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WccnenoBaHa B3aMMOCBSI3b MEXIY NeCTPYKTUBHBIM M CTAOMJIM3UPYIOIIUM AEMUCTBUEM CUHTE3UPO-
BaHHBIX TTo MeTony Jadda yabsrpamansix HaHodacTull 30g0Ta (HY3) mo oTHoIIEHNIO K BHYTpeHHE
CTPYKTYpe YacTull Xuakokpucrammnueckux aucrnepcuii (ZKKJ/1) AHK B 3aBUCHMMOCTH OT CTETIEHU YIT0-
psimouyeHHOCTH nocaenHux. [TokazaHo, 4To “crabunm3anus’ yrmopsaodyeHHO! CTPYKTYpPhI YaCTHLIL (pak-
THUYECKM OKa3bIBaeTCs CIEACTBUEM ee “paspymeHus”. [1pu 3ToM TOMUHUPOBAHUE TOTO WUJIU APYTOTO
3¢ dekTa cIoXHBEIM 00pa3oM 3aBUCUT OT pacCTOSTHUS Mexay cocenHumu moaekyaamu JJHK B yactuiax
ee KK/, orpenenasseMoro OCMOTHISCKUMH YCIIOBUSIMH, U 3(P(eKTUBHOCTBIO TpOHUKHOBeHNsS HU3

B OTH 4YaCTHUIIbI.
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BBEAEHUE

HMccnenoBaHue B3auMoaeicTBUSI HAHOOOBEKTOB,
B 0COOEHHOCTU Heopranndeckux HaHoyactui (HY),
C KUIKOKPUCTAUIMYECKUMHU CUCTEMaMU TIPEICTABIISIET
HECOMHEHHBII MHTEePEeC C TOUKU 3PEHMS CO3MAaHUS HO-
BBIX (pYHKIIMOHAJIbHBIX MaTepualioB [ 1—3]. [TockonbKy
K Me30TeHaM Cpeay MPOYUX OTHOCITCSI HEKOTOPBIE
oenku [4], monucaxapunsl [5] U HYKJI€MHOBBIE KHC-
noThl [6—10], B oTAeNbHOE HAIIpaBIeHUE MOXHO BbI-
JETUTb PabOTHI C UCIIOJB30BAHUEM “OMOJOTUUYECKUX
KMAKUX KpUCTaIoB. Tak, 3HaYUTeIbHOE BHUMAaHUE
ynensetcs: B3aumoneicteuio HY 3omota (HU3) ¢ me-
3ocazamu JJHK [11—14]. Becbma nHTEpeCHBIN IIpU-
Mep MOMOOHBIX CUCTEM MPEACTABISIOT MOJIyYaeMble
METOIIOM psSi-KOHACHCAMNU (TaKXe \; aKpOHUM CJIOB
“Polymer and Salt Induced” [15]) Xunkokpucrajiinye-
ckue nucnepcun (ZKKJI) HuzkomonekyasspHbix JHK.
C omHOIT CTOPOHBI, OHU SBJISIOTCS YIOOHBIMU 0110 hH-
3UYECKUMU MOJEJISIMU, TTIOCKOJIbKY TIJIOTHAS YIIaKOBKa
MOJIEKYJl HYKJIEMHOBOM KHCJIOTHI B TUCIIEPCHBIX Ya-
CTUILIAX MOXET B OMpPeNeIeHHOM CTeIIeHU BOCTIPOU3-
BOIOUTH €€ OpTaHU3aIuIo in vivo [16—18], a ¢ mpyroii,

MPEACTABISIOT CO00i1 MHOTO(MYHKIIMOHAIBHYIO IJIaT-
bopmy g ouomenuunsbl [19—21]. TlpumeuaTenbHOM
ocobenHocThio KKJI JIHK gBisgeTcs Tak:ke BO3MOXK-
HOCTb 1IeJIeHaINPaBJIeHHOTO MHKOPIIOPUPOBAHMS B UX
yactulibl H43 kak MeTona KOHCTpYUPOBaHUSI, K TIPU-
Mepy, GIyopeclUeHTHBIX CEHCOPHBIX CUCTEM, B KOTO-
pbix HY3 MoryT BbicTynaTh TYIIUTEASIMU WX, HAITPO-
TUB, YCUJIUTEIIMU curHayia. MI3ydeHn1o CTpYKTYpHBIX
ACTIEKTOB TaKOTO WHKOPIIOPUPOBAHUS TTOCBSIICHBI
pabotel EBmokuMoBa 1 coaBTOpoB [22—28], a Takke
Hauei HaydyHo# rpynnbl [29—31]. Tem He MeHee, He-
CMOTpSI Ha TOCTATOYHO OOJIBIIIOE YMCIIO ITyOJIMKAIIWIA,
HEKOTOPBIE M3 ITUX aCTIEKTOB OCTAIOTCS HE 0 KOHIIA
u3ydeHHbIMU. Tak, HampuMmep, He SICHO, KaK B3au-
MOCBSI3aHbI TTPOLIECCHl PA3pYIIEHUS U CTabMIM3aluu
YIOPSIIOYEHHOI BHYTpeHHEH CTpyKTYphl yacTull 2KKJI
JAHK mpu ux BzauMoaeicTBuu ¢ ruaposoneM HUY3.
Takke HEM3BECTHO, KaK IJyOMHA MPOTeKaHUST 3TUX
MPOLIECCOB COOTHOCUTCS CO CTEMEHbIO BHYTPEHHEN
VIIOPSIIOYEHHOCTH (pa3ymopsImoYeHHOCTH) YaCTHUIL
muctiepcun. [TorcK OTBETOB Ha 3T BOIIPOCHI U SIBIJICS
LEeJIbI0 HacToAIIero ucciaenoBanmsa. OHU TIpeacTaB-
JISTIOTCS HAM TeM 00Jiee BaXKHBIMH, YTO TTOJTYICHHBIE
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3aKOHOMEPHOCTHU MOTYT OBITh BIOJIHE aKTyaJbHBIMU
U TIPUMEHUTEIbHO K APYIMM OMOMaKpOMOJIEKYJIsSIp-
HBIM XKUAKOKPUCTAITMUECKUM cUcTeMaM, (PyHKIIO-
Hanu3upyembiM HY.

MATEPUAJIBI U METO/1bI

Hunst npurotosnenust KK/ ncnonb3oBaau KoMMep-
YeCKHUil MpenapaT BBIICIIEHHOM M3 MOJIOK OCETPOBBIX
WJTH JIOCOCEBBIX PHIO U NEMOIMMEPU30BAHHOI YIIBTpa3-
Bykom JHK (depunar®; (0.25—0.5) x 10° Ta (=400—
800 1.0.); TexnomencepBuc, Poccust) 1 moau3TUiIeH-
mukonb (IT8T, 4000 da; Sigma, CIIA). Mx pacTBOpHI
MPUTOTOBJISLIM HA OCHOBE BOJHO-COJIEBOro Oydepa, co-
nepxaiero 0.01 M Na,HPO, u 0.3 M NaCl (pH = 7.4),
a MOJIyYeHHbBIE TIOCJIe CMEIIEHUST STUX PACTBOPOB 00-
pasLbl THTEHCUBHO MEPEMEIINBAIIA Y B COOTBETCTBUM
C U3BECTHBIMU JAHHBIMU O KUHETUKE (DOPMUPOBAHMUS
ontuyecku aktuBHBIX 2KK/[ IHK (cm. [31, 32]) BeiAep-
>XMBAaJIU IIpU KOMHATHOI TeMmepaType He MeHee 1.5 4.
Conepxanue JIHK B o6pasuax 066110 (pUKCUPOBaHHBIM
u coctaBisiio 1.35 x 10~ M (w14 ee criektpodoToMe-
TPUYECKOTO OMpPeeSIeHUST UCIIOIb30BaIM 3HAYEHUE KO-
s duIeHTa SKCTUHKIINHY €,¢, ~ 6600 M~! cm~! [33]),
Torga Kak koHueHTpauuio [131 BappupoBaiu B nua-
ma3one 0—300 mr/mia (0—30 mace. %), MCTIONMB3YS IS
3TOTO B KaUeCTBE MCXOMHOTO PACTBOP MOJUMEpPa C KOH-
ueHTpanueit 60 macc. %.

