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NIITHUH KAJIIBI MYHO31IOMOCY

JluccepTalMsiHbIH ~ TEMACBIHBIH  AKTYAJAYYyJayry. MareMaTukaiblk
MOJIEN/1e6/16 alibul yapba eCyMAYKTOPYH KOProo MPOLIECCUH CYPOTTe® KeWreiy
akTyanayy Oosiyn caHanaT. bByryHKY KyHAe® eCyMAYKTeply KOproo MacejecH
Taxukcran  PecnyOnukachlHBIH — alipll ~ 4yapOachlHBIH, WIMMJIWH  JKaHa
TEXHOJIOTHSUIap/IbIH O©HYTYYCYHYH apThIKUBUIBIKTYY OarbITTapblHa NaiiianaHyyra
OalJaHBIIITYy KOINTOreH WIMMIIO3I0PAYH KOHYJIYH Oypay. OcyMIyKTepayH
IUTAHJAIITBIPUITAH TYIIYMYH — KOProO TPOIIECCHH MaTeMAaTUKAIbIK MOJIENI00
YKapaTbUIbII CUCTEMaTapblH a0aJIbIH aJJIbIH ajla 00KOMOJITOOHYH KaHa aylapibl
OamkapyyHyH HETM3TH KypalJapblHbIH OupHu Ooiynm caHajar. A3BIPKBI ydypla
HKOHOMHUKAJIBIK, KOOMJIYK >KaHa 3KOJOTHSUIBIK 6Te MaaHWIYY KeilreitnepayH oupu
0oy 3bITHKEUTEpACH 4yapOa ©CYMAYKTOPYH KOProO CHCTEMACHIH >KAKIIBIPTYY
cananar. Taxxukcran PecnyOnukacbiHga aibul 4yap0a eCyMAYKTOPIAYH HETHM3TUCU
Oonyn maxrta caHajar. ©OCYMIYKTOpAYH IUIaHJAIITHIPbUIraH TYIIYMYH KOPIoo
IPOLECCUH MaTeMaTUKaJblK MOJENA6e CypOooJIOpY MHTEHCUBAYY OCYMIYK
OCTYPYYAO arpo-3KOCUCTEMaHbl KaJIBIITaHABIPYY KaHa OHYKTYPYY
©3reUeIYKTOPYH  auyydy, MakcaTTyy OJKOJIOTUSJIBIK JKaHa  OWOJIOTHUSIIBIK
U3WJIIOOHYH HETU3MHJE alMaKTBIK IaxTa KOProo CHUCTEMAaChlH XaKUIBIPTYYHY
Tajan KeuiaT. OCcyMayKTepay KOproo MpolecCuHIe aibll yapOa 3bISHKEUTEPUHE
KapIibl KOMIUJIEKCTYY BIKMAaHBIH HEIM3I'M MakcaThbl - TYPAOPAYH "3bITHAYY KypT-
KyMypCcKaJlapipl' »kaHa 'mauganyy KypT-Kymypckanap' arporeHO310pyH
OMONOTHSUIBIK JKaHa XHUMHUSJIBIK BIKMajapbl KapakaT KaTapbl ke Oamrkapyy
KypaJibl ~KaTapbl KOJJOHyyra HerusaeireH Oamkapyy Ooiymn —caHauar.
[TmanpamTeIpbUIral TYIIYMIY KOPTOO MacelleCHH YbITapyy YIYH MaTeMaTHKAIIbIK
METOJJOPAY >KaHa KOMIIBIOTEPAMK TporpaMMaiapAbl KOJJIOHYY IIJIaHI00-
HYKOHOMHUKAJIBIK WITUTEPIANH HATBIMKAIYYITyTryH ablaH >KOTropynarar, aj dCenToo
yOaKbITBICHIH ONYTTYY KBICKapTyy YUYYH raHa 3MecC, OILIOHIOH 3Ji€ ONTUMAIYy
HaThIMKaIapAbl KaMChI3 KbUIyyra MYMKYHAYK Oeper. OmonaykTaH, Oyl Tema
aKTyaJyy jKaHa KepeKTyy OOyl caHalar.

KepceTynren auccepTalMsulbIK UII 3PKUH TPOQUKAIBIK V(O byHKUMIIap
yU4ypyH/Aa KYypakThIK KypamblH >KaHa MEHKMHAMK OOrOHYa OeJayIITYpPYYHY ICKe
allyy MEHEH OCYMIYKTOpAYy KOproo NIpPOLIECCHHE MAaTEMAaTHUKAJIbIK MOJEIIECPAU
YKaHa IporpaMMaiapbl UIITEN YbITyyra OarbITTalraH.

JluccepTauMsHbIH MIIMMHUI-U3HIA009YJYK MIITEP MEHEeH 0alIaHbIIIbI

N3nnneenyH  KypyuwyHIe aJblHTaH  HaThIXKaIap "IIpukianapik
MaceJeNepau ublrapyyra aJropuTMJIEpAH »*aHa NporpaMMaiap >kal0ayyiapblH,
MaTeMaTUKaJIbIK Mojienaepau umren ubiryy" M-7 0110RK165 non6oopy 6oroHua
WJIMMHAN U3UJI106 WIITEPUHUH MaTEPUaIIapblHa KUPTEH.

JucceprauMs/IbIK MIITHH MakKcaTbl JKaHa Macejgecu. M3uninneenyH
MakcaTtbl OOJyn TIUIAHJAIITHIPBUITAH albul Yap0a OCYMAYKTOPAYH TYIIYMYH
KOpProo MaceJeCHHUH MAaTeMaTUKAJIBIK MOJEIA06 KypaJliap JKbIMBIHABICHIH UIITEIl
YpITyy caHanar. bynm makcaTka ’KeTyy Y4YH IOMCCEPTAlMsUIBIK MINTE TOMOHKY
MaceJieJiep KOKJIraH:



a) pKUH TPOPUKAIBIK V(-) (QYHKUUSATIAPbI MEHEH KYPaKTBIK TY3YMYH KaHa
MEUKUHIUK TapaTyyCyH 3CKe ajlyy MEHEH ©CYMIYKTOpy KOProo MaceJeepuH/Ie
OMOJIOTUSJIBIK TYPJAOPAYH ©3 apa apakeTTeHYYCYHYH IIPOLIECCUH CYpPOTTOreH
MaTeMaTUKaJIbIK MOJEJIU TY3YY;

0) opkuH TpodUKaIbIK (YHKIUSATIAP MEHEH OCYMAYKTOpIYy KOproo
NPOLIECCHH YbITapYyHYH 3apbUl JKaHa JKETHUIIEPJUK OOJITOH IMIapTTapbliH
MaTeMaTUKaJIbIK HETU3]106;

B) OCYMIYKTOPAY KOPTOOHYH HHTErpo-Au(QepeHIInanIblK MaceaeIepuHIH
YbIrapyyHYH ONTUMAJIBIK jKaHA CaHJIbIK bBIKMaJlapblH KOPCOTYY;

I) OCYMIYKTepAy KOpProo NPOLECCHH Yblrapyyra MOporpaMMaliapAblH
KBIMBIHJBICHIH TY3YY.

NM3unpeenyH wianMui sKaHbLIbITBI. 05.13.18 aguCTUrMHMH Y4 aiiMarbl
OOIOHYA JucCCepTalMsa AalbIHTaH S>KbIMBIHTBIKTAPABIH  WIMMHUN KaHBUIBITHI
TOMOHKY K000JI0pA0 KaTar:

Mamemamuxkanvik modenooe. 1. IpxkuH TpoPuKambik V(-) GyHKIUSIAP
MEHEH YOakbIT, KypaKTbhIK TY3YMYH >KaHa MEUKHUHAMKTE OOJYHYIIYH 3CKE alyy
MEHEH OCYMIYKTOpAy KOpProo MpPOLECCUMHUH MAaTEMaTUKAJIBIK  MOJEIJIED
KOMILJIEKCH UILITEIHI YbIKKaH >KaHa U3UJIJIETEH.

2. DpkuH TpoUKaIBIK V(-) QYyHKIUSIAp MEHEH YOAKBIT, KYPaKTBIK TY3YMYH
’KaHa MEUKUMHAMKTE OOJYHYLUIYH 3CKE alyy MEHEH OCYMIYKTepAy KOproo
IIPOLIECCHHUH ONTUMU3ALMUIBIK MaceJenepy U3WIIEreH. OcyMayKTepay KOproo
MaceJIECUH ONTUMAIIYY Oalikapyy Y9YH MUHUMYMJTYH 3apbUT IIAPThI aJIbIH/IbI.

Yucnennovie memoowl.

3. OpkuH TpoduKanbK V(-) GYHKIHMUIAp MEHEH YOAaKBIT, KypaKThIK TY3YMYH
KaHa MEUKUHIUKTE OOJYHYLIYH 3CKEe ajlyy MEHEH OCYMAYKTOpAY KOPrOOHYH
UHTErpo-IugdepeHuaNIbIK MaceIeIepUuHUH YbITapyYyHYH CaHJIbIK bIKMajapbl
CYHYWITaJIbl. OCYMAYKTOPAY KOProo MPOIECCUH alblpMaliall annpoKCUMALHUSIIOO0
CYpOOJIOpY Kapajras.

Ilpozpammanap komnnexcu. 4. Jluccepranusiiblk UIITUH aJIKarblHJA 3PKUH
TpopUKaIbIK  (QYHKIUsATIApAAa YOaKbIT, KypPaKThIK KypaMmbl >XaHa MEUKHWHIUKTE
O6YIITYPYYCY 3CKE allblHTaH 6CYMAYKTOPIY KOProo MpoLEcCHH Oalkapyy y4yH
mporpaMmaiap KOMIUIEKCH WINTEIUN YbIKTBI, all MporpaMmmanap TaXukcTaH
PecniyOnukaceiHblH -~ MaaHUSIT MUHUCTPJIWTHHAC KaTTainraH (WIMMHKM, amaOuid
KaHa KOPKeM ublrapManapiabl  Katroo xkeHyHmae KyOemyk). Mopenauk
OepuuIITep MEHEH OMp KaTap 3CENToe HKCIEPUMEHTTEPH KYPry3yiay.

AJIBIHIaH Kbl BIHTBIKTAPAbIH NPAKTHKAJBIK O0aayyJiyry.
JuccepTalMsuiblK MINTUH MAaHWIYYJYTY aHbIH HaTbldKandapblH Oenruiyy Oup
NOMyJsIIUsAIap, OMOJNOTHSUIBIK JKaMaaTTap *aHa AKOJIOTHSUIBIK CHCTeMasap Y4yH
TaOUTBIA HKCIIEPUMEHTTEPAN KYPTry3YY, OOKOIA00 jKaHa MIIAH00 MaceseIepuH
YbIrapyy YUYH KOJAOHYYyJa skataT. CaHABIK 3CENTOONOpIyH HAThIMkKalaphl MaxrTa
arporieHo3y YYYH KypT-KyMypCKajapAblH CaHBIHbIH CBhIH 0aalyyJlyKTapbIH
AaHBIKTOO YOH NPAKTUKAJIBIK MaaHUI€ 33 3KEHUH KepceTyn Typar. byn wumire
QJIBIHTaH SKbIMBIHTBIKTAPJIbIH HETM3WHAE NaXTa AarpoLeHO3YHYH 3KOJOTHUSIIBIK
MaanbIMaTTapblH  KaWpaJaH HWIITeN YbIlYy YYYH OpKHH  TPO(UKAIBIK



dbyHKIHsIIapaa yOaKeIT, KYpPaKTHIK KypaMbl >KaHa MEHKHHIUKTE OONyIITYPYYCY
ACKE aJIbIHTaH OCYMIYKTOpPJly KOProo MaceleCHUH 4YbIrapyy Y4YyH OarbITTajiraH
nporpaMmaiapJblH KOMIUIEKCUH TY3YY YOH MHPAKTHUKAJIBIK MAaaHUTE 33. ICENTeo
HKCIIEPUMEHTTEPANH HaThlibkanapsl TaXUKCTaHABIH albll yapba WIMMIEP
aKaJeMUusCchiHbIH JKep MITeTYy MHCTUTYTYHYH KbI3MaTKEpJEpUHE aHJIaH apbl UII
KY3YH/I6 Naljananyy YUYH CYHYII KbUIbIHTaH.

OmoH0# 271e, IUCcCepTAlUSIIBIK WINTHH WIMMHUN-TIPAKTUKAIBIK MAaaHUCH
OMOJOTMAJIBIK ~ MONYJSALMSHBIH ~ a0almbl  JKOHYHA®  AJbIHTAaH  ©3repyJIMe
MaajbIMaTTapAbl OHYKTYPYY YUYH >Karjaiipl ajjiblH ajla 00KOMOJIJIOOHY KYpYy
MYMKYHUYJIYTYHI®  »Karar. JluccepTauusiiblKk  WINTUH  KbIMBIHTHIKTApbIH
Tamxukcran PecnyOnukaceinbia XKOXnopynaa "Konmoamo maremaTtnka' skaHa
"nHdopmaruka" OarpITTapblHAA CTYJASHTTEp >KaHAa MAarucTpiiep YYYH aTalbiH
KypcTapasl ("BUOTOTUSIIBIK cUCTEMallapia MaTeMaTUKAJIbIK MOJEAee") OKyyna,
7a00paTOPUSIIBIK, KYPCTYK W MAruCTepAMK HWINTEPAU aTKapyyda KOJJAOHYY
00KOMOJIJIOHYY/1a.

AJIBIHTAH KbIABIHTBIKTAPABIH JKOHOMHUKAJIBIK 0aajyyJayry. ASHTBIHBIH
7% Bl TaHa Cyrart ’*aHa alblUl yap0a 6CYMAYKTOPYH O6CTYPYYTO bUIAUBIKTYY OOJITOH
Taxkukcran PecrnyOnuKachlHBIH IAPTTAPBIHIA YOH MaaHW MaxTa OHAYPYYHYH
WHTEHCUBNYY (akTopiopyHa OeNyHeT, alapiAblH apacblHia MaaHWIYY OpYH
OCYMAYKTOpPy  3bIIHKEUTEpJIeH Koproo nmpoueccuHe Oepwier. Ilaxra
OHJIYPYLIYHYH  a3bIpKbl  I[IAPTTapAa, aHbIH  JKOTOPKY  OHOJOTHSIIBIK
HATBIKAyyJIyTryH KapabacTaH, YpeH-MaxTa TYLUIYMYH OTOTYyy OJIYTTYy OOWI0H
Kanyyaa. OmoHI0M 3i1e, XUMUSUIBIK bIKMaHbl KOI KOJIOHYY OUp KaTap >KarbIMChI3
Kecernerrepre ajiblll KeIyy MEHEH KOIITOJYIN >Karar. J(huccepTauusiablKk HIITE
aJbIHTAH SKBIMBIHTBHIKTAPbl aibll 4YapOa 3bITHKEYTEPUHEH TYIIYMAY KOProo
OOIOHYA OOJKONAO00 JKaHA IUIAHAAIITHIPYY WIITEPHUHIEC KOJJOHYJIYILY MYMKYH.
MpbIHal W3WIIO6J6p SKOHOMUKAIIBIK MAaaHUTE 33. YIIyJl HETU3E, 6CYMIYKTOPIY
KOProo MHTETPAIIBIK IPOLECCTEPH OHYTYYAO ’kKaHa OILIOJI I ydypAa TYLIYMIYH
OHIYPYMAYYJYTY KOrOpyJIO0IO.

Koprooro ajnbiHbIN YbIKKAH JUCCEPTAIUAHBIH HETU3TH 7K000J10pY.

