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Mzobpererne oTHOCHTCA K 0OJNIacTH WCMONB30BaHHWA TpadeHa (MynbTHrpadeHa), a UMEHHO (OPMUPOBAHHUIO
SNMEKTPONPOBOIAIINX CTPYKTYp HAJSKHO 3aKPEIUICHHBIX HA THOKYIO MOATOXKY, U MOXKET HalWTH NPHMEHEHHE B
M3TOTOBJIEHUH LIMPOKOTO CIEKTPa TMOKUX 3MEKTPOHHBIX MPUOOPOB U M3MAENUH, B YACTHOCTH AATYUKOB BIAXKHOCTH
pesuctuBHOro Tuna. Criocod M3roToBIEeHUS TMOKOrO JaT4MKa BIKHOCTH BKIIIOYACT CO3JAAHUE MYJIBTHrpadeHOBOM
TUICHKH Ha TMOKON TOATIOXKE, Ha KOTOPOH (DOPMHPYIOT 3NEKTPOMPOBOASILYIO0 CTPYKTYpY, IIPU 3TOM B KadecTBe
THOKOH MOJJIOKKH UCTIONB3YIOT YYacTOK TKaHHU, MPEIBAPUTEIHHO 00pabOTaHHBIN aAre3MOHHBIM COCTABOM, /IS YET0o
TKaHb NIPONUTHIBAIOT B PAacTBOPE a[ATE3MOHHOTO COCTaBa, HANPUMEP BOAHOM PAcTBOPE OBIUYBETO CHIBOPOTOUHOTO
anbOyMHHa, ¥ IPOCYIINBAIOT IIPU KOMHATHOH TeMIIepaType JI0 HOIy4eHHs OCTOSHHOM MacChl, HAlpUMeD, B TeUCHHE
1841 4, mocyie 4ero Ha IMOBEPXHOCTH INOMIOKKH OCAXKIAIOT CIOM OKCHIA rpad)eHa MyTeM OKYHaHHUs IMOAJIOKKH
C aJre3MOHHBIM CJIOEM B BOJHOM CYCHEH3MH OKCHJa rpadeHa, MpeIBapUTeIbHO MOABEPTHYTOH YIbTPa3ByKOBOMY
BO3JICHCTBUIO, U IIOCIIEAYIOIIEH CYIIKY IPYU KOMHATHOH TeMIepaType 10 NOoIy4eHHs IIOCTOSIHHON Macchl, Halpumep,
He MeHee 12 4, U BOCCTaHABIMBAIOT MyIbTHIpadeHOBYIO IUICHKY B Hapax IMIpa3WHa I'MApara B TepMETHYHOU
emkoctu npu temneparype 60£5°C B teuenue 60+10 MuH ¢ nocnenyroel Cymkoi Npyu KOMHATHOW TeMIieparype
JI0 TIOJyYeHHs TTOCTOSIHHOM Macchl, HanpuMep, He MeHee 12 4. B 3aBepiieHnn GOpMHPYIOT 3JIEKTPOIPOBOISIIYIO
CTPYKTYpy Ha IOBEpXHOCTH MYJIBTUIPad)eHOU IIGHKH IyTeM HAHECCHUs BHIBOJOB Ha OCHOBE TOKOIPOBOSILIEH
NacThl, HapHMEp CepeOpsTHON MacThl, ¢ MOCIEAyIOIed CyIIKOW NpH KOMHATHOHW TeMmIeparype He MeHee 24 4.
TexHuueckuil pesynsrar, MOMydaeMblil IPU UCIOIb30BAaHUU YCTPOUCTBA, BBIPAXKACTCA B CO3aHUU HAJECKHOTO U
CTaOMIIBHOTO JlaTYMKa PE3UCTHBHOTO THIIA HA OCHOBE Ipa)eHOBOM IICHKH, 001a1at0Iero THOKMMH CBOHCTBAMH.
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MIIK GO1K 5/46, GOIN 27/04
Cnoco0 u3roToBJICHUS THOKOTO JAaTUMKA BIAXKHOCTHA Ha OCHOBE
BOCCTAHOBJICHHOTO OKcHa rpadeHa

N3o0peTenne  OoTHOCUTCA K  o0JacTM  MCMHOJb30BaHWsA  TpadeHa
(MmynbTUTpadeHa), a UMEHHO, (POPMHUPOBAHUIO HJIEKTPONPOBOSAIIMX CTPYKTYD,
HAJCKHO 3aKPEIUICHHBIX HAa TMOKYIO TMOIOXKKY, U MOXKET HAalTH NMPHUMCHCHHE B
U3TOTOBJICHUN IMHPOKOrO CHEKTPa TMOKUX AJICKTPOHHBIX MPHOOPOB M M3ICIIHIA, B
YaCTHOCTH, JATYMKOB BJIAXKHOCTH PE3UCTUBHOTO THIIA.

