OT3bIB opunuaIbLHOrO ONMOHEHTA
0 IMcCepPTAIMH HA COUCKAHUE YYEHOMH CcTelneHu
KaHIMIaTa PU3HKO-MAaTeMAaTHYECKHX HAyK
JloopoBckoro Asekcess FOpresnya
Ha Temy: « TpancnopTHbIe cBOicTBA MOJIMIPUPHMHIOB H HAHOKOMIO3HTOB HA
HX OCHOBE B aMOP(HOM M YNOPSIA04€HHOM COCTOSIHUAX»

o cnenuajbHocTH 1.4.7 BbicOKOMOJIEKY/ISIPHbIE COeTHHEHHUS

Huccepranus Jlooposckoro Anekcest JOpbeBuya nocBsIeHa necaeJ0BaHUIO
C TIOMOINBIO AaTOMUCTHUYECKOIO MOJIETUPOBAHUS METOAOM  MOJIEKYJISPHOH
guHamukd  (MMJI)  CTpYKTYpHOIO  yHNODPSJIOYEHHS  Lemed  Ionu- U
0JMro3GUPUMHUJIOB B IIPUCYTCTBUH YIIIEPOIHBIX HAHOHANONHUTENE] (rpadena uiu
OCVYHT) unu 6e3 HUX, a TaK)Xe U3yYEHHIO TPAHCIIOPTHBIX CBOMCTB IOJIUMEPOB B
aMOp(hHOM U YIIOPSIOYEHHOM COCTOSHHSAX.

JluccepTanys BKIIOYaeT B ceOs BBEICHHE, YETBIPE IIaBbl, 3aKIIOYUATEbHbINA

paznen "BpIBOABI" U CIIUCOK JIMTEPATYPBI.

Bo BBe/leHUH aBTOp 0OOCHOBBIBAET aKTYaJIbHOCTh T€MBI PaOOTHI, CBA3aHHOM
C BaXKHOM JUIs TNPOMBIIUICHHOCTH NPUKIAJHOM 3aJauyedl OYHMCTKH TIOTOKa,
COCTOALIET0 M3 CMECH pa3HbIX Tra30B, OT IPUMECEH Ha OCHOBE NPUMECHEHUS
MONMMEPHBIX Tra3opa3ienuTelbHblXx MeMOpan. Kak ykaspiBaeT aBTOp, [UIA
MEeMOpaHHOTO Ta30pa3leeHus] MCIONB3YIOTCA pasjM4YHble MOJUMEphl, B TOM
yucie, noamddupumusl (IION). s YCIICLIHOTO PelIeH s IPaKTHIECKOH 3a/a9u
HEoOXOIMMO IIOHMMAaTh MEXaHH3MBbI, BIUSIONIME HAa TPAHCIOPTHBIE CBOWCTBA
HCCIelyeMbIX CHCTEM. BakHbIMH (hakTOpaMH, BIHMAIOIMMU Ha 3(G(EKTUBHOCTH
MeMOpaH, SBISIOTCS OpHeHTanus u ynopsnodenwe uened ITOW. B xauecrtse
I/IHC'.l“pyMeHTa UCCIIEJOBAHMs aBTOP OOOCHOBAaHHO BBIOMPAET KOMIIBIOTEPHOE

MOZIeTIUPOBAaHME HA OCHOBE MeToia MojeKynsapHoi naumHamuku (MMJD) c

HCIIOJIL30BAHUEM ITOJTHOATOMHBIX Mozxeneﬁ, paccMarpuBasgs €ro Kak Hamnboee



3¢ (eKTUBHBIA MOAXON Ul HCCIENOBAHUS W IPOrHO3MPOBAHHUS TPAHCIOPTHBIX
CBOMCTB ITOJIMMEPHBIX MeMOpaH B IIpOLlECCE€ CTPYKTYPHOIO YIIOPSIOYEHHUS

MOJIMMEPHBIX LEeIei.

