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B HacTosiLee BpeMs CTPEMUTENIbHO Pa3BUBAIOLMECA KOMMLIOTEPHBIE U LU(POBbIE TEXHONOMMM BXOAAT B pasinyHblie cdepsl
Hu3HU. Ux GypHOe pa3BuTHE W WNPOKOE NpUMEHEHUe CTUMYAUPOBANM Pa3paboTKy W COBEPIIEHCTBOBAHWE CUCTEM
MCKYCCTBEHHOTO MHTENIEKTA, KOTOPbIE NO3BOJSIOT PELIATh CAOXKHbIE 334K B PA3NINYHBIX 061ACTAX, B TOM YMC/E HAYYHbIX,
TEXHONOTUYECKUX, MEAULIMHCKUX U APYTUX.

B ctatbe paccMatpuBaloTCA TEPMUHONOTUA U MPUHLMMBI CUCTEM UCKYCCTBEHHOTO UHTENNEKTA, @ TAKXKE COBPEMEHHbIe
BO3MOXHOCTM W MEPCNeKTUBbLI UCMOJb30BaHUS TEXHOOMMIA, CO3AaHHbIX HA UX OCHOBE, HANPABNEHUA UX NPUMEHEHUS
B PEnpoayKTUBHON MeAULMHE AN PelleHWUs Pa3fnNUHbIX HaydHbIX NPOBNEM M NpakTUyeckux 3agad. OHM moryT GbiTh
MCMNONb30BaHbl B AWMArHOCTUKE U OLEHKE PUCKA Pa3BUTUA Pas3Nn4HbIX 6oNe3Hel U OCNOXKHEHUN, TeHETUYECKOM
TECTUPOBAHWUM U OLEHKE ero pesysibTaToB, MPOrHO3UPOBAHMN HACTYNAEHUA BepeMeHHOCTU U oueHKe (hepTUbHOCTH,
aHanu3e nonoBbIX KNETOK, a Takke ANs Bbibopa Haubonee KayeCTBEHHLIX IMOPUOHOB, NONYUYEHHBIX B MPOrpaMMax
3KCTPaKopnopanbHOro ONN0A0TBOPEHUS, U PELUEHUS ApYruX 3afay.
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Currently, rapidly developing computer and digital technologies are widely included in various spheres of life. Their rapid deve-
lopment and widespread using have stimulated the development and improvement of artificial intelligence systems that allow
solving various complex tasks, applying them in various fields, including scientific, technological, medical and others.

The article discusses the terminology and principles of artificial intelligence systems, as well as modern opportunities and prospects
for the use of technologies created on their basis, the directions of their application in reproductive medicine to solve various
scientific problems and practical tasks. It can be used in the diagnosis and assessment of the risk of development of various
diseases and complications, genetic testing and evaluation of its results, prediction of pregnancy and fertility assessment, analysis
of germ cells, also as selection of the highest quality embryos in in vitro fertilization programs and in solving other tasks.
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BBepeHue

Bomnpoc noBbieHus 3¢p(GEKTUBHOCTU B MEIULIMHE,
B TOM YUCJIC B PEIIPOAYKTUBHOM, BOJIHYET Bpaueil-KIMHU-
LIUCTOB U IPYTUX CIIEUATUCTOB, KOTOPBIE TTPEICTABIISIOT
KpYITHbIE HayYHbIe M MpodeccCuoHaIbHbIE COO0IIeCTBa.
O4YeBUIHO, YTO TTOBBICUTD 3(POEKTUBHOCTH OKA3aHUS ME-
JTUIIMHCKOM ITOMOIIX B TaHHOM 00JIACTY BOZMOXHO ITyTEM
MEXIMCIUIIIMHAPHOTO MOAX0/a, a TAKXKE O0BEKTUBM3a-
LMY ¥ ONTUMU3AIUY TAKTUKY BeIEHHS MAllUEHTOB, CHU-
JKEHUs 3aTpaT Ha IMarHOCTUKY U JedeHue. s aToro
Bpay-pernpoayKTOJIOT N10KEH YUUTHIBATh B CBOel paboTe
OTPOMHOE KOJIMYECTBO PA3IMYHBIX (DAKTOPOB, 33 ICTBO-
BaHHBIX B TUAarHOCTUKE U JICYCHUU WJIM MCITOJIb30BAaHUM
METOJIOB BCIIOMOTATEJIbHBIX PEMTPOAYKTUBHBIX TEXHOJIOTHIA
(BPT) y naiieHTOB ¢ TeMU WU UHBIMU IpUYUHAMU Oec-
TUTOAMST WU IpYyrux (hopM HapylieHUil ¢hepTUIbHOCTH.
DTO 00YCIOBIEHO MHOTOUYMCIEHHOCTBIO PAa3IMYHBIX 3JIe-
MEHTOB, OIPEAC/ISIONINX COCTOSTHUE PEIPOIYKTUBHOTO
3I0POBbsI, IMUPOKKUM JAMATIA30HOM MEIUIIMHCKUX U Hayd-
HBIX JaHHBIX O MPEIUKTOpax GepTUILHOCTH, BOZMOXKHBIX
3a00JIeBaHUIM 1 TTATOJIOTUYECKUX COCTOSIHUM, BIUSTIOIIMX
Ha IPOoIEeCC PENPOAYKIIMY, HACTYIUICHHS Y BHIHAIITMBAHMS
OepEeMEHHOCTH, OOJIBIIUM KOJUYECTBOM I'€HETUYECKUX
M HETEHETUYECKUX (PaKTOPOB, KOTOPbIC MHAVBUIYaTbHbI
M YHUKAJIbHBI B KaXKIIOM KOHKPETHOM KJIMHUYECKOM CITy-
Yae, a TakKKe OOJIBIIMM KOJIMYECTBOM BO3MOXKXHOCTEH CO-
BPEMEHHOI MEIUILIMHBI JJIsSI TTOBBIIIEHUS BEPOSTHOCTH
HACTYIUICHMS 3a4aTHsl U JCTOPOKIACHMSI.

B nocienHue roabl HaydHbIE JOCTYKCHUS B TCHETHKE
M PENPOIYKTUBHON MEIUIIMHE IMO3BOJIMIIM YCTAHOBUTb,
410 O0J1ee 3 THIC. TCHOB BOBJICUEHBI B KOHTPOJIb PEITPOIYK-
TUBHO (yHKIMU. Tak, YMCI0 U3BECTHBIX TEHETUIECKUX
(hbakTOpOB, BOBJICYCHHBIX B 3TUOJIOTHIO MY>KCKOTO OECILIO-
JIHSI, CYIIECTBEHHO BO3pOocio (¢ 78 (hakTOpOB, M3BECTHBIX
k2019, mo 104 B 2022 1) v ipoaokaeT pacTu. [eHOMHbIE
WCCIIENOBAHUSI U JPYTHE OMiC-TEXHOJOTUU PA3TUYHBIX
JTUCIUTUIMH OUOJIOTMY (TPAaHCKPUIITOMUKA, SITUTCHOMMKA,
MeTab0JIOMMKA M JIP.) CTPEMUTEIBHO Pa3BUBAIOTCS U 1 -
POKO BHEIPSIIOTCS B Pa3IMYHbIC 001aCTH PEIIPOAYKTUBHOMN
MEIUIIMHBI, B TOM YKCJIE B YPOJIOTHIO, aHIPOJIOTHUIO, TH-
HEKOJIOTHI0, SHIOKpUHOoJoruto, BPT u npyrue cMexxHbIe
obmnactu [1]. MHTerpaiys HaydHBIX 3HAHUI U COBPEMEH -
HBIX TEXHOJIOTHI 3HAYUTEIHHO MOBBIIIAeT 3((PEKTUBHOCTh
paboThI Bpaueil ¥ Apyrux CIELIMATMCTOB B O0JIACTH PETPO-
JTYKTUBHOW MEITUIIMHBI.

B cBeTe HapacTarolIero ycjaoXHEHUs OLIEHKK (haKTOpOB,
ONPEIEISIONINX TAKTUKY OOCIeIOBaHUS, TUaTHOCTUKMH,
KJIMHUYECKOTO BEICHUS M JIeYSHUsI TAIMEHTOB ¢ OeCILIo-
JIMEeM, peLleHMS TIPOGJIeM PEIPOAYKIIMU, 1 YBETMIUBAIOIIC-
rocsi o0beMa MEAULMHCKONW U HaydyHOU MH(popMalvu Ha
TOMOILb BpavyaM-KJIMHUIIUCTaM, TTO3BOJISISI CHU3UTD PUCK
BJIMSIHUST YEJIOBEYECKOTO (haKTopa, MPUXOISAT CUCTEMBbI
HUCKycCTBeHHOro nHresuiekta (M), skcrnepTHbIe CUCTEMBI
(DC), HetipoHHBIe ceTH [2]. B mocnenHue necsaTuaeTs B 3Toi
00J1aCTH OTMEYaeTCsl CTPEMUTEIbHBIN IIPOrpecc, O 4eM
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CBUAETENLCTBYET Hainuue 6oJjiee 130 ThiC. OMyOJIMKOBaH-
HBIX HAyYHBIX paboT (coriacHo JaHHbIM cucTeMbl PubMed:
https://pubmed.ncbi.nlm.nih.gov/), 13 Kotopsix 95 % ObI-
Ji1 onyonrkoBaHbl HaunHas ¢ 2000 ., a 0KOJI0 MOJIOBUHBI
M3 HUX — 3a TIOCJICAHUE 5 JICT.