H3BecTen maTuvk BiaKHOCTH pe3ucTuBHOTO Thma (cM. RU Ne2109778, k.
CO8L 79/08, CO8L 71/02, omy6m. 27.04.1998), cocrosmmii U3 MOMIOXKKH, HA
KOTOPOM HAHECEHA 4YYBCTBUTCIbHAS K BJIAre a30TCOJACpIKAINas ITOJIMMEpHAas
KOMITIO3HITUA, UMEIOIIAs CIASAYIOMMN cOCTaB, B Macc. %:. mojuaMuaoumMu - 52,3-
58,5; monmusTHneHTIUKOIb - 41,5-47.7 .

HemocrarkoM W3BECTHOrO TEXHWYECKOTO PEINCHUS SBIACTCS BBICOKAs
HHEPTHOCTH PadOTHI JaTUHKA.

YCTpOHCTBO JaT4MKa BIIAKHOCTH HA MYJIbTUTPAPEHOBOH OCHOBE (CM.
Huihui Guo et al.. Humidity sensing behaviors of graphene oxide-silicon bi-layer
flexible structure, Sensors and Actuators B: Chemical. — 2012. - Vol. 161, P. 1053-
1058) cocTrouT W3 TBEpaOH MOUIOKKH, HA TOBEPXHOCTH KOTOPOM 3aKperuieHa
MyJabTUTpadeHOBAs IJICHKA, COAEPIKaIIasi He MEHee IBYX CI0eB rpadeHna.

OmHako, M3BECTHOE YCTPOMCTBO JaT4YMKa BJIAXKHOCTH  XapaKTEPHO
HECTAaOMILHOCTHIO Pa0OThl MpH OOJIBIINX IMepenaaax BIAKHOCTH U TeMIEPaTyphI
OKPYKAFOIIEH CPEIBI.

M3 ypoBHS TEXHHKH HM3BECTEH CIoco0 (PopMHUpPOBAHHMSA MPO3PAYHBIX
BOCCTAHOBJICHHBIX OKCHJ TPpaeHOBBIX CXEM C IOMOIIBIO JAa3ePHOr0 OOIydeHHS
(em. US Ne9099376, k. HOIL 21/336; HOIL 21/268; HOIL 21/02; HO1L 29/16,
omy6s. 04.08.2015). Jlna momydeHHsT TaKUX CXEM CYCICH3WIO OKchma rpadenHa
HAHOCAT Ha CICIUAIBHO IOJATOTOBIICHHYIO IMOBEPXHOCTh CTEKIITHHOM ITOJIOMKKH.
Jlanee, ¢ MOMOTMIBIO SKCUMEPHOTO J1a3epa CO3Aat0T MPOBOISIINE CXEMBI.

@opMHUPOBAHUE AFJIEKTPOMPOBOASIINX CTPYKTYP HA CTEKJISTHHBIX HETMOKHX

MOIJTO’KKAX MOYKET 3HAYUTEBHO OTPAHUIUTH Chepy UX MPUMEHECHHUS.



[To cnocoOy n3roToBiaeHus AaTturka BiaaxHocTH (cM. RU Ne2579807, k.
GOIN 27/00, B82B 1/00, ony6sn. 10.04.2016) na Meanywo (osbpry ocakaaroT
NJIEHKY MyJbTUTpadeHa, BRIPE3atoT U3 HEE 3aroTOBKY JAaTYMKA HYKHOU (OPMBI
Y pa3MepoOB, K MECTAM PACIIOJIOKEHU KOHTAKTOB HA 3arOTOBKE MPUKIICUBAIOT
CTEKJISHHYIO TOJJIOXKKY M CBEpPXY HAHOCAT B3allUTHBIA CcJIoH Tpebyemoit
dbopMBI, CTpaBIMBAIOT (POJBTY ¢ HE3ANUINEHHBIX YYacTKOB, MPOMBIBAIOT H
BBICYIIMBAIOT 3arOTOBKY, @ TAKXKE€ YAAJSIOT 3AlIUTHBIA CIOU C AJICKTPUUYECCKUX
KOHTAKTOB.

