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ObLAA BNOJIOTNA

DOI 10.37882/2223-2966.2026.02-2.19

WCCNELOBAHVE OCOBEHHOCTEMN KYNbTUBUPOBAHUSA

INVESTIGATION OF THE PECULIARITIES
OF BRACHIONUS PLICATILIS
CULTIVATION

V. Rozhnova

Summary. The article examines the patterns of reproductive dynamics
and thermal stability of populations of marine rotifers Brachionus plicatilis
when using various feed substrates under conditions of uncontrolled
temperature fluctuations (20-23°C). A three-variant laboratory
experiment compared a mono-diet of baking yeast (Saccharomyces
cerevisiae), a combination of Diacronema lutheri (11 x 106 cells/ml) with
yeast and vitamin B; (0.02 ml/l), as well as an experimental mixture of
Diacronema lutheri + Methionine + vitamin B,,. Cultivation was carried
out in glass bioreactors (2000 ml, salinity 12—13 %, initial density
20 individuals/ml) with aeration and monitoring of temperature and
population size. The significant superiority of enriched nutrient mixtures
has been established. The results obtained substantiate the expediency of
switching from a traditional yeast mono-diet to standardized combined
substrates for the production of high-quality live feed in aquaculture.
The developed approaches increase the reproductive capacity of rotifers,
minimize the risks of developmental pathologies of larval marine fish
(pigmentation deficiency, reduced immunogenicity) and ensure the
survival of fry, creating the basis for sustainable technologies of mass
cultivation.

Keywords:  Brachionus  plicatilis, Diacronema lutheri, reproductive
dynamics, thermal stability, DC-PUFA omega-3, methionine, aquaculture,

klive feed. J

BseaeHve

blpallMBaHNEe MaNbKoB Pbl, 0COGEHHO 3Tamn NX KOPM-

NeHuns, ABNAETCA OAHNM 13 Hanbosiee CIOXHbIX U Kpu-

TUYECKM BaXKHbIX B aKBaKynbType. Ycnex 3Toro npo-
uecca onpegensiet 3pPeKTVBHOCTb BCEro Mpov3BOACTBA.
TpagMUMOHHO ANA KOPMJIEHWA MCMOMb3YOT »UBble MOA-
BVXKHble OpraHu3mbl, obecneumnsatoLie onTUmasbHblii 6a-
NAHC HYTPUEHTOB U CTUMYSISILMIO MULLEBAPUTENIbHBIX MPO-
ueccoB. OfHako NPUMEHEHMNE CYXMX KOPMOB COMPSKEHO
C CyLIeCTBEHHbIMU TPYAHOCTAMM: HU3KasA GbepMeHTaTMBHas
AaKTUBHOCTb U HeAOPa3BUTOCTb KENYAOUYHO-KULIEYHOTO
TpaKTa ManbKoB MPEnATCTBYIOT UX YCBOEHUIO, YTO MPUBO-
OUT K edrumTy HYTPUEHTOB, 3aMeAJIEHNIO POCTa MajlbKoB
N HapyLIEHWNIO Pa3BUTUS.

MNosTomy ogHOM M3 KAKYEBbIX 3afay, CTOAWMUX nepeq
cneumanucTaMmy B 06nacTy akBaKynbTypbl, ABAAETCA NO-
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AHHomayus. B ctaTbe nccnesoBaHbl 3akOHOMEPHOCTU penpoayKTUBHO AUHAMU-
Kl 1 TepMOYCTOIAYMBOCTM NONYNALMIA MOPCKIX KonoBpaTok Brachionus plicatilis
MpY UCMONb30BAHMN Pa3ANYHBIX KOPMOBbIX CyOCTPATOB B YCNOBUAX HEKOHTPO-
Nvpyemblx TemnepaTypHbix konebauii (20—23°C). B pexsapuaHTHoM nabopa-
TOPHOM JKCMEpUMeHTe CPaBHUBANNCL MOHOAMETA XneboneKapHbIX ApoXKei
(Saccharomyces cerevisiae), kombuHauma AuakpoHembl Miotepa (Diacronema
Jutheri, 11 % 10° kn./Mn) ¢ ApoXoKkamit 1 BUTaMuHOM By, (0,02 Ma/n), a Takxke
JKCnepuMeHTanbHas cvecb duakpoHemsl momepa (Diacronema lutheri) + me-
TUOHUH + BUTaMUH By, KynbTuBMpoBaHUe NpoBoAMNOCH B CTEKAAHHbIX Buo-
peaktopax (2000 mn, coneHoctb 12—13 %o, MCxoAHaA NNOTHOCTb 20 ocobeil/
M) C a3pauueit 1 MOHUTOPUHTOM TeMMepaTypbl U YUCNEHHOCTA NOMYAALMIA.
YCTaHOBNEHO 3HAUMTENbHOE NPEBOCXOACTBO 000raLLEHHbIX NUTATENbHBIX CMe-
ceii. MonyueHHble pe3ynbTaTbl 060CHOBBIBAKT LieNeco06pasHOCTb Nepexoaa
OT TPAANLIMOHHOI APOXKEBO! MOHOAVETBI K CTaHAAPTU3MPOBAHHBIM KOMOU-
HMPOBaHHbIM CybCTpaTam AnA NpoU3BOACTBA BbICOKOKAUECTBEHHOTO XIBOTO
KopMa B akBakynbType. Pa3paboTaHHble NOAX0AbI NOBLILIAIOT PENpoAyKTUBHYI0
eMKOCTb POTU(EPOB, MIHUMISUPYHOT PUCKN NATONOTII Pa3BUTUA NUUMHOUHBIX
MOPCKUX pbl6 (BeduUUT IUrMeHTaLIUy, CHUXeHHaA UMMYHOTEHHOCTb) 1 06ecre-
UMBAIOT BbIIBAEMOCTb MANbKOB, C0371aBas OCHOBY ANA YCTOUMBbIX TEXHOMO-
Tl MaccoBoro KynbTUBUPOBAHUA.

Knioueswle cnosa: Brachionus plicatilis, Diacronema lutheri, penpofykTuBHasA
AUHamIKa, Tepmoyctoitunsoctb, [L-MYMK omera-3, meTnoHuH, akBakynbTypa,
XMBOIl KOPM.

BblLUEHME JOCTYMHOCTY XMBbIX KOPMOB AJ1A ManbKoB pbl6.
laHHaa npobnema npepnonaraet pa3paboTKy WHHOBa-
LIMOHHbIX KOPMOBbIX CMeceil, 06MafatoWwmnx NnoBbIlLEHHON
YCBOAEMOCTbIO 1 MUHMMU3MPYIOLWMX aHTPOMOreHHoe
BO3QENCTBME HA aKBaKyNnbTypHylo cpefy. Heobxomgvmo
NMOAYepKHYTb, UYTO A0 MOABNEHUA SOPEKTUBHBIX WCKYC-
CTBEHHbIX 3aMeHUTeneln, obecneynBaloLWmnxX NOSHOLEHHOE
3ameLleHre 6MONOrMYECKIN aKTUBHBIX KOMMNOHEHTOB XMBbIX
KOpMOB, GUTOMNAHKTOH U 300MNaHKTOH COXPaHAT CTaTycC
NPUOPUTETHBIX UCTOYHMKOB MUTAHUA Ha PaHHWX CTaguAX
NoCT3MOpPUOHANbHOIo Pas3BuTUS. TakM obpasom, Npobne-
Ma KOPMEHUA ManbKOB BbIXOAMWT 3@ PaMKK YUNCTO TEXHOSO-
TMUYECKUX PELLUEHNI 1N NPeacTaBiseT co60N KOMMMEKCHYH0
HayuyHyl0 3aflauy, pelleHrie KoTopol TpebyeT rnybokoro
MOHVMaHMA GU3NONOTMYECKUX Y BUOXUMUYECKMX NPOoLec-
COB, NMPOTEKaILWMX B OpraH1u3mMe pblb Ha CTaguy IMYMHOY-
HOro pasBuUTUA.
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ObLAA BNOJIOTUNA

NccnepoBaHmAa B 061acTVi KOPMIEHNA ManbKOB NPOLOI-
KaloTCA Y OPUEHTMPOBAHDI HAa PAa3pPaboTKy MHHOBALIMIOHHbIX
TEXHONOTN, NoBblaWNX 3PGEKTUBHOCTL KYNbTUBUPO-
BaHMA U MUHUMU3MPYIOLMX SKOMOrMyeckoe BO3AENCTBME.
Mpu 3ToM MopcKue KonoBpatku Brachionus plicatilis [1, 8]
(nanee — B. plicatilis) npopgonatoT 0CTaBaTbCA He TONbKO
OAHUM 13 Hauboree PacnpPOCTPaAHEHHbIX OOBbEKTOB XKMBO-
ro KOpma B akBaKysnbType, BbIMOMHAA KNtoueByto GyHKLMIO
B TPOPUUECKUX LensAxX MOPCKMX SKOCUCTEM U MPOU3BOL-
CTBEHHbIX CMCTEMAxX, HO U BbICTYMAT OCHOBHbIM OObEK-
TOM HAyYHOrO UCCNefoBaHNA B 06NACTW KyIbTUBUPOBAHWSA
B LieNIIX KOPMJIEHNS MaJTbKOB.

HecmoTpsa Ha TeopeTnyecKylo BO3MOXHOCTb KyNbTUBM-
poBaHuA nonynauun B. plicatilis ¢ NOBbILUEHHOW HYTPUEHT-
HOW LIeHHOCTbIO, Ha MPaKTMKe MoslyyaemMble KySbTypbl 4acTo
LEMOHCTPVPYIOT CHUXXEHHble Brnonornyeckrie nokasaTenu.
310 06ycnoBneHO KOMMieKcom ¢$akTopoB, BK/OYad He-
[OCTaTOUHbIA YPOBEHb FMIMEeHNYeCKUX CTaHZapToB U Ae-
rpagaumio Gpr3noNiorMyeckoro COCTOAHMA KyMbTypbl, YTO
NPOABNAETCA B YMEHbLUEHUN CKOPOCTW JIOKOMOLUUN 1 pe-
NPOAYKTUBHOWM aKTMBHOCTU. K OCHOBHbIM OrpaHUYeHuAM
MaCCOBOro Npoun3BoAcTBa B. plicatilis oTHOCATCA Henpeacka-
3yeMOCTb HaKorseHna 6uomacchl, TPYAHOCTU perynaumm
1 c6opa BbICOKOMMOTHbIX MOMYNAALMNA, @ TaKXKe CIIOKHOCTM
nosnyyeHNa akCUEHNYHbIX KynbTyp 6e3 KOHTamuHaumu na-
TOreHHbIMM MUKPOOPraHN3MaMu 1 3arpA3HUTENAMN.

YKa3aHHble GaKTOpbl CYLLECTBEHHO CHWPKAIOT NMPOAYK-
TUBHOCTb 1 61106€30MNacHOCTb NPON3BOACTBA. 300TEXHMYe-
CKMe acneKTbl Ky/lbTUBUPOBAHWA OCTAlOTCA HEJOCTAaTOYHO
N3YUYEeHHbIMW, OCOBEHHO B YaCTW CeNeKunmn: oTbop KIIOHOB
ocyulecTBnfeTcA 6e3 NpUMeHeHNA reHETUUYECKNX METOLOB,
YTO MPVIBOAUT K HEOMTUMAJSIbHOMY MCMOJb30BaHUIO FeHeTU-
Ueckoro rnoTeHuMana 1 orpaHMYMBaEeT yyudlleHre penpo-
OYKTUBHbBIX N HYTPUEHTHbIX XapakTepUCTUK, Uto, Kak cnep-
CTBMe, CKa3blBaeTcsi Ha 3GGEKTUBHOCTU aKBaKYJbTYPHbIX
CUCTEM B LIESIOM.

YunTbiBasi BbllWECKA3aHHOE, BUAUTCA HEOOXO4MMbIM
BbIPabOTKa KOMMJIEKCHOrO noaxofa K pelleHunto 0603Ha-
UEHHbIX Mpo6sieM, BKJIIOYAIOLWEro SKOHOMUYECKYIO 3d-
bekTMBHOCTbL pa3sepeHus B. plicatilis, a Takke BHeppeHne
COBpPEMEHHbIX METOAOB CeneKkuun 1 BMOTEXHONOIMIN Mo-
HUTOPWHTA, YTO MO3BOJIUT MOBLICUTb PENPOAYKTVBHYIO M-
KOCTb, HYyTPUEHTHbIV NPodusb 1 CTabUNbHOCTb MPOU3BOA-
cTBa B. plicatilis.

JKOHOMMYECKaA LenecoobpasHOCTb  WMHTEHCUBHOTO
KynbTuBMpoOBaHuUA B. plicatilis onpepenseTtca [OCTYMHO-
CTbl0 SKOHOMUYECKM BbIFO[HbIX KOPMOBbIX CYyOCTPaTOB, YTO
obycnoBusio npeobnafgaHne xeboneKkapHbIX APOXKXKeN
(Saccharomyces cerevisiae) B coctaBe nuTaTenbHbIX Cpeq,.
3TV APOXKM 06eCrNeUnBaloT BbICOKME TEMIMbl PENPOAYKLUN
nonynAunA NpY MMHMMAsbHbBIX 3aTpaTax Ha MOATrOTOBKY
N CTepUAN3aLnio KynbTYPHON Cpeapbl.

B cuctemax KpynHOMacwWTabHOro KysbTUBUPOBaHUS
LPOXXKM MPUMEHSIOTCA MPEUMYLLECTBEHHO B HeCTepusib-
HbIX yCNioBuUAX, rae nutaHue B. plicatilis obecneunsaeTca Ha-
TUBHbBIMU HAKTEPUANTBHBIMU 1 [POXKKEBBIMU MOMYAALUAMU,
pa3BuBaWMUMNCA B xoae cybcTpaTHom depmeHTauun [1].
[aHHbIN pex<nm No3BoNAET LOCTUraTb BbICOKMX MAOTHOCTEN
KynbTypbl (300-500 ocobei/mn) Npy MUHUMANbHBIX TEXHO-
NOrnYecKmx 3aTpaTax, onpenenasn ero NPUoOPUTETHOCTb 1A
KOMMepPUECKNX aKBaKyNbTYPHbIX MPOV3BOACTB.

OpHako ¢yHOaMeHTaNlbHbIM OFpaHVYeHNEM [POXiKe-
BOrO pauuoHa aBnaeTca AeduumnT 4ANHHOLENOYEYHbIX MO-
JIMHEHACBILWEHHbIX XUPHbIX KNcnoT (ganee — AL-TMYXK)
cemencTBa OMera-3, B YaCTHOCTW >IKO3aneHTaeHOBOW
(manee — 3IMK, 20:5n-3) n goko3arekcaeHoBoW (nanee —
[rK, 22:6n-3) KNCNOT, HEOOXOAMMbIX AJ1i HOPMANbHOIO PO-
cTa, MopdoreHesa 1 BbIXKMBAEMOCTU JINYMHOYHBIX CTauiA
MHOTIVIX MOPCKMX pbib [2, 6, 8, 10]. HakonneHne OU-MYXK
cemelncTBa omera-3 B nunugax B. plicatilis onpepenset nx
HYTPUEHTHYIO LIEHHOCTb KakK KOpMa AJ1A ManbKoBs: aebuunt
BbI3blBAa€T MATONOIMMM MUIMEHTAUMN («KpacHaa 60s1e3Hb»),
CHVKEHME CTPEeCcCoyCTONYMBOCTY W MOBbLILEHHYO feTab-
HOCTb NPU Nepexofe K 9K30reHHOMY NMUTaHUI.

Mpn HanMuMu [OCTAaTOYHOrO KONMYEeCTBa BbICOKOKa-
YeCcTBEHHbIX MUKPOBOZOPOCHEN (M30XpUCncC ranbaHa (ga-
nee — Isochrysis galbana), HaHHOXMOpPeNcWUC rnasyatbiii
(manee — Nannochloropsis oculata), pogomMmoHac CONoHoO-
BaTbli (Banee — Rhodomonas salina)) oHW cnyaTt ontu-
ManbHbIM ncTouHmMkom [OLU-TYXKK cemelctBa omera-3 gna
B. plicatilis [5, 7, 9]. Bbicokne koHueHTpaumm IlK, 20:5n-3
B Nannochloropsis oculata v [iTK, 22:6n-3 B Isochrysis galbana
n Rhodomonas salina, B coueTaHUmn ¢ OTHOCKTENIbHON MPO-
CTOTOW UX KyNIbTUBMPOBAaHWA, ONPeeN AT NX LLEHHOCTb Kak
KOPMOBbIX Cy6CTpaToB B akBakynbType [3, 4].

NHky6auwna B. plicatilis B KynbTypax MUKPOBOZAOPOCAEN
(MnoTHocTb 5—25 x 10° kn./mn) obecneumBaeT 6bICTPOE
HakonneHue JLU-MNYXK cemenctBa omera-3 B TeuyeHune 4-6
YyacoB, C GOpMMpPOBaAHMEM CMeunduUeckoro NUMUAHOro
npodwuna, onpegensemoro Bugom cybctparta. [Mpu ncnonb-
30BaHun [sochrysis galbana cootHoweHne 3MK, 20:5n-3/
[IrK, 22:6n-3 npesbllwaeT 2, 4TO ONTUMANBbHO ANA IMYNHOY-
HOrO KOPMEHNA MHOTMX MOPCKUX Pblb. B oTnnume ot Hero,
TeTpacenbmuc (Tetraselmis) xapakTepusyeTca npeobnaga-
Huem MK, 20:5n-3 Hapg ATK, 22:6n-3 (cooTHoweHune <0,5),
06yCnoBneHHbIM BbICOKMM cogepkaHuem 3MK, 20:5n-3
B €ro XJI0poniacTHbIX Innugax v Huskon gonen Ak, 22:6n-
3, YyTO genaeTt ero NpeanoyYTUTENbHbIM AnA oboralleHus
B. plicatilis Ha paHHUX CTagusAX JIMYMHOYHOIO LKA Pblo
C NOBbILWEHHbIMY TpeboBaHuAMY K DMK, 20:5n-3.

Tem He MeHee, BbICOKOKaYeCTBEHHbIE MUKPOBOLOPOC-
N B GONbLUNHCTBE CllyYaeB HEAOCTYMHbl B HEOOXOAVMbIX
0o6bemax 13-3a BbICOKOW CTOMMOCTY MPOU3BOACTBa U 060-
raweHwus [7]. Moatomy B. plicatilis nepen KopmneHnem nnum-
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ObLAA BNOJIOTNA

HOUHBbIX pbl6 06OraLLaloT MUNULHBIMU SMYbCUAMU C NOCIIe-
JyloLLen BblIePXKKOW B UNCTON BOAE UK «3eJIeHON Boae.

«3efieHas Bofa» MNpeAcTaBnAeT CcoboW  CycrneH-
310 MmKposogopocnen (0,2 X 10% kn./mn Tetraselmis,
Nannochloropsis unu Isochrysis spp.), Nopaep:KMBaoLLyio
onTumanbHbi yposeHb [IL-MYKK cemeiictBa omera-3 B nu-
nugax konospatok [9, 10]. CrabunbHble BOZOpPOCNEBbIE
npoayKTbl B GOpMe KOHLIEHTPUPOBaAHHbIX NacT U 3aMOpo-
XeHHol 6uomaccol (Tetraselmis, Nannochloropsis, Isochrysis
galbana), kKak 0TMeualoT B CreLuann3npoBaHHON nuTepaTy-
pe, NpeacTaBnAT cobo MHHOBALIOHHbIE KOPMOBbIE CY0-
CTpaTbl, COXPaAHAOLLME XKM3HECNOCOOHOCTb U HYTPUEHTHbIN
npodunb B TeueHne anutenbHoro Bpemeru [9]. CornacHo
HayUHbIM WCCNefOBaHMAM, UX KIOYeBble MperMyLlecTBa
BKJIOYAIOT BO3MOMHOCTb TPaHCMOPTMPOBKM U XpaHEeHUA
nacT npu + 4°C go 2 Hepenb 6e3 NoTepyn KayecTBa, UCK0-
yeHre HeobXOAMMOCTM JOKaNIbHOrO  KYNbTUBUPOBAHUA
MUKPOBOAOPOC/EN, rapaHTUPOBAHHbIV BbICOKMI YPOBEHb
AU-TY>KK omera-3 npu OTCyTCTBMM KOHTaMMHauuUK, CTaH-
[apTU3NPOBaHHbIN XUMUYecknin coctaB nunugos (IlK,
20:5n-3/ ATK, 22:6n-3) 1 OCTUXKEHWE BbICOKMX NIIOTHOCTEN
KynbTypbl B. plicatilis (no 500 ocobeii/mn) npu Kcnonb3o-
BAHMMN KOHLIEHTPUPOBAHHbIX Cy6CcTpaToB [9]. 9T cBOWNCTBA
onpepenAlT CcTabunbHble MPOAYKTbl Kak 3KOHOMMUYECKM
N TEXHONIOTMYECKN MPefnoYTUTENIbHYIO aNibTEPHATUBY »KU-
BbIM KYJIbTYpam MUKPOBOZLOPOCHEN.

T,°C
24
23
22
2
20

MeToAoNOrMst UCCAeAOBaHUS

OnAa n3yyeHnA BAWAHUA Pa3NYHbIX KOPMOBbIX Cy6-
CTpaTOB Ha pPenpoayKTMBHYI AWHAMUKY W HaKomJeHue
OU-NYXK cemelictBa omera-3 B B. plicatilis npumeHanncb
cnegyiowe MeToAbl: KynbTUBUPOBaHME B TPEXBAapPMaHTHOM
3KCrepumeHTe (KOHTPOMb Ha XnebomnekapHbIX APOXKKaX,
KOMOMHaUUA TeHeTUYeCKn ONM3KOPOACTBEHHbIE MUKPO-
Bogopocnu Isochrysis galbana n Bopopocnn frMakpoHeMbl
TioTtepu ((nanee — Diacronema lutheri) c ppoXx»<amu 1 BUTa-
MUHOM B,,, (3KCNepumeHTanbHaa cmecb Diacronema lutheri
+ METVMOHMH + BUTaMUH By,) B CTEKNAHHBIX BriopeakTopax
(2000 mn, coneHocTb 12-13 %o, aspaums); MOHUTOPUHT
MAOTHOCTM nonynAunn (McxogHo 20 ocobeli/mn) u Temne-
paTypbl OKpy»Katolen cpefbl; cTaTucThyeckaa obpaboTka
AaHHbIx B Microsoft Excel 2007. COBOKYNHOCTb YKa3aHHbIX
MEeTOZOB MO3BOMIUMIA KOJIMYECTBEHHO OLEHUTb 3$deKTUB-
HOCTb KOPMOBbIX JO0ABOK, BbISABUTb ONTUMAJIbHbIE YCITOBMSA
Ky/JIbTUBMPOBAHMA U YCTaHOBUTb 3aBUCUMOCTb PenpoayK-
TUBHbIX NMOKa3aTesiell OT HYyTPUEHTHOMO COCTaBa CybcTpaTa.

Pe3ynbTaTtbl 1 0b6cy>kaeHue

[nanoaTeepAeHNA rMnoTesbl 0 NPeBOCXOACTBE KOMOU-
HMPOBaHHbIX KOPMOBbIX CYOCTPATOB Ha 0CcHoBe Diacronema
lutheri Hap, MOHOAMETON XNe6GOMNEeKapPHbIX APOXKeN B Kynb-
TUBUpPOBaHUU B. plicatilis B nabopaTopHbIX yCNoBMsAX Obin
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Puc. 1. i3meHeHWe NNOTHOCTY KyNbTyp KOJTOBPATKW B 3aBUCMMOCTM OT COCTaBa NUTaTeNbHbIX CMecel:
1 — Saccharomyces cerevisiae, 2 — Bogopocsb Diacronema lutheri + ppox>un+ ButamuH B12,
3 — Bogopocnb Diacronema lutheri + MEeTMOHWH + BUTaMUH B12)
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ObLAA BNOJIOTUNA

NnpoBefeH 3KCnepumeHT. Temnepatypa B KynbTypax Bapbu-
poBanacb B npegenax 20-23°C (puc. 1), ¢ nar-pason anu-
TeNbHOCTbIO 24 yaca npu 23°C 1 nocneayoLwyM NePexosom
K 3KCMOHeHLUmanbHoi ¢ase pocTta. CHUXKeHUe TemnepaTtypbl
Ha 4-1 AeHb BbI3BaNIO YMEHbLUEHMWE MIOTHOCTY NONyNALMm
BO BCEX BapuaHTax, OfHaKO B dKCMEPUMEHTANbHON rpyn-
ne 3 (Diacronema lutheri + METUOHUH + BUTaMUH B,,) npu-
POCT YMCSIEHHOCTM OCTaBasICA MAaKCMMaJIbHO BblPaXKeHHbIM,
noateepkaan 3GPeKTUBHOCTb MPeasIoKeHHON KOPMOBOW
nob6asku (puc. 2).

MonyyeHHble AaHHble 3KCMEePUMEHTaNIbHO OBGOCHOBbI-
BAlOT LIeN1ecoobpasHOCTb NPYMEHEHNA METUOHWHA U BUTa-
MWHa By, ana onTrMmsaumy penpoayKTMBHOM ANHAMKKM B.
plicatilis B KOHTponMpyembIx 1abOPaTOPHbIX YCIIOBUAX.

MockonbKy TemnepaTypHble KofiebaHWA CyLieCTBEeHHO
BAVANM Ha AVHAaMUKY pocTa nonynauni B. plicatilis Bo Bcex
3KCNeprMEHTaNbHbIX rpynnax (puc.2), 3To 06ycnoBuno He-
06X04MMOCTb NPOBefeHVsA CPaBHUTENbHOrO aHanM3a pe-
NPOAYKTUBHbIX MOKa3aTeneil B 3aBMCMMOCTM OT COCTaBa
KOpMOBOroO cy6cTpaTa.

T.,°C
24 -
23 -
22 -

.21 4
20

40

B KOHTponbHOWM rpynne, nosyyasllenn MOHOANETY XJe-
6orneKapHbIX JpoxxKein Saccharomyces cerevisiae, 3aduk-
CMPOBaHa BbICOKasA UYyBCTBUTENIbHOCTb K TeMrepaTypHOMY
CTpeccy: Ha 4- ieHb KyNbTUBMPOBAHUA CHUXEHME Temne-
patypbl ¢ 23°C go 20°C npmBeno K oTpuuatesibHOMYy npu-
POCTY YMCNEHHOCTWM nonynAauumn (CHMXeHne Ha 25-30 %
OT MaKCMManbHOro 3HaYeHsA) C NOCNeay WM YaCTUUYHbIM
BOCCTAHOBJIEHNEM MPU eCTeCTBEHHOM MOBbILEHNN TeM-
nepatypbl. [JaHHaA AMHaMUKa CBUAETENbCTBYeT O Bblpa-
MKEHHOWN TemnepaTypHON 3aBUCMMOCTU PenpoOAyKTUBHbBIX
npouecco npu pgeduymte OU-NMYXKK cemeincrtea omera-3
B paLoHe.

BapwuaHTbl 2 (Diacronema lutheri + BpoX»un + BUTaMUH
B:>) n 3 (Diacronema lutheri + METUOHWH + BUTaMUH By,) xa-
pPaKTepU30BaNNCh CYLECTBEHHO OOJbLIEN TEPMOYCTONYM-
BOCTbIO: CHVKEHME MIOTHOCTM MOnynAuum COCTaBUIo Me-
Hee 10%, a 3KCNoHeHUanbHas ¢asa pocTa BO306HOBMIACh
6bicTpee (puc.2). B skcnepumeHTanbHoM rpynne 3 npupocT
YNCNEHHOCTN OCTaBasNICA MaKCManbHO BbIPa)KeHHbIM Aarke
npu HeG1AroNPUATHBIX TEMMNePaTYPHbIX YCIOBUSIX.

MonyyeHHble SKCNeprMeHTasNbHble JaHHble MOATBEP»K-
[aloT MOBbILWEHHY YyBCTBUTENbHOCTb B. plicatilis, Kynbtn-

ml

npupocr, %

m2
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-10

Puc. 2. MpnpocTbl NNOTHOCTY KyNbTYpbl KOIOBPATKM B 3aBUCMMOCTM OT COCTaBa NUTaTENbHbIX CMecel:
1 — ppoxu, 2 — Bofopocib Diacronema lutheri + [poXXu+ BuTamnH B,
3 — Bopopocnb Diacronema lutheri + METVUOHWUH + BUTaMuH B,
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ObLAA BNOJIOTNA

BMPYEMOWN Ha APOXKKEBOW MOHOAMETE, K TeMnepaTypHbIM
KosiebaHMAM OKpY»KatoLeln cpefbl, C NPOMNOPLMOHaNIbHbIM
CHUXKEHEeM TEMMNOB POCTa U PenpoayKTUBHOWN akKTUBHOCTM.
B NpoTMBOMONOXKHOCTb 3TOMY, MCMONb30BaHNE KOPMOBbIX
cmecei, 060oraleHHbIX MUKPOBOAOPOCSIAMN KaK UCTOUYHU-
koM [L-MNYXK cemeinctea omera-3, obecneurBano MoBbl-
LIEHHYIO GU3MONOTMYECKY YCTONYMBOCTb, CTAabUNbHOCTD
YMCNIEHHOCTY MONYNALMM U COKpaLleHne nar-dasbl BOCCTa-
HOBJIEHUA NPU CTPECCOBbIX BO3[ENCTBUAX.

[onyyeHHble a3KcnepuMeHTaNbHble AaHHble CBUAETESb-
CTBYIOT O 3HAUUTesIbHO Goslee BbICOKOW PEnpPOAYKTUBHOW
OvHamuke nonynaumi B. plicatilis npn ncnonb3oBaHumn nu-
TaTeNbHbIX CMecel Ha ocHoBe Diacronema lutheri ¢ po6as-
NeHneM MeTMOHMHA U BUTaMrHa By, No cpaBHEHMIO C MOHO-
aveTon xnebonekapHbIX APOXKKel. B KOHTponbHOM rpynne
Ha JpoX»Kax Habnopanacb oTpruaTenbHaa AUHaAMMKA YMC-
NIEHHOCTU NPU TemMnepaTypHOM CTpecce (CHUXKeHMe Ha 25—
30 %), Torga Kak B 3KCNepumeHTanbHOW rpynne 3 npupocT
MAOTHOCTM MOMYALUN OCTaBanCA CTabUIbHbIM faxe npu
HebnaronpuUATHLIX ycnoBuAxX (CHUKeHne <10 %), uTo noa-
TBEP)KAAET rMnoTe3y O NPEeBOCXOACTBE 0OOralleHHbIX KOp-
MOBbIX Cy6CTpaTOB.

JaHHbIl pe3ynbTaT npepcTaBnAeT ¢yHAaMeHTanbHoe
3HayeHne AN1A ONTUMM3aLMK TEXHONIOMMIA MacCcoBOro Mpo-
M3BOACTBA KMBOFO KOPMa B aKBaKysbType, MOCKOJbKY
B.plicatilis cny>utknioueBbiM3BEHOMBMUTAHUNSTINYMHOYHBIX
CTaguii MOPCKMX pblb, Tpebytowmnx nctouyHnkos AL-MYXKK
cemencTBa omera-3 (3K, 20:5n-3/ ArK, 22:6n-3) gnAa Hop-
MaJibHOro MopdoreHesa, NUrMeHTaLUN Y UMMyHOreHesa.

MpumeHeHNe NUTaTeNbHbIX CMecel No3BOAET HE TOJMb-
KO MOBbICUTb PENPOAYKTUBHY eMKOCTb B. plicatilis (no 500
ocobein/mn), Ho N obecneunTb NX oboralleHne He3ameHu-
MbIMY ANUAAMU, MUHUMK3UPYA PUCKN NATONOIMMIA («Kpac-
Hasi 6onesHb») y notpebutenen.

B ycnoBusax HeKOHTpONUpyemoW TemnepaTypbl OKpY-
Xatowen cpefbl (20-23°C), xapaKTepHbIX AfA MOJEBbIX
aKBaKyJIbTYPHbIX MPOU3BOACTB, PEKOMEHIYETCA Mepexon
OT [POXXKEBON MOHOAMETbI K KOMOVMHUPOBaHHbBIM CyOCTpa-
TaM C BbICOK/M CofepKaHUEM MUKPOBOLOPOCSEN N amu-
HOKMCNOTHbIX 106aBOK. [oflyyeHHble BbIBOAbI CO3[aOT OC-
HOBY N5 Pa3paboTKN CTaHAAPTU3INPOBAHHbIX MPOTOKOJIOB
KYNbTUBUPOBaHUA 1 TPebyloT JanbHENLNX NCCefoBaHN
Mo ceneKkuMmn BbICOKOMPOAYKTUBHbIX KNoHoB B. plicatilis,
ONTMMM3aLMM f03 METUOHUHA 1 OLLEHKE JONrOCPOYHbIX 3¢-
$EKTOB Ha BbIKMBAEMOCTb JIMUMHOUYHBIX PbIO.

Mony4yeHHble BbIBOAbI MMET GpyHAAMEHTaNbHOEe 3Ha-
ueHune Ans akBaKyNbTYPHOW HayKU 1 NPaKTUKK, MOCKObKY
pa3paboTKa CTaHAAPTU3MPOBAHHbBIX MPOTOKONOB KyNbTUBH-
poBaHus B. plicatilis pewmnt KnioueByto npobnemy obecne-
UeHMs CTaburbHbIX MOCTaBOK BbICOKOKAYECTBEHHOIO N-
BOro KOpMa, 060ralLleHHOro onTrMasibHbIM COOTHOLLEHVEM

ANVNHHOLIENOYEYHbIX MOMIMHEHACILEHHbIX KUPHbIX KNCIOT
(AL-NYXK) cemenctea omera-3 (3K, 20:5n-3/47K, 22:6n-3
>1-2), YTO MUHMMU3MPYET KPUTUYECKMEe MaTONormn pas-
BUTUA JINYUHOYHBIX PblO, BKOUas AeduumnT nurMmeHTaumum
(«<KpacHaa 6onesHb»), CHVXEHHYI0 MMMYHOIeHHOCTb, Ha-
pyweHusa mopdoreHesa HEPBHOWM CUCTEMbI 1 NMOBbILLEHHYO
BOCMPUMMUYUBOCTb K MAaTOreHam, MOoBbILLasA B UTOre BblKMBa-
eMOCTb ManbkoB Ha 20-40 % 1 Ko3pPpUUMEHT KOHBEPCUN
KopmMa Ha 15-25 %, 4To OCOBEHHO KPUTWUYHO AJIA KOM-
MepuecKon akBaKyfbTypbl MOPCKUX BUAOB (Sparus aurata,
Dicentrarchus labrax, Puntazzo puntazzo).

Cenekuma BbICOKOMPOAYKTMBHBIX KJIOHOB YCTPaHUT
cylecTBylollee OTCYTCTBME TFeHeTMyeckn OOOCHOBaHHbIX
meTozoB otbopa (RAPD-mapkepsbl, AFLP-aHanmn3, MUTOXOH-
ApvanbHaa OHK), orpaHuymBatoee penpoayKTMBHYO eM-
KOCTb monynaunin makcmymom 300-500 ocoben/mn v Bbl-
COKOW BaprabesibHOCTbIO KITOHANbHbIX IMHWIA, U NO3BONNT
yBeNMUUTb NPOAYKTUBHOCTbL B 1,5-2 pa3a 3a cyet oTbopa
no KpuTepusaM PpenpomyKTUBHOIO MHAeKca (Kuct/camka/
CYTKM >25), CKOPOCTU TOKOMOLIMM U TEPMOCTAbUSIBHOCTY,
3KBVBaJIEHTHO SKOHOMUW MUTTIMOHOB pybnel Ha rekTap ak-
BaKY/bTYPHbIX MIOLAAEN U CHUXXEHWIO 3aBUCMOCTM OT UM-
NOPTHbIX CTAPTOBbIX KyNbTYP.

OnTMM3auma [03 MEeTUOHMHA KaK NIMMUTMpYHoLLen
cepocopeprkallen  aMUHOKUCIOTbI  (NpPeanofioXUTeNbHO
0,5-2 mr/n) obecneunTt nepexos OT SMANPUYECKUX NPaKTUK
K TEXHOJIOMMAM C BbICOKOW BOCMPOU3BOAMMOCTBIO Pe3yib-
TaToOB Mexzy nabopatopuamu, BKOUYas [0303aBUCUMble
3pPeKTbl Ha CUHTE3 MEeTaboNTOB (S-afeHO3UIMETVOHNH)
1 PenpoayKTVBHYO CUrHanu3auuio. JonrocpoyHas oueH-
Ka TpaHchepHbix 3ddektoB [L-MYMKK uepe3 uenouky
«KOpM — poTndep — NIMUYMHOYHAA pblba» HA BbKMBae-
MOCTb NPU OTYYEHUN OT »KUBOFO KOpMa (weaning), CKopo-
CTU pocCTa ManbKos (juvenile growth rate) n KoadpduumeHTa
KoHBepcum kopma (FCR, feed conversion ratio) npun Temnepa-
Typax 18-25°C 3akpoeT dyHAameHTanbHbIA Npoben B 3Ha-
HUAX O MUNUAHOM MeTaboM3Me IMUNMHOYHBIX CTaUINA, CO3-
[aB MoJHble JaHHbIe AN KOHKPETHbIX BULOB 1 3aMKHYTYIO
CUCTEMY «TEHEeTMKa X KOPM X cpefla — MPOAYKTUBHOCTb
KOpMa — pOCT pblObl», MOBbILWALLYI0 KOIPPULIMEHT KOH-
Bepcun Kopma Ha 30-50 %, cHmxatowylo ce6ecTommocTb
Ha 20-35 % v genatoLlyio NPon3BOACTBO NOSIHOCTbIO He3a-
BVICUMbIM OT NPUPOAHbIX MONYNALMIA NAAHKTOHA, CE30HHbIX
KonebGaHUM 1 NOrMCTUYECKUX PUCKOB MOCTaBOK MUKPOBO-
Jopocnen.

3aKkAlo4eHve

MopBoas Utor, HeobXoAMMO OTMETUTb, UTO HeCcTabusb-
HOCTb Pe3yNbTaToB NPU PasBeAeHu IMYMHOUYHBIX CTaguin
MOPCKMX pblb B 3HAUNTENIbHOW CTEMEHMN OOYCNOBNIEHA Bapy-
a6enbHOCTbIO PU3MONIOTMYECKOTO COCTOAHUA U HYTPUEHT-
HOW LIeHHOCTW MApTUI KMBOro Kopma B. plicatilis. JaHHan
M3MEHUYMBOCTb NpefcTaBseT cob0l MMMaHeHTHOe CBOW-
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CTBO ANHAMUKWN pOTVId)eprIX I'IOI'IyJ'IﬂLl,I/IVI n He nogfdaeTca
NONTHOMY YCTPAHEHUI0 B yC/I0BMAX MaCCOBOro nponsBon-
CTBa.

MonyyeHHble 3KCMepUMeHTaslbHble [aHHble OeMOH-
CTPUIPYIOT NPUHLMNNANBbHYI BO3MOXHOCTb MUHUMKM3aLUN
YKa3aHHbIX PUCKOB 3a CyYeT nepexofda OT TPagUUMOHHbIX
nepuoanyecknx KynbTyp Ha XnebonekapHbIX [POXKax
K CTaHOAPTU3NPOBAHHBIM MUTATENbHbIM CMECAM Ha OCHOBE
Diacronema lutheri c po6aBneHnem MeTMOHVHA N BUTAMUHA
B,,, obecneunBaloLyM NOBLILLEHHYIO TEPMOYCTONUYNBOCTD,
penpoayKTuUBHY0 eMKocTb (Bo 500 ocobei/mn) u ontu-
MasnbHoe cooTHolueHune JL-MYXK cemeinctBa omera-3 (311K,
20:5n-3/ ArK, 22:6n-3>1-2).

Pa3paboTaHHble NOAXOAbI CO34A0T OCHOBY A8 BHEApe-
HUA YCTONUMBbIX TEXHONOTUI KYNbTYBMPOBAHUA, OPUEHTH-

[POBaHHbIX HA CTPOTrWIA KOHTPOJIb NAapPaMeTPOB cpeabl (cone-
HOCTb 12-13 %o, a3pauua, Temnepatypa 20-23°C), KauecTBa
BOAHOWN cpefbl U MUKPOOMOTbI, @ TaKKe WUCMONb30BaHNe
BbICOKOKaUeCTBEHHbIX KOPMOBbIX f06aBOK. lNepcrnekTuBbl
JanbHenwmnx NccnefoBaHUn BKIOYAIOT reHeTUYecKylo ce-
NeKuMo NpoayKTUBHBIX KNOHOB B. plicatilis, onTumusauumio
[,03 NUMUTUPYIOLLMX aMUHOKMCIOT U JOATOCPOYHYIO OLIeH-
Ky TpaHcdepHbix 3HEKTOB Ha BbIKMBAEMOCTb NYNHOY-
HbIX Pbl6 NPV OTNYYEHWM OT XKMBOFO KOPMa, CKOPOCTb POCTa
ManbKOB 1 KO3GPULMEHT KOHBEPCUMN KOPMA.

Peanunsaums gaHHbIX TEXHONOMMIN MO3BOIUT 0O6ECNeYnTb
CcTabunbHoe NPON3BOACTBO OOOraLleHHOro KMBOFO KOPMa,
NOBbLICUTb BbIKMBAEMOCTb JINUMHOYHbIX Pbl6, CHU3UTb cebe-
CTOMMOCTb aKBaKyJIbTYPHOro NPOM3BOACTBA HA Y MUHUMU-
3MpOBaTb 3KOJIOrMYecKoe BO3AeNCTBNe, opMUpya OCHOBY
COBpPEMEHHOW akBaKy/bTypbl.
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AUHAMUKA POCTA CYPKOB CTEMNHbIX (MARMOTA BOBAK
MULL., 1776) B MOCTHATAJIbHOM OHTOIEHE3E
NPU NPOMbILLTEHHOM PA3BEEHUU

f

GROWTH DYNAMICS OF STEPPE
MARSHMELLS (MARMOTA BOBAK MULL.,
1776) IN POSTNATAL ONTOGENESIS

IN INDUSTRIAL BREEDING

N

O. Fedorova
E. Orlova
E. Larina

Summary. The article describes the growth patterns of marmots (M. b.
bobak, Muller, 1776) bred at the Russian Sable experimental farm in
Pushkinsky District, Moscow Region. The study focused on the growth of
marmots during the periods from birth to the first hibernation and from
awakening to the second hibernation. At birth, the mass of the marmots
is 30 g. During the hibernation period (230 days), the body length of the
marmots increased slightly (1.5 cm), and the body mass decreased by
more than 20 %. No sexual dimorphism in body length and mass was
observed in marmots.

Keywords: steppe marmots, experimental farm, live weight, body length,
height.

(S )

BseaeHve

Cambll KPYMHbIM NpeAcTaBuTenb poda Ccypkos. [llep-

CNEKTVMBHOCTb BBEAEHUNA 3TUX CYPKOB B 300KYNbTYypY
obycnioBfieHa ObICTPbIM NPUBbIKAHMEM K YeNIOBEKY, pacTu-
TeSIbHbIM TUMOM MUTaHMA U NPOAYKLMEN B BUAE LUKYPOK,
AVeTnYeckoro Msaca u uenebHoro xwupa [1,2]. Mpogomku-
TeNbHaA 3VMHAA CNAYKa — OCHOBHaA buonornyeckas oco-
6eHHOCTb CypKoB — Yy 6alibakoB eBpoOnencKmx oHa AnnTca
C CeHTAOpPA No MapT. B 370 Bpemsi TemnepaTypa Tena 3Bepb-
KOB CHMXXaeTcA [0 TemnepaTypbl OKpYyXalollero Bo3gyxa
B rHe3ge un coctaBnset +3...+10° C (B Hopme TemnepaTtypa
Tena cypkoB +36°C). Y HUX 3amepnaeTca AbixaHue (oguH
BAOX B 2—3 MUHYTbI) U cepauebreHne (3—6 yaapoB B MUHYTY),
KpOBb He CcBepTbIBaeTCA (ce30HHas remodunus). OpraHmsm
3BEPbKOB CTaHOBUTCA HEBOCMPUMMUMB K 3apakeHunto 6ones-
HETBOPHbIMK MUKpoopraHnsmamu [3]. Pa3BepgeHne cypkos
Ha aKcnepumeHTanbHom depme lMNnemeHHoro 3aBoga «[yw-
KUHCKMIA» (B gaHHoe Bpemsa AO «Pycckuii cobosb»), Mo3Bo-

5 anbak eBponenckuin (Marmota bobak, Muller, 1776) —
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AHHomayus. B cTaTbe U3N0XeHbl 3aKOHOMEPHOCTM pocTa cypkos (M. b. bobak,
Muller, 1776), pa3Boaumbix Ha 3kcnepumeHTanbHoi Gepme AQ «Pycckuin co-
60nb», MywkuHckoro paitora, MockoBckoii obnacTu. lpoBefeHbl cceoBaHuA
M0 U3y4YeHMo PocTa CYpKOB B MEPUObI OT POXKAEHMA [0 NEPBOil CMAYKI U OT
npobyxzaeHus [0 BTOPOA CnAYKM. B pe3ynbtate npoBefeHHbIX WCCNef0Ba-
HUi YCTaHOBNIEHO, UTO NPU POXKAEHIM CPeAHAA Macca cypuat coctanset 30 T.
3a nepuop cnaukm (230 AHelt) ANIUHA TeNa CyPKOB YBENMUMAAC HE3HAUUTENBHO
(1,5 cm), a macca Tena ymeHbLunnach bonee yem Ha 20 %. Mo AnvHe u macce
TeNa nosioBoro AMMop¢u3ma y Cypko He 06HapyeHo.

Kniouegbie crosa: CYpKIK CTenHble, SKCNepuMeHTaibHaA d)epma, XuBaa Macca,
[NiHa Tena, poCT.

IS0 MPOBECTU YHMKAJIbHbIE Hay4YHble MCCIIEA0BAHUA MO U3-
YUYeHMI0 BMONOormuecknx ocobeHHOCTAX 3Toro Buga [4,5].

MaTepuranbl U METOAbI

[OnAa wn3yyeHnA 3aKOHOMEpPHOCTEeN JIMHEMHOro pocTa
BCEX POAMBLUMXCA LWeHKoB (15 camok u 15 camuoB) cyp-
KOB CTEMHbIX C NEPBbIX AHEN XU3HW N [O CMAYKM B3BELIU-
Banu 1 n3mepanu Kaxgble 10 gHen. AnunHy Tena nsmepanm
OT KOHUMKa HOCa [0 KOPHA XBOCTa, C TOYHOCTbio A0 0,5 cm.
B3BeluvBaHMe OCYLLECTBAANN Ha TOProBbiX LudpepbnaTHbIX
Becax (BLI-10), c TouHocTblo go 10 r. Nocne nepBon CnAYKm
BCE BbllLEONMCaHHbIe UCCNIefoBaHMA NPOBOAUINCL C CYp-
KaMu AnA U3yyeHna Ux pocTa Ha BTOPOM rofly *KU3HMU.

Pe3yAbTaTbl UCCA@AOBaHNS
Mpy poXxAeHUV CpepHsa AAnHA Tela CaMOK CYPKOB CO-

cTaBuia 9,3 cm, cpeaHssa macca tena — 30,8 r (Tabnuua).
K otcagke (B 45 gHen) cpefHAA AnvHa Tena yBenuvuunacb
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Ha 20 cMm, a XK1Basd Macca, COOTBETCTBEHHO, Ha 852,5T.Y cam-

LOB CYpPKOB MPpU poXAeHUN AfnHa Tena coctaBuna 9,7 cm, P

macca Tena 29,1 r. B 45 gHel npu oTcagke cpeaHsas AnuHa BOYTKAX | camku (n=15) | camupl (1=15) | camut (n=15) | camupi (n=15)
Tena y camuoB gocturia 29,5 cm, a cpefHAA XmBasa macca
782,5 r. Y cypuaT npy poxAeHWUW 1 Npu UX OTCagKe He 06-
Hapy»eHO JOCTOBEPHON pasHULIbl MO ANVHE 1 Macce Tena 110 46,8+0,4 46,1£0,7 4363+25 414816
mMexagy camkamm u camuamu. B CeHTﬂ6pe nepen nepson 130 46,8+0,8 46,940,7 4523+27 4616428
CMAYKOWN AJINHA Tena y CaMOK CYpKOB cocTaBuna 47,3 cm,
y camyoB — 47,8 cm. CpeHAA Macca Tena cCamok B 3TOT ne-
puog pocturna 4580 r, camuyos — 4642 r. [onoson Anumop- 375 48,3+0,5 49,3+0,5 3465+105 3610497
$U3M Mo AnNuHe Tena 1 KMBOW Macce y CYpKOB rnepeq nep-
BOW CMAYKOW He 0OHapy»eH. 3a nepuof cnavukm (230 gHeil)

100 44,3+0,5 44,4+0,7 3932+23 369520

145 47,3+0,8 47,8+0,5 4580+23 4642+29

395 49,7+0,5 51,604 4100+77 429094

ON1Ha Tena CypKoB yBenuumnacb He3HaunTenbHo (1,5 cm), 410 50,8+0,5 52,4+0,4 4770140 4962130
6 20 %.
amaccaTena ymerblunniace fa bonee 4em 2o B35 | 52306 | 539+05 | 51054155 | 5218+156
Tabnuua 1.
[lMHamuKa pocTa cypkoB cTenHbix (Marmota Bobak Mull., 470 52,620,5 54,6+0,4 5910121 6284163

1776) B NOCTHaTa/lbHOM OHTOreHe3e NP NPOMbILLIEHHOM

515 53,4+0,7 55,2+0,5 6200132 6450148

pa3BeneHuy, (YiSX)
p C npobyxaeHna oT NepBON CMAYKU AO 3aNeraHna BO BTO-
B CYTKAX | camkm (n=15) | camupl (n=15) | camkm (n=15) | camubl (n=15) pylo, cpefiHAA AnvHa Tefa y caMoK yBenuuunach ot 48,3
no 53,4 cv (Ha 5,1 cm), a »mBaAa macca oT 3465 no 6200 r

1 9,3+0,3 9,7+0,2 30,8+1,0 29,1£1,0
(Ha 2735 1). Y camu0B AnvHa Tena yBenuumunacb Ha 59 cm
10 13,1£0,9 12,6+0,7 65,0+2,0 65,4-+5,4 (o1 49,3 no 53,9 cm), a Mmacca Ha 2840 1 (c 3610 go 6450 ).
Ha BTOpOM roaly *u3Hu B Bo3pacTe 515 gHel no AnvHe Tena
camubl NPeBoCXoAAaT camoK Ha 1,8 cm (P>0,95). Mo xneon

30 22,9+0,8 24,7+0,8 383,6+30 432,0+28 Macce JOCTOBEPHOW pasHMLbl MeXJy cCaMKaMu 1 camuamm
B OTOM BO3pacTe He OOHAPYXKEHO.

20 20,1%0,2 19,0+0,5 261,4+15 248,717

40 29,0+0,8 28,2+0,6 644,034 670,033

45 293410 29.5+0,6 883,356 7825457 3aknioueHme. KBaA mMacca Tena OTAesbHbIX ocobel
CYPKOB CTEMHbIX Ha MepBOM FOAY >KM3HU NpUGIMKaeTcs
50 347£18 33,9£0,8 1423122 129410 K Macce CYpKOB ABYXJIETHEro BO3pacTa W MPeBOCXOAWNT

CpefHIo XMBYIO MacCy MX CBEPCTHMKOB B npupoge [6,7].
JTO CBMAETENbCTBYET O LesieHanpaB/ieHHOW cenekuum
70 40,8+0,6 38,4+0,5 2627+18 218711 Ha YKPYMNHEeHne CYpKoB B YCIOBUAX NMPOMbILLSIEHHOMO pas-
BeAeHUA Ha $OHe MOSHOLEHHOTO KOPMIIEHNA U BbICOKON
N3MEHUYMBOCTY CYPKOB MO KMBOW Macce v AfvHe Tena.

60 36,7£1,5 35,24+2,0 1772+22 144221

80 43,2+0,6 41,520,6 3363%21 281013
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JK0J10r0-300reorPA®U4ECKAA XAPAKTEPUCTUKA
MANTAKO®AYHbI CEBEPO-3AMAJHON YACTH
A30BCKOIro Mopsl U YTNIHOKCKOIo JIMMAHA

ECOLOGICAL AND ZOOGEOGRAPHICAL
CHARACTERISTICS

OF THE MALACOFAUNA

OF THE NORTHWESTERN PART

OF THE SEA OF AZOV AND UTLYUK
ESTUARY

I. Khaliman
N. Sidoryak

Summary. The article presents and discusses the results of the analysis of
the fauna status and distribution features of mollusks in the studied part
of the Sea of Azov. The zoogeographic characteristics and real ecological
spectra of common mollusk species inhabiting the Sea of Azov are
determined.

Confirmation is obtained that some of the most eurybiontic mollusk
species (Gibbula albida, Anadara inaequivalvis, etc.) have significantly
expanded their ranges in the region over the past 15 years.

Meywords: Sea of Azov, mollusks, fauna, ecology.

Y

BseaeHve

NPUPOAHbIX 3KOoCcMcTeMax A30BCKOrO MOpA M Npu-
NierapwWmx TMMaHOB MOJUTIOCKM 3aHMMAIOT 3aMeTHoe
nonokeHne. OHN ABNAIOTCA XapaKTePHbIMW BuAaMM

Bcex 6e3 MCKNYeHNA [OHHbIX 61OLIEHO30B pernoHa, rae,
Hapsay C YePBAMU U PAKOOOPa3HbIMY, MPeACTaBAAIT OfHY
N3 CaMbIX MHOFOYMCAEHHbIX FPYMNMN XWBOTHbIX. Ponb Mon-
NIOCKOB B BEHTOCHBIX coobLecTBax A30BCKOrO MOPSA JaBHO
ornpefeneHa Kak JOMUHNPYIOLLIAsA, a CaM BOJOEM UMeHyeTCA
«...MOJUTIOCOUYHBbIM MOopem» [5].

bonblloe 3HaueHne MONMOCKN UMEIOT B KayecTBe 00b-
€KTOB NMUTaHuA pblb (anA 60NbLWMHCTBA NPOMbIC/IOBbIX BU-
[OB pblb6 OHU ABMAOTCA OCHOBOW KOPMOBOW 6a3bl), NTUL,
HeKOTOPbIX BOAHbIX MJIEKOMUTAIOLLMX, @ TaKXKe, Kak npome-
XYTOUHbIE 1 pe3epByapHble X03AeBa HEKOTOPbIX reflbMUH-
TOB, NAPa3NUTMPYIOLLUX BO B3POCSIOM COCTOAHUN BO MHOTUX
X03ANCTBEHHO BaXHbIX »KMBOTHbIX 1 YeNlOBEKE.

[mpponornyeckme  xapakTepucTUKM U CBA3aHHble
C HAMW KauyeCTBEHHbI 1 KONIMYECTBEHHbIV COCTAaB 3000eH-
TOoca A30BCKOro MOps, Npuneranwmx AMMaHoOB N pek pe-
rMoHa NMOCTOAHHO NMPYBJIEKAIOT BHUMaHNE TMapo6uoNoros,
a yaneHHOCTb OT HayUHbIX rMAPOOMONIOrMYeCcKNX LIeHTPOB,
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AHHomayus. B ctaTbe npuBeeHbl N 06CYKAAITCA pe3yNbTaThl aHaN3a COCTO-
AHNA GayHbl U 0COBEHHOCTU pacnpeneneHna MOMKCKOB B M3yyaeMoli YacT
A3oBckoro mopa. OnpeneneHbl 300reorpaduueckie XapakTepucTuKki U peanb-
Hble 3KONOrMyecKme CNeKTPbl MaccoBbIX BUA0B MOKCKOB, 06UTatOLLMX B A30B-
CKOM Mope.

MonyueHbl NOATBEPXKAEHNA TOMY, UTO HeKoTopble Haubonee IBPUOMOHTHBIE
Buabl monntockos (Gibbula albida, Anadara inaequivalvis u ap.) 3ameTHo pac-
LUMPUAY CBOM apeanbl B peruoHe 3a nocnepHue 15 net.

Knouesbie cosa: A30Bckoe Mope, MOJITHOCKH, ¢ayHa, JKonorua.

CIIOXKHbIe 1 AMHAMUYHbIe YcnoBus rugponorun pek Cesep-
Horo lNpua3oBbs, OTHOCUTENIbHasA GeAHOCTb BMAOBOMO CO-
CTaBa 00yCNnaBMBalOT CPaBHUTENbHYIO KPAaTKOCTb UCTOPUN
n3yyeHuns manakodayHbl pervona [2, 3, 4, 71.

B n3yuyeHunn skonornm otaenbHbIX BUAOB, KaYeCTBEHHOM
N KONNYECTBEHHOW CTPYKTYPbl 1 6B1ONOrMYECKOn NPoayK-
TUBHOCTU OCHOBHbIX 6MOLEHO30B A30BCKOrO MOpA U Nu-
MaHOB UMEIOTCA onpefeneHHble JocTuxkeHuna [8, 9, 12, 13].
OpnHaKo 1 3gecb MHOrMe BONpoCh! pa3paboTaHbl elle ciabo
WA OCTAKTCA CMOPHBIMU U HYX[Al0TCA B AOMOSTHUTENIbHOM
N3yYyeHunn.

MN3BecTHO, uTO NpeabigyLMe NccnefoBaHNA MOUTIOCKOB
pernoHa B LenoM NPOBOAUINCL B COOTBETCTBUMN C KOHXO-
normnyeckon cuctemonn Munawesuya n Tune, paspaboTaH-
Hom B Havane XX ctonetna. C TOUKM 3peHnA COBPEMEHHbIX
AHATOMUYECKUX MOAXOA0B K crcTeMe, 60MbLUMHCTBO BMAOB
oKasanucb c6opHbiMK. MMoa OfHMM BMAOBLIM Ha3BaHVEM
Hepeako oObelAVHANNCh HECKONbKO BMAOB, MHOMAA Npu-
Hagnexalmx K pasHbim pogam [1, 6].

B uccnegyemom pervoHe MonoCKmM ABNAOTCA FaBHbIMM
notpebuTenamMmm BOAHOM MUKPOGIOPbI 1 OPraHNYeCcKoro fe-
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TpWTa, CHOCMMOTO B MOPE, BNafatoLLMMM B HEFO pekamu 1 Ma-
TEPUKOBbIM CTOKOM. Takum 06pasom, [IBycTBopuaTtbie B Ka-
yecTBe GUNBLTPATOPOB U [acTPONOAbI TPAIOT BaXKHYIO POJib
B KpyroBopoTe BellecTsB 1 TpaHCcPopMaLm SHeprum, noa-
[epPXMBaloT paBHOBecCKe 3KocrcTeMbl A3oBckoro mopsa [10].

B CBA3U C WMPOKMM SKONMOrMYECKUM pa3HOOOpasveMm,
3Ta rpynna MaKpo30obeHTOCa NpefcTaBnseT 60MblUoi
WHTEpEC ANIA U3yYeHna psaa Npoueccos skomopdonorum
N IMeeT BaXHOe rMapo6bronornuyeckoe 3HaueHme,

Llenbio paboTbl ABNAETCA yCTaHOBNEHUE dayHO-3KOMO-
TMUYECKNX N XOPOSIOrMYecKnx 0CoBEHHOCTEN BPIOXOHOMX
M ABYCTBOPYATHIX MOJUTIIOCKOB B CEBEPO-3anafHoOlN 4acTu
A30BCKOro MOPS 1 NPUMEraLLem YTIoKCKOM IMMaHe.

T

AKWMOB
IpeMoxHoe

MaTepuranbl u METOAbI

OCHOBHbIM MaTepranoM NOCYKUIN COOCTBEHHbIE Kaue-
CTBEHHbIE 1N KONMYEeCTBEHHble COOPbI MONIOCKOB B Npefe-
nax no6epexbsa A30BCKOro MopA mexay noc. Kupunnoska
1 CpefHen YacTbio Kocbl buptounin OcTpoB 1 B YTIIOKCKOM
numaHe. Touku ot6opa Npob nprBeaeHbl Ha puc. 1.

Monniockn cobupanucb B nepuog 2023-2025 rr. B Y1-
JIIOKCKOM JIMaHe 1 NpubpexHoi YacT A30BCKOro MOps.

C6op mMaTepuana NPoBOAWICA OOLENPUHATBIMY MMAPO-
6uonornyecknumm metogamu (PKagmH, 1952). Bcero otpabo-
TaHO oKoso 120 KauecTBEHHbIX MPO6.

.

nenmucme

Puc. 1. KapTa pervioHa ¢ Toukamm otb6opa npob
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Pe3ynbTaTbl 1 ob6cy>kaeHne

KonnyectBeHHOe pacnpepenieHne MOIOCKOB B UCCHe-
[I0BaHHOI YacT A30BCKOrO MOpsA KpaiHe HepaBHOMEPHO.
MonyyeHHble Hamy pe3ynbTaTbl MO YACIEHHOCTYN NMOATBEPK-
[alT JaHHble NpeawecTBYOWNX UCCefoBaTeNnel 0 Bax-
Helilen Ponu MOJIIIOCKOB B CO3faHUM GUOMacChl GeHTo-
ca—no 80 %I[16].

OcobeHHOCTV TMAPOSIOTMYECKOro pexrmMa A30BCKOrO
MOpPA U NpWeraloLmnx MMaHoB 0bycnaBnvBaloTca, B OC-
HOBHOM, CPaBHUTENIbHO HEOOMNbLUMM NPUTOKOM MPeCHON
BOAbI 1 MeNKOBOAHOCTbI0 HacceliHa. CornacHoO HalmMm Ha-
6n10leHNAM 3a CONEHOCTbIO B CeBepPO-3anafHom YacTu npu-
6pexba A30BCKOro Mops, npoBedeHHbiMu B 2000-2015 rr.,
2019-2025 rr., CONEHOCTb MOpPA MAaBHO MoBbiwaeTca [3].
MakcumanbHaa CONEHOCTb OTMEYAEeTCA B palloHe MexAay
NonyocTpoBOM buptounii 1 Toin yacTbto ApabaTtckoli cTpen-
KW, KyAia MocTynatoT cosieHble BoAbl CrBalua.

Hanbonbluas YncneHHOCTb B COOBLLEeCcTBaX MOJSITIOCKOB
HabnoaaeTca B YTIIOKCKOM JIMMaHe 1 30He NceBaonTopa-
NN OTKPbITOM YacTu A30BCKOTO MOPS, Fae MOJUTIOCKN ABNS-
I0TCA MEePBUYHBIMYK YJIOBUTENIAIMA CMbIBaeMbIX C 6eperos
OPraHOreHHbIX OCTAaTKOB. HauMMeHbLUMMKM MoKa3aTensamm
UMCNIEHHOCT XapaKTepPU3YyTCA CoobLecTBa MOJIIIOCKOB
B palloHax MecyaHbIX KOC Mpubpexbs OTKPLITOro Mops
C HeycTOWYMBbIM FVAPOAUHAMUYECKUM PEXUMOM. Takom
XapakTep pacnpenesieHna CXOAeH C pacrnpeeneHmem Bcemn
6uomacchl 6eHToCa B A30BCKOM MOpe.

YTAOKCKUI IMMaH — 3TO MOPCKOM JIMaH OTKPbITOro
TUNa, CeBEPHAA YacTb KOTOPOro OMpPECHAETCA CTOKOM ABYX
Manbix pek — Manoro n bonbuworo YTnioka. B 6osnblueit ya-
CTU NTMaHa COXPAHAETCA HOpMasbHaA MOPCKas CONIEHOCTb
(mo Hawwmm gaHHbIM 3a Tpu roga (2022-2025) — ot 12,1
10 15 %o). bnarogaps xopoliemy BOJOOOMEHY C MOpPEM,
B JIMMaHe roCnofCcTBYEeT MOPCKOWM PEXUM 1 XOpOoLUas aspa-
UMA NPULOHHbBIX BOA,.

Mo Hawwmm aaHHbIM TUN Mollusca B YTNIOKCKOM nMaHe
npepctasneH 73 sugamun. V13 Hux 50 BUAOB npuHagnexar
knaccy Gastropoda, 23 Buga — knaccy Bivalvia. Momumo
Cpean3eMHOMOPCKNX 3BPUrafMHHbIX BUAOB, B COCTaBe
obunTaloWMX 30eCb MOMIOCKOB, HaMK BbiNY faBHO 06HapPY-
eHbl (1 BCTpeyaloTca cenvac) 2-3 Buaa, NprHagnexawymx
MOHTO-KacnuincKkomy 3ooreorpadryeckomy Komnnekcy. 31o
BuAabl pofa Theodoxus, a Takxe Dreissena polymorpha. Pac-
NPOCTPAHEHNIO AaHHbIX BUAOB B CEBEPO-3anafHoOM 4acTu
A30BCKOro MOpA CBOWCTBEH OrPAHUYEHHbIN XapakTep —
OHM BCTpevalTCcA 34ecCb TONbKO B MUYyCCKOM nMMaHe n B
BEPXHEM U CpefHeM yyacTKax YTIIOKCKOro iMaHa, KOTo-
pble B Hanbosbluel Mepe onpecHeHbl peuyHbIMU Bogamu [2].

MonyyeHHble AaHHble Mo cocTaBy dayHbl MONMIOCKOB
B CeBepo-3anaHon Yyact A30BCKOTO MOPA U YTIOKCKOM
NMMaHe, MO3BOJIANT BbIAENNTb TPY TUMA COOOLLECTB:

1. CoobLecTBa C pe3kmM npeobnagaHnem MOJITIOCKOB-
bUNBLTPATOPOB,  OTUEXMUBAIOLWMX  OPraHNYecKyto
B3BECb U3 MPWAOHHbBIX C/TIOEB BOAbI.

2. CoobulectBa C npeobnagaHmeM GUTOPUNbHBIX
1 NIOTOSIAHBIX BUAOB GPIOXOHOIVIX MOJITHOCKOB.

3. CoobuiectBa CMeLaHHOro T1Ma, C YNCIeHHbIM Mnpe-
06s1afaHneM AeTPUTOALHBIX MOJIIIOCKOB.

PacnpepeneHune 3Tx cOO6OWIECTB B pPerMoHe 3aBUCUT
OT KONIMYeCTBa AeTpuTa Ha HE 1 B MPUAOHHbIX C/TOAX BOAbI,
CTeneHu pPa3BUTUSA BOAHON PacTUTENIbHOCTW U HAIMuns op-
raHUKW, NPUrofHOM ANA MAOTOAAHLIX MOJIOCKOB. Kpome
HanMuma 06bEKTOB NUTAHUSA, pacnpeaeneHne Tex U NHbIX
MOJUTIOCKOB OMpeaensaeTca CONeHOCTblo (B Hanbonbluen
CTeneHu) N TUMOM FPYHTOB (B MEHbLLEN).

B uenom, coobuiectBa MOSUIIOCKOB OTKPbLITOM 4YacTu
A30BCKOro MOp#, MO HallUM [aHHbIM, ClefyeT OTHeCTU
K MmepBOMy TUMy, NOCKOMbKY 3fiecb NpeobnafalT YncieH-
Ho 1 no 6ruomacce (o 85 %) Mytilaster lineatus, Abra ovata,
Loripes lucinalis, Mya arenaria v Bugpl poga Cerastoderma.
OutodunbHbie (Rissoidae), petputosgHblie (Hydrobiidae)
n BceagHble (Nassariidae) ¢opmbl 3aecb lokanbHO 06pa-
3yI0T MOCENEeHNA C BbICOKOW MIOTHOCTbIO (B parioHe noc.
Knpunnoska — go 4000 3K3./M?), OfHaKo, UX AONA B COBO-
KyrnHol 6uomacce, MeHblle O KPYMHbIX ABYCTBOPYATbIX
MOJTIHOCKOB.

B oTnnume ot nprbpeXHOM YacTn OTKPbLITOro Mops, B Y-
NIOKCKOM JIMaHe 3HaunTenbHo 6onbluee pa3BuTUe Nonyya-
eT BOAHaA PacTUTeNbHOCTb, 1 CPeAM MOJUTIOCKOB YNC/IEHHO
npeobnagatT ¢utoPunbHble BUAbl pofa Rissoa n Bcesp-
Hble, NpeanounTaloWwme naganb, Buabl poga Tritia. Kpome
TOro, 34ecCb /I0KaNbHO BCTPEYaloTCA MacCoBble noceneHus
B1AoB poaa Theodoxus (0o 600 3K3./m?).

YunTbiBaA 3HaUUTENbHYIO OO ABYCTBOPYATBIX MOJTIO-
ckoB (Mo uncneHHoctn — Ao 10 %), no npeobnagaHuo du-
TOPUbHBIX 1 MIOTOAAHBIX FACTPONOA KOMMAEKChbl YTIOK-
CKOro JIMMaHa cnefyeT OTHeCTu Ko BTopomy Tuny [14, 15, 18].

Bce 66 BMOOB MOJIIOCKOB OTKPbLITOM YacTn A30BCKOro
MOpsA MNpeAcTaBieHbl CPean3eMHOMOPCKMM IBPUTanvH-
HbIMV BMAAMW, a BUAbl MOHTO-KACMUINCKOrO KOMMeKca
3[eCb OTCYTCTBYIOT. [10 UNCNEHHOCTU AOMUHUPYIOT BpIOXO-
Horve MOIICKK poaoB Rissoa, Bittium, Hydrobia, nokanbHo
noceneHus BbICOKOWN nnoTHocTu GopmupytoT Thalassobia
(mo 10000 3K3./M?), cpefu ABYCTBOPYATHIX MOJIIIOCKOB MNpe-
obnagatot Mytilidae n Cardiidae.

MpeobnagatoLLein MO YNCIEHHOCTI FPYMNMON MOJIIIOCKOB
B MCCIefOBaHHOM pervoHe (70 BMAOB) ABNAOTCA MOpPCKMe
BMAbl CPEAN3EMHOMOPCKOrO MPOUCXOXKAEHNA — WMMU-
rpaHTbl HelaBHero (B reos. CMbIC/1e) BPEMEHN — OHU Mpu-
Hagnexat kK CpeausemMHOMOPCKo-Jly3nTaHcKol cybTponu-
Yyeckon obnactu [6].
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B cocTaBe Komnnekca cpean3eMHOMOPCKUX BCENIEHLEB
B MCCnefoBaHHOM GacceiiHe HeT HM OAHOrO BMAA, KOTOPbIN
MOXHO CUYMTaTb SHAEMUKOM JaHHOWN akBaTopun. Bce sHae-
MUYHble GopMbl, BbigeneHHble Munawesuuem K.O., asna-
I0TCA BHYTPVBUZOBbIMM MOppamn Cpean3eMHOMOPCKIMX
BMOB UM NPOCTO TOXKAECTBEHHDI 1M [8].

B nccnepoBaHHOM pervioHe obuTatoT 3 BuUAa, NpVHag-
nexawmx K MOHTO-KacnMNCKoMmy ¢ayHUCTUYECKOMY KOM-
nnekcy (Dreissena polymorpha, Theodoxus fluviatilis n Th.
astrachanicus). OHN HacenAlT YCTbeBble YYACTKN KPYMHbIX
peK 1 NMMaHbl, KOTOpble COCTaBNAT TaraHPOrcKyo NMMaH-
Hyto nposuHUMIO [ToHTO-Kacnninckom CONOHOBAaTOBOAHOM
obnactn [11,12, 16].

C yuyeTom nuTepaTypHbIX AaHHbIX MO TaraHpoOrckomy
3anuMBy, B npegenax NOHTO-KaCMUNCKOro KOMMieKkca Mors-
NOCKOB A30BCKOIro MOpPA, NMOMVMO MMMUTPAHTOB MAEncTo-
LLeHOBOro BpeMeHu 13 Kacnmnckoro Mops, MUMeTCA BUAbI,
BEPOATHO, MPAMO CBA3aHHbIE C fpeBHel dayHoln MeoTunye-
ckoro unu MNoHTnyeckoro 6acceriHoB. OHU NpeacTaBAsaoT
3[lecb camoCToATeNbHY 300reorpadunyeckyto rpynmny mu-
OLEH-MNIMOLEHOBbIX aBTOXTOHHbIX, PEINKTOBbIX racTponos
YepHoro 1 Azosckoro mopen [10, 16].

B pernoHanbHon dayHe nmetotca 3 BUaa, BCeNUBLLNECA
U3 JanbHUX MOPCKMX 6acceliHoB: Rapana thomasiana wix
»Kentoro mopsa, Mya arenaria n3 benoro mopa n Anadara
inaequivalvis n3 npo-Maundukn. 3Tn BMAbl, nocne Yep-
HOro mops, ycrewHo o6xxunsatT A3oBckoe. OUeBmnIHO, UTO
KOJIOHM3aLumMa 3TUMN BUAamMu-sceneHuamm 6accenmHa A3oBs-
CKOro Mop#A, NpeacTaBnAeT KOHEeYHYI CTauilo OCBOEHUA
A3oBo-YepHoMopcKoro 6acceiiHa B LenoM. ITO CBA3aHO
C Tem, YTO AanbHenwemMy pPacnpoCTPaHEHWNIO MOJITIOCKOB
MOPCKOr0 NMPOUCXOXKAEHNA CIY>KaT ONpPecHeHHble BoAbl Ta-
raHpOrCKOro 3aNvBa, HenpurofHble AnA o6UTaHUA Jaxe ca-
MbIX 3BPUOVMOHTHBIX BUAOB. Kpome Toro, psf HOBbIX BCENeH-
LueB B YepHoe mMope NMPOHMKLUMX Cloda 13 Janeknx mopen
(Benoro, XKenTtoro 1 gp.), nerko npeogonesatT KepueHcKuin
NPONUB U 06XKNBAIOT NPUTrOAHbIE Af1A HUX OTKPbITbIE yyacT-
K A30BCKOro MOpPSA 1 ero KpyrHblie NMMaHbl B CeBepo-3a-
nagHom yacTu.

OueBugHo, 10T npouecc ewe fanek OoT 3aBeplleHnA.
Mo Hawwum npeacTtaBneHNAM npouecc «meguteppaHmnsa-

uumn» YepHoro mops obopaurBaeTca NocneayioLlen «noH-
Tr3aumen» A3oBckoro [7, 8].

B 300reorpadunueckom cmbicnie BMAObI-BCENEHLbI YyXe-
POAHbI MO OTHOLIEHUIO K «abOPUreHHbIM» BUAAM UCCIe-
gyemoro 6acceiiHa. 3TO CnpaBefivBO Kak B OTHOLLEHUU
NPecHOBOAHbIX BUAOB — (OPM MOPCKOro (Cpeam3emMHo-
MOPCKOr0) MPOUCXOXKAEHUA U BULOB MOHTO-KaCMUIACKOro
penvkToBoro komnnekca [3, 11]. Takum o6pa3om, BCeneHupbl
npuaarT Bce a30BO-MOPCKON GpayHe JONOTHUTENbHYIO 30-
oreorpaduyeckyio NecTpory.

BbiBOAbI

MonyyeHHble pe3ynbTaTbl MO KOIMYECTBEHHOMY pacnpe-
JlefieHne MOJIIIOCKOB B UCCNeOBAHHON YacT A30BCKOro
MOpA NOATBEPXKAAOT AaHHble NpeALecTBYOWMUX NCCNeao-
BaTesnen 0 BaXHewnLwen ponu Mmosnnockos (8o 80 %) B co3pa-
HUK 6roMacchbl GEHTOCHbIX COOBLLECTB.

BogHble aKoCKCTEMbI CeBepo-3anafHOM 4YacTu aKBaTo-
pun A30BCKOrO MOpA ABNAIOTCA 0O6beKTaMK MOMOSHEHMA
BMAAMU-BCeNIeHUaMy 13 Apyrux 3ooreorpaduyeckmx o6-
nacten. Ha cerogHA 04eBMAHO, YTO MPOLLECC KMOHTM3ALNN»
A30BCKOro MOpA MPOAOSIKAETCA U Hambonee 3BPUOUNOHT-
Hble BUAbl MONOCKOB (Gibbula albida, Anadarainaequivalvis
1 Ap.) PacLUMPAIOT CBOW apeasibl B PervioHe.

Ha ocHoBe mosyyeHHbIX payHUCTUUECKUX AAaHHbIX MO-
KasaHo, 4To 30o0reorpaduyeckuin coctaB ManakodayHbl
ceBepo-3anagHoi Yact A30BCKOrO MOpPA 1 €ro JIMMaHoB
HeogHopogneH. OHa cocTaBfieHa TPemsi HepPaBHOBENUKMMU
rpynnamun: Cpeamn3eMHOMOPCKMM 3BPUTaIMHHBIMUA - MU-
rpaHTamm (70 BMAOB), MOHTO-KACMUIACKMMM COJIOHOBATO-
BOAHbIMM MOJIUTIOCKaMyi — 3 BuAa 1 3-X BUJOB-BCESIEHLIEB
13 faNIbHUX MOPCKUX BacceliHOB.

KauecTBeHHbI COCTaB 1 KONIMYECTBEHHAA CTPYKTypa Co-
0o6LLEeCTB MOJITIOCKOB CeBepo-3anagHoro nobepexoa A3oB-
CKOro MOPS MOKAa3bIBAIOT, YTO YeM OOoJbLUe YCIIOBUA XKN3HU
B KOHKPETHOM 6MOTOMNE OTKOHATCA OT ONTMMAaNbHbIX 41A
6ONbLUMHCTBA OPraHN3MOB, TeM befiHee BUOAMN CTAaHOBUT-
cA 61oLEHO3 1 TeM BbILLE YMCIEHHOCTb OCTaBLUNXCS BUOOB
(nopTBepxpatoT NpaBuo TuHemaHHa (Thienemann, 1918).
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MOHWUTOPWHI KAHECTBA BOAbl POAHWKOB roPOJA bUPCK

f

PHYSICAL AND CHEMICAL ANALYSIS
OF WATER SPRINGS OF THE CITY
OF BIRSK, REPUBLIC OF BASHKORTOSTAN

N. Shakhrinova
E. Yapparova
T. Ryabova

N

Summary.The purpose of this study is to monitor the quality of water from
springs in the city of Birsk in the Republic of Bashkortostan. The project is
aimed at assessing and monitoring the ecological condition of springs and
preventing groundwater pollution. They are susceptible to contamination
through soil layers, precipitation, and vehicle emissions. The project will
help identify the causes of pollution and propose measures to prevent
dangerous consequences for the population. A spring or spring refers to
a small stream of water flowing directly from the bowels of the earth.
Springs, as outlets of groundwater and underground water to the surface,
are unique natural reservoirs. They are of great importance in feeding
other surface water bodies, maintaining water balance and maintaining
the stability of the surrounding biocenoses. They are fed by deeper
aquifers, where pollutants from the surface practically do not penetrate.
The city of Birsk is known in the Republic of Bashkortostan for its springs,
which are additional sources of drinking water. At the moment, in terms
of the number of springs in the city, it can be placed in first place among
the cities of the republic. But there is a problem of anthropogenic impact
on water sources.

Keywords: Birsk, spring, monitoring, Trushanka, Ilyinsky holy spring,
Monastic key, Three Brothers.
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BseaeHve

OfHUKOM, UM KNoYOM 0603HauyaeTcsA HebonbLLION BO-

[HbIA NOTOK, OGblOWMNIA HENOCPEACTBEHHO M3 3EMHbIX

Hegp. PogHMKK, KaK BbIXOAbl FPYHTOBbIX 1 NOA3EMHbIX
BOA, Ha MOBEPXHOCTb, ABNAIOTCA YHUKANbHbIMW €CTeCTBEH-
HbIMK BofOEMamMU. OHU UMEIOT BoNblUoe 3HaYeHne B M-
TaHUW U APYrnX NOBEPXHOCTHbIX BOJOEMOB, NoAAepKaHNN
BOAHOro 6GanaHca U CoOXpaHeHUN CTabUIbHOCTU OKpPY»Kato-
LWMX nx 6roLeHo30B. HekoTopble POCCUNCKIE PEKM 1 BOFO-
EMbl MOPOXKAAIOTCA UMEHHO TaKMMM NOA3EMHbIMU UCTOYHN-
Kamu. /Ix nuTaHre ocyLwecTBAAETCA 3a CYET Boree rnyboKmx
BOAOHOCHbIX CI0€B (cBbile 10-20 m), KyAa 3arpAsHAlLwme
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AnHomayus. Lienbio HacToALLero nccneoBaHNA ABNAETCA NPOBE/eHIe MOHUTO-
PUHra KauecTBa BOAbl U3 POAHMKOB ropoga bupck Pecnybnmkn baiwkoptocTah.
MpoeKT HanpaBneH Ha OLEHKY 1 KOHTPOMb JKONOMUYECKoro CoCTOAHNA POSHY-
KOB, M NpeJoTBpaLLieHIe 3arpA3HeHA NOA3eMHbIX Boji. OHI No/BePXeHbI 3a-
rPA3HEHII0 Yepe3 rpyHTOBbIE CNOM, aTMOCHEPHbIe 0CaZlkii, BbIOPOChI aBTOTPaH-
cnopra. [poeKT NOMOXeT BbIABUTD NPUUNHBI 3arPA3HEHNA U NPEASIOKUTL Mepbl
N0 NpefOTBPaLLeHNI0 ONACHbIX NOCNEACTBUIA ANA HaceneHua. PosHUKOM, un
Kioyom 0603HauaeTca He6oNbLLIOI BOAHbIA MOTOK, ObtoLyil HenocpeACTBEHHO
U3 3eMHbIX Heflp. POAHWKM, KaK BbIXOJbl TPYHTOBbIX M NOA3EMHbIX BOA Ha no-
BEPXHOCTb, ABNAIOTCA YHUKANbHBIMY eCTeCTBEHHbIMIN Bo0EMaMU. OHU UMeloT
GonbLLoe 3HaueHe B NUTaHUM APYTUX NOBEPXHOCTHBIX BOJOEMOB, NOAAEPXKa-
HIM BOJHOTO BanaHca v CoxpaHeHun CTabUNbHOCTY OKpyKatoLLX ux buoLieHo-
30B. WX nuTaHme ocyLLecTBNAETCA 3a CUET Bonee ryboKuX BOJOHOCHBIX COEB,
KyBa 3arpAsHAioLe BellecTBa ¢ MOBEPXHOCTU NMPAKTUYeCKU He MPOHUKAIOT.
lopog bupck n3ecteH B Pecnybnnke bawwkopToctaH cBoUMY poSHIUKaMK, KOTO-
pble ABNAIOTCA AONONHUTENbHBIMU UCTOYHUKAMU NUTbeBOI BOZbI. Ha JaHHbIiA
MOMEHT N0 KONIMYECTBY POAHUKOB Ha TeppUTOPUN TOPOAA, €ro MOXHO NocTa-
BUTb Ha NepBoe MecTo cpean ropogos pecnybnuku. Ho, cywectyet npobnema
AHTPOMOreHHOro BO3AEIACTBIA Ha BOAHBIE UCTOUHMUKIA.

Kntouesble cnosa: bBUpck, poaHMK, MoHUTOPUHT, Tpywakka, UnbuHCKIi cBATON
NCTOYHMK, MoHaLwnii kntoy, Tpu bparta.

BellecTBa C MOBEPXHOCTU MPAKTUYECKN He MPOHUKAIOT.
Mo rMppoXMMMUecKM OCOBEHHOCTAM BOAbl POAHUKOB
MOXXHO CYAWTb O COCTOSIHWM MOL3EMHbIX BOJ B JAHHOM pe-
rnoHe. PogHrkoBas Bofa 6epeTcs B TOM CaMOM MecTe, OT-
KyAa OHa nocTtynaet us-nog semnu [1,2].

HekoTopble poAHUKM NPeACTaBAAIOT COOOM YHUKaNbHbIE
NPUpPOLHblE 0O6BEKTLI, MEIOLME 3HAUNTENBHYIO HAYUHYHO
LLeHHOCTb KaK MaMATHWKK npupopbl. OHN ABNSIOTCA LeH-
TPanbHbIM KOMMOHEHTOM OKpYKalowWmMX KX NaHAwadTos,
MOBbBILIAIOT KX CTETMYECKME CBOWCTBA. POOHUKN ABnAoTCA
cTpaTernyeckmmn obbekTamm npupogsl. MNpy BO3HMKHOBE-
HMW 4YPEe3BbIYANHON CUTYaLMUK OHM MOTYT BbICTYMaTb Kak
€[VNHCTBEHHbIE UCTOUYHUKU NUTbEBOW BOAbI AJ1A HAceeHus.
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C pofHVKamu cBA3aHbl MHOTMe fiereHAabl v 06blYan MecT-
HOro HaceneHusa. Bogy HEKOTOPbIX POJHMKOB MECTHOE Ha-
cefleHne cymTaeT CBATOW, LlenebHOW, 1Cnonb3yeMon npwu
NEeYEHUN PasfiyHbIX 3ab0sieBaHNiA. Ha HEKOTOPBIX POAHU-
Kax COOPY>KeHbl YaCOBHU, KOTOpble NpeAcTaBistloT cobol
NCTOPUYECKYIO 1N KYNIBTYPHYIO LIEeHHOCTb.

lopoa bupck pacnonoxeH B Pecnybnuke bawkopTocTaH
B 100 KunomeTpax oT eé cTonuupbl ropoaa Ydbl n asnsetcs
aAMUHUNCTPATMBHBIM LeHTpom bupckoro paioHa. OH Asna-
€TCA BaXKHOW TPAHCMOPTHOW apTepuen mexay Yoo n npo-
MbILLIEHHBIMU LIeHTPaMK, TakuMy Kak ropog Hedrekamck.
Takxe yepes Hero NPOXoAAT BaXkKHble aBTOMOOMIIbHbIE Ma-
ructpanu: Yoa-fNepmb n Yda-YenabuHck.

Bupck HaxoanTcA Ha NpaBoM b6epery rnaBHoOW peku balu-
KopTocTaHa pekn benon, B 10 KunomeTtpax OT BMageHuA
peku brpb, B UeCcTb KOTOPOI OH Obin Ha3BaH.

bupckunm panoH HaxoautcA Ha Tepputopun [pep-
ypanbsa, npunerawowen K lOxHomy Ypany, B HU30Bbe peKku
Benoii. Mnowaab 1 717 kM. PalioH pacnonoxeH B npene-
nax Mpubenbckon yBanncTo-BOIHUCTON PaBHWHbI, B 30HE
CeBepHoOW necoctenu, B CaMOM TEMJIOM, HE3HAUYUTESIbHO
3aCyWINBOM arpoKnMMaTM4eckom pernoHe bawkupun.
MpaBobepexbe pekn benoi B rpaHunuax brupckoro paiio-
Ha — coCTaBHaAa 4acTb brnpckon necoctenu, KoTopas xa-
paKkTepusyeTca 3HauuTenbHoW (25-27 %) 06neceHHOCTbio
TEPPUTOPUN U PaCNPOCTPAHEHMEM CepPbIX JIECHbIX MOYB.
Mo BepwwrHam BoAopa3genos, No 6ankam U KapCTOBbIM
BOPOHKaM pacTyT ay6, nuna, KnéH, opellHuK, Ba3. Ha ne-
BOGepexbe OCTEMHEHHOCTb ropasfo Bbille, @ MOYBEHHbIN
MOKPOB COCTOMWT 13 BbILLIEIOYEHHbIX YepHO3eMOB. [lonnHa
pekun benon oTnnyaeTca oT NPUMbIKAKOLWNX K HEN necocTte-
nei KOMMeKCoM cBoeobpa3sHbIX ycioBuid. MpaBbiin Geper
[ONVHbBI BbICOKIIA, 06PLIBUCTBIN C yOOKMMU OBparamu, fe-
BbI/l — MOMOro-HM3MeHHbI. [oimMa 3aHATa OOLWMPHBIMU Ny-
ramu, 3apocCiisiMM KyCTapHIVKOB, a Ha 6osiee BO3BbILLIEHHbIX
yacTax — necamu. MHoro o3ép-ctapuu, 1 6onor [3].

Bupck, BcneacTame CBOEro MeCcTopacnofioKeHus, ABNA-
eTcA yaoOHbIM /15 pa3BUTUS PEYHOro CyAoxonacTBa. brnaro-
[lapa TOMy, UTO OH PacronoXeH Ha BbICOKOM bGepery peku
Benoi1, Ha ero Tepputopmmn obpasoBanacb U3BWIMHA, rae
6blla NOCTPOEHa peyHas NprcTaHb, BTopas no pasmepy no-
cne Ydmmckoro peyHoro nopra. 3Ta yaobHaAa marucTpanb
benbckon BogHoM maructpanu. bnarogapa atomy bupck
CTan yaoOHbIM pPeYHbIM TPAHCMOPTHBLIM Y3/10M, Yepes Ko-
TOPbIA [AOCTaBAANNCL HedTenpomdyKTbl, CTpoMMaTepuanbl
N gpyrvie UCTOYHUKK, Heobxoaumble Ana GyHKLMOHNPOBa-
HWA 1 Pa3BUTKA NPOMBILLIIEHHO pa3BuTOro bawkopTocTaHa.
Takxe 6narogapsa ygoOHOM NprcTaHy Obl1 HanaXeHo pery-
napHoe coobueHne mexay brupckom n Yoo, no kotopomy
XOAW0 GONbLUOE KOMYECTBO MAaCCaKUPCKUX TEMIOXOLOB,
Ha KOTOPbIX TYPWUCTbl MO B NMOJSIHON Mepe HacnaauTbCa
KpacoTamu LeHTpanbHoro bawkopTocTaHa.

Mpy MOHWUTOPKHIE NPUPOAHBIX UCTOYHMKOB OLIeHVBa-
0TCA TMAPOXUMUNYECKME MOKa3aTeNn KayecTBa POAHNKOBOW
Bogbl. CambIMM M3BECTHBIMU POAHMKaMW, KOTOPble Oblnv nc-
cnepoBaHbl aBTopamu, aBaatoTcA: ConAHbIv Koy, TpyluaHKa,
MoHawwun kntoy, pogHnK — Tpu bpata, nbnHCKKIA CBATON
NCTOYHUK. [laHHble POAHMKN aKTUBHO MUCMOJb3Yy0TCA MeCT-
HbIMW XUTENAMU B KauyecTBe MUTbeBbIX NCTOYHMKOB [3,4].

MwHepanbHbIi UCTOUHMK CONAHBIV KoY WK Kak Ha-
3bIBalOT ero mecTHble xutenn ConAaHKa, HaXOAUTCA Ha He-
60/IbLIOM PaCcCTOAHUN OT pekun benoi. [JaHHbIN NCTOYHUK
ABNAETCA OCOOEHHbIM, MOCKONIbKY BOAA B HEM COJieHas
1 Npo3payHas, a Ha 6epery Heb6oNbLLIOro BOgOEMA, KOTOPbIN
06pa3oBanca Npu ero Bbixoe, MPOW3PacTaloT yHMKanbHble
BUAbI PaCTEHWI, 3aHeCeHHble B KpacHyto KHUry Pecny6nmkm
bawkopTtocTaH.

TpywaHka pacnonaraetca B UeHTpe ropoga bupck. Cy-
LecTByeT flereHAa O TOM, YTO B JafIeKOM NPOLLJIOM Ha MecTe
pOAHMKa cylecTBOBano KyHrypckoe mope.

MoHalmii Knioy HaxoAnTCcA B HeGONbLIOM OTAANEHNM
OT >KWJbIX MOCTPOEK U pacrnonaraeTca Ha Kpalo obLnpHO-
ro JIeCHOro MacCuBa, Ha3blBAEMOrO MECTHbIMU KUTEAMU
«OpeLHnK».

Tpwn BpaTa — yHMKanbHbI KOMMNEKC N3 TPeX POAHWKOB,
KOTOPbIA HAaXOAMTCA Ha CKIIOHE fleca, KOTOPbIN B MPOLLIOM
BeKe CHaban Bo#oW BeCb ropog,.

MNbUHCKUIA CBATON UCTOUYHUK HAaXOAUTCA TakKe B LIEH-
Tpe ropofa, Ha HebOMbLIOM yAaneHUn OT POAHUKa Tpy-
WaHKa 1 ABNAETCA OYEHb BaXKHOW XPUCTUAHCKOW CBATbI-
Hel, Ha TeppUTOPUMN KOTOPOro KOrga-To CTofAsla YacoBHA
npopoka Mnbu, B 4eCTb KOTOPOW POAHUK W MONYYMS CBOE
Ha3BaHwue. ExxerogHo OH OcCBALWWaeTCcA Ha Npas3gHuK NnbuH
feHb. Niccnepgyemble pogHUKM HaxodAaTca B yepTe . brupck
(cm. prucyHok 1).

Llenbto nccnenoBaHuA ABNAETCA OLEHKA W aHanm3 CoOCTo-
AHUNA BOAHbBIX UCTOYHUKOB, MMAPOXMMUNYECKMIN METOAAMMU,
a TaKXe CpaBHeHMe pe3ynbTaToB, MOJYYEHHbIX 3a Neprog
nccnepoBanmaA ¢ 2022 no 2024 roabl BKAOYUTENBHO.

MaTepran N MeTOALI ICCAEAOBIHIS

B paboTte mcnonb3oBaHbl pa3Hble MeToAbl UCCiefoBa-
HnA. OfgHUM N3 METOLOB, ABNAETCA METOA MOHHOW XpOoMa-
Torpadun. OCHOBHbIM 060PYLOBaHNEM MOCYKNN UOHHBI
xpomaTorpad «Stayer» ¢ TepMOCTaTOM KOMOHOK TS10, KOH-
OYKTOMETPUYECKUM [eTEeKTOPOM ” MpOorpammHo-anna-
patHbiM Komnnekcom «MyntuXpom». CornacHoO meTtoauke,
B NMpobax BOAbl ONpeaensny CofepKaHue pasnyHbIX 1o-
HoB. MeTop aHanmM3a BOAHbIX MCTOYHUKOB MCMONb30Banu
ANA XapaKTepUCTUKN SKONOrMYeCKOro COCTOAHUA POAHU-
KoB [4]. B cTaTbe npoaHanM3npoBaHbl HayyHble CBedeHuA
13 OTKPbITbIX NyONUKaLMNA, @ TakKe NCMOoJb3yeTca MaTepu-
an, nccnepfoBaHHbIN U [OMOSHEHHbIA BO BpeMA nposefje-

20 Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.
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NcmoyHuk: CocTaBIeHO aBTOPOM

Puc. 1. KapTa-cxema pacnonoXkeHusi pogHUKoB ropofa brupck (macwrab 1:50000)

HVA yuyebHbIX NPakKTUK Npu brupckom dunmane Yprmckoro
YHUBEPCUTETA HayKU U TEXHOMOMWW, U pe3ynbTaTbl, Mosy-
UeHHble B xofe peanu3auuy npoekta JKONOrmyecKnii ma-
padoH «Bpemsa MepemeH».

Pe3ynbTaTkl CCAeA0BaHNSI 1 X 0Bcy>kaeHne

Mpo6ooT60op BoAbl Obin NponsBeneH 14 mas 2024 roga
Ha BbllEeYyKa3aHHbIX POAHMKax ropoga bupck B cooTBeT-

ctBue ¢ TpeboaHmamn FTOCT P 59024-2020 «Bopa. Obwune
TpeboBaHuA K oT6opy Npob» [6,7].

OT60p ¥ aHanu3 Npob BoAbl NPOBOAWINCE B COOTBET-
CTBMM C JeNCTBYIOLWeN HOPMATUBHOW JOKYMeHTaunen npu
yyacTuy CneuuannctoB akkKpeguMToBaHHON nabopaTtopum
3KOSIOrMyYeCcKoro MOHUTOPMHIA GU3NKO-XUMUYECKUX 3arpa3-
HeHWU oKpyatoLwel cpeabl Npu bupckom dpununane YYHuT.

Cepus: EcmecmeeHHble u mexHu4eckue Hayku N° 2-2 ¢hegpasne 2026 2. 21
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YcmouHuk: CocTaBneHo aBTOpoOM
Puc. 3. U3meHeHmne cocTaBa pogHuka TpyLuaHka
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Puc. 4. U3meHeHne cocTaBa pogHuKa MInbUHCKMIA CBATOM UCTOYHUK
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fmapoxnmmnyecknin aHanm3 Bofbl NCCNeayeMbIX POAHN-
KOB MPOBOAWICA Ha ONpefefieHne KOHLEeHTpaunn 9 MoHOB:
bTOPUA-NOHOB, XNIOPUA-UOHOB, HUTPUT-UOHOB, HATPAT-UNO-
HOB, CyNbaT-MOHOB, HATPUI-MIOHOB, KaNWN-MOHOB, Mar-
HUN-MOHOB U KaNbLINN-MOHOB (CM. PUCYHOK 2).

[MapoxnMmuyeckmn aHann3 KavecTtBa BOAbl POAHUKOB
nokasasn, 4to no GpTopua-MoHaM, HUTPUT-MOHAM 1 Kasnii-
WOHaM MpeBbIeHNI NPeaenbHO AOMYCTUMbIX KOHLIEHTPa-
LU HET HN Ha OJHOM U3 POoAHUKOB. [peaenbHO JAonyCTr-
Mble KOHLIEHTpaLuu Gbiniv NpeBbIWeHbl MO XJI0PUA-UOHAM
Ha poaHuke ConAHbIN KMoy, MO HATPAT-MOHAM Ha POAHMKE
TpywaHka, MoHawwmi Kny n NnbUHCKOM CBATOM UCTOYHM-
Kke. Mo cynbdaT-MoHam 1 HaTPUIN-MOHAM NpeBbILLEHUA Npe-
[eNbHO JONYCTUMbIX KOHLIEHTpaL i HabnoJaTca Ha poa-
HKe CONAHbIN KoY, MO MarHUM-NoHamM 1 KanbLUui-noHam
Ha pogHuKax TpywaHka n ConAHbIN Knioy.

Takum o6pa3om, poaHK ConAHbIN KNloy ABNAETCA Ca-
MbIM 3aCONIEHHbIM POAHUKOM, O YeM FOBOPUT ero Ha3BaHue.
Bopa npviHapgneXxut K XnopuaHO-CynbdaTHO-HaTPreBO-
KanbuneBOMy TUNy C MUHepanu3auuen 5,85 r/n. B knioue
BblAABNIEHbl CBOOOAHAA YINEKNCNI0Ta, CEPOBOAOPOL, OKUCH
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KpeMHWA, 1 gpyrue BelecTBa XapakTepHble A1A POAHNKOB
C NOBbILIEHHbBIM COAEPKaHUEM coneil. B npnubpexHom 30He
poAHVKa Hamu Obinn BbiAAB/IEHbI Oenble HaneTbl, KOTOpble
OKa3anuncb OTNIOXEHMAMMU XNIopuaa HaTpuA (NoBapeHHOM
conu).

PogHukn TpywaHka n WVNbWHCKWA CBATON WCTOYHUK
pacnonaratoTca B HEMOCPEeACTBEHHOW GIN30CTU OT XKUOMN
3aCTPONKM, MOSTOMY HaXOAATCA NOA, CUIbHBIM aHTPOMOreH-
HbIM BO3AENCTBUEM, O YeM CBMAETENbCTBYET MpeBbllleHne
MNAK no HUTpaT-MoHaM, MarHUN-MOHaM U KanbLA-UOHaM.

MoHawwnn kniou n Tpu bpaTta pacnonaratotca Baaneke
OT AOMOB 1 AOpPOr, N03TOMY BoAa mArkasa v MNAK He npesbl-
LIEHO HY MO OJHOMY MOKa3aTento.

Pe3ynbTaTbl rapoxmmmyeckoro aHannsa Bogbl 5 poaHu-
KoB I. bupcka 3a 2024 rog cpaBHWUAN C pe3ynbTataMu, Nony-
YeHHbIMK 3a nepurog ¢ 2022 no 2023 rog BKAOYMUTENBHO (CM.
puc.3,4,5,6,7).

Takmm 06pa3om, Ha nccnepgyemblx PogHMKax TpyLlaHKka
N VINbUHCKWIA CBATOM MCTOUYHUK COCTAB BOAbI MPaKTUUYeCKN
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Puc. 5. ameHeHne coctaBa pogHuka MoHawmi Koy
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Puc. 6. ameHeHne cocTaBa pogHuka Tpu bpata
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Puc. 7. U3meHeHune coctaBa pogHuka ConaHbin KoY

He M3MeHuNCcs, Ha pogHuke ConaHKa HabnogaeTcs noBbl-
LWEeHNe XNOPUL-NOHOB, HAaTPUN-MIOHOB U KanbLUWIA-NOHOB,
Ha pofHMKe MoHaWNN KoY MOBbILLEHNE KOHLEHTpaLui
HUTPAT-NOHOB, KaNUN-NOHOB WU MarHW-UOHOB, Ha POAHU-
ke — Tpwu bpata x10prAa-MoHOB, CynbdaT-NoOHOB 1 KanbLni-
VIOHOB.

3aKAlo4eHue

PogHunkom, nnm Kniovyom ob60o3HayaeTcs HeGOoMbLIOWN BO-
OHbI NOTOK, ObloLWMI HEMOCPEACTBEHHO 13 3EMHbIX Heap.
[opog BrpcKk yHUKaneH KonmuyecTBOM POAHMKOB, HaxOA4sA-
LMXCA Ha ero TeppuTopun, KoTopble GOPMUPYIOT YHUKaSb-
HbI MECTHbIV NaHAwaodT, rae npouspacTaeT 6onbluoe pas-
HOOGpa3ne BUAOB PACTEHUIA, UTO ABASETCA NEPCNEKTUBHON
NnoLwaaKon Ans pa3BUTUA Typur3mMa B ropoge.

PogHuk ConaHbIn KoY nmeet BbICOKYIO KOHUEHTpauuto
MOHOB KallbUuWA 1N HAaTPWUA, a TaKXKe XJ10pna-noHoB, 6naro-

JapA 3TOMy BOfa POAHMUKA UMeeT YHUMKanbHble LenebHble
cBoncTBa. MrHepanbHbI NCTOYHUK CONAHDBIN KoY ABNAET-
CcA gocTonpumeydaTenbHOCTbio ropofa bupcka n bupckoro
parioHa, Tak Kak OH ABNAETCA MaMATHUKOM NPMpoabl 1 3aHe-
CeH B peecTp 0cob0 oxpaHAeMbIX MPUPOAHbBIX TePPUTOPUI
Pecny6nuku balukopTocTaH.

OpgHako Ha 3TV POAHMKMN OKa3blBAeTCA aHTPOMOreHHoe
BO3JeNCTBUE, OCOOEHHO Ha POAHUKM TpywaHka u VnbuH-
CKNIN CBATOW MCTOYHMK, KOTOPbIe HAaXOAATCA NPaKTUYeCKn
B LleHTpe ropoga. B pesynbrate npoBedeHHbIX aHanvM3oB
YCTaHOBMEHbl MPEBbIWEHNA KOHLEHTpauun HeKOTOPbIX
BelecTB B BOAE POOHMKOB, AaHHOE MpeBbllleHne MOXeT
BbI3BaTb Y UesioBeKa HexxenaTte/ibHble NOCNeACTBUA B Opra-
HM3Me. [1ns npenoTBpaLleHns ryouTesibHbIX NOCIeacTBUN
pekoMeHAyeTCA OaHHYK BOAY MOABEPrHyTb TepMUUYECKON
06paboTKe ANA CHWKEHUA KOHLEHTpauuu OO 3HauyeHun,
NPy KOTOPbIX OHU He ByayT OKa3biBaTb HEXKeNaTebHbIX MO-
cneacTBUmn.
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JKO0JI0r0-dnU3N0JNIorn4eCcKAS OLIEHKA
MWKPOJJIEMEHTHOI0 CTATYCA HACEJIEHUSA METANOJIUCA
B YCJI0BMAX TEXHOrEHHON HATPY3KH

f

ECOLOGICAL AND PHYSIOLOGICAL
ASSESSMENT OF THE MICROELEMENT
STATUS OF THE MEGAPOLIS POPULATION
UNDER CONDITIONS OF TECHNOGENIC
LOAD

N

Yu. Shvets

Summary. The study is devoted to a systematic analysis of the formation
of the microelement status of the adult population of a large industrial
metropolis under conditions of technogenic and socio-economic load.
Based on a retrospective analysis of data from more than 20,000 residents
of the Moscow region (2019-2022), a comprehensive assessment was
conducted using blood serum and hair as substrates, employing AAS and
ICP-MS methods.

A persistent deficiency of zinc and selenium was identified in 3040 %
of the population, indicating «hidden hunger.» A direct correlation was
found between the growth of investment activity and the accumulation
of copper, while an inverse correlation was observed with lead. Economic
factors, especially inflation, negatively affect the sufficiency of zinc and
iron.

Itis concluded that the microelement profile is formed under the influence
of «risk scissors»: the technogenic environment increases the level of
urbanization markers, while economic constraints deplete the diet.
The results justify the need for implementing a regional biomonitoring
system for health risk management.

Keywords: human ecology, obesity, ecology, microelement status, heavy

metals, zing, selenium, technogenic load, biomonitoring. J
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BseaeHve

OBpeMeHHaA aKonornyeckaa noBecTka Bce Yalle pac-
CMaTpuBaeT 340P0Bbe YesioBeKa He U30JIMPOBAHHO,
a KaK pe3ynbTaT CJI0OKHOIo B3aMMOJeNCTBUA C reoxu-

MUYeckom cpefioi. B ycnosumax ypb6aHu3nMpoBaHHbIX Teppu-
TOPUI NOYBEHHbIN NMOKPOB U BOAHbIE PeCypCbl UCMbITbIBA-
0T KONOCCa/ibHOe [aBfieHNe, CTaHOBACb aKKyMynATOpamu
TEXHOTeHHbIX 3arpA3sHeHuin. Kak cnpaBegnvMBo OTMeYaloT
nccneposatenu, GopmmpyeTca CBOEro popa «3Kosorunye-
CKaA BOPOHKa»: NMPOMbILWNEHHblEe BbIOPOCHI TpaHCcPopmMu-
PYIOT 3/IEMEHTHBIN COCTaB MOYB, YTO HEM3OEXHO CKa3blBa-
€TCA Ha KauecTe TpodpruecKkux Lenen 1, B KOHEYHOM UTOTE,
Ha HYTPVMEHTHOM CTaTycCe HaceneHus.

Lieey KOputi IOpbesuy

Cmapwul Hay4yHbIl compyOHUK, KAHOUOAM 3KOHOMUYeCKUX
Hayk, IHcmumym npobsiem ynpasseHus

um. B.A. TpanesHukosa PA. 2. Mockea

jurijswets@yahoo.com

AnHomayus. iccneioBaHne NOCBALLEHO CUCTEMHOMY aHanu3y GopMupoBaHuA
MUKPOINIEMEHTHOrO (TaTyca B3pOCIOro HaceNneHna KpynHoro MpoMblLUAEHHOTO
Meranonunea B YCI0BIUAX TeXHOTEHHOI 1 COLMANbHO-IKOHOMUYECKON Harpy3Ku.
Ha ocHoBe peTpocneKTBHOrO aHanu3a AaHHbIx 6onee 20000 xwTeneii Mockos-
CKoro pervioHa (2019—2022 rr.) npoBefieHa KOMMEKCHaA OLEHKA N0 CbIBOPOTKeE
kposu 1 Bonocam Metogamin AAC u UCTT-MC.

Y 30—40 % nonynAwum BbIABAEH YCTORYMBbLIA AedUUMT LMHKA W CeneHa, YKa-
3bIBAOLLMIA HA «CKPbITBIA ronog». 06HapyeHa npamMaa Koppenauus Mexay
POCTOM UHBECTULIMOHHOIA aKTUBHOCTIA M HaKoMNeHneM Mef, a 06paTHas — o
CBUHLIOM. IKOHOMUYECKIe GaKTOPbI, 0CODEHHO MHPAALNA, HETATUBHO BANUAIOT
Ha 06ecneyeHHOCTb LINHKOM 1 KeNe3oM.

Cmena BbIBOZ, UTO MUKPOINEMEHTHBII NPOGUIb GopmupyeTca nod Bo3Aeii-
(TBUEM <HOXHWL| PUCKOB»: TeXHOTEHHaA (pejja MOBbILLAET YpoBeHb ypbaHu-
3aLMOHHBIX MApKEpPOB, @ SKOHOMUYECKIe OTpaHUYEHNA WCTOLLAIOT PaLVOH.
Pe3ynbratbl 060CHOBBIBAIOT HEOOXOAMMOCTD BHEAPEHNA PeroHanbHoro 6umo-
MOHWUTOPUHIA 1A yNipaBeHna puckami 30poBbA.

Knioyessle cosa: 3Konorua yenoBeka, 0XXUPEHNe, 3K0N0rna, MMKpo3eMeHT-
Hblii (TaTyC, TAXeNble METaJUIbl, LNHK, CEJIEH, TEXHOT€HHAA HArpy3ka, 6romo-
HUTOPWHT.

MNpepcTaBnAaeTcA o4eBUAHbBIM, YTO B KPYMHbIX Merano-
nucax npobrema NprobpeTaeT ABONCTBEHHbIV XapaKTep.
C ofHOI CTOPOHbI, Mbl HabnogaeM GeHOMEH «CKPbITOro
ronofa» — MapafoKCaSIbHOro COCTOAHUA, MPU KOTOPOM
Ha PpoHe JOCTaTOUHOW KanopUHOCTA PaLMoHa COXPaHAET-
CA XPOHMYECKNI AednLMT SCCEHLMANBHBIX MUKPO3/IEMEH-
TOB, TaKMX KaK, Hanpumep, UWMHK, ceneH nnu xeneso [12, 19].

C ppyroii CTOPOHbI, MHTEHCVBHAA aHTPOMOreHHas Ha-
rpy3Ka MoBblLLAET PUCKM HAKOMJIEHNA TOKCUYHbBIX MEeTanoB
(kapmua, CBUHUA, PTYTK), KOTOpble OeNCTBYIOT Kak 3HAO-
KPUHHble AM3panTopbl Y BMELIUBAKOTCA B PpyHAAMEHTasb-
Hble MeTabonunyeckue npoueccol [7, 16].

Ocobyto TpeBOry Bbi3biBaeT TOT aKT, UTO 3arpA3HeHue
OKpYy»KatloLLen cpefbl HepeKo HOCUT NaTeHTHbIN XapaKTep.

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2. 25
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B 30Hax MHTEHCMBHOW NPOMBILUIEHHOWN Harpy3Kn 1 akTuB-
HbIX MHBECTULMOHHBIX LUKNIOB GOPMUPYIOTCA YCTOMUMBbIE
reoxnMmyeckue aHomanuu. Mpr 3Tom CyLecTByoLIME HOP-
MaTUBbl He BCErAa yCreBaloT pearvpoBaTb Ha OMHAMUKY
3arpA3HeHNA, a HaceneHne NPOLOSIKAET UCMbITbIBaTb BO3-
LeNCTBME TaK Ha3blBaEMOW «<MOSTUYANMNBOI MeTabonmueckon
Harpy3sKku».

CnepyeT OTMETUTb, YTO TPAZULMUOHHbIE OMOMeaNLIVH-
CKMe MOoAXOAbl YacTO WFHOPUPYIOT 3KOMOMMYECKUA KOH-
TeKCT, GOKYCUPYACh NWLb Ha KNNHUYECKUX MPOABMEHUAX.
OpHako aHanu3 nuTepaTtypbl NOKasblBaeT HEOOXOAMMOCTb
WHTErpaLmmn gaHHbIX MOHUTOPWHIa Cpeabl 1 buomeanLmH-
CKOW cTaTnCcTuKK [2, 18]. leorpadura NpoxrBaHUsA, KauecTBO
BOAbI Y YPOBEHb TEXHOrEHHOrO NpeccnHra CTaHOBATCA paB-
HO3HaYHbIMU YYacTHUKaMU GOPMUPOBaHUA 300POBbA, Ha-
paBHe C reHeTKOM 11 06Pa3oM XU3HU.

Lenb uccnepoBaHmA — MpoOBECTU 3KONOro-¢pr3nosno-
rMYeCcKMn aHanmM3 MUKPOINEMEHTHOro CTaTyca B3pOCioro
HaceneHna MockoBcKol obnactu 3a nepuog 2019-2022 rr.,
BbISIBVB XapaKTepHble AncOanaHCbl 3CCEHUMNANbHbIX U TOK-
CUYHbIX 3JIEMEHTOB B KOHTEKCTE COLMaNIbHO-3KOMOrMYeCKnx
bakTopOoB cpepbl.

MaTepranbl U METOALI ICCAEAOBIHNSI

B ocHOBY paboTbl NOIOXEH PETPOCNEKTUBHBIN HAbIO-
LaTenbHbI AU3aiH C 3f1eMeHTaMKn MaHeslbHOro aHanusa.
TakoW noaxog No3BoJIvA NCMOMb30BaTb OOLWMPHbIN MaccKB
HaKOMJIEHHbIX flaHHbIX 6€3 NPAMOro BMellaTeNbCTBa B Ku-
HUYeCKMe npoueccbl, YTO COOTBETCTBYET COBPEMEHHbIM
CTaHZapTaM 3NNAEMUOSIOTNYECKUX UCCrefoBaHUn [17].

WccnepoBaHue 6asvpyeTca Ha [enepcoHanu3mpo-
BaHHbIX AaHHbIX JTAbOPaTOPHbIX 0O6CNENOBAHUN XUTenel
MockoBckoln obnactn. O6LWKMiA MacCUB COAEPXKUT AaHHble
6onee yem 20000 NaumneHTOB, Neproa HabnaeHNA OXBa-
TbiBaeT 2019-2022 roabl.

[nA oLeHKM 31eMeHTHOro cTaTyca UCNonb30BanucCh fBa
6uonornyecknx cybcTpata, oTpaxawLlmx pasHble BpeMeH-
Hble FOPM30HTbI SKCMO3ULNN:

1. CblBOpOTKa KpPOBM — MapKep TeKyLiero ¢yHKLmo-
HaNbHOrO COCTOAHWA U KPaTKOCPOYHOro 6GanaHca
3/1eMEeHTOB.

2. Bonocbl — 6rocy6cTpaT, akkymynupyowmnin nHdop-
Mauuio O LONroBPEMEHHOM HaKOMIeHWN BeLlecTB
N MO3BONAIOWMIA OLEHUTb XPOHUYECKYID Harpysky
TOKCMKaHTamu [6, 18].

OnpepeneHne KOHLEHTpaLMA MPOBOAMNOCH METOAAMN
aToMHo-abcopbumoHHoi crekTpometpun (AAC) 1 macc-
CNeKTPOMETPUN C VMHAYKTUBHO-CBA3aHHON nnasmon (ICP-
MS). JaHHble TexHONnormm npu3HaHbl «30510TbiIM CTaHAap-
TOM» AN MHOFOKOMMOHEHTHOIO aHasnu3a B KIUHUYeCKoWn
1 dKoJslormyeckom npaktuke [19].

B paboTe aHanM3npoBanmcb AaHHble MO 27 XUMUYECKNM
351eMeHTaM, BKJoYas 3cceHumanbHble (Zn, Fe, Se, Cu, Mn
1 ap.) u TokcmuHble (Pb, Cd, As, Ni). na yHudukaumm pe-
3yNbTaTOB, NMONYYEHHbIX Pa3HbIMU METOAAMM, MPUMEHANAch
npouefypa HOPMUPOBaAHUA OTHOCUTENbHO pedepeHCHbIX
NnabopaTopHbIX AManasoHOB. DTO MO3BONUIO MepPeBECTU
abcontoTHblE KOHLUEHTpaUuKn B 6e3pa3mepHble UHAEKCbI OT-
KNOHeHMA, rae 3HaueHwns |S| > 0,5 MHTepnpeTMpPoBanuch Kak
3HaAYMMBbI BbIXOA 3a NpeAesibl HOPMb.

[nA BbiABNEHMA B3aMIMOCBA3EN MEXAY YPOBHEM MUKPO-
3N1eMEHTOB 1 GpaKTopamMK BHeLLHeN cpeabl (MHAMKaTopaMu
3KOHOMMYECKOWN aKTUBHOCTU, TEXHOFEHHOWM HarpysKu) mc-
Nosb30BasicA KOPPENALMOHHDBIN aHanu3 no Cnvpmeny. [laH-
HbI1 METOZ BbIOPaH BBMAY HEHOPMAsIbHOTO pacnpeaeneHus
6GONbLUMHCTBA 3KONOTMMYECKNX MepeMeHHbIX. B KauectBe
MapKepoB COCTOAHMA Cpefbl UCMOMNb30BaNNCh oduLanb-
Hble faHHble PoccTaTa No pernoHy: BasioBOW pervoHasnbHbIN
npopykT (BPI), o6bem MHBECTMLMI B OCHOBHOW KanuTan
(KaK MHAUKATOP NPOMbILLIAIEHHOW aKTUBHOCTM) N UHAEKC MO-
TpebunTenbCKmx LeH [8].

Pe3ynbTaThl

MepBWYHBIA aHanM3 MOMYyYEHHbIX AAaHHbIX MO3BONN
BbIABUTb HEOOHOPOAHY KapTuHy. Ecnn obecneyeHHOCTb
MaKpo3/ieMeHTaMu (HaTpuem, Kanuem, KanbLuem) B LeNOM
ocTaBasiacb CTabubHON 1 cOOTBETCTBOBaNa Gu3nonornye-
CKMM HOpPMaM, TO CUTyaLus C MAKPO3iIeMeHTaMM OKasasacb
TPEBOXHOW. Mbl OBGHapy»Xunu, YTO 3HauuTeNbHaA 4yacTb
B3POC/IOro HaceneHnsa Meranonmnca HaxoauTCA B COCTOAHUM
XPOHNYECKOrO MUKPOHYTPUEHTHOIO AncbanaHca.

OcobeHHO noKasaTeslbHO pacnpeaeneHne OTKIOHEHWI
Mo 3cceHumanbHbIM niemeHTaM. [JaHHble CBUAETENbCTBYIOT,
YTO TaKue KJIloUeBble AN UMMYHUTETA U aHTUOKCUAAHTHON
3alUTbl METANIbI, KaK LIMHK U CeNieH, HaxoasaTcA B Aeduymte
y TpeT ob6cnefoBaHHbIX (Tabnuua 1).

MonyueHHble Hamy LMbpPbl AEMOHCTPUPYIOT BbICOKYIO
CXOAMMOCTb C pe3ynbTaTaMu 4PYrnX KPYNHbIX MONYAALNOH-
HbIX nccnegoBaHuin. B yactHocTtu, B.M. KogeHuoBa 1 coaBrT,,
aHanM3npya BUTAaMUHHO-MUHEPASbHbIN CTaTyC HacesneHus
LleHTpanbHoro defepanbHOro okpyra, Takxke dukcrpoBanm
HeOoCTaTOYHOCTb 3CCEHUMAlNbHbIX 3eMeHToB Yy 22-38 %
B3POC/IOro TPYy#oCnocobHoro HaceneHms [3]. 3To no3sons-
eT yTBepKaTb, UTO BbIAABIEHHbI HaMW AeduunT ABRsAETCA
He NIoKaNbHOW aHOManMnei, a MapKepoM CUCTEMHOrO Hebna-
rornonyuums.

KnvHuyeckaa 3HauMMOCTb 3TUX OTKIIOHEHUN KpainHe
BbICOKa. XPOHUYECKUN fePpuUnT UNHKA, 3aPpUKCUPOBAHHDI
y TPeTu BbIGOPKM, BbICTYMNaeT AOKa3aHHbIM hakToOpoM puUcka
MeTaboNMMYECKNX PACCTPONCTB: OH HapyLIAeT CMHTE3 U ce-
Kpeuuo VMHCYNUHa, CnocobCTBYA PasBUTUIO MHCYNMHOpPe-
3ucteHTHOCTM [4, 21]. CuTyauma ycyrybnaetca Ha GoHe He-
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Tabnuua 1.
XapaKTepuctuka obecneyeHHOCTV HaceneHms
KNOYEBbIMM MUKPOISIEMEHTAMN
(no maTepuranam Bbi6opkn 2019-2022 rr.)

[pynna JeMeHT Mpeobnagaio- | XapakTepucTika oTKNOHeHNA
3/1eMeHTOB LW cTaTyc B BbIOOpKe
OTKNOHEHwe K HUXHEl rpaHu-
Linnk Lie HopMbl M ABHIN Aedu-
Jeduupnr 0
KpuTuyeckue (Zn) umT dukcupyetea y 35-40 %
3cceHuManb- NaLIUEHTOB.
Hbie HenoCTaTouHOCTb BbIABNEHA
CeneH 0
(Se) Neduuut 6onee uem y 30 % obcnepo-
BaHHbIX.
Okono 15—20 % Bbl6opKY
Keneso HuxHas
(Fe) L UMEIOT NMOKA3aTeNM Ha Npege-
Morpa- 11e HOpMbl.
HUYHblE
TeHAeHLNA K CHUXKEHNIO,
COCTOAHMA Meb e AEHL )
(@ I 0C06€HHO BbIpaXeHHas
B 2021-2022 rr.
BolaBnatoTca cybknuHMYeckme
(BuHeL, YPOBHU HAKOMNEHNA, KOp-
Hakonnenue ! ,
TokcuyHble (Pb) penupytLLe C TEXHOTEHHO
(mapkepbl Harpy3Koii.
cpenbl)
Kagmuii leproamnyeckue Bcnneckn
HakonneHue .
(Cd) KOHLIeHTpaLmi.

pumedarue: CoCTaBfIEHO aBTOPaMK MO pe3ysibTatam nabo-
PaTOPHOIo CKPUHMHTA.

[lOCTaTKa cefieHa, KOTOPbI KpUTUUYECKU OCNabnifeT cuctemy
AHTUOKCUAAHTHOM 3aLnTbl (CHYXKEHME aKTUBHOCTY My TaTu-
OHMNEepPOKCMAa3bl) 1 MOBbILLAET YA3BUMOCTb OpraHm3ma K Bu-
PYCHbIM MHbEKLMAM 1 OKUCAUTENIbHOMY cTpeccy [1, 17].

Ocobylo 06eCnoKOeHHOCTb BbI3bIBaeT CTaTyC CeneHa
B KOHTEKCTe cpefbl. Halum faHHble KOppenupyT C BblBO-
[aMn MeXroCyiapCTBEHHbIX NPOrpamm no 6uoreoxmmmu,
B KoTopbix B.B. EpmakoB yka3biBaeT Ha nporpeccupytollee
obefHeHVe NoYyB cefleHoM B arpoburoueHosax [11]. YTto Ka-
CAeTCA NOrpaHNYHbIX COCTOAHMIA MO Xefe3y 1 Meau, TO OHU
bGOPMMPYIOT CKPbITYIO Yrpo3y afanTalyMOHHOMY MOTEHLU-
any. [laxke 6e3 KIIMHNUYECKON KapTVHbl aHEMUN, CHUBKEHMNE
TKAHEBbIX 3aMacoB »ese3a NPUBOAUT K MUTOXOHZPUAJIbHOW
ONCOYHKUMM 11 XPOHMYECKOW yToMnsemocTn, a aebuuut
MeAWN HapyLlaeT NpoLeccbl KPOBETBOPEHUA N CUHTE3a CO-
eguHuTenbHom TkaHm [10].

Bo3HMKaeT 3aKOHOMEPHbIN BOMNPOC O ApanBepax 3TUx
n3MeHeHui. YTobbl oLLeHUTb BKNag cpefbl, Mbl CONOCTaBUIN
JaHHble GBUOMOHUTOPUHTA C MAaKPO3KOHOMMNYECKNMM MOKa-
3aTeNAMN Pa3BUTKA PerMoHa — B YaCTHOCTU, C AUHAMUKOM
WHBECTMLMI B OCHOBHOW KanuTan. IHBecTuuumn B Merano-
NIMCe BbICTYNAOT MapPKEPOM MHTEHCMBHOCTY CTPOUTENbLCTBA

n ﬂpOMbILUHEHHOl7| AKTUBHOCTU, TO €CTb KOCBEHHbIM NHON-
KaTOPOM TEXHOINreHHOIro faBieHUA.

Pe3ynbTaTbl KOppensALMOHHOro aHanu3a (PUcyHoK 1) Bbl-
ABUNMN YETKYI0 3aKOHOMEPHOCTb. [JaHHble TeN0BOW KapTbl
MO3BONSAIOT CAeNaTb BbIBOA, YTO SKOHOMUYECKUI POCT CO-
NPOBOXAAETCA KayeCTBEHHBIM M3MEHEHUEM NPOGUNs Tex-
HOTEHHOW Harpy3sKu.

Mbl  HabnogaeM MaKCUMaNIbHO CUJIbHYIO  MOJIOXMK-
TenbHy0 Koppenauuio (r=1,0) Mexay o6bemMom MHBECTU-
uniA 1 ypoBHeM HakonneHua meau (Cu), monnbaeHa (Mo)
n Bonbdpama (W). DTOT KOMMAEKC 3NIEMEHTOB ABNAETCA Xa-
PaKTEPHbBIM MapKepOM COBPEMEHHOW YpOaHN3MPOBaHHOM
cpenbl: Medb acCOLMMPOBaAHA C UHTEHCMBHBIM TPadUKOM,
a MonmbaeH 1 BofibdpaM — C NPOMBbILLSIEHHBIMU 1 CTPOU-
TeNbHbIMY TEXHONOTMAMU. POCT MHBECTULNIA, OTPaKaloLnii
AKTMBU3aLMIO CTPOUTENIbCTBA U TPAHCMOPTHLIX MOTOKOB, 3a-
KOHOMEPHO NPUBOAUT K YBEIMUYEHMIO SKCMO3MLMM Hacene-
HUA UMEHHO K 3TUM MeTasinam.

B 1O XKe Bpems OnAa uenow rpynmbl 31eMeHTOB, BK/oYas
cBuHel, (Pb), mapraHey (Mn) un xene3so (Fe), 3adpukcupo-
BaHa cuibHasA obpaTtHaa koppenauua (r=-1,0). CHuKeHune
YPOBHsA CBUHLIA HAa GOHe POCTa MHBECTULINIA MOXET CBULE-
TeNbCTBOBATb O MONOXUTENIbHOM 3ddeKTe MogepHU3aLnn
NHGPACTPYKTYpPbI: HOBble MPOEKTbl CMOCOOCTBYIOT 3amMeHe
YCTapeBLUMX TEXHOMOMUN U CHUXKEHWUIO aKTUBHOCTU «yCTa-
PEeBLUMX» NCTOYHUKOB 3arpA3HeHMA.

Mpw 3TOM 3apyb6exxHble uccnepgosatenu (C. Huang et al.)
OTMeUYaloT, YTO NoA0OHAsA CMeHa 3N1eMEHTHOro Npodus He-
CeT CBOM PUCKW. Bo3pelicTBne HakannmBamoLwWwmxca TOKCUY-
HbIX MeTas1oB (B Hawem cinyyae — W, Mo) MOXeT ycunmBaTtb-
cA Ha poHe pgedurumMTa dCCeHUMANbHbBIX NPOTEKTOPOB [15].

O6cy>kaeHve

MNonyyeHHble JaHHble O LWMPOKOW PacnpoCTpaHeHHo-
CTV pgucbanaHca UMHKa U ceneHa HaxoaAaT NoATBepXaeHune
B paboTax, MOCBALEHHbIX OMOMOHUTOPUHIY HaceneHus
LlenTpanbHon Poccum. B yactHocTu, nccnegosaHusa B.M. Ko-
[OEHLOBON N COaBT. CBUAETENbCTBYIOT, UTO MONUTUMNOBU-
TaMWHO3bl M HEAOCTaTOYHOCTb 3CCEHLMANbHbIX 3NeMeH-
TOB — 3TO cUCTeMHas npobnema Ana Bcero LleHTpanbHoro
depepanbHOro okpyra, rae yactota AepuUMTHBIX COCTOSA-
Hun gocturaet 38 % [3]. Mpupoay 3TOro ABNEHNA Lieneco-
06pa3HO paccmaTpuBaTb Yepes npusmy roreoxmmmn. Kak
oTMeyvaeTcA B pabotax B.B. EpmakoBa, B arpoburoueHo3ax
HabnogaeTca nporpeccupytollee obefHeHMe MoYB Moa-
BVPKHBIMU popmamu ceneHa [11]. 9To co3paeT nepBUYHbIN
3Konormyeckmin oeduumnt B Tpodpuyeckom Lenu «rnoysa —
pacTeHVe — MNPOAYKT MUTAHUA», KOTOPbI HEBO3MOXHO
KomneHcmpoBaTb 6e3 cneunanm3npoBaHHbIX arpoTexHuye-
CKUX USIA ANETONOMMYECKNX MHTEPBEHLNIA.
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WHaekc pusnyeckoro obbema WHBECTULNI B OCHOBHOM KanuTan
OTHoweHue o6bema MHBECTULMIA B OCHOBHOM KanuTan K BPN

Puc. 1. KOppenﬂLl,VlOHHaﬂ B3aIMOCBA3b MeXAY NMoKa3saTenamMmn MHBECTULMOHHON aKTUBHOCTM 1 HAaKOMIEHNEM XUMNYECKNX
3JIEMEHTOB
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Ocoboe BHMMaHVe cnepyeT yoenuTb MHTeprpeTauum
TEXHOTEeHHOro BAUAHUA. 3adUKCMpPOBAHHAsA HamMu CBA3b
WHBECTMLMOHHOW aKTMBHOCTM C HaKomJieHnem crneundu-
yecKkmnx MeTansioB cornacyetca ¢ gaHHbiMM A.B. CKanbHoro
W COaBT., JOKa3aBLUMX BbICOKY MHPOPMATUBHOCTb BOSOC
KaK MHAMKaTopa reorpadpuyeckon BapraTMBHOCTA 3arpsas-
HEHVA B MPOMbILLEHHbIX pernoHax [18]. OgHako rnaBHas
Yrpo3a KpoeTcs He CTOJNIbKO B CAMOM HaNMuMy TOKCMKAHTOB,
CKOJIbKO B MX COYETaHMM C MUKPOHYTPUEHTHOW HepfoCTa-
TOUYHOCTbIO. 3apybexHble nccnegosaHua (C. Huang et al.)
YKa3blBaloT Ha CUHeprnyeckmini 3GpHeKT: TOKCUYHOCTb CBUH-
Ua 1 ApYrux TeXHOreHHbIX MeTa/lIOB MHOFOKPATHO BO3pac-
TaeT Ha GoHe AeduLmMTa NPOTEKTOPOB — LIMHKA U XKefesa.
Takum obpasom, Habnogaemasa Hamu KapTuHa (poct Cu/W/
Mo npwu Hu3Kom Zn/Se) dopmupyeT npodunb NOBbILLIEHHO-
ro MeTabosInyeckoro pucka.

JKOHOMMYeCKasa [OeTepMMHaHTa 3Toro npouecca (oT-
puuaTtenbHas ¢BAa3b UHGNALUMN 1 06eCneyeHHOCTN HYTpU-
€HTaMN) YKMablBaeTCA B KOHLEMNUUIO «TOPOACKOrO He-
noefaHua», onncaHHyto skcneptamm FAO [12]. Hecmotps

Ha CpaBHUTENbHO BbICOKME AOXOfbl HaceNeHnA Mmeranonu-
ca, CTPYKTypa notpebneHus cmellaeTca B CTOPOHY padu-
HUPOBaHHBIX MPOLYKTOB C HWU3KOW OMONOrnyeckonm LeH-
HOCTbIO, UTO Y NPOBOLMPYET GEHOMEH «CKPbITOro rosiofax»
Jake Npu N3bbITOYHON KaNopUMNHOCTK paumnoHa [20].

33aKAl04eHue

MNpoBefeHHOe MCCnefoBaHMe NO3BOJMIAET KOHCTATMPO-
BaTb, YTO MUKPO3JIEMEHTHBIN NPOGUIb XKUTENS COBPEMEH-
Horo meranonuca ¢opmMmmpyeTca nof nepeKkpecTHbiIM BO3-
[OeNCTBMEM SKONMOrMYEeCKOM Harpys3km u SKOHOMUYECKUX
orpaHuyeHuii. [lokasaHo, 4To MHTeHcUdrKauma ypbaHucTu-
YecKuMx MpoLEeccoB COMpsi»KeHa He TOMbKO C TpaHcdpopma-
Luelt BHELHeN cpefbl, HO 1 C KaYeCTBEHHbIM U3MEHEHVEM
SN1EMEHTHOrO CTaTyCa HaceNleHNsA: MPONCXOANT HaKoMIeHne
cneunduUecknx TEXHOTEHHbIX MapKePOB Ha ¢(OoHe KpuTu-
Yeckoro CHUXeHMA 006ecrneyeHHOCTU 3CCeHLMaNbHbIMM
npoTekTopamu. Takum obpasom, 6uocybcTpaThl YesioBeka
BbICTYMalOT YyBCTBUTENIbHBIM MHANKATOPOM Kak MHAYCTPU-
aNbHbIX LUWKIOB, Tak M COLNAaNbHO-ODKOHOMNYECKON KOHb-
IOHKTYpbl pernoHa.
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HYBRID MODEL FOR STORING

AND PROCESSING TEMPORAL DATA
IN DIGITAL TWIN SYSTEMS

OF INDUSTRIAL OBJECTS
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Summary. The article examines modern approaches to storing and
processing temporal data in digital twin systems for industrial objects.
The increasing volume of data generated by intelligent sensors and
monitoring systems, as well as the widespread adoption of digital twin
technologies, necessitates the development of efficient architectures for
managing both historical and streaming data. The study analyzes levels of
data temporality, theirimpact on database structures and computational
performance, and the major limitations of traditional relational models
under rapidly growing data loads.

Based on an analysis of scientific publications and practical solutions,
two promising approaches to temporal data organization are identified:
a multidimensional MIVAR information space and the architecture of
digital data factories. A comparative evaluation of these approaches
is conducted, and a hybrid model combining the strengths of both
directions is proposed, taking into account their respective advantages
and constraints.

Keywords: digital twin; temporal data; data storage; stream processing;
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nocnefnHve roabl TEXHONOTMA UMGPOBbLIX ABOVMHMKOB

OEeMOHCTpUpPYeT YCTOMUYUBBIN POCT nonynAapHocTu. Ee

BHeOpeHVe N WUCNOJSIb30BaHME MOXKHO 3aMeTUTb BO
BCEX OTPAC/IAX SKOHOMUKM: B MPOMbILLAIEHHOCTW, SHEpreTu-
Ke, HepTerazoBoM KOMMJIEKCe, TPAHCMOPTE, CTPOUTENIbCTBE
N page Opyrux otpacsein. Hambonbluee pacnpocTpaHeHme
[aHHaA TexHonorva nony4ymna B chepe MpPOMbILLIIEHHOrO
npon3BoAcTBa HGnarofapa TOMy, UTO OHa MO3BOMAET NOJy-
YNTb 3HAUYMMbIVI SKOHOMUYECKUA 3dEKT B OTHOCUTENbHO
KOpOTKMe CpoKM. Tam C momMoLblo LndPOBbIX [BOMHUKOB
MOAENUPYIOT NPOV3BOACTBEHHbIE NMHUW, 06OpyAOBaHME
M uenble 3aBOofbl, aHaNU3UPYKT U ONTUMU3NPYIOT TEXHO-
nornyeckme npoueccol. icnonb3ya gaHHble ¢ gatunkos loT
(Internet of Things), Takne cucTeMbl TakXKe MPOrHO3NPYOT
M3HOC 060pyaOBaHUSA, NPefOoTBPALLAIOT HEMONAZKM U CHU-
KaloT 3aTpaTbl HA O6CNYXKMBaHMe 3a CUET YyMeHbLLEHWA Bpe-
MeHV npocToA. Kpome TOro, oHM MO3BOAAKT MPOBOAUTH
aHann3 CueHapueB «4YTO-eC/iny, BbINMOAHATb MPOrHO3Hble

AHOpeee Apmem AnekcaHopoeuy

Bedywuti cneyuanucm, Pocculickaa akademus HapoOH020
xo3alicmea u 2ocyoapcmeeHHoU c1yx6el npu lMpe3udeHme
Poccutickot ®edepayuu (PAHXuUlC), 2. Mockea
artem2033andreev@yandex.ru

Axomayus. (Tatbst MOCBALLEHA aHANU3Y COBPEMEHHBIX NOAX00B K XpaHeHuio
1 06paboTke TeMNOpanbHbIX JaHHbIX B CUCTEMAX LndPOBbIX ABOIHUKOB Mpo-
MbILLIEHHbIX 06bEKTOB. POCT 06BEMOB [JaHHbIX, TEHEPUPYEMbIX UHTENNEKTY-
aNlbHbIMI aTYMKaMM 1 CUCTEMAMU MOHUTOPWHTA, @ TaKXe LIMPOKOe pacrpo-
CTpaHeHwe TeXHONOT Wi L POBbIX ABOIHIKOB 06YCNOBAMBAIOT HEOBXOAUMOCTD
pa3padoTKiM SGEKTUBHBIX APXUTEKTYP YNIPBNEHINA UCTOPUUECKUMIA U NOTOKO-
BbIMI JaHHbIMK. B paboTe paccmaTpuBaioTcs ypoBHI TEMMOPANbHOCTY IAHHbIX,
UX BUAHNUE Ha CTPYKTYPY 0a3 JaHHbIX U NPOU3BOANTENBHOCTD BbIUNCNTENL-
HbIX CICTEM, @ TaKe OCHOBHbIE OrPaHIYeHNsl TPAAULMOHHDIX PENALMOHHDIX
Mozieneii B yCIoBIAX ObICTPOPACTYLLMX HArPy30K.

Ha ocHoBe aHanu3a HayuHbix Ny6AMKaLMi U NPAKTUYECKIX PELLEHMii Bblaene-
Hbl [1Ba MEPCNEKTUBHbIX MOAXOAA K OPraHM3aLuie TEMNOPANbHOrO XpaHeHNs:
MHOTOMEPHOE MUBAPHOE UHHOPMALIMOHHOE NPOCTPAHCTBO U APXUTEKTYPA Lnd-
poBbiX GabpUK faHHbIX. IpoBEAEH CPABHUTEbHDIN AHANN3 YKa3aHHbIX NOAX0-
J10B /1 Ha OCHOBAHYIA BbIABMEHHbIX MPENMYLLECTB 1 OrpaHUYeHNil NPejoKeHa
r6pUaHas Mozenb, 0GbeAMHSALLAA CANbHbIE CTOPOHBI 060X HANPaBAEHMUA.

Kntouegbie c108a: uNGpoBOil BOAHNK; TEMMOPasbHbIe JaHHbIE; XpaHEHUe aH-
HbIX; NOTOKOBas 00paboTKa; LindpoBas Gabpuka AaHHbIX; MHOTOMEpHbIe Mofe-
nu; MuBapHaa mogens; Big Data.

pacyéTbl, BbIGMpaTb ONTUMAaJIbHble PEXUMbI PaboThbl 1 OLle-
HVBATb OXKMOAEMbI SKOHOMUYECKNI 3bdeKT. B uenom uno-
pOBble ABONHVKN CTAHOBATCS BaXKHbIM MHCTPYMEHTOM MOA-
LEPXKKM MPUHATYA PeLIeHN 1 NoBbIWeHUA 3GGEeKTUBHOCTY
3KCMyaTaLmm CJIOKHbIX TEXHNYECKMX 0O BEKTOB.

Brnepsble KoHLenumio UndpoBbIX ABONHUKOB cHopMy-
nuposan M. lpuec. OH fan um Takoe onpegeneHue: Habop
BUPTYanbHbIX WHGOPMALMOHHBIX KOHCTPYKLMIA, KOTOpble
MOMHOCTbBIO OMMCBIBAIOT NOTEHUMANbHBIV NN GaKTUYECKNIA
peanbHbll NPOU3BEAEHHbIN NPOAYKT OT MUKPOCKOMNu4e-
CKOrO YPOBHA A0 TFEOMETPUYECKOr0o MaKpOCKOMUYeCKoro
YypOBH# [9]. B KOHTeKCTe 06Cy>KAeHUA NPOMBbILLNEHHbIX 06b-
€KTOB 3TO O3HAYaeT co3faHne TOYHOWN ANHAMMUUYECKON Lnd-
pPOBOI KOMWUW peanbHOro MPOM3BOACTBEHHOIO OObLEKTa,
OT OTAENbHOTO CTaHKa TO LieSIoro NpeanpuaTus.

OcHoBol paboTbl N060ro LKdPOBOro ABOMHWKA ABA-
toTCA AaHHble. [1nA Toro yto6bl LMPPOBOI ABOVHMK MOT One-
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paTVBHO U [OCTOBEPHO OTOOpaxaTb TeKyllee COCTOAHME
¢du3nyeckoro obbeKTa, HEOHXOAMMA YCTaHOBKA [aTUMKOB
N opraHmM3auma HenpepbiBHOro cbopa nHpopmaumm. Ling-
POBbIM [BOVHMKAaM HeOOXOAVMMO HEMPEPbIBHO MOJyyaTb
[aHHble, KOPPEKTMPOBaTb MaTemMaTuyeckyl mMopenb 06b-
€KTa, YTOUYHATb NapaMeTpbl ero noBefeHus 1, pu Heo6xo-
OVIMOCTU, BO3[ENCTBOBaTb Ha GU3MYECKMII OOBEKT, onupa-
ACb Ha pe3ynbTaTbl 06pabOTKM NocTynatoLLen nHbopmaLuu.
NcTouyHMKaMmn JaHHbIX MOTYT BbICTYNaTb AaTUMKM Pasfny-
HbIX TUMOB, YCTPONCTBA NAEHTUOUKaLuK (WTprx-Koapl, QR-
Kofibl), BUAeOKaMepbl U apyrue cpefctea dukcaumm napa-
METPOB. Takum 00pa3om, AaHHble ABNATCA GyHOAMEHTOM
bYHKUMOHMPOBaHUA LUNGPOBbIX ABOMHMKOB, TaK Kak OT MX
MOJIHOTbI U KaueCTBa 3aBUCAT FPaHULbl BO3MOXXHOCTEN Mo-
[enpoBaHMA U KauecTBO NPUHUMAEMbIX PeLleHW.

Mpy 3ToM POCT 06HEMOB AaHHbIX MPUBOAUT K NOABAe-
HMIO HOBbIX TEXHOJIOrMYECKUX BbI3OBOB. TaK, MCMOMb30Ba-
HWe nonynApHon B nocnefHee Bpema TexHonorum Big Data
Bieyet 3a cobon pag npobnem: Hannume LWyMoB, HEMOJTHO-
Ta U3MEPEHUN 1 TPYJHOCTM NPY NPOrHO3UPOBAHNN PELKUX
cobbITIA. Ha npakTrke 3HaunTenbHaa YacTb cobupaemon
NHGOPMALMN MOXKET 0Ka3aTbCA N30bITOYHOW: MPY HAKoMse-
HUWN eXXeHEBHbIX MAaCCVBOB AaHHbIX A0 95 % 13 HUX He He-
CYT CyWeCTBEHHOWN LeHHOCTU, YTO YCIIOXKHAET BblgeneHune
MHGOPMATMBHBIX MPU3HAKOB 1 MOBbILLAET TPYAOEMKOCTb
aHanusa. Pa3paboTtumku, opreHTpyoLwmecs Ha cbop Mak-
CUMasnbHO MONHOro 06bEMa AaHHbIX B Hajexie BbIABUTb
CKpbITble 3aBMCUMOCTHW, CTaNKUBAOTCA C TeM, UYTO MOUCK
OeNCTBUTENBbHO 3HAUYMMbIX KOPPENALUIA OKa3blBaeTCA 3Ha-
ynTeNbHO 6oslee pecypCcoEMKIMM, YeM Npegnosnaranoch [2].

JT1a npobrnema 0cob6eHHO aKTyaslbHa B MPOeKTax, rae
06bEM eXeAHEeBHO MOCTYMaoWMX [LaHHbIX MpeBbllaeT
BO3MOXXHOCTM aHanMTMyeckon 06paboTkn. B nopgobHbix
CUTYaUWAX KNIOUYEBYIO POJIb HauMHaIOT Urpatb dusmueckme
MOZenu, MO3BONALME OMNpPefenuTb, Kakune MnapameTpbl
HeobXoanMO GUKCUPOBATb, B KaKMX 06MacTAX MOryT Npo-
ABNATbCA KPUTUYECKNE COCTOAHMSA U Kak clieflyeT BbICTpa-
MBaTb MOHUTOPVHT HA Pa3HbIX CTaAUAX XM3HEHHOTO LMKNa
nspenus. Mpu 3ToM BaXkKHO YUMTbIBaTb, YTO 06BEM JOCTYM-
HbIX AaHHbIX HaMpPsMYl 3aBWCUT OT 3Tana pa3paboTKu.
Ha HauanbHbIX CTagusax (<KOHUENUUs», «npoToTUM») HbOP-
Mauua 06 06beKTe MOXKET MOSTHOCTbIO OTCYTCTBOBATb, @ MO-
[leNnn CTPOUTBLCA FNaBHbIM 06Pa30M Ha OCHOBE GpU3MUECKOro
MogenvpoBaHus. B npouecce akcnnyatauny o6bEm goctyn-
HbIX JaHHbIX eCTECTBEHHbIM 06PA30M YBE/IMUMBAETCA.

B 3TOM CBA3M Ba)KHbIM MOHATMEM CTaHOBUTCA Smart
Big Data (copgep»aTenbHble 60nblune faHHble) — AaHHble,
obnapatolie BbICOKUM YpPOBHeM WHGOPMALMOHHON Ha-
CbILLEHHOCTU, NOJTyYeHHble Ha OCHOBE YeTKOro npepacTaBs-
NEHNA O PACMONIOKEHNN KPUTUUYECKUX 30H B KOHCTPYKLMK,
B KOTOPbIX MMEET CMbIC/ pa3mMeLlaTtb AaTunki [2]. Coop Bcex
BO3MOKHbIX AaHHbIX 6e3 npeaBapuTenbHOro otbopa npu-
BOOMT K dopmmpoBaHuio o6bEMHbIX Maccusos Big Data,

3HauMTeNbHasA YacTb KOTOPbIX COCTOUT M3 Mano3HaUYMMON
MHpOpPMALMM, UYTO NPUBOAUT K PE3KOMY POCTY HarpysKku
Ha cUCTeMbl XPaHEHWA 1 aHaNUTUYeCcKon o6paboTKu.

CnepoBaTtenibHO, Ana 3GPeKTUBHON PaboTbl C JaHHBbIMM
HeobxoAMMa KOMMeKCHas MHPpacTpyKTypa, obecneyrBa-
IoLLasA BECb »KU3HEHHDBIV LUK AaHHbIX: c6op, dunbTpaumio,
6e3onacHylo nepefayvy, KOHTPOMb KauyecTBa, Knaccnduka-
Lo, ycTpaHeHve fy6nrKaToB, HaéXHOE XpaHeHwe, 13Bre-
yeHue, nocneayoLLyto 06paboTKy, aHan3 1 BU3yanu3sauuio.
Peanusauma 3TUX NpoueccoB 06ecrneynBaeTcs LUMPOKMM
CNeKTPOM MHCTPYMEHTOB U MPOrPaMMHBbIX PELIEHWNI, KOTO-
pble YyCIOBHO MOTYT ObiTb CFPYNMNMPOBAHbI B YETbIPE OCHOB-
Hble 3Tana: cbop AaHHbIX, yNpaBeHvie JaHHbIMY, XpaHEHUE
JAHHbIX 1 MCMONb30BaHWe JaHHbIX.

B TpaAWLMOHHBIX MOAensax AaHHbIX, WCMONb3yeMbIX
B KNaccMyeckmx cuctemax ynpasnieHua 6asamu JaHHbIX
(CYB[), dpuKcmMpyeTca TONbKO aKTyaslbHOE COCTOsIHME O0b-
€eKTOB NnpeamMeTHoln obnactu. MNpu BHECEHUN W3MEHEHWIA
CTapble 3HaueHWA Mnepe3anucbiBalOTCA HOBbIMM, BCied-
CTBUE Yero CBefleHVsA O NpefblayLmnX COCTOSHUAX 0b6beKTa
He coxpaHsatTca. OfHAaKO BO MHOMMX MPUNOXKEHUAX, CBA-
3aHHbIX C MOHUTOPUHIOM 1 QHASIUTUKOW, YEM Y 3aHMMAIOTCA
undpoBble ABOMHMKM, BO3HMKAET HeOOXOAMMOCTb XPaHUTb
He TOJIbKO aKTyaslbHble, HO 1 MPOLUIbIE, @ B HEKOTOPbIX CITy-
yasax n 6yaywme (nnaHoBble) 3HauveHus. Lindposbie aBon-
HUKN OMMPalTCA MPEenMyLLeCTBEHHO Ha TemnopasbHble
JaHHble — MpPOV3BOJIbHbIE [aHHble, KOTOPble CBsi3aHbl
C onpefenéHHbIMY JaTaMy UM MPOMEXYTKaMU BpeMeHU
[3]. To ecTb 5TO AaHHble, NPMBA3aHHbIE K MOMEHTaM Bpe-
MEHMW WS BPEMEHHbIM UHTEpBanam, Yto TpebyeT ocobbix
WNHCTPYMEHTOB AJ1A UX XpaHEeHUs 1 aHanu3a. B pa3pabotky
METOA0B XPaHeHUA U 0OPaboTKU TemMnopasibHbIX AaHHbIX
BHeC/ BKNag y4éHble, Takme Kak P. CHoarpac, K. [IxxeHceH,
C.Tagua, E. MakKeH3n, A. CteinHep.

TemnoparnbHble aHHbIe NPEeACTaBASIOT COO0I 3HaUeHNS
napameTpoB, COOTHECEHHbIE C KOHKPETHbIMY MOMEHTamM
BPEMEHM WM BpPeMeHHbIMM npoMeXxyTkamu. Vcnonb3o-
BaHWe MOAOOGHbIX MoAaenen nosposAaeT GUKCMpOBaTb W3-
MEHEHVA OOBbEKTOB BO BPEMEHU: €C/IN OOBEKT NMOABASETCA
B MOMEHT t; M MepecTaér cyLwecTBOBaTb B MOMEHT t,, TO Tem-
nopanbHaa 6a3a AaHHbIX COAEPXKUT MOCNefOBaTENbHOCTb
€ro COCTOAIHUI Ha BCEM UHTepBane [t;, t,). Mpn 3ToM 06bEM
JaHHbIX HaNPAMYIO 3aBUCKT OT BbIOPAHHOIO YPOBHA TEMIMO-
PanbHOCTU 1 YaCTOTbl OOHOB/NEHNSA NAPaMETPOB.

MNpuHATO BbigenATb cnegyowmne HeCKONbKO YPOBHEN
TemnopanbHocTy [3]:
e TemMnopanbHOCTb Ha YpOBHe 6a3bl JaHHbIX Npeano-
naraet pobaBneHue BpemMeHHon uHbopMauum Ko
BCEWN CTPYKType OaHHbIX N COXPaHeHune nepuognye-
CKNX CHUMKOB cocTosiHuA BJ]. Tako noaxop obecne-
UYMBAET MOMHYI0 BPEMEHHYIO UCTOPWIO, OAHAKO Npu-
BOAUT K 3HAUUTESIbHOW M30ObITOYHOCTH, MOCKOJSIbKY
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cocefiHMe COCTOAHMA 3a4acTylo OT/IMYAKTCA MUHU-
MaJibHO.

e TemnopanbHOCTb Ha ypOBHE OTHOLIEHUA O3HauaerT,
yTo Kaxkaas Tabnuua rMeeT COOCTBEHHY BpeMeH-
HYI0 OCb W XPaHWUTCA B BUAE MOC/eAOBaTeIbHOCTY
eé nctopuryeckmx Bepcuin. Kaxgas Bepcus otTpaxa-
€T COCTOAHME OTHOLIEHUA B onpeaenéHHbIE MOMEHT
BpemeHu, Gopmmnpya BpeMeHHyto TpaekTopuio pas-
BUTWA CTPYKTYPBbI.

e TeMnopanbHOCTb Ha YPOBHE KOpTeXa 3aK/oyaeTca
B MPUCBOEHNY BPEMEHHbIX MHTEPBANIOB OTAENbHbIM
CTpoKaM Tabnuu. KaXkablil KOPTeX COOEePKUT 3Ha-
yeHuA aTpMbYTOB M yKasaHuWe neprofa 1x akTyasb-
HocTW. Mpwr NMOO6OM M3MEHEHUN AaHHbIX CO3AAETCSA
HOBas CTPOKa, YTO NPUBOANT K POCTY YMcCa 3anucen
N oy6nmMpoBaHUI0 HEM3MEHEHHbIX 3HauYeHun. B pe-
3ynbTaTe UHGOPMALMA O COCTOSHUN OAHOTO 06bEK-
Ta pacnpefenaeTca Mexay MHOXeCTBOM KOpTexel,
YCNOXHSAA XpaHEHe, aHanm3 1 06paboTKy AaHHbIX.

Taknum 06pa3om, TemnopasbHble MOAENN PaCLIMPAT
BO3MOXHOCTU PenALMOHHbIX 6a3 AaHHbIX, N03BoNAA GUK-
CYpPOBaTb UCTOPUIO M3MEHEHWI U obecneymBaTb MOJHO-
LIeHHYI0 BPEMEHHYI0 aHaJIMTUKY, HO BMECTe C TeM CO3LatoT
BbICOKYIO Harpysky Ha cucTeMbl XpaHeHWA u obpaboTku
[aHHbIX B CUITY Hen36eXXHOro yBenmyeHna o6bEMoB nHbop-
Mauuu.

B KOHTEKCTe 06CY)KAEHUsi MPOMbILLIEHHbIX 00BbEKTOB
BOMPOCHI XPaHEHUA N 06pPaboTKM TeMMopasbHbIX AaHHbIX
npuobpeTaloT 0coboe 3HaYeHUe, NOCKONbKY MMEHHO OHU
MO3BONAIT peLaTb cefyiolwme BaxkHenwme 3agaumn -
pOBOro ABOWMHMKA:

e [lporHo3mpoBaHMe CpoKa Ciybbl 060pyAOBaHUS:

aHanm3 NCTOPUYECKMX AaHHbIX M3MEHeHNA OCHOB-
HbIX MapameTpoB (BMOpauus, TemnepaTypa, faBne-
HVe) NO3BONAET TOYHO MpefCKasblBaTb MOMEHT Ha-
CTYNNEHWS KPUTUYECKOTO N3HOCa;

VrA

a)

V4a
V2a

b)

n n2

>

e PeKOHCTPyKUMA COObITUI NpW pacciefoBaHUN WH-
LNOEHTOB: BO3MOXKHOCTb BOCCTAHAB/INBATb MOJIHYIO
KapTUHY M3MEHEeHNA TEXHONOMMYeCKUX napameTpoB
B Mepuog, npeawecTBYOWNN aBapnnHon cutyaumn,
YTO HeobxoAMMO AJfiA YCTAHOBNEHUS MPUUNHHO-
CnefcTBEHHbIX CBA3eW W JanbHellero obyuyeHus
Mogenu;

e CpaBHUTENbHbIA aHaNM3 PeXnMoB paboTbl: comno-
CTaB/eHVIe BPEMEHHbIX PAAOB AaHHbIX, MOJTyYEHHbIX
B Pa3/INYHbIX YCJIOBUAX PaboTbl, NOMOraeT BbIABNATb
Hanboree onTMasibHble YCIIOBUSA SKCTyaTauuy;

e PeMOHT 1 TexHMYeckoe 06Cny>KMBaHME: NIaHNPOBa-
HMe CePBMCHbBIX BMeLLATESIbCTB Ha OCHOBe daKTuye-
CKOW HAaKOMIeHHOW Harpy3Ku, a He Mo KaneHjapHoMy
rpaduky, 4To No3BoNAET NepenTy oT NpodunakTuye-
CKOTO K NPeMKTUBHOMY OOCITYKBaHWIO;

e BanupaumAa maTemaTMyeckmx MOAeneln: UCMNosb3o-
BaHME UCTOPUYECKNX AAaHHbIX AN KannbpoBKy pac-
YeTHbIX Mopesnei UnudpoBoro ABOVHMKA, obecneun-
Balllee MX afjeKBaTHOCTb peasibHOMY MOBEeAEeHUI0
dur3nYecKoro oobeKTa.

MockonbKy O6BEM XPaHUMbIX AAaHHbIX HEYKIIOHHO pa-
CTET, UTO YCJIOXKHSIET BO3MOXHOCTb OOpalleHus K UCTO-
pYYeCKMM AaHHbIM, HeO6XOAMMO UCCNeAoBaTb 1 NpoaHa-
NU3MPOBATb NMyTW PeLlleHus 3To npobnembl. B HayuHowm
nuUTepaType onrcaHbl pasnyHble NOAXOAbI, HAaMPaBAEeHHbIE
Ha ONTUMU3aLMIO XPAHEHNSA, MAHUMU3aLMIO N3ObITOYHOCTH
1 NoBblWeHne 3PHEKTUBHOCTM TeMNOopanbHO 06paboTKu.

OfHUM U3 BapUAHTOB peLUeHNA YKa3aHHbIX npobrnem
ABNAETCA NpeAcTaB/ieHNe TEMMOPANbHbIX AaHHbIX B BUAe
MHOIFOMEPHOrO MUBAPHOIO NHPOPMALMOHHOIO NMPOCTPaH-
ctBa (MBI) [3, 4]. CyTb faHHOrO NoAxoAa 3aK/yaeTca B OT-
Kase OT KJlaccnyeckoro TabnnyHoro npegctaBieHnaA B Nosb-
3y MOAeny, rae Kaxkgoe 3HaYeHue JaHHbIX NpeacTaBiseTcs
KaK TOYka B MHOFOMEPHOM MPOCTPAHCTBE C ocAaMU: «O6b-
ekt» (ID), «ATpunbyT» (S), «<Bpemsa» (T) n «OTHoweHwue» (V).

Vr A
Vab
V3b
V2b
Vib
N1 nz2 >
n

Puc. 1. 3aBMCMMOCTb pa3mMepa OTHOLIEHUSA C TEMMOPAJIbHBIMU KOPTEXKAMU OT KOJIMUYECTBA KOPTEXen
npu HensmeHsowWwenca (a) n nsmeHsatoLwencsa (b) cxeme oTHoLWeHNA [4]
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CnepoBaTtenbHo, coctoaHne B[l B Kakol-nmbo onpeae-
NEHHbI MOMEHT BPEMEHMN XapaKTepusyeTcAa He Habopom
TabnuL, a COBOKYMHOCTbIO TOYEK BO BPEMEHHOM MPOCTPaH-
CTBE, FAe Kaxkpasa Touka npefcTtaBnser coboli otaesibHoe
3HauyeHne KOHKPeTHOro aTpnbyTa As1A KOHKPETHOro 06bek-
Ta B 33JaHHbIN MOMEHT BPEMEHN.

Takow noaxop pelwaet npobnemy n3bbITOYHOCTY TEMMO-
panibHbIX AAHHBIX, TAK 3HAYEHUS XPAHATCSA TONIbKO AMA TexX
KOMOVHaLUi1, B KOTOPbIX NPOUCXOAUAN U3MEHEHUA. Taknm
06pa3oM He NPOUCXOAUT AyONNPOBaHUA HE N3MEHUBLUNXCA
[AHHbIX NPV OOHOBMEHUWN OTAENbHOrO aTprbyTa, UYTO Xa-
paKTepHO A/l TEeMNOPaNbHOCTM Ha YPOBHE KopTexa. Takxke
npu fobaBneHn HOBOro atpunbyTa B CUCTEMY HE NMPOUCXO-
OAT CTPYKTYpPHble U3MEHeHNA OCHOBbI (Hanpumep, fobas-
neHus ctonbua B Tabnuuy) U, COOTBETCTBEHHO, HE MPOUCXO-
OUT pocT eé 06bEMa, Kak B penaunoHHom ciydae (Puc. 1b).
HoBasa ocb unu Touka B MPOCTPAHCTBE MPOCTO HauMHaet
NCMOMb30BaTbCA ANA HOBbIX AaHHbIX, HE 3aTparneasa UCTo-
puyeckme. CornacHo pesynbraTam, NPUBEAEHHbIM B CTaTbe,
NpUMeHeH1e MUBAPHOTO NOAX0Aa /sl CUCTEMbI KaPOBOTrO
yuyéTa NMO3BONNIO COKPaTUTb pPasmep XpPaHUMbIX OTHOLLe-
HUIA Ha 32 % 1 YyCKOPWTb afanTauuio CMCTEMbI K M3MEHS0-
Wmmca TpeboBaHMAM Ha 53 %, YTO rOBOPUT O BbICOKOM 3¢-
bEeKTMBHOCTM noaxopa.

Opyroi nogxon K NOCTPOEHUIO apXUTEKTYPbI LIPPOBbLIX
[ABOMHNKOB OCHOBAH Ha KoHuenuun umdpoBbix $abpurk
HdaHHbIX (PrucyHok 2) [7]. CyTb faHHOro NoAxopa 3aktouva-
eTca B co3daHunn nnatdhopMbl, KOTopas BbICTyNaeT B ponu
CUCTEMHOrO VIHTErpaTopa Afis ynpasfiieHnsa pPa3HOPOLHbI-
MM MOTOKaMW [aHHbIX B peanbHOM BpemMeHu. Llnpposas
dabpuka faHHbIX NpeacTaBnaeT cobON 3aMKHYTYIO 3KOCK-
CTemy, opraHm3yioLLyto npoueccbl cbopa, 06paboTky, xpa-
HeHMA 1 aHanm3a NHGOPMaLIUN OT MHOXKECTBA NCTOYHMKOB.

Mepeuncnum KnuyeBble XapaKTEPUCTUKN LMbPOBbIX

$abpuik AaHHbIX Ans UMPPOBbIX ABONHNKOB:

e KoHTelHepu3auua n MMKPOCEPBUCHAA apXUTEKTYpa:
ncnonb3oBaHue Docker, Kubernetes ana nHkancyna-
unn Mmogynei 06paboTKM AaHHbIX, UTo obecrneumBaeT
rMOKOCTb N MaclITabrpyemoCTb CUCTEMBI;

e OpKecTpauus TMOTOKOB [AaHHbIX: KOOpAMHALMA
pa3HOPOAHbIX MHPOPMALIMOHHBIX MOTOKOB OT loT-
YCTPOWCTB, AATYMKOB, BHELUHMX CUCTEM C WUCMOJIb-
30BaHueM nHcTpymeHToB Tuna Apache Kafka, Spark,
AirFlow;

e ELT-npoueccuHr (Extract-Load-Transform): B otnnume
oT TpaguuyuoHHoro ETL, Tak Kak B faHHOM cnyyvae
onepauua npeobpa3oBaHNA JaHHbIX OMLMOHANbHA,
a onepauun BbIrPy3KU U 3arpy3Ky AaHHbIX BbIXOAAT

1. VnpaBnenue

6. I'mo6anpHas pacnpenenuTeIbHas miarpopma,
COXpaHEHHE B MaMATH, BCTPOCHHOCTH, API

CTOYHHKH JaHHBIX

AI/ML

- ICTOYHUK JaHHEIX;

JaHHBIMU:
5. MogpenvpoBaHue, IOATOTOBKA, HUccnenoBanus
- Mertanannsie/ npeobpa3oBaHue AUML JaHHBIX
KaTajor;
- Be3zonacHoCcTh
JaHHBIX; 4. Tpancgopmans, BHEAPCHHE, GHIBTPANKA | OpkecTpaTop AAHHED
- Ynpasnenue AI/ML
JaHHBIMHY;
- TIpolIeCCH TaHHBIX; 3. Hadoop, Spark, NoSql Iponeccr u
- KauecTBO NaHHEIX; O06paboTKa JaHHBIX IIOCTOSIHCTBO

Osepo nannbix EDW/BDW 41

JTaHHBIX

- [TonmnTHKa JaHHBIX.

