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Ha ocHoBe 61oI0rn4ecK-aKTUBHOTO IToJIMMepa CyIb(UTHOIO JIMTHMHA (JIMTHOCYIb(OHATA) MPelIOXKEeH
OTHOCHUTEJIbHO MPOCTOM METOJ MOJIyYeHUs TTOJIMMEPHBIX BE3UKYJI IyTeEM CAMOCOOPKH B BOTHO-alIETOHO-
Boii cpene. Pazmep 1 Mopdo10rust MoMMepcoM KOHTPOIMPYETCs MOJIEKYISIpHO# Maccoii (46.300—60.000 Ha),
KOHUeHTpauueil murHocyiasdonHata (Crc 0.10—1.28 r/IM’) ¥ comepKaHIeM aleToHa (@Ac 0.6—4.0 06. %) B
cycnieH3uu. [TonyyeHHbIe MOTMMEPCOMBI XapakTepusytorcst pazmepoM 200—350 HM, UHIEKCOM TTOJIUINC-
nepcHoctu 0.25—0.18 u {-noreHumanom, paBHbiM —26.3 — —51.0 + 2.2 MB. Bo3sayliHo-cyxue MOpOILKY
MOJIMMEPCOM, BbIIEJIEHHBIE U3 COOTBETCTBYIOIIMX CYCIIEH3Ui1, TTOJUIMCIIEPCHBI, X pa3Mep KoJiebJieTcst oT
40 mo 300 uM. Mopdosorus moanMepcoM MOATBEePXKAeHA JaHHBIMU 3JeKTPOHHOI MuKpockormuu (COM,
[T®DM, ACM). YuursiBasi 6MOJIOTMYECKYI0 aKTUBHOCTD JIUTHOCY/Ib(OHATA, MOJIMMEPCOMBI, TTOJTyYEeHHbIE
Ha €ro OCHOBE, MOTEHLIMAJIbHO MOTYT UCTIOJIb30BAaThCS B OMOMEIUIIMHCKUX MPUIIOXKEHUSIX, TAKUX KaK: af-
pecHasl TocTaBKa JIeKapCTB U reHOB, (hepMEHTATUBHBIN KaTajlu3, B KaueCTBE ONTUYECKUX areHTOB BU3ya-
JIM3alMH in vivo 1 ap.

Karoueesoie cro6a: TurHocynb¢hoHaT, BE3UKYJia, MOJIUMEPCOMBI, CaMOCOOpKa, HEKOBaJIEeHTHbIE B3aUMOIeii-
CTBUST

DOI: 10.31857/S0044453723030172, EDN: DXTMTT

IMonmumepsl aMbuUbUIBLHON MPUPOIBI TTPEICTaB-
JISTIOT OOJIBIIION MHTEPEC B CUIY CBOE CITOCOOHOCTU
K CaMOYMNOPSIIOYEHHIO B CEJIEKTUBHBIX PACTBOPUTE-
JISIX ¢ 00pa30oBaHUEM YCTOMUYMBEIX arperatoB (IJIO-
OyJ1, Me30m100yi, chepudecKrX MUIIEI, HUTEH U
np.) [1, 2]. Ocoboe BHUMaHME 3aHUMAIOT IIOJIbIC
chepruyecKre YacTULIbl — MOJIMMEPCOMBI WJIN BE3U-
Kynabl. I[TorruMepcoMbl ¢ pa3MepoM B HAHOMETPOBOM
JIaria3oHe BCJIEACTBME OTHOCUTEILHO HU3KOM TLIOT-
HOCTH, BBICOKOI yIebHOM TUIOIIAA IMTOBEPXHOCTHU 1
CTaOMJIbHOCTY MOTEHIMAJILHO MOTYT MCIIOJIb30BaTh-
csl U1s1 aApeCcHOM JOCTaBKU JIEKapCTB U TeHOB, B Ka-
4eCTBE HAHOPEaKTOPOB B (DepMEHTAaTUBHOM KaTalu-
3¢, ONITUYECKMUX ar€HTOB BU3YyaJIM3alluH i Vivo, a TaK-
JKe MCKYCCTBEHHBIX OpraHesuI KJIeTKH [3].

Ana monydeHusT TOJIMMEPCOM CO CTPYKTYpOM
“sIIpo—000JI0YKa” MCIOJIB3YIOT PA3IMYHBIE METOIbI
U MOAXO/Ibl: TEMIUIATHBIN CUHTE3 [4], peruapaTaiiyio
MpeaBapuTeIbHO MOJYyUYeHHBIX MMOJMMEPHBIX TJIEHOK
[5] u ux samekrpodopmupoBanue [6]. B psme ciydaes
obpa3oBaHMe MOJIMMEPCOM HaOJTIomaeTcs 1 Mpu He-
TTOCPEICTBEHHOM caMocOopKe aM(pUIITEHBIX TTOJI -

MEpPOB, OCOOEHHO OJIOK- WJIM MPUBUTHIX COMOJIMME-
POB B CMEIIaHHBIX BOMHO-OpTaHUYECKUX cpeaax [7].
Becbma nepcrieKTUBHBIMU B 9TOM HaIlpaBJI€HUU MO-
I'YT OBITh U IPUPOAHBIE TTOJIMMEPHI, TAKME KaK JIUITH-
IIbl, OEJIKU Y JIUTHUH.