HN3BeCTHOE TEXHHUUYECKOE PEIICHUE XapaKTEePU3YETCAd  CII0XKHOCTHIO
TEXHOJIOTHYECKOTO MPOLECcCa MOJYUYECHHSI NATUMKA, BKIOYAKOIIETO HECKOJBKO
3TanoB (OPMUPOBAHHUS TPOBOIANIMX CTPYKTYP — HCIOJNB30BAHUE METHOU
donpru, oOcCaxkICHWE TUICHKA MyJbTUTpadeHa, TPUKICHBAHUE IKECTKOU
CTCKJITHHOW TIOJIOKKHW, HAHECEHHWE 3alluTHOro ciios U aAp. Kpome Ttoro,
MCTOJIb3yeMasl TBEpJAAss TMOMJIOXKKA HE TMO3BOJAECT YCTAHOBUTH W HAJECKHO
3aKPEMHUTh JATYUK BJIAKHOCTH HAa THOKHE U CWIBHO JeOpMHpPyEMbIe
KOJIEOIOMMECs MOBEPXHOCTH, UTO OTPAHUYMUBAET CPepy €ro MpuMEHECHHU .

3ajaua, Ha pEIICHHE KOTOPOM HampaBlI€HO 3asABJIICHHOE W300pETEHHE,
BBIPA)KAETCA B CO3/IaHUU CIOCO0A U3rOTOBJICHUS TMOKOTO AaTUMKa BJIAXKHOCTH HA
OCHOBE IJICHOK TpadeHa, XapaKTepHU3yIOIIerocss OTHOCUTEILHOM TEXHOJIOTHUECKOM
MPOCTOTONH M BBICOKOH MOBTOPSAEMOCTHIO M CTAOMJIBHOCTHIO MOJIY4a€MbIX Ha €ro
OCHOBE JIaTYMKOB BJIAKHOCTH PE3UCTUBHOIO THIIA.

Texanuecknii 3pdexT, moaydaeMbiii IPU PEIICHUN TTOCTABJICHHOW 3a/1a4H,
BBIPAXAETCA B CO3JAHUM HAJECKHOTO M CTAOWJIBHOTO YCTPOWCTB JaTuMKa
PE3UCTUBHOTO THWIA HA OCHOBE TpadeHOBOW TUJICHKH, OOJIAMAfOIIero THOKAMHA
CBOMCTBaMMU.

Jlns  pellleHWsT TOCTaBIICHHOW 3aJauyM  CMmoco0 M3TOTOBJICHHA THOKOTO
JaTdWKa BJIQKHOCTH, BKITIOUAIONIMKA CO3/JaHWE MYJIbTHTPadEeHOBOW TUICHKHM Ha
ruOKOW TOJUIOKKE, Ha KOTOPOH (DOPMHPYIOT 3JIEKTPONPOBOISIIYIO CTPYKTYPY,
XapaKTEepU3yeTCsl TEM, YTO B KAYECTBE T'MOKOM MOMJIOMKKHA HCHOJIB3YIOT Y4acTOK
TKaHU, MPEIBAPUTEIIBHO 00pa0OTAaHHBIA aAT€3MOHHBIM COCTaBOM, VISl UETO, TKaHb

