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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Jahonda elektron, raqamli

va intellektual boshqaruv tizimlarini altomatlashtirishga alohida e'tibor
qaratilmoqda. Bugungi kunda AQSh, Xitoy, Rossiya, Germaniya, Fransiya,

Yaponiya, Angliya, Janubiy Koreya va Hindiston kabi rivojlangan mamlakatlarda

mikoob'ektlar tasvirini aniqlik bilan identifikatsiya qilish, tanish va sinflashtirish
samaradorligini oshirish bo'yicha keng qamrovli tadqiqotlar olib borilmoqda.

Ushbu tadgiqotlar ekologiya, atrof muhitni muhofaza qilish, tibbiyot' palinologiya

kabi sohalarning rivojlanishiga hissa qo'shishiga qaratilgan. Havoning

ifloslanishini bashorat qilish va o'rganish uchun ma'lumotlar bazalari, havodagi

chang zarralarini a\tomatlashtirilgan identifikatsiya qilish, tanish, tasniflash va

tizimlashtirish usullari qo'llanilmoqda. Havodagi chang na'munalarini yig'ish,

hisoblash, t lil qilish va identifikatsiya qilish bilan shug'ullanuvchi Yewopa
mamlakatlari har hafta global tarmoq grqali ma'lumot yuboradi. Ayniqsa,

murakkab tizimlarda mikroob'ektlar tasvirini tahlil qilish, ma'lumotlami qayta

ishlash va boshqarish usullarini ishlab chiqish zaruriyatini ilmiy jihatdan

asoslashga alohida e'tibor qaratilmoqda.
Jahonda belgilangan ilmiy yo'nalishdagi ijobiy natijalar ko'p variantli

qarorlar qabul qilish, keng spektrda statistik, dinamik, ehtimolli, intellektual

modellami qo'llash usullari, hamda turli tipdagi - chang zaftalari, bir huj rali

mikroorganizmlar, tibbiyot ob'ektlari, foydali minerallar tasvirlariga ishlov
beruvchi model va algoritmlami yaratishga qaratilgan ilmiy tadqiqotlar ustuvor

hisoblanmoqda. Shu bilan birga, mikroob'ektlar tasvirini identifikatsiya qilishda

yechilishi kerak bo'lgan muammolar, jumladan, tasvirda "shovqin"li ta'sir,
nuqtalar xiraligi, xalaqitlar (rouexa), axborotda xato sodir bo'lishi, siljish kabi

turli nuqsonlar kuzatiladi. Bu esa, tasvirlami identifikatsiya qilish, tanish va

sinflashtirish jarayonida jiddiy qiyinchiliklar tug'diradi. Shu bilar birga, inson

faktorining ta'sirini kamaytirishga qaratilgan texnologiyalami rivojlantirish
yo'nalishida mikroob'ektlar tasviri tarkibiy ortiqchaligi xossalari - statistik,

dinamik, morfometrik, geornetrik va boshqa tasniflardan foydalanish vositalarini
qurish, hamda identifikatsiya qilish, tanish va sinflashtirishning rnaqbul

mexanizmlarini yaratishga alohida e'tibor qaratilmoqda.
Respublikamizda sun'iy intellekt, raqamli boshqaruv usullari va

ar..tomatlashtirilgan axborot texnologiyalarini qo'llash barcha sohalarga jadal jor
qilinmoqda, xususan, palinologiya, ekolog a, don seleksiyasi va urug'chiligi, atrof
muhitni muhofaza qilish, tibbiyot tizimlarida yuqori aniqlikdagi identifikatsiya
qilish texnologiyalarini joriy etishga alohida e'tibor qaratilmoqda. Ushbu sohalarda

sun'iy intellekt va raqamli texnologiyalar yordamida mikoob'ektlami aniqlash,

tasniflash va analiz qilishning samarali usullari ishlab chiqilmoqda. O'zbekiston
Respublikasi prezidentining <Raqamli O'zbekiston - 203b strategiyasini

tasdiqlash va uni samarali amalga oshirish chora-tadbirlari to'g'risidagi farmonida,
jumladan, (... axborot texnologiyalari sohasida tijoratlashtirish salohiyati baland

bo'lgan yuqori texnologik mahsulotlar yaratilishiga yo'naltirilgan ilmiy-tadqiqot



t O'zbekiston Respublikasi Prezidentrning 2020 yi1 5 oktyabfdagi PF-6079-son (Raqanli O'zbekiston - 2030)
strategiyasini tasdiqlash va ui samarali amalga oshirish chora-Ladbirlari to'g'risida" gi Famlonl



Tatlqiqotning maqsadi. Mikroob'ektlami optimal identifikatsiya qilish,

tanish, sinflashtirishda tasvir. tarkibiy ortiqchaligi xossa va tasniflaridan

foydalanish imkoniyatini beruvchi usullami ishlab chiqishdan iborat.

Tadqiqotning vazifalari quyidagilami tashkil qiladi:
mikroob'ektlami identifikatsiya qilish, tanish va sinflashtirish uchun tasvir

tarkibiy ortiqchaligi xossalari va tasniflaridan unumli foydalanish imkonini

beruvchi ilmiy uslubiyat, maqbul yondashuv, tamoyillar va modellami aniqlash

hamda ishlab chiqish;
zattonaviy kompyuter texnologiyalari, statistik, dinamik, ehtimolli modellar,

turli arxitekturadagi neyron tamoqlarini hamda tasvir signallarining statistik,

dinamik, morfometrik, geometrik, chastotali va spektral xususiyatli vositalarini

umumlashtirish asosida mikroob'ektlami optimal identifikatsiya qilish model va

algoritmlarini ishlab chiqish;
bo'sag'ali, qattiq va y.rmshoq xatolik nazorati, kontur nuqtalarining

yorqinligini'aniqlash, tasviming tarkibiy qismlarining xususiyatlaridan foydalanish

asosida mikroob'ektlami optimal identifikatsiya qilish gibrid model va algoritmlar
yaratish;

mikroob'ektlami identifikatsiya qilish, tanish va sinflashtirishda ko'p mezonli

optimallashtirish imkonini yaratuvchi samarali algoritmlar, funksional modullar va

dastur majmuasini joriy etish va qo'llash.
Tadqiqot ob'ekti sifatida palinologiya, ekologiya, don seleksiyasi, bemorlar

diagnostikasi tizimlaridagi chang zarrasi, mikoskopik va tibbiyot ob'ektlari

tasvirini qayta ishlash jarayonlari olingan
Tadqiqotning predmeti sifatida mikroob'ektni optimal identifikatsiya qilish,

tanish, sinflashtirish, usul, model, algoritm va dasturiy majmua tizimlari olingan.

Tadqiqotning usullari. Tadqiqotda tizimli tahlil nazariyasi, boshqaruv,

algoritmlashtirish, modellashtirish, axborotlami qayta ishlash, tasvirlami
identifrkatsiya qilish va neyton tarmoqlari usullardan foydalanilgan.

Tadqiqotning ilmiy yangiligi quyidagilardan iborat:
mikroob'ektlami optimal identifikatsiya qilishda tasviming tarkibiy

ortiqchaligi xossalaridan foydalanuvchi va tasvir konturidagi nuqtalaming statistik,

dinamik, morfometrik, geometrik, gistologik, chastotali va spektral xusus atlariga

asoslangan model va algoritunla.ri ishlab chiqilgan;
kiruvchi va etalon tasvirlar konturlari xosligini nuqtali, nochiziqli nazorat

qilish, segmentlash, orliqchalikka ega nuqtalami bartataf etish, rastr o'lchamini
qisqartirish, masshtablash va ko'p bosqichli nazoratni amalga oshirishga

aioilangan mikroob'ektlami identifi katsiya qiiuvchi mexanizmlar ishlab chiqilgan;

adekvat tavsiflash vositalarining sintezi, gibrid modellar o'zgaruvchilarini

muvofiqlashtirish, statistik, konelyatsion va mantiqiy bog'lanishlar, nuqlalar

ketma-ketligi dinamikasi hamda turli alxitekturadagi neyron tarmoqlardan

foydalanishga asoslangan mikroob'ektlar tasvirini identifrkatsiya qilish

mexanizmlari ishlab chiqilgan;
tasvir konturi nuqsonli nuqtalarini bartaraf qilishda qattiq va yumshoq

bo'sag'ali nazoralni qo'llovchi, Gauss va mediana filtrlariga asoslangan, kontur

nuqtasi xatoligini r sat etilgan chegaralarda, ular orttirmalari, ekstrapolyatsiya



xatoliklad qiymatlari nazorati bo'yicha, nuqta yorqinligidan foydalanishga

asoslangan vositalami qo'llovchi mikroob'ektlarni identihkatsiya qilish

mexanizmlari ishlab chiqilgan
Tadqiqotning amaliy natijalari quyidagilardan.iboraj: 

-
mikooi'ektlJmi aniq identifikatsi ra qilish, tanish, sinflashtirish imkonini

yaratuvchi mikoob'ektlarni identifikatsiya, tanish va tasniflashni amalga

oshiruvchi dasturiy majmua ishlab chiqilgan;
tasvir konturi nuqtalari statistik, dinamik, geometrik, morfologik va signalli

tasniflaridan foydalaniih vositalari, mikoob'ektlarni tezkor qayd qilish, tanish,

sinflashtirish vazifilarini amalga oshirish vositalari ishlab ehiqilgan;

dasturiy majmua modullari axborotga ishlov berishni yuqori aniqlikda,

tezlikda, kam murakkablik ko'rsatkichlari qiymatida amalga oshirad'

Tatlqiqot natijalarining ishonchliligi mikoob'ekt tasviri tarkibiy

ortiqchaligi xossalariga asoslangan maqbul identifikatsiya qilish usullaridan

foydalanlshi ishlab chiqilgan dasturiy majmuaning yaroqliligi, nazariy va amaliy

,ruti.lulu ing mosligi, statsionar bo'lmagan ob'ektlarni bashoral qilish tnasalalarini

reai sharoitlarda ylchish, hamda joriy etilgan algoritmlaming samaradorligini

qiyosiy tahlil qilish orqali izohlangan.
^ ' 

iaaqiqoi natijalarining ilmiy va amaliy mohiyati. Tadqiqot natijalarining

ilmiy ahamiyati shundan iboratki, ishlab chiqilgan model va algoritmlar tasvir

tarkibiy ortiqchaligi xossa va tasnifidan samarali foydalanish imkoniyatlarini

beradi, hamdia tnikoob'ektlami identifikatsiya qilish, tanish va sinflashtirish

amallari neyron tarmog'i asosida qurilgan dinamik model bo'yicha bajarilganda

optimal yechimlar berishi bilan izohlanadi.
Taiqiqot natijalarining amaliy ahamiyati shundan iboratki, ishlab chiqilgan

dasturiy majmua mikoob'ektlarni identifikatsiya qilish aniqligini nazorat qilisbda

tasvimi tahlil qiluvchi statistik, dinamik, geotnetrik, morfologik, gistologik

tasniflardan foydalanib axborotda sodir bo'ladigan xatoliklami sezilarli darajada

kamaytiradi, tanib olish va sinflashtirish aniqligini oshirishi bilan izohlanadi

iadqiqot natijalarining joriy qilinishi. Dissertatsiya tadqiqotlari doirasida

tasvir tarkibiy otiqihaligi xossalari asosida mikoob'ektlar identifikatsiyalanishini

maqbullashtiruvchi usullar mavzusi bo'yicha olingan ilmiy natijalar asosida:

kiruvchi va etalon tasvirlaj: mosligini nuqtali va nochiziqli tekshirish, ajratish,

segmentlash, nol nuqtani reduksiyalash, rastr o'lchamini qisq rish,

misshtablash, bo'sag'a va ko'p bosqichli dinarnik nazorat qilish, nuqta qiymatini

rnuvofiqlashtirish vositalariga asoslangan algoritmring dasturiy vositasi G'allaorol

shahd ';Lalmikor dehqonchilik" Ilmiy tadqiqot institutida "Don seleksiyasi va

urug'chiligi" masalalarida qo'llanilgan (O'zbekiston Respublikasi Raclamli

texnologiyalar vazirligining 2024-yil 23-m dagi 33-8/3411 sonli

ma'lumotnomasi). Natijada ishlab chiqilgan dasturiy vosita mikroob'ektlar

tasvirlarini tanisir va sinflashtirish jarayonini tezlashtirdi, hamda identifrkatsiya

qilishdagi yutuq koeffitsiyenti qiymatini 3-5 m agacha oshirilishiga erishilgan;' 
statisiilq korrelyatsion, mantiqiy va morfologik tasniflar, rluqtalar bog'liqligi,

kontur dinamikasi va axborotlardagi xatolami qattiq va yumshoq bo'sag'alar

asosida nazorat qilish vositalarini sintez qilishga asoslangan algoritmning dastufiy

8



vositasi "Oziq - ovqat ingrediyentlari tarkibi va qiymatlarini tahlil hamda.qayd

qilish" masalalarini y"ihishda Jirz viloyati "Sanitariya-epidemiologik

osoyishtalik va jamoat salomatligi" boshqarmasida qo'llanilgan (O'zbekiston

Respublikasi Raqamli texnologiyalar vazirligining 2024-yil23-maydagi 33-813411

.onii -u'l r*otno-asi). Natijada ishlab chiqilgan dasturiy vosita mikrozarralarni

tanish va sinflashtirish ishonchliligini 84Vo dan 87%o gacha oshirildi, axborotga

ishlov berish murakkabligini 3-4 martagacha kamaytirilishga erishilgan;

model o'zgaruvchiii maqbul qiymatini aniqlash, kontur nuqtasini ruxsat

etilgan qiymatlar, orttirmalar va ekstrapolyatsiya noaniqligi chegaralari bo'yicha

nazorat qilish vos ning dasturiy vositasi "Korhonalar

texnik - iqtisodiy axborotlarga ishlov berish, hamda

bashorat qilish'; AJ $amarqand filiali faoliyatida

qo'llanilgan (O'zbekiston Respublikasi Raqamli texnologiyalar vazirligining

iOZq-ylt1Z-^uyaagi 33-813411 sonli ma'lumotnomasi). Natijada ishlab chiqilgan

dasturiy vosita ideritifrkatsiya qilish aniqligini 98,3%o ga, axborotga ishlov berish

tezligiii Z martagacha, 
'hamda 

mikoob'ektlami tanish va sinflashtirish

ishonchliligini 19% gacha oshirilishiga erishilgan.

Tatlqiqot natijahrining aprobatsiyasi. Mazkur tadqiqot- natijalari 10 ta

"alqaro 
va 4 ,espubiika miqyosidagi ilmiy - amaliy anjumanlarida muhokamadan

o'tkazilgan.
Ta'tlqiqot natijalarining e'lon qilinganligi' Dissertatsiya ishi mavzusi

bo'yicha i6ia ilmiy maqola va ma'mza tezislan chop etilgan bo'lib, ulardan 5 tasi

ilmiy jumal maqoialari, 14 tasi Skopus ma'lumotlar !yasi!a'.1O tasi xalqaro,

4 tasi iespublika miqyosidagi ilmiy konferensiya materiallarda, hamda 3 ta EHM

uchun yaiatilgan dasturiy vositalami q d qilish guvohnomalari olingan'

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish, to'ftta bob, xulosa'

foydalanilgan aiabiyollar ro'yxati, ilovalardan iborat Dissertatsiya hajmi ll1
betni tashkil etadi.

