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HccnenoBaHa crieninduka o6pa3oBaHUsI MOJIEKY/ISIPHBIX aCCOLIMATOB MPY BBEASHUM TTallauHa B KOJIJIOWI-
HBI pacTBOp aJbrMHATa HATPUS TIPU JIAMUHAPHOM HU3KOCKOPOCTHOM, TIEPEXOIHOM U TYPOYJIEHTHOM pe-
KMMax ITlepeMellIMBaHus, MpocekeHa CBSI3b ¢ U3MEHEHUEM COPOILIMOHHOM €MKOCTH OMOIOJIMMEpPHOM
KOMIMO3UIMU U KUHETUYECKUMU 3aKOHOMEPHOCTIMU MexX(ha3HOTo TepeHoca Mpu COPOIIMOHHOM CBSI3bI-
BaHUM aJIbOYMUHA — OJHOTO U3 OEJIKOBBIX KOMITOHEHTOB paHEBOro 3KccyaaTa, Mmoajiexkaux (pepMeHTa-
TUBHOMY pacuieruieHuto. CocTossHue TUCTepcHOM (ha3bl KOJJIOUIHBIX pACTBOPOB OLIEHEHO METOJIOM M-
HaMU4ecKoro paccestHust cBeta. CBoiicTBa (DOpMUPYEMBIX OUOTIOIUMEPHBIX MJICHOK U3yYEHBI C IPUMEHE-
HHEM METOJIOB 3JIEKTPOHHOI CKaHMPYIOIIel MUKPOCKOIIMU, HU3KOTEeMIIEpAaTypHOU aacopOoLuu a3oTa u
CTaTUYECKOI COpOLMU aIbOyMUHA U3 PACTBOPOB OrpaHUYEHHOTO 00beMa. JlaHHbIe COPOLIMOHHBIX DKCIIe-
PUMEHTOB IIPOaHAIM3UPOBAHBI C NCOIb30BaHneM nuddy3noHHbIX Moaeieit boitma, Moppuca—Bebepa u
resieBoit nuddy3un, a TakkKe KUHETUUECKUX MojieJieil TIceBIo-TIepBoro nopsiaka JlareprpeHa v nceBuo-
BTOpOTO nopsinka Xo u Makkesi. [TosydeHbl pe3yabTaThl AJis1 0O0OCHOBAHMS TO3UPOBKU OMOTIOJTUMEPHON
MaTpUIIbl Ha PAaHO3AXKUBIISIONIEH MOBSI3Ke U 3(D(HEKTUBHOTO CBS3bIBAHUS HEKPOTUYECKUX 3arpsi3HEHMIA
paHbI B TeYEHUE 3aJJaHHOH MPOIOIKUTETbHOCTY KOHTAMUHALIVH.
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BBEIAEHUE

AJIBrMHATHL SIBJISIOTCS IIUPOKOAOCTYITHBIM IIPU-
POIHBIM MaTepUajioM U TMPEACTABISIOT COOOM TrpyIITy
MoJIcaxapuaoB, 00JIagaroIIuX THAPOPIILHOCTDIO,
0e3BPEIHOCTHLIO, OMOCOBMECTUMOCTEIO 1 OMoaerpaan-
PYEMOCTBIO B COUETAaHUU C BhIPaXKeHHOM (hU3U0JIO0-
TMYECKOM aKTUBHOCTBHIO, UTO OOYCJIOBJIMBAET HE-
YKJIOHHOE paciImpeHne cpep nx mpuMeHeHUs B 010~
MEIULIMHCKUX U (papMaleBTUUECKUX TEXHOJOTHUSIX
[1]. B yacTHOCTH, BOBMOXHOCTHU PETYJIUPYEMOTO U3-
MEHEHMSI COCTOSIHMSI M CBOMCTB aJbIMHATHBIX CHU-
CTeM peaiu3yloTcsl MPU MOoJIyYeHUU MUKpochep st
JIOCTaBKM JIEKapCTBEHHEBIX ITpenapatos [2]. Hapsimy ¢
COBEPILIEHCTBOBAHUEM METOIOB IMOBBIIIIEHUS OMOI0-
CTYITHOCTH IJIOXO PACTBOPUMBIX JIEKAPCTB, HALICJICH -
HOM MX TPAHCIIOPTUPOBKU U yIydllleHUs: papMaKo-
KuHeTHKN [3] Bce Oosbllee BHUMAaHHWE YIEIsSICTCS
OMOMEAUIIMHCKOMY MPUMEHEHUIO “YMHBIX” OMOMO-
JIMMEPHBIX CUCTEM Ha OCHOBE ajJIbTMHAaTa, KOTOPbIE
pearupyloT Ha aHmoreHHsle (pH, Temneparypa) wiun
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9K30TeHHbIEe (MAarHUTHBIE T10JIs1, YJIBTPAa3BYK) yIpaB-
JISIOIIME UMITYJIbCHI [4—6].

HoBbIM nepcnieKTUBHBIM HampaBjieHUEM SIBJISIET-
Csd CO37aHUEe TUAPOreieBbIX OUOCEHCOPOB JISI TUa-
THOCTUKM M JieueHus 3aboyieBanuii [7]. Harmpumep, B
OunoceHcopax It OOHApY>KEeHMS JIaKTaTa UJIN TJTI0KO-
3bl B KAUECTBE DJIEMEHTA OMOPACITO3HABAHUS UCITOJb-
3YIOT MHKAIICYJIMPOBaHHbIE B MUKpOTeidb (PepMEHThI
JIAKTaTOKCHIAa3y, IIIOKO300KCcUAa3y WiM KaTanasy [8].
ITyteM MMMOOWIM3aMN HECKOIBLKUX (PEPMEHTOB B
TUAPOTesie CO3JAI0T OMOKOMMBIOTEPHBIE CUCTEMBbI,
CIIOCOOHBIE 00OpabaThIBaTh HECKOJIBKO CUTHAJIOB U
JIefiCTBOBATh B COOTBETCTBUU C UX COUeTaHUEM [9].

B ynmoMsHYTBIX cpepax UCTIONb30BaHUS aJIbIMHAa-
TOB IIPUMEHSIIOTCS OJHOTMITHBLIC ITOAXOIBI CHMHTE3a
OGUOITOJIMMEPHBIX CUCTEM, B KOTOPBIX aHAIN3y THUII-
POOVMHAMUKHU YAENSIeTCSI HeAOCTaTOUHOE, SMU30IU-
yeckoe BHMMaHUe. Kak M3BeCTHO, IJIsT MHKAIICYJIsI-
LIUM aKTUBHOTO BEIIECTBA IIMPOKO HCIIOIB3YIOTCS
ONHOCTaIUIHBIE SMYIbCUOHHBIE MeTOAHI [10], B KO-
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TOPBIX KOHTPOJb MHTEHCUBHOCTU NEpeMEIINBAHUS
MO3BOJISIET CIIPOSKTUPOBATh pazMep U MOPdOI0oTruio
YaCTULl, TUIOTHOCTh MATPUIBI, €€ ITOPUCTOCTb WJIN,
HaIpuMep, TpeOyeMyI0 CKOPOCTb TP OJIUTUUECKOTO
pasioxenus [11]. B yacTHOCTH, BBICOKOCKOPOCTHBIC
pexumbl nepeMmenBanus (1o 1000 06./MUH) npu-
MEHSIIOT IS obecrnieueHUsT TpebyeMoil MexaHude-
CKOM TIPOYHOCTU MUKpochep albruHaTa U yBEJIU-
YEeHHOI >KM3HECIIOCOOHOCTU MHKAICYJIMPOBAaHHBIX
Me3eHXNMAaIbHBIX CTBOJIOBBIX KJIETOK [12].

[NoBEIIIIEHHBIN MHTEPEC IIPOSBIISIETCS K MCIIONb-
30BaHMIO ajbruHata B 3D-1ieyaTu aj1st Co30aHMs MO-
neJieil CIIOKHBIX OMOJIOTUUECKUX CUCTEeM, pa3padoT-
KU IIPOTE30B U pereHepanuu TkaHeii [ 13, 14]. I1pu aTom
XapaKTepUCTUKU TUApOresield U MeXaHUYeCKUE CBOM-
CTBa TOJYy4aeMbIX KOMITIO3UTOB 3aBUCSIT HE TOJBKO OT
cocTaBa OMOITOIMMEPHO CUCTEMbI, HO U OT MHTECH-
CUBHOCTH €€ 00paboTkm [15].

HeusMeHHO B 1IeHTpe BHUMaHUS OCTAalOTCS BO-
MPOCHI COBEPIIIEHCTBOBAHUSI aJIbTUHATHBIX CUCTEM TSI
3aKUBIIeHUsT paH [16, 17]. BuormonuMepHbIil ciaoii
yJyqliaeT aTpaBMaTUYHOCTh PAaHEBOM MOBSI3KU, BbI-
MOJIHAET (PYHKIIMU IeTio-MaTeprana Ijisi peryaupye-
MOTO BbllIeJIEHUSI JIEKAPCTBEHHBIX MPEenapaToB U He-
MOCPEACTBEHHO CIMIOCOOCTBYET pereHepaluu TKaHei
[18]. ITpu tedyeHUM XpOHUYECKUX paH BaxkKHOM 3a1a-
Yyei siBJIsieTCs ynajieHue u30bITKa paHEeBO XKMIKOCTHU
1 HEKPOTUYECKUX 3arps3HEHUM, MPUCYTCTBUE KO-
TOPBIX BBI3bIBACT MH(MUIIMPOBAHUE ovara rmopaxe-
HUSI U yXyIllaeT TepareBTUYecKy 3dheKTuB-
HocTb [19]. YcTrpaHeHMIO HETaTMBHBIX OCIOKHEHMWIA
CIOCOOCTBYET BBEACHUE B PAHO3AXKUBIISIIOIIIEE TTOKPhI-
THE IPOTEOIUTHYECKUX hepMeHTOB [20].

B Hammx npeabigynmx ucciaemoBaHusgx [21, 22]
MOKAa3aHO, YTO C 3TOM LEIbI0 MPUMEHUMBI KOMIIO3H -
LMK aibruHaTa HaTpus (sodium alginate, SA) ¢ mana-
MHOM — (DEPMEHTOM, II0JIy4aeMbIM U3 ITUIOIOB JbIH-
Horo aepeBa Carica papaya Vi IPOSIBIISIIOIIM KaTalu-
TUYECKYI0 aKTMBHOCTH B IIMPOKOM pauamna3oHe pH.
Hanuune B mo0OyJie manavHa IMaMeTpalibHO PacIioio-
JKEHHBIX KOHILIEBBIX AMUHOKHUCIIOTHBIX OCTATKOB C pe-
aKI[MIOHHOCITOCOOHBIMUY aMUHOIPYIIIIaMU CO3IA€T BO3-
MOXKHOCTB IS OMTHOBPEMEHHOI'O UX B3aUMOIEHCTBHSI C
pa3sHBIMU MOJIEKYIaMU SA 1 006pa30BaHUsI MHOTO3BEH-
HBIX acCOLIMaTOB. DJIEKTpOocTaThUdecKasi mpyupoaa ai-
COPOLIMOHHOTIO CBSI3bIBAaHUS (hepMeHTa 00eCIIeunBaEeT
pETyIMpyeMBbIii BBIXOI GMOKATaJM3aTOpa BO BHEIII-
HIOIO Cpeay, YTO HeoOXomaumo Wisl 3(hGhEeKTUBHOIO
paciienjeHus MOJUNENTUIHBIX BEIIECTB THOMHOIO
BKCCyIaTa U UX OTBEIEHUS U3 ouara MmopakeHusl.

B cnydae HuzkockopocTHbIX (10 00./MUH) pexku-
MOB II€pEeMEIIMBAaHUS MNPU MOJyYEeHUM OMHAPHBIX
KOJUJIOUIHBIX paCTBOPOB MaKpOMOJIEKYJIbI SA coxpa-
HSIIOT HEM3MEHHOM KOH(pOpPMAIIMIO CTaTUCTUYECKOTO
KIyOKa, KOTOpasl CUMTAeTCsl TPEAe/IbHO HEYIopsiao-
YEeHHBIM, HO HauboJjiee TepMOAMHAMUYECKN YCTONYU-
BbIM COCTOSIHMEM JIMHENHBIX TMOKOLEITHBIX MTOIUME-
poB [23]. MU3BecTHO, uTO MOOGABKM SA naxe B HEOOJIb-

mumx kKoimdectBax (0.2 mMac. %) TpaHCHOPMUPYIOT
GUOPUILIIPHYIO OCHOBY TMAPOTEs XKeJaTuHa B ce-
puyeckue obpaszoBaHus ¢ pasmepamu 10—1000 HM
[24]. BmecTe ¢ TeM MHTEHCUBHBIC TUAPOIMHAMMIYE-
CKUe BO3ACUCTBUSI, HAIIpUMeED, YJIbTPa3ByKOBbIE Ka-
BUTALIIM, CITOCOOHBI (PMKCUPOBATh MAaKPOMOJICKYJIbI
B ¢hopMe pa3BepHYTOM CIUpau, aeiast JOCTYITHBIMUI
BHYTpPEHHUE peaKIIMOHHEBIC LICHTPHI [25].

