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NepeMeHHOro aBnexus

MepBUYHLIM 3BEHOM, PErUCTPUPYIOLLUM

¥ nepeganLMm MHOpMaLMIo O AaBNeHNK cpeabl,
CNYXUT faTYMK AaBNeHus, NpeacTaBnaoLwmuii Co6oun
KOHCTPYKTUBHO 3aBepLUEHHbIN Npubop.

A.A. Cumuyk
000 “T'rob6anTecm”,
2. Capos Hucezopodckoil 06.1.

Cdepa npumenenms AATIHKOB
naBHeHVS UPE3BHIYANHO MIMPOKA:
AHepreTHKa, AaBTOMOOHIIECTPOCHHE,
ABHAIIMOHHAA W DAaKEeTHO-KOCMHYeC-
Kasd TeXHHKA, CYAOCTPOEeHHe, aToM-
Has TeXHHMKa, B3PHIBHBIE TEXHOJO-
ruu, (uU3nYecKHe IKCIEePUMEHTHI.

__JieTaTelbHBIX AaNmapaToB M BHra-

" TeJIBHBEIX YCTAHOBOK: IO IAHHBIM OTe-

UECTBEHHBIX M 3apyOeKHBIX HCTOY-

HHKOB, HI3MEDEeHNA JAaBJIeHNUA COCTaB-

' 0T IPEMEPHO IOJIOBUHY BCeX Ha-

3eMHEIX M OKOJIO TPETH JIETHBIX H3Me-

pPeHHil B paKeTHO-KOCMHYECKOH OT-

paciu.

B coBpeMeHHBIX ZaTUMKAX JaBje-

HHA JaBJIeHne IpeobpasyeTcd B epe-

MellleHHe MJH CHJIY YIOPYTHMH 4yB-

CTBUTEJILHEIMH 3JIeMEHTAMH — MeM-

OpanaMu, MeMOpPAaHHBIMU B AHEPOH]I-

HBIMH  KOpoOKaMHu, CHJIb(OHAMH

" Kornaykamu. s uamepeHus me-

*  peMeHHBIX JABJIeHWH, KaK IIPABHIIO,

MCIOJB3YIOTCA Nbe30- M TeH30pe3u-

CTHBHBIE, TEE302TEKTPUYECKHE U M-
HKOCTHBIE npeoﬁpaauBaTenn.

M3MC-TexHonorum

VHTeHCHBHOE Da3BUTHE B MHDE
B HACTOAIEE BPEMA IMOJYYalOT MH-
KPO3JeKTPOMEeXaHUYeCKUe CHCTeMBI
(MBMC) [1]. IIpuMeHEHTEIBEHO K JAT-
9MKaM  IIePpEeMeHHOT0  JaBJeHHUsA
MO9MC peann3oBaHBI 114 EE30PE3U-
CTHBHOH M éMKOCTHOMH cxeM. Paspa-
foTkoit MOMC-1aTUnNKOB JaBICHHA
B Poccun sanumarores ®I'YII “Hayu-
HO-MCCIEJ0BATENLCKHI ~ WHCTUTYT
(pusuuecknx uamepennit (HUUDH)
(r.Ilenza), OAO “TEMII-ABHA”
(r. Apsamac) 1 psiJi TeXHOJOTHYECKUX
1eHTpoB, HanpuMep MocKoBCKHIA ro-
CylapCTBEHHBIH HHCTUTYT 2JIEKTPOH-
Hoit Texauku (MUDT). Ilpumenenne
MOMC-zaT4nKOB aBJIEHHA CTPEMH-
TeJILHO pacIIupseTcs, HalpuMep
B apromMobmiectpoernu [2, 3], u Oy-
JIET PACTH €11 HHTeHCHBHEE B IPYIUX
orpaciaax — poboToTexXHUKE, aBTOMA-
TH3AIUHA TEXHOJOTMYECKHUX IIporec-
COBH T.[.

