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JobpoBckoro Anekcest FOpreBu4a Ha Temy:

«TpaHcrnopTHBIE CBOMCTBA MOJMIQHUPHMHUI0OB U HAHOKOMITO3UTOB Ha UX OCHOBE B
aMOp(HOM U YIOPATOUYECHHOM COCTOSIHUSIX Y, ITPE/ICTABJICHHYIO HAa COMCKaHUE YYCHOM
CTEeNeHM KaHauaTa (pu3nKo-MaTeMaTHYECKHX HAYK IO CIIEUaTbHOCTH

1.4.7. BbICOKOMOJIEKYISIPHBIE COEAMHEHUS

B pasnuuHbIX 001aCTSIX MPOMBINUICHHOCTH BO3HUKAET 3a/laya OYMCTKU IOTOKA,
COCTOSAILETO M3 CMECH pasHbIX ra3oB, OT mpumeceil. s Takux menedl akTUBHO
IIPUMEHSAIOTCS HEIOPUCTBIE TOJUMEPHBIE ra3opasJe/IuTe/IbHble MEMOpPaHbI, CIOCOOHbBIE
paznensaTe ONM3KHe 1Mo pa3Mepy MOJIEKyJdbl ra3oB. B KkauecTBe MarepuasioB JUis
MeMOPaHHOTO Ta30pa3/ielieHus HCIONb3YIOTCS pa3M4YHbIe IMOJUMEPhl, B TOM YHCIE,
nomGupumuasl (ITOK), ommuarompecs XOpPOIMIUMH MEXaHHYECKHUMH CBOHCTBaMH,
BBICOKOH npoHunaeMocthio o CO, u cenekTuBHOCTEIO 1o nape ra3zoB CO,/CHy, a Takxke
BBICOKOW TEpMHUUYECKOM M XUMHYeCKoW crabuibHOCThIO. [lomMumo 3toro, IIDU
OTIIMYAIOTCA OOJBIIMM pa3HOOOpa3HeM XMMHYECKUX CTPYKTYP MOBTOPSIOIIErOCs 3BEHA
3a CYET BAPUATUBHOCTHU «ILIAPHUPHBIX)» aTOMOB M (PYHKIIMOHAJILHBIX TPYII B JITUAMHUHHOM
U IMaHTUJPUTHOM (parMeHTax.

Opuenraus u ynopspouenue ueneid IIOU sBisercs oxaHum u3 Haubonee
3((EeKTUBHBIX CHOCOOOB MOBBIIICHUS CEICKTUBHOCTH MeMOpaH Ha ocHoBe IIDU, uro
00BACHAETCS KOHTPOJHUPYEMBIM Iepepacrpeie]iecHHeM CBOOOTHOTO o0beMa B TOJIMMEpe
npu ynopsaoueHun. HecMorps Ha 6onblioe KOMWYECTBO MCCIEOBAaHUM, MOCBSIICHHBIX
U3YUYEHHIO TPAHCIIOPTHBIX CBOMCTB Pa3JIMUHBIX MOJIUMEPHBIX MeMOpaH, B IUTEpaType 10
CMX IIOp OCTalOTCS aKTyaJdbHbIMU (yHJaMEHTAJIbHBIE BOIPOCHI, CBSI3aHHBIE C
OOBSICHEHUEM MNPUYMH PA3NIM4YMs TPAHCIIOPTHBIX CBOMCTB IOJMMEPOB B aMOpPpHOM H
YIOPSIOYEHHOM COCTOSIHUSIX, BIMSHUEM criocoba yrnopsaa04eHus NOTUMEPHBIX LIeNel Ha



TPaHCHIOPTHbIE ~ CBOMCTBA MOJMMEPAa W  BIMSHMEM OTOTO  YHOPSA/MO4YCHMA  Ha
nepepacnpesienenue  cBoGogHOro  obbema. OCOOCHHO — MHTEPECHBIM  SBIACTCA
yCTaHOBJIEHME OTHX 3aBucumoctedl s [IOM, SBIAIOMMXCA  MEPCICKTHBHBIMH
MaTepHuasaMy JIs ra3opaseuTeIbHbIX MeMOpaH.