B pa3BuTum KoMIiekca IIpoBOAUMBbIX UCCIIEI0BA-
HUI BAXKHOE HAYYHO-ITPAKTUIECKOE 3HAUCHUE UMEET
aHaJIN3 BIUSIHUS CTPYKTYPHOM TpaHChOpMaLIU ajlb-
TMHATHO-IIAIIanHOBBIX PACTBOPOB IIPU Pa3HBIX YCIIO-
BUSIX MX MEXaHWYECKOTro IepeMelInBaHus Ha U3Me-
HEHUE COPOILIMOHHOI CTOCOOHOCTU OMONOJIUMEPHO-
IO CJI0s1 1e4eOHOM MOBA3KU B OTHOIIEHNN OCIKOBBIX
BEIIECTB, COMIEPKAIIINXCS B COCTaBE PAHEBOIO DKCCY-
JaTta U nomjexanmux hepMeHTaTUBHOMY pacllerie-
Huto. [Ipu 3TOM TTOmIOIIEHNE TIPOTEMHOB aJbIMHAT-
HO-TIallaiHOBBIMU aCCOLIMAaTaMU B CTPYKTYpe HaOyXx-
1Iei OMOMOJIMMEPHOM MJIEHKU MOKET OBbITh OTIMCAHO
B paMKax oOlleili Teopur OOMEHHOI amcopOuuun
MOHOB M3 BOOHBIX PacTBOPOB, pa3BuToil boiimom,
AHnpepcoHoM u Maiiepcom [26]. I1pouecc moapasne-
JISIETCSI Ha TPU CTaIMU: IepeHoc copbaTa nu3 oobeMa
pacTBOpa K IIOBEPXHOCTH 3€pHa [IOPUCTOTO COPOEHTA
(nneHoyHast IUpPy3Usi); MaCCONEePEHOC BHYTPU 3€-
peH (muddy3ust B 3epHa); XMMUIECKIIT OOMEH MOHOB.
Cragyst TOHOOOMEHHOI peakiM, KaK IMpaBuWiIo, IIpo-
TeKaeT ObICTpee, M 0011asi KWHETHUKA Ipoliecca KOHTPO-
Jmpyercss aByMs1 nugGy3MOHHBIMM CONPOTUBIICHUSI-
Mmu. BMecte ¢ TeM U3BECTHO, UTO B CIydae CTPYKTypH-
POBAHHBIX ME30IOPUCTBIX MaTEepUaJOB BKJIal B
CKOPOCTb COPOILIMOHHOTO IIpo1ecca BHOCIT KaK aud-
¢Gy3MOHHOE IMMUTUPOBAHNE, TAK U CTAIMSI XUMUYES-
cKoii apcopouuum [27].

Onucanue mpollecca IpeanoyaraeT BbIsIBJICHUE
JIMMUTUPYIOLLIEN CTaauu IyTeM Momdopa COOTBET-
CTBYIOIIIEW MoOAEeIU, oOecrieurnBalonieii MakcuMaab-
HbI/ YPOBEHD allMPOKCUMALIMU SKCIEPUMEHTAIBLHOMN
KMHETNYEeCKOM KpMBOU copbumu. B aHammse wmc-
MOJIL3YIOTCS IBE TPyl Moneneid. [lepBast ooben-
HSIET MOJIEJIM, TTOCTPOEHHbIE Ha TPEANOJOXEHUU O
JIMMUTUPOBAHUU IIpoliecca cTaausiMu 1uddy3noH-
HOro macconepeHoca. Haubosee yacTto mpumeHsie-
MBbIMM SIBJISIFOTCS IBe Moaenu boiina mis BHelrHei
(MIEeHOYHOM) M BHYTpeHHell (rejieBoii) nuddy3uun
[26], a Takke Momenb BHYTpeHHei nuddy3um Mop-
puca—Be0bepa [28]. K rpynmne Monmeneil, yauTbeIBalo-
IIUX XUMUYECKYIO CTAIUI0, OTHOCSTCS MOJEIH TICEB-
Jo-TepBoro nopsiaka Jlareprpena [29] u nceBno-BTo-
poro mopsinka Xo u Makes [30], a Takke Momeau
Enosuua [31], Xunna [32] u op.

Jwnddy3roHHBIE MOAEIN OTPaXKalOT TUMHAMUKY Ha-
pacTaHus CTeIeHN JOCTVDKEHUS paBHOBecus F, Beau-
YMHA KOTOPOI pacCUMTHIBACTCS U3 COOTHOIIICHUS Te-
KYILETO ¢, U PAaBHOBECHOIO ¢, 3Ha4eHUil copobuuu. B
ciyyae BHelIHeA((GU3MOHHOIO JUMUTUPOBAHMS KM~
HeTnJecKast KpuBasi OITMChIBACTCS IMHEMHOM (DyHKITN -

KOJJIOMOHBIN JKYPHAJ Ne 4

TOM 85 2023



BIUAHUE T'MJIPOOVUHAMUWYECKHWX YCIIOBUM CUHTE3A 513

el B mojystorapugmMmdeckux koopauHarax —lg(l — F)
oT BpeMeHU f. [1py1 TMMUTIpOBaHUH TIpoIlecca cTa-
nueit BHyTpeHHeil muddy3nn HadalbHBIM y9acTOK
KIHETUIECKOM 3aBUCUMOCTU JIMHEApU3YeTCsI B KO-
opauHarax F ot #/2. B monenu renesoit nuddysuu
pelraercs 3agavya MaccornepeHoca B 3epHe chepude-
CKOIT (DOPMBI C PaINyCOM F, M CTETIEHb JOCTVKEHUS
paBHOBecHs F paccMaTpuBaeTcs Kak QYHKITNS, CBSI-
3aHHas C BEJIMIMHON 3P PeKTUBHOTO KO3 DUITEH-
Ta nuddysun D, B o6beMe 3epHa. boitnom npemioxeH
6e3pa3MepHEBIii mapaMeTp B, B KOTOPOM BeJIMIMHA KM~
HEeTH4YeCKOro KoadduiireHTa B orpenessieTcst U3 co-
oTHoleHus B= D> 2. 3HaueHus Bt onpeneneHbl s
TEKYIIMX U3MEHEHUI BeJIMIMHBI F 1 CBeIeHEI B Ta0JIM-
161 B Bune pyHKImK Bt = f(F). JluHeiiHass 3aBUCUMOCTh
Btot tmonTBepXKImaeT aneKBaTHOCTb MOIIEIN M HATMIHE
BHYTpUIN(DHY3MOHHOTO TUMUTHPOBAHHUS.

CoOTBETCTBUE KMHETUKU COPOLIMOHHOTO MpO-
ecca Mmognesim JlareprpeHa win Xo u Makkest otTpa-
KaeT HaJImyue CrnennuduIeckoro TOpMOXKEeHUs B pe-
3yJbTaTe MEXMOJIEKYJISIPHOTO B3aUMOICAICTBUS THTTA
copbaT—cop0bat JIMOO OCIOXKHEHHOIO IMPOTEKAHUS pe-
aKIMM MeXITy copoaToM U (pyHKIIMOHATBHOM IPYIITON
copbeHTa B cooTHoweHuH 1 : 1 [27]. Ob6e Mmogenn Mo-
YT KOPPEKTHO OMUCHIBATH COPOIIMOHHbBIE MTPOLIECCHI
C yJacTheM OMONOJMMEpPHBIX MaTepuanoB [33, 34].
ITpu 3TOM XapakTep TOPMOXKEHUS MOXET MEHSThCS
JUJTSI OMHUX M TeX K€ CUCTEM B 3aBMCUMOCTHU OT YCJIO-
BUI1 MpOTEKaHUsI Ipollecca, HarpuMmep, Ipu U3MeHe-
HUM MTapaMeTpoB KUCIIOTHOCTH cpenbl [35, 36]. Mone-
JIV TIO3BOJISIIOT OTPEAe/INTh 3HAYEHUST KOHCTAHThI CKO-
pOCTHU aacopOLMHU, a TaAKXKe BEJIMUNHY TpeaebHOM

COpPOLIMOHHOII €MKOCTU MaTepuasa qj. AnekBar-
HOCTb MOJIEJIV OLIEHUBAIOT HE TOJIBKO MO BO3MOXHO-
CTU annpoOKCHMMalMU SKCIEPUMEHTAIBHBIX JaHHbIX
¢ ypoBHeM KoahduLreHTa teTepMuHanny R* He Me-
Hee 0.9, HO U ¢ yueToM OIM30CTU PaCUETHON BEJIMYU-

E
HBI ¢, K 3KCIIEPUMEHTAIBHO TOCTUTAEMOMY YPOBHIO
pPaBHOBECHOI copOLNH g,.

IIpakTrueckass 3HAYMMOCTh ONMCAaHUS MexXdas-
HOTO TIEpeHOCa ¢ TMMOMOMIIBIO Moaenei muddy3noH-
HOI 1 XUMUUYECKOM KWHETUKM OOYCIIOBJIEHA TEM, UTO
MMOy4YeHHbIE KMHETUYECKNE XapaKTEPUCTUKHU I103-
BOJISIIOT ONITUMU3UPOBATh COPOILIMOHHBIE IIPOLIECCHL.
Llenp maHHOrO MCCIEOOBAHMSI COCTOUT B M3YyYCHUU
crieunpUKN CTPYKTYPHOM OpraHM3aluy ajabruHaT-
HO-TIalIanHOBBIX KOJUIOUIHBIX PACTBOPOB IIPU pa3-
HBIX TUIPOMEXaHNYECKUX YCIOBUSIX MX CUHTE3a BO
B3aMIMOCBSI3M ¢ KWHETUYECKMMU ITapaMeTpaMU MOIJIO0-
IIEHUST OMOITOJIMMEPHBIMU TVIEHKAMU TECTOBOI'O Map-
Kepa, BXOJISIETo B COCTaB OSIKOBBIX KOMIIOHEHTOB pa-
HEBOTO 3KccyaaTa, 1Jisi 000CHOBAHMS CONEPXKaAHUS
OMOITOJIMMEPHOTO KOMITO3UTAa Ha PaHO3a KUBJISIOLINX
MOBSI3KaX 1 JJINTEJIbHOCTU TTeprona 3pPeKTUBHON
COPOLIMY TIPY KOHTAMUHAIIK C 04arOM ITOpakeHMsI.
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OKCITEPUMEHTAJIbBHAA YACTDb

O0bekTHI HccaeaoBanua. s moxyyeHus: dKCIie-
PUMEHTAIbHBIX JAHHBIX, COMOCTABUMBIX C paHee T0-
JIyYEHHBIMU pe3yJabTaTaMu, B paboTe MCIOIb30Ba-
JIMCh 00Opa3Ibl TeX 3Ke NapTHil TEXHUYECKOTO ajIbrMHaTa
Hatpus (SA), nipenoctaBiieHHOoro OO0 “ApxaHTreab-
CKUI1 BOOOPOCJCBBIII KOMOWHAT”, U maranHa, mpo-
n3BegeHHoro ¢gupmoii Tayga Shanghai Co., Ltd.,
KwuTaii, koTopble oXapakTepHU30BaHbI B IIPEIbIIYIIEH
nyoaukauum [22].

B xauyectBe TecToBOro copdara ITOIUIICHTUIHON
MPUPOJBI UCTIOJB30BAIM MpernapaT CBIBOPOTOYHOTO
anpoymmua (F'OCT 33956-2016). Beibop peareHTa
OOYCJIOBJIGH TEM, YTO Ha HOJIO aJlbOyMWHA IPUXO-
nutest 1o 60% oT 0611eTo KOTMYecTBa 6EIKOB B IJ1a3-
Me KpOBHU ueyioBeka. MoliekyisspHast Macca 69 k/la.