Cucremsl UCKYCCTBEHHOr0 UHTEJJIEeKTa:
ucnosib3oBaHue B HaleHOi"l M KJIMHUYECKoM
MeAuLUHE

OTKpBITUS U pa3pabOTKU B 00J1aCTU HEHpPOOMOJIOTHH,
Teopry MHGOpMaI 1 KnbepHeTKr B 50—60-¢ romsr XX B.
NoOyIMJIM UcclieqoBaTesieil pacCMOTPETh BO3MOXHOCTh
U pa3paboTaTh METOMOJIOTMYECKYIO OCHOBY IIJISI CO3AaHMS
C TIOMOIIBIO 3JIEKTPOHHO-BBIYUCIUTEIbHON TEXHUKHU He-
KOET0 «3JIEKTPOHHOro Mo3ra» [3, 4]. Enunoro onpenene-
HUSI TEpPMUHA «UMCKYCCTBEHHBIM MHTeIeKT» (artificial
intelligence) He cyiiecTByeT. BcTpeuaeTcst HECKOIBKO Ba-
PMAHTOB ONpeJeeHUs] TaHHOTO TEPMHUHA, MOCKOJbKY
MMEIOTCS pa3Hble TOUKM 3pEHUs Ha BOIIPOC, YTO, COOCT-
BEHHO, CUMTaTh MHTeJUIeKTOM. Cpeay uccieaoBaTesieit 10
CUX MOp HET KaKOW-JIM0O eIMHON MW JOMUHUPYIOLLEH
TOYKU 3PEHUSI HA KPUTEPUM MHTEJJIEKTYaJbHOCTU, HET
M CTPOTOro OIpeAe/eHUS 3Tol 001acTh HayKu. B aHTnii-
CKOM $I3bIKe c/loBocoueTaHue “artificial intelligence” He nme-
€T TOI aHTpOIIOMOP(HOI OKpacKH, KOTOPYIO OHO Mprodpe-
JIO B PYCCKOM $3bIKE, B KOTOPOM aHIJIMICKOE CJIOBO
“intelligence” B UCIIOIb3yeMOM KOHTEKCTE O3HAUAET «yMe-
HHE pacCyXIaTh pa3yMHO», a He COOCTBEHHO MHTEJUICKT.
B nenom non MM moHMMamOT COBOKYITHOCTh HayYHBIX
Y TEXHOJIOTMYECKUX METOIOB CO3MaHUST «MHTEJUIEKTYaIbHbIX
MallliH» ¥ IIPOrpaMM YIIpaBJIeHHs pabOTOM KOMIThIOTEPA,
KOTOpbIe MOXHO ObLIO ObI Ha3BaTh «pa3yMHbIMU» [5]. Ciie-
LyET OTMETUTD, YTO BCE CO3JaHHBIE K HACTOALEMY BpeE-
MmeHU cucteMbl M uMeroT 1octaToyHo y3Kue o0J1acTu
MPUMEHEHUSI, TOCKOJIbKY pa3pabaThiBalOTCS IS pellie-
HUSI KOHKPETHBIX CHelMaJIu3upOBaHHBIX 3amayd. Yxe
ceiiuac cuctembl MM pa3pabaThiBaloT U UCIIOJB3YIOT
B TaKUX 00JIACTSIX PEMPOAYKTOJOIMHU U PETIPONYKTUBHOMN
MEIMLMHbBI, KaK aKyIlIepCTBO U TMHEKOJIOT s, YPOJIOTHS
W aHIPOJIOrusl, HePOJIOTUSI, XUPYPIYisl, OHKOJIOT s, OO~
JIOTUSI Pa3BUTUS, MEIMIIMHA TJI0AA, PEMPOAYKTUBHAS
ouonorus u BPT [6].

C pasutueM MU B 31011 00/1aCcTH MOSBIsIETCS Y HOBast
TepMuHoJiorusi. B HacTosee BpeMs IMoI TEPMUHOM
«ACKYCCTBEHHBIN WHTEJUIEKT» MOHUMAOT aBTOHOMHBII
KOMILIEKC ITPOrpaMMHBIX WA ITPOrpaMMHO-arIapaTHbIX
CPENCTB (IOHUT) C MOJIb30BaTEIb-OPUEHTUPOBAHHBIM KOM-
MBIOTEPHBIM UHTEepGENicOM, TTPeICTaBISAIONINI CO00iT BUP-
TYaJIbHYIO BBIYMCIMTEIbHYIO CUCTEMY W KuOepbhusnde-
CKUI1 aJITOPUTM, OCHAILICHHBIN CpeICTBAMU «TEXHUIECKOT0»
3peHust (BOCPUSITHUSI BO3ACHCTBUI (CUTHAJIOB) HA CEHCOP-
HbIE JICKTPOHHbIE aHAJIOTW OPTaHOB YYBCTB) U CPECTBAMU
HEMOCPEACTBEHHOI'O CaMOCTOSITEJIbHOIO B3aMMOIECTBUS
¢ (GU3UYECKOI peaIbHOCThIO (aKTyaTopaMu) U ¢ LIM(PPOBOit
peabHOCThIO, 00JIafarolIUil MPOrpaMMHO-TEXHUYECKHU
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M MaTeMaTUYeCKU 3MYJIMPOBAHHBIMU U 00€CIIeYeHHBIMU
CITOCOOHOCTSIMU (BO3MOXXHOCTSIMU) K OMOTOI00HBIM KOT-
HUTUBHBIM M aHTPOITIOMOPGHO-UHTE/UIEKTYaIbHBIM pe-
YEeMBICIUTEABHBIM JeUCTBUSIM (DYHKLMSIM), O0y4EeHUIO
M CaMOOOYUYEHMIO, CAaMOOPraHU3aIu1 1 CaMOTeCTUPOBa-
HUIO, TBOPYECKOI (3BPUCTUYECKOIN) NEATETBHOCTH, B TOM
YlCcjie HA OCHOBE HAKOIICHHBIX U «ACTOPUYECKUX» TaH-
HBIX U JaHHBIX MOHUTOpPUHTA [7].

Maumnnoe ooyyenne (MO, machine learning) — Kiacc
meronoB MM (mommHoxkecTtBo cucteM M), mist KoTopbix
XapaKTepHO He MPSIMOe PellieHe 3a1aun, a 00ydeHHe 3a CYEeT
MPUMEHEHHSI peIlicHNIT MHOXKECTBa CXOIHBIX 3a1ay (puc. 1).
J1J1s1 OCTPOEHMS JAHHBIX METOIOB MCIIOIB3YIOTCS CPEICTBA
MaTeMaTUYeCKOIo aHaJlu3a, TEOPUU BEPOSITHOCTEM M MaTe-
MaTUYECKOM CTATUCTUKU, YMCIICHHBIX METOIOB, TEOPUU I'pa-
¢$oB, METOIOB ONTUMU3AINY, PA3TNIHBIE TEXHUKU PaOOThI
¢ JaHHBIMU B LIMGpoBoii opme. Harpumep, K obmactu MO
OTHOCHUTCS OOJIBIIION KJIAcC 3aa4 Ha paclio3HaBaHKe 00pa30B
(B TOM 4MCJIe CUMBOJIOB, PYKOITMCHOT'O TeKCTa, (DOTO- U BU-
Jeon300paxkeHuit), peun U aHaIu3 TeKCTOB. MHorue 3agaun
YCHEIITHO PEIAIOTCS C IIOMOIIBI0 GMOIOrMIECKOro MOIE M-
poBanusi MU ; cucteM KOMIbIOTEpHOTO (MalIMHHOTO) 3pe-
HMSI, HAalIpUMeEP CHUCTEM, HCIOJIb3yeMbIX B BUI€OHAOMOIEe-
HMM, YIIPaBJICHUM TporieccaMu (IIPOMBIIUICHHBIE POOOTHI,
ABTOHOMHBIC TPAHCIIOPTHBIE CPEICTBA); OPraHU3aLUMKA UH-
opmaly, HarpuMep AJIs1 MHIeKcaluu 6a3 TaHHBIX M300pa-
SKCHMIA; MOZICIMPOBAHMST OOBEKTOB MJIM OKPYXKAIOIIIEH CPeIbl
(aHaMM3 MEAULIMHCKUX U300pakeHUi, Tornorpauieckoe
MOJIEIMPOBAHME); B3aUMOIECHCTBUSI «UEIOBEK — MallliHa»;
BBIYMCIUTEIbHON oTorpaduu; co3maHusl OIMOJTHEHHOMN
peajbHOCTU. DTO MO3BOJISIET HE TOJbKO 3((PEKTUBHO
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aHaJIM3MPOBATh N300paxkeHNs, HO M ONPEAEIIATh SPTrOHO-
MHUYECKHME XapaKTepUCTUKN pabodero Ipoliecca, CoBep-
IIEHCTBOBATh METOIVKM, JaBaTh TOUHBIC IPOTHO3bI NCXOIa
COOBITHSI, YIydIIaTh KOMMYHUKAIIMIO MEXIY CITy>KOaMu
B OIHOM yupexaeHuu. B MenuiimHe onHoil U3 Haubosee
BaxXKHBIX 00J1acTell IPUMEHEHNST MAIIMHHOTO 3PEHUST SIBJISI-
eTcsl 00paboTKa M paclo3HaBaHUE Pa3IMYHBIX (POTO-
¥ BUICON300pakeHII (aHAIIN3 PE3YJIBTaTOB MUKPOCKOIINH,
peHTreHorpacduu, aHruorpacduy, KOMIIBLIOTEPHON U Mar-
HUTHO-pe30HaHCHOM ToMorpadun). HecMoTpst Ha coBpe-
MeHHBIe TexHojoruu, MY nMeeT omnpenesieHHbIE OrpaHM-
YEeHUS B MPAaKTUYECKOM MCITOJIb30BaHUM, B TOM 4YMCJIe
B MEIUIIMHE, CBSI3aHHBIE C HEOOXOTUMOCTBIO BBOIUTH OOJTh-
1IIO€ KOJTIMYECTBO HOBBIX JAHHBIX, BOSHUKAIOIINX OYKBaJIb-
HO €XKeTHEBHO, BOSMOXXHOCTBIO «CaMOOOYUEHYSI» CHCTEMBI,
dopMan3ay BBOIUMbBIX JAHHBIX, a TAKKE CO CITELM(pH-
KOI1 TTOCTPOEHHMS TUAJIora MEXXITY BpauyoM 1 KOMITBIOTEPHOM
MpOrpaMMOii, opraHu3alyeil ero paboyero BpeMeH!, B psi-
JIe CIyJaeB — C Pa3MBITOCTBIO KPUTEPHEB MTOHATHIA HOPMBI
U 6one3Hu [8].