BoJpimas 4acTs CYIecTBYIONUX B
HacTosfllee BpeMs dJeKTPOHHBIX
KOMIIOHEHTOB SKCILIYaTHDPYETCH IPH
MaKCHMaIbHOH pabodeil Temmepary-
pe xo 200°C n3-3a orpaHNYeHUi, HA-
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TEOPUA. UCCNEAOBAHUSA. MPAKTUKA

JIaraeMbIX HCHOJb3YEMBIMH IIPH X
M3TOTOBJIEHUH TPAAMIIHOHHEIMH Ma-
TepuanamMu (0cobeHHO KpeMHHEM).
Hanésnasi apxurextypa npubopor
Ha ocHOBe rtexsosnorun KH]I (xpem-
HHI1 HA M3JIEKTPUKe) crocobHa pac-
IDHPUTL paboumil TemmepaTypHIil
auanaszoH npubopos go 450°C. Ho
npu Gosee BBICOKHX TeMIIepaTypax
KOHEYHBIM OTPaHUYMBAKOIIUM (ak-
TopoM ainsg MIMC-natunkos cramo-
BHUTCA TEePMOMeXaHH4YecKad nedop-
ManusA KpemHus., Iloaromy cospe-
MeHHOH TeHJeHIHell B MHKPO3JIEeK-
TPOHUKE ABJIAETCA IPUMEHEHUe U
pas3paboTKe DATYMKOB HOBBIX MarTe-
PHAJIOB, BIIEMEHTOB, CTPYKTYD C VHHU-
KaJIbHBIMH TeXHUYECKHMH [TOKAa3aTe-
JIAMA.

Ilpuanun  paborsr NIHe30Pe3n-
CTHBHBIX H TeH30p83HCTHBHbIX AaT-
YMKOB JIaBJIEHNS OCHOBAH Ha (DYHK-
[UOHANBHOR 3aBUCHMOCTH MeKy
U3MEepAEMBIM JaBJIEHHEM M YIIPYIu-
MU Ze(OPMaLUAME UYBCTBATEILHOTO
3JIeMeHTa, IPeodpasyVIOITIMUCA B CUT-
HAJ TOJIYIPOBOJHUKOBEIMH, IIPOBO-
JIOYHBIMH, (POJBIOBBIMH HJIH MeTaJ-
TOIUIEHOYHBIMHE T€H30Pe3HCTOPAMH.
Tensomerpuueckmit Metox npeobpa-
30BAHMA COYETACT HCKJIOYHTENBHYIO
TIPOCTOTY € BBICOKOIH HaAEKHOCTEIO,
4TO IIO3BOJAET HKCILIYATHPOBATEH
AaTUUKH B CJIOKHBEIX yeaoBuax. Ox-
HAKO JATYHKH ¢ IPOBOJOUYHBIMH HJIH
(hombroBEIMUI TEH30PEe3HCTOPAMH OT-
JIUYAIOTCA MAJbIM YDOBHEM BBIXO[-
HBIX cursanos. Kpome rtoro, 6o.s-
ITAHCTBO CYIIECTBYIOIINX B HACTOA-
njee BPEMA TeH3OMETPHYECKHX AaT-

Puc. 1
HyBCTBITENbHbIE BNEMBHTBI JaT4MKOB NaBNeHMs
000 “Cexcop”

YHKOB IOZ0OHOT0 THIIA HMEI0T 60.Ih-
e rabapuTHEIE PA3MepPh! H HEBLICO-
KYI0 YYBCTBUTEIBHOCTh, TPYAOEMKH
B u3rorosieHun. XoTd COBpeMeHHbIe
TeXHOJOTHH MO3BOJAKT MOBBICHTE
TEH304YBCTBUTENbHOCTL. Hanpumep,
MockoBckas pupma “Cencop” [4] Bri-
IYCKAaeT JATYUKH C [OJYIPOBOIHMU-
KOBBIMU  TOHKOILIEHOUHBIMH —YyB-
CTBUTEJILHBIMH 3JIEMEHTAMH HeImo-
CPEJCTBEHHO HA  MeTAJLIMYeCKOM
memOpane (puc. 1). DTo mosBosmIIO
B50 pas mOBBICHTH TeH30YYBCTBH-
TeJIbHOCTh B CPAaBHEHWH C TPAIUIH-
onHbIMH NiCr-rensopesucropamu.

