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AnaHOTa U

MeTom0M s11€PHO-MArHUTHOTO PE30HAHCA ITOKA3aHO, ITO 06paboTKa KepATHHOBBIX BOJIOKOH
HEPABHOBECHON HU3KOTEMIIEPATYPHON I171a3MON IPU MOHUKEHHOM JIaBjaeHu: B ruaApodobHoM 1
ruapodUIHHOM PEKUMAX BeJeT K YBEJIMUICHUIO U IepPepacIpeeIeHni0 CBOOOIHOTO 15T MOJIe-
KYJASPHBIX IBUKEHUI MTPOCTPAHCTBA KaK MO BCeMy 00bemy amopdHOii (a3l B TTOBEPXHOCTHOM
c0e, TaK W B IJIOTHOYMAKOBAHHBIX TIIYOMHHBIX CI0siX. B rumpodobmom pexkmme 00pabOTKU
ITPOIIECC Pa3PBIXJICHUsT TIOBEPXHOCTH 3aKAHYNBAETCS (DOPMUPOBAHMEM TPOUHBIX TTOTIEPETHBIX
CB$I3€l, OTPAHUYMBAIOMINX JTOCTYI K 00pa30BaBIINMCS ITYyCTOTAM Pa3JIMIHOrO MacmTaba m 1mo-
HUXKAIOMUX TUOKOCTh KEPATUHOBBIX BOJIOKOH.

KuroueBblie cjioBa: MeTOI si/IEPHO-MAarHUTHOTO PE30HAHCA, KePATHH, HEPABHOBECHAS HI3-
KOTeMIIepaTypHas IIa3Ma, MOTEKYIIPHAs MOABUKHOCTh, MOJIEKY/IsPHAS YITAKOBKA.

BBenenue

IIpu o6paboTKe HETKAHBIX MATEPHATIOB UCIOJIb3YETCsl HEPABHOBECHASA HU3KOTEMIIe-
parypuas miasma (HTII) seicokouacrornoro (BY) paspsia MOHUIKEHHOTO JABJICHUS,
XapakTep BO3IEHCTBUS KOTOPOil Ha MOAUMUIMpPYEMbIE MATEPUAJIBI UCCJIEIOBAH HEIO0-
CTATOYHO TOJTHO. B TO Ke BpeMsa NpuMeHeHne UMTYIbCHBIX MeToauk AMP nosroager
U3y4daTh MOJIEKYISIPHYIO CTPYKTYPY U MOJIEKYISPHOE JIBUKEHUE B IMUPOKOM JTHANA30HE
gacror [1, 2|, uro no3possier noaydars undopmanuio o mexanuzmax posuelicrsus HTTI
Ha MOJIEKYIsIpHOM ypoBHeE. B 310t cBa3u meromom AMP-penakcomerpun mpoBemeHb
UCCJIeOBAHNUS BIUSHUS PA3IUIHBIX PEKUMOB TIJIa3MEHHOM 00pabOTKY HA CTPYKTYPHO-
nunamuaeckoe (CJI) cocTosiare KepaTHHCOAEPKAIIUX BOJIOKOH.

Uccnenopanuch 0Opa3ibl BOMIOKA TEXHUYIECKOTO MOTYTPYyOOIIepCTHOT0, OCHOBY KO-
TOPOro cocTapJisger mepcTb Harypasibhad (~ 90%) ¢ mobaBiieHreM XUMUYECKUX BOJIO-
ko (~10%). Monudukanus marepuasa nposoxusnacs 8 HTIT BY-emkocrHoro pas-
psga TOHWXKEHHOTO JABJIEHUS TPU PA3JUYHBIX pPERUMaxX 00pabOTKHU, MO3BOJISIOIINX
MOJIYYUTH 00pa3Ibl, 00IaJAI0NINe IPKO BBIPAYKEHHBIMU TUAPOMUILHBIMU WA THIPO-
dbobubIvMEI croiicTBamu [3].

