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Annomayun. Yuiby maxonaoa euopomexHuxa UHUOOMIAAPUHU OOWKAPUUL Y4YH HOAHUK
MaHmuk —acocuoa muzum Apamuwi  ycyiiapu ypeawunaou. Cye omboprapunu
bowkapuwoasyu Kyn Me30HIU 64 HOAHUK MAbIYMOMAAPea 22a 8aA3usmiapod, HOAHUK
MAaumux, époamuda 6owKapys musumiapu cunmesianaou. Hoanux xouoanap époamuoa
Cy8 ombopuca Kupyeuu 6a HuKkaouean OKUMIAp, OMOOp Xaxcmu 6a 6akm Kaobu
NapamempiapHy ONMUMALIaumupuwed UMKOH 0epysuu OowKapys aiecopummiapu
uwnab uukunaou. Taokuxom, cy8 pecypciapuHu OowlKapuul yYyH HOAHUK KOUOAIap
acocuoa apamuui 6a 0y OpKAIU Kepakiu HAMUNICALAP2a IPULUULUHU MAKIUD KUIAOU.
Ywuby énoawys époamuoa noanux cys pecypciapunu aHuKIauwl 8a ONMUMALIAWMUpULL
MYMKUH.

Kanum cyznap: noanux manmux, cye omoopu, 60wKapys musumu, ONMuMAaiIaumupuiL,

HOQHUK Kouoauap, cy8 pecypciapu, CuHmes, KYn Me30HIU OOwKapys, Cy8 OKUMU,
napamempap.

IHOCTPOEHHUE CUCTEMBI YIIPABJIEHUA TNAIPOTEXHUYECKUMUAU
OBBEKTAMHU HA OCHOBE 3JIEMEHTOB HEYETKOM JIOTUKA
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Annomauus. B oannoti cmamve uccieoyiomcs memoowvl CO30AHUSL CUCTNEMbL HA OCHOBE
HeuemKou J02UKU YAPAGIeHUs 2UOPOMEXHUUEeCKUMU COopydceHusmu. B cumyayusx c
MHO2OKPUMEPUATILHOCIBIO U HEeONPeOeNeHHOCMbI0  UHpopmayuu npu  ynpasienuu
NIACMOM CUCMEMbl YAPABIEeHUL CUHME3UPYIOMCSL ¢ UCNOAb308aHUeM HeyemKou jocuku. C
NOMOWBIO HeYemKUX NPAsul pa3padamuléaiomcs aieopummbsl YRpasieHus,, No360110uue
ONMUMUZUPOBAMb MAKUE NAPAMEmpPbl, KAk NOMOKU HA 8X00e U 8blx00e U3 pe3epsyapa,
00vem u 8pemst pezepgyapa. B uccnedosanuu npeonazaemces coz0ame Ha 0OCHO8e Heonpe-
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O€/IeHHbIX NPABUIL YNPABIeHUe B0OHBIMU PECYPCAMU U MeM CAMbIM O0CMUYb HCelaeMblX
pe3ynomamos. Hcnonv3ys smom noOXo0, MOMNCHO BblA8UMb U ONMUMUSUPOBAMb
HeonpeoeneHHble 800HbLE PECYPChl.

Knrwoueesvie cnosa: neuemxas nocuka, 8000em, cucmema YHPAGLEHUs, ONMUMUZAYUS,
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Abstract. In this article, the methods of creating a system based on fuzzy logic for the
control of hydrotechnical structures are studied. In situations with multi-criteria and
uncertain information in reservoir management, management systems are synthesized
using fuzzy logic. With the help of fuzzy rules, control algorithms are developed that allow
to optimize parameters such as flows entering and leaving the reservoir, reservoir volume
and time. The study proposes to create based on uncertain rules for water resources
management and thereby achieve the desired results. Using this approach, uncertain
water resources can be identified and optimized.
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Kupumi. T'mgporexHuka  WMHIIOOT-
JApUHY camapayid OOIIKAPHIII, AHHUKCA CYB
peCypClapyuHUHT TAKYWUIMTH Ba yjaplaH
OKWJIOHA (hOWJaNaHUIIl 3apypIUTH OpPTUO
Oopaétran Oup malWTIa MYXUM aXaMmHsT
kaco »TMok1a. CyB omOopiapu kabu Mypak-
ka0 TU3UMIIap OOIIKAPYBHA KaTOP HOAHUK
Ba KYN ME30HJM OMWLIAp MaBxXy[: OYiuo0,
yiap acocuaa Kapop KaOyJs KUJIUII Mypak-
KaOnuK Tyraupaau. AHbaHaBuUi OOLIKapyB
yCyJuIapy ymoy MyaMMOJIApHU XaJT KUJTHIII -
Jla caMapaJOpJINTUHU WYKOTHIIW MYMKHH.
Hoannk manTtuk sca Oy kaOu HOAHUK Ba
Mypakkad BasusTIapAa camapaiu Oori-
KapyB THU3UMUHHU SIPATUIIA WHHOBAIUOH
énnamyB cudaruaa HaMoEH OYIMOKIA.