B npexcrasieHHol paboTe B KayecTBE METOJA HCCIIEI0BaHHS BBIOPaHO
KOMIIBIOTEPHOE MOJIETIMPOBAHKE C UCIIONH30BAHUEM MOJHOATOMHBIX MOJIENICH, MOCKOIIBKY
TakoW TOAXOX SBIsSeTcs ONHMM U3 HamOonee S(POEKTMBHBIX I HCCICIOBAHUA
5} (PEKTOB, MPOMCXOAAMX HA HAHOMETPOBOM MactuTabe. HeoOX0aMMOCTh HCCIIE0BAHNS
Ha TakoM Macmitabe OOBSCHSAETCS TeM, YTO MMEHHO IIOpbl pa3sMepoM OT Jonei /10
HECKOJBKAX HAHOMETPOB M  ONpE’essioT  d(pQEeKTHBHOCTh — ra3opasie/IUTeNbHOU
MeMOpaHBbI.

Takum o06pa3oM, H3ydeHHE BIUSHMSA HAJMOJICKYISPHOH CTPYKTyphl —Ha
TPaHCTIOPTHAIE CBOMCTBA MOIUI(PUPUMHUIOB M HAHOKOMIIO3UTOB HA MX OCHOBC ABJIACTCA
akmyanbHoU 3a1a4€ei.

IlorydeHHbIe aBTOPOM pE3YJbTaThl ITIO3BOJISIOT YCTaHOBHTH 3aKOHOMEPHOCTH,
omnpezensiomue cBoiictBa MeMOpan Ha ocHose I[IDU  (xoadpdrumeHt i dys3un,
TIPOHMIIAEMOCTh, PACTBOPHMOCTh ¥ CEJIEKTWBHOCTB) B  PA3sTMYHBIX COCTOSHUSX
(amopdHOM W ymopsjgoueHHOM). Takue naHHBIE HEOOXOAMMSBI JUIS MPOTHO3WPOBAHHA
TPAaHCHOPTHBIX CBOMCTB M CO3JaHMA BBICOKOI((CKTHBHBIX Ta30pa3/eUTC/IbHBIX
MeMOpaH. DTO, B CBOIO O4YEpPE/b, ONPENEISET NPAKMUUECKYIO 3HAYUMOCMb W HOBUSHY
JIMCCEPTAlMOHHON PabOoTHI.

Jucceprauonnas pabora A.JO. JIoOpOBCKOro COCTOMT M3 BBEICHHUS, 4 rnas,
BBIBOJIOB, CIIMCKa HUTHpyeMmoil imreparypsl (190 HauMeHOBaHWiA) ¥ 1 NPUIIOKEHHS,
BKJTIOUaeT 39 pucyHKOB, 6 TabmuIl ¥ M3/10KkeHa Ha 120 cTpaHuLax.

Bo Beaennn aBrop GOpMyIHpyeT aKTyaJbHOCTb, LETb U 33aa4d UCCIICI0BAHNU,
Hay4qHYI0O HOBU3HY, [pPAKTHYECKY0 3HAYMMOCTh paboOThl, a TaKkkKe TOJOKEHNS,
BHIHOCHMbIE Ha 3alyuTy. [IOMUMO 3TOTO, B IAHHOM pasjielie ONMCaHa CTPYKTypa padoTsl,
ee 00beM W JIMYHBIHN BKJIAJ] aBTOpA.

B TImaBe 1 A.IO. JloOGpoBckuii HPUBOAUT 0030p COBPEMEHHOIO COCTOSHHMS
WCCIIEIOBAaHMI 10 TeMe Juccepraiuu. PaccMaTpuBalOTCs OCOOCHHOCTH IPOLECCOB
MeMOpPAaHHOTO ra30pa3/ie/icHUs, BIMAHHE XUMUYECKOIO CTPOCHHs IIOJUMCPOB H HX
HaJMOJIEKYJIIPHOM  CTPYKTYpbl Ha TPAHCIOPTHBIC CBOWCTBA TIa30pa3/ICHMTE/IbHBIX
MeMOpaH. YkaszaHbl TEOPETMYECKHE MPEACTABICHHS, ONHChIBaloMe 1(Qy3HoHHbIH
Tpolece MepeHoca MajIbIX MOJIEKYJI B moyumepax. Ha ocHOBaHMH JMTEPATyPHBIX HaHHBIX
000CHOBBIBAETCS BEIOOP OOBEKTOB U METOJIa HCCIICIOBAHHUS.