UccnenoBanust MONEKYIAPHON MOIBUKHOCTHA BOJOKOH MTPOBOIMIINCH HA J1aDOPATOP-
mom AAMP-penakcomerpe na sapax Bomoposa na dacrore 19 MI' B remneparypaom un-
teprasie ot 20°C no 180°C c marom 20 °C myTem anajn3a COOTBETCTBYIOMINX KPUBBIX
BOCCTAHOBJIEHUS] HAMATHUYIEHHOCTH, MOJYYEHHBIX M0 aBTOMATH3UPOBAHHON METOInKe
180° — 7 —90° [4], n camos cBoGoauoii nHayKimn (CCU), nmeromux cioxkHy0 Hhopmy.
Hmurensaocts 90°-ummnynbea maboparopuoro AMP-perakcomerpa cocraiisina 3.5 MKc,
BpeMs napasiusanuy (He9yBCTBUTEIbHOCTH ) IPUEMO-TIEPEJAIONIEro TpakTa — 7 MKc. s
omucanus (Gopmbr CCU ucnomb30Baioch oT ABYX 0 TPEX BPEMEH PeIaKcalliu, CaMoe
KOPOTKOE M3 KOTOPBIX XapakTepu3oBaso Havaabubiil yaacrok CCU, cooTBercTByommii
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Puc. 1. Temneparypras 3aBuCHMOCTb BpeMeH 1%; (@) U COOTBETCTBYIOIINX MM HACETCHHOCTEMH
P»; (6) monepeunoil amepHOl MArHUTHON penakcanmum KOHTPosbHOTO (1, 2) m o6paboTanHbIX
B ruapoduasaoMm (la, 2a, 3a) m ruapodobuom (1b, 2b, 3b) pexkmmax o6pasnos Boimoka: 1, la,
1b — mapamerpsr 6onee mogsmkHOi (epsoit) daszer (121, P21 ), 2, 2a, 2b — mapamerpsl Menee
noaBmkHOM (BTopoit) daset (Th2, P2 ), 3a, 3b — napamMeTpsl mpOMeKy TOTHON UIH MOr PAHIIHOM
(Tperneit) dbazpt (Ton, Pox )

rayccoBoii mian OJM3Ko#M K Heil (opme JuHUK, HAUOOJEe JINHHOE W MPOMEKYTOTHOE
Bpemena onucbiBau nocyueayomuiit xox CCU, npubau3urenbHO COOTBETCTBY IOMIUN J10-
penrnesoit popme nuaun JdAMP.

1. PesyabTaThbl uccijemoBaHmii

Awnanus temneparTypHON 3aBUCUMOCTH TApaMETPOB MONEPEYHON AIepHON MaruuT-
Hoit penakcanuu (puc. 1) nokassiBaer, uro CJI-cocTognue UCCIeIOBAHHBIX MATEPUATIOB
MOXKHO OTMHCATh Kak cynepro3uruio npyx mwin tpex CI-da3. Kaxmas u3 da3 xapaxkre-
pu3yercs BPEMEHeM siJIEPHON MArHUTHOM pesiakcaiuu Th; U HaceJeHHOCTbIO Po; (coot-
HOILIEHUueM 4ucia pejakcupyomux B cocrase 3tux CI-das anep Bogopona). [Ipu srom
nabmogaemas CJI-HeoTHOPOIHOCTH 00YCIOBIEHA B OCHOBHOM OCOOEHHOCTSIMU CTPOEHUSI
MIEPCTAHOTO BOJOKHA. MopdOJIOrnieckn OHO COCTOUT U3 HAPYIKHDLIX CJI0EB (KJIETOK K-
TUKY/IbI) U BHYTpeHHWX objacreil (Koprekca u cepiuesunbl). KyTukyna coctour us
CILIIOIIEHHDIX, HAJIETAIOIIUX OJHA HA APYIYIO KJIETOK (Yellyek), KOTOPbIE KPEIKO CBs-
3aHBI JIPYT C APYLOM ¥ C HAXOJAANUMCS BHY TP KOPKOBBIM cyioeM. Koprekce u cepieBuna
dopMupyIOTCa n3 6ETKOBBIX JOMEHOB MPEUMYIIECTBEHHO TIOOYASIPHOTO THTIA.

O1HAKO BCE CTPYKTYPHBIE 3JIEMEHTHI BOJIOKHA C(OOPMUPOBAHBI U3 TOMOJIOTUIHBIX TI0
COCTaBY (v-KEPATMHOBBIX 0OEJIKOB pasjuaHoil rubkoctu. [losromy npu Cll-ananmse na
MOJIEKYTISAPHOM ypPOBHE MOP(OIOrndecKasi CTPyKTypa BOJOKHA ILI0X0 PA3IMYUMA, a BCE
HADJII0IaeMbIe 3aKOHOMEPHOCTH COOTBETCTBYIOT TPOIECCAM, BO3AEHCTBYIOIINM B OCHOB-
HOM Ha JATbHUI KOH(MOPMAIMOHHBIH TOPAI0K O6eaKoB. KpoMme TOoro, moumnenTuabe
1enu O0bIYHO COMIEPIKAT YKECTKO CBA3AHHBIE U (WJIK) TPOCTPAHCTBEHHO U30JIMPOBAHHDIE
MOJIEKYJIbI BOJBI, & TAKYKE OJIATOMEPHBIE U CBODOIHBIE KOHIIEBBIE IIETIH.

