BeeneHune UccneposaHne bnosnactToMepoB 419 MeAULUHBI 1 MEANLMHCKON TEXHUKN
npeacTtaBnsgeT Ype3BblHaMHO NepCcneKTUBHOE HanpaB/eHNe COBPEMEHHOIO
rnoamMMmepHoro matepuanoseneHus [1-3]. brnarogaps appekTUBHOMY COHETaAHUIO
MeXaHMNYeCKMNX XapakKTepucTunk n bnocoemectmmocTu [4,5], cerMeHTnpoBaHHbIE
nonnagpupypetaHbl (CM3Y) HaxoaaT WNPOKOE NPUMEHEHNE B KaYyecTBe
dbnoMegULNHCKNX U KOHCTPYKUMOHHBLIX MaTepuanoB. MexaHn4Yeckmne XxapakTepucTuKu
Cl3Y npeBocxonaT Kay4yKun, a UX BbICOKas reMOCOBMECTUMOCTb CTaBUT 3TU
nosIMMepbl NPAKTUYECKN BHE KOHKYPEHLMM N0 OTHOLWEHWUIO K APYTrUM NOJIMMEPHbIM
nMnaaHTaTaM. YHMKasNbHOE coYeTaHme BA3KOYNpPYyrmx n TpoMbopesncTeHTHbIX
XapaKTepucTmnk obbLACHAETCS UX OMEHHOW CTPYKTypon [6,7]. B paboTe [8]
npencraBieHbl AaHHbIE, KOTOPbIe NOKa3bIBAOT, YTO KOHTAKT C BoAHOM cpenon Cray
N3MEHAN HAaOMOJIEKYNAPHYIO CTPYKTYPY, MUHUMN3NUPYSA NOBEPXHOCTHYO SHEPrMIO 3a
cYyeT nepeopueHTaunn NoASPHbIX XXEeCTKUX CerMeHTOB B AOMeHaxX. Hakaramu c
coTpyaHukamm [9,10], ncnonb3ya TOM, Habnwoganm nepectponky nosepxHoctun Cray
rnpw ero nomMeLleHNn B BOAHYIO cpeny. BamaHme 030HHOMo OKUCEeHNs n3y4asnochb B
paboTax [11]. Oka3anocCb, 4TO C MOMOLLbIO 030HNPOBAHNSA K NOJINYPETAHOBbLIM
NJeHKaM NMpuBMBaIN aKPUIOBYIO KNCOTY U cynbdobeTaH, 4TO YMEeHbLLaNo
TpoMmboobpa3oBaHME Ha €ro NOBEPXHOCTU. IHTepeCHbIe AaHHbIE MPeacTaB/ieHbl B
paboTe [12], roe noka3aHo, 4YTO ynopsao4ymBaHue CTPYKTYpPbl NOJINypeTaHa
nponcxognT BcaencTeme obpasoBaHmsa pu3nyecknx CLUMBOK. BeegeHune
MOHTMOPWJIJIOHUTA NPUBOLAUT K YNPOYHEHUIO nosinypeTtaHa. Audpdy3noHHble CBONCTBA
CMN3Y mn3yyanuce B paboTtax [13,14]. [NloKa3aHO, 4TO aHTUMUKPOOHAs aKTUBHOCTb
nonnypeTaHa 3aBUCUT OT KoJiIM4ecTBa agcopbunpoBaHHoOro aHTMbnoTuka. B pabote
[15] noKa3aHO Kakue CTPYKTYPHbIE MepecTPonKnN NPONUCXOAST NMPN OpUeHTaUnOHHON
BbITSXKKe, 04HaKO B/IMAHME Ha CTPYKTYPY M CBONUCTBA 3TUX MOJIMMEPOB NMPakKTUNYeCKun
He N3y4YeHo, NO03TOMY B AaHHOW paboTe n3y4asnocCb BANSHNE MEXaHUYECKMNX HArpy30K,
O30HHOI0 N TeMrnepaTypHOro BO34eNCTBUSA Ha CBONCTBA OPUEHTUPOBAHHbIX
nonnmepos. B paboTe Takxe nsyvanucb gngdpdysmoHHble ceoncTBa CIM3Y. O6beKkTbl 1
MeToabl nccnenosaHma B paboTte nsydanncbe cononmmepsl 3PUPHLIX U ypeTaHOBbIX
rpynn (CMay) c Mn = 5,3 104, Mw = 22,9 104, Mw/Mn = 4,32, p = 0.97 r/cm3.