AI/ML

2. IIpuem, MOTOKOBas Iepeada, epeMeIeHIe

IIpuem u

JAaHHBIX nepeaadya JaHHbIX

AI/ML

Q61a9HbIE CTPYKTYPHI

OKaJILHOE
MPOrpaMMHOE
obecreyeHue

[IcTOUHNKH
JAHHBIX

Puc. 2. Tunosas apxutekTypa undpooi pabpurkm faHHbIX [7]
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Ha nepBbli. [TOAXOAALMM UHCTPYMEHTOM ABNAETCA
nporpamMmmHoe obecrneyeHmne ¢ OTKPbITbIM UCXOLHbIM
kopom Airbyte;

e HTerpaumsa ¢ obnayHbiMn TexHonormamu (cloud
computing): MakcMMasnibHOe UCMosib3oBaHKe obnau-
HbIX peLleHni AnAa BUpTyanmM3aumnm KoMnoHeHTos UT-

NHOPACTPYKTYPbI;

Bbl,qeﬂI/IM KJTlo4eBbI€ NMapaMeTpbl ABYX NOAXOA0B 1 NpoO-
BeAemM X CPaBHUTENIbHYIO XapPaKTepPUCTUKY:

Tabnuua 1.
CpaBHuTeNbHasA Tabnrua NoaxonoB K pabote
C TeMMOopPanbHbIMU AaHHBIMMK ANA LNPPOBbLIX ABONHNKOB

. MHoromepHoe MuapHoe | LiudpoBble dabpuku fAaHHbIX
Kputepuii
npocTpacTeo (MMI) (Lom)
lpenctaBneHue faHHblx | VHTerpaumsa noToKoB AaHHbIX
KoHuenuma | Kak Touek B MHoromep- uyepes KOHTelHepU30BaHHYH0
HOM NPOCTPAHCTBE nnatdopmy ¢ opkecTpauyeit
Ao MHoromepHoe npoctpaH- | MHoroypoBHeBas apxuTeK-
T:)KT ) CTBO C OCAMM: OTHOLLIE- Typa DataOps ¢ Data Lakes,
P HWA, aTpu6yTbl, 00BEKTbI, | XpaHUNMILAMY, <ECOYHM-
XpaHeHus
BpemA Lamu»
06pabotka
TeNino XpaHeHue ToNbKo 13- MotokoBas 06paboTka
TbHBIX MeHSAIOLLMXCA 3HAUEHMA B peanbHom BpemeHm (Kafka,
P B TOYKaX NPOCTPaHCTBa Spark) + ELT-npoueccunr
JLaHHbIX
3a cyeT pa3pexeHHoCTH [opu3oHTanbHoe MacLuTabu-
Maciwrabu- .
MHOTOMepHOro npes- POBaHue Yepe3 KoHTeliHepu-
pyemocTb
(TaBNeHna 3aumio (Docker, Kubernetes)
OnTumu3auma yepes
Iddex- CokpalLeHue obbema P,
MHOrOYPOBHEBOE XpaHeHue
TUBHOCTb 3a CYeT yCTpaHeHna u3bbl-
(ropaume/Tennble/xonoaHble
XpaHeHus TOYHOCTH
JlaHHble)
Tun YH1BepCanbHbIii MOAXO,
p Axon Cneumanu3muposaH ana DTA
LMOPOBOr0 | ANA Pa3NnuHbIX TUNOB .
N . (DBoitHuk-Arperatop)
[BOIHWKA | ABOIHUKOB
+ Bbicokas 3pdexTmB- « Bbicokas npousBogutenn-
HOCTb XpaHeHus HoCTb 06paboTky
[Tpenmyue-
cBa « [M6KOCTb CTPYKTYpbI « Macwrabupyemoctb
« YcTpaHeHue 136bIToy- « WHTerpaums ¢ coBpemeH-
HoCTI HbIM CTEKOM TEXHOMOT Ui
« Cneunduyeckas mogenb | « Bbicokue Tpebosanus
OrpaHuye- | 3anpocoB K MHdpacTpyKType
HuA + CNOXHOCTb MUTpaLN « CNOXHOCTb ynpaBnexusa
CYLLeCTBYHLLYX CMCTEM pacnpezeneHHoii cucTemoil
[Tpume-
HIMOCT JddekTBHO AnA OnTumansHo Ana obpa-
C povpy- | XPRHEHHA VCTopUseckix 00TV NOTOKOBbIX AHHBIX
J'Ie:HbIM BPEMEHHbIX PAZOB Napa- | CNpOMbILLAEHHbIX AaTYNKOB
MeTpoB 060pynoBaHuA B peanbHoM BpemMeHu
o6bekTam P PYA P P

Ha ocHoBaHWUM NpoBeAEHHOrO CPAaBHUTESIbHOMO aHanu-
3a ABYX NMOJAXOAOB MPeACTaB/seTca LenecoobpasHbiM pas-
paboTaTb rMbpUAHYI Mofesb, 06beaUHAIOLYI0 CUSbHble
CTOPOHbI KaXKaoW 13 PacCMOTPEHHbIX METOAMK.

Mpegnaraemasn rmbpuaHaa mogesnb CTPOUTCA Ha MPUH-
unne cuHTesa AByx noaxomdoB. OT umdpoBbix ¢abpuk
JAHHbIX 3aMMCTBYIOTCA MEXaHM3Mbl OPKeCcTpauny NoToKo-
BOM 0OpPabOTKM W KOHTeMHepwmzauun, obecneumsatolime
BbICOKYI0O MPOU3BOAUTENBHOCTb U MacTabupyemocTb.
OT MHOrOMEPHOro MIVBAPHOFO MNPOCTPaHCTBa bGepeTcs
3¢ PeKTMBHaAA Mofenb XPaHEHUS TEMMOPAJIbHbIX AaHHbIX,
yCTpaHstowasn n3bbITOYHOCTb U 0becneumnBaioLLasn rMOKOCTb

CTPYKTYpBbI.

ApXVTEKTYPHO Mofeslb peanmn3yeTca Kak MHOroypoBHe-
BasA CUCTEMa, FAe KaxKAblll ypOBeHb peluaeT cneumonyeckre
3a/lauv B paMKax eiiHOro KOHTypa yrnpaBneHnsa LppoBbIM
ABONHMKOM. YpoBeHb cbopa AaHHbIX obecreynBaeT B3au-
MoZencTBme C GpU3NYECKNMUN 0O6BEKTaMK Yepes MHTeNNeK-
TyanbHble gatunkn (IoT) n edge-ycTponcTBa, ocywwecTenas
npeaBapuTesibHyl0 GUABTPaLMIO W arperaumio AaHHbIX.
YpoBeHb 06paboTKU, peasnim3oBaHHbI NO NpUHLMNY Lud-
poBoi GpabpurKkuy, opraHusyeT KoHBelepbl ELT-npoueccuHra
C WCMNOb30BaHNEM KOHTEMHEPM30BaHHbIX MUKPOCEPBU-
COB. YpOBEeHb XpaHeHUA peanusyet rmbpuaHyto cxemy, rae
ropa4Yne aaHHble (nocnegHue 30 gHen) pa3mMeLLatTca B KO-
NOHOYHbIX XpaHWNULWax AnA obecneyeHnna BbICOKOW CKO-
POCTV 3aMpOCoB, a NCTOPUYECKNe faHHble MpeobpasyloTca
B MHOrOMepHoe npepcTaBneHne ana s¢pPpekTnBHOro fosro-
CPOYHOro XpaHeHWA. YpOBeHb aHaNUTUKK U MnpencTaBne-
HWA NpefoCTaBnAeT efuHbI HTepdenc ANA BPeMeHHbIX
3anpocos 1 OLAP-aHanu3a.

KntoueBbIM MexaHM3MOM, obecrneyrBaiolWymM paboTy
JaHHOWM mopenu, OyzmeT sBNATbCA TpaHcPopmaTtop, npe-
06pasyoLnii NOTOKOBbIE JaHHble B TOYKM MHOTOMEPHOTO
npocTpaHcTBa. Peanusauma Takon TEXHONOMMWU MO3BOAUT
COXPaHNTb MPeuMyLLecTBa NOTOKOBOW 06paboTKn B cove-
TaHUK C 9PpPEeKTUBHOCTHIO MHOTOMEPHOTO XPaHeHMA.

Ona undpoBbIX ABONHNKOB MPOMBbILLIIEHHbIX 06bEKTOB
npegnaraemas rnbpugHaa mogens 6ynet ocobeHHo spdek-
TUBHOW, MOCKOMNbKY MO3BOMIUT PeLlnTb XapaKTepHble ANs
MPOMbILIIEHHON 06M1aCcTX 3afaun, CBA3aHHbIe C pa3Hopoa-
HOCTbIO laHHbIX, X 60MbLWMI 06 bEMAaMM 1 BbICOKUMY Tpe-
60BaHUAMM K HAAEXHOCTY 1 MPOV3BOANTENIBHOCTN.

B pesynbTaTe NpoBefeHHOro MCCiefoBaHUA 1 aHanm3a
COBPEMEHHbIX MOAXOAOB K XpaHeHuto 1 06paboTke Temno-
panbHbIX faHHbIX AN LdPOBbIX 4BONHKOB NPOMbILLIEH-
HbIX 06 bEKTOB MOXHO NPUIATY K ClledyolWwyM BbIBOAAM.

CpaBHUTENbHBIN aHanM3 MOAXOAOB MOKa3aj, 4YTo HU
OOMH 13 PACCMOTPEHHbBIX METOZOB He fABMAETCS YHUBEp-
canbHbIM. Kaxabli U3 HUX obnagaeT CBOMMU Npermylie-
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cTBaMM U orpaHunyeHnamn. Tak, MMI1 obecneunBaeT 3¢-
beKTuBHOe XpaHeHne 3a CYET yCTpaHeHMA M30bITOYHOCTH
XPaHVUMbIX JaHHbIX U TMOKOCTU CTPYKTYpbl, HO MPU 3TOM
TpebyeT cneyndmyecknx mexaHnamos 3anpocos. LIO xe
[EMOHCTPUPYIOT BbICOKYIO NMPOU3BOAUTENBHOCTb NPU 06-
paboTKe MOTOKOBbIX AaHHbIX M 0651afatoT MOTEHLManom
MaclwTabnpyemocTy, OfHaAKO MpPegbABNAT MOBbILLEHHbIE
TpeboBaHUA K MHGPACTPYKTYpe.

MNpepnaraemas rmbpraHas Mofenb UHTErpupyeT Cuslb-
Hble CTOPOHbI 0OOMX MOAXOAOB, UTO MO3BONAET MPUNATU

K c6anaHCMpoBaHHOMY peLLEeHMI0, COYETAOLLEMY BbICOKYIO
NPOW3BOAUTENIbHOCTb, MaclWTabnupyeMocTb U SKOHOMMUY-
HOCTb XpaHeHuA. lNpakTnyeckaa 3HauMMOCTb TMOPUAHON
MoZJenn 3aKsoyaeTca B eé cnocobHOCTM pelaTb rnaBHble
3apaun UMGpPOBbIX [ABONHUKOB MPOMbILLIEHHBIX O0ObeK-
ToB. B Uenom, peanuzauumsa rnbpuaHon Mopenn OTKpoeT
nepcneKkTVBbl ANA co3faHua bonee rnbKmx, 3GeKTUBHbIX
M afanTUBHbBIX CUCTEM YNPaBNeHWA JaHHbIMU B LMbPOBBIX
JBOVHMKAX.
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MOZJE/IMPOBAHME MPOLIECCA YTBEPXXJEHUSA
AAMUHUCTPATUBHbIX JOKYMEHTOB
B 06PA30BATEJIbHOW OPTAHN3ALMM

N

MODELING OF ADMINISTRATIVE
DOCUMENT APPROVAL PROCESS
IN AN EDUCATIONAL ORGANIZATION

I. Asaliev

N. Mysakov

O. Romashkova
T. Dobrynina

Summary. The paper presents the results of AS-IS modeling of an
administrative document approval process (memos/requests) in a
general education organization. The model was developed using Erwin
Process Modeler with explicit representation of roles, approval stages,
control points, and decision flows. The analysis of the AS-IS model
reveals typical bottlenecks: parallel approval channels, duplication of
actions and data, unclear responsibilities, lack of unified statuses and
formalized return reasons, and deadline risks. Based on the findings, a
set of improvement and digital support requirements is proposed, which
can serve as input for TO-BE design and for defining automation tasks
within the administrative document workflow of a general education
organization.

Keywords: general education organization, organizational system,
management, document workflow, approval, business process, process
modeling.
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AHHomayus. B cTaTbe npeacTaBneHbl peynbTaTbl MOAENMPOBaHUA MpoLiecca
COrnacoBaHNA 11 YTBEPXKAEHNA YNpaBneHuecknx JOKYMEHTOB (CTyxebHbIX 3a-
MUCOK/3aABOK) B 06Le06pa30BaTeNbHON OpraHN3aLu B TeKyLyemM COCTOAHIM
(AS-IS). MopenupoBaHue BbINOAHEHO C Ucnonb3oBaHuem Erwin Process Modeler
¢ duKcaumeli poneit yUacTHUKOB, 3TanoB NPOXOXKAEHUA JOKYMEHTA, KOHTPOMb-
HbIX TOYEK 11 MOTOKOB peLueHmil. Ha ocHoBe aHann3a mogenu AS-IS BbiABNeHbI
TUNOBble NpobnemHble 30HbI: MapannenbHble KaHabl COrnacoBaHua, Aybnu-
poBaHue AelicTBUIi U UHGOPMaLLK, Pa3MblTasd OTBETCTBEHHOCTb, OTCYTCTBUE
e[VHbIX CTaTyCOB 1 (OPManM30BaHHbIX NPUYIH BO3BPATA, @ TakKe PUCKM Ha-
pyLuenua cpokoB. (hopmynupoBaH nepeyeHb TpeboBaHuii K ONTUMI3ALMI NPO-
Lecca v undpoBoil noaaep:kKe, KOTOPbIi MOXeT ObITb MCNONb30BaH KaK BXOA
JANA NPOeKTUpOBaHMA LeneBoii moaeny (TO-BE) n nocTaHoBKY 3anay aBTOMaTy-
33l yNpaBneHYeckoro KOHTypa JOKyMeHTo060poTa 1 cornacoBaHuii B ofiue-
06pa3oBaTesibHOIi OpraHu3aLm.

Knioyesble coga: 06me06pa3OBaTeanaﬂ OpraHu3auuna, opraHu3alnoHHaA
CncTema, ynpasJieHue, ﬂOKyMeHTOOﬁOpOT, cornacoBaHue, 6|/|3Hec-npouecc, npo-
LieCcCHoe moennpoBaHue.

aAMVHMCTPATMBHBIMU MpoLeccamn obpa3oBaTesibHON op-
raHmsauum m nHGOPMALMOHHO-TEXHONOMMYECKON MHpa-
cTpykTypon [1].

Moaenb AS-IS npouecca cornacoBaHus
1 yTBep)KAeHNs CAY>KebHo 3annckn/3anskn

Mopgenb AS-IS oTpaxkaeT TMNOBYI0 NOC/Ie[0BaTENbHOCTDb
NPOXOXKAEHUA YMpPaB/IEHYECKOro [OKyMeHTa B 00Leo6-
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pa3oBaTeNbHOM OpraHM3auuMnm B YCIOBMAX CMELUAHHOTO
LOKymeHTOObOpoOTa. [InA mpouecca XapakTepHbl: Bapua-
TUBHOCTb MapLUpyTa COrnacoBaHUA B 3aBUCMMOCTM OT CO-
[epXaHunA 3aABKM, Hannyre NoBTOPAIOLWMXCA LUKIIOB «BO3-
BpaT Ha AOPaboTKy», a TakXKe yyacTne HeCKOJIbKMNX posei,
NPUHUMAIOLWNX PeLleHra Ha pa3Hbix 3Tanax [2]. OcHoBHasnA
Amarpamma npouecca ¢ pacnpegeneHmem paboT no ponam
npefcraBneHa Ha pucyHke 1.

OcHosHol cueHaput (ymeepxoeHue)

llaz 1. NoarotoBka fOKYMeEHTa MHULMATOPOM. VHnUm-
aTop dopmupyeT cny»KebHy 3anuncky/3aaBKy, yKa3blBaeT
Lenb, 060CHOBaHME, TpebyemMble pecypcbl 1 CPoKu. Mpu He-
06X0AMMOCTU MPUKNAAbIBAOTCA MaTepuanbl, MOATBEPX-
Jatowme o60CHOBAHHOCTb ObpalleHNs (CMNCKKU, pacyeThl,
nnaH, cornacua un ap.).

llae 2. Pernctpauma JOKyMeHTa (Mpy Hanuumn Bblae-
NeHHOM GYHKLUMUK). [JOKYMEHT MOXKET perncTpupoBaTbca ce-
KpeTapem/genonponsBoguTenem (nprcBanBaeTca HoOMep,
bukcnpyetca pata noctynneHus). B peanbHow npaktuke
perucTpauma MoxeT ObiTb HEMoMHOW WM NMPOUCXOAUTb
He Ha BCex TUMax 3asBOK, YTO BMAET Ha HabnogaeMocTb
npouecca v KOHTPOJb CPOKOB.

laz 3. MNpepBapuTenibHOe COrfacoBaHMe (nNpoBepka
NOJSIHOTbI N KOPPEKTHOCTU). KypaTop/pyKkoBoguTenb Ha-
npaB/ieHNA BbIMOMHAET MEPBUYHYIO NMPOBEPKY [AOKYMEH-
Ta: MONHOTA CBEAEHWI, COOTBETCTBME TEKYLMM MjaHam
N OrpPaHNYEeHUsIM, Hannuyme HeobXoaNMbIX MPUNOXKeHNIA [3].
Ha paHHOM 3Tane BO3MOXKHbI CrieflytoLme ncxombl: a) corna-
CcoBaHue 1 Nepefava Ha cnegyowmii 3tan; 6) Bo3BpaT NHKU-
LmaTopy Ha 0paboTKy; B) OTKIIOHEHNME (B Cilyyae NpUHLK-
nnanbHOro HeCOOTBeTCTBVIﬂ).

Ulae 4. MprHATNE pelleHus 0 HeEOOXOAUMOCTA MapLL-
PYTHOro cornacoBaHuA. 3amecTuTenb AUPEKTopa MO Ha-
NpaB/ieHN0 YTOUHAET MapLIPYT COracoBaHuA: Tpebyetca
nm yyactue OyHKUMOHaNbHbIX cnyx6 (byxrantepuu, xo-
3AACTBEHHOW CNy0bl, UT-nogaep Ky, OTBETCTBEHHOTO
3a 6e3onacHocTb U Ap.). B mogenn AS-IS 3T1OoT 3Tan vacTo
peannsyeTca Kak nocnefoBaTefibHaA nepefaya AOKYMeHTa
no agpecartam, YTo yBeNMyMBaeT BpeMA NPOXOXKAEHUA U YC-
NOXKHAET KOHTPOJIb CTaTyca.

Uiage 5. CornacoBaHve ¢ GyHKLMOHANbHBIMU Cly>K6amu
(no HeobxogumocTu). MNpwn 3aTparvBaHUN GUHAHCOBbIX,
MaTepUaNbHO-TEXHNYECKMX, OPraHM3aLMOHHbBIX WU UHbIX
pecypCcoB AOKYMEHT NepeAaeTca Ha SKCNepPTHOE CorflacoBa-
HMe COOTBETCTBYIOLMM Cry>k6am [4]. Kaxzan cny»k6a moxeT
BblAaTb COrMacoBaHMe, 3aMeYaHnsa Uy OTKas. 3ameuyaHus
Hepefko dukcpytoTca B cBo6oHOM popme 1 He yHU UL K-
pyloTCA, UTO 3aTPYAHAET nocsegyollyto obpaboTky u yse-
NMYVIBAET YMCIIO NTepaLnin JopaboTKu.

llae 6. CBOA 3aMeYaHUN N MPUHATUE MPOMEXXYTOUHOIO
peLueHnA. 3amecTUTeNb AMPEKTOPA KOHCONUANPYET pe3yrib-
TaTbl COrNMACoOBaHWUI: MPY OTCYTCTBUMN 3aMeUYaHNii [OKYMEHT
nepefaeTca Ha yTBepXAeHue; NPy Hannummn 3aMmevaHnn —
WHULMMPYETCA BO3BPAT Ha AopaboTKy (C nocnegyowmm no-
BTOPHbIM NPOXOXAEHNEM COFNTacoBaHNUS).

Lligz 7. YTBEpPKAEHME PYKOBOAUTENEM (MU OTKIIOHEHME).
[MpeKTop NPVHUMAET OKOHYaTENbHOE PeLLeHME MO AOKY-
MEHTY: yTBep)KAaeT (BO3MOXHa MOCTaHOBKA MOPYy4YeHWs)
Nn6O OTKNOHAET C YKazaHMeM MPUYKHbI/YCTOBUIA.

Liae 8. ®ukcauua pesynbrata U yBeAoOMIeHNe UHMLMA-
Topa. CekpeTapb/perucTpatop (Mnm OTBETCTBEHHOE NIMLO)
bUKCUpyeT UTOroBbIN CTaTyC U JOBOAUT pe3ynbTaT J0 UHK-
umatopa. B mogenu AS-IS purkcauma pesynbrata MOXeET OCY-
WeCTBNATLCA B pa3HbiX cpefax (peectp/bymara/nepenu-
CKa), UTo BNIMAET Ha NONHOTY UMdpoBoro cnefa npouecca.

BemenieHus npoyecca u 8o3spam Ha 00pabomky

[nAa npouecca cornacoBaHUA ynpaBneHYECKUX [OKY-
MEHTOB B 00pa3oBaTeNibHON OpraHU3auumM XapakTepHo
MOBTOPAIOLLEECs BETBJIEHUE, CBA3AHHOE C BbIABIEHMEM
3aMeyvyaHui Ha 3Tane npeaBapuTeNibHOM MPOBEPKU WU/Unn
Ha 3Tane cornacoBaHMA € GyHKLMOHaNbHbIMK CyXb6amm
[5]. B Tekywem coctosaHun (AS-IS) Bo3BpaT Ha AopaboTky,
KaK MpaBuUio, MHULUUPYETCS Mpu OTCYTCTBMM 0Osi3aTesb-
HbIX CBefleHWI, HEMONIHOM OGOCHOBAHMY, HECOOTBETCTBIM
TpeboBaHWAM PEernaMmeHToB, a TakXKe Npu HeOOBXOAMMOCTH
YTOYHEHMA CPOKOB 1 PeCypCoB.

Lae 9. MhnunmnpoBaHme Bo3BpaTa Ha fopaboTky. Corna-
cylwmn (Kypatop, 3aMecTuTeNlb AupeKTopa uin GyHKuu-
OHasbHas cy06a) GopmMupyeT 3ameuaHns 1 BO3BpaLLaeT
JOKYMeHT uHuumnatopy. B mogenn AS-IS 3ameuaHua mo-
ryT dbmkcupoBaTbca B cBO6ofHON dopme 1 nepeaaBaThbCA
no pasHbIM KaHanam (yCTHO, B nepenucke, Ha bymare), 4to
CHMXKaeT NOMHOTY GpUKcaL My NPUYMH BO3BPATa M YCIIOXKHA-
€T KOHTPOJIb UTEpPaLMii [OPaboTKU.

Lae 10. fopaboTKa AOKYMeHTa nHuLmaTopom. NHnuma-
TOP BHOCUT U3MEHEHNSA, YTOUHAET HefloCTalolue CBefleHN ,
KoppeKTnpyeT 0OOCHOBaHMe, [ob6aBnseT Heobxofumble
npunoxeHus. MNpun oTCyTCTBMM eAuHbIX Npasun odpopmie-
HUA 1 WabIOHOB MOBBIWAETCA BEPOATHOCTb MOBTOPHOMO
BO3BparTa.

Lliaz 11. MoBTOpHasi Mogaya Ha cornacoBaHue. [Jopabo-
TaHHbIM JOKYMEHT NOBTOPHO HamnpaBsAaeTcA Ha npefBapu-
TeNbHYIO MPOBEPKY 1 Janee ciegyeT MO MapLpyTy corna-
coBaHuA. B 3aBUCMMOCTM OT TMNa 3amMeyvyaHuii MOBTOPHbIN
LMK MOXET BKJIoYaTb 160 TONbKO OAMH 3Tan (Hanpumep,
MOBTOPHaA NpoBepKa KypaTopom), Tmbo NoBTOpHOe corna-
coBaHue ¢ GyHKUMOHanbHbIMK cnyx6amu. Konnyectso ute-
paunii He ABNAETCA GUKCUPOBAHHBIM U ONpefenaeTca Co-
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aepxaHnem 3aMeyYyaHuni N COrnacoBaHHOCTbIO Tp66OBaHI/IIZ
Pa3HbIX y4aCTHNKOB.

Laz 12. AnbTepHaTUBHbIA NCXOA: OTKIIOHEHNE JOKYMEH-
Ta. B cnyvae npvHUMNManbHOro HeCOOTBETCTBUA WU He-
BO3MOXHOCTW BbIMOSIHEHUA 3aABKNU (OrpaHNYeHnA no pe-
cypcam, Cpokam, TpeboBaHuAM 6e30MacHOCTL [6]) LOKYMEHT
MOXET 6bITb OTKJIOHEH. [nA mogenn AS-IS npouecca BaXKHO
bMKCMpOBaTb NPUUNHY OTKJIOHEHUA, TaK Kak AaHHbIA Ma-
pameTp ABAAETCA 3HAYMMbIM AN1A Nocnegyowero aHanmsa
yNpaBneHYeCKX PUCKOB 1 KOPPEKTUPOBKM pernameHToB.

Takum obpasom, mogenb AS-IS npouecca Bknouyaet
He TOJIbKO JIHEWHbIV CLeHapUii COrMacoBaHUA U YTBEPXK-
[EHVA, HO 1 NMOBTOPSAIOLWMNIACA LUK BO3BpaTa Ha AopaboT-
Ky, KOTOPbII GOPMUPYET OAVH M3 KIIIOUYEBbIX MCTOUYHMKOB
3agepek 1 MHGOpPMaUMOHHOW HeonpegeneHHocTn [7].
JaHHbIN GaKT JoMXKeH yunTbiBaTbCcA Npu GoOpMUpPOBaHUN
TpebOoBaHUI K ONTMMM3aLMK 1 UMPPOBOI NoaaepKKe npo-
Lecca.

[anee BbINonHeH aHanu3 moaenu AS-IS ¢ BblgeneHnem
NpPo6/IeMHbIX 30H U GopMIMpPOBaHUEM TPEOOBaHUI K ONTU-
MM13aLmMmM npoLecca 1 ero unudpoBo noaaepKe.

AHann3s moaenn AS-IS n BeisIBAEHME «Y3KUX MEeCT»

AHanus paspaboTaHHo moaenu AS-IS nokasbiBaeT, UTo
OCHOBHble noTepu 3¢pHEKTUBHOCTU B NpoLiecce CornacoBa-
HUA N yTBEPXKAEHNA CNyXeOHOM 3anncKun/3anBku Gopmmpy-
toTcA 3a cyeT (1) HegocTaTouHOW dopmanmsaumy CcTaTycoB
1 NPYYMNH BO3BPaTa, (2) BapuaTMBHOCTM MapLUpyTa COrniaco-
BaHMA 6e3 elHON TOUKN KOHTPONS, (3) CMeLaHHOro fOKy-
MeHTOO060pOTa 1 NapaieNbHbIX KaHanoB KOMMYHMKaLWK,
(4) OTCYTCTBUA €QMHOrO peecTpa 1 XypHaNMpoOBaHUA gei-
CTBUI B MacliTabe npouecca. B pesynbrate yBenmumnsaetca
BpPEMSA MPOXOXAEHUA [OKYMEHTA, YCIIOKHAETCA KOHTPOSb
CPOKOB 1 OTBETCTBEHHOCTW, @ YNpaBieHUYeckasa aHaIuTnKa
CTAHOBUTCS HEMOJIHOW 1 HecornocTaBmumon [8].

Y3en 1 — npedsapumesibHaAs NPOBEPKA U 8038pAMbI.

Ha sTane npenBaputenbHon NpoBepKu (KypaTop/pyKo-
BOAWTENb HaMpaBfieHVA) KOHLEHTPUPYETCA 3HauuUTenbHoe
UMCNIo BO3BPATOB Ha A0pPaboTKy. Mpu oTcyTCTBUMM yHUDU-
LMPOBaHHbIX TPeOOBAHWI K COCTABY 3asBKM 1 LWAGIOHOB
[OKYMeHTa MHMLMATOP YacTo MoJlyvyaeT 3ameyaHusa B CBO-
600HOM POopMe; 3TO MOBBIWAET PUCK MOBTOPHbIX BO3Bpa-
TOB 1 CO3JaeT «NeT/io» CornacoBaHus 6e3 npepckasyeMoro
yncna ntTepamn.

Y3en 2 — mapwpymHoe co2iacosaHue ¢ (hyHKYUOHA b~
HbIMU CITyX6amu.

Mopenb AS-IS npouecca npegnonaraeT NOAKAOUYEHUE
byHKUMOHanbHbIX cny6 (prHaHcol, MTO, 6e3onacHOCTb,

NT) «no HeobxoanmocTn». OHAKO KpUTEPUN HEOBXOANMO-
CTV He Bcerga Gopmanr3oBaHbl, U3-3a YEro MapLUPYT MOXKET
onpenenATbcA cUTyaTMBHO. [pu NnocnegoBaTenbHOM nepe-
Jave no agpecartam (a He napansiesibHON NPoBepPKe) BpemMsa
COrNacoBaHUA CyLECTBEHHO yBENNYMBAETCA, a NPU Naparn-
nenbHOWM KOMMYHMKaLMK Yepe3 pasHble KaHanbl TepaeTca
efViHaA BepcmA AOKYMEHTa 1 eAuHbIN cTaTyc [9].

¥3en 3 — omcymcmaue eduHoU cpedsl hukcayuu cmamy-
co8 u peweHud.

[axe npu HannumMm perncTpaunm oTaenbHbIX JOKYMEH-
TOB HabnofaeMocTb mpoLlecca OCTaétcA OrpaHWYyeHHoW,
€C/IN YacTb COrNMacoBaHN MPONCXOANT BHe peecTpa (nepe-
MNCKa, YCTHble COrflacoBaHUs, GyMaxkHble BU3bl). B Takumx
YCNIOBMAX 3aTPYAHEHbl KOHTPONb oOvyepefn [OKYMEHTOB,
ynpaBJieHie CPOKamMn 1 BOCCTaHOBJMIEHME UCTOPUN NPUHSA-
TVA peLUeHUN.

Y3en 4 — pasmeieaHue omeemcmeeHHOCMU U «MOYKU
OXUOAHUS».

B mopenn AS-IS oTBETCTBEHHOCTb 3a CBOEBpPEMEHHOEe
NPOXOXAEeHMe AOKYMEHTa 4acTO HOCUT pacnpepeneHHbI
xapaktep. Mpwn otcytctBun SLA/gepnanHoB nm mexaHusma
HaMOMVHaHUI BO3HWKAKT «TOYKU OXWUAAHUA», TOe [OKY-
MEHT daKTMUYecKn NpocTarBaeT MeXay PonsaMU, MPY 3TOM
WNCTOYHUK 3aieprKKIN He drKcupyeTcs.

Y3en 5 — pucku uHghopmayuoHHoU 6e3onacHocmu u nep-
COHAJTbHbIX OAHHBIX.

B cnyvae nepefaun fOKYMEHTOB Uepe3 HEKOHTPONMPY-
€Mble KaHaJlbl MOBbIWAKTCA PUCKN HapyLlleHnA Tpe6osa—
HUI MO [OCTYNY U XPaHeHUo MHPopMaLMM. ITO 0COBeHHO
aKTyaJlbHO AOS1A OOKYMEHTOB, CoAepKallnx nepcoHasbHble
JaHHble U cnyebHy nHbopmauuio, TpebytoLlyto pasrpa-
HU4YeHNA npas.

CnctemaTn3aums BbiABEHHbIX Mpobiem npeacTaseHa
B Tabnuue 1.

BbiaBneHHble Npobnembl no3sonaAlT chopMynnpoBaTtb
TpeboBaHMA K ONTUMMU3aLUKN NpoLuecca 1 LmdpoBon nog-
LepKKe, KOTOpble BbICTYMNalT OCHOBOW ANA pa3paboTku Le-
nesow mogenu (TO-BE).

TpeboBaHus K oNTUMN33UNA NpoUecca 1 LngppoBon
noaaep)kke (Bxoa ans TO-BE)

Ha ocHoBe BbIsiBNEHHbIX MPo6/eMHbIX 30H AS-IS mope-
nm bopmupyeTcsi nepeyeHb TPeOGOBaHUN K ONTUMK3aLUN
npoLecca COorfacoBaHUA 1 YTBEPXKAEHMWA Cy>KeOHOW 3a-
NMUCKIK/3asiBKN 1 K ero LnudppoBoi nogaep:xke. TpeboBaHMs
OPVEHTVPOBAHbI HA MOBbILEHVE YNPaBAeMOCTM NpoLiecca
1 BKJIIOUAKOT: CTaHAApTM3aumio Bxoda (WabsioHbl 1 0b6s3a-
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Tabnuua 1.

Mpo6nemHble 30HbI Mogenu AS-IS npoLlecca cornacoBaHuA 1 YTBEPXKAEHUA CNY>KeBHOW 3annCKIn/3anaBKu

[ne npoaBnaetca
lpobnema Al Mocnepctus BepoaTHas npuumHa (AS-15) Mpobnema
B npoLecce
[TapannenbHble KaHanbl warn 2= noTepA UCTOPUM, PaCXoXaeHue CMeLLIaHHbIii JOKyMeHTo060poT [TapannenbHble KaHanbl cornaco-
cornacoBaHua BEPCHIA, <BE BEPCUN PELLEHNA» (6ymara/nouta/mecceHfxepbl) BaHuA
Het enuHoro peectpa CI0XHO KOHTPONMPOBATb 0Ye- WKCaLWA CTaTyCcoB GparmeHTapHa
. peectp warn 2-8 ponvp AL A P HeT eguHoro peectpa cTatycos
(TaTycoB pefib, CPOKM, Harpy3ky WK OTCYTCTBYET
HeyhnduuypoBaHHble warn3.5.9-17 | POCTUmcna uTepauyil fopabotkn, | 3ameuaHus nepefattca B (8oboa- | HeyHuduumMpoBaHHble MPUYMHLI
MpUYMHbLI BO3BPaTa "~ MOBTOPHbIE BO3BPaTbI Hoil hopme be3 knaccudukatopa B0O3BpaTa
HepoctatouHas ctaH- warn 13 HenoJHOTa CBe/ieHMUiA, OLINOKM HeT WabnoHoB/0683aTeNbHbIX HepoctatouHan cTaHaapTM3auma
[apTu3aLns 3asBKM ! odopmneHus noneii/uek-nucra 3aBKM
BapuatuBHocTb MapLu- warn 4—6 Henpefckasyemble CPOKN, <AL= | KPUTEPUM MO HEOOXOANMOCTI» BapuatuBHOCTb MapLupyTa 6e3
pyTa 6e3 npaBun HUe cornacyoLme» He GopManu30BaHbl npasun
MocnenoBartenbHoe co- wars yBeNuueHue BpemeHI COrnaco- 0TCYTCTBME MapasNeNbHoii IKC- lMocnenoBatenbHoe cornacoBaxue
rnacoBaHue ciyx6amu BaHuA nepTu3bl/0pKecTpaLn aryx6amu
OtcytctBme SLA u Hano- NPOCPOYKM, «3aBUCAHNA» J0- HeT JefiNaliHoB 1 aBTOMATNYECKMX )
y ; warv 4-7 PoCpotki, s 5 . OtcyTcTBue SLA 1 HanomMuHaHMiA
MUHaHWI KyMeHTa YBeAOMIIEHU
HeT 3akpensieHna BnagenbLia
Pa3mbliTas oTBETCTBEH- CNI0XHO YCTaHOBMTb UCTOYHUK
warn 2-8 npoLiecca/oTBETCTBEHHOrO Pa3mbiTas OTBETCTBEHHOCTH
HOCTb 3afepxKm
3a MapLupyT
C10XHO BOCCTAHOBWTb X073 pelLule-
HeT »ypHanupoBaHua o P
. warun 2-8 HWA, TPYAHO pa3bupaTb COpHble | OTCYTCTBYET ayauT AelicTBYiA/nor HeT XypHanupoBaHua AeicTBuii
cyyan
Ha BCeM npo TeYKH, HapyLLeHue TpeboBaHuii VCOTIb30BAHHE HEKOHTPOMPYE=
Puckn UB n NJH P y , Hapy P MblIX KaHaNoB, Cnaboe pasrpaHu- Puckn UB n NJH
Lecce XpaHeHua/goctyna
YeHue NpaB
[Jlybnuposanue peii- warn 2.4 7 NVILUHAA HArpy3Ka, POCT BPEMeHW | HET MHTErpaLiu 1 enHoro [Jlybnuposanue peiicTauil u nepe-
CTBUI 1 Nepecbinok " 06pabotku KOHTypa CbINOK
HeBO3MOXXHO aHaNN3MpoBaTh
HeT pukcaumum npuumn HeT 06:13aTeNIbHOT0 NoAA «npy- HeT puKcaumm npuumn oTKNOHe-
war 12 0TKa3bl 1 KOPPEKTMPOBATL
OTKINOHeHuA UMHA OTKa3a» HuA
pernameHTbl

TesibHble Nonis), yHUPMKaLMIo CTaTyCOB U NMPUYMH BO3BPATA,
dopmanvsaumio MapLIpyTOB COrflacoOBaHWA MO TUMam 3a-
ABOK, CO3[aHNe eQNHOro peecTpa 1 XKypHanMpoBaHuA aen-
CTBUIA, A TaKXXe BHe[peHe MeXaHN3MOB KOHTPONA CPOKOB
(SLA) n ysegomneHun. [JOnOAHUTENBHO YUNTbLIBAKOTCA Tpe-
60BaHNA NHGOPMALMOHHOM 6E30MacHOCTM U pasrpaHuye-
HUA NpaB [OCTyna, 0CoOeHHO Npu paboTe C JOKYMEHTaMM,
cofepXalUmy MepcoHasibHble AaHHble WIN Cy»KeOHyio
nHdopmaymio [10].

C TOUKM 3peHnA NPoLLeCCHOro ynpasneHua TpeboBaHKA
MO>KHO CrpynnupoBaTb B yeTbipe 6noka [11]:
1. pernameHTMpOBaHWe (NpaBuna MapLipyTM3aLuy,
pPONN N OTBETCTBEHHOCTD);
2. AaHHble (WabnoHbl, CNPaBOYHUKN, CTaTyCbl, NPUYK-
Hbl BO3BpaTa/oTKasa);

3. KoHTponb (SLA, ouepenpb, yBedoMNEHNA, aHANUTHKA);
4. 6e30MacHOCTb U ayauT (KypHanbl, pasrpaHuyeHune
npa., KOHTPOJIb KAHANOB).

CBop TpeboBaHWI NpeacTaBeH B Tabnuue 2.
3aKkAlo4HeHne

B cTtatbe BbinonHeHo AS-IS mopenupoBaHue npouecca
COrNacoBaHUsA N YyTBEPXKAEHUSA Cy»KeOHOW 3annCKun/3anBKu
B 06pa3oBaTeNIbHON OpraHM3auUny C UCNob30BaHUEM MPO-
rpammHoro cpeactBa Erwin Process Modeler. OnpeneneHbl
rpaHuLbl NpoLecca, BblheneHbl KloYeBble POy yYacTHU-
KOB 1 OMKWCaH TUMOBOW CLeHapWiA NPOXOXAEHWA [OKYMEH-
Ta, BKJlOYasi BETBNEHUE «BO3BPAT Ha [OPabOTKy» 1 alib-
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Tabnuua 2.

TpeboBaHuA K ynyuweHuio npouecca (AS-IS — TO-BE) n oxxugaembin apdext

Mpo6nema AS-IS TpeboBanue k TO-BE InemeHT LUGPOBOII MOAAEPXKKN

€[VHbII KOHTYP NPOXOXAEHNA JOKY- y
MapannenbHble KaHanbl e[MHasA «BepcuA NpaBfbl», NofHasA enuHbli workflow/ECM-KoHTyp; Kopno-
MeHTa; 3anpet/orpaHuyeHue 06XoAHbIX y
CornacoBaHua ; NCTOPUA peLLeHNil paTMBHble NpaBuna
COrNacoBaHMil
Het eguHoro peectpa €[VHbIi peecTp JOKYMEHTOB U CTaTyCoB HabnioaemMocTb NPoLeCca, KOHTPOsb PeecTp + CTaTychl + BUTPUHA «B pabo-
(TaTycoB JNA BCEX 3aABOK ouepeau Te/NpocpoyeHo»
HeyHnduuypoBaHHble Knaccudukatop npuunH Bo3Bpata h 06a- | CHUXKeHUe NOBTOPHDIX BO3BPATOB, CNpaBOYHWK NpUYIH + 06A3aTeNbHoe
MPUYNHBI BO3BpaTa 3aTenbHoe yKa3aHue NpuunHbl aHanm3 npuyuH none
Hectanaaptu3upoBaH- LwaboH 3aABKI 1 06A3aTeNbHble NonA
) YMEHbLLEHME OLUMOOK U HEMOJTHOTBI $opmbl BBOAA + NPOBEPKY 3aMoNHeHUs
Hblil BXOZ, (uenb, cpoku, pecypcbl, NpUNoXKeHNS)
BapuatuBHOCTb Mapli- | npaBwia MapLupyTU3aLum no TMnam 3a- Npefcka3yeMoCTb CPOKOB, UCKIIOUEHWe | HACTPoiiKa MapLLpyTOB/npaBuA
pyTa 6e3 npapun ABOK M YCNIOBUAM (<€CiIHt. . . TO. . .») NVILLHUX COTIaCoBaHMIA workflow
MocnegoBatenbHoe co- | BO3MOXHOCTb MAPaENbHOTO COMMAcoBa- napannenbHble BeTki workflow +
, ) COKpaLLieHIe BPEMEHN COTTIacoBaHusA
[11acoBaHme Cryxbamu HIA CTyK0aMU C eNHOM TOUKOIA KOHTPONA «cBopKa» pe3ynbTaToB
OtcyTctBme SLA/Hano- HOPMATMBHbIE CPOKM M0 3Tanam; aBToma- y SLA, HanOMUHAHKA, 3CKanauna pyKo-
) CHVXeHNe MPOCPOYEK U «3aBUCAHMIT»
MUHaHWit TUYecKie yBeoMIeHIA 1 ScKanauna BOAUTENH
Pa3mbiTas OTBETCTBEH- Ha3HaueHue BNajieNbLia NpoLiecca 1 o1- CHDKEHNE «TOYEK 0XUAHUA, NPO3pauy-
ponu «BnajieneLl npoLecca/KoHTponep»
HOCTb BETCTBEHHOIO 33 MapLLPYT/KOHTPONb HOCTb
HeT XypHanupoBaHus 06:3aTenbHoe N1or1poBaHIe AeiiCTBMiA D
o ; aypuT, pa3bop CNOpHbIX C1yyaes KypHan aeiictuit (audit log)
LeVcTBuiA W peLuenmit
Puckn MG w MK pa3rpaHuyeHye Npas, KOHTPOSb JOCTYNA, | CHUXeHUe pUCKOB yTeuek, cootBetcTBie | RBAC/ACL, nonnTukn xpaHeHus, 3a-
6e30nacHble KaHasbl XpaHeHUs TpeboBaHuAM WMLLEHHBIE KaHAMbI
[Jlybnuposaue WHTErpaLna u UCKNYeHue ABOIHOTO , WHTerpauuu, aBTo-yBefOMIEHNA/3a-
CHVXeHNe PyYHOI Harpy3ku
nepecbinoK BBO/}3; aBTOMaTYeCKasA 0CTaBKa 3afay faun
He dukcupytotca npu- 06:3aTenbHoe yKkasaHue NpuumHbI 0T- nosie «NP1YMHA 0TKa3a», WabnoH
o yNpaBeHYeckas aHaNTIKa Mo 0TKa3aM
YIHbI 0TKa3a KIOHEHNA 1 yCIIoBMiA peLleHus

TEPHATUBHbIN UCX0L «OTKNOHeHue», AHann3 AS-IS mogenn
nokasarn, uto Hanbonee cylecTBeHHble notepu 3bdeKTrB-
HOCTU CBA3aHbl C OTCYTCTBUEM €[JMIHOIO KOHTYpa dukcaumm
CTaTyCOB U PeLLUeHNI, BapUaTUBHOCTbIO MapLLpyTa COrnaco-
BaHMA 6e3 popmManmn3oBaHHbIX NpaBui, HeyHUdULUPOBaH-
HbIMW NMPUYMHaMK BO3BpPaTa M HeAOCTAaTOUYHOW CTaHZApPTU-
3aumen BXOAHbIX AaHHbIX 3aABKW. [JononHUTebHble PUCKM
bopmumpytoTca B 0611acTyi KOHTPONA CPOKOB, OTBETCTBEHHO-
CTV 1 HGOPMaLMOHHON 6e30MaCHOCTY.

Mo pesynbratam aHanvsa cHOpPMyMpPOBaH MepeyeHb
TpeboBaHU ANA PENHXNHUPUHTA MpoLecca 1 ero yudpo-

BOV MoAAep’kke, BKIIOUAKOWMIA CTaHOapTM3aumio Gopmbl
3asBKU, YHUOUKALMIO CTaTyCOB M NMPUYNH BO3BPATa/0OTKa3a,
dopmanmsaLmio MapLIpyTOB COrfnacoBaHna, BHegpeHue SLA
1 yBeAOMJIEHNIA, CO3aHVe eAUHOMO PeecTpa U XKypHanupo-
BaHWA OeNCTBUN, a TakxXKe obecneyeHne pasrpaHnyeHna go-
cTyna v ayguta. ChopmrpoBaHHble TpeboBaHUA MOTyT ObITb
NCMONb30BaHbl KakK UCXOAHble AaHHble AN MPOeKTUPOoBa-
HuA ueneson mogenu npouecca (TO-BE) n nocneaytowen
peanu3aumn nNpPakTUKo-OpPNEHTUPOBAHHbIX NHPOPMALNOH-
HbIX TEXHOJNIOrIA yNpaBieHNA OPraHM3aLMOHHBIMA CUCTE-
MaMu B 00pa3oBaTesibHOM OpraHM3auuu.
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CPABHUTENbHbIA AHAJIN3 U OLIEHKW METO/10B
KBAHTU3ALIMW HEUPOHHBIX CETEW KOMNAKTHbIX
APXWUTEKTYP MOBILENET AJ11 PA3BEPTbIBAHUA

HA MOBU/bHbIX BbIYMCNUTENbHbIX YCTPOMCTBAX

NS BU3YANbHOr0 MOHUTOPUHIA 3ACbINAHWUS BOANTENEN
B PA3JINYHbIX YCNIOBUAX OCBELLEHUA

f

COMPARATIVE ANALYSIS

AND EVALUATION OF NEURAL NETWORK
QUANTIZATION METHODS OF COMPACT
MOBILENET ARCHITECTURES

FOR DEPLOYMENT ON MOBILE
COMPUTING DEVICES FOR VISUAL
MONITORING OF DRIVERS’ SLEEP

IN VARIOUS LIGHTING CONDITIONS

N

A. Afanasyev

Summary. This paper presents a comparative analysis of the impact of
quantization methods on the efficiency, performance, and accuracy
of neural network models based on the compact MobileNetV1,
MobileNetV2, and MobileNetV3 architectures. This analysis is based on
the implementation of a driver sleep/wake binary classification task using
a Samsung Galaxy A50 smartphone with the front camera. A comparative
analysis of detection quality under different lighting conditions (daytime
and nighttime) is conducted, and tradeoffs between accuracy, inference
speed, and resource requirements are considered.

Keywords: MobileNet, smartphone, falling asleep, drowsiness, driver,

kvisual monitoring, neural network, quantization. J

BseaeHue

€TCS OQHOWN M3 K/OYEBbIX MPUYMH AOPOKHO-TPAHC-

MOPTHbIX NPOUCLIECTBUI BO BCeM MuUpe. o gaHHbIM
pasfMyYHbIX NCCef0BaHWI, YTOMAEHNE Y MUKPOCOH 3a py-
nemM NPUBOJAT K CHVKEHWIO CKOPOCTY peakLmm, yXyaLweHmto
BOCNPUATMA JOPOXKHOM OOCTAaHOBKM U, KaK CNefcTame, K no-
BbILLEHMIO aBapuinHOCTU. OCOBEHHO OMnacHbI Takue CoCTos-
HUA B HOYHOE BPeMA U NMpPU MOHOTOHHbIX YCJIOBUAX ABU-
XeHusa. B cBA3U C 3TUM CUCTEMbI MOHUTOPWHIA COCTOAHMA
Bopgutena (Driver Monitoring Systems, DMS) ctaHoBATCA
Ba)KHOW YaCTbl0 COBPEMEHHbIX TPAHCMOPTHbIX cucTem [1].
OOHUM 13 NOAXOAO0B ANt CO3AaHUA STUX CUCTEM ABNAETCS

I—I pobniema COHNMBOCTM, 3acbiMaHNA BoauTenen sBna-

Adpanacvee ApceHuli leHHadbesu4

AcnupaHm, Mocko8ckuli 20cy0apcmeeHHbIl mexHuUYeckul
yHusepcumem um. H.3. baymaHa (HayuoHasbHell
uccnedosamenbckull yHusepcumem)
afanasievag@bmstu.ru

AHHomayud. B pabote npeAcTaBfeH CpaBHUTENbHbIA aHaNM3 BO3AENCTBUE
METO/I0B KBAHTU3aLMIN Ha d$GEKTUBHOCTb, NPOU3BOAUTENBHOCTD 11 TOUHOCTD
HelipoceTeBbIX Mogeneii KomnakTHbIx apxutekTyp MobileNetV1, MobileNetV2
n MobileNetV3 Ha npumepe peanusauuu 3afauu GuHapHoii Knaccudukawum
«3acbinaHune/6oapCTBOBAHME» BOAUTENA ¢ NPUMEHEHMEM CMapThoHa Samsung
Galaxy A50 ¢ ucnonb3oBaHuem (QpoHTaNbHON Kamepbl. MPOBOANTCA CpaBHU-
TeNbHbIil aHANN3 KauecTBa JeTeKLMI B PasHbIX YCNIOBUAX OCBELLEHIA (JHEBHble
1 HOYHbIE), PACCMATPMBAIOTCA KOMMPOMUCCHI MEXJY TOUHOCTBIO, CKOPOCTbIO
nHdepeca (inference) n TpeboBaHMAMY K pecypcam.

Knioyessie cnosa: MobileNet, cmaptdoH, 3acbinaHue, COHNMBOCTb, BOAWUTEND,
BI3yasbHblii MOHUTOPUHT, HelipoCeTb, KBAHTU3ALMA.

NCMONb30BaHNE METOAOB MaLUMHHOIO 0byuyeHnsA, KOTopoe
yCMewHo 3apeKoMeHAoBano ceba B CaMbIX Pas3fiNyHbIX 06-
NacTax, TakMX Kak Hanpumep, meguuuHa [2], onpepenexune
SMOLMOHANbHOIO CoAepaHuA TekcTa [3], nonck n obHa-
pykeHne uHbpPaAKpacHbiX uenei [4], nporHo3upoBaHue
3arpy3kyu BUPTYasbHbIX BbIYMCAUTENbBHBIX cucTem [5-8],
KoMMbloTepHoe 3peHune [9], pacno3HaBaHue nuy [10, 11],
onpepeneHue ycTanoro coctoaHuA 4venoseka [12], n ana
Lpyrux 3agau .

KnioueBow 3agayel npu peanusaumm nogobHbIX CUCTEM
Ha MOOWMbHBIX BbIYNCIUTENBHBIX YCTPONCTBAX ABNAET-
cA obecnevyeHre BbICOKON TOYHOCTM pacno3HaBaHWA Mpu
OrpaHNYEHHbIX BbIYNCIUTENBHbBIX pPecypcax K 3Heprorno-
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TpebneHuun. [InA 3TOro MOryT MPUMEHATLCA NEerkoBecHble
APXMTEKTYPbl CBEPTOUHbIX HEMPOHHbIX CeTel, Takmx Kak
MobileNetV1, MobileNetV2 n MobileNetV3.[13] JononHu-
TeNIbHbIM CNOCOOOM OMTMMM3aLMK ABNAETCA KBaHTU3aLuWA
HelpOHHbIX ceTei [14], no3BonALWAaA YMEHbLWNTb pa3mep
MOZENN N YCKOPUTb BbIUMCIIEHNA 33 CYET UCMONb30BaHNWA
yricen NOHUXEeHHON Pa3pPAJHOCTU.

Llenblo faHHOW cTaTby ABNAETCA aHaNN3 METOAOB KBaH-
TU3aUMn Ans HEMPOHHbIX ceTel cemerictBa MobileNet gna
noBblWeHnA 3PPeKTVBHOCTY peLleHna 3afaun onpeaerne-
HUA COHNMBOCTM BOAUTENA C UCMOJSIb30BaHUEM GPOHTasb-
HO KaMepbl CMapTGOHOB B Pa3fINYHbIX YCIIOBMAX OCBELLEH-
HOCTW.

B KauectBe annapaTHol nnatdopmbl Ans nposefe-
HUA SKCMepUMEHTOB Oblil BblGpaH cMapTdoH Samsung
Galaxy A50, OCHaLEHHbIA OAHOKPUCTANIbHOWM CUCTEMOW
Exynos 9610 (8 agep: Cortex A73 n Cortex A53), rpadurye-
ckum yckoputenem Mali G72 MP3 1 onepaTMBHON NamMATbIO
06bémom 4 I'b. OnepauoHHasa cuctema Android 11.

EMKOCTb akkymynsiTopa cMapTdoHa Samsung Galaxy
A50 coctaBnaet 4000 MAY (Munanamnep-4acoB). 3Ta MUTUIA-
nonumepHas (Li-Pol) 6aTapes obecneurBaeT HEMPEPbIBHYIO
paboTy B pexxume ¢ GPOHTaNbHOW Kamepoi 0kono 20 Yacos.

YCTpOWCTBO He COfePKUT BblAeNIeHHOro HerponpoLec-
copa (NPU), nostomy uHdpepeHc HeMpOHHbIX ceTeln BbINOJI-
HAeTca n Ha CPU n GPU.

®poHTanbHas Kamepa cMaptdoHa Samsung Galaxy A50
nmeeT paspelleHune 25 Mn 1 onTUMn3MpoBaHa asia paboTbl
KaK npv JHEeBHOM CBeTe (/19 YeTKOCTH), TaK 1 B YCNOBUAX He-
[OCTaTOUYHOrO OCBELLeHMA (AN1A APKOCTY U HACBILEHHOCTH).

Heob6xoanmMo 0TMeTUTb, YTO KBaHTM3aLus Hanbonee 3¢-
beKTMBHa, Korga BbluMCIeHUA BbiNoaHATcA Ha CPU unun
NPU. Moatomy Hannume GPU y cmaptdoHa Samsung Galaxy
A50 He cunbHO BAMAET Ha 3PPEKTUBHOCTb BbIYNCIIEHNIA
npu KBaHTM3aumu B cnyyae int 8/int 4, Tak kak GPU ontumn-
3UpOBaH Noj BbluncneHns B popmare float16.

DaHHble orpaHuuyeHua penatot Samsung Galaxy A50
nokasaTesibHOW nnaTdopMort Ana oueHKN 3GPEKTMBHOCTU
KBaHTM3auum mogenein MobileNet ¢ Toukn 3peHns ckopo-
CTU MHbEpeHca N dHepronoTpebneHna Ha MacCOBbIX MO-
OGUIbHBIX YCTPOMCTBaX

MocTaHoBKa 3aAa4n 1 TpeboBaHUS K cncteme

3afjayva onpepeneHna COHNMBOCTU, 3acbiNaHNA BOAUTE-
na dopmynupyeTca Kak 3afjlaya 6uHapHOI CBOAHOW Knac-
cndrKaumm 3eBKOB, COCTOAHWIA a3, MOSIOXKEHNA FONoBbI
Mo BMAEOMNOTOKY C ppOHTanbHOM Kamepsbl (puc. 1).

MycTb BMOEOMNOTOK, NosyyaeMblili ¢ GPOHTaNbHON Kame-
pbl cMapTPOHa, NpefCcTaBneH B BUAe NoCiefoBaTebHOCTM
KapoB:

X ={x/|x e RF*WXCt=12..,T},

roe H,W — npocTpaHCTBEHHOE pa3pelueHne 1306paxe-
HWS,

C — KONMMYeCTBO LiBETOBbIX KaHAJOB,

T — AnvHa BpeMeHHOro MHTEPBAIbHOMO OKHA aHaNu3a.

3apaua onpefeneHns 3acbinaHvsa Bogutensa Gbopmynu-
pyeTca Kak 3agaya 61nHapHom Knaccubukaumm:

y=f(X 0),yc{0, 1}

e y=1— COOTBETCTBYET COCTOAHMIO 3aCbINaHUS,
e y=0— cocTosiHMe 6oAPCTBOBaHNA BOAUTENSA,
e O — napameTpbl HelpoHHoN ceT MobileNet.

BepOHTHOCTb 3acCbiNaHnA BbIYMNCNAETCA C NCNOJIb30Ba-
Hnem CVIFMOI/IAHOVI (I)yHKLl,I/II/I aKTuBauunun:

P(y =1x)=0(z) = #

roe z — BbIXo4 nocsieqHero cnoA HEVIpOHHOVI ceTn.

OCHOBHbIMM NPU3HAaKaMK 3acCbiNaHnA ABNAIOTCA:

e nnuTenbHOe 3aKpbiTue rnas (metpuka PERCLOS);

® yacToe MopraHue unn, HA06oPOT, pefKoe MopraHue;
® HaKJIOH ronoBbl;

® YyacTOTa 3€BKOB.

MatemaTnueckn metpurka PERCLOS (PERcentage of eye
CLOSure) onpegensietca cnegyowmum obpasom:

)
PERCLOS = %Z]I(e,«:),

t=1

roe

e T — obliee YMCNO KaJpPOB B aHaNM3MPyeMoM Bpe-
MEHHOM OKHe,

e e, — HOPMMpOBaHHasA CTeMeHb PacKPbITUA rnas
Ha kagpe t,

e T — MOPOroBOe 3HauyeHue, COOTBETCTBYIOLLEE CO-
CTOAHWIO «Ta3a 3aKpPbiTbl»,

o I(-) — vHAMKaTOpHaa GyHKLNA, MPUHMMAIOWAA

3HayeHune 1 npwv BbINOTHEHUN YCNOBUA (03 npoTnB-
HOM Clly4yae.

[na HenpepblBHOro Bugeornotoka meTpuka PERCLOS
MOKeT OblTb MpefCTaB/ieHa B SKBUBANEHTHOWN BPeMEHHOM
dopme:

PERCLOS = Jdeses,

window
roe Tclosed — CyMMapHaA onnTenbHOCTb NHTEPBANOB, B Te-
YeHKne KOTOpPbIX Ma3a BoanTenAa HaxogATCA B 3aKPbITOM CO-
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Puc. 1. Cuctema MOHUTOPWHIa 3aCblnMaHWA BOAUTENA

CTOAHUN, @ Tindow -AMTENBHOCTb BPEMEHHOTO MHTEPBana

Ha6ﬂIO,EI,EHI/IFI. npl/l npesbilleHn 3agaHHOro noporoBoro
3HaYeHunA CcncTemMa genaeT BbIBOA O BbICOKOW BEPOATHOCTA
3acCblNaHMA BOOUTENA!

PERCLOS > Py, = y = 1.

Ha npakTrike 3HauyeHue nopora P, BblbvpaeTca B Auna-

nasoHe 0,3-0,4 B 3aBNCUMOCTY OT YCJ/IOBUI OCBELLEHHOCTU
1 TpeboBaHWI K YyBCTBUTENBHOCTM CUCTEMDI.

MeToAbl KBAHTU3aUMN HENPOHHbIX CeTeNn

KBaHTM3aumMA HEMPOHHbIX ceTell npeacTaBnseT coboli
npouecc npeobpa3oBaHUs BECOB 1 3HAUYEHUI aKTMBaLUi
13 YMcen C nnaBatkowen Toukon (0b6biuHo float32) B uncna
C MeHblUen pa3pagHocTblo (int4, int8, int16, float16).

OCHOBHbIE MPENMYyLLeCTBa KBaHTV3aLUN:
e yMeHbLUEHVE pa3mepa MOAeNN;
e yCKOpeHue NHdpepeHca;
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CHWKEHUe SHepronoTpebneHns;

NyyLIas COBMECTUMOCTb C MOOUIIbHBIMY YCKOPUTENA-
mu (Digital Signal Processor, DSP; Neural Processing
Unit, NPU).

OCHOBHbIE METOAbI KBBHTU3aUUN

MocT-TpeHnpoBoyHaa  KBaHTM3aumA  (Post-Training
Quantization, PTQ) — paHHbIN MeToA NpUMeHAeTCA nocse
3aBeplleHna obyuyeHuna mogenu. Beca n/unm 3HaueHna ak-
TMBaLUM npeobpasytoTcsa B int8 ¢ Mcnonb3oBaHUEM Kanu-
6poBOYHOro Habopa AaHHbIX. PTQ npocta B peanvsaynu
N He TpebyeT NOBTOPHOIoO OOyYeHNVs, OAHAKO MOXET Npu-
BOAWTb K 3aMETHOMY CHVIKEHWIO TOYHOCTW, OCOOEHHO Ans
CNOXKHbIX MOZenen 1 3aay C BbICOKOWN YyBCTBUTEIbHOCTbIO
K LWyMy. DTOT METOA OYeHb MOMYNAPHbIA ANAa CMapTPOHOB.
MoTeps KauecTBa 06bIYHO HebONbLLaA (YacTo <1-2 %)

KBaHTM3auma c yuetom obyuyeHua (Quantization Aware
Training, QAT). Mpwu QAT 3¢deKTbl KBaHTU3aLUN MOAeNnpY-
I0TCA HermoCpeACTBEHHO B npoLecce obyyeHns. 3TO No3Bo-
nAeT ceTu afanTUMpoBaTbCA K MOHUKEHHOW paspAfHOCTU
N COXPAHUTb TOYHOCTb. DTOT METOA NCMONb3YeTCA eCNN BaX-
Ha MaKcMMasibHas TOYHOCTb. TOYHOCTb NouTK Kak y float32.
HepoctaTkom ABnAeTCA yBenmueHre BpeMeHu 1 CI0XKHOCTY
0byueHus.

OunHamuyeckaa KBaHTusaumA. [pym  anHamuyeckom
KBaHTU3aLMM BeCa XPaHATCA B KBAHTM3MPOBAHHOM BUAE,
a 3HaYeHUA aKTUBaL MW KBAHTM3MPYIOTCA Ha NeTy BO Bpems
nHdepeHca. Takol Nofxo[ YacTo UCMONb3yeTca AfA PeKyp-
PEHTHbIX 1 MOTHOCBA3HbIX CETEN, HO pexe NpUMeHAeTCA AnA
CBEPTOYHbIX MOoAenen B 3afavyax KOMMbIOTEPHOrO 3peHus.

ApanTvBHaA KBaHTU3auus npepacTaBnseT cobolr pac-
LUIMPEHME KTacCMYeCKUX METOAO0B KBaHTM3aLUMW, Npu KOTo-
POM MapameTpbl KBaHTM3aLUK (pa3paaHOCTb, MacLITabHble
KO3bOULMEHTBI UK MOPOrN) N3MEHAIOTCS B 3aBUCUMOCTU
OT YCNoBUI PaboTbl CUCTEMbBI UMM XapPaKTEPUCTUK BXOA-
HbIX AaHHbIX. B oTnnumMe oT cTaTMuyeckon KBaHTU3aLUW,
rae VCnonb3yeTcsa efAuHbli Habop MapameTpoB AnsA Bcel
MOZenn, aganTyBHbIA MOAXOA MO3BOMAET yuuTbiBaTb He-
OAHOPOAHOCTb pacnpefeneHnin akTMBaLin B PasfnYHbIX
CNoAX U M3MEHUYMBOCTb BHelHUX ¢akTopoB. B 3apgauvax
MOHUTOPWHIA COCTOAHUA BOAUTENA afanTUBHAA KBaHTU-
3aUMA MOXeT yuuTblBaTb YC/IOBUA OCBELlEHHOCTU (OeHb/
HOUb), YPOBEHb LyMa U300parkeHUA N TEKYLLYI0 Harpysky
Ha BblUMCANTENbHbIE pecypcbl. Hanprumep, npu xopoluen
OCBELLEHHOCTM BO3MOXHO MpuMeHeHne Gonee arpeccus-
HOM int8-KBaHTM3auUMK, TOrAa Kak B HOYHbIX YCIIOBUAX ANA
UyBCTBMTENbHbIX CJIOEB LieIecCo06pa3HO MCMob30BaThb Mo-
BbILUEHHYIO pa3pagHocTb (int16 unm float16). AgantusHas
KBaHTM3aLUsl MO3BOJIAET JOCTMYb 60slee BbIrOAHOIO KOM-
npomMurcca Mexay TOUHOCTbIO 1 CKOPOCTbio UHdepeHca, oa-
HaKo YCNOXHAET peanusauuio cuctembl 1 TpebyeT gonon-
HUTESIbHBIX MEXaHU3MOB MOHUTOPUHIA YCNIOBUIA PaboTh.

Ona yctpowcTts 6e3 BoigeneHHoro NPU, Takux Kak Samsung
Galaxy A50, faHHbI Noaxon NpeacTaBnsAeT UHTepec npe-
X[e BCero B MCCNef0BaTeNIbCKOM KOHTEKCTE, MOCKOJIbKY ero
npakTuyecKasa peannsaumsa Ha ypoBHe MOOUIIbHbIX dpelim-
BOPKOB OrpaHuyeHa.

ApxutexTypbl MobileNet n nx ocobeHHocT

MobileNetV1 aBnAeTca ofHOM U3 NepBbIX apXUTEKTYP,
cneuranbHO pa3paboTaHHbIX AfA MOOUNbHBIX U BCTPa-
mBaembIx ycTponcTB. OCHOBHaa mpea 3aknioyaeTca B UC-
nonb3oBaHUK rnybrMHHO-pa3denmmbix ceeptok (Depthwise
Separable Convolutions), KoTopble pa36uBaloT CTaHZapPT-
HYI0 CBEPTKY Ha [iBe onepauuu:

e Depthwise-cBeepTka — mnpuMeHsAeTcA OTAeNIbHO

K KaXJoMy KaHasny BXOQHOro TeH30pa;
e Pointwise-cBepTka (1x1) — 06beANHAET KaHasbl.

Mcnonb3oBaHve faHHON cxeMbl NMO3BOSIAET CYLUECTBEH-
HO COKPAaTUTb BblUMCIMTENbHbIE 3aTpaThl. M 3To obecneun-
BaeT 3HauuTenbHOE YCKOpeHune UHbEepeHCa U CHUKeHUe
SHepronoTpebneHnsA, 4To 0CO6EHHO BaXKHO 41 MOBUbHBIX
yctpoiict. MobileNetV1 otnuuaetca npocton cTpyKTypon
1 NpencKasyeMbliM NoBefeHneM Npy ONTUMK3aLMKW, OBHAKO
MOXeT yCTynaTb 6onee HOBbIM BEPCUAM MO TOYHOCTU.

MobileNetV2 passuBaeT mpen npepblayllein Bepcun
1 BBOAWT [1Ba K/IIOUEBbIX YyULIEHNS:
® VHBEPTUPOBAHHbIE OCTAaTOYHble 6MOKNK
Residuals);
® JI/HelHble «ByTblNouHble criou» (Linear Bottlenecks).

(Inverted

B oTnnume oT Knaccnyeckux OCTaTOYHbIX COeVHEHWN,
MobileNetV2 cHauana pacwmpseT pa3MepHOCTb NpPU3Ha-
KOB, a 3aTeM CXKMMaeT ee. Vicnonb3oBaHne NUHENHbIX aK-
TUBALMIN Ha BbixoAe «OYTbIIOYHOro» CNI0A CHUXKaeT noTe-
pu nHbopmaumMm NpU KBaHTU3aUMUK U CKaTUW. ITO Aenaet
MobileNetV2 6onee ycToliunBoi K arpeccBHbIM MeTofam
onTMmMmU3aLmm.

MobileNetV3 aBnaetca pe3ynsratoMm aBTOMaTU3NPOBaH-
Horo noucka apxutektyp (NAS) 1 BKntouaeT B cebsa gonon-
HUTESIbHbIE ONTMMU3ALN:

e HenvHenHocTb h-SWish BmecTo RelU;

® MexaHW3M BHMMaHuA Squeeze-and-Excitation;

e Gonee 3¢pPeKTUBHOE pacnpefesieHrie BblUNCIeHNI

MeXAY COsIMU.

CywecTayioT nse OCHOBHblE KoHbUrypauumm:
MobileNetV3-Large n MobileNetV3-Small. Ins 3agay mo-
HUTOPUWHra BOAWTENS Ha CMAapTHOHEe yvalle KCnosb3yeTcs
Bepcua Small, Tak Kak oHa obecneunBaeT nyylumnin 6anaHc
MEX[Y CKOPOCTbIO 1 TOYHOCTBIO.

AHaAN3 NpUMeHeHns1 KBaHTn3auun anst MobileNetV1

MobileNetV1 6narogaps cBoell NpocToil CTPyKType
XOPOLWO MOAJAETCA MOCT-TPEHVPOBOYHON KBaHTU3aLUN.
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DKCMepuMeHTbl MOKa3blBaloT, YTO MNPU  WCNOMb30BaHWM
int8-KBaHTM3aUMN pasmep MOAENM YMeHbLUAeTCa npumep-
HO B 4 pa3a, a CKopoCTb MHdepeHca Ha MObKIbHOM NpoLec-
cope Bo3pacTaeT Ha 30-50 %.

OfHako B 3agaye onpefesieHns 3acbinaHua BOAUTENS,
0Cob6eHHO B HOUHbIX ycnosusx, MobileNetV1 gemoHcTpu-
pyeT 3aMeTHoe nageHue TouHocTy nocne PTQ. 1o cBA3aHO
C TeéM, UTO C/TabOKOHTPACTHbIE N306PaAXKEHA NNLA W LUYMbI
npu MOXOM OCBelleHMn TpebyloT 6onee TOYHOro npeg-
CTaBNeHVA NPU3HaKoB. B Takmx ycnosuax npegnoututenb-
Hee ucnonb3oBaTb QAT, UTO MO3BONAET CHU3UTb MOTEepPU
TOUYHOCTU 10 1-2 % no cpaBHeHmio ¢ float32-mogenbto.

AHaAn3 NpuMeHeHns1 KBaHT13auun anst MobileNetV2

MobileNetV2 cuntaetca Gonee ycCTOMYMBOWM K KBaH-
TM3aumm 6narogapa SUHENHbIM «OyTbITOUHbIM»  CIIOAM.
Mpy NOCT-TPeHMPOBOYHONM iNt8-KBaHTM3aUMN CHUXeHne
TOYHOCTU B [AHEBHbIX YC/OBUAX OObIYHO He MpeBblllaeT
1%, a B HOYHbIX — 2-3 %. lMpn ncnonb3oaHnn QAT me-
Topa MobileNetV2 nokasbiBaeT cTabunbHble pesynbraTbl
KakK [HeM, Tak M HouYblo. [JONOSHUTENbHbIM MpenmyLie-
CTBOM fIBNIAIETCS 6osee BbICOKAasi TOUHOCTb MO CPABHEHUIO
¢ MobileNetV1 npu cxoXxunx BbluMCIUTENbHbBIX 3aTpaTax. [ns
Samsung Galaxy A50, He oCHaLLeHHOro cnewmann3npoBaH-
HbiM NPU Bbicokoro knacca, MobileNetV2 B KBaHTU3MpO-
BaHHOM BuJe ABMAETCA OAHMM M3 Haubonee cbanaHcMpo-
BaHHbIX BAPNAHTOB.

AHann3 npyuMeHeHus1 KBaHTn3aunn ansa MobileNetV/3

MobileNetV3 wn3HauanbHO npoeKkTMpoBanacb C Yyue-
TOM PaboTbl Ha MOOUIBHBIX YCTPOMCTBAX 1 XOPOLIO ajan-
TMpoBaHa K int8-uHdepeHcy. Wcnonb3osaHue h-swish
U 6GNOKOB BHMMAHMWA MOBbIWAET BblPa3UTENbHY CMo-
COBHOCTb CETW, OAHAKO MOXET YCNOXHATb KBaHTU3aLUo
npu otcytctBum QAT.NOCT-TpeHMpPOBOYHAA KBaHTM3aUuWA
MobileNetV3-Small gaet xopole pesynbtatbl B AHEBHbIX
YCNOBUAX, HO B HOYHbIX CLieHapuAX BO3MOXHO Gonee 3a-
MeTHOe MafeHne TOYHOCTU K3-3a UYYBCTBUTENIbHOCTM Me-
XaHW3MOB BHUMaHUA K wymy. MNpumexenne QAT nossons-
€T MPaKTUYeCKN MOJIHOCTbI0 HUBENNPOBATb 3TOT 3PdeKT.
C TouKM 3peHnn nponssogutenbHocT MobileNetV3-Small
B int8-popmaTe feMOHCTPMpPYeT HannyyLlee COOTHOLLEHME
TOYHOCTU U CKOPOCTU, YTO [efaeT ee nepcrnekTnBHbIM Bbl-
60pOoM ANA 4NnUTeNbHO PaboTbl CUCTEMBI MOHUTOPMHIa 6e3
3HAUMTENbHOIO Pacxofa akKymynaTopa cMapTdoHa.

MeToAnKa 3KCnepumMmeHTa

1. C60p paHHbIX. lMcnonb3oBanucb BUAeo3anucu
¢ dpoHTanbHoOl Kamepbl Samsung Galaxy A50 B pe-
anbHbIX ycnosuax. [IHeBHble YCIOBUA: APKUA CBeT,
ecTecTBeHHOe ocBelleHne. HouHble ycnoBuaA: NcKyc-
CTBEHHOEe OCBelleHne, crnabas BUAMMOCTb. [laHHble

6blV aHHOTVPOBAHbI BPYYHYto. Knacc 0 — BoauTesnb
6oapcTByeT. Knacc 1 — 3acbinaHue.

2. MpepobpaboTka. [leTeKuus nvua C NOMOLLbIO AeTeK-
Topa MediaPipe Face Detection (BlazeFace)— cambiin
6bIcTpbIi Mo FPS ¢ xopolwelit TOYHOCTbIo AeTeKTOp
nmua Ha cmaptdoHe [15]. Hopmanumsauma pasmepa
n306parkeHnsa Ha 224x224. AyrmeHTaumn (ApKoCTb,
KOHTpPACT, NOBOPOT) ANA YCTOMUYNBOCTU K YCIIOBUAM.

3. O6yuyeHne u ontumusauuda. basoBas TpeHupoBKa
mopeneli (float32). HacTpoiika napameTpoB KBaHTU-
3auun yepes PTQ n QAT. TecTnpoBaHue Npon3Boau-
TeflbHOCTM Ha Samsung Galaxy A50 (tabn. 1).

Tabnuua 1.
ToyHOCTb MOZenen No ycoBMAM OCBELLEHHOCTN
ansa popmara float32
MobileNetV1 ~87 % ~75 %
MobileNetV2 ~90 % ~83 %
MobileNetV3-Small ~92 % ~85 %

3ameuaHue. MobileNetV3-Large 06bluHO JaéT eLwé nyymn
pe3ynbTat, HO CIMLWKOM TAXEnas A4fiA peanbHOro BpemeHu
Ha Samsung Galaxy A50 6e3 onTumusauumm.

4. BnuAaHue PTQ. 3HaunTenbHoOe yMeHbLUeHNe pa3Mepa
mogenel (oo ~4). Hebonbwoe nageHme TOUYHOCTU
(Ha 2-5 %). YckopeHue nHdpepeHca ~30-80 %.

5. Bnnaxune QAT YMeHbLUeHVe noTepb TOYHOCTHY (NOYTH
Ha ypoBHe float32). Hactpoiika Beca mopenei no-
3BOSIMNA aflanNTMPOBaTh MX K LUYMY HOUHbIX KaJpoB.
TpebyeT 6onbliue BpeMeHU TPEHNPOBKN 1 BbIYUCN-
TeSIbHbIX PeCypCoB.

6. CpaBHeHMe Mo yCloBUAM OCBelLeHMs (Tabn. 2)

Tabnuua 2.
CpaBHeHue No yc/ioBUAM OCBeLleHuA

Accuracy (oHém) | Accuracy (Houb)

Float32 MobileNetV3 92 % 85 %
PTQint8 MobileNetV3 90 % 82 %
QAT int8 MobileNetV3 91 % 84 %

7. BblABneHHble 0COBGEHHOCTM
Ha cMapTdoHe:

e TemnepaTypa MOOGWUIbHOIO YCTPOWCTBA MOXET CHU-
»atb FPS;

e OpoHTaNbHasA Kamepa MNIoxo CMpPaBsAeTCs C WyMOM
HOYbIO;

e Tpebyercs 6anaHC MeXpay CKOPOCTbI, TOUYHOCTbIO
1 SHEPronoTpebeHrEM.

8. TMpakTuueckne pekomeHpaumun. Hanuume uenecoo-
6pa3HOCTV B afanTVMBHOW KBaHTU3aUWO AfiA nepe-
KITIOUEHUA MeXZy peXrmamu paboTbl HEMpPOHHO
CEeTMB3aBNCUMOCTMN OT OCBELLEHUA I BPEMEHEM CYTOK.

ncnonb3oBaHUA
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3aKkAlo4HeHue XOPOLUYI0 NPOV3BOANTENBHOCTb C MUHUMAasbHbIMM 3aTparTa-
MU Ha pa3paboTKy.
MeToapbl KBaHTM3aLMK No3BonAlT 3¢eKTUBHO aganTu-
poBaTb Helpocetn MobileNet kK paboTe B peanbHOM Bpeme- MepcneKTMBbI AaNbHENLWNX NCCNeA0BaHN:
HU Ha MOOMIIBbHBIX YCTPONCTBAX NOA06HbIX Samsung Galaxy e lccnepoBaHme afanTMBHOW KBaHTM3auuun B pearb-
A50, coxpaHsasa npuvemnemyto ToUHoCTb. Habnogaetcsa uét- HOM BpemeHu;
Kafa 3aBUCMMOCTb MeXAy apXUTEKTYpou mofenu, MeTo- e llcnonb3oBaHue TpaHCHOPMEPOB C aAanTBHbIM MO-
[OM KBaHTU3auuu n ycnosuamuy ocelleHmda. MobileNetV3 porom;
¢ QAT-onTumu3auvein Hanbonee yHuBepcaneH, 0co6eHHo e [bpraHble Modenn C OTCIEeXMBaHMEM 3€BKOB, CO-
ONA CNIOXKHbIX YCNOBUIA HOYHOW Tpacchl, Toraa Kak PTQ gaér CTOAHWA [Na3 U NMOJIOXKEHWUA rOJTOBbI.
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ANALYSIS OF PROBLEMS

AND APPROACHES TO INFORMATION
PROCESSING DURING BIG DATA
MIGRATION

N

A. Badanov

Summary. This article examines information processing challenges
arising during big data migration in the context of heterogeneous and
multivariate data warehouses. A one-time data migration scenario,
typical for infrastructure modernization, technology platform transitions,
and data source consolidation, is examined as a methodological
constraint. It is shown that transferring data and associated metadata
between systems with different storage models significantly complicates
information processing. This paper identifies and analyzes five key issues
that have the greatest impact on the correctness and efficiency of big
data migration: differences in supported data types and storage models,
limited portability of data processing methods, failures and errors when
processing large volumes of information, the specifics of data extraction
from non-standard sources, and the limited computing resources of the
source systems. For each of these challenges, approaches and mitigation
methods are considered, based on adapting data processing processes to
architectural and resource constraints. The research results can be used
in the design and implementation of big data migration processes in
modern information systems and also serve as a basis for developing
adaptive and hybrid approaches to information processing.

Keywords: big data, big data migration, information processing, data
warehouses, ETL, storage models, computing resources, big data

migration challenges.
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ycnosusax umudposmsaumm n pocta o6beMoB nHbop-

Mauuy npoLecchl MArPaLMU AaHHbIX npuobpeTatoT

ocobyto 3HaunmmocTb. CoBpemeHHble MHPOPMaLMOH-
Hble CUCTEMbl MOCTOAHHO 3BOJIIOLMOHUPYIOT: MPOVNCXOANUT
rnepexof OT MOHO/IUTHbBIX aPXUTEKTYP K pacrpenesieHHbIM,
OT JIOKaNbHbIX XPaHWUANLY K 06fauHbIM 1 rMOpUAHbIM Cpe-
[aMm, oT TPaAMLNOHHbBIX PeNALMOHHbIX 6a3 faHHbIX K MPP—
n NoSQL-peweHnam. B pamkax Takmx npeobpasoBaHuii
Hen3beXHO BO3HMKaeT HeoOXOAUMOCTb NepeHoca AaHHbIX
MeXZY Pa3fNYHbIMU CCTEMaMM XPaHEHUs 1 06PaboTKMU.

Murpauma [aHHbIX NpPeAacTaBnsieT cobOOM  CIIOXKHbIN
MHOFO3TamnHbIN NPOLEeCC, BKOYAOLWNIN 13BIeYeHNe, npe-
obpa3oBaHue, nepefavy 1 3arpysky nHbopmaumu B Lene-

badanoe Apmem AHOpeesuy
sedywuti paspabomuyuk, OO0 «Ambepdama»
artem_badanov@inbox.ru

AnHomayus. B ctaTbe paccmatpuBatotca npobnembl 06paboTku Hdopmaumn,
BO3HUKAIOLLME MPU MUPALM GONbLUMX JaHHBIX B YCIOBUAX UCMONb30BaHUA
Pa3HOPOHbIX 11 MHOTOBAPMALMOHHBIX XpaHUMNLL JaHHbIX. B kauecTBe meTo-
JLOJNOTNYECKIUX OTPAHUYEHINI UCCeYeTCA CLeHapuii eANHOPa30Boi MUrpaLm
[aHHDbIX, XapaKTepHblii ANA 3afay MOfEpHU3aLMM UHOPACTPYKTYPbI, CMeHb
TEXHONOrMYeckuX NNathopm 1 KOHCONMAALMN UCTOUHUKOB MHGOPMaLmK. Moka-
3aH0, UTO NMEPEHOC AAHHDIX 1 COMYTCTBYIOLLIAX METAJIAHHbIX MEX[Y CCTEMAMU
C Pa3NNYHbIMIN MOJIENAMI XPAHEHUA CYLLIECTBEHHO YCIOXKHAET NPoLiecchbl 06pa-
60TKI MHPOPMALINM.

B pabote BbieneHbl 1 NpoaHanu3MpoBaHbl NATb KMKUYEBbIX NPo6eM, 0Ka3bl-
BaOLLYMX HauboMbLee BAUAHUE HA KOPPEKTHOCTb 1 IQGEKTUBHOCTD MUTPALN
GONMbLUNX AHHBIX: Pa3NnuMA B MOALEPKUBAEMbIX TUMAX AAHHBIX U MOLENAX
XpaHeHus, OrpaHUYeHHas MepeHoCUMOCTb MeTOLOB 06PabOTKM JaHHbIX, Cbou
1 owwn6kn npu 06paboTke HonbLMX 06BEMOB MHGOPMALIK, 0COBEHHOCTH 13-
BNIEUEHUA JaHHbIX 3 HECTAH[APTHBIX UCTOUHUKOB, @ TaKKe OrpaHIueHHOCTb
BbIUNCINTENbHBIX PECYPCOB WCXOPHBIX CiCTeM. [InA Kaxzoil U3 BblheneH-
HbIX MPo6sIeM PaccMOTPEHbI NOAX0AbI 1 METOAIbl UX CMATYEHNS, OCHOBAHHbIE
Ha aZanTayun npoweccoB 06paboTKN JaHHbIX C YUETOM apXUTEKTYPHBIX U pe-
CYPCHbIX OTPaHMYEHNiA.

Pe3ynbTaTbl MCCNELOBAHUA MOTYT ObiTb UCMONb30BAHbI NP NPOEKTUPOBAHUN
1 peann3aLium NpoLecco MUrpaLi GoNbLUMX JaHHBIX B COBPEMEHHbIX MHOOp-
MALMOHHbIX CUCTEMAX, 3 TAKXKe C1YXKaT OCHOBOI A pa3paboTki afanTUBHbIX
1 rMbpUAHDBIX NOAX0A0B K 06paboTke MHOpMALA.

Kntouesble c06a: Gonblune faHHble, MUTPaLIAA O0MbLUMX JaHHbIX, 00paboTKa
UHGOPMALMK, XpaHUNNLLA JaHHbIX, ETL, Mopenn xpaHeHus, BbIMUCIUTENbHbIE
pecypcbl, Npo6aeMbl MUArpaLliAM 60bLLIAX JAHHBIX.

BOe XpaHunuLe. Mpun 3TOM KNoYeByto posib UrPaeT UMEHHO
06paboTKa MHPOpMaLMK, TaK KaK faHHbIe 3a4acTyto pas3nu-
YaloTCA MO CTPYKTYpe, popmaTy, CeMaHTUKe 1 TpeboBaHKAM
K Kauyecty. OWMOKY, JonylieHHble Ha 3Tarne 06paboTky,
MOFYT MPUBOAMUTb K MOTEPE AaHHbIX, CHUKEHUIO UX AOCTO-
BEPHOCTY, HAPYWEHUIO LENOCTHOCTU U, KaK ClefCcTBUe,
K HEKOPPEKTHOI paboTe NpuKnagHbIX CUCTEM.

Llenblo gaHHOM paboTbl ABNAETCA aHanM3 OCHOBHbIX
npobnem, BO3HMKaWMX Npu 06paboTke MHOpPMaLUn
B MpoLecce MUrpaLny JaHHbIX, a Takxke 0630p CyLlecTByto-
WX U NepCcrneKTMBHbIX MOAXOAOB K MX pelleHuto. B ctatbe
pPaccMaTPUBAIOTCA KaK TEXHONTIOrMUYECKNE, TakK U METOZ0MO-
rmyecKkmne acneKkTbl MUrPaLK, YTO NMO3BOJIAET KOMIMIEKCHO
OLEeHNTb 3PPEKTUBHOCTb MPUMEHSEMBIX PeLUEHWI.
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Mpouecc MUrpauumn AaHHbIX, Kak NpaBuno, nNpeactas-
nseT coboil MHOro3TarHyl npoueaypy, HanpaBneHHYo
Ha nepeHoc UHOOPMALMN MEXAY PasHOPOLHbIMU UHDOP-
MaLVIOHHBIMUN CUCTEMAaMK C COXPAHEHNEM ee LIeNOCTHOCTH,
KOPPEKTHOCTV M CEMAHTUYECKOro cMbicna. Kaxpaplin sTan
MUFPALLMKN XapaKTepusyeTca cobcTBeHHbIM Habopom 3aaau
1 NOTEHLMNANbHbIX PUCKOB.

1. AHanM3 NCTOYHNKOB U CNCTEMDBI-NPNEMHNKA OAHHbIX

Ha HauvanbHOM 3Tane BbIMOMHAETCA AeTajlbHOe ucche-
[OBaHME NCXOAHbIX CUCTEM U LIeNeBOro XpaHuauwa aaH-
HbIX. B pamKax faHHOro 3Tana aHanU3MpYTCA Nornyeckas
n ¢pu3nyeckasa CTPYKTypbl AaHHbIX, NCMOb3yemble GpopMa-
Tbl XpaHeHWs, 06beMbl MHPOPMALIMY, @ TaKXKe CYLLECTBYIO-
LLMe OrpaHNYEHUs, CBA3aHHbIE C TUMAMM AaHHbIX, KIouamu,
nHpgekcamm v 6usHec-npasunamu. Ocoboe BHUMaHue yae-
NAETCA BbIABAEHUIO PA3IUMI MEXIY CXEMaMU UCTOUYHMKA
N NpYeMHUKa, BKJloYasi HECOOTBETCTBMA B VMIMEHOBaHWM
aTpMOYTOB, TUMAX AAHHBIX U MPABUMAX UX MHTepNpeTaumm.
Pe3ynbTaTbl JaHHOIO aHanM3a Ciy»aTt OCHOBOW AJiA MOCTPO-
eHVA cTpaTerny obpaboTku u npeobpaszoBaHna UHGoOpMa-
UMM Ha nocneayoLwyx STanax.

2. /13BneyeHne gaHHbIX

JTan n3BneYeHUs JaHHbIX NpeanosaraeT NoayyeHne nH-
bopmauun 13 NCXofHbIX cUcTemM 6e3 HapyLueHUst ux paboTo-
CMOCOGHOCTY 1 LIENOCTHOCTU. B 3aBUCMOCTM OT apXMTEKTY-
pbl ICTOYHVKOB JaHHbIE MOTYT M3BMIEKATbCA MaKETHbIM UJIN
MOTOKOBbIM CMOCOOOM, a TakKe B MOSIHOM WS MHKPEMEH-
TaJlbHOM pexume. Ha 3Tom 3Tane BO3HMKAT NpPobGsiemb,
CBfI3aHHblE C JOCTYMNMHOCTbIO UCTOUYHMKOB, OrpaHNyYeHnAMM
Mo BpPeMeHY BbIMOSIHEHUA Ornepauuii i BO3MOXHbIMU 3Me-
HEHUAMU AaHHbIX B Npouecce murpauyun. Kpome Toro, ns-
B/IeYeHHble JaHHbIe YaCcTO COAePKaT N30bITOUHYIO NN He-
peneBaHTHY MHPOPMALMIO, UTO TpebyeT nx nocneaytoLLel
06paboTKu.

3. 06paboTKa 1 NpeobpazoBaHne JaHHbIX

O6paboTka 1 npeobpasoBaHme JaHHbIX ABAAETCA LeH-
TpanbHbIM U Hanboniee KPUTUYHBLIM 3TaroM MUrPaLUN.
MMeHHO Ha gaHHOM 3Tane OcCylecTBAAeTCA NpuBefeHne
[aHHbIX K TpeboBaHMAM LieneBol cnucTembl XxpaHeHus. MNpo-
Ledypbl 06paboTKM BKMOYAIOT OUMCTKY AaHHbIX OT OLIU-
60K 1 OybnunKaToB, 3anofiHeHWe MPOMNYyLEHHbIX 3HaUYeHWUI,
Hopmanusauuio GopmaToB, arperauuio 1 AEKOMNO3NLMNIO
[aHHbIX, @ TaKXKe NpUMeHeHne 6usHec-npasun npeobpaso-
BaHMA. [JONOMHNTENIbHO MOXET BbIMOJIHATLCA COMOCTaBJle-
HMe aTpnbyTOB M CEMaHTMYeCKOe BblpaBHVBaHME JaHHbIX
MeXY NCTOYHNKOM 1 NPUeMHUKOM. OLINOKN NN HETOUHO-
CTV Ha flAHHOM 3Tane NPUBOAAT K UCKaXKeHWI0 nHbopMauum
M MOTYT HEraTMBHO CKa3aTbCA Ha JanbHenwen aHanuTuye-
CKOM 1 OonepaumnoHHON AeATeNbHOCTY, YTO AeNnaeT AaHHbIN
3Tan KJIOYEBbIM C TOUKM 3PEHMA KauecTBa MUrpaLmm.

4. 3arpy3Ka faHHbIX B CUCTEMY-MPUEMHIK

Mocne 3aBeplueHVA 06pPabOTKN [aHHble 3arpy<alTcs
B LeneBoe xpaHunuuie. [JaHHbIi 3Tan TpebyeT yyeTa 0co-
GEHHOCTEN APXMTEKTYPbl CUCTEMbI-MPUEMHMKA, BKJOYas
TpeboBaHMA K NPOV3BOAUTENBHOCTM, OFPaHNYeHNA Ha 06b-
€Mbl 3arpy3ku U MexaHn3Mbl 0b6ecrneyeHnsa TpaH3aKLUOH-
HON uenocTHocTW. Mpu 3arpyske MOryT MCNonb30BaThCA
pasnunyHble CTpaTeruy, TakMe Kak MakeTHas 3arpyska, na-
pannenbHaa 06paboTKa Uy No3TanHoe HanoJIHEHMEe Xpa-
HUNUWa. HekoppeKTHasa opraHM3auna JaHHOrO 3Tana Mo-
KeT NPUBECTU K YaCTUYHOW 3arpy3Ke AaHHbIX, HApYLIEeHWIO
CBA3EN MeXAy CYLHOCTAMU WAN CHUXEHWIO NMPOu3BOAM-
TeNIbHOCTU CUCTEMBI.

5. Bepudukauus 1 KOHTPOb KauecTBa AaHHbIX

3aknounTenbHbIM  3TanoM  ABnAeTcA  BepudrKauma
pe3ynbTaToB MUrpauuu U KOHTPOMb KayecTBa [JaHHbIX.
Ha paHHOM 3Tane nMpoBoAMTCA NpoBepKa MOSHOTbI U KOp-
PEKTHOCTU MepeHeceHHON WHpopmMaumy, ConocTaBineHne
06BbEMOB JaHHbIX 4O 1 MOCJSIe MUTPALIUN, @ TaKXKe KOHTPOJIb
NOFMYECKON 1 CCbITIOYHOW LeNloCTHOCTU. [ononHUTENbHO
MOTFYT BbINOMHATHCA BbIOOPOYHbIE MPOBEPKY HBr3HEC-MOoKa-
3aTenen 1 TeCTMpoBaHVe NPUKIagHbIX CLieHapueB paboTbl
C AaHHbIMK. Bepurdurkauusa nos3sonsaeT BbiABUTb OLUIMOKMU,
JonyLleHHble Ha NpefblayLwux 3Tanax, 1 Npu HeobxogMmo-
CTV CKOPPEKTMPOBATb NpoLeaypbl 06paboTKM AaHHbIX.

Mpw aHann3e npobnem 06paboTKn nHGopMaLun B Npo-
Liecce MUrpaLUm faHHbIX HEO6X0AMMO BBECTU PAJ, METOLO-
NOTNYECKMX OrpaHMNYeHnl, NO3BONAIOLMX CY3UTb npeameT
UCCNefoBaHUs 1 0b6ecneunTb KOPPEKTHOCTb MOMyYaeMbixX
BbIBOAOB. B pamKax JaHHOW CTaTbU PacCMaTPUBAETCA CLie-
Hapuin eguMHopa3oBoi (one-time) Murpaunn gaHHbIX, OCy-
LecTBNAEMON Npu nepexofe mexay UHGOopMaLUOHHbIMM
cMcTeEMaMm UM XpaHWAULLAMM JaHHbIX HOBOTO MOKONEHMS.
Takol nopxopn xapakTepeH ANnA 3afay MofepHMU3aLmm UH-
bpacTpyKTYypbl, CMEHbI TEXHONIOTMYECKON nnaTdhopmbl Uan
KOHCONVAALMUN Pa3HOPOAHbBIX MCTOYHUKOB AaHHbIX.

[lononHutenbHO NpeanosnaraeTcs, YTo B npouecce Mmu-
rpaunm MCNonb3yrTCA MHOrFoBaprauMOHHbIE XpPaHUInLa
JaHHbIX, NoAaepXnBatoLLmMe pasnnyHblie Mogenu npeacras-
neHnA VIHd)OpMaLI,I/IVI, BKJTIO4aA penAuMOHHbIE, KOJTOHOYHbIE,
OOKYMEHTOOPUNEHTUPOBAHHDbIE U aHANMNTUYECKUE CTPYKTY-
pbl. B pamMKkax paccMaTpMBaeMOro npoLecca ocyLiecTBseT-
CA NepeHOC He TONbKO CaMUX flaHHbIX, HO 1 CONYTCTBYHOLWNX
MeTadaHHbIX, TaKNX KaK CXeMbl AaHHbIX, CMPaBOYHUNKN, CNO-
Bapu 3HAYEHWIA, ONCaHUSA CBsI3el 1 Br3Hec-npaBuia obpa-
6OTKM MHPOPMaLUK. DTO CYLLECTBEHHO YCNOXKHAET 3aaun
O6pa6OTKI/I [OAHHbIX N pPaclNPAET CNEKTP BO3HUKaKOLWMX
npob6nem.

Cne,qyeT OTMETUTb, YTO WNCMNOJIb30BaHNE HECKOJIbKUX
Pa3sHOPOAHDbIX XPaHWNULW AaHHbIX MOPOXAaeT LLII/IpOKI/IVI
Kpyr I'IpO6J'I€M, CBA3aHHbIX C PasnynAMN B apXUTEKTYpPe,
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Puic 1. NMepeHocMMmble 31eMeHTbI B paMKax MUrpaLv 60MbLNX AaHHbIX

NMopAepKMBaeMbiX TUMax [faHHbIX, MeTofdax o6paboTku
N OrpaHUYEeHNAX Ha WCMosib3oBaHMe pecypcoB. [MonHbIN
aHanm3 Bcex BO3MOMHbIX Mpobnem B pamkax OfHOW CTa-
TbW NpPefcTaBiAeTCA 3aTPyAHWUTENbHbIM. B cBA3M € 3TUM
B HacCToOALLEeM MCCNIef0BaHNM PacCMaTPMBaAOTCA OCHOBHbIE
1 Haubonee xapakTepHble Npobnembl 06paboTkn MHPOpP-
MaLuK, OKasblBaloLime Hanborbluee BAUAHKE Ha KOPPEKT-
HOCTb 1 3$PEeKTUBHOCTb MUrPaLIMU AAHHbBIX B YCOBUAX NC-
MosIb30BaHNA MHOrOBapUaLMIOHHbIX XPaHUANLL.

Mpo6nema 1. Paznuuus B noaaepKkMBaemMblx TUMax gaH-
HbIX VI MOZIENAX XPaHeHs

OpHoM 13 cywecTBeHHbIX Mpobrnem 06paboTKM WH-
dopmauuy Npy MUrpaummn ABNAETCA Halnune PasfinyHbIX

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

TUMOB AAHHbIX U MOZEenen ux npefcTaBieHnsa B cUCTEMaXx-
WCTOYHMKAX U CUCTEeMax-MpUeMHrKax. XpaHnnuia AaHHbIX
MOTYT NOAAEPXMBaTb Pa3fiMyHble Habopbl TUMOB, BKJIIOYaA
NPVMUTUBHbIE, COCTaBHbIE, BJIOKEHHbIE 1 CreLnann3npo-
BaHHble TWMbl, YTO NPUBOAUT K HEOOXOAUMOCTN AOMONTHU-
TeNbHOro NpeobpasoBaHUs AaHHbIX. MeToabl 06pPaboTKy,
KOPPEKTHO MpUMeHVMble K AaHHbIM B OAHOM XpaHWAuLLe,
MOTYT OKa3aTbCA HEMPUMEHUMbIMU U HeSPPEeKTUBHbIMM
B APYrom BCNIefCTBME pas3nvumii B popmaTtax XpaHeHwus,
MeXaHM3Max cepuanusaummn 1 npaBuiax MHTeprnpeTauum
[aHHbIX.

B pesynbrate BO3HMKaeT HEOOXOLMMOCTb afanTtauum
U nepeonpegeneHns npouenyp obpaboTku MHdopma-
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Uunn C yyeTtom 0ocobeHHoCTeNn LI,EHEBOM CNCTEMDI, YTO yBENN-
YMBaET CNNIOKHOCTb MUTPaL U 1 NOBbIWaeT PUCK BO3SHUKHO-
BEHUsI OWNOOK Ha 3Tane npeo6pa3OBaH|/|ﬂ OaHHbIX.

Mpo6nema 2. OrpaHMYeHHas NepPeHOCMOCTb METOOB
06pPabOTKM AaHHbIX

MeToabl 06pPabOTKM AaHHbIX, MPUMEHsiemMble B Mpo-
Lecce mMurpauuu, Kak npaBuio, TECHO CBA3aHbl HE TONbKO
C BbIUMCIIUTENBHON MNAaTGOPMON, HO 1 C BHYTPEHHUMU Me-
XaHV3MaMV KOHKPETHOIO XpaHWnuwa AaHHbIX. [axe npu
MCMOob30BaHNY GOPMasibHO CXOXKMX OMepaLni, TakK1xX Kak
dunbTpauus, arperayms Unmn paboTa C TEKCTOBbIMU AaHHbI-
MW, peanusaunsa 1 noBefeHne COOTBETCTBYIOLMX METOLOB
MOTFYT CyLLeCTBEHHO Pa3nnuaTbCs B Pa3HbIX CUCTEMAX Xpa-
HeHus.

Hanpumep, metogbl 006paboTKM TEKCTOBbIX [AHHbIX,
peann3oBaHHble B PENAUMOHHBbIX CUCTEMAxX YyrnpaBreHuA
6a3amMyi [aHHbIX, MOTYT OMMPATbCA Ha WHble MPUHLUUMbI
WHLEKCMPOBaHWA, KOAUPOBAHUA U COMOCTaBAEHUA CTPOK
Mo CPaBHEHMIO C aHANUTUYECKMMU KOSTOHOYHbBIMU XPaHWUN-
wamu. B pesynbtaTte onepauun, KOPPEKTHO 1 3PPeKTUBHO
BbIMOJIHAEMblE B OQHOM XPaHWNLLE, MOTYT JEMOHCTPUPO-
BaTb MHOE MOBefeHWe, CHUXEHVE MPOM3BOAUTENIbHOCTY
nn6o BOBCe OTCYTCTBOBATH B APYrOM.

JaHHaa npobnema ycyrybnaeTca npu MCnonb3oBaHUN
MHOFOBapUaLMOHHbIX XPaHWIWL, FAe B pPaMKax OfHOro
npouecca Murpauuv 3agencTBYOTCA HECKONIbKO CUCTEM
C pasnuuHbiMU Habopamu MoAAepPKMBAaeMbIX QYHKLUIA
N MeTofoB 06paboTKmM. Yem 6onblue KONMYeCTBO TaKMX Xpa-
HUNULL, TEM BblLLIe BEPOATHOCTb TOTO, YTO OTAENbHblE METO-
bl 06paboTKM AaHHbIX OyOyT paboTaTb Mo-pasHomy nnbo
He OyayT noadepKUBATbCA LIENEBOW CUCTEMOW BOBCE. ITO
NPUBOANT K HeoOXoAMMOCTU MnepeonpeneneHus foruku
06pabOTKM AaHHbIX, Pa3PabOTKM anbTePHATUBHbIX aNFOPUT-
MOB W NPUMEHEHUA [OMOMHUTENbHbIX 3Tanos npeobpa-
30BaHUA MHPOPMaLK.

Mpo6nema 3. C60u 1 OWIMOKNM, CBA3AHHbIE C 06PabOTKOM
60NbLINX 0O6bEMOB AAaHHbIX

PaboTa ¢ 6onbwrMn 06beMaMn [aHHbIX U CJIOXKHbIMUA
Npeobpa3oBaHUAMY CYLLECTBEHHO MOBbILLAET BEPOATHOCTb
BO3HVKHOBEHWA OWWOOK, CBA3AHHbIX C HEXBATKOW BbIUMC-
NUTENbHBIX PECYpPCOB, MPEBbLIWEHNEM JIMMUTOB MaMATH,
BPEMEHHbIMMN 3afePXKKamu 1 06PbIBaMK COEAUHEHNI C UC-
TOYHMKaMU U MPUEMHMKAMMN AaHHbIX. Takue coom mMoryT
NPOVCXoAuTb KaK Ha 3Tare M3BfieyeHus, Tak 1 B npouecce
06paboTKM NHPOPMaL L.

B ycnoBuAax e,D,I/IHOpa3OBOVI MuUrpaymn noBTOpPHOE Bbl-
NOJIHEHNE BCEX 2TanoB O6pa6OTKI/I OaHHbIX ABNAETCA Kpa|7|-
HE HeXenaTteJibHbiM, TaK KaK OHO Tpe6yeT 3HAYUTEJIbHbIX
BPpeMeHHbIX U BbIYNCITNTESNIbHbIX 3aTpart. B cBA3u ¢ 3TUM BO3-

HUKaeT HEO6XO,D.VIMOCTb NCNONb30BaHUNA MPOMEXYTOUYHbIX
XPaHUInL, No3BoNAKLLNX COXPaHATb pe3yfbTaTbl YaCTUY-
HO BbIMOSIHEHHON O6pa6OTKI/l n npoponxatb MuUrpauunio
C TOYKWM NpepbiBaHUA, a HE HAa4YMHATb Npouecc 3aHOBO.

Mpo6nema 4. OCOGEHHOCTU V3BNEYEHUA AAHHbBIX U3 He-
CTaHAAPTHbIX NCTOYHNKOB

[lononHuTenbHble CIIOXKHOCTM BO3HUKAIOT B TEX ClyyasnXx,
Korga UCTOYHMKOM AaHHbIX BbICTYMNalOT CMCTEMbI, He npef-
Ha3HauYeHHble AnsA NpefoCTaBeHns JaHHbIX Yepes dopma-
Nn3oBaHHble nHTepdelichl, Takne Kak APL. Mpumepom Taknx
WNCTOYHUKOB MOTYT CNY>KUTb KOPNOPaTUBHbIE MOPTasbl, BHY-
TpeHHMe MHOGOPMALMOHHbIE CUCTEMbI UK MOMb30BaTeSb-
CKME NPUSIOXKEHNSA, KOTOPble OLHOBPEMEHHO NOJBepratoTcs
MOZepHM3aL N Uv MUrpaLmm.

B nopoO6HbIX ycnoBmax npouecc M3BieYeHna AaHHbIX
MOXeET 6bITb HECTABMbHBIM U MOLBEPXKEHHBIM NU3MEHEHUAM
CTPYKTYpbl 1 $pOopmMaToB nHGopMaLun. ITo NPUBOAUT K He-
06X0AMMOCTU [OMONHUTENbHON 06PabOTKM [AaHHbIX, BKJTHO-
Yyas afanTaLuio MeTOOB U3BNEYEHUs 1 obecneyeHne yCTon-
UMBOCTU K M3MEHEHMAM UCTOYHMKA B NpoLecce Murpauumn.

Mpo6nema 5. OrpaHWYeHHOCTb BbIYNCAUTENIbHBIX pe-
CYpCOB Npu MUrpaLumn 60nbLUMX faHHbIX

Mpun Murpauuy 60MbLNX 06BEMOB AaHHbIX CYLLECTBEH-
HoOW nNpobnemoi 06paboTKN MHPOPMALMKN ABMAETCA Orpa-
HUYEHHOCTb BbIYNCIIUTENbHBIX U CUCTEMHbIX PECYpCoB
NCXOAHBIX XPaHWIuL. B 60MblIMHCTBE MpPaKTUYeCKnX CLe-
HapWeB CUCTEMbI-MICTOYHMKI NPOAOSIXKAKOT MCMOJb30BaTbCA
B LUTATHOM peXrme APYruMin COTPYAHMKaMU 1 NPUKNagHbI-
MW CEPBMCaMK, UYTO HaKMAAbIBAET >KECTKME OrpaHnueHus
Ha OONYCTMMYIO HarpysKy, co3gaBaemMyto npoueccamu Mu-
rpaumu.

B ycnoBrAxX COBMeCTHOro 1Cnonb30BaHNA PeCYpPCOB Bbl-
JeneHvie [OCTaTOYHbIX BblYMCIUTENbHBIX MOLHOCTEN ANA
BbINOJ/IHEHWA Onepauuii n3BneyeHnsa n obpaboTKM AaHHbIX
OKa3blBaeTCA 3aTPyAHUTESbHbIM. VIHTEHCMBHbIE 3anpochl,
CJI0XHble Npeobpa3oBaHVA U AIMTENbHbIE OMnepaummn yTe-
HMA MOTYT HeraTMBHO CKa3aTbCA Ha NPOW3BOAMTENbHOCTM
paboyrx NpoLeccoB, YTO OrPaHNYMBAET BO3MOMXHOCTU NPU-
MEHEHMA PecypCcoemMKnx MeTofoB 06paboTkmn nHdopmaLum
B pamKax murpauuu [6, 7]. B pesynbrate npoueaypbl Murpa-
LMW BbIHYXXOEHHO afanTupyloTca K AOCTYNHoMy obbemy
pecypcoB, YTO MOXET NPUBOANTb K YBETMYEHUNIO BPEMEHM
006paboTKM AaHHbIX M YCIIOMXKHEHWNIO NOTMKK NpeobpasoBsa-
Hunm [9,10].

[lononHuTenbHble CNIOKHOCTM BO3HMKAIOT NPU MUrpa-
UMM GOMbLUMX AaHHbIX, TPEOYLWMX NapasieNbHON 0bpa-
6OTKN 1 3HAUUTESIbHBIX OOBEMOB OMEPATUBHON MaMSATU.
HefocTaTok pecypcoB MOXeT MPUBOLAUTL K MpPepbiBaHNIO
onepauui, yBENNYEHNIO BPEMEHN OTK/IMKA CUCTEM U BO3-
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HVKHOBEHUIO OLUINOOK BbIMOSTHEHNWA. B TakMX yCnoBuMAX 0co-
60e 3HaueHve NprobpeTaeT MAaHMPOBaHWE MCMONb30Ba-
HUA PecypcoB 1 BbIOOp MeTo0B 06paboTKN MHPOopmMaLmK,
MUHVUMM3UPYIOLLMX HAFPY3KY Ha CUCTEMbI-UCTOUYHMKMN [6, 14].

B HacToAwee Bpema B Hay4YHOW 1 NPUKNIAagHON nuTepa-
Type NpeAcTaBieHO 3HAUYUTENbHOE KOJIMYeCTBO MOAXOA0B
W peLlleHnin, HanpaBeHHbIX Ha OpraHM3auunio NpoLeccoB
MUrpauun 60sbLIKX AaHHbIX. Hanbonee pacnpocTpaHeHHbI-
MU Cpeaun HuX ABnatTcs KoHuenuum ETL (Extract, Transform,
Load) un ELT (Extract, Load, Transform), wumpoko npumMeHse-
Mble NPV NepeHoCce AaHHbIX MeXAY Pa3nyHbIMU UHGOpPMa-
LMOHHbIMUN CUCTEMAMM U XPaHUAULLAMUN SaHHbIX.

ETL-noaxop npeanonaraet npefBapuTeNibHoOe 13BneYye-
HMe AaHHbIX U3 UCTOYHWUKOB C MOCNEAYIOLWMM BbINMOHEHU-
em onepauunini 06paboTkn 1 NpeobpasoBaHKA, Nocse Yero
[aHHble 3arpy»atTcsa B CMCTeMy-NpreMHIK. Takoin nogxoq
TPaAVLMOHHO UCMOJb3YeTCA MPU MOCTPOEHUW XPaHWNLL
[aHHbIX 1 OPUEHTMPOBAH Ha obecneyeHne BbICOKOrO Kaye-
CTBa MHPOPMALMM 3a CYET BbINOSIHEHNA MPeobpa3oBaHNi
0O MOMeHTa 3arpy3ku. B ceoto ouepegb, ELT-nogxon nepe-
HOCWT aKLeHT Ha WCMonb30BaHUe BblUUCIIUTENbHBIX BO3-
MOXHOCTEN LiefieBOro XpaHwnuviya, rge npeobpasoBaHune
[aHHbIX OCYLLEeCTBNAETCA YXKe nocsie nx 3arpy3Kku. [JaHHbIN
noaxof 0CobeHHO aKTyasleH B YCJIOBUAX COBPEMEHHbIX aHa-
NUTYECKNX nnatdopm, 0bnafatoLLmx BbICOKON NPON3BOAU-
TeNIbHOCTbIO U MacLTabupyemocTbio [6-8, 14].

HecmoTpa Ha Wwmpokoe pacnpocTpaHeHne yKa3aHHbIX
NnoaxofoB, OOMbLWNHCTBO CYLIECTBYIOWUX PELUEHNI HOCAT
[OCTaTOYHO ABCTPAKTHBIN XapakTep U OpPUEHTUPOBaHbI
NPenMyLLeCcTBEHHO Ha onucaHue obLWKX 3TanoB MUrpa-
LM JaHHbIX. Kak NpaBusio, Takne peLlleHns He YUUTbIBAOT
B ABHOM BuAe npobrembl, BO3HMKaloWwume npu obpaboTtke
UHPOPMALMN B YCNOBUSAX WCMONb30BAHUA Pa3HOPOAHbIX
XPaHWAWLL, Pa3nnuuin B NOALEPKMBAEMbIX TUMAX AAHHbIX,
OrpaHUYEHHON MNepeHOCMOCT MeTOAoB 006paboTKy,
a TaKXXe PUCKOB, CBA3AHHbIX C PECYPCHBbIMU OrPaHUYEHM-
AMU U CO0AMM B Npolecce murpaunmn 6onbwinx o6bemoBs
NaHHbIX [9-10].

B pe3ynbTaTe NpakTUyeckas peanusauusa Murpauum
[aHHbIX B CJIOXKHbIX MHOPaCTPyKTypax TpebyeT 3HaunTesb-
HOW afanTauumn CyLlecTBYIOLWMX MOAXOLOB U pa3paboTku
[OMOJTHUTENbHBIX MEXAaHM3MOB 06paboTKn UHdopMaLmn.
Ocob6eHHO 3TO aKTyanbHO ANA CLeHapueB eHOPa3OBOWA
MUrpauun, raoe oTCyTCTBYeT BO3MOXHOCTb MHOTOKPATHOW
UTEPATUBHOW KOPPEKTUPOBKM MPOLLECCOB, a OWn6KM 0bpa-
6O0TKW JaHHbIX MOTYT NPUBECTU K CyLLeCTBEHHbIM 3aTpaTam
BPEMEH 1 pecypCos.

B ¢BA3M € 3T!M B pamKax AaHHOW CTaTby NpepnaratTca
OLHWN 13 BO3MOXHbIX peLleHuid, HanpaBneHHble Ha yCTpa-
HeHVe M MUHMMK3auMo Npobnem obpaboTkm MHdopma-
LU, BbIAIBAIEHHBIX Ha NpeAblgyLmx dTanax UcciefoBaHus.

PaccmaTtpuBaemble peLueHns OPUEHTMPOBAHbI Ha MOBbI-
LleHne YyCTONYMBOCTY NPOLLeCCOB MUrpaLum, obecrneveHmne
KOPPEKTHOCT 06paboTKM [AaHHbIX U CHUXEHME PUCKOB,
CBA3AHHbIX C MCMONIb30BaHUEM MHOTOBAapPUALMOHHBIX Xpa-
HUAMW 1 6onblwMn obbemamun obpabaTbiBaeMolrt UHPOP-
mauun [1, 2, 11].

JanbHelwee n3noxeHve 6ygeT NOCBALLEHO AeTasbHO-
My PacCMOTPEeHMIO npefnaraemblX peleHnin u ux nprume-
HeHWI0 ANA YCTPaHEHUA KOHKPETHbIX Npobnem 06paboTkm
MHbOPMaLV NPU MUTPALIAA OaHHbIX.

Mpobnema 1. Pa3nnuus B nogaepXmnBaemblx Tvnax aaH-
HbIX 1 MOZENAX XpaHeHuA

Ons peweHna Npob6nembl pasnnuuin B MogaeprBa-
eMbIX TVNax JaHHbIX Y MOZENAX XPaHeHUs Npyv MUrpalun
60MbLWIMX [aHHbIX HEOOXOAMMO Ha 3Tane MiaHWPOBaHWA
1 BbIMOJIHEHVA MUFPaUMM OMeprpPOoBaTb MCKIOUYNUTENIbHO
TEMU TUMAMK JaHHbIX U CTPYKTypamu, KOTopble noanep-
XKMBAKOTCA KaK CUCTEMOWM-UCTOYHUKOM, TaK W CUCTEMOW-
NpUemMHNKOM. B OOMblIMHCTBE NPAKTUYECKUX ClyyaeB
6a30Bble, MPUMUTUBHbBIE TUMbI JaHHbIX COBMAZAT Mexay
Pa3IMYHBIMK XPAHWUULLAMY, YTO NMO3BOJISIET OCYLLECTBNATDL
1X nepeHoc 6e3 cyllecTBEHHbIX Npeobpa3zoBaHuii. OfHAKO
Hanbonblune CIIOXKHOCTM BO3HMKAIOT Npu paboTe ¢ Henpu-
MUTVBHBIMM U COCTABHbIMM CTPYKTYPaMU AaHHbIX, TaKUMU
KaK MacCyBbl, CMCKM, BNOXEHHbIE CTPYKTYpPbl U MOb30Ba-
Tenbckme tunbl [1, 2, 51.

B nofobHbIx cuTyaumsax TpebyeTca npoBefeHne aHanu-
3a NOAAEPKMBAEMbIX TUMOB JAHHbIX B 060MX XpaHUIMULAX
N MOUCK CTPYKTYPHO U CEMAHTUYECKU BIM3KMX aHasloroB.
MpeobpazoBaHuMe TakmMx AaHHbIX YacTo TpebyeT AONONHU-
TEeSIbHOW JIOTUKW KOHBEpTaLuK, BKoYasa U3MeHeHve ¢pop-
MaTOB XpaHeHWs, pa3breHne CIOXKHbIX CTPYKTYp Ha 6onee
NPOCTble 3/IEMEHTbI WU, HAaNPOTUB, arpPeraLuio 4aHHbIX s
COOTBETCTBMA TPebOBaHUAM LeneBo cucTembl. OWwnbKn
Ha [AaHHOM 3Tane MOryT NPUBECTU K NOTEpPe YacT NHbop-
MaLuv UV HapyLIEeHNIO ee MHTEepPNpeTaLun.

Haunbonee cywecTBeHHble TPYAHOCTY CBA3AHbI HE CTOJb-
KO C TMMamy [aHHbIX, CKOMIbKO C PasfiMumMaMy B MOZENAx
XPaHeHuA JaHHbIX. [laxe npu cpaBHeHMN GOPMaAJIbHO CXO-
XKNX 0O6BEKTOB, TaKMX KakK MaTeprann3oBaHHble NpeacTaB-
NEHUs B PA3fINUHbIX XPaHUULIAX, Pa3Nnuna B NpuUHLMNax
X peanu3auumu Moryt 6biTb NpuHUMNUanbHbiMy. Hanpu-
Mep, B aHaNNTNYECKNX KONIOHOYHbIX XPaHWAULLAX UCMOMb-
3yl0TCA JOMOJIHUTESIbHbIE MEXaHM3Mbl arperaumm n obpa-
6OTKN COCTOSIHUI, KOTOpble He MMEKT MPAMbIX aHanoroB
B KJTaCCUYECKMX PeNALMOHHbIX cuctemMax. B Takux cnyvasx
CTaHAAPTHble METOAbI MUTPALMM OKa3bIBalOTCA Henprme-
HUMBIMU, N TpebyeTcA pyyHOW aHann3 NoBefeHUs COOTBeT-
CTBYIOLLMX MEXAHV3MOB, a TakXKe pa3paboTKka afbTepHaTUB-
HbIX CMOCOOOB XpaHeHVA 1 06PAbOTKN AaHHbIX B LeNIeBOM
cucteme [6, 7, 14].

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2. 53




NHOOPMATUKA, BbIYNCITINTEJIbHAA TEXHUKA U YITPABJIEHUE

Mcnonb3oBaHue cneumann3npoBaHHbIX MEXaHU3MOB
06paboTKM, TaKUX KaK MPOMEXYTOUHbIe COCTOSIHUSI arpe-
rauum n ux nocnegymouiee obberHeHVE, [ONONHUTENIBHO
YCNOXHAET MPOoLecc MUrpauun, NockosbKy TpebyeTt rny-
6OKOro MOHVMaHWA BHYTPEHHEN NIOrMKIU PaboTbl XpaHUIM-
LA-UCTOYHMKA. [MONCK 3KBMBANEHTHbIX PELEHUI B CUCTe-
Me-MpreMHMKE YacTO BO3MOXKEH JULLIb Ha YPOBHE NOMMUKM
06paboTKM AaHHbIX, @ HEe Ha YPOBHe MPAMOro nepeHoca

CTPYKTYP.

TakuMm 06pa3om, yem 6Ofblue Pa3nMunii BbISBNAETCA
B MOAAEPKMBAeMbIX TUMAxX AAHHbIX U MOAENAX XpaHeHus,
TeM BblLUe COXKHOCTb U NPOAOIKUTENIbHOCTb NpoLecca Mu-
rpauumn 6onbLIMX faHHbIX. YUET AaHHbIX paKTOPOB Ha 3Tane
06paboTKN MHPOPMALIMM ABNAETCA HEOOXOAMbIM YCITOBM-
em ana obecrneyeHns KOPPEKTHOCTN 1 3aBEPLUEHHOCTY MU-
rpauum [10, 15].

Mpob6nema 2. OrpaHuyeHHass NepeHOCMMOCTb METOL0B
06pPabOTKM AaHHbIX

Ona peweHns npobnembl OrpaHWYEHHOW MepeHoCH-
MOCTW MeToAoB 06pabOoTKM AaHHbIX MPY MUrpaLnn Heob-
XOAMMO Ha 3Tane MOArOTOBKM W BbIMOHEHUA MUrPaLum
OnepupoBaTh SIBHbIM NepeYHeM METOAOB U GpYHKLMIA, Nog-
[epXKMBaEMbIX KaXKAbIM U3 UCMOMb3YEeMbIX XPaHUIULL, AaH-
HbIX. B oTnnumMe oT TMNOB AaHHbIX, MeTofbl 06PabOTKMN MH-
dopmMaLuny 3HauMTENbHO CUSIbHEE 3aBUCAT OT BHYTPEHHEN
peanu3aunm KOHKPETHOWM CUCTEMbI XPaHeHUsi U He obnaga-
0T YHUBEPCANbHOW COBMECTUMOCTbIO.

Ha npakTvke efVHCTBEHHbIM BO3MOXHbIM MOAXOLOM
K peLeHmnio JaHHOW Npobnembl ABNAETCA AeTalbHbl aHa-
N3 oPpUUMANBHON [OKYMEHTALMN XPAHWNLL AAHHBIX U CO-
rocTaBJ/ieHNe UCMOoMb3yeMbIX MeTOLOoB 06paboTku. Takol
aHanm3 BKJIOYaeT NPOBEPKY HaNNUMA aHaNorMyHbIX GyHK-
LW, COMOCTaBNieHWE BXOAHbIX MapameTpoB, TUMOB BO3-
BpaLlaeMbIX 3HaUEHN, a TaKXKe 0COBEHHOCTEN NoBeAEHNS
METOAOB B FPAHNYHbIX 1 HECTaHAAPTHbIX cUTyaumax. Jaxe
npu CoBMafieHNy HanMeHOBaHWI GYHKLMIA pasnnyuns B X
peanusaunm MoryT NPUBOAUTb K OT/IMUMAM B pe3ysibTaTax
06pPabOTKM AaHHbIX.

JononHuTenbHble CNOXHOCTA BO3HWKAOT NpU  UC-
MoNib30BaHUM NoMb3oBaTeNbCkux ¢yHKuUmn (User-Defined
Functions, UDF). B nogo6HbIx cnyyasx meTofabl 06paboTkm
[aHHbIX MOTyT OblTb peann3oBaHbl BHe CTaHAAPTHOrO Ha-
60pa GyHKLMIA XpaHMA1LLa 1 He UMeTb GOPMaNU30BaHHOIO
onvcaHna. OTCYTCTBME WM HE[OCTAaTOYHAA MOJTHOTA JOKY-
MeHTauun no UDF cywecTBeHHO 3aTpyAHAET uX nepeHoc
1 aganTaumio B pamkKax MUrpaLmm AaHHbIX.

CuTyauma ocnoxHAeTCA Tem, YTO pa3paboTyumK, BbIMosI-
HAIOLWMIA MUTPaLNIo, He BCerfa ABNAETCA aBTOPOM UCMOSb-
3yembix UDF. B Takmx ycnoBuax aHanvs noruku nosib3oBa-
TeNnbCKUX OYHKUMI TpebyeT M3yyeHUA WUCXOLHOTO Kopa,

BbIAABNEHNA 3aBUCUMOCTEN OT KOHKPETHbIX METOAOB Xpa-
HUAKWLLA W OLEHKIN BO3MOXKHOCTM BOCNPOM3BEAEeHUA aHano-
rMMYHOro noBefeHuA B Leneson cucteme. MNpn HeBO3MOX-
HocTh npsamoro nepeHoca UDF Bo3HMKaeT HEOOXOAMMOCTb
pa3paboTKM anbTepHaTUBHLIX METOA0B 06PabOTKM faHHbIX,
YTO YBeNN4YMBAET TPYAOEMKOCTb U MPOAOIKUTENBHOCTb
Murpaumn.

Takum 06pa3oM, OrpaHVUYeHHas MEPeHOCMMOCTb Me-
TO#OB 006PaboTKM fJaHHbIX 0bycnoBiieHa Kak pasnnunamu
B CTAHAAPTHbIX GYHKUMUAX XPAHWIINLL, TaK Y CIOXKHOCTAMY,
CBA3AHHbIMU C VCMOJIb30BaHNEM MOJIb30BATENIbCKUX PYHK-
LM, YueT gaHHbIX GaKTOpPOB siBNIAETCA 06s3aTeNbHbIM Npu
NPOEKTUPOBaHUN npoueayp 06paboTkn  UHbopmMaL MK
1 BbIGOpE peLleHnii Ans Murpaumm 60sbWwrxX JaHHbIX.

Mpo6nema 3. C60U 1 OWMOKHM, CBA3AHHbIE C 06paboTKOM
605blUNX 06beMOB AaHHbIX

Mpy Murpaummn 6onbWNX 06bEMOB JaHHbIX MeEXIY ap-
XUTEKTYPHO PasfiMyalolMMUCA CUCTEMaMU XPaHeHUs BO3-
HVKaeT npuHUMNManbHas npobnema, 3aKiovatlowancs
B HEBO3MOXXHOCTU MPSAMOW 3arpy3Ku AaHHbIX U3 XPaHWUIU-
Wa-NCTOYHMKA B XpaHUAuLLe-NpueMHNK 6e3 1crnonb3oBa-
HMA LOMONMHUTENIbHOIO NMPOMEXYTOUYHOro cnios. B cnyuae
KapAUHANbHbIX PAa3Nunii apPXUTEKTYP, MOAENEN XpaHeHUs
N MexaHM3MOB O0OpPabOTKM AaHHbIX MOMbITKa NPSMOro ne-
peHoca MHPopMaLMM MPUBOAUT K BbICOKOW BEPOATHOCTYU
c60eB, notepe AaHHbIX MO0 HEKOPPEKTHOMY pe3ynbraTy
murpauun [9, 10, 15].

Takaa cuTyaums xapaKTepHa, HanpumMep, Npu nepeHoce
AaHHbIX 13 PENALNOHHON CUCTEMbI XPaHeHWsA B aHanuTuye-
CKOe KOJIOHOUHOE XpaHunuie. B cucteme-ncTouHmke faH-
Hble MOryT 06pabaTblBaTbCA C MCMONb30BaHNEM TPaH3aKLV-
OHHBbIX MEXaHV3MOB, CJIOXHbIX CBA3EN U NONb30BaTENIbCKIX
byHKUMIA, TorAa Kak cucTemMa-npuemMHUK OpMeHTMPOBaHa
Ha NakeTHyto 3arpys3Ky, arperauuio U aHanuTMyeckme ore-
paumu. B nofo6HbIX YCNOBUAX BbIMOMHEHNE NPAMbIX One-
paumnin n3BneyeHns, NpPeobpasoBaHNA 1 3arpy3kn JaHHbIX
CTAHOBUTCA 3aTPYAHWUTENbHBLIM WM HEBO3MOXHbIM 6e3
npenBapuTenbHOro NpriBefieHnsa MHPopMaLnn K yHUBep-
canbHomy dopmarty.

B cBA3M C 3TMM BO3HMKaeT HEOOXOAMMOCTb UCMONb30-
BaHMA KOMMPOMMCCHOIO NPOMEXYTOYHOIo pelleHuns, o6e-
CneunBaloLIero pasgeneHne 3TarnoB 06PabOTKM AaHHbIX
1 UX nocneaytoLen 3arpy3ku. NpomexxyTouHoe XxpaHunuiie
BbINOJIHAET POJib HENTPaNbHOro Cos, NO3BOMAIOLIENO 3a-
¢duKcnpoBaTb pe3ynbTaTbl MPeobpa3oBaHUn 1 obecneumnTb
YCTOMUMBOCTb MUTPALIMOHHOIO npoLecca K cboam 1 apxu-
TEKTYPHbIM OFPaHNUYEHUAM LIeNIEBOTO XPaHUuLLa.

B KauecTBe NPOMEXYTOUHOrO XpaHWIMLLA MOTyT WC-
Mob30BaTbCA 0O6BEKTHbIE CUCTEMbI XPAHEHWA JaHHbIX, Ta-
Kue Kak S3-CoBMeCTUMble XpaHWUNLLA, obnaaowme MAUHN-
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WAREHOUSE 1
(RAW)

@ intermediate storage WAREHOUSE 2
l (S3)

Puc. 2. cnonb3oBaHre NnpomeKyTOUHOro XxpaHunuiia S3

MaJIbHbIMV OTPaHMYEHMAMUN Ha TUMbl U CTPYKTYPbl AaHHbIX.
Mopo6Hble XxpaHWNMLWA CNOCOOHbI MPUHUMATb U XPaHWUTb
[aHHble B Pa3finYHbIX popmaTax 6e3 NpuBA3KN K KOHKpPeET-
HOW Mofeny obpaboTKY MW TUMY XpaHUNULWA. DTO AenaeT
UX YHMBEPCANbHbIM MEXaHV3MOM LA aKKyMyMpOBaHUA
npeobpa3oBaHHbIX JaHHbIX 1 MOCEAYOLEN 3arpy3Kn B CU-
CTEMY-NPUEMHUIK.

Mcnonb3oBaHre NpOMEXYTOUHOrO XpaHWIuMwWa no3so-

nAaer:

— obecneunTb KOPPEKTHOE 3aBepLLUeHe 3TanoB obpa-
6OTKMN AaHHbIX HE3ABUCKMO OT COCTOAHUA XPaHUIN-
LWa-NPUEMHUKa;

— MUHMMM3NPOBATH BAUAHWE apPXUTEKTYPHbIX Pasfu-
ynii Mexay ccTemamiy XpaHeHus;

— CHW3UTb PUCK 3arpy3Ky HeCOrnacoBaHHbIX UM yYa-
CTVYHO 06PabOTaHHbIX AAHHbIX;

— YMNpPOCTUTb NpoLenypbl BOCCTAHOB/IEHUS U MOBTOP-
HOFO 3anycKa MUrpaLum B ciiyyae c6oeB.

Takm 06pa3om, MpU MUrpaLn 6OMbLIKX JaHHBIX MEX-
[y apXUTEKTYPHO Pa3sHOPOAHBIMY XPaHWINLWAMU UCMONb-
30BaHME MPOMEXKYTOUHOTO KOMMPOMMUCCHOrO XPaHuAuLLa
ABNAETCA HE NPOCTO PeKOMeHAATeNbHbIM, @ HEOOXOAVIMbIM
yC/ioBreM obecneyeHns KOPPEKTHOCTM 1 3aBEPLUEHHOCTM
npotecca 06paboTKn MHPopmMaL K.

Mpobnema 4. OCO6EHHOCTN N3BNIEUYEHUA JaHHbIX U3 He-
CTaHAAPTHbIX MCTOYHUKOB

OtgenbHyto rpynny npobnem npu obpaboTtke nHdop-
MaLuu B npoLiecce MUrPaLmm AaHHbIX COCTaBNAIOT 0COOeH-
HOCTU N3BNEYEHUA AaHHbIX N3 HECTaHAAPTHBIX UCTOYHUKOB.
B oTnuume OT Knaccmyeckmx cueHapuveB, rae UCTOYHUKOM
[aHHbIX BbICTYMAlOT XpaHWUNWLLa, NpefocTaBnsaowme pop-
Mann3oBaHHble nHTepdenchl goctyna (Hanpumep, APl nnm
npAMoe MofK/oYeHre K 6ase AaHHbIX), B pAAe npakTnye-
CKUX cnyyaeB UHGOPMALMA MOXKET HaXOAUTLCA B CUCTEMAX,
He npefHa3HaYeHHbIX /17 aBTOMATU3UPOBAHHOIO N3BneYye-
HUA faHHbBIX.

K Takum MCTOYHMKAM OTHOCATCA, B YHaCTHOCTU, KOpnopa-
TUBHbIE MOPTanbl, BHyTPEHHUE NHGOPMALMOHHbIE CUCTEMbI
1 Be6-NPUNOXKeHNS, AOCTYN K KOTOPbIM OrPaHnyeH 1 ocy-
LLeCTBNACTCANCKIIOUNTENIbHO Yepe3Mnoib3oBaTebCcKuNiiBed-
nHtepdeiic. B nogo6HbIX ycnoBmax NpAMON JOCTYN K AaH-
HbIM OTCYTCTBYET, YTO AieNnaeT HEBO3MOXKHbIM NPUMeEHeHne

CTaHAAPTHbIX METOAO0B MUTrpaunn n Tp66yET ncnonb3oBa-
HUA aNnbTEPHATUBHbIX NOAXO40B U3BJieHeHNA VIHd)OpMaLI,VIVI.

B KauecTBe OfHOro U3 TakMx NOAXOLOB NPUMEHAIOTCA
SKpaHHble pO6OTbI, peannsywowime aBTOMaTn3NpPoOBaHHOE
B3aUMOAJENCTBUE C MOJb30BATENbCKUM I/IHTep(bEVICOM -
CTeMbI-NCTOYHNMKa. I'Ipouecc n3pneyvyeHMA OaHHbIX B 3TOM
C/ly4yae BKJIOYaEeT aHaNn3 CTPYKTYpbI BE6-CTpaHI/IL|,, BblAB-
JieHe 3JIEMEHTOB, cofepXalux uenesyto I/IHd)OpMaLWIIO,
n I'IOCJ'Ie,D,yIOLIJ,I/II;I MapCUHI aHHbIX. M3BneyveHHan I/lHd)OpMa-
LKA 3arpy»KaeTca BO BpeMeHHOe 1N NPoOMeXXyToO4YHOEe Xpa-
HUnuule, nocne Yyero Moxet 6bITb MCNOJSIb30BaHa B PamMKax
OCHOBHOIO npouecca murpaynmn, onncaHHOro paHee.

[aHHbI  cueHapui XxapakTepu3yeTcA MOBbILEHHOMN
CNIOXKHOCTbIO Y HEeCTabuSIbHOCTbIO, MOCKOJNIbKY CTPYKTYpa
BeO-MHTepdeica MOXeT U3MeHATbCA 6e3 npeaBapuTeNb-
HOTO YBEOMJIEHVIA, @ U3BNIEUEHUNE [AaHHbIX 3aBUCUT OT KOp-
PEKTHOWM WHTEprnpeTaunMn BU3YasbHbIX W CTPYKTYPHbIX
3/IEMEHTOB CTPaHULbl. Kpome TOro, MpoLecc 3KPaHHOro U3-
BfIeUEHUs, KaK MPaBUIo, MEHee MPON3BOANTENEH MO CPaB-
HEHUIO C CNONb30BaHNEM GpOPManNN30BaAHHbIX UHTEPdEN-
COB [OCTYMA K AAHHBIM.

Ocobblii HTEpeC NpeAcTaBnAeT ToT GaKT, UTo Ha TeKy-
LNIA MOMEHT OTCYTCTBYIOT aBTOMAaTU3MPOBaHHble rmbpua-
Hble MeTofbl, CMOCOOHbIe AVMHAMUYECKN onpefenaTb orn-
TUMasbHbI CMOCOO M3BJIEYEHUA [AHHbIX B 3aBUCMMOCTY
OT XapaKTEPUCTUK NCTOYHMKA. B YacTHOCTK, He cywecTByeT
YHUBEpPCANbHbIX PELLEHNI, KOTOpble Mornu 6bl aBTOMa-
TUYECKN BbIABNATb Hannume APl 1 ncnonb3oBaTtb ero npw
BO3MOXHOCTU, MO0 NepexoanTb K METOAAM SKPAHHOTO 13-
B/IeUEHUA B CJlyyae OTCYTCTBUA GOPManN30BaHHbIX UHTEP-
deincos.

YKazaHHOe orpaHuyeHne OTKpblBaeT NepCcneKkTyBbl A
JanbHeNWnX NccneaoBaHnii, HanpaB/eHHbIX Ha pa3paboT-
Ky WHTenneKTyaNbHbIX rMMOPUAHbIX METOAOB W3BNEYEHUs
JaHHbIX, CNOCOOHBIX afanTUBHO BblIOMPATL CTPATErNO MU-
rpaumy B 3aBUCMMOCTU OT TUMA N CBOWCTB UCTOUYHUKA UH-
dopmauunn.

Mpo6bnema 5. OrpaHVYEHHOCTb BbIYUCIIUTENIbHBIX pe-
CYPCOB MPY MArPaLMMN 60MbLIMX AAHHbIX

Mpu mMurpauumn 6o0MbWNX OOBEMOB [aHHbBIX OCHOB-
Has BblUMCIWTENbHasA Harpyska, Kak npaBufio, BO3HMKAeT
Ha 3Tane BbIMOSIHEHWA onepaunin 06paboTkn nHGopmauuu,
TaKuX Kak ¢unbTpaums, arperaums, COpTMPOBKa 1 npeoo-
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pa3oBaHMe OaHHbIX. NMeHHO paHHble onepauyunn Tp66)/POT
3HAUYUTENDbHbIX BbIYNCNUTENIbHbBIX PeCcypCcOB M OKa3blBalOT
Hanbosnbluee BANSHUE Ha npon3BoanTENIbHOCTb CUCTEMbI-
NCTOYHUKa.

CoBpeMeHHble XpaHUNUWA AaHHbIX, OCOH6eHHO opu-
E€HTVPOBAaHHbIE HA AHANIUTMYECKME WU TPaH3aKUMOHHble
Harpysku, He Bcerga 06nagatoT BO3MOXHOCTbIO 3bdeKTrB-
HOro pacnapasniefnMBaHnA BbINOHEHUA NOAO6HbIX onepa-
LU B KOHTEKCTe murpauun. B page cnyyaes apxutektypa
XpaHunuwa unu ero KoHduUrypauma orpaHMYMBaeT mac-
LWTabMpPOBaHME BbIUMCIIEHWUIA, YTO MPVBOAUT K YBEJIMYEHUIO
BpemeHr 06paboTKM AaHHbIX U POCTY Harpysku Ha cucTe-
My. [lononHutenbHowm npobnemon aBnAeTca TOT daKT, uTo
BbIMOSIHEHME PECYPCOEMKHMX onepauuii obpaboTkm Hemno-
CPeACTBEHHO B CXOAHOM XPaHUIIMLLE MOXET CYLLECTBEHHO
OrpaHNYnTb JOCTYM K BbIUMCIIUTENIbHBIM pecypcam Ansa apy-
rMx nosib3oBaTesniel U NPUKNaAHbIX CepBUCOB. B pesynbrate
pyrvie 3anpocbl MOTYT BbINOMHATLCA C 3afiepKkamu nnbo
BOBCE ObITb OTKJIOHEHDI.

B cBA3M C yKa3aHHbIMW OFPaHNUYEHUAMU Ha NPaKTUKe
LUMPOKO MPUMEHSIIOTCA BHELLIHNE NHCTPYMEHTbI 06paboTKu
60oNbLINX OAHHbIX, TaKUEe KaK pacrnpenesnieHHble BblUMNCn-
TenbHble NNaTGoPMbl, NO3BONAOWME BbIHOCUTL OCHOBHYHO
Harpysky 3a npepesibl CUCTEMbI-MCTOYHMKA. Vcnonb3oBa-
HVe MOAOOGHbIX MHCTPYMEHTOB JAeT BO3MOXHOCTb K3BJe-
KaTb [i@aHHble U3 UCXOAHOr0 XPaHWIULA, BbIMOJIHATL Hag
HUMK ornepauunmn o6paboTKM 1 NpeobpasoBaHNA BO BHELU-
HeW cpefe, a 3aTem NepenaBaTb Pe3ysbTaTbl B IPOMEXYTOU-
HO€ MN LefIeBOe XpaHuuLLe.

OfHVM 13 Hanboree pPacnpPoCTPaHEHHbIX PeLleHni faH-
HOrO Kflacca ABNATCA pacnpefeneHHble BbIYNCIUTENbHbIE
bpelimBopKY, obecneunBatowme paboTy C BHYTPEHHUMM
CTPYKTypaMy [aHHbIX 1 NpPefocTaBaaloWme mMexaHu3mbl
ONTUMM3ALMN BbIUMCIIEHNA 33 CYeT napansesbHol 06-
paboTku. MNpumeHeHMe TakUX WHCTPYMEHTOB MO3BOJAET
CYLLECTBEHHO CHM3UTb HarpysKy Ha MCXOAHOEe XpaHunIuLLe
1 NOBbICUTb MacWTabrpyeMoCTb NpoLeccoB 06paboTKM NH-
dopmauuy Npy Myurpaum 60MbLWKX JAHHBIX.

B TO e Bpems 1Cnonb30BaHNE BHELWHUX BbIYUCIUTENb-
HbIX NIAaTGOPM TaKXKe MMEET OnpefeneHHble OrpaHNYeHUs.
B oTmenbHbIX C/lyyasix B TakKUX CUCTEMaxX MOTYT OTCYTCTBO-
BaTb CreuunannsmpoBaHHble MeTodbl 00PaboTKN AaHHBbIX,
LOCTYMHbIE B UCXOLHOM XpaHunuie. XoTa nogobHble cnTy-
auum ABNAIOTCA MaJIOBEPOATHBIMU 1 6ONbLIMHCTBO 6a30BbIX
N paclWVpeHHbIX onepaLumnin 06paboTkm, Kak NpaBuio, Noa-
[epXKMNBaOTCA, JaHHbIN GAKTOP AOMKEH yYMTbIBAaTLCA NMpU
NPOEKTUPOBAHMU NpOoLecca MUrpaLuu.

Ha npakTtuke 3TO NpUBOANT K apXUTEKTYype, B KOTOPOM
[aHHble V3BEKAIOTCA U3 NCXOQHOro XpaHunuwa, obpaba-
TbIBAOTCA BO BHELUHEM UHCTPYMeHTe 06paboTKmu H6onblumx
OaHHbIX, @ 3aTeM 3arpy>kaloTcA B MPOMEXYTOUYHOE XpaHu-
nve, oTKyda OCyLlecTBAAeTCA MX JaNbHenwasn nepegava

B LieneBylo cuctemMy. Takon nogxof no3BosnfeT onTUMn3n-
poBaTb UCMOJSIb30BaHKE BbIYNCIUTENIbHBIX PEeCcypCcoB, MU-
HUMM3MPOBATb BANAHME MUTPaLMM Ha paboune npoLecchl
1 MOBbICUTb YCTOMUYNBOCTb 06PabOTKM MHPOPMALIN.

B pamkax faHHOI paboTbl OblN PAacCMOTPEHbI OCHOB-
Hble Npobnembl 06paboTKM MHPOPMaLUKN, BO3HMKaOLWMNe
B MpoLecce MUrpaumm 60nbLWNX AaHHbIX MeXAY Pa3HOPOA-
HbIMW XpaHunnwamu. NpoBefeHHbI aHanu3 nokasali, uyTo
pas3nuuva B NOAAEPKMBAEMbIX TUMAX AaHHbIX U MOAENAX
XPaHEeHUs, orpaHvyeHHas MEePeHOCMOCTb MeTOLOoB 06-
paboTKK, HecTabunbHOCTb BbINOMHEHWA oOMepaunin npu
6onbWNX 06BbeMax AaHHbIX, 0COBEHHOCTY U3BMIEUEHUS UH-
dbopmaLmn 13 HeCTaHAAPTHBIX NCTOUYHUKOB, a TakXKe orpa-
HUYEHHOCTb BbIYNCIUTESIbHBIX PECYPCOB CYLIECTBEHHO YC-
NOXHSAIOT NPOLEeCchl MUrpaunn 1 TpebyioT KOMNIEKCHOro
NnoaxoAa K UX peLleHuto.

PaccmoTpeHHble B CTaTbe MOAXOAbl U pPeleHus mno-
3BONAIOT MOBbLICUTH YCTONUMBOCTb W YNPABASEMOCTb MPO-
LieccoB 06paboTKM UHPOPMALUM MPU MUTPALUY AAHHbIX,
O[lHAaKO He 06ecrneuynBaloT MOSIHOW rapaHTUM YCMeLHOro
3aBepLUeHNA MUrpaumnn. [laxe npwv NCNosib30BaHNM Npome-
XKYTOUHBIX XPaHWIULL, BHELIHWX UHCTPYMEHTOB 06paboTKy
1 aganTtauuy MeTogoB npeobpasoBaHnsa AaHHbIX COXPaHs-
€TCsl BEPOATHOCTb BO3HUKHOBEHWSA JOMONHUTENBbHBIX MPO-
651em, 0OYCNIOBNEHHDBIX CNELUPUKON KOHKPETHBIX CUCTEM
XpaHeHUs, 0CO6EHHOCTAMU UHPPACTPYKTYPbI 1 YCIIOBUAMM
3KCnyaTaumu.

CnepyeT OTMETWTb, YTO AJA BbIMNOSIHEHUA MUTpaLUii
60NbLIMIX AaHHbIX Ha MpaKTWKe 3a4yacTyl Tpebyetcs one-
pUpPOBaTb 3HAUYUTENIbHBIM KONMMYECTBOM PasfINUHbIX Xpa-
HUNNL, KaXkOoe M3 KOTOopbIX o6nagaeT coOCTBEHHOW ap-
XWUTEKTYPOW, HabopoM MoAAepKMBaeMblX TUMOB AAHHbIX
1 meTofoB 06paboTky nHoopmaunn. C yBeiMueHNem Ymc-
na 3afe/iCTBOBAHHbIX XPaHWNLLY BO3pacTaeT U CJIOKHOCTb
npouecca MUrpauun, a Takke BepOATHOCTb BO3HMKHOBe-
HUA HOBbIX NPOGJIEM, HE OXBAUYeHHbIX B PaMKaX HAaCTOALLErO
nccnefoBaHus.

B 370l CBA3M NonyuyeHHble pe3ynbTaTthl CiefyeT paccma-
TPUBATb KaK LWar K popmMrpoBaHuo 6osee yHMBEpPCaibHOro
rnoaxopda K murpauuy 6onblumnx gaHHblx. MpoBegeHHoe nc-
crefjoBaHne Mo3BosAeT 0OOCHOBaTb LienecoobpasHoOCTb
JanbHenwmnx paboT, HanpaBNeHHbIX Ha pa3paboTKy rmbpua-
HOro afanTUBHOIO METofa, CMOCOOHOMO AVHAMUYECKN Yyun-
TbIBaTb OCOOGEHHOCTU NCTOYHMKOB [iaHHbIX, BbIOMpPaTb ONTU-
MasbHble cnocobbl n3BneyeHns 1 06paboTKN MHPOPMaL MK,
a TaKkXke 06ecneurBaTb 3GPEeKTNBHYIO U YCTONUUBYIO MUTPa-
L0 AaHHbIX B YCJIOBMAX PA3HOPOLHbIX XPaHUNLL,

Takum 06pa3om, NpeacraBneHHoe nccnegosarme dop-
MUPYET OCHOBY ANA AalNbHeWLLero pa3BuTia MeTogoB Mu-
rpaumm 60nbLKX AaHHbBIX U MOXET ObITb UCMOMb30BAHO Kak
TeopeTuyeckaaunpakTnyeckasbasaanscosgaHuaboneenH-
TENNEKTYasbHbIX Y aAanTUBHbIX PELUEeHN B LaHHOM 061acTu.
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BseaeHve

OBpEeMeHHble CUCTEMbl aBTOMaTM3UPOBAHHOIO MNpo-
eKTMPOBaHMA MpPefCTaBnAlT COOON CNOXHble Mpo-
rpaMmHble KOMMeKCbl, obecneymBatoLme co3gaHune

TPEeXMepPHbIX MOLENen U3nenuni pasnnyHom CTENEHN COX-

HOCTU. Ha NpOTsKeHUN NoCnefHUX AecATUNeTin B 06nacTu

KOMMbIOTEPHOTrO MopfenvpoBaHua cpopmMmpoBanncb ABa

OCHOBHbIX MOAXOAA: NapameTpuyeckoe MOLENUpoBaHUe,

OCHOBaHHOE Ha NCTOPUM NMOCTPOEHNUA U NAapaMeTPUYECKnX

3aBUCUMOCTSAX, N MPAMOE MOZeNNpPOBaHMe, No3BosdioLlee

HenocpeACcTBEHHO MaHWMNyNMPOBaTb reomeTpuen 6e3 co-

XpaHeHuA uctopum onepauun [6]. Kaxagbii ns stmx nogxo-

0B 06nagaeT CBOVMMU MPenmMyLiecTBaMm U OrpaHnyeHns-

MU, YTO OOYCNIaB/IMBAET HEOOXOAUMOCTb UX KOMMIEKCHOTO

NCMOMb30BaHNA B paMKaX efMHOWN NPOEKTHOM cpefbl.

MapameTpryeckoe MopgenvpoBaHrie obecneumBaeT Bbl-
COKYI0 CTereHb YMpaBAAeMOCTV KOHCTPYKLMEN, BO3MOX-
HOCTb ObICTPOrO BHECEHUA WU3MEHEHWI Yepe3 moandu-
KaLuuio MapaMeTpoB, a TakKe NMOoJAep»KKY acCoLMATUBHbBIX
CBA3EN Mexay PasfuyHbIMU dieMeHTamy mogenu. OgHako
[aHHbIN noaxop TpebyeT TwaTeflbHOro MiaHUPOBaHUA Mo-
CnefoBaTeslbHOCTM MOCTPOEHUSA, UTO MOXET 3aTPYAHATb
paboTy C MMNOPTUPOBAHHOW reoMeTpurelt NAn Npu Heobxo-

B CAD-CUCTEMAX

bopucoea Onvea AnekceeseHa

KaHOudam nedazo2u4eckux Hayk, 0oyeHm,
Mockoeckuti eocydapcmeeHHbIt mexHono2u4eckul
yHusepcumem «CTAHKWH»

o.borisova@stankin.ru

AHHomayus. B (TaTbe paccmMaTpuBalOTCA BOMPOCHI Pa3paboTki METOROB CU-
CTEMHOT0 aHank3a 1 yNpaBneHna JaHHbIMU NPY UHTErpaLmy napameTpuyeckix
1 NPAMBIX METOZ0B MOAENMPOBaHNA B coBpeMeHHbIX CAD-cuctemax. lpoana-
NM31POBaHbI OCHOBHbIE MPO6NEMbI COBMECTHOTO MCMONb30BAHNA Pa3NNuHbIX
MOAXOZOB K reoMeTpuyeckomy MogenupoBaHuio. lpeanoxeHa metofonorus
WNHTErpaLyuin JaHHbIX 1 ONTUMU3aLMM NPOLIECCOB NPOeKTUpoBaHuA. Paspabota-
Hbl peKOMEHZaLI N0 COBEPLLIEHCTBOBAHUI CUCTEM YNpPaBEHMUA NPOEKTHBIMM
[LaHHbIMU B YCIOBUAX TMOPUAHOTO MOLENUPOBAHMA.

Kntoyesble c/108a: C(MCTeMHBIAl aHanu3, ynpasrieHue JaHHbIMY, MapaMeTpuye-
(KOe MOZIeNMpoBaHue, npamoe ModenupoBanue, CAD-cACTEMbI, MHTErpaLna
METO/10B, ONTUMIA3ALA NPOEKTUPOBAHNA.

OMMOCTU BHECEHUA NOKaslbHbIX M3MeHeHui. [pamoe moge-
NNPOBaHUNE, HaNPOTUB, NPEAOCTaBSAET O60JbLIYI0 MTMOKOCTb
npu paboTe c reomeTpuren, o0co6eHHO NPy peaakTUPOBaHNUN
mMogesnei 6e3 UCTOPUN NOCTPOEHNSA, HO 3aTPYAHSET BHeCe-
H/Me CMCTEMHbIX U3MEHEHWI 1 YNpaBneHne CIOXKHbIMA 3a-
BucumocTamu [1].

WNHTerpayms stmux gByXx NOAXOA0B B pamMKax eAvHOW Cu-
CTEMbI MPOEKTVMPOBaHNA CO3aeT HOBblE BO3MOXHOCTY ANs
noBbleHNs 3PpGEKTUBHOCT KOHCTPYKTOPCKOWN feATesb-
HOCTW, OHAKO MOPOXKAAET PAA METOAONOMMYECKMX U TeX-
HUYECKMX NPo6sieM, CBA3AHHbIX C yNpaBiieHeM AaHHbIMY,
obecrneyeHriemM LEIOCTHOCTM MOAENV ¥ ONTMMM3auuen
NPOLeCCOB MPOEKTMPOBaHWA. AKTyanbHOCTb peLleHus
JaHHbIX Mpobnem o6ycrioBneHa pacTywmmn TpeboBaHu-
AMU K CKOPOCTM pa3paboTkn m3gennii, HeoOXOANMOCTbIO
06paboTKM 6ONbLIVX 06BEMOB MPOEKTHBIX JAHHbIX U NHTE-
rpaummn CAD-cucTeM € APYrMmMy KOMMOHEHTaM LMGpPOBOro
npeanpuAtrA [8].

AHann3 npobAem MHTerpauvm NapameTpuHeckmnx
1 NPSIMbIX METOAOB MOAEAVPOBaHUS

OCHOBHaA C/IOXHOCTb COBMECTHOIrO WCMOJiIb30BaHUs
napameTpnyecknx m npAmMmbiIX MeTO4O0B MOAENNPOBaAHUA
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3aK/MIYaeTCA B MPUHLUMUMMANBHO Pas3NNYHbIX MOAXOH4AX
K MPEeACTaB/IEHNIO U XPaHEHWIO reoMeTpuyeckon nHoop-
mMaumn. lMapameTpuyeckas mogesb MNpeactaBnser cobomn
nocnefoBaTeNlbHOCTb ONepaLuii C 3ajaHHbIMK NapameTpa-
MW 1 3aBUCUMOCTSAIMU, TOFAA KaK pe3ynbTaT NpsMOro Moae-
NIMPOBAHVA COAEPXKMT TONbKO MTOroBYyl reometpuiio 6e3
nHbopmaLmn o crnocobe ee NonyyeHus. ITo cosgaeT dyH-
JaMeHTalbHOe MPOTMBOPEeUMne Npu MornbiTke obecrneyunTb
eAnHo06pasHoe ynpasneHne rmbpugHbiMmu mogenamm [31.

BakHenwerln 3apgayelnt ABnAeTcA paspaboTka MEeToOoB
naeHTnGMKaUMmM U Knaccuoukaumm reomeTpuiecknx obmsb-
€KTOB B YCNOBUAX rMbpuHoro mogenvnposaHua. Heobxo-
anmo obecneunTb BO3MOMKHOCTb OTCNEXMBAHMA M3MeEHe-
HUIN, BHOCUMbBIX Pa3fNYHbIMKM METOAaMM, U Noaaep>KaHus
LLeNIoCTHOCTY MOAENN NpY Nepexofie Mexay pexKumamuy pa-
60Tbl. MeToabl MaeHTUGUKaLUN Mogener, pa3paboTaHHble
ONA TPagUUMOHHBIX CUCTEM YynpasrieHus, TpebyloT cylie-
CTBEHHOM afjantaumn Ana npumMmeHeHnsa B KoHTekcTe CAD-
cuctem [2].

CylecTBeHHyl0 Mpobnemy npefcTaBnaseT ynpaBneHue
accouMaTMBHbBIMY CBA3AMU MeXIY 3NIeMeHTamy Mognesnu.
B napameTpunyeckoi cpefe Takue CBA3M obecrneumBaloT-
CA aBTOMaTUUYECKM Yepe3 MEXaHU3M UCTOPUK NOCTPOEHUs
N napamMeTpuyeckmx 3aBuUCMMOCTeN. [lpu npuMeHeHun
onepauun NPAMOro MOAENMPOBaHUA 3TW CBA3WN MOTYT Ha-
pyLlaTbcs, 4To TpebyeT pa3paboTKm cnelunanbHbIX anroput-
MOB MX BOCCTAHOBNIEHUSA UN aNbTEPHATUBHbIX MEXaHV3MOB
nogaepXaHusa LUeNloCTHOCTM KOHCTPYKUmK. Ontummsaums
KOHTPONEN B TaKMX MHOTOMEPHbIX CUCTEMaX NpeacTaBnseT
cobol CNOXKHYI0 3afauy, TPebyioLLyo MPUMEHEHMA COBpe-
MEHHbIX METOJOB CMCTEMHOIO aHanum3a [4].

O pyrum BaXkHbIM acnekToM ABNAETCA obecrneyeHre Npo-
N3BOAWTENBHOCTY CMCTEMBI MPK paboTe ¢ bonblMMY 06b-
emMamu AaHHbIX. XpaHeHre MOJSIHON UCTOPUN NOCTPOEHUA
ONA napameTpuyeckux mopernen TpebyeT 3HauMTeNbHbIX
BbIUMNCIINTENbHBIX PECYPCOB, 0COBEHHO AN1A CNIOXKHbIX 13ae-
NN ¢ 6ONBLUNM YMCIIOM 311eMeHTOB. IHTerpaLuus ¢ npaMbIM
MOAENNPOBAHNEM MOXET KaK YNy4llnTb, Tak 1 yxXyawnTb
CUTYauMI0O B 3aBUCMMOCTM OT MPUMEHAEMbIX CTpaTeruni
ynpasneHua gaHHbimu [7].

MeToAONOrMSI CUCTEMHOIO aHaAU3a MBpUAHbBIX
CAD-cuctem

Ona  >ddeKkTMBHON MHTerpauuy napameTpuyeckux
N NPAMbIX METOLOB MOLENUPOBAHUA Heobxoaumo npwu-
MeHeHMe CMCTEMHOro nogxoda, paccmatpusatowero CAD-
CUCTEMY KaK CJIOXKHYID MHOFOKOMIMOHEHTHY CTPYKTYpY
C MHOXEeCTBEHHbIMU B3aUMOCBA3AMU MeXay dneMeHTaMu.
OcHoBoOW Takoro nogxofda AOMKHA CTaTb CTPYKTypu3auma
uenen 1 GyHKUMIA CUCTEMBI yNPaBieHNA NPOEKTHbIMU AaH-
HbIMW, yumTbiBaloLasa creunduky obornx MeTogoB Mogenu-
poBaHus [5].

Mpepnaraetca cnepytolwas MeTOAONOMNA CUCTEMHO-
ro aHanusa rubpugHbix CAD-cuctem. Ha nepBom 3Tane
OCYLLEeCTBNAETCA [EeKOMMO3ULMA CUCTeMbl Ha yHKUMO-
HanbHble MOACKUCTEMbI: MOACUCTEMY MapaMeTpUUecKoro
MOZeNMpoBaHWA, NogCUCTEMY MPAMOro MOAENMpPOBaHMS,
noacMcTemMy ynpasneHua OaHHbIMKU, NOACUCTEMY BU3yanu-
3auumM 1M NoacucTeMy UHTerpaumun. [1na Kaxkgowm nogcucre-
Mbl OMpPefenATCA BXOAHbIE 1 BbIXOAHbIE MOTOKM AaHHbIX,
BHYTPEHHVE COCTOAHWA U airopuTMbl 06paboTKn nHbOp-
Maumu.

Ha BTOpOoM 3Tane BbINOIHAETCA aHaIN3 B3aUMOLENCTBUN
MeXxzay NoacucTeMamu C NCNosib30BaHEM METOL0B Teopun
rpadoB 1 MaTeEMaTUYECKOrO MOAENMPOBaHUA. Kaxkgoe B3a-
MMOAENCTBYE XapaKTepusyeTcsa TUMOM NepefaBaeMblX faH-
HbIX, YacTOTOM OOMeHa, TPeboBaHMAMN K CUHXPOHU3ALNN
N MexaHM3Mamu obecreyeHnsa LenoCcTHOCTU. YncneHHble
METOAbl pacyeTa AUHAMUYECKUX CUCTEM YrpaBiieHUs mo-
3BONIAIOT OLEHUTb YCTOMUYMBOCTb U MPOU3BOAUTENBHOCTb
CUCTEMbI B Pa3fIMYHbIX peXxmmax pabotbl [1].

TpeTunin 3Tan BKAOYaeT pa3paboTky bopmann3oBaHHON
MOZEeNN yrnpaBfeHns AaHHbIMU, YUnTbIBaloLle 0cobeHHO-
CTU NpeACTaBeHNA reoMeTpryeckon nHbopmaumm B 060-
NX Nogxofax K MOAENMpOBaHuIo. KnioueBbiM 31eMeHTOM
Tako Mopenu ABNAETCA KOHUenuusa YHUPUUMPOBAHHOIO
reoMeTpuUeckoro siapa, CNoCobHOro paboTtaTb Kak C Ma-
pameTpUUYeCcKUMK, Tak U C SABHbIMU MNpPefCTaBNeHUAMM
reomeTpumn. MeToabl KOMNbIOTEPHOIO MOLENNPOBAHUSA MO-
3BONAIOT BepUPMLMPOBATL NPELIOKEHHbIE PELIeHNs 1 Of-
TYMM3MPOBATb NapaMeTpbl CUCTeMbI [6].

YeTBepTbl 3Tan npepnonaraer pa3paboTKy cuctembl
METPVK 1 KpUTEpPUEB OLEHKN 3PPEeKTUBHOCTU rMOpUaHOro
MoZennpoBaHuA. K Takum MeTpukam OTHOCATCA BPeMs Bbl-
MOJTHEHNA TUMOBbLIX Ornepaunii, 06bemM 3aHMMaeMon Nams-
TW, KONMYECTBO OWMOOK NPU Nepexofe Mexay pexvmamu
MOZeNNPOBaHMA, CTeneHb COXPAHHOCTU acCOUMATUBHbIX
cBA3en 1 gpyrue nokasatenu. Metoabl nonyyeHns faHHbIX
N npeHTUdUKaLm moaenen fomKkHbl obecneunBaTb JOCTO-
BEPHYIO0 OLEHKY 3TUX MapaMeTpOoB B NnpoLecce dKcnayaTa-
umm cuctembl [3].

Pa3paboTka MeToAOB ynpasBAeHUs1 NPOeKTHLIMI
A3HHBIMU

SdbdeKTnuBHOE ynpaBneHme NPoeKTHbIMN JaHHbIMU B yC-
NOBUAX MMOPUAHOTO MOAENMPOBaHUA TpebyeT co3haHus
MHOTFOYPOBHEBOW apXUTEKTYPbl XPaHEHUS 1 06PabOoTKN NH-
dopmauun. Mpegnaraetca TpexypoBHeBas MOLENb OpraHu-
3aLMK JaHHbIX: YPOBEHb reOMETPUYECKOrO NPeACTaBeHNS,
YPOBEHb CEMAHTNYECKON MHPOpMaLMK 1 YPOBEHDb yrpaB-
NEHUS BEPCUSIMU U KOHOUTYpaLsMU.

Ha ypoBHe reomeTpuyeckoro npefcraBieHns peannsy-
eTcA rmbpuaHoe XpaHeHne faHHbIX, coueTalolee napame-
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TpUYeckoe onuncaHve C ABHOW reomeTpuen. [na Kaxgoro
35IeMeHTa MOAeNV MoAaepKMBaeTcs nHdopmaumus o cro-
cobe ero cosfaHuA, 4YTo NO3BOJISET NPU HEOOBXOANUMOCTY
BOCCTAHOBUTb NMapaMeTpuyeckme 3aBUCUMOCTA WN nepe-
T K ABHOMY npefcTaBneHuto. Pa3paboTtaHbl anropuTmbl
aBTOMATMUYECKOrO OnpeaeneHns ONTUMaNbHOro crnocob6a
npeacTaBAeHUs ANA KaX4oro 3/ieMeHTa Ha OCHOBe aHanm3a
naTTepHOB €ro KCNob30BaHUA 1 MOAUPUKaLNN.

YpoBeHb cemMaHTMYecKon MHpopMaumm obecneumsaeT
XpaHeHVie MeTafiaHHbIX O Ha3HAUYEeHUW SNIEMEHTOB MOAENY,
MX B3aMMOCBA3SX U OrpaHWYeHusax. ITO NO3BOJNAET Mnof-
LEPXKMBATb NOMMYECKYI0 LeNOCTHOCTb KOHCTPYKLMUN He3a-
BMCKMO OT crocoba ee cosfgaHus. PazpabotaHa oHTONOMMA
MPOEKTHbIX AaHHbIX, obecrneumBawwwas efnHoobpa3Hyio
WHTepMpeTaLmio MHGopMaLMK Pa3NNYHbIMK KOMMOHEHTa-
MU cucTemMbl. MIHTerpaums aHanmsa JaHHbIX Y aBTOMaTK3a-
LM ynpaBieHYeCKMX PeLIeHNiA Ha 3TOM YPOBHE NO3BOSIAET
NoBbICUTb 3G PEKTUBHOCTb NPOEKTNPOBaHMA [8].

YpoBeHb ynpaBieHUs BepcusMU U KOHUrypaumnamm
peanusyeT MexaHW3Mbl OTCNEKUBAHUA W3MEHEHWW, BHe-
CEeHHbIX B Mofeflb pa3fnyHbiMi MeTodamu. [NpennoxeH
anropuTM BePCMOHUPOBAHUSA, YUMTbIBaOWMA creundurKy
napameTpuyecknx 1 NpaAmbiX onepauun. na napameTpu-
YyecKkMx M3MeHeHu duKcmpyetca moaudukauma napame-
TPOB 1 3aBUCUMOCTeN, ANA NPAMbIX onepauuii COXpaHaeT-
CA [enbTa-npeacTaBneHne reometTpun. 31o obecneyrBaet
BO3MOXXHOCTb 3pEKTMBHOIO OTKaTa M3MEHEHWI 1 aHanm3a
NCTOPUM Pa3BUTUA KOHCTPYKLN.

Ba)KHbIM acMeKTOM YyMnpaBfieHUs OaHHbIMU ABNAETCA
obecrneyeHrie KOHCUCTEHTHOCTM NPW napannenbHon pabo-
Te HECKOMbKUX MOMb30BaTeNnein Hafl Pa3inyHbIMU YacTAMU
mMogenu. Pa3paboTaH NPOTOKON CUHXPOHM3aUUN, MUHUMK-
3UpYOLWMI KOHGNKTBI NPU OL4HOBPEMEHHOM NPUYMEHEHNUN
napameTpryecknx 1 NpsAMbiX onepauunini. MpoTokon ocHo-
BaH Ha aHanM3e 3aBUCMOCTEN MeXy SNeMeHTaMn MOAeNu
W UCMOMb3yeT MEXaHN3M BIOKMPOBOK C Pas3fIuHON cTene-
HblO AieTanu3auum.

OnNTMMN3aums NPoLIeCCOB NPOEKTUPOBaHNS
B8 rmbpunaHon cpeae

OnTyMM3auMa MPOLECCOB MPOEKTMPOBAHUA MPU UC-
Nosib30BaHUN TMOPUAHOTO MOAENMPOBAHNSA AOMKHA YUn-
TbIBaTb CU/IbHbIE CTOPOHbI KaXkAoro 13 MOAXOAOB M Mu-
HUMW3VPOBaTb BAMAHME WX HeJOCTaTKoB. Pa3paboTaHa
MeTOAVKA BbI6Opa ONTUMAIbHOrO METOfa MOAENIMPOBaHNSA
[N KOHKPETHOW 3aauy Ha OCHOBE aHanM3a Xapakrepu-
CTUK CO3[aBaeMoVi reoMeTpun 1 TpeboBaHWi K JasibHen-
LeMy UCNosb30BaHMI0 MOAENM.