IIpouenypa cuHTE3a TUAPO30Jsd ChHEpPUIESCKUX
HY3 neranbHO onucaHa B HAIIMX MPEIbIAYyIIUX pa-
ootax [34, 35]. s xapakTepu3aly YaCTUIL UCIIOb-
30BaJIi TIPOCBEUNBAIOIIUI 3JIEKTPOHHBII MUKPOCKOIT
(IT®M) Libra 120 (Carl Zeiss, I'epmaHust) 1 crieKTpo-
MeTp IMHAMWUYECKOTo paccessHus cBeTa Zetasizer Nano
ZS (Malvern, Benuko6purtanus). B mocnegHem ciy-
yae U3MepeHus MpoBoAuau nof yriaoM 173° mpu 25°C,
a DKCTNIepUMEHTaJIbHbIE TaHHbIE YCPEAHSIIU MO MATU
MOCJeIOBAaTEIbHBIM LIUKJIAM U3MEPEHMI, KaXXIbIid 13
KoTophiX BKIodan 10—15 “mporoHon”.

B HacTosteM nccaenoBaHuy ObLINA UCITOJIb30BaHbI
HY3 30515 Bo3pacToM 5 Mec, ISt KOTOPHIX YKe Ha0JI0-
naetcs 3¢ @dEKT J0KATU30BaHHOTO MMOBEPXHOCTHOTO
nnazMoHHoro pe3oHanca (JITITIP). Bce aTo Bpems
30J1b TIOCJIC aHAIM3a UCXOOHBIX XapaKTepUCTUK Xpa-
HWINA B XogonujbHuke 1pu 4°C. 3ateM oH ObLI ITO-
BTOPHO OXapaKTepM30BaH U cpasy Xe MCIOJb30BaH
B OKCIIEPUMEHTAaX.

Torosrie o6pa3usl ZKKJI JIHK ¢ paznuyHbIM co-
nepxanueM IOI TuTpoBanu AUCTUIIMPOBAHHOM BO-
Joii wiu rugpo3soiaeM HY3. s sToro K 1 M1 oOpasia
no6asisuin 1o 200 Mk (¢ maroM 20 MKJ1) BOAbI WU
30JIs 30JI0Ta, YTO B IIOCJETHEM CIIydae COOTBETCTBYET
MmakcuManbHo# KoHueHTpanun HY3 B 2KK]I, paBHoi1
19.33 x 1078 M. TTocKOJIbKY B IPENBIAYIINX MTyOIMKA-
LUSX MBI ONIEPUPOBANIM BEIUUMHOM KOHLEHTPALIUU
HY3, a He BHOCUMOTO 0ObeMa 3015, Ha puc. 1 I
yno0CTBa MpeAcTaBIeH TpapuK COMOCTABICHUS 3TUX
rnapaMeTpoB.
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Puc. 1. ConocrapineHre BHOCUMOIO 00beMa TUAPO30JIst
HY3 1 ux KoHEeYHOII KOHLIEHTpallUi B CUCTEME C y4ye-
TOM pa30aBIeHU.

Perncrpanuio cnekTpoB IOTJOIIEHUS MPOBO-
IWIu ¢ moMolbio crekrpodoromerpa UV-3101 PC
(Shimadzu, SImoHust). CnekTpbl KPyroBOro JUXpo-
n3Mma (K/) usmepsiiu, ucrnoinbays nuxporpad CKJI-2
(Uuctutyt cnektpockonuu PAH, Poccus), u npen-
CTaBJIST B BUE 3aBUCUMOCTHY Pa3HUIIBI TTOTJIOIIEHMS
JIEBO- U IIPABOIIOJISIPU30BAHHOTO cBeTa A4 = A; — Ay
OT IJIMHBI BOJHBI A. Bce u3aMepeHMsT MpOBOAMIU
B KBapueBhix KioBeTax (Hellma, I'epmanust). YacTuiist
KK/ JHK Bu3yanu3upoBaiu B Ja3¢pHOM CKaHUPY-
o1eM KoHgpokanbHoM Mukpockone Leica TCS SP5
(Leica Microsystem, I'epmaHust). s 3TOro UCIoOJb-
30Baiin ayopecueHTHBIN Kpacutenab SYBR Green I
(SG; Lumiprobe, CIIIA). OTOT KpacuTeiab UMeeT HU3-
KUt KBAaHTOBBIN BbIXOH (hJIyOpECILEHIIUU B CBOOO-
HOM cocTosiHMM (=10~%), KOTOPBIA NIPU €ro CBA3bI-
BaHuu ¢ JIHK yBenuuuBaercst 6osee yem B 1000 pa3
[36]. K 1 mu o6pasua KK JHK moGasisau 2.5 MK
pacTBOpa KpAacUTeNs ¢ KOHLeHTpauueil 7 X 1074 M,
T.¢. KoHUeHTpauuss SG B cucTeMe cocTaBiasia
1.75 x 10~° M. 3ateM 20 MKJI TIOJly4€HHOI1 AUCTIEPCUN
rnoMelaay Ha npeaMmetHoe crekio (Menzel-Glaser,
T'epmanmst). Kpacutenb Bo30yXmaiu aproHOBBIM Jia3e-
poM Ha JIJIHe BOJHBI 488 HM, a ero (payopecleHIINIO
peructpuposaiu B quamnasone 500—600 Hm.

PE3VIIBTATBI U UX OBCYXJAEHWE

B HacTosieid pabote UCMONb30BaIM TUAPO30Jb
chepuueckux HU3, cuHTe3MpoOBaHHBI TTyTEM BOC-
cTaHoBJIeHNST MOHOB AuCl;, XJIOpUIOM TeTpakuc(-
rugpokcuMetun)docdonus (TTPX): 3ToT crmocoob,
MOJYYUBIINK M3BECTHOCTh Kak MeTon Hadda, ObL1
paspabotaH rpynnoit daapaca [37—39]. Cpenuuit
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Puc. 2. (a) Pacnipenenenus HU3 no pasaMepam, IocTpoeHHBIE TI0 TaHHBIM TUHAMUYECKOTo paccesiHus cBeta (1) u [19M
(2); na BcraBke — Mukpodororpadusa atux HU3. (6) Criexrpsl nomouenus 10.45 x 108 M HU3 B aucTuiinpoBaHHOM
Boze (/) u 6ydepHoM pacteope (2), a Takke B 6ydepHOM pacTBope B mpucyrctBuu 1.35 x 1074 M JHK (3) unu 18 macc. %

T19T (4).

