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OBLIASA XAPAKTEPUCTUKA PABOTHI

Axmyanvrocmy. COBpeMEHHOE pa3sBUTHE psilia MPUKIAJHbIX HAYYHBIX HaNpaBleHUH
CBA3aHO C CO3J@HMEM HAHOPa3MEpPHHIX CTPYKTYp, TMOJy4aeMBIX Ha OCHOBE
BBICOKOYHKLMOHANBHEIX coequHeHui. Cpenn Takux coeaMHEeHW# ocoboe MecTo
3aHUMAlOT  CBEpPXpAa3BETBJEHHBIE  MOJUMEpHI, MOJy4alrouluMecs B  pe3yJbTare
peryiupyemMoro  CuHTe3a —  OCHOPHMEpPBl —  JAPEBOBUIHBIE  ALUKIMYESCKUE
MaKpOMOJIEKYJIBl PETYJSIpHOTO CTPOEHMS, OTHOCAIIMECS K KJaccy IMOJMMEpPHBIX
MaTepualioB, Ha3bIBAEMOMY «MOJIEKYJAPHBIMU HaHOoOOBekTamu». OJHOBPEMEHHO
coueras B cebe CBOICTBA MaKpOMONEKYJBl U YaCTHLbI (BBICOKYIO CTETIEHb BETBJICHHUS H
rnobynsapHOCTE (GOpMBl), a Takke obnazas Xopouieil pacTBOPHMMOCTBIO M HU3KOM
BS3KOCTBIO B DPacTBOpax, JNEHAPUMEPHl OTKPHIBAIOT OONBIIME NEPCNEeKTHBB B TaKHUX
NPUKIANHBIX 00JacTAX, Kak Ouosyorus, MeauuuHa, (apmaxonorus, karanu3 u gp. K
Haubosee WHTEPECHBIM TNPAKTHUECKUM TNPUMEHEHHSM ACHIPUMEPHBIX MaKpOMOJEKYJ
MOXKHO OTHECTH CO3[aHUE HOBBIX THMOB HaHECEHHBIX KaTajW3aTOPOB, KarcyJMpOBaHUE
¥ IMMOOMITH3aLMsI TOCTEBBIX MOJISKYJI, B TOM YUC/E U (PU3HUONOTHUECKH aKTHBHBIX, YTO
B COYETAHMHM C JIErKOCTbIO  (JyHKLMOHAaNM3aUuMM [OBEPXHOCTH, JeNaeT HuX
MEPCIEKTUBHBIMY HOCHUTEISIMHU JIEKApPCTBEHHBIX IPENaparos.

JIns 3¢ ¢eKTUBHOrO MNPaKTHYECKOr0 HUCIONB30BaHHUSA JEHAPUMEPOB HEOOXOJUMO
3HaTb MX MOJIEKYJSIpHYIO opranusauuio. OfHako obliero noaxoja K ee ONMMCaHMIO B
HacTosiliee BpeMs He CYLIECTBYET, a moiydaeMas HH(opMaLus 1Mo KaxIoMy U3 TUIIOB
JIEHIPUMEpPOB sBJIieTcsl B Oonpllell cremeHW MNpOTUBOpeuMBOi. Bompocsl o
MOJIEKYJISIPHOM OpraHu3aliy NEeHAPMMEPOB CTaBAT 3ajavy MOJy4deHHs WH(OpMAaluu O
pacnpeiesieHHd MOHOMEpPHBIX 3BEHEEB B 00BEME MaKpOMOJIEKYNbl B 3aBUCHUMOCTH OT
CTEMeHW MOJMMEpH3alliy, 4YTO MO3BOJNUT MNpelCcKa3blBaTh BO3MOXKHOCTH OOpa3oBaHHA
BHYTPUMOJIEKYJISIPHBIX TI0JIOCTEH, KOTOpble MOTYT HCIOJB30BaThCS Uil pa3MelleHHs
aTOMOB MJIM MOJIEKYT pa3nuuHoro tuna. TpebyloTcs MeTo/ bl Moy4YeH s HHPOPMAaLIK O
JIOKaNu3alii TEPMUHAJBHBIX TPYIMM, MOCKOJIbKY OHHM OMNpEeNeNsloT Kak YpOBEHb H
Crnel(pUKy MeKMOJIEKYJSIPHOrO B3aUMOJACHCTBHS AEHAPHUMEPOB, TaKk U OCOOEHHOCTH
B3aUMOJEHCTBHS NMONMMEDPA C PACTBOPUTEIAMU, APYTUMHU MOJIEKYISIPHBIMU 00BEKTAMH U

MNOBEPXHOCTAMMU. Haubonee TNEPCIIEKTUBHbIMU C I'lpaKTH‘-lGCKOﬁ TOYKHU 3PEHUSA ABJIAIOTCA



JEHJIpUMepBl  BBICOKMX TIEHepalui, TOCKOJBbKY OHM o0nagaroT HaubOOJbIIUM
KOJMIMYeCTBOM (PyHKLIMOHANBHBIX IPYMI Ha NOBepXHOCTU. TeM He MeHee, Kpyr paboT no
WX HUCCIEJOBaHMIO JOCTATOYHO OorpaHuueH. IMEHHO OTCYTCTBHE OOBEKTUBHBIX JAHHBIX
O  MONEeKyJIspHOWM  OpraHu3allu¥ [OEHAPHMEPOB TpPUBEIO K  JHAMETPaJbHO
MPOTHBOIOJOXHEIM BBIBOJAM TPH OMNUCAHMM HMX CBOMCTB KaKk YaCTHL, HauMHas OT
MOJENU TUIOTHBIX HENpOHHULAeMBIX cdep, 0 NPOHHUUAEMBIX CTPYKTYp C THOKUMHU
BeTBSIMU. B HacTosmee BpeMs 5Ta 00iacTh Hay4HBIX 3HAHWM HAXONUTCS Ha y4yacTKe
CBOETo pa3BUTHs. HecMOTps Ha 3TO, CyIIECTBYIOLIME TeOpeTHUECKUe paboThl U paboThl
MO YKUCJIEHHOMY MOJENUPOBAHUIO KOH()OPMALMOHHBIX W CTAaTHCTUUECKUX CBOMCTB
JEHIPUMEPOB He MO3BOJSIOT 0000MUTh NOTyYSHHBIE pe3yIbTaThl Ha BCe pa3Hoobpasue
XMMHUYECKOH Mpupoasl AeHApyuMepoB. 1o 3Toil npuunHe HeobxoauMm OOLWME NOAXOA K
UCCIIEIOBAHUIO UX MOJIEKYISIPHON OpraHu3aluy, LeNbl0 KOTOPOro sBJSETCS OTBET Ha
OCHOBHOM BOIIPOC — KaK CBS3aHbI MeX 1y co00li CTPYKTypa ¥ cBOHCTBA?

Takum 06pa3oM, NMpeacTaBiseTcs BaKHBIM pa3paboTaTh Takod MOAXOM K U3y4EHHIO
CTPYKTYPbl MaKpOMOJEKyJ] ACHAPUMEPOB, KOTOPHIH MO3BOJIUT B paBHOH CTENEHH
noJry4ars HHGOpMaIHIo 00 0COGEHHOCTSIX MOJIEKYJISPHOM OpraHu3aly AeHAPUMEPOB C
pa3IMUHOM XUMHUYECKOW CTPYKTYpOH U OCYIIECTBIATh NPOTHO3UPOBAaHME CBOMCTB
KOHKPETHBIX TUIMOB AEHAPUMEPOB B 3aBUCUMOCTH OT HOMEpA reHepaLyy.

Lenv duccepmayuonnoti pabomol 3aKJIIoyanach B MIPOBEACHUH

CHCTEMaTUYECKOr0 MCCIEN0BaHUA KPEMHUMOPraHWYEeCKMX OEHAPUMEPOB OT HU3KHX JO
BBICOKHX TEHEepaLuii M BBISBICHHE OCHOBHBEIX 3aKOHOMEPHOCTEH WX MOJIEKYJApHOH
OpraHu3alyy B 3aBUCUMOCTH OT HOMepa reHepanuH.