IMPOIIUTBIBAKOT B PACTBOPC aAIC3MOHHOI'0 COCTaBd, HAIIpPUMCP, BOAHOM PACTBOPC
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OBIYBETO0 CHIBOPOTOYHOTO adbOyMWHA, MW MPOCYIIMBAOT TMPH KOMHATHOM
TeMIOeparype [0 TMOJYYECHHs TMOCTOAHHOM MAcCChl, HampuMep, B TEUYCHHE
18+1 yacoB, mocne 4Yero, Ha MOBEPXHOCTH TMOJJIOKKHA OCAXKIAIOT CIIOM OKCHJIA
rpadeHa myTeM OKyHaHUs MOJJIOKKH C aiIT€3MOHHBIM CJIO€M B BOJHOM CYCIIEH3HUH
okcuma  rpadeHa, NPEABAPUTEIIBHO  ITOJABEPTHYTOM  YJIBTPA3BYKOBOMY
BO3JACHCTBUIO, W TMOCJCAYIOMIEH CYIIKM MPA KOMHATHOWM TeMmeparype a0
MOJYyYCHUS TOCTOSHHOM MacChl, HampuMep, He MeHee 12 dacoB, #
BOCCTAHABJIMBAIOT MYJbTUTPA(EHOBYIO TUICHKY B Tapax TUApa3WHa THApara B
repMeTuyHor emkoctu npu Temneparype 60+5°C B Teuenue 60+10 muH c
MOCJIEAYIOLIEH CYIIKOW NMPU KOMHATHOM TEMIIEpaType A0 MOMYyUYEHUA TTOCTOSHHON
MacChl, Hampumep, He MeHee 12 wdacoB. B 3aBepmeHun  GoOpMHPYIOT
AJIEKTPOIIPOBOIAIIYIO CTPYKTYPY Ha TOBEPXHOCTH MYJbTHTPAdEHON TUICHKH
MyTEM HAHECEHUS BBIBOJOB HA OCHOBE TOKOMPOBOJAIICH MACTbl, HAMPUMEP,
cepeOpAHON TACThl, C MOCIAEAYIONIEH CYIIKOW MPH KOMHATHOM TeMmepaTrype He
MeHee 24 yacos.

ComocTaBUTENbHBIA ~ aHAJIM3  TMPU3HAKOB  3aSBJICHHOTO  PEIICHUS C
npu3HAaKaMu  ONMDKAMIIMX —~ aHAJIOTOB  CBUACTENBCTBYET O  COOTBETCTBHUH
3asIBJICHHOTO PEIICHUS KPUTEPHUIO «HOBU3HAY.

COBOKYNHOCTh ~ MPHU3HAKOB  M300peTeHHMs  00ECIEeUMBAET  PEIICHUE
3aSBJICHHOW TEXHWYECKOHM 3a/Jaud, a UMEHHO, MOJyYeHHE MPOCTOT0 YCTPOMCTBA
JaTdWKa BIIAXHOCTH, OO0JaMaloIMero THOKAMH CBOWCTBAMH, YTO TIO3BOJIAET
3HAYUTEIHLHO PACITUPHUTH 00JIACTh €r0 MPUMCHEHHUS.

N3BecTHO, uTO OKCHT rpad)eHa MONyYarOT | UCTIONB3YIOT B BUAC CYCIICH3HH,
T.K. JKHJKas OCHOBA TMO3BOJISICT HAHOCHTh €T0 HA PA3JIMYHBIE TOBEPXHOCTH.
[Tpuuem, HamuuwWe KUCIOPOMHBIX TPYNI B OKCHAEC rpadeHa TMPEBpAMIAcT €ro B
AWAJIEKTPUKA, YTO, B CBOIO OYEpeab, HE TMO3BOJSAET HMCIOIb30BaTh B KAuECTBE
NPOBOJHUKOBBIX MarepuasioB. [lpoiiecc n30aBiieHHMA OT KHCIOPOACOACPKAIIUX
TPyNm ¥ MOJIEKYJI, TaK HA3bIBAEMOE «BOCCTAHOBJICHWE), TO3BOJIACT YBEIHUHUTH
MPOBOJUMOCTh 70 HYXHBIX BEJIWYUH JJIA WCIOJB30BAHUS B AJIEKTPOHHBIX

CHCTCMAX.



Hanpumep, u3BecTeH cnoco0 HM3rOTOBJIICHUS TOHKOIUJICHOYHOTO JAaTuMKa
BJIQXXHOCTH pe3ucTuBHOTO TUMa (cM. RU Ne2682259, xn. GOIN 27/00, B28B 1/00,
omy6s1. 18.03.2019), ocHOBaHHBIH HA CO3IAHUU HIEKTPOMPOBOAAIINX CTPYKTYP Ha
rUOKOHM MOJUMEPHON IMJICHKE, /U1l YEro Ha MOBEPXHOCTh MOJIUMEPHOMN MOJUI0KKH
(hOpMHPYIOT TUICHKY OKCcHAa rpadeHa, Ha MOBEPXHOCTH KOTOPOH MOCPEICTBOM
MOJIyIPOBOJHUKOBOTO  Jlazepa  OOJy4aroT  3JIEKTPONPOBOALIYIO  JOPOXKKY
AJNIEKTPOJOB.

