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1. O6mas xapaKTepuCTHKa paGOTHI

AxTyanpHOoCTh paGoThl. Co3faHue IIOIMMEPHBIX KOMIIO3UTHBIX MAaTE€PUAJIOB
oCTaeTcs OZHOH M3 aKTyaJabHBIX IpoGieM coBpeMeHHOCTH. OCHOBHOM IIpo6ieMoil Ipu
CO3JaHMM TaKOTO pOZa MAaTepHajoB ABJIAETCA KOHTPOJIb 3a CBOMCTBAMHM CHHTE3HPYEMOTO
Marepuana. C 9TOH TOYKHM 3peHHd, (OPMUPOBaHHE PEryJAPHOI CTPYKTYpHI IIOIHMMEPOB
II03BOJIAET 3HAYUTEIHHO YIIY4IIUTD KOMILTIEKC busHKO-MeXaHUIeCKUX u
OKCILTyaTallUOHHBIX ~ CBOMCTB  (TEIIOCTOMKOCT,  BJIEKTPOMU3OJALMOHHBIE CBOWCTBA),
COXPaHHTh UX IIPU IIOBBIUIEHHBIX M IOHM)KEHHBIX TeMIIepaTypaX, a TaKXe DPacIIMPHUTh
o6actu IpUMeHeHUS HaHOKOMIIO3HTOB Ha OCHOBe OpTaHMYEeCKHX u
3JIEMEHTOOPraHUYeCKUX IIOJIMMEpPOB. B HacTosulee BpeMd, OJHUM U3 IEPCIIEKTHBHBIX
HAIIpaBJIeHUH IO KOHTPOJIO 33 CHHTE30M M CBOMCTBAMM HAHOKOMIIO3HTHBIX MAaTepHaoB
ABJIIeTCA HMCIIOIb30BaHMe GHOJIOTHYECKUX MOyeKya u, B yactHoctd, JJHK (Seeman, 1982;
LaBean and Li, 2007). Kax usBectHO, 61oI0rrnyecKrie MaKpOMOJIEKYJIbI BO MHOTHX CIydasx
00pa3yioT KOMILIEKCHI C Ppa3IHMYHBIMU HAIMOJEKYJIADHBIMH CTPYKTYPaMH, HCIIOIb3YS
MeXaHU3MBI MOJIEKYJIAPHOTO y3HaBaHu. Tak, Hanpumep, mosekyssl JTHK u PHK Bupycos u
GakTeprodaroB Kak IpaBIJIO ILUIOTHO YIIAKOBBIBAIOTCA B KallCHZe, 000JIOUKe 0GpasyeMoit
Mosekynamu 6enka. Kpome toro, monexynst JHK B cocTosHuu ysHapate crenududeckue
y4acTKU B GeJIKOBBIX MOJIEKYJI, YTO MCIIOJIB3YeTCS IIPU IOCTPOEHUU OeIOK - COAepXKallux
nanoctpykryp (Yan, et al., 2003). B wnacrosmee Bpems, momexynst JHK raxke
HCIIONB3YIOTCSA NIPU HOKPBITHM 30JI0THIX HAHOYACTHII, YIJIEPOAHBIX HAHOTPYOOK M T. I
Baaumogeiicreue JIHK c pasmu4HBIMM BBICOKO- M HHU3KOMOJIEKYJIADHBIMH COeJUHEHUAMU
ABJIAETCA KJIIOYEBBIM 3JIEMEHTOM IIpDH CO3JAHMU Pa3jIMYHBIX HaHOMaTepuauoB. Bce sro
IIPUBOJUT K TOMY, uTO u3yueHusd Bausuus JJHK Ha o6pasoBaHue yIOpAZOYE€HHBIX CTPYKTYP
B Pa3IMYHBIX M B TOM YHCIe, IOJIMMEPHBIX MaTepuajax IpeJCTaBifeT coboil BechMa
aKTyaJIbHYIO 3a7a4y.

Iensio paGoTH! ABATETCA:

1. Wzyuenue sddexra dparmenros gpymiaexcuoit [JHK pacrBopeHHOil B paciuiase
THGKOIEITHOTO II0JIMMepa Ha TEPMOAMHAMUKY KPHUCTaJITH3AIUH.

2. HccnenmopaHue ymOpANOYEHHBIX CTPYKTYp, OOpasylomuxci U3 (parMeHTOB
pymnexcHoit JJHK, B cMecu ¢ THGKOIEITHBIM IIOJIMMEPOM.

3. Teoperudeckoe M3yueHHe BIUAHUA II€PEXOJOB CIIUPATb — KIyOOK, a TakKe BIUAHUE
crabunpHocTH pBoiHOM cmupanu JHK B cMmecm ¢ ruGKOLENHBIM IIOIMMEPOM Ha
BO3HMKHOBEHIE OPHEHTAI[MOHHOTO MOPA/KA ¥ TEPMOJMHAMUKY KPHCTa/UIU3ALIUH.

4. HccnepmoBanme HepaBHOBeCHBIX cBoMcTB gBoiHoi cnupamun JHK B cmecum c
TUGKOLEITHBIM IIOJTUMEPOM U MX BIUSHUA Ha IPOLECCH KPUCTAIIH3AIUH.

Hayumas HOBM3HA 3aKJIOUeHa B IIPeACTaBIeHHBIX B paboTe CIEAYIOIIUX aKTyaJIbHBIX
pesyubraTax. IIpexze Bcero, mokazaHo, 4TO fgBoifHas cmupans JHK B cmecu ¢
THOKOIEITHBIM IIOJTMMEPOM BeZleT ce6s KakK ILeHTp HyKJIealld KPHCTajyla M IIOBBIIIAeT
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TeMIIepaTypy KpMCTa/UIM3AaL[MM CHCTeMBl. B paboTe TakXe MHCCIeNOBAHBI YCIOBUA
BO3HUKHOBEHMA OPHEHTAIIMOHHOrO IopAaKa U (a3oBoro paccioeHue GpparMeHTOB TBOHHOM
cupanu JIHK B cmecu c rubGkomenssiM monuMmepoM. Ilomydens: ¢asoBble guarpaMMBI
cvecu JITHK ¢ ruGkouemHbIM IIOTMMEpPOM, a TaKKe OIleHeHa TeMIepaTypa Iepexoza
¢parmenToB JIHK m3 u30TpomHO#l ¢assl B HeMaTHYeCKyIO, B 3aBUCHMOCTU OT OGBEMHOM
pomu monexysn JJHK B cmecu.

YcTaHOBIEHA TAaKXKe CBA3b MEXJY TEePMOIMHAMHKON ILIABICHMA [JBYHUTHEBOMH
JHK u ee HeMaTWYeCcKMM YNOpAZOYeHHeM B CMeCH C TMOKOIEITHBIM IIOJTHMepoM. B
YaCTHOCTH, IOJTy9eHa 3aBUCHMOCTh ITapaMeTp nopazgka Maitepa - 3ay1me oT mapameTpa pocTa
cipanu. IlpoBesieHO TeopeTHyecKoe MCCIeZOBaHHE BIMUAHUA HU3KOMOJEKYJIAPHBIX
coeiVHeHMI (IMraHZOB) Ha BO3HUKHOBeHMe opueHTamuoHHoro mopsazka JHK u
KPUCTaIM3AIUIO THOGKOIEITHOTO IIONMMepa B cMecu. IIpu S5TOM, IpOaHAIM3UPOBAHO
COBMECTHOE BJIUSHUE TeMIIePaTypPbl CUCTEMbI ¥ KOHLIEHTPAI[UH JUTaHAOB.

Hapsagy ¢ TtepmomunamudeckuMmu dSddekraMu, B paboTe H3ydeHO BIUAHUE
Pa3IMYHBIX XapaKTePHBIX BpPeMeH peJIaKCallud TPeTUYHOH M BTOPUYHOH CTPYKTYPHI
HYKJIEMHOBBIX KHCJIOT Ha MX CTPYKTypy M TepMOAZMHaMHU4YeCcKHe CBOWcTBa. Ilpenyioxen
obmwmit GopManu3M, IO3BOJIAIONIMI OMMCHIBATH CTAI[MOHAPHOE HEPaBHOBECHOE COCTOSHUE
TaKHX CHUCTEM.

OcHOBHEIe TOJI0XKEHY I, BEIHOCHMbIE Ha 3aNIHTY:
1. XKecrkouennsie ¢pparments! apoinoi cnupanu JHK mpu omnpeneneHHBIX yCIOBUAX

CJTyXaT TOYKaMU HyKJIeallMH JJIS KPUCTaJLIM3aIu THOKoIennHoro nonumepa B cmecu JHK
- momumep. Hanmmume Takux ¢parMeHTOB IOBBIIIAET TEMIEPATYpy IUIaBIEHHS M, Kak
CJIefICTBUE BEPXHIOIO TPAaHUIly TeMIIepaTypsl KpHcTauiusauuud. CHOBUT TeMIepaTypbl
IUTaBJIeHNA ¥ KPUCTA/ITM3AIMH M/IeaIbHOTO II0JIMMEePHOTO KPHCTAJLIa 3aBUCHUT OT 06BeMHO
O THOKOLETTHOTO TI0JINMepa.

2. Ilpu ompeznenenuoit tTemmeparype zpynutuesas JHK B cmecu ¢ ruGkoiemHsM
IIOJIIMEPOM MOXKET IIePeXOJUTh W3 M30TPOIHOM (assl B IKMIKOKPHUCTALIMYECKYIO
HeMaTH4ecKyio ¢asy. IIpu aToM, TeMmepaTypa Iepexofa OIpeZesseTcs 0ObeMHOU Aoiei
THGKOIEITHOTO II0JIMMepa.

3. IIpu ommpezmeeHHBIX YCIOBUAX BO3HUKAET Tpex(a3HOe paBHOBeCHE, IPU KOTOPOM /iBe
M30TPOIHBIE (a3bl U OJHA HeMaTWdecKas CIIOCOOHBI K COCYIeCTBOBAaHUIO. IIpH MOHIDKEHIH
TeMIIepaTypsl MMeeT MeCTO (a3oBoe pacClIoeHMe MexAy AByMsA u3oTpomHbiMu (asamu. C
IIOC/IeAYIOIUM TTOHIDKEHNEM TeMIIEPAaTyPhl BOSHUKAET PacCIIOeHNEe MEXAY HEMAaTHIeCKOH 1
M30TPOIHON (ha3aMM IIPH TeMIlepaTypax HIDKe TPoiHO# Touku. IIpm TemmepaTypax BbIre
TPOMHOM TOYKM IOABIAIOTCA [Be HeMaTHYecKue (assl M y3Kasd M30TPOIHO - HeMaTHYecKasd
gByxdasHasg 30Ha.

4. CsaseiBanme pymaekcHoit JHK ¢ sjuranzamMu DpUBOZMT K M3MEHEHHUIO ee
KOH(OpPMAIUH, YTO II03BOJIAET KOHTPOJIUPOBATh KPUCTAIH3ALNIO THOKOLEITHOTO TOIUMepa
B CMeCH U OpHeHTAI[MOHHBIH nopanok ¢pparmentos JHK.

5. Ilpu HOHMXEHUH TeMIIepaTypsl MMeeT MeCTo crabuausanusa gsoiHoi ciupanu JHK,
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KOTOpas COIIPOBOXKZAETCA OOGDPAa30BAHMEM Da3IHUHBIX 3JIEMEHTOB BTOPHYHON CTPYKTYPBI,
TAaKMX KaK TII€TIM, BCIyYMBAHUA, CIOUPaJbHBIE YYaCTKM MU T.J. OTOT IIPOIecC
XapaKTepHu3yeTca AByMsS XapaKTePHBIMHM BpeMeHaMHU pejlaKCallud, a JaHAumadT CBOGOHOM
SHepIUU TaKOH CUCTeMBI ABJIACTCA TUIUIHBIM JIJI CTEKOIbHOH (daskl.

Hayumas u mpakTmyeckas IIeHHOCTH pa601'm O6yC]IOB]IeHa CymeCTBEeHHBIM 3Ha4Y€HHEM,

KOTOpOe UIpAaloT TepMOAWHAMUYecKne U KuHeTHueckue d5(GeKTs! B 06pa3oBaHUU
YIOPAZOYEHHBIX CTPYKTYpP B CHHTETHYECKUX X OMOIOTMYeCcKUX IOJIuMepax. B aToil cBasy,
TeOpeTHdYeCcKOe HCCIefOBaHWe KPHCTALIM3AUMKM U Ipyrux ¢opM  06pasoBaHUA
ymopsagodeHHo# ¢assl B cmecax JHK ¢ cuHTeTHuecKMMM IIOIHMMepaMH HMeET BAXKHOE
3HaYeHUe JJI1 MHTepIIpeTally SKCIIEPUMEHTaIbHBIX Pe3yIbTaTOB U UX IIpeJCKa3aHUA.

B wactHOCTH TeopeTHuecku ycTaHOBIEH TOT dakT, uto dpparmenTsl JHK B cmecu ¢
THGKOLEIIHBIM IIOJIMMEPOM JefCTBYIOT KaK IEeHTPhl HYyKJIeallud KPUCTAUIUTOB, YTO
II03BOJIET IIPEJIOXKUTH HOBBIE ODKCIIEPUMEHTHI IO KPHMCTA/UIM3ALUU IOIUMepoB. Kpome
TOTO, BbBIABNEHH (GAKTOPHI, Mo3Boifgiomue 5GdeKTUBHO BIMATH Ha 0Opa3oBaHUe
ynopsazodeHHsIX (a3 B cMecax rubkonenHsx monumepos c¢ JHK. Dtor Teopermueckuit
Pe3yJIbTaT MOXKET CIY>KUTh OCHOBAaHMEM HOBBIX GH3MIECKIX MEXaHU3MOB, OTBETCTBEHHBIX 32
o6pasoBaHUe YIOPALOYEHHbBIX CTPYKTYP B IIOJTMMEPHBIX KOMIIO3UTHBIX MaTepHaax.

