KOJUIOMJTHBIA XKYPHAJI, 2024, mom 86, Ne 2, c. 244252

VK 544.72.05

BJIUSAHUE ®AKTOPOB CBEPTHLIBAHMS HA CBOVCTBA
AJICOPBIIMOHHBIX TINIEHOK ®UBPUHA

© 2024r. O.10. Muasesal *, A. P. Padukosa'

'Cankm-ITlemepbypeckuii 2ocydapcmeennbiii ynugepcumem, Hucmumym xumuu,
Yuueepcumemckuit npocnexkm, 26, Cankm-Ilemepoype, 198504 Poccus

*e-mail: o.milyaeva@spbu.ru

IMoctynuna B pepakuuio 02.11.2023 r.
IMocne nopadotkm 11.12.2023 .
IMpunsgTa Kk nyonaukanum 12.12.2023 1.

O0pa3oBaHue IUIEHKU (DUOpUHA Ha MeCTe IOPe30B U PaH — CJIOXKHBIN OMOXMMMIECKUI TIpoliecc, B KO-
TOPOM, TIOMUMO OCHOBHBIX KOMIIOHEHTOB — (DMOpUHOTeHa 1 TPOMOMHA — YYIAaCTBYIOT TaKKe APYyrue
depMeHTH U1 6eTK1. AICOPOIMOHHEBIC TUICHKH, ITOJIyIeHHBIC U3 pacTBOpa, ComepKamiero gakTopsl
VIII, XIIIa, ¢paktop Bunnedbpanga u ¢puOpoOHEKTUH, UMEIOT Psii OTIMYUIA IO CPABHEHUIO C TUIEHKAMU
(ubpuHOreHa u rIeHKaMu (GpuodprHa, MOTYYEHHBIMU U3 PACTBOPA, COAEPXKAILEro TOIbKO GUOPUHOTEH
¥ TpOMOUH. [{MHaMu4ecKas MMOBEepPXHOCTHASI YIIPYTOCTh MPEBBIIIAET COOTBETCTBYIOIINE 3HAUYCHUS TS
dubpuHOTeHa (80 MH/M 11 55 MH/M COOTBETCTBEHHO), OMHAKO OKA3bIBACTCS HIKE 3HAUCHMH M1 (hyi-
OpuHa, TIOJIy4eHHOTO U3 YMCTBIX KoMIToHeHTOB (115 MH/M). IToBepXxHOCTHBIE naBieHUS ISl aacopo-
LIMOHHBIX TJIEHOK, MOJY4eHHBIX U3 reMocTaThuueckoro kJjes (27 MH /M), oka3biBaloTcs BhIle 3HAUYCHU
IS 00eUX pacCMOTpeHHbBIX paHee cucteM (14 MH/M). DTo cBSI3aHO ¢ CylIECTBEHHBIMU U3MEHEHUSIMU
B MOp®dOJIOTUU MOJTYYEHHBIX IUIEHOK, KOTOpas Oblia OlleHEHa C MOMOIIbI0O MUKPOCKONUU MPU yIjie
BplocTepa u ckaHUpYIOLIEH 3J1eKTPOHHONM MUKPOCKOITUM.

Karouesuie crosa: nnHaMuvecKast TOBEPXHOCTHAS YIIPYTOCTh, TOBEPXHOCTHOE HATSKeHUE, (haKTOPBI CBEPTHI-
BaHUs, GUOPUHOTeH, (GUOPUH, TPOMOMH, TeMOCTATUIECKUI KiIei
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BBEAEHUNE

DubpUHOTEH — PacTBOPUMBII OEJOK, KOTO-
pBI B HOpME TIPUCYTCTBYET B IIJIa3Me KPOBH YeJIO-
Beka B KOHLeHTpauuu 2.5—4 mr/mi [1, 2]. B cayuae
MOBPEXIEeHUS TKaHell U KpoBoTeueHUsT (UOPUHO-
TeH ToJ AeiicTBUeM (epMeHTa TPOMOUHA TTePEXOIUT
B (MOPHH, COCTABJISIIOLINI OCHOBY HEPACTBOPHUMOTO
CTYCTKa, MPEMATCTBYIOIIErO JaJbHEMIIIEN KPOBOIO-
Tepe [3—6].

CBepThIBaHNE KPOBU — MHOTOCTYTIEHYATHIN TTPO-
1ecc, UMEIOIINit KaCKaaHbIN XapaKTep, B KOTOPOM ITO-
MUMO (puOpHMHOTreHa U TPOMOMHA MPUHUMAET y4acTue
MHOXECTBO APYTuX 0eJKOB. MOXHO OXMOaTh, 4TO
MPUCYTCTBUE 3TUX KOMIIOHEHTOB OYIeT CJILHO BJIM-
SITh Ha MOP(MOJIOTHIO U CTPYKTYpY pubpuna [6—9].
Tax, nanpuMmep, nox geiictBueMm ¢akropa Xllla 06-
pasyloTCcsl KOBaJEHTHbBIE CIIMBKU MEXIY OOKOBBIMU
TpyNIiaMu COCETHUX MOHOMEPHBIX MOJIEKYJ U BOJIO-
KoH ¢ubpuHa [6, 10, 11].

B n1utepaType OCHOBHOE BHUMaHUE yIejsieTcs
00CYXJIEHUI0O CBOMCTB (PUOPUHOBBIX CI'YCTKOB, 00-
pasylomuxcs B oobeMe pactBoposB [11, 12]. U3yue-
HUIO TTOBEPXHOCTHBIX CBOMCTB (hMOPUHA YHETSIeTCS

3HAYUTEJIbHO MeHbIIe BHUMaHud [13—16]. B To Xe
BpeMs UMeHHO (OopMHUpOBaHUE IUICHKM (puOpuHa
OTBeYaeT 3a MepBUYHOE TPEIOTBPAIleHNEe KPOBOIIO-
Tepu U MHpULMpoBaHus paHsl [9, 14]. Kpome Toro,
¢ubpuHOreH u pUOPUH YaCTO MCIIOIB3YIOTCI B Ka-
YyecTBe OMOCOBMECTUMOIO MaTepuralia B BUIEe TOHKUX
BOJIOKOH, TUIEHOK, MEMOpaH U KapKacoB, (hOpPMUPY-
€MbIX U3 PaCTBOPOB, UTO TaKXe yKa3bIBaeT Ha 0OJIb-
IIIYI0 BaXKHOCTh MOBEPXHOCTHBIX CBOMCTB [12, 17—20].
Manoe 4ncio UccienoBaHuiA B 3TOM HaIlpaBJIeHUH 00-
YCIOBJIEHO TE€M, YTO U3yYeHUE TpaHUIl pas3mesa (urro-
WIHBIX (pa3 MpeacTaBisieT cOOOM CIOXHYIO 3a1auy, I
pelIeHus KOTOpOil MPUMEHUM OTpaHUYEeHHBI Habop
METOIOB.