Xapakmep USMEHEHUA NOAYUEHHBT DEAGKCAUUOHHBIL NAPAMEMPOE ONPEIEAAEMCA
MEMNEPAMYPHHLM UHMEPEAAOM U cocmoanuem obpaszya. U3 puc. 1, a BuaHO, 910 3HA-
YeHusl KOPOTKUX BPEMEH s/epHOii MaruuTHOl penakcanuu The (dasa c Homepom i = 2)
BCEX WCCAEJOBAHHBIX MaTEPUAJIOB TPAKTHYECKH COBMAIAIOT, TO ecth CJ[-cocmoarnue
0cHO6HOT Macco, 6oaokna (ezo owcecmroyennoti u (uau) domennol cmpyxmypo.) He
MeHnaemcs nod eozdeticmeuem paduayuorHot sHepzuy. OTHAKO TPOTOHHAS JOJIST ITUX
IJIOTHO YIIAKOBAHHBIX (PPArMeHTOB ( «2eAb-paKyuus) B KOHTPOJIBHOM U TUAPOQUILHOM
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obpasuax (Pao, puc. 1, 6) 3aBUCUT KaK OT TEMIIEPATYPBI, TaK W ycJoBuii Moauduka-
mnn. B 1o ke Bpems Pso ruapodoOHOTO Marepuasia He MEHSeTCs BILIOTH J0 00IacTh
(> 160°C). IIpu atrom nabarodaemvie pacrosicoenus mesicdy snanenuamu Py npu t0 =
= 100°C daa 00pa3uyo6 60TUAOKA 6 PABAUNHBLEL COCTNOAHUAL (puc. 1, 6) no abcoarommnot
BENUMUHE OAUSKU K PASAUNUAM MO CMENEHU 2udpodusvHocmu mexrcdy moduduyupo-
BAHHHMU U KOHMPONLHBIMU 00PA3UAMU.

Ermme 6omee pa3zHooOpa3HbIM OKA3BIBAETCS TEMIIEPATYPHOE TOBEICHUE MapaMeTpPOB
6ouiee noaBuKHOI (basbl (onuchiBaeTcs JyuHHEbIMU Bpemenamu Th1(i = 1)), K KoTOpOii
OTHOCATCs MEHee CTPYKTYpPUpOBaHHble, uiu Gosee rudbkue, hbparMeHTsl BoJoKHa (1015
KOTOPBIX €CTh Py ), a TakyKe HU3KOMOJIEKY/IAPHbBIE pUMech (BCe OHU 00pa3yIoT YCA06-
HYI0 «3045-Ppakyutos). Kpome TOro, B HEKOTOPBHIX TEMIIEPATYPHBIX JIUATIA30HAX HAOIIO-
naercst tperbs CJI-da3za ¢ mapamerpamu 1o, u Pop. OHa 3aHUMAET TPOMEKYTOYHOE
HOJIOZKEHUE MEXK/Iy JABYMs OCHOBHBIMU (ha3aMu He TOJBKO 110 MOABUKHOCTY (3HAYEHUSIM
Ty ), o u 1o ocobennocrsim coero CJ/I-noBenenus (puc. 1), 3aBucsiiero or remmepa-
TYPHOTO JUANA30HA W pexkuMa Mmoandukanmn oopasa. B mesom o0HAPYKEHO YeThIpe
TEMIIEPATYPHBIX [HATA30HA C PA3IUYHBIM TIOBEJIEHUEM PEJIAKCAINOHHBIX MapaMeTpPOB
pomokor: 0 < 40°C (I); 40°C < tY < 100°C (II); 100°C < t° < 160°C (III);
t® > 160°C (IV). Jdmanaszon IV coorsercrsyer CJI-pasienenuio o6pasia Ha BBHICOKO-
U HU3KOMOJIEKYISPHBIE KOMIIOHEHTDI, MIPUYEM B KAYeCTBE MOCJIeIHUX Haubojee Bepo-
SITHBIMU J1Jisi OEJTKOBBIX CHCTEM SIBIISIIOTCS MOJIEKYJIbI BOJIbBI, YKECTKO (DUKCUPOBAHHBIE
noJMnenTuAHbIMY nensavu (1o kpaitueit mepe npu 180 °C 3uadenus Py COCTABIAIOT:
JIJIs KOHTPOJALHOTO 06pasna — 10%, mua ruapodunsroro — 16%, maa ruapodobHOro —
8%). Ocranbuble auana3oHbl cBa3anbl ¢ Menee macinTabubivu Cl-pasnuuunsamu (npe-
UMYIIECTBEHHO B IIOJIMMEPHOl CTPYKTYDE U ee JMHAMUKE), KOTOPBIE BbISBJIAIOTCS [IPU
6osee HU3KUX TemMIeparypax. l3MeneHue ciekTpa MexKMOJIEKYIsTPHBIX B3aUMOeHCTBI
(MMB) no mepe pocra temneparypbl (I — II — III) cnocoGeTBYET HE TOJIBKO yBE-
JINUEHUIO WHTEHCUBHOCTHU (SHEPIUU) MOJIEKYISPHBIX JBUNKEHUH, HO U (HOPMUPOBAHUIO
HOBBIX obJsiacTeii cBobomnoro oowema (CBQO), panee orpannveHHbIx geificTBueM CBA3ei
coorBeTcTByIoIIel npupoabl. CiescTBHeM 5TOr0 CTAHOBUTCS BOSHUKHOBEHUE HOGHLL MOJ
MONEKYAAPHOT NOJBUHCHOCTU, NTIS PEATH3ANNNA KOTOPBIX pAHEe He XBATAIO WU KUHe-
TUYECKOW SHEPTUH, U CBOOOIHOTO 00beMa.