1. Opkun TpoduKambIK V(-) GYHKIUAIAD MEHEH YOakKbIT, Kypak Ty3yMy JKaHa
MEUKUHAUKTE OONYIITYPYYCY ICKE alblHFaH 6CYMAYKTOPAY KOProo MpOLECCUHIE
arporieHo3 TYPJAOPYHYH €3 apa apakeTTepHuH CYPOTTOO YUYYH >KaHbI
MaTE€MaTUKaJIBIK CYpPOTTOOIOP.

2. DpkuH TpopUKAIbIK QYHKIUsIapAa YOAKbIT, KypaK Ty3yMY >KaHa MEHKUH]IUKTE
OONYIITYpYYCY O3CKE alblHFaH OCYMAYKTOPAY KOpProo TMpOLECCH YYYH
MaTEeMaTHUKAJIBIK MOJICTACPIN HU3WIIOOHYH aHATUTUKAIBIK, OOJDKOJIIYY CalaTThIK
METOJJOPYH OHYKTYPY aHBIKTAJI/IbI.

3. ArpoueHo3nopAy 3bITHKEUYTEPACH KOProo MpPOUECCHHUH  ONTHUMAIAYY
MaceJIECUH YbITapyy KaHa KypT-KyMypCKaJap/lblH CaHBIHBIH ChIH MaaHWJICPUH
Ta0yy HETH3JCNIA KaHAa KUPTH3WIAH. OPKUH TPOPUKAIBIK V(-) (QYHKIUA

YYypYHJIa YEKUTTUK MOAEIAEP YUYH OCYMAYKTOPAY KOPrOO MAaceIecu Kapaljbl.



4. Kypr-kymypckamapipiH yOaKbIT, KYypPakThIK TY3YMYH O3CKE allyy MEHEH
OCYMIYKTOpPIy KOProo MpOIECCUHUH »aHbl MAaTEMAaTHUKAaJbIK MOJEIIECPU YUYH
YbITapyyHYH CAHJIBIK AJITOPUTMU KEITUPUIIIN.

5. DpkuH TpoduKalblK (GYHKIMSUIAp Y4YypyHAA YOaKbIT, Kypak TY3yMy >KaHa
MEUKUHAUKTE OONYIITYPYYCY ICKE alblHTaH ©CYMIYKTOPAY KOProo MpOIECCHH
yplrapyyra  OarbITTairaH NpOorpaMMaliapAblH KBIMBIHIBICHL TY3YJOY JKaHa
Taxukcran PeciyOnukacbiHblH ManaHUSIT MUHUCTPJIMTUHAC KaTTaldran (MJIMMHUMN,
ama0uii )kaHa KOPKOM UYbITapMaliapIbl KaTToo )eHYH1e Kybemyk).

N3nenyy4yHYH 031YK cajlbIMbI. J[MCCEepTalUSIIBIK UIITE OEPUIIreH Oap IbIK
MaTepuanap >KeKe aBTOp TapaOblHAH albIHTaH. TanKyyslnoo jKaHa WIMMHUN
HaThIMKATAPbIH KapbISUIO0 YOTyy-)Ka3zyydyjap *aHa WIMMUNA KEHEIIYd MEHEH
WITIKE allbIPbUIrad, OUpPOK, Oyl M3WIAOOHYH HETH3rd Ma3MyHY >KaHa KOProoro
YBIKaH K000JIOp aTKapbUIraH UILTE aBTOP/IYH JKEKEU€ CAJIbIMBIH YarbLIAbIpaT.

JlncceTalMAHBIH KbIHBIHTHIKTAPBIHBIH anpodanuschbl. VIITHH HETU3TH
000JI0py KaHa MINTUH MaTepuangapbl 16 31 apanblk xaHa 17 pecmyOauKaibiK
KbIUBIHIApAA OWITUpAM >KaHa Tajkyyra aneiHrad: 13-th International Pure
Mathematics Conference, Mcinama0an, 2012; 9-D1 apaiblk WM jKaHa TEXHOJIOTHS
MacelleJIepuH KOMIBIOTEPJIUK Tanaoo OoroHYa kblibiH, Jymanbe, 2013; 10-am
apaJIbIK WJIMM aHa TEXHOJIOTHS MacelleJIEpUH KOMITbIOTEPAUK Talgo0 OOIOHYA
xbiiibiH, [ymante, 2015; C.b. Creukuaun ¢GyHKUOUsIIap TEOpUACHl OoroHYa DIl
apaJIbIK KaWKbl MaTeMaTHUKaJIbIK MeKTen- KoH(pepeHuuscel, [ymanbe, 2016;
"MareMaTuka jkaHa ajap]ibIH KOJITOHYJYIITAphIHBIH 3aMaHOan Kewreinepy" On
apanblk  wiumuid  kKoHdepenuus, Jyman6e, Kyns6, 2017; Taxuxcran
PecnyOMKachIHBIH 3reMEHAYYIYTYHYH 25-KbULAbITbIHA apHairan "Maremaruka
J)KaHa aHbBIH KOllymMYa THUPKEMEJIEPUHUH 3amMaHOam wmacemneiaepu” 531 apalibIK
WIMMHAKW-TIPAKTUKAIBIK KbIdbIH, JymanOe, 2016-x.; 18-th International Pure
Mathematics Conference, Mcnamabanm, 2017; "Taxkukcran PecmyOimkachIHBIH
HOBatopAyk eHykrypyyae MKT pony" 51 apanblk HWIMMHUA-NIPAKTUKAIBIK
KBIMBIHIBIH ~ Matepuangapbl, [ymanGe, 17-18-nos6pna 2017;.Taxukcran
PecniyOnukaceiapin Mnumaep akajeMusiCBIHBIH akaJeMuru, (pu3nka-maTeMaTHKa
WIMMJICPUHUH JOKTOpY, npodeccop WMnomo Mamanmonyn 70 >KbUIIBITHIHA
apHanrad  "Maremartvka JKaHa ~ aHBIH  KOJIIOHYJYIITApBIHBIH  3amaHOam
Koureisiopy" 5I1 apaiblK WIMMHNA KBIMBIHIABIH MaTepuanaapsl, Jymanoe, 14-15
MapT jkaHa Oamikanap.

Bacbuibin YBIKKAH WINMUIA IMreKTepae  JAMCCEPTAIUSHBIH
KBIMBIHTBIKTAPBIHBIH YbITAPBUILIIIBIHBIH TOJYKTYYJYry. JluccepTaiusHbiH
MaTepuangapbl 00roHYa 53 WIMMHI dMIeK KapbhIK KOPToH, aHbIH nuuHae KoIprs3
PecniyOmmkaceiabi JKAK TapaObinan cynymrtanran xkypHangapaa 4, PO JKAK
TapaOblHaH CYHyIITAITaH >KypHaingapaa 13 wmakana OachUibll YBIKTHL. bup
MoHorpadus, IBM nporpamMmaiiapelH MaMJIEKETTUK KaTTooro 4 KyOenyK >kaHa
WINMHUHN, UITUMUNA-TEOPETUKANBIK XKaHA WIMMHA-METOIUKAIBIK KOH(pEpEHIUsIap
YKaHa CEMUHAPJIAPIbIH KbIMHAKTapbiHAa 31 MOoKIaaIapAblH MaTepUaIIaphl.

JuccepranMsiHbIH CTPYKTYpPAChl KaHAa KeJaemy. Jluccepranusi KUpUI
ce3neoH, 6 OamTaH, KOpYTyHAY *XaHa KojjoHynaran 250 wimvwuii OymakTapabiH
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TU3MECUHEH, HETW3ru OeNruieenep TU3MECHMHEH TypaT. JKaiambl Kelemy
2836eTTeH TypyIl, 56 cypet, 9 Tabauiia KaMTHINT.

JANCCEPTAIUSAHBIH HET'U3I'U MASMYHY

Kupum  ce316  Kbickaya  TypAe  JUCCEpPTAIUSHBIH  TEMacChIHbIH
aKTyaJIyyJyTyH HETU3/1660 KEITUPWITeH, aHbIH HETU3MHJIE KeHreisaep, Makcar,
HErM3rd MUJICTTEPU >KaHa KOPrOHYy Y4YYyH HETM3rd K000JIOpY AaHBIKTAJITaH.
JuccepTalMsuiblK UINTUH WIMMUN JKaHBUIBITHI JKaHa MPAKTUKAIBIK MAaHUTYYIIYTY
KOpCOTYJIreH. JluccepTaliusiHbiH KypaMbl CYpPOTTOTOH.

bupuHun 6anTa OUOJIOTHSUIBIK MOMYJISIUSIIAPIBIH CAHBIHBIH JUHAMUKACHIH
MaTeMaTUKAJIbIK  MOJIET00, JKOCUCTEMANap,  rKamaarrap, MOJIEIIUK
MONYJISIUSANIAD YUYYH YOaKbIT KaHa MEWKUHIUK OaillaHBIIITapbl ACKE aJbIHTaH
KOProo MPOLIECCTEPUHUH MaTEMATHKAJIbIK MOJACIICPUH U3WIO6 CYPOOJOPYHYH
OHYTYY TapbIXbl ’KaHa aJa0ugTTapra kajmsl OasHIaMa KeJITUPUITEH.

JKUHYM 0anTa U3WIIeeHYH METOANOPY KaHa MaTepuangap KEeITUPUIITEH.
Tamxux PecryOnukachlHBIH OMOJIOTHSIIBIK CUCTEMaNaphIH (MaxTa, Oyynau, Kypyd
k.0.) cypeTtee OasHAanraH. A3BIK-TYJYK NPOrpPaMMAChlH MaMJIEKETTUK >KOHTO
CAIyyHYHYH HATBIIKQIYyJIyTyH >KOTOpyJaTyy Qakrtopy katapbsl TakukcTaH
PecnyGiuKkachIHBIH arpolleHO3/I0pyHa abll 4apOa eCyMAYKTOpPYHYH (maxrta,
Oyymaif, Kypyd >k.0.) IUIaHIAIITBIPBUITAH OPYI-XKBIIOY HWIIUTEPUHUH KOPToO
MPOIECCTEPUHUH  METOAJOPYH, MAaTeMaTUKAJIbIK, KOMIIBIOTEPJUK MOJIEIA060
METOJJIOPYH aHa bIKMaJapblH, OMIOHAOW »3J€ KOJJOHMO O0XKOMOJI00
BIKMAJIAPBIHBIH HIITEN YbITYY KEJITUPUIITEH.

YuyHuy Oanra ecyMAYKTOpJly KOProo TMPOIECCHHUH MaTeMaTUKaJIbIK
Mojenaepu kapanar. TpoduKandblik OailTaHBIIITAPJbI BOJBTEPPIAUK CYPOTTOO
yaypyHJa >KaHa OSPKUH ©3 apa jkKaHa WYKA TONYJSLUSIIBIK apakeTTeHYYAo
KYPTYKYMYPCKQJIapJbIH  CAHBIHBIH ~ ChIH  MAaHWCHH  aHBIKTOOTO  aybIK
MaTeMaTUKaJIBIK (popMysaiap aabIH/bI.

YuyHuy OantbiH 1-06JIyT'YHAO TOMYyJIANUSUIAPIBIH CaHbl yOAKBITTaH KO3
KapaHJel OOJTOHIO0, OCYMAYKTOPAY KOProO MACEIECHUHHMH 3>KaJIbl KOMJIYIILY
KEJITUPUJITEH.

YuyHuy OanTbiH 2-06JYTYHA6 MOJCIIMK arpolleHO3 CTAIlMOHAPJBIK >KaHa
CTAIMOHAPJIBIK dMEC PEeKUMIE OONTOHIO0 OCYMAYKTOPAY KOPOr0oO MaceseIepUHIH
YBITapbUIBIIITAPhl KapairaH. Tpodukansik OaiylaHbIITAPABl apayiail BOJIbTEPAUK
xaHa V(-) ¢yHkuus ~— OowHYa OasgHIOO YUYypyHAA KypT-KyMypCKajlapAblH
CaHBIHBIH ChIH MAaHWUJIEPUH AHBIKTOO YYYH ayblK MaTeMaTHKaJbIK (opMmylaiap
anbiHabl. CalMakTyyJlyK PeXUMHUHACTH MOJEIANK arpol€HO3/ly Kaparm Kepey.
AHna tuemenyy TpOoGUKAIBIK JEHIIAJITe TaaHIbIK OONTrOH TYPJIOPAYH >KajIibl
Onomaccacel (K€ caHbl), TOMOHKY anreOpayiblk xkaHa auddepeHITnanIbIK
TEHJIEMEJIEpJIMH CUCTEMAChIH KaHAaTTaH/bIPAT:



Q — V(N )N, =0,

Bi
KootgVo(Ng)—oyN, —m, =0, N; = jNi(a)da

B

dN ~ < (1)
= NolkouN —a, Ny —m, ) N,(0) = [B,(a)N,(a)da,
0
dN I
daz = N, (k,a,N, —eN, —m,), N3(0)=I83(a)N3(a)da.
0

XKanmne! yuypaa tuemenyy TpO(QHKaIbIK JIEHIIAJIre TaaHJbIK OOJTrOH TYpJIepIYH
KaJrbl OnomMaccachiH (K€ TYPJIOPAYH CaHbIH) TOMOHKYUY® Oenrusieiions

N;, N, =N;(t),i=0123, (i=0- pecypc, i=1 — ecymnayxk, i=2 — 3pIstHKEUTED, 1=2
— maiijanyy KypT-Kymypckaiap, Q— TBIIIKBI PeCypCTyH KeYY BULAaMIbITHI,
MBIHIA B =B()>0 3bIIHIYY JXaHa Maiaanyy KypT-KyMypCKaJapAblH TYyYIyy

dynximsacer, ™ - TaGBIrbIil @1YMAYH opTouo Koddduuuentrepu i = 1,2,3; k; —
OCYY aHa PEenpoAYKTHUBIYY ajlMallyyra KeTYydy KOJJOHYJIraH OWOMacCaHBbIH
yiyary, §=0,1,2;a; —  Tpodukanmbik GyHKUUSIIAPABIH KOADPUITUEHTTEPH,
i =0,1,2; € — malganyy KypT-KyMYpPCKaJIapJblH HOMYJSUHUACBIHBIH ©3YVH

umMuTTee kodpdunuentu. FOHycu Macenecu ChISIKTYy Koproo macenecus (1)
CTallMOHAPABIK MOJCIJIMK arpoleH03 TEPMUHUHIE Ty3eay. Meinu Nlp - Oou3
TYIIYMIY MBIHAQH a3 ajJ0O00Hy KaaylaraH aibll yapba ©CYMIYTYHYH IUIaHIalTaH
OMoMacCcachIHbIH ACHIJIMH OUIUPCHUH, 0.a.
N.> N, Nlpe[NTinvaw] ,Tae [N, N1 - const > 0.

N, <N/, N,>N? 0apabapcChi3IbITblH KapailOb3, MbIH/IA N/ >0, NP >0,

Oenrucus napamerpiiep.
OCYMAYKTOPAY KOPTOOHYH CTAIIMOHAP/IBIK MPOIIECCUHUH YbITaPbUIBIIIBIHBIH

YKAITOOCYHYH HETH3TH KBIMBIHTHIKTAPbI 00Tyl TOMOHKY OYTYM dCEnTeNeT.