JInst fOCTHIKEHHUS 3TOM Liey OBUTH NOCTaBJIEHB! CEAYOLIME 3aaUH:

1) npoBeleHHe CPaBHUTENBLHOrO aHaiu3a pe3ylbTaTOB TEOPETHYECKUX paboT B
00MacTH ONMCAaHMs MOJIEKYJSIPHOM OpraHu3allidl CBEpXpasBETBICHHBIX IOJUMEPOB C
pe3yJbTaTaMi SKCIEPUMEHTOB MO MalOyrjOBOMY pacCesHUIO A HedyHKLMOHANbHBIX
KPEMHUMOPraHUYeCKUX NEHAPUMEPOB HU3KUX IeHepaLuii;

2) momy4yeHHEe OCHOBHOH HHQOPMALMKU O CTPYKTYpe KpEMHHUMOpTaHUYECKUX
JeHAPUMEPOB BBICOKHMX TeHepaluii U BBIICHEHHE ee OCOOeHHOCTell, B CpaBHEHHM C

HU3KHUMH reHepalusaIMu,



3) nmonydyeHue uHpOpPMAUMM O  JIOKANM3aLMM  TEPMHMHANBHBIX  [pyNN
KPEMHUMOPraHUYeCKUX JeHAPUMEpPOB;

4) KOMIUIEKCHBIH aHaji3 3aBUCHMOCTH CTPYKTYypbl KpeMHHMOpraHM4ecKHX
IEHIPUMEpOB OT CTaJMM pOCTa ¥ BBEIBICHHE 3aKOHOMEPHOCTEH OpraHM3aLuu
MOJIEKYJISIPHON CTPYKTYPhl KpEeMHUMOPraHUYECKUX JIEHIPUMEPOB.

Hayynas nogusna. BrepBeie BBINONHEHB! HCCEIOBaHMsS [EBSTON reHepaluu
KPEMHUHAOPraHWYeCKUX IEHIPUMEPOB METOJOM MAaJlOYTJOBOrO paccesiHHs, ONpeeseHbl
napaMeTphl UX CTPYKTYPhl M NPOBEICH CPaBHUTENBHBIM aHanu3 CTPYKTYPH! BHICOKHX H
HU3KMX TeHepanuii AeHIpuMepoB. BriepBbie MPOAEMOHCTPUPOBAHO, YTO TEPMUHABHBIE
rPYNNel  KpeMHUHOPraHMYECKHX JEHIPUMEPOB JIOKAlM30BaHbl HE TOJNBKO Ha
nepudepuiiHol 4acTH, HO U B 06beMe ASHAPUMEPHON MaKpOMOJIEKYJIbl, U MOJyUeHO MX
pajuanbpHOe pachpefenieHue. BriepBeie BBINONHEHA MPOBEpKA YCNOBHS BBITNOJHEHHA
NPUHLMIIOB MaclITaOHOM HMHBAapUAHTHOCTH NEHIPHMEPOB C YYETOM aHU30METPHH
(hopMBI KX MaKpOMOJIEKYIT.

Ilpaxmuyeckas yennocme pabomui.  IlonyueHHsle B paboTe pe3yibTaTel MOTYT

OBITH HCIIONB30BAaHBI [IJIA pPasBUTWS METONOB CHMHTE3a M paclIMpeHHs objacTei
NPaKTHYECKOro NPUMEHEHUS HaHOpa3MepHbIX CTPYKTYp Ha OCHOBE
BBICOKOQYHKILMOHANBHEIX ~ coenuHeHuit. Tak, uHQOpMauus O  JOKaJIMU3aLMU
TEPMUHANIBHEIX TPYNI TO3BOJMT NPOrHO3MPOBAaTh BO3MOXKHOCTH CO3JaHUA CETOK Ha
OCHOBe JeHApuMepoB. MHdopmauus, nosydeHHas o CTPYKType BBICOKHX TeHepaliuii
IEHAPUMEPOB, YKa3bIBAaeT HA BO3MOXKHBIE TPYAHOCTH MCMOJIB30BAHKUA NEHAPHMEPOB
BBICOKHMX TeHepalyil JUIi NPpOBEeHHs KaTalUTUUECKUX PeakKlyii Bo BHyTpeHHeH coepe.
Mertonpsl M MOAXObI, HCHOJIB30BAHHbIE B XOJE BBITIOJIHEHHS HCCIIEJOBATENbCKUX padoT,
TNOKa3aly CBOK YHUBEPCAJIBHOCTH M MOTYT OBITH MCNO/NB30BaHbl AN HCCIENOBAHUS
IIMPOKOTO Kpyra BEICOKOMOJEKYJIAPHEIX 0OBEKTOB.

Anpobayus pabomei.  OCHOBHBIE TMOJIOXKEHHsS NaHHOW pabOTHl U €€ OCHOBHBIE

pe3yabTaThl OblM npenacTasieHsl Ha XIX CoBeljaHuM MO KCMOJIB30BAHUIO PACCEAHUS
HEMTPOHOB B MKCCIIEOBaHUsIX KOHIeHCHpoBaHHOro coctosHus (O6uuHCck, 2006), IV
EBponelickoit koHbepeHuun no HelitpoHHomy paccesHuto ECNS (Jlynp, Ilsenus,
2007), V HauuoHaneHOW KOHQEpPEHUMHW NO MPUMEHEHUIO PEHTTEHOBCKOIO,

CHHXPOTPOHHOT'O W3TyYeHHUH, HEHTPOHOB M 3JEKTPOHOB ISl UCCNIE0OBAHUS MaTEpUasoB



(Mocksa, 2007), XLII 3umueit mxone ITHMA® (Penuno, 2008), XX cosemanuu 1o
UCTIOJB30BAHUIO  PAacCessHHs HEHWTPOHOB B  MCCIENOBAHMAX  KOHASHCHPOBAHHOTO
cocrosiHus (I"aTumna, 2008), I MexayHapoaHblid Gpopym no HanotexHosorusM (Mocksa,
2008), XIV  MexnyHapoJHOM CeMHHape MO HEHWTPOHHBIM  KCCIEIOBaHUAIM
koHzeHcupoBaHHEIX cpef ([TozHaus, [Tospura, 2009), VII HauuonansHoi#t koHbepeHmu
PeHTreHoBCKOE, CHHXPOTPOHHOE M3JIy4eHHs, HEITPOHBI U SNEKTPOHBL IS UCCIEA0BaHUA
HaHocucTeM M MatepuanoB: Hano-Bruo-Uudo-Kornutusaeie texuomorun (Mockga,
2009), XTIV Hay4HO# KOH(epeHIMH MOJOABIX YuEHBIX U cnenuanuctoB OUAN ([lybHa,
2010), V MexnyHaponHoit koHpepeHuun «DuU3nKa XHUIKHX Cpel: COBPEMEHHBIE
npobnemsl» (Kues, Ykpauna, 2010), I pabouee coremanue «COBpeMEHHBIE AIEPHO-
¢busryeckue MeToJpl HcciefoBaHMs B (M3MKe KOHIEHCHPOBaHHBIX cpen» (MHUHCK,
Pecniybnuka benapycs, 2011), Cosemanne nons3oBareneit MYPH-IOMO k crapty
Hay4HBIX 3KcniepumenTos MbP-2M (Ily6Ha, 2011).

Jluunviii k10 a8MOpPa 3aKTIOYAETCS B HENOCPEACTBEHHOM Y4aCTHH BO BCEX dTarax

BBINOJIHEHHUS pabOThl, Pe3yJbTaThl KOTOPO# NPEACTaBieHbl B AUCCEPTAlUK, U BKIIOYAET
B ce0s TMOMCK 3KCIIEPUMEHTANBHBIX MOJXOJOB K pELICHHIO TOCTAaBJIEHHBIX 3ajad,
TUIAHUPOBAHKE U BBHINOJHEHHE SKCIEPUMEHTANBHBIX paboT ¥ paboT MO YUCICHHOMY
MOJENHUPOBaHHUIO, 00CYX/IeHHE 1 0(OPMIISHHE MOJTyUYeHHEIX pe3ybTaToB.