ImaBa 2 T1IOCBAIIEHA CTPYKTYPHOMY  YIOPSAJOYCHHIO  HEHANOJTHCHHBIX
nonu>PUPUMHUIOB M BIHMSHUIO YIJIEPOAHOTO HAHOHANONHUTENS Ha Halmozaemoe
ynopsaouenre. B Hadasie riaBbl NOAPOOHO OMUCHIBACTCS METOJl MOJIEIMPOBAHMS, croco6
CO3JaHMsl HAYaNbHOW KOH(Urypamuu U Bamupanus Mmozenu. Ilo  pesynsraram
BBITIOJIHEHHOTO KOMIBIOTEPHOTO MOJIETMPOBaHMs YCTAHOBJICHO, YTO pa3BOpavYMBAHHE
nonumepHbix teneid BPDA-P3 u ux ynopsjaodeHue ApYr OTHOCHTENIBHO Jpyra IpH
TemIieparype, OJM3KoM K TeMIeparype IUIaBIeHHs MOJIUMEpPa, IPOMCXOAUT Ha BPEMEHAX



MOpsJKa HECKOJIbKMX JECATKOB MHKpOCEKyHA. lIpm 3TOM BBejeHHE YIIIEPOJHOIO
HAHOHAIOJIHUTEJIS MPUBOAUT K COKPAILEHHUIO BPEMEHH, HEOOXOMUMOTO JUIsl HACTYIJICHUS
3TOro ymnopsiioueHus. OTIeNbHO CTOUT OTMETUTH TOT (akT, yTo B paboTe nuccepraHra
[OJYy4YE€HO KaYECTBEHHOE COINIACHE C SKCIEPHUMEHTAIbHBIMU JJAHHBIMH IO CTPYKTYpPHOMY
YIOPSAIOYECHHUIO HEHAIOJIHEHHOTO BPDA-P3: JUIst HETO HaOIIOAaI0Ch
KHUJIKOKPUCTAJUIMYECKOE  COCTOSHHE C  SIBHO  BBIPOKCHHBIM  HEMAaTUYECKUM
ynopsgodeHuem.  [loMumMo  3TOro  yaajnoch  BOCHpPOM3BECTH  OCOOEHHOCTH
HAJIMOJICKYJIIPHOM ~ CTPYKTYpbl TpeX pa3JIMuHBIX HAHOKOMIIO3UTOB Ha OCHOBE
paccmarpuBaeMsix [IDU, oTmuarommxcs Mo XUMHYECKOW CTPYKType THAHTHIPUIHOTO
¢dbparmeHTa.

B I'maBe 3 o06cyxnaioTcs pe3ysbTarbl MO HCCIECIOBAHUIO YINOpPsSAO4eHUs Ooiee
KOPOTKUX IEeleH, JUMepoB, BOMM3M IMOBEPXHOCTH IpadeHa U IJIOCKOW MOJEJIBbHOU
CTEHKM. OTH JBa THUNA [OBEPXHOCTEH OTIMYAIOTCH HAJIWYMEM WM OTCYTCTBHEM
CUMMETPHYHOIO0 I'€KCArOHAJIbHOTO DPACIHOJIOXKECHUS LEHTPOB B3aMMOJCHCTBUS (aTOMOB
yriiepona). B pabore mokazano, yto Xapakrtep ymnopsipoueHus gumepoB BPDA-P3 u
ODPA-P3 BOmM3M NOBEpPXHOCTH Tpad)eHa Ka4eCTBEHHO COBIAJAET C YHOPSIOYEHHEM
JUIMHHBIX 1enedl. [lpy 5ToM HampaBieHHe YIOpSAIOYEHUS JUMEpPOB BhIOMpaeTcs
cirydaiiHeIM 0Opa3zoM. [ToMumo 3TOTO, IPH CpaBHEHWHU MOBEACHUS JUMEPOB BOIM3H JIBYX
TUINOB IOBEPXHOCTEH YCTAHOBJEHO, 4YTO KIIOYEBBHIM (PaKTOpoM B HACTYIUICHUU
CTPYKTYPHOI'O YIOPSJIOYEHUSI IMMEPOB SBJISETCS HAJIMYUE IUIOCKOH ITOBEPXHOCTH,
OrpaHUYMBAIOLIEH KOH(OPMAITMOHHYIO MTOIBM)KHOCTD MOJIEKYJI.

