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MpepcTaBnerbl pesynbTaThl CCIEA0BAHNIA MO PAANALNOHHO-CTONKHOBUTEILHOMY BOBJIEHEHUIO MOJIEKYST, HE MO-
rnowatonx nasepHoe VIK-nsnydenune, B pesoHaHC C 1asepHbIM MONEM MpU nX OBAYHEHUN C MOMIOLAIOLLMMU
U3/y4YeHne 1aszepa MOJIEKYIaMU B [IBYXKOMMOHEHTHON cpefe. DKCNeprMeHTbI MPOBOAMINCH HA NPUMEpe CMecH
monekyn CFoHCl/CF3Br (npu cootHowenun aaenednii 1/1). BosbyxaeHne Monekyn ocyLecTBASNOCHE NM-
nynbcHbiM nsnydennem COz-nasepa. MposegeHo gBa Tuna akcrnepumeHToB: 1) obsyyeHne Monekyn B HepaBHO-
BECHbIX TEPMOLMHAMUYECKIX YCIOBUSIX CKAYKa YMIOTHEHUS!, KOTOPbIA POPMUPOBAICS Mepes TBEPLON MOBepX-
HOCTbIO NPY MajEHUN HA Hee CBEPX3BYKOBOIO UMMYbCHOrO ra3’ofUHAMUYECKN OXJ1aXKAEHHOTO MOJIEKYSIAPHOIO
notoka u 2) obnyyeHne Monekys B CTaTUYECKNX YCIIOBUSIX NPU KOMHATHON TeMnepaType rasa B ktosete. [loka-
3aHO, YTO B C/lyHae obNyYeHnst KonebaTeslbHO OXNAXKAEHHbBIX MOJIEKYST B CKaYKe YNIOTHEHUS, KOF4a NX MOJIOChI
VIK-nornouenus yskue (7-8 cM™ " Ha nonyssicoTe), nponcxoguT acbdbekTusHoe sosneveHne monekyn CFoHCI,
M3HayasbHO HE MOFOLAOWMX NAa3epHOE M3JyHeHUe, B PE30HAHC C nasepHbiM nosem. ObHapyxeHa nx ad-
chexTneHas anccouynauus (¢ Bbixogom auccoumauun B > 10-15%) npu obnyyernn cmecn CFoHCL/CF3Br 8
cnyyae otctpoiiku vactotel COz-nasepa ot ueHTpa nosockl VIK-nornoweruns konebatenbHO Oxnak4eHHbIX B
ckauke ynnoTHeruns monekyn CFoHCI 6onee yem Ha 15-25 cm™ 1. B ciydae obnydeHns MoneKyn npu KOMHaTHOM
TeMmnepaType rasa B KioBeTe, korga nosocs VIK-nornolenns Monekyn gosossHo wnpokue (25-30 cm™ '), Tak-
»Ke HabntofaeTcs paguaLnoHHO-cToNKHoBUTENbHOE BoBaeveHne mosekyn CFoHCI B npouecc Bsanmogeiicteus
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1. BBEAEHUE

B Hacrosiiee BpeMsi IPOBOUTCST MHOTO HCCJIE/[0BA~
HUI, HAIIPABJICHHBIX HA pa3pabOTKy HU3KOIHEpreTHde-
CKHUX METOIOB MOJIEKYJ/ISIPHOIO JIA3EPHOIO Pa3IesICHHs]
uzoronos (MJIPU) (MLIS — molecular laser isotope
separation) [1-19]. OcHOBHOII 1eJIBIO TUX UCCIIEIOBA-
Huil sBJgeTCs MOUCK Y(PGMEKTUBHBIX M 9KOHOMUIHBIX
METOJIOB Il PA3/e/IeHUs N30TOIOB, B TOM {HCJIE U30-
TOIIOB ypaHa, a TaKKe JIPYIUX TKeIbIX JIEMEHTOB
[1,2,16-19]. 113 6osb1Ioro Ymciia mpejiozKeHHbIX Ha Ce-
FOJHS JIA3EPHLIX METO/O0B pa3Ze/ieHusl H30TOLOB HaH-
JIydIliAe Pe3y/abTaThl OBLIM IOJYUIEHBI C PUMEHEHN-
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em Merojsa Muorodoronnoit MK-auccormarun moste-
KyJI U3JIy9eHHeM MOMIHBIX UMITYJIbCHBIX COg-j1a3epoB
[20-26]. Ha ocnose sroro merona B Poccnu (B 1. Ka-
JIMHUHIDAJIE) B HEJABHEM IPOIIOM OBLIO OTKPBITO U
yCrentHo (OyHKIIMOHUPOBAJIO ITPOU3BOICTBO IO 000Ta-
HEHNIO TszKesioro uzorona yriaepoga-13 (33C) ¢ uc-
[IOJI30BAHUEM B KAUeCTBe PAbOUIEro BEIECTBA MOJIEKY.T
CFoHCl (dpeona-22) [24-26]. Onrako B 9TOM METO-
J1e TpeOYIOTCST JIOBOJIBHO BBICOKHUE IMJIOTHOCTU SHEPTUH
nazeproro uzayuenus (¥ > 3-5 JIx/cM?), IOCKOIBKY
Jutst ucconmanuu MoJiekydl, 11o106ubix CFoHCI, HeoO-
XOAUMO KOJIeOATeTbHO BO3OYAUTHL WX O JHEPrUil Imo-
paika 2.4 3B u Gouee [1,2,20-28]. 10 BO MHOrHX CILy-
YyasiX TPUBOJUT K YMEHBIIEHUIO N30TOMUIECKON CeJleK-
THBHOCTH TIPOIECCa, ITO OCOOGEHHO KPUTHIHO B CJIy-
Yae CEJeKTUBHOW JIMCCOIMAINN MOJIEKYJ, XapaKTepu-

3YIOIUXCs HEOOJIBIINMY U30TOLNYECKIMU C/[BUrAMU B
criekrpax UK-nornomenns (WFg, MoFg, UFg) [1,2].
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B kagecTBe nuskosneprerundeckux meroios MJIPU
(¢ smeprueii akTuanuu npouecca ne 6osee 0.3-0.5 3B
[1,2,17]) ceroams paccMaTpUBalOTCA XOPOIIO M3YYEH-
HbIE METO/Ibl M30TOIHO-CEJIEKTUBHOTO TI0/IABJIEHIS KJla-
CTEPHU3AIUA MOJIEKYJI IPH Ta30MHAMAYIECKOM PACIIH-
PEHMU Ha BBIXOJIE U3 COIUIA W M30TOIHO-CEJEKTHBHOM
JINCCOTIUAINY HEOOIBINNX BAH-/I€P-BAAIbCOBBIX KJIACTE-
pos (B wactHOCTH, UMEPOB) [1,2,9-17], a Tak:ke KOM-
Gunanus srux mMeronos [1,2,17]. B nacrogmee Bpems
B CIHIA jyist pasjesieHust ©30TOIOB ypaHa pa3padarbi-
Baercs rexnosoruss SILEX (Separation of Isotopes by
Laser Excitation) [29-31]. IIpuHimnsr 510t TeXHOJIO-
MM HE PACKPBIBAIOTCS, OJHAKO C OOJIBINON BEPOSITHO-
CTBIO MOXKHO TOJIAraTh, 9TO B €€ OCHOBE JIEYKAT HU3-
kosueprerudeckue nporeccot [32]. Texuomorus SILEX,
10 YTBEPXKICHUAM Pa3pabOTINKOB, IPUMEHUMA, TAKZKe
JUIsL Pa3JeJIeHUs] U30TOLOB JIPYIUX SJIEMEHTOB (KpeM-
Husl, 6Opa, Cephl, YIiIeposia, Kucaopona u ap.) [1,29].

B paborax [1,33] 6buio 1OKa3aHO, YTO aJbTEPHA-
TUBYy HHU3KO3HeprermdecknM MeromaM MJIPIW moxker
COCTABUTD TIOJIXOJI, B KOTOPOM H30TOIHO-CEJIEKTUBHASI
JIUCCOIIUAIAST MOJIEKYJI TIPOBOJINTCS B HEPABHOBECHBIX
TEPMOJAMHAMUIECKUX YCJIOBUAX CKAIKa yILJIOTHEHUS,
dopmMupyrorierocsi iepes TBEPIOH MOBEPXHOCTHIO TIPU
NaJIEeHNN HA Hee CBePX3BYKOBOI'O UMILYJILCHOIO Ta30-
JIMHAMUIECKN OXJIAXKICHHOTO MOJIEKYJISIPHOTO TTOTOKA.
DTOT MOAXOH OBLI TPEIJIOYKEH W PA3BUT B paboTax
[34-38|, B KOTOPBIX B HEPABHOBECHBIX TEPMOJIMHAMIU-
YECKUX YCJIOBUSAX CKAYKa yILIOTHEHUS HCCJIEI0OBAIACD
n3oronno-cegekTusHas MK-anccormarus mostekyn SFg
[34-37] u CF3I [38] (cm. Takxke 0630pHYT0 padory [39]).

