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Abstract

Klevcov S.I. Multi-Segment Spatial Approximations of the Transmission Feature for Exact Calcula-
tion of Pressure in Intellectual Sensors. A method for multi-segment spatial approximation of the
transmission feature of a sensor with linear and nonlinear elements has been devel oped to perform the

exact measurements of pressure.

IToBbIIEHWE TOYHOCTH W JOCTOBEPHOCTH
oTpeieNieHus 3HaueHUH (U3MYeCKUX BETMYMH Tpen-
CTaBJIAeT co00il OHY M3 BaXHBIX 3a1ad COBEpLICH-
CTBOBAaHUsSI MaTeMAaTUYECKUX W aAITOPUTMUUYECKUX
METOI0B 00paboTKM pe3ynbTaToB W3MEpEeHuil B WH-
TeNNeKTyalbHbIX AaTuMkax. Ee peimleHue Bo MHOTOM
ompenenseT CTENeHb HAEeKHOCTH M 0e30MacHOCTH
(YHKIMOHUPOBAHUSA CIOXKHBIX TEXHUYECKHX OOBEK-
TOB YU NPOMBIIIIEHHBIX TPOU3BOJCTB.

JlocTikeHre HU3KOHM MOTPEHIHOCTH HM3Me-
peHnst GU3NYECKOI BETMYMHBI B MHTEJJIEKTYaIbHOM
Jaturke 6a3upyeTrcs Ha UCTIOb30BAaHUM MOJENH €ro
rpagyUpOBOYHOI XapaKTepUCTUKH, aJaNTUPOBaHHOM
K 0COOEHHOCTSIM TMOBefeHHs1 (yHKUMK MpeoOpa3oBa-
HUS UyBCTBUTEJIBHOTO 3JIEMEHTA.

B ornuune oT aHanoroBoro gaTdyuka, Ui
KOTOpOro HeoOXoauma JIMHeapHu3auus rpagyupoBod-
HOH XapaKTepUCTUKH, Ul UHTENEKTyallbHOrO AaT-
YpMKa Ba)XKHO TOCTPOWUTH TAKyl0 MOJENb pagyHupo-
BOYHOM XapaKTepUCTHKH, JIMHEHHYIO WIW HENUHEH-
Hyl0, KOTopas Obl TOBTOpsJia TPOCTPAHCTBEHHYIO
($hopMy peanbHOM XapaKTepPHUCTUKH HACTOJIBKO TOYHO,
HACKOJIbKO 3TO HE0O0XOAMMO, UCXOIS U3 MOTpeOHOo-
CTell pelraeMbIX OaT4vkoM 3anad. Takum oOpazom,
(¢opMupoBaHWE TpagyHpPOBOYHON XapaKTepHUCTHKH
VHTEJUIEKTYalbHOTO JaT4uKa JaBJIEHUS CBS3aHO C
pelleHueM 3aJaud TMOCTPOEHUs €€ MPOCTPAHCTBEH-
HOIl annpokcumanuy, yIOBIEeTBOPSIOUICH 3aJaHHbIM
TpeOOBaHUSIM, OCHOBHBIMH W3 KOTODBIX SBIISIOTCS
TpebGoBaHus MO TOYHOCTH BO BCEM JAWANa3zoHe M3Me-
psieMoro (pU3NYECKOro CUrHajla W BHELIHWX BO3JIEi-
CTBYIOIIMX (haKTOPOB, a TaK)ke TpeOOBaHMS K AOMycC-
TUMOMY YPOBHIO CJI0KHOCTH BBIUUCIIEHHA.

Jnst oOpabOTKM CUTHANOB, MOCTYNAOMINX C
UYyBCTBUTEIIBHOTO 3JIEMEHTA, B HWHTENEKTYyaTbHOM
JaTYUKE JaBIECHUS UCMOJNb3YIOTCS Pa3IUuHbIE MOJE-
JI1 €ero rpajgyMpoOBOYHON XapaKTePUCTUKHU, KOTOpPbIE
6a3upylOTCs Ha NPOCTPAHCTBEHHOM MpEACTaBICHUH
¢yHKoMM TpeoOpa3oBaHMS UyBCTBUTEIBHOTO 3lle-
MeHTa [1-7]. XapakTepHbIM IJisl 3THX MOJeJed sSBsi-
€TCsl HUCTOJIb30BaHME €AMHOr0 MpeACTaBIeHUs rpa-
JYUPOBOYHON XapaKTepUCTUKU Al Bcel obnactu
W3MEHEHHs] TOJIE3HOTO CWrHala M BHEITHWX (akTo-
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poB (obnactu onpeneieHus: rpaTyMpoOBOYHON Xapak-
TEPUCTHUKH).

HawuGonee mpocToit MoeNbio TpagyupoBoY-
HOM XapaKTepUCTUKH JaTuyhKa, IIUPOKO HMCHOJNb3ye-
MOUW 17 TpaJyUpOBKHM aHAJOrOBOTO JaT4yWKa, SIBIIS-
eTCsl KyCOYHO-JIMHEelHasi TpOCTpaHCTBEHHas anmnpok-
cumanus [1, 2, 3].

IlpumeHeHne KycOYHO-TMHEHHON anmpok-
cUMalUK 1JIsl MOCTPOCHUs TpagyHpoOBOYHOM Xapak-
TEPUCTUKH WHTEJJIEKTYalbHOTO AaTYMKa OTpPaBIaHO
MpU HEe3HAUUTENbHOW HEJTMHEHHOCTH (QYHKIMU Tpe-
00pa30oBaHNs YyBCTBUTEIBHOTO 3JIeMEHTa U HEBBICO-
KHX TpeOOBaHUAX K TOUHOCTH U3MEPEHUIA.

KonuvecTBo HACHTH)UKALMOHHBIX TOYEK,
HCTIOJNB3YyeMbIX UIsl anMmpOKCUMAlWK, 3aBUCHT OT
TpebyeMoii TouHOCTH. [l obecnieyeHus: MpUBEACH-
HOW OTHOCHTEJNBbHOM MOTPelIHOCTH W3MEpeHHs IaB-
neunusi He Bbime 0,5% B paborte [1] Obin BbIOpaH
MaccuB, conepxkammii 51 nneHTHOUKATNOHHYIO TOY-
ky noBepxHoctd Z=f(P,T). Uucno kanubpoBOYHBIX
Touek To ocu P BbIOpaHO paBHBIM 17, a o ocu T
COCTaBIISIET TPHW TOYKHU: TMuH, Tcp, Tmakc. B kaue-
CTBe KaMOpPOBOUYHOU OpAWHATHI BHIOpaH konm Z 12-
pazpsanHoro ALIIL. BeiGop Touek MaccuBa M 3alUCh B
maMsATh KOHTPOJUIepa  OCYLIECTBJISUIUCH Ha JTare
KanuOpOBKM JaTyMKa, a cXemMa pacyeTa aBJeHHS
COCTOSIJIa U3 HECKOJIBKHX ILaroB.