B «rpexdaszubixy KOMIO3UIuAX (K KOTOPHIM OTHOCATCSA TOJHKO MOAUMDUIUPOBAH-
ubie 06pasiel) B unrepsase or 60 °C g0 160 °C mabmomaercs nepepacipe/ieienne 3ua-
genuii Bpemen u nacenennocreii Becex Tpex CJI-da3 y ruapodunbHoro u 3uadenuii Poy
n Py y ruapodobHOro obpasios B COOTBETCTBHH ¢ HOPMHUPOBOYHBIM COOTHOIIEHHUEM
Py + Py + Py = 100%. Takum o6pasoM, y MoaudAMIPOBAHHBIX 00PA3I0B MPOIECC
TeMIepaTypHOil AKTUBAIINY JBUKEHUN MEIKOMACIITAOHBIX CTPYKTYPHBIX €JIUHUI] B WH-
tepsage ot 20°C mo 100 °C compoBoXKIaeTCs BBIICICHUEM U3 00IIEr0 MacCUBa CIIEKTPA,
MOJIEKYIAPHOM TOABUKHOCTH OTHOCUTEbHO yeroianBoit CJI-o6mactu, KoTopast mposiB-
JIIETCS B BHIE TEMTIEPATYPHOTO TIATO Ton u Poy . VI3BeCTHO, ITO BOBHUKHOBEHHE ITOI00-
HOIO OTHOCHUTEJIHHO HH3KOTEMIIEPATYPHOIO IIJIATO B TMOKOIEMHBIX TOJUMEPAX CBA3AHO
C HAJIMYUEM [EHTPOB «JIMHHOIEIIOUEUHBIX> PA3BETB/CHUI (C JIJIMHOMN, MPEBLIMAIONIei
JTMHY CErMEHTA TP JaHHO Temrueparype). IIpu 3ToM UX MIOTHOCTH U (MJIK) CBA3HOCTD
MPOMOPIMOHAJILHBI TPOTSIKEHHOCTH TIATO Toy W Poy MO TemmepaTypHOil mkase [7,
8], T51 u P> XapakTepusyor HOBeJeHUe KOHIEBBIX (DPArMEHTOB B COCTaBe JIMHEIHBIX
neneil u (MJM) KOPOTKOLEIOYEUHBIX PA3BETBJICHUI, JJIMHA KOTOPBIX MEHBIIE JJIUHbBI
CEerMeHTa.