Ymby Makoniaga HOAaHUK MaHTHK aco-
cujia TUIPOTEXHUKA WHIIOOTIAPUHHU, XYCY-

caH, CyB OMOOpJapuHU OONIKAPHII THU3U-
MUHHU KypHIII YCYJIJIapH, TETUIILTA KOUaanap
Ba YJIAPHUHT CHUHTE3W KYpUO YWKHIAIH.
HoaHuk Kouganap opkajiau CyB pecypcliiapu
KUPHUIIH Ba YUKUIITUHU ONTUMaJUTAII TUPHIIL,
MaBKyJT MabJIyMOTJap acocHaa aHUK Ba
camapaiii OOIIKapyBra 3pUIIMII HMKO-
HUSTH Ypranuiaad. Makosa cyB oMOopiiapu
TU3UMUHM OONIKApHUIIA HOAHUK MAaHTHUK
E¢HAAIIyBUHUHT ad3aJUTMKIapd Ba aMajui
KYJUIAaHWIMIIY XaKuaa TyluIyH4a Oepajiu.
Anabuériap TaxJujam Ba yCyJUIapu.
Magcymuii pocTiaHyBYM CYyB OMOOPHHHMHT
MaTeMaTUK MOJCIUIapH HOYM3UKIN Xapak-
Tepra 3ra dKaHJINTH, CyB OMOOpU TH3UMHUIA
CYB CaTXWHH CaKJIalll KapaéHUHU ONTHUMA
Oomkapumn Basudacu Kyn ME30HJIUTHHH,
MabJIyMOTJIap eTapiau OyJIMaraH IapouTia
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JOMMUI paBuIIa Y3rapuod Typaaurad HOUH-
3UKJIM MOJIENTHM XucoOra oJiraH XoJjja,
YyMyMHUI XOJlaTAa HOYM3UKIU MOJICIHUHT
CUMMHUHHM OJIMII Xap JIOMM XaM MYyMKHH
smac. bapkapop camapanu €HianryBiap aco-
CUJa Kyl yI4amiIM HOYM3HMKIIM Xapakrepra
sra Oyiran OOIIKapUIl TU3WMIIAPUHU CHH-
Te3Jall Macajlajlapd EUYUIIHUHT MaBXKY]l
ycyiapu [1], MakOyn OOMIKapHII TabCHUP-
JApUHM aHMKJIAIl Ba IIyHra yXimam OoIiKa
BazudagapHu amajira OUIMPUIIl KUWHUH Ba
UIUIaTUITaHaa Oup KaTop YEKIIoBjIapra Jra.
[y ca6abnu, cuHTE3NAll MacajlaCUHU MY-
pakkaOIamTUpMaiurad, €4mill aaropuTM-
JapuHM OWp MyHYa COJiJla Ba OJIMHTaH
HaTHXKalap caMapaiu OVyiraH OOIIKapHUIIl
AITOPUTMIIAPUHU UILIA0 YMKHUII 3apyPAUD.

HopaBmian MaHTUKHIf-XyJlOoca yCyII-
JapunaH (olganaHraH xoJija KypHJIraH
aBTOMATHK OOIIKAPHUII THU3UMIIAPH MYpaK-
ka0 HOUM3UKJIM JUHAMUK OOBEKTIApHU
uAcHTUUKANMIAITa UMKOH Oepaau Ba
yJiap y4yH HOYM3UKINA OOIIKAPHII KOHYH-
JapuHHU CUHTE3 Kuiaau. by sca Gomkapuri
OOBEKTHIAaH OJMHTAaH MaBXyJl JKCIepHU-
MEHTaJ MabJIyMOTIAp acocuaa HOAHUKJIUK
OCTHJIa WIIJIOBYM aBTOMATHUK OOIIKAPHUII
TU3UMJIAPUHU CUHTE3JIAll MyaMMOCHHH Xajl
KWInira uMkoH oepaau. Cudariu anoka-
JapHU pacMUMJIAIITUPUIITAa UMKOH Oepa-
JUTaH HOPaBIIaH MAHTHKUH Ty3WUJIMaJIapHU
KYJUTall OpKajii OOIIKapUIl OObEKTH TYFpU-
cuja etapid 6yaMaraH axOopoTiap opKajiu
Kyla KYI SKCHEpUMEHTNIap YTKa3ull OJi-
JIAHY OJIUII MyMKUH [2].