I'naBa 4 nocesuieHa ucciaeq0BaHU0 TpaHCHopTHBIX cBodcTB IO BPDA-P3 B
aMop(HOM U YNOpSAA0YEHHOM cocTosHUH. IIpuBeneHbl pe3ynbTaThl MO UCCIEIOBAHUIO
pacTBOPUMOCTH, KodpuurenTa aupdy3nuu, MPOHUIIAEMOCTH U celleKTUBHOCTH BPDA-
P3. [Ilokazano, 4Yro B 1mpolecce CTPYKTypHOTO YHOPSJOYEHHS IPOUCXOJHUT
niepepacipeieJieHie CBOOOJHOTO 00beMa B IOJIMMEpPE, YTO M OOBACHSAET yMEHbIICHHUE
pactBopumoct oboux raszoB: CHy; um CO,. Ilpu wuccnepoBanum audpdy3uu razos
3HAUMTEIBHOTO OTIIMYUS Koo duimeHToB mupdy3ur B aMOpHOM M YHOPSIOUEHHOM
COCTOSSHMM YCTAHOBJIEHO He OblIo, oxHako, Habmomanach aHu3oTporus aupdys3uu:
MOJIEKYJIbI ~ Ta3a  [peuMylecTBeHHO uddyHIupoBamy  BIONL  HApaBICHUS
YHOPAZOYEHHUsS, YTO MPUBEIO K BO3HUKHOBEHHIO AHH30TPOIMU IPOHHUIIAEMOCTH
noJmumepa.

Ilomumo osTOro B 1aHHOM I7aBe OBUIM TIPEACTaBICHBI PE3YJNbTAThl IO
UCCIICOBAHUIO  TPAaHCHOPTHBIX CBOMCTB B  HeHanosHeHHOoM BPDA-P3 u B
NIPUIIOBEPXHOCTHOM K HAHOHAIOJHHUTENIO CJI0€. YCTaHOBJIEHO, YTO CHOCOO JOCTHIKEHHS
YIOPSIOYEHHOTO COCTOSHMsSI HE OKa3blBaeT BIMSHUSA Ha TPAHCIOPTHHIE CBOMWCTBA
noJuMepa.

K muccepranmonHoit pabore uMeeTcsi HECKOIbKO 3aME4aHui U BOIPOCOB:

1. Kospouumentst muddysun gamel B HM/HC. Ecmm nepecuntath B
TpaMLHOHHbBIE cM’/c, TToTyyaeTcs Kos(duiment nepecuera 10°. Te. B Tabn. 4.2 crp. 83
npu 460 K, T.e. npu 187°C nmomyuutcs s CO, 2,58%10°, a g1 CH, 1,06"‘10'6 em’/e.
Ecmm nepecuurars Ha 35°C ¢ ydeToM mpeacraBieHHBIX B Tabnuie 4.1 ctp. 81 sHepruii



aktuBaiuu auddy3un, NoIyduTCs B €AMHHALIAX em?/c*10% 0,25 1 0,026 cOOTBETCTBEHHO,
T.e. s CO, B 2 pasa menbiue, yeM B UpilexR (ccoinka 88), a st CHy B 5 pa3 Gosblue.
Xorenoch Obl, uTOOBI aBTOP CpaBHMBaJl CBOM JIaHHBIE C  HEKOTOPBIMH
3KCIIEPUMEHTAILHBIMU.

2. DTO e OTHOCHTCS K dHeprusM akrtupauuu quddysun (tabmuua 4.1 crp. 81).
Bennunnst Ep uist CHy 1 CO, (64 1 54 kJDK/MOJb COOTBETCTBEHHO) BECHMA BEJIMKH UL
CTEKJI006pa3HBIX MOJMMEPOB M MPEBBINIAIOT BCE M3BECTHBIE, B TOM 4Hhcie B 1,5 pasa
nannble s UpilexR (ccpuika 88). Yem s10 MOKHO 00bscHUTE? W modemy He OBLITO
IPOBEJIEHO CPaBHEHHE C HKCIIEPUMEHTAIBHBIMY JIATEPATYPHBIMH JaHHBIMH, a HAITMCAHO
JIMIIIb, YTO «COTJIACYETCS ).

3. HakoHel, U3 TeMIepaTypHbIX 3aBUCUMOCTEH Kod(pHIMEHTa PACTBOPUMOCTH
MOXKHO ObLIO OBl paccuuTarh TEIIOTY copbuuu u mo pasHoctd Ep u AHs BerumcImTh
SHEPIMIO AKTHBAIMM MPOHMUAEMOCTH. 10 3THM JaHHBIM MOXHO ObUIO OBI CPaBHHTH
K03((PUIMEHTBI TPOHMIIAEMOCTH TIPU OOBIYHBIX TEMIIEpAaTypax U OLEHUTb, FOAUTCA JIH
MOMOOHBIA TIONMUMEp JUIs TPAaKTHYECKMX 3a/lad ra3opas3[elieHus, 4YTO HalMCaHO B
«TIPaKTUYECKON 3HAYUMOCTH.

