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HcciaemoBaHbl BI3KOYIIPYTHE CBOMCTBA U CTPYKTYpPa PACTBOPOB CMEIIaHHBIX YepBEOOPa3HBIX MUTICILT
Ha ocHOBe 1BUTTeproHHOTrO [TAB onemnamunonponuwiauMeTua kapookcudberanHa (OAIIB) u moio-
XKUTEJIbHO 3apsikKeHHOro ojiemaamMmugonponuiauMmeta amuHa (OAITA) npu pa3HOM COOTHOLIEHUU
Mexay KomrnoHeHTaMu. [1pu manoit none katnuoHHoro ITAB OATIA pacTBop NposiBIsIeT BI3KOYMIpPY-
Tve CBOMCTBA, XapaKTepHbIe IS TTOypa30aBIeHHBIX PACTBOPOB MePETUIETEHHBIX YepBeOOpa3HbIX M-
1IeJUT, IPUCYTCTBUE KOTOPHIX OBUIO TOATBEPXKICHO TAHHBIMUA KPUOTEHHOI 3JIEKTPOHHOM MUKPOCKOITHH.
OOHapyKeHO, YTO IO Mepe YBEIMUICHUSI MOJIBHOM mou 3apsokeHHOTO TTAB mo 0.1 BSI3KOCTh M BpeMst
penakcaliy pacTBOPOB IMMANaloOT B TPU pa3a, a 3HAUCHMST MOMYJISI HAKOIICHUS IIPY MaJIbIX BpeMeHax
Bo3neiicTBUs He uaMmeHstiores. Mcronb3yembie [TAB uMeror 611u3koe cTpoeHue, MO3TOMY MPU 3aMeHe
MOJIeKyJ IBUTTepruoHHOrO [TAB Ha nmosioxuTeapbHo 3apsikeHHble MoJieKyJibl OATTA m1aBHbIM (hakTOpoM
W3MEHEHMS CBOMCTB U CTPYKTYPHI SIBJISIETCST YCUJICHHE 3JIEKTPOCTATUIECKOTO OTTAIKMUBAHUS Ha TIOBEPX-
Hoctu Mullesul. [TokazaHo, 9TO JaHHBIN (PaKTOp MPUBOOUT K YMEHBIICHUIO CpeaHEH JUIMHBI MUALIEILT
¥ YBEIMICHUIO KOJIMYECTBA MUIICIII, UTO CJ1a00 OTpaxkaeTcsl Ha PEOJOTMIECKIX CBOMCTBAX CHCTEMBI,
MoKa JJIMHA MULEIT Oobllle, YeM IJinHa cyoueneii B ceTke. [1pu yBenmuenum monbHoit goau OAITA
¢ 0.1 mo 0.5 HaGmIO0maeTCs pe3Koe najaeHue BI3KOCTU M BpeMEHM pelaKcalluy Ha MOPSAKU U MOTeps
PacTBOPOM BSI3KOYIIPYTOro OTKJIMKA, T.€. pa3pylleHue ceTKU. JlaHHBIN Iepexol OT Moypa30aBIeHHO-
TO pacTBopa K pa30aBIeHHOMY OOBSICHSIETCS YMEHbBIICHUEM JUTMHBI YepBEOOPa3HBIX MUILIEIT U 0Opa-
30BaHuEM cepraeckux Mulieul. M3006pakeHus, MOIyIeHHBIE METOIOM KPHUOTEeHHOM 3JIeKTPOHHOM
MUKPOCKOITMHU, IIOATBEPAMIN 00pa30oBaHE CMECH JJIMHHBIX M KOPOTKUX YePBEOOPa3HBIX MUIIEIII CO
chepruyecKUMM MULIeNIJIaMU TpU MoJibHOM nojie OATIA 0.5.

Knwoueswie crosa: aepBeodbpasHbie Munelibl ITAB, BI3Koympyrue pacTBOpsI, peoiorusi, HBUTTepruoHHbIe ITAB
DOI: 10.31857/50023291224020144, EDN: DENRXD

BBEAEHUE

YepBeoOpasHbIe MHUIIEUTBI TOBEPXHOCTHO-AKTHB-
HbIX BellecTB (ITAB) npuBiekaloT BHUMaHUE UCCIIe-
noBareneii nocienHue 30 JIeT KaK caMOOPraHU3ylo-
Iyecst IJIMHHBIE HUTETIOMOOHBIE arperaThl, KOTOPhIE
Ha3bIBAIOT KUBBIMU TToJIuMepamu [1, 2]. Y3-3a orpom-
HOU IJIMHBI yXe TPU HEeBBICOKUX KOHUEHTpaLUIX
(06b1yHO BbIIIEe 5 MMoJb/1 i 0.1—0.2 Bec. %) mu-
LIEJUUTBI TIeperyieTaloTcs, 00pasysl CETKY TOIOJOrruYe -
CKMX 3alleTJICHUI, YTO MpUIaeT BOIHBIM pacTBOpaM
VHUKAJTbHBIE CTUMYJI-BOCTIPUMMYNBBIC BI3KOYIIPYTHE
cBoiictBa [3—5]. [ToaTOMY OHM HaILlUIU TIpMMEHEHUE

KaK 3arycTUTeNIM B OBITOBON XMMHMHU, KOCMETHUKE,
B pa3MYHBIX TEXHOJOTUSAX B He(PTemoObIye, KaK mpo-
TUBOTYPOYJEHTHbIE MPUCAAKN U 11a0JOHBI AJIsI CUH-
Te3a CTEPXKHEIOTOOHBIX HEOPTaHMYECKHX YacTulIl [6].