B mepBoii miaBe "OG630p suTepaTyphl” aBTOpP OINMCBHIBAET COBPEMEHHOE
COCTOSIHME HCCIEIOBaHMM B 00JIACTU TMOJIMMEPHBIX MaTepHalioB JId CO3JaHus
BBICOKOO(G(EKTUBHBIX ra3opas3leiuTe]bHbIX MeMOpaH. Kak OCHOBHBIE CIOCOOBI
MCCIIEIOBAHMSL MM BBIIEISAIOTCA OKCIIEPUMEHTANIBHBIE METOIbI, KOMIIBIOTEPHOE
MOJIEJTMPOBaHUE U TeopeThdeckue pacueTsl. OH OTMEYaeT, YTO MMEHHO IIIOTHBIE
HEMOPHUCThle MEeMOpaHBl dYallle BCEro MCIOJNB3YIOTCS U Dpa3[elieHHs CMecen
pa3IMYHBIX Ta30B, W paccMarpuBaeT BIMSHUE pa3IMYHBIX (DAKTOPOB Ha
TPaHCIIOPTHbIE CBOWCTBa IOJIMMEPHBIX MeMOpaH, B TOM YHCJIE XUMHYECKOE
CTpOEHHE MOJIMMEPHOM MeMOpaHbl, XECTKOCTh IIOJIMMEPHBIX IENeHd, CTeTNeHb
KPUCTAUIMYHOCTA  ITIOIUMepa W YIOPSJAOYEHHOCTH IIOJMMEPHBIX — IIEMEH.
AHanmu3upys CyLIeCTBYIOIIME B HACTOsAIlEe BpeMs IOAXOABl K H3YyYEHHIO
TPaHCIIOPTHBIX CBOWCTB, aBTOpP NPHUXOAUT K BBIBOAY O TOM, YTO ITOJIHOATOMHOE
KOMITBIOTEPHOE MOJICJIMPOBAHUE C HCIOJIB30BaHMEM METOAA MOJEKYIAPHOH

JIMHAMHUKH SIBIISIETCS. Hanbosiee NepCleKTUBHBIM.
B rmaBax 2—4 npencraBieHbl OPUTUHAIBHBIE PE3YIILTATHI.

Bo Bropo#t maBe "CTpyKTypHOE YIOpPSIOY€HHE MOIUIPUPUMHUIOB H
HAHOKOMIIO3UTOB Ha WX OCHOBe" aBTOp MPOBOJUT MCCIIENOBAaHUE CTPYKTYPHOIO
yrnopsigodeHus: 119U ¢ nomompo MM/I Kak B IPUCYTCTBUH, TaK ¥ B OTCYTCTBHH
YIJIEPOJHOrO HAHOHAIONHUTENS. IlpeficTaBleHbl pe3ynbTaTbl  CTPYKTYpPHOIO
ynopsaouenus s Tpex tunos ueneir [I1DM (BPDA-P3, ODPA-P3 u aBPDA-P3).
KoMImproTepHOe MOAETUPOBAaHUE BBIIOIHEHO C IOMOILNBIO CTaHAApTHOIO IaKeTa
nporpamM  GROMACS 5.0.7. Ilopnepxanue IOCTOSHHOM TeMIIEparypel u
nasienus (NPT-ancam0ip) oOecrneurBaloch HMCHOJIB30BAHMEM TEpMOCTaTa H
6apocrara bepenncena. CuioBoe mnone (Gromos53a6 HKCHONIB30BANOCH IS

