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ITpoanaIu3upoOBaHbl JIMUTEPATYPHBIC JAHHBIE O BJIMSHUM MPOCTPAHCTBEHHBIX OIPAHMYCHMI HAa CTPYKTYPY M CBOMCTBA
nosuMepoB. [TokazaHo, 4To npu aUcCeprupOBaAHUH TOJTMMEPOB 10 HAHOPA3MEPHBIX YACTHUI] KAPIUHAIBHO U3MEHSIFOTCS UX
CBOICTBA BCJIEACTBUE KOH(GOPMAIMOHHBIX HEPECTPOCK MOJMMEPHBIX Ieneil. [IpocTpaHCTBEHHbIE OrpaHUYEHHs] OTpa-
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JIN3AIMU U TUIABJICHHS, & TAKKE TEIUIOTA TUIABJICHUS U CTENEHb KPUCTAJUIMYHOCTH), TaK W HA MPOIECCaxX OPHCHTAIMH
KPUCTAJUIATOB B aCHMMETPHUYHBIX HAHOMETPOBBIX oObemax. [loka3zaHo, 4TO 3TO OOYCIOBIICHO B TEPBYIO OUYEpEdb
U3MEHEHHEM COOTHOIIICHUS CTAINI 3apOIbIIIe00pa30BaHNs U POCTa KPUCTAJLUIUTOB B OTpaHUUCHHBIX 00beMax. [IpoBeneH
CPaBHUTEJIbHBIN aHAJIN3 BIIUSIHUASI TPOCTPAHCTBEHHBIX OTPAHMYCHUN HA KPUCTAJUIA3ALIUIO BBICOKO- U HU3KOMOJIEKYJISIPHBIX
COCIMHEHUH, a TAKXKe OTMEUeHA OOIIHOCTh M3MEHEHUI X TEPMOJIMHAMUYECKUX CBOMCTB.
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HeyauBUTENBHO, YTO B TOCNIEIHUE TOABI YMCIO PabOT MO
HCCIIEIOBAHNIO BJIMSHUS TPOCTPAHCTBEHHBIX OTPAHMYEHHMI Ha
CTPYKTYPY M CBOWCTBA COEIMHEHMI JITABUHOOOPA3HO HAPACTAET.
Hanpumep, Bo3pacTaeT MHTEPEC K KPUCTAIUIM3AMAN TTOJMMEPOB
npy IByMEPHBIX orpannyenusx.® 14 dusnueckne cBoiicTBa KpU-
CTAJUIMYECKUX TOJIMMEPOB CUIILHO 3aBHUCAT OT IPOCTPAHCTBEH-
HBIX OTPAHWYEHHUH, B KOTOPLIX 0Opa3yeTcss KPUCTAJLIMYECKAs
¢daza. D10 mmeer Oouibllloe 3HAYECHWE IS IOJIYYSHUS TaKHX
MUHHATIOPHBIX OOBEKTOB, KAK HAHOCTEPKHU 1 HAHONIPOBOJIOKH,
a Taxxe I pa3pabOTKU COBPEMEHHBIX YCTPOUCTB, HCHONIb3Ye-
MBIX B MUKPO3JIEKTPOHUKE, OMOMEINIMHE U BO MHOTHX APYTHX
obmactsax.!S~ 19 BnevaTisromue ycnexu JOCTUTHY T IPU HCCIIE-
JIOBAHUH BJIMSIHUS TEOMETPHYECKUX OTPAHUYEHUH HA CTPYKTYPY U
cBOMCTBA aMOP(HBIX TOIUMEPOB. >0

JlaHHBIA 00630p MOCBsIIEH 000OIIEHUIO U aHAIM3Y 3KCIEPH-
MEHTAJILHBIX [JAHHBIX, JEMOHCTPUPYIOLIUX BIIUSHUAE OOBHEMHBIX
OrPAHMYEHUH HA PEOJIOTUYECKUE, MEXAHUUECKUE, (PUBUKO-XUMHU-
veckue, TUPPy3nOHHBIE, TEPMOANHAMUIECKHE W JPYTHE CBOM-
CTBa aMOPQHBIX U KPUCTAJUIMIECKHX MOJTUMEPOB.

I1. OcoOennocT CTPYKTYPBI M CBOWCTB
NMOBEPXHOCTHBIX CJIOEB H TOHKHX IIEHOK
CTeKJI000pa3HbIX M0JIHMEPOB

OOBeMHBIC OTPAHUYCHUS KOHICHCUPOBAHHBIX (a3 MO CyTH O3HA-
YalOT HEOOXOAMMOCTh PACCMOTPEHHSI UX IMOBEPXHOCTHBIX
cBOlicTB. JICHCTBUTEILHO, YMEHBIIICHHE OOBEMOB TBEPABIX H
JKUIKUX T€J1 aBTOMATHYECKH MPUBOIUT K YBEJIMUCHHUIO MX YIEIhb-
HOIl TOBEPXHOCTH, a W3MEJbYEHHE [0 HAHOPa3MEpPOB — K
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TOTAJILHOMY TIEpEBO/Iy B OBEPXHOCTHBIN CJION. B TO e Bpems
M3BECTHO, YTO BBICOKOJWCIEPCHBbIE TBep/ble (azbl 00JsagaroT
BBICOKOPA3BHUTOI CBOOOHOM NOBEPXHOCTHIO, CTPYKTypa U CBOM-
CTBa KOTOPOU HPHHIUINHAIBHO OTJIMYAIOTCS OT CTPYKTYPHI U
CBOICTB 3THX (pa3 B 0OBEME.

B 00BeMe XUAKOCTH WM TBEPIOTO TeJa CHIIBI MEXKMOJIEKY-
JISPHOTO B3aMMOJCHCTBHUS, JEHCTBYIOIINE HA OTHY M3 MOJEKYJI
CO CTOPOHBI COCETHUX MOJIEKYJI, B CPEAHEM B3aUMHO CKOMIICHCH-
poBaHbl. Ha moBepXHOCTU TaKoil KOMIIEHCAIIUM HET, MO3TOMY
HOSIBJISICTCSI HEKOTOpAsl paBHOMAEHCTBYIOLAS CUJIA, HANPABJICH-
Hasi B 00beM. Ecim Mosiekysia nmepeMecTUuTCsl ¢ IOBEPXHOCTU B
00BeM, CHIIBI MEXMOJICKYJISIPHOTO B3aMMOIEHCTBHSI COBEPINAT
MOJIOKUTENIbHYO paboTy. UTOOBI MepeMecTUTh HEKOTOPOE KOJIU-
YeCTBO MOJIEKYJ M3 00beMa Ha TMOBEPXHOCTH (T.€. YBEJIUYUTH
IJIOMIAAb TOBEPXHOCTH), HAIO 3aTPATUTH IOJIOXKUTEIHHYIO
paboTy BHELIHHMX CHJI, TPOMOPIMOHAIBHYIO HM3MEHEHHIO ILIO-
maau noepxHoctu. I1o 3Toi nmpuunHe cBOOOIHAS KISl XKU-
KOCTH IPUHUMAET IapooOpasHyro popmy: KUAKOCTH BelleT ceOst
Tak, OyITO IO KacaTeJIbHOU K ee IOBEPXHOCTH JEUCTBYIOT CUJIBL,
coKpalllarolye (CTSTUBAoOIINeE) 3Ty IOBEPXHOCTh. JIpyrumu ciio-
BaMu, OJIaroapsi CujiaM MOBEPXHOCTHOT'O HATSKEHUS MOJICKYJIbI
B TIOBEPXHOCTHOM CJIO€ OKa3bIBAIOTCS B OOJIBIIEH CTENICHU MPH-
TSHYTHI APYT K IPYTY, 4eM B oOBbeMe.

Hanuume cuyt mOBEpXHOCTHOTO HATSDKEHHUS JENIaeT MOBEPX-
HOCTb XHIKOCTH IIOX0XEH Ha YIIPYT'YIO PACTSHYTYIO IUIEHKY C TOI
pa3sHULEH, YTO YIpyrue CUJIbl B IJICHKE 3aBUCST OT ILJIOLIAIU €e
HOBEPXHOCTH (T.€. OT TOr0, KaK IJIeHKa Ne)OpMHUPOBAHA), & CHJIBI
TIOBEPXHOCTHOI'O HATSDKEHUS HE 3aBUCST OT ILIOIIAAU IOBEPX-
HocTU. C TOYKU 3peHUs] NOBEPXHOCTHBIX SIBJICHUNA MEXIY CBOM-
CTBaMU TBEP/IbIX M XHUIKAX TEJ HET NPUHIUIUAAILHOW Pa3HHUIIBL.
KauecTBeHHOE pa3Inyne COCTOUT B TOM, YTO MO ACHCTBUEM CHJT
TIOBEPXHOCTHOTO HATSDKEHUS KUIKOCTH MOTYT H3MEHSTH pas-
Mephl 1 HOpMy, YTO MO3BOJISIET HE TOJBKO BBISIBUTDH CYILIECTBO-
BAaHUEC 3TUX CUJI, HO U KOJIMYECTBEHHO OILICHUTb HEKUE NMOBEPX-
HOCTHBIE XapaKTepUCTUKU. B cityyae TBepAbIX Tes MHOBEPXHOCT-
HBIE CHJIBI TAKXKE CYLIECTBYIOT, OHAKO 110 BEJIMYMHE OHU TOPaA310
MEHBIIIE CHJI MEXMOJIEKYJISIPHOTO B3aUMOICUCTBUS, I03TOMY He
MOTYT 3aMETHO U3MEHHTh 00BeM U popMy TBepAOro Tesa. Tem
HE MEHee CyIIeCTBOBAHNEM MTOBEPXHOCTHBIX CHII B TBEPBIX TEaX
00YCIIOBJICH KOMILIEKC MMOBEPXHOCTHBIX SIBJICHUH, KOTOpBIE Ha
MPOTSHKEHUU MHOTHUX JIECATUIICTUN ObLIM (M OCTAIOTCS) TIpeIMe-
TOM BCECTOPOHHHX MCCIIeA0BanmiA. 222

WTak, moBepXHOCTh XUAKOCTEH M TBEpHABIX TeJa 00pasyeT
HEKUI KOHTEHHEp, KOTOPBIA, aHAJIOIMYHO YHOMSIHYTOMN BBbIILIE
IUICHKE, CTSATUBACT HAXOSIIUNCS B HeM 00BbEM, CTPEMSICh MUHU-
MH3UPOBATH IIOBEPXHOCTb.

I1.1. Biusinue HaHOpPa3MePHBIX 00bEMHBIX OrpaHHYEHHI HA
TeMIIepaTypy CTeK/JI0BAHUS aMOP(HBIX NOJIMMEPOB

W3n0xenHble Bhllle GyHAAMEHTAIbHbIE TPECTABIEHUS O CTPYK-
Type U CBOMCTBaxX MOBEPXHOCTEN pazfesia HOCAT oOIuil xapax-
Tep. Tem ynuBuTenbHee clenaHHoe B cepeanHe 90-X TogoB mpo-
[IUTOTO BEKa OTKPBITHE BeCbMa HEOOBIYHBIX CBOMCTB aMOPQHBIX
TIOJINMEPOB, HAXOSIIUXCS B CTEKII000pa3HOM coCTOSIHIA. Peun
UJET O MOHIKEHUH TeMIEPaTyphl UX cTekjIoBaHus () B TOHKHX
IUIeHKaX T ¥ CII0SIX TOJIIMHOM OT HECKOJILKUX [IECATKOB /10 COTEH
HaHOMeTpoB. C MOMOIIBIO METOAOB MCCIECIOBAHUS, TIO3BOJISIO-
LIUX HAJEKHO YyCTAHOBUTD XapaKTep MOJIEKYJISIPHOTO JIBIDKEHUS
B TAKUX TOHKHUX CJIOSIX, OTKPBITHI HEOObIuHbIE 3 dekThI. [Toy-
YeHHbIE Pe3yJIbTAThl OKA3aJIUCh CTOJIb HEOXUJAHHBIMU U BaX-
HBIMU, 4TO JJIsl X y4eTa NOTpeOyeTcsl IepecMOTpP MHOTUX Ka3aB-

T HamoMHKM, 9YTO TOHKAMU HA3bIBAIOT IJIEHKH TOIMHOK oT 100 10
500 HM, yJabTpaTOHKMMH — TojmHoil oT 10 go 100 HM; mIeHKH
TOJIIMHONW < 10 HM CYMTAIOTCS MOHOCJIOSIMU.

IHUXCA CIIOXKUBIIUMHUCA U YCTAHOBUBIIUMMUCST Hpe)lCTaBJ'ICHI/Iﬁ o
CTPYKTYpPE ¥ CBOUCTBAX IMOJIUMEPOB.

[TepBoe cucreMaTuyeckoe UccIeJOBaHUE, IOCBSIIEHHOE IIpe-
IOU3HOHHOMY HM3MepeHnto Ty B TOHKHX IUIGHKaX CTEKI000pas-
HOTO moJmMmepa, omybimkosano B 1994 1.2 B sroii pabote
METOAOM 3JUTUICOMETPHN U3MePSN Ty TOHKUX TOJHCTHPOJIb-
HbIX (I[1C) mIeHOK, HAHECEHHBIX HA MACCMBUPOBAHHYIO BOJIOPO-
IOM KPEMHHEBYIO MOIJIOXKKY. DJIIUICOMETPHS IMO3BOJISIET C
BBICOKOM TOYHOCTBIO ONPENEJSITh TOJILHUHY MOJUMEPHON
IJIEHKH. boJiee TOro, Takue HaHHble MO3BOJISIIOT MOJYYUTh 3aBH-
CUMOCTb TOJILIMHBI IUIEHKU OT TeMriepatypsl. [1o cyTu, npu aTom
omnpezesseTcss KO3PQPUIUCHT TEIUIOBOTO PACIIUPEHUS IOJIH-
Mepa,?* KOTOpBI CKavKOOOpa3HO H3MEHSETCH B TOYKE Ero
crekyioBanus (puc. 1).

W3mepsist TeMniepaTypHYIO 3aBUCHMOCTD TOJIIIMHBI ILJICHKH,
10 CKa4Ky K03((UIMEeHTa TEIIOBOTO PACHIMPEHUS ONMPEACIISIFOT
3HaveHue T nomumepa. [Togpo6bHO NaHHBII METOA PACCMOTPEH B
pabote . B HacTosllee BPEMS JJUIMICOMETPHS — OIUH U3
HanboJiee MOMYJISIPHBIX METONOB OLEHKH Ty KaK CBOOOIHBIX,
TaK M PACIOJIOKEHHBIX Ha IOJUIOKKAX TOHKUX IMOJIMMEPHBIX
IJICHOK.

B pabote 23 TomuuBy TWieHOK m3MeHsan oT 300 mo 10 HM.
ABTOpaMu, BUIUMO BIEPBBIC, OBLIO MOKA3aHO, YTO, HAUMHAS C
TomuuHbl 40 HM, Temmepatypa crekiaoBanus [1C pe3ko cHu-
’&KaeTcst Mo cpaBHEeHUIO ¢ T 6104HOTrO mosmmepa. Ilpu Tommne
mwieHkn 10 HM cHmkeHue coctaBmyio 25K, 4TO BBIXOOWJIO 3a
npezesbl o6k onpeaeneHns Ty 37UIMICOMETPIYECKHM METO-
oM. B aToif paboTe cpenHeBecoBasi MoKy IsipHast Macca (My)
noJaucTrpoa coctapiaia (120—2900) - 103, a cooTBeTCTBYOLIHE
pa3meps! kiryoka m3mensutucs ot 20 1o 100 M. Bo Beex cirywasix
He OoTMedeHO Koppemsuun T, m My, a TOJyYeHHBIE IAHHBIC
XOPOIIIO ONUCHIBAIUCH COOTHOIIEHIEM
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rue T'gl‘“ — Temmepatypa crekioBanusi IIC B Gioke, h —
TOJIIIMHA TJIEHKH, ¢ = 3.2 HM, 0 = 1.8.

B nanbHeiimem ObUIO OMTyOIMKOBAHO OOJIBIIOE YHACTIO paboT,
MOCBSIIIEHHBIX TaHHOM TeMaTHKe. B yacTHOCTH, OBLIH pa3pabo-
TaHbl METOJUKH TOJYYECHHS] M HCCICIOBAHUS CBOMCTB TOHKHX
MJICHOK TOJMMEPOB, HAHECEHHBIX HAa TBEPJbIC TMOIOXKKH, U
CBOOOJIHBIX TOHKHX IJICHOK aMOP(HBIX MOJIMMEPOB. B moBepx-
HOCTHBIX CJIOSIX CTEKJIOOOPA3HBIX MOJUMEPOB, B OTJIHYHE OT
MOBEPXHOCTHBIX CJIOCB HHU3KOMOJIEKYJISIPHBIX TBEPIBIX Tell,
MOJIEKYJIBI HE «IIPUTSIHYTHD APYT K IPYry, & 00pa3yroT TOHKHN
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A.L.Volynskii, A.Yu.Yarysheva, E.G.Rukhlya, L.M.Yarysheva, N.F.Bakeev

Russ. Chem. Rev. 83 (11) 1003—1026 (2014) [Venexu xumuu 83 (11) 1003—1026 (2014)]

1005

CJI0# ¢ 6OJIBIIUM CBOOOAHBIM O0BEMOM, O Y€M CBUIETEJILCTBYET
nonmxenue Ty.

11.2. TemnepaTypa cTeKJIOBaHUSI TOHKHX IIJIEHOK
CTeKJI000pPa3HBIX MOJIMMEPOB, HAHECEHHBIX HA TBEP/IbIe
MO0/IJIOKKH

Pa3Butre paboT Mo U3yUYECHUIO TEMIIEPATYPHI CTEKJIOBAHMS TOH-
KUX IUICHOK CTEKJIOOOPAa3HbIX MOJIMMEPOB HAa TBEPIBIX MOAJIOXK-
Kax CONPOBOXJIAJIOCh PACIIMPEHUEM KaK METOIOB HCCJIeIOBa-
HUSI, TaK ¥ Kpyra HCClielyeMbIX 00beKTOB. B GosbimHCTBE paboT
HCTIOJIB30BAJIN TOHKHUE IUICHKH KJIACCHYECKUX aMOP(HBIX IOJIH-
mepos: IIC, mommmerniameraxpuinata (IIMMA) n ap. Omgna
MOBEPXHOCTh TAKHX IUICHOK KOHTAaKTHPOBAJa C TBEPABIM CYO-
CTPaTOM, a BTOpasi — C BO3AYyXoM; T, TTOJIMMEpa ONPEIeIIsIN Ha
TOBEPXHOCTH pa3jiesa MoJIuMep/BO3ayX.

B cratbe 20 st onenku Ty H3MEPSUIIM PEJIAKCALMIO [IBYJIyYe-
npesiomyieHus: B yJbTpaToHKUX [IC-myieHKax Ha CTEKJISHHBIX
cyocerpatax. [TokasaHo, 4TO ¢ yMEHBIIICHHEM TOJILIMHBI IJICHKA
oT 10 MxM 110 5.8 HM TemmepaTypa CTEKJIOBAHUSI YMEHbIIIAETCS
Ha 15-20°C. B ToscTHIX ITeHKax (> 10 MKM) MOJIEKYJIBI, OJIn3-
KHe K TIOBEPXHOCTH IIOJUMEDP/BO3MYX, PEIAKCUPYIOT OBbICTpee
ocTabHBIX MOJIeKkysl1. CoueTaHue MeToAa (pOTOHHOU Koppes-
[IMOHHOM CIIEKTPOCKONHMH C TEXHUKOW KBAapPIEBBIX BECOB IO3BO-
JIUJI0 HMCCIEAOBATh AMHAMUKY peJIakCallud  yJbTPAaTOHKHUX
(<40 am) TIC-mwenok.?’ IMToka3aHo, YTO B TaKWX IUIEHKax Ty
6osiee yem Ha 70°C Humxe, yeM B oObeme. Popmbl rpadukoB
peJlakCallMOHHON (DYHKIMK M TeMIepaTyPHOI 3aBUCHMOCTH Bpe-
MeEH peJIaKcaluy Bollle 7y AHAJOTUYHBI TEM, YTO HAOIIOJA0TCS
ntst 6;10uHOTO [1C, XOTS 17151 TUIEHOK YKa3aHHbBIE rpadUKy C/IBU-
HYTBI 110 TeMIiepaTypHoii 1mkaie Ha ~ 70°C. Biauskue pe3yib-
TaTBI MOJTyYeHbI B paboTe 28, B KOTOPOH ¢ MOMOLIBIO KBAPLEBOTO
pe3oHaTOpa U3MEPSIJIA BHICOKOYACTOTHYIO CABUTOBYIO MOJATIIU-
BOCTh B oueHb TOHKHX (10 1 93 um) I[1C-nieHkax Ha KBapUEBbIX
noastoxkax. OOHapyKeHO, YTO JJIS MJICHOK TOJIIUHONW > 10 HM
Ha0JII01aeTCsl CHIIKEHHE CIBUTOBOW MONATIMBOCTH, B TO BPEMs
Kak NpH TolmuHaXx < 10 HM NOJATIIMBOCTH YBEJINYMBAETCS
6outee ueM Ha 50%. [Tonararot, 4TO 3TO CIEICTBUE TEOMETPHUYE-
CKUX OTrpaHHYEHWHA, OOYCIOBIMBAIOIIAX MAPAIIIOTONOI00HbIE
KOH(MOPMAIUK NOJIUMEPHBIX IIEHeH.

D¢ dexTUBHBIM 0Ka3aJI0Ch UCMOJIB30BAHUE METOAA AHHUTH-
JISIIUY TO3UTPOHOB ISl U3YYEHUSI CBOOOTHOTO 00BeMa B TOHKUX
wienkax.?’ B pabotax 303! uzmepsin BpeMsi KU3HM aHHUTHJIA-
IIUM TO3UTPOHOB U JOMNIICPOBCKOE CMEILCHNE aHHUTMIISIIUOH-
HOTro M3sy4yeHus 11t [IC-IIeHKH ¢ ICIOJIb30BaHIEM MOHOYHEP-
TeTHYECKOTO CJIA0O0MO3UTPOHHOTO 30HAa. CHIIbHBIE H3MEHEHUS
CHTHAJIA AHHWUTIUISIIAU MO3UTPOHOB HAOJIOJANIUCE HA MAaJIoM
(20 HM) paccTOSIHUM OT MOBEPXHOCTH 0o0pasna. Bpems xu3HU
OPTOTO3UTPOHMUS B MOJIMMEPE BO3PACTAIIO BOIM3U HOBEPXHOCTH,
B TO BpeMsl KaK €ro HHTEHCHBHOCTDb CHIDKAJIACh. Pe3ynbTaTel mo
BPEMEHHU >XU3HU MHTEPIPETUPOBAHBI KaK JIOKAJBbHOE pacIIupe-
HHE «IBIpOK» oOBbeMa BOJIM3M MOBepXHOCTH. Pacmpenenenue
CBOOOJTHOTO 00BEMA M «IBIPOK» BOJIM3M MOBEPXHOCTH HAMIEHO
6oJiee MIUPOKUM, 9eM B BJIOKE. ABTOPBI pabOTHI 32 moJTyyau st
SMOKCUHOTO MOJIMMEPA CIEKTPhI BPEMEHH XU3HU aHHUT UJISIIIH
mo3uTpoHoB ¢ 3Heprueir 0.2—3.0 k3B ¢ momomrkro crabono3u-
TPOHHOTO 3JIEKTPOTEXHMYECKOTO ycTpoicTBa. [lokazaHo, 4To
OPTOIMO3UTPOHHOE BpEeMsI JKU3HM B OJIOKE BO3pacTaeT, a BOJIM3U
MMOBEPXHOCTU — yMeEHbIIaeTcs. JlaHHBIA METOJ 1aeT BO3MOX-
HOCTh OMPEICIUTh O CBOOOAHOrO 0ObeMa mosumepa (fy) ¢
UCIIOJIb30BaHUEM IPHUHIMIA TEMIIepaTypHO-BPEMEHHOU cymep-
nozuruy 33

Sv=fm + (T — Te)Aa

rae fm — IoJsa cBoOoaHOro 00BheMa npu Ty, T — TemmnepaTypa
aKcrepuMenTa, Ao — pa3HOCTb KOID(PUIUSHTOB TEPMHUYECKOTO

pacupenus Belie u Huxe 7. IlokazaHo, 4TO B IPUIOBEPXHOCT-
HOM CJIO€ YBEJHYMBAIOTCS Pa3Mep «IbIPOK» CBOOOIHOTO 00BbeMa
u ux 10js B o0beme (10 4%), npu aToM T, nonmkaercs ¢ 50 1o
10°C.

AHaJIOTHYHbIC U3MEHEHUsI OOHAPYKEHBI U VIS TOJIHITUJICH-
Tepedpraiara (IIDTD), kotopsrii, B oTamuue ot I1C, ciocodeH k
Kpucrajumsanuu. B pabore3* must onpenenenus Ty B TOHKHX
cnosix [I2T® ucnosb3zoBan Meto jumncomeTpun. [lokazano,
4TO B 3TOM ciydae Ty TaKkKe CHJIBHO 3aBHCHT OT YJAJIEHHOCTH
ci0os oT Mexda3HOW TpaHHIBI MoJMMep/Bo3ayx. Hampumep,
ecin Ty B 00beme cocrasisteT 71°C, To Ha rury6uHe 25 HM OHa
paBHa 65°C, a Ha ry6une 15 M — 56°C.

CymiectBoBanue rpaaueHTa Ty B IPUIOBEPXHOCTHBIX CIIOSIX
MOJIMMEPOB MOJATBEPKIAETCS pe3yabTaTamMu pabot3©-38, mpo-
aHaJM3MPOBAHHBIMHE B 0630pe 3°. B aTux paboTax ommcan MeTOT
cunteza [I1C, conepxkaliero NHPEHOBYIO (PJIyOPECHECHTHYIO
meTky. Tonkuit cioit meuenoro INC Hanocunu Ha [1C-meHky,
He cofepxalnyro MeTku. Toumubl ¥ noJsoxenus cioes I1C ¢
MeTKOM 1 6e3 MeTky BapbupoBau. C momMousio (GyopecieHT-
HOT'O aHaIW3a ONpEeNessUI JIOKAJIbHOEe 3HaueHne 71, TOHKHX
wieHOK MeueHoro [1C B 3aBHCUMOCTH OT HX TOJIIUHBI U TOJIO-
JKeHUsl B MHOTOCJIONHOM cucteme. [TokasaHo, 4To TemmepaTtypa
crekoBanusi [1C-c1051 ¢ METKOI, TOMEIIEHHOT O Ha TIOBEPXHOCTD
Tosictoit (270 um) [1C-mieHkn 6e3 METKH, CHIIBHO CHIDKAETCS 110
Mepe ero YyTOJIIICHUs. TemiepaTypa CTEKJIOBAHHS TOHKOTO
(14 um) ITIC-cnost ¢ haryopecteHTHON MeTKOI (T f) HHMOHOTOHHO
M3MEHSIETCS B 3aBUCUMOCTH OT €TI0 PACIOJIOKEHHSI B MHOT OCJION-
Hoii Tienke. Eciu ganubIi citoit nokpeit ciioeM I1C 6e3 meTkn
ToyuHoi > 18—30 uM, TO Tyt paBHO Ty 6a0ounoro IIC. [ns
MEHbIINX TOJIIUH NokpbiBaromero I1C-ciaos Tyr cHEXKaeTcs
OTHOCHUTENBHO T 6510Ka. Pa3HOCTE 3THX TeMmepaTyp Bo3pacTaeT
C YMEHBIIEHHEM TOJIIMHBI TOKPBLIBAIOIIETO CJIOSA. ABTOPHI
TIPUIILIA K 3aKJIFOUYEHHIO, YTO HAOOJIbIllee BO3MYILIEHHE, IIPUBO-
Jsiee K CHIDKEHUIO TeMIIepaTyphl CTEKJIOBAHMS, HAOII0JaeTCs B
MOBEPXHOCTHOM cJIoe mojiuMepa. B To ke BpeMs ciiou, mpusie-
rafplde K BO3MYIICHHOMY CJIOI0, TaKXKe M3MEHSIOTCS, 4TO
00yCIIOBIIMBAET OTJIMYUE UX MOJIEKYJISIPHOTO ABHKEHHS OT MOJIe-
KYJISIPHOTO JIBIDKCHUSI B 00beMe ToJimMepa. JIpyruMu cioBaMu,
CYILIECTBYET HE NMPOCTO MOBEPXHOCTHBIA TOHKHUI CIION, a HEKUi
TpaJlieHT B CTPYKTYpe NOJIMMEpPa, HATPABJIEHHBIH OT €ro IOBEPX-
HOCTHU B 00BEM U CBSI3QHHBIN CO CHUKEHUEM Ty HA TTOBEPXHOCTH
1o cpaBHeHUIo ¢ Ty B 06beMe nmommMepa. ABTOPHI IOJIATaIoT, YTO
JJIA OIMUCAHUS TAKOTO ABJICHUSA MOXHO UCIIOJIb30BATh ABYX- UJINA
TpexciIoiHyro Mozenb. DddexT cHmkeHus Ty MOBEPXHOCTHOTO
CJIOS TIOJATBEPKAAETCS, B YACTHOCTH, JAHHBIMH PabOTHI >, B
KOTOPOH HCCIIEI0BAIOCH B3aNMOICHCTBIE METAJUIMYECKUX HAHO-
YACTHII C TOBEPXHOCTBIO CTEKI000PA3HOTO MOJUMEPA.

