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H3syuena kuHeTUKa HAOYXaHHs NOJHAKPUIAMHIHBIX refieif MERHIIMHCKOTO HA3HAYEHUS, PA3THYAIOIMXCS
KOHI[eHTpaumeil cumBaomiero arenra N,N'-MeTuneHOHcaKpHIaMijia M COMEPXKALIMX HEGONBLLIOE KOJIHYe-
CTBO MOBHAPIoJia — AUCIEPCHIO KOJUIOMHOro cepebpa, CTaOHIN3HPOBAHHYIO MTOMHBHHUIITHPPOIHEOHOM.
Jax ammapart /i ONHCAHUS KUHETHKH HA0YXaHHA, OCHOBAHHBI Ha PaCCMOTPEHMM 3TOTO MPOIIECCa KaK pe-
JIaKCAUMOHHOTO, COMPOBOXAAKIIEroca H3MeHeHueM KoadduunenTta nuddysun Bo Bpemenn. OueneHa
CpelHss MOJIEKYJISPHAs Macca MEXy3NOBBIX LENeH ¥ HANEHO, YTO CETKA ABIAETCA AOCTATOYHO AedeKT-
HOIL. YCTAHOBJIEHO, YTO MPY YBEAWYECHHH JOJIH CUIMBAIONIETO areHTa OT 1 10 2 Mac. % pa3Mep MTMHEHHBIX
Henei MeXIY y3JiaMH CETKH BO3PACTAET, a MPHU JATbHEHHIEM NOBBIIIEHHH [OJHK CIIMBAIOMIErO ar€HTa OT 2
10 5 Mac. % ocTaeTca MPUMEPHO MOCTOAHHLIM. B MHTEepBasie BEICOKMX KOHIIEHTPALHIX CIIMBAIOUIETO areH-
Ta U3MEHAETCA JIMIUIb CKOPOCTh HA0YXaHHA, KONHYECTBO CBOOORHOM U CBA3aHHOM BOJBI B reji€ TaKXKe Mpax-
THYECKH He MeHAeTCA. IIpoBeeHO FTHCTOMOrHYECKOE HCCIEAOBAHNE CHHTE3HPOBAHHBIX THIPOrecH M NO-
Ka3aHO, YTO 3TH T'eJid PHUTrORHbI N4 MeqUUMHCKHX Heneil. Heo6xopumas 4acToTa CIIMBKH B HMX JOCTHTA-
eTcs BBIGOPOM COOTBETCTBYIOILEH KOHIEHTPALMH CHIMBAIOMICIO ar€HTa, a CTEPUIM3AIHNA — BBEICHUEM

TE]I1

TOBHAPTOJIA.

BBEJEHUE

Uzyuyennro HaOyxaHusl TUAPOPHUIBHBIX MOJIHUME-
POB yfensieTcss MPUCTAILHOE BHUMAHUE, YTO BMOJHE
€CTECTBEHHO, MOCKOJIbKY JaHHbIE CUCTEMBI, C OTHOM
CTOpOHBI, O6NaalOT YHHKANBHBIM BJAronoriouile-
HHEM, a C JPYTOif ~ HAXONATCS B KOHTAKTE CO CpefoH
SKHBOTO OPraHM3Ma MPH UX HCNOJNb30BAHUH B MENIM-
IuHCKUX Hensix. K HacrosieMy BpeMEHH BbITOTHEH
60BILIOH IMKJI pabOT MO KCCAEAOBAHUIO HaOyXaHUs
[IONHUAKPHIAMUAHBIX THAPOTENEN H TEOPETHUYECKOMY
aHammy 3Toro mpouecca. B pa6ore [1] onucana yc-
TAHOBKA [JIsi M3MepeHus. HaOyxaHus ClaGOCHIMTBIX
THApOTeNei, KOTOpasd aeT BO3MOXKHOCTb H3MEPATh
cTeneHb HaGyxaHWA NMPU Pa3HbIX JABICHMSIX, IPHUIO-
SKEHHBIX K 00pa3uy. Ee nposepka nposejeHa Ha Mo-
JIHAKPHIAMHAHBIX THAPOTENsX, CIUUTHIX 00 N,N'-
meTwieHOucakpunamugoM (MBAA), nu6o y-o6my-
YeHHeM, NPH BapUalid HOHHOIO COCTaBa Cpeabl,
BIIMSIOILETO HA CTENEeHb HAOyXaHHUs.

E-mail: andrey@ineos.ac.ru (Ackanckuii Auapefi AIeKcaHAPO-
BHY).

B o630pHoii padote [2] M3M0XKEHBI TEPMOAMHA-
MHYECKHE OCHOBBI NPHMEHEHHs CHUILHOHAa0yxaro-
HIMX THApOresel B KayecTBe Braroabcopbepos. Xo-
Ts1 3Ta paboTa MOCBSIIEHA B OCHOBHOM TeJisM, UC-
MOJIb3YEMBIM B CEJILCKOM XO3SMCTBE ISl yAEpKaAHUS
BIIAr'¥ W pELICHUs BOAHBIX M 3IKOJOrH4YecKuX Mpo-
671eM, pa3BUTHIC B HEH MONOXKEHUA MOJNE3HbI U NPU
aHa/IN3e CTPYKTYPbI U CBOUCTB IeJici, MPAMEHIEMBIX
B MEJULMHE. DTO — e/ HA OCHOBE MOJHAKPUIAMH-
Aa, MoJayJaeMbl€ peakuien pafuKaabHOU MONUMEPH-
3alM, a TAaKXKE XHMHYECKOrOo H PafHaLHOHHOrO
cumBanus [3-5]. UMeHHO yka3aHHbIE METOIBI ObINIH
UCTIONb30BaHbI B paborax [1, 6-10] ana nmony4enus
CHIIbHOHAOyXamluX THApOresei, rac CIIHBKA JAO-
cTHrajiace gu0O BBEJEHHEM CIIHBAIOLIETO AreHTa
(MBAA), nu6o pagnaltOHHLIM METOIOM MpH J0O3aX
ob6nyyenus 0.3-9.0 Mpap. B pesynbrare 66111 nomy-
YEHBI THPOTe/IH ¢ MAKCUMAIILHON CTENEHbIO Haby-
xaHmA go 10000 ma/mn (pagukanbHas CONMOMUMEPH-
3L PU HCXOAHOM COfepKaHuM akpuinamuga 5% u
MBAA 0.01%) u po 22000 mn/ma (pagHanHoHHOE
cumBaHue npH gose obaydyenns 1.0 Mpap). CooTHo-
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ILIE€HNs, HCNIONb3yeMbIE I OLEHKH NapaMETPOB ce-
TOK Ha OCHOBE JJAHHBIX MO X HAGyXaHMIO, IPHBENE-
Hbl B padorax [1, 6-9, 11-22], 1 HexOoTOpbIE U3 HUX
NpPUMEHEHbl HAMHM ISl XapaKTEPHCTHKH CETYATOM
CTPYKTYpbI THAPOr€EN B HACTOsIIEH paboTe.