[Tonapnsiolast 4acTh UCCAEIOBaHUI MTPOBOAUIACD
C UCHOJIb30BaHUEM KAaTHMOHHBIX [7—9], aHMOHHBIX
ITAB [10—12] n ux cmeceii [13, 14]. Ho ¢ pacmmupe-
HUEM MpPaKTHIEeCKOTO TMPUMEHEHMST YepBeoOpa3HBIX
MULET (POKYC UCCIAETOBAHNIA CMECTUIICS B CTOPOHY
HETOKCUYHBIX U OMOCOBMECTUMBIX LIBUTTEPUOHHBIX
ITAB [15, 16] u nx cMmeceii ¢ aHnoHHbIMU [TAB [17, 18].
st monydeHusT JJMHHBIX YepBeOOpa3HbIX MULEILT
HCIIOJIb3YIOT MOJIEKYJIbI C OTHOCUTEIbHO IJTUHHBIMU
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ruapoOOHBIMU TPYIIIaMU, YTOOBI O0ECIIEYUTh CUJIb-
Hble TUAPOdOOHBIE B3aUMOACHCTBUSI: HACBIIIIEHHBIC
LIeTUJIbHbBIC TPYMIIB [7], @ TAKXKe HeHACHIILIEHHbIE OJIe-
wibHble [11] 1 spyuunabHbie [9] Tpynnbl, B KOTOPBIX
HaJM4ue NBOMHOM CBsI3M AesiaeT TemiiepaTypy Kpadra
JOCTaTOYHO HU3KOI, HECMOTPS Ha OOJIbIIYIO TJIUHY
xBocTa. B ciyyae kaTmoHHBIX 1 aHMOHHBIX [TAB uep-
BeoOpa3Hble MULIEIBI 00pa3yloTcs U3 chepUIECKUX
npu 100aBJIeHUU HU3KOMOJIEKYISIPHBIX cojeii [9, 12],
B TOM YHCJIe TUIPOTPOITHBIX coJieit [19], KoTophle ya-
CTUYHO 3KPAHUPYIOT JIEKTPOCTATUYECKOE OTTAIKHU-
BaHME Ha TTOBEPXHOCTU MULIEI, 0OecrieurBasi ONTH-
MaJIbHBII TTapaMeTp MOJIEKYIISIPHOM YITaKOBKY IS 1T -
JIMHIpUYecKoil hopmbl MuLiesibl [20]. B ciayyae cMecu
aHUOHHBIX M KaTUOHHEIX [TAB mpu omnpeneieHHOM
COOTHOIIICHUH MEXIY HUMHU SJIEKTPOCTATUIECKOE OT-
TaJKUBaHUE 0Ka3bIBAeTCs JOCTATOUHO 9KPAHUPOBAHO
IJ1s1 oOpa3oBaHus yepBeoOpasHbix mulies [14]. TTpu
YBEIMUYECHUN SKPaHUPOBAHUS OTTAaJKUBAHUS POCT
BSI3KOCTU Y BPEMEHU pelakcallii pacTBOPOB CMEHSI -
eTCsl MaJieHUEM, YTO OOBSICHSIETCS 00pa30BaHUEM pa3-
BETBJICHHBIX MUIIEJIT, B KOTOPBIX TOYKU BETBJICHUS HE
(bukcupoBaHbI U MOTYT JIETKO ABUTATHCS BIOJb OCHOB-
HOI LieTu, co3naBasi 6oJsiee MpoCcToit crocod pesakca-
I HATIPSDKEHUS B CETKE 3alleTUICHU I, YeM peTITamus
1 oOpaTuMBIiA pa3pbiB Muliesl [14, 21]. B HekoTOpbIX
cJyyasix U30bITOUHAsI 3KpaHWPOBKA MPUBOAUT K 00pa-
30BaHMIO Be3uKy [22, 23] u, Kak ClIeaCcTBUE, pa3pyliie-
HMIO BSI3KOYMNPYTrOi CETKHU.

K HacrosiiiemMy BpeMeHM pacTBOPbI YepBEOOPa3HBIX
muiein usurrepuoHHbix ITAB uccienoBaHbl Heno-
cTtatoyHo mmoapo06Ho. [TokazaHo, 4YTO IBUTTEPUOHHbBIE
ITAB oGpa3syroT yepBeoOpa3HbIe MUILEIBL C BBICO-
KWMU BI3KOYNPYITMMU CBOHCTBAMM JaXe B OTCYTCTBUE
cogeit [15, 16, 24]. g storo ucrojbs3oaiu [1AB
C OJIEUHOBOU U 3pYLUJIOBON TUAPO(POOHBIMU TPYM-
namu. IIpm obGpa3zoBaHUM MULIEIT HAa OCHOBE LIBUT-
tepuoHHbIX [TAB, HecMoTps Ha TO, YTO rUAPOGUIb-
HbIEe YaCTU COAepXKaT IPyIbl 000UX 3apsaa0B, ClenyeT
YUUTBHIBATh DJIEKTPOCTATUYECKNE B3aUMOIECHCTBUS.
[Toka3aHo, 4YTO Ha MOBEPXHOCTU LIBUTTEPUOHHBIX MU-
LIeJJT CYLIECTBYET AUTOb-AUMOIbHOE OTTAIKMBaHUE
ruapoduabHbIX Ty [18, 25, 26], a mpu gobaBieHUN
HeOoJbIIoro Kouyectsa aHnonHoro I1AB ero otpu-
1HaTeJIbHO 3apsi>keHHasl TpyTina pacroJiaraeTcst HeIo-
CPEICTBEHHO MEXIY MOJOXUTEIbHO 3apSI>)KEHHbIMU
TrpynIiaMy [BUTTEPUOHHBIX MOJIEKYJI, UTO TIPUBOIUT
K YMEHBIIIEHUIO OTTaJKUBaHUSI Ha TIOBEPXHOCTU MU-
LIEJUT M YBEJIMUYEHUIO BEPOSITHOCTU 0Opa3oBaHUs 1iU-
JTUHIPUYIECKUX MULIEIT M POCTY UX IUIMHEI [ 17, 25, 26].
Ho npu 6onbimmx gonsx annonHoro [TAB mmmHa Mu-
1IeJIJ1 CTAHOBUTCSI KOpoUe, U CETKA pa3pyliaercs, YTo
CBSI3BIBAIOT CO CKJIOHHOCTBIO UCITOJIb3yeMbIX aHUOH-
HEIX [TAB 00pa3oBrIBaTh chepudeckmre MULIEUIHL [27].
C npyroii CTOpOHBI, IIpU 100aBAECHUU THAPOTPOITHBIX
coJieii, MpU3BaHHBIX co3AaTh 3(EKT, aHATOTUYHBII
anmoHHomy [TAB, BSI3KoCcTh pacTBOpOB yMEHbIIIA-
€TCs1 10 BSI3KOCTH BOJIbI, T.€. IPOUCXOAUT pa3pyllieHue
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cetku [16]. PaspyuieHue ceTku yepBeoOpa3HbIX MU-
e uBuTTepruoHHoro ITAB Habmogany Takxke mpu
nob6apneHuu KatuoHHoro [TAB, 4yTo 00bsICHWIN yCu-
JIEHNUEM DJIEKTPOCTATUYECKOTO OTTAIKMBAHMS Ha T10-
BepXHOCTU MuLeI [27].