Ilybruxayuu. Tlo mMaTepuanam auccepTauuu onybaukosaHo 12 pabort, BKiIroyas S
cTaTel B JKypHasax, pekomeHaoBaHHbIX BAK.

Cmpyxkmypa u_obvem Ouccepmayuy. JluccepTalioHHas paboTa COCTOUT U3

BBCIACHMA, MATH I'jIaB, 3aKJIIOUCHUS U CITMCKa LII/ITI/IpyeMOI‘;I JINTEpPATYpPHIL.



OCHOBHOE COJEPXAHHUE PABOTBI

Bo 68edenuu neMOHCTpUpYETCS aKTyalbHOCTh MCCIeIyeMOM TeMBl, NepeyurClieHbl
OCHOBHBIE MpO06JEMB], CHOPMYNHPOBaHBl LENH M MNpakTHYeckas LEHHOCTh paboThl,
NpeJcTaBlieHa HayyHas HOBH3HA.

Ilepsas 2nasa nocesimeHa 00630py SKCHEPUMEHTANBHBIX M TEOPETHUECKHMX paboT 3a
NOCJIEAHME TOABI 1O TEMe JUCCepTalMOHHOM paboTel. O630p COHEPKUT OCHOBHBIE
CBEIICHUS O CTPYKTYpE, CBOHCTBAX AEHAPHUMEPOB U KOHLIEMIHUSIX UX CUHTE3a.

Jlennpumepsl NpeACTaBIAIOT coboit peryJsipHoO Pa3BETBICHHEIE,
BBICOKOYIIOPSZI0YEHHBIE MaKpOMOJIEKYJIbl, [OCTPOEHHBIE [0 3aKOHY HENpEPEBHO
BeTBAIErocs  jepeBa.  JleHOpumepsl  OTHociATCs K ocoboMy  Kjaccy
BBICOKOMOJIEKYJISIPHBIX COEAMHEHHH, Ha3bIBAEMOMY «MOJIEKY/IAPHBIMU HAHOOOBEKTAMMI»
U ABISIIOTCS HOBOWM GOpMOi  OpraHm3alMy TIOJMMEPHOM  Marepud, TIJaBHOM
0COOEHHOCTBIO KOTOPOH ABNAETCSI COYETAHUE CBOKWCTB MaKPOMOJIEKYJIBl U YACTHLIBL.

MonekysspHele (parMeHTBl INEHAPUMEPOB — 3TO O0COOBIE THUIBI MOHOMEPOB,
NIPUKPETUICHHbIE K HCXOJIHOMY Pa3BETBISIOIIEMY LEHTPY (SApY), M 3aKaHUMBAOIMECS
TOYKAMKM  BETBIEHUs,  MNO3BOJSIIOLIMMH  OCYLIECTBIATH  JajibHeMuuil  pocT
makpomonekynasl (Puc. 1). CTpyKTypHBIE €IUHHLBI MaKpOMOJEKYJbl JIeHApUMepa
OMpeJeNAloT €6 XapaKTepUCTHKU: pa3Mep, TOTOJOTHIO, TMOKOCTh Lienel, XHMHYecKue
CBOWCTBa, MaKCHUMAaJbHYIO MOJEKYIPHYIO Maccy, KOTOpPOH MOXKET HOCTUUb MPU CBOEM
pocTe OeHApUMep, COXPaHss MPU STOM UIealbHOCTh BETBICHHUS.

B 0630pe mpuBeneHs! NpuMepsl paboT MOCBALIEHHBIX UCCIeIOBaHUI0 MacIITabHOM
MHBapUaHTHOCTH MapaMeTPOB CTPYKTYPhI AeHapuMepoB. [TokaszaHo, YTO UCMOJB30BaHHE

npu U3Y4YCHUU
TepMuHanoHeie
rpynnsi

~ E¥3
ocobeHHOCTEH B S T o ©

38eHbA, Np = 2

MOJIEKYJISIPHOM OpraHu3aLuu

JEeHAPUMEPHBIX TOJIMMEPOB
MacluTabHoOM
MHBapUAHTHOCTH,
NpeocTaBiseT HOBEIE

Puc. 1. Cxemamuyeckoe uzobpadicenue 0eHOpUMepPHOTL
BO3MOXKHOCTHU CPaBHECHUSl  makpomonexynol.



Mexay coboif Takux cucteM. [IpencrasieH 0630p paboT Mo WU3y4YEHUIO pacnpeleNeHus
MOHOMEpPOB B 00bEME MaKpOMOJEKY/bl AEHIApPUMEpa W JIOKaNu3alMy TepMUHANBHBIX
rpynmn. JIeMOHCTpUpyeTcs, YTO K HACTOSAIeMYy BpeMEHU OOBEKTUBHBIE JaHHBIE O
MOJIEKYNSIPHOW  OpraHM3alWd JCHIPHMEPOB OTCYTCTBYIOT, & pealu30BaHHBIC
HCCTIEA0BaHUs MPUBOJAT K HEKOTOPHIM KpaHOCTSM B OMMCaHUK CBOHCTB JEHAPHMEPOB
KaK YacTHLl, HAUMHas OT MOJENHM IUIOTHBIX HENPOHMLAEMBbIX cdep, A0 NMPOHHMLAEMbIX
CTPYKTYp C THOKMMH BeTBIMH. B 0030pe OCBEIEHBI W APYrde OTKPHITHIE BOMPOCHI
MOJIEKYIpHON OpraHu3aluy AeHAPHUMEPOB.

Bo emopoii 2nase puBeNeHbl ONMUCAHNs MaTepUalioB U METONOB, UCMONIB30BaHHBIX
B Hactosimed pabote. PaccMOTpeHBl TeOpeTHYECKHe OCHOBBI METOIAa MajoyrjoBOroO
paccesHus. [lompoOHo onmcaHel ucciaeayemble 00pasupl — MONUKAPOOCHIAHOBBIE
JeHApuMephl. B riaBe npencTaBiieHbl XapaKTEPUCTUKH W CXEMBI SKCIIEPUMEHTAbHBIX
YCTaHOBOK, Ha KOTOPHIX OBLIH MPOBEEHbl OCHOBHEIE IKCIIEPUMEHTabHbIE paOOTHL.

OKCMEepUMEHTbl MO MajOyrJIOBOMY PpacCesHHIO HEMTPOHOB OCYILECTBIEHB Ha
criektpoMeTpe ManoyrioBoro paccesHuss IOMO (d4eTBepThlii KaHan HMIYJICHOTO
peaktopa UBP-2, OUSIU, Iy6Ha, Poccusi), B IBYXETEKTOPHOM BapHaHTE MO METOAY
BpPEMEHH MpoJieTa.

OKCNEPUMEHTBI 10 MaJIOYIrJIOBOMY PAcCEsHHMIO PEHTIEHOBCKMX JTyuell BBHIMOTHEHB
Ha MaJIOyrJIOBOM PEHTTeHOBCKOM crekTpoMerpe Molecular Metrology SAXS System
(Institute of Macromolecular Chemistry Czech Academian of Science, Prague, Czech
Republic) ¢ renepatopom MukpohoKycHOro peHTreHoBckoro usnyuenus CuKy (A=0.154
HM) Osmic MicroMax 002.

Tpemvss 271060 TOCBALIEHA UCCIEAOBAaHHIO MaclUTabHOM  MHBapHaHTHOCTH
NIapaMeTPOB CTPYKTYPhI KPeMHUHOPraHU4eCKUX IeHAPUMEPOB.

Henppumepsl, Kak # GOJBLIMHCTBO BEICOKOMOJIEKYJISPHBIX COeAMHEHHUH, 00afaoT
MHOTOYPOBHEBOW CTPYKTYpO# (XMMHYECKOH, TOMONOrHYECKOM, HaAMOJEKYNAPHOIL),
9JIEMEHTBl KOTOPOH B3aMMOCBSI3aHBl, M KaXIblil MOCIEAyIOWMi MacliTaOHBIH YpOBEHb
OpraHu3alMK TOJUMepa MOXET 3aBUCETh ONpEJENeHHBIM 00pa3soM OT MpeblayLIero.
IpencraBnsieTcs Ba)XKHBIM YCTAaHOBHTbH CBA3b MEXIY YPOBHEM JIOKalbHOTO MOpsiaKa M
NoKa3aTesieM CKeMIMHra, TO eCTh NPOBECTH aHalu3 MacluTabHOW WHBAPUAHTHOCTH

IapamMeTpoB CTPYKTYPbl MAKPOMOJIEKYJI AEHAPHMEDa.