Hopapmran aBromaTuk OOIIKApyB TH-
3UMJIAPUHU KypHIia Kymiaab €HpantyBiap
MaBXyJ, YJIapHA TU3UMIIAIITUPHUIN KUWUH,
YyHKH Oy CHMH(}p THU3UMIAPUHU CUHTE3 KHU-
JIUTIT J)Kapa&Hu acOCaH dBPUCTUKIUD.

CyB om0OOpiapuHy OOMIKAPUIIT TH3UM-
Japy y4yH JMHTBUCTHK MOOpanapHu cUH(-

JAIIHUHT MIAKUTAHTUPWITaH Kouganap Oa-
3acH Ba JUCKpPETJAll >Kapa€HUHU KYyJUlalll-
HUHT TypJU TETULIUIMIUK QYHKIUsUIApUIaH
doitnamanunaan. Taxmud 3Traérran Cys
oMOopJapy OOMIKAPUII TU3UMU yuTa KUPHUIII
Ba OWTTa YHWKWINTA dra TH3UM cHdaTHIa
kypu6 unkuirad. CyB pecypciiapuHu OKuO
KUPUIITH, OKUO YUKUIINA Ba CaKJIaHUIIIHIATH
TEerHIUTMINK (QYHKIUSCH Ba CHUH(IAHUIIN
acocH/ia OJIMHTaH.

CyB oMOOpM CErMEHTJIM 3aTBOPUHU
MacodagaH OOIIKAPUIIT TUBUMHUTAa HUCOATaH
HOpABIIIAaH Koujajgap 0a3acMHUHT KaHOHUK
MakKIu Kydugarwiapau wudopamaam, Oy
epoa A, A%, A", B!, B%,...,B", C!, C%..., C
u D!, D?,..., D" Moc paBuIIa K COHIIH CYB
okumitapu kupumu (A), cakiam (B), BakT
naBpu (T) Ba CyBHHUHI OKUO YHMKHUILIU
(D)auHr aBBaNTH KYIUIMTHHH aKCIIAHTH-
panu.

bup HeuTa aHTeNIEHACTIAD KOHBIOKTHB
OTIEpAaTOpPHM KYyJIJIaraH XoJija Owupiiari-
tupuaum MyMkuH [3]. Macanan, AI'AP
KOouJanaap acocHaard THU3uMza omOopaaru
cyB oku0 kupumu A! BA, caxmam B! BA
BakT naspu C! 6yica, cyBHuHr ynkumu DY
TU3UMJIard HOpaBilaH Kouaa. KOHbIOHKTHB
OrepaTop KYJIAHWIUIIMHUHT aHTEICHTIIap
arperauusicu (1) popmynana kentupuiaras:

R®=A'"nB'nC', (1)

YV  sgHa TETrHMIUIMINK  (QYHKIHSICH
mIaKjinga XxamM I/I(‘I)O)IaﬂaHI/IH_H/I MYMKUH:
Ugs (u, v, W) =

min[ (s (w), g2 (0), s (W))]. (2)

Kownnanapra acociianran peayi Ba3usT-
Japia TH3UM OWTTaJaH OPTHK KOWJIaaaH
TAIIKWI TOTAIW, IIYHUHT yYyH KOWJaiap
O0azacuWra acocjaHraH TH3UMJArd Xap Oup
KOUJa TypiH yCyJiga XaM yMyMHH XyJio-
caJlaH XyCyCHI XyJjiocara KeJIMI UMKOHUHH
oepamu. Illyngait xkummb, arperarust xa-
paCHM JU3BIOHKTUB OINEPATOPHU KEHUHTH
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YMYMHUH KYJUTAHUJIUIINTA SPUIIUAI  yYYH
KEeNTUpUO yuKapuiagud. Y HOpaBIIaH KYTI-
JUKIAp Y4YyH OWpJalITHUpUII OnepaTopu
kabu Tabcup kypcaramu [3]. Kerma-
KETJIMKIIApDHU arperauusjam y4dyH Kyiia-
HUJIQUTaH JU3BIOHKTUK onepanus (3.3)
dopmynana kenTupwiarad. Y® maptuaa
yMyMJIalTraH HOpPaBIlIaH YUKHUIIL:

Y*=D'UD*UD’UK D" (3)

VY sHa TerMuummwivK GyHKIUSICH IaK-
auaa xaM udogaaHuId MyMKHH:

Hys(z) =
max[ (nuD1 (Z), HUp2 (Z), HUp3 (Z), KKK
Kupr (2))]- @)

Arap Kapop KaOyJa KWIMII >Kapa€Hu
KaM MHKIOpAAaru Koujajgap acocujaa IIaKi-
JaHTUpWIraH Oyica, MaTeMaTHK XucoO0-
Januiap sHaja camapany OYJIuIN MyMKUH.