KoMIuIeKCHBII MOaXon Ha OCHOBE METOIOB JUJIaTa-
LIMOHHOI TTOBEPXHOCTHOM PEOJIOTUM U PA3TUIHBIX BU-
JIOB MUKPOCKOIIUU TTO3BOJISIET OMPEACIUTh OCHOBHEIE
aTanbl GOPMUPOBAHUS U OIUCATh CTPYKTYPY ITOBEPX-
HOCTHOTIO CJIOSI Ha TpaHMlle pa3aena XKUIKOCTb—Tra3
[21, 22]. KpoMme Toro, ObUIO MOKa3aHOo, YTO OCOOEHHO-
CTU CTPYKTYpHI (GUOPUHA B 3aBUCUMOCTH OT YCJIOBUIA
dopMUpoBaHUSI 0COOCHHO SIPKO ITPOSIBIISIIOTCS. B €TI0
MEXaHUUYeCKHUX CBOMCTBaxX [23], 4To AeraeT quHaMU4Ie-
CKYIO OBEPXHOCTHYIO YIIPYTOCTh, IPEACTABISIONIYIO
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c000i1 OTKJIIMK ITOBEPXHOCTHOIO HATSKEHUS Ha Ma-
JIYI0 MEXaHUYECKYIO AeopMalinIo IOBEPXHOCTHU, OCO-
OeHHO MH(OPMATUBHON BETUUYUHOM.

DdubpuHOTEH 00IamaeT MOBEPXHOCTHON aKTHUB-
HOCTBIO U amcopOMpyeTcsl Ha TpaHUIIe XKUIKOCTh-Ta3,
MOHMKAsI TIOBEPXHOCTHOE HATSIKEHKME PACTBOPOB 10
58 MH/M [24—26]. HekxoTopble aBTOPBI OTMEYAIOT, YTO
MPU 3TOM MPOMCXOINUT U3MEHEHNE OPUEHTALIU MOJIe-
KYJTBI B IOBEPXHOCTHOM CJIO€ C TTapaJlIeIbHOM Ha TIep-
MEeHAUKYISPHYIO Ha rpaHulie pasaena ¢as [25, 27—29].

HobGaBiaeHue TpoMOMHA 1 0Opa3oBaHUe (pUOpUHA
B ITOBEPXHOCTHOM CJIO€ MaJIO MEHSIET TOBEPXHOCTHOE
HaTsKEHUE pacTBOpa, OMHAKO CUJIbHO CKa3bIBAaeTCs Ha
3aBUCUMOCTSIX TMHAMUYECKO TTOBEPXHOCTHOM yIpy-
roctu [13, 16]. HeMOHOTOHHBII XapaKTep 3aBUCUMO-
CTEeH TMHAMMWYECKOM MOBEPXHOCTHOM YIIPYrOCTHU YKa-
3bIBAET Ha pa3jinuHbIe 3Tanbl GOPMUPOBAHUS TJIEHKU
dubpuHa [16]. IlogaBaeHne MakKCUMyMa IIpU MajbIxX
BpeMeHax XXU3HU MOBEPXHOCTU IO3BOJISIET MPEnrno-
JIOXUTb, YTO JIelicTBUEe TpOMOMHA B HEKOTOPOI cTe-
TMEHU CXOXe C NeHCTBUEM JeHATypPaHTOB U MPUBOAUT
K BBITECHEHUIO OTAEJbHBIX YaCTeid MaKPOMOJIEKYJIbI
B JaJIbHIOIO 00J1acTh TToBepXxHOcTHOTO ciod [30]. ITpu
OOJIBIIMX BpeMEHaX XKU3HU TMOBEPXHOCTU Pa3IUYHbIC
3HAUYECHUS JMHAMUYECKOI MOBEPXHOCTHOM YIPYroCcTU
OTBEYAIOT Pa3IMYHbIM TUIIAM (opMUpYIOLLIeiics MOp-
(hosnorun. Dtu pe3ynbTaThl COBMECTHO C pPe3yJibTaTaMu
ACM no3BojIuy mokasaTh Iepexon OT OTAEJbHbBIX HU-
TEBUIHBIX arperaToB K CTPYKTYp€, COCTOSIIEH U3 pa3-
BETBJICHHBIX BOJIOKOH, a 3aTe€M K CILUIOIIHON MJIEHKe
(pubpuHa [16].

OnHako Takasi cuctema, B KOTOpOi MPUCYTCTBYIOT
TOJILKO [Ba TJIAaBHBIX KOMIIOHEHTa — (PUOPUHOTEH
U TPOMOUH — MOXET CYIIECTBEHHO OTJAMYATbhCS OT
MJIeHOK (hMOpHHA, MOJIydaeMbIX B peaJibHOM Tpoliecce
CBEpThIBaHUS KpoBU. [eMocTaTUUeCKUI XUpypruye-
CKUii GUOPMHOBEIN KJIEH MOJTYy4aloT M3 JOHOPCKOM
KpoBu. OH cocTouT U3 GUOPUHOBOIO U TPOMOMHO-
BOTr0 KOMITOHEHTOB. PUOPHUHOBBINA KOMIIOHEHT CO-
aepxut dakropsl VIII u XIIla u He coaepkUT CUH-
TeTUYECKUX 100aBOK. MOXHO OXWIAaTh, UTO TJIEHKU
(pubpuHa, nmojiyyaembie U3 TAKOTO FeMOCTATUYECKOTO
KJiesl, OKaxyTcsl OJIMXke 1o CBOMM CBOMCTBaM K IUIEH-
KaM (pubpuHa, 0Opa3yIolMcs eCTECTBEHHBIM MyTeM
Ha MeCTe TpaBM U MOPe30B. MeTonbl IMHAMWYECKOMN
MOBEPXHOCTHOM PEOJIOTUU COBMECTHO C Pa3JIUUYHBIMU
METOJaM1 MUKPOCKOIIUHU U SJUIMTICOMETpHUEit MO3BO-
JISIIOT OMpeneanuTb OCHOBHBIE 3Tanbl (hOpMUPOBAHUS
noBepxHoCcTHOTO cios [21, 30]. B manHoii paboTe 3TOT
KOMILIEKC METOIOB MPUMEHEH JJIsT ONIpeaeIeHUsT POJIU
(baxTOpOB CBEpPTHIBaAaHUS B Ipoliecce 0Opa3zoBaHUs
(pOPHMHOBBIX MJIEHOK HA FPAHULIE KUJIKOCTb—TIa3.