Takum 06pa3zoM, MOXKHO 3aKJIIOYUTh, UYTO IIpu (op-
MUPOBaHUU CETKU YepBEOOpaA3HBIX MULIEI ONHUM U3
KJIIOYEBBIX (PAaKTOPOB SBJISCTCS 3JEKTPOCTATUYECKOE
B3anMMoOeicTBIEe THAPOMMILHEBIX TPYIII, a B CIydae
1BUTTepUOHHLIX ITAB ero BausiHue Ha BSI3KOYIIPY-
rve cBoOlicTBa pacTBOpoB cjabo uszyyeHo. C dpyHaa-
MEHTaJIbHOI TOYKM 3PEHUS U IUISI pacIINpeHUS 1C-
MOJIb30BaHMS UBUTTePUOHHBIX ITAB B mpakTuueckmnx
MPWIOXEHUSIX HEOOXOIMMO KCCIIEI0BATh POJIb 3JeK-
TPOCTAaTUYECKMX B3aMOACUCTBUI B (DOPMUPOBAHIM
U pa3pylieHUr YepBeoOpa3HbIX MULIEIIT B CMECSIX Ha
ocHoBe UBUTTepuOHHBIX ITAB. Ho eciu B MuLieibl
nButTepruoHHBIX [TAB no6aBmsate co-ITAB, nMeromee
KaK MHYIO TUAPO(UIbHYIO, TaK U MHYIO TUAPoGd00-
HYIO YacTh, TO CJIOXKHO OTISIMTD BKJIa1 U3MEHEHMS TH-
Ipo(oOHBIX B3aMMONEICTBUI OT BKJIaga U3MEHEHUSI
ANEKTPOCTATUYECKUX B3aUMOAEICTBUIA.

Ilenpio maHHO# pabOThHI SIBASIETCS] MCCAEN0OBaHE
pPacTBOPOB CMEIIAaHHBIX MUILEJJI LIBUTTEPUOHHOTO
ITAB onennaMugonponIguMeTHI KapOokcubeTa-
nHa (OAIIB) u MoJOXUTENbHO 3apsSIKEHHOTO OJieu-
nmamugonponuiagumeTs amuHa (OAITA), nMmerommx
MOJHOCTBIO UAEHTUYHBIE TUAPOGMOOHBIE TPYMIIHI.
B nenom nonoxurenbHo 3apskeHHbI OATTA numeer
O4YeHb 0JIM3K0e CTpoeHHe ¢ HBUTTepuoHHBIM OAIID
(puc. 1), HO oTIMYaeTCs TOJIBKO OTCYTCTBUEM Kap-
OOKCUJIbHOM TpYyMNITbl U METUJIBbHOM TPYMIIbI, COSIU-
Hspouei 3apskeHHbie Tpynnbsl OAIlIB. OTmeTum,
yto uBuTTepruoHHoe ITAB OAIIB oGpa3syeT yepBe-
oOpa3Hble MULIEJUIbI B OTCYTCTBUE 100AaBOK OJarogapsi
IJIMHHON ruapodooHoii rpymie [24]. Takum obOpa-
30M, Bapbupys gomo OAITA B cmecu ¢ OAIIB, MoxHO
HCCJIeNOoBaTh BINUSHUE 3JEKTPOCTAaTUYECKUX B3aUMO-
IEUCTBUI Ha BI3KOYINPYTrMe CBOMCTBA U CTPYKTYpPY
4epBeOOPa3HbIX MULIEUI HA OCHOBE LIBUTTEPUOHHOIO
ITAB, He u3MeHss1 TuApOGOOHBIE B3aUMOACIHCTBUS
B MUIIEJIAX.

BOKCITEPUMEHTAJIbBHAA YACTb
Mamepuanst

LBurtepunonHoe ITAB OAIIB 65110 mOJIy4eHO OT
kommanuu HUMIIAB (Poccust) B Buzie BOTZHO-CITUP-
TOBOTO pacTBopa, copepxkaiiero 29 Bec. % OAIIB,
0.5 Bec. % OAIIA u 4 Bec. % NaCl (3KBUMOJISIpDHOE
oTHolreHue K konmnyectBy OAIIB), 17.0 Bec. % uzo-
nportanoyia u 49.5 Bec. % Bonbl. OAIIA ocTtaeTcs B He-
oonbiroMm konmdyectBe B cMecu ¢ OAIID nipu cuHTese.
PacTBopuTenu ObLIM yaajaeHbl METOAOM JUOGUIBHOMN
cymky. CocTaB MOJYIUBIIEHCS CMeCH OBIT ITOATBEPK-
neld MetonoM 'H AMP. B urore nonyuniu 86.6 Bec. %
OAIIbB, 1.5 Bec. % OAIIA, 11.9 Bec. % NaCl. Takum
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Puc. 1. CxemaTnueckoe uzobpaxeHue ctpykTypsl LBUTTeproHHOTO [TAB OAIIB 1 nmosnoxutenbHo 3apsikeHHOTro co-TTAB

OAIIA.

oOpa3oM, MUHUMaJIbHasE MoJibHast noist OAITA, koTo-
pyio paccuutbiBaiu o ¢opmyne [OAITA]=[OAIIA]/
([OAITA]+[OAIIB]), coctaBnsa 0.018. 115 yBenmnde-
HUS goau KaTuoHHOro ITAB B cMecu ucrionb3oBaim
OAIIA, xotopsiit 0bu1 monyueH or HUMUIIAB (Poc-
cust) ¢ yuctoToit 6onee 99%. UToObI 06eCIIeYnTh Mo-
JIOXUTENbHBIN 3apsia aMUHOIpyInbl gaHHoro ITAB
pactBOpbI ToToBMIU Tipu pH 4.7.

CymMmapHast MoabHast KoHueHTpauus OAIIb
n OAITA B pacTBopax Oblia (hUKCUpOBaHa IpU
46 MMOJTb/J, KOTOpasi COOTBETCTBOBaa 2 Bec. % Tipu
HanMeHbiueit noiae OAITA B cmecu. Joxss OAITA Ba-
pbuposanachk ot 0.018 mo 0.5.