Arap Kapop KaOyJ KWIHII Kapa€Huia
KOouJanaap COHH OpTca, XucoOmamuiap Te3aa
CEeKHMHJIAIAIN Ba MypakkaOmamaau. Xucoo-
Janl UIUiapu caMapaJopJIuTUHU  OIIHPHUII
YUyH YUKHIIJATH KYpCaTKUWIapHU Tpaduk
udoganam ycynau Goianu caHaIaIu.

Konpamap acocuparm HOpaBIIaH TH-
3MMHM YMKAPUITHUHT y4Ta KEHT TapKaJraH
JEYKTUB YCYJIU TaKJIU(] dTUIITaH:

1-kouna: AI'AP cyBHUHT OKUO KHUpHU-
v 1okopu (I1B), oMOOpHUHT Xa:KMU I0KOPU
(XM) Ba BakT maBomuitiiuru 1 Oynica, Y
XOJIOA cyBHMHT OKMO YMKHILIN TACT-ypTa
(H - CO) 6ynanmn.

2-xouma: ATAP CYBHUHT OKUO KHUpH-
mu ypra (YK), oMOOPHHHI XaXMH ypTa
(OS") Ba BAKTHUHT JTABOMUIIUTH 2 oynca, y
XOJIIA 3aTBOpIaH CyBHUHT OKUO YMKHUIITH
mact 2 (OY) o6ynaau, Oy epna roxopu (BX)
1, ¥pra (CO), mact (HMX) Ba 2 tusumpaan
Moc pasumiga 1 Ba 2 Koupmanap 0Oazacu
HOpABILIAH TYTUIAMUHU Honananaumap [4].

Kentupwiran koujanapra acociaHraH

HOPABIIIAH TU3UM YUyH KaHOHUK IIaKJLIap:

1-kouoa: AI'AP CyBHUHT OKHUO KHpH-
mu Al, cakimanum xaxmu B, BakT maBo-
muitmurn C! 6ynca, ¥ XOJIJA cyBHMHT
oxu6 ynkumm D! 6ynamy.

2-kouoda: AI'AP cyBHUHT OKHO KUpHU-
i A%, cakIaHUII XakMH B2, BakT JaBOMHUIA-
muru C? 6ynca, Y XOJIJJA cyBHUHT OKHO
uukumm D? 6ynany.

r-gouda: AI'AP cyBHUHT OKHO KUPHUIIIH
A", caknanum xaxMmu B, BakT naBoMuiinnru
C'oynca, Y XOJIIIA cyBHUHT OKUO YUKHUIITH
D' 6ynaau.

Kounnanap
Oazacn

i

Kouganap

HH —

Oaxonain

!

Hedazn
(pukarms

Dazzndu —>

Kauus

—
—]

1-pacm. Hopaswan manmuxk acocuoazu
OowKapuw Mu3UMUHUNHZ PYHKYUOHAT
cxemacu.

HopaBmian maHTHK acocuaaru Ooii-
Kapulll TH3UMH — Oy UIyHAall MaHTHK
[IAKJIN-KA, YHUHT HETH3UAa HOAHHK, OaKH
SKUHJIAIITHPUITAH TaXMUHIAp ETaan. AHUK
MaHTUKIaH (QapKid paBHIIAa, y €YUMHHU
TOMMIL YUYH SIKHHJIAIITUPUITAH MabIyMOT-
napaaH doiganaHagn Ba (uUKpnam KoOwu-
JUSATUHY SMYJuusiaiam. 1-pacmaa Hopas-
[IaH MaHTHUK acocujaru OOIIKapuil TH3U-
MUHUHT (YHKIMOHAJ CXEMacHUHH KeJlTH-
pamus [5].