ITo cpaBHeHMIO C TPaIWUIIMOHHBIMU ITOIXOJAMU
K OLICHKe MH(OpMALN COBPEMEHHbBIE CUCTEMBbI M TEXHOJIOTVN
MU nmMeroT MHOTOYHCIIEHHBIE TIPEMMYIIIECTBA aBTOMATH3H-
POBAaHHOTO aHAIM3a JaHHBIX, YTO CYIIIECTBEHHO COKpPAaIIaeT
BpeMs, TpeOyroIIeecs TSI X OLICHKY, a TAKXKe BOSMOXKHOCTb
TIOCTOSTHHOTO M TTePCOHATTM3UPOBAHHOIO COBEPIIIEHCTBOBAHMS
AJITOPUTMOB TMATHOCTUKH PA3IMIHBIX 3a00JIEBAHUIA C ITIOMO-
IIBIO CITEIMATBHBIX KOMITBIOTEPHBIX IIPOrPaMM WJIM OCHOBAH-
HBIX Ha HUX cucteM. OMHUMU 13 HUX sIBJIsTIoTCst DC WU cuc-
TeMbI IIOMOIIY B IPUHSITAN PEIICHMS.

VcKyccTBeHHBIif MHTENNeKT /
Artificial intelligence

Malumntoe 0byyenue /
Machine learning

HeitpoceTn /
Neural networks

Tny6okoe obyuenme /
Deep learning

bonbLune fanHble /
Big data

Puc. 1. Coomuouwenue obaacmeii cucmem uckyccmeenHo20 UHMeANeKMa, MAWUHH020 00Y4eHUsl, HeUPOHHbIX cemell, eny00K020 00yUeHUs

Fig. 1. Relationships between artificial intelligence, machine learning, neural networks, deep learning systems

0630pHana cTatba /



0630pHaA ctatba /

AHIPOAOI' VI

I TEHUTAABHASI XUPYPT VST

DKcnepTHasA cucTeMa (expert system) — KOMITbIOTepHast
CUCTeMa, CIIOCOOHAs YaCTUYHO 3aMEHUTH CIIeLIMaICTa-
3KCIepTa, HalpuMep Bpaya, B pellieHUH KaKOT0-TO BOIIPO-
ca wiu rpoosuembl. DC, MpUMeHsieMble B MEAULIMHE, Haya-
Jii pa3pabateiBath uccieaosateau MU emre B 1970-x rogax.
OpHa u3 nepBbix DC, HazBaHHass MYCIN, nosBossiia
JIMarHOCTUPOBATh HEKOTOPbIE MH(MEKIIMOHHbBIE 3a00IeBa-
HUsI, paCCUYUTHIBATh 103y aHTMOMOTUKOB B 3aBUCUMOCTH
OT MacChl TeJia MalMeHTa, a TaKKe JMarHOCTUPOBATh 3a-
0oJieBaHUS C HapyllIeHUEeM CBepThIBaHUs KpoBH [9]. On-
Hako (akTuuecku naHHyo DC HUKOraa He MPpUMEHSIIU
Ha IIPaKTUKE B CBS3U C OTHOCUTEIBHO JUIUTEIBHBIM ITePU -
OIIOM BBITOJTHEHUS TTOCTABJIEHHBIX 3a1a4, a TaKXKe OMo-
ATUYECKMMMU ITPO0JIeMaMy, KacaloIIMMUCS OTBETCTBEHHO-
CTH 3a IIPUHSITUE PELICHUI, TIOJIy9aeMbIX OT KOMITBIOTEDA.
B 1980-x rogax mosiBUJIMCH MPOrpaMMHBIE «000JOUKI»,
B TOM 4yucie ocHoBaHHbIe Ha cucteMe MYCIN, 4urto cro-
coOcTBOBaJIO pa3padoTke HOBBIX DC 1151 pellleHUsT pas-
JIMYHBIX NPUKIaAHbIX 3aga4. OCHOBHOI TPYIHOCTHIO,
C KOTOPO¥ CTOJIKHYJIMCh CIIELIMATIMCTBI, pa3pabaThIBaIOLIE
MYCIN u nocnenytonue DC, ABISIOCH «U3BJIeYEHUE» 3HA-
HMIA 13 OMBITA JIIOACH-3KCIIEPTOB 1151 POPMUPOBAHMST Ga3bl
npasui misg DC. B panpHeitieM a1y obnacte UM ctanu
HasbIBaTh MHXXeHepuelt 3HaHuii (knowledge engineering).
OHa 13y4JaeT MeTOIbI U CPEICTBA U3BJICUCHMSI, cOopa, IIpe/I-
CTaBJICHUSI, CTPYKTYPUPOBAHMS M KCITOJIb30BaHUS (MEHETK-
MEHTa) 3HaHWI 10 MPOrpaMMHOI peai3aliii KOMITOHEHTOB
cuctembl [3]. Boiaesstior 3 riiaBHbIE COCTABIISIONIME TTpeIBa-
PUTEIbHOM 00pabOTKM JaHHBIX, KOTOPBIC B JaJIbHEHIIIEM
MepealoTcs B CUCTEMY KOMITHIOTEPHOTO aHam3a: 1) n3Bie-
yeHue U yropsuodeHue (koaudukamus); 2) CTpyKTypy-
poBanue; 3) (hopMam3anys JaHHbIX. Pasa us3BaedeHus (1o-
JlydeHUs) 3HAHWI TIpearionaraeT cOop pa3po3HEHHBIX

BxopHoii curxan (Bo3byxpeHue) / Input signal (excitation)
A

Bxopoit cnoit / Input layer

Puc. 2. Cxema neiiponHoii cemu ¢ 00HUM CKDbIMbIM CAOEM

Fig. 2. Diagram of a one hidden layer neural network
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(bparmMeHTOB (0OPBHIBKOB) MH(POPMALIMU U3 PA3TMUHBIX KCTOY-
HMKOB. CTpyKTYpUpPOBaHKUE, WM KOHLIETITyaIu3aliysl, TaHHBIX
3aKJTI0YaeTcsl B UX IepepadboTke U hOpMUPOBAHUM M3 HUX
€IMHOI MOJIEJIN, KOTOPYIO Ha3bIBAIOT «I10JIEM 3HAHUI» WU
«MEHTaJIbHOI Mozebio». Daza (hopManuzalyy 3aKIodacT-
s B IepeBoie MOTydeHHON MH(popMaIuy Ha CrieLiMaaIu3u-
POBaHHbIN SI3bIK KOMITBIOTEPHOIO MpOrpaMMUpoBaHus [3].
B 3HauuTenbHOM Mepe aHaIu3 nH(popMaluu odJieryaeT co-
3MaHye 0a3 JaHHBIX, B TOM YKC/Ie OObENMHEHHBIX TaHHbBIX
(KpyIHbIe MacCUBBI TJaHHBIX, big data), a Takke UCITOJIb30Ba-
HUE HEUPOHHBIX CETEM.

Heiiponnbie ceTu (MCKycCTBEHHasi HEMpOHHAs CETb,
MNHC) — maTeMaTnyeckast MoJesib, a TAKXKe ee IIporpam-
MHOE WJIM afmapaTHOE BOIUIOIIEHUE: BHIYMCIUTEIbHbIE
(KOMITBIOTEPHBIE) CHCTEMBbI, IIOCTPOCHHbBIE IO MPUHIIUITY
opraHu3anuu M (GyHKIIMOHUPOBAHUS OMOJIOTMYECKUX
HEHPOHHBIX ceTel (COBOKYITHOCTU COEIMHEHHBIX BMECTE
HepBHBIX KieToK). MHC saBasioTcsl MOaKIaccoM CUCTEM
MU, ocHoBaHHbIX Ha mpuHLMNax MO (cMm. puc. 1). TTo-
HSITUE HEPOHHBIX CEeTel BOSHUKIIO IMPU U3YYEHUU U MO-
JeTMPOBAHUU MPOLIECCOB, MPOUCXOAAIMX B Mo3re. Oc-
HOBHbIE MPUHIIMITEI X PA0OTHI ObUIM omnucaHbl B 1943 .
Yoppenom Mak-Kasokom u Yonrepom [Murrcom, aB 1957 1.
Helipopusnosor @paHk Po3eHOIaTT pa3paboTal mepByio
nono6Hyto cethb [4]. UHC npeacrapisieT codboli COBOKYII-
HOCTh (CUCTEMY) COCAMHEHHBIX U B3aMMOIEHCTBYIOIIMX
MeXIy CO0O0I MPOCTHIX MPOLIECCOPOB (MCKYCCTBEHHBIX
HelipoHOB). OHU OOBIYHO TOBOJILHO MPOCThI, 0COOEHHO
B CpPaBHEHMHU C MpPoIlecCopaMu, UCIIOIb3YeMbIMU B KOM-
nbroTepax. Kaxaplii Takoil mpolieccop MMeeT AeJI0 TOJbKO
C CUTHajlaMHu, KOTOpble OH IMEPUOAMYECKM IOIyYaerT,
Y CUTHaJIaMM, KOTOPbIE OH MEPUOINYECKH ITOChUIAET APYTUM
npoueccopaM (puc. 2). [ToMUMO BXOTZHOTO U BBIXOZHOTO

