ning samaradorligini oshirishda, o‘quvchilarning ehtiyoj-
lariga moslashishda va ta’lim resurslarini yanada sifatli va
innovatsion qilishda muhim ro‘l o‘ynaydi. Sun’iy intellekt
imkoniyatlari ta’lim sohasida shaxsiylashtirish, interaktivlik
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va avtomatik tahlil kabi afzalliklarni taqdim etib, ta’lim
tizimini yangi bosgichga olib chigishga yordam beradi.
Kelajakda bu texnologiyalar yanada rivojlanib, ta’lim
sohasini yanada zamonaviy va shaxsiylashtirilgan giladi.
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REZYUME. Ushbu maqolada elektron o‘quv metodik ta’minotlarni yaratishda sun’iy intellektning imkoniyatlari va foydalanish
usullari tahlil qilindi. Shu bilan birga, bu texnologiyalarning ta’limdagi o‘rni, afzalliklari va kelajakdagi rivojlanish yo*nalishlari hagida
ma’lumotlar berildi.

PE3IOME. B nanHo# cTaTbe aHAIM3UPYIOTCS BOBMOKHOCTH U METO/Ibl UCTOIb30BAHUS HCKYCCTBEHHOTO MHTEJUIEKTA IPU CO3AaHUU
METOOJIOTHI 3JIEKTPOHHOTO 00ydeHus. BmecTe ¢ TeM, Oputa mpeacTaBiieHa HHGOPMALUS O POJIM 3TUX TEXHOJIOTHHA B 00pa30BaHUH, HX
NpeUMyIIeCTBax U 6y£[yHII/IX HalpaBJICHUAX Pa3BUTHUA.

SUMMARY. This paper is analyzed the possibilities and methods of use of artificial intelligence in the creation of e-learning
methodologies. At the same time, information was provided on the role of these technologies in education, their advantages and future
development directions.
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Kirisiw. Dunyada yarimoétkizgishler fizikasi tarawinda
aktual jonelislerden biri retinde kremniydi teren
energetikaliq gaddilerdi payda etiwshi kirispe atomlari
menen legirlep, onin tiykargi parametrlerin 6zgertiw arqali
jana turdegi materiallar aliw ham alingan jana materiallar
tiykarinda tarli fizikaliq shamalardi 6lsheytugin datchikler
jaratiw maselelerine ayrigsha dhmiyet berilip atir. Hazirgi
kande rawajlangan mamleketlerde kirispe atomlari menen
legirlengen kremniydin tenzo qasiyetlerin har tarepleme
izertlew ulken ilimiy ham ameliy dhmiyetke iye bolip,
tupten jana, jida sezgir, juda kishi 6lshemli datchikler ham
mexanikaliq deformaciyalardi 6lshewshi qurilmalard: islep
shigiwga ayrigsha itibar qaratilip atir.

Adebiy sholiw. Turli duzilis ham qasiyetlerge iye
datchiklerdin rawajlaniwi basqariw sistemalarin
avtomatlastiriw, tarli texnologiyaliq processlerdi baqlaw
menen baylanisli. Bul datchiklerdi jarattw boymsha alip
barilip atirgan izertlewler tiykargi parametrlerin (sezgirlikti,
siziqlihqti, turagqliliqti, ekonomikaliq natiyjelilikti asiriw,
islew waqti, 6lshew asbaplarinin 6lshemlerin kishireytiw)
jagsilawga qaratilgan. Bul jumista basim tasirinde
yarimotkizgish strukturalarindagi deformaciyaliq effektlerdi
izertlew jumislarina adebiy sholiw islengen.
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Suwret 1. Qadagan etilgen zona kenliginin
basimga baylanislilig.
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Suwret 2. Zaryad tasitwshilardin konsentraciyasi
basimga baylan:sl: bol:p, bul basim <100> hdm <111>
kristallografikaliq bagdarlarinda tasir etedi.

Qadagan etilgen zona kenliginin basimga baylanislilig
hamde zaryad tasiwshilardin konsentraciyasinin basimga
baylanisligi izertlenlengen (1 ham 2-sawretler) [1:1].