Baxnyro mHbDOpPMAINIO O CTPYKTYype W CBOWCTBAX MOBEPX-
HOCTHBIX CJIOEB IOJIMMEPOB IMO3BOJISIFOT MOJIYYUTh MHOT OYHCIICH-
HBIE PA3HOBUIAHOCTH 30HIOBON Mukpockomuu. Taxk, B pabote 3
0XapaKTePU30BAHO IMOBEPXHOCTHOE MOJIEKYJISIPHOE [BU)KEHHE
monoaucnepcHoro I1C, HabrogaeMoe ¢ UCOIb30BAaHUEM METO-
JIOB JIATePaJIbHON CHJIOBOW MHKPOCKOINY, CKaHUPYIOILEH BSI3-
KOYIPYTroil MEKPOCKOTIUH U U GEepEeHINATILHON PEHTICHOBCKOM
(oToasIekTpoHHO# cniekTpockonuu. [1oka3zaHo, 4TO B MOBEPX-
HOCTHOM CJIO€ MOJIEKYJISIPHOE IBIDKEHHE 0OoJjiee MHTEHCHBHOE,
4eM B 00beMe. B pabote*° MeTOMBI CMITOBON MOYJISIMOHHOM
CKaHUPYIOIIEH MUKPOCKOIUHU M JIATEPATHHON CHIIOBOW MHKPO-
CKOIMHU WCIOJIb30BAHBI JIs1 U3YYCHUS IOBEPXHOCTHOTO MOJIEKY-
JISIPHOTO ABWXeHUss B MoHoaucnepcHoM [1C. Merton cuiioBoi
MOTYJISIIUOHHOM CKaHUPYIOIIEH MUKPOCKOIHH MO3BOJISICT U3ME-
PATH AMHAMMYECKHi MOIyJIb caBura (E') 1 TaHreHC yria caBura
(da3 (tg ) B MOBEpXHOCTHBIX CJIosAX. [loka3aHO, 4TO ISl MOJIH-
Mepa c My, < 2.6-10* 3nauenue E’ y NoBepXHOCTH MeHbIIIE, a tg ¢
OoJibllle, YeM COOTBETCTBYIOIINE BEJIMYMHBI B 00beMe. Y Tpa-
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Puc. 2. 3aBucumoctu TeMuepatypsl cTeksioBanus [1C B oobeme (/) u
Ha TIOBEPXHOCTH (2, 3) OT CPeTHEUHCICHHOW MOJIEKYJSIPHON MacChl
nojumepa.*!

3nauenus T onpeeseHbl METOA0M Au(depeHnaIbHON CKaHUPYIO-
mei kajxopumeTpun (/), ¢ MOMOMIBIO JIATePATbHON CHIIOBOH (2) U
CKaHHUPYIOLIEH BS3KOYIPYTroi MUKPOCKOIINH (3).

HUIBI TOJIMMEP/BO3AYX TemmepaTypa crtekioBanus [1C Hmxe
KOMHATHOU (puc. 2).

Cuuxenne T B TOHKHMX IJIEHKaX HaOJIroaeTcs U 1l cMecei
COBMECTUMBIX MOJUMEPOB. B paboTe 4% nccie10BaHbl 3aBUCHMO-
cti Ty OT TOJILHUHBI IJIEHOK U COCTABA COBMECTHMBIX CMecei
mou(2,6-mumertn-1,4-peannenokcuna) (ITPO) u IIC. Tonkue
IUJICHKH TOJIyYaJil MCHapeHUeM TOJIyOJIa W3 IOJUMEPHOTO pac-
TBOpa HAa CHJIMKOHOBOM HOCHTEJIE U METOIOM JJLTUICOMETPHH
nm3mepsin Tp. [TokasaHo, YTO B TOHKHX IUIEHKAX, KaK U B 00beMe
TOJINMEPA, COCTAB CMECH BJIMSET Ha Ty: IJIsl BCEX COCTABOB C
YMEHBILIEHHEM TOJIIIMHBI TUIEHOK HAOIIONaIoch CHMXKeHHE Ty
(puc. 3).

B ciyyae TOHKMX IUIEHOK Ha IOJIOXKAX MpUpoaa Mexdas-
HOT'O KOHTAKTa OKa3bIBaeT OOJIbIIIOE BIIMSHIE HA HHTEHCUBHOCTH
MOJIEKYJIpHOTO nBHKeHns.*> Takoe BIUSAHME OTYETIUBO BhbI-
SIBJIEHO, HATIPEMED, B paboTe *4, B KOTOPO ¢ TTOMOIIBIO METO/IA
OTPaXaTeJIbHON PEHTITCHOBCKOW CHEKTPOCKOIHMH OIpPEIeIIsLIN
3JICKTPOHHYIO TUNIOTHOCTH B TIOBEPXHOCTHBIX CJIOSIX TOHKHX ILIE-
ok [1C, [IMMA u nonu(4-sununnupuauna) (I14BIT) na non-
soxkax SiO,. TosuuHa MIEHOK cocTaBisia ~4 Ry, rae Ry —
paauyc BpaiieHuss Makpomosiekyibl. [Tokazano, uro mis I[1C u
IIMMA 551eKTpOHHAS IIJIOTHOCTD BOJIM3U CBOOOTHON ITOBEPXHO-
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Puc. 3. 3aBucumocTu temnepaTypsl crekioBanus ynuctoro I1C (1),
ero cmeceii ¢ TTPO (2—4) oT ToaumHb! WieHKH (/1).4?
Cootromenne [1OO : TIC = 7:3(2),5:5(3), 3:7 (4).

CTU IJIGHKU yMeHbluaeTcs, a 1u1s [14BIT yBesmuuBaeTcsi. ABTOpPBI
CYHTAIOT, YTO 3TO OOYCJIOBJIEHO Pa3HOI MHTEHCUBHOCTBIO B3aH-
mopeiictBus ruapodobusx (ITIC u IIMMA) u runpodmibHOTO
(IT4BIT) nosmMepoB € MOJISIPHOM ITOAJIOKKOM.

CyIIecTBEeHHOE BJIASIHUE IPUPO,TBI ITOIOKKH HA MOJICKYJISIP-
HYIO MOABIDKHOCTH MOJIAIMEpA B MPHJIETAIOIIEM K HEHl TOHKOM
cioe 06Hapy)eHo B paboTe+’, B KOTOPOHl M3y4anach IIOIBUK-
HOCTb MEUEHHBIX 110 KOHIIaM (IyOpECEHTHBIMU METKaMH IIenei
B wieHkax I1C Ha kBapIieBbix cybcTpaTax. Metogom ¢uryopec-
HeHIMU n3Mepsum kodhdunment nudpdysuu Makpomouieky (D).
OOHapyXeHO, YTO MPH TOJILUHE IJIeHKH < 150 HM 3HaueHue D
yMmenbinaercs. Kak u B pabote 40, Takoe usmenenue D 06bICHEHO
CIUTBHBIM B3aMMO/ICHCTBIEM MOJIAMEPA C HOCHTEJIEM, OT paHUYH-
BAFOIINM MOJIEKYJISIPHYFO MTOABIKHOCTD IIETIeH.

K aHasoruv4HOMY BBIBOY NPUIILIA U aBTOPBI MyOmKaman 47,
B KOTOPOW MeTOoAaMU OpUJUIFOSHOBCKOTO CBETOPACCESHHS U
asuuncoMeTpun u3Mepsin Ty B ToHkux mieHkax I1C pasHoit
MOJIEKYJISIPHOI Macchl Kak (YHKIHMIO UX TOJIIUHLL. [IpoBeneHo
CpaBHEHHE PEe3yJIbTATOB Il CBOOOJHBIX IUICHOK M IJICHOK Ha
TO/IJTOKKAX M3 okcuaa KpeMHus. ITokazaHo, 4to peskoe (6oiee
yem Ha 60°C) magenne T 17151 CBOOOIHBIX IUICHOK HaOJIrO1aeTCsl,
€CJIM UX TOJIIIMHA MEHBIIIE pa3Mepa HEBO3ZMYIIIEHHOTO MaKpOMO-
JIEKYJISIPHOTO KITyOKa. J{JTs IJICHOK Ha TMOIJIOKKaX Takke HabJIro-
namm cHmwkenne T,, HO Toabko Ha 4°C. C moMompo MeTOoda
HEUTPOHHOTO PACCESIHUS BBISIBIICHO CUJIbHEWIIIee BIUSHHUE MOA-
JIOKKH Ha KOA((HUIMEHT TEpMHYECKOTO PACIIMPEHHs] B TOHKUX
wieHkax nefirepuposannoro I1C.48 Okazanock, 9To CyIIECTBYET
3HAYNTEJILHBIN TPaJUeHT KodpPUIeHTa TePMUYECKOTO PACIIN-
perust 11 neiitepupoBaHaoro [1C no ToJmuHe IeHKH, 3aBUCS-
Uil OT TpUPOIbl Mexk(pazHOTO KOHTakTa. OOHApPYKEHHBIH
3¢ dEKT aBTOPHI OOBSICHUIN B3aNMOACHCTBIEM MOJIAMEpPA C IO/~
JIOXKKOH.

Bmusiane Mmexdasnoi sHeprum Ha Ty ToHKHX (18—80 HM)
wienok [1C u [IMMA npoaeMoHCTpupoBano B pabote 4. [Monu-
MepHBIE IJICHKHM HAHOCWJIM HA CHUJIMKOHOBYIO HOJJIOKKY; IJIS
u3MepeHus T UCIOJIb30BAJIM TPH METO0/1a — JIOKAJIbHBINA TepMU-
YeCKHI aHaJIN3, JUINIICOMETPHIO ¥ OTPAXKaTEIbHYIO PEHTI€HOB-
CKYIO CHEKTPOCKOIINIO, — KOTOPBIE TAJI CXOJHBIE PE3yJIbTATHI.
715 IICHOK pa3JIMYHON TOJIIMHBI YCTAHOBJICHO, YTO YMEHBIIIE-
Hue T TMHEIHO 3aBUCUT OT MeX(pa3HOH SHEPTUH.

HccienoBanne peslakcalldyl IBYJIYYETIPEIIOMIICHHS TIO3BO-
o oueHuThb Ty B yabTpaToHKNX I1C-TieHKax Ha CTEKIISTHHBIX
nomtoxkkax.2¢ [Tokasano, 4To ¢ yMEHbIIEHHEM TOIIMHEI TJIEHKH
ot 10 MkM 110 5.8 HM T ymeHsbnaerca Ha 15-20 rpamycos.
B ToscThix mieHkax (> 10 MKM) MOJIEKYJIBI, OJIM3KHE K TPAHHIE
MTOJINMEP/BO3/IYX, PEIAKCUPYIOT ObICTpee, YeM MOJIEKYJIbI, HaX0-
JISIIUecs: B KOHTAKTE C MOJIJIOKKOH. 3HAUATEIbHBIC OT pAHUYCHHUS
MOJIEKYJISPHOW MOABIKHOCTH B TOHKHX [1C-mieHKax Ha Kpewm-
HHUEBOH MOJIOKKE OOHAPYXKEHEI U B pabote *°, HECcMOTps Ha TO,
4TO TOJIIMHA IVIEHOK ObLIa HAMHOT0 OO0JIbIIIE PaAlyca BPAIICHUS
MoJiekyJibl. [Tosararot, 4To 0OHAPYKEHHbIE OTPAHUYEHUS MOJIe-
KYyJISIPHO#l MOJIBM)XKHOCTH BO3HHUKAIOT U3-3a CHJIBLHOTO B3aMMO-
NEMCTBUS TOJIMMeEpa ¢ TOJIOKKoM. B pabote’! ¢ momoribio
peHTreHo(a30BOr0 aHAJIM3a ONPEHEISUIM T'PATUEHT JJIEKTPOH-
HOM INTOTHOCTH B HAIIPaBJIEHUN, EPIIEHINKYISIPHOM IIJIOCKOCTH
ToHKHX (20—80 HM) TWUIeHOK crepeoperyispHoro [IMMA Ha
KpeMHHUEeBOW nmomtoxke. C MOMOIIBIO JAHHOTO METOA MOXHO
OIICHUTH ciabble (UIyKTyanuu IUIOTHOCTH. [lokazaHo, 4TO B
MoJIUMeEpe, HaXOASIIEMCs B KOHTAKTE € IMOJIOKKOM, 3JIeKTPOH-
Hasl IUIOTHOCTh BO3PACTaeT He3aBUCUMO OT TAaKTUYHOCTH IOJIU-
Mepa U TOJIIHMHBI IUIeHKH. OOGHapy)eHHbIH 3()(heKT 0ObsICHEH
GoJiee TUIOTHOI yIaKOBKOM MakpOMOJIEKYJI Ha TpaHUIE pa3iesna
Omaromapst Mex(da3sHOMY B3aHMMOMEHCTBUIO M CEJICKTHBHOM
aJICOPOIMH CTEPEOPETYIISIPHBIX TOCIETOBATEILHOCTEH.

B pabote>? ¢ MCHOJBb30BAHMEM METOMAA AMIJIEKTPHYECKOM
CHEKTPOCKOTIMU HCCIIEIOBAJIACh JWHAMHKA H30TAKTHYECKOTO
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[IMMA B temnepaTypHoM unTepBaje 273392 K. beuiu 3ape-
TUCTPUPOBAHBI JBA NHUKA IUAJIEKTPUYECKHX HOTEPb, COOTBET-
cTByromux mepexogaM o u f. Ilokaszano, uto P-mepexonx He
3aBHCHUT OT TOJIIIVHEI IJICHKH, & 0-IIEPEXO0J 3aBUCUT U 3aMETHO
CHIDKAETCs C e¢ yMeHblleHneM. [1o JaHHBIM 3JUIMIICOMETpUYe-
CKUX U3MepeHnil, T, MoImMepa, KOHTAaKTUPYIOIIETO C KPeMHe-
36MHOU MOJI0KKON, TMOCTENEHHO BO3PACTAET C YMEHBIIICHHEM
TOJIIIMHBI, YTO, IO MHEHHIO aBTOPOB, CBUAETEIBLCTBYET 00
MHTEHCUBHOM B3aUMO/ICHCTBUU C MOIJIOKKOM.

Pacyer mokasain,>> 4To Ha CBOOOIHON MOBEPXHOCTH IMOJIH-
Mepa Beerjla Habuirogaercst yMmeHblueHue T, 1o cpaBHeHuIo ¢ Ty B
obwveme. TemmnepaTypa CTEKJIOBAHUSI TOHKOMH IJICHKH ITOJIAMEPA,
pACIOJIOKEHHONH HA TBEPAOM CyOCTpaTe, MOXET IOBBICHTHCS.
B 10 e Bpemst Ha 3HaueHHE T, MOJMMeEpa BJIUSET TOMOTpadust
MOBEPXHOCTH MOJUIOKKH. [lokazano,>* 3% uto maxe 0e€3 CHIIb-
HOT'O B3aUMOJICUCTBUS HOJIUMeEPa U MOIIOKKHI THHAMUKA MaKpO-
MOJIEKYJT MOXET 3aMeTHO CHU3UThCS (7 BO3pacTeT), €CiH
vacTuna nojmMepa ($haza) HaAXOAUTCS B HEKOW «KJIETKe» (HaHO-
METPOBOH MOJIOCTH) HA TIOBEPXHOCTH CyOCTpaTa.

Ancopbrnonnbie 3¢ dekThl Ha rpaHuie pasnena a3, Bedy-
e K OrPAaHMYEHHUO MOIBIKHOCTH TIOJUMEPHBIX IIETei, MOTYT
OBITh HACTOJIPKO CUJIbHBIMH, YTO BBI3OBYT MOBBIIEHNE Ty TIOJIU-
Mepa. B pabote *7 ¢ moMoIIbI0 METO1a MOAYIMPOBAHHON CKAHH-
pyroiieit  muddepeHnualIbHON KaJOPUMETPUU HCCIIEI0BAIOCH
noseaenue [IMMA, ancopOMpOBaHHOTO HA KPEMHHUEBOW TOJI-
noxke. ITokazaHo, uto T ancopouposanHoro IIMMA ysennun-
Baetcs oT 108 (7 6;104uHOrO MomMepa) 1o 136°C.

11.3. TemnepaTypa cTeKJI0OBaHHS CBOOOIHHIX TOHKHX
IUIEHOK CTEKJI000Pa3HBIX MOJMMEPOB

Belmie oTMevasioch, YT0 B3aMMOACKHCTBHE TOJIMMEPA C MO I0XK-
KO MOXeT CYyLIECTBEHHO BJIMSTH Ha XapaKTep MOJIEKYJISIPHOTO
JIBVDKEHHSI B TOHKUX TIOJIMMEPHBIX TJIeHKaX. Pazpaboranbl MeTo-
JIUKH, TIO3BOJISIFOLIUE MOJIY4YaTh CBOOOJIHBIE TIJICHKH TOJIIIMHON
HECKOJIbKO JECSITKOB HAHOMETPOB, a TAKKE METOAUKH U3MEPEHU ST
B HEX T,.%8 Takue IICHKH MOXXHO H3TOTOBUTB JIBYMSI CIIOCOGAMU:

— MOJIyYMB IUICHKY Ha MOJJIOXKe, (IOTHpOBaTH ee Ha
MOBEPXHOCTh BOJBI, 3aTE€M IIOMECTUThH IUICHKY Ha OIIOPHYIO
CETKY;

— TyTEeM MCIApEHUs] PACTBOPUTENST M3 TOHKOI'O CJIOs pac-
TBOpA MOJIMMEpa, HAHECEHHOTO Ha TIOBEPXHOCTh 00JIee TUIOTHOM
KUIKOCTH, KaK MPABIJIO BOBL;* 1ocsie (POPMUPOBAHMUS TIJIEHKH €€
IOMEUIAIOT B CIIEIUAJIbHBIN IepKaTeb 1Sl U3YUYE€HUsI CBOMCTB.

BOJIBIIUHCTBO HCCIIEAOBAHUNA CBOOOMHBIX IUIEHOK BBIMOJI-
HeHo npu uzyuenuu I1C, nosTomy skcriepuMeHTaJIbHbIE JAHHBIE
06006m1eHbI HA 0THOM pHCyHKe (puc. 4).%° Oka3anock, 9To NOHHU-
sxeHne T B 3TOM CiIydae BBIPaKCHO 3HAUUTENILHO CHIIbHEE, YeM B
cilydyae TUIGHOK Ha TBEPABIX MOJIOXKKax. Bosee Toro, ans cBo-
6oubIx I1C 3aBucuMocTh Ty OT TOJINIUHBI IUNICHKA HE TOJIBKO
BBIpaXkeHa CHJIbHEE, HO M MMEeeT KauyeCTBEHHO MHOU BuI. Takue
3aBUCUMOCTH MOXHO pa3desiuTb Ha JABe rpymnmnbl. [lpu
OTHOCHUTEILHO HU3KHMX 3HAUEHUSIX MOJIEKYJISIPHONU MACChl 3aBUCH-
MOCTb T OT TOJIIMHBI IJIEHKH TIOX0XA HA AHAJIOTUYHYIO 3aBH-
cumocth st IIC-mueHok Ha momsioxkax: 7y yMEHbLIAaeTcs
TOCTEIIEHHO, HaYnHasl ¢ TOJIUHEL 50— 70 HM, ¥ HE 3aBHCHT OT
MOJIEKYJIIpHON Macchl. OJIHAKO TpU 00Jiee BHICOKUX 3HAUYCHHUSIX
mojekysspHoir Macchl IIC Takoe BJMSHUE OTYETJUBO IMPO-
SIBJISICTCSI, & MMEHHO: 3aBUCHUMOCTb TNPUOOPETAeT JIMHEHHBIN
XapakTep U CyLIECTBYET HEKOTOpPasl TOJIIUHA TUICHKH, TIPH KOTO-
poit T, HAYMHAET Pe3KO CHIKATbCsA. UeM OoJbliie MOJIeKyJIIpHas
Macca HojmuMepa, TeM Oojiee pe3ko cHuxkaercss Ty C yMEHbIIIe-

i Ilo cytn, 3TO METOAMKA MOJYYECHHUS! OMOPHBIX IJICHOK-TIOTOXKEK
IS IPOCBEYUBAIOLIEH 37IEKTPOHHOW MUKPOCKOIINN.
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Puc. 4. 3aBI/ICI/IMOCTI/I TEMIIEpATYPbL CTCKJIOBAHUA CB060,Z[H]>IX

T1C-m1eHOK OT UX TOJILIMHBI, ONPEACJIEHHBIE METOIAMHU AJLIUIICOMET-
puu (CBETJIbIe TOUYKH) H OPHILTIOIHOBCKOTO PACCESIHUS CBETA (TEMHBIE

TouKn).>
My 1073:1—116-347,2—541,3—691,4— 1250, 5 —2077,6 —
6700, 7 — 9000. IlynxTupHas JUHHS TOKAa3bIBa€T TEMIEPATypy

creksoBanus 6Jiounoro I1C.

HHUEM TOJIIIWHBI IIJICHKH (B CJIy4ae BBICOKHX MOJIEKYJISIPHBIX MAaCC
Tz HAUMHACT CHUXKATHCS IPH MEHBIIIEH TOIIIHE TUICHKN).

Taxum oOpazom, 1ist CBOOOIHBIX TJICHOK, KaK M ISl TJIEHOK
Ha IOJUIOXKaX, HaOJIFoJaeTcs 3HAYMTENIbHOE CHIDKeHue T, MO
CPaBHECHHUIO C COOTBETCTBYIOIICH BEJIMYUHOW B 0OBEME, IPUICM
CHIDKCHHE 3aBHCUT OT MOJIEKYJISIPHOM MacChl MOJIMMEpa W IS
CBOOO/IHBIX IJICHOK OHO 3HAYUTEIBHO 0OJiee MHTCHCHBHOE, YeM
IIJTs1 TUICHOK Ha MOJIOKKE.

Crenyer OTMETHTB, YTO PE3KOE CHIDKCHHE MEXaHMYECKUX
XapaKTEepPUCTUK B MOBEPXHOCTHBIX CJIOSIX M TOHKHX IUICHKAX
CTEKJI0O00Pa3HbIX IMOJUMEPOB MOATBEPXKIACTCS H3MEPEHUSMU
ux Moxyss yupyroctu (E). B cepun pabot©~ s ouenku
MO/JTyJIsSl YIPYTOCTH MOJMMEPHBIX TJIEHOK MCIOJIB30BAH MOAXO/I,
OCHOBAHHBII Ha aHAJIM3e MUKpopeibeda, BO3HUKAIOIIETO INPH
Ne(pOPMUPOBAHUM  JIBYXCJIOWHBIX TIOJIMMEPHBIX ~CHCTEM. % 03
Pesynbpratel mpuBedeHsl Ha puc. 5. BumHO, 4TO, Kak TOJIBKO
TomuHa [1C-mieHku cranoButes < 50— 70 HM, €€ MOIYJIb YIIPY-
TOCTH pe3K0 yMeHblIaercs (B 4— 5 pa3), He3aBUCUMO OT MOJICKY-
JISPHOM Macchl MOJIMMEpPA, YTO IMOJHOCTbIO COOTBETCTBYET NPH-
BEACHHBIM BBILIC PE3YJIbTaTaM U3MEPCHUS Tg B TOHKHX IIJICHKaX
CTEKJIOOOPa3HBIX MOJMMEPOB (cpaBHUTE pUC. 4 U 5).

O06001m1ast UMeroLIMecs TaHHbIC 110 U3MEHEHHIO T HAHOMET-
POBBIX CJIOEB HOJUMEPOB, BAXXHO OTMETUTB, YTO TEMIIEpaTypa

E, I'Tla

0 50 100 150 h, HM

Puc. 5. 3aBuCHMOCTH MOMYJSI YOPYrOCTH OT TOJIIMHBI IUJICHKH
[1C.63

My,-10-3: 71— 1800, 2 — 114.
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Puc. 6. Ilonmxenue temnepatypsl crekjoBanus (7 — TEIOC) TS
cepuueckux nanoyactun I1C pasnoro quamerpa (d).”°

3navenus Ty u T EIOC ompenessiii MeTonaMu auddepeHnnaIbHoi
CKaHUpyrolei kanopumerpud (/) u quinatoMerpud (2); MyHKTHPHAS
snust — T 6s1ounoro I1C.

CTEKJIOBAHMSI CBOOOIHBIX TUIEHOK OOBIYHO MOHIDKAETCS 10 CPAB-
HeHuto ¢ T, B 00beMe, IPUYEM BEJIMYMHA CHIKCHUS 3aBUCHT OT
MOJICKYJIIPHON MAcCChI moyuMepa (Hapsiay ¢ pe3yIbTaTaMu pac-
CMOTPEHHBIX BBIIIE UCCIIEOBAHHUI 9TO MOATBEPKAAIOT U JAHHBIS
pabort 33 66-68) Ecin moBEepXHOCTD IJIEHKA KOHTAKTUPYET C IPY-
TMMH IIOBEPXHOCTSIMHU, CIBHT 1y 3aBHCHUT OT XapaKTepa B3anMo-
neicTBusl. JlocTaTOYHO WHTEHCHBHOE B3aMMOJCHUCTBHE IIOJIH-
Mepa U HOJJIOKKH MOXET NPUBECTH K HEM3MEHHOCTH WM JaXe
yBesuennto T, B TOHKUX IUteHKax.>” ¢7~ % TTocnenuuit apdexr,
OUYEBHIHO, CBSI3aH C aacopbumeil mosmMepa Ha Mex(pa3HOM
TPAHUIE, YTO PE3KO 3aMeUISIeT ABIKEHHE MOJIMMEPHBIX HEmneil.
B mHacrosiiee BpeMsi OTCYTCTBYET KOJIMYECTBEHHAS! TEOPHS,
MO3BOJISIONIAS B TOJIHOW Mepe OMUCATH BIIEpBbIe OOHAPYKEHHOE
B pabore 23 noHmkenue Ty B TOHKUX IUICHKAX aMOP(MHBIX MOJIU-
MepoB. B paboTe 33 BbICKa3aHO MPENOI0KEHHE, YTO ITO CBAZAHO
C HEJOCTATOYHON M3YYEeHHOCTBIO KaK JAaHHOTO SIBJICHUS, Tak U
MeXaHU3Ma CaMOro TPOIIecca CTEKJIOBAHUSI TOJIUMEPOB.