IlpepnaraeTcas HOBBIH IIOAXOX B M3yYeHMHM MeXaHM3Ma KOHTpOJIA 32
KpHCTa/Ih3anye THOKOIETHbIX II0JINMepOB B cMecu ¢ ¢parmentamu aymrekcuoit JHK. B
YaCTHOCTH IIOKa3aHO, 4TO 3a cder B3aumogeiictsus JHK c HHM3KOMOIEKYJIApDHBIMHU
COeIVHEHMAMH (IWTaHAAaMM) MOXKHO BJIMATH He TOJABKO Ha HEMAaTHYeCKUH IOPALOK
pymwrexcuoit JIHK B cMmecu ¢ ruOKOLeNHBIM ITOIMMEPOM, HO M Ha CTaGIIBHOCTD JBOMHOM
cimpanu JTHK B cmecn.

VcTaHOBIEHB HEKOTOpHlE 3aKOHOMEPHOCTU B3aMMHOIO BIMUAHHUSA BTOPUYHON U
TPETUYHOH CTPYKTYphl HYKJIE€MHOBBIX KHCJIOT, OOpasyIOLIMXCA B IPOLECCE OTKUTa
IIOJIMMEPHOrO0 MaTpuKca. B wacTHOCTH, GOJIbIIOe 3HAUEHME MOXET HIPAaTh BO3MOXKHOCTD
ba3oBBIX  IpeBpalieHWE B IIPOLECCe  PEKAKCAl[MM  CHUCTEMBI K  COCTOSHHIO
TepMOANHAMUYIECKOTO PAaBHOBECH.

IlonumaHue OCHOBHBIX INPUHIUIIOB, JIEKAIIMX B OCHOBE CaMOOPTaHM3ALUU U
KOHGOPMAIOHHEIX IIEPEeCTPOEK B OMOJOTMYECKMX MAaKPOMOJEKYJaX HMeeT GoJblIoe
IIPaKTHYeCKOe 3HAaYeHWe KaK [ pelleHusd IpobsieM GHUOJIOTMU U MEAUIUHSBI, TaK U IIPU
CO3JaHMHU HOBBIX MATEPHUAIOB, COZEPKAIIUX OMONOTUYECKM AaKTHUBHBIE MOJIEKyIsl. B
YaCTHOCTH, IIPaKTUYeCKas IeHHOCTb paboOThl OIpefenfeTcsi TeM, 4YTO MHOTHE
HU3KOMOJIEKYJIIpDHBIE cOoefuHeHusd, B3aumogeticreyomue ¢ JIHK, e Tonpko sBfioTcs
OUOJIOTHMYECKX AaKTHBHBIMM BEIIeCTBAMM X B HEKOTOPBIX CIyd4asx OO0JIafaioT
(dbapMaKOIOTUYeCKUMU CBOMCTBAMU, HO TaK)Ke MOTYT OBITH HCIIOJIB30BAaHBI IIPH CO3JAHUU
KOMIIO3UTHBIX MaTepPHaIOB.

INonyyeHHsIe B paGoTe pe3y IbTaThl HALUIX ITUPOKOE IIPUMEHEHNe KaK B HayIHO -
HCCIefOBATEIbCKUX HMHCTUTYTaXx ApMeHuu, Tak u 3a pyoOexom (EpeBamckuit
TocymapcrBenusiii YHuBepcurer, State University at Albany (USA) u gp.). Pesymsrars
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pabotsr ucrnons3yiorcs Ha Kadezpe ¢usuxku EACIY, a Takxe Ha kadezpe MOJIEKyISpHOMH
¢usuxku ET'Y. IlonmydyeHHbIe pe3ysibTaThl TaKXKe MOTYT OBITH HCIIOJNB30BaHBI B paboTax IIO
paspaboTke 6HMOIOTNYeCKUX CEHCOPOB, TpoBoAuMbx B Hanmonansnom Mucrutute fAnepuoit
®usuxu (INFN, Italy).

Ampo6anua paGoTst
Marepuass! guccepTalyy JOKIaABIBAINCh HA CeMUHApax Kadeapsl MOJIEKyIIPHOH GU3UKU
El'Y, Ha coBmecTHsIX cemuHapax Kadezapsl ¢usuku I'YAC u EIIH, a raxke Ha ceMuHape

Wncruryra Qusuxku AH Tpysum, (T6uamcu). Matepuansl gaucceprauuu — ObLIX
IpeACTaBIeHl HAa MeXJYHapOJHBIX HaydHbIX KoH(epeHIMsax: Mexa. KoHdepeHuus,
nocesimeHHas 40-nerturo ocHoBanust Apl'Y; International Conference “Physical Concepts of
Nucleic-Acid Structure and Behavior”, Yerevan, 2013; The 18" and 19™ Conversation, Albany
(USA) 2013, 2015; mexxayHapoAHOM HayIHO-TIPAaKTUIeCKOM KoHbepeHuU “CTPOUTENIBCTBO
—2013”, Pocros Ha [loHy.

ITy6aukaruu

ITo Teme mucceprauuu omyGnuKoBaHbl 31HaydyHasd HmyOiauKauus, U3 Koux 24 cratsu U 7
Te31COB KOH(epeHIHH.

CrpyxTypa auccepranum
,Z[I/ICCGPTEIIH/IS{ COCTOMUT M3 BBEIEHUI, JIHTePHTypHOI‘O 0630pa U IIATU TJ1aB. Ka)K,HEU{ TjaBa

HAYMHAETCA C KpaTKOH aHHOTAaIMM M 3aBepIIaeTcs CBOAKOH OCHOBHBIX pPe3yJIbTaTOB.
Juccepranus comepxut 67 PUCYHKOB M cIucok auteparypsl u3 202 nHaumeHoBaHHA. Bo
BBeZileHUU CPOPMYIMPOBaHBI Lieib pabOoTHI, MTOKa3aHa HAayYHAs HOBU3HA M IIPaKTUYeCKas
3HAYMMOCTH Pe3yJIbTaTOB ¥ NEPEYHCIIAIOTCA OCHOBHEIE II0JI0XKEHM, BBIHOCHMBIE Ha 3aIUTY.
IlepBas rmaBa TOCBAIleHAa HCIONAb30BaHMIO AByHUTHeBhIx JHK, xak 1meHTpoB
KpUCTa/UIM3alMK. Bropas IylaBa IOCBAIeHAa BO3HMKHOBEHWIO HEMAaTH4YeCKOTO IIOpAZKa
monexyn pymnexkcuoit JHK B cmecu ¢ rubkolenmHBIM IHOIHMEpOM. B Tperheil riaBe
IIpeACTaBIeHa TeOpWs, ONMCHIBAIONAAs BiauAHue B3auMmogeiicTeuii JHK - jaurang Ha
TepMOAMHAMUKy HeMmarumdeckoro mnopsagka JHK u xpucrammusanuio ruOKOIeIOHOTo
monuMepa. B geTBepTOil T7IaBe pacCMOTpeHa CBA3b MeXAy OJHOOCHOHM KpHCTa/UIM3anueil u
HeMaTH4yecKUM mopsazkoM Moinekyn JHK kak meHTpoB Kpucrauiusauuu. I HakoHel, B
IATOH TIJlaBe IIpeACTaBIeHa TeOpUdA, ONMCHIBAIONIAA BIMAHHE IIPOLECCOB OTXKUTA
IIOJIMMEPHOTO MaTpHUKca Ha KOHGOPMAaLMOHHbIE IEPECTPOMKKA HYKJIEMHOBBIX KHUCIOT.
Pa6ora 3aBepuraeTcsa 3akI0ueHMeM, BRIBOJAMHU U CIIMCKOM paboT, OIyGINKOBaHHBIX IIO TEMe
JUCCepTaIuu.

2. OcHOBHOe cofiep>kaHue paGOTHI
T'n. 1. Buomoruyeckyie MaKpOMOJIEKYJIBI KAK IEHTPHI KPHCTALIM3ALNH OIMMepa
B pacILUiaBe
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IMomuMeps! HOZOGHO HU3KOMOJEKYJIAPHBIM Bel[eCTBAM MOTYT KPHCTaJIIM30BAaThCA
IpM OXJTOKAEHWM paclliaBa HIDKe OIIpefeIeHHOM TeMIepaTyphl — TeMIIepaTypsl
CTEKJIOBaHHUA. DTOT IIPOILECC HAXOAUT CBOE OTpaKeHUEe B M3MEHEHUU CBOMCTB IOJIMMEPOB:
YBEJIMUMBAETCA €0 IJIOTHOCT, DPAacTeT MOZYJIb YIPYTOCTH, U3MEHIIOTCS U JApyTHe
XapaKTepUCTHKH. B  momumepax 00pa3yloTC  MOJIEKYJIApHble  KPHUCTa/UIBL, T.e.
MaKpOMOJIEKYJIbl B KpHCTajle CBA3aHHbBIe cunaamMu Bau-mep-Baanbca. B orimuuume ot
KPHCTa/IN3AIUY HU3KOMOJIEKYIAPHBIX BelleCTB, KPUCTAJIMYecKas 06J1acTh B IOIMMepax
BO3HHUKAET BCJIEACTBYE YIOPAJOYEHUS yYaCTKOB MaKPOMOJIEKYJI, a He BCceX MaKpOMOJIEKYJI B
I[eJIOM, ITOCKOJIBKY IIPM HAJIMYMM MHOXKECTBA [JIMHHBIX IIOJIMMEDHBIX Iellell HeM36eXHO
BO3HMKAIOT KOHGOPMAaIuy ¢ GOIBIIMM KOJIMIECTBOM II€PeIyTAHHBIX LIeIlei, UTO, B CBOIO
ouepesp IPUBOJUT K HEBO3MOXKHOCTU IIOJIHOM KPHUCTAIM3ALUU IIPU CKOJIb YTOZHO
MeZJeHHOU, HO KOHEYHOH CKOPOCTH OXJIaKZEHHI. ODTO IpefolpefesieT Heu3bexHoe
IIPUCYTCTBHE B KPUCTAJLIM3YIOUIMXCA ITOIMMEPaX aMOpP@HBIX 00acTeil Jaxke IPU ITOIHOM
3aBepLIeHHH IIpollecca KpUCTALIU3anuy. IIpu 5ToM ofHa U Ta )Ke MaKpOMOJIEKyJa MOXET
HAaXOJUTHCA U B aMOPGHOI, U B KPUCTAIINIECKOH (YHOPAZOUEHHOM) 06IaCTIX HMONIUMEpa.
AMOpdHO-KpUCTaIIHIeCKHe IIOJIMMEPHBIe MaTepHabl XapaKTepHU3YIOTCA
HaIMOJIEKYIAPHON KPHCTAIIUIECKOH CTPYKTYPOii, 0COGEHHOCTH KOTOPO OIpenessioT UX
MexaHuUYecKue cBo¥ictBa. To ecTb, HaAMOJEKYJIIpHAsd KpPUCTAUIMYeCKas CTPYKTypa
OKa3bIBaeT HEIIOCPeCTBEHHOE BIHMAHIE Ha ZedbOopMallMOHHbIE CBOMCTBA IOIMMepa.
B mepBoii ri1aBe pacCMaTPHBAIOTCA:
®  OCHOBHBIE 3aKOHOMEDHOCTH BO3HUKHOBEHHUS HaJMOJIEKYJIDHOM CTPYKTYphI Ha

IIpuMepe KPHCTa/UIN3ALUY IOIUATHIeHa BbIcOKOi moTHOCTH (TIDBII);

e IUIABNEHMe IIOJMMMepa U  3aBUCHMOCTh CTEIeHM KPUCTAUIMYHOCTH  OT

XapaKTePUCTHUK MOIUMepa

e  BiausHue KopoTkux ¢pparmentos JJHK mHa o6pazoBanue Kpucramnmdeckoii ¢assl B

pacIaBe THOKOIEITHOTO TIOIMMepa.

Paccmorpens! TemsoBsle 3¢h¢beKTsI, IpOABIAIONINecs B mpouecce Kpucrammusanuu [TDBII.
Ha puc. 1 mpexcraBiena kpuBas IutaBieHus I[IDBII, Ha koTopoi#l Habmrozaercs nABa
MaKCHMyMa, OJUH M3 KOTOPBIX COOTBETCTBYeT TeMIIepaType IUIaBIeHHSI KPUCTAIMIeCKUX
00pa3oBaHMii, BBIPAIIEHHBIX IIPY M30T€PMUYECKOH KpPUCTALIM3AIMM, a APYTOH, It
KPUCTA/UINYECKUX 0OPa30BAHUY BBIPALIEHHBIX B HEM30TEPMUYECKHUX yCIOBUAX.
PesynbraThl, IpUBeZEeHHble HA puUC. 1 IOKAa3bIBAIOT, YTO TeMIlepaTypa IIJIaBlIeHUA Goiee
COBepIIeHHBIX KPHCTAIJIOB Pa3BUBAIONINXCA B IIPOIleCce M30TePMUYECKON KPHCTAIIN3ALAN
(4025 K) Ha HeCKOJBKO TpaZyCoB IIPEBBINIAET TEMIIEpPaTypy IIJIaBJI€HUSA KPUCTAJJIOB,
KOTOpble BO3HHKJIN B IIpoliecce HemsoTepmuueckoi kpucrammusanuu (397.8 K). Oro
OOBACHAETCA TEM, YTO KPUCTAJLIBI, Pa3BUBAIOIIUECA B HEU30TEPMHUYECKUX YCIOBHAX UMEIOT
6oiee nedeKTHYIO CTPYKTYPY.

Teopernyeckoe pacCMOTpeHHe CBA3M MeXJy TeMIIepaTypaM{ IUIaBIeHHUS,
KPUCTA/UIM3ALMKA M IIOBBIUIEHWEM CTElleHH KPHCTAUIMYHOCTH IIOJHMMEpPA, a TaKKe
COIIOCTAaBJIEHHWE IIONYYEHHBIX TEOPETHYECKHMX U OSKCIEPUMEHTAJIBHBIX Ppe3yJbTaTOB
TIpUBeJeHBI Ha PUC. 2.
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Puc. 1. Tepmoxunernueckas xpusas IIDBII pns msorepMudeckoil M HeM30TEpPMUUECKOM
KPUCTA/UIM3ALMU. ¢ — BpeMfA KpUCTa/IM3aluy, W — KOJIUYeCTBO TEIIOTHI, IlepefaBaeMoit

006pasily B eUHUILY BpeMeHU.