DISSERTATSIYANING ASOSIY MAZMUNI

Dissefiatsiyaning "Tasvir tarkib xossalari va tasnifidan foydalanish

vositalari bo'yicha mikroob'ektlarni identifikatsiya qilish ilmiy-uslubiy

asoslarini ishl;b chiqish,' nomli birinchi bobida mikoob'ektlar tasviri statistik,

dinamik, morfologik, geometrik, kontur nuqtalari yorqinligi tasnifi va xossalaridan

foydalanish bo'yicha mikoob'ektl
yo'raltirilgan maqbul Yondashuv,
model va algoritmlar mikroob'ektlar ta

bog'lanishlig-idandalanishda,qismlaridinamikasinimoslashtirishda,modellari
o'ftaruvctrilari qiymatini optimallashtirishda keng imkoniyatlar yaratadi va yuqori

darajadagi imtiyozlarga ega bo'ladi--Tad-oiootlar 
mikroob'ektlami identifikatsiya qilishda qo'llaniladigan

mexanizmlar (modellar, algoritmlar va qoidalar)ini o'rganishni o'z ichiga olgan

bo'lib, bu jarayonda u*bototgu dastlabki ishlov berish, tasvir konturini

kontrastlash, segmentlash, ortiqcha nuqtalami bafiaraf qilish, rastrlar o'lchamini



kamaytirish, masshtablash, nuqtalar qiymatlarini bo'sag'-a hamda ko'p bosqichli

dinamiknazoratqilishkabivositalarqo.llaniladi.Taklifqilinganidentifikatsiya
mexanizmlari, rang yorqinligi tasvirining nuqtalar dispersiyasini, boshlang'ich

qiymatlami, ."gt*nil. markazini va tasvir konturining maydonini tartibga

soiishga qaratitgan. Shu bilan birga, ulaming imkoniyatlari kontur segmentlarining

lrruqb,it 
"h"guiulutini 

aniqlash, tayanch nuqtalaiining nazotal chegaralarini

u,.*ti.h, ulining qiymatini o,sish dinamikasi bo,yicha saralash, r.rol nuqtalami

bataraf etish, ideitifii<atsiya xatoligini bo'sag'ali nazorat qilish va kiruvchi hamda

etalon tasviriar konturlarining mosligini tekshirish kabi vositalar yordamida

sezilarli darajada kengayadi. 1 a)-rasmda 3 = o,lo - mikoob'ektlar tasvirlarini

identifikatsiya qilish aniqligidagi yutuq koefhtsiyentini aks ettiruvchi samaradorlik

funksiyasi, o, - *bo.oigu ishlov berish xatoligining dispersiyasi va o - tasvir

konturidagi nuqtalarining dispersiyasi grafiklari namoyish qilingan'

:)

4

3

2

1

8. 106 N

a)

1-rasm. Mikroob'ektlarni identifikatsiya qilish samaradorligi'
Grahklar 3 funksiyasining instrument xatosi va N - qayta ishlanadigan

axborot hajmining o'sish dinamikasiga bog'liqligini ko'rsatadi Tadqiqotda

quyidagi algoritmlar tadqiq qilingan: I - algoritmda segmentlash., klasterlash va

r"i*riyu qilish vositalari qo'llanilmagan; 2 - algoritmda segmentlash, klasterlash

va reduksiya qilish vositalari qo'llanilgan; 3 - algoritmda uch qobiqli neyron

tannog'i (l'.lT) asosida umumlashgan dinamik modellari qo'llanilgan

{ryiaugi sintezlashgan algoritmlarga tayangan mexanizm samaradorligi

grantiaii 1 b,-) - rasmda ifodalangan: 4-algoritm nuqtali qidiruv, tanish, ltlasterlash

iositalari qu'll*ilguo; 5-algoritm kuydirish yoki cheklash bo'yicha evlistik

qidirish vositalari qo'llanilgan; G-algoritm kesik Markov zanjiri bo'yicha stoxastik

qidiruv, tanish, sinfl ashtirish vositalari qo'llanilgan.' 
Ishda kirish va etalon mikroob'ekt tasvirlari o'zaro rnosligi o'rta kvadratik

xatolik mezoni bo'yicha baholanadi,
1t.l

tp = |-Zito,,, - d,.,)', i e1,1, j eL,J ;
I.J i=7 t=1

bunda Q., - kirish tasviri oynasi nuqtalari dispersiyasi (i,i); D',,' - etalon tasvir

oynasi nuqtalari dispersiyasi (i,j); I - vertikal bo'yicha darchalar soni;

-/ - gorizontal bo'yicha darchalar sont.
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Uch qobiqli NTning ikki yo'nalishda tayanch nuqta miqdorini inobatga.olgan

o'rgatuvchi algoritmi tadqiq qilingan, identifikatsiya vazifasi bichiziqli
interyolyatsiya algoritmi bo'yicha amalga oshirilgan, hamda tasvirni gibrid

identifikatsiyasi umumlashgan algoritmi qurilgan. O'tkazilgan tajribada axborotga

ishlov berish murakkabligi koeffrtsiyenti quyidagi qiymatlarda: 3 - algoritm - 2
marotabaga; 2 - algoritm - 20 marclabag4, 1 - algoritm - 30 marotabaga kamayishi

aniqlandi.
Tasvimi identifikatsiya qilish mexanizmlari kontur nuqtalarining dispersiya

qiymatlarini bir tartibga kamaytirishga, klasterlar orasidagi masofani sezilarli

darajada oshirishga va noto'g'ri tasniflangan nuqtalar sonini kamaytirishga yordam

berishi aniqlangan. Agar tasvirlar surilish, rang ustunligi yoki boshqa xatoliklar
sababli past sifatdd taqdim etilsa, unda biz tomondan yaratilgan identifikatsiya
qilish mexanizmi mavjud texnologiyalarga nisbatan ancha samaraliroq bo'lar ekan.

Agar identihkatsiya qilingan tasvir nochiziqli nazorat vositasiga asoslansa, unda

mexanizm aniqligi 11 barobargacha oshadi, axborotga ishlov berish murakkabligi
koeffitsiyenti esa qariyb 100 marotabagachakamayadi. Agar mexanizm Dobeshi 5

interyolyatsiya splayn-funksiyasiga asoslansa, u mavjud texnologiyalarga nisbatan

2-3 marotaba samarali bo'ladi. Agar tasvimi identifikatsiya qilish mexanizmida

Gauss va mediana frltrlari, veyvlet - o'girish, rangli kodlash, nuqtalar koordina-
talari va yorqinligini moslash kabi vositalar qo'llanilsa, u holda miktoob'ektlami
tanish va sinflashtirish ishonchliligi sezilarli darajada oshishi kuzatiladi

Mexanizm vositalari identifikatsiya qilish, tanish va sinflashtirish vazifalarini
bajarishda murakkablikni bartaraf etadi. Olingan natijalaming amaliy ahamiyati

yuqori bo'lib, niqsa, don urug'i seleksiyasi, inson o'pkasi sil kasalligini

diagnostika qilishr atrof-muhit ifloslanishini prognoz qilish va boshqa predmet

sohalarda ijobiy natijalarga erishildi.
Umumlashtirilgan identifikatsiya mexanizmi algoritmi bug' doy urug' lari

seleksiyasi va urug'chilik vazifasini hal qilish uchun taqdim etilgan 450 ta chang

zarrasi tasviridan iborat jamlama orqali sinovdan o'tkazildi. Sinov natijalariga

ko'ra, neyron tamoq va dinamik model algoritmlari parallel hisoblash vositalad

bilan sintezlanganda, axborotga ishlov berish murakkablik koeffi tsiyentini o'tacha
23 barobargacha kam tirishi aniqlandi. Mikroob'ektlami identifikatsiya qilish

mexanizmlarining samaradorligi, shuningdek, rak kasalligini diagnostika qilish va

parametrik o'zgarishlami miqdoriy baholashda foydalanilgar.r 400 ta bir hujayrali

organizmdan iborat jamlama asosida testdan o'lkaztlgan dasturiy modullar orqali

tasdiqlandi. Natijalar shuni ko'rsatdiki, mediana filtrlash, veyvlet-o'girish, rangli
kodlash va yorqinlikni sozlash vositalarini qo'llash identifikatsiya xatolar'nt lZYo

dan 80% gacha kamaytiradi. Bundan tashqari, murakkab proseduralami bartaraf

etib, mexanizmning seleksiya, o'pka sil kasalligini diagnostika qilish va atrof-

muhit ifloslanishini prognozlash vazifalarida samaradorlik jihatlari aniq namoyon

bo'ladi.
Dissertatsiyaning "Tasvir informatsiyasi dinamik tasniflaridan

foydalanuvchi vositalar bo'yicha mikroob'ektlarni identifikatsiya qilish model
va algoritmlarini yaratish" nomli ikkinchi bobida tasviming dinamik, geometrik
tasniflari va xossalari orotga ishlov berishga qaratilgan trend, regressiya,

u



moslashuvchan polinomial modellar vositalari bo'yicha mikoob'ektlarni nmqbul

identifikatsiya qilish yondashuvi, model va algoritmlari ishlab chiqilgan.
Tasvir nuqtalarining ruxsat etilgan qiymatlari, orttirmalar, ekstrapolyatsiya

xatoliklari chegaralari bo'yicha, shuningdek, qattiq va yumshoq bo'sag'alar

asosida nazorat qilish vositalari ishlab chiqilgan va qo'llanilg . Masalalarning

umumiy va xususiy yechimlari olingan. Maqbul nazorat qilish chegaralari va

o'rta-kvadratik xatoliklar bahosini beruvchi matematik ifodalar topilgan

Tadqiqotda 47 ttend, adaptiv eksponensial muvozanat, regressiya va oldingi
n - nuqtalar bo'yicha ekstrapolyatsiya bog'lanishlari joriylashtirilgan. Ishda,

dekorelyatsiya, reduksiya, parametrlar o'zgarishlari va o'tishlari, joy almashish,

shovqin (pomexa),. nuqtalaj: xiraligi va boshqa nuqsonlar filtrasiyasini amalga

oshiruvchi algoritmlami qamrab olgan identifikatsiya qilish mexanizmi yaratilgan.

Chiziqli va nochiziqli muvozanatli filtrtar, xatolikni nazorat qilish, vektorli
kvantlash, segmentlash, "sirpanish oynasi"ni hosil qiluvchi vositalar

sintezlashuViga asoslangan tasvimi identifikatsiya qilish gibrid modeli qurilgan.

Testlashtirish jarayonida model va vositalar impulsli shovqin ta'siriga
yo'liqsa, dastlabki ma'lumot tanqisligi mavjud sharoitlarda ularning samaradorligi
juda past qiymatda bo'lishi aniqlandi.

Bunda, altokonelyatsiya, nuqtalar bog'liqligi, otiqchalikni reduksiya qilish

vositalari qo'llanilganda tasvimi identifikatsiya qilishdagi xatoliklar sezilarli

darajada kam adi. Identifikatsiya xatoligi ishonchli interual bo'yicha nazorat

qiluvchi vositaga asoslansa, u holda identifrkatsiya aniqligi, tanish va sinflashtirish

natijalari ishonchliligi yuqori ko'rsatkich qiymatlarida ta'minlanadi. Tajribalafia,
ishlab chiqitgan identifrkatsiya toligini ruxsat etilgaa qiymatlar, orttirmalar,

ekstrapolyatsiya xatoliklad chegaralari va boshqa vosihlami qo'llash qiziqarli

natijalar berishini ta'lcidlaydi.
Tadqiqotda qrryi a" - x va yuqori a" + y bo'sag'ad,a xatolikni nazorat qilish

vositasi taklif etilgan. Bo'sag'alar {pr} nuqta qiymati to'plamini ikki qismdagi

to'plamlarga ajratadi, ya'ni ruxsat etilgan - {F,} a"-r<Fo<ad+y va ruxsat

etilmagan {p,} 4.. 19:<a"-xi od+y<p3 <a.*. Nazorat qoidasi bo'yicha

ikki turdagi xatoliklar ehtimoliga yo'l qo'yiladi.

Birinchi turdagi - 4=P{ cti+ Bt: pt elBol} = fffi ,u ikkinchi turdagi

- Pz =P{di + B,; B, e {p,}} = (t- 4 t-,""1}f" 1f.

2-rasmda graftklar K, - mikroob'ektlar tasviri axborotiga ishlov berish

murakkabligi koeffitsiyenti va Z - turli o'lchamli o'rgatuvchi tanlana, hamda

gibrid modellar bo'yicha qurilgan. l-gratikda sintezlashgan uch qobiqli neyron

tarmoq (NT) va Dobeshi, 5 modeli, 2-grafikda sintezlashgan Kohonen NT va

Dobeshi, 5 modeli, 3-grafikda esa sintezlashgan radial bazisli tamoq va Dobeshi,

5 modeli tasvirlansan.
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2-rasrn. Mikroob'ekt identifi katsiyasi samaradorligi.

Tajribalarda ishlab chiqilgan mexanizm va vositalar axborotga ishlov berish

tezligini l,l7 dan 5,4 marotabaga oshirishi, tarmoq o'rgatish algoritmi iterativligi
esa 3-4 marotabaga kamayishi aniqlandi.

Tasvir identifikatsiyasi xatoligi eng kichik o'rta-kvadratik xatolik ifodalari

bo'yicha baholanadi. Bu natijalar turli xil identifikatsiya qilish modellari va

vositalari asosida o'tkazilgan sin da aniqlangan Nazorat vositalarining
imkoniyatlari axborotlarda xato sodir bo'lish ehtimolining turli qiymatlarida,

nazorat bo'sag'alari, dispersiya va korrelyatsiya funksiyalarini hisoblash ifodalari

asosida, hamda normal, log-normal qonunlar va Reley, B-taqsimotlari bo'yicha

aniqlangan.
Agar mikoob'ekt tasvirlarini identifikatsiya qilish interpolyatsiya va

ekstrapolyatsiya splayn-funksiyalari hamda polinomial bazis modellarga

asoslangan bo'lsa, mex izm umumlashgan modeli va algoritmlarining turg'unligi
yuqori qiymatda bo'lishi ta'kidlanadi.

Bazis splayn nuqtalari soni oshganda tasvir identiflrkatsiyasi xatoligi qiymati

anchaga kamayadi. Shuni ta'kidlash kerakki, natijalar nostasionar j arayonlar vizual
nazoratiga asoslangan an'anaviy texnologiyaga nisbatan biz taklif qilgan

mexanizmlar kam hisob operatsiyalari hajmida identifikatsiya vazifasini amalga

oshiradi. Kubik bazis splaynga asoslangan identifikatsiya mexanizmining xatoligi
polinomial identifikatsiyaga nisbatan 1,39 marotaba kichik bo'ladi, hamda

identifikatsiya vaqti 2,33 marotaba kamayadi.
Dissertatsiyaning "Tasvir morfometrik tasnifidan foydalanuvchi vositalar

bo'yicha mikroob'ektlarni identifikatsiya qilish model va algoritmlarini
ishlab chiqish" nomli uchinchi bobida mikroob'ektlarni optimal tanish va

sinflashtirishda yuqori dar adagi imkoniyatlami yaratuvchi tasvir morfometrik
xossa va tasniflarida, ya'ni geometrik, morfologik, gistologik, adaptiv

segmentlash, bo'sag'alar bo'yicha filtrlash, xato nuqtalami aniqlash, oftiqcha
fragmentlami bartaraf qilish vositalariga asoslangan maqbul yondashuv, prinsip,

model hamda algoritmlar tadqiq qilingan.
Natijalar, tibbiyot obyeklari va chang zarralari ma'lumotlariga asoslangan

mikroob'ektlami to'g'ri va noto'g'ri tanib olish hamda sinflashtirish mezonlari

bo'yicha taqdim etilgan. Masalan, <kirish-chiqisb funksiyasi
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- ! = (/pf 2,...,y,) -+ min(max) , !,= f1(\,x2,...,x,), i=t,n ko'p faktorli rnezon

modeli ko'rinishida optimallashtirish uslubiyati bo'yicha yechilgan

Identifikatsiya qilish mexanizmi uch qobiqli NT, Dobeshi 5 veyvlet-o'girish
modellari va vositalari sintezlashuvi asosidagi gibrid model va umumlashgan

algoritmga asoslangan. Algoritm 700 ta tasvir kvant nuqtalari o'lchamida test

qilingan. Shu kabi natijalar Hopfild, Hemming, Kohonen va ikki yo'nalishli
assotsiativ xotira tarmoqlarini qo'llashda ham olingan

Uch qobiqli NTda neyronlar bog'liqligi qobiq bo'yicha amalga oshiriladi.

Kirishlarda uchta neyron signalini qabul qilib, ular sinapslar orqali o'tadi. Natijada,

neyron tarmog'i uchta chiqish signallarini taqdim etadi, bu esa chiqishni tashkil
qiladi.