Teopema 3.2.1. N >N/, N[N/ .N.™1 wapmol opyr arnyycy yuym

Q
Vo(N,)<——,
(N0 3
N, < NP, NP =K@ M (2)
a’lNlp a’l
= ko m
N, > NS, NP=-—"212NP-——2.
Oy o)

Oapabapcri30bI2biHbIH AMKAPBLILIULLL 3APBLL HCAHA HCCMUUMYY.
HNamuagee. N, >NP, N e [N™,N™], (2) OGapabapChI3ABITBIHBIH
TYypasibIrbiH ganuineions. (1) cucTeMachbiHBIH OUPUHYH TCHIEMECHHEH

Q-aVo(Ng)N, =0, T.e. V,(N,)< Lp —V, analbi3.
aoN;

(1) auH 2—TeHIEMECUHUH HETH3UH]IC

KootoVo(Ng ) —oyuN, —m, =0,

koao%—alﬂz—mlzo, Nzg k,Q _mlzsz
o Ny

NS oy

N, <N, anaOsi3.



Omrenturn, (1) cucTeMachlHBIH YUYHUY TCHICMECHHEH analbi3:

dN -
= N, (k.o N, — o, Ny —m, ).

HHTCIpaJIall, aﬂa6I)I3
N.(2) T2 da = [ NZ(a)dalkiou N, s, ~m,
0 0

N2 ()= N(0) = [ Ni(@)dal kN, — ot ~m, ]
0

~ ~ _ka m

11 p 2 __ p

kouN; —a,N; —m, <O,N, > 22N/ ——= =N/,
OLZ OLZ

Mreignan
N, > NP

N, OaanaiiObI3
(1) cucremachlHBIH TOPTYHUYY TCHJIEMECHHEH alaObI3

N(0)exp [ A(E)dg
. < Nmax

1+eN(O)TeXp(j.A(§)d§)dr_

Ns(a):

moumoa  A(a)=K,a,N, —m,.
UbiHbIHA, (1) AMH TOPTYHUY TEHAEMECUHEH ayia0bl3

dN

daS = N,(k,0,N, —eN; —m,), A(a)=k,a,N, —m,.

dN
da3 =N,A(a)-eNZ(a).

AKBIPKBI TEHJIEMEHHH DKM KarblH TeH — NZ(a) Oeuyr, anadbi3
B 21 AN, - A(a) e
NX(a) da  Ny(a)

MprIHgan
1 dy 1 dN,

Nya) 7' da_ NXa) da

OENTUIOOCYH KUPTU3HIL, KeJIeOn3
_ —-A(a)y +e.
da
Tuemenyy oup Textyy (3) TeHIEMECHH TOMOHKYY® *Ka3aObI3
Y1 aay WY pa),

da vy da

a OoroHYa MHTErpasaan
Iny =] AE)IE +Y,(0). Y(a)=ep(] AE)IE)-¥,(0)

aabe3. (4) Ty A GoroHua qUdGEpPSHIUPIICI, ATa0bI3:
9

AKXBIPKBI TEHIEMEHUH K1 KarblH TeH N, (a) KeOeHTyI kaHa a 00roH4Ya

(3)

(4)



%=exp(—z A(E)E)(~A(2))- y,(0) + exp(~] ACE)AE )y, (0),

y JKaHa g_y MaaHwiepuH (3) TEHAEMECHHE KOOI, alalbl3:
a
exp(—[ A(E)E)(—A(a))y,(0)+exp(—[ A(E )& )y; (0) =
= —A(a)exp(—[ A(E)E)- y,(0)+e.

exp(—[ A(E)de)y, (0)= ¢
0
Byn xepen 613 TOMOHKYHY anadbI3

Y, (0)= ——=
exp( [ A(%)d2)

=sexp(iA<a)d&).

d 0OoroHuYa MHTETpayIan
Y,(0) =& exp( ] A(&)de )dz + y(0).
0 T
analbI3. y,(0) AUH TaObUIraH MaaHUCHH (4) Ko Koely3

y(a)=exp(— A& )de (e[ exp( | A(E)dE )dr+ y(0)) =
0 0 T a (5)
= Y(0)exp(~] A(E)AE ) + cexp(~] A(5)d)] exp( -] A(E e .

)kana Y(0)=

Y Ny(a) N,(0)

acKe aiyy MeHeH (5) OapabapabIrbiHaH anadbi3

N3(0)exp(ZA(i)d<i)

N,(a)= - - :
1+eN,(0)[ exp( [ A(E)dé )

OMHM KeTHIITYYJYIYH Adanunaeiion3. Meitim (2) 6apabapchi3aAbirbl OpyH aJIChIH
JEUIIN.
M, kQ

N, >N, NPe
1 1 1 [kl(x,l ml

1.

OpYH aJlaapbiH KepcoeTe0y3. UbHbIHA 1€, (1) IyH YUYHUY TeHIEMECHUHEH

k,o,N; —at, N3 -m, >0

kio,(N; =N ) =0

N,>N?.

Omonmoit sme  Oynm  Oemymae V(-) TpopUKAIbIK MOACHIEP KJIACCHIHIA

OCYMIYKTOPY KOPTOOHYH CTAI[MOHAPIYY IMEC MACEJIeCH KapaJiraH.
Meiinn MoIenauK arpoueHO3ayH alaibl TOMOHKY TEHAEMENEp apKbULyy
CYPOTTOJCYH

10



dN,

T_Q_FO(NO’Nl)’

6)
ﬂ£=—NF(N N,,N,) (
dt - 11 01" V1 2N
dN ~
—a%:NJgWPN”NJ
dN
d_t3 = N3F3(N2,N3),

- 1%
N(t) == [ Ny(t)dt.
k 0

(6) Mozenuk OmocucTeMaaa TYPJIAOPAYH €3 apa apakeTTEeHYYJepy apaail
BOJIBTEPPAMK *kaHa V(-) dyHKIMsS O0IOHYA TOMOHKY TYp/1® OOJICYH JNEHu:

dN

d_to =Q— 0o Vo(Ng )Ny,

dN ~

d_tl = N;(kootoVo(Ng )=y N, —m, ),

dN ~ (6"
dt2 = N,(koyN; —a,N; —m,),

dN

d_'[3 = N3(kya,N, —eNg —my ).

OCcyMIyKTOpAY KOPrOOHYH CTAIIMOHAPIBIK 3MEC MACEIECUHHH YbITapbUIbIIIBIHBIH
YKAITOOCYHYH KBIMBIHTHIKTAPBIH TOMOHKY OYTYM MEHEH Ty300Y3.

Teopema 3.2.2. lim NL(t)= NSt = =) NP e [m 'kOQ:l
to—o= : * klal m,

WapmMbIHbIH AMKAPBIILIULLL YUYH

Q
N (1)< , 0<t<t,
o(t) o N/ “

lim N,(t, )< N/, lim Ny(t )> NP, (7)
ty >0 t >

t

N(Q)z%jN&Uﬁ,izZ&

k 0

KeQ _my  pproKioupne M
—o— - N;= N :
o.N: o (0.7} (0.5}
Oapabapcvi30blebIHbIH AMKAPBLILIUUGL 3APbLI HCAHA HCEMUUMYY .

YuyHuy OantbiH 3-06JYMYHA® SpKUH TPOPUKAIBIK v(.) (QYHKUUAIAP
MEHEH OCYMIYKTOpIYy KOProo MAaCEJEIEpUH YbITapyyHYH MaTeMaTHKAJIBIK
MOJEIIAEPH KEATUPUJIITEH.

ABTOp TapaObIHAaH arpoIEHO3IYH MaTeMaTUKAJIbIK MOJEIH CYyHYIITAJIbI,

anga F;(*) (GyHKOUSACH TOMOHKY (OpMyIianap apKbUTyy aHBIKTAIaT

N;=

11



F, = —a,N,N,,

F =koaoN, _Vll(\lNl) N, —m,,

1 (8)
F, = klvl( Nl)_VZ( N, ) Ns —My,
N2
F; =k,V,(N,)—eN; —m;.
mMbiHAa V(.) — TpOQUKAIBIK GYHKIINS, TOMOHKY KaCHETTEPTe 33
dv(N) _ d3(N)
N >0, N <0. 9)

Meitmu v =v,(N,), i=12— OHp IKBIpTKbIY OHp Yy4yypAa KepeKTeeuy
)KaObIpJIaHYy4IyHYH (K€ OMOMacCaHbIH) CaHbl OOJICYH.

Monennuk arpoueHo3ayH adaibl (6) cUCTeMaHbl apKbUIyy CYPOTTOJNOT Jien
JCENTEUIIN.

V(-) MoaenauH ankarbiHaa (6) cucremachlH (8) re TasHBIN >KbIPTKbIY—
XKaObIpIaHyydy TYPYHIOOry MaMujecu Oap cucTeMa TYPYHHAO >Ka3yyra MYMKYH
HKEHHUH OHOU Kepyyre 00JOoT:
dN, _

V(N)=0,

T Q—agNgNy,
dN
d_tl =KootgNgN; =Vi(N, )N, —mN,,
(10)
dN

d_t2 = k1V1( Nl)NZ _Vz( Nz )Ns - m2N21

dN
7£§:k)QU%)N3—sN§—nENy
Kuiinaku Tteopema 3.3.2. — spkun Tpodukansik V() (GyHKIUsIIap MEHEH

OCYMIYKTOPIy KOPTOO MACEJIECUHUH YbITapPbUILIIIBIHBIH JKaIllAIBIHBIH Oy TYMY.

Teopema 3.3.2. v.(-) >0, v >0, szZ‘ <0, 0<miny,., VilN,()) _ o <o
! dN dN <N (1)
V,(N,(t _ _
scana 0< maX,... M =0, <©, 04, A, = const yqypyH()a

N, (1)

T P P min max
ND = NP, NP e [N N wapmaol amKapvlivliibl YUyH

Q
NO(t)S Npi

0" "1

koQ m, 1 n Nl(r)

N; <NJ, N = ,
2T OGNy @ ot Ny(0)

(11)

N;>Np, Np=flye M 1y, No(T)
o, o, o,7 N,(0)
bapabapcoul30blebl AMKAPBLILIUDLL 3APBLIL HCAHA HCEMUUUNYY.
3apbuiabik. Meimn N7 > NP, NP [N, N/ | mapTsl opyH anat aeitmm. (11)
Oapabapch3abIThl Tyypa dKkeHuH gamuiaeiions. (10) nyH 1-TeHaemecuHeH:

dN
dto =Q—0a,NyN,

12



N, (£) = No(0)exp(—cto [ Ny(£)d5) + Q[ exp( —ct, | Ny(£)dE )t <
Q . Q

Ny - aoNg

< N0)-

(10) nyH 2-TeHaEeMECHHEH:

Q p}exp(—ocoNltH

aoNg

dN,
dt
dnNy) _y o VN
dt o~0" Y0 . 2
VAN g - G0TN)
N, dt

=Ko0tgNoN; =Vi (N )N, —my N,

KaHa

V(N _kQ_dOnN,)
N, N/, dt
AKBIpKBI OapabapasikTel 0 O0H T YelHH HHTErpajIIallL
1V, (N(t k 1. N
_J‘ L(N,(t)) N, (t)dt :No_?_ml__ln (1)

Ty Ny(t) N,(0)’
0.a.
0 <min Vi(N,()) N, < ko—?— l—lln—Nl(r) ,
Oststy) N,(t) N, T Ny(0)
0< min\M =0, <o OOJITOHJTYKTaH
0<t<t Nl(t)
Np< QM 1y N e
ouN” o oyt N(0)
N <NJ
(10) myH 3-TeHAEMECUHUH HETU3UH/IE, alla0bI3:
dN
d_t2 =KVi(N; N, =V,(N; )N; —m,N,
0.a.

AONCNL)) ey y— m, - Vo CN2 DN
dt 191 1 2 N2

AKbIPKbI TCHACMCHHA 0 J6H T YEeUHH HHTCTpagaIl:

EI\M N,(t)dt =ko, N, —m, _1|n N,(7)
T

o N,(t) T NZ(O)’
0<maX\MN§2kﬁlNlp—ml—llnNZ(T)_
(1) < "N,(0)

O<max\M:a

©, OOJrOHIYKTaH, aHJa
Ost<t Nz(t) 2 AyK A

R — —

A, a, 7T, N,(0)
N; > N3p.

NZ > klal Nlp_ﬂ_iln NZ(T) — N3!J7

13



Kernumapauru. Meitnu (11) Gapabapchi3abITbl aTKapbUICHIH.
N/ >N/, NP e [Nlmm N™|  oxemmurmm  kepcere6ys. (10) gyH  GupuHYH
TEHJEMECHUHEH a1a0bl3:

dN Q
d_to ZQ_O(‘ONONl > Q—aoNlm,
0 dN
— N, >Q-—2,
NS R

t 6oronua () J6H Tra YelrH MHTErpaJIaiObI3:

QN 2Q+1[No(0)—No(T)]ZQJrE{No(O)_ip}:Q’
T T o,N

p
Nl 0" %1

moramar N; >N, NJ xama NJ tepc amec Goaronnykran
N/ [N , N/<| opyH anar.

TepTyHuy 0anTa KypakThIK TY3YMYH >KaHa MEHKUHJIUKTE TapaIyyCyH 3CKe
alyy MEHEH OCYMAYKTOpPIY KOPTOOHYH CBI3BIKTYYy AMEC MAaCEJICIIEpUH H3UIII00
KEeJITHpWITeH. "3bIIHKEUTEp, MNaiganyy KypT-KyMypckainap' cucTremachl Y4YyH
UHTErpo-Tu(depeHITHaNIBIK MOJICTACP U3WIACHET *KaHa ©OCYMIYKTOPy KOProo
MPOLIECCUHUH JKAIIOOCYHYH 3apbll KaHa JKETHUIIEPIUK OOJITOH IIapTTapbl
aJIbIHTaH.

TepryHuy OantbiH 1- 0esqymyHae V(N) MOIEIJIEp KIACCHIHAA  KYpT-
KyMYpCKaJIapJIbIH KYPaKTBIK TY3YMYH 3CKE allyy MEHEH ©CYMIYKTOpy KOpProo
MaCEJICCUHUH YbITaPBUIBIIILI KEITUPHUIITEH.

Byn GenyMIyH HETU3TH KBIMBIHTBITH OOy TOMOHKY T€OpeMa caHajar.

av. dv.
T 4.1.1. V.(-)=0, —>0, L<(
eopemMa () N N JHCaAHA
Vi(Nq(t Vo(No(ajt
0< min 1(1())=61<oo, 0< max 2(2())=62<oo , @, -0, =const, i=12
O<a<oo Nq(1) O<a<wo No(at)
0<t<t 0<t<rt
00J1I20HO0
1 [N(dt= NP, NP e [N N (12)
T

wapmsl OpYH Albluibl YUyH MOMOHKY 6apadapcbi30bIKmMblH AMKAPbLLIbIULLL 3ADbLIL
JHCAHA AHCEMUUMYY:

No(t)éi, 0<t<r,
aoN,

1jriiz(t)olts NS, (13)
TO

Ny (thdt = Ny,
TO

14



m 1 N,(a,t) N k,Q

monoa N™ =—2 + — maxin , =—— :
Yoka, et 2 Ny(a0) by, N(e)
i N,(0)

sz:_ko_Q_@__imM, 3"=klal Nl”—ﬂ—imaxln—NZ(a’T).