VKa3aHHbIE MOJIEKYJIBI XapaKTepU3YIOTCsl CPaBHHU-
TEILHO OOTLIIAMUI U30TOMNIECKAMU CJIBUTAMU B CIIEKT-
pax UK-nornomenus. B ciyaae SFg u CF3l uzoron-
Hble CJBUTHM B CIIEKTPAX IOIJIOMEHUs BO30YKIAEMBIX
nazepom kosebanuit vz (SFg) m vy (CF3l) cocrasis-
0T cooTBeTCTBeHHO Av;s ~ 17 cm ! (orHOCHTEIHLHO
uzoronos 225 u 31S) [40,41] u Av;s ~ 27 ecm~ ! (o1-
nocurenbHo nzoronos 2C u 13C) [42]. Dru Besmaunb
3HAMATEIHHO MPEBBINIAIOT MUPUHBI nojgoc¢ MK-mormo-
MEHUsT MOJIEKYJI B OXJIaXKJIEHHOM MOJIEKYJISIPHOM TI0-
Toke. [IpuHIMIUAIBHO Jpyrasi CUTYAIUsl peajn3yer-
¢ B Cllyvae MOJIEKYJ, MMEONHUX HeOOJbIIe H30TO-
IUIECKHE CABUTU B CIIEKTPaX BO30YKIAEMBIX JIa36POM
KOJIeDaHMi, KOT/[a CIIEKTPHI MOIJIONEHNs PASHBIX U30-
TOTIOJIOTOB MPAKTUIECKU MOJHOCTHIO MEPEKPHIBAIOTCSI.
Manast BeImInHa M30TONMMYECKOTO CIABUTA B CIIEKTPAaX
NK-norsomennst MOJIEKYJI, COMAEPKAIUX M30TOIBI Tsi-
JKeJIBIX JIEMEHTOB, SIBJISIETCsI OJJHOM 13 OCHOBHBIX TIPO0O-
JIEM B KOHTEKCTE ITOJTyI€HUST BHICOKUX 3HAYECHUIT CeJIeK-
TUBHOCTHU TP JIA36PHOM DPa3/eJeHUU U30TOIOB METO-
gom UK-nucconmarum MoseKyr.

Henasuo B patorax [43-47] B HepaBHOBECHBIX Tep-
MOJIMHAMUYIECKUX YCJIOBUAX CKAYKa YILUIOTHEHUS WC-
cjieoBaJIach n30TOMHO-cesiekTuBHas K- ucconmarnms
mosiekynn CF3Br u CFy;HCL. VYkaszanable MOJIEKYJIbI
UMEOT HeGOJIbIINE M30TOIUYeCKre CABUTU (110 OTHO-
HIEHMIO K HM30TOIaM OpoMa U XJIopa) B CIEKTPax
UK-norsomenus (Av;s ~ 0.25 cM™! B cayuae Moute-
kyn CF3Br [48] u Av;s ~ 0.05 cm™! B ciryqae moite-
kysn CF2HCI [49]), uro mpejcrasisier GOJIBINON HHTe-
pec B ILIaHe U30TOMHO-CEJIEKTUBHON MHOTOMOTOHHOI
UNK-nucconmarun mosekyn UFg. Ilokazamo, 4ro mpu
HEOOJIBININX TIJIOTHOCTSIX YHEPIUU BO3DYKIEHUS MOXK-
HO PEaJIn30BaTh M30TOITHO-CEJIEKTUBHYIO JIUCCOITAAIIIIO
yKa3aHHBIX MOJeKyJl [43-46]. O6uapyxkeHo addbexTus-
HOE BOBJIEUEHUE MOJIEKYJI, HE MOIJIOMAIONINX JIA3ep-
noe UNK-mziydenue, B pe3oHAHC C JIA3€PHBIM ITOJIEM
[Ipu UX OOJIyYEHUN B CMECHU C IOIVIOMAIONINMY H3JLyde-
HUe Jla3epa MOJIEKYJIAMHU B JBYXKOMIIOHEHTHO! cpejie
[47]. DKcIEPUMEHTBI IPOBOAMIIUCH CO CMECHIO MOJIEKYJI
CF2HC1/CF3Br (upu coorHomenun gapmaennii 1/1).

B nammoit pabore namMu mpuBeeHbI PE3YIHTATHI 00~
Jiee JIeTaJIbHOTO UCCTIeI0BAHUsI OOHAPYKEHHOTO B Pab0-
re [47] pagualnoOHHO-CTOJKHOBUTEILHOIO BOBJICYCHUA
MOJIEKYJI, He ToTJommaonux jgazepuoe UK-uzmyaenne,
B PE30HAHC C JIA3EPHBIM I0JIEM B JIBYXKOMIIOHEHTHOMN
MOJIEKYJISIPHOM cpegie. B xoe uccienoBanuii 061y aernue
mostekyst TK-n1a3zepomM mpoBoimioch Kak B HEpaBHOBEC-
HBIX TE€PMO/IMHAMUYECKHUX YCJIOBUAX CKadKa YILIOTHE-
HUsl B yCJIOBUSAX HU3KOH KOJe0ATEIbHON TeMiepaTypbl
MOJIEKYJI, TaK U B CTATUYECKUX YCJIOBHUAX IIPU KOM-
HATHON Temieparype rasa B KioBere. OUuCaHbl IKC-
[IepUMEHTAIbHAS YCTAHOBKA W CyTh METO/A, PACCMaT-
PUBAIOTCS TPUYIUHBI HAOJIIOMAEMOr0 sIBJIeHUA. Pe3yiib-
TaThl PabOTHI JIEMOHCTPUPYIOT BO3MOXKHOCTBH IIPOBE-
neHns n30TonHo-cejgekTuBHoit K- mucconmarun moste-
KYJI, HAXO/ISIIUXCS IEPBOHAYAJIHLHO BHE PE30OHAHCA, C JIa-
3€PHBIM U3JIy9YeHUEeM, B CMECH C IOIJIONIAIOIIUMHY H3JIy-
qeHne Ja3epa MOJIEKYJIaMU IIPU CPABHUTEIbHO HU3KUX
IUTIOTHOCTSIX SHEPIUU BO30YXKICHUS W 3HATUTEIHHOM
[TOBBIIIEHIM, BCJIEJICTBUE 3TOT'0, CEJIEKTUBHOCTHU JIUCCO-
[IHAINN.

2. TEPMOAVHAMMNYECKUE YCJIOBUA B
CKAYKE VIIJIOTHEHUNA

B mportecce 661CTPOro OXIaxKaAeHNsT MOJIEKYIAPHOTO
rasa IpU PACIIUPEHUN U3 COILIA TEPMOIUHAMUYIECKOE
paBHOBeCUE MEXKJy Pa3JIMIHBIMU CTEITeHSIMHU CBOOOIBI
MOJIEKYJI HAPYIITAETCs U3-3a PA3HUIILI BO BpeMeHax I10-
CTyHaTeNbHOM, BpaIlaTe/JbHON W KoJiebaTe/bHOH pe-
JAKCAIIAN: Ttr < Trot < Tyip- [D0]. CTenens oTKIOHEHNS
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Puc. 1. a) Cxema 3KcnepmmeHTaan0|‘/’| YCTAQHOBKUN C MOJIEKYNAPHBIM MYyHKOM! 1— BbICOKOBaKyyMHas KaMepa; 2 — nMnynbcHoe

conno; 3 — ckummep; 4 — KBagpynosbHbIli MaCC-CNEKTPOMETP; 5 — MOAJIONKKA C YCEHEHHOW TETpasApuYeckoli nupamuaoli ansi

dhopMupoBaHust yaapHoii BoaHbI; 6 — UMAMHAPUYECKME NnH3bI; 7 — ocnabutenun; 8 — okHa u3 NaCl; 9 — nornotutens nanyde-

Hus. 6) Cxema obnyderuns monekyn VIK-nasepom B ktoBeTe npu KOMHaTHO TemnepaTtype: 1 — onTuyeckas KioBeTa; 2 — Mniockoe
3epkano; 3 — pasgenuTenbHasi nnacturka; 4 — dokycnpytowas auusa (f = 140 cm); 5 — NMpPoaNekTprHeckuii NpuemMHmK; 6 —
NOrAoTUTENb N3/yYeHns

OT JIOKAJILHOI'O PABHOBECUS 3aBUCUT OT YHUCJA CTOJIK-
HOBEHUH 2.0, HEOOXOIUMBIX JIJIsT PEJIAKCAITIU JTAHHON
creneHn ¢BoOOIbI. JIj1sT MHOTOATOMHDBIX MOJIEKYJT OOBIU-
HO BBIIOJIHAETCST COOTHOIICHUE: T < Trot < Tyip 0]
IloaToMy B razoamnaMuvecKu OXJIAXKICHHOM MOJIEKY-
JIAPHOM IIOTOKE /[IjId IIOCTYIIATEJIbHOM, BpallaTe/bHON
1 KoJ1e6aTeILHOM TeMIIepaTyp MHOTOATOMHBIX MOJIEKYJT
06b14HO peasmsyiorcs [50] ycioBust

(1)

B npsimoM ckauke ymiotaenus [51,52], koropsiii dop-
MEpPyeTcsl IPU aJeHUH CBepX3BYKOBOIO ra30MHaMU-
YECKH OXJIAZKICHHOIO MOJIEKY/ISIPHOTO MOTOKA, HA TBEP-
ZIyIO HOBEPXHOCTD, U3-32 PASHUILI B CKOPOCTIX IIOCTY-

Tl,tr < Tl,rot < Tl,vib-

raTebHOI BpaIlaTeIbHOl 1 KojiebaTebHON perakca-
uwii [53], peasusyiorcs oGpaTHbe HEPDABHOBECHDIE YCJI0-
Bus [1,34-36,39]

T2,tr Z T2,7"ot Z TQ,Uib- (2)
IIpu sTOM, U3-3a BOJIBIIOrO BpeMeHU KOJIe0ATETbHO-110-
CTYIIATEILHON PeJlaKCaluy MOJIEKY I (HApUMeD, JJis
CF3Br pry_r 135 wmxc - Topp [54], mas CFyHCI
prv_1 &~ 65 mxc-Topp [55]), KonebarenbHas Temiie-