Aniglangan teoriyaliq baylanislar  yarimotkizgish
strukturalarimin elektrofizikaliq parametrlerine tasirin xa-

rakterleydi. Bunday baylanislardan paydalanip, basim
tasirinde yarimotkizgish asbaplardi modellestiriw mimkin.
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Suwret 3. Basimga baylamish qasiyetler: 295 K de
seramin elektr qarsihigr (ulgi 1 (a)), ham 305 K de seranin
termootkiziwshenligi (ulgi 2 (b)).

Birinshi marte seranin termootkiziwshenligi haAm magnit
qarsiligi ~40 GPa ga shekem bolgan juda jogari basimda
olshengen. Termodtkiziwshenliktin basimga baylanislilig
arqali qadagan etilgen zona kenligi 6zgeriwi aniqlangan.
P~30 GPa dagi seranin magnit qarsiligi geweklerdin tomen
hareketshenligin korsetedi ham elektron spektrinda tikkeley
minimal bosliq iyelewi uyrenilgen [2:590].

Olshew indentaciyas1 usilmin kristall materiallarda,
musali, kremniyde strukturaliq fazaliq otiwlerdi uyreniw
ushin perspektivali ekenligi  korip shigilgan [3:17].
Kremniydin turli kristallografikaliq bagdarlar1 ham legirlew
darejesine iye tulgileri, Verkovich piramida koérinisindegi
almaz indentor1 menen juklew procesinde uyrenilgen.
Elektron parametrleri ushin indentor materiali retinde bor
menen legirlengen yarimoétkizgish monokristall almaz
isletilgen. Kremniyde strukturaliq 6zgerislerdi tastiyigqlaw
ushin Raman spektroskopiya usili qollanilgan. Toktin
ozgeriwi indentor hdm material arasindagi 6z-ara tasirler
haqqinda qosimsha magliwmatlard: beredi.

maksimal
qusiliw
maydani

Suwret 4. (a) - basim beriliw iymek sizigimin korinisi
ham (b) indentordin material maydant menen kontakt
diagrammast.

Material ham piramidal indentor arasindagir kontakt
zonasinda basim bdlistiriwi 4-a suwrette korsetilgen.
Suwrette korinip turganinday, kontakt basimi indentornin
material maydanina tiyip turgan jerinde maksimal maniske
iye boladi [4:506].

Kernew indentor tasir etip atirgan jerinin orayimnda ham
bet maydaniman malim bir shuqirliqta maksimal maniske
iye. Kash ham indentordin hareket signallari, kontakt
zonasinan agip otip atirgan tok kushin 6lshew arqali amelge
asirilgan.
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Suwret 5. KDB—7.5 ulgisi ush:n kish-hdreket baylan:s:.