B kepaTWHOBBIX BOJIOKHAX AHAJOTMYHO PA3BETBIEHHOW CTPYKTYPE THOKOIEMHBIX
MaKpPOMOJIEKYJI MOTYT BeCcTH cebs He TOJIHKO aMOpdHBIE 00JACTH MEKIOMEHHOTO U
MEKBOJIOKOHHOTO MTPOCTPAHCTBA, HO 1 (DPATMEHTHI ¢ HAPYIIEHHON CUpaTbHON KOHDOP-
mvarmeit. I[IpeanonokuTesbHO 9TO - JOKAIbHBIE YIACTKHU Teneil ¢ MI0CKON yImaKOoBKOii,
AHAJIOTUYIHbBIE CKIAIIaTol KoHdopMarun (F-keparnna. [lomobmbre ¢pparMenTsl, ¢ OHOMN
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CTOPOHBI, MOBBIMAIT Ae(EKTHOCTh HANDOJIEE MIOTHO YHAKOBAHHBIX (-CTPYKTYD, & C
IPYroii — IpH 3HAYUTENHHON CBOEH KOHIIEHTPAIINKA CIIOCOOHBI 0OPA30BBIBATD TOMEHDI
(dusuveckue y3ibl) € HOBBIMIEHHBIM YPOBHEM MEXKMOJIEKY/IAPHBIX B3aUMOJIEHCTBUIA,
OTJIMYHBIE OT OCHOBHOI JOMEHHOI CTPYKTYpPhI BOJIOKHA. B COBOKYITHOCTH 3TO TPUBO-
JIUT K TIEPECTPOEHUI0 MAKPOMOJIEKYJISPHON KOMIOHEHTHI (JIOMEHOB) KYTHKYJIBI BJIOJb
BCEro KOHTypa BojioKHA. U, cyas mo moBeaeHmio Tgn(to), To1 n 3nauenusam A Pss, 06pa-
bomxa 601A0KG 6 2udPOPHUALHOM PeEdcUME CNOCODCMEYEm GOAbULEMY <PA3PBLTACHIUIOS
cnupasvroli ynaxosxu u (uau) yeeauuenuto cpedueti paszeemeaeHHOCU MAKPOMONE-
KYA, uem npu obpabomixe 6 2udpodobrom pescume. Imo coomeememaeyem pocmy oAU
€60000H020 00BeMa U €20 JOCMYNHOCTIU, MO €CTND YEEAUNEHUIO CIMENEHU TOPUCTOCTIU
BONOKOH, YMO U MONCEM 00BACHUMD B03POCUWYI0 2UIPOPUALHOCTIL 00pA3Ua.

Xapakrepuo, uro B uarepsaje 100—-120°C nabmwogaercsa C-o0bennaenne mpome-
kyrounoit CJI-da3wl ¢ onHONW U3 ABYX OCHOBHBIX MaTpudHbIX (a3 Boitnoka. OpHako
HANPABAEHUE FTMO20 NPOYUECCH ONPEIEAALMEA PEAHCUMOM 00PAbOMKL U, COOTBETCTBEHHO,
M3MeHUBINelicst cTPYKTYpoit MomndurmpoBantoro marepuaia: Top — To1 (Pon — Pop)
B ruapodobHom obpaste u Thy, — Toe (Poy — Po1) — B ruapodwuabrom. ITpn sTom
JMAJBHEHINUN POCT TeMIepaTyphbl MPUBOIUT K HOBOMY CYIIIECTBEHHOMY YBEJIUYEHUIO MO-
JIBUZKHOCTH «00beIuHEeHHON» Heynopsaaodentoii dbasbl (Th1) B ruapodobHOM BOilioke
BILIOTH JI0 HOBOT'O, BBICOKOTEMIIEpaTypHOro, miaro npu 140-160 °C, B To Bpems Kak B
ruapodUILHOM 00pa3ie aHATOTHIHOE TIATO (POPMUPYETCs MPH TeMIepaTypax CBBIIIE
100 °C. Bouee Toro, hopmupoBanue maato Tb; B ruapodoOHOM 00pa3Ie COmpOBOXK IALT-
csa HoBbiM C/I-pazmemennem amopdHOil ha3bl U MOSABICHUEM TEMIIEPATYPHO-3aBUCUMOIL
obmactu byakmma Ty (t9).

Bce aro siBnsierca cieacrBuem GoJiee MUpOKOro U MEHee OJHOPOIHOIO CIEKTPA MOJIe-
KyJIAPHON TOABUKHOCTH aMOp@HO# (a3l ruapodoOHOro MaTepruaaa mo CpaBHEHHUIO C
ruApoUIBLHBIM, YTO 00YCJIOBJIEHO 00Ae€e 8bLCOKOT CTNPYKMYPHO-MONO0A02UNECKOT He0d-
HOPOdHOCTBI 2udpodobrozo obpasuya. Cymst mO pa3HUIE 3HAUYEHUN HACETEHHOCTH Pho
ruapodo6HOro u ruapoduaLHOro 06pasnos (AP ~ 10%), onenusaemoii Ha BepxHEM
npejiesie TeMrepaTyp MaKCHMAaIbHOIO Pa3perieHus TOMOJOTHIeCKOH CTPYKTYPhI Kepa-
TuHOBBIX BOJIOKOH (~ 100 °C), deusicenue oxono mpemu (om obueti Konmyprot daumvl)
Pa3ynopadoeHHbLT YHacmros yeneti 2udpodhobHozo Mamepuasa KOHMPOAUPYEMCA Y34a-
MU pazeemescnud u (UAUL) CUUESKU.

