


H XKAJINBI MYHO3/1IOMOCY

> ] ACLIHLIN aKTyaaayyayry. 3amanban WuxeHepauk cerTep

WHCTHTYTYHYH  «DKOHOMHKA-MATCMATHKANIBIK uewmplll PAPXHANBIK CHCTeMana 6oyn caHanbiwar, Anapasi 101600p00 xana
ATKApLLITaN e SYMAYK %aHa (yHKUHOHANILIK O3re40TYKTOPYH, aHbi OHYKTYPYYHYH
YH KEICHETHH, OWOHAOH 51e THEWENYY YKOHOMHKATBIK HETHIIEMEHHH

Hanmui E!ﬂ'_“_‘!A__"L-—"Bd . 0 T TA/II00HY Tanan Keuiar. O3 keserunne uikenepaux cerrepau KYPYYHYH
KeHemn: (mamKa-MaTEMATHKE HIHMACPHHHH JIOKTOP) ¥ —— I HApKLI Waap Kypyy TapMarsiijars! birbIMApIsH OAYTTYY
‘ , 0% n.-leﬁm) Owonayxran, ap xampaii YEKTOONOp MEHEH Kabbul

Pacmuii : 3ayp6exon Hypraam CaGuipe . opod WOOPAYK  HCHMMIMH HADKBIH MATCMATHKANBIK MOACNJCPAMH KaHa
onnonenTTEp y'm "m"""‘: P R——— IPYY BIKMANaphiHbiH, OWOHAOH dJ€  NporpaMMaIbik KOMILIEKCTEPHHHH

K CETTEpAH 101600p100 ITabbilAa e 62100 3aPLUTIBUTEINE! KeTHIT

n &

Wyyay'rm A el PPAYH TANN00CY KOPCOTKOHIOH, YHypAarsl MOAENICpAE XKaHa

WINMACPHHHH AOKTOPY, JOLICHT, . \ - DNIDOOPNIOHYYHY  KOMMYHHKALMAIAP/IBIH HEPApXHACHIH, HHXECHEPAHK

§re YHUBEPCHTETHHUH  Kak mnuq)m KaHrawTeipyyaars! aifMakTBIK HEKTOOIOpY KaHa

MHCTHTYTYHYH npodeccopy. J: ‘ "‘! 0ap HIXCHEPAHK CETTep/IH I33PIHK cKe anbaiiT, Oyn akbIpKs! HaTBIiDKara

a-.mumwllﬂlii P Y TAacHp STHuIM MYMKYH. Lllaapawik kypynyw wapremaa nonGoopayx

TEXHUKA WIMMACPHHHH A0KTOPY «Pamenck np YPYY _ 0 YHypAars! xana keneuexte 201600pRoHYy Ty HHACHEPIHK CETTep Y0k
AKubin wuimen usiryy GiopocyHy Gaurasicsl, a ' )

GONIOH ANBTEPHATHBANAPIBIH HYHMHEH KaGLUI ansiHyydy aoaGoopayx
) UMM ¢ 1€ TALA00 XKYPry3YY XKaHa TaHI00 MATEMATHKAILIK MOAENIOOCY3
o (eACPATAIK MAMAEKETTHK GIOmKeTTHK Gium 6 o MMA/IAIUTLIDYY BIKMANIAPKICH3, OWIOHIOH MPOrPAMMANAPIBIH  KOMILIEKCHH
: 350040 Kpacnozap ui., cwm , (i Smec. Owioro GaiinansiwTyy, MwTHR aKTyanayyayry ap kasaaii

PKCHEPAMK  CeTTepAH  10AG00PNOOI0  XKaHA  IKCIUTYaTalMANOOO
VIDOOPAYK HeuHMan KaGbil aTyyHY KOI0Or0 MYMKYHAYK GepyyHy xamsi
mepmlmomnmnrrupyy BIKMaNIaphbiH, XaHa OLWOHOI 51e
FOPHTMACPHH JKaHA NPOTPAMMAIAPALIH KOMILICKCHH MLUTEN 4biryy

Jiucceprawians koproo 2025-ksuiabie 11-anpesb Kywy caar
PecnyGaukachibin YIyTTyK WIMMAC aKaeMHUACKIHBIH MauikHa
KaHa reoMexannka HHCTHTYTYHYH xkana B.H. Eabuun aThinaarst Keip

memmmm M ;, ; '. -

(KAHAMAATH) OKYMYWITYYJIYK ASPROKACHH W3ACHHN anyyra J e 1 - TEMACKIHLIH APTHIKYLUILIKTYY HAHMHH 6arsiTrap, Hermsru
MNHOSZSWWH‘WWWW porpammaniap (101600paop), oKyy xana winmuii Mekemenep TapaGuinan
Bwmkek w., Yyl np., 265, 374. JluccepTauMsHbii BHACOKOH(PEPCH A Y dyuna H3WA00 HIUTEPH MeneH Galtammmer. Mm

KHHCMATHKAILIK MCHKHHAMKTCDAHH MAAHWIYY KIACCTaphiH,
HHTErPAIABIK-AHPPEPEHUHANIBIK TCHIACMENEPIH H3HIIO0 KaHa
QNAPABIH MATEMATHKAIBIK MOJAC/ICPHH HIUTEN YbIryy" TEMACHIHBIH
yuupepeuterniun (720000, Buwikex w., Kues ko4, 44) k ? KaTT00 HOMEpH 0007730, 2021-2023,
PecnyGaukacuinbin [Ipesuaentute Kapawryy Y'Y"Y" el Ty et ' ALIHA/IbI CHCTEMANIApAbI MOHHTODHHII00,  TaIX00  XaHa
mmwm@%m O MUIAIITHIDYYHYH MATCMATHKANBIK MOJC/AACPHH XKAaHA bIKMANAPHIH MIITEN HBIYY

Astopedpepar 2025-xpaapiH | 0-MapTHIHAS TAPATLUITAH. ", MAMJICKETTHK KaTT00 HOoMepaieps 01200712228, 0315-2016-

umaremeck https:/ve.vak kg/b/052-lto-twi-0js. s
Jinccepraums menen Knprar PecrryGaukachinbin Y ayTTyk ummp
(720071, Buwikex m., Yyit np., 265a), b.H. Exbumn ateinparst -

4 | 5-2( 2012-2020, "TabuaT TaaHyyHYH HOH MaceleiepHH
JInccepTauMsaIBIK KEHCUITHH ‘ol p PAMK TEXHONOrMANAPHI, TATAAI MAATBIMAT CHCTEMANAPLIH TALIOOHYH
OKYMYIITYY KATYBICH SR - 3
7 T



XaHa ONTHMANJAUTHPYYHYH MAaTeMATHKAIBIK MOJICNJCPH JKaHA bIKMad Wi, HC oK KYPrysyy, amemran Nk w—
" ~ 2 TCOPHANBLIK XkaHa TICPHMCHTANBIK
0251-2021-0005, 2021, 14-01-00031 A "Cynep O3Mpae wmke auy KEIITHIH MEHEH TACThIKTANAT

TerneiTTepAMH HETH3HHAE CHI3BIKTYY 3MEC MATEMATHKAIBIK MOJC/IACPAH
- CETTEPAMH HEepapXHACHIH kaHa KaMTBUTYyCYH, OIWIOHAOH 37

vy Macesnenepn yayw "CPHHHH KON KpHTHTEPHANTYYTYTyH KOMILIEKCTYY cKe anyyuy

! ep”, %ana 8-07-00460 A "Ap kaunai HHKALHANBIK ceTTepau MOZAe/N00 XaHa ONTHMANAAMITHPYY GofoHua

mntll AMH WIICHHMIYYTYTYH Taifo0 YYYH MAaTeMaTHKANBIK ; _“'
A3HA MPOrPAMMANAPALIH KOMIUIEKCHH HINTEN ubIryy" TeManaphiHa Oaibias (K€ CCTTEP/IH XaHA KOMMYHHKALMAIAP/I! KyPYYAa anapasi
. 6°'°lm A3 Kypyy MYMKYHYYAYTYH, OWOHIOH 3ne
H3unneoHnyH MAKCATHI XAHA MHIACTTepH. JIMCCEPTAUMAHBIH MaKCa! " SUHAHMIL - OTYynery  koMMyHMKauManapiie - Gepiwiren  oxty
e W S bl KYPYyAa HaTiikanyy ; : NaHy ﬁymacxeuwywymmumuxuonmumumm
RO anyiy xounoo: YHYH MOJENJEpAH XAHA ONTHMANAALL Yy wapTrag HHKCHEP/IMK TAPMaKTap/Ibl KaHa KOMMY HHKAUHAAP/Ib!

mmmwmwmmwm g IBIK CTAHIAPTTap/Ibi KaHa KOONCY3IYKTYH YeHEMICPHH, OWOHOH e
HUITeN Ybiryy GoMyn caHanar. Lk H  J07GOO/IONYYYY TYPNOpYHYH waiikeurmuris xe walixem
Kotonran makcaTka keTyy Y4YH TOMOHKY Macejeiep 4eHHIAH: - i lyy'dy ONTHMANJAWITHIDYYHYH MOJENICPH aHa MeToAI0pY

1. JlonGoopnoHyydy  HHKCHEPAHK CETTepAMH  XaHa OMMYHKHALHAIAPABTH -
HEPApXHUTYY/IyTyH XKaHa KaMTUTYY4yJyryH, KPHTepPHIUICDAMH Kapama-KapiibUIbirbik JHHATE HIDKCHCD/IHK  CETTEPAH XKaHa KOMMYHHKAUHANADIbI
3CKe airad ONTHMANIAITHIPYY  MacelelepHH 9edYYHYH  MOJCHANACPHH  JKaHe : \OHTOIJIOPYHYH Xannsl yuypsia ueqnmre 33 60160ron NP-tataanabirs:
ONTHMANIAIITHIPYY BIKMAIApPbIH HILITEN YLITYY; p & & .
2. Yu emuemayy MEHKHHIHKTE HHXCHEPAHK CCTTEpPAH XaHa KOMMYHHKaLlH: f“" TH! (BIPYY MACENCICPHHHH Kol KPHTCPHANTYYTYIyH 3CKE alyy MeHeH
TOLIOOHYH MOJCIICPHH AKaHA ONTHMAIJALITHIPYY HIKMATAPLIH HIITE!N YbiryY; \ OOPAYK 4euMMAH Talyyra MyMKyHIyK Gepyydy ap kampaii

3. llaap xypyaym mapTTapbiHa HHXKCHEPAHK CETTEPAM XaHa KOMMYHHKALMAIAP/b PPCPCHUHANIBIK IBOIOLHA METOY, KYMYPCKAHBIH KOJOHHACHIHEIH
10A6OOPI0O/I0 KaHa KypPyyaa KeJHIl YbIKKaH ONTHMAIIALITHIPYY KeHreinepyH H3wiaee | YK CTPAaTerHACH) XaHa THNEPCETh TCOPHAHBIH MozenepHHe
XkaHa Tanzioo; Macenenepan YeYYHYH JKaKbiHAAUITHIPLUITAH BIKMANAPHI kKaHa

4. Cerrepiu XaHa KOMMYHHKAUMAIAPAB  ONTHMANJAWITHIPYY M1 YBIKTHI;

TAaTAAIABITbIH XKaHA anap/sl YedYy BIKMaNapbiH Tajli00; 48 K MOJAC/IACPAHH JKaHa ONTHMANJAUITHPYY  METOOPYHYH

5. OnTuManzamTelpyyHyH ap KaHaali KpuTepuiiepu GoioHua ( YR PAMMAIAD/IBIH KOMIUIEKCH HILTE/HI 4birbif, CYHYWITaAraH METOIOPAYH
WANKEWTHK, HILCHUMAYYAYK %.6.) maapasik Kypy/lyll WapTTapbiHaa A0i00op) ,»;_‘.,..; Aarsl ONTHMANAWITEIPYY METO/UIOPYHAH HaTHiDKamyy
HHKCHEP/IHK CETTepAH ONTHMANAYY TOllee YYYH BIKMANap/bl jkKaHa airopHTMAED Y Wmmmnpamwmxmwpmlxwmonyy
HLITEN YbIryy; ool e j" CPH XKYpry3yaay.

