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used for this purpose. The role of devices such as NIPT (Non-Invasive Prenatal Testing),
ultrasound, and MRI, as well as Artificial Intelligence (Al) systems in prenatal
diagnostics, is discussed. The article also highlights emerging approaches such as the
“fetal digital twin” — the digital modeling of the fetus, multi-omics data analysis, and the
integration of these data through artificial intelligence.

Keywords: pregnancy, genetic disease, NIPT, diagnostics, artificial intelligence,
ultrasound, MRI, cfDNA.

INTRODUCTION

Pregnancy is one of the most important stages of human development, during
which monitoring the health of the mother and baby and detecting genetic and non-
genetic diseases early are essential for ensuring the birth of a healthy generation. In
the past, most diseases were identified only after birth, but today, with the help of
modern medicine, artificial intelligence, and digital technologies, it is possible to assess
the condition of the fetus even at its earliest stages. Modern diagnostic devices and Al
systems have enabled early diagnosis of fetal disorders, playing a crucial role in
protecting maternal and fetal health. Early detection of such diseases not only helps
save the baby’s life but also protects the health of the mother. Currently, modern
diagnostic tools and artificial intelligence systems hold a leading position in this
process. Tests such as NIPT, based on placental cfDNA, have become widespread, and
combining ultrasound and MRI imaging with artificial intelligence (AI) has significantly
improved diagnostic accuracy. This integration reduces human error, saves time, and
allows physicians to make more precise clinical decisions.

Posb  coBpeMeHHbIX [JUAarHOCTUYECKHUX alllapaTOB M  HCKYCCTBEHHOIO
MHTEJIJIEKTA B BbISIBJIEHUU HACJEe[CTBEHHbIX U HEHAC/eICTBEHHbIX 3a00/1IeBaHUH MPH
6epeMeHHOCTH

AHHoOTanus: B gaHHOW cTaThe NpejcTaBjeHa HHGOpPMALHsS O COBPEMEHHBIX
MeTOJ|ax paHHEero BbISIBJIEHUs HACJeJCTBEHHBIX U HEHACJeCTBEHHbIX 3a00/1€BaHUM
BO BpeMsi G6epeMeHHOCTH, a TaKXKe O TEeXHOJIOTUSX, HCIOJb3yeMbIX MJS1 UX
JIMAaTHOCTUKU. PaccmaTpuBaeTcsl poJib Takux MeTooB, Kak HUIIT (HeMHBa3WBHbIN
npeHaTaJbHbBIK TeCT), yJbTpa3ByKoBoe wucciaenoBaHve (Y3M) uU MarHuTHO-
pe3oHaHcHast ToMorpadus (MPT), a Takke cucTeM MCKycCTBeHHOTo HTeJsiekTa (UU)
B MpeHaTaJbHOU JUarHocTuke. KpoMe TOro, onuchbIBalOTCs HOBble HANpaBJIEHUS —
co3jaHue «IUPPOBOro JBOMHHKA IJIOAA», aHAJU3 MYJbTHOMHBIX AAHHBIX W HX
MHTErpalnus ¢ MOMOIIbI0 UCKYCCTBEHHOI'0 MHTEJIJIEKTA.

KintoueBble c/ioBa: 0OepeMeHHOCTb, Hac/JeACTBeHHble 3aboseBanus, HUIIT,
JIMAaTHOCTUKA, UCKYCCTBeHHbIN nHTeseKT, Y3U, MPT, cf/IHK.