B pesynbTate WCMONB30BaHUS MOJETH KY-
COYHO-JIMHEHHOW aNMpOKCUMAlMK ynaloch yMeHb-
LIATh MOTPELIHOCTh, CBA3aHHYHO C HENWHEHHOCTBIO
¢ysakuun nipeodpazosanus ¢ 5% no 0,05%, a Temre-
paTypHYI0 TorpemHocTs ¢ 2,5% 10 0,1% (#a 10°C).

TeM He MeHee, HECMOTPS Ha CYLIECTBEHHOE
CHW)KEHHE  TIOTPEINHOCTH BBIYUCIIECHHS JaBJICHHS,
HEo0XOOUMO OTMETHTbh, YTO MPH MPOBEACHUU H3Me-
peHuii B auanazone temneparyp ot —40°C no +80°C
¢ Tecp=20°C TemmnepaTypHas COCTaBIsIOmAs MO~
TPELIHOCTH Ha TpaHHULaX YKa3aHHOTO AMana3oHa Mo-
JKeT COCTaBUTh BenmuuuHy mopsiaka 0,6%, ato He mo-
3BOJICT PEeKOMEHIOBATh JaHHbIM MeTON Ui TpenH-
3MOHHBIX BbIYMCICHUH. TeM He MeHee, ero UCIMOJb-
30BaHHe Liesiecoo0pa3Ho W OMpaBOaHO, KOTAa K Jart-
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YUKy HE TPENbSBISIOTCS MOBBIMIEHHbIE TPeGOBaHMUSI
0 TOYHOCTH.

B pab6ote [3] mMomens rpagydpoBOYHON Xa-
PaKTEpPUCTHKH TpeCTaBISIET co0oi HAbOp ILIOCKO-
CTeli, MOCTPOEHHBIX HA OCHOBE MEPECEKAIOIINXCS B
npoctpanctee PxUpxUr mpsimbIx.

Iycts ¢ynkums P=P(Up ,U7) umeer 06-
J1acTh onpee/eHust D(Up,Uq):
Up € [Upy, Upy], Ut € [Ugy, Upy] . Pazo6bém obnacth
onpenenenus mo ocu OUp Ha K paBHBIX 4acTeii u mo
ocu OUt na | paBubix uacreit. TTomxyunm Kx mpsimo-
YTOJIbHBIX Y4aCTKOB.

Bynem npubmmkath TpagyMpoOBOYHYHO TO-
BEPXHOCTh MJIOCKOCTAMHU Ha Kaxaom yuactke Dp .

3apurcupyem Ha yuactke Dpm cpennue 3Hauenus
nepemeHHbIX Upgpn ¥ Urepm
Upepn =Upin+Up2n-Upin)/2,
Utep.m=Ytim+Ut2m—YUtim)/2.
rae Upgn,Up2 n,UTimUT2 m — rpanuus yuacrka
Dn,m .

Boipaxenns B pqm= Fln,m(u Pcp,naUT) "
Ponm= Pz,n,m(UPaUTcp,m) OMpPENEsIIOT B3aUMHO
MEPreHINKYJISIPHbIE  [JIOCKOCTH B MPOCTPAHCTBE
PxUpxUs, kaxknas w3 KOTOPBIX TakkKe TEpreHIuKY-
nsipHa mockoctu P=0.

Hcnonb3ys 3KcHepuMeHTalbHbIe JaHHbIE,

onpenenstouue 3asucumocts P=P(Up,Ur), rae 3Ha-
yenns Up, Ur € Dy, METOIOM HauMEHbILMX KBa-

paToB  MOJYYMM  yPaBHEHMS  JABYX  NPAMBIX
I1n,m(UT)E Rnmu F’z,n,m(UP)'E P nm-
DTU npsAMble MPUHALIEKAT MEPHEHAUKY-

JISIPHBIM TIOCKOCTSIM | SIBIISIIOTCS CKPEIHBAOIIIMH-
ca. [lnockoctt B pnm u Popm mepecekaores mo
TIpSIMOT, TepHeHANKYIISIpHO#T mockocTu P=0, a cama
TpsiMasi TiepecekaeT 3Ty MIOCKOCTh B TOYKE ¢ KOOp-
JVHATaMHu (U Pcp,niUTcp,m) .

I[J'lﬂ MOCTPOEHUA MEPECEKAUIUNXCA MPAMBIX

Fj:n,m(UT)w Fin,m(Up) HEOOXOIMMO CKpEeLLU-

BaloLLMeCs cONMmM3nTE  Ha

oP | H;n,m(UTcp,m)_ pé,n,m(U Pcp,m)l , KaK IIOKa-

3aHo Ha puc. 1.
IlocTpoeHHe MIIOCKOCTH TO IBYM Mepece-

KaroLIMUMCS MPSAMbIM F!Ln,m(UT)” P2,n,m(U p) HE
npejacrasiseT Tpyaa. Takum oOpa3om, MpH anmpok-
cMMaUMM yKa3zaHHbIM cnocobom (opmupyercst cuc-
TEMa TMJIOCKOCTEH, MOKPbIBAIOLLAS BCIO MOBEPXHOCTD
rpagyvMpoBOUYHOI XapakTepucTuku aatuuka. Ciengyer
OTMETUTb, YTO Ha rpaHuuax obnacteil Dy, obnactu

Upx Ut

NpsMbIC paccTosiHue

OInpeacsieHUs MNOCTPOEHHBIE  TUIOCKOCTH,
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MNPAKTUYECKU HE COMNpPUKACAKOTCH. DT0 NPUBOAUT K
JOMNOJTHUTENIBHOK omuoke alnmnpoKCcuMalnu, KOTopyro
H606XOZ[I/IMO YUYUTBIBATH NMPU UCMOJIb30BAHUN JAHHO-
o ME€TOJa BbIYUCIICHUSA NABJICHUA.

