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BJIMAHUE BOJbI HA JUIJEKTPUYECKHE XAPAKTEPUCTHUKH HEJIJIFOJIO3bI
GLUCOACETOBACTER XYLINUS. Y. 1

Kniouesvie cnosa: 6akmepuanvhas yeinono3a, OudieKmpuieckds cnekmpockonus, 600a 8 Cmpykmype 6axmepuansHol Yeiniono3sl.

Tnenxu b6axmepuansvroti yeamonoswvl Glucoacetobacter xylinus ¢ codepocanuem 600vl menee 1% maccosvix 6vinu
uUccned0Bansl ¢ Yenvlo GblACHeHUs 0CoDeHHOCmell C8A3bI6AHUsA 600bl 8 HAOMONEKYIAPHOU CIMPYKMYpe UCCAe0yeMO20
noaumepa. Memooom OusneKmpuueckoll CHeKmpocKonuu Uccie008ana MONEKYAAPHASA NOOBUNCHOCTL OAKMEPUATLHOL
YeNLIION03bl 8 3ABUCUMOCHIU 0N MEMNEPAMYPbL OCYULEHUS.

Keywords: bacterial cellulose, dielectric spectroscopy, water in bacterial cellulose structure.

Films of bacterial cellulose Glucoacetobacter xylinus with a water content less than 1% w. were studied in order to
determine the positioning of water in the supramolecular structure of the bacterial cellulose. The method of dielectric
spectroscopy was used to study influence of drying temperature on molecular mobility of bacterial cellulose.

BBeneHune

I/I3BCCTHO, YTO BHC 3aBUCUMOCTH OT CTYICHHU
SBOJIFOLIMOHHOTO pa3BuTHS opraHusma: oT
MIPOKaPHOTHYECKUX OaKTEpPHH JI0 KMBOTHBIX M BBICIINX
pacTeHuii, Ha KaXAOH W3 HUX HAXOAUTCA psf
OpPTaHW3MOB, CIIOCOOHBIX MPOAYIHPOBATH LEIUTIOI03Y
[1-3]. Lemmromo3sl pa3muIHOTO TPUOCXOKICHIS IMEIOT
CBOU OTIIMYMTENIbHBIE CBOMCTBA Oyarojapsi OTIMYHIM B
HAJMOJIEKYJIIPHOU CTpyKType.B cIpykType aaHHOro
MoJIMMepa BBIACIIIIOT 3 ypoBHS [4] :

° MOJIEKYJISIPHBII (xumuueckas CTPYKTYypa,
KOH(Urypauusi U KoH(opMaLusi MaKpOMOJIEKYJI,
MOJIEKYJISIPHO-MACCOBOE Paclpe/ielieHne, HAIMIue
(YHKIIMOHATIBHBIX TPy u ux
BHYTPUMOJIEKYJISIPHOE B3aUMOJEHCTBUE);

e  HaJMOJEKYJSIPHBIH (CIIOCOO YIAKOBKH IETTHBIX
MOJIEKYJT B 3JEMEHTapHOM KpHUCTaie (HUOPHILIHI,
CTPOCHHE KPHUCTAJUIMUECKON pEIEeTKH BHYTPH
¢ubpmel,  pasmepsl  (GUOpPWIII,  CTENCHb
YHOPSIIOYEHHOCTH);

e  MopdoJoruyecKuii (MPOCTPAHCTBEHHAs YIIaKOBKa
MakpouOpHiII, HaJIM4YKe CJIOEB POCTa, MHKPO- U
Makporop).

OcHOBHBIE OTIINYHUA MPOABJIAIOTCA B
HaJIMOJIEKYJISIPHOM YpOBHE. biiarozmapst UM LIEJITIONIO036I
Pa3IMYHOTO NPOUCXOXKAEHHS 00J7ajaroT pasIudHON
COpOIIMOHHOW CITOCOOHOCTBIO O OTHOMICHHIO K BOJIE.
OcobenHOCTH HAJMOJICKYIJIIPHON OpTraHU3aIuI
OakTepuansHO# meuttono3sl (BL]), a mMeHnHo, ceTouHas
CTPYKTypa, 00pa3oBaHHasi HAHOPA3MEPHBIMH JICHTaMH,

W HalIM4YM€  HAHOKAHAJIOB  MEXAY  COCENHUMH
HaHOGMOpW/UITaMH B 9THX  JIGHTaX, I[PHOAIOT
chopmupoBanHOl  MaTtpuie Tenb  IIEHKH bl
YHUKalbHble  CcOpOLMOHHBIE  cBolictBa. Tak, B

3aBUCHMOCTH OT IITaMMa OHa CHOCOOHa COpOMPOBATH
BOJIy 110 OTHONICHUIO K CyX0# Macce B oTHomeHun 50:1
—400:1. V3BecTHO, YTO BOJA BIUSACT HA MEXaHUYECKHE,
pellaKkCaIlMOHHBIC W PEaKIIMOHHBIC CBOWCTBA LIEJLTIONO3.
[MosToMy  HEOOXOIMMO  HCCIEAOBATH  HPOLECCHI
CBSI3bIBAHMS BOJIbI B HA/IMOJICKYIISIPHOU CTpyKTYpe. st
UACHTUPUKAIIMA HAONFONAeMBIX MPOIECCOB  MOMKET
OBITH WCITOJIB30BAH METOJ[ PEIaKCAIMH ITUIOIBHOM
moJisipu3aldi.  MeTox  OCHOBaH HA  CPaBHEHUH
OKCIEPUMEHTAILHO  HAONIOAaeMbIX  MOJIEKYJISIPHO-
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KHHETHMYECKHX  XapaKTepUCTHK  PeNaKCallHOHHBIX
MPOLIECCOB  JUISl  PAa3IMYHBIX OOBEKTOB, CTPYKTypa
KOTOPBIX ~ MEHSETCS  HalpaBIeHHBIM  00pa3oM.