~
~

paTypa MOJIEKYJ B CKadKe YILUIOTHEHUsI B CJIy4ae UC-
[TOJIb30BAHMS MMILYJIbCHOTO IIOTOKA Pa3peXKeHHOr'o Ia-
3a MOXKET IMPAKTUIECKH He OTANIaThCI OT Kojeba-
TeJIbHOM TeMIlepaTypbl MOJIEKY/I B IAJIAIOIIEM IOTOKE
(T2pib =~ T i), B TO BpeMsl Kak IIOCTyHNATEAbHAS U

62

BpallfaTe/bHAst TEMIEPATYPbI MOJIEKYJI B CKATIKE YIIJIOT-
HeHHsl (M3-3a MAJIOr0 BPEMEHH UX [OCTYIATEIbHOI H
BpamaTe/bHOi peakcanuu mopsaka 10-100 wc - Topp
[50]) 3HAUUTEIBHO BBIIIE, YeM B HEBO3MYIIEHHOM IIOTO-
Ke:

TQ,tT > Tl,t?“v T2,7"ot > Tl,rot-

(3)

Takum 06pa3oM, B CKadKe YIJIOTHEHUS CO3AIOT-
Csl HOBble HEPABHOBECHBIE yCJIOBUsA, KOTOPbIE XapaKTe-
pU3YyIOTCS TEM, 9TO KoJiebaTe/ibHAs TEMIIEPATypPa MO-
JIEKYJI CYIIIECTBEHHO MEHbIIE IOCTYIIaTeJbHON U Bpa-
ATeIbHOI TemiepaTyp. B ycioBusax HaIIUX SKCIIEpU-
MEHTOB KoJiebaresbHas Temmeparypa mosekyia CFoHC
u CF3Br B magaromem Ha MOBEPXHOCTH IMOTOKE, BEPO-
aTHo, coctasiana T .4 < 150 K, a mocrynarenpnas
1 BpamaTeabHad TeMmuepaTypbl — Th 4 R~ 1,00 <
<50 K [1,35].

3. 9QKCITEPMMEHT 11 METO/],
NCCJIEJOBAHUNA

3.1. DKcriepuMeHTaIbHAsT YCTAaHOBKA

CxeMa yCTAHOBKH C MOJICKY/ISPHBIM IIy9IKOM IOKA-
3ana Ha puc. la. OHa BKJIIO9aeT BBICOKOBAKYYMHYIO Ka~
MepPY C UMITYJIbCHBIM HCTOYHUKOM MOJIEKYJISIPHOTO ITyU-
Ka, KBaJIpyHosbHbli Macc-ciuekrpomerp KMC-01/250
JUIS JIETEeKTUPOBAHUS YaCTHUIL IIy4YKa ¥ II€pecTpanBa-
eMblil 110 "acTore uMmiyabCcHbIN COs-j1a3ep ¢ 3HEpru-
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eit B nmmyabce 710 4 JIxK 1718 BO3OYKIEHUS MOJIEKYJI.
Wmmynbe w3ityveHus Jiazepa COCTOSI M3 IIHKA JJIH-
TeIbHOCTHI0 0K0J10 100 HC (Ha MOJIyBBICOTE) U XBOCTO-
BOIl 4acTH JIIUTEJIBHOCTHIO ~ (.5 MKC, B KOTOPOU CO-
JepKasioch npumepro 50 % 1oJIHOM SHEprun UMILYJIb-
ca. DKCIIEpUMEHTAJbHAs YCTAHOBKA BKJIIOYAET TaK-
2Ke TIePCOHAJILHBIN KOMIIBIOTED [IJIsl YIIPABJIEHNUS MAaCC-
CIIEKTPOMETPOM, CHCTEMY CHHXPOHHU3AIUU JIA3EPHOTO
UMITYJIBCA C UMILYJIbCOM MOJIEKYJIAPHOTO IIy9IKa U CHC-
TeMy cOopa u 06pabOTKNU JIaHHBIX. KaMepbl HCTOTHUKA
MOJIEKYJISIPHOI'O IIyYKa U MAaCC-CIIEKTPOMETPa OTKAYU-
BAJINCH TYPOOMOJIEKY/ISTPHBIMEI HACOCAMHU JI0 JIABJICHUS
coorsercrsenno He Gosee 107° Topp u 107 Topp.

Moutekyngpubiii mydok CF3Br (ymubo CFHC win
cmecn mostekyn CFoHCL/CF3Br) renepuposasicst B Ka-
Mepe HCTOYHUKA B pe3yJIbTaTe CBEPX3BYKOBOI'O pac-
IMIPEHUsT YKA3aHHBIX T'a30B YePe3 WMILYJIbCHOE COILIO
General Valve ¢ amameTrpom BBIXOTHOTO OTBEPCTHUS
0.8 mm. C 11es1b10 yBeJIUYeHNs] HHTEHCUBHOCTU MOJIEKY-
JIIPDHOTO IIy9YKa K COILUIY MPUKPEILISIIICA PACXOISIINTi-
¢t KoHyc umaoit 20 MM u yryiom pactsopa 15°. -
TEJIBHOCTD UMITYJIbCA OTKPBIBAHUS COILJIA U3MEHSIACH B
muanasone or 310 mo 475 Mkce (Ha mostyBeIcOTE). JlaB-
JIEHHE Ta3a HaJl COIJIOM W3MEHSIJIOCh B JHAIIA30HE OT
3.9 no 8.0 arm. Kamepa macc-cuekTpomeTpa OTAesI-
JIACH OT KAMephl NCTOUHHKA Iy IKa CKUMMEPOM (KOHYC~
Hoit auadparmoii) mguamerpom 1.05 MM, pacosioxKeH-
HOM Ha paccrostauu 150 MM or coma. ChopmupoBaH-
HBII TAKIM 06pa30M IIyYOK 103/ 1aJ1 B HOHU3AIMOHHY IO
kamepy KMC. Paccrosinue ot cpesa comra 10 noHu3a-
nmornoit Kamepbl KMC cocrasitsiio 350 M.

JlazepHoe wu3IIyUYeHNE NEPECEKAJIO MOJIEKYIIAPHBINA
my4JoK 1o yrjiom upumepHo 90°. Pasmeps! jazepHo-
ro Iy4Ka B OOJIACTH II€PECEYEHHs C MOJIEKYIISPHBIM
mygKoM cocTaBiasam 8 X 6 mv2. Paccrosnme ot comia
JI0 CepeJINHBI 30HBI OOJIyYeHMS MOJIEKYJISPHOIO MTOTO-
Ka cocTaJisyio okoJio 46 mm. COs-j1a3ep ObLI HACTPO-
en Ha wactory remeparmu 1084.635 cv~! (mmma wus-
aygerns 9R(30)). Dra uHAS U3IyIeHNS Ja3epa Iola-
JaeT MexK 1y (J-BeTBsIMHU CIIEKTPa MOIJIOMIEHUsT KOieha-
mus vy Monexyn CF3™Br (1084.769 ey~ 1) u CF38'Br
(1084.521 em™ 1) [48]. Vkazannast iuHus reHepanum Jjia-
3epa OTCTpOeHa OT (Q-BeTBU KOJICOAHUS V3 MOJIEKYJIBI
CFoHCI npumepro na 15.4 cm~! [56] B kpacnyro 06-
JIACTb.

I dpopmupoBanus cKadka yIUIOTHEHHUS HA Pac-
crogunn r = H0 MM OT COIJIa pacIojarajach Iep-
[IEH/IUKYJISIPHO HAIIPABJIEHUIO MOJIEKYJISPHOI'O IIOTOKA
[IO/IJIOXKKA U3 JIOPAJIIOMUHNS TOJIIUHON 6 MM u 1ua-
MeTpoM b0 MM. B meHTpe MOIJIONKKN MMENIOCh IMOJIH-
pPOBaHHOE KOHYCHOE OTBEPCTHUE C BXOJHBIM JINAMETPOM
(co croponsl corura) 1.2 MM M BBIXOIHBIM JTHAMETPOM

5.0 mm. IIpu najieHrr THTEHCUBHOTO UMILYJIBCHOTO MO-
JIEKYJIIPHOTO TIOTOKA Ha 3Ty IJIACTUHKY Mepej, Hei
dopmupoBasics CKA4YOK yIuIoTHeHUs (yIapHas BOJIHA)
[51, 52] ¢ HEOJHOPOJHBIMU U HEPABHOBECHBIMU YCJIO-
Busmu [35, 36]. Xapakrepublii pasmep ¢poHTa CKad-
Ka YIUIOTHEHWsI, KOTOPBIA [0 MOPSIIKY BEJIUIUHBI Pa-
BeH JyinHe CBOGOAHOrO mpobera mosekyn [51, 52|, B
YCJIOBUSIX PACCMATPUBAEMBIX IKCIIEPUMEHTOB COCTaB-
gt 5—7 mm [35, 36, 39]. C menbio nosyuenus: GoJiee
MHTEHCUBHOIO CKA4YKa YIJIOTHEHUS K IIACTHHKE IIPHU-
KPEIUIsJIACh CO CTOPOHBI COILIA CXOJISIIAsT yCeueHHAasT
qeTbIpexIpaHHas nupamuia Bbicotoir 12 mm. JIBe rpa-
HU OUPAMUILI OB M3MOTOBJIEHBI U3 TOHKUX IJIACTHU-
vok NaCl, npospadsbix Jjisi u3jIydeHus Jiasepa. Mo-
JIEKYJIBL Iy9Ka, a TaKKe 00pasyIoIecs B Pe3yIbTaTe
BO3OYKJIEHUST JIA3ePOM U TIOCJIELYTOMIEH JIUCCOTATIIH
MOJIEKYJT TPOJYKTHI, HAXOJSININECS B CKAYKe YILIOTHE-
HUsI, BBIXOUJIN Yepe3 KOHYCHOE OTBEPCTHE B ILJIACTUH-
Ke, (POPMUPOBAIN BTOPUYHBIA MOJIEKYJISAPHBIA Ty 90K
[35,39] u nomagaIM B MOHU3ATOP MACC-CIIEKTPOMETDA.