ITvesopesucropsr ofnagaior YyB-
CTBATEJNBHOCTBIO Ha 1-2 mopagka
BBbIIIE, YeM Y (DOJIbrOBBIX TEH30pe3u-
CTOPOB, MAJIBIM THCTEPE3UCOM BCJIe]-
CTBHE WMHTErPaJbHOTO MCIOJHEHUS
9YBCTBHTEIIBHOTO 3JIEMEHTa B BHJE
KHC (xpemuuit va candupe) u KHII
(kpemHMiI Ha amMaTeKTpHKE) CTPYK-
Typ. Mem0Opana uwyBCTBHTENBLHOrO
9JIEMEHTA BBINOJHEHA H3 MOHOKDH-
CTA/INIECKOr0 MarepraJa (KpeMHUA
WJIH canupa), B Tesle UIu Ha TOBEPX-
HOCTH KOTOPOTO METOLOM ILIaHaAPHO-
SMHUTAKCHATBLHOTO  AHHW30TPOIHOTO
TpaBJieHUuA c(hOPMHUPOBAHA MOCTOBAS
cxema Yurcrona. I[Tbezopesuctupnsie
AQTYHKH MMEIOT MaJble rabapuTel u
Maccy. CoBpeMmeHHBIE TeXHONOIHH
II03BOJIAIOT DEasH30BaTh HA OJHOM
KDHCTAllIe BMeCTe C YNPYIHM die-
MEHTOM M3MEPHTeJbHYI M YCHIIH-
TeJbHYI0 cxeMel, Hecomuennwle no-
CTOMHCTBA Ib@30Pe3UCTUBHEIX [aT-
YHKOB: GOJIBIION BBIXOAHONH CHIHAT
(z0 1 B), BO3MOKHOCTE CO31aHMA KOH-
CTPYKIMH ¢ cOGCTBEHHOH wYacToTOMH
Gomee 100 xI'm, mamble rabapuTel
M Macca, BBICOKAas TOYHOCTH (OCHOB-
Has norpemHocts He Goxee 0,2% ).
K memocratkam mosxHO oTHecTH BI-
COKYI0 CTOMMOCTb M OTpPAHMYEHHBIH
TeMIIePaTYPHBIH AWANas3oH, He Ipe-
Beimaromui 200°C,

ITo Tunosoit cxeme Nbe30pesn-
CTHBHOTO JaTYMKA AaBIeHHs (puc. 2)

0,400
0,010

Puc. 2

Cxema Nbe3opesuCTHBHOND 1aT4Mka QaBneHus:
1 — KpeMHUeBas auacbparma; 2 — KpucTann;

3 — NPOLONLHbIE peaucTopsl; 4 — nonepeyHeIe
PE3MCTOpSI, 5 — MeTannusauusa

PasMeIeHHbIe TI0 KPasM MeMOpaHsI
AU(DYsHOHHEEIE TBE30PE3HCTODPEL CO-
eAUHeHBl B MOCTOBYI0 cxemy. Ilpm
NPHIOKEHUH JlaBlIeHus MemOGpaHa
usrubaercs, Ha eé BHeITHell TOBepx-
HOCTH  BO3HMKAIOT HANPAKEHHS,
BCJIE/ICTBHE UYEro MeHAIOTCH COMpO-
THBJIEHHA TE€H30DE3UCTOPOB H BEIXOI-
HOe HalpsKeHHe MOCTOBOH CXeMbI.
Ipu mambix pasmepax YYBCTBHUTEIb-
HOCTBb M TOYHOCTb [IbE30PE3NCTHBHEIX
IaTYUKOB COOTBETCTBYIOT AHAJIOTHY-
HBIM XapaKTePHCTHKAM JIVUYIIHX 00-
PasnoB AaTYNKOB JABICHHA, YTO IO-
3BOJISIET HCIIOJIB30BATH MX B A3POKOC-
MHYECKOH NPOMBILIJIEHHOCTH, ABTO-
MOOHIIECTPOCHHH, MeAUIIHHE,
Peanmusanusa cxeMbr éMKocTHOTO
AaTYHKa fgasieHus (pue. 3) crama
BO3MOKHOH Omarogaps pasBUTHIO
ONEKTPOHUKH M MHKDOMEXaHHKH.,
VYnpyras numadparma HCIONb3YeTea
KaK MOABMIKHAA 0DKIAKa IIOCKOTO
KOHJEHCATOpa, IepeMemamInancs
DY IPUIOKeHHun AaBiaerus. Hemog-
BIDKHAA OOKJaAKa KOHJeHcaTopa