Hcnonp3ys 3TOT MOAXOJ TPH TPABHIFHOM Toxbope
MOJIENBHBIX COEIUHEHUNH MOXHO C JOCTATOYHOM
JIOCTOBEPHOCTHIO JaTh MOJEKYIIPHYIO MHTEPIIPETAIIHIO
peaKkCarMoOHHOTO TOBEACHUS MOJIMMEpa CO CIIOXKHOM
CTPYKTYpOH.

B pabortax [5,6] ObulO HWCclenoOBaHO BIUSHUE
BOJbl W BIQKHOCTH HA pa3IHYHBIC THUIBI IIEJUIIOJIO3
METOZOM JIU3JIEKTPUYECKOW CIIEKTPOCKONHUU. Tak B
pabote [5] ObUIM HMCCIIEIOBAHBI 3aBUCUMOCTH TaHICHCA
yriaa JURJIEKTPUYCCKUX TIOTEePh OT TeMIepaTyphl
tgd=f(T), Ha KOTOPBIX MPU HU3KUX TEMIEpaTypax ObLIO
00HapyKEHO HAIMYHE 00JIACTH PElIaKCAIlMH TUIIOBHOM
MOJIIPHU3ALIUHY, CBSI3aHHOM c ITOJIBUKHOCTEIO
MEPBUYHOTO THAPOKCWIA. BenmuumHa MakcumMyMa
TaHTEHCAa yIa JUAJIEKTPHYECKUX TOTEPh 3aBHCUT OT
JUTATENIFHOCTH ~ OCYIICHUS 00pas3loB, YTO MOXHO
CBS3aTh C BIUSHHUEM COJECpKaHUS BOIBI B 0Opa3Iax.
Tak B pabote [7] OBUIO HCCIEIOBAHO HW3MEHEHHE
MIPOBOIUMOCTH Oymaru u TpaHcpopMaTOpHOH Oymaru
U3 IEIUTIONO03bl  Tocle  TepMooOpabOTKH  pa3HOM
BPEMEHHOW  JIUTEIBHOCTHIO. I[Ipy  mensieHHOM
yBemmuennu Temmeparypsi ¢ 50°C 10 130°C u Bpemenn
TepMOOOPabOTKH 48 4acoB, COPOIMOHHAS CLIOCOOHOCTh
yMmeHbInaercst 6osiee yem B 100 pa3, B To Bpemsi Kak
00bEMHOE  CONPOTHBJICHUE YBEIUYUBAaeTCs Ha 3
TOPSIKA.

W3 muTepaTypbl H3BECTHO, YTO BOJIA 3aTParkBacT
HAJMOJICKYJSIPDHYIO ~ OpraHHM3alHdi0 B MOJEKyJIax
OeuTiono3el. YacTh  BOABI,  COpOMPOBaHHOH B
LEJUTION03e, WMEEeT MapaMeTphl, KOTOphIE 3aMETHO
OTJIIMYAIOTCS OT TeX K€ IMapaMeTpoB B CBOOOIHOI Boe.
Psn aBTOpoB [6] McciemoBanM IIEIUTIONO3bI BAJIOHWS,
OaKTepHaAIBHYIO Glucoacetobacer xylinus,
MHUKPOKPHUCTALIMYECKYIO XJIOMIKOBYIO, BHCKO3Y H PS
JPYTUX 1EJUTI0NIO3 B Iruana3zoHe temmneparyp ot -130 o
+20°C u B amamaszone gactoT ot 5 mI'm mo 6 MIm.
Ocoboe BHHUMaHWE aBTOpPbHl OOpaIIAOT HA CYLIKY
LEJUTIONIO3HBIX 00pa3uoB. B xoze skcnepuMeHTta ObUIO
MMOKAa3aHO, YTO BHE 3aBUCHUMOCTH OT IPOUCXOXKICHUS
LIEJUTIONIO3bI, [UTMHBI [IENICH, CTENICHN KPUCTANTMYHOCTH,



pasMepoB  KPUCTAJUIUTOB, CTPYKTYyphl  HMOPHUCTOH
CHCTEMbl HET HUKAaKUX OTIMYMN B AUDICKTPHUECKUX
XapaKTepUCTHKAaX XOPOILIO OCYIIEHHBIX oOpasuos. B
3aBHCHMOCTH OT MAacCOBOTO COJEpKaHHA BOJBl B
o0paslie, [eJUTI0I03bl PAa3IMYHOTO MPOUCXOXKIAESHHS TO-
pa3sHOMY MEHSIOT CBOE pelaKcalluoHHOe noseaeHue. I1lo
MHEHHIO aBTOPOB [6] CBsi3aHHas BoJa B LEIUIIOJIO3E
HAXOJAUTCS B Pa3IMUHBIX COCTOSHUAX. BnusHue pasHoit
KOHLIEHTPALMK COPOMPOBAaHHONW BOJBI Ha BpEMEHa
penaKkcali  MOKa3blBaeT  B3aMMOCBS3b  KaKIOTO
pENaKcalioHHOTO  TIpoliecca €  COOTBETCTBYIOIINM
YPOBHEM CTPYKTYPBI LIEJITIOI03BL.