pa3Mep TaKMX YacCTHUI] HEMOCPEACTBEHHO MOCJe TOJy-
YeHMsT OOBIYHO COCTABJISIET =2.5 HM, TOTAA KaK P UX
“cTapeHUN”, paBHO KaK W IIpU BO3IEHCTBUM pa3iny-
HbIX BHEIIHUX (pakTOpoB (cM., Hampumep, [40—42]),
OH MOXET 3aMeTHO yBennuuBaThes. [locie BbiaepKKu
ruapo30is B TedeHue 5 mec nipu 4°C cpeaHuil pa3mep
HY3 commacHo naHHBIM TMHAMHWYECKOI'O PacCesIHUS
CBeTa COCTaBJISI OKOJIO 5—6 HM (puc. 2a), a 1o JaH-
HbIM [IDM — npumepHo 3.4 HM (CM. BCTaBKYy Ha TOM
Ke pucyHke). Crnekrtp nornomenus Takux HY3 B ogu-
CTUJIIUPOBAHHON BOJE XapaKTepu3yeTcs BbhIpaXKeH-
HbIM nKoMm BOaM3u 500 HM (KpuBasi I Ha puc. 20),
CBUIETENbCTBYIOIUM 0 Hajnuuuu y Hux JITIIIP, Torna
KaK HEeMOCPeACTBEHHO MOCJe CUHTe3a UX CIIEKTP I0-
IJIOLLIEHUST TIPEACTABIISIET COO0I MIaBHO CHAdAONIYI0
kpuBylo [38]. Ilpu BBegeHUM yacTull B OydepHBIil
pactBop, comepxamuii 0.3 M NaCl, nmonoca JITIITP
3aMETHO YIIMPSIETCSI, €6 MHTEHCUBHOCTh CHUXKAETCH,
a MaKCMMyM 0aTOXpOMHO cMmelaercs ¢ 515 1o 553 Hm
(kpuBas 2 Ha puc. 20). Takoe noBemeHue CIIEKTpa
oOycnosieHo arperauveiit H43, BeI3BaHHOI 3KpaHU-
poBaHMEM KaTMOHAMMU COJY OTPULIATEILHOTO 3apsiaa
uX IToBepxHocTH [43, 44]. B mpucyrctBuu B 0ydhepHOM
pactBope I19I mim JHK cnexTp normomenuss HY3
W3MEHSIETCS TOpa3Io MEHbIIe (TaK, TUTAa3MOHHBII TTHK
cMemaercst 10 520 uau 526 HM COOTBETCTBEHHO — CM.
KpuBbIe 3 U 4 Ha puc. 20) 1 110 (hopMe OH 3HAYUTEIIBLHO
OJIvKe K MX CIIeKTpYy B AMCTWIIUpoBaHHOU Boae. Co-
XpaHEHME arperaTuBHOM YCTOMUYMBOCTU TaAKUX CUCTEM
B YCJIOBUSIX BBICOKOW MOHHOI CUJIbI CBUAETENbCTBYET
o B3aumoneiicteuu Moiekyia JHK u 18I ¢ HY3,
o0ecreunBaloleM CTaOMIN3aLIUIo0 TUAPO30JIsl 30J10Ta,
OYEBUIHO, IO CTEPUUECKOMY MEXAHU3MY.

PaccMoTpuM cHavaia TUTpOBaHUE TUAPO30JIEM 30-
Jota “Kiraccuyeckoii” xonecrepudeckoit KK JHK

¢ 18%-m conepxanueMm 19T (puc. 3). Ee ciekrp K/
XapaKTepU3yeTcss MHTEHCUBHOM OTPUILIATEILHOM TTOJIO-
coii ¢ MaKkcuMyMoM BOn3u 270 HM (TaK Ha3bIBaeMblii
aHoMasbHbiii KJI-curnan [45]), npumepHo B 20 pa3
npeBocxonsieit mo amrurtyae K/ -curuam uzorpor-
Horo pactBopa JJHK. PaccrosiHue Mexny coceTHUMU
CI0SIMU, (DOPMUPYEMBIMUA MOJIEKYJIAMU HYKJIEMHOBOIA
KMUCJIOTBI, COTJIACHO TaHHBIM MaJIOYIJIOBOTO PEHTIe-
HOBCKOTI'O paccesiHUsI, B 3TOM cilyyae 0JM3KO K 3.5 HM
[25]. Kak npu momiaroBoM pa30aBiIeHUU 3TOM CHU-
CTeMbl TUCTUJINPOBAHHOM BOAOI, Tak U NpU 100aB-
JIEHUU K Hel TUAPO30JIsI 30J10Ta aMIUTUTYIa aHOMAJTb-
Horo KJ/I-curHajna mocreneHHO yMEHbBIIAETCS: B TIep-
BOM cjydyae — BIUIOTh 10 =5.12 pa3 (puc. 3a), a Bo
BTOpOM — 10 ~7.63 pa3 (puc. 36). CorocraBisst 3Th
pe3y/IbTaThl ¢ MOJyYeHHBIMU paHee, MOXHO OTMETUTh
6oJjiee cunbHOe (o =1.9 pa3s) ocimabieHue cuUTHaIa,
yeM, Hanpumep, B pabortax [29, 31]. ITo aTomy napa-
METPY OHU 3HAYMTETHHO OJIVIKE K Pe3yJIbTaTaM paboThI
[30]. B TO xxe BpeMsI, ITIOCKOJILKY B padore [30] ObL1
WCIIOJIb30BaH CBEXEIIPUTOTOBIEHHBIN TUIPO30JIb 30-
JIOTa, a B HacTosIIeit paboTe — BhlAEpKaHHBIN B Teue-
HUE 5 Mec, MOXHO 3aKJIIOUUTh, YTO COXPaHSIETCS T10-
KazaHHas HaMu paHee (cM. Ttoapo6Hee B [31]) mpakTu-
YyecKast He3aBUCMMOCTh CTeTieHH Bo3neiictBust HU3 Ha
Bean4rHy aHoMmajbHOTro KJI-curHana roroBoit 2KKJI
JHK ot Bo3pacTa ruipo30sl.

OOpaTtumM Temepb BHUMaHHE Ha MPUHLIUIIMUANb-
HbIe pa3jnuyus B XapakTepe U3MEHEHU aMIUIMTYIbI
aHomasnbHoro KJ/I-curHana, HaGaomaeMble TIpU THU-
TpoBaHuu paccMmarpuBaemoit KK/ JHK muctunnm-
poBaHHoit Bogoit u 3oiieM HUY3. Kak MBI oTMeuanu
B Ipenpiayiieil cratbe [31], B ciyyae pa3baBieHUsI
3TO# CUCTeMbl BOAOI (paBHO KaK U, HAIIPUMEpP, BO-
IHBIM pacTBopoM TI'®DX) 3aBUCUMOCTb OTHOILIECHUS

KOJIIOUJIHBIM )KYPHAL  Ttom 86 Ne3 2024
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Puc. 3. Cnexrpsl K], noiyuennsie npu TurpoBannu 2KKJI JIHK ¢ 18%-m conepxannem 18T nuctuinpoBaHHOMK BOOO
(a) unu 30aeM HY3 (0). (B) 3aBucumMocTy NuKoBoit uHTeHcuBHOCTU K]I-curHana ot oo6beMa nodasiasgeMbix K 2KKJI JIHK
Bomb! (/) umu 3051 HY3 (2). (1) 3aBUCUMOCTHY BETMYWHEI eKPEMEHTA, pACCUYMTHIBaeMOTO 110 hopmyse (1), oT BHOCUMOTO
B cCTeMy 00beMa XXKMIKOCTH. LIBeToBas nereHaa aHalornuyHa pucyHKy (B). KpacHoii 1 3eJieHOoi ITPpUXOBKOM 0003HaYEHbI
COOTBETCTBEHHO 00JlacTu paspyiueHust u craduinsanuu yactuu KK JIHK. Bce 3HaueHust AA HopMupoBaHbl Ha abco-
JIIOTHOE 3HaueHWe aMITUTynbl KJI-curHaia 1 COOTBETCTBYIOIIETO0 KOHTPOJBHOTO o6pasna. CTaHgapTHBIC OTKIOHEHUS,
paccuyMTaHHbBIE 110 TPEM HE3aBUCHMbBIM U3MEPEHMIM, He TpeBbiaior 7% (B) u 14% (r).