UmumlashgaR model axborotga parallel ishlov berishni, NT hisob

sxemalarini moslashtirishri, normallashtirishni, tasvir tasnihdal foydalanishni,

binarlashtirishni, rangli tasvir nuqtalari va teksturasining yorqinlik tasniflarini
qamrab oladi. Shu tufayli, mikroob'ektlami identihkatsiya qilish aniqligi an'anaviy

vizual texnologiyaga nisbatan 12% ga oshadi. Mikroob'ektlar identifikatsiyasi
xatoligini yumshoq bo'sag'ali nazorat qiluvchi vosita, qattiq bo'sag'ali nazorat

qilish va ntumi uzluksiz segmentlashtiruvehi vositalarga qaraganda

samaraliroqdir. Ko'p mezonli optimallashtirishga asoslangan mikroob'ektlar
tasvirini identifikatsiya qilish mexanizmi kontur chegaralari yorqinlik kontrastini
kuchaytirishni va ikki o'lchamli veyvlet-tahlil hamda B-splaynni qo'llashni o'z
ichiga oladi. Sil xastaligiga yo'liqq bemorlar o'pka CXR-tasvirlarining
chegaralarini aniqlash bo'yieha tajribaviy tadqiqot o'tkazilgan Bunda

umumlashgan algoritm samaradorligi 80 tasi o'pka patologiyasiga ega tasvir va

50 tasi patologiyasiz tasvir misolida aniqlangan. Xastalik chegarasi belgilangan

tasvirlar va sog'lomlikni zrkslantin.rvchi boshqa o'pka tarkiblari aniqlangan. O'pka
chegarasini aniqlash va sinflashtirish, xasta va sog'lom obyekt konturlaxining
o'zaro o'xshashligi aniqligi, vositaning sezuvchanligi va aniqligi bo'yicha
baholangan. Tibbiy ob'ektlami tanish va sinflashtirish o'rlacha aniqligi 96%o

bo'ladi. Anomal CXR tasvir shflashtirish xatoligi 4% dan oshmaydi
3 a)-rasmda o'pka xastaligi hujayrasi tasviri, ishonchli tanish ehtimolligida

P, = n, / N,, ma'lum intenalda, lt= lc intensivlik parametriga bog'liq holda

qurilgan grafiklar namoyishi ko'rsatilgan. Natijada, axborotga ishlov berish vositalari

tasvimi o'rganish ishonchliligi va tezkorligini oshirishligi akslantiriladi
3 b)-rasmda tasvir spektral tasnifi RGB sohada, uning qismlari fbni, nuqtalar

intensivligiga bog'liq holda qurilgan grafiklar keltirilgan. Grafikning chap qismi

uzluksiz chiziq bilan, o'rta qismi shtrixli chiziq bilan, o'ng qismi esa shfix
punktirli chiziq bilan tasvirlangan.

Tasvirni identifikatsiya qiluvchi mexanizm nuqtalal intensivligi spektr

medianasi atrofida almashtirilganda o'z samaradorligini namoyish etadi.

Mexanizm samaradorligi mikroob'ekt chegaralari shaffofligi (kontrastligi) past

bo'lganda, impuls shovqinlari va boshqa nuqsonlar mavjud bo'lganda ham y shi

saqlanadi. Bunda, bir tasvir a,rborotini qayta ishlashga ketgan vaql9,532 mks,450
ta tasvir ko'rilganda esa 42,75mks tashkil etadi.
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3-rasm. Tasvir identifikatsiyasi sifatini baholash tasniflari'

Bir tasvimi filtrlash va segmentlashga ketgan o'r'tacha vaqt 9,266mks, NT
tarmog'ini o'rgatishga ketgan vaqt esa 0,006 mks bo'ladi Ayniqsa, mexanizm

tasvimi vektor kvantlashtirish, raqobatlash, Gauss yadrosini qo'llash, shovqinli va

impuls shovqinlarini bartaraf etish, ob'ekt chegaralarini saqlash, reduksiya qilish,

medianali filtrlash va veyvlet-o'girish vositalarini o'z ichiga olganda, ulaming

samaradorligi yorqin namoyish etiladi.
Dissertatsiyaning "Mikroob'ektlar tasvirini identifikatsiya qilish, tanish'

sinflashtirish dasturiy maimuasini yaratish, joriy qilish va samaradorlik
tahlili" nomli to'rtinchi bobida mikoob'ektlami identifikatsiya qilish, tanish va

sinflashtirish uchun dasturiy majmua ishlab chiqilgan. Dasturiy majmua C++ tilida
joriylashtirilgan. Mikroob'ektlar tasvirlarini olish, tahlil qilish, hisoblash, tanish va

iasniflash hamda dasturiy majmua interfeysi uchun dasturiy modullar ishlab

chiqilgan.
Bundan tashqari, dinamik modelga kiritilgan neyron tamoq o'zgatnas

an(itekturada bo'lganda, namunaga ishlov berish uslubi vektori bo'yicha ishlov

berishga almashtirilganda, tasvir identifikatsiyasi kam xatolik bilan amalga

oshiri[di. Lozim bo'lgan hollarda, har bir mikroob'ekt namunasining tasviri

sensor maydonida korreksiya qilinadi. Tadqiqotda dasturiy majmuaning ijobiy
xossalari identifikatsiya qilishda quyidagi vositalar qo'llanilganda y shi

namoyishlanishi ko'rsatilgan: uch qobiqli neyron tamoq, dinamik modellar,

nuqtaiar surilishini vizual kuzatish, informativ bo'lmagan nuqta va lokal belgini

belgilash va shovqinlarni filtrlash, nuqtalar xiraligini, surilishini va boshqa

nuqsonlami bartaraf qilish, nuqta yorqinligi va soyasini korreksiya qilish vazifalari

bajarilishi talab etiladi.
4-rasmda mikroob'ektlar tasvirini identifikatsiya qilish, tanish va

sinflashtirish uchun yaratilgan dasturiy modullar algoritmik sxemasi namoyish

b)-rasmlarda ko'rsatilgan funksional t(r'l) grahklari kontur

tata.ining 
'O{. 

,q.OY o'qlari bo'yicha o'zgarishida hamda F zichliknuqtalannmq va

uy 36,,:0. O, 64x64 6o.1a) JoxJo b) 04x o+ bo'lgan hollar uchun namoyishlangan. l-grafrk, agar

! 
= 
::,, 1 -;:* tg:.'. ̂  l:i :^ ll 

-^y. *^r* B = z's' 
+ - giur'u' u;u' F = 33 

1

s-grafik, agar F = 4'5 qlymatlarda qurilgan.
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Tadqiqotda, DM axborotga avtomatlashtirilgan ishlov berish dar4jasini

an'anaviy texnologiyaga nisbatan 10% ga oshirishi mumkinligi aniqlandi'

Tadqiqotlar quyidagi mezonlar qiymatlarida olib borilgan: Po - mikroob'ektni

ishonchli tanish va sinflashtirish ehtimoli, PrR - tanish va sinflashtirish xatoliklari

ehlimoli, PrlP"^- yutuq koeffitsiyenti; T, C - axborotga ishlov berish

rnurakkabligi bo'yicha yutuqlar koeffitsiyenti
1-jadvalda eksperimental tadqiqotlar natijalari turli

bo'yicha mikroob'ektlami ishonchli tanish va sinflashtirish
qiymatlari keltirilgan.

vositalami qo'llash
ehtimolining optimal

1-iadval

Tadqiqotlarda, agar axborotda sodir bo'lgan xatotik ehtimoli o'rta qiymati

10-4 -10-5 bo'lganda, 100 ta mikroob'eld tasvirini ishonchli tanish va

sinflashtirishga sarflanadigan vaqt 1,1 soatgacha qisqarishi, yutuq esa 3-5

marotabaga oshishi, axborotga ishlov berish murakkabligi koeffitsiyentlari 5-6

marotabaga qisqarishi mumkinligi aniqlangan.
Bundan tashqari, tibbiyot mikoob'ektlarini identifikatsiya qilish aniqligini

oshirish uchun quyidagi operatsiyalami bajarish natijasida: tayanch nuqtalami

ob'ek foni sohasiga mos ravishda oshirganda; informativ bo'lmagan nuqtalami

bartaraf etish orqali zNra tasvirini soddalashtirganda; ichki nuqtalar sonini

kamaytirish hisobiga zarra tasviri konturini yo'g'onlashtirganda; nuqtalar

yorqinligi qiymatlariga asoslanib, zana tasviri bilan bog'liq bog'langan sohalami

aniqlaganda ijobiy natijalar kuzatildi.

6-rasm. Parallel hisoblanish muhitida DM samaradorligi'
Agar mikroob'ekt tasviri o'lchami 4000 x 2000 gacha oshirilsa' DM

samaradorligi 24oh gacha oshadi. Shundan, 190% tasvimi fazo RGB dan HSV
fazosiga o'girganda, hamda parallel hisoblanish paketi <CUDA> ni qo'llaganda

Ne Optimallashtirish tasnifl ari
Samardorlik me'zonlarining ahamiyati

tD T ,s

I Statistik 12.10'5 0,3 5. 10-l 6-7 3-4

2 Dinamik 2.34.10'5 0,62.10'\ 8-9 3-4

3 Morfometrik 10r 0,3.10't 10-12

4 Geometrik 1,5.10'6 0,44.10-2 10- 13 8-9

5 Chastotali- spektrli 1,3.10'6 0.3.10' 13-15 IO-T2

l0 20 j0 40 50 MPx
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sodir bo'ladi. 6-rasmda samaradorlik grafiklari parallel hisoblash itida
namoyish etilgan. Grafiklarning taqsimlanishi quyidagicha:

l-grafik - yassi chiziq CPU RGBga, Z-grafik - shtrixli chiziq GPU RGBOga,

3-grafik - shtrix punktirli chiziq GPIJRGBga mos keladi. Tadqiqotda birinchi
tasvir, tajriba jamlamasi bo'yicha mikozanalami tanish ishonchliligi 74%,

ikkinchi tajriba jamlamasida - 87010, uchinchi tajriba jamlamasida - 86%, to'rtinchi
tajriba jamlamasida - 84% ga oshirilishi mumkinligi aniqlangan.

XULOSA

"Tasvir tarkibiy ortiqchaligi xossalari asosida mikoob'ektlar
identifikatsiyalanishini maqbullashtiruvchi usullar" mavzusidagi dissertatsiya ishi

bo'yicha olib borilgan tadqiqotlar natijasida quyidagi xulosalar taqdim etildi:
l. Palinologiya, atrof-muhitni muhofaza qilish, ekologiya, tibbiyot, tog'

koncl,iligi fizimlari va boshqa bilimlar sohalarida mikroob'ektlar tasviri tarkibiy
ortiqchalik xossalari - statistik, dinamik, tekstura, morfornetrik, geometrik,

gistologik tasniflaridan foydalanishga asoslangan optimal identifikatsiya qilish'
tanish, sinflashtirish vazifalarini bajarish uchun maqbul yondashuvlar, prinsiplari
va vositalar turlari ishlab chiqilgan.

2. Mikroob'ekt tasviri konturini defektini filtrlash, vaqtli qator nuqtalarini
ruxsat etilgan, dinamik orttirmalari, bashoratlash modellari xatoliklari qiymatlarini
nazorat qilish masalalari umutniy va xususiy yechimlari olingan. Agar real

tasviming etalon tasvirga mosligi nochiziqli nazotat va stoxastik qidiruv vositalari
yordamida amalga oshirilsa, identifikatsiya natijalari yuqori aniqlikda olinadi.

3. NTga asoslangan dinamik modellar mikroob'ekt tasviri tasniflarini
ajratish, konturini segmentlash, tarkibda yot zarrani, shovqin, impulsli pomexani,

nuqta xiraligini va boshqa nuqsonlami bartaraf qiluvchi umuhlashgar algoritmlar
qurilgan. Agar gibrid algodtmga vektorli kvantlash, raqobat va gauss yadrosini

shakllantirish, filtrlar chegarasini barqaror qilish, veyvlet-o'girish vositalari
qo'llanilsa, identifikatsiya qilish satraradorligi yorqin namoyishlanadi.

4. Mikroob'ektlar identifikatsiyasi optimal tasvir xossalari va tasnitlarini
ajratish, konturini kontrastlash, segmentlash, binarlash, nuqtalarini
approksimatsiyalash, sirpanish "oyna"sida kuzatish algoritmlari bo'yicha DM
tarkibi kengaytirilgan. Bu vositalar, axborotga ishlov berish, tanish va sinflashtirish
vazifalarining ishonchligini yuqori darajada ta'minlaydigan chegaralar va
sharoitlar aniqlangan.

5. Ishlab chiqilgan DM va uning funksional modullari samaradorligi: g'alla
seleksiyasi va urug'chiligi; allergiya kasalliklari; atmosfera ifioslanisltligi
tadqiqotida chang zarralarini qayd va tahlil qilish; bemorlarda sil kasalligini taslr-ris

qilish; oziq-ovqat ingrediyentli tarkibi va qiymatlarini tahlil hamda qayd qilish
n.rasalalarida yechimlar asoslangan. Natijada, identifikatsiya qilish aniqligi 98,3%
gacha, axborotga ishlov berish tezligi 2 marolabagacha, tanish va sinflashtirish
ishonchliligi l9%;o dan 24%" gacha oshishi, a orotga ishlov berish murakkabligi
koeffitsiyenti 3-5 marotabagacha va moddiy xarapllat 20%oga kamayrshi
aniqlangan.

l8



HAYIIHbIfr COBET PhD.O3/29.1 2.2023.T.02.I2 IIO IPIICYXAEIII{.IO
YIIiiHbIX CTEIEHEIZ IIPI{ CAMAPKAHICKOM

IOCYNAPCTBEIIHOM YHIIBEPCI4TETE
I{MEHI{ IIIAPOOA PAIIII4JIOBA

METOAbI OTITI4MI{3AIIUU I{AEHTI{OIIKAIIIIU MI4KPOOB:bEKTOB
IIA OCHOBE CBOI;ICTB I{3Eb' TOIIHbIX CTP}TTTTPHbD<

cocTABJItIOUI4X LT3OEPA)I(EH l'IIi

CAMAPKAIIACKI{fr I OCYAAPCTBEIIIIbIft }TII{BEPCI{TET
I{MEIII'I IIIAPOOA PAIUIIIOBA

CAOAPOB PYCTAM AEAYJIJIAEBI4II

05.01.02 - C[creMHErii aHaJrrB, ytrpaB"reHr-re rl o6pa6orKa [H(bopMarlnn

ABTOPEOEPAT,III4CCEPTAIII,II4
,IIOKTOPA OIIJIOCOOUII (PhD) IIO TEXHI,IqECKI4M HAYKAM

Cauaprcang - 2025



Teua Atcceprarlru aoKropa OltJtocoonIl (PhD) IIo rexuqqecxurr Hayk-aM 3aperlcrpuPoBa'ia

B Br,rcueii arTecTaqsorrEofi KoMxccIIr flpr.r MltHficTepcTBe bBICIqerO O6pa3OBftH qr naynR x

xsnoBaqxx Pecfly6'rfiRn y36eKxcras 3a floM epo[ 82022'2 PhDn2827

,4uccepraqte BBlnotHelta B CaMapkaHAcKoM rocyaapcrBeHHoM yHuBepcurere Menh Illapotba

ParxnAoBa.
ABTope{pepar nucceprallult Ha lpex t3I'IKax (FoeKcKLfi, pyccldd, aHfnnicK ii (pgloMe))

t.uz).

Xl ruanoe llcpan,r 146ParnMoBltq

aofiop TexHr9ecl{Lix llayK. npoQeccop

KaJraHAapoB IIanBaE I{cKaHAaPoBxrl

lloKTop rexrfi qecruD( ItayK, fipoipeccop

IyrqMoB )I(aB,'IorI Hyp JIJraeB[q

,qohrop OriJroco4)Ltu flo rexHtqecxxM Ha)'xaM (PhD)

TdmKeBTcK[ii rocyaapcrBequblfi TexH qecxllil

yH BepcsreT nMenn I{cnaMa KapuMoBa

Ha)AHoro coBera PhD.03129 29 12.2023 T 02.1 |

ru'eru IIIapo{a PaurIAoBa (A,qpec: 140104' CaMapxarq, yHEBepcl,trercKllii 6yr!Bap' 15 Ten:

(99E66) 239-l i-40; 4aKcr (99866) 239-l1-40; E-nlail: delonxoDa@samdu uz

C auccepraquei MoxHo I{n{opMaqlto Ho-PecypcHoM uel pe CaivapKaHlcKoro

focyaapcrBeHHoro yHlrBepcur ooa PauItAo a (Pe {crp,auu-oHHEl- HOMep Na-)
(Aapec: 140104, r. CaMapxau,q ft6ynbsap, 15 len : (99866) 239-l l-40; OaKc: (99866)

239-1t-40)

Hayqqbrii pyKoBoanre,l6:

O(DIIqxa,'rr,HEIe onnoHexrr,I:

Be,qyUIaq oprasxtaqnq:

ABropefepa t.qucceprauur pasoc,ran '--!!r roaa

(flporoxo,l paccEukx,\99 or (,fi)

@44

A.P.Axaros
flpe,qceaarorr Hayuuoro coeera

no flpxcyxlleHfirc IIeHblx creneHeii,

aonrop rexHuqecK],rx HayK, upoQeccop

@.M.HaraPoa
Yuexsrfi cetperaps llayruoro coBera

no rlpficyx,{eHlllo ) IeHEIX CTerIeHeH,

AOI{TOp QIiJIOCOQI',I,I tlo
TexHuqec('jM IlayI€M, AOIIeHT

X.A.IIPnDroBa
IlpeJlceAarenb Halqltoro ceMlrrapa

fipu HayqHoM coBere no npuc]'ltAeHx]o

\,.{eH6Ix crerleHei, aoltrop rexHrrqecKfix Hay(, aoqeHT



BBEAEHI4E (aHxoraqnq al.lccepraqltll AoKropa {urocotfuu (PhD)).