Ha puc. 2 nmoxazanbl pe3yabTaThl UCCIEIOBAHNN TIPOJIOJBHON sIIEPHON MAarHUTHOI
penakcanuu. V3 pucyHKA BHIHO, 9TO OTHOCHTENLHO y3Kuii s 1) TemmneparypHbIii
JIHAMTAa30H COOTBETCTBYET OOJACTH mepernda MexKIy JABYyMs COCETHUMEH MUHUMYMAMU
dyukuun T (t°) Bo Bcex obpasnax BOIJIOKA, YTO B HEPBOM HPUOJIUZKEHUH KOPpPeJiu-
pyer ¢ HEOJIHOPOIHOCTHIO MAapaMeTpoB TOmepedHol penakcarmuu (puc. 2). [Ipu s1om
HEHADJIIOMAEMbINl HU3KOTEMIIepaTypHbIii MuauMyM 1) dhOpMaIbHO XapaKTepU3yeT Mo-
JIEKYJISAPHYTO0 HOJIBUMKHOCTH MEJIKOMACIITAOHBIX (CerMeHTaJlbHO-IPYIIIOBBIX WU COIO-
JIUMEPHBIX ) MOJI MOJIEKYJISPHOI [OBUKHOCTH, & BLICOKOTEMIIEPATYPHBIA — KPYITHOMAC-
mTabHble MObI.

Cyns no HAJIOXKEHUIO APYT HA IPYra HU3KOTEMIIEPATYPHBIX BeTBell (byukiuii 1) (to),
MEJIKOMACIITA0HBIE MOBI KOHTPOJIBHOTO U TUAPOMUIBHOIO 00pa3IoB OJU3KH 10 CBOUM
C-napamerpam (pa3MepaM COOTBETCTBYIOIIErO UM PEIAKCATOPA U €r0 MOJBUKHOCTH).
HecoBnasienne Temmeparyp Mpe/InoaraéMbIX BBICOKOTEMIEPATYPHBIX MUHUMYMOB 17
dopMaTBEHO 0OYCIOBICHO HATHYUEM CYIIECTBEHHBIX PA3IUYN B pa3Mepax KPymHOMAC-
MITAOHBIX TOJUMOJIEKYISIPHBIX CTPYKTYP, KOTOPHIE JOJYKHBI OBITH 3aMETHO OOJIBIIE U
(unm) MIOTHEE YIAKOBAHBI B KOHTPOJBLHOM 00pA3Ie MO CPABHEHUIO € TUAPODUIHHBIM.

Onnako nosenenne dynknuu T4 (t°) ruapodobroro obpasna mpesmosaraeT HaIu-
9He BBICOKO- W HU3KOTEMIIEPATYPHOTO MUHUMYMOB 17, PACIOJIOKEHHDBIX CYIIECTBEHHO
BBIIIIE U HUYKE, 9eM COOTBETCTBYIOIINE MUHIUMYMbI KOHTPOJILHOTO U THIPODUIBHOIO 00-
PA3I0B. DTO CBUAETEIbCTBYET 00 OJHOBPEMEHHOM MOSIBJICHHE HAMHOIO MEHEe U HAMHOTO
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Puc. 2. TemneparypHas 3aBUCHMOCTH BpeMeH 1’| NpPOAOJBLHON SAepHOU MArHUTHOM peIaKca-
nuu koHTposbHOrO (1) m o6paborannbx B runpodunsaom (2) u ruapodobrom (3) pexmmax
00pasIoB BOMTOKA

boJtee MacCITabOHBIX TUHAMUYECKUX eJUHUI] B THAPOMUILHOM 00pa3Ile Mo CPABHEHUIO C
KOHTPOJILHBIM U THAPOMUILHBIM, 9TO XapAKTEPHO JIJIs TPOIECCa CIIUBAHUA (CTPYKTY-
pPHUPOBaHUsA) aMOPQHBIX KECTKOIEIHBIX OJIUTOMEPOB HU3KOMOJIEKYISAPHBIMU OTBEPIUTE-
aamu [1, 2, 10]. Haauwue cwueok 6 amopdnoti dasze u (uau) mesrcdy dazamu, maxoice
nodmeepoicdaemoe nosedenuem napamempos nonepeunoti peaarcayuu (puc. 1), moocem
00BACHUMb HabAIAEMOE CHUMNCEHUE NPOHULAEMOCTNU G0TUAOKE, MOOUPUUUPOBAHHOZ0 8
2udpoobrom pesrcume.