Cxema 9KCIIEPUMEHTa 10 OOJIYUEHHIO MOJIEKYJ B
CTATUYECKUX YCJOBUAX MPU KOMHATHOW TeMIepaType
rnokaszaHa Ha puc. 16. O6jiydyeHre MOJIEKYJI JAa3ePHBIM
NK-usnydenuneM OCyIIECTB/ISIIOCh B ONTUYECKON KIO-
Bere jymHON 11.2 cm. O6/y9aanch Kak 9UCTBIE Ta3bl
CF3HCl u CF3Br npu masnenusx B kioBere 0.5, 1.0
u 2.0 Topp, Tak u cmecu razos CFoHCl/CF3Br npu
coorHommenun Jasiaenuii 1/1 u obmem gasienun 1.0 u
2.0 Topp. Pacxompl razoB B KtoBeTe B pe3ysbrare 00JIy-
YeHHUS MOJIEKYJI OIPEJIEJISJINCh HA OCHOBE H3MEDEHMIA
narercuBHOoCTH VIK-criekTpoB mororenns: KoyiedaHuit
vs u vg Mmosekyn CFoHCl m kosebanus v MOJeKysn
CF3Br 10 u nociie obiydenust ¢ nomoiibio UK-crnekr-
podoromerpa SPECORD-MS82.

3.2. CyTtp Habmomaemoro 3pdeKra 1 MeTo/,
UCCJIeJOBAHUS

Cytb abderra BoB/I€UEHUST MOJIEKYJI, HE HIOTJIONIA~
IOIUX JIA3€PHOE M3JIyUeHne, B PE30HAHC C JIA3EPHBIM
NK-nonem, nogcuserca na puc. 2. Ha puc. 2a noka-
zanbl nosoca VK-norsomennst konebanust vy (gacto-
Ta 1084.5 cm~ ! [48]) pesoHAHCHO MOTTIONIAIONHIX U3Ty-
genue COg-sazepa mosiexyn CF3Br nupu nuskoit (T ~
~ 50 K) remueparype [48], a Takzke nosocst MK-morio-
mennst Kosebanmit vz (1100 em™ 1) mvg (1118 em—1) [56]
mostekyst CFoHCI B 2XujikoM aprose mnpu TeMiieparype
T ~ 110 K. Crpeskoil MOKa3aHO TAK?KE PACIIOTIOKE-
uue suann rerepain COsg-sazepa (9R(30), wactora
1084.635 cm~ 1), Ha KOTOpOii OCYIIECTBIAIOCH 06Ty Te-
HUe MOJIeKy/I. Jacrora M3JIydeHus Jasepa HaXOIUTCH
B pesonamnce ¢ mojocoit K-nornomenns konebanus vy
mostekyn CF3Br (momamaer mexiy (QQ-BeTBsiMm MOJie-
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Puc. 2. a) Monoca WK-nornowenns konebanus vy (4actota 1084.5 cm ™' [48]) pesoHatcHo nornowatouyux usnyuerne COo-
nasepa monekyn CF3Br npu temnepatype T' = 50 K [48] u nonocel K-nornowenus konebanuii v3 (1100 cm ™) n g (1118 cm™t)
monekyn CFoHCI B xunpkom aprore npu Temnepatype 7' &~ 110 K [56]. 6) Monoca NK-nornowenusi konebanus vy (4acrora
1084.5 cm~! [57]) pesomancHo nornowatoumx usnyderne COz2-nasepa monekyn CF3Br u nonoca VIK-nornowenus konebannii
v3 (1100 cmv™ ') n vg (1118 cm™ ') monexyn CFoHCI [56] npu komHaTHOl TemnepaType. BepTukanbHbIMU CTpesKaMn Ha puc. a
W 6 nokasaHo pacnonoxenne nuxun renepauun COz-nasepa (9R(30), 4actota — 1084.635 cm™ '), Ha KoTopoii ocyuiecTBAs-
nock obydeHne monekyn. [OpU30HTaNbHBIMU CTPENKaMM MOKa3aHO HanpasfeHne cMmewerns nonoc MK-nornowenus monekyn B
HW3KOYaCTOTHYIO 0biacTb Npu nx KonebaTenbHOM BO3bYKAeHNN

kyn CF381Br u CF37Br), u ona 10BOJILHO a/IeKo OT-
crpoeHa oT OsmmKaiimeit mosocsr MK-morsomnenns: mo-
sekys CF3HCI (oTeTpofiku T 1mosioc IOrIomeHns Ko-
siebanuit v3 u vg mosekyn CFoHCI cocrasisitor coor-
BercTBenHo He Menee 15 em™! u 33 em™1). Ha puc. 26
nokaszanpl nojoca MK-normomennst kojebanus v, MO-
aekyn CF3Br [57], a Takxke nosoca NK-norromennst
kosiebannit v3 u vg mosekysn CFoHCl mpn komuarHOMI
TeMIeparype. 3aMeTuM, 9TO MMOJIOCHI MOTJIOMEHUs KO-
Jsiebanuit v3 u vg moJiekys1 CFoHCI mpu komMHATHOI TeM-
nepaType He pas3penaiTcst (IepeKphIBAIOTCS ).

Pesonancuoe Bo3OyXKjeHHe J1a3epoM  MOJIEKYJI
CF3Br B cmecu ¢ mosnexkynamu CEFoHCl npusomur K
KoJiebaressbHOMY BO30yxKaernio Mojiekyn CFoHCI 3a
cueT mporecca KojebaTeIbHO-KOIe0aTe IbHOTO 0OMeHa,
sHeprueit ¢ Bo30yxkaenabiMu Mosiekysnamu CF3Br. B
pesynbraTe 3Toro mosiochl K-morsonennst MOJIEKYT
CF3HCI cmemarorcst n3-3a aHrapMoHU3Ma KOJIeOAHMIT
B KpacHyio 00JacTb (B CTOPOHY YACTOTHI U3JIyYCHUS
Jazepa, BO30YXKJIAIONIEr0 MOJIEKYJIbI, CM. pHC. la)
[20, 27]. DTO WpMBOAMT K TOMy, UTO M3HAUAJILHO HE
rorJioraonme u3iaydenne jaszepa mosekyiast CFoHCI
3a CYeT CTOJKHOBEHUI C BO3OYKIEHHBIMH MOJIEKY-
jgamu CF3Br HaumHaioT BOBJIEKATHCS B PE3OHAHC C
JIa3epHBbIM oJieM. B masjbHeiiiieM CTaHOBUTCS BO3-
MOKHBIM UX PaJIHAIINOHHOE PE30HAHCHOE BO30Y XK/ I€HIE
U JUCCOTUAIINS JIA3EPHBIM U3JIy ICHUEM.
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ITpu nasepuoit MK-auccormanuu mostekysr CEFoHCI
obpasyrorca pamukaiael CFo m wmosekynsr HCL B
pesy/IbTare MOCeYIoNell PEKOMOMHAIINN PaUKAJIOB
CFy obpasytorcss mosekyisl CoFy  [58]. Dueprus
mucconmarnun Mosekyn CFoHCl cocraBmger 47.9 +
+ 4.0 kxasx/monb [59]. Ilpu aucconmanum MOJIEKYJL
CF3Br obpasytorcss pajgukaisl CF3 u arombr Br, a
KOHEUHBIMU TPOJIYKTAME JTUCCOIUAIANA U ITOCJIEILyTO-
MUX XUMHIECKUX peaknuii sBasiorcs Mosaekyasl CoFg
u Bre [60]. Dueprus muccormanuu mosexkyn CF3Br
3HaunTebHO Oostbinie, yem y Mojekyn CEFoHCL Omna
cocrasiisier 66.9 + 3.0 kkaJi/moun [59].

Broixoupl gucconmanyu (35 u Brg mosiexkyn CEFoHCI
u CF3Br npu obiiydyeHnn B cKadke yILJIOTHEHUSI OIIpe-
JIEISIIACH HA OCHOBE N3MEPEHNI NHTEHCUBHOCTY BPeMsi-
MIPOJIETHBIX CIIEKTPOB COOTBETCTBEHHO MOJIEKYJISTPHOTO
nona CFoH**Clt (m/z = 86 a.e.M.) u monHoro dpar-
merta CF™Brt (m/z = 129 a.e.m.). Bpemsmposner-
HbIE CIEKTPHI YKA3aHHBIX MOHOB N3MEPAIACH KAK B OT-
cyTCTBHE BO30YXKJIEHUsI MOJIEKYT B (DOPMUDYOIIEMCs
epe;; MOBEPXHOCThIO CKAYKe YIIOTHEHUsI, TaK U IIPU
ux Bo30yxkaeHun Jjazepom [43-46]. B caygae mosekys
CF;HCI

SL = So(l — 635F), (4)

rae Sy u S — BPEMSIIPOJIETHbIE MOHHBIE CUTHAJIBI
CF,H3%CIT cooTBeTcTBEHHO B OTCYTCTBHE BO30YIKIe-
HUS MOJIEKYJT U TIpU UX BO30OYKJeHWHU Jjaszepom, [ —
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OTHOIIIeHNE 00JIyIaeMOro 06beMa KO BCeMy 00beMy MO-
JIEKYJISIDHOTO TTOTOKa. B sKcliepuMeHTax HAMU aHAJIU-
3UPOBAJICSI COCTAB JIUIIb 00JIYIAeMON JTa3ePHBIM H3JIy-
YeHHeM YACTU MOJIEKYJIsIDHOTO MOTOKa. [Toaromy B Ha-
IeM CJIydae peajin30BbIBATIOCh yeaoBue ' = 1.