Arrya.rruocrr u eocrpe6orannocrr, TeM6I Allccepraq u. B vape oco6oe

BHr4Malrue yAer.f,ercf, aBToMarLBaIrIrI4, npI'IMeHeHI'ItM 3JreKTpoIrHEIx' quopoBblx,

HHTelIrexrytu'tEHbIX crtcreM ynpaBfleHr'Ltr. Ha cero4nrfifirufi AeHb B TaKI'Ix

pa3Br.rr6lx crpaHax, KaK CIIIA, Kurafi, Poccux, fepvauzr.' @paugun, fnouun,
be:ruro6puranlrx, IOxuar Kopex, Vunw u Apyrux flpoBoA{rcl uacuna6uste

r4ccJle,qoBaHr.It, HanpaBJIeHHBIe Ha peIneHIrI{ BonpocoB r'rAeHTIaOrzKaIIuu,

pacno3HaBaHl.I.t u r:raccztplrnaqr'rz lco6paNeuufi ltltxpoo6'sexron 3ru
rrccJIeAoBaHI,u nocrpe6orarru B rIpe,qMerH6IX Q6[acrtx raKl{x, KaK 3Kororus,

oxpaHa oKpyxzrrcqefi cpeglr, MeaI4uI'IHa r{ nanlIHo;Ioflrt. ,[:rr rpegcrasanu* u

u3yqelux zarpxzuetlut Bo3Ayxa rpuMeH{ror 6a:lr raHHr,rx, aBToMar[qecKoi

ragenru$r.rraquu, pacno3HaBaHl'It, Knacc +ItKaIIHt.I. clzcreMarl43allulr IIEIJIbIIa'

EsponeficrrEe crpaHbl, 3aHl4Maloquecx c6opou, noAcqeroM, aHaJII'I3oM I'1

u4enruQuxaqrar nr,IJIBLIa, nocblJlalor exenege.:rlno rznQopr"raquro no r'no6a:uruv
cer.trM. Oco6oe BHrrMaHIre y4ensercs Hayr{HoMy o6ocHoBaHulo neo6xo,quvocrra

gn.r pa:pa6orru MeroaoB aHaJII.Ba uso6paxeuui't llurpoo6:rerroe, o6pa6orr<rz

r.tr@opuaquu, a raKxe ynpaBneHI,IIQ B cJIoxHBIx clrcreMax

B lrr.rpe no:roNrareJIBHEIe pe3yJlbrar6l B yKa3aHHoM HayqHoM HaIIpaBJIeHl4I4

cqI.ITaIOTCt nplIOpI{TeTHbrMH Ir HanpaBJIeHr,r Ha co3AaHlte MoAeJIer }r aJrfopIITMoB

4:rx o6pa6orr<u u:o6paxewfi pa3JIHqHbIx rl'rrloB 
- 

nEIleBEre qacrlrllrl,

oAHoK.[erorlHBIe Mr,IKpoopraHI.I3Mbr, Me,{IrqIlHcKIre o66eKTbI u noJIe3HEIe

LrcKolraeMhre. I4ccneAoBaHI-It BKJITTIaIOT pa:pa6Orry MeroAoB MHofOBapr'raHTHOrO

rrplrHflTr4t pell]eHfift, [pI-IMeHeHr'rt IIl]rpoKoro cneKTpa crarrrcrl-IqecKr{x,

II.IHaMI-IqeCKI.IX, BepotTHocIHbrX II HHTeJIneKTyalIhHbIX lrlo'qelefi' fIpU

ugenrurpuxaqrau uzo6paxetuitt uurpoo6:rerroa Bo3HI'IKaror pa3nvrrHble

npo6reurr - HaJllrqrre (([IyMD), floMexu, cMa3r'r rorIeK, cABHfoB I-I otlru6xu s

uuQopvaquz. 3rlr geQerru co3,4alor cephe3Hhle TpyAHocrl'r B rlpoqecce

nnenruQlrraquu, pacrlo3HaBaHlrt r4 KJIaccI4 OI'IKarIIa u uso6paxeuui B ro xe
BpeMt B

BTTT,IIIId,{

cpe,qcTB

HanpaBJreEalt pa3Bu'114fl. rexuonorzi, HanpaBJIeHHElx Ha cHllxeHrre
qeJroBeqecKofo Saxropa, oco6oe gnullaglte yAertercs co3Aaulto

rzcrIoJIE3oBaHI.rt cBoficrB n366ITo'{HocrE crpyKrypHBlx cocraBJltrcuvx

u:o6paxeuur uuxpoo6rexroa cTarr.rcTI.IqecKI.IX,,4I-IHaMUqeCKI'IX,

MopQoMerplrqecKlrx, reoMerplfiecKl4x I{ npyfl{x xapaKTepI'IcrHK' a raKxe

na:oa6orre onrHMaJII'H6lx MexaHI'I3MoB Ar-l u,{eHTuQuKalrriu, paclro3HaBaHlr-{ u

KJIaccuQuKaIIru MrrKPooo'beKToB.

B Pecrry6;ruxe aKTI,IBHo BHeA lorct rexHoJlof H I'IcxyccrBeHHoro

r{HTeJIJIeKTa, MeroArI qlaQpororo ynpaBneHwt Il aBToMarr'I3llpoBaHHEIe

unQopuaquonntre rexHoJloflrlr Bo Bcex orpacJltx Oco6oe BHHMaHrre yAeJlterct

BHeapeHllo BblcoKororlHllx rexno:rorui lr,4enrutpltaqrau e rarux cQepax, rax

ra.'luHoJlorus, 3KoJIorwI, ceJreKIILrt lr ceMeHoBoAcTBo, OXpaHa oKpyxaloulefi

cpeAhr I{ MeAI,IqnHcKIre cucreMEr. B srux o6nacrtlx c IIoMolrI;Io IlcKyccrBeHHoro

r.rHTeJrJreKTa r.r qa$poar,rx rexHororurfi pa3pa6arblBalorct sQtlerrzanlre ueroglr
ugenruQuraqltlt, ruraccr,tQuraquu v aHaJru3a ltuxpoo6rerron. B nocraHoBleHltr'I
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Ilpe:ugenra PY: o6 yrnepxgenlru crparerliu <IJuSponoi Ys6erltcrarr - 2030>> u

Mepax flo ee edrrlexrunnofi peaJln3arlull, B ToM rrucle 3aAaqax, HanpaBJIeHHr'rx Ha

(... pa3Brrrl{e HayqHo-I.Iccre,4oBarenEcKllx pirPa6oroK, opI{eHTIrpoBaHHI'Ix Ha

co3aaHue BBlcoKoTexHoJIorI4 rlHLIX npO,4yKTOB C BT,ICoKI'IM nOTeHIII-iaJrOM

KOMMepqIlaJII,EaqII-I B Coepe Unoopuaql',Iounlx rexHoJlorl4fi ''>2 8 3TI'JX

o6:racrtx pa:pa6arrrratorc.r sQQerruauue MeroABI o6napyNenur,

x.:racclr@lxaquu u a1arv3a ulrxpoo6texroa c crIoJIL3oBaHrreM ucKyccrBeHHoro

I4HTCJI'IEKTA I'I quQpoeux texrrolorufi. Baxnoe 3Har{eHfie npfl,qaerct

MexaHII3MoB Lr rexHolorl4i, ocHoBaHHbIX HacoBeprneHcTBoBaHurc MeroAoB,

crpyKTypH;rx cocraBJl.{K)rqux u:o6paxeulli MuKpoo6leKToB, a raKxe pa3BHTrrIo

Yg6er<ucran IV. (Pa3BI4Tle

KoMMyHI.IKarllloHHbrx rexlroJlof Ilfr ).

I.IIrTenJreKTyilJrBItbIX.CUCTeM KnaCCflQI'IKaLIIZI4 I{ I{X l I{pOKOMy BHeApeHHIO'

Hacro-tulee al{cceprall}IoHHoe rrccJIeAoBaHI4e opl{eHTrrpoBaHo Ha

o6ecne.{eHl.Ie peaJrv3a\vu yKa3oB, TIpuIUITLIx llpe:u4enroll Pecny6lurlr
Yg6erucrau, B vactroctll, AaHHoe AuccepralrlloHHoe nccleqoBaHr4e B

onpe4erEnuoi crenesrz cnoco6crByer peaJII'€aqI{Lr 3aila-<' npeAycMorpeHHBlx
yKa3oM Ne YTI-60 or 28 xnsapt 2022 rona (O Crpareflx{ pa:nzrr'tx Hoaoro

V:6exucrana tta 2022-2026 rogu>, Yra:ou Ns Y[-5349 or 19 Qeepa:rr 2018

ro4a <O Mepax no AaJI'HeiueMy coBepureHcrBoB Iaro rznQopluaquonurx

rexnolorulfi r.r rovuynlrraqlrfi>, a raKNe YKa:olr Ns ylI-60'19 or 5 omx6pr 2020

ro.4a <O yreepxgeHrrrr crparerllll I{uQpoeofi Y:6exucran - 2030 rt Mepa'K no e€

erpQexruauofi peaJrv3arJrrrr>>, a rarcKe apynrMl'I HopMarIzBHo-npaBoBErMI4 aKTaMrr'

orHoc.{urrrMllct K .{annoii cQepe

Cooraetct:ene nccJeaoBaHns nptroprlrerHblM HalrpaBJreHllf,M pa3BlrTuq

HayKtt u rexHoJlornfi pecny6.lurcu. I'lccnegonaurle BbI[OiHeHo B coorBercrBl{I'\ c

npr4opr,rrerHbrM HanpaBJIeHrreM pa3BllrllJl IrayKI{ H rexsoloruii Pecly6nuxu
l rQopuaruaaqtru u I'lH(popMaIIHoHHo-

crenexr lr3yrreHHocrll upo6"ren'Irr. PtA y'IeH6IX, I4cone,[OBare"lefr !I

3KcneproB no BceMy Mapy npoBolltT r4ccile,4oBaHlrt no IiaeHrI'IoI'IKaUxlt,

pacrlo3HaBaHlzro u uaccuQllxaqulr uurpoo6terron. Pa:pa6oranurre

3apy6exHl'IMu y'{dHr,IMH, raKI'rMa KaK C.Xoponuq, T.flaenltAnc, P M Xapanm,

JI.f.IIIanlrpo, C.Jlnoiia u IO. I4. Xyparnen, BepotrHocrHble MoAelIi, aJrropl4rMbl

Maru4HHoto o6y.reuu-r I.I HHTeJITeKTyaTBHBIe rlo,4xorlr o6ecne'{uBalor

3HaqureJrr,Hlre pe3yr6Tarl'I e o6pa6orxe uzo6patxeuui'r vzrpoo6rerroa rr cJryxar

saNnofi ocHosoi g:r.x sQQerrurnux HayrtHhIX llccleAogaHzfi s 9roft o6racru Ha

pa3BI.ITI4e MeTo,qoB onrl.lMl.I3alruu u,{eurrz$zraqnz raso6paxenul Buecnra 6olrrlrofi
BKJraa rrccrre,[oBare:rr,r - J.Long, W.Liu, H.Noh, A Krizhevsky, G.E.Hinton,

O.Ronneberger, T.-Y. Lin, R.Girshick u H Zhao.

B Yg6erl,Icrane B pa3Br4'tr4r'i reopvu alarn3a' yrrpaBJleHuf,, o6pa6orrua

randoplraquu sHaqr,IrersHHfi BKnaA BH cnI'I cJleAyroulle yuenue B. K. I(a6ynoa,

'1Yna: flpexIenra Pecny6 rrn y36ex cralt, or 05.102020 r' N, yII-6079 "06 )'rBepxa€I n crparernu
(IlnopoBotl y36enxcraH-203b It Nlepa\ ro ee sooekrrBlrofi peanx3aqun
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H.P.IOcyn6exoa, M.M.Kavrloe, X.3.trIralr6epAIrer, A.B.Ka6y:ron,

2.I4.,{xyvanon, P.X.Xau4avoe n X.H 3ainuAunog.
B pe:ymrare cllcreMHoro aHaJIIta HayqHBIx pa6or errureynouxuyrux

y'reu6lx u rzccnegonare:rei 6ulo ycranon:reuo, rITo Mo,{eJrr{ lI
uneutufiuxa:quu, pacIIo3HaBaHI4.f, ll r;r accu@raraquu

uuxpoo6lexron u3yrleur't HeaocraroqHo.

aJrfopI,ITMbI ,qn.[

u:o6paxeuufi

Cnqgs teusl alrcceprauu c rlraHaMIl HayqHo-[ccreAoBareJlbcKrlx
pa6or Br'rclrero o6pa3oBare,'lbuoro yqpert(qeHlrq, rAe BI'InoJrHeHa

!r"""pto,q"". Zcc:re4oranue BEITIoJIHeHo B paMKax HZP - Car''rapranncxoro

rocyaapcTBeHHofo yHI.IBepcnTeTa no reMe focyAapcTBeHHou HayqHo-

rexnuqecrofi npofpaMMrl A5-039 <tr'Inren:reKryanEHblt aHaJIIl: AaHHbIx Ha

ocHoBe IrocTpoeHxJI IrporpaMMHbIX r'IHCTpyMeHTOB napaJIJIeJIhHBIX aJIIOpI'ITMOB))

(2018-2020 rr.).
Ue.lrr rlcc.lIeAosaHun. Parpa6orra Mero'qoB onrllMaJlrnofi ugenrlrQuraqull,

pacnoenandnllr, xraccuQr.rraquu mlrpoo6:rerroe Ha ocHoBe I'lclon;3oBaHrrt

cBoiicrB Il xapaxTeprrcrl4K crpyKTypublx cocraBJltlorlux u:o6paxeuaa

lrnpoo6texroa.
3aaaqx lrcc.reAosaHrlq cocraBl.f,ror cne.{yrcque:

ana:rn: nayvuofi MeroAoJroflllr, onpe,qeneHrrll KoHcrpyKTI'IBHbIX rlo'{xoAoB,

npr.rHuurloB, MoAelefi I.IAeHrfiOI,IKarIxl, pacno3HaBaHl'It, Knacct4 $l4Karlull
vuxpoo6terror, HaIIpaBneHHBrx Ha licronl3oBaHr{rz cBoicrB I'I xapaKTepucrl-rK

crpyKTypHLIX cocraanxrorqnx uso6paxenur ruuxpoo6texron;
paspa6orra Moaenefi u airropnrMoB onruua,tluofi ugenrlrSzraqulr

urmpoo6:re oB Ha ocHoBe coBMelrreHl4.f, coBpeMeHHI'Ix KoMIrErorepHI'Ix

TexHo.loruIfi, crarr{crllqecKux, AuHaMl't.{ecKfix, BepotrHocrHLIX rrao4e:reft, HC

pa:ru.ruofi apxI4TeKTypbI, a rarcKe zHcrpyMeHToB tcrroJrl3oBaHut

crarrzcrl.IqecKLrx, AITHaMI'IqecKID(' lropQoverpr'rvecrrax. teoMerpuqecKl'Ix,

qacrorHllx, cne aJIrHbIxxapaKTepucrrrKcHfHaJroBlr3o6paxenux,
nocrpoeHlIe rla6pragntx uoAeneft, anroplrrMoB, a ra(xe I4HcrpyMeHToB

onrr.rua:tsltoii lraeuruQrmaqnu wzxpoo6r,extog na octtoBe opofoBoro, xecrKoro

r4 MsfKoro KoHTpont nofpeuHocTl'I, onpeaeneHl-I{ tpKoCTU TOrreK KOHTypa,

r.{cnoJrb3oBaHrlt xapaKTepIIcTIlK CTpyKTypHLIX COCTaBntrOlqux I.I3oopaxeHus;

Tecrr.rpoBaHl.Ie u pealrv3a:llz^r. zuropl'lrMoB, $ynr{uouarlur'rx Moaynei,

nDomaMMHofo KoMnJIeKca ugenruSuxaguu, pacno3HaBaHr'r{, rlaccu{tlrraqlru
uurpoo6rerron, vHoroKpI.ITepIraJILHau onruMu3arlul., aHanl{3 SQQeKTI{BHocrrr'

O6terrou uccJeAoBaHrrq -rBJllKtrcf, npoqeccll o6pa6omu uso6paNennn

- nbrJrrlla, MrrKpocKonrrqecKlrx o6texror, MeArlIrI-IHcKrrx o6T,eKToB cucreM

naJrnHoJlorulr, 3KoJlorlrll, ceJIeKIIr.rlt 3epHa I'I AI4afHocrI'Iru 6olrnsrx.
Ilpeguer [ccreaoBaHuq. Merogu, Mo.qeJII], anropl'ITMBI, nporpaMMHEIe

KoMnJIeKcr,l onulllanr,gofi u4eurnQlrraqura, pacno3HaBaHl4{, rlacclQnxaquu
uso6paxenux uuxpoo6:rerros.

