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Ep octm cyBnapwHM IIaKJUIAHTHUPHUII Ba HIUIATHII
Oyiinya TaJAKMKOTIAp KaThbUIMac TyIUlamjap Ha3apHscu Ba
CYHBUH HEHWpOH TapMOKJIapy TaMONWIIAPHHHUHI OKHUJIOHA
KOMOMHAIMACUTa aCOCNIaHTaH EHAANIYBHU TAaKIH( KHJIaau,
SBHH THOpHI HEWpoH TapMmokmapu Fuzzy Logic
Toolbox(FLT) mactypuit myxutuma camapaid TaTOUK
STHITaH Ba ¥3-Y3WHU YpraHumra Koaup. YOy TH3uMIIap
BaKT cepusulapu OWIaH HWIUTaiiaum, Oy epaa Mabiym Oup
XaTTU-Xapakariaap Jkapa€HW BaKT cepusicura KaiTa
TUKJIAHAJN Ba KEHWH BaKT CEPHSICHHHMHI XaTTH-XapaKaTH
HEHpOH TapMOK TOMOHMJIaH OamopaT KuianHagu [1].

BakTuHYanuMK KATODHUHI YMyMHMH TEHIEHUUSIApU
Oy¥inda MabIyMOTIApHU MHTEPIIOSAINS KNI, SKCTPAIo-
JAIUA KWL, ITYHUHIAEK, €TUIIMA&TraH MabIyMOTJIapHU
XHco0ra oJMac/iaH MabJIyMOTJIAPHH acOCCH3 KUCKAPTUPHIII
acocuJa MabIyMOTJapHH KaiTa HIUIAll YCyJUIapuIaH
¢dolianaHul BaKT CEPHACHHHMHI NacTa0KW TY3WIUILIUHA
Oysamu. lly cababmu, OyHnmail mapouTiapja MabIyMOT-
JapHM KaiTa MIUTAITHWHT UCTUKOOJUIM YCYIH KaTbHUIIMac
TyIulaMid €HJAIIYB Ba CYHbUH HEUPOH TapMOKJIAPHMHT,
span Fuzzy Logic Toolbox(FLT) mactypuit myxutuia
camMapajd aMaira OLIMPWIraH THOpHI HEHPOH TapMOK-
JIApUHUHT OKWJIOHa KOMOMHAIMSICUTa aCOCIIaHTaH EHIAIIyB
6ynmu6, ernmmMaérraH MabIyMOTIApHU KalTa THKJIAIITa
épaam Gepamu. ByryHru kyHra kenm0, HEMpOH TapMOKIap-
JnaH (olJanaHUIITra acocllaHraH aJalTHUB KaTbUiMac
TU3UMJIAp Ba TH3UMIuApAaH (QolgaiaHum  ¥3-Y3UHU
ypranumra Koaup OynraH SHr Mamxyp EHAaIryBiapAaH
Ooupuanp. Yoy TU3UMIIAD BaKT Ceprisuiapy OWJIaH WIjai-
i, Oy epia MabJiyM OUp XaTTH-XapakaTiap apaéHU BakT
cepusicura KailTa THKJIaHaIU Ba KEHHMH BaKT CEPUSICHHHMHT
XaTTHU-XapakaTH HEWpOH TapMOK TOMOHHIAH Oamopar
kunuHagu. KarsuiiMac Tusumilapa MyHocabaTiap aHHK
(IF - THEN) koupanapu kypunuimga wudoaaiaHaiq.
Hefipon TapMokiapaa anokanap OeBOCHTa KOJTaHTaH
TapMOK mapamerpiapu cudatuiaa udponanananu. LyHuHr
yY4yH HeHWpo-KaTbhbuiiMac Mojeiulap KaTbUiiMac TH3MMIIAp-
HUHT 1WapGoGIUTUHT HEHPOH TapMOK OPKAIM YpraHHII
AMKOHUATH Ouian Oupnamrupaau. HeipoH TapMmoxmap-
HUHT BU3yajutamraH Kypunuiinan Matlab nakerununr
FLT wmyxurtuman c¢oiigananum Ep ocTH cyBIapHHHUHT
XOJIATHHY aHHUKJIAIa camapain 6y xucobmanamm [2].