JIMTHUH BXOOUT B COCTaB KJIETOYHBIX CTEHOK BCEX
COCYIWCTBIX PACTEHUI U SBIISIETCS OMHUM U3 CAMBIX
pacnpoCcTpaHEHHBIX BO30OHOBJISIEMbBIX MPUPOIHBIX
pecypcoB B Mupe. C XUMUYECKO TOUKY 3PEHUS JINT-
HUH — 3TO apOMAaTUYECKUU OMOMOIUMEDP, COCTOSI-
1WA 13 TpeX TUITOB MOHOMEPHBIX 3BEHbEB (n-KyMa-
pOBBIi, KOHUG(EPUJOBBIA, CHUHAMOBBIA CHOUPTHI),
uMeroImux  (EHWIIIPOIIAaHOBYIO  CTPYKTypy  [8].
BcnenctBue BbICOKOI JTaOMJIBHOCTU JIMTHUHA W3-
BJIEYb €TO OCHOBHYIO MacCy U3 pacTUTENbHOU TKaHU
B HEM3MEHHOM BHUJI€ HEBO3MOXHO. OJHAKO AOCTYII-
HBbI €ro MPOU3BOJAHBIEC, B YaCTHOCTHU, JUTHOCYIb(HO-
Hatbl (JIC).

JIC — BogopacTBOpuMBbIE MOJIMMEPHBIE COJIU 00-
pasyloTcsl Kak KPYMHOTOHHAXHBIM MOOOUYHBIN TTPO-
IYKT TIpU CYyAb(MUTHON NeIUTHU(DUKAIIMU IPEBECU-
Hbl. JIC XapaKTepU3yoTCsl IIIUPOKUM MOJICKYISIPHO-
MAacCOBbIM pachpeaeieHueM, MNOoIUuMYHKINOHATb-
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Puc. 1. AMducdunbHas U MOTUINEKTPOJUTHAS Tpupoaa MakpomoseKynbl JIC. TunpoduibHblil (BBIACIIEHO KPAaCHBIM) U
ruapo¢OOHBIN (BBIICICHO YepHBIM) KOMITIOHEHTHI MakpoMoiekys JIC.

HOCTBIO Y MoJIMArCIIepcHOCThI0. CoaepkaT THIpOK-
CUJIbHBbIE, METOKCUJIbHbIe, KapOOKCUJIbHBIE, Kap-
GOHWJIbHBIC, CYTbGOHOBBIE TPYMITHI, CKIOHHBIE K
06pa30BaHIIO BOTOPOMHBIX CBsA3eii. [1pemrmomoxm-
TenbHas cxema ¢dparmMeHTa MakpoMmojeKyabl JIC
npencraBiaeHa Ha puc. la. Haawame runpodunb-
HBIX (YHKIUOHAJIBHBIX TPyNn W TUIPO(GOOHBIX
¢dparMeHTOB B MaKpoMoJieKysipHoil cucteme JIC
obycnoBnuBaeT aMmduduIbHbBIE U MPU pacTBOpe-
HUU B BOJE — MOJIMBJIEKTPOJIUTHBIE (puc. 10) cBOii-
CTBa 3TOTO IToauMepa [9].

AmduduibHass mnpupoma Makpomosekyna JIC
MpenoIrpeaenseT UX CKJIOHHOCTh K accolualuy B
BOIHBIX U CMEIIaHHBIX BOOHO-OPraHMYECKUX Cpe-
Iax ¢ oOpa3oBaHMEM HAHOCTPYKTYP pPa3IMIHON
mopdosoruu. B Hacrosmiee Bpems mmenHo JIC B
CUJIY CBOEM BBICOKOM TMAPOMMIBHOCTU MpaKTUye-
CKU HE€ MCITOJb3YIOTCS IJIsl TIOJIydeHUsT HaHOMaTe-
puaiios [10]. Tem He MeHee HaMu Oblja BbIMOJIHEHA
cepusi paboT, B KOTOPBIX ObLIO A€TajlbHO MCCIIEN0-
BaHO acCOLMAaTMBHOE IMOBEACHUE MaKpOMOJIEKYJI
JIC B cMemaHHBIX BOOHO-OPTaHUYECKMX Cpemax C
LeJIbIO MTOIydeHUs HAaHOCTPYKTYD [8, 9, 11, 12]. BeI-

Tab6muna 1. XapakTtepucTtuka ucroib3dyemoro oopasia JIC

qu moirydeHsl HaHoudactunbl JIC cdepuueckoit
¢GOpMBI, TEMOHCTPUPYIOIINE POCTAKTUBUPYIOIILYIO
aKTUBHOCTH II0 OTHOIIECHUIO K HEKOTOPBIM pacTe-
HusM [11]. HacTostimasg craThsl, SBagioniasicst Ipo-
JIOJKeHUEM 3TUX UCCIEA0BAaHU, MOCBSIIEHA MOJTY-
yeHu1o Ha ocHoBe JIC momumepcom. B pabdote uc-
clieqoBaHbI PU3NKO-XMMHUYECKIE U OMOJIOTNIECKHE
cBoOlcTBa BogHOro pactsopa JIC; moaydyeHa CyCrieH-
31 [TOJIMMEPCOM, OIpeesieHbl MX pasmep u {-1mo-
TEHIIMAaJ; BbIAeJEeHbI (CYIIIKOM B KOMHATHOM aTMO-
cepe) BO3AYUIHO-CYXUE MOPOILIKU TTOJIUMEPCOM U
C MCIIOJIL30BAaHMEM OJJIEKTPOHHON MUKPOCKOIIUH
orpeniesieHa MX MopdoIoTHS.