OKCITEPUMEHTAJIBHAA YACTb

JduHamMudeckast TIOBEpXHOCTHasl yIPYyTrocTh M3-
Mepsijlach C TTOMOIIBI0O METOAA OCHUJIJIMPYIOIIEro
kosbna [31, 32]. B aTom MeTone KonebaHUS TI0IIAIN
Ne2 2024
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MOBEPXHOCTU AOCTUTAIOTCS 34 CUYET MEPUOANIECKOTO
MOTHUMAHUS U OIYCKaHUS YaCTUYHO ITOTPYKEHHOTO
B KMIKOCTh CTEKJITHHOTO KoJblia. I3MeHeHne (popMBbl
MEHMCKA, HaXOAsIIerocsl y BHyTpeHHEH TTOBEPXHOCTHU
KOJIblia, IIPUBOIUT K KOJIEOAHUSIM MOBEPXHOCTHOTO
HATSKEHUS, U3MEPSIEMOTO C TTOMOIIbIO MJIACTUHKU
Bunbreapmu. st MajbIX rapMOHUUYECKUX KOJIeOaHUA
IUJIaTallMOHHYIO TIOBEPXHOCTHYIO YIIPYTOCTh MOXHO
OIIPENEIUTD C IIOMOIIBIO CIEAYIONIEH (POPMYIIBI:

_ 5
E(®) = E,, +iE,, = alﬁ’

(1)
e Y — TOBePXHOCTHOE HATSKeHUe, A — TUIONIaab 1O~
BEPXHOCTHU XUIKOCTU U () — Kpyrosas yactora. Ecim
¢a30BBIiT CABUT MEXAY KOJIEOAHUSIMU TTOBEPXHOCT-
HOTO HATSKEHUSI U TLIOIIAAM MOBEPXHOCTU OTCYT-
CTBYET, TO MHUMasl 4YaCTh ITIOBEPXHOCTHOI yIIPYTrOCTU
paBHa HYJII0. AMIUIMTY/A U 4aCcTOTa OCUMJIISLIUAM TU10-
aau nmosepxHocTu coctapisuin 7% u 0.1 Iy cooTBeT-
CTBEHHO.

ITockoNbKy IS UCCIEAYEMBIX CUCTEM MHUMas
YyacTh JMHaMUWUYE€CKOW MOBEPXHOCTHOU yINpPYroctu
ObLTa MEHBIIIE NTeHCTBUTEIBHON YacTH, TO B paboTe
MPENCTaBJICHBI PE3YJBTAThI 1151 MOAYJISI TMHAMUAYECKON
MOBEPXHOCTHOM YIIPYTOCTH.

H71s KaXXmoil U3 MCcCaeIoBaHHBIX CUCTEM M3Mepe-
HUS npoBoawiInch 2—3 pasa. [TorperHocTh U3Mepe-
HUN TMHAMUYECKOrO MOBEPXHOCTHOTO HATSXKEHUS
U qruHamMudeckoit He npessimaet 0,5 MH/M 1 3 MH/M
COOTBETCTBEHHO.

M3orepMbl cXXaTus TUIEHOK (prOpHUHA ObUIM ITOJTY-
YeHHBI ¢ TToMoIbio mpudopa ISR (KSV NIMA, ®uH-
JngHaus ). CxaTue oCyLIeCTBIISUIOCH CITyCTd 15 4 oT Mo-
MeHTa 00pa3oBaHUsI OBepXHOCTU. CKOPOCTh CxKaTus
Oblla TMOCTOSIHHOM M cocTaBisia 5 MM/MUH. J1ist u3-
MepeHHUs TOBEPXHOCTHOTO HATSIKEHUS MCTIOJIb30BaJICS
METO[ TTAaCTUHKU Buuibresbmu.

DIIUTIICOMETPUYECKUE U3MEPEHUS TIPOBOANIUCH
C TOMOIIIbIO HYJb-3JutuncoMerpa Multiskop (Optrel
GBR, I'epmanus) ¢ mImHOI BOJHEI cBeTa 632.8 HM
MpU TTOCTOSIHHOM 3HaYeHUH yriia nmaneHus 49° BOau3u
yriia Bpioctepa. Pa3HOCTh MeXIy 3JUIUIICOMETpUYE-
CKMMU YIJIaMHU A TSI KCCIIETyeMOTO pacTBOpa M YM-
CTOM BOABI A,  TPOMOPLIMOHATIbLHA BEJIMYMHE aacop-
ouun [32].

Makpo- 1 MUKpOMOpPGOJIOTHIO TJIEHOK (hudprHa
XapaKTepU30BaIM C TTIOMOIIBI0O MUKPOCKOIIUY TIPU YIJIe
Bpioctepa (mpubop BAM 1, Nanofilm Technology,
IepmaHus), ckaHUpYyIOIeil 3JIEKTPOHHON MUKPO-
ckoruu (COM) (Zeiss Merlin, I'epmaHusi) 1 aTOMHO-
cwnoBoit Mukpockonuu (ACM) (Nte-MDT, Poccust).
AIcopOLIMOHHBIE IJICHKM ObUIM IIepeHeCeHBI Ha I10-
BEPXHOCTh aTOMHO IJIJAKOr0 KpeMHUs (1Sl u3mepe-
HUit ¢ noMoubio COM) u ciawoasl (4151 U3MEpEeHUIA
¢ momoibio ACM) ¢ nomoipio MmeTona JleHrmiopa—
Meddepa. [Mocne nepeHoca MmieHKa BbICYLIMBaIACh
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B 9KCHUKATOpe NIpU KOMHATHOI TeMIIepaType B TeUeHUe
3—5 nneii. MUamepenuss COM npoBoauiIuch Npu pa-
OoueM HampsikeHUU 2 KB 1 pasiInyHbIX YBEJIUUCHUSIX.
s kaxknoro oopasiia Obljia rmojiydeHa cepust u3oopa-
KeHMI 111 pa3HbIX 001acTeil CKAHMPOBAHUSI.

®dubpunorern (CAS number 9001-32-5, Sigma—
Aldrich, I'epmanusi) u Tpom6uH (product number
SRP6556-1KU, Sigma—Aldrich, I'epmaHust) CTONb-
30BaJINCh 0€3 JOMOTHUTEbHOI ouncTK. KoHlleHTpa-
1S TPOMOMHA BbhIpaXkeHa B eqUHUIAX (hepMEHTATUB-
Holt aktuBHOCTU. 1 Ef onpenensieTcst Kak KOJIUYECTBO
(bepMeHTa, KOTOpOE KaTaau3upyeT IpeBpalleHue of-
HOTO MUKPOMOJISI cyOCcTpaTa B MUHYTY IPU CTaHIAPT-
HBIX yCIOBUSX. [JIST IPUTOTOBIEHUS UCCIEAYEeMbBIX
PacTBOPOB YHUCTOTO (pUOPUHOTEHA U CUCTEM, COOLCP-
XKaluxX TOJbKO (PUOPUHOTeH U TPOMOUH, UCXOTHBIN
pactBop ¢ubpruHOreHa ¢ koHueHrpauueint C = 1 r/a
pas6asisuics 10 KoHueHTpauuu 3+ 1077 M. UcxonHblit
pacTtBop (pubpruHOreHa xpaHuics rpu 4°C He JoJblle
natu gHeit. lob6aBieHMe TpOMOMHA K pacTBOpy (pu-
OpPMHOTreHAa OCYIIECTBISJIOCH ITyTeM CMELIEHUS UCXOI -
HBIX PACTBOPOB.