MeroAu Ircc,reAonaxns' B llccJreAoBaHlux npIrMeHeHbI Mero,{6l Teopl4I'I

0I4CTeMHO|O aHanrl3a, ynpaBJIeHuq, arropurMr',I3allulr, Mo'4eJIr'rpoBaHIr{, oopaoorKr'r

ran$opruaquu, uaettu$uxa4uu u3o6paxeHr'rii u Hei{poHHbrx cerei.
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Hay.rrraaHoBII3HaIIccJIeAoBaH[s3aK[IoqaeTc'BcIeAyIo1ueM:
pa:pa6oranu MoaeJrn u aJIropI{TMr'r onrHManBHoI'I lIAeHTllQrrKaIIuu

r"npoo6u"*tou, llcnoJlb3yrcrque ceofic,raa us6Hloqulx crpyKTypHblx

cocTaBiItIorMX lto6paNenu.r, ocHoBaHHI're Ha 0TaTI'ICTI'IIeCIC4X, AnHaMuqecKl]x'

uop$overpmecrux, teoMerpuqecKl4x, rl4croJloruqecKllx,

cleKTp&'I6HbIx xapaKreplrcrl'IKax roqeK Ha KoHType I'I3o6paxeutu;

p a6oranrr MEXAHI.I3MOB u,qenruQuraqllu MI.Irpoo6lexroe,

qaCTOTHLIX u

OpIIeHTI'IpOBaHHLIe Ha IICnOJIIfOBaHIII4 I4HcTpyMeHTOB, OCHoBaHHLIe Ha TOqerIHBle'

senuneiinire npoBepKr'r coo etcrgtli BXoAHoto 14 3raJloHHofo KoHTypoB

rl:o6paNentu, cerMeHTI'IpoBaHIit, peayKul.rlr t'tg6rnoqsrrx roqeK, yMeHEIxeHI{t

pa3MepHocrrr pacrpoa, uacnrra6uponaHl4.fl r4 MlloroypoBHeBoro KoHrpoJUI;

oa:oa6orasbl MexaHI{3MI'I u4euruor'Ixaquu uso6paNeuru t'lurpoo6texroe

Ha ocHoBe

nepeMeHHbIX

KOppensul4oHHbrx,
TaKxe HefipoHH6lx

crrHTe3a I{HCTpyMeI{TOB aAeKBatHOfo on}icaHllt, gacrpol',IKll

ru6pz,qnr'Ix uo4e:refi, ucrloJls3oBaHut crarl4crl'IqecKl-rx'

JroruqecKl4x cna:efi, 4uuauuxz flocfleAoBareJllHocrl-I Tor{eK, a

cerefi pa3rl.r.{Hoi apxlrrel(Typbl;
MexaHr.i3Mhr ugenru{maquu vuxpoo6rerroe ocHoBepa:pa6oranu MexaHl'l3Mhr IIAeHTITQI'IKaIIuII Ml-IKpooo:bexTolr Ha outrutlo

rnatpytat to" Qrantrpaquu geQexrnux roseK c I{cnoJrr'3oBaHI-IeM Qun}'rpoB

faycca, veguauu na ocHoBe xecrKl{x lI
KOHTpont no fpaHnIIaM AOrryCTIrMhrx

Mtfr(lrx roporoB, a TaKJ(e r'rHcTpyMeHToB

3Ha.{eH[fr nofpellrHocrl.I ToqKrt KoHTypa,

upraparqenufi, olru6or< srcrpanofltqull, onpeAeJleHllt tpKOCTIiI TOqeK KOHrypa

mo6paNeuIar.
Ilpaxrxvecnue pe3yJrbrarr'l IlccJreaoBaHuq 3aKJlroqarcTcfl cJreAyrcurrlM:

p a6orau nporpaMMHr,rfi KoMIIJIeKc H4erTvquKar+lr4 pacrlo3uaBaHwl'

r:racirz$uxaqulr Mr'IKpoo6teKToB, no3Bonttolqfift rovuo ragenru$uqfipoBarr'

KoppeKTHo pacno3HaBarB H KnaccuOI4IrI4poBarb MIrKpooobeKToB;

aIiHaMItqecKI4 e, feoMerpuqecKue, llop{olorruecrue }r c}rfHa'lrr'Hble

xapaKrepucrl,IKrr rorreK Ha rou'rype u:o6paxeur.u, o6ecneur'rnaroque 6onBuylo

oreparr4BHocr6 yr{era, pacn03HaBaHl]l, r:racclrQuraqllu uurpoo6aexroa;

npOfpaMMHI'Ie MO,AynI'I KOMnneKCa IO3BOJI9IOT I]oB6lCIITb TOqHOCTI"

yBerurrurb cKopocrr" yMeHbflI-Itb rpyAoeMKocrb o6pa6orrn nnQopvauzlt'

,fiocronepuocrr pe3yJlbraroB HccreaoBaHrlq',{ocrorepuoc'rr pe3yJIETaroB

I.rccJIe,qoBaHI-It o6tqcugrorcq ucIIoJrb3oBaHI{eM orITI'rMalbHsIX MeroaoB

pa:pa6orauu r.rHc rpyM eHrLI, I-ICnoJIB3yIOIIII4e CTATI,ICTI,IqCCKI.IE,

z,{enrradurarlrlu, ocHoBaHHhIx Ha xapaKTepIicTI{K CrpyKTypHbIX

u:6r,rroqHocrefi ra:o6paxeuzfi vlrr<poo6lexton' [oATBepxAeHrreM rrp]rroAHoc't'll

pa:pa6orannoro npofpaMMHoro KoMrrJIeKca, coorBerc'fBrreM Teope,'uqecKlrx lI

flpaKTlttlecKrrx p*ynBTaroB, pqrxeHlleM 3alaq flporuo3l'Ipoeauuq Hecra6urlHrrx

o6teKros B peaJlhHblx ycJloBr4tx, a raKxe cpaBHIrreJIbHr-IM aHaJII'I3oM

:Q$errmnocru aHeApeHHEIX anropnrMoB.

Hayvnan u [paKTHrIecKal 3laqrlMocrr' p$yrbTatoB HccreaoBalus

3anJrmqalorct B cJreAyloueM. Hayunax :uauzltaocfl pe3ynbraroB I'IccJIe'{oBaHI-If,

3aKJrroqaerc{ B ToM, rITo pa3pa6oraHHble MoAe[lI II artopl4TM6r no3BoJltlor

e{sexrmuo ficlloJlh3oBarb xapaKTeprrc:ulKl'r u ritaccr'IQr'rraquto crpyKTypHblx
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r.B6LITo.IHocrefi IBo6paxeHlrfi, a raKxe o6ecfleqlrBaror onrl-rMaJIBHEle pelUeHI'It

npu BBIrroJrHeHI,In Onepaqufi rrAellTllol,ffiaqua, pacno3HaBaHl-r{ u KraccuouKaul4l

Mr.rKpoo6beKroB Ha ocHoBe AIIHaMVqeCKOfi MOAenIr, flOCTpOeHHoi Ha HetpoHHblx

ceT.,fx.

Ilparrzuecxoe 3HaqeHr{e p$yJII'TaroB lIccJIeAoBaHI4{ 3aKlloqaerct B ToM,

vro paapa6oraunslfi nporpaMMHErfi KoMITJIeKc [o3Borser 3Haqvre:IsHo oHLI3I{TE

olru6xr,r e nu$opvaqltz, uclronr:yt crarucrlrqecKue',4I'IHaMIrqecKne,
feoMerprrqecKlre, uopdo:roruuecxue u flrcroJlofllqecKue rnaccuQuraquu gr'r

ananusa r.rco6paxeuzfi, uro cnoco6crByer noBBIIleHI4ro roqHocra pacno3HaBaHlrt

u rnaccurpurcaqlru ruuxpoo6lerron.
Bne4peune pesy,'rbraroB trccreAoBauuq. Ha ocsoge sa) {Hbx p*yJILTaroB,

loJlyqeHlrltx B paMKax ar.rcceprallrroHHoro uccJleaoBaHfiJ{ na relry "Merogrr
onrl.IMl.I3arruu uAenru$r.mauuu rr,rraxpoo6terron Ha ocHoBe cgofictn us6utoqttrrx

crpyKrypHLIX cocraeanoulnx uso6paNenuft":
roqeqioi u ne:rraueiisofi npoBepKll coo ercrBu.t KoHTypoB BXoAHoro lI

3TaJroHHoro u:o6paxenufi, cerMeHTI'IpoBaHrr[, peAyKuut4 HyrteBbrx ror{eK,

yMeHblxeHr,I.fi pa3MepHocrl'I pacrpoB, Macrnra6uposauus, MHoroypoBHeBoro

KoHrport ror{eK, pezrnlroBaHHoe nporpaMMHoe cpe,4crBo Iacnonrsoeanocr a HI4I4

<Gorapnoro 3eMJle,qefll4-f,) r.fanrraapal B pelrleHrrrr saAa'{ "Cerexquu u

ceMeHoBoAcrBa sepna" (cnpanxa Ns 33-8/3411 o'r 23 Mal. 2024 roaa

MuHr.rcrepcrBa quQpoarrx rexHororfift Pecrry6:ruxrz Yr6exucran) Bpeuennue

3aTpaThr aHcTpyMeHToB nOBEIITIeHI'I' AOCTOBepHOCTI'I paCno3HaBaHI'rS

rnaccu$raraquu KoJIJIeKIIIIIT uso6paxetuit llrzxpoo6r'exroa coKpaqanucb ,ao l,l

I.ICnOJII'3OBaHIIt CTATI.ICTI.IqECKITX,

rraca, 3Har{eHI.Ie xoeSQuquenra Br,IurpLlua B ToqHocrI-I u4euru$uxa.quu

yaerlrvnea,rocr' e 3-5 pa:a;
TTcIIoJIE3OBaHI-IU I.IHCTpyM9HTOB

KoppentquoHHbIx, [oruqecKl.Ix, I|aop$o:roruuecxr,rx xapaKTepv 0TI'IK, cBt3ei TO']eK,

l4x ArrHaMI.lKI4, ]1rCK eldl4g UHoOpMaUUfi I-r KOHTpOJI.I rofpeulHocTrr,

pa:pa6orauaoe [porpaMMHoe cpeacrBo 6Hro ucnonsgosaHo rlrf, perueHllt 3a,{aq

nprr flo,qcqere rzHrpe,qv eHTHoro cocraBa nl]lqe npo,qyKToB B <C:ryx6u canurapno-

3rl4.{eMltorofl4r{ecxoro 6larononyvun u o6rqecrgenuofo 3,qopoBbt)> r.,{xr'r:ara
(cnoasra Jrfs 33-8/3411 or 23 ttalL 2024 ro,4a MuHtzcrepcrea utQPoeutx

rexsonolr,rfi Pecny6nmu
npofpaMMHoe cpeAcTBo

Ys6exucraa). B pe:y:rrare pa:pa6orauuoe

IIOBbICTTJIO AOC:rOBepHOCT6 paCnO3HaBaHIr{

KJraccud}rKaur. 4 Mr]Kpor{acrl]q c 84%o lo 87%o, a rar:xe rpy'4oeMKocrb o6pa60rxu

llnQopuaquu yuenL[Nr cR B 3-4 pa3ai

rrHcrpyMeHTBI a,4eKBarHoro olJuea:Hplfr, HacrpotKl'I nepeMeHHEIX, KoHTpoJIt

npxpallleHr.rft, 3KcrpalroJltllltll II Ol'ubrpaquu, a raKxe nporHo3l'IpoBaHl4t

TeXHITKO-3KOHOMITTI CXUX nOrrU:a-relefi aetrejrBHocrl{ cauaprangcr<oro Qu:rua:ra
<Y:6errerexov>> (cnpaera Ns 33-8/3411 or 23 v.ax 2024 rona Muul'Icrepcrua
qurpponr,rx rexsororlrfi Pecrry6:ruxu Y:6er<ucran). flporpalrvnoe cpeAcrBo

lo3BoJllrlro noB;Iclirb ror{Hocrb lrAesrlrduraquu rc 98,3ok, yBeIruqI'ITb cKopocrE
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o6pa6orKr.I I.IHOopMaIIfin B 2 pa3a, a AocToBepHocrB pacrro3lJaBaHlt$ 11

KJraccuorrKarllfll MuKpoo6teKTdB Ha 190%.

npaKTrr{ecKllx KoHSepeuqrux.
Ony6nxnoeannocrl' pByJrI'TaroB [ccreaoBaHriq' flo reue guccepraqull

ony6ruxoeanrr 36 nayunux crarefi, Te3I4cbI aoKJIaAoB, l,t3 slax:5 - xypHanl'Hr'Ie

uarsu, 74 - crarl'rr B u3ranz,l.x Cnonyc, 10 - B MareplraJrax MexAyHapo,4Hrrx,

4 - B pec 6:rurancnux HayqHbIX ron$epenqu-nx, a raKxe noJIyqeHEI

3 ceu,qeteJlrcraa o perlrcrpaulrrr nporpaMrra A:rq 3BM.
Crpyxrypa lr .o6reu a[ccepraurrn. Arccepraqlu cocrol'IT I'I3 BBeAeHI4t,

qerErpex fJIaB, 3zlKrloqeHl4t, cDIlcKa rrenoJlb3oBaHHot Jrrrreparyp6r 14

nphnoxeHni. O6:reu 4zccepraqfiIi cocraBrter 1 1 I crpaHurl.

' ocHoBHoE CO.4EP)KAHrrEAr{CCEPTAqT{U

fJIaBe,ql-Iccepraulrlr <<Hayvno-uetognvecxlle ocHoBbl

utrpoo6rerroe Ha ocHoBe l-|cnoJI630BaHIlfl cBoicl'B.
crpyKTypur,rx cocraBJqlou1rrx uro6paxenlrr>> pa3pa6oraHhr

noAxoAbl, npl4Hqrrru,I, MeTOABI r4,qeHTHQrrKaUIlU,

pacno3HaBanut, xlacclEQlrraqlrtl uurpoo6rerroa Ha ocuoBe crarrrcruqecKrrx,

AVHAMHqECKIIX, uopQoverpuvecxux, reoMeTpuqecKI,lx, -'pKocrHbre

xapaKTepHcrI,IK ToqeK Ha xonrype u:o6paxeHI'r-f,. MoAerr'r i aJIfoprrrMBI I4Meror

urzpoKylo Bo3MoxHocrr' u 6o:lbllue nPel4MyrqecrBa, npotBJrteMblx npfi

B:1i3yaJr:1^3a\r4A B ,4I4HaMIzKe, ,qeKOMnosI'Iq[Il, cTpyKTypr',Baqlrl4, KoppeKqrr]r llx
uacreii, onmntusauu[ nepeMeHHhIx uo4ereii, o6ecne'reHl'Iu KoMIIaKTHocTH

DACIIOJIOXEHI,I' I{ CI(CTCMATII3AUI4II.