OKCITEPUMEHTAJIbBHAA YACTDb

B pabote ncnons3oBamm dpakumio JIC, BeiaeneH-
HYIO MperapaTuBHOM yabTpadwibTpauueid (1.5 MIla,
303—308 K) 13 IIpOMBIILIEHHBIX CYIb(MUTHBIX IIEI0-
KoB HopBeXcKOoro IeuIo03H0-0yMaXKHOTO TIpel-
npusTtusi. CpemHemMaccoBasi MOJIEKYJIsIpHasi Macca
M, JIC, onpenejieHHasi METOIOM CEIMMEHTALIMOH-
HOTO paBHOBecus1, coctaBwia 46.300 Jla. DiemMeHT-

ConepkaHue 3JIEeMEHTOB U (DYHKIIMOHAIBHBIX TPYII, %
O6pa3selr M, Oa
C H (0] S Ca SO;H OCH; OH,pep
JIC 48.7 4.5 38.2 4.2 3.0 12.3 9.2 2.1 46.300
JKYPHAJT ®U3NYECKOU XUMHWUU  tom 97 Ne 3 2023



CAMOCOBUPAIOIIMECA ITOJIUMEPCOMBI

HbI1 1 (YHKUMOHAJIbHBIM aHaJu3 obOpasua Ipe-
craByieH B Ta0i. 1. AuleToH Ac (99.75%) kBanmuduka-
oMM “4.1.a.” UCIIOJIB30BaJICI O€3 IOIMOJHUTEILHOMN
OYMCTKH.

715 mosry4e HUsI TOJIMMEPCOM UCTIOJIb30BaN BOJI-
Hble pacTBOpbl ¢ KoHUeHTpauueil JIC Cje, paBHOI

0.10—1.28 r/om3. PacTBOpsuIM HaBecKy IOJIMMEpPA B
pacyeTHOM 00beMe BOAbI MpHU TMEepeMEIMBAHUU Ha
MarHUTHOW Mellajke C 4YacToToii 00OpOTOB
300 06./mMuH B TeueHue 20 MuH. [oTOBBIE PaCTBOPHI
JIC obecnbuiuBanu Ha punbrpe Millipore ¢ nnamer-
poM mop <0.45 MKM, OCTaBJISIJIM Ha 24 Jaca mjis J10-
CTUXKEHUSI aJICOPOIIMOHHOTO PAaBHOBECHS U UCCIIEN0-
Baiid UX (HUUKO-XUMHUUYECKHME U OUOJIOTUYECKUE
CBOMCTBa (METO/IMKA UCCIeIOBaHUSI OMOJIOTUYECKUX
CBOICTB omnucaHa HUXe). BonoponHblii mokaszaTtesb
pH pactBopa onpenensiiiu Ha pH-MmeTpe Mettler To-
ledo Five Easy FE20 (MTD, Cunranyp); mpoBoau-
MOCTb @&,,, MKCM U3MepsiIi Ha KOHIYKTOMETpPE
WTW inoLab Cond 7110 (I'epmaHus1); MOBEpXHOCT-
HO€ HAaTsSKeHWEe Ha TpaHMlle XUIAKOCTb — ra3 Oy ,
kI /Monb — MeTonoM Busibrenbmu.

CycneH3u10 MoJIMMEPCOM TOTOBWIN MEIJICHHBIM
BBeAeHNEM B pacTBop JIC 3amaHHON KOHIIEHTPAITUHN
Mo KaruisiM Ac U MHTEHCUBHO TiepemernuBanu (500
06./mMuH). Conepxanue Ac (¢, 00. %) BappbupoBaIn B
nuana3oHe @, 0.6—4.0 06. %.

Hns onpenenenuss auamerpa (D)) chep noau-
MEPCOM B CYCIIEH3UM HCIIOJb30BaAJIM METON AWHA-
Muyeckoro ceeropaccessaus (JICP). 3nHayeHus Bsa3-
KOCTH M MOoKa3aTeJisl IpeJIOMJICHUS IS CMEIIaHHbIX
cpen BojJa — AC MCMOJb30BaIU U3 JUTEPATYyPHbBIX
uctouHukoB [13]. U3mepenuss D, NmpoBOaWIM Ha
npubope Zetasizer Nano ZS (Malvern Instruments,
BenukobOpuTaHusi) 1O OlIEHKE KOppeaslMOHHOM’
byHKUIMMU DAYKTyaluii MHTEHCUBHOCTH JIa3€pHOTO
U3JIy4eHUs ¢ A = 633 HM, pacCcessHHOIo Ha IIOJIU-
Mepcomax mon yriaom 173°. MHaekc moauaucnepc-
HocTu (PDI) nmonuMepcoM B CyCTIEeH3UN U3MEHSLICS
B npenenax 0.18—0.28. s kaxnmoro pasmepa D,
perunctpupoBanu 5—10 pacrnpeneseHNT NHTEHCUB-
HOCTH MO pa3MepaM YacTull ¢ 15 HaKOILIeHUSIMU
MpU KaXXJIOM M3MEPEHUU; YCPEeIHEHUE MPOBOIU-
JIOCh TTO pa3MepaM 4acTHUIl C MAKCUMaJIbHOU MHTEH -
CUBHOCTBIO paccesiHusi. CymMMapHasi MorpeiHoCTb
He npesbimana + 2%.

Jlnst usMepenust {-moreHMana mojJuMepCcoM KC-
MOJIB30BAJICST ITOT K€ MPUOOP B PEKMME PErHCTpa-
1IN 2JeKTpO(DOPETUUECKON MOABUKHOCTU YaCTHIIL.
KanmGpoBKy MpOBOIWIN 110 CTAHIAPTHOM AUCIIep-
CUM TOJMCTUPOJILHOTO J1aTekca. st Bcex M3ydeH-
HBIX 00PA3II0B AUCIIEPCHIA CIIEKTP MOABUXHOCTH CO-
AepKal TOJbKO OIHY MOJIOCYy. YCpenHeHUe MaKCH-

MaJbHBIX ~ 3HaueHWit {  OCYINECTBISUIOCH — TIO
pe3yabTaTaM TpeX U3MEPEHUM.
JKYPHAJT ®U3UYECKOU XUMHWUU  tom 97  Ne 3

449

Ona onpeneneHUsT MOPMOTOTUIECKUX XapaKTe-
PUCTUK MOJMMEPCOM HCIIONb30BAIM CKAHUPYIOIIYIO
ayieKTpoHHYI0 (CDM), IIpOoCBEeUYMBAIOIIYIO 3JIEK-
TpoHHyo (IITODM) M aTOMHO-CHJIOBYIO MUKPOCKO-
o (ACM).