B pa6ore [23] nccnegoBaHo HaOyXaHHE MOMH3EKT-
POJIUTHBIX THAPOTENCH B YCIOBHSX IIPOCTPAHCTBEH-
HbIX orpaHuveHmii. Takoe HccnegoBaHHEe OCOOEHHO
BaXXHO 11 NPUMCHCHHMA THApPOrejed B MEAUIIHE
{24], mockoNBKY NpM MX MMIUIAHTALMH B OpPraHU3M
peanu3yioTcl UMEHHO TAKHME YCIOBHA HAaOyXaHHS.
Pa6ora [23] sBiseTcss MPOXOMKEHUEM TEOPETHIEC-
KHX M 3KCIIEpUMEHTANBHBIX paboT B 3TOH 00MACTH,
BBITNIOJIHEHHBIX paHee [6, 8, 25]. kcnepuMeHTbI Npo-
BOJMIJIH B YCIOBHSIX PABHOMEPHOTO BCECTOPOHHETO
cxaTus (HabyxaHue B 3aMKHYTOH KaMepe), IByOCHO-
ro (B IJIOCKOMH 1IEJIM) U OFHOOCHOIO HaGyxaHHA (B
TpyOKke). O6GBEKTHI NI HCCAENOBAHUA MONyYad
Y-pagUalMOHHBIM CLIMBAHUEM COMOJHMEPA aKpHJIa-
MH2 W AKPHIOBOW KHUCIOTHI B BOJHOM PacTBOpE.
HaiigeHo, 4TO paBHOBECHAs CTENICHb HaOyXaHUs B yC-
JIOBHSIX MPOCTPAHCTBEHHBIX OFPAHHYECHHHI BCETA HU-
xKe, 4eM npu cBo6oaHOM HaGyxanuu. OGpaboTka pe-
3yJILTaTOB 9KCNIEPUMEHTOB 1o Teopun ®nopun—Pene-
pa u J[loHHaHa TNO3BOJUIA OLEHUTb BIUSHHUE
CTPYKTYpPHBIX MApaMETPOB NONHMEPHON CETKH U
BHELIHHX YCJIOBHI Ha mMpouecc HaOyxaHusa. Takum
0o0pa3oM, NpH aHATH3€ MPOLECCOB HaOyXaHHs MOJIH-
ANMEKTPOTUTHLIX TURPOreNcH CAENYET YUUTHIBATD HE
TOJILKO HOHHBIH COCTaB pAcTBOpA, T.€. HOHHbIU
BKJIQJ], HO U [IPOCTPAHCTBEHHbIC OTPAHHYCHHA.

B npouecce copOuum 1 HabyxaHus rejieit Habo-
RaeTcs ux aeopmaiys. B cBA3HU ¢ 3THM U3yyeHa [26]
pecdopMalus THAPOreNicH, BOSHUKAIOIIAS B PE3yJb-
Tare copOuun Bogbl. B oOGnacTu Majbix creneHein
copOnuu HaGMIOMacTCss OTpUllaTeNbHas AedopMa-
ust, gocturatoiast 0.19%, HO npu BBICOKHX cTemne-
HAX 3anoJHEHus neopMalus CTAaHOBUTCS MOJIOXKH-
TEJBbHOM U focTHraeT 33% oA THApOrens Ha OCHOBE
nonu-N,N'-guatinakpunamuga. IIpy sToM BenuynHa
Mopnyst cxkatus cocrasisieT 5.2 ['Tla. IIpusenennbie
JaHHBIE TMOKa3bIBAIOT, YTO MpoOHecc COPOLUM HE SAB-
ASETCS MPOCTHIM 3aNOJHEHMEM NOP HHEPTHOIO COp-
OeHTa, a MPOXOMUT C U3MEHEHHEM CTPYKTYPHI COp-
6eHta. Ha 310 06CTOATENBECTBO OBLIIO OOpAaLLEHO
BHUMAHHE B LICJIOM PSAJIC PaHEE BBITIOMHEHHBIX paGoT
[27-31].

Hamu [32] 6b1IH HcCieROBaHbl CBOMCTBA MOMHU-
AKpUIAMHAHBIX THAPOTENEH, JOMOIHUTENBHO 06pa-
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GOTaHHBIX Y-OOMyYEHHEM [N NPUAAHHS HYXHOW
creneHd cmMBKA. Takas 06paboTKa yIydiaeT Mexa-
HUYECKHE CBOMCTBA reiel H CIOCOOCTBYET UX CTEPU-
nu3auud. I'enb nposBAsAET HHTAKTHOCTD, HAXOSCH B
KOHTAKTE ¢ OENKOBOH TKaHbIO (HE BBI3BIBAET IPYy-
Obix (puOpPO3HBIX 00pa3oBaHuii). OgHAKO MHOTOCTA-
AMIHBIA NPOLIECC N3TOTOBIICHHS IeJiCH C NPUMEHEHH-
€M Y-00JIy4yeHust — TPYAOEMKHi U TpeOyeT Hamu4ust
CNEHAIBHOT0 00OPYAOBaHHS, ABISIOLIETOCS HCTOY-
HUKOM NOBbIIICHHO! omacHocTH. IlosToMy mpepn-
CTaBJAETCS LENECOOOPa3HbIM OTKA3aThCS OT TEXHO-
JIOTHYECKOM CTafiuM Y-00ny4eHus U pa3paboTaThb Ta-
KO COCTaB TrHApOrelell W TEXHOJOTHIO HX
HOMY4€EHHs1, KOTOphIe 6€3 cTagun Y-00IyueHHs NpH-
BOAWIH Obl K THAPOTEJISIM, HE BRI3BIBAIOIIMM 00pa30-
BaHMA rpy6oit ¢puOpo3HOI KancCynbl IPH HMIUIAHTA-
HUH B XXHMBOYU opraHu3M. C 37Ol Lenbio B faHHON pa-
60oTe CHHTE3MpOBaH 6¢3 cTaguM Y-O0NydeHHs Psif
THAPOreNied ¢ pa3iu4YHbIM COOTHOIICHMEM aKpHJIa-
mupa 1 MBA A, cogepxaimux noBHaproi B Ka4eCTBe
GakrepuumaHon no6aBku. I'enu AeTanbHO HCCRENO-
BaJIM KaK B OTHOILICHAH UX HaOyXaHHUsA, TaK H B CBSI3H
C HX NIOBEICHHEM B KMBOM OpPraHU3Me NpH KOHTaKTe
¢ OEJIKOBOM TKAHBIO.