MonekynapHyo NogBUXKHOCTb U3y4Yasiu METOL0M NapamMarHMTHOro 3oHaa. B kadecTse
30HAa UCMNOJIb30BaNN CTabnabHbLIN HUTPOKCUNbHLIN paankan 2,2,6,6-
TeTpameTunnunepunanH-1-okcun (TEMIMO). Pagnkan BBoANAN B MNJIEHKM N3 MApPOB Npu
TemnepaTtype 250C o KoHueHTpaumm 10-3 mosnb/n. Peructpayuto cnektpos IIP
NPOBOAWAN B OTCYTCTBUWN HACbILLEHUSA, YTO NMPOBEPASMN NO 3aBNCUMOCTU
WHTEHCUBHOCTU CUIrHasia OT MOLHOCTU MUKPOBOJIHOBOIO MoJIS. 3HAa4YEeHNS BPEMEHN
Koppenauum BpawieHnsa 3oH4a (T) oueHnBanum n3 cnektpos 3MP. BpemMma Koppenaunm
onpepensanu no opmyne [16]: T = AH+(VI+/l_-1) 6,65 10-10, roe AH+- wurpuHa
KOMMOHEHTbI CNeKTpa, pacrnosioXXeHHon B cnabom none, I+/l - UHTEHCUBHOCTU
KOMMNOHEHT B c/1aboM 1 CMIbHOM MNoJie COOTBETCTBEHHO. OWwmnbKa B onpeaeneHnn T
cocTaBnsana £5%. Prsnko-mexaHU4ecKme nokasaTesnn onpenenssn Ha pa3pbiBHON



MawunHe «PM - 10». Moaynb ynpyroctm M1 paccymTbiBasm No JIMHENHOMY y4acCTKy
3aBUCMMOCTU gedopMaumm € oT Hanps>xeHnsa o B o6actn ot 0 oo 5 - 6%
nedopmaumm, a BbICOKO3NACcTUYECKNn moayne M2 B obnactm no 50% pecdopmaunn.
CKopoCTb pacTsaxxeHusa coctasnana 100 mm/mnH. O30HHOE okucneHne obpasuos
OCYyLLEeCTBAAIN 030HHOKMNC/IOPOAHOW CMECbIo C KOHUEeHTpaumnen o3oHa 5 10-5 monb/n.
CTeneHb oKncneHns onpepensann metogom UK- cnektpockonuun Ha npmnbope «Bruker
IFS 48» N0 N3MEHEHUI0 ONTUYECKOW MJOTHOCTWU NOJI0CHI MOrIOWEeHNA KapbOHUIbHOM
rpynnbl npn 1650 - 1800 cm-1, a Takxxe 3200 - 3500 cm-1, npuHagnexxawmm NH
konebaHusaM. KuHeTnka BbIcBOOOXKAEHMA aHTUCENTUKA U3 noanMepa Oblla n3yyeHa
nyTem rnpoMbiBaHNSA hparMeHTOB MJIeHOK MOANMPULNPOBAHHOIO NoJsiuMepa B
ONCTUNIMPOBAHHOM BOAE U onpefesieHnsa KOIM4yeCcTBa aHTUCenTUKa B MPOMbIBOYHOM
Bo4e nocpencTtsomM YO-cnekTpockonuun. BeiceoboxxageHne aHTucenTtuka (XI) m3
nonmMmepa nposoannu npmn temnepatype 370 C. UsmepeHue onTUYeCKOW MNIOTHOCTHU
nposoannmn Ha cnektTpogotomeTpe SPECORD npu anvHe BoJiHbl 232 HM. Ha
NMPOTSXKEHUWN BCero nepunoaa BoicBoboxxaeHma XI U3 nonmypetaHa TeMmnepaTypy
nopgnepxusann 370. DKCNepuMeHT OCTaHaB/MBAAN MPU NMpeKpaLleHNn n3MeHeHns
ONTUYECKOW NMJOTHOCTU 3KCTpakKTa. Ownbka namepeHuns coctasnsana 5%.
NccneposaHme obpasuos metogom OCK nposogunun Ha npubope DSC 204 F1 cdmpMbl
Netzsch B nHepTHOM cpene aproHa (Ar) co CKopocTbto HarpeaHus 10°C/MUH.