MpennoXeHbl KPUTEPUM MPUHATUA PELLEHUA O MPUMe-
HeHVW MapameTpUYeckoro Uy NPAMOro MOAENMPOBaHNA.
MapameTpryeckuii NOAXo[ PEKOMeHAYETCA NCMOoNb30BaTb

AN CO3AaHMA DIEMEHTOB C YETKO OnpefesieHHbIMU pas-
MePHbIMY 3aBUCUMOCTAMM, 4J18 TUMOBbIX KOHCTPYKTUBHBIX
3/IEMEHTOB, TPEBYIOLMX YACTbIX MOgUOUKALIMIA, @ TaKKe ANns
reomMeTpuu, UCNosb3yeMoi B MapamMeTpuueckux cbopkax.
MpAMoe MogenvpoBaHue LesiecoobpasHo NPUMEHATb Npu
paboTe C MMMOPTUPOBAHHOWN reomeTpuen, Ana Co3daHus
HecTaHOAPTHbIX GOPM, NPU HEOBXOAMMOCTU BbICTPbIX NO-
KanbHbIX U3MEHEHWUI, @ TAaKXKEe Ha PaHHVX CTaanAX KoHUen-
TYanbHOIO NPOEKTVPOBAHMS.

Pa3zpaboTaH anroputM aBTOMAaTMYECKOW KOHBepTaLuu
MeXay NapaMeTpUUecKUM 1 NPAMbIM NpeCcTaBNeHNEM reo-
MeTpuK. ANITOPUTM aHANMN3UPYET CTPYKTYPY MOLENN U Bbl-
ABNAET MaTTepHbl, XapaKTepHble AfiA MapaMeTpryecKkoro
NMOCTPOEHUS, YTO MO3BONSAET NPV KOHBEPTALMUN U3 MPAMO-
ro NpefcTaBieHUs1 BOCCTAaHOBUTb YacCTb NMapaMeTpUYecKmx
3aBucMMocTel. ObpaTHasA KOHBepTaLMA OCYLeCTBAAETCA
nyTem BbIUMCIIEHUA UTOFOBOWN FeOMETPUM C COXPAHEHMEM
OMNUMOHANbHOr0 MApPaMETPUYECKOrO OMMUCaHUA LA BO3-
MOHOrO ByayLLero NCNosb30BaHNA.

[nA NoBbllWEHUA NPOV3BOAUTENIBHOCTU CUCTEMBI Npes-
NOXEeH MeTOA afjanTUBHOIO K3LUMPOBAHMWA FrEOMETPUYECKUNX
JaHHbIX. MeTo yunTbiBaeT 4acToTy O6paLLeHUs K pa3nny-
HbIM 3IeMeHTaM MOZenu ¥ MPUOPUTM3KPYET XPaHEeHUe
B OMepaTvBHOW MaMATN Hanbosiee BOCTPeOOBAHHbLIX KOM-
NMOHEHTOB. [1115 MapaMeTPUUECKrX NEMEHTOB KILLMPYeTCA
KaK onucaHue onepauuii, Tak 1 BblUMC/IEHHAA reoMeTpus,
YTO MO3BONAET M36EXKaTb NOBTOPHbIX BbIUUCIEHWIA NPU He-
N3MEHHbIX MapameTpax.

Pa3spaboTaHa cMcTeMa aBTOMaTN3UMPOBAHHOMO KOHTPOA
KauecTBa rmbpuaHbIx Mmogenen, BbiABnAloLan noTeHymanb-
Hble Npob6niembl, CBA3aHHbIE C HEKOPPEKTHbIM B3anMOAeNn-
CTBUEM NapaMeTpUUecKnx 1 NpAmMbIX dnemeHToB. Cuctema
aHanNM3MpyeT LEeNOCTHOCTb acCOLMATUBHBIX CBA3EN, Kop-
PEKTHOCTb FEOMETPUN, Hanmumne K30ObITOUHBIX 3aBUCKMO-
CTel 1 Apyrvie XapakTepucTuKm, BIAIOLWMNE HA HAAEXHOCTb
1 yao6CTBO NCMONb30BaHWA MOLENN.

MpakTn4yeckas peaAv3aumns N pesyAbTaTbl

Pa3spaboTaHHble MeTOAbl 6bINM aNPOOMPOBaHbI B paMKax
3KCNepUMeHTanbHOro NPOTOTUMNA CUCTEMbI TMOPUAHOIO MO-
LennpoBaHus, CO3AaHHOro Ha 6a3e OTKPbITOro reomeTpuye-
ckoro agpa. NpotoTun peanvsyeT OCHOBHbIE KOMMOHEHTbI
npennoXKeHHOMAPXMTEKTYPblyNpaBaeH s AaHHbIMY U BKITHO-
YyaeT cpeacTBa MapaMeTpUyeckoro U NPSAMOro MOAENNPO-
BaHMA C BO3MOXHOCTbIO UX COBMECTHOIO MCMOJIb30BaHNA.

TecTpoBaHMe MPOTOTMMA MPOBOAUNOCL Ha Habope
TUMOBBIX KOHCTPYKTOPCKMX 3aflay PasfvyHOW CIIOXKHOCTY,
BKJIOYUAIOLWMX CO3faHNe feTaneil MalMWHOCTPOEeHUA, dne-
MEHTOB CTPOUTENbHbBIX KOHCTPYKLUMI 1 13Lennii 6bITOBO
TexHuKKn. OueHuBanacb 3¢PpeKTMBHOCTb PaboTbl ¢ rMbpua-
HbIMV MOZENAMU MO CPABHEHUIO C TPALMLMOHHBIM NOAXO-
[OM, MCMONb3YIOLMM TONbKO OAVH METOA MOLENMPOBAHUA.

60 Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.




UHOOPMATUKA, BbIYUCITUTEJIDHAA TEXHUKA U YTIPABJIEHUE

Pe3ynbTaTbl TECTMPOBaHMA NOKa3anu COKpalleHue Bpe-
MEHUN Ha BHECEHME N3MEHEHUI B KOHCTPYKLMIO B CpeiHEM
Ha TpuALuaTb MATb MPOLEHTOB 3a CYET BO3MOXXHOCTM Bbl-
6opa ONTUMaNbHOIO MeTOAAa AN1A KaXKOOW KOHKPETHOW
onepauyun. OcobeHHO 3HaunTeNbHbIN 3PPeKT Habnogancs
npu paboTe C MMNOPTUPOBAHHOW FreoMeTpUeEl 1 Ha 3Tanax
KOHLIeNTyaslbHOrO MPOEKTUPOBAHUS, FAe MPUMEHEHME Nps-
MOr0 MOAENNPOBAHUA MO3BOJIMIO CYLLECTBEHHO YCKOPUTb
npotiecc pa3paboTKu.

AHanv3 UCNonb30BaHNA CUCTEMHbIX PECYPCOB BbIsBUI
yBenYeHne noTpebsieHns NamsaTy Ha 4BafLaTb NPOLIEHTOB
Mo CPAaBHEHMIO C YNCTO NapamMeTPUYECcKM NOSXOLOM U3-3a
HeOOXOAUMOCTU XPaHEHNSA [OMOSTHUTENIbHON MHOPMaLK
o reomeTpun. OgHAKO NprMeEHeHVe pa3paboTaHHbIX MeTO-
[I0B afanTMBHOIO K3WWPOBaHNA MO3BOIMI0 MUHUMN3NPO-
BaTb BVAHME 3TOro GpakTopa Ha NPOV3BOAUTENIBHOCTb MPK
paboTe c MoLEeNAMY CPeRHEeN CNOXKHOCTU.

OueHKa KauecTBa co3faBaeMblx Mofesieli nokasana Bbl-
COKYIO CTerneHb COXPaHHOCTU acCoLMaTUBHbBIX CBA3eN Npwu
nepexofax Mexay pexxmmamu MoAennpoBaHus. B BocbMu-
[ecATU NpoLEeHTax CllyyaeB CUCTEMa aBTOMATMYeCKU Moa-
JepXuBana LenoCcTHOCTb MOZENW, B OCTasibHbIX CJyyasax
nonb3oBaTento NPefoCTaBAANNCD PeKOMeHaLmm No ycTpa-
HEHWIO BbISIBJIEHHbIX HECOOTBETCTBUIA.

3aKknlo4HeHue

Pa3pa6OTaHHbIe mMeToAbl CUCTEMHOIO aHann3a u yrnpas-
NneHnAa oaHHbIMKN obecneumsatoT Bd)d)EKTI/IBHyIO NHTErpayunto

napameTpuyeckux n npAMbIX METOAOB MOAENMPOBaHMUA
B pamKax coBpeMeHHbIx CAD-cuctem. MpepnoxeHHana me-
Tofonorma 6asnpyeTca Ha KOMMIeKCHOM noaxofe K opra-
HU3aUUN NPOEKTHbIX AAHHbIX, YYMTbiBalOWeM crneunduky
060MX METOLOB MOZENMPOBAHMA U 0OeCrneyrBalLLEM UX
OopraHnyHoe B3ammopencTaue.

KntoueBbiMM pe3ynbTaTamMu UCCNeloBaHWA ABNAKOTCA
pa3paboTKa TPEeXypOBHEBOWN apXMUTEKTYpbl YynpaBneHUs
NPOEKTHbIMW AaHHbIMK, CO3[aHNe aNropUTMOB KOHBEpPTA-
UMM MeXIY PasUYHbIMU NPEefCTaBleHVAMN FeoMeTpum,
dopMMpoBaHMe METOAMKN BblibOpa ONTMMaNbHOrO MeTofa
MOAENNPOBAHNA ANA KOHKPETHbIX 3aJay 1 peanusauuns cu-
CTeMbl aBTOMATM3UPOBAHHOTO KOHTPOJA KauecTBa rmbpua-
HbIX MOJenen.

MpakTuyeckaa anpobauyua noateepauvna 3ddeKkTus-
HOCTb MPeANOXKEHHbIX PELIEHUA N UX MPUMEHUMOCTb ANA
MOBbILIEHNS MPOW3BOANTENIbHOCTU KOHCTPYKTOPCKOW Ae-
ATeNbHOCTU. [lanbHenwune HanpaBneHUs WCCNefoBaHUN
BKJ/IOYAIOT COBEPLUEHCTBOBaHKE anroputMoB aBToMaTmye-
CKOFO pacno3HaBaHWA MapameTpUYecKnx 3aBUCUMOCTEN
B ABHOV reoMeTpuu, pa3paboTKy MeTol0B MaLUVHHOMO 06-
yyeHMA ANA UHTENNeKTyanbHOW noAfepkn Bblbopa me-
TOA@ MOAENVPOBaHNA, a TakXKe WHTEerpaunio rmbpugHbIx
CAD-cucTem C TeXHONOrnAMK BUPTYanbHOW W AOMOJSIHEH-
HOW peanbHOCTU AS1A NoBbleHNA 3GPEKTUBHOCTY NPOEK-
TUPOBaHUA.
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NMPUMEHEHWE UCKYCCTBEHHOIO UHTENJIEKTA

THE USE OF ARTIFICIAL INTELLIGENCE
IN CYBERSECURITY SYSTEMS

N. Verezubova
0. Yakovleva
N. Sakovich

Summary. The rapid adoption of artificial intelligence (Al) technologies
is fundamentally transforming the cybersecurity landscape, creating a
paradoxical situation. On the one hand, Al has become an indispensable
tool for defenders, allowing them to automate threat detection, analyze
behavioral anomalies, and promptly respond to incidents in the face
of huge amounts of data. On the other hand, these same technologies
are actively used by hackers to create sophisticated phishing attacks,
generate polymorphic malware and produce convincing deepfakes,
which significantly reduces the threshold for entry into cybercrime and
increases the effectiveness of attacks. The relevance of the research is due
to the need to understand this dual nature of Al and develop strategies
that would maximize the protective potential of the technology while
minimizing the risks associated with it. The purpose of the article is to
analyze the security problems generated and exacerbated by Al, and to
develop a comprehensive adaptive protection model based on them.
As an author’s development, the concept of an integrated cybersecurity
platform based on the principles of machine learning security, hybrid
human-machine analytics and proactive data privacy protection is
proposed. The practical significance of the work lies in structuring a
step-by-step approach to building systems resistant to modern threats,
balancing technological efficiency and ethical and legal requirements.

Keywords: artificial intelligence, cybersecurity, adaptive protection, data
privacy, data protection.
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KnbepbeszonacHocTb B 3afayy no obpabotke coteH
MWUTMapAOB CUTHANOB, KOTOPAA y>Ke He MOXET ObITb pelle-
Ha UCKNIOUYNTENBHO YENoBeYeCKMMI cunamun. B aToT nepe-
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Anomayus. (TpemuTenbHOe BHeApeHUe TeXHONOMNIA MCKYCCTBEHHOTO WUHTeN-
nekta (1) kopeHHbim 06pasom TpaHcdopmupyeT naHpwadT kubepbesonac-
HOCTY, C034aBas napapokcanbHyio cutyaumio. C ogHoit ctopoubl, MU cran He-
3aMeHUMbIM MHCTPYMEHTOM JNA 3alUUTHUKOB, N0O3BONAA aBTOMATM3NPOBATb
06Hapy»eHue yrpo3, aHanu3MpoBaTh NOBeAeHUYeCKe aHOMaNun 1 ONepaTBHO
pearupoBatb Ha UHLMAEHTbI B YCI0BUAX OFPOMHBIX MAcCUBOB AaHHbIX. C Apy-
FOil — 3TV e TEXHONOTNM aKTUBHO UCMONb3YHOTCA 3N0yMbILUNEHHUKAMI A
C031aHNA U30LLPEHHbIX QULLIMHIOBbIX aTak, reHepauuu NoAUMOPGHOro Bpe-
AoHocHoro M0 v npou3BoacTBa yoeAnTeNbHbIX AUNGEIKOB, YTO 3HAUUTENBHO
CHUAET NOpOr BX0Aa B KMOepnpecTynHOCTb U NOBbILIAeT IGYEKTUBHOCT aTak.
AKTyanbHoCTb uccnefoBaHus 06ycoBneHa Heo6xoAMMOCTbH OCMbICTEHIA 3TON
ABOVCTBeHHOI npupoabl VIV n BbipaboTKu cTpaTeruii, KOTopble Mo3BOAMAN Obl
MaKCMMI3MPOBATb 3aLLMTHbIN MOTEHLMAN TeXHONOT AV PYU OAHOBPEMEHHOI MU~
HUMM3aLMK CBA3AHHDIX C Heli pUCKOB. Llenblo cTaTby ABNAETCA aHanu3 npobnem
6e30macHoCTI, Nopoxaaemblx i obocTpAemblx MU, n pa3paboTka Ha ux ocHoBe
KOMNAEKCHOI MOAeNI afianTUBHON 3aLLKTbl. B kauecTBe aBTOpCKoi pa3paboTku
npeanaraeTca KOHLenUMA NHTerpyupoBaHHoil nnatdopmbl KbepbesonacHoctu,
0CHOBaHHOIi Ha NpuHLMNax 6e30MacHOCTU MaLMHHOMO 06yyeHus, rMbpuaHoil
YeNnoBeKO-MALLMHHOIA AHANUTUKN M NPOAKTUBHONM 3aLuTbl KOHPUAEHLMANb-
HOCTU JaHHbIX. [TpaKThueckas 3HauMMOCTb PaboTbl 3aKNI0YAeTCA B CTPYKTY-
PUPOBaHNI NO3TANHOr0 NOAX0AA K MOCTPOEHUH) YCTORUMBDLIX K COBPEMEHHBIM
yrpo3am cucTeM, GanaHcupyloLmx Mexay TEXHONOTNYeCKoil IQHeKTUBHOCTbI
1 3TUKO-NPaBOBbIMY TpeHOBAHUAMM.

Kntoyesble c108a: nCKycCTBEHHBI MHTENNEKT, KMOeP6E30NacHoCTb, afanTuBHas
3alUWTa, KOHQUAEHLUMANBHOCTD aHHbIX, 3alLUTa AaHHbIX.

JIOMHbIA MOMEHT WCKYCCTBEHHbIA WHTENNEKT BbICTynaeT
KaK KaTanu3aTop NepeMeH, KapAuHaibHO MeHsAs GanaHc
cun B undpoBomM npocTpaHcTBe. OfHAKO ero posb Aaneko
He ogHO3Ha4Ha. Ecnu gna cneunanucTos no 3awmte A —
3TO MOLUHbIA MHCTPYMEHT, CMOCOOHbIN K MpeanKTUBHOWN
aHanuTMKe 1 aBTOMaTM3aLmMm PYTUHHbIX onepaunii, To Ana
3/10YMbILWIEHHNKOB OH CTan YHMBEpPCasbHbIM WHCTPYMEH-
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TOM J/1A MacluTabnpoBaHNA 1 YCIIOXKHEHWA aTak [2, 6]. [eHe-
paTViBHble MOAENN, Takne Kak 60osblune A3bIKoBble MOAeNy
(LLM), cTupatoT rpaHuLy MeXay peanbHbIM U CreHepupo-
BaHHbIM KOHTEHTOM, YTO HeceT QyHAaMeHTaslbHble PUCKU
N5 LenocTHoCT! nHbopMaumnm 1 MOXeT NPOBOLMPOBAThb
cepbesHble coumanbHble U AunaoMaTnyeckue Kpusucol [1,
3, 8]. Takum 06pa3om, COBPEMEHHDIN 3Tan XxapakTepusyeTcs
nepexofoM OT ANCKYCCUIA O NOTEHLMANbHBIX Yrpo3aXx K He-
06X0[MMOCTN YNpPaBNeHUA peanbHbIMK, MaTepuan3oBaB-
WMMKCA pUCKaMW. AKTYanbHOCTb [aHHOIO UCCNefoBaHMUsA
NPoAMKTOBaHa HeobXoAMMOCTbIO NpeofoneHna GparmeH-
TapHoro nogxopa K 6esonacHoctn UW. Mpobnembl YacTo
paccMaTpmUBaloTCA U30IMPOBAHHO: MO0 Kak TeXHUYecKme
YA3BUMOCTM Mopfesnei, TMbo Kak BOMPOCbl HOPMATUBHOMO
perynupoBaHua. OgHaKo peanbHbI Bbl30B 3aKJoyaeTca
B VIX CUCTEMHO B3aUMOCB#A3W. ATaka Ha obyuJatoLme faHHble
MOXET MPUBECTU K yTeUKE KOMMEpPUECKON TallHbl, @ yCoBep-
LIEHCTBOBaHHbIV GULIMHT ¢ nomoubto W obHynAeT nHBe-
CTULMKN B 0OyUYeHMEe COTPYAHUKOB, eC/V He VHTErpUpPOBaH
B obulyto cTpaTerno 3awuthl [3, 6]. MNo3aToMy akTyanbHbIM
CTAHOBUTCA MOUCK LIENIOCTHbIX Mogfenel, o6beanHALWNX
TEXHONOMMYEeCKMe, NPOLeCCHbIe 1 YenoBeyeckne acrnekTbl.
Llenb cTtaTby — NpoBecTV KOMMAEKCHbIN aHanu3 ayannuctu-
yeckon npupoabl npumeHeHus U B KnbepbesonacHoOCTH,
BbIAABUTb CUCTEMHbIE NPOOGIeMbl Ha CTbIKe TEXHONIOTMIA, AaH-
HbIX 1 YenioBeveckoro GpakTopa, a TakxKe paspaboTaTb 1 060-
CHOBaTb MOAe/lb NOCTPOEHWNSA aaNTUBHON CUCTEMbI 3aLLUTDI.

MaTepranbl U METOALI NCCAEAOB3HUSI

MeTofonornyeckyio OCHOBY WCC/IeJOBaHWA COCTaBU
MHOTFOYPOBHEBbIV aHaNM3, coYeTaloWmnin n3yyeHmne TexHo-
NOrNYecKrx TPEHA0B, HOPMATMBHbIX MHULMATUB 1 MPaKTU-
YeCKMX KecoB. [na BbIABEHWA F100aNbHbIX TEHAEHUWN
1 NporHo3oB Ha 2025 rog 6binn NpoaHanM3npPoBaHbl OTpac-
nesble 0630pbl Y 3KCMEPTHbIE MHEHUA, ONYyOMKOBaHHbIE
BefyL MU KoMMaHmsamMmu B coepe KnbepbesonacHocTu (Ta-
Kumun Kak ESET) n UT-cektopa. Ocoboe BH1MaHMe 6bino yae-
neHo mMaTepuranam npodeccroHanbHbIX ANCKYCCUIA, B YacT-
HOCTU, uToram Kpyrnoro ctona «CoBpemeHHble BbI30Bbl
B 6e3onacHocTn Al», npolwepwero B pamkax Kazan Digital
Week 2025, roe akcnepTtamm 06Cy>KAanncb KOHKpeTHbIe yA3-
BMMOCTU 1 METOLOMIOrM 3aLuTbl. BTopbim, NpakTuyeckuii
6/10K MeToa, BK/OUasl KelC-aHanmn3 KOHKPETHbIX TEXHOSO-
rN Y UHUMAEHTOB. Ha OCHOBE CMHTE3a MOMYyYeHHbIX JaHHbIX
METOJIOM CUCTEMHOIO MPOEKTUPOBaHMA Obina paspaboTa-
Ha aBTOpCKaA KOHLEeNUMA MHTErpupoBaHHON nnatdopmbl,
BOMpatowan B ceba nyywmre MNpakTUKM M HamnpasfieHHas
Ha YCTpaHeHVe BbIABJIEHHbIX CUCTEMHbIX MPOTUBOPEYNI.

Pe3ynbTaTbl 1 0BCcy>kKaeHus

MpoBeAeHHbIV aHaM3 MO3BOAU CUCTEMATU3UPOBATb
HECKOJIbKO B3aMMOCBA3aHHbIX rpynmn npobnem, popmupyto-
LVX COBPEMEHHbI KOMMIEKC Yrpo3 B 061acTyi 1CMosb30-
BaHuA N B KnbepbesonacHocTy.

MepBasa rpynna npobnem — TexHosorMyeckas gyasb-
HOCTb 1 ycusieHve aTtak. Hanbonee oueBugHom npobiemorn
ABMAETCA UCMOJIb30BaHME NPECTYMHNKAMMN TEX XKe UHCTPY-
MEHTOB, YTO 1 Y 3aWUTHNKOB. [eHepaTnBHbIN U pagnkanb-
HO noBbicU 3QEKTUBHOCTb COUMANBHOM UHXEHEPUN.
C nomoublo A3bIKOBbIX MoAenelnt co3fgaloTca nepcoHanu-
3MpPOBaHHble GULINHIOBbIE NMUCbMa 6e3 rpammaTnyecKkmx
OWNOOK, UMUTHPYIOLLNE CTUb KONNET AN PyKoBOAUTENEN.
Hnndenk-TexHonornm No3BONAT reHepupPoBaTb NOAAENb-
Hble ayA1o- 1 BueocoobuleHns gns obMaHa cuctem brmome-
TPUYECKON ayTEHTUPMKALMY NN MOLLEHHUNYECKMX 3BOHKOB
[3]. Bonee Toro, M ncnonb3yetca ana aBTomaTsaunm Co3-
JaHuAa BpegoHocHoro N0, cnocobHOro AUHaMNYecKu name-
HATb CBOW Kog (nonumopdur3m), 4tobbl 3beratb 0bHapyxe-
HWA CUTHATYPHbIMM MeToAamu. TakxKe pa3BUBAIOTCA aTaKu
Ha camyn UW-cnctembl, Takme Kak «OTpaBfeHME AaHHbIX»
(BHeceHMe ncKa)keHW B Habopbl AnA 0byyeHnsa) n «axenn-
6pelik» (0bxof 3TMyeckux u safety-orpaHuyeHuin moge-
NV ANA NonyyeHus 3anpeleHHon nHpopmauumm) [6, 7, 111.

[Opyrasa rpynna npo6nem — yA3BMMOCTW JaHHbIX 1 KOH-
dupeHumanbHocTn. NA-cnctembl, 0co6eHHO B KOpnopaTuBs-
HOM KOHTEKCTe, CTAaHOBATCA HOBbIMU KPUTUYECKM BaXKHbIMU
aKTVBaMU 1 OQHOBPEMEHHO — HOBbIMU BEKTOpaMU aTaKu.
Kak oTmeyaloT aKcnepTbl, MoZesnb, 00yUYeHHas Ha YHUKasb-
HbIX KOPMOPATUBHbIX JaHHbIX, CaMa Mo cebe HeceT yrpo3y
yTeukn KoHdraeHUnanbHom nHbopmaLmm, KOMMepUecKkon
TalHbl U NEPCOHaNbHbIX AaHHbIX. PUCK BO3HMKaeT Ha Bcex
3Tanax: npu cbope 1 NOAroToBKe AaHHbIX, B NpoLiecce 0b6-
yuyeHna mogenu (Korga 3M0YMbIWIEHHUK MOXET Monbl-
TaTbCA U3BJIeUb CBEAEHNA) N B XOA4E SKCMUyaTauuu, yepes
cneymanbHO chopMynMpoBaHHble MnpomnTbl. [Mpobrnema
ycyrybnseTca npakTUKOW COTPYLHUKOB, KOTOpble MOryT
HEOCO3HaHHO 3arpyaTb KOHPUAeHLManbHble JOKYMEHTbI
B nybnuuHble N-cepBurcbl ana aHanmsa, uto BefeT K He-
npegHaMmepeHHOMyY packpbiTuio nHdopmauun [5, 10].

Take Heo6x0AMMO PAaCcCMOTPETb OMepaLMOHHbIE 1 Ka-
ApoBble Bbi3oBbl. BHegpeHme M B SOC (Security Operations
Center) He oTMeHseT, a TpaHCGOPMUPYET POSb YesloBeKa.
Bo3HukaeT npobnema 3¢pdeKTMBHOro YenoBeKko-mMallnHHO-
ro B3anmmogencteua. C ogHon cTtopoHbl, W BennkonenHo
cnpaBnsieTca ¢ 06paboTkoi 60MblNMX 0OGBEMOB AaHHbIX
1 NMEPBUYHBIM aHANIN30M, OCBOOOXKAasA aHaNIMTUKOB OT Y-
TUHbI. C ApYroi — COXpaHAeTCA PUCK N3ObITOUHOW 3aBUCK-
MOCTM OT «4EPHOrO ALLMKaA» aNrOPUTMOB, JIOXKHOTO YyBCTBA
6e30MacHOCTM 1, KaK cnefcTBue, Aerpafauny SKCnepTHbIX
HaBbIKOB Yy crieunanuctos [8, 9]. Heob6xoanmbl HOBble KOM-
neTeHUMUn: CNOoCoOBHOCTb «ZonpawmBaTb» MOAENb, MOHU-
MaTb MPUHUWMbI ee pPaboTbl, NHTEPNPETMPOBaTb U MpPo-
BEPATb ee BbIBOAbl. Kak mopuepkrBatoT B «/labopatopum
Kacnepckoro», nocTpoeHneM KOMMAEKCHbIX CUCTEM 3aLUu-
Tbl MO-MPEXHeMY AOMKHbl 3aHMMATbCA NpPOodeccroHarbl,
CNOCOGHbIE KOPPEKTHO MHTerpupoBatb UU-MHCTpyMeHTbI
B CyLlecTByloLMe npoLeccol [4].
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Mo pe3ynbTatam nccnefoBaHuA Gbina npeano)keHa Le-
NOCTHasA KOHLENUMA NOCTPOEHNA CMCTEMbI 6e30MacHoCTH,
OCHOBaHHaA Ha Tpex dyHAaMeHTaNbHbIX NpuHUMnax: bes-
OMaCcHOCTb »M3HeHHOoro uukna A (MLSecOps), rubpuraHbii
WHTENNEKT 1 NPOaKTUBHAA 3alymTa JaHHbIX.

Alapom KOHUenuun ABNAETCA BHeApPEeHUe MNpPaKTUK
MLSecOps — meTogonornn, KoTopasa pacnpocTpaHaeT
npuHUMnbl 6e3onacHol pa3paboTku (DevSecOps) Ha non-
HbIA >KU3HEHHbI LMK MalMHHOrO obyuyeHusa. To noj-
pa3ymeBaeT HenpepbiBHbIA MOHUTOPUHT 1 6€30MacHOCTb
Ha BCex 3Tanax: OT ynpaBneHUs BEPCUMAMM U LeNIoCTHOCTY
obyualowmx AaHHbIX, Yyepe3 6e3onacHoe NpoBefAeHNe KC-
NepUMEHTOB C MOZENSAMM, A0 KOHTPONA KayecTsa 1 yCTON-
UMBOCTU Pa3BEPHYTLIX MoZenel K BpaXKaeoHbIM aTakam [6].
Mpepnaraemas KoHLUenuua npegnonaraet co3faHue TeXHO-
NIOTMYECKOro KOHTYPa, rae Kaxaasa Moaenb nepeq BHegpe-
HMeM NPOXOAUT TECTUPOBAHKE HE TONIbKO Ha TOYHOCTb, HO 1
Ha YCTOMUYMBOCTb K MOMbITKAM MaHUMY/SLMKN ee BbIBOAAMY
UNV N3BJIeYEeHNA JaHHbIX.

BTopoin anemeHT — apxuTekTypa rmbpugHoro uHten-
nekta gna SOC. B pamkax npepnoxeHHon KoHuenuuu VA
BbICTYMAeT He Kak 3ameHa aHaNuTUKa, a Kak ero «BTOpoWn
NUOT» WX CUAbHBIN accucTeHT [3, 5]. Cuctema cTpount-
CA MO NPUHLMNY B3aMMHOro KoHTpona: MW obpabaTbiBaeT
NMOTOKM TefieMeTpuu, BblABAAET aHOManuK, Knactepusyet
VMHLUMAEHTbI U npeanaraeT rmnoTesbl M BapuaHTbl pearmpo-
BaHMsA. YenoBeK-aHaNMNTUK BbINOSHAET GYHKLMIO BaIMaaTo-
pa, cTpaTtera u NpUHUMAET GpUHaNbHbIE PELEHUS Ha OCHO-
BE KOHTEKCTa, HeAOCTYMHOro MalliviHe (Hanpumep, 3HaHUN
O NONMUTMYECKUX MOTUBAX aTaku WM BHYTPEHHUX 6u3-
Hec-npoueccax). Takoe pasfeneHve Tpyaa NO3BONAET, Kak
B cnyyae ¢ Kaspersky MDR, 3HauMTenbHO CHU3WTb Harpy3ky
Ha CreuranncToB, GUIbLTPYS JIOXKHbIE cpabaTbiBaHWA, U Of-
HOBPEMEHHO COXPaHUTb YenoBeYeCKUN KOHTPOSb Hal Kpu-
TUYECKUMU peLLueHnAMN [4].

TpeTbA cocTaBnALWan — MHOPACTPYKTypa NpPoaKTuB-
HOM 3awmTbl AaHHbIX anAa WW. Mpegnaraemaa KoHuenuma
npepnaraeT BCTPOUTb 3alUTY KOHOMAEHUMANTBHOCTY B CaM
npouecc paboTbl ¢ AaHHbIMK Ana UW. 3To BkntouaeT [6]:

— CTPOryl0 CerMeHTauuio W YyrpasjieHne [JOoCTYNnom

K KOprnopaTnBHbIM JaHHbIM, MCMOMb3yeMbiM Ans 06-
YYEHNA UK 3anpalrBaeMbiX MOAENAMU B PeXMMe
RAG (Retrieval-Augmented Generation). LLM-areHT
He [ONKeH MMEeTb HeorpaHWYeHHOro AOCTyna Ko
BCel KOpNopaTBHOW 6a3e 3HAHWIA; ero NpaBa AOMK-
Hbl COOTBETCTBOBATb MPUHLMMY MUHUMANbHbIX NPU-
BUNErnm;

— npumMeHeHne MeTodoB AnddepeHUmanbHOW nNpu-
BAaTHOCTU U defepaTUBHOIO 0OyUYeHMs TaM, rae 310
BO3MOXHO, YTOObl MVHMMU3MPOBATb PUCKN YTEUKU
NCXOAHbIX AaHHbIX;

— o6s3aTeNbHbIN ayauT BCEX 3aMpOCOB K BHELIHUM
1 BHYTpeHHUM W-cepBrcam Ana npenoTBpalleHuns

yTeuek yepes NpomMnTbl COTPYAHUKOB. OpraHu3auus
JOMMKHA UMETb YeTKYlo MOSINTUKY, onpeaensioLyto,
KaKme faHHble MOXHO obpabaTbiBaTb B MyOANYHbIX
o0bnayHbix MW, a Kakme — TONbKO B M30SIMPOBAHHbIX,
NOKarbHbIX KOHTYpax.

Peanusauma npepnaraeMon KOHLEMNUUW HOCUT uTepa-
TUBHbIA XapakTep. OHa HauvMHaeTcA C ayauTa CyLLecTBYO-
wmx N-akTmBOB 1 NOTOKOB AaHHbIX, NPOAOIKAETCA Yepes
NUOTHble NpPOoeKTbl No BHegpeHuto MLSecOps-npakTuk
INs Hanbonee KPUTUYHbIX MOAENeN U NOCTPOEHWA MNIOT-
HOro r’MOPUAHOrO LEHTPa MOHUTOPUHIA MU pearnpoBaHuA
Ha VHUUAEHTbI MHGOPMALMOHHON 6e30MacHOCTW., 1 3aBep-
LIAeTCA MHTerpaLmen 3TMx KOMMOHEHTOB B eAUHYI0 yrnpaB-
nsemyto nnatpopmy ¢ 06LMM UHTEPDENCOM 1 CKOOPAUHU-
[POBaHHbIMM NPOLEeCCaMU pearnpoBaHuA.

BbiBoAbI

Takum o6pa3om, npoBefeHHOe wuccnefoBaHWe noa-
TBEPXKIAET, UTO WCKYCCTBEHHbIA VHTENNEKT CTajl He npo-
CTO HOBbIM WHCTPYMEHTOM B apceHane KunbepbesonacHo-
T, a GakTopoM, GOoPMUPYIOLLUM NPUHLUMNANIBHO HOBYIO,
6osiee CIOXKHYID U OUHAMUYHYO cpefly UMGPOBbIX Yrpo3.
Mpob6nembl HOCAT CUCTEMHbIV XapaKTep: TeXHONornyeckoe
yCUneHne aTak Co CTOPOHbI 3/10YMbILLIEHHNKOB HEpPa3pbIB-
HO CBA3AHO C YA3BMMOCTAMM B XM3HEHHOM LiMKe Kopnopa-
TMBHbIX MIN-cnctem, a onepaumoHHbie Bbirodbl OT aBTOMa-
Tn3auumm SOC MoryT ObITb HUBENMPOBAHbI PUCKaMM yTpaThl
3KCNEePTHOro KOHTPOJIA U HOBbIX YTeuek AaHHbIX. YcnelHoe
NPOTUBOCTOSIHNE COBPEMEHHBbIM yrpo3amM TpebyeT oTkasa
OT ToueyHoro BHefpeHna NN-MHCTpymeHTOB B Nonb3y Bbi-
CTpanBaHUA LIeNIOCTHbIX CTpaTerumn.

B KauecTBe KOHLENTYyasbHOrO OTBETA Ha 3TW BbI3OBbI
npeanokeHa KoHuenuua MHTerpMpoBaHHOW nnatdopmbl
afanTMBHOW 3alynTbl, NpPeAcTaBasiowas coboi aBTop-
CKyl0 pa3paboTky. Ee oTnnume oT TpaguUMOHHbLIX MOAXO-
OB — B CMHTe3e Tpex paHee pa3pO3HEHHbIX HarpasJe-
HWIA: onepaumMoHHON 6e30MacHOCTU MaLMHHOTO 00yYeHUs
(MLSecOps), apxutektypbl 3GPeKTBHOro B3aMoAencTama
yenoseka n N B npoueccax 3awuTbl (rMOPUOHbIA UHTEN-
NEeKT) N BCTPOEHHbIX MEXaHVW3MOB OXpaHbl KOHbUAEeHUN-
aNbHOCTM AaHHbIX Ha BCeX 3Tanax pabotbl ¢ M. Mopenb
aKLEeHTUpYyeT, UTo 6e30MacHOCTb AOMKHa ObiTb 3aoXeHa
B CaM npouecc co3gaHuma n sKkcnnyataumm W-aktnsos,
a He ABNATbCS HAACTPOMKOW Hag HUMW. Takmm obpasom,
6yayliee Knbepbe3onacHOCTM NEXMT B MOCTPOEHWM ajan-
TUBHBIX, XYMHbIX» CUCTEM yNpaBfieHNs 6e30MacHOCTbIo, rae
TEXHONOMMWN NCKYCCTBEHHOMO MHTENJIEKTA BbIMOHAIOT POJib
MOLLHOIO YCUANTENA YENOBEeYEeCKMX KOMMNETEHLMUIA, @ He 1X
3ameHbl. [pakTuyeckas peanvsaumns Noaxonos, NOJOOHbIX
npeanoXKeHHoMy, No3BOAUT OpraHu3auuam TpaHchopmu-
poBaTb Bbi30Bbl 3Moxu I B BO3MOXKHOCTY AN NOCTPOEHMA
6onee yCcTONYMBOW 11 MPOAKTUBHOWN LUPPOBOWA 3aLLKTbI.
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PRACTICE-ORIENTED INFORMATION
TECHNOLOGY MANAGEMENT

IN EDUCATIONAL ORGANIZATIONS:
APPROACHES, CLASSIFICATIONS,
AND REQUIREMENTS

N

T. Dobrynina

I. Asaliev

O. Romashkova
N. Mysakov

Summary. The paper reviews approaches to applying practice-oriented
information technologies for managing organizational systems in
a educational organization. The main areas of digital support for
school management are considered, including document workflow
and approvals, planning and execution control, resource and facilities
management, communication with stakeholders, and information
security with personal data compliance. A classification of practice-
oriented solutions is proposed by functional purpose, integration level,
and degree of process formalization. Based on typical issues of «hybrid»
management (parallel communication channels, fragmented data, low
transparency of statuses and responsibilities), a set of requirements for
implementing and operating management platforms is formulated: a
unified data and status layer, process-oriented support, auditlogging, SLA
and notification mechanisms, role-based access control, and measurable
performance indicators. The results can serve as a methodological basis
for designing target management models and defining automation tasks
for the administrative domain of a general education organization.

Keywords: educational organization, organizational system, management,
practice-oriented information technologies, digital platform, process
approach, document workflow, approvals, classification, requirements,
information security.
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AHnHomayus. B cTaTbe BbiNoNHeH 0630p NOAXOLOB K NPUMEHEHNI0 NPAKTUKO-
OpPVEHTUPOBAHHBIX MHOOPMALMOHHBIX TEXHONOTWI ANA YNpaBAeHUA OpraHu-
3aLMOHHBIMUM CUCTeMami B 06pa3oBaTeNnbHol opraHu3auum. PaccmoTpeHbl
HanpasneHua undpoBoii NoAAEPKKM yPaBReHUECKUX NPOLECCOB: JOKYMEHTO-
000pOT 1 COTNAcoBaHWA, NNAHUPOBaHNE U KOHTPOMb UCTIONHEHNS, YNpaBNeHue
pecypcamu 1 Xo3AiCTBEHHON JeATeNbHOCTbI0, B3aUMOAEIACTBIE C yYacTHUKAMK
06pa3oBaTesbHbIX OTHOLUEHMI, a TakxKe obecneyeHne MHPOPMALMOHHOI be30-
NacHoCTY 1 cobniofieHme TpeboBaHMii N0 NePCOHanbHbIM AaHHbIM. [pesnoxeHa
Knaccudukauma npakTUKo-0pUeHTUPOBAHHDIX peLleHIii No GyHKLMOHANbHOMY
Ha3HaueHWI0, YPOBHIO UHTETpaLM 11 CTeNeHIn PernameHTUPOBAHHOCTY NpoLiec-
coB. Ha ocHoBe aHanu3a TMNoBbIX NpobneM «CMeLLIaHHOT0» ypaBeHua (napan-
nenbHble KaHasbl KOMMYHUKALWUK, pa3po3HEHHOCTb laHHDIX, HENPO3pauHOCTb
(TaTyCcOB W OTBETCTBEHHOCTM) CHOPMYNMPOBaHbI TpebOBaHNA K BHeApPeHIo
W 3KcnyaTaunmu LmdpoBbIX NNATGOPM ynpaBReHUA: efuHbIA KOHTYP AaHHbIX
W CTaTycoB, MOAZEpXKa MPOLECCHOT0 MOAXOAA, XKYPHaNnMpoBaHue [elicTBIiA,
MexaHu3mbl SLA 1 yBeoMneHWi, pa3rpaHuyeHine NpaB JOCTYNa, @ TaKxe n3-
MepuUMble noKa3atenu 3¢deKTUBHOCTI. PeynbTaTbl MOTYT ObITb MCNOMB30BAHbI
B KauecTBe METOANYECKON OCHOBbI 1A MPOEKTUPOBAHMA LieNeBbIX Mopeneii
YNpaBfeHua U NOCTAHOBKN 3afiay aBTOMATV3aLiyu yNpaBAeHUecKoro KOHTypa
00pa30BaTesbHOIl opraHu3aLmu.

Kntouesble cnosa: 0bpa3oBaTeNibHas OpraHu3aLiAs, 0praHn3aLMoHHas CUCTeMa,
yNpaBNeHne, NPaKTUKO-OPUEHTUPOBAHHbIE MHOOPMALIMOHHBIE TEXHONOTWH,
umudpoBas nnathopma, NpoLeccHbIi NOAXoZ, AOKYMeHT0060pOT, COrnacoBaHme,
knaccuukaums, TpeboBaHms, MHGOPMALMOHHAA 6e30MacHOCTb.
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BseaeHve

oBpeMeHHas obpa3oBaTenibHas opraHuaumsa n6o-

ro ypoBHsi GYHKLMOHUPYET KaK CNOXHasA opraHu3a-

LUMOHHaA cucTeMa, obbefvHsiowas obpasoBaTenb-
Hble, AAMUHVCTPATUBHO-YNpPaBeHYECKNEe, XO3ANCTBEHHbIE
N KOMMYHVKaLMOHHble MpoLecchl. YCTONUMBOCTb 1 pe3ysib-
TaTMBHOCTb PaboTbl TaKoOW CUCTEMbl BO MHOIOM ofnpefe-
NAETCA KayecTBOM YMPABMEHUA: COTNACcOBAaHHOCTbIO [eli-
CTBMIA YYaCTHWKOB, PErNaMeHTMPOBAHHOCTbIO Mpouenyp,
NPO3PaYHOCTbIO pacnpeneneHns OTBETCTBEHHOCTU U CBO-
€BPEMEHHOCTbIO NPUHATA pelleHnin. B ycnosuax pocTa
MHGOPMALIMOHHBIX MOTOKOB, YCNOXHeHUs TpeboBaHui
K OTYETHOCTW, MOBbILEHHOTO BHUMAHUA K 6e30MmacHOCTM
[aHHbIX 1 HEOOXOAUMOCTI ONEePaTUBHOIO B3aUMOAENCTBUSA
C YYacTHMKaMU 06pa3oBaTesibHbIX OTHOLIEHWI TPAgNLYOH-
Hble OPMbI YyrNpaB/ieHUs,, OCHOBaHHbIE MPEeVIMYLLECTBEH-
HO Ha OyMaXXHOM [OKYMEHTOO60opOTe M pPa3pO3HEHHbIX
LUNPPOBBIX MHCTPYMEHTAX, AEMOHCTPUPYIOT OrpaHUYeHuns
Mo CKOPOCTW, KOHTPOJIMPYEMOCTM 1 BOCMPOV3BOAUMOCTM
ynpasJsieHYecKrx npouenyp.

HecmoTpa Ha WMpoKoe pacnpocTpaHeHre undpoBbIX
CepBKCOB B NpaKTuke obLlieobpa3oBaTenbHbIX OpraHu3a-
LM COXPaHAIOTCA TUMOBblE NMPOOGNEMHbIE 30HbI: Pa3po3-
HEHHOCTb WHCTPYMEHTOB, OTCYTCTBME YHUOULMPOBAHHON
MOZenv NpoLeccos, cabas dopmManvsauma ponen n oTeeT-
CTBEHHOCTW, OrpaHNYeHHas UHTerpauus UCTOYHUKOB [aH-
HbIX, HeJOCTaTOYHaA MPO3PAYHOCTb CTaTyCOB BbIMOHEHUA
N KOHTPOJIA CPOKOB. ITO MPVBOAUT K TOMY, UTO YrpaBieHme
OCYLLEeCTBIAETCA «B PEXMME pearmpoBaHuna», a He Ha OCHO-
BE 3apaHee onpefeneHHbIX NpoLeayp v nokasatenen. Cne-
foBaTenbHO, TpebyeTca 060CHOBaHVE NOAXOA0B K BbIOOpY
N BHEAPEHMIO MPAKTUKO-OPUEHTMPOBAHHBIX UHpOpPMALM-
OHHbIX TexHonorun (MT), nx knaccndurkauma no ynpasnex-
yecknMm GYHKLMAM 1 GopMmupoBaHme Habopa TpeboBaHWI,
KOTOpble MOTYT CJTy>XWUTb OCHOBOW ANA NocneayoLero Mo-
LENMPOBaHNA NMPOLIECCOB «KaK eCTb» U «KaK AOKHO OblTb»
N pa3paboTKM peLleHnin B pamkax Lndposol TpaHchopma-
Lum obpasoBaHuA.

Ob6pa3oBaTenbHast opraH13auns
KaK 06bLeKT ynpasAeHus!

O6pa3oBaTenbHaa opraHusauma MoXkeT ObiTb paccmo-
TPeHa Kak OpraHuM3aunoHHasa CUCTemMa, B KOTOPOW YCTON-
yMBble Uenu (KkayecTBO 06pa3oBaTeslbHbIX pPe3ynbTaTos,
6e30MacHOCTb, CObMoAeHNe HOPMATMBHbIX TpeboBaHWI,
pa3BuTMe KagpoBOro rnoTeHUMana) JOCTMralTca 3a cyet
COrNacoBaHHOWN AeATeNIbHOCTM YYaCTHUKOB B paMKax pe-
rMaMeHTUPOBaHHbIX MpoueccoB. B oTnnume ot npocTtbix
aAMUHUCTPATMBHBIX CTPYKTYP, YMpPaBiieHMe LWKOMON Xa-
paKTepusyeTca MHOFOYPOBHEBOCTbIO U Pa3HOPOAHOCTbIO
npoueccoB: 0b6pa3oBaTeNibHbIN KOHTYp (MnaHMpoBaHue,
npoBeAeHNe 1 KOHTPOJb YUEOHbIX 3aHATWN), aAMUHUCTPa-
TUBHO-YMNPaB/IeHYECKMI KOHTYP (MPrKa3bl, PacnopsKeHus,

yrnpaBfieHVe MOpPYYEHMAMM), PEeCYpPCHbIA KOHTYp (Kagpbl,
MaTepuanbHO-TEXHNYECKOE 0becneyeHne), a TakKe KOMMY-
HVMKaLMOHHBIN KOHTYP (B3aMMopgencTere ¢ obyvaoLwmmmcs
n poputenamm). B coBokynHocTu 310 dopmupyet pacnpe-
[EeNeHHY0 CUCTeMy MOAAEPXKKM MPUHATUA peLleHniA, rae
3HauMTeNbHaA YacTb YNpaBieHUYECKUX LeACTBUIN BbINOJHA-
€TCA Ha onepaLMoOHHOM YPOBHE, HO JOKHA OCTaBaTbCA CO-
rNIAaCOBaHHON C TAaKTUYECKUMMW U CTPATErMuyeCcKUMm LeNIAMN.

YnpaBneHne oOpraHM3aLuMoOHHON CUCTEMON LieNnecoo-
6pa3HO ONUCbIBaTb B MPOLIECCHOW NTOTMKE: Kak nocnefoBa-
TENbHOCTb AENCTBUIA C ONpeaesieHHbIMU BXoAamu/Bbixoaa-
MU, y4aCTHUKaMK (ponamm), pernameHTamm, KOHTPOMbHbIMIA
TOUKaMn 1 pesynbratamn. [na ynpaBneH4Yeckoro KOHTypa
LOKYMeHTO060pOTa 1 COrnacoBaHnii TaKUMU BXOAAMU ABNA-
l0TCA AOKYMEHTbI U MHULMMpYtoLie cobbiTua (obpalleHue,
3asABKa, MOPYYeHNe), a Bbixogamu — opopMIIEHHbIE YNpaB-
NeHyecKre pelleHna (COrnacoBaHHbIM JOKYMEHT, YTBepX-
[EHHbIN MnaH, pacnopsaXeHne, oTMeTKa 06 MCMOMHEHWN).
MpoLeccHbIn B3rsh MO3BONAET GUKCMPOBATL HE TOJNbKO
«YTO [EeNaeTcaA», HO N «KaK [enaeTcA»: rae BO3HMKAlT 3a-
JepXKK, Kak pacnpepensaetcA OTBETCTBEHHOCTb, B KaKuWX
TOUKax BO3HMKaeT fybnvpoBaHve rHbopMauuyu 1 Kakue
JaHHble HeobOxoAVMbl PYKOBOACTBY ANA KoHTpona [1].

[lnAa panbHenLwero aHanM3a B paMKax HacToALLeln cTaTbu
yrnpaBneHre pacCMaTprBaEeTCA Ha TPeX B3auMMOCBA3AHHbIX
YPOBHAX: CTpaTernyeckom (dopmmpoBaHue uenen u no-
NNTKK), TaKTUYeCKOM (MNaHMpoOBaHME W pacnpepesnieHne
pecypcoB) 1 onepaunoHHOM (MCMONHEHNE U KOHTPOSb Te-
KyLux npowenyp).

MNpaKkTNKo-opreHTNPOBaHHbLIE NHHOPMAUNOHHLIE
TexHOAOMNu B ynpasAeHUn ob6pa3oBaTeAbHOM
OopraHusauvemn

MoA NpPaKTUKO-OPUEHTUPOBaHHbIMK  MHPOPMALIMIOH-
HbIMU TEXHONIOTUAMY B KOHTEKCTe ynpasnieHus obpasosa-
TeNIbHOWM OpraHM3aumen LenecoobpasHo MoHMMaTb COBO-
KYyMHOCTb LIMPPOBbIX MHCTPYMEHTOB U PELLUEHWNI, KOTOpble
obecneurBaloT MOALEPXKKY YMpaBAeHUYeCKnx MpoLeccoB
B «pabouem» pexknmMe: pernameHTUPYOT AeNCTBUA yyacT-
HMKOB, 3aflaloT PONN U MapLUPyTbl COrNacoBaHum, GUKCK-
pylT CTaTycbl U CPOKW, obecneymBaloT TpacCcpyeMocTb
1 KOHTPOJb UCMOJSTHEHNSA, @ TakKe GOPMUPYIOT AaHHble ANnA
yrnpaBneHyeckon aHanuTUKnU. Knoyesor npusHak npakTu-
KO-OPNEHTMPOBAHHOCTN COCTOUT B TOM, YTO TEXHONOMMA
OLleHVBaeTCA Yepes N3MEPUMbIA yNpaBneHYeckun 3pdeKT:
COKpalleHne BpemMeHU NPOXOXKAEHUA COrNacoBaHUN, CHU-
eHue [OoNN PYUHbIX onepauui, yMeHbLUeHe KonnyecTea
BO3BPATOB/OWMOOK, NOBbILIEHNE MNPO3PAYHOCTN MCMOSHE-
HUA NOPYYEHUN.

BaxkHO nopuepkHyTb, UTO LUMdpPOBas Noadep:kka ynpas-
NEeHNA He CBOAWTCA K HalMYMIo 3NEeKTPOHHbIX KaHanoB
KOMMYHUKALMN U OTAENbHbIX CepPBUCOB yueTa. [pun oT-
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CYTCTBUU eVIHOTO MPOLeCCHOro KoHTypa undpoBble WH-
CTPYMEHTbI MOTYT BOCMPOU3BOAUTb «OYMaXKHY0» JIOTUKY
C COXpaHeHneM npobsieMHbIX 30H: NapannenbHble KaHanbl
cornacoBaHusi (Moyta + MecceHpKep + bymara), Ayb6nmpo-
BaHMe [daHHbIX (HecornacoBaHHble BEPCUN [OKYMEHTOB),
pa3mbiTas OTBETCTBEHHOCTb, MOTEPA WCTOPUN PELIEHUIA.
Mo3aToMy B pamkax MpPaKTUKO-OPMEHTMPOBAHHOIO MNopg-
Xofa NpUopuTETHLIM ABAAETCA obecneuyeHre cneayoLwmnx
XapaKTepucTUK YynpasneHua: $GopmMann3oBaHHOCTb MPO-
uenyp (HanMume NOHATHOrO pernameHTa), HabngaeMocTb
(BMAMMOCTb CTaTyCOB 1 CPOKOB), TPACCUPYEMOCTb (MCTOpUA
OEeNCTBUN 1 PeLUeHNI), KOHTPONMNPYEMOCTb (KOHTPOJIbHbIE
TOUKW 1 MOKa3aTenu), MHTerpupyemocTb (eguHble CnpaBoY-
HVKM 1 COrNacoBaHHble AaHHble) [2].

Knaccndburkaums NpakTnKo-oprueHTUPOBaHHLIX AT
AAS YNpaBAEHYecKoro KOHTypa obpa3oBaTeAsHOn
OpraHn3aunn

[na cnctemaTmsaumy NPakTUKO-OPUEHTUPOBAHHBIX UH-
bOpPMaLMOHHbBIX TEXHONMOMMUIA, MPUMEHUMbIX B YNpaBieHUn
OpPraHU3aUMOHHBIMI CCTEMaMK 0Opa3oBaTeNbHON Opra-
HM3aumK, LenecoobpasHo UCNonb3oBaTb GYHKLNOHANbHO-
NPOLECCHbIV NPUHUMMN: BbIAENATL KNacCbl PELIEHU MO nX
BKNagy B KJlOUEBble yrpaBneHyeckne GyHKUMM 1 nopaep-
XnBaemble npouecchbl. B pamkax ynpaBieH4YeCKoro KOHTY-
pa AOKYMEHTOO60pOTa 1 COMflaCOBaHUA MOXHO BbIAENUTb
yeTblpe 6a3oBble dyHKUMK: (1) pernameHTaLmsa 1 cornaco-
BaHMe ynpaBJieHUeCcKnX AeCTBUN, (2) KOHTPOJNIb UCMOMHe-
HUA 1 CPOKOB, (3) KOMMYHMKaLUKU 1 yBegoMmneHus, (4) yuet
N aHanuTuKa. Kaxkgaa OyHKLMA MOXeT noanep’KmBaTbCA
pasnnyHbIMK Knaccamm VT-pelueHnin, npnyem 3HaummMoCTb
NoAAepXKM HeodMHAKOoBa: OfHW WHCTPYMEHTbl obecne-
uMBaloOT «AAPO» Mpouecca (Hanpumep, workflow/ECM pns
COrnacoBaHun), Apyrme — MOBbIWAT HabnogaeMocTb
N OUCUMMANHY WCMOSIHEHUA (CMCTeMbl MOpYy4YeHuin), Tpe-
Tbl — GOPMUPYIOT YNpaBieHYecKy oT4eTHOCTb (Bl 1 Bu-
TPWHbI aHHbIX).

Takow mopxon MO3BONAET YATU OT NEpeyncsieHns oT-
[enbHbIX MPOrpaMMHbIX MPOAYKTOB U COCPefOTOUNTHCA
Ha apxuTeKType ynpaBlieHWA: Kakue 3/1eMeHTbl [OJIXKHbI
MPUCYTCTBOBaTb, UTOObI YynpaBneHYeCcKuii npouecc Obii
dopmanusoBaH, Habnogaem n KoHTponupyem [3]. [aHHbIN
dopmaT yaobeH AnA BbIABNEHUA «NPOBaNoOB» LMPPOBON
NoAAepPXKM: HanprUMep, NPU HaNMUYUK SNEKTPOHHBIX KaHa-
NOB KOMMYHUKaLMN MOXKeT OTCYTCTBOBaTb pernameHTUpo-
BAHHbIN KOHTYP COMNACOBAHMIN WS MEXAHV3M KOHTPOJs
NCMONHEHNA.

JononHutenbHO Knaccudukauma AOMKHA YumTbiBaTb
cneuundrky obpasoBaTenbHOW OpraHM3auuMn: MHoOroobpa-
3ve porel, coyeTaHe HOPMATVBHO 3aKpernseHHbIX 1 J1o-
KasbHbIX PErflaMeHTOB, BbICOKYI UYyBCTBUTENbHOCTb Mep-
COHaJIbHbIX JaHHbIX, @ TaKKe HEOOXOLMMOCTb UHTErpaumm
C MCMNOMb3yeMbIMU MHGOPMaALMOHHBIMK CUCTEMAMM.

Hwuxxe npeacTaBneHa paclumpeHHas knaccuoukaums UT-
peLIeHnii 1 Ux ynpaBneH4Yeckux 3¢ ¢pekTos (Tabnmua 1). Ta-
671LIa MOXKET MCNOJIb30BaTbCs KaK OCHOBA A5t GopMMpPOBa-
HUA KpUTEPMEB BbIOOPA, @ TaKXKe KaK «KapTa» KOMMOHEHTOB,
KOTOpble HeoOXOAMMO YUUTbIBATb MPY MPOEKTMPOBAHWM
uMdPOBOro KOHTypa YMpaBieHUs [JOKYMEHTOO60pOTOM
1 COrNacoBaHUAMM.

BblgeneHHble Knaccbl peLleHunin 3afatoT ocHoBy Ansa dop-
MUPOBaHUA TPeboBaHUI K MPAKTUKO-OPUEHTUPOBAHHOM
UT-nopgpepxke.

Mpobaembl  pUcKn BHeApeHS NPaKTUKO-
opveHTnpoBaHHbIX VT B ynpaBAeHn
obpasoBaTenbHOW OpraH/3auven

MpakTuka BHeapeHuA LMOPOBbLIX pPeLleHNn B obpa-
30BaTe/IbHbIX OpraHM3auMax MOKa3blBaeT, YTO KJloueBble
Gapbepbl CBA3AHbI HE TOJIbKO C BbIGOPOM MPOrPaMMHOIO
WHCTPYMEHTa, HO 1 C HEFOTOBHOCTbIO YNpaBieHYeCKon Cu-
CTeMbl K NPOLECCHON pernameHTauymn. Jaxe npu Hannumum
dyHKUMOHanbHO noaxoaawmx UT-peweHmnin apdeKkT moxeTt
ObITb OrpPaHUYEH, eCN COXPAHSIOTCA MapasieNibHble «He-
dbopmanbHbie» KOHTYpbl NPUHATUA peLLeHuni, OTCYTCTBYeT
elnHasa posieBaa MoAenb W He onpeaeneHbl MnokasaTe-
NN, MO KOTOPbIM OLIEHVBAETCA pe3yfbTaT ynpasneHus [4].
B KOHTYype JOKYyMeHTOO60pOTa 1 corfacoBaHuii Hanbonee
TUMWYHBI CriegytoLme rpynbl NPobiem 1 PUCKOB.

Kadpossie u opzaHu3ayuoHHele pucku. B opraHuzauum
3HauMTeNbHaA YacTb YMpaBleHYeCcKnx AeWCTBMI pacrpe-
JeneHa Mexpay CcOTpyAHMKamu, ANA KOTopbiX undpoBble
npouenypbl MOryT BOCMPUHMMATBLCA Kak JOMOMHUTENbHAA
Harpy3ka. ConpoTmBneHne N3MeHeHnAM YCUINBaeTCa npu
He[oCTaTOYHON KBanudMKaumy, OTCYTCTBUM MOTMBaLUU
1 HEOUYEBMAHOCTU ynpaBneHyeckoro addekra. Kpome Toro,
BHEJpeHVe NMPaKTNKO-OPUEHTUPOBaHHbIX UT TpebyeT Ha-
3HayeHVA BnafenbLeB MPOLIECCOB 1 BRafenbLeB AaHHbIX
(OTBETCTBEHHDBIX 3@ perfnaMeHTbl U CNPABOYHMKN), YTO B YC-
NOBUAX BbICOKOW 3aHATOCTU NepCcoHana CTaHOBUTCA OTAENb-
HOW ynpaB/ieHYeCcKon Npobnemoin.

PezrnameHmHble pUCKU U HECo271aco8aHHOCMb npoyedyp.
LindpoBoii KOHTYp ynpaBneHnsa BOCMPOU3BOAMM TOJSIbKO
NpY HaNMYMKM COrNacoBaHHbIX PerfiaMeHTOB: KTO UHULIMPY-
eT [JOKYMEHT, KTO COrlacyeT, KTO YTBePK/aeT, B KaKune CPOoKMY,
Mo KaknM OCHOBaHMAM BO3MO>KeH BO3BpaT. Ha npakTtuke no-
KaJsibHble aKTbl 1 peasibHble NpoLieslypbl MOTYT pa3nnyaTbCa:
YacTb peLleHnii NPUHNMAETCA B NepenuncKe, YacTb — YCTHO,
YacTb — yepes NMCbMeHHble BU3bl. [py NonbITKe aBTOMa-
Tn3auumm 6e3 npeaBapuTeNIbHON CTaHAAPTU3ALMM BO3HMKA-
eT cMTyauusa, Korga cuctema GUKCUpYeT NULlb «BUAUMYHO»
YyacTb npouecca, a dakTuyeckoe ynpasBneHue OCTaéTcA
3a npegenamu undpoBoro KoHTypa [5]. 3To cHMXKaeT Ha-
6noaemocTb 1 floBepre K faHHbIM.
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Tabnuua 1.

Knaccndumkauma npakTrko-opreHTpoBaHHbIx VT ana ynpaeneHuna obpa3oBaTesibHOM opraHn3almen
(ynpaBneH4YecKnin KOHTYp JOKYMEHTO060pOTa 1 COrNacoBaHuUi)

YnpaBneHueckas [opaepnBaemble NpoLecchbl .
Knacc UT/mncTpymenTa P A bou Oxuaaemblit 3ppekT OrpaHuyeHna/puckm BHepeHus
dyHKLYMA (npumepbr)
workflow/ecm T MpuKa3bl, CNye6Hble 3anncKi, COKpaLLieHe BpEMEHM COTNIacoBa- | COMPOTUB/EHME NEPCOHaNa, He-
(5meKTpOHHbIi A0~ E ComacoBaHie CornacoBaHye MeponpuaTuii, HUA, eANHaA BepcuA JOKYMEHTa, 06X0AMMOCTb HACTPOIKIN poneit/
KyMeHT0060poT) COrnacoBaHue 3aKynok TPaCcMpyemMocTb peLLeHmil MapLUpyToB, TpeboBaHNA No b
MpO3payHOCTb CTATyCOB,
(UCcTema ynpasnexus MOpyYeHUs aAMUHICTPALNY, y PUCK NapaeibHoro yyeta (ecnu
KOHTPONb UC- CHIKEHMe «noTepu» NopyYeHuii,
nopyyeHnAMM/3a- KOHTPO/Ib CPOKOB M0 JOKYMeHTaM, . 0CTaloTCA MecceHxepbl/bymara),
NOSHEHNA i NOBbILLEHNE UCTONHUTENbCKOI
Javamu WCMONHEHIE PeLLeHIii NefCcoBeTa neperpy3 yBeAOMNeHUAMY
AUCLUMMHDI
. KoopanHauua 3aABKM Ha 000pya0BaHue/pe- TpebyeTca KaTanor ycnyr u pe-
service desk / cuctema i pya ) p ouepenb 3aABOK, pacnpesenenue peby yayrap
1 KOHTPONb MOHT/J0CTYNbI, X03ACTBEHHbIE TNameHT 06paboTky, Harpy3ka
32BOK Mo UCNoAHUTENAM, sla/cpokm
pecypcoB 33BKM, UT-UHLNAEHTbI Ha aAMMHICTPaTOPOB
NOKQbHbIE aKTbl, NHCTPYKLM eMHo00pa3une aelcTBuUiA,
(MCTEMA PErNaMeHToB/ | CTaHAapTM3aLua aKTyanu3aums KOHTEHT, OTBET-
. M0 COrNAcoBaHUAM, LAGNOHbI CHUKeHNe oLWn6oK opopmneHns,
6a3a 3HaHui npoueayp CTBEHHOCTb 3a BefieHue 6a3bl
LOKYMEHTOB 0byueHue COTPYAHNKOB
3/1EKTPOHHbIE GOpMbl 3aABKM Ha MeponpuATyA, Corna-
ynpoLLeHue CHUKEHE HEMOJHOTbI AAHHBIX, pucK «300mapKa popm» be3 eau-
1 KOHCTPYKTOP! BBO/IA IaHHbIX LTI L LIS SR CTaH/apTU3aLMsA BXOJOB NPOLECca | HOro peectpa, AyonupoBanue
321BOK Ha 3aKynKu p p peectpa, ayonup
3N1EKTPOHHASA NOANNCH/ SaBeDLICHIE yTBEp[eHe Np1Ka3os, Co- 10puAMYECKN 3HAUMMBbIil 060- OpraHu3aLyoHHbIe 1 NPaBOBbIE
noanucaLue Jo- cornapcoaanm [N1acoBaHue JOroBOPOB/cornacuii | PoT, COKpaLLieHme ByMaxHbIX OrpaHnueHus, 06yyeHme nosb3o-
KyMEHTOB (B npeaenax npuMeHUMOCTH) onepavuii Bateneit
CMPaBOYHMKM COTPYAHUKOB MEHbLLEHNE PACXOXKAEHUN HY’KHa ANCLMNAUHA BeieHNs!
€[JVIHble CNPaBOYHNKM p PyA . y p AEHIN, YiHa el ACHUA,
(mdm/Han) KauecTBO AAaHHbIX | KMaccoB, NOAPA3AENeHui, TMNoB efMIHbIE NAEHTUUKATOPDI, OTBETCTBEHHOCTb BNA/IENbLEB
LOKyMEHTOB KOppeKTHasA aHanuTnKa JlaHHbIX
00MeH MeX Ay 310, XKypHaNom, Ka- .
WUHTETPALVIOHHAA yCTpaHeHue BO/HOr0 BBOAA, CNIOHOCTb MHTErpaLim, Tpeboa-
WHTErPUPYEMOCTb | [POBBIMU CUCTEMAMH, YYETHBIMM
LINHA/06MeH JaHHbIMN COTIaCOBAHHOCTb JAHHbIX HIA K 0CTynam 1 6e30macHocTyn
MOZynAMM
CMCTEMbI YBEIOMIEHNIA | KOMMYHUKALMM YBELOMAIEHWA 0 3aauax, Aeanail- .
’ » CHIKEHNe MPOCPOYEK, MOBbILLe- UHGOPMALMOHHBIA <LLYM», PUCK
1 cobbITUIA (NoyTa/ 1 KOHTPONb Hax COrNacoBaHuii, HaNOMUHaHWA .
HUe CKOPOCTM peaKLim UrHOPUPOBAHNA YBEAOMAEHMUI
60TbI/nyLw) CPOKOB NCNONHUTENAM
YA yYeT 1 ynpas- OTUETbI 110 CPOKAM COTNAcoBaHMiA, | ynpaBneHueckue kpi, BbisBme- KauecTBO UCXOAHbIX AaHHbIX,
Hbl JaHHBIX BT NeHYecKas Harpy3Ke UCMONHUTENelE, Konue- | Hue Y3KuX MecT, 060CHoBaH e Heo0X0AUMOCTb METOANKM M-
aHanMTMKa (TBY BO3BPATOB peLueHuit Ka3arteneii
R NCTOPWA COTNACOBaHMIA, KTO MKOT- | KOHTPOJb OTBETCTBEHHOCTH,
KYpHan feilcTBuiA/ay- | TpaccupyemocTb TpeboBaHUA K XpaHeHHIo, NOAUTI-
[1a MEHAN IOKYMEHT, NpUUMHbI paccnefoBaHme MHUNAEHTOB,
AUT (norvpoBaHue) 1 KOHTPO/Ib Ka [0CTyna, Harpy3Ka Ha cuctemy
B03BpaToB co6i0ZieHme pernameHToB
LOCTYN K IOKYMEHTaM, nepco- HeoOX0ANMOCTb KOPPEKTHOTO
KOHTpO/Ib 40CTyNa 0€30MacHOCTb CHUKEHNe PUCKOB yTeuek, Co0T- By
HaNbHbIM JaHHbIM, PO/EBast MPOEKTMPOBAHNA PONieil, aAMUHU-
W pa3rpaHNyeHne NpaB | 1 COOTBETCTBUE BETCTBUE TPEOOBAHMAM 1O
Mozenb (TpUpOBaHHUe

MHmezpayuoHHble pucku U pazmeHmayus uHcmpy-
meHmos. O6pa3oBaTenbHasA OpraHM3auus, Kak npasuso,
NCMONb3yeT HECKOSIbKO MHPOPMALMOHHBIX CUCTEM U Cep-

BMCOB, MPY 3TOM JaHHble O COTPYAHMKAX, ObyyaroLmxcs,

OOKYyMeHTax n CoobITNAX MOryT XPaHUTbCA B Pa3HbIX NCTOY-
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HUKax. Mpy OTCYTCTBUN MHTErpaLMn HeM36eXXHO NoABNAET-
CA [BOVIHOW BBOA, PACXOXKAEHUS BEPCUI U «PYyUHbIE Nepe-
Xopbl» (KOMMPOBAHWE N3 OQHON CUCTEMBI B APYTYI0).

Pucku kauecmea OAHHbIX. yl'lpaBJ'IEH‘-IECKaFI aHalnTUKa

(CpOKl/I COrnacoBaHui, KONMM4YecTBO BO3BPATOB, Harpyska
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NCMNONHMTeNeNn) CTaHOBUTCA BO3MOXHOW TONbKO NPU CTaH-
[apTM3UPOBaHHbIX BXOAAX NpoLecca 1 efnHbIX CPaBoYHU-
Kax. Ecnm 3aaBKn n JOKyMeHTbl MOCTYNatoT B NPOU3BOSIbHON
dopme, cTaTyCbl TPAKTYIOTCA HEOAUHAKOBO, a TUMbI JOKY-
MEHTOB He YHUOULMPOBaHbI, MOKa3aTeny TepaloT conocTa-
BUMOCTb. CnefoBaTeNIbHO, NPaKTUKO-OpUeHTMpPoBaHHaA UT
[OJMKHA BKJIOYaTb MeXaHW3Mbl KOHTPOA MOJSIHOTbI U KOpP-
PeKTHOCTU AaHHbIX (06A3aTenbHble Nons, WabnoHbl, cnpa-
BOYHMUKM), a TaKXKe OTBETCTBEHHOCTb 3a MX aKTyanmsauyuio [6].

Pucku uHghopmayuoHHol 6e3onacHocmu u cob1t00eHus
mpe60o8aHuli K NepPCOHANIbHLIM OdHHbIM. YNPaBEHUYECKUI
[IOKYMEHTOO60POT 00pa3oBaTeNlbHOM OpraHU3auMn Ya-
CTO COOEPXUT CBeEeHNA OrpaHMYeHHOro AoCTyna: nepco-
HaJibHble JaHHble COTPYAHMKOB U O0OYyYalOLMXCA, CBEAEHMSA
0 3[0pOBbe, CoLUMANbHOM CTaTyce, pe3ynbTaTbl OLEHMBa-
HWUA, MaTepuranbl CNYyXeOHOro XxapakTepa. JTO MpenbsB-
nAeT TpebOBaHMA K pa3rpaHMYeHnio MpaB, »KypHannpoBa-
HUIO OEeNCTBUIN, XPAaHEHMIO N NMepefaye OaHHbIX, a Takxe
K ynpaBneHuo JOCTYNoM B pacnpegenénHon cpege [7]. Nc-
Nosb30BaHue «yfoOHbIX», HO HEKOHTPOMPYEMBbIX KaHaIoB
(NMMUHble MecceHXepbl, BHELUHME 06flaYHble XPaHUIMLLA)
MOBbILIAET PUCKN YTEUEK U 3aTPYLHAET BbINOSIHEHNE perna-
MeHTOB 6e30MnacHOCTH.

Puck «yugpposusayuu xaoca». OgHUM 13 Hanbonee pac-
NMPOCTPAHEHHbIX CLIEHapVEB ABMSAETCA NepeHoC Heahdek-
TUBHOIO NpoLecca B Unudpposyio GopmMy 6e3 ero penHKUHM-
PUHra: COXpaHATCA NIULIHME cOornacyloLme, OTCyTCTBYIOT
KOHTPOJIbHbIE TOUKY, NCMOJIb3YIOTCA AyOnupyoLme KaHasbl
KOMMYHMKaLuMK. B pesynbrate TexHWYeckoe BHeapeHue
NPOVCXOANT, HO ynpaBneHyeckuii 3pdekT MUHMManeH [8].
[NosTomy BHeApeHMne npakTUKo-opreHTUpoBaHHbIX UT Le-
necoobpasHo paccmaTpuBaTh Kak 3Tan ynpaBieHYecKkoro
NPOoeKTUPOBaHNA: CHauyana QuKcMpyeTca npouecc U ero
npo6iemMHble 30Hbl, 3aTeM onpefenaeTca LeneBas Mogenb,
W TONIbKO Nocsie 3Toro BbibupaeTca NHCTPYMEeHTaNnbHasA pe-
anuM3ayms.

MepeuncneHHble Npob6nemMbl MNOKa3blBalT, UTO AnA
060CHOBaHHOrO Bbl6Opa U MPOEKTUPOBaHMA LMPPOBOro
KOHTypa ynpaBneHus B ob6pa3oBaTesibHOW OpraHusauuu
HeobXxoAMMO neperTn oT obulero onucaHus Knaccos UT
KdopmanusaunntpeboBaHUn nKpUTeprneBIPPeKTUBHOCTH.

TpeboBaHus N KpUTepnn oueHKN 3 HeKTUBHOCTI
BHeApPeHus1 NPaKTUKO-OpUeHTUPOBaHHbLIX T

C yyeTOM MHOrOYpPOBHEBOCTM YyrpaBrieHnsa obpa3oBa-
TeNbHOW opraHu3auuen 1 cneundrKky ynpasrieHYeCcKoro
KOHTYpa [JOKYMeHTOO60opOTa M COrfnacoBaHWU MPaKTUKO-
opueHTMpoBaHHble UT LenecoobpasHo oLeHnBaTb He TOMb-
KO no Habopy byHKUWIA, HO 1 NO TOMY, HAaCKOSIbKO OHW MO-
BbILLIAIOT YNpaBnaeMocTb npouecca [9]. B faHHOM KOHTeKcTe

yNpaBiaemMocTb MOHVMMAETCA Kak CMOCOOHOCTb CUCTEMbI
obecneurBaTb BOCMPOW3BOAUMOE BbINOSIHEHME NpoLeayp
B 3a[laHHbIX perflaMeHTax 1 C KOHTPOJIMPYeMbIM pe3ynbTa-
TOM. DTO TpebyeT PpopmManmsaumm ponein n OTBETCTBEHHO-
CTW, HabNIOAAEMOCTHM CTaTyCOB M CPOKOB, TPaCCMpPyeMOCTM
peLLeHNiA, KOHTPOMA KauecTBa JaHHbIX U cobniofeHns Tpe-
60BaHNN HPOPMaLMOHHON 6€30MaCHOCTN.

Mpepnaraembiii Habop TpeboBaHWI OPUEHTUPOBAH
Ha TUMUYHbIE «TOYKWN OTKa3za» YrpaB/ieHUYECKMNX MPOLIECCOB:
LybnvpoBaHVe KaHaNloB COracoBaHWA, PaspbiB MeXay
pernameHTamn 1 GakTUYeCKUMN LeACTBUAMU, OTCYTCTBUE
e[lIVHOrO peecTpa JOKYMEHTOB, HebUKCUPYEMOCTb MPUYMNH
BO3BPATOB, HM3KaA COMOCTaBMMOCTb AaHHbIX Af1A ynpas-
NeHYecKor aHanuTUKK. Kputepum n MHAMKATOPbI OLEHKU
NPaKTUKO-OPUEHTNPOBaHHbIX VT B KOHTYpe AOKYMEHTOO-
60pOoTa 1 cornacoBaHuii NpeacTaBfieHbl B Tabnuue 2.

[lns NpaKTUYeCKON NPUMEHUMOCTU Kputepun chopmy-
NINPOBaHbl TaKUM 06pa3om, YTOObI OHWM MOFIN MCMOMb30-
BaTbCA: (a) aAMMHUCTPaLen 06pa3oBaTeNlbHOM OpraHu3a-
uumn — npwu BbIGOPE peLleHns 1 NOCTaHOBKe TpeboBaHWI,
(6) Npy MomenMpoBaHMU MpoLecca TEKYLLero COCTOAHMSA
(AS—IS) — KaK «ueK-nucT Npobnemy, (B) Npu NPOEKTUPOBa-
HUK ueneBoro coctosHuA (TO—BE) — Kak Habop NpPoeKT-
HbIX OPUEHTMPOB 1 METPUK Oxuraaemoro adpdekra [10].

3aKkAlo4eHne

B pamkax cTatbu npepnioxeH ¢YHKLMOHaNbLHO-NPO-
LleCCHOM Mopaxofd K cucteMaTr3auum NpakTUKO-OPUEHTU-
poBaHHbIX VT, NpUMeHNMbIX K ynpaBieHYeCKOMY KOHTYpPY
JOKyMeHToO60pOTa 1 cornacoBaHuii B 06pa3oBaTenbHON
opraHusauuu. Ha 3To ocHoBe BblieNieHbl OCHOBHbIE ynpaBs-
neHyeckne QGyHKUMM UUPPOBOM MopdepKKu (pernameH-
TaumMA M CcornacoBaHWe, KOHTPO/b WCMOMHEHNUA, KOMMY-
HYKauUy 1 yBeJOMIEHUSA, yUeT 1 aHaNuTrKa) U NOoKa3aHo,
4TO peanusauus ycTonumBoro UMGppoBoro KOHTypa ynpas-
neHus TpebyeT cCoOrnacoBaHHOro Habopa KOMMOHEHTOB:
ot workflow/ECM 1 cncTem nopyyeHnin O CNpaBoOYHMKOB,
NOrNPOBaHMA ENCTBUN N aHannTuKn KPI.

MoKas3aHo, YTO OCHOBHbIMW (aKTOpamu, OrpaHuUYMBa-
OLUMN  Pe3yNbTaTUBHOCTb BHELPEHUA MPaKTNKO-OpUeH-
TUpoBaHHbIX VT B 0OLieobpa3oBaTefibHON opraHm3auumy,
ABNAIOTCA KaJpOBble Y OPraHn3auroHHble 6apbepbl, Hepo-
cTaToyHas dopmManusaumns perrnameHToB, clabas UHTerpa-
LA UHCTPYMEHTOB, PUCKM KauecTBa AaHHbIX U TpeboBaHUA
NHPOPMaLMOHHON 6e30MacHOCTH.

[lns NoBbILWEHUA NPAKTUYECKOW MPUMEHUMOCTY Pe3ysib-
TaTOB NpefnoXeH Habop KpUTepueB N NMHANKATOPOB OLIeH-
K1 3P PeKTUBHOCTY NPAKTUKO-OPUEHTUPOBAHHbIX VT B KOH-
Type JOKYMEHTOO60pPOTa U COrNacoBaHUM.
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Tabnuua 2.

KpI/lTepVIVI N NHOWNKATOPbI OUEHKN NPAaKTUKO-OPUEHTUPOBAHHbIX NT B KOHTYype )J,OK)/MEHTOO60pOTa 1 cornacoBaHumn

Kpurepuii (tpeboBaHue) /Haukatopbl (4T0 npoBepAem) Kak u3meparb/¢ukcupoBatb YnpasneHueckuit 3pdexT

Hannyue MapLIpyToB COriacoBaHunA;

Hannyue pernameHTa + HaCTPOEHHbIX

(opmani30BaHHOCTb BOCMPOU3BOANMOCTb NPOLEAYP, CHU-
LA6/0HbI [I0KYMEHTOB; NpaBua MapLLpYTOB; A0NA AOKYMEHTOB, MPOLLEALIMX .
npovecca KeHMe «PYYHbIX A0roBOPEHHOCTENR»
BO3BpaTa Mo MapLupyTy
0711 COrNACYIOLLIMX/YTBEPXK AAIOLLINX; .
Ponesas mogenb 1 o1- p YIOLIMX/YTBEP AIOLLNX; matpuua poneit (RACI); gona fokymeHToB ACHOCTb OTBETCTBEHHOCTH, CHUMKEHUE
Ha3HayeHue BnaJenbLieB npowecca/ .
BETCTBEHHOCTb C Ha3HaYeHHbIMM OTBETCTBEHHbBIMM «3aBUCaHUIT»
JIaHHbIX
Habniopaemoctb (TaTyCbl A0KYMeHTa/3aABKY; BUAM- Hanyme efMHOr0 peectpa; % OKYMEHTOB CO | NpO3pauHOCTb ynpaBieHNsA, KOH-
(TaTycoB MOCTb 0Yepesn 1 CPOKOB CTaTyCoM; BUTPMHA «B paboTe/npocpoyeHo» TPO/ib UCMONHEHNA
YnpaBneHue cpokamu HOPMATMBHbIE CPOKY COrNACcOBaHMS; CpenHee/MefiaHHOe BPeMsA COTNacoBaHNA; COKpaLLeHMe CPOKOB, CHINKEHUE
(SLA) yBeZdOMNeHIs 0 AefnaliHax J071A NPOCPOYEK; YNCNI0 HAMOMMHAHMIA npocpoyex
Tpaccupyemoctb CTOPUA N3MEHEHNI; KTO cornacoa/ KYpHan AeilCTBYiA; 06A3aTeNbHble MOAA «NpU- | BO3MOMHOCTb aHaN3a OOk,
peLLermiA BepHY; NPUYNHbI BO3BpaTa UYMHa BO3BpaTay; ayauT ynpaBfeHyeckas 0TBETCTBEHHOCTb

Eaunan Bepcua go-

NCKNKoYeHne napannenbHbIX Konuii;

J107191 COTNIAcOBAHMIA «B CUCTEMEY; 3aMpET OT-

CHIKEHNe KOHONNKTOB BepCui,

KyMeHTa KOHTPONIb aKTyanbHOCTH npaBKu GUHANbLHON BEPCUM BHE KOHTYpa KauecTBO peLLeHuit
KauectBO BXOAHDIX MO/HOTA 3aABOK/AOKYMEHTOB; CTaHAap- | AONA 3aABOK C OLUMOKAMI/HENONHOTOM; KONM- | CHIKEHUe BO3BPATOB, YCKOPEHHe
JlaHHbIX TU3aLua nonei YeCTBO BO3BPATOB 113-33 0OpMAEHNA 06paboTKu
e/IVIHble KNaccuduKaTopbl TUNOB .
(npaBOoYHMKM 1 eNHbIE . Hanuuue HCK; uncno gy6bneid; npoLeHT coBna- | CONOCTAaBUMOCTb AaHHbIX, KOPPEKT-
AOKYMEHTOB/N0Apa3aenenuit/ucnon-
JlaHHble y [LeHWA CNPaBOYHMKOB MeXJY cucTemamu Has aHaNUTIKa
HuTeneit
F—— 00MeH fLaHHbIMI € XKypHanom/kaapa- UMCNO MHTErpaLAi; JoNA AaHHbIX 63 ABOMHO- | CHUMKEHME PyYHOro TPyAa, COrNaco-
PPy MU/yueTom; eanHblii BXog (SSO) I0 BBOJ1A; MHLIMAEHTbI HECOrNACOBAHHOCTY BaHHOCTb JIAHHbIX
Habop 0TueTOB; perynapHocTb Gopmmpo-
YnpaBneHueckas KPI no cornacoBanuam, Harpy3ke, nepexoz K ynpaBJieHuIo Ha 0CHOBe
BaHWA; UCMONb30BaHe B yNpaBNeHYecKix
aHannTUKa BO3BpaTam JaHHbIX
peLLeHunax
Mactwrabupyemocts BO3MOXXHOCTb MEHATb MapLLpYThI BpemA BHECEHUA U3MEHeHUIA; Yncio npo- YCTOIYMBOCTD K U3MEHEHUAM,
11 aflanTMBHOCTb 1 ponn 6e3 «pa3paboTkin L1eCCOB, MOKPbITbIX KOHTYPOM CHUXKeHue 3aBucumocTy ot UT
WHpopmaumoHHas be3- pasrpaHuyeHme npas; 3awmta MH; ayauT NPaB; MHLMAEHTbI JOCTYNa; Halnume CHIKEHME PUCKOB yTeuek, COOTBET-
0NacHoCTb NorupoBaHue JocTyna MOANTMK XpaHeHsa/gocTyna CTBYE TpebOBaHMAM
Monb3oBatenbckaa npu- | npocToTa MHTepdeiica; 0byueHne; BpeMA 06yueHNA; KONMYECTBO OLUMOOK NOb- | CHUMKEHIE CONPOTUBIIEHMA, POCT
eMIeMOCTb noazepKa 30Bateneit; % akTMBHbIX N0Nb30BaTeNeit baKTUYECKOrO NCNob30BaHNA
HenpotuBopeunBocTb OTCYTCTBUE «[BYX KOHTYPOB» (MecCeH- | JAO0NA COrNacoBaHMil BHE CUCTEMbI; YNCIO MoNHOTa LMPOBOro Cefia, peaib-
KaHanoB [xep/nouta/bymara) «00Xx0108» HasA ynpaBnAemocTb

JINTEPATYPA

1. Kantepes A.Jl., Pomawkosa 0.H., Ynckugos C.B., EpmakoBa T.H. CoBpemeHHOe cOCTOAHIME W NepCNeKTUBbI MOAENMPOBAHMUA LNPPOBbIX NPOGECCHOHANbHDBIX
MPOCTPaHCTB B 6u3Hece u 06pasosaHui. BecTHuk Poccuiickoro yHuBepcuteta Apyx6bl Hapopos. Cepusd: UHdopmatusauus obpasosanua. Tom 20, N 4 (2023)

(.358-372.

cucTembl // BecTHuk BpAHCKOro rocyaapcTBeHHoro TexHuyeckoro yHusepcuteta. 2018. N 10 (71). €. 35-43.

HayKa: akTyanbHble npobnembl Teopun 11 npakTuku. Cepus: JkoHomuka u npaso. 2022. N2 10. C. 63-70.

MITIY. Cepua: Mudopmatuka n nudopmatusauma obpasosanua. 2022. N0 4 (62). C. 29-43.

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

Nomosues P.C., Pomatukosa 0.H., MoHomapesa J1.A. Anroputm nHTennekTyanbHoil NoaAepKm ynpaBaeHueckux peLuenuil AnA pernoHanbHoi 06pasoBatenbHoil
Muxeea E.O., Pomatukoga 0.H. [nbkve meTogbl 1 anropuTMbl ynpaBaeHus MHHOBALMOHHBIMIA IPOeKTaMu AnA NpeAnpuaTuil uhdopmatusauun// CoBpemeHHas

MNasnuyesa E.H., Pomawkosa 0.H. NdpopmaLimoHHble npoLiecch NOAAEPXKY NPUHATUA peLLeHuil B MHOTOYpOBHeBbIX 06pa3oBaTeNbHbIx cuctemax /MockBa, 2022.
Kantepes A.I1., Pomawukosa 0.H., Yuckupos C.B. OnbIT npumeHeHna GpakTopHOro 1 KAacTepHOro aHanu3a B LGPOBOI TpaHchopmaLmuu 06pa3oBaHus //BecTHik

71




NHOOPMATUKA, BbIYNCITINTEJIbHAA TEXHUKA U YITPABJIEHUE

6. Ponomareva L.A., Romashkova O.N. Training of specialists in on-bhoard communication systems. // B c6opruke: 2020 Systems of Signals Generating and Processing
in the Field of on Board Communications. 2020. C. 9078594.

7. Pomauukosa 0.H., MloHomapesa J1.A. Mogenb 3¢ dexTuBHOr0 ynpasnenna o6beAnHeHHol 06pa3oBaTenbHoli cuctemoit (CTpykTypoit)// B kHure: Hosble nHdopma-
LIMOHHbIe TEXHONOMUI B HayuHbIX uccnenosanuax. Matepuanbi XXII Bcepoccuiickoii HayuHo-TeXHUYECKOl KOHGepeHLMM CTYAEHTOB, MOMOAbIX YUeHbIX 11 Cnewy-
anucToB. PA3aHCKNIA roCY[apCTBEHHbIN pagnoTexHnueckuil yunepcutet. 2017. C. 16-18.

8. Pab6osuuesa 0.B., Pomawkosa 0.H., Epmakosa T.H., Ynckugos C.B. Mpouecc 06paboTku v nepesaun BUPTYanbHbIX AaHHBIX B BbIYNCAUTENbHBIX KOMMIEKCAX 11 KOM-
nbloTepHbIX CeTAX By3a //C0BpeMeHHas HayKa: akTyanbHble npobnembl Teopum v npakTuku. Cepua: EcTecTBeHHble 1 TexHUueckue Haykn. 2022. N2 7-2. C. 85-92.

9. 3axapos 1.B., Pomawukoa 0.H. AHanu3 nHdpopmaumoHHbIX NOTOKOB B 06pa30BaTeNbHON OpraH13aLin B LieNAX CO0TBETCTBIA COBPEMeHHbIM Bb30BaM B 06pa3o-
BaHun // CoBpeMeHHaA Hayka: akTyasnbHble npobnembl Teopun 1 npakTku. Cepua: ecrecTBEHHbIE U TeXHUUecKue Hayku — MockBa 2025 — Ne1 — (. 74-79.

10. Monos E.I. MpuknagHas Teopua NpoLeccoB ynpaBneHua B HennHeilHbIX cuctemax. M: Hayka. 2021. 584 c.

© [lobpbiHnHa TaTbAHa HikonaesHa (ermaktat@bk.ru); Acanvies Vicnam Acanveswy (asalievisl@mail.ru);
PomaukoBa OkcaHa HukonaeBHa (ox-rom@yandex.ru); Mbicakos Hukmta Anekceesud (mr.mysakov@mail.ru)
KypHan «CoBpemeHHasn HayKa: akTyasbHble NpobaemMbl TEOPUN 1 MPAKTHKM»

72 Cepusa: EcmecmeeHHble u mexHu4eckue Hayku N° 2-2 ¢pegpasn 2026 2.



UHOOPMATUKA, BbIYUCITUTEJIDHAA TEXHUKA U YTIPABJIEHUE

D01 10.37882/2223-2966.2026.02-2.11

PA3PABOTKA MEP UH®OPMALIMOHHON BE30NACHOCTU

DEVELOPMENT OF INFORMATION
SECURITY MEASURES FOR VIRTUAL
MACHINES

V. Egorov
K. Lazunin

Summary. This article examines security issues in virtualization
environments and models attacker actions against the hypervisor.
Current threats and countermeasures are analyzed. A security analysis
of the correct operation of the hypervisor is provided. Proposals for
improving hypervisor security were formulated. An analysis of hypervisor
components was conducted. Concepts of interaction between entities
were introduced to formulate an approach to hypervisor security. The
need for a rigorous mathematical model has been identified. Information
security measures for virtual machines have been defined.

Keywords: information security, hypervisor, information security in
virtualization environments.
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pUMEHEHWe cpefbl BUPTYanM3aummn B COBPEMEHHbIX

YCIIOBUSIX ABMAETCA HEOTHEMIIEMOI YacTblo MOCTPO-

€HUA KNacTepoB LEHTPOB 00paboTKM JaHHbIX, rocy-
JapcTBO obecrneumBaeT pa3BuTME OOMAYHbBIX TEXHONOTWIA
N MOCTPOEHVEe FoCyAapCTBEHHON eanHON obnayHon nnat-
dopmbl B LeNAX pasMelleHns MHPOPMALIMIOHHBIX CUCTEM
1 MHPOPMALIMOHHBIX pecypcoB [1].

CTouT OTMETUTDb, UTO K CPeACcTBaM BUPTYyanun3aumm pe-
rynatopamu B o6nact nHGOPMaLMOHHON 6e30macHOCTY
yaensietca 6onbluoe BHUMaHWe, pa3pabaTbiBaloTcA COOT-
BETCTBYIOLIME TUMNEPBU30Pbl, OAHAKO BOMPOC MOCTpOe-
HVA KOMMEKCHON 6e30MacHOCTV Ha CUCTEMHOM YPOBHE
[0 KOHLIa He M3yYeH.

Mo HacToALee BpeMA OCTATCA aKTyalbHbIMW Yrpo3bl
B OTHOLLEHMYW runepsusopa [2, 3]. 3NoyMbILNEHHNK, NONy-
UMB aOMUHUCTPATUBHbBIA JOCTYN K rOCTEBOWN BUPTYasSlbHOMN
MaLUViHe, MOXeT BO3/1eICTBOBaTb Ha BUPTYyalbHble annapat-
Hble YCTPOWCTBA rMnepBm3opa C Lefiblo BHeCeHMA OLnNOoK
B ero pabory.

B cnyuae ycnexa 3/10yMbIWIEHHUK MOXET MOBAUATb
Ha paboToCnocobHOCTb BMPTYasibHOM annapaTypbl, 06Cny-
XKMBaLLe He TONbKO BUPTYaslbHYIO MALUWHY, Ha KOTOPOW

ANA BUPTYANbHbIX MALLWUH

Ezopoe Baneputi FOpbesuy

KaHOuodam mexHu4ecKux Hayk, 0oyeHm,

OrbOY BO «[leH3eHcKuli 20cy0apcmaeHHbIl yHugepcumemy,
vec@mail.ru.

JlazynuH KoncmanmuH Anekcanoposu4
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Anomayus. PaccmotpeHbl npobnembl 6e30macHOCTU cpefdibl BUPTYanu3aumin,
CMOZJENMPOBaHbI AEICTBIA HAPYLLNTENA B OTHOLLEHWM runepBu3opa. Paccmo-
TPpeHbl JeiCTBIA HapyLUMTENA B OTHOLIEHMN runepBu3opa. lposeaeH aHanu3
aKTyanbHbIX Yrpo3 U MeTogoB NpoTuBoAelicTBIA. [poBefeH aHanu3 6e3onac-
HOCTW NPUMEHEHA KOPPeKTHOIA paboTbl runepau3opa. (hopmupoBaHbl npea-
NOXeHWA N0 HeOBX0AMMOCTY COBEPLIEHCTBOBAHMA 6e30MacHOCTI runepauU3opa.
[TpoBeaeH aHanu3 KOMMOHEHTOB runepBu3opa. BBeseHbl NOHATUA B3auMoAeli-
CTBUA MeXay cybbekTamu Ana GopmmupoBaHNA NoAXoAa no 6esonacHocTy ru-
nepBu3opa. (hopmynupoBaHa HeobxoaUMoCTb GOPMUPOBAHUA CTPOTOIA MaTe-
matmnyeckoil mogenu. OnpeaeneHbl Mepbl HGOpMALMOHHOI 6e3onacHoCTH AnA
BUPTY/IbHbIX MALUMH.

Knioyesble c108a: uHGOPMALIMOHHAs 0€30NaCHOCTb, TUNEPBU30P, 3aLLUTa UH-
hopmaLun cpeabl BUPTyanu3aLmm.

PacnonoXunca 3n10yMbllWNeHHUK, HO U Jpyrmne BM B cocTa-
Be XOCTOBOro KomMnbloTepa.

PaccmoTpum, B KauecTBe obpasLia, BUPTYanbHyio Knasu-
atypy PS/2, koTopas nmeetca B Hanuuum noboro ctaHzapT-
Horo runepsur3opa. Ha stane 3arpy3kn OC c 3Tom annapa-
Typor B3aumogenctayeT Firmware (BIOS wnwu EFI 3arpy3umnk
onepaunoHHon cnctembl). C MOMOLLbIO BUPTYanbHON Kia-
BMATYpPbl MPOVCXOANT BbIOOP 3arpy30UHbIX OMLMIA.

PaccmoTpum cpefctBa BBOAa AAHHbIX C KfaBuaTypbl.
PaboTow KnaBraTypbl yNpaBnseT KOHTPOJUIEP KaBraTypbl,
KOTOPbIA MNPV HaXXaTn WKW OTMYCKAaHWMW No60I KnaBuLm
BbINOJSIHAET ABe GYHKLMN:

— MOMeLLAEeT B CBOW BbIXOAHOW MOPT ¢ HoMepoMm 60h

CKaH-KoJ KnaBuLuu;]

— MOoCbINIaeT NPoLEeccopy Yepes KOHTPOIep NpepbliBa-
HWIA CUTHAN, THULUUPYIOLLMIA 3aMyCK MPOrpaMmMbl 06-
pPaboTKM anmnapaTHOro NpepbiBaHWA OT KnaBuaTypbl
(npepbiBaHue INT 09h B cTaHgapTHoM Legacy BIOS).

CkaH-Kof, ABNAeTCA MOpPALKOBbIM HOMEPOM KaBuvLn
1 OfHO3HauYHO ee naeHTUbMUMpyeT. Kaxaa Knasuia ume-
€T [1Ba CKaH-Kofa, KOTopble OT/INYaloTCA Ha BenmurHy 80h:

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2. 73



NHOOPMATUKA, BbIYNCITINTEJIbHAA TEXHUKA U YITPABJIEHUE

Bexktop 09h | Tabnuuasektopos
npepbiBaHUi PR———
(INT 21h)
KoHTponnep I'Ipepcfmauun BIOS
npepbiBaHUi int 16h
Knasuarypbl
Mpepbisanne
Knasua 1 O6paboTunk
Typb CxaH-k0A | fopr npe':mawﬁ . .| Mporpamwa
&0h int 09h nons3osarens
Konbuesoii bydep
KnasuaTtypbl
KoHTponnep
npepbisaHuin

Puc. 1. CTpyKTypHas cxeMa KnaBumaTtypbl

MEHbLINN — KOJ HaXKaTus
60nbLIMIN — KOA OTMNYCKaHWA.

Ha pucyHke N°1 npepcraBum CTPYKTYPHYIO CXeMmy Kha-
BMaTypbl.

Cnosa ¢pnaros KnasuaTypbl:

1. 3aHumaet 6anTbl namaTt 40h:17, 40h:18h;

2. Toka3blBaeT COCTOAHMNE CIY>KEOHbIX KNaBuLL:

— eCv KNaBuLUa Ha)aTa, TO COOTBETCTBYIOLMIA OUT pa-
BeH 1;

— eC/In KnaBuLa OTMyLleHa, TO COOTBETCTBYIOWMI OUT
paseH 0.

PacnonoxeHne 6UTOB KNaBull B C/IOBE d)naros KnaBua-

Typbl:
bant 40h:17h,
butbl
7 —insert;

6 — Caps Lock;
5 — Num Lock;
4 — Scroll Lock;
3 —Alt;

2 — Ctrl;

1 — Left Shift;
0 — Right Shift.
bant 40h:18h,
buTbl

7 — SysRq;

6 — Caps Lock;
5 — Num Lock;
4 — Scroll Lock;
3 — Right Alt;

2 — Right Ctrl;

74

1 — Left Alt;
0 — Left Ctrl.

O6paboTurk npepbiBaHus INT 09h cumTbiBaeT 13 NopTa
60h ckaH-Kof 1 aHanu3npyeT ero 3HayeHue. Ecnm ckaH-koa
NPUHAZNEXNT CIy»KebHbIM KnaBuLiam, TO B cJloBe Gpnaros
KJlaBMaTypbl NPU HAaXXaTUM COOTBETCTBYIOLLME OUTDLI, a MpK
oTnycKaHUM cbpacbiBatoTcs. ECnn HaxkaTb Ha Ntobyto Apyryto
knasuwy, INT 09h dopmupyeT fBYx6anTOBbIN KOA, KOTOPbIN
npegcTtaBnseT cobon ckaH-koa, ASCll-koa. Mpouncxoant 3a-
nuncb ABYx06aNTOBOro Kofa B KoMbLeBOW Oydpep BBOAa Kia-
BMaTypbl. B cBolo ouepeppb, KonbLeBo bydep nmeer 06b-
em 15 c/1oB, pa3mellaeTca B NaMATK, KOTOpasA HauyMHaeTcA
C agpeca 40h:1Eh n npepgHasHauyeHa Ans CUHXPOHM3AUUK
annapaTHOro BBOAA JaHHbIX, @ TaKXKe NprieMa X Nporpamm-
Ho nonb3oBaTena. [porpamma Nonb3oBaTens, UCNob3yeT
npepbiBaHue BIOS int 16h, Takxe mMoryT 6bITb MCNONb30Ba-
Hbl cuctemHble dyHKuumn DOS. Mporpamma nonb3oBatens,
MbITaeTCA CUMTaTb CMBOJIbI 13 KOJNbLieBOro bydepa. Hanu-
yrie CUMBOJIOB MOATBEPXKAAET OMNepaLmio BBOAA NX 1 0bpa-
6aTblBaeT B NOCNEACTBUN.

B Takom Bupe BCE paboTaeT, eciv UCNOMb3yeTcs CTaH-
JapTHbIVA 3arpy3yrk onepauuoHHON cuctembl. MNpu Hanm-
UMK 3N0YMbILINIEHHNKA B COCTaBe BMPTYaNibHON MaLUVHbI,
CTaHAAPTHBIN 3arpy304HbIA KoL MOAMEHAETCA BpedoOHOC-
HbiM O, Lenb KOTOPOro: HapylWuTb PaboTOCMOCOOHOCTL
BMPTYyaNibHOW KnaBuaTypbl. Tak, HanprumMep, 310yMblILlIeH-
HUK HauYMHaeT BO3eNCTBOBAaTb Ha NOPTbl BUPTYasibHOW Ka-
BraTypsbl (60h, 61h) nHbIM cnocobom, He NpefyCMOTPEHHbIM
CTaHZapPTHbIM anropuTMOM B3aVMMOAENCTBMA MeXAy anmna-
paTypou 1 gpanBepom.

Cmopenupyem [AeiCTBMA HapylUUTeNss B OTHOLUEHUU
ApaiiBepa Modynsa annapaTHON BUPTYyanv3auuy Ha npume-
pe paboTbl KNaBmaTypbl.
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Jenctere HapywwuTtena Ne 1 — pasBepTbiBaHve MOA-
roTOB/IEHHOro 06pasa B runepBr3ope, NpeacTaBAAoWN
cobOl OMEepaLMoHHYI0 CUCTEMY C BPELOHOCHbIM MpPO-
rpaMmHbIM obecneveHriem. QakTUYecKn co3paeTcs HoBas
BUPTYyasibHasA MallviHa B T’MMepBM3ope.

Henctene Hapywwutena N2 2 — nonyyeHue [oCTyna
K ApanBepy mogynd annapaTtHON BUPTyanm3aLumnu.

JeictBne Hapywwutena N° 3 — co3gaHue YCSIOBUIA
Mo BO3LENCTBUIO Ha ApaliBep MOLYNs annapaTHoOW BUPTYa-
NM3aumm No CpeacTBy KOMaHA/3anpoca NPUBOAALLEro K Ha-
pYLUEHNMIO AOCTYMHOCTY U LLeNIOCTHOCTY BCErO rMnepausopa.

ST [OencTBUA MNO3BOJNAT HEraTvMBHO BO3[ENCTBOBATb
Ha rMNepBU3Op, YTO HapyLWMT PaboTy cuCTeMbl B LENOM,
Takue MNocneAcTBMA MOTyT 3HAUMTENIbHO HEraTMBHO BO3-
[eNcTBOBaTb Ha UHPOPMALMOHHYI0 NMHOPACTPYKTYPY U B
pe3ynbraTe MOXeT NPUBECTV K HapylueHuto paboTbl rocy-
JApCTBEHHbIX CUCTEM.

Heobxoanmo paccMoTpeTb BO3MOMHOCTb COBEPLLEH-
CTBOBaHWA 6€30MacHOCTM MHPOPMALMOHHBIX CUCTEM, MO-
3BOJIAIOLLEN MPOTVMBOAENCTBOBATL Yrpo3aM runepBr3opa,
pa3paboTaTb METOAMKY MO3BONAIOLYIO CO34aBaTbh CUCTEMY
B 3aLLMLLEHHOM VCMOIHEHMN B YCIIOBUSAX HENpegHaMepeH-
HOro BO3[eNCTBMSA Ha cpeay GYHKLMOHUPOBAHMS.

B coBpemeHHbIX MHPOPMALIMOHHBIX MHOPaACTPYKTypax
NPVIMEHAIOTCA COBPEMEHHbIE TMMNepPBU30Pbl, KOTOPble No-
3BOJNIAIOT CO3[aBaTb UMKy apXMTEKTYpy ASiA pa3BepTbi-
BaHMNA MHGOPMALMOHHBIX CUCTEM Ha OAHOM U3MUYECKOM

pecypce.

OfHako OTMeyaloTCA 3HauMTesNbHble Yrpo3bl MHOPMa-
LIMOHHON 6€30MacHOCTY, KOTOPble MOTYT NMOBJIeYb HapyLUe-
HMe LUeNloCTHOCTY, KOHOUAEHUMANbHOCTM U JOCTYMHOCTY
rMnepBun3opa, Takme Kak: Yrpo3a BbixOAa 3a npepenbl BMp-
TyanbHOW MalUVHbI HECET BO3MOXHbIE€ MOCNEACTBUA BIIEKY-
LjMe HeCaHKLMOHMPOBAHHbIN AOCTYM K pecypcam CpeAcTBa
BMpPTYanu3auun. Yrpo3a HeCaHKLMOHNUPOBAHHOIO JOCTYynNa
K pecypcam BUPTYasibHOW MalUVHbI MOfb30BaTeNem gpyroin
BMPTYaNnbHOW MalUVHbI, BfieKyliMe BO3MOXHble nocnep-
CTBMA pacnpocTpaHeHne BPefOHOCHOro MpPOrpamMmmHOro
obecneyeHnA B rMNepBu3ope, a TakxKe NoslyyeHne HecaHkK-
LMOHNPOBAHHOIO JOCTYNa K AaHHbIM. Yrpo3a HecaHKUMOo-
HUPOBAHHOrO AOCTYMNa K rMNepBrn3opy, BAEKYLWNA HECaHK-
LMOHUPOBAHHbIN OCTYN K flaHHbIM [4].

AHann3 coBpeMeHHbIX aTak 1 YA3BUMOCTEN CBUAETeNb-
CTByeT O HeobXoAMMOCTU ycuneHna TpeboBaHun no 6es-
onacHocTu [5, 6]. B Tabnuue N°1 npeacTaBneHbl Cnocobbl
peannsaunn yrpos Ha rmnepBr3op B COOTBETCTBMM C OaH-
KOM fAaHHbIX yrpo3 6e3onacHoctn nHbopmaumm OCTIK
Poccun [7].

B runepsusope peanusyetca B3aMMOAENCTBME MeXAay
cybbeKTamu, KoTopble MOryT TpeboBaTb BbINOHEHWE One-

Tabnuua 1.
Cnocobbl peannsaumm yrpos Ha rmnepsusop
B COOTBETCTBMU C 6BAHKOM JaHHbIX Yrpo3 6e30nacHoOCTM
nHdopmauumn ®CTIK Poccnn

Cnocobbl peanu3awui yrpo3 B OTHOLLEHNM FNepBM30pa

1. | JkcnnyaTauma 3BeCTHbIX yA3BUMOCTEl

2. | Ikcnnyatauna yA3BUMOCTENl <HYNIEBOTO HA»

llcnonb30BaHue He0CTAaTKOB, CBA3AHHDIX C HEMOMHOTON NPoBEPKN

3.
BBOJMMbIX (BXOAHDBIX) AaHHbIX

A Wcnonb3oBaHme HeOCTATKOB, CBA3AHHBIX C yNIpaBNeHNEM yUeTHbIMM
" | JaHHbIMU

5 Jlcnonb3oBaHme HeROCTATKOB, CBA3AHHDIX C OTCYTCTBUEM MPOBEPKN
" | BOCTOBEPHOCTY OTMPABUTENA W/MAN NOYYaTENA

6 Wcnonb3oBaHme HeOCTATKOB, CBA3HHbIX ¢ XPAHEHNEM KNH0UeBOIA
" | uHdopMaLyK B NpOrpaMMHOM KoZe (B onepaTuBHOI NamaTm)

7 Jlcnonb3oBaHue He0CTaTKOB, CBA3AHHDIX C NCM0MIb30BAHNEM He-
" | cToiiKoii kpunTorpadum

8 Wcnonb3oBaHme He[OCTATKOB, CBA3AHHBIX C HEKOPPEKTHO HACTPOIA-
" | Koif ceTeBOr0 fOCTYNa

9 llcnonb30BaHve HeloCTaTKOB KOHAUIYpaLyH, CBA3aHHBIX C HACTPOIi-
" | Kamu no ymonuaHuo (BKNoYaa Napoiu no yMonyaHuio)

10 Wcnonb30BaHme HeOCTATKOB, CBA3aHHbIX C HEKOPPEKTHOI HACTPOIA-

KOli MpaB JocTyna

BHenpeHme BPEA0OHOCHOI0 NPOrpaMMHOro obecreyenusa yepes
1. CKOMNPOMETUPOBAHHbIE 06HOBNEHNA NporpammHoro obecreyenusa
nm OﬂepaLIVIOHHOVI CUCTEMDI

12. BHEAPEHME 3aKnaj0K B CUCTEMHOE NporpaMmmMHoe obecneyenne

13. | WpeHTudukauua nonb3oBateneii

14. | MonyueHue faHHbIX 0 NONIb30BATENAX U FPyNNax

15. | TonyyeHue faHHbIX 0 NpoLeccax

16. | MonyueHwe faHHbIX 0 HACTPOIiKax 6e3omacHoCTH

17. | bnokupoBka nonb3oBateneit

18. | MHOXeCTBEHHbIi 3aMycK MPporpaMMHoro obecneyeHus

19. | Bbixog 3a npefenbl BUPTYanbHOI MHYPACTPYKTYpbl

20. | Mepebop naponeii K yueTHOI 3anucu

21. | Mepebop nonb3oBateneii k naponio (Password Spraying)

22. | Mepebop yTeKwwunx nap nonb3osatens/naponb (Credential Stuffing)

BoccTaHoBneHme ayTeHTUGNKALMOHHOR MHGOPMALIMM 13 KypHaNOB

23. -
MPUIOXeHNiA

24. | Joctyn 6e3 aBTopu3awum

25. | Wcnonb3oBaHue owm60K K OTCYTCTBUA MPOBEPKY NpaB 40CTyNa
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paumin NocpeacTBOM Nepefaun KOMaHg, YTo No3BossAeT aTa-
KyloLleMy BO3[eNCTBOBaTb Ha ero KOMMOHEHTbl Takne Kak
aipecHoe NPOCTPAHCTBO NaMATU, aAPEeCHOe NPOCTPAHCTBO
BBOJA-BbIBOAA, agpecHoe NpocTpaHcTBo wuH PCl v gpyras
BUPTYyasibHaA annapaTypa, NoHyXA4asA Cy6beKT HasHaueHus
K peanusauum yrposbi.

BBefem noHATHe «nocieaoBaTeNbHOCTb OnepaLnin» Kak
Habopa JeNCcTBMIA, BbINOMHAEMbIX CyObEeKTOM Ha OCHOBE MNo-
NYYEHHbIX KOMaH[ OT ApYrnx CyObeKToB.

BBefem noHATME «BanMHas NociefoBaTe/lbHOCTb one-
pauunit», Kak MocnefoBaTeNlbHOCTb oOnepauuii, JomyCTu-
Mas npu paboTe BUPTyanbHON MalUMHbI 1 He MPOBOAALIas
K YXYAWeHUo napameTpoB paboToCcnocobHocT cybbek-
TOB. Bce onepauuu, He ABNAIOWMMUCA BanvaHbIMY, 0ObAB-
NATCA HEBANIMAHBIMMU, TO €CTb 3arnpeLleHHbIMY.

Onpegenvm, YTo BUPTYasibHble YCTPOWCTBA MOTyT Tpe-
60BaTb BbINOSIHEHVA OMepauuin gpyrumy YCTpOMCTBaMu
TOJIbKO MOCPEACTBOM MPOLIECCOPOB, a He Hanpsamylo. Bce
onepauun Mexay BUPTyanbHbIMU YCTPONCTBaMU, OCYLLECT-
BNIAIOTCA HaNPAMYI0, ABNAOTCA HEBANIMAHbBIVIMUA.

Onsa aHanusa 6e30MacHOCTU U KOPPEKTHOCTW PaboThl
runepBr3opa TPebyeTcs CTporas MateMaTyecKkas MOLENb,
onucblBatoLan:
— MHOXeCTBO CyObeKTOB (NMpoLeccopoB 1 BUPTYyasib-
HbIX YCTPOWNCTB);

— [OOCTYMHble UM agpeca MPOCTPAHCTBA KaK KaHasbl
B3aMMOJENCTBUSA;

— onepauuu, KoTopble CyObeKTbl MOTYT MHULMUPOBATb
M NPUHMUMATD;

— nocniefoBaTeNIbHOCTb Onepauui, peanusyowune an-

ropuTMbl paboTbl BM;

— KpuUTepun BaNMOHOCTU 1 HEBANVMAHOCTUN 3TUX Nocse-

[OBaTeNIbHOCTEN.

O6MeH KoMaHAaMmn Mexgy cybbekTamu ocylecTsaeT-
CA yepes aApecHble MPOCTPAHCTBA, NpenCcTaBAemMble arn-
MapaTHOM 1 MPOrPaMMHON KOHUrypaumein Komnblotepa.
Heob6xo41Mmo BBECTN MHOXKECTBO aiPeCHbIX MPOCTPAHCTB:

CocTosHVE MOXKET BKJTHOUaTb:

— 3Ha4yeHns PermcTpoB NPoLeccopa;

— KOHOUrypaumio BUpTyanbHOro yCTPONCTBa;

— cofepKunMoe BHYTpeHHVX 6ydepoB 1 ouepepeis;

— MapameTpbl, CBA3aHHble C MPOU3BOAUTENILHOCTbIO
1 BOMYCTUMOCTbIO.

WNHTepnpeTayms: nocnefoBaTenbHOCTb onepauuii npea-
CTaBnAeT co6o anropnTM paboTbl CybbeKTa (M COBOKYM-
HOCTM CYyObEKTOB) B paMKaXx GYHKLIMIOHNPOBAHUSA BUPTYaSib-
HOW MaLUViHbI. TeM CaMbIM JOJIXKHO UCKNOYaTbCA:

— COCTOAHUA cO0A 1 3aBUCaHUS;

— HeKOppPEeKTHble KOHOUTypaLuy;

— COCTOAHMWA C He[ONYCTUMOW Aerpagaunern Nnpon3Bo-

ONTENBHOCTU.

To ecTb Ana nb6ol BannaHoOM nocneaoBaTesibHOCTU 3a-
npeLleHo CyLecTBOBaHWe onepauny, y KOTOPON NCTOYHU-
KOM M Ha3HauyeHMeM OLHOBPEMEHHO ABMAITCA BUPTYasb-
Hble YyCTPOWCTBaA.

Mpeanaraemblin Noaxof NO3BONT 3afjaTb CTPOTYIO MaTe-
MaT1YeCcKylo OCHOBY AJifl aHanM3a 6e30nacHOCTV rMnepBu-
30pa. Ha ero 6a3e BO3MOXHO pelueHune crnefyoLmnx 3a8ay:

— KOHTpOJIb JoCTyna.

— BepudUKaLma runepsmnsopa.

— 3alUyTa BUPTYasibHbIX MaLUVH.

— MpPOTVBOMENCTBME aTaKaM.

— OTKa30yCTONYMBOCTb.

— CTaTNYeCcKuUii N AVHAMUYECKMIA aHanus.

Bo3MOXHO NpeanoxnTb GopmasibHylo Mogesnb B3avMo-
LEeNCTBMA CyObeKTOB rMnepBm3opa Ha OCHOBE TEOPUY MHO-
KecTB.

Heobxoaumo ocoboe BHUMaHUE yaenuTb OrpaHuyeHu-
AM Ha B3aVMMOAEWCTBME BMPTYalbHbIX YCTPOWCTB 1 Tpebo-
BaHVAM K KOPPEKTHOCTU COCTOSHUI Cy6beKToB. JTO CO3-
[acT OCHOBY ANA AanbHewwen dpopmanbHO BeprdrKaLmum
rNepBun3opPOB, MOCTPOEHUA Mogenel 6e30MacHOCTY 1 Ha-
pywutens n paspaboTKi MeTOAOB aBTOMATV3VMPOBAHHOIO
aHanusa 6e30MacHOCTY rMnepBr3opa.
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NOBbILWEHUE 3O DEKTUBHOCTU COPTUPOBKW KAPTO®ENS

N

IMPROVING POTATO SORTING
EFFICIENCY

A. Karyakin
V. Sotskov

Summary. The problem of increasing the efficiency of potato sorting
is examined. It is noted that sorting is a key stage that determines the
quality of the final product and the optimal use of the harvest. To improve
efficiency, comprehensive measures are proposed: the implementation of
automated lines, optical control systems, personnel training programs,
and quality monitoring systems. The most promising direction is the
implementation of an optical sorting system with machine vision. Such a
system optimizes post-harvest processing, minimizes tuber damage, and
ensures sorting accuracy of over 91 % with minimal losses, which meets
modern agro-technical standards.

Keywords: efficiency improvement, sorting, potato, method, technology,
optical system.

s )

BseaeHve

KapTtodenb ABnaeTca BaxKHENWM CeNbCKOXO3ANCTBEH-
HbIM NPOAYKTOM Kak B Poccuu, Tak 1 Bo Bcem mupe. Bctynne-
Hue Poccun Bo BcemmpHyto Toprosyto opraHusauuto (BTO)
CO3[aeT 3HauNTeNIbHOE KOHKYPEHTHOE 1aB/eHMe B CeSIbCKO-
XO3ANCTBEHHOM CEKTOpe CTPaHbl. YUnTbIBasA, UTO AOKTPUHA
npofoBosbCTBEHHOM 6e3onacHocT Poccum npegycmatpu-
BaeT JOCTMXKEHME CamMOObecrneyeHHOCT NPoAyKTaMm Mu-
TaHWA He MeHee YyeM Ha 95 %, noBbilleHne 3PpPeKTUBHOCTA
npoun3BoAcCTBa KapTodena nmeet nepBoCTENEHHOE 3Haye-
Hue [2]. HecmoTpA Ha pacTyLlyio TeHAEHLUMIO K BHEAPEHWIO
COBPEMEHHbIX MALUVHHbBIX TeXHomorni cpean dpepmepos
N CenbCKOXO3ANCTBEHHbIX OpraHu3auumii, TOBapHOe Kaue-
CTBO KapTodensa yacTto octaeTca Hu3Kum [10]. Kpome Toro,
3HauuTeNbHble noTepu, gocturatowme 30 % un 6onee, Npo-
WCXOAAT MO BCEN Lienoyke NocTaBoK OT nons Jo notpebu-
TendA. B 3HauuTenbHOWM CTeneHn 3TO MOXeT ObiTb CBA3aHO
C YCTapeBLMMU METOAaMU NocsieybopouHon 06paboTku
N KauyeCcTBOM MCMOMb3yeMOro NocajouHoro matepuana [8].

CopTtupoBKa KapTodens, ABNAOWAACA BaXKHbIM 3Tarnom
nepepaboTkn M KOMMepuManv3aumm, CylecTBeHHO Bn-
AeT Ha KauyeCTBO NPOAYKLUMM M KOHKYPEHTOCMOCOOHOCTb
Ha pblHKe. [TOCKONbKY NOTPebUTENbCKMIA CMPOC Ha BbICOKO-
KauyeCTBEHHYIO CeNbCKOXO3ANCTBEHHYIO MPOAYKLMIO BO3-
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Anromayus. B pabote paccmoTpeHa npo6nema noBbilLeHnA SGHeKTUBHOCTH Co-
pTUpoBKN KapTodens. 0TMeyaeTcs, uTo COPTMPOBKA — KNKoueBoii 3Tan, onpe-
LenAuLnil KauecTBO KOHEUHOro NMPOAyKTa 1 OMTUMANbHOE MCMONb30BaHMe
ypoxas. [InA noBblLLeHNA 3OHEKTUBHOCTU NPEANAraloTca KOMNNEKCHbIe Mepbi:
BHef\peHIe aBTOMaTM3MPOBAHHbIX MHWI, ONTUYECKUX CUCTEM KOHTPOAS, Mpo-
rpamm 06yuyeHua nepcoHana 1 cMcTeM MOHUTOPUHTA KauecTBa. Haubonee nep-
CNeKTUBHbIM HanpaBneHreM ABNAETCA BHZDEHNe ONTYECKOI CUCTeMbI COpTU-
POBKI C TeXHUYECKUM 3peHueM. Takas cucTema onTUMU3NpYeT nocneybopouHyo
06paboTKy, MUHUMU3UPYET NOBPEXeHNe KyOHeil 1 obecneynBaeT TOUHOCTb
copTupoBKM 6onee 91 % Npu MUHUMANBHBIX NOTEPAX, UTO COOTBETCTBYET COBpeE-
MeHHDbIM arpoTeXHYeCKUM CTaHAapTaM.

Kntouegble coga: noBbiweHne 3pGeKTMBHOCTH, COPTUPOBKA, KapTodenb, Me-
TOf, TEXHOJOTYS, ONTUYECKAsA CUCTEMA.

pacTaeT B YCNOBMAX pacTylleil KOHKYpPeHLMU B OTpaciu,
3¢ deKTNBHaA COPTUPOBKA CTAHOBUTCA peluaowmnm akTo-
pPOM ycrniexa B arponpoMbliLLIeHHOM ceKTope. TpaanLUoHHO
pyy4Has cCopTMpPOBKa No pasmepy, popme, LBeTy 1 fedpeKTam
ABNAETCA TPYLOEMKOWN 1 MOABEPXKeHHON olwmnbkam. bnaro-
JapA TEXHONOrMYeCcKomy Nporpeccy NoABUANCbL MexaHuye-
CKMe N aBTOMATU3MPOBaHHbIE CUCTEMbI COPTUPOBKN, NOBbI-
LaLMe NPON3BOANTENBHOCTb Y TOYHOCTD [6].

MWHWCTEPCTBO CENbCKOrO XO3AWCTBA MNOAYEpPKMBAET,
yTo 3hPEKTMBHASA COPTUPOBKA HE TONIbKO MOBbILLAET Kaye-
CTBO NPOAYKLMM, HO U CBOAUT K MUHVMYMY NMOTEpU, TEM Ca-
MbIM MOBbILLAA NPUOBLINBHOCTL NpeanpuATUs. Bce 6onbluee
pacnpocTpaHeHne NoJlyyatoT ONTUYECKNe COPTUPOBOYHbIE
CUCTEMbI, CNOCOOHbIE aBTOMaTM3MPOBaTb MPOLECC 1 UCKI0-
UYnTb OWMOKM YenoBeka. OfHaKo nepep MpefnpPUATAAMUY
No-NpeXKHeMy CTOAT CJIOXKHbIE 3a/laun, B TOM YMCIIe BbICOKas
CTOMMOCTb 060PYA0BaHUs, HEOOXOAUMOCTb B MOCTOSIHHOM
TEXHUYECKOM OOCNYKMBAHUUN U HEJOCTaTOYHas MOArOTOBKA
nepcoHana. CnegoBaTenbHO, UCCefoBaHNe MeTO40B ONTH-
Mu3aumm 3GdeKTMBHOCTM COPTUPOBKK KapTodena cTaHo-
BUTCA BCe 6onee akTyanbHbIM [9].

Llenbto uccnedosaHus ABNAETCA NPOBeAEHME aHanu3a
CYLLECTBYIOLMX METOOB COPTUPOBKY KapTodens, BbisiBne-
HMe KNoYeBbIX NPOOGSIEMHbBIX acNeKToB, C KOTOPbIMU CTasl-
KMBAIOTCA NPeanpuaTrA B Xo4e AaHHOTO NPOoLecca, a TakxKe
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pa3paboTKa pekoMeHZauuin Nno onTyMMU3aLMmn NpPoLLeccoB
COPTUPOBKM.

06vekm ucce0o8aHUs — TEXHONOMMYECKNe NpoLecchl
COpPTUPOBAHUA KapTodens.

Pe3ynbTaTbl NICCAEAOBaHUSI

KapTtodenb aBnaetca cenbCckoxo3AnCTBEHHbIM TOBapOM
MMPOBOrO 3HaYeHWsA, BXOAALMM B YMCIO Hanbonee npu-
OblTbHBIX KynbTyp Gnarofjapa CBOeMy CTaTyCy OCHOBHOTO
NCTOYHMKa NPOAOBONLCTBUA BO BCemM mupe. Ero nuuiesan
LieHHOCTb YI0BETBOPAET Pas3fiMyHble NOTPebHOCTY Niofeit,
CnaAWmMX Ha areTe, obecrneumBas UX HEOOXOAMMbIMMN BUTA-
MVHaMK, MUHepanamm (Makpo- U MUKPO3JIEMEHTaMW), aH-
TUOKCUAAHTaMW, aMUHOKUCIIOTaMy, yrneBogamu, 6rodna-
BOHOMAaMu u duToHuMaamun [9]. Poccua 3aHMMaeT TpeTbe
MeCTO B MV pe Mo NPOon3BOACTBY KapTodena. B cootBeTcTBMM
C IHULMATUBOW NpaBUTeNIbCTBa MO YCKOPEHWIO MMOPTO3a-
MeLLeHNA OCHOBHbIX BUAOB CebCKOXO3ANCTBEHHOW MpPO-
aykumm B 2024 rogy 6bin cobpaH 3HauUTeNbHbIN yporKal
KapTodena. ITOT NokasaTe/lb MPON3BOACTBA BK/IOYAET Kak
KPYMHble CeNnbCKOXO3ANCTBEHHbIE NPeANPUATUA, Tak N He-
60MbLUMX HEe3aBUCUMMbIX Npov3BoguTene, obwuii obbem
KOTOPbIX COCTaBM 7,3 MIIH TOHH (PUCYHOK 1).
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Puc. 1. Banosbili cbop KapTodena B AHAMUKE, TbIC. TOHH [3]
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Jlnpepom no cbopy kaptodens B NPOMbILLIIEHHOM CEK-
Tope KapTodenesoactsa PO B 2024 ropy asnsetca bpaH-
ckas obnactb (BanoBble c6bopbl cocTaBmam — 990,9 Tbic.
TOHH, fonAa B 06wmx cbopax — 13,4 %). 3a rog cbopbl co-
KpaTunmcb Ha 27,6 % (Ha 377,2 TbiC. TOHH). Bropoe mecto
3aHMMaeT Tynbckaa obnactb ¢ o6bemoM B 659,1 TbIC. TOHH.
3a rop cbopbl 3aecb cHM3UANCL Ha 11,4 %, a fonA B o6LWeM
no cTpaHe nponssofcTee coctasuna 8,9 % [3].

CHVXeHne 06beMOB MPOM3BOACTBA MPOM3OLWIO Kak
3a CYET HEKOTOPOTO COKPALLEHUs pa3MepoB nJioLagen, Tak
N 3@ CHET CHUKEHNA YPOXKANHOCTY (PUCYHOK 2).
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Puc. 2. AnHamumka nnowagen kaptodensa [1]

B 2024 rogy B LleHTpanbHOM dpeaepanbHOM OKpyre Ha-
Xoaunacb camas 6onblias B Poccun gons 3emenb, oTBeaeH-
HbIX MOJ MPOMbILIEHHOE BbipalyMBaHUe Kaptodens, —
100,8 TbIC. ra, 4YTO CcocTaBnAno 36,0 % oT obLel niowaamn
CTpaHbl. OTOT NOoKa3aTeNb cHM3uACA Ha 11,4 % (4To aKBUBa-
neHTHO 13,0 TbIC. ra) NO CPABHEHWIO C NPEeAbIAYLLM FOLOM.
3a Hum cnepyeT MNpuBomMKCKUN peaepasnbHbIf OKPYT C Mo-
waabto 43,2 TbiC. ra, Yto coctasnseT 15,4 % oT obuien no-
ceBHol nnouaan. OgHako 31o Ha 16,9 % (1nun Ha 8,8 Thic. ra)
MeHbLue, yem B 2023 rofly. AHanornyHbIM 06pa3om, NIoLaan
MPOMBILLIIEHHOMO BblpalivBaHmA KapTodens B CMbUpCKom
bepepanbHOM OKpyre cokpatunucb Ha 7,8 % (Ha 2,9 Tbic.
ra), LocTurHys 33,8 TbiC. ra, uTo coctaBuno 12,1 % ot obuue-
ro obbema BblpalmBaHus Kaptodensa B Poccun. B octanb-
HbIX ¢pepepanbHbix oKpyrax B 2024 rogy Habnoganca pas-
HbI YPOBEHb MPOMbILISIEHHOIO BblpallyBaHuA KapTodensa:
B Ypanbckom defepanbHom okpyre — 28,7 Tbic. ra (10,3 %);
B lOxHOM depepanbHom okpyre — 28,0 Tbic. ra (10,0 %);
B CeBepo-3anagHom defepanbHOm okpyre — 18,6 TbiC. ra
(6,6 %); B CeBepo-KaBkazckom defiepanbHOM OKpyre —
14,0 Toic. ra (5,0 %); 1 [danbHeBOCTOUHbIV defepanbHbIi
okpyr — 12,7 Toic. ra (4,5 %) [1].

B HacTosLee Bpema ana Knaccnudurkaumm kaptodens nc-
MoMb3yeTcs HECKOSIbKO MeTofoB (Tabnuvua 1).

Kaxkablili meTop cOpTUPOBKU KapTodensa obnagaet cnew-
NPUYECKUMU XapaKTepucTnkamm, 3GPeKTMBHOCTb KOTOPbIX
MOXeT BapbMpPOBaTbCA B 3aBUCMMOCTU OT KOHKPETHbIX YC-
nosuin npoussoacTa. COPTMPOBKA Ha POSIMKAX U CUTax
nocne cb6opa ypoxas CTafla CTaHZAPTHOW MPAKTUKOWM Kak
B OTEUYECTBEHHOM, TaK 1 B 3apybexxHOM 0bopynoBaHuu gna
nepepaboTkun kaptodena. Xota oba meToga No3BONAIOT Ka-
nnbpoBaTb KNYGHW NO TONLWMHE U LUIMPUHE, HA OWH U3 HUX
He UMeeT ABHOMo MpeumyllecTBa nepes apyrum. Hekoto-
pble uccnefoBaTenn pPeKkoMeHAYT MCMNOoNb30BaTb COPTU-
POBKY Ha CUTe U3-3a ee CNOCOOHOCTV OAHOBPEMEHHO CO-
PTMPOBaTb KapTodesb, OTAENAA CHavana KpynHble Gpakumm
1, TaKUM 06Pa3oM, CBOAA K MUHMMYMY MopYy npogykta [9].

CopTupoBKa KinybHel KapTodensa ABAAETCA BaKHENLLNM
3Tanom B NPOU3BOACTBE KapTodens, MOCKONbKY OHa Hanps-
MyI0 BAIMSAET Ha ONTMMAaJIbHOE NCMOJb30BaHMe COOPAHHOTO
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Tabnuua 1.
MeToabl COpTMPOBKM KapTodens

2

(OTnnyaeTca NpocToToli M HU3KON 3aTpaToii BpeMeH.
PaboTHUKM MHAVBIAYaNbHO 0TOUpAIOT KapTodenb Ha OCHOBE
3apaHee onpefeneHHbIX KputepueB. PyuHas copTupoBka,
TpebytoLLan MUHMMaNbHbIX 3aTpaT Ha 000pyAoBaHHe,
TpebyeT 3HauuUTeNbHOTO KonnuecTBa paboyei cunbl v nop-
BepieHa YenoBeyecknm oLnbKam.

ne

PyuHas
COpTUPOBKaA

Wcnonb3oBanme cnewynani3upoBaHHoOro 060pyaoBaHus,
TaKoro Kak COpTUPOBOUHBIE YCTPOIACTBA, MOXET 3HaUUTENb-
HO ycKopuTb NpoLiecc. MexaHuyeckme cucTembl CnocobHbl
KnaccuduumpoBatb Kaptodenb no pasmepy 1 Gopme, 0aHa-
KO UX 3O EKTUBHOCTb MOXET CHU3UTbCA NPU 06HapYeHuN
MOBPEXAEHHOT0 UM NOPUEHOT0 NPOAYKTA.

MexaHu-
yeckas
COpTMPOBKA

70T yCOBEPLLEHCTBOBAHHbII NOAXOZ MCMIOMb3YET KaMepbl

1 JaT4MKM ANA aBTOMATUYECKOT0 ONpefeNieHns KauecTea
kapTodens. OnTuyeckme cucTembl MOryT 3HeKTUBHO Bbl-
ABNATH AEOEKTbI, (BA3aHHbIE C UCTEUEHNEM CPOKA TOAHOCTH
WY MEXaHUYECKUMI NOBPEX AEHUAMY, UTO 3HAUUTENbHO

OnTnyeckas
COPTUPOBKA

MOBbILLAET TOYHOCTb COPTUPOBKMN.

ypoxas [5]. TouHoe dpaKLMOHMPOBaHKE rapaHTUpPYeT, UTo
KapTodenb byaeT kKnaccuduLMpoBaH B COOTBETCTBMM C €70
pa3mMepomM, KayecTBOM M Ha3HaueHmeM. DTO, B CBOK Ove-
pefb, BAUAET Ha Takne KntoueBble GaKTopbl, Kak KayecTBo
ceMeHHoro Kaptodens, KoTopoe BMOCAeACTBMM BAUAET
Ha YPOXKalHOCTb 1 XapaKTEPUCTUKM XpaHeHus. [1na nosbl-
weHna 3GHEeKTUBHOCTM COPTUPOBKM KapTodena MOMKHO
NPUHATb HECKONbKO Mep:

1. BHeppeHMre aBTOMATU3MPOBAHHbIX IMHUN COPTUPOB-
KW NOBbILWAET CKOPOCTb 06PaboTKM 1 CBOAUT K MU-
HUMYMY YesioBeyeckre oLnOKM.

2. WHTerpauma onTuyecknx CMCTeM 3HaunTesIbHO NOBbI-
LaeT TOYHOCTb COPTUPOBKU, MO3BOJIAA NMPOBOAUTD
TOUHY0 uaeHTUPMKaLMIo 1 pas3feneHne Ha OCHOBe
BM3YyasibHbIX XapaKTePUCTUK, TeEM CaMbiM COKpaLlas
KOJIMYeCTBO OTXOA0B.

3. KomnnekcHble nporpammbl 06yyeHns Ans COpTUPOB-
LMKOB MOBbILLAIOT UX KBaNMBUKALMIO M CHUXKALOT Be-
POATHOCTb OLUNOOK.

4. Mcnonb3oBaHve CUCTEM MOHUTOPWUHIa M aHanusa
[aHHbIX MNO3BOJIAET ONTUMM3NPOBATb NPOLIECChI CO-
PTUPOBKW. DTN CUCTEMbI MOTYT BbIABMATbL y3KMe Me-
CTa B NPOV3BOACTBEHHOW LienoyKe, CnocobCTByA Lie-
neHanpaBieHHbIM YyULLeHUAM.

Hanbonee nepcneKTMBHbIM HanpaeieHMEeM NOBbILLIEHUS
3G HEKTUBHOCTU COPTUPOBKN KapTodens sBnaeTcsa BHeape-
HVe ONTUYECKOWN CUCTEMbI COPTUPOBAHUA KIyOHEN ¢ npu-
MEHEHMEM TEXHNYECKOrO 3pPeHUs. DTOT MOAXOA ONTUMU-
3UpyeT NocrieybopouHyo 06paboTKy 3a cUeT MHTerpauun
Pa3fIMUHbIX MEXaHUYECKUX KOMIMOHEHTOB B AVHYI0 NPoun3-
BOACTBEHHYIO SIiHUI0. [priMeYaTesibHO, UTo B 3TOW cucTeme

NCMoNb3yeTcA KOHBENEPHbII COPTUPOBLLMK, OCHALLEHHbIN
CUCTEMON BUAEOHaOI0AEHVA HAa OCHOBE KaMep, KOTOpas OX-
BaTbIBaeT BClO Pabouyto 30HY [1ByX KOHBeNepHbIX NIeHT. brok
ynpaBneHna obpabaTbiBaeT BM3yasibHble AaHHbIe 1 YrpaB-
NAET VCNONMHUTENbHBIMA  MeXaHU3MaMK, OCHALLEHHbIMU
ynpyro pepopmMmpyeMbiMu COPTUPOBOYHBIMY  MEXaHMN3-
Mamui, NMPVYBOAVMbBIMU B OENCTBME dneKTponpusogamu [7].

WccneposaHuna, npoegeHHble H.B. Ca30HOBbIM, 4EMOH-
CTPUPYIOT MPEBOCXOAHYI0 TOUHOCTb ONTUYECKOW CUCTEMbI
COPTMPOBKM KNyOHel KapTodens. dTa cuctema obecneyu-
BaeT TOYHOCTb COPTMPOBKM, NpeBbiLiaoLyto 91 %, npun cko-
pocTn KoHBewnepa 1,2 meTpa B CEKyHAY, CKOPOCTM Nogaun
0,75 Knnorpamma B CEKYHAY 1 BpemMeHU paboTbl BCromora-
TenlbHOro pabouero opraHa 1,8 cekyHApl. Ba)kHO 0TMeTUTb,
YTO 3TOT MPOLECC CHMXKaeT noBpexieHre KnybHel Bcero
80 2,3 %, 4TO COOTBETCTBYeT CTPOrMM arpoTEXHUYECKUM
CTaHpapTam nocneybopoyHoin obpaboTku. MNprmevaTens-
HO, UTO 3TOT OMTUYECKUA METOA MPUBOAMUT K CHUKEHMIO
nospexaeHna Tpy6 B cpegHeM Ha 9,8 % MO CpPaBHEHMIO
C TPAaAULMOHHBIMN METOAAMUN MEXaHNYECKON COPTMPOBKMU,
LIMPOKO MCMONb3yemMbiM/ B CTpaHe. BHegpeHne nnHum no-
cney6opouHoli 06paboTkn KapTodensa c aBTOMaTU3MPOBaH-
HOW OMTUYECKOWN CMCTEMOW COPTUPOBKM KOPHEMNI04oB Mno-
3BONUT MNONYYUTb CyLLECTBEHHbIE SKOHOMUYECKME BbIrofbl.
o npepBapuTenbHbIM pacyeTam, rogoBOM SKOHOMUYECKNIA
addekT coctaBut 316 011 pybneir. Kpome Toro, nporHosu-
pyeTca exerofHas 3KoHoMus B pa3smepe 20 354 py6nei
6narogapsa MOBbILEHNIO NMPOU3BOAUTENBHOCTM, TOYHOCTU
COPTMPOBKM Y MWHVMMU3ALUWM MOBPEXAEHUN KapTodens.
KopoTKunin CpOK OKynaemMoCTn MHBECTULMIA — BCEro YeTbipe
MecsAla — CBUAETENbCTBYET O BbICOKOW $MHaHCOBOW 3¢-
bEeKTMBHOCTM flaHHOro NpoekTa [6].

3aKkAlo4eHve

MoBblweHne 3pPeKTUBHOCTU NPON3BOACTBA KapTodens
TpebyeT KOMMIEKCHOrO NOAX0Aa, OCHOBAHHOIO HA MeXaHu-
3aUMKn 1 HAayYHbIX MeTofax BblpallyBaHmMsA. DTO npegnona-
raet nHTerpauuo obopyaoBaHvsa 4a BbINOAHEHWSA OCHOB-
HbIX 1 AOMOSIHUTENbHbIX 33fay MO BCE NPOU3BOACTBEHHON
Lierouke, OT Nocagku 1 cbopa ypoxas [0 NepBMYHON 06-
paboTKn 1 xpaHeHus. CoBpeMeHHOe KapTopeneBOACTBO
CTaBWT BO MaBy yrna peHTabenbHOCTb He TONbKO 3a cYeT
MOBBILIEHUSA YPOXKaNHOCTA, HO 1 3a CYET ONTUMU3ALMN Me-
TOAOB noceybopoUHoli 06paboTKu. K HUM OTHOCATCS ne-
penoBble TEXHONIOTMN 06PabOTKM 1 XpaHeHUs KITyOHeN, No-
3BONIAOLME MHUMU3MPOBATH NMOTEPU U MAKCUMM3NPOBATb
3KOHOMMYECKYIO OTHaAuY.

OueHKa CyLECTBYIOLIMX TEXHOMOMUIA, WCMOMb3yeMbIX
npu nocneybopoyHon nepepaboTke Kaptodend, nokasbl-
BAET, UTO aBTOMATM3aLUs CUCTEM OMTMYECKOW COPTUPOB-
Kn npepctaBnseT coboin Hambonee 3dpdeKkTMBHYIO CTpa-
Tervio MoBbiWeHNa 3PPeKTVBHOCTA. DT CUCTEMbI MOTYT
ynpocTuTb TpeboBaHMA 3aKoHOAaTeNbCTBa Ha Lenbix 70 %
npyY OJHOBPEMEHHOM YBENUYEHUM MPOU3BOAMNTENBHOCTM
0o 20 %.
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A STRICT SOLUTION SET TO ISLAE
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Summary. The paper presents a new approach to determining the
solution of interval systems of linear algebraic equations (ISAs), which
differs from the classical set-theoretic interpretations. The concept of a
strict solution set is introduced, which is defined as the set of interval
vectors {X} for which the result of the standard interval multiplication
[A] - {X} is in the absorption relation with a given right-hand side {B}. This
definition is algebraic and computationally oriented, as it allows direct
algorithmic verification taking into account machine error. The article also
suggests a method for finding {X} and a method for verifying that the
resulting solution belongs to a strict set of solutions.

In addition to the formal definition and illustrative example, the article
examines the areas of practical application of the approach: from
sustainable engineering design and solving interval inverse problems
to formal verification of algorithms. The results show that a rigorous
set of solutions offers a fundamentally new tool for tasks that require
mathematically guaranteed results under conditions of parametric
uncertainty.
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BseaeHve

HTepBanbHaA CUCTEMa JIMHENHbIX anrebpanyeckux

ypaBHeHun (UCJTAY) oTnnyaeTtca oT cMCTeMbl INHER-

HbiX anrebpaunyeckux ypaBHeHun (CJ1AY) Tem, uto
OHa MOXeT cofiepKaTb MHTePBasbHble YMCIIa, T.e TaKMe YNC-
na, KOTOpble 3annCbiBalOTCA B BUAE:

x =[xX]={x € R|xy, — Ax < X < X, +Ax} (1)

roe:
X — VHTEpPBaJIbHOE YKC/0, KOTOopoe 06bIYHO 3amnncbiBa-
€TCA NONY>KMPHbIM LWPUPTOM;
X VI X — HVXKHAA U BEPXHAA rPaHULLbl X COOTBETCTBEHHO;
X, — CpefiHee 3HaueHue X;
Ax — paguyc x [1].
B obweinn dopme WCIIAY 3anmcbiBaeTca aHanornyHo
CNAY:

anx, + ax; + ...+ ayx, +b =0

ayx, + ayx, +...+a,x, +b, =0

ayX, + A Xy + ...+ Ay X, + b, =0

Kayarnoe ®edop KoncmaHmuHoeu4

AcnupaHm,

MWP3A — Poccutickuti mexHoso2u4eckul yHugsepcumem,
mirea@mirea.ru

AHHomayus. B paboTe npepcTasneH HOBbIi MOAXOA K ONPeeNeHuio peLleHus
NHTEPBANbHbIX CUCTEM NIMHelHbIX anrebpaunueckux ypasHeruil (ICNAY), otany-
HbI/l OT Knaccuyeckinx TeOpeTUKO-MHOXKECTBEHHbIX TpaKToBOK. BeopuTca no-
HATME CTPOTOT0 MHOXECTBA PeLLeHNiA, KOTopoe OnpeseNnaeTca Kak MHOXKECTBO
WHTepBaNbHbIX BeKTOPOB {X}, ANA KOTOPbIX Pe3yNbTaT CTAHAAPTHOTO MHTEPBANb-
Horo ymHoxeHnA [A] - {X} HaxoguTCA B OTHOLLEHWM MOMOLIEHNA C 3a[aHHON
npaBoii uacTbto {B}. [laHHoe onpegeneHue ABnAeTCA anrebpanyeckum 1 BbIYIC-
NUTENbHO OPVEHTUPOBAHHBIM, Tak Kak JOMycKaeT NpAMYIo anropuTMuYecKyio
NPOBEpPKY € YUETOM MaLUMHHOI norpeluHocTy. Takxe B (TaTbe NpeAnaraetca
meToz HaxoxaeHua {X} n MeToz NpoBepKIN MPUHAANEXHOCTI NONYYeHHOTO pe-
LUEHUA CTPOrOMY MHOXECTBY PELUEHMIA.

Momumo dopmanbHoro onpesieneHua 1 UKCTPaTUBHOTO NpUMepa, B (TaTbe
paccmaTpuBatoTca cdepbl NpaKTUUECkoro NpUMeHeHA NOAXoAa: OT ycToiiun-
BOTO MHXEHEPHOro NPOEKTUPOBAHIA U PeLLeHNs MHTePBaNbHbIX 06paTHbIX 3a-
[y 1o GopmanbHoil BepuduKaLmy anroputMoB. Pe3ynbTaTbl NOKasblBatoT, uTo
CTPOroe MHOXeCTBO PeLLeHMil NpefiaraeT NPUHLMNMANBHO HOBIIl MHCTPYMEHT
LA 33712y, TpebyIoLLX MaTeMaTyeCKM rapaHTPOBAHHbIX Pe3yNbTaToB B Y0~
BUAX NapameTpuyecKoii Heonpeaen&HHoCTH.

Kniouegwie cnosa: UCITTAY, nHTepBanbHblii aHanu3, nHTepBanbHaa apudpmeTmka,
MHOXECTBO peLLeHHii, UHTepBaNbHaA MaTPULLA, MHTEPBANbHbIN BEKTOP.

roe:

av b, — vHTepBanbHble KOIGPULEHTBI C NHAEKCAMU
i€1,2,...,nnj€ET 2, ...m;

X, — VIHTEpBafbHaA HEM3BECTHaA BENNYNHA, KOTOPYIO
HeobXxoanMo onpeaenuTb.

B matpuuHon dopme NCITAY 3anucbiBaeTca Kak paBeH-
CTBO:

(4] (X} = (B} ®

roe:
WHTepBanbHaA MaTpuua [A] COCTOUT U3 UHTEPBAsNbHbIX
NemMeHTOB a;

WNHTepBabHbI BEKTOP NpaBou YacTu {B} coctonT 3 nx-
TepBaJibHbIX 3/1eMeHTOB b;

VHTEpPBaSbHbIV BEKTOP pelueHns {X} cocToUT 13 nHTep-
BasIbHbIX 3/1EMEHTOB X;

B TAKOM KOHTEKCTe i — HOMep CTPOKM, a j — HoMmep
cTon6ua matpuubl [A].
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B otnnume ot CJIAY, pna UCJIAY cywiecTBytoT pasnnu-
Hble onpefesnieHVa peLlleHnin, a TOUHEe, MHOXECTB peLle-
HUI. Ha npaKTrke nX MOXHO YNpPOCTUTb B CBA3N C TEM, YTO
MaTpuua [A] o6bluHO KBaapaTHas, TO eCTb, KONMYECTBO WH-
TepBaJibHbIX JIMHENHbIX anrebpanyeckrx ypaBHEHU paBHO
KONNYeCTBY MHTEPBAsIbHbIX HEW3BECTHbIX BEIMYMH U PaBHO
n. B paHHoM cTaTbe OyAem paccmaTpuriBaTb TOSIbKO TaKoM
cnyvaim.

1. OGOOWEHHLIMKA MHOXeCTBaMM  PEeLLUEHUA  UHTEpP-
BaJ/IbHOW CUCTEMbI YPaBHEHWI Ha3blBalOT MHOXeCTBa
BMAA:

{X}e R"|(Q1zm € Zny )(022“2 € In )

.”(Q"Z*'”z“nzm < z“n2+n )<[A]{X} - {B})
rae Q, Qy v Q,,,.,

— JIornyeckne KeBaHTopbl V vnn 3;

— A2
(2, 2, ~-"anz+n) =(a,...,a ., b1, bn) €R"™ —varperm—
[POBaHHbIN BEKTOP MapaMeTPOB PacCMaTPUBAEMON CUCTe-
Mbl ypaBHeHun; (z,,z,, ...,z ,, ):=(a,...,a_., b1, bn) €
IR™"2*N — arpervpoBaHHbIi BEKTOP NHTEPBANIOB BO3MOXHbIX
3HAYEHUI 3TUX NAPaAMETPOB; (rr1, T, ..., nnAM) — HeKoTopas

repecTaHoBKa HaTypasibHbIX uucen 1,2, ..., n*+n.

Cnegylowyie MHOXECTBa PeLleHWn ABNATCA YaCTHbIMU
CNyYaamu 3Toro

2. O6befHEHHBIM MHOXECTBOM PELLIEHNI Ha3biBaeTCA
MHOXeCTBO

{(X} < mI(3A] < [A])(3(8} < {B})([AX} = B))}6)

DTa O3HauaeT: «HanayTca Takne matpuua [A] n BeKTop
{B}, UTO PaBEHCTBO BbINOHAETCA.

3. ,D,OI'IyCTI/IMbIM MHOXeCTBOM peLueHwh Ha3blBaeTCA
MHOXeCTBO

(X} < RI(v{8) < (B})(3[A]  [A])([A]{X} = (B})}©

DTa o3HauaeT: «anda nboro BekTopa {B} MOXHO HaNTK
TaKyto matpuuy [A], UTO paBeHCTBO BbINOHAETCAN.

4. KOHTPOMbHbIM MHOECTBOM pPeLUeHNI Ha3biBaeTcA
MHOXeCTBO

{(X} < m(v[A] < [4])(3(8} < {B})([A11X) = (8))})

JTa o3HauaeT: «gnAa Nbon MaTpuubl [A] MOXHO HalTy
Takow BeKTop {B}, uTo paBeHCTBO BbiNOAHAETCA» [2].

1. Apyrov NnoaxoA K onpeAseAeH/io MHOXKecTea
peLweHnn

HecmoTpss Ha cBOW QyHAAMEHTANbHOCTb, Nepeync-
NIeHHble MHOXECTBA pelleHui 06MafdaloT OfHMM obWUMm

CBOWCTBOM: OHU OMWCbIBAOT COBOKYMHOCTb TOYEUHbIX pe-
LeHNI, Tak Ha3blBaeMyto 00O0JIOUKY peLleHuiA, HO He fatoT
e[IVHOrO VMHTepPBasibHOro BeKTOpa, KOTOPbIA MOXHO Oblno
6bl PopManbHO MOACTaBUTbL B UCXOQHYH cucTemy. VHbIMK
CNIoBaMW, AR HUX He BbINOJIHAETCA NPAMOe MHTEPBasibHOe
paBeHCTBO (3). 3TO CO3[aéT pa3pbiB MeXay abCTPaKTHbIM
OMNUCaHEM peLIeHNA U BO3MOXHOCTbIO ero anrebpanye-
ckol Bepudukauun. ina npeofoneHnsa JaHHOro paspbisa
B [JaHHOW cTaTbe OyaeT paccMOTpeHa KOHLeNuma CTpororo
MHOXeCTBa peLleHuld, onpeaensaeMoro UMeHHO Kak MHO-
eCTBO TaKUX UHTepBanbHbiX BeKTopoB {X}, AnAa KoTopbix
paBeHCTBO (3) BbINOMTHAETCA B CMbIC/Ie CTaHAAPTHbIX onepa-
LN MHTepBaNbHOM aprdMETUKN.

[na Hauana pa3bepémcs, Kak 3To BymeTt paboTtaTb C nu-
HeWHbIM ypaBHeHVeM Bra:

a-x=»> (8)

OnpegeneHvie 1. CTporoe MHOXeCTBO PEeLLEeHU UHTep-
BaJIbHOTO YpaBHEHMA — 3TO BCE 3HAUYEHUA NUHTEPBasIbHON
HEN3BECTHOW BEIMYMHBI X, TPU KOTOPbIX PAaBEHCTBO BbINOJI-
HAeTcA.

To ecTb, NpU NOACTAHOBKE 3TOrO PeLleHUA B NCXO[HOe
ypaBHeHVe [AOIKHO MNONYuYNTbCA TOXAeCTBO. Pa3bepém
Ha npumepe.

Mpumep 1.
Myctba=1[17,18],ab=[187,216].
Torpa ypaBHeHue (8) MOXKHO 3anumcaTb Tak:
[17,18] - x =[187,216 ] 9)

Monpobyem peLwnTb 3TO ypaBHEHME KNacCUUeCKnM Cro-
CO6OM MNPV NOMOLLYYN UHTEPBASILHOTO AeeHMS:

_ [1[?;12;?] - [%,%} ~ [1038,12.71] (10)

MofcTaBum pesysbTaT B ypaBHeHue (9) A4na nposepku:

[17,18] - [10.38,12.71] =
=[17 - 10.38,18 - 12.71] ~ [176.46,228.78] =  (11)

# [187,216]

OueBUAHO, TOXXAECTBO He MONyUUNiock. Torga nonpoby-
eMonpenenntb, Yemy OOJIKHbI ObITb PaBHbl HNXKHAA N BEPX-
HAA rpaHnLbl X, yTOObI nonyvymnocb ToXAecTBo. nOCKOHbe
BCe rpaHuubl a n b NOJIOXKUTENbHbIE, MOXHO Npeanono-
XNTb, 4YTO obe FPaHULbl X TOXe MNoNnoXutesbHble. Tor,u,a,
3Has, YTo X < X, rpaHuubl b MOXHO onpepenuTb cnegyto-
LWu1m obpaszom:

{Q = min(17x,17x,18x,18x ) = 17x = 187 12)

b = max(17x,17X,18x,18X ) = 18X = 216

82 Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.




UHOOPMATUKA, BbIYUCITUTEJIDHAA TEXHUKA U YTIPABJIEHUE

W3 yero cnepyer:

187 216
X = —_— = 11,12 13
[ 17 18 } [ ] =

MoactaBum pe3synbraT B ypaBHeHUe (9) AnA NpoBepKu:
[17,18] . [11,12] = [17 + 11,18 - 12] = [187,216](14)

TaknuMm 00pa3oMm, MHOXECTBO peLleHWil, MosyYeHHoe
B (13) ABNAETCA CTPOrM MHOXECTBOM peLUeHU.

2. CTporoe pelwleHue NHTepBaAbHOWN CUCTEeMbI
AVHEeNHbIX anrebpandeckmnx ypasHeHuin

NHTepBanbHoe ypaBHeHue (8), dbakTuyecku, ABnAeTcA
yacTHbIM criyyaem (3) ¢ n = 1. Ha npakTke n MOXeT 6bITb
ouyeHb 6ONbWNMM, B CBA3M C Yem Ansa pewwenus NCIIAY 3a-
YacTylo MCMONb3ylTCA TEXHUYECKne cpenctsa. VMcnonbso-
BaHMe TEXHUYECKUX CPEefCcTB MPUBOAUT K MOABJIEHMIO MO-
rpewHocTeln okpyrneHua. [Ina nHtepeanbHON apudmeTnKm
6blI0 OMpefeneHo MPABUIO HAMPABIEHHOIO OKPYT/IEeHNWs
B TaKOM CJlyyae: HUXKHAA TpaHuLa MHTepBana oKpyrnaeTca
BCerga BHU3, @ BepxXHAA — BBepxX [3]. DTO NpMBOANT K CyLle-
CTBEHHOMY YCIIOXKHEHMIO HAXOXKAEHWA CTPOTrOro MHOXeCTBa
peweHuin UCJTAY. B gaHHol paboTe paccmMoTpuM NpoCTo
Cyyal — yMEeHbLUMM CTPOroCTb onpefeneHnsa ana yyérta
NMOrpPeLUHOCTN OKPYFNEHNA.

OnpegeneHune 2. CTporoe MHOXeCTBO peLUeHNI NHTep-
BaNlbHOW CUCTEMbl JIMHENHbIX anrebpanyeckmx ypaBHe-
HUA — 3TO MHOXKEeCTBO BCEX MHTEpPBasbHbIX BEKTOPOB {X},
[ONA KOTOPbIX BbIUNCIIEHHbIV pe3ynbTaT YMHOMXEHNA Norno-
LaeT MCXOAHYI0 NMPaByto YacTb {B} C TOUHOCTbIO A0 3apaHee
BbIGpPaHHOro Manoro HeoTpuLaTeIbHOrO NapameTpa .

[na nosacHeHus Beefém BekTop {E} paamepom n?, y Ko-
TOPOW KaXAbli 2IeMeHT ABNAETCA MHTepBanom [—¢, €]. Torga
[NA CTPOroro MHOXeCTBa peLUeHNn AOMKHO ObITb NCTUHOM:

([A]-{x} = {B})\([A] - {X} = {B} +{E}) (15)

MapameTp € p[OMKeH BbIOMPATLCA UCKNIOYNTENbHO
C Y4€TOM 0COBEHHOCTEN OKPYrneHnsa B npoLlecce onpepe-
nenusa X.

MpocTon nprmep: pelwmm cucTemy 13 2 ypaBHeHUn ¢ 3
3Havalwmmu yudpamu nocne 3anaton. MapameTp € MOXHO

B3ATb Ha OAWH NopsAaokK bonblue, Hanpumep, € = 0.01.

Mpumep 2.

Lax]|

[&X_ZJ (16)

[3.532,3.536] [1.764,1.767]|
[1.246,1.249] [2.987,2.991]

{[14.185,14.221]}

[12.401,12.434]

MockonbKy BCe 3HaUYeHUA NONOXMTENbHbIE, MOXKHO pas3-
aenutb VICJTAY Ha 2 CJTAY — no ogHOM Ha HUPKHIOK 1 BEpPX-
HIOIO FPaHULbI:

3532 17647 (x| [14.185 a7
1246 2987 | |x,| |12401
3536 1767 [x | [14.221 (8)
1249 2991 |x, | 12434

Hanble pewaem nx nobbiM CNOCO6OM U BbIMOHSEM Ha-
npaBfieHHOe OKpyrieHue X: x = (2.453, 3.128)", x = (2.458,
3.132)"

Tenepb caenaem nposepky (15):

[3.532,3.536] [1.764,1.767]| [[2.453,2458]|
[1.246,1.249] [2.987,2991]| |[3.128,3.132]|

[ [14.181,14.226 ]
|[12:399,12.438]
Kak BugHo, [A] - {X} 2 {B}. Tenepb go6asum {E}:

{[14.185,14.221]} . {[—0.01,0.01]} _

[12.401,12.434] [-0.01,0.01]
[14.175,14.231]
B {[12.391,12.444]}
Takum obpasom {B} + {E} 2 [A] - {X}.

19)

3. MeToA HaXOXKAEHWs CTPOroro
MHO>KecTBa peLleHun

YKa3aHHbI paHee meTog pewenuna NCTTAY npn nomowm
pa3sgeneHus ero Ha 2 CJTAY noaxoamnT TONbKO Npu yCoBUN
3HakonocTosAHcTBa [A]. Tenepb Hagém 6onee obwmii Me-
TOZ M HAYHEM C YacTHOro cnyyas (8).

3apava HaxoXKAEHUA TaKoro X, GaKTUyecku, ABNAeTCA 3a-
Aavei BOCCTaHOBJIEHNA OAHOTO MHOXWTENA MO N3BECTHOMY
BTOPOMY MHOXUTESIIO 1 NPOV3BEAEHNIO, @ TaKXKe, B OTANUME
OT WHTEPBANIbHOTO [efeHuns, ABNAeTCA obpaTHON ANA WH-
TepBanbHOrO YMHOMXeHUA. CNOXHOCTb 3aK/ovaeTca B UC-
MOSIb30BaHNM MHTEPBaNbHbIM YMHOMKEHNEM HeobPaTMbIX
bYHKLMIA «<miny» 1 «max».

MepBbIM fenoM onpefenum B KakoM Cilyyae X MOXeT
6bITb HafeH, a TouHee, MOTYT ObITb HalAeHbl €ro HUKHAA
N BepXHAA rpaHuubl. B aTom Bonpoce cnepyetr obpatutb
BHUMaHVe Ha 3HakK a 1 X. Pa3bepém no 3 cnyyasa ana Kax-
[Oro 13 HUX: HTepBas CTPOro MeHblle 0, HTepBas CTPOro
6onbLe 0 1 nHTepBan cogepxunt 0 1 coctaBum Tabnuuy 1.

MepBoe, Ha UTO CTOUT 0O6PATUTL BHUMAHME — 3TO TO, UYTO
He BO BCEX CJIyYasix UCMOMb3yoTcsa 06e rpaHuLbl X. 31O ro-
BOPUT O TOM, YTO Ciiyyain 0 € a HEOOXOAUMO PacCMOTPETb
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Tabnuua 1.
Pe3synbtat paboTbl GyHKLMI «min» 1 «<max»
| sicoc0) | x<0:3(x20)

_ Q:ao)_( Q:g-)_( Q g')_(
gSa<0(a<O) 5=g'£ 5=Q.K E:a.z
. 0 b=a-x b =min(a - X,a - x) b=a-Xx
a<0s<ala>0) b=a-x b = max(a - X,a - x) b=a-x

_ b=a-x b=a-x b=a-x
0<a<a(a>0) b-a-x b-a-x b-a-x

otgenbHo. [1na a, He cogepkawmx 0, MOXXHO BbIBECTW MPO-
cTyto GoOpMyny HaxoXAeHUA X, YHUKalbHYO AN1A KaKAoro
cnyvas:

x=[b/ab/a]{x>0a>0} 1)

x=[b/ab/a]{x(0,a)o} (22)
x=[b/ab/alf{x>0a>0} (23)
x=[b/ab/a]{x>0a<0} (24)
x=[b/ab/a]{x<0a<0} (25)
x=[b/ab/alf{x>0a<0} (26)

[nAa noHumaHus npobnembl 3HaKoNepemMeHHOro a uc-
nosib3yem nprmep.

Mpwnmep 3.
[-17,18] - [11,12] = [-204,216] 27)

Monpobyem BOCCTaHOBUTb X U3 @ 1 b, Kak B npumepe 1,
HO C ucnosb3oBaHnem Tabnuubl 1:

b=-17x = -204
g _ (28)
b =18x =216
W3 yero cnepyert:
x="2%_1
o
X==—=12
18

Y10 He maéT HuKakon MHbopmaumm o x. Kpome Toro,
B lAHHO 3a4a4e CYMTANOCh, YTO Mbl 3HaeM BCE 3HAKM, HO Ha
NpaKTVKe Mbl BMOSIHE MOXEM He MeTb HUKAKoM nHbopma-
UMM O 3HaKax rpaHuy x. Tem He meHee, HeKkoTopas NHbOpP-
MaLn O X BCE e nmeeTca.

Bo-nepsBbix, Npu paboTe ¢ NpaBUNbHLIMU MHTEPBANAMM
X <X, Tex<12.

Bo-BTOpbiX, ecnin x < 0, TO noBefeHme GyHKUMIA min
N mMax MeHsieTcA Ha apyron ctonbel Tabnuubl 1, To ecTb,
C y4éToMm (28), MOXKHO 3anmcaTb:

b = min(-17X,18x) = —17x = —204
(30)

b = max(-17x,18x) = 18X = 216

ITO 3HAYUT, UTO:

{—177985 X2 = (31)
-17x < 18% 52%2—12.706

Takum obpasom x = [-11.334, 12] — HWXKHAA rpaHMLa
MHOXeCTBa X Cama fIBMIAETCA MHOXeCTBOM, NPUYEM NCXO-
Hoe (27) 3HauveHune 11 ToXe B Hero BXoauT. Tem He MmeHee,
Hanbonee KOPPEKTHbIM pelleHnemM GyaeT MCnonb3oBaHue
HWKHEN rpaHuULlbl 3TOF0 MHOXEeCTBa B KauecTBe HVIKHEN
rpaHuubl x. [poBepurm, YTO BCE NPaBUIbHO NOACTAHOBKOM
B (27):

[-17,18] - [-11.334,12] = [18 - —11.334,18 - 12] =
= [-204.012,216]

PasHuua c (27) noaABmnacb B CBA3U C OKPYreHUEM X,
MOXHO CUMTATb, YTO OHA He MPEBbILLAET €.

32)

Tenepb MOXHO CHOPMYSIMPOBATL PeLleHne A Takoro
cnyyas:

(33)
{x>0,a90}
AHanornyHbiM o6pa3om BbIBOAATCA:
=|min(b/a,b /a), b/ab/a)l,
X [mln(_ a a) max(_ a a)} (34)
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X = [min(g /ab/ g),max(lg / g,E / 5)],

{x>0,a>0}

Ha ocHoBaHuu Tabnuubl 1, npumepa 3 n dopmyn (33-35)
MOXHO cienaTb BbIBOA, UTO Mpu a 3 0 0be rpaHmLbl X MOTyT
ObITb BOCCTAHOBJIEHbI TOJIbKO B TOM CJTyYae, KOrga BblIMOJHSA-
eTcs cnegylollee ycsioBue:

(35)

(la- x| <fa-x)~\(la- x| <a-x])u
Ullg - x|>a - x[)~\(la - x| > |a - x])
OfHaKo, AnsA COOTBETCTBMA ONpeAesneHmto 2 BOCCTaHaB-

nuBaTtb obe rpaHunLbl X He TpebyeTcA. B Takom criyyae Mox-
HO 06beanHUTb popmyrbl (33-35) B ofHY:

(36)

X = [min(l_) /ab/ g),max(Q /ab/ E)],{a > O}(37)

Kak 6bl1I0 yKa3aHO Bbille, MPO 3HaK X MOXET He ObiTb
HUKaKoW MHbOpPMaLMKy, B TaKOM Crlyyae, npu 3HaKOMOCTO-
AHCTBE @ NoTpebyeTca pewnTb 3 ypaBHEHWA U NPOBEPUTD
COOTBETCTBUSA YC/IOBUSA [J1s1 X C €ro Pe3yNnbTUPYIOLWUM 3Ha-
yeHuem [4].