METO/bl MCCIIELOBAHU A
Peomempus

Peosnornueckue cBoiicTBa pacTBOPOB (BSI3KOCTb,
KOMIUIEKCHAsI BA3KOCTh, MOIYJb HAKOIUIEHUS U MO-
IyJb MMOTEPb) ObLIM OMpeaeJeHbl MPU MOMOILIU Peo-
meTpa Anton Paar Physica MCR301 (ABcTtpust). 13-
MEepeHUs 3aBUCUMOCTH BI3KOCTH OT CKOPOCTH CIBUTA
W 3HAYEHUU MOAyJIei HAKOIJIEHUS, MOTEPb U KOM-
TUIEKCHOM BSI3KOCTM OBLITU MPOBEISHBI TTPU 3aJaHHBIX
HaMpsDKeHMSIX CABMTIA MyTeM M3MEpPEHUsI CKOPOCTHU
casura. Bce pacTBOpbI ObUIM U3MEPEHBI C UCITOIb30-
BaHUEM siueiiku KoHyc-1ockoctbh CP50-1 ¢ nuame-
TpoM KoHyca 49.93 MM u yriiom KoHyca 1°. Bce akcne-
PUMEHTHI IpoBeaeHEI pu TemitepaTtype 30°C.

KpuOZeHH(Zﬂ INeKMPOHHAA MUKDPOCKONnUA

Cerouku Lacey EM 300 (Ten IMenna, CIIA) Tpa-
BUJIM B TJIEIOLIEM 2JIEKTPUUYECKOM paspsiic B TeUeHUe
20 ¢ mpm gaBiaenuu 0.26 MOap ¢ UCITOTBL30BaHUEM TOKA
20 MA ¢ momouipio PELCO easiGLOW (Ten Ilenna,
Hoprnopt, Heto-Nopk, CIIA). I[Tpouenypy BUTpu-
¢uKauy NMPOBOAUIMN C UCITOJb30BaHUEeM Vitrobot
Mark IV (Thermo Fisher Scientific, CIIIA) npu 30°C,
piaxHoct 100% u BpemeHu npomMokanus 2.5 ¢. s
o0paslia ¢ HU3Koi BSI3KOCThIO (MoJibHast goJist OAITTA
0.5) ucronb3oBayu 3 MKJ pacTBopa MpoObl U BpeMsi
penakcauuu 5 ¢; ajs obpasla ¢ 6oJjiee BBICOKO

BsI3KOCThIO (MoJibHast goust OAITA 0.018) — 0.5 Mk
pactBopa u Bpems penakcanuu 20 c. [Tocne penakca-
LIMM CETOYKH IOTPYKaIK B KUIKUIA 3TaH.

HN3mepenus metomoM kpuo-I1OM mpoBoguiiv
C TIOMOIIBIO MPOCBEYNBAIOIIETO JEKTPOHHOTO MHU-
kpockorma Titan Krios 60-300 cryo-TEM (Thermo
Fisher Scientific, CIIIA) na 300 kB, ocHalieHHOrO Ae-
TEKTOPaMHU IIPSIMBIX 3JIeKTpoHOB 6k X 4k K3 (Gatan,
Pleasanton, CIIIA) u 4k X 4k Falcon II (Thermo Fisher
Scientific, CIIIA), Bu3yanu3upymoimuM (PpUIbLTPOM
BioContinuum (Gatan, Pleasanton, CIIIA), koppek-
topoM Cs (CEOS, I'eitnens6epr, [epmanus).

Kpuo-ITOM uzobpaxkeHus: ObUIM MOJyYeHbI TPU
HOMMHaIbHOM yBeandeHuu X 37000 ¢ pazamepom IuK-
censt 1.72 A, nuana3zoH pachoKyCHMpOBKH OT —3 10
—5 MxM. g Kaxkaoro n3o0paxkeHust ObIJIO COOpaHO
20 kaapoB, B pe3yJbTaTe yero CyMMapHas 103a cocTa-
Buia 50 e~/A2. JLnst monydeHus: n306pakeHuii ¢ Kop-
peKiMeit ABMXKEeHUS U LTyMOIIoAaBIeHMEM ObLIO MC-
MOJIb30BaHO MporpaMMHoe obecrieueHue Warp.

PE3VIIBTATBI U OBCYXIEHUE

B HacTos1eit paboTe ncciaenoBaiu pacTBOpPHI, CO-
nepxamue nBa Buma [TAB — usurrepuonnoe OAIIB
u katruoHHoe OAITA — nipu ¢puKCUpoBaHHOIT 00IIei
KoH1eHTpaiuu [TAB (46 MMOJIb/JT) 1 pa3HO MOJTBHOM
noje OAITA. Pe3ynbTaThl U3y4eHUS] PEOJTOTHUUECKUX
CBOICTB MpencTaBlIieHbl Ha puc. 2 u 3. BumHo, 4To
pacTtBop ¢ HauMeHblei goieit OAIIA umeeT caMble
BBICOKME 3HAYEHMUs BSI3KOCTH IPU HYJIEBOM CIABUTE
2.5 I1a-c (puc. 2a).

YacToTHBIE 3aBUCUMOCTH MOJIYJIeil HaKOTLIEHUS
U TIOTepb MOKa3bIBAIOT (pHC. 3a), UTO JAHHBIM PACTBOP
00J1aaeT BI3KOYIIPYTUMU CBOMCTBAMM: MPU MaJbIX
BpeMeHaxX BO3IEHCTBUSI PAaCTBOP MPOSIBIISIET YIIPYyTHUE
cBoiicTBa (Momy/ib HakoruieHUs G' peBbIIaeT MOAYJIb
notepb G"), a Mpu yacTtorax HUXe 1 pan/c, T.e. mpu
OONBIINX BpeMEHaxX BO3AEUCTBUS, ITpeobIagacT Teye-
e G">G'.

Takue peojiornyeckye CBONCTBA TUITMYHEI IJISI pac-
TBOPOB IepEILIETEHHBIX YepBeoOpa3HbIX MuliesT [TAB
[3, 4]. TTo Mepe yBeanuyeHUs JOJU MOJOXUTEIbHO
Ne2 2024
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Puc. 2. YacToTHBIE 3aBUCUMOCTH MOJYJISI KOMITIEKCHOM
BSI3KOCTH (3aKpallleHHbIe CMMBOJIbI) U 3aBUCUMOCTH
BSI3KOCTU OT CKOPOCTHU cABUTA (ITyCThIE CUMBOJIBI) IJIST
pactBopoB OAIIB c pasHoii moneit OAITA, ykazaHHOI
Ha rpacdukax: (a) B 061acTu ci1adboii 3aBUCUMOCTH BSI3-
koctu oT nonu OAITA u (6) B o6acT majeHus BI3KO-
ctu ripu yBenmueHuu goau OAITA.