OIIMCaHHWsl YYUTbIBA€MbIX B CHCTCME B3aHMO,HefICTBHﬁ. BpeMH MOACIINPOBAHUA



BBIOpaHO Ha MOPSANOK MPEBBINAIOIIAM MeUICHHbIE pPellaKCallMOHHEIE IIPOLECCHI,
TaKHe KaK CMEeIeHHe LIEHTPAa MacC OT/EJIbHBIX IOIUMEPHBIX LIeNell Ha pacCTOSHUS
COOCTBEHHBIX  pa3MepoB. [l  KOHTPOJISL  CTPYKTYPHOTO  YIODPSAOYEHHUS
IOJIMMEPHBIX LENeH IOCTPOEHbl BPEMEHHBbIE 3aBUCUMOCTH PACCTOSHHS MEX]IY
KOHLIAMU Leneld U HeMaTU4ecKoro rapamMerpa mopsaka. IloBemeHuwe dTHX
3aBHCHMOCTEH yKa3bIBaeT Ha IEPEXO/] MOJIMMEPHBIX LIeTledl B COCTOSIHHE, OJIM3KO€e K
HOJIH(;CTB}O pa3BepHYTOMY, U. UX CHJIBHOE CTPYKTypHOE YIOPSIOYEHHE IPYr
OTHOCHUTENBHO Apyra. Pe3ynbpraTsl KOMIBIOTEPHOIO MOETHWPOBAaHHUS BBISBUIIN

BIIMSIHUE XHMMYECKOH CTPYKTYpPbl IIOBTOPSAIOIIETIOCSA 3BEHA Ha 0COOEHHOCTH

CTPYKTypHOTO ynopsnoderus [1DU.

B mase 3 "CrpykTypHOe ymopsiioueHue OIUTr03(QUPUMHUIOB (IUMEPOB)"
ONKMCAHBl  PE3yJNbTaThl  KOMIIBIOTEPHOIO  MOJEIMPOBAHUSI  CTPYKTYPHOTO
ynopsipoueHus numepos BPDA-P3 u ODPA-P3 BOnMu3u IByX THIIOB IOIJIOXKEK —
rpadeHa M HENPOHULAEMON MPUTIATUBAIOIIEH MOJEIbHON cTeHKH. Llensro
UCCIENOBAHMA  SABJUIOCH  U3y4YEHUE  BIMSHHUS ~ PACIIONIOXKEHHS  LIEHTPOB
B3aMMOJEUCTBUSA IIOMJIOKKH Ha CTPYKTypPHOE YIOPSJIOYEHHE IUMEpPOB. ABTOD
IIPOBEJI CPABHEHUE PE3YJIBTATOB, OTHOCAIINUXCS K YIIOPSIOUYCHUIO JUMEPOB BOIU3H
IIOBEPXHOCTH IpadeHa U IMOBEPXHOCTH HEMPOHULAEMOW CTEHKH. DTO CpaBHEHHE
[IoOKa3ajgo, YTO HaJMYhe  IUIOCKOM  OIrPaHUYMBAIOLIEH  MPUTATUBAIOLIEH
IIOBEPXHOCTHU UIPAET KIKOYEBYIO POJb B BO3HUKHOBEHUM YIOPSIOYEeHHS. B TO ke
BpeMsI CHMMETPUYHOE pACIOJIOXKEHWE LEHTPOB B3aWUMOJEHUCTBUS Ha IUIOCKOM
IIOBEPXHOCTH HE OKa3blBa€T 3aMETHOIO BIMUSHHA Ha MPOLECC YNOPSIIOYEeHHUS.
[ToaTOMY aBTOp J1efIaeT BBIBOJ O TOM, o) HallpaBJI€HUE YIOPSI0YEHHUs TUMEPOB B
cucreMax ¢ TrpapeHOM M C HENPOHMILAeMOW CTEHKOW He CBA3aHO C
IeKCaroHaJbHBIM PacIlOJIOKEHWEM aTOMOB yIiepoia B rpadeHe W BblOMpaeTcs

Clly4yallHbIM 00pa3oM.