BakHO OTMETUTB, YTO OOHAPYXeHHBIN B paboTe 3 addekT
noHmkeHus Ty HOJMMepa NPHU YMEHbBIICHUH ero 00beMa HaOJIro-
[TAeTCsl HE TOJIBKO B IUICHKAX U HOBEPXHOCTHBIX CIIOSIX aMOPQHBIX
noauMepoB. B pa6ore 70 npuBenena METOAUKA MOTYYEHUST HAHO-
pa3MmepHbIx chepuueckux dactuil [IC MeTOIOM 3MYJILCHOHHOM
MOJIMMEPH3AIMU B OCOOBIX YCIIOBHSIX. YKa3aHHBIM CIOCOOOM
MOJHO II0JIy9aTh COOOIIECTBO HAHOYACTHII, IMEIOIIIX Pa3Mephl
B untepBase or 100 mo 500 M. Ilokazano, 4to u JJIs HHUX
OTYeT/IUBO Habrogaercst moHmwkenue 71y (puc. 6).

Wrak, a¢dext nonmxenus T, B TOHKUX IUICHKAX M ITOBEPX-
HOCTHBIX HAHOMETPOBBIX CJIOSIX aMOP(HBIX TOJIMMEPOB IEUCTBH-
TEJbHO CYIIECTBYET, B HEHCKAXXEHHOM BHE OH HaOJrOmaeTcs
TOJIBKO Ha CBOOOIHBIX MIOBEPXHOCTSIX, HE TPAHUYAIIUX C TBEPAOM
MOJJI0XKKOM.

I1.4. O BO3MOKHBIX IPUYHHAX CHIKEHHS TEMIIEPATYPbI
CTeKJIOBAHHS B TOHKHX IUIEHKAX H MOBEPXHOCTHBIX CJIOAX
aMop(HBIX MOJIMMEPOB

Beriiie ObUTO MOKAa3aHO, YTO B CBOOOMHBIX TOHKHUX IUJICHKAX, a
YaCTO U B TOHKHX IJICHKAaX Ha MOJJIOKKAX, HAOIFO1aeTCs 3HAYHU-
TeJIbHOE CHIDKeHUE Ty ¥ CYLIECTBEHHO 00JIer4aeTcsi KpyInHOMAcCII-
TabHasT MOJICKYJISIpHAsl MOJBIXKHOCTBL (o-pesiakcanusi). Ecre-
CTBEHHO, YCHJIASI MHOTUX YYE€HBIX ObLIM HANIPABJICHBI HA YCTAHOB-
JICHHE MEXaHU3Ma 3TOTO SIBJICHUS, OJHAKO K HACTOSIIEMY Bpe-
MEHH HE CIIOXKUJIACH €IMHASI TOYKA 3PCHUS HA €r0 MEXaHU3M.
OmvH U3 MOIXOI0B K PEIICHUIO YKA3aHHOM 3a/1a4M CBSI3aH C
paccMoTpeHHeM OCOOEHHOCTEH MpoIecca CTEKJIOBAHUS IIOJIH-

Mepa B OTpPaHMYEHHOM oObeMme (peub MIAET O CHUTYAluH, NpU
KOTOpO# mojmMepHast (asa CToJb Majia, YTO BO3HHKAIOT 3a-
TPYIHEHUS NIPH peai3aliuil pABHOBECHBIX KOHPOPMAIIHN TeTiei
W U3MEHSIETCS XapaKTep KPYMHOMACIITAOHOTO MOJICKYJISIPHOTO
nBmkenns). M3BectHo,”! 4ToO cTekioBanue 00yCIOBIEHO KOOTE-
PATHBHBIM MOJIEKYJISIPHBIM JIBUKEHHEM, IS OCYIICCTBIICHHUS
KOTOPOTO HEOOX0aMMa AOCTATOYHO MPOTSDKEHHAS MOJIMMEpPHAs
¢daza. B pabore’ METOHOM TIeHEPAalMd BTOPOW TapMOHUKH
U3MEPSUIM  MOJIEKYJIIPHYIO TOJBUKHOCTb B IIOBEPXHOCTHBIX
CJI0SIX HHU3KOMOJIEKYJISIPHBIX CTEKJI000Pa3YIOIIHMX JKUIKOCTEH.
IToka3aHo, YTO B MOBEPXHOCTHBIX CJIOSIX HAPYIIACTCS KOJIJICK-
THBHAS JUHAMUKA MOJICKYJISIPHOTO IBIDKEHHS (BO3PACTaET €ro
WHTEHCUBHOCTD 110 CPABHEHUIO C HHTCHCHBHOCTHIO B 00bEME), H
9TO MPUBOJUT K CTEKIIO00PA3ZHOMY COCTOSIHUIO.

3HAYNTENbHOE YBEIMYCHUE HHTEHCUBHOCTU MOJIEKYJISIPHOTO
JIBIKEHUS! B MOBEPXHOCTHBIX CJIOSIX MOJIMMEpa MPOJEeMOHCTPH-
poBaHOo B pabore’?, B KOTOPOH OCOBEHHOCTH MOJIEKYIISPHOTO
nBrXeHus B nojm(4-metusictupodte), I1C u nomu(n-mpem-6ytu-
CTUPOJIE) UCCIICTOBAIU METOIOM PEHTTEHOBCKOM (POTO3IEKTPOH-
HoOll criekTpockonuu. [TokazaHo, YTO 3HAYCHUE MMOBEPXHOCTHOM
SHepruu akTuBanuu 1udHy3un TBEpAOro MoJIMMepa P KOMHAT-
Holt Temnepatype (92 kI - MoJb~!) MHOTO MEHbILE 3HAYEHUS
sHeprun aktuBanuu camoaup¢dysun I1C B pacruiaBe mnpu
CylIECTBEHHO OoJiee  BbICOKOW  Temmepatype 170—190°C
(167.6 x[x-Moab—'). BeposATHO, 3TO CBHMAETEILCTBYET 0O
YMEHbIICHU N MaCLUTa6a MOJIEKYJIAPHOI'O OABUXCHUA, YTO OTpa-
JKaeT HapyIleHHe KOJJICKTUBHOU TNHAMUKH MOJIMMEPA B MOBEPX-
HOCTHOM CJIO€ TI0 CPaBHEHHMIO C IMHAMUKOMN B 00meMe. B pabote 74
C IIOMOMIBIO JIOKAJIbHOT'O TEPMHUYECKOT'0 aHAIN3a onpeaesmi Ty
ToHKHX TieHOK [1C u [IMMA Ha SiO»-nominoxkax, oopaboTaH-
HbIX TekcameTuiaucuiiazanom (M C). O6HapyKeHO, YTO TEM-
nepatypa crekiaoBanus [IMMA Bo3pactaer Ha moJsapHbIX Si0--
MOJIUTOXKKaX, a Ha HenoJisapHbIX SiO,—I'MJC-nomioxkkax CHU-
xaetcst. s I1C cHmkeHne HaOIr04aJ10Ch Ha 00EUX MOITOXKKAX.

B ciyyae amopdHBIX MOJUMEPOB KOJIJIEKTUBHAS TUHAMUKA
HapyIIaeTCs, €CJIU TOJIIIMHA TOJTUMEPHOI (pa3bl MEHBIIIE CPEJTHE-
KBaJPaTUYHOTO PACCTOSIHUS MEXIAy KOHIIAMHU Iienu. B pe3yiib-
TaTe YMEHBIIAETCS Pa3Mep «PACCTEKJIOBBIBAIOIIETOCS» YYaCTKa
LIETNH ¥, KaK CJICJICTBHE, CHIDKAETCS TeMIepaTypa CTEKIOBAHHUS.
3aBUCHMOCTb TeMIepaTypbl cTekjoBaHus 1ieHok [IC ¢
My, =767-10% u 2240-10° OT UX TONIMHBI NPEACTABJICHA HA
puc. 7. BugHo, 4TO Havayo CHUXeHUs Ty B OIPECJIEHHOH CTe-
MEHU KOPPEJIUPYET C HEBO3MYILUEHHBIMH pa3MepaMu KJ1yOKoB
MaKpOMOJICKYJI.

BiusitHue NpPOCTPAaHCTBEHHBIX OTIPAHMYCHHN HA XapakTep
MOJIEKYJISPHOTO JIBUKCHUS IOJIMMEPHBIX TIETEH MOATBEPKIAFOT
U HEKOTOpBIE TEOPETHYECKHE HcCieoBanus. B pabore > npen-
JIO’KEHA MOJIEITb B3aMMO/IEUCTBHS, Ha KOTOPOIf MOKa3aHo, 4To T
Pe3KO CHMXKAETCs, €CIM TOJIIMHA CBOOOJHON IUICHKH MEHBIIE
paccTOSsIHUASA MEXy KOHIAMH HeBO3MYIIeHHO ienu. [Tonararor,
4TO HMMEHHO B 3TOM INpUYMHA CHJIBHOW 3aBUCHMMOCTH Ty OT
MOJIEKYJIAPHON MacChl B TOHKHX MOJMMEPHBIX TUieHKaX. [Ipen-
MOJIOKEHO, YTO CBOOOJHBIC IJICHKH OOJIBLICH MOJIEKYISIPHOU
MAacChl, BO-TIEPBBIX, MHIYIUPYIOT IUIOCKOCTHYIO OPHEHTAIMIO
TTOJIMMEPHBIX TIETIei (B 3TOM CIIy4ae pACCTOSIHAE MEX/Ty KOHIIAMHU
HEBO3MYIIIEHHON WENU CTAHOBHUTCS CPABHUMBIM C TOJIIIAHOM
IJICHKH) W, BO-BTOPBIX, B HHUX YMEHBIIAETCS KOOTEpATUBHAS
JUTMHA TETTHBIX CETMEHTOB BOJIN3U oBepxHOCcTH. Kak crnenctsue,
YMEHBIIAETCS MacIITal JJOKaJIbHOI'O CETMEHTAJIBHOTO IBHXKECHUS
MOJIEKYJISIPHBIX enHUI BOJIM3M Mexda3Hoit noBepxuoctu. CHU-
keHue Ty, B YACTHOCTH, IPUITUCHIBAIOT YMEHBIIICHUIO TAapaMeTpa
B3aumoJjeicTBusa. Pesynbratel pacueta Ty 1Mo 3TOH MOJEIH
XOPOIIIO COOTBETCTBYIOT IKCIEPHUMEHTAIBHBIM JAHHBIM.

B paborte 76 MeTomoM Mourte-Kapiio ucciegoBana MoJjeky-
JISipHAs MOABIKHOCTH B CBOOOTHBIX IJICHKAX B 3aBHCHMOCTH OT
HX TOJIIIMHBI M PACCMOTPEHBI KOH(POPMAIM MaKpOMOJIEKYJT B
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Puc. 7. 3aBUCHMOCTH TEMIIEPATYP CTEKJIOBAHUS CBOOOIHBIX MIJICHOK
TC ¢ My-10—3 = 767 (1) m 2240 (2) oT ux ToamMHLL*’
HeBo3myiieHHBIE pa3Mepsl KIIyOKOB (Ree) OTMEUEHBI CTPEIKAMHU.

3aBUCHMOCTH OT PACCTOSIHUAS OT MeX(}a3HOW MOBEPXHOCTH, a
Takke paccuuTaH KodpuuueHt auddy3un i JIMHEHHBIX U
HUKIMYeCKUX MouiekyJl. ITokasano, uto Ty CHUXKAETCS C YMEHb-
[IEHUEM TOJIIIMHBI TJICHKH. B CBOOOIHBIX IJIEHKaX KOH(popmMa-
MU CYIIECTBEHHO IUIOTHEe (KOMIIAKTHEE), YeM JOJDKHBI ObITh
IIPU MIX TAyCCOBOM pacrnpe/iesieHur. st KOJIbIeBbIX KoHpopma-
i Bce 3(QeKThl BBIpaKCHbI 3HAYATENLHO cilabee, dem IS
JITHEWHBIX MOJIEKYJI, XOTSI B O0OMX CIIy4asX TEOPHs MpeCKa3bl-
BaeT CYIIECTBOBAHME KHIKOMOTOOHOTO MeX(pa3HOTO Clos, B
KOTOPOM MOJBHXHOCTh MOJIEKYJ 3HAYUTEIBHO BBIIEC, Y€M B
obbeMe. K aHaTOrMYHBIM BBIBOJAM MIPHILLIN U aBTOPHI TEOPETH-
4ecKoi paboTel’’, B KOTOPOW METOAOM MOJIEKYJISPHON IUHA-
MHKH TI0Ka3aHO, YTO HOJBIKHOCTH MOJIEKYJI aMOP(HOTO MOJIHU-
stuieHa (I19) Bo3pacTaeT, a INIOTHOCTb YMEHbBIIIACTCS B HATIPAB-
JieHnu oT 06beMa Kk osepxHoctu. [e XKenom 8 Bbickasana umest
0 BO3MOXHOCTH CYIIECTBOBAHUS «CKOJIB3SIIET0» MOJIEKYJISp-
HOTO JIBIXKEHUS MOJIMMEPHBIX IIeNIel B OTPAaHMYCHHBIX 00BeMax.
Kak moxasaim pacyeTsl, B TAKOM Cllydae TeMIlepaTypa CTeKJIO-
BaHUS JOJDKHA CHIDKATBCSI, €CJTH T€OMETPHIECKIE Pa3MePhI ITOJIH-
MepHOW (a3l COM3ZMEPUMBI C HEBO3MYIICHHBIMH pa3MepamMu
MaKpOMOJIEKYJI.

He Menee momyJisipHa TOYKa 3pEHHsI, COTJIACHO KOTOPOM
HpUYMHA CHIDKEHUS Tg B TOBEPXHOCTHBIX CJIOSIX — CErperamus B
HHX KOHIEBBIX TPYII MakKpoMoJiekyJ1.3? ~4? Kounnenus cerpera-
MY Y TOBEPXHOCTH pa3jiejia KOHIEBBIX TPYIIIl OCHOBAHA HA TOM,
qT0, cornacuo Teopun Oaopu—Pokca,’ KOHIBI HEMEH MO CyLIe-
CTBY SIBJISIFOTCSI ITACTH(HUKATOpaMu, moHmxKaromumu 7. [Toma-
TaroOT, YTO UMEHHO MPH MOBBILLICHHOH 110 CPABHEHUIO ¢ 00bEMOM
KOHIIEHTPAIK KOHIEBBIX IPYII B HIOBEPXHOCTHBIX CJIOSX MOJIH-
MEpOB B TIOCJIEIHHX YBEJIMYMBACTCS CBOOOIHBIA 00BEM, a
ciefoBaTeIbHO, oHMKaeTcsl Ty. 1151 MpOBEPKU 3TOrO MPeano-
Joxenus B pabore 3 METOI0M IMHAMUYECKON BTOPHYHO-UOH-
HOI Macc-CIEKTpOMETpUM M3ydanu JeitepupoBanHnblii TIC c
MPOTOHUPOBAHHBIMH KOHIIEBBIMU TpymIiaMu. [1oyueH KOHIIEeHT-
PpaIMOHHBIA TPOQIITH KOHIIEBBIX BOAOPOACOACPKAIINX TPYII IO
HAIMPABJICHAIO, TEPHEHANKYISIPHOMY MOBEPXHOCTH ILICHKH.
OOHapyXeHO BO3pacTaHWe KOHIEHTPALMM TaKUX Tpymnm B
MMOBEPXHOCTHOM CJIOE 110 CPABHEHHUIO C ACUTEPUICOAEPKAILLMMU
IpynnamMy, 4TO HOATBEPXKIAeT TUIOTe3y OO0 YBEIMYCHHM KOH-
LEHTPAIMN KOHIEBBIX IPYIII B 3TOM CJIOE.

J11s BBIICHEHHS MEXaHU3Ma CHIKEHUs! Ty B TOBEPXHOCTHBIX
CJIOSIX ¥ TOHKHX IUIEHKaX aMOp(HBIX MOJuMepoB B pabote 80
cuHTe3npoBaHbl Tpu obpasna [1C, nmeromme pa3Hble KOHIIEBEIC
rpynnbl (o0brybIA T1C, a Taxke I1C2 m I1C3 ¢ KOHUEBBIMH

rpynnamu NH> u COOH cooTBeTCTBEHHO), M TOJTyYeHO O0JIbIIIOe
YUCJI0O MOHOJUCIEPCHBIX (pakmuii Bcex Tpex oOpasmos. s
BBISIBJICHUS BJIMSIHUSI KOHIEBBIX TPYII U KOONEPATUBHOI JUTHHEI
CTEKJIYIOIIETOCS 3JIEMEHTA CTPYKTYPBI Ha TOBEPXHOCTHOE CHU-
xeHue Ty BApbUPOBAJIN IPUPOJY KOHIIEBBIX TPYIII M MOJIEKYJIAP-
Hyl0o Maccy. 3HaueHHS! T, HaXOOWJIM C MOMOIIBIO METOJOB
ATOMHO-CHJIOBOM M CKAHUPYIOIIEH BSI3KOYNPYT O MUKPOCKOIINH,
MO3BOJISIOIIUX ONpPENesTh AUMHAMHYECKHE XAPAKTEPUCTUKH B
MOBEPXHOCTHBIX cJ0siXx moJjimMepoB. C ucnosib3oBanueM ¢Gorto-
9JIEKTPOHHON PEHTICHOBCKOM CIIEKTPOCKOIHMH OLCHUBAIM KOH-
LEHTPAIHIO KOHIIEBBIX IPYII y HOBepXHOCTH. [TokazaHo, YTO KaKk
B 00beMe, TaK M Ha IOBEPXHOCTHU HPOSIBISETCS 2Q(PEKT CHIKEHHS
T, CBS3aHHBINA C I3MEHEHHEM MOJIEKYJIIPHON MACChI, IPUYEM BO
BCEM MHTEpBaJe H3MEHEHHS MOJEKYJISPHON Macchl HabIroma-
€TCsI YMEHBIIIEHNE TTOBEPXHOCTHOH Ty MO CPABHEHUIO C 00BEM-
Holl. IloBepxHocTHass 7Ty HAYMHAET CHUXKATHCA IPU MEHBIICH
MOJIEKYJIIPHOI Macce U, B 3ABUCIMOCTH OT BEJIMYMHBI IOCTIeTHEH
CHM)KAeTCsl MHTEHCHBHEe, YeM o0bemHasl. VICkitoueHne coctaB-
sseT I1C ¢ xonuespimu rpynnamMu COOH, xoTopslil He okazan
3aBUCUMOCTH CHIXeHUsI T, OT MOJIEKYJIsIpHOil Macchl. Mcrosb-
3ysl IPUHIIAT TEMIIEPATYPHO-BPEMEHHOHN CYIIEPIIO3UIINH, OTIPE/Ie-
s 3G (GEKTUBHYIO SHEPTUIO aKTUBAIMH o-pestakcanuu. [Toka-
3aHO, YTO BO BCEX CIy4asiX JHEPrUsl aKTUBAIUM O-TIEpexo]a B
MOBEPXHOCTHOM cJ10e paBHa 230410 k/Ix - Moab !, B TO BpeMs
Kak 1151 6JI0Ka 9Ta BEJMYMHA, IO PA3HBIM JAHHBIM, COCTABIISET
ot 360 mo 880 x[Ix-Monb~! (cM.8!). PesynbTaThl yKazaHHOMN
paboTHl CBHIETEIBCTBYIOT O TOM, 4TO 00a PacCMOTpPEHHBbIE
BbIIIE ()AKTOPA MOTYT BJIUSITh HA NMOHIKeHUE Ty Ha TOBEPXHOCTH
moJImMepa.

B HekoTophIx my6imkanumsax (cm., Hanpumep,2~84) mpemo-
JKeHa TPEXCJIOMHAs MOMENb MAJIs ONUCAHUS NMOHMXKeHHs 1 B
TOHKHX MOJIAMEPHBIX CJIOsX. JWHAMHKAa KaXJOro W3 CJIOEB
Obuta cBOSsI. BOnM3M CBOOOMHOW TMOBEPXHOCTH MOJICKYJISIPHAS
MOJIBIKHOCTD BBILIE, YeM B 0OBEME, B IEHTPE — 3KBUBAJICHTHA
HOJIBIDKHOCTH B 00beMe, a Ha Mex(da3Hoil rpaHuIe orpaHuieHa
IO CPaBHEHHMIO C MOABMXHOCTLIO B 00beMe. Pe3ynbraTsl, moy-
YEHHBIE C NCIIOJIb30BAHNEM TAaKOI MOJIEIIH, XOPOIIO COTJIACYFOTCS
C DKCNIEpHMEHTAJIbHBIMU JaHHBIMU. BaxxHOo oT™MeTuTsh, uto T, B
TIOBEPXHOCTHBIX CJIOSIX CHUKAETCS HE TOJIBKO y CTEKJIO00pa3HBIX
nosumepoB. Tak, B pabote® mokaszaHo, 4TO aHAJOTUYHBINA
a¢pdext HaOMIOHACTCS U 11T aMOP(PHOTO KOMIIOHEHTA KPHUCTAJI-
JINYECKOT'O MOJIUATHIICHA BHICOKON MJIOTHOCTH.

B 3akiroueHne HEOOXOIUMO OTMETUTh, YTO OTKPBITOE B
cepenune 90-x ro0B MPONLJIOro BeKa 3HAYUTEJILHOE CHMKEHHE
T B TOHKHX IUICHKaX aMOP(HBIX MOJIIMEPOB sIBJIsIeTCs UX PyH-
JTaMEHTAJILHBIM CBOHCTBOM. Panee 370 siBiieHHe He OBLIO 3ame-
YEeHO, TIOCKOJIbKY MPH M3yYeHUH OJIOYHBIX IOJUMEPOB BKJIAJ B
CBOICTBA MOBEPXHOCTHBIX CJIOEB ObLT MPEeHEOPEKUMO Mall U He
yunTbBasica. OgHako ecid npu AeopMUPOBAHIH TPOUCXOIUAT
pa3BUTHE BBICOKOTO YPOBHSI MeX(pa3HOH MOBEPXHOCTH, 3TOT
BKJIaJI HEOOXOIUMO YUYUTHIBATD.

Pa3BuTHe BBICOKOTO YpOBHS Mex(}a3HOH NOBEPXHOCTH
XapaKTepHO ISl OJHOTO M3 QyHIAMEHTAJIBLHPBIX BUIOB HEYIPY-
roit qeopManuu TBEPILIX MOJUMEPOB — Kpeizunra.3o—88 Bax-
HellIeit 0cOOEHHOCTBIO KPEH3UHTA TOJIUMEPOB SIBJISICTCS TO, UTO
pa3BUTHE JAHHOTO BHJA TUIACTUYECKON TeOpMAaIiH COITPOBOXK-
JTaeTCsl BOSHUKHOBEHHEM M POCTOM OCOOBIX 30H — KpPEH30B,
COEPIKAILINX OPUEHTUPOBAHHBIN osuMep. [T9M-M300paxeHue
eIMHUYHOTO Kpeisa B aegopmupoBaHHON TOHKOHN 1uieHke I1C
IpeZICTaBIeHo Ha puc. 8.8

Kpeii3 BuIeH Kak HeKOe HApyIIEHHE CIUIOIIHOCTH B IOJIH-
Mepe. OcoOeHHOCTh CTPYKTYpBI Kpeii3a COCTOUT B TOM, YTO
6s10kM mcxomHOro (HenehOpMHUPOBAHHOTO) MaTepHallia COeMIHu-
HSFOT TOHYAMIINe TsOKH (GUOPUIIIBI) OPUCHTHPOBAHHOTO TOJIU-
Mepa, pa3oOIIeHHBIE B MpOCTpaHCTBe. JlmaMeTpbl Takux
(buOPUILT U pacCTOSIHAS MEX/1y HIMHU COCTABJISIOT OT €IUHHAIL 10
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Puc. 8. TI9M-U3006paxeHne eAMHUIHOTO Kpeii3a B 1e)OpMUPOBaAH-
HOM (OCh pacTshKeHus BEpTHKAIbHA) TOHKO# mienke T1C. 58

JIECSTKOB HaHOMETPOB. OUEeBHIIHO, YTO CTOJIb MaJIblii pazMep
arperaToB MaKpOMOJIEKYJI HE MOXET He CKa3aThCs Ha WX CBOM-
CTBax.

IlepBoe cHCTEMATHYECKOE HCCIEAOBAHUE MEXAHUIECKUX
cBOMCTB kpei3oB nomkapooHaTta (I1K) mposeneno Kambypom
n Konmom,? KoTopble mojydannm €IMHWYHBIE KPEW3BI IyTeM
nepopmupoBanus cteksiooopaznoro [NK B akTUBHOI )uIKOCTH
(3ranosne). C HOMOIIBIO CHNEIMAJIBHOIO YCTPOWCTBA aBTOPHI
OTIpEIeIISIIIN U3MEHEHUE PACCTOSHUS MEX/1y KpasMH eIMHAYHOT O
Kpeii3a B 3aBUCUMOCTH OT CHJIBI, IPHUJIOKEHHO K KOHIIaM o0pa3-
na. [losydyeHHble TakumM 0Opa3oM KpHBBIE PACTSDKEHUS IS
OT/IEJIBHOTO Kpeii3a umenn xapakrepuyto Gopmy (puc. 9). Kak
BU/IHO, TIpelesl TEKYYeCTH MaTepHualia Kpei3a CyLIeCTBEHHO
MEHbIIIE IPeiesia TeKYIeCTH HCXOIHOTO GII0YHOTr0 MOIMMepa.