MeTATTHYeCKOl MIBHKM, HATBLIGH-

00BITHO (hOPMUDYeTCs B BUAE TOHKOI

v ria-stk.ru/mi MUP UMEPEHMI 512011 g
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Puc. 3

Tunosas cxema EMKOCTHOMO aTYMKA ABNEHMA:

1 = CTEKNAHHARA NNACTMHA; 2 — MHTErPankHLIN
npeobpasosarent; 3 — KPEMHUEBLIA KpUCTann;

4 — membpaHa; 5 — HeNOOBMXHAR METANNMYECcKan
obknanka; 6 — coeguHeHne KPUMCTANNA CO CTEKNAHHOM
NNacTHHOM; 7 — Toxkonogeopn

HOI Ha MB0JHPYIONIYIO CTEKJIAHHYIO
muaactuny. [lox meficteuem garnenus
P wu3menserca éMKOCTh [aTUYMKAa.
TonmuHa ynpyroit MeMOpaHb! JIEKHAT
B JIMANa30He OT OJHOTO /10 HECKOJb-
KHX MHKpoMeTpoB. [Lnomans cocras-
JIsieT HeCKOJIbKO KBAAPATHBIX MUJLIH-
METpOB.

Texnonorus upomsBoxcTea pat-
UMKOB IPEANOJATAeT II0CAef0BA-
TeJIbHOE IPOeKTHPOBAHKE ! N3TOTOB-
JIeHHE 1be30Pe3UCTHUBHLIX YHIIOB
(pmc. 4), cOOPKY HA UX OCHOBe UyB-
CTBHTEJIbHBIX 3J1eMeHTOB 1o MAMC-
TEXHONOTHH (puc. 5) W, HaKOHeIl,
KOPIIyCHPOBAHHE 0 KOHEYHOH KOH-
crpyknun (puc. 6, 7, 8),

Hau6onee nasectus! ciepyiomue
3apy0eKHbIe POU3BOAUTENN ITHE30-
Pe3UCTHBHBIX [ATYMKOB [ABJIEHHA:
Kulite Semiconductor Products, Inc.
(CHIA), BCM Sensor (Beasrus), PCB
(CIITA), Endevco (CIIIA), Kistler
(IBeitnapus) [5, 6, 7, 8, 9]. B Poc-
CHH TbE30PE3UCTHBHEIE IATIHKA J1aB-
JIeHUA pa3pabaThIBAlOT U IIPOMBBOJAT
MMUOIT (r. 3enenorpan) [10], HHU®PH
(r. Ilensa) [11].

CoBpeMeHHBIE TEXHOJOTHH MMU-
KPOMEXaHMKHU OTKDHIBAIOT DOJbIIHe
BO3MOJKHOCTH IIPH TIOCTPOEHHH HH-
(hOpPMAIMOHHO-U3MEPHUTEILHBIX CHC-
teMm. Ho, HecMoTpsa Ha crpemurtens-
HOoe passutne MOMC-rexHomormit
JUISl Ibe30PEe3HCTHBHBIX, EMKOCTHBIX
AAaTYMKOB, MX HCIOJIL30BAHHEe B Ha-

Puc. 4
Mbe30PE3NCTHBHBIA KPEMHHEBLIA YHN ANA M3MEPEHMR
AaBnexus

Pwec. 5
géscmmanhuue 3NEMEHTEI BATYMKOB [aBNEHUA (UPMEI
M

Puc. 6
MbesopeaucTieHbIi gatiuk BCM 615F

Puc. 7
[Daramk XTEH-7L-190 dompme: Kulite

Puc. 8
Harumk 1501B02 dopmsi PCB

CTOAIINN MOMEHT BpeMeHH He ofec-
neyuBaeT BceX moTpebHOCTE Mmpo-
MBIIIJIEHHOCTH BCJIEICTBHE OrpaHu-
YeHHIl 110 YCJIOBHAM 3KCIUIYATAIIMH,
IIpaxkTHyecku efUHCTBEHHOI anbTEp-
HATHBON IPH SKCIIYATAIIMHA B JKECT-
KHX YCJIOBHAX, B YACTHOCTH B aTOM-
HOH 9SHEpreTHKe, OCTAIOTCH TBe30-
SJIEKTPHYECKHE JATUHKH IIepEMeHHO-
IO JaBJIEHHUA.