KonnouaHble pacTBopbl SA 1o1ydaiyd pacTBOPEHU-
eM HaBecku 11pu 25°C B TedyeHre 20 MUH IIPU CKOPOCTU
BpalleHUs IKOPHOI MeIaTKu ®,, = 10 06./MuH. Benu-
yuHy pH 6.0 obecriedynBain ¢ IOMOIIbIo docdaTHOTO
oydepa (87.9 mn 0.2 M KH,PO, + 12.1 ma 0.2 M
Na,HPO,). BukoMIioHeHTHbIE KOJUIOUIHbIE CUCTEMBbI
OJTy4YaJTi BBEACHUEM HaBeCcKHU TaranHa (4 mac. %) B
pacTtBop SA (6 Mac. %) ¢ remniepatypoii 25°C npu 1e-
peMemmBaHUM B TeueHre 20 MUH ¢ PUKCUPOBaHHBI-
MU 3HaYCHUAMU ®,,: 10; 60 1 300 06./MuH. ['mapoau-
HaMUYECKUI peXXUM MepeMellIMBaHuUs XapaKTepu30-
BaJIy 1O BeJIMYMHE MOAU(DULIMPOBAHHOTO KPUTEPUS
Peiinonbaca Re,,:

2
Re,, = Phiydm /M,

rIe P U T — IWIOTHOCTH (Kr/M?) 1 Bs3kocTsh (ITa-c) me-
peMenmBaeMoil XXKUIKOCTH; 1, — YaCTOTa BpallleHUSI
mewanku (¢7'); d,, — nnamerp Memaaku (cm).

JlaMUHApHBIN peskUM TeYSHUST COOTIomaeTcs Ipu
BeanuunHe Re,, < 30. Kputnyeckoe 3HaueHue MOKa-
3aTess U Tiepexofa OT JJAMUHAPHOTO TepeMelBa-
HUSI K TypOYJIEHTHOMY B ClTy4ae ObICTPOXOIHbBIX Mellla-

JIOK cooTBeTcTBYeT Re;l = 50. VcroiiuuBbiii TypOy-
JICHTHBIA pexXuM Bo3HuUKaeT npu Re, > 100. B
9SKCMEPUMEHTaX MPU YacTOTE BpallleHUs MelIaKu
n,=0.17 c ! (o, = = 10 06./MuH) HopMHUpYeETCS Ma-
JIOUHTEHCUBHBI JaMUHAPHBI PEeXUM TEUeHUsI.
IMpu n,, = 1 ¢! momaepKuUBaeTCs MEPEXOMHBINA pe-
JKMM MHTEHCUBHOTO JJaMUHapHOro TeyeHus. [1pu Be-
JUYKHE 1, = 5 ¢~ co3Ma10TCs YCIOBUS TYpOYIEHTHO-
ro rnepeMelBaHusl.

IMneHKr MHAMBUAYAIBHBIX U OMHAPHBIX KOJIJIO-
UIIHBIX CUCTEM TOJy4YyaJii METONOM OTJIMBKU Ha Te-
(GJIOHOBBIX IIA0JIOHAX C MPEABAPUTEILHON CYIIKOMN
Ha BO3MyXe 1 MOCIEAYIOIIE BaAKyyMHOM CYILIKOU IPU
30°C u maBnenuu 3 mlla.

Jl1s aHaTM3npyeMBIX 00pa3IioB KOJIJTOMIHBIX pac-
TBOPOB ajJIbruHaTa HaTpusl (SA) U KOMIO3ULIMU aJTb-
ruHaTta ¢ nananHoMm (SA-P) ¥ moiaydeHHBIX U3 HUX
IUIEHOK BBENEHbI cliefyloliiue 0O003HauYeHUsl, OTpa-
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Karomme peXMM IMEPEMCIIMBAHMA B IIPOLECCE HX
CHHTE3a:

— SA, u SA-P,; — HU3KOCKOPOCTHOI JlaMUHap-
HbIA; ®,, = 10 06./MUH;

— SA¢ U SA-P¢; — MHTEHCUBHBIN JaMUHAPHBIA
(TlepexomHbIin); M, = 60 06./MWH;

— SA3p U SA-P;yy — TypOyJeHTHBINA; O,
= 300 00./MuH.

Anmnapatypa u MeTobl UccaenoBanmii. Omnpezene-
HHe pa3Mepa YacTHUIl B TUIPO30JISIX OCYIIECTBIISLIIN C
OpUMEHEHUEM MeToda TMHAMMNYECKOIO pPaCCesHUS
cBeTa Ha npubope Zetasizer Nano ZS (Malvern In-
struments Ltd., AHIMS). AHaIU3UpPyeMble TPOOBI
nosrydanu pasoasneaneM B 100 pa3. Bpemst Hakoruie-
HUSI CUTHAaJIa B CEpUU U3 TPEX U3MEPEHUIA COCTaBJISI-
10 20 MuH. AHa/IM3 pe3yIbTaTOB M3MEPEHUI OCY-
IIECTBIISIICS. aBTOMAaTU3UPOBAHHOI IIPOrpaMMOi Ha
0ase pellleHUs] UHTEerpajlbHOro ypaBHeHUsT Dpen-
ronbMa I poga ¢ 3KCIIOHEHLMAILHBIM SIIPOM IS
HOPMHUPOBAaHHON KOoppeasaunoHHoi yHKuum [37].
B HacTpoiikax rmporpamMMbl 00pabOTKHN pe3yIbTaTOB
BHECEHbI U3MEHEHUS YCIIOBUIA U3MepeHust [38] mis
HUCCIeqoBaHUsI OMKOMIIOHEHTHBIX CUCTEM.

COM-u3obpaxkeHus: OMOMOJIUMEPHBIX MIEHOK
MOJlydeHbl HAa CKAaHUPYIOIIEM 3JIEKTPOHHOM MUKPO-
ckorte Quattro S (ThermoFisher Scientific, Hunepnan-
nb1). [TonroroBka 06pas1ioOB MOC/Ie BAKYYMHOM CYIIKU
JIOTIOJTHUTEIbHO BKJTIOYasa 3aMOpaKMBaHUE B XKUJI-
KOM a30Te JIJIs TIOJlyYeHUs] €ECTECTBEHHOTO CKOJIa He-
MOBPEXIEHHOW BHYTpPEHHEll MOBEPXHOCTU OHOMO-
JIMMEPHOTO KOMIIO3UTA.

OneHKa MmapaMeTpoB TTOPOBOM CUCTEMbI MO~
MEPHBIX TIEHOK TOCIe BAKYYMHOM CYIITIKM 00pa3IoB
U WX U3MEIbYEHUS B CTYIKE IPOBEIeHa METOIOM
HU3KOTEMIIEpaTypHOIl aacopOLMU—aecopOonuu mna-
POB a30Ta C UCITOIb30BaHWEM Ta30BOTO aHAIM3aTopa
Nova Series 1200e. ITpu TouHOCTH HaBeCKU oOpasia
maccoii 0.2500 £ 0.0001 r 1 mpuBEAEHHOM TTOTPEITHO-
cti u3Mepenrs napieHus 0.1 % morpenrHoCTh BOCIIPO-
W3BOAMMOCTH MaHHBIX IPHOOpa COCTABIISIET MEHee
2%. PacueT pacripeneseHusI MOp MO pa3MepaM OcCy-
IIECTBJICH KOMITBIOTEPHO ITporpaMMoil mpubopa Ha
OCHOBaHWM aHaIM3a HUCITAIAoIIeii BETBU ancopo-
LIMOHHO-AECOPOLIMOHHOM KpuBOii MeToaoM bappera—
Hxoiitnepa—XaneHna (BJH). KoaddummenT koppensi-
LM pacYeTHOM BennunHbI coctanisier 0.997—0.998.

KuHeTuKky copOLMOHHOIO IOINIOIICHUS albO0y-
MHUHA MJIEHKaMU1 UCCIeN0BaId METOAOM COpOIIUY U3
OTpaHWYEHHOTrO o0beMa TIpU TeMmIiepaType TepMocCTa-
THUpOBaHMS pacTBOPOB 35°C 1 BapbUpyeMOM IJIATEIIb-
HOCTHU 3KCTIO3UlIMU. buonoauMepHble TJIeHKHU MO~
BEprajid rnpeaBapuTeabHoOMy HarpeBy no 60°C mis
TepMOMHAKTUBAllMU ManavHa. PacTBop anboymu-
Ha TOTOBWIM Ha AUMCTUJIJIMPOBAHHOM Bojle, PUKCH-
pys Beamuuny pH 6.0. JIist moaydeHuss KMHETHYe-
CKUX KPUBBIX COPOLIMY B CEPUIO CTEKIITHHBIX OIOKCOB
C IPUTEPTOI KPHIIIKOKM MOMEIIAIN HABECKY MJIEHKN

KOKIIIAPOB u ap.

Maccoii 1 £ 0.2 (m), BBoguin 5 M1 TMCTUINPOBAH-
HOI BoAbl M BblAepxkuBaiu 10 MUH IJ1s1 TIpeaBapu-
TEJILHOTO HaOyxaHUs moimMepa. B Kaxabiit n3 610K-
COB C OIpeNeJIeHHbIM MHTEPBAJIOM 3aiMBau 20 MJI
(V) pactBopa anpOymMuHa MpU HavyaJIbHOM €ro KOH-
ueHtpaiuu 20 r/n (C,). KonnuectBo 06pa3iioB B ce-
puu obecrieuuBaeT IocjiefoBaTe/IbHOE MPOBEAcHUE
aHaJIM3a 4yepes3 3aJaHHble MHTEePBaabl BpeMeHU (f) B
TedeHure 180 muH. IJ1st onpeneaeHUs TeKylIero 3Haue-
HUSI OCTaTOYHOM KOHIIEHTpalM1 aJIbOyMUHA B PaCTBO-
pe (C,) u3 NpUIIOBEPXHOCTHOTO CJI0S1 pacTBOpa OTOMpa-
Ju Ha aHaimu3 1 mi xugkoctu. ConpepxkaHue Oejika
onpeneisuin Ha cnekrpogoromerpe UNICO 2800 1o
BEJIMYMHE ONTUYECKON MIOTHOCTU OKpallleHHOIo
KOMILJIEKCa C OMYpPEeTOBBIM PEaKTUBOM IPU JJIMHE
BOJIHEI 540 HM, MCTIOJIB3Y$I TPagynpOBOYHbII IpaduK
3aBMCUMOCTU KOHIIEHTpallK aJiIbOyMUHA OT ONTHYe-
CKOM TUIOTHOCTU. KoJimyecTBO anbOyMHHA, MOIJIO-
LIEHHOr0 B MOMEHT BPEMEHU f (g,, MI/T), paCCUUTHI-
BaJli C yYETOM PA3HOCTU HAyajlbHOTO W KOHEYHOTO
coaepkaHus 6ejIKa B pacTBOpeE 0 ypaBHEHUIO:

g, =(Cy — Cr)V/m-

JJ1st orcaHust COpOILIMM aTbOyMUHA B paMKax Iud-
(y3MOHHBIX MOJEeJIeil ONpeaesisuIi BeJIMUMHY PaBHO-
BECHOM COpOIIMM ¢, U PACCUNTHIBAJIM 3HAUEHUS CTe-
TIEHU TOCTUXKEHUST paBHOBeCcHUs F'B TeKyIIit MOMEHT
BPEMEHU f TTO yPaBHEHUIO:

F:%/Qe-

TMpuMeEHUMOCTD TUIEHOUHOM Mozaeau boiina mpo-
BEPSIIM TIPU TIOCTPOEHUU rpaduuecKoil 3aBUCUMO-
ctu —lg(1 — F) ot ¢ [39]. s mpoBeneHUs aHaIM3a B
pamMKax MoJIeJIi BHyTpeHHel nuddysun Moppuca—
Bebepa crpounu 3aBucumocts F ot /2 [40]. Tlpu
HaJIU4YUK JTUHEHHON anMpoOKCUMALUKU PACCYUTHI-
BaJlM BEJIMYMHY KOHCTAHTBI CKOPOCTU AUPPY3Un
kp (MMomb 1! MuH ) B COOTBETCTBUM C yPaBHEHH-
eM moaenu [41]:

q, = sz‘l/2 +c,

IIe ¢ — MmapaMmeTp, XapaKTepU3yIOILIUi TOJNIIUHY M0-
rpaHUYHOTrO cJost (Mr - Y).

AHanm3 copOILIMOHHOM KPUBOM B paMKax MOJICIHN
rejieBoit AU DY31UU UCTIONb30BAJIU IJISI OTIPEACTICHUS
3Ha4YeHN 3P dekTnBHOrO0 KoadduimeHra tudaopy-
3umu D, 1 KuHeTuveckoro koadduiimeHta B, ucxons
3 ypaBHeHUs boitga mis ctanuu BHyTpuandohy3n-
OHHOTO JIMMUTHUPOBaHU [42]:

F=1- %Z (1/n2) exp (—Denznzr_zt) =
n=1

—1- %Z(l/nz) exp(Bn),
n=1

[ae r — CpEeOHU paauyc 3epHa copOeHTa; #n — HaTy-
panbHBIC Yrcia oT 1 10 66CKOHEYHOCTH.