B 10 xe Bpems HEOOXOAMMO WMETh B BUIY, YTO B 20MOA02UYHHLE 00pasuar OJI0Y-
HBIX TMOJTMMEPOB U3MeHeHue mpoduis reMneparypHoit 3apucumoctu 17 XapakTepusyer
OTHOCHTEJIbHOE U3MEHEHHE He TOJBKO U HE CTOJHKO PA3MEPOB, CKOJIBKO YCIOBWI st
npuzkenus coorsercrByonux CJl-equnuir u mpexkae BCEro MUHUMAILHO HEOOXOIUMO-
ro JJIs peaju3aliuu JTaHHOW MOIbI CBOOOIHOTO oObema. [lodromy B HAOMIOZAEMYIO HA
puc. 1 u 2 KapTUHY BHOCUT CBON BKJIQJ ¥ U3MEHEHWE MIOTHOCTH yrakoBku CJl-eaummuir.
B 04unHOuenoueunvls MOAEKYAAPHHLE CUCTMEMAT IMO MAKIHCE NPEONOAA2AEM USMEHE-
HUE YCA08ULL OAA PEANU3AUUY KOHPOPMAUUOHHLE NEPeT0dos U, COOMBEEMCMBEHHO, 2Ub-
KOCU MAKPOMOAEKYAAPHOT Yenu. TloaTomMy HADIIOIAEMbIE CABUTH B TOJTOKEHUU HI3-
KOTEMMEePaTyPHBIX MUHUMYMOB 1) TIPEUMYIIECTBEHHO XapaKTepU3yioT OTHOCUTEIHLHOE
u3MeHeHne CBOOOIHOrO 00bemMa, HeOOXOMMMOrO JIJIT MEJTKOMACIITAOHBIX MOJIEK YIS PHBIX
JBUKEHUi (B 3TOM CjIyvae NOHUKEHUE TEeMIEePaTypbl MUHUMYMa COOTBETCTBYET YBEJIU-
YeHUI0 CBOGOJHOrO 06bema), a CMEIIeHHe BbICOKOTEMIIEPATYPHBIX MUHUMYMOB MOXKHO
TaKzKe TPAKTOBATh KAK U3MeHeHue rubKOCTHU e KOPTeKca (TO eCTh YBeJUYEeHUe TeM-
meparypbl MUHUMYMa, 1] CBHIETEIHLCTBYET O POCTE pa3Mepa KHHETUIECKOTO CErMEHTa,
COOTBETCTBYIOIIErO AUHAMUKE KEPATUHOBBIX TIETEN ).