‘P

PucyHnok 1 — Cxema ¢popMupoBaHus nepecekaro-
LIUXCS TPSIMBIX

MoanpuuupoBaHHBIA aNTOPUTM JIMHEApH-
3alli¥ TPaJyUpPOBOYHON XapaKTepUCTUKU U TeMMepa-
TYpHO!M KOMIEHCALMW TIpU BBHIYUCICHUH [aBJICHUS
npeanoxex B padote [3].

B ocHoBe airoputMma JIeKHUT OMpeleNeHue
3aBMCHMOCTH KOIa BBIXOAHOTO mapameTpa Pkon ,
XapaKTepHU3yHIIero CUTHaN OaBJeHHs, OT KOJa TeM-
nepatypsl TKoI Ha NPsIMOYTOJILHOM CeTKe ¢ paBHO-
OTCTOSAIINMH y37aMH KO KaXIOM KOOpIWHate, TpH-
4yeM Uil yI00CTBa BBIYUCICHUH B KOHTPOJJIEpE YHC-
JIO UHTEPBAIOB pa30OHeHusi 00NacTh MmapaMeTpoB, TO
€CTb JIaBIICHUS U TEMIEPaTypbl, TOJHKHO ObITh PaBHO
LeJIol CTeTeHn IBYX.

Ha »Toii ocHOBe (hopMupyetcst AByMepHast
Tabnlla 3HauYeHWM KOIOB, KOTOpas MCIMOJb3yeTcs
LTSl BBIUKCIICHUS TABIICHUs € YY€TOM BIIMSHUS TeM-
nepatypbl. BbluMcrieHWe OaBieHHS NPH TPOMEXKY-
TOYHBIX 3HAYEHUAX KOJOB JABIICHHUS U TEMIIEpaTyphl,
He yKa3aHHBIX B TaOIMLe, OCYIIECTBISIETCS ¢ TIOMO-
LIbKO anmnpoOKCHMALWK 1O HWMEHLIMMCS TOYKaM B
Tabnuue.

Kak yTBepxmaet aBtop [3], pe3ynbTaThl OT-
paboTKM pealbHOTO W3JeNHs € HUCMONb30BaHUEM
MukpokoHTposepa MSP4A30 ¢ anmapaTHBIM YMHO-
KHUTENeM TOoKas3alld, YTO alrOPUTM CHocoOeH obec-
MEeYnTh MOTPEINHOCTh He Oojiee 1 3Hauamero pas-
pana mpu 12- pazpsgrom ALIIL. Takxke oTMedaercs
BBICOKasi CKOPOCTh peaii3allii alrOpuTMa.

Jlns mpoBeleHHst TOUHBIX U3MEPEHUN TaKKe
B HACTOsILIEe BpeMs IJisl alMpOKCUMAlUK TPpagyupo-
BOYHOM XapaKTEPUCTHKU IOHPOKO HCIMONB3YHTCS
MONUHOMBI. JIaBNeHWe MpencTaBisieTcss MOJUHOMHE-
anbHOW (YHKLMEH SNeKTPUYECKOTO CUTHania, CHH-
MaeMoro ¢ M3MepHUTeNbHOTO KaHana NaBJieHHs aHa-
JoroBoii yactu naruvka [4, 5, 6, 7].
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Jns  ynpomieHWs BBIYUCIEHHH  OOBIYHO
(dhopmupyeTcst eqrHOe TpecTaBlIeHne TpagTyupoBOY-
HOW XapaKTepUCTHKHM Ul BCEro Iuana3oHa H3Me-
psemMolii pu3mdecKkoii BeTMIMHBI ¥ BHEIITHETO BO3/ICH-
cTBytomero (aktopa W, cleaoBaTeNbHO, ONpeaesns-
eTcst 0IMH Habop KO3 PHUINEHTOB arMpPOKCHUMAITUH.

B pabote [5] moka3aHo, 4TO KOMIeEHCALMs
XapaKTepPUCTHK IMbE30PE3UCTOPHOTO KPEMHHEBOTO
CeHCOpa JaBJIEHHS C WCTIOJIb30BAHMEM aMMpoKCHMa-
umK oOpatHON (QyHKIMK Mepenadyn ceHcopa MOJMHO-
MOM BTOPOTO TOpsAAKA O JaBJICHUIO U TeMIepaType
TO3BOJIMJIA CHU3UTh MaKCHMallbHYI0 TOTPEIIHOCTD
W3MEpPEeHHs] TI0 OTHOLIEHHI0 K XapaKTepHCTHKE CeH-
copa B uneamsHOM ciydae no +0,2%, a B Temmepa-
TypHOM nmamna3oHe ot 0 no 70°C — no 3HavyeHuit me-
mee £0,1%. TemmepatypHas 3aBHCUMOCTh HampsiKe-
HUsI CMEIeHNs] HyJIsl TIPY 3TOM HAaxOAWTCS B IpaHu-
nax *0,2% mnonHOTO nUMamazoHa. TemmeparypHas
KOMIeHCalysl yMEeHbIIWIa TeMIMEepaTypHyHO 3aBUCH-
MOCTb 4YyBcTBUTENbHOCTH B 3,16 pa3a mo oTHOIIe-
HUI0O K HEKOMIIEHCHPOBAHHOMY CEHCOpPY, UYYyBCTBH-
TeNbHOCTh yBenmuunach 1,65 paza, MakcumanbHas
HEJIMHEHOCTh XapaKTepUCTUKM yMeHbIleHa B 26
pas.

OpHako, cieayeT OTMETUTb, YTO YKa3aHHBIN
pe3ynbTar Obl JOCTUTHYT TIPU  WCTIONBb30BAHUH JI0-
BOJIHO 3HAYMTEBHOTO MacCHBa MCXOIHBIX IAaHHBIX,
npuMepro 10000 Touek, YTO HEMpHEMIIEMO IaXKe
TIpY TIPOM3BOJCTBE HEOOMBLION MapTUX JaTYUKOB.

3agaya HOCTHKEHUS! MPELU3NOHHON TOYHO-
CTH M3MEpeHUs 3HaueHus (u3nueckoil BEIWYHHBI B
VHTEJVIEKTYaJIbHOM JaT4uKe MOXeT OBbIThb pelieHa
TpHU  WCTMONB30BAaHUM METoJa MYJIbTHCETMEHTHOM
annpoKCUMalWy TPagyupOBOYHON XapaKTepUCTHKH
(MCA TI'X) Ha ocHOBe Mojesieil TUHENHBIX WU He-
JIUHEMHBIX MPOCTPAHCTBEHHbBIX 3NieMeHTOB [ 7-11].