KOJUIOUOHBIN XYPHAJT Ttom 85 Ned 2023
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N, %
30

20

10

10 100

100 1000

Puc. 1. PacnipeneneHuie oTHocuTenbHOro ynciia yactull (N) o pasmepy B 'MIPO30JIsIX ajlbl’MHATa HaTpus (a) U ero KOMITO3u-
uuii ¢ mamanHoM (6): 1 — SA g; 2— SAgo; 3 — SAgzgp; 4 — SA-Pyg; 5 — SA-Pgy; 6 — SA-Pyy.

3HaueHUs1 TpousBeacHUsl Bt, ucnoab3yeMble Mpu
MOCTPOCHUU 3aBUCUMOCTEMN Bf OT ¢, ObLJIM omnpeaeie-
HBI TI0 CIIPaBOYHBLIM NaHHBIM [43, c. 194]. Benuuuny
koadduimeHTa D, pacCYUTHIBAIU MO ypaBHEHUIO [44]:

D, = Bir’/m’t.

BrIiGop amekBaTHOII KMHETUYECKO MOIEITHN OCY-
IIECTB/ISLIM HAa OCHOBAHUU PE3YIbTaTOB OMUCAHUS
SKCITEPUMEHTATbHBIX JTaHHBIX COOTHOIIEHUSIMU CJie-
JIYIOLIETo BUAA:

— MOZIEJIb IICEBAO-TIEPBOTO nop;u:[Ka:
* .
In(g, — q,) = =Inq, — kt;

— MOJEJIb IICEBAO-BTOPOTO ITOpsaKa:

=1l xx ¢ +1/ g

AHanmu3 copOuuy aabOyMHHA IIPOBOOWIM C HC-
MOJIb30BaHUEM I'papIeCcKNX 3aBUCUMOCTE B KOOP-
nuHatax In(g, — g,) OT ¢ IJIst MOJieNi TICeBA0-TIEPBOTO
TopsiaKa M B KOOPIWHATAX #/q, OT ¢ 11T MOIEITN TICEB-
IIO-BTOPOTO TTopsinKa [45, 46]. PacyeT KOHCTaHTHI k| B
Moneau JlareprpeHa MpPOBOIWIN MO TaHTEHCY yIja
HaKJIOHA alIpOKCUMHUPYIOIIE 3aBUCUMOCTH, a Be-

o *
JIMYUHY IIPEACIIbHON COp6HI/II/I MaTepuaia ¢, OIpe-
pa(S2) 201070 3KCTpaHOJTﬂHI/IeI‘/)I 3aBucuMocTu Ha r = 0. J:[.TIH

mozean Xo 1 Makkes oKasaTesb ¢, PacCUMThIBAIK
M0 yIIy HakJOHa anmnpoKCMMMPYIOLLEH JMHUHU, a
aKcTpanoisiuus rpaduka ¢ = 0 mo3sossieT onpene-
JIMTh BEJINYMHY CBOOOIHOTO YJ€Ha B yPaBHEHUU MO-
JeJIU U paccyuTaTh 3HaU€HUE KOHCTAHTBHI k.

KOMJIOVAHBIN JKYPHATT  Tom 85 Ne4 2023

PE3VIIBTATHI 1 X OBCYXIEHUNE

Ouyenka pasmepa wacmuy 6 2udpo3onsx SA
u bunapuoix cucmemax SA-P

Ha puc. 1 nipencraBieHbl pe3ybTaThl 3KCIIPecCc-
TECTUPOBAHUS CTEIICHU JUCIIEPCHOCTU MOTYYEeHHBIX
KoJuTouagHbIX cucteM. KpuBast I IIpakTUYecKu BOC-
MIPOM3BOJIUT 3aBUCUMOCTh (DPAKIIMOHHOIO pacIpe-
JIEJICHUSI OTHOCUTEIbHOIO YKMCa YaCTUIL 110 UX pa3-
Mepy, paHee IpUBeAeHHYIO B [22]. DTO moATBepXKIa-
eT CTaOMJILHOCTh CBOWCTB MoJiMMepa B oOpaslax,
OTOMpaeMBbIX U3 OOHOM mapTuM SA, U BO3MOXHOCTh
MPEeEeMCTBEHHOTO IIPOBEASHMS UCCASIOBAHMIA.

BpemeHHOI MHTEpBajl MEXAy NPUTOTOBICHUEM
KOJUIOUIHBIX PACTBOPOB U TECTUPOBAHUEM 00Pa31ioB
cocTtapfisii He 6ojiee 90 MUH. DToit May3bl, MO-BUAM-
MOMY, IOCTaTOYHO B CJIy4a€ MHANBUIYAJIbHOTO T -
po3oiist SAg, 1Sl peslakcalluy CTPYKTYPHBIX Mpeod-
pa30BaHUIi, BO3HUKAIOIIMX B YCJIOBUSX MEPEXOIHOTO
pexuMa nepeMelnmBaHus (KpuBas 2). Bmecte ¢ Tem
BJIUSTHUE WHTEHCUBHOCTU TepeMellIMBaHUsI Ha CO-
CTOsIHME MakKpomoJiekya SA moarBepxkaaercs: uK-
calreil U3MEeHEeHU B IIPUCYTCTBUM IanavHa, IIpo-
SIBJISIIOLLIEHiCS B O0Jiee CylleCTBEHHOM IMPUPOCTE pas-
Mepa yacTull B OMKOMITOHETHOI cucteMe SA-Py, o
cpaBHeHUIo0 ¢ SA-P, (KpuBsie 5 u 4).

JomonHUTETbHOE TIepeMEIINBaHNE B JTaMUHAaP-
HOM HM3KOCKOPOCTHOM PEXMMe He BBI3bIBAET TPAHC-
¢dopmalu mpoCTpaHCTBEHHOU (hOPMBI MAKpPOMOJIe-
KyJel SA. [1py TepexoqHOM peskuMe TeYeHUS BCTpa-
WBaHUE IMOJIMMEPa B UHTEHCUBHBIN TTOTOK BHI3HIBAET
pa3BepThIBAaHME MAaKpOMOJIEKYJIsIpHOTO Kityoka. Ho B
OTCYTCTBUH CITUBAIOIINX aTeHTOB ITOCTIE TIEpeMEIITH -
BaHUsI MaKpOMOJIEKYJIbI BO3BPAILAIOTCS B TEPMOIU-
HaMUYeCKU BBITOJIHOE COCTOSIHUE CTaTUCTUUYECKOTO
KiIyOKa (KpuBas 2). I[1pu aToM pacrnpeneeHre Yuciia
4yacTUll MO pa3Mepy B Tuipo3oiie SAg, octaercs O6u-
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Ta6mma 1. TTapaMeTpbl [UarpaMm pacrpenesieHUs Yrciia YacTHIIL ITo pa3MepaM B 06pasiiax MHIUBUAYATbHBIX U CMECO-

BBIX OMKOMITOHEHTHBIX I‘Mﬂ.pO3OJ’ICﬁ

KOKIIIAPOB u ap.

[TapameTpbl OCHOBHOTO TIMKa, ¥ £ 1 HM IMapamerps! neiida, r £ 10 HM
O6pa3zelr

IMUpUHA |CpelHee 3HAUCHUe Moma IMApUHA  |CpemHee 3HAYeHUe Mona
SAj 34—110 77 45.6 308—995 652 478
SAgg 34—-110 77 45.6 308—859 583 478
SAszqg 29-95 62 39.4 110—-742 426 198
SA-Py 148—995 571 308 995-3220 2108 1790
SA-Pg, 413—1152 783 641 2073-3219 2646 2780
SA-Psq, 110—641 266 229 7422780 1761 1152

MOJJIbHBIM, KaK U IIJIsi HU3KOCKOPOCTHOTO JlaMU-
HapHoro pexmuMma. Hammuwme “miieiida” (BTOporo
MMKa) 0OYCIIOBJIEHO, TTO-BUANMOMY, MPUCYTCTBIEM
B IIpeTiapare MOJIEKYJI C TTOBBIIIEHHO CTeTIeHBIO TT0-
JIMMEPU3aIiM, a TaKXKe TMPUCYTCTBUEM B ITPOMBIIII-
JIeHHOM Tmpenapate SA HeOOJIbIIOro KOJUYeCcTBa
MpuMeceil 1ByXBaJeHTHBIX METAJJIOB, obecIieunBa-
IOIIMX CIIMBKY MakKpoMOoJieKyld. B moJib3y BTOpOro
TIPEITOJIOKEHHST CBUIETEIBCTBYET IIPOIEMOHCTPH-
poBaHHOE B Ta0jI. 1 yMeHbIIeHWe IMUPUHEI IUIeikida
KPYMHBIX YaCTHUIl B pacTBOpe SA¢, U HEOONBIIIOE, HO
3HAUYMMOE TiepepacrpeaeieHue MHTEHCUBHOCTU M-
KOB B CTOPOHY MaJlopa3MepHbIX ¢paKLUii Mo Cpas-
HEHUIO ¢ 00pa3uom SA,, (kpusbie 2 u 1).

Bonee 3HauuTenbHBIE U3MEHEHUS MpETepricBaeT
MUK KPYIHBIX YACTULL B Tipenaparte SA;,, (KkpuBas 3).
Ero monoxeHue cmelnaercsd B 00JIACTb MEHbBIINUX
3HavyeHuit Ha 200 HM, mapaMeTp MoAa CHIKAeTCsS B
2.4 paza (Ta6i. 1). O4eBUIHO, YTO MHTEHCU (UKL
peXxmMa repeMeITMBaHusI He MOXeT IIPUBECTH K pa3-
PBIBY MTOJIMMEPHOM 1lenu. boyiee BeposITHOM mpuin-
HOII HaOMI0JaeMbIX U3MEHEHUIT KPYyITHOPa3MepPHbBIX
dpakuumii siBasIeTCS pa3pblB HEMHOTOUMCIICHHBIX MEX-
MOJIEKYJISIDHBIX CLIIMBOK MOHAMU JBYXBaJIEHTHBIX Me-
TaJJTOB M BO3OOHOBJICHNE BHYTPUMOJICKYIISIPHBIX B3aH-
MOIEHCTBUIT MEXNY TYJypOHATHBIMU CETMEHTaMU
BHYTPH YIDIOTHEHHOTO MaKpOMOJIEKYJISIPHOTO KITy0-
Ka TTocyIe 3aBepIIeHUST pAOOTHI MEIITATKU.

TypOyneHTHOE nepeMelinBaHue ruapo30is SAszg,
TaK>XXe U3MEHSIET U apaMeTpbl OCHOBHOTO ITMKa pac-
npeaejaeHus yrciaa yactull. ITojloxxeHne Moaa cme-
maeTrcsd Ha 6.2 HM B 00JJacTh MEHBIIUX 3HAYCHUIA.
YMeHbIIaeTcss ACUMMETPUYHOCTh TTMKA, XapaKTepu-
3yIolast OTKJIOHEHUE (P OPMBI KITyOKa MaKpOMOJIEKYJT
ot cepnueckoii. KondopmanmmonHyo HEOITHOPOI -
HOCTb YaCTHII IpeajiaraioT [47] xapaKTepu30BaTh Be-
JIMYMHOM OTKJIOHEHUSI MEXIy IOJIOKeHUEM MoAa U
CpeIHUM 3HaueHHeM IIUPUHBI M1Ka, KOTOPYIO 000-
3HAYUM KakK Ar. YMeHbIIeHHe Ar OCHOBHOIO ITMKa
npemnapara SA;,, B cpaBHeHUU ¢ SA, B 1.4 pa3za cBu-
JIeTeJIbCTBYET O TMOBBLIIICHUM YIIOPSIHOYSHHOCTU U
VIUDIOTHEHUM aJIbITMHATHOTO KJIyOKa Mo BIAUSIHUEM

BUXPEBBIX ITOTOKOB ITPU TYPOYJIEHTHOM TIepeMeITr-
BaHWU KUIKOCTH.