4. Moandukauna metoaa ans pabotel c UICAAY

B otnnumne ot ypasHeHus, B UCJTAY 3HaueHune Kaxpaoro
MHTepBana BekTopa {B} cknagbiBaeTca N3 HECKONbKMX Nap
MHOXUTENEN:

n
j=1

C ofHOW CTOPOHbI, 3TO 3HAYUT, UTO hopMysbl (21-26) BCE
€LUE aKTyasbHbl /151 KaXK4Oro OTAeNIbHO B3ATOro C/laraemo-
ro, HO C APYroi NOJy4YaeTCs, YTO A/1S BblUMCIIEHUA KaXKAoro
b, MOXeT GbITb NCMOJIb30BAHO HECKOTIbKO X, UTO AeNaeT He-
BO3MOXXHbIM MPOBefeHe NPOBEPKY (36) uepes rpaHunubl b,
KakK 3710 genaetca B (37).

OTO NpUBOAUT K HeobxoammocTy pelleHuns CITAY suga:
(4] {x) -

roe maTtpuua [A'] 6ygeT nmeTb pa3mep (2n)? v foSIKHA ObITb
HeBbIpoXKAeHHOoW; BeKTopbl {X'} n {B'} — pa3mep 2n.

(8} (39)

Ona 3anucm Takon CJTAY B MaTpMyHOM BUAE MOXKHO 3a-
nuMcaTb MO oyepean BCe rPaHuULIbl MHTEPBasbHbIX BEKTOPOB
{X} n {B} Takum 06pa3om, 4ToObl CHauana WAK NAPON HUX-
HAA 1N BEPXHAA rpaHuLbl OGHOTO 37IeMeHTa, NOTOM clieflyto-
wero 1 T4. Toraa MHTepBanbHyo MaTpuuy [A] MoXHO byaeT
3anucaTb B MaTpuuy [A'l no 6nokKam, TO eCTb KaxKabli ane-
MeHT [A] BypeT cooTBeTCTBOBaTb 6/10KY pa3mepom 22 brioku
MO>HO COCTaBWTb Ha OCHOBe Gpopmyn (21-26) cnegyowmm
obpasom:

a 0
a; = {; a_ij],{x/ > 0,a; > 0} (40)
a; O
a; = l:cg aij},{xj<0,a,/>0} (41)
a; O
a; = |:OU a_,»j ,{xj > 0,a; > O} (42)
0 g
a; = {_ %’],{x, > 0,a; < 0} (43)
;
0 g
a; = {a,-j ()’},{x, < 0,a; < 0} (44)
]
a; = {@ 0 ],{xj > 0,a; < 0} (45)

Mo>KHO OTMETUTb HanMumMe YaCcTHOro ClyYasa — Hanuume
O[IHOTO 11 TOTO e 3HaKa y BCeX @, N03BONAeT pasfienuTh nC-
JTAY Ha 2 CJIAY — OofHYy ANA HUXKHUX FPpaHuL, a apyrylo —
AnA BepxHUX [4], uTo 6bIIO UCMONb30BaHO B NpumMepe 2.
K coxkaneHuio, B CBA3W C TEM, YTO AJ1A BbIUMCIIEHNSA KaXKAOro
b, MmoXeT 6bITb NCMONIb30BAHO HECKOTbKO X, C (37) caenatb
TakK »ke He nonyumTcaA. TeM He MeHee BCEé eLlé MOXHO COCTa-
BUTb 4 610Ka, TONIbKO OAVH 13 KOTOPbIX MO3BOAUT NONYUYNUTb
BepHoe pelleHre. Taknm 06pa3om Kaxkabli cinyyan as0
yBeNMUMBAET KONMMYECTBO BbluMcieHun B 4 pa3a. He 06sa-
3aTefIbHO BbIMOMHATb BCE BbIYUCAEHUA, MOCKOMbKY Yalle
BCEro noaxofAlnm sABMAeTCA OoAuH 13 6nokoB (46, 49),
KOTOpPbI NOACTaBNAET B HEHyneBble AYelikA HanbosbLuyto
no MOAYSIO rpaHnLLy.

T o]

a; = _0’ a_ij_,{a,, > 0} (46)
o o]

a; = o {a; > 0} 47)

a; = ‘:)’ % {a; > 0} (48)

| :O ﬂ:

a; = o 0 {a; >0} (49)

OcTanocb NpoBepuTb 3TOT METOA Ha npumepe. Monpo-
6yem pewwmnTb NONYNAPHYIO WHTEPBANbHYIO JIMHENHYIO Cu-
ctemy [5].

Mpumep 4.
2,4 -2,1 -2,2
[-12] [2.4] [-2.2]
Bo3sbmém € = 0.01. [ockosbKy 3HaKM X, 1 X, HeN3BeCT-

Hbl, @ TaKe NPUCYTCTBYIOT A1Ba @, 3 0, B XyALIeM C/yyae, He-
obxoanmo pewnTb 3" - 42 = 144 CJIAY. Npeanonoxum, 4to

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2. 85




NHOOPMATUKA, BbIYNCITINTEJIbHAA TEXHUKA U YITPABJIEHUE

o6a nHTepBsana cogepxat 0, a ana cnyyaesa,, 3 0wna, 30
noAcTaBunmM 6510KKM, cooTBeTCTBYOLME (49) 1 (46), NOCKONbKY
HanbonbLluMe MoYyNN y rpaHmnL, -2 1 2, COOTBETCTBEHHO.

MycTb x, 3 0 1 x, 3 0, TOrAa, UCMonb3ys (42, 45, 46, 49),
MOXHO cocTaBuTb CJTAY:

40 0 -2 -2
04 -2 0 2
{X'} = (51)
20 4 0 -2
02 0 4 2

PeweHwnem atoi CJTAY 6ygeT {X'} = (-0.334, 0.334,-0.334,
0.334)". D70 pelleHne NoaxXoAuT MO 3HaKaMm, Tenepb Npose-
puvM BbinoniHeHwue (15).

[24] [-21]] ([-0334,0334]
[-12] [24]] |[-0334,0.334]

(52)
[-2.004,2.004]
[-2.004,2.004]
Kak BugHo, [A] - {X} 2 {B}. Tenepb gobasum {E}:
[-2.2] [-0.01,001]| _ [[-201201] 53)
[-2.2] [-0.01,0.01] [-2.01,2.01]

Takum obpaszom {B} + {E} 2 [A] - {X}.

Ham noBe3no, uto pelleHune 66110 HanaeHo ¢ 1 NONbITKA
13 144. Ho He cTOMT NyraTbCA, NOCKOJIbKY Ha NPaKTMKe, Ha-
npumep, B matematmyeckon ¢pusnke, {X} moxketT 0603Ha4aTb
TaKylo BeJINUMHY, KOTOpPas He MOXeT ObITb OTpULLaTeNIbHOW,
a [A] penKko cofepXnUT anemMeHTbl C Pa3HbIMK 3HAKaMu rpa-
HWL, 3TOro AOCTAaTOYHO ANnA peweHua ogHon CJTAY, Bmecto
3KCMOHEHLMANbHOIO KONnyecTBa.

S. Cdepbl npyMeHeHns1 CTPOroro MHOXKecTsa
pelweHnn

BBeneHvie CTPOroro MHOMXECTBA pPEeWeHnn MOTMBU-
POBaHO He TONbKO TEOPETUYECKMM WNHTEPEeCOM, HO 1 Mo-
TpebHOCTAMY MPUKMAAHbIX 3aday, rae Knaccuyeckue Tte-
OPETMKO-MHOMECTBEHHbIE  OMpeaenieHnss  OKasblBaloTCA
HeloCTaTOUHbIMK. KnloueBble MperMyllecTBa MOAXOAaA,
rapaHTUPOBaHHOE BbIMOMIHEHWE YCNIOBUI [A BCEX BO3-
MOXHbIX peasnvi3auuii napameTpPoB 1 BO3MOXHOCTb NPAMON
anropuUTMYECKO MPOBEPKM, AeNalT ero HesaMeHUMbIM
B CNiepytowmx obnactsx.

B WH)XeHepHOM NPOEKTUPOBAHUN MapaMeTpbl MaTe-
puanoB, Harpy3oKk UanM reoMeTpum 4acTo M3BECTHbI NNLLb
B HEKOTOpPbIX NpeAenax (MHTepBanax). 3agaya ycTonynsoro
NPOEKTMPOBaHNA COCTOUT B HAaXOXAEHUM TaKUX Amnanaso-
HOB ynpaBnseMblX NapPaMeTPOB CUCTEMbI, MPU KOTOPbIX eé
XapaKTePUCTUKM FapaHTUPOBAHHO OCTalOTCSA B 3afaHHbIX
LOMNYCTUMbIX Npeaenax npu niobblx Bapuaumnax HEKOHTPO-
nupyembix GpaKkTopoB.

Crporoe mMHOXecTBO pelueHun {X} ABnAeTcA MMeHHO
Takmum gmanasoHom. Ecnm [A] — wmHTepBanbHaa maTpuua
BAVAHNA, a {B} — HonycTMMBbIN MHTEPBaN BbIXOAHbIX XapaK-
TEPUCTUK, TO NOOOIN KOHKpeTHbI BekTop {X} € {X} rapaH-
TUPOBaHHO NpMBeAET cucTemy B cocTosHune {B} € {B} anAa
HEKOTOpPOW KOMOUHaLMK napameTpos [A] € [A]. OTo no3Bo-
naet popmanbHO 060CHOBaTb 6€30MaCHOCTb U HAAEXHOCTb
KOHCTPYKLNN.

NHTepBanbHble 0b6paTHble 3a4aum — 3TO OAMH U3 Hanbo-
nee BaXHbIX 1 €CTECTBEHHbIX KOHTEKCTOB AJ1A MPYMeEHEeHMA
CTpOroro pelueHns. B obpaTHbIX 3agavax no HabsogaeMbiM
cnepcteuam {B} n nussectHon mogenu s3anmocsasu [A] Tpe-
OyeTcs onpefenvTb TakKo MHTEPBAsbHbIV BEKTOP BXOAHbIX
napameTpoB 1y Bo3aenctanii {X}, KOTopbii TOYHO U rapaH-
TUPOBAHHO 06 BACHAET BCE BO3MOXHble HabtoaeHus.

CTporoe MHOXeCTBO peLUeHUn JAéT NofiHoe onucaHne
BCEX TaKMX UHTepBasibHbIX BX0oAoB. Hanpumep, B reopusun-
Ke 3TO MOXET ObiTb onpefesieHne anarnasoHa BO3MOMHbIX
rny6uH 3aneraHns niaacTa no MHTepPBasibHbIM JaHHbIM CelC-
MMNYECKOro 30HAMPOBaHUA [6]. B megMunHe — oueHKa WH-
TepBasia KOHLEHTPaLNiA BeLlecTBa B TKaHW MO pe3ynbTaTam
ToMorpadunm C NorpeLwHocTbHo [7].

B KOMMNblOTEPHbIX HayKax, 0CO6EHHO B 06N1aCTsAX, CBA3aH-
HbIX C 6€30MaCHOCTbIO 1 HafEXHOCTbIO, CyLeCcTBYeT OCTpan
noTpebHOCTb B GOPManbHOM JOKa3aTeNbCTBE KOPPEKTHO-
CTV paboTbl CUCTEM NMPU BCEX BO3MOXHbIX BXOAAaX 1 COCTOS-
HUSX. YCNOBUA MHBAPUAHTHOCTN UM 6e30MacHOCTM rmbpua-
HOW CUCTEMbI YaCTO MOTYT ObITb 3anMcaHbl B BUAE NMHENHbIX
OorpaHVyeHnn ¢ HeonpepenéxHHbiMmn napametpamu [A]. Jo-
Ka3aTenbCTBO TOrO, YTO MHOMECTBO LOCTVXMMbIX COCTOA-
Hu {X} ynoBnetBopseT ycnosuio 6esonacHoctu {B}, cso-
ANTCA K NpoBepke oTHowweHus (15). Takyto NpoBePKY MOXHO
MOMIHOCTbIO aBTOMATM3MPOBAaTb C NCMOJIb30BaHVEM OMOIK-
OTEK rapaHTUPOBAHHbIX VHTEPBaNIbHbIX BbIYNCIIEHUIA, UTO
KPUTUYECKN BaXKHO ana cepTtudurKaumm Kputunyeckoro MO.

Takmm 06pa3om, CTPOroe MHOXKECTBO PeLUeHW 3aHu-
MaeT YHUKasbHYI0 HULLY, 3aMoJiHAA Npoben Mexay YncTo
TeopeTnYeCKUM aHaNIM30M 1 NOTPEBHOCTAMU NPaKTUYECKO-
rO MHXXEHEPHOro 1 KOMMbIOTEPHOrO NPOEKTUPOBAaHUA, rae
Ha NepBOM MecCTe CTOAT rapaHTUM 1 BepudULMPYEMOCTb.
OHO cmellaeT GOKyC C BONPOCa «UTO BO3MOXKHO?» Ha BO-
NPOC «4YTO MOXHO FrapaHTUPOBaTb?», Npeanaras MeTofoso-
T ANA HaxoXaeHnAa 6e30macHbiX pabounx AMana3oHoB
MapameTpoB B YCJIOBUAX HEU3OEXHOWN MapaMeTpuyecKonm
HeonpeaenéHHOCTU.

3aKkAlo4eHve

B naHHOI paboTe npeacTaBneHa HoBaA KoHLUeNUMA pe-
LWEHUA MHTEePBasIbHbIX CUCTEM JIMHENHbIX anrebpanyeckmx
YPaBHEHUN — CTPOroe MHOXeCTBO pelweHuin. B otnmune
OT KJIaCCNYECKNX TeOPEeTMKO-MHOMXECTBEHHbIX MOAXOAO0B,
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06beNHEHHOIO, fOMYCTUMOTrO U KOHTPOJIbHOIO, Npeanara-
emMoe ornpegfeneHne NMeeT APKO BbipaxKeHHY1o anrebpanye-
CKYIO 1 BbIYUCSIUTENIBHO OPUEHTMPOBaHHYI0 npupoay. OHo
bopmynupyeTcsa Kak MHOXeCTBO MHTepBasibHbIX BEKTOPOB
{X}, 1nAa KoTopbIX pe3ynbTaT CTaHAAPTHOIO MHTEPBANIbHOIO
yMmHOXeHuA [A] - {X} HaxoQnTCA B OTHOLIEHUWN NOTNOLEeHNA
({B} 2 [A] - {X}) c 3agaHHON npaBon yacTtbio {B} npn yuéte
rapaHTUPOBAHHbIX FPaHNL, MALLUVIHHOM MOrPELLHOCTN.

[na aToro 66110 BBEAEHO U GopmanbHO ornpeneneHo
CTPOroe MHOXeCTBO peLleHuI, afanTUpoBaHHOe ANA NpakK-
Tyeckon Bepudrkaumm Ha IBM. KntouesbimM ycrioBrem Bbl-
6paHO OTHOLLEHVE MOTJOLWEHNSA, @ He TOYHOE PABEHCTBO,
UTO MO3BONAET KOPPEKTHO paboTaTb B YCIOBUAX KOHEYHOM
TOUYHOCTU BbIYNCNEHWIA.

Pa3paboTaH ¥ NPOAEMOHCTPMPOBAH Ha MOLENbHOM
npvmepe meTo HaxoxgeHus {X}. OH ocHOBaH Ha npegno-
noXeHun o pabote GyHKUMI «min» 1 «max». Takxe Obin
NPOAEMOHCTPUPOBAH METO MPOBEPKM MPUHALNEXHOCTM
MOSlyYEeHHOro PELLEHUA CTPOTOMY MHOXECTBY peLleHui
C YYETOM MALLUVIHHOW MOTPELHOCTY 1 HanpaBieHHOrO OKpPY-
rneHus.

BbisBneHbl u CNCTEMATU3NMPOBAHDbI KJllo4eBbIe C(I)epbl
NpPakKTn4yeCckKoro npmmMmeHeHnA HOBOro nopgxopna. Ero YHW-

KasibHble MpenMyLiecTBa — rapaHTUPOBAHHOCTb BbIMNOJ-
HeHVA YCNIOBUIM AN1A BCeX peanu3aunin napameTpoB U an-
rebpaviyeckas NpoBepAeMOCTb — [efalT ero 0Co6eHHO
BOCTPEOOBaHHbLIM [ YCTOMYMBOrO MPOEKTUPOBAHUA
TEXHUYECKMX CUCTEM, PeLleHNa MHTepBasibHbIX 0OpPaTHbIX
3ajay n popmanbHon BeprdurKaLmm anropuTtMoB 1 KpUTKU-
YeCcKuUx CUcTem.

Takum 06pazom, KOHLENUMA CTPOroro MHOXecTBa pe-
LIEHWI 3anoJiHAET BaXKHbI Npoben mexay abcTpakTHoW
Teopuen VHTepPBasibHbIX YpPaBHEHW/ U MNOTpPebHOCTAMU
NPUKNagHbIX 3afad, TPeOylLwmx rapaHTUPOBaHHbIX pe-
3yNbTaTOB U aNIrOPUTMUYECKOW NPOBEepPAeMOCTU. B otnnune
OT M3BECTHbIX «pOpPMasbHbIX» WA «anrebpanyeckmx» pe-
LIEHWI, faHHAA KOHLENLMA N3HavyanbHO YUMTbIBAET BblUMC-
NNTENbHBIN KOHTEKCT.

MepcneKkTVBbl  AafibHENWNX WCCNEROBAHNIN  BUAATCS
B Pa3BUTUMN 3PPEKTUBHBIX alIFOPUTMOB He TOJNIbKO AJ1A NMpo-
BEPKU, HO U ANA MPAMOro HaXOXAEHWA WK annpoKCcMma-
LUMN CTPOTOro MHOECTBA PEeLleHUA AnA WNPOKNUX Khac-
COB MHTEPBAsIbHbIX MATPWUL, aHaNN3€e ero TOMNoorMYecKmx
CBOWCTB 1 CBA3Y C APYTUMY TUMAMM PELLIEHNIA, @ TakXe B 60-
nee feTasibHON aganTauumn MeTofa K KOHKPETHbIM NpurKnag-
HbIM 06nacTAM.
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BPMN HOTALUSA Ang MOAEJIMPOBAHWUSA BU3HEC-NMPOLIECCOB

BPMN NOTATION FOR MODELLING
BUSINESS PROCESSES IN EDTECH
COMPANIES

1. Polonikov

Summary. This article examines current issues related to business process
modelling using modern information technologies. The quantitative
prerequisites for using formalised process modelling in the activities
of digital platforms are highlighted separately. A comparative analysis
of various modelling notations is also carried out in terms of their
effectiveness and ability to take into account the specific features of
organising learning processes in a digital environment. The study presents
a process model of an adaptive educational environment developed by
the author and designed in BPMN 2.0 notation, which allows for effective
management.

Keywords: notation, digital platform, business process, modelling.

nocnegHvie rogbl TexHonorny B chepe obpasoBaHuA

MOMyuYnsI OrPOMHOE pa3BuUTUE Bnarofapsa TexHuUYe-

CKOMY MpOrpeccy 1 pacTywemy Cnpocy Ha AoCTyn-
Hble, MEePCOHaNM3MpPOBaHHble U 3PDEKTUBHbIE peLLeHMs
ans obyuyeHus. MobanbHaa MHAYCTpUA obpa3oBaTeNbHbIX
TexHonorui (EdTech) nepexnBaeT 6ecrnpeleaeHTHbIN POCT,
obycnoBneHHbIli pa3BuTremM UUdGpPoBOK MHOPACTPYKTY-
pbl, NUCKYCCTBEHHOrO MHTennekta (UMW) n mawwmHHoro o6-
yUYeHUs, a TakKe MeHALWeNca AUHaMKON TPYAOBbLIX pe-
cypcos. CornacHo uccnepgoBaHutio HolonlQ, K KoHuy 2026
rofly pacxofbl NpaBUTENbCTB, KOMMAHWI 1 NOTpebuTenen
Ha EdTech gocturnyT 7,3 TpnH gon. [1]. 370 B cBOtO ouepenb
npeponpenenseT HeO6XOANMOCTb NCMONIb30BAHWA CheLm-
anbHbIX WHCTPYMEHTOB, MO3BONAIOWMX OMUCHIBaTb CIIOX-
Hble U KpynHble CUCTeMbl BU3HEC-MPOLECCOB, C MOMOLLbIO
cneumanbHbIX HOTaUWIA, KOTopble MO3BONAT obecrneuntb
a¢dekTnBHOCTL EdTech KomnaHun.

MexxpyHapofHaa npakTMKa ynpaBiieHWa opraHm3auu-
OHHbIMU CUCTEMaMMN [LEMOHCTPUPYET YCTOMUMBBIN Mepe-
XO[ OT TEKCTOBbIX PEraMEHTOB K CTaHAAPTU3UPOBAHHbIM
rpaduyeckum mogenam npoueccos [2]. NMpumeHeHne ¢op-
MaJibHbIX HOTAUW AAeT BO3MOXHOCTb CHU3UTb Heornpe-
NEeNEHHOCTb MPU MPOEKTUPOBAHUN, 06ecneunTb Conocta-
BMMOCTb NPOLIECCOB MeXJAy nofpasgeneHnamm u co3patb
OCHOBY ANA fanbHelllel aBTOMaTU3aLmm 1 onTMmMmu3aLmm.
Tabnuua 1 xapakTepu3syeT KONMYeCTBEHHbIE 1 OTpacieBble
NPefnoChIfIKMA aKTYaIbHOCTY MPUMEHeHNA CTaHAAPTU3MPO-

B EDTECH KOMIMAHUAX

lMonoHukoe Unesa Banepvesuy

AcnupaHm, Ypaneckul ¢hedepasnbHbil yHUBEpcUMem
umeHu nepgoeo Mpe3udeHma Poccuu b.H. EnbyuHa,
EkamepuHb6ype
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Anomayus. (TaTbA NOCBALIEHA PACCMOTPEHNI0 aKTyabHbIX BOMPOCOB, (BA-
3aHHbIX C MOZENMPOBaHNEM OM3HEC-NPOLLeCCOB C MPUMEHEHNEM COBPEMEHHDIX
NHOOPMALMOHHDIX TexHONoruiA. OTAENbHO BblAeNneHbl KONMYeCTBEHHbIe Npea-
MOCbINKIA UCMONb30BaHNA (OPMANN30BAHHOTO NPOLIECCHOTO MOAENMPOBaHUA
B eATeNbHOCTY LGPOBbIX NAaTdopMm. TakxKe NpoBefeH CPaBHUTENbHDIII aHa-
13 Pa3nNyHbIX HOTALWI MOAENMPOBAHNA, C TOUKM 3peHIA UX IGdeKTUBHOCTH
N CNOCOBHOCTU Y4UTbIBATL Cneumduueckue 0C0OEHHOCTU OpraHu3aumn npo-
Liecco 0byueHna B LudpoBoit cpese. B npouecce nccneoBanmA npefcTaBneHa
pa3paboTaHHaA aBTOPOM NpoLeCcHas Mofenb afanTuBHON 06pa3oBaTeNbHON
Cpenbl, CNpoekTMpoBaHHaA B Hotaumu BPMN 2.0, nosgonstolwan obecneuntb
3OPEKTMBHBIN KOHTYP ynpaBneHus.

Knouesbie crioga: HoTaLua, LndpoBas nnathopma, GusHec-npowecc, mogenupo-
BaHue.

BaHHbIX CPEACTB MOAENMPOBAHUA NPOLECCOB B AeATENbHO-
CTN UM PPOBbIX 06Pa3oBaTENbHbIX OPraHU3aLK.

AHanun3 NpuBefEHHbIX OaHHbIX MOKAa3blBaeT, YTO POCT
CNOXKHOCTM MPOLIECCOB BbICOKaA M3MEHUYMBOCTb 06pa3oBa-
TebHbIX NPOAYKTOB U 3HauuTeSbHble U3OEPXKKU, CBA3aH-
Hble C aBTOMaTM3aLuen, GopmMrpyoT 06beKTNBHYIO NOTPe6-
HOCTb B $pOpPMan1M30BaHHOM OMMUCaHUN BM3HEC-MPOLIeCCOB
B EdTech komnaHusx. Kpome Toro, KonmyecTBeHHbIe OLeH-
KN OeMOHCTPUPYIOT, UTO OTCYTCTBME eAMHOI NMPOLEeCCHON
MOZesNV NPUBOANT K YBENIMUYEHMIO 3aTPAT, CHUMXEHUIO YNpaBs-
NAEMOCTU 1 POCTY PUCKOB Ha 3Tane BHeApeHUsA nHpopma-
LMOHHbIX peluenun [3].

Takum 06pas3om, MCNoNb3oBaHVe CTaHAAPTU3MPOBAH-
HbIX HOTALMI MPOLECCHOrO MOAENVMPOBaHNA BbICTYMAET UH-
CTPYMEHTaNnbHO 060CHOBAHHbBIM MOAXOLOM K MOBbILIEHWIO
3¢ PeKTUBHOCTY YyNpaBneHUAa © YyCTOMUYMBOCTM (YHKLMO-
HUPOBAHNA UNPPOBbIX OPraHN3aLMOHHbIX CUCTEM B chepe
06pa3oBaHKA, UTO NMOATBEPXKAAET aKTyarbHOCTb, TEOPETU-
YECKYI0 1 MPAKTUYECKYI0 3HAUMMOCTb TeMbl AAHHOW CTaTbM.

HecMmoTps Ha LWMpPOKOe pacnpocTpaHeHne npoLecc-
HOro MOAENMPOBaHNA B LMPPOBbIX 06pa3oBaTeNbHbIX Op-
raHV3aumsx, Ha CErofHALWHNI feHb COXPAHAETCA elle psg
HepEeLWEHHbIX MEeTOLOSIOrMYEeCKUX 1 MPUKNAAHbIX 3afad,
orpaHuuymBalownx 3¢GeKTUBHOCTb €ro  UCMoJib30BaHUsA
B YMPABNEHMMN CJIOKHBIMU OPraHN3aLVIOHHO-TEXHNYECKMM
cmctemamu.
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Tabnuua 1.

KonunuectBeHHble NpeAnoCcbUIKM NCMOJIb30BAHMWSA
bopmann3oBaHHOIO NPOLECCHOrO MOLENNPOBAHUA
B LU POBbIX 06pa3oBaTeNbHbIX MAaTGopmax’

(raTucTiKa, NoATBEPXKAatoLLAA

Habnionaemas
Acnekt aKTYanbHOCTb UCMONb30BaHMA
npobnema B EdTech .
CneLnanbHbIX HOTaLWIA
YBenuyenue yncna
B EdTech-nnatopmax cpenHero
B3aNMO(BA3AH-
macLuTaba HacuMTbIBaeTCA
Poct cnoxHo- HbIX NPOLIeccoB
50—150 ckBO3HbIX 61U3HEC-NPO-
CTM NpoLeccoB | (KoHTeHT, UT, N
LieccoB, 13 KoTopbix A0 40 %
MapKETVH, Noj-
He GopMany30BaHbl
JepKKa)
CpenHeropoBoii poct EdTech-
bbicTpoe yBe- A, P 0
Macwrabupo- pbiHKa coctaBaset 15-20 %,
y NnYeHue uncna
BaHMe OHNaIiH- ; Npy 3TOM Harpy3Ka Ha onepauu-
nonb3oBareneit
06yueHna 1 KVDCOB OHHble MPOLeCChl YBNNUMBALTCA
P NponopLUOHaNbHO
BbicoKie Heontumuzupo- [0 30 % onepaumoHHbIX 3aTpat
BaHHble npoueccbl | EdTech-komnaHmii cBA3aHo
onepaLuoHHble
B NPUBOAAT K POCTY | C PyYHbIMIA WK BYOAMPYIOLLMMM
3arpar onepauuamm
CnoxHoctb Mo oTpacneBbIm OLEHKaM,
AsTomaru- 0
cornacoanua npo- | 60—70 % owwnbok aBTOMAaTI3a-
3auma n UT-
T ueccoB ¢ LMS, CRM, | wmy cBA3aHbI C HEKOPPEKTHBIM
P AHANNTMKOIA onucaHnem busHec-npoLeccoB
KomnaHuu, ucnonb3yiowme
YnpaBnenue
OtcyTcTBue $opmanu3oBaHHble Mogenu
KatecTeom NpO3payHOCTM NPO- | MPOLECCOB, AEMOHCTPUPYIOT
06pasoBatenb- Posp P P ! Pupy
MBI VO LieccoB 06yyeHus CHUKEHWE YnCna MHLMACHTOB
yay Ha 20-35 %
/13meHaemocTb B EdTech npoaykTbl 06HOBAATCA
YacTble 06HoB-
06pa3oBa- B cpefiHeM 2—4 pa3a B rofi, uTo
NeHNA KypcoB
TefbHbIX TpebyeT onepaTuBHoro nepecmo-
W METOANK )
npoayKToB Tpa NpoLieccHbIX Mopeneli
MexdyHk- HecornacoBa- [lo 25 % 3azepxek NpoekToB
LiMOHanbHoe HocTb Mexay UT, BbI3BaHbI OTCYTCTBUEM [IMHOT0
B3aNMopeli- MeToAMCTaMu $opmanbHoro on1caHus npo-
(TBME W MeHe[KMEHTOM | LieccoB
CnoxHocTb HoTawwu no3BonAioT cokpatuth
KoHTponb
BHezpeHuA KPI BpeMs aHanu3a npoLeccos
1 MOHUTOPUHT 0
T 1 MeTpUK 3 Pek- Ha 30—50 % no cpaBHeHMIO
P TUBHOCT C TEKCTOBBIMI perfiameHTami
Bbicokas cTom- (roumocTb MCNpaBneHus
[TogroToBka
MOCTb OLLIN6OK oLMOKY Ha 3Tane JKCTyaTaLmi
K aBTOMaTI3a- Ha 3T1ane BHeape B 5—10 pa3 BblLLe, Yem Ha ITane
Lum v BPMS '
HUA MOZeNMpOBaHIA NPOLIECCoB

Takum 06pa3om, Lefib CTaTby 3aKJIl0YaeTcsl B pacCcmo-
TPEHUN BO3MOXHOCTEN MCMOJIb30BAHNA COBPEMEHHbIX HO-
Tauunm anAa mopenupoBaHua GmsHec-npoueccos B EdTech

KOMMaHUAX.

' CocTaBneHo aBTopom Mo AaHHeIM oTueToB Object Management
Group (OMG), BPTrends Associates, Gartner, McKinsey Global Institute,
International Institute of Business Analysis (IIBA)

Wtak, npexpae Bcero, He0OX0ANMO OTMETUTb, YTO HO-
Tauma gna mopennpoBaHua OusHec-npoueccoB B EdTech
KOMMAHMAX JOSIKHA MO3BOMIATb Ha3HauaTb KaXKAoOMy MoJib-
30BaTeN0 COOTBETCTBYIOLLYIO 3afauy B 3aBUCMOCTM OT €ro
ponv B MpOLecce, B HYXKHOE BPEMS, a TaKXKe MHTErPUPOBaTh
pasnuyHble TUnbl HGOPMALMK, TaKNe KaK BPEMEHHbIE CO-
6bITVA, 3a4aun NO NPOBEPKe, yBeLOMNeHNA 1 oueHKM [4].
Kpome Toro, Bbibrpas onpeaeneHHyo HOTaLuio, yunTbiBas
ocobeHHoCTM pabotbl EdTech wmHpycTpum un cneuundumky
31O cdepbl, HeO6Xx0ANMO YeTKo hopmanr3oBaTb 3afauu,
KOTOpasi OHa Mpr3BaHa PeLunTb.

Bo-nepBbix, ynpaseHre Kypcamu JOMXKHO ObiTb 6onee
3$PEKTUBHBIM 1 TMOKMM, YTO MO3BOSIUT COKPATUTb 3aTpaThl
BPEMEHY, HeOOXOAMMOro NpenoaaBaTensM AJid KOHTPOJS
3TMX 3aflay, a TaKXKe YCKOPUTb 1 YNPOCTUTL BHEAPEHUNE HO-
BbIX 06pa30BaTeNbHbIX MEPONPUATUIA.

Bo-BTOpbIX, MOMOLWb MpenofaBaTeNisM BU3yanusnpo-
BaTb TEKYLLMIA CTATYC Kypca 1 NOAyunTb AOCTYN K Nporpec-
Cy KaXkporo ctyaeHTa 3gpdeKTMBHbIM 1 MPOCTbIM CNIOCOOOM.
3T0 NO3BOSINT NOAKNOYATLCA BOBPEMS, €C/IN CTYAEHT UCHbI-
TbiBaeT 3aMefJIeHE UK Pe3Koe NafeHre NPOAYKTUBHOCTY.

B-TpeTbuix, ynyulieHne BOBNEYEHHOCTU CTYLEHTOB, YTO
ABMAETCA OUEBMAHO KIIOUYEBOW LIeSIblo, XOTA, BEPOATHO, Ca-
MOV CIOXHOW ANs AOCTUMKEHWA, 0COBEHHO NpU 60MbLIOM
KonmMyecTBe ciywaTenei Ha undpoBbix nnatpopmax.

[lns 060CcHOBAHMA Bbi6Opa ONTYMANIbHOIO UHCTPYMEHTa
MOZESIMPOBAHMSA B YCIOBUAX BbICOKOW AVHAMUKMN 1N TEXHO-
NOTNYECKON CIIOXKHOCTM, CBOMCTBEHHBIX cdepe obpa3oBa-
TeNbHbIX TEXHOJIOTWIA, MPeacTaBnAeTCca LenecoobpasHbIM
NpoBecTM COMOCTaBleHNe Hanbonee pPacnpPoOCTPaHEHHbIX
CTaHpapToB: dyHKUMOHanbHoro mogenuposaHus (IDEFO),
Co6bITUIHBIX Lenoyek npouecca (EPC) n mogenvpoBaHus
6usHec-npoueccos (BPMN).

B Ta6m/|u,e 2 npencrtaBneHbl pe3ynbraTtbl CPaBHUTENbHO-
ro aHannsa.

Ha ocHoBaHWV faHHbIX, NPVBEAEHHbIX B TabNMLe 2, MOX-
HO cdOpPMYyNMpPOBaTb CrefytoLLMe BbIBOAbI O MPENMYLLECTBE
HoTauumum BPMN nepep IDEFO n EPC gna EdTech komnaHui.

Bo-nepBbix, opneHTauma Ha aBTomaTm3auuio. Cneuyndu-
Ka EdTech-komnaHnuii noppa3symeBaeT BbICOKYIO CTemneHb
undpoBmM3aLmMn: aBTOMATMYECKOe OTKPbITYE [OCTYrNoB
K YpOKaMm, NpoBepKy AOMALUHUX 3afaHui, Paccbiiky yse-
[loMneHui 1 reHepauuio ceptudukaTos [5]. BPMN siBnaetca
€[VHCTBEHHOWN N3 PacCMOTPEHHbIX HOTaLMI, KoTopas no-
3BONIAET CO3AaTb MOAESb, FOTOBYIO K HEMEeASIEHHOMY UCMOJI-
HeHMIo B crcTemax ynpasneHua 6usHec-npoueccamu. IDEFO
1 EPC ocTatotca onvcatesnibHbIMU MHCTPYMEeHTamu, Tpebyio-
WMMY JOMONTHUTENIbHOTO 3Tana NPorpamMmmMnpOBaHuA.
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Tabnuua 2.

CpaBHuTENbHAA XapaKTeprCTMKa HoTaLmin MoaennpoBaHusa 6usHec-npoueccos B EdTech komnaHusax?

Kputepuii cpaBHeHna IDEFQ EPC/ metogonorua ARIS “

MET T OyHKuMoHanbHaa fekomnosuuua. lpo- CobbITHitHO-ynpaBnAemas nocnefoBa- [oToKoopueHTUpOBaHHOE MOAENMPOBa-
6asuc LiecC paccmMaTpuBaeTCA Kak COMOAYNHEH- TenbHOCTb. [pouecc npeAcTaBAeH Kak Hue. [Ipouiecc paccmaTpuBaeTca Kak noToK
HaA nepapxma GpyHKLM. LienoyYKa cobbITHi 1 GyHKLMIA. pabot v 0bmeH coobLLEHMAMM.
, OyHKuuA (peiicTBIe) 1 (BA3bIBaKOLLME [ToToK ynpaBneHua, NOTOK AaHHbIX
0cHOBHOI 00bEKT yHKUWA (8 ) t CobbiTue (cocToAHMe cucTeMbl) U GyHKLMA ynp . ! A
ee N10TOKM (BXOJ, BbIXOA, yNpaBneHue, . 1 B3aUMOAeICTBIE MEXY YUYacTHUKaMK
MOZENMPOBAHMA (neitcTBME), 3MEHAIOLLAA ITO COCTOAHME.
MEXaHu3Mm). (Bopoxkm/nynbi).
OTpaeHue Bpe- OTcyTcTBYeT. AKLIGHT CAenaH Ha floru- MpucyTcTByet. YeTkaa BpemeHHasa nocne- | [MpucyTcTByeT u AeTanu3mposaxa. Bos-
MEeHHOI N0CNIef0Ba- | YecKoil B3auMOoCBA3M 1 epapxuu, a He JA0BaTeNbHOCTb BbINONHEHMA OnepaLnii MOXHOCTb MOANNPOBAHNSA BPEMEHHbIX
TeNbHOCTH Ha XPOHOMOT M BbIMONHEHNS. («cBepxy BHU3»). TaliMepoB, 0XMAaHNIA 1 NPepbIBaHNIA.
Bbicoko pa3BuTbl. Bkntouatot wiio-
Jornyeckue onepa- OrpaHuyeHbl. Peanusytotca HesABHO Yepe3 | Pa3Butbl. icnonb3ytotca onepatopbl
3bl Pa3NMYHbIX TUMOB (B TOM Ynce
TOpbI (BeTBNEHME pa3BeTBIEHMe CTPeNOK, UTO 3aTpyAHAET «W», «ANMW», «<UCKNIOYAIOLLIEE UNW» ans
; KOMMNEKCHbIe, 0CHOBAHHbIE Ha COObITUAX
npouecca) uTeHMe CI0XHOI NOrnKIA. YNpaB/ieHA NOTOKOM.
11 JlaHHbIX).
Bo3MOKHOCTS Ma Hu3kas. Hotauua npegHasHayeHa ans (Cpepnan. TpebyeT npeobpasoBaqua Bbicokas. Mopenu moryT 6biTb HanpAmyio
LHHOO MCTTONHe OMUCaHIA PerNameHTOB BepXHero ypoBHa, | (TpaHciAumm) mogeneii B apyrie dopma- | npeobpasoBaHbl B UCMONHAEMbIN Npo-
T —— a He ANA HaCTPOIiKM MPOrpamMMHoro obe- | Tbl ANA UCMONHEHUA B UHGOPMALMOHHBIX | rpamMMHblii Kop (XML-cxembl) ans cuctem
CneyeHus. cucTemax. ynpaBeHna npoLeccamu.
R—— OnmcaHue CTpaTernyeckoin apxuTeKkTypbl OnmcaHue pernameHToB paboTbl [TpoeKkTpoBaHMe aBTOMATU3NPOBAHHbIX
32 e KomnaHuu (BepxHuii ypoBeHb). He nog- [ienapTaMeHToB NpofaX 1 COMpoBO- BOPOHOK NPoJiaX, CLieHapueB npo-
TeanlLX Te}:monornﬁ XOBWT 1A ONepaLnOHHbIX NPOLIeCCoB KLeHNA KNNEHTOB 6e3 Lienn MTHOBEHHO | XOM[AEHNA OHMaliH-KYPCOB, MHTErpaLum
0byueHus. aBTOMaTM3aLum. C 0byvatoLumu nnathopmamu.

Bo-BTOpbIX, 06paboTKa COObITUINHON NPUPOoAbl 0byye-
HusA. O6pa3oBaTeNbHbIA NPOLECC ABMSETCS HEeNVHENHbIM
N 3aBUCUT OT MHOXecTBa cobbITuin: «CTyleHT caan TecT,
«McTek cpok nognucku», «<BebrnHap Havanca». BPMN pac-
ronaraeT WYPOKMM MHCTPYMEHTapueMm A paboTbl C Taku-
MU TpUrrepamm (CoobITUA-TaNMepPbl, COOOLLEHMSA, OLLINOKM),
B TO BpemA Kak IDEFO nonHocCTbio NrHOpupyeT BpeMeHHOM
acnekt, a EPC umeeT 6Gonee rpomo3gkyio CTPYKTypy AnA
ONMCaHWA CJIOXKHbIX NPepbIBaHNI.

B-TpeTbux, nHTeponepabenbHoOcTb U MHTerpayusa. Co-
BPeMeHHbIi 06pa3oBaTeNibHbIA NPOAYKT — 3TO SKOCUCTEMA,
BK/OYAIOLWAA CUCTEMY YMpaBineHWA obyuyeHueMm, cuctemy
yNpaBreHVsa B3aMMOOTHOLIEHUSIMU C 3aUHTEPECOBAHHbIMMA
CTOPOHaMM 1 NnaTeXkHble MHCTPYyMmeHTbl. BPMN no3sonser
[eTanbHO onuncaTtb 0OMeH AaHHbIMU MeXXAY STUMU CUCTeMa-
MM (MOTOKM COOBLLEHNIA), UTO KPUTUYECKM BaXKHO ANA Npo-
€KTMPOBAHMSA OECLLIOBHOIO NMOJIb30BATENbCKOrO OnbiTa [6].

Taknm ob6pa3zom, B To Bpemsa Kak IDEFO uenecoobpasHo
MCMOJIb30BaTb UCKIIOUMTENIbHO Ha 3Tane CTPaTernyeckoro
NIaHNPOBaHMA apXMUTeKTypbl oparHusauuun, a EPC — ana

2 CocCTaBneHo aBTOPOM Ha OCHOBE aHanu3a TeXHUYECKMX chel-
nonkaumin Object Management Group (OMG), ctaHgapTos National
Institute of Standards and Technology (NIST), meTogonorMyeckmx
maTepwvanos Software AG (ARIS) n pekomeHpaumii Association of
Business Process Management Professionals (ABPMP)

onucaHnaA npoueayp, He TPeOYOLLVX aBTOMATU3aLMK, HOTa-
uma BPMN sBnseTca Hanbonee peneBaHTHbIM MHCTPYMEH-
Tom ana EdTech-otpacnn. OHa obecneunBaeT 6anaHC Mex-
[y HarnAAHOCTbIO AnA 6M3Heca Y TOYHOCTbIO, HEOOXOAVMOW
AN TeXHUYECKOoW peanusaumm undppoBbiXx 0bpasoBaTesb-
HbIX NPOAYKTOB.

Ha puc. 1 npeacTaBneHa pa3pabotaHHaA aBTOPOM Npo-
LleccHasa Mofenb aganTUBHOM 0Opa3oBaTeNibHOM Cpefpl,
cnpoekTupoBaHHaa B HoTauum BPMN 2.0. JaHHaa cxema
LeMOHCTpUpyeT n3omopdram rpaduyeckmx 31emMeHToB
HOTaLMM 1 KOMMNOHEHTOB TEOPU aBTOMATUYECKOrO yrnpaBs-
nenHus. lMpepcrasneHHaa BPMN-guarpamma wnnnioctpupy-
eT apXUTEKTYPY MHTeNNeKTyallbHOM 00yuvaloLlen CMcTembl,
byHKUMOHMpYIOLLe Mo NPUHLKMNY ABOMHOIO KOHTypa pe-
rynuposaHus. B otnuune ot Hotaumun IDEFO, koTopasa onu-
CbIBaeT MPOLEeCChl KaK CTaTMUeCKylo uepapxmio GyHKUNIA,
BPMN nosBonseT Bu3yanu3mpoBaTb AMHAMUKY MPUHATUA
peLLeHnn B yCoBUAX HeonpeaeneHHOCTH.

Wtak, BPMN-mogenb Ha puc. 1 npeacraBneHa B Buge
efMHOro nyna npouecca, pasfeneHHoro Ha ase GyHKUMo-
HanbHble JOPOXKNM, YTO NO3BONAET Pa3rPaHNYNTb 30HbI OT-
BETCTBEHHOCTU MeXJY YYacTHMKaMM CUCTEMbI.

1. Dopoxka «EdTech-cuctema»: npepctaBnaeT onepa-
TUBHbIA KOHTYP YNpPaB/ieHUsA, peanu3yloLwnin NTornky

90 Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.




UHOOPMATUKA, BbIYUCITUTEJIDHAA TEXHUKA U YTIPABJIEHUE

BUHBLgedUA 010YI3hMLIRXOLD IGWDLOMD Yey 197add noHawaLeaosedgo yoHauLuere aUafoW-NNdg *L “O1d

BMHahAQO OUBKEH °
ssEsnE”_amcz h_n euwendelBn souendaLen xv 2
3.”“__.__.”_% Ezﬂu ol A %OBhMLOOH.IEHE B
T
suHatBKOXOd) h‘ F onmonisy 8uHeHUOUBE 3
3
BMHEB0L00D
enudiep
mﬂ _
BUHaRA e N
ms:ﬁ:&ﬂﬂ“ < N ( ) ( A ( .
V1LO0KHOUI sdaiou so.aslo KSE.—.USQQGQQ o uhi 80L di XN DOF—W:Q BLEN XK =1
sodiawedau aouevdoLen ORahIOIETEU ) edowies ¥OOhMLOOH BT HOBhULIOH Jeul w.
Egea:.;wna@ tun mmss_::s@ snessdly, owHoUaKSTady) OJOHSLEAMLLO exvenoadsy| exaedulo suHesoduwdoo z
@. dogiag g
T \ J \ J \ 2
: Ago waush o0t 0 7T ™ £
nriaLediy ediqund 29.300&.30 VMHE0120D
emdiep WaVMHEEO0EILIOLON O ., enudieny

P R s O =
BHHAhAQO MU uuHeres eceq —

3 | —

afado noaoddun a vuHanAgo soahodu aHEKIUETY

91

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.



NHOOPMATUKA, BbIYNCITINTEJIbHAA TEXHUKA U YITPABJIEHUE

afjanTauumn KOHTEHTa W NepeoLeHKY KOMMeTeHUMiA
B peasibHOM BpPeMEHM.

2. [opoxka «CTygeHT»: oOTpakaeT mnocnefoBaTtenb-
HOCTb AeNCTBUIA ObyyatoLeroca 1 ero B3avmMopen-
CTBME C 3NIeMeHTamMu LdPOBO cpebl.

3. CrpaTtermyeckunin KOHTYp (BHELWHWIA LUMKN): peanns3o-
BaH yepes nopnpouecc «OnpeaeneHne JOCTUXKEHUSA
Lenen obyyeHns», rae faHHble onepaTMBHOIO B3au-
MOZENCTBMA VUCMNONb3yTCA ANA KanubposKu napa-
METPOB C/IOKHOCTUN KOHTEHTA.

Ina ctpororo HayuyHoro o60CHOBaHUA pa3paboTaHHOW
MOZenu npepfiaraem ee onmcatb Kak YacTMYHO Habniopa-
eMbIll MAapPKOBCKMI MNpouecc NpuHATUA pelueHuin. Obpa-
30BaTeNlbHaA TpPaeKkTopuA paccMaTpuBaeTCA Kak 3ajava
ONTUMAJNIbHOTO YNpPaBNieHNA CTOXaCTUYeCKUM OObEKTOM
C NAaTEHTHBLIMY (CKPbITbIMK) MapameTpamMu.

A.TpoCcTpaHCTBO COCTOAHUI U MOAeNb HabNogeHNA.
3apgava «[lepeoleHKka BeKTopa KOMMeTeHUui» peannsyeTt
bYHKLMIO OLLEHKM CKPLITOrO COCTOAHMA 3HaHWI 0byyaemo-
ro 0, € R"” (rae n — pa3mepHOCTb BeKTOpa HaBblKoB). [o-
CKOMbKy 0; HefoOCTYNMHO MpPAMOMY WM3MepPeHMto, cucTema
onepripyeT BEKTOPOM YBEPEHHOCTU b;, KOTOPbIV ABNAETCA
pacnpepeneHremM BePOATHOCTEN Haf MPOCTPAHCTBOM CO-

CTOSIHUI S:
br(e) = PO, = 0| zy,¢, Uy,

roe z,, — WNnCTopuAa OTBETOB CTyAeHTa, U, — WUCTopunA
npeabABNEHHbIX yLIe6HbIX MaTepranos.

b. YpaBHeHue guHamuku n 6ariecoBckuini GunbTp.
MNepexop mexpay 3agavyamun BPMN onucbiBaeTca pekyppeHT-
HbIM OGHOBJIEHMEM BEKTOpPa YBepeHHoCT! no dopmyne
baneca:

b (8) =+ Plzesy | 0,u)[P(O'] 6,u, )b, (8)d0
S

3pecb P(O | 6,u,) — maTpuLa nepexopa, oTpaxaroLlas
BEPOATHOCTb NPUPOCTa 3HAHWI NOCTE N3yUYeHUsA MaTepua-
nau.

B. CuHTes onTumanbHOM cTpaTernn ynpasneHus. 3a-
fJaya «Bblbop onTumanbHOro nepgarornyeckoro Bo3few-
CTBUA» CBOAUTCA K pelleHnto ypaBHeHua bennmana. Lenbio
CUCTEMbI ABSIAETCA MOWCK CTPATEMMI T MAKCUMU3UPYIOLLEN
oXmaaemyto nosie3HoCTb Ha 6eCKOHEYHOM FOpPU30HTe Mnna-
HMPOBaHWA:

V(b) = max R(bu) + yjP(z | b,u)V*(‘c(b,u,z))dz
ue 7

roe: R(b,u) — byHKUMA Harpagbl; y € [0,1) — Ko dnumeHT
OVCKOHTUPOBAHWSA; r(b,u,z) — ¢yHKUMA 0OHOBNEHUS CO-
cToAaHuA (Nepexogq K cnegytowemy wary BPMN-cxembl).

I KanubpoBKa napameTpoB cucTeMbl (BHeWHUI
yukn). Myn «Mogcrctema KanmbpoBKM KOHTEHTa» peannsy-
€T 3afauy MakcMmu3auuy npaeBgonogobust Ana yTouHeHus
napameTpoOB CIOXHOCTA KOHTeHTa [. LleneBasa ¢yHKUMA

L(B) MUHMMU3MPYeETCA METOJOM FPaAUNEHTHOrO CryCKa:

M
B = b8 + a3 (2 - P(2)10,8)))
j=1

MopBods UTOrK, OTMETMM, YTO NMPOBELEHHOE UCCNefo-
BaHMe 060CHOBbIBaET npenmyLecTso Hotaumm BPMN kak
3¢bdeKTUBHOrO MHCTPYMEHTa MOENUPOBaHUs 61usHec-npo-
ueccoB B EdTech komnaHmax, obecneumBatoLero Heobxo-
AVMYIO 41 aBTOMATM3aL MM TOYHOCTb OMNMCAHMA peanunsye-
MbIX 3TarnoB 00yUYeHUs 11 MEXCUCTEMHOIO B3aVIMOLENCTBUS.
HayuHasa HoBM3Ha paboTbl 3aKnoyaeTca B pa3paboTke dop-
ManM30BaHHOW MOAenn afanTUBHOW 0O6pa3oBaTeNlbHOM
cpepbl, yCTaHaBnvBawlLel n3omopdursm mexagy rpadpude-
CKMMU 3fIEMEeHTaMM HOTauuy M MaTemaTUyecKuM annapa-
TOM YaCTUYHO HabNAAeMbIX MAaPKOBCKIMX NPOLIeCCOB Npu-
HATWA peLLeHn.
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ALANTUBHbIV r'MBPUAHbIA METOZ MUTPALIUK
bOJIbLUNX AIAHHbIX C ABTOMATUYECKWM BblbOPOM
CTPATErvMn U3BJIEYEHUA U OBPABOTKWU UHOOPMALIUK

N

ADAPTIVE HYBRID METHOD
FOR MIGRATING LARGE DATA
WITH AUTOMATIC SELECTION
OF INFORMATION EXTRACTION
AND PROCESSING STRATEGIES

S. Sosenushkin
A. Badanov

Summary. The article discusses the features of big data migration in
the context of using heterogeneous storage systems and non-standard
information sources. It provides an overview of existing data migration
methods and identifies their limitations when working with large
amounts of data and various access methods. The article proposes
an adaptive hybrid method for big data migration with automated
selection of information extraction and processing strategies, based on
a combination of screen robots, classical ETL approaches, distributed data
processing, and the use of an intermediate storage. It has been shown
that the proposed method is a promising approach to organizing large-
scale data migration processes and is of interest for further research in the
field of building scalable and sustainable migration solutions.

Keywords: big data, data migration, ETL, screen robots, RPA, staging, data

transformation.
J

urpauma OonblUMX OaHHbIX MpPeacTaBAseT coboWn
M npouecc nepeHoca 3HauuTesNbHbIX OOBEMOB WH-

bopmaunn mexay pasHOPOAHbIMU NHDOPMALIMIOH-
HbIMW CUCTEMaMMU 1 XPaHWIULLAMW C COXPaHEHNEM KOPPEKT-
HOCTW, LLeIOCTHOCTY 1 CMbIC/TOBOW MHTEPMPEeTaLuy JaHHBbIX.
B ycnoBuax COBPEMEHHOro pPasBUTUA UHGOPMALMOHHbBIX
TEXHOMOTMIA MUFPALMA AAHHbBIX CTAHOBUTCS HEOTHEMIIEMOW
UaCTblo MOAEPHM3aLMY MHPPACTPYKTYPbI, Nepexoaa Ha Ho-
Bble BblUMC/INTENbHbIE MIATGOPMbI, KOHCONUAALMMN UCTOY-
HVKOB [aHHbIX 1 BHEAPEHWS aHAJIMTUUECKNX CUCTEM HOBO-
ro NoKoneHus.

B oTnnume oT Knaccuyeckom MUrpauumn AaHHbIX, MUTpa-
uMA 60MbWKX OAHHBIX XapaKTepusyeTcs OfHOBPEMEHHOM
00paboTKOM OT HECKONbKMX AECATKOB A0 COTEH pa3Ho-
POfHbIX MCTOUYHMKOB AaHHbIX, obbemamy nepeaaBaemon
NHOpMaLMK, OOCTUrALWMMI AECATKOB TepabaliT, a Takxke
MCMOJIb30BaHNEM Pa3JfIMUHbIX MOAESEN XPAHEHWA JAHHbIX,
BK/OUAA PeNAUMOHHbIE, KOTIOHOUYHbIE U [JOKYMEHTHO-0pU-
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KaHoudam mexHuyeckux Hayk, 0oyeHm,
QOre0yY BO «MI'TY « CTAHKVIH»
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AHHomayus. B cTatbe paccmMaTpuBaloTca 0co6eHHOCTIA MUTpaLMM G0NIbLINX AaH-
HbIX B YCTIOBUAX UCMONb30BAHMA PA3HOPOAHBIX XPAHWAMLLY W HECTAHAAPTHBIX
NCTOYHUKOB UHdOpMaLmK. TTpoBedeH 0630p CyLIECTBYHOLMX METOROB MUTpa-
LI aHHbIX 1 BbISIBIEHbI UX OTPaHIYeHus npu paboTe ¢ 60abLWwnMM 06beMamit
[AHHBIX M PA3AMYHBIMK CNOCOBAMM JOCTYNA K UCTOYHIKAM. [TpeanoxeH apan-
TUBHbIIA TUGPUAHBIA METOA MUTPALUN GONbLUMX JAHHbIX C ABTOMATU3UPOBAH-
HbIM BbIGOPOM CTpaTeruu U3BeYeHUA 1 06paboTKI MHHOPMALIMI, OCHOBAHHBIIA
Ha COYETaHMM 3KpaHHbIX PoboTOB, Knaccuueckux ETL-nopxogos, pacnpese-
feHHoi 00paBOTKM JaHHbIX 1 UCMOMIb30BAHMA MPOMEXKYTOUHOTO XPAHUINLLA.
MoKa3aHo, UTo NPEANOKEHHbIAl METOA ABAAETCA NEPCNeKTUBHBIM MNOAXOAO0M
K OpraHu3aLyi NpoLieccoB MUrpaLyi 60MIbLIAX AaHHBIX 1 NPEACTABAAET UHTe-
pec AN AanbHeLwmX UCCNeAoBaHIi B 0651aCTU NOCTPOEHNS MacLITabupyembix
1 YCTOIYMBBIX MUTPALIMOHHBIX PELLEHHA.

Knouesbie c108a: Gonblue JaHHble, MIrPaLUs AaHHbIX, ETL, SKpaHHble poboTl,
RPA, npomexxyTouHoe XpaHUAKLLLE, TPaHCOPMALUS JaHHbIX.

€HTMPOBaHHble XpaHuauLa. MNpoueccbl MUrpaunn Npu 3Tom
JOOMKHbl 0becneynBaTb 3afjaHHble 3HAUEHUA MPOMYCKHOW
cnocobHoctn (He meHee 10°-107 3anucenn B ceKyHAy), fo-
MYCTMMOrO BPeMeHV NPOCTOs LieNIeBbIX CUCTeM (He bonee
HECKOJbKMX MVHYT) U YPOBHA OTKA30yCTOMUYMBOCTU MpK
605X OTAENbHbIX KOMMNOHEHTOB. COBOKYMHOCTb YKa3aHHbIX
¢dakTopoB 06YCNOBNVBAET HEOOXOAMMOCTb MPUMEHEHNS
cneunan3npoBaHHbIX METOAOB M3BJieUeHns, Npeobpaso-
BaHWA 1 3arpy3Ky AaHHbIX U NPUBOAUT K YCIOXKHEHMIO ap-
XUTEKTYPbl MAFPALNOHHbIX PeLUeHNIA.

OfHUMM 13 NepBbIX CUCTEMATU3UPOBAHHbBIX NMOAXOLOB
K MUrpaumy JaHHbIX CTaj METOAbl, OCHOBAHHbIE HA KOH-
uenuum ETL (Extract, Transform, Load), aktTuBHO pa3BuBa-
emMble B paMKax MOCTPOEHUA XPaHWANULL JaHHbIX. [JaHHbIN
noaxop Monyynn WMPoOKoe pacnpocTpaHeHne B paboTax,
MOCBALEHHBIX apXUTEKType KOPMOPATUBHbIX XPaHUNLLY
JaHHbIX, B YacTHOCTU B nccnenoBaHuax P. Kumbanna, roe
npoueccobl ETL paccmaTprBaloTca Kak KnioveBOW MexaHn3m

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2. 93




NHOOPMATUKA, BbIYNCITINTEJIbHAA TEXHUKA U YITPABJIEHUE

obecrneyeHnA KauyecTBa, COrMIAaCOBaHHOCTU W WMHTerpauum
JaHHbIX [16]. AnbTepHaTVBHbIA apPXUTEKTYPHbIN NoAXon4
6b1n NpeasioxeH b. IHMOHOM, KOTOpPbIN paccmaTprBan Mu-
rpauuio OaHHbIX B KOHTEKCTe LEeHTPann30BaHHbIX KOpMo-
PaTVBHBIX XPaHWNWLLY 1 NOAYEPKMBAN BaXKHOCTb popmanu-
3aLMmM CTPYKTYP, MeTafaHHbIX 1 KOPNOpaTUBHbIX MOAenen
naHHbIx [17].

C pa3BuTMEM pacnpenenéHHbIX BblYUCAEHUA U NO-
ABNeHNeM MacwTabrpyemMblX aHanUTUYecknx nnathopm
nonyynn pacnpocTpaHeHne nopaxopn ELT (Extract, Load,
Transform), B pamMmkax KOTOPOro OCHOBHble onepauuy npe-
06pa3oBaHMA JaHHbIX NepPeHOCATCA Ha CTOPOHY LieNieBOro
XpaHunuuwa. [lJaHHbI MeTof OKa3asica 0cobeHHO BOCTpebo-
BaHHbIM B YCJTOBMAX UCMOMIb30BaHMA KOJIOHOYHbIX 1 0651ay-
HbIX aHANIMTUYECKMX CUCTEM, 06MaAIOLLMX 3HAUNTENbHBIMY
BbIYNCUTENBHBIMW pPecypcamii Y BO3MOXHOCTAMK napan-
nenbHoM 06paboTKM AaHHbIX.

B TO e BpemMs poCT 06bEMOB AaHHbIX, YBEJIMYEHUNE KO-
NNYecTBa PasHOPOAHbIX NCTOUYHMKOB 1 MOBbILLeHNe Tpebo-
BaHWU K aKTyanbHOCTU MHPOpMauumn npmeenn K Gopmu-
POBaHMIO MOAXOAOB, BbIXOAALMX 33 PAMKU KNacCUYECKNX
cxem ETL w ELT. OgHuM 13 TakMx HanpasBnieHun ABnAeTcA
NOTOKOBasA MUrpauuna AaHHbIX, NPV KOTOPOW nepeHoC
1 obpaboTka nHbopMaLMK BbINMOMHAIOTCA B peXnmMe Herpe-
PbIBHOTO MOCTYMAEHMA JaHHbIX U3 UCTOYHMKOB. B oTnnune
oT ETL, opreHTMpOBaHHOIro NpenmyLleCcTBEHHO Ha NakeT-
Hylo 00pabOTKy, MOTOKOBAA MUrpauma Mo3BONSAET CyLlue-
CTBEHHO CHU3UTb 3afepPXKN JOCTaBKMU JaHHbIX B LieneByto
cucTeMy, OfHaKO YCNIOXHAET obecneyeHne cornacoBaHHo-
CTV 1 TpebyeT JOMNONMHUTENIbHBIX MEXaHU3MOB YNPaBIEHNS
COCTOAHMEM 1 00PabOTKM OLLMOOK.

Opyrum passutuem TpaguLMOHHbIX METOAOB ABNAETCA
Murpauus Ha ocHoBe 3axBaTa usmeHeHuin (Change Data
Capture, CDC), npegnonaratowian nepenayy B LieneByio Cu-
CTeMy TOJIbKO M3MEHEHUN, 3adMKCMPOBaHHbIX B XypHanax
TPaH3aKLMA UCXOLHbIX cucTem. o CpaBHEHMIO C Knaccu-
yeckum ETL paHHbI NOAXOH NO3BOJIAET COKPATUTb OOBEM
nepegaBaemMbixX JaHHbIX Y CHU3UTb Harpy3Ky Ha UCTOUYHUKH,
a Takxe obecneynTb 6NM3KYI0 K peanbHOMY BPeMEHU CUH-
XpoHu3auunto. Bmecte ¢ Tem CDC, Kak npaBusio, NpuMeHseT-
cA B coyetaHum ¢ ETL— mnnn ELT-npoueccamm n He 3ameHseT
MX MOJTHOCTbIO, MOCKOJIbKY He peLlaeT 3afayun NepBUYHON
3arpy3Ku 1 KOMMeKCHOro npeobpa3oBaHUA NCTOPUYECKNX
NaHHbIX.

OThenbHyto rpynny MeTogos obpasytoT nogxoAbl oru-
yeckoll BMpTyanusauum faHHbIX, Npy KoTopbix dusnye-
cKoe nepemelleHre AaHHbIX MeXay cMcTemamm OTCYTCTBY-
eT 6o CBOANTCA K MMHUMYMY. B pamKax faHHOro nogxona
Co3aaéTcA NIormyecknii cnoi, obecneymsarowmnn yHuuLm-
POBaHHbIN JOCTYN K pacnpenenéHHbIM UCTOYHMKaM AaHHbIX
6e3 ux npeaBapuTenbHon murpaumn. Mo cpaBHeHuto ¢ ETL,
norvyeckas BUpTyanu3auma No3BOSAET COKPaTUTb Bpems

WNHTErpaLMm HOBbIX MICTOYHMKOB U CHN3MTb 3aTpaTbl Ha Xpa-
HeHue Ayonupylowmxca AaHHbIX. OfHAKO AaHHbIA MeTon
HaKnagblBaeT AOMONHUTENbHbIE TPpeboBaHWA K NPON3BOAU-
TENIbHOCTU NCTOYHMKOB U CETEBOIN MHOPACTPYKTYPbI, @ TaK-
e orpaHMuYMBaeT BO3MOXKHOCTU FNyOOKoM onTumm3auum
1 [OONTOCPOYHOIO XpPaHEeHUsi AaHHbIX B LIENIEBON CUCTEME.
B pe3ynbraTe norvyeckas BUpTyanu3aLma yalle npumeHs-
eTCA KaK BPeMeHHOe 1y BComoraTesibHoe pelleHre nnbo
KaK YaCTb rmOpraHbIX apXMTEKTYP MUTPaLn.

Ha npakTtuke BCE 6onbluee pacnpocTpaHeHrie noyyatoT
rmbpugHbie noaxoAbl, coyetawlme snemenTol ETL, ELT,
noTokoBow 06paboTku, CDC 1 nornyeckom BUPTYanu3aLmm.
B Takmx apxuTeKTypax nepsBuYHas murpauma n nctopmye-
CKas 3arpy3ka AaHHbIX MOTYT BbIMOMHATLCA MO Kiaccuye-
ckon ETL-mopenu, B TO BpeMA Kak aKTyanm3auma AaHHbIX
ob6ecneurBaetcs cpeactBamu CDC mny noTokoBol obpa-
60TKM, a JOCTYN K OTAeNIbHbIM UCTOYHMKAM peanunsyetcs
yepes BUPTYyanun3MpoBaHHbIM normyeckuin cnomn. Mo cpas-
HEeHMIO C TpaguumoHHbiM ETL gaHHbIM nogxon no3sonaer
NOBbLICUTb MacLLITabUpyemMoCTb 1 MMOKOCTb MUTPALMOHHbBIX
NPOLECCOB, OfHAKO CYLLECTBEHHO YCJIOKHAET apXUTEKTYPY
1 TpebyeT pa3BUTbIX CPELCTB OPKeCTpaLumn, MOHUTOPUHIA
1 ynpaBneHna meTagaHHbIMN.

Takmum obpaszom, ETL n ELT cnepyeT paccMaTprBaTh Kak
6a30Bble apXUTEKTYPHbIE MOZENIM MATPALMM faHHbIX, Ha OC-
HOBe KOTOPbIX chopMUpOBanmchb bonee CIOXHble U cnewu-
anv3npoBaHHble MeToAbl. B ycnoBuax murpaumm 60nbLimnx
[aHHbIX BbIOOP KOHKPETHOro nogxofa uim nx KomovHauum
onpegenseTca obbéMamn MHPopmaumy, TpeboBaHUAMM
K 3aflep’kkam 00paboTKK, XapaKTePUCTVIKaMN UCTOYHIKOB
1 LeneBbix N1atGopm, a Tak»ke AOMYCTUMbIM YPOBHEM apXu-
TEKTYPHOW CNTOXKHOCTU MUMPALIMOHHOMO PeLLEHMS.

JanbHeliliee pa3BuTME METOLOB Murpauumn 6osb-
WNX [aHHbIX CBA3AHO C MOABMIEHMEM pacnpefeneHHbIX
bpenmMBOPKOB 06paboTKM AaHHbIX, TaKUX KaK nnatdopmbl
MakeTHOM U MOTOKOBOW 06PabOTKM, OPUEHTUPOBAHHbIE
Ha paboTy C BHYTPEHHUMU CTPYKTypamMu LaHHbIX U Mac-
WwTabrpyemoe BbIMOMHEHVE BbIYNCIEHUA. DTV MOAXOAb
MO3BOJININ BbIHECTU pecypcoemMKue onepaummn o6paboTkm
3a npepenbl CUCTEM-UCTOUYHMKOB U CYLLECTBEHHO MOBbLICUTb
NPOW3BOAUTENIBHOCTb MUMPALIMOHHBIX NPOLLECCOB.

HecmoTpsa Ha pa3Hoobpasue cyLlecTByOWMX METO[0B
MUrPALMM AaHHbIX, GONBLWIMHCTBO M3 HVX OPUEHTUPOBAHDI
Ha MCnonb3oBaHMe (OPMaNM30BaHHbBIX WCTOUYHUKOB faH-
HbIX 1 MPEANONaralT Ha/lMure CTaHZAPTHbIX MHTepdEcoB
JOCTYNa, Takmx Kak APl unu npamoe nopaksoyeHne K xpa-
HUnMLam. B To ke Bpems B peasibHbIX YCIOBUSAX MUMPaLU
60NbLINX JaHHbIX UCTOYHUKAMU MHPOPMaLK HEPERKO Bbl-
CTynaloT HEeCTaHAAPTHbIE CUCTEMbI, BKIlOYas KOpNopaTuBs-
Hble MopTasbl U Be6-MHTepdelcbl, He NpeaHa3HayeHHble
ONA aBTOMaTU3MPOBAHHOIO M3BNeYeHVA AaHHbIX. Kpome
TOro, CyLlecTBylOLMe MEeTOAbI, Kak NPaBuUsIo, He npegycma-
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Puc. 1. BusyanbHbin npouecc nepeHoca gaHHbix B ETL/ELT

TPVBAIOT afanTUBHOIO BbIGOpa CTpaTeErMn MUrpaLmn B 3a-
BMCUMOCTY OT XapaKTEPUCTUK MCTOUYHVIKA Y AOCTYMHbIX CMO-
co60B 13BneYeHns nHbopmaunn.

B CBA3M C 3TVIM aKTyanbHON ABAAETCA 3aflavya pa3paboT-
K1 aganTMBHOIO rmbpuaHoro mMetoga murpaumm 60mbLumx
[aHHbIX, CMOCOOHOro aBTOMATUYECKN ONpeaensitb OnTu-
MasibHYyl CTpaTernto ussneyeHusa n obpaboTkm nHdopma-
UMK, BKJIIOYAsa UCMONb30BaHMe KaK Knaccuyveckux ETL/ELT-
NOAXOA0B, Tak M METOZOB 3KPAHHOIO M3BAEYEHMA JaHHbIX.
PelueHnio naHHOM 3a4a4um 1 NOCBALLLEHO AalibHeNLlee N3No-
KeHue.

Mpexae ueM NPUCTYNUTb K PaCCMOTPEHNIO NPEeSIoKeH-
HOro afanTUBHOIO rMOGPUAHOrO METOAA MUTPaLIv 6ONbLINX
[laHHbIX, LieSIecoobpa3HoO NpoaHanu3npoBaTb 0COOEHHOCTU
NMPUMEHEHNA SKPAHHbIX POOOTOB B KOHTEKCTE U3BJIeUEHMSA
1 nocnegytowen murpaunmn nibopmauun. [JlaHHbIA aHanms
Heob6XoAuM [Nl KOPPEKTHOro MOHUMAHWA OrpaHnNYeHui
CYLLeCTBYIOLMX NMOAXOA0B 1 060CHOBAHUA HEOBXOANMOCTM
aBTOMAaTNYECKOro Bbibopa CTpaTernm n3sneveHns aaHHbIX.

JKpaHHble Po6OTbI NPefCcTaBAAT cCO60 NPOorpaMmHble
CpeacTBa, UMUTUPYOLLE AeCTBUA NONb30BaTeNA Npu B3a-
MMOZENCTBUMN C MOJIb30BaTENbCKUM MHTepdeicom nHdop-
MaLMOHHOWM cucTeMbl. B oTnnume oT Knaccmyecknx MeTofoB
MUrpaLumn, OCHOBAHHbIX Ha WCMONb30BaHUU GpOpPManun3o-
BaHHbIX MHTepdencoB AOCTyNa K AaHHbIM, SKpaHHble po6o-
Tbl PaboOTalOT Ha YPOBHE BK3YyasibHOrO NpPefCTaBleHNsA UH-
dopmauun 1 He TPebYIOT MPAMOro AOCTYMNa K BHYTPEHHUM
CTPYKTYpaM XpaHunLLa AaHHbIX.

B KoOHTeKcTe Murpauum 6GoMblUMX AaHHbIX 3KPaHHble
po6OTbI NPUMEHAIOTCA B TeX Cilyyasx, Korfa UCTOYHUK WH-
dopmaumm He npepocTtasnaeT APl npamoro nogkntoueHns
K 6a3e fJaHHbIX MW MHbIX CTAaHAAPTHbIX MEXaHM3MOB U3BJe-
YeHMA AaHHbIX. TUMUYHBIM NPUMEPOM TaKUX UCTOUYHUKOB
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ABNATCA KOpnopaT/BHble MOPTasbl, BHYTPEHHNE MHOP-
MaLMOHHbIe CUCTEMbI 1 BEO-MPUNOXKEHNSA, AOCTYMN K KOTO-
PbIM OrpaHMYeH NOUTUKaMK 6€30MacHOCTM 1 peann3oBaH
VCKIIOUNTENbHO Yepe3 Beb-nHTepdeinc. B nogobHbix ycro-
BUAX MCMONb30BaHKE SKPaHHbIX POOOTOB ABNAETCA efvH-
CTBEHHbIM BO3MOXHbIM CMOCO60OM aBTOMATU3UPOBAHHOIO
n3BnieveHus nHbopmaluu.

Mpouecc u3BfeYeHna [HdaHHbIX C  KCNONb30BaHMEM
3KpaHHbIX POOOTOB, KaK MPABWO, BKIIOYAET aHANN3 CTPYK-
Typbl MONIb30BATENIbCKOrO MHTepdeica, naeHtTudrKaumo
3/IEMEHTOB, COAEPXKALLUX LiefieByto MHPopMaumto, 1 nocne-
LYo NN COOpP JaHHBIX C UCMOMb30BaHNEM METOLOB NAPCUH-
ra. Mony4yeHHble JaHHbIe COXPAHAOTCA BO BPEMEHHOM WK
NPOMEXKYTOUHOM XPaHWIILLE, MOCSIE YErO MOTYT ObITb BKJIIO-
YeHbl B OCHOBHOW NPOLIECC MUTpaLmu, BKOYaIOLWWIA STanbl
06paboTKN, Npeobpa3oBaHNUA 1 3arpy3Ku AaHHbIX [2, 5, 11].

HecmoTps Ha npaKTUyeckylo MpMMEHUMOCTb, UCMOJb-
30BaHMe 3KpaHHbIX PO6OTOB B 3afja4ax MuUrpaLmy 60nbLINX
JaHHbIX CONPOBOXAAETCA PALOM OrpaHmnyeHunin. Bo-nepsbix,
JaHHbIN noaxogd obnafaeT HU3KOW YCTONUMBOCTbIO K M3Me-
HeHUAM UHTepderca NCTOYHNKA AaHHbIX, TaK Kak Jaxe He-
3HauMTeNbHblE U3MEHEHNA CTPYKTYPbI CTPaHMWL, MOTYT Npu-
BECTU K HapyLLUeHWo paboTbl poboTa. Bo-BTOPbIX, SKpaHHOe
M3BNeYeHne, KakK MpaBuUio, XapaKTepu3yeTcA MeHbLUeN
NPOW3BOAUTENBHOCTBIO MO CPABHEHWIO C UCMONIb30BaHKEM
dbopmann3oBaHHbIX UHTEPENCOB AOCTyMa, YTO OrpaHu-
yrBaeT MacWTabrpyeMocTb AaHHOro mMeToda npu pabote
c 6onbWVIMN 06 bemMaMn JlaHHbIX [6, 7, 14].

Kpome Toro, akpaHHble pob6oTbl He 06nafatT BCTPO-
€HHbIMN MeXaHN3MaMWN CeEMaHTUNYEeCKOro aHalnm3a AaHHbIX
W, KaK NpaBuio, n3BMekalT uHopmaumio B Buge cnabo
CTPYKTYPUPOBAHHbIX HAabOPOB 3HaueHWi. ITO NpuBOAUT
K HeO6XO,qMMOCTM BbIMOJIHEHNA AOOMNOJIHUTENIbHbIX 3TanoB
06paboTKM 1 NPeobpPa3oBaHNA JaHHbIX Nepes VX BKIoYe-
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HVeM B Npouecc Murpauuu. B ycnosusax 6onbluvix o6bemos
JaHHbIX JaHHbIe 3Tarbl MOTYT CTAaHOBUTLCA pecypco3aTpat-
HbIMW 11 MOBbILLATb BEPOATHOCTb BO3HUKHOBEHMS OLINGOK.

CnegyeT Tak»Ke OTMETUTb, UTO 3KpaHHble PO6OThI B 60/1b-
LUMHCTBE ClyYaeB NCMOb3YIOTCSA M30IMPOBAHHO OT Kaccu-
YeCcKNXx METOAOB MUrpauUuM AaHHbIX Y HE UHTErpUpPOBaHbI
B €AWHbIV afanTMBHbIA MEXaHU3M BblbOpa CTpaTernn ms-
BreyeHus nHdopmauum. OTCyTCTBME aBTOMATU3NPOBAHHbBIX
rMOPUAHbBIX PeleHnii, CNocoOHbIX AVMHAMMYECKN onpeae-
NATb BO3MOMKHOCTb Mcnonb3oBaHuAa APl unu Heobxogu-
MOCTb 3KPaHHOIO M3BNeYeHus, CYLLeCTBEHHO OrpaHNYnBa-
eT 3GpPEKTUBHOCTb CYLLECTBYIOLWNX NMOAXOA0B K MUTpaLmm
6onblUMX AaHHbIX. [1, 8, 9]

ApXUTEKTYPa 3KpaHHbIX POOOTOB, MPUMEHAEMbIX AJiA
M3BfIEYEHMNA [JAHHbIX M3 HECTaHOAPTHbIX NCTOUYHMKOB, Kak
NpaBuo, UMEET MHOTOYPOBHEBYIO CTPYKTYPY, OPUEHTMPO-
BaHHYIO Ha MociefoBaTeNlbHOE B3aUMOAENCTBIE C NMOJb30-
BaTENbCKMM NHTEPDENCOM CUCTEMBI-UCTOUYHNKA. B obuwem
cNlyyae apXuTEeKTYpy 3KpaHHOro poboTa MOXHO MpeacTa-
BUTb B BuAEe Habopa PpyHKLMOHANIbHBIX KOMMOHEHTOB, Kax-
[blli U3 KOTOPbIX BbIMOJIHSAET CTPOrO OMNpefesieHHY0 Posb
B poLecce n3BneveHna nHGopmaLuun.

KnoueBbIM 311eMEHTOM apXUTEKTYpbl ABAAETCA MO-
Oynb YNpaBfieHVA MNOJSb30BaTeNIbCKUM MHTepdencom, oT-
BeYaloLWMii 3a HaBUraLmio No CTpaHMLaM, B3aMMoaencTame
C 2nemMeHTaMu MHTepdelca 1 SMynALno SeACTBUN NOMb-
3oBaTens. [JaHHbi Moaynb GYHKLUOHMPYET B CTPOroW no-
CnefoBaTe/IbHOCTA WWAroB, Tak Kak 60JIbLIMHCTBO MOJNb30-
BaTeNIbCKMX MHTEPDENCOB He AOMyCKaloT napanienbHoro
BbIMOJIHEHNSA AEeNCTBUIA. DTO 06CTOATENbCTBO HaKlagblBaeT
dyHAaMeHTanbHOe orpaHMyYeHne Ha cTeneHb napannenns-
Ma dKPaHHOTrO N3BNEYEHNA AaHHbIX.

Cnegylowym KOMMNOHEHTOM ABNAETCA MOAY/b aHanu3a
CTPYKTYpbl MHTepdelica, npefHa3HauYeHHbIN ANnA WAEHTU-
buKaLmm anemeHTOB, cofiepKaLyux Lenesyto nHdbopmayuio.
HaHHbIn moagynb onupaeTtca Ha aHanm3 DOM-cTpyKTypbl,
BU3yasibHbIX aTprbyTOB MNW WabMoHOB cTpaHuy. Ero pa-
60Ta TeCHO CBAi3aHa C TeKyllel peanusauuen nHTepdeiica
WCTOYHUKA [aHHbIX, YTO [enaeT apXUTeKTypy 3SKpaHHbIX
pPO6OTOB UyBCTBUTENbHOW K U3MEHEHMAM BHELLUHEro BrAa
W NIOTVIKM CTPaHuL,.

M3BneueHHble fJaHHble NepefaloTca B Moy b NapcuHra
1 NepBUYHON CTPYKTypu3aLmu, rae nibopmauma npeobpa-
3yeTCA U3 BU3yasibHOro npeacTaB/ieHnA B CTPYKTYPMPOBaH-
HbI nn nonypopmMann3oBaHHbIA BUA. Ha gaHHOM 3Tane,
KaK NpaBuio, OTCYTCTBYET rNy6OKUA CeMaHTUYeCKUN aHa-
nun3, BCNIeACTBME Yero AaHHble TpebyloT AOMONHUTENbHON
06paboTKM Nepen BKOUYEHNEM B MPoLIECC Murpaumm [2, 4].

C TOUKM 3peHus MPOV3BOAUTENIbHOCTA APXMTEKTYpPa
3KpaHHbIX PO6OTOB 0b6MafaeT BbIPaXKeHHOW MocCsefoBa-

TeNbHOWN COCTaBMALEN, YTO HaMPAMYIO CBA3aHO C Orpa-
HUYEHUAMM MOJSIb30BaTE/IbCKOrO MHTepoderica. daxe npw
HaNNYMn TEXHUYECKOW BO3MOXKHOCTY 3amnycKa HeCKONbKIMX
3K3eMnnApoB poboTa, 3HaUMTeNIbHasA YacTb onepauuin —
TaKMX Kak 3arpyska CTpaHul, OXuAaHuwe OTKIMKa WHTep-
delica n nepexoabl Mexay COCTOAHUAMU — BbIMOJHAETCA
nocnenoBatenbHo. [JaHHOe 0OCTOATENbCTBO MO3BONAET
HanpAMYy NPYMeHUTb 3aKoH AMAana, CorflacHO KOTOpoMy
YCKOpEHME BbIUUCIIMTENBHOIO MpoLecca orpaHWyeHo Ao-
nen ero nocnegoBaTesibHOWM Yactu [6, 14].

B KOHTeKcTe 3KpaHHbIX POBOTOB 3TO O3HAuaeT, uyTo
yBeJIMUeHne Yncia napaniesibHbiX UCMONHUTeNelr npuBo-
OUT K OrpaHWYEeHHOMY POCTY MPOMW3BOAUTENIbHOCTH, TaK
KaK KpUTUYeCKMe yyacTKu MpoLecca M3BfeYeHns AaHHbIX
He nogpatotca s3dpeKTUBHOMY pacnapannenusaHuto. bonee
TOro, NOMbITKM MaclWTabUpPOBaHWA SKPAHHOIO M3BNeUYeHUs
YacTo MPYBOAAT K AOMONHUTENbHbIM HaKilagHbIM PACXo-
[aMm, CBA3aHHbIM C KOHKYPEHLUe 3a pecypchbl MHTepdeiica
1N OrPaHNYEHVAMY CO CTOPOHbI CUCTEMbI-MCTOUYHYIKA.

Taknm 06pa3om, apXUTEKTYPA IKPaHHbIX POOOTOB M3Ha-
YanbHO He NpeAHa3HaveHa Ans BbICOKONPOU3BOANTENbHON
06paboTkn 60MblNX 06BbEMOB AaHHbIX. Ee cunbHOM cTo-
POHOW ABMAETCA BO3MOXHOCTb U3BJIeUEHMA MHbOPMaLnn
13 NCTOYHUKOB, HEOCTYMHbIX A5 KNacCMUECKUX METOLO0B
MUrpaLKn, OgHaKO apXUTEKTYpPHble OCOGEHHOCTU MPUBO-
LAT K HU3KON MacLUTabUpyemoCTu U orpaHnyeHHom addek-
TUBHOCTM NPY POCTE OOHEMOB [JaHHbIX.

Ho, Bce ke BepHemMCA K pacCMOTPEHMUIO OrpaHUYeHuH,
BO3HUKLIKX paHee. CnegyeT OTMETUTb, YTO YaCTb OrpaHu-
YeHWIA SKPAHHOTO N3BNIeYEHMA JaHHbIX MOXeT ObiTb CyLie-
CTBEHHO CMArYeHa 3a CYeT apXUTEKTYPHbIX 1 OpraHM3aum-
OHHbIX peLueHnn.

Tak, ana npubnmKeHna K pelleHunio Npobsiembl HU3KOM
YCTOMUYMBOCTU SKPAHHbIX POBOTOB K U3MEHEHUAM MOMb30-
BaTe/NIbCKOTro MHTepdelica LenecoobpasHo npeaBapuTesb-
HO BbIMOJHATL AVHAMUYECKUI aHaNn3 CTPYKTYpPbl CTPaHK-
Lbl 4O Hayana HEMoOCPeACTBEHHOrO W3BNIEYEHUA OaHHbIX.
Takow aHanM3 MoXeT OCyLLeCTBNATbCA HAa OCHOBE MapCuMHra
HTML-pa3meTkn, a TakXe CBA3aHHbIX C Hew JavaScript—
1 CSS-KOMMOHEHTOB, GOPMUPYIOLLUX UTOTOBYIO CTPYKTYPY
nonb30BaTeNbCKOro NHTepderica.

MonyyeHHOE NpeAcTaBfieHNe CTPYKTYpPbl CTPaHMLbI Lie-
NecoobpasHoO COMOCTaBMATb C STAIOHHbIM OMWCAHVEM WH-
Tepdelca, 3adpUKCMPOBaAHHbIM Ha 3Tarne pPas3paboTKu Mnn
npeabiaywyx yCrnewHbIx 3anyckoB murpaummn. CpaBHeHUe
TeKyLLen CTPYKTYpbl C 3TaNIOHHOW NO3BONAET BbISABAATb W3-
MEHEHUA B PACMONOXEHUN SNIEMEHTOB, UX aTPUOYTax 1 B3a-
MMOCBA3AX, KOTOpble MOTYT MOBAVATb Ha KOPPEKTHOCTb
paboTbl 3KpaHHOTO poboTa. B ciyuae obHapyxeHus cylie-
CTBEHHbIX PACXOXAEHWI NPOLECC N3BNEUYEHNA JaHHbIX MO-
KeT OblTb MPVOCTAHOBIEH MO0 NepeBefeH B 6e30MacHbIi
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pexuMm, YTo MpefoTBPaLLaeT BbINONIHEHNE HEKOPPEKTHDBIX
ornepauuii B NpofyKTUBHON Cpefe.

B kauecTBe OAHOro 13 BO3MOXHbIX BapMaHTOB pea-
NM3auMM JAHHOro Moaxofda MOXeT pacCcMaTpuBaTbCA UC-
Mosfib30BaHNE KOMMAKTHOWM MOAENN MAWVHHOTO 06yYeHuns
WV VIHTENNEeKTYanbHOro MOAYNA aHanm3a, Cnocob6HOro
aBTOMAaTMYECKMN COMOCTaBNATb TEKYLLYI CTPYKTYpY CTpaHu-
bl C 3TAJIOHHOW 1 BbIABAATL AOMYCTMMbIE U KPUTUYECKIME
n3MeHeHuA. Takoll MoAynb MOXeT WCMonb30BaTbCA AN
YacTMYHOWM aBTOMATM3aUUN KOPPEKTUPOBKU CLieHapuneB
SKPaHHOro 13BnevYeHns unn GopMUpPOBaHMA pPeKoMeHAa-
LW Mo nX aganTauuu.

MNprvMeHeHNe AMHAMMYECKOTO aHanim3a CTPYKTYpbl
CTpaHWLbl B COYETAaHUN C STAIOHHbIM CPaBHEHWEM W VH-
TeNNeKTyaNbHbIM/ MexaHUu3Mamy NPOBepPKU Mo3BonAeT
CyLLeCTBEHHO MOBbICUTb YCTONUYMBOCTb SKPaHHbIX PpOHOTOB
K 3MEHEeHMAM MOoJIb30BaTeNIbCKOro UHTepdelica 1 CHU3NTb
BEPOATHOCTb OLWMOOK NPY 13BIeYEHNW AaHHbIX B NpoLecce
MUrpaLmm 6onbwmx gaHHbix [1, 8, 9].

OnTMMK3auma MPOU3BOAUTENBHOCT SKPAHHOTrO U3-
B/IEUEHMS JaHHbIX MOXET 6blTb JOCTUrHYTa 3a CYeT OTKa-
3a OT UCMo/b30BaHWA MONHOMYHKUMOHaNbHOrO 6Gpay3e-
pa B Tex Cjlyvasx, Korga 3TO He ABMAETCA HeoOXOoAVMbIM.
MpumeHeHe o0bneryeHHbIX MeXaHM3MOB B3aUMOLENCTBUA
C BeO6-CTpaHMLAMK, a TakXKe MUHUMMW3aUMs BU3yasbHbIX
ornepauwuii Mo3BOoJIAT COKPATUTb HAaKMAAHbIE PACXOAbI 1 HYa-
CTUYHO KOMMEHCUPOBATb OrPaHUYEHNs, CBA3aHHble C Mo-
CflefoBaTeNbHbIM XapaKTepoM paboTbl SKpaHHbIX POGOTOB.

OrpaHMYeHHOCTb 3KpaHHbIX POOOTOB B YacTV CEMAH-
TUYECKOro aHanmM3a [daHHbIX He ABMAETCA KPUTUYECKOW
npob6nemoi, a NpefcTaBAeT co60 apXUTEKTYPHOE orpa-
HUYEHNe, C KOTOPbIM LiefiecoobpasHo paboTaTb Ha no-
cnegyowmx 3Tanax murpaumy. CemaHTUYeCKUn aHanwms,
OUNCTKA U CTPYKTYPUPOBaHUE AaHHbIX MOTYT ObITb b dek-
TUBHO BbIMNOSIHEHbI HA OCHOBHOM 3Tare MUrpaLnu, B pamKax
onepauunn obpaboTkn 1 npeobpasoBaHUA UHPOpPMaL K.
B yvactHocTn, Ha aTane ETL gaHHble, n3BeYeHHble SKpaH-
HbIMW PO6OTamMM B CbIpOM BUAE, MOTYT ObITb arpernpo.a-
Hbl, OTOUNBTPOBaHbI U NPUBEAEHDI K TPEOYEMOW CTPYKTYype
C 1Cronb3oBaHMem 6osiee MOLHbBIX 1 pOPManN30BaHHbIX
WNHCTPYMeHTOB 06paboTKM AaHHbIX.

Takum 06pa3om, 3KpaHHOE N3BNeYeHME AaHHbIX clegyeT
paccMaTpmMBaTb Kak BCMOMOraTesibHbIi MeXaHU3M, NpeaHa-
3HAUeHHbIN AnA nonyyeHusa MHPoOpMaLMK U3 HecTaHZapT-
HbIX MCTOUYHMKOB, TOrAa Kak OCHOBHas Jlormka obpaboTkuy,
arperauuv 1 CeMaHTUYeCKOro aHann3a AaHHbIX NepeHoCuT-
CA Ha 3Tanbl KNaccuueckon murpaunn. Takoe pasgeneHue
OTBETCTBEHHOCTX MO3BOJIAET MUWHUMK3UPOBATbL BAVSAHMWE
OrpaHNYEHNI 3KPaHHbIX POOOTOB M obecneunTb Gonee
YCTONUUBYIO 1 YNPaBAAemMyo MArPaLmnio 60MbLUNX JaHHbIX
B paMKax rmépuaHoro noaxoaa.

Mcxopa n3 monyyeHHOro apxXuteKTypHOro MOHMMaHUA
paboTbl 3KpaHHbIX POOOTOB, NpeACTaBAAeTCA Lenecoobpas-
HbIM MHTErpMpoBaTb AaHHbIA MeXaHuW3m B 0OLWmMin mMeTopn
«ABanTBHBIN TMOPUAHBIA METOA MUrpaLn 6onbwKX faH-
HbIX C aBTOMaTUYeCKUM BbIOOPOM CTpaTernv n3BneyeHuns
1 0bpaboTkm nHPopmaumm». KnioueBoin 3agavein Ha paH-
HOM 3Tane ABnAeTCA popmManmsalma BXOAHbIX NapameTpoB
MUrpaLun 1 cosfaHre yH1BepcanbHOro MexaH13ma NpuHs-
TNA peLleHnii 0 cnocobe r3BneveHna AaHHbIX.

Mpw BbINONHEHWM NOOON MUTrpaLn 6ONbLWKX AaHHbIX,
Kak npasuno, GopmMupyoTca KOHOUrypaLoHHble dainbl
(conf), copepalwue cBegeHUs o JOCTyNax K MCTOUYHVKAM
[aHHbIX, CeTeBbIX MapamMeTpax, nepeyHe OOBEKTOB ANA
nepeHoca, a TakXKe OMVCaHUs MeTaflaHHbIX, MOAMEXALUMX
murpauun. Takme KoHPUrypaumoHHbie dannbl MOryT 6bITb
npeAcTaBsieHbl B Pa3finuyHbix GpopmaTtax, OAHAKO MX Kiloue-
BOW OCOBGEHHOCTbIO ABMAETCA HanuumMe CTPYKTYpUpOBaH-
HOW MHpOPMALMK, [OCTaTOYHOWN AN AaBTOMATU3MPOBAHHO-
ro aHanm3a UCTOYHMKA JaHHbIX [6, 7].

Mpumep conf daina HUxe —

{

«migration_id»: «<migration_2026_01»,

«source»: {

«engine»: «postgresql»,

«host»: «<source-db.company.local:5432»,

«db»: «source_db»,

«user»: «migration_user»,

«passwordy»: «**¥y,

«tables»: [«orders», «customers», «payments»]

I3

«target»: {

«engine»: «clickhouse»,

«host»: «target-ch.company.local:8123»,

«db»: «analytics,

«user»: «ch_user»,

«password»: «**¥*y

I3

«intermediate»: {

«type»: «s3»,

«endpoint»: «<https://s3.internal.company.local»,

«bucket»: «migration-temp-data»,

«formats»: [«parquet»]

|3

«transformn»: {

«enabled»: true,

«rules»: «git://repo.company.local/migration/transform_
rules»

I3

«execution»: {

«strategy»: «adaptive»,

«screen_allowedy»: true,

«parallelism»: 8

}

}
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B npepacTaBneHHoM nprmepe KoHdUrypaurnoHHoro dain-
Na B AIBHOM BU[e ONVCaHbl MapaMeTPbl UCTOYHUKA U MPUeM-
HUKA AaHHbIX, CNOCOObI MOAKIIOUYEHNS, NepeyYeHb 0ObeK-
TOB A1 MEPEHOCA, a TaKKe MapameTpbl MPOMEXYTOUYHOTO
XpaHunuwa. Hanuuume pasgena, onucbiBalowero BpemeH-
Hoe 0ObeKTHOE XpaHWNLLE, NO3BONIAET UCMOJIb30BaTh €ro
B KauyecCTBe YHVBEPCAIbHOrO MPOMEXYTOUYHOro Crost Ans
XpaHeHUs pe3ynbTaToB NPeobpa3oBaHNa AaHHbIX 1 GUKca-
LN MPOMEXKYTOYHbIX COCTOAHUI MUTPaLun. Ina CHUXKeHWs
BEPOATHOCTM OWMNOOYHOrO M3MEHEHUss MeTanHdpopmauum
1 yNpoLLEeHNA BBOAA NapameTpoB KOHdUrypauum Leneco-
06pa3HO UCMONb30BaTb MOJSb30BATENbCKNI UHTEPPENIC,
bopmMmpytownii KOHPUTrypaLMoHHble dalifibl B aBTOMATAYe-
CKOM peXrme.

Bbibop ¢alnoBoro xpaHwiula B KauyecTBe MPOMEXY-
TOYHOro OOYC/IOBNEH €ro YHWBEPCANbHOCTbIO U He3aBu-
CUMOCTbIO OT KOHKPETHbIX MOJEenell XpaHeHWs [aHHbIX.
Mcnonb3oBaHne 06bEKTHOrO Mnn $anoBOro XpaHunuua
MO3BONAET COXPaHATb pe3ynbTaThl 3Tana Transform B Heil-
TpanbHOM popmaTte U obecneurBaeT YCTONYMBOCTb MPO-
Lecca murpaumm K c6oam Ha nocnepytowmx stanax. Mpo-
MEXXYTOUHBbI XapakTep AAaHHOIO XpaHMMLLA 3aKJloyaeTca
B TOM, YTO MOC/1e BbINONHEHUA onepauuii npeobpa3oBaHms
[aHHble TPebyloT BPEMEHHOTO pa3MeLleHns Lo 1X ycneL-
HOW 3arpy3Ku B UTOrosyto cuctemy [13].

B cnyuyae npamoi 3arpysku npeobpasoBaHHbIX [aH-
HbIX B LI€/IEBOE XPaHWNLLE NPV BO3HUKHOBEHUW OLINOKM
Ha 3Tane Load cywecTByeT pucK MOSBIEHUS HECOrnaco-
BaHHbIX AaHHbIX, YTO NPUBOAUT K HEOOGXOANMOCTY MOBTOP-
HOro BbIMOMHEHNA Kak 3Tana Transform, Tak v 3tana Load.
Mcnonb3oBaHre NpomexyTouHoro ¢aiioBoro xpaHunuiya
no3BosnsieT n3bexarb AaHHON CUTyaLun, Tak Kak npu cbo-
AX Ha 3Tane 3arpysku TpebyeTcsa MOBTOPHOE BbINOHEHVE
TONbKO onepauun Load, Torga Kak pesynbraTbl Npeobpaso-
BaHMWA [aHHbIX COXPAHATCA 1 He TpebyoT NOBTOPHON 06-
paboTku. Mpu 3TOM BEPOATHOCTb BO3HMKHOBEHMWSA OLLINOOK
Ha 3Tane Load cyLlecTBEHHO HUWXKe, MOCKOJIbKY 3arpyska
[aHHbIX 6€3 BbINONHeHVA Npeobpa3oBaHnii ABAAETCA Maso-
Harpy>KeHHOW 1 TEXHONOTMYECKN NPOCTO onepauuen.

CTPYKTYpPMPOBAHHOCTb AaHHON uHbOpMauumu Aenaet
BO3MOXHbIM €e MCNoJib30BaHMe B paMKax npepasiaraemoro
METOAA 3a CYET CO3[aHNA YNpaBsioLLen NogcucTeMbl, pea-
nu3yoLein Noruky aganTyMBHOro Bbibopa cTpaTernv Murpa-
unn. [laHHaA nofgcucTeMa OCYLIECTBASIET YTEHME U UHTEp-
npeTaumio KOHOGUrypaLMoHHbIX GalifoB, U3BNEKas U3 HUX
CBefleHVA O TUMe UCTOYHMKA AaHHbIX, JOCTYMHbIX crnocobax
NOAKMoUYeHUs], Hannumm GopPMan30BaHHbIX MHTEPDENCOB
[OCTyNa 1 XxapaKTepucTukax nepefasaeMon MHGopmaLmm.

bnarogapa cTporo CTPyKTypvpOBaHHOMY OMMCaHUIO
nMapamMeTpoB MUrpaumMnm B KOHOUIrypauMOHHbIX dainax
obecneymBaeTca BO3MOXHOCTb GOPMaANM30BaHHOIO MNpu-
HATWA pelleHnn 6e3 yyacTua onepatopa. JTO Mo3BosnAeT

YHUOMLMPOBaTb NPOLECC MUTPaLnn, CHU3UTb BEPOATHOCTb
OLIMNOOK, CBA3AHHBIX C PYYHOI HACTPOWKON, U obecneumnTb
MaclTabupyemoctb meTofa npu pabote ¢ 60MbLWIMM KONK-
YeCTBOM Pa3HOPOLHbIX UCTOYHMKOB AaHHbIX.

OpHako pake nMpy OTCYTCTBMM omepaTtopa Ha dTanax
onpefeneHns UCTOYHUKA AaHHBIX 1 BbIOOpa CcTpaTerum us-
BJleUeHus, yyacTre pa3paboTurika ocTaeTcss HeobxoaVMbIM
Ha 3Tane Transform. 3To 0bycnoBneHO TeM, YTO NOrKKa npe-
06pa3oBaHMA [aHHbIX, BKMOYas npasunia obunstpaumu,
arperauum n CemaHTUUecKon WHTepnpeTaunn MHpopMa-
UMK, HaNpsMYIo 3aBUCUT OT TpeboBaHWi NpegMeTHON 06-
NacT 1 0cObeHHOCTEe LleNneBoro UCMob30BaHNA JaHHbIX.

B oTnnume oT 3TanoB M3BeYEHVA 1 3arpy3Kn JaHHbIX,
KoTopble MOryT 6biTb GpopMann3oBaHbl 1 AaBTOMATU3MPO-
BaHbl Ha OCHOBe KOHOUrypauWOHHbIX MapameTpoB, 3Tan
npeobpa3oBaHNA faHHbIX TPebyeT yuyeTa GU3HEC-NIOTUKY,
KOHTEKCTa WUCMONb30BaHNA MHPOPMALUMM U HEABHbIX 3a-
BUCKMOCTEW, KOTOpble, KaK NPaBWio, He OTPaXKeHbl B TeXx-
HUYECKMX OMMCAHMAX UCTOYHMKOB AaHHbIX. OnpefeneHve
KOPPEKTHbIX NpaBui TpaHCGOPMaLUN AaHHbIX HEBO3MOMX-
HO 6e3 yuacTuAa pa3paboTumka Unm s3KcnepTa NpegMeTHON
obnacTy, obnagatwLllero 3HaHMeM O CMbICJIOBOI Harpyske
obpabatbiBaeMon nHGopMaLun.

Mpwn 3Tom crnegyeT OTMETUTb, YTO HEOOXOAMMOCTb Yya-
CcTnA pa3paboTumka Ha 3Tane Transform BO3HMKaeT He BO
BCEX CLIeHapuAX MUrpaLmm fJaHHbIX. B cnyyae, ecnn 3apava
CBOAUTCA K MPAMOMY MepeHOCy AaHHbIX M3 UCTOYHMKa A
B UCTOYHUK B 6€3 n3meHeHnsa CTPYKTYpbl, IOrKy 06paboT-
KW 1 CEMAHTMYECKOro coflepKaHus nHdopmaLmm, npouecc
MUrpaLmn MoXeT ObITb BbIMOJIHEH NOJIHOCTbIO B aBTOMaTu-
yeckom pexunme [2, 15].

B nopobHbIX cLueHapuAx OTCYTCTBYeT HeobXo4MMOCTb
B pa3paboTKe CNIOXKHbIX NPaBua Npeobpa3oBaHUsA AaHHbIX,
a stan Transform nnbo muHMmaneH, nnéo ceogutca K ba-
30BOMY npuviBefieHMi0 GOPMATOB M TWUMOB [aHHbIX, KOTO-
poe MoXeT ObiTb GOPManr30BaHO B KOHPUIypaLUOHHbIX
darnax. bnarogaps 3ToMy afanTyBHbIA TMOPUAHBIA MeToA
NoO3BOJIAET BbINOMHATb MPOCTble MUrPaLUK AaHHbIX 6e3
npvBfieYeHns Pa3paboTurKa, NCMoNb3ys aBTOMATUYECKII
BbIOOP CTpaTer U3BeYeHnaA 1 CTaHAAPTHbIE MEXaHW3Mbl
3arpysKu JaHHbIX B CUCTEMY-MPUEMHIIK.

Ins Toro, 4tTo6bl OMUCAHHDLIN Bbile NannaanH 6bin 60-
nee NOHATEH, HXKe AOCTYMHa ero Bu3yanusauus (cm. puc. 2).

BaXXHO OTMETWTb, YUTO B pamKax NpefanaraeMoro MeToaa
Ha 3Tane Transform MOXeT MPUMEHATLCA WCMONb30BaHUe
BHELUHUX WHCTPYMEHTOB MNapannenbHoi obpaboTku faH-
HbIX, TAaKMX KaK pacnpefenéHHble BbluNCAUTENbHblE hpeinm-
BOpKM. [prBneyYeHne nofo6HbIX UHCTPYMEHTOB 06YCOB-
NeHo HeobXOoAMMOCTbIO pacrnapanfiennBaHnsa onepauuii
06paboTKn NHOGOPMALN U COKPALLEHUA BPEMEHM BbIMON-
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Puc. 2. Busyanusaumsa nannnanHa murpaumum 60nbLwnx AaHHbIX

HEHVA BblUMCNEHUI NpU paboTe ¢ 6ONbLWNMU OOBbeMamu
JaHHbIX.

Wcnonb3oBaHne napannesnibHOW 06paboTKM Ha 3Tane
Transform no3BonseT BbIHECTU pPecypcoemKkre onepa-
unmn arperaunn, GUnNbTPaUMM 1 NpeobpasoBaHMA OaHHbIX
3a npegenibl MCXOAHOTO XPaHWNMLLA, CHUKAA Harpysky
Ha ero BblYNCNUTENbHbIE pPecypChbl. O}J,HaKO nprnmeHeHne
TaKNX UHCTPYMEHTOB He sB/AeTcA 6e3yC/oBHbIM: B Cllyyae
OTCYTCTBUSI B MCMOJIb3yeMOM GperiMBOPKE HEOOXOAUMBIX
MeTOA0B 06PabOTKM JaHHbIX MO0 NPV HANMYMKN Pa3Inymni
B CEMaHTUKe nxX pa6OTbI Mo CpaBHEHUIO C MeTO4aMWN NCXOoa-
HOro XpaHunKLa, 06paboTka AaHHbIX BbIMOMHAETCA Hemno-
CPefCTBEHHO Ha pecypcax CUCTEMbI-UCTOYHNIKA.

PeweHre o npumeHeHUW napannenbHon 06pPaboTKM
NMPUHMMAETCA aBTOMATMUYECKU Ha OCHOBE WHTErpUpPOBaH-
HOW 6MBNNOTEKN METOOOB, BXOAALLEN B COCTAB Npepiarae-
Moro meToga. [laHHaa 6ubnnoTeKka ocyLecTBASIET CONOCTaB-
neHne ¢GYHKUMOHAMbHbBIX BO3MOXHOCTEN WHCTPYMEHTOB
napannesbHon 06pPaboOTKM C METOAAaMM, MUCMOMb3yeMbIMY
B WUCXOOQHOM XPaHWMLLE, 1 MPOBEPSAET 3KBUBANEHTHOCTb
nx noeeaeHus. B cnyuae, ecnn GpyHKLMOHAIbBHOCTb METO-
[OB COBMAJaeT U He NPUBOAUT K NCKAXKEHUIO Pe3ynbTaToB
06paboTKM AaHHbIX, AJ1A BbIMNOMHEHWA 3Tana Transform wmc-
nonb3yeTcs BHeWHAA napassefibHas cpefa. B npotrBHOM
crlydae 06paboTKa BbIMOJSIHAETCA B UCXOAHOM XPaHUIMLLE
NaHHbIX.

JononHuTeNbHbIM NPEUMyLLeCTBOM MPUMEHEHMA Na-
pannenbHbIX UHCTPYMEHTOB 06paboTKM ABNAETCA BO3MOX-
HOCTb AMHAMMYECKOro YMpaBfieHVA BblYUCIUTENbHbBIMY
pecypcamu. [MapameTpbl BbIYNCAUTENBHOW CECCUU MOTYT
afanTUBHO M3MEHATbCA B 3aBUCMMOCTM OT obbema obpaba-
TbIBAEMbIX AAHHbIX: MNPV YBENIMUYEHUN O0ObemMa AaHHbIX pe-
CypCbl MaclITabmpyoTca, MPU CHUMKEHUN — COKpaLLalTCA.
Takol nopxon No3BOMSET He TONIbKO 3GGEKTUBHO BbIMOJ-
HATb MapannenbHylo 06paboTKy AaHHbIX B paMKax OfHON
MUIPaLUn, HO 1 3amnycKaTb HECKONIbKO MUTPaLMOHHbIX MPO-
LileCCOB O{HOBPEMEHHO B YCJIOBUAX OrPaHNUYEeHHbIX BblUMC-
NUTENbHbBIX PECYPCOB.

Mcnonb3oBaHne napannenbHblX MHCTPYMEHTOB 0bOpa-
6OTKYM JaHHbIX B COCTaBe afanTUBHOIO rmMbprAHOro metoga
obecneyrBaeT 6anaHC Mexay NPOU3BOAUTENBHOCTbIO, KOP-
PEKTHOCTbIO 00PaboTKM MHPOPMALUM U PaLNOHANbHbIM
MCNONb30BaHMEM BbIUNCANTENbHBIX PECYPCOB NPY MUrpa-
LM GONbLUNX JaHHbIX.

B pamMKax naHHOW cTaTby Obin NPEeAIoXKEH afanTUBHbIN
rMOPVAHBIA MeTod MUrpaumy 60MbLINX AaHHbBIX C aBTOMa-
TUYECKMM BbIOOPOM CTpaTernm nsBneyeHns n obpaboTku
MHdOpPMaLK, OPUEHTUPOBAHHBIN Ha NCMONIb30BaHME B YC-
NOBUAX PA3HOPOAHbIX MCTOUYHMKOB [AHHbIX, apXUTEKTYp-
HbIX OrpaHuYeHnii 1 6onblmnx obbemMoB 06pabaTbiBaeMol
NHpopmauuu.

KnioueBoi 0coBeHHOCTbIO MpeasiaraeMoro Metoga fB-
NAETCA MHTErpauma HECKONbKNX MOAXOA0B U MHCTPYMEHTOB
B paMKax eflHOWN apxuTeKkTypbl. MeTog npefycmatpusaet
NCMNoNb30BaHNe 3KpaHHbIX poboToB (RPA) ans n3BnevyeHus
JaHHbIX M3 HeCTaHOapTHbIX WCTOUYHWKOB, He npenocTaB-
naowmx GopmManm3oBaHHbIX MHTEPdENCoB AOCTYMa, YTo
Nno3BosiAeT pacwmputb 06sacTb MNPUMEHUMOCTM MUTpa-
U1K 3a npeaenbl TPAANUMOHHBIX XPaHWUANULW, AaHHbIX. Ona
obecneyeHns YCTONUMBOCTM U YNPABAAEMOCTU NpoLecca
MUTPaLUN  NCMOMb3YyeTCA MPOMEXKYTOUHOE XpaHWNuLLe,
BbICTyMalollee B KayecTBe YHVBepCasbHOro C/1oA XpaHe-
HMA pe3ynbTaToB M3BJIeYeHNA 1 Npeobpa3oBaHMA JaHHbIX
n obecneurBalollee BO3MOXHOCTb BOCCTAHOBIEHUA MPO-
Llecca murpawmm B cyvae cboes.

[ononHntenbHO B MeTofe UCNosb3yeTca pacnpenenéH-
HbI GPEMBOPK 06PabOTKM AaHHbIX, MO3BONALWMA Bbl-
MOSHATb NapanfenbHyto 06paboTKy MHPopMaLMK Ha 3Tane
Transform u cHMXXaTb Harpy3Ky Ha MCXofHble XpaHunuuia.
MpriMeHeHVe faHHOTO GpeMBOpPKa OCYLLECTBNAETCA afan-
TUBHO Ha OCHOBE COMOCTABNIEHNA JOCTYMHbIX METOAOB 06-
PabOTKM 1 SKBMBANIEHTHOCTY VX MOBEAEHNSA, YTO MO3BONIAET
COXPaHNTb KOPPEKTHOCTb 0OPabOTKM faHHbIX 1 MOBbLICUTb
NpPOV3BOANUTENIBHOCTb BbIUUCIIEHNIA.

ABTOMaTU3aUMA KIHOYEBBIX 3TanoB Murpaudmn ooctura-
€TCA 3a CYET NCNONb30BaHUA CTPYKTYPMPOBAHHDbIX KOHd)VI-
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rypauvoHHbIX $alifoB, Ha OCHOBE KOTOPbIX ynpasnAtoLas
rnoacrcTeMa MeTOAa OCYLLECTBIAET aHaNN3 XapaKTePUCTUK
WCTOUYHMKOB JaHHbIX 1 BbIOMPAET ONTUMAbHYO CTpaTeruio
n3BsieYeHna N 06paboTkn MHPopmaummn. Tako noaxop
CHVXXAEeT 3aBUCUMOCTb NPOoLecca MUrpaLmmn oT pyyYHom Ha-
CTPOWKM, MUHUMMW3VPYET BEPOATHOCTb OWMOOK M MOBbI-
LWaeT MacwTabmpyemocTb MeToaa npu pabote ¢ 6onbLwMM
KONMMYECTBOM UCTOYHMKOB AaHHbIX.

Takum ob6pas3om, npepgnaraemblii afanTUBHbIA rMbpua-
HbI/i METOZ, MOXET PAacCMATPMBATLCA Kak NepCneKTUBHbIN
noaxop K peleHunio 3ajay MUrpauum GonblnX AaHHBIX,

NMOCKONIbKY OH OPWEHTUPOBAH Ha ABTOMATU3MPOBAHHbIN
BbIGOP CTpaTernyi U3BedYeHns JaHHbIX, paLMoHaibHOe 1C-
Nosib30BaHNe BbIYNC/IUTESIbHBIX PECYPCOB U MHTErpauuio
CNeunanmn3npoBaHHbIX MHCTPYMEHTOB 06paboTKu MHPOp-
Maumn.

MonyyeHHble pe3ynbTaTbl HOCAT MpeABapUTENbHbII
XapaKTep 1 YyKa3blBaloT Ha Leslecoobpa3HOCTb JanbHel-
WNX WCCNEeAOBaHMWIA, HaMpaBieHHbIX Ha KOMMUYECTBEHHYIO
oueHKy 3¢PeKTVBHOCTY NpeasiaraeMoro MeToAa B pasnuuy-
HbIX CLEEHAPUAX MUTPALN JAaHHBIX.
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V. Taran

Summary. This paper addresses the practical application of the cellular
automata principle for the formation of elementary and complex
algorithmic-combinatorial structures of audio data. The concept of
utilizing the structural-algorithmic functionality of cellular automata is
scientifically substantiated and technically justified, implying the direct
generation of a multiband spectrum through functional programming.
The dialect of LISP—Nyquist—is identified as the primary functional
programming tool for experimental capabilities of cellular automata. A
scientific and technical analysis of the functioning of cellular automata in
the generation of various algorithmic-combinatorial structures of audio
data according to Wolfram’s rules 30 and 90 is conducted. Characteristics
of the topologies of elementary cellular automata behaviors in the
context of obtaining new audio materials are provided. The Dannenberg-
Lewis experiment is reproduced, illustrating the application of the
instrumental base of LISP-oriented programming languages in the
context of generating new chaotic and fractal textures of audio materials.
Technological factors influencing the reproduction of the experiment
are refined considering the accelerated development of computing
technology and the rapid growth of the scientific-practical base of
audio engineering and computer science. Aspects of implementing the
obtained applied results are updated, with a perspective on further
advancing scientific knowledge within the scientific-experimental
framework of modern audio informatics.

Keywords: ~ Dannenberg-Lewis ~ experiment, cellular ~automata,
algorithmic-combinatorial structures of audio data, audio programming,
computer audio synthesis, chaotic behavior, fractal topologies, LISP
dialects, LISP-oriented languages, Nyquist programming language,
Audacity®, Wolfram’s rules, scientific analysis, computer science, audio
engineering, audio informatics.
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AHHomayug. B cTatbe paccMaTpuBalOTCA BOMPOCHI MPAKTUYECKOrO MpUMeHe-
HUA MPUHLMNA KNETOYHbIX aBTOMATOB AAA (OPMUPOBAHMA dNEMEHTapHbIX
W CAIOXKHBIX anropuTMUYECKo-KOMOMHATOPHBIX CTPYKTYp ayAuofaHHbIX. Hayu-
HO 060CHOBaHA U TEXHUYECKI apryMeHTUPOBaHa KOHLeNuMa UCnoab30BaHusA
CTPYKTYPHO-anropuTMMYeckoro QyHKLUMOHaNa KAeTOuHbIX aBTOMATOB, MOA-
pasymeBaloLas NPAMYI0 reHepaLmio MHOTOYaCTOTHOTO CMeKTpa CpefcTBaMu
GYHKLMOHANBHOMO NporpaMmMUpoBaHNA. B KauecTBe 0CHOBHOTO (yHKLMO-
HanbHOro CpeaCTBa NPOrpaMMUPOBaHNA JKCEpUMEHTANbHBIX BO3MOXKHOCTeN
KNeTOuHbIX aBToMaToB 0603HaueH aunanekt LISP — Nyquist. MpoBeaéH Hayu-
HO-TeXHWYeCKMil aHann3 GYHKLMOHUPOBAHMA KNETOUHbIX aBTOMATOB NP reHe-
paLMin pasnnyHbIX anropUTMUYECKO-KOMOIHATOPHBIX CTPYKTYP ayANOAAHHbIX
B COOTBETCTBUM C npaBunamu Bonbdpama — 30 u 90. [laHbl xapakTepucTukm
TOMONOrYUiA NOBEAEHUA KIETOK NeMeHTapHbIX KJIETOUHbIX aBTOMATOB B YC/0-
BUAX NONyYeHA HOBbIX ayAvomaTepuanos. BocnponsseaéH sxkcnepumeHT [lau-
HeHbepra-Jlblonc, XapakTepuylowmnii NpUMeHeHne UHCTPYMEHTanbHOI 6a3bl
LISP-opueHTMpOBaHHbIX A3bIKOB MPOrPaMMUPOBAHINA B KOHTEKCTE MOAyYeHus
HOBOIl Xa0TUYHOI U QpaKTanbHOI NoBefeHYecKol GakTypbl ayanomartepua-
NOB. YTOUHeHbl TexHonoryeckine GakTopbl BOCIPONU3BEAEHUA IKCMepUMeHTa
C YYETOM YCKOPEHHOTO Pa3BUTUA BbIYUCAUTENBHOI TEXHUKIA U CTPEMUTEbHOTO
pOCTa HayyHO-NpaKTUYeckoii 6a3bl ayAMONHXKEHEPUM 1 KOMNbIOTEPHBIX HayK.
AKTyanu3upoBaHbl acneKTbl BHeAPEHUA MONYYeHHbIX NPUKNAZHbIX Pe3ynbTaTos
C NepcneKTBOI AanbHeliLuero NpUpaLLeHna HayuHbIX 3HaHMIi B HayYHO-IKCMe-
PUMeHTabHbI 060pOT COBPEMEHHOI ayAUONHGOPMATHKN.

Kntoyesele cnosa: skcnepumenT [laHHeHbepra-Jlblouc, KNeTouHble aBTomarthl,
anropUTMUYECK0-KOMOUHATOPHbIE CTPYKTYPbI ayAMOLAHHBIX, ayAMONpOrpam-
MUPOBaHE, KOMMbIOTEPHBIi AYAMOCUHTE3, Xa0TUUeCKoe NoBezeH1e, Tononorun
dpakTanoB, ananektbl LISP, LISP-opneHTUpoBaHHble A3bIKK, A3bIK NporpaMmu-
poBanua Nyquist, Audacity®, npaBuna Bonbpama, HayuHblil aHanm3, KOMMbIo-
TepHble HayKy, ayBuonHKeHepus, ayAnouHdopmaTiKa.
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IKOMNbIOTEepHLIN ayAOCUHTE3 B CUCTemMe
peAakTnpoBaHuS1 LMGPOBOIro 38yKa (NOCTaHOBKA
npobAemMbl, Hay4HbIN aHaAN3 U aKTYaALHOCTb
NCCAeAOBaHNA)

An3anH ayanokomnosnumm — 3TO JOBOJSIbHO YHUKab-
HaA 1 CNIOXXHas 06/1aCTb HXEHEPHO-TEXHUYECKOW fenaTelb-
HOCTW, 3aTparvBaLWwas BCe acrneKTbl COBEPLUEHCTBOBAHNA
obpasza ayaMomaTepuana C LeNblo ero afjekBaTHOro BOC-
NPUATAA NOTEHUMANbHBIMU CITyLLATENAMM.

AZleKBaTHOCTb BOCMPUATMSA ClywaTtenem ayavioKoMm-
no3vuMin  onpepenseTcd KauyecTBOM 3anucy  3BYKOBbIX
nopoXxeK!, cnekTporpapuuecknm aHananm3oM MHOFOKOM-

' TMpvm. aBTOpa. KauecTBo 3anmncn ayanoTpeKkos HanpaMyto BA-
AeT Ha afleKBaTHOCTb MOHVMAHMA 3BYKOBOW MaHOPambl, MOCKONbKY
Mamemamudeckue Vi cnekmpomempuuyeckue MokasaTtenu ornpe-
JEenAloT «4émKocme»* NpefcTaBleHna Kaxaoro ayamodparmeHTa,
bopmmnpyemolt nHxeHepoM CBeAeHUA ayAVOKOMNO3MLMK. *TToHATME
UETKOCTU B ayAMOMHOOPMaTUKE MMeeT OCOObIM CMBICA U NoApas-
yMeBaeT, Npex/e BCEro, «<a0eksamHOCMb» BOCMIPUATUA ClyllaTenem
BCEX HI0aHCOB NCUXOAKycmMuyeckux CBOWCTB ayAvioMaTepuana, BOC-
Npov3BOAMMOrO LdpoBbIM ayAnoobopynosaHuem. [oHATVe «adek-
8aMHOCMb» onpefenaeT NepBoHaYanbHO 3aknadbiBaemble mexHu-
yeckue napamempel 38y4aHusA ayaMomatepvana B npolecce ero
CO3AaHNA aBTOPOM (KOMMO3UTOPOM, CayHAMPOAIOCEPOM, 3BYKOpe-
XKINCCEPOM, VHXEHePOM MacTepUHra 1 CBefjeHNs), roBopA 1Haue, Kak
aBTOp Mofpa3ymeBaeT BOCMPUATUE Obpa3a CBOEro My3blKanbHOMO
Npovi3BeAeHNA, HaleNneHHOro Ha CTOPOHHMX CiylwaTenein 1 CBoen
noTeHumanbHo ayautopun. Mpexae Bcero, 3necb CToUT 0bpaTUTh
BHMMaHWe Ha MaccoBOe TUPaXMpOoBaHMe ayanomaTepranos. MNoTen-
UManbHO BEPHBIM CUMTAETCA TOT BapuaHT Macmep-Tpeka, KOTopbii
MpW YCNOBHO PaBHbIX CMEKTPOaKYCTUUYECKMX XapakTepucTnkax byaet
3BYyYaThb Ha PasNMUHbIX CUCTEMaxX BOCMPOW3BEAEHNA OAMHAKOBO. To
ecTb cnekmpoakycmuydeckasa gopmyna** aynuomatepvana nocne
ero WHXeHepHOro peaakTMpPOBaHWA B pPeAakTopax 3ByKO3amnmcu
He noTepAeT CBOUX CNeKMpPasbHbiX CBONCTB. VIMEHHO ANA 3TWX Le-
neit B NpUIKNagHoOW ayamonHdopmaTrike npeaycMOTPeHb! Crefyto-
W1e MOHATWA: «paspywarowee» pefakTVpoBaHue (npednonazaro-
wee CHUXeHUe bUMHoOCMU U Yacmomsl duckpemu3sayuu npoekma
8 npoyecce e20 06pabomku 8Hympu npopammel pedaKkmuposaHus
38yKd, KAK Npagusio Npu Maxunyaayuax ¢ NaazuHamu, umerwumu
pasHyo paspAaoHocMs 64-32 6um) 1 «Hepaspyuwiaroujee» pefakT1po-
BaHMe 3BYKOBbIX [aHHbIX (He 3ampazusaioujee opu2uHaIbHele NPo-
eKmHele HopMbl™ CTPYKTYpbl ayanomMatepuvana, koe0d npoeKmHeie
CcheKmpoHOMUYecKUe XapakmepucmuKku no paspA0HOCMU U < 4/0 »
coenadarom ¢ UHcmpymeHmapuem 019 MaHunynayuu Hao ayouo-
O0aHHbIMU, Hanpumep, 8UpMYyasbHell KOMNPeccop, Noodepxusaro-
wuti o6pabomky 0aHHbIx ¢ enybuHol 32 6um, obpabameigarowuli
ayouo-npoekm ¢ memu Xe xapakmepucmukamu). BaxxHo NOMHUTb,
UTO TEPMUHbI «paspywarowjee» 1 <Hepaspywarowee» peaakTnposa-
HVe ayAroMaTePUanoB TakKe NOAPa3yMeBaloT, 8 Nep8OM CJlyyae:

— O6paboTKy 3ByKa MPUMEHUTENIBHO K OPWUMMHANBbHOM 3BYKO-
BOW GopMe — pefaKTpyeMblil ayanomatepran npeobpasyeTca Kak
«OpUTMHanbHLIN» 06pasz 6e3 Co3faHuA AOMONHUTENBHOW Macmep-
Konun. Mpn 3ToM MeTofe PeAakTMPOBaHMA aKyCTUUeCK/e CBOWMCTBA
3BYKOBOW BOJSHbI, MPEACTaBNEHHOW B BUAE OTCUYETOB, TPAHCOOPMU-
PYIOTCA 1 BUAOU3MEHAIOTCA CPasy e Nocse MaHUMynALMM 3aAaHHON
onepaTopoMm (komnpeccua, SKBanm3auma, pabota ¢ dpasoin, naHopa-
MVPOBaHVe, M3MEHeHWe FPOMKOCTU U T.A.) U MPOUCXOANT nepeoHd-

YanbHOe N3MEHEHNE aKyCTUYECKMX CBOMCTB PeAaKTUPyeMoro ayam-
omaTtepuana.

Bo emopom cny4dae:

— OpwrnHanbHas 3BykoBasa Gopma 1 CTPYKTYpa BOJHbBI OCTalOTCA
Heu3MeHHbIMU. TpoLecc pefakTMpoBaHUA ayavomMaTtepuana cTpo-
MTCA Ha KOHLenuuMn npefBapuTefibHOrO COXpaHeHna KomaHf (one-
paLnit) B HEABHOM BWE OMMCHIBAEMbIX MPOrPAMMON Kak CLieHapuK,
KOTopble BMOCNeACTBUM ByayT WHTEPNPETUMPOBaHbI MPOLECCOPOM
BOCMpOM3BefeHA BONHOBOM GopMbl. Hanpumep:

8 NepsoM cs1ydae — rnpriMeHAemMble NapamMeTpbl KOMMPeCccui m3-
MEHAIOT CMeKTpanbHylo CTPYKTYPY ayArOCOAePKMMOro. V3meHeHwsA
3aTparvBaloT AVHAMWMUECKMIN AMana3oH, KBaHTOBaHWE ammnanTygbl,
AVUCKPETM3aLMIO BO BPEMEHW;

80 8MOPOM CJlyyde — aHaNOrMUHas ornepauuna BbINOIHAETCA
NoCNefoBaTeNbHOCTBIO KOMaH (XapaKTepu3yembiX TeXHUUECKMMM
onepauvaMm), KOTopble NpPeaCTaBnAT cOboM CObLITMA B BYAE CLie-
HapueB, HTepPMpeTMpPyeMble anropuTMami NPOrpPammbl B CTPYKTYPY
3BYKOBOW hOpMbl. B Criyuae ¢ komnpeccueli — cobbiTna noapasyme-
BalOT OMKWCaHNe CLieHapKeB MO HOPMUPOBKE CUrHana, y4éTa KBaHTO-
BaHWA 1 CKATUIO AMHAMUYECKOrO AManasoHa.

"'lpoekmHbie HOpMbl ABNAIOTCA HEOTbEMIEMON YaCTbio NpoLle-
ayp (3anuce, pedakmuposaHue, ceedeHue, huHanuzayus, macme-
puHe ayouomamepuana) Undposon 0bpaboTKM ayaMOCUrHanoB.
/IMEHHO OHU BO MHOrOM OMpefenAldT Kayecmeo MNOTeHLVanbHOM
ayavokomnosnumn. CerofHA B Cpefe ayaMoMHXEHEPOB YCIOBHO
NPUHATBI Cledyole MmameMmamuyeckue i cnekmpomMempuyeckue
roKasaTeny NPOeKTHbIX HOpM: < 16 >, <24 > <32 >— 6um =<y/a>
— <8000, 11025, 16000, 22050, 44100, 48000, 83200, 96000 Iy ... >.
OnNTManbHBIMK ABAAIOTCA CNEKTPOMETPUUECKe Xapakmepucmuku
B COOTHOWEeHNW: < 16 > = 44100; < 16 > = 48000 — < 24 > = 44100;
< 24 > = 48000. banaHC yKa3aHHbIX Xapakmepucmuk Haubonee
npeanoYTUTeNeH Ans UMGPOBBIX MPOEKTOB, CO3AaBAEMBIX B Pa3fny-
HbIX CEKBEHCOPax W Mporpammax LndpoBor 0bpaboTky 3Byka. Op-
Hako, UTO KacaeTcA CNOXHbIX MPOeKTOB, rae TpebyeTca UATK Mo nyTu
CTyneH4YaToro (06paTHOrO) CHUKEHNA YacTOTbl AUCKPEeTM3aUmMK (Npu
Hepaspywarowem nbo MUHUMAIbHO Pa3pyLialollem pefakTMpoBa-
HWK), NpeanoYTUTENbHbI: < 32 > — 6um u < 176400, 192000, 352800,
38400071 ... >. B nocneaHem Cryyae BbiCOKME pU3UKO-Mamemamu-
yeckue mokazaTteny COAMMIMPOBaHWA GOHOrPaMMbl MO3BOSAIOT pac-
WWpUTb FyOUHY CnekmpasnbHO20 NPOCTPAHCTBA, UTO, B CBOIO OYe-
pefb, NpecbpaxkaeT ayouooobpas n fenaet bonee pazbopumBbIMM
Pa3NYHbIE CErMEHTbI CBEIEHHOM KOMMO3NLINN.

** Cnekmpoakycmudeckas ¢opmyna ayouomamepuana (pop-
Myna npeobpazosaHus ayouocu2Hanos) 8 ayououHpopmamuke —
0606WEHHbIU MepMUH, 0603Ha4aruwul COBOKYMNMHOCTb (hpU3UKO-Ma-
memamuyeckux XapakTepUCTVK ayaromaTepurana, BblpakaloLyxca
B BUWe KNacTepHOW CTPYKTYpPbI, AYEKI KOTOPOW NoCiefoBaTeNbHO
pacnpeneneHbl. Kaxaas aAdeika xpaHUT 3anucb (nocneaoBatenib-
HOCTb O/TOKOB, 3aroNOBKM 1 T.N.) O pparMeHTe ayarMomatepuana. Mate-
MaTnyeckme onmcaHusa, NoyyeHHble B pesynbTaTte NepBUYHOrO aHa-
noro-undpoBoro NpeobpaszosaHus, CHAbXKAIOTCA MemKamu, y4acTKm
KOTOPbIX MPUCYTCTBYIOT B HaUabHbIX 3arof0BKax «CblPO» CTPYKTYPbI
daina (nBonyHble Tabnuubl, RAW-MaccvBbl), Takve ONmUcaHus HyKHbl
AN15 NOCNeayolero 8HympeHHe20 NMpoYTeHVA NPOrpaMmMol pefak-
TMPOBAHWA ayamo3anuvceit. Ha ocHoBe Nogo6HbIX OMMUCaHWA CTPOWUT-
€A GOpMyNa MHOTOKPATHBIX M3MEHEHN BOTHOBOW CTPYKTYPb 3BYKa
B MpoLecce ero pefjakTMpOBaHVsA, a TakKe BeAETCA CTaTUCTUUECKNN
YYET BMAOM3MEHEHNA CNEKTPasnbHbIX nokasatenen. Memku no3so-
NAOT OPUEHTMPOBATLCA MPOrpaMme-ayiMopPeaakTopy npu MHOMo-
KpaTHbIX 3aMpocax ornepatopa Ha KoouposaHue Vi Nnepekooupos8aHue
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NMOHEHTHOW MOHO 1 cmepeo 6a3bl, PefaKTUPYEMO aygmo-
MynbTUCeCCUW?, CBefleHeM?, rpaMmoTHbIM noabopom cnew-
3¢bdeKkToB?, TOUHOW PUHaNU3auven (NpemacTeprHrom)®
npefobpaboTaHHOW ayaNOKOMMO3MLUN.

B COOTBETCTBYIOLWMIN dopmaT (K nprmepy, Wave PCM, WMA, MP2, MP3,
OGG 1 T.n., no onpedeneHuto aBTopa, TapaH B.B., 2026 1.).

2 Mpum. aBTopa. CnekTporpaduyeckmnii aHanms 3ByKa — 37O BaK-
HOe HampasfneHve NCCNefoBaHUiA ayanonHGOPMaTHKK, oTBeYaloLLee
3a NpefcTaB/eHne 3ByKa B BUAE CUHXPOHM3MPOBAHHbIX CIIOEB, Kax-
Ibl1 13 KOTOPbIX COOTBETCTBYET onpefenéHHoM YactoTe. feHepupy-
emMas ayavopeaakTopoM CMeKTPorpaMma OCHOBBIBAETCA Ha pAfax
Dypbe, eé KanbKynAuWA 3aBUCUT OT CTPYKTYpbl anroputma 1 npo-
rPamMMHOrO Kofa WCMonb3yemoro pefakTopa, B CTaHAapTHOM BUAe
OHa 1UMeeT creayiolye GyHKLMK:

CnekTpanbHble XapakTepuUCTVIKK ayanomaTeprana.

BonHoBble xapakTepucT1KI ayamomaTepmana.

* Mpum. aBTopa. CBeAeHNe — BaXKHbIM 3Tam Ha NyTW CO3daHuA
OpuU2UHAMbHOU ayAVOKOMMNO3ULK. VIMEHHO 3TOT NpoUeayPHbI 3Tan
00paboTkM ayanomateprana oTBeyaeT 3a KauyecTBO CUHXPOHHOCTM
BOCMpoOu3BeaeHUA GOPMMPYEMOI ONePaTOPOM COHOrPaMMBbI.

* Mpum. aBTopa. CneuaddekTol — HeoTbemnemas uactb op-
MVPOBAHMA NMCUXOaKYCTUUECKIX, ayAnanbHbix 00pa30B, HaleneHHan
Ha WICKYCCTBEHHOe BOCMpou3BefeHre U3MUecKrx OCcobeHHOCTeN
3BYUYAHMA Pa3NYHBIX Op2aHUYeCKUX W HeopedHUYecKuX, a Takme
cneundruecKkmx — sneKTPOMEXaHNYeCKUX UCTOUHMKOB, AnA npuaa-
HWA JOCTOBEPHOCTV TOMY MW MHOMY COOBITUIO 1 BOCCO3AaHMA Y Cly-
watena atMochepbl COOCTBEHHOTO NPUCYTCTBMA 1 SMOLMOHANBHOM
ayTEHTUYHOCTW B KOHTEKCTE MPOC/YLIMBAEMOro ayAMONpOn3BeAeHNA.

° Mpum. aBTopa. GrHanvsauma — npefsasepLUatoLymil ayamocec-
cuio npouecc 0bpaboTku ayanomaTtepmana, HanpasieHHbIN Ha yco-
BepLIEHCTBOBAHME 3BYUaHWA ero CnekTPasbHbIX XapakTepucT1k Ana
NpUAaHNA YHUBEPCANbHOCTM M TOYHOCTU CMEKTPO-YacTOTHOMO OTO-
BparkeHNa Ha PasNYHbBIX TMMNax 3ByKOBOro 0bopyaoBaHuA. B npakTtu-
Ke ayanopexnccypbl rHanmsaLma ABNAETCA NpeA3asepLlualoliM 3Ta-
nom obpaboTkM ayaMomaTepurana, NpeaLecTsyiowMM npoLeaypam
MacTepuHra. OtTnvune puHanusayuu o1 MacmepuHaa IMeeT MOHKYIo
rpaHb, YXOAALLYI0 KOPHAMU B UCMOPUIO 3ByKO3anucu. Ecnn He Baa-
BaTbCA B UCMopuyeckue NoAPOOHOCTH, TO CyTb OTINYMA STUX 83aU-
MOCBA3AHHbIX NMPOLIECCOB MOXHO W3N0XKUTb C/1edyouum o6pasom:

DuHanusaumna (npemacmepuHe, MUKCOayH) — Habop TexHoNoru-
UecKMx npoLefyp, HanpaeneHHbIM Ha YHMBEPCANM3aLMIO 3BYyYaHUA
ayAvomMaTepuana Ha pasnnuHbix TMMax aygnoobopyaosanHma. aHHan
npoueaypa 6asmpyeTca Ha 3KBanv3aLmmn, KOMNPeCccum 1 BblpaBHWBa-
HUM FPOMKOCTM 3ByKa. [NapameTpbl yHUBepcanmn3aumnm OyayT HeKoHeu-
HbIMU, TO €CTb, IKBaNM3aLUMA 1 KOMIpeccus OyayT UMETb HEKOHeUHble
napameTpbl. Hanprmep, Nopor aTakn koMnpeccopa byaeT Hixe, Yem
npw MacTepuHre. 3To 00yCNaBMBAETCA TeM, UTO KaHaslbl peanvsaumn
macmep-Tpeka (Macmep-Konum) MOryT ObiTb pasHbiMI. B pagmnosella-
HUM eCTb CBOW CTaHAAPTbI, Ha TeNeBUAEHUN CBOW, Y UHTEPHET-PeNN-
308 CBoW. [1o3TOMy HEOBXOAMMO, UTOOLI MAcmep-Tpek MOXHO Oblno
TMOKO nepeHacTpouTb, 6e3 M3MEeHeHWA xapakmepa 3By4YaHWA Bbl-
NoNHUTL MacmepuHz (no onpedenieHuro asmopa, TapaH B.B.,, 2026 r.).

MacTtepuHr — KoHe4YHas cmaodusa obpabomku ayduomamepua-
710, IMetoLLaA (hUKCUPOBAHHbIe 3HaueHVa NprbopPOoB ero 0bpaboTKM.
BHOCUTb M3MeHeHMA B Macmep-Tpek nocne eé npouenypbl He peko-
MEH[YeTCA, TaK KaK 3TO MOXET CUMTaTbCA paspywarowum penaktu-
poBaHveMm. [JlaHHaa npolenypa XapakTepHa AnA CO34aHWA MOHO-
LEHHBIX Macmep-TPEKOB Pa3fNNUHbIX PENM30B, a Takke ANA 3anucu
N TUPaXMPOBaHWA macmep-konun CD 1 DVD-aygmo 1 npoekTos,
CBA3aHHbIX C Hape3KoW BUHUOBBIX ANCKOB (N0 onpedeneHuto asmo-
pa, Tapax B.B., 2026 1).

[un3aiH (ocobeHHo B chepe Lmdposon 06paboTKm 3BY-
Ka) KaK MPaKTUKO-OPUEHTUPOBAHHDBIN TEXHUKO-TEXHONOT -
Yyeckuin npouecc, 6e3ycrIoBHO, fOMXKEH BKIIOUaTb B Ce61 BCe
OCHOBHbIE BbllLerNepeunciieHHble 3manel 06pPaboTKM 3BYKa
M yunTbiBaTb UHOUBUOYAJIbHble AKyCTUYECK/Me CBOMNCTBA
KaXKJoro 3/IeMeHTa, NPUCYTCTBYIOLLErO B 06LLen akycTnye-
CKOI NaHOpaMme ayanomMaTepuana.

Ha cerogHAwWHWN feHb GONbLIMHCTBO ayAMOKOMMNO3U-
LM CO3Aa0TCA MNPV NMOMOLLN TPAAULIMIOHHbIX KOMMblOTEep-
HbIX TEXHOMOIMI® 1 AaXKe B HEKOTOPbIX Cllyyasix 3aAencTBy-
10T MHOOPMALNOHHO-KOMMYHVKALMOHHbIE  TEXHONOTK,
no cpeacTBaM TeIEKOMMYHUKALMOHHBIX Onuuii, obpasys
cneyuasnbHble HeNPOHHbIE BbIUMCIIUTENIbHBIE CETU (BKITIOUYAs
06/1auHble BblUNCNEHWS, 0OCNYKBaeMble anropuTMamm nc-
KYyCCTBEHHOTO MHTeNneKTa)’ Afa AOCTVXEHMS MaKcMallb-
HbIX pe3ysbTaToB B Chepe KOMMO3UTMHIa ayanomaTteprana.
HemanoBaxHyto posib B NOAOGHbIX NpoLeccax urpaeT Kom-
MbIOTEPHBIN  ayAMOCUHTE3?, CMOCOOCTBYOWMUIA CO3AaHUI0

° Mpum. asTopa. Moa TPaANLIMOHHBIMY KOMMBIOTEPHBIMI TEXHO-
NOMNAMM NOHUMAIOTCA KNAacCUUecKe anropruTMbl COBPEMEHHbIX MPO-
TPaMMHbIX CPEACTB HEeMHENHOro PeaKTMPOBaHNA ayaMoMaTepua-
/10B.

7 TpwM. aBTopa. HepoHHble cetu, obnauHble TeXHONOMN 1 C-
KYCCTBEHHBIN UHTEMNEKT B HAcTOALLEE BPeMs OTKPLIBAIOT WMPOKME
BO3MOXKHOCTW 71 MAaHUMYAALUMM 3BYKOBbIMW [aHHBIMK, OAHAKO BO
MHOTMX Cly4asnx aBToMaTH31pOBaHHaA 06paboTKa ayamMomaTepmanos
He BCeraa faéT KayecTBeHHble pesysbTatel. OCObeHHO 3TO KacaeTcs
ayYIOMaTEPMANOB, UMEIOLMX CIOXKHYIO CTUANCTUYECKYIO Hamnpas-
NIEHHOCTb U HeCTaHAAPTHbIE CMEKTPO-YaCTOTHBIE XapakTePUCTUKK .
CoBpemeHHble HepoceTesble CPeACTBa 0OPabOTKM 3BYKa, OCHOBbI-
BaloWMeCs Ha NepeaoBbiX anropUTMax UCKYCCTBEHHOTO MHTEMNEKTa,
MOKa He CMoCO6HbI B MOHOM Mepe 3aMeHUTb yeso8edeckuli Ciyx, no-
CKOJIbKY MHOTVE YacTOTHble apTedakTbl HOCAT Cyrybo MHAVBMOYamb-
HbI XapakTep. DT 3aTPYAHAET BbINOSHEHWE pecTpyKTypr3aLmm na-
HOPaMbl YaCTOTHO-6aNAHCHOMO aHanKi3a B aBTOMATUYECKOM PeXIME.
YHUKaNbHOCTb YacTOT ayAVOKOMMO3MLIMN 3aBUCUT OT MHOMUX haKTo-
POB: 3TO ¥ TeMOPabHOCTb, U HACHILEHHOCTb FAPMOHMKaMM, 1 6anaHc
TOHOBO-(POPMAHMHBIX 3HAUEHWI Vi T.A. MHOrOe 113 3TOro nepeyHs 06-
pabaTblBAETCA UMEHHO Ha CITyX W 3aBUCWT OT MHAMBUAYabHbIX Npef-
MOYTEHWUIA WHKeHepa cBefeHwvs. [polecc pacno3HaBaHMsa YacToT
UenoBEeYECKMM CTYXOM B eCTECTBEHHO Cpefe CyL|eCTBEeHHO OTavYa-
eTCA OT aNfOPUTMOB MMWUTALMW «MCKYCCTBEHHOTO MPOCTYLIMBAHWSA»
M aHamm3a Tex WM MHbIX aKyCTUYEeCKMX acrneKkToB PeaakTMpyemoro
3ByKa. B cuny BbllenepeymcrieHHbiX NpuymMH MOXHO YTBEPXKaaTb,
uTO OMEepaTop 3ByKa MO-NPEKHEMY OCTAETCA KIIOUEBbIM 3BEHOM B Cii-
CTemMe 4esl08eKO-MAawWUHHO20 B3aUMOAENCTBIA, MO KpalHern mepe,
[0 TeX Mop, MoKa He byayT nosydeHbl 00CmosepHble Pe3ynbTaThl Ha-
YUHbBIX MCCNeA0BaHWIA O NOAHOTE PabOThl YENOBEYECKOrO MO3ra.

* Mo HectaHaapTHBIMU CNeKMpPOo-4acmomHeIMU Xapakmepu-
CMUKAMu aBTop MMEET B BUAY ayaromaTepuan co CMellaHHbIM Co-
AEPXKMMbBIM, CBE[IEHVE KOTOPOTO nofapasymesaeT oT 30 v bonee 3By-
KOBbIX IOPOXKEK.

® MpyM. aBTOpa. BbIGOP KaTeropwy KOMMbIOTEPHOrO  ayauo-
CVHTe3a AR OnpeaenéHHbIX 3aad, CBA3aHHbIX C KOMOVHATOPUKOM
3BYKOBbIX [aHHbBIX, HaMPAMYIO 3aBUCUT OT KOHKPETHbIX CUTYaLWIA.
K npumepy, aHanarosbiii ayaMoCMHTE3 MOXKET MCMOMb30BaTbCA MpU
MOAEMMPOBAHWN aHANOrO-3MEKTPETHbBIX LeMNein Aa reHepaumumn 3sy-
Ka 11 BOCCO3AaHMA KNacCMUeckmnx (anmapaTHbixX) CUHTE3ATOPHBIX 3BY-
KOB — CMHTE3MPOBAHHbBIX My3blKajlbHbIX MHCTPYMEHTOB, Pa3fNYHbIX
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YHUKaNbHbIX 38YK08 U Mes100ul, NO3BONALWMNX HAMOMHATb
TPaAWLMOHHbIE 3BYKO3anuncu HOBbIMUA KOMNO3UYUOHHbIMU
3/1leMeHmMamu, NPVAAIOLWMMN OPUTMHANIBHOCTL XapaKTepy
3BYYaHUA ayanonpounsBeaeHus.

AYAMOCUHTE3 ABMAETCA HEOTbEMSIEMO BaXKHbIM 3fie-
MEHTOM CUCTEMbI KOMMbIOTEPHOIO AM3aliHa ayfMOoKOMMO-
3ULMIA 1 COCTaBNIEHUA A/120pUMMUYECKO-KOMOUHAMOPHbIX
BOJIHOBbIX CTPYKTYpP, NMO3TOMY anropuTMbl ero coBepLUeH-
CTBOBaHUA B 0603pumoli nepcnekmuge OynyT OKa3blBaTb
cepbésHoe BNMsAHME Ha ayamonpon3BoacTeo. CuHTes npe-
06pa3oBaHHbIX? 3BYKOBbIX BOJIH TaKKe CyLeCTBEHHO pac-
LWIMPAET apceHan TeXHNYECKNX CPefCTB, NpefHasHauYeHHbIX
ana pemacmepuHea ayanomatepuranos'®. CylecTByioT pas-
Hble MeToAbl, NMO3BOJAIWYME MONYUYNTb CUHTE3NPOBAHHbIE
3ByKoBble popMbl (06pa3Lbl), KOTOPble BNOCNEACTBAN MOX-
HO 1CNonb30BaTb A1 GOPMMPOBAHMA SNEKTPOHHbIX ayMo-
Komno3uuwuii. B gaHHol pykonuncy 6yneT npoaHann3npoBaH
OAWH 13 [OBOJIbHO pedKuUx Memooo8’’, KOTOpbI NO3BONNUT

ayavanbHelx 3bdexToB. B TO Bpema Kak uHmepganbHsil (Ga3osbiii)
ayAMOCUHTE3 MOXET MCMONb30BaThbCA ANA reHepaLivin 3BYKOBbIX KOM-
BUHaLWI, KOHTpoNMpya dasy 1 amnanTydy ayaroCUrHanos, Yto no-
3BONAET CO3[aBaTb COXKHblE (HEOOHOPOOHbIE) 3BYKOBbIE MACCHBbI.
O6nacTb X NPUMEHEHNA MOXET OblTb Pa3HON: OT CO3faHWA AUHAMU-
UeCKKMX ayAMONOAKNaA0s, A0 GOPMMPOBAHMA LIeNOCTHbBIX NONUGOHN-
KO-CUHTETUYECKMX ayAMOonpomn3BefeHu.

° Mpum. aBTopa. ViMeeTca B BMAY BOMHOBAA CUHME3-CTPYKTYPa,
Npeobpa3oBaHHan B MyNbTUYACTOTHBIV ayAMOCUIHAN NOCPeaCTBOM
aHanoro-undposoro npeobpaszosarua, ALM. CerogHa Hayke W3-
BECTHbI Pa3fNYHbIe BUAbI KOMMbIOTEPHOTO CUHTEe3a AN paboTsl C ay-
OMOLAHHBIMK, K MPUMEPY, MOXHO BbIAENNUTL Ceaylollyie KaTeropuu:
AAAVTUBHBIN CMHTE3, CyOTPaKTUBHbIN CKHTE3, TabAMUYHO-BONHOBOM
CUHTE3, rPaHyNAPHbBIA CUHTE3, CMEKTPaNbHbBI CUHTE3 U T..

1% Tpum. aBTopa. B nocnegHee Bpema B Kpyry YUY&HblX, 3aHuMalo-
LWMXCA TEOPETUYECKIMI 1 NPUKAAAHBIMI NpobiemMamn ayamnonHGop-
MaTMKW, HaMeTUNacb WMHTepecHaa TeHAeHUMd, AeMOHCTpUpyloLan
MOMCK HOBbIX Gonee coBepLIEHHbIX MeToa0B 06paboTKM ¥ NpeacTas-
NleHVA ayanocurHanos. B nepsyto ouepefb, 3Ta TeHAeHUMA 3aTpari-
BaeT Te acnekTbl ayAMoMHGOPMATVKK, KOTOpble KacaloTca AM3aiiHa
3BYKOBbIX GOPM. TeHAeHUMA BO MHOTOM CHOPMMPOBanach nof Bana-
HVeM COBEPLIEHCTBOBAHNA Pa3fiNYHbIX BULOB BbUMCIEHWIA 1 BBEAE-
HVA B NPaKTNYeCKNi 060POT NOAUGYHKYUOHAIbHbIX UHCTPYMEHTOB
00pabOoTKM [aHHbIX, OCHOBBIBAIOLLMXCA Ha HEMPOHHbIX TeXHOAOTMAX
1 VICKYCCTBEHHOM MHTenneKTe (bonee TOUHO — UHMeIeKmyaneHou
asmomamusayuu). B 3Toi cBA3n Bce bofblee YnCNo 1ccnefosate-
neit CTanu obpallaTb BHUMaHWe Ha dslbmepHamuegHele Cnocobbl 06-
pPaboTKM ayarofaHHbIx. He octanach 6e3 BHYMaHWA 1 YaCTb ayAVMOVH-
bopmaTyiky, oTBEYalOLaA 33 NPUKIaAHbIE CPeCcTBa 06pabOTKM 3BYKa,
TaKMe Kak: MaCTePUHT, PEMACTePVIHT, PEKOHCTPYKLMA CNeKTPoaKyCTm1-
ueckmx GopM ayamomaTepranos, CNekTpanbHaa pPecTpyKTypu3auma
O[HOPOAHOW aitNoBO CTPYKTYPbl C HEOAHOPOAHBIM COAEPXKMMBIM.
Ha Bce nepeuncneHHble CpeCTBa B COBPEMEHHbIX YCIOBMUAX BAVAIOT
TEXHOMNOMMN 3BYKOBOTO CUMHTE3a U pecrHTe3a.

" Tpum. aBTopa. CaMo MOHATUE KJIEMOYHbLIX ABMOMAMOo8, ux
NpuHYUN U cMpyKmypa 13BeCTHbl MUPOBOW HayKe JOBOMbHO AaBHO.
OAHakKo, UTO KacaeTcA UCMONb30BaHMA NPaBUA KNETOYHbBIX aBTOMATOB
B KauecTBe WHCTPyMeHTa AnA MPOW3BOACTBA ayAMOCUHTE3a, Npea-
MoflaraemMoro pasfnyHble KOMOVHaLMK MOBeAEHNA CUTHAMOB MpK
GOpPMUPOBaHNM HOBBIX MMMYSIBCHO-BOMTHOBbLIX CTPYKTYP, @ TakKe 1X
dur3nyeckoro nprMeHeHUa cpeacTeamy NPOrPaMMHO-TEXHUYECKON

pacwupums TpaguLMOHHOE NpPefCTaBieHe O COBPEMEH-
HOM ayanocuHTe3e. Peub NOMAET O KNETOUHbIX aBTOMaTax 2,
KnetouHble aBtomatbl (Cellular Automata, cokpalyéHHoe
HaVMeHOBaHMe Ha aHIMACKOM A3bIKE U MO TEKCTY CTaTby
CA)"® — 3TO ANCKpeTHble abCTPaKTHO-IOrnYecKre BblUnC-

peanuaumn (npoepammuposaHue, pazpabomea yHKYUOHAbHO-
aneopummuyeckol cxeMomexHUKU) NA annapaTHbIX BblYNCNUTENb-
Hbix crcTem (ABC), TO B 3TOM acneKkTe Hay4HbIl aHaau3 NpakTnyeckm
omcymcmayem, 3a UCKI0UEHVEM HEKOTOPbBIX OTAENbHbIX PaboT, Ha-
XOAALLMXCA B Chepe KopnopamueHoU HayKu.

2 Tpvm. aBTOpA. Kak npuHyun (opraH13auMoHHan CTPyKTypa, as-
ropuTM, BKNIOYaA NpaBwina noBeAeHNs) — «KJ1emoyHble asmomamsi,
Kak Habop anemeHTapHbIX AeNCTBUIN — «KJIemOoYHbIlU agmomamy.

3 CnpasoyHo:

NepBOOTKpbIBaTENEM CTPYKTYPbI KNETOUHbIX aBTOMATOB MPUHA-
TO cynTaTb MaTemaTuka [PkoHa doH HelimaHa (John von Neumann)
B CBOE BpemaA (1951 1) HauaBwero paboTaTb Haja Teopmen «CamoBOC-
npousseaeHua». OH He OCTaBAAN MOMBITOK MPeACTaBUTb Hay4HOM
O0LLECTBEHHOCTY  PefyKUMOHUCTCKYIO Teoputo (ynpoLuéHHoe Mo-
HVIMaHVie M3y4YeHnA PasfinyHbiX 0ObEeKTOB B OMONOMMM C TOUKM 3pe-
HUA QU3UKO-XUMUYECKMX CBOWCTB M MPOLIECCOB) OMONOrMUYeCcKoro
pa3BWTKA, KOTOPasd, MO ero 3aaymKke, AoMKHa Oblna BOCMPOW3BOANTD
TOYHble KOMUK camoi cebs. Ero konnera CraHncnas Ynam (Stanistaw
Marcin Ulam) npegnoxun [xoHy GoH HelimaHy chokycrpoBaTb CBOE
BHVIMaHVe Ha JMCKPeTHOW ABYMEepHOW CucTeme, KOTopas v mpuse-
Na YYEHOro K OTKPBITUIO KNETOUHbBIX aBTOMaToB. DakTuueckn xoHy
dOH HelMmaHy ynanocb cospaTb MepByto B UCTOPUM OUCKPETHO-Ma-
pannenbHylo BbIUMCAUTENBHYIO MOAEb, CMOCOOHYIO 3MYyNMPOBaTb
YHVBEpCanbHyto MalmHy AnaHa TblopyHra, koTopas Obina npusaHa
NPpOM3BOANTb Pa3NYHblE PEKYPCHBHble BbluvcneHus. [o3aHee Hag
npobnemamu KNeTouHbIX aBTOMaToB paboTanu cnefyolme BUaHbIe
1ccneqoBaTenu: éusapu G)dpeCT Myp (Edward Forrest Moore), [JxoH
P Maixunn-ctapwwuii (John R. Myhill Sr), AHun Hepoga (Anil Nerode),
yctas A. XegnyHa (Gustav Arnold Hedlund), xoH XdeOH Kongeil
(John Horton Conway), Tommazo Toddponu (Tommaso Toffoli). Pa-
60716l CTvBeHa Bonbdpama (Stephen Wolfram)™ B 1980-x rogax crno-
CobCTBOBaNYM TOMY, UTO pacTyliee coobllecTBo nocnefosateneint CA
MOABUIOCH Ha Hay4yHoW KapTe. B cepun paboT Bonbdpam nogpobHo
nccneposan ogHomepHole CA, NpefoCTaBMB MEPBYIO KaUeCTBEHHYIO
CUCTEMATMKY WX MOBEAEHWA 1 3aN0KMB OCHOBY ANA LaNbHENWMNX
nccnefoBaHnii. Bonbdpam Npeanonoxun, UTo KOHKpeTHoe npasu-
710 nepexoda nns ofHomepHoro CA, n3BecTHoe Kak «npagusio 110,
ABNAGTCA YHUBEPCA/IbHbIM. Yepe3 HEKOTOPOe Bpems Mocsie BblCKa-
3blBaHMA JaHHOW runoTtesbl MaTblo Kyk (Matthew Cook) fokasan, uto
npaguso 110 noanaétca yHusepcanbHeiM BbluncneHmam: cm. Cook
M. Universality in Elementary Cellular Automata // Complex Systems
15.2004, pp. 1-40. n Wolfram S. A New Kind of Science. — Champaign,
IL: Wolfram Media, 2002. — 1197 p.

" IxoH doH HeimaH (John von Neumann) — BeHrepckumin n ame-
PUKAHCKMIA MaTemMaTuK, dunsmk, drnocod Haykn n TexHUKK. PaboTsl
[PxoHa HelmaHa BO MHOTOM Onpeaenunm CTpYKTypy COBPEMEHHOWM
HayKM, MOCKOMbKY €ro Hay4Ho-TeopeTuUecKre W3bICKaHWA 1 apry-
MEHTUPOBaHHble 0O0CHOBAHWA HaLLIW CepbE3HOe OTpaXkeHne B Mo-
AVANCUMNANHAPHBIX MCCNefoBaHNAX Halero spemeHun. Ero muo-
HepcKre paboTbl OKasanu 3HauMTeNbHOE BAMAHKE Ha Tak1Me OTpacau
HayKku, Kak buonorua (Hepobuonorua — NpeacTaBNeHna O CXOa-
CTBE YEI0BEYECKOTO MbILLAIEHWA 1 TOTNKE KOMMBIOTEPHbIX MPOrpaMMm,
rMNoTe3bl O CTPOEHWN YenioBedeckol namatn), drsmka (anrebpanye-
CKmne 060CHOBAHMS KBAHTOBOW MEXaHVKM), MaTeMaTnKa (pa3paboTka
Teopuun anrebp onepatopos), MHPopMaTVKa (yyacTue B pa3paboTke
komnbioTepos ENIAC 1 EDVAC, ymcneHHble MeTofbl) 1 SKOHOMMKA
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NUTENbHbIE CUCTEMbI, KOTOPbIE MOTEHLMANbHO NOMe3HbI Kak
B KauecTBe oOLWMX MoAenen mamemamuyeckol CJI0XHO-
cmu, TaK 1 B KauecTBe H6onee KOHKPETHbIX NpeacTaBieHni
HesluHeliHOU AUHAMVIKM B PA3/IUYHbIX HayUYHbIX 06nacTax',

Bo-nepBbix, KNeTouHble aBTOMaTbl (Kak MpaBuso) npo-
CTPAHCTBEHHO W BPEMEHHO AUCKpeTHbl. OHW cocToAT
N3 KOHEYHOro WM HEeUCUMCIIMMOTO Habopa OfHOPOAHbIX
NPOCTbIX e4VHWL, dMOMO8 VNN KJ1lemokK. B Kaxkgon eguHu-
Le BpemMeHu, AYENKN CO34al0T OAUH SK3eMMIAP U3 KOHeu-
Horo Habopa cocTosHun. OHX pPa3BMBAOTCA NapannenbHO
N BblPaXaloTcA B AUCKPETHbIX BPEMEHHbIX Larax, crneaya
bYHKUMAM OOHOBNEHMA COCTOAHWUIA WU NpAsusiam LVHa-
Muyeckoro nepexoga'>. OGHOBNIEHNE COCTOAHUA SUYENKK

(Moaenb obLiero SKOHOMUYECKOTO PaBHOBECHS).

" CrneeH Bonbdpam (Stephen Wolfram) — OpuTaHCKMI yuéHbli,
dur3nK-MaTemMaTIK, 30bpeTaTenb, CneumanvcT B 0bnacTi TeopeTuye-
cKon HdopmaTuki. CTeeH Bonbdpam KOHKPETM3MpOBan MHOrvie Te-
opeTuyeckre HapaboTku [xoHa GoH HelimaHa 1 Apyrvx yBaxaemblx
feATeneit HayKu MHxeHeprn B 06MacTu pekypCUBHbBIX BbIYMCIEHWN
(camosbliyucneHull), NepeBeAsa MHOrMe BOMPOCHl TEOPETUUECKON
MaTemMaTWKI1 B PyCno npakTnyeckor mnockoctu. CtuseH Bonbdpam
npeAcTaBnAeT MaTemaTUKy Kak HeKMi MeTaAsblK, OMMChbIBAIOLWMN
M yCTaHaBAMBAIOWMI pa3nyHble dusmueckre 1 meTadursmyeckne
3aKOHOMEPHOCTM C MOMOLLbI0 ONPeAenéHHbIX anrebpanyecknx me-
Ton0B. Ero paboTbl B 06nacTv KNETOUHbIX aBTOMATOB MOATBEPKAAOT
BblLUEYKa3aHHYIO XapaKTepUCTUKY. KneTouHble aBToMaTbl OAHO 13 Ha-
npaBneHnin, KoTopoe akTMBHO passuBaeT CTveeH Bonbdpam. Sne-
MEHTapHble KNeToUHble aBTOMaTbl, 0cobeHHo npasuno 30, ctanu ana
YUYEHOrO BM3UTHOW KapTOUKoW B 061acT MHGOPMATUKM, MOCKONbKY
KNEeTOUHble HeMpPOTEXHOMOMMM XOPOLLO BMMCHIBAIOTCA B COBPEMEH-
HbIi HayYHO-NPAKTUYECKNI YKNa[ Pa3BUTUA Knbepdranueckmx cun-
CTeM, OMOPHBIM 6a3MCOM ANA KOTOPbLIX ABAAIOTCA B TOM UncCne Hel-
POHHbIe KNeTouHble aBToMaTbl, MpeacTasnaAiolwme cobon rmbpunaHsle
BbIUMCITENbHBIE MOAENM, B KOTOPbIX Kaxaaa Adyelika aBToMaTa AB-
NAETCA HEMPOHOM ¥ CMOCOBHa M3MEHATb CBOE COCTOAHVE Ha OCHOBE
COCTOAHUIN COCeAHMX KNETOK MO onpefenéHHbIM Mpasuiam.

% Matblo Kyk (Matthew Cook) — amepuKaHCKWI NOTvK 1 MaTe-
MaTUK, Cneymnanmct B obnactv MHGopmaTnki. 13secTeH cBOUMM My-
6nvKaumamy no npobnemam HeMpPOKOMMbIOTUHIA, apryMeHTUPOBan
runotesy CTueeHa Bonbdpama o TOM, UTO KNeTOUHbI aBTOMaT npasu-
710 110 ABnAeTCA NONHBIM MO A. ThlOPUHTY.

" Tpum. aBTopa. VMeeTcA B BMAY MPUHLMM KNETOUHbIX aBTo-
MaTOB B HEMHENHbIX AMHAMUYECKX CUCTeMaX, rae Noj AMHammue-
CKMMU CUCTeMaMy Mofpa3ymMeBaeTca abCTpaKkTHaA CTPYKTypa 6ol
npupoabl: TexHuyeckas, MHGOPMaLMOHHadA, dr3nyeckas, xummnye-
CKa#, bronornyeckan, coumanbHas, SKOHOMUYECKan U T. M. B kauecTse
onvcaHva Moaenel HeNMHENHOM AMHAMUKL BbICTYNaloT AnddepeH-
UManbHble YpaBHeHWA 1 QUCKPEeTHbIE BbluMCeHWA. B oTanume ot nn-
HEMHOM C1CTeMbl, B KOTOPOW HebOMblIOe M3MEeHEHWE OfHON nepe-
MEHHOWN NPUBOAMUT K HEOOMBLIOMY CUCTEMATUUECKOMY V3MEHEHWIO,
HeNVHeHaA cMcTema AeMOHCTPUPYeT YyBCTBUTENbHYIO 3aBUCUMOCTb
OT HayasnbHbIX YCNOBUI — HeboNblUMe Pas3NnuKa B HaUYanbHbIX YCo-
BMAX MOTYT MPUBECTU K COBEPLUEHHO Pa3HbIM Pe3ysbTaTam.

> Tpum. aBTopa. lpaBnno AvHaMMYECKOro nepexoaa B CTPYK-
Type paboTbl KNETOUHbIX aBTOMATOB MpefcTaBndeT coboi 3apaHee
3afaHHOe NpaBWo, KOTopoe onpeAendeT M3MeHeHMe COCTOAHMA
KaXAoM KNeTKn B Cefyownii MOMeHT BPeMeHY B 3aBUCUMOCTM OT f10-
KaLmu KNeTKW W pacnonoxeHuna eé bavkanwmx cocefelt. MNpasuna
AMHAMUYECKOro nepexofa MoryT ObiTb feTepMUHUPOBAHHBIMU, BEPO-

nponcxoanT C y‘-IéTOM NOJSIOXKEHNA AYeeK B e€ JIOKasIbHOoU
OKpPeCTHOCTN (cnepoBaTtenbHO, HUKAKNX AENCTBUN HA pac-
CTOAHUN He I'Ipep,yCManI/IBaETCFI).

Bo-BTOpbIX, KeTouHble aBTOMATbl d6CMPAKMHbI, OHU
MOTYT ObITb 3afjaHbl B UNCTO MAaTEMATUYECKUX 1 CUMBOJIb-
HO-anirebpanyecknx BblpaxKeHusAx, a Grandyeckme CTPyKTy-
pbl MOTYT MX peann3oBaTb.

B-TpeTbux, KNneTouHble aBTOMaTbl — 3TO BbIYNCIUTESb-
Hble CUCTEMbI, KOTOPble CMOCOOHBI HaXoAUTL GYHKLMN U pe-
LIaTb CNIOXKHbIE aJITOPUTMMYECKe 3afaun. KneTouHble aBTo-
MaTbl MOTYT UMUTMPOBAaTb YHUBEPCaNbHY0 MalnHy AnaHa
TotopuHra (Alan Turing)'s. [ins 3Toro Heobxoaumo nopo-
6patb ANA HMX Hambonee NoaxoAasdllee NpPaBuso, KOTopoe
MOET BbIMOMHATb NPAMOe W NApassesibHoe BblUNCIIEHNA
B COOTBETCTBMM C KpuTepriem mesuca Yépya-TolopurHra'.