BbixoaHoit curkan (otknuk) / Output signal (response)

BbixogHoit cnoii / Output layer
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cJIoeB, MHOTOCJIOIHBIE HelipoHHbIe ceTH (multilayer neural
network) comepxaT Tak Ha3blBaeMble ITPOMEXYTOUHbIE,
CKpBITBIE 10U, Takue ceT 00J1aIatoT ropa3no OGIbIIMMU
BO3MOXXHOCTSIMM, YeM OIHOCJIOMHbBIE HEPOHHbBIE CETH,
CcoemMHEHHbIE B focTaTouyHo KpynHyto MHC c ympasisi-
€MBIM B3aIMOJICHCTBMEM, OHU CIIOCOOHBI BBITIOJIHSTD CY-
IIECTBEHHO 0oJjiee CIOXHbBIC 3amaun. Tak, B MOCIEIHUE
ronel B coctaBe MHC 00bI4HO 3a/1efiICTBOBAHO OT HECKOJIBKUX
THICSIY IO HECKOJIBKUX MWIUIMOHOB €AVMHUIL U1 MUJUTMOHBI
coenuHeHui. HecMoTpst Ha TO YTO 3TO YKMC/IO Ha HECKOJIBKO
TTOPSIAKOB MEHBIIIE, YeM KOJIMYECTBO HEMPOHOB B MO3IE Ye-
JIOBEKA, 3TU CETU MOTYT BBINOJIHATh MHOXECTBO 3a/1a4 Ha
YPOBHE, MPEBBIIIAIONIEM BO3MOXHOCTH Jiioneil. Takue cuc-
TeMBbI MOT'YT 00y4JaThes (IMTOCTENEHHO YydllaTh CBOU CIIOCO0-
HOCTH), KaK ITPaBUJIO 00XOIsCh 6€3 TOITOTHUTEIBHOTO ITPO-
rpaMMMPOBaHUsI, T. €. 0e3 yJacTHsl YeJIoBeKa, [UIS PEIIeHMs
KOHKPETHBIX CHIeIMaIM3UPOBAHHBIX 3a/1a4.

Dpomonus MHC npuBena K co3TaHUIO NIyOMHHBIX
HeliponnbIx ceteii (deep neural network), comepxkammx
HECKOJIBKO CJI0€B MEXITY BXOIHBIM 1 BBIXOIHBIM CJIOSIMMU.
CucreMmsl nIyookoro odoyyenus (deep learning) moayquiu
MPUMEHEHUE B TaKKUX 00JIaCTsIX, KaK pacrio3HaBaHUE PeuH,
00paboTKa eCTECTBEHHOTO T0JI0Ca, ayMo- M BUIEOpaCIIo3Ha-
BaHUE, KOMITbIOTEpHOE 3peHne, OronHgpopMaTuka. B riry6o-
KOM OOY4EeHUY [JIs aHAI13a BU3yaJTbHBIX 00pa30B B OCHOBHOM
TPYMEHSTIOT CBEPTOYHbIE HelpOHHbIE ceTH (convolutional neural
network, ConvNet), KOTOpbIE XapaKTepU3yIOTCsl YepeaoBa-
HHEM CBepTOUHBIX (convolution layers) u cyonucKpeTu3u-
pyIoLIMX cI0eB (cJIoeB MoABBIOOPKHU) (subsampling layers
wnu pooling layers). CBepTOYHbIE HEAPOHHbBIE CETU UMEIOT
OIIHOHAMPABJICHHYIO MHOTOCJIONMHYIO CTPYKTYpY (06e3 obpart-
HBIX CBsI3eit). st mx oOydeHUsT UCTIONb3YIOTCS CTaHAapT-
Hble MeTonbl MO, yaiiie BCero MeTo 00paTHOro pacrpo-
cTpaHeHus1 olmMOKku. Takoe Ha3BaHME apXUTEKTypa CETH
MOJy4YWIa U3-3a HaJIu4usl orepaluyy CBEpTKHU, MPU STOM
Kaxplii (hparMeHT M300pakeHUsT yMHOXKAETCsl Ha MaTPUILY
(s11p0) CBEPTKY MO3JIEMEHTHO, a pe3yJIbTaT CyMMUPYETCs
M 3aIMCBhIBACTCS B aHAJIOTMYHYIO ITO3UIIMIO BHIXOMHOTO
n3zo0paxeHus [4].

B nocnenHee BpeMst IPOMCXOIUT CTPEMUTENIBHOE pa3-
BuTHe TexHosoruii UM B ¢Bsi3M ¢ IporpeccoM B 00J1acTh
MMKPO3JICKTPOHUKU Y KOMITBIOTEPHOM TEXHUKHU U UX Y-
POKVM KCIOIb30BAHMEM, POCTOM BBIYMCIUTEILHOM MOIII-
HOCTH MUKPOITPOIIECCOPOB U KOMITHIOTEPOB, YBEJIMICHH -
eM oO0beMa XxpaHUMoI nHbopmaluu. bonbiie 00beMbI
JAHHBIX I OOYYeHUST OTKPBLIM BO3MOXHOCTh MCITOJIb-
3oBaHust MHC png MO nauunHas ¢ 2010 . brarogaps
pa3paboTKe M COBEPLICHCTBOBAHUIO aJITOpUTMOB MO
HEIPOHHBIC CETU CTAJIM IPUMEHSTh U C MMPAKTUIECKIMU
LeJISIMU, HallpUMep IS pacIiio3HaBaHUsT 00pa3oB, ¢hoTo-
M BUICOM300paXEHUI, B YIIPABICHNH, IIPOTHO3MPOBAHUM
W pellieHnH APpYTHX 3a1a4. B ToM urcne 61aronapsi cruicteMam
MU coBpeMeHHasT MEIUIIMHA TTOTyYria BO3MOXHOCTB IIPO-
THO3UPOBATh KaKKUe-JIM0O0 COOBITHSI, HAIIPUMEP IPOrHO3UPO-
BaTh YCIEIIHOCTb IIPOrpaMM 3KCTPaKOPITOPAIbLHOIO OILIO-

42022

notBopeHus (DKO) ¢ mHTpaLMTOIIa3MaTUYeCKOM MHBEK-
mueit cnepmarozonnos (MKCH) (BKO/MKCH), oueHu-
BaTh KayeCTBO TI'aMET, XXM3HECIIOCOOHOCTh SMOPUOHOB
JI0 TIepeHoca MaTepH, IIPOrHO3UPOBaTh BEPOSITHOCTh Ha-
CTYIUICHUSI U BbIHALLIMBaHUs 6epemeHHocTy [10—13].

MCKyCCTBeHHbIﬁ WUHTENNEKT B Ol eHKe

BEPOATHOCTU HACTyNNeHUs 6epeMeHHOCTH

1 (He)BblHaWMBaHUA 6epeMeHHOCTH

Ha dbepTribHOCTB U BEpOSITHOCTh HACTYIUICHUS, pa3-
BUTHS Y BEIHAIIIMBAHUS OEPEMEHHOCTH BIMSIET OOJIBIIOE
KOJIMYECTBO (haKTOPOB, KaK TeHETUIECKUX, TaK U HETeHe-
TUYECKUX (BO3pacT, CpenoBble U Apyrue dakrtopsl). bes
HCTIOJb30BaHUsI CUCTEMHOTO MOIX0/a, KOMITBIOTEPHOTO
aHaJIM3a U IPYTUX BO3MOXHOCTEM COBPEMEHHOW HAyKU
U MEIULMHBI KpaiiHe TPYAHO OLIEHUTH OTPOMHOE KOJIYe-
CTBO (haKTOPOB, BIUSIIOIINX Ha PEMTPOAYKTUBHOE 3M0POBbE
U (epPTUIBHOCTb B KOHKPETHOM CYITPYXXECKOM Iape, TeM
0oJice UX cOYeTaHuUe.