OO6pa3sibl MOJMMEPCOM JJIsI MUKPOCKOIMU TOTO-
BWJIM clienylomum obpasom: ajiss COM — 5 MK cyc-
MEeH3UU TIOJIMMEPCOM HAHOCWJIM Ha CTEeKJISIHHYIO
miactuHy (1 X 1 cMm), MOKPBITYIO MarHETPOHHBIM
pacnbuieHreM Ha ycraHoBKe Quorum Q150S (Quo-
rum Tech, BeinkoopuTaHus) TOHKUM CJIOEM TLJIaTH-
Hbl (10—20 A) 1 cylmim B KOMHATHO# aTMocdepe B
TedeHue 24 4. Mcronb30Baji CKaHUPYIOIIW 3JIeK-
TpoHHBIIT MUKpockoIl Auriga CrossBeam (Carl Zeiss,
I'epMaHus) ¢ AMana3oHOM YCKOPSIOIIMX Hampsixke-
Huii 0.1-30 kB. DaeKTpOHHO-MUKPOCKOITNYECKIE
n300paxeHusi, oOpaboOTKy M aHaIU3 MOJYYECHHBIX
JIaHHBIX MPOBOJIUIY C TIOMOIIbLIO MTPOrPAMMHOTO Ma-
kera SmartSEM (CarlZeiss, I'epmanmus); mis [1OM —
5 MKJI CyCTNIeH3UM TMOJIMMEPCOM TTOMEIIAIM Ha Me/l-
HYIO CETKY, IMOKpHITYI0 yriepomHoit (10—100 Hwm)
ieHkoi. ITomioxky B TeueHUe 15 MUHYT CYLIMIM HA
BO31yxe, 3aTeM elle 10 MUHYT — B IIIJII030BOM BaKy-
YMHOI KaMepe Mukpockomna. CheMKy TpOBOIWUIIN Ha
MPOCBEYUBAIOIIEM 3JIEKTPOHHOM MUKpOcKorie Jeol
JEM 2100 npu yckopsitonieM HarpsizkeHun 200 xB;
s ACM — 5 MKJI CyCTIEH3UHU TTOJIMMEPCOM TToMellia-
JIU Ha TIOBEPXHOCTb CBEXKETO CKOJIa CIIOMIbl Y CYLIWIN
Ha BO3IyXe O MOJIHOTO BhIchIXaHUs. CheMKY ITPOBO-
IWIM Ha CKaHUpPYIOIIeM 30HJA0BOM MUKPOCKOIIE
Ntegra Therma, cHaOXeHHOM 30HIOBBIM TaTIYMKOM
NSGOI (NT-MDT, 3enenorpan, Poccus).

Bce uccnemoBaHuss MPOBOAMIIM B M30TEpPMUYE-
CKUX YCIIOBUSIX IIpU TeMItepaType 293 = 2 K.

buonornyeckue cBOWCTBa MCXOMHOTO pacTBOpa
JIC ucciteqgoBaiu in vitro Ha MOAEIU KJIETOYHOM JIN-
HuM Vero (KJIETKH ITOYKM 3eJIeHO# MapThIku) (MH-
ctutyt murojiorun PAH, Cankr-IlerepOypr, Poc-
cUsl) U KyJbTYpbl JepMabHbIX (hpUOPOOJACTOB Yeo-
Beka  (MHCTUTYT  MEIMILIMHCKMX  KJI€TOYHBIX
texHosioruit, ExarepunoOypr, Poccus). st KyJIbTU-
BUPOBaHUSI KJIETOK IIPUMEHSIJIU POCTOBYIO Cpedy
DMEM (Sigma), nonoiaHeHHy10 1% pacTBOpOM Iity-
tamuHa, 10% pacTBOpoM 3MOPHUOHATBHOM TeIsTUbeit
CHIBOPOTKM U reHTaMuumHa (50 mr/om3).

Knetku paccaxkuBanu B 96-7TyHOUHBIE TUTAHILIETHI
B IIOCEBHOM 103€ 2 X 10° KJIETOK/MJ U KYJIbTUBUPO-
BaJIu B MMUTATEIbHOU cpene B TeueHue 24 4. 3ateM B
ayrku BHocuiu pactBop JIC (Cre = 0.001—1.0 r/nm3).
Kierku ¢ nob6aBkoii u 6e3 106aBK1 (KOHTPOJIb) pac-
tBopa JIC KynbruBupoBain B CO,-MHKyOaTOpe
MCO — 18AIC Sanyo (ArmoHust) mpu NOCTOSTHHBIX
temmieparype (37°C), BnaxkHocTtu (90%) u comepxka-
"M CO, (5%). Yepes 24 9 KyIbTUBUPOBAHMS OlC-
HUBaJIN KU3HECITOCOOHOCTH (% ) KJIETOK C UCITOJIb30-
BaHHEM BUTAJbHOIO KpacuTessi — TPUIAHOBOTO CHU-
HEero, TIO3BOJISIIOILETO  OLEHUTb  LIEeJIOCTHOCTD
KJIETOUHOI MeMOpaHsbl. Yepe3 72 94 KyJIbTUBHUpPOBA-
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Ta6mma 2. Pu3nKo-xMMHUYECKHE CBOCTBAa BOMHOTO pac-
TBOpa JIC