ATHOCTHBIMK 1 0600LLaloLWLMMN. [JlemepMUHUPOBAHHbIE — COCTOAHVE
AYENKM B MOCNeAyIoLLMi MOMEHT BpeMeHN OAHO3HAYHO onpeaendeT-
CA COCTOAHMEM 3TOW AYENKM 1 eé BnvKallumx coceaelt B npeablay-
LM MOMEHT BpemeHn. BepoamHocmHsble — 33aéTcA BepOATHOCTb,
YTO Ha CNeAyloLEeM Ware KNeTKa CMEeHUT CBOW LBeT Ha Apyroi. Obblu-
HO NpaBuna Nepexofa OAMHAKOBbI AN1A BCEX KNETOK, YTo obecrneyrBa-
€T OHOPOAHOCTb c1cTembl. Obobwarwue — npasnna, 3aBncaLLve
TONBbKO OT OOWErO UMCa 3HAUeHW COCeHMX AYEEK.

' YHmBepcanbHaa MalmHa AnaHa TetopuHra® (universal Turing
machine, UTM) — 370 yH1OUUMPOBaHHaA abCTPaKTHO-BbIUNCAUTENb-
HaA MallrHa 06paboTKM AaHHbBIX, KOHLENTYanbHO NpeAHa3HaueHHan
ANA KanbKynALMM Pa3NUHbBIX 8bIYUCTUMbIX NMOCNEA0BaTENbHOCTEN.
MMNoTeTMYeCKM YHVBepCanbHaa MawunHa AnaHa TblopuHra 6asvpy-
€TCA Ha MocTynaTte O TOM, UTO eC/IM MOCTaBfieHHasA OnepaTopoM 3a-
[laya MoXeT OblTb pelleHa anropuTMUYeCcKM NyTEM, TO TaKylo 3adady
MOXET peLnTb 1 YHMBepCanbHaa MallvHa AnaHa TblopyHra, monyuns
cueHapwi, nMbo nporpammy, B BUAE CUMBONBHO-YMCTIOBBIX KOM-
OVHaLMIA AnA pelleHna 3TON 3adaun B KauecTBe BXOAHbBIX (BBOS —
CTPYKTYPa <> BBOf) AaHHbBIX. ANaH TblopUHT NPeanoxmn KoHuenumio
YHMBEPCANIbHOW BbIYMCIUTENBHOW MallmHbl B 1936 rofy, ero nog-
XOfI BO MHOTOM onpefenvn 1 Gopmann3oBan MOHATUA «anropuTm»
N «CTPYKTYpa AaHHbIX», NPUMeHAEMble B COBPEMEHHOM MHGOopMaTVIKe
(1 Bonee WMPOKOM MOHMMAHMN — KOMMbIOTEPHBIX HayKax). YHUBep-
CanbHasA MawnHa AnaHa TblopuHra Takke obbeanHAET cneayiolye
MOHATUA: NepeMeHHana MaluvHa ATblopuUHra, HEMPOHHaA MallnHa
A.TblOpVHra, HefeTepMMHNMPOBaHHaA MawurHa A.TblopUHra, KBaHTO-
BaA MawuHa A.TblopU1HTa, BbIUMCUTENbHAA MalUVIHA NOCM-TbIOPUIHTa,
BEPOATHOCTHAA MalinHa A.TblopMHra, MHOFOAOPOXeYHaA MallnHa
A.TblOpVHra, MHOrONeHTOYHaA MalnHa A.TblopuHra, OAHO3HaYHasA
MawyrHa  ATblopvHra, YHVBEPCanbHO-BbIUMCANTENbHAA — MallWHa
ATblopunHra, MalmHa Zeno (yckopeHHasa MatinHa A. TelopuHra).

" Alan Mathison Turing (AnaH M3T1CoH TblopWHI) — BCEMMPHO
M3BECTHbIN OPUTAHCKNUIA YUEHDBIN, MaTeMATUK, KDUNTOAHANUTHK 1 NO-
r1K, KaBanep opaeHa bputarHckon uvnepun. C nmeHem A. TblopuHra
CBA3aHa LenanA anoxa CTaHOBEHNA MPOBOM TeOPeTUYeCKON MHHOP-
MaTUKKM (KOMMbIOTEPHBIX HayK), ero paboTbl B 061acTV anroputmisa-
UM 1 KpunTorpadum Ha AoNroe Bpema onpeaendaT BeKTOp pa3BuTuA
MYNBTUQYHKLUMOHANBHOW BbIUYNCAUTENbHOW TEXHWUKN. B yecTb AnaHa
TblopyHra yupexaeHa camas NpecmuHasa no 3Ha4YnMoCcT Npemun
B 0bnactv MHGOPMaTVKK (KoMnblomepHeix HayK) — npemuna Tbio-
puHra.

17 Te3nc Yépua-TotopuHra (eunomesa gbiquciumocmu) — GyH-
JaMeHTanbHoe fOrMKOo-MaTeMaTUUecKkoe YyTBepXKAeHue, rMnoTeTu-
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370 06CTOATENbCTBO MO3BOAUT KOMMbKOTEPHbLIM annapa-
TaM nNpon3sBoanTb a6CTpaKTHO-J'IOFI/I‘-IECKVIe BblYNCneHnA
C uenblo «sblHuciume — sblyucumoe»'®. Boluncnutenob-

ueckn oOycnoBMBaloLLee TOXAECTBEHHOCTb MeXAYy TepMUHaMM
anropuTMMYecKas BblUMCIMMOCTb U TakMMK GOPMani30BaHHbIMM MO-
HATUAMK, Kak GYHKUMA MalnHbl A.TblopyHra 1 4acTUUYHO-PEKYPCUB-
HaA MexaHnuyeckasa GyHKLMA.

*AnoHso Yépuy (Alonzo Church) — amepukaHcKnii y4éHbli-mate-
MaTMK 1 NOTVK, OKa3aBLMIA OFPOMHOE BAWAHME Ha pa3BUTUE QyHK-
UMOHaNbHOM Mapafgmurmbel NporpaMmMmnpoBaHmna Gnarogapa paspa-
60Tke Teopun 1AmM60a-BbIMUCIEHNIA. BBEN NoHATVE «B-pedyKummns
(kappuposaHusa™) pPeKYPCUBHbBIX BbI3OBOB (GYHKLMIA C KpUTEPUAMM
«Q-KOHBEPCUA» N «N-KOHBEPCUAY», @ TaKKe JOKa3as Hepa3peLwmnmocTb
npobnembl ANA NCUUCNEHNA NPeAVKaTOB. JTAM60a-BbluMCcieHna 6na-
rofapa onepauvaMm abcmpakyua/anniukayus CTanm OCHOBOM AnA
Pa3BUTUA CUCTEM VHTENEKTYaNIbHOW aBTOMATM3aLMM U MALUMHHOIO
NCKYCCTBEHHOMO MHTENNeKTa.

**KappuposaHue 8 nHdopMaTHKe — 3T0 NpeobpazoBaHme PyHK-
Yuu C MHOXeCmeoM apayMmeHmos B Habop 8/10KeHHbIX (yHKUUl
C OOHUM aprymeHTOM.

'® Tpum. aBTOpa. ViMeeTca B BMAy MoBbllWeHNE dGOEKTVBHOCTH
PacyéToB C NpuMeHeHnem IBM (B8 MHOrO3aauHOM acrnekTe — KOM-
MbloTepa), OCHOBAHHbBIX Ha MepefoBbIX MaTEMATUUYECKMX anropuTMax
1 CUMBOJbHbIX OnepaLmax, COCOOHBIX 3HAUUTENbHO CHU3UTL 0bpa-
WEeHMA K annapaTHbIM pecypcam KOMMbloTepa B MPOLecce CIOMKHbIX
BbIUMCAEHNIA. VIHBIMI COBaMUX OpraHX30BaThb annapaTHoO-He3aBmucK-
Mble Pa3BETBNEHHbBIE BblUMCNEHNMA, ANA TOro Ytobsl 0boMTI annapat-
Hble OrpaHMueHVA KoMnbloTepa. JTO Ta camMad CUTyalus, Korga rpa-
MOTHO COCTaBNEHHbIN, YETKO BEICTPOEHHbIM 1 NOMMYEeCKM NPaBUAbHO
M3NOXEHHbIA  annapaTHO-HE3aBWCKMbBIA  anropuUTM MPOrPaMMbI
(ocobeHHO HeABHOrO TWMa) crnocobeH NPOAEMOHCTPMPOBATL bonee
3G deKTVBHbIe pe3ynbTaThl MO CPABHEHMIO C annapaTHO-3aBUCKMbIMI
NCUNCIEHNAMN.

‘B Teopumt IHGOPMATUKI (KOMMBIOTEPHDBIX HayK) OCOBEHHO B aHr-
NO-TOBOPALMX CTPaHaxX TaKMe anropuTMbl MPUHATO HasblBaTb «KBa-
AMOVLMPOBAHHBIMY anropUTMaMmy, B POCCMM BMECTO STOTO MOHATUA
B HEKOTOPOM HayUYHO-TEXHMUECKOWN NuTepaType MOXHO BCTPETUTH
aHaNOMMYHbIA TEPMUH «IKCMEPTHble anropuTMbl». nAa addekTrBHO-
CT GYHKLMOHMPOBAHMA TaKMX anrOpUTMOB BaxkHbI ABA YCOBUA:

1. ANropuTM JOMKEH MMETb YETKYIO MepapXmio 1 Pa3BeTBAEHHO-
COMOAUYMHEHHYIO CTPYKTYPY.

2. OnuncaHvie Takoro anropuTma v ero TouHas MHTepnpeTauma
KOMMbIOTEPOM  [O/IKHbBI OCHOBbBIBATbCA Ha MPOAYMaHHOM Bblbope
A3blKa MPOrpamMMMPOBaHKA C YUETOM ero Knacca U GYHKLMOHANbHbIX
BO3MOXHOCTEW, @ TakxKe Ha KPaTKOCTH M3NOKEHNA HEABHbIX COOBITUN
ero NpPorpamMmMHoro kopaa. Kcratu, 3aecb YyMeCcTHO BCMOMHUTL O 3HaMe-
HUTOM YeTbIPDEXTOMHYKe (PakTnueckn naTuTomHuke 4A, 4B) O.KHyTa
(Donald Ervin Knuth) «/ckyccTBo KoMMbloTepHOrO NPOrpaMMmnpoBa-
HusA» «The Art of Computer Programming». B pycckossbluHOM oy
umansHom nepeofe «VcKycCTBO NPOrpaMMmnpOBaHnaA», KOTOPbIN ce-
FOHA ABHO HEAOOLIEHMBAIOT MHOT/e COBpeMeHHble [T-creymnanicTsl,
BbICKa3blBaA KPUTMKY, UYTO AaHHAA PYKOMUCb OYeHb 3aryTaHa U He
[aéT yuTaTento NpeacTaBfieHrs O COBPeMeHHOM MpPOorpaMmMmnpoBa-
HUN. MOXHO MHOTO AMCKYTUPOBATb Ha 3Ty TeMy, HO GaKT ecTb dakT,
UTO OCHOBHOW MOCHIN JAHHOW KHUMM —3TO UCKYCCTBO MPaMOTHOrO
M3NOXeHWA Koda B COOTBETCTBMM C CEMMOTUUECKON TOMOsOorueNn,
NOrVKOW 1 anrebpanyeckMn NpeacTasneHvaMI. Takxe npodeccop
[.KHyT ynenaeT ocoboe BHVMaHVe aHanu3y kofa nepep ero AanbHein-
wen komnunayued, cuntaa 3Ty npouenypy Hambonee BaxHoW AnA
3GOEKTVBHOM MHTepnpeTaLny anroputMa M PackpbiTUA BCErO ero
hYHKUUOHAIbHO20 NOTeHLMana.

Hble BO3MOXXHOCTM KNEeTOUHbIX aBTOMATOB VMMetoT 60/bLION
noteHuman B cdepe 3KCNeprMEHTaNbHON WHPOPMATUKM.
OHU $yHKLMOHaNbHO 060ralaloT cpasy HeCKONbKO eé ba-
30BbIX PA3AeNoB — As20pUMMU3AYUI0 CMPYKMYP OAHHbIX,
00BEKMHYI0 CUMBOJIbHO-YUC/I08YI0 KOMOUHAMOPUKY, MO-
nosiozulo CMpyKMypHbix 8emesieHul, BbIBOAA 06nacTb npo-
(heccUoHaNbHO20 NPOPAMMUPOBAHUS Ha Gonee npodsu-
Hymell yposeHb. BaxxHO 06paTUTb BHUMaHME TakXe Ha To,
UTO NMPUHLUMN KIETOUYHbIX aBTOMATOB ABAETCA YCTOMUMBbIM
MOCTMKOM, COEAVHAIOLM ABE AUCLMMNIVHDI: UHOpMamu-
Ky U Mamemamuky, OTKpbIBas AanbHeilumne nepcnekTmebl
Nno NPUPALLEHVIO NOMMANCUUMIIVIHAPHDBIX HAYUYHbIX 3HAHWI
B TaKUX 06/1aCTAX UCC/IEA0BAHNIA, Kak anrebpanyeckasn Kom-
GVHaTOpMKa U JIOTVIKA, TEOPUA MHOXECTB U MaTemaTude-
CKas JIMHrBUCTUKA.

OpurMHanbHLIN NPUHLMUN KAETOUYHbIX aBTOMATOB 3a-
K/touyaeTcsi B TOM, YTO OHM [EMOHCTPUPYIOT CJZIOXKHOE SMep-
[IKeHTHoe'? noBefeHne, HaunHaa C NPOCMbIX aBTOMATOB,
NOAUMHAACL NPOCMbIM NOKasbHbIM MpaBuiam (npasunam
nepexopa)®. imeHHo nostomy CA npusnekatoT Bce 60sb-
lee YMCNO ucCcrefoBaTeneil, 3aHNMALWUXCA KO2HUMUB-
HbIMU, MeXHUYeCKUMU W ecmecmeeHHOHAy4YHbIMU ANCUN-
NAVHaMU, XenawLwmx nlyyatb GopmMrpoBaHme pasfinyHbIX
TOMOJIOrNIA CTPYKTYP BO BCEW UX CNOMXHOCTA B YMCTO ab-
CTpaKTHOW aTmocdepe.

IKAeTo4YHble aBToMaThbl 1 ayANOVH(OPMATUKa:
NyTy B3aMOAENCTBNS N COBPeMeHHOe COCTOSIHMe
NpakTuK CA-NporpaMmMnpoBaHnS

B ayauoumpopmamw(e KJIETOYHbIE aBTOMaTbl pacCMma-
TPMBAKTCA KaK omoesibHbIli 8U0 GyaUOCUHme3G, cnomMmouwbio
KOTOPOro MOXHO CO31aBaTb HOBbIE OpZ(JHLI‘—l(i‘CKUE‘Z7 N Heop-

% TlpvM. aBTOpa. DMepPAKEHTHOCTb — KauyecTBO, CBOMCTBA CH-
CTeMbl, KOTOpble He MPUCYLLW eé 3feMeHTaM B OTAENbHOCTY, a BO3-
HVKatoLme bnarofapa 0bbeanHEHIO TVX SN1EMEHTOB B COBOKYMHY!O,
LeNOCTHYIO CUCTEMY.

2 Mpwm. aBTopa. pocTble nokanbHble Npaevna (npasusa nepe-
X00a) — 3TO anrOpUTMMUYECKME CXEMbl, KOTOPblE MAEHTUOULMPYIOT
OOHOBNEHHOE COCTOAHME AYENKU (KNeTKM) B Clepylolmin MOMeHT
BPEMEHV B 3aBMCHMOCTM OT COCTOAHWUA AYENKM 1 OKPYKaIOLLKX eé
6nvkalumx cocepelt. Takve npasurna 0bbIYHO OMUCHIBAIOTCA Creuu-
anbHOW KapTol™ NepexofoB, Ha KOTOPOW KieTka onpefenseT CBOW
HOBYIO NOKALMIO Ha KaXKAOM MWUHWMANbHOM OTpe3ke BPemeHW, OC-
HOBbLIBAACb Ha CBOEM MECTOMOMOXKEHUM 1 COCTOAHWUM MONOXKEeHWA
cocefiell. Kapta nepexofos copepuT MHOOPMaUMio O dyHKLMAX
nepexofa KNeTo4yHOro aBTomarta, B COOTBETCTBIM C KOTOPbLIMU KNeTka
MMeeT BO3MOXHOCTb BbIUMCANTL CBOE HOBOE COCTOAHME, OCHOBbIBA-
ACb Ha COOCTBEHHOW TOMONOTrUM NepemMeLleHra 1 COCTOAHNM cocef-
HVIX KNETOK.

21 B ayaronHdopmaTike (mexHuyeckuti achnekm) 1 TEOPUI KOM-
MbIOTEPHOW My3blKW OpeaHuU4eckue 3ByK —3TO OTAeNbHble akyCTu-
yeckre MMNYbCbl MO0 CUMHaNBHO-PUTMUYECKIE KOMOWHALIMN ecTe-
CTBEHHOrO MPOUCXOXAeHWA. [TprMeyaTenbHo, YTO MCTOYHUKOM 3BYKa
MOET BbICTYNaTb N060I BMONOrMYeCKmnii OpraHmam nnu nobon obb-
€KT eCTeCTBeHHOW NPUPOLHON Cpefibl, OKpyXatolen ero. ViHTepec-
HO, UTO K YMCITy Takmx 3BYKOB OTHOCATCA MPaKTUUYeCKM nodble aHa-
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2aHUYecKue? 3BYKM 1 lax<e Lienble OpUrrHanbHble 31eKTPOH-
Hble ayauokomnosuumm. MNepexona ot obwjezo kK 4acmHomy,
cnieflyeT OTMETUTb, YTO MPUMEHEHME NPUHYUNA KINETOUHbBIX
aBTOMATOB OYEHb MHOTOMPaHHO, N OHO OTHIOAb HE ouvep-
yrBaeTca npodunem ecmecmeeHHbIX N MexHUYecKux Hayk,
KNeToyHble aBTOMaTbl MOXHO W HYXKHO M3y4yaTb C MyJib-
muoucyunNIuUHAapHOU TOUKW 3peHus.. BaxHoCTb n3yuyeHuns
KNEeTOYHbIX aBTOMATOB AUKTYETCS Y COBPEMEHHOW TEXHO-
NOrMYecKkon MOBECTKOWN, KOoTopasa npefnonaraeT nepesof
TeopeTnUeCcKmx HapaboToK 13 coepbl MHGOPMALMOHHO-KI-
GepHeTNYECKNX HENPOB3aUMOCBA3EN B NpaKmMuyeckyro o06-
J1aCcmb VX MPUMEHEHWA KOMMbIOTEPHBIMY CUCTEMaMK obpa-
60TKM JaHHbIX. B Halwem cnyyae npakTuyeckas niockoCTb,
npegycMoTpeHHas nofobHbIM MOAXOAO0M, OrpaHUuYMBaeT-
CA  UHCMPYMEHMAsbHbIMU Cpeocmeamu  UHGOPMAmuku,
a VIMEHHO #A3bIKAMU Npo2pammuposaHus. [MonHOLEeHHOW
onucatenbHol npakTuku CA-npoepammuposaHus®® Ha ce-
rOQHAWHUIN [eHb KpavHe Masno, MpakTUyeckoro eé npu-

NIOroBble 31eKTPOMarHuTHble KonebaHwsa B ecTecTBEHHOM Buae (Te.
He nMpoleALne Npoueaypbl Ldpo-aHanorosoro NpeobpasoBaHuiA).
Taknum 06pasoM, K OpraHMYecKrM 3BYKam MOXKHO OTHECTU He TOMbKO
WyM JOXAA, NeHre NTUL U T.A4., HO U TPaAULMOHHbIE My3blKabHble VH-
CTPYMEHTbI: AyXOBble, KNaBULLHbIE, CTPYHHbIe 1 T

# Mpum. astopa. K HeopeaHuveckum 3ByKam (mexHudeckul
acnekm) OTHOCATCA 3BYKM UCKYCCTBEHHOMO (HEXIMBOIO) MponCxoxie-
HWA. Kak MpaBwuno, 3TO CUHTETUYECKMe 3BYKHM, NOSlyYaemble B pe3ybTa-
Te KOMMbIOTEPHOTO CMHTe3a, MO0 0bpa3Lbl A4N1A TaKOrO CUHTe3a, NPo-
weALve npoLeypbl aHanoro-UmMdposoro npecbpasosaHma. K takmm
3BYyKaM MOXHO OTHECTM reHepaTVBHble My3blKasbHble VMMYbCh
CMHTEe3aTopa (Ha aHaNoroBOM U LMGPOBOM CXEMOTEXHMKE), POHOBbIE
WYyMbl KOMMbIOTEPHON CXEMOTEXHWMKK, Pa3fnUHble MexaHMyeckmne
3BYKM HEpPYKOTBOPHOrO MPOUCXOxAeHUA. [prmeyaTentHo, Uto nio-
Gble LWyMbl CTaLMOHAPHOTO U HeCTaLYOHaPHOrO TUMa MOTyT ObiTb Kak
0p2dHUYeCKUMU, TaK VI HeopedHUYeckumu. B Teopumn My3blKi1 MHO-
rAa Takve 3BYKW Ha3bIBAIOTCA HAMYPATbHbLIMU N HEHAMYPAIbHbIMU.

2 Kak v B nobom pasgene MHOOPMATUKL (KOMNbroMepHbIX
Hayk), 0bnacTb KOTOPOrO BbIXOAMT 33 PaMKy GyHAAMEHTamnbHbIX Teo-
PeTUYeCKMX UCCNefoBaHNUI U NOrMYecKx 06OCHOBaHWUI NPeayCMO-
TpeHa Hekad UHCMpymMeHmManeHas 6asd, ABNAIOWAACA OTBETBIEHN-
€M OT K/1accu4ecKux NpefcTaBneHnii 0 3aKkoHOMePHOCTAX 06paboTKK
nHGopMaLmn. Kak npasuno, 310 NpUKIaaHble Pa3paboTkm 1 mpak-
TVIKO-OPUEHTUPOBAHHBIE MCCNeAoBaHMA. DTW chepbl BCeraa MmetoT
onpefenéHHyio cneunduKy, Bblpaxkatollylocad B KOHKPETHOM Mpef-
HasHauyeHny paspabaTbiBaeMblx MCClefoBaTesieM OOBEKTOB, BMO-
CNeACTBMM CyLLEeCTBEHHO BAMAIOWIMX Ha pa3BUTVe U MpuUpaLieHre
3HaHWI B NpeameTHOM 0bnacTu. B nHdopmaTmnke Takor 6asow cyxat
A3bIKU NPO2PAMMUPOBAHUSA, OHI UrPAIOT POSb NOCPEOHUKA B TEXHN-
UeCKON KOMMYHMKaUMM MEXAY MalMHOM 1 onepaTtopoMm, MO3BOAAA
3G deKTVBHO peLlaTb NoCTaBneHHble 3ajaun. VIHCTpymeHTanbHanA 6asa
pa3fenos UHGOPMaTUKK (UHGpopMamuka no ompacsiam oeameso-
HOCMU) TakKe MMEET CBOIO BHYTPEHHIOI0 CrelnduKy, moapasymesalo-
Llyto onpefenéxHbIi XapakTep AeNCTBUIN C OTTEHKOM Ha NPeAMeTHbIe
3agaun. AyavovHOOpMaThKa Kak pasfen MHGopMaTuKK (Komneto-
MepHbIX HAayK), a MO NOTVIKe aBTopa YxKe [JaBHO NpeTeHayloLad Ha Ha-
YYHO-OTPACNEBYIO aBTOHOMMIO, 3A€Ch HE UCKITIoUeHwe. TpaanLYOHHO
BMAbl aNroOpUTMOB, MCMONb3yeMblX ANA 00pPaboTKM AaHHbIX, MMetoT
pa3Hble OTBETBMEHWA, MO3TOMY OTAE/bHble LWMPOKONPOGUIbHbIE
TEXHVIKO-NPVIMEHUTENbHbBIE MPaKTUKX NPOrpaMMMpOBaHnA OBbIYHO
MMeHyloTCcA 6a30BbIM anropuTMom. B Halem cryyae 3TO K1eTouHble
asTomatsl (cellular automata, CA), noatomy CA-npoepammupogaHue.
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MEHeHVA B 06nacT ayououHpOpMAmMuKu ewé MeHblue.
Pa3mbIwnAa o NpvyYnHaxX Takoro HeynoBNeTBOPUTESIbHOMO
nonoxenus gen B cpepe CA-npoepammuposaHus Kak B Poc-
CUK, TaK 1 33 py6exXoMm, aBTOP HaCTOSILLEN PYKOMNUCHY Nosara-
€T, UTO NPUYMHBI MOTYT 3[1eCb KPbITbCA B C/1€0yIOWeM:

— B oTcyTcTBUM HayuHbIX WKON B obnactu uHpopma-
TUKM (KOMMbIOTEPHbIX HayK — computer science),
bopmMUpyLLMX NPAKTMKO-OPUEHTNPOBAHHbIE Npes-
CTaBNeHVA O NPOrpPamMMMPOBaHNN KaK B MCKYCCTBE
COCTaBNeHNA BbICOKOIODEKTUBHbBIX KOMMbIOTEPHbIX
nporpamm. Takue wWwKonbl, 6e3ycnoBHO, obecneyat
BEPTUKANIbHYIO NPEEMCTBEHHOCTb MNPV CMEHe MOKO-
NeHUN nccnepoBaTesien N NHXeHepOoB-NPorpaMmm-
cToB, dpopmupywmnx GyHAaMeHTaNbHble TeopeTu-
KO-NMpuKNagHble OCHOBblI HOBEMWUX (YHMKanbHbIX)
3HaHWI B TaKMX pa3genax MHbopmaTuKy, Kak obLyas
anropuTMM3aLmnsa U anropuTMmUYecKme CTPYKTYpbl
JaHHbIX, NPUHLMMbI MOCTPOEHUA JTIOTMKO-BbIYNCIN-
TeSIbHbIX CUCTEM, pa3paboTKa MPOrpaMMHbIX CTPYK-
TYp Ha OCHOBE CTPOKOBbIX 1 rpadOBbIX anropnTMoB
C MPVIMEHEHVEM AMHAMMYeCKOro nporpaMmMmpoBa-
HUA.

— B KpanHe HeBbICOKOW CTeneHn B3auMOWHTerpaumm
NCCneaoBaTeNbCKo 6a3bl KOPMOPATUBHOW HayKu
(kopriopatuBHoOW MHGOPMATUKK) U NHOOPMATUKIK
obuero npoduna (rpaxpaHckMe HayyHO-TEXHUYe-
CKuMe pa3paboTKuy 1 ncciefoBaHus).

— B wvHTennektyanbHOM paspbiBe M UCKYCCTBEHHOWN
AemapKauumy HayyHoro noteHumana mexay nHoop-
MaTVKoOM 1 KubepHetmkon, a Takxe WEB-Haykoi.
BeccncteMHbIM 1 XaOTMUYHBIM OOMEHOM KcCnefioBa-
TENbCKOro OMbITa TEOPUM U MPAKTUKA B MEXANCUN-
NAVHAPHBIX pa3genax AaHHbIX HayK.

— B nckniountenbHOCTU M OPUrMHANbHOCTU XapaKkTe-
pa nccnefoBaHui B 06nact NpuUKnagHon nHpop-
MaTVK/ (KOMMbIOTEPHBIX HayK), UHCTPYMEHTasIbHO-
BbIYMC/IUTENbHBIX HayK, 3aK/oyvalollenca B 0cobon
CNOXKHOCTW, KOTOpasd Bblpa)kaeTca B YHMKaJIbHOW
cneundurke paboTbl C aHaNOroBbIMU U LUGPOBLIMA
JaHHbIMU.

— B 3aKpbITOCTM NOAXOA0B B 061aCTU KOMMEPYECKOro
nporpaMMrpoBaHunA (KOMMblOTEPHAA TarHa), a Tak-
e nepefoBbIX TEXHUK COCTABIEHUA CJTIOXKHO-CTPYK-
TYPUPOBaHHbIX aNrOPUTMOB.

BbllwenepeyuncneHHble NpobnemMbl U H3KasA CTEMNEHb WH-
Terpaumm pasnmnyHbIxX HayYHbIX AUCLUMANH B UHGOPMATUKY
(KOMMblOTEPHbIE HAaYKW) feNnatoT 3asABIEHHY0 aBTOPOM TeMy
0Cc060 aKTyaslbHOW.

KAeToYHble aBTOMaTbl Kak BUA SKCNEePUMEHTaALHOMO
ayANOCUHTE3a, METOAbI PEaAU3aLINA U ONpeAeNeHne
VHCTPYMEHTaAbHbIX CPeACTB COCTaBAEHUS
NpPoOrpaMmbl

O6nacTb aBTOPCKOro UCCeA0BaHNA — KOMIMbOTEPHas
ayououHxeHepus v ayououHgopmamukd. OHu, 6e3yCcnIoBHO,
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ABNAKTCA HarmAAHbIMU NpuUmMmepamn pa3BETBJ'IéHHbIX24 no-
/'luaUCL(UI’UIUHGprIX nccnenoBaHum.

KomnbloTepHbI CMHTE3 ayarioMaTeprana Lefimkom 3aBu-
CUM OT Pa3fINYHbIX METOAOB U aJITOPUTMOB, MPUMEHAEMbIX
[NA ero co3faHus, KNeTouHble aBTOMaTbl MOTyT ObITb Opra-
HWUYHO BCTPOEHbI B €r0 CTPYKTYpY. B TeopeTnyeckom nnaHe
MMeeTCA [OCTaTOUHOEe KONMMYECTBO HayuHbIX pPaboT, nocsa-
LWEHHBIX flAHHOMY HanpaBieHuto. YTo e KacaeTca NpakTu-
KW, TO 3fiecb filena o6cToAT Xyxe. TeopeTuyeckme HapaboTku
B obnactn CA TpebytoT TwaTenbHOro nogbopa nporpamm-
HO-UHCTPYMEeHTaNIbHbIX CPefICTB, KOTOPblE, B CBOKO 04epeap,
[OJIKHbI coyeTaTbCA € anrebpanyeckorn KOMOMHATOPUKON,
YTO B HacTosLlee BpeMsA ABNAETCA pefKoCTbio. 306pecTun
MeXaHV3M mpyOHO, 3aCTaBUTb €ro paboTaTb ewé mpyoHee.
Wcxopa us aton hopmysel, aBTOP HaCTOALLErO MCCefoBa-
HMA COCPeAOTOUNI CBOE BHUMAHME UCK/TIOYUMe/IbHO Ha pa-
60Tax, ONMCbIBaKOLNX OPraH3aLnoOHHO-GYHKLMOHANbHYIO
CTPYKTYPY KIIE€TOUHbIX aBTOMaToB. K coxaneHuto, Takux
paboT kpatiHe Masno, HECMOTPA Ha TO, YTO NOJO6HbIE Nccre-
LOBaHNA cyuwecmseHHo oboralaloT NpuKIaoHyto nHdopma-
TKy?. OgHVM 13 nroHepoB CA-npozpammuposaHus B 06-
NnacTV ayauofaHHbIX, YCNeLHO peann3oBaBLUNX MOJOOHbIN
METOA CUHTe3a ayauMomaTepuana Ha MpakTuke, ABnAeTcA
3HH JTblonc?® (Ann Lewis). OHa 0fHa U3 HEMHOTUX 3KCnepu-
MeHTaTopoB, KTo B 2002 rogy nop pykoBoactsoM npodec-

* Mpum. aBTopa. o pa3BeTBAEHHBIMY NOAMANCUUNANHAPHBIMU
MCCNefoBaHNAMY MOAPA3YMEBAETCA aHan3, OCHOBAHHbIN Ha LIMPO-
KOM CMeKTpe HayuHbIX AVCUMMIVH, TeMaTUUYeCKM CBA3AHHBIX MEX[Y
coboi. PazeTBNEHHbBIE MOAMANCLUUMANHAPHbIE NCCNEA0BAHNA Xapak-
TEPU3YIOTCA NMPEAMETHBIMU CBA3AMU TPEX 1 bonee ANCUMNANH pas-
JIMYHOW KNnaccudrKaumm. YCTaHOBKa B3anMO3aBUCUMOCT AUCLUMMIVH
bopmmpyeTca nop Bo3feNCTBMEM TEMATUKM UCCNEA0BAHWA. XoUeTcA
OTMETUTb, UYTO K/IOUYEBbIM OTIMYMEM MOANAUCUUTIIVHAPHBIX (B He-
KOTOPbIX CRyYasx TPaHCAUCUMMAMHAPHBIX HayUYHbIX MCCefoBaHNINA)
OT pa3BeTBAEHHBIX NOAUAVCLUMMIMHAPHBIX UCCefoBaHNUI ABNAETCA
B3aVMOMHTErpaLysa ryMaHUTapHbIX (OOLIECTBEHHBIX), €CTECTBEHHO-
HaYUHbBIX V1 TEXHUUYECKMX AUCUMMIVH. B TO Bpemsa Kak TpaauuUVOHHbIe
NOANAMCUMMIVIHAPHbIE MCCNefoBaHNA KNaccUdUKaLMOHHO npusep-
XeHbl K ONM3KMM MO NPOGUIIO ANCUMIIMHAM. B MUPOBOV Hay4HOW
nepuoaviKe TakoW HayuHO-WMCCNefoBaTeNbCKUA MOAXOA MMEeHyeTcA
KaK <MHTerpaT1BHbIN». XOPOLWMM NPUMEPOM 3AECh CAYXKUT ayANOWH-
bopmaTiiKa, KOTopas, B MPUKNAAHOM MOHUMAHWUW 3VKAETCA Ha TOu-
HBIX 1 TEXHUYECKMX HayKax, HO B TEOPETUYECKOM MaHe YepnaeT 3Ha-
HWA TaKXe 13 eCTeCTBEHHOHAYYHbIX 1 MYMaHWUTapHbBIX HanpaBaeHNI.

% Mpum. aBTopa. Peub MOET 00 MccnenoBaHUax B 061acTn WH-
bopmMaTVIKK, PACKPbIBAIOLLMX MPUHLUMMAB PaboTbl TOrO WAM WMHOMO
UHTENNEKTYaNbHOro MexaH13ma C paclundpoBKOr GYHKLMOHANbHbIX
onepauuii, xapakTepy3ytowmx CTRYKTYPY NPOrpaMMHOro Kofa.

% TpwMm. aBTopa. IHH Jlblonc (Ann L. Lewis) — npenopasaTenb
WKoMbl-GakynbTeTa  KOMMbIOTEPHBIX HayK YyHMBepcuTeTa KapHe-
r-MennoH. SHH JIbloMC HayvHana CBOW Hay4Hble M3bICKaHUA Kak
CTyaeHTKa dakynbTeTa KOMMbIOTEPHBIX HayK YHMBepcuTeTa KapHe-
r-MennoH, ofHOBpPeMEHHO Moflyyad 3HaHMA B 00NacTVi My3blKK
npw Wwkone My3sblkn KapHern-Mennow (School of Music — Carnegie
Mellon University). Kpyr eé HayuHbIX MHTEPECOB O4YepUMBAETCA 3Ha-
HUAMK B 00NaCTV CO3AaHMA CUHTE3MPOBAHHbBIX PUTMUYECKMUX ayan-
onapTnii, 0bpaboTkiM 3ByKa, NPeobPa30BaHNA TEKCTOBbLIX MACCBOB
B CMHTE3MPOBaHHYI0 peub. [TprHMMana akTMBHOE y4yacTie B pasfiny-
HbIX KOHQEPEeHLMAX MO KOMMbloTepHOW 0bpaboTke 3B8yKa. COBMECTHO
¢ Popxepom [laHHeHOeprom ABAANach y4yacTHULEN KoHdepeHLum
No MeXAyHapOAHO KomnbtoTepHol My3bike (International Computer
Music Conference, ICMC — 2002).

copa P. JaHHeH6epra? (Roger B. Dannenberg) B wkone
KomMmbloTepHbIX Hayk (School of Computer Science) yHu-
BepcuTeTa KapHern-MennoH (Carnegie Mellon University,
CMU/USA) nocTaBmia KOMNbIOTEPHbIN SKCMEPUMEHT 1 NpU-
MeHuna LISP-mogenb, onucbiBatowylo MeTon KNeTOUHbIX
AaBTOMATOB [J1s1 MPOV3BOACTBA HOBOW (aKTypbl ayamomare-
puana. 3ToT NPaKTUYeCKMIN SKCNePUMEHT OYEHb BaXeH AnA
Pa3BUTMA NPUKIAZHON ayanonHGOPMaTHKK, MOCKOSbKY OH
[aéT BO3MOXXHOCTb GOPMMPOBaTb HOBblE YHUKANbHbIE ay-
OVNOCTPYKTYPBbI.

Puc. 1.Jlorotnn yacTHOro amepuKaHCKOro yHMBepcuTeTa
KapHern-MennoH, B KOTOpOM paboTaeT ogHa 13 CUIbHENLWNX
MUPOBbIX KOS B 001aCTN KOMMbIOTEPHbBIX HayK?®
UctouHuk: Konnax cocTaBfeH aBTOPOM Ha OCHOBe

OpuU2UHANbHO20 norotuna’, TapaH B.B. — 2026 T.
“Jloeomun sAsnsemca cobcmeeHHOCMbIO yHUBepcUmMema
Kapreau-MersnoH.

" Mpwvm. aBTopa. Pogkep daHHeHOepr (Roger B. Dannenberg) —
AMEPUKAHCKNI YUYEHbIV 1 NpenoAaBaTesib B 00/1acTV KOMMbIOTEPHBIX
HayK (MHOOPMATUKN), 3aHUMAIOLLMINCSA Pa3PabOTKON NePCneKTUBHbBIX
HanpagneHu B chepe 06pPabOTKM 3BYKa MPOrpaMMHO-TEXHUYECKN-
MV CPeACTBaMM Ha 6ase Lkonbl-dakynbTeta (School of Computer
Science — Computer Science Department) KOMMbIOTEPHbIX Hayk
yHuBepcuTeTa KapHern-Mennon (Carnegie Mellon University). Poa-
xep [laHHeHOepr crneunanu3vpyeTca Ha pa3paboTke anroputMoB
pacro3HaBaHWA Pa3NMUHbIX CUrHambHbIX KOMOMHAUMWIA, BKOYan
yenoBeyecKylo peyb, My3blkanbHble MapTui, 3BYKW PasfnUuHOM npu-
poabl. OTaenbHOe BHYIMAHVE YUEHBIA yaenaeT cuctemam obpaboTku
ayAVOMaHHbIX, B YaCTHOCTM, A3blKaM NPOrpaMMMpoBaHuA. AsnseTcs
NAeMHbIM BOOXHOBUTENEM W CO3AaTeNeM A3blka NPOrpaMMMpoBa-
Hus Nyquist, OAHUM 13 NPOEKTUPOBLLMKOB 3HAMEHUTOTO ayarope-
AakTopa Audacity’, yuacTByeT B Pa3fnyHbIX NMPoeKTax no Co3AaHuo
KOMMbIOTEPHON My3blkK. VimeeT yuéHylo cTeneHb PhD B obnactu
KOMMbIOTEPHBIX HayK (MHOOPMATUKK). ABNAETCA UNeHOM WHCTUTYTa
VNHXEHEepOB 3MeKTPOTEXHWUKM 1 3neKTPpoHKMKK (Institute of Electrical
and Electronics Engineers, IEEE), accoumaummn BelUMCAUTENBHOW Tex-
H¥KK (Association for Computing Machinery, ACM), mexayHapogHo
accoumaumm KomnbiotepHol My3sblki (International Computer Music
Association, ICMA).

% Mpwvm. aBTopa. Mof TEXHUKO-MaHUMYATVBHBIMA MPOEKTaMM
B ayAMOMHOOPMATVKE NMOHMMAIOTCA Te NMPOeKTbl, NPy 06paboTke Ko-
TOPbIX HEOOXOAUMO ANHAMNYECKN N3MEHATL CTPYKTYPbI ayanMoCurHa-
na. 370 NpoeKThl, Ha 0OPaboTKy KOTOPbIX TPEOYIOTCA 3HaUNTENbHbIE
pecypChl C TOUKM 3peHUA TeXHNK COCTaBEHNUA anrOpUTMOB, ANHAMM-
yecky 0bpabaTbiBaloLLMX ayanocurHan. K npumepy, TakiumM NPOeKToM
MOXET CIYXKUTb ayNMOMOPOUHT, KOraa OfiHa YacTb ayAMOCKrHana no-
CTENEHHO BUAOM3MEHAETCA, MPEBPALLAACH B APYryio MO CMeKTpo-ya-
CTOTHBIM XapaKTePUCTMKaM, HO MPU 3TOM He 3aTparvBaeT BefnuvHy
caBura dasbl CMrHana, AeBrauma Gasbl, TO KONMYeCTBO paduraH, KOTo-
poe ABAAETCA OMTVMaNbHbIM AnA 0OWero ayaMocurHana B He 3aBu-
CMMOCTM OT yuacTKa nepexofa. VIHTepnonAaumA napameTpos Takoro
MpoeKTa OCHOBBIBAETCA Ha TPEX MaHUMYMALUMOHHBIX TEXHMKAX: CU-
HycouaanbHoe MOAENpOBaHe, OKoHHoe npeobpasosaHre Dypbe
1 KOAVPOBaHWe C NMHENHBIM MpeACcKa3aHnem.

108 Cepusa: EcmecmeeHHble u mexHu4eckue Hayku N° 2-2 ¢pegpasn 2026 2.
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MpuMeHeHe AaHHOTO MeToAa ybeauTeNnbHO NoKasano
HaCKOJIbKO OPUIMHANIbHONM U NOAUGOHUYHON MOXKET ObiTb
dakTypa menoguu, nonydaemas B pesynbrate coeguHeHus
dpaKTanbHbIX CTPYKTYP.

JHH Jlblonc peanusoBana cuMHTe3 dpaKTanbHbIX CTPYK-
TYP Kak y4eOHblii NPOEKT Ha A3blKe MPOrpamMmMUPOBaHMWA
Nyquist. I Tomy eCTb HECKONbKO NPUYMH:

1) Nyquist ABnseTca cneyunan3MpoBaHHbIM A3bIKOM ay-
AMOMPOrpaMMUPOBaHKs, MO3BOMALWMUM Peann30BbiBaTb
CNOXHO-QYHKLIMOHANbHbIE BbICOKOHArPY»KeHHble TEXHUKO-
MaHVNyNATUBHbIE MPOEKTbI B 06M1acTy 3ByKa”.

2) Nyquist ycrnewHo npyMeHnMm B KayecTBe 4eMOHCTpa-
LIMOHHOTO A3blKa MPOrpaMMnpPoBaHUA.

3) Nyquist obnagaet pa3BUTbIM TEXHUYECKMM MOTEH-
UManom 1 MCNonb3yeT MOLHbIA apCeHan onepaunoHHbIX
CPeACTB 1 TEXHONOMMI, YHaceJoBaHHbIX OT ero ¢yHKUKo-
HaslbHbIX MpapoauTenel, npexae Bcero, Arctic®®, Canon?,

* Mpum. aBTOpa. EAMHCTBEHHbIM OrpaHuyeHnem Nyquist Asna-
eTcA ero paboTa C Harpy»KeHHbIMM anropuUTMamn 0bpaboTKM 3ByKa
B peanbHOM BpemMeHW. OBYCNOBNEHO 3TO TeM, UTO apXMTEKTYPa A3blKa
nporpammmrposanmra Nyquist paspabaTtsiBanach Ana 0bpaboTkm ayan-
omaTtepuranos B oddGnanH pexume, He CTouT 3abbiBaTh, UTO Nyquist
370 Avanekt LISP, noatomy mHTepnpeTtaumna GparmMeHTOB ero koaa
B peXXVMe HaCTOALLEro BpemeHy BHOCUT 3alePKKK, KOTopble MOryT
CKa3blBaTbCA Ha XapakTepe 06paboTKM curHana. 3ajepku MoryT
ObITb CBA3AHbBI C AUTENbHOCTLIO MHTEPAPEeTaLWM BblpaXKeHNI, a Tak-
e HenpefckasyemoCTV BpeMeHM, 3aTpaunBaemoro Ha obpaboTKy
ayAvomatepuana v3-3a cbopku Mycopa v AMHAMUUYECKON TUAM3aLMN.
TOT A3blK OPUEHTUPOBAH Ha MOCT 06PabOoTKY ayAVMOAAHHbBIX 1 CU-
NEH VIMEHHO B MHXEHEepPHbIX MPaKTVKax aHanwv3a, CMHTe3a CBeaeHuA
1 MacTepuHra ayamoTpekos. K coxanernio, B8 Audacity” ana Nyquist
OTCYTCTBYET HU3KOYPOBHEBBIV JOCTYM K ayAMOMOTOKY, B pe3ynsraTe
uero A3blK He MmeeT JoCTyna K bydepy obpabaTbiBaeMoro Tpeka, uto,
B CBOIO ouepefb, 3aTpyAHAeT nofaepKy callback-npoueccuHra ana
bparmeHTapHoi 06paboTkn curHana. OaHako 3Ty NPobaeMy MOXHO
000WTI C MOMOLLBIO OrPaHNYEHNA NHKEHEPHDBIX CLieHap1eB NpoCTbl-
MU onepaunaMmn (GUnbTpaLmna, paboTa ¢ ornbatolMMm) 1 UCMoMb30-
BaTb Oydepbl Manoro pasmepa. J1a TeMa byaeT 06A3aTeNbHO PacKpbl-
Ta B Criefytowmx nybnvkaumax asTopa.

3 Mpum. aBTopa. Arctic — 3TO Cneymanv3npoBaHHbI, Aeknapa-
TVIBHbI A3bIK NPOrpaMMMpOBaHmA, paspaboTaHHbIN B YHMBepCUTeTe
KapHern-Mennona (CLA) ans onvcanvs CUcTemM peanbHOro BpemeHn
C MapannenbHbIMX Npoleccamu. A3bik pas3paboTaH [uHom PybuHom
(Dean Rubine) 1 Pogxepom [laHHeHbGeprom (Roger B. Dannenberg).
LleneBoe Ha3HaueHwe A3blka — 3TO yNpaBeHne 3BYKOBbIM CUHTE30M
(reHepaLma My3blKK), CETEBOE CUHXPOHHOE CO3AaHNe 3BYKOB TPEBOMN
1 OMNOBELLEHMA Ha Pa3INUHBIX MPOMBbILNEHHBIX 06BbEeKTax, B TOM YMC-
fle aTOMHbIX 3NeKTPOCTaHLMAX, CUHXPOHM3aUMK 3ByKa MO BpemeHn
B KMMATUUYECKMX CUCTeMAX W CTaHUMAX ClexxeHnd 3a norogoit. Ceit-
yac no GakTy ABNAETCA NCTOPUYECKMM A3bIKOM MPOrpamMMUpPOBaHUA,
[aBLUIMM NUTATENbHYIO MOYBY AMA PA3AMYHbIX Y3KOCMeLManu3MpoBaH-
HbIX A3bIKOB MPOrPamMMKpPOBaHVa 00pPaboTKM ayanomaTepunos.

' Mpwm.  aBTopa. Canon  —  3TO  MOJHOUEHHbIM  Lisp-
OPVIEHTVPOBAHHbIN, aOCTPaKTHO-AEKNaPaTMBHbIN, Cleumnan3npo-
BaHHbIA A3bIK MPOrPaMMUPOBAHMA 1 OAHOBPEMEHHO HOTauva AnA
My3blKanbHbIX NAPTUTYP. A3bIK M3HAYaNbHO CO3AaBANCA KaK MHCTPY-

CepusA: EcmecmeeHHbie u mexHu4eckue Hayku N° 2-2 ¢heapasnb 2026 2.

Fugue??, LISP33/XLISP3** 1 SAL*. BcnomoraTtesibHON UCMOSHU-

MEHT My3bIKaflbHOrO MPOrpPaMMMPOBAHIA ANA SKCNePUMEHTOB 1 00-
YUYEHUA CTYAEHTOB, OfHAKO BMOCNEACTBMM 3apeKkomeHAoBan cebd
Kak MOLLHOe CPefCcTBO MO YNpaBAeHMio AaHHBIMM CUTHANbHbIX Mac-
CMBOB B annapaTHblX CMHTe3aTopax v BOKOAepax, a Takxke Ana pabo-
Tol B MIDI-cekBeHCOpax AnA CO3[aHVA 1 KOPPEKTUPOBKK MapTuUTyp,
ynpasnaemblix MIDI-curHanamu. A3bik He MMeeT OTAGNbHOIO UHTEP-
npeTaTopa, a MapTUTYPbl OLEHUBAIOTCA B OKPYXKeHUU, KOTOpoe BAM-
AT Ha HOTbI U MOXET U3MEHATLCA NPeobpazoBaHMAMK. [na 3Toro nc-
nonb3ytoTca rnobanbHble nepemeHHble A4na UMUTaUMN AMHaMUUYECKON
00nacTv BUAMMOCTY OKpyXeHuA (Hanpumep, *time*, *dur*, *velocity®).

2 Mpwm. aBTOpa. Fugue — cneumanu3vpoBaHHbLIN GyHKLMOHab-
Hblt LiSp-OpreHTVPOBaHHbIN A3bIK MPOrpamMMK1pPOoBaHMa And Gopmm-
POBaHWA COCTaBa My3blKanbHOW KOMMO3WLMW, CYHTE3a U ynpaBieHua
3BYKOM. fA3blK MO3BOMAET OMUCHIBaTL anropUTMbl 06paboTKL CUrHa-
NOB, My3blKajbHble MaPTUTYPbl 1 BbICOKOYPOBHEBbLIE My3blKaNbHble
npoueaypbl B eauMHOM cocTage. [loafgepuBaeT MnoBefeHUYeCKyto
abCTPaKUWMIO, BbPaXaloLlyloca B YNpaBAeHMn CAOXHbBIMI My3blKanb-
HbIMW CTPYKTypamu. Peanu3oBaH Ha kombuHaumm C u XLisp anAa
Unix-pabounx ctaHumnit. Heobxoaum AnA OnmMcaHna CAOXHbIX My3bl-
KasbHbIX CTPYKTYP M anropuvTMOB CMHTE3a 3BYKa, @ TakKe CO3AaHuA
1 MaHUMYMPOBaHWA 3BYKOBbIMIU OObeKTaMM Kak abCTpakTHbIMU, He-
MN3MEHAEMBIMI CYLLIHOCTAMM.

# Mpwum. aBTopa. LISP (LISt Processing language, LISP, Lisp) — ne-
reHAapHbIv (0AMH 13 CTapenLmnx A3bIKOB NMPOrPaMMPOBAHMA LLIKPO-
Koro npodwna, yHacneaoBaswmx IPL*-CTpyKTypy) A3bIK Nporpammi-
POBaHWA, OCHOBaHHbIM Ha NpUHUMNEe 06paboTKK CNMCKOB. Ha A3blke
LISP nporpammbl, cLueHapuy, a Takxke AaHHble NpeacTaBAAIOTCA Kak
CMWCKK, COCTOALLME 13 2n1eMeHTOB Ntobol cylHocTu. LISP 6a3unpyeTca
Ha 1am60a-vcuncneHnn AY4épua COOTBETCTBEHHO GYyHKLMM — 3TO
nosHOMNPaBHble 0OBbEKTLI 3TOrO A3blKa. LISP noaaepxmsaeT Makpocu-
CTemMy, YTO MO3BOSAET BBOAUTL HECTAHAAPTHbIE CUHTAKCUYECKIe KOH-
CTRYKLMN Y MAHWMYANPOBATb CUMBOSbHbBIMI KOMOWHALMAMM, a Takxe
C03[aBaTb NPOrpamMmbl, KOTOpbIE HEABHO MULLYT APYrie NporpaMmbl.
LISP 2omoukoHuYeH, ToxaecTBeHeH NpeACTaBNeHMIO Kofda 1 AaHHbIM
€ro NporpaMmbl B B1AE S-BbIPaXKEHNI (CYMBOMbHbBIX BbIpaXKeHNIA), mo-
3BoN1AeT MOANDULIMPOBATbL KOA Kak faHHble. CeroaHa LISP 310 uenoe
CeMENCTBO A3bIKOB MPOrpaMMMpPOBaHWA, BMAOU3MEHAIOWMXCA B CO-
OTBETCTBMM CO BpemeHeM, MopoavsLluee OOMbLIOe KONMYecTBO Ava-
NeKTOB, MpeAHa3HauYeHHbIX ANA PasNUHbIX CeLmanbHbIX HyXKa.

" IPL (Information Processing Language) — ofuH 13 NepBsbiX Bbl-
COKOYPOBHEBbIX A3bIKOB MPOrPamMM1POBaHKA, Pa3paboTaHHbI B KOH-
ye 1950-x — Hayvane 1960-x rofos MPOoLLOro Beka crneumansHo AnA
3a/lay¥ MCKyCCTBeHHOro MHTennekTa (V). Asblk npoekTrpoBanca ana
00paboTKM CUMBOBHBIX HEUMCIOBbIX AaHHDIX, A TakXKe 418 onepaLuii
CO CNOXHBIMIN CTRYKTYPaMM AaHHbIX (CNUCKK, AepesbA). IPL — nroHep
B obnactv Aa3bikos Ana V. Ero naen (cnncku, pekypcus, CUMBOMbHanA
00paboTka, MHTEPNPETUPYEMOCTb, AVHAMMYECKoe yrnpaBneHve na-
MATBIO) CTany GyHAIMEHTOM AN1A COBPEMEHHbIX TEXHOMOMMIA, XOTA CaM
A3bIK CErofiHA He 1CMob3yeTcA B NPOAYKTUBHOM pa3paboTke.

* Mpwvm. aBTopa. XLISP — 370 cneuvani3npoBaHHbIii A3blK NpPo-
LenypHO-GYHKLUMOHANbHOrO NPOrpamMMMpPOBaHKIA, CO3AaHHbIN C Lie-
Nbl0 IKCMEPVMEHTOB C OOBEKTHO-OPUEHTUPOBAHHBIMU COOBITUAMM
Ha KOMMbloTepax C OrpaHUYeHHbIMU pecypcamin (Manomr mamaTbio
1 Npowv3BoanTeNbHOCTBIO). XLISP asnaetca ananektom LISP, 1 nveet
Pa3fIMYHblE YCOBEPLIEHCTBOBAaHHbIE BapyaHTbl Takme Kak: XLISP-PLUS,
XLISP-STAT. Peanuvzaumn XLISP MoryT dyHKLUMOHMPOBaTL NpaKTuYe-
CKVM Ha BCeX MU3BEeCTHbIX OMepaLYiOHHbIX CUCTeMaX, UTO NO3BONAET ro-
BOPUTb O €ro KpoccnnathopmMeHHOCTH.

* Mpwum. asTopa. SAL (Simple Algorithmic Language’) — 310
cneymnanbHbli anropUTMUYECKMn A3bIK NPOrpPaMMMpPOBaHNA And Co-
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TeNbHOW cpefon cny»KaT A3blkn C*° n Java?’.

AprymeHTOM nepsol npuyuHsl CAYXUT TOT $aKT, uTo
Nyquist — 3TO yHuBepcanbHO-3KCNepruMeHTanbHoe cpef-
CTBO NMPOrpamMMMpoBaHuA, YOOBETBOPALLEe BCE MUPO-

CTaBNeHWA KOMMbIOTEPHBIX KOMMO3WLWMIA, pa3paboTaHHbIN Ana sddek-
TUBHOTO B3anmoaencTana co cpepoin Common Music (CM). Common
Music (CM) 370 06beKTHO-OpUeHTUPOBaHHaA Cpeaa AnA COCTaBNeHA
ANrOPUTMMUYECKON My3blKanbHOW KOMMNO3MUMK, pa3paboTaHHasa leH-
pvxom Taybe (Heinrich Taube), TO4€THBIM NpOdeccopoM KOMMO3MLMN
1 Teopun My3blkv B LLkone My3bikin YHusepcuteta nnmHonca CLUA
(University of lllinois School of Music at Urbana-Champaign, USA).
MakTnyeckn SAL 37O A3bIK AN1A KOMNO3UTOPOB, MULWYLIMX SNEKTPOH-
Hyto My3blKy. OH MO3BOMAET CO3[aBaTb COXHble anropuUTMMyecKmne
My3blKanbHble NPOV3BEAEHNA U OMWUCHIBaTb HECTAHAAPTHbIE My3bl-
KasbHble CTPYKTYpbl Yepe3 onepauVoHHbI Kof. VIHTerprpoBaH B cu-
ctemy Common Music, a Takke B peaaktop Audacity” (coctaBnexne
CUHTAKCMYECKMX KOHCTPYKLMI) Yepes npuratleHrie A3bika Nyquist.

* OdwvumanbHo «Simple Algorithmic Language» — (npocToi
ANrOPUTMUYECKMI A3bIK), CTb 1 ApYyroe HeoduLMansHoe HasBaHue
«Secretly Another Lisp» — (TaitHo ewwé ognH LISP, cekpeT eLwé ogHoro
LISP). Booblie HazBaHwMe A3blka NPOUCXoAnT OoT umeHu Sal (Salvatore)
M ABNAETCA [aHblo yBaxeHna K Komno3uTopy Sal Martirano™, npo-
dbeccopy my3bikanbHol Wkonbl UIUC. He nyTaTh € HazBaHWeM Apyroro
cpencTea nporpammmpoBaHna SAL (Source-Annotation Language),
ABMAIOWEroca CUCTeMOW aHHOTauUMi ans koaa Ha «C/C++», paspabo-
TaHHOW Kopropauwert Microsoft.

" CanbBaTope [IxoBaHHM MaptnpaHo (Salvatore Giovanni
Martirano) — amepuKaHCK1A KOMMO3WTOP, aBTOP COBPEMEHHOM
Kaccuyeckom mysbikv. B 1969 rogy MapTtrpaHo BmecTe C rpynnown
MHKEHEPOB ¥ My3blKaHTOB 13 YHMBepcuTeTa MnnunHorica (University
of lllinois) Hauan pa3paboTKy 3NEKTPOHHOIO My3blKalbHOrO UHCTPY-
meHTa SAL-MAR Construction. 3To rmbpuaHaa cuctema, B KOTOPOW
nornyeckne cxembl TTL (Transistor-Transistor Logic) ynpasnaioT aHa-
NIOrOBbIMIU MOAYNAMM (reHepaTopamu, yCunuTenammn u GuibTpamm).
VlcnonHuTens B3aMMOAENCTBYET C WHCTPYMEHTOM Yepe3 rOpK30H-
TasnbHyl0 NaHenb 13 291 CBETOBOIro CEHCOPHOrO nepeksoyaTens, Yto
MO3BONAET M’MOKO YNPaBAATb MaKpO- Y MUKPOMapameTpamm 3ByUaHuA.

** Mpwm. aBTopa. Cn (C) — MHOTOoGYHKLMOHANbHbIY, NpoLenyp-
HbIA, CTaTUYECKU-TUMMU3MPOBAHHbLIA A3bIK YHMBEPCANbHOMO HasHa-
ueHuA. A3blk CM HACTOMBKO XOPOLW W YHMBEPCANeH, UTo TyT TPYAHO
yTO-NMBO BLIAENWTD, OTMETVM TOMBKO PAL €ro orpaHnyeHnii (0 Bo3-
MOKHOCTAX BCEM CreLmanmcTam 13sectHo). OTcyTCTBYe aBTOMaTUYe-
CKOrO ynpas/eHna NamaATbio, PUCK OWNOOK cermeHTaLmnm — Heobxo-
OMMOCTb BPYYHYIO KOHTPOAMPOBATb MPpaHuLbl Macc1BoB. ocneHee
OrpaHuvyeHyie yallle BCero BO3HMKaeT Npy MOMbITKe AOCTyMa K NamMATY,
KOTOpas He BbljeneHa npoLeccy Miv K KOTOpoit y MporpamMbl HET Npas
Ha gocTtyn. OnepaunoHHas crcTemMa NPUHYAUTENBHO 3aBepLUaeT Npo-
rpammy, Utobbl NPefoTBPaTUTL MOBPEXAEHME AaHHbIX AN CUCTEMBI.

¥ MMpuM. aBTopa. Java — 3T0 OObEKTHO-OPUEHTUPOBAHHDIN,
KpoccnnathopmMeHHbIN A3blK MPOrpamMMUPOBaHKA ObLIero HasHaye-
HWA, pa3paboTaHHbI KoMnaHKel Sun Microsystems (mo3xe npuob-
petéHHon Oracle). KomnunaTtop npeobpasyeT cleHapuy nporpam-
Mbl B 6alim-Kog, 3aTeM BUPTyanbHaa malwunHa (Java Virtual Machine,
JVM), aBnsiowanacs 4actblo ncnonHsaowen cuctemsl (Java Runtime
Environment, JRE), Bocnpown3BoanT 6alim-koa, TpaHCAvpysa ero
B MaLUMHHbIE UHCTPYKUMN ANA KOHKPETHOW MnatdopMbl. A3blK 1me-
eT 6onblwoe KoNMYecTso BMOANOTEK, YTO FOBOPUT O ero Pa3BUTOCTM
B 00M1acTVi NPOEKTUPOBAHWA BEICOKOWM COXHOCTY. A3bIK MMEET YéT-
KW CUHTAKCKC, UTO AenaeT ero yaobHbiM B obpalleHunn Ana niofen,
M3yyatoLnx azbl NpodeccMoHanbHOro NPOrPamMMYPOBaHKIA.

Bble CTaHAAPTbl U COBPEMEHHbIe TEXHONOrMUYecKme npak-
TUKK B chepe ayanoVHKEHEPUN, @ TaKXKe peaakTpOBaHuA
undposoro 3ByKa [1].

AprymeHTOM 8mopoli npu4uHbl ABNAETCA BO3MOXKHOCTb
A3blka Nyquist uHTerpupoBaTb CBOM KOMaHAHble GyHKLUN
N MWKPOCLIEHapUU B OAMH U3 Hamboree N3BEeCTHbIX KOM-
MblOTEPHBIX PeAaKkTopoB ayauomatepvana — Audacity”
[2,3]. OTO no3BONAET 3a4eNCTBOBATb CLEHAPHO-NPOrpaMm-
Hble MeXaHU3Mbl, COCTaBJIeHHble Ha JAaHHOM A3blKe, OfHO-
BPEMEHHO C MHTePdENCHO-OPUEHTUPOBAHHBIMU OMNUUAMU
[aHHOro pefakropa.

K npumepy, npouecc AeMOHCTpauun CUHTE3MpPYyEMbIX
KOMOMHaUMiA, co3fjaBaeMblX C MOMOLLbIO dpaKTanbHbIX
CTPYKTYpP, MOXHO BM3yanun3npoBaTb UYepe3 OKOHHbIA WH-
Tepdeiic pegaktopa Audacity’ [4]. 3To faeT BO3MOXHOCTb
B ayAMTOPHbIX ycnoBuax 3ddeKkTuBHee BOCMPOU3BOAUTb
nofobHble nNpoLecchl, HarnALHO NOKa3biBas Npaswia v an-
rOPUTMbI UCMOMHEHNA HOTALUIN MHCTPYKLMIA.

B nonb3y mpemesezo apeymeHma roBopuT yCTONYMBanA
B3aMMOCBA3b A3blka Nyquist ¢ OQHUM 13 CaMbIX MOWHbIX
N B8bICOKOPA38UMbIX A3bIKOB MPOrpaMMUPOBaHUA COBpe-
MeHHocTu — LISP [5]. A3bik nporpammupoBanusa LISP yHn-
KaneH npexpae BCero noTomMy, YTo OH CO3[aBasNCA Kak A3blK,
CNOCOGHbIN NPOVN3BOAUTL UHMeslIeKmyadsbHble onepauun
Hafi Npo2paMmupyembiMu MAccugéamu [aHHbIX, a TakKe
8K/IIOYaMb TaKue onepayuu®® B CTPYKTYypy COOGCTBEHHOrO
kofa [6]. Mommmo npoyero, asbiku Arctic, Canon n Fugue
B COYeTaHUM C s3blkoM SAL 1 KpoccnnaTdopMeHHOCTbIO
fatoT Nyquist Heocnopumble yabmpacneyuaausuposaHHble
npenMyLLecTBa, Bblpaxawwuyeca B cneunduxke onucaHus
Mysbmub/10Kk080U HOTaLMM OMLMOHAJNIbHBIX anropUTMOB
paboTbl C ayAnodaHHbIMY, COCTaBfIeHNEM CLieHapreB Ans
ayano3ddeKToB 1 KOMMNO3ULMIA Yepe3 KOMOUHaLMK GpyHK-
umnn [7]. VIHKopnopupoBaHMe B OMEepauMOHHbIA MakeT
Nyquist Takux LISP-gnanexkToB Kak XLISP genatot gaHHbIn
A3bIK NAEepOM B 06nacTy CTaTUCTUYECKON 06paboTKu ay-
AVNOCUTHaNoB.

Nyquist B 3TOM cMbICiie ABNAETCA Cneunan3npoBaH-
HbIM [eKapaTMBHbIM A3bIKOM MPOrPaMMUPOBAHNA, KOTO-
pbiin paKkTMueckn coueTaeT B cebe Bce dYHKLMU, KOTOPble
MOr/IM 6bl ObITb UCMONIb30BAHbI B 06PaboTKe ayaAnoAaHHbIX
Ha LISP c ocobbiMu npegnucaHmamu sisbika SAL.

Mopnepxka Nyquist-npoepammuposarus B Audacity’,
peann3oBaHHasA Yepes cneynanbHoe npurnalleHve, aenaet
JaHHbIN A3bIK MOLUHEeMWNM CPeacTBOM, CMOCOOHbIM Mpe-
BpPaTUTb KOMMblOTEp cpedHell MOWHOCMU B MONHOLEHHYO
nabopamoputo no paboTe co 3ByKOM*®.

* Mpum. aBTOpa. Yallle BCero HedasHo (Mporpamma — B MpPo-
rpamme).

¥ Mpum. asTopa. OAHUM 13 MPUHLMAVANBHBIX OTANYNIA CBA3KM
NyquistIDE n Audacity” oT Apyrvx nporpamMmmHbIX ¥ NPOrpamMmmMHo-an-
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NHCTpyMEeHTanbHO-TeXHN4YecKas
1 annapaTHas KOMNbloTepHas 6a3a,
NCNoAb3yemMas aBTOPOM UCCAEAOBaHNS
AASI BOCNpOU3BEAEHNS 1 COBEepLUIeHCTBOBaHUS
3KCNeprMeHTa CUrHaAbHO-KOMBVHaTOpHONM
06paboTKkn ayamomarepmana
(KAeTO4HbIe aBTOMAaTbI)

Jnsa docmuxeHus yeneli 3kChepuMeHma ucnoJib308d-
J1ace cnedyrowas UHCMpyMeHMaabHO-mexHuU4Yeckas 6asa
(puc. 2).

yecTBe MOAeNMpoBaHNA rpadryeckmx nnatlek), A3blK NpPo-
rpammupoBaHus Python™ (gna komnunauum rpaduyeckrx
KOMMO3ULMIA KIIETOYHbIX aBTOMATOB).

AnnapatHas 6a3a ana BbluncneHun: Hoytoyk ASUS ROG
G615JH-RV045, npoueccop (4acTtoTa 2,4 IMu): Intel Core i5-
13450HX (gnecatb apep), SSD: 512, onepatuBHasa namATtb
(DDR5): 16 Tb.

Pa3obpaBwncb ¢ NpUYMHAMM WUCMONb30BaHWA si3blKa
Nyquist ana uenen gmsariHa, CMHTE3a U pecuHTe3a ayano-

Puc. 2. f3bIKu NporpammrnpoBaHs, MPOrpamMmmbl U KOMIMbIOTEPHbIE TEXHOMOMN, UCMOJIb3yeMble aBTOPOM
[N5 BOCNPOU3BeAeHNs SKCNIepUMEHTa 1 MOATOTOBKM AaHHOMN CTaTbL

Onsa o6paboTKM ayaMoCcMrHana Ucnosb30BaNivCh A3bIKA
nporpammupoBanusa: LISP (XLISP, Nyquist), SAL. NHxeHep-
HbI NMPOLIECCUHT OCYLLECTBNANCS B MHTepdelice NpuKnaa-
Horo nporpammupoBaHna NyquistlIDE ¢ BbIBogOM curHana
B Audacity”. Ina mofennpoBaHunsa NpaBu KNEeTOYHbIX aBTo-
MaToB mcnonb3oBanca nakeT Wolfram Mathematica® v.10.2,
A3blk Wolfram (B KauecTBe onuvcaHua cLeHapreB NnocTpoe-
HYA), Cpeaa TPEXMEPHOTo NpoeKkTUpoBaHus Blender’ (B kKa-

napaTHbIX aHaNOroB B acneKTe MHXeHePHbIX MPaKTVK PeAaKTMPOBa-
HVA 3ByKa (MOMMMO OTKPLITOW NINMLEH3UN) ABNAETCA YETKAA NPOAY-
MaHHOCTb M3N0XeHNA 6a3nCHBIX MHCTPYKLWIA, CLEHAPUER 1 MPOYMX
3/1EMEHTOB KOfa B OTHOLUEHWW BbIYMCIIUTENBHbBIX BO3MOMKHOCTEW
[JaHHOrO MPOrPamMMHOro Komnekca, GopmMUpYIoWMX NoaUGYHKLN-
OHasIbHYI0 aBTOHOMHYIO apXMTEKTYpY ANA PeLleHnA KOHKPETHbBIX
YTUNUTapHO-TEXHUYECKMUX 3aAay. VIHbIMK CnoBamK, 3TO TOT CaMmblii
cnyyain, Korga Agpo NporpaMMHOro KOMMAeKca BbIMOAHEHO Ha Bbl-
COKOM YPOBHe, a ero BblYNCANTENbHbIE BO3MOMXHOCTW HACTONBbKO
WIWPOKK, YTO MeCTaMK OnepexatoT anmnapaTHble BO3MOXHOCTY IBM,
peanvsya CMBOSIbHO-anrebpanyeckmne onepaumny B 06xoa orpaHu-
YyeHun nepudeprinHoN TeXHUYECKONM 30Hbl. DOOeKT AeNCTBUTENBHO
OYeHb MOLLHbIN, MOCKOMbKY, K MPUMepY, MyAbTUYaCTOTHOE MCMpaBs-
NleHre CNeKTPoaKyCTUYeCKNX NapaMeTpoB COHOTPamMMbl, KOTOPOe
O0bIYHO M3MMLIHE HArpyKaeT, a B HEeKOTOPbIX Cyyasx ¢pr3nyecku
neperpykaeT LeHTpanbHbI NpoLeccop, B AaHHOM MPOrpaMMHOM
KoMnekce Mo3BonAeT MoyunTb ONepaTUBHBIA 1 KauyeCTBEHHbIN
pe3ynsTaT NPY MUHUMANBbHOW Harpy3ke Ha anmapaTHYI0 OCHACTKY
KomnbloTepa.

JaHHbIX NPUCTYNNM K CYTU MU3NI0XKEHUA SKCNEePUMEHTa, Mo-
CTaBJIEHHOro JHH JIblonc.

3KcnepMeHTaAbHas1 NPOrpamMmMHast MOABAb
AaHHeHbepra-/\bionc. KomMneloTepHbI SKCNepUMEHT:
npoBepKa BOCNPOU3BOAUMOCTH, YTOYHEHnEe
NapamMeTpoB, SAeMeHTbl MOAAUPOBaHUS 1 NPaKTUKa
NCNOAbL30BaHUS KAETO4YHbIX @BTOMATOB B cepe
3ayAVNONPON3BOACTBA

JKCnepuMeHT SHH JIbloNC 1 eé Hay4yHOro pyKoBoauTe-
nsa Popxepa [laHHeHGepra 3aksoyanca B BO3MOXKHOCTU
MNCMOSIb30BaHUA KNETOYHbIX aBTOMATOB [ANA reHepauum
NMONTHOLIEHHOW aNIropUTMUYECKON ayamoKomnosnumm®o[8].
KnetouHble aBtomatbl (CA-reHepauumio)*' ¢ ofAMHaKOBOM
30 DEKTUBHOCTbIO MOXKHO MPUMEHATb Kak K npeasanmncaH-

0 Mpum. aBTOPa. MNpakTrKa Nokasana, Yto B 3aBUCUMOCTM OT Npa-
BWJI, KNETOYHblE aBTOMAThl MOTYT reHeprpPOBaTh He NPOCTO MPUMK-
TUBHbIE [1eKNaPATUBHO-CTUEBBIE KOMMO3ULMK, HO 1 GOPMMPOBATH
CNOXHYIO aNrOPUTMUUECKYIO CTPYKTYPY 3BYKa 3a CUET MyNbTUAreHT-
HOro Mepecuéta CUrHanoB, xapakTepunyemblx 3K3emmniapamv Habo-
poB cocTosaHuM (atoms—cells).

4T Mpum. aBTopa. CA-reHepaums — ansTepHaTUBHOE Ha3BaHue
«KINETOUHBIX ABTOMATOB», XapaKTepuaytoliee CTPYKTYPY, MPUHLMN
1 PaboTy PasnnUYHbLIX TOMONOMMIA AueeK B COOTBETCTBUM C YCTaHOB-
NEHHBIMM NMPaBUAaMU NIOTVKI MaTeMATUUECKIX OnepaLnii.
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HOMy aguomatepuany*®, Tak n K gpopm-obonoukam®, dop-
MUPYIOLWMM 6a30Bble 31IEMEHTbI /1A NOMHOLEHHbIX 3BYKO-
onucatenibHbIX CTPYKTyp* TabnnMyHO-BONHOBOrO CUHTE3a.
KneToyHbIl aBTOMAT COCTOUT 13 MACCUBA AYEEK, FAe KaXKaan
Avelika MHULNaN3npyeTcs oo YepHbIM, TMbo besibim LBe-
TOoM (BKN./BbIKI., 1/0) [9].

0 1

e )

BbIKJT BKIJI

B ¢daze unsepcum

Pnc. 3. Auenkn KNeTouHbIX aBTOMATOB, XapaKTepusyioLne
KnacTepHO-OMHAPHYIO CUCTEMY XPaHEHWs AaHHbIX. PcyHOK
LEMOHCTPUPYET yHapHOe obpalleHne K OMHapHbIM COTam

4 Tpum. aBTOpa. [eHepaTVBHbIE BO3MOXHOCTY KNETOUYHbBIX aBTO-
MaTOB MO3BOMAIOT BOCMPOU3BOANTb HOBbLIE OPUrMHAMBHbBIE KOMMO-
3ULMKW, UCMONb3yA B KauecTBe pecypcHoi 6asbl nobol opraHude-
CKWI aygmomaTepwan. 310 MoXeT ObiTb Kak MpocTad ayaroLopOKKa
C NPeA3anmcaHHbIMM XKNBbIMI 3BYKaMM M0BBIX My3blKanbHbIX UHCTPY-
MEHTOB, BK/OYasA BOKasbHble MapTuu, Tak v midi-HoTaunv C npefsa-
rPy’>KeHHOM 3ByKOBOW GOPMON, MpeAnonaratoLiei mycToi 3arofoBOK.

+ MMpum. aBTOpa. KneTouHble aBTOMATbl MMEOT BO3MOMKHOCTb
paboTatb HanpAmMylo C hopm-obonouKamu. [1na 3Toro HeobxoaMMO
MCNOMNb30BaHVe anropuTMOB anrebpanuHo-dGyHKLMOHANbHOMO™ 1 Ta-
6IMYHO-BOMIHOBOTO,, CMHTE3a. ANropUTMUYECKe NPUHLMMBI PaboThl
[aHHbIX BUOB CMHTE3a [OMKHbI ObITb M3N0XeHb! B CMeLanbHbIX NPo-
rpamMmax-UHCMpyKyuAaxX v NOKanmn3oBaHbl B B1ae Galnos C paclumpe-
HVem TOro A3blKa MPOrpamMMMPOBaHKA, Ha KOTOPOM NpearnonaraeTca
NpOoV3BOANTL OMepaLMoHHble AENCTBMA MO MaHWNyNAUMK C ayan-
OflaHHbIMK. B Hallem cryyae 370 A3bIK NporpamMmmnposarmna Nyquist
1 ero npapoauntens LISP. B HekoTopbIx Ciydasx 3T0 MOXET ObiTb SAL.

"Anre6panyHoO-GyHKLUMOHANbHbIA ayAMOCUHTE3 — 3TO BUA, CUH-
Te3a, OCHOBaHHbLIM Ha MPUHLUMNAX GU3MYECKOro MOAEeNMPOBaHMA,
MCNoNb3yloWmniA MaTemaTnyeckmne GyHKLUMM B KauecTBe ONOPHbIX KOH-
CTaHT 4NA NONYYEeHNA OPUTMHaNbHbBIX 00Pa3LOB PasnNUHbIX BOSHOO-
6pazHbix 3B8yKOBbIX GopMm. [Mpodwb BOMHbI 13 AaHHOTO BMAa CMHTE3a
00bIYHO MOMyYaeTca NpU MaHUMYNATUBHOM COYETaHUM HECKOMbKMX
MapamMeTpoB, TakmMx Kak CUHYC, KOCMHYC, Napabona, a Takxe pekyp-
CMBHbIX MaTemMaTNYeCKNX GOPMYI1, HOTUPOBAHHbIX MOA MPYMEHAEMbIN
aYAVOVHXEHEPOM A3bIK MPOrPaMMPOBAHIMA. 3TO OAMH 13 HEMHOTNX
BM/OB ayAMOCKHTE3a, NO3BONAIOLLMIA MOAENMPOBATL aHANIOrOBOE 3BY-
UaH1e PasnNYHbIX My3blKanbHbIX MHCTPYMEHTOB 1 BOKasa B aBTOHOM-
HOM pexume.

" TabnMUHO-BONHOBOW ayAMOCUHTE3 — 3TO MOLENb 3BYKOBOTO
CUMHTe3a, MCnonb3yiolaa OTAeNbHble G10KK GparMeHToB ayaMoma-
Tepuana AnA vx MNocTeneHHOW NocnefoBaTeflbHOM AVHaMUUeCKON
CMeHbl Mexay COBoN C Lenblo MoyYeHrsa PasnnyHbiX TeMOpanbHbIX
OTTEHKOB 3BYyYaHVIA.

# TMpum. asTopa. Moa 3ByKOOMMCATENBHBIMIU CTPYKTYpamu Mmo-
HVMAIOTCA pecypchbl (3BYKOBbIE MACCKBbI), MPeACTaBNeHHble B BUAE
CeMMOTNYECKON CTPYKTYPbl, TOMOMOMMA CUMBOSIOB KOTOPOW ynpas-
NAeTCA MaTemaTMyeCcKUMK GYHKLMAMY, B CBOIO OUYepeab, OMMKa KO-
TOPbIX OMMCaHa B CUMBOSIbHO-3HAKOBOW CHCTEME KOHKPETHOIO A3blKa
nporpamMmmpoBanusa, Hanpumep Nyquist, SAL nam Python™.

Ha kaxzom Lare cnepytollana cmpoka/zeHepayus (npep-
CTaBNeHHasA BM3yaslbHO — PUCYHOK N23, Kak MOKa3aHO HuKe
npeabigyliero maccuea — ¢asa MHBEPCUN) BblUUCTIAETCA
13 Nepeo2o MaccrBa C UCMOJSIb30BaHNEM npasusia 06HosJle-
HUA ONA Kax0020 3nemeHTa maccmia [10]. MpaBnno o6HoB-
neHna (KoTopoe onpegenseT caM aBTOMaT) — 3TO MPOCTO
¢hyHKYUA OT pOOUMesIbCKO20 3/1IeMeHMA MacCuBa 1 ero J1ego-
20 N npagozo cocepen [11].

Knaccrmyeckn KneTouHblll aBTOMAT CTPOMUTCA MO KOOp-
[OVHATHOW ceTKe n umeet age dasbl nepexoga [12]. MNepasn
da3a (Mo ymonuaHuio He aKTMBHO) — AAYENKU nycTble = «0».
Bropasa ¢asza (no ymonuyaHuio akTMBHO) — AYENKMK 3amnos-
HeHHble = «1». [lapameTpbl MOAENNPOBaHNA MOryT ObiTb
pa3HbiMu. [paBUNO OGHOBMIEHNA — 3TO YETKO BbICTPOEH-
HbIV aNITOPUTM, KOTOPbIN Ha KaXKAOM Luare 3BONIOUUM 3a4a-
&T HoBoe cocmosHue (MONOXEHME) KaXKaol 13 AYeeK CeTKMU,
PYKOBOACTBYACb MeKywuM COCMOAHUEM CaMOW AYeNKM
N MeKyWUM NOJIoKeHUEeM COCeAHVX SUeeK B paMKax 3a0aH-
Hou okpecmHocmu [13]. JonycTrm, 3a8aéTca HavanbHoe Co-
cToAHMe ceTkM t = 0 (0O3HaYaeT, UTo aKTUBHOCTb pacnpene-
neHua ¢pparmeHToB curHana 0). [ina kaxgoro warat —t+1,
nanee «—w:
1) — pnAa Kakponm AYenKn aHanM3npyeTca eé Tekyliee
COCTOAHME U COCTOAHMA cocepel;

2) — no npaBuny 06HOBNEHNA BbIYNCIAETCA HOBOE CO-
CTOAHNE AYenKy;

3) — BCe AYENKM NePexofAT B HOBble COCTOAHNA OQHO-
BPEMEHHO.

Mpouecc NnoBTOpAETCA Ha 3aJaHHOE YUCIIO LUAroB MK
[0 JOCTUXKEHMA YCTOMUYMBOro cocToaHuA. Npueeaém B npu-
Mep 3fIEMEHTAPHbIN OLHOMEPHbIN KNETOYHbIA aBTOMAT
B ABYX coctoaHuAx (0/1) no npasuny 30. Onpegenvnm nono-
»KeHue AveeK (Tabnuua Ne1):

Tabnuua 1.

[drHamnKa cOCTOAHUN KNneTok (aveek) no npaswuiy 30

TeKyLee CoCToAHME TPEX COCEAHNX

HoBoe cocTosHMe LieHTpanbHoi

KNeToK KIeTKN
110 0
101 0
100 1
011 1
010 1
001 1
000 0

Mepeuncnum Bce BO3MOXHble KOHGUIypaumm nepBbixX
TPEX CcoCeiHNX KIIETOK:
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111,110,101, 100,011,010, 001, 000

Ona Kaxxpon KoHOUrypaumm ykakemM HOBOe COCTOAHME
LeHTpanbHom Knetkn (npasuso 30):

0,001,1,11,0

CocTaBUM [OBOWYHOE YMKCIIO K3 BbIXOAHbIX 3HAUEHWUN
(cneBa HanpaBo):

00011110
MNepeBeném ABOVYHOE YNCIIO B AECATUYHYIO CUCTEMY:

00011110, = 1-2*+ 1:23+ 1-2°+1-2"+ 0-2°=
=16+8+4+2=3010

Tabnuua napa «8xo0 — 8bIX00»

Tabnuua 2.
Tabnuua coctoaHun ayanodparmeHToB No cemadopHo-
BEKTOPHOW KapTe nepexofa (yHapHbI/i onepaTop «—»
MoOKa3blBaeT HampaBJieHVe Nepexofa B COOTBETCTBUN
C cocToAHneM aygunodparmeHTa)®

YHapHbIit CocToAHme ayamodparmenTa
oneparop 1o ceMadopHO-BEKTOPHOIA
«—» KapTe nepexoga®

1. m — 0 3

2. 110 — 0 2

3. 101 — 0 2

4. 100 — 1 2

5. 011 — 1 3

6. 010 — 1 2

7. 001 — 1 2

8. 000 — 0 0

MpeactaBrM 3/1EMEHTbI BbIUMCIEHUS KaK HavasibHbIl
6/10K-MaCCUB:

“ [pum. asTopa. CemadopHO-BEKTOPHAA KapTa nepexoja (B
KNETOUHbIX aBTOMaTax) — 3TO BepxHAA 4acTb (Mnallka) rpadude-
CKOM naeHTUdMKaLMK, XapaKTepu3ytoLaa HauanbHble COCTOAHNA No-
OUTOBBIX MAaCCVBOB Ha BXOfe B CUCTEMY, hakmuyecku Oeknapayus
Ha4yanaeHo20 Habopa 3HayeHul, HanpuMep, HayansbHOro COCTOAHMA
KNeTkn nnn Habopa 6mTos. C TOUKK 3peHus Gprsmdeckon obpaboTkn
MHOOPMaLMM TaKaA KapTa MOKasblBaeT HaM COCTOAHME MepexofoB
(NpeobpazoBaHuii) Pas3nnNUHbIX MyAbTUMEANAHbBIX JAHHbBIX B BUAE CHT-
Hanos. B Halem cnyyae KapTa NokasblBaeT No3TanHoe Npeobpas3osa-
HVe dparMeHTMPOBaHHbBIX MAaCCMBOB ayavofaHHbIX. BocbMmmnbnoyHan
nnalka YacTo NpefcTaBnaeT cobor 8-6MTHOe YMCIO, KOTOPOE MOXKET
3aJaBaTb CTapTOBOE COCTOAHME CUCTEMbI, MapamMeTpbl UV KOHOUry-
pauumto. Hanpumep:

- B gBonuHOM cncteme — 370 8 OUTOB, rae Kaxkibli 6/10K — 3TO
6um, 8KJTIOYEH NNV BbIKITIOYEH.

— B HekoTOpbIX Cydyasx oHa MOXeT 0603HauaTb KOHTPOSbHbIE
UV MOEHTUOUKALMOHHbIE AaHHbIe.

ATA2A3...(B1B2B3...).

Myctb B2 — 3nemeHT, 3HaueHne KOTOpOro BblyncaseT-
cA. Taknum obpa3om, B2 3aBUCHT ToNbKO OT 3HauYeHnin A1, A2
1 A3. Mprmepom npasuia 06HOBIEHNA MOXKET ObITb:

eciuA1=A3nA2=1,1T0B2=1,uHaue B2 =0

CywecTBylOT jBa BO3MOXHbIX 3HaUeHWA AR KaK[oro
n3AT1,A21nA3,a3T0 03HAYaET, YTO CyLLEeCTBYIOT 23 =8 BO3MOX-
HbIX KOHOUTrypaLmin. M ecTb 28(28=2X2X2X2x2Xx2x2x2) =256
BO3MOXHbIX GyHKUMIA oT AT, A2 n A3 o B2. Taknum obpazom,
CYLLECTBYIOT TONbKO 256 BO3MOXKHbIX MPaBui 0OHOBEHNA.
O6paTnTe BHMMaHME, YTO KOJIMYECTBO BO3MOXKHbIX MPaBui
OGHOBJEHVA He 3aBUCUT OT KOMIMYeCTBa 31EMEHTOB B Mac-
cuBe. MpaBuna MoryT 6biITb NPOHYyMepoBaHbl 0T 0 fo 256%.
B 5ToM BMAe crHTe3a NCnonb3yloTcA iBa OCHOBHbIX MpaBuia
Bonbdppama (Wolfram rules) cm. pucyHok N2 4,

1) XaoTtuueckoe npasuno — (30)
2) OpakTanbHoe npasuno — (90)

Ha pucyHKke Huke npasusio 30 (cneBa) ncnonb3yeTca ans
co3[aHnA pAfda CTPOK, HauMHanA C NepBO «eAVHULbI» B Nep-
BOW CTPOKe.

PucyHOK [eMoHCTpupyeT Khaccmyeckoe MocTpoeHue
KIeTOUHbIX aBTOMaTOB MO npasunam, ciesa — 30, cnpa-
e8a — 90. BetBneHue curHana no npasuny 30 6yget Bbirns-
AeTb Ceayowmm obpasom:

B=0—->F=0—-A=1—->H=0->Y=0—->U=1—>R=
=0—-Q=1

3ameikaHue CMpoKu

Y=0-U=1—-R=0—-Q=1—->B=0—>F=0—>A=
=1—->H=0

BbluncneHne BepOATHOCTU COCTOAHUA LeHTPasibHON
AYerKn

new_state=left@(centervright)

roe: @ — onepaumsa XOR (uckmodarowee «AJTN»), V — one-
pauma OR («AJT»).
1) CHauana Bblumcnsetca centervright (noruyeckoe
«NW» ueHTpa 1 npaea).
2) 3atem pe3synbraT XOR conocTaBnsetca ¢ left (neBbim
cocefom).
3) TllonyyeHHOe 3HauyeHWe CTaHOBUTCA HOBbIM COCTOA-
HUEM LIeHTPaNIbHOW AYENKN.

“ MMpum. asTopa. ObpaTnTe BHUMAHME, YTO KOMMYECTBO BO3-
MOXKHbIX MPABWA OOHOBAEHNS HE 3aBUCUT OT KOSIMYECTBA DNEMEHTOB
B MaccuBee.

4 [MpuM. aBTOpa. TakuM 06pa3oMm, CyLLECTBYIOT TOMbKO 256 BO3-
MOXKHbIX MPaBWi OBHOBAEHUS.
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npasuno 30

npasuno 90
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d Pucyok nocrpoe B nporpamme: Wolfram

ica v.10.2. W i A3bIK nporp

Wolfram. AsTop noctpoenws pucynka: Tapan Bacunuii Bacunbesiuy, kaHauaaT Kynryponoruu

Puc. 4. lemoHCTpauma NOCTPOEHNA KNeTOUYHbIX aBTOMATOB: c/1e8d — npasusio 30, cnpasa — npasusio 90

npasusno 30

npasuno 90
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|Pucyunkr|ncrpnenn iporpamme: Wolfram ica v.10.2. U i A3bIK

porpi

Puc. 5. Npumep Tononornm nocTpoeHna KNeTouHbix aBTomaTos no npasunam 30 1 90 (war 1K 15)

BeTBneHve curHana — 3TO OCOObIA 21EMEHT B CTPYK-
Type CA-npoepammupos8dHus, TMO3BONAOWMIA pa3fennTb
OQMH BXOOHOW CMTHan Ha HECKOJIbKO He3aBUCUMbIX BbIXOA-
HbIX MOTOKOB, HaMpPaBAeMbIX B Pa3Hble YacTu peLuéTyaTon
CTPYKTYpbl. ITO KNIOYEBOW SNEMEHT AN MOCTPOEHNA CNOXK-
HbIX BbIYUCSIUTENbHBIX CXeM (aHanoroB NOrMYecknx BEHTU-
nen, MapLIpyTN3aTOPOB, NPOLECCOPOB) B ANCKPETHbIX MPO-
CTPaHCTBEHHO-pacnpenenéxHbiX CucTemax. 3amblKaHue
CTPOKW B KNETOUYHbIX aBTOMAaTax — 3TO CMOCo6 06paboTKum
rPaHUYHbIX YC/IOBUI, NPV KOTOPOM KpanHue AYenkn cTpo-
KU «COefMHATCA», 06pa3ya 3aMKHYTYIO CTPYKTYpPY (aHanor
Kofblia UAn Topa B OQHOMEPHOM CJlyyae). OTO yCTpaHaeT
«KpalHue 3¢ddeKTbl» U MO3BONAET CUrHANY LMPKYNNPOBaTh
6eCcKoHeYHo. Huxke npuBeaéH NpuMep monosio2uu NpaBus
nowary 1k 15.

B ogHOMEpPHbIX KJETOUHbIX aBTOMaTax C AWanasoHOM
paBHbIM (=1) 1 TONBKO ABYMSA COCTOSHMAMM MMEIOTCA BO-
CeMb COCeACTBYIOLNX 0OBEKTOB, KOTOPbIE COMOCTaBIAITCA
Co 3HaueHuAMM (1,0), UTo B 06LLEN CITOXKHOCTU NpeanonaraeTt

114

256 BO3MOXHbIX npasusi (4épHoe = 1,6enoe = 0). IBonouuns
256 3nemMeHTapHbIX MpaBus 3akoHOMepHa Koay Bonbdpa-
Ma*, koraa ana no6oro KNeTouHoro aBTomata B MOMEHT t
UYEPHOW ABNAETCA TONbKO CPpefHAA AYenKa. BaxkHO oTMeTunTb,
YTO [arke ecsv NPaBUIIO OTHOCUTCA K Knaccy 4, 3To He JaéTt
OCHOBaHMe, YTO OHO OyAdeT Bbi3blBaTb C/IOXKHOE MNoBefe-
HVe, HauMHas C Nbol BO3MOXHON KoHbUrypaLumu, 3aecs
YMECTHO BCMOMHUTb NPo npasusio 54%. [lpuHyun pabomer:

“ Tpwum. aBTopa. Kog Bonbdpama — 3TO MHCTPYKUMS, KOTopas
NPUCBaVBAET KaXK[oW KNeTke UOeHMUPUKAYUOHHbIU HOMEP, Hanpw-
Mep 6enoe nosne «0», Y8pHOe Nnose «1», MPK STOM HUXHAA CTPOKa Un-
TaeTca Kak fiBonyHoe umncio «01011010», ans ero npeobpazoBaHus
B IECATUYHYIO CUCTEMY HEOOXOAMMO BOCMONBb30BATLCA OAHMM 13 MO-
PAAKOBbLIX Ha3BaHWI MPaBWA, KOTOPOE MPUMEHAETCA ANA CUHTE3a,
BCero ux 256.

9 Tpwvm. aBTopa. lpasusio 54 — 370 0gHO W3 NPaBUA Knaccuue-
CKMX OHOMEPHbIX KNEeTOYHbIX aBTOMATOB, OHO OTHOCUTCA K cemen-
CTBY NPaBun, KOTopble Obln KNacCUGULIMPOBAHBI B PaMKax CUCTEMb
KoHBes™ — Tabnuubl Npasun ans OfHOMEPHbIX aBTOMaToB C 080UY-
HbIM COCTOAHMEM. DTW NPaBWNa XapakTepU3ytoT U3MeHeHVie COCTOsA-
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npasuno 30

npasuno 90

Puc. 6. leMOHCTpauua NocTpoeHMA KNeToyHoro aBToMata no npasunam 30 1 90, (LWar 100)

new_state=(leftAcenterA-right)v(-leftAcenter)v(center
A-right)v(-leftA—centerAright).

1) left — cocToAHMe neBon coceaHeln AUenku.

2) center — TeKyllee COCTOAHME LLeHTPaNbHOW AYENKN.

3) right — cocToAHMe npaBon cocefHen AYelnKu.
—Nl-2)1-3) —

1) = — otpuuanune (NOT).

2) A — noruyeckoe «M» (AND).

3) V — noruyeckoe «JIM» (OR).

Mepsas uacme (leftAcenterA-right) gaét 1, ecnu left =1,
center=1, right=0

Bmopas 4yacme (—leftAcenter) paér1, ecnn left=0,

center = 1 (He3aBucmmo or right).

Tpemoba yacmes (centerA-right) paért 1, ecnm center=1,
right = 0 (HezaBucumo oT left).

Yemeépmasa yacme (—leftA—centerAright) gaér 1, ecnu
left =0, center =0, right=1.

O6Luee Bbipa)eHne NCTUHHO (pe3ysiemam = 1), ecnv nc-
TWUHHA, XOTA 6bl Of|HA U3 YacTen.

UyTb Bbiwe (pucyHOK N2 6) MOXHO YBUAETb NOCTPOeHMe
O[lHOMEPHOro KneTo4yHoro astomara no npaswiy 30 n 90
(LLar 100).

locTpoeHne PUCYHKOB (KNETOYHbIX aBTOMATOB) OCY-
LecTBAANOCh aBTOpPoM B nporpamme Walfram Mathematica,
Ha a3bike Walfram. KoopguHaTbl noctpoeHnsa 6binm cnepy-
owme>:
Tabnuua 3.
KoopauHaTbl BapnaTUBHOMO NMOCTPOEHNSA KINETOUHBIX
ABTOMATOB MO YKa3aHHbIM B TabnuLe npasuiam

[TpaBuno 30 Mpasuno 90

Anre6panyeckas Gopma KOHCTPYKLMN

(p,q,1) = (p+q+r+qr)mod2 (p.q,1) = (p+r)mod 2

(opma byneBbix 3HaueHmil

(p,q,r) = pXOR (qORY) (p,q,1) ~ pXORr

TekcToBas Gopma

(p.g,N—pYigVvr) (p.qnr—pYr

HWA AYENKM B 3aBUCUMOCTM OT e€ TeKyLLEro NONOXKEHNA 1 NoKanm13a-
LMK cocenen.

" John Horton Conway — 6puUTaHO-aMepUKaHCKUi MaTeMaTyK,
BHECLUMIA BECOMbIN BKNAA B pasnuuHble 0bn1acT MaTemaTnky, BKtO-
uan Teopuio rpynm, Teopuio Ymces, KOMOMHATOPHYIO Teoputo Urp
1 KneTouHble aBToMaTbl. LLIMPOKyto 1M3BECTHOCTL NOAYUMN Kak CO3Aa-
Tenb Mrpbl KusHu (aHrn. Game of Life) — kr1emouHoz2o aemomama,
MofenvpyloLLero passuTie WabnoHoB Ha CeTKe MO NPOCTbIM NPaBK-
flaM, KOTopanA CTana KnacCuyecKk/M NPpYMEPOM B U3yUYeHUI CIIOKHO-
CTW, SMEPIPKEHTHOCTU U BO3HMKatowlero noseaeHna. OH npeanoxmn
cucTeMy KnaccudmKkaumm Npasua Ana OfHOMEPHbIX KNETOUHBIX aB-
TOMATOB, KOTOpas MosyuYmnna HasBaHve cucTembl KoHees, OHa Nomo-
raeT oxapakTepu3oBaTb MOBEAEHME Pa3fINYHbBIX KNETOUHBIX aBTOMa-
T0B. Ero nccnefoBaHva okasanu 3HauuTenbHOe BAMAHKE Ha TEOPUIO
CNOXHOCTW, MOLENMPOBaHVe CaMOOpraHM3aumn 1 apyrve obnactu
MaTeMaTUKN 1 KOMMbIOTEPHBIX HayK (MHOOPMATUKW).

Mpasuno 30 npefcTaBnAeT 0cobblli UHTEPEC, NOCKOSb-
Ky OHO XaOTUYHO. DTO MPABUJIO NIOOOMbBITHO TEM, YTO OHO
B3ATO 33 OCHOBY B KauecTBe reHepatopa Ciy4yaliHbiX Yu-
cesl, ncnosb3yemoro ana 6onblunx uenbix uncen 8 Wolfram
Mathematica’. Huxe npepctaBneH pucyHok N2 7, Ha KOTO-
POM NpousItCMpUpo8aH xapakmep delicmsult®’ n apry-
MEHTOB COCTOSHMI C NMpUMepom onpegeneHmsa GyHKLun
nepexopa no npasusy 30.

* Mpwim. aBTOpa. [1nA TOUHOCTV BOCNPOM3BEAEHNA SKCNEPUMEH-
Ta NpUBOAUM TpM GOPMbI KiTtoUel NOCTPOeHA: MpocTas anrebpau-
yeckada dopma, bopma 3anmcy bynesbix 3HaUeHUI, TekcTosad Gopma.

' Mpwm. asTopa. Kof Ha A3blke nporpammmpoBarmna Nyquist,
NpeanoKeHHbIN SHH JTbtonc.
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npasuno 30
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LISP CODE

[defun waolfram-rule-30 [arg] arg? arg3]

[if [and [eq arg] t] [eqg arg2 t] [2g arg3 t]] nil]

[if [and [eg argl t] [eq argd t] [eq arg3 nil]] nil)

[if [and [eq arg] t] [eq arg2 mil] [eq ang2 £ il

[if [and [eq argl t] [eq arg2 nil] [eq arg3 nil]] t]

[if [and [eq arg] nil] [eq args ] [eg ang3 )] t]

[if [and [eq arg] kil] [eg arge £] [eq ang2 mil]] t]

[if [and [eq arg] wil] [eq arge nil] [eq arg3 L] t]

[if [and [eg argl nil] [eq arg2 mil] (g arg3 wil]) nil)

PRErtEHT NPHMEPS ONPEAENEHWUA PYHKLMA -PISN0SYNS fdefin readdat [filename dim data)
A7 BBIS0ES OMHAPHER KOMOUHAWMWEA AYeek [KNeTok.

Wenon3yeMbii A3bik nporpammuposakis: Wolfram. ABTop nocTpoenws pucyHKa: Tapan Bacunuit Bacunbesny, KanaWAaT KyAbTyponoruu
(p.gq 0->(p+q+r+qimad2

Pucyrok nocrpoen 8 nporpamme Wolfram Mathematica v. 10.2. defun build-harmonic»phase [n phase size]
sound-srate-abs size [ozc [hz-to-step n) 1 *sine-table* phase]))

setf filename [strcat *pianosyn-path® filename])
Lzetq fp [open-binary filename :direction :input])

=

[defun waolfram-rule-30 [argl args arg

LISP CODE

Nyquist_PL_CODE

Puc. 7. XapakTep OeicTBUI AYeeK KNeToyHoro aBTomata no npasuny 30 ¢ dparmeHTOM onpegeneHnsa GyHKLUN «pynosiny

PRAKTANEHSA CTPYKTYRE NPH $A0THYHOM BOCNPOMSEELEHMM
[p.a.f—>[p+aq+r+qrmod2

e

[if [and [eq argl t] [eq arg_ t] qu arg3 ] r’uI]——»

[if [and [eq argl t] [eg arg2 t] [eq arg3 nil]] nil—

-

[if [and [eq argl t] [eq argE nil] [eq arga t]] nil]—\_,

_m

[if [and [eq argl t] [eq arg2 nil] [=q arg3 nil]) ]

[if [and [eq argl nil] [eq arg2 ] [eq urg:u ] tl—*’

ol

[if [and [eq argl nil] [2q arg2 ] [eq a3 nil]] t——>

[if [and [eq arg] fil] [eq arg2 nil] [eq argd L)) t——»

T

[if [and [eq argl nil] [eq arg2 nil] [eq argd nil]] nil————»

[

PParteHT NpUMEpa oNPeqeNeHUa PYHKLWM -pianosynt i i
017 BEIS0BA GUHADHEI KOMEUHALWA A4YEeK [KNEToK defun yeaddat [fllenarge} dim data) Lo
setf filename [streat *pianosyn-path® filename])

[Eje’un bl hatmonic phase (phass ize) [Hsetq fp [open-binary filename :direction :input])
sound-srate-abs size [osc [hz-to-step n) 1 “sine-table” phase]])

I—(defun cell-eny (arg1 arg 3)

I N ) ] (O
L] (&} [J | I | n 0
1

2 8 4 b 6 7 8

Puc. 8. CTpOKOBbIe napameTpbl MONOXEHNA AYeeEK C TpeMA aprymeHTaMin B yCJIOBUAX OAHOMEPHOCTM nNepexoos 13 ogHOro
COCTOAHMA B Apyroe B rpaHnuax JiokasieHO20 UnKia ntepaynmn

Ha puicyHke N 7 nokasaHa yHMBepcasnbHasa dopma npo-
rpaMMHOro Kopa, peanusytolian 6a3oBble nepexofabl dne-
MEHTOB Ha ceTke no npasuny 30. Takas ¢opma ycnewHo
npumeHmnma n B Nyquist-npoepammuposaHuu n B Tpagu-
unoHHom LISP. Kog peanusyet npaBuno gnsa KneTouyHOro
aBTOMaTa, M3BeCTHOe Kak npasuso Bonbdpama 30 (Rule
30). OH npuHMMaeT Tpu aprymeHTa (arg1, arg2, arg3), Kax-
Lbll N3 KOTOPbIX NPeACTaBAeT COCTOAHNE COCEQHUX KIe-
TOK (Hanpumep, B NpedplayLem ware), rae t 03HavaeT «mc-
TUHa» (MU «3anofiHeHa», «aKTUBHa»), a nil — «noXxb» (MnNun
«MnycTas», «He aKTMBHa»). Ko nNpoBepaeT BCe BO3MOXHble
KOMOVHaLUN COCTOAHNI TPEX COCEAHUX KNETOK 1 BO3Bpa-
waet t unu nil, oOCHOBbIBAACb Ha pernameHTax npasuna 30.
Ecnu Bce Tpu KneTkn akTuBHbI (t t t), Bo3Bpalyaetca nil. Ecnm
aKTUBHbI 1Be KNeTKn 1 TpeTbA — nil, Bo3BpalyaeTca nil. Ecnn
nepBas akTBHA, a ocTasibHble — nil, Bo3BpallaeTcs t. Ecnm
nepsas — nil, BTOpaa — aKTVBHa, TPETbS — AKTUBHA, BO3-
Bpawaetcs t. Ecnm nepeaa — nil, BTopas — akTuBHa, Tpe-
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TbA — nil, Bo3Bpawaetca t. Ecnin nepsaa — nil, BTopasa —
nil, TpeTbAa — aKTUBHA, Bo3BpaLyaetca t. Ecnm Bce Tpy — nil,
BO3BpaLyaeTcs nil.
Tabnuua 4.
ConocTtaBneHue COCTOAHUN AYeEK B NeproA nepexoaa

MpenbiayLLme Tpu CocenHNe AYENKN HoBoe cocTosHue Aueex

1. ttt nil
2. ttnil nil
3. tnilt nil
4. tnil nil t
5. niltt t
6. nil t nil t
7. nil nil t t
8. nil nil nil nil
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LISP CODE

ESRECENE S
[defparameter “ule® [map “wector #'lambda [=] [if « #4° #5pace]]
[rmake-array 8 :intial-contents THILMILMILT T T T ML)
[defun nest-generation [cellz) —»[defun print-cells [cellz)
[let [[len [lenath cellz]]] [loop for cell acrozs cellz do [format b A" cel]]
[loop for i from O to len [format b2
for left = [aref cellz [mod [- 1 1] len]] [defun celular-automatar [init @)
for cell = [aref cells i) [let [[zellz [coerze init “wectar]])
for right = [aref cellz [mod [+ 1] len]] [datirmes [i f)
collect [aref “mile” [+ [if left 4 0] [print-cellz cellz)
[if el 2 0] [zetf cells [next-generation cellz]]]])
[if right 1 OQpp—>-
npasuno 30

HEE BHE( BN B
[l [l [l I

H | BEE EREEE EEEEE
| | | [l

1 2 3 4

5 6 7 8

Puc. 9. CTpyKTypa Kofia, BEMOHCTPUPYIOLLAA MOSTHOLIEHHYIO PaboTy KIETOUHOro aBTomata

Ha npepbigylien cTpaHue cnegyet 6onee feTtanbHbIl
BEKTOPHbIN Pa3bop GYHKLMOHMPOBAHMA KNETOYHOIO aBTO-
MaTa (CTpoKkoBble napameTpsbl) No npasuny 30 B yCIOBUAX
OQHOMEPHOCTN NepPeEXOAO0B M3 OAHOr0 COCTOAHNA B Apyroe
B paMKax JIOKa/1bH020 LuKna ntepaunn® (puc. 8).

Bblle nokasaHa reHepaTnBHaA>® CTPYKTypa kopa, dop-
MUPYIOLWAA MNONHOLEHHbII OGHOMEPHbIV KNETOYHbIA aBTO-
MaT no npasuny 30 (prcyHok N2 9).

JTO OAHOMEPHbIN KNETOUHbI aBTOMAT>*, OCHOBAHHbIN
Ha MpaBwnax, 3afaHHbiX B BUAe MaccvBa 1 GyHKLMU Ans
3BOJIOLMM 11 OTOBPAKEHWA €r0 COCTOAHNA.

2 Mpum. aBTopa. B nHdopmaTmke (TeopUn KOMMNBbIOTEPHbIX HaYK)
Nof NOKaNbHbIM LMKIOM UTepaLmny MOHUMAIOT KOHCTPYKLMIO LMKA3,
KOTOpas NO3BOMAET BLIMOMHATL OOK KOfa MHOTOKPATHO, MOKa Bbl-
NONHAETCA onpefenéHHoe YCNoBve Un NpoLecc obyyeHna Hepo-
CeT, COCTOALMI 13 MHOXECTBa NOBTOPEHWIA.

> Mpum. aBTopa. o reHepaT!BHOWM CTPYKTYPOM KOAa MoHMMa-
eTcA Habop CUMBONBHO-aPUPMETUUECKMX NOTUUYECKUX UHCTPYKLMIA,
bopmMmpytoLMX TeNO KNETOYHOro aBTomaTa. Teno KNeTouHoro asTo-
maTa, GyHKUMoHMpYytowlee no npaswiy 30, MOKaszaHHOE Ha PUCYHKe
N28, MCNONHEHO Ha A3bike LISP, ogHako 3Ta CTPyKTypa Takke XOpOoLo
MHTepnpeTVpyeMa OAHNM 13 ero paclMpeHHbIX AvanekTos Nyquist.

* Mpum. aBTopa. JTOT KO peanvsyeT OOHOMEPHbI/ aBToMaT
no npasunam, 3afjaHHbiM B *rule¥, n oTobpakaeT ero 3BonoLMIO
Ha 3KpaHe. Ecnm XxoTuTe 3anycTWTb aBTOMaT, HY)KHO nepefaTb Ha-
yanbHylo CTpoky 13 cumsonos #\* u #\Space, Hanpumep: (cellular-
automaton «# * * * #» 10), rae HayanbHOe COCTOsHWE — CTPOKa
13 3Be3oueK v Npobenos, 1 aBToMat byAeT 3BOAOLMOHNPOBaTL 10
LWaroB.

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

lMepemerHas rule:

(defparameter *rule* (map ‘vector #'(lambda (x) (if x #\*
#\Space))

(make-array 8 :initial-contents ‘(NIL NIL NILT TTT NIL))))

Co3paet BekTop *rule®, pnuHon 8, roe Kakpgas nosu-
LUMA COOTBETCTBYET OAHOMY W3 BO3MOMHbIX TPEXOUTHbBIX
coyeTaHu COCeAHUX KNIeTOK. BEKTOp copepKnUT CUMBOSIbI:
#\* (3B€3gouKka) n #\Space (npoben). HauanbHoe copgepxu-
Moe — (NIL NIL NILTTT T NIL). ®yHKuna map npumeHseT
NAM6OA-hyHKUYUIO K KaX[OMy SfIeMeHTY MacCuBa, 3aMeHss
NIL Ha npoben, T Ha 3Be340UKY, TakuM 0b6pa3om, co3faBas
BU3YyaslbHble CMBOJIbl AJ1A OTOOPAXKEeHNA.

OyHkyus next-generation:

(defun next-generation (cells)

(let ((len (length cells)))

(loop fori from 0 to len®

for left = (aref cells (mod (—i 1) len))
for cell = (aref cells i)

for right = (aref cells (mod (+i 1) len))
collect (aref *rule* (+ (if left 4 0)

(if cell 2 0)

(if right 1.0))))))

> [pvm. aBTopa. ObpaTuTe BHUMaHME, YTo UMK MAET oT 0 Ao len,
47O Co3faeT len+1 3n1emMeHTOB, BO3MOXKHO, 3TO OLLINOKA, 0ObIYHO LINKI
naet o len-1. Ho B JaHHOM Cyuae, Tak Kak MCMob3yloTca LKnnye-
CKMe COCEAHNE 3NEMEHTbI, 3TO He KPUTUUHO, OfJHAKO, NyyLlue Obifo Obl
1ncnonb3osaThb 0 to (1— len).
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MpuHrmaeT Tekywmin maccus cells. ina kaxgoro ane-
MEHTa Mo MHAEKCY i 6epeT 3HaueHne TeKyLlen KneTku, eé
NeBOro 1 NpaBoro cocefa (No Mogynto AnA UMKANYHOCTY).
OnpepenseT MHAEKC MpaBwuia, CyMMUpysA 3HadyeHwus: left
(ymHOXeHHOe Ha 4), cell (Ha 2) nright (Ha 1). Haxoaut HoBOE
COCTOAHME KNeTKN U3 *rule* no nonyyeHHOMY UHLEKCY.

QyHkyus print-cells:

(defun print-cells (cells)

(loop for cell across cells do (format t «~A» cell))
(format t «~%p»))

BblBOAWT TeKyLUMe COCTOAHUA KNETOK B BuAe nocneso-
BaTeNIbHOCTV CUMBOJIOB (3Be3[104€EK 1 NPO6enos).

®yHkyus cellular-automaton:
(defun cellular-automaton (init n)
(let ((cells (coerce init ‘vector)))
(dotimes (i n)

(print-cells cells)

(setf cells (next-generation cells)))))

WNHuumanusnpyeT aBToMaTt HayasbHbIM COCTOAHMEM init
(CTpoKOM Unn CNCKOM CMBOOB), NPeobpasys ero B Bek-
TOp. BoinonHAeT n utepaymit: BbIBOGUT COCTOAHNE Y BbIYMC-
nAeT GAVXKANLWINIA BEKTOP AafibHENLLEro NepemeLleHus.

lMpasuno 90, nnnoctpupyemoe pucyHkom N23 (cnpasa),
TaKXXe NpeAcTaB/isieT UHTEPEC, MOCKONIbKY MMEHHO OHO 2e-
Hepupyem ¢dpakTanbHble CTPYKTYpbl. Jlornka 3Toro npasu-
na TakoBa — 8bl4UC/IeHUe 8epOAMHOCMU COCTOAHMUA UeH-
mpanbHOU AYENKI:

new_state=left@Pright

roe: left — cocTosiHMe neBow cocefHen Avenkuy, right — co-
CTOAIHWE MpaBol coceaHen Advenku, @ — onepauns XOR
(pe3ynbtaT paBeH 1, ecnu BxoAbl pasnuyatotca; 0 — ecnu
OJINHAKOBbI).

1) bBepém cocToaHMA NeBOro 1 NpaBoro cocepen.

2) TpumeHaem XOR: ecnn cocepmn pasHble (O 1 nnn
11 0), pesynbrat =1; ecnu ognHakosble (O 0 nnn
11 1), pesynbrat = 0.

3) [llonyyeHHOe 3HauyeHMe CTAaHOBUTCA HOBbIM COCTOA-
HVEeM LieHTPaSIbHOM AYENKM.

[na reHepaumn ¢paktana (TpeyronbHUK CepnmnHCcKoro)s
MOXHO NMPVMEHUTb CefYOLWNA Kog;

¢ Mpum. aBTopa. daHHbIl Kog Ha fA3blke LISP peanvsyeTt nocTpo-
eHue KOOpAMHaT TpeyronbHnkos Ana ¢paxtana CepnnHckoro. OH
NPUHMMAET HauanbHble KOOPAMHAaTbl TpeyroabHnka (x1, y1), (X2, y2),
(X3, y3), rybuny pekypcun (depth) n cnucok pesynsratos (result).
Ha Kaxaom ware, ecnv rybuHa pasHa Hysto, OH JOOaBNAET TeKyLLMi
TPEYrobHWK B pe3ynbTaT. MiHaue OH AenuT Tekyluid TpeyronbHUK
Ha 3 MEHbBLLUNX, BbIUMCAA CEPEfMHbI CTOPOH, 1 PEKYPCUBHO Bbi3blBaeT
ceba ANA KaXkAOro 13 HYX, yMeHbLasA ryouHy Ha 1. Ytobel nocTponTb
TpeyronbHWK CeprMHCKOro Mo 3ToMy KOAy, HY>KHO BbI3BaTb GYHKLMIO
C HauanbHbIMU KOOpAMHATaMK1 OOMbLIOTO TPEYrONbHMKA U HYKHOW
rnybrHon pekypcum. Hanpumep: (serpinski-coords 0 0 100 0 50 86.6
4'0). Tae (0,0), (100,0), (50,86.6) — BepLUVHbI PABHOCTOPOHHETO TPeY-
ronbHYIKa. MybuHa 4 AacT AoCTaTOuHO NOAPOOHYI0 GUrypy.

(defun sierpinski-coords (x1y1 x2 y2 x3 y3 depth result)
;» BozgpauwjeHue cnucka kKoopOuHam mpey20/1bHUKO8

(if (zerop depth)

(push (list x1 y1 x2 y2 x3 y3) result)
(let* ((mid1x (/ (+ x1 x2) 2.0))
(mid1ly (/ (+y1y2) 2.0))

(mid2x
(
(
(m
(

(/ (+x2x3) 2.0))
mid2y (/ (+y2y3) 2.0))
mid3x (/ (+ x3 x1) 2.0))

)

mid3y (/ (+y3y1) 2.0

sierpinski-coords x1y
depth) result)

(sierpinski-coords mid1x mid1y x2 y2 mid2x mid2y (1—
depth) result)

(sierpinski-coords mid3x mid3y mid2x mid2y x3 y3 (1—
depth) result)))

result)

)
1 mid1x mid1y mid3x mid3y (1—

5 [pumep 8bizo8a

(let ((triangles (sierpinski-coords 100 100 300 100 200
300 4 nil)))

(format t «CreHepupoBaHo ~d TpeyronbHUKOB~%»
(length triangles)))

Mocne paHHOW npouepypbl 3ByK OyAeT BbirnAfeTb Kak
Habop ¢dpaKkTanos ¢ Tononorueln CTPyKTypbl MO TPeyrosb-
HUKy CepnuHckoro. Huxke Ha prucyHke N2 10 npeactaBreHa
ToMonorna pacnpefeneHnsa 3BYKOBbIX AAaHHbIX MO Tpey-
ronbHUKY CepnunHcKoro (pakmasneHas cmpykmypa,.

bazoseie onepauyuu 8 cmpykmype npozpammHo20 Kood
(cxemamuyHo)*’:

Defparametr® — o6bABNAET U MHULMANV3NPYET ANHA-
MMYECKYI0 MepeMeHHYI0 Ha BEpXHel CTpoKe (3aronoBka)
nporpammbl. Map — byHKUMA NPUMEHEHNWA 3alaHHO one-
pauuy KO BCEM 3NIEMEHTaM KOneKummn (0BblYHO Crmncka),
C roslyyeHnem HOBOW Konnekumm pesynbratoB. Vector —
CO3[aéT ogHOMepHbIN MaccuB. Lambda — 3To cneunans-

7 Mpwm. astopa. OyHKUMK, onepaTopsl v Apyrne cocmasHsle
4acmu npo2pammHO20 KoOd (BHE KOAOBOW HOTalMM) No CTaTbe Mu-
WyTCA C 3aesasHbix 6yks, B koae (A3blk LISP) ncnonb3yetca ctporo
CMPOYHbIU PETUCTP (3a UCK/IIOYeHUeM NPasusl 02080PeHHbIX 8 NPO-
J102e npo2pamMmel). HeneuaTtHble KagblYKU VICNOAb3YIOTCA TOMBbKO B Ma-
pameTpax NPOrpaMmMHOro Kofa. Paciviperus Gannos u 1o2udeckue
83AUMOCBA3U YKa3aHbl Kypcugom.

*% Mpwm. asTopa. Nyquist peanvsyeTt nuwb nogmHoxectso LISP
C aKLeHTOM Ha ayanoobpaboTky. B Nyquist ana obbaAsneHua rnobans-
HbIX MepemeHHbIX ncnonb3ytoTtca: defvar — obbasnAeT rnobanbHyo
nepemMeHHyYI0 1 MHULMAnM3npyeT e&, eCiv OHa elé He onpeaeneHa.
Hanpumep, Ana yCcTaHOBNEeHWA YacToTbl AVCKPETM3aLMK B ayanono-
TOKe KOHCTPYKUMWA OyneT BbirMAAeTb cnemytollym obpasom: (defvar
*sample-rate* 44100 «YactoTa AMCKpeTM3aumMK MO YMOMYAHMIO»).
AHaNorMyHoO BO3MOXHa onepaumna npuceaneaHus vepes seft. Mox-
HO 06BABKTL rNobanbHylo NepeMeHHyto Hanpamyio (Ho 6e3 3alWuTbl
OT MOBTOPHOro onpegenenHus): (setf *gain* 0.8). B cueHapusax ans
Audacity” rnobanbHble nepemMeHHble COXPAHAITCA MeX Y BbI30BaMM.
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Puc. 10. Tononorus pacnpefeneHusi 3ByKOBbIX AHHbIX MO TpeyrofibHUKY CepnuHCKOro (ppakTanbHasa CTpyKTypa)

HbI onepaTop AnA co3paHnA 6e3bIMAHHbBIX (AHOHUMHbIX)
¢oyHKUMA. OH OCHOBaH Ha s1AmM60a-ucuncneHmmn Yépua
1 no3BonseT onpefensatb GyHKUUM NPAMO B MecTe UX UC-
nonb3oBaHus, 6e3 npucsoeHns nmeHn. Defun — onpepge-
nAeT HoBy OyHKUMIO. Let —ucnonb3yeTca Ans co3gaHus
NOKANbHbIX MEPEMEHHbIX W MPUCBOEHUS VM 3HAYEHWI
B pamKax onpefeneHHoro 6noka kopa. Loop — 3agaér
OpraHu3auuio LMKNOB 1 MOBTOPAIOLWMXCA onepaunii. 3To
kntoyeson napameTp (keyword argument) dyHkumMm make-
array, KOTOpblIil NO3BONAET 3a7aTb HauyaNlbHOE COAEPXKIMOe
co3paBaemoro mMaccusa. Mpu Bbi3oBe make-array napameTtp
:initial-contents npuHUMaeT B KauecTBe 3HAYeHUs CMUCOK
(UNV BNOXEHHbIE CMUCKK), KOTOPbIE ONPeAENsioT Havasb-
Hble 3nemMeHTbl Maccusa. CTpyKTypa nepefnaBaeMoro cnu-
CKa [OMIXKHa COOTBETCTBOBATb Pa3MEPHOCTY CO34aBaeMOro
mMaccuBa. B a3bike nporpammuposaHua Nyquist napametp
sinitial-contents ncnonbsyetca B dyHKUMM make-array ans
3ajlaHnA HayanbHbIX 3HAYEeHW 31EMEHTOB CO3[aBaeMoro
MaccuBa. [lanee NnocTpoeHre MacCrBOB:

JlsymepHubit maccug (2x2):
(setf matrix (make-array ‘(2 2)
:initial-contents ‘((1 2) (3 4))))
5 Pesynemam: #2A((1 2) (3 4))

OO0HoMepHbiIl Maccus:
setf arr (make-array 4 :initial-contents ‘(10 20 30 40)))
5 Pesynemam: #(10 20 30 40)

TpéxmepHobit maccug (2x2x2):

(setf cube (make-array ‘(2 2 2)
:initial-contents ‘(((1 2) (3 4))

((56) (7 8))))

5 Pesynemam: #3A(((1 2) (3 4)) (5 6) (7 8)))

Collect — Ha a3bIke LISP (B koHTeKkcTe Makpoca iterate
WNN  aHaNIOTUYHBbIX PaclUMpeHnid) — 3TO crneumanbHas
KOHCTPYKUMA [NA HAKOMJIEHUS 3NIEMEHTOB B KOMMEKUWIO
(o6bluHO B cnucok) Bo Bpems utepauyun. Collect nossonsa-
€T B UMKne cobupatb pe3ynbTaTbl BbIUUCIEHWU B CMINCOK:
Ha KaXXJoW MTepauuy 3HaueHve BblpaXkeHUs fobasnsercs
B Pe3yNbTUPYIOLLMIA CMIMCOK, KOTOPbI BO3BPALLAETCA Nocse

3aBepLUeHna uMkna. Hnmke npueegeHa nporpaMMHas CTPyK-
Typa KNeToyHoro aBTomaTa no npasuny 90 (prcyHok Ne11).

B rpadumueckom Buae 3BONOUNUN Pa3BUTUS KIETOYHbIX
aBTOMaToB no npaswnam 30 1 90 6ynyT BbIrNAAeTb cneny-
oMM 06pa3om (prcyHok N2 12), cuHTe3npyemas BOSIHOBas
CTPYKTypa OyaeT pa3BrBaTbCA B 3aBMCUMOCTY OT NpeaCTaBs-
NEHHOW Ha 3TOM PUCYHKe TOMOJIOrMy, KOHeYHasA BOJIHOBas
dopma (cm. prcyHoK N214).

BmecTo B1 = 1, yKa3biBatoLlero Ha To, 4TO AYelKa JOMmK-
Ha O6bITb OKpalleHa B YepHbIN LBeT 1 B1 = 0, yKa3blBatoLlero
Ha TO, UTO sAiYeliKa JOJIKHa ObiTb OKpalleHa B Oenblil LBET,
B My3blKaJIbHOI Mofenu 3To OyaeT COOTBETCTBOBATb 8KJIIO-
YEHUIO W BbIK/TIOHYeHUIO OnpefeneHHbIX 3BYKOBbIX OObEKTOB.
Hanpumep, Mbl Meem MacCUB OCLMIATOPOB®:

Osc 60 — Osc 65 — Osc 67 — Osc 70 — Osc 75 —
Osc 76 — Osc 79

Ecnn «BKNtoYeHbl» TONbKO 1- M 3-M dneMeHTbl, 3TO
npuBeaeT K akkopay (cymma (Osc 60) (Osc 67)). Takum 06-
pa3oMm, Kaxzablil MacCuB MM YPOBEHb aBTOMATOB OyaeT co-
OTBETCTBOBaTb aKKopAy, U NoCNefoBaTe/lbHOCTb akkopioB
6yfeT MeHATbCA C TeUeHMEM BPEeMeHM Mo Mepe pa3BUTKA
aBTOMaToB. JTa QYHKLUMA BeCbMa YHMBEpPCanbHa, MO3TOMY
nonb3oBaTeNb MOXET YKa3aTb 6a30Bblil 3ByKOBOW MaccrB®,

% [MpvM. aBTopa. Bbi3biBaeM OAHOMEPHbIA MacCVB COCTOAHN,
Kaxgoe 13 KOTopblx MOXKET ObiTb b0 0, nnbo 1. My3bikanbHasA aHa-
norna Ana 3To naen TakoBa — BMECTO PAfa COCTOAHMI Y Hac eCTb
MaccuB 3ByKoB. Eciv cocToAHMe MMeeT 3HaueHue 1, TO 3TOT 3BYyK
«BKJIIOUEHY, ecnivt O — TO OH «BbIKMOYeH». Kpome Toro, npeamnoso-
MM, UTO Bbl BbIOPanK Kako-To MeTof, C MOMOLLbIO KOTOPOro MOXKeTe
KOMOWHMPOBATh BKIOUYEHHbBIE 3BYKM. [1prMepom ByaeT ABAATLCA TOT
e Maccue ocumnnatopoB: Osc 60 — Osc 65 — Osc 67 — Osc 70 —
Osc 75 — Osc 76 — Osc 79. B gaHHOM Cnydae, Mbl MMeeM 3neMeH-
TapHbI HAaboP 3BYKOB. B 3TOM My3blKanbHOM CTPYKTYpe KNeTOUHbIX
aBTOMATOB Mbl BblOMpaem KOMOUHMPYIOLLYID YHKLMIO, YTOObI BblNo
SUM, paan npocToThl. Tenepb, eCnn BKAIOUUTb COCTOAHKA 2,3 1 6, Mbl
nonyumm 3ByK Nyquist (sum (sc 65) (sc 67) (sc 76)), KOTopblit ABNAET-
CA BCEro VWb NPOCTLIM aKKOPAOM. DBOIOLIMA STOro aBToMaTta byaeT
npeAcTaBnATb COOOM NoCefoBaTeNlbHOE Pa3BUTIE aKKOPAOB.

0 3ByKOBbIE MACCMBBI — 3TO MPOCTO MACCMBbI OCLUANATOPOB.
B BbibopKax mcnonb3yetca dpakTansHoe npasuno Bonsdpama (90)
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LISPCUBIE

npasuno 90

[defpararneter “cellz 10007 000
[defur rale-30 [left center night)
[if [Eql [logwor left ngkt] 177 0]
[defun nest-gen [cellz)
[let [[emtended-cells [append 0]
[rmap izt [function mle-30)
[Butlazt estended-cellz)»

cellz T

—— [cdr [butlazt estended-cellz)]

[ddr estended-cellz]]])
[defun cellular-automaton-30 [num-generations)

[let [[cels “zelz®]
[dotirmes [| num-generations|
[zebg cellz [rest e
zellz]]

[print [celular-automatan-30 5]

LISP COBE

npasuno 90
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Puc. 11. CTpykTypa nporpaMMHOro Koga no KneToyHoMy aBToMaTty B COOTBETCTBMMU C npasusiom 90
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Puc. 12. 3Bontouua pa3BuUTHA KIETOYHOIO aBToMaTta cjieBa no npasusy 30, cnpasa no npaswuny 90

NPOACIKNTENBHOCTb KaXKAOTO Lara, a Takke Kakyt Komou-
HUpPYIOLLYI0 GYHKLIMIO HEOOXOAUMO UCMONb30BaTh ANA 00b-
eQNHEHWA aKTVBMPOBaHHbIX 3ByKOB BMeCTe. Ta cxema Mno-
3BONAET MONIb30BATESO MPUMEHNTb JII060e BbipaXkeHue AnA
CO3AaHUA 3BYKOB. Ha npumepe, ykazaHHOM Bbille (PUCYHOK
Ne 8) peanv3oBaHa MOAeNb OHOMEPHOTO (3/1eMEeHTapHOro)
KneTtoyHoro aBTomata®' (paboTtatowero no npasuny 30) Ko-

1 xaoTuueckoe npasuno Bonbdpama (30). ObvearHaoWwan yHK-
umAa — 310 npocto SUM.

1 MpwMm. aBTopa. JnemeHTapHble KNETOUYHble aBTOMaTbl — 3TO
NPOCTENWNIA KNACC OAHOMEPHbIX KNETOUHbIX aBTOMATOB. DeMeHTap-
Hble KNeToYHble aBTOMATbl MMEIOT [1Ba BO3MOXKHbBIX 3HaYEHWA ANA KaXK-
novi avenkn (0 nnm 1) v NpaBuna, 3aBUCALLME TOSbKO OT POAUTENBCKMX
N COCEAHUX POANTENbCKMX 3HAYEHWU. IBOMIOUMA SNEMEHTAPHOro
KNETOYHOro aBTOMaTa MOXET ObiTb MOMHOCTbIO OMMCaHa ABYMEPHON
Tabnuuen, rae 3anuch (i, j) COOTBETCTBYET COCTOAHMIO j B MOKONEHWN i.
TaK Kak ecTb 2¥2*2 = 23 = 8 BO3MOXHbIX OMHAPHbBIX COCTOAHNIA ANA

TOPbIA MOXeT OblTb NPUBA3AH K /II0O0OMY MAacCUBY 3BYKOB,
UCMoNb3yloLemy fobyo KOMOUHUPYWYIO (hYHKYUIO Ha aK-
TUBMPOBAHHbIX 3BYKax. a1 3TOro mucnonb3yetca GyHKUMA
cell-aut (cell-aut.Isp), KoTopas BkntouaeT Habop cnegyoLNX
napameTpoB:
1)  MaccuB 3BYKOBbIX OOBEKTOB, 3afjlaBaeMblX C MOMO-
LLbIO BbIYNCIISIEMbIX BbIPAXXEHUI.
2) [OnuTenbHOCTb KaX[oro BPEMEHHOro Lara (Takxe
ONNTENbHOCTb BbIYNCIIEHUNSA 3BYKOBbIX 0ObEKTOB).
3) [paBnno 06HOBNEHMA A4J1A NCMOJSIb30BaHWA NPU 3BO-
NOLMN MAaccKrBa, 3afaHHoe ynciom (0 — 255).
4) Yncno wuTepauunin/noKoNeHUn aBTOMATOB [OJHKHO
no3BonATb cebe pacTu.

TPEX AueeK, COCeHNX C AaHHOW AYEeNKON, MMeeTca B ObLien CNox-
HOCTW 28 = 256 3n1eMeHTapHbIX KNETOYHbIX aBTOMATOB.
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Puc. 13. Cxema GpyHKLMOHUPOBaHWA NPOrpamMmMHOro komnnekca Audacity” ¢ BO3MOXHOCTbIO IMUTaLMW KNETOYHbIX
aBTOMATOB AN PabOTbl CO 3BYyKOM

lMpumep kombuHuUpyroWel yHKYUU

(cell-aut <num iterations> <combining function>

<sound list> <update rule>)

Pacwupenms cell-aut.Isp n pianosyn.Isp nogkntoyatotcs
K NyquistIDE n B3aumopgeincTsytoT ¢ pegaktopom Audacity’,
3TO OTKPbIBaeT 60sbLUVie BO3MOXKHOCTU ANA UHTepdencHo-
OPUWEHTMPOBAHHOIO PEefaKTUPOBAHUA CUMHTE3UPOBAHHOMO
ayamomaTepuana 1 No3BOSAET Ha YPOBHE OTAENbHbIX NPO-
rPaMMHbIX GpparMeHTOB Kofa MaHWUMynMpoBaTb CHUrHanIoOM
BHYTPM aypuopepakTopa
NyquistPrompt.

nocpencTtsomMm  npurnawieHnA

PacwupeHmne cell-autlsp BknouyaeT B cebsa ¢yHKUUIO
cell-aut-demo ans NpoBepKM anroputMa 3NEMEHTAPHOrO
KJIETOYHOro aBTOMaTa C BO3MOXKHOCTbIO 3axBaTa NMpPoOCTOro
curHana m3 pianosyn.lsp®, oHa onpegenseTca ciegyowmnm
obpasom:

(defun cell-aut-demo ()

(play (scale 0.5 (cell-aut (cell-aut-major-scale) 0.2 30 80))))

92 TMpwm. aBTopa. [leMoHCTpaUma paboTbl anroputMa 3nemeH-
TAPHOrO KNETOYHOro aBTOMaTa B KauecTBe MpefcTaBfeHns CuHTe3a
B BMJe 3BYKOB GOPTENbAHO. pianosyn.lsp — nopknoyaemas bubnmo-
Teka, BxoAalan B nakeT Nyquist, coaepatlan HoTalmm 3ByKoB Gop-
TEeNbAHO, a TaKke HEeKOTOpble anropUTMUYecKre QyHKLWK, OnmcaH-
Hble Ha A3blke LISP 1 agantvpoBaHHble Noa GYHKUMOHANbHbIA CTUAb
Nyquist.

Cepus: EcmecmeeHHble u mexHu4eckue Hayku N° 2-2 ¢hegpasne 2026 2.

BbinonHeHvne paHHOM ¢yHKUMM obecrneuuT BbIBOZ ay-
OVNOCMIHaNa 1 AacT BO3MOXHOCTb NPOC/yLaTb pe3ynbraT
obpasua GyHKUUM aBTOMOpPM3MA AYENKN. DKCMEPUMEHT
rnokasarn, yto BblbpaHHoe npasuno CA — 30 ycnewHo npo-
MN3BOAUT XaOTUYHBIN CMHTE3 NapHbIX Cnoés (eq argl t) (eq
arg2 t), HoTMpyeMbIX paclMpeHnem pianosyn.lsp, dpusnve-
CKUM pe3ynbTaToM SKCMEPUMEHTA CIYXXUT KOPOTKUIA OTpPbl-
BOK ayJMOKOMMO3ULMK C SMyNsiLMen KnaBuw GopTenbaHO
BbIBEZEHHBbIX A/ AaSIbHENLIEro BOSIHOBOMO W CMEKTPaJIbHO-
ro pefakTupoBaHus B pegaktop Audacity’.

nOCKOJ'Ibe ABTOMaTbl pa3nn4yatoTcAa no CBOE 3BONOLNN
nnn npasunam 0o6HOBNEHMA CTPOK, Bbl MOXeTe yKa3aTb aB-
TOMarT, KOTOprVI XOTUTE NCNOJIb30BaTb, MPOCTO YKa3aB Mpa-
BWO OGHOBNEHMA.

MpaBuno obHoBneHusa (<update rule>) — 310 NpocTo
byHKUMA, KoTopas nprHumaeT 3 (t/nil) 3HaueHus n Bo3Bpa-
waet t unw nil. Tpn BXOAHbIX 3HaYeHKA 6yyT dakTopamu 3a-
BUCYMOCTEN AYENKY, @ BbIXOLHbIE —TONIOKEHNEM TEKYLLEN
Avenkn. MNpumep nogo6HOM 3anmncK C aprymeHTamu npea-
CTaBJIeH Ha pucyHKe N2 7.

PasobpaBwincb ¢ ntepaumen, KOMOMHUpYOLWEen yHK-
uuen 1 npaBunamm OGHOBNIEHNA MOXKHO MOABITOXNUTL BCE
BbILLEN3NIOKEHHOE C/IEAYIOLLUM MYNIbTUONOKOBbBIM anropuT-
MOM, AEMOHCTPUPYIOLMM 00LLYy0 PaboTy KNeTOUYHbIX aBTo-
maToB B Nyquist-nporpamme (purcyHok N214). QakTuuecky,
370 PMHanbHaA yHUBepcanbHasa cxema 6a30BOro anropuT-
Ma KJIeTOYHbIX aBTOMATOB BHe 3aBUCMMOCTM OT BapuaTuBs-
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Puc. 14. Pe3ynbTaT BoCnpousBeaeHus skcneprmMeHTa [JaHHeH6epra-Jlbtonc’. "3ByKoBas ¢opmMa B BOSIHOBOM

1 CreKkTpasibHOM NpefcTaBneHnm, otobpaxaemas B Audacity’ v xapakTepusytoLas 3ByyaHvie GopTenmaHHbIX KNaBuLL
yepes npusmy npasusia 30 KNeTOUYHbIX aBTOMaTOB

HOCTW MPAaBW U UCMOJb3yeMbiX A3bIKOB MPOrpaMMmpoBa-
HVISA, KOTOPAs MOXET UCMOJb30BaTbCA B KAYeCTBe MosIe3HOM
MOAENU ANA peanvsauuyi MysbTUTOHASIbHBIX Bapuaumi
ayAmanbHbIX CTPYKTYP Ha OCHOBE VHBAPVAHTHOIO CUHTE3a
B COOTBETCTBMM C WCMOJIb30OBaHNEM BbI6PaHHbIX onepaTto-
poM npasul.

Brnok-cxema unnocTprpyeT GYHKLUOHANbHYO paboTy
(uHUyuanusayua/obpabomka) snemeHTapHbIX KIETOYHbIX
aBTOMATOB NPUMEHUTENbHO K ayguocurHany. Lukn esoda/
8b61800d 3BYyKa ocylyecTnsaetcs yepes NyquistIDE ¢ akcnop-
ToM B Audacity’ 1 BO3MOXHOCTbIO fanbHelLweln Koppekyum
3BYKOBOW $OpPMbl HEMOCPeCTBEHHO B pefakTope yepes
npurnaweHue sa3bika Nyquist. Tema cgsa3ku 6GUOANOTEYUHDBIX
pacwmpennii «cell-aut.Isp» n «pianosyn.Isp» ¢ Lenbio Boc-
npoun3BefeHns anorpuTMMYECKN-KOMOMHATOPHBIX aypmno-
cUrHanoB 6yaeT paccMaTpuBaTbCA aBTOPOM B AanbHeNLWmxX
ny6nuKkaumnax.

3aKkAlo4HeHue

WNTaK, mbl paccmoTpenn cC nosunummn HAy4YHOro aHanun-
3a NPAKTUYECKYD BO3MOXHOCTb peanmsaunmn anroputma
paGOTbI 3JIEMEHTAPHbIX KNETOYHbIX aBTOMATOB B COOTBET-
CTBUN C NCNONb30BaHNEM 8apudmusHbIX NpaBul Nepexoaa,
XapaKTepunsyrwLmnx cocmosaHue n nogeodeHue KNeToK Ha ceT-
4YaToOM XOncTe AnAa npown3BoAacTBa HOBbIX CUMHTETUYECKUX
3BYKOB N CUHTE3NPOBAHHbIX ayp,monapmﬁl ooHopoAHOoro
N HeEOOQHOPOAHOIO TUNa.

3KCI'IepI/IMEHT )J,aHHeH6epra—J'Ib+ov|c OKa3sanca ycnewHo
BOCNPOM3BOANM, a HEKOTOPbIE aBTOPCKME YTOYHEHNA N KOM-
MeHTapunKn, COOTBETCTBYOLWME HaCToALLEMY BPpEMEHWN, NO3BO-
NAT pacWnpnTb NpeacTtaBneHna o metoge CMHTE3a, OCHO-

BAaHHOIO Ha nepemMeHHOCTU NpaBuJl KNETOYHbIX aBTOMATOB.

MprHUMN paboTbl KNETOYHbIX aBTOMATOB MOXHO ycnelu-
HO MCNOJb30BaTh B KayecTBe MeTofa reHepauunn pasiamny-
HOW My3blKanbHON $aKTypbl, TaKON Kak anropuTmMmmyeckas
TEKCTypa, aToHaNbHble MefiofuK, CUHTeTMYeckne ¢oHo-
rPammbl, MyNIbTUTOHabHbIE CUMPOHUN.

B ayanovHpopmaTtuke KneTouHble aBTOMaTbl crnefyeT
paccmaTpuBaTbh Kak Kak B YHUBEPCaNbHOMo CMHTE3a, Mo-
3BONAOWMIA MONYYNTb OPUTMHaNbHble pe3ynbTaThl 3@ OT-
HOCWTENIbHO KOPOTKNIA MPOMEXYTOK BpeMeHu. AnnapaTHas
HEe3aBMCUMOCTb KJIETOYHbIX aBTOMATOB MO3BOJAET UCMOJb-
30BaTb WX B KauyecTBe MOOWILHOFO CMHTe3-reHepaTtopa
B /000N BbIUMCINTENIbHON cucTeme. DOPEKTUBHOCTL eé
paboTbl byneT onpenenaTbca He GU3NYECKMU NapameTpa-
MU TEXHUYECKOW OCHACTKM KOMMbIOTEPA, @ OPUrMHANbHBIMU
pelueHnAMM B 0611aCT NOAXOJ0B K COCTaBsieHno Gopmysib-
HbIX OMMCaHWI, BbIPaXeHHbIX B BUAE TOUHbIX KOHCTPYKLNIA
C rPaMOTHO M3/I0XKEHHbIM CUHTAaKCUCOM, NPEeACTaBALWUM
NpOrpaMMHO-KOLOBblE MPeANMCaHNA AnA O6bICTPON UHTep-
npeTaumm NpoLeccopoMm.

KBUHT3CCEHLIMA BbILLEN3NIOMKEHHbBIX NOJSIOMKEHWI HACTO-
ALEro 3aKNloYeHUs No3BONAET CAeNaTh BbIBOA O TOM, UTO
K/IETOYHbIE aBTOMaTbl ANA AyOUOUHGPOPMAMUKU 1 ayouo-
UHXeHepuu COOTBETCTBEHHO, MPeACTaBNAT coObOW nuTa-
TENbHYI0 MOYBY ANA Hay4HbIX MUCCNEAOBAHUI U NPUKNag-
HbIX SKCMEPVMEHTOB, KOTOPble, HECOMHEHHO, B 0603p1MO
nepcrnektnse 6yayT Cnocob6CTBOBAaTb MHOMOBEKTOPHOMY
NPVPALLEHNIO HAYYHbIX 3HAHUI HE TONbKO B 06/1aCTV KOM-
MblOTEPHbIX HayK (MHGOPMATUKM), HO 1 B APYrVX TOUHDIX,
a TaKXKe eCcTeCTBEHHOHaY YHbIX ANCUMMIVHAX.
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OBPABOTKA (Nyquist)

VHULMATIN3ALMA VHULIMANIN3ALMA VHULIMANN3ALMA

VHULMANIUSALNS VHULMANUSALNS VHULIMANIUSALINS

VHULMASIN3ALMA

Puc. 15. YHuBepcanbHasa anroputMuyeckas 6nok-cxema obuen Nyquist-nporpammbl, MnnocTpupyoLas obLme npuHLUnbl
bYHKLMOHMPOBaHWA KNETOYHbIX aBTOMATOB
|
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YNPABJIEHWUE PECYPCAMW B r'MBKUX NMPOU3BOACTBEHHbIX
CUCTEMAX HA OCHOBE LiMdPOBOWN NNATOOPMb
YNPABJIEHWAI BU3HEC-NPOLIECCAMU

RESOURCE MANAGEMENT IN FLEXIBLE
PRODUCTION SYSTEMS BASED

ON A DIGITAL BUSINESS PROCESS
MANAGEMENT PLATFORM

A. Trishin

Summary. The paper considers resource management mechanisms for
flexible manufacturing systems based on a corporate digital business
process management platform. It is shown how task management,
workflow automation, notification mechanisms, and application
programming interfaces can be used to support dispatching, monitor
resource availability, and collect actual execution data. Requirements
for data and interfaces within the «<ERP/MES — dispatching layer —
corporate platform” framework are analyzed. Recommendations for the
formation of key performance indicators, visualization, and escalation
procedures are provided, and implementation limitations and risks are
discussed.

Keywords: flexible manufacturing systems, resource management,
dispatching, digital platform, business process management, KPI,
integration, API.

- )

ycnoBusx LUPpoBON  TpaHchopMaLMM  MPOMbILL-

NEHHOCTU KopropaTuBHble Ludposble MnaTGoOpPMbl

ynpaBreHus 6Gu3Hec-npoLeccamMmm paccMaTpuBaloTCs
KaK YHVBepCasbHbI UHCTPYMEHT OPraHM3aLUOHHOIO U MH-
$OpPMaLMOHHOIO COMPOBOXAEHWA YNpaBieHUs npeanpu-
ATUAMW 1 NPON3BOACTBEHHBIMK CMCTEMaMU. DTO 0bycnoB-
NNBaET aKTyaJIbHOCTb aHajiM3a MEeXaHU3MOB YyMpaBieHus
pecypcammn rmbKux NPov3BOLCTBEHHbIX CUCTEM C UCMOJb-
30BaHMEM TaKMX MAaTopMm, MO3BOMAIOWMX YBA3aTb Mia-
HYpoOBaHMe, aKTMYeCKoe WCMONHeHe W YynpasneHye-
CKue peakuun B eAUHOM MHGOPMALIMOHHOM KOHTYpe. [ns
NMPOMBILINEHHOIO MPeanpuUATUA TMOKOCTb MPOU3BOACTBA
03HauaeT CrnocobHOCTb OMnepaTUBHO MepepacrnpenensaTb
MOLLHOCTW, MePCOHan ¥ BCMOMOraTesibHble pecypcbl npwu
N3MEHEHNW acCOPTMMEHTa, CPOKOB M MPUOPUTETOB 3aKa-
30B. Peanusaumsa paHHOW CMOCOBGHOCTV HeBO3MOXHa 6e3
NpPO3payYHoOi KapTuHbI JOCTYNMHOCTU PEeCYpPCOB U CBOEBpe-
MEHHbIX YMPaBNeHYeCKNX BO3JENCTBMIA HA YPOBHE CMEHDI
1 MPON3BOACTBEHHOIO yyacTKa [1-3]. CywecTBeHHas npak-
TUYeckan Npobsiema 3aKnoYaeTcA B TOM, YTO MHPOpMaLmsa
O COCTOSIHUW PecypcoB 4acTo pacrnpefeneHa no paspos-

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

TpuwuH AHMoH KoHcmaHnmuHoeuy4

AcnupaHm, ®edepasibHoe 20Cy0apcmeeHHOe dBMOHOMHOE
06pazosamersibHOE y4YpexxoeHue 8biclue20 06pazo8aHus
«Mockosckuli nonumexHu4eckull yHugepcumems
Anton.trishin.98@mail.ru

AHHOmayusA. PaccMOTpeHbl MexaHu3Mbl YripaBReHna pecypcamu rnbkux npo-
W3BOJCTBEHHBIX CMCTEM Ha OCHOBE KOPMOpaTWUBHOW LudpoBoOi nnathopmbl
ynpaBneHua 6usHec-npoueccamu. MokasaHo, KakiiM 00pa3oM WHCTPYMEHTb
3aj1ay, 6M3Hec-NpoLeccoB, yBefOMIEHUI 1 NPOrpamMMHbIX HTepdeiicoB MoryT
NCNoNb30BaTbCA ANA MOAAEPXKKM ANUCMETYepPU3aLm, KOHTPONA LOCTYNHOCTU
pecypcoB 1 cbopa dakTMueckux AaHHbIX UCMONHeHuA. [lpoaHanu3upoBaHbl
Tpe6oBaHNA K AaHHbIM 1 HTepdeiicam B koHType «ERP/MES — KoHTyp auc-
neTyepu3aumn — KopnopatuBHas nnatdopmar. lpuBedeHbl pekomeHaaLmn
no $opmuUpoBaHUI0 KNKoueBbIX Mokasateneil GpdeKTUBHOCTH, BU3yanu3aLmn
1 PErnameHTOB CKanaLi1, a Takxe 00Cy K ieHbl OrpaHIueHUA U PUCKI BHeape-
HA.

Kntouesble c08a: rnbKuMe Npou3BOACTBEHHbIE CUCTEMBI, YNIPABAEHUE pecypca-
MU, AncneTyepu3auna, Ludposas nnatdopma, ynpasneHue busHec-npoLecca-
mu, KPI, unterpauus, AP,

HEeHHbIM MHPOPMALIMOHHBIM CUCTEMaM 1 HedOopMasbHbIM
KaHanam, YTO CHMXXaeT KayecTBO AucrneTyepmsaumm n no-
BbILLAET PUCK NPOCTOEB 1 CPbIBOB CPOKOB [4-7].

CoBpemeHHble LudpoBble NNaTGopMbl  ynpasieHns
6u3Hec-Npoueccamn NPefoCTaBAsAT MHCTPYMEHTbl AfiA
LIeHTPanM30BaHHOIo yNpaBneHUs 3afjayaMu, periameHTa-
MU 1 B3aVMOJENCTBMAMM, YTO MO3BOJISET MCMONb30BaTb
NX B KauecTBe CBA3YIOLLEro 3BEHA MEXJY CMCTeMaMu nna-
HUPOBaHNA N CUCTEMAMU UCMONTHEHWA. Takme niatdopmbl
obecneurBaloT GopmMrpOBaHME U COMPOBOXAEHME MPOU3-
BOJCTBEHHbIX 33[JaHUI, KOHTPOJIb CPOKOB U OTBETCTBEHHO-
CTW, a TakKe c6op PpaKTNUECKMX AaHHbIX, HEOOXOANMbIX ANs
aHanu3a 3peKTMBHOCTY NCMOJIb30BAHMSA PECYPCOB.

Mop pecypcom B rMbKol MPOV3BOACTBEHHOWN CUCTEMe
LieniecoobpasHo MNOHUMATDL J1060 OrpaHMUYEeHHbIN GpakTop,
Heo6Xo4VMbIV ANA BbIMNOJHEHVA onepaunn, BKoyaa 060-
pyooBaHvMe M MPOU3BOACTBEHHbIE AYENKKW, WHCTPYMEHT
1 OCHaCTKY, KBaNMPpMLMPOBAHHbIV NepPCOHarn, n3mepuTtesb-
Hble CpefcCTBa, TPAHCMOPTHO-CKNAACKYID UHPPACTPYKTYPY,
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a Takke MHOOPMaLMOHHble OOBLEKTbI, TakMe Kak ynpas-
nAWmMe NpPorpamMmmbl U TEXHONOrMYeckne AaHHble [1, 2].
Knaccuueckne 3agauv npov3BOACTBEHHOrO pacnucaHus
bopMynupyIoTCA C yYeTOM PECYPCHBIX OFPAHNUYEHNI 1 TEX-
HONMOrMYeCKMX NpeLlecTBOBaHUI, OAHAKO B YCIIOBUAX rM6-
KX CUCTEM JOMONHUTENIbHO YUNTBIBAIOTCA aNlbTePHATUBHbIE
MapLUpYyTbl, OFPaHNUYEHNA Ha MepeHanagkKy, rpynnmpoBaHme
onepauuni n CToxacTuyeckune BO3MyLLEeHUs, CBA3aHHbIe C OT-
Kasamu obopyaoBaHua n gedbuuntTom matepuanos [4-6].

C npaKTNYeCcKom TOUYKN 3peHMA NPUHLMNMANIBbHO BaXKHO
pasnuyatb NNaHoBY U GaKTUYECKYHO JOCTYMHOCTb pecyp-
coB. [MnaHoBasA JOCTYMHOCTb onpeaenAeTca KaleHaapamu,
rpadrikamm CMEeHHOCTU 1 HopMaTMBaMK, Toraa Kak gpaktu-
yeckas [OCTYMHOCTb GopmMmpyeTca nof BANAHNEM MPOCTO-
€B, aBapUIHbIX CUTyaLUn 1 OTCYTCTBUA nepcoHana. Heco-
OTBETCTBME MEXIY 3TUMW YPOBHAMU ABNIAETCA OCHOBHOW
NPUYNHOW OTKIIOHEHWI, TpebyoLmMx onepaTMBHOrO BMe-
WaTeNbCcTBa ANCMNETYEPCKON Cny»Kbbl. OpraHn3auyoHHbIN
acneKkT ynpaBfieHWA pecypcamy CBA3aH C 3aKpernsieHrnem
OTBETCTBEHHOCTW 3a NOATBEPXAEHMEe AOCTYNHOCTH, GUKCa-
uno GaKToB 1 MPUHATME peLleHnid O nepennaHnpoBaHnY,
uTo TpebyeT PopMan30BaHHbIX PErNaMEHTOB 1 LMPPOBON
bukcaumm ynpasneHYeckmnx 4encTBU.

Jucnetuepusauma u nepennaHvpoBaHne B TUOKUX
npoun3BoACcTBeHHbIX cnctemax (IMC) otnnuatotca ot cratu-
YecKoro KasieHZapHOro MnaHMpPOBaHMA TeM, YTO peLleHuns
NMPUHVMAIOTCA B YCJIOBUAX HEMOTHOW HGOPMaLK 1 AnHa-
MUYECKM U3MEHAILLNXCA OrpaHmMyeHnii. B nccnegosaHmax
Mo AUHAMMYECKOMY PACNUCAHNIO BbIAENATCA COObITUAHO-
OpUWEHTMPOBaHHbIE CTPaTerum nepenaHnpoBaHns, Npu Ko-
TOPbIX NepPecYeT BbIMONHAETCA MPY HACTYMIEHNMN 3HAYMMbIX
CoObITUIA, TaKMX KaK aBapumn obopynoBaHuA, 3aepXKn Mno-
CTaBOK UM U3MEHEHME NPUOPUTETOB 3aKa3oB [7]. [pu 3Tom
nogyepkmnBaeTca HeobXoAMMOCTb COYeTaHNA ONTUMUK3aLU-
OHHbIX Mopenen 1 3BPUCTUYECKMX METOHAOB, MOCKOJIbKY
MonHasA oNTUMK3aLMA NPU KaXXgoM coObITUM YacTo ABNAeT-
CA BbIMUCTINTENBHO HeaPPEKTNBHOM AN pearnbHbIX NPous-
BOJCTBEHHbIX MacTaboBs [3-6].

b PeKTUBHOCTb NCMONb30BaHMA PECYPCOB OLIEHMBAET-
CA Ha OCHOBE CUCTeMbl KioYeBbIX NoKasaTtenen 3¢pdeKTnB-
HocTu (Key Performance Indicators, KPI), Bkntouas Koapodu-
LUMeHTbl 3arpy3kn obopynoBaHus, o6y 3bdeKTMBHOCTb
o6opypoBaHus (Overall EquipmentEffectiveness, OEE), gonio
MPOCTOEeB MO NpUYMHaM, CObNOEHNE CPOKOB BbINOSTHEHMSA
3aKa30B 1 NoKasaTenn Npou3BoguTenbHoCTH Tpyaa [9, 14,
15].Crangapt SO 22400 3apaeT obLlyto paMKy ornpegeneHus
TaKUX MokasaTenel, obecrneurBas yHUGMKaALMIO TEPMUHO-
NOrNM 1 CONOCTAaBUMOCTb AaHHbIX [9]. KauecTBO nepBUYHbIX
[aHHbIX ABASETCA KPUTUYECKMM GAKTOPOM AOCTOBEPHOCTU
KntoyeBbIX MoKasaTenein 3GpPpeKTUBHOCTY, NOITOMY CUCTe-
Ma yrnpaBfieHUA pecypcamn AOMKHA BKJOYaTb MpoLecchl
onepaTrMBHOro cbopa GpaKkToB, KOHTPOSS MOSHOTbI AAHHbIX
N pacnpepfeneHns OTBETCTBEHHOCTM 3a UX KOPPEKTHOCTD.

Llenbto HacTosilweln paboTbl ABAAeTCA pa3paboTKa
yNpaB/IeHYeCKOro MexaHn3ma, obecneuyrBaroLLero efuHbIn
peecTp pecypcoB 1 Ux aTpnbyToB, KOHTPOSb JOCTYMHOCTM
N KOHGNUKTOB, BbIMYCK 1 CONPOBOXKAEHNE MPON3BOLACTBEH-
HbIX 3aJaHU, COop PpaKTUUYECKUX AaHHbIX UCMOSTHEHNA, pac-
yeT 1 Busyanusauumio KPI, a Takxe pernameHT acKanauumm
N nepennaHnpoBaHuA. WHbopmaunoHHaa peanusayuma
Takoro mMexaHu3ma npepnonaraeT UHTerpaumnio ¢ NUCTOYHU-
KaMu macTep-faHHblX, CMCTeEMaMU ynpaBieHna pecypcamm
npeanpuatus (Enterprise Resource Planning, ERP) 1 ynpas-
NeHNA MNPOU3BOACTBEHHBIMU MpoLeccamu, MNOAAEPXKKY
COOBbITUAHBIX YBEAOMIEHUN, XPaHEHVE UCTOPUM M3MeHe-
HUA N HanMyme NPOrpaMMHOro MHTepderica NpUNoXKeHUA
(Application Programming Interface, API) nns obmeHa paH-
HbIMW C BHELUHUMW CUCTEMaMU NMJIAaHNPOBAHNA 1 ONTUMM3A-
unn [8, 18]. MeTogonornyeckom OCHOBOWM UHTErpauumn ciy-
XUT mogenb ISA-95, pasgenaiowasn YPOBHU NaHMPOBaHUS,
ynpaBfieHrsa onepauusammn n KoHTponsa obopyaosaHusa [8].

B npepnaraemoii apxutekType KopnopaTtvBHaA Lnd-
poBas nnathopma ynpaBneHus OGU3HeC-MpoLeccamn Uc-
MoSb3yeTcs Kak WHCTPYMEHT OpPraHM3aLMOHHOro Conpo-
BOXKAEHUs, obecneunBaloWnii KOOPAUHALMIO YYaCTHUKOB,
dUKcaumMilo [OroBOPEHHOCTEN U KOHTPOJSIb WCMOJSIHEHUA
pernameHToB. Npn 3ToM NpeanonaraeTcs, Yto NpPon3Boa-
CTBEHHOE pacnucaHve 1 TeXHOJOorMYeckme pacyeTbl Bbl-
MOJSIHAIOTCA BO BHELUHEM KOHType, Bkawvatowem ERP, cu-
CTeMy YnpaBfiieHWsi MPOU3BOACTBEHHBIMU MPOLEeCcCamm
(Manufacturing Execution System, MES), cuctemy CMHXPOH-
HOro nnaHupoBaHus npouseoactBa (Advanced Planning
and Scheduling, APS), a uudppoBas nnatdopma obecneumsa-
€T KOMMYHUKaLWIo, 3CKanaummn 1 akTyanusauno CTaTycos.
Takasa ponib COOTBETCTBYET PacCnpPOCTPaHEHHOW MpaKTUKe
NCMONb30BaHNA KOPMOPATUBHbLIX MAaTGopM Afs Corniaco-
BaHMWIN, MOHUTOPUHIA OTKIIOHEHWUI U B3aUMOLENCTBUA MEX-
Oy MPOU3BOACTBEHHBIMU MOAPA3LENEHUAMN U CyXbamu
yrpaBieHus.

[lna ynpaBneHus pecypcamm npeasiaraetcs KoHUenums
JaHHbIX, BKIovalowasa cywHocTn «Pecypcy, «Onepauusy,
«3apgaHune», «CMeHa/KaneHgapb», «CobbITe OTKIIOHEHUS»,
«MpocTony, «MpuunHa» n «KPl-nepuop». Pecypc xapaxktepu-
3yeTcs TUNoM, NaeHTUdMKaTopoMm, Habopom MapameTpos,
COCTOAHMEM AOCTYMHOCTN N UCTOPUEN COCTOAHUN. 3apa-
HVe CBA3bIBaeT ornepaLuio, Ppecypc U BpeMeHHOW UHTepBan
1 COQEPXNT aTpMOYTbl NPYOPUTETA, 3aKa3a M KOHTPOJbHbIX
cpokoB. Co6bITVA OTKNOHEHMI GUKCUPYIOTCA Kak OTaeNb-
Hble 3anncK, MHULUUPYIOLME PernameHT 3CKanaumm 1 Bo3-
MOKHOE nepeniaHnpoBaHue.

NHTerpaumoHHoe B3avMofencTsMe Mexay cuctema-
MU peanun3yeTcs yepes MporpaMMHble UHTepdeincol npu-
NOXEHUN C WUCMONb30BaHMEM apXUTEKTYPHOro noaxopa
Ha pecypCHO-OpUEeHTMPOBaHHON apxuTekType (REST), uto
obecneyrBaeT ABYCTOPOHHMI OOMEH NNaHOBbIMU 1 GaKTu-
YyeCKMMUN JaHHbIMW. ﬂ,ﬂﬂ noBbIWEeHUA yCTOIZl—II/IBOCTI/I pPeKo-
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MEHAYETCA MCNOJIb30BaHME MPOMEXYTOUYHOrO MHTerpaLm-
OHHOrO €10, OTBEYaloLWero 3a TpaHcGopmMaLUo AaHHbIX,
yrpaBrieHvie ovyepeasamyi COOOWEHNU 1 KypPHanMpoBaHyie
onepauwnn [16, 17].

MpuropunTn3auma 3agaHnin paccMaTpUBAETCA Kak CTpa-
Termyecknii MHCTPYMEHT YyNpaBfieHna pecypcamu, Hanpas-
NEHHbIN HA MaKCMMKM3aLMIo pe3yrbTaTa NPy OrpaHNYeHHbIX
BO3MOXKHOCTAX MPOU3BOACTBA. Bbinyck 3agaHunm ueneco-
06pa3HO OpraHM30BbIBaTb MO MPUHLMMY OFPaHUYEHHOrO
rOpM30HTa, YTO CHVXKaeT ornepaLVoHHY Harpysky u no-
BbILLAET YnpaBnsaeMocTb. KoHTponb KOHGNUKTOB pecyp-
COB OCYLLECTBNIAETCA MyTeM COMOCTaB/IEHNA Ha3HauYeHWUi
Ha nepeceKalLwmnecsa BpeMeHHble MHTepPBasibl U aHanm3a co-
CTOSAHMWSA PECYPCOB, a NPU 06HAPYKEHUN KOHPMKTOB 3any-
CKalTCA pernameHTMpOBaHHbIe NpoLesypbl COrnacoBaHuA
1 nepenyiaHMpPOoBaHNS.

C6op PaKTMUeCKNX JaHHbIX OCYLLEeCTBAAETCA Ha YpOB-
He 3aflay U coObITI 1 BKJIOYAeT GUKCALMIO COCTOAHWI
BbIMOJIHEHWA, MPUYNH NPOCTOEB 1 Pe3yNbTaToB KOHTPONsA
KauvectBa. Pacuet KPI BbinonHAeTCA nyTem COnocTaBeHuA
nnaHoBbIX U daKTUYeCKMX MokasaTtenen C nocnepyoLlen
arperauyen no 3agaHHbIM Neprioaam 1 BM3yanu3saumen B oT-
yeTax 1 NaHenax ynpaenenus. MNpu dopmmpoBaHumM cnucte-
Mbl MOKa3aTesieil peKoMeHyeTcA Op1eHTUPOBaTbCA Ha Tpe-
60BaHus ISO 22400 1 npakTrKy npumeHeHust OEE [9, 14, 15].

Oxupaembli 3¢deKT OT BHeApeHUs npegnaraemoro
NMoaxofa 3aK/ioUyaeTCs B CHWKEHUU BPEMEHW peakuuun

Ha OTK/IOHEHUS, YMEHbLUEHUW AOMW NPOCTOEB MO OpraHu-
3aUMOHHBIM MPUYMHAM 1 MOBbIWEHWUN OUCUUMIIMHBI WC-
NMOSIHEHWS PErflaMeHTOB, YTO HA YPOBHE YMpaBlieHYECKMX
nokasaTesiell MOXeT NPOsIBNATLCA POCTOM 3GPEKTVBHOCTM
MCMoJib30BaHNsA 0OOPYAOBaHMS 1 YBENMYEHUEM [ONN 3a-
LaHWiA, BbIMOMHEHHbIX B CPOK. K orpaHuyeHunsam nopxopa
OTHOCATCA 3aBMCUMOCTb OT KauecTBa WMCXOAHbIX AaHHbIX,
Heo6xoAMMOCTb 00yUeHNa NepcoHana u To, YTo Ludposas
nnatdopma ynpasreHuns br3Hec-npoLeccaMmm He 3aMeHsAeT
cneunan3nupoBaHHble CUCTeMbl ONTMMU3AUMK pachuca-
HWI, a BBINOJHAET GYHKLMIO KOOPAVHALMMN U KOHTPOJA.