PesynbraThl  aHamuza IOJYYEHHBIX HAMM  OSKCIEPUMEHTAJBHBIX  JaHHBIX
MaJOyrJIOBOTO  paccesHWs HEWTPOHOB Ha pacTBOpaXx  KpeMHHHOpraHWyecKux
IeHIPUMEPOB IIOKa3bIBAlOT, YTO OJTOT THIM [EHIPUMEpoB o6JnajaeT reoMerpuei,
OTJIMYAIOIIEHCS OT reOMETPHUM WAealbHOro wapa. B Hacrosmedl paboTe mpenjoxeHo
UCIIONB30BaTh [UIA ONKCAHHUA JAaHHBIX MalOyrjOBOTO PacCesiHUs MOZENb JUIMICOMAA
BpalleHus. Pe3ynbTaTel 3aBUCHMOCTH NapaMeTpa SUIUITHYHOCTH OT HOMEepa reHepaLuy
npencTaBieHsl Ha Puc. 2. TIpeacTaBneHHas 3aBUCUMOCTh AEMOHCTPUPYET, YTO 10 Mepe
pocTa HOMepa reHepaLuy GopMa IeHApUMepa CTAHOBUTCS MeHee aHW3oMeTpuuHoil. Ha
NPEACTABICHHOW 3aBUCHMOCTH MMEIOTCS [IBE OCHOBHBIX OONacTH: 06Macth pe3koro
NaJeHus aHU30METPUH AN reHepauuit 4-6 u 06nacTb BEIXOA Ha MJIATO [Jis reHepavuii
7-9.

B pabote kK paccCMOTPEHHIO MpPEIOXKEHAa 3aBUCHMOCTH CTENEHH MOJMMEPU3aLNU
(koM4ecTBA MOHOMEPHBIX 3BEHBEB, BXOJAIIMX B  COCTAB  MaKpOMOJEKYJIBI)
KpEMHUHOpPraHU4ecKux JEHIPHMMEpOB Kak (yHKLMS 3HauYeHUit panuyca UHEpLMH. Mbl
NpeAnoiaraeM, YTo 3aBUCUMOCTb YHCJIa MOHOMEPOB B €MHULE 00beMa p AeHApUMeEpa
OT pajuyca r, HOCUT CTeNeHHOM Xapaktep. Torza, B ciiyyae (pakTanpHOro arperara,
3aBHCHMOCTH €r0 Macchl OT pasMepa Takxke SBIAETCS CTeneHHoM (yHKuuel, a GyHKuus

MJIOTHOCTH MMECT BHI:

p(r)=Cr%, M

rae C U @ — napameTpsl.

B paboTe monydeHbl BBIpaXKeHHs 3aBHCHMMOCTH CTeneHW MonuMepusauun N ot
pajryca MHEpUMH Rg 11 chepudecky CUMMETPUUHOH (2) U aHM30METpUYHOM Moaeny
nesapumepa (3):

D/2
D

4zC RP. @)

vk =25

4zC(D+2\"" 3 Y
N(Rg)z—p—( D) R\ ) )

rae D=a+3 u C— napameTpsl, k¥ — napametp saanuntuyHoctu (Puc. 2).

D+2]
D




o 181 [ 4nC(D+2)” 3) N
~y R wiry=225(257) ["»Jm:)
g © €=0.010£0.001
i A § [ p=3.122020
g =
g 161 £ 1000}
z
°
= v
S 14f a a 5
A S
§ A A =
§. 1 1 1 Il 1 1 100 1 ] 1 1 1 1
é 4 5 6 7 8 9 10 15 20 25 30 35 40
20,12
Howmep 2enepayuu Rg [3/2+K))"]
Puc. 2. [lapamemp sanunmuxnocmu mooene Puc. 3. 3asucumocme R, om cmenenu
KpeMHUIOp2aHU4ECKUX OeHOPUMEDOE 6 nonumepuzayuu N Ona aHU30MempuyHoll MoOenU u ee

3asucumocmu om Homepa zenepayuu. ITo Oannvim  annpoxcumayus gyuxyueii (3)
Manoy2n08020 paccesHus HeUmpOoHOG.

3aBUCUMOCTB R, OT CTeNeHy nonuMepusanuu N 1l aHU30METPHYHOH MOJENH U €e
anmpoxcuManus Qynkuueii (3) npencrasneHa Ha Puc. 3. [lapamerpsl anmpokcuManuu

C=0.010+0.001, D=3.12£0.20.

Beruucneno 3HaueHue nokasatens cTerneHd B BolpaxkeHud (1): o = 0.12(i0.2). To
€CcTh B Ipeenax OmMOKM MOXHO cyuTaTh @ ~(0, YTO O3HAyaeT MOCTOSHCTBO 4YMCNa
MOHOMEpOB B enuHulle o0beMa JeHapuMepa p(r) = Cr° = const . TIpeacrasieHHas

OLIEHKa 3HAueHMs MoKa3aTelNsi CTENEHHON 3aBUCUMOCTH COTJacyeTcsi ¢ pesyJbTaTaMy,
MONy4€HHBIMH B JaHHOM paboTe ¢ MCIONB30BAaHMEM METOAa BapHallM{ KOHTpacTa Ajs
MajoyrjloBOr0  paccesHHs HEHTpOHOB Ha  pacTBOpax  KPEMHHHOPraHU4eCKUX
nennpuMepoB. CoriacHO 3TUM pe3ynbraTaM, KpeMHHUHOpraHudeckue IeHAPUMEpPHI
MMEIOT paBHOMEPHOE paclpefelieHde pacceuBaiollieil MIOTHOCTH B o0beme
MaKpOMOJIEKYJIbI.

[pencraBnenHble 3aBUCMMOCTM  MOKA3blBAlOT, UTO MPUHLMN  MacmTabHOM
VMHBAapUAHTHOCTH 4YeTKO BHIMoOJHAeTcs. [lokaszatens ckebinubra d =D =3.1210.20,
CBf3aH C KPHTHYECKHM IOKa3aTeleM, ONpeessIolM Crocod pacrnpeieneH|s Macchl
MaKpoMosieKynisl B mpocrtpanctBe: v =1/d=032~1/3 - 310 COOTBETCTBYET
MOKa3aTeII0 CTAaTUCTUYECKOW TIIoOynel, AN KOTOPOM, XapakTepHa BecbMa IUIOTHas

KOoH(opMaIMsA ¢ OTCYTCTBHEM OOMMpPHBIX «myctoT». OnHako Takas KoHpopMauus He



XapakTepHa Ui ciy4as JOKalu3alMd TepMHUHAJBHBIX TPYII B MOBEPXHOCTHOM CJIOE.
IToaToMy nokanu3saLys TEPMUHAIBHBIX PYIIT TPEOYET OTACIBHOrO U3yUYESHHUSL.

Yemsepmas enaéa TOCBAILEHA WCCIEJOBAaHUIO MOJEKYJSAPHONH OpraHu3aluu
KpPEMHUHOpPraHMUeCcKMX AEHIPUMEPOB BBICOKMX reHepauuil. B pabore de Gennes u
Hervet [de Gennes, P.G. and H. Hervet, J. Physique Lett., 1983. 44(9): p. 351-360]
NPENCKa3bIBAETCS BO3MOXHOCTh OOpa3’sOBaHMA 3aKpHITBIX MMOJIOCTEH M INpeKpalieHue
JlaNbHEHIIEro peryjasipHOro pocTa BBUAY HPOCTPAHCTBEHHOTO TEPENOJHEHUs B
pacTyLeM MOBEPXHOCTHOM CJIOE MaKpOMOJEKYJ CBEPXpa3BETBICHHBIX MOJUMEpOB. Jns
JEeHIpUMepoB Takol 3((EeKT SKCNEepUMEHTATBHO MOXET HabMIoJaThCs Ha BBICOKMX
reHepauusax. IlosToMy u3yuyeHHe BBICOKMX TeHepauuil AeHOPUMEPOB MpeACTaBIsSET
UHTEpEC C TOUKU 3PEHHUs BBIABIECHUS OCOOEHHOCTEW OpraHu3alMM WX BHYTPEHHEH
CTPYKTYpBHI.