6. JlonGoopayk wueuMmaepaM kaGbul amyyHy KOAZOO Y4YH MpOrp THIKANADPALIH MPAKTHKANLIK MARHIIYYAYTY
KOMIUICKCHH  HIUTeN  4bilyy, O3CENTee IKCICPHMEHTTEPHH W UILIK MIITHH MPAKTHKAILIK Gaanyynyry mHxenepamk CeTTepAH &aHa
HATBIKANAP/Ib KOJIOHYYAarbl ONTHMAIAAIITEHIPYY METOIOPYHYH HaThiiDKanaphbl » ITHMANAAWTHIPYYHYH MOJCIICPHH JKaHA BIKMANAPhiH, OWIOHOMN
CANBIITHIPYY KaHa TAN00. o« N DI KaHA KbIPAALILIK YEKTOONOPYH OCKE alyy MeHeH ONTHMATIYY

ANBIHMAH AbIBIHTHIKTAPALIH &KaHA HIHMHEH tml IMAL HA00I0 MYMKYHAYK Gepyyuy NpOrpaMManapabiH KOMIUIEKCTEPHH
AJIBIHFAH HATHIDKATAPALIH JKaHa WIHMMI KXO0ONOPAYH HINCHHMAYYIYTY : ‘ . CyWywranran bIKManap HHXeHEpIMK CeTTepaH xaHa

HP KOJLIEKTOPro GHPre/INKTe TOLIeo/1e anapabiH WalKemTHIHH ke
@ OLIOHAOH /1€ TEXHHKAIBIK YEHEMAECPAH KaHa KOOMICY3ayK
HraH Hatblibkanap ron6oopioo yiOMIapsiHaa 1on600pnoo

4 CHHTE3/100 YHYH KOJLIOHY/Tyury MYMKYH, Gyn soaGoopnootys
5

HETH3/100, 3CENTeO AITOPHTMACPHH JKaHA NpPOrpaMManapbiH, XaHa :
MOJICNICP/IH HILTEI YbiryY, FTHNEPCET TEOPHACHIHBIH MOIC/IICPHHHH XaHA MCTO)
KaHa SBONIOUMANBIK CHHTC3[MH HETH3HHAE N0NGOOPROHYYYY HHKCHEPIHK C

KAHA KOMMYHHKAUMAIAPABIH TY3YMYH MOJE/NI0OHYH XKaHbl bIKMAChl, OIL
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- CBb OMuMI'H, HMVY xana Cu6MTHUY Gupreneumken
K loneuee" cemuHapbita, 17-mait, 2016-xsu1; PUA CB
ANAPALI  KOHCTPYKIMAJIOO KAHA ONTHMAIJALITHpYY"
l7-ldt, 2022-xbin; Baky MamiekeTTHK YHHBEPCHTETHHHH
Y «Konpoumo  marematHkaHbiH  3amanGan
lmnmlcemnnpmuu, 13 cenrabps, 2022-xsu1; PUA CB
bl DHEPreTHKANIBIK CHCTEMANap WHCTHTYTYHYH o1 apanbik
~ Goaron VIII OYTKYN PpoCCHANIBIK “OHYryywy TyTyk xama

- TEMATapibi  TANIOOHYH KaHa ONTHMANIGK — CHHTEIIOOHYH

KOJIOHY /Uy, Gy1 HIKE auIbipyy \
YPEBCDCRTETHHAC, OKYY IpOIY o : CPH XKAHA BIKMANAPHI” WIHMHI CEMHHADBIHLIN KbifibHbIHAA, |2-
upac’;am. gt xoBonopy b 22-XKBUT, JKBUI CalibiH OTYY4Y “TaTaan CHCTeMAnapabl ONMTHMANIAIITLIPYY

KOMMY HHKALTHANAP/IbIH 4
1. JlonGoopnoHyyuy — CeTTEpAMH  KaHa .
WPWW *KaHa mm aliMareiHa K YyHysyT S0 .
MoOCHACL ) ;L ;
MIDKEHCPIMK  CCTTEPAH  XaHA  KOMMYHHKAUHANAP/L! l%mx%rmmaxo:monuo MaTeMaTHKAHBIH aKTYLTyy
mwmmwmmm”m“‘:‘“”“'m . : UIBIK KOHMEpeHUMACKIHAR, (Poccus, HoBocnbupek waapes, 2014-2015-
2. TMnepeTTHK KOIMYWIYHAArE HHKCHCPAHK CCTTC] P biH ABTOMATHKA XKAHA MAAILIMATTHIK TEXHONOMHANAP HHCTHTYTYHYH 55
ONTHMAIAUITHIPYYHYH KON KPHTEPHALIBIK MAaCC/e/IepH 3 e , Mymmnuumxnxnonomumpumnepu an
TATAAABIIBIHB AUTHIICHHILH; L a, Kpipre: Pecnyﬁnuncu, Buuikex waapsi, 25-26-centabps, 2015-
3cKe ' MCHEH

3. ONTHMANAWITEIPYY MAaceNeNepHHHH Koll KPHTEpHaNAyyTyryH ':Y . Y. KeHroinepy iana SKkoHOMHKATHK Komnonynymrrap” VI o
HaThiibkanyy non6oopayk uweunMaH Tabyyra MYMKYHAYK 6‘““: T , Poccun, Omck w., 28 - wmons-4-mions 2015-x%.; KPCY
mmwgmm:;mnom:m KyMypckanap Ha apHairaH "Bauikapyy TEOPHACHLIHBIH, TOMOJOTHAHBIH
m, a4y Ke3ayk C'Twm KaHa lnpxl ll:l

K A3us MekTen-cemunapsiiaa (Kuiprincran, Kasakcran, Poccns,
H OTYYY POCCHANBIK "MaabiIMaTThiK CHIHALIAP/IH HILTEN YbiTyy
0EN160" HIHMHI-TEX HHKATbIK Kon(epeHunacsinaa (Poccus,

1 ' "HACMENCPAHH aKTyanayy keiireitnepy” Il sn apanbik waHMmii
IrOPHTMICPH; ,
Heruyienrer NP-TaTaan Mace/ieep/iH YeHYYHYH bIKMAapbl XKaHa o Kbipress PecnyGnnkacs!, Yonmon-Ata w., 5-7-centa6ps 2013-x.; PHA
4. Yuypaars ONTHMANJAUITHIDYY ~MCTOIOPYHA  CANBILUTLIPMATYY KALI OKYMYIUTYY/IAPLIHBIH ICCNITO0 MATEMATHKA KaHa MH(POPMATHKA
MCTOJAOPAYH KaHa IFOPHTMACPAHH  pexTHBAYYIYTYH ' - peHmAckina, Pocens, HopocGupek maapet, 2-4-anpens, 2013-x.
IKCTNICPHMCHTHHHH HaThiiKanaphl. e

JIHCCEpTALMANBIK HILITE KETTHPHATEH X 'v- HETH3IH HNME KulibInTRIKTap | MOHOrpaduana [1],Web of
A e P® XAK, KPII
KAHBUTHIKKA 33 6o Gap/ibiK Kb BIHTHIKTAp aBTOpP TapabbiHaH XKeKe TYPA® a mm”m"w Gacbuimanapina, K, .
CaNbIMBl TOMOHJOTY/IOPAGH TY! € 31 apaibik KOH(epeHUHANApILH MaTepHaNIapsiHaa [28-49)
Muros J1. A., IOpreticon A. H. — Gepriren HueHHMAYYIYKTOTY HHXEHEP/HK C : - : kst
A St et M :::) r Moo::ouZ) A. — mdd ’ [YHAyNapaaH, anabuaTTap/biH TH3MECHHEH, THDKEME/ICPCH Ty par.
NpOrpaMManap/ibl HiuTen Ybiryyaa, Monaxos O.I'., LA =1 ‘ »8e - e :
IBOMOUMAHBIH AITOPHTMHH HIUKE awbipyy GOIOHYA NporpaMManapabl HUITeN Hbil i : “;l"‘:: E 6:“”‘"- Typer
Kycynbaes A. XK., Jlaxos O. A., [lonkosa B. K. — HHXEHEpAHK CETTC o e !
KOMMYHHKALMANIAPAL  ONTHMAJAIITEIPYY MAaceNe/icPHH THNEPCET TEOPHACH R
mxﬂmmmmmmxxmoymmepmmﬁmﬂo. ab \ ATBIK WUITHH TEMACWMH AKTYANZYYAYTY HErWARSIWI,
JAncceprauMsubii KblfbIHTHIKTAPbIH annpobanusiioo. UTHH H : Dbl K UIICTTEPH, HIHMHI KAHBUTBITB, ATHIHFaH HaTHIIKAIAPABIH
HATHIDKANAPEl  TOMOHAOIY CECMHMHAP XaHa KOHQEPCHLMANAPABIH O PyMISp WmnKoprooy‘waononyy‘tymocoepmuumbmumu
Gunampunnan  kana Tankyynamae: akaaemuk A. A. BepybaeBamH A
cemunapsiiaa, KP YUAnbin Matemaruka uncturyty, Kniprsiz PecnyG
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%0607I0p, ABTOPAYH XEKE CATbIMbl KaHA JHCCCPTALMATLIK KYMYIWITYH |
KETHPHIHI, HIITHH TY3YMY XKaHa Ko/IoMY b gt .

Bupnnun Goaym “AnabuaTia cepen canyy” HHKCHEpIHK
KOMMY HHKALHANAP/Ib ONTHMALIALITHIPYY aHMarblHarsl WIHMHi H3W110e

' 1 ap KaHnaH apHATLINITArkl HHACHEPAMK CETTEpAM

PABI AONOOOPOO XKaHA IKCILTYATALMAIOO aiimarsiHaa nadiga
MaceJiesiepH acenresier.

TH GOAYN HHXCHEPHK CETTEpaH kKaHa KOMMY HHKaLHANAPAbI

mmmmmm“m'w 7‘ A SKCIUTYATAUMANOONO  HaTHIDKATYY 107GOOPIYK SeTHMACPIN

XaHA ONTHMALIAMITHPYYAA KEMHN YbIKKAH ONMTHMALIAITEIPYY KOHIOHIOpYHYE vHY ONTHMANZAITHIDYYHYH MaTeMAaTHKANBIK MOJCAACPH KaHa
ONTHMA/IJALITHIPYY Te )

KOHLICTIIACHHA, CETTEP/IH KAHA KOMMY HHKALHANAP b 5 | € CAHABIK AIrOPHTMAEP *XaHa NPOTPAMMANAPALIH KOMIUIEKCH

OHYTYIIYHO OKYMYIUTYY1p/IbiH KOUIKOH CATIMAIHA apHAIIaH. “—

" K CCTTePAM KAHA KOMMYHHKALHAZApAB  ONTHMALL , . bIK HLL TPadTap TCOPHACHIHBIH KaHAa rHIEpceT TEOPHACHIHBIH
H3HLI0ON0 HKAKBLIHKB XKaHA ATHICKB! YET MAMICKETTCPAHH OKYMYIUTYY/aphl HOH C "_‘_ mmemnq:ummmouumux CHHTe3, aliMaKThIH
xourymka, CeTs Ty3yTyWywsery oGbekTTepau Gepiired aiimakka XaHraurThip TEPAMK MOJCIVIOO KaHa OWIOHION e CETTHK KaKMHIAWITHPYYHYH,
MacenenepHH uedyYHYH Teopuisik werninepun B.K. [onkos (1970, 2000, CNTOOHYH, AMCKPETTHK  ONTHMAINAIITHIPYYHYH, TapMaKTapabiH
Pommonos (2014, 2015, 2018), EX. Mamazn (2009, 2017), 10.A. Ko'!m( *ﬁ | TANI00HYH METOAROPY KOJLIOHY Ta.

AM. Epaun (1996, 2012) xana A JKycynGaesaep (2015, 2017) wsunaeunken. APHAILINITANE! WHKEHEPAHK KOMMYHHKAUMAIAIbl AHATHII00 XKaHa

MIKCHEpAMK ~ CETTEpAH  JkKaHa  KOMMYHWKAUWAIapAbl  ONTHMajAaur
WWWWWMWMM
okymyurryynap Berge Djebedjian, Mohamed El-Naggar and Islam Shahin
Fangfang Li, Qiang Liu, Xiu Guo, Jun Xiao (2015), Edgar T.F., Himmelblat
Bickel T.C. (1978), Shie-Yui Liong and Md. Atiquzzaman (2004), HoMill enTene 6.a. anap Gepwire aiimaxTa ¢pukcupreHer. JlonGoopaouryyuy
Guen Yoo, Ali Sadollah and Joong Hoon Kim (2016) usuanemkes. bIH TY3YMY aHbiH CRISKIKTYY GONYTYHYH TeXHHKAMBIK->KOHOMHKATHIK