Kneit “Kprnodpur” (IINTASMA-DPTK, Poccust) co-
CTOUT U3 JBYX OCHOBHBIX KOMITOHEHTOB. [lepBniii
KOMITOHEHT COIEPKUT (PUOpMHOreH, (hakTophbl CBEp-
teiBaHus VIII, XIIla, ¢pakTop Bunnebpanna u ¢pudpo-
HekTUH. Bropoii koMnoHeHT — TpoMOuH. Kiteii “Kpu-
oGUT” 10 UCTIIOIL30BaHMS XpAaHWJICS B XOJIOAUJIBHUKE
npu —18°C. s MpUTOTOBJIEHUS MCCIEAYEMBIX pac-
TBOPOB KOMITOHEHTHI KJles “Kpuodur” pasmopaxkuBa-
JIUCh TIPU KOMHATHOM TeMIiepaType, 3aTeM 10 OTAEIb-
HOCTU TOTOBWIMCH MaTOYHBIE PACTBOPHI (PUOPUHOBOTO
1 TPOMOMHOBOTO KOMITOHEHTOB, KOTOPbI€ XPaHUJIUCh
npu 4°C He goblile IIATU AHEH. {19 mpuroToBIeHus
MAaTOUYHBIX PaCTBOPOB (PUOPUHOBBIII KOMIIOHEHT pas3-
6asisuics B 200 pa3, TpOMOMHOBBINM KOMITOHEHT — B 40
pa3. loGaBiieHne TpoMOMHA K pacTBOpy (prOpuHOreHa
OCYIIECTBIISITIOCH IyTeM CMEIIEHUST MATOYHBIX PACTBO-
POB 1 6y(hepHOro pacTBOpa B Pa3IMUHLIX MPOMOPLIUSIX.
KoHueHTpanust (puOprHOBOro KOMIIOHEHTA OCTaBajlach
MOCTOSIHHOM. Bce nccnenyemble pacTBOPHI colepKalu
25% MatoyHOro pactBopa GUOPUHOBOIO KOMIIOHEHTA.

HccremyeMble pacTBOPHI TOTOBUIMCH B hocdaTHOM
oydepe (pactBopsl Na,HPO, (CAS number 10028-
24-7, Sigma—Aldrich, I'epmanus) u NaH,PO, (CAS
number 13472-35-0, Sigma—Aldrich, T'epmanus))
¢ pH 7. MoHHas cusa pacTBopa 3agaBajiach MyTeM 10-
6asnenust 0.9 macc. % NaClu 2.5-1073 M CaCl,. Kon-
uentpauun NaCl u Ca’" 611 BEIOpaHbl OJIM3KUMU
K (OM3MOJOTUYECKUM.

I1Ipu mpuUTroTOBIEHNN PACTBOPOB MCITOIb30BAIACH
TPWKIBI TIeperHaHHas Boma. [IBe MmociemHue Tmepe-
TOHKU OCYIIECTBIISIUCH HA YCTAHOBKE, LIETUKOM Cle-
JlaHHO# u3 crekia. [loBepxHOCTHOE HaTsKeHUE Oy-
(epHoOro pactBopa 6e3 6enka cocrapisuio 72.8 MH/m.

Bce uzMepeHusT MpoOBOAUINCH TIPU TeMIIEpaType
20 +1°C.

MUIAEBA, PAOUKOBA

PE3VIIBTATBI U UX OBCYXJAEHHWE

AuHamMuyeckue MOBEPXHOCTHBIE CBOMCTBa pac-
TBOPOB, MOJYYEHHBIX MTYyTEM CMEIIEHUSI KOMITOHEH-
TOB T€MOCTAaTUUYECKOTO KJiesi, ObLIIM UCCIeNOBaHbl KaK
(byHK1IMSI BpeMEHU XKU3HU MOBEPXHOCTU U COOTHO-
1IeHus KoMIoHeHToB (puc. 1). Kak nuHamuyeckas
MOBEPXHOCTHasl yIpyrocTh (puc. 1a), Tak U MOBEepX-
HOCTHOe€ naBjieHue (puc. 10) oKa3bIBalOTCS BBIIIE CO-
OTBETCTBYIOILIMX BEJIMYMH JIJI1 YUCTOTO (PUOpUHOTEHA.
3HayeHUsI JUHAMUYECKOI TOBEPXHOCTHOM YIIPYTrOCTH
Mpu OOJBIINX BpeMeHAaX XKU3HU MOBEPXHOCTU MPEBbI-
11al0T COOTBETCTBYIOIIME 3HAUEHUS ISl YMCTOTO Oeka
Ha 15—20 mH/m. PazHulia Mexxay paBHOBECHBIMU 3Ha-
YEHUSIMU MOBEPXHOCTHOTO HATSIXKEHUSI PACTBOPOB
(bubprHOTreHa U cMelIaHHBIX PACTBOPOB COCTABIISIET
okoJsio 12 MH/M. DT paznuuus MOTYT OBITH CBSI3aHbI
¢ agcopOLell TOMOIHUTEIbHbBIX OCJIKOBBIX KOMIIO-
HEHTOB U3 00beMa pacTBOpa.

71 Bcex MCCIeqOBaHHBIX PaCTBOPOB, IMPUTOTOB-
JIeHHbIX 13 Kiesd “Kpuodur”, ckopocTh n3MeHeHUS
IMHAMWYIECKUX TTOBEPXHOCTHBIX CBOMCTB OKAa3bIBa-
eTCs BeJIKa, W YXe B MepBble MUHYTHI KU3HU IT0-
BEPXHOCTU AMHAMUUecKasi MOBEPXHOCTHAsI yIIpy-
TOCTb M TTOBEPXHOCTHOE JaBJIEHUE COCTABISIOT 55—
65 u 18—20 mH/M coorBeTcTBeHHO. JIMHAMuuecKas
MMOBEPXHOCTHAS YIIPYTOCTb MEHSETCSI HEMOHOTOHHO.
VYxe B TiepBble MUHYTHI XU3HU TTOBEPXHOCTHU IMHA-
MUYecKasi TOBEPXHOCTHAsl YIIPYTOCTb YMEHbIIAETCs
¢ mpuMepHo 65 mo 55 mH/M, a 3aTeM cHOBa Bo3pac-
taeT 10 70 MH/M 1 mocteneHHo cHuxkaetcs. C yBe-
JMYeHUEM KOHIIEHTPpalMU TpPOMOMHA HEMOHOTOHHBII
XapakTep CTaHOBUTCS 6oJiee BHIpaXKeHHBIM, M MaKCH-
MyM IMHAMHUYeCKOU ITOBEPXHOCTHOM YIIPYTOCTH CMe-
IIaeTcs B CTOPOHY MEHBIITNX BpeMEH KU3HU ITOBEPX-
HOCTH.