CpenHecTaTncTnyeckas owmnbka namepeHuin coctasnsana 2%. PEHTreHOCTPYKTYPHbIN
aHanu3 obpasuoB NpoBOANN C UCMOJIb30BAHMEM CHEMOK Ha MPOCBET C MOMOLLbIO
angpaktomeTpa Bruker Advance D8 (CuKa n3nydeHue). MNapameTpsl
KPUCTAJIJINYECKOW peLlleTKn onpenensniv n3 CoOoTBETCTBYIOLLNX MEXMIOCKOCTHbIX
pPacCTOSAHNI, NOJIYYEeHHbIX U3 ypaBHeHUsa bparra-Bynbga nA = 2dsinb, roe n -
nopsaok oTpaxkeHus, A = 1.5408 E - gnnHa BONHbI Nagatowero peHTreHOBCKOro
n3ny4veHus, 26 - yron gudpakumnn. CpeaHun spheKTUBHLIN pasMep Kpuctanauta Lhkl
B KpuUcTannorpapunyeckom HarnpasseHun hkl onpegenanm ns nHterpasbHom
MONYLWUPUHBI IMHUN COOTBETCTBYIOLWLEro peHTreHoBCKoro pedgnekca Ahkl(20) c
nomMoLlbto hopmynbl Cenakosa-Leppepa rae 1(20) n Imax - UHTEHCUBHOCTb JINHUW
npu HEKOTOPOM yrne 26 n MakCcMMasibHas MUHTEHCUBHOCTb COOTBETCTBEHHO. [pn
ANPpaKTOMETPUYECKON 3annucu Yncantenb npencrasnseT cobon naowanb,
OrpaHuYeHHYto npogunemM pedekca, a 3HameHaTeslb - ero MakCMMaJibHYI0
opanHaTy. MaTeMmaTmnyeckasa obpaboTka npoduien nccnenoBaHHbIX pediekcos
npon3Boamnach C MOMOLLBIO MakeTa nporpamm Microcal™ Origin™ Pe3ynbTaTbl N NX
obcyxaeHne MexaHun4eckoe Bo3genctame Ha CIM3Y M3BeCTHO, 4TO ypeTaHoBble 6/10KK
Ha ocHoBe MW (meTun-4,4'-gndeHnngn-n3oumaHaT) obpasyoT AOMEHHbIe acCoUnaThl,
NMpu HOPMaJibHbIX YCNOBUAX MPaKTUYECKMN He LOCTYMHble MoJieKysaM BoAbl, U
HUTPOKCU/IbHBIM pagnkanam. MNMpun orpaHnUYeHHbIX gedopMaunsax OHN HEe MEHSAIT
CBOEro CTPOEHUA N He noaBep)XeHbl ObICTPOMY paspyLUEHUIO, 4TO NO3BONAET
NCNOoJSIb30BaTb 3TU NOJIMMEPbl B Ka4eCTBEe MOJIMMEPHbIX UMMIAHTOB, Nepnoanyeckin
NCMbITbIBAOLLMX OFpaHUYEHHbIe HAarpy3kun, HanpuMmep, 060/104KN NCKYCCTBEHHOIO



ceppua. HanpoTmB, Tak Ha3blBaeMble, MArkne 610Kn Noanaupa CKAOHHbI K
nedopmMmaunm, USMEeHEeHUIo NoABUXHOCTY uenu. NpenmyLlecTBeHHO B HUX
KOHLLEeHTpUpyeTCs BBEAEHHbIN 30H4 N UMEHHO OH OTpa)kaeT NOABUXHOCTb
ONNTrO3(PUPHBLIX CerMeHToB. PaccMoTpuM nocnenoBaTes/IbHO BJNAHNE BHELLHUX
haKTOpOB, CNOCOBHLIX B TON NN MHON CTEMEHN BANATb Ha CTPYKTYPY U
MOJIEKYJIAPHYIO MOABUXHOCTL, ANPPY3NOHHbIE NapaMeTpbl CerMeHTUPOBAaHHbIX
nonnacgpupypetaHos (CM3Y). B naHHOM cny4yae K TakKuM BO34eNCTBUAM OTHOCATCA
MexaHn4YecKoe pacTsaXeHue, TemnepaTypa, 3KCNo3numnsa B aTMmocepe 030Ha, BAMAHME
KOHLEeHTpauuu BeefgeHHoro aHtucenTtuka (XI) v snnsaHmne snarn. Nommmo
TeopeTU4eCcKoro nHTepeca, BansHmne 3Tnx akTopos NpuobpeTaeT NpakTUYECKYIo
3HA4YUMOCTb, T. K. BUOMeaANUVHCKME NOIMMEPHbIE MaTepunasbl 3TOM0 TUNa B npouecce
NUX 3KCnJyaTauum NnoaBepraoTCs BbllleyKa3aHHbIM BO34EeNCTBUAM. B nepByto o4depenb
BbIACHUM BAnaHME XIT Ha CTPYKTYpPY N MONeKynsapHyo anHamuky CraY. Ha puc. 1
rnpeacTaB/ieHa 3aBUCMMOCTb BPpEMEHU Koppenauum T oT coaepxxaHus
NneKapcTBeHHoro BewecTsa B Cl13Y. Puc. 1 - BanaHue XI' Ha T B CI13Y U3 pucyHKa
BUAHO, YTO C POCTOM conep>xaHua XI' B nosinmepe yBenmymMBaeTCa U napameTp T.