Ananutuyeckas OIl€HKa KOHEYHOU CTelleHUu KPUCTAJLTUIHOCTH B 3aBUCHUMOCTH OT
TeMIIepaTyphbl CCTEMBI 1 IIaPAMETPOB KPUCTATU3AIUY 1a€T YpaBHEHIE

D,

Ile Q-, Q¢ - KOHeYHas paBHOBECHAs CTeNeHb KPHUCTAILINYHOCTH IIPU TeMIeparype
kpuctaumsanuu I Temmeparypa 1uraBneHns 7m COOTBETCTBYET HYJIEBOH CTeleHHU
KPUCTAJUINYHOCTH. Pe3ynbTaTel, NpuBefeHHble Ha puc. 2a u 26 IIOKa3bIBAalOT, YTO
TeMIlepaTypHas 3aBUCHMOCTh CTETleHU KPUCTAJUIMYHOCTH, IIOJTy4YeHHAs C HUCIOIb30BaHIEM
ypaBHeHus (1) yZOBIeTBOPUTEIBHO COTIACYETCS C SKCIIEPUMEHTATbHBIMU JAHHBIMU.

B Toif xe riaBe paccMaTpHBaeTCs BIHAHNWE KOPOTKMX (PparMeHTOB, CMEIIAHHBIX C
PacIIaBoM THOKOIEITHHOTO II0IMMepa Ha TePMOAUHAMUKY KPUCTAJIU3AIUN THOKOIEITHOTO
monuMepa. Ecim pacmiaB THOGKOLEITHOTO IIONIMMEPa COMAEPXKUT KOPOTKHe (parMeHThI
meynutueBoii JTHK, To cBOoGOmHas sHeprus KpUCTAIUTa U3MEHUTCA NIPH IIepeHECEHUU
mosexysl JIHK u3 amopdHO# yacTu paciiaBa BHyTph KPUCTALIHTA.
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Puc. 2. TemmepaTypHas 3aBUCHUMOCTh CTelleHM KpucrajurmuHoctu II9BII  mpm
M30TepMUYeCKOM KPHUCTA/UIM3ALMK IIpU TeMmueparypax 7=395.6 K (puc. 2a) u 7=393.6 K
(puc. 26). Teopermueckue nanusre (1), SkcrepuMeHTaNbHbIE (2).

CpobogHasn sHeprua gsoiiHoi cmupanu JHK B pacminaBe monumepa B OCHOBHOM
ompegengercsas pabOTOH, KOTOPYIO HAjA0 COBEPIIUTh IPOTHB OCMOTHYECKOTO [aBICHHA
IIOJMMEPHOTO pAacIjiaBa (MM PAaCTBOpPA), UTOOBI BBITECHUTH CETMEHTHI TI'MOKOIEITHOTO
nomuMepa u3 obGbeMma, 3aHMMaeMmoro >xectkomemuoi JIHK. B sTom ciywae, omenka
cBOGOAHOI sHepruu x)ectkoro ¢pparmenrta JJHK (fonv4) B momMepHOM paciiaBe

Jpna Z=al.w

T

rge /¥ -OCMOTHYECKOe JaBlIe€HHe paclilaBa THUOKOIENMHOTO IIOJIMMepa, a4 — IUIOWAZb
monepeunoro cedyenus pgymiaekcHoi JHK, a L — XoHTypHas gpyiwHa dQparMeHTa
peyautuesoii JHK. Tlpum Huskoit xomnenrpamuu JHK, xorza o6wvemHas moss

¢’;J =1

I‘H6KOLL€HHOI‘O IIOJIMMEPA O EHHNBAETCA KaK

RO A S
d? 1—g,

9

>, OCMOTHY€CKHNO€ [1aBJIEHME B PACILIaBe

BezleT cebs Kak

Il
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The d — TUHEeNHEIH pasMep CeTMeHTa B TMOKOLIETTHOM IHouuMepe, 7 — TeMIepaTypa CHCTEMBI
u ks — mocrosnHas DBosbivana. [IpuBeeHHBIN pa3ysbTaT ITOKAa3bIBAET, YTO JKECTKHH
¢parment JHK B pacniaBe ruGKOLEIHOTO monuMepa o6jafaeT JOCTATOYHO BBICOKOI
CBOGOJHOI SHeprueil U ero HaXOXAeHNe B PacIllaBe TepPMOJUMHAMUYECKH HeBBRITOZHO. B To
xKe BpeMs, cBobongHas oHeprus ¢parmenta JHK B cocraBe kpucTajiuTa B OCHOBHOM
ompegesndgerca B3auMogeicTBuAM Mexny xecTkuMm ¢dparmenrom JHK wu  memamm
TMOKOLIETIHOTO IIOJIMMepa B BBITAHYTOH KoHbopmanuu. Ecam cBoGophas oHeprus
¢parmenta JJHK B KkpucTajiuTe MMeeT TOT e IIOPAZOK BEJIWYHHBI, YTO U CyOlensb
TMOKOIIEIIHOTO IOJKMMepa B BBITAHYTOM KOH(pOpPMAIMM, TO IIEPeHOC XKEeCTKOrOo (parMeHTa
JHK u3 pacmiaBa r'uGKOLEIHOTO IIOJMMepa B KPUCTALIHUT ABAETCS TEPMOILMHAMHYECKH
BeIrogHbIM. CilefioBaTesIbHO, 0Opa30BaHKE KPUCTAINTA B CMECH THOKOIEITHOTO IOJIMMepa
c xectkumu ¢parmentamu JHK Takke Gosee BBITOJHO HMEHHO BOKPYT JKECTKOTO
¢parmenra apynurueoir JHK. T.o. dparments: gsoitnoii cnupanu JHK, cmemanusie c
TUOKOLIEIIHBIM IIOMMMEPOM, [MJeHCTBYIOT KaK IeHTP KPUCTa/UIM3AIUE T'HOGKOIEIIHOTO
IIoJIMepa.

TeopeTnuecky mOKa3zaHO, YTO Hajaugue XecTkux ¢parmentoB [IHK B pacmiase
IIPOBOAUT K OOpAa30BAHUIO KPUCTA/UIUTHBIX CTPYKTyp C IIOBBILIEHHOM TeMIepaTypoit
Kpucrauiuzauuu Im. IIpu 3TOM, cOBUr OOpaTHOI TeMIIepaTyphl IJIABJIE€HUA HIEATbHOTO
IIOJIMIMEPHOTO KPHCTAJLIA OLleHUBAETCA KaK

kg 2),

Az ammtos)

roe @p - 0ObeMHas O TMOKOIENHOro HonuMepa, AAf — SHTaABNNA KPUCTA/UIU3ALMY U3
pacyera Ha emuMHHUIy o6GBeMa, ¢ - UMCIO MAaKpOMOJIEKYJ B IIONEPeYHOM CeYeHHHU
KPUCTQJUIMTA. 3aBUCHMOCTh CZBUTa OOpaTHON TeMIlepaTyphl IIJIaBJI€HHA OT YHCJIa
MaKpOMOJIEKYJI B IIOIlepeYHOM CeueHUH KPUCTaJIINTa IpUBe/ieHa Ha PUC. 3.

PesynbraTsl, IpHUBejeHHbIE HA PHC. 3 IOKA3bIBAIOT, YTO CABUT OOPATHOM
TeMIIepaTypsl IIJIaBlIeHUa KPUCTALINTA YMEHBIIAeTCA C POCTOM €ro IONePeYHOH IIOWaAH.
B T0 e BpeMs, IJMHA KPUCTA/UINTAa B OCHOBHOM OIIpefienseTcs AnuHoit pparmenta JHK,
CJTY>KaIeTO ero LeHTPOM KPHCTa/UIN3alHH.
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Puc. 3. 3aBucumocTs czABHra oGpaTHOM TeMIlepaTypsl OT YHCJIA MakpOMOJEKYJI B
HomepeyHOM cedeHuHu KpuctawmuTa. (1) ¢, = 0.9, (2) ¢, = 0.92, (3) ¢, = 0.95.

T'n. 2. Hematuueckuit mopapok ¢pparmenTos asynurnesoil IHK B cMecu ¢ rubxomemHsIM
TIOJIMMEPOM

Jynnexcuas JTHK, mogo6Ho BceM >KeCTKOLIEIIHBIM ITOTMMEPaM NMeeT TeHIEHITHIO K
06pa3s0BaHUIO KUAKO — KPUCTAIMYECKOTO YIOPALOIEHNUA.
Bo BTOpOI IJ1aBe TIpeCTaBIeHa TEOPHs, OMKUCHIBAIONIAL
e o0OpasoBaHMe OPMEHTAI[MOHHOTO IOpsAKa ¢parMeHTOB ABOHHOM crupamu JHK B
CMeCH C PacIlIaBOM TMGKOIEITHOTO II0IMMepa;
®  yCIOBUS BO3HUKHOBEHHU (pa30BOTO PACCIOEHHUA B CMeCH TMOKOIEIHOTO IOIuMepa
¢ xxecrrouenuoi JHK.
Kecrrocrs mBoitno# crupanu JHK onucsiBaeTcs mepcHCTEHTHOM [JIMHOM ey, KOTOpas
oneHuBaercs mpuMmepHo B 150 map ocuoBammit (oxomo 50mM). Ilpesmosnaraercs, uto
KOHTypHas IJIMHA LEIH CYLIeCTBEHHO MeHblle mepcucreHTHoH u mens JHK moxer 65Th
aNIpOKCHMUPOBaHA JKeCTKUM cTep>kHeM. /Iyg omucaHuaA cMecH rMOKOIEITHOTO IOIUMepa C
JHK ucnonssyercs Teopust, ocHoBaHHas Ha mpubmmxennu Oncarepa u ®ropu — Xarrumca.
CBoGogHas sHeprus cMelleHus ruokorensoro noaumepa ¢ JJHK ouenuBaerca kak
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AF &, &,

Bl ~ %o ing, +Ping, -

Nk, T n, ng, + n, ng, + 29,9, 3),
L (x, +smyprs? - Ly L@lS)

2 n 2

;

rge @p - o6beMHas [0y mouMepa, @r- obbeMHas fons mymtekcHoi JJHK, S - mapamerp
mopsizka Maitepa — 3ayme, y - OpPHEHTAI[IOHHO — 3aBUCHMBIM ITapaMeTp HIpPUTDKEHUSI

mexay wmonexymamu JHK, y. - mapamerp @®mopu — Xarrumca, n, =;T , Ny — €UCTO

L
MOHOMEPOB B THOKOLEITHOM moJIumMepe, [y = ;T (Xa+5/4)m

(4).

exp dx

fmroer‘jI%(: Xz_l%) ;Q[ixz_%]

ITapamerp mnopsgka Maitepa — 3ayme S, xapakTepusylomuil oOpa3oBaHUE XHUAKO -

KPPICTaJIJII/I‘IECKOfl (1)2131)1 3aIIMChIBACTCA KAaK

S=J P,(cos 0) f(#)d}

rae P2— momuuoM JlexxaHzpa BTOPOTO IOPAIKA, a 1 ( H)— pacupezenenne monekysn JHK mo
opueHTanuaMm. [Ipu o5TOM, mapameTp mopszgka S OIpeAeNfeTCs CaMOCOIIACOBAHHBIM
YpaBHEHHEM

S=I(Tp S/ I(Tad,S),

ITputsoxeHve, OIMHMCHIBAEMOE IIAPAMETPOM JYa, OOBIYHO OOYCJIOBIEHO [JUCIIEPCHOHHBIMHU
B3aUMOZENCTBIAMM MeXJy MOJeKyJZaMu HemaTtoreHa. OpHako, B cCiIydae KOPOTKHX
¢parmentoB JJHK, pacTBOpeHHBIX B IIOJIMMEDHOM pacIllaBe INIPUTSIKEHUE MOXET OBITh
00yCIOBIEHO OCMOTHYECKUM JaBlIeHNeM HeUTPaTbHOTO IMOKOIEIIHOTO ITOJINMepa, KaK 3TO
IIPOUCXOJUT IIpU OOpa3soBaHUM KOHEHCHPOBAHHOM (TeKCaroHaJIbHO YIIAKOBAaHHOM) (hasbl
peynautuesoii JIHK. T. o., pmaxe B OTCyTCTBME INPHUTATHBAIOIIUX OPHEHTAI[MOHHO —
saucumbix JJTHK — JTHK BzammogeiicTBuil BO3MOXHO 3(G(deKTUBHOe NPUTIKEHUE 32 CYeT
OCMOTHYECKOTO /aBJeHHsA IIOJIMMEPHOTO pacTtBopa. Kpome TOro, IIpOTHOBOMHSEI,
PacTBOpEHHBIE B IIOJIMMEPHOM MaTpHIle, GYZyT BHOCUTH CBOH BKJIaJ, B 3HAUEHHU IIapaMeTPOB
B3aMMOJeHCcTBUA. B 3TOM ciIy4yae, XMMHYeCKMH TIIOTeHIIMaJ B HeMaTH4ecKo# ¢aze

12
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3aITHUCHIBAECTCA KAK

. 0
A,’.J[,({‘ﬁﬂ,b) _Hp T H, OAL,, A‘H’_(@ﬁp,S) _H, 7‘11:? _ OAF,

— MHx

kaT kyI kTN, k,T kT k,ToN,

[y rubkonenHoro nonumepa u xectkouenHoit JHK, coorBercTBerHo. Pa3oBsrit mepexon,
13 M30TPOIIHOM B HeMaTHUeCKylo a3y, XapaKTepU3yeTCA PaBEHCTBOM XUMHYECKHX
MMOTEHIINAJIOB

Api, (4,00 = A (p,.5) Ap (6,.0)=Au (¢,.S)

B M30TPOIIHOH M HeMarudeckoil dazax. Ilepexon u3 M30TpomHOH B HeMaTudecKyio ¢asy
omnucsiBaeTca $Ha3oBoil AuarpaMMoii, IpescTaBIeHHOH Ha Puc. 4.

Ixl

[ B e I B e L

0.0005 0.0015 0, 0.0025 0.0035

Puc. 4. ®asosas guarpamma JIHK, pactBopeHHO# B MaTpHiie THOKOLEIIHOTO IIOIHMePa AL
nr=1(P .1 - uzorponnas u N — HeMaTuyecKas (asbl.

Pesynbrar mpuBefleHHBI Ha puC. 4 TIOKasbIBaeT, 4YTO B 3aBUCHMOCTH OT
KoHIeHTpauuu pymtekcHoil JIJHK u mapameTpoB B3anMOZeNCTBUA C CHCTeMe MMeeT MeCTO
HeMmarudeckuil mopsazox xectkux ¢parmenroB [THK. Ilepexon mu3 usoTpomHoi#l assr B

13
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HEMaTH4Y€CKYIO ABIAETCA (bB.SOBI:IM Iepexoaom 1-ro pozaa.