B mo60# HEJITIONI03e CyIIIECTBYET
HU3KOTEMIIEPATYPHBIN PEJIAKCALIMOHHBIN IIPOLIECC, YTO
Oobuto  ormeyeHo  aBropamu  [8-11].  IIpuuewm,
HHTEHCUBHOCTh peNaKkcaioHHOT O nporiecca
YMEHbIIAeTCs c YBEJINYEHUEM CTETEHU
KPUCTAJUIMYHOCTH  (aMOpP(H30BaHHBIA  IOPOIIOK >
MHUKpoOKpHcTaiunueckass Avicell > GakrepuanbHas
LeJUTI0NI03a > 1esuTosio3a Basionust). Tak KomManH u
COaBTOPBI [8], cooOmmany, 9T0  HaOIIOaAIH
penaKcalOHHbINA rpotecc npu KOMHAaTHOM
temmeparype Ha wactorax 10° — 10° T'm. Tpamm [9]
MU3MEPHI IUAJICKTPUYIECKUE TapaMeTpbl neutodana H
OTMBITOTO XJIOIIKA M JETEKTHpOBal JBE 00IacTH
MOTJIOIIEHUsT 0€3 MakcHMMyMa B [Hana3oOHE 4acTOT OT
0,1 mo 100 xI'm. OH cBsA3BIBaeT 3TH 00JACTH C
OPUEHTAaHIIMOHHON  NOJApU3alUUeil  THIPOKCHUIbHOU
IPyNIbl B KPUCTAUIMYECKUX M HEKPUCTAIUIMYECKUX
o0jacTAX MLEJUII0I03bI COOTBETCTBeHHO. Wmmma u
coaBTopel  [10]  wuccnemoBanu — AUDIEKTPUUECKUE
CBOHCTBAa TpeX BHAOB ILEJUIIOJIO3 (BHUCKO3a, XJIOIOK,
Kylnpo) ¥  cHelaly  BBIBOJ, YTO JAWNOIA B
HEKPUCTAINIECKUX O0JacTAX M Ha IOBEPXHOCTAX
KPUCTAJUINTa  JAlOT  HAauOONBIIMH  BKIAJL B
penaKcaoHHbIA mporecc. MuUXaiioB U coaBTopsl [11]
OTHOCSIT 3Ty PEJAKCalMI0 K JBIKCHUIO METWJIOIbHOM
TPYIIIBI B HEKPUCTAJUINIECKUX 00TaCTsIX.

Cagarapu 1 coaBTOpsI [12] u3MepuiIn JU3IeKTpHUECKUe
XapaKTEPUCTUKU TPUPEHUIMETHILIEIUTIONO3bI U aleTaTa
LEJTIONIO3bl C Pa3MYHBIMH CTETEHSAMHU 3aMELIeHHUS.
Amnanornynyroo pabory nposenu Abpamosa u np. [13],
OHM H3MEPWIH JAUVIEKTPUUYECKHE XapaKTEPUCTHKHU
pa3MuHBIX 3(HUPOB LEITION03El. B 3THX padoTax ObLI
cAenaH OIWMH M TOT K€ BBIBOJ, YTO MEXaHH3M
JIM3JIEKTPUIECKON peJlakcaliil B LIEJUTION03€ CBSI3aH C
JBIDKCHHEM METHJIONBHONH TPYNIBl WIM HEPBUYHOTO
THAPOKCWIIA B HEKPHCTAJUIMYECKHX O0JacTsx, T.K.,
WHTEHCUBHOCTh IHKAa [JUIIEKTPUYECKUX IIOTEPh B
HU3KOTEMIIEpAaTypHOH  00NacTM  yMEHbIIAeTCs  C
YBEJIMYEHUEM CTETEHHU 3aMeIleHHUs] THAPOKCHIa y 6-ro
aToMa yrjepoja TJIIOKONHMPAHO3HOIO KOJbIa. Takum
00pazoM yCTaHOBJIEHO, YTO PeNlaKCaI[IOHHBIE IPOLIECCHI
B IEJUIIOJI03€, MPOSABISAIOIIUECS HAa JUIIEKPUYECKHUX

3aBHCUMOCTSIX, CBSI3aHBI c MOJTBUYKHOCTEIO
METWJIONBHOH  TPYNIBl WIH C  I[OJBHXHOCTBIO
MEPBUYHOIO  TIHIAPOKCWIA B  HEKPUCTAILTHYSCKUX
obmacTsx.

ABTOpBI [Ommuoka!l 3akiaaka He
ompejaesieHa.]  CYMTAlOT, 4TO B  [EJUIIOJIO3€
OCYIIECTBIISIETCS HECKOJIbKO penaKcaloOHHbIX

IMpoHecCcoB, 4aCTb M3 KOTOPLIX CBsA3aHa C Pa3JIMYHBIM
COACPIKaHUEM BOABI B LICJIIIOJIO3€C:
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1) Ilpu BuaxsHoctn wmenee 12% MaccoBbIX
HAOJIFOIaeTCsT TPOIECC HAa3BaHHBIA [3-penlakcarmei,
KOTOPBIA TPOSBISIETCS BO BCEX 00pasnax MesuIoio3.
Psimom aBTOpOB OH HasbIBaeTcs Y-penakcaruei [14].
JaHHbIlt  mpoliecc  CBSI3BIBAIOT € pellakcanuei
MEPBUYHOTO TUAPOKCHIA WM METHJIOJIBHOW TIPYIIIBI
uestono3sl [110mmuoka! 3akiaaka He onpeaeseHa.].
ABTOpBI OTHOCSIT €r0 K BPAILEHHIO TNTIOKOIMMPAHO3HBIX
KOJICI] BOKPYT TIFOKO3UIHOMN CBSI3M U TaKUM 00pa3oM K
JIOKAIbHOW ~ JWHAMHKE 3BeHa. [lokazaHo, dTO C
YBEIIMYCHUEM CTCICHU KPHUCTALUTUYHOCTH IICIUTIOJIO3EI
MIPOUCXOIUT YMECHBIICHNE HHTCHCUBHOCTH TIPOIIECcca.

2) Ilpu BnaxHoctH MeHee 12% MaccoBbIX
HaOMI0MaeTCss ellé OJUH IPOLECC, HA3BAHHBIA [Byet-
penakcanei, KOTOPBIH, KaKk CYHMTAeTCsA, CBS3aH C
JUTIOJISIMA TICPBUYHBIA THIPOKCUII — BOAA U SBJISCTCS
MeHee MOIBMKHBIM ueM [3 mporiece. On obnamaer 6oiee
BBICOKO# 3Heprueli akrtuBanuu (65-90 K][x/mMomib), mo
cpaBHenuto ¢ B upoueccom (46 KJx/monb) u ero
MMOJBMKHOCTh ~ YMEHBIIAETCS  C  YMCHBIICHUEM
KOJIM4eCTBa BOABI B o0Opasue. [lpu nporpeBaHuu
obpasua npu temmeparype Oonee yem 150°C ngaHHbIi
MPOLIECC YMEHBIIAETCS 10 WHTEHCUBHOCTH, BIUIOTH JIO

WCYE3HOBEHHS, BCJIEICTBHE pPAa3pYyMICHUS IUITOJNCH
TIePBUYHBIN THAPOKCHI — BOJIA.