B s3TOoM ciydae MOXHO TOBOPUTH O TIO-
CTPOEHHMH TPOCTPAHCTBEHHOW TPaayMpOBOYHON TO-
BEPXHOCTH MHTEJUIEKTYATbHOTO AaTYhKa.

B pamkax mpeanaraeMoro Metona peaibHas
TpajlyupoBOYHAsl XapaKTepUCTHKA 3aMEHSeTCsl CHC-
TEMOil JIOKaTbHBIX MOBEPXHOCTEH Tak, 4TOObI OHHU B
COBOKYIMHOCTH TIOBTOPSUIM €€ TIPOCTPAHCTBEHHYIO
koHpurypaumo. Tun anmpoKCUMHpPYHOIIEH JTOKab-
HOW TIOBEpXHOCTH oOmpenessieTcs MHOruMH (akTo-
pamH, TakMMH Kak, HarmpuMmep, TOYHOCTHBIE Xapak-
TEPUCTUKH, OObEM M TOJHOTA HWCXOAHBIX IAaHHBIX,
Tpebyemasi CKOPOCTb BBIYHMCIICHUI 1 IPYyTHMHU.

B ocHoBe Merona mnexar clienylomiue oc-
HOBHbIe monoxenus [6, 8,9, 10]:

Mogenb MpOCTPaHCTBEHHOW TpagyHpoBOY-
HOW XapaKTepUCTHKW [OJDKHA OBITh MaKCHMalbHO
ajanTupoBaHa K OCOOEGHHOCTAM KOH(UTypauuu
¢yHKkoMu TpeoOpa3oBaHMS UyBCTBUTEIBHOTO 3lie-
MeHTa, (aKTUYeCKH TOBTOpSsl €€ MpPOCTPaHCTBEH-
Hylo (GOpMy € yUeTOM HeJTMHeHOCTH, Apeiida Hys,
BIIWSIHKUS BHEIUHWX ()akTOpOB, Hampumep, Temrepa-
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TYpbl, TIpeoOpa3oBaHWil CUTHAIOB B aHAJIOTOBOM
nHTepdeiice naTymka.

IIpocTpaHcTBEHHAs anmpoKcUMalusi rpa-
JyUpOBOYHON XapaKTEpUCTUKH JaTyvka AOJDKHA
YIOBNIETBOPSTH 3aaHHBIM TPeOOBAaHMUSAM, OCHOBHBI-
MU W3 KOTOPBIX SBISIOTCS NOCTIDKEHWS 3adaHHOM
TIOTPEITHOCTH aNMpOKCUMallK BO BCEX OHANa3oHax
n3MepeHnst  (QU3NUECKOil BENMYMHBI M M3MEHEHUs
BHEIIHUX BO3JEHCTBYIOIMX (PAKTOPOB, a TaKxke Tpe-
00BaHUS K JOMYCTUMOMY YPOBHIO CJIOXKHOCTH BbI-
yucneHni. [lorpemHoCTs  anmpoKCUMauuyd — Tpo-
CTPaHCTBEHHO! TIpamyWpOBOYHON XapaKTepHUCTHKH
MOJKET KOPPEKTUPOBAThCS B 3aBUCUMOCTH OT peliae-
MBIX IaTYNKOM 3ajau.

IIpocTpaHcTBEHHAs anmpoKcUMalusi rpa-
JyUpPOBOYHOM XapaKTepUCTHKU TMPEACTABIsIeT co0oit
CHUCTEMY JIOKANTbHBIX JIMHEMHBIX U (WTH) HETMHEeWHBIX
TIPOCTPAHCTBEHHBIX 3JIEMEHTOB, - CETMEHTOB.

@OyHKUWY, OIMHUCHIBAIOIINE IPOCTPAHCTBEH-
Hyl0 ()OpMY CErMEHTOB, MOTYT OBITh Pa3UYHBIMU U
CYIIECTBEHHO OTJIMYATHCS TIO THUITY, HAPUMED, 4acTb
CErMEHTOB OTMCHIBAETCS JIMHEHHBIMU BBIPAXKEHUAMH,
a 4acThb — HenuHelHbIMU (TonrHOMOM). Tun ¢yHk-
LMOHAJBHOW 3aBUCHMOCTH OTIpeaeNnseTcs MHOTHMH
(akTopamu, TAKUMH Kak, AOCTHKEHUE 3aaHHO# To-
TPEIIHOCTH  anmnpoKcuMauuy, 00beM | TMOJHOTa Hc-
XOJHBIX NaHHBIX, TpeOyemas CKOpOCTh BBIYMCIEHHUN
W IpyTUMHU.

3agaya CHOIMBKM CETMEHTOB HA  TpaHHLE
pasmena mx obnacTeil ompeneneHHs HE CTaBHUThCA.
[IpocTpaHcTBeHHas KOH(UTrypauusi KpaeB CErMEHTOB
Ha TpaHWLax objacTeil WX OmpeaeneHWs AODKHA
obecreynBaTh JOCTIWKEHNE 3aJaHHOW TOTPEMIHOCTH
annpoKCUMaluy TPagyupOBOYHONW XapaKTepUCTHKH
mpu BbIOOpE J0O0TO W3 CErMEHTOB B MPOIIECCe MPo-
BEIEHHS U3MEPEHHH.