KpoMe Toro, T€XHOJIOrMYECKH MPOCTHIM CMOCOOOM BOCCTAHOBJICHHUS CJIOEB
okcuaa rpadeHa sBisgercs ux o0OpadoTka B mapax THApPasWHA TUApaTa B BOIASHOM
6ane. Oxcup rpadeHa OOBIMHO TOJNYYAIOT M HCHOJB3YIOT B BHJIE BOJHOM
CYCNEH3HUH, TMOCKOJIbKY, MHJKasi OCHOBA IMO3BOJIIET €ro JIETKO HAHOCUTh Ha
MOBEPXHOCTH PA3JIMUHBIX MatepuayioB. J[Jis oOecrieueHusi MPOYHOTO CLETUICHUS
JacTHUI] OKcHAa TpadeHa ¢ BOJOKHAMHU TKAHHW, MPEABAPUTENBHO, 0 HAHECEHUS
okcuja rpadeHa, TkaHb 00padaThIBAfOT OBIYBMM CHIBOPOTOYHBIM AJIbOYMHHOM.

borumit  ceiBOpoTOUHBIN anbOyMuH ABigeTcs  aMmUPUIBHBIM - OETKOM,
CIIOCOOHBIM MPOYHO COEUHATH MAaTE€PUaAIbl OPraHUUECKOTO WM HEOPTaHUYECKOTO
MIPOUCXOKICHUA 34 CUET MOBEPXHOCTHOTO CIEIJICHUS TOCPEACTBOM THAPOHOOHBIX
(HEMOJSAPHBIX ) U TUAPODUITBEHBIX (TTOJIAPHBIX ) B3AUMOICHCTBUAMN.

BoccranoBnennsie w3  okcuga rpadeHa  MynbTHUrpadeHOBBIE  CIIOM
00ecreunBaroT MPsIMO MPONOPLUHUOHATBHOE U3MEHEHUE COMPOTUBIICHUS AaTYUKA B
3aBUCHMOCTH OT WM3MCHECHHS BJIAKHOCTH OKPYXAIOMIEH Cpeabl U BBICOKYIO
TEMIEPATyPHYIO CTAOMIIBHOCTD.

Takum oOpa3oM, B 3asBJICHHOM YCTPOWCTBE IMOJJIOKKA BBIMIOJIHEHA W3
MPEeABAPUTEILHO 00padOTAaHHOW aAre3MOHHBIM COCTAaBOM TKAaHW, HA KOTOpOH
CHavajla OCAXTAIOT CIIOM OKCHAa TpadeHa, W3 KOTOPHIX B Mapax THApPa3WHA
TUpaTa BOCCTAHABIMBAIOT MYJIbTUTPAGEHOBYIO TUICHKY. B KauecTBe MOJIOKKH
JATYMKA BJIAXKHOCTU MOXET OBITh HCMOJb30BAHbI TKAHU, TMOJYYEHHBIE KaK W3
HATypPaJIbHBIX, TAK W CHHTETHYECCKUX BOJIOKOH (HAMPHUMEP, XJIOMYaTOOYMaKHBIC
WA HEHJTOHOBBIC).

YCTpOHCTBO AaTuMKa BAAXHOCTH MOSICHACTCA YepTexamu, rae Ha ¢urype 1
nokazaHsl  (POTOM300PAKEHHSI  SKCIEPUMEHTAILHOTO  o0pas3ia  MOJIOCKH

XJI0MYaTOOYMaXXHOW TKAHW C IMUpUHOM 1 cM m jgnmuHOM 4.5 cM: B HMCXOJHOM



coctossHun (a), mociae o0O0pabOTKW anre3uBOM - OBIYBMM  CHIBOPOTOYHBIM
anpOymuHOM (0), Mocae HaHeceHUs okcuaa rpadena (B), MOCIe BOCCTAHOBIICHUS
okcuaa rpadena (r) W TOCIAe HAHECEHUS Ha 00paslle C BOCCTAHOBJICHHBIM
rpadeHOM ABYX 3JIEKTPHUECKUX KOHTAKTOB M3 cepeOpsHOi macTel (1), Ha ¢durype
2 - rpadmK OTHOCHTEIHHOTO M3MEHECHHS AaKTHBHOTO COIMPOTHBJICHHS MAaTYMKa B
3aBUCHUMOCTH OT OTHOCUTENIbHOM BiaxkHocTH (RH) n Bpemenun (Bo BCTaBKe).