0

B mraBe 4 "BuusHue CTPyKTypHOTO YNOpPSIAOUYEHUS HA TPAHCIIOPTHBIE
CBOMCTBA" pacCMOTPEHBI BOIIPOCHI, Kacalollluecsi paCTBOPUMOCTH, KodhhHuIueHTa

mddy3un, TPOHUIIAEMOCTH U CEJIEKTUBHOCTU HEHAIIOJHEHHOIO MONUd(QUPUMHUIA
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BPDA-P3 B amMOp(HOM ¥ YHOPSIOYEHHOM COCTOSHUH. [[JIs KOMIIBIOTEPHOIO
MOJIEIMPOBAHUS BBIOPAHO IIECTh HE3aBHCHUMBIX CTAPTOBBIX KOH(QUIypaluii: TpU B
aMOpQHOM COCTOSSHMM ¥ TPU B YIOPSJIOYEHHOM cocTosHuu. Jlis pacdera
PACTBOPMMOCTH MCIIOJIB30BAJICS METOZ IPOOHON BCTaBKM 4YacTvll Yuioma. s
pacdera  audQy3MOHHBIX  CBOWCTB  moinmMepa  Obula  [POM3BEACHA
COOTBETCTBYIOIAs MOIW(HKAIMsA TepMocTara W Oapocrara. ABTOP NMPUXOIUT K
BLIBOJ;Ly, gyro nuddy3us ra3oB Ha BpeMeHax, NPEBBIIIAIOIIMUX HECKOJIBKO IECITKOB
HAaHOCEKYHJI, COOTBETCTBYET HOPMAJIbHOMY PEXHUMY, YTO MIO3BOJISIET UCIIONB30BATh
ypaBHEHME OiHIITelHa JUsi BbIYUCICHHS KodpdunuentoB auddysuu B
IPENONOKEHHN HM30TPONHOCTU  cpefpl. IIpu CTpYKTYpHOM YHIOPSIOYeHUH
TIONMMEpHBIX Lened koadouument nuddysun monexyn rasa (CH4 u CO2) B
CpeliHeM TPAKTHYECKH He M3MEHSJICS, HO B YIIOPSIOYEHHOM COCTOSHHMU HMela
MecTo aHmM3orponus mudoysun: KoahdunuenT aubdysud B HaNpaBICHUU
YIIOpSA/OYEHHs] TPUMEPHO BABOEe MpeBbIan Kodpduument udoysnn B
IIEePIEHANKYISPHBIX ~HAIPABIEHUSAX. YCTAaHOBJIEHO, YTO pacTBOPUMOCTh B
YIIOPSAZIOYEHHOM COCTOSIHMM MEHbILE, 4eM B aMOpP(GHOM, YTO CBS3aHO C
yMeHBIIEHUEM CpeHero obbema MoIocTel cBoOOAHOro obbeMa U yBENTHYCHHEM
IUIOTHOCTH IIOJIMMEpA IIPH [Iepexo/ie U3 aMOP(PHOIo COCTOSHMS B YIOPSAJI0YCHHOE!
B CHUCTEME CTAHOBUTCSA OOJBIIE MECT, IJle BCTaBKa MOJIEKYJ Trasa SBISIeTCS
SHepreTuveckd HeBhIronHoi. Cnaboe BIMAHHWE CTPYKTYPHOIO YIOPSAOYCHUS Ha
ko3 durpenT quddys3un u 6onee 3HAYUTENHLHOE €0 BIUSHUE Ha PaCTBOPUMOCTD
NIPHBOJMT K BBIBOLY, YTO [IPOHHUI[AEMOCTh B PACCMAaTPUBAEMOM crcTeMe B OobLIei
CTEIIEHH OIPENEIIAETCsl PacTBOPUMOCTBIO. B TO Xe Bpems, CEleKTHMBHOCTH B
pa3IMYHBIX HAMPaBICHUSX OKa3bIBAETCS NPAKTHYECKH OJMHAKOBOH, IMOITOMY BHE
3aBHCUMOCTU OT HampasieHus auh@y3un razoB MeMOpaHa OymeT pasJelsTh
MOJIEKYJIBI I'a30B IPaKkTHYeCKH ofrHakoBo. HambGonee ObicTpo pasieneHue rasos
IIPOMCXOIUT B HAIPABIEHUH YIIOPSIOYEHUS TIOJTMMEPHBIX LEMeH 3a C4eT OOJbIIHX
3gadeHud KkoddduimernTa UGPy3MM U NPOHULAEMOCTH B  HalpaBICHUU