Crcs pH | ®w X 1075, |Gy X 1073, 5
r/om> CMm/M Ix/Mm2 D
0.02 4.60 0.25 72.25 1.3323
0.04 4.80 0.29 70.12 1.3323
0.08 4.70 0.54 70.12 1.3323
0.16 5.30 0.92 69.10 1.3324
0.32 5.25 1.47 69.10 1.3324
0.64 5.50 3.14 68.24 1.3324
1.28 5.56 4.23 68.24 1.3324

HUSI ONpeAessyiIM MUTOXOHAPUAIbHYIO aKTUBHOCTD
knetok (MTT-tect) 1 BiusiHue pactBopa JIC Ha co-
CTOSIHUE JIM30COMAaJIbHOTO arrnapara KJIeTOK B TeCTe C
MOMIOLIEHUEM KPacuTe s — HEMTPaJIbHOTO KPACHOTO.
N3meHeHuss Mop@OJOTMYECKMX NapaMeTpoOB KIle-
TOUHBIX KYJIbTYpP aHAJIU3MUPOBAJIU C TIOMOIIBIO CBETO-
Boro Mukpockora CX33 Olympus, ITpeaBapuTeIbHO
OKpalllMBasl aAre3MpPOBaHHBIE HA CTEKJIAX KJIETKH 10
PomanoBckomy—Ium3e.

[ TpoBeneHNsT CTaTUCTUIECKOTO aHajnu3a MC-
noJb30Baiau ImporpaMMbl Microsoft Excell u Statistika
2009. PaccumnTbiBaIv MapaMeTpbl CpenHero apudme-
TUYECKOro 3HAUYeHUs U CTaHAAPTHOM OIIMOKM. 3a
JIOCTOBEpPHbIC TPUHUMAJN Pa3InuMsI CPEIHUX BEJIU-
YUH 1o kputepuo ManHa—YutHu npu p < 0.05.
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OBCYXIEHUNE SKCITEPUMEHTAJIbHbBIX
JAHHDBIX

Hcnonb3yeMblii I HOJIydeHUSI TTOJIMMEPCOM BOJI-
ubiii pactBop JIC B muanasone Che = 0.2—1.28 r/om?
XapaKTepHU30Bajicd 3HadyeHUEM BOIOPOIHOIO ITOKa-
3aresist pH ot 4.8 10 5.6 (Ta6m. 2). [ToansaeKkTpoauT-
Hag MPUPOJa MAaKpOMOJIEKYJIbI MOATBEPKIaIach BO3-
PacTaHMEM YIENbHOM JIEKTPOITPOBONHOCTH &y, C yBE-
ymmueHueM KoHueHTtpauuu JIC or 0.2 mo 1.28 r/mm> ¢
0.25 1o 4.23 x 10~> CM/M COOTBETCTBEHHO. B 3TOM
K€ psIly CHUXKAJIOCh TOBEPXHOCTHOE HATSKEHUE Oy
pactBopa JIC u He3HAUMTEIbHO BO3pacTall IoKa3a-

25
TCJIb ITPCJIOMJICHU Ay -

[MpupomHoe MPOUCXOXICHNWE, HATNYKME 3apsaoB
Ha MaKpOMOJIEKYJe IPeHONpencisiiio Onogornude-
CKy10 aKTUBHOCTB pacTBopa JIC. B otnenbHoIi cepun
OITBITOB OBbLIIa TIPOBEICHA OIIeHKA BIMSHUS pacTBopa
JIC Ha yHKIIMOHATBHOE COCTOSIHME IepMaIbHBIX
¢$ubpoOIaCcTOB YeI0BeKa U KJIETOYHOU JTMHUM Vero:
oIpenesieHbl MHIEeKC Xu3HecrmocooHocT (%), Mop-
domMeTpruIecKHe ImapaMeTpbl 1 MeTadoIndecKast ak-
TUBHOCTb. Ha XX13HecnocoOHOCTh KJIETOK OKa3bIBa-
10T BJIUSTHUE BpeMsl KyIbTUBUPOBaHUs, Cyc B KYJIb-
TYpaJIbHOM cpelle M JyBCTBUTEIHHOCTH KJIIETOUHOI
KyJabTyphl. Tak, Mpu MHKyOMPOBaHUM KJIETOK B TeUe-
Hue 24 4 B cpelne ¢ nobaBkoii BogHoro pactBopa JIC B
nuanasone Cye ot 0.001 no 1.00 r/am* BeIpaskeHHOTO
IUTOTOKCHUYECKOTO MeicTBHs pacTtBopa JIC He o6Ha-
PYXKWBaJIA, 9YTO CBUACTEIIHCTBOBAIO O OMOCOBMECTH-
MocTtu JIC ¢ kineTkaMu 4yejioBeKa U XXKUBOTHBIX. [Tpu
OoJiee IIUTEIHLHOM BO3IeCcTBUM (~72 4) pacTBOpa C
Chc 2 0.1 r/om? Ha KyabTypy ¢hu6po61acToB Mopdo-
(byHKIIMOHATBHBIE ITOKa3aTeId 3TUX KIIETOK He-
CKOJIbKO MU3MEHSIJIMCh: BCIENCTBE U3MEHEHMST KOJI-

II
0

0.001

OTHOCUTEIbHAsI KU3HECITOCOOHOCTD, %
N
o
T

II

II
I
0.1 1.0

0.01 .
Crc, r/am’

®duopodaacter Wl Kitetku auHUM Vero

Puc. 2. Bnusinue koHueHTpanuu pactsopa JIC Ha XU3HECTTOCOOHOCTh KYIbTYPHI IepMaIbHBIX (HDUOPOOIACTOB YeaoBeKa U
KYJIBTYPHI KJIETOK JIMHUU Vero; BpeMsi KyJbTUBUPOBAHUS 72 U; * — pa3muuue ¢ KOHTPOJIEM 10 KpuTepruio MaHHa— YUTHU O-
ctoBepHO (p < 0.05); Ha MOBEPUTETHLHBIX MHTEPBAJIAX OTJIOKEHA BETMUYMHA OIITUOKY CPETHETO.
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CAMOCOBUPAIOIIMECA ITOJIUMEPCOMBI