budyHkimoHaasHbIEe MOJIEKYJIBI TTarlanHa, ooJa-
J1asi BO3MOXKXHOCTBIO B3aMMOJIEMCTBUS C PEaKIIMOH-
HBIMU LIEHTPaMU IBYX OJIM3KOPACIIOI0XKEHHBIX MaKPO-
MoJIeKyaT SA, pUKCUPYIOT HAIMOJCKYJISIPHYIO CTPYK-
Typy OMKOMITIOHEHTHBIX cucTteM SA-P, 3amaBaemMyto
YCIOBUSIMM NepeMelnnBaHus. Kak mokasaHo paHee
[22], ipu TaMUHApPHOM HU3KOCKOPOCTHOM TIepeMe-
IIMBAaHUU TJI00YJIbI MananHa (popMUPYIOT IOBEPX-
HOCTHBIN aIcOpOIIMOHHEBIN ciioit Ha yactuax SA. C
Y4ETOM MOJIBHOTO COOTHOIIIEHUSI KOMIIOHEHTOB BBI-
TEKaeT, YTO CPEIHECTATUCTUUECKOE KOJIMIECTBO 3a-
KpEIUICHHBIX Ha ITOBEPXHOCTH MaKPOMOJIEKYJISIPHO-
ro KJIiyoka mo0yJs pepMeHTa paBHO IiecTu. Jnamer-
pajbHO PacIIOJOXEHHAsT aMUHOTPYIINA B KaXKI0i 13
mI0OYJI IarlanHa MIeT B3auMMOACHCTBUS C IPYroil MO-
Jexkynor aneruHara. CremoBartesibHO, HaOMOIaeMoe
st tuaposonst SA-P, cMelnieHue nMUKoB B 00JacTb
OONBIINX 3HAYCHUIT TUAPOOMHAMMYECKOIO pammyca
yacTtull (KpuBasi 5) SIBISICTCS pe3yIbTaToM oOpa3oBa-
HYSI MHOTO3BEHHBIX aCCOLIMATOB, CYILIECTBOBAHME KO-
TOPBIX MOOTBEPXKIEHO METOAOM CKAHUPYIOIIEH 3JIeK-
TPOHHOM MUKpocKonuu [22]. BeIcokast CTpyKTypHast
HEONHOPOOHOCTh accouuaroB B ruaposone SA-Py,
oTpaxaeTcsl B yBeIn4eHUU ImapameTrpa Ar B 8.4 paza
110 CPAaBHEHUIO C XapaKTePUCTUKOM aCUMMETPUYHO-
CTU YaCTHUIl B TUAPO30Je SA |, (Tadn. 1).

@dukcanyss U3MeHeHU KOH(GOPMALIMOHHOTO CO-
CTOSTHUS SA IIpU IEPEXOTHOM PEXKMME MepeMelBa-
HUS B IPUCYTCTBUM TIalTauHa MPOSIBJISIETCS B HapacTa-
IOIIIEM CMEIIEHUM MUKOB II0 IIKaJle pa3Mepa Y4acTHI]
1Tt TMIpo30itst SA-Pg, (kprBast 6). YBenmdeHne 3Haue-
HUII MoJa JJisi OCHOBHOTO IMKa U Iieiida KpyITHBIX
YaCcTULI JOCTUraeT cooTBeTcTBeHHO 2.1 1 1.6 pasa 1o
CpaBHEHMIO C MapaMeTpamu oopasiia SA-P,, (Tadm. 1).
OTO CONMPOBOXAAETCS COKpPAIllEHUWEM IIMPUHBI OC-
HOBHOTIoO INuKa B 1.2 pasa u IIMpUHBI LUIelida B
1.9 paza. MakTOp CTPYKTYPHOI HEOMHOPOTHOCTU Ar
cHuxKaeTcs B 1.9 paza B OCHOBHOM IIMKe U B 2.4 pa3a
B 1Ieiide.

INonydeHHBIE PE3yNBTaThl MOOTBEPXKIAIOT ITPEI-
MOJIOKEHUE, YTO WHTeHCUGDUKAIIMSI TepeMelTnBa-

KOJUIOUOHBIN XYPHAJT Ttom 85 Ned 2023



BIVAHUE TUJPOAUHAMUNYECKUX YCIIOBUN CUHTE3A

e 1

517

Puc. 2. COM-n306pakeHNs MOMEPEYHOTO CKOJIA TUIEHOYHBIX 00pa31ioB Komno3uuii SA-P;, mpu ysenmuenun x20000 (a) n

SA-Pg, mpu ysesmmuenun %2000 (6).

HUS TIPU COXpPAHEHUU JIJAaMUHAPHOCTU TMOTOKa CITO-
COOCTBYET pa3BepThIBAHUIO CTATUCTUYECKOTO KITyOKa
MakpoMoieKyJbl SA. CozparoTrcss OJlaronpUsiTHbIC
yCa0BUS IS B3aUMOAEHCTBUS (hepMeHTa ¢ KapOoK-
CUJIBHBIMM TPYIIIIAMHU COCETHUX MAaKPOMOJEKYNI SA,
MapajuieIM30BaHHbIX B UHTEHCUBHOM MOTOKE KUII-
koctu. Ilpu mocnenyroneit peaakcalu COCTOSTHUS
KOJUIOMIHOM CUCTEMBI B (pOpMHpPOBAHUM KOHGOP-
MalluM CTaTUCTUYECKOIro KJIyOKa y4yacTBYIOT HE OT-
JeJIbHbIe MAKPOMOJIEKYJIbI, 8 UX UHTPACTPYKTYPUPO-
BaHHBIC aCCOIIMATHI, CKPETUUICHHBIE IIOCPEICTBOM CO-
JIEBBIX CBsi3eil ¢ Mojiekyinamu depmenTa. [Ipu atom
m100yJibl OMOKaTaln3aTOpa OKa3blBalOTCS BOBJICUEH-
HBIMH BO BHYTPEHHIOIO OpPTaHU3AIINIO KITyOKa M, MC-
TIOJTHSIST POJTb MEXIIEITHBIX PACTIOPOK, CITOCOOCTBYIOT
€ro pa3pbIXJIeHUIO.

IIpn TypOy/IeHTHOM mepeMeIIMBaHUU (PEepMEHT
BBOJIUTCS B TUAPO30Jib, IPeO0OPA30BAHHBIN B CTPYK-
Typy obpasiia SAsy,. JIorTm4HO, YTO BHEOpEHUE €ro
JIOOY/I B CTPYKTYPY YIUIOTHEHHBIX KITyOKOB SA cTa-
HOBUTCS e11le MeHee BepOosTHBIM. [10CKONIbKY aHEprun
3JIEKTPOCTATUUECKUX B3aMMOIECHCTBUIT HETOCTATOYHO
17151 (hopMUPOBaHMS B IIOTOKE YCTOMYMBOIO aICcoOpOII-
OHHOTO CJIOST MOJIEKYJT TTaltaHa Ha yacTuiax SA, cra-
Oounu3zalus CTpyKTypbl SA-P;,, IPOUCXOOUT yKe TTociie
3aBePIICHMS TTepEeMEITUBAHUS, TTIPOIOJIKUTETBHOCTD
KOTOPOTO OMpeesisieT CTeNeHb YIDIOTHEHUST MaKpo-
mosiekya SA. ITpu onuHaKOBOI MJINTEIbHOCTU Mepe-
MmemmBaHus (20 MUH) 3HaYeHHE MOJA OCHOBHOTO
nukay obpasua SA-P;y, Ha 79 HM MeHblLIE B CpaBHE-
Huu ¢ SA-P, (Tabia. 1), miMpuHa nuka cokpaiaercs
B 1.6 paza. MoXHO mpeamnojararb, 4To B oOpa3siie
SA-P,y, 1100ybl TTananHa He pacIpeaesitoTcs To
TIOBEPXHOCTHU KITyOKa paBHOMEPHO, a JTIOKATU3YIOTCS
Ha OTpaHMYEHHOM yJacTKe MeXIy MaKpoMOJeKyJia-
MU, CITOCOOGCTBYS TE€M CaMbIM TONOJTHUTEIHLHOMY
VIUIOTHEHUIO accoiuaToB. PakTop CTPYKTYPHOI He-
OMHOPOAHOCTU Ar aAucrnepcHOM das3bl B TUApPO30Je
SA-P;,, noHuxaetcs B 7.1 pa3a, U ero 3Ha4€HUE CO-
CTaBJsIeT JuUlb 16% OT BeUYMHBI MOJA, YTO CBUIE-
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TEJIbCTBYET O BBICOKOI CTEIEeHU MPUOIMKEeHUS (hop-
MBI YacTull K cgepudeckoii. BnomHe BeposiTHO, 4TO
TYpOYJIEHTHBIM PeXUM MepeMellInBaHUs CITOCOOCTBYET
00pa30BaHUIO0 MEXMOJIEKYJISIPHBIX aCCOLIMATOB rPO3-
IEeBUIHOMN (POPMEL, 2 B HUBKOCKOPOCTHOM TTOTOKE ac-
coluraTbl GOPMUPYIOTCS B IMHEHBIC LICTTOYKM.

Ouyenka nopucmocmu NACHOYHbIX
o6pa3uoe SA u 6unapusix cucmem SA-P

Cohepuueckue o6pa3oBaHusI MAKpOMOJIEKYT SA
COXPAaHSIOTCS B CTPYKTYpPE BBICYIIEHHBIX 00Pa3IioB
oronoJuMepHBIX MiaeHOK. C MTOMOIIbIO 3JIEKTPOH-
HOI MUKPOCKOITMY Ha TIOIIepEYHOM CKOJIe MaTepra-
JIOB, TIOJIyYeHHBIX W3 WHIWBHUIYAIBHBIX M OMHAPHBIX
KOJIJIOUIHBIX PACTBOPOB, OOHAPY>KUBAIOTCSI OMHOTUII-
HBI€ CUCTEMBI CIIasiHHBIX 3epeH (puc. 2). [Ipu atom
Ha uzobpaxeHuun SA-Pg, (puc. 26) cornocTaBuMbIe
pa3Mepnl CyObeAMHUIL TTOYYEeHBI TIPU YBETUUYCHUM B
10 pa3 MeHblIe, YeM AJist oopasua SA,, (puc. 2a). [1pu
NpoOBeIeHUUN CbeMKU 00pasloB SA-Pg, ¢ Ooiblieit
CTETICHBIO YBEIMUCHUST YEeTKOE M300pakeHNe 3epeH
MOJY4YUTh He yaaercs. I1o-Bunumomy, 3To o0ycioBie-
HO HEpaBHOMEPHOI TeHepallieil BTOPUIHBIX JIEKTPO-
HOB IIpU BO3IEMCTBUM C(HOKYCHUPOBAHHOIO IIPUOO-
POM myyKa 3J1eKTPOHOB Ha MTOBEPXHOCTh F’MOPUIHBIX
MHTPACTPYKTYPUPOBAHHBIX acCOIMAaTOB, OOJamzaio-
VX TTOBBIIIEHHON PHIXJIOCTBIO.

BricylieHHbIe GMOTTOIMMEpPHbIE MaTepUalibl, BKITIO-
yasi TUieHKY SA-P;,, ¢ HauboJiee MI0THO KOMIIOHOB-
KO MaKkpOMOJIEKYJISIDHBIX 3€PEH, HE SIBJSIOTCS MO-
HOJIMTHBIMU 00pPa30BaHUSIMU U 00JIaJaI0T CUCTEMOI
op, napaMeTpbl KOTOPbIX OLIEHEHbBI METOJIOM T'a30BOI
amcopOIMn. DKCIepUMEHTAIBHBIE KPUBBIC TTOIIOIIS-
HMSI a30Ta UMEIOT TUITIMYHYIO (DOpMY JJIsI aICOPOLIMOH-
HbIX MatepuasioB IV tuna no knaccudukauuu [TUPAC,
B KOTOPBIX BHYTPEHHMII 00BeM cHOpPMUPOBAH IIpe-
MMYIIECTBEHHO ME30MOPOBbIMU TOJOoCTIMU [48].
PesynbraThl aHa/IM3a a1cOPOLIMOHHBIX KPUBBIX METO-
nom bappera—]IxxoiiHepa—XajeHnbl (Tabj. 2) cBuIe-
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Ta6muua 2. BuytpeHHUil cBoO6ogHBIN 00beM (V;;) U mio-
aab yAEIbHON MOBEPXHOCTH (S,) MJIEHOUYHBIX 00pa3LoB
aJlbrMHaTa U GUKOMITOHEHTHBIX CUCTEM

Oo6pa3ert Vi % 103, cm3/r Ss M2/T
SAj 13.0 £ 0.2 4.17 £ 0.01
SA-Py, 12.6 0.2 4.09 = 0.01
SA-Pg, 175 £ 0.5 4.87 £0.05
SA-P3 9.1 £0.5 2.49 +0.03

TELCTBYIOT, YTO BBeleHUE (pepMeHTa IMPH HU3KOCKO-
POCTHOM NepeMelINBAHUM TIPAKTUYECKN HE U3MEHSIET
XapaKTEPUCTUKU TTOPOBOI CTPYKTYphI yacTull. Ilepe-
XOOHBIA pexXuM oGecIieurBaeT BO3pacTaHUE BHYT-
pEeHHero cBOOOJHOTO oObeMa Vj;, u TJolanu yueib-
Holi moBepxHOCTU 5, B 1.4 1 1.2 pa3za, a TypOyJieHTHOE

Vi, x 102, em3/r @)
1.4 -

1.2 -
1.0 -
0.8 4
0.6 1
0.4 1
0.2 1

0 T 1 ) T 1 T T 1 1

36 9 12 15 18 21 24 27 30
D, um

dV;,/dD x 103, cM®/r/um
1.2 -

1.0 4
0.8 -
0.6 -
0.4

0.2 1

0 'I T T T 1 1
3 6 9 12 15 18 21
D, um

nepeMellMBaHue TIPUBOIUT K CHUIKEHUIO ITOKa3aTe-
Jieit cooTBeTCTBeHHO B 1.4 u 1.7 paza.