TaKyto 3aKOHOMEPHOCTb MOXXHO 0O BACHUTL AOCTATOYHO CUJIbHBIM B3aMO4EeNCTBUEM
XI' ¢ MakpoMosiekylamMn NonnypeTaHa. B pesynbTaTe XXeCTKOCTb MaKpPOMOJIEKY N
NMOBbILLIAETCH, YTO NPUBOAUT K POCTY BeIMYUHLI T. O4HaKOo, C APYrol CTOPOHDI
HakonseHue XI B mosiMmMmepe 40JKHO NMPUBOAUTL K pa3ynjioTHEHUIO CTPYKTYypbl CMN3Y
W, KaK CnefcTBue, K YMeHbLUEeHNI0 BpeMeHn Koppenaunn. Tak Kak B HalweM criyyae T
pacTeT Cc yBennyeHunem XI, MOXXHO NpennofioXnTb, YTO 3PPeKT y)KecTo4eHns
CTPYKTYpbl NpeBasinpyeT HaL pa3yrnjioTHeHneM. Ha 3To yKa3biBaeT TakXe pocT
SHeprun aktmsauum (E): ona ncxogHoro Cr3Y E = 14,5*%102, a gna CMN3Y ¢ 1,25% XI
E=17,4%102, pna Cr3Y c 2,5% XI E=18,5*%102 k>X/MOonb. PP EKT pa3ynsioTHEHUSA
CTPYKTYpPbl NOATBEPXKAAETCHA 3KCNepuMeHTamun no andpdysmm XIr. N3 puc. 2 sngHo,
4YTO HakonseHne XI MPUBOAUT K Pa3ynJIOTHEHUIO CTPYKTYPbI conosinmepa. Takmum
obpasomMm, BeegeHune XI B ClM3Y npnBoanT C 0OOHON CTOPOHLI K Pa3ynjOTHEHMIO
CTPYKTYPbI, 4TO AOJIKHO MPUBOANTb K YBEJINYEHUNIO MOJIEKYIAPHOW MOABUXXHOCTU, C
OPYron - K pOCTY XXeCTKOCTU Lenen n, Kak chefcTBue, K 3amesieHUo NoABUXKHOCTN.