Asmipksi yaypaa B.K. TNonkosayn (1970) runepceTs MareMaTHKIbIK OCH] kapauia A0nG00pAYK YeUHMIH KaGbLl aryy NpoLeccHHae e3repyury
Herm3uHAe, M3aeHyywyHyH (2011, 2024) maapaeik Kypyayll MapTeiHaa © yra  GainaHsiin Oyn mmre nonGoopayk uwewMMAH TaHZOO YwyH
TAPMAKTap/Ibi KaHA KOMMYHHKAUMANAP/IH ONTHMAIIAWTHIPYYra FHICPCCTTHR W KaTaphl CHI3BIKTYY Kypy/AMalapasl Kypyyra kaHa
cyHymrranrad. CyHymITanras bikma 6up CTpyKTypaHbiH IKHHYHCHHE Ki bl KETKCH XaNnbulaHral KanHTUIbIK CANBIMIAP KONIOHYNAT.
aTyyra MyMKYHIYK Geper %aa 071G0OP/IOHYYHY KOMMYHHKAUHAIAPIBIH AONGOOPJIOHYYHY KOMMYHHKALHATAP/IbIH NIEMEHTTCPHHHH
HEPApXHACKH CYPOTTelT. Assipksl ywypaa Oyn xaarra [lerposason . i 10010 aKTyanayy OGOnroH MHKCHEPAHK CeTTepAH kaHa
yhmBepcuTeTnnae: A.M. Bopowoea, P. B. Boporos, M. A. Iickynos (2012); H.9 1 PABI  TAIN00 MacesiesiepH KeTHPHJITeH. Hixenepauk
mquTVm.AHBom,AMManMomBCMm AP/bI TANI00 Macesiepy Gonyn Gepuiren TYRYHIOPYHYH OpTOCYHAArS!
ANIBHAATE MAMJICKCTTHK TeXHMKanwik yHnusepcurernnae: S.H. Hedenosa, W KYPYY, GEpHAreH TPaH3MTTYYAYK MapuipyTTapsi aHbIKTOO,
Muauakanss  (2013); Dcenmeedy MaTeMaTHKa JKaHAa MATEMaTHKATBIK A TYHYHAOPYHYH XKaHA ChI3BIKTYY JACMCHTTEPHHHH
nncTuTyTynzna: A. C. Poamonos (2000), O.J1. Cokonosa (2003), A. H. 10 i TAI00, HHKCHCPAHK KOMMYHHKAUMAHBIH TYHYHIOPYHYH
xana J. A. Murosaop (2017) anexrenuwier. Byn ap kanaail apHaibilITarsl HHX ~ GaiinaHbill  BIKTBIMAUIYYTYTYH — aHBIKTOO, Gepuire

COTTEPAN KAHA KOMMYHHKAIMANAPIH ONTHMAIALITHPYYHYH YHypAarsi MOACHICpH YHHKAUHATAP/Ib! KYPYY Kana 6aika Maceniesiep Icermemmer.
KAHA BIKMAIAPHIH HILTETl YbIIYY XKaHa OPKYHAOTYY aKTyalyy 9KeHHH KopcoTyll Typd - HHXKCHEDIIHK  CETTEPAH  JkKaHa  KOMMYHHKaLHANApAbI
Ocmim Geaymae  “H3manee  METOAONOTHSCH  AXaHA T PYYHYH — MOACIICDH  JKaHa  BIKMaTaphl, IapibiH  HETH3HHAC
NONGOOPAOHYYYYy  KOMMYHHKAUMAHBIH  TOMOJIOFHACHIH, 3JIEMEHTTEPAHH plmnllmnmlpyy Mace/ICCHHHH Ma3MyHAYK XaHa (opMantyy
GallnaHBIITaphiH, OWOHAOH Mie WAApAbH Gamika uncbpac-rpyrryplm 0GBeKT 2 4y KOMMYHHKALUHAHBIH TY3YMYHYH HEPapXHAIBIK
MCHEH 63 apa GalinaHsilbin a4yyra MyMKYHIYK GepreH CHCTEMaIbIK l-nlarl B SR AMK KOMMYHNXAUHANAPALH TYIYNYINY YYH 20RHL

' (m'q:wm HixeHepauk KoMMyHHKAUMANAPIB CHHTE3100
MMY HHKAUHAH AONGOOPOO0, YUyPAArkl KOMMYHHKALHAIAPL!
aHa OHYKTYpYY/e Aa naina 6onoopy kepcerynreH. CHHTE3 10010
.,:". MyHHKAUHAHBIH TYAYHAYK OJICMCHTTEDHHHH Xaiframkan KEpH



3 apa apakerenyycy runeprpap FS = (V,R;F) menen
y DE vEVm-tuccnrpaﬁuuuHSNmpmpumrE
YY ¥ apkeutyy eTkenpe, an smu SN rpaguiubi PN rpaguina

A N = (PN, SN; F) ansixraitr.
iokeHepHK KOMMYHHKAIHL/Iap CCTTCpre KapaTa KONIOHYIyyHy Oauimanke JATBITTran smec aen Goukonomywar.

(primary network - PN) xarapbi GeprireH aifiMaKTarsl HHXEHEPAMK Cel P m i N sagpemnturyos
TpaccaHbl Wm”mmmwm@l . 5 slanmn poutran R = {(1, 4, 5), (1, 4, 7), (7, 8, 9)}
*.l,||~e w“_)‘ i
TAHAOOTO MYMKYHAYK Oepyydy MareMaTHKaIbK ‘ . 'll'l-mnu.
TYpYRATY KaiTauThipyy aiMarbiHbIH AHCKPETTHK aHANOTY CYHYIL ,.-...
Iunqu cems (secondary network - SN) KaTapbiia MakcaTTyy Npoa) ‘|."\ -_!.
mmmmmmummo&nbmmmwuya

® O
®

o ‘. B l

‘G)Hummmwmummmmm ; 1

KeHyHoH, Gawrrankel ceTke PN uarsUIbpyynydy Gapasik OKMHUH ceTTep

TY3yMAGpY TYWIYHYJeT. Bam-mmuPNmmSNcerrepm

CTPYKTYPATHIK 63 apa apaKeTTEUIYYCY H KOHOKOH yiypIa TOMOHAO Ker
TemeHaery4e aHBIKTATYYYY MMUUIYYWHNW'

Mpor l"lmepce'rruu MHCAJIBI

HHYH CETTEPIHH 2/IEMEHTTEPHHHH KOPCOTKYUTOPYHYH 63-apa Ke3
H. Bamkava aiiTkanna, skuiam cers SN IPaQbiHBH TaHATH -
": CeTh PN rpabiHbiH /ICMEHTTEPHHHH HAPKLIHBIH

 IKH

KEeITHPHIITCH: B @ Kasyy HIOTEDHHE KETKEH YbIrbIMAap (Tpanwesnapam kasyy,
T'unepcems HN = (X,V,R;P,W,F) — 6yn Temennery = 'lumtmpmxypyny).

nepnpmmurmmo&beﬂ.

Gawrrankei cete PN nexrenunze:

u, ) ﬁmpecypcnpnumnmnmyyuyumpaamcsr
pelb, BLIOP mveVrMancpamnocmPNmpenmer
TC/H 3/IEMEHTOB BTOPHYHONH ceTH SN, T.c. B 3aBHCHMOTCH or

X = (x4,X3,...,Xn) — YOKYJIAP/IbIH KONTYTY;

V = (v1,v3,...,V,) — GyTakTapasiH KenTyry;

P:V —>2%. ap Gup onementke v €V HOKynapabiH Ken it

i PN = (X, V;
THileleNeWTHKKE KOIOYY JXkaHa Gawrranks! ceTh rpad s
Iuwlm’)' - \ a
N : s yu’v :

Y EOY .. o ¥p) - mynumumwﬁymxa:mnm ryY; ' i ; B i AP

R = (r1,73,..., i) — KHIPAAPABLIH KONTYTY (CHI3BIKTYY xypymw); o 5 "w"":"ﬁ.); A

W:r - 2P ap Gup anemenTke r € R woKyNapabiH KONTYTYH Wg {:! > aph 3 . n:'ﬁ“"' u"“ph'mnuu h: - -

THileIeNeUITHKKE KoKy, MbiHaa P(F (1)) 6yTtaktapra F(r) S V uHUMACH u'e"‘" re el R T O ory KbitYY SHLIKTAZSMD!

GmmmrpathNwoxympunmkenm'y SKHHYH CETh Tpadbit !

X,R;W) aupikroouy  uarsuimbipyy. Ilpaktkama SN

KOMMYHHKALHAHBIH TY3YNYIIYHO Al KEJeT. J vy
Anna SkuH4H cettuH SN ap Oup anementHne r € R 6mamu_cerrln N
INCMEHTTCPHHEH TYPraH aHbik GMpP MapLIpYTTy THACLIENCIITHKKE KOIO' I
F:R - 2Y, runepcertw ambikaiits. OwenTym, HHKEHEPAHK KOMMYHHKaUH:

10

1 cets PN rpagbinbin Tanzankin anbiran v € V mapuipyty
Mrr‘lepnunu HAPKTBIK KOPCOTKYHTOPYH aHBIKTAIT:
XaOflyynapAbiH, TETHKTEPIMH KaHa anapasl

N+ bE)P®) + ) a6 () +d Do) (D)
TE€R

KodpuumeHTTepH,  A(r) = Toepr) p(V) -
biH y3yHAYTY. JKe KoMnakTeik Gopmana TemeHaery nefi



; P

QUIN) = (Sveriryvren a(V) + Lran b(r)) G rpadanan wokynapun G, rpaguarnan woxy napuana
xmwwm“ww' ‘ Y1 ALYy nap,
KOMIAKTRIK (JOPMACH (2) KOAAOMY Ty Ty MYMKYH. ": (OS5 tpsdmapan To-(ZR)  ramuap ABPArLING Y AN
FiR o= 2Vuarsuapyycy  Ap  KMWIGK  MBKCATTRD YUY ceTr ANPYY - CrpyxTypananran  runepcertn  anmicradir: SHN =
KOMMY HMKALUASIRP/M IONOOOPIOON0 AANG KyPYy/in KOTIONY/IFan .; ,
FHIEPCETTEP/IN AHLIKTAN TYDERIVITLL KOPCOTY AT OH.
Anikmoo, epne I/t R = 2V warsunapyyn PN rpadyruins ap Gup V' ¢
SN rpadyrum ok ereiuie Gup ementimit r @ K snecn Goneo, 6.0. PN rpad
VJNWIrlR:V'-F(").MNW'“”’“M"WN '
ClophoKTHRayy — rHnepeeTs HN ap  kmial  Garsrrars -~ TR Thiwkapku Gy syyuy daxropaopayn TOACHPH  acTMIA
KOMMYHHKRLBAARD/ ANITAIITIIPYY MACCACACPHIIC WIAPAIN T g A A KOMMY HMKALMARAPAMN Y1y TyKey s WHITOOCY XKaltyyyK
MOHEH TOITTYK TPACCAP G0N TOMIBO/I0 KOMIONY AT, R? MY PY Kopeotyaron. bepuaren alimakta Gearwnenren
Awsarmoo. Iepae Fi R =+ 2¥ warinuapyyna SN rpadrian ap Typiyy sem WAL MAKCATTYY  nposyKumai xerxmpyynyn yarysrrykeyuayry
R, PN rpadwinsiarsd ap Typayy V' € V mapuipy rrapra tyypa kence, 6.6, PN P A ‘Wrﬂ! K wonay ryman kem smec Gafbnanmxa v Gonronao
Oup V' € V mapupyty SN rpadonin Oup snemertmin r € K snecn Gonco, .f;; s MA MUHUMALLYY HapKKa Xana xaia Galbnanwiurryynyry ks xem
Vr € RPN rpadrea 9V @ ViV w F(r), anua runepeets HN mirsextunayy aen ?‘l MKRLIXHME Ky pyy MBCeIecH ToMoNKy 0 kot ar:

’{\ U K cerrepan mana KOMMYMKRLIUIAPM Ky pyyaa xana
A I 20n6oopayx wesmany narwfoxanyynyryn Gaanoo
.‘ MAYYNYK  mana MICHHMAYYAYK  ChnkTyy KOpPeoTKy Top

¥

Amamoo. Yropie Fi R < 2¥ warsnampyysn SN rpadroan ap Gup r € R o el QCHN) = min
PN rpadrisan Tosyx macranean V' €V mapuipyty tyypa kence, 6.4, 1., PN 1 E
V' €V SN rpadrra Or € 1t mana SN rpadrim VrlRPNWnIV’p W(HN) > k

V- PN warsumipyycyn rankina, MU @ - w(HN) =

wiin rnepoets [N Guexrmnayy jon sraiat, Py <
FWIOpOETTOp/M AKLDKL IKN TYDY OHDIICUITIONeN THITTOrN HIDKEHEPANK o4 } KWTRpAE BunikTayy y rniopoerrnn HN Ganamaurryy nyry.