Mbe3oanekTpuyeckue
AaTYUKW faBneHus

B Texnuke uaMmepenuii nepemes-
HOT0 JaBjeHHA Haubosiee IIHPOKOE
pacmpocTpaHeHHe NOJYYHIHN IIhe30-
aJleKTpuyeckue gaTuuku (pue, 9).
Wsmepsiemoe naBienue mnepegaércs
4yepes Membpany 3, KECTKHIL eHT] 2
Ha nbesoanemenT 1. I'emepupyemsrit
nbe302J1eMeHTOM 1 3apdAj uepes Cur-
HAJIbHBEIH BBIBOA 4 mepegaéTca Ha
VCHJINTENb 3apAja U jgajiee Ha Peru-
cTpupylomui  npubop. OcHOBHOE
NpeuMYyINecTBO JaTYMKOB 3TOI0 THIIA
B CDAaBHEHHMH C APYI'HMH IIpeodpaso-
BaTeJAMH NePeMEeHHBIX JaBICHHH —
NpPOCTOTA KOHCTPYKIMH, HAIEHXHOCTh
NP BKCIIYATAHMH B JKECTKUX VCJI0-
BHAX, BO3MOKHOCTb DErHCTDPAIMH
IPOIIECCOB C YACTOTAMMU J0 HECKOJb-
KHUX COTEeH KMJIOTepIl, MaJjble rabapu-
Thl 1 Macca. Hegocrarkom aBisercs

/ ==

z
X

Puc.9
Cxema Nbe303neKTPU4ECKOro JaT4MKa NaBNeHus:

1 = NbE303NEMENT; 2 — XECTKMA LEHTD; 3 — MemBpaHa;
4 - cMrHanbHLIA BLIBOM; 5, 6 — aneMeHTs! kopnyca

EXE] P n3mepenui 52011
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Puc. 10
Oatunkm 6203 u 7031 dompmel Kistler

HEUYYBCTBHTEIBHOCTD JATYHKOB K I10-
CTOSTHHOM COCTABJISAIONIEH HaBIeHH.
Huwxnaa yacrora perucrpupyemoro
napiaennd 1..5 I'n,

Temueparypueiit guanason mbe-
309JIEKTPHYECKUX JATUMKOB JaBJe-
HUSA 3aBHCHT OT NPHMEHAEMBIX Ihe-
somarepuasioB. [l KBapueBLIX aaT-
YMKOB BePXHfAA T'PAHUIA HE IPEBLI-
maer +350°C. IlpumeHerne HOBBIX
KPHCTAJIJIOB, HATpUMep HHo0aTa Ju-
THA, TAHTAJIaTa JUTHA, oprodocdara
TaJIIIAA, I03BOJIAET CYILECTBEHHO Pac-
IIHPHTh TeMIIEDATYDHBIH AMANasoH
maryukoB no +900°C. Ho ofecmeue-
HHe CTabUIBHOCTH, a B OCHOBHOM JIH-
HEHHOCTH XapAKTEePHCTHKH, Tpebyer
TINATETbHOIO IPOEKTHPOBAHKA C IIPA-
BHJIBHBIM BbIGOpOM MaTtepuasos. Ce-
TOJHSA B IIPOIECCE MPOBEAEHUA U3Me-
PeHMii P BBICOKHX TeMIlepaTypax
TIPOM3BOAMTENH 1 IIOTPeOUTE N 3aUa-
CTYI0 HCIOJB3YIOT OXJaKIaeMble
KOHCTPYKI[HH,

B nacroamuit momenT Ha poccmii-
CKOM DBIHKE IIpeACTABJIEHBI IIHe30-
SJIEKTPHYECKNEe NATYHKHU JaBJIeHUS
(puc. 10, 11, 12) crexyromux npous-
BoguTeneii: PCB, Kistler, Vibrometer
(IIseiinapus) [12], AVL (Ascrpus)
[13], HUUDU, 000 “T'nobanTect”

L
o
—igh

Puc. 11
DNatunku PS01 u PS02 000 “TnoBanTecr”

Puc. 12
Darunkn 101A02 n 112A05 dmpmel PCB

Ta6nuua 1. XapakTepucTUKI Nbe303INEKTPUYECKUX RATYUKOB, MPUMEHSEMBIX AN B3PbIBHbIX