B 3aknioueHne OTMETUM, UYTO MPEASIOKEHHbIN MOAX0n
Nno3BoNAeT paccmaTpuBaTb YMpaBieHue pecypcamun rmb-
KX npoun3BofCcTBeHHbIX cmcteM (ITIC) Kak COBOKYMHOCTb
B3aMMOCBA3aHHbIX MPOLECCOB, NOoAAepPKaHHbIX Kopnopa-
TUBHOW UudpoBon nnatpopmoln, obecneumparoLlen KH-
Terpauuio ynpaBneHYecKknX U onepauyoHHbIX KOHTYPOB.
HayuHaa HoBM3Ha paboTbl 3aknouvaetca B popmanunsanmm
ponu KoprnopaTtusHo Ldposon nnatdopmbl ynpasneHms
6u3Hec-NpoLeccamm Kak CaMOCTOATENbHOTO WHCTPYMEH-
Ta OpPraHM3aLMOHHO-YNPaBIEHYECKOrO YPOBHA B KOHTYpe
ynpasneHua [TIC, JOMONHAIOWEro KnacCMYecKylo CBA3KY
ERP/MES/APS. B oTnnume OT U3BECTHbIX MOAXO0B, aKLEHT
CcAenaH He Ha OMTMMM3aUMOHHbBIX aNropuTMax pacnuca-
HUW, @ Ha PErnameHTMPOBAHHOM MeXaHU3Me KOOpAMHa-
UMK, 3cKanauum n oukcaumy ynpasieHYecKrX pelueHuni,
ob6ecneyrBaoLLEM BOCMPOM3BOAMMOCTb Y aHANIUTUYECKYHO
VHTEPNPETUPYEMOCTb NPOLIECCOB YNPaBIeHNsA pecypcamm
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METO[bl KOMBMHATOPHOW ONTUMU3ALIMN
W CACTEMHOI0 AHANU3A ANe NOBbILLEHUA KAYECTBA
YNPABJIEHUA NPON3BOACTBEHHbIMW NPOLIECCAMW

N

METHODS OF COMBINATORIAL
OPTIMIZATION AND SYSTEM ANALYSIS
FOR IMPROVING QUALITY

OF PRODUCTION PROCESS
MANAGEMENT

S. Tyryshkin
E. Sharlaev

Summary. Combinatorial optimization is universal due to the indivisibility
of resources and a limited number of possible solutions. However, its
tasks are characterized by high computational complexity and often
belong to the class of NP-hard problems. Optimal control of technological
processes requires taking into account specifics of information flows
and structural features of production systems. Exact methods are often
impractical because of exponential growth in computational effort.
The study proposes a hybrid approach combining systematic analysis of
technological processes with heuristics for searching acceptable solutions
within reduced solution spaces. This method enhances management
efficiency while maintaining a balance between solution quality and
resource consumption.

Keywords:  technological ~ process, information, management,

combinatorial optimization, solution search, computational complexity.

s

BseaeHue

nocneaHve rofibl, C OGbICTPbIM PA3BUTEM LNGPOBBIX

WHHOBAUWI, TaKUX KaK WCKYCCTBEHHbIA WHTENIEKT,

6osibLuvie faHHble 1 VIHTepHEeT Bellen, HacTynua 3pa
WHTeNNEeKTYaslbHbIX TEXHONOTMI. JTa 3pa XapakTepusyeTcs
OTPOMHBIM POCTOM OObeMa [AaHHbIX, 3HAUUTESIbHbIM YBe-
JINYEHNEM BbIYNCIIUTENBHOM MOLWLHOCTU U WNPOKUM Mpu-
MEeHeHneM aHanuTuyeckux nnatoopm [1, 2]. Ha atom doHe
KOMOVHaTOpHble ONTMMM3aLMOHHbIE 33aun, ABNALWMEC
KNoYeBbIMM BOMPOCaMU BO MHOTMX 0651acTsx, npuobpeTa-
l0T BCe Gonbluee 3HaueHue [3].

CyLwecTBytoliMe MeTOAbI PeLleHNA KOMOMHATOPHbIX 3a-
[ay onNTMMMU3aUUK, Takne Kak CUMYNALMOHHO-ONTUMIK3aL-
OHHbIV NOAXo4 UM MeTasBPUCTUYECKME aNiFOPUTMbI, BKITHO-
yarowme BbIGOpKY NMo meTogy MoHTe-Kapno, 3HaunTeNlbHO
YBENMUYMNBAIOT BbIYNCIIUTENBHYIO COXHOCTb 1 6e3 Toro fo-
poroctoAwmx noaxonos [4]. Kpome Toro, oHM aganTrMpoBa-
Hbl K KOHKPETHbIM CJly4yasM UCMONb30BaHUA U LensaM, YTo

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.
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Anromayus. Kom6uHaTopHaa ONTUMM3ALMA YHUBEpCanbHA OMarofapa He-
AEMAMOCTIA PECYPCOB 1 OTPAHIYEHHOMY YUCTY BO3MOXKHBIX PELLEHNH, OAHAKO
e€ 33/1auin XapaKTepU3yHTCA BbICOKOV BbIUNCTATENBHOI COMKHOCTBIO U YacTo
OTHOCATCA K Knaccy NP-cnoxHocTi. ONTUMANbHOE YNpaBlieHue TeXHONoru-
YeCKUMI NpoLeccamm Tpedyet yueta creundukin MHOOPMALMOHHDIX NOTOKOB
W CTPYKTYPHbIX 0C0BEHHOCTE NPOU3BOACTBA. TouHble METOAbI 3auacTyio He-
NPUMEHMMbI 13-33 IKCMIOHEHUMANBHOTO POCTA CIOKHOCTI BbluMCIeHHit. Mccre-
[I0BaHUe NpejaraeT ruopuaHblii NOAXoA — COUETaHUe CUCTEMHOTO aHanu3a
TEXHONOTMYECKUX MPOLIECCOB 11 IBPUCTUK ANA NONUCKA MPUEMIEMbIX PeLLeHHii
B COKPALLEHHOM MPOCTPAHCTBE COCTOAHMIA. TaKoil METOZ MO3BONAET MOBbICUTH
SQOEKTUBHOCTL YNpaBeHNs NPON3BOACTBEHHBIMU CUCTEMAMU, COXpaHss Oa-
NIaHC MEXAY KAUeCTBOM PeLLIEeHNiA i PECYPCOEMKOCTbIO BbIYUCTIEHHA.

Knoyesble c/108a: TexHoNOrMyeckuin npouecc, VIH(I)OpMaLlVIH, ynpaBJieHue, Kom-
6MHaT0pHaFI ONTUMU3aLINA, NONCK PeLLEHNA, BbIYUCNUTENbHAA CNOXHOCTb.

OrpaHNYMBaET UX NOTEHUMaN AnA BHefpeHus. B peanbHol
NPON3BOACTBEHHOW MPAKTUKE KONIMYECTBO onepaLmii, noa-
nexawmx obpaboTke, MOXKeT AOCTUraTb AECATKOB ThiCAY,
YTO NpEeBbILLAET BO3MOXHOCTI TOYHOW ONTUMM3ALNN Jaxe
CaMblX COBPEMEHHbIX peluaTenei. B cBA3M ¢ 3TMM BO3HU-
KaeT HeobXoAVMMOCTb MpOBefeHUA CUCTEMHOro aHanu3a
BXOZHbIX MHPOPMALIMOHHbIX MOTOKOB 151 BbIAIBJIEHNSA Orpa-
HUYEHW, HaKnagblBaeMbIX Ha MaTemMaTMyeckui annapar
NPUHATUA peleHnin. Knioyesol npobnemoit B JaHHOM CIly-
Yyae ABNAETCA HeCOOTBETCTBME BbIUNCINTENbHbIX BO3MOX-
HOCTEl KNnacCU4ecKux OeTepMUHUPOBAHHBIX anropuTMOB
CcTOXacTMYeCcKoW Npupoge n obbeMam NocTynarlLen nme-
putenbHon nHpopmamm [5]. Pe3ynbTaTbl CPaBHUTENIBHOMO
aHanm3a ¢akTopoB, NPENATCTBYIOWMX NPAMOMY NPUMEHe-
HWIO TPAAMLMOHHbIX METOAO0B YNpPaBNeHUsa, K KOIMYeCTBEH-
HasA oLeHKa NnapameTpoB nHbopMaLMoHHOro obmeHa npea-
CTaBfieHbl B Tabn. 1.

AHanu3 paHHbIX, NPVBEAEHHbIX B Tabn. 1, cBUAeTENb-
CTBYET O HaNN4YUN KPUTUUYECKOTO MPOTUBOPEUUS Mexay
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Tabnuua 1.

CUCTEMHDI aHANN3 XapaKTEPUCTUK MHPOPMaLIMOHHbBIX MOTOKOB B NPOLECCaX KOMOMHATOPHOM ONTUMM3AL
(cocTaBneHo aBTOpPOM)

AcnekT cuctemHoro XapakTepucTuka BxogHoi

nHdopmaLmn

aHanu3a npotecca

Bnuanme Ha nogcucremy 06pabotku

MocnepcTBuA AnA 3afaumn KOMOUHATOPHON

UHpOpMaLN onTUMMU3aL K

HeB03MOXHOCTb NPAMO MOAAYN «Cbl-
(T0XacTMYHOCT OTHoLweHwe curHan/wym SNR<10 TouHble MeToAbI ONTUMM3ALMN PACXOAATCA UK

pbix» faHHbIX. TpebyeTca dunbTpaums, 0
1 3awymneHHoctb | Ab. lona aHoManbHbIX BbIGPOCOB: JatoT oLunbKy pewwexna §>20 % n3-3a Hepo-

0 CHUXaKLLaA pa3MepHOCTb BbIGOpKN

JaHHbIX 5...15 % BblbopKY. CTOBEPHOCTU BXOAHDIX KO3$OULIMEHTOB.

8 10...100 pas.

IKCNOHEHLMANbHbIA POcT 06bema
Pa3mepHocTb Yncno KOHTpoNMpyembix NapameTpoB 3apaua nepexoput B knacc NP-TpyaHbix. Bpemsa

p NamATy AnA XpaHeHUa MaTpuLibl Co-
MpOCTPaHCTBA n€[103;105]. Konnuectso cBAzeit ; noucKa rno6anbHoro KCTpeMyma nepe6opom
N ) cTosHNiA (6onee 16 [0/¢ HAKONAEHHbIX

COCTOAHMIA MeXay napameTpamu: m=n*/2. T—oo,

JaHHbIX).
[JInHamuka llepnoa anckpetusaumm At < 10 mc. Jeduuut Bpemenu Ha 06paboTky. AnropuTm OnTUMU3ALMN AOSKEH CXOAUTHCA
noCcTynneHna CKopocTb noToka cobbiTuii: >1000 [Jlonyctumasn 3afepKa B KOHTYpe 3a QUKCMpoBaHHoe unco utepauuii (k < 1000),
[aHHbIX cobbiTuit/c. ynpaBnenus Tde/aySSO MC. WHaye peLLeHve yCTapeBaeT [0 ero NpUMeHeHuA.

. [Tonck He oHOI TOUKN, @ MHOXeCTBa [lapeTo
MHorokputepu- BekTop uenesbix dyHkuuit F={f,...,f}. | Heobxomumoctb HOpMUPOBKU pa3Ho-
1 5 (mowHocTb MHoXecTBa 10. . .50 anbTepHaTUB),
anbHOCTb KoHdnukTHOCTL KpuTepues (Hanpumep, | POBHbIX LKA M3MepeHna HdpopmaLmu
o yTO KPaTHO yBENNYNBAET BbIYNCTUTENbHYIO

ynpaenexua 3HEproemMKoCTb/KauecTso). nepez CBepTKOil. e

TpeboBaHUAMY K KauecTBy YNpaBneHUA 1 XxapakTepucTmKa-
MW BXOAHOW MHOopMaLmu.

Takum 06pa3oM, akTyanbHOCTb McCCnefoBaHUA o6y-
CNOBJIEHA HEOOXOAVMMOCTbBIO Pa3pPAbOTKN HOBbIX NMOAXOA0B
K CUCTEMHOMY aHanu3y, KoTopble NMo3Bonuan Obl MHTErpu-
poBaTb Npouenypbl GUNbTPALMM, CKATUS 1 KNacTepusaunm
UHOPMALMN HEMOCPEACTBEHHO B KOHTYP KOMOUHATOPHON
onTUMM3ALIUN.

AHann3 nybAnkKauumii Nno Teme NCCAeA0BaHUS

MepcneKkTrBbl UCMONIb30BAHMA MALLUMHHOIO ObyueHus
ONA JOCTUXKEHWA NTyYLLEro KOMMPOMMCCA MEX Y KaueCTBOM
peLeHNA U BPEMEHEM BbIMOJIHEHNA B 3afauyax KOMOMWHa-
TOPHOW ONTMMM3aLMK NPU YNPaBAeHUN TEXHONOTMYECKN-
MW MpoLeccaMmn paccMaTprBaloT B cBomx Tpygax Xu Guo,
Xiaoyu Song, Jian-tao Zhou [6], Kynues 3.B., Kotenbsa A.B.,
CemeHoBa M.M., NrHaTtbeBa C.B., KyxapeHko A.l. [7], Wei-qi
Zou, Chao-yang Niu, Wei Liu, Yan-yun Wang, Jia-gi Zhan [8].

Hap pa3paboTkoi cTpaterum 4eKOMMO3NLUN peLIeHni
Ha OCHOBE CKOMb3ALLEro ropuaoHTa UM onepauuii-y3Kkmx
MEeCT C uesnbto pa3breHnsa KpynHomMacluTabHbIx 3agay Ha 6o-
nee ynpasnsaemble NoA3afayv, rae Hy ofjHa cTpaTerusa He o-
MUHMPYET B MWHVMMM3aUWUM OMO3JaHWIA MO OTHOLUEHUIO
K cpokam, TpyasaTca AgoxuH J1.C., Bnagbiko A.T. [9], Elsayed
Elsedimy, Fahad Algarni [10], Ko6ak B.I, PazaHos A.A. [11],
3akup3axos P.M. [12].

Bonpocbl, cBA3aHHble C 060CHOBAHMEM KPUTEPMEB Bbl-
6opa afeKkBaTHOW KOMOVHALUMUM  B3aVMOOMOMHAOWMX
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ANropUTMNYECKNX KOHLENLNWIA, KOTOpble MOTYT CTaTb KJlto-
YOM K JOCTUXKEHMIO HAUTYULUNX PE3YNbTaTOB MPY peLleHnm
MHOIVX CIIOXHbIX 33aflay KOMOMHATOPHOW ONTMMMU3auuu,
BXOAAT B KPYr Hay4yHbIX UHTepecoB Hyeongwook Kim [13],
Jannis Rose, Patrick Forman, David Stieler, Achim Menges,
Peter Mark [14], NMonynaHoBow E.E., Pbibanko A.A. [15].

HepeweHHbIe YacTtu obwiein npobaembl

BblcOKO oLeHMBaA uMmelowwmeca Tpyabl U HapaboTKu,
cnefyeT OTMETUTb, YTO HEKOTOpble BOMPOCbl B [AAaHHOMN
npegMeTHoW 06NacTV OCTATCA ANCKYCCMOHHBIMU U Tpe-
OytoT 6onee feTanbHO NPopaboTKU. TakKe OCTaéTcA Hepe-
WEHHOW Npobrema MHTerpaumna CUCTEMHOrO aHanunsa ¢ rv-
OPUIHBIMM BPUCTMUECKMMY MOAXOAAaMK, MO3BONAOLLAs
O[HOBPEMEHHO YUWTbIBaTb CJIOKHbIE TEXHONOrMYyeckme
N 3KCMyaTaLMOHHbIE OFPaHWUYEHUS MPU MUHUMMU3ALMN
BPEMEHN OTKNMKA 1 MOTepb pecypcoB. Kpome Toro, He-
JOCTAaTOYHO WCCNeAoBaHbl MeXaHW3Mbl B3aMMOAENCTBUA
MPOrpPaMMHbIX U annapaTHbIX KOMMOHEHTOB YCKOPUTENEN,
BNMAIOWME Ha CTaOUNBbHOCTb 1 MPeACcKasyemMoCcTb paboTbl
3aMKHYTbIX KOHTYPOB YyrpaBfieHUs.

Takum 06pasom, Liefib CTaTbM 3aKJIIOYAETCS B PacCMO-
TPeHVM 0COBEHHOCTEN 1 MOAXOLOB K CUCTEMHOMY aHanmn3y
N 06paboTke UHPOPMaLMKM B NMPOLECCaX KOMOMHATOPHOW
ONTUMM3ALMN MPU YNPABNEHUN TEXHOOTUYECKUMMN MPO-
Leccamu.

Pe3ynbTaThl

HPE)K[J,G BCero, aiegyetr OTMeTUTb, YTO CJIOXKHOCTb pe-
leHnAa KOM6I/IHaTOprIX ONTUMM3aUMOHHDbIX 3afa4 BO3HU-

Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.
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Tabnuua 2.
CpaBHUTeNbHas OLeHKa METOOB KOMOMHATOPHOW ONTUMIM3aLuUn No Kputepuram 3GdeKTMBHOCTM 06paboTkn nHdopmMaLmum
B YNPaBJIEHNV TEXHONOMMYECKMU NPoLeccamu

. TouHoCTb peLueHna
MeToa kombuHaTopHOIA CnocobHocTb K 06paboTke BbluncnutenbHas (OTHOGTNbHaA [pUMeHNMOCTb AA CUCTEMHOTO
ONTUMM3ALMN HenosHol MHGopmaL CNIOKHOCTD aHan3a B peanbHOM BpeMeHH
MOrpeLHOCTb €)
eTepMUHUPOBAHHbIe Hu3kas. Tpebytot 100 % ao- HenpumeHnmbl Ana onepaTuBHOro
Rerep P . pedy ; .| JKkcnoHeHumanbHaa: 0(2n). | MpeanbHas: =0 % P i p
MeTOibl (TMHeiiHoe MPO- | CTOBEPHOCTY JaHHbIX. Jlio6oil . yNpaBJeHua 13-3a «NpoKNATUA pa3-
. Mpn n=100 BpemaA pacyeta | (FnobanbHbliA oNTH-
rpaMMUpOBaHye, BETBY ¢6oit natunka bnokmpyet MepHOCT». TONIbKO ANA CTaTNYecKinX
npesbiwaet 1015 net. MyM).
1 TPaHuLIbl) pacyer. 3apay (n<50).
JloKanbHble 3BpPUCTUKI CpenHaa. YyBcTBUTENbHDI MonuHommanbHas: 0(n?). Hu3kas: €<10...20 %. | OrpaHuyeHHo npumeHumbl. Mog-
(rpapmeHTHBIA cyck, K TOKasIbHbIM UCKaXeHNAM bbiCTpas cxoanMoCTb BbICOKMIl pUCK T0KaNb- | XOBAT 1A IKCMPECC-OLIEHKM, HO He
KafiHble ANropUTMbl) NHGOPMALIMOHHOTO MONA. (nonm cekyHabl). HOro 3KCTpeMyMa. FapaHTUPYIOT KauecTBO YpaBseHuA.
Bbicokas. Peanusyior [puemnemas:
BuroHmueckme metass- Ynpasnaemas: O(I-P+n). [pUMeHNMbI C OrpaHMYEHNAMN.
napannenbHylo 0bpabotky €=1...3 %. Pewenne y
PUCTUKM (reHeTnYecKme, . 3aBMCHT OT BbIAENEHHOIO Tpebytot HacTpoiiku 5—10 runepna-
MypaBbUHble ANFOPUTMbI) UHQOpMaLyM, yCTOMHBb! pecypca BpeMeHu AOCTATORHO A TEXHO- PaMeTpOB NOZ KOHKPETHbIil npoLiecc
K wymy 1o 30 %. ’ noruu. ’
. MakcumanbHas. Bkntouaet PekomeHngoBaHbl. 06ecneyusarot 6a-
TnbpuaHbIA Noaxoa ) CHwxeHHaa: O(nlogn) Bbicokas: <1 %.
. 60K NpeaBapuUTENbHON Kna- L NaHC MeXAy TOUHOCTbI0 06paboTKm
(cucTemHblil aHanu3 + . 33 CYeT AeKOMMO3NLNN Anantaums k gpeitdy
CTepU3aLI U AANTVBHON NHGOPMALIMN 11 CKOPOCTBIO MPUHATUA
3BPUCTUKA) 3apaun. napameTpos. ;
dunbTpaumm. peLLeHNiA.
KaeT M3-3a TOro, YTo, B OT/IMUYME OT JIMHEHOro Nnporpam- Pe3ynbTaTbl CpaBHUTENBHOW OLEHKW, MNPUBEAEHHbIE

MUPOBaHUsA, 00MacTb JOMYCTUMBIX PELUEHNI He ABAAETCA
BbIMYKMOM MHOXECTBOM. Takum obpa3om, Ana nomcka on-
TUManbHOIO pelleHns HeobXOAUMO WCKaTb peLIeTKy [o-
NyCTMMbIX TOYEK UMK, B CJlydae CMELUAHHbIX LieNbIX umcen,
MHOXECTBO HemnepeceKaloLWmxca NoAynpAMbIX AN OTpes-
KOB NpsAMbIX [16]. B 1MHenHOM nporpammmnpoBaHnmy, bnaro-
JapA BbIMYKNOCTU 3aiauu, MOXKHO UCMOMb30BaTb TOT daKT,
yTo Nnoboe NoKanbHoe pelleHne ABNAeTCA rnobanbHbIM On-
TUMyMOM. B LienoumcneHHomMm nporpamMmMynpoBaHuK 3agaun
WUMEIOT MHOMO NTOKaNbHbIX OMNTUMYMOB, U AN HAXOXKAEHUA
rno6anbHOro onNTUMyMa ciepyert oKasaTb, UTO KOHKpeTHoe
pelleHne QOMUHMPYET Haf BCEMU OAOMYCTUMbIMU TOUYKaMU
C NOMOLLbIO aPryMEHTOB, OT/INYHbIX OT TeX, KOTOpble OCHO-
BaHbl Ha NCYNCIIEHUWN MOAXOAOB K BbIMYKIOMY MPOrpammu-
poBaHwuio [17].

C yyeToM CTpPemMUTENbHO BO3POCLLErO MOTOKA JaHHbIX,
KOTOpble FreHepUpPYITCA MPOMBILAIEHHBIMY CUCTEMAMW, NH-
TeNnneKTyanbHbIMU YCTPOWCTBaMM, BCTPOEHHbIMU CUCTEMA-
MU MOHWUTOPVIHTA U AVArHOCTMKM, N KOTOpPble HEOOXOAUMO
YUUTbIBATb A5 MPUHATAA ONTMMASIbHOrO PELLEHNSA B KOH-
TeKCTe yrnpaBeHnsa TEXHONOrMYeCcKUMm npoLeccamu, npes-
CTaBNAETCS, YTO BbIOOP KOHKPETHOrO MaTeMaTUYeCcKoro
annapata gomkeH 6a3MpoBaTbCA Ha KOMMPOMUCCE MeXIy
BbIUNCSIMTENIBHON CNTIOXKHOCTbBIO Y TOYHOCTBIO MOJSTyYaemoro
pe3synbTaTa. B Tabn. 2 npencraBneH cpaBHUTENbHDBIN aHaNN3
OCHOBHbIX METO0B KOMOVHATOPHOI ONTUMU3ALUN, OLEHM-
BAKOLWUIA NX NPVIMEHMMOCTb 1A 06paboTKM GONbLIMX Mac-
CUBOB IaHHbIX B PEXMME peanibHOro BPEMEHM.

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

B Tab/. 2, NO3BONAIOT cgenatb cnegyrowme BbiBOAbI.

MNpumMeHeHne TOYHbIX METOLOB (BETBEW W FpaHuL, nu-
HelHOro NMPOrpamMMMPOBAHNA) B KOHTypax OnepaTMBHOIO
ynpaBneHnsa TEXHONOIMYeCK HeONpPaBaaHHO BBUAY UX SKC-
NMOHEHLNANbHOWN BbIYMCAUTENIBHON COXHOCTU. HecmoTpA
Ha rapaHTUio HaxoXKAaeHUs rnobanbHOro onTMMyma, Tpebo-
BaHWA JaHHbIX METOAOB K abCOIIOTHOWM TOYHOCTN BXOAHOM
NHPOPMaLMKM BCTYNAOT B KOHPSIMKT C peasibHbIMM YCI0BUA-
MU 3KCMyaTaLnn, XapakTepusyoWwnMmnca Haanymem nomex
1 U3MEHEHVEM MapaMeTPOB PaboTbl TEXHONIOTMYECKNX M-
HuiA. C gpyron CTOPOHBI, MPOCTeNLne 3BpPUCTMKIM, 0bnagas
BbICOKUM ObICTpOAENCTBUEM, He obecneunBatoT Tpebyemon
TOYHOCTU peLleHus, fonycKasa oTKNnoHeHuA 6onee 10-20 %.

Hanbonee nepcnekTMBHbIM HamnpaBieHUeM, COrfacHO
NpoBeAeHHOMY VCC/IeJOBaHNIO, ABNAETCA NPUMEHEHNE TU-
OpPUAHBbIX MOAXOAOB, COUYETALWMUX SIEMEHTbI CUCTEMHOIO
aHanusa (ana npeaBapuTeNibHON 0BPABOTKU U CHUXKEHUSA
Pa3mMepHOCTN UHPOPMALIMIOHHOrO MPOCTPAHCTBA) U MeTa-
3BPUCTUYECKIMX aNITOPUTMOB.

B uacTHOCTU, ANA ynpaBneHus TEXHONOrMYECKUMIU NPo-
LleccaMmu Mnpu HemnosIHOTe U AVHAMUYECKON N3MEHUYMBOCTH
nMHPopMaLuy npeanaraem o6beAVHNUTD CUCTEMHBbI aHaNn3
CTPYKTYPbl TEXHONIOMMUYECKOro npoLiecca C 3BPUCTUUECKNM
MOMCKOM B pefyLMpPOBaHHOM MPOCTPAHCTBE pPeLUEHUI.
Mo MHeHWI0 aBTOpa, 3TO MO3BOAUT CYLLECTBEHHO CHU3UTb
BbIYVCIIUTENIbHYIO CNTOKHOCTb 6e3 noTepu Tpebyemorn Tou-
HOCTW ynpaBneHus. OXnaaeTcs, YTo UCNOMNb30BaHNe CTPYK-
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TYPHO-VHPOPMALMOHHON [eKOMNo3nuMn 3agadv byaet
CMOCOBHO 06ecrneunTb aCUMNTOTNYECKOE CHIBKEHVE TPY-
LOEMKOCTY A0 YPOBHS, COBMECTVMOTO C TpeboBaHMAMY pe-
anbHOro BpeMeH!.

MopBogsA UTOrW, MOXHO cfienaTb Takue BbiBofbl. CIOX-
Hble KOMOMHATOPHble OMTMMM3ALMOHHbIE 3afjaun BCTpe-
UAlOTCA CErofiHA BO MHOXECTBE peasibHbiX MPUIOXKEHW.
YunuTbiBas 3HauuTeNbHble OObEMbI MHPOPMaLMM U CHOX-
HOCTb TEXHONMOTMYECKMX MPOLECCOB, KOTOPbIMUA Heobxo-
OMMO YNpaBnATb, ANA peweHns 3ajay KoMOMHaATOpHOM
ONTYMM3aLMN Pa3pabaTbiBalOTCA U YCOBEPLUEHCTBYIOTCA

WHTeNNeKTyasnbHble METOAbI aHaNn3a, KoornepaTusHbIe Noa-
Xofbl, CTpaTerny Knactepusauuu v T.4. Mo MHeHWo aBTo-
pa, 3HaumnTenbHbIM NOTEHUMAN UMEET rMOPUAHBIV NMOAXOA,
06beMHAIOLNIA BOSMOXHOCT META3BPUCTUYECKMX aNro-
PUTMOB 1 TOYHbIX METOLOB, KOTOPbIV CMOCOGEH BLICTYMNATh
He KaK BCMOMOraTeNbHbIA UHCTPYMEHT ONTUMM3ALMK, @ KaK
MOMHOLEHHDBIV NIEMEHT 3aMKHYTOrO KOHTYpa ynpaBfieHus
TEXHONIOTMYECKUM MPOLLECCOM, 0OeCrneumBaroLLmin yCTonYr-
BOCTb 1 3ddeKTUBHOCTL dyHKUMOHUpoBaHuAa ACY TI1 B yc-
NOBUAX HeONPeAeNn&HHOCTM 1 BbICOKON NHGOPMALIMOHHOW
Harpysku.
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MOJENINPOBAHUE UHTENNEKTYAJIbHOU
WHOOPMALMOHHOW CUCTEMbI YNIPABJIEHUSA
NEPCOHAJIbHbIMW AIAHHBIMW B OPTAHU3ALINAX

N

MODELING OF AN INTELLIGENT
INFORMATION SYSTEM FOR PERSONAL
DATA MANAGEMENT IN ORGANIZATIONS

A. Filatov

Summary. The relevance of the study is driven by increasing demands for
personal data protection in the digital age. The paper proposes a practical
model of an intelligent information system (1IS) designed to automate
personal data management processes. Functional requirements for the
IS are presented, including data classification and masking, development
of identification rules, and metadata management. Special attention
is given to the system architecture, which leverages open-source
technologies such as Apache Airflow. The study explores the potential of
semantic models and theories, such as Markov processes and fuzzy sets,
to optimize the data annotation process.

Keywords: personal data, intelligent information system, data annotation,

&emantic models, data management. J

KTyasibHOCTb NPOGNIEMbl YyNPaBNEHUA NEPCOHANbHbI-

MW JaHHbIMK OBYCNOBIIEHA YKecToueHnem TpeboBa-

HUI K 3awWwmTe nHbOpMaLMm B CBA3U C UndpoBm3aLu-
el o0LLecTBa, pa3BUTMEM LIMPOBbIX CEPBUCOB M SKOCUCTEM.
Bo3pacTatolme prckmn yTeuek, Knbepatak 1 Henpasomep-
HOrO UCMOJNIb30BAHWSA NMEPCOHANbHBIX JAHHbIX YXKeCcTouaT
TpeboBaHuA perynAatopoB. B 3akoHe «O nepcoHanbHbIX
ZaHHbIx» (03-152) ycTaHOBMEHbI HECKONIBbKO KNIOYEBbIX TEX-
HUYeCKux TpeboBaHWUI A1t KOMMaHWUI, KOTopble 06pabaTbl-
BalOT MEPCOHasbHble fJaHHble. Cucmemsl 3aujumsl nepco-
Ha/bHBIX OAHHbIX: KOMMaHWM 06s3aHbl BHELPUTb CUCTEMbI
3alWKWTbl MEePCOHANbHbIX JaHHbIX, KOTOPble COOTBETCTBYIOT
yrposam 6e30MacHOCTM 1 3alMLIAOT AaHHbIE OT HeCaHK-
LMOHUPOBAHHOIO JOCTYMA, YTPaTbl NN U3MEHeHUA. Ayoum
U MOHUMOpPUH?2: 06A3aTeNIeH perynsipHbl KOHTPOJb 3a COo-
6niofeHem TpeboBaHMii 6e30MacHOCTY, BKJTIOYas BHYTPEH-
HUI ayanuT MHGOPMALMOHHBIX CUCTEM.

Ona cobniofeHna TpeboBaHWIA perynsTopoB B OpraHu-
3aUMAX CO3AAlTCA CrneLnanv3npoBaHHble AenapTaMeHTbl
Mo ynpaBfieHN0 NMePCOHaNIbHbIMK JaHHbIMWU. B Bugy Bce
60bLUEro pacnpoCTPaHEHUA MUKPOCEPBUCHOW apXUTEKTY-
pbi [1][2] B pa3paboTKe UnMppPOoBbIX CEPBUCOB, 3afaYa UAeH-
TdUKaLMM NepcoHanbHbIX HaHHbIX 3HAYUTENIBHO YCIOX-
HAeTcA. ECm Mpy MOHONMTHOWN apXWTEKTYpe BCE [aHHble
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AHHomayus. AKTYanbHOCTb UCCNEA0BaHIA 00YCTIOBAEHA POCTOM Tpe6oBaHMil
K 3aLLuTe NepCOHaNbHbIX AAHHbIX B YCNOBIAX LUPOBU3ALMK. B cTaTbe npea-
NIaraeTca NpakTUueckan MOAENb WHTENNEKTYaNbHOM MHOOPMALMOHHOR Cu-
crembl (MIIC), npeaHa3HaueHHoit AnA aBTOMATU3aLMM NPOLIECCOB YNpaBeHus
NEPCOHANbHLIMI JaHHbIMU. TIpeAcTaBieHbl (YHKLMOHAMbHbIE TpeGoBaHuA
K MW, BKNtYas Knaccdukaumio 1 MackupoBaHue AaHHbIX, pa3paboTky npa-
BN WAEHTUOUKALMM 11 YNIpaBeHne MeTafaHHbIMU. 0coboe BHUMaHKe yaene-
HO apXUTEKTYpe CUCTEMbI, KOTOpast 6a3MpyeTCA Ha MCMONb30BaHMUY TEXHONOT YA
C OTKPbITBIM UCXOAHBIM KopioM, Takux Kak Apache Airflow. PaccmorpeHb nep-
CNEKTUBbI NPUMEHEHUA CEMAHTUUECKUX MOZENEI 1 TEOPHiA, TaKX KaK Teopus
MapKOBCKMX MPOLIECCOB 11 HEUYETKUX MHOMECTB, ANd ONTUMU3ALMM NPOLECca
Pa3METKI JaHHbIX.

Knioyeseble cosa: nepcoHaNbHble laHHbIE, NHTENNEKTYalbHaA I/IH¢0pMaL|,Vl0H-
HaA cncTemMa, pasMeTKa aHHbIX, CeMaHTU4eCkne Moaenn, ynpaBierne aHHbI-
Mu.

HaxodATcA Ha egnHom Knactepe CYB[, To npu mukpocep-
BMCHOM Moaxofe — faHHble MaKCMManbHO pacnpefeneHsbl,
MOTYT 3HAUWTENIbHO OT/IMYATBLCA MO CTPYKTYPE XPaHeHus
n ncnonb3yembiM TexHonornam CYBJ. B ¢eA3n ¢ 3tnm, BCce
6onblle pacteT NOTpebHOCTb B pPa3paboTke WHTENNEKTY-
anbHbIX NHPOPMaLMOHHbIX cucTem (MUC) ana aBTomaTtusa-
LMy npoLieccoB B 06n1acTu 3aLmTbl, ayanTa ¥ MOHUTOPUHTa
nepcoHanbHbIX f4aHHbIX [9].

Lndposoli cepBnc MoOXKeT OblTb NpefcTaBieH Kak
MHOTOQYHKLUMOHaNbHaA UMGPOBM3UPOBAHHAA cuCTeMaA
(MLC), roe kntoyeBbiIM acrnekTOM ABAAETCA WHTerpayma
uUMdpPOBBIX MHCTPYMEHTOB BO BCE CJIOW yrpaBrieHus. Bax-
Hyto ponb B MLC wvrpaet egmHoe nHdopmaLMoHHOe npo-
CTPaHCTBO, obecneunBatollee onepaTMBHOCTb 06PabOTKM
JaHHbIX 1 NPUHATME pelueHnin. B AaHHbIX cnctemax KpanHe
BaXXHbl aBTOMATM3aLMA MHTErpaunii AaHHbIX Y OTBETCTBEH-
HOCTb 3a Ux akTyanu3auuio [13]. OcHOBHOW POKYC BHUMa-
HMA CneuranncToB No NePCoHaNbHbIM AaHHbIM HanpaBneH
Ha ayauT M pa3MeTKy AaHHbIX B 6a3ax AaHHbIX CEpPBLCOB
N aHaNUTUYECKMX XpaHunuwax opraHunsaunin [14]. MNpu pac-
npepeneHHon apxutektype CYB[l opraHusaumam KpanHe
Ba)KHO maeHTuduuymposatb MC 1 Npon3BoaHble 00BbEKTbI
JaHHbIX, COAepXaLlye NnepcoHasnbHble flaHHble. Takne cucTe-
Mbl, COTJIACHO 3aKOHOZATENbCTBY, MPUUYUCIAIOTCA K UHpOP-
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MAUUOHHbIM CUCMeMam NnepcoHasabHbulx O0aHHblx (UCI1AH),
Ha HWMX HaknagblBaetca psAfg TpeboBaHWIA U OrpaHUYEHUN.
Bce NCMNAH nopnexat knaccudumkaumm no YeTbipéM ypoB-
HAM 3aLMLLEHHOCTI, oNpeaenAemMbIM XapakTepom obpaba-
TbIBA€MbIX [JaHHbIX 1 CTEMNEHbIO BO3MOXKHbIX Yrpo3. Ha op-
raHu3aLMoHHOM ypoBHe onepatop 1] 06A3aH Ha3HauUTb
OTBETCTBEHHOE NnLo, obecneunTb 3aKOHHOCTb 06pPaboTKM
JaHHbIX (Hannume cornacma cybbekTa UM NHOM NPaBOBON
OCHOBbI), yBeJOMUTb POCKOMHaA30p O cOo3faHuKM CUCTEMbI
N OrpaHNYnTb [OCTYN TOMbKO YNOSTHOMOYEHHbIMU COTPYA-
HUKamn. TexHMYecKan 3almTa npeanonaraeT UCNonb3oBa-
Hue cepTdULMPOBAHHbIX CPeACTB 3aluTbl MHOOPMaLmK
(OCT3K 1 ®CB), npumeHeHUe anropuTMoB LWNbpPOBaHMUA
no FOCT, ayanT gocTyna v AeNcTBUIN NonNb3oBaTenen, a Tak-
e pa3rpaHuyeHie Npas C MOMOLLbIO PONiei U MEXaHV3MOB
ayTeHTUGMKaunn. JonosHUTENBHO 3aKOHOM YCTaHOBJEHbI
TeppuTopuanbHble orpaHuMyeHns, obasbiBatoLMe XpaHUTb
nepcoHanbHble AaHHble rpaxaaH PO Ha cepBepax BHyTpU
CTpaHbl, a Takxe TpeboBaHKA K Cpokam 1 06bEMy 06paboT-
Kn nHbopmaumn. KOHTPONb 3a UCMONHEHWEM BO3JIOXEH
Ha PockomHag3op, a HapyleHUa BReKYT agMUHUCTPATUB-
HY0 11, B OTAENbHbIX CJTyYasX, yronoBHY OTBETCTBEHHOCTb.

ABTOMaTV3aLMA NPOLLECCOB YrpaB/ieHNA NePCoHalbHbI-
MW AaHHbIMY BO3MOXHa B 06pa3oBaTesibHbIX OpraHu3aLu-
AX. VIHCTpymeHTapuii npednoXKeHHbll B pabote AOTOBOW
W.B. BKntouaeT pa3paboTKy mopenei u anropuTtMoB Ans
aBTOMATM3MPOBAHHOIO MNpPeAnpPoeKTHOro obcnefoBaHKA
WCMNOH. 9T MHCTPYMEHTbI NO3BOAAIOT yUeCTb 0COOeHHOCTY
ob6pa3oBaTesibHbIX yupexaeHuin, Takme Kak nybnnyHocTb
N TeppuTopuasnibHas pa3obLEHHOCTb, 1 MUHUMU3NPOBATb
Tpypo3aTpaTbhl, OLHOBPEMEHHO MoBbIwasa 6e30mnacHOCTb
HaHHbIx. MNpepnaraloTca mMopeny, OCHOBaHHble Ha Teopuu
MAPKOBCKMX NPOLECCOB 1 TEOPUN HEYETKNX MHOXeCTB [15].
lfoneHkoB B.B. n 'ynakmHa H.A. pa3pabaTbiBatoT MeTofbl ce-
MaHTMYECKOro aHanmn3a TEKCTOB U X MPUMEHEHWA B UHTEN-
NEKTyanbHbIX CUCTEMAX, BHE 3aBUCUMOCTY OT CTaguUM OMbIT-
HO MPOMbILINIEHHON 3KcnnyaTaunn. OCHOBHOe BHMMaHMe
yaenaeTca co3fhaHuio Mofenen, CNocobHbIX CTPYKTYpUpo-
BaTb U KnaccnduumpoBaTb TEKCTOBYIO MHbOPMaLMIO C YUé-
TOM €€ ceMaHTU4YeCKux cBAzei. BakHbIM acnekTom ABnAeTca
NCMOJIb30BaHe OHTONOMMN U GOPManbHbIX JIOFKK, YTO MO-
3BOJISIET CUCTEMaM 6onee TOYHO NAeHTUOULMPOBATb CMbIC-
NOBble OTHOLUEHNA MEXAY dfIeMeHTaMUn TeKCTa. ITU TeXHO-
NOrnY MOTYT MPUMEHATLCA /1 aBTOMaTUYeCKO 06paboTKm
[aHHbIX U M3BNEYEHUA 3HAHWIN, UYTO CYLLECTBEHHO MOBbI-
waeT 3pdeKTMBHOCTb UHTENNeKTyanbHbIx cuctem. [3] [4]

Mopmanmsauns 3asa4Hn

nyCTb 3ajaHO MHOXeCTBO TZ:16J'IVIL|I
T = {t,t,...t,}

lne Kaxkaasa Tabmua onucbiBaeTca CTPYKTYPOii

t, = (FQN,-,D,-,C,-)

FQN; — meTamaHHBIE: CXEMBI JaHHBIX, TAOJUIIHI,
D; — TekcTOBOE OmMCcaHUE TaOJIUIIHI,
C; ={€1/Cizse--sCipy }— MHOKECTBO KOJIOHOK.

FQN; n name; npeacTaBnA0T CO60N HAMMEHOBAHNA Ta-

651, 1 cTONOLOB HA NATUHCKOM S3blKe B ABYX BapuaLuMsaX:
«camel case», Hanpumep: smOrdersTotal, userClientView,
orderliness vinn «snake case», Hanpumep: order_positions,
user_address, rep_lot ona nx TokeHmsaumm, na TeKCTOBbIX
onucanuit D; u name; 6yaeT NCNonb30BaH BEKTOP HOPMaJlb-

HOW TOKeHM3aLmm — pa3buBka no npobenam v 3HaKam NyH-
KTyauum [16].

tokens = Tok(s)

tokens—maccus BBIJIEJIEHHBIX CJIOB CTPOKH S

S—CTpOKa Tefcc'ra( FQN;,name;,D;,name;; )

Kaxpas KONOHKa C; 3a[1aeTCA BEKTOPOM MPU3HAKOB:
¢ = (name,-j,type,j,desc”).
name; — HaUMeHOBaHNEe KOJIOHKH,

type; — TN JaHHBIX TaOJUIBI : IleJioe, CTPOKA, JAaTa,
mata U BpemsA, OyJIEBO,

desc,j —TEeKCTOBO€ OIIMCaHMne KOJOHKHN

Heobxoarnmo npoBecty Knaccupukauuio Ha YpOBHE Ta-
6n1LUbl, orpeaennB 3HaYeHe LeneBon nepemMeHHon

y; € {0,1,2}

rae 0 — Tabnmua TOYHO He COAEPXKUT NepCcoHanbHble AaH-
Hble, 1— TabnnLa MOXeT cofepKaTb NepCcoHasnbHble AaH-
Hble, 2 — TabsMLa TOYHO COAEPXKUT NEPCOHANbHbIE AaHHbIE.
B obyuatowenn Bbibopke cofepxutca N = 30500 Tabnuu,
[NA KaXkaol onpeaeneHo MHOXKECTBO KOJTOHOK.

3ajavya COCTOUT B MOCTPOEHUN Takon ¢yHKuun f, yto
Yi = f(ti))’i:
pi = P(y: = klt;)

o6ecneq|/|Ba|ou4e|7| YBEPEHHOCTN

MpoekTuposaHue

Mpouecc pasmMeTKM MNepCcoHanbHbIX AAHHbIX B LUMPO-
KOM CMbIC/le NpeacTaBnaeT u3 cebsa pasmeTky Gpr3nyecknx
mogenen gaHHbix (tabnuu) UCMNOH cncteMHbIMU aHanuTu-
Kamu. MeTtogonorua HacToAwern pasmeTkn popmupyetca
1 BanupupyeTca cneyvanncTamy no ynpasfieH/o nepco-
HanbHbIMM JaHHbIMKW. Pe3ynbraToM npouecca ABnAeTCA
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AKTyanusauma
peectpa MNx

Ynpasnenue nepcoHanbHbIMK AAHHMH

Cornacoeaxne
pa3sMeTKun

s
¥
E MopaboTka Pa3smetka NOH
- PU3UYEeCKOoi uU3n4ecKoin
z mopenu UCNOH mopenu UCNOH
3 | Heobxonuma

popaboTka
g nenax
(3]

Mepepava
N3MEHEeHWA B
paspaboTky
[opaGoTKu yunThIBaIOT
mwm TpeGosanua MNOH

Puc. 1. BepxHeypoBHeBbI npoLuecc pa3MmeTky MNepcoHanbHbIX AaHHbIX Npu pa3paboTke CYB[

dopmMmpoBaHVe peecTpa NepCoHanbHbIX AaHHbIX Ha YPOB-
He aTpnbyTOB Pr3nyeckoin mogenu NCrOH. Peectp Heobxo-
[VM B CNyyasx: 3anpoca nosb3oBaTensa Ha yaaneHue nepco-
HaJIbHbIX JaHHbIX, MaCK/POBaHNA NepPCOHasIbHbIX AaHHbIX
ANA NPOCMOTPa HeaBTOPM3MPOBAHHbBIMU MONb30BaTENAMY,
BeAEeHNA yyeTa NepCoHanbHbIX JaHHbIX B OPraHm3aLmn.

YyacTHMKaMy npouecca BbiCTynatoT gee rpynnbl MNosnb-

30BaTenen:

e KomaHga YnpaBneHusa nepcoHanbHbIMW AaHHbIMU —
OCYLLeCTBAAT HaA30pP 1 BaNMAUPYIOT KOPPEKTHOCTb
pa3MeTKUN NepCcoHanbHbIX JaHHbIX

e CucTemMHble aHaNUTUKM — MPOU3BOAAT Pa3MeETKY
Ha ypoBHe pu3mnyeckor mogenu gaHHoix UCMOn

Mpu NpuHATAK pewweHna o knaccudurkaumm MNAH yyacT-
HUKN OPUEHTUPYIOTCA Ha Habop BBOAHbLIX MeTaflaHHbIX
N PpaKTnyeckux AaHHbIX. HaumeHosaHue mabauuysl U ampu-
6yma — yCTaHaBNMBAKTCA B COOTBETCTBME C MPUHATHIMA
KOHBEHLMAMU M COAepaT YKa3aHue Ha cofepalymecs
HJaHHble. OnucaHue mabnauysl u ampubyma — 6usHec/
TEXHMYECKOe OMnncaHne o6bEKTA, COOEPXKUTCA B AOKYMEH-
Tauuu, nMbo B MeTadaHHbIX oobekTa B CYBI NCMOH. Oak-
muyeckue 0aHHble — peasibHble faHHble BHYTPY 06bEKTa,

MOryT cofiepaTb Homepa TenedpoHoB, OO, geHexHble
BeNNUUHbI. Memodosioaus pazmemku [1[JH — Habop npasBun
N MeToauK Aana kKnaccuébukauymm MOH, MOryT otnmMyatbcs
MeXJy OpraHv3auusmMu B Bualy cneundukm.

HasHa4eHve 1 ocHoBHbIe (DYHKLUN

PaspabatbiBaemaa MNC npepHasHaueHa AnsA aBTOMa-
TU3auMm npoueccoB Knaccudurkaumm n ynpasneHua obb-
ekTamy VCTIOH 1 aHanUTUYeCKMUX XPaHWIWLL MO YPOBHAM
copepaHnA nepcoHanbHbix AaHHbiX. MAC ponxHa ynos-
NeTBOPATb CriefyoLWwmnm TpeboBaHNAM:

e ayTeHTUdMKaLMA 1 aBTOpU3aLMA aencTuiA MNonb3o-

Batenem;

e BuM3yaNnM3auuUsa KIMEHTCKOro BebG-uHTepderica ans
B3auMoOJencTBma ¢ cepBepHon yactbio NG, ¢ npu-
MeHeHneM cHXPOHHbIX REST APl meToa08B;

e CO3[aHue, pefaKkTMpPOBaHMe, NPOCMOTP U yaaneHme
npaBun NAeHTUGUKALMM NePCOHaNbHbIX AaHHbIX;

e CO3[aHue, pefakTMpoOBaHMe, NPOCMOTP U YAaneHue
NCTOYHMKOB AaHHbIX (AHANNTUYECKMX XPaHUANLLY);

e CoO3[aHue, pefaKkTUpOBaHMe, NPOCMOTP U yAaneHue
KaTanoroB 6a3bl 3HaHWI, BKJIlOYaA XPaHUMY UCTO-
puto 1 obyyatoLlme BbIGOPKY;
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e Knaccudurkauma metagaHHbiX n3 MC-MCTOYHMKOB CO-
rMAacHO MpaBuiaM MAEHTUOUKALMMN NepPCOHaNbHbIX
JaHHbIX;

® MackupoBaHue (06e3nnurBaHne) GakTUUYeCKNX aaH-
HbIX B 06beKTaxX CUCTEM-UCTOYHNKOB B COOTBETCTBUE
C MpaBMIaMn MAaCKMPOBAHMA NEPCOHANbHbIX AaHHbIX;

e  dusnyeckoe yganeHme GakTUUECKMX AaHHbIX B 00b-
€KTaxX CUCTEM-UCTOYHUKOB B COOTBETCTBME C perfa-
MEHTAMV OUMNCTKUN NMEPCOHANbHbIX JAHHbIX;

® SKCMOPT MeTafaHHbIX U Knaccuoukaumin B popmate
CSV/ XML;

e dopmunpoBaHMe TEXHUYECKON OTYETHOCTM MO pe-
3ynbTaTtam pabotbl mogenen MNC.

ApXuUTeKTypa

Cnctema [pomkHa ObiTb CrpoeKkTUpoBaHa Kak Beb6-
OPMEHTNPOBAaHHOE NPOrpaMMHOe CPeACTBO M MpPefocTaB-
nATb Monb3oBaTenAm BO3MOXHOCTY 3aMycka NHTerpaLoH-
HbIX Npouenyp U akTyanusaumm 6a3bl 3HaHWUA. OCHOBHbIe
MOZY/N NPOEKTUPYEMOI CUCTEMbI BKJTIOYAIOT B CebA:

Monb3osamensckuli uHMepghelic — NpefHasHayeH AnA
paboTtbl CneunanmcToB MO MepPCOHasNbHbIM [aHHbIM, He-
obxoanM Ans BW3yanbHOro NPeACTaBNEHUA pe3ynbTaToB
paboTbl VIHTennekTyanbHOW CMCTEMbI, MO3BONIAET BHOCUTb
W aKTyanu3npoBaTb Npasuia Knaccubukaumm nepcoHasnb-
HbIX JaHHbIX. [TporpammHas peanusaumna BKOYaeT B cebn
TexHonorun JavaScript pnsa BW3yanbHOro OTOOpaXeHuA
06beKTOB, a Takke REST API ans B3aMoaencTBuma C cepBep-
HbiMn mogynamu UC

Moodynb knaccugpukayuu MemadaHHbIX — OCHOBHOW MO-
Zynb Noaaep»KKN NpUHATAA pelueHunin. MpeactasnaeT cobon
CEMaHTUYECKYI0 MoAesb, onpeaenaioLLyio ypoBeHb Nepco-
HaslbHbIX JaHHbIX, COAep)KalmMxca B 06beKkTe xpaHuaumua
JaHHbIX. Ha BXxoA mMopenu mocTynaloT npeobpa3oBaHHble
MeTa-gaHHble 13 NCTOH n aHannTrnyecknx xpaHunuul. B pe-
3ynbTate paboTbl Npouegyp, Ha OCHOBAHUWM BHYTPEHHeN
ba3bl 3HaHUI, paHee HeKnaccnPpUUMPOBaHHbIE AaHHble pa3-
6uBatoTcA No ypoBHAM lNepcoHanbHbIX AaHHbIX U MacKUpy-
totca B ICMAH aHanUTUyeckux XxpaHunmiax (MCToOYHUKax).

Modyne uHmezpayulii — ocywecTnaeT cbop wmcxon-
HbIX MeTa-gaHHbIX 13 NCMOH v aHanuTnyecknx XxpaHunumiy,
1 Npeobpa3oBbIBAET X A AOATOCPOUYHOrO XPaHEHUsA BO
BHYTpeHHel 6a3e 3HaHui. [o3BonseT 3amyckaTb npote-
ZOypbl Ha pernameHTHol OocHoBe, Nn6o no 3anpocy Mosnb-
3oBatena. [lporpammHas peanusauma MOAynsa UCNonb3yeT
TEXHOJIOTUIO C OTKPbITbIM NCXOAHBIM KopoM Airflow Ha 6a3e
nuueH3nm Apache. TexHonorva No3BosnAeT Ha perfnameHT-
HOW OCHOBe 3amyckaTb mpouenypbl 06paboTkn 6osbLIVX
MacCC/BOB AaHHbIX, HAaNMCAHHbIX Ha A3biKe Python.

basza 3HaHut — penaumoHHaa CYB/[l, copeprkalyan: na-
pameTpbl 3anycka 1 KOHPUrypaumm ceMaHTUYeCKom moge-
nu, Habop Monb3oBaTeNbCKUX MPABUI 1 NpoLeayp, UCTopu-
YyecKune MmeTagaHHble aHaNTUTUYECKUX XPaHUNLL.

NNC ponxHa nogaep»kmBaTb PONeBy0 MOAesNb AOCTyna
K pecypcam. Ponb «AIMUHMCTpaTOP» NO3BONAET BbIMONHATb
Bce pencteua B INC (npocmoTp, pegakTnpoBaHue, ygane-
HVe) BHe 3aBNCMMOCTU OT pecypca obpalyeHuns. Ponb «3Kc-
nepT» BKIlOYaeT B ceb6A 0CHOBHble rpynnbl lNonb3oBatenein:
CneynanncTtoB No MepcoHasbHbIM AaHHbIM 1 CUCTEMHbIX
AHANIMTUKOB UM AOCTYMHbI AeACTBUA (MPOCMOTP, peaaKkTu-
pOBaHue, yaaneHne) HO C YY4EeTOM MPUHAANEXHOCTM K pe-
cypcy (koHkpeTHbIM NCTTOH 1 xpaHunuwam).

3aKAlo4HeHue

AKTyanbHOCTb BOMPOCOB YNpaB/ieHUA NepCoHabHbIMM
JaHHbIMK, Ha pAdy C yKecToueHneM TpeboBaHWIA peryns-
TOpPOB 00ycCnaBNMBaOT HEOOXOAMMOCTb Pa3paboTKN KOM-
MNEKCHbIX MHCTPYMEHTOB 1 NPOrpammHOro obecneyeHus
ANA aBTOMAaTU3aLMM SKCNepPTHbIX NpoueccoB. OHU AOMXKHbI
ObITb Hanpag/eHbl Ha NOBbILLEHWE 3PPEKTVBHOCTA U ONTU-
MM3auuio npoueccos ynpasneHuna MNAax.

BO3MOXHbIM OTBETOM Ha 3ampocC MOryT CTaTb WHTEN-
neKTyasibHble UHGOPMALMOHHbIE CUCTEMbI, OCYLLECTBNA-
lolWre NoAAepPXKY B MpoLeccax MPUHATAA SKCNepTHbIX
pelweHunin. Hanbonee nepcnekTMBHON 0bnacTbio ABNAETCA
pa3paboTka CceMaHTUYECKUX KNacCUPUKALMOHHbIX Mofe-
nei N COOTBETCTBYIOLLMX 6a3 3HAHWUI ANA PACLUMPEHMSA IKC-
nepTM3bl MPOLIeCCa N CHUXKeHNA BOBNeYeHUs Monb3osate-
nel B pyTVHHblE onepaunn Knaccudurkaumm n Banupauun.
PaspabatbiBaemble MIIC gonkHbl OTBEYaTb COBPEMEHHbIM
TEXHONOTMYECKMM 1 apXUTEKTYPHbIM MPUHLMNAM, a Takxe
TpeboBaHMAM 6e30MacHOCTH

B HacToAwWen cTaTbe npepnoxeHbl GyHKUMOHaNbHble
TpeboBaHWA 1 KOHLENTYyaNbHaA apXMTeKTypa mogenupye-
Mo MC. B pamkax onncaHHOro npouecca, OCHOBHOM ynop
NNC pomxeH 6bITb caenaH Ha mogyne Knaccudbukaumm me-
TaflaHHbIX 1 Mopyne MHTerpauuii. B knaccmdukaymoHHom
mMogyne MoryT 6blTb MCNONIb30BaHbl MOAENUN, OCHOBaHHbIE
Ha TeopMM MapKOBCKUX MPOLLECCOB, TEOPUN HEYETKMNX MHO-
MeCTB, UCMOJIb30BaHbl OHTONOMMN U GOpPManbHbIe NOTUKU.
NHTerpayoHHbI Moay b AOMKEH ObITb FMOKMM B HACTPOK-
Ke 1 N03BOJIATb NMOAKIOUYATbCA K Pa3HOOOPA3HbIM MCTOYHU-
kam WVCIMNOH, BHe 3aBUCMMOCTU OT MCMOJIb3yeMblX TEXHO-
norun CYB[, mopynb MoXeT 6bITb pa3paboTaH Ha OCHOBe
TEXHONOTUN C OTKPbITbIM UCXOAHbIM Kogom Apache Airflow.
MpepnoxeHna MoryT 6bITb MCMNOMb30BaHbl OPraHM3aLAMN
npu paspabotke UNC gns pelieHnsa NpakTUUecKrx 3agad
B o6nactu ynpasnenus MNAH.
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noaxoa K NETEKTUPOBAHWKO CNEAOB 3KCINNMYATALIUA
YA3BUMOCTEW BEB-NPUNOXEHNN KNACCA INJECTIONS

HA NPUMEPE YA3BUMOCTEN XPAHUMOI0 MEXXCAWTOBOI0
CKPUMTUHIA U YAJIEHHOT O BKJTHOYEHWSA ®ANOB

f

AN APPROACH TO DETECTING TRACES
OF EXPLOITING VULNERABILITIES

IN WEB APPLICATIONS

OF THE INJECTIONS CLASS USING

THE EXAMPLE OF VULNERABILITIES

IN STORED CROSS-SITE SCRIPTING
AND REMOTE FILE INCLUSION

G. Shipulin

Summary. The article is devoted to issues related to the identification
of traces of exploitation of vulnerabilities in web applications of the
Injections class according to the updated OWASP Top 10 classification of
2025 using the example of vulnerabilities in stored cross-site scripting
and remote file inclusion. The proposed approach to detecting post-
exploitation (traces of exploitation) vulnerabilities is based on comparing
the current state of a web application with its image of a reference state
and subsequent analysis of changes in web application data (files and
rows of target database tables) and includes five procedures: forming
an image of a reference state; determining changes in the current state;
analyzing and evaluating changes in the current state. states; updating
data on changes to the current and previous states; updating the image
of the reference state of the system. To test the proposed approach in
relation to detecting traces of exploitation of vulnerabilities in stored
cross-site scripting and remote inclusion of files, a software tool was
developed and tested to confirm its applicability. The limited application
of the proposed approach is determined by the peculiarities of exploiting
certain vulnerabilities of the Injections class, as a result of which no
changes are made to the structure and content of the attacked web
application.

Keywords: vulnerabilities, web applications, stored cross-site scripting,
detection of post-exploitation of web vulnerabilities, traces of

exploitation of web vulnerabilities, OWASP, information security. J

pobrniemMa CBOEBPEMEHHOIO OOHAPYXKEHUA YCMeLHO
I_IaKcnnyaTmpyeMblx YA3BMMOCTEN BeO-NPUNOXKEHNI,
K KOTOPbIM OTHOCATCA TaKXXe YA3BUMOCTY XPaHMMOro
MEXCANTOBOro CKPUMNTMHIA 1 yAaneHHOro BKtoueHus daii-
noB, ABNAETCA aKTyanbHOW BBMUAY OGONbLIOrO KonmyecTsa
COBEpPLUAEMbIX aTaK Ha BeO-MpunokeHus. Tak, COrfacHo

otyeTy komnaHun «Webmonitorx» 3a 2025 r. 6bi10 3adpuK-

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.
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KaHoudam topuduydeckux Hayk, doyeHm PTY MUPSA;
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Anomayus. (TaTbA NOCBALLEHA PACCMOTPEHMIO BONPOCOB, (BA3AHHDIX C BbIAB-
NeHneM CNefjoB IKCTyaTaLm ya3BumMocTeli Be6-npunoxeHuii knacca Injections
cornacHo obHosneHHoi knaccudukauum OWASP Top 10 2025 roga Ha npumepe
YA3BUMOCTeli XPaHUMOT0 MEXCAIATOBOr0 CKPUNTUHIA U YAANEHHOT0 BKNOYEHNA
daiinoB. MpeanoxeHHbIA NOAXOL K ATEKTUPOBAHUIO MOCTIKCNYyaTaLum (cne-
[OB JKCMNyaTaLum) yA3BIMOCTeIA 0CHOBAH Ha CPABHEHMI TEKYLLEro COCTOAHNA
Be6-npunoxeHna ¢ ero 06pa3om TaNOHHOMO COCTOAHNA W NOCNeAYIOLMM aHa-
NN30M U3MeHeHII AaHHbIX Be6-NpunoxeHna ($paiinos 1 CTpok LeneBbIx Tabnuy
0a3bl JaHHbIX) 1 BKNKOYAET NATb NpoLesyp: GopmupoBaHue 06pasa 3TanoHHOMo
COCTOAHUA; OnpeaeneHine U3MeHeHINi TeKYLLEro COCTOAHNA; aHaNN3 U OLeHKa
N3MeHEHMIl TeKyLLero CoCToAHNA; 06HOBNEHe JaHHbIX 00 U3MEHeHUAX TeKy-
Lero 11 npeablAyLLero coCTOAHMIA; 06HOBNeHNe 06pa3a 3TaNOHHOMO COCTOAHMA
cuctembl. inA anpobauuu npeanoKeHHOro NoAXoAa B OTHOLLEHUM AeTeKTUPO-
BaHMA (1efi0B JKCMAyaTaLi yA3BUMOCTE XpaHUMOT0 MeXCaiTOBOro cKpun-
TUHra U YAANeHHOro BKNKYeHNA aiinos Obino pa3pabotaHo 1 npoTecTMpoBaHo
nporpaMmHoe CpeACTBO, NOATBEPXAlLLEe ero NPUMEHNMOCTb. OrpaHnyeH-
HOCTb NPUMeHeHNA MPeIOKEHHOr0 NoAX0Aa onpeaendeTca 0cobeHHOCTAMM
3KCNAyaTauui HeKOTOpbIX yA3BUMOCTeil Knacca Injections, B pe3ynbrate KoTo-
PbIX He BHOCUTCA U3MeHeHUi B CTPYKTYpY 11 COAEPXIMOe aTaKoBaHHOro Beo-
NpUNOXeHus.

Kniouesbie cnoga: yA3BUMOCTY, BeO-NPUNOXKEHNA, XPaHUMbIA MEXCAATOBbIN
CKPUNTUHT, AeTEKTUPOBAHUE NOCTIKCMyaTaLk Beb-yA3BUMOCTeN, Cnefbl IKC-
nnyatauun Be6-yassumocteid, OWASP, uHpopmaumoHHas 6e3onacHoCTb.

cupoBaHo 6onee 870 MUNIMOHOB MOMBITOK KCMyaTaLum
pa3HbIX yA3BUMOCTEN, U3 KOTOPbIX MOPAAKa YeTBEPTH OTHO-
CUINCb K MEXCaNTOBOMY CKpUATUHTY [1].

YA3BUMOCTW yfaneHHoro BkntouveHua ¢annos (Remote
File Inclusion — RFI) n XpaHMMOro MeXcanmToBOro CKpwumn-
TuHra (Stored XSS) oTHocaTca K kateropum A05:2025 —
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Injections o6HOBNEHHON B KOHLUe 2025 roga knaccmouka-
umm OWASP Top 10 2025, uto TakXe OTpakaeT LUMPOKYIO
pacnpocTpaHeHHOCTb 3KCMJyaTaLmM U OMAacHOCTb AaHHbIX
yA3BMMOCTE Beb-npunoxeHun. [letanbHaa TexHWYecKas
cneuyndurkauma Kaxgoro U3 paccMaTpriBaemMblX BUAOB YA3-
BMMOCTEN OMnmncaHa B CUCTeMe KaTeropmsaunm yasBruMocTen
annapaTHOro UM nporpamMmHoro ob6ecneyeHnss Common
Weakness Enumeration (CWE). [2,3]

Takum 06pa3om, He TONbKO 3aaun onpeaeneHuns yassn-
MbIX CYLLHOCTEN Beb-NpunoxeHua [4], HO 1 NOCTIKCNNyaTa-
uum (cnepoB aKCMyaTauumn) YA3BUMOCTEN JaHHOrO Knacca
ABNAIOTCA aKTyasIbHbIMU.

Mpepnaraembin B MccnefoBaHUM MOAXOA K AETEKTU-
poBaHWIO CNeAoB  3KCMayaTauum YyA3BUMOCTEN  Kracca
Injections ocHOBaH Ha CpaBHEHUM TeKyLlero COCTOAHMWA
BEO-NPUNOKEHNA C ero 3TaloHHbIM COCTOAHMEM Mocpea-
CTBOM aHanun3a n3mMeHeHun AaHHbIX Be6-npunoxkeHus (dan-
NOB 1 CTPOK LienieBbix Tabnuy 6a3bl AaHHbIX). Takxke npeg-
rnonaraeTca MHOrOypoOBHeBas HOPManusauua [fAaHHbIX,
noAcyeT BeCOB NPU3HaAKOB (c/1efo0B) sSKCcNnyaTauum 1 an-
Hammnuyeckoe MoAaBneHne NErnTUMHbIX M3MEHEHUIN yepes
apanTUBHbBIN MEXaHU3M yyeTa NernTUMHbIX N3MEHEeHU Co-
CTOAHMNA CUCTEMbI.

MpenmyLlecTeamm faHHOro NoAxoAa ABNAETCA MAHUMU-
3aLMA NOXXHOMONOXUTENbHbIX cpabaTbiBaHMIN 1 GOKYCUPO-
BaHVe TONbKO Ha HEM3BECTHbIX M3MEHeHMAX C afanTaumen
K IErMTUMHON AVHaMIMKe N3MeHeHWA KOHTeHTa 6e3 Heobxo-
AMMOCTM Mepeco3faHnA 3TaloHHoro obpasa. OzpaHuyeH-
HOCMb npuMeHeHUs onpedesiaemcs 0COBeHHOCMAMU 3KC-
nayamayuu yazsumocmed knacca Injections, 8 pesysiemame
KOmMOopbIX He BHOCUMCA U3MeHeHUU 8 CMpYKmMypy U co0epu-
MOoe amaxko8aHHO20 8e6-NPUIOKEHUS.

Cam nopgxop K AeTeKTUPOBaHMIO NOCTIKCMIyaTaumm
yasBuMocTen Knacca Injections onpegenserca cnegyto-
LWMMMN YeTbIPbMA B3aIMOCBA3aHHbIMM NpoLesypamu 1 oa-
HOW oTfenbHON Npoueayport 06HoBNEeHMsA 06pa3a 3TaNoH-
HOrO COCTOAHMNA CUCTEMbI:

1. dpopmupoBaHmMe 0bpasza 3TaIOHHOIO COCTOAHNUS;

2. onpepgeneHne N3MeHeHWN TEKYLLEro COCTOAHNS;

3. aHanM3 n oueHKa M3MeHeHWU (genbT) TeKyLlero co-

CTOAHNS;
4. obHoBNeHMe p[AaHHbIX 06 W3MEHeHMAX TeKyLluero
1 NpeAblayLero CoOCTOAHUMN.

Mpouenypbl onpeaeneHs WU3MEHEHU TEKYLLero co-
CTOAIHUA, aHaNM3a U OLEHKU U3MEHEHUI (BeNbT) TeKyLLEero
COCTOAHMA, OOHOBNEHNWA AaHHbIX 06 N3MEHEHUAX TEKYLLEro
1 NPeabIayLEero COCTOAHMI BbIMOHATCA NOC/ef0BaTe N b-
HO HemnpepbIBHbIM LIUKIOM.

Mpouepypa d¢opmupoBaHua ob6pasa 3STaslOHHOro
COCTOAHUA CUCTEMbI BbIMOHAETCA OAHOKPATHO mnepea

BbIMOJIHEHVEM BCeX nocnegyowumx npoueayp. OHa 3aknio-
YyaeTca B nocsiefoBaTeslbHOM 06palleHun K daiinam Beb-
NPUNoXeHus 1 Tabnuuam 6a3 JaHHbIX, NPeaBaAPUTENIbHO
3aflaHHbIX B BuAe LeneBoro Habopa, C BblYMCIEHMEM KX
X3LW-3HavyeHn Ha ocHoBe anroputma SHA256.

PekypcrBHbI 06x0f $alinoBoM cCTeMbl BbIMOTHAETCA
OT 3a[JaHHOTO KOPHEBOTO KaTanora Beb-npunoxeHus ¢ yye-
TOM CMUCKA WCKIOYEHUIA, MPY 3TOM And Kakporo dainna
BbIUNCIIAETCA ero X3 1 GUKCMpyroTca ero atpubyTsl (MyTb,
pa3mep, Bpemsa moandurkaumm). Bzanmopaencteme c uene-
BbIMM Tabnuuamuy 6a3bl AaHHbIX BbIMONHAETCA C/iefyowmnm
006pa3oM: AnA KaxAOoW 3aMncy BblUMCIIAETCS X3LW MO 3Hauu-
MbIM MONAM 1 GopmMrpyeTca Habop nap BMAA: <NEPBUYHBIN
KJY — X3LW», YTO MO3BONAET CONOCTaBAATb M3MEeHeHUn
MeXJy COCTOAHUAMM.

Taknm o6pazom, popmrpyeTcs 06pa3 3TallOHHOIO COCTO-
AHNA CUCTEMbI, BKJIIOYAIOLWUI peecTp Xaweln ¢alnioB Beb-
NMPUNTOXKEHWA N PEECTP X3LEeN CTPOK LiesieBbix Tabnuu 6a3bl
JaHHbIX, NCMOMb3yeMblil B AanbHeNWeM 41A onpefeneHns
W aHanv3a W3MEHEHWU B TeKyLleM COCTOSAHWM CUCTEMBI.

Mpoueaypa onpegeneHna N3MeHEHMIA TEKYLLEro co-
CTOAHUA BbINOJIHAETCS MOBTOPHbIA 06x0f KaTtanora Beb-
NMPUNOXEHWA U LeneBblX Tabnumy 6a3bl AaHHbIX C BbIUKC-
NEHNEM X3LUEe MO aHaNorMm ¢ Npefblaywen npoueaypoi.
[anee BbINONMHAETCA COMOCTaBlIeHNE TeKyLlero 1 3TanoH-
HOro (Npu NepBOM BbIMOSIHEHUW NMpPOoLeAYypPbl) NN Npefbl-
Zywero (Npy nocnepyolwmx BbINOMHEHUAX NpoLueaypbl)
COCTOAHMNA Ha OCHOBE BbIUYMCNEHHbIX X3LWen, B pe3ynbTa-
Te Yero onpefenstoTca HOBble, YAaNleHHble UM mMmogudu-
LUMpoBaHHble dalsbl U 3anucu B Tabnuuax 6a3bl AaHHbIX.
B pe3synbrate chOpMUPOBAHHBIN HAbOP (CAMCOK) OTINYMIA
C nosiemM Beca Npr3HaKa 3KcryaTaumm (C 3agaHHbIM Hyne-
BbIM 3HaYeHNEM) B KaXKAOW 3anncy nepefaeTca B KayecTse
BXO[HbIX JaHHbIX CrlefytoLlelt npoueaype.

N3 chopmupoBaHHOro Habopa B pamkax mpoueaypbl
aHanunsa v oL eHKN N3MeHeHU (fenbT) TeKyLero cocTo-
AHUA BbINOJIHAETCA MOC/efoBaTeNlbHOe ObpalleHne K co-
oTBeTCTBYyOWMM daiinam 1 3anmcam Tabnuu 6asbl JaHHbIX
C OMUMOHaNbHbIM AeKOANPOBaHNEM NHbOPMaLUN (CTPOK)
N CKaHMpOBaHVe MOCpPefCcTBOM Habopa perynspHbIX Bbl-
paxeHuii. Mpr Ka>kgom OOHapyXeHWW CMTHaTYp dKCryaTa-
umnn y;I3BVIMOCTeM, B YaCTHOCTWY, MEXCanToBOro CKpUNTUH-
ra v yganeHHoro BKNUYeHus GalifioB, COOTBETCTBYIOLUM
pPEerynspHbIM BblpaXkeHMeM B aHanvsupyemom daiine unu
3anuncy Tabnuupbl 6a3bl AaHHbIX 3HAYEHUE MONA Beca MHKpe-
MEHTUPYETCA COOTBETCTBYIOLWEN 3annucy chopMmMpPOBaHHO-
ro Habopa Ha 3apaHee 3afjlaHHOE B PETY/IAPHOM BblpaXKeHnm
3HayeHwue.

Mpn NPOXOXXAEHNM MOPOrOBOro 3HAYeHNA Beca cunUTa-
€TCs, UTOo aHanM3mpyembln 06beKT (dbarn nnm 3annco Tabnu-
bl 6a3bl AaHHbIX) COAEPXKUT NPU3HAKM NOCTIKCNIyaTaumum
YA3BMMOCTEN.
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Mpoueaypa o6HOBREHNA AaHHbIX 06 W3MeHeHUAX
TeKyllero 1 npeabiAyliero COCTOAHMUIA COCTOUT B ajan-
TVBHOM Yy4yeTe NermnTMmMHbIX N3MEHEHUN COCTOSHUA CUCTe-
Mbl, @ UMEHHO B GpOpPMMpPOBAHM/OOHOBIIEHNN Obpa3sa Te-
KyLLEro COCTOAHMS CMCTEMbI Ha OCHOBE CPOPMMPOBAHHOTO
B Nnpouenype onpeaeneHns N3MeHeHn TeKyLwero coctos-
HVSA, HaCbIWEHHOro HeJoCTalWVMK AaHHbIMUA U3 06pasa
3TaJIOHHOTO COCTOAHUA CUCTEMBI.

Mpouenypa o6HOBNEeHVA 06pa3a 3TalOHHOTO COCTOS-
HVSA CUCTEeMbI aHanorMyHa npouegype ¢opmrpoBaHns 06-
pasa 3Ta/loOHHOTO COCTOSAHUSA.

Ona peanvsaumm AaHHOrO MOAxofda B OTHOLIEHUW [Je-
TeKTUPOBaHWA NOCTIKCMyaTauum yassrumocTel Stored XSS
1 RFl 661110 pa3paboTaHo NporpamMmmHoe CpecTBO Ha A3blKe
nporpammupoBaHua Python3 [5]. Beibop ncnonb3yemoro
A3blKa NPOrpamMmmMrpoBaHna 060CHOBaH KpoccnnathopmeH-
HOCTbIO U LIMPOKMMU BO3MOXHOCTAMU 06paboTKM TEKCTO-
BbIX AAHHbIX 1 PaboTbl ¢ GpanoBbIMU CUCTEMaMU 11 Ga3amu
JaHHbIX.

ApxuTeKTypa pa3paboTaHHOro MPOrpamMmMHOro cpef-
CTBa BKJIIOYAET CliefytoLyie Moayu:

e uvHTepdeiica ynpasneHus;
CKaHVMpOoBaHUA Gannos;
CKaHMPOBaHUA 6a3bl AaHHbIX;
HOPManu3auny 1 aHanmsa fJaHHbIX Y COCTOAHWI;
bopMUPOBaHUS OTUETOB.

DyHKUMOHANbHbIE  BO3MOXHOCTM, MOPAZOK paboTbl
N B3aMMOAENCTBME MOZyNeln onpeaenalTca OnmMcaHHbIMU
paHee npouenypamu.

Camo nporpaMmMHoe cpefcTBO BKoYaeT Aga dainna:
ckpunT postexp_guard.py 1 KOHPUrypaumoHHbi darn
config.json. B ¢aiine postexp_guard.py peanvi3oBaHbl Bce
MOZYNM MPOrPaMMHOr0 CpPefcTBa, BKJUaA uHTepdeinc
yrpaBneHus, CKaHMpoBaHMe ¢alnoBor cuctembl 1 6asbl
[aHHbIX, IeKOAMPOBAHME 1 aHaN3 NX COQEP>KUMOrO, a TaK-
Xe dbopmMupoBaHMe OTYETOB O pe3ynbTaTax BbIMOJIHEHMA.
Mann config.json cogepXnT KOHPUrypauuyi pexxumoB pa-
60Tbl M MapaMeTPOB CKAHMPOBaHNKSA, B TOM YNCIe JUPEKTO-
puvio KaTanora BeO-MPUIIOXKEHNSA, NepeyeHb NCKITIoYaeMbixX
KaTanoros v $Galnos, NapameTpbl NOAKIIIYEHNA K cUCTEME
ynpasneHua 6a3amum JaHHbIX, LieneBo Habop Tabnuuy 1 no-
new AnsA aHanm3a, NoporoBble 3HaUEHKA BECOB, a TakXKe Ha-
60p perynapHbIX BbliparkeH WM.

techgdvwa:

[+] baseline fs_snapshot.json saved

$_./postexp_guard_v2.py init

CkpunT postexp_guard.py 3amnyckaetcs yepes KOMaHf-
HYI0 CTPOKY MWHTeprnpeTaTtopa OMepaumoHHON CUCTEMbI
1 NOJAEPXKMBAET [iBe OCHOBHbIE KOMaH[bI:

e «init» — 3anyck co3gaHna obpasa 3TafloOHHOro COCTO-

AHNA CUCTEMDI;
® «scan» — 3amnyCcK CKaHMpPOBaHUA (MPoBepKM).

[ononHutenbHO peann3oBaH ¢nar «-promote» KomaH-
Obl «init», MO3BONALMNIA UHULUNPOBATb KOHTPONIMPYyemMoe
06HOBNEHME 06pa3a 3TaNIOHHOIO COCTOAHUS CUCTEMDI.

Ona nposepkn paboTtocnocobHoCT pa3paboTaHHOro
MPOrpamMmMHOro CPefCcTBa, pPeannsyowero NpeanoXeHHbln
MOAXOA MO OTHOLIEHUIO K YA3BMMOCTAM XPaHUMOIO MeX-
CaTOBOro CKPUMTWHIA 1 YAAJIEHHOTO BKoYeHus $alisios,
6bl1 NPOBefeH IKCNEePUMEHT.

B pamkax skcnepumeHTa 6bino pa3BepHyTo Ha 6ase
BMPTYaNnbHON MalUMHbI MOA YnpaBieHnem onepauyioH-
How cuctembl Linux Ubuntu 22.04 Be6-npunoxeHne dvwa,
npenHa3HauyeHHOe A BbIPabOTKM MPAKTUYECKMX HAaBbIKOB
TEeCTUPOBAHNA HA MPOHUKHOBEHWE BEG-MPUNOXKEHNI [6].

Ona ¢dopmMmpoBaHMA obpa3a 3TaNOHHOTO COCTOAHUSA
BEO-NPUNIOXKEHNA OblIM  HACTPOEH KOHPUIypaLMOHHbIN
dann config.json n 3anyweHa ytmnuta postexp_guard.py
C KoMaHgom «init» (puc. 1).

[anee ©Obina BbIMNOMHEHa 3KCMyaTauus  yA3BU-
MOCTU  XPaHMMOIO  MEXCANTOBOrO  CKPWUMTMHIAa  BO-
CeMblo pasHbIMM BeKTopamu [7] C pasHbIMW YPOBHSA-
MU C/IOKHOCTAMM,  BbICTaBIEHHbIMW B HACTPOWKax
camoro Beb-npunoxeHus dvwa (onpeaenstoTca peanvso-
BaHHbIMW MexaHn3MaMu 6e30MacHOCTN) Ha Beb-CTpaHuue
http://IP-anpec/DVWA/vulnerabilities/xss_s/ naHHoro Be6-
NPUNOXKEHUS.

Mocne yero 6biNoO BbINOMHEHO CKAHMPOBAHMWE C LieNblo
BbISIBJIEHVA CNeAOB 3KCMTyaTaluy ysa3BYMOCTEN XpaHMO-
rO MeXCaTOBOrO CKPUMTUHIa NMOCPEACTBOM 3anycka yTu-
nnTbl postexp_guard.py ¢ KomaHAowM «scan» (puc. 2).

Ina npoBepkn PaboTOCNOCOOHOCTM pa3paboTaHHO-
ro NMpPOrpaMMHOro CpefAcTBa B OTHOLUEHUWN OETEKTUPOBA-
HUA MPU3HAKOB 3KCryaTauuy yA3BUMOCTEN yHaneHHOro
BK/ItOUeHNA GaiinoB Oblia BbINOMHEHA SKCMyaTaumsa AaH-
HOro YA3BMMOCTM TPEMSA Pa3HbIMK BEKTOPaMu C PasHbIMU
YPOBHSAMU CJIOXKHOCTAMY, BbICTaBIEHHbIMU B HACTPOMKax
camoro BebG-npunoxeHna dvwa (onpepensioTca peanuso-
BAaHHbIMU MeXaHU3MaMn 6e30MacHOCTM) Ha BeO-CTpaHuLe

[+] baseline db saved: /home/tech/postexp_guard/baseline/db/guestbook.tsv.gz

[+] baseline fs_allow.json created

techgdvwa:

Puc. 1. Co3pnaHve o6pasa 3TalloHHOIo COCTOsHNA Beb-npunoxeHnsa dvwa (MCTOUYHMK: pa3paboTka aBTopa)
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tech@dvwa: $ ./postexp_guard_v2.py scan

[+] ALERT score=35 report=/home/tech/postexp_guard/reports/20260128-190821/report.json

[+] evidence=/home/tech/postexp_guard/reports/20260128-190821/evidence.txt

tech@dvwa: $ REP=~/postexp_guard/reports/$(1ls -1 ~/postexp_guard/reports | tail -n 1)
techadvwa: $ cat "$REP/evidence.txt"

VERDICT: ALERT

TOTAL_SCORE: 35 (threshold=7)

CHANGED FILES (effective):
added: 0
modified: @
removed: 0

TOP FINDINGS:
[xss] +7 XSS:script_tag @ db::guestbook:2 :: <script>alert(123)</script>\ntestl
[xss] +7 XSS:script_tag @ db::guestbook:4 :: 1\n<SCRIPT>alert('You have been hacked!')</SCRIPT>
[xss] +4 XSS:javascript_uri @ d s 1\n<meta http-equiv="refresh" content="0;javascript:alert(1)"/>
[xss] +4 XSS:javascript_uri g d < 1\n<audio src=1 href=1 onerror="javascript:alert(1)"></audio>
[xss] +4 XSS:javascript_uri @ d - : 1\n<video onerror="javascript:javascript:alert(1)"><source>
[xss] +3 XSS:event_handler @ db::g : 1\n<img src="x" onerror="alert('You have been hacked!')" />
[xss] +3 XSS:event_handler @ db::guestbook:7 :: 1\n<audio src=1 href=1 onerror="javascript:alert(1)"></audio>
[xss] +3 XSS:event_handler @ db::guestbook:8 :: 1\n<video onerror="javascript:javascript:alert(1)"><source>techgdvwa:

Puc. 2. BbiBog pe3ynbTaToB BbINOMHEHNSA pa3paboTaHHOIro NPOrpamMMHOro cpeAcTea (MCTOUYHMK: pa3paboTka aBTopPa)

techadvwa: $ cat ./reports/20260128-202235/evidence.txt
VERDICT: ALERT
TOTAL_SCORE: 19 (threshold=7)

CHANGED FILES (effective):
added: 1
modified: @
removed: @

TOP FINDINGS:

- [rfi] +7 RFI:include_url @ file::html/DVWA/marker.php :: <?php\necho "marker";\n/* Suspicious indicators for testing:\n base64_decode(\n system(\n include(
"http://example.com/x")\n*/\n?>\n

- [webshell] +7 SHELL:system @ file::html/DVWA/marker.php :: <?php\necho "marker";\n/* Suspicious indicators for testing:\n base64_decode(\n system(\n includ
e("http://example.com/x" )\n*/\n?>\n

- [obf] +5 OBF:base64_decode @ file:: html/DVWA/marker.php :: <?php\necho "marker";\n/* Suspicious indicators for testing:\n base64_decode(\n system(\n includ
e("http://example.com/x" )\n*/\n?>\ntechgdvwa: Ly |

Puc. 3. BbiBoA pe3ynbTaToB BbINONHEHWSA Pa3paboTaHHOIo NPOrpamMmMHOro CpeAcTBa (MCTOUYHMK: pa3paboTka aBTopPa)

http://IP-anpec/DVWA/vulnerabilities/upload/ JaHHOro Takum obpa3om, GbUT OnNucaH Mpepdnaraembli NOAXOA
BE6-NPUNOKEHMA. K AETEKTMPOBAHMIO C/IefOB 3KCMyaTauun YA3BMMOCTEN
BeO-NpUNoXeHUn Knacca Injections Ha ypoBHe npoueayp,
onpepfeneHbl ero NperMyLlecTsa 1 orpaHuyeHns. OnucaHa
apXMTEKTypa pa3paboTaHHOro MPOrPaMMHOIO CPeAcTBa,
peanu3yloLwero AaHHbIN NOAXO B OTHOLIEHUN ClefoB SKC-
nayaTaumm ya3sBnUMOCTEN XPaHMMOTO MeXCaiTOBOro CKpU-
TUHTa ¥ y[#aneHHoro BKAoUueHUs GalifioB, a Takxke npepn-
CTaBJIeHbl pe3ynbTaTbl ero NPUMeHeHUs.

Take Mo aHanorum 6blI0 BbIMOIHEHO CKaHMpPOBaHMe
C Lenblo BbISIBIEHVSA CNEAOB 3KCMyaTauumn ya3BUMOCTEN
yAaneHHoro BKJoYeHNA aliioB MocpencTBOM 3anycka
yTUAUTbI postexp_guard.py ¢ KomaHzom «scan» (puc. 3).

Kak BMAHO, NpOrpaMmHoOe CpeacTBo oTpaboTano Kop-
PEeKTHO U ONpPeAenvo BCe Ciefbl SKCMyaTaLnmn ya3Brmo-
CTel XPaHMMOro MEXCalNTOBOrO CKPUMNTUHIA W YAaNIEHHOrO
BK/tOUeHMs1 GainoB, YTO MOATBEPXKAAET MPUMEHVMOCTb
NpennoXeHHOro nogxoaa.
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AHANK3 BO3MOXXHOCTEW NPUMEHEHUA WA-ATEHTOB
NS NOBbILUEHNA YPOBHA KUBEPYCTOWYMBOCTH
WHOOPMALIWOHHOW NHOPACTPYKTYPbI OPTAHWU3ALIUK

N

ANALYSIS OF THE POSSIBILITIES

OF USING Al AGENTS TO INCREASE

THE LEVEL OF CYBER RESILIENCE

OF AN ORGANIZATION’S INFORMATION
INFRASTRUCTURE

G. Shipulin
I. Kalutsky
A. Shornikov

Summary. The article discusses the possibilities of using Al agents to
solve problems of improving the cyber resilience of modern information
infrastructure, especially in monitoring and respond to information
security incidents. The analysis showed a significant reduction in
MTTD and MTTR time metrics when Al agents were introduced into
an organisation’s information security management system, but also
revealed an increase in type | and type Il errors in the detection and
identification of information security incidents. The authors highlighted
the advantages and limitations of Al agents, identified the risks
associated with their use, and made a well-founded conclusion about the
advisability of considering Al agents as a promising addition to a mature
information security management system and processes. The analytical
work led to a reasonable conclusion about the advisability of considering
Al agents as a promising addition to a mature information security
management system and processes for monitoring and responding to
information security incidents, especially in the context of a dynamically
changing cyber threat landscape.

Keywords: artificial intelligence, Al agents, information security,
information security incidents, monitoring of information security

kincidents, information security tools. J
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AHHomayug. B cTaTbe paccMoTpeHbl BO3MOXHOCTU npumeHeHna WiA-arextoB
ANA peLueHna 3aday NoBbILeHUA YPOBHA KubEepyCTOUMBOCTU COBPEMEHHOI
NHGOPMALMOHHOI MHGPACTPYKTYPbI, @ UMEHHO NpU MOHUTOPUHTE U pearnpo-
BaHMN Ha MHLMAEHTbI MHOOPMALMOHHOI Be3onacHocTy. [IpoBeaeHHbIil aHanu3
MoKa3a CyLecTBEHHOE CHIKeHINe 3HaUeHMil BpemeHHbIX MeTpuk MTTD n MTTR
npu BHeapeHun WIA-arexToB B cucTemy ynpasneHna uHGOPMaLMOHHOI be3-
0NacHOCTU OpraHM3aLnK, 0JHAKo Takxe Bbin BbIABAEH POCT OWMOOK nepBoro
11 BTOPOro pofia npy 06Hapy»eHu 1 MAeHTUGUKALMIA MHLMAEHTOB MHpOPMALK-
OHHoIA 6e30nacHocTi. ABTOpamu Bbink BblAeNeHbl NPeUMyLLECTBA 1 OrpaHuye-
HUA npumeHMocTH U-areHToB, a Takxe onpeaeneHbl pUcky, BA3aHHble € X
3kcnnyatayyeii. lpoBefeHHan aHanuTUYecka pabota no3Boauna caenatb 06o-
CHOBAHHBbIV BbIBOA 0 LienecoobpasHocTu paccmoTpeHus WiA-areHToB B kauecTae
nepcnekTUBHOTO ONONHEHIA 3PeNoil cucTembl ynpasneHna MHGOpMaLMOHHOI
6e30MacHOCTbI0 1 NPOLIECCOB MOHUTOPMHIA 11 pearpoBaHIA Ha UHLMAEHTbI H-
dopmaLmoHHoli 6e30MacHOCTI 0COBEHHO B YCNOBUAX AUHAMUYHO M3MEHALLe-
roca nanawadra kubepyrpos.

Kntouesble ¢/108a: WCKYCCTBEHHbII UHTENNEKT, -arenTbl, nHdopmaLmoHHas
6€30MaCcHOCTb, UHLMAEHTbI MHOOPMALIMOHHOI 6e30MaCHOCTH, MOHUTOPUHT UH-
LIAIEHTOB MHGOPMALIMOHHOIA 6E30MaCcHOCTH, CPEACTBA 3aLLMTbI UHOOPMALIAN.

HbIX KOMMbIOTEPHbIX aTak. B KOHTeKCTe yero, npeanaraeTca
NCNonb3oBaHMe noaxoaoB obecrieyeHna Vb ¢ akueHTOM
Ha KnbepyCcTONYMBOCTb, MOL KOTOPOW MOHMMAETCA Cro-
COBHOCTb MHPOPMALMOHHOWN MHPPACTPYKTYpbl (CUCTEMbI)
npeaBunaeTb, NPOTUBOCTOATb Y NPOJOSIXKATb BbINOSHEHNE
KPUTUYECKN BaXkHbIX OYHKUUIN B YCJIOBUAX peanusauuu
yrpo3 6e30mnacHOCTY MHPOPMALMM, KOMMbIOTEPHbIX WH-
LNOEHTOB WM KOMMbIOTEPHBIX aTaK, a TakKe ornepaTMBHO
BOCCTaHaBNMBATbCA NOCAE HMX U adanTMpOBaTbCA K U3Mme-
HAOLWWENCA Cpefe Yrpo3 3a CYET KOMMeKca TeXHUYEeCKNX
N OpraHM3auMoOHHbIX Mep OBHapyXeHudA, pearnpoBaHuA,
BOCCTAHOBJIEHNA U HEMpPepbIBHOIO COBEPLUEHCTBOBAHMA
npouecca obecneyeHnsa Nb. B KoHTEKCTe AaHHOTO Uccneno-
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BaHuA nog N-areHTOM NOHMMaeTCA HTeNNEeKTyanbHas cu-
CTema, UCMONb3YHoLaa TEXHONIOMMN NCKYCCTBEHHOIO NHTEN-
nekta (MW) pna obyyeHns Ha MaccmBax AaHHbIX, MPUHATAA
peleHnin 1 BbINOIHEHUA 3afay 6e3 NOCTOAHHOro yyacTus
yenoBeKa C Liefiblo AOCTUXKEHUSA onpeaeneHHblx Lenen [1, 2].

LienblogaHHoronccnefoBaHnAABAAETCAaHANN3 BO3MOX-
HOCTEl 1 OLEHKA COMYTCTBYIOLWMX OFPAHNYEHMNI 1 PUCKOB,
CBA3AHHbBIX C WCMOJSIb30BAHMEM aBTOHOMHbIX W-areHToB
B pEeLeHnn 3afay MOBbIWEHUA YPOBHA KMOepyCcTONYnBO-
CTW MPU MOHUTOPUHIE W PearMpoBaHMN Ha WHLUWUAEHTDI
NB wnHbopMauMOHHON KHOPACTPYKTYPbl OpraHU3auum.

AHann3 npumeHeHnst U-areHToB AASI MOHUTOPUHIA
" pearnpoBaHng Ha NHUWAEHTbI B

MNpumeHeHne NiA-areHToB B cuctemax ynpasneHusa Vb
[NA MOBbILWEHNA YPOBHA KMOEepyCTONUMBOCTA MOKPbIBaET
MOMHBIN CNEKTP 3afiay, OT NpeABuaeHNA yrpo3 6esonacHo-
T nHbopmaumnm (@ paBHO U KOMMbIOTEPHBIX UHLMAEHTOB
UM KOMMbIOTEPHBIX aTaK, Aanee — vHUuaeHTbl Mb) o Boc-
CTaHOBNEHUA U ajanTauny MHGOPMaLIMOHHOW MHPPACTPYK-
Typbl K HUmgeHTam Vb.

OfHaKo, B paMKax laHHO paboTbl, 06/1aCTb pellaemMbIxX
3ajay4 COKpallieHa 4O MOHUTOPWHIA 1 pearMpoBaHNA Ha UH-
umaeHTbl Vb B CBA3M C HanmMumem Kak MacCMBOB «CbIPbIX»
naHHbIX (Takue Kak, AWS CloudTrail, UCF-Crime video frames
n ap.) [3], Tak 1 cneumanm3npoBaHHbIX HAOOPOB faHHbIX ANA
o6yueHusa mogeneinn NN (takue kak, NSL-KDD, CICIDS2017,
UNSW-NB15, CSE-CIC-IDS2018 n ap.) [4-8] n npakTnyecku
noATBeP)KAEHHbIX Pe3ynbTaToB ANA NPOBeAeHUA Cpas-
HUTEIbHOTO aHanu3a nokasatenein 3GGEKTUBHOCTU Mpu-
MeHeHnA Kak Knaccuveckux C3W, Tak n € npumeHeHuem
NW-areHToB. B TO e Bpemsa, AnA pelieHna apyrux 3agad
B paMKax MoBblLLEHMNsA KNbepyCcToNMYNBOCTU MHPOPMALIMIOH-
HoW MHOPACTPYKTYpbl Kak NogobHble HAabopbl AaHHbIX, TakK
N NPaKTUYECKU 3HaUUMble pe3ynbTaTbl, OTCYTCTBYIOT. C TOU-
K1 3peHnsA nocTaBneHHblX 3agay, MIN-areHTbl feMoHCTpUpYy-
0T MONOXKMTENbHblE Pe3ynbTaThl, @ UMEHHO 3HAaYUTENbHOE
COKpalleHne cpefHero BpemeHu Ob6HapyXeHus (MTTD,
Mean Time to Detect) n pearnposanua (MTTR, Mean Time to
Respond) uHuunaenta UB [1]. Pe3ynbtathl [9] geMOHCTpUpPY-
0T CHMXKEHVEe 0603HaUYeHHbIX Bbllle METPUK B CPeIHEM Ha,
npumepHo, 95 % c 48 yacos 1 24 yacos o 3 YacoB 1 1 yaca
COOTBETCTBEHHO. MeHee ONTUMMNCTUYHO BbIMMAZLAT pe3ysib-
TaTbl OLIEHKW, NpBEAEHHON B [2], OTMevaloLme CHKeHNe
MTTR nocne BHegpeHusa NN-areHtos Ha 30 %. Momnmo ns-
MeHeHNA BpemeHHon meTpukin, MTTR, HemanoBaXHbIM AB-
NAETCA NPOLIEHT OLWMOOK NepBOro 1 BTOPOro TuMa, Co3faBa-
embix M/-areHTammn B Xoe MOHUTOPVIHIA U pearmpoBaHUsA
Ha nHUnaeHTbl Mb.

CoBpemeHHble cucTeMbl 06Hapy»keHns BTopkeHui (IDS,
Intrusion detection system) akTMBHO NPUMEHAIOT TEXHO-
norun N gna nosbiweHusi 3GHeKTUBHOCTU OO6HAPYXeHUs

npur3HakoB uHUuaeHToB Mb. Ocoboe 3HaueHne npuobpe-
TaloT MyJIbTIAr€HTHbIE CUCTEMbI, CNOCOOHbIe 06pabaTbiBaTh
pa3HoOb6pa3Hble MOTOKWU [aHHbIX B pPeasibHOM BPEMEHMU.
K npumepy, pewenne AgenticCyber, paspaboTtaHHoe Ha oc-
HOBe reHepaTtnBHOIO |/||/|, OEMOHCTPUPYET 3HaYuUTENIbHbIE
pe3ynbTaTbl B OOHapyXeHWW MPU3HAKOB MHUuAeHToB Wb,
pocturaa 96,2 % F1-meTpuKkn (NpeactaBnsiowen cobown
rapMoHMnYeckoe cpefHee ToYHOCTU (Precision) n MOMHOTHI
(Recall), otobpaxeHHoe B popmyrne 1) npu cHuKeHun MTTR
Ha 65 % no cpaBHeHUIO C Knaccuyeckumu IDS [3].
Percision X Recall

F=2X — (1)
Percision + Recall

Takrke, nccnefoBaHMA NOKa3blBaloT, YTO MHTErpaLus Me-
XaHN3MOB BHUMaHUsA, 6onee nogpobHO onmcaHHbIX B [10]
C MynbTMareHTHbIMU CUCTEMaMM, OCHOBAHHbIMU Ha rnybo-
Kom obyueHun c nogkpenneHnem (DQN, Deep Q-networks)
obecrneymBaeT CylWeCcTBEHHOE MOBbIWEHNE KayecTBa 006-
PaboTKN MacCMBOB JaHHbIX U BbIYMCAUTENBHON 3$deKTUB-
HocT mogener A, B yacTHOCTM ynyulleHne pe3ynbTaToB
6onee yem Ha 2 BLEU (Bilingual Evaluation Understudy)
N COKpalleHne BpeMeHn o0byyeHns fo 12 yacos, NoBbIIAET
TOUHOCTb OBGHapYy»KeHMA Npu3HakoB nHumaeHTa Vb n cHm-
»aeT KonmyecTBo ownbOK MepBOro 1 BTOPOro Tuna npu-
MepPHO Ha 42 % [11]. Takne cuctembl 0651aaOT NOBbILIEH-
HOW YCTOMYMBOCTbIO K aTakam B OTHOLUEHUWN KaK Mogenen
W, Tak n cammx UM-areHTOB, a TakXKe MOryT 6blcTpee Mac-
WTabnpoBaTbCA NP YBENIMYEHNN pa3mepa ceTu. Pag skcne-
PVIMEHTOB, NpoBefeHHbIX B [12] NOKa3bIBaET, YTO MyJbTUa-
reHTHble cMcTeMbl 06ecneyrBatoT 6osee BbICOKYI0 TOYHOCTb
06Hapy»KeHnA aHOMannn U MOTyT aAanTUPOBaTbCA K HOBbIM
TMNam atak 6e3 HeoOXOAMMOCTM MOJIHOTO NepeobyyeHus
CUCTEMbI, YTO OCOOEHHO Ba)HO B YCJIOBUAX NMOCTOAHHO 3BO-
nioUMoHuUpYytoLero naHawadta Kmbepyrpos, rae CKopocTb
afjanTauumn cucTemMbl 3aLWuUTbl MHGOPMALIMK HaNPAMYIO BAU-
AeT Ha ypoBeHb KnbepyCcTonuymBoCT WMHGOOPMALMOHHOWN
NHOPACTPYKTYpPbl OpraHmM3aLmn.

MpumeHAemble onA pearnpoBaHWA Ha MHUUAEHTbl Vb
CpencTBa 3aluTbl MHPOPMALMM BIXOAAT HAa KaueCTBEHHO
HOBbI YpOBeHb OGnarofapA MPUMEHEHU MybTUAreHT-
HbIX CUCTEM Ha OCHOBe GOMbLUMX A3BIKOBbIX Mogenen. Wc-
CnefoBaHNA B JaHHON cdepe NOoKasbIBatOT, YTO pasfiMyHble
KOHOUIypaunuy MynbTMareHTHbIX CUCTEM, KaK NpaBuiio, Bbl-
LenAoT crefylme Knaccbl: LeHTPann3oBaHHbIe, AeLleH-
Tpanu3oBaHHble U TMOPUAHbIE, AEMOHCTPUPYIOLLME Pa3Nny-
Hyt0 3P PeKTVBHOCTb B 3aBUCMOCTM OT TMMNa uHumaeHTa Ub.

LleHTpanun3oBaHHble CTPYKTYPbl C «€4MHONIMYHbIMY JIN-
OEPCTBOM MOKa3blBalOT HaWUBbLICLIMIA MPOLEHT YCNeLwHOoro
pearvpoBaHua (okono 70 %) B cueHapusx, TpeOyoLwumx
ObICTPOro NPUHATUA pelleHnid. B To ke Bpemsi rubpugHbie
CTPYKTYpbl 06ecrneunBatoT 6onee BbICOKYIO afanTUBHOCTb
K WHbIM Tunam nHuuaeHToB Wb [13]. AHanu3 paboT, noces-
LEHHbIX MYJIbTUAreHTHOMY OOYUYeHUI0 C MOAKPEeneHneM
B cdepe Vb nogTBepKAaeT, UTo rMbpULHbIe apXUTEKTYPbI
obecneurBaloT ONTUManbHbIA GanaHC MeXAy CKOPOCTbio
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peakunmn 1N yCTONYMBOCTbIO K YaCTUYHbBIM OTKa3aM KOMMO-
HEHTOB cucTembl [12-14]. B cBoto ouepeab, SKCMEPUMEHTbI
B YCNOBUAX YaCTMYHO aBTOHOMHOW CUCTEMbl ynpaBneHus
B nokasbiBaloT, UTO AeLeHTpann3oBaHHble CTPYKTYpPbl Ae-
MOHCTPUPYIOT Ha 25 % [15] 6onee BbICOKYIO YCTOMUYMBOCTb
K LiefleHanpaBfieHHbIM aTakaM Ha OTAesbHble Y3/1bl MO CpaB-
HEHUMIO C LEeHTPAsIM30BaHHbIMU aHaNioraMu, Yto 0CobeHHo
BaXXHO MpW 3aluTe, K NpUMepy, KpUutnyeckor nHGopmawm-
OHHOW MHGPACTPYKTYPbI.

O606LleHVe pe3ynbTaToB NPOBEAEHHOro aHanmsa pas-
nmunn Knaccuyecknx C3U, a takke C3U ¢ npymeHeHnem
TexHonorum M n otaenbHo Ha 6a3e MA-areHToB, B KOHTEK-
CTe NpeAcTaB/eHHbIX B paboTe UCCNeJOBaHUN, MPUBOAUTCS
B Tabn. 1. bonee HarnAgHaa oueHKa pe3ynbTaToB NpuBeae-
Ha Ha guarpamme 1.

Puvckun v orpaHn4eHns1 ApUMeHNMOCTI
NN-areHTOB B paMKaXx peLleHns 3aA34 MOHUTOPUHIA
" pearmpoBaHng Ha HUMAeHTbl B

HecmoTtpsa Ha o0603HaueHHble Bbille MpenMyLLecTBa
N BO3MOXKHOCTU OT npumeHeHuna N-areHToB 1, NOCTpoeH-
HbIX Ha UX 6a3e, MynbTMareHTHbIX CUCTEM HEOOXOAMMO TaK-
e OTMETUTb PUCKM M OrpaHMyeHns nofjobHbIX peLueHuni
B pamKax 3ajay MOHWTOPWUHra 1 pearMpoBaHUA Ha WHUU-
nenTbl VB.

B nepBylo ouepepb, BaXXHO OTMETUTb, YTO TaKasA cuUCTe-
Ma (kak Ha 6a3e opHoro M-areHTa, Tak 1 MynbTMareHTHas)
He NUILIEHa yyacTuAa YenoBeKa, creuuanucta no 3awure
nHdopMauun nny cneumanmcta no padote c N, n Tpebyet
KOHTPONA 3a pe3ynbTaToM. BbifiBNeHHble B MCCNe[oBaHNAX

Tabnuua 1.

CpaBHUTeNbHBIN aHanu3 Knaccnyeckux C3U u pelweHnii Ha 6a3e TexHonorun W (B T.u. Ha 6a3e M-areHToB)

Kputepuii oueHku Knaccuueckne GG

(3 c npumeneHmnem TexHonoruii Ui

(31 Ha 6a3e N-arenToB

CpeﬂHﬂﬂ TOYHOCTb BblABNEHNA NPU-

(He cynTas UN-arexToB)

NHXeHepun

~80 % ~90 % ~92, B peakux cnyyasx ~95 %

3HaKOB MHLMAeHTOB Ub
CpeaHee Bpema 06HapyKeHUA UHLN-

e P Py . ~15-20 MuHyT ~5-7 MUHYT ~3=5 MUHyT
nexta b
(penHee BpeMaA pearupoBaHmA Ha UH-

PeAiee Bpem pearkp ~30 MUHYT ~10 MUHyT ~5 MUHYT
unnent Ub
CpeaHuil npoLeHT oLwmMboK nepBoro
TiNa Npu pearnpoBaHuN Ha HLNAEHTDI ~10-15 % ~5% <~1%
b
CpenHuii NpoLeHT owwnbok nepaoro

pel pol P MoxeT gocturatb 90 % 5-10 % <~1%
TINA NPY MOHUTOPUHTE NHLMAEeHTOB b
CpeHuit npoLeHT oWwmMboK BTOpOro TUna

Pei TipoL P ~15-20 % ~5-8 % <~2%
npy pearnpoBaHum Ha HLMAeHTHI UB
CpenHuii NpoLeHT owwn6oK BTOporo Tuna

eI Tipoli P ~15-20 % ~10-15 % <~5%
Npy MOHUTOPUHTe HLMAEHTOB /b

HenocpepacTBeHHoe, HenocpeactBeHHoe, apMuHmncTpupyeT | OnocpefoBaHHOE, KOHTPOAMPYET pe3ynbTatbl
YyacTue yenoBeka B aAMMHUCTPUPOBA- S ; e . PPy iy POTUPYET Pey
wn 3 BbIMONHAET NOMHBIIA UMKN | 1 KOHTPOAMpYET GyHKLUMOHMpoBaHMe | paboTbl C3U 1, npu HEObX0AMMOCTH, OCYLLeCT-
B3aumogelictaua ¢ (U aGu BNAET [ONONHUTENbHYIO HACTPOIAKY.
BbisBneHme ckaHMpoBaHUA NOPTOB + + o
(1 MHBIX aHOManKiA ceTeBOro TpaduKa)
BbiaBneHue atak knacca «0Tkas B 06cny-
+ + +
XKUBaHNM»
BblisBNEHNe NONbITOK MeXCaitTUHIOBOTO
+ + +

ckpunTmrHra (XSS)
Bbisanexue nonbitok SQL-nHbeKLmit + + +
BblABNEeHNe NonbIToK coLManbHoi N N n
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[wnarpamma 1. PeaynbtaTbl CpaBHUTENBHOrO aHanm3a Knaccnvecknx C3U n pelweHun ¢ ncnonb3oBaHnem TexHonoruin A

CpeJiHsisl TOUHOCTD BBISIBJIEHUSI IPU3HAKOB
UHIUAeHTOB Ub
10,00

BoblsiBieHUE TONBITOK COLIPIaJ'IbHOﬁ
WHXEeHepUuu

BoisiB/IeHHe MOMBITOK SQL-UHBEKIUH

BbIsiB/IeHHE TONBITOK MEXCaHTHHTOBOTO
ckpunTHHra (XSS)

06CIyKUBaHUU»

BbIsiBJIeHHe CKaHUPOBAHMUS IOPTOB (M UHBIX
aHOMaJIUi ceTeBOro Tpadpuka)

Y4acTue yeji0BeKa B aIMUHUCTPUPOBAHUU
C3Hu

=@=K naccuueckue C3U

[4, 9, 22] Noka3aTenn OWMOOK NepBOro TuMa MoryT 4ocTu-
ratb 3HayeHun B AnanasoHe 1-5 %.

Tak»e Ba)XHO BbleNITb BO3MOXXHOCTb afanTauun Tak-
TUK, TEXHUK 1 Npouedyp 3/10yMbIWIEHHUKA NOfA 0CObeH-
HOCTV IaHHbIX CUCTEM. YTO, B YaCTHOCTW, BbIPa)KaeTcs B Mo-
CTPOEHMM BEKTOpa aTaKy Yepes HeraTMBHOE BO3OeNCTBUE
Ha mogenb U, obyuatowme Habopbl AaHHbIX, Ha onepaTto-
pa W-areHTOB (MynbTUAreHTHbIX CUCTEM) U Ap. CNOCOObI
06X0fa MeXaHU3MOB 3aLWNTbl UHPOPMaLM, NOCTPOEHHbIX
Ha 6a3e NW-areHTOB.

MoMMMo 3TOro, 4YacTb KCCNeaoBaTenen CXOAuTCs BO
MHEHWW, YTO [aHHAs TEXHOJIOrMA W MOCTPOEHHble Ha eé
6a3e C3/1 Ha faHHbI MOMEHT BPEMEHW MOTYT NPUMEHATb-
CA ANA MOHUTOPWUHra W pearMpoBaHUA Ha UHUMAEeHTbl Vb
B OrpaHUYEHHbIX C/lyyasx, @ MUMeHHO Npu ngeHtndrKaumm,
OLEHKe 1 NPOTMBOAENCTBUM Hanbosee TUMOBbLIM CLEHApU-
AM KOMMbIOTEPHbIX aTak [4].

Momumo sToro, pAag nccnegosaHun [2, 4, 16, 17] Bbige-
nAeT cnepyolme puUcky npumeHeHna M-areHtos (Mynb-
TUAreHTHbIX CUCTEM) ONA peweHua 3ajay MOHUTOPMHra
N pearvpoBaHUA Ha WHUMAeHTbl Wb, Hanbonee octpble
N3 KOTOPbIX:

1. YA3BMMOCTb K aTakam Tuna «prompt injection» (uc-
NnoJfib30BaHMe onpefesieHHbIM 00pa3oM MOAroToB-
JIEHHbIX 3anpocoB K mogenu WW) n skcnnonTtam
NPOTOKOMOB, MNO3BOMAWMUM  3/10yMbILLIEHHUKAM

CpefnHee BpeMsi 0GHAPYKeHUsI HHIUAEHTa
ub

CpeziHee BpeMsl pearupoBaHus Ha
uHuugeHt Ub

CpeAHUI MPOUEHT OLIKGOK MePBOro TUMA
[P pearupoBaHUU Ha HHIUAEHTH UB

CpeAHUH MPOLEHT OKGOK MEPBOro TUMA
IpU MOHUTOpUHTe UHIIUAEeHTOB Ub

CpefHuUii MpOLEHT OMUGOK BTOPOro TUMA
NpU pearipoBaHUU Ha UHLUJeHTb UB

CpeJHU# POLIEHT OMUGOK BTOPOro THIA

P MOHUTOPUHTe uHIUAeHToB Ub

@==(C3HU c ucnoab3oBaHueM TexHosoruit U «=@= (31 Ha 6a3e UU-areHTOB

MaHUMNyNMpoBaTb MOBeAEeHNEM areHTOB W 3acTaBs-
NATb X BbIMOSHATL JECTPYKTMBHbIE AeNCTBMSA, @ TaK-
e OencTBuA NpoTMBOpeYaLle N3HaYaabHON Lenmu
paboTbl [16].

YBenuueHve KonnyecTsa ownboK nepBoro 1 BTopo-
ro TMna NpyY MOHUTOPWHIE N pearnpoBaHUM Ha He-
TUMUYHbIE NHUMAEHTbI VB, UTO MOXET NPUBECTU K UX
NPOMycKy, HeCMOTPA Ha obllee CHUXKeHMe uucna
owunboK nepBoro 1 BToporo Tina [17, 18].
Mpo6nembl 06BACHNMOCTH, MPO3PAYHOCTM U PUCKM,
CBfi3aHHble C aBTOHOMHbIM MPUHATUEM pPELIEHUI
NWN-areHTamu, 3aTPyaHAIOWMM aHanM3 NpuYnH npu-
HATbIX PELUEeHNI, MPOBEPKY KOPPEKTHOCTU MX pabo-
Tbl, @ TAKXKe CJIOKHOCTM B ONpeaeneHn OTBETCTBEH-
HOCTM 3a HenpaBuU/ibHble AEACTBMA NPU OTCYTCTBUM
[OCTAaTOYHOrO YennoBeYecKoro KoHTponsa [2, 13, 18].
YA3BUMOCTb K aTakaM Ha obyuatowme Habopbl AaH-
HbIX, KOT[la 3/I0YMbILLIEHHMKI CrelnanbHO Co3aatoT
HeKOppPEeKTHbIe 11 0COObIM 06pa3oM pa3meyeHHble
MacCuBbl aHHble ANns «<obMaHa» mopenen UMW, cHu-
XaA ux 3¢pPeKTNBHOCTb B MOHUTOPUHIE 1 pearnpo-
BaHUM Ha nHUMaeHTbl b [19].

3aBUCMMOCTb OT KauecTBa 0byuyatoLx Habopos faH-
HbIX, T0€ HEKOPPEKTHble WX MNpenB3ATbie JaHHble
MOTYT NPUBECTU K CUCTEeMaTUYeCKM oLwnbKam B pa-
6ot1e N-areHTos [17, 20].

Poct cnoxHocT nHGpPacTpyKTypbl, BeayLnii K yBe-
JINYEHUIO MOBEPXHOCTU aTaKy U MOSBIEHNIO HOBbIX
TOYEK OTKa3a B cMcTeMax 3alunTbl [2].
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7. HepoctatouHas afganTMBHOCTb K HOBbIM TuMam MHPOPMaLMOHHON MHOPACTPYKTYPbl 3a CYeT BHeApeHMsA
yrpo3, ocobeHHO Korpa areHTbl obyyatoTca Ha yCTa- C3W Ha 6a3e N-areHTOB AnA peleHns 3agad MOHUTOPUHTA
peBLWUX JaHHbIX 1 He MoryT 3pdeKTMBHO pearmpo- 1 pearnpoBaHnA Ha UHUuAeHTbl Vb. MNonyyeHHble pesynb-
BaTb Ha M3MeHALWMECA TaKTUKN N TEXHNKM aTaKyto- TaTbl MO3BONAKT CAeNaTb BbIBOA O 3HAYUTENbHbIX NPenmMy-
wwmx [12, 19]. LecTBax faHHOro NoAxoAa no CPaBHEHUIO C MPUMEHEHNEM

KNnacCnyecknx Wnm ucnonb3yrolwmx TexHonorum WU (ma-

Taknum obpasom, NpoBefeHHas aHanUTUYecKasa paboTa LWIMHHOE, rnybokoe obyuyeHune) C3l, a TakxKe oTpaxkatoT ero

OEMOHCTPUPYET CUNbHbIE U cnabble CTOPOHDbI npegnarae- KNlo4YeBble PUCKU 1 OrpaHNYeHnA.

MOW TEXHOJSIOTMU MOBbILIEHUA YPOBHA KNOGEPYCTONYMBOCTA
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NMPUMEHEHWUE bOTYJIOTOKCUHA B KOMIMJIEKCHOM JIEYEHUW

N

THE USE OF BOTULINUM TOXIN
INTHE COMPREHENSIVE TREATMENT
OF PERI-IMPLANTITIS

D. Azizova

D. Kuandykova
A. Khairutdinova
L. Muratova

Summary. Peri-implantitis remains one of the key problems in dental
implantology, leading to implant loss and a reduced quality of life
for patients. Existing treatment methods are dominated by surgical
interventions characterized by high invasiveness and unpredictable
outcomes. This paper presents a novel approach to the treatment of
peri-implantitis based on a stepwise strategy and the use of botulinum
toxin to eliminate muscle bands that affect the trophism of peri-implant
tissues. Based on clinical cases, the effectiveness of the proposed method
was analyzed in mild, moderate, and severe stages of the disease. The
obtained results demonstrate stable resolution of inflammation, a
reduction in the depth of bone pockets, and restoration of the width of
keratinized tissues.

Keywords: peri-implantitis, botulinum toxin, implantation, treatment,
dentistry, muscle bands.
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AKTYaNbHOCTb

E€PUUMMNAHTUT NpefcTaBnAeT cobon BocmanuTesb-

HO-JEeCTPYKTMBHOe 3aboneBaHne TKaHel, OKpy»ato-

WMX AeHTaNbHble MMMIaHTaTbl, CONPOBOXAaloLLeeca
nporpeccrpytoLlen yobinbio KOCTHON TKaHu 1 GopmmnpoBa-
HMEM NaTOJSIOrMYECKNX KOCTHbIX KapMaHoB [1]. Mo gaHHbIM
COBPEMEHHbIX WCCNefoBaHUN, YacToTa pPasBUTUA Nepu-
nmnnaHTuta sapbupyet ot 10 % o 47 % B 3aBUCMMOCTU
OT KpUTEPUEB AMNArHOCTUKU U CPOKOB HabntoaeHus [2]. 3a-
6oneBaHve NPUBOAWT He TONbKO K MoTepe UMM/aHTaToB,
HO 1 K 3HaUMTENIbHOMY CHUPKEHMIO KayecTBa MM3HU nauu-
€HTOB, TpebysA MOBTOPHbIX XUPYPTrUUYECKMX BMELIATENbCTB
1 drHaAHCOBbIX 3aTpaT [1, 6].

CornacHo COBPEMEHHDbIM NpeacTaBeHNAM, Nepunm-
NNaHTUT pa3BuBaeTCA BCNeACTBME COYETAHHOIo BO3Jen-

148

NEPUUMIMIIAHTUTA

A3uszoea JuHa AHeapoeHa

KaHoudam meduYUHCKUX Hayk, doyeHm, OTAOYBO
KazaHckud (Mpusomxckuli) pedepansHelili yHugepcumem
duim-09@mail.ru

KyaHosikoea [Juana MapamoeHa

Accucmenm, OTAOYBO KasaHckul (lpusomkckuti)
¢edeparneHebili yHUBEepcumem

dianakuan@mail.ru

XaupymouHoea Alizynb PagpukoeHa

KaHoudam medUYUHCKUX Hayk, doyeHm, OTAOYBO
KazaHckud (Mpusomxckuli) pedeparnsHeili yHugepcumem
ajgele4ka@mail.ru

Mypamoea Jletican [JamupoeHa

KaHoudam mMmedUYUHCKUX Hayk, doyeHm, OTAOYBO
KazaHckud (Mpusomxckuli) pedepansHelili yHugepcumem

Axromayus. TIepuMMNNAHTUT 0CTAETCA O/HOI U3 KNIOYEBbIX NPOBIEM JeHTallb-
HO/l IMNNIAHTONOTVN, NPUBOAA K YTPATe MUMMNAHTATOB I CHUKEHMIO KauecTBa
KU3HM NALMEHTOB. B CyLeCTBYIOWMX METOAAX NEYeHIns JOMUHUPYIOT Xupyp-
TMYecKue BMELLATENbCTBA, XapaKTepU3yHOLIMECA BbICOKOI TPAaBMATUUHOCTbIO
I HeNpejCKasyeMoCTbio pe3ynbraTos. B HacToAweii pabote npeacTaBeH Ho-
BbliA CMNOCOD NIeUeHA NEPUMMNNIAHTUTA, OCHOBAHHIIA Ha CTYNEHYATOM NOAXOAe
1 NPUMEHEHINM BOTYIOTOKCMHA ANA YCTPAHEHNSA MbILIEUHbIX TAXEN, BIMAIOLNX
Ha TPODUKY NEPUMMMNAHTATHBIX TKaHeil. Ha OCHOBAHWM KNMHUYECKUX NpUMe-
POB MPOBEAEH aHanN3 SOOEKTUBHOCTU MPEATIOKEHHOTO CNocoba Npu NETKOA,
CpenHeil u TAXENON cTeneHy 3a6oneBaHns. MostyueHHble pesynbTaTbl AEMOH-
CTPUPYIOT CTAbUNbHOE YCTPAHEHIE BOCTIANEHNA, YMEHbLUEHUE [Ty6UHbI KOCTHBIX
KapMaHOB 11 BOCCTAHOBIIEHNE LWMPUHbI KEPATUHU3NPOBAHHDIX TKAHEIA.

Knioyesele cosa: NePUUMNAAHTUT, 60TyJ’IOTOKCVIH, UMNaHTalUua, neyeHue, cTo-
Matonorua, MbileYHbIe TAXKN.

CTBMA OaKTepranbHOW MHOEKUNN 1 HebnaronpusTHbIX
6rnomexaHunyecknx daktopos [2, 3] . Cpegn nocnegHux
ocoboe 3HaueHMe MMEeIT MbIleYHble TAXKU CIU3NCTON
060/104KM, KOTOpble CO3[AOT MEXaHW4YecKoe Hanpsxe-
Hve B 06NnacTn KpaeBoW [ecHbl, MPUBOAA K eé peLeccum
N HapyweHno Mukpoumpkynaumm [3]. NoctoaHHaa Tpak-
LMA MbILIEYHbIX BOJIOKOH HapyLllaeT TPOodUKy TKaHel, 4To
CHIUKaeT VX pereHepaTUBHbIN NOTEHLMaN U co3aaéT 6naro-
NPUATHbIE YC/IOBUA ANA NEPCUCTEHLMN BOCMANUTENBHOIO
npouecca [3, 6].

CywecTByiolme MeTOAbl JleUYeHUs NepuMMMAaHTHATa
BKJIOUAIOT KOHCEepBaTMBHble (MpodeccroHanbHaa rurve-
Ha, aHTWbaKTepmManbHaa Tepanus, MPUMeHeHWe aHTucen-
TUKOB) U XMPYpPruyeckme nomaxofbl (OTKPbITHIA KlopeTax,
XMMUYECKasi [e3aKTUBauuUA MOBEPXHOCTU UMMMAHTATa,
NPVYMeHeHVe OCTEOKOHAYKTUBHbIX MaTepranoB 1 bapbep-
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HbIX MeMOpaH, HanpaBneHHaA KOCTHaa pereHepauua) [2,
4, 6]. OgHaKo MHOrMe 13 3TUX METOAOB XapaKTepusyoTca
BbICOKOW TPAaBMATUUYHOCTbIO, PUCKOM HapylueHus TPOdUKY
NOCKYTa BCIeACTBUE ero HaTAKeHMA, TEXHNYECKOW CIOMHO-
CTblO UCMOJSIHEHNA N HENpPe[CKa3yeMOCTblo JONTOCPOYHbIX
pe3ynbraToB [2, 4]. AHann3 COBpeMEeHHON nuTepaTypbl No-
Ka3blBaeT, UTo 3GPeKTNBHOCTb XUPYPrmyecKrix MPOTOKOI0B
Konebnetca B WMPOKMX Npefenax, a Yactota peurnmBoB
OCTaéTCcAa 3HaunTenbHom [2, 4].

HecmoTpsi Ha WKMpPOKOe npuMeHeHne GOTYNMHUYECKO-
ro TOKCVHa Tina A B HEBPONOru (ANA feveHus cnactmye-
CKNX COCTOAHUI), KOCMETONOrUN (KOppeKLma MUMUYECKNX
MOPLUMH) 1 CTOMaTONOMMN (KOppeKkuusa AeCcHeBOW YnblOKM,
nevyeHne 6pyKcmama, rmnepdyHKUUN XeBaTeNbHbIX MbILLLY),
€ro 1crnonb3oBaHve B Tepanuv NepurMniaHTATa o HacTo-
ALLero BpemMeHn He OnmncbiBanocb. boTynoTokcuH obnapaet
YHVIKa/IbHbIM MEXaHV3MOM [elCTBISA, Bbi3blBasi 0OpATNMY1O
[leHepBaL M0 MoMNepeyYHo-Non0caTort MycKynaTypbl nyTém
6nokagbl BbICBOOOXKAEHNA aLeTUNIXONIMHA B HEPBHO-Mbl-
WweyHbIX cuHancax [5]. Kpome Toro, npenapar okasbiBaeT Ba-
3oaunatupyowmin 3bdpeKT, paccnabnas rmagkombllleyHble
3M1eMeHTbl COCYAMNCTON CTEHKM 1 ynyyllas MUKPOLMPKYA-
uuio [5].

B HacToAwem nccnefgoBaHUN NpeasoXeH NoAXoA K ne-
YEHMI0 MepUMMNIAHTATa — LeNeHanpaBieHHOe yCTpaHe-
HUE MbILLEYHbIX TAXKEeN CNM3NCTON 060/1I0UKM NOCPeaCTBOM
nokanbHOro BBefdeHUA 60TynoToKkcMHa. [aHHbIi MeToq
HanpaB/ieH Ha KOPpPeKLMIo OQHOro 13 K/OYeBbIX natore-
HeTuyecknx ¢GakTopoB 3a60SieBaHUS — MEXaHUYeCckoro
HanpsXXeHna 1 HapyweHna TPoOMKM NepUMMNIAHTaTHbIX
TKaHeN, 4To co3aaéT ycnosua ana 3¢pGeKTMBHOro Kynupo-
BaHVA BOCMANEHNA 1 CTUMYSALMN pereHepaTopHbIX Npo-
Leccos [3, 5].

Llenb ncchneaoBaHus

MpencTaBnTb U 06OCHOBATb CMNOCOO KOMMIEKCHOTO fe-
YyeHVA NepPUNMMIAHTUTa C NPUMEHeHVeM 6OTYIMHNYECKOTO
TOKCVHa Tuna A ana yCTpaHeHUs MblLIEYHbIX TAXeN Cm3n-
CTON OBONIOUKN W OUEHWUTb ero KAnHu4Yeckyr 3ddekTus-
HOCTb NPV Pa3IMYHbIX CTEMEHAX TAXKECTW 3aboneBaHuA.

33aAa4qn NCCAeA0BaHUS

1. Pa3pabotatb auddepeHLUMPOBaHHbIA  MPOTOKON
NpUMeHeHUs GOTYNIOTOKCMHA B KOMMJIEKCHOM Jleye-
HUX NEepPUUMNNAHTATA B 3aBUCMMOCTW OT CTemneHu
TAXKECTW 3aboneBaHuA.

2. Onpepenutb onTUMarnbHble 403bl OOTYINHNYECKOTO
TOKCMHA TUNa A Ana ycTpaHeHUA MbIWeYHbIX TAXKen
cnm3mncTon ob6onoukm B 06nacT nepummniaHTmTa.

3. TpoBecTn KauyecTBEHHbI aHanM3 KNNHUYECKUX Npo-
ABNEHWI NePUNMINIAHTUTA Ha Pa3IMYHbIX 3Tanax fe-
YyeHus.

4. BbINOMHWUTb KONMUYECTBEHHYIO OLEHKY 3bdeKTUBHO-
CTV NPeanoXeHHOro MeTofa Ha OCHOBAHMM ANUHAMU-
KW rNyOuHblI KOCTHbIX KapMaHOB, CTereHn obHaxe-
HUA VMMNIAHTATOB U LWUMPUHbBI KePaTUHU3MPOBaHHbIX
TKaHeNn.

5. YcTaHOBWTb KOppPEensALMOHHbIe B3aMOCBA3N MeXIY
L0301 6OTYNIOTOKCUHA, NCXOAHOW TAXECTblo nepu-
VUMMIAHTUTA U KIIMHUYECKNM UCXOZOM JIeYeHU .

6. O6OCHOBATb MEXaHWN3M TepaneBTUYECKOrO AeNCTBUA
6OTYNIOTOKCMHA NPU NepuMMnIaHTMTe 1 chopmynu-
pOBaTb NMOKa3aHWsA K ero NpUMeHeHNIo.

MaTepuranbl U METOALI ICCAEAOB3HUS

MNpoBedéH peTpOCNeKTUBHbIN aHanM3 5 KAMHUYECKUX
cnyyaeB NepUMMINIAHTATA Pa3fIMYHON CTENEHU TAXeCTU
y naumeHToB B Bo3pacTe oT 34 go 54 net. ccnepoBaHue
BbIMOJIHEHO Ha 6a3e Kadeapbl CTOMATONOMUU U VMIIAHTO-
norun KasaHckoro (MpuBonxckoro) denepanbHOro yHu-
BepcuTeTa.

Ons cTpaTnduKkaumm naumMeHToB U BblbOpa TaKTUKU
neyeHUsa wucnonb3oBanacb Knaccudrkauma, OCHOBaHHasA
Ha MNPOLIEHTHOM COOTHOLLEHUWN YTPAYEHHOW KOCTHOM TKaHU
K AJIMHE MMMaHTaTa:

e JIérkasa cteneHb: notepa meHee 25 % KOCTHOWM TKa-
HW OT AJIVHbI MMMJaHTaTa (O6HaXKeHne Jo 5 BUTKOB
pe3bbbl), rNybrHa KOCTHOTO KapMaHa 3-5 MM.

e CpepHAa cTeneHb: notepA 25-50 % KOCTHOWN TKaHu
(obHaxeHne 5-10 BMTKOB), MyO6UHa KOCTHOTO Kap-
MaHa 5-7 MM.

e Tskénas cteneHb: noteps 6onee 50 % KOCTHOW TKa-
HY (06HakeHMe 6onee 10 BUTKOB), FybrHA KOCTHOIO
KapmaHa 6onee 7 MM, NOABVXHOCTb UMMIaHTaTa.

PacnpeneneHvie nauneHTOB MO CTeNeHW TAXeCTU: Nér-
Kaa cteneHb — 12 KnuHuyeckmx cnydasa (40 %), cpegHas
cteneHb — 12 KAnHMYecknx cnyyasa (40 %), Taxénaa cTe-
neHb — 6 KNUHUYecKun cnyyan (20 %).

KnuHnyeckoe obcnefoBaHue BKJovano: BuisyanbHyto
OLIEHKY COCTOAHWA CAN3MCTON 00OoNoYKK (UBET, OTEK, M-
nepemus), nanbnauuio o6MacT¥ UMMNIAHTaTa and onpe-
JeneHva 6onesHeHHOCTU 1 GMIOKTYaLUK, 30HAMPOBaHKE
rMy6GUHbI KOCTHBIX KAPMaHOB FpaflypPOBaHHbIM MapPOOHTO-
NOrNYECKM 30HO0M, ONpeaesieHne NoABUKHOCTY UMMaH-
TaTa, BU3yann3aLmio 1 NasibnaToOpHYI0 OLLEHKY BblpaXKeHHO-
CTU MbILLIEYHbIX TAXEN CITM3UCTON 060NOUKN.

PeHTreHonornyeckoe obcnepoBaHne:  BbIMOAHANNCH
npuvuenbHble BHYTPUPOTOBblE PEHTFeHOrPaMMbl U/UAn KO-
HYCHO-NyyeBas KOMMblOTEpHaa Tomorpadua ana Konuue-
CTBEHHOW OLeHKM YObINN KOCTHOW TKaHU BOKPYT UMMNaH-
TaTa.
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MpOTOKOALI AEHEeHUS B 3aBUCUMOCTU OT CTeneHn
TSDKEeCTn

KnuHunyeckuin npumep 1 (nérkas creneHb, go3a 5 E[l)

MauywveHT B., 34 ropa. Xanobbl: 3cTeTUYECKUn HepJocCTa-
TOK B BUJE OOHaXKeHUs1 MOBEPXHOCTU MMMaHTaTa B obna-
cTn 3yba 44, BocnaneHue n 601e3HeHHOCTb JeCHbl, Henpu-
ATHBIN 3anax. [AuarHo3: nepummnnaHTMT 3yba 44 nérkomn
cTeneHn. O6bEKTNBHO: B 061acTh 3y6a 44 OAUHOYHDBIN M-
nnaHTaT o6HaXéH Ha 3 BuUTKa (15 %), KpaeBasa fecHa BOC-
nasieHa, rmnepemMmnpoBaHa, oTéYHa, Npu nanbnayumn cnado-
6onesHeHHa. BusyannsmpyeTca MbllLEUHbIA TAXK CIIN3UCTON
OT UMMNNaHTaTa K NpeaaBepuio NoOOCTY pTa CpefHen cTene-
HW BblpaXeHHOCTU. [My6rHa KOCTHOro KapmaHa 4 MM.

JleueHne: npodeccnoHanbHasa rmrueHa, NPOTMBOBOCMA-
nuTenbHaA Tepanus, BBegeHne 60TynoTokcHa 5 E[ (no 2,5
E[l B 2 TOUKM), NOBTOPHOE BBefEeHVEe OOTYNIOTOKCMHA Yepe3
3-6 mecAueB

KnuHnueckuin npumep 2 (nérkas creneHb, go3a 20 EQl)

MauveHT A., 54 ropa. Kanobbl: 3cTeTUYECKNI HeJoCTa-
TOK B BMAe OOHaXXeHUA NOBEPXHOCTM MMMaHTaTa B obna-
cTn 3yba 25, BocnaneHve gecHbl, 605b, HENMPUATHLIN 3anax.
OunarHos: nepuumMnnaHTUT 3y6a 25 nérkon cteneHn. O6b-
€KTUBHO NCXOAHO: B 06nacTu 3yba 25 OAUHOUHBIA MMMIaH-
TaT O6HaXEH Ha 3 BUTKa (15 %), KpaeBas AecHa BOCMNasneHa,
rMnepeMmpoBaHa, OTéYHa, NpW nanbnauuy cnabobones-
HeHHa. VimeeTcA BblparKeHHbI MbILLEYHbIA TAX CNM3MCTON
OT UMNNaHTaTa K npegaBepuio nonocTtu pra. MyburHa KocT-
Horo KapmMaHa 4 mm. JleueHre: NnpoBefeHa nocnefoBaTesb-
HOCTb [eNCTBUIA, aHaNorMyHas npumepy 1, ¢ yBenumueHnem
no3bl 60TynoTtokcnHa fo 20 E[l B CBA3M C BblpaXXeHHOCTbIO
MbILLEYHBIX TAXKEW, MNOBTOPHOEe BBeAeHWe GOTYNOTOKCUHA
yepes 3-6 mecAueB

KnuHunueckunin npumep 3 (cpepgHnas creneHb, fo3a 20 EN)

MauywveHT B., 40 net. »Kanobbl: 3cTeTUYECKNI HEJOCTAaTOK
B BuAe OOHa)KeHUs MOBEPXHOCTU VMIMJIaHTaTa B 06nacTu
3yba 36, BocnaneHve gecHbl, 605b, HENPUATHBIN 3anax, Bbl-
JeneHve rHos. [lmarHos: nepunmMmniaHTuT 3yba 36 cpepHen
cTeneHn TaxecTn. OOGBEKTMBHO MCXO4HO: B obnactu 3yba
36 OOMHOYHbIN MMMIAHTaT OOHaXEH Ha 7 BUTKOB (35 %),
KpaeBas fiecHa BOCMNasieHa, rmnepemMmnpoBaHa, OTéuHa, npu
nanbnayun cnabobonesHeHHa. Vimeetca MblleYHbIA TAXK
CNU3NCTON CpefHen CcTeneHn BblPaXKeHHOCTN OT MMMIaHTa-
Ta K npeffBeputo nonoctu pra. MybrHa KOCTHOro KapmaHa
6 mm. Mpn 30HANPOBAHMN — THOWMHOE oTaensaemoe. Jleve-
Hue: MpodeccnoHanbHasa rurneHa, NPOTUBOBOCMANNTESNb-
Has Tepanua, 6otynmHoTepanus (20 EL], no 10 E[ B 2 Toukm),
yepes 2 Hepenu: XMpypruyeckoe neyeHvie (OTKuablBaHME
NOCKYyTa, OYMCTKa NMOBEPXHOCTU UMMaHTaTa, KOCTHas Mna-
CTVKa C MPUYIMEHEHNEM OCTEOKOHAYKTVMBHOIO MaTtepuasna
n 6apbepHoO MeMbpaHbl)

KnuHnuyeckvin npumep 4 (cpeaHaAnA cteneHb, o3sa 5 E/])

MauwnenT I, 53 roga. Kanobbl: 3CTETUYECKNI HEOCTAaTOK
B BUAe OOHa)KeHUsi MOBEPXHOCTV MMMaHTaTa B obnactu
3yba 26, BoCnaneHve aecHbl, 6051b, HENPUATHBIN 3anax. Au-
arHo3: NepuMMMNIaHTUT 3yba 26 cpepHen cteneHn. O6bek-
TUBHO MCXOLHO: B 06nacT 3y6a 26 OfMHOYHBIN MMMNaHTaT
0O6HaXEH Ha 5 BUTKOB (25 %), KpaeBanA ieCcHa BOCnaneHa, ru-
nepeMnpoBaHa, OTEYHa, NPW Nanbnaumn cabobonesHeH-
Ha. VIMeeTcsi MbllLeYHbIN TAX CNM3UCTON Cnaboi cTeneHn
BbIPaXeHHOCTM OT UMMJIaHTaTa K NpeanBeputo NonocTu
pTa. MMybriHa KOCTHOro KapMaHa 5 Mmm. JleueHune: npoBefeHa
nocnefoBaTeNbHOCTb AENCTBUI, aHaNorM4yHasa npumepy 3,
C YyMeHbLUeHVeM [03bl 60TyNOTOKCMHa Ao 5 E/l B cBsA3U co
CNaboli BblIPaXKEHHOCTbIO MbILLEUYHbIX TSXKEN.

KnuHnyeckuin npumep 5 (Taxkénan creneHb)

MauueHT A., 48 net. XKanobbl: 3CTETUYECKNI HEJOCTATOK
B BUE 3HAUUTEJIbHOrO OOHaXXeHWA NMOBEPXHOCTU MMMaH-
TaTa B obnactu 3yba 47, BocnaneHue JecHbl, BbipaxeHHas
6051b, HENPUATHBIN 3anax, rTHoMHoe oTaenAemoe. [JnarHos:
NepuUUMNNaHTUT 3yba 47 Taxénon cteneHn. O6BbEKTVBHO
MCXOAHO: B 06nacTu 3yb6a 47 oAMHOYHbBIV UMMIaHTAT O6OHa-
»€H Ha 9 BuTKOB (6onee 60 %), UMMAHTAT NOABUXKEH (CTe-
neHb noasmxHocTu Il), KpaeBasa gecHa BocnaneHa, rmnepe-
MMpPOBaHa, OTéYHa, NPW Nanbnauumn 6onesHeHHa. Mmeetca
MbILLIEYHbIV TAXK CIM3UCTON OT UMMJIAHTaTa K NpeaaBepuio
nonoctu pta. MMybrHa KOCTHOro KapmaHa 9 mm. Mpu 30H-
OMpOoBaHMM — obunbHOe FHoMHOoe oTaensemoe. JleueHue:
yumTbiBaa TAXKENYIO CcTeneHb nopakeHusa (notepa 6onee
50 % KOCTHOW TKaHM) 1 MOABUKHOCTb UMMaHTaTa, MPUHATO
peLieHvie 06 yaaneHum nMrniaHTaTa. BoinonHeHbl yganeHue
MMMIaHTaTa, TWaTeNIbHbIN KIopeTa)k KOCTHOWM NIYHKW, yaane-
HVe rpaHyNALNOHHBIX TKaHel, aHTucenTnyeckas obpabot-
Ka. Yepes 3 mecAua nocse NoaHON KOHCONMAaLnm KOCTHOMN
TKaHW YCTaHOBJEH HOBbIN MMMJIAHTAT B COOTBETCTBUM C 06-
LEenPUHATLIMY MPOTOKONAMWU.

MeToAbI Ka4HeCcTBeHHOro aHaAn3a

KauecTBeHHas oueHKa 3G dEKTVBHOCTM IeYeHs NPOoBO-
AWnacb Ha OCHOBaHUM CRepylLWmX KINHUYECKUX napame-
TpoB: COCTOAHME KpaeBoW feCHbl, 601eBO CUHAPOM, CMOH-
TaHHaA 6onb (oTCyTCTBYET / NpUCYTCTBYET), 6ONE3HEeHHOCTb
npu Nanbnayuy, 3KCCyaauusa, MbllieYHble TAXK, TpodurKa
TKaHen:

MeToAbl KOAMEeCTBEHHOIO aHaA13a

KonuuectBeHHas oueHKa 3GHEKTUBHOCTI fleYeHNs oCy-
LWeCTBAANACh HA OCHOBaHUN ClieflyoLWnX NapameTpoB:

1. TnybrHa KOCTHOrO KapMaHa — V3MepeHune rpagyu-
POBaHHbIM NMapOAOHTONOrMYECKUM 30HAOM OT Kpas
[eCHbl 4O AHa KapMaHa (Mm)

2. CreneHb 0O6HaXeHWA MMMaHTaTa:
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o KonmyecTBo 06Ha)KEHHbIX BUTKOB pe3b0bl

e [lpoueHT o6HaXKeHUs OT 0OLLe ANNHbBI UMMIaHTaTa
LLInpuHa 30HbI KePAaTUHN3NPOBAHHOWN NMPUKPENNEH-
HOW 1eCHbl — M3MepeHne OT Kpas feCHbl O MyKO-
FMHIMBaNIbHOW rpaHuLbl (MMm)

4. [o3a 60TyNnoTOKCUHA — KONIMYECTBO eAnHIL, Npena-
pata (EM)

Bce namepeHua npoBogunncb B MCXOLHOM COCTOAHUM
1 B AMHaMKKe (Yepe3 2 Hegenu, 1 mecsad, 3 mecAaua, 6 meca-
LieB nocrie feveHuns).

[na KoNnYecTBEHHOWN OUeHKN 3PPeKTUBHOCTU npen-
NOXKEHHOTO MeTofa W BblABNEHVA KOPPENSALMNOHHBIX 3aBU-
CMOCTEN NPOBEAEH CTAaTUCTUYECKNIN aHANN3 KINMHNYECKUX
JaHHbIX. PaccumntbiBanuch cnepytolyme nokasaTenu:

e AOGCOJIIOTHOE yyylleHne — pa3HuLa MeXay UCxog-

HOW 1 GUHANBHON rYyGUHOM KOCTHOTO KapMaHa (Mm)

e OTHOCKTeNbHOE ynyylleHne — MPOLEHT YMeHbLue-

HUA rNyOVHBI KapMaHa OT MCXOLHOMO 3HAYEeHUA

[na onpefgeneHnsa B3aMMoCBA3eN Mexay napameTpamu
ncnosnb3oBanca KoadpduumeHT koppenauumn MupcoHa (r).
AHanusnposanncb cnepytoLlyie napbl NepeMeHHbIX:

[ o3a 60TYNOTOKCMHA — KIUHMYECKOoe yiyulleHre
WcxopHas rnybuHa KapmaHa — cTeneHb ynyyLleHuna
CreneHb TAXeCTN — 3$PeKTUBHOCTb NleyeHnA
Jo3aboTynotokcnHa— duHanbHaa rnybrMHaKapmaHa

Cuna KoppenAuMOHHON CBA3M OLeHMBanacb Mo 06-
WenpuHATBIM  Kputepuam: |r| < 0,3 — cnabas cBA3b;
0,3 <|r| < 0,7 — ymepeHHas cBs3b; |r| = 0,7 — cunbHasA CBA3b.

Pe3yAbTaThl ICCAEAOBaHUS

PesynbraTbl KauecTBeHHOro aHanusa: KnuHnuyeckui
npumep 1 (nérkasa creneHb, gosa 5 Ef})

OvHamuKa:

e Yepes 2 Hegenu: BoCcnaneHne KpaeBon AeCHbl OTCYT-
CTBYeT, ryOUHa KOCTHOTO KapMaHa 3 MM

e Yepes 1 mecsy: rnybrHa KOCTHOrO KapmaHa 2 MM,
BOCMaJieHne OTCyTCTByeT

e Yepes 3 mecAua: pe3ynbTaT CTabWMbHbIN, TyO6UHa
KapmaHa 1 MM, BocnaneHue oTcyTcTByeT

e Yepes 6 mecALeB (Mocne NOBTOPHOro BBefeHns 6o-
TYJIOTOKCUHA): CTabUIIbHBIV pe3ynbTaT, rybrHa Kap-
MaHa 1 Mm

Pe3yanaT: NOJIHOe KJNIMHN4YeCKoe Bbi3aopoBlieHne, OT-
CyTCTBME NPKU3HAKOB NEPUNMIIaHTATA.

KnuHnueckuin npumep 2 (nérkas creneHb, go3a 20 EQl)

Pe3ynbTat: CTabWbHBIN NMONOXKAUTENbHBIN 3dEKT, BOC-
naneHme KpaeBoW [eCHbl OTCYTCTBYET, FMyOMHa KOCTHOro
KapmaHa coctaBnaet 1 Mmm.

KnuHunuyecknn npumep 3 (cpepHaAs creneHb, go3sa 20 ELl)

OunHamuka:

e Yepes 2 Hepenu nocne 6oTynuHoTepanuu (nepeq
onepauuein): BOCNaneHne KpaeBOW [ECHbl 3Hauyu-
TENbHO YMEHbLNIOCh, THOMHOE OTAeNnAemMoe OTCyT-
CTBYeT, ry6UHa KOCTHOTO KapMaHa 4 MM

e [locne xmpyprmyeckoro nevyeHus: nocsieonepauion-
HbI Nepriof 6e3 OCNOXHEHNI, WBbI CHATbI Ha 10-e
CYTKU

e Yepes 1 MecAl nocne onepaymu: UMMAHTaT B 06na-
cTn 3yba 36 cTabuneH, BocnaneHre KpaeBon OeCHb
OTCYTCTBYET, 3aKpbITUE KOCTHOro KapmaHa Ha 100%,
rnybuHa kapmMaHa O MM, MPOM3OWNO YyBennyeHne
LMPUHDBI KEPAaTUHN3NPOBAHHbIX TKaHEN

e Yepes 3 mecAua nocne onepauun (MOBTOPHOE BBe-
feHvie 6OTYNOTOKCUHA): pe3ynbTaT CTabuibHbIN, pe-
LileccuA fecHbl OTCYTCTBYET, BOCMNaNeHne OTCyTCTBYeT,
WMPUHA KePaTUHU3NPOBAHHbIX TKaHEeW yBenn4yeHa,
rny6buHa KapMaHa 2 Mm

Pe3ynbTaT: BOCTUITHYTO NONHOE KNMHMYECKOoe KynpoBa-
HVe NEPUNMITIAHTUTA CPeaHEN CTENEHN TAXKeCTM C BOCCTa-
HOBJTIEHNEM KOCTHOW TKaHWU 1 yBeIMYeHeM 30Hbl NpuKpe-
MJEHHOW AECHbI.

KnuHnyeckvin npumep 4 (cpeaHaAn cteneHb, osa 5 E/])

Pe3ynbTat: cTabuNbHbIA NMONOXKUTENbHBIN 3PdeKT, BOC-
naneHve KpaeBOW [eCHbl OTCYTCTBYeT, rybuMHa KOCTHOro
KapmaHa coctasnsaet 1 Mmm.

KnuHnuecknin npumep 5 (Taxénana cteneHb)

PesynbTtaT: AOCTUrHYTO YyCTpaHeHMe MNepunMiIaHTUTa
NyTéM yAaneHnsa NOPa)kEHHOro MMMNJIaHTaTa C nocnegyto-
Len yCrnewHon penmnaaHTaumnen.

Pe3ynbTaThl KOAMYECTBEHHOrO aHaAu3a

AnHamuka rny6vmb| KOCTHOro KapmMmaHa

Tabnuua 1.
KonnuecTBeHHble NOKa3aTenu Npu NErkon cTeneHn
nepuMniIaHTMTa

flapanep (,'153”2” 5 2)1) (n"o‘lﬁ"ﬁipfﬁ)
WcxonHaa rnybuHa kapmana 4mm 4mm
Yepe3 2 Hegenu 3 MM 3 MM
Yepes 1 mecay 2MM 2 MM
Yepes 3 mecaua 1Tmm 1 MM
Yepes 6 mecaues 1mMm 1mMm
AbcontoTHoe ynyuiuenme 3 MM 3 MM
OTHoCUTeNbHOE ynyyLueHme 75 % 75 %
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Tabnuua 2.
KonuuectBeHHble MOKa3aTenn Npu cpefHen cTeneHun
nepuuUMnIaHTUTa
Mapamerp (,c?oi?ggps[l) (EEZ:A 5 ‘Eﬁ)
WcxopHas rny6uHa kapmaa 6 MM 5mMm
Yepe3 2 Hegenu 4 MM 4 mm
Yepes 1 mecay 0mm 0mm
Yepes 3 mecaua 2 MM 1 MM
AbcontoTHOe ynyuLieHme 4mm 4 mm
OTHoCuTeNbHOE ynyyLleHne 67 % 80 %

CTaTnctnyeckuin aHaAn3 KOppPeAsILMOHHbIX
B331MOCBSI3en

[lnA KONNMYeCTBEHHOW OLEHKU B3aIMOCBA3E MeXay UC-
cneflyemMbiMy MAapamMeTpamMu NpoBeféH KOPPEnALMOHHbIN
aHanum3c pacyétomkoadpdurumenTakoppensymmlmpcoHa(r).

Tabnuua 3.
MaTpuua koppenaumnim nccnegyemblix napameTpos

WcxopHas rybuHa kKapmaHa — 0.9847 OueHb cnbHaA npAmas
AbcontoTHoe ynyueHue ' (BA3b
(TeneHb TaxecTn — ABCOMIOTHOE
—— 0,8165 | CunbHas npAman BA3b
WcxopHasa rybuHa — OuHanb-

was rf:yﬁmuay 0,8704 | CunbHaa obpatHas BA3b
[Jlo3a 6oTynotokcuHa — QuHans- 05773 YmepeHHaa obpaTHasa

HasA rny6uHa ! BA3b

03a 6oTynotokcuHa — A6co-
ﬂIOTHOE yiyumeuue 0,4082 | YmepeHHas npamas cBA3b

VNHTepnpeTaums KoppeAaUuMoHHbLIX B3aMMOoCBs3ei

UcxopHana rny6uHa KOCTHOro KapmaHa u a6conior-
Hoe ynyuweHue (r = 0,9847): BbiABNeHa 4Ype3BblYaNHO
BbICOKaA NpsAMasn Koppenauusa, CBUAETENbCTBYIOWAA O TOM,
UTO YeM rny6Ke UCXOAHBIN KOCTHBIN KapMaH (6onee Taxé-
Nlo€e NopakeHne), TeM 3HaunTeNIbHee abCoNoTHaA BENNYMHA
ynyudleHna nocsie neyeHns. STo OTpakaeT BbICOKUN pere-
HepaTMBHbIA MOTEeHUMaN NEPUUMNNIAHTATHBIX TKaHen npwu
YCTPaHeHUN NaToreHeTUYeCKNX GaKToOPOB.

CTeneHb TAXecTM M abGconoTHoe ynyuweHue
(r = 0,8165): oTmMeuaeTca cunbHaa NpAmMaa Koppenauus,
rnoATBeprkaatoLlas, uyto 6onee Taxénble GopmMbl NepUMM-
NMaHTUTa LEMOHCTPUPYIOT 6osiee BblPaXKeHHYI MOSIOXKU-
TENbHYI0 AMHAMUKY. 9TO OOBACHAETCA KOMMIEKCHbIM Moj-

XO4OM K Nie4YeHMto, BKNo4YalWnMm Kak KOHCepBaTUBHbIE, TaK
n Xxvpyprmyeckme metoabl npu cpe):lHe|7| CTEMNEHUN TAXKECTWN.

UcxopHasa rny6uHa n ¢puHanbHasa ry6uHa KapmaHa
(r = -0,8704): BblparkeHHaA OTpuUaTeNbHaa Koppenayma
YKa3blBaeT Ha To, UTo bonee rnybokme ncxopHole pedeKTbl
nocsne afeKBaTHOrO fleYeHUs NPUBOAAT K 6osiee 3HauuTesb-
HOMY BOCCTAHOB/EHUIO TKaHel, YTo noaTeepxaaet spdek-
TMBHOCTb NPeANOXeHHOro metoaa.

[o3a 6oTynotokcnHa n ¢puHanbHas rny6uHa Kapma-
Ha (r = -0,5773): ymepeHHana oTpuuaTtenbHaa Koppenauma
LEMOHCTPUPYET, YUTO MOBbILLEHNE [03bl 60TYNIOTOKCMHA ac-
COLMMPOBAHO CO CHUXKeHMEM GUHaNbHON FyOrHbI KOCTHO-
ro KapMaHa, UYTo CBMAETENbCTBYET O A0303aBUCUMOM Tepa-
neBTMyeckom 3 deKTe npenapara.

[losa 6oTynoTokcmHa M abconioTHOE ynyulleHune
(r = 0,4082): ymepeHHasa NonoKutenbHasa Koppenauma yka-
3blBaeT Ha HannumMe A0O303aBUCMOro XapaKkTepa AencTBuA
6OTYIOTOKCUHA, XOTA OrPaHNYEHHOCTb BbIGOPKM He MO3BO-
nAeT cAenaTb OKOHYaTesNbHble BbIBOAbI O INHENHOCTW 3TOWN
3aBUCUMOCTN.

MexaH13m TepaneBTNYeCKOro AeicTBUA 60TYNOTOK-
CUHa Npu NepuMMMIaHTUTe: Ha OCHOBAHMM NOJTyUYEHHbIX
KIMHWYECKNX JaHHbIX M aHanu3a nutepatypbl cbopmynu-
pPOBaH MHOFOKOMMOHEHTHbIV MeXaHU3M TepaneBTUYEeCKOro
JencTBuA 60TYNOTOKCMHa TMMa A Npu nepuMMnIaHTuTe:

1. [leHepBauus MbIIEYHbIX TAXeN: GOTYNOTOKCMH
6noKMpyeT BbICBOOOXKAEHME aLeTUIXONNHA B npe-
CUHAMNTUYECKMX OKOHYAHUAX HEePBHO-MbILLEYHbIX
CUHAMCOoB, Bbi3biBasA 06paTVMBbIN NMape3 nonepeyHo-
MonocaTor MycKynaTypbl MbILUEYHbIX TAXKEN Cnm3n-
cTOl 0607104KKN. ITO NPUBOAUT K YCTPAHEHUIO MeXa-
HMYECKOro HaTAXeHUA KPaeBOW AeCHbl U CHUXEHUIO
peueccmun MArknux TkaHem [5].

2. Basogunatauma m ynyduleHue MMKPOUMPKYNsA-
ymm: OOTYNOTOKCMH OKasblBaeT paccnabnsaioulee
[eCTBUEe Ha [NafKOMbIEYHble 3J1eMeHTbl COCy-
OVCTON CTEHKU apTepuon U MNpeKanuaisapos, 4YTo
NPUBOAMUT K YBENNYEHMWIO AUameTpa MUKPOCOCYA0B
N YCUNEHMIO TKAHEBOTO KPOBOTOKA B 30HE Mepumnm-
nnaHTuTa [5].

3. YnyuyweHue TpoduKMN TKaHel: YyCUNEHME MUKPO-
UMpKynaumMm obecneurBaeT afeKBaTHY [OCTaBKY
Kucrnopopa, nutaTesNibHbIX BeLlecTs, $pakTOpoB pocTa
1N UMMYHOKOMMETEHTHbIX KJIETOK K MepuMmniaHTaT-
HbIM TKaHAM, YTO CTUMYNUPYeT MpoLecchbl penapa-
TMBHOW pereHepauum [5].

4. MpoTuBoBOoCManuTenbHbil 3¢deKT: ynyyweHne
BEHO3HOrO 1 NMMaTMYECKOro OTTOKa CNoCco6CTByeT
6onee a3ddeKkTMBHOMY yaaneHuo meTabonmTos, me-
[OMaTOpPOB BOCMasnieHnsa 1 6akTepuanbHbIX TOKCUHOB
13 OYara NopPakeHus, YTo NPUBOAUT K KyNMPOBAHUIO
BOCManuTenbHOro npouecca [6].

152 Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.




KJINMHUYECKAA MEANLIMHA

5. CospaHue ycnoBuil pgna pereHepauun KOCTHOW
TKaHU: YCTpaHeHVe MexaHN4YeCcKoro cTpecca 1 ynyy-
WweHne TpodUKM co3patoT 6naronpuAaTHbIe YCNoBUA
LN OCTeopereHepauum 1 penapaTMBHbLIX Npouec-
COB B KOCTHOW TKaHW BOKPYr umnnaHTata [3, 4].

CpasHeHve 3(pdeKTUBHOCT Pa3ANYHBLIX AO3
60TYAOTOKCUHA

AHanM3 KNNHMYECKNX CrlyvaeB NoKasaJs, YTo Npu Nérkom
CTeneHn NepuUMNAaHTUTa NPUMEHeHME Kak H13Kon (5 ELT),
Tak 1 Bblcokoi (20 E[l) o3bl 60TynoTOKCKMHa obecneunBaeT
OOVHAKOBO BbICOKMI TepaneBTnYecknin 3pdeKkT (ymeHblue-
Hue rny6urHbl KapMaHa c 4 Mm o 1 MM). 9TO CBULETENbCTBY-
€T O TOM, UYTO MNpK C1abo BbIPaXKEHHbIX MbILEYHbIX TAMaX
[OCTaTOYHO MUHMMAbHOW [03bl Mpenapara.

Mpwu cpepHen cTeneHn nepumMniaHTiTa go3a 20 Efl o6e-
cneyrna 6osee Bbipa)keHHOE NpefonepaLioHHOe yyulle-
Hue (YyMeHblUeHVe FyOrHbI KapMaHa ¢ 6 MM 0 4 MM), 4TO
co3paano 6osiee 6naronpuATHbIE YCIIOBUA AN nocseaytoLe-
ro XMpypruyeckoro BmeluatesibctBa. OgHako NpuMeHeHne
HuU3Kol po3bl (5 EM) npy cnabo Bblpa’keHHbIX MbILIEYHbIX
TAXKaX TaKXXe NoKa3ano BblICOKYI 3GPEKTUBHOCTD.

Takum 06pa3om, BbIGOp [03bl HOTYNOTOKCUHA [OMKEH
OCYLLeCTBAATbCA WHAMBMAYANIbHO Ha OCHOBAHWMW KIVHU-
YeCKol OLeHKMN BbIPaXKEHHOCTW MbILLEYHbIX TSXen Cn3u-
cTon obonouku: Mpu cnabo BbipaXkeHHbIX Taxax — 5 EL.
Mpn ymepeHHO BbipaxeHHbIX TAXax — 10-15 E[l. MNpw BbI-
pakeHHbIX TAxax — 20 E[1

3aKnlo4HeHue

MpoBeaéHHOEe ncCnefoBaHNe MPOAEMOHCTPUPOBAO
BbICOKYIO KJIMHMYECKY 3$PEKTUBHOCTb HOBOro crnocoba
neyeHVs NepPUVMMNIAHTATA C NPUMeEHeHeM 6OTynMHUYe-
CKOrO TOKCMHA TUMa A AnA YCTPaHEeHWA MbIWEYHbIX TSKeN
CM3nCTON 060/M0uUKK. Pa3paboTaHHbIi MeTof OCHOBaH
Ha naToreHeTM4YecKn 060CHOBaHHOM MOAXOAE K KOppPeKUum
6uoMexaHNUYecKux pakTopoB, CMOCOOCTBYIOLWMX Pa3BUTUIO
N NPOrpPeccrpoBaHnio NEPUMMIIAHTITA.

OCHOBHbIe BbIBO/Ibl MCCNENOBAHUS:

MprMmeHeHre 6OTYNOTOKCUHA B KOMIMJIEKCHOM JleUeHWM
nepuMMnaaHTUTa NErkon ctenenu (B gose 5-20 EJl) obecne-
yrBaeT MOJIHOe KynMpoBaHMe BOCNaNuTeNIbHOro npotecca
N YMeHblLUEeHWe ry6uHbl KOCTHOMO KapMaHa € 4 MM 10 1 MM
B TeueHue 3-6 mecAUeB 6e3 HeobxoaMMOCTU XuUpypruye-
CKOro BMeLlaTeNbCTBa.

Mpn cpepgHen cTeneHn NepuMMMNAAHTUTa npeaBapu-
TeslbHOe BBefleHVe 6OTYNOTOKCMHA 3a 2 Heflenv Ao XUpyp-
FMYECKOro NeYeHUs1 YMEHbLUAET rTy6UHY KOCTHOTO KapMaHa
Ha 33 % (c 6 MM O 4 MM), KynrupyeT OCTpoe BocnaneHne
1 ynyywaet TpoduKy TKaHel, YTo co3naéTt bnaronpuAaTHble
yCnoBus A4nsa nocsiefymollein onepauny v nosbllaeT eé a¢-
bEKTUBHOCTb.

CTaTUCTNYeCKuii aHanu3 BbIABWM UYPE3BbIYaHO BbICO-
Kyto koppenauuio (r = 0,9847) mexay NCXORHON rny6uHoON
KOCTHOIO KapMaHa 1 CTerneHbto KIIMHNYECKOTOo YnyuULleHNs,
UTO CBUAETENbCTBYET O BbICOKOM PereHepaTUBHOM MOTeH-
uvane NepUUMMNNIAHTaTHLIX TKaHEN NpW YCTPaHeHUN naTo-
reHeTnYecKnx pakTopos 3aboneBaHuA.

YcTaHoOBNEHa yMepeHHasa 40303aBUCUMOCTb TepaneBTu-
yeckoro sdpdekTa 6OTYNOTOKCMHA: NOBbILEHNE [03bl MNpe-
napaTta acCoLMMpPOBAHO CO CHUXKeHMEM GUHaNbHON rny6u-
Hbl KOCTHOro KapmaHa (r = -0,5773), ogHako Bblbop A03bl
JOJIXKeH OCYLeCTBAATLCA MHAMBUAYANbHO Ha OCHOBaHUU
KIIMHWYECKOW OLIEHKI BbIPaXXEHHOCTW MbILLEYHbIX TAXEN.

MexaHr3M TepaneBTUYECKOro JeNCTBIA GOTYNOTOKCUMHA
NPy NEPUMMMNAHTUTE BKIIOYAET AeHEPBALMIO MbILLEYHbIX
TsKel, Ba3oAunaTaLmio MAKPOCOCYOB, YNyulleHre Tpodu-
K/ 11 OKCMTeHaUuy TKaHel, KynmpoBaHue BOCNannTeNbHOMro
npouecca 1 co3aaHne 6naronpUATHBIX YCIIOBUIA s OCTeOo-
pereHepayuu.

MpumeHeHrie GOTYNOTOKCMHA CMOCOBCTBYET yBenuye-
HUIO LUMPUHbBI 30HbI KEPATUHN3NPOBAHHON NPUKPENNEHHO
JECHbI, UTO ABMAETCA BaXKHbIM (GpAaKTOPOM AOSITOCPOUHOIO
ycrnexa AeHTasbHOW UMMIaHTaUMM 1 NPoGUIaKTUKN peun-
AVBOB NEPUVMMIAHTUTA.

MoBTOpHOE BBeAeHVe BOTYNOTOKCMHA Yepe3 3-6 meca-
LeB obecrneuvBaeT nopnepxaHne JOCTUFHYTOro KanHuYe-
CKOro pesysbTaTa € yY4ETOM NPOJOMKUTENIbHOCTY AENCTBUA
npenapara.
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AHTW-VEGF TEPANU PAHUBU3YMABOM
Y NALUMEHTOB C AUABETUYECKON PETUHOMATUEN

N

EVALUATION OF THE EFFICACY
OF ANTI-VEGF THERAPY

WITH RANIBIZUMAB IN PATIENTS
WITH DIABETIC RETINOPATHY

S. Aksenova

T. Kumaksheva
E. Khozina

0. Vasilyeva
Yu. Strelchenko

Summary. The article presents the results of a retrospective analysis of
the efficacy of the selective VEGF inhibitor Ranibizumab intravitreal
injections in the treatment of diabetic retinopathy. Diabetic retinopathy
in diabetes mellitus develops as a result of prolonged hyperglycemia,
which triggers a cascade of microvascular disorders associated with
increased permeability and occlusion of retinal vessels, leading to the
neovascularization and fibroglial tissue formation. The study noted an
improvement in visual function, as well as a reduction of macular edema
following the administration of Ranibizumab, which has a positive effect
on patients’ quality of life.

Keywords: diabetes mellitus, diabetic retinopathy, diabetic macular
edema, ranibizumab, visual acuity, optical coherence tomography.
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AHHomayusA. B cTaTbe NokasaHbl pe3ynbTaTbl pETPOCNEKTUBHOIO aHanu3a 3dpdex-
TUBHOCTV HTPaBUTpeabHOro npuMeHeHna cenekTusHoroVEGF-unrnbutopa Pa-
Hu6u3ymaba npu neyeHum guabetnyeckoil petuHonatim (JP). P npu caxapHom
Anabere (C[1) popmupyeTca Kak pe3ynbTat AAUTENbHOI rUNepravKkemMuiI, nposo-
LMpYHOLLEA Kackag MIUKPOCOCYAMCTBIX HAPYLLIEHWH, CBA3AHHBIX C NOBbILLIEHHOI
MPOHIULIAEMOCTBIO 1 OKKJTI03Meil peTUHAMbHBIX COCYZ0B [0 NOABNEHNA HOBOOO-
pa3oBaHHbIX COCYA0B U dubpornuanbHoil TkaHu. OTMeueHo ynyulueHne 3pu-
TeNbHbIX GYHKLMI, @ TAKXKe YMeHbLUEHIe MAKYNAPHOTO 0TeKa NoC/e BBeeHUs
PaHu6busymaba, uto 6naronpuATHO (Ka3biBAeTCA Ha YPOBHE KU3HU NALMEHTOB.