3) B mOmHOCTBIO  OCYHICHHBIX — O0Opa3uax
EIJUTIONIO3BI Pyet-PETaKCallisl MCUE3a€T, HO B TOM JKE
TEMIIepaTypHO-4aCTOTHOM  JHAla3oHe  ITOSBIIAETCS
HU3KOMHTEHCHUBHBII  peJakCallMOHHBIM  Ipolecc ¢
OIMPOKMM  pacCIpesieleHneM BpEeMEH peJlaKcalu,

HaOJIoJlaeMblii  BO BCEX IOJIMCaxapuaax, KOTOPBIH
aBTOPBI Ha3bIBAIOT O-penakcanueil. C 4eM CBs3aH ATOT
pellaKCallMOHHBIA  MPOLIECC —  aBTOPbl  OTBETHTh
3aTpyIHSIOTCS, HO NPEAINOJaraloT, 4TO OH CBSI3aH C
MOJABMKHOCTBIO KOHCYHBIX TPy uenei& nojinMmepa
[15,16].

4) Ipu temmeparypax Boitre 100°C, nosBisietcs
TaK Ha3plBaeMBId  G-MIpPOIECC IS OCYIICHHBIX
LEJUTION03. DTOT pPENaKCallMOHHBIA TpOLEecC TaK Ke
HAaXOJAT TpPU HHU3KUX TeMIeparypax i oOpasioB
COJIepIKAIlX BIIAry, 4TO ACTAIbHO OIKCAaHO B paboTe
[I7], m cBsS3aH C OpPHEHTALMOHHBIM JBIDKCHHEM
[IIIOKOTTUPAHO3HBIX 3BEeHbEB. [IpU 3TOM IMPOHCXOAUT
C/IBUT HHU3KOTEMIIEPATYPHOH 00]acTH penakcaluuu B
CTOpOHY Oojiee BBICOKHMX TEMIIeparyp, YTO TaKKe
yKa3bIBaeT Ha ucue3HoBeHue dPPeKTa racTuhuKaum
B CBSI3U C Pa3pylICHHEM BOJIOPOJHBIX CBS3€M MEXIY

BOJOM M TEPBUYHBIM TUIPOKCUIOM. Y BEJIMUYEHHS
TaHIeHCa yria JIARJIEKTPUYECKHUX MOTEPh B
HU3KOTEMIICPAaTypHOH  OOJNIAaCTHM  TNPH  3TOM  HE

npoucxoaut. Bepostao ocBobomuBimecs OH-rpymmsr
Y4acTBYIOT B CO3JJaHHMM HOBOM CHCTEMBI BOAOPOIHBIX
cBsi3el.

Hcxonst u3 mpencTaBleHHBIX JAaHHBIX MOXKHO
ciemnaTth BBIBOZ, 4TO Boja B BLI copOupyercst Ha pa3HBIX

YPOBHAX HAIMOJEKYIAPHOH CTPYKTYPHI, OKa3bIBAaET
CYIIECTBEHHOE  BJIMSHHE Ha  HAIMOJEKYJLIPHYIO
CTPYKTYpY LEJUTIOJO3BI H, CJEJIOBaTeIbHO, Ha ee
¢usnyeckne  CBOWMCTBA. IlpoBenennplit  aHamu3

JIMTEpATYPHBIX MOaHHBIX I10Ka3bIBA€T, YTO HapsAdy C
3aMCTHBIMU JOCTHXKCHUAMU B HCCICAOBAHNHN
peiIaKCallMOHHBIX CBOMCTB LCJIIFOJIO3bI, MHOI'HC
ACIICKTBI  OCTAKOTCsA  HCACHBIMU  HJIH BOO6HIG HC



u3ydeHHbIMH. Tak, CymIeCTBYIOT TpPOOIEeMBI B
OTHECCHUH HaOII0IaeMbIX PEIAKCAIIMOHHBIX TPOIIECCOB
K OIPCACIICHHBIM TUIIAM MOJICKYJIAPHBIX [lBH)KeHHfI. He
0 KOHIIa H3Yy4YCHbI Pa3JINYHBIC PEIKUMBI
TEMIEpaTypHOH 00pabOTKH 00pa3oB MpPHU MAaJbIX
COJIep:KaHUsAX  COpOMpOBaHHOM  Bojabl.  [loaTomy
aKTyalbHOM  3amaueil  SIBISIETCS  KMCCIIEAOBAaHHUE
HAMOJIEKYJIIPHONH  CTPYKTYPbl B 3aBUCUMOCTH OT
METOJIOB VIAJEeHHs BOIBI W3 00pasiia, yCTaHOBIICHHE
B3aMMOCBSI3M MEXIY PeaKCallHOHHBEIMHU CBOMCTBAMH M

0COOCHHOCTSIMU HaJMOJICKYJISIPHOTO CTPOCHUS
nonmMepa.
3Kcnepu MeHTallbHaA 4acTb
MaTtepuansbl
Cunres relb-TIICHOK OakTepuaIbHOM

nesmnono3sl  ocymectBisics A.A. Tkauenko u A.K.
XpuUIlyHOBBIM 1O U3BeCTHOM Mertoauke [18] ¢
ucrosnp3oBanuem mramma Nel1629 CALU (BKM B-
880). IlurarensHast cpena cozepxaia BOJHBIE PACTBOPEI
rimoko3bl (7 macc. %), apoxokeBoro skctpakta (0.3
macc. %), nenrtana (0.3 macc. %), nuBHOro cycna (30
006. %) u sranona (3 06. %). UcxomHoe 3nauenne pH
nuTatenbHOu cpenpl 5.9-6.0. IloceBHBIM MaTepuanom
cnyxkwina  48-yacoBas  kyuneTypa  Glucoacetobacer
xylinus, BbIpalmieHHas B cpeie,  CoOJepIKallei
JIPOOKEBYIO BOAY M MHMBHOE cycio (6 00. %) B paBHOM
coortHomiennn, 2% rmoko3sl u dtaHona (1 06. %).
BrocuHTe3 uewmono3sl mposoguan npu 29-30°C B
TeueHue 6-7 cyt. BIl oTmemsmu OT KynbTypalbHOM
cpemst u mepuoanmuecku TpombiBand  0.5-1.0%-m
BoAHBIM pactBopoM NaOH rmnpu KumsueHuH [0
o0eclBeUMBaHUSl ~ pacTBOpa. 3areM  Ielb-TUIEHKH
OTMBIBAIM  JAMCTHWUIMPOBaHHOM  Bomoir,  0,5%-M
pacTBOpoM YKCYCHOM KHUCJIOTBI U BHOBb
JUCTWIIUPOBAHHOM BOIOH, 10 HEUTPAILHON pEeaKLUU U
XpaHuIu B Boje TpHu 5°C WM TePMETHYHO 3aKPBITHIMA
nocie crepwim3anud. B pesynprare yero mosydanach
refb-IUIEHKAa MOJHOCTBIO COCTOSINAS M3 IIEIUTIONIO3HI,

