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Annomayua — PaccMOTpeHb! NPUHIHMIHNAILHBIE ACIEKTHI
NPOCKTHPOBAHMUS  HeoXJlakgaeMbIX mnpuémHukos HUK-
H300pakeHUs] HA OCHOBE TepMOMeXaHH4YeCKHX MHKpoAeTeK-
TOPOB C ONTHYEeCKHUM CYUThbIBaHHeM. OTMeuYeHbl NMOTEHIIH-
albHble mnpeumyinectsa. IlpeacraBieHbl pe3yJbTaThl Teo-
PeTHYeCKOro ¥ KOMNBIOTEPHOr0 MOJAEJIMPOBAHUS  MHKPO-
TEePMOMEXAaHUYECKHX JJIEMEHTOB JUISI PaccMaTpHBAaeMBbIX
cHCTEM.

Kniouesvie cnosa — UK-poronpuéMHuKH, TepMOMeXaHUYe-
ckuii UK-nerexTop, onTH4eckoe CYMThIBaHNE U300 paKeHHs,
MODMC-1exHoJjorum, npoekrupopanue marpuusl UK- ¢o-
TONPUEMHHKA, TEOPETHYECKOEe H KOMIILIOTEPHOE MOJEJIHPO-
BaHMe.

|. BBEJEHHE

Heoxnaxgaemble NpHEMHUKN U300pakeHUst HHOpa-
kpacHoro (MK) anama3oHa HMEIOT MIHPOKUE TEPCIICKTHBBI
NPUMEHEHUS] KaK B KOMMEPUYECKHX, TaK M B CIICIIHATIbHBIX
obmactsax. Psamom  mpemmymecte  obmamator  UK-
(hoTONIPUEMHUKA Ha OCHOBE MHUKPOTEPMOMEXAHUIECKHUX
anemenToB (MTMD) [1-3], KOTOpbIE MO CBOMM XapakKTe-
PUCTHKAM MOTYT YCHEIIHO KOHKYPHUPOBATh KaK C UCIONb-
3yEeMBIMH B HACTOSIICE BpPEeMs HEOXJIKIAEMBIMH  0OJIO-
METPUUCCKUMH NPUEMHUKAMH, TaK M C OXJIAXKIACMbIMU
(hoToprEeMHUKAMH.

Bompocsl IIPOEKTUPOBAHUS HK MOBOMC-
(oTONPUEMHHUKOB C EMKOCTHBIM CUMTHIBAHHEM paccMmart-
puBanuch Hamu panee [4-6]. OcoOblii HHTEpeC mpeacTaB-
JII€T CO3JaHMe Ha OCHOBE TAaKUX 3JIEMEHTOB CHUCTEM C OII-
TUYECKAM CUUTHIBAaHHEM. Hanopaszmepnslie po-
CTPaHCTBEHHBIE JEBUAIMU TEPMOMEXAHUUECKUX UYBCTBH-
TEJIbHBIX 3JEMEHTOB PErMCTPUPYIOTCS B TAaKOH CHUCTEME
ONTHYECKUM METOJIOM, 00eCIIeurBasi BO3MOXKHOCTh pealn-
3aumu npuHuuna «aipsmoro MK-sunenus». Ilpu stoMm cy-
IIECTBEHHO CHID)KAETCAd KOHCTPYKTHBHAsT U TEXHOJIO-
THYECKasl CI0KHOCTb CEHCOpA, MOCKONBKY CXEMa CUUTHI-
BaHUS SBISIETCS DJICKTPHUYECKH MAcCHBHOW M He Tpelyer
(hopMHpOBaHNK HAa KPUCTAUIE DJIEKTPOHHBIX HENe. ITo

TO3BOJIACT paCCUUTHIBATL HA 3aMCTHOC CHMXKECHUE CTOUMO-
CTH CUCTCMBI.

B Hacrosieit paboTe mpeacTaBiIeHbl NPHHIMITHAIb-
HBIE ACTICKTHI TIOCTPOCHUST TEPMOMEXaHUIECKHX CHCTEM C
ontuueckuM cuuthiBaHueM WK  wm3o6paxenus (MK
TMCOC) wu npuBeneHbl pe3ylbTaThl TPEXMEPHOTO KOM-
MBIOTEPHOTO  MOJICTIMPOBAaHUs  (DOTOUYBCTBUTEIILHBIX
cTpykTyp MTMD.