Tn. 3. Biuanue KOHIIEHTPAIIUY JIUTAaHZOB Ha cTaGrurbHOCTS AByHUTHEBOH JHK 1
HeMaTH9eCKHii HOPAAOK B CMECH C THOKOLEITHBIM ITOTHMEPOM

BaxHO# O0OCOGEHHOCTBIO KOMIIO3UTHBIX MaTepHaJoOB fABJIAETCI BO3MOXHOCTh
U3MEHeHUs WX CBOWCTB IIOJ, BJIMAHMEM BHelIHuX (akropoB. Vcmoias3oBaHue
6GUOJIOTHYECKUX MOJIEKYJ IJIA pelleHUs STOH 3afadyy IpPeJCTaBIAETCA IEePCIEeKTHBHBIM,
OCKOIbKY crpyKrypHas opraHusanus [JHK, PHK u GenkoB BecbMa 4yBCTBHTENbHA K
BHEIIHUM YCJIOBHAM, a MEXaHU3MbI MEXMOJIEKY/IIPHOTO Y3HABaHHUA IIO3BOJIAIOT TOHKO
KOHTPOJIMPOBATh MEX- X BHYTPUMOJIEKY IIPHBIE B3aMOZEHCTBUA TAKOTO POZa MOJIEKY L.

B TpeTheii r1aBe IpeAOKeHa TEOPH, OIUCHIBAIOMIAL

®  BO3MOXXHOCTb PETYJIALMU CBOMCTB aMOP(HO — KPHCTAIIMIECKOTO IIOIHMMepa 3a
cYeT U3MeHeHUsa KoHbopMaruu aymtekcuoi JHK

e BIMAHME HU3KOMOJIEKYJIADHBIX COEJUHEHWH (JIMraHZOB) Ha BTOPHYHYIO
crpykrypy JHK, cMenranHO# ¢ THOKOIETHBIM II0IMMEPOM

CrabunsHocTs Apoiinoi cniupamu JTHK ompezensercsa TeMnepaTypoii 1 TaKUMU CBOICTBAMU
OKpYyXalollell cpensl, KaK KOHIleHTpauusa jauraHgos, pH cpemsr m T. #. Ilepexom wu3
CIMpanbHON KOHGOpPMAnUK B KIYOKOOOPAa3HYIO ABIAETCA KOOIEPATHBHBIM U IJIA CMECH
kxopoTkux ¢parmenTo JTHK MoxeT 65ITh OIMCAH C HCIOIB30BAHKEM T.H. MOZEIHU “3aCTeXKa
— monuus’. Torga, cBoGo g A SHEPTHUsI KOPOTKUX (PParMeHTOB OLleHMBAETCS KakK

Frem*Fhelix
NkgT ®),

rze CBOGOZHASA SHEPIUs HEMaTU4YeCKOTo Mopska GblIa oeHeHa B 1. 2 kak

F. I avaie: B
el =— |y +5/4 N =In T TS
Nk, T 2 7. ¥ n FS)

¥

a coboguas smeprusa JIHK B obmactu mepexoja cHupanh — KIy60K B IPHOIMDKEHHU
“3acTexKa — MOJHUA  Kak

B B @)
— =T InZ, (u A.Gﬁfr}
o s\
Nk, T n,
37ech Zzipp - CTATUCTUYECKAs CyMMa IJI MOJIENIN “3aCTeXKa — MOJIHUA , TIOBe/IeHHe KOTOPOit
oIpeziesAeTCs IIapaMeTPOM POCTa CIIMPAIH S, ITapaMeTPOM KOOIIEPAaTUBHOCTU 0 M YHCIIOM
nap ocxosanuii JJHK, nr

© National Library of Armenia



os? N 1
Zzipp(nr;S,U) =1 +m[5 r—1+ n, (;— 1)]

B mpubnmKeHUH CpefHEro IOJi OPHEHTAIMOHHO — 3aBHCHMOE B3aUMOJEHCTBHE MEXIY
XKecTKolennHbIMU Mosekynamu JIHK mpuBoguT K IlepeonpefiesleHMIO IlapaMeTpa pocCTa
CIIUpaIn

§ = sj L f(i)

A

) e uxp[ L SP,(cos .9)]
rae T - dyukuus pacupegenenus cermeHTtoB JIHK mo opuenranusam,
a MHTEIPUpOBAaHME IPOUSBOJSUTCA IO IIOJHOMY TelecHOMy yriy. ®akrudeckw,
OPHEHTALMOHHBIM  IOPANOK  BBOAUT  JOIOJIHHUTEJIBHOE  MOJEKyJIIpHOe  IIoje

— k,TTSP,(cos &)

HeMaTH4YecKo# (asze.

JeHCTByOllee Ha KaXAyIO IIapy OCHOBaHM, HAXOAAIIyIOCA B

MunuMusanus HeMaTH4ecKoi cBoGozHON sHepruu (5) IO IapaMeTpy OpHEHTAI[MOHHOTO

mopsAzKa S MOKa3hIBaeT, 9TO TPH HEKOTOPOM 3HAYEHWM TapaMeTpa pPocTa CIupamd S = s
mpoucxogurT  Ga3oBBI  Iepexof  IIEepPBOTO  POZAA,  COINPOBOXAEMBIH  CKAaYKOM
OpHEHTAI[OHHOIO IIapamMeTpa IOpsAKa S. M IPUBOAUT K BO3SHUKHOBEHUIO HEMaTHYECKOTO
IIOpsZIKa B CHCTeMe IIPU JOCTAaTOYHO BBICOKOM CTelleHU crupanbHocTu AByHuTHeBoil JTHK,
KaK 9TO MMOKa3aHo Ha Puc. 5.

0.7 T . :

0.6f 1

0.5¢

0.4r 1

0.3+ :

0.2r 1

0.1r¢ 1

o 2 3 4 5

Puc. 5. 3aBucumMOCTP OpHMEHTAaIIMOHHOTO IapaMeTpa nopszka Maiiepa - 3ayme S or
IIapaMeTpa pocTa CIIMPAH S.

ITapameTp pocTa crmpanu MOXeT 3aBUCETh KaK OT TeMIIepPaTypHl, TAK U OT B3aUMOJeHCTBU
15
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JHK - suranz. B Tperseil riaBe paccmarpuBaercs ciydaif, xorza JHK o6pasyer
KOMILIEKCHI C IByMs TUIIAaMH JUTAHZOB, KOTOPBIE UCIOIB3YIOT Pa3JIMYHble MEXaHU3MBI IIpU
CBA3BIBAHUY C HATUBHOM U ZeHaTypuposanHoit [THK.
Yro6sr ouenuts sdpdexr NHK - nurang B3aumogmeiicTBus Ha CTabGUIBHOCTD ABOMHON
crupanu JHK 6buta mcrnonp3oBaHa craHzapTHas Mofens muraBaeHus cucremsl JHK —
JIUTaHJ,

Moexysna cocrout u3 /N map ocHoBaHuil. B o6Giactu mepexoza cIupanb-KIyOoOK
KaXJad Iapa OCHOBaHUH MOXKET IPHHATh OJHO U3 IBYX COCTOSHUII: CIIMPaJbHOE WK
KIyOKoOOpasHoe. MakpoMmoieKyna AeauTcs Ha O6JacTH, COCTOAIfMe M3 17 00JacTei,
cozepxaimux Vi Ki1y6koo6pasHbIx ¥ /N2 CIMpanbHbIX map ocHoBaHui. OGlee KOJIHMYECTBO
IIap OCHOBAHUI OCTaeTCsI IIOCTOSHHBIM B IIpOllecce IIIaBIeHMs

Ni+N2=N

ITpepmonaraercsi, 9YTO MBI HMeeM JIMTAaHZbBI, CBS3bIBAIOIIMECS C OFHOLEIOYEeYHBIMU
y4acTKaMU C KOHCTaHTaMH CBS3BIBAHUA Ki'uKi uec JBYXIEIIOYEYHBIMH YYacTKaMHU C
KoHCTaHTaMu cBssbiBanus Ko u Ko . OO1ee KOJIMYECTBO JUTAaHAOB PaBHO K, umcio
MOJIEKYJI, CBSI3aHHBIX C OJHOIEIIOUYE€YHBIMU 006JIacTell IO IepBOMy MEXaHU3MYy PaBHO ki, a
II0 BTOPOMY ME€XaHU3MY — ki, wucno MOJIEKYJI, CBI3aHHBIX C JBYXIEIIOYE€YHBIMHU 00IaCTAMU
II0 [IepBOMY Me€XaHHU3M PaBHO k2, mo BTOPOMY MEXaHH3MY — k2. Ilycts F1iu F2 - at0
CBOGOZHbIE SHEPTHUU IIapbl OCHOBAHMM B KIyOKOOOPasHOM M CIIMPAaIbHOM COCTOSHHAX,
COOTBeTCTBeHHO, a Fo - cBoGomHas sHeprus wHunmanusauuu cnupanu. llycrs Wi® - ato
cBoGozHas oHeprus cBsspiBaHusA (i=1,2 u a=."), a W - 49ncmo MHUKpPOCOCTOSHUIN
MaKpOMOJIEKYJIbI, COOTBETCTBYIOLINX AAHHOM SHEPTUU.

Torza, cBoGOAHAS SHEPrUs KOMIIIEKCA OL[eHIBAETCS KaK

F=FNi+FNy+nFo+ ) Y k¥ ~-ThWw

i=1.2a=11

o kf
Metozom HanGosee BEPOSTHOIO pacIpefielleHus, [Jis KOHIeHTpauil Iurangos cff = N—‘ B
i

IJIaBe TpeTheil ObITa MOTyYeHa CHCTeMa ypaBHEeHUH
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il f2 PK]| [2D 5 , ) , J
= —=2(1 =)} —2(1 —BF)e| — Vo, — ¢,
l—-eri/2 2 |P ( Yo =2, Jei — s — Iy
N 2 PK" -2D ) o ) ’_
Cl!.&r {; = l ——=—2(1 _1'-9)(‘[ —2(1 _TBJC‘[ — 9, —1'_9(.‘-:
1l —eir] [ 2 2 P 4 = =
dry  PK,[2D , ’ '
a7 =5 |5 — 201 =9)d = 2(1 — 9] — I — Ic
— &7, 2 | F
{:’ ,'r: PK" 2D ; =
%: 22 ?_2{1 —P)e; —2(1 — 9)e] — O, — 9
— Loty | < i
3zecw D - nonHas KOHIEHTPALUS TUTAH/0B, | - YUCIIO eHTPOB CBA3BIBAHUSA U3 PacieTa Ha

nurang, P - monHas KoHUeHTpanua ¢ocdaTHBIX TPYNI M U-CTeNeHb crimpanbHocTu. I[lpn
3TOM, ypaBHeHHUe /11 3G eKTHBHOrO IIapaMeTpa POCTa CIIMPATIH UMeeT BUZ,

(1= /2) (1 —ciri)”
1

S =235

(1= chrh)2 (1 = c5rg)*

Ife s- IapaMmeTp pocra crnupanu A uucroit JHK.

B zaBucumocTu ot mapamerpoB Blaumopeiictsus JHK — nurang u xoHneHTpanyu
JINTaHJIOB BO3MOXXHBI Pa3IUYHbIE CIleHAPUU, BKIIOYas BO3MOXKHOCTh KaK TEIUIOBOI, TakK U
XOJIOZOBOI1 IeHATypalliy, KaK 3TO IIoKasaHo Ha Puc. 6.

Cryuaii, mpuBefeHHbINH Ha Puc. 6 COOTBETCTBYeT CHUTyalMH, KOTZa oOlas KOHIIEHTPAIUI
20D
— ]
JUTaHAOB B DPAacTBOpe COTMOCTaBUMA C TakoBo# nans docdarmeix rpynm a

! ! " d ‘
PKy >> 1, PK; >> 1, PKy >> 1, Py >> 1 Ilpu srom, xommmexcer JHK - swmrampg

JIeMOHCTPHUPYIOT KaK BBICOKO - TaK M HM3KOTEMIIEDAaTYPHYIO JeHATypalUiO C IIMPOKUM
"OKHOM" CTAaOMIBHOCTH IBOMHOM CIUpaau B 06GJAaCTH ITepexofa CIIMpanb-KIyOOK YHUCTOM
JHK (Puc. 6, xpusas 1). B aTom caydae KIIOUeBBIM MOMEHTOM SBJIZeTCS Gojee BEICOKOE
cpogcrBo smraHnoB k HaruBHOoM JIHK mo-cpaBHeHMIO ¢ /leHaTypHpOBaHHOM.
BricoxoTremmeparypHas meHarypaunuu Komiutekca JJHK-nurang cymecrseHHO cmemaercs B
00671aCTh BRICOKMX TeMIepaTyp mo-cpaBHeHmio ¢ uuctsiM JIHK. B To e Bpems, B BBICOKO -
TeMIeparypHoii o6acry, rae yucrad JJHK ocraercsa menarypuposanHnoif, komiutexcsr JHK-
JIUTaHZ, HAaXOJATCA B HATUBHOM cocTosHHM. C IOHIDKEHHEeM TeMIIepaTyphl KOMILIEKCHI
JHK-nurang nperepmesaroT T.H. "XOJOZOBYIO" Je€HATypaluIo, B To BpeMa Kak yucras JHK
craHoBHTCA crupansHoit (Puc. 6, kpusas 3).

T.o., 3a cuer B3aumogeiicreua JJHK — surasz BO3MOXHO peryaupoBaTh CTeIEeHb
ciiupansHOocTH AByHuTHeBoM JHK, a 3HauMT M CTeleHh HEMAaTHYECKOTO YIIOPAZOYEHUS,
ommcaHHyI0 Ha Puc. 5. DTOT MexaHu3M MOXeT OBITH OCOGEHHO BaXKeH /Ui KOHTPOJA 32
KpUCTa/IM3alyell IOJMMEPHBIX HAaHOKOMIIO3UTOB, KOIZda HeOOXOZUMO OXJIKAeHME
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ob6pasua, mpu coxpaHeHuu wmonekysn JHK B cmupassHOM COCTOSHMM KakK LIeHTPOB
KPHUCTaJUIM3aIMH.