B pamkax npemnaraemMoro MeTona MyJbTH-
CerMEHTHOW amnmpokcuManyy B 00IeM BHIE TpoO-
CTpaHCTBEHHAsl MOJEIb TPaTyMpPOBOYHOM XapaKTepu-
CTHKHW JaT4MKa JIaBJIEHUS C y4eTOM BIIHMSHHS TeMIIe-
patypbl, Kak BHEIIHEro Bo3JeicTByomero ¢akropa,
TIPEACTaBISIETCS BRIPAKEHUEM:

R =PUpt Ut Yop £208.Fop P ). D

rae Pt —3nauenne JAaBJIEHUA B MOMEHT BPEMEHU t;
U pt — 3HAYEHUEC DJICKTPUUECKOro CUrHaia,

CHUMAEMOro C M3MEPUTEILHOrO KaHajla AaBJICHUs
aHAJIOrOBOM YacTW WHTEJUIEKTYyaJIbHOTO  JaTuuKa
(nanee, kaHaj JaBjieHUWs JaTuMKa) B MOMEHT BpeMe-
HU T;

Uqt — 3HaueHMe DJIEKTPUYECKOrO CUrHana,

CHUMAeMOro ¢ M3MEpPUTENLHOrO KaHaja TeMIepary-
pbl aHANOroBOM YacTH HMHTENJIEKTYalbHOrO AaTYMKa
(nanee, curHan kaHana TeMMEPaTypbl) B MOMEHT
BpeMeEHH i;
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Lop :LTanlTT,B — obnacte omnpenene-
HUA of -TO cerMeHTa TpaZyHpOBOYHON XapaKTepH-

CTHUKH,
o — HOMep WHTepBasa paz0ueHus obnactu
WU3MEHEHUs! CUTHAJIA KaHana aasieHus, & =1,...,Lp;

} — HOmMep wHTepBana pazbuenus obnacTu

U3MCHCHUA CUTrHajia KaHaJja TEMNEPATYPHI,
ﬂ = 1,..., LT ,
Lpr =Lp Lt - ofwee komuuectBo cer-

MEHTOR U 00sacTel UX onpeaeneHus,

Upg ={Upe[U pa-1Upyl}- muanason
VW3MEHEHUI 3HAUYEHUN BJIEKTPUUECKOrO CHUTHaja 1o
KaHally OaBjeHusi [JIsi 00JacTu onpeneieHus aff -ro
CErMeHTa;

Upg-1Upy - HIKHSS ¥ BEPXHSA IPaHu-
bl AUana3soHa Upa;

Urg ={Ur e[Ut g1.UT 51}
30H W3MEHEHUWI 3HAUYEHUH DJIEKTPUUYECKOrO CHUTrHaja
Nno KaHajy TemmnepaTypsl Ansi objacTu omnpenese-
HUst o} -TO CermMeHTa;

— Juana-

Ut g-1.UT p - HIOKHSAS 1 BEPXHSIsS IPAHALIbI
auarna3soHa LTTﬂ;

77a/3 — MaccuB 3HaueHUi K03(h(UIMEHTOB
anmnpokcuMaunu ¢ff -ro CerMeHTa rpagyrupOBOYHOMN
XapaKTepUCTHKH;

Fop —
off -ii CerMEHT TPaZyUpPOBOYHON XapaKTEePUCTHKH

¢yHKUMS, annpoKcUMUpyoLas

JlaT4YuKa;
£p - MakcuMalbHas MOTPEUIHOCTh aNMpoK-

CUMallUU TpajyMpOBOYHON XapaKkTEpUCTHKH B 3a-
JaHHBIX AWana3oHax u3MepsieMoro ¢axkropa U u3Me-
HEHUs TEMIEPATYPBI.

HcxonHo#t wHpopManmeit Ui MOCTPOSHUS
MPOCTPAHCTBEHHON IpagyUpOBOYHOI XapaKTepUCTHU-
ku (I1I'X) naruuka siBnsiercss uH(opmaiust o mose-
JEHUM TIPOCTPaHCTBEHHOH (yHKUIMM npeoOpa3oBa-
HUs 4YyBCTBHUTENbHOTO 3neMeHTa (YD) mpu Bo3zeii-
CTBHH Ha HETO u3MepsieMol (pu3nieckoil BETMIUHbBI U
Hauboree 3HAYMMOTO BHELIHETO AeCTaOWIIN3UpYHO-
mero ¢akrtopa. 3ta nHpopManus oObIYHO TPEICTaB-
JIieTcd B BUJAE MAacCHBa JAHHBIX 00 3MEKTPUYECKHX
CUTHaNlaxX JaBlIeHUs M TeMMepaTypsl, CHUMAaeMbIX C
COOTBETCTBYIOLIMX BBIBOJOB COCTABHOTO 4YyBCTBHU-
TENBHOTO 3JIEMEHTa JaTuuKa NpU NpPOBEJEHWH rpa-
JYUPOBOYHBIX UCMBITAaHUH B TpeOyeMbIX AUana3zoHax
W3MEHEHMs JaBleHus U Temmeparypbl. C ydeToM
W3BECTHOTO KO3((HULUMEHTa YCHUIEHHWS aHaJoTOBOI
YacTH MHTEJUIEKTYalbHOrO JAaTYMKA 3T JaHHbIE He-
TpyIHO Mpeo0pa3oBaTh K BHUAY, HEOOXOIUMOMY IS
dhopmuposanms [1I'X.
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YuuteiBass OCOOCHHOCTH ¥ OTpaHWYECHHUS
paccMarprBaeMoro MeTOona, MOXKHO c(HOopMyIHpO-
BaTb OCHOBHbIE MOJIOKEHUS METOAUKU MOCTPOEHUS
MYJIbTUCETMEHTHOM MPOCTPAHCTBEHHON TIpagyupo-
BOYHOM XapaKTepUCTUKU JaTYMKa AABJICHUS:

Hmeetcs obnactb onpenenenus [1I'X:

Q:QPUQT Qp = [Pminipmax]i

Qr = [Tmianmax]v

rae Pmin, Pmax — mMuHumanbHOE U MakCUMajbHOE
JTAJIOHHBIC 3HAYCHUS JAABJICHMUS, YCTAHOBIICHHBIC TIPH
UCIILITAHUAX JATUUKA,

Tmin, TMax — MUHUMAJILHOE U MAKCUMAJIb-
HOE€ JTAJIOHHBIC 3HAYCHHsS TEMIEPATypPbl, YCTAHOB-
JICHHBIE MPU UCTILITAHUSX JaTYUKa.

Hmeercss MHOXKECTBO (PUKCUPOBAHHBIX 3HA-
YEHUN 3TAJIOHHBIX AABJCHUS W TEMIECPATYPhI, MPU
KOTOPBIX TMPOBOASATCSI TECTOBBIC 3aMEPbl CHUTHAJIOB
KaHAJIOB JABJICHUS W TEMIEPATYPbl AATYMKA AABJIC-
HUSL.

P={P§}?=l, P:cQp, £=1.%,

T :{Ts}szly TseQr, s=1.S.

Illar u3MeHeHus IABJIEHUSI U TEMIIEPATYPBHI,
KakK MpaBuiIo, TIOCTOSHHBIIH.