B skcrnepumenTax, mpoBeIeHHBIX IO 00Ty YSHIIO MO-
JIEKYJI TIPU KOMHATHOH TeMIlepaType ra3a B KIOBETe, BbI-
xogpl jucconuarmu MmoJiekyil CFoHCL u CF3Br ompe-
JIeJISIINCh Ha OCHOBE COOTHOIIeHUs (HAIpUMED, s

CF,HCI)

pn = po(l — Ber,na) ™, (5)

rae po U py — JaBierus mosekyisipaoro raza CFoHCI
B KIOBET€ COOTBETCTBEHHO JI0 W IIOCJIe ODJIydeHUs Jia-
3€pPHBIMU UMIIyJIbcaMu, N — 9YHCJIO HMILYJIBCOB OOJIy-
gennusi, I ~ 0.11 — orHOImIEHNE 0OJIYyIAEMOr0 JIA3€POM
obbeMa KIOBETHI K MOJHOMY ee o0bemy (cM. puc. 16).

4. PE3VJIBTATHI NICCJIEJOBAHUN U X
OBCVY2KJIEHUE

4.1. Pe3synbTaThl, MOJy4Y€eHHbIE IPU O0JIydYEeHUN
MOJIEKYJI B CKa4YKe yIJIOTHEHUS

ITpu ob6syuennun cmecu mogekyn CFoHCl/CF3Br
B CKadke YILJIOTHEHUs] HaMu HabJIIOIAIUCh BOBJIECYE-
uue mosiekysn CFoHCI, He Haxoumsimuxcst B pe3oHaHCe
¢ NK-uznyuenunem COs-j1a3epa, B PE30HAHC C JIa3ep-
HBIM T0JIeM U uX 3hdeKTuBHAsL Jucconuanus. B To ke
Bpems mpu obsryuerun ductoro raza CFoHCI npu Ta-
KOii Ke IUIOTHOCTU SHEPIUH H3JIydeHHs Jjiasepa (Ipu
@ < 0.5 Jlx/cm?) pucconpanus MOJEKY/T TPAKTHIec-
Ku He mMmesna Mecta. Ha puc. 3 mpuBenensr 3aBucuMo-
ctu BeIxOa fucconmanuu Bzs mosexkyia CFoH3°Cl ot
IJIOTHOCTHU SHEprun @ BO30YKIAIONIEro JIa3ePHOTO U3~
JlydeHusl. DTU 3aBUCUMOCTH MU3MEPSIUCH [0 BeJIMIUHE
MoJtekyJsipHOro nonsoro curuasa CFoH3®ClH mpu Bos-
Oy KJICHUN MOJIEKYJI B YJIAPHOI BOJIHE B JIBYX Da3Jind-
HBIX ciydagx. B nepsom ciyuae (1) yaapHasg BOJHA
dopmupoBaIach MOJEKYJISIPHBIM TOTOKOM YHUCTOTO I'a-
za CF3HCI, a Bo BTOpOM Ciiydae (2) — MOJIEKYJISIPHBIM
norokoM cmecu razos CFoHCL/CF3Br = 1/1. B o6oux
caydagx o0Iee JaBJIEHHE ra3a HaJl COMJIOM COCTABJISA-
Jo 4.0 at™. Bugamo, ¥TO B MMUPOKOM JIHAITa30HE TIJIOT-
nocreit sueprun (¢ = 0.1-2.5 JIx/cM?) BBIXOJ AHCCO-
muanuu Mosiekyn CFoHCL namuoro (B 5-8 pa3) Gosib-
1e, KOrjia OHU BO30YKJIAIOTCS B CMECH C MOJIEKYJIAMHE
CF3Br, uem nipu Bo36yxkenun uncroro rasza CFoHCI.
Veenunuaenne Buixoma mucconnanun mosekysnr CFoHCI B
cmecn ¢ CF3Br obyciosneno [61] addexrusHoil nepe-
Jladeil uM KoJsiebaresbHOi sHeprun or mMojiekyin CF3Br,

5 ZKIOT®, Bbin. 1(7)
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Puc. 3. 3asucnmoctn Bbixoga AuccouMaLnn  MOJIEKYI

CF32H®°Cl oT nnoTHOCTW SHEPruM Na3epHOro U3NyyeHus B
cayyasix obnyderns monekyn CFoHCI B ygapHoii BosiHe B 4u-
ctom rase (1) n B cmecn CFoHCL/CF3Br = 1/1 (2). Mo-
Nekynbl Bo3byxganucs Ha nunun 9R(30) nasepa (Ha vactoTe
1084.635 CM’l). B obounx cnyyasx gaeneHue rasa Hag comnJjiom
4.0 at™. JnnTtensHoCcTb uMnynbca oTkpbiBaHus consia 410 mkc

BO30YKJIEHHBIX JIA3€POM, U JIAJBLHEAINM X PaIualii-
OHHBIM BO30YKJICHUEM.

B cayuae obirydenusi MOJIEKYJI B CMECU PE3OHAHCHO
norsiomennass Mojekysinamu CF3Br smeprusi jazepno-
o M3JIy4YeHHUs 32 CUeT KOoJiebaTesIbHO-KO0JIeDaTebHOrO
obmena sueprueii ¢ mosexynamu CFoHCI yike B Teue-
HUEe BO30YIKJIAIONIEr0 JIA3€PHOI0 UMITYIbCA [TPUBOJIUAT
K KoJjiebarepHOMY BO30yxKieHuto Mojiekya CEFoHCI u
JIOBOJIbHO CHUJIBHOMY KPACHOMY CMEIEHHIO I0JIOC UX
VK-nornomenns [20, 27]. KorcranTsl aHrapMoHH3Ma
koJiebannii v3 u vg CFoHCI cocrasisior coorBeTcTBeH-
HO X33 = —5.0cm ! m Xgg = —3.5 cm~ ! [56]. B pesyis-
Tare cMemtenus mojoc norsomenus Mojaekyn CFoHCI
B HU3KOYACTOTHYIO 00JIACTH OHU BOBJIEKAIOTCS B PE30-
HAHC ¢ Jla3epHbIM 110J1eM. [locsemyrormee pauamoHHo-
CTOJIKHOBUTEILHOE BO30YKICHIE MOJIEKYJISIPHON cMecH
npuBoauT K ddexrusnoit MK-mucconmanum mpenmy-
mecrBeHHo moJiekysl CEFoHCI) mocko/ibKy oHM MMeroT
6oJiee HUBKYIO SHEPIUIO JUCCOIUAIINN, €M MOJIEKYJIbI
CF3Br. ITosromy mipu HEOOIBINMUX IOTHOCTSX SHEPTUH
B3Oy aerus (¥ < 1.0 [Ixx/cm?) peanmsyrorcs yciio-
Bust, Kora moJiekyiibl CEoHCl B emecu jucconuupyor,
B 1O Bpems Kak mouiekysnbl CF3Br me OymyT moasep-
rarbes auccoumanuu [45,46].

Ouenku nokaspiBaor [39,44], 4ro KoHueHTpanuu
mostekyst CFoHCI B majiaroriemM oToke u CKadke yILioT-
HEHUs B YCJIOBUSIX IIPOBEICHHBIX IKCIEPUMEHTOB (1aB-
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Puc. 4. 3aBucnmMocTu Bbixoja LUCCOLMALNN  MOJIEKYN

CF37"Br oT ni0THOCTY SHEPrUM J1A3€PHOTO N3MTYHEHNSI B CIy-

vae obnydenus uuctoro rasa CF3Br B ygapHoii sosHe (1) un

B ciydae obnyyenns cmecn monekyn CFoHCL/CF3Br = 1/1

(2). Monekynbl Bosbyxaanuck Ha nunun 9R(30) nasepa. [das-

neHne rasa Hag consiom 5.2 atm. JdnutensHocTb umnynbca
oTkpbiBaHus conna 390 mkc

JIeHne rasa HaJ, coluioM 4.2 aTM, JJIUTEIbHOCTb UM-
myJabca OTKpbIBaHus comia 410 MKc, 9rc/Io MOJIEKYT,
BBIXOAAIIAX W3 COILIA 3a MMITysIbe, 1.7 - 1017) cocran-
a0t coorsercTento 5.2 - 101 em™3 u 6.3 - 1016 cm 3.
CiietoBaTesIbHO, y2Ke MIPU HEDOJIBIIIOM JIABJICHAN ra3a
B ckauke ymioraenus(1.5-2.0 Topp) npoucxomur z0-
BOJILHO OBICTDPBII OOMEH SHEPTrHUell MeXK/1y MOJIEKYJIAMHI
(3a BpeMeHa, MEHbBIINE JJINTESHHOCTH JIA3€PHOTO MM-
mysibca & 1 MKc), nupuBoggmuiit K 3pdekTuBHOMY BO-
BJICUCHUIO B IIPOIECC TIOIJIOMICHUS U3JIy9YeHUs Jia3epa
HEpPEe30HAHCHBIX MOJieKyJI. CTOJIb OBICTPHIil Iporece 06-
MeHa Heprueil MoKeT OBITH CBSI3aH C JOBOJIBHO BBICO-
KOI1 TOCTYIATE/IFHOM U BPAIIATEIbHON TeMIIepaTypaMu
raza B ckauke ymaoTaenust (1 4 = 1o ot =~ 550-620 K
[39]) u HAIBHOAEHCTBYIONMM JMIOIBHO-AUIOIBHBIM
B3anMOJIEHCTBIEM KOJIe0aTeTbHO BO30Y K ICHHBIX MOJIE-
Ky [46,61].