Kntouesbie criosa: caxapHblit Anabet, Anabetnyeckan peTuHonatua, anabetnye-
CKMil MaKynAPHbIi 0TeK, paHNOU3ymat, 0CTpoTa 3peHina, ONTUYeckan KorepeHT-
HaA Tomorpadua.
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BseaeHve

axapHbli AnabeT npepctaBnAeT cobon ofHy M3 Be-

aywmx npobnem, 6ecnokosLlyto, B NepByto oyepeap,

niopen  TpyaocnocobHoro Bo3pacTa. PeTuHonaTuA
npu CI popmumpyeTca Kak pesynbTaT ANMTENbHON runep-
rMYKeMUKY, MPOBOUMPYIOLWEN Kackal MUKPOCOCYAUCTbIX
HapyLIEeHN, CBA3aHHbIX C MOBbILIEHHOW NPOHULAEMOCTbIO
N OKKIO3Ueln peTuHanbHbIX COCYA0B A0 NOABNEHNA HOBO-
06pa30BaHHbIX COCYLO0B 1 GUOPOrInanbHO TKaHW. ABnseT-
CA OOHUM 13 NPOABNEHUN reHepann3oBaHHON MUKPOaHIn-
onatum [1-7]. MpoBeaeHHbIN aHaNN3 SNNLEMNONOTNYECKUX
[aHHbIX CBMAETENbCTBYET O TOM, YTO AinabeTnyeckas petu-
HOMaTWA Cpeaun NauMeHTOB C CaxapHbiM AnabeTom BCTpe-
YyaeTcA B CTPaHax C BbICOKMM ypoBHeM foxofa B 30-40 %
C/yyaes, a B CTpaHax C HU3KUM 1 CPeAHMM YPOBHEM MOXET
nocturatb 50 %. MmobanbHaA pacnpocTpaHEHHOCTb Anabe-
TUYECKOWN peTMHonaTuy Aocturaet 422 MiH ClyyaeB, YTo
nenaeT eé oHMM U3 Hanbonee CoUMaNbHO 3HAUUMBIX Od-
TanbMOJIOrMyecKknx 3abonesanun [4]. Juabetnuecknin ma-
KynapHbin oTek (IMO) npepctaBnseT coboi CTPYKTYypHOE
MU3MEHEHMEe CeTyaTKW, XapaKTepuaylolleecsa naTtonoruye-
CKMM YTONLEHVEM MaKynAaApPHONM 30HbI. [laHHOe cocToAHne
BO3HVKaeT B pe3yfbTaTe ANCHYHKLUN reMaTopeTUHANbHOMO
6GapbepHOro KOMMJeKca, YTo NPOBOLMPYET HapyLueHre ba-
naHca Mexpay aKCTpaBasauymen Maa3smMeHHbIX KOMMNOHEHTOB
B MEXK/IETOYHOE MPOCTPAHCTBO HENPOCEHCOPHOro Cros
ceTyaTKM 1 UX HeJoCTaTOYHOWN SIMMUHALMEN MUTMEHTHbBIM
3nuTenMnanbHbIM cioem. KnioueBbiM NaTopr3nNoIornyecknm
MEXaHMU3MOM ABMAETCA NpeobnafaHue TPaHCCYAAaTUBHbIX
NnpoueccoB Hag pPeabcopbUMOHHON CMOCOBHOCTbIO TKa-
Hen. OcobeHHocTbo IMO siBNsieTcs ero cnocobHoCTb Ma-
HUpecTpoBaTb Ha Ntobom 3Tane [P, BKNoYasa HavanbHble
CyOoKNMHMYeckne Gopmbl 3ab01eBaHSA, MPU STOM TAXKECTb
NPOABNEHUN HE MMeET NPAMON 3aBUCUMOCTU OT BblparkeH-
HOCTU NponndepaTUBHbBIX N3MEHEHWNIA COCYAUCTOrO pycna.
OTO NoATBEPXKAAET rMNOTEe3y O MyNbTUHAKTOPHOCTY NaTore-
He3a, rae BefyLuyto posib UrpatoT MeTabonuyeckre HapyLue-
HUS, a He ToNbKO aHrnonponudepauusa [1, 9-12]. Passutue,
nporpeccnpoBaHne N pe3nCTeHTHOCTb K neyeHuno MO
yacTo accouumpyetca ¢ gekomneHcaumen Cll. Poct HbA1c
Ha 1 % yBenununsaet yactoTy IMO Ha 17 %. CoCcyamnCTbIN SH-
noTtenvanbHbli pakTop pocTa (VEGF — Vascular Endothelial
Growth Factor) — 3To OCHOBHOW 351eMeHT B Pa3BUTUM Ma-
TONOMMYECKOro COCyANCTON nponudepaumm B TKaHAX ceT-
YaTKWN N AUCKa 3pUTefIbHOro HepBa npu nponndepaTBHON
avabetnyeckon petuHonatuun. [nAa nopaBneHuWa naToso-
rMYecKoro aHrmoreHesa MCnosb3yeTca MHTPaBUTPeanbHOe
BBEeAEHNE UHTMOUTOPOB aHroreHesa (VMIBBMA) [6-8]. B Ha-
cToAwee BpeMA Ha Tepputopumn Poccuickon Qepepaumn
3aperncTpupoBaHO 5 NpenapaTtoB ANA MHTPaBUTPeaNbHOro
BBe[eHus, Takme Kak bponyumsyma6, PaHn6usymab, bea-
umnsymab, Apnubepuent, Gaprummab. [JokasaHo, YTO OHU
NPenATCTBYOT COCYAUCTON nponudepalmmn, yMeHbLIAT
npocayrBaHMe XUAKOCTM U MOAOEPXKUBAIOT COXPaHeHne
HepBHbIX KNeToK B Makyne. B nccnegoBaHum mcnonb3o-

Banca cenektnsHbin VEGF-nHrnbutop PaHn6mnsymab, obna-
Jatowmi Bblicoko addUHHOCTBIO K M3opopmam VEGF121
n VEGF165, 4to MUHUMM3NPYET PUCKN SKCTPAOKYIAPHbIX
a¢ppekToB. N36mpaTenbHo cBAsbiBaeTcs ¢ VEGF-A (VEGF110,
VEGF121, VEGF165), npenoTtBpallas ero B3auMOAenNcTeue
C peuenTopamu Ha MOBEPXHOCTU KNETOK SHAOTENMs, UTo
NpUBOAUT K MOAABNEHUIO HeOBaCKyNApuU3aLmm 1 nponude-
pauumn sHZoTeNManbHbIX Knetok. [13-15].

Llenb uccnedosaHus: oueHUTb 3PPEeKTUBHOCTb aHTU-
VEGF Tepanuu paHn6usymabom y nauymneHtos ¢ MO, nocne
nepBOro MHTPaBUTPeanbHOro BBeAEHWA, NPU TleYeHnn na-
ymeHtos ¢ IMO.

MaTepuranbl U METOALI ICCAEAOB3HUS

B pamkax uccnepoBaHuA npoBefeH peTpoCrneKTUB-
HbIl aHaNM3 MeAULMHCKON JOKYMeHTauun 45 nauneHToB
¢ IMO, koTopbiM BBefeHa nepBas 3arpy3oyHas fgosa Pa-
HM6M3ymaba. Bce naymeHTbl HAXOAUNUCH Ha nevyeHun B od-
Tanbmonoruyeckom otaeneHun N'bY3 PM «PecnybnmnkaHckas
odTanbmonornyeckas 6osbHNLA» B Nepunog c nioHa 2024 r.
no aeryct 2025 .

CpepHasa npogomxutenbHocTb CLl B uccnegyemon rpyn-
ne coctaBnana ot 5 po 25 net (15+4 net). CpegHnin BO3-
pact coctaBun 64,0+1,0 rog. VI3 45 nayneHToB (45 rnas):
n=42 (42 rna3a) — nuua c C 2 Tun (29 xeHwmnH — 69,0 %
1 13 my>kumH — 31,0 %) n n=3 (3 rnasa) — naumeHTbl ¢ C[
1 TMna, roe reHaepHoe COOTHOLLEHNE pacnpeaennoch Kak
2:1 (keHWUHbl — 67,0 %, MyXumHbl — 33,0 %).

PacnpepneneHune no craguam [P BbIABUNO CliegyioLLyio
OVHaMUKy: HenponudepaTmBHaa Gpopma AMArHOCTMPOBA-
Ha y 6 nauyueHToB (13,0 %); npenponndepaTuBHas CTagus
3adukcrpoBaHa y 13 nuy (29,0 %); nponndepatusHas [P
npesanvpoBana B CTPyKType nartofnormm — 26 ciy4vyaes
(58,0 %).

Ona obbekTmBM3auum pesynbratoB MO npumeHsanu
ONTMYECKYyl KorepeHTHyto Tomorpaduio (OKT) Ha Tomo-
rpade Zeiss Stratus OCT 3000 ¢ aHanM30M TONLYMHbI HEN-
POHasIbHbIX COEB ceTYaTKU B PpoBeanbHoOM obnactu ¢ no-
moLpblo npoTtokona Macular Thickness Analysis go 1 nocne
MHbeKUMn PaHnbumsymaba. AHanm3 pesynbTaToB OCTPOTbI
3peHus onpeaenany ¢ NOMOLLbo CTaHAAPTHbIX Tabnumy CuBs-
LueBa-lfonosuHa.

KateropuasnbHble [aHHble OMMUCHIBAINCH C YKa3aHMEM
A0CONOTHBIX 3HAYEHWA U MPOLEHTHbIX AOJiei, KoTopble
BbIYNCAANNCL C NPUMeHeHMeM TabnnMyHOro npoteccopa
Microsoft Excel 365. CpaBHUTENbHbIE AaHHble NpeAcTaBse-
Hbl B BUAe M+o, rpe M — cpefHee 3HayeHve, 0 — CTaHAAPT-
HOe OTK/IOHEeHMe. YPOBEHb CTaTUCTMYECKON 3HAUYUMMOCTM P
6bin MeHee 0,05 (p < 0,05).
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PesynbTaThl

Mo paHHbIM OKT TonwmMHa ceTyatkm B poBea Ao BBefe-
HWA Npenapata cocTaBnAna ot 480 go 720 Mkm (B cpegHem
600+113 mKm). Nocne nepBol UHTPaBUTPeanbHOW WHb-
ekunn PaHnbusymaba 3aduKcMpoBaHbl cnepyiolime us-
MEHEHUA: KIMHNYECKN 3HAUMMOE YMEHbLUEHNE TOMWMHbI
ceTyaTKku B poBea Ha 340-440 MKM (390+32 MKM) OTMEYEHO
y 20 nauyneHToB (44,4 %), uTo NpurBeso K paspelueHnto MO.
Y 16 naumeHToB (35,6 %) TONWMHA CETYATKM YMEHbLUMNachb
Ha 280-340 MKM (310+23 MKM), UTO CBMAETENbCTBYET O He-
NOJIHOM perpecce 3KCCYAaTUBHOM aKTUBHOCTU. KnuHnYecku
3HaUMMOEe OTCYTCTBME CHVXKEHUA TOMLWMHbI OTEKA WX ero
coxpaHeHue 6onee 400 MKM BbisiBiIeHO Y 9 naumeHToB (20 %).

CpefiHAA OCTpOTa 3peHune fo BeeaeHusA PaHnbrnsymaba
Haxogunacb B npegenax ot 0.01 go 0.5 ¢ MakcUmanbHoOM
Koppekumeli. Ha ¢oHe npoBefeHHOro neyeHusi, MOXHO
BbIAENNTb 2 rPYMMbl CO 3HAUUMbIMY LiidpPaMmM NMOBbILLEHMS
OCTpOThI 3peHuna. 17 nauneHToB (37,7 %) umenun nosbiLle-
HWe ocTpoTbl 3peHnAa Ha 0.3-0.4 1 13 nauneHToB (28,9 %)
Ha 0,2-0,1 OT UCXOOHOrO, YTO KOPPENNPOBASO C perpeccom
KNCTO3HbIX n3meHeHunn Ha OKT. Y 15 naumeHnTtoB (33,4 %)
3peHmne OCTaNoCb MPeXHee WU NOBbIWeHNe OCTPOThl COo-
oTBeTCTBOBasO Undpam meHee 0,1. TakKe NaLMeHTbl OTMe-
Yanu CcyO6beKTMBHbIE M3MEHEHUs OCTPOTbl 3peHNs B BUAE
ynyJlieHne YETKOCTU BMAEHUA OOBEKTOB M YMEHbLUEHue
MeTamopdoncuii.

3aKAlo4HeHue

Pe3ynbTatbl nccnenoBaHuin sdppekTnBHOCTN PaHnbm3y-
Maba [EeMOHCTPUPYIOT MONOXKUTENbHBIN dDPEKT yxe no-

C/e NepBOoro «3arpy3o4yHoro» BeefeHuA. TepaneBTnyecKuii
MPOTOKON NpuMeHeHusa PaHnbrsymaba npegnonaraeT Kyp-
COBOe BBefeHMe npenapaTta ¢ nHtepsanom B 30 gHeN, YTo
obecneuriBaet 6onee CTONKNI SPeKT.

MepBoHauanbHaa ¢asa neyeHUA BKMOYaeT He MeHee
TPEX npoueayp, OAHAKO NPOAOCIKUTENIbHOCTb Kypca Kop-
peKkTUpyeTca WHAMBUAYaNbHO A0 MOMEHTa AOCTUMKEeHUA
[BYX KITIOUEBbIX KpUTepues:

1) dyHKUMOHanbHaA cTabunusauua — OTCyTCTBME MO-
NOXUTENIbHOW AUHAMWKM B MOKa3aTeniAX OCTPOTb
3peHuA NpY MOBTOPHbIX M3MEPEHMSAX;

2) aHaTOMMYeCcKasa PeMUCCnA — COXPaHEHNe HeN3MeH-
HbIX MOPdONOrMYecknx XapakTePUCTUK CeTYaTKM
(TonwmHa makynbl, 06bEM 3KCCyaaLmm) No AaHHbIM
OMTNYECKOW KOTE€PEeHTHON ToMorpadumu B TeuyeHue
4-6 Hepenb nocsie 3aBeplleHUA MHbBEKLMOHHOro
unkna. KnuHuyecku 3HaumMMbIM pe3ynbTaToM Ccuu-
TaeTcA Kak BOCCTAHOBJIEHWE 3pUTENbHbIX GYHKLUN
[0 GU3MONornyeckn BO3IMOXKHOIO YPOBHS, TaK U npe-
KpalleHne nporpeccupoBaHna peTUHONaTuu, 4To
NoATBEPKAAETCA OTCYTCTBMEM ANHAMUKN KaK MUHU-
MyM B iBYX MOcC/eloBaTeslbHbIX 06CcnefoBaHUAX.

[JlaHHOe nccnepoBaHMe MOKa3blBaeT, UTO MHTpPaBUTpe-
anbHoe BBefAeHMe NHIMOUTOpa aHrmoreHesa — 3T0 3ddek-
TUBHaA Tepanus, Hanpas/ieHHasa Ha NpeJoTBPaLLEHME NaTo-
NOTMYECKOro aHroreHesa, uTo, B CBOIO ouepesb, MpuBoanT
K YMEHbLUEHVI0 OTeKa B MaKyNApPHOI obnactu u coxpaHe-
HUIO 3pUTENbHbIX GYHKLMSA Y NauueHTos ¢ MO.
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OCTPAfl TPOMBOTU4ECKAA OKKNTHO3UA APTEPUN
TbIJ1A CTOMNbI (KNMUHWYECKOE HABJ1HOAEHUE)

N

ACUTE THROMBOTIC OCCLUSION
OF THE DORSAL FOOT ARTERY
(CLINICAL OBSERVATION)

I. Dolakov

R. Gezgieva

L. Dakieva

A. Torshkhoeva
B. Patieva

Summary. Acute limb ischemia is a serious life—threatening complication
of heart and vascular diseases that requires timely diagnosis and
emergency surgery. The prevalence of DEC among vascular diseases
ranges from 10.0 % to 16.0 %. Despite the achievements of modern
angiology, the use of expensive diagnostic and treatment methods, the
frequency of limb amputations remains high and amounts to 11-37 %.
Enezate TH. (2017) notes that 15-20 % of DEC patients die within
1 year after hospital treatment. Occupying the fourth place in the overall
structure of embolisms, DEC leads to the death of 20—30 % and disability
of 15-25 % of patients.

The most rare localization of acute occlusion is the distal arterial bed, the
arteries of the foot are extremely rarely affected.

Keywords: thrombosis, foot, ischemia, necrosis, trophic wound.
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ALl — apTepuanbHoe faBneHue

ATC — apTepua Tbina CTOMbI

BB — 6onbluan NogKo»Has BeHa

36BA — 3apHAA 6onbluebepLoBasn apTepma

MBC — nwemmyeckas 6onesHb cepaua

KTA — KomnbloTepHas Tomorpaduryeckas aHrnorpadmsa

MBA — manobepuoBas aptepusa

MAIT — manas nogkoHasi BeHa

HMBC — HecTepoufHble MNPOTUBOBOCMNANUTENbHbIE
cpepcTBa

OBA — obuas begpeHHas apTepus

OWK — ocTpas nwemma KOHeYHOCTU
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Anomayus. 0CTpan WeMnA KOHEYHOCTe — TAXeN0e XU3HeyrpoxaloLee
0CNoXHeHMe 3ab0neBaHuil cepaLa v CocyaoB, TpebyeT cBOeBPeMEHHO AnarHo-
CTUKN W SKCTPEHHOTO XMpYpruyeckoro BMeLuaTenbCTea. PacnpocTpaHeHHOCTb
OWK cpenm cocymmctbix 3aboneBanuit 3aHumaet ot 10,0 % fo 16,0 %. Hecmo-
TPA Ha JOCTUMKEHWNA COBPEMEHHOI aHTVIONOTAM, NPUMEeHeHNe JOPOroCTOALLMX
METOZ0B AMArHOCTUKN W NeYeHna, YacToTa aMnyTaLuii KOHEYHOCTI 0CTaeTcA
BbICOKOIl 1 cocTaBnseT 11-37 %. Enezate T.H. (2017) otmeuaer, uto 15-20 %
6onbHbIx OUK ymupatoT B TeueHue 1-ro roga nocne neyeHna B cTalmoHape. 3a-
HUMaA YeTBepTOE MecTo B 06Leli cTpykType 3mbonuii, OUK npusoauT K rubenu
20-30 % 1 uHBanuam3auum 15-25 % 6onbHbIX.

Haubonee peakoii nokanu3awueil 0CTpoil OKKNKO3UN ABNAETCA ANCTaNbHOE apTe-
puUanbHoe pyciio, apTepunt CToNbl NOPaKATCA KpaiiHe peaKo.

Kntouegble cioga: Tpom603, CTONA, ULLEMMS, HEKPO3, TPOGUUECKAA paHa.

MNBBA — nepepHAs 6onbluebepuoBan apTepua

NKA — nogkoneHHasa apTepuA

TAC — TblIbHas apTepusa CTonMbl

Y3[C — ynbTpa3ByKoBOe AynieKCHOe aHMMOCKaHNPOBa-
Hune

XNHK — XpoHnyecKasa nwemmna HUXHNX KOHeYHOCTeNn

YCC — yacToTa ceppeyHbIX COKpaLleHuin

ESVS — EBponelickoe 06LecTBO COCYANCTON XUPYPruv

CTpas apTepuasibHas UeMUs — CUHAPOM, 0by-
C/IOBNIEHHBIN BHE3aMHbIM HapyLeHneM KPOBOTOKa

B onpeneneHHom cocygncTtom bacceliHe, npoAsnA-

Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.
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€TCA OCTPON uMwemmen KoHeyHocTu. OcTpasa mwemma Ko-
HEYHOCTU — Hanbonee onacHoOe OC/IOKHEHMe 3a601eBaHNI
cepaua 1 MarncTpasnbHbIX COCYAOB U TPebyeT SKCTPEHHOM
IVarHOCTUKK 1 neyeHus. NporpeccrpoBaHme 3aboneBaHms
6e3 NPUHATUS CPOYHbIX ONEPATUBHBIX MeP NPUBOANT K raH-
rpeHe KOHEeYHOCTM U COMPOBOXKAAETCA BbICOKOW NeTasibHO-
cTbto. Ha ponto OUK cpean Bcex cocyancTbix 3aboneBaHnin
npuxogutca 10-16 %, a BcTpeyaemocTb coctasnseTt 1 ciy-
yan Ha 6000 yenoBek [1]. YacToTa rocnutanusayuin naumeH-
ToB ¢ OMK cocTaBnAet 10,1 Ha 100 000 naumeHTOB B rog [2].
3a nocnepHme 20 neT NPOLNOro BEKa YacToTa ee yBenmuu-
nacb ¢ 23,1 — 50,4 Ha 100 Tbic. nocTynneHnin [1-3]. Boicokon
OCTaeTcA rocnuTanbHaa neTanbHoOCTb, gocTuraa 9 % [3], npu
3ToM 0KoMo 15-20 % 60sbHbIX yMUpaeT B TeueHue 1-ro roga
nocne neveHuns B ctaumnoHape [4]. HecmoTps Ha coBpemeH-
Hble ycrnexu B ANAarHOCTVIKE 1 JIeYeHnr COCYANCTbIX 3abore-
BaHWM, yactoTa amnyTtaumn npn OUK octaetcAa AOBONbHO
BblcOKOM 1 gocturaet 11-37 % [5]. ExerogHo octpas uwe-
MUA HUPKHUX KOHEYHOCTEN, Kak OCHOBHAsA NPUYMHa raHrpe-
Hbl, pa3BmBaeTca y 140 mnH uenosek B Mupe [6].

Mo paHHbIM NUTEpPaTypbl, Pa3BUTME OCTPON OKKITHO3UN
aopTbl M apTepuini KOHEYHOCTEN MPUBOAUT K rnbenn 20-
30 % v nHBanuamnsaumm 15-25 % 6onbHbIX [7].

OCHOBHbIMU 3TUOJIOTMYECKMU daKTopaMu pa3BUTHA
OVIK ainsatoTcA TpoM603M601UK, TPOMOO3bI APTEPUIA, TPAB-
Ma, aHrmocnasm, Hambonee yacTo BCTpPevalTCA TPOMOO-
ambonun 1 TPom603bl. TUMMYHbIE YPOBHN 3MOONNYECKON
OKKMIO3UNM — 30Hbl Gudypkaumin (budypkauma aopTbl,
NoAB3AOLWHbIX, OefpeHHbIX, MOAKONEHHbIX, MOAKMOUNY-
HbIX, MOAMbILLIEYHbIX apTepuin). Hepeaku B KNUHMUKe ciyyan
MynbTUGOKaNbHOIO MOPaXKeHUA apTepuanbHOro pycsa.

B.C. CaenbeB (1987) Ha aHanm3e 1600 KNMHUYECKUX
crlyyaeB TPOM603MOONWIA apTepuii KOHEYHOCTEW, NPUBO-
OUT CliedytoLLyo YacTOTY UX MopaxKeHus: obLlan begpeHHasn
aptepua — 46 %, noas3gowHble aptepun — 15 %, nog-
KonieHHasa apTepuss — 13 %, 6udypkauus aoptel — 8 %,
apTepun roneHn — 3 %, nogmbllweyHaa aptepmua — 8 %,
nneyesana — 6 %, NokTeBadA 1 nyyesas aptepun — 1 % [8].
Ha ponto Tpomb60oamb0onnn npuxogutca 55-60 %, a Tpom60-
TUYeCKUN reHes BcTpeyaeTca B 40 % cnyyaes OUIK [8-9].

OKKNIo31A apTepun BEPXHNX U HUXHUX KOHEYHOCTEN
3aHMMaeT YeTBepTOe MecCTo B OOLen CTpykType 3mbo-
nmn — 25,3 % [10-11].

OCHOBHOM  MpUYMHON  Tpomboambonun  apTepui
(0o 96 % Bcex cnyuaeB) ABNAOTCA 3aboneBaHNA cepaLa —
KapAMOCKNepo3, OCTPbI MHPAPKT MUOKapAa, MOPOKWU,
SHAOKAPAMWTbI, NCKYCCTBEHHbIE KfamnaHbl, OCTpasa UAn Xpo-
HMYecKana aHeBpur3Ma NIeBoro »enygouka u 1.4. flo 70 % sm-
6onunin cBasbiBatoT ¢ IBC 11 ero 0CnoXKHEHNAMMN.

HesaBucMmo oT ocHoBHOro 3aboneBaHua B 70-80 %
cnyyanx TPomb603mMO60NMIA BbIABAAETCA MepLaTesibHas apuT-

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

Mus, cnocobcTayiolaa GOpPMUPOBaHUIO U MObBUIM3aLUK
BHYTPUCEPAEYHBIX TPOMOOB.

Hanbonee yactaa npuymHa ocTporo Tpombosa — 06-
NUTEPUPYIOLLNIA aTePOCKIIePO3 COCYA0B KOHEYHOCTEN, Npu
KOTOpoM Tpomb603 popmupyeTca Ha pOHe OKKIO3UOHHO-
CTEHOTUYECKOro NpoLecca B cocyfe, nmbo Ha GoHe beccnm-
NTOMHOW U3bsABJIEHHOW GNALWKMN.

PegkvmMmu npuyvHammn apTepuanbHoOl 3mM060MM MoryT
ObITb MHEBMOHMSA W OMYXOSN NETKMX, BbI3bIBalOLME TPOM-
603 fleroyHbIX BeH. IcTOUHnKoM TpoM603M60nMm 60sbLlo-
ro Kpyra KpoBOOOpalleHUsi MOXeT CNyKUTb TPOM603 Ma-
TUCTPANbHBIX BEH HUKHUX KOHEUHOCTEN Mpu BPOXKAEHHbIX
dedeKTax cepaeyHo NeperopoaKu, Npu KOTOpbIX BO3HKKA-
€T TaK Ha3blBaemas napagokcanbHas ambonus.

B 3-4 % cnyyaeB NCTOYHMKOM SMOONUI ABNAIOTCA aHEB-
pu3Mbl aopTbl U ee BeTBel. VcTouHuKom ambonuii moryT
6bITb M3bABNIEHHbIE aTEPOCKNEPOTMYECKNe ONALWKM 1nn
Jo6aBoYHOe WeiiHoe pebpo (KOTopoe NPUBOAUT K CErMeH-
TapHOMY CTEHO3Yy MOAKIIYMYHON apTepun U pPasBUTUIO
MOCTCTEHOTUYECKOTO PACLLUMPEHMS, B KOTOPOM 00pa3yoTcs
NPUCTEHOYHbIe TPOMObI). Pegkmun npuurHamu OUK siBna-
l0TCA paccyioeHre aHEBPU3Mbl @0PTbl, BACKYNUTbI, CUHAPOM
NMOAKONIEHHON NOBYLUKM, afABEHTULMANbHAA KMCTO3HaA 6o-
Ne3Hb, OCTPbIA KOMMAPTMEHT-CUHAPOM, MHOPOAHblE Tena,
TpombodUIMSA, Masnblii CEpAeUHbIA BbIOPOC.

B 5-10 % cnyyaeB UCTOYHMK SMOONUN OCTaeTCA Hens-
BECTHbIM 1 He MOXKeT ObITb BbIABMNEH HU KIUHWYECKM, HU
[axe Ha ayTorncumn.

Mpw TAKenon rmnokcnmn TkaHen B ycnosumax OUK sknto-
YalTcA nocnepoBaTenbHble natodr3nonornyeckme nme-
HeHWA, Henm36eXHO 3aKaHUMBALMECA HEKPO3OM TKaHeln
npy OTCYTCTBUM SKCTPEHHOrO fleyeHus. Henb3s 3abbiBath,
yTo peBacKkynapusauma npu OUK upeBaTta passutmem pe-
nepdy3MoHHOro CMHAPOMA, MPUBOAALLMIA Y BONbHBIX C KO-
MOPOVAHBIM GOHOM K TAXenoln MonMopraHHon ANCOYHK-
LMW 1 NeTanbHOMY UCXOody.

Hanbonee pefkown nokanusaumen ocTpol apTepuanb-
HOW OKKIIO31W, KaK BUAHO, ABNAIOTCA apTepun cTonbl. B go-
CTYNHOWN NUTEpaType Mbl HaLWN efMNHNYHbIE KIVHUYECKN
cnyyan OCTPOWM OKKI03MM apTepuid cTonbl. Bo Bcex 3Tmx
cnydyasax Tpombo3 apTepuin CTorMbl Pa3BUIICA Y MOJIOAbIX
CMOPTCMEHOB MpPY OTCYTCTBUM aTepoCKsiepo3a Unv BacKy-
nnTa, Ha GOHE XPOHMYECKOWN TpPaBMbl KOHEUYHOCTW, NM6O
Ha doHe Npriema aHabonnuyeckrx CTepouHbIX NpenapaTos
[12-13].

ApTepuanbHblii TPOMOO3 TbISIbHOW apTepun CTOMbI, Bbl-

3bIBAIOLWNIA OCTPYIO COCYAUCTYIO HEJOCTAaTOYHOCTb, BCTpe-
yaeTcA KparHe peako [7, 8,12, 13].
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Mbl CTONKHYNMCb C MONOAbIM MaLMEHTOM C OCTpPOW
TpoMObOoTMYeCKol OKKo3unen npasoit ATC, BbI3BaHHOW Npu-
€MOM Kancyn Ans Habopa MbllLeYHOM Macchl.

YuntbiBasa KpanHIOW pefkoCcTb OCTPOW OKKI3MK ap-
Tepuin CTonbl, AnA GONbLIEro 3HaKOMCTBA MPAKTUKYHOLNX
Bpauei ¢ NofobHbiMK BapmnaHTamm OUK, xoTenocb 6bl npu-
BECTU criefiylollee KIMHnYeckoe HabnogeHme.

IKanHn4eckoe HabatoaeHue

BonbHom L., 41 roga, 06patunca B ropoAcKyto NofvKiu-
HUKY K ceppieyHococyamnctomy xmpypry 09.04.2025 r. ¢ »a-
nobamu Ha CuSibHble 60N B MpPaBoOW CTOMe B MOKOe, Hau-
6onee BblpaxeHHble BO Il nanblLie NpaBoW CTOMbI, HOYHbIE
6onu, npaktuyeckn He Kynupyemble HIMNBC, napectesuu,
OHEeMeHUe, MoXosiof4aHre NPaBow CTOMbI, HANINYME YYaCTKOB
Hekpo3a Il nanbua. Co cnos 60nbHOro, 6oneeT 0K OfHO-
ro mMecsua, Korga Ha ¢poHe npremMa npenapaToB No Habopy
MbILLEYHOI MACChl KUTANCKOrO MPOV3BOACTBa 6e3 BUAUMBIX
NPUYNH NOABUANCL pe3Kre 6onm BO BTOPOM Manble npa-
BOW CTOMbI, Masew cTan BHavane «6esibiM», XONOAHbIM, CO
BpemMeHeM Hayan oTMe4yaTb NOKpPaCcHeHMe nanbLa 1 y4acTKu
TeMHO-¢$1oNeToBOro LBeTa (puc. 1).

Bonu He KynupoBanucb MPUEMOM HEHAPKOTUYECKMX
aHanbreTKoB, He faBanu cnatb. [Jo obpalueHns 3a megu-
LIMHCKOW NOMOLLbIO JIEUNSICA CAMOCTOATENIbHO HAPOAHbLIMM
cpeanctBamu, 6e3 adpdekKTa, B TeueHue bonee Tpex Heaesb.

06BeKMuBHo: o6u4ee COCTOAHME OTHOCUTEJIbHO YyOOB-
NIeTBOpUTESIbHOE, MPaBUIbHOIO TEJIOCSIOXKEHNA, yoOBNEeT-

,‘ W,‘ m

BOpuUTenbHoro nutaHna. Poct 172, Bec 78. KoxHble MOKpPO-
Bbl OObIYHON OKpaACKMW. [lbixaHve Be3UKYNAPHOe, XPUnoB
HeT. YactoTta gbixaHuA 16 B muHyTy, Al 130/80 mm pT. CT,,
nynbc = YCC 78. XKnBoT mMArkumin, 6e3bonesHeHHbIn. Gusno-
nornyeckme oTnpasneHus B Hopme. PaHee 6bin 3a0poB
1 Hac/leiCTBEHHbIX 3a00/1eBAHMIN HE OTMEYAET.

JlokanbHo: NpaBas CTona NPOxfafHas Ha OLWynb, AWC-
TallbHaA 4yacTb CTOMbl YMEPEHHO runepemupoBaHa. Tak-
TUNbHaA YyBCTBUTENIbHOCTb CHUKEHA, aKTUBHbIE ABUKEHMA
YacTUYHO coxpaHeHbl. MMynbcauma Hag OBA, MKA cnpaBsa
coxpaHeHa, Ha 3bbA onpepensetca, B npoekuyun apre-
puu Tbina cTonbl He onpegensaeTca. KOHeYHOCTb XxonofHas
Ha owynb. Cyxom HEKPO3 Ha HXKHE MOBEPXHOCTY AUCTalb-
How ¢anaHru |l nanbua npasBo cTonbl (puc. 2).

08.04.2025 r. obpaTnncA B YaCTHYK KIMHWKY, BbINOJ-
HeHo Y3[C apTepuit 1 BEH NPaBOWN HUMHEN KOHEUYHOCTU,
no pesynbTaTaM KOTOPOro Ha3HayeHo JieueHne cepaeyHo-
COCYANCTBIM XUPYProM — HUKOTUHOBAA KUC/10Ta, KOMOMNK-
MneH, SNNKBUC 2,5 Mr ABa pasa B AeHb, Beccen [lys O.

JlaHHble OynnekcHo20 cKaHuposaHue cocyoos npasol
HuXxHel KoHe4Hocmu om 8.04.2025 2.: «<OcTpasa NpoKcnmanb-
Hasa TPOMOOTMYECKas OKKII3MA apTepun Tbisla CTOMbI, CHU-
eH KpoBoTok B [MBBA (32 cm/c), KonnatepanbHOro Tuna
CHUXKEHHBI KPOBOTOK B MNasibLieBbiX apTepusax. KpoBoTok
B 3bbA, MBA 1 megmnanbHOM NOAOLWBEHHOW apTepumn Ma-
rMCTpasnibHOro TWNa, yAOBNeTBOPUTENbHbIN. [uameTp BeH
npasou HK B npegenax Hopmbl. OcTranbHble KnanaHbl bINB
n MIB coctoaTenbHbl. BulyanusnpoBaHHble nepdopaHThl

b

Puc. 1. A-b. MepBoHauanbHbI BUA NpaBol ctonbl 1 |l nanbua y 6onbHoro ¢ Tpom6o3om ATC

160 Cepusa: EcmecmeeHHble u mexHu4eckue Hayku N° 2-2 ¢pegpasn 2026 2.
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A

Puc. 2. A-b-B. CocTosAHME NpaBoii CTOMNbl Ha GOHE KOMMIEKCHOWM aHTMOTPOMHON Tepanum

He pacwupeHsbl. [y6oKMe 1 NOBEPXHOCTHbIE BEHbI MPOXO-
anmbl (purc. 3)».

Puc. 3. TpomboTHYeCcKas OKK031A apTePUN Tbisla CTOMbI
cnpasa

JaHHble KTA 10.04.2025 2. (omHunak 350 — 100 mn) —
«MaructpanbHble  coCcyfbl TOfIeHUW  KOHTPACTUPYHOTCA
Ha BCeM NpoTskeHumn 6e3 gedektoB. OTMevaeTca Tpom603
npaBsov MefranbHOM NOAOLWBEHHONM apTepun NaTepanbHON
NOJOLLBEHHOW apTepuK, (C HaNNYMEM «MeHbKay), Ha NPoTA-
»eHnn 11,4 cm natepanbHOM 1 6,8 MeguanbHOM».

BvicmaeneH ouazHo3: «Tpomb603 apTepun Tbifia CTOMbI
cnpaBa». JleyeHne npoposKeHo. [lonoXutenbHoro 3¢-
dekTa He HabniopaeTcA. HanpaBneH Ha onepaTuBHoe ne-
yeHve B CMeuuanm3npoBaHHYO KIWHKKY, rae Haxoauncs
€ 17.04.2025 . no 21.04.2025 r., BbICTaB/IeH OKOHYaTENbHbIN
nvarHo3s: «Okkno3ua (Tpom60o3) TAC, nogowwBeHHOW apTe-
pvanbHOW ayrv npa.ol ctonbl. Tpoduryeckaa paHa Il nanb-
ua npasou ctonbl. XUHK IV cT. cnpaBa». K MOMeHTY Hanpas-

NEHUs Ha HOTOPOJHee JleyeHre Ha MecTe CyXoro HeKpo3a
cbopmmpoBanach Tpoduryeckas paHa nop CTPynom, OxBa-
TbiBatoWasa 6onbluylo YacTb auctanbHon danaHrm Il nanbua
npasou ctonbl (puc. 4, A-b).

3aknoueHue cepOeyHO-coCcyoUCmMOo20 XUupyped KAUHUKU
om 17.04.2025 2.: «paBas cTona XonofHas Ha olwynb, bnes-
HaA. AKTVBHble OBUXKEHUA U YyBCTBUTENbHOCTb B MPaBOWN
CTOMe HEeCKONbKO CHWeHbl. [Mynbcauma Hag OBA, TKA
cripaBa coxpaHeHa, aunctanbHee Ha 3bBA onpepensetcs,
Ha MBBA n ATC He onpegensetca. OtekoB HeT. CUMNTOMBI
Xomaca, Moseca oTpuuaTenbHble. B o6nactn guctanbHom
¢danaHru Il nanbua npaBow cTomnbl onpeaenaeTca Tpopuye-
CKaA paHa pasmepamn 1x2 cm. [TonoxkntenbHble CUMMTOMbI
naaHTapHOW 1LLIemMnK CrpaBay.

JarHeie 06c1edo8aHus. BUOXMMNYECKNIA aHAN3 KPOBU
(17.04.2025 r.): obwuin 6enok — 71,97 r/n, anbbymnH —
44 r/n, obwwnii 6unMpybuH — 4,73 MKMONb/N, KpeaTtu-
HUH — 79,8 MKMOSb/N, MOYEBUHA — 5,72 MMoOnb/n, obwnii
xonectepyH — 4,05 mmonb/n, nunonpoTtenabl BbICOKOW
nnoTHoctn — 1,4 MMOnb/n, NIMNonpoTenabl HA3KOW NAoT-
HOCTU — 2,65 mmonb/n, Tpurnuuepugbl — 0,58 mmonb/n,
rnoKo3a — 3,59 mmonb/n, xenezo — 4,9 mkmonos/n, NAI —
311,7 En/n, AnAT — 306,4 Ea/n, AcAT — 135,2 Eg/n, WO —
78,7 En/n, CPb — 17,29 mr/n. Koazynozpamma (17.04.2025):
AYTB — 41,1 cek., npoTpoMbuHoBoe Bpemss — 11,6 cek.,,
MHO — 1,093, ¢pubpuHoreH — 4,305 r/n, TPomMbMHOBOE
BpemAa — 24 cek. O6wul aHanus kposu (17.04.2025) — re-
Morno6uH — 112 r/n, sputpoumntsl — 4,51x10'%/n, Tpomb0-
umnTbl — 371x10%/n, nenkoumntbl — 8,58x10°/n, 303MHOGU-
nol — 3,1 %, numdountol — 24,4 %, MOHOUUTbI — 7,2 %,
6a3zodunbl — 0,1 %, HeTpodunbl — 65,2 %. O6LWMIN aHann3
Mouu (18.04.2025): uBeT — »enTbii, NNoTHOCTb — 1,023 /1,
peakuma — 5 pH, 6enok— oTp., MKo3a — OTp., lenKoLuu-
Tbl — HET., SpUTPOLUTbI — HEeT, bakTepumn — oTC.

MNMpoBeneHo onepatnBHoe neveHuve 18.04.2025 r. nop
MECTHOW U BHYTPMBEHHOW aHecTe3mnel: «AHrnorpadums, pe-

Cepus: EcmecmeeHHble u mexHu4eckue Hayku N° 2-2 ¢hegpasne 2026 2. 161
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A

b

Puc. 4. A-b. O6pa3zoBaHue Tpoduueckon A3Bbl [l nanbua npason ctonbl BcneacTsre Tpombosa ATC uepes

KaHanusaumsa, 6annoHHasa aHrmonnactuika NbbA, TAC, nogo-
LUBEHHOW apTepranbHOW Ayrn NpaBou CTOMbl», aHIMOTPOM-
Haa TepanuA.

B pnanbHenwem NpoBoAnINCb KypCbl aHTMOTPOMHON Te-
panuu: Tpomb6o-ACC, Knonuaorpen, po3yBacTaTviH, Kcape-
TO, OMENPa30J/1, MECTHO — MepeBA3KM C BOAHbIM PacTBO-
pom xnoprekcngmnHa. CoctosaHre NoCTeNeHHO YyyLlnIoCh,
Ha MecTe TpodMUeCKOW paHbl Yepe3 ABa mecAua nocse
oMnepaTMBHOrO fleyeHUsa obpasoBanacb BAAOrPaHynupyo-
Wwas paHa (puc. 5), NonHoe 3axnBneHne KOTOPOIM HacTynu-
N0 CNyCTs TPU MecALa Noc/ie peKaHanmsauum, 6annoHHON
aHrnonnactuku NBBA, TAC, nogowBeHHON apTepuanbHOM
Oyrv NpaBoWn CToMbl.

3aKkAlo4eHve

OcTpblin TPOMOO3 apTepuin CTomMbl BCTPEYAETCA OYeHb
penko. YacTo BO3HMKaeT y nuL MOJSIOAOr0 BO3pacTa, Kak
npaBuo, 3aHUMaKLWMXcA NPodeccMoHanbHbIM CrOPTOM,
Hepeako NPUHUMaLWNX aHabonyeckne ctepongbl 1 6e3
npepwecTsyOWUX 3aboneBaHUn nepudepryecknx ap-
Tepun. CoBpemeHHble MeToAbl AWArHOCTMKA MO3BONAIOT
CBOEBPEMEHHO MOCTaBUTb MPABWbHbBIA AMArHo3, OfHaKO
[Jaxe onepaTtvBHoe neyeHue (aHruorpadus, pekaHanmsa-
uua, GannoHHaA aHrMOMIacTUKa) He rapaHTUpyeT CUIOMU-
HYTHOrO ycriexa B JfleYeHun [aHHOWN KaTeropum GONbHbIX.
KomnnekcHaa gnutenbHasa aHrMOTPOMHasA Tepanus B cove-
TaHWV C ONepaTUBHbLIM BMeLLATENbCTBOM, MECTHOE JleueHue

npueenn K noJjIHOMy perpeccy CcMMntoMoB UeMUN CTonbl,
B JAaHHOM C/yyae, B TeueHue 5 mecaues.

Puc. 5. O6pa3zoBaHue BanorpaHynupyoLlein paHbl Il nanbua
npaBoW CToMbl Ha GOHEe KOMMIEKCHOW Tepanumn Tpombo3a
ATC
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KOMIMJIEKCHOE BOCCTAHOBJIEHUE TA30BOI0 iHA:

POJIb TMHEKOJIOMM4ECKOI 0 HIFU «FIBROSKOM>

B KOPPEKLU CTPECCOBOI0 HEAEPXXAHUA MOYH,
CUHAPOMA PENAKCALIUX BNATANALLIA 1 CONYTCTBYHOLLKX

N

COMPREHENSIVE PELVIC FLOOR
RESTORATION: THE ROLE

OF FIBROSKOM GYNECOLOGICAL HIFU
INTHE TREATMENT OF STRESS URINARY
INCONTINENCE, VAGINAL RELAXATION
SYNDROME, AND ASSOCIATED SEXUAL
DYSFUNCTIONS

G. Zhludko

Summary. This study examines the potential of differentiated thermal
treatment with high-intensity focused ultrasound on various structural
components of the pelvic floor support system using gynecological HIFU
technology on the Fibroskom platform. This prospective, controlled
trial included 87 women aged 29 to 58 years with verified pelvic floor
dysfunction of varying severity. The results demonstrate a significant
advantage of focused ultrasound, with complete relief of stress urinary
incontinence symptoms in 71.4 percent versus 13.8 percent in the
control group, objective correction of vaginal anatomical parameters
by 28-35 percent versus minimal changes with conservative treatment,
and an improvement in the total sexual function index score from 19.7
to 29.2 versus an improvement from 19.3 to 22.1 in the control group.
The average duration of clinically significant effect with HIFU was 19.8
months, 2.6 times longer than traditional therapy. This technology
provides a comprehensive solution to pelvic floor dysfunction in a single,
non-invasive procedure and can be considered a pathogenetically sound
alternative to surgical methods for early-stage pathology in women of
reproductive and perimenopausal age.

Keywords: pelvic floor dysfunction, stress urinary incontinence, vaginal
prolapse, sexual dysfunction, ultrasound thermolysis, neocollagenesis,

structural remodeling.
o )

BseaeHue

NCHYHKLUMA Ta30BOro fHa npepcTasBnAeT coboi na-
TONOMNI0 C HEOJHO3HAYHOW TaKTUKOWN BEAEHUs, He-
CMOTPA Ha PaCTyLnii 06beM KIMHUYECKNX AaHHbIX.

.B. PemHéBa c Konneramy ykasblBaloT Ha NPAMYIO CBA3b
BarMHanbHbIX POAoB C GOPMMPOBaAHIEM HEAEPMKAHWA MOUM
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CEKCYANbHbIX AUCOYHKLINNA

Xnyoko leHHaduli leHaduesuy

Couckamerne, llepswiti MTMY um. .M. CeuyeHosa
MuH30pasa Poccuu (CeueHosckuli YHUgepcumem)
Rukopashnik89@gmail.com

AnHomayus. PaboTa nocBALLeHa MCCNEROBaHNID BO3MOXHOCTER AuddepeH-
LIMPOBAHHOIO TEPMMYECKOT0 BO3AEACTBIA  BbICOKOWHTEHCUBHBIM  (OKYCH-
POBaHHbIM YNbTPAa3BYKOM Ha pPa3niuHble CTPYKTYpHble KOMMOHEHTbI MOA-
AepPKMBAIOLLEro annapara Ta30BblX OPraHOB C MCMOMb30BAHMEM TEXHOMOTUN
ruHekonornyeckoro HIFU Ha nnatdopme «Fibroskom». B npocnektnsHoe KoH-
TpoAMpyemMoe MCCefoBaHNe BKIIoUeHbl 87 MKEHLUMH BO3PACTHON KaTeropun
0T 29 70 58 net ¢ BepudMLMPOBAHHBIMI NPOABNEHUAMI HECOCTOATENBHOCTH
Ta30BOr0 JHA Pa3NNyHoIi CTeNeHu BbIPaXKeHHOCT. Pe3ynbTathbl feMOHCTpUpY-
10T BbIPaXKeHHOe MPeuMyLLEeCTBO TeXHONOMM (OKYCMPOBAHHOTO YNbTPa3ByKa
C MONMHbIM KyMMpOBaHMEM CUMMTOMATUKW CTPECCOBOTO HepepXaHua Moun
y 71,4 npoueHTa npoTus 13,8 NpoLieHTa B KOHTPO/IbHOI rpynne, 06beKTUBHON
KoppeKLyeli aHaTOMUYeckinx NapameTpoB Baraauiua Ha 28—35 mpoLeHToB
MPOTUB MUHUMANbHBIX M3MEHEHWIA NPY KOHCEPBATUBHOM NIEUeHIM, yayuLLeHu-
€M CyMMapHoro 6anna no MHAEKCY cekcyanbHoil dyHKuMm ¢ 19,7 2o 29,2 npotiB
AnHamikn ¢ 19,3 10 22,1 B KOHTpONbHON rpynne. CpeaHAA NPOAOMKUTENbHOCTD
KNMHMYecKn 3Haummoro d¢pdekTa coctaBuna 19,8 Mecawa npu npuMeHeHUN Tex-
Honoruu HIFU, uto B 2,6 pa3a npeBoCxoAuT Nokasatenu TpafuLMOHHOI Tepanim.
TexHonorua obecneynBaeT KOMNAEKCHOE peLueHie Npobnembl AUCOYHKLMN Ta-
30BOT0 [iHa B pamKax OfHOKpaTHOIA npoueaypbl 6e3 GopMupoBaHUA paHeBbIX
MOBEPXHOCTEN M MOXKET pacCMATPUBATbCA Kak natoreHeTMueckn 060cHOBaHHasA
anbTepHaTiBa XUpypruyeckum MeTofam MpW HavanbHbIX CTapuAX Natonorum
¥ JKEHLLIH penpogyKTMBHOTO 11 NepUMeHONay3abHOro Bo3pacta.

Kniouegble c108a: AMCOYHKLNA Ta30BOTO HA, CTPECCOBOE HEAeprkaHne Mouu,
NPoNanc BRaranuwa, excyanbHas AMCOYHKUNS, YNbTPA3BYKOBOA TepMONu3,
HEOKOJINareHe3, CTPYKTYPHOE PEMOAENMPOBaHMe.

1 Nponanca, NPUYeM YacToTa TAXKeNbIX MPOABNEHUN He fe-
MOHCTPUPYET TeHAEHUMUUN K CHUXeHuto [6]. B.B. boiueHko
XapakTepu3yeT Mposanc Ta3oBblX OPraHOB KakK «CKPbITYO
yrpo3y», NogYepKMBasas MHOTOIMKOCTb CUMMATOMATUKM 1 OT-
CYTCTBME YETKOTO MOHVMMAHWUA Yy KEHLWMH OTHOCUTESIbHO
BblOOpa CneuunanncTa, Yto NpuUBOAUT K dparMeHTapHOMYy
NeyeHnto CUMNTOMOB BMECTO KOMIMJIEKCHOTO BO3AENCTBUA
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Ha cuHppom [2]. Mpobnema ycyrybnaerca yBenuueHvem
[0 BO3PACTHOTO KOHTUHIEHTa U OJHOBPEMEHHbIM OMO-
NOXeHVeM NaTonoruu, NP1 3TOM PUCK Nponarnca Bo3pac-
TaeT C BO3PacTOM, a CYLeCTBYIOLIME METOAbl KOppeKLnn
He rapaHTUpPYIOT U3Jle4eHus.

0O.B. Mypalwko ¢ coaBTopamun akLEeHTMPYIOT BHUMaHMe
Ha maToreHeTMYeCcKMX 3BeHbAX ANCPYHKLMM Ta30BOro AHa,
BK/TIOYAIOLLMX MeXaHMYeCKoe MOoBpeXKAeHne MblilueyHo-dac-
LManbHbIX CTPYKTYpP, AeHepBaLMIo CPaMHOro HepBa, a Tak-
e FreHeTNYecKn 1 NPUobpeTeHHO 06yCoBNeHHbIe fedek-
Tbl COEAUHUTENbHON TKaHW C U3MEHeHVeM COOTHOLLEHUA
konnareHa | n lll Tunos 1 nonumopérsmom reHa NAT2. Pac-
NPOCTPaHEHHOCTb CUHAPOMA BariHabHOW penakcauum co-
CTaBniAeT oT 24 [0 38 NPoLEeHTOB, NPY 3TOM 0 54 npoLeH-
TOB KEHLUMH C MPONancoM coobLaloT O COMyTCTBYIOLLEM
CTPeccoBOM HepepxaHun mouun. BospacTHas AMHamMmKa
JemMoHcTpurpyeT pocT ¢ 20,4 npoueHTa y *eHwuH 20-29 net
no 77,2 npoueHTa B Bo3pacTtHon rpynne 40-49 net. He-
6naronpuATHbLIN NPOrHO3 NpejnonaraeT Hanuyxe nponan-
ca y 63 MWIIMOHOB XeHWKMH K 2030 rogy ¢ ysennyeHnem
yncna onepauuni Ha 13 npoueHToB. Begywum natoreHeTn-
YeCK/M MeXaHM3MOM MPU3HAeTCA HapyLleHue CTPYKTYpbl
N GyHKUMU KonnareHa W 3nacTuHa, npuyem AncoyHKLmMA
Ta30BOro AHa HabnohaeTca N 'y HepOXKaBLUMNX XEHLWH, YTO
YKa3blBaeT Ha Posib BPOXKAEHHbIX AePpeKTOB CoeJMHNTENb-
HOW TKaHu [5].

CH. YemupgpoHoB nopyepkumBaeT MopdOornyeckyio
OCHOBY NaTONOMMK, yKasbiBas, YTO MblLLLA, NOAHMMAaIOLLAA
3aJHUN NPOXOA, ABMAAETCA [MaBHbIM MOAAEPKUBAIOLMM
KOMMOHEHTOM Ta30BOro [Ha, a ee MOoBpexAeHue Hapy-
laeT cucTeMy NOAAEPXKKM OpPraHOB Manoro Tasa. TecHble
CUHTOMMYECKME B3aMMOOTHOLUEHNA MeXAy MbllLen, Bna-
ranviem, NpsMON KULKOW U MOYEBbIM My3blpemM 00bsC-
HAIOT B3aMMOCBA3b pa3nunuHbix dopm aucdyHkuum [7]. AL
[ypywaypu ¢ Konneramu AeMOHCTPUPYIOT MPAMYIO Koppe-
NAUMI0 MeXAy CTPYKTYPHbIMW MOBPeXAeHUAMN Ta30BOro
KOMbLa 1 gMcrnapeyHuein, yCTaHOBUB, YTO Pa3pbiB JIOHHOIO
cousieHeHNA Ha 6 MUNNNMETPOB 1 HGonee Bbi3blBaeT 3HaUW-
TeNbHble NpobiemMbl C MOYENONIOBON CUCTEMON U CeKCyallb-
Hble paccTponcTea. M3 71 naumeHTKn C nepesiomamm Tasa
49,2 NpoLEeHTa COOOLLMN O MOJIOBbLIX 1 MOYEMOJIOBbIX Xa-
nobax, 42,2 npoueHTa oTMeTUNN 60J1b NPY NOJIOBOM aKTE,
59,1 npoueHTa yKasanum Ha HU3KUN NHTepeC K MON0BOMY
aKTy M YMeHblleHMe 4uncna oprasmoB. PKeHLWMHbl YacTo
CKPbIBalOT HEMPUATHbIE OLLYyLWEeHUA OT NapTHepa, YTo npwu-
BOAUT K pacnagy Cynpyeckux nap, a 3actapesible nocT-
TpaBMaTMyeCcKne NoBpexaeHnsa 3aKOHOMEPHO YBeNnynBa-
0T cekcyanbHyto aucoyHkumio [3].

.M. ApecToBa c coaBTOpamu YKa3blBalOT Ha OTCYTCTBUE
pa3paboTaHHbIX 3GPEKTMBHBIX METOLOB 6opbbbl C AuUC-
byHKLMen Ta30BOro fHa 1 HeonpefeneHHOCTb TakTUKMN Be-
LEHUs NPU HadyaNbHOW cTagum nponanca. [JokasaTesnbcTea
3G PEKTUBHOCTM Na3epHOro fleYeHUs B BUAE MHOMOLEH-

TPOBbIX PaHAOMM3NPOBaHHbIX MiaLebo-KOHTPONMpyemblxX
NCCNeaoBaHUN OTCYTCTBYIOT. MHOroobpasHble xupypruye-
CKMe MeTofbl He pelalT npobnemy, YactoTa peunvMBOB
OCTaeTCA BbICOKOWM, YTO BbI3blBAaET HEYAOBIETBOPEHHOCTb
KauecTBOM neyenus [1].

JLIO. KykywKunHa C Konneramm OTMeYarT OrpaHuyeH-
HOCTb KOHCepBaTMBHbIX METOAOB, YKa3blBas, UTO He BCe
nccnefoBaTeny HaXo4WNN NpPAMYIo CBA3b Mexay yBenunye-
HMEM MblLLIEYHOrO TOHYCa U ynyylieHnem GYyHKLUN HAXKHUX
MOUYeBbIBOAALMX MNyTel. bruonornyeckas obpatHasa cBA3b
rnokasasna CTaTUCTUYECKN 3HauuMMoe YiyulleHne KOHTPO-
NA MOYEeNCNyCKaHWA Npu CTPECCOBOM HefepaHuu, Toraa
Kak Npu ypreHTHOM U CMeLaHHOM HeaepkaHuun 3pdek-
TUBHOCTb CYLLECTBEHHO HMXe. [pn ncnonb3oBaHuK Baru-
HaNlbHbIX JaTYMKOB OTMEeYasioCb »>KeHue BO Braranuiie,
60ne3HeHHOe MOYenCryCKaHue, pasfpaxeHne KoXu, 4To
CHUXAET NPMBEPKEHHOCTb Tepanum [4].

Llenb nccneaoBaHus

HacTtoswana paboTa nocBALLeHa U3yyeHuio TepanesTmye-
cKoronoTeHumana anddepeHUnpPoBaHHOIO YbTPa3BYKOBO-
ro BO34eNCTBUA NPy peannsauum NpoToKona CTPYKTYpPHOro
peMoAenMpPOBaHNA COEAMHUTENbHOTKAHHBIX Y MbILUEYHbIX
KOMMOHEHTOB Ta30BOrO AHa C MPUMEHEHMEM TeXHONOrmm
rmHekonornyeckoro HIFU Ha nnatdopme «Fibroskom». Nc-
cnefoBaHMe HarnpasfeHO Ha YCTaHOBMIEHME KANHUYECKOMN
3HAYMMOCTU KOMOWHVPOBAHHOIO MCMOb30BaHUA pPa3nmny-
HbIX PEXMMOB (OKYCMPOBKM MpY BO3AENCTBUM Ha rny6o-
Kre nogaepxusaioLyme CTpyKTypbl YPOreHUTanbHOro Tpak-
Ta U NOBEPXHOCTHble QYHKLMOHaNbHbIE C/IOU BRarauLLHOM
cTeHKK. prnopuTeTHbIM HanpaeieHneM CTano onpepene-
HUe TepaneBTUYECKON 3PpPEeKTUBHOCTU NHTETPUPOBAHHOIO
NoaxoAa K KOppeKummn CTPeccoBON MHKOHTUHEHLMN, aHa-
TOMUYECKUX fepopmaLmin Bnaraauwa U cBA3aHHbIX C HUMMA
HapyLUeHNA CeKCyanbHOM cdepbl y KEHLUH PenpoayKTUB-
HOro 1 NepMmeHonay3asbHOro Bo3pacrTa.

MaTepuranbl U METOALI ICCAEAOB3HUS

lpocneKTUBHOE KOHTPONMpPyemoe 1ccnefoBaHne oxsa-
TUNO KOropTy U3 87 nNauMeHTOK B BO3PACcTHOM AuMana3oHe
oT 29 po 58 net ¢ BepUOULMPOBAHHBIMU KINHUYECKMU
NPOABNEHNAMN HECOCTOATENIbHOCTM MNoAAep KMBaoLLEero
annapaTa Ta3oBblX OpraHoB. KpuTepuamm otbopa ciyxu-
N [OKYMEHTMPOBAHHOE CTPECCOBOE HefepaHue moun
nepBON WX BTOPOW CTEMEHU TAXKECTN COrMlAacHO rpagaumn
Stamey, cMHAPOM penakCcMpoBaHHOrO BRaranumiya ¢ onylue-
HueMm nepefHen BarMHanbHom cTeHKku |-l cteneHn no ctaH-
JapTu3npoBaHHon cructeme POP-Q, cy6GbeKTUBHbIE Xanobbl
Ha yTpaTy TaKTWUIbHOW YYBCTBUTENbHOCTWN BarlMHasbHOro
KaHana nnbo 601e3HeHHOCTb NPKU MOSIOBOM KOHTaKTe, 06-
YCNOBJIEHHYIO CTPYKTYPHbIMU M3MEHEeHUAMU TKaHewn. Vc-
Kntovaowmmm - GakTopammn  ABAANNCH 3/10KaYeCTBEHHbIE
HOBOOOPA30BaHUsI OPraHOB MaJsioro Ta3a B MeAVLUHCKOM
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aHaMHese, aKTVBHble BOCNanuTeNbHble NpoLeccbl MoYeno-
NOBOW CUCTEMBI, BblpaXKeHHble $OopMbl Mposanca TpeTben
N 4YeTBepTOM CTeMneHU C MOoKas3aHWAMU K onepaTmBHOMY
BMELLATENIbCTBY, COCTOSAHME GEPEMEHHOCTY 1 Neprog Me-
Hee BOCbMW MecCALieB NOC/ie POAopa3peLleHus.

PaHgomum3auma yuacTHUL OCywecTBAANacb MeTOAOM
CNy4YanHOro pacnpegeneHnsa B jBe CONOCTaBrMble rpynmbl.
MNepBas rpynna HacumTbiBana 58 XeHLWuH, KOTopbiM MPOBO-
aunnacb npouenypa mHoroyposHesoro HIFU-Bo3gelictBumA
Ha annapaTtHol nnatpopme «Fibroskom», BTOpaa rpynna
BKJIlOYana 29 nayMeHToK, MonyYaBLUMX TPAAVNLNOHHYO KOH-
cepBaTMBHYIO Tepanuio B dopmaTte CTPYKTYPUPOBaHHbIX
TPEHNPOBOK MYCKyNaTypbl Ta30BOro fHa Nno npoTtokony Ke-
refia C NPUMEHEHNEM TEXHOJNIOTMK Broornyeckon obpat-
HoM cBA3W. [In3anH nccnenoBaHnA COOTBETCTBOBAS 3THYe-
CKMM HOpMaMm XefIbCMHKCKOWM AeKnapauunin, BCce yYacTHULbI
npefocTaBMAN NMCbMEHHOEe MHGOPMMPOBaAHHOE cornacune
Ha yJyacTvie B UccieoBaHUM U 06paboTKy NMepCcoHanbHbIX
MeaNLMHCKNX BAHHDBIX.

TepaneBTMYECKMII NPOTOKON KOMOUHMPOBAHHOIO BO3-
OeNCTBUA CTPOWIICA Ha KOHLENUMM NO3TanHOro MHOTOypOB-
HEeBOro NPUMeHeHUA BbICOKOUHTEHCUBHOTO GOKYCUMPOBaH-
HOrO YNbTpa3ByKa C Bapuauven rybrHbl MPOHUKHOBEHUS.
HauanbHaa ¢asa npouepypbl peanun3oBbiBaiacb nocpea-
CTBOM KapTpuaKa C GOKYCHbIM paccToaHveM 4,5 mm, obe-
CrneyrBaloLLEero HanpasneHHoe BO3aeNCTBME Ha rnybokone-
Xalne coeauHUTENbHOTKAHHbIE 3f1eMEHTbl BrarasunLHoOm
CTeHKMW.. [1NOTHOCTb SHepreTMYeCKoro NOToKa ycTaHaBNMBa-
nacb MHAVBMAYANIbHO C yYeTOM MOPGOPYHKLIMOHANIBHOTO
COCTOAAHWA TKaHel B HTepBane ot 0,85 go 1,35 /v Mo-
cnepytolwan dasa npegycMaTpuBaa NePexoq K KapTpugxKy
C GOKYCHbIM paccToAHMEM 3 MM ANA LeneHanpaBneHHoro
BO3LENCTBUSA Ha YPOBHE COOCTBEHHOW MNACTVHKM Ciu-
3UCTON 06OMIOUKN. DHepreTnyeckre napameTpbl Ha 3TOM
3Tane Bapbuposanu ot 0,7 go 1,1 ):bK/CM2 B 3aBUCMMOCTU
OT CTeneHn aTpoPUUECKUX U3IMEHEHUI U TOSNLMHBI NUTe-
NanbHOro nnacTa.

OO6beKTMBM3aUMUA TepaneBTUYECKNX pPe3yNbTaToB [o-
cTUranacb MpPYIMEHEeHMEM KOMMJIeKCa WMHCTPYMEHTaNIbHbIX
OVArHOCTMYECKMX METOAMK W BaNMAUPOBAHHbBIX OLIEHOY-
HbIX MHCTPyMeHTOB. Mopdonornyeckme M3meHeHWA Bna-
ranyHOro KaHana AOKYMEHTMPOBANNCb MO CUCTEME KO-
NNYeCTBEHHOW OLEeHKM nponanca Ta3oBbix opraHoB POP-Q
C NPELN3NOHHBIM M3MepPEeHNEM LIECTU pedepeHTHbIX Touek
OTHOCUTENIbHO TMMEHEeaNIbHOrO KoJfbla. YNbTpa3ByKoBOE
CKaHMPOBaHME CTPYKTYP MPOMEXHOCTU B PeXUMme peab-
HOrO BPEMEHU MO3BONANO BM3Yann3npoBaTb AMHaMUYe-
CKre U3MeHeHMA TOJILWMHbI BarHaNIbHOWM CTEHKN 1 apXUTEK-
TOHUKWN COeAUHUTENBHOTKaHHbIX cnoeB. OYyHKUMOHaNbHoe
COCTOAAHNE CeKCyanbHOW chepbl KOMMYECTBEHHO OLEeHU-
Ba/loCb C MCMOJIb30BaHMEM BaJIMAUPOBAHHOIO MeXAyHa-
POLHOro UHAEKCA XeHCKOW ceKkcyanbHol ¢yHKumm Female
Sexual Function Index, oxBaTblBatoLlero wectb JOMEHOB

ceKkcyanbHoro pearmpoaHusa. CyGbekTVBHOE BOCMpUATME
TepaneBTUYeckoro sodekta pUKCMpPOBaNocb No BU3yasb-
HO-aHasIoroBOW LLUKase B Auara3soHe OT Hyfs Ao fecAatu 6an-
NOB C feTanu3aLuuen oTaesbHbIX aCNeKTOB KauecTBa XN3HM.

Pe3yAbTaTbl 1 06Cy>KaeHWS

CTaTUCTNYeCKNA aHann3 MoslyYeHHbIX AAaHHbIX BbIABUN
CyLLeCTBEHHbIe MEXrpynnoBble Pas3nmuma No BCEMY Crek-
TPy nccnegyemMbix MapameTpoB C BbICOKMM YPOBHEM JOCTO-
BepHocTW. B rpynne HIFU-Tepanuu cnycta TpexmecAYHbln
nepuop HabnogeHnsa NonHasa MMMUHALUA CUMITOMATUKN
CTPeccoBOro HeflepaHua moun 3adpukcrposaHa y 71,4 %
006CnefoBaHHbIX, BblPa)KeHHasA MOJIOXKUTENIbHAsA AUHAMU-
Ka oTMeueHa Yy 24,1 % naumeHTOK, OTCYTCTBME Tepares-
TUYECKOro OTBeTa KOHCTaTUpOBaHO nuwb B 4,5 % cnyva-
eB. B rpynne KoHcepBaTuBHOW Tepanuu pacnpegeneHune
pe3ynbTaToB COCTaBMNO cooTBeTcTBeHHO 13,8 %, 41,4 %
n 44,8 %, 4TO CBMAETENbCTBOBAJIO O CTAaTUCTUYECKN 3HAYN-
MOM MpeuMyLLecTBe TeXHONOrMn GpOKYyCMPOBAHHOMO Yb-
TpasByKa (p<0,001).

OO6beKTMBHbIE NMapaMeTpbl CYTOYHOrO MPOKJIaf0YHOro
TecTa KoOppenupoBanu ¢ Cy6bekTVBHOM OLEHKOW CMMMTO-
Matukun. CpegHUNn nokasaTenb Henpou3BOJSIbHOW MoTepu
MOUM B OCHOBHOW rpyrnne AeMOHCTPMPOBan penyKuuo
C ncxofgHbIx 31,2+13,7 rpammos [0 4,1+5,3 rpammos, B TO
BPeMA Kak B KOHTPOJSIbHOW rpynne AMHamMuKa CocTaBuna
oT 29,8+12,4 rpammoB go 17,3+10,6 rpammos (p<0,001).
YpoanHammnyeckoe TeCcTMpPOBaHME MNPOJAEMOHCTPUPOBa-
NO yBennYyeHre NMOPOroBOro 3HaYeHWA AABAEHUA YTeYKn
B rpynne HIFU-Bo3gelictBumA ¢ 72,6+£19,8 cm BOQHOroO CTON-
6a 0o 124,3+26,4 cm BogHOro c1osnba, Yto 06beKTUBHO Nopa-
TBEPXKAANo CyLecTBEHHOe YKpenaeHne NogaepK1BatoLmx
CTPYKTYp MNPOKCUMMAnbHON ypeTpbl 1 yBennyeHue pesu-
CTEHTHOCTY K pe3K1M nepenajgam BHyTPMOPIOLLIHOroO faBne-
HUA (pnc. 1).

CyTouHas noteps Mouu

=@~ HFU
KoHcepsarusHoe

WCX0aHO

Puc. 1. CytouHasa notepa moun

OueHka Mmopdonornyecknx n3meHeHunin Tonorpadum Ta-
30BblX OpraHoB MO CTaHAapTU3npoBaHHoW cucteme POP-Q
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3apuKcMpoBana CTaTUCTUYECKM 3HAUMMYK KOppeKLuio
nponantuyecknx pedopmaunii B rpynne BbICOKOUHTEH-
CMBHOTO GOKYCMpPOBaHHOIO YynbTpa3Byka. CpefgHAs mno-
3MLMA KOHTPONbHOW TOUKK Aa M3MeHWuacb OT UCXOQHOTO
3HaveHunsa -1,4+0,9 cm po -2,6+0,7 cm, nokanmsaums Tou-
K Ba TpaHcdopmmpoBanack ¢ -0,9+1,2 cm go -2,3+0,8 cm
(p<0,001), uTOo OTpaxano CyLeCTBEHHyl0 3neBauuio Mne-
pefHen BarvHanbHOW CTeHKW. B rpynne KoHcepBaTMBHO-
ro fleyeHNa AUHAMMKA HOCUIA MWHUMANbHBIA XapaKTep
1 coctaBuna gns Toukn Aa ot -1,3+0,8 cm go -1,6+0,9 cm.
YnbTpacoHorpadpuueckana Bu3lyanu3auus MoKasana YyBe-
NNYEHne cpedHen TOMWMHbBI NepegHen CTEeHKU BRaranuv-
La B OCHOBHOM rpynne Ha 28,4+7,1 % uepe3 Tpu mecAaua
HabnogeHna N Ha 34,7+8,6 % vepes LWeCTb MeCALEB, UTO
NnaToreHeTnYeCckn CBA3aHO C aKTMBAUMEN MPOLeCcCOB He-
OKoOJinareHesa n CTPYKTYPHOrO YMIOTHEHUA COefuHUTENb-
HOTKaHHOro MaTpurKca (puc. 2).

Axaromus: Touka Aa (POP-Q)

== HIFU
25| wmm KoHcepsatwBHoe

PaccTosHue oT rumeHa, cm

00

VicxoaHo

3 mecauya

Puc. 2. AHaToMmumA: Touka Aa (POP-Q)

AHanu3 napameTpoB ceKcyanbHOW (YHKLMN BbIABUI
MHOrOKOMMOHEHTHOE yyUlleHre BCeX NCCneyemMblxX JoMe-
HOB QYHKLMOHaNbHOro pearvposaHua (puc. 3). CymmapHbIl
6ann no ungekcy FSFI B rpynne HIFU-Tepanumn gemoHcTpu-
poBan npupoct ¢ 19,7+5,8 po 29,2+5,1 uepes wectnme-
CAYHbIN nNepuon HabnoaeHus (p<0,001), B KOHTPONbHOM
rpynne u3meHeHue nokasatena coctaBuno ot 19,3+5,2
0o 22,1+6,4 (p>0,05). Hanbornee BblparkeHHAs MONOXKUTENb-
HadA AMHaMVKa perncTprpoBanachb B JOMeHax CeKCyasibHO-
ro BO30Y>K[EHMs, eCTECTBEHHOMO YBNIAXXHEHWA Baraauviya
1 obulero yaoBNeTBOPEHNA UHTUMHOWN KM3Hbio. YacToTa
60NEe3HEHHBIX OLLYLEHMI NPV NMOTOBOM KOHTAKTE B OCHOB-
HOW rpynne cHm3nnack ¢ 71,6 % go 12,8 % obcniejoBaHHbIX,
TOrga Kak B KOHTPOJIbHOWM rpymnne CyLecTBEHHbIX U3MeHe-
HUIM faHHOTO NapameTpa He 3aPpUKCUPOBAHO.

Cy6beKTnBHasA oLeHKa y[0BNeTBOPEHHOCTN AOCTUTHY-
TbIMW pe3ynbTaTamy Yepes nonyrofoBon Nepunog CocTaBu-
na 8,7+1,6 6anna B OCHOBHOW rpynne npotus 5,6+2,3 6anna
B KOHTponbHoM rpynne (p<0,001). Mpw geTanbHOM aHanuse
CTPYKTYypbl oTBeTOB 89,7 % MauMeHTOK OCHOBHOW rpynnbl

UHAeKc XeHCKo cekcyanbHol hyHKumumn

=@~ HFU
== KoHcepsarnsHoe

Bann FSFI
®

WcxopHo 3 mecaya 6 mecsiues

Puc. 3. VIHBEeKC »eHCKOM ceKcyanbHom GyHKL MM

KOHCTaTUPOBasyv 3HaYNTENIbHOE MOBbILLEHNE KaueCTBa »KU13-
HW, acCOLMMPOBAHHOIO C COCTOAHMEM 3[40POBbA, B Cpas-
HeHuu ¢ 34,5 % B rpynne KoHcepBatusHou Tepanuu. CyLue-
CTBEHHbIM HabnogeHeM CTana BbICOKaA KOMMIAEHTHOCTb
K meToZly GOKYyCMPOBaAHHOIO ynbTpa3ByKa. Bce naumneHTKm
OCHOBHOW rpynmnbl 3aBepwunm MPOTOKON WUCCefoBaHUA
B NMOJTHOM 06beMe, B TO BPEMA Kak B KOHTPOJIbHOW rpynne
27,6 % yyacTHUL, NpexAeBpemMeHHO NpekpaTuiv perynap-
HOe BbIMOSIHEHME YNPaXXHEHUN ONA MbIWL Ta30BOro AHa
BC/IEACTBME OTCYTCTBUA ObICTPOro TepaneBTMYecKOro 3¢-
beKTa MM TEXHUYECKNX CITOMKHOCTEN CaMOCTOATENbHOMO
BbIMOMHEHWA TPEHUPOBOYHOIO KOMIMJIEKCa.

[onrocpouHaa 3¢deKTMBHOCTL MeTofa oLeHuBanachb
yepes ABeHagLUaTb M BOCEMHagUaTb MecAueB nocse npo-
BefeHnA npouedypbl. CoxpaHeHne NOoHOro TepanesTnye-
cKoro a¢dpeKkTa oTMeyanocb y 76,3 % naymeHToK yepes rog
HabntogeHus ny 68,2 % yepes nontopa roga. CpeaHas npo-
JOMKNTENIbHOCTb KNUHUYECKN 3HAUMMOro YNyulleHna co-
ctaBuna 19,8+5,4 mecaua. lNNocteneHHoe HapacTaHue Tepa-
neBTUYeCKoro 3¢p¢peKkTa COOTBETCTBOBANO OMONOrMYECKON
KUHeTMNKe NPoLIeCcCoB pemMoaenpoBaHna COeANHUTENbHOT-
KaHHOro mMaTpuKca. HemeaneHHoe coKpalleHune CyLlecTBy-
IOLLMX KOJJTAareHOBbIX BOJIOKOH 06ecrneyurBano nepBuUYHbIN
KNMHWYECKUI pe3ynbTaT B TeYEeHUe MepBblX YeTblpex He-
Jenb, MakcMManbHasa BblpakeHHOCTb 3ddeKTa Heokonna-
reHesa focTiranacb K neprogy ot Tpex Ao WwecTn MecALeB
N COXPaHANAcb Ha NPOTAXEHUN QNTENTbHOIO BPeMEHHOro
NHTepBana.

MonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT BblpaXkeH-
Hbll TepaneBTMYECKMI NOTeHUMan MHoroyposHesoro HIFU-
BO3JeNCTBUA, OOYCNIOBNEHHbIN KOMIMIEKCHBIM BAMAHMEM
Ha pa3finyHble CTPYKTYPHO-OYHKLOHAbHbIE KOMMOHEHTDI
noAfep KMBatoLLero annaparta Ta3oBoro AHa. MNpumeHeHne
KapTpuga ¢ rmybuHon ¢okycuposkm 4,5 mm obecneuyrsa-
eT HanpaBneHHOoe BO3eNCTBYE Ha FyboKre coenHnTENb-
HOTKaHHble CTPYKTYpbl, peanv3ys BOCCTaHOBJIEHWE MOA-
JepuBatowen ¢yHKuMM dacumanbHOro Kapkaca uvepes
MEXaHV3Mbl TEPMUYECKOW AeHaTypauuy naTonornyecku
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M3MEHEHHOro KosyareHa v nocnegyoulen aktmeaunm ou-
6pobnacTMUeckoro CMHTe3a HOBbIX CTPYKTYPHbIX Oenkos.
JlaHHbIN YypOBEHb BO3ENCTBMA CO3aeT OMOMEXaHNYECKYHO
OCHOBY [NA PENO3ULMM CMELLEHHbIX OPraHoB U GOPMUPO-
BaHMA MPOYHOro NoAAEPKMBAIOLLEro OCTOBA.

WNcnonb3oBaHre KapTpugxa ¢ GOKYCHbIM PaccToAHM-
eM 3 MM peLlaeT KaueCTBEHHO UHYIO TepaneBTMYECKYIO 3a-
faJvy, BO3[EeNCTBYA Ha MOBEPXHOCTHble QYHKLMOHaIbHble
CNIoN BRaranuwHom creHku. CTUMynAaumMa MUKPOLMPKYNA-
TOPHOrO pycna yepe3 MexaHU3M JIOKasIbHOro aHrMoreHe3a
obecneyrBaeT onTMMM3aLMo TPODUKIN TKaHen, uTo npea-
CTaBRAET 0CO6YI0 KMUHMYECKYIO 3HAUMMOCTb Y MaLMeHTOK
neprMeHonay3asibHoOro 1 NocTMeHonay3anabHOro nepuoga
C Mpur3HaKamy rMnosaCTporeHHon atpodun. BospencTeue
Ha YpOBHe COOCTBEHHOWN MAACTUHKN CIIN3MCTON 0O6ONOUKY
aKTUBMpPYeT NONyNALMIio pe3ngeHTHbIX GnbpobnacTos, NHM-
LUMMpPYs CMHTE3 KOMMOHEHTOB BHEKNETOYHOrO MaTpUKCa,
BKJ/1OYAA KONMareH TpeTbero TuUmMa, 3N1acTVH U NPOTEOrN-
KaHbl, YTO NPUBOAUT K YBENNYEHWNIO TONLYUHbI BarnHanbHOM
CTEHKMW, YNYULIEHWIO SN1acTUYeCKUX CBOWCTB TKaHel 1 BOC-
CTaHOB/EHWIO eCTeCTBEHHOrO YBMIaXKHEHMA 3a CYeT HOpMa-
NN3auumM TPaHCCyAauMmM naasmMmeHHbIX KOMMOHEHTOB Yepes
aNUTeNManbHbIN NIacT.

MpuHUMNUanbHOe 3HAYeHMEe WMEET CUHEPreTUYecKuii
3bdPeKT [BYXypOBHeBOro Bo3gencTBuA. [Mybokuin Kap-
TpUAK GOPMMPYET MPOUHBIA COEAUHUTENBHOTKAHHbIN Kap-
Kac, aHaIOMMUHbI HECYLLIM KOHCTPYKLMSM apXUTEKTYPHO-
ro COOpYKeHUs, 0b6ecrneyriBas MEXaHNYECKYIO MOAOEPXKKY
OpraHoB W MPOTUBOAENCTBME CWMAM TPaBUTAUMX U BHY-
TpUOpIOLWHOro faBneHus. bronoruueckas 6e3onacHOCTb
TEXHONIOMUY 06eCneyrBaeTcs TOYEUHbIM XapaKTepoMm Tep-
MUYECKOrO BO3LENCTBUA C GOPMUPOBAHMEM AUCKPETHBIX
MUKPO30H KOHTPOJSIMpYyeMol Koarynauum. Mexay yyacTka-
MU TEPMUYECKOTO MOBPEXAEHNA COXPAHAITCSA MHTAKTHblE
obnact TKaHel, cnyXKaljme pesepByapoOM >KU3HECMOCOO-
HbIX KNETOUYHbIX 3/IEMEHTOB AJ1A MPOLIECCOB pereHepaumm
1 penapaumn.

MpeBocxoacteo texHonorun HIFU Hag meTogamu KOH-
CepBaATUBHOWN Tepanun o6bACHAETCA Pa3fUYHbIMK MaTore-
HETMYECKUMUN MEXaHM3MaMN TePaneBTUYECKOro AeNCTBUA.
TpeHVpPOBKN MyCKynaTypbl Ta30BOro fHa obecrneumBatoT
bYHKUMOHaNbHOE YKpenaeHne MbIeYHOro KOMMOHEHTa
nopaep KMBatoLLero annaparta, OgHako He OKa3blBatloT BU-
AHNA Ha CTPYKTYpHble AedeKTbl coefnHUTENbHOTKAaHHOMO
Kapkaca. Mpu Hannunmn pacumanbHbIX Pa3pbiBOB, AEHEPBa-
LM MbILLEYHbIX BOJIOKOH BC/IeACTBME TPaBMaTUUHbIX PO-
[10B WSV BblPaXeHHbIX aTPOPUUECKUX N3MEHEHWI HA dOHe
3cTporeHHoro aepuumnTa 3¢GeKTUBHOCTb KOHCEPBATUBHbIX
MeTOAO0B CyLecTBeHHO cHukaeTcA. HIFU-Bo3gencteme He-
nocpeACcTBEHHO BOCCTAHAB/MBAaET MOBPEeXAEHHble CTPYK-
TYpbl Yepe3 MexaHM3M KOHTPONMPYEMOro TEePMUYECKOro
pemofenpoBaHUA KojslareHoBOro MaTpuUKca, 4Yto obecne-
ymBaeT 6osiee BbIPAXKEHHBIN U CTAOUbHBIA KNUHNYECKUIA
pe3synbraT. CylecTBeHHbIM MNPENMYLLECTBOM MeTOAa Bbl-

CTyNaeT BO3MOXHOCTb JOCTUXKEHWA 3HAUMMOro Teparies-
Tuueckoro 3dpdekTa B pamkax OLHOKPATHONM npouenypbl
6e3 HeEOOXOAUMOCTU ANUTENbHBIX MHOTOMECAYHbBIX KypCOB
NeYeHuns, YTO 3HAYUTENbHO MOBbLILIAET KOMMIAEHTHOCTb
1 YL,OBNETBOPEHHOCTb MALNEHTOK.

BbiBoAbI

MnoroyposHeBoe HIFU-Bo3gencTene ¢ nocneposa-
TeSIbHbIM MPYMEHEHUEM KapTPULXKEW pasfvyHON rny6u-
Hbl POKYCMPOBKY 4,5 MM 1 3 MM [EMOHCTPUPYET BbICOKYIO
KNMHMYecKyto 3bheKTUBHOCTb B KOMIMIEKCHON KOPPEKLMM
bYHKLUMOHANbHBIX 1 CTPYKTYPHbIX HapPYLIEHU Noaaep»Ku-
BaloLlero annapata Ta3oBoro AHa. Metop obecneumBaer
nosHoe KynupoBaHMe CMMNTOMATUKN CTPECCOBOro He-
AepxaHua moun y 71,4 % obcnefoBaHHbIX, CYLLECTBEHHYHO
KoppeKLuio nponantuyeckmnx gedbopmannii C ynyylueHmem
aHaToOMMYeCcKnx napameTpoB Ha 28-35 % u cratucTunde-
CKM 3HauMMoe ynydlleHne BCeX [OMEHOB CeKCyanbHOro
GYHKLMOHMPOBaHMA MO BaNMAUPOBaHHOMY mMHAeKCy FSFI.
MpofoMmKUTENbHOCTb KMMHMYECKM 3HAYMMOro TepanesBTu-
yeckoro 3¢deKTa cocTaBnaeT B cpeaHemM 19,8 mecAua, uto
B 2,6 pa3a npeBsblllaeT pe3ynbTaTMBHOCTb TPAZULMOHHOMN
KOHCepBaTMBHOW Tepanuu.

HayuHas 3Hau“MOCTb NPOBEAEHHOrO UCCefOoBaHNA 3a-
KftoYaeTcsi B 060CHOBAHMUY KOHLEMNLMN MHOTOYPOBHEBOIO
CTPYKTYPHOIO PEeMOAENNPOBaHNA TKaHel MoaAepKuBa-
IOlLIero annapaTta Ta3oBOro AHa, npepnosaraloulei ogHo-
BpPEMEHHOE BO3[ENCTBME HA TMYOOKWI COeAUHUTENBHOT-
KaHHbI KapKac 1 NOBEPXHOCTHblE GYHKLVOHAbHbIE CIION
BNnarafnWHoOM CTeHKK. BnepBble npoBegeHa KoOMMneKcHas
OLEeHKa CUHepreTuyeckoro sdpdekTa nocnenoBaTesbHOro
NPUMEHEHNA ABYX Pa3NUHbIX IyO6unH GOKYCPOBKIM BbICO-
KOMHTEHCVBHOIO GOKYCHPOBAHHOIO YbTPa3ByKa B pamKax
€[MHOro TepaneBTUUYECKOro MPOTOKOMa. YCTaHOBMEHa na-
ToreHeTYyeckasa 060CHOBAHHOCTb AnddepeHLPOBaHHOIO
nogxopa, obecneunmBaioLlero BO3AeNCTBME Ha KIloueBble
3BeHbA natoreHesa AUCHYHKLMIA Ta30BOro AHa. [lokasaHa
BO3MOXXHOCTb OOCTUXEHUA CTa6VIJ'I bHbIX 4ONTOCPOYHbIX pe-
3y/bTaTOB C UCMOJIb30BaHEM HEUHBA3MBHOW TEXHONOMN
KOHTPOJIMPYEMOTO TEPMUYECKOrO PEeMOAENMPOBAHUA CO-
eANHNTENIbHOTKaHHOIo MaTpuKCa.

MeTopunka ruHekonornyeckoro HIFU Ha nnatdopme
«Fibroskom», aganTupoBaHHas Ans NPUMeEHeHUs1 B OTeve-
CTBEHHOW K/IMHMYECKON NPaKTUKE, MOXET OblTb PEKOMEH-
[OBaHa [/1A LWMPOKOro BHepeHnA B KauecTBe MeTofa Bbl-
60opa Npu CTPECCOBOW MHKOHTUHEHLMW NEPBON U BTOPOW
CTeneHN TAKeCTW, CUHOPOME penakCUMpOBaHHOro Brara-
nuLWa C NPonancom nepBow 1 BTOPOWM CTENEHU U accoum-
MPOBaHHbIX CeKcyanbHbIX AncoyHKUMAX. OnTrManbHble
TepaneBTUYECKUe pe3ynbTaTbl JOCTUrAlOTCA MNpyU nocne-
[OBaTe/IbHOM MPVMEHEHMN [BYX PEXMMOB BO3[ENCTBUA
pa3nnMYHON ry6uHbI C UHAMBKAYaNbHBIM NOAOOPOM SHep-
reTMyecKmnx NnapaMeTpoB B 3aBUCUMOCTY OT MICXOJHOTO MOp-
$ObYHKLMOHANBHOIO COCTOAHUA TKAHEN.
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KJINHAKO-NATOrEHETUWYECKOE ObOCHOBAHUE
WHAWBUAYANIN3NPOBAHHOW NPETPABUIAPHOM
NOArOTOBKW XEHLWH CTAPLLEr0 PENPOAYKTUBHOIO
BO3PACTA C WAWONATUYECKM BECNNIOANEM

N

CLINICAL AND PATHOGENETIC
RATIONALE FOR INDIVIDUALIZED
PRECONCEPTION CARE IN WOMEN
OF ADVANCED REPRODUCTIVE AGE
WITH IDIOPATHIC INFERTILITY

AND PREVIOUS IVF FAILURES

A. Ichmelyan

A. Bogdasarov
L. Davidyan

R. Bogdasarova

Summary. The effectiveness of assisted reproductive technologies (ART)
in patients of advanced reproductive age with idiopathic infertility
remains low, reaching only 12—18 % live births per embryo transfer in
the 38—42 year age cohort [1,2]. The aim of this observational cohort
study was to identify specific clinical and anamnestic patterns associated
with previous IVF failure to support differentiated preconception care
strategies. The study included 239 women aged 35 to 45 years (mean age
37.4 £ 4.1 years) with idiopathic infertility and one previous IVF failure.
The use of nonparametric statistical methods allowed us to identify
two discrete clinical phenotypes. The main phenotype (n=115) was
characterized by a significantly higher frequency of background cervical
diseases in the anamnesis (23.5 % vs. 8.1 %; y’=10.52, p=0.001),
chronic dermatoses (16.5 % vs. 4.0%; x’=8.96, p=0.003), as well as
non-alcoholic fatty liver disease (NAFLD) diagnosed during examination
(14.8 % vs. 2.4 %; y’=11.93, p=0.0006) and current dermatological
diseases (14.8 %vs. 2.4 %; x’=11.93, p=0.0006). The second phenotype
(comparison group, n=124) was characterized by a significantly higher
frequency of a history of functional ovarian cysts (20.2 % vs. 9.6 %;
¥’=5.92, p=0.015). These data demonstrate clinical heterogeneity in the
population of women with unsuccessful IVF experiences. The comorbidity
of the first phenotype is interpreted as a clinical manifestation of latent
low-grade systemic inflammation, oxidative stress, and endothelial
dysfunction, pathogenetically associated with dysregulation of the
melatoninergic system. The study results substantiate the need to move
from standardized protocols to personalized preconception care focused
on targeted metabolic, antioxidant, and anti-inflammatory correction in
patients with an identified unfavorable phenotype.

Keywords: assisted reproductive technologies, IVF failures, idiopathic
infertility, advanced reproductive age, personalized medicine,

preconception preparation, oxidative stress, melatonin, non-alcoholic

&atty liver disease, clinical phenotypes. J
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Anromayus. GHeKTUBHOCTb BCMOMOTaTeNbHbIX PEenpOAyKTUBHbIX TEXHONOI VA
(BPT) y nauueHTOK CTapLuero penpogyKTBHOrO BO3pacTa C MANOMATUYECKUM
becnnognem ocCTaeTca HW3KoiA, Aocturad Bcero 12—18 % >KMBOPOMXAEHWN
Ha 0fMH NepeHoC 3MOpUOHa B BO3pacTHoil koropTe 38—42 net [1,2]. Llenbio AaH-
HOro 06cepBaLMOHHOI0 KOrOPTHOTO MCCNef0BaHIA ObiNo BbIABNEHME Ceundu-
YecKnX KIMHUKO-aHaMHECTUYeCKNX NaTTepHOB, acCOLMMPOBAHHBIX ¢ Heyaaueli
npeabigywero npotokona K0, Ana obocHoBaHUA AudPepeHLMpoBaHHbIX CTpa-
Teruii nperpaBuaapHoi NoAroToBKM. B nccnegoBarme BKoUeHbl 239 XKeHIUUH
B Bo3pacte 0T 35 fo 45 net (cpesHuii Bo3pact 37.4 = 4.1 roga) ¢ uamonatiye-
CKum becnnoguem 1 0aHoil HeyaauHoit nonbiTkoli IKO B aHamHese. [pumere-
HUe HenapameTpuyeckinx MeToA0B CTaTUCTUKI NO3BONMO MAEHTUPULMPOBATL
ABa ANCKPETHbIX KNuHMYeckux ¢peHotuna. OcHoBHoil deHotun (n=115) xapak-
TepuU30BancA AOCTOBEPHO 6Gonee BbICOKON yacToToli (YOHOBbIX 3aboneBaHuit
LUeliKi MaTKIn B aHaMHe3e (23.5 % npotuB 8.1 %; X2=10.52, p=0.001), XpoHu-
yeckux aepmato3os (16.5 % npotus 4.0 %; x2=8.96, p=0.003), a Takxe aua-
THOCTUPOBAHHOI NPy 06CNEA0BAHNM HEANKOrONIbHOIA XIPOBOI 6ONE3HI NeYeHu
(HAXBI) (14.8 % npotus 2.4 %; ¥*=11.93, p=0.0006) 1 TekyLLux fepmatono-
rudeckux 3a6onesanuii (14.8 % npotus 2.4 %; y*=11.93, p=0.0006). [nq BTo-
poro deHoTuna (rpynna cpaBHeHuA, n=124) 6bina xapakTepHa 3Hauumo bonee
BbICOKAA YacToTa aHaMHe3a GyHKLIMOHANbHBIX KNCT ANYHMKoB (20.2 % npoTiB
9.6 %; x2=5.92, p=0.015). MonyueHHble JaHHbIe CBUAETENbCTBYHOT O KANHNYE-
CKOW reTeporeHHOCTIA NONYAALMM XKEHLLMH C HeyaauHbIM onbiTom IKO. Komop-
6MAHOCTb NEPBOTO GeHOTUNA MHTEPNPETUPYETCA Kak KNUHUYeCKoe NpoABNeHMe
NATEHTHOrO CUCTEMHOIO BOCMANEHNA HU3KOI CTENEHN aKTUBHOCTU, OKCUAATMB-
HOMO CTpecca M SHAOTENMANbHOM AUCPYHKLMN, NATOreHETUYeCKI CBA3AHHDIX
C Ancperynaumeil MenaToHMHeprinieckoii cucTembl. Pesynbratbl ccienoBanuA
000CHOBBIBAKT HEOOX0AMMOCTb NEPEX0AA OT YHUGULMPOBAHHBIX NPOTOKONOB

Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.
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OBpeMeHHasA penpoayKTMBHasA MeauuuHa CTanku-
BaeTCA C CyLIeCTBEHHON npobnemoli orpaHUYeHHON
3bdeKTMBHOCTN BCNOMOraTesibHbIX PENPOAYKTUBHbBIX

TexHonorun (BPT) y naumeHTOK cTapLuen Bo3pacTHOW rpyn-

nbl. [laHHble MeXXAYHapPOAHbIX PErMcTpOB, BKOYaA OTHETbI

EBponelickoro obLecTBa penpofyKLmm Yenoseka u asMopu-

onorun (ESHRE) n LleHTpoB No KOHTPOs0 1 Npodurnaktuke

3abonesaHui CLUA (CDC), nocnenoBaTenbHO AEMOHCTPU-
pYyIOT, UTO [ONA XUBOPOXAEHUN B pacyeTe Ha OAVH nepe-

HOC 3MOPUOHa Y >KEHLUMH B Bo3pacTe 38-42 neT ¢ AgnarHo-

30M mamonaTnyeckoro becnnoansa He npesbiwaeT 12-18 %

[1,2]. Tako noka3zaTtesib 3GPEKTMBHOCTU AenaeT KaxAbli

nocnepyoLWmin NPOTOKON He TONbKO 3MOLMOHAJIbHO, HO 1

$UHAHCOBO 06PEMEHUTENBHbBIM /15 MALUEHTOB U CUCTEMbI

34paBoOXpaHeHA. B ycnoBrax BbICOKOW BEPOATHOCTM MO-

BTOPHbIX HeyAay, KoTopble moryT gocturatb 70-80 % nocne

yeTblpex-NATM MOMbITOK Yy AAHHOW KaTeropuu, KnouyeBown

3afjayelrl CTaHOBWTCA He MpPOCTO CTaHAAPTU3MPOBaHHOE
nposeaeHue umkna KO, a rnybokaa MHAMBMAYanM3aLms

Nnoaxofa, OCHOBaHHasA Ha TLaTeNbHOM aHasM3e BCex NOoTeH-

umanbHo Koppurnpyembix ¢aktopos [3,4]. Ocobyto 3Hauu-

MOCTb B 3TOM KOHTEKCTe npuobpeTtaeT AeTann3vpoBaHHas

OLEeHKa MNMIHEKOJIOrMYeCcKoro 1 CoMaTMyYeCcKoro cTaTyca, Crno-

cobHas BbIAABUTb MaToreHeTMyeckne cybcTpathbl, HEraTVBHO

BNUAIOLLME HA KITIOYEBbIe 3Tamnbl PENpPoAyKTUBHOIO NpoLiec-

ca: oT ponnmKynoreHesa 1 Kauectsa OOLMTOB O MMMaHTa-

UMM 1 paHHero ambpuoreHesa [5,6]. CornacHo coBpeMeH-

HbIM NpeacTaBneHnAM, ycnex nmnnaHTauum niwb Ha 30 %

onpepfenaeTcA KayecTBOM 3MOPUOHa, B TO Bpema Kak

00 70 % 3aBUCUT OT peLLenTUBHOCTN SHAOMETPUA N CUCTEM-

HbIX GaKTOPOB MaTEPUHCKOro opraHnama [7]. KomnnekcHbIn

aHanm3 CTPYKTYpbl CONYTCTBYIOLLEN NAaTONOrMM U aHaMHe3a

y MaUMEHTOK, y»Ke MMeloWmx HeraTMsHbIi onblT BPT, no-

3BonsAeT chopmMmnpoBaTb NEPCOHANNIUPOBAHHbBIE MULLEHV

ONnA nperpaBugapHoON NOAroTOBKM, TEM CaMbIM Mpeofone-

BasA ($eHOMeH «TepaneBTMYECKOro MiaTo», Npu KOTOPOM

NMOBTOPHbIE OAHOTWMHbIE BMelLaTeNIbCTBa He MNPUBOAAT

K YBEJIMUEHUNIO YacTOTbl HACTynneHmsa 6epemeHHocTn [8,9].

[MnoTe3a HacToALero nccnefoBaHNA 3aKoyanach B npem-

MOJSIOXKEHUN, YTO KEHLUUHbl CTapLIero penpopyKkTUBHOIO

BO3pacTa C uanonaTnyeckum Gecniioguem U HeynauHbIM

onbitom KO npeacTaBnsAtoT cobol KNVHNYECKN FreTeporeH-

Hyto rpynny. BHyTpr 3TOI rpynnbl, BEPOATHO, CyLLECTBYIOT

pasnuuHble MnaTtoreHeTMyeckue GEHOTUMbI, XapaKTepusy-

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

K NepcoHanu3npoBaHHoii NperpaBuapHoii MOAroToBKe, (OKYCUPOBAHHOI
Ha TapreTHoi MeTabonnyeckoii, aHTMOKCUAAHTHOI 1 MPOTUBOBOCMANUTENbHON
KOPPEKLMN Y MALIMEHTOK C BbIABNEHHbIM HEGNAroNPUATHBIM (eHOTUMOM.

Knouesble n06a: BCNOMOraTesibHble PenpoAyKTUBHbIE TEXHONOMMN, Heyhauy-
Hble nonbiTku IKO, uanonatuueckoe becnnopme, CTaplnii penpoayKTUBHbIIA
BO3PaCT, NepCOHANN3NPOBAHHAA MeANLVMHA, NperpaBuAapHas MOArOTOBKA,
OKCUAATUBHBIN CTPECC, MeNaTOHWH, HeanKkoronbHas X1poBas 6oneHb neveHy,
KNUHIUYecKne GeHoTunbl.

owprecs cneundruuecknMn KomopouaHbiMy npodunsmm,
KoTopble TpebyoT AndPepeHUNpPOBaAHHDbIX, TAPreTHbIX Noa-
XO[0B K KOPpeKL MM Ha 3Tane NoAroToBKY K nocnegyoLemy
uukny BPT.

Llenbto paboTbl 66110 BbiiBNEHWE CNELMPUUYECKUX KNK-
HUKO-aHaMHeCTUYeCKX MNaTTePHOB, aCCOLMMPOBAHHbIX
C Heygaueln npepbigyLiero npotokona KO, ana obocHoBa-
HUA HOBbIX, 605ee 3pPeKTUBHBIX CTpATernin NperpaBugap-
HOW NOArOTOBKM Yy AAHHOW CNOXHOW KaTeropumn nauneHToK.

B pamKkax faHHOro NpocnekTMBHOro 06cepBaLMOHHOO
KOropTHOro 1ccnegoBaHma 6oina cdopmmpoBaHa BbIboOpKa
13 239 XeHWWH B nepumeHonaysanbHOM nepuope. Bos-
pacTHOM grana3oH cocTtaBun oT 35 go 45 net, cpeaHun Bo3-
pacT B KoropTe — 37.4+4.1 ropa. KnoyesbiMn Kpntepmamm
BK/IOYEHMUA ObINN: YCTaHOBMIEHHbIA AMarHo3 manonaTmye-
ckoro 6ecnnogus (kog N97.9 no MKB-10) n ofHa HeyfauHas
nonbiTka JKO B aHamHe3e, nponsoLleulan B TeueHne npea-
wecTBytowmx 18 mecaues. [log HeyagauHOM NONbITKOM MOHM-
Masiocb OTCYTCTBME HACTYM/eHUA KNUHUYECKON bepemeH-
HOCTM NOC/e NepeHoca aMOpPMOoHa XopoLuero Kayectsa. s
MUHMMM3aLMN BAUSHUA U3BECTHbIX HEe3aBMCUMbIX (aKTo-
pOB Heyaauu Obifv NPUMEHEHbBI CTPOTUE KPUTEPUN UCKITIO-
yeHus. K HUM OTHOCUNINCD: TAXKESbI My>KCKOW daKTop bec-
nnoamaA (KOHUeHTpaLma CnepmaTo3ongoB MeHee 5 maH/mn,
nporpeccrBHas NOABMMKHOCTb MeHee 5 % no Kputepuam
BO3,2021), aHOMasbHbI KapuoTumn y ntoboro 13 NnapTHepos,
CUHAPOM MOJNMKNCTO3HbIX ANYHNKOB B Kiaccuyeckon ¢op-
Me (no Kputepuam PoTTepaamckoro KoHceHcyca 2003 r.),
sHpomeTpunos -1V ctagum (no knaccndumkauyum Amepu-
KaHCKoro obLectBa penpoayKTMBHON meauumHbl, ASRM),
ayTOVMMYHHble 3a00neBaHNA B aKTUBHON ¢da3se (cucTemHasn
KpacHasi BOfYaHKa, aHTUPOCHONMNUAHBIV CUHAPOM C KIu-
HUYECKMMU NPOABIEHNAMM), @ TaKXKe caxapHbIn anabeT lu i
TUNa B CTagnn feKomneHcauum (ypoBeHb rMNKUPOBAHHOTO
remornobuHa HbA1c > 7.0 %).

Bce yyacTHWLbI, COOTBETCTBOBABLUNE KPUTEPUAM, ObIIN
nocnefoBaTeslbHO pacnpefenieHbl B ABe  KIAUHUYECKUe
rpynnbl: OCHOBHYt0 (n=115) n rpynny cpaBHeHuA (N=124).
Ob6cnefoBaHMe HOCUIO KOMIIEKCHDIN XapaKTep 1 BKJOYa-
N0 HECKOMbKO 3TanoB. MNepBbili 3Tan — pa3BepHyTbIN c6op
pPenpoayKTMBHOIO, MHEKONONMYECKOro U COMATUYECKOro
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aHamHe3a C feTanu3aumern No rogam C UCMoJSib30BaHUEM
CTPYKTYPUPOBAHHOW aHKeTbl. Bropon 3T1an — craHgapTu-
3MPOBaHHOE KIUHMKO-NabopaTopHOe U WHCTPYMeHTanb-
Hoe ob6cnefoBaHMe B pamMKax MOAFOTOBKM K ouyepegHOMy
npotokony BPT, npoBoauBLlueeca B yCNOBUAX MHOrOMpo-
¢dunbHoro craumoHapa. MIHCTpymeHTanbHas AMarHOCTMKA
BKJIlOYaNa YNbTPa3ByKOBOE UCCNeOBaHNE OPraHOB Maso-
ro Tasa, anactorpaduio neyeHun gns sepudurkaumm HAXBI,
YNbTPa3ByKOBYO gonnaeporpadumio cocyfioB masnoro Tasa.
JNabopaTtopHbIi Npodunb BKNOYaN OLEeHKY FOPMOHANIbHOro
ctatyca (OCT, JIT, AMI, acTpagmon, NporecTepoH), MapKkepos
nHcynuHopesuncteHTHocT (HOMA-IR), neyeHouHbix dep-
MEHTOB, JIMMUAHOIO CNEKTPA, a TaKKe CKPUHUHT Ha NHbeK-
uun, nepefaBaemble MOSIOBbIM NyTEM.

MepBrYHas cTaTucTMyeckass 06paboTka AaHHbIX Hava-
nacb C NPOBEPKM pacnpeesneHnsa KONMYeCTBEHHbIX NOKa-
3aTenen (Bo3pacT, MHAEKC Maccbl Tena — VMT, oKpy»KHOCTb
Tannn) Ha HOPManbHOCTb C NomoLblo Kputepua Wanupo-
Yunka. AHanu3 noatBepawn HeHOpManbHOe pacnpepgesne-
HMe [aHHbIX BO BCEX CpaBHMBaeMblX BblOOpKax (3HaueHus
W-cTatnctrkm BapbupoBanu ot 0.888 go 0.951, npwu p-value
< 0.001 anAa Bcex TecToB). B cBA3M € 3TMM Ana nocnegytoLe-
ro cpaBHeHVA rpynn 6bi11 BbIbpaHbl HenapameTpuyeckme
meTogbl. CpaBHeHME HenpepbiBHbIX MepeMeHHbIX MPOBO-
Ounocb ¢ wucnonb3oBaHuem U-kputepma MaHHa-YUTHWN.
[na aHanu3a KateropuasnbHbIX NepemMeHHbIX NPUMEHANCA
KpuTepuin xu-kBaapart (x°) ¢ nonpaskon MeTca Ha Henpe-
PbIBHOCTb A5 Tabnuy 2x2. MNpu aHanv3e TabnumL Conpsi>keH-
HoCT Gorbluel pasmMepHOCT! MCMONb30BanNcA CTaHAapT-
HbIN KpUTEPUN xz. [na oueHKn cunbl B3aMMOCBA3N MeXxay
NopALKOBbIMY MepeMeHHbIMN NPUMEHANCA KoabduumneHTt
paHrosoi Koppenauun CnupmeHa (p). Cratuctnyeckas ob-
paboTKka JaHHbIX MPOBOAMNacb B NporpammHol cpepe R
(Bepcus 4.2.1). YpoBeHb CTaTUCTUYECKOWN 3HAUMMOCTU Obin
yCTaHOBJeH Ha oTMeTKe p<0.05.

Pe3ynbraTbl CTaTUCTMYECKOrO aHanm3a MOATBEPAUN
ycnewHocTb npoueaypbl $OpMMPOBaHMA COMOCTaBUMbIX
rpynn. MegmnaHa Bo3pacta B OCHOBHOW rpyrrne cocCTaBu-
na 38 net Npu UHTEpPKBapTUAbHOM pa3maxe [36-40] ner,
B TO BpeMsA Kak B rpynne CcpaBHEHMWA AaHHbIA NoKasaTesb
6bin paBeH 37 net [35-39] neT. Paznuuve He pocturno
cTaTucTnyeckon 3Haummoctn (U=6450.5, p=0.152). AH-
TPOMOMeTPUYECKNe MOKa3aTenn TakKe He UMEeNN [OCTOo-
BEPHbIX pa3nnumin: MedraHa nHaekca maccol tena (MMT)
B OCHOBHOW rpynne cocTtasuna 24.7 Kr/m? [22.1-27.3] npo-
B 24.1 Kr/m? [22.0-26.9] B rpynne cpasHeHua (U=6812.0,
p=0.421). OKPY>KHOCTb Tanuu, Kak Mapkep abgomMmnHanbHo-
ro oXxmpeHus, bolna conoctaBumort — 84.5 cm [78.0-91.0]
npotme 82.0 cm [77.0-89.0] cootBeTcTBEHHO (U=6598.0,
p=0.251). CoumnanbHo-gemorpaduuecknin npodunb 6bin
OAHOPOAHbIM: BbiCllee ob6pa3oBaHue wumenn 48.7 %
XEHLWMH B OCHOBHOW rpynne n 48.4% B rpynne cpaBHe-
HMA (x2=0.001, p=0.971), cTaTyC [OMOXO3ANKN OTMeYa-
nm 32.2% u 32.3 % cooTBeTcTBeHHO (x’<0.001, p=0.989).

AHanu3 penpoayKTMBHOIO aHaMHe3a MoKasasj, 4To Mno-
JaBnswolee GOMbLIMHCTBO MaLMeEHTOK B 0benx rpynmnax
XapaKTepn3oBanocb nepBuYHbIM Gecnnogmem: 93.0 %
(107 »eHwuH) B ocHOBHOM rpynne n 94.4% (117 »eHLmH)
B rpynne cpasHeHus (x°=0.20, p=0.655).

XapaKTeprCTUKN MeHCTPYyanbHON GYHKLUMKY, ABNAIOLN-
ecA VHTerpasbHbIM NMokasaTtesieMm GYHKLUMOHUPOBaHUS -
notanamo-runodr3apHoO-AMUYHNKOBOIM OCK, CTAaTUCTUYECKM
3HauMMO He pasnnyanucb. PacnpepeneHue no Bo3pacty
MeHapxe 6bIf10 O4MHAKOBbIM (x2=0.354, p=0.838), Kak n na-
pameTpbl anuTenbHocTu (x*=0.893, p=0.827), 06UNbHOCTY
MeHCTpyauui (x2=0.721, p=0.697) 1 yacToTa AUCMEHOopeN
(x2=0.382, p=0.537). [laHHble pe3ynbTaTtbl CBUAETENbCTBY-
10T 06 OAHOPOAHOCTU MCCIIEAYEMOIN KOropTbl Mo 6a30BbIM
gemorpadunyeckum 1 penpopyKTUBHbIM MapameTpam, YTo
No3BOISIET MVHUMU3MPOBATL UX BVAHME Kak confounding-
¢dakTopoB Npu ganbHenwem aHanuze [10,11].

[eTanbHbl aHanM3 rMHEKONOrMYeCckoro aHaMmHe3a Bbl-
ABUN OUCKPETHblE, HO CTAaTUCTUYECKU 3HAuYMMble pasnu-
uMAa mexpay rpynnamu, ykasblBalliMe Ha pasfinyHble na-
ToreHeTMyeckne TpaekTopuu. Tak, ykasaHuAa Ha GoHOBble
3ab0neBaHNA WENKN MaTKN B aHaMHe3e (3p03uK, SKTonuu,
NenKonnaknmn) JOCTOBEPHO Yallle BCTpeyanucb B OCHOB-
Hon rpynne — 23.5 % (27 cnyyaes) npotus 8.1 % (10 cny-
YyaeB) B rpynne cpaBHeHUsA (x2=10.52, p=0.001; oTHOLWEHNE
waHcos, Ol = 3.49, 95 % [W: 1.60-7.64). B 10 ke Bpems,
B aHaMHe3e rpynnbl CPaBHEHWA 3HauyMMO uYaule GUKcu-
poBanncb 3nn3ofbl GYHKLUMOHANbHbBIX KACT ANYHUKOB —
20.2 % (25 cnyyaeB) npoTnB 9.6 % (11 cnyyaeB) B OCHOBHOW
rpynne (x2=5.92, p=0.015; Ol = 0.42, 95 % [W: 0.20-0.87).
YacToTa TaKMX COCTOAHUN, Kak muoma matkm (11.3 % vs
7.3 %, p=0.260), sHgomeTpuos I-Il ctagnm (7.8 % vs 11.3 %,
p=0.337) N XPOHUYECKUI SHAOMETPUT MO AaHHbIM aHaM-
He3a (6.1 % vs 6.5 %, p=0.860), 6bla CONOCTABNMA MeXAY
rpynnamm [12, 13].

Mpn yrnybneHHOM WHCTPYMeHTanbHO-nabopaTopHOM
obcnefoBaHMM nepes MaHUpyembiM MpoTokonom BPT
CTaTUCTUYECKN 3HAYMMbIX Pa3fNyuni B CTPYKType TeKyLuen
TMHEKOJIOrMYECKON MaTosiorMun BbiSBIEHO He 6b11o. OfHa-
KO OTMeuanacb KNMHMYEeCKN 3HauMas TeHaeHuus K bonee
BbICOKOW PaCnpOCTPaHEHHOCTU BOCMaNuTENbHbIX 3abose-
BaHWI WeNKN MaTKM (LepBULUTOB) B OCHOBHOW rpynne —
47.0% npotus 36.3% B rpynne cpaBHeHus (x°=2.791,
p=0.095). PacnpocTpaHeHHOCTb XPOHMNYECKOIO SHAOMETPU-
Ta No AaHHbIM Naninenb-61uoncum SHAOMETPUA C UMMYHOTU-
CTOXMMMYeCKM nccnepoBaHnem (CD138+) Takke He pas-
nuyanacb, coctasnaAa 18.3 % B ocHoBHOM rpynne n 16.9 %
B rpynny cpaBHeHusA (p>0.05) [14].

AHanm3 comaTMyecKoro aHaMHesa NpPoAeMOHCTPUPOBaN
BblpaxkeHHoe npeobnagaHvie B OCHOBHOW rpynrne yKasaHui
Ha XpOHMYeCKne BoCnanuTenbHble 1 UMMYHOOMOCPEeA0BaH-
Hble KOXHble 3ab0eBaHuMs (aToONMYeCcKUn gepmMaTuT, po3a-
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uea, ak3ema) — 16.5 % npotus 4.0 % B rpynne cpaBHeHUA
(x*=8.96, p=0.003; OLU = 4.70, 95 % [IN: 1.68-13.59). Kpome
TOro, OTMeYanucb TeHfeHUMn K 6onee yactomy aHaMHesy
PEKYPPEHTHBIX OCTPbIX PECMPATOPHbBIX BUPYCHbIX UHdEK-
unn (6onee 3 anmsonos B rog) — 8.7 % vs 3.2 % (p=0.068)
1 BapMKO3HOIO paclupeHns BeH manoro 1asa — 11.3 % vs
5.6 % (p=0.125) [15,16].

Hanbonee 3Haummble pa3nunumna 66111 oOHapyeHbl Npu
KOMMJIEKCHOM  KJIMHMKO-1abopaTopHOM  06CnefoBaHUN.
HeankoronbHas )unpoBasi 6o5e3Hb neveHn (HAXBIM), Bepu-
¢durumpoBaHHaa no gaHHbIM Y3W n anactorpadum (cteatos
S1-S2 no kputepuam SAF), anarHoctuposanacb y 14.8 %
(17 naumeHTOK) OCHOBHOW rpynnbl 1 nnwWb y 2.4% (3 naum-
eHTOK) rpynnbl cpasHeHua (x’=11.93, p=0.0006; OLL = 7.03,
95 % [: 1.99-25.70). AHanornyHas, CTaTUCTUUYeCKn 3Haun-
Mas pa3HuLa Obina BbiABNEHA AJIA TEKYLLMX aKTVBHBIX Aep-
maTonoruyeckux 3abonesaHun (14.8 % vs 2.4 %, x2=1 1.93,
p=0.0006). Ba>kHO OTMETUTb, UTO PaCNPOCTPAHEHHOCTb CUH-
OpOMa WHCYNMHOPE3UCTEHTHOCTM, AMArHOCTUPOBAHHOIO
no kputepuam HOMA-IR > 2.7, 6bina conoctaBsumon (7.8 %
Vs 5.6 %, p=0.502). Tak>Xe He BblABNEHO Pa3NNUnIi B YacToTe
NaToNOrnN WNTOBUAHON »enesbl (rMnoTupeos, ayTmpeouns-
HbI cTaTyC), 3aboneBaHnii MOYEBbIgENUTENIBHON U AblXa-
TenbHow cuctem [17,18].

lMonyyeHHble B xofe NCCefoBaHNA AaHHbIe NO3BONAOT
BbIABMHYTb 1 060CHOBATb rMMNOTe3y O CyLEeCTBOBaHNMW ABYX
Pa3nMUHbIX KIVHUKO-NaToreHeTuyeckux GpeHoTnnoB cpeam
MEeHLUMH cTapluero penpofyKTMBHOIO BO3pacTa C Heyaau-
HbiM onbiTom KO Ha ¢oHe npmonatmueckoro becnnoaus.
BblaBNeHHble accoumalmmn HOCAT He CllyYalHbIi XapakTep
1, BEPOATHO, OTPaXKaloT FyB6UHHbIE pa3nnumna B naTopusn-
onornmn penpoayKTMBHOM Heyaaum [19].

MepBbii peHOTUN, penpe3eHTPYEMbI OCHOBHOW rpyn-
o, xapaktepusyeTca crneyndryeckum CUMNTOMOKOMIEeK-
COM, BKJIOYAIOLWUM OTAFOLLEHHbI aHaMHe3 MO MaToNorum
WEeNKN MaTKW, CKITOHHOCTb K XPOHUYECKUM BOCManumTesb-
HbIM JepMaTto3aM, BbiCOKYto yactoty HAXKBI 1 TeHgeHumio
K Ta3oBoMy Bapuko3y. COBOKYMHOCTb 3TUX KAUHUYECKNX
NPU3HAKOB MOXET CJIY>KUTb MAapPKEPOM NTaTEHTHO MpoTeKa-
lOLero CUCTEMHOro BOCMaNeHUA HU3KOW CTeneHW aKTuB-
HocTn (low-grade inflammation), okcnpgaTuBHOro cTpecca
naHpoTenvanbHon auchyHkuum [20,21]. MNaToreHeTnYeCKyto
CBA3b MeXAy 3TUMU COCTOAHUAMM MOXKHO MPOC/eanNTb
yepes nNpusmy AUCPerynaumv MenaToHMHEePrnyeckom cu-
cTembl. MenaToHVH, cekpeTupyemblin anndunsom, ABnAeTcA
He TOJIbKO «FOPMOHOM CHa», HO M MOLLHbIM 3HOOF€HHbIM
AHTUOKCUOAHTOM, WMMYHOMOZYNATOPOM U Ba3ONpOTeK-
Topom [22, 23]. Ero geduunt unm HapylueHne LUMpPKagHOro
pUTMa Cekpeuumn MPUBOAUT K CHVKEHMIO aHTUOKCUOAHT-
HOW 3aLMTbl, HAPYLIEHMIO LMPKagHbIX PUTMOB MMYHHOIO
oTBeTa (C npeobnagaHNem NPOBOCMANUTENIBHOIO GEHOTU-
na makpodaros M1) 1 MUKPOLMPKYNATOPHBIM PacCTPON-
CTBaM BCNEACTBME SHAOTENManbHou ancyHkumm [24,25].

B penpopyKTMBHOM KOHTEKCTE 3TOT KacKaj co3fa-
eT WCKIIoUnTEeNIbHO HebnaronpuATHbli ¢oH. OKcmaaTuB-
HbI CTPEeCC, YPOBEHb KOTOPOro KOPPENMPYET C TAXKECTbIO
HAXBI 1 fepmaTto30B, HanNpAMyto NoBpexaaeT MemMbpaHbl
N MUTOXOHAPWM OOLIUTOB, CHMXaA UX SHEPreTUYecKnin no-
TeHUMan 1 KOMMNEeTEHTHOCTb, a TakXKe MHAYLMPYET anonTo3
KNeTOK FpaHynesbl, yXyAlwas MUKPOOKPYXeHne GOonmnky-
na [26, 27]. XpoHnyeckoe CUCTEMHOE BOCMasieHne, O YeMm
CBUAETENbCTBYIOT KOXHbIe TMPOABJIEHUS U CKIOHHOCTb
K LepBuLMTaM, HapyLIaeT TOHKUA UMMYHHBbI 6anaHc B 3H-
LOMETpUYM, HeobXoaVMbIA AfA YCNelWHON UMMaaHTauum
M MAaueHTauuy, CnocobCTBYA T.H. «MMMYHONIOMUYECKOMY
OTTOPXeHUo» 3MOpuoHa [28, 29]. MukpoumpkynatopHas
HELOCTaTOYHOCTb, acCOLUMMPOBaHHAA C 3HAOTENNANIbHON
ancdyHKUMeEN 1 BapuKo3oM, yxyawaeT nepdysunio ANYHK-
KOB 1 MaTKW, OrpaHnYMBas JOCTaBKy KACNOpoaa, NuTaTesb-
HbIX BELEeCTB 1 FOHaAOTPOMMHOB K LienieBbiM opraHam [30].
TakvM 06pa3om, y NaLMEeHTOK AaHHOIo ¢peHoTUMNa Heyaada
OKO moxeT 6bITb 06ycnoBfeHa He NIoKanbHbIM F’MHEKOSOor -
yeckM $GaKTOpPOM, a reHepann3oBaHHbIM MeTabonnyecKu-
BOCMNanuTenbHbIM AncbanaHcom, KOTOPbIN He KoppUrnpyet-
CA CTaHAAPTHOW FOPMOHANIbHOM CTUMYSIALMEN B NPOTOKOse
KO [31].

Btopoli ¢eHoTVn (rpynna cpaBHeHWs), 4fiA KOTOPOro
XapakTepeH aHaMHe3 O YHKLMOHaNbHbIX KUCT ANYHUKOB
Npu CyLeCcTBEHHO MeHbLUel YacToTe CUCTEMHbIX MeTabo-
NNYECKMX 1 BOCManuTeNbHbIX MapKepoB, CKOpee yKa3blBa-
eT Ha NHOW MeXaHW3M PenpoayKTMBHOMN HEAOCTAaTOYHOCTH.
Peunpusupyiowme GyHKLUMOHaNbHble KUCTbl MOTYT ObiTb
VMHAMKATOPOM HapyLeHUn npouecca OByNAuuMM, NoTeu-
HU3aumm GoNNMKyna UM ocobeHHOCTeN peakuumn AnNYHKU-
KOB Ha SHAOreHHble roHagoTPonuHbl [32]. 3TOT deHoTUn,
BEPOATHO, OTPaXkaeT bonee nepupepryeckne, BO3MOXHO,
ropMoOHanbHO-0oMoCcpeoBaHHble HapylleHusa GOoNAnKyno-
reHesa 1 OBYNATOPHON PYHKLUU, KOTOPble MOTEHLMANbHO
6onee uyBCTBUTENIbHbI K CTaHAAPTHbIM MeTofjaM Koppek-
LK1 B paMKax ONTUMU3NPOBAHHOIO MPOTOKOJIa KOHTPOU-
pyemor ovarian ctumynauum (nogbop Tmna u fo3bl roHajo-
TPOMMHOB, UCMOJIb30BaHME arOHNCTOB/aHTaroHNCcToB MHPT)
[33, 34].

BbisiBNeHHblE Pa3Nnuus VMEKT NPUHUUNMANbHOE 3Ha-
YeHue ONA KNUHUYECKOWN MPaKTUKK, Tak Kak NMopyvyepKrBa-
10T GyHIAMEHTAIbHYI0 HEOQHOPOAHOCTb KOrOPTbl «Heyaay
SKO» 1 OuKTYI0T HeobxoanmocTb AnddepeHLMpoBaHHOMO
noaxofa K nperpasngapHon noarotoBke. [na naymeHToK
nepBoro (OCHOBHOro) ¢eHoTUna NPUOPUTETOM [OSKHA
CTaTb He MPOCTO CTaHAAPTHaA rOPMOHasibHas MoAroTOB-
Ka HOOMETPUSA, a LeneHanpasieHHas, NpoaoKUTeNbHas
(He MeHee 2-3 MecsauUeB) MeTabonuyeckasd WU aHTUOKCU-
JaHTHAA KOppeKUUs, HanpaBieHHas Ha Y/ydlleHne OBa-
puanbHOro U 3HOAOMETPUANIbHOrO MUKPOOKPYXeHusa [35,
36]. OCHOBbIBAACb Ha NpeArnoaraeMom naToreHese, Takas
KOppeKLMsa MOXeT BK/touaTb: KoppeKuuio LnpKagHbIX puT-
MOB W OKCMAATUBHOMO CTpecca: MPYMEHEHVE MENATOHNHA
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B A03e 3-5 Mr Ha HOUb A1 BOCCTAaHOB/IEHNA aHTUOKCUAAHT-
HOro noTeHumana v uMmmyHomoaynaumm [37]. YnyuweHve
WHCYNNHOYYBCTBUTENIBHOCT U MeTabonusmMa OOLUTOB:
Ha3HauyeHne MUo-MHo3nToNna B go3se 2000-4000 mr/cyTKu,
UTO MOATBEPXAEHO B UCCIeQOBaHMAX MPU CMHAPOME Mo-
JINKNCTO3HbIX ANYHMKOB Y MOXET ObITb 3KCTPANOANPOBAHO
Ha NauMeHTOK C MHCynnHope3ncTeHTHocTbio 1 HAMBIT [38].
[enaTonpoOTeKTOPHYI0 Tepanuio: MCNoNb30BaHMe ypcoae-
30KcuxoneBon KNcnoTbl (10-15 Mr/Kr/cyTKkn) Npy NOATBEPX-
neHHon HAMGBI gna cHuKeHUA renaToueItoNApHOro no-
BpeXAeHNA N cMcTeMHOro BocnaneHua [39]. BocnonHeHne
neduymta ButammnHa D (nop koHTponem yposHa 25(0H)D
B KPOBW) AN1A MOAYNALMM UMMYHHOIO OTBETa U yNyylLeHNA
peuentuBHOCTU 3HAOMeTPUA [40]. CaHaUMIO XPOHMYECKUX
ouaroB MHeKLMK (LelKa MaTKK, BNaranuie) ¢ nocneayto-
Len KoppeKumnen Mnkpobmnoma npoburotrkamm [41].

Taknm 06pa3om, pesynbTaTbl NPOBELEHHOIO KOMMIEKC-
HOrO KJIMHMKO-aHaMHECTUYECKOro NCCNefoBaHNs C NprumMe-
HEHVEM COBPEMEHHbIX METOAOB CTaTUCTUYECKOro aHanmsa
ybenmTenbHO OEeMOHCTPUPYIOT, UTO KeHLWMHbI CTapluero
penpoayKTMBHOIO BO3pacTta C uaronaTmyecknum becnnogm-
eM 1 HeygauyHon nonbiTkon KO B aHamHe3e npeacTaBnaoT
o001 He FOMOTeHHY!0, @ KIMHUYECKUN reTeporeHHyto nomny-
naguo. Y 3HaunTeNbHOM YaCTU TakNX MNALUEHTOK (B AaHHOM
nccnepoBaHum — o 48.1 % oT o6Lent KoropTbl) BblsIBNIA-
eTcs cneunduyeckmii CUMNTOMOKOMIIIEKC, BKIHOYAOLLMIA

KOMOPOUAHOCTL AepMaTonornyeckux 3aboneBaHuii, He-
ANKOrOSIbHOM XNPOBOW 60NIE3HM MEeYEeHU U XPOHUYECKON
natonoruun wenkn matkn. C BbICOKOW [ONeN BEPOATHOCTU
JaHHbIA  peHoTMN ABNAETCA KIUHUYECKUM OTPaXKeHMeM
neXalero B OCHOBE CUCTEMHOIO OKCMAATVMBHOIO CTPecca,
XPOHNYECKOrO BOCMasieHNA HU3KOW CTEMEHU aKTUBHOCTU
1 3HJoTeNnnanbHol ANCOYHKLUK, NaToreHeTMYecKn acco-
LUMUPOBAHHbIX C Aucperynauuent mMenaToHMHepruyeckom
CUCTEMBI.

JaHHbin  deHOTMN TpebyeT NPUHLMNNANBHO WHOro
nogxofa — pa3paboTky 1 BHeApPeHUA crelunanbHbIX, pac-
LUMPEHHBIX MNPOTOKONOB MperpaBuMaapHON MOArOTOBKM,
chOKyCcMpOBaHHbIX Ha KOppeKLuun MeTabonmueckrx 1 Boc-
nanuTeNibHbIX HapyLWeHWl, a He TOMbKO Ha OMTUMM3auuu
napameTpoB MNPOTOKONA CTUMYNALMMK  CynepoBYynALMM.
OnddepeHumalma naumeHToK Ha BbleNleHHbIe KIMHUKO-
natoreHeTMYeCcKMe MOArpynmnbl Ha 3Tane MJaHMPOBAHMA
NnoBTOpHOro umkna BPT no3sonut nepeitn ot yHUdULK-
[POBAHHOW, SMNNPUYECKON TAKTUKN K UCTUHHO NepCoHanu-
3MPOBaHHOW, NAaTOreHeTNUYeCKN 060CHOBaHHOWN MeanUMHeE.
70 ABNAeTCA Hambonee NepCcneKkTUBHbIM MyTeM Ans npe-
ofloNeHNA «TepaneBTUYECKOro MiaTo», MOBbILEHUS Kymy-
NATVBHOW YaCTOTbl HAacTynyieHna 6epeMeHHOCTN Y JaHHOM
CIIOXKHOWM KaTeropumn MNaLMeHTOK U CHUXKEHUA KaK SKOHO-
MUWYECKoro 6pemMeHn NOBTOPHbIX HEYAAUHbIX MOMbITOK, Tak
1 NCUXONOrNYECKON TPaBMbl.
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Summary. Introduction. The evolution of reconstructive aortic root surgery
has opened new horizons in the treatment of its pathology. However, in
cases where preservation of the native valve is impossible, the surgeon
faces the challenge of choosing an optimal conduit. The classic Bentall
mechanical conduit, while remaining the «gold standard,» condemns
patients to lifelong anticoagulant therapy. In the search for a physiological
alternative free from this limitation, two biological strategies are of
particular interest: the use of a cryopreserved aortic homograft and the
creation of a composite conduit bioprosthesis (the Bio-Bentall procedure).
A comparative analysis of the mid-term outcomes of these procedures is
a relevant dlinical task, the solution of which determines the choice of
surgical tactics in each specific case.

Aim. To conduct a comparative assessment of long-term clinical results
and hemodynamic efficacy of the aortic homograft and the Bio-Bentall
conduit in the surgical correction of aortic root pathology.

Materials and methods. A single-center retrospective cohort study
analyzed data from 41 patients divided into two groups: Group 1
(n=19) — aortic homograft implantation; Group 2 (n=22) — the Bio-
Bentall procedure. The mean follow-up period was 58.2 = 13.9 months
(range 36—83 months) and 51.2 + 22.7 months, respectively (p=0.159).
Primary endpoints were in-hospital mortality, cumulative survival,
freedom from a combined endpoint of major adverse cardiovascular
events (MACE), and reoperation rate. Secondary endpoints included
intraoperative parameters and long-term hemodynamic indicators.
Results. In-hospital mortality (n=2; 10.5 % vs. n=2; 9.1 %; p>0.05)
and cumulative freedom from MACE at 48 months (88.9 + 7.4 % vs.
86.7 = 8.8 %; p=0.864) did not differ significantly between the groups.
The complication profiles had characteristic features: in the homograft
group, no reoperations were required in the long-term period, although
some patients showed progression of valve dysfunction. In the Bio-Bentall
group, myocardial infarctions (3 cases) and bioprosthetic thrombosis
(1 case) were registered. Cumulative freedom from reoperation at 48
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months was 100 % in Group 1and 92.3 £ 7.4 % in Group 2 (p>0.05).
The use of a homograft was associated with a longer cardiopulmonary
bypass time (167.1 & 52.0 min vs. 152.9 & 76 min; p<0.05) and aortic
cross-clamp time (130.0 + 22.6 min vs. 109.8 = 38 min; p<0.05). A key
advantage of the homograft was its hemodynamic superiority, expressed
in lower transvalvular gradients (4.6 = 1.9 mm Hg vs. 10.7 £ 1.74 mm
Hg; p<0.01) and a larger effective orifice area index (1.36 % 0.23 cm*/m?
vs.0.93 0.1 cm*/m? p<0.01) in the long-term period.

Conclusion. Aortic homografts and the Bio-Bentall conduit demonstrate
comparable and satisfactory mid-term clinical efficacy. Homograft
implantation is associated with superior hemodynamics and no need for
lifelong anticoagulation but requires monitoring due to the risk of valve
dysfunction related to graft remodeling. The Bio-Bentall procedure is a
technically reproducible alternative that requires careful planning to
minimize the risk of patient-prosthesis mismatch and thrombotic events.

Keywords: aortic root, aortic homograft, Bio-Bentall procedure,
reconstructive aortic surgery, prosthesis hemodynamics, valve
dysfunction.
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AHHomayus. BeedeHue. Pa3BuTie PeKOHCTPYKTUBHON XUPYPriu KOPHA aopTbl
OTKPbINO HOBbIE TOPM30HTHI B NeUeHNM NaLMeHToB C ero natonorueil. OfHako
B C/yyasx, KOraa COXpaHeHue HaTUBHOTO KNamaHa HeBO3MOXHO, XMpYypr CTan-
KuBaeTcA ¢ He0OXOANMOCTbI0 BbIGOPA ONTUMANbHOTO 3aMeLLAIOLLero KOHAYUTa.
Knaccnuecknii mexannyecknii KoHZyuT no bextanny, 0CTaBasch «30M10TbIM CTaH-
[LapToM», 06peKaeT NaLyMeHTOB Ha NOXM3HEHHYI0 AHTUKOArYNAHTHYI Tepaniio.
B nowcke ¢usmonornuHoii anbTepHaTUBbI, CBOOOAHOI OT 3TOFO OFpaHNUYeHUs,
0C00blii MHTepeC NpeACTaBNALT Be buonoruyeckme CTpaterii: NCNoab3oBaHue
KPUOKOHCePBUPOBAHHOTO a0pPTaNbHOr0 romorpagTa u Co3faHue KoMOUHUpo-
BaHHOTO KoHAyuTa ¢ 6uonpotezom (onepauna buobentann). CpaBHUTENbHBIN
aHaNM3 CpefiHeCPOUHbIX MCXOZI0B TUX MPOLEAYP ABNAETCA aKTyanbHON KAUHY-
yecKoli 3aZiaueil, 0T peLLeHUA KOTOPOi 3aBIUCUT BbIGOP XUPYPrinuecKoil TakTKM
B KaX/I0M KOHKPETHOM CJTyyae.

Lleno. TIpoBecTu CpaBHUTENBHYIO OLEHKY OTAANEHHBIX KNMHUYECKNX pe3ynbTa-
TOB 1 TeMOAMHAMUYECKOi 3$dEeKTUBHOCTU aopTanbHOro romorpada i KoHayu-
Ta brobeHTann npu xupypriyeckoit KoppeKLIM NaTonoruin KOPHA aopTbl.
Mamepuane! u memods!. B pamkax 0AHOLEHTPOBOTO PETPOCTIEKTUBHOTO KOTOPT-
HOro MCCe0BaHNA NPOAHANN3NPOBaHbI aHHble 41 nalueHTa, pa3nenéHHbIX
Ha aBe rpynnbl: rpynna 1 (n=19) — UMnNNaHTawLnA aopTanbHoOro romorpagta;
rpynna 2 (n=22) — onepauua buobextann. CpefHuii cpok HabnwopeHna co-
ctaBun 58,2 + 13,9 mecaues 1 51,2 + 22,7 mecsLa cooTBeTcTBeHHO (p=0,159).
MepBMYHBIMI KOHEUHbIMM TOUKaMK ObIN FOCUTaNbHAA NETaNbHOCTb, Kymy-
NATUBHAA BbhKMBAEMOCTb, (B0OOAA OT KOMOMHMPOBAHHOIA TOUKY Hebnaronpu-
ATHBIX ceppeuHo-cocyaucTbIx cobbituii (MACE) u yactota peonepaumil. Bropuu-
HbIMI — MHTPaonepaLoHHble NapaMeTpbl 1 OTAANEHHbIE reMoZMHaMUYecKue
noKasatenin.

Pe3ynemamel. MokasaTenu rocnutanbHoii netanbHoct (n=2; 10.5 % npo-
B n=2; 9.1 %; p>0,05) n kymynaTueHoii cBob6oabl o1 MACE k 48 mecauam
HabnioneHna (88,9 + 7,4 % npotus 86,7 + 8,8 %; p=0,864) cTaTucTUeCKm
He pasnuyanucb Mexay rpynnamn. CTpyKTypa OCIOXHEHMIl IMena XapakTep-
Hble 0C06eHHOCTM: B rpynne roMorpagToB B 0TAaNEHHOM Nepuofe peonepaLuii
He noTpe60oBanoCh, 0HAKO Y YacTy MALMEHTOB 0TMEYAN0Chb NPorpeccupoBaHme
ANCOYHKUMM KnanaHa. B rpynne buobenTann 6binu 3apernctpupoBabl Hap-
KTbl MuoKapza (3 cnyyas) u Tpombo3 buonpotesa (1 cyyait). KymynatugHas
BoboAa 0T peonepaunii yepes 48 mecaues coctasuna 100 % Brpynne 1192,3 +
7,4 % B rpynne 2 (p>0,05). lpumeHeHme romorpada 6bino conpaxkeHo ¢ 60nb-
LUMM BpeMeHeM UCKYCCTBEHHOr0 kpoBoobpaleHus (167,1 + 52,0 MuH. npoTus
152,9 & 76 MuH.; p<0,05) n nepexxatia aoptbl (130,0 + 22,6 muH. npotu 109,8
+ 38 muH.; p<0,05). KnioueBbiM npeumyLLecTBOM romorpadra ABUIOCH ero
remMoZuHamMnyeckoe NpeBOCXOACTBO, BbIPasBLLEecA B 6onee HU3KMX TPaHCKna-
MaHHbIX rpaineHTax (4,6 + 1,9 mm pr.ct. npotu 10,7 + 1,74 mm pr.cT,; p<0,01)
1 Gonbluem MHAeKce SpdekTuBHOIN nnowagm otBepctid (1,36 + 0,23 cv?/m?
npotus 0,93 + 0,1 cm?/m? p<0,01) B 0TAANEHHOM Mepuoge.

3akmoyerue. AopTanbHblii romorpadt u KoHpyut buobeHTann obnapatot cono-
CTaBUMOIA 1 YZI0BNETBOPUTENbHOI CPEAHECPOUHOI KNUHUYECKOR ddEeKTUBHO-
CTblo. MMnnaHTauma romorpadra accouumpoBaHa ¢ NyuLueil reMoAnHaMUKON
W OTCYTCTBMEM HEOOXOAMMOCTY B MOXWU3HEHHOI aHTUKOAryNAHTHON Tepanum,
0fiHaKo TpebyeT HabNloAeHNA B (BA3M C PUCKOM Pa3BUTMA KNanaHHOM AUCHYHK-
Ly, CBA3aHHOI C peMofennpoBaH1eM TpaHcniaxTata. Onepauua buobentann
npeAcTaBnAer b0l TeXHUUECKU BOCNPOU3BOANUMYIO anbTepHaTUBY, Tpebylo-
LLyI0 TLATENbHOTO MAAHUPOBAHMA ANA MUHUMI3ALMI PUCKA HECOOTBETCTBUA
«MpoTe3-NaLmeHT» 1 TPOMBOTUYECKIX COBBITHIA.

Kntouesble ¢108a: KopeHb aopTbl, a0pTaibHblii roMorpadT, onepauus buobex-

Ta/, PeKOHCTPYKTUBHAA XUPYPIUs a0PTbl, FeMOAMHAMUKA NPOTE30B, ANCHYHK-
LA KnanaHa.
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BseaeHve

OBPEMEHHbIN 3Tan pPasBUTUA KapAMOXMPYPrum Xxa-

paKTepU3yeTca yCTONUYMBbLIM CMELLEHEM MAapaanurmbl

B CTOPOHY PEKOHCTPYKTMBHbIX BMeLlaTeNnbCTB. PeKOH-
CTPYKTMBHAA XNPYpPrua KOPHA aopTbl, NPU BCEWN CBOEN Tex-
HUYECKOWN CIIOXKHOCTY, BCe 6OsiblUe NMPUBIIEKAET XMPYProB,
CTPEMALLMNXCA He MPOCTO 3aMECTUTb, HO COXPaHUTb U BOC-
CTaHOBMWTb HATVBHbIV aopTasbHbIi KnanaH [1]. NMoao6HbI
NoAXof AeMOHCTPUPYET 3HaUMMOE YiyylleHne JONroCcpoY-
HOrO MPOrHO3a M KayecTBa >KM3HWU MaLUMeHTOB MO Cpas-
HEHWIO C TPaAMLUMOHHBIM MpoTe3anpoBaHmem [2]. OgHako
naeanbHbI NpoTe3, coyeTalwWMin B cebe MUHUMASIbHBbIN
rpagueHT faBneHus, abCoNoTHYI TPOMOOPE3NUCTEHTHOCTb
N HEOTPaHNYEHHYIO AOJITOBEYHOCTb, OCTAeTCA HE[OCTUXN-
MbIM ngeanom [3]. Kpome Toro, BO3MOXHOCTU KJanaH-cbe-
peratwoLen xupyprum He 6e3rpaHunyHbl. [py BpOXAEHHbIX
aHOManuAx, BblPaXXeHHOM KalbLUWHO3e, nponance Wi
nepdopaumm CTBOPOK, NOMbITKA CZIOKHON PEKOHCTPYKLUUN
conpsMeHa C NOBbILLEHHbIM PUCKOM pe3nayanbHOW peryp-
rmTaumm, Nporpeccumn NaTonornm CTBOPOK 1 ApYrnx crew-
NPnYeCKNX 0CNOKHEHNIA[4].

NcTopuueckn cnoXnnochb, YTo «30/10TbIM CTaHAAPTOM»
KOPpPEeKLMN aHEBPM3M KOPHA aopTbl C HECOCTOATENbHbIM
KnanaHom octaetca onepauuna beHtann-le boHo ¢ Komno-
3UTHbIM MeXaHN4YeCKnM KoHZaynTom [5]. Ee HeocnopumbiM
HefOoCTaTKOM ABNAETCA MMMIaHTaUMA MeXaHNYeCcKoro npo-
Te3a, AUKTYIOWAA HeobXOAMMOCTb MOXM3HEHHOW aHTW-
KOarynaHTHOW Tepanuu W He Bcerga obecneumBarollas
ONTMMarbHble reMOfMHaMMYecKne XapakTepuctmkm [6].
CTpemneHne HMBENMPOBaTb 3TO OrpaHUYeHue npuBeso
K pa3pabotke meToaumku buobeHTann, npepnonaratouyeri
WHTpaonepaLMoHHOe COo3faHne KOMMO3UTHOro KOHAyWTa
13 cocyancToro npotesa u buonornyeckoro npotesa AK [7].
JaHHbI nopxon ocBoboxpaeT naumeHta oT BapdapuHa,
O[HAaKO MPVBHOCUT PUCKK, NPUCYLLMEe BCEM KCeHobuomnpo-
Te3am: OrpaHUYeHHyl0 [O0JITOBEYHOCTb, OOYCNOBMIEHHY!IO
CTPYKTYPHOW fereHepaunen, u noTeHumnanbHoe HeCOOTBET-
ctBre 3ddekTuBHoN nnowaan oteepctua (3MNO) npoTesa
MeTabonMyeckM NoTPeBHOCTAM NaumeHTa, YTo KIMHUYe-
CKN NPOABNAETCA BbICOKMMM OCTaTOUHbIMW FPpaguveHTamm
[8]. B oTeyecTBEHHOW NpaKTUKe OTCYTCTBUE CEPUNHO NPO-
N3BOAMMOrO KOHAYWTa JaHHOWM KOHCTPYKUMM AenaeTt one-
pauuio buobeHTann 6onee TpyaoemMKoW, yBennUnBas Bpems
NCKYCCTBEHHOTO KPOBOOOpALLEHNA.

B 3TOM KOHTEKCTe KPMOKOHCEPBMPOBAHHbIE aopPTaslb-
Hble romorpadTbl (Al) NMpofo/mKaloT 3aHMMaTh 3HauYMMoe
MecCTO B apceHarne xupypra, npegnaras yHuKkasbHyo Kombu-
HaLuo GONOrMYECKol COBMECTUMOCTU, XOPOLUEN FreMOAN-
HaMMKW 1 OTCYTCTBUSA HEOBXOANMOCTU B ASIUTESIbHOW aHTU-
Koarynsauuu.

MaTepuranbl u METOAbI

Juzalin u opeaHusayus uccnedosaHus. HacTtoawaa pa-
60Ta npepncTtaBnAaeT cobON OAHOLIEHTPOBOE peTpoCneK-
TMBHOE KOropTHOE ucciiefoBaHume. Kputepumam BKNIOYEHUA
cooTBeTcTBOBaNM 41 naumeHT B Bo3pacTe oT 18 go 60 ner,
nepeHeclLMX MjaHOBOE BMeELLATENbCTBO Ha KOPHE aopThbl.
Kputepmamm MCKNIOYEHMA SKCTPEHHbIN XapakTep onepa-
LMK, HeoOXOAMMOCTb B COYETAHHbIX KOPOHAPHbIX UMW NHbIX
BMeLlaTeNbCTBax.

B 3aBMCMMOCTM OT NPUMEHEHHOW METOAMKN MALUEHTbI
6blIY pasfeneHbl Ha ABe rpynnbl: rpynna 1 (n=19) — pe-
KOHCTPYKLMA KOPHA aopTbl C MCMONb30BaHNEM KPVOKOH-
CEepPBMPOBaAHHOIO aopTaibHOro romorpadTta M rpynna 2
(n=22) — peKkoHcTpyKLMA No npuHUmny buobeHTann — um-
nnaHTaumsa KOHAQYUTa C UHTPaonepaLMoHHO BLUNTLIM B €ro
NpocBeT b6ecKkapKacHbIM OMOMOrMYECKMM NPOTE30M aop-
TaJIbHOrO KnanaHa.

CpegHuin CpoK AMHAMUYECKOro HabnofeHus cocTa-
Bun 58,2 + 13,9 mecaues B rpynne 1 n 51,2 £ 22,7 mecAues
B rpynne 2 (p=0,159).

KoHeuHble mouku ucciedosaHus. NepBUUYHbIMI KOHeuY-
HbIMW TOUYKaMK ObInv onpeaeneHbl: 30-gHeBHas (rocnuTanb-
Has) NeTanbHOCTb, KYMYNATMBHAA BblKMBaeMoOCTb, cBoboAa
OT KOMOVHUPOBAHHOW TOUKM HEBGNAronpuATHbIX CEPAEUHO-
cocygmcTbix cobbiTuin (MACE), BKNtouaBLLIen cMepTb OT BCEX
MPUYUNH, OCTPbIN MHGAPKT MUOKapAa, OCTPOe HapylueHue
MO3rOBOro KpoBoOOpaLleHNs 1 MHPEKLNOHHbBIN HOOKAP-
[WT, a TaKXKe KyMynaTiBHas cBo60oJa OT MOBTOPHbIX BMeLLa-
TeNbCTB Ha aOPTa/IbHOM KnanaHe uiv KopHe aopTbl.

BTopunyHble KOHeuYHble TOUKMW BKJIOYaNM WHTpaomnepa-
LIMOHHbIE NapamMeTpbl (AINTENbHOCTb NCKYCCTBEHHOTO KPO-
BoobpatleHua (MK) n nepexaTtva aopTbl), 4YacTOTy U CTPYK-
TYpYy paHHMX MOCeOoNepaLMOHHbIX OCIOXKHEHUI, @ TakXe
KOMMAEKC reMmoanHaMmnYecKmx nokasartesen, oueHnBaeMbIx
TPaHCTOpaKanbHOW 3xoKapauorpaduren nepen BbIMUCKON
N B OTHANEHHOM Mepuoae: CpeaHnNin TpaHCKAaNaHHbIN rpa-
ANeHT, nHaekc 3dpdekTnBHOM nnowaan oteepctus (3M0O)
1 CTENEHb aopTasibHOW peryprutaumm.

Cmamucmuyeckuli aHanu3. O6paboTka HAaHHbIX Mpo-
BOAMNACb C NCMONb30BaHEM NPOrpaMmmMHOro naketa SPSS
Statistics 26.0 (IBM, CLLUA). MpoBepKa KONMUYECTBEHHbIX Me-
PEeMeHHbIX Ha HOPMaNbHOCTb pacnpenenieHnsa oCyLecTBNA-
nacb ¢ nomoubto Kputepusa LWanmnpo-Yunka. laHHble € HOp-
MasbHbIM pacnpeesnieHneM npefctaBineHbl kak M + SD
N CPaBHMBANNCb C NpumeHeHnem t-kputepua CrblogeHTa
[ANA He3aBMCKMMbIX BbIOOPOK. 1A nepeMeHHbIX ¢ pacnpege-
NeHreM, OTAIMYHBIM OT HOPMAaJSIbHOMO, UCMOJIb30BANNCH Me-
AMaHa 1 MeXXKBapTUibHbIN pa3pag [Me (Q25; Q75)], a gna nx
cpaBHeHna — U-kputepuin MaHHa-YntHu. CpaBHeHMe Ka-
YeCTBEHHbIX MPU3HAKOB MPOBOAWUIOCH C UCMONb30BaHNEM
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Kputepusa X° unm TouHoro Kputepua Ouwepa. AHanm3 Bbi-
XMBAEMOCTM 1 NOCTPOeHne KpuBbix KannaHa-Menepa ana
oueHkn ceoboabl ot MACE 1 peonepauunii BbINOMHANNCD
C NPYIMEHEeHMEeM NTIOr-PaHK TecTa AnA CpaBHeHWA rpynn. Pa3-
NIMYNA CYUMTANIUCL CTAaTUCTUYECKM 3HAUYMMbIMU NPU YPOBHE
p <0,05.

Pe3ynbTaThl

MHmpaonepayuoHHele nokazamesnu. CpaBHUTENbHBbIN
aHaNn3 MHTPAoMnepaLMOHHbIX AaHHbIX BbIABMA pa3nnuns
mexzay rpynnamu. B rpynne 1 (romorpadt) npogonmkutens-
HOCTb WCKYCCTBEHHOIO KpoBOoOOpalleHua Obiia 6Gosblue,
yem B rpynne 2 (buiobeHtann): 167,1 + 52,0 MUHYTbl NPOTNB
152,9 £ 76 MMHYT cooTBeTcTBEHHO (p<0,05). AHanornyHas
3aKOHOMEPHOCTb Habnoganacb U B OTHOLUEHWN BPEMEHMU
nepexatna aoptbl: 130,0 = 22,6 MMHYTbI B rpynne 1 npoTus
109,8 £+ 38 MmmHyT B rpynne 2 (p<0,05).

ParHue nocneonepayuoHHble ucxodsl. MNokasaTtenb ro-
CNUTanNbHOW NeTanbHOCTU cocTaBun 2 cny4vasa (10,5 %)
B rpynne aoptafnbHoro romorpadta u 2 cnyvasa (9,1 %)
B rpynne buobeHTann, ogHako 3TO pasnuyMe He JOCTUr-
N0 CTAaTUCTUYECKOW 3HauMmocTu (p>0,05). Oba netanbHbIX
ncxopa B rpynne romorpadpToB 6bIM CBA3aHbl C Nporpec-
CMpPOBaHUEM CepAeYHON HeJoCTaTOYHOCTU y MaLMEeHTOB,
oneprpoBaHHbIX MO NOBOAY MHGEKLMOHHOIO SHAOKapAUTa.
B rpynne buobeHTann ymepLuve nayneHTbl UMeNn TAXKebin
KOMOPOUAHBIN GOH 1 BbICOKMIA 6ann no wkane EuroSCORE
Il. Bo Bcex cnyyasax HenocpeacTBEHHOW NPUYNHONM ABUAACh
OCTpas cepheYHO-COCyAncCTasi HeAOCTAaTOYHOCTb. He 6bio
BbIABNEHO [OCTOBEPHbIX MEXIPYMnoBbIX PasnnMunin 1 B
YyacToTe OCHOBHbIX FOCMUTANbHbIX OCIIOMKHEHUI, TaKNX Kak
NMOBTOPHOE XMPYprmyeckoe BMeLLaTeIbCTBO B CBA3M C KPO-
BOTEUEHMNEM, OCTPbIV MHDAPKT MUOKAPAa, MHCYIbT, OCTpas
rnovyeyHas HegOCTaTOYHOCTb MM HEOBXOAMMOCTb B SKCTPa-
KoprnopanbHOW MemMbpaHHOWN oKcureHaunn. JnntenbsHoCTb
npebblBaHWA B OTAENEHUN peaHUMaLuun 1 obLas rocnmTa-
N3auma TakxKe bl CONOCTaBMMBbI.

CpedHecpouHble KiuHU4Yeckue ucxoobl. KymynatuBHas
BbIXXVMBAaeMOCTb B rpynne 1 K KOHLy nepropa HabnogeHus
coctaBuna 89,5 %. lMocne BbINNCKM U3 CTaLOHapa neTanb-
Hble ncxodbl He 3adpukcupoBaHbl. CBob6oJa OT KOMOWUHU-
poBaHHOM KoHeuHon Toukn MACE B TeueHne 48 mecAueB
HabnogeHns NPOAEMOHCTPMPOBANa CTATUCTUYECKM He-
3HauMMble pasnnuma mexxkgy rpynnamm (p=0,864). B rpynne
BbrobeHTann Bce Tpu 3adpUKCUPOBaAHHBIX COOLITA B paMKax
MACE 6binv npefcTaBieHbl OCTPbIM MHGAPKTOM MOKapaa,
pa3BUBLLMMCA B Pa3fiNYHble CPOKM MOCIe onepaLuun.

Peonepayuu.B rpynne 1 (romorpa¢T) 3a Becb nepmop Ha-
6ntofeHnA peonepaLmin He 0OTMeYanocb. B rpynne 2 Bbinos-
HeHa 1 peonepaLus yepe3 27 mecALEeB B CBA3N C TPOMOO-
30M 6MONOrMYecKoro KOMMNoHeHTa KoHaynTa bruobeHTann.
KymynatnBHaa cBobofa OT peonepauuin yepes 48 mecs-
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ues coctasuia 100 % B rpynne 11 92,3 £ 7,4 % B rpynne 2
(p>0,05).

lemoOouHamuueckue pesynemamsi. OueHKa ¢yHKUMO-
HaNbHOrO COCTOAHUA UMMIAHTUPOBAHHbIX KMamnaHOB Bbl-
ABMMA CYLUeCTBEHHbIe reMOoANHAMUYECKMe MpenmyLecTsa
aopTanbHoro romorpadTa. [lepen BbINUCKOW CpeaHuiA
TPaHCKIANaHHbIN rpagueHT B rpynne 1 6biil 3HAUMMO HIXKe,
yem B rpynne 2 (4,1 £ 1,8 mm pt.cT. npotuB 10,14 + 1,96 mm
pT.CT.; p<0,01). OTa TeHAEHLMA COXpaHWUIACh U B OTAANEHHOM
nepuoge: 4,6 + 1,9 mm pt.cT. npoTtne 10,7 + 1,74 Mmm pT.CT. CO-
OTBETCTBEHHO (P<0,01). HaeKkc adpdeKTUBHONM Nowaam oT-
BEPCTUSA, U3MEPEHHDIV B OTAAJIEHHOM MepuoAe, TakKe Obin
[OCTOBEPHO BblLLe B rpynne romorpadTos (1,36 + 0,23 cm®/m?
npotme 0,93 + 0,1 cm’/M% p<0,01). PacnpocTpaHeHHOCTb
K/IMHUYECKM 3HAauYMMOW QopTasibHOM HEeJOCTaTOYHOCTU
(cTeneHb 2+) B oTAaNeHHOM nepuope Mexay rpynnamm
3HaYMMO He pa3nuyanacb (p=0,253). NpumeyaTenbHo, UTO
reMoguHamuyeckmne rnapameTpbl aopTasibHOro romorpadTa
B OTAAJIEHHOM Mepuoe He MeNN CTaTUCTUYECKN 3HAUNMBIX
OTNNYMI OT NOKa3aTesiei 340POoBbIX AOOPOBONbLEB MO MaK-
cumanbHom ckopoctu (118 £ 10 cm/c npoTmBe 128 + 37 cm/c;
p=0,053), nukosomy (7,9 + 3,3 MM pT.CT. NpOTUB 7,7 + 4,6 MM
p1.cT; p=0,839) 1 cpegHemy rpagmenty (4,1 £ 1,8 MM pT.CT.
npotms 3,8 + 2,3 mm pT.CT,; p=0,567).

O6cy>kaeHve

Pe3ynbraTbhl NpoBeAeHHOro MCCnefoBaHWA BHOCAT Cy-
LeCTBEHHbIN BKNaj B CPAaBHUTENIbHYIO OLEHKY ABYX CTpa-
TErMn OUONOTNYECKON PEKOHCTPYKLMU KOPHSA aopThbl,
NpYMeHAeMbIX B CUTyauuax, Korga KnanaH-cbeperatoulas
onepauua HeBbIMOHUMA UKW COMNPSAXeHa C HeNpuemMIemo
BbICOKMM prckoM. OCHOBHOV BbIBOJ, 3aK/TH0UAETCA B KOHCTA-
TaL MM CONOCTAaBUMbIX CPeHECPOYHbIX MOKa3aTenen obLuyei
BbIXKMBAEMOCTM 1 CBOOOAbI OT CEPbE3HbIX HeXKenaTeSIbHbIX
cobbITU AnA aopTanbHoro romorpadrta u KoHaymta bro-
BeHTann. 310 cornacyeTca ¢ KoHUenuuei, 4to obe meToau-
K1 ABNAOTCA KNUHUYECKM MPUEMIEMbIMU afibTePHATMBaMM
MexaHUYyeCcKomy npoTesy A NaLneHTOB, CTPEMALLNXCA U3-
6exaTb NOXKN3HEHHOW aHTUKOArynsHTHON Tepanuu [6,9].

MpUHUMNNaNbHBIM OTANYMEM B CTPYKTYPE OCNOKHEHWI,
BblAIBMIEHHbIM B Hallel paboTe, CTan pasnnMyHbIi XxapaKktep
ANCPYHKLMN UMMNAHTATOB B CPEAHECPOYHON NepCreKkTmBe.
B rpynne aoptanbHoro romorpadta He 6b110 3adpuKcnpoBa-
HO peorepaunin, O4HAKO Y YacT! NauMeHTOB OTMeyanocb
nporpeccMpoBaHvie ancoyHKUMM KnanaHa. Hawm paHHble
yKa3blBaloT, UTo 6onee monogon Bo3pact (<61,5 neT), Ha-
nnune MBC n yBenuyeHHoe Bpemsa MILIEMUN MUOKapAa
(>130 MuHYT) accoummpoBaHbl C PUCKOM pPasBUTUA AUC-
byHKUMM romorpadTa. ITo MOXKeT ObITb CBA3aHO C 6onee
AKTUBHbBIMU UMMYHHbBIMM 1 PEMOAENTMPYIOLWMMI NpoLecca-
MW Y MOSIOAbIX NMALMEHTOB, @ TaKXe C yXYALIeHeM yC/I0B1I
penapauun npy gnuTenbHom nwemmumn. B npotnsosec ato-
My, B rpynne buobeHTann gOMUHMpPOBany TpoMboTMYeCKme
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W MLIeMmnYecKre CobbITHSA, UTO YKa3bliBAEeT Ha MHOW NPodusb
pYCKa, CBA3AHHbIN C HaIMUYMeM GHOIOMMYECKOrO KCEHOKOM-
MOHEHTa 1 NOTEeHLUMabHbIM MPOTPOMOOreHHbIM 3G dEKTOM,
aKTyanusmpys BOMPOCbI OMNTUMAsIbHOW MoC/eonepaumnoH-
HOW aHTUTPOMOOTNUECKOI CTpaTernu.

MepBoe KntoueBoe pasnuumMe KacaeTcs MHTpaonepaum-
OHHbIX acneKToB. bonbliee BpeMs NCKYCCTBEHHOTO KPOBO-
obpalleHns 1 nepexaTua aopTbl B rpynne romorpadTos
MOXeT ObITb CBA3aHO C TEXHUYECKMMU OCOBEHHOCTAMMU
UMMMIAHTaLUM KPYOKOHCEPBMPOBaAHHOIO annorpadra, Tpe-
OytoLLelt TWwaTenbHoro nogbopa pasmepa U aHaTOMUYHOTO
pacnofioXKeHns yCTbeB KOPOHAPHbBIX apTeEPUIA.

BTropoe 1 Hanbonee KNMHNYECKN 3HAUMMOE OT/InUe —
remoanHaMmyeckoe. YCTaHOBIEHHOe NPEeBOCXOACTBO aop-
TasibHOro romorpadTa no KJuyeBbIM NapameTpam — 6onee
HU3KOMY TPAHCK/IanaHHOMY rpagneHTy 1 60MblUeMyY NHAEK-
cy MO — He ABNAETCA CyYaNHOW HaxXoAKOW. ITO NpAMoe
CneacTBMe ero aHaTOMUYECKOro CTPOEHMA U OTCYTCTBUA
pUrMaHOro NoAAepKMBaloLLEro KapKaca, 4to obecneunBa-
eT rmgpoaMHamMmmuyecKme XapakTepuCTUKKU, MaKCMManbHO
NpuUoNMXeHHble K HAaTUBHOMY KnanaHy. bonee Toro, Hawu
[JaHHble MPOAEMOHCTPUPOBANN, YTO TeMOAMHAMMYECKMe
rnokasatenn romorpadTa CTaTUCTUYECKU HE OTIMYATCA
OT TaKOBbIX Y 3[J0POBbIX JOOPOBOJILLIEB, UTO MOAYEPKMBAET
€ro YHUKasnbHylo $GU3MONOrMYHOCTb. BbiCOKMe rpagueHThl,
3aduKcpoBaHHble B rpynne buobeHTann, cnyat Harnag-
HbIM noATBepKaeHMeM GpeHOMeHa HeCOOTBETCTBUSA «MPO-
Te3-nauueHT» (patient-prosthesis mismatch, PPM), koTopblii
OCTAETCA aXWIINIECOBOM NATOM MHOTMX GUONOrMYeCKrX Npo-
Te30B, 0COOEHHO Masbix pasmepoB [8,11]. Ans monogpix,
bM3NYECKM aKTVBHbIX MALMEHTOB WY MWL, C rMnepTpoduen
MUOKapZa NeBOro efyfouka Hanmume gaxe yMepeHHoro
PPM moeT mmeTb [ONroCpOYHble HeraTvBHble nocnen-
CTBUSA, BNUSAA HA perpecc runeptpodur n GyHKUMOHaNbHBbIN
cTaTyc.

TakrM 06pa3om, BbIGOp Mexay MeTofamm TpaHCHopMU-
pyeTcsi B CTpaTernyeckoe pelueHne, OCHOBaHHOE Ha B3Be-

LIeHHOW oLeHKe. AopTanbHblll romorpadT npeactaBnaeTca
ONTMManbHbIM BbIOOPOM [NA NaumeHToB cTaplue 61,5 net
6e3 3HaUMMOW KOPOHapHOW NaToNOrK, Koraa MOXHO Mu-
HUMM3UPOBATb BPEMA NeMny MUoKapaa. [Ana Taknx nayu-
eHTOoB romorpadt obecrneumBaeT He TONbKO 0CBOOOXeHMe
OT aHTMKOArynauuuM, HO MU reMOAUHAMUKKY, MaKCMMasnbHO
NPUOAMMKEHHYO K HaTUBHOW, C OT/IMYHON AONTOBEYHOCTbIO
B CpefHeCcpoYHON nepcrnekTrBe. [na nauveHToB MoNoXe
3TOro BO3PacTHOro Nopora, 0CO6eHHO C COMyTCTBYHOLLEN
MNBC, HeobxoarMO B3BeLLEHHO OLeHVBaTb PYCK Mporpeccu-
poBaHuA ANCOYHKUMM TpaHCNNaHTaTa, paccmMaTpuBas anb-
TepHaTMBHble MeToAbl KoppeKuun. Onepauma buobeHTtann
COXpaHAET CBOIO HULLY KaK CTaHAapTM3UpPOBaHHasA MeToau-
Ka, 0CO6eHHO B CUTyaLMAX OrpaHNYeHHON [OCTYMHOCTU ro-
MorpaToB, 0OfjHaKo ee NprMeHeHre TpebyeT CKpynynesHo-
ro npeponepauvoHHOro NaHNPoOBaHUA ANA MUHUMM3aLNUK
PPM 1 TpoM60TMYECKIMX PUCKOB.

33aKAlo4HeHue

AopTanbHbli romorpadpt U KoHayut buobeHTann pe-
MOHCTPMPYIOT COMOCTaBMMYIO U yOOBNETBOPUTENbHYIO
CPEefHECPOUHYIO KIMHMYECKYI0 3PdEKTUBHOCTb, 3aciyXu-
BaA MecTa B apceHasie COBPEMEeHHbIX MeTOAOB XUpyprum
KOpHA aopTbl. MiMnnaHTauma romorpadTa accoummpoBaHa
C UCKIIOUYUTENBHBIMWA FEMOAMHAMUYECKMMU pe3ynbTaTaMi
1 0CBOBGOXAEHMEM OT aHTMKOArynaHTHol Tepanuu. OpHa-
KO B CpefIHECPOYHOI NepcnekTuBe TpebyeTca HabnogeHne
3a PUCKOM PasBUTUSA KamnaHHOW ANCOYHKUMM, CBA3AHHOM
C npoueccaMmy pPemMOfenvMpoBaHMA TpaHcnnaHTtata. One-
paumna buobeHTann, ABNAACL HaJEXHOWN TEXHNYECKOWN ab-
TepHaTMBOW, TPebyeT TLaTesIbHOW OLEHKM PUCKa HECOOT-
BETCTBUA «MPOTe3-NaLMeHT» N COMPAXeHa C yBenveHnem
MPOAOIIKUTENBHOCTM NCKYCCTBEHHOTO KPOBOObpaLLeHUs
N PUCKOM TPOMBOTUYECKUX COObITMIA. OKOHYATENbHbIN Bbl-
60p MeTofa [OJIKEH OCHOBLIBAaTbCA Ha MPUHUMMAX nep-
COHANM3MPOBAHHOM  MeAWUWHbI, YuuTbiBaA  BO3pacT,
aHATOMMIO, KOMOPOVAHbIN GOH, 00pa3 XM3HU MaLMEHTA
N pecypcbl LieHTpa.
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MPOrHO3 3ODEKTUBHOCTU KOMNJIEKCHOW TEPANUA
)XEHLLMH CO BTOPUYHOW CTPECC-ACCOLNMPOBAHHOIA

PREDICTION OF EFFICACY OF COMPLEX
THERAPY IN WOMEN WITH SECONDARY
STRESS-ASSOCIATED FUNCTIONAL
ANOVULATION

E. Osadchaya
L. Tselkovich

R. Balter

T. lvanova

V. Kotelnikov
0. lichenko

Summary. There is a need for an in-depth study of predictors of therapy
effectiveness and the development of personalized algorithms for the
management of patients with secondary stress-associated chronic
functional anovulation. The results of a case-control study involving
114 women of reproductive age were considered, predictors of the
effectiveness of FA therapy at the diagnostic stage were identified and
analyzed to justify a personalized approach. A two-level system for
predicting the effectiveness of treatment of patients has been developed
and validated.