Il.  TIPMHLUIIBI IPOEKTUPOBAHMS UK TMCOC

ITpunnunuaneHas cxema MK TMCOC mnpencraBieHa
Ha puc. 1 [5].
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Puc. 1. Cxema UK TMCOC

Ha BXoaHOI MOBEPXHOCTH MaTPHIBI TEPMOMEXaHHUE-
ckux gerektopoB MK wusnydeHus mnoj AeiCTBHEM 3TOrO
W3JTy4EeHUs] CO3/IaeTCsl pacrpelielieHue TeMIEepaTyphl, a Ha
€e BBIXOJHOH ITOBEPXHOCTH 00Opa3yeTcs COOTBETCTBYIO-
WA 3epKalibHBIH  penbed, co3/1aBaeMblii  cMeleHHeM
mukposepkai. OCC ¢ HCTOYHHKOM CBeTa B JAWAIa30HE,
6mm3kom Kk BupuMomy (A=0,7 + 0,9 mxM), mpeoOpasyer
3TOT penbed B Ga3oBbIl penbed BOIHBI, OTPAKEHHONW OT
TIPOMOTYJIMPOBAHHON 3€PKaIbHOI MMOBEPXHOCTH MaTPHUIIBI
UK-dporomnpuemnnka (FPA). 3arem OCC ¢ nomormipio om-
THYECKOH (rutbTpanny B (OKAIBHOM IIIOCKOCTH 0OBEKTH-
Ba IIpeBpaliaeT MmojydeHHoe ¢(a3oBoe H300paKeHHe B
aMIUIATYTHO-MOJIyJIMPOBaHHOE M300pa’keHue, KOTOpoe
npoektupyetcs Ha [13C umu KMOII-dhoTonpreMHunk.
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HanGonee npuBnekaTenbHBIM METOAOM PETHUCTPALNN
TEPMOMEXaHHYECKOTO OTKJIMKA JIEMEHTOB (oTonpuéMHon
MAaTpHUIpl Ha TEIUIOBOE HM3Iy4eHHE OOBEKTa MpEACTaBIIA-
eTcst TUQPaKIMOHHBIH METO/I ONTHYECKOTO CUUTHIBAHHS.

OCHOBHBIE TIPEHIMYIIECTBA, KOTOPBIC OTIMYAIOT HEOX-
naxaaembsie UK TMCOC ¢ mudpakiimOHHBIM ONTHYCCKIM
CUHATBIBAHHEM OT [IPYTHUX THIIOB HEOXJIAXKTACMBIX TEILIO-
BBIX TPUEMHHUKOB, COCTOSIT B CICIYIOIIEM:

o YyBCTBHUTENIBHBIE AJIEMEHTBI CEHCOpa IIPEACTaB-
JSIFOT cOOOHM MOJHOCTBIO TACCUBHBIE CTPYKTYPBI, HE Tpe-
Oytomue 1A cBoero (yHKIIMOHHPOBAHUS HUKAKUX SJIEK-
TPUYECKUX COEIMHEHHH C 3JEMEHTaMH, pa3MeUIeHHBIMU
Ha MOJUIOXKKE, B PE3YJIBTATE Yer0 MOXET OBITh JOCTHUIHYTA
MaKCHMaJIbHO BO3MOJKHAsl TETUIOBasi M30JIALMS TEILIONpPH-
eMHOI1 MeMOpaHHI;

o OTCYTCTBHE 3JIEKTPUUECKOH pa3BOAKH 3JIEMEHTOB
obecrieyrBaeT BO3MOXHOCTh MX JIETKOTO TOIIOJIOTHYECKOTO
MaclTaOupoOBaHUsl O MUHHMMAJbHBIX TEXHOJOTHYECKHX
pa3MepoB ¢ MENbI0 JOCTHKEHHSI BBICOKOTO Pa3peIICHHS,
nostomy MK TMCOC naroT MOTEHIHAIbHYI0 BO3MOXK-
HOCTh YBENHWYEHHUs HX (opMara 0Oe3 CyIECTBEHHOH MO-
TEPU YyBCTBUTEIHHOCTH,