KOHCTpYKTHBHO AaTUMK MPEACTaBsAeT COOOM TKaHb, HA BOJIOKHA KOTOPOH
3aKpEIUICHBl MYJIbTHUTPA(QEHOBBIE CIIOHM, BOCCTAHOBJICHHBIE W3 CJIOCB OKCHJIA
rpadera. C aByX CTOPOH HA TKaHb ¢ MYJIbTUTPA(PEHOBBIM CIIOEM YCTAHOBIICHEI
METaJNTMYECKUE KOHTAKTHI U3 cepeOpsHoii macThl (cM. ¢ur. 1).

Hwxke mpuBoguTCcs mpuMmep peanm3alidé JaTirka, B KOTOPOM B KAaueCTBE
TIO/IJTO’KKH MCTIOJTh30BaHA XJIOMKOUAaTOOyMayKHAS TKaHb.

N3roTosneHue maTamka MPOUCXOAUT B HECKOJIBKO STAToOB.

Bnauame, wucxomnsiii ydactok (kycok) Tkamm (cMm. ¢ur. la), rae
MpeyCMaTPUBACTCA Pa3MEIIEHUE JaTuhka, o0padaThiBAlOT MyTEM OKYHAHHS B
aAre3nBe - TOJKUCICHHOM COJITHOM KHCIOTOH BOJHOM pAcTBOpPE OBIYbETO
ceiBOpoTOUHOTO anbOymuHa (cMm. ¢wur. 16). Tlocme mpocymiku mpu KOMHATHOM
Temneparype B TeueHue 18+] uacoB TkaHb ¢ aACOpOUPOBAHHBIM OBIYBUM
CHIBOPOTOYHBIM ~ QJIbOYMHUHOM TMOTPYXAIOT B BOJHYIO CYCIEH3MIO YACTHII
(MHKpPOYETITYeK) oKCHIa rpadeHa, IPEABAPUTETHHO MOJABEPTHYTYIO
yJIBTPa3BYKOBOMY BO3ACHCTBHIO, CIIOCOOCTBYIOIIEMY PAaBHOMEPHOMY OCaXICHHIO
¥ 3aKPEIUICHUIO JTUCIIEPCHBIX YaCTHIl OKCHaa rpad)eHa Ha MOBEPXHOCTH BOJIOKOH
TkaHu. [Ipr 3TOM MCXOMHBIN BET TKAHU MOCJIE OCAKICHUA Ha HEM YaCTHIl OKCH/IA
rpadena 3ameTHO yepHeeT (cM. dur. 1B).

[Tocne wero, misi BOCCTAHOBIICHUS 3aKPETUICHHBIX HAa BOJIOKHA TKAHH CIIOEB
okcuaa rpadeHa mpeaBapuTeIbHO MPOCYIICHHBIH B TeUueHWe HE MeHee 12 JacoB
Py KOMHATHOM TEMIIEpaType y4YacTOK WM KyCOK TKaHH oOpabaThiBalOT B
rEPMETUYHON €MKOCTH B Mapax rujpasvHa rujapara npu temneparype 60+5°C B
teueHne 60+10 muH. [lo 3aBeprieHMHM BOCCTAHOBJICHHS CIIOEB OKcHaa rpadeHa
TKaHb CHOBA MPOCYIIUBAIOT NMPH KOMHATHOW TeMIEepaType B T€UCHUE HE MeHee 12

qacCoB.



M3rotoBiicHUE JaTYMKa 3aBEPIIACTCS HAHECEHUEM JBYX SJICKTPUUYECKUX
KOHTAaKTOB H3 CepeOpsSHOW TacThl HAa TMOBEPXHOCTH TKaHU (KyCKa) C
MyJbTUTPad)EHOBBIM CIIOEM Ha paccTosHuu, Hampumep, 10-15 MM apyr ot mpyra.
3arBepAcHUE U MPOYHOE CLEIUICHUE CepeOpsSHON NMacThl HA MOBEPXHOCTH TKAHU
JOCTUTAETCS MYTEM CYIIKK MTPU KOMHATHOM TeMreparype He MeHee 24 4acos.