1 6annMCTUHECKMX U3MepeHuit

117BPC8

Mogenb gatunka

6203 Kistler PS02 InobanTect

HyscTeuTRNBHOCTL, NKN/Gap 145 2 5
[uHamuyecknit ananasox, 6ap 2500 5000 2500
HenunedHocTs, % <2 <1 <2
CobeTeennas vacora, KMy > 300 >170 > 200
“yBCTBUTENLHOCTD K YCKOPEHWID, Gap/g 0,0015 0,01 0,001

@nepawpubrﬁ AvanasoH, °C 200

200 200

MpuMeyaHme: NpUBEAEHLI XaPaKTEPUCTHKN AATYMKOB C QMHAMUYECKUM AUANA30HOM Ao 5000 Gap.

(Poccna, r. Capos) [14], HTUUM
(Poccus, r. Hwkamit Tarun).

ITeesoonerTpuueckue  gaT9uKnm
obecnednBaoT TpeGOBAHAA K H3Mepe-
HHAM B TaKMX 00JIACTAX TeXHUKH,
KaK HCclleloBaHue ORICTPOIPOTEKAt0-
IIAX IPOLIECCOB B 3KECTKUX VCIOBHAX
npumeneHus [15], BblcOKoTemmepa-
TYPHAaA ¥ KDHOTeHHAA TeXHUKA, KOM-
MPECCOPHL, ABUTATENIECTPOCHME B IHa-
TasoHax AaBieHui 5...1-10° ITa.

IIpu BrIGOpEe AaTumka Ans usMe-
PEeHHIl OBICTPONPOTEKAIOMMX IIPO-
neccos (tabu. 1) gomxHEa yIRTEIBATE-
s COOCTBEHHASA 9aCTOTA JATYUKA JJIA
obecreyeHuss MHHMMAJLHOH AWHA-
MHUYecKoH morpemsocT, Yem Gob-

me coOCTBEeHHAds YacToTa JaT4MKa,
TeM 0oJiee KODOTKHE IPOIECCHl MO-
JKeT OH perucTpuposats. Ha puc. 13,
14 npexncraBieHs! ocHHIIOrpPAMMB
CUI'HAJIOB € Ibe303JeKTPUYECKHUX
AaTYUKOB IPH B3PBIBHEIX 3KCIIEPH-
MEeHTax.

BricokoreMnepatypuble mamepe-
HHUA OPOBOJATCHA NbEe30JATUHKAMH C
32PANOBEIM BBEIXOZIOM C WOCJEAYIO-
INeil mepesaveii CUTHAJA Yepes Clie-
IHAILHBIH MAJIOIIYMAMAR Kabeas K
VCHIUTENIO 3apAJa U PErucTPUPYIO-
meit annapatype. Jnuaa kabeabHOM
JIMHUH OIpejiesigeTCa COOTHOIIEHHeM
€MKoCTell marymka M Kabend W J1usa
bonpmmHCTBA KOMOMHANME He mpe-

@
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Ta6nuua 2. MapameTpbl NbE303NEKTPUYECKUX AATUUKOB, NPUMEHsIEMbIX Ans auarHocTuku [BC

seimaer 10 M. IIpu remnepaTypax 1o
125°C menecoo6pasHO HMCIIOJIb30BATH
ILE30ZaTYNKHA CO BCTPOEHHOM aJIeK-
TPOHHUKOIi, KOTOpPBIE He TpebyloT cre-
IHaJIbHOTO kabena u YCHIHTEIA 3a-
paga. BoamokHas AIWHA M3MepH-
TEJIbHOW JINHUU YBEIHYUBAETCA [0
500 m. CrouMoCTh M3MEPUTEILHOIO
KaHaja B JAHHOM CJIyyae 3Ha4UTelb-
HO YMEHBIIAeTeH.