Tor daxT, uT0 JaTBLHOEHCTBYIONIEE TUTOILHO-TU-
[TOJIbHOE B3aMMOJIEHCTBIE KOJIe0aTeIbHO BO30Y K ICH-
HBIX MOJIEKYJI HUMEET MECTO B HAINUX IKCIEPUMEHTAX,
[IO/ITBEPXK/IAETCA TEM, YTO IIPH OOJIyYEeHHUU MOJIe-
KyJI B CMECH BO3DACTaeT BBIXOJ JUCCOIUAINNA He
tosibko Mosiekyn CFoHCL, wo um wmosekyn CFj3Br.
Ha puc. U3MEpPEHHbIE 110 UOHHOMY
curnasny CFo""Brt, 3aBucuMocTn BBIXOIA JHCCOITH-
ammn frg Mmostekya CF3™Br or mmorHocTn sHeprum

4  1OKa3aHbI

BO30YKJAIOIEr0  JIA3ePHOIO  HM3JIyUeHHs B CJIydae
UCHONIb30BaHusT MoJieKyasipHbix motokos CF3Br (1)
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u CF;HCl/CF3Br = 1/1 (2). CymmapHoe jaBieHne
rasa HaJ COIJIOM COCTABIAIO 5.2 aTM. Mosekyss
Bo30yxaaiucy na Juaun 9R(30) sazepa. Bugmo,

YTO B HCCJIEILYEMOM JHAlla30HE IIJIOTHOCTEH SHeprun
(@ ~ 0.75-3.0 [Izx/cM?) BBIXO AUCCOTUAIINT MOJIEKYIT
CF3Br B ciygae Bo30y2KjieHusI B CMECH C MOJIEKYJIAMU
CF,HCI snauurensuo (B 1.5-2 pasza) Goublue, deM B
ciydae Bo30yxkaenus 6e3 CFoHCIL.

4.2. Pe3ysnbTaThl, IIOJIy4YeHHbIE B CJIy4ae
00JIy9YeHNsI MOJIEKYJI B CTATUYIECKUX YCJIOBUIX
Ipyu KOMHATHOM TeMIepaType ra3a B KIOBETe

Kak Bujino Ha puc. 2, ycjoBud 718 BOBJIE€IEHUST MO-
Jstekys1 CFoHCI B iporiece B3auMoieficTBUSI ¢ JIa3€PHBIM
NK-mosieM coBepIIeHHO Pa3Hble B CJIydasX O00JIydeHUs
MOJIEKYJI B HEDABHOBECHBIX TE€PMOIUHAMIIECKUAX YCJIO-
BHUSAX CKA4YKa YIUIOTHEHUS M B CTATUYECKUX yCJIOBUAX
[Ipy KOMHATHO! TeMIlepaTrype rasa. B yciaoBusax ckad-
ka ymiornenus Mosiekyibl CFoHC (u3-3a ux cpasuu-
TeJIbHO HU3KOH KOIe0ATeTHHON TeMIIEPATYPBI) MEPBO-
Ha4aJbHO HE HAXOIATCHA B PE30OHAHCE C JIA3€PHBIM U3-
JiyaeHueM. B yciioBusix KOMHATHOI TeMIepaTypbl ra3a
B kioBere Mojiekysbl CFoHCI (Benencrsue ux 10B0JIb-
HO BBICOKOH KOJIE0ATEIHHON TeMIepaTyphl) yKe U3Ha-
9ajIbHO IOIVIOMIAKOT Jia3epHoe m3jydenue. [losTomy B
citydae OOJIy9eHrsI MOJIEKYJI B KIOBETE IIPU KOMHATHOM
TeMmirepaType 3hdeKT BOBIEUEHUST MOJIEKYJI B IIPOIIECC
B3aMMOJIEICTBUS C JIA3EPHBIM II0JIEM JIOJI?KEH ObITH Me-
Hee SPKO BBIPAXKEHHBIM, 9TO U HAOJIIOJAJIOCH B HAIUX
9KCIIEPUMEHTAX.

Ob6utyuenre MOJIEKYJl TIpU KOMHATHOM TeMIepaTy-
pe raza B KIOBeTe MPOBOIUIOCH IpU (DUKCAPOBAHHON
IUIOTHOCTU YHEPTUU Ja3epHOoro maaydenns ¢ = 2.0 &
+ 0.1 JIxx/cm?. Usitydenne masepa hOKyCHPOBAJIOCH B
KIOBETY JJIMHHO(DOKYCHOIT JINH301i ¢ (DOKYCHBIM PACCTO-
guueMm f = 140 cm. Ceuenne Ja3epHOTO IydKa OBLIO
[IPUMEPHO OJINHAKOBBIM II0 JIJINHE KIOBETHI U COCTaB-
a0 Sipr &~ 0.22 cMm2. Buyrpennnit quamerp KiOBETbHI
1.6 cM, cewenme mpuMepro 2.09 cm?. Ocoboe BHEMA-
HUE yJIeJISI0Ch TOMY, YTOOBI PACXO/Ibl I'a30B B KIOBETE B
xoJie obJryuenus cocrapisaau ne Gosee 30-35% or Ha-
YAJBHOrO JIABJICHUS (OTHOIIEHIE KOHEIHOIO U HAYA/Ib-
Horo pasJenuii py /po > 0.65-0.7, N — 4uciio umirysib-
coB 00JIyueHNst) JIJI TOrO YTOObI BTOPUYHBIE XUMUIEC-
Kue peakimu (BO3MOXKHO, UMEIOIINE MECTO B KIOBETe)
HE CHJIBHO BJIMSIN HA PE3yJIbTaThl u3Meperuii. B 6071b-
IIUHCTBE CJIyYaeB YUCJI0 UMILYJIbCOB 00JIy Y€HUS COCTaB-
gsio N = 50. Ilonyuennbie pe3yabTaTbl TPUBEICHBI B
TabIuIe.

Anasm3 pe3ysbTaToB MOKA3BIBAET, UTO BBIXOJ, JINC-
commaruu Mmosiekysi CFoHCL B unmcrom rase npu jas-
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Tabnuua. Pesynbtatbl uccnegosanuii no namepennto soixoga auccoumnauun monekyn CF;HCl n CF3Br npu nx obny4ye-

HWN B CMECU APYr C APYroM, a TakXKe B OTAE/IbHOCTY UHTEHCUBHBIM n3nydeHnem umnynbcHoro COq-nasepa B KloBeTe npu

KOMHaTHOI TemnepaType. [1noTHOCTL 3Heprumn Bo3bykgatowero nasepHoro nsnydenus @ = 2.0 + 0.1 ,D,)K/CMQ. Yucno

MMMNY/IbCOB OBayYeHnsi B BOsIbLINHCTBE ClyHaeB pasHo 50

OrHomenne KOHEYHOTo U | Boixo mauccormarun | Beixon aucconmanyn
CocraB u maBjeHne
HaYaJILHOIO JABJICHNUIA, mosiekyn CFoHCI, mosiekys CF3Br,
00JTy1aeMoro ra3a
PN /Po Ber,ucr, % BoF,Br, Yo
0.768 5.2 —
0.728 6.2 —
0.789 4.7 —
0.719 6.2 -
CF,HCI, 1 Topp 0.762 5.1 -
0.696 6.54 —
0.837 3.36 —
0.682 7.87 -
0.722 6.72 —
CF5HCI, 2 Topp 0.678 7.63 —
0.612 — 4.6+0.1
CF3Br, 1 Topp 0.900 — 1.99 4+ 0.09
0.992 — 1.69 4+ 0.05
Cwmecn: CFoHCI + CF3Br, CF9HCI — 0.879, 9 43 975
0.5 Topp + 0.5 Topp CF3Br — 0.864
CF.HCI1 — 0.660,
° ’ 7.8 3.92
CF3Br — 0.812
CF,HCI1 — 0.760,
Cmecn: CFLHCL + CF3Br, CF.Br — 0.870 5:2 2.62
1.0 Topp + 1.0 Topp CF-HCI — 0.615
> o 8.76 2.83
CF3Br — 0.855
CF,HCI — 0.655,
7.95 4.04
CF3Br — 0.807

sgeranu 1 Topp, ycpesHeHHBIA MO MIECTH U3MEPEHUAM,
cocrapisier fop,nct = 5.66 £0.75% (+£13 % or cpen-
Hero) ¢ MaKCHMaJbHBIM pas3bpocom or 3.36 1o 7.87 %
(B 2.34 paza), a yCpeJHEHHbIl [0 JEBATH U3MEPEHU-
M — Per,nct = 5.77 £ 1.32% (£23 %) ¢ Tem ke Mak-
cUMaJIbHBIM pa3bpocoMm. B To 2Ke Bpemsi BBIXO, JIUC-
commaruu Mojiekysa CFoHCl npu obiyuyennn B cMme-
cu ¢ mosekynamu CF3Br (1 Topp CFoHCI1 + 1 Topp
CF3Br), ycpelHeHnblii 10 4eTbipeM U3MEDEHUsIM, CO-
crasisger Bop,uc = 7.42 + 1.55% (£21 %) ¢ makcu-
MaJbHbIM pazbpocom ot 5.18 mo 8.76 % (B 1.69 pasa).
Brixox auccommanyu CFoHC] mpu yBenmdennn gasiie-
nusg ¢ 1 go 2 Topp ysemmumica B 1.14 paza, uin B
1.32 pasa orHocuTesbHO cpemnero 3uaderus. CireoBa-
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TenbHo, BbIxoa auccormamun Mosekysn CEFoHCI B eme-
cu ¢ monexkynamu CF3Br B 1.29 pasza mim ma 1.54 %
(7.42 %—5.66 %) Goubllle BBIXOJA JUCCOIUAINN B M-
CTOM rase.