3apsikeHHoro ITAB OAITA Bsi3kocTh HEMOHOTOHHO
yMeHbIIIaeTcsl, a 00JacTb YaCTOT, MPU KOTOPBIX pac-
TBOp TIPOSIBJISIET YIIPYTHE CBOICTBA, CMEIIAETCS B 00-
JIacTb OOJIBIIMX YacTOT (MEHBIINX BPEMEH BO3aeii-
ctBust). IIpu monbHoit none OAIIA 0.5, T.e. mpu co-
OTHOIIEHUN MEXAY UBUTTEPUOHHBIM U KATUOHHBIM
ITAB 1:1, pacTBOop TepsieT BI3KOYINPYTrUii OTKIIUK,
BS3KOCTBb pacTBOpa IepecTaeT 3aBUCETh OT CKOPOCTH
CIIBUTA M CTAHOBUTCS OJIM3KOM K BSIZKOCTU PaCTBOPU-
tenst — Boapl 0.001 IMa-c. Bro ykazbiBaeT Ha paspylie-
HUE CeTKU TMeperuieTeHHbIX YepBeoOpa3HbIX MULIEIT
[28—30], HO He Bcerma o3HayaeT oOpa3oBaHue cde-
PUYECKUX MUIIEJJT BMECTO YepBEOOpA3ZHBIX MUIIEIT
[29]. TTocKOABKY BSI3KOCTb pacTBOpa, COAEPKAIEero
CeTKy 3alleTJIeHUI YepBeoOpa3HbIX MULIEI, CBSI3aHA
¢ JUIMHOM Mulies1 U KoiudecTBoM [TAB dopmynoii
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Puc. 3. YacToTHBIE 3aBUCUMOCTH MOAYJSI HaKOIIe-
Husg G' (3aKkpallleHHbIe CUMBOJIbI) M MomyJist motepb G
(rmycteie cuMBOJIBI) mist pacTBopoB (a) mo 0.1 OAITA
B cMecu ¢ OAIIB; (6) 6onee 0.1 OAIIA B cmecu ¢ OAIITB.
Monbnbie noau OAITA B cmecu ¢ OAITD nipencraBiaeHbl
Ha Tpadukax.

n~L3-C37 [3], To npu GUKCUPOBAHHOM OOLIEH KOH-
neHtpauuun ITAB nageHue BA3KOCTU yKa3bIBaeT Ha
TO, UTO JJIMHA YepBeOoOpa3HbIX MULIE YMEHbIIIACTCS
¢ yBennuenueM poau OAITTA.

CrpyKTypa pacTBOPOB ObLJIa MCCJIefOBaHA METO-
JIOM KPMOT€HHOM 3JIEKTPOHHON MUKPOCKOITUU KakK
JIJISI cJIydasl BSI3KOYIIPYTOTO pacTBOpa, TaK U IJIST CIIy-
yas pacTBOpa HaumMeHbleil Bsi3kocTu. Ha puc. 4
IpeacTaBjieHo M300paxkeHue CTPYKTYpPBI pacTBOpa
OAIIB nipu manoii none OAITA (0.018). BuaHo, uto
B 3TUX YCIIOBUSIX 00pa3yloTcs IMHEHEBIE YepBeoOpa3-
Hble muniesutbl [1AB, manHa 1 KOJIM4YeCTBO KOTOPBIX
JOCTaTOYHO BEJIMKM, YTOOBI 00ECIIEeYUTh 00pa3oBa-
HME CETKHU TOIIOJIOTMYECKUX 3aleTIEHUIA, YTO SIBJIS-
€TCsl IPUYMHOI BSI3KOYIIPYTOTO OTKJIMKA pacTBopa
[31]. C yueTom maciTaba u3o0paxkeHUs U OTCYTCTBUS
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Puc. 4. I306paxeHust, TOJly9eHHbIE METOIOM KPUOTEHHO IMPOCBEYNBAIONIEH JIEKTPOHHONH MUKPOCKOITUY JIJIST pacTBOpa
ITAB nipu o6iteit KoHLeHTpauu 46 MMouib/J1, conepxaiero nupurrepronHoe [TIAB OAIIB u katnonnoe ITAB OAIIA, mpu

MoJibHOM noJie KatuoHHoro [TAB 0.018 (a) u 0.50 (6).

TOPLIEBBIX YacTeil Ha KapTUHE, MOXHO IMpPeanoso-
KUTb, YTO JUTMHA YePBEOOPA3HBIX MUIIEIII COCTABIISIET
He MeHee HECKOJIbKUX MUKpOoMeTpoB. TosluHa yep-
BEOOpPa3HbIX MULIEJJI, COIJIACHO TaHHBIM Kpuo-11OM,
cocrapiseT 5.5 £ 0.5 HM. DTo comtacyeTcs ¢ JUIMHAMUA
MoJiekyn ucrnosb3yeMbix [TAB [24, 32], T.e. B monepeu-
HOM C€YeHUU MUllesia MpeacTaBisieT co00i OKpyXK-
HOCTb C paJiuycoM, paBHBIM IJIMHe MoJjeKya ITAB.
ITpn none OAIIA 0.50 Ha nzo6paxenun kpuo-I19M
Ha0II00aeTCsS CMECh OTHOCUTENBLHO KOPOTKUX YepBe-
o0Opas3Hbix Mmulie/1 ITAB, nivHa KOTOPBIX BapbUpyeTCs
B IIUPOKUX Mpeaenax ot 20 HM 10 COTeH HAaHOMETPOB,
u cpeprueckux muuesl [TAB. YMeHbllleHUe cpenHeit
JIJIMHBI YepBeOOpa3HbIX MULIEJLI ObLIO MPENNONI0XKEHO
BbIlIIe M3-32 YMEHBIIIEHUS BSI3KOCTU PaCTBOPOB, HO
o0Opa3zoBaHUE OJHOBPEMEHHO JJIMHHbBIX YepBeoOpas-
HBIX U c(hepuyecKUX MULEIT TOCTATOUYHO HEOXM-
nanHo. Illupokoe pacnpeneneHue Mo pa3Mepam yep-
BEOOpa3HbIX MULIEJUT TIpencKa3aHo TeopeTuuecku [31]
M IMOKa3aHO 3KCIEPUMEHTAJILHO [7], HO COCYIIECTBO-
BaHUe NJIMHHBIX YepBEOOPa3HbIX MULIE/UT U OOJIBIIOTO
KoJIM4YecTBa c(peprueckKux MULIESJI JOCTATOYHO PEIKO
BcTpevaercd B quteparype. OHO ObLIO OOHAPYKEHO
paHee, HalpuMep, AJIsl CMELIaHHBIX MULIEJIJT KATUOH-
Horo u anuoHHoro ITAB [13]. bsuto nmokasaHo, 4To
CMeCh TaKWX MUIIEJIT 00pasyeTcs Mpu OOJIBIION H0JIe
aHuoHHoro [TAB, cki1oHHOro o6pa3oBbIBaTh chepu-
YyecKue MULeUIbl. Bbu1o BhIcKa3aHO MPEAIoNoXeHUe
0 TOM, YTO BO3MOXXHO HEpaBHOMEPHOE pacIpenesieHue
ITAB B Mulie1ax pa3HbIX TUTOB.