KOS RAPAMAKIOLY,  KOOWIMIINOTEH  MAPIIPYTTAP  APKEULYY  TOWIGO  MACE) oy KOMMY HUKALM I MIeMeNTrepiimmg (ryftynaopynyn wxe

PAKTHRRAIK KOJUAONYY T8 33, . e W reGelt Kaanina voltin YHYATYRCYT Huiroo
Mput MEranonmoTepae umanceuiir mana Oamkn 1uriManpaL Ayys MYNOUIOOUY  MeHMMAYYAYKTYH  KopooTkysy

W6 MOP ACTRIVIATM e AP YOTYHAOTY MERKIIZIKTH  HATMAKAIYY | . MK KOMMY HUKALUBN oM TIOpIINN Gopwren yGaxur

MAKCATIAHAA OUPH-OUPIIG MOXBIIKAILIK A VICKTPOMATIHTTHK TRACHPIH MOK TYKCYS HIITO0 MKTMMALARIM Meton Gannaat, 6. o,

APHABAIITATE MIAEHOPIK KOMMY HIKALIA AP/ KOIGKTOPAOP, TPANIGAIAP, - PO = piE i) tz0

w0, chmiTyy Ky pyy i TYSYMAOPYIAS GHPAMKTYY OPHOTYY KOPEKTHIN KOPCoTS ! - mamas Gupiein orkasra veling YIYATYKRCYS iuroocy; ¢
AP TYPAYY  APHAIMINTAIE  WIKEHOPANK  KOMMY M apaM pHN U‘::::ymcy GonGoit rypran yGaur apamr,

wallr MATEMATHKAILIK CTpYKTY) TRAIAR, HikeHepank HHKRLUAHBN AIeMENTTOPHHIN GHpiivin

.y e s TYKCYS NIITOO MKTMMALLY YRy Ty £ Aan som Gony nry HeHUMAY Y YK

runepeer (structural hyper net - SHN) moaeaninm nerusmize cyperrooro 6o, Yy
ek hype e - cananar Hiokenepank  cetrepann wana KOMMY HIKALIAIAP AN

- IMJIV V) !
COBp TYPAYY  APHANMIITANGL  OKHHMW  ceTTepre  Tyypa  kearen € .f-,ﬁ WOKe  KopeatkyuTopy  kuimukn  Geaymaepae

Gre(X 1), . Gy = (X LF) - rpadrrap; o ¢

* TOITTYK TPACCATA TYYpa Keayyny Oaurmanke ceth Ty (4 R) — Tamup
Benrunyy Goncyn, . P .
M, Ty wawn 4G, (05/5n) W o 1= (PF), Gy rpodprapuanan G y OW;.M,.;.AW" L ey
R g . o g B o e

.'.
A COTTOPIIMH KANA  KOMMYHHKAUMAARDALIH noAGoopioHy Y
ayyn, MAHD KON KPHTOPHAAYYAYIYN  doke  anran

e

12 1



Yu uenesayy D € R® meiikummkre A(X,,1,2;) *ana B(x3, y,, 2 -
OPTOCYHJArkl TPacCATap/ibi TAHAOO MACE/IC/ICPHHHH ap TYPAYY Kooy  KATKAHIBIKTAH ChI3HIKTYY  Kypy/IMaHBIH yaynayry
Meitnu: e y3yHRyrysa GapaGap, 6.a.

- ll(x,y,Z) - A(Xl,y1,21)m3(xz,yz,22) YEKHTTEPHHH OPTOCY HL; ‘;’ y p .'~ | l(") o4 l(v)
' paccackin Goiioro KYPYAyydy KOMMYHHKALHAHbBIH HapKEI

B D S R® wmeiikuuaukThu(x, y, z) = .
* f(x,y,2) — Y4 ueHeMmayy X,Y,Z) YeKHTHHACr y ¢
f(xy.z) - yu . b = I glx. y(x), z(x))dx @

BIrBIMIAPHHBE QYHKIHACH. Byn QYHKUMSHBIH aHbKTanyy oGnact
Y3ryATYKCY3, GOIyKUe-Y3ryITYKCY3 Xe IHCKPETTYY GOyury MyMKYH. - Y teHemayy DCR®  wedikunnukrern(x, y, z)qexurunmnn
Yaeyamyxcys macere. Y4 wewesmayy D € R® meitxunauxre A(xy,y, . g | pishiemese
B(x3, Y2, 2;) 9WeKHTTCPHHH OPTOCYHAArE! T| i
y = y(x), z = z(x) TeHaemenep CHCTeMachl MeHeH Gepuaren xana A(xy,y; Ty
B(X3,Y3,2;) HEKHTTCDH apKiTYY OTYYHY MCHKMHMKTHK MAPH CI3KTIN f I e ey e oy 2
: o HKALMLTAPLI TOUIO0 HAPKL) APKEUTYY aHBIKTATYYWY CyMMap K
5 ) = [T DLOT TR d. v
: . S 2olC0) + D] = [[f(x, y(x), z(x) + g(x, y(x),z(x)ldx  (8)

BHymH yuypaa MeHKMHAMKTHK wiipusun [(4) ysywnyry Gauranks: c
rpasinbIH OyTarsiHbiH v € V y3ynnyryna 6apaGap (Tuiiemenem), 6.a.. e~ mmupmmmepmmw

g ..

Geper.
Yu emsemayy D € R® nuckpertux mefixkunankrern GaurTanks

() =1(v) h

(3) wWHTerpan acTeiHAarkl TyloHTMaHs dl katapsi Genrunei6us, 6.a. ¢ "
V1+ D)) + [z:(0))dx. e : o " 13 B(X2, . 2;) wexutrepunun oprocymnars: MYMKYH Gorox
AHJIaH CHI3BIKTYY TY3YJYIITY KypyYTa KETKCH WhirbiMAap (MapUIpyT, TagHbINTap Xx.C R Cox 3] S"’N'“"'“""““‘ HapKKa 35 GONroH y,5 MapuIpyTTy Xana
TOMOHKYY0 aHLIKTANAT : i CETTHH SN ChI3BIKTYY Kypy/iMachiH 7 € R HarsU1AbIpyy Ha Tabyy
olxy@),z(0)] = [ flxy(),z@ldl. ' F:R = 2" 9

- 3 7.) gex (S -_ 4

Meiinu Mu D € R’MelKHHAHIHHACTH A(Ip)'l. 21) KaHa B(xz.yz. 23 ( -.r m)(za‘”e“”(cu + d‘j) ! l(r)) , it

apKbLTYY 9'”"! uﬁmm IBIHYIYGOJIcyH. A | 4 "1) JXKaHa B(X2ny2122) 'Ielﬂﬂ'l‘tpﬂuuﬂ OpTOCYHAArbi "YMKYH

Anna (4) verusuune, D © R® mefikunmuruuaers (X, y;,2) € D, i = raPBIHBIH KOMTYTY;
Ilﬁpll ”[x )’(x) z(x)] mueﬂnt}'y%w - p ) ,;)  XKaHa B(Xz.yz,ZZ) HYCKHTTEPHHUH OPTOCYHJArbl MHHHMAIBIK
Mlx, y(x),2(x)]=argmin [ flxp(x),z0 A
mngy.n-u. 5 » CET Ipaguiibii PN y1,5 Mapuipytyryn (i, j) 3senocymyn mapxsi, T.e.
’aHa y3ry/lITyKCy3 Tpacca Jiell aTajar, ajl 3MH <& - 4 1‘(
gl SN i nyuxtynan j ra etyynery r € R (chrsmsixtyy

Cw = [ flxy),z()dl a7t
- N .

YY KYPY/IMAHBIH Y3YHAYTHA TYYpa KelreH MCTPHKAIK apahik.

HIDKEHEPIMK KOMMYHHKALUMAHb TOWOOAO THIOY CATBIHI

mmmm“PNWW&pmren.Tmoy

Gy TpaccaHbiH HapKBbI. -
Bu3, Tewenyn xarkan ChisbIKTYy KypynMambiH ysywayry (r €R) Oy

Ha

MHLMACHTYY Gonron GyTakrapasin (Tpaccanap/biH) CyMMapibik CaHbiHa 0apadap
scenTeibu3: W
< SCKE anyysa, xaHramTeipyy afiMarsiHan () COLMANIBIK
I(r) = z I(v) e CKEpAHK oeKTILICp, Aata oWOHAOH 3¢ yayprars:
“ 10/1000PTIOHY Y'Y KOMMYHHKAlMA MEHeH Guprenemnerey Gauka

vEF(r)
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5

ofbexTiIep Yprapbulbin cansHar. Thiloy canbiHran 3afiMakTap yuyH £,

Genruneocyn koniono0ys, Mumaa: Qs € 2,05 Useq Qg = @,Vs,q = 1,2 - PAB! ONTHMANAAWITLIYY MacenecH el o
H= x,,v,,xj,,uﬂ...x,_u_,.v;_u_,.x,",,.,.m apKbUTyy OalTanks! cer rp =3 : ainanwn oTYyYyne 6ypynyy GW" ke anyy
kotoran uexteonep xaHa Tanarrrap

PN Gepunres xyn TyHyHaepay GainaHuIITsp IEPCETTH KYPYy TypyHae Koionar.

1,2,...,n;i = 1,2,..., m MapupyTka KHpYY4Y “OKY/Iap/blH HOMEPH. \HJa HH puty:
OMMYHHKALMATLIK CeTTepaH Geprired aiimax GOlOHYA TOlee MaceiecH i
K y . LvER* (i V'““(”)‘T'*Zre.b(r))—omm
YEKTOONIOpAY ICKE aTyy MEHEH KOOIYIIy 3apbul: ( y F*(r):SN — PN (11

l.uc,vj#ki#r:kr={-10;1} - nonGoopronyyuy * : . “. 4 s Hy Tayy Tanan keuibinar,
alimakka THifemenyy Goyycy 3apsur; Ay e on YTAKTapLIHbIH HApKbL;

23 [l¢a,, Vj#k,i*r:k,r=[—1;0; 1] H Vs — nonboopno :;L‘y_"’ - : , ..munpliWcmM;

e = J - SKHHTH ceTTiH SN Kuipraphin 1 € R Gaurranks cerman

._ 13 TOLIOOHY HIlKe abipyyyy ONTHMANIbIK MapmpyT; T —

”‘eV“WTYYmnoanmwmpu Taran M Trpogun:

et b 4

CaIbIHraH afiMaKTap apKbUlyy 6TTeecy 3apbul. .
2-yexTeo Kaiiceln Op 5,5 = 1,2,...,5 aliMakka nan kenred A
Ty#ysayk anementrepu X3 C X, Gyn TyiyHre X, HHUHIAEHTYY 60AroH €

KOO aNbiHBIN CaNbiHaapbiH Ownauper. Bamkaua afTkanza Gawrrankst T“mmﬂwyy ‘Tz=om.mp...

pn=(x,v),myugyxxauamuxryywrrrepux=XA\XL;V-—f i ‘ ™
XA,V c VA Gonor. : a - ; ‘_;k __A'W *“Wﬂm 8 lelommm
Yu emuemayy meiikunmukre A(Xy,Y1,2;) uekutHHeH B(Xy,¥3,2;) “""'Trﬂmamnpsmy*aﬂanmw - Ty

TOPYHYH aiinatackinna aiinastyy esrepryy matpuuack:,

OTYYHYH MYMKYH GOJIrOH GareiTTaphl Mace/IeHHH ©3redeqyTYHe XKapaia Y3ryATyKC
., VY YAYH OKH kazamnan Typran Myprapa: Tpaccupacomys

JIHCKPETTHK J1a TYPYHZ® Oepuer. 4
Yaryatykcys macenene, A(Xy,Y1,7;) HEKHTH KOHYCTYH HOKYCY MEHCH,

UTH (] W
B(x2, ¥, Z;) YeKHTHHHH MYMKYH GOJIrOH abanbl aHBIH HETH3H MEHEH JaJl KeNleT v1 amaa OyTakThin v; € V Gamrranke: YekHTH P;_; = (x,y)

'lcfi'rlmeu YbIKKAH HYp A yeKHTHHe KarsUibiluen, Kadipa
1 Kesie mﬁ.m, 6.a. A nynkry HIDKCHEPIMK KOMMYHHKAUMAHBH Gyn
FatoayD ‘eomm. Anza Tockoonnykry S xe Tj yexuTTepn apxeutyy
93] ) ACBIHLIH XapaaMbiHAa MUIKE ambIpbUtaT (4-cyper),

. B

2-cypet — Y4 e/T4eMaYY MeHKHHAHKTETH JOKYJIap/biH GaiiaHe -,n,m ny

a) Y3ryJITYKCY3aYK 6) amckpeTyynyk F-
Juckpetyy yuypaa mefikunankTern PN rpaduinaarst A(X,, Yy, Z;) %kaHa Bl
HOKYIaphiHbIH GainaHbTyy Iy ry TOpT GaiinaHpmTyynyk X, — Xz| + |y |
< 1 (3a-cyper) xe cerns GainanbmTyynyx [x, — Xp| < 1, [yy —ya| < 1 1 |2y =1
36-cYpeTTep) NPHHUHIITEPHHHH HETH3HH/E AHBIKTANBIIIB MYMKYH: A

& ,.‘_
. AN
9
#1 2
“ ol

3-CYPoT — JIMCKPETYYAYK YUy py HAATb eKHTTCP/IHH GalaHLLITYYAYT)
a) Tepr GainanbuTyynyK 6) cerus Gafnanbil yK
16 g -

AH L P‘(x"y’) _ 1“(1 + l,y o 1), JXaHa x’ = x‘ C l,y' -

E aHma Pi(x',y") = Sy(x + 1,y + 1) xama x’ = X+Ly =y +1

»;_ ~ Tockoonaykry aitnansin eryy

MBI OTYY CTpaTeruschina s xamat MCTpHKanapsi P,
EKHTTEp 'ledncmwyxypymauuxypyyuyu HapKbi KaTapsl
17




W.wwmmmxmmmms . :
Tan100 GHp TapanTyy 60160 KaTHIIIB KYTY/IOT, AHTKCHH S — t = 0 Gomyury My
mmﬁmmmmmmomucyw&pm