IMopucrocts 00pa3uoB SA,), SA-P,, u SA-P;;, Ha
90—95% obGecreunBaeTCs MyCTOTAMMU C ITOTIEPEYHBIM
pa3mepoM (muameTrpoM, D) no 20—30 uMm (puc. 3a, 30).
B o6pasue SA-Pg, Ha nosto ykazaHHoro nuanasosna D
MPUXOIUTCS TOJIBKO 74% 006111ero o6bema mmop u 92%
YIEIBHOM ITOBEPXHOCTU.

HuddepeHnmanys BKIama Iop pa3HOro pa3mepa
B BEJIMUMHY MoKa3zartejeil rmopuctoctu (puc. 3B, 3r)
MPOSICHSIET IeTajlld U3MEHEHUS COCTOSTHUSI SA B P~
CyTCTBMM maranmHa. [TMK cyOMUKPOHHBIX TTOPOBBIX
MpocTpaHCcTB (4 HM) Ha auarpamMmme SA,,, MO-BUIU-
MOMYy, C(hOpMHUPOBAH IyCTOTAMU HEMHOTOYMCIICH-
HBIX T49eeK “egg-box”, KOTopble 00pa30BaHbI MUKPO-
MPUMECSIMU TBYXBAJIETHBIX METAJUIOB B TYJIypOHAT-
HBIX 0JI0Kax moJjimcaxapuaa [49]. AMIUIMTYIa 3TOTO
KA He MEHSIETCST TIPY MHTCHCU(UKAITNY JJaMIUHap-
HOTO peXuMa MepeMeITuBaHus, HO CHUXKaeTCs Mpu

0 L) T L] T L] L) L] L] L)
3 6 9 12 15 18 21 24 27 30
D, um

dS,/dD, m?/r/am

0.8 4
0.6 4
0.4 1

0.2 4

D, am

Puc. 3. Pacnipenenenue 1o pa3mepy nop BHyTPEHHETO CBOOOMIHOTO 00beMa (a) 1 yaeabHO# moBepxHocTH (0), u nuddepeHIm-
aJbHBIN BUA pacripeiesieHusI BHyTPEHHEro CBOOOAHOro oobeMa (B) U yaeIbHOM MOBEPXHOCTH (T) B 00pa3Liax OMONoJIUMEPHBIX

IIJICHOK.

KOJJIOMOHBLIM XXYPHAT Ttom 85 Ned 2023
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WCIIOJIb30BAaHUU TYPOYJIEHTHBIX YCJIOBMIA CUHTE3a
ruapo3onst SA-Psyy, 4TO comiacyercsi C yMEHbILIEHU -
€M pa3zMepa KpynHbIX ppakumii ruIpo30J1s SA s (CM.
KpuBas 3 Ha puc. 1).

OCHOBHOI1 BKJ1aJl B XapaKTepUCTHUKHU MTOPOBOIA CU-
CTeMbl TJIEHKU SA |, BHOCST TOPbI C IUaMETPOM 7 U
12 um. IIpucyTcTBUe mmanamHa B OMKOMITOHEHTHBIX
oOpa3uax MposiBJseTCs, IPEXIe BCETO, B MOSIBJACHUM
HOBOTO MHTEHCUBHOTO M1Ka B 00J1aCTU 5 HM Ha KpU-
BBIX U3MEHEHMSI 000MX IToKa3aTtenen. JlaHHblit mapa-
METp COIJIacyeTcsl C YCTAHOBJICHHBIM Pa3MePOM IJIO-
Oysb1 pepmenTa [22]. IIpaBoMepHO I10J1araTh, 4TO BO3-
HUKHOBEHME B OMHAPHOM ITperapare HOBOTO JIeMEHTa
TOPOBOI CUCTEMBI C PETYISIPHBIMU T€OMETPUIECKIMU
XapaKTepruCcTUKaMy OO0YC/IOBJIEHO (OPMUPOBaHUEM
MPOCIONKU MEXITY MaKpomoJjieKydaMu SA, KOTopbie
CILIMBAIOTCS MOJIEKYJIaM1 BBOAMMOIO MarnavHa. Hau-
MEHbIIIYI0 WHTEHCMBHOCTb HOBbBIE THWKM HMMEIOT B
obpasue SA-P,,. YBenuueHue ux BKJaga B oOpasiie
SA-P;5, MOXET OBITh OOYCJIOBJIEHO BBIILIEOTMEYEHHOMN
HEONHOPOIHOCThIO pacrpenesieHus (pepMeHTa Mo
IMOBEPXHOCTU MaKPOMOJIEKYJISIPHBIX KJTyOKOB MO~
caxapuia U KOHLIEHTPMPOBAHMEM UX B 30HAX CIIMBKMU,
YTO TMPUBOIUT K OOPa3OBaHUIO MHTEPMOJIEKYISIPHBIX
MPOCTPAHCTB (TUIOIIAA0K) ¢ 00JIee IIPOAOJLKUTEILHOM
KOH(MUTYpanueil 1 peryIsipHOM TOJIIIMHOM 3a30pa.

B HauGosbliIei creneHr HOBbIE TTOPUCThIE 0Opa3o-
BaHWs1 IPOSIBJISIIOTCS B 00pasLe SA-Py,, ueMy B yc10BU-
SIX UTHTEHCUBHOTO JIAMMHAPHOTO TTOTOKA >KUAKOCTHU
CocOoOCTBYEeT BOSHUKHOBEHUE PETYJISIPHBIX CIIIMBOK
MEXIY Pa3sBePHYTHIMU M COMMKAIOIIMMUCSI MaKpo-
moJjiekyaamu SA. C yyeToM Majioro nmamMeTrpa oopa-
3YIOLIUXCS TI0JIOCTEN 3aKOHOMEPHO, YTO TMpU Mepe-
xojne oT SA-P,; Kk SA-P, npupoct 06beMHOro noka-
3atens dV;/dD B 1.8 pa3a comnpoBoxnaercs 6osee
3HAYMMbIM HapacTaHUEeM MoKa3aTesl YAeJbHO Mo-
BepxHoctu dS,/dD B 2.8 paza.

Ciienyet 3aMeTUTBb, 4TO B 0OpasLax SA-P,;u SA-P;,
HOBBIE MEXXMOJICKYJISIpHBIE 00pa30BaHUSI OKa3bIBAIOT
HeOnaronpusgTHOE (YIJIOTHSIOIIEE) BIMSTHIAE Ha OC-
HOBHbIC 3JIEMEHTBI ME€30ITOPOBOIi CTPYKTYpPHI MoJIrca-
xapuaa. B mpoTuBONONIOXHOCTE 3TOMY MHTPACTPYK-
TYpHBIE B3aHMOJEHCTBUS KOMIIOHEHTOB B OOpaslie
SA-Pg, CrIOCOOCTBYIOT pa3phIXJIEHUIO MPUJIETAIOLINX
oOJiacTeil B pe3ynbTaTe YBEIUYEHUS IIOTHOCTU 3a-
psiza KapOOKCHIBHBIX TPYIIIMPOBOK B 00beMe KOH-
¢GOopMaLIMOHHOIO KJIyOKa HECKOJIbKMX OOBbEeIMHEH-
HBIX MAaKPOMOJIECKYII.

AHanusz KuHemu4eckux napamempos eHeulHe-
U 6HYmMpuoug@dy3uoHH020 AUMUMUPOBAHUS ADCOPOUUU
anbbymMuna Habyxuumuy 6UONOAUMEPHBIMU NAEHKAMU

IMonyyeHne SKCIIepUMEHTATBLHBIX KPUBBIX COPOLIMNT
arpbOyMHHA IJIECHOYHBIMM MaTepuaiaMu (puc. 4a)
BOCITPOU3BOAUT YCJIOBUSI IIPMMEHEHUST PAaHO3aXKUBJISI-
IOIIUX MOBSI30K, KOTOPBIE MEpel YIIoTpeOIeHeM cMa-
ymBaloTcs Bonoid. HaOyxitas rreHka OMonoImMepHOTo
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CJI08I TIPEICTABIISIET COO0M MUKPOTETEPOTeHHYIO CUCTE-
My, B KOTOPOI1 cOpOMpOBaHHas1 Bjiara CTpyKTypHUpoOBa-
Ha HE TOJIbKO BHYTPM MaKpOMOJEKYISIPHEIX 3epeH
SA, HO 1 MeXIy HUMU. B CBSI3M ¢ BBICOKOM IJIOTHO-
CTBIO OTPULIATESTEHOTO 3apsiia Ha MOBEPXHOCTU KITyOKa
SA, mpocTpaHCTBa MEXIY CTPYKTYPHBIMU CyObeIr-
HULIAMU NPEACTaBISIOT cO00il 30HY AaJdbHEN Thuapa-
Taluuu MOoJUMepa C YHOPSIAOYEHHOM OpHEHTaluei
JIUIIOJICH BOIEBI, 4TO 1 00yCIIOBIMBacT 3(PMEKT 3aryiie-
HUS XUOKoCcTU. OOIlee YMCI0 MOJIEKYJI BOAbI B 000-
JIOUKE MaKpoMoJieKyJbl BapeupyeT oT 200 1o 500 equ-
HUILI B 3aBUCHUMOCTH OT CTEIIEHM MOJIUMEpU3aLUn
SA. Eme 6oiiee yIutoTHeHHasI CTPYKTypa pacTBOPH-
TeJIsl XapaKTepHa IS 30HbI OJIMKHEN TuAapaTauuun
MOHOMEPHBIX 3BEHbEB ITOJIMMEPHOIL LICTIN.

B cBsI3u ¢ 3TMM IIpolecC NOMIOMIEHMS OEIKOBBIX
KOMITOHEHTOB 9KCCyIaTa B KOHTAKTe ¢ pAHEBOM KU~
KOCTBIO ClIeNyeT IToapas3ae/isaTh Ha BHEIIHIOW Tuddy-
3110 K MTOBEPXHOCTHU YaCTUIl U BHYTpeHHIOW auddy-
3110 B CTPYKTYype Habyx11ero 3epHa. 151 mpoeKTupoBa-
HUST 3(hGEKTUBHOCTU NeHCTBUSI pa3padaThbIBacMBbIX
JIe4eOHBIX MaTEepUAaJIOB KJIIOUEBOE 3HAYCHUE MMEET
OlLIEHKA ITapaMeTPOB BHEIIIHE - U BHYTPUANDPY3UOH-
HOTO JMUMUTUPOBAHMUSI IIPOLIECCOB COPOLINU.

IIpu ananuse auTepaTypbl BbISIBICHBI TUITUYHBIE
OIIMOKY IpuMeHeHUsT Moaeu boiiga mist onrcaHus
cTaguy BHelIHel qud¢y3nn, Korma HEBO3MOXHOCTh
JIMHeapu3alui TOYeK TPaKTyeTCsl KaK OTCYyTCTBUE
BHelITHe T OY3MOHHOIO TUMUTUPOBAaHMS, TU0O pe-
3yJbTaThl IMHEApU3YIOT, HO 0€3 yuyeTa HyJIeBOI Bpe-
MeHHOoI Touku [50, 51]. Ob6a BapmaHTa HYKHO TIpU-
3HaThb OMMOOYHBIMU. [IpaBuibHasT MHTEPIIPETALINS
MpearoaaraeT KOHTPOJIb IMTEJIbHOCTY HAa4aJIbHOTO
rnepuroaa copOolru, KOraa S3KCIepuMeHTaIbHbIC JaH-
HEIC B KOOpAMHAaTaX Mojaenu boiima nexar Ha BEKTO-
pe, ucxodsileM M3 Hadaia KoopauHat (CM. puc. 40).
JIUTenbHOCTh 3TOTO MEpUoJa ¢, XapaKTepru3yeT CBSI-
3pIBaHMe copbaTa Ha JOCTYIHBIX peaKIIMOHHBIX LIEH-
TpaX, PaCIIOJIOKEHHBIX Ha ITOBEPXHOCTU MaKpOMOJIe-
KyJIIpHBIX 3epeH. Ha nanpbHeiImx yyacTKax 3KCIIepy-
MEHTaJbHbIC 3HAUYeHMs (TOYKM) AOCTATOYHO OBICTPO
OTKJIOHSIIOTCSI OT BEKTOPOB, OTpaxkasi TOPMO3SIIee
BAWSTHUE BHYTpeHHEN nuddy3nn.