HezameHNMBI TTBE303JIEKTPHYEC-
KHe JATYAKU B CUCTEMAX JHATHOCTH-
KM JBUTATeNeii BHYTPEHHET0 cropa-
uudg (JIBC). Bribop maTuuka ans ne-
neit guargoctuku JIBC (tada. 2) ody-
CJIOBJIEH 3aJlaHHBIMH IapaMeTpaMu
QUHAMHYECKOT0 ¥ TEeMIIepaTypHOTOo
UAMA30HOB, JUHEHHOCTH XapaKTepu-
CTHKH, YYBCTBUTEJNBHOCTH K YCKOpe-
Hui0. Borblnii TeMIepaTypHBIH AHa-
nasoH obecneunBaeTcA IpUMeHEHHEM
BBICOKOTEMITEPATYPHLIX IIhe3oMaTe-
pHAaJioB, HH3KAA YYBCTBUTEJILHOCTDH
K YCKOPeHHUI0 — cXeMaMH BHOpDOKOM-
TIeHCAIIHH.

Ha puc. 15 npezacrasiieHsl THIIO-
BBIe HHIUKATOPHbIE THATPAMMEI JIBH-
ratejisi  BHYTDEHHEr0  CropaHuA
KAMAR3-5320, nonyueHHEIe ¢ TTOMO-
b0 M3MEPUTEIBHOM cucTeMbl “Aj-
Maz” mapajjieqbHO ABYMS JaTUMKA-

mu — PS01 u GM12D.

YyBeTRUTENEHOCTE, NKN/Gap 15 200
[uHamuueckuih guanasoH, 6ap 345 250 250 250 250 200
HenuHeiHocTe, % <1 I <1 <1 <05 <2 <03
::;;’““Te"“”“"’ KYoKOPEHMO. | 0001 | 00025 | 00001 | 0,002 | 0001 0,001
TemnepaTypHei guanasoH, °C 320 470 200 350 200 400
a5 OnbiT N29 31.01.08 r. Umn. gaen. 2 M102A, macca 3ap. = 1,76
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Puc.13
Ocywmnnorpamma curiana ¢ garimka M102 dupmel PCB
s 9 OnuiTN29 31.01.08 r. Umn. paen. A3 P901-01, macca zap. =1,76r1 60
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TEOPWA. UCCNIEAOBAHUA. NPAKTUKA

*k%

OrzesnbHOr0 BHEMAHUSA 3aCHYHH-
BaeT MeTPOJIOrnyeckoe obecreuerue
JATYNKOB IIEPEMEHHOT0 JaBJEeHUA
[16]. K comxanenuio, B cTpaHe OTCyT-
CTBYEeT CHCTEMa MEeTPOJOTHYEeCKOro
obecrieueHNA CPEJICTB H3AMEPEHMil 1u-
HaMH4yecKoro jasneHusd. B 1980-e
roasl teHnHrpagckoe HII0 “BHUHUM
nm. [I.1. Menpeneesa” paspaborano
M OCHACTHJIO PAL OTEeYeCTBeHHBIX
IpesnpuATHI MeTPOJIOTHUECKUM
obopyroBaHueM, HO ceifuac aTo 000-
pyZoBaHHe B JIVUIIEM CJIy4ae HAXo-
JQUTCHA B CKIAJICKUX TOMEIIEeHUAX,

Ilenecoobpasao mpUCTYNHTE K
“peaHuManuu”’ OTEUECTBEHHOIO Me-
TPOJOTHYECKOro 000pyI0BAHUA B 00-
Jacty ofecreyeHn s H3MEPEHUI IMHA-
MHYeCKOT0 JaBJIeHN, a TaK:Ke paspa-
foraTh Ay JATUYMKOB IEPEMEHHOTO
JaBJeHus VHH()MIHDPOBAHHVIO METO-
JUKY TMOBEPKH B BHJIe IOKYMEHTa pe-
KOMEeH/IaTeJIbHOro xapakTepa. Kpome
TOro, JJIA IpuMeHeHus B Poccun gat-
YHKOB [IEPEMEHHOr0 JaBJIeHNA B cpepe
TOCYJAapCTBEHHOTO MEeTDPOJIOTHIECKOT0
HA/30pa, & K TAKOBOMY OTHOCSTCS BCe
HM3MEPUTENBHEIE CUCTEMBI JJIf Omac-
HBIX TIPOM3BOJCTBEHHLIX O00BLEKTOB
1 000POHHOI IIPOMBIIILJIEHHOCTH, HE0D-
X0AHMO BHeceHme ux B [ocpeectp
CpesCTB H3MEepeHu .,
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