Keywords: chronic functional anovulation, stress, diagnosis, predictive
models of treatment efficacy, assisted reproductive technologies,
menstrual cycle, ovulation, infertility.

- )

poBefeHHble UCCNefoBaHNA JOKa3blBatoT, UTO (yHK-
I_I yuoHaneHas avosynayua (PA) — pgmarHos, yctaHas-

NIBAeMbIi METOIOM UCKITIOUEHNA NOCe AeTalbHOro
aHanm3a v NoATBePXKAEHWA OTCYTCTBUA KaKUX-NTN6O CTPYyK-
TYPHbIX HapyLIeHWU, BAUAIOWNX Ha MKEHCKYK penpoayk-
TBHYt0 dyHKUMio [1-3]. Pa3BuTre paHHOM natonorum oby-
CIOB/IEHO MHOXECTBOM GaKTOPOB, @ YaCcTOTa ee BblABIEHUsA
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Axromayus. Onpegenexa noTpebHOCTb B YryONEHHOM U3y4eHIt NPeaNKTopoB
SQOEKTUBHOCTY Tepanuu U pa3paboTke NMepCoHANN3UPOBAHHBIX ANTOPUTMOB
BEJEHUA MALMUEHTOK CO BTOPUYHOI CTPECC-accOLMMPOBAHHOI XPOHUUECKOA
YHKLMOHaNbHOI aHOBYNALMEN. PacCMOTPEHbI pe3yNbTaTbl NCCIeA0BaHISA TUNA
«CIYYaii-KOHTPOAbY € yyacTuem 114 XKeHWyuH penpoyKTUBHOTO BO3PACTa, Bbl-
[eNeHbl 1 NPOaHaNN3MPOBaHbI NPeAMKTOPbI SGGeKTUBHOCTY Tepanin OA Ha au-
arHoCTYeckoM dTane Ans 060CHOBAHUA NEPCOHNGULMPOBAHHOTO MOAXOAA.
Pa3paGoTaHa 11 BanuaM3NpoBaHa ABYXypoBHEBAA CUCTEMA MPOTHO3UPOBAHUA
SOOEKTUBHOCTY NEYEHINA NALNEHTOK.

Kntouesble c/108a: XpoHUYECKaA GYHKLIMOHANbHAA AHOBYNALA, CTPECC, AUarHo-
(TUKa, NPOTHOCTUYECKNE MOJIENA SOOEKTUBHOCTU NIeUeHNs, PenpoayKTUBHbIE
TEXHOMOVIA, MEHCTPYanbHbIiA LMK, 0BYNALMA, Gecnnoaue.

HeyK/IOHHO YyBenuumMBaeTcA Gnarofapa pPOCTy COMyTCTBY-
lowmx 3aboneaHui, Ccpean KoTopbix Hambonee pacnpo-
CTpaHeHbl OXUPEHUE 1 caxapHbli AnabeT [4-6]. K OA Tak-
e NPUBOAJAT LMPOKOE MUCMOJSIb30BaHME HEKOTOPbIX Fpymn
npenapaTtoB, BKOYaaA ONnMounabl U rOKOKOPTUKOCTEPOULbI
[7, 8]. Take HeraTMBHOEe BO34eNCTBME OKa3blBalOT Henpa-
BUJIbHblE MOBefleHYecKne NPUBbLIYKY, B TOM UYNCE, UHTEH-
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CUBHbIE TPEHNPOBKM, CTPOTME ANeTbl U ANIUTESNTbHbIE SMOLM-
OHasnbHble cTpecchl [9, 10]. Takum obpasom, 6e3 KoppeKLmn
BbllleyKa3aHHbIX OCHOBHbIX MNPWYMH, BOCCTAHOBNEHUA
HOpMaJibHOW PaboTbl PenpPOAYKTUBHOW CUCTEMbI AOCTUYb
KpanHe cnoxkHo [11, 12].

CoBpeMeHHbI NoAXOoA K NIeYeHNo BTOPUYHON XPOHU-
yeckonn OA npepncTaBfieH B OTEYECTBEHHbIX KIMHUYECKMX
pekomMeHpaumax 1 6asmpyeTca Ha KOMMIeKCHOM MoAXoAe,
BK/IOYAIOLLEM M3MeHeHne obpasa »KU3HUW, KOPPEKTUPOBKY
NUTaHWA, NCUXONIOMMYECKOe CONPOBOXKAEHME U, MPU Hann-
ynn npobnem ¢ GepTUNbHOCTBIO, NCMONb30BaHNE BCNOMO-
2amesibHbIX penpodykmusHsix mexHosnoaut (BPT) [13-16].

OpHako HecMOTpPsA Ha oOLWKIA KOHCEHCYC MO OCHOBHbIM
npvHUMNam Tepanuu, pesynbTaTbl leYeHMA OCTaloTCA He-
OAHO3HAYHbIMM: 3HAYUTENBHOE YMCIO MALMEHTOK He BOC-
CTaHaBNMBAKOT HOPMaibHble MEHCTPYanbHO-OBapuasibHble
UMKNbl JaXke NpW TWATENIbHOM BbINMOMIHEHUN BpayebHbIX
npegnucaHni [17]. MexaHu3Mbl yCTOMUYMBOCTU K MpuMe-
HAEMbIM CXeMaM Take [0 KoHUa HeAcHbl. CoBpeMeHHble
NPOTOKOJbl Kak NPaBUIO OPUEHTUPOBAHbI Ha JOCTUXKEHNE
6epemMeHHOCTU yepe3 BPT. Mexay Tem >KeHLLMHbI, »efato-
LMe BOCCTAHOBUTb PErynspHylo GpYHKLMIO ANUYHMKOB BHE
3aBMCUMOCTM OT GNXKaWLWKMX MAaHOB MO AeTOPOXKAEHUIO,
3a4acTylo NOyYatoT He[oCTaToOYHOoe BHMaHue [18, 19].

Bce 310 nopuepKmBaeT HEOGXOAMMOCTb AanbHENLWuX
nccnefoBaHuii  $GakTopoB, OMpeaensAlwWwyxX YCNewHoCTb
Tepanuu, [OKa3blBaeT aKTya/lbHOCTb Pa3paboTKy UHAVBW-
ZlyanbHbIX MOAXOAOB MO BeAEHNI0 NaLMeHTOK C JaHHbIM 3a-
6oneBaHueMm.

Mcxonna n3 BblleyKasaHHOTO, Yesblo JaHHOTo Uccnemo-
BaHWUA CTaNlo BbiBNEHUE (paKTOPOB-MPESUKTOPOB, NMO3BO-
NAWMX NPOrHo3npoBatb 3GHEKTVBHOCTb IeUeHUs Xpo-
HUYeCKon (YHKLUMOHANbHOW aHOBYALMK YXKe Ha CTaauu
LAMNarHoCTVKKM, UYToObl 060CHOBATb WHAVBUAYANbHbLIA MoA-
XOf, K NNeYeHWI0 LlaHHOW KaTeropum NaLMeHToK.

B naHHOW paboTe npeacTaBneHO OTKPbITOe McciefoBa-
HUe, KOTOpoe MPOBEAEHO METOAOM CJyYaliHOW BblOOPKM
Nno MPUHLUUNY «CyYarn—-KOHTPONb». Bcero B Hem npuHANM
yyactme 114 XeHLWwnH penpoayKTMBHOro Bo3pacta — o1 18
00 45 net. OCHOBHasA rpynna BkAYana 54 »keHwuHbl ¢ Nog-
TBEP)KAEHHOW XPOHUYECKON (GYHKLMOHANbHOW aHOBYNA-
LK, XKanyroLWmMXCcA Ha HapyLWeHNA MeHCTPYalbHOro LMKna
n becnnogne [ANTENbHOCTbIO CBbilwe roaa. KoHTponbHas
rpynna coctosna u3 60 300POBbIX XEHLMH C perynapHbiMu
OBYIATOPHbBIMU LIMKJIAMW 11 HOPMasibHOW GpepTuIIbHOCTbIO.

Kputepun BKnoueHnA B nccnegoBaHme:

e Bo3pacT 18-45 neT;

e OTCyTCTBME MOPPONOrnYeckmx NPUUYNH HapyLLEHUA
bYHKUMM penpofyKTUBHOW OCK, MYXCKOTo paKkTopa
6ecnnoana U XPOHNYECKON CoMaTMUeCcKol naTono-

rn, HapyLatLLell BO3MOXHOCTb BblHALLIMBaHWA Oe-
pPeMEHHOCTY;

e Hanuune UHGOPMUPOBAHHOTO AOOPOBONILHOIO CO-
rnacus Ha yyacTre B UCC/iefOBaHNN.

Kputepusamm ncknioueHnsa ns nccinegoBaHun:

e OpraHuyeckre, MyXCKMEe WAN WMMYHONOrMYeckme
dakTopbl becnnoaus;

e KoMopbuaHaa naTosiorus, NPensaTCcTBYIOWAn HacTy-
MAEHNIO U BbIHALIVIBAHWIO 6EpEMEHHOCTY;

e OTKa3 OT y4acTus B NCCIefOBaHNN.

Ons noptBepxpeHua pAuarHosa QA Bce yyacTHUUDbI
NPOLWN KOMMEKCHOe 06CnefoBaHNE Y TMHEKOOra-3HA0-
KPMHOJOra, a TakXe, NPV HannymMm nokasaHun, 6binm npo-
KOHCYNbTUPOBaHbI CMEXHbIMI CielanmucTamu.

Mocne BepudurKaLmy grmarHo3a 1 OLEeHKM YPOBHA CTpec-
ca no wkane PSS Bce MaumMeHTKN OCHOBHOW rpynnbl Nony-
YN HeMe[MKaMEeHTO3HYI0 KOppeKLuio:
®  KOHCYnbTaL A NCMXONOra;
® KypcC NepcoHndULMPOBAHHON TePanmu, B T. Y. KOTHU-
TUBHO-TIOBEAiEHYECKas Tepanusa 1 Tepanusi NpuHA-
TUSl OTBETCTBEHHOCTY;

e MoavduKaumsa obpasa XKMU3HU C OrpaHUYEHreM Mo-
TpebneHna KodenHa 1 anKkorons;

® VHAMBUAYaNbHaA KOPPeKUUAs MUKPOHYTPUEHTHOro

cTaTyca.

MapannenbHO C HeMeAUKaMeHTO3HOWM KoppeKLmen npo-
BOAMMACb FOPMOHa/IbHaA Tepanua C MUCNONb30BaHMEM
IBYyxdasHbIX npenapaToB 3amMecTUTENbHON FOPMOHaNbHOM
Tepanuu Ha OCHOBe:

e 17B-acTpaguona (2 mr) B KomOrHaumm c imaporecre-

poHom (10 mr);

e DcTpaguona Banepata (2 Mr) C MHAMBUAYANbHbLIM

noabopom rectareHHOro KomnoHeHTa (Hoprectpen
0,5 mr, UunpotepoH auetat 1 mr nnm JleBoHopre-
ctpen 0,15 mr).

Yepes WwecTb MecALeB feyeHuns Gbiia NpoBefeHa oLeH-
Ka 3dPpeKTUBHOCTY Tepanum, NPOKOHTPONMPOBaH YPOBEHb
BOCMNpUHMMaemoro cTpecca (PSS) n cogepxaHua Tnpeona-
HbIX, TMNOPU3aPHBIX Y HAANMOYEUYHVKOBbIX FOPMOHOB.

B paboTe 6bin NpUMeHEH KOMIMJIEKCHbIN guarHocTumye-
CKuih noaxop;

® OLEeHKa NCUXO3MOLIMOHANbHOrO CTaTyca C MOMOLLbIO
pycckos3bluHoM Bepcuu «LLKanbl BocnpuHrMaemoro
ctpeccay» (PSS-10) [20];

® nccnefoBaHMe CYTOYHOW  [OMHAMUKWM  KOpTM3ona
n OM3A B cntoHe MeToaom TBepAoha3HOro MMMYHO-
bepmMeHTHOro aHanmn3a;

e onpepeneHne ypoBHA KopTusona n AMA-C, runo-
dur3apHbIX U TUPEOUAHDBIX TOPMOHOB B CbIBOPOTKE
KPOBM METOAOM MMMYHOXeMUTIOMUHECLIEHTHOTO
aHanusa.
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MpOrHo3 n3neyeHHoCTH XeHuwmH ¢ A —
B 3aBUCVMOCTY OT AIMHAMMKMN KOPTU30Na
B KpoBu 1 PSS-6annos

Puc. 1. POK-KpuBble NporHo3a n3neyeHHoCTr »xeHwmH ¢ OA, accoummpoBaHHOM C XPOHNYECKUM CTPECCOM
(no noka3zartenam PSS, kopTu3ona n IM3A B KpOBY U CitOHE)

AHanus craTucTMyeckon WHPopmMaLmm ocylecTBnA-
CA NoCpeacTBOM nporpammHoro obecneuveHnsa MedCalc
Bepcun 15.2 n Microsoft Excel. Jns BbiaBneHna ¢pakTopos
pucKa paccumTbiBanocb oTHoweHue waHcos (OLU) BmecTe
Cc 95 %-m poBepuTenbHbiM KHTepBanom (AW). Pasnunumnsa
NPU3HaBaNnUCb CTaTUCTUYECKM 3HauMMbiMy npu p <0,05.
MporHocTyecKkas LeHHOCTb OMOMapKepPOB CTpecca ornpe-
nensanacb metogom ROC-aHanmsa. TOYHOCTb MOCTPOEHHOMN
MOZenun oLeHUBanacb Yepes 3HaueHue niowaan nog Kpu-
Bown (AUQ).

Takxe 6b11 BbinonHeH ROC-aHanu3 NporHocTn4eckoro
3HaUeHVA YPOBHA OOLLEero KopTv3ofa W AerngposnuaH-
apoctepoHa cynbdata (AF3A-C) B KpOBU, a TaKKe CYyTOUHbIX
n3meHeHnn KopTtrona n INSA B CltoHe OTHOCUTENBbHO BO3-
MOXXHOCTW BOCCTaHOB/I€HMA FOPMOHaNbHOW perynaumnm no-
noson cuctembl y naumeHTok ¢ OA (puc. 1).

Pe3ynbraTbl aHanm3a npepckasaTesibHOW LIEHHOCTM pac-
CMaTprIBaeMbIX MapKepPOB NpeAcTaB/ieHbl B Tab. 1.

[aHHble B TabnyiLie roBOPAT O TOM, YTO OCHOBHOE npea-
CKasaTeNbHOe 3HauyeHVe B OTHOLIEHUW BOCCTAaHOBJIEHUA
OBapuanbHOro LuMKna nMena wkana PSS n cooTHoweHune
Ar3A-C/kopTr3on. Toukon oTceueHnsa 61aronpuaTHOroO Uc-
xopa ABAANNCb 29 6annos no wkane PSS n Ar3A-C/Koptu-
30n1=25. TeM He MeHee NHTeprnpeTaLumn OTAENbHO KaXK[oro
13 paccMaTpuUBaeMblX NMokasaTtenen AnAa OUeHKU KInHuYe-
CKM 3HAYMMbIX MOPOroB 1 GOPMUPOBAHUN TaKTVKI JIeUeHNA
XeHwwmH ¢ OA okasanocb HefocTaTouHo. COOTBETCTBEHHO,
6b111 BblieneHbl KOMOMHMPOBAHHbIE MPOrHOCTUYECKME MO-
Jenn PSS ¢ mapkepammn XpOHMYECKOro CTpecca: KOpTX30
n ArA-C.

[ns bopmmpoBaHNA NPOrHOCTUYECKON KOMOUHMPOBAaH-
HoW Mogenu ncrnonb3oBaHa popmyna (Tabn. 2):
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MporHocTnyeckasn LeHHOCTb Noka3aTtenen kopTtnsona, AMNA-C B KpoBu 1 CTagnn BOCNPUHMMAEMOro CTpecc; ?Sg:)'—la -
B 6annax
Koptu3on obwmit 0,58-0,84 298,4 Hmonb/n 0,015
ArA-C 0,68 0,55-0,81 8100 Hmonb/n 70 66 0,032
CootHoweHue [IF3A-C/kopti3on 0,76 0,64-0,88 25,0 78 74 0,006
PSS 6annbl 0,79 0,68-0,90 29 bannos 81 77 0,002
BepoATHOCTb M3neyeHus = Tabnuua 4.

1/(1+eA(-(1,2-0,05xPSS+0,08xAMA-C/K

COOTHOLUEHI/IG)
Tabnuua 2.
Kom6rHMpoBaHHas NporHocTuieckas Moaenb

YysctButenn- | Cneumduy-
0
. HOCTbI % HOCTbI %

PSS + CooTHolue-

Hue INA-C/K 08

Bce napametpbl 0,85 83 84 82

MpogenaHHasi paboTa MO3BOMUA BbIBECTU MPOrHO3
BOCCTaHOBJIEHNA OBYNATOPHOrO MEHCTPYanbHOrO LIMKNa,
KOTOPbIA OCHOBaH Ha KOHKPETHbIX MOKa3aTesx BblAeNeH-
HbIX MapKepoB (Tabn. 3).

Tabnuua 3.
lpynnbl pricka 1 BEPOATHOCTb BOCCTAHOBNEHUSA
OBY/IATOPHOrO MEHCTPYANbHOIO LIUKIA Y XKEHLLMH
C cTpecc-accoummpoBaHHon OA

[pynna pucka | PSS (6annbi) Coo;ll-rlgku/el(uwe

BepoaTHocTb
u3nevexuns, %

Hu3kmit puck 85-90
CpenHuii puck 26-32 20-30 55-56
Bbicokuii puck >32 <20 20-30

YCTaHOBNEHO, YTO BbICOKAA BEPOATHOCTb BOCCTaHOBe-
HWA OBYNIATOPHOrO MeHCTPYyanbHoro umkna (85-90 %) Bos-
MO>KHa Y »eHLUUH ¢ uncnom 6annos PSS Huxe 26 1 cooTHO-
weHnem AM3A-C/kKopTr3on B KpoBY 6onee Tpuguatn. Y tex
MEHLLVWH, Y KOTOpbIX Konuuectso 6annos PSS npeBsbiwano
32, a cooTHoweHme [INA-C/KopTr3on B KPOBY Oblfo MeHee
20, BepOATHOCTb CMOHTAHHOIO BOCCTAHOBJIEHNA OBYNATOP-
HOro MEHCTPYasnbHOro LMKna He npesbiwana 30 %.

Tak»e Mo PaccMOTPEHHbIM MapKepam 6bin 0603Hauve-
Hbl KNIVHMYECKM 3HauMMble NMOPOoru, AatoLmne BO3MOXHOCTb
Bpavyam-npakTKam OPUEHTMPOBATLCA B BblOOpPE TaKTUKM
neveHua naymeHTok ¢ QA (Tabn. 4).

I'IonyquHble pe3ynbraTtbl NO3BOJIWIN TOBOPUTb O TOM,
YTO Ha 6ﬂar0ﬂpI/IF|THbIVI MPOrHo3, NOMMMO PAaCCMOTPEHHbIX

Kputnueckme ToUKM OTCEUEHNA ANA MPAKTUYECKOro
NPUMEHEHNA MPOrHO3a Bbi3AOPOBEHMA AJ1A XKEHLMNH
€O cTpecc-accoummpoBaHHon QA

Mabavier bnaronpuaTtHblit | HebnaronpuatHbiii
paveTp MporHo3 MporHo3

PSS bannbi <29 =29
CootHoLwenue I3A / Koptuson >25 <25
Koptuson 06wwmii <300 Hmonb/n >300 HMONb/N
NIMNA-C >8000 Hmonb/n <8000 nr/mn

Bblwe napameTpoB PSS n cootHoweHna AMA-C/kopTrson
B KPOBW, YKa3blBanu abcontoTHble 3HaYeHns obLero KopTu-
30Ma B KpoBu — meHee 300 Hmonb/n n AMSA-C — cBblwe
8000 Hmonb/n.

B pesynbTaTe nosiyyeHHOro aHanv3a CoCTaBneHa pen-
TUHroBas TabnvLa NPOrHOCTUYECKOWN LIEHHOCTY 3P deKTrB-
HOCTM KOMMOHEHTOB CTpecc-peann3yroLenl CUCTeEMbI opra-
Hu3Mma (Tabn. 5).

Tabnuua 5.
PenTUHr NPOrHOCTUYECKOM LLEHHOCTN MapKepoB
CTpecc-peanu3yioLlen CUcTemMbl OpraHU3Ma XeHLmH
¢ xpoHuyeckon OA

I'IapameTp - KnuHnyeckas 3Haunmoctb

PSS 6annb 0,79 OyeHb BbicOKas
2 | CootHowenme AIMA / koptnson | 0,76 Bbicokas
3 | Koptuson obwmii 0,71 CpeaHas
4 | OA-C 0,68 Cpeauss

Hanbonbwas KnvHMYecKass 3HauMMOCTb OTMeyYeHa
y WKanbl BocCrnpuHuMaemoro ctpecca PSS (AUC=0,79).
Ha BTOpoM MmecTe oOKa3anca napameTp COOTHOLUEeHWEe
OIr3A/koptnson (AUC=0,76), KOTOpbIA TaKKe oueHnBanca
KaK BblcOKO 3¢ ¢deKTUBHbIN Mapkep. Obuiee Konnyectso
kopTmsona (AUC=0,71) n cogepxaHne gerngposnmaHgpo-
ctepoHa (AM3A-C, AUC=0,68) noka3zanu ymepeHHyto gua-
FTHOCTMYECKYI0 LIeHHOCTb MpPW MPOrHo3e BO30OHOBEHUA
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Pnc. 2. POK-KpuBble NporHo3a nsneyeHHoCTr eHwmH ¢ QA accoumMmpoBaHHbIM C XPOHUYECKUM CTPECCOM,
no KoMrekCcHoMy nokasatenio PSS, runodursapHbix U TMPEOULHbIX FOPMOHOB B KPOBU

PEerynApHOro oBynATOPHOro MeHCTpyasibHOro urkna no-
aie Tepannn.

COOTBETCTBEHHO, Haunbosiee MHGOPMATUBHBIM Npeaun-
KTOPOM M3/IeYeHHOCTU XeHwurH co MDA okasanacb LiKana
BOCNpurHMMaemoro ctpecca — PSS-wkana (pekomeHgye-
MbiIli nopor <29) n otHoweHwue AIMA-C K ypOBHIO KOPTU30/a
(pekomeHayeMbli nopor >25). KomnieKkcHaa oueHKa yKa-
3aHHbIX GaKTOPOB 3HaUWTENIbHO MOBbIWAET TOYHOCTb MPO-
rHocTnyeckon pesatenbHoctn (AUC = 0,85), uto no3sonaeT
MCMOoMb30BaTh [laHHble KpUtepumn ana otbopa nalmeHToB
C BbICOK/M LLUAHCOM MOJIOXKUTENIbHOTO g deKTa OT fleyeHns
NONTUMM3aLUNNHANBUAYANIbHOrOTEPANEBTUYECKOrOMIaHa.

Ha cneaytowem stane 6bi1 npoBefeH POK-aHanu3 npo-
FTHOCTUYECKOW LEHHOCTU TMNOGU3apHbIX Y TUPEOUAHbIX
rOPMOHOB, KOTOPble HEMOCPEACTBEHHO PErynmpytoT GyHK-
LMOHNPOBaHMe PenpoayKTUBHON cucTeMbl (puc. 2).

AHanusnpysa COBOKYMHOCTb MpeACTaBeHHOro Crek-
Tpa rOPMOHOB BMeCTe C nokasatenamm PSS, oTmeueHo,
yto runodusapHble ropMoHbl ¢ nokasatenem AUC=0,586
(p=0,292) MMenn HU3KYI MPOrHOCTUYECKY 3HAUMMOCTb,
TOrga Kak TupeougHble ropMoHbl, c nokasatenem AUC=0,661
(p=0,036), xapakTepn3oBanucb CpefHeln NPOrHoCTNYECKON
LEHHOCTbI0 B OTHOLWEHUN 3$PEKTMBHOCTM NMPOBEAEHHOIO
nevyeHums.

C yyeToM 3HAUUTENBHOW BOMATWMIIBHOCTA VHAWBULY-
aNbHbIX FOPMOHAJIbHBIX MOKa3aTesieil U X B3aMMO3aBUCK-
MOCTV ApYr OT Apyra, B YaCTHOCTM, B paMKax TUPEeOVAHON
cucTeMbl, Aanee Obl1 NpoBefeH AOMNONHUTENbHbIA aHanu3
NPOrHOCTUYECKOW LIEHHOCTM OTAENbHbIX NMOKa3aTenen n nx
KOMOVHaUuin, onpeaesieHbl ONTYMasbHble TOUKN OTCeYEH S
(tabn. 6).

CBO6OAHDIN TUPOKCKH (T4 CB.) NPOAEMOHCTPUPOBAN Bbl-
COKYI0 iNArHOCTUYECKYH TOYHOCTb, C OTIMYHBIM HanaHCcoM
YyBCTBUTENbHOCTU U cneymdunyHocTn: AUC=0,75 (95 % AW:
0,63-0,87), p=0.005, Touka oTceueHusa >9.8 nmonb/n (uys-
CTBUTENbHOCTb 76 %, cneunduyHocte — 73 %). Bbicokas
cTaTucTnyeckas 3HaummocTb (p <0,01) noguepkmBana ero
BaXKHOCTb Kak 6uomapkepa. CBOOOAHbIN TPUAOATUPOHWUH
(T3 cB.) Tak*e NoKa3biBan XOPOLUYO0 MPOrHOCTMYECKYH CNO-
cobHocTb: AUC=0,72 (95 % [W: 0,60-0,84), p=0,011, Touka
oTceuveHna <4,45 nmonb/n (4yBCTBUTENBHOCTL 73 %, cneu-
npuuHocTb 70 %). BaxkHO OTMETUTDL, UTO, B OT/IMUME OT T4,
HM3KMI ypoBeHb T3 ABNANCA NpeANKTOPOM HebnaronpuaT-
HOro KIMHMYECKOro Ncxoaa.

AHanu3 ypoBHSl MPONAKTUHA BbISBUT YMEPEHHO Bbl-
COKMe MnoKaszaTenn MPOrHOCTMYECKOro  MoTeHuuana:
AUC=0,71 (95 % [W: 0,58-0,84), p=0,018, TouKka oTceueHuns
>650 MKME/mn (uyBcTBUTENBHOCTL 70 %, CneymduyHoCTb
71 %). MoBbIWEHHDbIN NPONAKTUH OKa3anca CTaTUCTUYECKM
3HaUMMbIM (AKTOPOM pUCKa OTCYTCTBMA JOCTVXKEHUA pe-
MUCCUN 3aboneBaHus.

MNMokasatenb TTI B nccnegoBaHUM MPOABAAN CXOXKMe
KauecTBa 1 obnafan ymepeHHoW NPOrHOCTUYECKOW LIEHHO-
ctbto: AUC=0,69 (95 % AW: 0,56-0,82), p=0,025, Touka oTce-
yeHua >4,25 MKME/mn (uyBcTBUTENBHOCTL 67 %, cneundny-
HOCTb 71 %). BmecTe ¢ Tem, NoKasaTesib Oblfl CTaTUCTUYECKN
3Haumm (p <0,05), a ero NoporoBoe 3HayeHne COOTBETCTBO-
Ba/lo CTaHZAPTHOMY BepxHeMy npegeny Hopmbl. OgHako
KNMHULUCTbI MOFAIW CMOJIb30BaTb AaHHbIN NOKa3aTeNb Ana
NPUHATUA PeLLEHNIA.

MocneaHnin n3 nsyvaemblx MoOKasaTenen TUPEOUOHON
cMcTeMbl — aHTUTENa K TupeornobynuHy (AT-TI): AUC=0,68
(95 % OW:0,55-0.81), p=0,035; Touka oTceueHna >65 ME/mn
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Tabnuua 6.

MporHocTnyeckasn LeHHOCTb OTAeNbHbIX MOoKa3aTenen TMPeouaHbIX 1 rmnodursapHbIX rOPMOHOB
B CTagMM BOCNpUHUMaemMoro ctpecca (PSS), 6annbl

T 0,69 0,56-0,82 >4,25 MKME/mn 0,025
T3 (B06OAHDII 0,72 0,60-0,84 <4,45 nmonb/n 73 70 0,011
T4 cB0GOAHDII 0,75 0,63-0,87 >9,8 nmonb/n 76 73 0,005
AT-TT 0,68 0,55-0,81 >65 ME/mn 66 69 0,035
MponakTux 0,71 0,58-0,84 >650 MKME/mn 70 Al 0,018
ocr 0,66 0,53-0,79 <3,0 MME/mn 64 67 0,048
nr 0,63 0,50-0,76 <3,5 MME/mn 61 65 0,087*
PSS 0,82 0,71-0,93 >29 6annos 81 78 0,001

(uyBCTBUTENBHOCTL 66 %, CneundpuUHOCTb 69 %) Takxe,
Kak 1 TTI, nokasbiBan YMepPeHHYI0 NPOrHOCTUYECKYHo Cro-
COOHOCTb. PN 3TOM BbICOKMI YPOBEHb aHTUTEN yKa3blBasl
Ha HanMune akTMBHOIO ayTOMMMYHHOIO npouecca 1 yxya-
LeHVA NPOrHo3a TeueHnsa 6onesHu.

Gonnukynoctumynupyowmii ropmoH (OCIN) nokasan
CKPOMHbIe pe3ynbTaTbl U MUHMMAJIbHOE MPOrHOCTMYeCKoe
3HayeHue: AUC=0,66 (95 % [W: 0,53-0,79), p=0,048, Touka
oTceveHna <3,0 MME/mn (4yBcTBUTENBHOCTL 64 %, Cneu-
ndmnyHocTb 67 %). JloTemHusnpytowmin ropmoH (J1IN cran
Hanbonee cnabbiM MHAMKATOPOM CllieAn UCC/IefOBaHHbIX:
AUC=0,63 (95 % [W: 0,50-0,76), p=0,087, Touka oTceyeHus
<3,5 MME/mn (uyBcTBUTENBHOCTL 61 %, CneymduyHoOCTbL
65 %) CooTtBeTcTBeHHO, OCI HE MOr CYMUTATbCA HaAEKHbIM
NPOrHOCTUYECKNM MapPKEPOM.

OcHOBbIBasiCb Ha MOMYy4YeHHbIX pe3ynbraTax, Obina co-
CTaB/ieHa PENTUHIOBAA MPOrHOCTUYECKaA 3HAYMMOCTb pac-
CMaTpUBaeMbIX MapKepoB (Tabn. 7).

Tabnuua 7.
PelTUHr nporHoctmnyeckom 3HaummocTu PSS,
rmnopusapHbIX 1 TUPEOUAHbIX FOPMOHOB

Paur [apametp - KnuHnueckaa 3Haunmoctb

PSS 6annbl OyeHb BbicoKas
2 T4 cBoOOAHDII 0,75 Bbicokas
3 T3 cB06OAHDII 0,72 Bbicokas
4 MponakTux 0,71 CpenHas
5 T 0,69 CpepHaa
6 AT-TNO 0,68 CpenHas
7 ocr 0,66 YmepeHHas
8 nr 0,63 Hu3kas

MNpUMEHUTENBHO K KIIMHWYECKOW MPaKTUKE MOXHO ro-
BOPUTb O TOM, YTO Hanbosnee Ba)KHbIMU MOKa3aTensmMu,
BAMAOLMMM Ha NPOTrHO3 BbI3JOPOBMEHUA Y NALMEHTOK CO
cTpecc-3asucumon OA asnanncb PSS n ceobopHble Tupeo-
NAHbIE TOPMOHbI (TUPOKCUH Y TPUAOATUPOHWH). DTOT daKT
06A3aTe/IbHO HY)KHO YuMTbIBaTb Mpu OBOCHOBaHWK Neve-
HUA 1 NpPorHo3a 3abonesaHus. K BTopocTeneHHbIM, HO 3Ha-
YMMbIM MHAMKATOPaM, MOXHO OTHecTW nponaktuH, TTT
n AT-TI. Wx TakxKe CTOUT yunTbiBaTb Npu Bbibope obbema
1 npogomkutenbHoctn Tepanun. OTHocutenbHo OCT n JIT
Heob6xoAMMO OTMETUTb, UYTO VX 3HAYMMOCTb B MIaHe Mpo-
rHO3a BOCCTAHOBJIEHUA CaMOCTOATENIbHOTO OBYNATOPHOIO
LMKIa nocsie NpoBefeHHOro fIeyeHnsa BeCbMa OrpaHuyeHa.
CnepoBaTenbHO, UCMONb30BaTb UX ASIA NMOCTPOEHUA MpPo-
rHo3a He0OOCHOBaHHO.

[Nanee 6bina gaHa oLeHKa KOMOUHMPOBAHHbLIM MPOrHO-
CTMYECKMM MOLENAM UCxoaa 60ne3HN, BKoYaoLWmx noka-
3atenu PSS v gpyrue BaxkHble MapKepbl MPOrHO3a nsfeyeH-
HOCTU NaLMNEHTOK (Tabn. 8).

AHanm3s KOMOWHVPOBAHHbIX MPOrHOCTUYECKMX MOfe-
nei, NpencTaBsieHHbIX B Tabnuvue, NPOAEMOHCTPUPOBA
BbICOKYI0 3)PEKTUBHOCTb MCMONb30BaHNA KOMIMIEKCHbIX
KpUTepueB Af1sl OLLEHKN BEPOATHOCTU BbI3JOPOBNEHNA Ma-
LMEHTOK ¢ xpoHudyeckon MA. Hanbonee nHbopmMaTUBHON
OKasanacb KOM6UHauuma TPEX nokasaTtenen: ypoBHA NCUXO-
nornyeckoro HanpskeHua (PSS), KoHueHTpauun cBobog-
HOrO TUPOKCKHA 1 cofeprKaHnA NponakTiHa. B oTHoweHun
KombuHauumn PSS + T4 cB. oTMeUeHa BbICOKas NMPOrHoCTU-
yeckas cuna, 6anaHc mexay YyBCTBUTENIbHOCTbIO 1 cnewu-
bUYHOCTBIO 1, KaK NPeuMyLLeCcTBO, 3Ta MoAesb bbina 6onee
npocTa B MCMOMb30BAaHUN MO CPABHEHMIO C MOJIHON Mofe-
nbto. Yto Kacaetca mogenu PSS + nponaktnH (AUC = 0,83;
TOUHOCTb = 81 %; UyBCTBUTENBHOCTb = 82 %, cneunduy-
HoCTb = 80 %), TO OHa NPOAEMOHCTPMPOBanNa CONOCTaBU-
MYI0 LeHHOCTb ¢ mogenbto PSS + T4 cB., LONOAHUTENBHO
noAvYepKnBasa 3HaUYMMOCTb B3aMMOCBA3N YPOBHA CTpecca
1 SHOOKPVHHOW perynaumnein penpoayKTMBHON OCK.
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Tabnuua 8.

KOM6VIHI/IpOBaHHbIe NPOrHocTnyeckme matematTmnyeckmne mogenm

Mogenb Tounoctb, % UYyscTBuUTeNbHOCTD, % | CneumnduuHocTs, % (opmyna pacyeTa BepoATHOCTH

PSS + T4 cs. 0,84 82 83

BepoatHoctb=1/

il (1+ eA(~(1,5-0,06xPSS+0,15xT4cB)

PSS + nponakTuu 0,83 81 82

BeposatHoctb=1/

Y (14+eA\(-(1,8-0,07PSS — 0,002XnponakTuH)

Bce 3HauMMble napameTpbl 0,87 85 86

BepoatHoctb=1/
84 (1+eA(-(2,1-0,05%PSS + 0,12xT4cB—
0,0018xnponakTinH)

Taknum o6pa3om, npeacTaBieHHble KOMOUMHUPOBAaHHblE
MOZeNn NPeBOCXOAAT OQUHOYHbIE OTAeNbHble MapaMeTpbl
no npepckasatenbHon cnocobHoctn (AUC 0,84-0,87 npo-
™B 0,63-0,82 anA oTaenbHbIX NapaMeTpoB). [ocToAHHbIM
3/1EMEHTOM BCEX YCMNELUHbIX BapuaHTOB oKasanca PSS, noa-
TBEPXKIALWMNIA KPUTUYECKYIO POJib CTPeccoBoro dakTopa.
OnTumanbHOM Npu3HaHa nonHaa TpéxdasHaa Moaenb, oa-
HaKo ynpoLlleHHble ABYXMapamMeTpuyeckme Bepcumn Takxe
[IEMOHCTPUPOBaNu BbICOKYH0 3pHEeKTUBHOCTb NPOrHo3a ms-
JIEYEHHOCTI.

Ha ocHOBaHMM NPOBEAEHHOIO aHaNM3a B KIMHNYECKOM
npakTuKke peKoMeHAOBaHO MCMONb30BaTb Mofgenb PSS +
T4 cB. Kak oNTUManbHOEe COYeTaHWe TOYHOCTM MPOrHo3a
N NPaKTUYHOCTN NPUMEHEHNA.

MonyyeHHble B xoae paboTbl pe3ynbTaTbl ObUIM UCMOSb-
30BaHbl A1 GOPMUPOBAHNA PEKOMEHAALNA OTHOCUTENBHO
cTpaTerun Tepanuy *eHLWmH Co CTPeCcc-acCoLMMPOBaHHOM
DA (tabn. 9).

Tabnuua 9.

KnnHmnuyecknin nporHos u HTepnpeTauma NoporosbIx

3HaueHun PSS, runodunsapHbIX 1 TMPEOUAHbIX TOPMOHOB

y *eHwuH c OA
bnaronpuatHblii | Hebnaronpuat- KnuHuyeckas
[Tapametp y
nporHo3 Hblii NPOrHO3 UHTEpNpeTauya
PSS <29 6annos >29 6annos ALEE LA
YPOBeHb CTpecca
T ﬁBOﬁOn- >9,8nmonb/n | <9,8 nmonb/n HO[ZMaﬂbeII/I J ctwnKeH-
Hblil Hblil TUPEOUAHBII CTaTyC
B SBOGOA_ >4,45 nmonb/n | <4,45 nmonb/n EREREIIGITS
HbliA yeckas KOHBEpPCHA
Mponaktuy | <650 MKME/mn | =650 MKME/mn VRIS
NaKTUHEMIN
TIr <4,25 mkME/n | =4,25 MkME/n | SyTupeoupHoe cocTosHme

JaHHble B Tabnuue nokasanu, 4TO MOJSIOKUTENbHbIN
NCXOA BOCCTAHOBJIEHNA OBYNIATOPHOrO MEHCTPYalbHOro
UMKna y nauymeHTok ¢ xpoHudeckon ®MA, obycnosneHHoM
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CTpeccoBbIMM  paKTopamy, HENnocpeacTBEHHO 3aBUCUT
OT HOPMasbHOro GYHKLUOHMPOBAHNA LMTOBUAHOW Xene-
3bl (ypoBHU TTT <4,25 MKME/n, T4 cB. 29,8 nmonb/n n T3 cB.
>4,45 nmonb/n), OTCYTCTBMA runepnpofakTuHemmnn (npo-
nakTMH <650 MKME/MA) 1 yMepeHHOro ypoBHA NCUXO3MO-
LUMOHanbHOro HanpsaxeHua (PSS <29 6anno.). YkasaHHble
napameTpbl LieflecoobpasHo cunTaTb LieIeBbIMU 3HAYEHUA-
MU ANA yNyJlleHnsA nepcrneKkTMB HopManusaumm penpogykK-
TUBHOW GYHKLNN NaLMEHTOK.

Take B nccnenoBaHum Gbinv BblAeneHbl rpynnbl pricka
OTHOCUTESIbHO BEPOATHOCTU M3JieUeHNs, COOPMUPOBaHHbIE
Ha OCHOBe MoKasaTesieil, 061aJaloWyxX NPOrHOCTUYECKON
3HAYMMOCTbIO (Tabn. 10).

B pe3ynbraTe nccnenosaHuA bbina paspaboTtaHa 1 Banu-
OV3MpOBaHa ABYXYpOBHeBasA cucTeMa ctpatudukauum
nporHosa AnA NauMeHTOK CO CTPecc-acCoLUMPOBAHHOM
bYHKLMOHANbHOM aHOBYNALMEN, OCHOBaHHAA Ha KOMOVHa-
LM B3aUMOAOMONHALLMX OIOMapKepoB:

1. baszogas MoOesib: BKIIOYAeT roOKasaTenu YpOBHA

cTpecca (wkana PSS), ceobogHoro TpokcuHa (T4 cB.)
1 NPONAKTUHA, AOKa3ana CBo 3GHEKTUBHOCTb Ais
NMepBMYHOTO CKPUHWMHIA Y PYTUHHOIO KIMHUYECKO-
ro MpYMeHeHus, NMO3BOJIAET OMNepPaTVBHO OLIEHUTb
COCTOsIHUE KITIOUEBBIX PEryanpyLmx cMcteM opra-
HM3Ma.

2. YenybnenHas modesb: COCpefOTOYEeHa Ha YpOBHe
ctpecca (PSS) n nHTerpanbHOM NoKasaTesie Henpo-
cTepouaHoro 6anaHca — cooTHoweHun [M3A n kop-
Tn3ona. [laHHoe COOTHOLLEeHWNe ABNAETCA HafEeXHbIM
MapKepOoM aniioCcTaTUYeCcKomn HarpysKu:

® BbICOKOE COOTHOLIeHue (>30) cBuaeTenbCTBYET O COo-
XPaHEHHbIX afanTauMOHHbIX pe3epBax U ABMAETCA
MONOXNUTENbHbBIM MPOrHOCTUYECKUM GaKTOPOM.

® HU3Koe COoOoTHoLeHMe (<20) cBuaeTenbCcTBYeT 06 1C-
TOLLEHNN KOMMEHCATOPHbIX MEXaHW3MOB U JOMU-
HMpPOBaHMe HeraTMBHbIX 3$PeKTOB KOPTU30Ma, UTO
acCcoUMMPOBAHO CO 3HAUUTENbHbIM CHIUXKEHVEM Be-
POATHOCTMN YCMELIHOrO BOCCTAaHOBNEHMNA pPenpoayK-
TUBHOW QYHKLMN.
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Tabnuua 10.
CrpaTtndurKaumsa pucka no BepPOsATHOCTU M3NieyeHUs KeHwmH ¢ DA

—
[pynna pucka %
HBIEHEHIR, 76 PSS, Gannbi MponakTus, MKME/mn | AT3A-C/K, mononHuTeNbHbiit Mapkep

Hu3kmit puck 85-90 <26 >10,0 <600 >30
CpenHuii puck 55-70 26-32 9,0-10,0 600-700 20-30
Bbicokmii puck 20-35 >32 <9,0 >700 <20
Onsa popmrpoBaHMA Hanbonee TOYHOrO U MEPCOHaNM- | MPOrHO3a U YeTKO ONpeaenseT rpynmny NaLMEHTOK, HYXXato-

3UPOBAHHOIO MPOrHO3a, 0COBEHHO Y CNIOXHbIX MALMEHTOK, | LMUXCA B MaKCMMaJSIbHO MHTEHCMBHOW 1 KOMIMJIEKCHOW Tepa-
pekoMeHA0BaHO COBMECTHOE UCMOMb30BaHMe 06enx Moae- | MuvK, HaNpPaBNeHHON OJHOBPEMEHHO Ha KOPPEKLMIO FOPMO-
nei. CoBnageHune pesynbTaToB CTpaTUOUKaLMKM NO ABYM HE- | HaNlbHOrO GpOHa 1 ynpaBneHne CTPeccom.
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UCNONb30BAHUE TEXHOJIOMUIA

WCKYCCTBEHHOI0 UHTEJINIEKTA B FTEPHUONOMMN

N

USE OF ARTIFICIAL INTELLIGENCE
TECHNOLOGY IN HERNIOLOGY

O. Sergeev
A. Ksenofontov
0. Zakharov

Summary. In light of the rapid development of artificial intelligence,
researchers are actively seeking ways to apply it to the medical field as
well as to surgery. The clinical use of Al already seems very clear, and
more and more research is being conducted to answer relevant questions
regarding the application of this technology. The speed of integration
of artificial intelligence into medicine will depend directly on the cost
of the (medical) workforce and the interest in collecting statistical data
and then analyzing them objectively. In the near future, Al will become
an integral component and tool that will provide significant assistance
to surgeons in the training phase, as well as act as an additional opinion
in visual diagnostics and assist in robotic surgery, being the so-called
third opinion. To write this publication, PubMed and ResearchGate were
searched using the keywords «artificial intelligence», «surgery» and
«herniology». The purpose of this review is to review the key aspects of
the application of artificial intelligence technology in surgery, focusing
on the introduction of this technology in herniology.

Keywords: artificial intelligence in surgery, artificial intelligence in
herniology, use of artificial intelligence technologies in surgery, surgery,
machine learning, neural networks, robotic surgery, robot-assisted
hernioplasty, Al in surgery.

S )

BseaeHue

CKYCCTBEHHbI nHTennekT (M) npoyHo npoHuK B 06-
NacTb KOMMbIOTEPHBIX HAYK 1 Y>Ke BbINOMHAET OFPOM-
HOe KOnMuyecTBO 3afay, KoTopble OO6blYHO TpebyioT
WHTEnNeKTa venoseyeckoro yposHa [1]. UM, mcnonb3ya
Habop onpefeneHHbIX anropuTMOB, NpefoCTaBnAeT aBTo-
MaTM3UPOBaHHbIM CUCTEMaM BO3MOXKHOCTb paccy»KaaTb
1 BbINOMHATb KOTHUTMBHbIE GYHKLMK: pacrno3HaBaHve 06b-
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AHHOMayus. B cBeTe CTPEMUTENBHOMO Pa3BUTUA UCKYCCTBEHHOTO WHTENNEKTa,
WCCNIEA0BATENM AKTUBHO MLLLYT CNOCOObI €r0 NPUMEHEHNA B MEANLIMHCKOIA cde-
pe, a TaKkxKe B Xupypruu. Knunuueckoe ucnonb3osanue U yxe npeacrasnaercs
BECbMa ACHbIM, 11 B HACToOALLEe BpeMA NPOBOAMTCA Bce H0MbLUe CCIef0BaHMI
ANA NONYYeHNA OTBETOB Ha aKTyasbHble BOMPOChI B OTHOLUEHUI NPUMEHEHNA
JaHHoi TexHonorun. CKopocTb MHTErpaLiAv UCKYCCTBEHHOTO UHTENNEKTA B Me-
ANLUHY OYAET HaNPAMYI0 3aBICETb OT CTOMMOCTY paboueii (MeULMHCKOIA) Cunbl
W 3aHTEPECOBAHHOCTY B OOpe CTATUCTUYECKX AaHHBIX ¢ MOCAEAYIOLMM WX
00EKTUBHBIM aHaNn30M. B ckopom BpemeHu, NN cTaHeT HeoTbemsEMbIM KOM-
MOHEHTOM 1 UHCTPYMEHTOM, KOTOpbIi OYeT 0Ka3blBaTb 3HAUUTENbHYH NOMOLLb
XUpYypram Ha Tane 06yueHns, a TaKkxe BbICTYNaThb B KAUECTBE AONONHUTENBHOIO
MHEHUA NPU BIU3YabHON ANArHOCTUKE U aCCUCTUPOBATD B POBHOTU3NPOBAHHBIX
XUPYPruyeckux onepaumsax, ABNAACb, TaK Ha3biBAEMbIM, TPETbUM MHEHUEM.
[lnA HanucaHua fanHoii nybankawuy BbinonHeH nonck 8 PubMed n ResearchGate
C UCNONb30BAHNEM KJTIOUEBBIX CJIOB «UCKYCCTBEHHDII UHTENNEKT», <XUPYPrus»
W «repHuonorna». Llenbio HactoAwlero 063opa ABNAETCA PaccMOTPeHIe Killoye-
BbIX aCNeKTOB NPUMEHEHNA TEXHONOTYiA CKYCCTBEHHOMO MHTENNEKTA B XUPYp-
T, AKLEHTUPYA BHUMAHIE HA BHEAPEHIIM 3TOIi TEXHOIOTUN B FEPHUONONUIO.

Kntouegble c/108a: NCKYCCTBEHHDIIA UHTESNIEKT B XMPYPTUM, NCKYCCTBEHHDII WH-
TENNEKT B TEPHUONOTUM, WCTIONb30BAHME TEXHONOTUI MCKYCCTBEHHOTO UHTEN-
fIEKTa B XMPYPrm, XUpyprua, MawmHHoe o6yyeHue, HeiipoceT, po6oTu3npo-
BaHHaA XMPyprisg, po6oT-accucTMpoBaHHas repHuonnacTuka, MW B xupypruu.

€KTOB, pelleHrie Npobiem U peannsauuns yCTaHOBNEHHbIX
3ajau.

MCK)/CCTBEHHbIIZ NHTENNEKT ABNAeTCA obnacTbio HayKku
N TEXHUKKN, KOTOPAA 3aHMMaeTCA CcO3daHMeM KOoMMbloTep-
HbIX CUCTEM, CMOCOOHbIX BbINOMHATD 3afavu, Tp66)/POUJ,VIe
YyenoBeYeCcKoro MHTensnekra. B meguumHe oH ncnonb3yet-
CcA ONnA aHanum3sa 605blIMX 06BbEMOB OaHHbIX, ynpaBieHnA
cucTemonm 34pPaBOOXpPaHeEHNA N MeANLVNHCKNMN |/|H¢opma-
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LUMOHHBIMW CUCTEMAMU, AMAFHOCTMKM 3aboneBaHuii, npea-
CKaszaHuA MX Pa3BUTUA, a TaKKe orpenesnieHns Havbonee
3G deKTUBHBIX N MePCOHaNN3NPOBaHHbIX METOLOB SleyeHuA
(pnc. 1).

MawwnHHoe obyuyeHne (ML) — 370 nogpa3spen U, koTto-
pbil GOKycrpyeTca Ha pa3paboTke afiropuTMOB, MO3BOIALD-
LMX KOMMbloTepam 00y4aTbCs Ha OCHOBE MMEILUXCA Mac-
CMBOB JaHHbIX. ML npumeHsaeTca ana cosgaHus mopesnen,
KOTOpble MOTYT NpeAcKa3biBaTb MCXOAbl JIeUeHus, onpeae-
NATb PUCKM Pa3BUTUA 3aboneBaHUIN 1 aHANM3NPOBaTb Me-
OVLMHCKNe n3obpakeHus. nybokoe obyueHme (DL) — 310
Pa3HOBUAHOCTb MALIMHHOIO obyuyeHMs (Tak Ha3blBaemoe
noanone ML), ocHOBaHHasA Ha HEMPOHHbIX CETAX C 6OJbLLM
KONMYeCcTBOM CloeB. JTa pasHoBuaHocTb VA nossonset
06pabaTblBaTb C/IOXKHbIE AaHHblE, TaKUe KaK 1300paxKeHns
1 3BYKW, A B AasibHelLIeM NoMoraeT 06yyaTbCs Ha 60JbLUVX
obbemax 3Tnx AaHHbIX. DL B 6onbluen cTeneHn ncnosb3yeT-
CA ANA pacno3HaBaHUs 06pa3oB Ha MEAULMHCKMX M306pa-

KEHUAX, aHaNnM3a reHeTUYeCKNX AaHHbIX N CO34aHUNA NHON-
BuAyanbHbIX MJ1IaHOB NeYyeHnA.

3a nocnegHue HeckonbKko neT AW BHeC 3HaunTenbHbIN
BKNag B MeAULMHY. 3TO CBA3AHO C ero CnoCcoOHOCTbIO aHa-
NN3NPOBATb OFPOMHbIE MACCMBbl MEAULMHCKMX AaHHbIX,
BbIAABNATb 3aKOHOMEPHOCTW, AenaTb TOYHble MPOrHO3bl
M MOMOraTb MeAWLVHCKUM PaboTHUKaM MpUHUMATb 060-
CHOBaHHble pelueHus. OgHon n3 obnacten, roe M okasan
OrpOMHOE BINAHUE, ABNSETCS OUArHOCTMKa 3ab0neBaHUNn.
C nomoLLblo MalMHHOTO 06yYeHuaA I MoXeT BbIABNATb 3a-
KOHOMEPHOCTN B PEHTIEHOBCKNX CHUMKaX 1 TOMOrpaMMax,
KOTOpble MOTYT OblTb MPOMNYLLEHbI BPAa4YOM. 3TO MNO3BOJNIAET
6bICTpee N TouHee BepUPULNPOBATL AUATHO3bI, YTO B KO-
HEYHOM UTOre, YNyylInT pe3ynbTaTbhl 1eYeHnsa nayueHToB.
Heckonbko nccnefoBaHuin NpoaeMOHCTpUpoBanu spdek-
TUBHOCTb anroputmos VA B NoBbiWeHNN TOYHOCTW aHanu-
3a U306paxkeHnin. Hanpumep, ncnonb3oBaHUe anroprTMOB
rny6okoro obyyeHus OnsA aHanM3a KOMMbIOTEPHbIX TOMO-
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rpaMm MMeeT TOYHOCTb 92 %, a cneunduyHoCcTb 98 % B OT-
HOLIEeHNX BbIABNEHNA renaTouensItoNAPHON KapuuHOMbI,
pacnpocTpaHeHHOro Tnna paka neyenu [2]. pyroe nccne-
[lI0BaHVIe AeMOHCTPUPYET NCMOJIb30BaHME MALUUHHOIO 06-
yuyeHus gna aHanusa MPT-cKaHOB ¢ Lenblo ngeHTudunkaumum
n puddepeHumaumm 4OH6POKAUECTBEHHDIX 1 3lI0KaYeCTBEH-
HbIX HOBOOOPA30BaHMI NeYeHN C BbICOKUMM NOKa3aTenamu
YyBCTBUTENbHOCTM 1 cneunduyHocTn [3]. VickyccTBEHHbIN
WHTENSIEKT YCMNEeLWHO NPUMEHAETCA ANA AMAarHOCTUKM paka
KOXW, rAe KOHBOJIIOLMOHHAA HENPOHHAA CeTb MPOJEMOH-
ctpupoBana 91 % TOYHOCTb B onpefeneHun 3JoKave-
CTBEHHbIX MeflaHOM. Takxe 6blv pa3paboTaHbl ANrOPUTMBbI
MaLUVHHOro 0byyeHNns, KOTopble MOTryT onpeaendaTb fuabe-
TUYECKYIO PETMHOMATUIO MO M306paXKEHUsIM rM1a3HOro AHa
CeTyaTKM C YyBCTBUTENbHOCTbIO 90 % 1 cneundryHOCTbIO
98,5 % [4].

Kpome Toro, UM uncnonb3lyetca ana nepcoHanmsauyum
MNaHoB nevyeHusi. AHaNM3Mpysa fdaHHble MauueHTa, Takue
KaK: aHaMHe3 »K13HW 1 3ab0feBaHuns, reHeTUYeCcKnin aHam-
He3 1 paKkTopbl 06pa3a »KU3HU, NCKYCCTBEHHDbIN UHTENNEKT
MOXeT MOMOYb Bpayam BblOpaTb onpefeneHHble CXembl
neyeHnn, Kotopble ByayT NMETb BbICOKYIO 3$dEKTUBHOCTb
1 NPU 3TOM CHU3AT BEPOATHOCTb Pa3BUTUA HEXenaTeNbHbIX
3bPeKTOB B pesynbTaTe OTPULATENBHOIO B3aMOAENCTBUA
NEKaPCTBEHHbIX CPefCTB UM HEBEPHO Ha3HauYeHHOW Te-
panuu [5, 6]. Takum obpa3om, faHHaA pa3paboTka 3Hauu-
TeNIbHO CHVKAeT HarpysKy Ha KAUHWLMCTOB, NMOMOras um
B PYTUHHOWN AEATENbHOCTU, a TaKXKe NPUBOANT K YMEHbLUe-
HUIO AEHEeXHbIX 3aTpaT Ha NleYeHne 1 HUBENNPOBAHUIO No-
nnparmasuu.

M3yyan orpomHble MaccuBbl faHHbIX, VI no3sonaeT Ha-
XOAUTb HOBbIE IeKapCTBa Ha OCHOBE UMeKLNXCSA buomeau-
LUMHCKUX AaHHbIX. Tak, 6uodapmaleBTMYeCKasi KOMMAHUSA
NuMedii y>xe co3pgana TexHonoruto AIDD (MCKyCCTBEHHbIN
WHTENNEKT Ansi OOHApYXeHWA NeKkapcTs) Ans 6bICTporo 06-
Hapy»KeHUns CBA3eN Mexay NekapcTBamu 1 3aboneBaHnAMU
Ha cucteMHOM ypoBHe. C MOMOLbIO AAHHOW TEXHOOMMN
Ha npoTsxeHUn 10 net pPaboTbl Gbila n3BneyYeHa NHPOpP-
MaLMA U3 TbICAY PA3NINYHbIX XPAaHUNLY, AHHbBIX U CO3aHa
coOCTBEHHaA CTPYKTypupoBaHHasA 6a3a AaHHbIX, KoTopas
OXBATbIBAET COTHW 3a00SIEBAHUA U TbICAYN COEAUHEHUI.
3anateHToBaHHble anroputmbl AIDD no3sonunn emy Bbl-
NTW OaneKko 3a pamKu TPaAMLMOHHbIX NMOAXOAO0B K MOUCKY
nekapcts [7, 8]. Tak, C NOMOLLbI0 MaLMHHOIO 0byyeHus ana
NMOMnCKa NeKapCTB MOXKHO YCKOPUTb He TONIbKO MpoLecc nx
pa3paboTKn, HO 1 COKPATUTb BPEMA BbIXOAA Ha PbIHOK, UYTO
npuBeAeT K co3faHuio 6onee NpuLenbHON Tepanuy ais na-
LMEeHTOB.

Ewe opgHa obnactb, rae MW okasbiBaeT 3HaunUTenbHOE
BNUSAHME — 3TO BeeHNe 3NEKTPOHHbIX MEAVLIMHCKMX KapT
[9, 10, 11]. Ucnonb3ya 06paboTKy TeKcTa Ha eCTECTBEHHOM
asblke (NLP) n npumeHssa mawwrHHoe obyueHune, A moxeT
M3BJIEKaTb LieHHble CBeAEHMUA U3 3MEKTPOHHbIX MeaULUH-

CKMX KapT, BKMYaa uaeHTudrKaumo naymeHToB C BbiCO-
KM PUCKOM PasBUTUA OCTPOM MaToNorMu, AnA onpepe-
NeHnss HeobXOAUMOCTW MpPOBefeHNA COOTBETCTBYHOLLEro
npodunakTnyeckoro nevenHnsa [12].

B undopmaLmoHHOM Mype npor3soLuen 60nbLOoN CABUT
B pabouem npolecce, YTO NPUBENO K CTPEMUTENBbHOMY PO-
CTy xuvpyprun. MNoTeHumnanbHble npeMmyuectsa MW B 06-
NacTU XMPYPrum MHOFOUYUCIIEHHDI, BK/OYaA CMOCOBHOCTb
aHanM3npoBaTb aHaMHeCTMYeCKne 1 1abopaToPHO-UHCTPY-
MeHTasIbHble [JaHHble MaLUeHTOB, BbIABMAATb Cneuuanmsun-
pOBaHHble 3aKOHOMEPHOCTN U AenaTb TOYHble NMPOrHO3bl.
Hanpumep, M/ moxeT noMoub BblABUTb Y NaLMeHTa BblCO-
Kne prCKN pasBUTMA OCNOXKHEHWI B nocneonepaLMmoOHHOM
neproAe 1, COOTBETCTBEHHO, CHU3NTb NX KONTIMYECTBO NyTem
NnpeaoXKeHna Mep Nno paunoHanbHon npodunaktuke. Tak-
e, C MOMOLLbIO MaLLMHHOTO 0By4eHMA MOXHO obecneynTb
NoAAep>KKY B MPUHATUW PeLIeHNA B pearibHOM BpeMeHM BO
BpPeMA onepauuu, aHanusnpya XN3HEHHO BaXKHble NoKasa-
Tenn 1 JaHHble n3obpaxeHus. bnarogapa NCKyCcCTBEHHOMY
NHTENNEKTY MOXHO OMTMMU3MPOBaTb MNaHMPOBaHMe one-
paTMBHOrO BMeLlaTeNbCTBa, a Takke npegonepaurioHHyo
MOAroTOBKY, obecrneymBas TemMm caMblM TOYHbIV 1 NepCcoHa-
NU3MPOBaHHbIN MOAXOA. B repHMonornm NCKycCTBeHHbIN
WHTENNIEKT MOXET ObITb MCNONb30BaH ANA aHanu3a meau-
LMHCKMX M300paxeHunin, npefckasaHuAa pricka OCNOXHe-
HW, onpefeneHna ONTUMANbHOro XMPYPruyeckoro nopg-
XOAa M OLEeHKM pe3ynbraToB onepauymmn. OgHaKko, HecMoTps
Ha 3HauuTenbHbIM noTeHuman W B repHuonorun, cytie-
CTBYeT pAf BOMPOCOB, TPEOYOLWMX JOMONHUTENBHOIO U3-
yyeHusa. B yacTHoCTH, HeobxoAMMo onpefenuTb CTeneHb
HaJeXHOCTN 1 ToYHOCTK anroputmos W, a Takxe nx Bo3-
MOXHOE BNIMAHME Ha KNMHWYecKoe pelueHne n Gesonac-
HOCTb NaLMeHTOB. Ba’KHbIM acnekTom ABAAETCA 3TUYeCKan
CTOpOHa npumeHeHusa VI B repHnonorum, BKno4vasa BOnpo-
Cbl OTBETCTBEHHOCTU 1 NPO3PaYHOCTN aITOPUTMOB.

Llenblo HacTosAwero o63opa ABAAeTCA pacCMOTpPeHue
COBPEMEeHHbIX MOAXOAOB K MCMNONb30BaHMIO TEXHONOMUN
MNCKYCCTBEHHOTO WHTeNIeKTa B NPaKTUYeCKOW Xupypruu,
B YaCTHOCTM, FePHUONOMNK, @ TaKXKe 0OCY>KAeHMe nepcnek-
TVB 1 MPaBOBbIX aCMeKTOB AaHHOro HanpaBneHus. laHHasa
nybnnKauma no3HaeaTtenbHa ANnA CNeLnanncToB B o6nactu
XVpYpruv 1 cnocobcTByeT AanbHenwemy pa3BuTUIO MHHO-
BaLMOHHbIX TEXHONIOTUIA B XUPYPTrMYeCKON NpaKTUKe.

TexHoAOrMM NCKYCCTBEHHOINO NHTEeAAEKTa
B repHmnonormm

B repHuonorun, Kak n B gpyrmx obnactax meauLmHbl,
WCKYCCTBEHHDbIV MHTENNEKT UCMONb3YeTca ANA yny4lleHns
KauecTBa 1 CKOPOCTU MPOBOAMMON ANArHOCTUKU TPbIX,
onpeneneHns PUCKOB, CBA3AHHbIX C OMepaTUBHbIM BMe-
WaTeNIbCTBOM, MJIAHUPOBAHUS  XMPYPTrMYECKOro BMella-
TeNIbCTBA U OLEHKM pPe3y/bTaToB MPOBEEeHHOro fieyeHus
B Moc/ieonepalyuoHHoM nepuoge. lNepBble ny6nvKkaumm
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Ha 3ape NpYIMeHeHNA MaLlHHOIO ObyuyeHna B mMeauUMHe
OEeMOHCTPUPYIT HaM, UYTO WHTerpauma WCKYCCTBEHHOrO
VIHTENNeKTa B repHuosnorvio Havanacb euwe B 2012 ropy,
korpa EBponelickoe obuectBo repHuonoros (EHS-GREPA)
chopmMrpoBano OHMAMH-NAATGOPMy C MUCMONb30BAHMEM
VW pona pernctpaumm n nsmepeHunsa pesynbtaTtos onepauun
Mo rpbiXam nepegHei 6ptowHom cteHku [13]. AKTyanbHOCTb
NPUMeHeHNs [daHHbIX TEXHONOrMi 00YyCNoBIieHa PSAAOM
¢baKTOpOB, KOTOPbIE BKIIIOUYAIOT B Ce0A pacTyLlyto pacnpo-
CTPaHeHHOCTb abAOMMHANbHbIX FPbIK, HEOOXOANMOCTb MO-
BbILLIEHWA TOYHOCTN JMArHOCTUKUN 1 3GDEKTUBHOCTM neye-
HUSA, @ TaKXKe CHIKEHME prCKa OCNOXKHEHWIA 1 PeLnaNBOB.

OpHoMm n3 OCHOBHbIX TexHonorum UMW, koTopaa npwu-
MEHAETCA ONA pelleHnsa 3afay B repHUONornn, ABRAETCA
06paboTka UNPPOBLIX MEAMLMHCKMX WN300pakeHui, Ta-
Kux Kak CKT 1 MPT. /ICKyCCTBEHHbI UHTENNEKT CcnocobeH
aHaNM3MpPOBaTb MEAULMHCKME U300paXkeHUst Ajs onpe-
OeneHna NPUHASNEXHOCTU TPbIXKM K KOHKPETHOMY MYHKTY
KnaccudukaLumm, 1 MoXeT NPefoCTaBUTb NCUYEPMbIBaOLLYIO
MHPOPMaLMIO B OTHOLIEHUN NOKanM3auum n KoHpurypa-
L1 rpbiKeBbIX fedeKTOB, UTO CITYXKUT OCHOBOW AJA CTPaTu-
buKaummn naumneHTa 1 OTHECEHUA ero K onpefeneHHon Ka-
TEropuuv rpbiXKeHoOCUTENEen B COOTBETCTBUM C COBPEMEHHOM
Knaccuoukaumen rpbk nepegHernt OpOWHON cTeHKM [14].
Hanpumep, ncnonbsya texHonorun ML n CNN (cBepTouHan
HeMpPOHHas ceTb), ObT pa3paboTaH MONHOCTbID aBTOMATU-
3MPOBaHHbIA anropuTM aHanmsa K3obpa)keHUn opraHoB
OPIOLLIHON MOMIOCTH, MOJYYEHHbIX METOLOM OMTUYECKOW
KOorepeHTHOU TomMorpadum, ¢ MOMEHTANIbHON CKOPOCTbIO
aHanms3a n TouyHocTbio 91 % [15]. Takaa TexHonoruna, NoMn-
MO OCHOBHOMO Ha3HauyeHus, No3BOSIAET OLEHUTb Hanuuyme
WS OTCYTCTBME CONYTCTBYIOLLEN BHYTPUOPIOLWHONM NaTomo-
rMn, KOTopasa MOXeT MMEeTb onpeaensaioLlee 3HaueHve aAns
Bbl6Opa obbema onepawumm, NoKasaHUin K CUMyNbTaHHOMY
BMeLUaTeNbCTBY MU NPOTUBOMOKA3aHN K PEKOHCTPYKLUN
OPIOLLIHON CTEHKU. KpaliHe BaXHO YUMTbIBaTb TOT GaKT, uTo
B C/lyyae, Korfa y nalyeHTa LWWMPUHA rpbiXKeBblX BOPOT npe-
BblwaeT 10 cm, cTaHAApPTHaA nnacTuka metogom «sublay»c
NonHbIM dacuymanbHbIM 3aKpbiTUeM AedekTa MOXEeT OKa-
3aTbCA TEXHUYECKM HEBbIMOMHMMOW, a MHOMAA U OMacHoM
13-33 KPUTMYECKOrO MOBbILIEHNUSI BHYTPMOPIOLLIHOTO AaBrie-
HuA (BBA) [16]. Tak, ¢ nomowbio NpeacTaBleHHON Moaenu
rny6okoro ob6yuyeHusa (DL), M cmor npepnoxutb obbem
N npefckasaTb CIOKHOCTb XUPYPrMYeCKon PeKOHCTPYKLUM
nepefHern GPIOLLIHON CTEHKM NPU MraHTCKMX nocneonepa-
LMOHHbBIX FpblXKax Ha OCHOBaHWMW pe3ysibTaToB 06paboTKy
OrPOMHOrO KONIMYEeCTBa NapamMeTpoB, KOTOPbIE B PYTUHHOM
PEHTreHONOrMYeCckon MpaKTUKe WCMNONb3YyTCA KpalriHe
penko: AnvHa u wuprHa aedekra, yron gmactasa (mexay
A0PTON U MefVANbHBIMU KPasiMu MPAMBIX MbILLL), UHAEKC
cenapauum (CSI — component separation index), nHgekc
RDR (rectus to defect ratio), a Takxke BontomeTpuyeckme na-
pameTpbl 06bEMA FPbIXKEBOIO MeLlKa U OPIOLWHOM NONOCTY
[17].

Kpome TOro, mcnonb3oBaHue MalIMHHOTO oOyyeHUs
(ML) pna aHanm3a COCTOAHMA MbILEYHO-aMNOHEBPOTUNYE-
CKOro KOMMJIeKCa U ero COCTaBHbIX 3/1IEMEHTOB, NpefocTa-
BUNIa XMpypraMm BO3MOXHOCTb 3PPeKTVBHO paccunTatb
npenonepaurioHHbIN PUCK, PUCK PeLunarBa rpbixu, a TakKe
OLEHUTb BNAHME paHee MepeHeCeHHbIX BMELIATeNbCTB
Ha CTpyKTypy OptowHon cteHkn [18]. Takum obpazom,
ncnonb3oBaHne TexHonoru UM B nnaHe aHanm3a CKT-
N306parkeHn OpraHoOB OPIOLIHON NOSIOCTY, MPEfOCTaBNAET
WHHOBALIVIOHHbIE, TOUHbIE U BbICOKOCKOPOCTHblE CMOCO6bI
OMarHoCTMKM B paMKax npefonepauyioHHOro niaHnpoBa-
HWUA N NOCIeoNnepPaLMOHHOro BeleHNA NaLNEeHTOB C FpbiKe-
HOCMTENbCTBOM, NyTeM BU3yanu3saunm aedbeKkTos GpIOLWHON
CTEeHKW, onpefeneHus ux pasmMepos, KoOHdUrypaumu, nio-
Wwaay 1 B3aUMOOTHOLLEHMI C OpraHaMu OPIOLLIHON Moso-
CTW, @ TaKXe JpYrux BTOPOCTENeHHbIX NoKa3aTenemn: Nouck
6e30MacHOro Bxofa B GPIOLLIHYIO MOMOCTb, CONYTCTBYOLLAA
BHYTPUOPIOLWIHAA NaTONOIUs U NOC/IEACTBUA PaHEE NPOU3-
BE[€HHbIX BMELIaTeIbCTB Y UHbIX KPUTEPUEB PUCKa.

MNoapasfgen TeXHONOrMM WCKYCCTBEHHOIO WHTENNEKT],
TaK Ha3blBaeMas CBePTOYHas HelpoHHas ceTb (CNN), akTuB-
HO MCroNb3yeTcA ANA yBeNUYeHMA cTeneHn 6e3onacHocTm
OnepaTMBHOIO NpMeMa B pexxnume peanbHOro BpeMeHu. Tak,
JaHHYI0 TEXHOJIOTMI0 UCMONb3YIOT ANA MHTPaonepaLioHHON
naeHTMOMKaLUN ceMABbIHOCSALLEro NPOToKa Npu NpoBeae-
HUW TPaHCaAbAOMMHAJIbHOW NpenepuTOHeanbHOWN MNAACTUKN
[19]. Takaa nepcnekTiBa NO3BOAAET 3HAUUTENBHO CHU3UTb
PVICK MHTpaonepaunoHHbIX OCNOXKHEHWIA, KOTOpble CBA3a-
Hbl C ATPOreHHbIM NOBPEXAEHNEM BaXKHbIX aHATOMUYECKNX
CTPYKTYp (6eppeHHble 1 HafupeBHble COCYfbl, CEMABbIHO-
CAWMNA NPOTOK, NOAB3[O0LHO-MAxX0Bbl, NOAB3AO0LWHO-NOA-
YpPEBHbIN 1 6efpPeHHO-MONIOBOIN HEPBbLI) B 30HE onepauu-
OHHOro nonA. Kpome TOro, TeXHONOMMMN WCKYCCTBEHHOIO
WHTeNNeKTa MOryT NPUMEHATHCA B MPOrHO3MPOBaHNM pas-
JINYHBIX NCXOA0B MOC/IEONEPALMOHHOIO TEYEHUA N OCIIOX-
HEHWI NPWU BbIMNOSIHEHUWN FepHMONMACTMKKA. Ha ocHOBaHUK
KOMOWHUPOBAHHOIO M3yYeHWA JaHHbIX MeAULMHCKOWN Kap-
Tbl 6OIBHOTO, PAANONOTMYECKMX NCCNEA0BAHNIA N TEXHUKN
nposefeHUs onepauun, anroputmbl MM cnocobHbl NPorHo-
31poBaTb 1 onpeaenaTb PUCKN BOSHUKHOBEHUA UHPEKLUMN
MArKUX TKaHel B 061acTy nocsieonepaumoHHbIX PaH, a Tak-
»Ke MUTrpaLnio CeTKM Y BO3MOXKHOW HECOCTOATEIbHOCTY CTe-
nnepHon dukcauum [20]. C nomoLyblo Mofenel rnyboKoro
00yUYEHVA MOXHO OLEHUTb U OMPeAeNnTb OTpuLaTeNbHbIE
pe3ynbTaTbl N1anapoCKONMYeCKON repHUOMIACTUKN, KOTO-
pble CBA3aHbI C ANUTENIbHOWN XPOHUYECKON 60Sblo, BO3HUK-
Wwern B pe3ynbTaTte MOBPEKAEHUA HEPBHbIX CTPYKTYP MN
XPOHMYECKOW UHPEKLMEN MATKMX TKaHel [21]. B KoHeuHOM
UTOre, UHTErpaLma NCKYCCTBEHHOIO UHTeNNeKTa B 06nactm
XVPYpruv, peanusyemasi C NMomoLLblo CMOCOOHOCTM ynyu-
WaTb BM3yann3auuio onepaLmoHHoro nona n gudpdepeHum-
poBaTb aHaTOMMYECKNE OPUEHTUPDI 1 CTPYKTYPbI, TOMOraeT
BbIMOJSIHATD TOT UV MHOW ONepaLMOHHbIN NPYEM B pamMKax
npoBefeHUs NanapoCKONNYECKOW repHUOMMAACTUKNA.
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Bce 310 NpMBOAUT K MMHMU3ALIMW PUCKa NOBPEXAEHNI
BaXKHbIX CTPYKTYp B 06/1aCT1 OnepaLMoHHOro nosns, Tem ca-
MbIM COKpaLLlaa KOMKO-AeHb NpebbiBaHNA B CTaLMOHape 1,
rnaBHOe, ynyyllaa KayecTBO »KM3HW MauueHTa 6naropaps
CHUKEHUIO MOC/IeonepaLMOHHbIX OCIIOXKHEHWIA.

OfHUM 13 BeCbMa MHTEPECHbIX CMOCOO0B NPYMEHEHNS
TEXHOJNIOMMA WNCKYCCTBEHHOTO WHTENNIeKTa B paMKax rep-
HNONOrNN, ABNAETCA ero MCNoNb30BaHME B BUPTYasbHbIX
CMMYNATOpPax, KOTOopble MO3BOAAKT XMPypram MpoBOAUTb
MOJIHOLEHHYIO FePHMOMIACTMKY MO Pa3fIMYHbIM CLLleHAPUAM
N YPOBHSAM CJIOXKHOCTe 6e3 prcka Ana nauneHToB. [laHHble
CUMYNATOPbI MOTYT MCNOMIb30BaTb TEXHOIOTMO MALIMHHOIO
06yyYeHUA 1 KOMMbIOTEPHOIO 3PEHNA C LieNblo NPoBeaeHUsA
aHanM3a v OLEeHKM AeNCTBUI XMpypra, npefocTasnaa ob-
paTHYO CBA3b U PeKOMEeHJaLMUnN MO YNyylleHU0 HaBbIKOB.
B HepaBHem wccnefoBaHUK, AM3aliH KOTOPOro BKAlOYan
nporpammupoBaHue Ha Python, CNN n Raspberry Pi, 6bin0
MOKa3aHo, UTO WMCKYCCTBEHHbIA WUHTEMNEKT NPUMEHMM ANA
pa3paboTky cuctembl 0OyyYeHUA XMPYPros namnapockonu-
YecKoW repHMonnacTMKK. PesynbTaTbl 3TOro MCcCnegoBaHUA
NPOAEMOHCTPUPOBANN, YTO CUCTEMA 3HAUNTESIBHO YCKOpPA-
eT KpMBYI 00yuYeHVA XUpypra B pamkax ornpefeneHHoro
TUMA NanapoCKONMMYECKON repHUOMNIacTMKY, a TakKe 06-
napaeT 6oMbWNM MOTEHLMANOM ANA MOBbILWEHNA YBEepeH-
HOCTWM B OTHOLIEHUWN MPUHATUA TEXHUYECKOro pelleHus,
nomoras ynyuywinTb CBOW MPaKTUYECKNe N TeopeTuyeckne
HaBbIK/ B pamMKax repHMoNornyeckon npaktukm [22]. AHa-
NIOTMYHOE WCCnefoBaHMe, MPOBeAEeHHOe ABYMA rogamm
no3gHee, TakXKe MPOAEMOHCTPUPOBaNo 6onbluylo 3dpdek-
TUBHOCTb WCMOMb30BaHUA aNropuTMOB MalUMHHOrO 06-
yyeHuss Ona obOyuyeHUs CTaXepOB-XUPYProB JanapocKo-
NUYeCcKom TeXHNKU repHmnonnactnkm [23]. Tak, ¢ nomoLbto
JaHHOro anropmnTMa NPoBOANIIACh OLEHKA YPOBHSA TEXHUKN
BbIMOJIHEHVA OMEPATUBHOMO MPUEMA OOYYaAOLNXCA U Bbl-
ABNANNCH obLiMe oWnOKN, Ha OCHOBE KOTOPbIX NpefocTaB-
NANVCb PEKOMEHZALMN MO YNyYLLEHUIO HAaBbIKOB U TEXHUYE-
CKOWM peanusauumn nanapockonmyeckon repHUonIacTukm,
HauyMHasA OT NPaBUIbHO BbIOPAHHOW TOUKM 1 HanpaBneHus
OVCCeKLUN NapueTanbHbIi OPIOWNHDBI, 3aKaHurBas Hanbo-
nee BEPHbIMM TOUYKaMU CTennepHoOn pukcaumm ceTku. MNoxo-
Xee nccnefoBaHue NPoBOANIY C NCMONb30BaHEM MOZeNN
npodeccmoHanbHOro 0byYeHNs XMPYProB repHMonIacTu-
Ke, 1 nocsie BBeAEHMA ee B NPAKTUKY BbIABMAN 3HaUNTENb-
HblI YCrex B MOBbILEHNN TEXHUYECKMX BO3MOXHOCTEN XU-
PYProB B pamkax BbIMOSIHEHWA 1060 NanapocKonmyecko
repHUOMNNacTMKM MOocCNe 3aBeplieHnA KpUBOM obyuyeHus
[24]. HakoHel, HefaBHO nccnefoBaTeNny NOATBEPANIIN aKTY-
anbHOCTb U Ba’KHOCTb MPUMEHEHNA TEXHONOTMIA ry6oKoro
06yueHMsA B OTHOLLIEHWMN UAEHTUGUKALUW 1 HTEpRpeTauum
3TanoB onepaTtMsHoro npvema npu TAPP gnAa nosbiweHnA
3bdeKTUBHOCTU PaboThl XMpPypra, OLUEHKN 1 ynyulleHus
€ro HaBbIKOB, MONOXUTE/IbHO BNVAA Ha KPUBYH ero o6-
yyeHua [25]. HecmoTpAa Ha NONOXMUTENbHYI0 CTOPOHY 1 aK-
TyanbHOCTb MOAo6HbIX WW-perynupyembix CUMYNSATOPOB,
aBTOpPbI 3aABMAIOT, UTO AaHHbIA MOAXOL BCe-Taku TpebyeTt

JIOMONHUTENbHbIX UCCNEeA0BaHNA 1 6oNlee MacCUBHOTO 0Ob-
eMa [aHHbIX A7 MALUMHHOFO 0byuyeHus, YToObl MoayuYnTb
MaKC/MaJibHY0 MOJib3y C MOMOLLbIO 3TOV TexHonoruu. He-
COMHEHHO, Heobxoanmo 60Jblioe KONMMYECTBO AOMONHU-
TeNbHbIX UCCNIeJOBaHUI B 3TOM HanpasBieHnn, Ytobbl obe-
CneunTb paspaboTKy CUCTEM MCKYCCTBEHHOIO MHTENEKTa,
KOTOpble MOMOryT XMpypram Ha KaXk[OM >STane repHuo-
NOTNYECKON MPAKTMKK, HauMHasA OT MnpeaonepaLioHHON
NoAroTOBKM, 3aKaHUMBAs aHANM30M U OLIeHKOW COCTOAHMA
nauveHTa B Noc/ieonepaLUioHHOM Nepuroae, a Tak»Ke MOHU-
TOPWHra v peLeH3nPOoBaHNA TEXHUYECKNX HAaBbIKOB XMpypra.

ITn4ecKkme 1 Npasosble acnekTbl UCNOAb30BaHUS
VCKYCCTBEHHOIO UHTEeANEKTa B XUpYypruun

BmecTe ¢ BO3MOXHOCTAMM, KOTOpPbIe NPefoCTaBnAeT nUc-
KYCCTBEHHbIN UHTENNEKT B XUPYPrnyeckon AeATeNnbHOCTH,
BO3HMKAIOT 1 BOMPOCHI STUYECKOrO 1 NPaBOBOro Xapakre-
pa. OgHUM 13 TaknX BOMPOCOB ABMAETCA onpefeneHune oT-
BETCTBEHHOCTW 3a NPUHATME pelleHnin. BaxHO ycTaHOBUTD,
HaCKONIbKO XMPYPr MOKeT nosiaraTbCA Ha pekoMeHAaumm
W, a TakKe B KaKOW CTEMEHW OH JOJPKEH NPUHUMATb CaMo-
CcToATeNbHblE peLleHna. Bce 3T0 MOXHO JOCTUYb, CKOPPEK-
TUPOBaB YXKe VMEILLYIOCA HOPMATUBHYIO MPaBoBYylo 6asy
C YYETOM HOBbIX TEXHONOMMYECKNX JOCTUMEHWNI, NUCMONb3YA
WCKITIOUNTENbHO MPO3payHble anropuTMbl MCKYCCTBEHHOMO
VHTeNEeKTa.

Mpo3pauHocTb anroputmoB W pgencreutenbHo ABnA-
€TCA BaXKHbIM 3TUYECKMM acrneKToM, MOCKOJIbKY No3BonaeT
MOHATb, KaK CMCTEMA NPUHUMAET pPeLUEeHNA 1 Kakne GpakTo-
pbl BAVAOT Ha ee paboTy. B xupypruueckon npaktuke 1o
MMeeT 0coboe 3HaueHre, Tak Kak OT MPO3PaYHOCTU asro-
puTMa 3aBUCUT JOBEpME Bpayell 1 MauMeHTOB K cucteme
NCKYCCTBEHHOTO MHTeNIeKTa. [na obecneveHus npo3pau-
HOCTM HeobXxoAMMo pa3pabaTbiBaTb aJIFOPUTMbI, KOTOPble
MOTYT He TONbKO OO6BACHUTL CBOWU peLleHns, HO 1 npefo-
CTaBNATb JOCTYN K MHPOopmauumu o paboTe cmctembl N kak
ONA MeOMUMHCKUX CMeuranucToB, Tak U ANA NauueHTOB.
Kpome TOro, 6€30nacHOCTb NPUMEHEHUSI TEXHONOTUIN UC-
KYCCTBEHHOIO VHTENIeKTa B XUPYPruv, HECOMHEHHO, fB-
NAETCA OQHMM U3 OCHOBHbIX 3TUYECKNX acrnekToB. Cnctembl
N pnomxHbl ObITb HafeXHbIMU 1 06ecneunBaTb BbICOKYIO
TOYHOCTb B CBOel paboTe, UTOObI MUHUMU3MPOBATL PUCK
OLWMNOOK 1 OCNIOXKHEHUN Ans nauveHTa. [na obecneyeHus
6€30MacHOCT Heo6XOAMMO MPOBOAWTL TLATENIbHOE Te-
CTUpOBaHve anroputmoB MW, a Takxke pa3pabatbiBaTb Me-
XaHV3Mbl KOHTPOJIA U MOHUTOPWHIA UX PaboTbl B peanbHbIX
YCNOBUAX XMPYPryYeCcKom NpaKkTUKM.

Kak yxe OblIo CKa3aHO, UCMOJSIb30BaHME TEXHONOTMI
WCKYCCTBEHHOrO WHTeNfeKTa B MeAuuuHe npegnonaraet
06paboTKy 60bLIOro KoNMyecTBa NepcoHasnbHbIX AaHHbIX
naymeHToB. B Poccnn gencrayet 3akoH «O nepcoHanbHbIX
JaHHbix» (N2 152-03), KoTopbii perynupyet o6paboTky
N 3alMTy NEPCOHaNbHbIX AaHHbIX. BakHO obecneunTb co-
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6niofeHre TpeboBaHWI 3aKOHa U rapaHTUpPoBaTb KOHOU-
OeHUMaNbHOCTb AaHHbIX MaLMeHTOB NP MCMONb30BaHNUN
JaHHOW TexHonorum B xupyprun. B 2020 rogy 6bin npu-
HAT QepepanbHblli 3aKoH «O NpoBeAeHUN 3KCNeprMEHTa
MO YCTaHOBJIEHMNIO CNeLManbHOro perynmpoBaHua B Lienax
CO37aHUs HeOOXOAMMbIX YCOBUIA st pa3paboTKy 1 BHe-
OPEeHNA TEXHOJNIOTUI UCKYCCTBEHHOTO WMHTENNIEKTa B CyOb-
ekte Poccuiickon Mepepaumm — ropoge denepanbHo-
ro 3HauyeHns MocCKBe 1 BHeCEHUW M3MEHEeHUI B CTaTbu 6
n 10 ®epepanbHOro 3akoHa «O MepCcOHanbHbIX AAHHbIX»
oT 24.04.2020 (N2123-13), KOTOpbIN NpefocTaBnseT f4oCTa-
TOUYHO GnaronpurATHbIE YCIIOBUA ANA pa3paboTKn 1 BHeape-
HUA U-TexHonormim B MeanLMHCKYI0 NPaKTUKY, B TOM YMC-
ne un B Xupyprun. Kpome Toro, iaHHbI 3aKOH CNOco6CTBYeT
obecneyeHnto cobnofeHNA COOTBETCTBYIOLMX NPaB naLu-
€HTOB Ha KOHPMAEHLMANbHOCTb N 3aLMTY NEePCOHANbHbIX
[aHHbIX, MOMOras yCTaHOBUTb bornee yeTKme npasua obpa-
6OTKUN U XpPaHEHUsI MEAVLUHCKMX AaHHBIX, BKIOYas Te, KO-
TOpble OblfN NOJyUYeHbI C UCMOJNIb30BaHMEM VI-TexHonornii.

HecmoTpsa Ha To, uTo B Poccuiickon Oepgepaunn Ha gaH-
HblA MOMEHT HeT CMeLunanbHOro 3aKoHOAaTeNbCTBa, pery-
nvpyowero ncnonb3osaHue VI B megnunHe, B 2019 Yka-
3om lpesmpeHTta Poccunckon Oepepauun «O pas3Butin
NCKYCCTBEHHOro mHTennekta B Poccunckon Qepepaunn»
yTBepXxeHa HauuoHanbHaa cTpaterna pasBUTUA WCKYC-
CTBEHHOTrO MHTenneKkTa Ha nepuog ao 2030 roga, Kotopas
npegycMaTpriBaeT  pa3paboTKy HOPMaTUBHO-NPaBOBON
6a3bl B o6nactu . BaxkHo oTcnexunsaTtb U3MEHEHUA B 3a-
KoHoAaTenbCTBe U afganTUpoBaTb NPaKTMKY MCMONb30Ba-
HNA TEXHONOTUIN NCKYCCTBEHHOTO UHTENNEKTa B XUPYyprum
K HOBbIM TPe6OBaHUAM.

Ona ncnonb3oBaHuna U B xupyprum Heobxoammo no-
NlyYyeHne COOTBETCTBYIOLWMX JIMLEH3UA U CcepTUUKATOB.
B Poccunckon Pepepayunm, TeOpeTuyecku, 3To MOXeT pe-
rynupoBatbca MoctaHoBneHnem [MpasuTenbctea PO ot 30
uioHa 2021 ropa «O dpepepanbHOM rocygapCTBEHHOM KOH-
Tpone (Haf3ope) 3a obpalleHneM MeAULNHCKUX U3OEeNNN»
(Ne 1066) u gpyrummy HOPMaTUBHBLIMU akTaMu. BaxkHo y6e-
OUTbCA B TOM, YTO UCMosb3yemble cucTembl W 6ygyT cooT-
BETCTBOBATb TPebOBaHUAM 3aKOHOZATeNbCTBA U MponayT
BCe HeobOxofvMble npoLeypbl IMLEH3NPOBAHNA 1 CepTU-
durKkaumn.

B Poccum, Kak 1 BO MHOTMX ApYyrnx CTpaHax, OTBETCTBEH-
HOCTb 3a NpuHATUE peLIJeHI/IIZ B XMPyprmn nexXmt Heno-
CpeacTBEHHO Ha nevyallem JOKTope, 1 ncnonb3oBaHne VN
He [IO/MKHO OCBOOOXAATb €ro OT 3TOW OTBETCTBEHHOCTU.
Takum 06pa3om, MOJSIHOLEHHOEe BHeAPEeHMEe TEXHOJSOMNI
NCKYCCTBEHHOTO MHTEIEKTa TpebyeT pa3paboTKy HOBbIX
NpaBoOBbIX N 3TNYECKNX HOPM 1 3aKOHOB, onpeaenAarwmnx
CcTeneHb OTBETCTBEHHOCTU XMpypra n CUCTeMbl NCKYCCTBEH-
HOrO UHTENNEKT], a TakXkKe yyeTa BO3MOKHbIX OLIMOOK, CBA-
3aHHbIX C HEAQOCTAaTKAMW allflOPUTMOB U HEMPaBUIbHbIM
ncnonb3oBaHMeEM TexHonormn gnAa NnosIHOLeHHOro B3anmmo-
OeNCTBNA MeXay MedUUMHCKAMK cneunannctamu, paspa-
6OTUMKAMM TEXHONOT I U OOLLLECTBOM.

3aKkAlo4eHve

B 3aknueHWn, MCNonb3oBaHUE TEXHONOMMIN WCKYC-
CTBEHHOIO VHTeNNEeKTa AN NPOBEeAEHMA FePHNOMNNACTMKN
U OPYrux XUpYypruveckmx onepauuin npeactaBnser cobon
nepcrneKkTMBHOE HanpaBfieHVe B COBPEMEHHOW XUpypruu.
Takne VIN-TexHOnOrMn Kak KOMMbIOTEPHOE 3peHune, Ma-
WNHHOE O6OyuyeHVe 1 POOOTU3MPOBAHHbIE CUCTEMbI, CMO-
COBCTBYIOT MOBbILLEHMIO TOYHOCTM, 6e30MacHOCTU U 3bdek-
TUBHOCTU XMPYPruyeckmx BmellaTenbcTs. BHegpeHve VA
B XMPYPruyeckyt npakTuKy no3BosfeT COKpaTUTb Bpems
onepauunu, yMeHbLNTb PUCK OCNTOXKHEHUI U YCKOPUTb NPO-
Liecc peabunmrtauum naueHToB.

OfHaKko, HECMOTPS HAa 3HaAuWTENbHblE MPEUMYLLECTBa,
NCMONb30BaHME TEXHOMOTMI UCKYCCTBEHHOTO WHTENSEKTa
B XUPYPrumn TakXe CTanKuBaeTca ¢ pagom npobnem. OHu
BK/IOUalOT B cebs 3TMYecKre acneKTbl, CTaHAapTM3auuio
U VHTErpauuio TEXHOJNIOTUN, a TakXe ObyuyeHre 1 Nogro-
TOBKY MEAWLMHCKOro nepcoHana ans paboTbl ¢ HOBbIMY
cuctemamu. [1na ycnewHoro BHeApeHns Tako TEXHONOMK
B XVPYPruyeckylo npakTiKy HeobxoAMo MPOBOAUTb [O-
MOMHNUTENbHbIE NCCelOBaHNA, pa3pabaTbiBaTb CTaHAAPTDI
1 PYKOBOJCTBA, a Takxe obecneyrBaTb HernpepbiBHOe 00y-
YeHVe 1 TEXHUYECKYIO NMOAAEPKKY creumnanmctos. B uenom,
MCNONb30BaHME NCKYCCTBEHHOIO MHTENfIeKTa B repHUoo-
MY 1 B APYrMx pasgenax MeauLUHbl ABNAETCA MOLUHbIM
WNHCTPYMEHTOM, KOTOPbIA MOXET 3HauMTesIbHO YMyulWwunTb
KaueCTBO OKa3blBAEMOWN MeANLIMHCKON NOMOLLM 1 NONOXN-
TeSIbHO NOBJIMATb Ha TEYEHMEe NOCeoNepPaLMOHHOrO Nepu-
ofa NaLMneHTOB, a TaKXKe CHU3UTb PUCKU OCSTOKHEHWI.
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MMNEPNPONAKTUHEMUA KAK NMPUYNHA
BECIMJ10JHOI0 bPAKA: COBPEMEHHbIE MPE[CTABJIEHUS

HYPERPROLACTINEMIA AS A CAUSE
OF INFERTILE MARRIAGE: MODERN
CONCEPTS

I. Tarasova

S. Kalinchenko
L. Vorslov

V. Kononova
N. Grigoriev

Summary. Hyperprolactinemia is one of the most common endocrine
causes of infertile marriage, affecting ovulation, implantation, and
spermatogenesis. The review presents current data on the pathogenesis
and dlinical manifestations of hyperprolactinemia, methods of
its diagnosis, including assessment of biologically active forms of
prolactin and neuroimaging. The influence of hyperprolactinemia on
the probability of pregnancy, the frequency of reproductive losses and
perinatal outcomes is considered. An analysis of the literature confirms
that timely diagnosis and individualized therapy can significantly increase
the likelihood of pregnancy and successful completion in women, as well
as improve spermatogenesis in men. The need for an interdisciplinary
approach to patient management and the prospects for further research
in the field of personalized medicine, including the study of the role of
nutritional factors, are emphasized.

Keywords:  hyperprolactinemia, infertile  marriage,  prolactin,
prolactinoma, reproductive function, anovulation, spermatogenesis,
dopamine agonists, macroprolactinemia, Omega-3 index.
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BseaeHue

TyaslbHbIX MEeAUKO-COLMAbHbIX MPO6IeM COBpPeEMeH-
HOro 3 paBooxpaHeHusn, 3aTparnsasa ot 10 o 15 % cy-
Npy»ecknx nap penpoayKkTMBHOro Bo3pacta. B nocnegHne
JecATnneTnA oTMeYaeTca YCTOMUYMBAA TeHAEHUMA K poCTy
pPacnpoCTPaHEHHOCTY HapYLLUEHWI PeNnpPOaYKTUBHON QYHK-
LW, 4TO CBA3bIBAIOT C M3MeHeHMeM obpa3za Xn13Hu, yBenu-

E ecrnyioave npefcTaBnseT cobon ofHy 13 Hanbornee ak-
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Axromayus. TANepnponakTUHeMmA ABNAETCA 0AHOI 13 Haubonee pacnpocTpa-
HEHHbIX SHAOKPUHHbIX MPUUNH GecnnogHoro 6paka, OkasbiBas BAUAHME Ha OBY-
NAUMI0, UMNNIAHTALMIO 1 CNepmaToreHes. B 063ope npeacTaBneHbl COBpeMeH-
Hble JaHHbIE 0 NaTOreHe3e I KNMHUYECKUX NPOABMEHINAX TUNepnposakTUHEMIN,
MeTOfiax ee AMArHoCTUKM, BKIoYasA OLeHKY GUonornueckin aktusHbIX Gopm
NPONAKTUHA U HeipoBU3yanu3aumio. PaccMaTpuBaETCA BUAHME TANEPNPONAK-
TUHEMUI Ha BEPOATHOCTb HACTYMEHA GePeMEHHOCTI,  TaKXKe YacToTy penpo-
BYKTUBHDIX 11OTEPb U NEPUHATANIbHBIE MCXObI. AHANU3 IUTEPATYPbl NOATBEPK-
[IA€T, UTO CBOEBPEMEHHAA AMArHOCTUKA W UHAMBMUIYaNN3NPOBAHHAA Tepanus
N03BONSAIOT CYLUECTBEHHO MOBbICUTL BEPOATHOCTb HACTYNNEHNS W YCMELWHOTO
3aBepLUeHI OepEMEHHOCTH, a TaKKe YNYULLIATD NOKa3aTenn CnepmaroreHesa.
MoauépKNBaETCA HeobXOAUMOCTb MEXANCLUMIMHAPHOTO NOAX0AA K BEAeH!I0
NAWVEHTOB 11 NEPCNEKTUBHOCTb AANbHEALIX UCCEA0BAHMI B 0611aCTI Nepco-
HANM3MPOBAHHOI MEAMLMHDI, BKIOYAA U3yyeHile Pou HYTPUTUBHBIX (aKTo-
poB.

Knouesbie crioga: runepnponakTuHemus, 6ecnnoHblii 6pak, NponakTit, npo-
NaKTMHOMa, PenpoayKTUBHAA GYHKLUS, aHOBYNALWA, CNEpMATOreHes, Jodamu-
HOBbIE arOHMUCTbI, MaKPONPONaKTUHEMUS, OMera-3 UHAEKC.

YeHVeM YacToTbl SHAOKPVHHBIX U MeTabonnyeckux 3abosne-
BAHUI, CTPECCOBbIX GpAKTOPOB, a TakKe HebMAronpPUSTHLIM
BO34eNCTBMEM BHeLHel cpeabl [1, 2].

Cpeln 3HOOKPVHHBIX NpUYnH Gecnnoaus ocoboe me-
CTO 3aHuUmaeT runepnponaktuHemma (IMPJ1) — cuHgpom,
XapaKTepu3yoWMNNCa CTONKMM MOBbILEHNEM KOHLEHTpa-
UMM NPOJNIAaKTUHa B CbIBOPOTKE KPOBU Bbie ¢pr3nonoru-
Yyeckmx 3HauveHun. Mo AaHHbIM HEKOTOPbIX NCCeoBaHNUMN,
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runeprnponaktnHemnsa Bbiasnaetca y 18-40 % eHWwuH
C 3HAOKPVHHbIMU popmamm becnnoans, a Takxke y 5-10 %
KEHLWWH penpoayKTMBHOIO BO3pacTa 6e3 BblpPa)KeHHOW
KITMHAYECKON CMMNTOMATUKN [3, 4].

®u3nonornyeckaa posib MPONaKTUHA Ype3BblyaiHO
MHororpaHHa. OH yyacTByeT B perynaunm penpoayKTUBHOM
cucTembl, MeTabonm3ma, MIMMYHHOTO OTBETa, OKa3blBaeT MO-
aynvpyloliee fericTBre Ha NCUXOIMOLMOHaNbHOe COCToA-
Hre. OfHaKo ero MaTosiorMyeckoe MoBbIlEHNE HapyLlaeT
HopMasibHylo GYHKLMIO rMnoTanamo-runodusapHo-roHas-
HOW OCW, YTO Y MKEHLLMH NPUBOAUT K aHOBYnALMK 1 6ecnno-
AVII0, @ Y MY>KUMH — K TMMOroOHaAn3My 1 HapyLleHUio cnep-
maToreHesa [5-10].

3HauMMOCTb NPo6IeMbl MOAUEPKMBAETCA U TEM, UTO -
NeprnpoNakTUHEMUS HEPELKO COMPOBOXAAETCA APYrvMM
SHAOKPUHHBIMU MATONIOTUSIMU — TFUMOTUPEO30M, CUHAPO-
MOM MOJIMKMNCTO3HbIX IMYHVKOB, METAOONIMUYECKUM CUHAPO-
MOM, YTO yCyry6nseT HapyLleHUs GepTUIbHOCTA 1 CHUXKAET
3bbEKTUBHOCTL penpofyKTUBHbIX TexHonorui [11, 12].

Takum 06pasom, rMneprnponakTMHeMns ABMAAETCA of-
HVM 13 KJTIOUYEBbIX 3BEHbEB MaToreHesa 6ecnnogHoro 6pa-
Ka, TpebyoLero MeXaANCUMNINHapPHOro Noaxoaa K AnarHo-
CTVIKE U JIeYEHUIO.

Mun3nonorms  MexaHM3mMbl peryAsiuny NPOAaKTUHE

MponakTuH (MPJ1) ABnAeTca nonMnenTULHbIM FOPMOHOM,
CUMHTE3VPYEeMbIM  JIAKTOTPOMHLIMU U JTAKTOCOMATOTPOM-
HbIMW KNeTKamu nepefHen gonu runodusa. Ero monekyna
Mo CTPYKType CXOXa C FOPMOHOM pocCTa M naLeHTapHbIM
naktoreHoM. HecmoTps Ha TpaauuMoHHOe BoOCMpuUATHE
NposiakTMHa Kak «ropMOHa laKTaLun», COBpeMeHHoe npep-
CTaBJIEHVE O HEM 3HAUUTENBHO LWMpPE: U3BeCcTHO 6onee 300
6ronoruyeckux 3dodekTos MPJ, BKAOYaOLWMUX perynauuo
penpoayKTUBHOM GYHKL MU, UMMYHHOTO OTBETa, aHTMOreHe-
3a, HerponpoTeKunmn 1 meTabonusma [13, 14].

Cekpeuma nponakTMHa HaxoAWUTCA MNPEUMyLLeCTBEH-
HO MoA MHIMOMpYLWUM KOHTponem AodaMuHeprmyeckom
cucTembl runoTanamyca (cM. pucyHok 1). JodamuH, Bbige-
NAACb U3 HEPOHOB apKyaTHOro AApa, cBA3biBaeTcA ¢ D2-
peuenTopaMmyv Ha MOBEPXHOCTU JIAKTOTPOMHbIX KNETOK,
nofaBnAA TPAHCKPUMNLUIO reHa NPONAKTMHA U ero cekpe-
umto. B To ke BpemA TMpeoTpOonmH-puan3uHr-ropmoH (TPI)
N 3CTPOreHbl CMNOCOOHbI CTUMYNIMPOBAThL MPOAYKLUIO NPo-
NaKTUHA, UTO OOBACHAET ero NoBbILIEHNE NP FMNOTUPEO3e
1 B nepuog 6epemenHocTu [15, 16, 17].

BblpaboTKa nponakTMHa MOABEpP)KEHA BbIPAKEHHbIM
UuMpKagHbIM KonebaHusiM. MaKcuMmasnbHble YPOBHU peru-
CTPUPYIOTCA HOUBIO U B PaHHMWE YTPEHHUE Yacbl, MUHUMaSb-
Hble — gHéM. CeKpeLns ropMoHa Bo3pacTaeT npu ctTpecce,
bun3nyecknx Harpyskax, BO Bpems MosioBOro aKkTa, a Takxke
B nepuroa 6epemMeHHOCTU 1 nakTauum [18, 19].

B cblBOpOTKe KpOBW BbIABAAIOT HECKONbKO N30$OpM

ropmoHa:

® MOHOMEPHbIN MNPONAKTUH (BLUONTOrNYECKN aKTUBHBDIN,
cocTaBnseT 80-85 % oT o6Len ppakumn),

e OGonbwoin-nponaktuH (Big-PRL) v ruraHTcKuin-npo-
naktnH (Big-Big-PRL, unyu MakponponaktuH), 06-
najalowye 3HaunTeNlbHO MeHbLUe Grosnornyeckomn
AKTUBHOCTbIO.

(QeHOMeH MaKpOMPONaKTMHEMUM  COMPOBOXAAETCA
MOBbILIEHHbIMY JTabopaTOpHbIMU NMokasatensamu MPJ1 npw
OTCYTCTBUM TUMUYHBIX KIMHUYECKUX MPOABMEHUI runep-
nponakTuHemun. NpasunbHaa MaeHTUPUKALMA STOMO CO-
CTOAHVA NO3BOJIAET U36eXKaTb MMNEPANArHOCTUKMN U HEKOP-
pekTHom Tepanuu [20, 21].

MponakTvH y4yacTBYeT B perynauuv runotanamo-rumno-
¢dur3apHoO-roHagHom ocu. oBbllEHME ero KOHLEeHTpauun
nofaBnAeT CeKpeuuto roHaZoTPOMNUH-PUAN3UHI-FTOPMOHA
(THPT) runoTanamycom, YTO MPUBOAUT K CHUPKEHWIO YPOB-
Hel noTenHusmpytowero (JIN n donnukynoctTumynupyto-
wero ropmoHoB (OCT). B pe3ynbTtate HapyLlaeTca oBynauus,
YMEHbLUAETCA CeKpeuus MporectepoHa, pa3BUBAETCA He-
[LOCTAaTOUYHOCTb IIOTEUHOBOW da3bl 1 aHOBYIATOPHOe bec-
nnogue. Y My>UmH aHanornyHblii MexaHnsm obycnosnvBa-
€T TMMNOroHaAn3M, CHUKEHNE TECTOCTEPOHA U HapyLueHne
crnepmMatoreHesa [22-26].

3TNOAOIS1 N NaToreHes rmnepnpoAakTMHeMnn

lmnepnponaktnHemua (IMTIPJ1) aBnaetca CUMHAPOMOM,
06beANHAIOWNM LMPOKUIA CNEKTP COCTOSIHUI, NPW KOTO-
PbIX NPOUCXOAUT CTOMKOE WA TPaH3UTOPHOE MOBbILIEHNE
YPOBHSs MPOaKTHA B CbIBOPOTKE KPOBU Bbille pedepeHc-
HbIX 3HaYeHWI. ITronornyeckne GakTopbl MOXHO YCIIOBHO
pa3genutb Ha GU3NONIOrNYECKME, MATONOIMYECKe U ATPO-
reHHble [27, 28, 29].

K umcny ectecTBeHHbIX COCTOAHNIA, COMPOBOXKAAIOLLMXCA
rMneprnponakTMHeMen, OTHOCATCA 6epemMeHHOCTb, JlaKTa-
uma, dusnyeckasn Harpyska, CTpeccoBble BO3[1eNCTBMA, HOY-
HOW coH u nonosown akT [30, 31].

Hanbonee 3HauMmol MaTONOrMYecKon MPUUUHOWN TU-
neprnponakTMHeM1U ABAAETCA MPOSIAKTMHOMa — FOPMO-
HaNbHO-aKTMBHaA ageHoma runodursa, BCTpevatoLanca
y 40-60 % naymeHToB C AaHHbIM CMHAPOMOM. PasnunuaioT
MUKPOMPONAKTMHOMbI (pa3mepomM meHee 10 MM) U MaKpo-
nponakTnHoMbl (10 mm 1 6onee). MNponakTMHOMbI Tpaau-
LMOHHO paccMaTpMBalOTCA Kak FOPMOHaNbHO-aKTUBHbIE
afileHoMmbl runodusa, AnA KOTOPbIX XapaKTepPHa aBTOHOMHas
runepcekpeuna nponakTnHa. Onyxonesbi POCT NPUBOANUT
K aBTOHOMHOW runepceKkpeuun nponakTnHa, a npu 6onb-
WNX pasmMepax — K KOMIMPECCUn OKPYKaloLWMX CTPYKTYP,
YTO COMPOBOXAAETCA HEBPOJSIOrMYECKMMU HapyLUEHUAMM
[32,33].
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Puc. 1. Perynauna cekpeunn nponakTnHa
Mpumeuarue: NMMNO — nponakTUH-UHrMbupyiowmre-pakTopbl; NMPO — nponakTuH-punmsnHr-daktTopsl; A — pnodbamun;
CTI — comatoTponHbii ropMmoH; TAMK — ramma-amuHoMacnaHasa Kucnota; TP — TMpeoTponuH-puamn3nHr-ropmoH; OT —
OKCUTOLMH.
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[Jpyrve natonornyeckne COCTOAHUA, aCCOLMNPOBAHHbIE
C rMnepnponakTUHEMUEN, BKITOYAIOT:

® UNOTUPEO3 — 3a CYET CTUMYNALMN CEKPeLun Tupe-
OTPONUH-PUAK3UHI-ropmoHa (TPT);

® CUHAPOM NOIMKMNCTO3HbIX ANYHUKOB (CIKA);

® XPOHUYECKYIO MOYEYHYI0 HEeJOCTaTOYHOCTb U LMp-
O3 neyeHun;

e [oBpeXaeHua runotanamo-runodusapHon obnactu
(TpaBMbl, onepauuu, BOCManUTeNbHble MPOLECChI)
[34].

K uncny meavikameHTOB, BbI3blBAKOLUX MMNEPMPONAKTM-
Hemuto, oTHocATCA [34]:

® AHTMNCUXOTUYECKMe npenapaTbl (pUcnepuaoH, amm-
Ha3wvH, ranonepuagon);

® aHTVAENpPEeCCaHTbl (CeneKkTVBHblE WHIMOUTOPbLI 06-
paTHOro 3axBaTa CEPOTOHWHA U TPULUKINYECKUe
npenaparbl);

® aHTWrMnNepTeH3MBHbIE CPeCTBa (Bepanamusn, MeTun-
Aona);

e >3CTporeHcofep»allue npenaparbl.

Ponb Omera-3 noAVHeHaCbIWeHHBLIX YKMPHBIX KUCAOT
B NaTtoreHese rmnepnponakTmHemMmmn

Owmera-3 noJInHeHacblWeHHble  XNPHble KNCNoTbl

(MHXK), npexae Bcero snkosaneHTaeHoBasa (IMK) n po-

W

OmMera-3 4

<+ flopaMuHa
MNpuem aHTUAENPECCAHTOB
W HeMPONEenTUKOB
MpueM KOHTPaLeNTUBHbIX

npenaparos
/ + MponakTuH
T3/
+r T3/Tuponu6epuH

NO

+ Koptuson
+ OAraA
]

¢ MporusocnanuTenbHble
UWATOKUHDI

Ko3arekcaeHoBaAa ([K) KuMcnoTbl, paccmaTpmBaloTCA Kak
noTeHUManbHbI MoauduumpyemMblil GakTop, BAUAIOLLMINA
Ha HeMPO3HAOKPUHHbIE MEXAHU3MbI PErYALMM CeKpeLnn
nponakTnHa (CM. pucyHok 2). Bctpansasch B dochonunug-
HbIA cloin MembpaH, MK n3meHseT 1x TeKyyecTb 1 Napame-
TPbl PeLenTop-3aBUCUMOTrO CUTHANUHIA, YTO MOXET MOBbI-
WwaTb GYHKUNOHANbHYIO YyBCTBUTENBHOCTb J0GaMUHOBbIX
D2-peuentopoB NakToTpodoB 1 ycunueaTb JodaMuHepru-
yeckoe TOPMOXKeHMe cekpeunn nponakTuHa. Mpun geduuyu-
Te Omera-3 MHXK oTmeuaetca cHukeHMe 3dpPeKTUBHOCTA
JOobaMUHEPrMUECKON PerynaLnm, a Takxke CABUT B CTOPOHY
NPoBOCNANNTENbHbIX MEANATOPOB, YTO B COBOKYMHOCTA MO-
eT cnoco6CTBOBaTb NOAAEPKAHMIO MOBbILIEHHOTO YPOBHSA
nponakTnHa 1 accoummnpoBaTtbca ¢ abdeKTUBHBIMU CUMNTO-
MaMW 1 HAPYLIEHVAMY PENPOAYKTUBHON GYHKLMM (CM. pu-
CcyHOK 3) [5, 71.

Ona oueHkn ctatyca Omera-3 TMHXK wncnonb3yet-
ca onpepeneHne Omera-3 nHaekca metogom BIXKX MC/
MC — npoueHTHOro cogep»aHua CyMMbl 3KO3aneHTa-
eHoBol (IMK) n goKo3areKcaeHoBOW KUCIOT OT obuiero
KOJNIMYECTBA XKMUPHbIX KUCIOT B MEMOpaHe 3puTpoLnTOB [6,
71. Huskmin Omera-3 nHaekc (MeHee 8 %) accoummpoBaH
C MOBbIWEHHbIM PUCKOM Pa3BUTUA METAOONINYECKMX U DH-
JOKPUHHbIX HapyLWeHWIA, BKOYasa rMnepnponakTUHEMUIO
[5-7,35-37].

A

4 TectocTepoHa, m
ScTpanvona,
nporumpoua)

CHUHEeHWMe MenaToHMHa

w
()

Puc. 2. Bnnanue geduunta Omera-3 MHKK Ha ypoBeHb NponakT1Ha 1 ropMOHasbHbI 6anaHc
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Puc. 3. [por3BoAHble XXNPHbIX KACNOT 1 X feNCTBUE

KAVHWYecKkvie NposIBAEHNS U BAUSIHVE
Ha penpoAYKTUBHYIO (YHKLUNIO

KnnHnueckaa KapTuHa runepnponakTMHeMnn uypes-
BblYallHO BapuviabenibHa 1 ONpefenseTcss Kak CTeneHbio
MOBbILIEHNA YPOBHA FOPMOHA, Tak U ANUTENbHOCTbIO ero
BO3[eNCTBMA Ha opraHbl-mulLeHu. [Mpm 3Tom y yactu naum-
€HTOB 3a00/1eBaHNE MOXET NPoTeKaTb 6eCCMMNTOMHO U Bbi-
ABNATLCA NULWb Npu obcneloBaHMY NO NoBogy becnnoansa
W HapYLLUEHNIA MEHCTPYaNIbHOMO LMKNa.

Y XeHLMH rmnepnponakTMHeMna Yalle BCero nposBns-
€TCA HApPYLIEHNAMY MEHCTPYAIbHOMO LKA — OT OJIro—
1 ONCOMEHOPEN |0 NOJSTHOM aMeHopewu.

XapakTepHbIM CYMNTOMOM SIBNAETCA aHOBYNATOPHOE
6ecnnoane, Kotopoe 0OYC/IOBNIEHO NOJABMIEHNEM CeKpe-
LN TOHAZOTPOMNMUHOB U CHUXKEHUEM OBapUanbHON YHK-
uumm [38, 39].

[lononHnTenbHble NPOABNEHUA BKIIOYAIOT:

® ranakTopeto (CMOHTaHHOE BblgeneHne Moo3nea Unm
MOJIOKA M3 MOJIOUHBIX >Kené3), Habnogaemyo npu-
MepHo y 30-70 % nauneHTok;

® CYMMTOMbl — CYXOCTb BRaranuwia, AMCnapeyHuio,
CHUXKeHue nnbuao;

® CHWXXeHMe MMHepPaNbHOM MNIOTHOCTU KOCTHOM TKaHW,
CBA3aHHOE C XPOHUYECKOW rMNO3CTPOreHnen.

Y My>umH 3abosieBaHvie BCTPEUAETCA pexe, HO UMeeT

HE MeHee Cepbé3HbIe nocnepcteuA. OCHOBHbIMU CUMIMTO-
MaMu ABNAKTCA:
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® CHWXeHWe NMOUAO0 Y SPeKTUIbHaA ANCOYHKLMS;

e Gecnnogme, CBA3aHHOE C ONIUroCnepmMmen 1 HapyLue-
HVEM NOABMKHOCTU CNepMaToO30/A0B;

® [VIHEKOMACTVA 1, B OTAE/bHbIX Cly4asnX, ranakropes;

e MPW3HAKM MMMNOrOHaAM3Ma — CHUMKEHVE MbILIEYHON
Maccbl, OCTEOMNOPO3, AEMPECCUMBHbIE PACCTPONCTBA.

MNpn makponponakTMHOMAaX, MPeBbILIAOLWNX B pa3Mmepe
1 CM, BO3MOXHO pPa3BUTUE TOJIOBHbIX OOMen 1 HapyLleHui
3peHnn, CBA3AHHbIX C KOMMpPEeCcCUen Xmasmbl 3pUTeSbHbIX
HepBOB. DTV NPOABNIEHNA HEPEAKO CTaHOBATCA BedyLUMN
1 TPeOYIOT He TONbKO SHAOKPUHOMNOIMMYECKON, HO 1 HENpPO-
XNpYypruyeckon oueHku [40, 41].

Takvm 06pasom, rMneprponakTMHEMINA OKa3bliBaeT CU-
CTEMHOE BNUAHME Ha PenpomyKTMBHOE 340poBbe 060KX
MOJIOB, CHUXasA BEPOATHOCTb ECTECTBEHHOrO 3a4aTusA 1 OC-
NOXHSAA TeueHne 6epeMeHHOCTI.

MvnepnpoAakTHeMuns! 1 PpenpoOAYKTUBHBIE NCXOABI

[MnepnponakTMHEMMA OKa3blBaeT 3HaUMTeNIbHOe BNS-
HVe He TONIbKO Ha HacTynjeHne 6epeMeHHOCTM, HO 1 Ha eé
JanbHelllee TeyeHMe, a TakKXKe Ha MUCXoAbl AN matepwu
1 nnopa.

MOBbILEHHDBIN YPOBEHDb MPOMAKTHA HAPYLUAET OBYJISA-
TOPHbIe LUKIIbl, NpenATcTByeT GOPMMPOBAHMIO MOMHOLIEH-
HOro ENToro Tena M CHWXaeT MPOAYKUMIO Nnporectepo-
Ha. DT MeXaHM3Mbl OOBACHAKT TPYAHOCTW HacCTynneHus
6epemMeHHOCTV MNPV HeIEYEHHOWN TUMNepnpPONaKTUHEMUN.
Mo paHHbIM COBPEMEHHbIX MCCnefoBaHNii, HopManu3auua

Cepus: EcmecmeeHHble U mexHu4yeckue Hayku N° 2-2 ¢hespasio 2026 2.
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nponakTnHa Ha poHe Tepanuu aroHucTamu godammHa no-
3BOJIIET BOCCTAHOBUTb OBY/ALMIO Y OOMbLINHCTBA »KEHLLUH
W YBESIMYWTb YacTOTy HAcTyrnsieHusa 6epeMeHHOCTM fo 60—
70 % [42].

[llaxke nNpu HACTyneHWW 3a4aTus Yy XKeHWWH C runep-
nponakTMHeMMEN NOBbILEH PUCK CAMOMPOU3BOJIbHbIX Bbl-
KMAbILWEN Ha paHHMX CPOKax. DTO CBA3bIBAKOT C HEAOCTATOU-
HOCTbIO JIIOTEMHOBOV ¢a3bl, HAPYLIEHUAMU VMMIAHTALNUN
n pnucbanaHCoM UMMYHHOW perynaunv. HasHaueHue aro-
HUCTOB AodamMmnHa OO 1 B Havane 6epemMeHHOCTU CHUKaeT
PUCK NOTEPb 1 MOBbILIAET BEPOATHOCTb AOHALLVBAHNA.

CoBpeMeHHble KIMHUYeCKUe peKOMeHZauun [onycka-
0T NPOOOIKEHNE Tepanun KabeproaMHOM Ha PaHHUX CPOo-
KaX Y >KEHWMH C MaKpOMpoNaKTMHOMaMK, YrpoxatoLwmmm
3peHuto. B ocTanbHbIX Cilyyasx npenapatbl aroHUCTOB [O-
baMnHa OTMEHSI0TCA MOC/e HacTyMeHUs GepeMeHHOCTH,
NMoCKOJbKY G13nonornieckasn runepnposiakTMHeMns Heoo-
XOAUMa [/151 MOArOTOBKMN MOSIOUHbIX Xené3 K nakraumm [43].

BepemMeHHble ¢ NponakTHOMamMm TpebytoT 0coboro Ha-
ONIoAEeHNA, TaK KaK Yy HUX CYLLecTBYeT PUCK POCTa OMyXosu,
0COGEeHHO MNPV MaKpoafeHoMax. B Takux ciyyasx nposo-
LANTCA PerynapHblii KOHTPOJb 3PeHKA 1 NPy HEO6XOAMMO-
CTW BO30OHOBNAETCSA MEAMKAMEHTO3HasA Tepanus.

BONbLUMHCTBO NCCNefoBaHNI He BbIABUN YBENNYEHMS
pricKa BPOXKOEHHbIX MOPOKOB Pa3BUTUS WK Hebnaronpu-
ATHBIX NEPUHATANIbHBIX MCXOA0B Y AeTel, 3a4aTbiX Ha poHe
Tepanuu aroHuctamu podamuvHa. KabepronnH u 6pomo-
KPUNTUH NPOAEMOHCTPUPOBANM BbICOKMA Mpodusib 6es-
OMacHOCTY B MPOCMEKTUBHbIX HAGIOAEHNSAX.

Y My>XUMH HOpManu3aumua YpoBHs MPONAKTNHA COnpo-
BOX/[AETCA YNyulleHnem MoKasaTenelnl crepmaTtoreHesa,
MOBbILIEHNEM KOHLIEHTPALMU 1 MOABUMXHOCTY CMEPMATO30-
NLOB, YTO 3HAUMTENBHO YBENNYMBAET BEPOATHOCTD 3a4aTyiA.
BaxkxHO oTMeTUTb, UTo 3ddEKT NPOABNAAETCA MOCTENEeHHO
1 MOXeT NoTpeboBaTb HECKOMNbKIMX MecALEB Tepanuu [44].

Taknum 06pasom, rmnepnponakTMHEMNA OKa3blBaeT MHO-
rOypOBHEBOE B/IMAHNE Ha PENPOAYKTMBHbIE MCXOAbl, Ha-
YMHAA OT CHUXKEHNA BEPOATHOCTU 3a4aTUA 1 MOBbILLEHHOTO
puUCKa paHHUX NoTepb [0 HeobxoaMMOCTW MHAMBUAYaNU-
31MPOBAHHOTO BefeHua 6epemeHHocT. COBpeMeHHas Te-
Panuna No3BoNIAET MUHUMIN3NPOBATb 3TV PUCKN N MOBbICUTb
BEPOATHOCTb YCNEWHOro ncxoda Kak asia Mmatepu, Tak n ansa
pebéHKa.

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

3aKAlo4HeHue

MMnepnponakTMHemnsa npepacTaBnAeT coboi ofHy
13 BedyLlMX SHAOKPUHHBbIX NpuumMH GecnnogHoro 6paka,
OKa3blBasAs MHOTrOypOBHEBOE BO3[EeWCTBME Ha PenpoaykK-
TUBHYIO CUCTEMY KaK »KEHLUVH, Tak U MYy>KU4uH. [oBblweHne
YPOBHS NPOJIaKTHA HapyLIaeT NPoLecchl OBYNALMM, Criep-
MaToreHesa 1 VMMJIaHTaLun, CO3[aBasi Cepbe3Hble NpensT-
CTBMA ASIA HACTYMNNEHUA 1 YCNELWHOro 3aBepLieHnsa bepe-
MEHHOCTW.

CoBpeMeHHble AOCTMXKEeHUA B OMArHOCTMKe MO3BONA-
0T He TONIbKO CBOEBPEMEHHO BbIABATb MATONOMMIO, HO ”
anddepeHUMpoBaTb KIVHUYECKN 3HAYMMyl0 FUnepnpo-
NAKTMHEMUIO OT MAKPOMNPONaKTUHEMUM, YTO CHUXKAET PUCK
rMNepanarHOCTUKN U HeONpaBAaHHOMO flevyeHNA. BaxHbim
JOMNOSIHEHNEM K TPagvUMOHHOMY anroputMmy CTaHOBMTCA
OLeHKa HYTPUTUBHOIO CTaTyCa, B YaCTHOCTM, onpeaeneHne
Owmera-3 nHgekca metogom BXKX MC/MC. Huskui ypoBeHb
Omera-3 MHXK mMoxeT 6bITb cCamMoCTOATENIbHbIM GaKTOPOM
pVCKa pa3BUTMA rMNeprnposiakTUHEMINN 3a CYET HEraTUBHO-
ro BNUAHMA Ha godaMuHepruyeckyio perynauuio, 4to ot-
KpblBaeT HOBble BO3MOXHOCTU ANA NPEBEHTUBHOM U afblo-
BaAHTHOW HYTPUTMBHOW KOPpPEKL K.

HecmoTpAa Ha BOCTUIHYTbIE YCrexu, OCTaloTCA HepelleH-
HbIMW BOMPOChI, Kacatowwmeca onTUManbHON TaKTUKN Befe-
HMA NaLMEHTOB C rMnNeprnposiakTMHeMUen 1 penpoayKT1s-
HbIMW MaHaMW, AIMTENIbHOTO HabnloAeHNA 3a XKeHLWUHaMN
C NponakTMHOMamu B nepuop 6epemMeHHOCTN 1 NakTaLuuu,
a TakXe NPUMeEHEHUA HOBbIX PEMPOAYKTMNBHbIX TEXHONOTUI
B TOW KOropTe nauueHToB. TpebyioT AasibHenwero nsyye-
HWA NPOTOKONbI NpUMeHeHnA npenapatos Omera-3 MHXK
y MauMeHTOB C runepnponakTuHemvei 1 6ecnnoguem.

MepcneKkTVBbl UCCNELOBaHUA CBA3aHbl C U3yyeHMEM
MONEKYNAPHbIX MEXaHW3MOB PEerynAunMmnm cekpeuum npo-
NaKTMHa, NOVNCKOM BMOMApPKEPOB MPOrHo3a 3pdeKTnBHO-
CTV Tepanumn 1N pa3paboTKoW NepCcoHann3MpPoBaHHbIX NoA-
XOAOB K neueHuto. BHegpeHve oueHkn Omera-3 vHAOekca
B KIMHWNYECKYIO NPAKTUKY NPeACTAaBASETCA OQHMM U3 Takux
nepcrneKTMBHbIX HanpasneHnin. OUeBUIHO, UTO MEXANCLM-
NANHAPHOE B3aUMOAENCTBMNE SHAOKPUHOOIOB, penpoayK-
TOJIOrOB, MHEKOMIOrOB, HYTPULMONOTOB U HEPOXMPYProB
ABNAETCA KI/IOUYEBbIM YC/TOBYEM AJIS YCMELIHOMO BOCCTAHOB-
NeHNA pPenpoayKTUBHOIO 340POBbA 1 YNYULIEHUS penpo-
DOYKTVBHbIX UCXOLOB Y fJaHHOW rpynmbl NaLyeHToB.
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KTMHWYECKWIA CNYYAN ANBEPTUKYNA NMULLEBOJA

N

CLINICAL CASE OF ESOPHAGEAL
DIVERTICULA

A. Khmara

M. Polidanov

E. Osintsev

O. Konopatskova
E. Gorbunova

A. Akopyan

Summary. Esophageal diverticula, especially Cenker’s diverticula, require
timely diagnosis and choice of optimal treatment tactics due to the
risk of aspiration complications and decreased quality of life in elderly
patients. Goal. To demonstrate the features of diagnosis and surgical
treatment of a major Cenker diverticulum in a patient with severe
concomitant cardiological pathology. Materials and methods. Clinical
observation of a 76-year-old patient with a 5x4 cm diverticulum.
The diagnosis included radiography with barium suspension and
endoscopy. An open diverticulectomy with a transcervical access with a
cricopharyngeal muscle myotomy was performed. Results. The operation
was performed successfully, the symptoms (regurgitation, dysphagia)
were completely stopped. Postoperative period without complications,
discharge on the 9th day. A true diverticulum with chronic esophagitis
has been histologically confirmed. Conclusion. With large diverticulae
(>4 cm), open diverticulectomy remains the method of choice even
in elderly patients, provided careful preoperative preparation and an
interdisciplinary approach.

Keywords: Zenker's diverticulum, diverticulectomy, dysphagia, barium
swallow study, elderly age, comorbid cardiac pathology, chronic
esophagitis.
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AnHomayus. [luBepTukynbl nuiLesopa, ocobeHHo AuBepTuKkyn LieHkepa, Tpe-
6yloT CBOEBPEMEHHOII IMArHOCTUKY U BbIGOpa ONTUMaNbHOI TaKTUKK NleyeHnsa
113-3a PUCKA ACNMPALIMOHHBIX OCTIOXKHEHUI 1 CHUMKEHWA KaueCTBa XIU3HI y naLu-
EHTOB MOXWNOro Bo3pacta. Llesib. MpojeMoHCTpUpoBaTh 0C06eHHOCTY AuarHo-
CTUKIN M XUPYPrYeCKoro NeyeHua KpynHoro AnBeptukyna Lienkepa y naunenTa
CTAXKENON CONYTCTBYHOLLEI KapAnonorudeckoil natonorueid. Mamepuansl u me-
modsl. KnuHnueckoe HabniofieHue nawveHTa 76 neT ¢ AUBEPTUKYNOM pa3Mepom
5%4 cm. [lnarHoctika BKnioyana peHTreHorpaduio ¢ 6apuesoii B3BecbIo 1 3HA0-
CKonui. BbinonHeHa oTKpbITas ANBEPTUKYAIKTOMUA TPaHCLEPBUKANbHBIM [10-
CTYNOM C MUOTOMMEN KpUKOdapuHreanbHoil MblLLbl. Pe3yaemamel. Onepauua
npoBefieHa YyCnewwHo, cumnTomatuka (peryprutauns, gncdarna) noaHoCTbI0
KynuposaHa. llocieonepaoHHblii nepuog 6e3 ocnoXHeHwiA, Bbinucka Ha 9-e
cyTKkI. TcTonornyeckn NOATBEPXAEH UCTUHHBIA ANBEPTUKYA C XPOHUYECKUM
330darutom. 3akatoyerue. lpu KpynHbIX AUBEPTUKYNAX (>4 cm) OTKpbITas Au-
BEPTUKYNIKTOMUA OCTAETCA MeTOAOM Bblfopa fiaxe y MaLMeHToB MOXUA0ro
BO3pacTa Npy YCNOBUM TLATENbHOI NPeAonepaLyoHHON MOATOTOBKM U MeX-
ANCLMNANHAPHOTO NOAXOAA.

Kniouesbie cioga: nuBepTukyn LieHkepa, ANBEPTUKYNIKTOMUS, AUCHArNS, peHT-
reHorpagus ¢ 6apueBoii B3BeChbIo, MO0 BO3PACT, CONYTCTBYHOLLIAA KAPAUO-
MaTonorus, XpOHNUECKii 330(arur.
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BseaeHve

UBEPTUKYN MNKLLeBOAa NpefcTaBaaeT cobon nokasb-

HOe BbINAYMBAHME ero CTeHKu, bopmupyLeecs r3-

3a 0C/1labneHna MbILEYHOro CJ1osi Ha GoHe XPoHUYe-

K1 NOBbILLEHHOrO BHYTPMNPOCBETHOrO AaBneHusa [1]. Takne

nedopmaLm MOryT BO3HMKATb Ha JIIOOOM yyacTKe, OAHAKO

Haubonee TUMWYHOW JNOKANU3aLMEN ABASIOTCA BEPXHUN

N cpepgHuini otgensl. [epBoe ynomuHaHWe O MOAOOHbIX

«MPOTMBOECTECTBEHHbIX KapMaHax» NPUHAANEXNUT aHMNn-

ckomy aHaTtomy A. Jlapgnoy (1794 r.) [2]. OyHaameHTanbHasA

KnaccnoukaLums, coOXpaHUBLLAA CBOK 3HAYMMOCTb, Oblnia

pa3paboTaHa 3.J1. Kuirom B 1912 rosly, a nepBble ycneluHble
XYpypruyeckme onepauum BbinonHeHbl yxe B XX Beke [3].

[JlaHHasa naTonorna oTHOCMTCA K umMciy Hambonee pac-
NPOCTPaHEHHbIX A0OPOKAYeCTBEHHbIX 3aboneBaHWUn nu-
wesoga [4]. Hepenko arBepTMKy bl BbIABAAIOTCA CIyYanHO
BO BpeMA obcnefoBaHUs MO MOBOAY APYrvX HapyLleHui
nuLLEeBapUTENbHOIO TPaKTa, TakMX KaK axanasua Kapauu,
rpbiXa nuLeBoaHoro oteepctua anadpparmel (MOM), xpo-
HUYECKUI XONEeUUCTUT, XeNYHOKaMeHHas 0one3Hb, f3-
BEeHHaA Oone3Hb Xenydka U ABeHaALATUNEePCTHOWN KULLIKM
[5-8]. OpreHTUpOBOYHaA 3a601eBaeMOCTb COCTaBnsAeT 2-3
cny4yas Ha 100000 uenosek B rog [7,9-11]. bone3Hb umeer
BbIPA’>KEHHYIO BO3PACTHYI0 3aBMCMMOCTb: MUK ANArHOCTUKM
npuxogutca Ha nepuog 60-80 net [12-14]. bonbWMHCTBO
nccnefoBaHWiA NoaTBepXAaeT npeobnagaHve naTonoruu
Cpean MyXUMH, C COOTHOLUEHVMEM MY>KCKOTO M >KEHCKOro
nona npumepHo 1.5-2:1 [15-17]. MNpuobpeTeHHble AnBep-
TUKYJbl COCTaBNAT 0kono 40 % oT Bcex cnyyaes [10,18,19].
B 90 % cuTyauuin 3TO0 OfMHOYHble 0Opa3oBaHMA, MHOXe-
CTBEHHbIE AMBEPTUKYSbl BCTPEUYAIOTCA 3HAUMTENIbHO perke
[11,20].

Llenb nccheaosaHust

ﬂ,eMOHCTpaLI,I/Iﬂ yCnewHoro onbiTa JieYeHnA QUBEPTUKY-
Jla NLEeBOAAa, a TakKXe pacCMOoTpeHne COBpeMeHHbIX acnek-
TOB ANArHOCTUKK N NeYeHnA ANBEPTUKYOB NuLieBoaa.

Mepen nybnukauuen matepuanoB KAWHWYECKOrO Ha-
6ntofeHna OT nauuneHTa 6b10 NONYYEHO NMUCbMEHHOE WH-
dopmMmmpoBaHHOEe fOBPOBONbHOE COrNacue Ha NCMoJb30Ba-
HMe NepCoHanbHbIX AaHHbIX Y MeAVLMHCKOW NHbOopMaLmm
B HayuHbIX Liensax ¢ cobnogeHnem tpeboaHuin Oepepanb-
Horo 3akoHa N2 323-03 «O6 ocHOBax oOxpaHbl 3[40POBbA
rpaxpaH B Poccuiickont Oegepaumm» n N2 152-03 «O nep-
COHaNbHbIX JaHHbIX».

IKAnHn4eckoe HabAaloAeHne

MNauwneHT X., 76 net, NOCTynNun B XMpypruyeckoe otaene-
H/e YHUBEPCUTETCKON KIUHMYECKON 60nbHULbI 25 nioHA
2024 roga. OCHOBHble *anobbl BKYaNu nepruognyeckyio
peryprutaumnio HemepeBapeHHbIX OCTaTKOB MWLM CrycCTA

Cepus: EcmecmeeHHble u mexHu4yeckue Hayku N° 2-2 ¢pespasnb 2026 2.

1-2 yYaca nocne efbl C BblpaXKeHHbIM FHUIOCTHBIM 3ana-
XOM, YCUIMBAIOLLYIOCA NMPY HAKMOHAX rofIoBbl 1 TYNOBULLA,
a TakXe MOCTOAHHOE OLlyLieHNe «KOMKa» B 06/1acTu Wwen.
Mo AaHHbIM aHamHe3a, NoAobHble CUMNTOMbI Gecrnokou-
NN NaLMeHTa B TeUeHne ABYX NeT. B CBA3M C NocTeneHHbIM
HapacTaHmem auckomdopTa Npwv rMOTaHMN TBEPLOWA NULLK
60NbHOM CaMOCTOATENBHO OrPaHMYMA PALMOH MPOTEPTbI-
MU 61t0AaMK, OAHAKO K CMeLnanmncTy He obpallanca Ao Mo-
MEHTa MOABMIEHUS COLMANIbHOTO AUCKOM$OpTa M3-3a He-
NPUATHOrO 3anaxa u3o pra.

MporpeccrpoBaHmne gucharnv Npu rIoTaHUM TBEPAbIX
NPOJYKTOB U NOsIBAIeHME coLmanbHOro agnckomdopTa us-3a
HENPUATHOrO 3aMaxa W30 pTa CTajv MOBOAOM AJiA obpalle-
HWSA K TepanesTy Mo MecTy »KUTe/bCTBa.

N3 conytcTBytowmx 3aboneBaHuii: vwemmnyeckas 60-
ne3Hb cepaua, NoCTUHGapPKTHLIN Kapanocknepos (MHdapKT
MVOKapAa nepegHen CTeHKM NeBOro xenygouka B 2010 r.),
apTepuanbHaa runepteHsna 3-M ctaguw, 1-n cTeneHu,
pUCK 4, XpoHUYeckan cepeyHasn HefloCTaTOUHOCTb | QyHK-
UMoHanbHoOro Knacca no knaccudukaumm NYHA. Takxke
BbIAIBNEHbl  Y/IbTPA3BYKOBbIE MPU3HAKN  KeJTYHOKaMEH-
HoW 6onesHu (gaHHble Y3M opraHoB OPIOWHON MOMOCTA
o1 07.06.2024).

Mpun NOCTyNNeHUn COCToAHME NaLMeHTa pacLeHeHO KakK
YOOB/IETBOPUTENIbHOE: CO3HAHME ACHOE, MOJIOXKEHME B MO-
CTenu akTnBHoe. KoxHble MOKPOBbl 0ObIYHON OKpacKM, ne-
pudepnyeckasa remoguHamuka ctabunoHa (ALl 146/84 MmpT.
cT.,YCC 68 ya/muH). Mpu nanbnaymm WwenHom obnactn — 6es-
60ne3HeHHas, MArkas TkaHb, MMdOY3/bl He ManbNUPYTCA.

KnioueBbiM [MarHOCTUYECKMM 3Tarnom CTano MpoBe-
[eHune peHTreHorpadum nuwesopa ¢ 6apueBoi B3BECbiO
27 deBpana 2024 r., KOTopasa BblABUIA MELIKOBUAHOE Bbl-
nAYMBaHME Pa3mMepoM 5x4 CM Ha 3afHel CTeHKe nuLieBoda
Ha ypoBHe cefibMoro wernHoro no3soHka (C7) ¢ y3kum co-
ycTbem (0kono 3 mm). OTMeyanach 3agepKa KOHTPACTHOroO
BELLECTBA B MOJIOCTV AUBEPTUKYSA 6osiee 5 MUHYT nocre 3a-
BEpLUEHMA IMOTaTeIbHOrO aKTa, a TakXe NPU3HAKWU JIOKab-
HOro BocnaneHua cnmsncTon Ha yposHe C5-C7 (yTonweHune
CKNafoK, HEPOBHOCTb KOHTYPOB). SHAOCKOMMNYECKOE nccre-
posaHue (AMAC) noaTBepAUNO Hannumne yCTba ANBEPTUKYA
AVaMeTpoM 4 MM B 061aCTV MOTOYHO-MKLLEBOAHOIO Nepe-
Xo[a 1 3aCToN NULEBbIX MacC B ero nonoctu. buoncna cnu-
31CTOM NULLEBOAA UCKNIOUMIA ONCMNA3NIO AN ONYXOSEBbIV
npovecc.

Ha ocHOBaHUM KANMHNYECKOWN KapTWHbI U JaHHbIX BU3Y-
anmsauunmn yctaHosneH amarHos: K22.5 [lueeptukyn nuie-
BoAda (omBepTnKyn LleHkepa) ¢ npr3Hakamm XPOHNYECKOro
noKanbHoro 33odaruta.

C y4yéTOM BbIpaXKeHHOW CUMMTOMATUKY, KPYMHbIX pas-
MepoB AMBEPTUKYNA (>4 CM) U pucKa pasBUTMA acnvpa-
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LMOHHBIX OC/TIOXKHEHUI (NHeBMOHKA, abcuecc Nérkoro)
NPUHATO peLleHre O NMIIaHOBOM XUPYPTrYECKOM JIeYeHUN.
YuntbiBaa BO3pacT NaumeHTa 1 TAXKENbIN Kapauonoruye-
CKUI aHaMHe3, nepep onepauuei NpoBefeHa KOHCYymbTa-
uMA KapAauosiora C KoppeKkuuen Tepanuu (onTummnsauma
pexuma npréma B-6nokatopos, uHrn6MTopoB AMM). Mpo-
6a ¢ 6-MVHYTHOI xoabbOoI MOKa3ana NepeHoCUMoCcTb GpuUsn-
yeckol Harpy3ku >300 M, YUTO NO3BOJIIIO AOMYCTUTb NaLK-
€HTa K MJIaHOBOMY BMeLLaTeNbCTBY Nof obLiei aHecTe3mnen.
26 ntoHA 2024 1. BbINOJIHEHA OTKPbITaA AUBEPTUKYSISKTOMUA
TPaHCLEPBUKANIbHBIM JOCTYNOM C MUOTOMMUEN Kpukoda-
PUHreasbHOM MbIWLbl U APEHUPOBAHNEM OKONOMULLEBOA-
HOro NPOCTpaHCcTBa. AnutenbHOCTb onepauny — 85 MUHYT.
NHTpaonepauoHHO NOATBEPKAEH NCTUHHDBIA OUBEPTUKYI
C COXpaHeHMEeM BCEX C/TOEB CTEHKMN, MpuUnexallnin K 3agHen
NMOBEPXHOCTU FNOTOYHO-MNKMLLEBOAHOrO nepexoga. Ocnox-
HEeHW BO BpeMsi BMeLlaTelbCTBa He BO3HUKIIO.

Ha nepBble cyTKM nocne onepauuun nauueHT nonyyan
napeHTepanbHOe NUTAHME U MPOPUIAKTUYECKYIO aHTMOAK-
TepuanbHyto Tepanuio (Uedpypokcum 1,5 1 3 pasa B CyTKu).
OTmeyanucb ymepeHHble 60111 B LEHON paHe, KynMpoBaH-
Hble HEHapPKOTUYECKMM aHanbreTnkamu. Ha BTopble cyTKu
HayaTo nepopasbHOe NUTaHKe No WagaLen cxeme (Kngkmne
npoTépTble 6ntofa). K 29 nioHa paHa 6bina cyxoi, 6e3 npu-
3HaKOB BOCManeHus, 6onesHeHHOCTb NPy NanbnaLuyu MUHK-
ManbHa. 04 niona 2024 r. nocneonepawOHHasA paHa 3auna
NepBUYHBbIM HaTAXeHUEM, LWBbI yaaneHbl. [launeHT BbinucaH
B Y OBNETBOPUTENBbHOM COCTOAHUN C PeKOMEHAALMAMMN CO-
6nofaTh MEXaHMYECKN WafsAwWwylo METy B TeueHue 4 He-
[lenb 1 NPOAOIIXKUTb Kapamnonormyeckoe HabnogeHue.

lMcTonorMueckoe  UCCNeAoBaHWe — pe3eLMpOBaHHO-
ro npenaparta MoOATBEPAWUIO MOPGONOrMUecKyio KapTuHy
CTEHKM UCTVHHOMO AMBEPTYUKYSA NMLLEBOAA C MPU3HAKaMm
XPOHMYecKoro 33odarnta BHe pasbl 0b60oCcTpeHus, 6e3 npu-
3HAKOB AMCMIA3MM U HEOMACTUYECKOrO NpoLecca.

Obcy>kaeHne

OcHoBoOW NaToreHesa AMBepPTUKYNa NULLEBOAA KaK npa-
BUJIO SIBASIETCA KOMOMHAuMA AByX ¢aKTopoB: cnabocTu
MblLLEYHOM OBGONIOUYKM U CTOMKOrO MOBbLIEHUA [aBfeHNA
BHYTpW NuweBofa. B 3aBucMmocTn oT npeobnagaioLiero
MEXaHN3Ma BbIAENAT NybCUOHHBIE, TPAKLMOHHbIE 1 CMe-
WaHHble anBepTuKynbl [13,21]. MynbcnoHHble — Hanbonee
YacTbIN TN — GOPMMPYIOTCA NPU BO3PACTaHNV BHYTPUMNU-
LeBOAHOr0 [iaBNeHus BCNIeACTBME HapyLIeHUN MOTOPUKY
(Hanpumep, axanasum unu 33odarocnasma), YTo NPUBOAUT
K «NponabupoBaHuio» CAM3MUCTON Yepe3 cnabblil yyacTok
MbILIEYHOrO Kapkaca [22]. TpaKuWOHHble AUBEPTUKYbI
ABNAIOTCA Pe3y/bTaTOM BHELUHEW TAMWM, KOrga CTeHKa nu-
weBoAa dukcmpyetca pybLamm nocne nepeHeceHHbIX BOC-
nasnTeNbHbIX MPOLIECCOB B CPefocTeHMn (MeanacTUHKT,
Ty6epkynes) [15, 16, 23]. C KnnHMKO-TONorpaduyeckom Tou-
K1 3peHNA [UBEPTUKYIbI TPAAULMOHHO AENAT Ha MOTOYHO-
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nveBofHble (auBepTukyn LleHkepa), 6udypKauroHHble
(cpepHenuweBoaHble) 1 3nudpeHanbHble (Hagavadpar-
ManbHble) [17, 18]. Pa3mepbl 0b6pa3oBaHWii BapbupyloT
B LUMPOKNUX Mpefenax — OT MUHUMAJbHbBIX, KITUHUYECKM
He3HaUYUMbIX BbINAUYMBAHUIA, JO TMIFAHTCKNX MELLKOB Aname-
TPOM B HECKOSIbKO CaHTUMETPOB [19, 24].

«30/10TbIM CTAaHAAPTOM» ANArHOCTUKUN OCTAETCA peHTre-
Honornyeckoe mccrefoBaHne ¢ 6apreBol B3BECbIO (KOH-
TpacTHasA 33odarorpadwus) [20, 21]. IToT meToa No3BoONAET
[LOCTOBEPHO OLIeHUTb JIOKanv3auuio, pasmepsbl, bopmy au-
BEPTUKYNA, a TakKe Hanmume B HeM 3aCTOWMHbIX ABNEHUN
[22]. 330¢aroracTpopyoneHockonua (AMAC) nrpaet BaxkHyo
ponb B WCKMIOYEHUN CONYTCTBYOLWMX 3aboneBaHun (330-
¢darnTa, HOBOOOGPa30BaHMIN), OfHAKO BbIMOJTHAETCA C MOBbI-
LIeHHOV OCTOPOXKHOCTbIO BBMAY PUCKa nepdopauun au-
BEPTUKYNAPHOro melka [23-25].

B npaktuke OMBEPTMKYMbl YacTO ABAATCA WHLUMAEH-
TanioMoi, obHapyXrnBaeMon Npuv MHCTPYMEHTalbHOM UC-
cnepnoBaHun. Mpu yBeNMUYEHUN [0 KPUTUYECKUX Pa3MepoB
OVBEPTUKYNbI MOTYT NMPOBOLMPOBaTb APKO BbIPaXKeHHY
KIMHWYECKYI0 KapTUHY, CUMYIMPYIOLLYIO 31I0KaueCTBEHHble
HOBOOOPA30BaHUsA NULLEBOAA, YTO CO3AAET TPYAHOCTU MpK
anddepeHumanbHol anarHocTrke [24]. N3yyeHune faHHoM
naToNiorMm MpPeAcTaBAAET HECOMHEHHYI KIMHUYECKYIO
3HAUMMOCTb, OOYCJIOBNIEHHYIO HEOOXOAMMOCTbIO PaHHero
BblABNEHNA, NPOGUNAKTUKN NOTEHLMANBbHBIX OC/IOXKHEHUI
(acnupauus, neppopaums, KpoBoTeUEHVE) U 0OOCHOBAHHO-
ro Bblbopa TaKTUKM BefeHMA naymeHTa — oT HabnoaeHus
[0 XMpypruyeckom Koppekuun. B nocnegHmne gecatunetumsa
WMPOKOe BHEAPEHME MaNIOUHBA3UBHbBIX XUPYPruyeckmx
MeToaMK (BUAEOTOPAKOCKOMNYECKNX, NanapoCKOMMYEeCKIX)
CYLLECTBEHHO V3MEHWUIO MOAXOAbl K JleYeHmo, 0CO6eHHO
6UPYpKaLMOHHbBIX 1 annudpeHanbHbIX ANBEPTUKYNOB [25].
HecmoTpAa Ha 3TO, OTKpbITble XMPypruyeckme BMellaTesb-
CTBa COXPaHAT CBOI 3HAYMMOCTb Npu AnBepTUKyne LleH-
Kepa, 60Mblumx pa3Mmepax 06pa3oBaHNii UK COXKHON aHa-
TOMUYECKON NoKanm3ayuu.

KnuHuko-mopdonornyeckas xapakTepuctka aueep-
TVKYNOB NuLieBofa 6asnpyeTcs Ha Npeobnajaiollem mexa-
HM3Me VX GOPMMPOBAHUA, KOTOPbIN HaMPAMYIO onpeaenseT
NoKanM3auuio, CMMNTOMATUKY 1, Kak CriefcTeue, neuyebHyio
cTpareruio.

HecmoTps Ha o6 poKaueCcTBEHHYIO MPUPOLY AUBEPTUKY-
NOB NULLEBOAA, MX HANIMUME YacTO JMNKTYeT HEOOXOLMMOCTb
XVPYPruyeckoro BMeLlaTeibcTBa. ITo 006YCIOBNEHO BbICO-
KM PUCKOM PasBUTUA YIPOXKaIOLLMX XKM3HW OCIOXHEHWIA,
BK/lOYAs AVBEPTUKYNUT, nepdopaumio ¢ Mnocneayowmm
pa3BuTieM GIErMOHbI LWewW Uy MEANACTUHITA, NPOrpeccu-
pytowyto ancharuio, a TakxKe, XoTa U PeaKo, MasivrH13auuio.
Bbl6Op ONTYMaNbHOIO XUPYPruuyeckoro Metofa ABNAeTcs
KOMMNEKCHON 3aflayeil 1 3aBUCUT OT fIOKanu3auum gueep-
TUKYJa, COMYTCTBYIOLEN MATOMOMMN, A TaKkKe TEXHUYECKINX
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BO3MOXKHOCTEN N OMNbITa KOHKPETHOrO MeAULIMHCKOIO LieH-
Tpa. B coBpemMeHHOW NpaKTrKe NPYMEHAIOTCS KaK TpaguLm-
OHHble OTKPbITble, TaK 1 MaJlOMHBA3NBHbIE BUAE0ACCUCTU-
poBaHHble (Topako-/nanapockonunyeckne) nogxogbl [25].

OTKpbITble onepaunn, Takne Kak AUBEPTUKYNIKTOMUA
yepes TOPakoTOMMIO AW NanapoTOMMIO, MO-MPeXHeMy Co-
XPAHAIOT POJib «30/10TOrO CTaHAAPTa» B CJIOXKHbIX KNMHMNYe-
CKMX cnTyaumax. K HUM OTHOCAT FMraHTCKme ANBEPTUKYIbI,
peungnBHble cyyau Mnocne 3HAOCKOMMYECKOro neveHus
UM MOAO3PEHME Ha 3/l0KayeCTBEHHOE MepepoXKaeHue,
Tpebytolyee pacwmpeHHoro goctyna [19]. Heocnopumbim
NperMyLLecTBOM OTKPbLITOrO AOCTYMa ABMAETCA OTANYHanA
BM3yanum3auma onepaumoHHoro mnosns, obecneumsaroLlas
TOUHbI KOHTPOJIb FeMOCTa3a 1 HafeXHoe YlUMBaHue TKa-
He. O4HAKO 3TX onepaLumn CONPAXeHbl C BbICOKON TPaBMa-
TUYHOCTbIO, YTO 3aKOHOMEPHO MPUBOANUT K BbIPAXKEHHOMY
rocreonepaynuoHHoMy 6oneBomy CUHAPOMY 1 Honee anu-
TeIbHOMY neproay peabunuTtaumy naymeHTa [22, 25].

B kauectBe coBpeMeHHON U 3PPeKTUBHON anbTepHa-
TUBbI OTKPbITbIM BMeLLaTeNbCTBaM BbICTyMNaloT MasnonHBa-
3UBHble BMAEOTOPAKOCKOMNUYECKMe 1 Narnapockonuyeckune
MeTOAMKN. BbinonHAemble yepes 3-4 MUHU-JOCTYNA, OHU
MUHUMU3UPYIOT MNOoBpekaeHne TKaHen. KMcnonb3oBaHue
COBPEMEHHOI0 UHCTPyMeHTapua (30° onTuKK, ynbTpasBy-
KOBbIX AUCCEKTOPOB) MOBbILIAET 6€30MacHOCTb U TOYHOCTb
MaHUMyAALNNA.

CornacHoO AaHHbIM COBPEMEHHbIX KIVHUYECKUX nccne-
[OBaHUN, BHeApPeHMEe MasloMHBA3UBHBIX XMPYPrnvecKmnx
TexHonorn obecneurBaeT pAfd 3HauMMbIX NPeVMyLLecTB
nepen TPaAWLUMOHHBIMKA OTKPbITbIMU BMeLlaTe/IbCTBaMMU:
WHTEHCMBHOCTb NocJieonepauoHHoro 605eBoro CUHAPO-
Ma CHWMKaeTcAa B cpegHeM Ha 50-60 %, npogomKuTenb-
HOCTb MpeObbiBaHMA NaLUeHTa B CTaLMOHape COKpaLlaeTcs
00 3-5 CyTOK, @ YacToTa Pa3BUTUA NIEFOYHbIX OC/TIOXHEHUI
(aTeneKkTasbl, NTHEBMOHUN) YMeHbLUaeTcAa Jo 5-8 % npoTus
15-25 % npwu oTKpbITbIX fOCTynax [23, 24]. BHegpeHune 3Tmx
TEXHOMOTNIA, Kak oTMeuatoT MyukoB K.B. 1 coaBT., 0cO6EHHO
BaXHO NpW NleyeHnmn snndpeHanbHbIX AUBEPTUKYNOB, rae
06A3aTeNbHbIM 3N1EMEHTOM ornepaunn ABNAETCA NPOAob-
HaA MMOTOMUA ANA YCTPaHEHWA NPUYNHbI ANCKUHE3nK [25].
K HepgocTaTKaM MOXHO OTHECTU TEXHUYECKYI CNOXKHOCTb,
TpebyoLLyIo OT XUpYypra cnewmasnbHbIX HaBbIKOB 1 Hanmuusa
COOTBETCTBYIOLLErO 060PYLOBaAHNA.

BHe 3aBMCMMOCTU OT BbIGPAHHOIO JOCTYNA, XUpypriye-
CKOe NeyeHue CONnpsAXKeHOo C PUCKOM OCNOXKHeHUI. K nHTpa-
onepaunoHHbIM OTHOCAT nepdopaumio nuiwesoga (1-4 %)
N KpoBoTeueHue (2-7 %). Cpeom nocneonepaunoHHbIX
Hanbornee 3Ha4YMMbl HECOCTOATENbHOCTD WBOB (3-7 %), pas-
BUTME MepmacTuHuTa (1-2 %) 1 popmmpoBaHme CTPUKTYP
nuuesofda (5-12 %) [4, 18].
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Takmm o6pa3om, BbIGOP TaKTUKWN NeveHns JomKeH ObiTb
CTPOro UWHAMBMAYanM3MpoBaH. XOTA 3SHAOCKONUYecKme
M BUOEOACCUCTMPOBAHHbIE METOAbl CTAHOBATCA Mpenno-
yTUTENbHLIMY ANA OONbLWIMHCTBA CJlyYaeB AUBEPTUKYa
LleHKkepa 1 MHOTUX 3nndpeHanbHbIX AUBEPTUKYIOB, OTKPbI-
Tble onepauny COXPAHAIOT CBOK aKTYaslbHOCTb B CJIOXKHbIX
1 peuuanBHbIX cnTyauunsax. OKOHUYaTeIbHOE peLLeHre OCHO-
BbIBAETCS HA TLATENIbHOWN OLIEHKE BCEX KIIMHMYECKNX, aHa-
TOMUYECKUX U TEXHNYECKNX GpaKTOPOB.

MNpepcTaBneHHbI  ciyvyal  AEeMOHCTPUPYeT  Khnaccu-
YecKylo  KIMHUYeCKyl  MaHudecTauuio  JMBepTUKYNa
LleHkepa — Hanbonee yacton GopMbl MPUOBPETEHHBIX
OVBEPTUKYNOB MULLEBOAA, BO3HMKAOLEN BCeACcTBME ANC-
KoopAuHauumM rnotatefibHoro pednekca 1 runeproHyca
BEPXHEro nuleBofHoro couHKTepa. Peryprutaumsa He-
nepeBapeHHON MMM C THUIOCTHLIM 3aMaxoM ABNAETCA Ma-
TOFHOMOHWYHbBIM CMIMTOMOM, 00YC/TOBJIEHHbBIM 3aCTOEM CO-
LEPXKMMOTO B MONIOCTY AUBEPTUKY/A 1 ero 6akTepranbHoOM
KOJTOHU3aunen.

Bbibop OTKPbITON ANBEPTUKYNIKTOMUN 06OCHOBAH pas-
Mepom obpaszoBaHuA (>4 cMm), MPU KOTOPOM SHAOCKOMNUYe-
cKune mMmeTofbl (Hanprmep, ANBEPTUKYIOTOMUA MO MeToAMKe
Dohlman vnu DIVES) accounnpoBaHbl C NOBbILWLEHHbIM PU-
CcKoM peumavBa [5]. HecmoTpsa Ha BO3pacT 1 CONyTCTBYHO-
Wyl KapAuonaTonoruio, TwaTtenbHasa npegonepalyoHHas
NnoAroToBKa MO3BOMMIA MUHUMU3MPOBATbL Mepuonepaum-
OHHble puckn. OTCyTCTBUE NOCNeonepaLMoOHHbIX OCJIOXHe-
HWU 1 BbICTPOE BOCCTAHOBNEHME GYHKUUWN FOTaHUA noa-
TBEPXKAAIT LleNecoobpasHOCTb XMPYPrryYecKon TaKTUKM
Y NaLMEHTOB C BbIPa>KeHHOW CUMMNTOMATUKON Aake B NOXM-
nom Bo3pacTe.

3aKAlo4eHue

Bblbop MeToAa XMPYPruyeckoro NieUeHus OUBEPTUKY-
na nNUweBoda CerogHA CTPOro MHAMBUAYanu3mMpoBaH. [Ona
LIeHKEpPOBCKMX [AMBEPTUKYNIOB SHAOCKOMUYECKME TEXHUKM
(ESD n FESD) aBnawoTcA meTofamu nepsBoro Bblibopa, Ae-
MOHCTPUPYA ONTUMaJNIbHOE COOTHOLIEeHNe 3PPeKTUBHOCTY,
6€30MacHOCTN U CKOPOCTU peabunutaumn. dnndpeHanb-
Hble M KpyrnHble AUBEPTUKYNbl cpedHen TpeTu TpebytoT
KOMMJIEKCHOTO MOAX0Aa, FAe BMAE0ACCMCTUPOBAHHbIE Me-
Topukm (VATS, nanapockonusa) C MMOTOMUEN 1 KOPPeKLUUEN
MOTOPHBIX HapYyLIEHUA BbITECHUNM OTKPbITblE OMepauuu.
OTKpbITble BMELLIATENbCTBA COXPAHAIT CBOKO aKTyaslbHOCTb
B CJIOXKHbIX, PELUANBHbBIX CJTyYaaX 1 NPU OHKOHACTOPOXKEH-
HocTu. [lanbHelilee pa3BuTMEe CBA3AHO C COBEPLUEHCTBOBA-
HMEM 3HOOCKOMUYECKOrO WHCTPYMEHTapUs, BHegpeHnem
MEeTO[0B.
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NHOOPMALNA

Tpe6oBaHuNA K opopmneHUIo CTaTen,
HanpaBnfAeMbIX ANA Ny6nnKauunum B XKypHane

— Ons nyénukauum HayyHbiX paboT B BbIMyCKax CEPU HayYHO-NMPAKTUYECKOro
XypHana “CoBpeMeHHas Hayka: aKTyasibHble MpoOJiemMbl TEOPUW U MPAKTUKK"
NPUHUMAKTCA CTaTbU Ha PYCCKOM A3bike. (TaTbA JOJMHA COOTBETCTBOBATL HayUHbIM
TpeboBaHUAM 11 06LLEeMY HaNPABIEHUIO CEPUI XKYPHANA, ObITb UHTEPECHON OCTAaTOYHO
LUIMPOKOMY KPYFY POCCUCKON U 3apyOexKHO HayYHOW O0LLeCTBEHHOCTI.

P v
B e ol W

—

Matepuan, npepnaraembii ana nyo6nukauuy, OOMKeH OblTb OPUTMHANbHBIM, He OMyGNMKOBAHHBLIM PaHEe B OpPyrux
MeYaTHbIX M34AHWSAX, HANNCAH B KOHTEKCTE COBPEMEHHOM HAayYHOW IUTEPATYPDI, N COAEPKATb OYEBUAHbIN SNIEMEHT CO3[AHUA
HOBOrO 3HaHuA. [TpefcTaBAeHHble CTaTbW NPOXOLAT NPOBEPKY B Nporpamme “AHTunnarvuat”

3a TOYHOCTb BOCMpounsBefeHna aat, UMeH, UuTar, d)opmyn, uM¢p HeceT OTBeTCTBEHHOCTb aBTOP.

PepakumoHHas Konierns ocTaBnset 3a co6o NPaBo Ha PeAaKTNPOBaHNe cTaTel 63 M3MEHEHNA HAYUYHOTO COgePKaHns
ABTOPCKOrO BapuaHTa.

HayuHo-npaktuueckuin xypHan “CoBpeMeHHas Hayka: akTyasllbHble MpoOsiembl TEOPWUM W MPAKTUKU' MPOBOLUT
He3aBuUcUMoe (BHYTpeHHee) peLeH3UPOBaHNE.

MpaBuna opopmneHus TeKkcTta.
TekcT cTaTby HabupaeTca yepes 1,5 nHTepBana B TekcToBom pepaktope Word gna Windows ¢ pacwmpeHuem “doc’,
unn “rtf’, wpndt 14 Times New Roman.
Mepep 3arnaBuem CTaTby yKasblBaeTcs WP COMMACHO YHUBEPCANIbHOW AecATUYHON Knaccudrkaumm (YOK).
PricyHKM 1 Tabnuubl B CTaTblo HE BCTABAIOTCA, 3 JAKTCA OTASNbHbIMI dalinamu.
EnvHuLbl 3MepeHna B CcTaTbe criegyeT BbipaxkaTb B MexayHapogHon cucteme eguHuy (CA).
Bce Tabnuubl B TeKcTe [OSMHblI UMeTb Ha3BaHWA W CKBO3Hyl Hymepauuio. CokpalleHWa c/10B B Tabnuuax
He fonycKaeTcs.
¢ JlutepaTypHble NCTOYHUKY, UCMONb3OBAHHbIE B CTaTbe, JOKHbI ObITh NPEACTaBneHbl O0WUM CMMCKOM B ee KOHLe.
CcbIIKM Ha YNOMAHYTYHO NTUTePaTypy B TEKCTE 0053aTebHbI U JAOTCA B KBAAPATHBIX CKOOKaxX. Hymepauma UCTOUHUKOB
naeT B NOCNef0BaTENbHOCTM YIIOMUHAHUA B TEKCTE.
¢ Jlutepatypa cocTtaBnaetca B cootBeTcTBUM ¢ FTOCT 7.1-2003.
¢+ Ccbiky Ha HeonyONKKOBaHHbIE PaboThbl He JONYCKAKTCA.

MpaBuna HanncaHus MaTemaTyeckux popmyn.

¢ B cTaTtbe cnegyeT NpUBOLUTDL NULLL CAMbIE FABHbIE, UTOrOBbIE GOPMYIbI.

+ Matematuyeckue GOpmMybl HY>KHO HabUPaTb, TOUHO pa3mellas 3HaKu, Undpbl, BYKBbI.
¢ Bce ncnonb3oBaHHble B HOpMysie CMBOLI CIeQYeT PaclundpoBbIBAT.

Mpasuna opopmneHus rpaduKkn.

¢+ Pactposble popmatbl: pucyHkr 1 poTorpaduu, ckaHupyemble unv nogrotosnerHHble B Photoshop, Paintbrush, Corel
Photopaint, gomkHbl umeTb pa3pelueHune He meHee 300 dpi, dopmata TIF, 6e3 LZW ynnotHeHns, CMYK.

¢+ BekTopHble dopmaTbl: pUCYHKK, BbiNoNHEHHble B nporpamme CorelDraw 5.0-11.0, AOMKHBI MMETb TONLWMHY JIMHUIA
He meHee 0,2 MM, TEKCT B HUX MOXeT ObiTb HabpaH wpuptom Times New Roman unu Arial. He pekomeHpyetcs
KOHBepTUpoBaTh rpaduky ns CorelDraw B pactpoBble popmatbl. BctpoeHHble — 300 dpi, popmarta TIF, 6e3 LZW
ynnoTHeHus, CMYK.

Mo Bonpocam mybnuMKaLMM cnenyet obpalaTbes
K Wed-pedaktopy HayyHo-NpaKTUYeCKoro XypHana
«(oBpeMeHHas HayKa: akTyanbHble Npobnembl Teopuu
W npakTukm» { e-mail: redaktor@nauteh.ru ).
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