TeruroBas
JeHaTypaIia

084
0.6

0.4

Xononnasn

024 JeHaTypal

°
-
°
.
.
.
.
.
.
-
.
-
.
°
s

Puc. 6. 3aBuCHMOCTb CcTelleHU AeHaTypauuu J-¢ ot mapameTpa pocTa cnupanu s. Kpusas
pmenarypauuu s aucroit JITHK (1). Kpusas genatypauuu i 3Ha4eHI#H TapaMeTpoB: rn'=2,
r =2, r2'=4, 12" =4, K1'=2.9-10¢ M}, K1 =102 M1, K2'=9.6-105 M1, K2 =107 M. (2)

B TO Xe Bpems, eciy 00was KOHIEHTPALKS JTUTAaHAOB B pacTBOpe o4eHb Huskas, ZD/P<<],

o
TO AJI1 HEKOTOPBIX 3HAUYEHUII KOHCTAHT CBSI3BIBAHUSA Kf' IIOJTYYalOTCsA KPHBBIE IIJIaBJI€HUSI

THIIA IpeACTaBIeHHON Ha Puc. 7, rme CpaBHUBAIOTCS KpHUBBIE [JEHATYpAlUM [JIi YHCTOMN
JHK (xpusas 1) ¢ Temu, uto moiyvarorcs aias komiekcoB JHK-nmuranz (kpusas 2). Ms-3a
Gonee BhICOKOM adduHHOCTH JsMraHZoB K cmupamsHbM yuactkam JHK, xpupas
[eHaTypaluy CMelaeTcs B 001aCTh HU3KUX 3HAUYEHUAN [apaMerpa s, T.e. K 60jiee BbICOKIM
TeMIeparypaM. Takum o0pa3oM, HH3KHe

KOHHeHTPaHHH JUTAaHO0B HPI/IBO,I[?IT K
crabunusanyu cnupaasaoit JHK.

Puc. 7. 3aBucumocTts cTemeHun

IeHarypauuu [-6 or mapamerpa
094 pocTta CIupaan S. Kpusas
05 menarypauuu (1) cooTBeTcTByeT
- gucroit JHK, a xpusaz (2) -
- JeHartypauuu komiuekca JHK -
1-0 obs— J;lI;II‘aH,ZL IJI 3HAYeHUI [1apaMeTpOB:
o’ = =14 1072, =2,1' = 2,1y =
44
4,1y =4,K{ =29-10* ML K]’ =
3 102 M~1,K; =9.6-105 ML K}’ =
02/ A 107 M1
01 2
05 1 s 2 25
S
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PesynbraTel yKassIBalOT Ha TO, YTO M3MEHAS KOHIEHTPAIIMIO JIMTaHJA MOXHO
KOHTPOJIMPOBATh OGJACTh TEMIIEPATyp ILIABIEHHUS M TeM CAMBIM, BBIOPATh ONTHUMAIBHYIO
TeMIIepaTypy KPUCTaIHU3aIHH.

T'n. 4. Hemarmaeckuii nopazok geyuautneBoit [THK u ogHOOCHaM KpucTaIusanut
TUOKOLIEITHOTO IIOJIMMEpPA B CMECH

Kpucrannmusanusa  amopdpHOro  mommmepa IpPM  HAIMYUM — OPHUEHTAIUH
MaKpOMOJIEKYJI, KOTOpas CO37JaéTca OZHOOCHOH JedbopManueil, IPOUCXOZUT ¢ OOIBLIOHN
ckopoctsio. [Ipu aToM o6ecnieunBaercs 06pasoBaHye HaZAMOIEKYIAPHOM KPUCTALINIECKOH
CTPYKTYpPhl OPHUEHTHPOBAaHHOH OTHOCHUTEIBHO HAIpaBJIeHUsA pacTAruBaomeil cuisl. [Ipu
3HAYUTENBHBIX CTeleHaX gedopManuyu aMophHOro IonuMepa B HEM PpasBHUBAETCA
¢ubpunidpHad  CTPYKTypa, OpHUEHTHpPOBaHHAas B  HAaIpaBIeHUM  OPUEHTAI[UH
MaKpOMOJIEKY L.

B geTBepTO#i I1aBE pacCMOTPEHBI

e  BIMAHME OPHEHTALIMOHHOTO NOPAZAKA HA XapaKTep U3MeHeHUsA HaIMOJEKYIIpHOM

KPUCTA/UINYECKOM  CTPYKTYpPHI M  OKCIUIyaTallMOHHBIE CBOICTBAa  IIIEHOK

mosunpornurena (I111);

e  3ddexr opuenranuonnoro mopsagka JHK B cmecu ¢ rubxomenssM mosiuMepom Ha

OJHOOCHYIO KPHCTaJUIN3ALIHIO;

®  CBA3b HAJAMOJEKYJIIPDHOH CTPYKTYpPHI X IPOYHOCTH aMOP(HO - KPHCTAJLIMIECKUX

IIOJIMEPOB.

OpHoocHOe pacTskeHHe aMOPGHO-KPHCTAUIMYECKOTO ITOIMMepa IIPUBOAUT K
nmedbopmanuu cheponurtos. Ilpruém cremens medbopmanuu cheposnTa HeEIOCPeACTBEHHO
ompegesAeTcs BeIWYMHOM Y/UIMHeHHA IUIEHKM IonuMepa. B Iporecce omHOOCHOM
OpHEeHTAIMY aMOPPHO-KPUCTAIINIECKOH IUIEHKY IIOJIUMepa eé CTelleHb KPHCTaUIMYHOCTH
MeHsSeTCA T.0., YTO OOJNBIIUM CTENEeHSIM YyAJIMHEHUA IJIEHKH IIOJIMMepa COOTBETCTBYET
3HAYMTEIBHO OOJIBIIAS CTElleHb KPUCTA/UIMYHOCTH, UeM IIPU HCXOTHOU chepoIHTHOM
crpykrype (cMm. Puc. 8). OTnmunio cTemeHM KPUCTLIMYHOCTH IIPH MAajbIX M OOJBIINX
CTeIeHAX OJHOOCHOH HedopMaIiii COOTBETCTBYeT M3MEHEHMUs PasHOCTU IIOTHOCTeH AQ
(Puc. 9) xpucrammmyeckoii u amopbHO# Gas3sl. DTy pasHOCTh ILIOTHOCTeH Ao
KpHUCTA/UINYeCKOH M amopdHOil (as3pl IonuMepa OIpefesId METOZOM OTHOCHUTETIBHBIX
MHTeHCUBHOCTeH. Takoe yMeHbIIeHIe Pa3HOCTH IUIOTHOCTEI COOTBETCTBYET POCTY CTEIeHH
kpucrayutnasocry (Puc. 8).

IlpoyHocTs ¥ Jpyrue  MeXaHWYeCKHe  XapaKTEPUCTUKU  aMoOpgHO-
KPHUCTaJUIMYeCKOTO OPUEHTHPOBAHHOTO ITOJIUMepPa B 3HAYUTETBHOM CTEIIeHU OIPeZeIIIOTCA
CTPYKTypoit aMmopdHbIX o6iacTeii. Brllite 0TMeYanoCh, 4YTO PYU OPUEHTAIIMOHHOM BBITSKKE
aMOp)HO-KPUCTAIIMYECKUX  TMOKOIEIHBIX  IIOJIMMEpPOB  aMopdHas  4acTh  MeX-
KPUCTaJUIMTHBIX OOJIacTell OTJIMYAeTCa OT TaKOBOH A aMOPGHO - KPHUCTAITMYECKHX

19

© National Library of Armenia



IIOJIMMEPOB, MOJTyYeHHHIX 6e3 OpHeHTallMOHHOM BHITOKKY. ClIeyeT OTMETUTD, YTO UMEHHO
CIIOCOOB! yBeMMYEHMs UHCIA IPOXOAHBIX Iiemel amMopbHO# dasel MexduUOPUIIAPHBIX
o6JacTeil ¥ BRIpaBHUBAHUE HX IIO JJIMHE IIPUBOAAT K POCTYy IIPOYHOCTHBIX XapaKTEePUCTHUK
TOMMMEPHBIX  IUIEHOK. VMccrepoBaHme — BIMAHMA — HCXOZHOH — HAaAMOJIEKYJIADHON
KPUCTa/UIMYECKOK CTPYKTyPhl Ha MeXaHMYeCKHe CBOWMCTBA IIPDM OJHOOCHOH OpHMEeHTaIuK
mnénok monunponmnteHa (IIIT) mokasanu, uto mpounocTs MiéHoK IIII, monydeHHBIX C
TIpe/iBApUTENbHOM OpHeHTalel IOTMMePHOrO paciyiaBa, yBeTHIHBaeTCs.

W%

10 16 A

Puc. 8. 3aBuCHMOCTS CTelleHN KPUCTAIMIHOCTH W OT cTeneHu yanuHeHU A.
A Prr/v?

80

50

20

!
10 16 A

Puc. 9. 3aBucHMOCTS Pa3HOCTH IJIOTHOCTEH KPHUCTA/LIMYeCKOH 1 aMopdHOii a3 Ao

[0 CTeIeHU yIiuHeHus A.
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Kax 6su10 mokasano B I'm. 1, dparments: gymnekcHoit JHK moryr ciyxuth IeHTpamu
KPUCTa/IM3ALUY B pacIliaBe THOKOIENMHOTro IoiauMepa. IIpu 5TOM, IpenMyliecTBeHHAT
OpHMeHTAaMsA KPUCTAIM3YIONMXCS Iereil COBIAZaeT C OPHMEHTAUHUI HKeCTKOIeITHOTO
¢dparmenta JIHK xak neHTpa Kpucrasiusanuu. 1.0., uMes B 00pasie IIOJINMEpPHOTO
pacIraBa JOCTaTOYHO GOJBIIOe KOTMYECTBO ecTKonemHsix ¢parmentos JHK c mmuHoM
IOpA/AKa IIEePCUCTEHTHOMH, IIOJIy4YaeM MHOXXeCTBEHHBIe IIEHTPBl KPUCTALIH3aluu. Ilpu
HeyTOpAL0YeHHOM pacIpefieleHUH IO OPHUEeHTAluAM JKecTKouemusix ¢parmenros JHK,
Ieny 3aKPHCTAJIM30BAHHBIE B PA3IMYHBIX KPHUCTAUIMTAX OyZyT TaKKe PACIpelesaThCs
HeymopsAodeHHO. IIogo6HOe OpHeHTAaIlMOHHO - HEYHIOPAZOYeHHOe COCTOAHUE (PparMeHTOB
JHK xapakTepusyercs HyieBbIM 3HaueHueM mapamerpa Maiitepa - 3ayie (2.6) S=0. B To xe
BpeMd, KaK OBUIO IOKa3aHO B [JI. 2, mpu TeMmmepaTrypax Hibke 7Iv MMeeT MECTO II€PeXof,
npymwrexcoB JTHK B mHemaruueckyio dasy, UTo B CBOIO Oouepefb IpUBEJET K YaCTHUHOMN
YIOpPAZLOYEHHOCTH KPUCTAUIUTOB, BO3HUKAIOWIMX BOKPYT MHOXXECTBEHHBIX IIEHTPOB
Kpuctamnusanuu. IIpu sTom, mapamerp Maitepa - 3ayme (S#0 ) mna bparmentor JHK B
cMecu akTUIecKH GyZeT CIy>KUTh MepPOi YIOPAAOYeHHOCTH KPHCTAIIUTOB B aMOP(HO -
KPUCTAJUINYECKOM TIIonuMepe. IIpHBeneHHbIe BbIlle OSKCIIEPUMEHTAJIbHble JaHHBIE
IIOKa3bIBAIOT, UTO YACTUYHAA OPUEHTAIUA KPUCTA/UIUTOB CIIOCOOCTBYeT YBeIUYEHUIO YUCIa
IIPOXOAHBIX 1Ilellefi ¥ B KOHEYHOM C4éTe, K POCTy PpasphIBHOH IIPOYHOCTH
BBICOKOOPHEHTHPOBAHHBIX ITOJIUMEPHBIX IIEHOK.

Bmecte ¢ TeM, COTTIaCHO pe3y/IbTaTaM, IIOMy4eHHEIM B 1. 1, paBHOBecHas CTelleHb
KPUCTAUIMYHOCTH 3aBUCHT OT TEMIIEPATYyphl KPUCTAJLIH3AI[UH, CTPYKTYPHI IIOIMMEPHOTO
paciuiaBa B MOMEHT 3apogsiureo6pasosauus (L), Mmopdosoruu sapozppiureobpazosanus (€) u
TepMOAMHAMHUYeCKUX mapameTpoB kpuctamia (Tn® u a). IIpu sTom, Tak ke 6BLIO IMOKa3aHO,
YTO TpM KpUCTaIusanuu BOKpyr ¢parmentos JHK mMeer MecTro cABUT TeMIlepaTypsl
IUIaBJIeHUs, OIIpeiesiseMas BRIpaKeHueM (2).