L

HYH Yo YOKYCyHaH GamTansilibii XaHa askToOCYH, al
bl HYKH YOKynapasl GMp xomynas rana Gacein eTyyre
5) NP-Tataan Macene, OWOHIYKTaH aHbl “euyy YYYH

xon0p 6ap IKECHHH KOPCOTYN Typar. ¢ FOPHM HILITEN HbIrYY 3aphul.
Teckepu xaoam: Gupuisn cetb PN rpagbiibiH F*(rHev POIHbIH YOKYAGDHIN KONnmy2yH Kanmoo MConynoezy macere. A =
YOKY/IApbIHBIH TH3MECH CYHYWITIraH ANTOPUTMACPAMH OHPHH  KOJLIOHYY ,‘.‘,n,aqmelrrrepHOxelémaGapGonmu mxn

m:m.mmwmmwmw KapaiOei3. Orepne A MATPHUACHIHBIH  i-XKOMHOCY MEHEH  j-

" LM H mm,aﬂnaau=l,mxepuy'typmau=0.;\p
Bemanun 6erymae NpeMETTHK e A | ien atanyydy ¢y, i € 1,j € ] o canbi THilemeneIITHKKE
. K CyMMapAbik caiMakka 33 Gomyywy / KenTyryHyH Gapasik

. = TR el J kamTBUTYyHy KenTyryH Tabyy Tanan KeUibHAT, MbiHAa | =
- 4 [Ty
AUMSNAPAb  ONTHMATAALITHIPYYHY : TTYy NpOAYKUMSHMH Gynakraphi  kaliramikaH MyHKTTap/abiH

KIACCHKAIBIK Macenesiep kapanar. Temene anap/biH aHphiMAapbIH CyHY LUTaHO: g e
Dxunyu cemv 2pagroiHbii uoayx@uu&acunomyyuacexcu.Maoel'u (MHYH e '( ‘:-.);l l—{l.---.n:;pa:mmp Kaiframkas

= e
rpadbisbiE SN NapbIH JKOJTy/IaH T'aHa eTyT, KaHpanaH GaTanksl YOKyr + eesop: 30HANapw, MaKTaphi, COOAA
o v ' ep/i€ KOIOJITaH MAcCENICHHH YeYHMH Karaphl "1={0'1)-l=1.—n

KalfThin KeTyYay, Geprares KpuTepwit GoloH4 (3H Te3, 9H ap3aH, SH MIICHUMAYY X.0.) -

KbicKa KOJUTy Tabyy/iaH Typar. . g £ (xx.xz. ey Xy) BEKTOPYH KabBUl aicak, aHia Macene
AnyqyumuouneﬂGemmenepnympmﬁm:Y=(y,,y,,...,y,)- SKHHUH e

rpadeis SN HOKyTapLHBIH KONTYTY, MbIHIa Yo — GAuITanksl 40Ky, y,.-» Yo~ Gapi 0 (”’Y) =v22':,):';.,¢.,-x, - min (16)

xairan wokynap; R — keipnapmem xemryry; r=(¥) €R "“1‘ » EL ”" ' mmmxﬁunmz&mu,m

-loxympsmbmwmmupyyqymp;\;’vev:af(v):1,6.&r€Rym_v i Zi=10yX 21,i=1m (17)

HAKbI KAHA PECYPCTaphiH HXapanoo Hapke | re Gapa6ap; by(r) ﬂba,- ) : ‘ xpé{i"""” j-MaMbIua i-XOMOHY KaMThica i

WOKynaphiHbH OpTOCYHAArkl T = (¥;,¥j) € R Kbipbl aoKsuTyy XYpyyAery Tepe e Pmﬂ%ﬂtmymm

ApATBIKTAP/BIH MATPHLACH (KOJAYH HapKbi). Byn MaTpHUAHBIH XKOM4ONOPY - T ke : HarbUUIbIpYycyH  Tabyy Tanan

::;mn mpmmwm. Ezi:y:q:yg;pa:an:xymm OPTOCYHAArsl apaibl PAroHAoH (16)-(18) maceneck o1 xenoxefi kolonyuynaa nars NP-

>, ' MEHEH xalyy TapMaKTapbiH ONTHMANJAWITHIPYY Y4YH
DIAHH ﬁlw - Gepunreu afiMakTarsi GCPHJII‘CH XKyn x; € Ywurcc

(y6axmiT, Hapk %.6.). Byatyk esrepyimensp X;:
T [1, arep/ie KOMMHBOSDKEP | YOKyCyHaH j YOKyCyHa XO0J1 TapTCa

Xij 0, TeckepH yuypAa . _
AHJIa Macesie, TOMOHIOIY MaKCaTyy QyHKUHS umnmmummnﬁunan‘, - HOKYNALIHBIH OPTOCYHAA /ICKTP JIMHHAIAPLIN KyPYy MacesniecH
Q(HN) = Zver(r) Zrepuyp b (1) * Xy = min F b 'K 3ajaye nocTpoeHus runepcetd HN MuHHManbHO#H
— ! ol 3a/IaHHBIM OrpaHHueHHAM Macene GepiireH dexTeonopay
Thoxy =ZoX <1, 0<ijsn P e ncpocTT HN xypyy macenecutie kearupuner, 6.a.
: TTYY QYHKHUA MHHHMAJIYy MaaHHHH KaObin anyy4y:
uy—uy+m+1)x; <1, 0<i,jsSn A R '
xy=(01},0<ij<n : RE) e(0) + Zrer c(M)U(x0, %)) + w(x)) - 2) »min  (19)
YEKTOOJIOPIY KAHATTAHALIPYYY F(r):SN — PN - yarsiiasipyycyH Tabyyra . P hox
MbiHaa U~ F*(r) mapuwpyTyHAarsi SKHH4YH CCTh rpapbitibii SN i-HOKyCyHYH o ; «
HOMEPHH AHBIKTOOMY XKAp/aMbi GYTYH CAH/IBIK 03repyIMo; [t x| < (20)
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1, srepae 7 = (xi, X;) *aachi xj40KyCyHa Kipce TEPAMH  KaHa KOMMYHWKAUMANApISH  (22)-(55) Typymaery
_{ 0, TecKkepH y4ypAa TKYMTOPY TOMOHAOry MaceiieHH Kolora MYMKYHAYK Oeper:
sesna: M- %, %awa % TYHYHAGPYHYH OPTOCYHIATHI MAKCHMAIYY ypyKear Oe HN) = (Zverrywrer @(v) + Erer b(r)) - min (26)

apaneik; w(X;) — Xaanap = ~ R(HN) = minp(r) = R, @7
noactanuuanap x.6.); ¢(v) Peor . » 1
TyTAWTHPYYHY . pH prau, Mbitza: 0 < Ry < 1 - Gepwiren muenumayynyk 6ocorocy,
TYiyHROpAY ), (2 J '-’»‘-{, . Tabyy Tanan keuibiHAT. (26)-(27) MacenecH Kem
'“"m“n” Y ‘ : ‘" . cemmepoun Gupenewenouzun xcana Gepurcen umeHUMOYYTYK
5 N UMENUMOYYTYKMOZY MunuManoyy — 2unepceme. | ‘- " Imma ) MuHuMaioeix 2unepcems. Meinn T — nonGoopnouyywy
AL TepHATHBHbIE IOKASATENH HALEKHOCTH /LA MIOCTAHOBKH 3aa'H OMTHMISAIH  OpES CPAHH Ko Ooncyn. Ap Gup 7 € R kuip YHYH 101G0Op/IOHYY Y

Wummwocmumuuomnoponuumm POCKTHDY CaM il PYH XaHa MakcaTelH OHp XakTyy anbikraraH type(r) €T
MiokeHepauk CeTTEpAN ONTHMAIAUITHPYY Mace/eCHH MURHMALLYYIIYK XaHa OCF Ap TYPAYY CETTEpIHH GHPreNeuIKeHIMIHH CYPOToo Y4YH,
MIICHHMAYYAYK 4ErHH KaHATTAHABIPYYHYYJlyK KOPCOTKY4TOpY OOIOHY: CT ST XT OHHapIbIK KaTblIBIH KHpruseGM3: srepae
WNWWWYWW-. e

. L Oy/l THOTErH KOMMYHHKAUMA/IAD MEXAHHKAIBIK KaHa
Muiali  KepceTKydTOpAYH OWpH Gonyn OKHHYH CETTHH T €R xuipnap acupriep Golona Guprenemiken aen scenTeious.
MIICHHMIYYYTY CenTeieT: ,

ta, wstp), {t1, 3., 8} ceTTEpUHM anapaAbH GUpreNeUIKeHMIHH
® MYMKYH GOJINOH - KECH/IHIITICreH KOMTYKHO1I0pYH MUHHMAYY

i Fos

R (HN) = TloernP(v), Msmmapp 1 SESg.

FunepoeTTH nuenmMaYYYTY R(HN) annbicuinad, GauTamksi CeTTe Y3ryaTyKrop (tata
Gonyn TypapiH dcKe alyy Meiiex, GHpOK omon dne ydypaa Gap/bik Kepek : ) - R o) £ CT - Goarow: 4,5, 5} correpu Gep
KepekTyy CaTyydynap Meses Gailnambimra Gomyury Kepek SKCHIHTHH 3¢ I(ty,t2,t3) = 2, antkenn Oyn cerrepam {ty,t;} xama {t;} oxku
' Min(Ryair) = min{ Ry (HN)},@ € Vsourcesb € Yeonsumer IR 8 ovonmo xpromymy Mpwexys: Towomnery

MBIHI2: Yiource — PECYPE YNAKTAPS; Yoonsumer - KEPEKTOOUYIOP. 1 R s Ka0en axyyy
Cmopmwumctmunw:'w- e : a(v)-MlnCT(v)+Zb(r))—»min (28)
Av(Rpair) = BE“) Rap(HN), @ € Ysource: b € Yeonsumer .y VIVreR TeR
uuma—ﬁwmnpwmnmﬁym-xepmymnapm o R
Kip/iap, Frep/ie anap aikbiH Typae Gepinbece. - ~ R(HN) = Ry, Mbinna: 0 < R, < 1.

PaccMOTpeH Takke NoKas3aTelb, KOTOPbii HEOOXOAHM JUIS ONHCAHHUA HAJ
cuym,mnymwﬁumncrpeﬁmuunocmmmomw_
C MAKCHMATBHO# BEPOATHOCTHIO. Onpe/ie/ UM €10 KaK BEpOATHOCTE CYHIECTERE e -
MEXTy KaK0# Napoil HCTOYHHK-NIOTpeOHTE b ‘-\ $

Owonnoli 3¢ Gapabk KepekTeeuynep kaHa caryyuynap  MaEE
MKTHMANTYYAYK MeHeH Gafnauwiuta GoMywry 3apbUl SKCHIHIHH 93CKE ij
MICHMMIYYTYK ~ Oy/lak-KepexTeouy OKyNTYH —OPTOCYHWAa  KOJZOPAYH - BEEIE
BIKTHIMAIBITS KATaphi aHBIKTAITaH: L

Rau_pairs(HN) = probability(Exist_a_path_betweena € A _ ¢

i F:SN > PN uarsuiasipyycyH Tayy Tanan KbUIbIHAT.

V'SV kemTykuecy TemeHzerywe aHmkTarar: ap Oup v E V'
(r) Gonyyay 3r€R. Meitm vEV xama v€F(r),i=
I MinCT(v) = MinCT (type(ry),..., type(n)).

€pAM  uBrapyyaa MamMHa  YOAKTBICHHBIH  YBIrBIMIApPbI
@ ©6CO TYpramibirsl KepceTyamy. An Typrail  MacencHHH
KHYHHE eCyllly MaluuHa yOaKThICHIHBIH 3H 3aMaxban
OH ALUBIT KETHIIHHE AJIBI KeNeT.
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AaThinubl  GeayM  HHKEHEPAWK  CCTTEPAM  JkaHa

ONTHMANIANITHPYYHYH THITTYY MAcene/iepi Kapansini, aTapki dedYYHYH

-TaTaa/l/IbirbIHBIH
(opmyIHPOBKAIAPE! nuaNP ot l:tnml.muepm | » = R s
HIKEHEP, CeTTEpAH KAHA KOMMYHHKAUMANApABl O ANAALITHIP or 3 mmemmxxemmw.wm
Mm nmmumpyyy‘!ym MHHHMAIBIK THIIEPCETTH TY3YY; ot 1ONIOp/IYH MHHHMANTYY CaHbl 60/CyH.

i L MaKCaTThIK QYHKLHAHB M .