AA/AA, OT BeIWYNHBI BHOCUMOTO O00OBbeMa KUIKO-
ctu V nuneiHa (KpuBas I Ha puc. 3B). YMeHbIIIeHIE
amriutynbl K -curHasa npu 3ToM OOYCJIOBJIEHO,
BO-TIEPBBIX, TIOHWXKEHUEM OCMOTUYECKOTO AaBJICHUS
pactBopa I13T, crabmansupyromiero yactuibl 2KKJI
JAHK, n, BO-BTOpPBIX, YMEHBIIEHUEM YHMCJIa CaMUX
9TUX YaCTHII B eAMHUIE 00beMa oOpa3na (ogHaKo, IT0-
CKOJIbKY 3[1eCh MBI COITIOCTAaBJISIEM JIEMCTBHE OMUHAKO-
BBIX 00BEMOB JUCTULIMPOBAHHOM BOIBI U TUIPO30JIS,
BTOPBIM (PaKTOpPOM MOXHO IMpeHeOpeub). Bmecte
¢ teMm npu gobasnenuu K KK/ JIHK 30115 30/m01a no-
MUMO €€ pa30aBJIeHUs UMeeT MECTO HEMOCPEACTBEH-
Hoe BozaeiictBue HU3 Ha ynopsimoueHHYO BHYTpEH-
HIOIO CTPYKTYpY YacTHIL Aucriepcuu. To ecTb B COOT-
BETCTBUM C U3BECTHBIMU JIMTEPATYPHBIMU JAHHBIMU,
C TOYKU 3pEHUSI UBMEHEHUST aMIUIMTYAbl aHOMAJIbHOTO
Ne3d 2024
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KJI-curnana, HU3 B mpuHLMIIE MOTYT KaK yCUJIUBATh,
TaK M 0cJ1abasaTh 3¢ deKT pa3daBieHUs; OyaeM aajee
Ha3bIBaTh 3TO UX JEMCTBHE COOTBETCTBEHHO NECTPYK-
TUBHBIM U CTAOMJIM3UPYIOIIUM (COOTBETCTBYIOIINE
MeXaHU3MbI BecbMa MoApoOHO pa3oOpaHbl B 0030pe
[46]). B ciyyae tutpoBanus KK JHK rugposo-
JieM 3aBUcUMOcTb AA/AA, oT V Ha HayaJIbHOM 3Tare
XapakTepusyeTcs 60jee KpYThIM IMOIbEMOM, 3a KO-
TOPBIM, OJHAKO, CJIEAYET ITOCTEIIEHHOE YMEHbIICHUE
ee HakJIoHa (cp. KpuBble / u 2 Ha puc. 3B). Takas xe
¢dopma 31Ol KpMBOIT HabMOaNach B psae padboT, OImy-
OGJIMKOBaHHBIX paHee [27, 29, 31, 46].

g 6ojee geTalbHOTO aHaliM3a 3aBUCUMOCTEN

AA/AA, ot V BBeneM moHsiTue aekpemeHrta O(V) —
BEJIMUMHBI, HA KOTOPYI M3MEHseTCs aMIJIUuTylaa
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Puc. 4. (a) Cnektpbl KJI cucteM ¢ pa3iuyHbIM CO-
nepxanuem IOT (macc. %): 1 —0, 2 —13.5, 3 — 16.5,
4—21,5-22.5, 6 — 27. (6) 3aBUCUMOCTb aMILIUTY/IbI
KJI-curnana ot koHueHtpauuu 19T B cucreme. CtaH-
JapTHBIE OTKJIOHEHUSI, PACCUUTAHHBIE TIO TPEM HE3aBU-
CHMBIM U3MEPEHUsIM, He mpeBbiiaioT 7%. (B) CeKTphbl
MOMIONIEHUS] CUCTEM C Pa3IM4YHbIM conepxxaHueM 19T
(macc. %): 1—0,2—6,3—12,4— 18, 5— 24, 6 — 30.

KJI-curHama cucTeMbl Ha KaxXKIOM IIare ee TUTPOBa-
HUS JUCTWUIMPOBaHHOM Bomoit wiu 3oieM HY3, ot-
HECEHHOM K aMIUIUTYE MCXOMHOTO CUTHAJIA:

5([/) Z‘M (1)
AAO .

CorocTabJisisl TToJlydeHHbIe rpacuuecKre 3aBUCUMO-
ctu 8(V), MOXHO BbIAEIUTH ABe 06aacTu (puc. 3r): 06-
Jacth I, B kotopoii neiictBue HU3 cunbHee, yeM 3¢h-
(exT pazbasieHus1, u odaacts I, B KoTopoii 3¢ hexT
pa30aBiieHMsI, HAIPOTUB, CUJIbHee, yeM aeiictBue HY3
(B mepBoIi 00J1aCTU TOMUHUPYET JeCTPYKTUBHOE NEii-
crBue HUY3, a Bo BTOpoii — crabunmusupylolee; Ha
PUCYHKE OHU 0003HAYEHbI COOTBETCTBEHHO KPAaCHOM
U 3€JICHOI IITPUXOBKOI). MOXHO 3aKJIIOYUTh, YTO
B “KpacHoii” 00J1acTU BHYTPEHHSISI CTPYKTypa YacTHUIL
JUCTIEPCUU BO3MYIIAETCS BCIICACTBUE HAKOILJICHUS
B Hux HY3, BcTpamBalomuxcss MeXIy XOJecTepHu-
yeckuMu ciosmu JJTHK. CornacHo cyiiecTByOMUM
MPENCTABICHUSIM, €€ BO3MYIIEHUE 3aKITI0YaeTCs B pas-
JBUKEHUM Y U3MEHEHUM yIila 3aKPYTKU CI0eB, Gop-
mupyembix Mojiekyiaamu JIHK. B “3enenoii” obaactu
HY3, nakoprmopupoBaHHBIE B YaCTULILI JUCIEPCUMH,
MO-BUAUMOMY, CTAOUIN3UPYIOT UX CTPYKTYPY 32 CUET
cBs3bIBaHUsI/”ciunBaHus” Mojekyn JIHK coceqHux
CJI0EB 1, TAKUM 00pa3oM, MPEISITCTBYIOT pa3pyLICHUIO
KK ipu CHIXKEHUM OCMOTHYECKOTIO JaBJICHUS pac-
tBopa I1DI. JleiicTBUTENHLHO, KAK OTMEYEHO B 0030pe
[46], “MeTayn3upoBaHHbIe” (T.€. comepKallue 3Ha-
yutenbHoe ynciao HY3) vactuiel 2KKJI JIHK Moryr
CYILIECTBOBATh Jaxe B OTCYTCTBME BbICOKOTO OCMOTH -
YEeCKOTO JaBJICHUSI pacTBOpA.