IIpu TpoBEICHUM HECKOJIBKHMX MOCISIOBATEIbHBIX HUKIOB
nedopMariusi — BOCCTAaHOBJICHHE ObLITIO OOHAPYKEHO, YTO HaYa Ih-
Hble MOJYJIb YOPYTOCTH U TMpeJesl TEKYyYeCTH YMEHBIIAIOTCS C
YBEJIMYEHHUEM [IIMPUHBI HCXOTHOTO Kpeit3a. MoayJib yIpyrocTu B
~ 4 paza MeHbIIE MOJIYJIs YNPYIOCTH HeIe(pOPMUPOBAHHOTO
moyiuMepa. B 3Toit ke pabore OBLUIO MOKA3aHO, YTO «CYyXHE»
kpei3sl 1K, nedopmupoBannsie Ha 50 —60%, CIOCOOHBI camo-
MPOU3BOJIHHO BOCCTAHABIMBATH CBOM pPa3Mephbl IIOCIE CHSTHUS
Harpy3ku. CieyeT OTMETHTb, YTO 3TO HE XapakKTepHO [IJIs
CTEKJIOOOPA3HOrO MOJMMEPa, OPHEHTHPOBAHHOIO B PEXUME
XOHOHHOﬁ BBITSIKKHA. KaK BHUJHO, MEXaHUYECCKHEC CBOICTBA BBICO-
KOJMCIIEPCHOTO MaTepHallia OTAEIbHOIO Kpelza KapIuHaJIbHO
OTJIMYAIOTCS OT CBOWCTB MCXOAHOTO OJo4HOro mosmmepa. U3
MPUBE/ICHHBIX BBIIIE TAHHBIX CIEIYeT, YTO AUCHEPIHPOBAHUC
CTEKJIOOOPA3HOro TOJMMEpa 1O HAHOMETPOBBIX AarperaTton
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Puc. 9. Kpusbie pacTspkeHHSI M COKPAICHUSI C TOCTOSIHHOH CKO-
pocreto IIK (/) n mamusuayansHOro Kpeiza B ITK (2).8°

MaKpOMOJIEKYJI OTPaXXaeTcsl Ha €ro MEXaHWYeCKOM IIOBE/ICHUH.
Taxkoe BIMsIHUE MIPOSIBIISICTCS, B IIEPBYIO OYEPE/lb, B YBEIMUCHIH
MOJATINBOCTH MOJIUMEPA U MOSIBJICHUH Y HETO OOJIBINOI 0OpaTu-
MOi nteopMarmu, 4TO HEe XapakKTepHO ISl CTEKIOOOPa3HOTO
cocrosiaus. BoJjiee moapoOHO CHITOBOE pa3MsryeHre aMOP(HBIX U
KPHCTAJUIMYECKUX TOJMMEPOB PAaccMOTpeHo B pabote ), rme
MOKa3aHO, YTO OHO HOCUT OOIIMI XapakTep U siBysiercs pyHma-
MEHTaJILHBIM CBOHCTBOM TBEP/IbIX IOJIUMEPOB.

II1. OcobGennocT MacconepeHoca noJMMepoB
B OrpaHHYEHHBIX 00beMax

PaccMoTpeHHBIIT  BBINIE  IKCIEPUMEHTAJNBHBIA  MaTepHall
CBUICTEIILCTBYET O CIIOKHOM BJIMSIHAU IPOCTPAHCTBEHHBIX Or'pa-
HUYEHUN HA CTPYKTYPYy U CBoMcTBa mosmmepoB. [lomumepHbie
IJICHKHA, B TOM YHCJIEe U HAHOMETPOBOH TOJIIUHBI, MOJYYarOT
MyTeM BBIJEJICHHUS TMOJUMEpa U3 PACTBOPA MM OTBEPKICHUS
pacmaBa. O4YeBHIHO, YTO HEOOBIYHBIE CBOMCTBA MOJIMMEpa B
HAaHOMETPOBBIX 00beMax 3aKJIaJbIBAIOTCS HAa PAaHHMX JTamax
ero GopMupoBaHUs, T.€. B paCTBOpPax WX paciuiaBax. B cBs3u ¢
9TUM aKTyaJIbHBI UCCIICIOBAHUS BJIMSHUS HAHOOOBEMHBIX Orpa-
HUYEHHH Ha OCOOEHHOCTH MAcCCOMEpPeHOca TOJUMEPOB IMPH HX
TeueHnn u Auddysun. B MeToamueckoM mtane Takue MCCIeqoBa-
HUS TIPENICTABIISIOT CEPbe3HYI0 MPoOJieMy, MOCKOJIbKY HE00XO-
IUMO M3Y4aTh MPOIECCHl MACCONEPEHOCA B YPE3BBIYAMHO Y3KUX
IpPOCTpPaHCTBaxX (HOpax), pa3sMepbl U T'EOMETPUI0 KOTOPBIX
TPYJHO KOHTPOJIMPOBATH.

PeanpHble IyTH NOJy4YeHHsSI TakUX OOBEKTOB OTKPBIBAIOT
HEIaBHO pa3paboTaHHbIE METO/IbI H3TOTOBJICHNUS AJTFOMIHUEBBIX
MOPHUCTBIX MIACTUH,”!> °2 B KOTOPBIX MOXHO B HIMPOKHUX MPEIETax
M3MEHSTh IHAMETP IMOP, COXPAaHSs IPU 3TOM HX IIHHApPUIC-
ckyto popmy. COM-U3006paxeHus ABYX MOPUCTBIX MeMOpPaH ¢
nopamu quametpamu 200 u 80 HM nipeacTaBiieHsl Ha puc. 10.

I11.1. ®a3oBblii MacconepeHoC B OrPAaHMYEHHBIX 00beMax
N0JINMEpPOB

Vcronb3yst alFOMIHAEBBIE TUTACTHHBI C HAHOMETPOBBIMH IIHJINH-
UPUYECKUMU ITOPAMH, MOXKHO HCCIIEAOBATH MPOIIECCHI MACCOTIE-
peHoca B pAacTBOpax W paclUlaBaX IOJMMEPOB B KaHAJaX,
“MeroIuX OOBeMHBIE OTpaHMYCHHS HAa HaHOYpoBHe. [ aBHas
0COOEGHHOCTD TIOJIMMEPOB COCTOUT B TOM, YTO OOBEMHBIE Orpa-
HUYCHUS TOJDKHBI BJIUSITh HA KOH(pOpMaIHIO uX 1erneid. JlefcTBu-
TEJbHO, €CJIM, HAIpuMep, TOJIIUHA IUICHKH OyJeT MEHbIIe
pa3mepa rayccoBa KiyOka, TO KOH(oOpMamms 3TOro KIyOka
HEM30EKHO TOJDKHA M3MEHUThCS. Takoe n3aMeHeHne ObLI0 OOHa-
pyxeHo B pabote®*. HeoXHIaHHO OKa3aloCh, 4TO Pa3sMepbI
KJIyOKa YMEHBIIIINCh TOJBKO B HAIPABJICHNH, HOPMAJIHLHOM K
0OKOBOI MOBEPXHOCTH IIJIMHAPHIECCKON HAHOTIOPHL, B TO BPEMS
Kak B HANpPaBJICHUM OCH HAHOMOPHI OHM OCTABAJIUCH HOCTOSH-
HBIMH U PaBHBIMH pa3zMepam KiyOka B oObeme. JIpyrumu cio-
BaMH, I[€lb, TMPOHHWKAIONIAS B MUJIMHIPHYESCKYIO TOPY,
CXKMMAeTCsl B HAIPaBJICHHH, HOPMAJLHOM €€ OCH, HO OCTaeTCs
HEBO3MYIIIEHHOU B HANPABJICHUW 3TOI OCH Jaxe MPH IMIHPOKOM
BapbUPOBAHUH PA3MEPOB MOPHI X MOJIEKYJISIPHOI Macchl Makpo-
MOJIEKYJTBL.

Cxema KOH(GOPMAIMOHHBIX H3MEHEHUH MAaKPOMOJIEKYJIbI,
HaXOJISIIIEHCs B TOpe, TMaMeTP KOTOPOI MEHbIIIE paJgnyca UHEp-
MU KJ1yOKa MakpoOMOJIEKYJIbl, IpeAcTaByieHa Ha puc. 11. Takoi
pe3yabTaT ObLI MOJIYYEH IO JIAHHBIM MCCIIEIOBAHUS OOBIYHOTO U
neiitepupoBanHoro [IC MeToIOM MalIOyrJIOBOTO PacCCEsiHUS
HeliTponoB.”+% CumTaeTcs, 4TO 3TO YHHMKAJIbLHOE SBJICHHE
00YCJIOBJICHO N3MEHCHAEM B3aUMOIIPOHUKHOBEHUS TIOJTUMEPHBIX
neneit. J{omycTHB HEC)KUMAEMOCTDb MOJIMMEPHBIX TeTeil B yCIIo-
BHSIX IPOCTPAHCTBEHHBIX OTPAaHMYCHUI, B3AMMOIPOHINKHOBEHIE
BIIOJIb OCH TOPBI MOXXHO CUHATATH IOHIDKAFOIIMMCS, TaK Kak
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Puc. 10. COM-U306pakeHusi MOBEPXHOCTH (@, ¢) ¥ TPOIOJIBLHOTO cpe3a
(b, d) nBYyX MOPUCTHIX ATFOMUHUEBBIX IUTACTHH ¢ tuameTpoM mop 200 (a, b)
u 80 5Mm (c, d).3

e e

Puc. 11. Cxematndeckoe H300pakeHHEe H3MEHEHHsI KOH(pOpMAaIUH
MaKpOMOJIEKYJIBI TIPH €€ BBEICHHH B HAHOINODY, AMAMETP KOTOPOit
MEHBLIIE PaJInyca BPALICHAs MAKPOMOJIEKYIIBI (Ry).%%

MOJIIMEPHBIE IIENU OrPAaHUYEHBI B PAJUAILHOM HAIIPABICHUH.
ITox 3TUM MOPa3yMeBAETCs, YTO B3AUMOIPOHUKHOBEHHUE IIeTIeH
JIOJDKHO TOHMXAThCSl C YBEJIMYEHHEM MOJICKYJISIPHOH Macchl
HOJIMMEPA, B CBS3U C YeM LI MOTYT OCTaBaThCs B HEBO3MYILICH-
HOU KOH(pOpPMAIMK B OCEBOM HAIPaBJICHHUH.

Takast cuTyanusi aHaJJOTUYHA TOH, YTO MMEET MECTO HpHU
kpeizunre moiammepa.’®-88 HamoMHnM, 9T0 MO CyTH KpeW3HHT
SIBJISIETCSL IUCTIEPTUPOBAHIEM ITOJIMMEPA HA HAHOMETPOBBIE arpe-
raThl, COCTOSIIINE U3 OPUEHTHPOBAHHBIX Iieneit (puc. 12). O6pa-
30BaHHE TAKHUX arperaToB dHAJOIMYHO BO3HUKHOBEHHIO IIOJIU-
MEPHOH CTPYKTYDBI, 3aMOJIHSIOLIEH HAHOPa3MEPHYHO IIMJINHPU-
4yeckyro mopy (cM. puc. 11). B To xe Bpemsi npu oOpa3oBaHUU
(pUOPUIIIIPHBIX arperaToB MakpOMOJIEKYJI B CTPYKTYpe Kpeiiza
BO3HHKAET «TeOMeTpUYecKas HEOOXOJMMOCTB» HOTEPU YaCTH
3alleIUICHNH, MMEBIINXCS B TOJHMMEpe 0 Hadajla Kpei3uHra.
CxeMa mpopacTaHHs HAHOPA3MEPHBIX 1IOP B CTPYKTYPY Aedop-
MEUPYEMOTO MOJUMEpA HpejcTaBlieHa Ha puc. 13. B pabGore *®
TEOPETHUYCCKH U IKCICPHUMEHTAIBHO MOKA3aHO, YTO NPHU KpEid-

Puc. 12. CxemaTnieckoe n306paxeHne CTPyKTyphI Kpeiiza. s’
Ocpb pacTspKeHHs BEpTUKAJIbHA.

3UHTE MOJIAMEPa JOJDKHO IPOUCXOIUTD WIIH PACITY THIBAHUE, UJIH
pa3pylleHue CeTKU 3aleTICHUN.

B nmtepaType paccMOTpeHbI ABa pPa3HBIX SBJICHUS: TPO-
HUKHOBEHHE pacIiaBa MoJUMepa B HAHOPa3MEpHBIC MOPBI MOJT
JICUCTBUEM BHEIIIHEH CuJibl U OOpa3oBaHME HAHOPA3MEPHBIX
arperaToB MakKpOMOJICKYJ B CTPYKTYpe KpEH30B Takke IO
JIEACTBHUEM BHEIIHEM CHIIBL. Pa3indne 3akirouaercs B TOM, UYTO B
MEPBOM CJIyyae MMEFOTCSl KECTKUE CTEHKH (IIPH TEYCHUH pac-
IJ1aBa), a BO BTOPOM (TIpH Kpei3uHre) — uX HeT. OTHAKO MEXTy
3TUMHU SIBJICHUSIMM HMEETCS OYEHb Ba)KHOE CXOJCTBO: B 00OHX
cIydasix CILTOIIHAS IEPEIy TAHHAS CETKa MMOJUMMEPHBIX MaKpOMO-
JIEKYJT TUCTIIEPTUPYETCS 10 HAHOpa3MEepHBIX arperatoB. TpyaHo
MPEACTaBUTh, YTO TAaKOM MpOIeCC MPOMCXOJUT Oe3 MoTepu
(pa3pblBa WM pacnyThIBaHMS) YacTH 3alerieHuid. Heynupu-
TEJILHO TO3TOMY, YTO aBTOPBI, MCCIICAOBABIINE 3TH SIBJICHHUS,
TIPUIILTA K CXOTHOMY BBIBOJTY: B3AUMOIIPOHUKHOBEHIE MaKPOMO-
JIEKYJT B TIEPBOM CJIyyae YMEHBINAETCS, & BO BTOPOM Cllydae
TepsICTCS YaCTh 3allCTIICHUH.

JU1si BO3HUKHOBEHUS (HUOPUILISIPHO-TIOPUCTONU CTPYKTYPBI
Kpei3a HeoOXOAUMO, YTOOBI YaCTh 3alCIICHMH B HCXOTHOM
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3anensicHue

DudpuILIBI

Puc. 13. Cxematnueckoe u300pa)ieHHE MPOPACTAHUS HAHOpa3Mep-
HOM TIOpBI B GJIOYHBI MOJMMEp TpH Kpeiisunre.?’

ITokasana MHAWBHYaIbHAS LIENb, KOKA3aBILASICS HA Iy TH» PACTYILCH
HOpBI, KOTOpas JOJDKHA PaclyTaThCd WM Pa3pyLINThbCS IS MPO-
JIOJDKEHHSI pOCTa.

6JI0YHOM MoJIMMeEpe, «OKA3aBIIUXCS HAa IyTH» Pa3BUBAIOLICHCS
HAHOMNOPBI, [OJDKHA WM DPACHyTaThCs, WM Pa3pyIIUTHCS.
B npoTuBHOM cilyyae HEBO3MOXXHO BOSHUKHOBEHHE BBICOKODPA3-
BUTOM MOBEPXHOCTH, XapaKTePHOI It CTPYKTYPHI Kpeif3a.

DTOT BBIBOJ OJHO3HAYHO CIIEIYET M3 SKCIEPHUMEHTAIBHBIX
JIAHHBIX paboThI °°, B KOTOPOH TOJIyYeHa 3aBUCUMOCTD fedopMa-
MY MHUIIAAPOBAHMS KPEH30B B HEOTOKKEHHBIX U IOIBEPTIINXCS
oxury B Teuenue 10 mun npu 130°C obpasnax I[1C ot Temnepa-
TypbI Aedopmanuu. B pe3yibraTte OTKUra B ONTUIECKOM MHUKPO-
CKOIle HCYe3aJy H300paxeHHusl Kpei3oB. XOpoLIOo BUIHO
(puc. 14), 4TO HOBTOPHOE MHUIMUPOBAHKE KPEIf30B MPOUCKOAUT
TIPY 3HAYUTEIBHO MEHBIIHX JeopManusx He3aBUCHMO OT TeM-
nepatypsl pacTsokerus [1C.%° OqHako BOCCTAHOBJIEHUE ONTHYE-
CKOIl TMPO3pAaYHOCTH MOJIIMEpa WpPH €ro OTXKHUIe emie He
CBUETEIIBLCTBYET O MOJTHOM «3aJICUNBAHIID MeX(Pa3HbIX IIOBEPX-
HOCTEH, KOTOpOE AOJDKHO CONPOBOXIATHCS BOCCTAHOBJICHHEM
CBOICTB HoJIuMepa. DTO SIBJICHUE CBSI3aHO C YIIOMSIHYTOH BBILIE
«reOMETPUYECKOI HEOOXOJMMOCTBIO)» ITOTEPH YaCTH 3alCTUICHHUI
npu kpeitzunre. Ctex1000pa3HbIi MOJIMMeEp MPEACTaBIIseT coO0i
COBOKYITHOCTb ITEPEIy TAHHBIX MaKPOMOJIEKYJI, KOTOPBIE CBSI3aHbI
cucreMoit pusmyeckux y3ioB. [Ipu nehopMUpOBaHAN MTPOUCXO-
IUT U3MEHEHHE KOHPOpMAIHi TeTIeil W y3JIbI CMEIAt0TCS OTHO-
CHTEJIbHO NIPYT Apyra 6e3 uxX 3aMeTHOro paspymieHus. CymiecT-
BOBAaHUEM HTHX YCTOWYMBBHIX y3JI0B OOBSICHSETCS, B YACTHOCTH,
SIBJICHHE E€CTECTBEHHOH BBITSDKKM IOJUMEpa, KOTOpOe Mpo-
ABJISAETCA B 0Opa3oBaHuM M pas3putun meiku.'%0 Tlpu oTxure
OPHEHTUPOBAHHOTO CTEKJIOOOPA3HOTO MOoJMMepa Bbilie Ty MOJ
JIEVCTBHEM SHTPOIMUITHBIX CHJI TPOUCXOINT ycaaKa Lemekt, 1 y3JIbl
3aleIUICHNH BO3BPAIAIOTCSI K PABHOBECHBIM IIOJIOKEHHSIM OTHO-
CUTEJILHO JIPYT JIpyTa.

Wrak, npu KpelsmHre, KpOME OPHEHTAIMH MaKPOMOJIEKYJT
TIOSIBIISIETCSl HAHOTIOPUCTASl CTPYKTYpa, T.€. MPOUCXOIUT pa3BU-
THe Mexda3Hoi moBepxHocTH. OOpa3oBaHHE CBOOOMHOM
MOBEPXHOCTH B CTEKJIOOOPA3HOM IOJMMEPE BO3MOXKHO TOJIBKO
IIPU YCJIOBUM Pa3pbIBa YACTH LETIel B CUCTEME CETKH 3alleTUICHU
WM paciyThiBanust ee y3510B: 101102 1 moammepos ¢ BHICOKOI
MOJIEKYJISIPHOM Maccodl M HHU3KOM IUIOTHOCTBIO 3aLEIJICHHI
(manpumep, T1C) GnaronpusaTeH pa3pbiB, a paciyThiBanue 02 —
IUJTS. HA3KOMOJIEKYJIIPHBIX MOJMMEPOB € BBICOKOH IIOTHOCTBIO
3aneruienuii (Hanpumep, I1K). B takux moammepax, kax HU3KO-
mojiekysspubiii [1C, paspbIB 1eneit JOMHUHHPYET JIUIIb TPH

&, %
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Puc. 14. TemmiepaTypHble 3aBUCUMOCTH JAeGOpMALUH HHUIMAPOBA-
Hus kpeiizos B I1C.%°

1 — mepen oTxurom, 2 — mocJie orxura B reuenue 10 mua npu 130°C
MPe/IBAPUTENILHO KPEH30BAHHBIX 00PA3IIOB.

BBICOKHX CKOPOCTSIX ehopMaImu 1 OTHOCHTEIbHO HU3KUX TEM-
nepaTypax, Ho pacnyTbIBaHHE TaKxe UMeeT MecTo BOm3n T, 1
IpU HU3KUX CKOpocTsx medopmarmu.'®l-102 Eciin momMunupyeT
pa3phbIB Leneil npy Kpeif3uHre, 1UIst IOJHOTO 3aJICYMBAHUS IOTPe-
OyeTcsl 3HAUUTENILHO OO0Jiee JUINTEILHBIN OTKUT, YeM IIPH IPeos-
JIAJaHWU MeXaHM3Ma paclyThIBaHUS 3anenieHuid. ViMeHHO 3Ty
CHTYAIIUIO UILTIOCTPUPYIOT JaHHBIE, TPECTABIICHHBIC HA puC. 14.

OueBHHO, YTO TOXOXKHUE IPOLECCH MOTEPH YACTH 3alleILie-
HUI IMEIOT MECTO B PACTBOPAX M PACIUIABAX MMOJUMEPOB MPH UX
MPOHUKHOBCHUH B HAHOPA3MEPHBIE MOPBI, MOCKOJIBKY MPOLECCHI
«mepeTeKaHus» IMOoJIMMepa B HaHOpa3MepHble (UOPUILISPHbBIC
arperaTthbl B CTPYKType Kpeii3a 1 3aIl0JHEeHHs TOJIMMEPOM HaHO-
pa3MepHBIX MUINHIPHIECKUX IO aHAJIOTUYHBEI.

IMoTteps wacTH 3anenyeHui MpH NPOHUKHOBEHUH paciuiaBa
moJIuMepa B HAHOPAa3MEPHBIE MOPHI TAPaOKCATIBLHBIM 00pa3oM
OTPAXKAETCS HA MOJIEKYJISIPHOM MMOIBHKHOCTH MOJIUMEPA B OTpa-
HUYEHHOM OObeme. 3aBHCHMOCTH CKOPOCTH TOTOKAa paciuiaBa
I1C ot ero MOJIEKYJISIPHOI Macchl B MaKpPOCKOITMYECKOM 00BbeMe
M B HAHOTIOpE MpeACTaBJIeHbl HA puc. 15. B 00oux ciyyasx, Kak u
CJIEZI0BAJIO OKHUIATh, CKOPOCTh OTOKA YMEHBIIIAETCS C YBEJINYe-
HHEM MOJIEKYJISIpHO#l Macchl nosmmepa. OHAKO B OrpaHUYEH-
HOM 00beMe (B HAaHONOpAX) BIIMSIHAE MOJIEKYJISIPHOW Macchl Ha
MMOJBIKHOCTD TOJIUMEPA CYIIECTBEHHO MEHBIIE, Y4eM B OOBEM-
HOM TIOTOKe.”® Bsi3KOCTh B 6JI0KE OOBIYHO MPONOPHHUOHANBHA
pesmunHe (M.y,)>#, Koraa npeBbIena MOJIEKyISpHAs Macca, TP
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Puc. 15. 3aBucumocTu ckopocty TeueHus pacmiasa [1C B Makpocko-
MIYECKOM TOTOKe (/) 1 B HaHOHOpe AuamMeTpoMm 15 HM u anmHoit 120
MKM (2) ot My, nonumepa.®®
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KOTOPOIi B 00BbeMe peasiu3yroTcs 3alersienus. B To xe Bpems B
cilyyae HAHOMOPBI TOKa3aTesb CTerneHu paBeH He 3.4, a 1.5
(cM. puc. 15). dpyrumu cioBamu, auddy3us meneil B HaHOIope
ciabee 3aBUCHT OT MOJICKYJISIpHOI Maccel. CeTka 3aleIICHAN B
pactBopax # (0cCOOEHHO) B pacIuIaBax MOJMMEPOB CHIIbHEHIIINM
00pa3oM BIMSET HA TUHAMUKY TOJIMMEPHBIX IIETeH, a clieIoBa-
TeJIbHO, Ha TIPOIECCH MACCOTIEPEHOCA: YeM OOJIbIIIE YUCIIO 3alleN-
JICHUH, TeM, OYEBHHO, MEHEe MHTCHCHBHA TUHAMUKA IIENEH U
Me/JJIeHHee Ipoliecchl Macconepenoca. [1pu npoHukHOBeHUH pac-
TBOpa (paciiaBa) mojauMepa B y3Kyro (CpaBHUMYIO C pa3MepoM
MOJIEKYJISPHOTO KJIyOKa MJIM JaXKe€ MEHBIIETO JTUaMeTpa) Mopy
00pa30BaHUE CETKU 3allCIUICHWIA 3aTpyIHSAETCS, YTO M OTpa-
JKAeTCsl Ha MPOIIECCaX MacCOIEPEHOCa.

II1.2. Bausinue NPOCTPAHCTBEHHBIX Or PAHHYEHHIi Ha
g dy3uoHHBI MacconepeHoc B oJHMepax

PaccMOTpeHHBIiT BbIllIe MACCOTIEPEHOC B IIOJIMMEPHBIX pACTBOPAX
U pacIulaBax MMeeT CBOM OCOOEHHOCTH, CBSI3aHHBIE C TPAHCHOP-
TOM MaKpOMOJIEKYJI B y3KHX CKBO3HBIX Iopax. B aTom ciyuae
BHEIIIHEE JTABJICHUE CIIOCOOCTBYET MPOHUKHOBEHHIO MOJIIMEPA B
OTpaHWYEHHBbIE OOBEMBI, JaXKe €CIH pPa3Mepbl MOJUMEPHOTO
KJIyOKa MPEBBIIAIOT AUAMETP HOP.

OfHAaKO U B OTCYTCTBHE BHELIHEH CHJIBI MaKpOMOJIEKYJIbI
CIOCOOHBI  CAMONPOU3BOJIBHO TMPOHUKATH B OTrPaHMYCHHBIE
O6BeMbl. Pe3yanaTbI MOJCIIMPOBAHUA U OKCHECPUMEHTAJIbHBIX
HaGuroenmii 193 mokasanu, YTO MPOCTPAHCTBEHHBIE OrpAHMYE-
nust (Tosumua cios B rwienke *4 1% yiu tuameTp nop B nopucTom
matepuasie '~ 107) cpapHUMBIC MM MEHbIIE THAPOIMHAMMIYE-
CKOTO pajinyca, He IPEMSITCTBYFOT UX IPOHUKHOBEHHIO B OTPAHH-
YE€HHBIE 0ObEMBL.

Kaxercs 04YeBHIHBIM, YTO TEOMETPHYECKHU (aKkTOp
SIBJISIETCSL JIMMUTUPYFOLIUM 711 IPOHUKHOBEHHSI MAJIbIX YaCTHUIL
B y3KHe HOPBI, €CJIA JUAMETpP YaCTHI IIPEBBIIIAET AUAMETP TOP.
DTO NOATBEPXKAAIOT AaHHBIE 10 TUMGY3UU U TEUSHUIO KECTKHUX
MOJIEKYJI O€JIKOB U IOJIUMEPOB HU3KON MOJIEKYJISIPHOM Macchl
yepe3 pa3HOOOpa3Hble HOPHUCTHIE cpebl (KOMIAKTHBIE KpEMHUE-
Bble [apuku,'%® mopucteie kBapuesbie crekia,'%- 10 gnepubie
MeMOPaHbI ¢ UJIMHIPAIECKMME Topamu 101~ 113),

MoxeT moka3zaTbCsi HEOOBIYHBIM, 4YTO OoJbIImMe THOKHE
MAaKpOMOJIEKYJIbI OTKJIOHSIOTCSI OT 3TOTO MPABUJIA U JIETYE MPO-
HHUKAIOT B MaJIble MOPBI, YeM chepryeckre YacTuibl. bosee Toro,
3¢ ekt 6oJtee IETKOro MPOHUKHOBEHMS THOKUX MOJICKY.T Ha0J1r0-
Jajics B CIIydasix, KOTJa BO3PAcTalid CKOPOCTh NMOTOKAa M KOH-
HeHTpamus nojumepa,'14-116

Astopsl pabotst 7, uzyuasnme quddysuro [1C ¢ paznuanoi
MOJICKYJIIPHOH Maccoil B MOPHUCTBIE CTeKJa (AuaMeTp Iop
27.5 HM) W3 PacTBOpPOB B 2-(pTOpTOJyOJE, OOHAPYKUIH, UTO
kaxyumiicss ko3pdunuent auddy3un BHYTPU TOPBI OBICTPO
BO3pACTaeT B 3aBHCHMOCTH OT KOHIEHTPAIMU PACTBOpA, €CIIH
OHa MPEBBIIIAET KOHIEHTPALHUIO KpoccoBepa. DTOT pocT OoJiee
BBIPaXKeH B CJIy4ae BBICOKOMOJIEKYJISIPHBIX TOJIUCTHPOJIOB.

s uccnenoanus quddy3nun yepe3 NUINHIPHIECKHAE TOPHI
B pabore 97 ucnonpzosasu saepubie [TK-GuIbTpsl, B KOTOPBIX
pasmep Iop peryJMupoBajy, U3MEHSISI BpEMsI TPABJIEHUsI TOCIIE
obusyuennsi. Oka3anoch, 4TO B pa3baBIEHHBIX pAcCTBOpax, B
KOTOPBIX THAPOJIUHAMHUYECKAN PATUYC MOJIEKYJISIPHOTO KIIyOKa
CPaBHMM C PaguycoM TOpbI, Au((y3us CyIIECTBEHHO 3aTPY-
HeHa. B To jxe BpeMst ipu 10CTATOYHO OOJIBIINX KOHIIEHTPALHMSIX
muddysust nerneit B HaHOpa3MepHbIE HOPBI Pe3KO obJeryaercs.
Kunernka qudy3un cTAaHOBUTCS HEAKCIIOHCHIMATBHON U KOH-
HEHTPAIMOHHO 3aBHCHMON.