JIOUAHO-OCMOTHYECKOTO PAaBHOBECUS B KJIETKE Ha-
Omogaioch yBEJMYEHUE TUIOLIANM LIMTOIUIA3MBbl,
YMCHBIIIEHHE KOJIMYeCTBA OTPOCTKOB, CHIDKEHUE
MUTOXOHAPUAILHON aKTUBHOCTH. OOHAKO Jaxe B
9TOM ClIy4yae KM3HECITOCOOHOCTh PUOP0OIaCTOB CO-
craBisiiia He MeHee 70% (puc. 2). JInzocoManbHBIE
¢yHKIIMM PndpoOIIacTOB MO IeMCTBUEM pacTBopa
JIC Bo BCceM uccnenyemoM nuana3oHe Cjyc HE u3Me-
HSUIUCh.

JnnrenpHOEe Bo3aeiicTBue pactBopa JIC Ha Kier-
KU JIMHUU Vero MpUBOINIO K YMEHbBIIEHUIO KJIETOY -
HOCTH, BaKyOJIM3allu1 W YBEIUYCHUIO TLJIOIIAIN 11~
toria3mbel. [Ipu 3TOM HaOmMOmanoch yBeIUYEHUE
MUTOXOHAPUATIbHON aKTUBHOCTU KJIETOK (puc. 2),
YTO CBUIETEJILCTBYET O Pa3BUTUM KOMIIEHCATOPHBIX
peaxkiuii.

YyBCTBUTEABHOCTD KJIETOK K AEHACTBUIO pacTBOpa
JIC paznuyna. I[TocTosiHHAsT KieTouHast IMHUS Vero
OoJiee ycToiiuMBa K BIMSHMUIO pacTBopoB JIC, yem
orpaHMYeHHAas] JUILIOMIHAS KYJIbTypa AepMaJIbHBIX
¢umbpobiacTos.

Takum o6pa3oM, mpoBeeHHOE OMOTECTUPOBAHE
MO3BOJIIET paccMaTpuBaTh BomHEBIE pacTBophl JIC B
Ka4yeCTBE IMOTEHLMAIBHOIO MCTOYHUKA OMOJIOTHYE-
CKM aKTUBHBIX HAHOMATEpUAJIOB.

Hanmee Ha OCHOBE MCCIIETOBAHHOTO BOTHOTO pac-
tBopa JIC myreM camMOoCOOpPKU OBLIM MOJTYYEeHBI ITO-
JIUMEPCOMBI.

JIC oTHOcATCS K KECTKOILECITHBIM IIOJIMMEpaM,
MPENCTaBISIIOIINM CO00I XaOTUUECKU Pa3BETBJICH-
HBIE LIENM C YUCIOM TPpU(DYHKIMOHAIBHBIX Y3JI0B
BETBJICHMS OO IIECTU HAa MAaKPOMOJIEKYJIy 1 TIOTHO-
cThlo pa3BeTBiIeHHOCTH 10 0.35 [14]. Takoe cTpoeHue
HapsIy ¢ HAIM4YMeM pa3HOOOpa3HbIX (PYHKIIMOHAJIb-
HBIX IPYNI 0OYCIOBINBAET CKJIOHHOCTh MaKpOMOJIE-
kyn JIC k camoaccouuanuu. OCHOBHBIMU CUJIAMU,
JIeHCTBYIOIIMMU I1pu camocoopke JIC, KaK 1 Ipyrux
aMbuGUIHLHBIX TOJIMMEPOB, SIBJISIIOTCS BOJIOPOIHBIC
CBsI3U, TUAPO(POoOHBIE 3(PDEKThI, BIEKTpOCTATUYEC-
cKoe B3auMmogelictBue M cuibl BaH-mep-Baanbca.
OTMeTHUM, YTO MePEYUCICHHbIE B3aUMOACUCTBUS CO-
IJ1aCHO Ta0J1. 3 SIBJISIFOTCS IO CPABHEHUIO C KOBaJICHT-
HbIMU cBs13sIMU (400 kJI>x/M0J1b) BecbMa MSTKUMU U
MeHee MHTEHCUBHBIMU. OOHAKO OHU IIPUBOIIT K
¢hopMHUPOBaHUIO BCEBO3MOXKHBIX MO (hopMe U pazMe-
Py accoluaToB.

Mopdororueit u cBoiictBamu (pa3mep, {-moTeH-
1aja) acCoOMaTOB MOXHO T'MOKO YIIPaBIsATh, U3Me-
HsII MOJIEKYJISIPHYIO Maccy U KoHueHTtpamnuio JIC, a
TaKXXe KOJIMYECTBO BBOJMMOTO B BOAHbBIE PACTBOPHI
aHTtupactBoputes. I1pu ncnoiab3oBaHUM 00pa3lioB
JIC co cpemHeMaccoBOil MOJIEKYJISIpHOIT Maccoi
40.000 £ M, £60.000 Ja B nmama3oHe KOHIIEHTpaInit

Cnc = 0.40—1.28 r/am? B cMeIIaHHOI BOIHO-ALIETO-
HOBOI1 cpene (Pu. 0.6 = 4.0 06. %) ObUIN MOTYYESHBI
nosumepcoMbl JIC (puc. 3). Yeeanuenue Cyc ¢ 0.4 1o
1.28 r/am3 1 @4, ¢ 0.3 10 3.5 06. % B crcTeMax IPUBO-
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Tabsuna 3. DHeprusi HEKOBAJEGHTHBIX B3auMoneii-
CTBUIi, y4aCTBYIOIIMX B caMOcOopKe aMPUGUIbHBIX IO~
nmuMepoB [15]