B Hacrosiiee Bpemst Ha ocHoBe MU akTuBHO pa3pa-
0aThIBAlOT M COBEPIICHCTBYIOT MOIXOMIbI K TUarHOCTHKE
M TIPOTHO3Y, METONbI OLIEHKU (hepTUIBHOCTHU, BEPOSITHOCTH
HACTYILUICHUS OepeMEHHOCTH €CTECTBEHHBIM ITyTEM HJIM C T10-
moripio MmetonoB BPT (BKO/MKCH), a Takke OLIEHKU pU-
CKa Pa3BUTHUS BO3MOXHBIX OCJIOXHEHUII GepeMEHHOCTH
(TIpeaKyIaMIIcus U Ap.), HeBbIHAIIIMBaHWSI 06pEMEHHOCTH,
MPEXIEBPEMEHHBIX POIOB W PAa3BUTHS TTATOJIOTHHM Y TUTOIA
[8, 12—15]. Tak, J.J. Yland 1 coaBT. Ha ocHOBe yJeTa 163 mipe-
JTUKTOPOB (hePTUIIHLHOCTU BBITTOJIHUIN pacyeT BEPOSITHOCTU
HACTYIUTCHYsI OepeMEHHOCTHU B TeueHne 6 1 12 MEeHCTpyaTb-
HBIX IUKJIOB. JIaHHbIE OBLIM OCHOBaHbI Ha pe3yJibTaTax
KpynmHokoropTHoro (4133 xenmyHbl u3 CIIA nnu Kana-
JIbI) OHJIAMH-UCCJICIOBAHMS HACTYIICHUSI OEPEeMEHHOCTH
(PRESTO), B KOTOpOM IMpoaHaIM3UPOBAHO BIMSHUE (DAKTO-
OB OKPYKaroIel Cpeibl M 00pa3a KU3HHM JI0 3a4aTHsl Ha XKeH-
CKYI0 (hepTUIIHOCTD 1 BEPOSITHOCTh HACTYIUICHUS OepeMeH-
Hoctu. Bo3pacT yyactHui uccienoBanus — ot 21 1o 44 ner.
Ha MoMeHT BKITIOYEHUS B KCCIIEIOBAHME XKESHIIIMHBI I1J1a-
HUPOBAJIM HACTYIUICHUE OEPEMEHHOCTH M He TOJIydain
KaKOoTo-JIM00 JIeYeHUs MO MOBOAY OECILIONUSI, PECIIOH-
JEHTKM COOOIIaIy O HAIMYMU B aHAMHe3€e He 0oJiee yeM
OIHOTO MEHCTPYaJIbHOTO IIMKJa, HE 3aKOHUYMBIIETOCS
HACTyIUICHUEM 3a4aTusl. Bee malmeHTKY Tpy BKITFOUEHUM
B MICCJICIOBAaHKE 3aIIOJTHSIIA ITOAPOOHBIE AaHKETHI, YKa3bl-
Basi pa3IMYHbIC TaHHBIE, TAKKE KaK CeMEHOE TOJIOKEeHUE,
CBEICHUS O TTapTHEePe-MYXYMHE, PENTPOIYKTUBHBII U Y-
eTUYeCKMil aHaMHe3 1 1p. YacTb 910l nH(pOopMaIuu, Ha-
MpUMeEpP JaThl MEHCTPYaJIbHOIO IUKJA, MePUOIUIECKU
OOHOBJISLIACH C TTIOMOIIBIO KOHTPOJBHBIX OIPOCHUKOB,
3arojiHsieMbIX 1 pa3 B 2 Mec B TeyeHue 12 Mec Uiu 10
¢akra 3auaTHsi IMO0 O MOMEHTA ITPEKPAILIEHMS ITOITBITOK
3a0epeMeHETh 1 ITPeKpalleHUs YIacTUs B UCCIICTOBAaHUM.
IMonyyeHHBIE U3 aHKET Y OIMPOCHUKOB TaHHBIC OBLIIN UC-
TIOJIb30BaHbI JUTS pa3paOb0TKK M KOPPEKTUPOBKU MOJIEIIEH,
paccuuthiBatonux c¢ mnomoiinpio MHC BeposTHOCTH

0630pHana cTatba /
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HaCTyIUIEHUST OepeMEHHOCTU. AJITOPUTM IPOTHO3a CTPO-
WJICS Ha 3 BpeMEHHbIX IIeproIaX: BEPOSITHOCTh HACTYILIC-
HUSI OEPEMEHHOCTH B CPOK paHee 12 MEeHCTpyalIbHBIX 11~
ki10B (Mogiesib I, 3195 XeHIlMH); BepOSITHOCTh HACTYTUIEHUS
OEepeMEHHOCTH B TE€YCHHUE 6 MEHCTPYAIbHBIX ITUKIIOB (MO-
nenb 11, 3476 skeHIIMH); CpeaHsIsT BEPOITHOCTh HACTYILIE-
HUSI 6EpEMEHHOCTU 32 MEHCTpYalbHbINM LUK (Moaesb 111,
4133 xeHuuHbl). s 1957 ydyacTHMIL MccaenoBaHus,
Y KOTOPBIX HUKOTIa He Oblj1a 3aperucTpupoBaHa OepeMeH-
HOCThb, HO HE MMEBIIMX OECILIONUS B aHaMHeE3e, TaKXKe
ObLTM pa3paboTaHbl AOIIOJTHUTEIbHBIC MOJCIIN IIPOTHO3M -
pOBaHMUS: HACTyIUICHUE OEpEeMEHHOCTH B CPOK paHee
12 MeHcTpyalbHBIX LUMKIOB (MoAeab 1V); HacTyrieHue
OepeMEHHOCTH B TeYCHHUE 6 MEHCTPYaJIbHBIX LIUKIIOB (MO-
nenb V); BEpOSITHOCTh HACTYIICHUSI O€peMeHHOCTH (MO-
neab VI). 3ateM K KaxKIoi MOIEIN IPUMEHSUTA 6 pasiiind-
HBIX KOHTpoJiupyeMmbix ajiroputMoB MO. Ilo maHHBbIM
HCCJIEIOBaHUSI, B YCTAHOBJICHHBIE CPOKM 3a0epeMeHEN
86 % xennH B Mones [ n 69 % xeHumH B Moaeu 11. s
BceX 6 aITOPUTMOB, 0OCYMTAHHBIX ¢ TToMolsio MHC, mory-
YEHBI CJISAYIONIUE Pe3yIbTaThl 3¢OEKTUBHOCTH: MOIEb I —
68—70 % (cranmaptHoe otkiioHeHuUe (SD) 0,8—1,9 %); Mo-
peap I — 65-66 % (SD 1,9-2,6 %); monens Il —
63 %; momenb IV — 69,5 % (SD 1,4 %); monenb V — 65,6 %
(SD 2,9 %); momenb VI — 60,2 % (SD 1,2 %) [6].

ITo pesynsratam UCCSIOBAaHKS YCTAHOBJIEHO, UTO ITO31T-
HMI1 PeIPOMYKTUBHBIM BO3PACT, BHICOKUI MHIEKC MACChI
TeJa U Haymmure OeCcIIonvsi B aHAMHe3€ Y XKEHIIUH SIBJISIIOT-
CS1 TIPEIMKTOPaMU, HETaTUBHO BIIMSTIOLIMMK Ha BEPOSITHOCTh
HACTYITICHMs] GepeMEHHOCTH BO Bcex Mozesax. K mpeamk-
TOpaM, MOJIOXUTEIbHO BIMSIOIIMM Ha HAaCTyIIeHHe Oepe-
MeHHocTH, B Moaessix I—III oTHocummch mpueM nojmBUTa-
MMHOB WM MUILIEBBIX T00aBOK C (hOIMEBON KUCIOTOM,
a TaKkKe TO, YTO B JIETCKOM BO3PACTe KSHIMHbI HAXOIWINCh
Ha rpyTHOM BCKapMJIMBaHUU. ABTOPBI MCCIIEIOBAHUS P~
IIUTY K BBIBOMY, YTO IOJIy9E€HHBIC PE3Y/IBTaThl UCCASIOBAHUS
OyIyT aKTyaJlbHbI IS T1ap, TUTAHUPYIOIIUX OEpeMEHHOCTD,
U JUTA Bpayeil, KYpUPYIOLLMX KEHILWH, KOTOPBIE OTKA3AJIUCh
OT KOHTpALIEIILIY, YTOOBI POIUTh peOeHKA.

IIpuBbuHOE HeBbIHAaIIMBaHUE OepeMeHHOCTH (ITHD)
SIBJISIETCST OMHOM U3 aKTYaJIbHEUIIIMX ITPOOJIeM PeIIPOayK-
TUBHOM MEIMIIMHBI U TMHEKOJIOTUU, OTIPEIC/ISIeTCS KaK
IoTeps He MeHee 2 6epeMEHHOCTEl 10 HACTYIIICHUST K13~
HECIOCOOHOCTH IIIofa U BeTpevaeTcs v 2—3 % Bcex cy-
npyxXeckux mnap [8, 16]. B atnonoruio nanHo# GOpMEI
HapylIeHUsT perpPOaYKIIMM BOBJAECYEHBI pa3IuyHble hak-
TOPBI: FTCHETUYECKHUE HapYIIeHUS (XpOMOCOMHBIE aHOMa-
JIMM, Bapyalluy YKCjia KOIKM, JIeTaJlbHble TEHHbIC BapH-
AHTBI ¥ STIUTEHETUYECKUE MyTallMK) U MOpdOoIornyecKre
aHOMaJInu y SMOpUOHa; aHAaTOMUYECKUE, SHIOKPUHHbIE,
UMMYHHBbIE, FEHETUYECKME U IPYTUE MaTOreHHbIE (DaKTO-
DBI CO CTOPOHBI OepeMEeHHOM XKeHIIMHbBI. OTHaKO MprUMep-
HO B IIOJIOBUHE CJTy4aeB IIPMYMHA HEBBIHAIIIMBAHUS Oepe-
MeHHocTH, B ToM uncie [THB, ocraercst HeBbISICHEHHOIA,
YTO MPUBOAUT K (PU3NYECKUM, SMOLIMOHAIBHBIM U (pu-
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HaHCOBBIM TOCJIEICTBUSIM IS CYIIPYKECKUX Map, Bpauei
U CUCTEMBI 3IpaBOOXpaHEeHU B 1eJIoM [16].

