BeeneHue lMpepensHaa TeMnepaTypa punbtpyemoctun (MNTD) asngaeTcs oqHOW 3
Ba)KHEMNLLNX IKCMJIyaTaUMOHHbIX XapaKTepUCTUK AN3esIbHOro TOoMJnBa, KoTopoe
onpenenseTr YyBCTBUTE/IbHOCTb K MOHMXEHHbIM TeMnepaTypaM AU3e/IbHOro TonamBea
(OT). N3y4yeHune 3aBncmmocTu NTOD OoT cocTaBa TonMBa faeT BO3MOXXHOCTb HANTH
MeToAabl ero yny4wenus [1]. B T coaep>XnUTca AOBOJSIbHO MHOI0 YrieBooponoB C
BbICOKOIN TeMnepaTypoun nnasneHnd. Lng BCcex Ka1acCoB yrieBoaopoaoB cripaBensinea
3aKOHOMEPHOCTb: C POCTOM MOJIEKYJIAPHOW MacChl, a, csiegoBaTesibHO, U
TeMnepaTypbl KUMEeHUSA, MoBbILLAeTCsa TeMnepaTypa njasJeHnsa yriesonoponos.
OLHaKo BeCbMa CUJIbHOE BIMAHME Ha TeMnepaTypy MJaB/ieHNs OKa3biBaeT CTPOeHne
yrnesonopoga. Yrnesonopoabl 04MHAaKOBOW MONIEKYISPHON MacCbl, HO Pa3JIN4HOIO
CTPOEHNSA MOFYT UMETb 3HAYEHMA TeMNepaTyp NaaBJIEHNS B LUMPOKUX npeaenax.
Hanbonee BbiICOKME TeMnepaTypbl NJaBAEHUS MMEIOT napamHoBbIE YrieBoaopoabl C
OJIMHHOW Hepa3BeTB/IEHHOW Lenbio yrieBoAopoAHbIX aToOMOB [2]. Takum obpa3om, no
N3MEHEHWNIO Pa3MePOB KPUCTAITINYECKON CTPYKTYPbl YCJIOBHO MOXXHO cyanTb 06 MTO
AN3esIbHOro TonJnBa. TeM caMbIiM MOXXHO YTBepXAaTb, 4To MNTO AT 3aBUCUT OT
coaep)xaHusa H-napaguHoB. ccnenoBaHne KpUCTaNIMHECKON CTPYKTYpblI,
pacnpeneneHne KpUCTasIJI0B Mo UX pa3MepamM MOXeT LaTb BeCbMa MoJIe3HYI0
MHOPMaLMIO ANA ynpassieHns senndnHon NTO ana gnsenbHblX ppakumn. B neTHem
TOMJINBE COAEPXKAaTCA paCTBOPEHHbIe NapaduHbl, KOTOPbIEe NPU OXJIaX>KAEeHUN
HaYMHAT KPUCTaNIN30BaThCA. [JNs NpakTUYeCcKon peanmsaumm HefoCcTaTo4qYHO
CBeOEeHUIN 0 XapaKTepe KpucTannos, 06 ux nosefeHnn BO BPEMEHN, NMPU U3MEHEHNN
TeMnepaTypbl U cocTaBa. [T o4eHb YyBCTBUTEJIEH K MOHMKXEHHbIM TeMrnepaTypaM n3-
3a NPUCYTCTBMUSA B HEM NMapaMHOBbLIX YaCTuUL, MPUMEHEHWE ero NPUBOANT K
CHUXXEHUIO Hafe)XXHOCTM paboTbl, K NoJslIoMKe aBuraTtens. NosTomMy nccnenoBaHue
BINAHNA KpUcTannoobpasoBaHma Ha MNMT am3enbHOro Tonsmea, B TOM 4Yucne,
HarnpaB/IeHO Ha pelleHne NpobaemMbl ynyyleHnsa ero KavyecTBa. dKCrnepmMeHTaibHas
yacTb O6bekToM nccnenosaHmm 6110 BbIbpaHoO 3MMHee gu3enbHoOe ToNnBo. Benay
TOro 4YTO TeMnepaTypHbIN NHTepBaa NccaenoBaHuUn 6611 orpaHnYeH BO3MOXKHOCTAMM
nccneposaTesibCkoro obopynosaHuns, Heobxoanmo 66110 CO38aTb UCKYCCTBEHHOE