B KkauecTBe o0O0BEKTa [UIS KCCNENOBAaHUS CTPYKTYpbl BBICOKMX TIeHepaluu
JEHIpUMEPOB BEIOpaHbl MONMOYTUIKapOOCHIaHOBEIE J€HIPUMEpB! IEBATOM reHepalyu ¢
YeTHIPEX QYHKLMOHAIBHBIM SJPOM. Xumuyeckas CTPYKTYpa
nonubyTHIKap6OCHIaHOBOTO NeHApruMepa 9-0ii reHepanuu:

CH; CHj
Si{(CH,)3}41TSi(CH,CH,CH,), - Si(CH,—CH,—CH,—CH3;), 1024

OTOT [eHApuMep SBISETCS CTaOMIBHBIM HE(QYHKUHMOHAJIBEHBIM IPOU3BOJHBIM
XJIOPCUJBHOrO KapOOCHUIaHOBOrO JeHipuMmepa. BBuay OTCYTCTBHS peakLMOHHOM
CNOoCcOOHOCTH KOHLIEBBIX TIPYIIN, TakHe NEeHAPUMEPbl YCTOWUMBBI K BO3AEHCTBUIO
OKpY>Xarolel cpemsl U 00ECneYuBarOT JOJTOBPEMEHHYIO CTaOUJIBHOCTH XMMHYECKOI
CTPYKTYpPBI B YCJOBUSIX SKCIIEPUMEHTA.

Jnsg  nomydeHus Jeraned CTPYKTypbl HCCJAELYeMOro THNa JEHAPUMEpOB
UCTIONIb30BaH METOJ, MaJlOyrlIOBOTO pAacCessHUsl HEUTPOHOB, a TakkKe MeTO[
MaJjloyrjoBOro paccesiHusi HeHTPOHOB C NPUMEHEHHEM BapUaLlii KOHTPAcTa.

Hccnenyemple o6pasupl MpeacTaBisiid coboil JUCHEPCHYI0 CHCTEMY, B KOTOPOMH
JucnepcuoHHoi cpenoi sBmsanack cmech CgDg/C¢Hg, co cremyromumu BeCOBBIMM
NpOLUEHTHBIMU  cooTHomeHusMu  (%/%): 100/0, 75/25, 50/50, 25/75, 0/100.

KoHueHTpauus JeHapuMepa B pacTBopax coctaBisna 20 Mr/cm’. PacTBopbl



JeHApUMepoB OblMM moMelleHs B kBapueBble kioeTsl (Hellma) Tommmuoit 1 mwm.
H3mepeHus npoBoJUIKCE B TEpMOCTATHpyeMoM Ookce npu Temreparype 20°C.
OKCIMEPUMEHTAJIBHO MOyYEeHHEIE KPUBbIE MaJlOYIrJIOBOTO paccesHusi HEMTPOHOB Ha

pacTBopax noiuOyTHIKapOOCUIIaHOBBIX IECHAPHUMEPOB MPEACTaBieHbl Ha Puc. 4.

0k 22
E vy
F oo 20
1 ' [a] DDEEE
To —E
8 o1 S 10f
~ E =
0.01
0 i 1 L 1 L 1 i 1
0.01 2 0 2 4 6
g 4" p, o

Puc. 4. Dxcnepumenmansheie kpugsle manoyenogozo  Puc. 5. 3asucumocme sHauenus uHmeHcusHocmu
paccesHus HelimpoHO8 Ha PacmMEopax paccesnus 8 Hynegoii yzon 1(0) om nnomuocmu

nONUOGYMUNKap6oCUnan0gbix OeHOpuUMepos 0egsmot amnumydv: paccesnus pacmeopumens ,, no

2enepayuu: C6D6/C6H6 (%/%) 1 - 100/0, 2 - 75/25, N
3-50/50, 4 - 25/75, 5 - 0/100. QHHBIM MANOY2TI08020 PACCESHUS HA PACMBOPAX

RONUBYMUNKAPCOCUNAHOBbIX OEHOPUMEDPOB
0e6amoli 2eHepayuu.

Jnas  w3yueHWss — BIMSHMSA ~ PacTBOPUTENs  MpOBeJeHa  arnpoKCHMMalys
SKCIEPUMEHTAIbHEIX [aHHBIX MalOyrJiOBOr0 paccesiHus HEHTPOHOB MOJIENbHBIMU
KPUBBIMHU PacCesHHUs Ha OJHOPOIHBIX MTOOYISAPHBIX YacTULaX NpocToi Gopmbl — mapa u
SIUATICOM/IA BpAIeHHs. B KauecTBe KpUTEpHs 3HAUMMOCTH MOJENeH HCIONB30Bacs ) -
KpI/lTepl/Il‘/'l.' [TonyyeHo, 4TO CTeneHb NEHTEPUPOBAaHHS pACTBOPHUTENsS He OKa3bIBaeT
CYLUECTBEHHOTO BIMAHUS Ha MapamMeTpbl annpoKCUMHpYOWUx Moaeneil. [To kputepuro
x’, HauboNbllee COTIACHE MOJENBHBIX KPUBBIX M JAHHBIX SKCIIEPUMEHTA JOCTHIaeTcs
JUIs MOZIETIM DJUTHIICOM A BpaILCHHS.

OgnHako, TNpHMEHEHHE TNpPUOIDKEHHsT OJHOPOAHBIX IJIOOYMSAPHBIX — HACTHIL
ONpaBJaHO TOJBKO JUISi Cily4ass OTCYTCTBUS HEOIZHOPOZHOCTEH BO BHYTpEHHEH
CTPYKTYpe  HCCNEAyeMBIX  MoNuOyTHIKapOOCHNaHOBBIX  JEHAPHMEPOB  NEBATOMH

reHepaluu.

IIJ'UI HUHTEpIpeTalyy  pe3yJbTaTOB B  Kaude€CTBE HUCXOJHOM NpeajioKeHa
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NpPOCTPaHCTBEHHAs MOJENb OEHApUMepa, IpeAcTaBidomas coboil  CTPyKTypy,
COCTOSILLYYIO M3 LIApPOBBIX CEKTOpOB, ¢ obweil BepmnHoN. KonuuecTBo cekTopoB
BeIOMpaeTcs MCXOond U3 (PYHKLMOHANBHOCTM sAipa aeHapumepa. [lpencraBieHo
MaTeMaTH4YeCcKoe OTNMCAHUE MOJEIH U BBIMONHEHA aNlpOKCUMALIUA SKCTIEPUMEHTaIbHBIX
JAHHBIX MOJENBHBIMU KpHUBBIMU. IlomyueHsl yCpeAHEHHBIE XapaKTEPHCTUKUH MOZETH U
NOKa3aHO, 4YTO MOJENb KauyeCTBEHHO OIMNMUCBHIBAET OSKCIEPUMEHTAllbHble JaHHbIE, U
KOCBEHHO TOITBEP)KAAET pPsN INpPEeINONOKEHUH O CTIPYKType: BHYTpeHHAs cdepa
JEeHApUMepa SBISETCS NPOHHMLAeMOH Hjs pacTBopuTens (0ObEeMHas AONs MONOCTEH
cocrasiisier 18% 0T rabapuTHOro o6beMa MakpOMONEKYJIbl); B 00beME MaKPOMOJIEKYIbI
JIeHIpuMepa UMEIOTCS MOJOCTH; MJIOTHOCTh aMIUIMTYABl PaccesHHs MOJNOCTEH HMMEET
3HaYeHUe, OTIMYarolieecs OT 3HA4YeHMH TIUIOTHOCTM  aMIUIMTYABl  PACCEsHUs
KpeMHHHOPraHMYecKoro ckenera W pacrsopurtens. Habmogaemoe oTiauuve MOAETBHOM
KPUBOH OT 9KCIEPUMEHTAIBHBIX JAHHBIX MBI 00BACHAEM 00JI€e CIOXKHBIM, YEM B JAHHOM
MOJeNH, NPOCTPAHCTBEHHBIM pAaclpefie/ieHieM MOHOMEPOB Kak B 00beMe, Tak U B
MOBEPXHOCTHOM CJIOE MaKpOMOJIEKY bl JEHAPUMEPA.