Hns muneHok SA;, AUMUTUpPYIOIEEe BIUSHUE
BHENIHEN nuddy3uu MposiBIISIETCs TOAKO B TIEPBbIE
5—10 muH (ta6a. 3). B nanbHeiileM copOLMOHHBII
IIPOLECC MCIILITHIBAaeT 0oJiee CyIlIeCTBEHHOE TOPMO-
>KEHUE B CpaBHEHUU C JTMHAMUKOUN TP HYy3MOHHOTO
BOCIIOJIHCHMsI aJlbOyMMHA HAa MOBEPXHOCTH 3€peH
SA. TlpnMeuaTeIpbHO, YTO B 3TOM CJydae YpOBEHB
COpPOILIMOHHOIO CBSI3BIBAHUS AJILOYMWHA Ha CTaauu
WHTEHCUBHOTO MaccoriepeHoca F| mpesbiiiaeT 40%.

BospacTtanue IuTeIbHOCTU ¢ 111 OUKOMITOHEHT-
HBIX MaTEPHAJIOB CBI3aHO C IPEYMHOXEHUEM TTOBEPX-
HOCTHOTO 3apsiia MEXMOJIEKYISIPHbIX 00pa30BaHMii,
a TakKe C yBeJIMYEHUEM pa3Mepa YacTHIL, YTO MOBbIIIIA-
€T TOJMIMHY AU GY3HOM YaCTU TBOMHOIO 3JIEKTpUUE-
ckoro cios. IlocienHee OOCTOSITETBCTBO OKA3BIBACT,
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Puc. 4. 3aBUCMMOCTY COPOLIMOHHOTO TTONIONICHUS aTbOyMUHA GUOTIOJIMMEPHBIMHU TJIEHKaMU (a) U X UHTEPIpPETaIrsl B KO-

opaouHatax guddy3nonHoit moaeau boiina (0).

MI0-BUIMMOMY, HauOoJIee CyLLECTBEHHOE BIMSIHUE, [10-
CKOJIBKY ycusieHue 3 (MEeKTUBHOCTY TOPMOXEHWS MPU
3aI10JIHEHUH HAPYXKHbIX COPOLIMOHHBIX LIEHTPOB B Psi-
oy SA-P;,, — SA-P,; = SA-Py, coBnanaer ¢ nocne-
JIOBATEJIbHOCTBIO YBEJIMUYEHUSI TE€OMETPUYECKUX Ta-
paMeTpoB JuclepcHOit (a3bl KOJUIOMAHBIX PACTBO-
poB (cM. Tabm. 1).

PesynbraTthl aHajinza COpPOLIMOHHBIX KPUBBIX C
npuMeHeHneM moaenn Moppuca—Bebepa (puc. 5a)
JNIEMOHCTPUPYIOT, UTO 3KCHEPUMEHTaJbHbIC TaHHbIC
(TOYKM) MOTYT OBITh BIIOJTHE YIOBJIETBOPUTEILHO all-
MPOKCUMUPOBAaHbI JTMHEMHBIMU 3aBUCUMOCTSIMHU C
npueMieMbiM KO3(pOULMEHTOM IeTepMUHALAU R?
(CM. MyHKTUPHYIO JTUHUIO AJis oOpasiua SA-Py,). [1pu
5TOM CIIpaBEIMBO OymeT NMpU3HaTh, YTO B IIEJIOM

MexXda3HbBIi MacconepeHoC JUMUTUPOBAH CTagucH
BHYTpeHHel nuddys3un.

BmecTte ¢ TeM Mbl cUUTaEM MPaBOMEPHBIM Tpel-
JIOXXEHHOE B psifie TIocaeqHnuX padort [52, 53] ucrnonb-
30BaHue Moaeau Mopuca—Bebepa mist pazneabHOro
aHaJIM3a yYaCTKOB KMHETUYECKOI KpUBOI MpU onuca-
HUU COPOLIMOHHBIX MPOLIECCOB CO CMEIIaHHBIM TUTIOM
nrddy3rnoHHOro TuMuTrpoBanus. [1pu atom nmomo-
JKEHME TOYKM U3JIoMa 11eJIECO0OPa3HO ONPEAESATD C
Y4eTOM JUIMTEbHOCTU CTaauu BHeIIHeauGdy3noH-
HOTO TOPMOXXEHUSI, YCTAaHOBJIMBAEMOM TPU UHTEP-
MpeTalumn pe3yabTaToB B pamKax mojaenu boiiaa.

Kax cnenyer u3 npuBeaeHHBIX B Ta0JI. 3 3HaUeHUIA
koo duienToB R? wist o6pasua SA-P,, BblaeIeHE
IBYX JIMHEap13yeMbIX Y4aCTKOB 0becrieynBaeT 6oJjiee

Taomuua 3. PesynbraThl onucaHusi COPOLIMU aIbOYMUHA OMOIOJIMMEPHBIMU MaTepUaiaMM C UCTIOIb30BaHueM TP dy-

3UOHHBIX MoAeJIei

Monensb BHeLIHE N
nidbdysm Boiina Monens Mopuca—Beo6epa Mopnensb reneBoii nuddy3un
O6pasert KOHCTaHTa CKS}DOCTI/I_ i:)[l:(.’pd)ymn, N addeKTUBHBII
1, F, mrr—! vy KO3 hULIEHT
K03 hUIIEHT, R?
MUH % i dysuu,
2 2 Bx10% ¢!
kp R:(1) k) R (2) ’ D, x 102, m? ¢!
SAjg 5—-10 42.8—44.4 | 28.9 0.992 11.4 0.996 12.5 18.3 0.993
SA-Py, 10—15 40.4—42.0 | 27.7 0.997 11.3 0.993 12.1 17.7 0.996
SA-Pg, 15-20 34.0-35.8 | 26.4 0.998 22.2 0.998 19.2 5554.3 0.991
SA-P3 10—13 49.0-50.8 | 28.4 0.994 9.4 0.997 10.9 11.9 0.998
KOJUTOUOHBIN XYPHAI TOM 85 Ne 4 2023
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Puc. 5. Aranu3 abcopO1ium anb0yMrHa OMOTIOTMMEPHBIME TIEHKAMU B KoopauHaTtax nuddy3noHHoit Moaean Mopuca—Be-

6epa (a) 1 Monenu resieBoit nuddysum (0).

BBICOKYIO CTETICHb aIMMPOKCUMAIINY SKCTIEPUMEHTAITb-
HBIX TAHHBIX U TIO3BOJISIET TTPOBECTU KOJIMYECTBEHHYIO
OLIEHKY TOCJIe0BaTe/IbHbIX CTaauii Mexkda3zHoro Mac-
COTIEPEHOCA IO COOTBETCTBYIOIIUM 3HAUYSHUSIM KOH-
CTaHT cKopocTu 1uddy3uu kp, 1 kp,.

3ameniieHre BHEITHEN 1 dy3nn B TIPUCYTCTBUM
rnarnapHa oxapakTepu3yeM IO Pa3HOCTU 3HAYEHUI
KOHCTaHTHI kp, U151 6a3oBoro obpasua SA,, 1 OMHap-
HBIX MaTepUajioB, UCIIOIbL3Ysl 0003HaYeHue Akj,. I1o-
Kazatenb Akp MMeeT MUHUMaJIbHOE 3HAuYeHUE IS
obpasua SA-P;,. Ero BenuunuHa HapacTaeT B 2.4 pa3a
npu nepexone k obpasiy SA-P,y, a npu nepexone K
SA-Py, — B 5 pa3. OnHako HavMeHblIee TOPMOXKEHUE
BHellHel nuddy3un B ciaydyae SA-P;,, He nobapiser
00pasily MPUBJIEKATETbHOCTU B CBSI3UM C MaKCUMallb-
HBIM 3aMeJIEeHUeM CTaauMu BHYTpeHHeu auddy3un.
MaJToMHTEHCUBHBIN JJaMWHAPHBIN peXM CUHTE3a O1-
HapHO KOMITO3ULIUU MPAKTUYECKU HE YXYAIIAeT Mo-
Ka3aTesb K, OTHOCUTENIBHO SA |o. A HaUOOIBIINI ypO-
BEHb Kk, 1 HAWIyUlllee COOTHOIIIEHUE KOHCTAHT CKO-
pocti ud¢y3nn Ha IIOCIIEIOBATEIBHBIX CTAIMSIX
MaccornepeHoca kj,/kp, odecrieunBaeT CUHTE3 OUHAap-
HOT'0 KOMITO3UTa B YCJIOBUSIX MEPEXOTHOTO I'MAPOIN-
HaMuyeckoro pexuma. B cpaBHeHUu ¢ oOpasiom
SA,, oTHOIIEHUE Kk j); /K, TTOHMKAETCS € 2.5 10 1.2 pa-
3a, oTpaxasi 0ojiee paBHOMEpPHbIE yCJIOBUST AUDDy-
31U aJIbOyMUHA B YBJIAXXHEHHOM IJIeHKe SA-Pg,.

AHanM3 3KCIIEpUMEHTAJIbHBIX JaHHBIX C IIpUMeE-
HEHUEM aHaJIMTUYECKUX pelLICHUIl MOOEaU rejieBOi
nuddy3un poBeleH Al Auana3oHa ¢, KOTOPbIi Xa-
paKTepu3yeT CTaguio BHYTpUIN(GPY3MOHHOIO JIMMU-
TUPOBAHUSI B BBIMICIIPUBEICHHOM ONMCAHWU IIPO-
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mecca ¢ nomolubio Moueiim Mopuca—Be6epa. I1pu
onpeneeHNN 3PGEKTUBHOTO KO3 PUIIMeHTa BHYT-
peHHelt tnddysuun D, ucrionb3oBaaiyu 3HAYEHUS TUI-
POIMHAMUYECKOTO pajuyca 4YacTUll MO BeJUYWHE
MoOJ/ia OCHOBHOTO MM1Ka B UHAUBUAYaAJIbHOM TMIPO30-
Jie SA |y 1 mapaMeTpaM MaKpOMOJIEKYISIPHBIX KJIyO-
KOB, y4acCTBYIOIIUX B ()OPMUPOBAHUU aCCOLIMATOB B
OMHaApHBIX KOJUIOMIHBIX pacTBopax (cM. Tadi. 1).

CHuxeHue 11 oopasua SA-Psy, 3HaueHuit napa-
MeTpoB B u D, coorBeTcTBeHHO B 1.15 1 1.54 pa3a o
CPaBHEHUIO C KOHTPOJIbHBIM aHaJIOTOM SA |, (Tad. 3)
CBSI3aHO C YIJIOTHEHUEM BHYTPEHHEU CTPYKTYpPbI
CyOBbenMHULL TPU 0O0bEAMHEHUN MaKPOMOJIEKYT SA B
accouuatbl. MajoBepOSITHO, UTO 3TO MOXET U3Me-
HUTb CTPYKTYPY aACOPOLIMOHHOIO CJI0SI MOJIEKYJI BO-
JIbl, YYaCTBYIOIIIMX B TUApaTallui MOHOMEPHbIX 3Be-
HbeB noJsincaxapuna. [To-Buaumomy, 3aMeljieHUe
noaxona K KapOOKCWJIBHBIM TpyIlliaM OOyCJIOBJIEHO
3aJIep>KKOM MOJIEKYJT aJlbOyMUHA B YIUIOTHEHHOM 30-
He MPOTUBOUOHOB IBOMHOTO 3J1EKTPUYECKOTO CIIOSI.

B npoTuBOIOJIOKHOCTh 3TOMY YCIOBUSI CUHTE3a
OuHapHOIl Komno3uuuu SA-Pg, odecnieunBaroT yBe-
JIMYEHVE TOCTYIMTHOCTU BHYTPEHHETO 0O6bemMa KOJI0-
WIHBIX YacTull. B momoigHeHue K MokKazaHHOMY Ha
COM-n3o0paxkeHusx (CM. puUcC. 20) ITOBBLIIICHUIO
MPOHUIIAEMOCTU TUOPUIHBIX 3€PEH IS MMyYKa dJIeK-
TPOHOB (DMKCHUPYEM TOBBIIIIEHNE BEIMYUHBI 2D dek-
TUBHOIO Ko3dduuuenrta nuddy3umn aipro0ymuHa B
300 pa3. [TonmydyeHHEBIEe pe3yJILTATHI TO3BOJISTIOT ITPE-
rnoJiaraTb, YTO B OTJIMYME OT MCXOMHOTO aJibTMHaTa
HaTpusi, B KOTOPOM Habyxiliee 3epHO UMEET CTPYKTY-
PUPOBAHHOE COCTOSIHUE Iefisl, BOObeEME UHTPACTPYK-
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Puc. 6. Oniucanue copOimu aap0yMruHa oopasiamu 6uo-
MMOJIMMEPHBIX TJIeHOK Mpu 35°C B KooparHaTaX KUHETU-
yecKoit Momenu Xo 1 Makkesl.