Temmeparypa TIITaBleHMA IIpU OeCKOHEYHO MeJJIEHHOM OXJIaKJEHHM COBIIAJiaeT C
TeMIlepaTypoil Kpucrajuimsanuu. 1.0., B mnpucyrcrsue ¢parmentos JHK, cryxamux
I[eHTPaMH KPUCTA/UIU3AIH PAaBHOBECHAS CTEIIeHb KPUCTAIMIHOCTH OLI€HUBAETC S KaK

1 _ 2aLAah® (1 1
1-a)2 3kpe (F_a)

Kax usBecTHO, TeMIepaTypa IIaBlIeHus Ipy OeCKOHEYHO Me/JIeHHOM OXJIaXKJeHUN
COBIIaZAeT C TEMIIEPATypO¥ KPHUCTA/LIU3ALUU. [IOCKOIBKY, ITO-CPAaBHEHHUIO C M30TPOIHBIM
cJlydaeM TeMIlepaTypa IUIaBieHus Im AJIS CUCTEMBI COZepxaeil pparMeHTs AyILIEKCHOM
JHK mopsimaercst (cM. (2)), To 3T0, B CBOIO OYepefb IPUBOLUT K POCTY PaBHOBECHOI
CTeNeHW KPHUCTAUIMYHOCTH IIpYU 3afsaHHOM Temmeparype 7. Pakruuecku, ¢dparmeHTs!
pymnexcHoit JIHK, cimyxamue IjeHTpaMM KpHCTa/UIM3ALMKM IIPUBOZAT K dddexram,
aHAJIOTUYHBIM OPHEHTAI[MOHHON KPUCTAIN3AI[HH.
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T'n. 5. Orxur aMopdhHO - KPHCTALIMIECKOTO HOJIUMEpPa B CMECH M M3MEHEHHE CTPYKTYPBI
HyKJIEMHOBBIX KMCJIOT

Kax u3BeCTHO, OTXKUT — STO IIOC/TIe[OBATeIbHBIN HarpeB MaTepuajna (B JaHHOM
crydae, IOJHMMEPHOrO), BEIIEPIKKA €T0 IIPY OIpe/le/IeHHOM TeMIlepaType U IIOCIefylolnee
OXJIaXJeHHe i1 IPUIAHUA MaTepHaly HeoOXOZMMBIX CBOMcTB. OTXUT aMOpQHO-
KPUCTA/UIMYECKUX IIOJMMEPOB IIPHBOJUT K YBEJIUYEHMIO COZNEPXKAHUA KPUCTALIMYECKOH
¢bassr mommmepa. Kax mpaBmio, Impu TeMIepaType OTXKKIa IIPOMCXOJUT IIOBEPXHOCTHOE
IUIaBIeHHe KPUCTAJLIMTOB Ha TPAaHMUIle pasfiesia KPUCTAUINTA U MeXKPHCTALIMTHOH o61ac-
TH U 3aTeM HaGIOfaeTcs JONOIHWTENbHAs KpUCTa/UIM3anus. Ilpu stoM cmoco6
KPUCTQ/UIM3AUUN  CBOAUTCA K  Pa3BUTHIO  KPHUCTAJUIMYECKOM  CTPYKTYypsl B
MeXKPHCTa/IUTHOM 06JIacTH.

B maTo# riaBe mpescTaBIeHEI

®  CpaBHUTeNBHOE HCCJIeJOBaHUE JOMOIHHUTEIbHON KPHUCTAJLIM3AIUU IIPU OTXKHTe
aMOp(}HO-KPUCTAILIMNYECKUX XJIIOPOIIPEHOBIX KayYyKoB 1 pa3BeTBiéHHOro I[1DBII;
¢  KOHG)OPMAIMOHHBIE M3MEHEHHS HYKJIEMHOBBIX KHCJIOT B CMECH C THOKOIEITHBIM

II0TUMEpPOM, 06y C/IOBIEHHBIE IIPOI[eCCaMU OTYKHUTA.

B wacTHOCTHM, IpM HCCIeIOBAHMU KPHMCTA/UIM3ALUK B IIPOIECCE OTKUTA aMOPQHO-
KPUCTAUIMYECKUX XJIOPOIPEHOBBIX KayuykoB u IIDBII 3mecs paccmaTpuBaeTcs
9K30TepMUUecKuii TemaoBoi sbdekt. T.e., mpu omkure sTHUX THOKOIENHBIX IIOJIUMEPOB
6bIIa M3yYeHa KMHETHKA BBIIeJIeHHA TeIJIOBOM SHepPTruH, 00yCIOBIeHHAsA JOMOTHUTETHOM
kpuctamnusanueir. OCoGeHHOCTH KUHETHYECKHX 3aBUCHMOCTEH KPUCTAUIM3ALUHN IIPU
omxure amopduo-kpuctaummdecku IIXIT wu IIDHII B wuHTepBame Temmeparyp
KPUCTQUIM3ALMN U B MHTEpBAjJe TEeMIepaTyp IUIABIeHUS MO3BOIIIN IPeJIION0XUTh
BO3MO>KHOCTb MCIIOJIB30BAHUA I MHTEPIPETAlUY Pe3y/IbTaTOB HCCIe/JOBAHUA yPaBHEHHI
ABpaMu, TIPUMEHAEMOr0 paHee IIPH 3HAUUTENHFHO OONBNIMX M3MEHEHHAX CTeleHU
KPUCTA/UIMYHOCTH. AHAJIN3 M30TEPM KPUCTAJLIM3ALUU IOJIMMEPOB HAa OCHOBE ypaBHEHHSA
ABpaMHu TIpOBeZEH C Ieapl0 ompefeneHHs (GOPMBI PacCTyIIUX KPHCTALUIMIECKUX
o6pasoBanmii. OTHOCUTEIBPHOE H3MEHEHMe CTeNleHNM KPHUCTALIMYHOCTH B 3aBUCHMOCTH OT
BpeMEHHU IIpH pPa3JIM4YHBIX TeMIepaTypaX H30TepMHYecKoi kpuctammusanuu gys [IXTT
npusezeno Ha Puc. 10.

Ilpu omxure rubKomemHOro monuMmepa B cMecu c Momekynamu JHK,
MHUIMAIU3AIYS JOIOTHUTEIPHBIX KPUCTAJJIOB B MEXKKPHUCTA/UINTHOM IIPOCTPAHCTBe GoJiee
BepoaTHa BOKpYT dparmenTos gymiekcHoit JHK (cm. I'm. 1). OueBugno, uTo 06pasoBaHue
KPUCTJUIUTOB OyZeT IPOMCXOJMTh Ha OdTalle OXJIAXJeHHSI MaTepuasa, KOTopoe
IIPOM3BOJMTCA IIOCJIE €Tr0 IIpeJBAPDUTENIBHOTO HarpeBa. OTH IPOLIECCHI HAarpeBaHUA -
OXNaxZeHus OymyT IPUBOZUTH K CyIIEeCTBEHHBIM IIe€PeCTPOMKaM BO BTOPHYHOH U
mpocTpaHcTBeHHO# crpykTypax JJHK, cmenranHoi ¢ rubkonenssiM nontumepoM. [Ipu sTom,
KOHEYHBIe CKODOCTH HAarPeBAHUA - OXJIKAEHMA JeNaloT 0CO00 BaXHBIMH KHUHETHYECKMe
3¢ dexTs!, cBA3aHHBIE C HOAZOOHBIME TPAaHCHOPMAIIAMH CTPYKTYPHI HYKJIEHHOBBIX KHCIIOT.

Kaxk 65110 mokasano Berure, gBoriHas cnupanb JHK, mwiu PHK moxer ciayxurs B
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KauecTBe IeHTpa KPHCTAIM3alMM IIOJMMepHOro paciuaBa. OfHako, CTaGMIBHOCTD
JOyIieKca HyKJIeMHOBBIX KHCJOT 3aBHCUT OT TeMIlepaTypsl, pl{ cpezbl, KOHIEHTPaLUU
JIUTAaHZOB M T.J. Tak, Ipu HarpeBaHUM, ABOIHAA CIIMpasb IJIABUTCA B Pe3yJabTaTe dero
obpasyiorca fBe Iemu. IIpum OGpaTHOM IIpoljecce OXJIAXIEHUA 3a KOHEYHOe BpeMd
HaOTIOZEeHNA BOCCTAHOBUTH ABOMHYIO CIMpalb HEBO3MOXHO H3-3a KpailHe MeJIeHHOM
KMHeTHKU TUOPUIU3AL NN,

B mporecce rubpuausanuy OSHOHUTHEBOH HyklenmHoBoi Kuciors! (JHK, mmu

PHK) o6pasyercs cloxHas CTPyKTypa, TUIIMYHOII IpUMep KOTOPOU IpeAcTaBieH Ha Puc.
11.

TDT.
L2290 K
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. 299,
302
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. 308.
7. 315K
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I 50 100 150 200 t MEH.

Puc. 10. Mzorepmsr kpucrammmsaunmu mpu  omkure  IIXTI

IIpeABapUTEIbHO
3aKpHCTAILIM30BaHHOrO 1pu 283K.

Cutel, KOTOpBIE CTAGUIM3UPYIOT BTOPUYHYIO CTPYKTYypy HYKJIEHMHOBBIX KHCJIOT
(HK), cunpHee B3anMOZeHCTBU, OTBETCTBEHHBIX 33 0Opa3oBaHME TPETUIHOM CTPYKTYPHL U,

CJIelOBaTeIbHO, STU [IB€ CTPYKTYDPhl XapaKTePU3YIOTCA ABYMs Pa3sHBIMU DHEPreTHYeCKUMM

macmrabamu. CorjgacHO OZHOM U3 IPUHATBIX B HACTOsIIee BpeMs KOHIEMIUi

camoopranmsanuu HK, a nMeHHO, Ipu NOHMXEHHUH TeMIepaTyphl CHayajaa 0OGpasyloTCH
3JIeMEHThl BTOPUYHOI CTPYKTYphl, TaKue KaK CIIMpaIH, HeTIH, UIUIbKA U T.J., KOTOphIe
3aTeM YKJIaAbIBAIOTCA B TPEXMEPHYIO TPETUYHYIO CTPYKTYpY,

YTO COOTBETCTBYET TaK
Ha3bIBaeMOMY HepapXHuecKoMy MeXaHu3My cBopauuBanusg HK.
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Puc. 11. ®parment nenu PHK ¢ TUINYHBIMY 57IeMeHTaMU BTOPHYHOMN CTPYKTYPBL.

Tem He MeHee, HEKOTOpBle OKCIIEDHMEHTHI IIOKA3BIBAIOT, UTO CKOPOCTb CKJIAaIbIBAHUS
pnmuaEbix HK HmKe, 4eM 3TO IIpefCcKa3bIBaeT MEPapXU4eCKOM MeXaHW3M. OTO MOXET
O3HAaYaTh, YTO IBAa IIOCJAEJOBaTeIbHBIX IIara CBOPAYMBAHUA He ABIAIOTCA IIOJHOCTBIO
uesaBucumsiMu. JlanamadT cBoGozHoi sHeprun mauHHOM Momekysnsl HK upesesrdaiizo
HEPOBHBIL W COJEPXKUT HECKOJIBKO IIYyOOKMX MHHHMYMOB, KOTOpPBIE HEHCTBYIOT Kak
KMHEeTHYeCKHe JOBYWKY Ha MyTIX CBOPAuUMBAHIL.

Ilpu o6pasoBaHuu CTPyKTypbl gmauHHbIXx HK  BO3MOXHBI fABa  THIA
KOH(GOPMAIIOHHBIX II€PEXOJOB: IePeCTPOKa BTOPUYHON CTPYKTYPBI C XapaKTepHBIM
MaciTaboM BpeMeHH T, ¥ (GIyKTyaluy TPETUYIHON CTPYKTYPHI C XapaKTePHBIM MacIITaboM
BpeMeHHu T3. CylecTByeT 3aMeTHas pasHHUIA MeXAy MacurrabaMu BpeMeHU T, U T3. Kak
u3BectHo, koynanc nenu PHK pnunoit B 400 HyxiIeoTuzoB 3aHuMaeT 0koiao 3-4 McC, B TO
BpeMs Kak HaMHOro 6oiee kxoporkas uens PHK pnunoit B 21 HyxIeoTus cBopaunBaeTcs B
mnuibKy npuMepHo 3a 10 mc. ITosTomy, B TeopeTHdYeCKHMX pacyerax, IIpeJCTaBIEHHBIX B
ILATOY IJIaBe MPeAIOIaraeTcs, 4To T3 <K T,. [IpuuuHoil 5TOro ABILETCA He TOIBKO OOJIBIIAT
CTabMIBHOCTD IIap OCHOBAHUII 110 - CPAaBHEHUIO C TPETUYHBIMU KOHTaKTaMu. KuHeTnyeckue
GbakTOpsl WMIpaloT TakXKe BakHyo0 posnb. OOpasoBaHMe IIap OCHOBaHUil Tpebyer
3aKpy4MBAaHUA [ABYX CyOlielleif B [ABOMHYIO CIHpasb, KOTOPYIO KHUHETHYECKHA TPYAHO
(MenIeHHO) PaCKPyTHUTb.

B raBe IATh IIOKAa3aHO TAaK)Ke, ITO HAa MAcCIITabax BpeMeHH, JIeXAUUX MeXIY T, U
T3 HYKJIEMHOBBIE KUCJIOTHI IIPETEPIIEBAIOT HEPAaBHOBECHBIH (a30BbIN II€pPexo;, BTOPOTO poja
MeXIy [IByMfS peXHMaM{, XapaKTepusyeMble pPasIHYHBIMM JaHZmadraMu CBOGOZHOMN
9Hepruu, ImoOKasaHHbIMM Ha Puc. 12. HepaBHoBecHOe cOCTOSHUE XapaKTepH3yeTcs
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sddexTuBubiMu  Temmeparypamu T u  T'TpeTMYHO U BTOPHYHON  CIPYKTYp,
COOTBETCTBEHHO. TaK, /aJeKo OT COCTOSHMA PaBHOBECHA CHCTeMa HAXOJHUTCA CTEKOJIHEHOM
cocrosuuu (cM. Puc. 12a), rae And KaxAOW BTOPHUYHOM CTPYKTYPHI HMMEETCS HECKOJIBKO
TPETUYHBIX CTPYKTyp, COOTBETCTBYIOIIMX JOJMHAM Ha JaHAuadTe CBOOGOZHOM SHEPTHH.
BmecTe ¢ oTHM, Ipu NPUOIMKEHUHM K COCTOSHUIO PAaBHOBECHA, AJA KaXKAOH BTOPHUYHOM
CTPYKTYpPBI IMeeT MeCTO TOJIBKO OJHO OCHOBHOe cocrosfHue (cMm. puc. 126). T.o, ycunenue
TMOpUIU3ALMY B IIPOIleCCe PelaKCallud K COCTOSHMIO TEPMOIMHAMUYECKOTO PaBHOBECHS
COITPOBOXKA€TCS HACTPOMKON TPETMYHOH CTPYKTYPBI, COOTBETCTBYIOWIEH yCTaHOBUBIIEHCH

BTOPUYHOH CTPYKTYype.

r . OIIHO OCHOBHOE COCTOSTHHE UL
CrexnanHoe coctognue (T <T ¢) 7 = “
Kakaoi BTOpH4HOIT cTpyKTypsl (T <T o)

3D ctpykTypa 3D c1pykTypa

Puc. 12. Cxematuueckoe nzobpaxeHue yaHzamadTa CBOOOLHOM SHEPTHH.