BE11 BEINONHEH aHaIU3 3aBUCHMOCTH T€OMETPUUECKUX U BECOBBIX MHBApUaHTOB OT
KOHTpacTa Ap=p—p,.

[IpoaHanu3upoBaHa 3aBUCUMOCTh 3HAY€HUS MHTEHCUBHOCTH pacCesHUs B HYJEBOM

yron I(0) OT MJIOTHOCTH aMIUIMTYABl PAacCesHUsA PacTBOPUTENS p,. ANNPOKCUMALUS

aTol 3aBHcUMOcTH (yHKIMel napaboas! (Puc. 5) nokassiBaeT, 4TO BeplinHA Napaboib! B
npefenax JAOBEPUTENBHOrO MHTEpBaNa HAXOAWTCA Ha Ocd abCLMCC, YTO SABISETCH
CBHIETEJILCTBOM MOHOJAMCIIEPCHOCTH HMCCIELYEeMBIX MaKpOMOJNEKYJ ASHIPUMEpPOB Kak
1o pasMepam, Tak U MO PacrpeleleHH0 MUIOTHOCTH aMIUIMTY bl paccesHus B oObeMe
MaKpOMOJIEKYJIBL.

OtcyTcTBHE B mpefienax dKCMEepPUMEHTaIbHONH OlUMOKY 3aBUCHMOCTH 3HAYECHHH Rg2

or 1/Ap (Puc. 6) nosBosseT CAeNaTh 3aKI0YEHHEe O PABHOMEPHOCTH pacrpefeseHHUs

pacceuBarolel IIIOTHOCTH B O0bEeMe UCCIeayeMbIX IeHAPUMEPOB.

Hamu Gb10 BBIMOJHEHO MOJENMPOBaHME ¢ NMpuMeHeHueM meroma Moute-Kapino
IUIsl IEPBOHAYaIbHOTO OIpEeAEesieHUs] CTPYKTYPBl C HU3KWUM pa3pelleHHeM M0 AaHHBIM
MaJloyrjloBOro paccesiHusl. BoccTaHOBNEHHbIE CTPYKTYphbl AN pasfiMYHBIX 3HAYEHUH

KOHTpPacTOB MNpEACTaBJI€HbI Ha Puc. 7. B paMKax MnoJIy4€HHbIX Mozesen paccunTaHbl
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pacceuBaolii 00beM U 00BEM INOBEPXHOCTH, C OSKBUBAIEHTHBIMM TrabapUTHBIMU
pasmepamu (060s0uKH). [TonyueHsl napamerpbl aHU30METPUM 000J0YKM — OTHOLUEHUE
InuH GonbLIod M Manoil momyocu smMncouza BpaweHus. CpenHee 3HaueHue obobema
oGonouky cocraBuno 4.29 (£0.05) x 10° A’. ComocraBnenue 5Toro 3HaueHus c
UCKJIIOYEHHBIM O00BEMOM MOJENbHON CTPYKTYpPBHI MO3BOJIIET CHENATh 3aKIOUEHHE O
HATMYMM B Ipeaenax raGaputHoro obbeMa KpeMHUHOpraHWYECKMX JEeHAPHUMEPOB
IeBATOM TreHepauuu oOnacTel, HOCTYNHBIX M NPOHMKHOBEHUS pacTBOPHTESS.
O6wemHas ons Takux obnactelt cocraBnseT okono 20%. ITOT pe3ynbTaT KOppeaupyer
C MOJNyueHHBIMU B paboTe NaHHBIMM C MPUMEHEHHEM MOJENHW ILApPOBBIX CEKTOPOB C

ob11ell BepIIUHOM.

1750

w11
T

r 25/75 0/100

CeDg / Collg (%07 %0)

75725

1000 1 1 1 1
-0.8 -0.6 -0.4 -0.2
1/4p,x 107° o’
Puc. 6. 3agucumocmyb 3nauenus kKeadpama Puc. 7. BoccmatognenHvie MOOeNbHbie CMPYKMYpPbl 6

paduyca uHepyuu Rg~7 Om 8enUMUHbL, O6PAMHOIL  3aBUCUMOCTIU OM CIENeHU JelimepuposaHus
pacmeopumens. [Ipedcmasnenue 8 nORynpo3pPavHom
sude. I10 OGHHBIM MANOY2N0B020 PACCESHUS HA
pacmeopax nonubymunKapcoCunano8blx OeHOPUMEPOs
0easamori eenepayuu.

KoHmpacmy 1/ Ap u ezo cpednee 3nauenue, no

OGHHBIM MANOY2NI08020 PACCEAHUSL HA PACMBOPAX
RONUBYMUTKAPCOCUNAHOBLIX OeHOPUMEPOB
Oesamoti eeHepayuu.

Takum o06pasom, HaMH IIOKa3aHO, YTO HCC/EeJOBaHHbIE KpeMHHHOpraHUYeCKHe
JeHIpUMepBl IeBATON TreHepaluu HMEIOT O0LMe uepThl C JEHIpPUMEpPaMM HU3KHUX
redepanyit: rno0ynspHOCTb, MOHOAUCHEPCHOCTh M aHusoMmeTpuss ¢opmbl. Kaxk u
JEHApUMEpbl HU3KMX TeHepaLuil, UcClefiyeMble INEHIPUMEpbl, UMEIOT WAEHTUYHOE
pacmpejeneHue pacceuBaroliel mnotHocTd. OpHako, mMojgydyeHHas foasd oObema
JOCTYIHasi IPOHMKHOBEHHUIO PACTBOPHUTENS, SBNSETCA MEHbLIEH, UeM 1711 JeHAPUMEpOB

HU3KHUX reHepaum‘/'l. 10T pe3yapTar ABJACTCA TMNOATBEPKACHHUEM, UYTO BBICOKHUE
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reHepaly JeHJIPUMEpOB B DPAacTBOpe HMEIOT 0ojiee IUIOTHYIO CTPYKTYpy, 4YeM
JIeHAPUMEpH! HU3KUX reHepalmii.

B namoii 2nase npencTaBieHo MccleNOBaHue JIOKaIU3alMi TEPMUHAIBHBIX TPYII
KpeMHUHOPraHUYeCKUX AeHAPUMEpPOB.

I u3yyeHWs JOKanu3aldy TEPMHMHANBHBIX TpyNN METOJaMH  pacCesHusl
HeO0XOIMMO, YTOOB! OBEPXHOCTHEIM CITOM MakpoMOJEKysl WMeJl 3HaYeHUe MUIOTHOCTH
aMILTUTY Il PacCesHUs OTIIMYHOE OT TaKOBOM AN Beeit MakpoModieKkyJibl. Mccnenoanue
KapOOCHIaHOBEIX JEHIPUMEPOB C MOAM(HUMPOBAHHBIM TOBEPXHOCTHBIM  ClOEM
MO3BOJISIET BBHIEMUTH COCTABJSIIOILYI0 B MHTEHCHMBHOCTH pacCesHUs, OTBEYAOLLYIO
paccesiHUI0 Ha TepMUHANBHBIX rpynnax. C 5Toi LEeibo HCMOoIb30BaHbl KapOoCcHunaHoBbIe
JEHAPUMEpPH! C (TOPYrIepOJHBIMH 3aMECTUTENAMU Y aTOMOB KPEMHHS BO BHEIIHEM
Cl0€  MOJEKYJISpHOW  CTPYKTYpBI,
pactBoputensax. CTpykTypHas ¢opmylia HCCleLyeMoro NeHApHMepa IpeAcTaBieHa Ha

Puc. 8.