Jlis  w3MepeHus BIAXKHOCTH K DIICKTPUUECKHMM KOHTAKTaM  J1aT4uKa
MPHUKJIAABIBAIOT HAMpshkeHUe (cM. ¢ur. 1), mpr 3TOM B 3aBUCUMOCTH OT TEKYIIICH
BJIQXHOCTHA OKPY>KAIOIIEH Cpelibl YCTAHABJIMBAIOT OMPEACICHHOE 3HAYCHUE
COTIPOTHBJICHUS MYJbTUTPA(EHOBOW TIJIEHKH, KOTOPOE HW3MEHSET CHJIBI TOKa,
MPOXOAIIETO dYepe3 MYIbTUTPadEeHOBYIO TUICHKY, IO 3HAYEHHIO KOTOPOM,
MPUMEHSIST U3BECTHBIE METOJUKH, OMPEACIAIOT a0COIIOTHOE WM OTHOCUTEIBHOE
3HAQUEHWE  BJIAKHOCTH. [lo  BeJIMYMHE  U3MEHEHHUS  CONPOTHUBIICHUS
MYJIbTHTPA(EHOBOW TUICHKH C TOMOINBI0 TPAAYHPOBOYHBIX KPHBHIX C
UCMOJIb30BAHUEM  HTAJIOHA MOXHO OMNPEACIUTh COACPXKAHWUE BJArd B
HUCCIECAYEMOU CPELE.

JInsi SKCIEpUMEHTAIBHBIX PabOT B KAauyeCTBE 3TAJIOHA MCIMOJIb30BAIN
NpOMBIIIIJICHHBIM gaTuuk  BiraxkHoctu HIH-4000 mnpousBoacTBa KOMIAHUM
«Honeywelly. Ha d¢wur. 2 npusBegeH rpaduk OTHOCHUTEIBHOTO HM3MEHCHUS
AKTUBHOTO CONPOTHBJICHUA JaTyuKa B 3aBUCUMOCTH OT OTHOCHUTEIIbHOM
inaxknoct (RH) m Bpemenu (Bo BcraBke). Ilpm stom 3a Ry B3sATO 3HAueHume
compotuBiicHus marunka npu RH, paBnoii 20 %. M3 rpaduka BUgHO, UTO C
YBEIMUCHHEM  BJIQXHOCTH  CONMPOTHBJIICHHWE  MYJIbTHUTPA)EHOBOH  IUICHKH
BO3PACTAET.

Takum 00pa3oMm, YCTpOWCTBO MYJBTHIPap)eHOBOTO JaTdWMKa BJIAXKHOCTH,
o0J1afaro1iero ruOKUMHU CBOMCTBAMH 3a CUET MCMOJIb30BAHUS MOAJIONKKH U3 TKAHHU,
MO3BOJIAECT 3HAUUTEJIBHO PACIIMPUTh O0JACTh €ro MPUMEHEHWS, HAmpUMeEp, Ui
BCTpaWBaHUA AaTuvka B oJexkay. [Ipu 3TOM cnoco® M3roTOBJIEHUSA YCTPOHCTBA
0o0Jlala€T  TEXHOJIOTUYECKOW  MPOCTOTOM, BBICOKOW  MOBTOPSIEMOCTBIO U

CTaOMITIBHOCTBIO IOJIy4aCMbIX JATYHUKOB BJIA’KHOCTH PC3MCTHBHOI'O THIIA.



dopmyna u300peTeHUs

1. Cmoco® wu3roroBieHus THOKOro AaTUMKa BJIAXKHOCTH, BKIIFOUAIOIIUH
co3JlaHue MyJbTHUTPadeHOBONH IUIGHKA Ha THOKOW TOMJI0XKKE, Ha KOTOPOH
(hOPMUPYIOT SIIEKTPONPOBOAIILYIO CTPYKTYPY, OTJIWYAIOIMIMKCA TEM, YTO B
KaueCcTBE THOKOW TOMJIOKKH MCIOJMB3YIOT YYacTOK TKaHW, MPEABAPUTEIHHO
00paboTaHHBIA aAre€3MOHHBIM COCTAaBOM, I 4Yero, TKaHb IIPOIMUTHIBAIOT B
pacTBOpPE aAre3MOHHOTO COCTaBa M IPOCYIIMBAIOT, MOCIEC YEro, Ha MOBEPXHOCTH
MOJIOKKH OCAKIAIOT CIIOM OKcHjaa TpadeHa TyTeM OKYHAHHS ITOUIOKKH C
aJAre3nOHHBIM CJIOEM B BOJHOM CYCIICH3MHM OKCHAa rpad)eHa W TOCIEIyIOIICH
CYIIKH, W BOCCTAaHABJIMBAIOT MYJbTHTPaEeHOBYIO IUICHKY B Iapax THJIpa3HHa
ruapara npu temmneparype 60+£5°C B Teuenue 60+10 MuH ¢ nocienyromen
CYMIKOM, /uisi (pOPMHPOBAHMS SIICKTPOMPOBOIAIICH CTPYKTYPhl HA MOBEPXHOCTH
MYJIBTUTPAGEHOMN TIICHKH HAHOCIT BBIBOBI HA OCHOBE TOKOTIPOBOISAIICH ITACTHI.