B pa6ore !'® usyuanu ancopOuuio M3 BOJHBIX PACTBOPOB
noymstinenokcuaa (I20) ¢ My, = 9-103, 78103 n 1300-10° na
crekiia ¢ guaMmeTpom nop 8 u 89 um. Heoxxunanno okas3aiock, 4To
B cayuae I190 ¢ My =9-103 u 78-10° moammMep MTHOBEHHO
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Puc. 16. Kunernueckue xpusble ajncopbumn IT90 u3 ero BoaHbIx
PAcTBOPOB HA MOPHUCTOE CTEKJIO C AUAMETPOM 1op 8 Hm. 18
Hauvanpnble koHumentpamum pactBopa: 0.0157 (Z); 0.0039 (2) nu
0.0010 (3) r-em—3.

ancopOupyercst Ha 000uX 00pa3uax MOpUCTHIX cTekoi. CKopocTh
agcop6umu I190 ¢ My, = 1300 103 Obl1a MeHbIIE (XOTS BIIOJIHE
cpaBHMMA) ckopoctH anacopbuun [130 ¢ MeHbIIMM 3HAYeHUEM
M,,. HeoObIuHOE MOBEIcHIE HAOIF01AJI0Ch IPHU MCIOJIb30BAHUU
copOeHTa ¢ pazMepamu mop 8 HM. B 3ToM ciiyyae CKOpPOCThb
ajzicopOImm 3aBucesia OT KOHHeHTpanuu pactBopa [120: yem
MEHbIIIe KOHIEHTpAIUsl, TEM MeJIeHHee aIcopOnust 1 Ha00o0poT
(puc. 16).

Hasmure MHOXeCTBEHHBIX IUIATO, HAOIIOAAEMBIX IIPH HU3-
KHMX KOHIEHTpAIWSX IojmMepa (CM. Ha puc. 16 kpusyto 3), mo
MHEHHUIO aBTOPOB, OTPakaeT TUIMYHOE IOBEACHUE OTACIHHBIX
nemed, KOTOpBIE i1 NPOHUKHOBEHHS B IOPY IOJDKHBI
pa3BepHyThCs. O0JACTh IJIATO HA TpaduKe OTpaXaeT CUTYAIHIO,
KOT'/1a MHOXECTBO OT/IEJIbHBIX IIETIEH ellle He CJIOKEHBI, a TOJIBKO
HEMHOTO IPOHUKJIA B TOPHI U 3P HEeKTHBHO GIOKUPYIOT JOCTYII B
HHUX JPYI'MM IOJHMMEPHBIM MOJIEKYJIaM. DTO YCTpaHseTCs NpH
KOHIEHTpALUsX BbIIe TOYKM KpPOCCOBEpa, B 3TOM cCiydae 3a-
[ETUICHASI MEXAY [ensMu oOpas3yroT HENPEPBIBHYIO CETKY
(cMm. Ha puc. 16 xpusyro /).

Haxownern, cienyeT OTMETHTh paOOThI IO BBEACHUIO MaKpO-
MOJIEKYJI B HAHOTIOPHUCTYIO CTPYKTYPY Pa3BUBAFOIINXCS KPEH30B.
Hanomuum, 4TO KpeW3MHr — 3TO OAMH U3 (PyHIaMEHTAJIbHBIX
BUJIOB HEyNnpyroiu aehopmManuy CTEKJI000pa3HbIX U KPUCTAIUIU-
veckux nouMepoB.®8 TTommMephbl Ipu pacTsHKEHUH B aKTUBHBIX
KHOKHUX cpeax Ae)OpMUPYIOTCS BCIIEACTBUE PA3BUTHS HAHOIIO-
PHUCTOH CTPYKTYPHI C pa3MepaMH IOp OT eIUHHMI] A0 JECSTKOB
HAHOMETPOB, HENPEPBIBHO 3aNOJHSIEMBIX OKDPYXKAOIIEH XHU-
KOCThI0. [1pe IpHHSITHI MOMBITKA BKJIFOUYSHUSI BTOPOTO MOJIAMED-
HOTO KOMIIOHEHTa C JOCTATOYHO BBICOKOW MOJIEKYJISIPHON Mac-
coit (ot 4-10° mo 10°) B mopucTyro CTpYyKTypy Kpeisos. Ilpu
KOMHATHOH TeMIIepaType MOJIMITUICHOKCUIBI ¢ TAKUMU MOJIe-
KYJIAPpHBIMU MacCaMU HAXOOATCA B TBEPAOM COCTOSAHUMU,
nosToMy Juist ux BeejeHus: B [I1DT® u mosmdTUIeHA BBICOKON
mwiotHoctu (ITDBII) ucnosb3zoBanmu BOJHO-ITAHOJILHBIE pac-
tBOpEI I120, B KoTOphIX AedopmupoBamn rwieHkH [19TO n
H3BH.“9 121

HeoxumanHO 0Ka3a10Ch, 4YTO MOJAMEPHI CO CTOJIb BLICOKUMU
MOJIEKYJIIPHBIME MaccaM# 3Q(QEeKTUBHO MPOHUKAIOT B HAHOIIO-
puctyro cTpykTypy KpeitzoBanHoro [19Td u oOpa3yroT cooTBeT-
CTBYIOIIMH MOJIMMEP-TIOJIMMEPHBIH HAHOKOMIIO3UT. DJIEKTPOH-
Hble MuUKpodoTorpadun [I3TD, kpeli30BaHHOTO B YUCTOM pac-
tBOpHTeie, u [13TD, nepopmuposanHoro B pactsope I130 ¢
My, = 10°, mpencrasiensl Ha puc. 17. BUIHO, 4TO BHICOKOMOJIE-
kyssipablil [190 npoHNKaeT B HAHOMIOPHUCTYIO CTPYKTYPY Kpeid-
30BaHHOTO ToJIMMepa 1 3 (HEKTUBHO €€ 3aMOTHSIET.
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Puc. 17. COM-U306paxenus oopasnos [13TP, nedopmMipoBaHHBIX
Ha 100% B uMcTO# aaCOPOIMOHHO-aKTUBHOM cpejie (a) U B 5%-HoM
pactBope D0 ¢ monekyasproii Maccoit 10° (b).!1°

Hepopmuposanue [IDTP B pactBope [120 ¢ MosiekyasspHOT
maccoit 10 10° MmO3BOJISIET TOJIYYUTH MOJIMMED-TIOJIUMEPHBIE
HAaHOKOMITO3UTHI CO 3HAYUTEIBHBIM COAEPKaHIEM BTOPOTO KOM-
noHeHTa (puc. 18). HamomuuM, uto mpoHukHOBeHHe [120 B
MOpUCTYIO CTPYKTYypy IIDT® ocyiecTBiaseTcs B YCIOBHSX,
KOTJa pa3sMepsl KJIyOKOB MaKpPOMOJIEKYJI 3aMETHO MPEBBIIIAOT
pa3Mepsl op nojumepa, 1epopMupyemMoro no MexaHu3My Kpei-
3uHra. O¢dextuBHblit quamerp nop [IOT® npu BHITSDKKE B
aJcOpOIMOHHO-aKTUBHOW cpefie, ONpe/IesIeHHbI METOA0M HpO-
TEKaHMsI XUIKOCTU IIOJ IeWCTBHEM IpaJfeHTa JaBJICHUS N
METOJI0M MAJIOYIJIOBOIO PEHTICHOBCKOIO PACCEsHUsl, COCTAB-
sgsier 5—10 HM, B TO BpeMsl Kak T'MIpOAMHAMUYECKUN paanyc
KIIybka Makpomouiekys I190 ¢ MonekyIsspHOii Maccoii ot 4+ 10%
10 109 paBen 9.2 - 63 uMm.'!° Bosee TOro, KOJIMYECTBO NPOHUKALO-
mero I[190 B mpomecce KpeW3WHra 3HAYUTEIHLHO MPEBBIIIACT
KOJINYECTBO, KOTOPOE MOXKET OBITh PACCUUTAHO B MPEIIOJIONKE-
HHUM, YTO MOPHUCTAsi CTPYKTypa MOJHOCTBIO 3AIIOJIHEHA PACTBO-
pOM moJiuMepa TOW e KOHIIEHTpAIMeH, YTO U B o0beme (CM.
puc. 18). [Ipyrumu ci1oBaMH, CyIIeCTBYeT HEKHI MeXaHU3M 000-
ramenus: pactsopa [190, MpOHUKAFOIIETO B MOPUCTYIO CTPYK-
Typy [I9T®, pasBuBaromyrocss B mpolecce ero Kpesnara mpu
nedopMali B pacTBOPE BTOPOTO MOJMMEPHOTO KOMITOHEHTA
(I120).

BaxHO OTMETHUTB, YTO aHAJIOTUYHOE IPOHUKHOBEHNE MaKpO-
moJtekyJ1 [190 B cTpykTypy mosimmepa, AeHopMUPOBAHHOTO 110
MeXaHU3My Kpeif3uHra, HabroqaeTcst ¥ B YucTo auddy3noHHOM
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Puc. 18. 3aBucumocts kosmuectBa [190 ¢ MoJIeKyIsIpHOW Maccoi
4-10%, Bkarouennoro B [I9T® B nporecce ero pacTsSKeHUs B BOAHO-
cnupToBoM pactBope I190, oT KOHIEHTpanun 3Toro pacteopa (/) u
BBIYHCJIEHHAS 3aBHCUMOCTH KosmuecTBa [190, koTOpoe MOXeT OBIThH
BKJItoueHO B [I19T® B npenrnosioxxeHn MakCUMaJIbHOTO 3aI0JTHEHHS
TIOPUCTON CTPYKTYPHI Kpei3oB pacTBopom I1D0 ¢ mcxogHOW KOH-
nedTpanwei (2).1%2

BapuaHTe. B mocienHeM cityyae npeaBapuTeSbHO Kpei30BaHHbIHI
nojmMep noMearoT B pactBop [190 u3BecTHON KOHIIEHTPALIUY;
npoucxogut muddysus II20 u3 ero pacrBopa B Kpeii30BaHHYIO
MOJINMEPHYIO MAaTPUILy, U KOJMIECTBO COPONPOBAHHOTO KOMIIO-
HEHTA OKa3bIBAETCS OJM3KUM TOMY, YTO MPEIACTABIICHO HAa
puc. 18.

Wrax, mudpdy3rMoHHBII TpaHCIOPT MAKpPOMOJICKYJ B Y3KUE
(HAHOMETPOBBIE) MOPHI CYIIECTBEHHO OTJMYaeTcss OoT auddy-
3MOHHOT'O MacCOMEePEHOCa MAKPOMOJIEKYJI IIPU UX a1COPOIUY U3
pacTBopa Ha IUIOCKYIO MOBEPXHOCTH. 23~ 125 BaxubiMu 0cobeH-
HOCTSIMH TaKOT'O TPAHCHOPTA SIBJISICTCS PE3KOE YBEJINYCHUE CKO-
poctu auddy3ur MaKpOMOJIEKYJI U3 PAaCTBOPOB B IIOPEI, KOTOPOE
HAGJIFOTAETCsI TIPU BBICOKUX (BBIIIIE TOYKH KPOCCOBEPA) KOHIICHT-
panusix pacTBopa IoJIMMepa He3aBUCUMO OT €0 MOJICKYJISIPHOR
macchl. Ipyrumu cioBamu, CyIeCTBYIOT Ba pexxuma auddy3uu
MaKpOMOJIEKYJl B y3KHE TOpPBI: OBICTPBINA, XapaKTePHbIA IS
BBICOKMX KOHIIGHTpAllUil pacTBOPOB, M MEJJICHHBIN, UMEIOIUN
MeCTO B pa30aBJIeHHBIX pacTBOpax. 3aMeTUM, YTO aHOMAaJIbHOM
ckopocTHOM muddy3un nosumepa U3 ero KOHIEHTPUPOBAHHOTO
pacTBOpa B MOPHI HE NPENSTCTBYET TO, YTO HEBO3MYILCHHBIE
pa3mepbl MAKPOMOJIEKYJIBI CPABHUMBI (HJIH Ja)e MPEBBIIIAIOT)
C JHAMETPOM MOp, B KOTOpbIE OHHU MPOHUKAIOT. Bo3HHKaeT
BOTIPOC O MEXaHU3ME HAOIIOIaEMOTO SIBIICHUSI.

Auddy3ust B moJIMMepHBIX paCTBOpax — OJHA U3 CTAPEHIINX
npo6eM GU3MKU HOIUMEPOB. 2% 127 B cOOTBETCTBUM C OTMEYEH-
HBIMHU BBIIIE pexxuMamu TU(Gdy3un (CKOPOCTHBIM M 3aMe/IJICH-
HBIM), MNpEIIoJaraloTcs o KpaiiHell Mepe 1Ba MeXaHH3Ma
TpaHCIIOpTa MakKpOMOJIEKYJl B HX pacTBopax. B aToil cBsi3m
OTMETHM, 4TO T (HY3MOHHBIN MACCOEPEHOC IETHBIX MaKPOMO-
JIEKYJI MOXKET XapaKTepU30BaTLCS NByMsi Kod(durmentamu mud-
(dy3un: koappunuenrom camonuddysun (Ds) 1 ko3P PUITHEHTOM
koomnepatuBHOi muddysun (Dg). Koapdunuent camomudysun
OTHUCHIBACT BIXKCHUE MaKPOMOJIEKYJI OTHOCHTEIBHO OKPYXKAr0-
[IUX MOJIEKYJT Ojlaroapsi TEIIOBOMY IBMXKEHHIO, a K03(hdu-
[UEHT KOOMepaTHBHOW MudGYy3uu — JBHKEHHE MHOXECTBA
MOJIEKYJI B TpajueHTe ImIoTHOCTU.!?8- 132 Jng peanuzanum
KoomnepaTuBHON uddy3un mommepa HEOOXOIUMO, YTOOBI
MaKpOMOJIEKYJIbl OBLTN CBSI3aHBI B PACTBOPE €IMHOW CETKOM
3alleIUIeHNH, KOTOPasi He MO3BOJISIET UM HE3aBUCUMO JIBHTATHCS
B pactBope. CunTaeTcst OOIIENPHHSTHIM, YTO PE3KOe YCKOPEHUE
muddy3un B pacTBopax MOJIMMEPOB C KOHIIGHTpAIMEH BBILIIE
TOYKH KPOCCOBEPA CBSI3aHO HMMEHHO C IPOIIECCCAMHU KOOTIEPATHB-
Hoil nuddy3un.

Kakum jxe 06pa3oM CBsI3aHHbIE €INHON CETKOM 3aleTIeHHi
MaKpOMOJIEKYJIbI, HEBO3MYIIIEHHbIE pa3Mepbl KOTOPBIX HMPEBBI-
AT JUaMeTp HOp, MPOHUKAIOT B 00beM mop? 3amerieHus: B
MAaKpOMOJIEKYJIIPHOM CETKE OIMCHIBAIOTCS JKBUBAJICHTHON
«TpyOKOI», KOTOPOU OrpaHMYEHA IMOABIKHOCTh WHINBHUIYAIIb-
HBIX 1enei. 126 127 JIpmkenue neneii B TpyOKe HA3BAHO pENTAILIUEN,
4TO MOJYEPKUBAET CIIOCOOHOCTH THOKUX MAKPOMOJIEKYJI K «3Mee-
M0JOOHOMY» MOJIEKYJIIPHOMY MOCTYNATEIbHOMY JBHKEHHUIO.
VIMeHHO penTanyoHHOE ABHXKEHHE MaKpOMOJIEKYJ B PacTBOpE
MO3BOJISET MOHSTh M OOBSICHUTHL WX MPOHUKHOBEHUE B Y3KHE
mopbl. [IpOMILITIOCTPUPYEM 3TO Ha TIPEMEPE TAHHBIX paboThI 133,
B aroit paboTe HCCIENOBAIM CTATHYECKHE W TUHAMHYECKUE
HEPABHOBECHBIE CBOWCTBA MOJIMMEPHOI 1€ MeTO1I0M MOHTe-
Kapsio. Pe3yiapTaThl 3TOr0 WCCICIOBAHUS HILTIOCTPUPYET
puc. 19. INonmumepnas nenb u3 50 3BEHbEB, OTPAHMYCHHAS B
MIIHHIPHYIECKUX [OPax Pas3IMyHOrO JUaMeTpa, CYIIECTBEHHO
U3MeHsieT cBoto koHpopMamuro. [To cyTu mokasaHo, 4ToO C ycu-
JICHUEM TPOCTPAHCTBEHHBIX OIpaHUYCHUI HaOJIoJaeTcs KOH-
(bopMaIMOHHBINA TIepexol KJIYOOK —BBITSIHYTas Ienb. Jpyrumu
CJIOBAMM, YKA3aHHBIA MEPEXOJl MOXET OBbITh HHUIMUPOBAH B
yCIIoBUSIX paBHOBecHOH muddys3un (6e3 pazoBoro noToka) u3me-
HEHHUEM TOJIbKO MPOCTPAHCTBEHHBIX OTPAHUYCHUIN MOJIMMEPHON
[erny.
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Puc. 19. Kondpopmanus mommumepHoii e u3 50 3BeHbEB, OrpaHU-
YEeHHO! B IIMJIMHAPUYECKUX Topax auameTpom 2 (1), 4 (2),6 (3), 8 (4)u
10 BMm (5).133

JuHaMuveckoe MOBEIeHHE MAKPOMOJIEKYJ MOJIMMepa Mpu
€0 NIPOHUKHOBEHUM B HAHOMETPOBBIC IOPbI TEOPETUYECKU OXa-
pakTepuzoBano B pabote 34, B koTOpOH paccuutan Ko3(pdu-
UEHT pa3JiejleHusi — OTHOIIECHHE KOHIEHTPAIIMU YACTHI[ B TOPE
W BHE MOPBI — JUJIst THOKUX IETeid U JIUIsl )KECTKUX CTePIKHEN Tpu
GeckoneyHoM pasbapiienun. [1o3/1HEE C MOMOIIBIO CKEHIMHTO-
BOTO MMOJIX0/1a OB UCCIIeAOBAHBI KOH(POpMANUU OOJIBIINX THO-
KHX IIeTeil B XOPOIIeM PACTBOPUTEIIE, «3aXBAYCHHBIX» B MaJIble
[AJTUHPUYECKUE TIOPHI, B 3aBUCKMOCTHU OT KOHIIEHTPAIMHU MTOJIU-
mepa.!33 TTokazaHo, 4TO TUOKHE LEMHbIE MAKPOMOJIEKYJIBI MOTYT
IPOHUKATH B OIPAaHUYEHHbIE MPOCTPAHCTBA BCJEICTBHE PEITAa-
MUOHHBIX MOJIEKYJISIPHBIX JBHXXEHHI, KOTOPBIE 10 CYTH SIBJISFOTCS
JIBIDKCHHEM, OOYCIIOBJIEHHBIM HOCTOSIHHBIM WM3MECHEHHEM KOH-
(hopMmanuit MAKpOMOJIEKY L.

Nmenno 6marogapst KOHGOPMAIMOHHBIM MIEPEX0aM IIOJIH-
MEpHBIE [EMH MOTYT OPOHHUKATH B OYEHb Y3KHE OTPaHMYCHHBIC
npocTpancTBa. B pabote 3¢ mokazaHo, 4TO IENHBIE MOJIEKYIIBI
MOTYT TPOHHMKATh JaXKe B KaHAJbI IEOJUTOB. B 310l paboTe B
KayecTBe COPOCHTA MCIOJIB30BAJN IIEOTUT C KaHAJAMM JTHAMET-
poMm Bcero 0.74 um, Tem He MeHee (puc. 20) B ero CTPYKTypy
copOupyeTcsi He TOJIbKO 3TUJICHTJIMKOJb (KpuBasi /), HO U €ro
BBICOKOMOJIEKYJISIPHBIE TOMOJIOTH C PA3JIMYHBIMEU MOJICKYJISIp-
HbIME Maccamu. Bosee Toro, kak ciienyeT u3 puc. 20, BHICOKOMO-
JIEKYJISIPHBIE TOMOJIOTH copOupyroTcss HaMHOTO 3(dekTuBHEE,
4eM MOHOMEPHBIN ITUJICHIJIMKOIb. Jlaxe amcopOius moInu3Tu-
JICHTJIMKOJISL CO CTeneHbio nojuMepusaiyu 900 B 00J1acTH HEBBI-
COKHUX PAaBHOBECHBIX KOHLEHTPALUH BO MHOIO pa3 IPEBBILIAET
KOJIMYECTBO COPOMPOBAHHOIO STHJICHIJIKOJISL. ABTOPBI TOJIa-
raroT, 4YTO MPOHUKHOBEHHE B CTOJIb y3KHME MOPBI MOJUMEPHBIX
ernei BO3MOKHO TOJIBKO BCJICICTBHE UX PENTAIMH, a THAPO(HOO-
HBIE B3aUMOJIEHCTBHUS COPOUPYEMOTO BEIIECTBA CO CTEHKAMU TIOP
CIOCOOHBI KOMIICHCHPOBATH MMOTEPH IHTPOTIUH, HEU3OEKHO MPO-
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=] . R
140 F <
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Puc. 20. N3otepmbr copbumnn neosmrom FAU stunenrimkosst (1) u
130 co crenenpto mommmepusarmu 900 (2), 200 (3), 6.8 (4) u 13.6
(5).13()

HMCXOISIINE TIPH MPOHUKHOBEHUH TOJMMEPHBIX KJIyOKOB B CTOJIb
y3KHE TIOPHI.

HeoOxoaumo Takke KpaTKO KOCHYTBCS IBUXKYIIUX CHJI,
3aCTaBJISIIOIIMX TMOJIMMEPHYIO MOJIEKYJIY IPOHUKATH B y3KHE
nopsl (cM. puc. 19), XoTs1 OUEeBUAHO, YTO NIPU OTMEUECHHBIX BBIIIIE
KOH(MOPMAIMOHHBIX Mepexogax OyayT Oy TUMbIC SHTPOIUITHEIC
notepu. OYeBHTHO, IPOHUKHOBEHHE IOJMMEPHBIX IIETIEH B y3KUE
MOPbI 00YCIIOBJICHO B3aMMOACHCTBHEM IOJIMMEPA CO CTEHKAMHU
MOp, WHBIMH CJIOBAMH, aJICOPOIMEN MoJMMepa Ha CTEHKax.
C 0aHOW CTOPOHBI, MPOHUKHOBEHHEC MAKPOMOJIEKYJ B Yy3KHE
MOPHI IOJDKHO MPUBOAUTDL K MOTEPE SHTPOIMH U3-3a OTpaHHYe-
HUSl Yuciia KoH(popMamuil 1emneil, OJIM3KO PACIOJIOKCHHBIX K
cTenkam,'33 a ¢ Apyroil — HEHyJIEBBIM 3HAYEHUEM CErMEHTAIIb-
HOW JHEPruM aAcOPOIMU MOXET OBITH OOYCIIOBJICH BBIUTPBIII
CBOOO/THO¥ SHEPTHUH, 32 CUET KOTOPOTO BO3MOKHA KOMIICHCAIIUS
MOTEPH JHTPOIMH BCIIEACTBHE CXXATHUs Iieneid B mope. Ciemqoa-

Dueprust

JnameTp nopsl, HM

Puc. 21. 3aBucumoctu cBobomHoi sHeprum (/), sHTpomuu (2) u
SHTAJIBNUK aJcopounn (3) OT AuaMeTpa HOpHI, B KOTOPYIO aJIcopOu-
pYETCs MaKpOMOJIEKYJIa U3 pacTBopa.'!®

@ — pa3mMep MOHOMEPHOTO 3BEHA.
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TEJIbHO, MPH aACOPOIMU KOHIEHTPAIMS Leneldl BHYTPU MOPBI
JIOJDKHA OBbITh BBIIIE, Y€M B OTCYTCTBHME aiCcOpOIMU. DTH pac-
CYXJICHUS CXeMaTHIECKU UJLTIOCTpUpyeT puc. 21.

O6a noxoa (M JMHAMUYECKUIA, U CTATUYECKUIA) TIPEICKA3bI-
BAOT, YTO OOJIbIMEe TUOKKE IENH MPOHUKAIOT B MAJIbIe MOPBI
HAMHOTO JIerde, KOTJa UX KOHIEHTPAIHUs BO3PACTAET. DKCIEPH-
MEHTAJIbHBIE JaHHBIE KAYECTBEHHO 3TO MOATBEpxKAaroT, 13 116 go
KOJIMYECTBEHHBIE CPABHEHUsI TPYJHO MPOBECTH, TAK KaK HEOOXO-
IUMO WCIOJb30BATh MICHTUYHbIC MMOJIMMEpPHBIE IIEH, a TaKxke
COBEPILECHHBIE TOPHUCTBIE CTPYKTYPHI (IIMJIMHIPUYECKUE IMOPHI
KOHTPOJIMPYEMOTO painyca).

B 3axurrouenue qannoro paszaesna HeoOX0AUMMO OTMETHTD €IlIe
OJIMH BO3MOXHBIA BKJIAJ{ B TOBBIIICHHE CBOOOIHON 3HEPruw,
CIOCOOCTBYIOIIIEE MTPOHMKHOBEHHIO MAKPOMOJIEKYT B y3KHe
mopbl. Peub UAET 0 KPUCTAILTH3YIOMIMXCS MoauMepax (B 60JIb-
IIMHCTBE IIMTUPOBAHHBIX BBIIIE pabOT B MU(D(PYy3MOHHBIX KCIIe-
PUMEHTAX WCIOJIb30BAIM MMEHHO Takue mosumepsl). Jleao B
TOM, YTO OPHEHTANUs] MAaKPOMOJIEKYJI TOJMMepa MpH ero mpo-
HUKHOBEHUM B Y3KHE IIOPbl MHUIMUPYET €r0 OPUEHTAIMOHHYIO
kpuctajumsanuio. 37 Temnora KpUCTAJUIM3AIUM CYLIECTBEHHO
BBIIIIE TEIUIOTHI aACOPOIUU, W ITUM, OYEBUIHO, OOYCIIOBJICH
GOJIBIINI BBIMTPHIII B CBOOOTHON SHEPTHU.