Matlab nakermaunr FLT wmyxutuma ep ocTH CyBH
MacalvIy, MUHEPAJUTALTYBH Ba €p OCTH CYBH XOJAaTHIAard
Y3rapuiuIapHUHT HeWpo-KaTbHuiimMac MOJICJIMHUHT
TY3WINILHY 5,6-pacMa KypcaTUITraH:
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Pacm.5. Hetipo-kambuiivmac mooen cmpameusiCUHuHe my3uiuiiu.
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Pacm.6. Heiipo-kamvuiimac mooen
MUSUMUHUNE MHEMAHUK MAC8UPU

Ep octn cyBmapu(EOC)HUHT XONaTHHM TaHJIAIl Ba
CTpaTerusicu EOCHunr nacapuiny, EOCHusnr
MHUHEPAUIALIyBH,  THAPOTEOJIOTHK,  THAPOJOTHK  Ba
THAPOKMMEBUH IIAPONTIAPHH TAXJIMI KHWIHII acocuia
amasnra ompuianu [3].

MyaMMOHH MOJEUIAIITHPHII BOCHUTACH cHpaTHaa Xal
kwmm  yayH CyreHo THUIHMIAard MOJENTra YCTYHIIMK
oepunaau [3,4].

KarbuiiMac xymnocanap TU3MMHMHH JIOMUXajall Y4yH
Matlab R2007b (release/3) MyXUTHHUHT HWMKOHUSTIAPH,
spHU «Fuzzy Logic Toolbox» makern naH ¢oiinanaHuiran
[4].

Heifipo-kaTpuiiMac MOETHA SIpaTHIN yYyH OU3 TPEHUHT
YU4yH aHHMK CHTHal MabJIyMOTJIapu OWIaH MabIyMoOTIap
0azacunu sparamus (1-xamgBai).

1-xanBai. JlacTirabku MabJIyMOTIIap

R
EC EC munepaiu- EC xoanatu
nacainm 3alHsICH

0 0.1 100
0.5 0.5 95

1 1 93
1.5 2 90

2 2.2 85
2.5 2.6 80

3 3 70
3.5 3.5 50

4 4 40
4.5 4.5 10

5 5 0

Anfisedit Myxappupu €pmamuga THOPUI TU3UMHHHT
CTPYKTYpacH sipaTuiagu €KH IOKJIaHaId, Ty3wiMa KypHuoO
YUKWIAJIW, YHUHT [TapaMeTpiiapy co3jaHaay, OyHUHT Y4yH
O6msra ykyB HamyHacu (Training data), TexkmupuiIran
(Checking data) Ba Ttect (Testing data) kepak Ba
MabiaymoTiap (.dat) KeHraiTMamyM MaTHJIN MabJIyMOTIAp
cudaTuaa TaKIuM STUTIAIH.

2-xanBan. EOCHuMHr napamerpnapuHU
KOMJaJJapUHUHT KaThbuiiMac 6azacu

OaxoJian

1. If (Ponijenie-P\ is malog) and (Mineralizatsiya-PV is malog) then (Sostayanie-VPV is visokoe) (0.99)

2. If (Ponijenie-PY is maloe) and (Mineralizatsiya-PV is srednee) then (Sostoyanie-VPV is xoroshaya) (0.3)

3. If (Ponijenie-PY is malog) and (Mingralizatsiya-PV is silnog) then (Sostoyanie-VPY is neudevlstvoriteinoe) (0.2)

4. If (Ponijenie-PY is srednee) and (Mineralizatsiya-PY is maloe) then {Sostoyanie-VPY is xoroshaya) (0.8)

5. If (Ponijenie-P\ is srednee) and (Mingralizatsiya-PY is srednee) then (Sostoyanie-VPY is udevistvoritelnoe) (0.7)
6. If (Ponijenie-P\ is srednee) and (Mineralizatsiya-PY is siinoe) then (Sostoyanie-VPV is neudevletvoritelnoe) (0.3)
7. If (Ponijenie-PY is silnoe) and (Mingralizatsiya-PV is malog) then (Sostoyanie-VPY is neudevlstvoriteinoe) (0.2)

5. If (Ponijenie-P\ is silnoe) and (Mineralizatsiya-PV is srednee) then (Sostoyanie- VPV is neudevistvoriteinoe) (0.15)
9. If (Ponijenie-P is silnoe) and (Mineralizatsiya-PV is siinoe) then (Sostoyanie-VPV is neudevietvoriteinoe) (0.1)




I'paduk maknga KaTbUMAcC MOJEIIIAIITAPHIN HATHKA-
napu (1-pacMm) Ja KeJITHPHITaH.