. DHeprus,
Ne | Tur cBsI3u Wiy B3aMMOIECICTBUS
kJIx/Monb
1 KoBaneHTHas cBsi3b 100—400
2 HMoH-uoHHbIe/MOH-aunoab- | 200—300/50—
Hble/AUTOIb-IUITOJbHbIE 200/5-50
3 BonoponHas cBsi3b 4—120
4 T—T-B3auMOJENCTBUE 0-50
(T—T-CTEKUHT)
5 Ban-nep-BaanbcoBo <5
B3aUMOJIEVICTBUE
6 Tuapodo6HbIe 3hheKThI 2—40

IWJIO K 3aKOHOMEPHOMY TOBBIIICHUIO KOHIIEHTpa-
IUA TIOJIMMEPCOM B BO3MYIIHO-CYXUX oOOpasmax.
ManbHeiimmii poct Cye > 1.28 r/aM? He nenecoobpa-
3€H BCJICACTBUE CTECHEHHOM KOAryJISIIINU MOJIMMep-
coM, 3aTpyaHswomeir nmx anaau3 MeronoMm JICP n
9JIEKTPOHHOI MuKpockonuu. [loBellieHUEe comep-
XKAHUS @, > 3.5—4.0 B cycrieH3UU BBI3bIBAET arpera-
IIMIO TTIOJTMMEPCOM U (Da30BOE pasmesieHne CUCTEMBI C
BbINaJ€HUEM OEJI0ro ocaaKa.

Xapakrepuctuku (Mopdosorusi, pasmep, {-mo-
TEHLMAJI) NOJIMMEPCOM YCTaHABIMBaJId HAa OCHOBE
ontudeckoir Mukpockormmu (COM, T1OM, ACM)
u ICP.

Ha CBM-u3obpakeHUsIX moJuMepcoM (puc. 3a, 0)
YETKO MPOCJIeXKMUBACTCSI X CTPYKTYpa, COOTBETCTBY-
omass thny “sgapo—oboisouka”. CommacHo [1DM
(puc. 3B, T) B YKa3aHHBIX YCJIOBUSIX (hOPMUPYIOTCS
MOJIMMEPCOMBI — chepouIalibHbIE arperaTbl C OMTHUM
KOHTPACTHBIM MO OKpacke (M0 CpaBHEHMIO CO CTEH-
KaMU MOJIMMepCcOMbI) oTBepcTtueM. IlocnenHee mo-
Ka3blBaeT CYIECTBOBAaHWE BHYTPEHHEI IOJOCTU U
BE3UKYJISIPHBIN XapakTep arperatoB. B cooTBeTcTBUM
C OTHOMEPHBIM TIPOPUJIEM YaCTULl, N300paKeHHBIX
Ha ACM-dororpabhuu (puc. 34) MOIUMEPCOMBI
WMEIOT MPUILTIOCHYTYI0 (opMy € 3aKpyrjieHHbIMU
KpasiMyd BCJIEACTBUE BBICBIXaHUSI WM AajbHEMIIero
“cxjIonbIBaHUSI” My3bIpbKOB. PoOpMa TMOJMMEPCOM
0/11M3Ka K uaeajibHbIM cepousaM, pasMep KOTOPBIX
koseosetcs ot 40 no 300 HM. Ha Bcex n3zo0paxkeHUsIX
¢duKkcupyercs: BbICOKasi TMOJUAMUCIIEPCHOCTh MOY-
YEHHBIX MTOJIUMEPCOM.

Heckonpko mHoe moBemeHue nojmmepcom JIC
HaOMI0JaeTCsI B BOJHO-AalLIETOHOBBIX CYCITEH3MSIX.
Tak, Cjc B ananaszone ot 0.08 go 1.0 r/nm? (Tab. 4) B
CUJTy DJIEKTPOCTAaTUUYECKUX (KYJIOHOBCKMX) B3aMMO-
neiictBuit B pactBopax JIC, a UMEHHO auccolaluu
U YaCTUYHOM KOHJEHCalluu MPOTUBOMOHOB Ha MO-
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JIYTOBULUKAS u np.

(m) I

02 4 6 8 1012 14 16 18
MKM

Puc. 3. COM (a, 6), [1DM (B, 1), ACM (1) — 1300pakeHUs TUTHOCYJIL(OHATCOAEPXKAIIUX ITOJTMMEPCOM, BBIIECJIEHHBIX U3 CyC-

neHsuu cocrasa: Cpyc = 0.8 r/mm3, Pac = 1.506. %.

JIMaHVOHE MaJIo BIMSIET (IO abCONIIOTHOMY 3Haye-
HUI0) Ha pa3Mep, PDI u {-moTeHunan noammMepcom.
BBeneHue B BOIHBII paCTBOP MOJIUAJIEKTPOIUTA, Me-
Hee TOJIIPHON YeM BOoIa XUAKOCTU, TPUBOAUT K
MONABJICHUIO BJIEKTPOJIUTUYECKON AUCCOLIMAIIUU
(DYHKIIMOHATBLHBIX TPYIIIT MAKPOMOJIEKYJIB U YMEHb-
LIEHUIO AURJIEKTPUYECKON MPOHUIIAEMOCTU CUCTE-
MBI, T.€. IEPEX0y MOJTUDIEKTPOIUTA B UIOHOMEPHBII
peXrM 1 COOCTBEHHO (POPMUPOBAHUIO TOTUMEPCOM.
ITocnenHee He 3aBUCHUT OT Cj B CYyCIIEH3MU U COMIPO-
BOXJ/IaeTCsl HEKOTOPHIM CHIDKEHHEM pa3Mmepa da-
ctuil. OqHaKo JajibHelIee yBearmueHue @y > 0.5 06. %
B CUCTEMaAX INPUBOAUT K arperaiium I1moJmMeEepcoM "
COOTBETCTBEHHO pocTy D,