N/ o, o N(O) o, o, ot a N,(ap)

TepTyHuy OanTbiH 3KMHYM O6JYMYHA® "arpo-eCyMayK, ©CYMIYKTOpPIYyH
3BIIHKEYTEpPH, KBIPTKBIY JKaHa 3bITHKEUTEPAUH MUTeNepu’ TypyHAery Y4
TpOoQUKAIBIK  JCGHIIIJACTH  MOJENIUMK  OmocucremMa  Kapanrad.  Kypt-
KyMypCKalapJblH KYpakTbIK CTPYKTYPachblH 3CKE€ alyy MEHEH OCYMIYKTepIy
KOPIroO MaceJIE€CHHHMH YbITapbUIBIIIBIHBIH JKAIIOOCYHYH 3apbLl KaHa >KETHILEPIIHK
OONroH MmapTTapsl JKOHYHI® TeopeMa JamwigeHau. MoJenauk arponeHo31yH
a0aJpl TOMOHKY TEHJIEMENEep MEHEH CYPOTTONOT AeN OOJIKOIA0MITY:

dN

dto =Q+ Fo(No’ Nl)'

dN ~ (14)

e N,F, (N5, N, N, )

ON, oN ~

WZ"‘ aaz = Nze(va N,, N3)’ N2|t:0 = Ng(a),

ON, oN

?3—’_8_832 Nst(Nz’ Na)’ N3|t:0 = Ne?(a),

N,(0,) = [ B,(&,t, NN, (£,1)d&, 0<t<t,, 0<a<wm,
0

N3(0,1) = [ By(&.t, N, N, (&, )d,
0

TepTyHUy GANTBIH SKUHYM OOIYMYHYH HETH3TH KBIHBIHTHIKTAPHIH Ka3bII
KOPOITy.
Teopema 4.2.1. % = goneonoo

ty
lim N, (t,) = lim tl [Ny(Odt= NP, NP e [N, N
(=% e T

ODPYH aNbludbl YYYH MOMOHKY 0apabapcul30blKMblH AMKAPBLIbIULLL 3APbLI HCAHA
ACEMUUMyy:

N,(t)< 2 , 0<st<t,,
o(t) o, N,/ “

lim N, (t, )= lim tifﬁz(t)dtsm, (15)
k o

t—o0 t—0

b
lim N, (t, )= lim tlj NL(t)dt>N?.
K —>0 ko

ty—o0

Ny = kQ m 1 In Nl(tk), NB,Jzklocl Np e 1 N,(at)
NS o ot Ny(0) o, o, ot N,(a,0)
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3-06J1YK 3pKHH TPOPHUKAIBIK GYHKIHUIIAP yuypaa MEHKHUHIUKTE Tapalyycy
ACKE aJbIHTaH ©CYMIYKTOPJY KOProo MPOLECCHUHHUH AIIOOCYHYH 3apbUl KaHa
KETUIIEPIUK OOJITOH IIAPTTap/Ibl aTyyra apHaJraH.

MeUKuHIUKTE OOYIITYPYYCY 3CKe ajblHTaH "ocyMayK'" - "3pistHKEeUTEp" -
"maiganyy KypT-KyMmypckanap" TypyHery yd Tpo(dUKaIbIK TEHID3Jre 33 O0JITOH
arpoIeHO3AyH MaTeMaTUKAJIbIK MOJICIIMH TOMOHKY TYP© KapaiObI3:
dN,

at =Q -0, NNy,

dN V,(N,) ~

d_,[l:Nl(koaoNo_ 1 1)N3_m2)

ON, ON, ON l V,(N,) (16)

24 %2 TT2 O N (KVL(N,) - 222N, —m

6t 6a ax 2( 1 1( 1) N2 3 2)

ON, ON, ON

6’[3 + 83.3 + 8X3 = N;(k,V,(N, ) —eNy—m,),
6aIHTaHKBI JKaHa YCKTHK IIapTTapbl:
N,(x,a,0)=N°(x,a), x€G, O<a<owo, i=23
Nz(x,o,t)zTBz(a,t,Nl)Nz(x,g,t)dt, N;|. =0, i=23.

(o]

N,(x,0,t)= T B,(2,t,N, )N, (x,&,t)dt, O<t<r.

Meiinu Tpodukaibik GyHKIIMS TOMOHKY KaCHETKE 33 00JICYH
v(yz0, Mg 9V

dN dN
TepTyHuy OanThiH Y4yHYY OOIYMYHYH OAQIliKbl HATBIMKAchl OOyl TOMOHKY

TEOpEMa CaHaliaTt.

0.

Teopema 4.3.1. 1 [N(t)dt= NP, NP e [N/ N orcana
o

Vi (N4q(t
O<min1(1())=al<oo, )
t Nq(t) a No(at)
WAPMMADLIHGIL ~— AMKAPLUILIUbLL  YUYH — MOMOHKYy  6apabapcbi30biKmblH
AMKAPLILIULLL 3APbIT ACAHA HCCTUUIMYY

0<m M:a <o & -0, =const, i=12.

N(t)<—2 o<t<r,
0°0N1p

1j|\72(t)o|ts NS, (17)
TO

1j&(t)oltzru;,
TO

_I(O_Q_ﬂ_im Nl(r) NSP — klal Nlp _ﬂ_ 1 NZ(X!a‘IT)

MbIHAA NJ =

aN? o ot Ny(0) a, o, T X N,(a0)
TepryHuy OanthiH 4-06JYMYHAO® KypaKTHIK KypaMbIH JXaHAa MEWKWHIUK
OoroHYa OeNyImTYPYYCYH 3CKEe aldyy MEHEH, ''maijanyy KypT-KymypcKaiap -
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3bITHKEUTEep' TYPYHAOIY CHUCTEMa MEHEH OailllaHBIIIKaH OHp CBI3BIKTYY 3SMecC
MAaCEJICHUH YbIrapbUIbIIIbI U3UJIACHET.

AHI[a MOJCJIb CUCTCMACHI TGMOHKY TYpPTo 233:

6Z1 ZvlJ =-F(a,t)M,(x,a,t)-
*M,
jV(Ml(xat)g)M (x&t)d§+2dlj o
j=1
oM, alvl L, M, 0°M,
Vv =-F(a,t)M, (x,a,t)+ > d ,
at aa ; 2j a ( ) ( ) Zl 2j az

O<t<t,0<a<om, XEG,

0 : (18)
M| M/ (x,a), 0<a<ow, i=12,..
M —-a |7 =0, eoe
ax %=

My(x0,t)= [B(a,t)My(x.at), 0<t<t,
0

M,(x0,t) = ﬁ K(a,&tV(M,(x,a,t),E)M,(x,E,t)déda, x G,

M, =M,(x,a,t),i=12— Tuemenyy Typae >ka0bIpKaranjaap »*aHa *bIPTKbIYTap CaHBI,

F(at) - OIIYMIo yaypamibIHbIH KodphunreHTu =12, B(at)-

XKaObIpIaHyydyJapAblH  TYYJAyIIyYHYH  KO3(DPuuueHTH,  V(-)—TpoduKaIbIK
QyHkuus, K(-)—cuHupYY KO3()GUUUEHTH, Vj— OKBUIBILYY BUIIAMIBITEL, d; —
mudysus kodpdummentrepu, G =G+S, G={xx,)*0<x <L, i=12}, S- G
OOJIaCTBIHBIH YETH.
benrunee kupruzedus
N, =max,M,(x,a,t),i=1,2  owana n,=min M. (x,a,t),i=12.

Anpa (18) nen ana0Omi3

ON, ON 0
LSRN - VN2, 6N, (& )dg
N, |, oN,
ot oa
Ni|o=N{(a)0<a<o0,i=1.2- (19)

<-F,(a,t)N,(a,t)0<t<t, <O0O<a<w

Nl(O,t):J.B(a,t)Nl(a,t)da,O<t <t,,
0

N,(0,t) = ﬁ K(a,& 1V (N,(at),e)N,(x,E,t)deda,
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%4_% > _Fl(a't )nl(a,t)—J.:V(nl(a,t),a)nz(ait )dé

dt da
on, on
Ehra_;Z_Fz(a,t)nz(a,t),0<t<tk O<a<owo

nlo=n’(a)0<a<w,i=12, (20)

n(0t)=[B(at)n(at)da0<t<t,
0

n,(0.0) = [ [ K(@.E OV (a,).)n,(x.E.t)deda,

Owmu (19 ), (20 ) macenmecun OamTanksl TeHAEMeIe OapadapbIK KETUIIIKCH
ydypaa kapaiosI3, 0.a.

N, N, -

= +¥g—Fl(a,t)N1(a,t)—J‘oV(Nl(a,t),ﬁ)Nz(@t)dﬁ
ON, ON
?era_aZg_Fz(a,t)Nz(a,t),0<t<tk'0,<a<oo

N o= NP (a)0<a<o,i=12,... (21)

Nl(O,t):'[B(a,t)Nl(a,t)da,0<t <t,,
0

N,(0,t) = TT K(a,&tV(N,(a,t),&)N,(x,E,t)deda,

Teopema 4.4.1. Meinu  V(NLE)=V(EIN,, V(-),F(-),B(at),N(-),K(-)
dyukyusiap — Oepunecen apeymenmmepoeH KO3 KapaHovl dcaua anap OeaykK-
y3eyAmyKCcys, ouwoHool 21e@ napamempu 6ownua yekmenzen Qynxkyusaiap. Anoa
(21) macenecu sHcanevi3 dHcawiaim Hcana an yoaaiaul HcakblHOAUMbLPYY Memooy
Mmenen anviHam. Byn uvieapvinviu (19) macene yuyn maxcumanovix, (20) macene
YUYH MUHUMANOBIK OOJIYN dCenmeiem.

Bemmmnuun Ganm  onTUMaNbIK  Oamikapyy MaceseliepuHe — apHasraH.
OnTuManIamTeIpyy Macelecu ©3YHe 3bITHKeuTep TapaOblHAaH ©CYMIYKTOpre
KeNTUPWITEH 3bISTHABIH JK€  3bITHKEUTEPAWH CaHbIH MHUHUMAIJAIITBHIPYY
MIapTTAPhIH OMOJIOTHSUIBIK JKaHA XUMUSUTBIK OallTkapyyHy aHBIKTOO MPOIECCTEPUH
KaMTBIAT. Byn arplHaH ajiblll KaparaHjga, Oyn OanteiH 1-0eaymMyHae maiimanyy
KaHa 3bIIHKEY KypT-Kymypckamapusie spku Y () rpodukansik dyHKmsIapsr
MEHEH >KaHa YOaKbIT-KYPAaKTHIK TY3YMYH, MEHKHHIMKTE TapaJIbIIIBIH 3CKE alyy
MEHEH Y4 TPO(HKAIBIK JEHTIIJACTH dKOCHCTEMAIApAbl ONTUMAIAYY Oarikapyy
MaceJIeIePUHIH KaJIbl KOOIy KeATHPHIICT.

OnTuManIamTeIpyy MaceIieCH TOMOHKYYO KOIOJIaT.

I(u):tﬁjf°(N,u)dxdadt+TJ@(N,U)‘Ikdxda (22)

00G 0
(YHKIIMOHAJIBIHBIH
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dN,

ot =Q—-a,NyN,,

%:koaoNoNl—Vl(Nl)Nz—mlNl,

d;\lz 29,2 . =kV,(N,;IN, =V,(N, )N, —
—m2N2+Zdi2%—p(D)N2. (23)
dn, | dN, i KV, (N, N, —eNZ —m,N, +

dt da =) X;

2, &N
+ZdigaT;—au(D)N3+PN3,

i=1 i
xeG, O<a<ow, O0<t<t,.

mapTTapblH/la MUHUMAJIAYy MaaHUCUH Talyy.

2-06J1yM/10 3BISTHIYY JKaHa Makiganyy KypT-KyMypcKagapIblH KypaKThIK
TY3YMYH 3CKE ajlyy MEHEH 6CyMAYKTOPAY KOProo NPOLECCUHUH ONTUMAIIAYY
Oamkapyy MaceyiecH KapajiraH.

MaremaTuKaJIbIK JKaKTaH Oyl Macesie TOMOHKY10U TYy3YJOT.

ty o

I(u)= ”f°(aNu)dadt+jf (aN,.u)), da (24)

(yHKUIHMOHAJIBIHBIH TOMOHKY YEKTOOJIOp YUYPYH/1a MUHUMAJIIYy MaaHUCHH Ta0yy:

0,N=F(N,a,t,u;), O<a<ow, O<t<t,
N(a0)=Ny(a),0<a<wo (25)

N(O,t) :TB( N(E,t),Etu)de, 0<t<t,

meiaga (), £1(), F(), Ny(), B(.) - GepHireH apryMeHTTEPIEH KETHINTYY KbIIMaKaii
GYHKIUANAP, u = (u,,u, ), u,(Q,P,D),ucU,U - JKETUIIIIPIUK KONTYK, 0.a. YEKTEIreH
)aHa 0OJTYK- Y3TYATYKCY3 QYHKIUSIAPIbIH KONTYTY

O<u(t)<u,,
U=<u: WUnax = Qmax’Pmax'Dmax'

u=u(t). x.n.

JKaHa, MbIHIaH ThIIIKAapPbI

N =(Ng,N,,N,,N;), N, =N, =(at),i=23,
F=(Q+F,,N,F,N,F, —u(D)N,,N,F, —ap( D)N, +PN,),
B =(by(a).b(a),B,(N),B,(N)),

JKaHa

[b(a)da=0, i=01.
0
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OcyMAYKTOpAY  3BITHKEUTEPACH  KOProO  MPOIECCHH  ONTHMANIYY
OamkapyyHyH YbITapbUIBIIIEI YIYH TOMOHKY T€OpeMa OpYyH ajart.
Teopema 5.2.1. Meiinu u™ =u*(t)eU (24),(25) macerecu onmumandyy bawkapyy

AHCaHa fo(-),fl(-),F(-),No(-),B(-) @yuxyusnap ooacyn ocana ap kanoau UEU yuyn

(25) macenecu xcanewis uvieapviiviuka 35 6oacyn. Anda 6apowik U €U pupny
MOMOHKY 6apabapCui30bIKIMbIH AMKAPBLIbIULLL 3APbLI

.“{lauo (auoj ‘V}(Uo — U, )+{%+(2—:J \V|ao](ul —u; )}dadt >0 (26)

by arcepoe y =wy(at)

. oH
(ata)\V:__!
aNl (27)
v(at )= ok , y(oo,t)=0

MYUYHOOUL CUCTNEMACHIHBIH YbLIAPbLIbLULDL,
moinoa H()=(F,»)+(B.y|,_,)— F°0).

Benzuneti kemuy nepce (0,)=—(0,) .

(24) dynkuuonan OU3AUH KaajaooJaop OOOHYA ©CYMAYKTOPIe KEeITUPUITESH
3bISTH, JK€ UBITbIM, € 00J100CO  3bITHKEUTEPJUH JKANIMbl CAHbIH MYHO3/16H
TypraHbITbIH OCITHIIEH KETEIH.

bemmayu 0anTbiH 3-00J1YMYHA® KYPaKTBIK KypaMbIH >KaHAa MEWKUHIUK
OOroHYa OeNyIITYPYYHY OJCKE alyy MEHEH, KOpProo Maceiyeiep MpOoLecCuH
ONTUMAJAIITHIPYy CyHyIITamar. MaceneHu onTuMainayy Oamkapyy Y4yH
MUHUMYM/TYH 3apbUI IIAPTHI aTBIHIBI.