TakK Kak T pacTeT c yBenmdeHmnem XI, MOXKHO noJsiaraTb, 4TO NPOLLECC y)KeCcTo4YeHn
CTPYKTYpbl B pe3ynbTaTe BBegeHuns XI npeobnagaeT Hag NpoLeccoM yBesim4eHns
NMOABMXHOCTM Lernen BCNeLcTBME pa3yrnjoTHEHUA CTPYKTYpbI. Puc. 2 - 3aBucumoctb D
OT coaepXXaHua XI' AHann3 BHeEWHNX (PaKTOPOB NPOAO/KMM C MOOENINPOBaHNA
Hanbosiee pacnpocTpaHEHHOW CUTyaUnmn, Korga MmaTepuanbl N U3gesnsa Ha oCHoBe
CIM3Y (knanaHbl cepaua, UCKYCCTBEHHbIE COCYAbl, TepaneBTUYeCKNe UMMNAAHTaHTbI U
T. M.) noABepralTCca MexaHn4Yeckum BO3LEeNCTBUAM C nocaenyowmmMm n3sMeHeHneMm
MOJIEKYJIAPHOW NOABUXXHOCTWU. Ha puc. 3 npeacTtaB/ieHbl 3aBUCUMOCTU BPEMEHN
Koppensayuun BpalleHns 3oHga T oT cteneHn gedopmauunu (g) ana CMN3Y c 0,63% XI
NOABEPrHyThIX MpeABapuUTesIbHOW BbITSXXKe (CTeneHb BbITSXXKK - A). U3 puc. 3
cnefyeT, 4TO Ha HavYaNbHOM 3Tane pacTsaxeHusa (0o 20 - 40%) BennymnHa T ans



N30TPOMHbIX N AedopMnpoBaHHbIX 0bpa3uos (KpuBble 1 - 3) yMeHbLlaeTCcs, NpoxoanT
MWUHUMYM N 3aTeM Bo3pacTaeT. O4HOBPEMEHHO MOJIOXKEHNE TOYKN MUHUMYMaA C
POCTOM BbITSXXKN CMeLlaeTcs No ocn abcumcc B 061acTb HU3KNX 3HaYeHUn €. Mpwu
HanbosbLweM 3Ha4YeHUN A = 4 SKCTPEMYM nNcHe3aeT, 3aBUCMMOCTb T OT € MOHOTOHHO
Bo3pacTaeT. CrieayeT TakXe OTMEeTUTb, 4TO C POCTOM A yMeHbLIaTCs MOJIeKysipHas
NOABMXHOCTb, 4TO NPOSABASETCS Ha yBenmyeHunm t (puc. 3) (aHanormyHble
3aKOHOMEepPHOCTN BblNKn NMoslyYeHbl gna Bcex nydaemolx CraY). Puc. 3 - BanaHue € Ha
T B Cl13Y, conepxawero 0,63% XI' Y4ntbiBas, 4TO MOJNIE€KYJibl HATPOKCUJIbHOIO
pajnkKasna cocpefoTodeHbl B 4OCTAaTOYHO pbIXJibiX 0bnacTax cononmmepa,
noJsly4eHHble 3aKOHOMEPHOCTN MOXKHO 06BbACHUTL cneaytowmm obpasom. CnepyeT
OTMETUTb, YTO 3TN 3aKOHOMEPHOCTU ObIIN paHee NoayYeHbl ANn8 NOANITUAEHA U
nonunponuneHa [17] n Ha OCHOBaHUW PEHTIEHOCTPYKTYPHOro aHanmsa bbin caenaH
BbIBOA 06 M3MEeHeHNM NAOTHOCTN YNAaKOBKK MONeKyn npu gegopmMaunmn. B obiem
c/lyqae npu pacTAXXeHUU OpUeHTUPOBaHHOIo NosimMepa nayT o4HOBPEMEHHO ABa
rnpouecca: nepBblv C Pa3ynJioTHEHNEM CTPYKTYPbl U BTOPON C ee YNJIOTHEHNEM
BCNenCTBME pacnpsaMieHns MakpoMmonekyn. Ansa cnaboopmeHTUpoOBaHHbIX NOJIMMEPOB
npeobnagatoT Npouecchl C pasynjioTHEHUEM CTPYKTYpbl Mpu HEOOsbLUNX
nedopMaymnax, ansa BbICOKOOPUEHTUPOBAHHbLIX — C YMJIOTHEHMEM CTPYKTYPHI.
CMeLlleHne NoJI0XKEHUA MUHMMYMa T B 061aCTb MeHbLUMX AedopMaLmin C pOCTOM A
MO>XHO 06BACHUTbL BCE BONbLUNM BKIaAOM AOCTATOYHO BbINPSAMAEHHbIX Lenen. MNpu
BbICOKUX CTeneHaAx gedopMaumnm, He3aBNCUMO OT OPUEHTALNOHHOW BbITSXXKW, BpeMs
Koppenauum CUibHO BO3pacTaeT, Kak Mbl AyMaeM, BCeCTBUe pacnpsaMIeHuns
Makpouenenm n nx yrnaoTHeHNs. AHanornyHoe obbsacHeHMe MOXXHO aTb POCTY T C
yBeJSIM4eHNEM OPUEHTALMOHHON BbITAXXKW, KOrga 4018 BbINPAMJIEHHbIX LLlenen pacTeT.