comepxkamass  Bogy B coorHouienne 100:1  mo
OTHOIIEHWIO K cyXxoil Macce. [lomydeHHble 00pa3mbl
OakTepHaTEHON IEJUTIONIO3BI (Tenb-TUIeHKHN )

OTXKHMMAIIUCh II0J] TPECCOM TakUM 00pa3oM, 4YTO
COOTHONICHHE MacChl CyX0il 00pa3ely/Bojia CTAaHOBUIOCH
paBubM 1/10, npotuB ucxomubix 1/100. 3aTem oOpasiis!
MOMEIIAJIMCh HA CTEKJIO M CYIIMIUCH MIPU TEMIIEPaType
40°C 110 HOCTOSIHHO# MacchL.

MeToabl

Jlist nccnenoBaHus peNlakCalMoOHHbIX MPOLIECCOB
B MOJHMMEPHBIX CHUCTEMax B HACTOsIEH paboTe ObLI
UCIIONIb30BaH METO/ JAMAIIEKTPUUYECKOH peraKcaluy.
MMeHHO C ero IIOMOIIBI0O NPOBOAWIIACH OLEHKA
WHTCHCUBHOCTH TIPOLIECCOB pEJaKCAlWU IUTOIBHOM
nmonsipu3anui B OakrepuanpHOi memmonoze (BLl). B
OCHOBE  IUAIIEKTPUYECKOH  CIIEKTPOCKONIMH IS
WCCIICIOBAHMS PENaKCAIlHOHHBIX IIPOIIECCOB  JICKUT
H3yYeHHe  OTKIMKa  CHCTEeMBl Ha  HM3MCHEHHE
HaTPSDKCHHOCTH dJeKTpuueckoro mois. K obpasmy
MpUKIagbIBalOT CUHYCOUAJIbHOC HalpsKEHUEe
OIPEJENIEHHON 4acTOThl. VI3MEHEeHUsT TUAIIEKTPUYECKOU
nponuriaeMoctu  (€), Qakropa  AUIIEKTPHYECKHX
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motepb (€”) WM TaHTeHca yria IHIJIEKTPHIECKHX
motephb (tgd=€"/€’) oT BeNMMUUHBI ®T, T/ W — KPyroBast
4acToTa NPHIIOKEHHOTO JJIEKTPUYECKOTO MO, T —
BpeMsi  pelaKkcaliy, OINKCHIBAIOTCS  ypPaBHEHHUSMH
Hebas. CormacHO STUM YpaBHEHUSM MaKCUMyM
JIMAJIEKTPUYECKUX MOTEPh JOCTHraeTcsl MpPH 3HAYCHUH
WT=1, 4YTO MAaeT BO3MOXXHOCTb OIPEICIUTh BpPEMsI
penakcanuu. [lonoxxeHne MakcMMyMa TaHT€HCA Yria
OUDJICKTPUYECKUX — TMOTeph  tgd  mpakTthdecku  (C
TOYHOCTBIO 710 KO3 duImenTa (£o/€x )'2) coBmamaer ¢
MaKCUMyMOM (haKTopa JHUINEKTPUYECKUX IOTeph €.
st HaxoxaeHust makcumyma £”(nnu tgd) Heo6xo1umMo
HCCIEI0BATh 3aBUCUMOCTh ITHX MapaMeTpoB oT WT. B
HacTosUlel padoTe BEMMUUHY WT M3MEHSUIM Bapuanuen
temrepaTypbl. [lpu Bapuanumu Temmepatrypbl MOTLYT
HAOIIOIATHCS HU3MEHEHHUSI JIIAIIEKTPUIECKUX
apameTpoB, CBSI3aHHbBIC co CTPYKTYPHBIMH
W3MEHEHHUSIMH HCCIElyeMbIX CHCTEM, HalpuMep C
MIPOLIECCOM paspyuieHust MOJISIPHBIX TPy,
00pa30BaHHBIX 33 CUET B3aUMOJICHCTBHS MOJIEKYJI BOJIBI
c LEJUTIOJI0301. Takoi rpoiiecc SIBJISI€TCA
HepeNakCaliOHHBIM ¥ HaOJloJaeMble  JIOKaJIbHBIE
MaKCHUMYMBI JU3JIEKTPUYECKUX IOTEPb HE CABHUIAIOTCS

10 MIKaje TeMIlepaTyp NpH BapHalMd YacTOTHI
JIEKTPUIECKOTO OIS,
Wzmepenns TEMIIEPaTyPHO-9aCTOTHBIX

3aBUCHMOCTEH TaHI'€HCA YIia JUIEKTPUIECKUX HOTEPh
U EMKOCTH, W3 BEJMYMHBI KOTOPOH OIPENEIISIINCh
3HA4YEHHA JIU3IEKTPUIECKON MPOHUIIAEMOCTH,
MPOBOAMIA B WHTEpBase Temmeparyp ot -150 mo
+200°C npu (PUKCHPOBAHHBIX YACTOTAX B HANA30HE
10> — 10° Tu. Beum ucronb3oBansl ycraHoBkH «LCR
Meter 4270» ¢upmbr «Wayne Kerr» u «LCR-819»
¢upmbl «Gw Instek».