XOopowmo pacTBOpHUMBIE B OpraHMY€CKHX

Hcnonrs3oBanue meroaa BapvalMui KOHTpacTa IO3BOJIIET pasAc/iuTh umbopmaumo
0 4YaCTHLE KaK LEJIOM U €€ BHYTPEHHUX HEOJHOPOAHOCTAX, a TAKXKE IMO3BOJIAET HAXOAUTD

Ba)XHBIE XapaKTEPUCTUKHU €€ BHYTPEHHETO CTPOCHHUS.
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Puc. 8. Cmpyxmypuas popmyna
KpeMHUTIOp2aHu4eckoz0 0eHOpumMepa eHepayui
7.5 ¢ pmopyanepoonvimu 3amecmumensamu y
amomo8 KpeMHUsL 60 6HEULHEM C0e MONEKYNAPHOU
CmpyKkmypei.

Puc. 9. Sxcnepumenmansrole Kpugsie Manoyano8020
paccesHus HelmpoHO8 Ha pacmeopax
KpemHutiopeanuyeckux oenopumepos G7.5(F):
Ayemon-06/Ayemon (%/%) 1 - 100/0, 2 - 75/25, 3 -
50/50, 4 - 25/75, 5 - 0/100.
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OOBEKT HCCNeOBaHUA — KpeMHUHOpraHM4ecKui JeHipuMep rexHepauuu 7.5 ¢
GTOpyrnepoJHBIMM  3aMECTHTENSIMH y AaTOMOB KPEMHHs BO BHELIHEM  CJloe
MOJIEKYJIPHOM CTPYKTYphI — GbLT JUCTIEPIHPOBaH C KOHLEHTpalmel 20 Mr/cM® B cMecH
aleToH-16/alleTOH C BECOBBIMH MPOLEHTHBIMU COOTHOweHuAMU (%/%): 100/0, 75/25,
50/50, 25/75, 0/100.

KpuBble craja MHTEHCHBHOCTH pAaCCESHHOTO M3Ny4YeHHs OT MOAYJs BEKTOpa
paccesnus g nus gucnepcnit nenapumepos G7.5(F) npencrasnenst Ha Puc. 9.

AHanu3 pesynbTaTOB 10 MPHMEHEHHMIO METOJa BapualUW KOHTpacTa i
MaJIOyTJIOBOrO paccesiHus HeHTPOHOB MOKa3al OTCYTCTBUE MOJMAUCNIEPCHOCTH B
UCCIelyeMbIX KpEeMHUHOpraHMYeCKHX JCHApUMEpax, M MX HASHTUYHOCTh 110
pacnpeesieHHIO IIIOTHOCTH aMILIUTY Ibl paccesiHusl. AHaIM3 3aBUCUMOCTH 3Ha4E€HUI Rgz

OT BeJMYMHBI, OOPAaTHON KOHTpacTy I/Ap He MO3BOJSET OJHO3HAYHO yKa3aTh Ha

0COOEHHOCTH pacrpelesieHuss paccenBalollell MIOTHOCTH B 00beMe HCCIEeNyeMoro
nennpumepa. OpHako TOT (akT, YTO B LIMPOKOM JAHanasoHe KOHTPacToB Ui
UCCIIelyeMbIX ~JEHAPUMEpPOB 5Ta 3aBUCMMOCTb HE HOCHT SIPKO  BBIPa)KCHHBIH
KBaJpaTUYHBIA XapakTep IMOKa3blBaeT, 4YTO (TOPYrIeBOAOPOAHBIE TEPMHHAJBHEIE
rpyNnsl  SBJSIOTCS — JIOKAJM30BAHHBIMM HEe TOJNBKO Ha mnepudepuitHodl uactu
MaKpOMOJIEKYbI.

Jns nony4yenus Gojee feranbHOH MH(GOpPMaLMU MPUMEHEHO KOHTPACTUPOBaHME K
cucteMe myTeM nondopa pacTBOPUTENS, UMEIOIIErO 3HaueHUe MIOTHOCTH aMIIIUTY bl
paccesHUsi paBHOE IUIOTHOCTH aMIUIUTY[Abl DPAacCesiHUs KPeMHMH-YIIeBOJOPOIHOrO
ckenera. B aroM  ciyyae pe3ynpTaThl  MallOyrJOBOIO  pacCestHHS — MOJXKHO
MHTEpIPETHPOBATh KaK paccesHue, B KOTOPOM ONpenestoluii Bkia BHOCUT paccesHue
GTOpYrNepoAHBIX TepMUHANBHBIX rpynil. [loaxoj peanuzoBaH ¢ NMPUMEHEHHEM METola
MaJIOyIrJIOBOTrO PaccessHUs PEHTIeHOBCKUX Jyuei.

KpemHuiiopranuueckue JAeHApPUMEpBl TreHepauuu 7.5 ¢ QTOpYriepoAHBIMU
3aMECTUTENSIMU Y aTOMOB KPEMHHs BO BHEIIHEM CJIO€ MOJIEKYIAPHON CTPYKTYpBl OBbLIH
JIUCTIEPTUPOBAHEI B TeTparuapodypane ¢ BecoBeiMM KoHueHTpauusimu 200, 100, 50, 20
mr/em®. Jlucriepci GbINH MOMELIEHB! B KAMMJUIAPH M3 GOPOCHIMKATHOTO CTeKNa C
BHYTPEHHUM JuameTpoM 1.5 MM u TommumHo# cteHku 0.01 mm. M3mepenus mpoBeneHsl

Npd KOMHaTHO# Temnepatype. KpuBas ManoyrjioBoro paccesHus, NONy4YEHHas B
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pe3ynpTare OSKCTPaNoJSIIIMKM KPUBBIX paccesHUs K OecKOHEYHOMY pa30aBieHuIo,
npeacrasneHa Ha Puc. 11.

Jinsg nomyyeHHOM KpMBO#l paccesHus BBINOJNHEH pacueT QYHKUMM pacrpeneseHus

no paccrosiumaM p(r) =’y (r), HENOCPEACTBEHHO CBSI3AHHOM C reOMETpHeil YacTHLBL

3rece  y(r) - koppensuuoHHas (yHKUMS uHacTHUpl (YCPEAHEHHOE 3HAUYCHUE

NpOU3BEACHNA OBYX (bnyKTyaumZ IJIOTHOCTU B TOYKaX, OTCTOALIUX Ha PacCTOAHUE 7'),

KOTOpas MOXET OBITH paccunTaHa 13 Manoyrn()Boﬁ KpPIBOf’i.

1000 1

750 | s 0.1
- F)
< : =
~ e 5
= 500t g 001
1E-3
250 1 L 1 n 1 1
-2 -1 0 1
-10 2
Up-p), 107" cm q, Al
Puc. 10. 3asucumocme 3HaverHus keaopama Puc. 11. 1 - Kpusas manoyanogozo paccesamus,
paouyca unepyuu Rg'7 om @enuyuHel, 06pamuoil nony4eHHAsA TUHelH 0l 3KCMpanonsiyueli Kpueslx K

beckoneunomy pazbaenenuio, 8 06NACU MANbIX
BEKMOPOB PACCEAHUA, OMBEYAIOUJUX DAZHBIM
KOHYeHmpayuam Cycner3uil OeHopumepos; 2 —
80CCMAHOBNEHHAS PYHKYUS UHMEHCUBHOCTU
paccesnus 1(q) no Haiidennoti ynkyuu p(r).

KoHmpacmy l/ Ap u annpoxcumayus gpynryueri
napabonsl, N0 OAHHLIM MANIOY2N0BO20 PACCESHUSA
HelimpoHO8 Ha pacmeopax KapbOCUNAHOBbIX
OeHOpumepos eerepayuu 7.5 ¢ pmopyenepooHbimMu
3aMeCmumensIMy y GmomMo8 KPeMHUSL 60 GHEeULHEM
CN0e MONEKYIAPHOT CMPYKMYDbL.