5-stwretde KDB —7.5 tlgisi ushin kash-hareket iymek
siziglar1 korsetilgen. Deformaciyanin 6zgerisi monotonl
bolmawin baglaw muamkin, bul indentordin kash beriliw
processinde “tasiw” ham kuashti alip taslaganda “koteriliw”
menen payda boladi, bul kash-hareket iymek sizig1 kashtin
az shamadagi qademler menen 6zgerisinde korinedi [5:23].
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Suwret 6. Temperatural: baylan:s. erkin tenzorezistor
(1) ham membranaga bekkemlengen (2) tenzorezistord:s
salistirmal: garsiliq 6zgeriwi.
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Suwret 7. Si tiykarindag: datchiktin qasiyetlerindegi
anigsizlig ham élshew sxemasinizi basimga baylanislilig:.
7-stwrette janadan islep shigilgan datchiklerden birinin
salistirmali gasiyetlerinin basimga baylanisliligi keltirilgen.
Sawrette, bul baylamstin tuwri sizig penen sahistirganda
ulken pargti kériwimiz mumkin. Qisthw deformaciyasinin
ozgerisi shama menen 14+1.5 % ham sozihw
deformaciyasinin ézgerisi -1.0+1.1 % ti qurayd: [6:3].
Ozbekstanli alimlar tarepinen bir neshshe ilimiy
maqalalarda yarimotkizgish materiallard1 kirispe atomlari
menen legirlep, olardin tenzo qasiyetlerin izertlegenligin
koriwimiz mamkin [7:23, 8:407, 9:30, 10:62, 11:19, 12:45].
Juwmaqg. Juwmaglap aytatugin bolsaq kremniydin
kristall reshyotkas: qasiyetlerin tikkeley ozgeriwine alip
keliwshi, kirispe atomlart menen legirlew tiykarinda
sezgirligi joqart bolgan datchiklerdi jarattw ushin jana
materiallardi aliw texnologiyasin islep shigiw boyinsha
belgili bir natiyjelerge erisilmekte. Somii menen birge
fizikaliq parametrleri bir waqittin 6zinde bir neshshe
tardegi  sirtqr  tasirlerge salistirganda  joqart  sezgir
materiallardi aliwga bolgan mutajlilik artip barmaqta. Sol
sebepli kirispe atomlar1 menen legirlengen kremniydin
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elektrofizikaliq qgasiyetlerine basim tasirin uyreniw aktual fotoelektriklik ham optikaliq gasiyetlerge iye bolgan jana
esaplanadi. Ust joneliste mikro hadm nanoelektronika  yarimoétkizgishli materiallar ham datchiklerdi jaratiw zarar
qurilmalarin islep shigariw ushin zarar elektrofizikaliq,  ilimiy ahmiyetke iye esaplanadi.
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REZYUME. Ushbu maqolada yarimo‘tkazgichlarning tenzosezgirlik xususiyatlari va ularning kirishma atomlari bilan legirlangan
holatdagi o‘zgarishlari tadqiq qilingan. Tadqiqot ishida yuqori harorat va mexanik deformatsiyaga ega bo‘lgan tashqi ta’sirlar, kremniy
materiallarning elektrofizik parametrlari va tenzoelektrik Xususiyatlariga ta’siri o‘rganilgan. Xususan, kremniy va uning kirishma
atomlari bilan legirlangan namunalarining elektr garshiligi, magnit garshiligi va termo-o‘zgaruvchanligi kabi fizik parametrlarining
bosimga bog‘liq o‘zgarishi ko‘rsatilgan. Yangi yarimo‘tkazgich materiallar va datchiklar yaratish uchun ushbu xususiyatlarining
o‘rganilishi katta ilmiy va amaliy ahamiyatga ega. Tadqiqot natijalari mikro va nanoelektronika sohasida yuqori sezgir datchiklar ishlab
chigarishda muhim ilmiy ahamiyat kasb etadi.

PE3IOME. B nanHOi1 cTaThe MCCIICTOBAHBl TEH30UyBCTBUTEIBHBIE CBOMCTBA TONYIPOBOIHIKOB U UX U3MECHEHHS B JETHPOBAHHOM
COCTOSIHUM aTOMaMH HpUMecH. B xone mcciienoBaHMsl M3ydeHO BIMSHHE BHENIHHX (aKTOPOB, TAaKMX KakK JaBJICHHE, TeMIeparypa |
MexaHn4ueckas qedopMarys, Ha NeKTPOPH3NIECcKre TapaMeTpsl U TEH303JIEKTPUIECKHe CBOHCTBA KPEMHHEBBIX MaTepHaloB. B qacTHo-
CTH, NIOKA3aHO M3MEHEHHE B 3aBHCHMOCTHU OT JABJICHUS (HH3MIECKUX IapaMeTPOB, TAKMX KaK IEKTPHYECKOE CONPOTHBICHHE, MArHUT-
HOE COIPOTHBIECHHE U TEIUIONPOBOAHOCTh KPEMHHUS U 00pasIoB, JISTHPOBAHHBIX aTOMaMH JIeTHpyonel mpuMecu. MccnenoBanne 3tux
CBOMCTB MMeeT OOJIbIIOE HAydyHOEe M NPAKTHYECKOe 3HAuYeHHe ISl CO3JaHWs HOBBIX IOJYIPOBOIHUKOBBIX MaTEpPHAJIOB M CEHCOPOB.
Pe3ynbTaTs! HCCie[OBaHMS SBISIOTCS BXKHBIM IIIATOM B Pa3pabOTKe BBICOKOTYBCTBHTEIBHBIX CEHCOPOB B 00JIACTH MHUKPO- ¥ HAHOJIEK-
TPOHHUKH.