JlanzpmadT cBOGOAHOMN dHepruu GBLI OLEHEH C IIOMOLIBIO BOIBIMAHOBCKUX BECOB
JIOJIMH CBOGOHOM SHEPIUH {pa}. DTH Beca JOJDKHEI yJOBIETBOPATE YCIOBHIO

Yapé ~ 04.

B oToif CcymMMe MOTYT /[JOMHHMPOBaTh HECKOJBKO COCTOSHMI, UTO IPHUBOJUT K
crex000pasHoMy aHzmadTy CBOOOLHON SHepruu, IOKasaHHOMY Ha puc. 12a. Yrtobs
OIMCATh CTATUCTUYECKHE CBOMCTBA II€PEKPHIBAHUA MEXZIY JABYMA IOJIMHAMH CBOOOAHOM
SHePIUH, BBOJUTCA CIemyiomas GyHKIM pPacIpeeeHus BIAa

P(Q) = puapsd(Qus — Q);

a.b

rae Qqp — MapaMeTp IePeKPHIBAHUA MEXAY a-# u b-il JonuHaMu CBOOOZHOM SHEPTHUH, Pa -
aT0 BosbivMaHOBcKMiT Bec a-#f monuHBI Ha jgaHAmadTe CBOOOZHON SHEPIHM, KOTOPHIH B

JAHHOM CJIy4ae BesieT ceOst Kak

P(Q)~ QT
mpu Q < Q(1). llosemenne dyuxuuu P(Q)) moxasaHo Ha puc. 13, yxassIBasg Ha TO, 4TO
BO3MOJKHO Ha#TH (C ZOCTATOYHO BBICOKOI BEPOSTHOCTHIO) HU3KO - SHEPreTHYECKHEe JOJIIHbI
C HEKOTOPBIM CTPYKTYpHBIM cxoncTBoM (P(Q) nMmeeT HeHyeBoe 3HaueHue mpu Q/Q(1) ~ I).
Kpome rtoro, HempepbiBHOCTH OGyHKuMM (Q(1) IIOKa3blBaeT, 9UTO KOH(DUTYPAIMOHHOE
IIPOCTPAHCTBO CHCTEMBI SBJIAETCSA YIbTPAMETPHUYECKUM.
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Puc. 13. Tlosegenue byukuuu P(Q)pna d =3u n = 0.25.

B crexonbHON (hase OXJTaKZEHHe BTOPUYHON CTPYKTYPHI COIPOBOXKIAETCS IIOHMKEHHEM
YCIOBHOM SHTPONIUH S CHCTEMSBI, B TO BpeMs KaK SHTPOIUS BTOPHUYHON CTPYKTYPHI Su
nossimraercst. QakTuvecku, B CTEKONBHOM (hase BTOpHYHAs CTPYKTypa paboTaeT Kak
XOJIONWIBHUK, 3abupas Temno 6Q < 7dS < 0 OoT IpPOCTPaHCTBEHHBIX CTeIleHeiHl CBOGOMEBI,
HCIIONB3YS ClieHapuii “3a6upars Gosiblie Ipyu MeHblreM Haxkume” (cM. Puc. 14).

Puc. 14. BropuuHas cTpykTypa paboTaeT Kak XonoguIbHUK. CTpeIKaMy yKa3aH ITOTOK TeIIa
OT IIPOCTPAHCTBEHHBIX CTeIleHeil CBOGOZABI K CTEIEHSIM CBOOOABI BTOPUYHON CTPYKTYDSI,
xapakTepusyeMsix Temieparypamu T u T', COOTBETCTBEHHO.

3abupas Temao OT OBICTPBIX (IPOCTPAHCTBEHHBIX) CTelleHeld CBOOOZBI, MBI BO3MOXXHO
IIOHM)XaeM YHCJIO JOJAMH Ha jaHpmadre cBobomuoii sHepruu (Puc. 12a), mmzynupys
mepexof, K JanAamadry mokasaHHomy Ha Puc. 126.
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3axroueHue

B mamHO# muccepTauuoHHOM paboTe GBIIM paccMOTpeHsI 3¢ GeKTsI, CBI3aHHbBIE CO
CTPYKTypo#f m cBoiictBamu Mosekyn pymiekcHoii JIHK, pacrBopeHHBIX B paciiaBe
THOKOILEITHOTO IIoJuMepa. B uacTHOCTH, OBLIM TEOPETHYECKH M3ydYeHBI BO3MOXXHOCTHU
ucnonp3oBaHua Makpomosekysn JHK B xauecTBe IeHTPOB HyKjIeallMM KPUCTAUIUTOB M HX
BIWSHWE HAa CTaOUIBHOCTh KPUCTAIIMYECKOH CTPYKTypsl U pPaBHOBECHYIO CTelleHb
KpUCTAJUIMYHOCTH. B wacTHOCTH, OBIZTO IIOKa3aHO, YTO CBOOOAHAs SHEPTrUs [BOHHOM
cnupanu JHK B KpucTaniuTe HybKe TaKOBOH B paciriaBe TMOKOIEIHOTrO mojiumepa. T.o0.,
obpa3oBaHMe KpUCTAJUIUTA SBIIETCI TEePMOJUHAMUYECKH O6ojee BBITOZHBIM BOKPYT
¢dparmenToB gymrekcHoit JHK.

Kpome TOTO, 6BLIM PacCMOTPEHBI BOIIPOCHI BOSHHKHOBEHHUS OPHUEHTAI[MOHHOTO
mopsaaka B okecTkouenHsix Moiekynax JHK wu  ¢asoBoro paccioeHus B cMmecu ¢
TUOKOLEIIHBIM IONUMepoM. Dblla M3ydeHa CBsI3b MeXJy OpHEHTALMOHHBIM IIOPSIKOM
xkectkouennoit /IHK, creneHbpl0 KpHUCTaUIMYHOCTH HOJIMMepPAa M €T0 SKCILTYaTallMOHHBIMU
cBoiicrBamu. JIj1s aTOrO, GBUIK IIPOBEJEHBI SKCIIEPUMEHTAIbHbIE MCCIeLOBAHUS OLHOOCHOM
OpHEHTAIlMOHHON KPUCTAIIN3ALUY B IIOJUMEPHBIX IUIEHKaX U IIPOBENEHO COIOCTaBIeHUE
CBOMCTB aMOpPHO - KPUCTAIIMYECKUX IIOJIMMEPOB, IIONyYEHHBIX IIPH OJHOOCHOI
KPHUCTa/UIM3ALMK U B IPUCYTCTBHE MaKpoMosleKy 1 gyinekcHoi JJHK.

3HayuTebHOE MECTO B paboTe 3aHMMaeT BIWSHUE JUTAH/OB, CBS3BIBAIONIMXCA C
neoriHoit cmupansio JIHK, a Taxke BONpOCH WX KCIONB30BaHUS [JIsi KOHTPOJS 32
HeMaTU4YeCKUX IOPAAKOM B CMeCH M KpHCTa/IM3alyell THOKOLEIHOro moiauMmepa. [l
9TOTO, B YaCTHOCTH OBITIO M3Y4YEeHO BIUAHHUE JTUTAHJOB, CBI3BIBAIOLIMXCSA C MCIOTb30BAHUEM
IBYX MeXaHM3MOB KaK C HATHUBHOH, Tak U C AeHarypupoBaHHOU dopmamu JHK. Bsiro
M3y4eHO BIMSHHE MTOJOOHBIX JIMTAaHJOB CTabuabHOCTH ABoifHON crnupanu JIHK, a raxxe
BO3MOXHBIH 3(QQeKT pacKpyduBaHUA ABOMHOM CHOHpaJM i1 BO3HUKHOBEHHSA U
oA fep>KaHus OpueHTanuoHHoro mnopsaka monekyn JHK B cmecu. B wactHocTH, 6BLIO
IIOKAa3aHO, YTO B 3aBUCHMOCTM OT KOHIIEHTAIlMW JIUTAaHJOB M IIApaMeTPOB CBA3bIBAHUS
BO3MOXKHBI pa3jIH4YHble CI€HAPUHU [eHaTypauuu. TaK, ecId IpU HHU3KONH KOHIEHTPAIUuH
JIMTAHZIOB HAGJIOJNAETCA TOJNBKO TEIUIOBAas AEHATypalusd, TO yBelIWdYeHHe KOHILETPal[uu
JIUTAH/IOB MOXXET IPUBOJUTH K IOABIEHUIO KaK TEIJIOBOH, TaK U XOJIOZOBOM JeHaTypalUu.
IMomumo Brusguue JHK Ha mpolieccsl KpHCTaIIM3alMK B CMECH B paboTe Takke M3YydeHBI
BOIIPOCHI BJIMSHUA IIPOIECCOB, CBA3AHHBIX C KPUCTA/IM3alMiedl Ha CTPYKTYypy ABOMHOI
cmupamn  JIHK. [lna o5Toro BBINOMHEHBI OKCIHEPUMEHTHl II0 OTKUTY aMOphHO -
KPHCTaJUINYECKOTO II0JIMMepa M IIpe/iCTaBIeHbl TeOpeTUYeCK/e Pe3yIbTaThl, OIIMCHIBAOIIYe
CBOMCTBA ABOMHON CIHMpalI¥ HyKJIHEHOBBIX KHCJIOT B Pe3y/IbTaTe HarpeBAHUA - OXJIAXKAEeHHe
cucTeMsl. B gacTHOCTH, TOKa3aHO, 4TO 10 Mepe npubmmkenus Monekya HK k cocrosuuio
paBHOBecusi KMeeT MeCTO HepaBHOBECHBIH (ha30BBIIl Ilepexof, BTOPOTO IIepexofa, IIpU
KOTOPOM CHICTEMA IIePEXOJHUT U3 CTEKOJIBHOTO B COCTOSHIE PEIUIMYHO — CUMMETPUYHOTO.
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Bersogst

1.  OchnosHol BKJIaZ B cBoGomHylo oHepruio ¢parmenta JHK B
IIOJIMMEPHOM pacIIaBe BHOCHT paboTa, COBeplIaeMas IIPOTUB OCMOTHYECKOTO
[JaBIeHus TUOKOLENIHOro monuMepa. lMeeT MecTo NOHMXeHHe CBOGOLHOM
oHepruu InepeHoca ¢parmenra nymtekcHoit JHK u3 pacmiaBa rubxomemHoro
IoNUMepa B KPHUCTAJUIUT, YTO O6ecledyuBaeT BBIIOJHEHWE pPOJIH LEHTPOB
Kpucrayuinzauuu ¢parmeHTamu ApoiiHoi cnupanu JHK mpu xpucramnmusamum
rubkorensoro nonumepa B cmecu JHK — momumep.

2. Temmeparypa IUIaBIeHHS IIOJIMMEPHBIX KPHCTAJUIOB Pa3BUBAIOIIUXCA B
IIpoliecce M30TepPMUYECKOH KPHCTa/UIM3aLMK Ha HECKOJIBKO IPajlyCoB IIPEBBIIIAET
TeMIIepaTypy IUIABJIe€HUA IIOJHMMEPHBIX KPHCTAaJIJIOB, BO3HMKAIOIUX B IIpoIiecce
HEU30TePMHUYECKOH KPHMCTAJUIM3ALMY, IIOCKOJbKY IIOJMMEPHbIe KPHCTAJLIBL,
pasBMBAIOIIMECS B HEM30TEPMHMUYECKHX YCIOBUAX HMeIOT Oosee medeKTHYIO
CTPYKTYPy HeXeJIH IIOJTydeHHBbIe IPU H30TepMUIeCKOH KPUCTAJUIN3AIUH.

3. ®parmentsr gymrexcuoit JJHK B cMmecn ¢ ruGKOLEIIHBIM IIOIMMEPOM
IPUBOJAT K IOABJIEHUIO BBIIEIEHHOTO HAaNpaBleHUs MU, KaK CJIeJCTBUE,
aHU30TPOIIMMM CHUCT€MBI IOZOGHO TOMYy, KaK 3TO HMeeT MeCTO IIpH
OPHEHTALMOHHOM OZHOOCHOM KPHUCTAIM3alUU. AHAJIOTMYHO TOMY, KaK 9TO
MMeeT MeCTO IIPM OPHMEHTAI[MOHHOM KpHCTa/UIM3allMM, Hajuudue (GparMeHTOB
pymnexcHoit JIHK moBslmmaer TeMmIepaTypy IIIaBle€HHSA, BEpPXHIOIO TPaHUILY
TeMIIepaTypsl KPUCTAIIH3AUH I'HOKOLEITHOTO IIOIMepPa ¥ PaBHOBECHYIO CTEIIEHb
KPHUCTaJUIMYHOCTH.

4. CpgBur TteMmeparypsl IUIABI€HWUsS W BEPXHEH T'paHMIBI TeMIEpaTypbl
KPHUCTA/UIM3ALMY HAEANBHOTO II0OJMMEPHOTrO0 KPUCTalaa, 06pasyouerocs BOKPYT
pymnexcHoit JIHK s3aBucHT OT 06BeMHOM [OMM I'MOKOLEITHOTO ITOIMMEpPa TaKUM
o6pa3oM, 4YTO NpH 33ZAaHHBIX pasMepax KPUCTAINTA TeMIeparypa IUIaBIeHUs
PacTeT ¢ HMOBBILIEHHEM 00BEMHOI JOIU TMOKOIEIHOTO IoIuMepa. B To sxe Bpems,
IpU 33faHHON OOBEMHOM [ojie THOKOLEIHOTO IIOJIMMepa POCT IIOLIAZM
[IOIIEPEeYHOr0 CeYeHUs KPUCTAIINTA INPUBOSUT K YMEHBIIEHWIO C/BHUTa
TeMIIepaTypsl MIaBIeHU.

5. symurtueBas [JHK B cmecm ¢ TruOKOLEHNHBIM IIOIMMEPOM MOKET
IIepeXOfUTh U3 H30TPOIHOH a3kl B >KUAKOKPUCTAJUIMYECKYIO HEMAaTHYECKYIO
¢dasy. Ilpum sTOM, Temmeparypa Ilepexofa oOIpefenseTci OOBEeMHOH zmosei
rUGKOLEITHOTO IIOJIMMepa M IlapaMeTpaMK OpPHUEHTAIliOHHO — 3aBUCHMOTO
paumogeiictBus [JHK-/HK. [lanHoe B3amMmopeiicTBHE, B YACTHOCTA MOXKET
KOHTpPOJIMPOBAThCA IIPOTUBOMHAMMU, PAaCTBOPEHHBIMH B IIOJMMEPHOM MaTpPHUKCE,
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KOTOPbIe BBI3BIBAIOT 9P PeKTUBHOe IpUTDKeHHe Mexxay ¢pparmentamu JTHK.