ZccnerosaHtl MexaHI{3Mr,I - MOAenI4, anropI,ITMhI Ii npaBIlJIa

lr4enru@lxaqulr lrur<poo6rerroa, BKJrroqalorque I4HcrpyMeHTBI npe,4Bapl'{TerrlHot

o6pa6orrra unQopuauzu, KoHrpacrI.IpoBaHI4t, cerMerlTl4poBaHus KoHTypa,

pelyKrlrtr Ilg6r,rro.{Hux roqex, yMeHBItteHIzq pa3MepHocrl'I pacrpoB,

vacura6aposauu.r, noporoBoro n MHofo ypoBHeBofo KoHTpo[-f, 3HaqeHuii ToqeK.

flpeg:roxenrr MexaHrr3MBI I4,qeHruq)HKaqHI'I, HaIIpaBJIeHHBIe Ha peryJIIrpoBaHI{I4

ltrcnepcur4 TorIeK IlBeroBofo apnocrnoii KaprI-IHr,I, HaqaJIEHbIx 3HaqeH[u, ueHTpa

cerMeHroB, nJlonraAt4 xourypa u:o6paxenux. flpll 3ToM, Bo3MoxHocrB I'IX

cyulecrBer{Ho pacuup{eTct 3a cqeT uHcrpyMeHToB onpeAeneHl4t orITuMaJrhHBIX

rpaHr.rq cerMeHToB KoHrypa, ycraHoBrel 4-f, rpaHllq KoHTpont 3Har{eHr'rt ofiopHblx

TOr{eK, copTI'IpOBKII MaccI{Ba qacToT nO BO3pacTaHUtO, peAyKULU HyneBLIX TOqeK,

B6trolHeHus lroporoBofo KoHTpont, npoBepKu a,49KBaTHOCTU BBOAIIMO|O r(OHTypa

ra:o6paNeHru
Ha puc.1 a)

3=o,lo

Anpo6auun pe3yJrbraroB uccJeAoBaH[s.
uccne,4osanru o6cyxAeHbl Ha l0 uex4yuapognrx lr 4

B nepnoii
ugenrur[unaqnu
xapaKTepricTHK
KOHCTPYKTI'IBHBIE

xooSQuqllenra BI'MfpbIIxa B ToqHocrrr ITIeHTI-I(buKauuu

Pesy:nrarur .qanHoro
pecny6ruxancrux nayuuo-

K 3TaJTOIIHOMy

npot4 ]Inrc cTpr.rpoBaHbI

KOHTypy MO,EaJIbHofO rpnMepa.
rpa$uxu rfyrrrquu eQ$errunnocrta

uzo6paxoaus vlrxpoo6lerror, o,- norpellrHocrb I4HcrpyM€Hra o6pa6orrtz

uu$opr'.raqura; 6 - Atrcrtepcvl pacceu BaHI{t roqeK KoHTypa.
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fpadur<u noKa3rlBalor 3aBIrcI,IMocrI.I Qynrqrau 3 or norpelrgocru
LrHcrpyMeHTa Ir ,u.rHaMHKIr pocra o6T erua o6pa6anraaeuoii lu$opuaqun /y''

trlccnegoeauu: iuropr,lrM I - 6es npuIrleueHl4{ I'IHcrpyMeHToB cerMenTalJrrn,

KrracreprBarlul,I II peAyKIII]]I; arropl{TM 2 - c flpI'IMeHeHI'IeM I'IHcrpyMeHToB

cerMeHraul{u, K:racreplraql{[ I4 peAyKl-lux; aJlropr'lrM 3 - c npuuexenuev

coBMerleHrrbrx Al.rHaMrtqecKllx c rpexcnofi nofi HC uogenefi .

3

2

I

4

3

2

1

4 . 106 6. 106 8-106 N 4.106 6- 1Ci6

6)

Plrc 1. 3r[r[emunHocrb aJlroprlrMoe ngexrnt[uxaqlu uurpoo6r'ercron'

Ha puc.1 6) npoun:nocrplrpoaanr,I rpaQuru Qyuxqrau 3, ocnoaannsre ua

cuHTe3: aJrfopl,trMa 4 - noroqeqnoro rollcKa, pacrIo3HaBaHIxI r'r KJlacrepr'Baulru;

aJlropr{TMa 5 - sapracrv'recxoro noucKa c orxlrfoM z 3anperoM, pacno3uaBaHr'lt n

KlracrspH3arrrrH; ajrropl{TMa 6 - ctoxactuqecxoro norrcKa no yceqeHHofr uenu

Maprora, pacno:n aBaur4s v Kracrepu3atlr4v.

Cootgetcrslis BBo,{LrMoro I'I 3T:lJIoHHoro nso6paxeuul l'luxpoo6r'erroe n

Hrtx npoBeptlorct ro Kplrrepmo cpeAHeKBa,4parl'rqecKot nofpernHocrll

ao=-f iitA ,- D,,f . ielJ, i €u i D,,, - nucnepcwn rouer (i.l)
I J i=1 j=l

(oKHo)) BBoAI.IMoro uso6paxenu.r; D',.t - Aucnepcuq rolleK

3TanoHHoto lrso6paxeHzqi 1 - xoluqecrno oKoH no BeprrlKaJII{;

oKoH rro ropli3oHTa.'ru xonrypa u:o6paxeuur.
.flporecrrposau o6o6ureusstfi zrntopllrM ru6pugnofi uaesruQlxauuu

uzo6paxeuus Ha ocHoBe 6ulca,{parr'r'recKofr MoAeJrr{ I'IHTeprroJl.truuu, Koropzrs

criHre3r,IpoBaHa c iuropl-ITMoM o6yueuu.r rpexc:rofiuofi HC gnynanpaelennuu

B3Belnr.rBaHHeM OrlOpHr,fX :Ioqer. YctanogreHo, qTo' npu STOM 3HaqeHr4e

roeSQraqueura rpyAoeMKocrrr o6pa6orxu unQopltaqrzra yMeHhllraerct: no

aJrropurMy 3 - 2 pasa, no alropttruy 2 - 20 pasa, no afifoprrrMy 1 go 30 pa:a.

Onpegereno, qro MexaHI.I3Mr'I lr4enrltQraraquu uzo6paxeuux cnoco6crayror
yMeHrrxeHlllo :naqegzft nr4cflepcuu rorlex KoHTypa Ha flop.sAoK, yBenvqeHI'IIo

paCCTO.{HII{ MeX,4y K.JIaCTepaMI'i Il yMeHLIIIeHI'I}O KolII4qeCTBo HeIIpaBI-IJIEHO

ruraccnQu{uporanHrrx roqeK. Korna Ia4euruQrauupyrorct HI'I3KoKaqecrBeHHLIe

lr:o6paxerua c geQerralrru raKI.IMIt, KaK cMerqeHl'Ie' AoMlIHllpoBaHI4 e o,{Hofo

IrBera, TorAa npe,{noxeHH;Ie MexaHlr3Mbr IloKzBaJIrr ce6-t Ha\aHoro eQQerrunnee,

(l,j) (oKHo)

-/- rorF{ecrso

8.106 N
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qeM cytqecrByloullle aHanofu. Korga, n MexaHr*Max r'rcrloJlr3yerot IrHcrpyPIeHT

neluuefinofi npoBepKrr coorBercrBrrJr uzo6paxeuuit, Tor,{a roqHocrb

r.r,{eHTr4SI{KaIII4I,I ulzxpoo6texroe noBbllIraerct Ao ll pa3a, TpyAoeMKocrr'

o6pa6orru uuQopvaqura yMeHB raerct go 100 pa:oa, craHoBllrct 2-3 paza

sdrdrerrlleuee, uelra IrHTepnoJLIIllIoHHas cnn H - QyHKIrux J\o6euu,5
Onpegeneuo, uro uuax ugeurlr$lrraqnr uurpoo6r.enroB npo'lBflterc.tr

npu rayccoaofi, MeALIaHHofi rfranrrpaqzlr, BefiBrer - npeo6pa:oeauuu,

IIprrMeHeHI-ru HHCTpyMeHTOB TIBeToBOTO KOArrpoBaHI{-,r, pe llllpoBallllfl'

KoppeKuuri tpKocrv roqeK xonrypa rlro6paxennr'
O6o6rqennrrii aJlfoprzrM MexaHl{3Ma llgenruQraraqlu'r nporecrllpoBaH nplr

na6ope, arnrouarorqero 450 u:o6paxeuur nblnblra, [pe,4craBJIeHHLIe aJIt

perxeHllt 3a,qaqll ceJleKIJIrrr u ceMeHoBo,4crBa nrreHurtHHx sepen Onpe4eneuo,

qTO COBMCIIIEHHbIE AIIHAMIIqCCKI4E C HC MO.qCNX, AJI|OPXTMbI IIAP NENBHOTO

BErrrr4cireHr.u yMeHhlxaer 3HaqeHl're roeQ{ruqnenra rpyAoeMKocrlz o6pa6orxu

un{opuaquu a cpe,queu go 23 pa3a. 3Q@exrranuocrr MexaHIt3MoB

u4earuQurarll,Iu rrlraxpoo6terroo noATBepxAeHbI TaKxe recrl4poBaHlreM

nporpaMMHEIx uo,4y:reft ua ocHoBe Ha6opa Ir3 400 oAHoKneroqHlrx opfaHu3MoB,

cno[63yeMbIx npl{ aHanI'I3e KorvqecrBeHHot oIIeHKe napaMerpfiqecKux

lcMeHeHrzfi u npI.I ArrarHocrr{poBaHl'Iu paKoBofo sa6oresanz:x Pe:ynlraru
rroKa3aJrlr, rITo rIpI4MeHeHI.Ie IlHcrpyMeHroB Me'qnanHofi Qu:rtrpaquN, BefrBfler -
rpeo6pa:oaanul, uBeroBoro KoAI'IpoBaHr'rt, KoppeKurrt tpKocrli cHlD(alor

norperlHocrlt Ia4enru$uraquu uao6paNenu-r c 1'2%o lo 8olo Kpoue roro,

ycTpaHtloT TpyAoeMKrrx npolleayP, npo3patlHo npo.sBrteTc.{ IroJroxIlTe[6HEIe

cTopoHLI MexaHH3Ma npu perxeHl{Ir 3aaarr cereKIII'IU 3epHOBbIX KyJIbTyp,

rI.IarHocrI-IKI{ retKlrx 6o:tnrrx ry6epryre:ou, npotH03rrpoBaHr.[I

3arpr3HeHHocTI.I oKpyxalorqefr cpe.qbr'

Bo eropofi r[aBe Allcceprallun <<Moae,'ru rl aJropIlrMI'I lrgentlQxnaqun
uuxpoo6texron Ha oclioBe lrcnorl'3oBaxuq arlHaMrlqecxrlx xapaKTeprrcrllx

uu{opuauuu u:o6paxenun>> paepa6oransr no,4xo,qbl, MoaeJIr{ lt anropl-ITl4hl

onlaualruofi u4euru$uraquz utlxpoo6rexroe Ha ocHoBe rrclroJlr3oBaHlrt

,ql.IHaMrrqecKlrx, reoMerpl{qecKr'rx xapaKTeplrcrrrK rco6paxeuun Mexanugtrmr

rzaennr6uxarlnu BKrlor{alor IrHcrpyMeHTLl npe,qaapzrenruofi o6pa6ortctl

u:o6paNenur, TpeH,{oBbrx, pefpeccuoHH6lx, nonIrHOMrra[bHbIX Mo,{eneii,

nacrpofi rlt :naueuui nepeMeHHBIx.

lloc, poenu u peaJIIEoBaHbI I4HctpyMeHTbI )I(ecrKofo, MJIfKllx flopofoBofo

KoHTpoJIt flofpelflHocrrr n4eururfuraqur'r no rpaHllraM AonycrlrMbrx 3Ha'{eHltii,

I]o npupanleHvtM, gKcrPanoJII'IpOBaHHbrM 3HaqeHV9M OrrOpHbIX TOqeK KOHTypa

u:o6paxenru, flo:ryvenn o6llee u qacrHr,re peureHus, sanaq HaiiAeHBI

MaTeMaTI{qeCKIIe BbIpaXeHII-tl OUeHKI'I OflTI{MaJIITHbIX rpaHIIU KOHTpOJU I{ OIIeHKII

lrtsuvamnofi cpeAHeKBaAparl4qecKofi nofpelxHocrrl. Pearr4goeaHrt 47

TpeH,qoBBIe 3aBl-lcl4Mocrl4, ?rAanrI-IBHoe 3KcnoHeHIII-ranr,Hoe cffaxlBaHl'Ie'

perpeccrroHHhle, 3KCTpanOItqlIoHHar{ MOAeJIE IrO r, - flpeALIAyIIIITM ToqKaM

Pa:pa6oranu MexaHI'I3Mbr ngenrl$nrautltl. Koropbre cfiHTe3zpylorc-s

aJIfopr4TMaMLI BBIIIoJIHeHI4' ,qeKoppefi-{quu, peayllllpoBaHl',It, cBt36IBaHI/It TOqeK
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nepena,qoB H nepexo,{oB, oI.Ilr'TpauI'rH IxyMa (noMex), cMa3lr ToqeK

AeOeKToB. fia6pugulre uogelu ngenrrQurautru uro6paxenux
r.r Apyrux

BKJIIOqAIOT

:rrlneftaue, HerIlIHefiHBIe cnlaxl4Bzllorque {u:u,rpu, rrHcrpyMeHTEI KoHTpoJI{

nofpellHocTl,I, BeKTOpHOI'0 KBaHTOBaHT4-S, CefMeHTauI4Il, O6pa:oaauur

((cKoJrE3.f,rqefo orna>. I4xcrpyueHTEI c AoBepInrelEHhIM I{HTepBaJIoM KoHTpoJIt

norperrrHocrl.I cnoco6creyror yuenureHlllo norpelrlHocrn u4enruQuxaquz'

Orpe4ereno, qro HIBKat sSQexruanoct MexaHI'I3MoB npof,BJlf,erc.f, npll

nptlcyrcrBult cryvafinr,rx Bcrl;IllreK, IroMex, HeAocraroqHocrr'r anprropHblx

cBe,EeHr4fi,- tr4nTepecHo 3aMerI4T6, qro Kofna rzcloJrh3ylorcs I'IHcrpyMeHTr'r

r.rcnoJr63oBaHIrt: roe(rtfuquenron aBToKoppeJItIIur'r, Tor{eqHrrx cBrcefr, pe,EyKlruu

u:6Hto-{Hrtx roqeK, Tofaa MexaHIr3MBl o6ecnequsaet Hau6oltrlxyrc ToqHocrl

rz,4enrztluxaquu u,4ocroBepHocrb pacno3HaBaHr'It I'I KJlaccuQuraqur'r'

flpeg:roxen MexaHIr3M ltnenruSlrxaqzu c IrHcrpyMeHToM KoHTpoJLr

flofperrlHocrrr u,qeHTI-IoI,IKaqUU nO HI'IXHeMy 4d - x Ir BepxHeMy a" + )' noporaM'

noporu pa3Aelqror MHoxecrBo 3Harlear'rfi rouex rourypa {Br} ua uonlcroNecreo

pa3perueHHbrx sHaqeuuft {pr} ao-x3po3 +y rl rloaMHo)KecrBo

3anpeureHHElx 3Har{eH}Ifi {p,} d^in!fz<qo-xl a"+y<Bt<a^'
Heo6uapyNennuull ocraBJullorct BepotrHocrx orurz6ot< nByx po,{oB'

Broporo po,{a Pz =P{ai + B,: B, e lfr}} = (t- n t 
"""y''7<",1]'