Mony4yeHHble pe3ynbTaThl NOATBEPXKAAKTCA SKCNepuMmeHTaMmm no anddysmm XIr. Ha
puc. 4 npeacTtassieHbl 3aBUCUMOCTU KosdhpuumeHTa anddysmm B CIN3Y ¢ 5% XI' npu
nedopmaunn. BUoHO, 4TO 3aKOHOMEpPHOCTU n3MeHeHA D aHanornyHbl
3aKOHOMEPHOCTAM n3MeHeHunsa T. UMeHHo npu 40% pgedopmauynm HabnogaeTcs
MaKCUManbHas NOABMXXHOCTb B COMOJIMMEPE U UMEHHO Mpu 3TON e aedopmaunmn
KO3(ppuumeHT anddysmm nmeet MakCumMasibHoOe 3Ha4yeHue, T. €. MaKCuMaJibHoe
pa3ynjoTHEeHNEe CTPYKTYPbl. DTN AaHHbIE TakXXe NoATBepXAatoT BbiBO4, 06
N3MEeHEeHWUW MJIOTHOCTU YMaKOBKN NMPU pacTaXeHUn conoammepa. Puc. 4 - BausaHue €
Ha D B CI3Y, copepxxawero 5% XI O30HHOe Bo3aencTeme Ha ClN3Y OgHOBpEMEHHO C
MeXaHU4YeCKMM BO34eNCTBMEM, Ha BnoMegnumnMHCKue ninenns okasblBaeT BIMAHME
030H. 3[eCb c/ieayeT yKa3aTb ABa UCTOYHUKA ero nosiBfieHns B atMmocgepe. Bo-
nepsbiX, 030H 0bpa3yeTcs nNpu paboTe MOLLHbIX 3NeKTpu4ecknx npndopos,
obecnevymBaloWnNX XN3HeJeATe/IbHOCTb NaunUeHTOB B CTaunoHape. Bo-BTOpbIX, O30H B
HEeKOTOpPbIX YaCTHbIX CJIy4asax UCNOb3yeTcsa Npu cTepuansaunm nigenusa. Hecmotps
Ha 0OCTaTOYHO pPacNpPOCTPAHEHHYIO CUTYyaLM IO, BO3OENCTBMNSA MOJIEKYJT 030Ha Ha
nosINypeTaHOBbIM MaTepuars, ero BJnsHMe Ha Moposiornyeckmne n AuHaMmmyeckmne
XapaKTEepPUCTUKN OCTaeTCa KpanHe Masio nccnepnosaHbl. U3BecTHo, 4To CI3Y



OTHOCATCSA K MaTepuasiaM JOCTAaTOYHO YCTOMYMBO NPOTUBOCTOALLMM arpeCcCUBHbIM
cpenaMm, B TOM YUCJie N OKUCSIeHUIo 030HOM. OHaKo, 0 4HOBpPEeMeHHOe BO3aeNncTemne
KaK MexaHu4ecKnx gegopmaunin, Tak nu okncamtTenbHoro areHta (O3) B HacTosLwee
BpeMs He nsy4deHo. Obpasubl ¢ A = 2,5 okncnanm B cBO6OOHOM N Har py>KeHHOM
COCTOSAHMU. 13 nnTepaTypHbIX AaHHbIX [18] n3BecTHO, 4TO B Harpy>xeHHOM COCTOSAHUN
MoJINMEpPHbIE Lernn OKNCNATCA ¢ 6onbwen ckopocTbto. Mpu okucneHun CI3Y Mol
TakXe HabnwpgaeM aHasnorM4YHy KapTuHy (puc. 5). 3 pucyHka BUAHO, 4TO Ha
Ha4asZIbHOM 3Tarne OKUCNEeHNA BpeMs Koppensaunum pacTeT, 4TO CBUAEeTeNIbCTBYET O
CHM)XEHUN CerMeHTasIbHOW MOABNXXHOCTU B pe3yJibTaTe BO3pacTaHUA XKeCTKOCTH
uenen. BaxxHO OTMETUTb, 4TO B HAarpy>xeHHOM cocTossHUN HabnogaeTca 6onee
WHTEHCUBHbIN POCT AMHAaMNYECKOro napamMeTpa T, T. €. pe3koe nageHue rubkocTu
uenun. MNMpn ganbHenwem, bonee rnyboKoM OKUCNEHNN, CKOPOCTb POCTa T CTAaHOBUTCS
ropa3fo MeHblue ana o6pa3LoB OKNCAEHHbIX B CBOODOAHOM COCTOAHUN, @ ANS