Kaxnoii nape 3nauenuii (P, TS) craBsatcs B
COOTBETCTBHE MHOXKECTBO 3HAYEHHUI CUTHAIOB KaHa-
JIOB IABJIEHUS U TEMIIEPATYPhI IATUNKa JABICHHS:

Uﬁ:b?“%iﬁ

roe U gs ,U.?s— r-€ 3HAYEHUsT CUTHAJIOB KAaHAJIOB /1aB-
r r

JIGHWs W TeMIepaTypbl TPH YCTAHOBJICHUH A3TaJIOH-
HeIX 3HadeHuidt PE m Temmepartypbl TS Ha WcIbITa-
TENILHOM CTEHIIE;

R — KoMM4ecTBO MCTBITAHUN MPU 3a1aHHBIX
PE uTs.

Takum 00pa3oM, UMeeTCsI MHOXKECTBO IKC-

nepumenTanbhbix Touek {M (P, .U pn. Ut )}r':lzl,

Ha OCHOBE KOTOPBIX CTPOMUTCS ammpoKcHMauus mpo-
CTpaHCTBeHHOM (yHKUMK npeobpasoBanus (N — 06-
1iee KOJTMYECTBO YKCIEPUMEHTABHBIX TOUYEK).
Mogenb MpOCTPaHCTBEHHOW TpagyHpoBOY-
HOM XapakTepucThku (1) cTpoutcs B BUIE CHCTEMbI
3 Lpr JIOKanbHBIX MOBEPXHOCTEH WM CErMEHTOB

{Hgg };Z’lL,ngl, KaK/1asi U3 KOTOPbIX MOXET OMUChI-

BaThCs cBoe (hyHKIHMe:
R =Fg(Upt Ut ). (2
Oynkuus Fpp(Upy Uty) ompenenser cer-

o v o
MEHT Huﬁq TPOCTPAHCTBEHHOW TpaxyHpOBOYHOM
XapaKTepUCTHKA Ha 001acTH ompeleneHus £2,p.

Jnst moctpoenus (YHKIMH WCTIONB3YeTCs MOAMHO-
KECTBO JKCTIEPUMEHTATBHBIX TOYeK
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N
3
M (B U pic Uk )}k:al € 245, rne Nyg - konuue-
CTBO JKCHEPUMECHTAJIbHBIX TOUYCK, MPUHAMJICKALINUX
obniactu onpenesenns yp cerMenTa Hg-lﬂ- :

CermeHTbl rpagyMpOBOYHON XapakTepu-
CTUKH MOFyT HE CLIMBATLCSA HaA rpaHMuax nux 06.]130-
Tel onpeneseHus, TO €CTb

Foap(Upt =Ug 1 Unt)#Fy5(Upt =U 4 1,UTt)

Takasi cxema CTBIKOBKM CErMEHTOB CHU-
MaeT HEOMPEIEIICHHOCTb MPH MPUHSITHU PELICHUS O
NPUHAUIOKHOCTH W3MEPSIEMbIX CHIHAJIOB KaHAJIORB
nasnennsi (Upy) u temneparypsi (Ur) k Toit wnm apy-
roit o6acTy ONpenesneHus!, €Can 3HAUCHNUS ITHX CHI-
HAJIOB (DOPMAJIBHO MPHUHALICKAT IPaHULE ITUX 00-
nacreit. Upp Uppe 2y 15 m UpUppe Q4. Tlpn

3TOM 00€CeuMBAETCS TOTPEIIHOCTh ANMPOKCUMALINH
rpagylpoBOYHOI XapaKTEpUCTUKU HE HWXKE Ep .

IloctpoeHHass TakuM 00pa3oM cuctema Jo-
KaJIbHBIX TMPOCTPAaHCTBEHHBIX 3JIEMEHTOB SBIISETCA
anmnpokcuMauuel 3KCNepUMEHTalbHOI MpOCTpaHCT-
BEHHOW TIpalyMpOBOYHON XapaKTepUCTUKU WHTEN-
JIEKTYaJbHOTO 1aT4YHKAa.

BazoBbie 3aBucuUMOCTU (2), HCMONB3yeMbie
JUIsl TOCTPOEHUS JIOKAJIbHBIX 3JIEMEHTOB MPOCTPAHCT-
BEeHHOH (yHKIMK TpeoOpa3oBaHMs JaTYMKa B BUIE
TJIOCKOCTH WJIM MOBEPXHOCTH, MOTYT OBITH pas3iiny-
HBIMU.

AnnpokcuManus rpagyupoBOYHOI XxapakTe-
PUCTHKHM TOCPEICTBOM €€ MpeACTaBIeHUs B BHIE
CUCTEMBI CETMEHTOB, KaXJblii U3 KOTOPBIX SIBISETCA
JIMHENHBIM NPOCTPAHCTBEHHbIM 3eMenToM (JII13) B
MPOCTPAHCTBE M3MEPSAEMBIX MapaMeTPOB IMO3BOJSET
MpeJeNbHO YIOPOCTUTh BBIUKCIEHUS B MHKPOKOH-
Tposepe [7, 9, 11].

OpHako, ecnu TpeOyercs Oonee BBICOKas
TOYHOCTb BBIUUCIIEHHH, 4YeM 00ecneuuBaeT MOAXOA
Ha ocHoBe JIIID, To B KauecTBe 31EMEHTOB MYJbTHU-
CerMEHTHOW MOJeNH Lenecoodpa3Ho HCTOIb30BaTh
HeNluHelHble NpocTpaHcTBeHHble 3nemeHThl (HIID)
[8,9,12].

HaunGonee npuemnembIMu MOJENSMHU dIe-
MEHTApHOT0 amnMnpoOKCUMHPYIOLIETO 3JIEMEHTA SIBIS-
otes [7, 8,9, 11, 12]:

Mopgens 3neMEHTapHOI anmpoKCHUMUPYHO-
e MIOCKOCTH B BUJE!

P=Ays+Biyp -Upt +Bogs Uy, 3)
TIe Aaﬂ vB.Ia,BiBZa,B - k03¢ (UIHMEHTHl aNmpoKCH-
Maluu Ui TIPeICTaBlIeHUs CerMeHTa Hgﬁq B €To
obnacTu onpeaeneHus -Qa,B B Buae JII1D.