Hdaus M3MEpEeHNUs TaHTeHCa yria
nudnekTpudeckux motepsb 1gd m emrxoctu C obpasery
3aKpeIUISIM B CIIELHAIBHOM Jiep)KaTelie C H30JIATOpaMu

n3  Te(IIOHOBBIX JUCKOB TommumHOM 10-15 mMMm.
BricokoTemnepaTypHbIit JIATYHHBII JNEKTPOA
Jep)KaTest BBIIOJIHEH B BHUAE IHCKA, KOTOPBIH

MIPHKAMAJICST K 3JIEKTpoxy obOpasma. JlaTyHHBIE dacTH
JepkaTelst XpoMmHpoBaHbl. JlepkaTtens ¢ o0pas3nom
TIOMEIIAN B U3MEPHUTENBHYI0  TEPMETHYHYIO
CTEKISIHHYI0 KOJIOy € IJIaTHHOBBIMH BBOAAaMH. OTO
obecre4nBao BO3MOXKHOCTb MPOBEJCHUS
9KCIIEPUMEHTOB B BaKyyMe WM B aTMocdepe Cyxoro
BO3JlyXa, C LIEJbI0 UCKITIOYEHUS] BO3MOXKHOCTH COPOLIUH
00pa3oM BOJBI M3 BO3[yXa, a TaK XK€ KOHJIEHCALUH
aTMoc()epHOM BJarm Ha IIOBEPXHOCTH oOpa3ua wu
anekTpofax aepxarens. [lineHka BeIOMpanach TaKuM
00pa3om, 4To B Mpeenax IUIOMaan MEeKTpoaa pazopoc
no ToiiuHe He mpeBbiman 4-5%. DnekTponmsl U3
IIOMHHNEBON (DOJBIH HMPUTHPAIUCH K IOBEPXHOCTH
obpasa ¢ MOMOLIBI0O TOHKOTO CJIOSl Ba3eIMHOBOTO
Maca.

3HaueHus AMAIICKTPHUYECKOM MPOHUIIAEMOCTH
(€') paccunTaHbl MO 3JEKTPUUECKOH €MKOCTH W
TFEOMETPUYECKHM  pa3MepaM  MOJIy4EeHHOTO  TaKuM
obpazom IUIOCKOTIaPaJIIEIbHOTO KOHJIEHCATOopa.
JuareKTpruuecKyo MIPOHUIIAEMOCTb 00pas3uos
BBIYUCIISUTH C TIOTPEITHOCTHIO 2-5% 110 hopmyie

£=14.40C

&



rae h — tonmuHa oOpasna B CaHTUMETPaX,

d - [1wamerp HM3MEpPUTENBHOIO  JJIEKTpOAa B
CaHTHMETpaXx,

C — emxoctp 00pasia NpH 3aJaHHON TeMIeparype B
nuKodapasax.

PesynbTaTtbl M 06CcyxaeHue

C menpr0 YCTAaHOBJICHWS BIUSHUS BOABI Ha
peTaKCalliOHHBblE  XapaKTePUCTHKH  OaKTepuaIbHON
LEeJUTI0JI03bl  ObUIM  McclenoBaHbl  oOpasusl bl B
3aBUCHMOCTH OT pPeXXHUMa TeMIepaTypHoil 00paboTKH.

Jns uneHTHUKAMK TPOIIECCOB, CBS3aHHBIX C
OCTATOYHBIM  KOJIMYECTBOM COpPOMPOBAHHOI  Biaru
obpazery bBll, He moaBepraBmIMICS TEPMHYECKOH
o6paGoTke Tpu Temmeparypax Beime 40°C  Gbu
HCCIIEJOBAH B TEMIEPATYPHOM MHTEpBane OT 20°C 1o
160°C.
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Puc. 1 - 3aBucuMocTb  TaHIeHca  yrja
AMJIEKTPUYECKHX MoTepb oT Temmepartypsl (°C)
oopasua BIl (He moaBepraBlierocss TepMHYecKoOi
o0paboTke mpu Temmepatrypax Bbime 40°C) B
auana3zone yactor ot 0,5 10 33.3 KI'nx

Ha puc.l. mpencraBieHa 3aBUCHMOCTh TaHI'€HCA
yriaa IUDIEKTPUYECKUX IIOTePh OT TEeMIIepaTyphl s
obpasma BIl He moaBepraBmierocss TEPMUYECKOM
obpaborke mpu Temneparypax Beime 40°C. Ha nux

00OHapyXHUBaKOTCS o MeHbIleH Mmepe 3
HepeIaKCallHOHHBIX nporecca (Temmeparypa
JIOKAJIEHOTO MaKCHMyMa TaHreHca yria

JUBJICKTPUIECKUX MMOTEPh HE 3aBHCUT OT YacCTOTHI) IPHU
70 — 90°C, 100 120°C, 120 — 140°C). Takoe
MOBEJCHHE: POCT M MOCIEAYIOIlee yMEHBIICHUE
TaHreHca yria JIUDJIEKTPUYECKUX oTepb
CBUJIECTENBCTBYET O CYIIECTBOBAaHHH MO MEHBINIEH Mepe
3-X THUNOB JWIONEH, KOTOpBIE pa3pymarTcs B
pe3ynpTaTe TEMIIEPaTypHOTO BO3IEHCTBHSA Ha IUICHKY
OaKTepHaTbLHOM LEJUTIOIO3bI. N3BectHO, YTO
IUDIIEKTPUYECKH AaKTUBHBIM B LEJUIIONO03€ SBISETCS
MEPBUYHBIN THUIAPOKCHI, HAXOIAMHMIHCS y 6-TO aToma
yrieposia IIIOKONMPaHO3HOrO Kojbla. HaGmionaembie
HEpeNakCcallMOHHbIE  TPOIECChl  MOTYT  OTpaXkaTb
3¢ GeKThI paspylueHus MOJISIPHBIX TPYIIIL,
00pa30BaHHBIX MEPBUYHBIM TUAPOKCUIIOM c
MOJICKyJIJaMH ~ BOJBI, HMMCKIOIUX OoJiee  BBICOKOE
3HAYCHUE AUMOIHFHOTO MOMEHTA U XapaKTEePH3YIOLIHXCS
Oompmeit 3aTOPMOKEHHOCTBIO MOJIEKYIISIPHOTO
JIBIDKEHUS, YeM TIEPBUYHBIN THAPOKCHII, TIOJ] IeHCTBHEM
TeMIepaTypsl. Hamnune Tpex TIPOIIECCOB,
CBUJETENBCTBYET O B3aUMOJCHCTBUU TEPBUYHOTO
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THAPOKCHIA C MOJICKYJIaMHd BOJBI
HaJMOJIEKYJISIPHBIX YPOBHSIX.