Cuctembl M MoryT OBITH MCIIOIB30BaHbI IJIs1 OLIEHKU
pHicKa MHOTO(DAaKTOPHBIX ITATOJIOTMIECKUX COCTOSTHUI U1 TTPH-
3HAKOB, HaIIpUMep IS CTpaThdUKay 6epeMeHHBIX JKeH-
IIIUH 10 CTENCHN BEPOSITHOCTU PEIPOAYKTUBHBIX ITOTEPbD,
B TOM 4ucjie 6epeMeHHOCTel, HacTynuBILIKX rocie DKO,
Pa3BUTHS TIATOJIOTMM M OCIIOXKHEHMI GepeMeHHOCTH (TIpea-
KJIAMIICUST, apTepyaibHast TUTIEPTOHMS, IUA0eT), pa3IMIHbIX
KJIIMHUYECKMX MCXOI0B OEPeMEHHOCTH, TTIOPOKOB Pa3BUTHST
y wiona [17—19]. D1o mo3BojsieT 60Jiee TOUHO ONpPEaesITh
TaKTUKY BEICHUS U JIEUEHUSI MALMEHTOK C MOBBIIIEHHBIM
PMCKOM HEBbIHAIIIMBaHMsI 06PEMEHHOCTH, Pa3BUTUEM JAPYTUX
¢opM maronoruu. Tak, V. Bruno u coaBT. KCIONB3YSI METOA,
MO m151 06pabOTKM Pe3y/IBTaTOB JAHHBIX KITMHUYECKOIo 00-
crnenoBaHus, oLieHwH prcku [THDB y HeOepeMeHHBIX sKeHILIH
1 pa3paboTajv MPOrHOCTHYECKME TIOMXOJbI ISl OLIEHKH €To
BepositHocTH [20]. B nccnenoBanuu yyactBoBaiu 734 >KeH-
LLIMHBI peNpPOaYKTUBHOIO Bo3pacTa (0T 18 1o 43 j1eT u cTapiiie),
B TOM 4YKCJIe 636 MalMEHTOK C TTIOBTOPHBIMU CJTyJastMU HEBBI-
HalllMBaHMs OepeMEHHOCTH B aHaMHe3e. Koropra nmarmeHToK
ObU1a cTpaTudUIIMPOBaHa Ha 4 KJlacca prcKa B COOTBETCTBUM
C KOJIMYECTBOM BbIKMAbILIEH B aHamHese (0, 1, 2—3, 4 win
Oornee). YunThiBasi MHOro(haKTOPHOCTh 3TUOJIOTUU PEMPOIYK-
TUBHBIX IIOTEPb, UCCIICIOBATE/IM MCTIONB30BaIU ayroput™M MO
1 pa3paboTajiv IOPOrOBYI0 MOJIEIb aHAJIM3a M ITPOTHO3UPO-
BaHus1 pucka [THB. C ucnonbs3oBanreM Habopa u3 43 K-
HMUECKHUX IMapaMeTpoB oToOpaHo 18 Hanbosnee nHopMaTHB-
HBIX IPM3HAKOB, HA OCHOBE KOTOPBIX TOYHOCTb IPEICKA3AHKST
pHUCKa HeBbIHAIIMBAHUSI OEPEMEHHOCTH COCTAaBMJIa OKOJIO
82 % [20]. KimaccudbukaoHHYO IPOrHOCTUYECKYIO MOJICTh
cpaBHuBaM ¢ PekomeHmanmsiMu EBporieiickoro o0imecTsa
o penponykiiu yenoseka (ESHRE) no ITHB, yto06s! pac-
CUMTATh COOTBETCTBUE MEXIY KJIaCCU(PUKAIIMSIMK B Pa3HbBIX
IpYIIax MareHTOB. YCTaHOBJIEHO, YTO B TJAaHHOM PYKOBOI-
CTBE HECKOJIBKO 3aBbileHa moitst marnvieHToB ¢ [THB (22,5 %
o naHHpM ESHRE 1o cpaBHeHwMIo ¢ 8,96 %, onpeneieHHBIX
¢ nomoripio MHC) [16]. O4eBrIHO, YTO MCTIONB30BaHKE OOJTb-
IIeTO KOJIMYECTBA KIIMHUYECKUX TAHHBIX O TAlIMEHTaX MOXKET
obecrneyuTh 0ojiee TOYHYIO CTpaTU(PUKALMIO KEHILMUH
10 BEpOSITHOCTU TTOTephb OepeMeHHOCTH, B ToM uncie [THB,
IO PE3YJIBTATaM OLICHKH Pa3IMYHBIX 3THOJIOTMIECKUX (DAaKTO-
OB 1 MX KOMOWHAITHIA.

WUCKyCCTBEHHBIN MHTENIEKT B OLl@HKE MYXKCKOM

t¢epTunbHoCTH

Bo3M0OXXHOCTB O1IeHUBATh OOJIBIIIOE KOJTMYECTBO (hakTo-
POB U ellie 0O0JIbIIee YHCIIO BAPMAHTOB MX COUSTAaHUI KpaiiHe
HeoOX0omrMa JIIsl OTIPeIE/ICHUST pUCcKa pa3BUTHS (BEPOSITHO-
CTH) MyJbTU(AKTOPHBIX 3a00JIeBaHUI U HApyLIEHWI, aHa-
JIM3a CJIOXKHBIX (DeHOTUIMYECKUX MPpU3HaKOB. CUCTEMBI Ha
ocHoBe U, MO moryT ObITh MCTIOIB30BaHBbI 1JIs1 UHTETPab-
HOI MepCOHU(MUIIMPOBAHHONW MHOTO()AKTOPHON OIEHKH!
(bepTUIBLHOCTU Y MYXXYMH M XKEHIIWH WIM B KOHKPETHOM

CYNPYKECKOM Tape.
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B pernpoayKTUBHOM YpOJIOTruy, aHAPOJIOTMU paHHUE
TOMBITKY IMTPUMEHEHUSI BO3MOXKHOCTE KOMITBIOTEPHOTO
a"aymm3a 1 MU 6bu1M cocpeoToYeHbI TOJIBKO Ha OLICHKE
OCHOBHBIX CIIEPMHUOJIOTMYECKHUX IMTApaMeTPOB (KOJIUYeCT-
Ba U MOABMKHOCTH CITepMaTO30Ma0B). B HacTosiee Bpe-
MsI KOMITBIOTEPHBIM aHalu3 CEeMEHHOW XUIKOCTHU
(computer aided sperm analysis, CASA) MOXeT OBbITb UC-
MOJIb30BaH JIJIsI OLICHKU KOHILIEHTpalnu, Koiandectsa (%)
MTOIBMKHBIX ¥ MOPGOJIOTMYECKH HOPMAJIbHBIX U aHOMAJTb-
HBIX CIIEPMAaTO30MI0B. JlaHHbIEC TTapaMeTphl CTaHIAPTHO-
TO CIIEPMMOJIOTUYECKOTO UCCIICAOBAHUS B 3HAYUTEIBHOM
Mepe OTpaxalT (GepTUIHLHOCTHBIE CBOMCTBA ISIKYJIATA,
MX aKTyaJbHbIe pehepeHCHbIE 3HAUYECHMS TIPEICTaBICHBI
B 6-M m3nannm pykopoactsa BO3 (2021) [21].

B Tabuiie nipeacTaBIeHbl OCHOBHBIE ITAPAMETPHI A5IKY -
JisITa, UCCaeayeMble MPU CTaHIapTHOM CIEPMMOJIOTH-
YeCKOM UCCIIeOBAaHUU, KOTOPBIE MOTYT OBITh MCITOJIb-
30BaHbBl IPU aBTOMATU3UPOBAHHOM OIIEHKE MYXCKOM
(GepTUTBHOCTH.
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IIupokast pacpocTpaHEHHOCTh KOMITBIOTEPHBIX I'afl-
JKETOB ITO3BOJISIET BBITIOIHSITD C MX IIOMOIIBIO HEKOTOPHIE
TECThI 0€3 yJacTHUSI COOTBETCTBYIOIIETO CIIELIMAIMCTA, Ca-
MoOCTOSITeJIbHO. B Hacrosiee Bpems cepa IpUMeHEHUsI
TexHojoruii Ha ocHoBe MM u MammmHHOTO 3peHus pac-
IIMPUJIACh U BKIIIOYAET TaKXKE MCIIOJIb30BaHUE BU3Yallb-
HOTO TMHAMWYECKOTO aHaIM3a CIIEPMbI, OLIEHKY pa3JIny-
HBIX ee TapameTpoB [22—25]. TexHonOTMM MAILIMHHOTO
3peHust 1 U m1st ciepMUoIornyeckoro aHaansa oobe-
JIMHEHBI ¢ BHEIIIHMMM aIapaTHbIMU YCTPOMCTBaMU, OCHA-
IEHHBIMU TIMGPOBLIMU (POTO- M BUACOKAMEpPaMU, U CO-
OTBETCTBYIOIIUM IPOrpaMMHBIM 00ECIIeYeHUEM, HATIPUMED
MPWIOXKEHUSIMU JIJIs1 CMapT(OHOB, YTO TO3BOJISIET aBTOMA-
TU3UPOBAHHO OIIEHMBATh KOJWYECTBO, MOIBUKHOCTh
1 MOP(DOJIOTHIO CIIEPMATO30MI0B, B TOM YMCJIC B COOTBET-
CTBUU CO cTporumu Kputepusimu Kprorepa (cM. Ta0Iu1Ly).
Tak, I. Dimitriadis 1 coaBT. (2019) olLieHWIN BO3MOXHOCTb
MPUMEHEHUSI CUCTEMBI CIIEPMATOJIOTMYECKOTO aHaIu3a
C UCITOJIb30BaHMEM CMapT(OHa TSI ONPeIeICHIS TTOKA3aTe st

Crnepmamonoeuueckue napamempbul U MemoouKu Ux asmomamusupo8anHotl OUeHKU

Semen parameters and methods of their automated assessment

Semen parameters

KoHI1eHTpalus 1 Koam4ecTBo
CIIEpMaTO30M 0B B AKYJIATE
Sperm concentration and count

in the ejaculate

OO6111ee KOJIMYECTBO MOABUKHBIX
CIIEPMATO30MI0B
Total motile sperm count

Konunuecto (%) nporpeccuBHO
nmoaBkHbBIX (PR) 1 Hemporpeccus-
Ho noaBmxkHBIX (NP) cmepmarozo-
WUI0B