TOonM/IMBO C MNT® Bbiwe -11°C, ¢ pa3nnyHbIM coaep>XaHnem napamHOB BblAeNIeHHbIX N3
TOW Xe hpakumm 1, cnefosaTeslbHO, Pa3/IMYHbIMU HU3KOTEeMNepaTypPHbIMA
csomcTeaMu. AHann3 pasmepoB napacguHos B AT NnpoBOAWICA HA CNEeKTpoMeTpe
Photocor Complex meTonoM poTOHHO-KOppensaynoHHon cnektTpockonun (PKC),
OCHOBAHHOM Ha aHaNn3e aBTOKOPPENALNOHHOW PYHKUNKN PAyKTyaumnn
WHTEHCUBHOCTW paccesiHHoro ceeta. Meton PKC aBnseTcsa 6€CKOHTAaKTHbIM, He
BHOCSALLMM BO3MYLLEHNS B UCcreayemyto cpeay. laHHbIM MeToq He TpebyeT
KannmbpoBKM C NCNOIb30BAaHNEM CTaHOaPTHbLIX 06pa3uLoB UK creunasabHOro
npuroTossieHns obpasLoB, HeobxooMMON ABNSETCA NULb NpeaBapuTesibHas 04MCTKa
nccnenyemblxX pacTBOpOB OT MNbliv. b nccneposanbl OT ¢ MTO= -3 n -8, gn4a
Ka)kaoro Tonamea bbiin onpeneneHsl pa3mMepsbl NnapauHoB Npu TemnepaTypax +6°C,
0°C, -6°C, nusmeHeHue 3Tnx napagmHoOB CO BpeMeHeM, ¢ gobaBneHnem aenpeccopHbIX



npucanok (AM) n sospgencrenem ynbtpassyka (Y3). MTO gna nccnepyemoix obpasyos
Obln onpeneneH ¢ nomoulbto Nnpubopa MNTO JIAB - 11. MeToa nccnenoBaHnm
3aKJ1l04aeTCsa B NOCTENEHHOM OXJIaXX4eHUN UCNbITYeMOro Tonamea C UHTepBasiaMun B
12C n cTekaHun ero Yyepes NPOBOJIOYHYIO PUJIbTPALMNOHHYIO CETKY NpU BakyyMme
OnpepeneHve BeayT 00 TemMnepaTypbl, MPU KOTOPOW KpUcTansbl NnapapuHa,
BblOEJIEHHOI0 U3 pacTBopa Ha UAbTP, BbI3bIBAIOT NpeKpalleHne nam samenseHme
NMpPOTEeKaHNs B TaKOW CTENeHn, 4TO BPpeEMS HAMNOJIHEHUA NUNETKU npesbiwaeT 60 ¢, uan
TOMJINBO HE CTEKAET MNOJIHOCTbIO 06paTHO B naMeputenbHbin cocyn (FTOCT 22254-92).
ObcyxxaeHue pe3ynbTaToB B pe3ynbTaTe nccnenoBaHnm BbISBJEHO, YTO BBEAEHUE B
TOMNJMBO H-NapagunHoB oT 5 oo 20 macc.% nNpuBoAUT K pe3KoMy NnoBbilleHuto MNTO
Tonamea. MNMpn 6onee HN3KMX KOHUEHTpPaUMaxX H-MapamHOB UX KONNYeCcTBa
HedOoCTaTO4YHO A4 obpa3oBaHMA B TOM/IMBE CBA3aHHOW KPUCTAJIJINYECKOW CTPYKTYpPHbI
n nosbiweHns MNMTO, a npn 6onee BbICOKNX KOHLEHTPaUMAX napamHoB pocT MNTO
CTAaHOBUTCS HEe3Ha4YnUTeNlbHbIM. Pe3ysibTaTbl NCCeA0BaHNA BIINAHUA COOEPXKaHUA H-
napaguHos, OMN 1 Y3 Ha MTP an3enbHoOro TonameBa npmeeneHsl B Tabn. 1. Tabnanya 1 -
PesynbTaTbl NMTO® gna AT Coctas AT MNTO 1.4AT 3umMHee -11 2. T 3umMHee+Y3 -12 3. 4T
3umMHee+ 1M1 -21 4. 4T 3uMHee+25% macc. napadpuHa -3 5. AT 3umHee+25% macc.