Haruxkanap. Hopasiian MaHTUK aco-
cuaard OOIIKapHUIIl TH3UMIIApUAa HOpaBIIaH
MaHTUKHUI KoHTposuiepaapaan (HMK) doii-
nanaHamus, ymap “Al'AP, YV XOJIJA”
JVMHTBUCTUK KOWJACHAAH TAIIKWJI TONTaH
Ownumiiapra acociaHraH OViaub, MasKyp
KM3UKUII COXACHJIaru 3KCHEPTIAPHUHT Ou-
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JuMIIapuaaH QoigaliaHran XoJjaa Ty3WIH-
mu MyMkuH [6]. HMK 6up katop miosa-
Japaa, alHUKCa aHAJTUTUK MOJICIIIAII THPHIIT
KUIUH OYITraH Mypakkad HOUU3HUKIN TH3UM-
JapHU HA30paT KWIKIIAA Y3 WMKOHUSAT-
JapUHU HAMOWHKIN dTaauiap [7].

Kupum Ba umkunuiap Oem HOAHWK
nuHrBHCTHK Y3rapysumnapra NB | NS~ Z
PS pa PB aitmantupunamu, ymap moc
paBuIIIa KyHuJard MabHOHHM aHTJIATaJIH,
KaTTa, caJIONii KMYMK, HOJI, MOKOOMHM KUYHK
Ba WKOOMI KaTTa.

HMK Tty3unMacugaru 3HT KUMUH MY-
aMMO — TeTUIUTMIIMK (DYHKITUSCH TTapaMeTp-
Japu Ba Koujaiap 0a3aCHHU aHUKJIA0 OJIMIII
xucobmanaau [8]. HopaBian MaHTUK 3iie-
MEHTJIApW aCOCHJIa TUIPOTEXHUK 3aTBOPHHU
OoIIKapuIIIa CyB pecypciiapi TH3SUMUHUHT
y4qTa TACHU(PUHHU KEITHPAMHU3: CYB OMOOpH-
HUHT KUPHIIHA Ba YAKUIIKA cudaThaa Kypu-
Ja€TraH CyBHUHTI OKUO KUPHUIIU, OKUO 4u-
KHIITM Ba OKKO YuKuIl BakTH. CyBHUHT OKHO
KUPHIIH, CAKJIAHUIIHA Ba OKUO YUKHIIK CYB
peCypCIapuHUHT YpTa CTAaTUCTUK OKUO KH-
pUIIM, OKUO YMKHUIIK Ba CaKJAHUIIHA aco-
CUJia XapaKTepiaHTaH.

1- sxanBai
PB NB NS Z PS PB
NB NB NB NS NS Z
NS NB NS NS Z PS
Z NB NS Z PS PB
PS NS Z PS PS PB
PB Z PS PS PB PB
DNEMEHTHUHT  TYyIjlamMra TETHIILIN

(MaHCy0) PKaHJIMTUHU aHUKJAIl y4yH Tac-
Hud yskmusiap €ku uHIUKATOpP (YHK-
nusIapu KynaHwirad. TacHud QyHK-1us
AJIEMEHT TYPJIM TyIulamJjiapra Kau Japaxana
MaHCyOJIMTUHYU U(oaamann, HOPaBIIaHIUK
Ba MabJIyM YCKJIaHTaH TYIUIAMHUHT HOPaB-
WAHJIUK JapaxacuHu u3oxJjaiau [9]. 2-
pacMjia pe3epByap TU3UMHUA CyBHUHT OKHO

KUPUIIN YYyH TETHMUUIMIUK (QYHKIUSIApU
udonanaHrad. 3-pacMaa pe3epByap TH3U-
MHUJa CYBHU Cakjalll y4yH TETUIUIMINK
GyHKIUSICH Ba YHUHT TaKCUMOTH, 4-pacMa
aca pe3epByap THU3WMHIA CYBHUHT OKUO
YUKUIIA yYyH TETHIUTMIUK (YHKIUSIapU
KYpCaTHJITaH.

Terummmnuk (QYyHKIUACHHUHT BakT
Oyiin4a TakcUMIIaHUII (PYHKUIHUSACH Ba Opa-
JUFU TPANeUusCUMOH 11€0 XHcoOJaHTaH,
WU TaBOMHIa OKMMJIApPHU XHMCOOTa OJIMUI
Ba CakJallHU XHcoOJalml y4yH ydOypuak
makn Kabyn kuwnmHrad. FOkopupga Kaiipg
TWITAaHUJIEK, HOpaBIIaH KYIUIMKHUHI Xap
Oup 371eMEHTH Ha3apuii-(QOyHKIIMOHA ILI1aKJI-
HU KYJUlaraH XoJia TEeTHIUIMIUK KUHMaTu
WHANBUAYYMH OMJIaH TaKKOCJaHTaH.