Sostoyanie-WVP Y

] 2
Mineralizatsiva-Py
1-pacm. I'ubpuo moden cmpamezuscu R

FLT[4] naketugarn MabiymMOTIap TaKAAUMOTHHHUHT
QHUKJINTH Ba MAa3sMyHMHH TabKHulam kepak. Mmmab
gypkmran FLT momenm acocmma Omp KaTop XucoOiamn
Taxpubamapun  YTKasWwiaAW,  yJapHUHT  HaTIDKalapu
23.07.2013 man 23.02.2014 raya OynraH maBpAa OJNMHTAH
PSKUM CTaHIMSIAPH TYFPUCHIATH MabIyMOTJIap OwmiaH
R={EOC Macaiinmm, EOC munepamuzammsicu, EOC
X0JIATH} TYIUIAMHJaH OpaIMKAa Takkociaanau. Kareuiimac
MaHTHK Ba HEHpPOH TapMOKJIap KOMOWHammsiCHra
acOCJIaHTaH UIUIA0 YUKWITaH THOPU TH3UM TYIJIAMUHHUHT
JJIEMEHTIapH yIyH Omnmmutap GazanapuHu,
rapaMeTpIIapuHU Ba MOAEIUIAp CTPYKTYPAaCHHH aBTOMAaTHK
paBUIAa CHHTE3 KWIMII HMKOHMHU Oepamu. Heiipo-
KaTbUIIMac MOJEN acoCHa aMajra OIIMPHITaH XHcoOIar
Taxpubarxapn Hatmwkainapu (2-pacM)aa kaaBaji Ba rpaduk
KYpUHHUILIJA KEITUPUITaH.

Ponijenie-PY
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Ep ocTH cyEn 0,298 | 0,615 | 0,115 | 0,986 | 1,22 | 1,72 | 2,27 |2,78 | 3,18 | 4,06
TacafEm
Ep ocTH cyEH 255 | 0434 | 0434 | 0115 | 164 226 284 32 3.64 444
MHEEPATHZAIMACE
Ep ocTH cyEH 793 | 948 96.9 87.7 813 739 679 621 50.1 147
X0JaTH
Crparerns xogarn §¥fu=a 2D Crparterns xogarn §¥fu=a 3D
rpaduka rpaduka
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2-Pacm. Hetipo-kamwuiimac mooen acocuoa amaied
OWUPUTIZAH XUCOONAW MAXCPUOANAPY HAMUNCATLAPU.

HaTIDKaJIapH eTapid Japakaga [OKOPH Ba aHHUKIHUK
mapaxacu 0 maH 5% opammrmpa (2-xansan). Heiipo-
KAaThHIMAC MOJICITHU YKUTHUII XUCOOIAIl 3KCIICPUMCHTHHU
VTKa3WIl BaKTHHU JAacTIa0K{ cHerm(uKanys —KeTUI
acocuna amanra omupmian (EOC mmar macaiimmm, EOC
HuHTr MuHepautamysu, EOC xonatn).

Ponijenie-PV =2.5 Mineralizatsiya-P\V = 2.55

[

Sostoyanie-VPV = 68.9
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Pacm.3. Rule editor otinacu.

AHUK MabIlyMOTIIapra 3ra THOpWI HEeHWpo-KaTbHiMac
TapMOK MOJEIUAaH ¢oiinamanum EOCpu
MHHEPAIN3AMICH JIapaKaCHHUHT Y3TapuIIuHKM XpcoOra
onrad xoiga EOC HHMHI IIAKIIAHUIIA YYyH CaMapaiu
CUMMJIApHM OJIMII YYyH XHcoOnam TaxpuOanapuHA
YTKa3uIll IMKOHUHH OepajH.

KarpuiiMac ~ macTinabky  MabliyMOT/IAp — [IApOUTHAA
naTepdaon pexumaa EOC mapameTpiaapHHUHT paKaMIiId
KAAMATIapUHN OJUII HMMKOHHSTH 3aMOHAaBUA aX0opoT
TEXHOJIOTHsUIapUIaH ¢oiinananran X0na
AaBTOMATJIAIITHPWITaH OOIIKApyB TH3MUMIIAPHHHU SIPATHIN
yuyH onuHraH HaTwxkanapHu EOC XONaTHHHMHI MaBxKy[
MaTeMaTuK MoJeuIapura HHTETpanus KMJTAII
MMKOHHUATHHU OYafIH.