Ecnu mpencTaBUTh TMHAMHYECKYIO TTIOBEPXHOCT-
HYIO YIIPYTOCTh KaK (PYHKIIUIO TTOBEPXHOCTHOTO JaB-
JieHust (puc. 2), To BUAHO, YTO BCE 3aBUCUMOCTHU JJISI
CMeEIIIaHHBIX PACTBOPOB OKA3bIBAIOTCS OJIU3KU, I MaK-
CHMYM TTOBEPXHOCTHOM YIIPYTOCTH COOTBETCTBYET IO~
BEPXHOCTHOMY AaBJieHUI0 oKoJjio 25 mH/M. Takue naB-
JIEHWS He JOCTUTAIOTCS JIJIST pacCTBOPOB YMCTOTO OefKa,
JIJIS1 KOTOPOTO OHA MPaKTUYECKU JIMHEHHO BO3pacTaeT
C POCTOM TTOBEPXHOCTHOTO AaByieHus 1o 14—15 mH/M.
OTu pe3ysbTaThl YKa3bIBalOT HA CUJIbHbIE U3MEHEHMUS
B CTPYKTYpE NMOBEPXHOCTHOT'O CJI0$1, BhI3BAHHBIE TIepe-
XonoM ¢ubpuHoreHa B ¢puOPUH Moma AEHCTBUEM TPOM-
6uHa 1 Ipyrux GakKTOpOB CBEPTHIBAHMS, B YACTHOCTHU
dakropa XllIIa.

Ha cymecTtBeHHBIE M3MEHEHUS B CTPYKType II0-
BEPXHOCTHOTO CJIOSI TaKXKe YKa3bIBalOT M30TEPMBbI CKa-
tust (puc. 3). Uzorepmbl cxkaTust ObUIM MOJTYYEeHBI TTPU
OOJIBIIMX BpeMeHax >KU3HU MOBEPXHOCTH (0KojI0 10—
12 4) nipu IpUOJMKEHUM K paBHOBecUI0. B ornuuue
OT YKCTOro (pudpuHOTeHa, cxKaTue IIeHOK (puoprHa,
MMOIYYEHHBIX U3 T€EMOCTATUYECKOTO Kjesl, IPUBOIUT
JIMIIb K CJ1a00MY POCTY TOBEPXHOCTHOTO NaBICHUS,
Ne2 2024
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Puc. 1. Kunetnueckre 3aBUCMMOCTY TMHAMUYECKOM TTOBEPXHOCTHON YIIPYTOCTH (a) M TUHAMMYECKOTO MTOBEPXHOCTHOTO
HaTsKeHus (6) pacTBopoB ¢pubpuHoreHa ¢ konuenrtpauueii 3-10~7 M (1); pacTBopoB, comepxamux (pMOPUHOTEH KOHLIEH-
tpauueit 3-10~7 M u TpoM6uH ¢ koHueHTpauueit 300 En/n (2); pacTBopoB cMeceil (pMOPUHOreH-COAePKAIIErO U TPOM-
OMH-comepKalero KoMnoHeHToB Kies “Kpuodut”, B3g1hix B cooTHoueHusx 10:1 (3), 5:1 (4),2:1(5), 1:1 (6).
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Puc. 2. 3aBUCUMOCTH TUHAMUYECKO TTOBEPXHOCTHOM
YIIPYTOCTH OT TIOBEPXHOCTHOTO IABJIEHUST PACTBOPOB (U -
OpuHoreHa ¢ KoHueHrpauueit 3-10~7 M (1); pacTBopos,
cozepXxalyx (pMOPUHOIEH ¢ KOHILeHTpauueii 3-10~7 M
u TpoMOWH KoHueHTpanueit 300 En/x (2); pactBopoB
cMmeceilt (pudpuHOreH-conepKallero u TpoMOMH-Ccoaep-
Kalero KOMIoHeHToB Kies “Kpuodut”, B3SITHIX B CO-
otHomeHusx 10:1 (3), 5:1(4), 2:1 (5), 1:1 (6).

He nipeBbinatomemy 10 MmH/M. Yewm 6onblie conepka-
HHEe TPOMOMHOBOTO KOMIIOHEHTa B UCXOIHOW CMeCH,
TeM cabee BbIpakeH POCT MOBEPXHOCTHOTO JIABJIECHUS.
BenuuuHa cTaTuyeckoil MOBEpXHOCTHOM YIIPYTOCTH,
paccuMTaHHas U3 U30TEPM CXKaTusl, OKa3blBaeTCsl Majia
U He npesbiiiaetr S MH/M.

Ne2 2024
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Puc. 3. V3oTepMbl cxaTtust IUIsl pacTBOPOB (hrUGPUHO-
reHa ¢ konuenrpauueii 3-10~7 M (1); pacTBopoB, co-
nepxamux GpubpuHoOreH ¢ KoHueHtpauueit 3-1077 M
u TpoMbuH KoHueHTpanueit 300 Ex/n (2); pactBopoB
cMeceit GrudprUHOreH-CoMepPXKaIlero 1 TpOMOUH-COoIep-
Kallero KOMIOHEHTOB Kiesl “Kpuodur”, B3SThIX B CO-
otHotreHusx 10:1 (3),5:1 (4),2:1(5), 1:1 (6).

KuHeTnyeckme 3aBUCUMOCTH DJITUIICOMETPUAYE-
ckoro yria A (puc. 4a), IponopLUOHAILHOTO BeJIU-
YUHE afcopOIvu, IJIs BCeX MCCIeIOBAHHBIX PACTBO-
POB OKa3bIBAIOTCS HIDKE COOTBETCTBYIOIIEH 3aBUCHMO-
CTH JUISI YUCTOro pmbpuHoreHa. Ilpu aTom 4eMm BbllIe
colepXXaHre TPOMOMHOBOTO KOMITOHEHTa, TeM OoJiee
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Puc. 4. Kunetnyeckue 3aBUCUMOCTH SJUTMIICOMETPUYECKOTO yIia A (a) U KHHETUYECKUE 3aBUCMOCTHY TOJIIWHBI TTIEHKU
(6) 1151t pacTBOpoB (ubprHOreHa ¢ KoHueHTpauueid 1-10~7 M (1) u pacTBopoB cMeceii puOpUHOreH-CONePXKAILETO U TPOM-
OMH-coaepXallero KOMNoHeHToB kiesd “Kpuobdut”, B3aTbiX B cooTHoleHusx 10:1 (2), 5:1(3),2:1 (4), 1:1 (5).