Ilepen BTOpPBIM H3MEPEHUEM B UHTEPBAIE
temmeparyp ot -20°C 1o 160°C o6pasen BI] Haxomuncs
Ha Bo3ayxe ¢ BiaaxHocThio 70% Ha mporskeHun 16
4acoB.

Ha HCCKOJbKHUX
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Puc. 2 - 3aBucuMoOCTb  TaHIeHca  yrja
JAMIJIEKTPUYECKHX NoTepb oT Temmepatypsl (°C)
oo6pa3ua BII B iuana3one yactor ot 0,5 10 33.3 KI'n,
BTOpOe U3MepeHue o6pa3na

Ha pwuc.2. mpencraBnena 3aBHCHUMOCTh TaHTEHCA
yIiaa OURJIEKTPUYECKHAX TOTEPh OT TEMIEpaTypsl st
BII mpu BTOpOM M3MepeHuH oOpasma. Ilo cpaBHeHHIO C
puc.l., Ha puc.2. HaOmOmaeTCs 3HAYUTEIHHOE
YMEHbBIIICHUE BEIMYUHBI TaHTeHca yria notepb (oT 0.95
1o 0.24 mpu 500 I'n). Takoe u3MeHEHNE TaHT€HCA yTiia
JAUDBJICKTPUYCCKUX NOTEPH CBUACTECIILCTBYET O TOM, UTO

KOJIMYECTBO ,HPIHOJ'ICIZ, Jaroux CBOI1 BKJIag B
Ha6J'IIOZ[aeMLH>i HepeﬂaKcaHI/IOHHHﬁ mnmpouecc,
YMEHBIINJIOCH Ooitee yem B 3 pa3za. HMHTEeHCUBHOCTD
TaHI'€HCa yriia JUBJIEKTPUICCKUX TIIOTEPH

HEpeJIaKCallHOHHOTO IIpoIecca B 00JIaCTH TEMIIepaTyp
60°C ymenbmraercs ¢ 0.7 no 0.16, a HepemakcaliOHHBIE
MIPOLECCHl B ¢ MakCUMyMaMH B OOJacTH TeMIIEpaTyp
110°C u 130°C sBHO He JOKANM3ylOTCS. DTO MOKET
03Ha4aTh, 4YTO IOJ ACHCTBUEM BBICOKHX TEMIIEPATYp
(m0 160°C) monsipHbIe rPYMIIEL, COAEPKAIIIE MOJIEKYIIbI
BOJBl Ha Pa3HBIX YPOBHAX CTPYKTYpHOH OpraHH3alluH
BIl, pa3zpyarorcs, U3 HUX YJQJISIOTCS MOJIEKYJIbI BOJIBI.
PesynbraThl, IpencTaBleHHBIE HAa PHC.2. MOKA3bIBAIOT,
YTO MOSBJSIETCS HOBBIM HepeJaKCAllMOHHBIA IpoIecc B
obnactu Temneparyp 15°C. B cBs3u ¢ Tem, 4T0 o6pasen
B XO0oA€ MNEpBOro M3MEPECHHUA MNOABEPrajicsa ﬂeﬁCTBHIO
BBICOKHX Temmeparyp (1o 160°C), a 3atem Haxomuics
Ha BO3IyxXe C BI&XHOCTBIO 70% MOXHO crenars
CJICIYIOIIHE BHIBOJBI:

1. [NosiBneHHe HepeaaKcalMOHHOIO IpoLecC B 00JIacTH
temmneparyp 15°C cBsi3aHO ¢ BOMIOH, cOpOMPOBAHHOI Ha
NOBEPXHOCTH o00pasua, IMpH BBIIEPKUBAaHUHM €ro B
atMoc(epe BIOKHOTO Bo3ayxa. I[loaToMy, uTOOBI
HPEeIOTBPATHTh ee TIOSIBJICHHE HEOOX0AUMO
M30JIMPOBaTh MPOTPETHIA 00pasery OT JIMTEIBHOTO
KOHTaKTa C BIAKHOI aTMocdepoii.

2. Jlns ynaneHusi COpOMPOBAaHHON BOJIBI U3 BHYTPEHHHUX
obmacreit BLl, mis pa3pymmeHns COOTBETCTBYIOIINX
MOJSIPHBIX ~ TPYNIIMPOBOK HEOOXOAMMO JUIMTEIBHOE
IporpeBaHne oOpas3na MpH BBICOKHX TEMIIEPATypax
(150-160°C). BakHo, 4YTO Takue TIpPYNIHPOBKH He
BOCCTaHABJINBAIOTCS TIOJIHOCTBIO JIaXKe MPU ATUTEILHOM
KOHTaKTe 00pasiia ¢ BIaKHOH aTMOCGhepOii.