napacgpuHa+ a4 -7 6 AT 3umMHee+6,25% macc. napaduHa -8 7. AT 3umMHee+6,25%
Macc. napadpuHa+amn -15 U3 Tabn. 1 BuaHO, 4TO HAaUMEHbLUMMK 3HaYeHnsaMn MNTO
obnapaet AT comepxxawee AM. A 3ameanseT pocT NnapaMHOBbLIX KPUCTAII0B, TEM
caMbIM npouecc nponyckaHma AT Yyepe3 hunabTp MOXKET NponcxoanTb npu bonee
HU3KNX TemnepaTypax. icnonb3oBaHMe NpUcagoK CHMXXaeT TemnepaTtypy
3aCTbIBaHUA, NPEnNATCTBYOT 00pa30BaHNIO KPUCTANINYECKON PEeLUEeTKN, N YMEHbLUAET
nx pasmepsbl. Mpn 3TOM 0buiee KoNM4eCcTBO H-NapadHOBbLIX YIr/1eBOAOPOAOB He
CHMXaeTcsa. 3HaYyeHna NTO nNpu pa3HON KOHUEHTpauun napagunHa pasinyHbl. Hem
bosiblle Kon4ecTBO NapaduHa, TeM nervye obpa3oBbiBaTb KPUCTANINYECKYHO
peweTKy npun 6onee BbICOKNX TeMnepaTypax. MNpouecc KpucTannmsaunmm cCocTonT U3
OBYX OQHOBpPeMeHHO nayLnx NnpoLeccoB 3apoXXaeHna n pocTta Kpuctasanos. B AT
BHayvasie 06pa3yoTCs LEHTPbI KpUCTaIN3aL MmN, BOKPYr KOTOPbIX FPynnupyoTCca
aTOMbIl, 06pa3ys COOTBETCTBYIOLLYIO KPUCTAINYECKYIO pelleTKy. MUHUMabHbIN
pa3Mep CrnocobHOro K pocTy 3apoAabllla HAa3blBAETCA KPUTUYECKUM pa3sMepoM
3apoabllla, a Takon 3apoabll - ycTon4mebiM [3]. [pn BbICOKOW CKOPOCTU OXJ1a)KAeHUWN
dpakumn nam Npun CpaBHUTENIbHO BbICOKOM BA3KOCTU 0bpa3yeTcsa MHOM0 MesIkux
3apodbiwen. MNpu 3ToM KpucTanansauna NnpoTekaeT He BO BCeM ob6beMe, a NinLb TaMm,
roe BO3HUKHYT 3apoabiin. ®akTopamMu, BANAOLWMMU Ha NMOSBAEHUE 3apoablLluen,
ABNAIOTCH HE TOJIbKO NepeoxiakjeHne 1 rnosBblleHne KOHUEeHTpauum napagunHa B
pacTBOpe, HO U MPUCYTCTBMNE MOCTOPOHHNX 06JOMKOB KPUCTAI/I0B UK MbIJIMHOK, Ha
MOBEPXHOCTU KOTOPbIX COBMpaloTCs YacTuubl, ynpoLias 3TUM HaYvasno
Kpuctannmsayum [3]. Puc. 1 - 3HayeHune pasmepoB Kpuctannos ana AT c MTO= -8 npwu
+6,0,-6.°C Ha puc.1, 2 gna OT c MT®=-8 n -3 COOTBETCTBEHHO, NpMBEAEHbl pa3Mepbl
KpucTasnsioB NnapapuHOB npu pasHbix TemnepaTtypax (oT natc 6°C, 0 u MmuHyc 6°C). N3



puc.1l BuaHo, 4to B AT ¢ NT®= -8 HabnogaeTcs obpa3oBaHna ABYX BUOOB
KPWUCTaJIJIOB: 3TO HebosibluMe KpUCTanbl CO cpeaHuM pasMmepoM 30 HM KOTOpPbIN MO
Mepe OxXJIaXXAEHUA He nu3MeHseTcs u bonee KpynHble KpUCTaabl C pa3MepoM 115 HM.