SUMMARY. This article studies the strain-sensitive properties of semiconductors and their changes in the doped state with impurity
atoms. The study examines the influence of external factors such as pressure, temperature and mechanical deformation on the electro-
physical parameters and strain-sensitive properties of silicon materials. In particular, it shows the change in the physical parameters such
as electrical resistance, magnetic resistance and thermal conductivity of silicon and samples doped with dopant atoms depending on pres-
sure. The study of these properties is of great scientific and practical importance for the creation of new semiconductor materials and
sensors. The results of the study are an important step in the development of highly sensitive sensors in the field of micro- and nanoelec-
tronics.
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BBenenmne. [l oOecriedeHHs BBICOKOTO KadecTBa  BHYTPEHHIOID MOJIENb, TOAXOMAIIYIO JUIs 000O0IIeHus

TEKCTa Ha €CTECTBEHHOM S3bIKE HEOOXOIMMO BBIIONHATH  PE3yNbTaTa, M CHHTE3HMPOBAThH OTBET HA ECTECTBEHHOM
TIOJIHBIE TIPOLIECCHl aHalu3a NMpH ero obpadortke. OmHako — s3blke. B 1eoM, B JaHHOW CTaThe paccMaTpHBAeTCs
TPYAHOCTH, BOSHHUKAIONIUE NIPH CO3AAHUHM TAKOTO aHAJIMW3a, CHCTEMa aHalnW3a TEKCTa, BKIIOYAIONas IPOTpaMMy
3aKJII0YAI0TCA B TOM, YTO Ha mpaktuke a0 cux mop He UZMORF ¢ momymamu «Opdorpaduueckuii aHamms» u
peanM3oBaHBl  Bce  pa3paboTaHHble — TeopeTHdyeckue  «I'paMMaTH4ecKoe pelaKTHPOBAHHE).
nosioxkeHrss. OCHOBHBIE TIPOOJIEMBI 3/I€Ch 3aKITIOYAIOTCS B [Iporpamma UZMORF MpeIHA3HAYECHA JUTS
CIO)KHOCTH aHaJM3a TEKCTa W CO3JaHHU CHCTEMBI, AaBTOMATHYECKOIl 00pabOTKM TEKCTOB Ha y30€KCKOM S3BIKE.
CHOCOOHOW MOJENMpOBaTh CTPYKTYpY MHPOBHIX s3blkOB. OHa  aHanmmsupyer — y30ekckue  clioBa W HX
Cuctema aHaimu3a TEKCTa JOJDKHA yMETh AaHAIM3HPOBATH  MOPQOJIOTHYECKYIO CTPYKTYpPY, IOMOTasl MOATOTOBHTH WX
BBOAWMBIA MOJB30BATENEM TEKCT C€ TOYKM 3peHus i1 oOpaboTkm Ha KommbloTepax. [IpuHIMOBI PabOTHI
CHHTaKcuca (CTpyKTypa IpeioXeHui), cemanTukun  nporpamMmel UZMORF cnenyrommue:
(ucrionmp3yeMble B TEKCT€ MOHATHS) W TparMaTHKH Cnosa u ux mopgonocuneckas cmpykmypa: UZMORF
(KOppeKTHOCTh MpUMEHEHUs MoHATHH) [2]. Hama cucrema  ompezemnsieT MOPQOIOTHIECKYIO CTPYKTYPY KakKJOTO CIIOBa
o0nasaeT BO3MOXHOCTSIMM OOHApy»XECHHUsI M HCIpPAaBICHHS B y30€KCKOM S3bIKE. DTH JJaHHBIC BKIIOYAIOT HHPOPMALHIO
opdorpadpuuecknx  OommOOK B  TEKCTe, BBOJWMOM O YacTH PEUYH CJIOBa, €ro pojle U (hopme, CBSI3aHHOU C €ro
mojb3oBaTeneM. Jlis 3Toro cucreMa JODKHA CO34aTh  YHOTpPEOIEHHEM.
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