Ymyn  OantbiH  4-0eaymMyHA® Y4  TpPOQUKaJIbIK  JIEHIDIIIJIETH
OonocucTemManap/IbiH 3bISTHKEYTEPH MEHEH KYPOIITYYHYH KOMIUIEKCTYY METOAYHYH
ONTUMAJJIAITHIPYy MOJIENIN KapaJiraH.

bu3 ecyMaykTepay KOProoHy ONTHUMAIJAILTHIPYy MAaceleCUH TOMOHKYAeH
xKa3aobl3.

ty
1(u)= [ £2(Ny, N, Ng,u)dt + (N, N, Ny u) (28)
0
(yHKUIHMOHAJIBIHBIH TOMOHKY LIApTTapAa MUHUMAJAYy MAaaHUCUH Tal0yy:
dN
dto :Q_FO(NO’N:L)’
dN ~
o N,F, (N, N, N, )
dN _ (29)
dt2 = Nze(leNz’Ns)_H(D)Nzi
dN

d_t3 = N3F3(N2,N3)—0cp.( D)N; + PNy,
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oF o OF {<0,i<j,i=0_,3
N, T AN 20,05, j=03 (30)
F(-)>0, o(-)>0, f°(-)>0,

5.4 GeyMyHYH OallKbl HaThI>KaIapbIHBIH OUPU TOMOHKYIOM.

Teopema 5.4.1. Metinu (30) wapmmapu sxcana

f°(-)=CN, +C,PN,+C,D+Q,

o(-)=CN, +C,PN,+C,D+Q,
opyH anceit, anoa (28), (29) macenecun onmumanodyy oawikapyy momoeHKy
Kamvluimap MeHeH MYHO300.10M.;

Q* :{Qmax’wo >1 P* :{Pmax’ WB >CP

0,y,<1 0, y,<C,
D,... Cp +W,N, +ay;N, <0 (31)
D" =40,C, +y,N, +ay;N, >0, u(D)=D
—Hot - Bt ("“VZN +ay;N, ) YN, +oy;N; <0, u(D) = D
Co [T +D

MBIHOA iy ,1,,Q,., P.oy, C,C,, C, — Oepuncen oy canoap, ( C,C,,C,— muewenyy

max?

Mypoo 3blsAHKeUmepOUuH OUOMACCACLIHbIH OUPOUSUHUH HADKbBL, OUOJIOSUSIBIK HCAHA
XUMUSIIBIK KYPOULYY MEMOOOOPYHYH Ubl2bIMOApbl), . =y, (t)— (27) 2e mymymoau

macenenun uvieapwiaviust 1=0,1,2,3.
Teopema 5.4.2. Metinu N* :(N;, Ny, N5, N;)- (29)cucmemacvinbvin

CMayUoOHapObIK Ubl2aApPLLIbIULLL 00/CYH, anoa (29) macenecuHuH
HCAKBIHOAUIMBIPLLI2AH Ybl2APbLILIULIH meMOHque Jrcazcax 6onom

N(t)zN*+(N°—N*)me A, =1,

I¢j

(32)

moinoa i~ A= (aij ) i=03; J =03, N°= N(0).mampuyacwviHvii 630yK MaaHuiep.
YeKkuTTUK MOJENIEp YUYYH OCYMIYKTOPAY KOPTrOOHY ONTHUMAJJAIITBHIPYY
MaceJICCHHUH YbITapbUIBIIILI Yaajlall >KaKbIHIAIITEIPYY METOAY MEHEH OCpHIICT.
BemmmH4yu 6anthiH 5-6eaymyHae spkuH V(.) TpoduKanabik (yHKIHMSICHI
MEHEH arpoleHO3 OCYMAYKTOPYH KOpProo IIPOLECCMHUH 3bIAHAYY KYypT-
KyMypcKaJiap ’kaHa naijanyy KypT-Kymypckaiaap (KbIpTKbIY, MUTE) JKalllOOCYHYH

ONTUMAJIJAINTBIPYY MaTEMaTHUKAJIBIK MOJICTIM TOMOHKY TYpA© KapaJiarT.

% = kya;(N;)N; — V,(N)N3 — mzNz_#(D)N2

(D)N (33)

% —_ szz(Nz)Ng - €N3 - m3N3 alu 3 + PN3’

OHTI/IMamey Oalkapyy TEOPHSCBIHBIH HETU3MHJAE MaxTa OHOLIEHO3YHYH
MOJENINK DKOCHCTEMANapbl YUYYH 3bISIHKEUTEP MEHEH KYpeulyy METOIIOPYHYH
napameTpJIepuH aHBIKTOOTO MYMKYHIYK O€preH KaThIIITap albIHIbI.
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Orep 3bITHKEUTEPAWH CaHbl YEKTYY MAaHUCUHEH KOropy OO0JIco, all dMHU
KBIPTKBIUTAPIBIH, MUTEIEPANH CaHbI a3 K€ aJapAblH THEMIeNYY TYPAe YEKTYY
MaaHUCHHE Oapabap 00Jico, aHTa OHOJIOTHUSIIBIK BIKMAHBI KOJIJIOHYY KEPEKTUTH, ajl
OMH IKBIPTKBIUTAPIBIH, MUTECIEPANH CaHbl YEKTYY MAaaHUJEH Kom OOJTOH ydyp/a
XUMUSJIBIK BIKMaHbI KOJIOHYY 3 (dEKTUBAYY 00JI00py OCITUITYY.

AJTBIHYBI 0anTa KypT-KyMypCKaJapIblH YOaKbIT-KYPaKThIK KypamblH 3CKe
allyy ~ MEHEH OCYMAYKTOPy KOPTrOOHYH  HHTErpo-audQepeHuanipk
MaCeJICCUHUH YbITAPYYHYH CaHIBIK METONy HM3WIICHET JKaHa KOMIIBIOTEPIHK
AKCIIEPUMEHTTEPANH JKBINBIHTHIKTAPHI KEITHPHUITECH.

1-66yM16 KYpPT-KyMypCKaJIapAbIH YOAKBIT-KyPAaKTBIK KypaMbIH 3CKE aJIbITI
OCYMIYKTOPY KOPTOOHYH HHTETPO-muddepeHITHaNIBIK MaceIeCuH ailbipMaran
anMpOKCUMAIUSIIO0 KEATUPWITeH. V(N ) TpoduKanblk Mojaenaep kiaccoinaa (14)

UHTErpo-1u(depeHIuaNIbIK MaceJIeCHH Kapainobl3. N, = I N,(a,t)da, i=23.
Bi | i

N,(0,t)= [B(&)N,(&,t)de, i=23. t=a+1t,M(a,tr)=N,(a,a+1),i=23
(byHKIHsIapbIH KUpru3eous xaHa (14) MaceecCuH TOMOHKYYO kKa3aObI3

dN

dto =Q—o,N,N,,

dN, -

E:kOVO(NO)Nl —Vi(N N, —m;N,, (34)

oM, ~

_a: KVi(N; )M, =V,(M, )M, —m,M,,

M, _ k,V,(M, )M, —eMZ —m,M,.
MbIHIA V, - TpoduKambik QyHkuusuiap 1=12, B,(a),B;(a)—manganyy »kaHa
3BISIHKEY  KYPT-KyMypCKalapAblH Tyylyy Kodpdumuentu K,,m, oy, B, &, o, €—

TepC 3Mec OepUIIreH KOHCTaHTanap.
(34) MaceJIECUHUH YBITaPbUIBIIIBI TOMOHKY KaTBILLITAP apKbULYy
YarbUIIbIPbLIaapblH OHOW KOPYYTre 00JIOT:

N (t) = No(0)exp(- le(a>da)+exp jN(a)d&)Qjexp INl(a)da)dr,

N,(t) = N1(0>exp(ko [V Ng()de — [Vl RLEMN(E)d5 _ mlt}

N.()
M.(a,7) = Mz(o,r)exp[kl JV N+ e | \%Mz—;“ffé—mza} (35)

M3<o.r)exp(kjvz( M, (&, a+r»da—m3aJ

M,(a,t)= I
a  ky | Vodg-mgg
1+a|v|3(o,r)je 0 de

0
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Omwmenturn, 6enrucu3 QpyHKIUATAPIBI AaHBIKTOO YYYH TOMOHKY HHTETPAIIABIK
TEHJEMEJIEp CUCTEMACHIH analbI3:

No(1) = No(0)exp( g N, (£)05) + [ Q& el —to N, ()05 ).

VUN(ED[N,(&, t+E-a)de

N1(1) = N,(0)exp(ks [Vo(No(€))dE — | e dg - my),

By a
M,(a,t)= [ B,(&)N,(&,t)dgexp(k, [Vy(N,(&+t—a))de—m,a—

(36)

VoM (5 2+t -a) N -+ i

_l MLEt+a D)

dg),

B3 a

[ B(INa(&t)deexp(k, [Vo(N,(&,t—a+&))de—mga)
Mj(at)=—= - — .
1+SIB3(&)N3(E.>!t)déJ.EXp(kzj.vz(mz(n't_a‘i'n))dn_ms)d&

(36) dopmynaceiHaa V,(-)TpoduKaIbIK  (HYHKIHIIAP KETHUILRIPIIUK

Kaajaranjaai 00ym 3cenTeerT.
ANTBIHYBI OAanTHIH 2-00J1YMY 6CYMAYKTOPAY KOPTOOHYH MOJICIINK MacEICCHHUH
©3 apa apakeTTeHYYCYHYH Oenrucu3 KodPpUIuueHTTEPUH aHBIKTOOTO apHaJTaH.

®+@=biNi+zAjNiNj, i=1..m, O<a<a,,0<t<t,
ot oa =

N(a0)=N,(a),0<a<a (37)

max !

N(a,O):aTxB(N(i,t), Et)de, 0<t<t,

MbIHAA B(-)—  TyyayyHyH Bektop  ¢yHKumscel, N=(N,,..,N_.), N;=N,(at)

ti=Llm ybakTarel @ KypakTarsl I-TypayH caHbl, DA;— mnomysisumusiapabiH

OMOJNOTUsANIBIK IapaMeTpiiepu kaHa fj yOakTarbl 3KOCHCTEMAaHBIH TYPIOPYHYH
CaHBIHBIH abayibiHa 0aliKoO OCITHITYY:

gijk o

Ny =Ni(a, t;)+&y, i=1m. j=1n,, k=1k,, Ny - 0aliKOOHYH JKBIABIHTBIKTAPEI,
0allkOOHYH KaTachl,

M [ai,.k]=o, M [g E,\_jk]:A(ak 1)
IIAPTTAphIH KaHAaTTaHIBIPAaT, M- MaTeMaTHKalbIK KYTYYHYH cuMmBony, A -kara
BEKTOPYHYH JIUCHEPCHOHAYK Marpumachl. OmoHaol sne b, kosdduuuentrepu

KaHa B, Tyynyy QyHKUMACH OepuireH zen OoinxonOys. OneMeHTTepH A

OO0NroH €3 apa apakeTTeHYYHYH A MaTpulachlH TalOyy Tajan KbUIbIHAT. bByn

MAacCeJICHU YbIrapyy Y4YH
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ko,no m
I(A): ijk [Nijk_Ni(ak!tj’ A)]z’ (38)

K,j=1 j=1
(QyHKIMOHANBIH KapaiOb3, MelHAAa P, - canmmak kod>QpuuMeHTTepH, KaHa
D P =L P, >0, Ni(a.t;, A)- (37) wmacenecunmn  (at;), k=L1k, j=1n,

YEKUTUHICTH YbITapbLIbILLIBI.
(38) dbyHKIIMOHAIBIH MUHUMHU3ALUSUIOOHY TPAJAUCHTTHK TYIIYPYY METOAY MEHEH

KYpryzeoys.
Mucaua. "Kenenuk KkeHe- KEHE ®KEerud TPUIIC» CUCTEMAChIH Kapar Kepey.

D.N; =bN; —aN;N, _81N12
DN, =-b,N, + kaN,N, —&,N; (39)

max

N,(20)= N’(a), N,(0.0)= |B()N,(a.t)da

MbIHA Ni- JKelenMK KeHeHUH caHbl, aix MU N,— KeHe )Kernd TPHUIICTEPANH CaHbI,
_ 0
by, by, a, k, % ~anapapin 6nonorussik napamerpiaepu, N; —Gamranks! cansl, Bi(a)

— THEWENYY TYPA® JKEJEIUK KEHEHUWH d>XaHa KEHE KErud TPUICTUH TYYIyy
KodpuIeHTTEpH.

157

107

£

P

0 ; 10 13 20
Zoo:Zap
1-cypert. a) «Kenennk KeHe- KEHE Kerud TPUIIC» CUCTEMACHI YUYH CENTOO
AKCIEPUMEHTTEPIUH KBIMBIHTBIKTAPBI (£, 1, £ ,-TUELICNYY TYPAO)
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1-cyper. 0). “XKenenuk keHe- KEHE )KETHY TPUIIC” CUCTEMACHIHBIH (ha3aIbIK
noprtpeta (Z,,, Z,, — THEUIETYY TYPH®).

08

1-cyper. B) “XKenenuk keHe- KEHE KETUY TPUIIC” CUCTEMACBIHBIH (pa3alibIk
noprpetu (Z,,,Z,, — THEUIENYY TYPH®).

AnteiHybl OanThiH 3 06JyMy IaxTa TajaaJapblHBIH arpo3KOCHUCTEMAaChIHBIH
JCENTOO YJITYJIOpYH TY3YY CYpOOJIOpyHa *KaHa KOMITBIOTEPIUK
DKCIEPUMEHTTEPAUH OKBIMBIHTBIKTApbIHA apHaiarad. byn 3centee monenu
nporpamMmaiapJplH KOMIUIEKCHH TYPYHA® Kypyirad. IIporpamMma mnaketu TepT

HEru3ru OJIOKTOH Typart:
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1. MyMKyH OOJITOH TYIIYMJYy CaKTOO IMAPThI MEHEH OCYMIYKTOPIY KOPToo
MaceJIeCUH YbITapyy;

2. 3pISTHKEUTEPIUH KaHa YHTOMO]Aargap/IbIH ChIH CAHBIH aHBIKTOO;

3. "KeIpTkblu-KE€M"  TYpYHO  BUIAWBIK  KypT-KyMypCKajdapAblH  ©HYTYY
JTIMHAMUKACHI;

4. 3pITHKEUTEpUHE KapIllbl KypPOUTYYHYH ONTUMAJIYY METOAJIOPYH aHBIKTOO.
ANTBIHYUBI OanThiH 4-060JYMYHA® WIMMHUN H3WIIOJepIy XYPry3yy Y4ypyHiaa
aBTOp TapaOBbIHAH MINTEIUI YBIKKAH APKUH TPOPHUKAIBIK (yHKIUSIAPH MEHECH
OCYMIYKTOPY  KOProo IMPOLECCUH  Yblrapyyra KOUTei-0areITTaliran
nporpaMmaiap/iblH  KbIABIHABICHIHBIH KBIMBIHTBIKTAPHl  KEJITUPUJIET.
KoMmnploTepiuk  mporpaMMaliapJiblH - SKbIMBIHJBICH ~ WJIUMHI, HWHXEHEPIUK,
MaTEeMaTHUKAJIBIK )KaHa KOMITBIOTEPANK aiMaKTap/ia KEHUPH KOJIOHYyy4dy Visual
C # wxana C ++ mporpamMmanoo TWIIEPUHAE HWINTEIWI YBIKKAH KaHa TaXKuk
PecnyOiukaceiHbIH MagaHUSIT MUHUCTPIUTMHUH aBTOPJIOPAYH YKYT'YH KOPToo
06JIYMYH/16 KATTOOJIOH OTKOH.

"3BITHKEYTEPIMH JKaHa SHTOMO(AraapAbiH CbIH caHblH aHbIkT00 (KPUTH)"
MPOTPaMMachI.

Byn KoMIbIOTEp/IMK MporpaMma armoleHO3/I0H aJbIHyy KepeK OOJITOH MaXTaHbIH
TYIIYMy O€pWIreH yuypjia 3bISHKeUTepAMH >KaHa dSHToMOodaraapiasiH 00coro
MaaHUCUH Jcenrteere apHanrad. [Iporpamma C ++ mnporpamMmanoo THIIMHIIE
UINTEIUN 4YblkkaH. [IporpamMMaHbIH HaThlKAIapblH TaOiulla TYPYHA® >KaHa
rpaduk Katapsl ajaca 00JI0T.