SIPKO BbIpaxkeHa 3Ta TeHAeHLIMs. Bo3MoXxHO, 115 Bcex
HUCCNeIOBAaHHBIX PACTBOPOB KOJMYECTBO BellleCTBA
B TTIOBEPXHOCTHOM CJIO€ OKa3bIBaeTCsl MEHbIIE, YEM
JJ1s1 YucToro (pubpuHoOreHa Npu JaHHOI KOHLEHTpa-
uuu (1-1077 M), 3a cueT peakuuu B 06beMe pacTBopa.
Hpyroe BoO3MOXHOE€ OOBSICHEHUE COCTOUT B TOM, UTO
00pasyroTCs TOJICThIE TOBEPXHOCTHBIE CIIOU, AJIsT KOTO-
PBIX YK€ He BBITIOJTHSIIOTCS] YCJIOBUS MPOMOPLIUOHATb-
HOCTU MeXIY BEJIUUMHON afcopOLUU U BJIIUTICOME-
Tprdeckoro yria A. I1ocKoNbKy U3MEHEHUSI SJITUATICO-
METPUYECKOTO YIJIa | TaKKe OKa3bIBAIOTCS TOBOJIBHO
OOJIBIIMMM, ITO MO3BOJSET OLIEHUTh TOJIIMHY I0-
BEPXHOCTHOTO cJiosi. Pacuer o onHoC0lHO Moaenu
rnokasaj, 4YTO TOJIIIMHA TIJIeHKU (udbpuHa ISl BCcex
HCCIIeIOBAaHHBIX pacTBOPOB cTpeMuTcsd K 40 HM Tpu
BPEMEHM KM3HU MOBEPXHOCTU 0KoJjio 10 9 (puc. 40).
ITpu 5TOM CKOPOCTh JOCTHKEHUS 3TOI BETMUMHBI TEM
BBIIIIE, YeM HUXXE KOHLIEHTpaLUs TPOMOMHOBOTO KOM-
MOHEHTa. DTO 3HaUeHUe OJIM3KO K pe3yjbTaTtaM JJisi
qucToro pUOpMHOTeHa U pa3MepaM HAaTUBHOTO Oeika
IpU BEepPTUKAJIbHONM OpueHTauuu. Takum oOpas3om,
YMEHbIIIEHHUE DJITUIICOMETPUUYECKOro yria A, Bepo-
SITHO, CBSI3aHO C YMEHbBIIIEHUEM KOJIMYECTBa aacopou-
poBaHHOro (GUOPUHOIEeHA 3a CYET peaklu B 0ObeMe
pacTBopa.

W3MeHeHUs CTPYKTYPbl MOBEPXHOCTHOI'O CIIOS
XOPOIIO BUIAHBI Ha M300paxkeHMAX, MOJYyISHHBIX
¢ momouipio COM (puc. 5). JlobaBieHne maxke He-
OOJILIINX KOJUYECTB TPOMOMHOBOIO KOMITOHEHTA
K pacTBOpy (prOprHOreHa NpUBOAUT K 00pa30BaHUIO
pa3BETBJIEHHOM CETU TOHKUX BOJIOKOH. Yucio Bo-
JIOKOH U CTeleHb UX Pa3BETBJIEHHOCTU YBEJIUYMBa-
eTCA ¢ YBeIMIeHHEeM KOHIIEHTPAN TPOMOMHOBOTO
KOMMOHeHTa. Ha ocHOBe MOIy4eHHBIX U300pakeHUIA

MOXKHO MPEAMNOJIOXUTh, YTO 00pa30BaBIIASCS TIEHKA
IpeAcTaBiaseT co00il MPOTIKEHHYIO TPEeXMEPHYIO
cTpyKTypy. 151 coctaBa 1:1 moMuUMO OOIIMPHOM CETKHU
Pa3BETBIIEHHBIX TOHKUX BOJOKOH MOSIBJISTIOTCS TaK3Ke
OoJiee KpyHbIC HUTEBUAHBIE arperathl (puc. 51, Se).

DTO NMPEennoaoXXeHNue MOKXHO ITPOUJUTIOCTPUPOBATh
U300paKeHUSIMU, TTOJYYEHHBIMU C TOMOIIbIO MUKPO-
ckornuu nipu yrire bpiocrepa (puc. 6). B mepBbie Mu-
HYTHI 00pa30BaHUs MMOBEPXHOCTH TTOJyYeHHBIE U30-
OpaxxeHUs MPEACTABIISIOT CO00I paBHOMEPHBII CEPhIii
doH (puc. 6a). C yBenmueHrneM XU3HU TOBEPXHOCTU
MOosIBJsSIETCS] HEOOoJIbIIas 1mepoxoBaTocTh. [1pu 6071b-
X BpeMeHaX XM3HM MOBEPXHOCTH, KOTHAAa MOXKHO
CUYUTATh, YTO IJICHKA (PMOpUHA yKe TTIOJTHOCThIO chop-
MMPOBaJIach, K MOJYICHHOM TUIEHKE OBLIO TTPUIOKEHO
HeOOJIbII0e MEXaHUYECKOe BO3MYIIEHNE C TIOMOIIbIO
TOHKOM MBI (prc. 66). B MecTe KacaHUST UTJIBI MO-
SIBJISTIOTCS CKJIAIKW, OMHAKO TUIEHKA COXPaHSIET CBOIO
11eJIOCTHOCTD. JIUIIIb MOBTOPHOE MEXaHUYECKOE BO3-
MyIIIeHWEe pa3pylraeT IUIEHKY, ¥ Ha TTOJy4eHHOM H30-
OpaXkeHUU CTAaHOBSITCSI BUIHBI TEMHBIE 00J1aCTH, COOT-
BETCTBYIOIINE BOJIE, M CBETIIbIC OOJIACTH, COOTBETCTBY-
follMe TUIeHKe (puc. 6B).