° JUIsL U3TOTOBJIEHUS KpucTamia maTpuusl TMO ¢
ONTUYCCKUM CUUTHIBAHUEM HCIIOJIB3YIOTCS CTaHIAPTHBIC
npoueccsl MOMC-TexHONMOTHH, TPeOyIOIne MHUHUMAIb-
HOTO KOJIIYecTBa (POTOIIA0IOHOB;

o LHUKINYECKUI XapaKkTep H3MEHEHHUs HHTEHCUBHO-
CTH IU(parupoBaHHOTO CBETa MNPEJOTBpAIIAET HACHIIIE-
HHE PETUCTPUPYEMOro OTKIIMKA, YTO MO3BOJIIET OCYIIECT-
BIIATh OOHApyXEHHE TEIUIOBBIX OOBEKTOB B IIMPOKOM
JanazoHe TEMIepaTyp C BEICOKOH UyBCTBUTEIBHOCTHIO;

° CUCTEMBI  C OITUYECKUM CUMTHIBAHUEM
XapaKTEPU3YIOTCS CYIIECTBEHHO MEHBIIMMH 3HAYCHUSMU
paccenBacéMOM MOIIHOCTU 0 CPABHEHHIO C CHCTEMaMy,
OCHOBAaHHBIMU Ha JJIEKTPUYECKUX METOHAX CUUTHIBAHUS
CHTHaJIa, YTO CHIKaeT TpeOOBaHMS K 0OecreuHBaIOINM
YCTPOMCTBAM IEKTPONIUTAHMSI U TEPMOPETYJINPOBAHUS.

OmHUM W3 BapHAHTOB peaNH3alNd TUPPAKITHOHHOMN
CHUCTEMBI ONITUYECKOTO CUMTHIBAHUS SBIISETCS, HAPUMED,
BCTPOCHHAsT MHKPOCKOTIHYECKas TU(paKIMOHHAS pe-
metka. [locmegnsist GopMupyeTcsi ¢ MOMOIIBIO CTaHIAPT-
HOU TEXHOJIOTHH Ha KPEMHUEBOU TTO/ITIOKKE.

IIpoextupoBanne matpuisl TMD  ocymecTBisieTcs
UCXOJIS M3 CIEIYIOMINX TPeOOBaHHNA:
. YyBCTBHUTEIIHHBIN JIEMEHT JOJDKEH 00ecreunBaTh

MaKCUMaJbHbIA TEPMOMEXaHUUECKUH OTKIUK B YCIOBHAX
3a/laHHBIX OTPAHWYEHWH Ha pa3Mepbl (IIar CIeIOoBaHUs)
MHUKCENs] MAaTPUILIBI,

. K03(PUIMEHT 3amoNHEHNs dIIeMeHTa 00JacThIo,
HOTJIOIIAIONIEH TETIOBOE HM3JIydeHHE, JOJDKeH OBITh Mak-
CUMAJICH,

o BpeMs peaKlUU 3JIeMEHTa Ha M3MEHEHUE TeIlIo-
BOTO M3IIy4eHHs JOJDKHO OO0ECHEeYMBaTh PETUCTPALHIO
M300paKeHUsl B peajlbHOM BPEMEHH.

TpeOoBanus K MaTepuanaM, BXOISIIUM B CTPYKTYPY,
MOTYT OBbITh C(HOPMYJIHMPOBAHBI CJIETYIOIUM 00pa3oM:

. Ut 3¢ (GEKTHBHOTO MCIOIB30BAHMS SHEPTHU TETl-
JIOBOTO W3JIy4YECHUsI BJEMEHT JOJDKEH BKIIOYaTh B ceds
MaTepHaj, obecneduBaronii xopormree nornomieane WK
H3ITy4eHus B Tuana3one §-14 Mxm;

° Juist (GOPMUPOBAHHS CUCTEMBI ONTHYECKOTO CYH-
TBIBaHUS HEOOXOJMM MAaTEpHal C BBICOKOW OTpaskaTeib-
HOW CIIOCOOHOCTBIO B BUIMMOM 00IaCTH CIEKTPa;

. OuMarepuaIbHbIE KOHCOJIM JIOJDKHBI COCTOSITH U3
MaTepHaJIOB C BHICOKAM pa3iuiueM KO3 (HUIUEHTOB Tep-
MHYECKOTO PACIIUPEHHUS, IPU ITOM XOTsI OBl OJJMH M3 3TUX
MaTepHalioB JOJDKSH MMETh HU3KYIO TeIUIONPOBOJHOCTS,

. BBIOOp MaTepHajoB JIOJDKEH HPOU3BOIMTHCS C
Y4ETOM BO3MOKHOCTEH HMX NPUMEHCHHS B COBPEMEHHOMN
TEXHOJIOTHU MUKPOOOPabOTKH;

. HEOOXOAMMO, 4YTOOBI CIIOM MaTEpHAJIOB IIPH
BKJIIOUEHUU UX B CTPYKTYPY DJIEMEHTA HE JABaJIU BBICO-
KHX OCTaTOYHBIX HANPSDKEHUM IOCIE MPOBEIECHUS BCEX
TEXHOJIOTMYECKUX OllEepaLvil.