TeopeTndecKu TIpU TIepexoie MeXIy pekKrMaMH
noBedeHUS MakpoMosaeKysbl JIC M3 moimaiekTpo-
JIUTHOTO B MOHOMEPHBIii {-MIOTEHLIUA TOJTUMEPCOM
C POCTOM (5. JOJIKEH CHUZKATHCS W TIPUOIIKATHCS K
HYJIEBbIM 3HaueHUsIM. OnHaKo yMeHbleHue {-1mo-
TeHIMajia HabI01aeTCsl TOJAbKO MPU HU3KOM COMIEep-
KaHuu Ac B cucteme (He 6osee 0.5 06. %). JlanbHeii-
i pocT @, > 0.5 06. % MPUBOAUT K YBETUUYECHUIO
3apsima TOBEpXHOCTH mosmMepcoM. [lpmyeM Ham-
GosbHeimumii poct { moauMMepcoMm, paBHbI —50 —

KYPHAJI ®U3NYECKON XUMUU

—51.0 + 2.2, Habmonaerca npu yBeauuyeHuu Cpe B

cycriensuu 10 1 r/nm>. TTocaenHee MOXeT ObITh TaK-
K€ CBI3aHO C MOJUIEKTPOJIUTHON IMPUPOIONA MaK-
pomonekynbl JIC. Ecau npeanojoXuThb, 4YTO IOy~
YeHHbIE TMOJMMEPCOMBI HMMEIOT BOJHOE SIIpPO, TO
BITOJIHE BO3MOXHBI JHUCCOLIMATUBHbBIE MPOLIECCH B
MOJIOCTH (B SIApE) MOJIUMEPCOMBI 1, KaK pe3yabTaT —
BbICOKMIA {-moTeHman yactuir. OTMETHM, 9TO ITOXO-
JKee MOBeIeHUe YCTaHOBJIEHO ISl c(hepuyeckux oo-
paTHBIX MULIEJUT ¥ TIOAPOOHO OImMcaHo B 0630pe [16].
OnHako ISl MOATBEPKAEHMS aCCOLIMaTUBHO-AMCCO-
LIMaTMBHBIX MIPOLIECCOB B MOJIOCTU TOJYYEHHBIX T10-
JIUMEPCOM TpeOYyIOTCS HOIOJHUTENbHbIE liejeHa-
MpaBJIEeHHbIE UCCIEOBAHMS.

Takmm o6pa3oM, mpoBeIeHHBIC HAMM MCCIIe0Ba-
HUS TTO3BOJIMJIM BIIEpBBIC HA OCHOBE KOMMEPYECKH
JIOCTYITHOTO, OWOJIOTUYECKN-aKTUBHOTO TIOJIMMEepa
JurHocymbdoHara (M, = 46.300 Ja) MeTomoM camo-
cOOpPKM B BODTHO-ALIETOHOBOI1 Cpelie MOIYyIYUTh 101~
MepHBIE BE3UKYIbl. PasMepoMm, 3apsimoM ImoBEpXHO-
CTU TIOJIMMEPCOM BO3MOXHO VYIIPaBISATh W3MEHSS
konueHTpannio JIC m comepxkanme ameToHa. buo-
COBMECTHMMOCTD TTOJJMMEPHO OCHOBBI ITOJTyYeHHBIX
HAHOBE3MKYJ OTKPBLIBAET IIMPOKHE BO3MOXHOCTH
Ne 3
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Tabmmua 4. TuaponnHamuueckuit nnametp (D)), MHAEKC
noyuaucnepcHoctr (PDI) u n3era-noreruman ({, MB)
MTOJIUMEPCOM B CYCTIEH3UH

CocraB CyCII€CH3NH
ITOJIMMEPCOM
D, um PDI ¢, MB
Cre
/e ©, 06. %
0.08 0 268 0.28 —23.0x+ 1.4
0.5 254 0.23 =217 £ 1.1
2.0 273 0.21 —223+1.3
4.0 342 0.24 —248 £ 1.6
0.16 0 241 0.21 —25.0t 1.6
0.5 195 0.18 —224+1.2
2.0 230 0.23 —22.8*+ 1.7
4.0 308 0.20 -23.1*14
0.32 0 239 0.25 —252=+1.3
0.5 220 0.22 —255%x 1.5
2.0 257 0.27 —22.6+1.2
4.0 307 0.18 =257+ 2.1
0.64 0 223 0.22 —27.5% 1.1
0.5 205 0.20 —26.6 £ 1.1
2.0 237 0.21 —28.9+ 1.3
4.0 304 0.23 —339=+1.8
1.0 0 212 0.25 -326+£19
0.3 194 0.20 -26.3+1.3
0.6 279 0.18 —34.8+£2.38
1.3 240 0.12 —359* 1.6
3.2 320 0.18 —51.0£2.2

JUTST TIOTyYEeHUST HOCUTEJIEN aApeCHON TOCTaBKM Jie-
KapCTBEHHBIX CPEACTB.

HMccnenoBaHue BHITTOJIHEHO B paMKaX TOC3aIaHusI
P® 1o I'paaTy Ne 075-03-2021-051/5 (FEUZ-2021-
017) ¢ ucnonb3oBaHueM oOopynoBaHust lLleHTpoB
kosuiekTuBHOTO MnoJib3oBaHus (LIKIT u YIHKIT “Co-
BpeMeHHbIe HaHOoTexHoorun”) Yp®y.
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