HHHMAIAIITBIPY Yy
mqmmumnpmmmnmmuynmmwmpmwm

I-macene. Meiimm PN = (XV)nHSN (Y € X, R). rpad phit

yyw: e N ....n] KONTYTYH  71,73,...€ CT,1y,73,...€ CT,...Typynaery
Q(HN)=( Z a(V)+Zb(r))-%min . X »mmxemﬂeﬂopmsemmmmm

B .,n]ERmﬂoowmyywynumpuuxmepnuunﬁu
- 9PEeXKE MCHEH aHBIKTATYYYy OMHApIBIK KaThill GONCYH:
 aHaa Oyn TunTerw cetrep Guprenewken, Teckeph yuypaa

a(v) - MinCT(v) + Z b(r)) - min
TrE€ER

< v : DKCHEPIHK mmmrouuymmmmpnumnsoopnoom

F warsuyisipyycyH TabyyHy Tanan KeUiar.
pyAarst 1-4 — macenienepiuH NOJHHOMIYK YEeYHTYYqyAyry xana NP-

WiDkeHepIMK CeTTEpAH ONTHMAIAWITHPYY ~MaceneCHHHH  /-macere
KOKTYIITy 9KH JCHMUTYY FHIIEPCETTH Kypyy 4oHpecyHe, m"?“

TOIEOAO KCHHPH KOIOHYaT. -

2-macene. Meiinn >xuran cert SN = (YSXR)Gmn'ram-lcm\P =

aiiranrsipyysa LiTefinepmu wexutrepn TYpYHory |Yadicionat| = k Kouyna e GamTankl ceTTHH GyTaKTaphHbH Hapke a(v) = 0,V € V
I)p,’ )p’“c‘l ﬁep“"lal“ (CI"Innwlap’ noncnmnum, W e : _n;, OM T m‘mn"ﬁ'G g

macene Tememzoryse kowonaT: |Yaditionatl =k KOWyMHa HEKHTHH KaHral THH PN GyTaKTaphiHRIH Hapkhi K ertHn SN KBIpnapbi
apKLLTYY TOMOHJIOTY MAKCATTHIK by HKIUHANb MHHHMYMra aiaHIBIPYY Ty -~ A o
- 9cke anbaii kioyra Gonor sen Gomkoitny, 6.a. a(v) = 0,Vv €

Q(HN) = a(V)+Zb(T) - min. MH Q(HN) napxui 1-macenesern SKHHUM KOWIYTYyuyJaH rasa Ke-
B . e HN) = ¥ er b(r). Byn yuypna xnaccHxaneik MHHHMANIBIK
3-macere. Meim PN = (X, V) xana SN = (Y S X, R) rpadrapsi Genri n"

OH yuypaa |-macene nonHHOMIYK Yeumnyyuy 6onor.
KBICYY” METOAYHYH HErH3uH/e 1-4-macenenepaun NP-taraanasirst
Omonnaii ane Gamrranks! rpadgTeii v €V OyTarbiHbiH JKalioO BIKTHIMAJIAYY. §
AKAHA IKHHYH CETTHH KBIPBIHBIH T € R Xauwioo bKThiManayyaykTapsl p(r) =

YY" METO/lyHa bunafibik anerene, kanns yaypaa |-macenenun NP-
e e prr e pCoTYy kepek. Byn yuypaa kanran 2-4-macenenepu narsi NP-tataan
Kabbin anyysy: - i

v) 0,Yv €V Gonron yuypaa TemeHzery bipacTooHyH

1

p 03 wamne NP-tataan 601ron |-MaceneHn KaMThiwar.
¥ einm assip b(r) = 0, Vr € R Goncyn, auna 1-macene NP-tataan Gosyn
Q(HN)=( Z a(V)+zb('))-’mm - Vieiinn |R| > 2 Goncyw, ana Tomenzery yrypaap Gomyiy MYMKYH:
vEF(r) YreR TER f ” CeTh 1 SN Gaitnausiutyy Goncyn nen Gonxoitny. Byn yuypaa 1-
- o4, IMH Oawrrankel cets PN rpapuinnars: Lltefinepaun naparst karapbinna
R(HN)—mmp(r)ZRo < . T ronaodt Gepuaren rpadrars: Iltefinepaus aaparsin Tysyy NP-
WAPTLIH KaHATTAHALIPYYYY, MbiHaa: 0 <Ry <1 - 6epwu'enumunmnyy e
F:SN = PN warsunnsipyycyH Tabyyra ke THpPHIIET.
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TeckpucueH GomKoiTy, 6.a. Gawrranksl ceth PN rpadsinaa x
rpdhmmmummpmaosonmnmpu&pm SNMmumymuympaxsonGocyu.synyqypm
1.1) Meiin okuau cets SN rpadii 1apax Tysymywo  Goncyn. e runepcets Gaurrankei cets PN rpageinza napaxtst
a) Menu PN rpadunsin AD xkaxa AC MapuipyTTaphl UMKIACPAH TY3 o
CYPO’l';,munB Gy1 MApIIPYTTAP/ILIH KECHIHIIYY UekHTH. Te : ofry, 6.a. Gawrankei cet PN rpadsl umkizapasl kapman
Mu,mm—wmmnpmﬂwmumn Kbl ceth PN rpageiina unkuiapast Tysred AB, AC, CB, y4
GomyKTepY, &/l OMH |m;| KaHa |m;| - ANAPILIH HADKEL. < pot). AB, AC xana CB MapuipyTTapiHbiH HYHHEH SH YOH
Orepae m, HAPKbI m; HApKbIHAH YOH Gonco, 6L|n1|>|m|,m., LA0IDr Ty TaHAaiIbl (MHCAnbi, M) JKAHA aHLl My XKaHa m;
GoiinoTo KalirawTepyyra 6010T. By yaypaa rHNepceTTHH HapKsl |m;| uc xalirawmsipans (ACB). Auia runepceTTHH Hapkei | my|
w@nmxmwwmmmnlmr 6.2 GamTamKsl ¢ aAT, Oy 03 KeserWHIe Kapama-KapuibUlbikka athin KeneT, 6.a.
: . [ PORIUY munmmmmuxuapxxanGonm

rpa(LIHAArb 1APAK MHHHMALILIK HAPKKa 33 GONIOT. ¢

b)Mcmmwp&mmmPNrMHmmmmmM
uapmpy’rmaa-m(Sb-cyper),nuHm.B Wnummnpmmm“
my, m; — ADAEECWMBWWW '
|ma, [my] - Gyl MAPUIPYTTAPBIH HAPKHL. » i " rank W“P”Mﬂmwmpympnunnmu
Srepae M) MapupyTyHyH HapKsl M3, M MapUIPYTTAphiHbiH CYMMAPIBIK HapK
KHuHHe 3Mec Oonco, T.e. |my| = |mf + |ms|, anna m; mapwpyTyH 7
MapuipyTTapbisi 60ilI0TO XKalrawTbipyyra 6onoT(AEB). AHza rUnepceTTHH
YOH/TyryHa ueiiMH Kbickapar, Oy/1 63 Ke3CrHHAC KapaMa-KaplubLibikka alb
Gaurranksi ces PN rpadbinziars apak MHHHMAIBIK HapKka 33 60oT.
Orepae m; MapIpyTYHYH HApKbi M2, M3 MapIUIPY TTAPLIHbIH
KuuHHe GOMCO, A1 IMH My MApUIPYTYHYH HApKbl M3 MapIPyTYHYH Hap
Gonco, 6.e [my| < |mg| + |my| xama [mo| < |ms, aHna My MapIPyTYH
MapupyTTapiis G6oinoro ajirawrsipyyra 6onot (EAB) (5c-cyper). Anpa rune
HapKBl [my| woHayryHa welfuH Kpickapar, Gy 3 Ke3erHHie Kapama-KapiibL BIK|
xener, 6.a. Gamrranksi ceTh PN rpadbiHAarsl 1apak MHHHMAIIBIK HAPKKA 39 6010
Owesrrum, srepae sxumm cets SN rpabinuin Ty3yMy Aapak 6osico, ana Gam
cets PN rpadbinjarsl MapupyT farsl AapakTsl Ty3eT. OWOHAYKTaH MHHHMAIL
33 60aroH runepceTs GupuHuH cetb PN rpadbiHaarst 1apakTsl TY3T. {

”©'<(->A Pl
™; D 0'7_

& rpQu Gaiinanbices 6oncyH (7a - cyper), T.e. MaceAeHHH
yH. OUKTHBAHK v' 4OKyCy KHpruswimn (7b-cyper), an Hapkka
’Vmﬁy'mmpapnmyquumrpa@uuuu
1apbi MCHEH TYTAlTBIPbUITaH GosncyH. Ap 6up GaltnanbuuTyysyk
Glpnmmmmmpumwplmmuruuﬁemm&s

SN.I'MH GaitnansiuTyy GONOT HOKYCYH KHHYHM CETh rpagbl.
yn rpagra TysynreH LlITefiHepauH naparsl anraukbl MacelCHHH

a

: IWMSN' b)6aﬂnauuunyyrpa¢SN

)
m MK CETTEP/IH XKaHA KOMMYHHKALMANAP/L! ONTHMALIAUITIPYY

) ‘,<>'< é‘\< YH “au KOAYK” HACACHIHA HErH3/IC/TeH HErH3IEATeH “au KO3AYK
™ Mmuﬁpmmwnrpﬁumnﬁmmyxepexwm

Hypm-swmmmPNrMmmrummwmpM Hean ",_* kapanatKeicka OyTakTapabiH Hapkel - X, al IMH
o3 '- $2x). MUHHMANABIK OCTOBJYK JApaKkThi TY3yy Y4yH “au ke3”
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IrOpHTMHHKH Gupaen Gup Typy Gonron KpackaibiH airOpHTMHH KOJIIOHY)
Kpackanipii @IrOpHTMHHHH HETH3MHAE TY3YJAIOH YEUHMJIMH uupm
cyper), an smu LLTeiinepaun AaparbiHbii HapKbl Qo =y+2kx. (8b-cyper)
y=2x, anna k—»o0 ymrynranaa Q/Qopt—2 6onor.

X X By
C o= 2o <D 1 k Kbipiap &ana GyTakTap y4yH FHNepCeTTH
AR , x B2 1 Mucanaaphi (k =5)
X p IR L N MBLIKKAH METO/UIOP XKaHa AIrOpHTMACD, OWIOHAOM Jne
a) b) YMYH MPOTPAMMATBIK KOMIUICKCTH HUIKE Almbipyy,

8-cypet — LLiTeliHepaHH 1aparbiHBIH MHCATBI Tai00 GepuareH.

Orepae KulprapabiH Hapkbi HOJIOH 4YOH Gonco, aHaa Gawrranksi ceTs
[liTefiepAun naparsi W31e MacesieCH ap AaifbiM ONTHMANIYy HeunMn 6
cypeTTe OupHHYH ceTh rpadbina (4, B)), .. (A;B.)kmpmpuuuﬁrmwyym
KelTHphIreH (k - Tak caH). Meiin kbicka GyTakTapabiH HapKsi X, H1APBIHBIKD
MH KbIPJap/IbiH KaanaraH GyTak apKkbUTyy Tyy HapKbi € GONICYH. Onouohﬁ i
1)e nen scenrefibus. 1A

Tmammmmmmmnm ;
CTPAaTerHACH KOMNOHYMAA. Mefiln 7 KbIpNaphiHblH HapKbi, 03y cafiraurm
GyTaKTap/ibiH CaHBIHAH KO3-Kapan/bl 6oNCyH. AHbI e(v)apnmyyﬁwm

«AdY KO3» aATOPHTMH

O-kaxam. Bupuuan cets PN rpadbimbim ap Gup vsynmuc(v)-a(v)uﬁ)’
THHEWeREITHKKE Koeby3.

1-kazam. Sxuntn cetb SN rpadbiHbiH HOKyIaphiH 3CKe aNyy MeHeH Gaurm
PN rpapuinnarsl GenruiaeHres xyn 4oKyIapabiH OpTOCY HAarki Gq:nuxmoﬁ
Tabyy. Mucansi, ®AoiAIyH anropHTMHH KOJIZIOHYY.

2-kanam. TabbLiran x0N10p/yH apackinan (a3biphiiia Knpap Kalfrail
H KbicKa x0Ty Talyy XaHa a1 apkbUTyy KbipAbl KairamTsipyy. Meinaai K
GyrakTapasin Gaacki c(v)= e(v) Gonor. Drepae Gap/ibik Kpipiap xaf
AHJIa AIrOPHTM AAKTANT, TECEKPH Yuypaa |-kanamra etyy.