OcHoBHOM xapaktepuctuko HNK-nmpuéMHUKOB u30-
OpakKeHUsl CITY)KHT SKBHUBAJIEHTHAs LIyMYy Pa3HOCTh TEMIIe-
patyp (NETD). JoCTHrHYTBHIf K HACTOSIIEMY BPEMEHH
ypoBenb pazpabotok UK TMCOC xapakrepusyercsi 3Ha-
geaneM NETD = 500 K mnpu dopmare ~ 256 x 256 u
3HauenueM NETD ot 100 no 200 K A NpUEMHHUKOB C
ManeiM popmarom ~ 100 x 100. VM3mepeHHBIE 3KCHepH-
meHTanbHble BenuurHbl NETD cuctemsl Ha oauH-/Ba 1O-
pAAKa XyXKe pacueTHBIX 3Ha4eHuil ans cobctBeHHO TMD
[1]. Kak mokazano B [7] 3TO CBSI3aHO C TE€M, YTO OIMpe-
nemstomuit Bkiax 8 NETD MK TMCOC BHOCAT HIymsl
CUUTHIBAIOIIECH CHCTEMBI.

HUccrnenoBanie, mpoBeAeHHOE B [7], TIOKa3pIBaeT, UTO
npuemuukn MK  wm300paxenns Ha OMMaTepHaTbHBIX
crpykrypax UK TMCOC c¢ 6omnee 3¢dhdexkTHBHOIM onTrde-
CKOW HMHTep()EepEeHIMOHHOW CHCTEMOH CUMTHIBAHUS U 3a
CUeT YBEJIMYEHHsS MOIIHOCTH CYMTBIBAIOIIETO Jia3epa Mo-
ryt obecrnieunts NETD ~ 20 MK mms npu€MHHUKOB Cpej-
Hero ¢opmata ~ 200x300, cpaBHUMYIO ¢ NETD mukpo-
00JIOMETPHIECKUX MATPHIL.

BMmecTe ¢ Tem Takue mHpeAenbHbIE 3HAYEHUS YyBCTBH-
TENBHOCTH TpEJIoIaraloT HEO0OXOAMMOCTh pean3aluu
OYCHb BBICOKMX TpeOOBaHMH K TEXHOJOTHH CO3JaHUS
YyBCTBUTEJIFHOTO MaccuBa (DOKAJIBbHOM IIOCKOCTH. Baxk-
HBIMH ITapaMeTpaMu, KOTOpPBIE MPEeXk/Ie BCETO HE0OX0ANMO
YUYHUTBIBATb, SBISIOTCSL:

. TPEeAETHbHO BOCHPOU3BOJIUMBIE TEOMETPUUECKUE
pazmepsl aneMmenToB UK MOMC uyBcTBUTENBHON STUEHKH,
KOTOphle  Tpu TUGPAKIIMOHHOM METO/E CUUTHIBAHUS
HMEIOT XapaKTepHbIE 3HAYEHHSI B HAHOMETPOBOM JMara-
30H€;

° TOYHOCTH COBMEIIEHHUS TEXHOJIOIMYECKUX CIIOEB
mpu  (GOPMHUPOBAHMH OMMAaTEPHATIBHBIX KaHTEJIEBEPHBIX
KOHCOJIEH;



o BO3MOKHOCTH  PEaJIM3alliil  KOHTPOIUPYEMBIX
HU3KOTEMIEPATypHBIX TEXHOIOTMYECKUX ONepaluil c Ie-
JTpI0 MUHMMH3ALUH HEKETATCIBbHBIX MEXaHHYECKUX [Ie-
(hopmMaruii IeHOYHBIX HAHOCTPYKTYP;

o BBICOKas OJHOPOJHOCTb HPOTEKaHUS XHMHKO-
TEXHOJIOTHYECKUX IPOLIECCOB IO IUIOMIAAN KPHUCTaLIa BO
Bpems npomssoactBa UK MOMC nmpremMHHKa;

. TexHosoruyeckue onepauuu (opmuposanus UK
MOMC »srnemeHTa (OCaXXICHHE CIOEB, TEPMHUYCCKHH OT-
JKHT, TPaBJICHHE )KEPTBEHHOT'O CJIOS U JIp.) NOJDKHBI MUHH-
MH3UPOBaTh YPOBEHb HEOJHOPOTHOCTH BCEX (DU3MUYECKHX
HapaMeTpoB JIEMEHTOB, 00ECIIeUNBAIONINX AU(PPAKIMOH-
HOE ONITUYECKOE CUUTHIBAHUE.