Ha puc. 5a, 56 npencraBieHbl 3aBUCKMOCTH BSI3KO-
CTU MPU HYJIEBOM CKOPOCTU CABUTA, 3HAUCHUS] MOMYJIS
HaKOIUIEHUS MPU BbICOKMX yacToTax (mpu 10 pan/c)
1 TEPMUHAJIBHOTO BpEeMEHU peJlaKCallM, ONpeaeieH-
HOTO Kak oOpaTHasl BeJIMYMHA YaCTOThI, MPU KOTOPOI
G'=G" [33]. Ha 3aBUCUMOCTSIX MOXHO BBIACIUTH 2

objactu: cj1aboro najaeHust peoJoruuecKux rnapame-
TPOB U PE3KOTo TMajeHUs BI3KOCTU 1 BpDEeMEHU pelak-
canuu. B nmepBoii o6mactu (mpu MoabHoit none OATTA
1o 0.1) BI3KOCTh ManaeT Julilb B 3 pa3a, Bpems pefiak-
callM¥ TakkKe MmanaeT B 3 pa3a, a 3HaueHUsT MOMIYJ/ISI Ha-
KOIJIEHUs] TPAKTUYECKU HE UBMEHSIIOTCS, YTO XOPOIIO
BUAHO Ha puc. 3a. [TocTOsSIHCTBO MOy HAKOTIJIEHUS
YKa3bIBaeT Ha HEM3MEHHYIO TUIOTHOCTh CETKM 3alle-
rieHui [3, 31], a u3BMeHeHue BI3KOCTHU U BpeMEHHU pe-
JIaKCaIluM MOXHO OOBSICHUTb YMEHBIIICHUEM CPeTHeH
JUTMHBI MUIIEJITT M1 OTHOBPEMEHHO YBEIMYEHUEM UX KO-
ymyectBa [34]. [Ipuuem piuHa MULIEIT YMEHbBIIIAETCSI
c1a060, TaK KakK BSI3KOCTh 3aBUCUT OT IUIMHEI B TPEThEM
CTEeINeHU, Kak ObUIO yKa3aHo Bbillie. PaHee ObL10 Haii-
JIEHO, YTO B CJIy4yae J0CTaTOYHO IUIOTHOI CETKU 3alle-
IUIEHWM, KOTAa CPemHss ITMHA MUIIEIUT CUIBHO TIpe-
BBILIAET JUIMHY cyOlierneil, 3HaueHre MOIyJIsl HaKoTLIe-
HUsI HE U3MEHSIETCS [TPU YMEHBILEHUM CPEAHEN TTUHBI
yepBeobpas3Hbix MUlleT [34]. MoxHO noJsiarath, 4To
3TO OYIET BBIMOJHATHCS IO TeX TOp, ITOKa IJIMHA Yep-
BeOoOpa3HbIX MULIEUT HE CTAaHET KOpode IJIMHBI CyOlie-
neit B ceTke 3alernaeHuii [29].

B o6mactu 2 (nipu none OAITA 6onee 0.1) BI3KOCTh
¥ BpeMsI peJTaKcallii pacTBOPOB Pe3KO MamaloT, M pac-
TBOD TepsIeT BA3KOYIIPYTUil OTKIMK. B pamkax morukmu
YMEHbILIEHUST CPpEeIHE JIMHBI MULIEJT U IIUPOKOTO
pacripeneeHlsT MUTISIIT TI0 pa3MepaM MOXHO IToJIa-
raTh, YTO B Havaje 3TOM 00JacTH YacTh MUIIEJUT CTa-
HOBUTCSI KOpoUe JUTMHBI CYOlIeTell B ceTKe, a B KOHIIE
9TOIT 00JIaCTH y3Ke BCe MUIIEIUTBI HACTOJIBKO KOPOTKHE,
YTO HE MOTYT 00pa3oBaTh CETKY, UYTO MOATBEPXKIa-
€TCSl HbIOTOHOBCKUM XapaKTepOoM MOBEACHUS BSI3-
KOCTU pacTBopa (puc. 20) U JaHHbIMU Kpuo-I1OM
(puc. 46) mpu moabHoi nojie OAITA 0.5. bonee Toro,
ctouT oTMeTUTh, uTo OAITA B otcyrcTtBue OAITB 00-
pasyet cdepuiecKre MHUIIEUTBI, KaK OBIJIO TTOKa3aHOo

KOJJIOUJHBIM XKYPHAT tom86 Ne2 2024
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B uTeparype [35], HecMOTpsI Ha OTHOCUTEIbHO IJIMH-
HYIO TUAPOGOOHYIO TPYIIILY.

Tak kak ucciaegyemoie IIAB nMeOT 0AMHAKOBYIO
CTPYKTYPY XBOCTa 10 aMUHOTPYIIIbI, TO MOXHO pac-
CMaTpUBaTh U3BMEHEHHE COCTaBa MULIEJLT KaK U3MEHe-
HUE B3aUMOACHMCTBUS UCKIIIOUMTEIBHO B TUAPOPUIIb-
HOM OIIyILlIKe arperatoB. M3BeCcTHO, 4YTO B MUIIe/IaxX
HBUTTepUOHHEBIX ITAB cymiecTByeT IMMIOIb-AUIIOIb-
HOE€ OTTAJIKMBaHUE MeXAYy OeTauHOBBIMU I'pyNIIaMU
[18]. YuuThIBast CTpyKTypHOE ITOJ00ME MCITOJIB3YEMBIX
ITAB, MoXHO ToJjaraTh, 4YTO 3apsi>keHHasi aMUHO-
rpynma Mosekyiabl OAITA B muuengax oyaet pacmno-
JlaraThCsl PSIOM C TIOJIOXKUTENbHO 3apsSKeHHON aMu-
Horpymnmnoii OAITB, moaToMy OyaeT BO3HMKATh AOMOJI-
HUTEJIbHOE OTTaJIKMBAHKWE HAa ITOBEPXHOCTU MULICIIIHI.
CornacHo TeopHH, 3JIEKTPOCTATUIECKOE OTTAIKMBA-
HUE BHOCUT BKJIaJl B CPEIHIOIO IJIMHY YepBe0Opa3HbIX
MMULIEJI cortacHo ¢dopmyite [3, 36]:

= 05 E - E,

L~¢ exp( 2yT J,

rae ¢ — oobeMHad nons [1AB, E, — sHeprus pa3psiBa
(BBIMTPBIIT SHEPTUU 0Opa30BaHUS LIUJIMHIPUIECKOM
YacTW MULIE/JIbl IO CPAaBHEHMIO C 00pa3oBaHUEM I10-
Jychepuueckrnx KOHIIOB B cllyyae He3apsKeHHBIX
ITAB unu B ciiy4yae IOJIHOTO 9KpaHUPOBAHUS BJIEK-
TPOCTAaTUYECKOTO B3aUMONEUCTBUS MEXAY TMApPO-
dunbHbiMU Tpyninamu [TAB), E, — sHepreTudeckuii
BKJIaJl OT BJIEKTPOCTATUYECKOTO OTTAJIKUBAHUS MEXIY
ruapopUIbHBIMU TpyMIiaMu B Mulieie. M3-3a nomno-
6us cTpykTypsl obonx [TAB mpu yBennyeHun noian
sapsokeHHOro OAITA E, He usmensiercs, a £, — yBe-
JINYMBAETCs, TIO3TOMY, COINIacHO (hopMmyJie, CpemHsst
IJIMHA MULET yMeHbInaeTca. JlaHHbii 2 ¢pekT 00b-
SICHSIETCSl TEM, UTO YepBEOOpa3HbIe MULIEIIbI COCTOSIT
U3 LIEHTpaJbHOM 00Jiee MIOTHO yIIaKOBAaHHOM LIUJIMH-
JIPUYECKOM YacTU U TOPLEBBIX 00JIEE PHIXJIbIX TTOJTYC-
(bepuueckux yacreit, COOTHOILIEHUE MEXIY KOTOPbIMU
ornpeaesieT AauHy Muuesl. [ToatoMmy o mepe yBenu-
YEeHUS OTTAJIKMBAHUSI MEXIY TMAPOMDUIBHBIMU TPYyTI-
namu [TAB U, COOTBETCTBEHHO, YBEJIUYEHMS BbITO/I-
HOCTHU 00pa3oBaHMsl Modychepruueckux MeHee TJI0THO
yIaKOBaHHBIX YacTeil MULIEJIJT CpeAHSss JJIMHA YepBe-
00pa3HbIX MULIE/UT yMeHblIaeTcst (puc. 6a). Takum 06-
pa3oM, MpU yCWIEHUU OTTAJIKMUBAHUS Ha TOBEPXHOCTU
MUILET BO3MOXHO MOSIBIEHUE U C(HEPUIYECKUX MU-
e (puc. 66). OmTHOBpeMeHHOE TIPUCYTCTBUE TJTAH-
HBIX YepBeOOpPa3HbIX MULIET U chepruuecKUX MULIEIT
MOXKET yKa3blBaTbh Ha CErperainio MOJeKyJ IBUTTEPU -
oHHoro [TAB, ckiioHHOro 06pa3oBbIBaTh YepBeOOpas-
Hble MULIEJUTbI M3-3a CJIA00TO AUMOJIb-AUIIOJBHOTO OT-
TaJIKUBAHWS Ha MMOBEPXHOCTU MULIENI [24], U KATUOH-
Horo ITAB, cki1oHHOro 00pa3oBLIBaTh CpepruuecKue
MMIEJUIBI U3-3a CUWIBHOTO OTTAJIKUBAHUSI OTHOUMEHHO
3apsKeHHBIX Tpyn [35].

BoablIMHCTBO MccenoBaHUi, TTOCBSAIIEHHBIX 00-
pa3oBaHUIO CETKU yepBeoOpa3Hbix muienn [TAB,
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Puc. 5. (a) 3aBUCUMOCTbD BSI3KOCTHU TIPU HYJIEBOM CKO-
pocTu caBura; (0) TepMUHAIBHOTO BpEMEHU peslakca-
Uy (TpEeyroJbHUKM) U MONLyJsl HakoruieHus G' mpu
10 pan/c (xpyru) ot MmoabHoil moau OAIIA B cMecu
¢ uButTeproHHBIM OAIIB Tipu MOCTOSTHHOM 06IIeit
koHueHTpauuu ITAB, paBHoit 46 MMoab/a. Beptu-
KaJIbHOU JIMHUEN OTMEUeH Mepexol K pe3KOMy U3Me-
HEeHUIo cBOUCTB. [opu3oHTaNbHON TMHUEH Ha puc. 5a
OTMEUYEHO 3HAUYCHME BI3KOCTH BOIBI TP TeMIIepaType
30°C.

OBLIIO BBIIOJHEHO IpU 100aBiIeHN aHMOHHBIX ITAB
C OTHOCHUTEJILHO KOPOTKOM TUAPodOOHOI IpyIIIIoi,
rae npu HeOoJbIIuX A0Js1x co-1TAB Habmomancs BbI-
paXeHHbI 3 dEKT yBeTMUSHUS ITUHbBI MULIEJITT U PO-
CTa BSI3KOCTU, MOIYJ/II HAKOIUIEHUSI M BpEMEHU pejlak-
cauuu [37—39], Tak KaK OTpULIATEIbHO 3apsKeHHas
rpynia anuoHHoro ITAB pacroaragace pssmoMm ¢ Io-
JIOKUTEJIbHO 3apsSKeHHBIMY TPYIIAaMU LIBUTTEPUOH-
Horo ITAB u skpaHupoBaja 3J1eKTpOCTaTUIEeCKOe OT-
TaJKMBaHUE Ha TOBEPXHOCTU MULE/IIBI. ITpu 60Jb-
1ol nojie aHnoHHoro ITAB uccnenoBaHusi TpoOBOIMIN
penKo, HO B OJIHOI U3 MyOaunKauuii [27] mokasaHo, 4To
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Puc. 6. (a) CxemaTtruyeckoe n300pakeH1e YMEHbILIECHUS JJIMHBI U YBEJIMUYEHMS KOJTMYEeCTBA MULIEIUT TTPU 3aMEeHE YacTU MO-
Jieky1 uputtepuoHHoro [TAB OAIIB Ha mMosiekyibl onoxutenbHo 3apsikeHHoro [TAB OAIIA; (6) cxemaTuuyeckoe U30-
OpaxkeHUe N3MEHEHUS CTPYKTYPHI CETKH B pacTBopax npu yBennueHun nomu OATTA.