YIOPAAOYCHUA. ABTOp OoTME4YacT, 4YTO criocod JOCTHXKCHHUA YIOPAAOYCHHOI'O



COCTOsIHMS MPAKTUYECKU HE BIIMACT HA TPAHCIIOPTHBIE CBOMCTBa HOJ'II/IB(bI/IpI/IMI/IIIOB

Ipu OJIMHAKOBOM CTEIIEHU YHOPAAOYECHHOCTH.

OuenuBas JMCCEPTAllMOHHYIO paboTy B LEJIOM, XO4y OTMETHUTH ee
CIeyIOle  IOJIOKUTENbHBIE  CTOPOHBL.  JlucceprauumoHHas  pabora B
3HAYUTEJIBHOM CTEIIEHH OIMPAETCs Ha pe3ybTaThl SKCIIEPUMEHTOB M OHA HalleJeHa
Ha BBIABIEHHE IPUYMH HAOIIONAEMBIX SIBIEHUHM C ITOMOIIBIO KOMIIBFOTEPHOIO
MozenupoBanus. O630p MNpeNIIecTBYIOIMX paboT M METOLOB HCCIIENOBAHHS
IPOBEICH B JIOCTAaTOYHO IIOJIHOM Mepe U JaeT HeoOXOIHUMOe IpeCTaBIeHHE O
XapakTepe pacCMaTpUBAeMBIX 3aady M MECTe UCCIIe[IOBaHUH aBropa. Jucceprant
0e3yCcI0BHO pElINII OCTABICHHBIE 3a/1aui. Pe3ynbrarsl c(hOpMyIMpOBAHBI YUETKO U
COMHEHUH He BBI3BIBAIOT. PaboTa HamucaHa XOpOIIMM HaydHBIM S3LIKOM. 110 Teme
JUCCepTalMd ¢ ydacTHeM aBropa Obulo omyOnukoBaHo 4  cTarbd B
BBICOKODEMTHHIOBBIX ~MEXAYHapOAHbIX HAy4YHBIX JKypHaJlaX, BXONAIIMX B
nepedeHb BAK (WoS u Scopus). Pesynbrarbl amccepranuu HOJNOXKEHBI Ha
POCCHHCKHAX M MEXIYHapOAHbIX KOHGEPEeHLHUSX, OMyOJHMKOBAaHO 9 TE3UCOB
AOKIan0B. /luccepranT BilageeT HEOOXOMUMBIMU IJISl YCIICITHON HaydHOU paboTsl
HaBBIKAMM M SBISAETCS BBICOKOKBATU()HUIMPOBAHHBIM CIEHAIMCTOM B 001acTH
(Gu3MKH ¥ KOMITBIOTEPHOTO MOJEIMPOBAHUsI MOJIUMEPOB. ABTOp HE OrpaHMYUIICS
TOJIEKO TE€OPETHYECKUMH UCCIIEOBAaHUAMH, HO CYLIECTBEHHO OIMUPAJICS HA JaHHEIE
SKCIIEPUMEHTANBHBIX paboT. B pabore momyuyeHb! HOBBIE pE3YNIBTATHI, KOTOPLIE
moryT ObITh Mcnons3zosansl B MTHOOC PAH, UX® PAH, BC PAH, dusudeckom
U xumMudeckoM (Qakynsrerax MIY ©  Apyrux HaydHBIX — YUPEKIECHHAX
aHAJIOTMYHOTO TTPOdUIISL. '