Mpwn 3TOM, NOHM>XKEHME TeMmnepaTypbl CONPOBOXAAETCS POCTOM KpucTassios bonee
KPYMNHbIX pa3MepoB. Puc. 2 - 3Ha4yeHune pasMmepos kpuctannos ana AT c NTO= -3 npu
+6,0,-6.°C B AT c MNT®= -3 0bpa3yoTca KpucTanbl TOJIbKO OLHON0 pa3Mepa, KOTOpbIN
yBeJINYMNBAETCH NPU NOHUXXEHNN TeMnepaTypsbl. [10 Mepe oxNa>KAeHNA XUOKOCTUN ee
4acTULbl 3aMeasIAIT CBOE XaoTU4ecKoe ABMXeHue, Npu AOCTUKEHUN onpenesieHHON,
0O0CTAaTOYHO HU3KOW TeMnepaTypbl CKOPOCTb YacTUL, Y)Ke CTOJIb Mala, YHTO HeKOoTopble
N3 HUX NMo4 AeNCTBUEM CUJ MPUTSIXKEHNSA HAYNHAIOT NPUCTPanBaTbCAa OQHA K ApYyron,
obpa3ysa KpucTananmyeckme 3apoabilin. YBenn4ynBasacCb, KpUCTANI/IMKKA HaTaIKNBAOTCSA
OpYyr Ha Apyra, B MecTax CONMPUKOCHOBEHUSA POCT NpeKpallaeTcs, N 3aTBepaesLuee
Tesi0 NoJslyvaeT 3epHUCToe CTpoeHune [3]. 3To noaTBEP K AAETCA NOJSTYHEHHbLIMU
OaHHbIMK Npun TemnepaType -6°C. Nanee B paboTe 66110 paCCMOTPEHO BAUAHME
OernpeccopHbIX NpUcagoK Ha pa3Mepsl BbiNagaowmx napapuHos. HasHavyeHue
hernpeccopHbIX NPUCafoK - CHMKeHne TeMmnepaTypbl 3acTbiBaHNA U MTO an3senbHbIX
Toname. [JobaBneHne B nccienyemole obpasubl 4eNpecCopHbIX MPUCAA0K HECKOJIbKO
MeHseT HabnaaemMyto KapTUHy KpuctannoobpasoBaHMA. 3TO CBA3AHO C MEXAHU3MOM
[EeNcTBNA NpUCcafoK, KotTopble 06pasyroT COBMECTHbIe accounaTbl C KOMMOHEHTaMU
TOM/NB, CNeCTBUEM KOTOPOWN ABNSAETCA YMEHbLUEHNE pa3MepoB

KPUCTa IN3nNpyowmxca H-napaduHoB. Npucagka gobasnsanacek B KONMYeCTBe,
06bIYHO peKoMeHayeMOM O An3enbHbIX Toname - 0.3 Macc.%. [lenpeccop O0/IKeH
XOpOLO pacTBOPATLCA B He(bTenpoaoykTe ons 6onee achheKTUBHOr0 B3aUMOAENCTBUS
C BXOOALWMMUN B €ro CoCcTaB napadpmHamm, No3TOMy pekoMeHayeTcda ncrnonb3osatb Al
NPy KOMHaTHOW TeMnepaType, a nydwe aobasnatb B Harpetoe OT. 3¢pheKTUBHOCTb
jernpeccaHTa, MOMNUMO UX BO3LENCTBUSA Ha CTPYKTYPY KPUCTaNI0B napauHOB,
onpenenseTcsa KUHEeTUKON Kpuctaanmsaunm nocnegHmx. CKopoCcTb pocTa KpUCTasios
He O0J1)KHa npeBblwaTb CKOPOCTb POCTa B3auMOLenCcTBUSA genpeccopa ¢
napagunHamm, nHavye obpasoBaHne NPOCTPAHCTBEHHOIO KapkKaca He
npenoTBpallaeTCs, Tak Kak AenpeccaHT He ycrnesBaeT OKa3aTb «CBOe» BAUsHME [4].