Ha puc.2 noKa3aHbl rpa$zru rlryrirquu Bblrrrpblllra no roe$Sraquenry K. -

Tpy,qoeMKocrl o6pa6orru unsoplraqrzu uso6paxeuua vuxpoo6r'exror,

nocrpoeHHr,Ie flpu pa3rlurlHblx pa3Mepax o6yvaroqero ta6opa L u ru6puattoit

vogenu. fpaQuxll orpaxalorct KpITBLIMI.I: 1 - cranr* rpexcrrofinoii HC c

Mo.{erlblo Ao6euu, 5; 2 - c:antes HC Koxonena c MoAeJIbIo ,[o6euru, 5, c raprofi

analna\uu npuanaron; 3 - cr.rHTe3 Da,4fialr'Ho - 6asucuoii cerr'r c MoAeJIEIo

,{o6elru, 5. Onpe4erexo, I{TO BBII]IPbIIII B TPYAOEMKOCTX OOPAOOTKI'I

uusopvaquu rlo MexaHrBMaM noBBllrraerc.{ or 1,7 Ao 5,4 paza, I'rreparl.IBHocr;

o6yuenux ru6pltguoi uoge:ru yuenruraerca3 - 4 pra.
,{n.a pa:ru.+rx uo4e:refi Ia4enruQr'rraquu, I'IHc'IpyMeHroB KoHTpoJIt

rotpellrHocTrr nonyqeH5l MaTeMaTI'IqeCKI'Ie BhrpaxeHrl{ oporoB KoHTpons,

ruusuuamsoi cpe4uexnagparuvecxofi norpelxHocrl'I ?Incrpyuenru

npoTecrHpoBaH6l npll pa3nruHEIX BepOtTHOcTtX Omfi6OK, nopofax KoHTpor't,

3Har{eHr.r.f,x aucnepcurz, $yH qufi roppefltquu npH HopMaJIbHoM, JIor'HopMaJIEHoM

3aKoHax H pacfipe,{erentlxx Penel, a rarxe B - pacnpeAeneHl-Ir'

.{oKasaua, qro KorAa lpra zgeuru{uxaquu u:o6paNenur Ml'rKpoo6teKroB

npvMeHrrorct HHrepnoJlrrllloHHa{ u 3KcrPanontqt4 onna.s cnrafiH - Qyuxquu,
rro;rrrHoMr.rarsHrle 6asucHrre lro4e:ut, ror4a o6o6[IeHHBIe anroplrrMbl craHoBf,Tct

nrrcoro ycrofiuzaurnru. Ygeluqeuue KoJIIlqecrBo lrclloJrr,3yeMbrx ro'rex 6a3zc -

cnnaina ylrenutaer 3HaqeHHe nolperrHocrl'I ugenruQnraqllu H3oOpaxeHl'fi, npu
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3TOM pe3ynBTaTl'r AOCTI-rfaeTC.{ npI'I MeH} IeM O66eMe BBI'Ml1l1Te[6Ilr'lx

onepalufi, qeM TpanlruuoHHa.[ fexHoJrof]I-{ Mexauugur,I Ha ocHoBe ry6uuecxoro

6azuc - cnrrair:ea aaer e 1,39 pa3a MeHbIxe florpelxnocrli ro cpaBHeHI'IlI

rorrrrHoMl,raJlbHoro. Bpeux Ia4euruQuKaurru npI'I 3roM yr''reur'uaercr a 2,33 pa:a

60

50

40

30

z0
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106 10r los 10e 1010 L

Puc. 2. 3{r[elcrNnuocrr' uAeurn{uxaqnu unxpoo6rexroe.

10e 1010

B rperreil rnaBe AI4ccepTaIIuu <<lVloge,rn rr aJrropHTMI't ugeurlrQlrnaqr.ru

MttKpooobeKToB Hz ocHoBe ltcnort'3oBaHlls uopr[owlerpuuecrcux
xapaKTeplrcrriK llto6paxenun>> npeAJroxeHbr KoHcrpyKTI4BHbIe noaxonr'l,

npl.IHqrrn6r, MexaHn3MEI t'tgeuruQzraquu ltunpoo6:rerron Ha ocHoBe

rrcnoJlE3oBar 4t tuopQoruerpzuecrlx, teoMerpraqecKl'rx, fucroJlor tlecKrrx

xapaKTeprrcrl4K rz:o6paNenru ll xHcrpyMeHToB aAanrI'IBHoi cefMeHTaqllu'

noporonofi Qumrpaqult, o6napyxenu.r ror{eK, JIoKzlJru3aII}It HeHyxHr'lx

Qpam.teuroa, Koropr,Ie cfloco6crBylor onrI.IMIl3aqI4Ir pacno3HaBaHl.It u

rnaccuQuraqur,r r'mxpoo6renror. Pesy:rrrarrr rpeAcraBJIeHEI IIo KpI'ITeprr''rM

KoppeKrr{oro, HeKoppeKTHoIo paclro3HaBaHr{t u rraccuounaquu r,'lut<poo6serror,

KOTOphre flonyqeHbr rlo AaHHblM Me.{r'rrll rcrlrx o6rerroB }l IIBIJIEIIeBBIX 3epeH'

Peuteua :a4a.ra MHoroxpuTepr{alBuofi ontuuu:aqlru srxoguoi Qyuxqlttl

(Gxo,{6r-BErxo,E6I)) MoAeJIIr. flporecrupoeanrr o6o6rqennuii aJlropl'rrM,

crznresupooannsrft c rpexcnofinoft HC, BefiBner - lpeo6pa:oaarrlrev .{o6eruu 5, 8

npra 700 nporealIToBaHHBIx rouxax u:o6paxenun t'lurpoo6:rerron llonyvenlr
pe3ynhrarsl HC XonQlrns4a, Xeuvunra, I(oxouena, .{AlI. B c:ryuae

rpexcrofinofi HC esaul,,ro4eficmue uefipouon BeAerct nocllofiHo. Ha sxoArr

rrocrynaror cIrHaJIr,I no 3 uefiponor, npoxo,qtr IIo cI4HaIrcaM. HC er'tnaer rprl
BLIXOAHbIe CUfHanbI, roropr'te o6pa:yroT BhrxoA CoeMeueHHas NloAerl'

BKrroqaror naparnenbHofi o6pa6omu unQopvaum, HacrpoftKu BBIIII'IcJIIIT eJI6HBIx

cxeM HC, IrHcr MeHTbI HopMaJrI'BaIIfiII, ucno.[b3oBaHlzt feoMerpl{}I

rroJryroHoBoro, 6unapnoro uzo6paxewx, qBerHoro uzo6paxeuut B tpKocrHble

TeKcrypHlle xapaKTepl'IcrrrKl4. E:rarogapr nplrMeHeHllro, Koropbrx noBrllxaerct

ToqHocrL ugenrlrQrzraul{u urarpoo6rexroa ua l2o/o, roropyto He 
''6ecneql'rBaer

Tpa,{Iqr,roHHa.,I Bt.3yu1folg^ag' TexHorof[q. Ycranoaleno, qro MexaHII3M c MtfKuM
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nOpOIOlt{ KOHTpOnt norpeIIIHocTlI
npeAcTaBJreHI{t Jryqlurrx BI.ByaJrbHlrX

IIAEHTI,IOHKAUI{U

xapaKTepI.lcTr.rK

AAET BO3MOXHOCTE

14
410-3

3.10"

2 toj
l.to-r

50 100 150 200 250 300

6)

PNc. 3. Xaparrept-lcrrrKri oqeHKrl KarlecrBa xAeHTIlQurcaquu lr:o6paxeuun'

lla puc. 3 a) nporanmocrpuponanrr rpaQuxu eepotrHocrHot xapaKTepucrLrrJl

1 = n, I N, KoppeKTHoro pacno3HaBaH([ ToqeK Ha lr:o6paNenue rpyAHofr KnerKr'r

c naronoruefi 6onesuu, nocrpoeHHl'Ie B 3aBIlcI-IMocrI'I ToqeK B r'IHTepBaJIe c

IzHTeHcI.tBHocrbIo roqeK lt= lx , .1 -'lucno npaBlrllr'Ho pacno3HaHHr'Tx rolleK B 7

- r.rHTepBaJIe; ni - liucna HeflpaBrrn;Ho pacno3HaHHbIX ro'rex; N, - o6ruee'{ucro

TOr{eK KOHrypa, noAnexarqrle K pacno3HaBaHl.lto 3a BpeMt r. onpeaeneHo,'{To

npv 3ToM, B 3Ha.rl.ITerr,Hofi creneHlr noBr'rlllaerc,E oneparl4BHocrr' II

,qocroBepHocrb oIleHKI4 napaMerpoB I{:y'raelrlx ra:o6paxeulrii vuxpoo6texra'
Ha puc. 3 6) npou:rmocrpllpoBaHbl cIreKrpirJIrHI'Ie xapaKrept4crrrKLl

B rrpocrpaHcrBe RGB, nocrpoenubre B 3aBr{clrMocrrr orrl:o6paxeulu
rrHTeHcr,IBHocrIl rorreK c orpaxeHueM Sona ero uacrefi Jleeal - cnnoumaa nzuax,

cpe1Hs.fl - rxrplTxoBa.,I IrLrHug, rrpaBas - rnrp[x rryHKTlip.uas nvHua Onpe,4e:reuo,

IITO MCXAHU3M NOKA3bIBACT HAIIJIYqI]IYrc TPOI'I3BOAI'ITEJIbHOCTb, IIOAABJI'IOTC'

ToqeK cerMeHTaultfi. 3QSexrllanocrl MexaHH3Ma MHoroKpl.jreprlanlHoa

oIITI{Mr.BaIr{u n4eHrlr(ruraqrau }IccJIe,{oBaHa Ha ocHoBe I{Hc MeEToB ycrrJreHl'It

KoHrpacra, Qopvuporaur'I.r rpaHr'rq KoH pa, rlaccraSlrraquu uzo6paxeuu4 a

TaKx(e AByxMeproro aefia:rer - pasroxeuus, 14 B - crfiafiHa.

llponegeuo 3KcIIepr'IMeHTaJIr,Hoe rrccJle,{oBaHlre 6onrsrrx c ry6eprylcotrl,
npr4 onpeAeJleHr.rrr fpaHrrubl JrerKlrx B CXR - lr:o6paxeHIzsx OueHeHa

tso6paxenu.a, veu

MexaHI.I3M c xecrKI-IM nopofoM, o6ycnoBleHHoro no-f,BreHI'IeM npepbnllcrl'Ix

o6o6rqennoro aJlroparMa, rrccJIeAoBaHHe KOTOpOTO:SQerruauocn o6o6tueHHoro aJlroparMa, B rrccJleAoBaHrie Kotuporo

""noo"ro"urro 
80 r.r:o6paNenui c naroJloruefi JIerKIrx u 50 u:o6paNeuufi 6e:

Iraroflofuu. Iloryuenr'r floporoBlle r'rso6paxenu.a, coaep)TGIII[e naroJlofuro, u

,E fl.Ie JleroqHrre crpyKTypbt, a TaKXe coAepxa ue crpyKTypll 6e: natonorlu

flpoaegenrr pacr{erbl u cpaBHeHI'It a eu4e o6n1ei ToqHocrI'I onpe'4erleuuq u

xraccu$rubqlru rpaHI.IIr JIerKIrx, BcrBr'ITeJIEHocrI.I ra cnequQuvnocru lo
ro:$Qrzquenrau cxoAcrBa, cpeAHero paccrof,HI'I.,I ao KoHTypa'

Cpe.qu.rr rovuocrr rlaccu$urauwr MeAI'tqIrHcKIrx o6texroa cocraB;lter

96%o. Onu6xa rcraccuQuxaqur aHoMaJI6HEIx CXR rl:o6paxeufifi cocraBraer

nosru 4Yo.

4.10j

3 to'
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uMIryJIbcHr,Ie IIOMeXtt, CO aHteTcq qeTKocTB TpaHUIL KOHTpaCTI-rpym II4X

o6GeKToB, 3aMeHterct 3Har{eHr.Ie IiHTeHcItBHocrr'I ToqeK B oKpecrHocrl'I Me'qIraHbI

cneKTpa. CpeAH.st BpeMt, 3arpaqflBaeMarl Ha o6pa6orKy uHoopMarlfiu oAHoro

Hso6po(eHlit cocraBil{er 9,532wxc, a ua 450 r'co6paxenufi cocraBJl.trer noqrLl

42,75 ttxc. Cpegnee apelu, 3arpar{uBaeMat na Qu,rr'rpaqulr fi cerMeIITaIII4Il

oguoro z:o6paxeHl-It cocraBJlter 9,266 t'txc Cpeguee apelu o6yveuu'r HC

cocraBJrrer 0,006 Mrc. MexaHIzsNIbI qpKo nporBlltloT ce6r nprz npzueHenuu HC c

KOHTypHr,rM BeKTOpHBIM KBaETOBaHI',IeM, a raKxe I'IHcrpyMeHToB KOHKypeHIIIIII'

Bbr.{uc.]IeHli{ rayccoBhlx tAep, rIoAaB[eHIrt r'rMnynhcHofr IroMexH I'I uryMa)

coxpaHeHll{ rpaHI.Iq o6ter<ron, ycrpauenru neunSopvaruBHBIX roqeK, BeKTopHot

Me.IuaHHofi Qunrrpaquz, coBMeIIeHI.r{ cAgur, geftsrer - npeo6pa:oaarur

uso6paxenru,
B uereeprofi rnaBe .quccepraullu <<Parpa6orxa rrporpaMMHoro KoMnJIeKca

ugeurlrr[u+aquu, pacno3HaBaHHfl u lc.laccu{xxaquu uuxpoo6lertoe u

arfrfer<runuocrr, ero peaJllt3alr[tl> pa:pa6oran nporpal'aunufr xoun:rerc (IIK)
r.r 4enruQuxaqr.ru, pacno3HaBaHt4t, roraccutpzr<aqr.ru uzxpoo6terror' fIK
rrpoTecrr,rpoBaH Iro ,4aHHBIM 3aAaq CeJreKqIlI{ r4 ceMeHoBo'{cTBa nIXeHfir{HOfO 3epHa

rr nlrarHocrl4Krr 6oneuei, pa:pa6oraH I{ pea -I3oBaH Ha t3r,rKe C++. Pa3pa6oraHbl

npofpaMMHEIe MOAyIU nollyqe]dug, alJallv3a' noAcqera, pacno3HaBaHr'r{,

x:racc"Suraqu" uzo6paxeuufi' vzrcpoo6r,erroa ru rnreprfeiic lIK. Ha pllc 4

flporrnJrrocrpl.IpoBaHa MoAynBHat crpyKfypa fIK I'r4eurzQuraquz,

pacno3HaBaHlrt, Kr accu$ut<a4uu uzo6paNeuul rlltrpoo6:rer<roe.

AuarpaMMy rraccos fIK coorBercrByror onr4canrq Irepapxlrl xnaccos B

nlrarpaMMe ,4aH6I HAnBaHIlt KjraccoB, yKa3aHEI IrCnOJIb3yeMBIe repeMeHHEIe UX

Tun6I, Mero.4bI o6lextoe a K,tacce-

Vctasonreso cJIeAyIouIue nperrMylrlecrBa lIK, Koropl'rfr npoeKTllpyer

o6nacrr noucxa oIITI'IMyMa c venruefi pir:MepHocrBrc' flpra:rov, coxpaH{erct

Tononofltfi cerr.r c MeHbuefi ouru6rofi annpoKclrMaul{}1, BMecre ((nolllry'IHot'

o6pa6orrrz o6pa:qoa npxMeHterct no BeKTopHoe r{x npeacraBJleHl'Ie, HyxHat

KoppeKTIrpoBKa AaHHlrx nocJre o6pa6orxu Kaxnoro o6pa3ua n:o6paNenua

npor.r3BoAlrrct B ceHcopHoe nole. flonoNurenurrre cnoficrsa fIK aocrrfalorct 3a

cqer rrrnoBblx I.IHcrpyMeIrroB u,qesru$uraqllu: rpexcnoiinoft HC cosvecrHo c

,4I.IHaMIrqeCKI4MI.I MOAeJI'MTZ; CO I'IHCTpyMeHTaMIT Brr3yaJIEHOl-o CJTeXeHI{q

cMerqeHlrt roqeK; peAyKIlI4[ uuc'la neuuQopvaruBl{Blx, lIoKaJIEHbIx npI'BHaKoB,

TOqeK Ha KOHType; ycTpaHeHrrrr oKKnlo3rrr4, lIryMa; cMa3H TOqeK, C,ABufOB H,4pyfilx

4e{rerror, a raKxe np}r BH,{eJIeHrrrr rpaHr'rq, cHHXeHrrn Brllrsr:r4fi cocraBHblx

Qparrueuron, ocBeIIeHHrr v reHLI ro'rex, Qulrrpaqlrlr, KoHTpoJIt rorpe[rHocrrl.