006pa3L0B OKNCAEHHbIX MOA HAarpy3Kom T yMeHbLuaeTcs. [ony4YeHHble pe3yibTaThbl
MO>XHO 0OBACHMUTbL B paMKax crefywmnx npeactasaeHnin. Npu okncieHnn
npoTeKaloT ABa npouecca: 1 - HakornsieHne HOBbIX NOJIAPHbLIX KNCJI0OPOACOAEPKALLMNX
rpynn, NPOAYKTOB 030HOJIN3a, KOTOPbIe NPUBOAAT K YCUIEHUNIO MEXMOJIEKYJIAPHOI0
B3aMMOLEeNCTBUA MeXy uenamu u 2 - paspbiB Luenen. Ha Ha4yanbHOM 3Tane
okuncneHus npeobnagaeT NepBbln NpoLEecc, 4TO U MPUBOAUT K POCTY T U IHEeprum
aKTMBaLWn BpalweHnsa 3oHaa (puc. 5). Npn 6bonee rnyboknx cteneHAX OKNCAEHUS
npouecchl 4eCTPYKUUN Ha4YnHaT nrpaTtb BCe 60bLWY0 POJib, 4TO N NPUBOAUT K
Bbosiee NNaBHOMY POCTY T U K €ro YMeHbLUEeHUIO NPU OKNCSIEHUN B Har py>Ke€HHOM
COCTOSAHMU. AHANIOrNYHblIEe 3aKOHOMEPHOCTU Oblnn nonyyeHbl U anda Cra3Y. a 6 Puc. 5 -
3aBucmmMocCTb T (a) n E (6)oT BpemeHun o3oHmnposaHua t ana CM3Y coaeprxalwliero
0,63% XI' B Harpy>xeHHoM (1) n HeHarpy>xeHHoM (2) cocTtossHUM CnekTpbl Obin
rnosnyyeHbl MmetogoM MK cnekTpockonuu B pexxnme dypbe TpaHchopmayum (PTUKC).
Mpw aHanuse cnekTpoB Mbl obpallann BHUMaHMe Ha obnacTb KonebaHun
PYHKLMNOHANbHbIX FPYMM 1, Npexae Bcero, B UHTepBaie 4yactoT 1650 - 1800 cm-1,
cooTBeTCTBYOWMX abcopbumnm KapOboHUIbHbBIX FPynn 1 B UHTepBane YactoT 3200 -
3500 cm-1, npuHagnexawmx NH konebaHusam. B obnactn, npuHagnexxawien
kapboHWNbHOW rpynne, B pe3ybTaTe BO34ENCTBUSA BHELUHNX (DAKTOPOB
HabnopgatoTca ABa apekTa: BO-NePBbIX, MOCSe KOMOMHMPOBAHHOIO BO34AENCTBUSA
MexaHWU4YeCKOro pacTsXXeHNs U 030Ha BO3pacTaloT NNKOBasA N MHTerpajibHas
WHTEHCUBHOCTU KapbOHNbLHOW MOAOCHl. BO-BTOPbLIX, MPONCXOAUT N3MEHEHMNE
COOTHOLEHMNA MeXay KapboHWUIbHbIMUY FpynnaMm, HaxoaAAWMMNCA B CBO6OAHOM
cocTossHUKM (1730 cMm-1) n B cBA3aHHOM cocTosAHUKM (1709 cMm-1) npu yHacTum
BOLOPOAHbIX CBSA3en. Bo3pacTaHue obLwen KoOHUeHTpaunum KapboHUAbHbBIX rpynn n
KOHLLeHTpaLunmn CBA3aHHbIX FPYMMn ABNsSeTCa cheacrtsmem o3oHonmsa. lMpu
ncrosnb3oBaHMm CI3Y BaXKHbI TakXe gaHHble No Andgdysnm B nosmmMepe rnocne
030HHOI0 BO34EeNCTBUA B Te4eHUM 2 4acoB. Tak, anga CrNaY c 2,5% XI' koappuuneHT
angpgysmm paseH 4,68 10-10 cm2/cek, a nocse 030HHOro sosgencrtena D = 2,09 10-10



cMm2/cek. Ons obpa3uos, cogepxxawmx 5% XI koadppuuneHT anddysmm paseH 6,3 10-
10 cm2/cek, nocsae 030HHOro BO34EeNCTBUSA OH YMeHbLlunaca ao 3,45 10-10 cm2/cek.