Ontuyecku akTuBHble aucnepcun JHK npu npo-
YUX PaBHbBIX YCJIOBUSIX (DOPMUPYIOTCS B LIUPOKOM
nuanaszoHe KoHHeHTpauuit I19T (puc. 4a u 46). Ho-
CTaTOYHO TOYHO YCTAHOBJIEHO, UTO KpUTHUUYECcKast (MU-
HMMaJlbHasl) KOHIIEHTPALKA 3TOro Mmojaumepa', npu
KOTOpOIi HauMHaeTcsd X 00pa3oBaHUE, COCTABISIET
12—12.5 macc. % [32, 48]. JanbHeiilee NOBBIIEHUE
koHUeHTpauuu [191? npuBOOUT CHayala K MHTEH-
CUBHOMY POCTY aMIUIUTYIAbl aHOMajbHOro KJI-cur-
HaJjla, a 3aTeM K €€ pe3KOMYy CKauyKooOpa3HOMY Mmafe-
HUIO (3KCTPEMYM, COIJIACHO JIUTepaTyYPHBIM JAHHBIM,
O0OBIYHO HAOJII0JAeTCs B AUaIla30He KOHIIEHTpaILUii OT
17 no 21 macc. %). OTMeTHM, YTO BILTOTh A0 3HAYEHUIA
2224 macc. % takoit xon 3aBucuMoctit A4 ot [I19T1]
XOPOIIIO BOCTIPOU3BOAMTCS B HE3aBUCUMBbIX DKCIIE-
pumeHTax. CioxHee 0OCTOUT AeJ0 ¢ MpeaeibHOMI

' 3neck mbl ToBopuMm o T1DT ¢ MoneKyIspHO Maccoii, paBHOI
4000 Ia. Jnsa nmonuMepa ¢ Ipyroil MOJeKyJIsipHOM Maccoii oHa
MOXeT OoTauyaThcsi. Kpome Toro, Kputuueckass KOHLIEHTpa-
mus [19T1 3aBucHT OT MpUPOIBI KATUOHOB U CBOMCTB MOJICKYJT
JAHK (HanmpuMep, HYKJIEOTUIHOTO COCTaBa WJIM MOJIEKYISp-
HOIt Macchl); cM. monpoOHee B [47].

2Peyp UIET O €€ MOBBILIEHUM MMEHHO NPU IPUTOTOBIEHUU
KK AHK. DToT mpoliecc He SKBUBAJICHTEH YBEJIUUYEHMIO
koHueHTpanuu [13T B rotosoit KK/I.
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(MakcuMaJIbHOM) KOHILIEHTpauueid moavumepa. B psne
pabot anomanbHb K/I-curHaia He oOHapyXuUBaJjcs
npu cogepxanuu [1DI B cucteMe cBbiie 22 Macc. %
[49, 50]. bouio cnenaHo MpeanoyoXeHe, YTO B 3TOM
obaactu koHueHTpauuii [1DI xonecrepuyeckast opra-
Huzauus JHK B yvactunax ee 2KKJI rpaHcopmupy-
€TCs B reKCcaroHajibHyl10, JUIsl KOTOPOii He XapaKTepHa
oInTuyecKast akTUBHOCTH [51]. B To ke Bpemst Cakypan
U JIp. HaOJIIoaaIy XapakKTepHble JIS1 XOJIeCTePUUECKUX
JUCTIEPCHBIX CUCTeM aHoMmalibHble KJ/I-curHaisl co
3HAKOM, 3aBUCSILIUM OT JJUHbI Mojdekyl JHK, maxe
npu 40%-m conepxxanuu I19T [52]. Bo3MOXHOCTH Cy-
1IECTBOBAHUS ONITUYECKON aKTUBHOCTHU Yy arperaTon
OHK mipu [T13I] > 24 macc. % npoaeMOHCTpUpOBaHa
U B Hallell HelaBHE paboTe, mpuyeM ObIJIO YCTaHOB-
JIEHO, 4TO 3HaK aHoMajbHoro KJI-curHasna 3aBUCUT OT
KOHIIEHTpAallM1 MCXOOHOro pacTBopa nojumepa [32].
Tak, B cnyyae npurotosneHust 2KKJI JITHK 1o “kmnac-
CUYECKOI” METOIMKE MPU CMELIEHNH BOTHO-COJIEBBIX
pactBopoB II13I u THK B 06beMHOM COOTHOILLIEHUU
1:1 (T.e. Xorma mist MOIyYEeHUSI CUCTEMBI C KOHEUHBIM
conepxanuem [13T, paBHbiM 30 macc. %, UCTTONB3Y-
etcst ero 60%-it uicxomHblil pactBop) Ha ciekTpe K/
HaOJTIOMAIOTCS TTOJIOKUTEIbHBIE CUTHABI. Ha manHbIif
MOMEHT MBI He IMeeM TOTHOTO MPEACTaBICHUS O BHY-
TpeHHEeI opraHU3alny QOPMUPYIOIINXCS TIPU 3TOM
YacTUII M HE MOXEM OTHO3HAYHO OOBSICHUTH TaKOe
TTOBEIECHNE ONTHYECKON aKTUBHOCTH CUCTEMBI. OTMe-
THUM, YTO OTHOCUTEIBLHO HEOOJbIINE MOJOXKUTEIbHbIE
KJI-curHabl mpu BbicokoM conepxkaHuu 19T takxke
Habmogany EBmokumoB u np. [53, 54].

15t mabHERIIETo 00CYKISHUS BaXKHO YITOMSIHYTb,
yto oopazoBaHue KKJI conpoBoxnaercs cnenudpu-
YeCKUMHU U3MEHEHUSIMU CIEeKTpa MOMIOIIEHUS HY-
KJIEMHOBO KUCIOTHI (pUC. 4B): XapaKTepHasi 1Jis ee
M30TPOITHOTO PacTBOpPa MoJ0ca C MAKCUMYMOM BOJIU3U
260 HM 3aMETHO YIIUPSIETCS, CIIOXKHBIM 00pa3oM n3-
MEHSIIOTCS €€ aMILIMTYJa U MOoJIOKEeHUEe TIMKa, KpoMe
TOro, B 00JIaCTH, IJle OTCYTCTBYET IOIJIOILIEHUE KaK
OHK, Tak u I19T" (> 310 HM), BO3HUKAET “Kaxylla-
sICS1 ONITUYECKasl TUIOTHOCTh”, 00YCIIOBJIEHHAsT paccesi-
HUEM U3JIYYeHUs Ha yacTuuax nucrnepcu. OTMeTumM,
OITHAKO, YTO SIBHOE M3MEHEHHUE CIEKTPa MONIOLIEHUS
HEMHOTO “3amna3iblBaeT” OTHOCUTEIBLHO MOSBJIECHUS
anomanbHoro KJI-curnana. Tak, mpu 12%-M comep:xa-
Huu I19I B cucteMe yxe HabJogaeTcsl XxapakTepHas
IJIST XOJIECTEPUUYECKOI MUCTIepCun aHOMa bHas OIl-
THUYecKass aKTUBHOCTD (puc. 40), Torma Kak ee CIeKTp
TTOTJIOIIEHUS BCe elle OJIM30K K CITEKTPY M30TPOITHOTO
pactBopa (cp. KpuBbie I 1 3 Ha puc. 4B).