ITHIPYY BIKMAIAPHIHBIH KAl CXCMAChl TOMOHKY 6nok-
i (10-cyper):

unwnpuul Gnok-cxema TYpyHIe KepceTyy
M KypyY YOYH 9Ki STANTYy AITOPHTMIE KaHa IBOMOUMAIBIK
SCHIHA  HErH3JenrcH Modupuuprenzen  Oupihepenuanduix
0dy cynywmarean (MJIOM). MeronayH NMHT' | Gawrranksl
: Ha |Y a k
3"5"" ‘”2;’ (:°;;°° aH2A ONTHMANILIK eunMaep Gupaei Gonywar, an sm xay (s::u mr:: -oznapuumm:f; *‘P‘:'m
m _y+ e - J IIHIJIOP » ICTAHLIH ’ Y "
Irepae £>0 601c0 aHAA ONTHMANBIK YeTHM 9a -cypeT MeHeH an Kener, an » ;’, : v mwyymny MCHCH aHbl Y IaANAllI XAKUIBIPTYY AR Typar.
HapKbl Qop=y+ 2x(k-1) + &((k+1)’/2 -1) Gonot. “Au xe3 * anropurm 9b-cype g Py
Ladthad &0 v wernauiae PN=(X,V) rpaduinia
Tabyyra kapaam Geper, an oMH ueaHMIMH Hapkil - Q=y+ 2x(k-1)+ &k, Drep e y=2x+( | VOPWW“ AArOPHTMHHHH
1)& 6onco, anna k—» ymrynranna Q/Qopt—»2 6onor. el (, e chn;w anropuTMHiHH Kapaambinaa SN=(YSX,R)
repae y<2(x+€) Gonco, anaa omMaNILIK Yenm Jc-cypeTTeryael Gosot, an | ey :
aHBIH HaPKbl Qo =k(y+ &) GonoT, o UTTOOM) Japarbit TY3YY
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¥

fIIKe auIbIpyy Y9YyH GeprireH aiMakThiH peainyy pesibeduH

-4

-5 l.s.mMmuamxmooqystm.ph e
PAGLHAATL Gepiaren YOKYNapIbIH OPTOCYHAArH MHHHMANILK KOATOR
HarLAbIpyy . e Hayk Gepyyay Wofram Mathematica 10 cHcTeMAach! KOJILIOHY LY.
2-91an. Yewumou xcaxmsipmyy: 2.1.-xapam. KY S B PEKTOOUY HOKY XaHa 3 KOUTyMua HOKy YYYH CYHYMl KbUIBIHIaH
{Pi'pz'"-'l’k}'k>0'm°pywpyunexepwryr, SCYHYH KbUHBIHTHKTAPb! KEATHPHIIEH.
2.2.-kagam. OnmumanjamTsipyy  macenecHuus MYMKYH Goaron
MyHextoron x{ KOKyCTyK BEKTOPJIODYHYH KONTYI'YH HHIHATH3ALHALIOO:
2.3.-kaxam. Ap GHp BEKTOp YuYH MaKcaTyy ¢yHKUHAHBH >
mumum:mcmmmummpﬁmmxfmmm e
2.4;-nnu.x; BEKTOpYHaH ap TYPAYY x{, x£, x§ y4 KokyCTyK BekTOPIODYS
xana vt = xf + F(xf — x5) xateimu vE*! Mytamrma BEKTOpYH
MbiEAa: F € {0; 2) — MyTammazars: Macirra6 009y kospdmiment:
25-kamam.  vf*!  pextopropyryn  yerynyn ; ;
Wmnwmwwmww,wmmm

3

mﬁyymmmxnmmyy a) KanTalLHaH

xepyHywy; 6) ycTynoH kepynyury :
YPAYY CaHJarkl KepeKTeedy-uoKy KaHa KOUIyM4a HCKHTTEp

OMMYHHKALHANAD J07600PIO0T0 KETYYHY YbIrbIMAAPAL GalrTanks!
xucnp'lyyuyu OpTOHO HOHAYTY (Terepek kainaajna - aHbIH

') KENITHPHIIreH.

Canpnpix napameTprep:
¢ TONYISUHAHBIH emuemy - 100, MYyTalHs
MacwTab004y koaduimenT - 0.6, KPOCCOBCPAMH (aprblHAAIITLIPYYHYH) KbiL
xepeT;omy*OKymmmu-IOnou 100re ueniin, KY canbi — 31on 20ra gelinn
~<YPOTT® MHHMMANAYy KaMTyywy napax (Hyper Net_Spanning Tree — HN ST}
wpywynmepccmkypyyﬂynwmwmmﬁnox-cxmmm

N HN_ST macenecu j_* “__‘_' 1“0 40 70 100
L L Asropurpep | - |73649[110(5.7) [ 110(53) [90 24)
[ ®20ka-Yopmesn anropmer Y 5 [73G.) [118(77) | 112 (33) [103 21
—— fon —I Iimch:m.j ~ [61(3.0)[80(29) |106(48)[146(54)
0 (0.3 (0.5) [8.8(4.0) | 143 (4.9)[13.6 (2.7)
5P 9.7 (5.5) | 9.5(2.6) | 103 (2.8)
1 46 (3.0) |12.7(5.3)[159(5.8)

ep KepcoTKeHael, MoanQuUMpieHreH IupdepeHunIIBK
TOPHTMH KOHGHIypauusra, napameTpiiepre aHa Kairaurreipyy

ma Ga ANKB! YEYHMIT CATHIIITHIPMATYY OepuireH HHXCHEPIHMK CeTh

JBIK SBIrBIMARPABI 3% - 12% ra KeiCKapTyyra MYMKYHAYK Oeper.

. MHKCHEDAMK  KOMMYHMKAUMSHBIH  HIUCHHMIYYAYTYHO

v 3MlYy MIICHHMIYY runepcet /N TYpyHIe KYpyyHy 3Cke airad

wmean kymypexa anzopums (AntColony) cyeym KbUIbIHAB. IKHHTH CETh

. 29

28

¥
-




rpagbiHbIH q>_6m Vr €ER Kbipbl YYYH TOMOHAOTYIpexenep .:,7;,'
“KyMypckanap/isl” Ty3e0y3: e
~ 1-MTEpauHa/a KyMypPCKaHbiH KHHHHKH YOKYIa OTYY bIKTHIMAIAYYYTY TOM

[ty ®]° - [ny)

Zlry®]° - [ny)° 3
— ap6up [;(0 <! <L) kymypexa TimeToLive Gearucune 33 Gonor, 6.:. M

= [ »w

Py(t) =

vePath(l) o
murna Path(ly) — li-xymypeka yayn xon. Orepae TTL(L) < P anna l-kymyp
XKAIMOOCYH TOKTOTOT. '

- Vr € R: li-xymypcka ap 6up v € V Gytarninma 47;;(t) = Q/leght(t) ,
KaITLIpaT;

= OH KoMl KATTaMJapibiH TONTOMY MHHHMAIIYYy MAapuipyTTy KaMCBI3AAHT ik
(ukcHpacreT, GaWTanksl CETTHH Gy TaKTaphIHBIH HAPKB TOMOHIOHT; by -
11-cypeTTe KepceTynremaol CammbK oK Hin 20 ot —An ‘olony anropuMHHHH 670K-CXeMa TYPYHA® GepuHiy
napameTpiep komnonynay: p; = 0.99,1<i < g,R, = 0.9, 10x10 e y coTyarennei, SN rpadsissii 1010 100re ueiinn esreper (abcuscca
a:=1;8:=3; 145:=1; q=50$NmPNrexanmmw|yyqy ! ranepceTTHH 6aackl. A4 KOIIYK AIMOPHTMH MCHEH
caubl 10104 100re uefinn e3repynny.

Kymypckanap KONOHHSCHIHBLIH ITODHTMHHHH GHp Gemyry mq»i
ITOPHTM CETTCPAHH XaHA KOMMYHHKAUHAIADALIH HINTCIIHHHH HINCHH) ““,“
@JI9OMY KaTaphl KOJVIOHYIaT. . i
MaxProb aaroparsm:

1-xagam. Ap Gup GyTakka v € V (/-p(v)) canbin THilemenemTHKKe KoeGys3.

2-kapam. ONOHUIYH AIrOPHTMMHHH HerM3uHAE OAWTankl ceTs PNS‘
rpageunzarsi Gepwren (yy,y)),i,j =1,..n,i #j Xyn 4OKy apsHBH OPTOCYH
Gapsik MUHHMANILIK XONIOPAY Tabyy. _ ,

Tabsuiran  xonnop Gowonya Gepwiren r € R KelpiapsiHbiH  Gaiias L
BIKTEMANRYY 1Y TYH P(T) = [lypep(r) p(V) ocemroe. »

AnbIHraH Hatwiibka Gepuiren GainaHLILITYyTyk GOCOTOCYH KAHATTAHAMPCA
Macene uewmMre 3 Gosor. MaxProb anropuTMMHHH mma.myym
KCMHCHICH 4€KTOO KaTaphl KOJIOHCO GosIoT.

13-cypetre  Momudukaumsnanran KyMypCKanap KOJIOHHACHIHBIH aJ
nmmnmﬁm—cxm:epcmynma,mmumquumuelﬁ v
Hillenmayyayk  Gocorocyn (Q(HN) R(HN) wmacenec) ,; ep
Kypyyra MyMKyHayk Geper.

Cmmuaxcnepnuetrrmpmumnxampu

1 CHHTE30010 k-Kbicka xcoa Memody XaHa aHbiH Gamka

OJUIOF MeHeH 60ITOH ap TYPAYY KOMOHHALHANAPB! CYHY IITAB!.
KHJIHKTYY Q1TEPHATHBIYY MapLIpy TTap/ibli HPETTE/NCH THIMECH

CONAOPA) Wmmpmmmuwmmn

vy Tmlooﬁnynmm(ls-cype'r)

4H Xapaambiiaa MaxProb, FloydGreedyProb ceisktyy 6up

e

Vi
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1-kazam. OnOMIIYH AITOPHTMMHHH HETH3HHAC Gawrranksi cers PN
rpagmnarsi Gepwren (y;,y)),0,j =1,..n,i# j wyn wympm pIC
GapABIK MEHHMAIABIK XKOA0OpAY Tabyy.

2-kapaM. ANapAblH  HYMHCH  BIKTBIMANIYYJIYK YEKTOOCYH |
MHHHMAIIBIK HapKKa 33 601roH skonay Tabyy. Tabsuiran r xonay (Keip

C
rpaduiszarsi (¥, y) %oy apkbuTyy HarUTBpYYHY HIIKe AUIBIDYY. i W"I'”’""J s s e
Bawrrankei cere PN rpagmmnarst v € F(r): a(v) = 0,b(v) = Ot E—" eron
KbIpAap/ibl HarbUIbpyyAa GyTakrapasii Gaacei Henre GapaGap). *.] y e e < —— -

OKHHYH CETh IpadblHbiH KanraH Gapabik r € R Keipaapel yuyH 1-
KaiiTanoo.

3-kapam. Kon TabbinGaran  keiprap YuyH  (BIKTBIMAYYAYK — 4eKTec
nmrmmpGuw)MaxProbmmpnmnpaﬁumnGumuxoum
k-kbicka xoa anropurmu (k-path). .

I-kagam. MaxProb anropuTMuHMH xapaambiHza Gepuaren xyn :
OpTOCYH/IArkl X0AA0p/y Tabyy.

Z-nnl.Bl:-uccrsSN(YR)rMm
CAIMAKTAPLIHBIH 6CYYCY GOKOHYa TapTHITEWITHPYY ({7} TH3MECHH anyy). 'J e

3-xanam. Hermin Genrmyy anropuTMu MeHen TazanTan 1; € R Keipsl

CEUTOO KAHA ANAP/TbI

p(r)ecyy TapTubu xot0H4a i‘J

xOK |
—

et K-KBICKA HKOIOp METOAYHYH O/I0K-CXeMaChi

TYRYHAOPYHYH opTOCyHaarbiGap/bix k-Kbicka xongopay Tabyy. By keicka conaop Pl ‘ “““““ N A GOyry KaTapsi KOIoHyyra 6osioT:

P e L e
llmn&knpmmvevwmmbmmmw - _mnemnmmmopyqynk-pahanmpmuﬁwﬁ"m

Goionua npaoTee. oniop konaonynras AntColony anropHT™H.
BLMTmeﬁmnquVGymnuxoxmnyynmm ot u (k-path 2).

TpagTa JICHKCTPAHLH AITOPHMMHMH KAPJaMBIHAA 7; Kbphl YMYH FB1 ICOPHTMIHH KOJIOP JH HIICHHMYY IMEC, H ap3aH KONIOPAoH

KOpCOTKY'Y Goton4a “knicka” xkonay Tabyy.

33.-kamam. Orepae TaGhuiran  xon MypAarsi KO0  CaMbil o
Hmwyn:qmyummmmummmumx 60ACO
umacmnnxyyﬁmvevmnucerxenhapyym32m_

M MEHEH KbiCKa XO/Iopay Tababbi3. Anap/ibl HINCHHMAYYITYK
5u3. Byn wapt arkapsiiGaran Xona0p YHYH TOMOHAGTY

anap/sin MKTHIMANYYMyKTaphi {p(V)} GotoHYa HPIITTOO;
TyyAyKKa 35 Goron GyTakTsi ankin canyy. JleHKCTpaHLH
erMiMHie AAHBl Khicka okonmopay TaGyy, Orepac  aHbiH
< K Gonco, anna asrsi. bonGoco abiHem cansiHrad GyTaKTsl
ntr-mmx-mmmsymumcamﬂ

 p(r) < K Gonron xonay Tabyy Mymkys Gonoco, ansa
Ko nrnpﬂ MaxProb anropHTMH MeteH TaGkUIraH o

1

Ipyy')
£l
:'
2 3
) -
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AHIaH apbl CyHym KBUIBIHTAH QITODHTMACPAH  KOJAOHYYJArt
IKCTICPHMCHTTEP/IMH HaTHiikanapsl KeaTHpwired (16-cyper). Bamrrankm
katapsiiia 10x10 Topuo konnonyay. Bawrranks: cets rpadbinbin GyTa
Snnlmoqeﬁmanmammmrpﬁumxpwmpum. UANAPABIH  IONGOOPOHYY' Y TYPOPYHYH WAMKCWTHIHH XKe
YeHHHKH KOKYCTYK CaHzaap.