[lpuBe/eHHBIE BBINIE 3aMeyaHHs K paboTe He BIHMAIOT Ha €€ BBICOKYIO
TIOJIOKUTETbHYIO OleHKY. [lomydeHHBIE pe3yibTarhl MMEIOT KaK HaydHylo, TaK H
IPAKTUYECKYIO [EHHOCTh M MOTYT OBITh MCIONB30BaHBI B paboTe OpraHM3aluH,
CTCLMAIU3UPYIOIIMXCS HA  (YHAAMEHTAIbHBIX W TNPUKJIAJHBIX  MCCICAO0BAHHUIX
MOJMMEPOB, B 4aCTHOCTH, VHCTUTYyTE CHHTETHYECKHMX IOJMMEPHBIX Mar€pHajoB HMM.
H.C. EmnmkonomoBa PAH, MoCKOBCKOM TOCYIapCTBEHHOM YHHBepcuTeTe uM. M.B.
JlomonocoBa, Cankr-IlerepOyprckoMm rocynapcTBeHHOM yHuBepcuTeTe, MHcTutyTe
3eMeHTooprannyeckux coeaunenuit uM. A.H. Hecmesnosa PAH u zip.

TeMa ¥ cofepikaHHe paGoOTBI COOTBETCTBYET MAcmopry crenuanbHocTd 1.4.7.
BBICOKOMOJIEKYIISPHBIE COEIMHEHHUs 110 HAMpaBICHWIO HCCIENOBAHMM: M. 6. B YacTH
«PeleHMe TEOPETMUECKUX 3a]ad, CBA3aHHBIX C MOJEIMPOBAHUEM MOJICKY/ISPHOH M
HaMOJIEKYJIAPHOU CTPYKTYphl OJMIOMEPOB, IOJIMMEPOB M COINOJIMMEPOB B pacTBOpax,
pacnnaBax M IOJMMEPHBIX TBEPABIX Tel B aMOP(HOM, MOIYKPUCTAIIAYECKOM H
KPUCTAJIAYECKOM COCTOSIHMSX. Pa3paboTka MOJEIBHBIX NPEACTABICHUNA O CMECAX
HOJIMMEPOB M MOJUMEPOB ¢ (PYyHKIMOHAIBHBIMUA HHIPETMEHTAMU U UX IIPUMEHECHHC) U II.
8. B uyacTH «YCOBEpIICHCTBOBAHHME CYIIECTBYIONMX M pa3pabOTKa HOBBIX METOJ0B
U3yYEeHUs CTPOCHHs, (U3UKO-XUMHYECKHX CBOMCTB MOJMMEPOB B KOHJCHCHPOBAHHOM
COCTOSTHHMH W JIPYTHX CBOMCTB, CBA3aHHBIX C YCIIOBUAMH HX 3KCIUTyaTalldH».

Jluccepranmonnas pabora JloopoBckoro Anekces IOpbeBuuya «TpaHCTOpTHBIE
CBOWCTBA TOJTMAQUPUMUIOB W HAHOKOMIIO3UTOB Ha HMX OCHOBE B aMOPQHOM H
YIOPSIIOYCHHOM COCTOSIHHSIX» MOJNHOCTBIO COOTBETCTBYET KPHTCPHUSAM, YCTaHOBJICHHBIM
nn.  9-14 TlonokeHus O MPUCYKACHHM YUYCHBIX CTENEHEH, YTBEPXKACHHOIO
nocranosienuem IpaButenscrsa Poccuiickoit @eneparmuu Ne 842 ot 24 centsidps 2013
r. B AeiicTByIOIEl penakuuu, a eé arop, Jlobposckuit Anekceit FOpbeBid, 3acimyKuBacT
NPUCYXKIEHUsS YYEHOW CTCHEHH KaHauaara (U3UKO-MATEeMAarHYeCKMX HayK 10
creranbHOCTH 1.4.7. BBICOKOMONEKYISIPHBIC COSTMHEHUS.



Huccepraonnas pabora Anekcess FOpbeuua J[o6poBckoro Gbita 3acymiana,
obcyxaena W onobpeHa Ha 3acefaHud MemOpanHoro cemuHapa B denepanbHOM
rOCYJlapCTBEHHOM  OroJpKeTHOM  yupexnaennn Hayku Oppena Tpynosoro Kpachoro
3uamenn MucTutyra HedTexummueckoro cunrtesa uM. A.B. Tomumesa Poccuiickoii
akajziemuu Hayk 23 anpens 2024 r. (mporokon Ne 1).
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Mucrurtyra Hedrexummudeckoro cunresa uM. A.B. Tormuuera
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