Mogenb 3JeMEHTapHOW annmpoKCUMHPYHO-
mell TOBEpXHOCTH B BHUIE TOJMHOMAa BTOPOW WIH
TpeThell CTeTeHH:

43

| .
p:Zai“ﬁ.Ul';,tJ:Z,?» 4
i=0
L
aiaﬂ = Z}/ﬁ{ﬁ U'Irt ,L= 2,3 (5)

=0

rae aiaﬁ " 7/5"8 - KO3 PUIMEHTH anmpoKCUMaLn

o
A7 MPpEeACTAaBJICHUS CErMEHTa HUT'Q B ero o6iactu

onpenenenus £2,3 8 Bune HIID, npudem koapu-
of
LMEHTH! ANNPOKCUMAUUU &7 3aBUCAT TONBKO OT

07
TemmepaTypsl T, a 7/“'8 — HE 3aBHCST OT TEMIEepary-

pBl ¥ SBISIOTCS TIOCTOSSHHBIMY BEJTMUMHAMHA IS Ka-
op .
JKIIOr0 CerMeHTa HU? ;

Ut ¥ Uy — 3HaueHMs CHUTHaloOB KaHana
JABJIEHUS W KaHalla TeMIepaTyphl JaT4hKa B TEKY-
WA MOMEHT BpeMeHH t.

Boipaxenue (4) y4yuThiBaeT HENUHEWHOCThb
TPOCTPAHCTBEHHON TPaJyHpOBOYHONW  XapaKTepu-
ctuku npu ¢ukcuposanHoM T, a Beipaxenue (5) xa-
pakTepu3yeT ee HENIWHEWHOCTh TIPU M3MEHEHHUU TeM-
TepaTypel.

Koadduuuentsr  annpokcumanuu (3) wiu
(5) onpenenstoTCs ¢ MOMOLIBIO METO/A HAMMEHBIINUX

KBaZpaToB Ul KQKIOTO CETMEeHTa Hgﬁq [13]. Ipu

OTOM UCHOJIB3YKOTCA OKCINEPUMEHTAJIBHBIE TOYKH,
MNpUHAAJIE)KAIUue obnactu ONpeaeieHus CEerMeHTa

{M (R Upy Uty )}L\‘ff € Q2.

Hcnoab3oBaHue MeToaa MyJibTUCErMEHTHOM
annpoKCUMaUuKu TpajlyMpOBOYHON XapakTEePUCTUKH
Ha OCHOBE MOJENEN JIMHEMHBIX WM HEJIWHEHHBIX
MPOCTPAHCTBEHHbIX 3JIEMEHTOB JJISi  BbIYMCIIEHUH
3HA4YE€HUI NaBJEeHUs C KOMIIEHCAUMEN Temneparyp-
HOI MOrpemHOCTH OCYILECTBISAETCA  CJIELYIOLIUM
obpazom:

HcxoaHbimu (u3MUECKUMU  CUTHAJIaMHU,
JIEWCTBYIOLLMMHU HA YYBCTBUTEJIbHBIM 3JEMEHT Aat-
4uKa, SBNIAOTCS nasineHue Py u temneparypa Ty, Um
COOTBETCTBYIOT 3HAUYEHUSI DJIEKTPUUECKUX CUTHAJIOB
kaHana narneHus Upyg n kanana temnepatypst Ury.

Tlo u3BECTHBIM 3HAUEHUSIM DJIEKTPUUECKHUX
curHanoB Upy u Ug Haxoautcs obnacth onpexaede-
HUSI CErMEHTa NPOCTPAHCTBEHHON IpagyUpOBOYHOMN
xapakrepuctuku. CHauana onpejaessieTcs HOMep UH-
TepBaia pasOuenus no Temmeparype [, KOTOPO¥

NPUHAUIOKNT TEKYILEe 3HAYCHHE DIICKTPHUUYECKOro
curnana kanana temneparypol (Uy € £2,5). 3arem,
WCTIOJIB3Ys HalIEHHBIH HOMEp MHTEepBaja pa3oueHus
no remneparype [, HaxOOUTCsi HOMEP HMHTEpBaNA
pasbueHust @ , KOTOPO MPUHAMICIKHUT TEKyLIEE 3HA-
ueHue curnana kanana aasnenns (Upy € 2,5 ).
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Jnsa mnonyuyeHHOW oOnacTu omnpeneiaeHus

CEerMEHTa Q&ﬂ BI:I6I/Ipa}0TC$I 3apaHee pacCUUTAH-

HbIe KO3(QPHUIHUESHTHI aNIPOKCUMATIHH.

Boruncnsiercss qaBlieHHE C WCTIONB30BAaHUEM
Boipakenusi (3) unu (4), ucrnonb3ysi BbIOPaHHbBIE KO-
3(hHUIHEHTH anMpOKCUMAIIHH.

IIpoBepka 3(h¢PEKTHBHOCTH HCIIONB30BaHUS
MOJ€eJiell TPOCTPaHCTBEHHOW TI'pagyWpOBOYHON Xa-
PaKTepUCTHKH ISl JOCTHKEHUS BBICOKOW TOYHOCTH
W3MEpEeHHUs aBJIeHHUS B WHTEIJIEKTYallbHOM MaTdhKe
OCYIIECTBIISNIACh HA OCHOBE NAHHBIX TPamyHdpOBOY-
HBIX WCTIBITAHUN NOBYX YYBCTBHUTENBHBIX JJIEMEHTOB
(YD) matumkoB maBnenusi, YD Nel u UD Ne2, pac-
CUMTAHHBIX Ha W3MepeHue nasnenus 1o 60 krc/cm?2
u 10 krc/cM2 COOTBETCTBEHHO B JMArNa3oHe TeMIie-
paryp ot - 40°C no +80°C.

HcmpiTaHnss TIPOBOOWIIUCH TI0 CIEXYHOMIe
cxeMme:

e Temmeparypa HM3MEHsIach B YCTAHOB-
JICHHOM J1Marna3oHe € 3a/laHHbIM L1arom;

e TIpHW KaXIoM (UKCUPOBAHHOM 3HAYCHUU
TeMrepaTypsl JAaBJieHWE HW3MEHSJIOCh OT HWKHETO
3HAa4YeHUs O BEpXHETo Tpenieia W 00paTHO C 3ajaH-
HBIM TI1aroM;

® Ha KWKIOM LIAre M3MEHEHUs IABJICHUSI
NPOBOIUINCH U3MEPEHHUSI BBIXOAHBIX CUTHAIOB KaHA-
JIOB JABJICHUSI U TEMIIEPATYPHI.