I1l. MOIEJIMPOBAHUE TEPMOMEXAHUYECKHNX
DJIEMEHTOB

Hamu Obliu mccieqoBadsl TecToBble TMD Ha OCHOBE
OUMaTepuanbHBIX MHKPOKAHTHUIICBEPOB, CXEMa KOTOPBIX
IpejcTaBieHa Ha pHc. 2.

Matepuan KoHCOIH

Croit GumophHOU CTPYKTYpPBI

Puc. 2. CxeMa TepMOYYBCTBHTEIBHOIO 3JIEMEHTA

B kauectBe MaTtepuasia KOHCOJIM ObUT BBIOpaH ciabo
HAIPSDKCHHBIA CIIOW HUTPHIA KPEMHUS, MOJYYCHHBIH XH-
MUYCCKHUM OCAXKIACHUEM IIPU HU3KOM NABJICHUN Ha XKCPT-
BEHHBIM CJIOH, a B KadyecTBe JAPYroro cjos OMMopQHOH
CTPYKTYPHI - 30JI0TO.

TeopeTnueckuil aHaIU3 TEPMOMEXAHUUECKUX DJIEMEH-
TOB Ha OCHOBE NMOJIMMOP(HBIX CTPYKTYp mpoBeseH B [1, 8,
9]. Tonyuennsie pacyéTHbie (HOPMYIIBI MO3BONSIOT ONTH-
MU3HUPOBATh KOHCTPYKTUBHBIE mapameTpbl TMO. B uwact-
HOCTH, TEPMOMEXaHMYECKHHA OTKJIHMK JBYX3BEHHOTO MHMK-
pOKaHTHIIEBEPA C 2-CIIOWHBIM OMMOP(GHBIM CErMEHTOM
(puc. 2), TO ecThb CMelleHHE €ro CBOOOJHOrO Kpas AZ,
OITHCHIBACTCS BEIPAYKEHUEM:
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Puc. 3. Tepmomexanuyeckasi 4yBCTBUTEIbHOCTL OUMOPQ-
Ho#i cTpykTypsI SiNx- Au [10]

Ha puc. 3 mpexcraBineHa H3MepeHHas 3aBHCHMOCTb
TEPMOMEXAHNYECKOH TyBCTBUTEILHOCTH OT COOTHOIICHHS
TomuuH cinoéB [10]. DkcnepuMeHTaJbHBIE pE3yIbTATHI
HaXOJSITCS B XOPOILEM COTJIACHH C pacuéramu 1o (opmyie
(1). MakcumanbpHasg T€PMOUYBCTBUTEIBHOCTD TOCTUTAeTCS
mpu cootHomreHn: ~ h2/h1=0,75 B cooTBeTCTBHH C Teope-
THYECKUM 3HAUCHUEM.
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Puc. 4. KoHcTpyKIHs TECTOBOIO 3JIEMEHTA IJI5l KOHTPOJIS
yI10BBIX AedopManuii GMMaTepUATBHBIX KOHCOJIEH

Ha ocHoBe TeopeTHyeckux pacyéToB OBLIH CIIPOEKTH-
POBaHBI 3KCIIEpPUMEHTaNbHBIE TecToBble TMD. [Ing otpa-
OOTKH HKCIIEPUMEHTAIBHON TexHONIOTHH TMD U3roTaBIu-
Bajlach TECTOBas CTPYKTYpa, MpeCTaBlIeHHAs Ha puc. 4.

BBUTO BBINOJIHEHO KOMITBEOTEPHOE MOJACIUPOBAHHUE Te-
IUIOBOH jiepopMaliiil  KOHCOJIEH C TIOMOIIbIO MaKeTa
ANSYS. PesynbraThl MOIENMPOBaHUS NPEJCTABICHBI Ha
puc. 5.
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Puc. 5. Mexanuueckas aepopmanus OuMaTepuaJbHbIX
KoHcoJeif nmpu AT=1°C
KoHconu pa3Hoil AnMHBI, KaK U CIEAYyeT U3 TEOpeTH-
geckuX pacuértoB [1, 8, 9], m3rubaroTcsi OTHOPOIHBIM 00-



pa3oM. Benmmunna m3rnba onmceiBaetes hopmynoit (1) ms
Bcex KoHcousier. M3rub camMo# JUIMHHOM KOHCOIH JJIMHOM
100aM cocraBmser 8luM. ComocTaBieHHE pe3yIbTaTOB
MOJICITUPOBAHUS C IKCIICPUMCHTAILHBIMU HUCCIICIOBAHUS-
MH M3TOTOBIEHHBIX OOpAa3IOB IO3BOJIAET IIPOBECTH WX
3¢ (EeKTUBHBIN aHATN3 U KOPPEKTHPOBKY TEXHOJIOTHH.