XyJaoca. Xynoca kuiaub aiiTrania, aHbaHaBUil ycyJuiap
pakamiIM XapakTepJard MabIyMOTJIApHH KaifTa WIIamra
KapaTHJITaHJIUTH Ba TYJIMK MabIyMOTJIap OWJaH HIIjamra
MYJDKaJJIaHTaHJIUTH cababiin, aci BaKT CEpUsACH XaKUIaru
MabIyMOTIapHH Oy3MacqaH €KMW HyKOTMacHaH KepakiH
MabIyMOTIapHH KalTa THKJAIra KOJUP MOJAeIIapiaH

¢doiinananum  kypud uwukwiran. Iy Owman Oupra
Axbopor STHUIIMACIIHTH, MabIyMOTIAPHUHT
HOMYBO(WKINTH, HOAHHKIUK Ba OOmIKa IIapoUTIa

TUIPOreOJIOTUK JKapa€HIapHU YpraHuil Y4yH KaTbuiiMac
TH3UMIApUHUHT maddodauk XycycusTIapuHu HEWpoH
TapMOFHMHH YPraHUII UMKOHUATHHU OMpPIALITUPTaH HEWpO-
KaTbuiiMac €xpamryBujan doitnamanunau. ['ubpua Heiipo-
KaThUiiMac MopeiumapHu Kypum yuyH Fuzzy Logic
Toolbox(FLT) Ba ANFIS Matlab mactypuii Bocutanapuian

WKKUHUYMCUHUHT  TpaduK  UMKOHHUSTIAPHIAH  KEHT
Xucobnam SKCHEpPUMEHTIApH  HATHKAJAPH  IIYHH o analcmm TaBcHs g;‘g’n " OHITTIapHA ¢
KypcaTtaguku,  HeHpo - KaTbuiimac MOJIEJUTAIITUPHLLL A AH.
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PE3IOME

Makonana TerMuLIMIMK (QYHKIMIIApUHKA Oelrwiam ydyH ydOypuakid, Tpare3oupan ycyiiapaad ¢oigananuwnny. Mamnanu Ba
CyruHO KaThHIMac Xylocajap alrOpUTMH XyJoca YMKApHIl Ba Kapopriap KaOysn KWiMIra KymiaHwind. Ep octu cyBmapuHn
MOHHTOPHHI KWJIHIIA HEHPO-KaThHAMAC MO acoCHIa aMajra OLIMPUIraH Xxyucooann taxpubanapy HaTikanapH sxaasain Ba Matlab
naketnHUHT FLT Myxutunan doinanann6 2D, 3D rpaduk KyprHAIINA KEITHPHITAH.
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PE3IOME

B pabote HCHONB30BAKCH TPEYroNbHbIC, TPANCLHEBUIHbIE METO/bI ISl ONPECICHHs COOTBETCTBYIOIIUX (DYHKLHHA. AJIrOpUTM

HCONPEACICHHLIX BBIBOJOB MaMZ[aHI/I u CyFPIHO UCHIOJIb30BAJICA JId HNOABECACHUSA HTOIOB W IIPUHATHSA pemeHI/Iﬁ. Pe3yJ'II)TaTI)I

BBIYUCIIUTEIIbHBIX OKCIICPUMEHTOB, BBIIIOJTHEHHBIX HA OCHOBC HeI\/'IpoyCTOI‘/'I'{I/IBOI\/'I MOJEIN MOHUTOPUHI'Aa TOA3EMHBIX BOJ, NPEACTABIICHBI
B 2D, 3D rpacdudeckoM Bujie ¢ UCONb30BaHueM Tabuuisl U cpeasl FLT makera Matlab.

SUMMARY

Triangular, trapezoidal methods were used in the work to determine the corresponding functions. Mamdani and Sugino's

indeterminate inference algorithm was used for summing up and making decisions. The results of computational experiments performed

on the basis of a neurostable groundwater monitoring model are presented in 2D, 3D graphical form using a table and the FLT

environment of the Matlab package.
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Fotoelementga  yorug‘lik  tushganda aynimagan toklarini ko payishiga sabab bo’ladi. Rekombinatsiya tokla-
yarimo‘tkazgichda Fermikvazi sathlari elektronlar gazi ri diodda to’g’ri yo'nalishdagi toklarni hosil giladi [3,4].
uchun o‘tkazuvchanlik zonasi tomonga, kovaklar gazi  Generatsiya kuchli bo‘lib, gizish kuchsiz bo‘lganda dioddan
uchun valent zonasiga garab siljiydi [1;2]. Buning sababi  teskari yo’nalishda fototok ogadi. Bu fototok qizish
generatsiya rekombinatsiyadan ustun kelib asosiy va asosiy  bo’lmagandagi fototokdan kichik bo’ladi. Boshqacha qilib
bo‘Imagan zaryad tashuvchilarning konsentratsiyalari mu-  aytganda, gizish fototokni kamaytiradi.
vozanat paytidagiga nisbatan ortadi. Fotoelementga el- 1
ektron va kovaklarning Fermi kvazisatxlari fotoelementning
turli sohalarida turlicha o‘zgarishi hisobiga p-n o<tishda
fotoEYuK paydo bo‘ladi. Bu foto EYuK yorug‘ik energiya-

si hisobiga hosil bo‘ladi. Bunda dioddan teskari yo*‘nalishda J(mA) 05
tok ogadi.