Membarship function plots

it 2

input variable "mputt”

2-pacm. Cys ombopu muzumuoa cys oKuo
Kupuwiu (M>/coam) yuyn me2umuiiuiuk
dyukuyusacu.

Membership function plots.

3-pacm. Cyes omé;;};;‘Mus'umuM CYGHU
caknaws (Man. M%) yuyn mezumiiuauk
dynkuyuacu.

by ¢ynkmus 0-1 raua Oynran
opanukaa pean Ttaprubianran Hopasmian
KYIUTUKIIApH  akc d3tagd. OKUM  KHpH-
IIIMHUHT HOPABIIAH KYTUIMKJIAPW CYBHUHT
oxu6 xupuruzaa (0) XKIIO, 10, YO, FOO Ba
JKIOO xabu, caxmamaa (C) IDK, VK, FOXK
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Ba SﬁO)K, CYBHMHT 01@6 gukummaa (Y)
JKITY, IT4, I1-Y4, Y4, V-10Y, 104, XXIOY
Ba JKOKIOY 1e6 HomitaHraH.

Membership function plots

m2 3 i ms i i

4-pacm. Cye omﬁlg;;;husumudau cye
OKUbO yuKuwu (M>/coam) yuyn
mezunUIUK PYHKYUACHU.

FOxopuaa Kaii1 3TUiAraH CyBHUHT OKHO
kupuu (O), caknanumm (C) Ba CyBHUHT
oknO umkumm (Y) nmarm HopaBIIaH KyIi-
JMKJIapra MOC KelyBUM TacHU(] PyHKIMS Ba
Japaxaimap Moc pasumpga 2, 3 Ba 4-
XKaaBaliapa KeITHPHUIITaH.

2-KaBan
Cye pecypcrapununz me2uuiiuiuK
dyukyuacu ea IKCmenm-cy8HuHz OKUO
kupuwiu (0)

1 azap 0<x<0.15,
Mo =

7.69x-154 acap 0.2<x<0.33,
-
—6.67x+2 acap 0.15<x<0.3, Fmo

" |-7.69%+3.54 azap 0.33<x<0.46,
8.28x-315 aeap 0.38 <x<0.50, 8.33x-483 aeap 058 <x<0.7,
Hyo :{—8.39x+5.2 aap 050<x<062, '™ :{—8,33x+6.83 acap 0.7<x<0.82,
6.67x-5,07 aeap 0.76 < x<0.91,
Hoo :{1 aeap 0.91<x<1.

3-xaaBan
Cye pecypcnapununz meuiaunuk
(ynkyuacu ea IKCmenm-cy8HUH?
caknanuuwu (C)

1 azap 0<x<0.081,
Hue :{-7.14x+1,57 aeap 0.081 < x<0.221, “

5.26x-2,42 acap 0.46 < x<0.65,
Hioc = {—5.26x+4.42 aeap 0.65<x<094,

526x-0,79 aeap 0.151 <x<0.341,
¢ |-5.69x+2.79 acap 0.341 < x<0.531,

8.33x-6,425 aeap 0.771 < x<0.89,
Hwoc = 1 aeap 0.89 <x<1.

Ym0y TanKuKOT Ui OUTTagaH OPTHK
Oynran Hazapuil GyHKIUSIAp Ba aMaJlJIapHU
Ty3ulllaH uoopaT Oynraniurua cabadimu,
aBBaJIl'M BAa KEWMHIWM MOJEJIap opacuiaru
(dbapkHU aKC STTUPHUII, HOpaBIIAH KYTUIMK-
napaaH doiganaHud amanra OUIMPHUIITaH.
bynaérran xoaucaiap onepaTtoOpHUHT dKpa-

HUJA CYBHMHI TYypjud OKHUO KHUPHIIH,
CakJIAaHUIIM Ba OKUO YMKUIIW KUWMATIapH
KYpUHUIIMIA akCc JTaau. by xunmartiap,
Oommka, aBBalJaH MabliyM OViraH CcyB
pecypciapyd y4yH MabiayMOTIap TYIUIAMH-
JlaH WaKuiaHaayu. TaakKuKoTiIap y4yH Orle-
paTOpJIApHUHT aCOCUK KOMIIO3UIMUS TypJa-
PUHH KYJTaliMuU3, yJaap max — min TapKu-
OmpaH, OoIKaya aWTraHga MaKCHMall Ba
MUHHUMAJI TapkuO onepaTopiapujiaH uoo-
patoup [10].