BBeneHue

BepeMeHHOCTb SIBJISIETCS OJHWUM W3 BaXKHEHUILIMX 3TANOB Pa3BUTHs YeJIOBEKa.
KoHTposib 3a 3/l0poBbeM MaTepd W peOGEHKA, a TaKXXe paHHee BbIsIBJIEHHUE
HacJeJCTBEHHbIX W HeHac/JeJCTBEHHbIX 3aboJieBAHUW — OCHOBHbIE YCJIOBUS
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pOXKJeHUs 3[0pOBOro mnoTroMcTBa. Eciu paHbiie O6GOJIBUIMHCTBO 3a60JieBaHUU
Omnpenesisiiocb TOJbKO TMOCJAe POXAeHUs1 peObEHKa, TO cerofHs 6GJarojaps
JIOCTU>KEHUSIM COBPEMEHHON MeJUIMHBI, LUPPOBLIX TEXHOJOIUN U UCKYCCTBEHHOTO
MHTeJIJIEKTA CTaJI0 BO3MOXXHBIM M3y4aTb COCTOSIHUE IJIOJA AaXKe Ha PaHHUX CTaZUAX
ero pa3BuTudA. CoBpeMeHHble JAUMArHOCTUYECKUME almapaTtbl U  CUCTEMBI
MCKYCCTBEHHOTO MHTEJIJIEKTA [M03BOJISIOT BbISBJIATH 3a00JIeBaHUS HA paHHEH CTa/iuy,
YTO UMeeT OTPOMHOe 3HaueHUe JJifl 3allMThl 3/10pOBbsl MaTepu U pebéHKa. PaHHee
BbISIBJIEHUE MAaTOJIOTUI TIOMOraeT He TOJbKO COXPAaHUTb KHW3Hb HOBOPOXEHHOTO, HO
M 3alIUMTUTh 3/J0pOBbe MaTepU. B HacTosillee BpeMs B 3TOM NpoLecce JUAUPYIOILLYIO
poJib  3aHUMMAIOT COBPEMEHHble JAUArHOCTUYECKHMEe TEeXHOJOTUM U CUCTEMBI
VCKYCCTBEHHOro wuHTesiekTa. Ulupokoe mnpumeHenue mnosydyuad HHUIIT-Tects,
ocHOBaHHble Ha IuianeHTapHou cf/[HK, a o6benunenue panHbix Y3U u MPT c
CUCTEMaMU HMCKYCCTBEHHOI'0 MHTEJIJIEKTA MOBBICUJIO TOYHOCTb AUMArHOCTUKHU. Takoe
B3aMMO/IEWCTBUE CHWXXKAaeT BEPOATHOCTb OIIMOOK, 3KOHOMUT BpeMsl M IOMOTaeT
BpadyaM NpUHUMATh 60Jiee TOYHbIE pellleHUsl.

Asosiy qism

Bugungi zamonaviy texnologiyalar davrida irsiy kasalliklarni aniqlashda yangi
texnologiyalar yaratib kelinmoqda. Ushbu texnologiyalar irsiy kasalliklarni aniglash va
ularni oldini olishda muhim ahamiyatga ega. Ushbu texnologiyalarga :

NIPT -bu onaning qonidagi erkin hujayrasiz DNKsi ya’'ni cfDNK ni tekshirish
orqali homiladagi xromasomlar holatini aniqlab beradigan test hisoblanadi.

NIPT orqali Daun sindromi (trisomiya 21), Edvards (18) va Patau (13)
sindromlarini erta aniqlash mumkin. Bu usul xavfsiz, ogrigsiz va ishonchli
hisoblangani uchun juda ko’p mamlakatlarda keng qo’llanilmoqda. Uning boshqa
testlardan farqi homilaga hech qanday zarar yetkazmaydi va natija 24 soat ichida aniq
bo’ladi. Bu esa vaqt borasida ham homilador inson uchun qulay. Balki shuning uchun
ham NIPT testlari uchun talab kundan kunga ortib borayotgandir.

UZI-eng keng tarqalgan va xavfsiz usul hisoblanadi. UZI yordamida biz

homilaning holati, yoshi va rivojlanishi aniqlanadi. tug'ma nuqgsonlar aniqlanadi,

yurak urish tezligi, kindik ichakchasi holati ko’riladi. Hozirda keng tarqalgan 3D
va 4D UZI aparatlari esa bolaning real vaqtidagi harakatini ko’rsatadi. Amniotsenoz va
xorion biopsiyasi : bu usul xomilaning genetik holatini o’rganadi. Bunda maxsus ignada
ona qornidagi suyuqlik olinadi va tekshiruv amalga oshiriladi.

Daun sindromi, xromosoma nugqsonlari ,genetik mutatsiyalarni aniglashda
foydalaniladi.

Dopplerografiya va neyrosongrafiya - homilaning yurak qon aylanish va miya
faoliyatini tekshirish usuli. Bunda kislorod kamayish va qon aylanishdagi buzilishlarni
erta aniqlash mumkin. AI dasturi ultratovush tasvirlarini inson ko‘zidan anchagina
tezroq o‘qib, shakl, o‘lcham, va harakatdagi juda ham kichik o‘zgarishlarni aniqlay
oladi. Misol uchun homildagi yurak kamchiligini erta aniglash yoki yuz va tana
tuzilishidagi g‘ayritabiiy holatlarni ko‘rsatib bera oladi.
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Al 2D/3D UZI tasvirlaridan Daun sindromi yoki yurakdagi nuqsonlar belgilarini
95-98% aniqlikda aniqlay oladi. “GE Healthcare”, “Philips” va “Samsung Medison”
kompaniyalari sun’iy intellekt asosidagi UZI tizimlarini ishlab chigqgan.