IV. Bansinne npocTpanCcTBEHHBLIX O pAHMYeHMIt
Ha ()a30oBble Mepexo/Ibl B KPUCTALIU3YIOUIMXCS
noJimmepax

PaccMOTpEHHBIH BBIIIE MaTEPHAT CBUIETEIBCTBYET O TOM, YTO
MOJIAMEPDI, M3MEJIbUEHHBIE JI0 HAHOPA3MEPOB, MPHOOPETAIOT
KOMIUIEKC CBOMCTB, HE XapaKTEPHBIX JUIS MOJHMEpa B 00BeMeE.
ECTecTBEHHO, YTO NPOCTPAHCTBEHHBIE OrPAHHYEHHS CUIBHO
BJIMSIFOT U HA (Da30BbIE MEPEXObl B KPUCTAIUIU3YIOLIMXCS T1OJIH-
Mepax. Haubosee cylecTBeHHO TaKOe BIAMSHHUE TOJKHO CKa3bl-
BATHCS HA NPOLECCAX KPUCTAJUIM3ALMH, OCKOJBKY NPH 3TOM
pelarolee 3HaYeHNe UMeeT Takasi GpyHIaMeHTalbHasL XapaKTe-
pucTHKa, Kak pasMep (azooro 3apompima.'3® TumuuHbil pas-
Mep (a30BOro 3apObIIa COCTABIISCT €MHALBI — ACCSTKH HAHO-
METPOB, MOITOMY OYEBHIHO, YTO HAHOMETPOBBIE IPOCTPAH-
CTBEHHbIE OTPAHUYECHHUS JOJDKHBI CKA3BIBATHCS B IIEPBYIO OUEPEIb
Ha IIPOLECCAX 3apObILIEOOPa30BAHUS MPU KPUCTAJUIU3ALUK
HOJIAMEPOB, & CIIEIOBATENBHO, Ha HX CTPYKTYpPE M CBOUCTBAX.

IV.1. BiusiHue npocTpaHCTBEHHBIX OF PAHHYEHHIH
HA KPHCTAJIIM3ALHIO O THMEPOB

JIJ1si MCCIIeIOBAHUSI BJIMSHUST HAHOOOBEMHBIX OTPDAHMYECHHWI Ha
CTPYKTYPY ¥ CBOWCTBA HOJHUMEPOB OOBIYHO M3YYAIOT UX TOHKHE
IJICHKH (CM. pa3fen 1I).>® B mocneauue rofsl cTana MONYJISIpHOR
METOMKA MOJIYYCHUS TTOJTUMEPHBIX HAHOTPYOOK U HAHOCTEPIK-
meit. 139142 B paborax 43 144 paccMOTpeH Tak Ha3bIBAEMBIN TEM-
IJIATHBIA CHHTE3, KOTJa MOJHMMEP CHHTE3UPYIOT BHYTPH TEM-
IUTATHOM MeMOpaHBI C MOCIEeIYIOUMM yIaJeHHeM U3 Hee HaHO-
Ppa3MepHbIX MOJUMEPHBIX BKJIIOYEHUH Iy TEM PACTBOPEHUS TIOPH-
CTOM MAaTpuIlbl. Pa3HOBHIHOCTHIO YKA3aHHOTO  IMOJAXOA
SIBJISIETCSI BBEJICHUE MOJIMMEPHBIX PACILUIABOB M PACTBOPOB IIOJIH-
MEpPOB B HAHOPAa3MEpPHBbIE MOPBI TeMIUTaTa (MEMOpPAHbI) MyTeM
€ro cMavmBaHms. 4% 146 Jpmkyineit Cuitoii HarHETaHUS OJIUMEDPA
B HAHOTIOPBI MOXET OBITH ¥ BHEIIHee AapieHue.' 4’ OTMeueHHbIH
Croco0 UCHOJIB3YIOT TAKXKe JIJIs1 3aMOJTHEHUS! TIOJIMMEPOM TaKUX
U/ieasIbHBIX TEMILIATOB, KAKUMHU SIBJISIFOTCS] AHOJHBIE aJIFOMHHE-
Bble MeMOpaHbl (cM. puc. 10), ¢ MOCIEAYIOMUM PaCTBOPCHUEM
AJIFOMUHHUEBOM MaTpUIlbl. BO BCeX OTMEUYEHHBIX BBIIIE CIIyYasix
Y1JIOCH TIOJIYYUTh IIOJIMMEPHbIE HAHOCTEPKHU UJIK HAHOTPYOKH.

COM-UM300paxeHnss MOJYICHHBIX TPOIYKTOB, KOTOPBIE
MO3BOJISIFOT U3y4YaTh CBOMCTBA IOJMMEPOB B HAHOCOCTOSHMH,
npeAcTaByieHbl Ha puc. 22. CBOMCTBA TAKOTO pOJia HAHOOOBEKTOB

Puc. 22. COM-U300paxennss HAHOCTEpXHEH M3 CHHIMOTAKTHYE-
ckoro TIC (a)3 u nanorpy6ok u3 nonusununuaenpropuga (I1BD)
(b)*.

HanocTepkHM TOJIy4eHBI IyTEM 3allOJHCHUS aJIIOMHUHHUEBON MOpHU-
croit Matpuisl paciiaBoM I1C u pacrsopom I1B® B numernnpopm-
aMH/IE C TIOCJIEAYIOIIUM PACTBOPEHNEM AJTFOMIHUEBOI MATPUIIBI.

OBLIM IPeIMETOM MHOTOYMCIICHHBIX HCCIIeI0BaHNiT (CM., HANIpH-
Mmep, paboTel®13:148) i x HacTosAIEMY BpeMeHH HAKONMIICS
JIOCTATOYHO OOMIMPHBIA MaTepual, MO3BOJIIIOIINI CHeIaTh
HeKoTOphle 06006mmenns. Hanpumep, B craThe >3 mokaszano, 4To
HAaHOCTEPXXHU U3 cuHamoTakTmyeckoro [IC B pacmiaBieHHOM
COCTOSIHUM B IMJIMHIPHYECKUX MOPax aJFOMHUHHUEBON MaTpPHIIBI
HE TOKAa3bIBAIOT MOJIEKYJISIpHONM opueHTauuu. Eciam TBepablil
amopdublii cunaroTaktuyeckuii [1C HarpeBaroT BbIlle KOMHAT-
HOIf TeMIiepaTyphbl, TO B HAHOCTEPXKHSIX OH KPUCTAJIN3YETCS TAK
e, Kak u B 0JI0Ke, TPH 9TOM (POPMHUPYIOTCSI KPHCTAILIIBI C TOH ke
CTETICHBIO KPUCTAUIMYHOCTH H O3 NMPeIoYTUTEILHON OpUEeHTa-
. Ecm ke cmammotaxTtmieckmit I1C kpucrammsyercss w3
paciuiaBa HEOCPEACTBEHHO B HAHOIIOPAX, TO 00pa3yeTcs CTPYyK-
Typa C OCSMH ¢, OPUCHTHPOBAHHBIMA HOPMAJIbHO K OCH HAHO-
crepkHs. KpHUCTAaIIMYHOCTP B TAaKUX HAHOCTEP)KHSAX 3HAYH-
TEJbHO HIDKE, YeM B OJIOKe, U YeM MeHbIIe pa3Mep Iop, TeM
HIKE KPUCTAJIIMYHOCTb.

B paGote '> UCnosb30Bau aJFOMUHHEBBIE TEMILIATHL IS
HCCJIEOBAaHUS BIIMSIHUSL NIPOCTPAHCTBEHHBIX OTpPAaHMYCHUII Ha
KpucTaym3anuto yuHeitoro I19. Biusane pasmepoB HaHOTIOP
Ha TeMnepaTypy miasienus (7m) AeMOHCTpHpYeT puc. 23,a, a Ha
CTeNeHb KPUCTAJUIMIHOCTH TTosMepa (o) — puc. 23,b. Xoporio
BHJIHO, 4TO pa3mep [13-¢a3pl BiuseT kak Ha Ty, oIMMepa, Tak U
HA ero CTeNeHb KPUCTAJUTMYHOCTH.

PaGora '*° mocBsIIeHa WMCCIENOBAHUIO TEIIO(PU3UYECKUX
ceoiicte [1D0 B BuAe HAHOTPYOOK C TOJIIMHON CTEHOK
~100 aM. TpyOxu noJy4aay IMyTeM IMPONUTKH PACTBOPOM WM
pacmiaBom [190 aTrOMHHHEBBIX TEMIUIATOB C IMIMHApPUYE-
ckumu nopamu auaMmerpom 400 HM. VCIIoBuUS IPONUTKH MOI0H-
paiu TakuMmu, 9TOOBI IMUIMHAPHUYECKAs mopa ObLTa 3amloJIHeHA
YACTHYHO, & B €€ HNEHTPE BO3HUKAJA IUJIMHIPHYECKAS IIyCTOTa
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Puc. 23. 3aBucuMocTH TeMIlepaTypsl miiaBieHus JuHeitnoro I19 (o) u
CTENEHH ero KPUCTAJUIMIHOCTH (b) OT THaMeTpa IOp B ATIOMIHAEBOM
TEMILIATE, B KOTOPOM IIPOBOJIAT KPUCTAJUTM3AIMUIO U IUIaBJeHue. |2
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Puc. 24. Cxematunyeckoe nzobpaxenue [190-HaHOTPYOKH B aJIFOMH-
HUEBOW MUJIMHIPHIECKOi MaTpuite. 4

(puc. 24). ITpuroToBJeHHbIE ITUM COCOOOM 00pa3Ibl UCCIIEI0-
BaJI MeTOJOM Au(depeHInaIbHON CKAaHUPYIOIIEH KaJIopuMeT-
pmr (JCK). Kpusble JCK mporeccoB KpHCTaJUIM3aluN U
mwiaByierns 6souHoro [120 u [120 B Buie HAHOTPYOKH C TOJIIIH-
HOM cTeHKH ~ 100 HM mpencTaBiIeHs! Ha puc. 25. X0opoIo BUIHO,
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Puc. 25. JICK-Tepmorpammsl miassieHus (/) ¥ kxpucraumsanun (2)
I190 B 6;109HOM COCTOSIHUH (@) U B HAHOTPYOKE C TOJIIIMHOW CTEHKH
~ 100 um (b).14°

4TO BO BTOPOM Cllydae TemImepartypa kpuctaumusanuu [1250
CHIKAaeTCsl mpuMepHo Ha 50 rpaaycos.

[Toxosxue 3aBUCUMOCTH HAOJIIOJAIM TaKXKe NPH KPUCTAIIIIH-
3a1uM HaHOTPYGOK HA OCHOBE MOJUBUHWIMIEHDTOPHAA,® CHUH-
muotakTraeckoro I1C,73 150 [13,12 gekoTOpBIX GJIOK-COMOIUME-
poB 3! u apyrux coemuuenuit.'>> Apropsl myGiukanuii '> 152
CIeJIaJH CJIeIyFOIIHiA 0600INAFOIINIA BRIBOI: IPU HAHOMETPOBBIX
00BEMHBIX OTPAHMYCHHSX KPHUCTAJUINYHOCTH MOJUMEPOB CHU-
JKaeTcsl, cTeneHb nepeoxyaxaeHus (pasHocTb AT = Ty — Ter)
BO3pACTaeT, a TeMIIepaTypa IUIABJICHHS YMEHbIIACTCSI.

Takum o6pa3om, 0OBbEMHBIE OrpaHUYEHHs BIUSIOT M Ha
MeXaHU3M KPUCTAH3anun. >3 O6bIMHO Mpu 00CYKICHUI MeXa-
HU3Ma KPUCTAJUIM3aIUH UCTIOJIB3YIOT COOTHOIIEHHE MEX]Ty CKO-
POCTBIO KPUCTAJUIN3AIMH U CTEIEHBIO MIepeoXIaXaeHus. B 60J1b-
mux 1mopax (d > 50 HM) KpHCTa/UTM3AIUsl TPOTEKAeT IIpH
HeOOIBIINX 3HAYeHUIX AT ¥ CHIILHO 3aBUCHT OT T¢r. B MeHBIIIIX
nopax (d < 50 HM), HAIPOTUB, KPUCTAJIU3AIMUS TPOTEKAET B
OoJsiee MMPOKOM MHTEepBaJie 3HauyeHud AT ¥ B MeHbIICH Mepe
BBIPAXKEHA 3aBUCUMOCTL OT T¢p.'3? CHIIbHYIO TeMIEpaTypHYIO
3aBUCUMOCTb CKOPOCTHM KPHCTAJUIM3alUM B OOJBIIUX I[OPax
MOJHO Ye€TKO WHTEPIPETHPOBATH C MO3MIUA TEOPHU KJIacCHYe-
CKOTO 3apo/IbIieo0pa3oBaHust Kak KHHETUKY KPHCTAIN3AIIHN C
TOMOTEHHBIM 3aPO/IBIIIE00PA30BAHIEM.

Ha ocHOBaHuM aHaiu3a OMyOJMKOBAHHBIX JAHHBIX MOXHO
3aKJIFOYUTh, YTO MPU KPUCTAIIM3AINH TOJTUMEPOB B OTPAHUYCH-
HOM TMPOCTPAHCTBE MPOIIECC 3aPO/IbIIIe00pa30BaAHMSI TPEBAIIH-
pyeT HaJ MPOIECCOM pPOCTa 3apOJBIIIei, YTO OTpaxkaeTcs Ha
CTPYKTYpe M CBOICTBax IOJyyaemMoro mpoaykta. ['omoreHHoe
3apojslieoOpa3oBaHie MMEET MECTO B NMPOTSDKEHHOM 0ObeMe
ToJIMMepa 1 peasm3yeTcs Ha (QIyKTyalysiX IJIOTHOCTH, B PE3YJIb-
TaTe OTCYTCTBYET HPEANOYTHTEIHHOE HANpaBJIEHHE POCTA KPH-
CTAJUINTOB, B TO BPEMSsI KaK B Y3KUX MMOPAX CTEHKA IIOPBI CIIYKUT
OCHOBOM T€TEPOTeHHOTO 3apOIbIIIa. DTy BAXHYKO OCOOCHHOCTH
KpUCTAIUIM3AIMN MOJIUMEPa B Y3KHX MOpax AEMOHCTPHPYET
puc. 26. BugHo, 4TO KpUCTAJUITU3AIMS MOJIMMEpPa CONPOBOXKIA-
€TCsl OPHUEHTALMEll KPUCTAJUINTOB 11O OTHOIICHHIO K OCH TOPBHI.
CrietyeT OTMETHUTB, YTO IPU IreTepOreHHOM 3apOobliieo0pa3oBa-
HUM, HAOJIIOTaeMOM B Y3KUX HOpax, HepeoxJakaAeHue OOBIYHO
3HAYUTEIHHO MEHBIIIE, YeM IIPH TOMOTE€HHOM 3apO/IbIIIe00paso-
Banun. HabirroiaeMble B 9KCIIEPUMEHTAX GOJIBIINE MEePEOXIIaK-
JICHUSI TIPH KPUCTAJUIN3ANUH [OJIAMEPA B Y3KHX MOPAaxX aBTOPBI
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X =
=
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=
d > 50 HM d < 50 EM
Puc. 26. Cxematnueckoe H300pakeHHe  3apObIIeoOpa3oBaHUs

(BBEpXy) ® KpHCTAJUTM3AIWU (BHH3Y) WOJMMEpa B IIHPOKUX
(>50 um) 1 y3xux (< 50 uM) nopax.'>*

nyGukamun '4° CBS3ai1i ¢ yMEHBILEHAEM PA3MEPOB KPUCTAILIH-
TOB U YBEJIMYEHHEM ILIOMAAN X MEK(Pa3HOU MTOBEPXHOCTH.

B03MOXHOCTE TOMOTEHHOTO 3apOABIIIE00PA30BAHUS CYIIE-
CTBYET U B OTrPAaHMYEHHBIX HaHO(DA3aX KPUCTAIIH3YIOIIErOCs
NOJMMEpPA, HApUMEP B HAHOPA3MEpHBIX  Karsx. !S5 158
Kpucrammmzanus npoucxoauT NPpakTHYECKU B MOHOAUCIEPCHBIX
Kanesjbkax pasmepoM ~ 100 HM. B 3tom ciyuae nepexon oT
TeTEPOreHHOTO K TOMOTCHHOMY  3apOJblieo0pa3oBaHUIO
00yCJIOBJIEH HWMEHHO T€OMETPHYECKUMH  OTPAHUYCHUSIMIL.
Bo-mepBbIX, B TAKUX YCIOBHSX KPUCTAJIIM3YIOMIMIACS MOJIAMED
HE KOHTAKTHUPYET C TBEPJOH MOBEPXHOCTHIO, MO3TOMY HMPAKTH-
4eCKM YCTPAaHEHAa BO3MOXXHOCTb PpEaJN3alUl TeTEePOTEHHOTO
3apoblieoopazoBanus. Bo-BTOpPbBIX, HEOOJIBIIIOE YHUCIIO CITyYaii-
HBIX 3apOJBIIICH, BCEr/a HAXOMSALIUXCS B PeasibHOM OJIOUYHOM
HOJIIMEPE M OTBETCTBEHHBIX 3a FeTEPOreHHOE 3apo/IbIieo0pa3o-
BaHME, paclpeieeHbl B OIPOMHOM KOJIMYECTBE Kalesek, T.c.
3apOJBIIIN HAXOMATCSl JaJIeKO HE B KaXIOW Kameybke ¥, Kak
cieacTBHE, HE MOTYT 3(dekTHBHO «cpaboTaTh».!3% 190 B oTcyT-
CTBHE TeTEPOTeHHBIX 3aPOIBIIIEH B KaNeJIbKe IPOUCXOIUT FOMO-
TEHHOE 3apOABIIE00Pa30BaHUE, TIO3TOMY JISI KPUCTAIIIIH3AIIAN
B 3THUX YCJIOBHSIX HEOOXOAMMO OOJIBIIIOE TEPEOXJIaXKACHUE. DTy
CUTYaIUIO WJUTFOCTPUPYET pHc. 27. BUaHO, 4TO npH AUCTIEprUpo-
BaHHUHM IOJMMEPa B MUKPOIMYJILCHU PE3KO YBEJIMYUBACTCS CTe-
HEeHb NePeoXJIaXACHHS Mpolecca KPUCTAIIIIM3AIMHT 1, BEPOSITHO,
JIEWCTBUTEIBHO DPEAIM3yeTCsl TOMOTCHHBI MEXaHNU3M 3apOIbl-
meobpasosanus. 0!

Cy1IecTByeT ellie OI1H Crtoco0 BHISBICHHS 3aKOHOMEPHOCTEH
KPUCTAJIM3AaliN MOJIMMEPOB B YCIOBHSIX IPOCTPAHCTBEHHBIX
orpannueHuil. ITpocTpaHCTBEHHbIE OTPAHMYEHHS TOJIUMEPHBIX
CJIOEB TPAKTHUYECKH JIFOOOTO Macuitaba MOXHO peajn30BaTh
IyTeM TaK Ha3bIBAEMOW CHIIOBON COOPKH MHOTOCJIOHHBIX MOJIH-
MepHBIX cucteM. [Ipomecc coeBoil MyJIbTHIUIMKAIMA OCHOBAH
Ha UCII0JIb30BAHUH BSI3KOYIIPYTHX CBOWCTB IOJIMMEPHBIX pacIlia-
BOB BO BpEMsI COOKCTPY3UH JIBYX MOJMMEPHBIX HOTOKOB, IPHBO-
JSIIeil K MocIe0BaTeIbHOMY YBEJIMUCHIIO YHCIIA CII0EB HECOB-
MECTHMBIX TOJMMEPOB B MOJIydaeMOH IUIeHKe. MHOTOCIONHBIE
CHCTEMBI Ha OCHOBE HECOBMECTUMBIX MOJMMEPHBIX Map — ya00-

TerutoBoii moTok ]
2
'8 0 ==
£ N [
2/
1/

1 1 1 1 1 1 1
—40 —20 0 20 40 60 T,°C

Puc. 27. ICK-Tepmorpammel ITD0 (Monekyaspraas Macca 40 - 10%) B
6510uHOM coctostann (1, 1) u B Mukposmyscuu (2, 2').161
1,2 —marpes; 1, 2’ — oxnaxnenue.

HbIe OOBEKTHI ISl IKCIIEPUMEHTAJILHBIX HCCIIEOBAHUNA CTPYK-
TypbI TTOJMMEPHBIX KoMMo3umuid. 62~ 167 VcopepiieHcTBOBaHME
MPOoIEecca MHOTOCTIOEBON COIKCTPY3MH MO3BOJIMIO YMEHBIIUTH
TOJIIMHY CJIOEB HA ABA HOPSIKA — OT MUKPO- 10 HAHOYPOBHs. |08

OueBH/HO, €CJIU B KAUYECTBE OHOTO M3 KOMIIOHEHTOB UCIIOJIb-
30BaTh KpVICTaJ’IJ’[H:}y}OLL[HP’ICﬂ MOJIMMEP, MOXHO HU3Yy4YaTb BJIUA-
HHE TPOCTPAHCTBEHHBIX OIPAHMYCHHN Ha OCOOCHHOCTH €ro KpH-
craumsanun. Tak, B pabore 1% MeTOHOM COIKCTPY3HH TOJTY-
YaJli MHOTOCJIOWHBIC IUICHKH, COCTOSIIME U3 THICSY YCPEIyro-
mmmxest cioeB aMopduoro IIC u kpucrammsyromerocst [190.
IToka3aHo, 4TO ¢ yMEHbIICHHEM TOMIIUHGI cioeB [190 cHavaa
U3MeHsieTCss MOPGHOIIOTUST OT TPEXMEPHBIX CHEPOTUTOB K [BY-
MepHBIM JuckouaaM. Hauunasi ¢ Tomumasl ciios 25 aMm, 120
KPHCTAJUIU3YETCs B BUIE OTACIbHBIX JIaMeJIel, HAMOMHUHAIOIIHNX
COOOIIIECTBO TTOJIUMEPHBIX MOHOKpPHCTAILIOB. HeoXuaanHo oka-
3aJ10Ch, YTO MPOHUIIAEMOCTh KHUCIOPOAa Pe3Ko (Ha 2 TMopsiaKa)
CHUXkaeTcsl ¢ yMeHbleHrueMm Tomunbl [190-cnoes. [Tonarator,
YTO 3TO CBSI3aHO ¢ MOP(OJIOTHEN KPUCTAJIMYECKOH (a3bl, B
KOTOPOH CYIIECTBEHHO BO3PACTAET U3BMIIUCTOCTH Mu(Py3noH-
HOTO MyTH JJIsS HU3KOMOJIEKYJIIPHOTO KommoHeHTa. [lo3anee B
pa6ote 7 6BLIO MOKA3aHO, YTO CKOPOCThH KPUCTAIUIN3AIMHI CTPE-
MHUTEJIbHO CHUXKACTCS C YMEHbIIIeHHeM TOIuHbI [190-crost.

3aMe/ieHIEe KPUCTAJUIM3AIMN TTOJIMMEPOB B TOHKHX (HAHO-
METPOBBIX) CJI05IX — 00111ee siBjieHue. Kak Ob110 OTMEUeHO BBIILIE,
B YCJIOBHUSIX OTPAHUYCHHOT'O 00'bEMa CYIIIECTBEHHO YMEHBIIAFOTCS
CTCIEHb KPUCTAJUIMYHOCTH ToJIUMepa (cM. puc. 23) u CKOpocTh
xpuctaumsanuu.!’! ~174 Hanpumep, CKOpOCTh KPUCTAIIH3AIAK
I120 B ToHkUX ci1051X (13 HM—2 MKM) MOXKET CHU3UThCS B 40 pa3
IO CPABHEHHIO CO CKOPOCTHIO KPUCTAUIN3ANUH B OJI0KE, HAYNHAS
¢ Tomuuuel 150 BM.!75 OnHOBpEMEHHO U3MEHUTCS 1 MOpP(oIIOo-
TSl KPUCTAJLIOB.

ABtopsl myGuukarmu 176 wccneqoBanM  KpUCTAUTU3AIMIO
120, aacopOupoBaHHOIO B BHJIE MOHOCJIOS HA CHUJIMKOHOBOM
moBepxHOCTU. TIpH OXJAXKACHUM TAaKOH CHCTEMbI HAYMHACTCS
KpUCTAIUIM3alus ajcoOpOMpOBAHHOTO cjios moJimMmepa. Cxema
CTPYKTYPHBIX [IEPECTPOEK, COMTPOBONKAAIOIINX KPUCTATUTU3AIINIO,
mpeacraBieHa Ha puc. 28. Kpucrammmsanusi HHAIUAPYETCST HA
HEKOM T€TePOTeHHOM 3aPOJIbIILIE U TPOUCXOAUT Iy TEM IPUKPETI-
JICHUS] MAKPOMOJIEKYJI BEPTHKAIBHO C 00pa30BaHUEM JaMeIIIsIp-
HOW CTpYKTypbl. O4YeBUAHO, NPU NPUKPEIJICHUH MOJIEKYJI K
KPHUCTAJUTy BBICBOOOXIAETCS JHEPrHsl KPUCTAJUIM3AIMH. ITa
sHEprust GOJIbIIE, €CIIU MOJIEKYJIBI «CTOSIT» BEPTHKAJIBLHO, TAK
KaK B 3TOM Clty4ae y Hux Gouiblie coceneil. Kputudyeckoi crauei
JTAHHOTO MPOIECCa SIBJISIETCS TPAHCIOPT MOJIEKYJI K MECTY KpH-
CTaJUIM3aIKAN, KOTOPBIA uMuTHpyetcs maddysueii.!”” U3zmene-
HHUE CTPYKTYPBI OT XaOTHIECKOT'O PACIIOJIOKEHUST MAKPOMOJIEKYJT
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FeTeporeHHmﬁ 3apo bl

JlaMesuIsipHbIi KpUCTAILIT

AcopOUpPOBAHHBIN MOJIUMED

Puc. 28. Cxema CTPYKTYPHBIX MEPECTPOEK, COMPOBOXIAIOIIUX POCT
JIAMEJUSIPHOTO  KPHCTAJIJIA M3 TOHKOIO aJCOpPOMPOBAHHOTO CIIOSI
noaumepa.'’®

B aJICOPOMPOBAHHOM CJI0O€ K WX BEPTUKAJIBHOW OpUEHTAINU
MPUBOINT K OOCTHEHUIO 30HBI T03a11 (PPOHTA KPUCTAJIIH3 AU,
BCJICJICTBUE YEro MOSIBJISIETCST CBOOOIHAS (MJIM TIyCcTas) 30Ha Ha
MOBEPXHOCTH, IOCKOJIbKY ILIOIIA/b, 3aHATAsl aIcOpOUpOBaH-
HbIMHU MOJICKYJIaMHU, 6OJ'I]3LLIC mIomaau, 3aHATOU BEPTUKAJILHO
3aKPUCTAJLUTU30BAHHBIMU. UTOOBI MPUKPEMUTLCS K KPHUCTAILTY,
MoJIeKyJIa JoJpkHA quddyHIupoBaTh yepe3 mycTyro 30Hy. Ecte-
CTBEHHO, TaKOW BUJ TUPPY3UUH TUMUTHPYET U PE3KO 3aMEJISIET
CKOPOCTBb KPUCTAJLTN3AINH B [IEJIOM.