BSI3KOCTb PAcCTBOPOB TaaeT A0 BSI3KOCTU BOAbI, YTO
corjiacyeTcsl ¢ TeM, 4To gaHHoe aHuoHHoe ITAB 6e3
J00aBOK CKJIOHHO 00pa30BbIBaTh ChepruuecKue Mu-
LIeJITBI.

BausiHue no6aBKU MOJIOXUTEIbLHO 3apsSKEHHOTO
ITAB Ha cBolicTBa 4epBeOOpPa3HBIX MULIEILT LIBUTTEPH-
oHHoro ITAB paHee OblIO MpakKTUUECKH HE M3Yy4YEHO.
CTOouT JIUIIb OTMETUTD, YTO B IyOauKauuu [27] npu
nobasiaeHun KatuoHHoro [TAB nermaTpuMmeTiiiaMMmo-
HUIf 6poMuUIa B paCTBOP MepeEIIeTeHHbIX YUepBeoOpas-
HBIX MULIEI UBUTTepuoHHOTO TTAB oneungumeru-
JJaMUJ00KcHUaa 0OHapyXeHO TMaJeHue BA3KOCTU 10
BSI3KOCTH BOJAbl. METONOM MajIOyTJIOBOTO pacCesTHUS
HEUTPOHOB ObLIIO MOKAa3aHO, UYTO MajeHue BSI3KOCTU
CBSI3aHO C YMEHbBIIIEHUEM JJIUHBI MULIEJL, U BbICKA-
3aHO TPEANoJoXeHue 00 00pa3oBaHUN cHEPUUECKUX
MULIEJIT.

B nHacTosieii xke pabote o6pazoBaHue chepuye-
CKHUX MULEJUT ObIJIO HEMOCPEACTBEHHO MOATBEPXKIAEHO
MeTonoM Kpuo-I1®M u rmokasaHo, 4TO OHU COCYIIEe-
CTBYIOT C IJIMHHBIMU Y€pBEOOPa3HBIMU MULIEJIAMU.
bonee Toro, nucrnonp3oBaHue UBUTTeprUOHHOTO ITAB
B CMECH C ITOJIOXUTEIbHO 3apsKeHHBIM TTAB momo06-
HOTO CTPOEHUSI TTO3BOJIMJIO OLIEHUTh BIMSIHUE UMEHHO
3JIEKTPOCTATUYECKOrO B3aUMOJIEMUCTBUS HAa CBOMCTBA
cucteMmbl. OOHapykeHHOe cJlaboe U3MEHEHUE PEoJIo-
TMYECKUX ITapaMETPOB PACTBOPOB C MOJILHOU HoJei
katnoHHOTO ITAB 1o 0.1 MOXHO OOBSICHUTB TEM, UTO
SHEPTUS pa3peiBa E, HE U3MEHSETCS, a SHEPTeThyYe-
CKMIi BKJIaJ OT 3JEKTPOCTAaTUUYECKOTO OTTaJIKUBAHMUS
E, Mengercd ciabo. B pactBopax cMeceil LBUTTEPUOH-
Hb1x ITAB ¢ nonnsiMu I1AB ¢ pa3anyHbBIMU O TJIMHE
ruapo¢oOHBIMU TPYyIINAaMU 3HAaUYMMbie 3 QGEKTH

oOHapy:XMBaJIUCh pU Oojiee HU3KUX O0Js1X co-1TAB
[27, 37—39], 4TO BO3MOXHO CBSI3aHO TaKXe C YMEHb-
LIEHUEM 3HEPTUM pa3pbiBa MuLesl E,. bonee cuinbHoe
najgeHue peoJOrnuecKuX napaMeTpoB U MoTepsl BA3KO-
YIPYIMX CBOMCTB B Halllel cUCTeMe MPU MOJIbHOM f0J1e
OATIIA 6oiee 0.1 cBSI3aHO ¢ TeM, YTO CPeOHss JJIMHA
MMUILIEJIJT CTAHOBUTCS KOpoYe IJIMHBI CyOLIeneil B CETKe
sanermyieHnii. Ho naxe nipu moibHoO# moje OAITA
B pactBope, paBHoii (.5, cornacHo pesyjbTaTaM Kpu-
OT€HHOM 3JIEKTPOHHOU MUKPOCKOIIMHU, HAOII0JaI0TCsI
JIJIMHHBIE YepBeOOpa3Hble MUIIEIUIBI B CMECH C KOPOT-
KUMHU 4epBeoOpa3HbIMU U cHEepUIECCKUMU MUILIE-
JIaMU.

3AKJIIIOYEHHUE

TakuMm oO6pa3zomM, B JaHHOI paboTe BHEpPBLIE HC-
CJIEMOBAaHBI BSI3KOYIIPYTHE CBOMCTBA 1 CTPYKTYpa MU-
eJuT, 06pa30BaHHBIX IIBUTTEPUOHHBIM M TTOJIOXM -
TeJIbHO 3apseKeHHBIM TTAB 0mm3koro crpoenus. O0-
HapyXeHO, YTO IIPU MOJILHOI H0je KatTuoHHoTo ITAB
OAIIA menee 0.1 ycuneHume 371€KTpOCTaTUYECKOTO
OTTAJIKUBAHMS MEXIY THIAPO(PUILHBIMH TPYIIIaMU
Ha ITOBEPXHOCTU MUIIEIIT ¢J1ab0 BIMSIET HA PEOJIOTH-
YeCcKne CBOMCTBA TAKOM CHUCTEMBI, YTO OOBSICHSIETCS
He3HAYUTEIbHBIM YMEHBIICHUEM CpeTHEU IIMHBI
yepBeoOpa3HbIX Mulle1. [lokazaHo, 4To mjis mepe-
XoJla OT MoJiypa30aBieHHOIro pacTBopa neperneTeH-
HbIX YepBe0oOpa3HbIX MULIEUT K pa3baBjIeHHOMY pac-
TBOPY CMECU YePBEOOPaA3HbIX U C(hepruuecKux MULEII
HEeoOXOAMMO 3aMEHUTD MOJOBUHY MOJIEKYJT LIBUTTEPH-
oHHoro OAIIDB Ha MoJoXUTENIbHO 3apsiKEHHbIE MOJIE-
Kkyabl OATTA.

Ne2 2024
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