MeTomaMu MajoOyTJIOBOTO pacCessHUS PEeHTre-
HOBCKUX JIydeid ¥ (pJIyOpEeCLIEHTHOM CIIEeKTPOCKOIIUM
YCTAaHOBJIEHO, YTO YBEIMYEHNE OCMOTUYECKOTO daB-
JIEHUS C TOBBIIIIeHHeM KoHueHTpanuu 1191 mpuso-
IuT K commkenuio moekya JJHK B wactumax momy-
gaeMbIX aucriepcuii [32, 48]. Ilpu 3ToM uU3BECTHO,
YTO XapaKTepHBIC PACCTOSHUS MEXIY MOJEKyJIaMU
JHK B ee xonectepumiyeckux Me30dasax COCTaBISIOT
Ne3d 2024
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oT =4.9 no =3.2 HM, a B TeKcaroHaJbHbIX — OT =3.2
10 =2.4 M [55]. Takum oO6pa3oM, yUYUThIBasi OJIM30CTh
pa3MepoB UCHOJIb3yeMbIX HaMu yiabrpamanbix HU3
n “cBOOOAHOr0” MEKMOJIEKYJISIPHOTO IMPOCTPAaHCTBA
B Me3oaszax, JIJOTUUHO MPEANOI0XKUTh, YTO U3MEHE-
Hue [[1DI'] MmoxeT BIUSITh HA MPOHUKHOBEHUE TaKUX
HY3 B vactuusl KK/ JJHK u, kak ciencrBue, Ha
3(pPEKTUBHOCTD UX NECTPYKTUBHOIO U CTAOMIN3UPY-
oulero neiicteusi. BMecte ¢ TeM, poJib CTEpUUYECKUX
OrpaHUYeHUIi, HaKJIaAbIBa€MbIX TJIOTHOM YIMaKOBKOI
monexkyn JAHK, Bo B3aumopeiicteuun HY ¢ yactu-
namu ee KKJI sscHa He 10 KoHna. C oJHOM CTOPOHHI,
ObLIO TTOKAa3aHO, YTO CTEMEHb YMEHBILIEHUS aMIIN-
Tyabl aHoMajibHOTro K/I-curHama, accollMupoBaHHOTO
C pa3pyllIeHUeM XOJECTEPUUECKON CTPYKTYPhI YaCTHII
nucriepcuu, pasnandaetcs 1 HY3 pasHoro pasmepa
[22]. Kpome Toro, B paborax [24, 46, 56] mogpasyme-
BaeTcsl (ComacHO MPEeACTAaBIEHHBIM B HUX CXEMaM,
XOTsI aBTOPHI HE Bcerna MpsiMo 00 3TOM TOBOPSIT), YTO
HY3 orHOCHUTEIbHO OOJIBIIMX Pa3MEPOB MOTYT UMETh
CcTepuUYecKue OrpaHUYEeHMs] Ha MPOHUKHOBEHME B Ya-
cruubl KK/ 1 B3auMoieiicTByIOT IMpeuMyl1leCTBEHHO
¢ ux “moBepxHocTHbIMK” Mosiekyiaamu JJHK. C npy-
IOl CTOPOHBI, TPU 0OPAOOTKE MOJOXKHUTEIBHO 3apsi-
keHHbIMU HY deppurta Kobanbra co CpemHUM pa3me-
pom okouio 5.5 uMm xonectepuueckoit KK JHK, ns
KOTOPOIi CpenHue MEeXMOIEKYJISIPHbIE PACCTOSIHUS CO-
cTaBIsIM =3.3 HM, HaOI104a710Ch ITOJIHOE pa3pyllieHue
YIIOPSAOYEHHON HaAMOJIEKYJISIPHOM CTPYKTYpHI [57].
Takoe paznuuue, noaydeHHoe mjass HY nByx tTunos,
CBUIIETEBCTBYET O TOM, UTO, MO BCE BUAUMOCTH,
alieKTpocTatudeckoe Bzaumonaeiictsue HY u monekyn
JHK MoxXeT crtoco6cTBOBaTh IIPEOIOICHUIO CTEpHUYe-
CKHUX 3aTpyJHEHMIA.

PaccMoTpuM Terepb 0COOEHHOCTU B3aUMOeii-
crBug HUY3 ¢ vactunamu 2KKJI JTHK, comepxammx
15, 21 u 27 macc. % I1DI. CooTBeTCTBYIOIIUE CIEK-
Tpsl KJI 1 momTomeHns 1o 1 Tocie 100aBIeHUS B 3TH
JUCTIEPCHBIE CUCTEMbI TUCTUUIMPOBAHHOMN BOMIBI WIN
ruapo3oist HU3 npeacrasiaeHsl Ha puc. 5. BugHo, yTo
BBICKAa3aHHOE BBIIIE MPEAIOJ0XKEHNE MONTBEPKIa-
ercst — neiictBue HY3 Ha HUX 3aMeTHO pa3iImyaeTcs.
Tak, ecau rpu nobasnennu K KK JTHK ¢ 15%-M co-
JepxanueM 1O 200 MK Boabl HabIomaeTcs peBpa-
LIIEHHUE YIOPSIA0YEHHOM CUCTEMBI B U30TPOIHBIN pac-
TBOp (KpuBble 2 1 4 Ha puc. 5a u 50), To IOC/Ie BHece-
HUsI B 9Ty CUCTEMY TaKOro e o0bemMa r'MApOo30Jisl BUJ
Kak criektpa KJI, Tak 1 crieKTpa MomIOoIIeHMST CBUIE-
TECTBYET O COXPAHEHUH XOJIeCTePUIECKOM UCTIePC-
HoOI Me30da3bl (KpuBkle 3 1 4 Ha TeX Xe PUCYHKaX).
B ciywae KK JHK ¢ 21%-m conepxanuem I[1DT
MajeHue aMIuIuTyasl aHoManbHoro KJI-curnana npu
€€ TUTPOBAaHWY TUAPO30JIeM 30J10Ta, HATIPOTUB, 3HA-
YUTENBHO CWIbHEE, YeM B CIyJae pa30aBICHUS BOMOM
(kpuBble 2 1 3 Ha puc. 5B 1 5T1). OcoOeHHO UHTEpe-
CEH pe3yabTar s aucrnepcuu ¢ 27%-M conepkaHueM
IIBT": npu no6apnerHun 200 MKJI TUAPO30JISI €€ ONTUYE-
cKasl aKTUBHOCTh MTPAKTHUECKU MCUe3aeT — aMILINTyIa



350

KOJIBIBAHOBA wu np.

~2000 -
-4000

3 —6000 4
~8000
~10000

—12000

220

240

T
260

280

A, HM

300

—3000
—6000 1

E —=9000
—=12000

—=15000 A

—=18000

220

4000

2000

240

T
260

280

A, HM

(m)

300

320

2 —2000 4
—4000 4
—6000

—8000

i

340

220

240

T
260

280

A, HM

300

320

340

HOpMPIpOBaHHaH OIITHYECKas IIOTHOCTH

HOpMPIpOBaHH as ONTHYECKad IIIOTHOCTh

HOpMPIpOBaHHaH OIITHYECKas INIOTHOCTH

(©)

0.0 T
240

260

280

A, HM

™

300

320

0.0 T
240

260

280

A, HM

(e)

300

320

0.0

240

260

280

A, HM

Puc. 5. Criektpbl K 1 HopMupoBaHHbIe criekTphl noromeHus ucxonHbix 2KKJI JIHK ¢ paznuunbiM conepxanuem [19T0
(1) n Tex xe cucreM nociue nobasnenns 200 MKJI IUCTUIMPOBAHHOI Boabl (2) wim 301g HY3 (3; 19.33 x 10~8 M wacTun).
Conepxanue I19I" (macc. %): a, 6 — 15, B, r — 21, 0, e — 27. HopMupoBaHue CIIEKTPOB IOIJIOIIEHNUST B KAXIOM ClIydae
MPOBEIEHO Ha COOTBETCTBYIOLIEE TMKOBOE 3HAUEHUE ONTUYECKON MJIOTHOCTU. B KauecTBe KOHTPOJISI UCMOJIb30BaHbI 000~
3HaYeHHBIe MyHKTUPOM criekTpbl KJI 1 momtomenust uzotpomnHoro pactsopa JHK (4).
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15% II2I'

15% I2I' + HY3

21% 1P

21% II2I' + HY3
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27% 12

27% II2I' + HY3

Puc. 6. Mukpodotorpaduu ncxonnsix oopasuon KK/ JIHK, chpopmupoBaHHbix ipu pa3Hom coaepxkanuu [1D1 (BepxHuii
psim), ¥ Tex ke cucteM nocie goodasiaeHus 200 Mk 3oy HUY3 (HukHMi psin).