AnIcopOMpPOBAHHBIA HAa TBEPIOH MOIIOKKE KPHUCTAJIIH3YIO-
IUiics  TOJMMEp HMEET  HEYHNOPSAAOYCHHYIO  CTPYKTYPY
(cm. puc. 28). TosbKkO TIpH OTKHIE CJIOEB, KOTJa MaKpOMOoJe-
KYJIbI CTAHOBATCA AOCTATOYHO INOABUXHBIMU, HAYUHACTCA KPU-
cTaJjuIM3anysi, KoTopas, Kax IMpaBuIo, CYIIECTBEHHO Me/JICHHee
KpUCTaJUIM3aluy B 00beMe mojimMepa. B aToil cBs3m ciemyer
OTMETHUTH HUCCIICIOBAHUE MPOIIECCOB KPUCTAJLTU3ANNN B OTPAHU-
YeHHBIX 00BbeMax, KOTOPbIE PEAM3YIOTCS HPH HHTEPKAJISIIH
KPUCTAJUIA3YFOWIETOCS TIOJIMMEpPa B CIIOEBBIC CHIIMKATHI (MOHT-
MOPHUJUTOHUTEI).! 78~ 184 [opEI B TAKUX CHIIMKATAaX MOTYT 3aMOJI-
HATBCS (MHTEPKAIMPOBATHCS) IOJUMEPOM. BBeIeHHBI moiMep
JIOKAJIU3YeTCs B CJIOSAX TOMLUHON 0.8 HM MEXIy CHIMKATHBIMU
IJIaCTUHAMMU. I/ICI'[O.J'[])?;yS[ paciiaBbl UJIM PACTBOPLI IMOJIUMEPA
pa3Hoi KOHIEHTPALIUU, MOXHO 3aIOJIHATh YKa3aHHbIC MOPHI B
pa3JIMYHON CTENEHU.

B pa6ote 34 unrepkammposanu [190 B pa3HbIX KOJIMIECTBAX
B MOHTMOPHJUIOHHT, TIOCJIE YeT0 UCCIIEAOBAIIH €0 KPUCTAILTN3a-
nuro B HaHomopax. OKa3aioch, YTO Ha HAYAJIbHBIX 3TAIax 3a1oJl-
HEHUs HAHOTIOP B CTPYKTYype cioeBoro cuimkata [130 He xpu-
crayum3yercs (puc. 29). Ognako xoraa koaunuectBo [190 crano-
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Puc. 29. 3aBucuMocTh creneHd kpuctayumunoctu I[190 ot ero
collepXKaHuss B MOHTMOPUJUIOHHTE MO JAAHHBIM PEHTTEHOCTPYKTYP-
noro anammsa (1), JJICK (2) u pamanoBckoro paccesiuus (3).!84

BUTCH CYLICCTBEHHBIM, HAYUHACTCS MHTCHCHUBHASA KpUCTAJJIU3aA-
IHsl, B Pe3yJIbTaTe CTENEeHb €r0 KPUCTAJIMYHOCTU CTAHOBUTCS
3HAYUTEJILHOU U BO3pACTaET C yBesmueHueM coaepxkanus [1230.
MoxHO moJlaraTh, 4To, Kak ¥ B PACCMOTPEHHOM BBIIIIE CIIydae
kpuctajumsanmuu [190 B MoHOCHOE, aacopOMpOBaHHBIC CIIOH
BBOAMMOTO B HAHOIIOPBI MOJIAMEPA HE CIIOCOOHBI K KPUCTAJUIH-
3alUH, W TOJIBKO MPUIAHUE TMOJUMEDPY MOJBMKHOCTH IIyTEM
oxkura (cMm. puc. 28) wim o0pa3oBaHUe JTOCTATOYHO TMPOTSIKECH-
HOU (a3l (cM. puc. 29) NPUBOIUT K KPUCTAJUIM3ALUU TOJIUMEPA
B CTOJIb OTPAHMYEHHOM OOBEME.

1V.2. Binsinne MOJIeKyJISIpHOI OPHEHTAIMN HA 0COOEHHOCTH
KPUCTATH3AINA HOJTHMEPOB

Hanomunm, uTo TBepmas KpucTammdeckas ¢gaza, Kak IpaBmiIo,
(hopMupyeTCs U3 pACTBOPOB WJIM PACILIABOB MOJIMMEPOB. B aTOM
CBSI3M HEOOXOMMO KPAaTKO HAIIOMHHUTL OCHOBHBIC NPEICTaBIIE-
HHSI O CTPYKTYPHBIX MEPECTPOMKaX, UMEIOIIUX MECTO B IIOJIMMe-
pax mpH UX TCYCHHH.

[Ipn TeueHMM NMOJIMMEPHOTO PAcTBOpa WM paciiaBa IpH
nedopMarmsix CIBUTA M PACTSDKEHUS MPOUCXOAST pPa3BOpaynBa-
HUE W B3aWMHAasl OpPHEHTAIMSI MaKpOMOJEKYJI. B To ke Bpems
KOH(}OPMAIMOHHBIE MIEPEXOAbl U B3aUMHAsI OPUEHTANUS MAKpO-
MOJIEKYJI B TOTOKE BJIMSIFOT Ha UX B3AaUMOJIEHCTBUE MEXKTy COOOM
U C PACTBOPUTENEM, YTO MOXET KapIMHAJILHO U3MEHUTH (a3o-
BYIO JIMArpaMMy MOJHMMED — PacTBOPUTEND. ¥ Tepmoannammye-
CKM YCTOMYUBBIN MPO3PAUHBIA PAaCTBOP MOJUMEpPA MOXKET Ipe-
TepreTh (pa3oBoe pasiesieHne TOIBKO MO/ IeHCTBIEM BHEIITHETO
MEXaHIYECKOT o MOJIst 6e3 H3MEHEHHs TeMIepaTyphl HIIM COCTaBa
(KOHIIEHTpAIINN) PACTBOPA.

B marHOM 0030p€ MBI OTrpaHHIAMCS KPATKAM YIIOMHHAHUEM
TOJIbKO (pa30BOTO pa3feficHUs C BBIACICHUEM KPUCTAJIIHIECCKOM
MOJIMMEPHOH (ha3bl U3 pacTBOpA MO/ ICHCTBUEM MEXaHUYECKOTO
HanpspkeHus. Kpucrayumsanuio HOJUMEpPOB M3 PACTBOPOB U
pacIIaBoB, BBI3BAaHHYIO MEXaHMYECKUM BO3ZeicTBHEM, HAaOITIO-
JTaJId aBTOPBI MHOTUX paboT. DTO SIBJICHHUE JETAIBLHO PACCMOT-
pero B MoHOrpaduu 3¢ u 0630pax 187189,

B pa6orax 90~ 193 npoBe/ieHbI CUCTEMATHYECKHE UCCIIEI0BA-
Hus kpuctaimm3anun [13 u3 tekymux pactBopoB. OGHapYXKEHO,
YTO TPU TEYCHUH TEMIepaTypa KPUCTAJUIM3AINH IOJIAMEpa
noBbIaeTcs Ha 15—20 rpaaycoB, a CKOPOCTh KPUCTAIIU3AIMA
BO3PACTAET HA HECKOILKO MOpsAAKoB. B paborte !°* Bnepsbie
JIETaJIbHO MCCIIEOBAHO BIIMSIHUE HANPSDKEHUS CABHIA HA IOJIO-
JKEHHe IOT PaHIUYHOI KPUBOI IIPU KPUCTAJUINIECKOM a3 IelICHUH
(da3. ABTOpHI IOKa3aJIH, YTO B MEXAHUYECKOM I10JIE TPOUCKOIUT
CMEIIeHNe MOTPAaHNYHOW KpPHBOWH B 00sacTh OoJiee BBICOKUX
Temrepatyp. CMeleHne 3aBUCHT OT CKOPOCTH CABUTA U 00YCIIOB-
JICHO YMEHBIIICHIEM SHTPOIIH CACTEMBI U3-32 Pa3BOPAUHBAHUS
MaKpOMOJIEKYJI U UX OPUCHTAIINY NIPU TCUCHHU.

Kpatko chopmynupyeM OCHOBHBIE TOJIOXEHHUS BIIUSHUS
MIPOLIECCOB TEUEHMSI HA OCOOCHHOCTU KPHUCTAJIN3ALUY TOJIIMe-
pOB U3 MX pacTBOPOB U pacmiaBoB. Kak oTMe4yeHO BbIIIe,
YKa3aHHOE BJIMSTHHE CBSI3aHO TJIABHBIM 00pa3oM C pacTsDKCHUEM
HEeNel U UX B3aMMHOM OpUeHTaluel B moToke, 9> 190

VIMeHHO opHeHTaIusl Ieneil HHIyIUPYeT OPUCHTANUOHHYO
KpucTajum3anuio. VccnemoBaHus in sifu METOAOM Majo- H
IIIPOKOYTJIOBOTO PEHTTCHOBCKOTO PACCESHHS MPSIMO JOKAa3bl-
BaroT 00pa3oBaHMe KPUCTAIIIOB B PACTBOPAX U PACILIABAX ITOJIH-
Mepa, UHUIMAPYEMOE HCKJIFOUUTEbHO MEXaHHMYECKUM BO3JICH-
crreM. ¥ 200 B paboTe 137 MeTOI0OM MAJIOYTIJIOBOTO PEHTIEHOB-
CKOTO paccesiHUs UCCIIeTOBaHbI Ipoliecchl Kpuctaum3aanun [190
C MOJIEKYJISIpHON Maccoit ~ 103 B ero pacruiaBax Hemocpen-
CTBEHHO B sUeiike peoMeTpa IpH U3MEHEHUH CKOPOCTEH CABHUTA
or 0.1 mo 100 ¢—!. Tloka3aHO, YTO BO BCEM HCCJIEIOBAHHOM
WHTEpBaje CKOPOCTEH CABUTa HAOIFOJACTCS OPHEHTAIMOHHAS
kpuctam3anus [190. CkopocTh caBUra 3aMETHO BIIMSET Ha
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Puc. 30. Cxema OpMEHTUPOBAHHOMN YIIAKOBKYM KPUCTAJLIUTOB B IIUPO-
kux (> 50 #M) (@) 1 y3xux (<50 HM) (b) IMIMHAPHYECKUX TTOpax.”>

CTPYKTYPY BO3HUKAIOIIMX KPUCTAILIOB: B 00JIACTH BHICOKHX CKO-
pocreii GOJIBIION MEePUO/T KPUCTAILIOB YBEJIMIUBAETCS, HOCTH-
raer MOCTOSIHHOTO 3HAYEHHMSI, 4 3ATeM YMEHbBIAETCS; B 001aCTH
MAaJIbIX CKOPOCTEH OOJBbIION TEPHO TOJBKO YMEHBIIACTCS.
OOHapy)XeHHbIC Pa3JIM4Msl aBTOPHI CBI3aJM C OCOOCHHOCTSIMU
3apoAbIIIe00pa30BaHMS B TEKYILIEM pacIljiaBe MOoJMMepa.

Nrax, B3auMHasi OpueHTAIMSI MaKPOMOJIEKYJI B XKUAKOHU (aze
MOXeET BBI3BIBATH MX KPUCTAJUIM3AILIO 33J0Jr0 10 JOCTIDKCHUS
paBHOBecHOTO 3HaueHUS 1. HEOOXOMMMO OTMETHTB, UTO MPO-
CTPaHCTBEHHBIC OTPAHIYEHHS B PACTBOPAX U PACILIaBaX MOJIIME-
POB TAKXKe BJIMSIOT Ha MPOIECCHl OPHEHTAIINN MAKPOMOJIEKY L.

B pabGote?’ ¢ mOMOLIBIO PEHTIEHOCTPYKTYPHOTO AHAJM3A
OblJ1a MCCIIeJOBaHA OpUEHTALMs KprcTauuToB [13 B HaHOTOPAX,
MOJIYYeHHBIX MPOMUTKON aJIOMHUHHEBOTO IIA0JIOHA PACILIaBOM
nonumepa. [lokazano, uyto 1D B 3TUX yCJIIOBHSIX KpHUCTAJLIH-
3yercsi ¢ 00pa30BaHUEM BBIPAXKEHHBIX TEKCTYp, a OpUEHTALHS
KPUCTAJUIUTOB 3aBUCUT OT JuameTpa mnop (puc. 30).

BaxHO OTMETHTH, YTO ACHMMMETPHYHBIE KPUCTAJIMTHI
OPUEHTUPYIOTCSI BAOJIb OCH TIOP, B TO BPeMsI KAK OCH ¢ MaKPOMO-
JIEKyJI HANpaBjeHbl HOPMAJbHO uX riaaBHOU ocu. CoobuieHo
TaKXKe O MEPICHIUKYISIPHON OOKOBOM IIOBEPXHOCTH ITOPBI OPHUEH-
tamuu neneit s [IB®,8 cunauoraktuueckoro I1C %3 u 1D 20! 5
AJIFOMUHUEBBIX TEMILIATAX PA3JIMYHBIX PA3MEPOB.

B 10 e Bpemst mpu CHHTe3e MoJIMMepa HEIOCPEICTBEHHO B
HAHOIIOPaX HOPMAJILHOE IIOJIOXKEHHE LeNei MO OTHOIIEHHIO K
CTEHKE TOPBI MOXeT Hapymarkes. Tak, B paborax 202203 noka-
3aHO, YTO MPOBOISIINE ITOJUMEPDI, CHHTE3UPOBAHHBIE B HAHO-
TpyOKax, MOTYT UMETh KaK MapaJUIebHYI0, TAK U HOPMAJIbHYIO
OPHUCHTAIMIO [eTiell OTHOCHUTEIHHO OCH IOPHI.

IV.3. Bimnsinue pa3mMepoB KpHCTALINTOB HAa TeMNepaTypy
H TEILIOTY NJIABJICHHS O IHMEpPOB

BeIlIIe 0TMEYaIoch 9TO, MPH KPUCTAJIU3AIIHN IOTUMEpPA B HAHO-
mopax cTajus 00pa30BaHMS 3aPOJIbINA MPEBATUPYET HAJl CTa-
JWeit uX pocTa, U 5TO ABTOMATUYECKH TIPUBOUT K 06pa3oBaHUIO
HPO/YKTa C OYeHb MAJILIMU Pa3MEPAMHU KPUCTAILITUTOB. Y MEHb-
IIEHUE PA3MEPOB KPHUCTAJUIOB COTPOBOXKIAETCS YBEJIUUEHUEM
Mexk(pa3HOM TOBEPXHOCTH, B PE3YJIbTATE CHMKAETCS TeMIlepa-
Typa IJIaBJIEHUS.

JI71s OTMCAHUS 3aBUCHMOCTH YMeHbIeHUsI Ty OT Pa3MepoB
KPUCTaJUTUTOB M MeX(Da3HOi MOBEPXHOCTHON 3HEPTUU IHPOKO
npumensietcs ypasaenue ['u66ca — Tomcona 187189

40 T,
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Puc. 31. JCK-Tepmorpammsl 610ynoro 13 (/1) u [19, 3akpucTtanim-
30BaHHOT'O B HAHOMOPHCTHIX MATPHIAX AJTFOMHUHHSI C IUAMETPOM 10D
220 (2), 110 (3), 62 (4), 30 (5), 20 (6) u 15 1™ (7).12

rae Ty — paBHOBECHAsl TEMIIEPATYPA ILIABJICHHUsI KPUCTAJUIA C
OECKOHEYHBIMHU pa3MepaMu, ¢ — Mex(dasHas MOBEPXHOCTHAS
9HEPIHsl, Per — IUIOTHOCTH KpHCTaia, AHy, — yIelbHas Tel-
JIOTA IJIABJICHUS, d — pa3Mep KPUCTAJIINTA (B CIIyvae MJIaBJICHUS
B OrpaHUYEHHOM 00BeMe d — pa3Mep HaHOIOPbI, B KOTOPOH
3aKpUCTAUIN30BAaH MojuMep). M3 npuBeneHHOro ypaBHEHUS
CJIeAYeT, YTO CHIKEHUE TeMIepaTyphl IUIABJICHHUS] OOPaTHO MPO-
MOPIMOHAIBHO JUaMETPy HAaHOIIOP.

JCK-Tepmorpammel miasienust [19 B y3kux IUIHHApUYE-
CKHX TIOpax pa3JIYHOTO JWAMETpa MPEICTaBJICHBI Ha puc. 31.
BuaHo, 4TO ¢ yMeHbIIIEHHEM IHAMETpa MOp TeMIepaTypa IIaB-
JIEHNs 3aMETHO CHMXkaeTcs.!? Pacimpenne nHTepBaa TeMIepa-
TYp IJIABJICHUS CBS3BIBAIOT C MEPEXOJOM OT TOMOTEHHOTO 3apo-
IBIIIe00pa30BaHus IPU KPUCTAIIM3AIMY B OJIOKE K TeTepOreH-
HOMY B y3KHX IOpax, B pe3yJIbTaTe Yero n3MeHsercs Mopdouio-
rust 00pa3yromerocs NpoayKTa.

B 3akirouenne HeoOXOAMMO OTMETHUTH, YTO M TEILJIOTA ILIAB-
JICHHS TIOJIIMEPA 3aBHCUT OT €0 MPOCTPAHCTBEHHBIX OT'PAHUYC-
HUll. DTa 3aBUCHMOCTD TPOSIBIISETCS, B YACTHOCTH, BO BIIUSHUH
MaMeTpa Mop, B KOTOPBIX KPUCTAJLIN3YETCs MOJNMED, Ha CTe-
MEHb ero KPUCTAJUIMYHOCTH (CM. puc. 23,b).

V. KpeiizoBaHHblii I0JIHMEp KaK MaTpua,
co3/1a01Iasi NPOCTPAHCTBEHHbIE OT PAHHYEHHSI

Beime 6bLTO OTMEUEHO, YTO TO CYTH KPEU3WHT MoJIIMepa
SIBJISIETCST METOJIOM €ro JMCIEPrHpPOBAHUS HA MeJIbYyaillime
(HAHOMETPOBBIE) arperaTbl OPUEHTUPOBAHHBIX MAKPOMOJIEKYT
(cm. puc. 12). Pa3BuTue 3TOil YHUKAJIBHOW CTPYKTYpbI BO3-
MOXHO, TOJBKO €CJIM aKTHBHAsl XUAKOCTb CBOCBPEMEHHO H B
JIOCTATOYHOM KOJINYECTBE MOCTYIAET B 30HY JIOKAJIBLHOTO Mepe-
X0/1a OJIMMepa B OPUEHTHUPOBAHHOE COCTOSIHHE.

ITockobky pa3Mep nop B Kpe30BaHHOM MOJINMEpE He Ipe-
BBIIIIACT HECKOJBKUX HAHOMETPOB, KPEU3HHI SIBJISCTCS dPQek-
THBHBIM CIIOCOOOM TUCHIEPTUPOBAHUSI HE TOJIBKO IOJIMMEPOB, HO
U PACTBOPECHHBIX B a/ICOPOIMOHHO-aKTUBHON Cpele BEIEeCTB
JIPYro#t XUMHUYIECKON IPUPOIBI, T.€. OTKPHIBAIOTCSI BO3ZMOKHOCTH
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IOJIYUYEHUS U HUCCIICAOBAHUA NPAKTHYCCKU .]'[l-06bIX BCLICCTB B
BBICOKOTIICIIEPCHOM HAHOPA3MEPHOM COCTOSIHUU. B oTimyme oT
PacCMOTPEHHBIX BBIIIE CHOCOOOB IIPUTOTOBJICHHS» OOpa3IoB
TBEPJIBIX TEJ ISl BBISIBJICHUS BJIMSIHUSL HAHOOOBEMHBIX OTPaHU-
YeHHHA HA WX CBOWCTBA (AJFOMHUHHEBBIE TEMILIATHI, SIIEPHBIE
(GWIBTPBI, HAHOMOPHUCTBIE CTEKJIA W Mp.), KPEH3MHI MOpaXkaer
CBOEW MPOCTOTOMN M JOCTYMHOCTHIO. JIeCTBUTEIBHO, IS Oy~
YeHUSI BEILIECTBA, TUCHEPTUPOBAHHOIO 10 HAHOPA3MEPOB, JOCTa-
TOYHO BCEro JIMIIb PACTSHYTh IUICHKY MPAKTUYECKH JIFOOOTO
CHHTETHYECKOTO MOJIMMepa B PacIUlaBe MM PacTBOpE HM3ydae-
MOTO BelllecTBa. BaxkHO OTMETHTH, YTO paccCMaTpUBAEMBbIH MO/~
XOJT IO3BOJISIET MMPOBECTH CPABHUTEJIBHBIN aHAJIN3 BJIUSHUS MPO-
CTPaHCTBEHHBIX OTPAHUYCHUI HA KPUCTAJLTU3AIHEO TIOJIUMEPOB U
HU3KOMOJIEKYJISIPHBIX COETHHEHUIA.

[TepBbIM PEMEPOM TAKOTO POJIA MCCIECIOBAHUI ObLIO U3Y-
YEHUE BJIMSIHUS HAHOOOBEMHBIX OrPAHMYCHHN HA CTPYKTYpY H
CBOMCTBA JIETKOIJIABKOTrO H-oKkTamekana (OJ1) (T, = 28°C).204
Oo6pa3en [I9T® pactsrusanu B cpeae xuakoro O npu 50°C u
OXJIAX/IaJIU B 3KUMAaX PaCTSTUBAKOIIECTO YCTPOUCTBA. B pe3yib-
Tate 3Tol nporenypsl O/, seisrorumiics 3¢ ek TUBHOM ancopo-
MUOHHO-aKTUBHOM CpPEIOH, 3aIOJIHIET MOPHUCTYIO CTPYKTYPY
KpEeit30B, TOCIIE Yero KPUCTAUIN3yeTCst. TaKUM IPOCTHIM CIOCO-
60M yaaeTcsl MOJYYNTh HAHOKOMIIO3HUTHL: B MOJMMEPHONW MaT-
pHIIe OKa3bIBACTCS KPUCTAIIIIMIECKOE BEIIECTBO, AUCTIEPTHPOBAH-
HOE Ha MeJIbYaiIlne arperaThl, OYEBHIHO, HE IPEBBIIIAIOIINE O
pa3sMepaM auaMeTpa Mmop B CTPYKTYpE KPEeW30B (€AMHUIIBI — JIe-
CATKM HAaHOMETPOB). [1oJTydeHHBII TPOIYKT MO3BOJISET UCCIICIO-
BaTh CBOWCTBA BBEJICHHOTO HU3KOMOJICKYJIIPHOTO COCIMHCHUS,
HMMEIOIIETO POCTPAHCTBEHHBIC OTPAHUYCHUSI HA HAHOYPOBHE.

TunuvHble KaJIOPUMETPUYECKHE KPHUBbIE KPHUCTAJLTU3AIMN
npeaesbHoro yriaeBoaopoaa (OJl) B cBOOOAHOM COCTOSHUM H
BKJIFOYCHHOT'O B MOPHUCTYIO CTPYKTYpY [IDTD mpeacraBiensl Ha
puc. 32.294 Bugno (cM. kpuBYyIo /), 9TO B CBOOOJIHOM COCTOSIHUM
yriaeBogopoa kpucrtausyercss npu 24°C (HecUMMeETpPUYHbBIT
3K30TepMH°leCKI/Iﬁ UK, BUIUMO, O6yCJ'IOBJ'[eHHbII\/'l N3BCCTHBIM
JUTS1 IPE/IENIBHBIX YIJIEBOJOPOJIOB MIEPEXOOM B 00JIACTH ILIaBIIe-
HMS OT POMOMYECKOI K TeKcaroHajabHOH ymakoske).20> B To xe
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Puc. 32. ICK-Tepmorpammsbr kpuctasumsamn O (/) u O/1, BBe-
JIEHHOT O B Kpeiispl [IDT® (2).204
Crerniens BoITsDKKH [19T® B O/] cocraBisiet 50%.

BpeMsI IPOCTPAHCTBEHHBIC OTPAHUYCHHUSI OTPAKAIOTCS Ha TEILIO-
¢dmsnueckux cBorictBax OJ], HaxoxsIerocs B NOJMMEPHOM MaT-
puIe, KpICTAJUIN3anusi KOTOPOTO IPOXOIUT Kak ObI B JBa dTamna
(cM. xpuByto 2). CHavana HabJIrOMaeTCs MEePexol, MPaKTHYSCKH
COBHIAJAIONINI MO TEMIIEPAType C COOTBETCTBYIOIIUM IEPEXO-
oM B cBobomHOoM O/], a 3aTeM TOCTATOYHO IIUPOKHIA IK30Tep-
MHYECKHH MWK TpPH TeMmIeparype Ha 6—8 TpaaycoB HUXKE
TeMIepaTypbl kpucramusamuu cBodbognoro OJ[. OcHoOBHOM
Bkl (~ 80%) B TEIJIOTY KPUCTAJUIM3ALMHI BHOCUTCSI HA BTOPOM
JTane KpUCTAIIM3AIMY (IIMPOKUI HU3KOTEMIIEPATYPHBIN MHK).

[Mpu4uHbl yKa3aHHBIX PA3JINYMA B 3HAYUTEILHON CTENCHU
yIaeTcs BBISICHATD, U3y4as mporecc oTMbIBaHust O[] U3 mopucToi
cTpykTypsl [I9T®. Oxazanoch, 4TO ¢ HOMOMIBIO HEKOTOPBIX
pacTBOpHTENel yaaiseTcss 3HAYMTENIbHAs YacTh BBEICHHOTO
O/I, omHAaKO 3aMETHOE €r0 KOJIMYECTBO OCTAETCS B OJIMMEPHON
matpuie. Kamopumerpruieckue KpuBble KpUCTAIN3ANUN 00pa3-
1oB [19T®, moaBepruyTHIX OTMBIBAHUIO B H-TE€KCAHE, MPEACTAB-
JieHbl Ha puc. 33. B mepByro ouepenb OTMBIBAETCS Ta 4acThb
BBE/ICHHOT O H-OKTaJieKaHa, TeMIIepaTypa KpUCTaJIM3anuH KOTO-
pOro COBHAAAET C TeMIEPaTypoil KPUCTAUIN3AIH CBOOOHOTO
Ol (cM. xpuBble I, 2). B mpomecce najbpHEHINEro OTMBIBAHHS
TIOCTETICHHO U3 MoJimMepa yaassercs 4acTb O/, OTBEeTCTBEHHOTO
32 HH3KOTEMIIEPATYPHBIA MIMPOKUHA MUK KPUCTAJUIN3AIMU (CM.
kpuBble 2—7). HecMOTpsi Ha TO YTO AJNUTEIHHOE OTMBIBAHHUE
MPUBOIUT K TMOJHOMY HCYE3HOBEHHIO TEMIEPATYpPHBIX IEpexo-
o8B B cucteme [I1DT® — n-okTagekaH U K HICUE3HOBEHUIO COOTBET-
CTBYIOLIMX pe(JIeKCOB Ha PEHTTeHOrpaMMax, 3HAuYUTeSbHAs
noJist yriesonopoaa (mo 30 mac.%) ocraercs B HAHONOPUCTOM
CTPYKTYpE KpeH30B.