6. B 3aBucumoctu or mapamerpoB B3aumogeiictua JIHK — momumep u
IIOIMMep — IoNIuMep U 06beMHoM fnonu gymnekcHoit JHK Bosnukaer Tpexdasnoe
paBHOBecHe, IIpH KOTOPOM /Be M30TPOIIHBIE M OJHAa HeMaTHdecKasd (¢assl
CIIOCOGHBI K COCYIECTBOBAaHHIO. IIpM NOHMXEHUU TeMIIepaTypbl HMeeT MeCTO
bazoBoe paccioeHHe MeXAy IBYMs H30TpOHHBIMU ¢asamu. C IOCIeZyIOUIM
IIOHI)XEHUEeM TeMIIepaTyphl BO3HHMKAeT PpacCIOeHHe MeXIy HeMaTHYeCKOH M
usoTponHOM dasaMu IpU TeMIlepaTypax HIDKe TpoiiHO# Touku. Ilpm
TeMIIepaTypaxX BBINIe TPOMHOI TOUKM IIOABJIAIOTCA fABe HeMaTHdeckue (assl U
y3Kas M30TPOITHO - HeMaTHJecKas aByx¢as3Has 30Ha.

7. CaassiBanue pgymtekcHoit JIHK ¢ s1urangamu, CBA3BIBAIOIUMHCA C
HaTMBHOH M JeHaTypupoBaHHOi ydvactkamu JIHK mo aBym pasmuusbIM
MexaHu3MaM, IIPUBOJUT K JBYM BO3MOXKHBIM CIEHApHAM H3MEHEeHHI
xoHpopmanuu JIHK: TemnoBas [JeHarypalusd; TeIioBad M XOJOZOBAas
pJenatypanua. Ilpm srom, 3a cueT geHaTypanuu uMeeT MecTo 3GdeKTHBHOe
yMeHblleHne giuHbl KecTkouenHo#t JHK, 4To mo3BosifeT KOHTPOIMPOBATh
OpHeHTAalMOHHBIH nopAnoK ¢parmentoB JHK u xpucraniusanuio ruGKOIeHOro
IIOJIMepa B CMeCH.

8. Ilpu omxure aMopdHO — KpPHUCTA/UIMYECKOTO IIOJHMepa B CMeCH C
¢parmenramu  JJHK wmmeer Mecro HarpeB M Iociemyloulee IIOHIDKEHHH
TeMIIepaTypsl CHCTEMBI, KOTOpas CONPOBOXKAAETCS OOpasOBaHUEM pa3IMYHBIX
3JIEMEHTOB BTOPHUYHOM CTPYKTYphL. OTOT IIPOLIECC XapAaKTEPU3YeTCHA JBYM
XapaKTePHBIMM BpeMeHaMM peJaKCallu¥, 4YTO IPHBOJAUT K BO3HHUKHOBEHHIO
CTallIOHAPHOTO HEPAaBHOBECHOTO COCTOAHMA. Ilpu asToM wmMeeT MecTO
HepaBHOBECHBIH (ha30BbIi IIepexo/; BTOPOro poza.

9. Penmakcamus dYacTMYHO paciiaBieHHoit Mosnekynsl  JHK  mpu
OXJIKJEHHUN K COCTOSHHMIO TEePMOJVHAMHYECKOTO PpaBHOBECHUS IIPOUCXOJUT
aHaJOTUYHO TOMY, KaK 3TO uMeeT MecTo Anst omgHoHuTueBoit JTHK. Bmamu ot
COCTOSIHUS TepMOAWHAMUYECKOTO paBHOBecHs naHfuadhT CBOGOZHOM SHEPTHH
TAaKOH CUCTEMBI SBJIIETCA TUIUYHBIM [JJII CTEKOJNBHOH (assl, KOrja KaXAoH
peaju3alii BTOPUYHOI CTPYKTYPBI COOTBETCTBYeT HECKOJIBKO MeTacTaGMIBHBIX
COCTOSHUH, OTBEYAIOIIMX Pa3sIMYHBIM BapUaHTaM IIPOCTPAHCTBEHHON CTPYKTYPHI
JHK. Tlpu mpuGnmxeHUHM K COCTOSHHIO TepMOAWHAMHUYECKOTO PaBHOBECHS,
manpmadT cobomuoit sHepruum [JHK MeHsercs Takum o06pasoM, UTO KaxKgou
peanu3anyy BTOPUYHON CTPYKTYPhI COOTBETCTBYET OJUH MHHHUMYM CBOOOIHOI
SHEepTHH.
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Gphgnpjuit Qupkh Upwnwgkuh

“nuyg hipuuyght FuE-b fynihgnpw wnhubph hwnypnd npytu pophnugdwi
JEuwnpni

uvonouarr

Zuugniguyht puntp: SYninpw wnjhdkpuyhtt jpwebnipn, Yol poipbnugnid,
hgnupny thniy, ubdwwnhl thny, wdnpd-pniptnuyhtt ynihdbkph ppéwpnnnd

Ushiwtnwipnid mbuwwinpki b thnpdwpupujuinpbic ntunidtwuhpyty k
Eplonpu  Yul-h Ynown onpuyumlwit  dpwqutuntbpny gynitipnpw wnihutph
Jowptmpnh  Juppp &ymionpw  wohubph  pophqugmdt wuywhndng
wuydwbbkpnid:

Onpdwpwpuljwinpkt gnyg b wpdl), np dynipnpw wynjhdbkph hqnpbpd
pinipinugnidp hwigkgunid b pmipbnubph wydth phy wpuwwnubkph, pwt ny hqnptpd
piptnugnudp, hsybu bwb pupdpugunid £ hudwljupgh hwjdwi obpdwunhdun:
Stuwljuiinpkt gnyg t wpdbk, np poipknhynud Yu-h Yplhtwlh wwpnyph
dpuqutinh wmquun tubkpghwt twwunpbkt wydbjh thnpp b dyniionpu wnihdkph
hwnypnud unyt ddnipjut hwdkdwn, huyp npnowlh wuwydwbbkpnud dyniipnpw
wnihdbph poipinugdwt ghypmid pny] L wwjhu gpubp oquuwgnpst] npuybu
unijtwghuyh  Yhunpnuubp: Fpubg welunipmniip pupdpuginid £ hwpdwi
ohipdwunhfwup U, npwhku hbnbwip, pmpbnugdwi  okpdwuwnmhdwuh Yhpht
uwhdwip:  Pphwjuluwt  wynjhdbpughtt  pipinh - hwpdwt & poipknugdwt
ohipdwunhfwth wbknuowpdp Yuwjudws b gynipnpuw wnihdbph  Swdwjwght
dwultwpwdihg, hisybu twb piptnhyh juyulh Yupgusph dwljkpkuphg: Fugh wyy,
dynionpw wnihdbpny wntnipngnud Eplonpuw TuE-u Jupnn b hqnunpny thnihg
wligiti] hinniy-pmiptnuyhtt ubdwwnhly thnyh, hsybu twb gnigupkpniud b thoyughte
shpnunpuiwi wppbp whybp U bpwging hwjwuwpulprmpyut weljuynpmnia
Jupdws &yniionpu wnjhdbph Swjwjuyhtt dwubwpwduhg, okpdwunmhgdmthg U
TUE-TUE n YUE-Lynipnpw wnihukp thnwgnbgnipju wwpwdbinpkphg:

Skuwljuiinpkl gnyg & wpyky, np Yu@-1hqutn thnpjupwqpbignipmniip poyp &
nwjhu Jupquynpl] nljjbughugh YEunpnuubph bdwnpl Jupgp b, npybu
htinbwlp, wnjhdbph poipbnugnudp: Cun npoud, depnisykp £ ugl (hquibipukph
wqnkgnipiniip, npnup gnigupbpnd B juwdwh vh pwuh dbluiwthquubp FuE-h
twwnhy b phtwnnipugqus dubkph htn: Uwubtwynpuybu, gnyg L wpglp Y-
thquin UYnuubpubtph huswbu  okpuuyhl, wjywbu E uvwop phwithnpdwb
hwpunpmipniip’ jupws Fu@-h htn (hquinbbph juydwb hwunwnmaibkph
wpdbtpubkphg, htiywtu twl (hquiunubtph b YUE-h §nugkinpughuwhg:

Onpdwpwpuwluinpt gnyg L wpdl], np dhwpwbgpuyhtt Ynnudunpnohs
pipknugnudp hwighgnud E piniplinugdut wunhgwuh dkdwgdwun b wnhdkpuygh
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niph Yhpwpwlwl hwnympmnibibph pupbjudiuip hwdbdwnws unnpuljwi
hgnptpd b ny hgqnphpd poipinugnidubph hbwn: 8nyg £ wpdb, np dyniupnpw
wnhutph poipbqugnudp YuE-h thdwwnhlnpbit jupquynpus  puqutiinubph
wnlujnipjudp hwigbkgund k yniph hwninmpniuubph pupbjuddwip hudwbdw
dliny, hty nu wknh Ep nbbund dhwpwbgpuwjhtt Ynndunpnohy pmiphnugdut
nhwpnud:

Onpdupupuluwinptt nunidtwuppyl] b wdnpd-pmipbnuyhtt ynjhdkpp
ppéwpnnuut  wpngkuh  wqpbgnipmip  Jipohtthu  hwwlnipitubph Ypu
Uwubwynpuybu, gnyg L wpyk, np ppéwpnnnudp ny dhuyt pupdpuginmd &
wnihutph pnipbnugdwt wunpdutp, wjb pwupbjuynud £ wnjhdbpughtt ymph
wupnipjutt  punipwqphsutpp: Cup npnud, wbuwlwinpbt numdbwuhpdl] E
wnuwpugdwb-umnkgdmt  wpnghuubph wqpbgmpniip wohdbpughtt dwnphpund
uniykhtwppniutph phjupuwghuwyh Yhubknhluyh Jpu: Uwubwynpuwybu, gnyg k
wnpyl], np ehpdwunhdwih hotgdwb nhypnid wknh E niukunmd Yul-h Yplhuwyh
wuwpnyph juynibwgnud, hush ninbygdmud E Gphpoppuyghtt jupnigusph wwppkp
wnuwuppbiph wnwewgdwdp: Uju wpnghup pumpwgpynid b nkjwpuwghuwyh Eplnt
punitpugpujutt  dwdwbwlubpny: Cun  npnud, nhjwpuwghuh  wju  bplym
punipugqpuljut dudwbwlutph dhol vhpwuljju dudwbtwluwyhtt dwupnwpttph ypw
hudwlupgnid b hwjn E quihu ny hwwuwpulppwljub vnwghnbwp Jhgwl:
Fhpdnpptwdhjujutt  hwjuwuwpwlppnipniithg  htont  Jhdwlnud  wjuwhuh
hudwljupgh wquun tubpghwh jwunudnp mhyuluwt £ wywlk thnyh hwdwp:
Fhpdnphptwdhjujut  hwjuwuwpulyoenipjut Jhdwhhtt hwdwlupgh dnnbkbwnt

nhypnid wmbnh E mbbkund Gpypnpn Yupgh ny hwjuwuwpulppufub toyught
whignu:
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Grigoryan Zareh
Duplex DNA in melt of the flexible-chain polymer as a crystallization center
Summary

Keywords: Flexible-chain polymer mixture, DNA, crystallization, isotropic phase, nematic
phase, annealing of amorphous-crystallic polymer

In this work behavior of the flexible-chain polymer mixture with rigid-chain
double-stranded DNA fragments in conditions providing the crystallization of the flexible-
chain polymer has been theoretically and experimentally studied.

It was experimentally shown that an isotherm crystallization of the flexible-chain
polymer leads to less defectiveness of crystals than non-isotherm one, as well as raises the
system melting temperature. It was theoretically shown that free energy of double-stranded
DNA fragment in the crystal is significantly less than that in the flexible-chain polymer
melt, which in the certain conditions permits them being used as nucleation centers at the
flexible-chain polymer crystallization. Their presence enhances the melting temperature
and, as a consequence, superior boundary of crystallization temperature. Shift of melting
and crystallization temperatures of an ideal polymer crystal depends on both volume
portion of the flexible-chain polymer and crystal cross section area. Besides, double-
stranded DNA in the mixture with the flexible-chain polymer can transmit from isotropic
phase to liquid-crystal nematic phase, as well as demonstrates different types of phase
layering, presence of three-phase equilibrium depending on the flexible-chain volume
portion, temperature and DNA-DNA and DNA-flexible-chain polymer interaction
parameters.

It was theoretically shown that DNA-ligand interaction allows to control nematic
order of the nucleation centers and, as a consequence, polymer crystallization. Moreover,
the effect of ligands demonstrating several mechanisms of binding to native and denatured
forms of DNA was analyzed. Particularly, the possibility of both thermal and cold
denaturation of DNA-ligand complexes depending on binding constant values of ligands to
DNA and concentration of ligands and DNA was shown.

It was experimentally shown that one-axis orientational crystallization results in
increasing of crystallization degree and improving of expluatation properties of polymer
material as compared to those for usual and isotherm and non-isotherm crystallization. It
was shown that the flexible-chain polymer crystallization in the presence of nematically
ordered fragments of DNA results in improving of the material properties analogous to as it
occurs at one-axis orientational crystallization.

The effect of the annealing process of amorphous-crystallic polymer on its
properties was experimentally studied. Particularly, it was shown that the annealing not
only raises the polymer crystallization degree, but also improves mechanical characteristics
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of the polymer material. Moreover, the effect of heating-cooling processes on relaxation
kinetics of nucleic acids in the polymer matrix was theoretically studied at the annealing.
Particularly, it was shown that at the temperature decreasing double-stranded DNA
stabilization occurs, which is accompanied by formation of different elements of secondary
structure. This process is characterized by two character relaxation times. Though, on the
intermediate time scale between these two characteristic times of relaxation non-
equilibrium stationary state emerges in the system. Far from thermodynamic equilibrium
state the free enrgy landscape of such system is typical for glassy phase. At approaching of
the system to thermodynamic equilibrium state, the non-equilibrium phase transition of
secondary order takes place.
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