B OnpegeneHie KpUTHECKNX HMCTEHHOCTE BPEAVTENEi 1 SHTOMOGEros AE'E
n‘]p: ’40— n2p=’r n3p= ’r
4 " 122 | 32 "
42 122 33
13 121 34
4 120 35
45 119 35
46 119 36 L
47 118 37
48 118 38
19 . 17 . 39 .
ok
4 | LIJ

2-cypoT. "3bISTHKEUTEPIUH XKaHa Y HTOMOMargap/IbIH ChIH CAHBIH aHBIKTOO"
mporpamMmachl 00IOHYA aJIbIHTaH HATHINKAIAPBIH CKPUHIIIOTY
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N3p-4MCNeHHoCTW NoNESHbIX HACEKOMbIX

39 : — : : : . -

srd S N

S P S S S S S S S S
1 2 3 4 S5 & T 8 9 10

S-cyperT. "3bIsTHKeUTEPAUH kKaHa YHTOMO(]ArgapibIH ChIH CaHbIH aHBIKTOO"
porpamMmachl 00IOHYA aJIbIHTaH rPaUKTUK HATBIMKATAP/IbIH CKPUHIIIOTY
Mucaa. Meiinu kaHmaiaplp Oup TamaagaH Tymymay N, =45 mapTryy OUpauK
xkana Q=5500 maprryy Oupauk, k,=0.9k =0.8,m =m,=0.02,a,=0,=1, KeM

sMec cakTam Kamamsl, aHga Nj,u N;  9OHmyKTaphIH N’ = KeQ ~m.
© ouN; o
N’ = Kiou NS (opMyranapel apKblITyy aHBIKTAHOBI3.
2 2
Memagan  Nj ~110, N; ~36. Jlemek, Oyn ublKKaH caHjap YdyH, 45 maprryy
OMPAMKTEH KeM SMeC TYIIYM ailyy Y4YYH, 3bISHKeuTepauH canbl 110 OupaukTeH
allInoocy Kepek, aj 3MHU Naijanyy KypT-KyMypcKalapAblH caHbl 36 OUMpAMKTEH
KeM sMec 0oiyycy Kepek. ATrpoleHO03/10Ty 3HToMadargap MEHEH 3bISTHKEeU KypT-
KyMypcalapAblH CaHbIHBIH OPTOCYHJIArbl MbIH/AAal KaThIIITA 3bITHKEUTEPre KapIibl
XUMMSUIBIK ~ KapaXkaTTapAbl KOJJIOHYYHYH 3apbULIABITBI KOK aban kapasnar.
AJbIHTaH KbIUBIHTBIKTAp Tamkuk PecnyOnMKachlHBIH WIMMIEP aKaAeMUSICHIHBIH
300JI0THUS JKaHa MMapa3uTOJIOTHs MHCTUTYTYHYH KbI3MaTKEPJIEPUHUH SMIUPUKAIIBIK
IHIKaJIachlHa CalaTTyy TYPe Jaj KeJIdIPUH OeNruiiel KeTyy Kepek.
«MyMKYH OOJrOH TYLIYMJIYy CakTal Kajyy IIapThl MEHEH ©CYMIYKTOPAY KOpProo
Mmacenecud ubirapyy» (ILIAPTTAP) nporpammacsi.
Kommerorepauk nporpaMma N, = N, — ©CYMIYKTOPIYH IUIAHJAITAH JICHIIOJIHU
IIAPTHl MEHEH OCYMAYKTOPIY KOProo MaceleCHH Ublrapyy YUYH apHaJrad. Orepjae
N,>=N/..kaHa N,<Nf, N,>N OapabapchI3abIKTapbl —aTKapbuiOaca, aHaa
OCYMIYKTOPJy KOProo MacejecH UbIrapbUIbIIIKAa 733 3Mec.  byn yuypna
OCYMAYKTOPY  3bITHKEUTEPJEH KOProo  MPOLECCHUHHUH  ONTUMHU3ALUAIO00
MaceJIECUH Yblrapyyra Tyypa KejeT. by aitbu1 yap0a eCyMAYKTOPYH KOProo Y4yH
28



arpoL€HO3AYH 3bIIHKEYTEPHUHE KapIllbl KOPrOOHYH KOMIUIEKCTYY BIKMaJIaphl (arpo-
TEXHUKANBIK, XUMMSUIBIK >KaHa OHWOJIOTHSUIBIK  YapajapiblH  KOMILIEKCH)
KOJIJIOHYJIAT JETeHIU OUIIUpeET.

I[Iporpamma C ++ OporpaMManoo THIMH/IC HIITEIHIT YbIKKaH.

o Pewerue npouecca sawmThl pacTeHKii € YCAOBMEM COXPAHEHMA BOSMOXHOTO YpOKan =RACE X

MpoLecca SaWMTE! PACTEHNI C MPONSBONEHEIMM TPOMMHECKIMI YHIKCHAMI ‘ OnmamankHas yNpaBneHMA NPOUBCCa SalLMTel pacTeHWi | Mpadik Npouecca SaWnTl pacTesi | Mpagwik onmamansHoro) | *

h= NO[O}= N1[0I= N2[0l= N3[0}= tn=
0.01 250 310 3 26 10
40 79.986248) | 23.9636662)
Yenosuu Nf = Nf.NZ' = N; N = N; BLINOAHAIITCA, KOTAA HET HeoBXOAUMOCTH
ONTUMM3ALLMOHHOTO NPOLIECCa 3ALUMTEI pacTeHUH
618757962 |54,936040 | 38.47220¢ 0.01 248, 320224166357 342 696717667442 30.4261145370593 21,3076832643544

E
6-cypeT. « MyMKYH OOJITOH TYIITYM/Ty CaKTal Kajyy IapThl MEHEH ©CYMIYKTOPIY
koproo Macenecut ubirapyy» (IIIAPTTAP) nporpammack! 60r0HYa ajibIHTaH
HaThIMKagapablH CKPUHIIIOTY.

-l PeweHue NPOLECCa 3aWMThI PACTEHMI ¢ YCAOBNEM COXPEHEHMA EOIMOMKHOTO YPOKan | (e
Mpougcca SaWMTE! PACTEHMA C MPOMSBONEHEIMM TROPHUSCKUMM BYHKCHAMM ‘ OnmMManeHaA yNpaBNEHMA MPOLECEE 3alLMTEl pacTeHMi | [paduk Mpouecca 3aWn sl pacTeHmil | [paduk onmamansHoro * |
h= NO[D}= N1[D}= N[0} N30l tn=
0.01 300 400 50 45 0
40 MNaM 235717273
Yenosum Nf = Nl’.i\'z" = NZP, NI = N: HE BbINOMHAKTCA, TOT/1a NPUXOMTCA PELlaTh 3aaqy
ONTUMABHOTO YNPABAEHUA arPOLEHO3aMM.
-160354,58" | 88,622205) | 57,75615¢ 0.0 111853.59503786 -88811,7679470558 45 0830656226447 31.588046711707
I Il

7-cypeT. « MyMKYH OOJITOH TYIIYMJy CakTam Kajyy IIapThl MEHEH ©CYMIYKTOPIY
koproo Mmacenecut ubirapyy» (IIIAPTTAP) nporpammack! 60r0oHYa ajibIHTaH
HaThIMKaTapAblH CKPUHIIIOTY.

«3BIIHKEYTEP MEHEH KYPOUIYYHYH ONTUMAJABIK BIKMaJapblH  aHBIKTOO
(OITTUMAJI)» nmporpammachi.

KoMmbroTepiuk mporpaMma MaxTaHbl 3bISHKEYTEPAEH KOProo MpOIECCUHUH
ONTHUMAJIABIK BIKMaJapblH aHBIKTOOT'O, OLIOHAOW 3J€ ONTUMAIAYY KOPrOOHYH

29



napaMeTpiiepuH (arpoleHO3ro ChIPTTaH 3HTOMO(ArgapJblH KelyY bUIIaMIBITBIH
’KaHa MEeCTULUAJIEPIMH J03aChIH) dCENTOOT® apHaJraH.

ATpOIIEHO3/10 TaxTaHbl 3bITHKEUTEPJEH KOProo OOIOHYA bIKMajap aHbIKTajarT,
ONTUMANYy OHMOJIOTHUSIIBIK KOProO; ONTUMAIIYY XUMUSIIBIK KOProo; arpolieHO3ro
KOLIYJIyydy ©CYMAYKTOpIy JKaHa »SHToMmodarnapapl ONTUMalayy Oupre
naiinananyy. Ilporpamma knaBuaTypa apKbulyy KHUPIU3WIYYydy Oepuiumirep
MeHEH J1a, )kaHa MypyHKy KPUTU nporpammacsiHaH ajlbIHraH O€pUIMIITEP MEHEH
na umred anar. IIporpamma C ++ mporpammanoo TUIMHAE WINTEIUN YbIKKAH.
[TporpaMMaHbIH HaThIKATAPBIH TaOIWIA TYPYHI® *aHa rpaduK KaTapbl aica
00J0T. «3BITHKEUTEp MEHEH KYPOLIYYHYH ONTUMAIIBIK BIKMATApbIH aHBIKTOO)
IIPOrpaMMachl apKbUlyy aJbIHTAH >KBIMBIHTBIKTAP JKaHA CKPHUHIIOTTOp &8, 9 —
CYPOTTOPAO KOPCOTYIIIOH.

1-BapuaHr.
i OnpeeneHe oNTHMaNLHLIX METO40E Goprbbl C BPEAMTENAMY - O X
h NO[O] N1[0] N2[0] NS[0] n
001 120 210 190 190 10 I{u)= |5289
N1 N2 NS
54809 16151 4 34722 A
61.0267325: 138,96331 82.58937411
91.1143173, 119.455541: 31.2827445!
135.998016! 1025555551 304372519
172.895450: 87.9032878: 29.8719554
216,291749.v 75,1930788:v 2948602811

N3

160 e
-
3601---1
3004 -
2504---4
2011
150
100

0K

8-cypeT. «3bIIHKEUTep MEHEH KYPOIIYYHYH ONTUMAJIIBIK BIKMAJIAPBIH aHBIKTOO)
MIPOrPaMMACHI APKBUTYY AJIBIHTAH KbIMBIHTBIKTAPIBIH CKPUHILIOTY
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L Mporpamma onpegenenna onTiManeHeixMeToosGopsbel — O 4

h NO[O] N1[0] N2[0] N3[0] tn
0.01 100 200 1100 50 1o I(u)= 5098

N1 N2 N3

137.98 o
193.383643.
175.182384
237.892175:
188.439819:
277973125 v

61.3441668!
51.99604131
43.9279012!

36.9523323 '~ 29:93]52371\'

N3

Nt 39 f—

oK

9-cypeT. «3bIIHKEUTep MEHEH KYPOIIYYHYH ONTUMAJIBIK BIKMAJAPhIH aHBIKTOO)
MIPOTrpaMMachl APKbUTYY AJIBIHTAH KbIMBIHTBIKTAPABIH CKPUHIIOTY
«"XKBIpTKBIY-KEM" TYPYHO BUIAWBIK KYypPT-KYMYPCKAJIAP/bIH OHYTYY TUHAMUKACHD)
MpOrpaMMachl apPKbUTYYy allbIHTaH >KbIMBIHTBIKTApAbIH CKpHHIIOTY 10-cypeTTe
KOPCOTYJITOH.

BF Junamnkn umcnenHocTn PasBMTHA HACEKOMBRX MO TUMY "XMLHKWK-3KEpTEa" — [} =

Bpema.aHen [XULWHUWK KeprTea

13 1209 724

26 1911 1131

39 1599 936

£ >

(=18

10-cypet. «"XKbIpTKbI4-3keM" TYPYHO BUIAWBIK KypT-KyMypCKajlapAblH OHYTYY
JTMHAMUKACBHI»TPOTPAMMAChI APKbUTYY AJIBIHTaH KbIMBIHTBIKTAPIbIH CKPUHIIIOTY .
1-Tupkemene aBTOp TapaObIHAH MINTEJWI YbIKKAH aWpbhIiM MporpamMMaiapibiH
ACENTOONIOPY, IPOrpaMMaIap/IbIH JIUCTUHTH KaHa CYPOTTOOJIOPY KEITUPUIITEH. 2-
TUpKeMeae DOM yuyH nmporpaMmMaliapibl KaTToo xkeHYHAe KyOenyk (TaxukcraHn
PecnyOnukaceiHblH MagaHUSAT MUHUCTPIUTH) KEJITUPUITCH. 3-THPKeMe/le UIIKe
allIbIPYy YUYH aKThUIap KEITUPUIITEH.
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HETH3TH JKBIUBIHTBIKTAP ')KAHA KOPYTYH/IYJIAP

JuccepTalMsuiblyK MINTUH HaThIKajmapbl abll yapba  eCyMAYKTOpYH
3BISIHKEUTEPJEH KOProo  MPOILIECCHMH MPOrpaMMalioo >KaHa MaTeMaTUKAJIbIK
MOJICIIJIOO CallaThIH JKOropyJaTyy MEHEH OalJlaHBIIIKaH aKTyalllyy Keureiepmy
KaHbl YbIrapyy Oosiyn caHanaT. M3uingeenepAyH HETHU3UHIE TOMOHKYI6H
KBIMBIHTBIKTAP/IbI KaHa KOPYTYHIyJIap bl alTyyra 60JIO0T:
1. DOpkuH Tpodukanbik V(-) QyHKUHMsUIAp MEHEH YOAaKbIT, Kypak Ty3yMy KaHa
MEUKHHIUKTE OOIYIITYPYYCY ICKE abIHTaH OCYMIYKTOPY KOPTOO MPOIICCCUHUH
MaTEeMAaTHUKAJIBIK MOJCIICPUHUH KOMITJICKCH W3HIIICHIH;
2. OpkuH TpoduKamblK V(-) (QyHKIUATIAp MEHEH ' KbIPTKbIY-)KeM' TYpYHAOTY
OMOJIOTUAJIBIK CHUCTEMaJlap/la YEKUTTHK YATYJIep YYYH OCYMIYKTOPAY KOProo
MaceJeCUH CYHYII  KBUIBIHABL. ~ OCYMIYKTOpAYy KOProo MaceselIepuHUH
YBIraPbUIBIIIBIHBIH KAIIAIIBIHBIH 3apbUT JKaHa KETUIITYY MAPTTaphl aJIbIH/IbI.
3. DOpkuH TpodukKanblk V(-) (GyHKIHMsUIAp MEHEH YOAaKbIT, Kypak TY3yMy KaHa
MEUKMHANKTE OONYIITYPYYCY OCKE alblHTaH OCYMIYKTOPAY KOPTOOHYH
mudpepeHIuanapIK  MaceJIeCHHUH CBIBBIKTYY OMEC CHCTEMaJlapbIHBIH
YBITAPBUIBIINIEI  HETH3JCIAA JKaHa CYHYIITAJIbI. OCyMIyKTepAy KOproo
MaceJIeIepUHUH YbITapPBUIBIIIBIHGIH  JKAIIAMIBIHBIH ~ 3apbUT  JKaHAa JKETHUINTYY
IapTTaphl )KOHYH]I® TeopeMaiap JaTHIICHIH.
4. DpkuH Tpodukaibik V(-) (QyHKIUSIAp MEHEH YOaKbIT, Kypak TY3yMY »KaHa
MEUKUHAUKTE  OOJIYIITYPYYCY OCKEe ajJblHTaH OCYMAYKTOPAY KOPrOOHY
ONTUMAIIIAIITHIPYY Maceliecu M3wiAeH M. OnTuManayy Oankapyy TeopHsIChIHBIH
METOJJIOPYHYH HETH3MHJAC I1axTa arporeH03 MOJCIANK OHOCHCTeMachl YYYH
3BITHKEUTEpP MEHEH KYPOITYYHYH MapaMeTpieprH aHBIKTOOTO MYMKYHIYK OepreH
KaTBITITAP albIHABI. DPKUH TPOGUKAIBIK V(-) (yHKIUSAIAp MEHEH YOaKBIT, Kypak
TY3YMY >KaHa MEUKHHAMKTE OOJTYIITYPYYCY ACKE ajJbIHTaH ©CYMIYKTOPY KOProo
MOJICNITUK OMOCHCTEMAaHbl ONTUMAIYY Oalikapyy Maceiecd YYYH MUHUMYMIyH
3apbUT MAPTHI ATBIHIBI.
5. DpkuH Tpodukanbik V(-) (QyHKIHUIAp MEHEH YOAaKBIT, Kypak Ty3yMy KaHa
MEUKMHINKTE OOJYIITYPYYCY 3CKE alblHTaH ©CYMIYKTOPAY KOPTOOHYH HHTETPO-
mudpepeHInanapIK MaceleCHH YbITApYYHYH CaHIBIK METOMY HETH3ICIAN JKaHa
CYHYIITIIBI. OCYMAYKTOPAY KOPToO MPOIECCUH albIpMalIall anmpoKCHMAaIHaIo0
CypooJIOpy Kapajirad. OH KHYMHE KBagpaTrTap METOAyHa HETU3JENITeH
OCYMAYKTOPIy KOpProo Maceinecuie Oenrucu3 TmapaMeTpiiepId  aHBIKTOO
ITOPUTMH J1a KSJITUPHIITEH.
6. DpkuH Tpodukanblk (GyHKIMSIIAp ydypyHJa yOaKwIT, Kypak TY3yMy KaHa
MEUKMHANKTE OOIYIITYPYYCY ICKE allblHTaH OCYMIYKTOPIY KOProo MpOIEeCCHH
Oamkapyyra OarbITTaJiraH TporpaMMaliap KOMIUIEKCH TY3YJAY, HporpaMmaliap
Taxuk PecrmyOnukaceiHbiH MagaHUSAT MUHUCTPJIMTUHIE KaTTaluraH (WJIMMUMA,
amabuii »aHa KOPKOM dYblrapMajiapibl KaTToo keHyHAe KyOenyk) xaHa:
«MyMKYH OONTOH TYNIYMIy CakTam Kajyy IapThl MEHEH ©CYMIYKTOPIYy KOPToo
MacCeJIECUH YbITapyy», «3bITHKEUTEPIUH KaHa SHTOMOGAraapiblH ChIH CaHBIH
aHBIKTOO», «'KBIPpTKBIU-)KEM'" TYpYHO BUIAMBIK KYpPT-KyMYpPCKAJIApJbIH OHYTYY
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JUHAMUKAChD», «3bIIHKEYTED MEHEH KYPOLIYYHYH ONTHUMAJJBIK bIKMaJapblH
aHBIKTOO» MPOrpaMMaJIapAaH Typar.