Takum obpa3om, cpaBHEHUE Pe3yJbTaTOB JJIsl CMe-
IIAaHHBIX PaCTBOPOB KOMITIOHEHTOB Kiiesl “Kpuodput”
C pesyJibTaTaMu ISl YucToro ¢pudbpruHoreHa u u-
OpPMHOBBIX IUIEHOK, MOJIYYEHHBIX TOJIBKO U3 (UOpU-
HOTeHa 1 TpOMOMHA, YKa3biBaeT Ha NCKIIIOUUTETbHYIO
poJsib (PaKTOPOB CBEPTHIBAHUS KPOBU B (DOpMUPOBA-
HUU TJIEHOK Ha IpaHulle XXuakocTb—ra3. [IpucyrcTBue
JIOTIOJTHUTEIbHBIX (DAKTOPOB CBEPTHIBAHUS MPUBO-
JUT K UBMEHEHUIO CTPYKTYPbl U MOPGOJOTUU MOTY-
YEHHBIX TJIEHOK ubpuHa (puc. 5, 7). @akrop XIlla
CIoCcOOCTBYET 0Opa3oBaHMIO MOMEPEUHBIX CIIMBOK,
Ne2 2024
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Puc. 5. COM-u3o6paxeHus mieHOK ¢pubprHa, MOJYYEHHBIX U3 paCTBOPOB cMeceil (puOpuHOreH-coaepKaliero 1 TpoM-
OMH-conepxKailero KOMImoHeHToB kJjest “Kpuodut”, B3aThix B cooTHomeHusx S:1 (a, 6), 2:1 (B, 1), 1:1 (x, e).

MHOTOKPATHOMY Pa3BETBIIEHUIO BOJIOKOH U MX 0OJIb-
meit xectkoctu (puc. 5). Takas ruieHKa npuOrxKa-
eTcs 110 CBOEH CTPYKTYype K IJIeHKaM (pubpuHa, oopa-
3YIOIIUMCS B KUBBIX OpraHU3Max Ha MecTaX Iope30B

KOJJIOUJHBIM XKYPHAT tom86 Ne2 2024

u tpaBM. OHa mpuoOpeTaeT TpeXMEpHBIM Xapak-
Tep U MpPEeACTaBIsIeT cO00il CIIONIHYIO MPOTSKEeH-
HYIO CETKY, COCTOSIIIYIO U3 MHOXECTBA TOHKUX pa3-
BETBJIEHHBIX BOJOKOH. YBeJIUYEHNE KOHIEHTpalluKu




MWJIAEBA, PAGUKOBA

Puc. 6. M306paxkeHus miaeHOK ¢puOpHHA, TOJyYeHHbIE ¢ TOMOIIbI0 MUKPOCKONUHU Tipu yie bpioctepa nis pacTBopoB
cMmecei puOpUHOTreH-coaepXKaIlero 1 TpOMOMH-coiepKallero KoMnoHeHToB Kiies “Kpuodut” B cootHomenuu 1: 1. U3o-
OpaxkeHre (a) COOTBETCTBYET PaBHOBECHON IIEHKe, N300paxeHue (6) — Mmocyie HATOXEHUsI MaJIOTO MEXaHUIeCKOTO BO3-
MYIIeHUsI, U300pakeHue (B) — MOBTOPHOE HAJIOXKEHHME MAJIOTO MEXaHMYECKOIO BO3MYIIIEHMSI.

150 um

70 uMm

Puc. 7. ACM-u3obpaxeHue mieHKu hpubpuHa, mory-
YeHHOI1 U3 pacTBOpa cMecu (puOpUHOreHa KOHILIEHTpa-
nueii 3- 1077 M u TpoM6uHa KoHueHTpauueil 100 En/n
(a) u 300 En/n (0).

TPOMOMHOBOI'0O KOMITOHEHTa NMPUBOIUT K HOPMU-
pOBaHUIO OOJIbIIETO YKCia MEJKUX BOJIOKOH, O UeM
CBUETEIbCTBYIOT pe3yabsraTthl COM, 1 Ipu BBICOKUX
KOHIIEHTPALMSIX K MOSIBICHUIO 00jiee MPOTSIKEHHbIX
HUTEBUIHBIX arperatoB. DTU arperatbl MOTYT BBITOJI-
HATH GYHKIIAIO apMHUPYIOIIETO KOMITIOHEHTA U CIIO0-
CcOOCTBOBATh BHICOKOI MPOYHOCTH MOJTy4yaeMbIX TIJIe-
HOK (pubpuHa. B ominyue oT ciryyasi, Korna B CUCTEME
MPUCYTCTBYIOT TOJBKO GeJIoK U epMeHT [16], mpoTs-
>KEHHBIX CPacTAIOIIUXCS B €AUHOE MOJOTHO JIEHT He
HabJsronaeTcs.

dubpuHOBas TUIEHKA, TTOJydeHHas u3 Kires “Kpu-
odut”, obiagaeT OOMbIIEH MeXaHUUECKOI yCTOMUM-
BOCTBIO 10 CPaBHEHMIO C TUICHKAMU, TTOJIYIeHHBIMH
TOJIbKO U3 (UOpPHUHOTEHA U TPOMOMHA. DTO MPOSIBIS-
€TCs B XapaKTepe M30TepM CXKATUs M peaKInU TLIe-
HOK Ha MEXaHW4YEeCKOe BO3MYIIEHNE, KOTOPYIO MOXHO
YBUAECTHh HA NU300paKEHUSIX, ITOJYYSHHBIX C ITOMOIIBIO
MUKPOCKOTINH TIpH yTiie bproctepa. MOXHO TIpemnro-
JIOXXUTb, YTO TPEXMEPHBIN XapakTep IJIeHOK ¢hubpruHa
¥ OOJIBIIIOE YKCIIO OTACBHBIX TOHKMX BOJIOKOH TIPH-
BOJAT K UX MaJIOil cXuMaeMocTu. [1pu ymMmeHblIeHUN
TUTOIIAAM TTIOBEPXHOCTH KOJUIATIC TICHKW HAUMHAETCS
MMPaKTUYeCKN cpa3y B 00JaCTU TJICHKH, OIVMKHEH
K Kpaio noaBuxkHoro 6apwrepa. IlneHka cMuHaercs,
U MOBEPXHOCTHOE aBJIEHUE pacTeT ciabo.