BMmecre ¢ BBICOKOH OIIEHKOM PabOTHI CUUTAIO II€J€COOOpasHLIM CJeNaTh
CJIEYIOLIME 3aMeYaHus:

1. B mase 1 "OG30p nutepaTypsl" B pasieine, MOCBAIIEHHOM METOMY
MonekynﬂpHoﬁ JWHAMHMKH OTCYTCTBYIOT CChUIKM Ha pabotel ILI. Xanarypa, A.P.
Xoxnmosa u I1.B. KomapoBa, HOCBSIIEHHBIE KOMIIBIOTEPHOMY MOIEIUPOBAHHIO

I[TIOJIUMEPHBIX CHCTEM H HAHOKOMIIO3UTOB. H.F.XanaTyp SABJIACTCA OIOHHM U3
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IIEPBBIX OTEYECTBEHHBIX YUYEHBIX, KTO pa3padaTbiBall OpUTHHAIBHOE ITPOrPaMMHOE
obecieuene MMJI ans cucTeM CONOIMMEPOB, B TOM YHCIE C IPUMEHEHHEM
napaieJIbHbIX TEXHOJIOTHA.

2. B maBe 2 pucceprauuu B nociieqHeM af3ane Ha cTp. 44 aBTOp OTMEYaeT, YTo
IEKTPOCTATUYECKUE  B3aUMOJEUCTBUS B CHCTeME HE YYWUTHIBAIUCh, a
napluragbHbIe 3apsabl ObUTH MPUHATHI PABHBIMU HYJIIO, MOTUBUPYS 3TO T€M, YTO UX
y4der AHe OKa3bIBaeT KaYECTBEHHOI'O BIMSHUSI Ha OOLIMHA XapakTep CTPYKTypHOIO
ynopsinoueHus:  wiockux — ¢parmeHtoB  [IOM  BOam3m  moBepxHOCTH
HaHOHANoONMHATeNeH. Xoreaoch Obl, 4TOOBI 3TOT (akT ObUT pa3bsicHEH Oolee

ACTAJIbHO.

3. OmuH U3 WHTEPECHBIX pe3ylbTarOB II0 MCCJIEAOBAHUIO CTPYKTYPHOTO
ynopsigodenuss numepoB BPDA-P3 u ODPA-P3 BOnu3u nByX THIIOB MOIJIONKEK —
rpadeHa U HeMPOHUIAEMOU MPUTATUBAIOIIEH MOAEIBHONU CTEHKH, ITOJTy4Y€H B [NIaBe
3 4 COCTOUT B TOM, YTO HAIpaBIIeHUE YNOPSIOUYEHHUSI TUMEPOB KaK B CHUCTEMax C
rpadeHOM, TaKk U C HENPOHHUIAEMON CTEHKOM He CBS3aHO C TIeKCaroHaJbHBIM
pacIoioXeHreM aTOMOB yriieposa B rpadeHe U BEIOMpaeTcs Ciy4yalHbIM 00pazoMm.
Opnnako, aBTOp He OOBACHSET NMPUUYUHY TaKOro mojoxeHus neia. C Moed TO4YKH

3peHUs JUCCEPTAHTY CJIeI0Bajo ObI HAWTH OOBSICHEHUE ITOU CUTyaIuH.

CnenanHple 3aMedyaHdss HM B KOedl Mepe He CHWKAOT oluieit
HIOJIOXKUTEIbHON OLIEHKU M Hay4HOU 3HauUMOCTH padboTsl. A.FO. Jlo6poBckoro.