9KCIIEPUMEHTAIJIbHASA YACTb

CuHTe3upOBaU YEThipe OOpa3la rejeil Ha OCHO-
Be cononuMepa akpunamuga 1 MBAA. Cunre3 npo-
BomwiM BO ¢prakoHax o6bemoM 40 Mi, TOJNILMHA
cnosi reist BO BCex cnydasix cocrabnsia 1 cM. Coot-
HowreHue akpmnamup : MBAA =100 : 1, 100 : 2,
100 : 4 u 100 : 5 mac. 4. Bo Bce koMIo3uIMM B Kaye-
cTBe OaKTepuLAHON fo6aBku fodasnsanu 0.3 mac. %
MOBUAProJia, KOTOPBIH MPEACTABISIET COO0M KOMIO-
UAHLIA pacTBOp cepebpa, CTabHIN3UPOBAHHBINA IO-
JUBHHUIHHPPOIUAJOHOM

o |
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lenu cunTe3upoBanyu B BOJHOMI Cpefie CIERyIO-
M obpasoM. Hanpumep, npu COOTHOLIECHHH aKpU-
gamug : MBAA = 100 : 1 rotoBun HaBecku (T): aKpH-
namup —- 3.8; MBAA - 0.038; nepcynsgar aMMOHHA —
0.054. HaBecky MHIPEIHUEHTOB, NUCTHILTHPOBAHHYIO
BOJY, CTAKaH [Jisl IPUTOTOBIIEHHS paCTBOpa, BAKYyM-
HYI0O (UIBTPALMOHHYIO YCTAHOBKY, CTEpHIILHBIC
(p/1aKOHBI, KPBILIKHA H MIMPHIBI MOMEIIAIHA B FepMe-
THYHBIA CTEPHILHBIA 6JIOK, 3alOJHEHHEBIA a30TOM.
N7
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HABYXAHHME IMTOJIMAKPUIIAMUIHBIX MEJTEM MEOULIMHCKOT'O HA3ZHAYEHUS

Hagecku pacrsopsnu B 107 M AHCTHINTHPOBAHHOMH
Bopsl npu 40-50°C B Tako# MOCIEROBATENLHOCTH:
akpunamuy, MBAA u nepcynbgaTt ammonus. [Tocne
3TOr0 PAacTBOpP OT(HIBTPOBLIBAIM HA BOPOHKE
broxHepa 4yepes moMuMEpHbIH GUILTP € pa3MepaMu
nop 45 MkM. OT¢HILTPOBAHHBIA PACTBOP pa3NUBa-
JIH N0 (PIaKOHAM, 3aKpbIBAIIH PE3NMHOBBIMH MPOOKa-
MU U KECTAHBIMYU KPbINIKAMH. PIaKOHBI TOMEINATH
B TEPMOCTAT W BBLIIEPXKUBAIA B HEM 18-19 4 mpu
70-72°C mo o6pa3oBaHus moJMMepHOM ceTku. Ilo-
Clie MPHUrOTOBJIEHHS THAPOTENIb OTMbBIBAJIU KHIISILEH
AMCTH/UTHPOBAaHHOM BOMOI OT OCTaTKOB MOHOMEpA.
[ 3TOro (pakoHbl OTKPBIBANK, NOMELIATH B €M-
KOCTb, 3QJIMBAJIH KHIAIEH BOROIH U BCTPAXUBAIU HA
BHOpaLOHHOM crone. Yepes 25-30 MuH BoAy cuBa-
JH, 3aNUBaJId CBEXKEH MOPUWMEH KHUISAUICH BOObI U
BHOBb BCTpsxuBanu 25-30 MHH Ha BHOpALMOHHOM
crone. IlpombiBky nosropsimu 3 pasa. [Tocre mpo-
MBIBKH (pITaKOHBI C THAPOreNieM CTEPHIH30Badd B
aprokiasax npu 120°C u gaBmenuu 1.2 aT™ B Teye-
aue 1 1 10 mun. ITocne aBTokIaBUpOBaHHUsA OTOUPATH
npoOy ruaporens Ha aHanu3. ComepKaHue OCTATOY-
HBIX MOHOMEPOB He npeBbiiano 0.5 MKr/T.

UccnemyeMble rean NpeAcTaRIsAOT COOOH HU3KO-
MOJYJIbHBIE CHCTEMBI, H3MEpCHUE HAOyXaHUsI KOTO-
PBIX CONPSDKEHO C ONpefeCHHBIMA METORHYECKIMH
3aTPYAHEHUAMH, CBA3AHHBIMHU C TPYAHOCTIMH YAale-
HAA U30bITOYHOM BIArH TPAULMOHHBIME METOTAML.
IlosToMy paBHOBECHOE HabyxaHume OOpPa3LOB H3MeE-
PSUTH BECOBBIM METOAOM Ha 3NEKTPOHHBIX Becax. Hc-
XOIHbIHA 00pa3en; 06 beMOM okoo 0.5 M noMernanu
B BOJIy, Jlaliee yepes 3alaHHbId IMPOMEXKYTOK BpeMe-
HE O0pa3el] BBIHUMAJIH U3 BOALI H, HE YAANsis C €O
MOBEPXHOCTH H30BITOYHYIO BOY, B3BEIHBAJH B CTa-
KaHe, NMPEIBAPUTEIbHO OOHYNNB MOKA3aHHA BECOB.
3arteM o0pa3el] BHIHUMAJIA U3 CTAKAHA M HAXO[UIH
BEC BOJIbI, OCTABIIEHCA B cTakaHe. [TocaeqHuii BbIYM-
TaIM U3 MacChl HEOCYLIEHHOT0 00pa3na U TaKuM IIy-
TEM OMNpEAEeHANd UCTHHHYIO Maccy Halyxiuero oo-
pasua. [To momy4yeHHbIM JaHHBIM CTPOWIHM KUHETHU-
YecKue KpHUBbIe HaOyxaHHS B KOOPAMHATAX
M()/M(<), Tne M(t) — npupaieHue Maccel 00pasia
3a BpeMs ¢, M(e0) — MaKCHMANbHOE MPUPALLEHAE MAC-
cbl 06pasna.