M3MeHeHue CTpYKTYphl IUIEHKUA U MPUCYTCTBUE
IPYTUX OEJIKOBBIX KOMIIOHEHTOB, MOMUMO (pUOpu-
HOreHa U TpOMOUHA, IPUBOAST K TOMY, UTO TTOBEPX-
HOCTHAasl yIpyrocTb OKa3bIiBaeTCs HUXE IJIsI pac-
TBOPOB KOMITOHEHTOB T'€MOCTaTUUYECKOTO KJIes MO
CPaBHEHMIO C PAaCTBOPaMM, CONEPXKAIIMMU TOJbKO
¢ubpuHOTEeH M TpoMOUH. 1151 IMOCaeTHNUX ITpU O0JIb-
IIUX KOHIEHTpauusax ¢epMeHTa MOBEPXHOCTHAS
YIIpYTOCTh gocturajia npumepHo 120 mH/m. OgHako
Takasl ynpyrocTb oTBevasja CIUIOIIHON MIeHKe, IS
KOTOPO# OBIJIO HEBO3MOXHO PA3JIMYUTh OTACIbHbBIC
BojiokHa ¢ubpuHa. Kak B cinyyae kies “Kpuopur”,
TaK U JJ1s1 TUIEHOK, MOJYYEHHBIX U3 PacTBOPOB, CO-
JepxKallux TOJbKO (UOPMHOIEeH U TPOMOUH, 3aBU-
CUMOCTHU IMHAMUYECKOI TTOBEPXHOCTHOM YIIPYTroCcTU
MMEIOT HEMOHOTOHHBIN XapakTep. OMHAKO 1JIs TeMO-
CTaTUUYECKOTO KJies CKOPOCTh (POPMUPOBAHUS TIJIEHOK
OKa3bIBaeTCs 3aMETHO BBIIIE M U3MEHEHUSI MMOBEPX-
HOCTHOM YIIPYTOCTH OTBEUYAIOT BEICOKUM 3HAYCHUSIM
MOBEPXHOCTHOI'O NaBJICHUSI, KOTOPBHIX HE HaOJI0-
IaJIoCh B TIEPBOM ciiydae. MOXHO ITPEAITOJIOXUTD,
YTO JJisl TUIEHOK, MOJYYEHHbBIX U3 TeMOCTaTUUECKOTO
KJes1, cranuu (opMUpoOBaHUs IUIEHKH, paHee HabIIo-
JaBlirecs 1Js pacTBOpoOB (pudbpuHOTEeHAa U TPOMOUHA
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koHueHTpanueit 50—300 En./a, npoTekaroT HaMHOTO
onicTpee. IlocnenoBaTenbpHas ancopoLuss GUOPUHO-
reHa, opMupoBaHue TPOTOGUOPUII, UX arperauus,
POCT IBYMEPHOI CETKHU, COMPOBOXAAIOIINECS COOT-
BETCTBYIOIIMMHU U3MEHEHUSIMU TMHAMUYECKOM MO-
BEPXHOCTHOM YIIPYTOCTU, IIPOUCXOIST YK€ B IIEPBbIE
MUHYTHI 00pa3oBaHus MOBepXHOCTU. B manbHeliieM
HauuHaeTcs (popMUpoBaHUe Oojiee CIOXKHOI Tpex-
MEPHOH CTPYKTYpbI, OTBeuamwlieil 60j1ee BhICOKUM
MOBEPXHOCTHBIM AABICHUSIM. MOXHO IIPEANOJIO-
KHUTb, YTO MAKCUMYM ITOBEPXHOCTHOU YIIPYrOCTH MPU
MOBEPXHOCTHOM JaBjieHuu 25 MmH/M cBsI3aH ¢ akTUB-
HbIM 00pa30BaHUEM ITOMEPEUHBIX CIIIMBOK U BETBJIE-
HUI 3a cueT AeiCTBUS JOMOJHUTEIBHBIX (hDaKTOPOB
CBEpTHIBaHUSI.

BBIBO/IbI

IToBepxHOCTHBIE CBOKMCTBA aACOPOLIMOHHBIX ILJIE-
HOK, TIOJlyYeHHBIX U3 T€MOCTAaTUYECKOTr0 Kies, Cy-
IIECTBEHHO OTJIMYAJIUCh OT CBOMCTB aJCOPOIIMOHHBIX
njaeHoK ¢uOpuHOreHa U TJIEHOK, MOJYYEHHBIX U3
¢ubpuHoreHa u TpomobuHa. B mepBoM u mociaegHeM
ciydyae 3aBUCUMOCTU TMHAMUYECKO MOBEPXHOCT-
HOM yIIpyrocTu MMEIOT HEMOHOTOHHBIH XapakKTep, Ofl-
HaKO MaKCHUMYM MOBEPXHOCTHO YIPYrOoCTH COOTBET-
CTBYET pa3HbIM IMOBEPXHOCTHBIM AaBieHusIM (25 MH/M
u 14 MH/M cooTBeTcTBEeHHO). Paznnuus B BeIuunHe
MOBEPXHOCTHOM YIIPYTOCTU U CIBUT €€ 3aBUCUMOCTEN
OT TTOBEPXHOCTHOIO JaBJICHUSI BIIPABO TMO3BOJISIOT
MPEaNoJOXUTh CUJIbHbIE U3BMEHEHHS B CTPYKTYpE T10-
BEPXHOCTHOTO CJIOS, IOATBEPKAaeMbIe METOIAMM MU-
Kpockonuu. [lJis Bcex nccieqoBaHHbIX COCTaBOB 00-
pasyeTcsl TieHKa OOJIBIION TOJIIMHBI, COCTOSIIIAs U3
MHOXeCTBa TOHKUX, CUJIbHO Pa3BEeTBICHHbBIX BOJOKOH.
BeposiTHO, HauboblIee BAMsIHUME HA (OpMUPOBaHUE
TaKoOi TpEeXMEpPHOM CTPYKTYpHI OKa3bIBaeT (pakTop
cBeprhiBaHus XIIla. Ero npucyrcTBue crnoco0CcTByeT
YBEJUUCHUIO YKCJia TIOMEePEYHbIX CIIIMBOK MEXAY MO-
JieKylnaMu (uOpuHOTreHa U yBEeJIMYEHUIO TTIPOYHOCTHU
TaKOM TPEeXMEpPHOI CTPYKTYPHI, O YeM TaKXKe CBUIC-
TETBCTBYET XapaKTep M30TEPM CXKATHS.

BJIATOJAPHOCTH

ABTODBI BBIPAXAIOT 06J1ar0ONapHOCTh PECYPCHBIM LIEH-
tpaM CIIOI'Y (LleHTp onTUYECKUX U JTa3€PHBIX UCCIIe-
noBaHU#, MeXTUCUMNIMHAPHBIN pPECYpCHBIN LIEHTP
o HanpasieHnio “HanorexHomornun”, LleHTp MeTOOOB
aHaJM3a cocTaBa BemiecTBa, LIeHTp TepMorpaBUMeTpH-
YeCKHMX U KAJTOPUMETPUIECKIX METOIOB MCCICIOBAHMUS,
LleHTp marHOCTUKY (DYHKIIMOHAIBHBIX MAaTEPUATIOB IS
MEIULMHBI, (DapMaKOJIOTUU U HAHORJIEKTPOHUKHN ) 32 UC-
MOJIb30BaHKE UX 00OPYIOBAHMS.

OUHAHCHUPOBAHUE PAGOTLI

Pabora BeimonHeHa Mpu (GUHAHCOBOW MOMIEPXKKE
PH® (rpant Ne 23-73-10021).
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COBJIOAEHMNE DTUYECKHNX CTAHIAPTOB

B naHHO#1 paboTe OTCYTCTBYIOT MCCJICIOBAaHUS YEIO-
BeKa UJIU KUBOTHBIX.

KOH®IUKT UHTEPECOB

ABTOpPHI JaHHO PabOTHI 3asBJSIIOT, YTO Y HUX HET
KOHMJIMKTa UHTEPECOB.
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