Bbio Taxke BBIIOJIHEHO MOJEIMPOBAHUE TECTOBBIX
TMD, 3aknafbIBaeMbIX B IPOEKTUPYEMYIO  TOIOJOTHUIO
9KCIIEPUMEHTAIBHBIX MATPHUYHBIX KPHCTAJUIOB C YHCIOM
aneMeHToB 64x64 u marom anemeHToB 100 MkM. Pesyns-
TaThl MOJENUPOBaHMA Jedopmaruy 3meMEeHTa ¢ ORHOH
JIByXCTOPOHHEH KOHCOJbIO Ipu Harpese Ha 1°C mokazaHsl
Ha puc. 6. Benmmumaa cMmemeHnss MeMOpaHBI COCTABISET
okoino 10HM.

B! Stotic Structural
Totd Cefor maton

Puc. 6. Mexanuyeckast negopmainus TeCTOBOH siYei KU

Ha puc. 7 mnpencTaBieH pe3yibTaT MOACIHPOBAHHS
CMEIIEHHS DJIEeMEHTa C JIBYMSI KOHCOJISIMA TPH CHIIBHOM
Harpese Ha 80°C.
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Max. 3200167
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Puc. 7. Mexanuyeckas nepopmManusi TeCTOBOM UeHKHU €
NBOIHBIMH KOHcoasaMuU npu AT=80°C

Pe3ynbTaTel MOIEIMPOBAHMS MOKA3BIBAIOT, YTO IOJIY-
YeHHBIE PAcUETHBIE TEOpeTHYeCKHe (OPMyINbl Jaf0T Ha-
JEXHYI0 OCHOBY JJsI IPOEKTUPOBAHMSI HJIEMEHTOB TEPMO-
YyBCTBHUTENBHBIX OMMOp(dHBIX 31emeHToB. Mccmemo-
BAaHHBIE KOHCTPYKIHUH MO3BOJIAIOT PAacCUUTHIBATH HA BO3-
MOJKHOCTh CO37[aHUSI BEICOKOTYBCTBUTEIFHBIX TEPMOMEXa-
Huueckux MK-dortonpuémunkos.

IV. 3AKIIOYEHUE

IIpoBeneHHbIM HaMM aHadU3 IOKa3bIBAET, YTO B Ha-
CTOSIILIEE BpEMsI Ha UMEIOLIEHCsl OTeUeCTBEHHOW KpeMHUe-
Boii TexHomorun MOMC BO3MOKHO CO3JaHHE HEOXJIAXK-
JaeMBIX TepMoMexaHnmdeckux (oronpuémuukos B UK
JIMara3oHe C CHCTEMOM ONTHYECKOTO CUYWTBHIBAHHUS H30-
opaxenust (MK TMCOC) co crnenytomummy napaMmeTpamMmu:

®  CIEKTPATLHBIN AUAIMA30H ............... =8 —14 Mxw™m;

e pasmep kanpa (uucio mmkcenoB) Ny...ot 20 Kmuke
1o 0,3 Mmukc;

e yyscTBUTENBHOCTE NETD
¢dopmarel20x160;

®  YACTOTA KAAPOB ...c.eovenrnrenennennn.. 30 I'm.

......... <100MK°® mpu

OHHM COMOCTaBUMBI C XapaKTEPUCTUKAMHK CYIIECTBYIO-
X TPUEMHHUKOB Ha OCHOBE MATPHIl MUKPOOOJIIOMETPOB,
HO UK TMCOC sBIsArOTCS TEXHOJIOTHMYECKHA 3HAYUTEIHLHO
MEHeE CI0KHBIMU.

PaboTta BBIMONHEHA MpH ToANEepKKe MHHHCTEpCTBA
oOpaszoBanus u Hayku P® (rocynapcTBeHHbII KOHTpakT Ne
14.430.12.0004).
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