Number (%) of progressively motile (PR)
and non-progressively motile (NP) sperm

Assessment method

ABTOMAaTU3MPOBAHHBII pacyeT KOHIIEHTPAIMU CIIEPMAaTO-
301 0B Ha ITIOPTAaTUBHOM YCTPOﬁCTBC
Automated calculation of sperm concentration using
a portable device

ABTOMaTU3MPOBAHHBIIM pacyeT MOABMKHOCTU CIIEPMAaTO-
30M10B Ha ITIOPTAaTUBHOM YCTPOﬁCTBe
Automated calculation of sperm motility using a portable device

ABTOMaTI/I?:I/IpOBaHHOC N3MEPEHUEC CKOPOCTU NBUXKECHUA
CIIEpMAaTO30MI0B M KJIacCU(PUKAIIASI MHANBUIYATbHBIX
TnoxKasarejaeun IIPOrpe€CCUpoOBaHUs CIIEPMATO30UI0B
Automated measurement of sperm velocity and classification
of individual parameters of sperm progression

Reference

M.K. Kanakasabapathy
M coaBT., 2017 [22]
M.K. Kanakasabapathy et al.,
2017 [22]

M.K. Kanakasabapathy
M coaBT., 2017 [22]
M.K. Kanakasabapathy et al.,
2017 [22]

M.K. Kanakasabapathy
M C0aBT., 2017 [22],

A. Agarwal u coasr., 2018 [23]
M.K. Kanakasabapathy et al.,
2017 [22], A. Agarwal et al., 2018
[23]

ABTOMaTPI3PIpOBaHH]:Iﬁ pacyeT COOTHOILLICHMUA 3PEJIbIX

KomnuuectBo (%) 3penbix 1 He3pe-
JIBIX CTIEPMATO30UIOB B SIKYJISAITE
Number (%) of mature and immature
sperm in the ejaculate

M HE3PECJIBIX CIIEPMATO30MI0B B 9AKYJIATE HA OCHOBE
OLIEHKU CITOCOOHOCTH MY2KCKHMX ITOJIOBBIX KJIETOK
CBSI3BIBATBHCS C TMATTyPOHOBOM KHACIOTON [24]
Automated calculation of the ratio between mature and immature
sperm in the ejaculate based on the ability of male germ cells

1. Dimitriadis u coasr., 2019

I. Dimitriadis et al., 2019 [24]

bind hyaluronic acid

KommuecTBo CIIEpMATO30110B
¢ dparmenTupoBanHoit JIHK
Number of sperm with fragmented DNA

KomunuectBo (%) KUBBIX M MEPTBBIX
CIIEpPMaTO30MI0B
Number (%) of living and dead sperm

ABTOMaTU3UPOBaHHOE U3MepeHue dhparmeHTau JHK
CIIEpMAaTO30UI0B HAa OPTATUBHOM YCTPOWCTBE
Automated measurement of DNA fragmentation using a portable

ABTOMAaTU3MPOBaHHbIN AUDGhEepeHIINATBHBIN TTOACYET
OKpAUIMBAHUS XUBbIX M MEPTBBIX CIIEPMATO30U/IOB [24]
Automated differential calculation of stained living

and dead sperm

1. Dimitriadis u coasr., 2019
[24]

. I. Dimitriadis et al., 2019 [24]
device

1. Dimitriadis u coasr., 2019

I. Dimitriadis et al., 2019 [24]
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Semen parameters

KonunuectBo (%) Mopdoaorniecku
HOPMaJIbHBIX U aHOMAaJIbHBIX CIIEP-
MaTo30U10B

Number (%) of morphologically normal
and abnormal sperm

Assessment method

ABTOMAaTHU3UPOBaHHAS KJIACCU(DUKALIUS
U U3MEpPEeHNEe HOPMaIbHBIX U aHOMAJIbHBIX (hOPM
MOpPGOJIOTUM CIIEPMATO30110B [24]
Automated classification and measurement of normal
and abnormal form of sperm morphology
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Oxonuanue mabauypt
End of table

Reference

S.K. Mirsky u coaBr., 2017 [25],
1. Dimitriadis u coasrt., 2019

S.K. Mirsky et al., 2017 [25],
I. Dimitriadis et al., 2019 [24]

CBSI3bIBAHMSI CIIEPMATO30MIOB C THAITyPOHOBOM KUCIIOTOM
(HBA-TecT), XapakTepHu3yIoIlIero 3pejiocTb U OTUIONOTBOPSI-
JOIIYIO CITOCOOHOCTD CIIEPMAaTO30MI0B; XKU3HECTIOCOOHOCTH
un pparmentauun JJHK cnepmaTo3ongoB. ABTopamMu oOHa-
PYXeHa BbICOKast KOPPEJISLIMSI MEXITy Pe3YJIBTaTaM1 Py4HOTO
CIIEPMUOJIOTMYECKOTO aHaJIM3a M KOMITbIOTEPHOTO aHajIM3a
C MCNOJIb30BaHEM CMapT(hOHAa, TOYHOCTh KOTOPOTO IS TT0-
KazareJjieil KOHIEHTpAIVK U ITOABMKHOCTH CIIEPMAaTO30MI0B
cocraBwia 97-98 %, mist HBA-tecta — 87 %, mist hparmeH-
tarmu JHK — okoo 95 % [24].

ABTOMAaTU3UPOBAaHHbBIE CHCTEMBI OLIEHKU TTapaMeTPOB
ISKYJIATA 10 CPABHEHMIO C «PYyYHBIM» CIIEPMUOJIOINYE-
CKMM aHaJIM30M 00J1a1al0T MOTEHIIMAIOM OOJIbIIEH TOY-
HOCTH, 00bEKTUBHOCTU 1 BocpousBoauMocTu [21]. CtaH-
JapTU3aldsl M KOHTPOJIb KayecTBa CIIEPMUOJOTHIECKIX
HCCJIEIOBAHUI, B YaCTHOCTH OLICHKM MOP(OJIOTUH CIIep-
MAaTO30UIOB, SBISAIOTCS OMHUMM M3 aKTyaJIbHBIX 3a1a4
B CIIEPMATOJIOTUH Y aHIAPOJIOTUM, PEIIEHUE KOTOPBIX Tpe-
OyeT OoJjiee IMPOKOTO UCTIOJb30BaHUS HIUMDPOBBIX/KOM-
MBIOTEPHBIX CUCTEM, aBTOMAaTHU3alMM aHAJIM3a U UHTEP-
MpeTanuy U300pakxeHUli ¢ MOMOIIbI0 KOMIIBIOTEPHOTO
3penust 1 MO. Ho, 6e3yciioBHO, MOAOOHBIH TECT CEMEHHOM
SKUIKOCTU HE SIBJISIETCS TTOJTHOIICHHOM 3aMeHOM J1abopa-
TOPHOMY CIIEPMHMOJIOTUIECKOMY MCCICIOBAHUIO.

WUCKycCTBEHHbIN MHTENNIEKT B 061acTu

BCNomMoraresibHbIX penpoayKTUBHbIX

TeXHOJIOrui

B nocnenHue roasl cucteMbl MU Bce mmpe BHenps-
10TCS U TpuMeHsTioTes B oosiactu BPT, B ieHTpax pernpo-
nykuuu u gadopatopusx DKO. Ucnonb3oBaHue cucteM
MU akTyanbHO B OlIgHKE Ka4ecTBa MOJIOBBIX KJIETOK, OT-
0ope raMeT ¥ SMOPUOHOB C JIYUIIMM MOTEHIUANIOM (ep-
TWJIBHOCTH JIJISI TTOBBIICHYST 3(D(hEeKTUBHOCTHU ITPOTrpaMM
BPT [26—28]. DT0 maeT BO3MOXHOCTb ITAlIMEHTAaM COKpa-
TUTh KOJIMIECTBO HEOOX0AUMBIX poreayp DKO/UKCH,
CHMXXasl BpeMEHHbie, NeHeXHbIe U TTpodue 3aTpathl [10,
29, 30]. TexHOIOIMU MAIITMHHOTO 3pEHYSI TTO3BOJISTIOT YJIy4-
ILIATh BU3yaJIU3alIMIO, OLIEHKY KayecTBa U 3 (HEeKTUBHOCTD
oTOOpa 3pesibIX MOJIOBBIX KJIETOK (raMeT) U 9MOPHUOHOB,
MMEIOIINX JIYYIINiA TOTeHIIMA B OTHOIIICHUM HACTYILIC-
HUS ¥ pa3BUTUS OEPEMEHHOCTH, PETPOCIIEKTUBHO OIICHU -
BaThb pe3yJbTaTUBHOCTD MporpamMm BPT [14, 28].

MaimHHOe Ui KOMIIBIOTEPHOE 3peHUEe — MEXINC-
LIMIUTMHApHAas HaydyHasi 00J1aCTh, M3yJarolas To, Kak KOM-
MbIOTEPBI MOTYT I10JIyYaTh BBICOKOYPOBHEBOE TOHUMaHUE
HU(PPOBBIX U300paxkeHU Wiu Buaeo. OMHOM M3 TaKUX
TEeXHOJIOTUIi sABsieTcs time lapse ((poTo- Win BUAEOCHhEM-
Ka C MEHbIIIEH YaCTOTOI KaapoB U MPOEKIUE, KOTopast
coCTaBJisIeT B 0OBIYHOM KMHeMaTorpade mo 24 kaapa
B cekyHay) [28]. TexHomaorus time lapse — 3To He TPOCTO
HOBasi BO3MOXHOCTb HAaOIIOACHUS 32 Pa3BUTHUEM KJIETOK.
JaHHBIN METO OLIEHKU COCTOSTHUSI SMOPUOHOB YeJI0BeKa,
MOJIyYeHHBIX B pe3ysbTare mpouenypsl DKO i UKCU,
COBMECTHO c TexHosiorussMu MMM momoraet caenaTh mpa-
BWJIbHBII BBIOOP 3MOPHOHA JUISI €ro IepeHoca B MOJIOCTh
maTku. [Ipu BbICTaBIIeHUM MOJYYEHHOM 3alUMCHU C HOP-
MaJIbHOI YaCTOTOM ABMKEHUSI CIOKET Ha 9KpaHe BhINJISIIUAT
YCKOPEHHBIM (puc. 3).