ABropedepar © myONMKalMKd TOJHOCTBIO  OTPAXAIOT  Pe3yJIbTaThI
JUCCEPTALIAH. Coneprxanue JUCCEPTaLAN COOTBETCTBYET [acIopTy
cnequanbHOCTH  1.4.7  BbICOKOMOJEKyJIsipHbIE coequHeHus (Mo  (QU3UKO-
MaTeMaTHU4ecKUM HaykaM). Ilo akTyalapbHOCTH, HOBM3HE, IIPaKTHYECKOW WU
TEOPETUUECKON 3HAYMMOCTHU IOJYYEHHBIX Pe3yJbTaToB AMCCEpTalMOHHAas pabora
Hobposckoro Anekces HOpreBuda « TpancropTHble CBOMCTBA MOTUIPUPHUMUIOB U
HaHOKOMIIO3UTOB HAa HMX OCHOBE B aMOP(HOM M YIOPSJOYEHHOM COCTOSTHHUSIX)
IIOJIHOCTBIO COOTBETCTBYET KPUTEPHUSAM, YCTAHOBJIEHHBIM IIl. 9-14 IlonoxeHus o

IPUCYKIEHUH  Y4YEHBIX  CTENeHeW,  YTBEpXKAEHHOIO  IIOCTAHOBJIEHUEM
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IIpaButenscta Poccuiickoit ®@enepaunu Ne 842 or 24 cenrsbps 2013 r B
JeHCTByIolen penakuud, a e€ asrop, JloGposckuii Ausexceit IOpbeBuy,
3aCiTy’)KMBACT NPUCYKIACHHUS yYEHOM CTENEHU KaHAuAaTa GHU3MKO-MaTeEMaTUYeCKUX

HayK II0 criequanbHOCTH 1.4.7. BBICOKOMOJIEKYIISIpHBIE COETUHEHNUS.

OdunmanbHbIi OIIIOHEHT:

JOKTOpP (PU3MKO-MaTeMaTHYECKHUX HayK,
BeIYILIUN HAy4YHBIA COTPYAHUK oTaena No 15

®ejepanbHOrO IOCYAApCTBEHHOIO yupexaeHus "MenepanbHblii
UCCIIeI0OBATENIbCKHMM eHTP MIHCTUTYT MpUKIIaHON MaTeMaTuky uM. M.B.
Kennsiura Poccuiickoi akanemun Hayk" (MIIM um. M.B. Kennpia PAH)

KPI/IKCI/H{ IOpuii AnatonbeBry

cwﬁﬂv// 09 v Y 2024 1

KOHTaKTHBIe ,Z[aHHBIe

Ten.: +7(499)2207222; e-mail: kriksin@imamod.ru

CrienmapHOCTB, 110 KOTOPO# O(UIMAIEHBIM OMIIOHEHTOM

3alIuIeHa TUCCePTalHs:

05.13.18 — «TeopeTHUECKHE OCHOBBI MATEMATHYECKOTO MOJIETHPOBAHUSI, YUCIIEHHBIE METOIb! U
KOMIUIEKCHI IIPOTPaMM »

Anpec mecta paboThlI:

125047, r. MockBa, Muycckas miomazs, 1. 4,

OenepanbHOE rocyIapCTBEHHOE yupexieHue "DenepanbHblil HCCIIEI0BATEIbCKHIA HEHTP

VHcturyT npukiannoi Maremaruky uM. M.B. Kenupuna Poccuiickoit akanemun Hayk", otnen No
15

[onmuce corpynnrka PenepaibHOrO rocyrapcTBEHHOTO YUYpEeXKICHUS
"®enepanbHbIi HCCIEI0BATEBCKUN LIEHTP MHcTUTYT NpUKITaIHONR MaTeMaTUKU
uM. M.B. Kenneima Poccuiickoil akanemun Hayk" 10.A. Kpukcuna ynocrosepsio:

Yuensri cekperaps UIIM um. M.B, K ’“ﬂbfu’ra PAH
KaHAUJAT GU3HKO-MaTeMaTHuUeC

A.A. JlaBeI10B

Qapo 2l 2024 r.