OrtBevatomasn Takol QyHKUNM p(¥) MOJENbHASE UHTEHCUBHOCTD PACCESHHS eop(q),
HaliieHHass U3 p(r) no c¢opmyne obpatHoro ®ypbe-npeobpazoBaHus, NpeacTaBiieHa
CIUIOIIHOM nuHuel Ha Puc. 11.

Ha ocHoBe MoOJydeHHBIX HAHHBIX BBINOJHEHO MOJEIUPOBaHUE C MpPUMEHEHHEM
meToja MoHte-Kapno ans nepBoHayanbHOro OMNpejeieHuss CTPYKTYPhl C HU3KHUM
paszpemenveM. ®opma Mozesell BOCCTaHaBIMBaNach 0e3 KaKMX-THOO HayajbHBIX
OrpaHUYeHMH X CUMMETPHUH Ha KOHEUHOE pelleHue (ToueuHas rpymnna cummeTpuu Pl).
BoccraHoBneHHass cTpykTypa, mpeicTtaBisioias coboit Habop MOJAENbHBIX aTOMOB,

npezcraeneHa Ha Puc. 12.
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Puc. 12. a) — soccmanognennas mooenvHas Puc. 13. Paouanvhas ghynkyus pacnpedenenus
cmpyKkmypa, coCmosauas u3 MOOENbHbIX AMOMOG; nnomuocmu p(r) 8 mooenu.

6) — suzyanuzayus Mooenu ¢ UCHONbI0BAHUEM
NOBEPXHOCMU, NOTYYAEMOTl HA OCHOBAHUL paciema
memooom Kononnu, 8) — ceuenue mooenu
NOCKOCHBIO.

K ocobeHHOCTSM MOIENBHON CTPYKTYphl MOXKHO OTHECTH aHW3OMETPHIO (OpPMBI,
OTCYTCTBHE BBIJCJCHHON JIOKANM3aLUMH MOJENBHEIX aToMOB B o0beMe M Haludue
HEe3amoJHeHHbIX o6nacTell. AHH3OMETpHS (QOpMBbI SABISETCA XapaKTepHOH JuId
KPEMHUHAOPraHUYECKUX ASHIPHMEPOB U COracyeTcs C pe3yJbTaTaMH, NOJy4eHHBIMH B
HalMx paboTax. AHanu3 CpPe30B MOJEIM NOKa3bIBAaET, YTO HE3aroJHEeHHble 00JacTh
NPUCYTCTBYIOT B LIEHTPAbHOH YacTH MOJEIH, a TAlOKe Ha YAaNeHUH OT LEHTpa.

Jlns BOCCTAHOBJIEHHOM CHCTEMBbI MOJENbHBIX aTOMOB HaMM OBLIO MPOM3BENEHO
BBIYUCIICHHE paJuabHOM (QYHKUMHU pacTipeieNeHus! MIIOTHOCTH p(7) B MOJEIH.

IucrorpamMma,  DEeMOHCTpUpYyOlLas  MOBeJEHME  paiualbHOW  QyHKLuM
pacrnpefesieHus IJIOTHOCTU p(7) B MOAENM MNpencTtaBieHa Ha Puc. 13, u xauecTBEHHO
corjiacyercs ¢ pe3ylbTaTaMy, IIOJydeHHBIMM JAPYrMMH apTopamMu B paboTax c
MCTIOJIB30BAaHMEM MOJEIMPOBAHUS METOJaMH OpOYHOBCKOH JMHAMUKU M METOJOM
Moute-Kapio.

PesynbpTaThl MOKasbIBAIOT, YTO TEPMMHAJNBHBIE TPYMNBl KPEeMHUMOpraHM4ecKHX
JEHIPUMEpOB JIOKaNM30BaHbl B 00bEME MaKpOMONEKyJbl, a HEe TOJbKO Ha ee
nepudepuiiHoii yacTH, Kak 3TO NpeackasblBajoch B TeopeTnueckux Mojensix de Gennes

u Hervet.
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IMonyuennass  wHboOpManMsd O  JOKAIM3alMM  TEPMUHAIBHBIX  IpyIIN
KPEeMHHUHOpPraHUYecKUX  JCHAPUMEPOB  MOATBEPKAAET  MOJENb  PaBHOMEPHOIO
pacrnpezeneHuss MOHOMEPHBIX 3BEHBEB B 00bEME MaKpOMOJEKYJbl W MPEICTaBIeHHE O
MakpoMoJieKyle JAeHIpuMepa, KaKk o0 KOMIAKTHOW  rnoOynspHON  yacTuLe

AHU30METPUYHOH (OPMEL.



OCHOBHBIE PE3YJIBTATHI 1 BBIBO/JbI

[TpoBenen aHau3 3aBHCUMOCTH napamMeTpoB CTPYKTYPHI
KpeMHUMOpraHuueckux  JACHOPMMEPOB B  pacTBOpe OT  CTENEeHH
nosMMepu3aly (Homepa renepauuu). [lokaszano, 4To yBenM4YeHHE CTENEHU
NOJMMEPU3aLMH MPUBOJUT K U3MEHEHHIO MapaMeTpa aHU3OMETpUM (OPMBI
IeHapumepa. JleMOHCTPHUpPYETCs CyIeCTBOBaHHE HIDKHEro TpeJiesia CTeNeH:
Hec()epUUHOCTH MAKPOMOJEKYI KpEMHUMOPraHMYECKUX IEHAPUMEpOB.
VCTaHOBNEHO BBIMOJHEHWE TpUHLMNA MacmTabHOM HHBapHaHTHOCTH
NapaMETPOB CTPYKTYPBl KpeMHHHOpraHudeckux aeHapumepoB. [lonydeHo
3HayeHHe IoKa3aTeNst CKEWIMHra, paccuuTaH KPUTHUYECKHH TMoKa3arelb,
COOTBETCTBYIOIIMH IOKA3aTeNI0 CTaTHUCTHUYECKOW TIJIoOYyNBl. YCTaHOBIEHO
MIOCTOSTHCTBO YMCJIa MOHOMEPOB B €IMHUIIE 00heMa KpeMHUHOPraHNYecKHX
JEeHAPYMEpOB.

HccnenoBaHa CTPYKTypa BBICOKMX TIeHepalui KpeMHUIOpraHuYecKux
JeHapuMepoB B pactBope. OmnpeneneHsl  rabapuTHBlE — pa3Mepsl
MaKpOMONeKyJl, HX o0O0BeM. VYCTaHOBNEHO, YTO BBICOKME IEHepaluy
KpEMHUIOpraHW4eckux  JOEeHIPUMEPOB  HMEKT  oflue  4epThl ¢
KpeMHUHOpraHnYecKUMHU JIeHIpUMepaMu HH3KHX reHepanmi:
r106yIAPHOCTh, MOHOIUCIIEPCTHOCTD, aHM30METPUS HOPMBI.

[ToxasaHo, YTO KpeMHHUIOpraHW4ecKHe NEeHIPUMEpPbl BBICOKHMX TFeHepaunui
AMeroT Oosiee MIOTHYHO CTPYKTYpY, YeM JEHAPHUMEPH HU3KHMX IeHepaiyil.
OG6Hapy»eHo, 4TO B Mpeenax rabapuTHoro oobemMa MakpoMOJieKyJl IeBATOH
TeHepalyy KpeMHUHOpraHWYecKUX JACHAPUMEPOB HMeloTcs 00JacTy,
JIOCTYIHbIE NIPOHMKHOBEHHUIO PACTBOPHUTENS, JOJS KOTOPBIX MEHbLIE, YeEM
JJIs1 HU3KUX TeHepaLuii.

HccnenoBana nokanusauus TEPMUHAIBHBIX IPYNN KpeMHUHOpraHUYECKUX
AEHAPHUMEpOB. IToxkazaHo, 4TO TEpMHUHAJBHBIE TpyInel
KPEMHUMOPraHMYECKUX JEHAPMMEPOB JIOKAJNM30BaHBl HE TOJBKO Ha
nepudepuitHoii yacTH, HO W B oOBEME MaKpOMOJIEKyNbl. PaccuurtaHo

paauajibHOE pacnpeaesiCHUE TEPMUHANIBHBIX FPYIIIL.
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