INPAKTUKAT A CYHYULITAP

Taxukcran PecryOnukachlHa aKbIPKbI KbUIAAPHI MaXTaHbl 3bISHKEUYTEPICH
JKaHa OCYMIYKTOPIYH OOpyJapblHaH KOMIUJIEKCTYY KOPrOOHYH K33 Oup
AIIEMEHTTEPU KOJJAOHYJAT. OCYMAYKTOPAY KOProo 00JacThIHAATbl WIMMIIO30D
KaHa JKCIIEPTTEp TapaOblHAH pecIyOJIMKagarbkl Kem IaxTa dYapOajapia aubul
yapOa 3BISHKECYTEPUHE KapIlbl KYPOIIYYHYH OWUPAMKTYY BIKMAchl HIIKE
amIpIpbIIaT. ©3reue KOHYJ KYPOIITYH XMUMUSIIBIK BIKMAachiHa OOIYHOT. by maxTa
gapOanapaa sHToModaraapasH 3QGEeKTUBAYYIYTYHYH ACHIIIIMHE Kapalia TUTHIT
e OyJ 3BISHKEUYTHH 3BITHAYYIYK YCHEMH KaHa dCCOMHUH HETH3WH]IC arpoIleHO3
3BISHKEUYTEPUHE Kapiibl Kypemryy OOIOHYa XUMUSJIBIK BIKMa KOJJIOHYJIAT.
[Mafimanyy  KypT-KymypckamapiasiH — (3HTOMO(armapabiH)  3hPeKTuBIyyIyK
JICHID2JM  JKaHAa 3BbISHKEUYTEPJIMH 3bISHAYYIYTYHYH YEHEMH MaTEeMaTHUKAJIbIK
dbopmyrnanap apkpUlyy CYpPOTTONYYYY KOMIUIEKCTYY METOJAYH IMapaMeTpiiepu
OoJTym caHaar.
1. HuccepTanusuiblk MINTE yOAaKBIT-KAll Kypak »aHa MEHKUHIUKTE Tapaiyycy
ACKE aJbIHTaH OCYMAYKTOPAY KOPTroo MPOIECCHHUH MAaTeMAaTHKAIBIK MOJEIIEPUH
YpIrapyy Y4yH OHOJIOTHSUIBIK MPOLIECCTEPANH MaTEMaTUKAIBIK MOJIETICpU JKaHa
anap MeEHEH OainaHblKaH Aud@epeHuanIblKk TEHASMEIEPAUH U3UIA000TY
aKBIPKBI JKCTUITKCHIUKTEP KOJIOHYITaH. MaTeMaTHKalIblK >KaHa KOMBIOTECPIHK
METOJIOPAYH >KapJaMbl MEHEH JSPKHWH TpoPuKambiKk v(-) (yHKOHSIAp MEHEH
OCYMIIOKTOPTY KOProo MaceJeCUHUH YBITAPBUIBIIITAPHI TaOBUIIBI.
JuccepTalMsulbIK ~ WINTE  KapajiraH MaTEeMaTUKAJIbIK — MOJCNIEP  KaJauMKH
mudepeHnnanabiK TeHAEMEIEePANH ChI3BIKTYY SMEC CHUCTEMAChIH OWIITUPET.
2. XKoropky TymyM ainyy MakcaTblH/a alblT Yap0Oa 6CYMIYKTOPYH 3bISTHKEUTEPICH
KOPTOOHY 00KOMOJIIO0 KaHa Oaimikapyy MEHEH OalJIaHBIIIKAH CENTee UIITEPUH
KY30Te allblpyydyy MaTEeMaTUKAJIbIK >KaHa KOMIBIOTEPAUK MOJENEP HUIITEINHUI
YBIKTHI JkaHa TaKuk PecryOnuKachlHBIH XaTJO0H 00JacThIHAATBl JABIMKAH
yapOaapbIHbIH alibll yap0a arpod’Kko CUCTEMACHIHBIH (MMaxTa, Kypyd4, Oyynai, x.0.)
MUCAJIBIH/IA UIITKE AlTBIPBUIIBI.
3. CaHABIK >CENTeeOpAYH JKBIMBIHTBHIKTAPHI I1aXTa arporieHo3y YYYH KypT-
KyMypCKaJap/IblH CaHBIHBIH ChIH MAaHHWCHUH aHBIKTOO YOH NMPAKTHKAJIBIK MAaHUTE
93 JKCHJWTUH Kepre3eT. byn ydypna, oarep 3bITHKEY KypT-KyMypCKallapiblH
CaHBIHBI 0OCOT0 JCHIIIJICH OTIeCe, all SMH JHTOMO(pargapJblH CaHBI
b EeKTUBIYY MEHrIAIIIEH a3 aMec 00JIco, aHAa arpoleHO3MI0TY MaiIanyy KaHa
3BISTHKEY KYpPT-KyMypcalap/lblIH CaHBIHBIH OPTOCYHJArbl MBIHJAN KaTHIIITa
3BISTHKEUTEPre Kapillbl XUMUSIIBIK KapakaTTapAbl KOIJIOHYYHYH 3apbUIABITHI KOK
abait sxapanat. AJIBIHTaH CaHJBIK SKCIEPUMEHTTEPIN TAIT00I0 UILITEIUN YbIKKAH
METOJMKAHbI 00KOMOJIZIOO JKaHa TIJIAHI00 MaceJeJIepUH YbIrapyy YUyH, Oenrunyy
Oup momynsAnUsIIap, OWOJOTHSIIBIK JKaMmaarTap aHa JKOJIOTHSUIBIK CHCTEeMaliap
YIYH TaOWTHI JKCIEPUMEHTTEPAU KYPry3yyre KoOIoHyyra OO0J00py KemuIl
YBIKTHI.
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4. byn umTe alblHraH >XBIMBIHTHIKTAPABIH HETU3MHIE IaxTa arpoLeHO3yHYH
HKOJIOTHSIJIBIK MaalbIMAaTTAphIH Kalpa HINTEN YbITYy YYYH SPKUH TPOPUKAIBIK
byHKuusiapaa yoaksIT, jKalll Kypak *aHa MEUKUHAUKTE Tapaayycy ICKe aJIlbIHTaH
OCYMIYKTOPJly KOProo MAacCeJIeCHH 4Yblrapyyra OarepITTalral mnporpaMmmManap
KOMIJIEKCMH ~ TY3YY  KEpeKTYy  TMpaKTUKaJIbIK  MaaHUTe 923.  CelNTee
HKCIIEPUMEHTTEPANH HaThlibkanapbl TaXUKCTaHABIH aibll  Yapba HIUMIEP
aKaJgeMUusachiHbIH JKep UITeTYy MHCTUTYTYHYH KbI3MaTKEpJIECpUHE aHJIaH apbl UII
KY3YHIe Maiananyy YU4YH CYHYII KbUTbIHTaH.
5. "Kongmonmo Martematuka" skaHa " mHbopMaTuka' OarbITTapblHAa CTYIACHTTEP
KaHa MarucrTpiep Y4YH "BHOJOTUANIBIK ~ CHCTEMAJIapa MaTEeMaTUKAJIBIK
Mozaenaee" cabarbkl OOIOHYA MaceleliepAr 4Yblrapyyla OKyy-OWInM JKaHa
OPAKTUKAIBIK ~ KOHAYMIOPYH  KaJblITaHABIPYY  YIYH  3apbul  OOJITOH,
MaTE€MaTUKaJIbIK jKaHa KOMIIBIOTEP MOJAENJIEPUH MaijanaHyy MEHEH OHOoJorus
KOUTOMIepYH YbIrapyyAa OKyTYYHYH TEXHOJIOTHsUIaphl CYHYIITAIIbI.
6. DpKUH TPOPUKAIBIK (YHKIHUAIApAA YOAKbIT, JKall Kypak >KaHa MEWKUHIUKTE
TapalyyCy 3CK€ aJbIHIAaH ©CYMIYKTOPAY KOpProo MPOIECCUHHUH KEH KJaccTarbl
KOPPEKTYY MaTeMaTHUKaJIbIK MOZENAepU Ty3yiny. KoproonHyH ontuMu3anusiibik
Macesiecd KOIOJAY JKaHa 4YbIrapbUlIbl. OCyMAYKTOpAYy KOProo IpOLECCUHUH
yOaKBITTBIK, KYpaKThIK >KaHa MEUKUHIMKTE OOJYIITYpYYCY H3WIJACHAM >KaHa
OCYMAYKTOpPy ailbul  4Yapba ©CYMAYKTOPYHYH 3bISIHKEYTEPHUHEH KOPIroo
MacCeJECUHUH MaTeMaTHKaJblK MOJENJIECPUH HILTEN YbI'YYy YYYH 3apbll OOJroH
KypT-KyMYpCKaJlap CaHbIH aHBIKTOO YUYH OMp KaTap (opmysanap ajabIHIbI.
JKBIABIHTBIKTAN JKaThill, WIUMUA KeHeuryuM mpodeccop M.K.FOnycure
JaipiMa MIIMME Ha3ap caliraHbl YUYH TEPEH bIpaa3blubUIbIK OUIIAUPEM.
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Oaunaes Paum Ha3apoBuuTuH «Y0aKbIT-KYPAKTBIK TY3YMYH 2KaHa
MEHKHHAUKTE TapajJyyCyH »J3CKe ajyy MeHEeH OCYMAYKTOpAY KOproo
NPOLECCHHUH  MAaTEeMATHMKAJIBbIK  MOJEJHH HIITENl  YbIYy KaHA
nporpamMmaJioo» jaereH rtemagarbl 05.13.18 — maremaTukajbIK MOeJ/160,
CaH/BIK ICENTO6JI0P KAHA POrPaMMAIAPAbIH KOMILICKCH AAUCTUTH 00I0HYA
(pu3nka-MaTeMaTHKa WJIMMIACPHUHUH NOKTOPY MJIMMMI JAAapPa’kacblH M3ICHUII
ajJyyra aucceprauusiCbIHbIH

TAPKBIMAJIbBI

AYKBIY  €O316pP: MOJCIb, 3BITHKEUTEp, Nakganyy KypT-KyMypcKaiap,
sHTOMO(dAargap, arpoueHo3 H3pKUH Tpoukanblk (QYyHKIMS, , OHOJOTHSIIBIK
MPOIIECCTEP, OCYMIYKTOPAY KOProo, CTAIMOHAPIBIK Macese, KypaKThIK KypaMbl,
MEUKMHAUKTE  OONYIMTYpPYY, KypT-KyMypCKajJapAblH CaHbl, ONTUMAJIIAYY
Oarkapyy, CaHIBIK YbITApYy, CHI3BIKTYY 3MEC Macelle.

N3uaneenyH o0beKTH KaHAa mNpeaMeTH. J[MccepTalusibIK UIITE H3WIIOOHYH
oovekticu  Oomyn  Taxuk ~ PecrmyOnukachlHBIH —~— alibl  4apOaCHIHBIH
IUTAHJAMITHIPBUITaH TYIIYMYH (TaxTa, Oyymai, Kypyd, ’kaHa Oarkanap) KOproo
mpoiieccu caHanat. M3unpgeenyH mnpeaMerd OOMym  ©CYMAYKTOPAY KOProo
MPOILIECCUH 4YbITapyy Y4YYH  MaTEeMaTUKaJIbIK MOJCIJIEPAN HINTEN YbITYY,
mporpamMmaiap KOMIDIEKCHH JKaHa alrOpPUTMIECPAN YUYH Kypyy caHajar.
N3uaneenyH makcatsl. M3uinieeHyH Makcatsl OOJyN IUIAHJAIITHIPBUITAH albLI
gap0a ©CYMIYKTOPIYH TYITYMYH KOProo MPOIECCHHUH MaTeMAaTHKAJIBIK MOJCIINH
UIITEN YbITYy JKaHa  MaTeMaTHKaJbIK MOJICIIee Kypaljap IKbIMBIHIBICHIH
OHYKTYPYY CaHajar.

M3ua1e60HYH MeETONIOPY: WIMMHUH H3WIIOO HINTCPUHUH  IKYPYIIYHIO
OMOJIOTHSJIBIK TPOIICCCTEPIMH MaTeMaTHKAJIBIK MOJCIJICPH JKaHa aHbl MCHCH
Oaitnanpimkan AudPepeHIuanabiK TeHAEMEIEPAN U300 O0JACThIHAA aKbIPKbI
KETUIITKEHTUKTEP KOIIOHYIITY.