Al DNK genetik ketma-ketligini tahlil qilib, kasallikga sabab bo’luvchi gen
mutatsiyasini topadi. Fabric Genomics” tizimi - Al yordamida minglab genetik
ma’lumotlarni bir necha dagiqada tahlil gila oladi.

Afzalliklar : irsiy kasalliklarni erta aniglash imkoni; homila rivojlanishini doimiy
kuzatish; diagnostika aniqligi va tezligi; inson xatolarining kamayishi; tibbiy qarorlarni
avtomatik tahlil asosida qo‘llab-quvvatlash hisoblanadi.

Muhokama va natijalar

So‘nggi yillarda prenatal diagnostika sohasida sun’iy intellekt (Al) va zamonaviy
tibbiy texnologiyalar integratsiyasi katta yutuqlarga olib keldi. NIPT, ultratovush va
MRT kabi usullar yordamida homilada yuzaga kelishi mumkin bo‘lgan irsiy va irsiy
bo‘lmagan kasalliklarni erta aniglash imkoniyati ancha kengaydi. Ayniqsa, NIPT testi
orqali onaning qonidagi hujayrasiz DNK (cfDNA) tahlili asosida Daun, Edvards va
Patau sindromlarini xavfsiz va aniq aniqlash imkonini berdi. Bundan tashqari,
ultratovush tekshiruvi (xususan, 3D va 4D formatdagi apparatlar) homilaning holatini
real vaqt rejimida kuzatish, anatomiya va yurak faoliyatidagi o‘zgarishlarni ko‘rish
imkonini bermoqda. Sun’iy intellekt tizimlari esa bu tasvirlarni chuqur tahlil qilib,
inson ko‘zi ilg‘ay olmas darajadagi nozik o‘zgarishlarni aniqlay oladi. Al texnologiyalari
shifokorlarning ishini yengillashtiradi, tahlil vaqtini qisqartiradi va insoniy xatolik
ehtimolini kamaytiradi. Masalan, “GE Healthcare”, “Philips” va “Samsung Medison”
kompaniyalari tomonidan ishlab chiqilgan Al-integratsiyalashgan UZI tizimlari yurak,
miya va suyak nugsonlarini erta bosqgichda aniglash imkonini bermoqda. Bu esa
homiladorlik paytida irsiy kasalliklarning oldini olishda inqilobiy yondashuv
hisoblanadi. Umuman olganda, tibbiyotda sun’iy intellekt va zamonaviy diagnostika
apparatlari birgalikda qo‘llanilganda, nafagat kasalliklarni erta aniqlash, balki
individual tibbiy yondashuvni amalga oshirish, ona va bola salomatligini kompleks
nazorat qilish imkonini beradi. Yuqoridagilardan xulosa qilish mumkinki, zamonaviy
diagnostika apparatlari va sun'’iy intellekt tizimlari homiladorlik davrida irsiy va irsiy
bo‘lmagan kasalliklarni aniqlashda tibbiyotning ajralmas qismi bo‘lib qoldi. Ular
yordamida kasalliklarni erta aniqlash, xavf omillarini kamaytirish va soglom bola
tug'ilishini ta’'minlash imkoniyati yaratildi.

Sun’iy intellekt texnologiyalari inson omilidan kelib chigadigan xatoliklarni
kamaytirish, aniqlikni oshirish va tahlil jarayonini tezlashtirish orqali prenatal
diagnostikaning samaradorligini oshirmoqda. Kelajakda bu yo‘nalish yanada
rivojlanib, “raqamli homila” (fetal digital twin), multi-omics tahlillar, va genetik
ma’lumotlarni avtomatik tahlil qilish tizimlari orqali ona va bola salomatligini yanada
ishonchli nazorat qilish imkonini beradi.

Xulosa
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Zamonaviy diagnostika apparatlari va sun’iy intellekt texnologiyalari
homiladorlik davrida irsiy va irsiy bo‘lmagan kasalliklarni aniqlashda beqiyos
ahamiyatga ega.

Ular yordamida kasalliklarni erta aniqlash, profilaktika choralari ko‘rish, va
soglom bola tug'ilishini ta’'minlash mumkin. Bu esa tibbiyotning asosiy maqgsadi —
inson hayotini asrash va sog‘lom kelajakni yaratish g‘oyasiga xizmat qiladi.
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