K -curnana okaseIBaeTcs daxke MEHbBIIE CUTHaja
uzorponHoro pactBopa JHK (xpuBbie 3 u 4 Ha
puc. 5a1). CriexTp IOmIOIIeH!sI, OTHAKO, OAHO3HAYHO
CBUIIETEILCTBYET O COXpPAHEHUM B 3TOM ciiyyae (azo-
BOTO pasnejieHus (Kpuble 3 U 4 Ha puc. 5e).

DTOT BBIBOI MOATBEPXKIACTCA TaHHBIMHU KOHMO-
KaJbHOI MUKpocKonuu. Ha puc. 6 mpencraBieHbl
mukpodororpaduu yactun uccnenyembix KK JHK,
okpameHHbIx JJHK -crieunuyasiM hayopeclieHTHBIM
kpacuteiieM SG. BunHo, uro pasgenenue ¢a3 JHK
u [19T" B npucyrcrBun HY3 coxpaHsieTcst Bo Bcex 00-
pasuax. OTMETUM TaKKe, YTO B MIOJJHOM COOTBETCTBUU
C TaHHBIMU, TTOJTYYeHHBIMU HaMu paHee (cM. [32, 34]),
¢ poctoMm KoHneHTpauuu [19I° HabmrogaeTcs arpera-
LS YaCTUI] IUCIIEPCUM — HapsImy ¢ “KIacCUYeCKUMU~’
yacTULIAMU cpepruuecKoil (opMbl 1 CYOMUKPOHHOTO/
MUKPOHHOTO pa3Mepa BUIHBI UX KPYITHbIE HECUMME -
TPUYHBIE arperathbl B hopMe Irpo3beB.

PaccmoTrpumM pasnmuums B moBeneHuu KKJI JTHK
¢ pa3HbIM copepxanuem [19T 6os1ee monpoOHO U 11
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3TOTO CPaBHUM 3aBUCUMOCTH AA/AA, 1 § ot V, mony-
YeHHbBIE TIPU TUTPOBAHUU 3TUX CUCTEM TUCTUILIMPO-
BaHHOI Bogoii u ruapo3osieM HY3 (puc. 7). B nep-
BYIO ouepelb OTMETUM, UYTO TEHIAECHLUS JIMHEHHOTO
U3MEHEeHUs aMIUIMTYAbl aHoMalabHoro K/I-curHana
Mpu pa3baBJIeHUU BOAOM HaOMIOHAeTCs IJIsl BCEX U3
Hux. O0paTUM TakKe BHMMaHUE Ha TO, YTO UHBEPCUS
KJI-curnaina B cucreMe ¢ 27%-m conepxanuem [1OT
MPOUCXOAUT 0e3 KakKoro-auobo ckauka. OueHuM Te-
nepb neiictBue HY3. Xopo1io BUIHO, YTO B CUCTEME
¢ 15%-m conmepxanuem I[1DI" oHU BIJIOTH 1O KOHIIEH-
tpaumu 6.57 X 107 M (T.e. BIUIOTb 1O BBEIECHUS B CH-
ctemy 60 MKJI TUAPO30Js1) HE OKA3hIBAIOT CKOJIb-HU-
OyIb 3HAYMMOTO CTPYKTypHOTO 3¢ dekTa (puc. 7a
u 76). MOXHO MPeArnojoXuThb, 4YTo “O6ojbiiue” (OT-
HocuTenabHO pa3MepoB HY3) MexxMmoneKynsipHble pac-
CTOSIHUSI TTIO3BOJISIIOT UM CBOOOMIHO ITPOHMKATh B Ya-
CTHULIBI TUCTIEPCUN, a YMEHBIIIEHNE aMIUIATYIbl aHO-
MajnbHOro KJI-curHaia B 3ToM cliydae 00YCIIOBJIEHO
HUCKJTIOUMTEIBHO ee pa3baBieHueM. Bmecte ¢ tem HY3
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Puc. 7. 3aBucumocTu NukoBOil UHTeHCUBHOCTU KJ]I-110710Chl, HOPMUPOBAHHOM Ha a0COJIIOTHOE 3HAYEHUE aMIUTUTYIbI
CHMTHAJIa IJIsSI COOTBETCTBYIOIIETO KOHTPOJBHOIO 06pasia (a, B, 1), U paCCYMTAHHBIX 3Ha4eHui & (0, I, €) OT BHOCUMOTO
oObeMa auctwiupoBaHHoi Boasl (/) u runpo3onss HUY3 (2) B 2KKJI IHK ¢ pasueim conepxanuem 19T (macc. %): 15 (a,
0), 21 (B, 1), 27 (1, ¢). CtaHgapTHbIE OTKJIOHEHMUSI, pACCUUTAHHBIE 110 TPEM HE3aBUCUMBIM U3MEPEHUSIM, HE TIPEBBILIAIOT
7% (a, B, 1) u 14% (0, T, €).
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HECKOJIbKO CTaOMIM3UPYIOT CTPYKTYpy dacTuil 2KKJI
IOHK, HaunHas ¢ koHLeHTpaunu 3.59 x 1078 M (t.e.
nocie BBeneHus B Hee 80 MK ruapo30:s). ToT daxkr,
yto camu 1o cebe HY3 He oka3bIBalOT AECTPYKTUB-
Horo 3¢ ¢eKTa, HO IIPU 3TOM CIIOCOOCTBYIOT CIIMBKE
XOJIECTEPUUECKUX CJIOEB, MOXET KOCBEHHO CBHIC-
TEJbCTBOBAaTh 00 0Opa3oBaHUM UMM KJIacTepoB. s
cucteMsl ¢ 21%-M conepxannem [1DI" necTpykTrBHOE
neiicteue HY3, HanpoTus, apko BeIpaxkeHO (puc. 7B
u 7r). I[lo-Buaumomy, “cBoOOIHOr0” MPOCTPaHCTBA
JUTSE X OeCcHpeIsITCTBEHHOrO ITPOHMKHOBEHUS B Ya-
ctuubl KK/ B 3TOM ciydae yke HeIZOCTaTOYHO, IO-
satomy HY3, B3aumoneiictBys ¢ mojexkyiaamu JJHK,
CUJIbHO BO3MYIIAIOT UX YIIOPSIIOYEHHYIO OpraHu3a-
nuio. JpyrumMu cioBaMu, JOCTYITHBIX LICHTPOB CBSI-
3piBaHusT HY3 enre 10BOJbHO MHOIO, OJHAKO “CcO-
IpOTUBJIeHNE” CUCTEeMBI Bo3pacTaeT. BmecTe ¢ TeM,
MOXHO TPEATOJOXUTD, UYTO B pe3yJbTaTe pa3aBuke-
HUS XOJIeCTepPUYECKUX CJI0€B MOTYT BO3HUKATh U HO-
BbI€ LIEHTPHI CBI3bIBaHUS. Pa3Mmepnl “kpacHoit” 00-
JIACTU B 3TOM Clly4yae SIBIISIFOTCSI HAaUOOJIBIIMMHU T10
CPaBHEHMUIO C TAKOBLIMU JIJII APYTUX PACCMOTPEHHBIX
B HacTtosiuieit pabore cucteM. Ctadbuinsupyloliee
neiicteue HY3 oka3piBaeTcsl Mpy 3TOM JOBOJIBHO CJia-
ob6M. Tlpu 27%-M conepxxannu [IDI vactunbr KK/
JAHK ouens 6nicTpo Haceimatorcas HUY3 (puc. 7n
U 7€) MeXMOJICKYJIIPHBIE PACCTOSTHUS YK€ He TT03BO-
JISIIOT UM B OOJIBIIIOM KOJIMYECTBE ITPOHUKATh BHYTPb,
KpPOMeE TOTrO, UX TPOHMKHOBEHUE MOXET 3HAYUTEITHLHO
OrpaHUYMBATLCS “COMPOTUBJIEHMEM’ CUCTEMbI, B TOM
yucie u3-3a 00jiee BHICOKOTO OCMOTUYECKOIO aBJe-
Hus (=15.3 at™ vs =3.4 atm nipu 15% T19T u =7.9 atm
npu 21% I19T; MeTonuka pacuera IeTaJbHO OIKCAaHA
B [58]). Ctonb OBICTpPBI BBIXOI 3aBUCUMOCTU AA/AA,
OT V' Ha m1aTo CTaBUT BOMPOC O B3aUMOCBSI3U 3 deK-
TUBHOCTHU ciuuBaHus monekyn JJHK, ceobonHoro pac-
CTOSTHUSI MEXIYy HUMH 1 pa3MepoB KiactepoB HY3.
OTMETHUM, YTO BO3HMKHOBEHME MEXKMOJICKYISIPHBIX
CILIMBOK YXe MpU HU3KUX KoHLieHTpauusax HY3 Takke
MOXET orpaHu4yuBaTh Koandectso HU3, npoHukalo-
IIMX 3aTEM B YACTHUIIBI TUCIIEPCUH.