[Mo-Buanmomy, Oaaromapsi pa3ynopsiounBanmi0 amopdHOii (hasbl mepepacipeiese-
Hre cBOOOTHOrO 00beMa B MOBEPXHOCTHBIX CIOAX OOJee THAPOMPUILHBIX BOJOKOH ITPO-
HCXOJUT paBHOMEpHEee, 4eM B ruApoOOHBIX, B TOM YUC/IE€ U B MAKPOCKOIMUIECKOM MAaC-
mrabe. Ilocmemree cOOTBETCTBYET POCTY MOPHUCTOCTH THAPOPUILHOrO obpasma. B rum-
podobHOM 00pa3Ie BCAEACTBUE CITHBAHWSA KYTHKYJIbI 9aCTh €€ CBOOOIHOTO 00hema u3
obJ1acTeil ¢ HEMPEPBIBHBIM PACIPEIEIEHNEM MaKPOCKOMMYECKOTO MACIITaba MEPEXOTUT
B JINCIIEPIUPOBAHHBIE MUKPOCKOMUYECKHE 00bEeMbI, PACTET KECTKOCTh MU BOJOKHA U
OTPAHMIUBAETCS TOCTYIT K MEKPOCKOIUYIECKNM 30HAM CBOOOIHOTO oObema. B pesynbra-
Te PACIHINPEHHs PACIpeaeeHnsi CBOOOIHOro 00beMa o pa3MepaM B 001aCTh MAJIBIX €ro
3HAYEHUI TeMTIepaTypHas 3aBUCUMOCTH CBOOOTHOTO 00'beMa CTAHOBUTCS OOJIee TIIIABHOIM,
YTO U OTPAKAETCS HA TMOJOKEHUN HU3KOTEMIIEPATYPHOTO MUHIMYMa, 1] THApodh0OHOrO
obpasra.
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Bozgeiicreue HTII npuBoauT K mepepacrpeeseHuio OOIero u yBeJIudeHuo 3¢-
GEKTUBHOTO CBODOAHOTO OOBEMA B HEJOCTATOYHO YIOPSIOYEHHBIX U HPUMBIKAIOIIIX
K HUM O0JIACTAX BOJIOKOH. DTO COOTBETCTBYET «Pa3PbIXJIEHUI0» (YMEHbIIEHUIO [IJI0THO-
CTH) MAKPOMOJIEKYJIAPHON YIIAKOBKU B KyTUKYJIE W MPUJIETAIONINX K Heil BEPXHUX CIIOAX
Koprekca. Pazpbixiienne mOBEPXHOCTH CITOCOOCTRBYET YBEINIEHNIO TPOHUIIAEMOCTH Kepa-
THHA 1 00ECTIeYnBaET YBEJINYEeHNE CTeNneHn ruapodnabHoCTH Bonounoro obpasia. 1o
JIOCTHZKEHUIO HEKOTOPOTO KPUTHIECKOrO 3HAYEHHS CBODOTHOTO 00bEeMa CO3IAI0TCS YCII0-
BUsl JIJIsl PEATU3ANUU KOH(DOPMAIMOHHBIX MEPEXOJI0B U MEXKIEIMHBIX B3aUMOIEeHCTBHIA,
CIIocoOCTBYIOMUX (POPMUPOBAHUIO TPOIHBIX MOTEPEIHDBIX CBA3eH Pa3sHOOOpa3HON mpu-
pombl. dTa cTaaus OTKINKA Keparnna Ha Bo3neiicteue HTII moxker ObITH OxapakTepu-
30BaHa KaK 3Tal «CTPYKTYPHUPOBAHUS» paHee «pPa3pbIXJIEHHBIX» obsacteil. [Ipm ompe-
JIEJIEHHBIX YCJIOBUSAX 00PADOTKM Machitad MpoIeccoB CTPYKTYPUPOBAHNS MTO3BOJISET He
TOJILKO KOMIIEHCHPOBATH MAJIEHNE, HO ¥ 0DECHEeduTh TPUPOCT B IJIOTHOCTU YHAKOBKH,
a TakzKe CIIOCOOCTBYET yMEHbBIIEHUI0 IPOHUIAEMOCTH (JOCTYIIHOCTH CBOGOIHOIO 00be-
Ma) MOAUMDUIUPOBAHHBIX BOJIOKOH 110 CPABHEHUIO ¢ KOHTPOJLHBIME, YTO COOTBETCTBYET
MAJIEHUIO CTeNeHn THAPOMUIHHOCTH BaISAILHO-BOMIOYHOTO MaTepuasa. Takum obpa-
30M, TPE/ICTABJIEHHbIE PE3YJIbTATHI MOATBEPKIAIOT MOJYUYEHHbIE paHee JTaHHbIe PEeHT-
PEHOCTPYKTYPHOIO AHAIN3a O CTPYKTYPHBIX U3MEHEHUsIX 00PA3IoB MOJ, BO3AeCTBIHEM
Ia3MeHHO 00pabOTKHU, MPUBOJAIIEH K YCPETHEHUIO PA3MEPOB TIOP U KAMULIAPOB, Pa3-
JIETIEHUIO0 BOJIOKHUCTON CTPYKTYPBI, YMEHBIICHUIO IOTHOCTH U YBEJIUYEHUIO TTOPUCTO-
CTH HCCIIeIyeMoro Marepuana [11].

Pa6ora Boinonnena npu dbunancosoii nogaepxkke PODOU (npoekrsr Nt 11-01-00864-a,
12-01-00955-a) u Muno6puayku P® (rockonrpakr Nt 14.740.11.0080).

Summary

L.R. Dzhanbekova, P.P. Sukhanov, I.Sh. Abdullin, A.F. Dresvyannikov, V.S. Zheltukhin.
Influence of Plasma Processing Conditions on Molecular Mobility and Molecular Packing
of Keratin Fibers.

It is shown by the nuclear magnetic resonance method that the processing of keratin fibers
in nonequilibrium low-temperature plasma at low pressure under hydrophobic and hydrophilic
modes leads to the increase and redistribution of space, available for molecular movements,
through the whole volume of the amorphous phase both in surface and close-packed subsurface
layers. Under the hydrophobic mode of plasma processing, the process of surface loosening is
finished by the formation of strong cross bonds, which limit the access to the formed voids
of various scales and reduce the flexibility of keratin fibers.

Key words: nuclear magnetic resonance method, keratin, nonequilibrium low-temperature
plasma, molecular mobility, molecular packing.
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