Ha puc. 5 a), 6) IIoKa3aHhr rpaQuxn rpyurquoua:ra E(x,y), roropue

nocrpoeHrl npu A3MeHeHr.rlI ToqeK Ha KoHrype flo ocu OX u OY c B -

pa3pexeHHocr6rc a) 36 x36; b) 64 x 64. fpaSuxu ronyqeHr,I, npu ycnoBr,tx: l,
KorAa l?=0,5' 2, r:tlilra B=I,5t 3, roraa p=2,5; 4, xorla p=J,J; J, v$ga

B=4.5.
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rrpTyaJr6Hbre cnaiiaEr t3o6paxeHt'It M[(poo6r,eKToB

ME.qEIIIECKITX O66E(TOB, MIIKPOqACTIiU, II6IJIbIICB6IX

3epelr Ir ap
MrtrpocI<orrEr L

,{pyDre cpelcrBa

Arranu3 xapaxTep[crlr< u:o6paNeulr.e
Mri(poo6!e(ToB

O6pa6otca a:o6paNenrzr - Qullrpa{ru,
[peo6pa3oB:lnllt, KoI{TponE rlolperllllocrll,

o6pa6orra an{opuauur

I43Bne-reHEe xapa(Tepl-IcrtK I€6EIToqEhrx

clpyKTyprrbrx cocraBntloul{x l-Bo6paxeq[t

I4AeETT.IQIzKaII[t, pacrlo3llaBalrlle II
KJracc!rdruKaudx u306pa)I(eHut Ml'lr(poo6!emoB 1l

ero Spanuearon

Corl,rerqeuue arzuavuqec(tx r-r HC Mo,4enefi,

r-rEcTp)a{eHToB orITIrMrr3aUItIl AAeIlTIjibi-IKaIIrIll
IfiO6pEDKeHIlt

BA p$yr6raroB CIIETe3 nHcrp]a{eEToB I-IIeIrrE(bI&aqwz,
pacrro3rraBaE[t Ir (Iaccl{lbl'r(aql7l1l I{3o6paxeEllt

MAkpoo6r,eKToB

BrByanr.Ballut p*yr6TaroB 3a,qaq I' rptulrut
peIlIenuii

6020

Puc. 4. Mogy,'nnas crpylrrypa IIK.
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3a cver npuuenenu.r fIK ypoeeur aBToMarrtalrl4lt o6pa6omu ranQopMauzz

roBbluaerc.ri He MgHee 1'0yo, no cpaBHeHl4lo Tpa.qaqxoHHo[ TeXHOJIO|UU

llccreaoeaHue npoBe.4eHo no KplrreplrtM Po -,4ocrorePuocrr pacIlo3HaBaHI'It u

ruraccuQlrr<aquu vurpoo6:aenron, Pou - BeposrHocrb ouru6ovuoro pacno3HaBaHrA

u x:raccu$rn<aquu, PrlPoa - Ko5QOuIrIleHra BbrI'IrpEIIxa; 7,C- xoeQQuqueurrr

Tpy,4oeMKocrrr r{ cror,rlrocru o6pa6orr<u un$opuaqzu.
B ra6:r.1 npllBe.qeHbl p$ynhrarbl onrl'tMlr:auult AocroBepHocrl4

pacno3HaBar r.l u r;raccuQura{ull MItKpoo6beKToB Ha ocuoBe pa3nuqHblx

rrHcrpyMeHroB, Irc[onr,3ylo rie xapamepllcruru u:o6paxeuufi .

Ycranoeneno, vro npr-r cpe4nefi Bepotrrrocrl'l orulr6or 104-10-5 3Haqenue

BpeMeHHbIx 3arpar Ha lloBbrureHue AocroBepHocrrr pacro3HaBaHl4.{ KOJIJTeKUI{}I rr3

100 u:o6paxenufi nruxpoo6:rerroB coKpanraerct 'qo l,l qaca, 3HatleHlre

roeQQuqueura B;Il{tprrrla yBeJlrzql.IBaerct B 3-5 pa3a, xosQ$uurzenrrr

rpy,4odurocrr,r o6pa6orxlt unQopuaql'IH yMeHEIxz orct 5-6 pa3a.

Puc. 6. Ilpou:noarlr:e,ttnocrr IIK g cpeae napaJrne,'rl,Hblx Br'r'll-rc,'IeHtlt.

IloguueHue roqHocrv I.IAeHTu0r,rKarrI4u MeAI'IqI'IHcKIlx uurpoo6:rexroa
o[opH6IX TOqeK

zso6paxeuufi
Mr.rKpoqacrur-t rIyTeM yAaJIeHut rl3ollllpoBaHHr,Ix ToqeK;' yToJIIIeHrre KoHTypa

uso6paxenui Ml{Kpoqacrzrl o6beKTa nyreM yaareHl'It BHyrpeHHvx rorreK;

onpeaeneHlle cBt3aHHBte o6lacru u:o6paxeHfiJ{ Mr'rKpoqacrllq Ha ocHoBe

3HatIeHI,rt qpKocrl.I Torrex. Korga pa:uep I-Bo6paxeHut yBenllquBaerc-fl, KaK

c
50

40
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20

l0
50403020

aocTrrfnroTct npl{ cneAylolq}Ix onepaqlltx: Hapalul4BaHrre q}IcJIa

no npeo6:raganun B oKpecrHocru Soua o6T erta; cNarrle

Ta6nlIla 1

Ns
Xaparrepr,rcrraru

onTI4MlI3aquI4

3uaveulur rpurepuen :QSerrlmxocru
fI p /p- I'' AUI T C

t Ctarurcrltqecrue 12.10r 0,35.10-' 6-7 3-4

2 ,Illtra\az.recxge , '14.I O-5 0.62.10'r 8-9 3-4

3 MopSouerpuuecxze 10'5 0.3.10-' 10-12 )-/
4 feoMerpHqecKr.te 1.5.10-6 0,44.10-2 10- 13 8-9

5 9acrorno- cneKTpan6HEIe 1,3.10' 0.3 10-'? l3-15 l0-12
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4000 x 2000, ror,{a flpolr3BoAllreJrbHocr; fIK, r'e. cKopocrr' o6pa6orrlt

I{: roroporo 19Yo pulJanJle)KvruuQopr\aaquu yBeJrl{qlrBaerc.fi ao 24 Yo 143 Koropofo I v"/o [puHa'4Jre)ru4r

"n""pyt.ttry 
npeo6pa:oeanur IBo6pD(eHIat B npocrpaHcrBax RGB u HSV g

24 %.

cpeAe napanJleJlbHrrx gsl'ttrclesufi uarera <<CUDA>. Ha puc. 6 rpe.{craBileHbr

rpa$uxu npou:no,ElrrelrbHocrll fIK C, 4ocruruyrEle B cpeAe napaJIJIeJIEHbIx

uitt""n"n"fi (CI-IDA). fpaQur co cnnotlttofi rIuHHr'r, coorBercrryer CPU RGB;

rpaQux co nrplixoBofi ruulleft, coorBerc yer GPU RGB0; rpaQux co rnrpllx
uynxrlrpnoi rI,IHI.rei, coorBercreyer GPURGB, Koroprre cJIITJIIIcE B oArrH'

Vcraaosreuo, qro npfi nepuolr na6ope rorreK pacno3HaBaHrle MlrKpoqacrllu

npor.r3BoAHTct c AocroBepHocrEro lo 74%o, a Bo BTopoM ua6ope no 8716, z

rperr,ew na6ope go 860%, uerneprou ua6ope ,qo 840%.

3AKJIIOI{EHI{E

Pe:y:rprarrr,4l-IccepralllloHHofo lrccJleaoBaHlrt rlo reMe: <<MerorsI

onrHMri3arIHL [aeHTxO[KauIru uNxpoo6lexron Ha ocnoBe cBoficrB

us6rrroqsrrx crpyKTypHblx cocraBrsrcul[x lr:o6paxenxfi>> cBo,4{Tct K
cn e.Eylo ulx v ocHoBH6IM BblBO,IaM.

1. Pa:pa6oranr'r KoHcTpyKTHBHEIe rroAxoAEI, rlpI'IHIII'InbI, MexaHA3MbI lI

ug6mognrrx crpyK pHbIX cocraBJltroulTx
TAKXE CTATIICTIJqCCKIIX,,4IZHAMIIqECKIIX,

uopQouerpuuecxux, reoMerpt4qecKr'Ix

cpegcra rqenrr$r{Kaulrl4, pacno3lr aBaHrrr. rr xnaccuSraxaqr'ru l''rllxpoo6ter<ron,

HanpaBJIeHHbIX Ha I4CnOJIb3OBaHrlrr

u:o6paxenru uurpoo6:rerror, a

TeKCTypHbrX, rurcTofpaMMHBIX,

xapaKTepl4 crl-rK, MeroAolorulf, Korophrx oqeHr' Bocrpe6oaanr'r npu peureHufi 3anaq

CIICTeM lraflrrHoJlofl{}1, oxpaHr'I oKpyxarcqet cpeAr'I, 3KoJrof u' MeAnqIrHI'I'

ropnofi ao6rtul 14 B,[pyrr4x o6racrtx jHaH i.
2. flpe4noxena Meroal4Ka oLIeHKI'I norpelxHocrr'I npu lrgeuruQuraquu,

Qlusrpaqlru, npeo6pa:on uu uzo6paxetun flo:ryrenr'r o6qee u qacrHBle

peueHxr 3a.aaq KoHTpo,'tg no nopofaM ,&o[ycrl4Mbrx 3HaqeH[t. npupau]eHl]fr'

norperrHocrll rraogenei npegcrasaHtii To'{eK KoHTypa, a raKxe I{cnolb3oBaHus

"t"ipyr"ntot 
ne:tuueiinoro, croxacrl'IqecKolo nolrcxa, Koropble cuoco6creyer

AocruxeHrdo BrlcoKoii To'IHocru u.{enrutplrxaqult luarpoo6T,ertog

3. Paspa6oraurr o6o6rIIeHHBIe alrroplzrMrl, coBMeIraeMBIe c HC

AuHaMuqecKfix MoAe]Ieft, I.IHcrpyMeHTaMI'I Br'IAeJIeHItI cBofrcrB L xapaKTepl4crl'IK

rz:o6paNenlu, cerMeHTauI4I-I, yaureurll HeoAHopoAHBx vacrutJ, uryMa' cMa3Lr

roqeK, c,4BI,rroB r.r Apyrrlx 4eQerroa. Ycranoa:reno, qro npo.{BJrtlorct Br'IcoKat

edr errr.renocrr rIHcrpyMeHToB, rrcnoJlb3yrorulTx alfoplrrMoB BexToplrofo

KBaHToBaHItt, KoHKypeHqzI{, rayccoBblx f,Aep, ycrpaHeHllt rallrrylrcnoii nouexn,

IxyMa, coxpaHeHu-{ fpaHv II, a rarc(e BefiBner - npeo6pa:oeanu.r'

4. flpoee,qeua oIITI{Mr.BaIrIi.f, lr4euruQllrauuu uuxpoo6rerron Ha ocHoBe

cI.IHTe3a lIHcrpyMeHToB BBIAeJIeHH-I ceofictg u xapaKTeprrcrl'IK uzo6paxeuux,

KoHTpacrxpoBaHlrt, cerMeHTaII rr, 6uuapuzaguu, arrrpoxcllMallull roqeK,

cJIexeHIlIo 3a cMeIIIeHI'IeM B CKOJIB3qUIeM (OKHe) oflpe,qeneHo, rITo npu sro\a fIK
rpKo nporBn.ser BlrcoKyn ,4ocroBepHocr; pacfio3HaBaHtf, u r.naccu$urcaguu u

TOqHOCTI.I I.rAeHTUq)IIKaUHI.I I.r3oopaxeHr'rf, .
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5. Pea,rz:ogan IIK, ero dlynxqzdualbHhre MoryJrlz 3OOeKTrrBHocTb, Kolop;rx
IrpoTecTlrpoBaHbr llpu peueHHII 3aAaq Ha OCHdBe aHa]rr'I3a IIbIJIT'qeBEIX 3epeH:

ceJreKrlnrr a ceMeHoBoAcrBo 3epHoBblx Kyllbryp; rlccJleAor,anus, za6oresaHuir

rpax,qaH anJlepmeii, :arp.a:nenrocru arvocQeplr perlroHa, Il:yqeHzl 6o:tssux c
naroroflrefi Ty6epKylsa 

'IerKl4x; 
oIIeHKe IzHfpe,4]IeHTHOro coCTaBa ITTUIeBBIX

npo,4yKToB, Pero\,renAosaHo npuMeHeHlle fIK e panuvurrx ob:racrxx rnanufr,

roropui no:ao:rxer noBbIcI.lTB To'{HOcrB ugeurutfuxaqlru lo 98'3Y;.' cKopocrl'I

o6pa6orru ran$opvaqur-r 2 paza, AocToBepHocrl4 pacno3llaBaHl'It Lr

rnaccuQuraqun urzxpoo6:re os or l9yo A6 24yo' yMeHr'rrntrB 3HaqeHlrt

ro:sQuuuenron rpy,qoeMKocrl4 o6pa6orxlr uu{opuaquu 3-5 pa3a, a

MarepI{aJIbHLIe 3arp arll ua 20Y0,
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INTRODUCTION (abstract of PhD dissertation)

The aim of the research work. Development of methods for optimal

identification, recognition, and classification of micro-objects based on the use of
properties and characteristics of the structural components of the image of micro-

obiects.
The object of ihe research work are image processing processes - pollen'

microscopic objects, medical objects of systems of palynology, ecology, grain

selection, diagnosis of Patients
The scientific novelty of the research work is as follows:
models and algorithms for optimal identification of micro-objects have been

developed, using thi properties of redundant structural components of the image'

based on statistical, dynamic, morphomeftic, geometric, histological, frequency

and spectral characteristics ofpoints on the image contour;

mechanisms for identifiing micro-objects have been developed, focused on

the use of tools based on point, nonJinear checks of the correspondence of the

input and reference contours of the image, segmentation, reduction of redundant

ooints. reduction ofthe raster dimension, scaling and multi-level control;' 
mechanisms for identiffing images of micro-objects have been developed

based on the synthesis of tools for adequate description, setting up variable hybrid

models, using statistical, correlation, logical connections, the dynamics of a

sequence ofpoints, as well as neural networks ofvarious architectures;
^ 

mechanisms for identiffing micro-objects have been developed based on tools

for filtering defective points using Gaussian filters, medians based on hard and soft

thresholdslas well as tools for monitoring the boundaries of acceptable values of
contour point erors, increments, e apolation errors, and determining the

brightness of image contour points.

Implementaiion of the research results. Based on the scientific results

obtainei in the framework of the dissertation research on the topic "Methods for

optimizing the identification of micro-objects based on the propefiies of redundant

structural components of images":
point and nonlinear verification of the correspondence of the contours of the

inpuf and reference images, segmentation, reduction of zero points, reduction of
thi raster dimension, scaling, multi-level control of points, the implemented

software was used at the Research Institute of Dry Farming in Gallaaral to solve

the problems of "Breeding and Seed Production of Grain" (cerlificate No 33-8 /
341i dated May 23,2024: Ihe lr/rinistry of Digital Technologies ofthe Republic of
Uzbekistan). As a result, the developed software increased the reliability of
recognition and classification of microparticles from 84%o to 87yo, 

^nd 
the labor

intensity of information processing was reduced by 3-4 times;

using tools for using statistical, correlation, logical, morphological

characteriitics, connections ofpoints, their dynamics, distodion of information and

error control, the developed software was used to solve problens when calculating

the ingredient composition of food products in the "Services for Sanitary and

Epidemiological Welfare and Public Health" of Jizzakh (certificate No. 33-8 13411

39



dated May 23, 2024, the Ministry of Digital Technologies of the Repr'rflic of
Uzbekistan). As a result, the developed software increased the reliability of
recognition and classification of microparticles from 84o/o to 87%o, and the labor

intensity and cost of information processing were reduoed by 3-4 times;

tools for adequate description, variable settings, enor control at the

boundaries of permissible values of contour points, increments, extrapolation and

hltering, as well as forecasting technical and economic indicators of the activities

of the Samarkand branch ofU ektelecom (certificate No 33-8 13411 dated May

23 , 2024,+he Mifistry of Digital Technologies ofthe Republic ofuzbekistar). The

software tool made it possible to increase the identification accuracy to 98'3yo,

increase the speed of information processing by 2 times, and the reliability of
recognition and classification ofmicro-objects by 19%.

Structure and volume of the dissertation. The dissertation consists of an

introduction, four chapters, a conclusion, the list of used reference and appendix'

The volude ofthe dissedation 1 I 1 pages.
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