N3 puc. 3 cnepyeT, 4To gencrene Al HanpaB/ieHO Ha CHMXXEHUe KoJIn4ecTBa MeJIKuX
Kpuctannos. [lenpeccopbl NPenATCTBYOT HE BOSHUKHOBEHUIO KPUCTasJ1I0B
rnapagmuHOB, a TOJIbKO UX POCTY. DTOT BbIBOA NOATBEP)XAAETCA TEM, YTO Aernpeccopsbl
He BANSAIOT Ha TeMnepaTypy NoMyTHeHUsa Tonams (Tn), KOTopas HOpMUpPyeTCH
CTaHgapTamu. Puc. 3 - 3Ha4veHune pasmepoB Kpuctasnos gna OT ¢ AN CywecTsyeT
npegesbHoe cogep)XaHusa napauHoOB B TOMJINBE, NMPUN KOTOPOM OenCcTBUeE
henpeccopos npossnaeTcd. Ecnvm napadmHOB CANLLKOM MHOIM0, TO 3(p(PEKTUBHOCTb
npucagok cHmxaetcs. Hanbonbwni acppekT Nnprucanok 3aBUCUT OT NPUPOLbI
Tonnuea. CnenoBaTesibHO, Ka)KAOMY TOMJIMBY NpUXOAUTCA noadbupaTb Npucanky c
WHOWBUAYANbHBIMU (PU3NKO-XUMUYECKNMUN XapaKTepucTukamm. [5]. MHormne aBTopsl
OTMeYaloT, YTO TOJIbKO NpeaBapuTesibHO AenapadpuHuposaHHoe AT BOCNPUNMHYUBO K



nencTeuto npucagok [1-5]. NMosatomMy NnpumMeHeHmne NpUcagok He UCKYaeT
Heobxo0aAMMOCTb MpoLuecca aenapaduHmsaunn. B pamkax gaHHom paboTbl Takxxe 6bli10
nccnenoBaHo BO34ENCTBUE YbTpas3BykKa Ha Tormeo € MNTO -8 npu -6°C ¢ NOMOLLbIO
ycTaHoBku WJ1 100-6/1-22/44, c 4acTtoTon 22Ky n mowHocTbo 700BT ( puc. 4). Puc. 4
- 3Ha4YeHue pa3smepos Kpuctannos gns AT c Y3 obpaboTkon MNocse ynbTpa3ByKOBOro
BO34ENCTBUA KPYNHble NapaduHbl paspywnancb 40 pa3MepoB 3apobllien, 04HaKOo
yepes HeKOTopoe BpeMs (Ha HalweM npumepe Yyepes 4 AHS) 3apobllln HaYMHAOT
CBA3bIBaTbCA MexXxay cobon n ykpynHaTbca. C Te4eHneM BpeEMEHN NPONCXOaNT
pekpucTaaamsauma Menkmnx Kkpuctannos B 6onee KpynHbie. B 0bLwmx yepTax
ob6bACHeHWe gucneprupytollero 4enCTens yabTpasBykKa CBOOUTCA K TOMY, 4TO
0OCTaTOYHO MOLLHAsA yrnpyras BoJiHa Bbi3blBAae€T KaBUTaLMUIO M1aBHbIM 0O6pa3oM Ha
NOBEpPXHOCTW pasfena as. Mo nencreneM 60NbLLINX YOAPHBIX HANPSAXXEHUN OT
3axJ10MblBaHNA KaBUTALMOHHbBIX KaBEPH YaCTuLUbl AncrnepcHom gasbl gpobarca [6-7].