Boixon muccormmarnuu mosekyn CF3Br B ciyaae ux
oburyuenus B cmecu ¢ mojiekyiamu CFoHCI Takke Bo3-
pacTaer IO CPABHEHHUIO C BBIXOJIOM JIUCCOIMAIUU IIPH
0o0JIydeHrnn 9IUCTOro rasa. Tak, B caydae OOJIydeHUs
qucroro ra3a CF3Br npu nasmenun 1 Topp BeIxom muc-
COIMAINY, YCPEIHEHHBIH 110 TPEM U3MEPEHUSIM, COCTa~
B Sop,pr = 2.76 £ 1.60 % (£58 %). IIpu srom Mak-
CHMAJIbHBIN pa30pOC B BBIXOJAX JMCCOIMAINAN OBLI OT
1.69 50 4.6 % (pasmuna B 2.72 pasza). A BbIXOH juC-
commaruu Mojiekyil CF3Br npu obiydenun B cMmecu

5*
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¢ monekyimamu CFoHCl (1 Topp CF3Br + 1 Topp
CFoHCI), ycpesennblii 110 9eTbipeM U3MEPEHUsIM, Pa-
BeH Bop,pr = 3.35 £0.73 % (£22 %). IIpu arom mMakcn-
MAJILHBIN Pa30POC BBIXOJIOB JUCCOIUAIINNA COCTABUJI OT

2.62 mo 4.04% (B 1.54 pasza).

4.3. O6cyx/IeHue pe3yabTaToB

PesynbraTer mcciaeqoBanuil, BLITOJHEHHBIX IO 00-
gydennto CFoHCl u CF3Br npum komHarHON TeMire-
paType B KIOBeTe, MOKa3bIBalOT, UTO 3(hdeKT BOBJe-
qennsi moJiekysi CFoHCI B pesonanc ¢ j1azepHbIM 1O-
JieM 1pu obJiydeHuu B cMecu ¢ morsormaomumu K-
nziydenne mosekymnamu CF3Br rakaxke mmeer mecto,
KaK U B cllydae OOJIydeHUsl KOJeOATETbHO OXJIAZKIeH-
HbIX MOJIeKyJI. OaHAaKO 3TOT 9 DEKT CyIIECTBEHHO Me-
Hee BBIPAYKEH BCJIEJICTBUE TOTO, YTO TPU KOMHATHO
temueparype mostekyiibl CFoHCI yxke nznagaipHo mo-
DJIOIIAIOT M3JIyueHne asepa Ha dacrore juann IR (30).
Ha nmam B3rursam, ucciemsyembrit adderT ObL1 661 Oosee
9eTKO BBIPAXKEH B CJIydae O0JIyIeHUsl MOJIEKYJ Ha, JIid-
ausix 9R(10) nim 9R(12) smasepa, OTCTPOEHHBIX MPU-
MepHO Ha 11-13 cm~! B KpacHy0 06/IaCTH OT JIMHUK
9R(30), na uacrore koropbix mosekyiant CFoHCI pu
KOMHATHON TeMIIepaType MPAKTHIECKH He MOTJIONAIOT
NK-uznyuenne (cm. puc. 26). DddexT BoBiedeHns: Mo-
JIEKYJT B IIPOTIECC B3aUMOMEUCTBUS C JIA3€PHBIM ITOJIEM
60Jiee IE€TKO TPOSIBJISETCS B Cydae OOJIyUeHUs MOJIe-
KyJI IPA MEHBINEHl [JIOTHOCTU SHEPIUH JIA3ePHOTIO U3~
mydenus (mpu @ < 1.0 /Ix/cm?). D10 ceyer us mpu-
BEJIEHHBIX HA PUC. 3 JAHHBIX: 9€M MEHbIIE [JIOTHOCTD
SHEPruu BO30YK/JEHNs, TEM CHJIbHEe PA3JINIre B BbIXO-
JlaX JINCCOIUAINN MOJIEKYJI B CJlydae UX OOJIydeHUs B
CMECH U B OTJIEJIbHOCTH.

Citejtyer OTMETUTH, 9TO MEXAHU3M yBeJIHIeHUsT -
dexktunoctu NK-auccorumanumm MoJeKys B CMeCH B
o0IMX dYeprax AHAJOIMYEH MEXAHU3MY yBEJIMYCHUS
abdexruBnoctn MK-mucconmanum Mojekysr B OJHO-
KOMITOHEHTHO# CpeJie TI0 Mepe yBeJHYeHUsI TeMIepa-
Typbl M/MaM jaBieHusi rasa [62, 63]. B paGore [62]
na npumepe CF3Br 6b110 mokazano, 9To Ompeiesisiio-
Mnit BKJIaJ1 B BBIX0 MHOTOMoTOoHHOM VK- mucconmarmm
JIAIOT MOJIEKYJIbI, CTAPTYIOIIUE U3 JOCTATOYHO Y3KUX
(100-150 cM™1) 30H TepMEUUECKH 3aceseHHBIX Kosieba-
TeJbHBIX cocrosgamii. CpejiHsss KosebaTebHast dHEP-
I'Usl 3TUX COCTOSHUII 3aMETHO BBIIIE TEIJIOBOI JlaxKe
pu BO3OYKIECHUU MOJIEKYJI B IIEHTPE IMOJIOCHI JIMHEH-
HOTO TOTJIoNmeHnst, u oHa ysesmunbaercs (ms CF3Br
BILTOTH 710 2500 cM 1) 10 Mepe OTCTPOHKH U3/TyueHust
Ha JJIMHHOBOJIHOBBIN Kpail mosockl. OCHOBHAs YacTh
MOJIEKYJI, COCPEJIOTOYCHHAsST B OCHOBHOM B TE€pMUYe-
CKHU BO30YKJIEHHBIX HH3KOYACTOTHBIX KOJIEOATEHHBIX

68

COCTOSIHUSX, CJIADO B3aUMOJEHCTBYET C IOJIEM ¥ He
JIaeT BKJIQJ@ B BBIXOH JAMCCOLMAIUU (<«pe3epByap» ).
IIpu noBbieHNE COOCTBEHHOTO JABJICHUS Ta3a YBeJIU-
YUBAETCS CKOPOCTH KOJiebaTeIbHO-K0JIe0aTe/THHOTO 00-
MEHA MeXK Ty BO30YKJIEHHBIMU MOJICKYJIAMU U MOJIEKY-
JIAMH «pe3epByapay. DTO IPUBOJIUT K MOMAAHUIO MO-
JIEKYJI U3 «pe3epByapas B 30HY KOJIe0ATETbHBIX COCTO-
SIHUM, B3auMOeicTByIoIyto ¢ usjydenueM. C 1momo-
IIBIO TAKOW Mojiesn B pabote [63] o0bsicHsICs pe3Kuit
POCT BBIXOJIA JIUCCOIUAIINN TIPH IPEBBIEHUN OIIPE/Ie-
JIEHHOTO COOCTBEHHOI'O JiaBJieHus rasa. B mameMm ciry-
4ae, MO-BUJIUMOMY, UMEET MECTO TAKOW YKe MEXaHW3M.
IIpu nazeprom Bo30yKAennn mosekyn CF3Br 3a cuer
KoJ1e6aTeTbHO-K0JIe0aTeIHLHOr0 00OMEHa, OHU TePeIAaioT
kosiebarenpuyto sHepruio mosekyiaam CEFoHCL) B pe-
3yJBTATE YEro Te JOCTUTAIOT B3AUMOJEHCTBYIOMUX C
MBIy 9eHHeM KOJIeOATeIbHBIX COCTOSHUI, UTO IPUBOJIUAT
K YBEJUYEHUIO UX BBIXOJIA JIUCCOIHAIIH 110 CPABHEHIIO
C BBIXOJIOM juccorumaruu B uncroM raze CEFoHCL.

[To namemy MHEHHUIO, IMEHHO IIPOIECCHI CTOJTKHOBE-
HUl BO30Y2KICHHBIX MOJIEKYJI MEXKLY CODOOIl, BKIIOIas
B3aMMHbBIE CTOJIKHOBEHUS JIBYX THIIOB MOJIEKYJI B CMECH,
[IPUBOJISIT COBMECTHO € IIPOIECCAMU PE30HAHCHOTO JIJIsT
000UX TUIIOB MOJIEKYJI PAUAIHOHHOIO BO30OY XK ICHUS K
CTOJTb CUJIbHOMY YBEJIUYEHUIO BBIXOJOB JIUCCOIHAIIH
pu uxX OOJIy9IeHUN B CMECH 110 CPABHEHHIO CO CJIy9aeM
ux OBJIydeHUsI B OT/EJIbHOCTH. DTO OTHOCUTCS U K MO-
sgekyinam CF3Br. Pomp kosebarenbHo-K0I€0aTEIBHOTO
oOMeHa dHeprueil MeyKiy MOJIEKYJIaMd, B TOM YHCTe
pasHoro Tumna, 0COOEHHO BEJIMKA B YCJIOBHUSIX HAJNIUS
[IOYTH PE30HAHCHBIX KOJIEOATEbHBIX YPOBHEH MOJIEKYT
[64], 9TO M peasU30BBIBAJIOCH B HAINUX JKCIIEPUMEH-
Tax. Kpome Toro, cpaBHuTEeIbHO 6OJIbIIAs KOHIICHTPA~
[Us MOJIEKYJI B CKAYKe YIJIOTHEHUsI U UX BBICOKAs TO-
cTynare/bHas U Bpamare/abHas Temieparypa [35, 36]
crrocobeTBYIOT OoJtee 3 deKTUBHOMY IpoIeccy obpa-
30BaHUsT KOHEYHBIX ITPOYKTOB.