OUeBUIHO, YTO BBICOKOTEMIICPATYPHBINA KPUCTAJLTU3ANAOH-
HBII WK CBs13aH ¢ Hebompmmm kosmuecTBoM O/1, HaxoasmmMest
Ha IIOBEPXHOCTH 00pa3ia B MAKPOCKOIINYECKHX HEPOBHOCTSIX €r0
penbeda uiaM B KpYHHBIX Topax. EcTecTBeHHO, YTO 1O Temiopu-
3UYEeCKMM CBOMCTBaM 3Ta 4acTh O/l 3aMETHO He OTJIUYACTCS OT
cBOOOIHOrO H-oKTajaekaHa. lllupokuit HHU3KOTeMIepaTypHBIH
UK KPUCTAJUIM3alNy, BEPOSITHO, CBsi3aH ¢ yacThio O/I, Haxoms-
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Puc. 33. [JCK-Tepmorpammbl kpuctajumsanuu obpasmnos [19TO,
conepxamux O/], mosyyeHHbIe OCIE OTMBIBAaHHUS 00pA3IOB B H-Tell-
tane B Teuenne 0 (1), 5(2), 10 (3), 15 (4), 20 (5), 30 (6) m 60 mun (7).2%°
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nieiicst HeOCPEICTBEHHO B MOPUCTOI CTPYKTYpe KPei30B MoJIu-
Mepa. CHIXEHHE TeMIepaTypbl KPUCTAJUIU3AIK 00YCIOBJIEHO
3aBUCUMOCTBIO TEMITEpaTyphl (a3oBoro mepexoga oT pa3Mepa
obpasyrorerocs KpucTaumyaeckoro 3apoasima. CoriacHo op-
MAaJIbHOW TEOPHH 3apOABIIICO00PAa30BaAHNUS, YeEM MEHBIIIE pa3Mep
3apO/IbIIA WIIHA IPOTSDKEHHOCTD yYaCcTKa HOBOM (ha3hl, TEM HUXKE
TemrepaTtypa kpuctammsanun.2?” T1o BeIMYrHE MEPEOXIIANKIE-
HUSI MOXKHO OLICHUTD M pa3Mep XapaKkTEepUCTUUECKOTO 3apObIIIa
pu Kpuctajumsanuu ceodoanoro O/1. 3tot pazmMep, BHIYUCIICH-
vbiid 10 gaHHbIM [ICK, cocraBuin ~ 16.5 HM, 4TO 3HAYMTEIBLHO
IpeBbIIIaeT pa3Mep OoJbiled yactu nop B crpykrype IIOTD,
nepopmupoBaHHOTO B aJCOPONMOHHO-aKTHBHOI cpexe. Pas-
Mepbl KpUCTAJUIH3YIOIIEcs (Ba3bl, OrpaHHYCHHbIE CTCHKAMHU H
MPOTSIKEHHOCTBHIO MOPBI, OKA3BIBAIOTCS MEHBIIIE PA3MEPOB 3apO-
npima B cBoboanom OJI, moaToMy TemrepaTypa KpUCTalInu3a-
WY JUCTIEPTUPOBAHHOTO BEIIECTBA 3aMETHO CHUXKACTCS.

Pacnpenenenue nop mo pasMepaM B HOJUMEpE JOCTATOYHO
IIMPOKOE, TaK KaK HU3KOTEMIEePATYPHBIN MUK KPUCTAILIIM3AIAN
PaCTSIHYT 10 TeMIIepaTypHOH IIKaJie. DTO HO3BOJIMIIO UCIIOJIB30-
BaTh OOHaPYXXEHHOE SIBJICHUE JIJIs1 OLIEHKU PACHpPeIeIIEHAs TOP MO
pa3sMepaM, KOTOpOe XapaKTepHO ISl MOJUMepa, IeGopMHpO-
BaHHOTO B JAHHOU aJCOPOIMOHHO-aKTUBHOM cpeme. MeToanka
TaKoro pacvera mpubeneHa B pabote 24, TlomyueHHBIE PE3YIIb-
TaThl MPEJICTABJICHBI HA pUC. 34 B BUAC pacHpelIeieHUd op IO
pasmepam st oopasioB [IDT®, pacrsnyteix B O/l Ha 50 n
400%. YBeau4yeHHe CTENEHM BBITSKKH MOJIMMeEpa NMPUBOAUT K
3aMETHOMY yMEHbIIEeHUIO 3(h(HeKTHBHOTO pajuyca Hop, onpese-
JICHHOTO IO CHIDKCHHIO TeMIIEpaTypbl Kpuctaym3anuu. Takas
KOppEJISIIUsL COOTBETCTBYET M3BECTHBIM JTAHHBIM, MOJIYYCHHBIM
JIPYTEMH METOIaMH, 00 3BOJIFOIMH MOPUCTOH CTPYKTYPHI HOJIHU-
Mepa B Imporecce ero aepopmManuu B aacopONMOHHO-aKTUBHBIX
cpemax.206

OmHako KpUBBbIE pacHpelesieHuss He MOTYT B IOJIHOW Mepe
OMUCATh MOPUCTYIO CTPYKTYpy nosumepa. Kak ObL10 mokazaHo
BBIIIIE, B pe3yjIbTaTe OTMbIBaHHUS B oOpa3liax OCTAaeTCsl 3HAYH-
tenbHoe kosmuectBo OJI. B pa6ore?* mokaszano, urto gouns
H-OKTa/IeKaHa, KOTOPYIO HEBO3MOXXHO YIAJIHUTh U3 CTPYKTYPHI
Kpeii3a mmyTeM OTMBIBAHUS, PACTET C YBEJIUUCHUEM CTEIICHH pac-
TspKkeHust 1 pocturaeT ~ 30%. B kpeli3oBaHHOM moJmMepe,
neOpMHUPOBAHHOM B aICOPOIIMOHHO-aKTUBHON Cpefie 10 BHICO-
KHX CTEHCHEH BBITSDKKM, HMMEIOTCS 3aMKHYThIE BHYTPEHHHE
MHKPOIMYCTOTBI, HEIOCTYIHbIE 1JI PACTBOPHUTENS, U3 KOTOPBIX
BBEJICHHOE HU3KOMOJICKYJISIPHOE COCIMHEHHE HE MOXET ObITh

dn/N

0.15

0.05

0 5 10 15

r, HM

Puc. 34. Kpussle pacnpejesieHus Mop Mo pa3mepaM B CTPYKType
o6pasnos [IIT®, nepopmuposannsix B O1 ua 50 (1) u 400 (2)%.204
[lyakTUpHasT JIUHUS OTCEKaeT Ha Och abcIyicc 3HaUeHHEe pa3Mepa
KPUTHYECKOr 0 3apobia kpuctaum3anun O] B cBoO0IHOM cocTOs-
HUH.

dn/N — BepOSITHOCTH pacHpeIe/ICHHsI.

HM3BJICYCHO NYTEM OJSKCTPAKIIUU. Taxue IIyCTOTBI BO3HUKAKOT B
pe3yJsibTaTe KoJularca CTPYKTYphl Kpei30B MpH OOJIBIINX yaJIU-
HEHUSIX IOJMMepa. B To ke Bpemsi 3aMKHYTBIE MHKPOITYCTOTHI
OKa3bIBAIOTCS CTOJIb MAJIOTO pa3Mepa, YTO HaXOISIIUICS B HUX
O[] He MOXeT 00pa3oBaTh HPOTSDKEHHYHO KPHCTAJLTHYECKYRO
(dazy, mostomy Ha JCK-TepMorpamMmax He pPEruCTpPHPYOTCS
ero (a3oBble MEPEXOabl, 4 HA PEHTTEHOIPAMMAX OTCYTCTBYIOT
peduekcel, XapaKTepHbIe 1T KPUCTATUINYECKOU CTPYKTyphl O/1.
[NosBasieTcs MHTEpecHass BO3MOXHOCTh OLEHUTh pa3Mep arpe-
rata MoJieKyJl, MEHbIIIe KOTOPOIo K HeMy He IPUMEHUMO TePMO-
IMHAMHYECKoe MOHsTHe «(a3a». B ciyyae m-oxTazexkaHa 3TOT
pa3mep paBeH ~ 2.5 HM (cM. puc. 34).

B nmanbHe#Immx ucciaenoBaHUSAX MOKA3aHO, YTO PACCMOTPEH-
HBIE BBIIIE 0COOEHHOCTH (ha30BBIX MEPEXO0I0B HU3KOMOJIEKYJISP-
HBIX COCIMHEHNI B KPe30BaHHBIX MOJUMEPHBIX MaTpuIax (pac-
mupeHne Gpa3oBbIX MEPEXOJ0B U UX CABHI B HU3KOTEMIIEPATYP-
HyIO 00J1aCTh) UMEIOT OOIIMI XapakTep. DTH OCOOCHHOCTH
HAOII0JAr0TCs 11 PA3JIMYHBIX HU3KOMOJIEKYJIIPHBIX COEIMHE-
HUH (YTJI€BOAOPOIOB, )KUPHBIX KUCIOT M CHMPTOB) U MpaKTHIe-
cK¥ JIHOOBIX Kpeit3oBanHBIX nojumMepos (II9T®, TT3BII, nomm-
MPOMIJIeHA, ToJuaMuaa-6, moigurerpadTopatuieHa, [IMMA,
noJuBHHMIXIOpUAA).2%® OueBUIHO, YTO OOIIHOCTL YKA3aHHBIX
SIBJICHHI 00YCJIOBJIEHA OCOOCHHOCTSIMU (PUOPUILISIPHO-TIOPUCTOM
CTPYKTYPHBI KPE30B.

Kpucramnmmzanus moaumMepoB B OTPAHHYEHHBIX HAHOOOB-
eMax, pacCCMOTpPEHHas BbIILIE, UMEET MHOT'O OOIIEro ¢ aHaJOrHY-
HBIM IIPOIIECCOM U151 HI3KOMOJIEKYJISIPHBIX coeiHeHui. K Takum
0COOEHHOCTSIM ClIe/TyeT OTHECTH paclupenue (a3oBBIX Hepexo-
OB M CIBUT UX B HH3KOTEMIEPATYpPHYIO O0JIaCTh, a TakKxke
OTCYTCTBUE KPHUCTAJUIA3AIMHA BBOJMNMOTO B KPEW3Bl BEIIECTBA,
ecJ pa3Mep mop ciaumkoM Mait. Kak mokasaHo BbIle, B HAHO-
00beMax KPUCTAJUIM3AIMS TOJUMEPOB IPUBOAUT K PE3KOMY
YMEHBIICHUIO CTENCHU KPHUCTAUIMYHOCTH (cM. puc. 23). Bos-

MOXHO, 4YTO OCHOBHAsl MpPHUYMHA 3TOr0 — HECIIOCOOHOCTh K
KPHCTAJUIN3alUK TIOJIMMEPA, 3aIOJHUBIIETO CIIUIIKOM MaJble
HOPBI.

PaccMoTpeHHBIE BBIIIE OCOOEGHHOCTH  TEILTO(PU3MIECKUX

CBOICTB HU3KOMOJIEKYJIIPHBIX COCTMHEHMIA, BBEJICHHBIX B CTPYK-
TYpY Kpei30B, 00yCIOBJIEHBI YCIOBUSIMH UX KPHCTAJIIM3ALUN B
y3kux (1-30 aM) mopax. CTosib MaJjible pa3Mepbl MOp OKa3bl-
BAIOTCSl HE €IMHCTBEHHON OCOOEHHOCTHIO; OUEHb BaXKHO, YTOOBI
(buOPUILIIBI B CTPYKTYpE Kpeiiza ObLIH PACHOIOKEHBI IPUMEPHO
napajuiespHo (cM. puc. 12). B aTom ciryuae y3kue acuMmeTpuy-
HbIE TIOPBI, pa3/elIsIolye OTAeIbHbIe (puOPUILIBI, TaKxKe OyIyT
B3aMMHO OPUEHTUPOBAHBI OTHOCHTEIHHO OCH PACTSKEHHUS ITOJIU-
Mepa. SIpKo BbIpakeHHASI ACHMMETPHS CTPYKTYPBI Kpeii30B 10J1-
JKHA BIIMSATH M HA MPOIECC KPUCTAJUIUIAINN HU3KOMOJIEKYJISIP-
HOTO COeTMHEHUS B X 00BeMeE.

Taxoe BiusiHME OBLIO OOHAPYKEHO M U3YUYEHO MPU PEHTICHO-
CTPYKTYPHOM HCCJIEIOBAHUM MHOKECTBA CUCTEM KPEH30BaHHBIN
HOJIAMED — HU3KOMOJIEKYJISIPHBIN HAMOJHUTENB. 206208 =210 Oka-
3aJI0Ch, YTO HE3aBHCHMO OT HCIOJIb3yeMOTro IOJHMMepa W MpU-
pOJIbI BBOAMMOTI'O KPUCTAJIJIM3YIOIEr OCsI BEILIECTBA, BO BCEX CITy-
Yasix HI3KOMOJIEKYJIIPHOE COeMHEHNE KPUCTAJUIN3YETCsI ¢ 00pa-
30BAHUEM BBICOKOYHOPSIIOUYCHHBIX TEKCTYp. DTO SIBJICHHE Ha
npumepe kpeiizoBaHHbix [19T® m IIK, comepxamux HHU3KO-
MOJIEKYJISPHBIE COSAMHEHUS Pa3IMYHONH HPUPOIBI, MILTIOCTPH-
pyer puc. 35.

BunHo, 4TO BO BCexX clydasix HU3KOMOJIEKYJISIpHbBIE COeIuHe-
HUSI KPUCTAJUTU3YIOTCSI C 00pa30BaHUEM BBICOKOYIOPSIOYCHHBIX
TEKCTYP, U UX PEHTI€HOT PAMMBI HAIOMHUHAIOT PEHTTE€HOT PAMMBI
MOHOKpHUCTAJIIOB. ONHCBIBaeMOE SIBJICHNE HOCHT OO Xapak-
Tep U HaOJIIO1aeTCs TP UCIOJIb30BAHUH B KaUeCTBE MATPHI[ KAK
kpeiizoBaHHbIX Kpuctaumsyrommxess ([I9T®P, IIK), Tak wu
amMop¢ubIx (atakTrueckuit [IMMA) nosumepoB. Bece oTMmeueH-
HbIe OCOOCHHOCTH COXPAHSIOTCS IPU BBEACHUH B KPEH30BAHHBIC
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Puc. 35. PentrenorpamMmel kpeiizoBanHbIX 00pasnoB [19T®, comepxammx KI (¢) u O (b), a Takke kpeisoBanHoro obOpasma I1K,

COJIEPIKAILETO TIEHTAIEKAHOBYIO KUCIIOTY (c).200

Ocb pacTspKeHHs HOJIMMEPOB B aJICOPOIIMOHHO-aKTHBHOM CpeJie BEPTUKAJIbHA.

MOJIMMEPHBIE MATPUIBI HOHHBIX U MOJIEKYJISIPHBIX KPUCTAJUIOB.
BaxxHO OTMETHUTB, YTO, KaK U B CIy4ae MoJuMepoB (cM. puc. 30),
KPUCTAJUIH3AIMS HI3KOMOJIEKYJIIPHBIX COSTMHEHUI HE3aBUCUMO
OT UX IPHUPOABI COMPOBOXKIAETCS OPUCHTANINEH KPHCTAJLITUTOB.

OmHako, TOMHMO OTMEYEHHOTO BBIIIE CXOJCTBA KPUCTAJ-
JIN3allMd TIOJIMMEPOB M HHU3KOMOJIEKYJISIDHBIX COCOMHEHHH B
YCJI0BUAX O6"beMH])IX OFpaHl/IQCHI/If/'I, CYIECTBYOT U OTJIMYMA,
00yCJIOBJICHHBIC IIEMHBIM CTPOCHHEM MAaKPOMOJIEKYJ. OTH
pa3uyusl BBISBJISIOTCS NPU WCCICIOBAHMH KPUCTAJUTH3AIIH
MTOJIMMEPOB ¥ HU3KOMOJICKYJIIPHBIX COSMHEHUN CXOTHOU XUMHU-
Yyeckoit mpuponbl. Paccmorpum Mopdomoruro OJI, 3akpucral-
JIN30BAHHOTO B CTPYKType Kpeiiza. B aToM ciyyae dYerko
BBISIBIISIFOTCS] HECKOJIBKO MOPSIAKOB MEPHUINOHAIBHBIX Pe(hIICKCOB
(cMm. puc. 35,b). Onenka pazmepa OOJIBIIOTO Mepuoaa J1aeT TOY-
HOE 3HAYCHUE JUIMHBI yriieBoopoanoi nenu O/]. DTo o3Havaer,
yro OJ] kpucraymsyercs B PEryJspHBIX CJIOSX, B KOTOPBIX
YIJIEBOJIOPOIHBIE LENOYKH OPUEHTHUPOBAHBI BIIOJIb OCH aCHM-
METPHYHON MOPBI B CTPYKTYype Kpei3a MoImMepa-MaTpHIlbL.
B To xe Bpems JHMHEHHBIA yrieBOIOPOJ KPHCTAJIIM3YETCS C
00pa30BaHUEM CKJIATYATHIX KPHUCTAJIIOB, B KOTOPBIX OCH ¢
MaKpOMOJIEKYJ OpPHUEHTHPOBAHBI MEPIEHIUKYISIPHO TJIABHOMI
ocu opsl (cM. puc. 30). Kak BUAHO, IPOCTPAHCTBEHHbIE OT pAHH-
YeHMs], BJIMSIOLIME HAa KPUCTAJUIM3ALMIO BEIIeCTBA B HAHO-
obObeMax, 00YCIOBJIEHBI HE TOJBKO €ro B3aMMOJICHCTBHEM CO
CTEHKaMH TIOPBI, HO M COOTHOIIICHUEM €€ JuaMeTpa U pa3Mepa
MOJIEKYJTbI (JUTAHBI IIeTei).

B 3akiroueHne naHHOTO pasjeia HeOOXOIMMO BBICKA3aTh
MPENIOJIOKEHUSI O TMPUPO/ie OOHAPYKEHHOTO M OIUCAHHOTO B
pabotax 206209210 gpyrepns OpHEHTAIIMM HU3KOMOJIEKYJISIPHBIX
COCIMHEHNI B CTPYKTYpe Kpei3oB. OpHEHTUPYIOIIEE BIIHSHUC
KpEeN30BaHHON MOJIMMEPHONU MAaTPHUIIbI HA KPUCTAJIJIA3AIMIO BBE-
JICHHbIX HU3KOMOJIEKYJISIPHBIX COCOMHEHHHA HE MOXET OBbITh
Ha3BaHO SNHUTAKCUeH. DHUTakcusi — 3TO 0oOpa3oBaHHE OJHO-
pPOJTHO OTHOCHTEJIBHO APYT IpYyra OPUEHTUPOBAHHBIX KPUCTAJI-
JIOB OJTHOTO BEIECTBA HA TPAHU KPUCTAJLIA JIPYroro Beniecrsa.>!!
Kak mokazano B pa6oTe 2°°, HU3KOMOJIEKYJIAPHBIA KOMIOHEHT
KPUCTAJUIA3YETCS C 00pa30BAHUEM BBICOKOYNOPSIIOUCHHBIX TEK-
CTyp HE3aBUCUMO OT TOT0, Kpe30BaHHAS MOJIMMEPHASI MaTPHIIA
KpUCTAJUITMYECKas WK HOJHOCTBIO aMop¢Has. B paccmatpusae-
MOM CJlyyae TJIABHBIM OPHEHTUPYIOLIMM (HAaKTOPOM, BHIUMO,
SIBJIICTCSL CTPOTO YHOPSIJOYEHHOE PACIIOJIOKEHNE aCHMMETpUY-
HBIX TTOP B CTPYKTYpe Kpeiiza (cM. puc. 12).

Tem He MeHee B CTPYKTYpe Kpei3a OpHEeHTUPYIOTCSI IMEHHO
KPUCTAJUINTHI, & HE WHAWBH/YyaJIbHbIC MOJIEKYJIBI HU3KOMOJICKY-
JISpHOTO KOMIOHeHTa. O0 3TOM, B YACTHOCTH, CBUIETEJILCTBYFOT
sasucuMoct MK-muxpomsma (mosoca 2925 cM ') B TemnoTsl
mwiaBiaeHust TpuaexkanoBoi kuciaothl (TAK) B kpeitzoBaHHOM
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Puc. 36. 3aBucumocTu TemtoTs! wiasienus (/) u UK-nmuxponunoro
OTHOIIEHHs TOJIOCH! ortomenus 2925 cm~! TAK (2), BBeneHHOl B
kpeiizoBannyro [IT®D-matpumy, ot comepxanuss TAK B momm-
Mepe.208

matpure [19T® ot comepkaHuss HU3KOMOJIEKYJIIPHOTO KOMIIO-
Henta (puc. 36). KommuectBo TAK B mojmMepHOW MaTpuiie
MOJHO PeryJHpOBaTh, MPOBOIS KPEH3UHI MOJMMeEpa B ee pac-
TBOpax pas3jiMuHON KoHIeHTpammu. Kak ciemyer u3 puc. 36
(cM. xpuByro 1), Tertora miasieHust TK cHuxaeTcst BO BceM
HU3Y4YCeHHOM JlHana3oHe ee KOHIeHTpaluid. Bunumo, 3To cBsi3aHo ©
TeM, YTO ¢ yMeHblueHueM cojepxanus TK B xpeitzoBaHHOI
MOJIMMEPHON MATPHUIC YMEHBIIACTCS pa3Mep 0O0Pa3yIOIIUXCS
KPUCTAJUIATOB. YMEHBIIICHHE pa3Mepa COMPOBOXKIACTCS YBEIIHU-
YEeHUEM YAEJbHOW MOBEPXHOCTH U, KaK CJICCTBHE 3TOTO, YMEHb-
[IEHAEM TEIUJIOTHI IJIABJICHHUS, TOCKOJIbKY OBEPXHOCTHBIN CIIOM
KPUCTAJUIUTA HE BHOCHT 3HEPreTHYECKOrO BKJIaJa B MPOIECC
IJIABJICHUS, TAK KaK B HEM He 00pa3yeTcst TpexMepHas Kpucrai-
JInYecKasi peleTka.

B 10 ke Bpemst UK-auxponyHoe OTHOIIIEHHE, XapaKTepU3yIo-
111ee CTENEeHb OPUEHTAIN HU3KOMOJIEKYJIIPHOTO KOMIIOHEHTA B
MOJIMMEPHON MATpHIle, W3MEHSETCS] NPUHIMIUATIBLHO WHAYe
(cMm. kpuByro 2 Ha puc. 36). Opuenranus TJK octaeTcst mocTosH-
HOW BIUIOTH A0 ee cojaepxkanusi 3% B MOJUMEPHON MaTpHIle.
IMocie mocTwXeHUs 3TOro KOHIEHTpalumoHHoro mopora MK-
UXPOU3M HAUYMHAET PE3KO CHUXKATHCS (BUAUMO, 10 COACPKAHUS
3% TJAK Haxoauiack B MOJIMMEPHON MaTpulie IJIaBHBIM o0Opa-
30M B KPUCTAJIMYECKOM COCTOSIHUM). JlasibHellIee yMeHbIIeHUEe
koHueHTpamuu TAK npuBoauT K ee MOJIEKYJISIPHOMY TUCTIEPT -
poBaHUIO B 00beME Kpeii3a, B pe3yJIbTaTe Yero BBOAUMBIA KOM-
TOHEHT OKa3bIBAETCSI HE B KPUCTAJLTNIECKOM, a B a7ICOPOUPOBaH-
HOM COCTOSIHHU. XOPOIIO BHIHO, YTO UMEHHO B 3TOI KOHIIEHT-
pallMOHHON OO0JIACTH  KOJIMYECTBO KPHUCTAJUIMYECKOW  (ha3bl
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HA4MHAET PEe3KO CHIXKAThCS. [10TyueHHBI pe3yIbTaT CBUIETEb-
CTBYET O TOM, YTO B CTPYKTYpe Kpei30B UMeeT MeCTO OpUCHTA-
LUsl KPUCTAJUIUTOB, & HE UHUBUAYAIbHBIX MOJIEKYJ. DTO COOT-
BETCTBYET [AHHBIM DPACCMOTPEHHOW BbIIE paboThI'’® (cM.
puc. 28), B KOTOpOW TMOKAa3aHO, YTO aACOPOMPOBAHHBIN CIIOWM
moJInMepa Ha TBEPAOW MOBEPXHOCTH MMEET HEYMOPSIOYCHHYIO
CcTpyKTYpy. Kpucrannmsamnms 3Toro ciosi, ECTECTBEHHO, IPHIAET
eMy MOJIEKYJISIPHYIO YIOPSIIOUYECHHOCTb.

VI. 3akmouenue

[TpoBencHHBIN aHATN3 JTUTEPATYPHBIX TAHHBIX CBUICTEILCTBYET
0 TOM, YTO IPH JUCIEPTUPOBAHNH MOJMMEPOB Ha HAHOpA3ZMEP-
HBIE arperaTsl KapANHAILHO U3MEHSIOTCS HX CBOUCTBA. M3MmeHe-
HUS KACAIOTCsl TAKNX (PyHIaMEHTAJNBHBIX XapaKTePUCTUK IOJIHU-
MEpOB, KaK TeEMIIEPATYPhI CTEKJIOBAHUS U (a30BBIX IEPEXOIOB B
KPUCTAJUIU3YIOLUXCS omMepax. IIpocTpaHCTBeHHbIE OrpaHu-
YeHHUs] 3aMETHO BIIMSIIOT Ha MAacCOIEPEHOC B PAcTBOpax IMOJIU-
MEpOB NpU HUX TeueHud W Auddy3un. YkazaHHbIE aHOMAJHU
00yCIIOBJIEHBI B NIEPBYIO OYEpPe/b TEM, YTO NPH HAHOMETPOBBIX
MPOCTPAHCTBEHHBIX OTPAHUYCHUSX HMEIOT MECTO KOoH(popma-
[IMOHHBIE TIEPECTPOIKY B MOJMMEPHBIX NemnsX. VI3MeHeHne KoH-
(bopmanuit MAKpOMOJIEKYJT M HAJIMYME CETKH 3aICIICHUI OTBET-
CTBEHHBI 32 PE3KO€ MaICHUE TEMIIEPATYPbI CTEKJIOBAHMS B TOHKUX
IUICHKAX U aHOMAJIMK B TIpolieccax copomuu, mudy3un, TeUeHus
pacTBOPOB U paciIaBoB moauMepoB. IIpocTpancTBeHHbBIE Orpa-
HHUYEHHsI OTPAXKAIOTCS KaK Ha mapamerpax (a3oBbIX MEpexooB
KPUCTAJUIM3YIOIIMXCS TTOJIMMEPOB (CHIKEHHE TeMIlepaTyp KpH-
CTAJUIN3ALNH 1 IIJIaBJICHHAS, & TAK)KE TEIUTOT IJIaBJICHHS ¥ CTETICHN
KPUCTAJUTMYHOCTH), TAK M HA MPOIIECCAX OPUCHTAIINU KPUCTAILIHU-
TOB B HAHOMETPOBBIX 00beMax. YKa3aHHbIE AaHOMAIIUH 00YCIIOB-
JICHBI B TIEPBYIO OYepeb KOPEHHBIM U3MEHEHHEM COOTHOIIICHHUS
cTaauil 3apoablIeo0pa3oBaHMsI M POCTA KPUCTAJINTOB B Orpa-
HIYEHHBIX 00beMax, KOIra 3apOoXAeHHE KPHUCTAJIUTOB 00JIer-
4aeTcs, a UX POCT OIPAHUYUBACTCS MaJbIM (HAHOMETPOBBIM)
npoctpaHcTBOM. CpaBHHUTENIBHBIA aHAJN3 BIIMSHUS MPOCTPAaH-
CTBEHHBIX OTPAHNYCHUH Ha KPUCTAJUIM3ANNIO OJMMEPOB U HA3-
KOMOJICKYJISIPHBIX COCTUHEHUI MOKa3al, YTO OTMECUCHHBIEC BBIIIIC
M3MEHEHHS] TEPMOIMHAMHUYECKAX CBOWCTB SIBIISFOTCS OOIIUMH
KaK [ BBICOKO-, TaK M HI3KOMOJICKYJISIPHBIX BEIICCTB.

ABTOpPBI  BBIPQXAIOT  HCKPEHHIOIO  MPU3HATEIHHOCTH
A.B.EdpuMOBY 3a 1J10J0TBOPHBIC TUCKYCCUU.
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