CyMMUpys TIOJTy4eHHBIe Pe3YJIBTaThl, MOKHO OT-
METUTb BECbMa MHTEPECHOE MOBEACHUE 3aBUCUMOCTU
OTHOILLIEHMS TJIolanAei “KpacHoit” u “3ejieHoi” 00-
nacteil Ha rpadukax 3aBucumoctu & ot V. Eciu npu
15%-M comepkaHUHM TIOJTUMEPA B CUCTEME 3Ta BEH-
yyHa paBHa =0.90, To 3aTeM OHa YBEJIMYUBACTCS IO
~1.08 ipu [T1DI'] = 18% u no =1.78 nipu [T1DT'] = 21%.
Hanee Habmogaercs ee pe3koe nageHue a0 ~0.01 npu
sHaueHuu [I181] = 24%, kKoropoe, K CIIOBY, IPaKTH-
YeCKH COBMAaJaeT C OTBEYAIOIIUM MePEeXoay OT OTpU-
parenbHoro K -curHana x moyioxkuteabHomy. Ilpu
JanbHelIIeM yBenuueHuu cogepxanus 19T B cu-
cTeMe BeIMYMHA OTHOIIEHUS TIIoManeit cHoBa Ha-
yuHaeT Bo3pacTath: Tipu [[1DT] = 27% owna paBHa
~(0.21, a ipu [[1DT] = 30% cocrasaser yxe =0.58.
Tak HamIAIHO TIPOSIBIISIETCS B3AMMOCBSI3b PACCTOSTHUS
Mexnay cocenHuMu MojieKyiaamu JJHK B yactumax ee
Ne3d 2024
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KKJI u acppextuBHOCTU ITpoHUKHOBeHUs HY3 B aT11
yacTulbl. OTMETHUM TaKXKe, YTO BO BCEX ClIydyasix “3e-
JieHas” obylacTh Ha 3aBucuMocTu (V) muer mocie
“KpacHO” — 3TO MOATBEPXKIAET IIPEIIIOI0XECHUE
o ToM, uyTo HY3 cHayana HyXKHO IPOHUKHYTh B Ya-
CTHULIBI JUCIIEPCUN, BO3MYIIASI ITIPY 3TOM UX YIIOPSIIO-
YEeHHYI0O BHYTPEHHIOIO CTPYKTYPY, UTOOBI 3aTeM 00e-

CIIEYUTD €€ XKe CTadUIn3alulo.

3AKJIIIOYEHHUE

IMToxBoas UTOT, pe3lOMUPYEM OCHOBHBIEC BHIBOIIbI
HacTosimero uccienopanus. H43 okasbiBatoT gyasb-
Hoe gevictBue Ha KKJI JIHK: ¢ ogHOIf cTOpOHEI, X
BCTpaMBaHUE MeEXIY COCEIHUMHU MOJEKYJIaMU HY-
KJIEMHOBOM KMCJIOTHI BO3MYILIAET YIOPSIAO0YESHHYIO
CTPYKTYpPY YacTHUIl JUCTIEPCUU, C IPYTOil — oOpa3o-
BaHME MEXMOJEKYISIPHBIX CIIMBOK ¢ yyactuem HY3
obycinoBnuBaeT crabunusanuio ymakosku JHK. JIpa
STUX Ha MEPBbIN B3MJISIA aHTAarOHUCTUYHBIX TIpoliecca
TECHO CBSI3aHBI, IIpuueM “craduam3anus” dpaKkTude-
CKM OKa3bIBaeTcs CeACTBUEM “paspyiieHus”. Kpome
Toro, o6a 3tux 3ddexra HUY3 3aBucgaT or mioTHOCTH
ynakoBku JJHK B wactumax ee 2KKJI, 3amaBaemoit
OCMOTUYECKMMU YCIIOBUSIMU (B YaCTHOCTH, COIEP-
xkaHueM I19T). IMpu Hu3kux kKoHUeHTpauusax [1BT
paccTosTHUSI MeXIy cocenHUMU Monekyitamu JITHK
no3BoysaioT HY3 cBoOOgHO MpOHMKATh B YaCTHUIIEI
JUCIIEPCUM, TIPAKTUYECKU He OKa3bIBasl JECTPYKTUB-
HOTO BO3JEMCTBUSI HA UX YITOPSIAOUEHHYIO CTPYKTYPY.
C pocToM ocMOTHYECKOTO AaBjieHus pactBopa [19T
npoHukHoBeHue HY3 orpanmuumBaeTrcs, ¢ OQHOI
CTOPOHBI, YMEHBIIIEHUEM MEXMOJIEKYJISIpHBIX pac-
CTOSIHU, a ¢ APYroii, “CONMPOTUBIEHUEM” CUCTEMBI
OKa3bIBaeMOMY MMHU BO3MYIIeHUI0. BMecTe ¢ TeM
6Jn30cTh cocenHuXx MoJiekya JHK 3HauuTenbHO
yIpollaeT oo6pa3oBaHUe CIIMBOK — IPU BBICOKUX
KoHueHTpauusx 19 maxe BechMa HeOOIbIINE KO-
JudyectBa HY3 MoryT cTabMInM3MpoBaTh BHYTPEHHIOIO
ctpykTypy yactul 2KK/I. Bo3MOXHOCTH TOSIBJASHUS
JOTIOJIHUTENbHBIX LIEHTPOB cBsI3biBaHusI HY3, paBHO
KaK ¥ CyIIeCTBOBAHMSI CTEPUUYECKUX OTPAHUUCHUI Ha
npoHukHoBeHne HY3 B yacTulbl JUCIIEpCUM M3-3a
yXe c(hopMUPOBABIIUXCS MEXMOJIEKYISIPHBIX CILIU-
BOK, MOKa He ollpeneyieHbl. B 1iesoM, mnmojaydyeHHbie
JaHHbBIE TTOATBEPKAAIOT CYLIECTBYIOIIME MpeACcTaBie-
HUS 0 ToM, 4To BBeaeHrue HU3 B xonecTtepruuecKyro
KK AHK mpuBomuT K motepe €€ 4acTUIlaMHU OIl-
TUYECKOM aKTUBHOCTU IPU COXPAHEHUU CaMOU IucC-
MEePCHOI CUCTEMBI.
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