5. BAKJ/ITFOYEHUE

Usyueno (ma npumepe mosiekyn CFoHCL u CF3Br)
nHAyIIpoBannoe MoIrHbIM K-1a3epoM pagmannon-
HO-CTOJIKHOBUTEJIbHOE BOBJIEUEHUE MOJIEKYJI, HE TIOIJIO-
HIAIOIINX JIa3€PHOE U3J/IYY€HUE, B PE3OHAHC C JIa3€ePHLIM
[OJIEM TIPU UX OOJIYYEHUH C TOTJIOTHAIONUMEI U3JLyde-
HUe Jla3epa MOJIEKYJIaMU B JIByXKOMIIOHEHTHON MoJie-
KyJIapHOit cpesie. ObrydeHne MOJIEKYJT TTPOBOIUIOCH B
HEPABHOBECHBIX TEPMOINHAMUIECKHIX YCIOBUIX CKAUKA,
YIUIOTHEHUs (yJapHOii BOJIHBI), & TAKYKE B CTATUIECKHX
YCJIOBHSX IIPU KOMHATHO TeMIeparype ra3a B KIOBETe.

Ilokazano, 4To B ciiydae OOJyUeHUs KOJeOATETb-
HO-oxJ1axKieHHbIX MoJjieKyst CFoHCI B cmecu ¢ modte-
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kysamu CF3Br B ckauke yIljioTHEHMsI, KOTJA ITOJIOCHI
NK-norsiomenus MoJiekys y3kue (ne 6osee 7-8 cm™ 1),
npoucxoauT  3GHGEKTUBHOE  BOBJIEUEHUE — MOJIEKYJI
CF5HCI, wusHaua/ibHO He MOIVIOMIAKOIIUX JIa3epHOE
U3JIyYeHre, B PE30HAHC C JIA3ePHBIM IOJIEM. DTO TPO-
UCXOIUT U3-3a KOJIEDATEIHHOTO BO30Y K ICHUST MOJIEKYJI
CF3HCI B pesyibrare OBICTPOrO CTOJIKHOBUTEIHLHOTO
KoJ1e6aTeTbHO-K0JIE0aTeIHLHOrO 0OMeHa C PE30HAHCHO
BO30Oy K 1aembivMu Jazepom mosekysinamu CF3Br. Takoe
KosiebaTesbHoe BO3OYKIEHUE TPUBOJNAT K 3aCEJICHUIO
BBICOKOJIEXKAIINX KOJIEOATEIHHBIX COCTOSHUI MOJIEKYJT
CFoHCIl. Anrapmonndeckoe B3auMOJIEHCTBHE, B CBOIO
odepeslb, MPUBOAUT K KPACHOMY CJABUTY YaCTOTHI
[I€PEX0JI0B U IOMAJAHUIO STUX COCTOAHUN B PE30HAHC
C JIA3EPHBIM U3JLY YCHUEM.

Oo6Hapy:keHa 3pdeKTUBHAS JUCCOIUAINASA MOJIEKYJT
CF2HCI (¢ BbXomom mmccommarmu (35 > 10-15 %)
upu obsyuenuun cmecu CFoHCl/CF3Br (npu coorno-
meHny JaBsenHnii 1/1) B ciaydae OTCTPONKH 9aCTOTHI
COgz-nazepa or nenrpa nosocskl UK-mormomenust ko-
J1e6aTeIbHO OXJIAXKICHHBIX B CKAYKe YILJIOTHEHUs] MO-
nexyn CFoHCI 6omee wem ma 15-25 cMm™ ', mpuuem
[IpU JIOBOJIBHO HU3KHUX IIOTHOCTSIX SHEPIUH BO30Y K-
nerns (@ < 0.5-1.0 [Tx/cm?), T.e. B ycIoBHUAX, KOTaa
B uncroMm raze CFoHCI aucconmanus Mosiekys mpak-
TUYECKU HE WMeJa MeCTa. YCTAHOBJIEHO, 9TO B CJIy-
Jae OOJIydYeHMsT MOJIEKYJI MPU KOMHATHOM TeMiepary-
pe raza B KioBeTe, Korja mojiockl MK-mormomenust mo-
nexys1 mmpokue (> 25-30 cm~ 1), Takske HabsonaeTCH
PAJIMATIMOHHO-CTOJIKHOBUTE/IbHOE BOBJICUEHUE MOJIEKY.T
CF5HCI B mpormecc B3amMOIeHCTBHS € JTa3€PHBIM IO~
JIeM, HO C MeHee SIPKO BBIPA’KEHHBIM XapPaKTEPOM.

[TokazaHo, 9TO 3a CUYET PAJMAIMOHHO-CTOJTKHOBHU-
TEJILHOI'O MeXaHU3Ma BO30YIKJICHUsI MOJIEKYJI B JIBYX-
KOMITOHEHTHOW MOJIEKYJISIPHOI CpeJie MOXKHO CyIIEeCT-
BEHHO YBEJUYUTH BBIXOJ, IUCCOIUAIME 1 0OPA30BAHUE
pojiykToB 1ipu Jiazepuom MK-Bo36y:xennu Mosekyr,
a TaKyKe 3HAYUTE/ILHO MOHU3UTHL MOPOr UX JUCCOIUA-
. DTO OCOOEHHO BaYKHO IIPU PA3/IEJICHIUN M30TOIIOB B
MOJIEKYJIAX, XaPaKTEPUIYIONUXCsT HEOOBIIIM U30TOTI-
HBIM ¢ZiBUTOM B criekTpax NK-mornomenns. MozkHo mo-
JlaraTh, 9TO HAOJIIOIAaeMbIil 9P DEKT PACIIPOCTPAHIETCST
TaK»>Ke U Ha, JIpyTHe MOJIEKYJIbI.

PaceMorpenubiii moxo i TakKe pacimpsieT TOTeH-
[IHAJbHBIE BO3MOXKHOCTH JIA36PHON TEXHOJOTUU pa3-
JleJIeHrsl M30TONOB. B 49acTHOCTH, pedb HJeT O BO3-
MOYKHOCTH UCIIOJIb30BaHUs B Ka4ecTBe pabodero Bere-
CTBa MOJIEKYJI, KOTOPbI€ HEBO3MOXKHO HAIIPSIMYIO BO3-
OyKJIaTh CYIIECTBYIOIIUMHU JiazepaMu. B 3Tom ciry-
Yae MOYKHO WCIOJIb30BATh CIEIUATBHBIE MOJIEKYJIbI-
CEeHCUOMIIN3ATOPBI, CTOJKHOBATEJIbHAS TIepeatda KoJie-
6aTeILHOTO BO30OYKIACHUsT ¢ KOTOPBIX Ha, IeJIEBbIe MO-

JIEKYJIBI OY/IeT «BTATUBAThY UX B 00JACTD JIeHCTBUA Jia-
3€pHOT0 MU3JIYICHUA.

PesynbpraTer mccmemoBanmii Mo BO3OYKIACHUIO MO-
JIEKYJT B CKadKe YIJIOTHEHUST T€TKO JIEeMOHCTPUPYIOT,
a10 3)HEKTUBHOCTD N30TOMHO-CEJICKTUBHON JIa3epPHOI
NK-nucconuanuu MOJIEKYyT MOXKHO CYIIECTBEHHO yBe-
JITIATH, €CJIn UX OOJIy9IaTh B CMECH C PE30HAHCHO IO-
TUTOTIIAIOIINM M3JIy YeHUE JIa3epa MOJIEKY/IsIPHBIM Ta30M.
CoBMecTHOE JeiiCTBUE PAIAMAIIMOHHOTO W CTOJKHOBU-
TEJILHOTIO MEXAHU3MOB BO30YKICHUsT MOJIEKYJI B YCJIO-
BUSIX 3HAUUTELHOIO YBEJIMICHUS PE30HAHCHBIX C U3JTY-
qeHMeM Jra3epa KoJebaTeIbHO-BpallaTeTbHBIX IepPexo-
JIOB B3aMMO/JIEHCTBYIOMNX MEXK/Ty COOOI MOJIEKYJI IIpH-
BOJIUT K CUJILHOMY YBEIUIeHUIO 3PHOEKTUBHOCTU HX
BO30YKICHUA U TUCCOIMATIAM.

Ilonyaenmbie pe3ynbTaThl  AEMOHCTPUPYIOT BO3-
MOKHOCTD ITPOBEJICHUsI HU30TOIHO-CEJIEKTUBHON J1a-
zepuoit  K-mucconmanuu MOJIEKy/I, HAXOIAIIIXCS
MepBOHAYAILHO BHE pE30HAHCA C JIA3epPHBIM U3-
JIVIEHHEeM, B CMECH C MOJIEKYJIAMH, ITOTJIONIAIONTIMM
U3JIyUeHue Ja3epa, Ipu CPaBHUTETHLHO HU3KUX ILJTOTHO-
CTAX SHEPIUN BO3OYKICHUS U TMOBLIMEHNAS BCJICICTBHE
9TOTO CEeJEeKTUBHOCTH IUCCONMAINN. Pe3yiabrarsl pa-
OOTBHI TIPEJICTABIAIOT UHTEPEC B IJIAHE CETEKTUBHOIO
BO3JIEHCTBUS JIA3EPHBIM M3JIyIeHHEM Ha MOJEKYIbI U
MOTYT HalTH HTpaKTUIeCKOe MPUMEHEHHE MPU HCIOJIb-
30BaHUU METOHA HU30TOIIHO-CEJICKTUBHON JIa3epHOM
NK-ucconumarium MOJIEKYJT JJisi pa3/ieJieHusi H30TOIOB.
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