-, — Gepuirer alfMaKka KaMTBUTYY9qyAYTyH 3CKe

Kkrhimanayyyk sexreenepy: [R|=5, 10 yayn Po= 0.7, |R|=30, 60 yayn - P m:::mu HNEPCETTHK KOOJTy1Iy mn;yl:;l xaHa

M |R| =80 yayn Po= 0.5. . "

lW@mmMﬂmmwuéﬁ

MMqumpyympuﬁmmmmmm 6

Ammatm:epoemmnAmColmy+k-pam AINOPHTMIEPUK IBICB! ATHIICHH,

KOMOHHAUMACH XeHokoH AntColony anropHTMHHE KaparaHia TOMOH HAPKKa 35 Gon - DYy METOIOPYHA CANTLIITHIPMATYY GHP TON HaTHIFDKATYY

HCUHM/IH Taba anar. AHYANLIK 4OH IMec |R)| KbIPIAp/IbIH CaHBI YYYH, 9H KAKUIb Yoy . TY3YYHY KAMCHIZI00MY MOAHGUUHPICHIEH THPEPEHINLILLK

AntColony anropHTMICpHHHH Ipynmackl, an 3MH H4OH CaHAarLL1ap yuqyH B bk ttines eH KyMyPCKANap/IbiH KOJOHHACH, MOAHQHUMP/CHTCH K-KbiCKa

anropurmaep (Greedy) xakuibi Hatwiika Gepuer. e ‘ aHbiH GAlIKa METOIOP MeHeH KOMOHHAIMACH ChiAKTYY NP-Taraan
st 3 YY Y'iYH GHp KETAD METOLIOP aia AITOPHTMAEP HIITEIMI HLIKTSL

142 >Th MONC/AHHE »aHa ap TYPAYY METaj’BpHCTHKalapra HErH3ACireH

48 AITOPHTMAEPAMH HETHIMHAE HATHIDKATYY A0NGOOPAYK HEYHMIH

(CHI3ZI00YY MPOTPAMMANApbiH KOMIUICKCH HIITEAHN YbIKTHL. Canapik

"M Prb SDIMH KBIABIHTBITGl KOPCOTKOHIOH CyHYIl KBUIBIHMAH MCTOROOPAYH

E?;"' . Tyry Gesru. ONTHMANAALITHIPYY METOIOPYHA KaparaH Xoropy SKCHIHIHH

L . d .
A ot . NPAKTHKAJIBIK CYHYIITAP

JK HM3WIGONepAYH HaThiiDKanaphbi TOMOHKYIOPAO KONIOHYITyuly

apBIH 3CKE Tyy4dy MOJENBJCP KAHA METOAOP HUITE/HI

DBIHJIA HEDKEHEPMK TAPMAKTap/Ibl KaHa KOMMY HHKaLHTap/Ibl

n

HBIH MOJICTHACPHHHH XaHA METOJOPPYHYH HETH3HHAE ap
CETTEPAH XaHA KOMMYHHKAUHIaphli ONTHMAIJAWTEIPYY

E .'
-mil

> o A L qmmeuepmxcmapnummmm
BUI ANBIHYYHY YeHHMICP/IH TANI00 KaHA CHHTE3100 YYH,

b

16-cyper — AnropuMaepms mwrTeocyHyn Hathibkana -

Mmccepraumsnsin AbIHBIHTBLINBIHAA H3HIIOOHYH CbIHBIHTHIKT ' SOIYIITYPYAreH cucTeManap Y4YH MEHKHHAHK MaalbiMaTTap/sl HOryaTyy,
HIITCIMENCPH JKANMIBUIAHIAH, OWIOHAOH 3Jie 6yn xymywTa uewwimren Gup ' @Ha MO yqyumcnnrmpumnmc-nxuonomuupunmnm
mmm. b o

T”‘mmmummnpm‘ -, B o JKaHa ONTHMANJANTHIPYY YYYH: Kenl

ONIOHYy GOlOHYa aKThUIAp *: cHCTEMANapabl  TaL100

:nneuenyy A0NGOOPAYK HeuHMAM Kabbin 1yYHy Xy3ere awmipyyqy mporpam IyK 3CENTee TapMakTaphi, Kapaap-cepsep cmm, t?yrownpnun
OMILICKCTHH JIHCTHHTH KE/TTHPHAreH. 3 GailnaHBIITaph!, HINKAHANAP/Ib! YIOWTYPYY PREPSS

KbIHBIHTBIKTAP R < K MOJIE/I00, JKACATMA HHTEIUICKT XaHA MAWIMHAHb! YHPOHYY mruuna

H3unneenep A .

L AYH KYPYIIYHIO TOMOHAOrY HATIHKANAP ANBIHILI: = D) mmxapmmm«u;zcymmeﬂvmm
Nlﬁoop’w")y'ly mm mmmwwﬂ XKaHa e 9 3 HILH, mehlo IHEPreTHRAC

OO0 371¢ OmTHManaurTIIpyy Mace/ieiepHHHH Kol KpHTHTEPHATYY TyryH ‘,- : a | pbi Goronua JKOXKaopayH Gwinm Gepyy mporpamManaphita
Rl 0 KOJTy MEHEH AMCTEP/H AASPOOHYH CanaThiH XOropy aTyy Y4YH.

? e
m:n Y“Wmmmmmxouuymmmm' .
OH4a Jia, lwm“ 60t0HYa aa  Kypyy MYMKYHUYIYTYH, OH] “&\
TOCKOONAYKTapbl  aiinanbin OTYYAOTY  KOMMYHHKAUHANAPABH ’
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AOKTOpPY WIHMHIH JAapakachiH amyy y9yH «Huxenepamx -- poBa 'ymxurur blcakosu4a Ha Temy «Paipaborka moaexnedi n

CeTTepAH ONTHMANAAMTHIPYY MOAC/JACPHH KAHA BIKM: '~ il HIDKCHePHBIX KOMMYHHKALIHID) HA COHCKAHHE y4eHO#H
&l CH) cnenmansHocTH 05.13.

TEMACHIHA KA3BUITAH JHCCEPTAUMSCHIHA . HAYK 1o 05.13.18- MaTeMaTHUYECKOE

b HHBIC METOABI H KOMILICKCHI NPOTPaMM.

PE3IOME L
HIDKEHEpHAs KOMMYHHKALMA, JHHEHHOE COOpyXeHHe, rpad,

AUKBIY C0320p: HHKCHCPHK KOMMYHHKALNA, ChI3bIKTYY KypY/Iyll, rpa
vy i e | o, NI mma&mm@ﬂw
mlm’ l.NP'lalwmm“pum3w"°9. CHH > j
! BOMOUNATES SR, 5, [ EPEHLIHANBHAS IBOIIOLIHA, BLIMHCITHTE/IbHBIH AJITOPHTM.
: METO/BI TEOpHH rpadoB H TEOPHH rHNEpPCeTeH; METOabI
TaOHrbI 3CENTee KaHa 3BOJHOLHAIBIK MS W 3BOJIOLHOHHOTO CHHTE3d, KOMIBIOTEPHOE MOJC/IHPOBaHHE
CHHTE3 BIKMaJiaphl, 1 , METONBl CETOMHON AaNMPOKCHMALMH, METOIB IHCKDPETHOH
KOMITLIOTEpAHK  MOJEAJOO,  TOP  KAKBIHAALITHPYY — bIKMANAH, | » HANEKHOCTH ceTe
ONTHMAIAUITHIPYY BIKMAAPh!, CETTEPAHH HIICHHMYYIYTYH TANI00 bIKM: ap PCAICAOBAHMS ABJISIOTCS ONTHMH3ALHOHHBIC 33/1a4H, BOHHKAIOUIHE B
H3nizeonyn ofkexTuc: ap kaHnali apHATHIITArB HIKEHEPAMK CeTTep ke HKAUHH
' H CTPOMTE/IbCTBO HHKCHEPHBIX CETeH H KOMMYH
KOMMYHHKAUHAIAPAL A0N600PI00 KaHA IKCILTYaTALHAIO0 aiMareiHaa naiiga 6c o
ONTHMANIAITHIPYY .

" e 1.4 f» M HCCJHCAOBAHHS SBIAIOTCA MATCMaTHYCCKHE MOZCAH H  MCTOIbI
3WINGOHYH MPEAMETH: HHKCHEDAHK CETTEPAH XKaHA KOMMYHHKAIHIAD mmumpnmuuxoumcunporpﬂlwlﬂﬁow
PACORO.  ARHA.  IXCILTYATAUHMANOONO0 HaTHIDKANYY ‘W'6°°PWK 0 pemieHHA NPH POEKTHPOBAHHH W FKCTUTY aTALIHH HHKEHEPHBIX

TAHAOOHY KaMChI3004Y ONTHMANJAIITHIPYYHYH MATEMaTHKAIMK MOJe D HA3HAYCHHA.
umm;ommoﬁanemmmmpwmnepmnporpaumw § ABaseTcs paspaboTka Mojiesiell H METOIOB ONTHMH3ALHH, a
Hiuzzoonyn makcats: "‘“‘“"Pmmn"mmlmmmmnp : : SHHBIX IFOPHTMOB M KOMILIEKCOB MPOrPaMM [UIA MOJIEPAKKH MPHHATHE
HaThiibkAyy A0MGOOPAYK YEHHMACPIH KaGkUT alyyHy KOO0 Y9YH MO DOEKTHOIO PELICHHA NPH NPOCKTHPOBAHAH CETel H KOMMYHHKALMHI.
ONTHMAIAWITEIPYY  BIKMANAphiH, OMIOHAOH 31 CaHJIbIK rOpH P ', IVALTATH] H HX HOBH3IHA: MaTeMaTHYECKas MOJCIb V1A CTPYKTYPbl
TpOrPaMMAanap/Ibii KOMIUIEKCHH HIITEN YbIryy. e mymnmnil rUnepceTeBas MOCTAHOBKA 3a7ad ONTHMH3ALMH
AabiHran HATBHIEKANAD XKaHa AIAPALIH KAHLLIBITHI: mmmepm ‘ MKaLUMd H A0Ka3aTeNnbeTBO HX NP-TpyAHOCTH; MOACNH H
AHA KOMMYHHKAUMANA/IBIH TY3YAYmly Y4YH MaTeMaTHKaIbIK uonem., HHIKE ; ;7.,‘”',., ceTeil M KOMMYHHKAaLIHii OCHOBaHHBIC Ha MOZCIH TEOPHH
TapMakTapabl  xaHa KOMMYHHKAUHANAD/B  ONTHMANJAIITHIPYY ’ .‘ : TOMHOHHOTC CHHTE32, METOABI HATYPHOTO BBIYHCICHHA IS PCHICHHA
THNICPTAPMAKTLIK KOIONYWy XaHa atapibin NP-TATAaaibirbiH AAHILeS; "HIiep QIBHOM ONTHMH3ALHH; THOPHIHbIC BHYHC/IHTE/IbHBIC AITOPHTMBI
mbmmauoncnunenmawmomwmx CHHTE3r¢ Heru3JeNnreH D, ~-KpaTdafinuX MmyTed, JKaaHOH IBPHCTHKH H TCOPHH runepcerei,
KOMMYHHKaLHANAp AL ONTHMAZAWITHIPYY MOACNJACPH KaHA JNA MPOBEACHHA BHIYHCIIHTENLHONO IKCTICPHMEHTA H TECTOBBIX
KPHTEPHATYY ONTHMH3AIIHA MACEECHH YeUYY YHYH TaGHTbili 3CEITe0 bik
KOMIOPAYH bIKMachiHa, “ay ke3” mummmmwa
MOACNACPHHE HErH3AENreH rMOPHIIMK ScernToe AIrOPHTM/ICPH; CaHIBIK
m"'xm CENTOONIOPY KYPIY3YY YUYH NPOrpaMMaibiK KOMILIEKC. o8
OMIOHYY aliMarbi: WHAeHEpAHK 1071600p1I00,
KypyJlyll HHJyCTPHACHI

H3unneo mikmanapei: rpagrap xana runeprapmax

: HHOKCHEPHOE MPOSKTHPOBAHHE, CTPOMTE/IbHAL HHIYCTPHA,
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SUMMARY

of the dissertation by Toktoshov Gulzhigit on the topic " Develc
engineering communication optimization models and methods
Doctor of Technical Sciences in the specialty 05.13.18. -
numerical methods and software packages '

algorithm. P
synthesis methods, computer modeling of terrain, grid approximation me
optimization methods, network reliability analysis methods. o o
The object of the research: optimization problems arising in the fiel
construction of engineering networks and communications for various
The subject of the research: mathematical models and optimizatic
asmmuiahlgorihnsmdsoﬂwrepockngwfordnoosingmeﬂ’ecﬁve Sigr
the design and operation of engineering communications for various purposes
The aim of the research: develop optimization models and me
numerical algorithms and software packages to support effective desig dec
design of networks and communications. —
Obtained results and their novelty: mathematical models for the
netwo:ksmdconlumicuionssuwun;hypemetfmnulaionof zation p
Mnﬂmksmdmmunicaﬁaxsmdproofofﬂnirm
algorithms for optimizing networks and communications based on the mod
theory and evolutionary synthesis; methods of natural calculation to sc e
multicriterial optimization; hybrid computational algorithms based on the k
ne&od,geedyhe\risticsmdhypemctﬂheory;asoﬁwle package |
Field of application: engineering design, construction industry, e ca
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