OLIEHKA KMHETUYECKHX ITAPAMETPOB
HABYXAHUSA N1 PASMEPA HEIIEU CETKH

Hanbonee ynmoTpeOUTENLHOM AN OLEHKH Cpef-
Hell MOJIEKYJISAPHON MacChl LIS MEKAY § JTaMH CET-

BBICOKOMOIJIEKYIIIPHBIE COEJUHEHHSA  Cepna A
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Kk M, seuserca teopus Pnopu—Penepa, cormacao
KOTOpOH

Tlin(1 - 05,) + 0 + 4103,
o = (1)

M, n 2 ’
a2s - ?(XZS

TAe V — yAeNbHBIA 00bEM NONMUMeEpa, V — MOJIBHBIN
o0'beM pacTBOPHTENS, O, — OO BEMHAS JOJIA PABHO-
BECHO HaOyXIIEero NOJIUMEPa, ), — MApaMeTP B3auUMO-
OelCTBUS TONUMEP—pPacTBOPUTEND, [ — (yHKIHO-
HAJILHOCTD Y3JIOB CETKH, T.€. KOJIMYECTBO HENeid, Bbl-
XOJISILIHX H3 OHOTO y3J1a.

Bemwunna oy, onpeaenseTca 13 COOTHOLICHUsA

1

azs = ——'_p — (2)
1+ =AM

1
(p 4 p, — IIOTHOCTL PACTBOPHUTENIA H HEHAOyXNIEro
MOJIUMEPA COOTBETCTBEHHO, AM — Macca NOrNoILEeH-

HOTO PacTBOPHTENA HA EAUHHUILY MACChI IIOJIUMEPA).

ITockonbKky 00pa30BaHHE CETKM TMPOHCXOOUT B
pacTBope, ypaBHEHUE (1) HEpexOauT B COOTHOLICHHE

v 2
-‘;[ln(l = Olyg) + Oy + X100
rvals ) (3)
M c Qs 3 2 Oy
A, -7
aZr f a2r
rae O, — 00’ beMHas JOJs CIIHTOrO CYXOro nNoxuMepa
B rejie 0 Havana Habyxanums. ITapameTtp B3aumMopeii-

CTBHS MOJIUMEP—PACTBOPUTEND X, AN CUCTEMBI MO-
nuakpunamun-Boaa paseH 0.492 [33].

g onucanys KHHETHKU HaOyXaHus [MOJIUMEPOB,
B YaCTHOCTH rejicil, IpeAioxeH noaxox [34], ocuo-
BaHHbIH Ha paCCMOTPEHHOM B paboTax [34-36] anmna-
paTe [ ONMCaHHUs PEIaKCALOHHBIX SBJICHHH B [0~
JuMepax. DTOT anmapaT NPHUMEHHM K INpoleccaM
copOin 1 HaOyXaHHs IO TOU NPUYHHE, YTO OHU NPO-
XOJAT HE TONBKO NMYTEM 3ANONHEHMA cOpOaTOoM OT-
HEJbHBIX MOp B MOJHMEPHOM TENE, HO U BbI3BIBAIOT
KOH(OpMAIMOHHBbIE MEPECTPOUKH MAKPOMOJEKYI,
T.€. CONPOBOXKAAIOTCS PENAKCALMOHHBIMH MpOIiecca-
mu. Takoil nogxof MO3BOJSET BBLIABUTE OOpATHBIE
CBsI3H, MPOSBISIOLUIMECS MPU COpPOUMU NApOB MOJIU-
Mepamu. OOpaTHbIE CBSI3H OOGYCIOBIEHBI TEM, YTO
NMPOHHKHOBEHUE MAPOB HU3KOMOJIEKYJSAPHBIX KIJ-
KOCTEH B MOJIMMEP BbI3bIBAET PEKOHCTPYKIHUIO, MOJ-
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4ac Cepbe3Hyl0, CTPYKTYPHOH OpraHu3auyu, 4To B
CBOIO OYEpedb BIMACT HA KHHETHKY JaJbHEHIICH
copouun u mucdys3mm. B cnyyae rugporenei, oco-
OCHHO TMOJHM3JIEKTPOJIUTHBIX, KOTOpbIE O0jafaroT
OrPOMHOM CITOCOGHOCTBIO K BOJONOIIOUICHHIO H
YBENHYHMBAIOT CBOH OOBEM HA TBHICAYH IPOLICHTOB,
KOH(OPMALMOHHBIEC NEPECTPONKH MAKPOMOJIEKYJ UT-
PaIOT OYEHb CYLLIECTBEHHYIO poiib. [I0aTOMY CTPYKTY-
pa CHCTEMBbI MEHSIETCS HACTOMBKO, YTO MpoLecc copo-
MM T HaOyXaHUs HUKAK HENb3s pacCMATPHBaTh KAk
MPOTEKAIOLIMI TOJBKO IyTEM 3ANOIHEHHS TTOP MOJIE-
Kynamu cop6aTa. Bee 310 npuBoAuT K TOMY, 4TO KO3¢)-
pmmenT miudgy3un He ABIAETCSE KOHCTAHTOM MaTEpu-
aJa, a MEHSIETCs B IPOLECCe COPOLMN.

IMpoeenennsiii B paboTax [27, 31, 37] ananus aro-
ro SIBJICHUS OCHOBAH HA PELICHUM CHCTEMbBI U3BECT-
HBIX U PEepEeHIHANBHBIX YPABHEHHI

dap v
v-+£ =0, vw-D=— =0, 4
A I C)
rae f — cuia, KedcTBylomas Ha AuGPyHIHPYIOLIYIO
YacTHLy; V — KOJMIMYECTBO AU PyHIUPYIOMMX Yac-
THII; V — CKOpocTh JudPyHupyomei yactuupl, D -

JIONIATHH u np.

K03 puueHT gudy3uH, p — OCMOTHIECKOE JJaBJie-
HHe, paBHOE (V/N)RT; N — o61iee KOIHYECTBO YaCTHIY
B CHCTEME; R — YHHUBEpCalibHasl ra30Bast OCTOSIHHAsA,
T — aGcomoTHas TeMneparypa.

W3 cucrembl ypaBHeHHI (4) ¢ y4eTOM BbIpaKeHHA
Ui p HAXOAUM

RTv ()
N f

[TockonbKy NOJAMMEp — BA3KOYINPYyTas CpeAa, CMeEIe-
uvie audPyHIUpYyIOLei YaCTHLBI B HEM, ONpee/isic-
MO€ CKOPOCTBIO €€ IBIKEHHSI V, 3aBUCHT OT KHHETH-
YECKHMX peJlaKCaLHOHHBIX TapaMeTpoB cpefbl. MHbI-
MH CJIOBaMH, HEOOXOAMMO CBsi3aTh CKOpPOCTb
maddyHaEpYOLWEH YacTHUBI v (¢), KOTOpas B BA3KO-
YIPYroM TeJi€ 3aBHCHT OT BDEMEHH, € CHIIOH f, BXOas-
LIe#l B CHCTEMY YpaBHeHUH (4).