AJIBIHTAH SKBIMBIHTBIKTAPABIH JKAHBUIBITBI: OpKUH V(-) TpOdUKAIBIK
GbyHKIUSIIapel MEHEH YyOaKbIT, KypaKThIK TY3YMYH aHa MEHKHHIUK OoroHYa
OOMYHYIIYH OCKE€ alyy MEHEH OCYMAYKTOpPAY KOpProo MpOIECCUHHUH
MaTeMaTHUKAJIBIK MOJCIICPUHUHIH KBIMBIHBI H3WIICHTeH. OCYMIYKTOPIY KOPTOO
MaCEeJIECUHUH YbITapbUIBIIIBIHBIH JKAIIAIIBIHBIH 3apbUT jKaHa )KeTUIITYY IIapTTaphbl
KOHYHIOTY Teopemanap nanwiaeHau. Ontumanayy Oaiikapyy TEOpUSCHIHBIH
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METOIJIOPYHYH HETU3WHJE MaxTa arpoleHO3YHYH MOJEIIUK OMOCHCTEeMachl YUYH
3BISHKEUTEP MEHEH KYPOIIYYHYH MapaMeTpJICpUH aHBIKTOOTO MYMKYHJIIYK OepreH
KaTBIIITHIP aJIBIHIBI. Ocymaykrepay KOpProo MpolecCuHabIpMaan
anMPOKCUMAITUSIIOO CYPOOJIOpY Kapajabl. DPKUH V(-) TpohUKaIbIK (DYHKIUSIAP
yadypyHIa yOakbIT, KYpaKTBIK TY3YMYH >KaHa MEHKUHIWK OOlOHYA OOIYHYIIYH
ACKE alyy MEHEH OCYMIYKTOPAY KOProo MPOIECCHH Oamkapyyra OarbITTayraH
nporpaMmmaniap KOMIUIEKCH TY3YJITy.

M3ui1e6HYyH KOPYTYHAYJIapbIH KOJA0HYY. Kapanran mojenjep kaHa U3WII00
BIKMAJIAPBIHBIH  JKAJMBUIBITBIHBIH ~ JKOTOPKY — JCHIIIJAe  O0Myycy — ajapibl
AKOCHUCTEMAJIap/ibl, arpoOIEHO3IOPAY U3WIIO0re raHa SMEC, OIIOH/ION 3Jie, XUMUS,
dbu3uKa >xaHa Oamrka obacTapIarel Macenenepre KOoJJAoHyyra MYMKYHIYK Oeper.
N3unneenyH HaTblibKanapsl, OMIOHIOW 3Ji€ "KOJIAOHMO MaTeMaruka', "KOJJIOHMO
uHpopmaTuka" KaHa  "'MaTEeMaTHKaJIbIK aHa  KOMIIBIOTEp  Mojennee'’
OarpITTaphIHAA CTYICHTTEPIU OKYTYY YUYH KOJIOHCO OO0JIOT.

Koamonyy tapmakrapbl: H3WIJIOOHYH >KBIMBIHTHIKTAPhl 3bISHKEUYTEPACH ailblI
gyapba OCYMIYKTOPYH KOproo OOIOHYA HII-4apajap/bl HINTEH YbITYY YYYH
KOJIJIOHYJIYyIIY MYMKYH. DByJl KBIMBIHTBIKTAp arpoleHO30PAYH 3bISHKEUTEpHU
MEHEH KOMILIEKCTYY KYpPOIIyy MacIITaObiH a0jjaH KeHEHTET.

Pe3rome
nucceprauun  OpuHaeBa Pamma  HazapoBuua Ha Ttemy «Pazpaborka
MaTeMATH4eCKOil MoJe/IM ¥ MPOrpaAMMHUPOBAHNE NPOLECCA 3AIUTHI PACTEeHHI
C YYeTOM BPEMEHHO-BO3PACTHON CTPYKTYPbl M NPOCTPAHCTBEHHOIO
pacnpeeJeHus», NPEICTABICHHON HAa COMCKAaHHWE YYEHOH CTENEeHH JOKTopa
bu3nKo-MaTeMaTH4YECKUX Hayk 1o crneruanbHoctu 05.13.18.- Maremaruueckoe
MOJICJINPOBAHUE, YACIEHHBIE METObI U KOMILIEKCHI TPOrPAMM.
KiroueBbie cji0Ba: MOJENb, BpEAHBIE HACEKOMBIE, IIOJIE3HBIE HACEKOMBIE,
sHTOMO(]aru, arporeHos, Mpou3BoiabHas Tpodudyeckas QyHKIHUSA, OMOIOTHIECKUE
IIPOLIECCHI, 3alllMTa PACTEHWM, CTAalMOHApHAas 3aJada, BO3PACTHAs CTPYKTYpa,
IPOCTPAHCTBEHHOE PpACIpECICHHE, YHCIEHHOCTh HACEKOMBIX, ONTHUMAJbHOE
yIpaBJICHHUE, YUCICHHOE PEIICHNE, HETMHENHAs 3a/1a4a.
O0bekT W mnpeaMer ucciaenoBanus: OOBEKTOM AUCCEPTALMOHHON pPabOTHI
ABJIIETCSI TPOLECC 3alUThl IUIAHUPYEMOTO YpOXKasg CeIbCKOXO03WCTBEHHOU
KynbTypel PecnyOnuku TapkukucTaH (XJIOMYaTHUK, MIIEHULIA, pUC U Jp.).
[IpeameToM wHcciieOBaHUSL BBICTYHAIOT pa3pabOTKa MaTEMaTUYECKUX MOJEINEH,
IIOCTPOEHUSI AITOPUTMOB M KOMIUIEKC MpOTrpaMM, i pelIeHus  Mpouecca
3alIUTHl PACTCHUM.
Leablo quccepTallmOHHOTO UCCIIEIOBAaHUS SBISETCS pa3paboTka MaTeMaTHUECKON
MOJEIM W Pa3BUTHs anmapara MaTeMaTH4eCKOro MOJEIUPOBAaHMS, Mpouecca
3aIUTHI NIAHUPYEMOTO YPOKas
Metoabl ucciaenoBanusi: B npoiiecce uccienoBaTenbckoi paboThl MPUMEHSITUCH
COBPEMEHHBIE JOCTHKEHHS B OOJIACTH HCCIEAOBAHMS MATEMATHYECKUX MOJEIEH
OMOJIOTMYECKUX MIPOLECCOB U CBA3AHHBIX ¢ HUM AuddepeHnanbHble ypaBHEHUS.
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HayuyHasi HOBH3HA NOJIYYE€HHBIX Pe3yJbTaTOB:

HccnenoBaH KOMIUIEKC MAaTEMaTUYECKUX MOJEIIEH ITpoliecca 3alUThl PaCTEHUH C
y4€TOM  BPEMEHHOH,  BO3PACTHOM  CTPYKTYpbl M IPOCTPAaHCTBEHHBIX
pacnpeneneHuii ¢ MPOU3BOJIbHBIMU TPOPUUECKUMHU V(-) QyHKUIUAMU. JlokazaHbl
TEOpEMBbl O HEOOXOAMMBIX U JOCTATOUHBIX YCIOBUSAX CYIIECTBOBAHUS PEIICHUE
3a/layd 3aluThl pacTteHuid. McciaeaoBaHbl ONTUMHU3ALMOHHBIE 3a7a4d 3aIUThI
pacteHuii. Ha ocHOBE METOJOB TEOPUU ONTHUMAIBHOTO YIPABICHUS IMOJIYYECHBI
COOTHOILIEHHSI, KOTOPbIE€ MO3BOJISIIOT ONPEACIIUTh MapaMeTpbl METOJIOB OOPBOBI C
BPEAUTEISIMU 11 MOJEIbHBIX OuocucTeM arporeHo3a XJIOIMYaTHHKA.
PaccMOTpeHbl  BOIPOCHI  PAa3HOCTHOM — aNMpOKCHMALIMM — IPOLIECCa  3allHUThI
pacteHuii. Co3laH KOMIUIEKC MpPOrpaMM, OPUEHTHUPOBAHHBINA Ul YHpPaBICHUS
IIPOLIECCOM 3allMTHl PACTEHUH C y4ETOM BPEMEHHOM, BO3PACTHOM CTPYKTYPBI U
IPOCTPAHCTBEHHOIO PAcHpEeNeNeHuss MNpHU IPOU3BOJBHBIX TPOPHUUECKUX V(-)
(GYHKIUSX.

Crenenb HMCHOJIb30BaHMsA: Bpicokas OONIHOCTH paccMaTpPUBAEMBIX MOJEIEH U
METO/IOB HCCIIEJOBAHUS IO3BOJISIET MPUMEHATh HMX ISl U3YYEHHUS HE TOJIBKO
arpoleHO30B, IKOCUCTEM, HO M 3aJady U3 O0JacTH XUMHUHM, (U3UKA M .
Pe3ynpTaThl MCCleT0OBaHUE MOTYT TaK)K€ MPUMEHSTHCS IPU OOyYEHHUE CTYAEHTOB
10 HAINpaBJICHUSAM «IPHUKJIAJHAS MAaTeMaTHKa», «IpHUKIaJHas HUHPOpMaTUKa» U
«MAaTEeMaTHYECKOE U KOMITBIOTEPHOE MOAECIUPOBAHUE.

Ob6Jsiacte npuMeHenusi: [lonmydyeHHbIe pe3yibTaThl HMCCIEIOBAaHUS MOTYT OBIThH
UCIIOJIB30BAaHbl IIPU NPOCKTUPOBAHWHM MEPOINPUATUN IO 3aLIUTE ypoxkas OT
CeJIbX03 BpeauTese. OTU pe3ysbTaThl CYHUIECTBEHHO PACIHIMPSAIOT MaclITaObl
UCIIOJIb30BaHUsI UHTETPUPOBAHHOIO METO1a OOPHOBI C BPEAUTENSIMU arpolieHO30B.

Summary
Odinaev Raim Nazarovich's dissertations on the theme ‘“Development of a
mathematical model and programming of the plant protection process taking into
account the time-age structure and spatial distribution”, submitted for the degree of
Doctor of Physical and Mathematical Sciences in specialty 05.13.18.-
Mathematical modeling, numerical methods and complexes programs.
Keywords: model, harmful insects, beneficial insects, entomophages, agrocenosis,
arbitrary trophic function, biological processes, plant protection, stationary
problem, age structure, spatial distribution, insect numbers, optimal control,
numerical solution, nonlinear problem.
Object and subject of research: The object of the thesis is the process of
protecting the planned crop of the Republic of Tajikistan (cotton, wheat, rice, etc.).
The subject of the research is the development of mathematical models, the
construction of algorithms and a set of programs for solving the process of plant
protection.
The purpose of the research: The purpose of the dissertation research is to
develop a mathematical model and the development of the apparatus of
mathematical modeling, the process of protecting the planned harvest.
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Research methods: In the course of research work, modern advances have been
applied in the field of the study of mathematical models of biological processes
and related differential equations.

Scientific novelty of the results: The complex of mathematical models of the
plant protection process is investigated taking into account the time, age structure
and spatial distributions with arbitrary trophic VO functions. Theorems on the
necessary and sufficient conditions of existence of the solution of the plant
protection problem are proved. The optimization problems of plant protection were
studied. Based on the methods of the theory of optimal control, relations are
obtained that allow one to determine the parameters of pest control methods for
model cotton agrocenosis biosystems. The problems of difference approximation
of the plant protection process are considered. A set of programs designed to
manage the process of plant protection, taking into account the time, age structure
and spatial distribution with arbitrary trophic VO functions.

Degree of use: The high generality of the models and research methods under
consideration allows them to be used to study not only agrocenoses, ecosystems,
but also problems from the field of chemistry, physics, etc. "And" mathematical
and computer modeling ".

Scope: The results of the study can be used in the design of measures to protect the
crop from agricultural pests. These results significantly expand the use of the
integrated pest management method for agrocenoses.

HEI'U3I' BEJITWJIEP TUSMECHU
t- y6aKBIT, te [O,tk ]’tk =CONnst < oo
a—xam Kypak, 0O<ac<o,
X— MEUKHUHJIUK KOOPJAUHATACHI;

xeG cE%G ={x:x=(x,%)0<x <Li=12].
G=G+S,5- uern G,R=G*[0,0)*[0.t,]

N, =N0(t)— t yOGaKTBICHIHIArBI THIIIKBI PECYPCTYH MacCachl;
N, =N, (t)- { yOakTbichIHIarsI aiibuT yapba OCYMAYKTOPYHYH OHOMACCACHI;

N, =N,(x,at)- X uexurunze a KypakTarsl ’kaHa { yOaKTBICHIHAATHI Iaiiganyy
KypT-KyMypCKaJapAbIH (i =3), 3bIIHKCUYTCPAUH (i=2)CaHblI,

F= ,() - | — TpoUKAIBIK AEHIIJIIUH OCYIIYHYH OCITHIYY OUp BLIIaMIBITHI,
i=0123. OcymTyH Oenrunyy Oup bUIIaMIbITbIHAA TOMOHKYJIOP OCITUIICHI eH:

m, - TaOUTBIN e1yM Ko3uLueHTrepy, i=123;

k, - ke0eilyy jkaHa ecyy YUYH KepeKTelreH OMOMacCaHbIH yIymy, i=0.1,2;

a, - TpPoUKaNbIK QYyHKUMAIAPABIH KO3 OUIUEHTTEPH, i =012;

€- maianyy KypT-KyMypcKajiap MOIMYJSITUSICBIHBIH ©3YH-03Y YCKTOO

ko3P dunreHTH;

V(.)— TpoduKanbik PyHKIUS, TOMOHKY KacHUETTEpre 33
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2
Vi(N) _ o

dV(N)
N 0 dN?
Q - THILIKBI PECYPCTYH KUPTEH BULIAMIBITHL, Q = Q(t).

N lp - OCYMIOYK OromaccaHbIH IUIAHAAIITBIPBUITaH JCHID9JIN,

N 5 - 3BISIHAYY KypT-KyMypCKajapAbIH 3bISH Y€TH;

N 3p - nananyy KypT-KyMypCKanapAablH (aHTOMOdAaraap/bH)
HATBIKATYYJIyTYHYH JEHIIIIIN;

F=F(@at)B=B@at)- g KypakTarel jkaHa { yOakKTBICBIHAArBI MOIMYJIAIUSIIAPIBIH
OJYMYHYH KaHa TTYYJIyIIyHYH KO3(QPUIIMCHTTEPH;

B, = B(N,a,t) = 0— KypT-KyMypcKaJapAblH TyyJlyy (QyHKIHSICHI;

N = 1 J’ N, (t)dt,i=123, t>0-T  yOaKbIT  apajbirbIHIaTbI OMOJIOTUSLITBIK
T 0

TYPJIOPAYH OPTO4O OMomMaccacsl (e OpTOUYO CaHbl);
N,=N(t)- 3BISHKEY KypT-KyMypCKagap MEHEH Maijianyy KypT-KyMypCKamapiblH
By

YKaJITIBI CaHBI, N, = I N;(a)da, a,,p;, —const>0, i=23;

Fz: Fs - |- GarbIT 6OFOHYA KypT-KyMypCKaIap IbIH KbLTYY bUIIAMIBIIbL;

D,, D,- AMPPy3us kodppuumenrrepy;

K() - CUHUPYY KOd(DPUITUEHTH;

P =P(t)~ pajinanyy KypT-KaIKThIH 9KOCHCTEMAra KOLIYJIraH CaHbl;

D = D(t)— 3BIAHIYY KypT- KyMypcKajap/bl *KOK KblIyy YUYH KOJIOHYJTaH yyil1yy
3aTTapbIH TONTOIYIY;.

I(u)- HapK (QYHKIIMOHAJIBL;

f° = £°(-)— 3BIIHKEYTEPAMH KEITHPIEeH 3bIIH JKaHa Cyy, JK€p CEMHUPTKUYTEPAU

naijanaHyy jkaHa OMOJIOTHSUIBIK, XMMMSUIBIK KYpOLIyy bIKMajapblH HIIKE

allIbIpyyra KETKEH YbITbIMAAPABI MYHO3IOMUT.
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