Taknm obpa3om, AaHHble Mo AUPAY3NnN Tak>Ke NoATBEPXAAOT BbIBOA O TOM, 4TO Ha
HavyasibHOM 3Tarne 030HUPOBaHMSA CTPYKTYpa conoammMmepa ctaHoBuTcHa 6bonee
XKeCcTKoW. [JaHHble MoAMMeEpPbl UCMbITbIBAN Ha pa3pbiBHON MawnHe «PM - 10».
Pe3ynbTaTbl UCMNbITAaHWUA MOKa3anau, 4TO Nocne oknucneHnsa obpasuoB B Te4eHun 2
YacoB (Korga T 3Ha4YuTesIbHO BO3pacTao) MoAy b pacTeT. bbla paccyntTaH Mmoaysib
ynpyroctn M1 Ha Ha4YaNbHOM 3Tane pPacTAXXEHUA N BbICOKO3JTACTUYECKUn Moaynb M2.
o okncnenna M1 = 0,27 102 n M2 = 0,1 102 MTla, nocne okncnexuma M1 = 0,28 102
n M2 =0,3102 Mla. CootBeTcTBeHHO ansa CI3Y ¢ 0,63% XI o okmncneHma M1 = 0,27
102 n M2 = 0,11 102 MINa n nocne okucneHma M1 = 0,33 102 n M2 = 0,18 102 MMa,
ana Cray c 5% XI po okncnenna M1 = 0,26 102 n M2 = 0,13 102 Mlla n nocne
okucnenma M1 = 0,31 102 n M2 = 0,16 102 Mla. Takum obpa3om, 3Ha4YeHUs Mmoayns
YNPYroCcTn Tak)Xe yKa3blBalOT Ha POCT XXECTKOCTU Lenen B aMmopHoOn (ase nocne
OoKMcneHna. BnmaHme ot>xura B Boae Ha CTpyKTypy CI13Y [OaHHbIn cononnmep
NCNbITbIBaAN TakxXe npu oTxure B soae. Obpasubl Boiaep>xmneaan 3,5 4aca. a 6 Puc. 6
- 3aBucmMocTb T (a) n E (6) oT coaepxaHusa XI' B CIMN3Y npu oTxxure U3 puc. 6a sngHo,
4YTO C POCTOM TeMnepaTypbl OT)XXUra BpeMs KOppensaunm so3pacTtaeT, 4To
cBMUAEeTeNbLCTBYET 00 yBENMYEHUN XKECTKOCTN MaKpoMosieKys. PacTeT n aHeprus
akTmeauum (puc. 66). Nony4yeHHble 3aKOHOMEPHOCTN MOryT 6bITb 06YC/IOBNIEHBbI TEM,
4YTO BOAA, ABNSASACH NAACTUPMKATOPOM, obycnaBamBaeT AOOPUEHTALNIO Lenen y
KOTOPbIX CTeneHb BbINPAMJIEHHOCTU AOCTAaTOYHO Benuka u bonbwe h/L, roe h -
paccTosaHne Mexay KoHuamu uenen, L - gnnHa uenn [19]. Taknm obpasom, nsyyeHume
BHeLWHUX Bo3genctemn Ha CI3Y nokasano: - pacTArnBatowine HanpsXeHnsa NnpuBoaaT
K POCTY MOJIEKYNSAPHON NOABUXHOCTM Npu HebonbLnX aedopMaumnax B NU30TPOMHbIX U
cnabo opneHTMpoBaHHbLIX obpa3uax. edopmauma obpa3uos C A = 4 CONPOBOXKAAETCHA
pPOCTOM T BO BCEM AMara3oHe €. - NPy 030HHOM BO34eNCTBUMN (A0 2 4acoB), KaK B
cBobogHOM Tak U AehopMUPOBAHHOM COCTOSAHUN, HabogaeTCA POCT XKECTKOCTH
Lenewn v ganbHenwee oKucaeHmne B 4eopMmnMpoBaHHOM COCTOSAHNM CONPOBOXXAAEeTCA
YMEHbLUEHNEM XXECTKOCTW, a NMPU OKNUCIeHUn B CBOBOAHOM COCTOSHMM HabnogaeTcs
cnabbin pocCT T. - TeMNepaTypHoe Bo3aencTene B Boae Ha CIM3Y npnBoanT K pocTy T,
4YTO CBUAETENbCTBYET O COBEPLUEHCTBOBAHUN HAAMONEKYISAPHOW CTPYKTYpPbI 1
YBEJINYEHNN XKECTKOCTN MaKpPOMOJIEKY .