2. Crmoco0 wW3roToBICHHS THOKOrO JaT4dKa BJIAXHOCTH MmO I 1,
XapaKTEPU3YIOIIUHUCA TEM, 4TO B KAuyeCTBE aJAr€3MOHHOTO COCTaBa IOIOKKH
HCTIOJIb3YIOT BOJAHBINA PAcTBOP OBIUBETO CHIBOPOTOYHOTO allbOyMHUHA.

3. Cnoco0 M3roToBJICHHUS THOKOI0o MAaTUMKa BJAXKHOCTH 1O Im. 1 wam 2,
XAPAKTEPUBYIOIIUNUCSA TEM, UTO B KaUE€CTBE TOKOMPOBOAAIIEH MACThl UCIOIb3YIOT

cepeOpAHYIO TIACTy.
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B. JOKYMEHTEHI, CYHUTAIOINUECS PEJIEBAHTHBIMI

Kareropms*

CCBITKH HA JOKYMCHTEI C YKA3aHUCM, IIC 3TO BO3MOXKHO, PCICBAHTHBIX JACTEH

OtHocHTCS K myHKTY No

A, D

10.04.2016

MMEHU M.K. AMMOCOBA") 18.03.2019

CN 106442629 A (ZHEJIANG SCI-TECH UNIV

RU 2579807 C1 (GEAEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE
OBPA30BATEJILHOE VUPEXJEHUWE BBICHIEI'O
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I:I MOCJICAYOIMUE JOKYMCHTEI YKA3AHBI B PO JODKCHU U

* OcoOBIe KATCTOPHI CCBUIOMHBIX JOKYMCHTOB:

«A» - DOKYMCHT, OLPCICIHIFOIIUA OOIIHH YPOBCHD TCXHHKH

«D» - DOKYMEHT, IIPUBCACHHBIN B €BPA3HICKON 3a4BKE

«E» - Gomee paHHMIT JOKYMCHT, HO OIMYOJIHMKOBAHHBIA HA JATY IIOJAYH
eBpa3miicKoil 3aABKY M IIOCTE HES

«O» - MOKYMEHT, OTHOCSINUHCSA K YCTHOMY PACKPBITHIO, SKCIIOHHPO-
BAHHIO B T.1.

"P" - IOKYMEHT, OIlyOJIMKOBAHHEIN IO JATHI IIOJAYH ¢BPa3HiiCKON
3a4BKH, HO IIOCJIC AATHI HCIIPALIMBACMOr0 npuopuTeTa”

«T» - Goee MO3MHMUIA JOKYMCHT, OITy OJIMKOBAHHBIH ITOC/IC AATHI IPHOPUTETA H
[IPHBEACHHBIH I MOHAMAHI H300PSTCHI

«X» - HOKYMCHT, UMCIOINUiT HAnOO0JIee OIM3K0C OTHOMICHHUE K MPCAMETY HOUCKA,
MOPOYAINHAI HOBH3HY HIH H300PeTaTe/IbCKIil YPOBCHB, B3ATHIH B OTACIBHO-
CTH

«Y» - HOKYMCHT, HMCIOINUiT HAnOO0JIee OIM3K0C OTHOMICHHUE K MPCAMETY HOUCKA,
MOpOYAaInHii H300PeTaTeNbCKALl YPOBSHD B COUCTAHNH C APYTUME JOKYMCH-
TaMH TOII Jke KaTerOpHK

«&» - MOKYMEHT, SBIITIOMANCA TATCHTOM-aHATIOTOM

«L» - JOKYMEHT, IPUBCACHHBIH B OPYIUX IELIX
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