Qizish mavjud emas turli fototoklar uchun e := 1.6*10¢ /
19 k = 1.38*10%: T := 300; Js := 10“%; Jf1 := 0.1; Jf2 :=

Te := 300; Ul := 0 giymatlarni (3) ifodaga qo‘yib
quyidagi VAXga ega bo'lamiz. —

1

MR e M B E e q 1 A 04 02/ df 2 04 06
0.3: Jf3 := 0.5; Eq := 1.1; varphi := 0.6: / / -

J(mA) 05

[=——If Tel == JfTe) == IfTe3|
2-rasm. Bir xil fototok ta ’sirida turlicha
temperaturalarda VAXni 0" zgarishi.
6o 02 0 o2 u/, 06 Elektronlarning gizishi kuchli bo‘lganda rekombinatsiya
JU.(V) toklari generatsiya toklaridan katta bo‘lib ketadi. Bunda
diod energiyani asosan mikroto’lgindan oladi. Bunda
o rekombinatsiya toklari p-n o<tish sohasida (hajmiy zaryad

sohasida) diodning n- va p- sohalariga p-n o’tishning gara-
ma-garshi tomonidan injeksiya hisobiga sodir bo‘ladi.

o Qizdirish hisobiga rekombinatsiya toklarini oshishi asosiy
zaryad tashuvchilarning qizishi va ularni garama-garshi

1-rasm. Turli fototoklar ta'sirida VAXni o*zgarishi sohadagi_injeksiyasi hisobiga asosiy bo‘lmagan zaryad
SO g - ' tashuvchilarning konsentratsiyasi oshib boradi. Rekombi-
Bir xil fototok ta'sirida turlicha temperaturalarda

el L 2102, o A 1 _ance).  hatsiya toklarining oshishi p-n o’tishdagi diffuziya toklarin-
VAXni e = 1.6*107; k = 1.38*10™% T =300; Js = 10" jng ¢’sishi bilan bog'liqdir. Elektronlar injeksiyasi electron
Jf3 = 0.5; Eg = 1.1; varphi = 0.6; Tel = 1500; Te2= 2000;  xarorati va p-n o’tish potensial to’sig’ining balandligini
Te3= 2500; qiymatlarni qo’yib olishimiz mumkin. O’ZgartiEiISh orqgali amalga oshiriladi [5;6].

_ — i Kuchli O“YuCh to’lqin ta’sirida fotoelmentning elec-
Jl=Ji2= Jf3_ _ Te_1<_Te2 <Te3_> _ _TOtO ) @SI - on va fononlari qattiqqqiziydi. O“YuCh to’lgin tf’sirida
bo‘lganda ham qizish hisobiga VAXni siljishlari 1,34  elektron va kovaklar giziganda ular p-n otish hajmiy zaryad
kvandrantidan 1,2,4 kvadrantlarga ko‘chishi namoyon sohasida yoki p-n o‘tishdan o‘tib kvazineytral sohada

bo‘lar ekan. rekombinatsiyalanadi [7;8]. Dioddan o’tuvchi tok maydon
O“YuCh to’lqin vositasida elektron kovak gazi qizdiril- ~ toki va dlﬁUZl}/a’tlearlnlng'ylg indisidan iborat .
ganda Fermi kvazi sathlari o’zlarining zonalaridan Diodda to‘g’ri kuchlanish berilganda elektrokimyoviy

uzoglashadilar. Buning ogibatida fotoelementning p=n so-  Potensial o‘zgarishi natijasida diffuziya toklari ko‘payib,
hasida gizigan electron va kovaklarning diffuziya toklari ~maydon toklari kamayadi. P-n o‘tishdan o‘tayotgan tok
kuchaydi. Bu esa 0’z navbatida dioddagi rekombinatsiya  tashqi  kuchlanish  orgali  boshgarilganda  qo‘yilgan
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