TYPUPOBAHHBIX aCCOLIMATOB MMeeTcsl (ha3a HECBSI-
3aHHOTO PAaCTBOPUTEIIsSI, OOECIeYNBAIONIETO CTOJIb
pe3Koe YCKOpeHNe BHYTPEHHETO MacColiepeHoca.

AHaau3 KuHemuueckux napamwempoe
x€MOC0p5L{LIOHH020 83aumooelicmaus
aﬂb6yMuHa 4 6Ll0n0/lLlM€prlMLl n/jaeHKamu

11 OlIeHKY BIUSIHUS CTPYKTYPHOI OpraHu3aluu
aJIbITMHATHO-TTAITAanHOBBIX ACCOIIMATOB Ha CKOPOCTh
abCcoOpOILIMOHHOTO B3aUMOAEMCTBUS C MOAEIbHBIM
cop0aToM MPOBEIEHO COMOCTABIEHNE aIeKBATHOCTH
OIMMCaHUsI 9KCIEPUMEHTAbHBIX COPOLIMOHHBIX KpU-
BBIX (pHC. 4a) B paMKax ABYX KMHETUYECKMX MOJIE-
Jieli: rnceBno-nepBoro nopsaka JlareprpeHa v rnces-
JI0-BTOpOTO Topsiaka Xo u Makkesi. [IpyMeHUMOCTh
Mojeield TIPUHSATO WLTIOCTpUPOBaTh Tpadriecku B
KoopauHarax In(g, — g,) ot ¢ iyt Monenu JlareprpeHa
Y B KOOpJAWHATAX /g, OT ¢ IJIsl MoJean Xo U Makkes

Taomuna 4. KuHeTnyeckue rmapameTpbl COpOLIMM aJibOy-
MMHa OUOMOJMMEPHBIMU TIJIEHKAMU 10 MOJENM TICEeBIO-
BTOPOTO TTOPSIIKA

O6paszeln ky % 10°, N 2
R
IUIEHKU v voae? g > MT/T
SAjg 0.198 196.5 0.998
SA-P 0.190 196.0 0.987
SA-Pq, 0.312 232.6 0.997
SA-Pyy, 0.162 188.7 0.990

[54, 55]. Ymyckast neMOHCTpallii0 MeHee IIprueMIIe-
MOT0 BapuaHTa aHajin3a C TOMOIIbio Moaenu Jlarep-
rpeHa, oTMedaeM, UTO JJISI UCCIIENYEMBIX CUCTEM JI -
HelfHas1 TpadrdecKast MHTEPIIPETaLs] KUHETUTIECKOTO
y4acTKa COpOLIMOHHBIX 3aBrcumocTeii ipu pH 6.0 mo-
JIydeHa B KOOPIMHATaX MOIEIIM ICEeBA0-BTOPOTrO MO~
psnka (puc. 6). CTeneHb anmmpoOKCUMAIUN SKCIEPU-
MEHTaJIbHBIX JaHHBIX 3HAYMTEJIBHO TTPEBBIIIaeT HEO0-
XOIUMBI MUHUMYM KO3(MGhUIIMEHTa JeTepMUHALNU
R?>> 0.9 (Tab6in. 4).

[TonydyeHHbIE 3HAYEHUSI KOHCTAHTBI CKOPOCTH X€-
MOCOPOILIMOHHOTO B3aUMOJEUCTBUS k, AAIOT 3aBep-
mamuyo nHGopManuo 1jist 000CHOBaHUS pexruma
MPUTOTOBJIEHUS ATbITMHATHO-TNIAIIAUHOBBIX TUAPO30-
Jieii. HU3KOCKOPOCTHOU pexXuM IOJIydYeHUs] OMKOM-
MOHEHTHOI cOopOMpyoLIeil MaTPULIbl TPAKTAYECKU
HE U3MEHSIET YPOBEHb MPENEIbHON MONIOTUTEIbHOM

CIIOCOOHOCTH (CHIDKEHUE qj meHee 0.3%) u He3Ha-
yutenpHO (1.04 pasza) 3amemrsieTr aGCOpOLIMOHHOE
CBSI3bIBAHUE OEJIKOBOTO Mapkepa. TypOyJeHTHBIA
pPEXUM CUHTe3a OMKOMITOHEHTHOTO MaTepuajia CHU-
KaeT MpeJesIbHYIO COPOIIMOHHYIO EMKOCTh IO aJIb0y-
MUHY Ha 4.1% " 3aMelIsieT XeMOCOPOIIMOHHOE CBSI-
3pIBaHue B 1.2 paza.

PesynbTarsl, nomydyeHHbIE 1151 KOMOO3ULIMK SA-Pg,
JIEMOHCTPHUPYIOT OJHOBPEMEHHOE MOBHIIICHUE U
CKOpPOCTHOTO ITapaMmeTpa B 1.6 pasa, 1 ypoOBHSI mpe-

JIeJTbHOI COPOIIMOHHOM EMKOCTU qff B 1.2 pa3a no cpaB-
HEHUIO ¢ 6a30BbIM 00pa3LioM SA ). DTO CBUAETEILCTBY-
€T O BO3pacTamuleii TOCTYIMTHOCTH (PYHKIIMOHATBHBIX
TPYIIT B 00beMe TMOPUIHBIX OMOIIOJIMMEPHBIX 3E€pEeH,
YTO CO3JaeT OJIarOIPUSITHBIC YCJIOBUS W IJISI KOH-
KYPEHTHOTO B3aMMOMAECTBUS GEJIKOBOro copbarTa
C MoJIeKyJdaMUu (depMeHTa BHYTPU HAOyXIIMX WH-
TPaCTPYKTYPUPOBAHHBIX ACCOLIMATOB MOJIMCaXapuaa.

HMcxonst M3 ypaBHEHUS] KMHETHMYECKOM Momaenun
IICEBA0O-BTOPOIro MOPSIAKA, MOXET OBITH OIIPEACTICHO
pacyeTHOE KOJNYECTBO 3(P(PEKTUBHO CBI3BIBAEMBIX

OEKOBBIX BCLICCTB paHEBOTO 3KCCynaTra ¢, B Te4YC-
K
HUE 33,[[&HHOI71 JJINTECJIBHOCTU KOHTaAMWHAIINN tKI
1 1}
q, =1 + =
*) *
k2qe q.

Takum o6pa3oM, B pe3yiabTaTe MPOBEACHHBIX WC-
CJIeIOBAHWIM ITOTYyYeHBI 3HAYCHUST ITPEACIBHOM COpO-

LIMOHHOI eMKOCTH ¢, U KOHCTAHThI CKOPOCTH XEMO-
copO11u k,, KOTOpbIE€ TTIO3BOJISIIOT pacCcuyuTaTh HEOO-
XOIMMO€ cofiepKaHue OMOTIOTMMEPHOM MaTPHIIHI Ha
PaHO3AXUBIISIIONIEH TOBA3KE WJIM ONTUMATLHYIO
JJIUTEILHOCTD €€ HaJOXEeHMUSI.

3AKJIIOYEHHME

I1o pesynbraTaMm aHaaM3a pa3Mepa YacTHUL B TUI-
po30Jie allbTMHATa HATPUSI U B eT0 OMHAPHBIX PaCTBO-

KOJUIOUOHBIN XYPHAJT Ttom 85 Ned 2023
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pax ¢ marranHoM, COM -n300pakeHN OMOIIOTMMeEp-
HBIX ITJICHOK 1 IMapaMeTpOB UX IMTOPUCTOCTHU ITOATBEP-
XKIEHbI M3MEHEHUSI XapaKTepa MEXMOJIEKYJISIPHBIX
B3aUMOACUCTBUI TNPU WHTEHCU(PUKALIUU peXrMa
repeMelnBaHusl HAa CTaauu BBeleHUs (pepMeHTa B
pacTtBOp mojmcaxapuga. HM3KOCKOpOCTHOI 1aMu-
HaApHBIIA peXUM CITOCOOCTBYET 0O0pa30BaHUIO 1IETIO-
YEYHBIX aCCOLIMATOB 3a CYET CKPEIUICHUSI MAaKpOMO-
JIEKYJISIDHBIX KJIYOKOB aJibriHaTa OMQYyHKIIMOHAIb-
HBIMM MOJIEKYJIaMU nananHa. BuxpeBble TOTOKM TTpu
TypOYyJIECHTHOM NepeMellInBaHUU (OPMUPYIOT TPO3-
JIEBUAHBIC acCOLIMAThl C YIUIOTHEHHOU KOH(MOpMa-
LIMeil CTaTUCTUYECKNX KIIyOKOB monucaxapuaa. Ile-
peMelIMBaHue B MHTEHCUBHOM JIAMUHApHOM (Tiepe-
XOIHOM) peXXKMME CO3[aeT YCIOBUSI LIS 00pa30BaHUSI
WHTPACTPYKTYPUPOBAHHBIX ACCOLIMATOB C YBEIUUEH-
HBIM B 2 1 2.8 pa3a pa3MepoM YacTHIl 1 OoJiee phIX-
JIOII CTPYKTYpOIi, YTO BEIpAXKaeTCs B IIOBBIIICHUU
BHYTPEHHETO CBOOOOHOTO 00BbeMa OMOITOJIMMEPHOI
ieHkH B 1.4 u 1.9 pa3a B cpaBHEHUHM C NIPOAYKTaMU
CUHTE3a IpU HU3KOCKOPOCTHOM JIAMUHAPHOM U TYp-
OyJIEeHTHOM peXuMax IepeMellInBaHusl.

IMTonyyeHo 3KcrepuMeHTalbHOE MOATBEPXKICHUE
BJIMSIHUS CTPYKTYPHOI OpraHu3aiiuy KOJUIOUIHBIX CU-
CTeM Ha KWHETUKY COPOIIMOHHOTO TTOIIOIICHMS aJTb0y-
MUHA OWOMNOJIVMMEPHBIMUA TUTEHKaMUW. [WMOpUIHBI
KOMIIO3UT, CUHTE3UPOBAHHBIN B MEPEXONHOM THUAPO-
JTUHAMUYECKOM PEXHUME, XapaKTepu3yeTcsl MaKCU-
MaJIbHOM JUTUTEJIbHOCTBIO CTaIuU BHEeITHeAU (D DY3U-
OHHOT'O JIUMUTHUPOBaHUSI, HauboJiee OJIM3KUM COOTHO-
IIEHUEM KOHCTAaHT CKOPOCTU Ha MOCJIeA0BATEIbHBIX
CTaIusIX BHEIIIHe- U BHYTpUauGGy3MOHHOTO Macco-
nepeHoca oiarogaps 300-kpaTHOMY yBEJIMYEHUIO
a¢ddexkTuBHOrO KoaddunmenTa nuddy3nn B oobeMe
3epeH MHTPaCTPYKTYpUPOBAHHOTO accoluara. Xe-
MOCOPOILIMOHHOE CBSI3bIBAHUST AJIbOYMUHA MOTYUHS -
eTcsl KUHEeTUYECKOU MOJie i MCeBI0-BTOPOTO TO-
psanka. IlepexomHblil pexXuM cCUHTe3a OWHapHOI
KOMMO3UIIMM obecrneuynuBaeT YBEJIMUYEHUE CKOPO-
CTHU B3aMOJIEICTBH B 1.6 pa3a u mpeaeabHoMi copo-
LIMOHHOIT eMKoCTHU B 1.2 pa3a nmo cpaBHEHUIO ¢ 6a30-
BbIM 00pas3lioM ajJibITMHATHOM TIeHKU. [IpemoxeHo
COOTHOIIIEHUE [IJIS OTIPENeIeHUS T03UPOBKU OUOTIO-
JIMMEPHO# MaTpUlIbl Ha paHO3aXUBJISIONIEH MOBSI3-
K€ C yUeTOM pacueTHOIO CBS3bIBAaHUS OEJIKOBBIX Be-
1IIECTB PAaHEBOTO 3KCcynaTa U TpeObyeMoil MpOaoIKU -
TeJIbHOCTU KOHTaMUHAaLIWH.
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