D(t) = 5)

Takoii aHamu3 B 001LEM BHJIE NPOBEJCH B paboTax
[27, 31, 37] ¢ ucnoab30BaHHEM HACIENCTBEHHON TE€O-
puu BoneiumMana-Bonbeteppel. B kauectse daep pe-
JlaKcauyH BbIOPaHbI spa BYX THUIIOB, OJTYYCHHEIC B
paborax [33-35]:

Ti(t) = -0 {

kgm,

1

3mecs O = —, m
(1+k*1/B)

L= m;kj;" T*(t)dt, k* =

=kn- 1, B = n_.l._T » h — IIOPSAOK pPEaKIHH, k — KOHCTaH-

Ta CKOpOCTH B3aI/IMOJ.ICI7[CTBHﬂ peiaKcaTopos, m* —
YHCIIO PENaKCaTOPOB B eUHHLE 06BeMa, T — TEKy-
1wee BpeMs, 0, = 10719;

So 1
Ty(v) = k m[ Y Y Y Yy
Mgt Inat + (1 -at )In(l —at’)

Q)

_L]
In05 |’

roe Y=b/2, (1 - o) =at®?,0< b < 1, a — KOHCTaHTa, O —
AOJSt PEIaKCATOPOR B PENAKCHPYIOILEN CHCTEME.

S
Anpo (7) copepKuT TpHu napameTpa: A = ﬁn ,au
B

Y. OHo npepcraBasier coboii pyHKUMIO CO cnaGou

BBICOKOMOJIEKYIIAPHBIE COETMHEHHUA  Cepua A

1 A 1
(0t —ag) (- 0g) + (1 — o+ Og)In(1 —a +0y) an.S}

(6)

ocoOeHHOocTRIO mpH T = 0, npuueM m, =

=m} J-: T5 (t)dt. Ipouecc passuTus gedopMaLiu C

npuMeHeHueM sfep (6) u (7) onucpIBaeTCsk COOTHO-
[ICHUSAMH

— -

e(r) = g| 1 + j T (T)dt 8)
0

-

— -

1+ j T,(t)dt )
[1]

() = g,

(e(¢) — pmedopmanms, pa3sBUBAIOMIASCA K MOMEHTY
BPEMCEHH 1, €, — ynpyras (“MrHoBeHHas’”) aedopma-
).

C ucnons3oBanueM ypasHeHuii (8) u (9) u npuee-
AcHHBbIX BhilIE dopmyn B pabortax {27, 33, 35] nony-
YEHBI CIEAYIOUIME COOTHOLLICHUS Il ONMUCAHUS MPO-
LHECCOB COpOLHU:

N 7
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jTl(r)dt
M(t) - 0 10
M=) - A {1
AN
J'Tz(r)dr
M(t) = 0 ll
M)~ 4 an

3nech A = j:Tl(t)d‘l:,A2= J’;"n(t)dr,M(z)uM(oo)-

npuBec Habyxalolero o6pasia K MOMEHTY BPEMEHH
t A B YCIIOBHSIX PABHOBECHSI, T.€. IIPH [ — 0,

YuursiBas, 4uro anpa (6) u (7) copepKaT NOCTOSH-
HbI€ BEJIMYUHbI, KOTOPbIE€ MOXHO BBIHECTH 3a 3HaK
HHTerpana, u3 splpaxkenui (10) u (11) nonydaem

IT}"(I)dt
M) _ o 12
M) = = (12)
IT;"(t)d‘t
1]
U
JT’{(t)dI
M(t) =0 13
M) T2 -
jT;“(t)d’c

0

rae T (1) u T () - nepeMennble yactu sipep T,(T) u
Tx(7).

B cny4ae gecopOLuu UK CUHEPE3HCa KUHETHYEC-
KHUe ypaBHEHHS IPHOGPETAIOT BUN

t

M(t)

TO = 1—-([T|(T)d't (14)
Hin

M@)o

T 1—'(!T2(t)dt (15)

(M, — HayanpHas Macca Habyxiiero oobpasua).

BBICOKOMO/TEKYIIAPHBIE COEOUHEHHWA

Cepust A

1191

CooTBeTCTBEHHO U3 BhlpaxkeHuit (16) u (17) ume-
€M

t
M) So s
=1 T*(t)d 16
M, +kBm1.! 1 (T)dt (16)
M(t) So ¢
t 0 *
ML) _ 17
M, 1+kBm2‘£T2 (t)dt (17)

Ecnu ypaBHenus (12) u (13) npaBunbHO nepefa-
IOT XOf 9KCIIEPUMEHTAIbHBIX KPUBBIX HAOyXaHUs, TO

B KoopmHHaTax M(1)/M(s) — j ‘T (t)dt/ j;" T¥(1)dt
win M(t)/M(e) — J(;T;"(r)dr/j:T;“(’c)dt JOIKHBI

NONMy4YaThCs MPsIMBIC, BBIXOASAIINE U3 HAYAJIa KOOP-
AMHAT, TAHT€HC yIJIa HAKJIOHA KOTOPBIX PaBEH €AH-
HuLE. [Ing pacyeTa KHHETHYECKHX TApaMETPOB Ha-
OyxaHus HaMH BBIYHCIIEHBI OTHOIUEHUA

j; T¥(t)de/ j;“ T¥(t)dt n I L TH(v)du/ j;“ T¥*(t)dt npu
Pa3MMYHBIX BPEMEHAX MPOIECCa £, a TAKXKe HE 3aBH-

CAIME OT BPEMEHH HHTETPAIbI I: THt)dt u

j: TS (lt)dt KaK (PyHKIHMH nap napaMeTpos k* u B, a

Takke a u Y. C UCNONb30BaHUEM BCEX 3HAYEHUI UH-
TerpajoB ObLIa HANMCaHA 3BM-nporpaMM31, KOTO-
past No3BONACT 0O0pabaThIBATh IKCACPUMEHTANBHbIE
HaHHblE METOJOM HAMMEHBHINX KBafpaToB. Kaxpas
KpHBas HaGyXaHHs aNMpPOKCHUMHPYETCS YPAaBHEHHUEM
(12) unu (13) 1 aBTOMATUYECKH BBIOHPAIOTCS TaKHE
3Ha4YeHUs Map MmapaMeTpoB k* u B, a ¥ Y, npu KOTO-
pPbIX CyMMa KBa[[paTOB OTKIJIOHEHHI 3KCHEPHUMEH-
TAJIBHBIX 3HAYEHUI OT PacYETHBIX ABISETCI MHHH-
MaJIbHOM, a KO3((HLUUEHT KOpPENIUyY I — MaKCH-
MaJIbHBIM.