Puc. 3. Ilpumepot uzobpaxcenuii Kyabmugupyemvix npeumniaHmayUOHHbIX
onacmouyucm 4en08exa, NOAYHEeHHbIX HOCAE IKCMPAKOPROPAALHO20 ONA000-
MEOpeHUsl, ¢ NOMOULbIO MEXHOA02UU UHMEPBAAbHOL coeMKU time lapse

Fig. 3. Examples of images of cultivated pre-implantation human blastocysts
obtained after in vitro fertilization using time lapse recording technology


https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%BE%D1%81%D1%8A%D1%91%D0%BC%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%BE%D1%81%D1%8A%D1%91%D0%BC%D0%BA%D0%B0

AHIPOAOI' M1

I TEHUTAABHASI XUPYPT VST

Cospemennble CO,-MHKY0aTOPBI C HHTEPBAILHOM (o-
TO- ¥ BUIEOCHEMKOI, a TAKXKEe BOBMOXKHOCTH ITPEUMIUIAH-
TallMOHHOTO TEHETUYECKOI0 TeCTUPOBAHUS C OLICHKOI
TeHOTHITA (IETEKIIMST aHEYTUTOMINIA, HecOaTaHCUPOBaHHBIX
XPOMOCOMHBIX aHOMAJIUi, XPOMOCOMHOTO MO3aUIIM3Ma,
MMaTOTeHHBIX BAPUAHTOB T€HOB TP MOHOTEHHBIX 3a00J1e-
BaHUSIX) SMOPUOHOB, OTOMPAEMBIX JIJIsI TIepeHOoca, SIBJISTIOT-
CsI 3HAYMMBIMU TEXHOJOTUIECKUMU TOCTVKEHUSIMUA B 00-
nactu BPT, mo3Bosistiiolinmu 6oJjiee 00beKTUBHO BHIOMPATh
3MOPHMOHBI C JIYYIIEeid XKU3HECITOCOOHOCThIO M TTOBBICUTh
BEPOSITHOCTh MMITIAHTALIUY 1 Pa3BUTHsI OepeMeHHOCTH. Of1-
HAaKO IOKa HEeT JOCTaTOMHBIX TaHHBIX, YTOOBI PEKOMEHIOBATh
KCIO/Ib30BaHKE 3TOIO METO/IA B PYTUHHOM IPAKTUKE C LIEJTbIO
TTOBBIIIICHUS YaCTOThI HACTYIUICHUS OepeMEHHOCTE M POIOB
npu repeHoce omHoro amopuoHa [31, 32]. Tak, MmeTaaHanmu3
pesyisraroB nporpaMMm DKO/MKCH, onyoirMKoBaHHBIN
B kypHalie The Cochrane Database of Systematic Reviews,
HE BBISIBUJI CTaTUCTUYECKM 3HAYMMOTIO TOBBILIECHUS 3¢h-
(beKTUBHOCTH TIPOrpaMM C MCITOJIb30BAHMEM TEXHOJIOTUU
time lapse [33].

buo3atnyeckune acnekTbl UCNONIb30BAHUA

MCKYCCTBEHHOI0 UHTE/IeKTa B PenpoAYKTUBHOM

MeAuLUHe

HacTtogiee BpeMst MOXKHO OIPENeIUTh KaK MepeioM-
HBIIT MOMEHT, KOTOPBII BO MHOTOM CBSI3aH C BHEAPEHUEM
B NpakTuKy TexHosoruit MU, spisttonmxcs Karaau3aTopom
W3MEHEHUI B COBpeMeHHOM MeauimHe. CrenyeT MOHK-
MaTh, YTO, HECMOTPSI Ha KIIMHUYECKYIO U TTPOTHOCTHYE-
CKYI0 BocTpeboBaHHOCTL cucteM MM B MeauiinHe, moka
HET ITOAPOOHBIX ¥ MICUEPITBIBAIOIINX HOPMATUBHBIX TOKY-
MEHTOB, KOTOPBIE PEryJIMPOBaM OB MX MCIOJb30BaHME
Ha rpakTike. OQHAKO ¢ IIMPOKUM BHEAPEHNEM B KIIMHK-
yecKylo MenquiHy cucteM MM Bo3HUKAET psi STHYECKUX
¥ MPaBOBBIX BOIIPOCOB U MPOOJIEM, CBI3aHHBIX C UX ITPH-
MeHeHueM. BpaueOHBIM coo01IecTBaM HY>KHO OBITh TOTO-
BBIMM K B3aMMOJEHCTBHIO C pazpadoTarikamu cuctem MU
¥ OCBOEHUIO aKTUBHO (hOPMHUPYIONIEICS TTPaBOBOil 0a3bl
X npuMeHeHus. [Toka He yToYHEHBI BOITPOCHI MPaBOCYOhb-
€KTHOCTH 3JIEKTPOHHOTO JINIIa, He pa3paboTaHbl ITOHSTAS
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MEIUILIMHCKOM 3TUKU, cBsi3aHHbIe ¢ MM, a Takxke cooT-
BETCTBYIOLLIME HOPMATUBHBIE TOKYMEHTHI [7]. OueBUIHO,
YTO 3Ta HACyIIHasl MOTPEOHOCThb MOJIKHA OBITH YIOBJIE-
TBOpEHa B OJIMDKaliIlIee BpeMsl.

B HacTosiiee Bpems MU eliie He cTOb IIMPOKO MPU-
MEHSIOT B MEIULIMHE, OIIBIT €T0 MPAaKTUIECKOTO MCIIOJIb-
30BaHUs IS pellleHrs] KOHKPETHBIX KIIMHUYECKUX 3a1ay
OTHOCUTENIbHO HeBeNuK [1]. Heobxonumo mpoBeaeHue
JaJIbHEHIINX UCCIICAOBAHUI, KOTOPBIE B McaJIe JOJIKHBI
OBbITh PAHIOMU3UPOBAHHBIMU Y KOHTPOJIMPYEMbIMU, IS
onpezecHUs 00Jiee YeTKUX ITOKa3aHUI K TPaKTUIECKOMY
KIMHUYECKOMY MCIOJIb30BaHMIO 3TOT0 MHHOBALIMOHHOTO
M TIEPCIIEKTUBHOIO MeToaa. B 11eioM, HeCMOTps Ha psif
mpo0JieM, CBSI3aHHBIX C BHeIpeHUEeM Bcero HoBoro, U
B OIKaiiIime HeCKOJIbKO JIET, HECOMHEHHO, OKaXkeT 00JIb-
1I0¢ BJIMSIHME Ha pa3BUTHE HAyKU, PEITPOAYKTUBHOI Me-
JULIMHBI, @ TAKXE APYTUX HAIlpaBlIeHU METULIUHBI, O1O-
JIOTUM U CMEXHBIX 00J1acTeii.

3aknoyeHue

Cucrembl U1 — Montonast iIMHAMUYHO pa3BUBaIOIIAsICS
BBICOKOIIEPCIIEKTUBHAsI 00J1aCTh Ha CThIKE MH(MOPMAITMOH-
HBIX/1IM(POBBIX, KOMITBIOTEPHBIX CUCTEM, IIPOIPAMMUPOBA-
HMS U APYTHX cep HayKu M TEXHOJIOTHiA. B penpomyKTBHOM
MEIUIIMHE CUCTEMBI, CO3MaHHbIe Ha ocHoBe IM, MOTyT OBITh
MCMOb30BaHbI B KauecTBe DC — MHOrO()aKTOPHOTO MHCTPY-
MEHTA JJIS1 pelIeHMs] pa3IMIHbIX 3a/1a4d IPY 00CIeIOBAHUM
MAalVEeHTOB U IMarHOCTUKE HapYIIIEHWIA PENPOMYKIIIH, OLICH-
K€ BEpPOSITHOCTH HACTYIUICHMSI Y BHIHALIIMBAHMS OepeMEHHO-
CTH, pUCKa pa3BUTHS ee TaToj1oruu. [1epcrieKTBHbBIM Ipe-
CTaBIIsIeTCS OoJiee IIMPOKOE MCIIONIb30BaHKME TEXHOJIOTHIA
KOMITBIOTEPHOT'O 3peHMSI [UTST OLIEHKU (hOTO- M BUIEOM300pa-
JKEHMI OMOJIOTMIECKUX OOBEKTOB, B YACTHOCTH JIJISI OLICHKU
KavecTBa IOJIOBBIX KJIETOK U 3MOPHMOHOB, ITOJIy4aeMBbIX
B nporpammax DKO/MKCH. KomrieKcHbIM MHTETpaTUBHbII
aHaJIM3 TaHHBIX O MAIMEHTe,/CYTIPYKECKOH Iape ¢ ITIOMOILIBIO
cucteM MU cyiiecTBeHHO 00JIETYUT Nepexo K IEPCOHUbU-
LIMPOBAHHOM MEAMIIMHE, B TOM YHCIIE B 00JIaCTH PEITPOIYK-
LIMM YeJIoBeKa, MOCIYXUT ISl JOCTUXKEHMSI KOHEUHOM
ee 1IeJIM — POXKICHMS 3I0pOBOTO peOeHKa.
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