Jls monTBepKIEHUST TaHHBIX BHIBOJIOB 0oOpasels

Bll, He nmnoxBepraBuIMMCA  JCHUCTBUIO  BBICOKHX
TeMmepaTryp, IOMelajics B TepMmoumikad  Opu
(o]
temmeparype 150°C ua 4 gaca.
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Puc. 3 - 3aBucHMOCTH  TaHIeHca  yIJa

AMYJIEKTPUYECKHX moreph oT Temmepartypsl (°C) B
auana3zone yactot ot 0,5 g0 33.3 KI'u aas odpazua
BIl, ocymienHoro B Tepmomkady B Teuenue 4 4acon
npu Temnepatype 150°C

W3 naHHBIX, IpeICTaBIEHHBIX HA pUC.3, CIEAYET,
9TO B TakoM oOpasle TMpH TeMIlepaTypax BBIIIE
KOMHATHOM HE HaOIIOHaeTCs HUKaKHAX
HEPEITAKCAMOHHBIX MPOLIECCOB, YTO CBUICTEIHCTBYET O
MOYTH TIOJTHOM OTCYTCTBHH TOJIIPHBIX TPYHIIIHPOBOK,
COJIeprKaIUX MOJIEKYJIbl BOJBI M Pa3pyLIAIONINXCs O]
JIEHCTBUEM BBICOKMX Temmeparyp. Takum obpazowm,
TepmMooOpaboTka  oOpasma B[  mpu  BBICOKHX
TEeMIIepaTypax BeAET K YHAIEHHIO COpOMpPOBaHHOMN
BOJIBI, BCJCICTBHE Pa3pyIICHUs IUIIOJCH IMEPBHYHBIN
ruapokcun — Boja. [Ipomecc B oGmactu Temmeparyp
15°C  me rnokanusyercs, T.K. [l  TOSBIEHHS
cOpOMpOBaHHOM Ha IOBEPXHOCTH BOJBI HEOOXOIUM
JUTATENEHBIA KOHTAKT 00pasiia ¢ BIaKHON aTMOc(epoit.

Jnst  BBIACHEHUSI TEPMUYECKUX  YCIOBUH
pa3pyIIeHus JUITONIeH TTepBUYHBIN THIPOKCHI-BOA Ha
Pa3IUYHBIX YPOBHAX HAIMOJEKYISIPHOH CTPYKTYpPHI B
GakTepuaTbHON LEJITI0NI03E TEeMIIepaTypHO
HeoOpaboTaHHBIN obpa3zerr BI1 MporpeBaIcs
1I0C/IeI0BaTEeIbHO B mpoliecce m3Mepenuii g0 60°C,
105°C u 160°C. XapakrepHo, 4TO B HpOIECCE
MOCTENICHHOTO0 ~ IpOrpeBa  OOpasloB  BO  BpeMs
HU3MEpEeHus, COXPaHSIOTCA HEepeTaKCallHOHHBIE
MPOLIECChl BhHINIE TeMmIeparyphl mnporpeBa. Ha puc.4.
npejcTaBieHa 3aBHCHMOCTh TaHreHca yria
JUBJICKTPUUCCKUX MOTCPh IJIA MOCTCICHHO OCYHICHHBIX
BO BpeMs H3MEpeHH 00pa3IoB.

Buzso, uTo nporpesanue 10 Temmepatyp 60°C
u 105°C npuBoauT K TOMY, HYTO MCYE3AIOT
HepenaKcaloHHbIE TIPoIecchl pH TemnepaTypax 60°C
1 105°C, B TO BpeMsi KaK HepellaKCalHOHHBIE TIPOLECCHI
IIpy TeMIeparypax BBIIIE TeEMIIEpaTyp IIporpeBa
ocratorcsi. IlomyueHHBIH pe3ynbTaT MOKa3bIBaeT, YTO
JUIl  yIAJeHHsT BOJbI, COpPOMPOBAaHHOW Ha pPa3HBIX
YPOBHSIX HaJMOJICKYJISIPHOM OpraHm3aluy, Tpedyercs
pasHasi Temmeparypa oopaOdoTku. B cBsizm ¢ Tem, 4TO
MUDNICKTPUICCKH AKTUBHBIM  SIBJISIETCS  TTEPBUYHBIN
THAPOKCWII U UMEHHO OH B3aUMOJEHCTBYET C BOJOM,
HEOOXOAWMO  HWCCIENOBaTh €ro  pellakCallHOHHOE
MOBEJICHUE BO BPeMsI OCYIICHUS 0Opasia.
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Puc. 4 - 3aBucuMoOCTHL  TaHTeHca  yria
JIM3JIEKTPHUECKHUX ToTeph oT Temnepatypbl (°C) mis
oopa3ua BII: 1 — Henporperoro, 2 — mMporpeToro npu
NMOBBLIIIEHHH TeMIlepaTypsl B Mpolecce M3MepeHHUi
mo 60°C, 3 — mporperoro NpH NOBLINICHUH
TeMnepaTypsl B Tnpouecce u3mMepenmii n0 105°C.
Yacrora 1 KI'ny

MoO>XHO BBICKa3aTh MPEAMNON0KEHHE, YTO BOJA
copbupoBanHHass B oOpasue bBI[ cBsassiBaercs ¢
MEPBUYHBIMU ~ THIPOKCHJIAMH, HaXOIAIIUMHCS  Ha
pasHBIX YpPOBHSX HAJMOJICKYJIIPHOH CTPYKTypbl. B
JanbHEHIIMX paboTax HaM MPEICTOMT IPOBEPUTH
JJAaHHOE TIPEIIOJIOKEHHE.

3aknrovyeHue

HccnenoBanbl paziauyHble CIOCOOBI OCYIICHHS
OaKkTepuaIbHOM 1eJUTI0JI03bI: TIOCTEIIeHHas (TToIaroBas)
CymikKa, OCYHICHHMC IIpU TOCTCIICHHOM YBCIWYCHUC
TEMIEpaTyphbl, OCYIICHHUE TPH 3aJaHHOH BBICOKOH
Temriepatype. B Xoze ucciieioBanuii okazaHo OTJIMYUE
B PEJIAKCAIIMOHHOM TIOBEJICHHE 110 Pa3HOMY OCYILCHHBIX
00pa3moB, YTO MOXET OBITh CBS3aHO C PA3IUIHBIM
XapakTepoOM YAAJCHHUS COPOMPOBAHHBIA BOABI W3
o0pa3a. Hannune HECKOJIBKUX oOacrei
IURJICKTPUYECKUX TOTeps B obOiactu Temmeparyp 0 —
160°C cBsa3pIBaeM ¢ TeM, 4To Boja B BIl Haxommrcs Ha
Pa3HBIX YPOBHAX HAIMOJEKYJSIPHONH CTPYKTYPHL.
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