PE3YJIbTATBI U UX OBCYXIEHHE

Ha puc. 1 nmoka3aHbl KHHETHYECCKUE KPHBBIC Ha-
OyxaHust 7 BCEX UCCIENOBAHHBIX OOpPA3LOB renc.
BHHO, YTO JOCTHKEHHE PAaBHOBECHS HACTYIAET 34
pa3Hoe Bpemsi: 4eM OoJsblle FOJS CIIMBAIOIIETO
areata MBAA, TeM Gosnbluee BpeMst TpeOyeTCs 1A
HDOCTIDKEHUSI PABHOBECHOr O HaOyxanus. OgHAKO pac-
YeThbl, IPOBEACHHBIE MO ypaBHEHHUIO (3), NOKAa3bIBa-
0T, YTO BEJIMYUHA M, yMEHBILACTCH TOJBKO IIPH IIe-

! Uncopmanmio 0 mporpaMMme MOKHO TONYYHTH MO afpecy
andrey@ineos.ac.ru.
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Puc. 1. Kunetnyeckue KpuBble HaOyxaHus renei.
HoMepa kpuBbIX COOTBETCTBYIOT HOMEPaM 00pa3s-
OB B TAa0aHIE.

pexope oT o6pa3sua 1 kK o6pasiy 2, T.€. Ipu yBeIuye-
HHMH JOJIM CILIMBAIOILIETO areHTa B CMECH MOHOMEPOB
ot 1 fo 2 mac. % (Tabnuua). Benuunuer M, gnst 06-
pa3ua 2 u o6pa3uos 3 u4 (4 u 5 mac. % MBAA) npu-
MEpPHO OMHAKOBbI. TakuM 06Pa3oM, CyILIIECTBEHHOE
YBCJIH'-ICHHC KOHUCHTPAUHHU CIUNBAOLICTO ar¢cHTa HE
NPUBOIUT K U3MCHEHUIO PABHOBECHOH CTENEHH Ha-
OyxaHHsl, a BbI3bIBAET JIMIIb CHIDKCHHUE CKOPOCTH Ha-
OyxaHus.

Jlna Bcex oOpasloB refei xapakrepHa 6ombuiast
RePeKTHOCTb CETKH. DTO CIeAyeT U3 TaOIHIEI, B KO-
TOpO¥ 3HaueHWs M., pacCYMTaHHbIE C MNOMOIIBIO
ypaBHEHus (3), CONOCTaBNEHBI C M, BLIYHCIEHHbIMU
C IOMOLIBIO OYEBHIHOTO, CIIPABENIHBOrO AJIs abco-
JIIOTHO OJHOPOAHOH U 6e3e(PEeKTHOM CETKH COOTHO-

HICHHS
M, =71[akpunamun]:2[MBAA], (18)

rae uudpa 71 — MM noBTopsiroLIerocs: 3seHa MoJu-
aKpWJIAMHJA, B KBAIPATHBIX CKOOKAX YKa3aHbI MOJIb-

JIOITATHUH 1 np.

HbI€ KOHUECHTpaluu akpunamuaa 1 MBAA cootser-
CTBEHHO.

Bupno, yto BenmumHbt M, HaifieHHBIE 110 paBHO-
BECHOH CTENECHU Ha0yxaHusl, BO MHOT'O pa3 BbIllIE BeE-
NUYMH M, NONYy4YEHHBIX 1O cOOTHOLIEHUIO (18). DTO
CBUJIETENBLCTBYET O CYLIECTBEHHOM HEOTHOPOXHOCTH
noay4eHHbix ceTok. Kpome toro, MM ueneit ceTku,
paccYHTaHHAsA MO YPaBHEHHIO (3), NPUMEPHO OffHHA-
KOBa [ KoHueHTpauuii MBA A =2-5 mac. % no or-
HOLICHUIO K OCHOBHOMY MOHOMEpY, a BenuuuHa M,
BBIVHCJICHHAs MO COOTHOWEHHIO (18), yMeHbIIaeTcs
C POCTOM KOHIIEHTpalMi CHIHBAOIIEro areHta. OT-
CIOfla CIIENy€eT, YTO NpH NoBbilueHud gomu MBAA
AeEeKTHOCTb CeTKH yBenuyuBaetcs. [IpuynHb! mo-
SIBJICHUA 1e(PeKTHOCTH CETOK B BHJIE BHCSILHUX IENeH,
LHUKIOB, ABYX(pa3HOH CTPYKTYphl renei ¥ T.A. Ae-
TaJbHO TPOAHAJIW3UPOBAHbI B IUTHPYEMBIX BBbILIE
paboTax.

Teneps paccMOTpHM pe3ysbTaThl aNMpPOKCHMA-
(MM KHHETHYECKUX KPHBBIX HAOYXaHUA ¢ MOMOIIBIO
M3JI03KEHHOTO BhIlIe nojaxona. Kak BugHo u3 Tabnu-
11bl, KO PUIHMEHTDI KOPPENSLMH I, COOTBETCTBYIO-
e saapy T,(T), 6au3ku K eauHuue. B To ke BpeMs
KO3 pHULHMEHTHI ry, OTHOCAIMecA K Aapy 1,(T), cy-
UIECTBEHHO HIDKE €IUHHLBI. ITO CBUAETENLCTBYET O
TOM, YTO KMHETHKA npouecca HaOyxaHus HcCaenye-
MBIX rejledl JIMMHUTHPYETCS CKOpPOCThIO Au(pPy3um
KHHETHYECKHX EIHHHI] — PEJIAKCAaTOPOB M HEepesiaK-
caTopos. Takas ke KapTuHa Ha0mrofganacbe paHee
[31] npu aHanu3e KUHETUKH HAOYXaHHA TBEPBIX MTO-
nMepoB. Bennyuna ¥ A Bcex o6pa3uos (Tabiuia)
MeHsine 0.5, T.e. npouece qudpPy3un KHHETHYECKHX
€IMHUIL He sBisteTcs pukoBckuM. Haubonee 65m3ko K
¢puxoBckoMy noBefieHIIO NpuOCKaeTcs oOpasery 3.

Bhiwe 66110 OTMEUYEHO, YTO CTENEHb HabyXaHusS
NpH PaBHOBECHH JJIA 0Opa3loB 2—4 NMpUMEpPHO Ofu-
HAKOBA, HO BPEMs IOCTIDKEHUS PABHOBECHS Pa3HOE.