4-xanBan

Cye pecypcrapununz mecuuiiuiuK
dyukyuacu éa IKcmenm-cyeHuH2 OKUO
yukuwu (4)

1 deap 0<x<0.075, 6.67x—084 aeap 0.126 < x<0.276,
Hoou = {- 6.49x+1.49 aeap 0.075 <x<0.23,"" {7 6.8x+2.88 acap 0.276 < x <0.423,
588x-175 acap 0.151<x<0.341, 7.52x 417  aeap 0.555x<0.688,
Hrra = {—5,88x+3,75 azap 0.467 < x < 0.637, s {7 7.63% +6.25 aeap 0.688 < x <0.819,
10x-7 azap 0.7<x<0.38, 10x-8,35 azap 0.835 < x<0.935,
Ho-ton = {—mx 19 aqp 08<x<09, 1H T {7 10x+10.35 aeap 0.935 < x <1.035,
B {8.26){ -7,93 azap 0.959 < x <1.08, 20x-21,4 aeap 1.07 <x<-1.12,

-8.33x+10  acap 1.08<x<12, Haao :{1 acap 112 <x<1.2.

Ma3kyp TaAKMKOT WIIAIA  HWKKH
Typllard oreparopiiapaan QoiiaaaHamMus,
HaTHXajaa CyB OMOOpU TU3UMHUJIAH CYB OKUO
YUKUIIAHUHT Y3rapuIlInra yXImam MOJEIN
OJIMHQIM. MaxX — min KUiMatiap KUPUTHII-
ra” oneparopjia CyB pecypciiapu TH3UMUIA
HOpaBIIaH Kapop KaOyid KWIWII Y4yH
SKUHJIAIITAPUITAaH Ba WHAYKTHUB acociall
KyJutanwirad. JI. 3age ToMOHUaH KUPUTHII-
raH max — min onepaTopu CyB pecypciapu
TU3UMUA HOPABIIAH KApop KaOyJ KHJIUII
YUYH SIKUHJIAIITAPUIITaH Ba UHTYUTUB acoC-
namga Kymnanwirad. CyB omOopiapu Tu-
3UMU/Ia CyBHUHT OKMO KUPUIIIH, CAKJIaHUIITN
Ba OKHO YHMKWIIM XaKUJard HOpaBIIaH
MabBIyMOTIap WIIIA0 YHMKWITaH, yjap
HOpaBIlIaH KOWJAJapHU KYyJUlaran XxoJija
udona >ruirad. Hopasiian Koujganap HUc-
Oatyiapy MAaHTUKUN YIAHUITHU U(oaamanaun
[11]. Macanan, arap M HucOatiapra “ypra
okuM (YO) ne6 nomnanyBun Hopasuran
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KYIUIMK” KaOyn KuwiuHca, y xoima M
HUCOATUHMHT XaKMKANA KUMMaTh KyWujaaru
dbopmynana udomanaHaau:

T(M) =g, (X) Oy epua 0<py <1 5)

(5) Tearnama M: X€ YO uuc6atHuHT
XaKHKHIUTHK JapakacHHU KypcaTtaam Ba YO
HOPABIIIAH KYTUTMKIArW TETHUIUIAINK Japa-
’acu X ra TeHr. “Arap — y xoiaa’ HErus
TU3UMHUHHU YpraHUII Ba XyJjiocara KEJHII
Kapa€Hu 11y >XKapa€H y4YyH aHHKJIAHTaH
TypJu HucOaTiap ypracuiaru ‘‘UMILIU-
Kalus”® ~ KOWJAJapuHU  KyJUlalira acoc-
nanaau. OxuMm (O) xyna oxopu (KIOO) Ba
cakimam (C) mact (IIDK) Ba BakT naBo-
mudimuru (T) 1 ra TeHr, CyBHUHT OKHUO
yukuy (Y) mact (ITH) 6ynanu. by Tymnam
KOHUJIa XMCOOJIaHa/Ih Ba KYTUIMKIIap opacuia
KyHUJard MOCIWKKA KEITHPWIHIIA MYyM-
kuH: R = ((OKKOO x IT4) U (—XKI00 x Y))
N ((IDK x [TY) U (-IDK C Y)) N ((T C I[THO)
U (-T CY))). Jlemak, roKkopuaa KEITUPHITaH
R HuHr HuCOaTH Kenub uukagu. Arap Xxap
Oup TYymiIaMmaard sJeMeHTiap (MacajaH,
cyBHUHI OKHO kupumun (O)marm xyna
okopu napaxa (QKKOO), caknam (C) maru
nact gapaxa (1K), Bakt naBomuitnuru 1 Ba
cyBHUHT OKuO umkumu (YY) maru mact
napaxka (I1Y)) HopaBmian TymiamMra Moc
kenyBun U, V, W Ba Z xabu udonaananca, y
xonga R HucOatTm yuyH TETHIILTUINK
bynkuusicu Kyiuaaru Gopmyna épaamuaa
udoaanaHuIId MyMKHH:

Hr(W, v, W, z) =
max[ (topr (W) tys (UA) "1 (w)), R

(1 = wrroy(W)) (1 = pyy(v)) 1 -
Hyy(V))"1 — iy (W))]. (6)

Opatna, arap (akT (runore3a) MabliyM
Oyica, IKyHHI XyJoca OJUHUIINA MYMKHH.
IOxopuma kaija STWITaHUACK, HOpaBIIaH
HUCOATIApHU Ha3apHii acoclialira dPHIIN-
M y49yH SKUHJIAIITAPUITAH apryMEHTIIAp

HOpABIIIAH MAHTUKHUHT HATH)KaBUI Makca-
Iu  xucoOnaHamu. “Arap — y xomnaa”
mIaKauAard Koujaajap THU3WMHIra acocCliaH-
raH HOpAaBIIIAaH MAHTHUK XakKuaa GUKp OpHU-
TUI Y9yH KyJIail aHIEACHT XHCOOJaHAIH.
bapua myxuMm Xysocanap TH3UM acOCHIaru
KaHOHUK KOWJaJap TYIJIaMUAaH KEITHPUO
quKapuiaad. Arap OWTTagaH OPTHK aHTe-
IIEHJEHT MaBxya OVyica, yimapHu Oupari-
TUPUII YYYH KOHBIOHKTUB €KU JU3BIOHKTHB
ormeparop Tanad sTwiaau. Moc paBuiiga
KOHBIOHKTUB Ba JIU3BIOHKTHB OIEpaTop
CTaHJApT KECUIIMIUIap Ba OUpJaNIUILIAp
amasutapura spraiaay [12].

CyB pecypcliapuiad CYBHH OKHO YHUKH-
WVHU TYFPU WYHAITUPUII BA ONTHUMAaJUIALI
OepuiTaH KUPHIIIATH Y3rapyBUYHIap acoCH-
Ja MaBXyJ pecypcllapHd MUHUMAaJUTAITHA
Tanab dSTamu, >KyMjaJaH: CYBHHHT OKHO
KUPUIIH, CAKJIAHUIIA Ba WHJIHUHT MabllyM
naBpu. Kecumum omepaTopu OKUMHUA MU-
HUMAaJUTall Ba CyBHU MabJIyM JaBp MoOai-
HUJIA CaKJall Y9yH UIUTaTHIIA U,

Xyaoca. Ym0y TagkKuKOT THIPOTEX-
HUKA HWHIIOOTJIAPUHHU OOIIKAPUIIl THU3UM-
Japuia HOAaHUK MaHTUKHU KYJUTAIIHUHT Ca-
Mapaaopiuruau kypcatau. CyB omOopiapu
Kabu Mypakkad TH3UMIIAP YYyH HOAHUK
KouJajgap acocuaa WIurad YMKWITaH Oori-
KapyB yCyJUlapH, aHbaHAaBHH MeETOJjIapra
HUcOaTaH, HOAHUKJIWKHM KaMaWTHUpHII Ba
Kapop KaOyJ1 KMIIHII J)kKapa€HWHU COJITaIal-
TUPUII UMKOHUHU Oepaau. by €npairyB cyB
oMmOopJiiapura KMpyBYM Ba YMKAQJWTaH CYB
OKUMHUHHU, OMOOp X@)KMH Ba BakKT JaBPHHH
camapayii Oomkapwuiira €praMm Oepaau, mry
Ownan Oupra pecypciapiaH oKuiioHa ¢oii-
JATaHUIITHA TAabMUHIIANIN.

Hoanuk ManTuK €paamuia cyB pecypce-
Japu TU3UMHHHUHT XYCYCUSITIIAPUHU OIITH-
MaJUTAIITUPUINTa KapaTHJIraH OOIIKapyB aJi-
TrOpUTMJIAPU UIILIA0 YUKUIIUIIN CYyB OMOOp-
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Japujia CyB TAKCUMOTHHHM aHMKPOK Ba caMa- | CyB OMOOpJIapuHU camMapaiu OOIIKapuIl
panupoK OOIIKApHUIl WMKOHUHHU SpaTajiid. | Y4yH UCTUKOOJUIM Ba MIIOHWIH yCYJ cHuda-
TagkuKOT HATHXKAJAPH IIIYHU KYpCaTaJuKy, | THAA HAMOEH OYJIMIIIN MYMKHH.
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