TlpencraBieHHbIC JaHHBIE WCMBITAHWUN Xa-
paKTepu3yroTCsi HeOOJbIION HENMHEHHOCTBIO TpH
¢dukcuporanHoOit Temnepartype. HenmHueliHocTh Ha-
OJII0AaeTCsl HAa HAYaJbHOM M KOHEYHOM Y4aCTKaxX
JMana3oHa U3MEHEHUS TaBJICHUSL.

3aBucumocTtb curHasia U3 oT Temneparypbl
Oonee 3HAUMTENBHAs M TaKXKe MMEET HEJIMHEIHBIH
Xapakrep.

Tlpu Hu3kux Temmeparypax HaOJroaaeTCs
YBEJIMUEHHE CUTHAJIA MPU POCTE TEMIMEPATyphbl, MPH
BBICOKMX TEMIEparypax AMHAMHUKA M3MEHEHUS CHI-
Hajla WHas, — MPU POCTE TEMIEPATYPbl CUTHAI
YMEHbLIAETCSI.

Kpome Toro, peanbHasi ¢yHkuus npeobdpa-
30BaHusi UD mnpeacraBisieT MOBEPXHOCTh B CUCTEME
napameTpoB PxUpxU+, KoTOpas uMeeT 0COOEHHOCTS,
— HWKHSS U BEPXHAS 4acTW MoBepxHocTH (MO ocu
JIaBNIeHUsI) MOBEPHYTHI IPYr OTHOCUTENBHO IpYra c
ycroBHO# nuHMeEH pa3nena, Hanpumep, 1ist UD Ne 2
npu P~360-380 KITa.

TIpocTpaHcTBEeHHAs rpagyUpOBOYHAS XapaK-
tepuctuka s UM ¢ UD Nel dopmupoBanach Ha
ocHose JIIID pasmepamu 6 krc/cm2 x20°C, HIID —
12 krc/em2 x40°C. Tns UM ¢ UD Ne2 pasmepsl
JIID 6bnu BbIOpanbl 1 kre/cm2 x20°C, a HIID — 2
krc/em2 x40°C. Pasmepbl MPOCTPAHCTBEHHBIX 3Ji€-

a4

MEHTOB ObLJIM BbIOpaHbl HAUMEHBLUIUMH W3 BO3MOXK-
HBIX TIPU UMeEIOIIeMcsi 00beMe UCTIBITaHHUH.

Ha puc. 2, 3 npencraBieHsl Tpa@yKi OTHO-
CUTEJIbHOM TIOTPEeITHOCTH anmpoKCUMalHd rpamsyHu-
poBouHO# XapaktepucTkd UD Nel ¢ ucnons3oBaHu-
€M JIMHEMHOTO W HEeNIMHEeHHOTo MPOCTPAHCTBEHHBIX

aNeMeHTOB  npu Temmnepatypax T= — 40°C u T=
80°C.
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Pucynok 2 — T'paduk OTHOCUTENLHOMN MOTPEIIHOCTH
annpoKCUMaLuu rpaiyupoBOYHON XapaKTePUCTUKU
Y3 Nel npu T=—40°C (nyHKTUp — JIMHEHAsA MO-
JIeJTb; CTUIOIIHAS — HeJIMHEWHAs MOJIEITb)
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Pucynok 3 — I'paduk OTHOCUTENLHOMN MOTPEIIHOCTH
annpoKCUMaLuu rpalyupoOBOYHON XapaKTePUCTUKU
Y3 Nel npu T= 80°C (nyHKTUP — JIMHEWHHAs MOJEJIb;
CIUJIOIIHAS — HEJIMHETHAs MOIeTb)

Ha puc. 4, 5 npexacraBieHbl aHAJIOTUYHbIE
rpagyki OTHOCUTENILHOW TOTPEIIHOCTH anmpoKCcH-
Mauuu rpajyupoOBOYHON XapakTepuctuku aias 4O
Ne2.
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PucyHok 4 — I'paduk OTHOCHUTENBHOM TTOTPEITHOCTH

annpoKCUMaluuy TpagyupOBOYHON XapaKTEPUCTHKH

YD Ne2 npu T=—40°C (nyHKTUp — IMHENAHAS MOJIEND;
CIUTOIIHAS — HEeJIMHEHHAs MOJIelTh)

AHanu3 pe3ynbTaToB MOJAENMPOBAaHUS TOKa-
3bIBAET, UTO HAWJIyUIINe pe3yJbTaTsl Mpu GopmMupo-
BaHMM MOJIENTM TIPOCTPAHCTBEHHOI IpaxyHMpOBOYHOI
XapaKTepUCTHUKH TIOJy4eHbI B CIIydae UCTIONb30BaHUS
HeJTMHEeHHBIX NPOCTPaHCTBEHHBIX 3JIeMEeHTOB [14].

Hanpumep, oOTHOCHTeNbHAs MOTPEITHOCTH
annpoKCUMalNy TPagypOBOYHOM XapaKTEpUCTUKH C
ncnons3oBanreM HIID Ha momoOmactu pazmepom 2

OTHOCUTENbHAs NOrpewHOCThb, %
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[aeneHue, krc/cm2

Pucynok 5 — I'paduk oTHOCHTENBHOI TIOTPEITHOCTH at-

TIPOKCUMAIMN TPagyHpOBOYHOI XapakTepucTukn YD

Ne2 nipu T= 80°C (myHKTHp — JIMHEHHAsA MOENb; CIUIOLI-

Hasl — HelTUHEHAs MOJIelTh)

nazoHe wusMeHeHus nasiieHus ot O krc/em?2 mo 10
krc/em2 u temneparyp ot —40°C o 80°C.

Takum 00pa3oM, Mpu BBICOKMX TOYHOCTHBIX
XapakTepucTrkax UD, ucnonp30BaHie METOAa MYJIb-
THCErMEHTHBIX MPOCTPAHCTBEHHBIX TPaTyHPOBOYHBIX
xapakrepuctik B WU]IJ] MokeT oOecniednuTs Mperu3n-
OHHYIO TOYHOCTH W3MEpEHHsl 3HaueHWi NaBJIeHUs B
LIMPOKOM JHana3oHe M3MEHEHUs JaBlIeHUI 1 TemIie-

partyp.

krc/em2 X40°C nast UD Ne 2 we Bbiwe 0,03% B nua-
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