Kunetudyeckue napaMeTpnl HaGyXaHHA M XapaKTEPHUCTUKU HCCIEAOBAaHHBIX CETOK

M, vx 103, vt
O6pasen rry a Y
¢opmyina (18)| ¢popmyna (3) t=054 t=154 | t=3604
1 7700 90700 0.781/0.993( 0.0598 0.3 24.6 7.2 0.67
2 3850 68300 0.842/0.991] 0.252 0.1 25.6 84 0.50
3 1920 67000 0.837/0.978] 0.0198 04 16.1 43 0.72
4 1540 67000 0.805/0.980{ 0.0378 0.3 8.4 29 0.63
BBICOKOMOIIEKYISIPHBIE COEMUHEHUA Cepus A Tom 47 N7 2005
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JIns KOMMYECTBEHHOTO aHAN3a 3THX pa3/iM4Mid pac-
CUHTaeM CKOPOCTb HaOyXaHHA B pa3Hble MPOMEXYT-
KM BPEMEHH 110 COOTHOILICHUIO

d[ M) ]/dt = T} (r)/sz (vdt  (19)

M(e)

ITony4yeHHble TakuM OOpa3oOM 3HAYCHHUS CKOPOCTH
HaOyxaHus U1 Bcex 00pa3noB NPHBEACHDBI B TabGIu-
L€ MpHU pa3HOH JIHTENBHOCTH mpouecca t. Buano,
YTO CKOPOCTb HAOyXaHMst 3aBHCUT OT KOHLIEHTPaLUH
CIIMBAIOLIETO Ar€HTa H OT JUTUTENLHOCTH MPOLiecca.
ITpu HeGonpmmx BpeMeHax Habmrogenus (0.5 win
15 4) ckOpOCTE HaGyXaHUs CYLIECTBEHHO CHIKAETCH
npu nepexope ot oopasua 1 Kk o6pasuam 3 u 4. OpHa-
KO s oOpa3ua 2 Ha Ha4yalbHOM Y4acTKe Mponecca
OHA HECKOJBLKO BBILIE, XOTS AaHHBIA 06pa3er cogep-
KHUT B 2 pa3a Oosibllie CIIMBAIOHIETO areHTa, 4eM
o6paser] 1. 3T0 MOXKHO OOBACHHTb HCOTHOPOTHOC-
ThIO CETKH, KOTOpasi, COTJIaCHO LIUTHPYEMBbIM BBIIIIE
paboraM, MOXET HMETH ABYX(a3HyIO CTPYKTypYy.
Ha nepBoii craguu reneo6pasoBanusi GOpMHUPYIOTCA
MUKpPOreJH,  COfEpKalye HENpopearupOBaBLUHE
rpymnel MBAA. B pansHeiiem Mukporent o6nLenu-
HSIOTCS B XHMITYECKYIO CETKY 32 CYET KOHBEDCHH
yka3aHHbIX rpyni. Takas ceTka ABIAeTCS HaNpPsKEH-
HOI, ¥ HA HaYaJbHBIX CTafMsAX Npouecca HaOyxaHus
B pe3ylbTaTe pa3pbiBa MEKMOJEKYISAPHbIX (BOKO-
PORHBIX) CBA3CH NMPOHCXORUT ObicTpOE HaOyXaHHE.
IIpy GoNbIIOH MIATENBHOCTH MPOLECCA CKOPOCTh
HaOyxaHUs U3MEHAETCA AaNeKBATHO YBEJIUYCHHIO
KOHICHTPALUMH CUIMBAIOIEr0 areHTa; MpH GONIbIIOM
BpeMeHH HabmiofeHus (HanpumMep, 360 4) cKopocTs
HalyxaHus s 00pa3LoB 3 H 4 Jaxke HECKOJIBKO BblI-
1€, YeM 71t 06pa3uoB 1 u 2. DTO COMNIACYETCH € TEM,
YTO MPH TaKUX OONBLIHX BpeMEHaX HalbyxaHue o0-
pPa3LoB, COAEpXKALUX MANOE€ KOMUYECTBO CLIHBAIO-
LI[ErO areHTa, MOYTH 3aKAHYHBAETCSA, B TO BPEMs KaK
A 06pa3LOB ¢ 6ONBIINIM KOJIHYECTBOM CIIHBAOIIE-
O areHTa MpoLecc MPOJOJIXKAETCA BILIOTH A0 3360
(o6pa3en 3) u 7200 4 (oOpaser 4).

Takum 00pa3oM, uccnegyeMbie CETKH, CYs 110 Be-
naauHaM M., uMeroT GIU3KYI0 CTPYKTYPY IIPH U3Me-
HEHUH KOHIEHTpALMH CIUMBAOIIEro areHTa oT 2 fo
5 Mmac. %. OpHako, cyas o CKOpOCTH HaOyXaHHs, X
CTPYKTYypa pasnu4aetcs. Bece 310 enie pa3 ykasbiBa-
€T Ha HEOAHOPOXHOCTD NOJIy4aeMbIx ceTok. UTo ka-
caeTcs METOfa OLICHKU KHHETHYECKUX NMapaMeETpOB
npouecca HabyxaHus, TO HaM NPENCTABIAETCA, YTO
MPENIOKEHHBINA B JAHHOH paboTe Cnocos anmpoKCcH-
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Malyi KMHETHYECKAX KPHBBIX HMEET OOIiee 3Have-
HHUE U MPHMEHHUM KaK JIUIsI TBEPABIX MOJHUMEPOB, TaK

M 1A Teneil, CONepXalmx OGONbIIOE KOIMYECTBO

PaCTBOPHTENSL.

ConocTaBuM MOJIyYeHHBIE JaHHEBIE C pe3yIbTaTa-
MU TE€OPUH H 3KCIICPUMEHTA, NIONYyYEHHBIMH B pabo-
Tax [38—42]. B pa6ote [38] u3yueHO BAHSIHUE KOH-
LEHTpaMHu cimBaroulero arenra MBA A #Ha Mopyib
yIPYrOCTH M BEJIMYUHY M, OLICHEHHYIO HAa OCHOBa-
HHU 3TOro Mopynsa. HaiieHo, 4To Jiist monmakpuna-
MUJHBIX THAPOTreNied NpH KOHLEHTPALMY CIIHBAIO-
miero areHTa ~3-7 Mac. % u o6uei KOHIICHTPALUY
MOHOMEPOB ~7 Mac. % BenuyuHa M, ocTaeTcs npu-
MEPHO MOCTOSHHOW. AHAJOrMYyHas TEHJCHLUS Ha-
6mopaerca U B Haulel padore. B cepun gapyrux pa-
60Tt [39-42] HaiigeHo, 4TO KoahunueHT auddy3un
3aBHCHT OT (bOpMBI OOpPA3LOB IeJid U pa3jimyaeTcs
ans cpep, AUCKOB U cTepkHed. Hanboee BaxKHBIM C
Hallleli TOYKHU 3PEHHA SIBIAETCA TOT 3IKCICPHMEH-
TanbHbIA PaKT, YTO KO3PPuuueHT grudPy3un 3aBu-
CHT OT CTENeHH HaOyXaHHUA, T.€. 3aBHCHT OT BPEMEHH.