Mo mHeHunio C.A. Heagy>xero [8], BO3MyLWEHNA Ha Pa3/INYHbIX YacToTax B LUMPOKOM
Anana3oHe ysibTpa3BykKa MMeT 04VNHaKOoBYIO npupoay. PopMmMpoBaHMe BO3MYLLEHUN
Ha4YMHaeTCcsa C onpenesieHHOW NOpPOroBONM MHTEHCMBHOCTWM BOJIHbI. lencTtemne
OTAENIbHOr0 BO3MYLLEHUA Ha onpenesieHHON YacToTe NMPakTUYeCKU He 3aBUCUT OT
WHTEHCUBHOCTW YJbTpa3ByKa, C yBeJIMYEeHNEM UHTEHCUBHOCTIN YyJibTPa3ByKa
yBeJIN4MBaEeTCA HE MOLLHOCTb, @ KOJIM4YeCTBO BO3MYLeHUN. [JencTtBme oTaesIbHOro
BO3MYLLEHNSA Ha AUCNEeprupyemMyto Maccy HarnpaBsieHO B CTOPOHY KaBUTaLUWOHHOI O
ny3blpbKa, dHepreTnyeckn Hanbosiee BbIrOA4HO BOSHUKHOBEHME BO3MYLLEHUSA Y
rpaHuLbl pa3sgesa XnOKocTu ¢ TBepabiM TenoM. Takum obpa3oM ynbTpa3ByKoBoe
BO34ENCTBME pa3pyLllaeT KpUCTassibl NaparuHOB 40 pa3MepoB 3apoablllen, HO Yepes
2-3 AHen OHM BO3BpPaLLAOTCA B MpeXxHue pa3mepsbl. Pacnapg 3apoabiwm cBsa3aH nmbo ¢
cobcTBeHHbIMK KonebaHmamu, nmbo c bombapanpoBKON nx cBOBOAHBIMU YaCcTULAMMN.
OAOHako Ossa Havdana KpucTannmsauunm Heobxoammo, 4Tobbl 3apoabill 4OCTUT
KPUTUYECKOW BEJINYNHDLI, T.€. cCoaep>Kajl Takoe KOJIMYeCTBO 4YacTul, Npu KOTOPOM
npucoegnHeHve creayroulen 4YacTumubl caenano 6ol paspactaHue 3apoabilla
JHepreTnyeckn bosiee BbIFrOAHLIM, YEM ero pacnapg (pacTteopeHue). Takas
BO3MOXXHOCTb A1 60/bWINHCTBaA BELWECTB BO3HUKAET MO0 C MOHUMXKEHNEM
TemnepaTypbl, B pe3ysibTaTe 4ero yMeHbLUIaloTCa TeMmnepaTypHble konebanus, nnbo ¢
MoOBbILLEHNEM KOHLIeHTpaLuun BelecTBa B pacTBOpe WK rase, 4To NpuBoguT K
yBeJINYEHMNIO BEPOATHOCTU BCTPEYN YacTul, APYr C APYrOM, TO eCTb K BO3HUKHOBEHUIO
3apodbilen. B pe3ysnbTaTe NpoBeAeHHbIX NCCIeA0BaHN MOXKHO caenaTb cegyowme
BbiBOALI: 1. C NOHM>XEHNEM TeMmnepaTypbl U C TE4EHNEM BPEMEHN 3apOabILLN
KPWUCTaJIJIOB CBA3bIBAOTCA Mexay coboinn n obpasoBaHmeM napadrHOBbIX KPUCTas0B
Bbosbliero pasmepa,npnyemM Bo3MOXXHO obpasoBaHMe HECKOIbKUX rpynn napaduHoOB C
pa3IMYHbIMN CpeoHUMIN pa3MepaMU. 2. YbTPa3ByKOBOE BO3AENCTBUE paspywlaeT
KpUcTassibl NapaduHOB 40 pa3MepoB 3apofbllle, 0GHaAKO Yepes onpeneseHHoe
BpeMs BO3MOXXHO BOCTAHOBJIEHME pa3MepOB KPUCTAII0OB 40 NPeXHUX BennyunH. 3. O
MOryT AeNCTBOBaTb U3bnpaTenbHO Ha POCT KPUCTaI10B NapadmMHOB, MO3TOMY AOJ1S



Ka)k4oro Tmna cbipbs Heobxoanmo noabmpatb Npucankm C y4eToM ocobeHHoCTEN
KpucTtannobpa3oBaHMsa OaHHbIM BUOOM CbIPbS.