[MepeiteM Tenepp K pe3yibTaTaM TUCTONOTHYEC-
KMX HCCIICAOBAaHMI MONy4YEHHbIX THAporenci. O0-
pa3ubl rugporeneii sBopmwin 30 6enbiM 1abopatop-
HbIM KpbicaM JuHun VISTAP nyreM unbexumii mog-
KOXHO B MEXKIIOMATOYHYIO o0nacTh B KOJHYECTBE
0.5 M. Yepes 3, 7, 14, 21, 30 u 90 cyTOK KHBOTHBIX
BBIBOJIMIM U3 onbiTa. O6/MacTh UMIUTAHTALIMH H3y4a-
JI¥ BU3yaJIbHO (MAKPOCKOMWYECKH). 3aTEM I'eJib C OK-
pyXaloled TKaHbIO (PUKCHPOBANU B HEUTPAIBLHOM
10%-10oM popmanune u 3anusand B napacdus. [Tocne
3TOr0 H3rOTABIMBAJIM CPE3bI TONLHUHOH 4 MM, KOTO-
pble OKpAIMBAJIM FEeMATOKCHIHHOM H 303HHOM U
HA3yYaJId HA MEKPOCKOIIE.

HccnepoBanus nokasanm, 4YTo 4yepe3 3 CyTOK Bce
0o0pasipl refisi OCTABANUCh NMPO3PaYHbIMH H UMENH
TaKYIO XK€ BA3KOCTh, KaK A0 HMIUIAHTALUH, IPHYEM
COEMHUTENbHO-TKAHHAsl KaNCyla BOKPYr Tenid He
06pa30BbIBANACH (CIEAYET OTMETUTD, YTO 0Opaser 1
10 CTPYKTYPE COOTBETCTBOBAJ IEJIAM MEAHLIUHCKOrO
Ha3Ha4yeHUs, U3y4eHHbIM panee [43]). O6pasen 1
(HU3Kast CTENEHb CINMBKH) BbI3bIBAN HETATHBHYIO
TKaHEBYIO peaklUio U oOpa3oBaHHE phIXNOi (ubd-
PO3HOII Karncyanl. B To 3ke Bpemd yepe3 7 CyTOK Ma-
Kpodaruyeckue o0pa3slpl renei 2-4 coxpaHsuid nep-
BOHAYAJIBHYIO NPO3PAa4HOCTh, BOKPYT refiga oopaso-
BbIBaJIach TOHKasi (pUOpO3Has Kancysa, KIEeTOYHAst
HHOUIbTpaLMs B Hell oTcyTcTBOBana. Kancyna Bo-
Kpyr obpasua 1 yepe3 7 CyTOK nocie UMIUTAHTALUU
N7
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relist COCTOANA U3 He3pesol rPaHyIAIMOHHOM TKaHH,
B KOTOPO¥ BBISIB/ISJIACh BOCHAIUTENbHAS PEAKIHS B
BHI€ OTEKa JIMHONUTApHON wHAmwmupsuud. K 30-m
CyTKaM MMILIAHTAT NPENCTABIIAN COOOM NEHANUCTRIE
KOHIJIOMEPATHI, MEpEMeRKaoMecs Makpodaramu,
BOKpPYT O0pa30BLIBANACH COEAMHUTENBHAS KAMNCyJIa.

Y o6pa3uos rens 2-3 k 30-M cyTkaM Karncyia oc-
TAeTCsd TOHKOU. I'enb mo-npexxHeMy He mpopacraer
COETUHUTENBHON TKaHbIO. ¥ Oo0pa3ua 4 K 14-M cyT-
KaM MaTepHaJl yXKe HE SBIAETCA FOMOIMEHHON Mac-
COMH, OH pa3eiicH Ha (parMEHTbI H TOHKHE TSKH,
MEKAY KOTOPbIMH BUHBI IPOHUKAIOMIKE B relb KJie-
To4yHble 3aeMeHThL. K 30-M cyTkam rens pacnagaer-
¢s1 Ha (pparMeHTHL.

Takum 06pa3omM, Haubosiee GIM3KUMH MO TKaHE-
BBbIM PEaKLUsSM K relisiM, CHHTE3HPOBAaHHBIM paHee ¢
NPHMEHEHHEM Y-00/y4eHHs, SIBIISTFOTCS COiepaKallne
NMoBHAProji o6pasipl 2-3, NONIyYEeHHbIE B HACTOALIEH
paboTe. 3TO CBHAETENBLCTBYET O TOM, YTO /S PUTO-
TOBJICHHS THAPOTENEl MEJULMHCKOrO HAa3HAYCHHs
MOKHO OOOHUTHCH H 0€3 Y-00/Iy4eHHs, HO C LENBIO HX
CTEpHIIM3aLHH CNIEAYET BBOXUTh MOBHAPTON B PEaK-

IHOHHYIO CPeRy.
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Swelling of Polyacrylamide Gels Used in Medicine
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ul. Krasnobogatyrskaya 42, Moscow, 107564 Russia

**Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences,
ul. Vavilova 28, Moscow, 119991 Russia

Abstract—The kinetics of swelling was studied for polyacrylamide gels used in medicine. These gels have a
varying concentration of a crosslinking agent (N, N'-methylenebisacrylamide) and contain a small amount of
poviargolum, a dispersion of colloidal silver stabilized with polyvinylpyrrolidone. An apparatus for describing
the kinetics of swelling is provided,; it is based on consideration of this process as a relaxation process with the
diffusion coefficient changing over time. The average molecular mass of interjunction chains was estimated,
and the network was found to be rather imperfect. As the proportion of the crosslinking agent increased from
1 to 2 wt %, the molecular mass of linear chains between the network junctions increased to remain approxi-
mately constant with the further increase in the amount of the crosslinker from 2 to 5 wt %. In the range of high
crosslinker concentrations, only the swelling rate varied; the amount of free and bound water in the gel also
remained virtually unchanged. A histological examination of the hydrogels thus synthesized showed the gels
to be applicable for medical purposes. The required crosslink density in these gels is achieved by selecting the
corresponding concentration of the crosslinking agent, and sterilization is ensured by the introduction of pov-

iargolum.
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