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MNpeaucnoewne

1 PAZPAEBOTAH PepepansHuiyd MOCYZapcTECHHBIM  YHATAPHEIM NREANDHATHEM «BoepoccHiBcsHA
HAYYHO-WCCNEd0BaATENLCKAE MHCTWUTYT MeTponordeckol cnymbuie (O©C¥TT « BHWMMMC)

2 BHECEH TexH<eckim koMUTeToM Mo cTangapTriaymnd TK 180 «CTanoapTHeE CNpaecHHbe GanHba
0 (PHINSECKHNY KOHCTAHTAY W CBORCTESN BEUECTE W MaTEpHANOBY

3 YTBEPM¥IOEH WM BBEOEH B OEMCTEBWE NMpuxazowm $enepantHors areHTCTEa NO TEXHUHECKOMY
perynypoBanVvee ¥ METRoNOnEM oT 13 gekadpa 2018 r. Me 1096-cT

4 BBEfEH BMNEPBLIE

Mpaguna NPUMENENUA HECMaAWE20 cmardaoma yomanocamers! @ cmamee 26 PedepanbHo2o 28K0Ma
o 29 wama 2005 2. Ne T162-03 « 0 crmandapmudayuu @ Pocculokod Dedepadiuuy. MRDopMaius of uaMene-
HUAX K HACMOAWeMy cmandapmy MySnukyemeca 8 exe20dHon (N0 COCMoaNLo Ha T AMea0R mekyweao soda)
LUHPODMAELLOHHNOM yRazameaens sHayUoHamnbtbe cmaddapimsl s, & OBUUUATLNLID MIEKCIT UAMEHEHLID U Nonpa-
G0N — & ENOMECTUHON UHDODMaLLONHOM YWazamane «HauuoNans+ee CMandapmeis. B CRYWEE NEDECMONT-
0a [FaMEHE) URLY OMdeRb! HacMoRWes0 cmakdapima coomesmomayiowes yeedornerue Bydem anybniko-
BaNG & ANUNATLIENM BRNYCKE CNEMECAYNOZ0 WHGhODMALLOMNKO20 YKAZAMEna « HauuoHanbHeie cimandanmiis.
Coomesmomayiowas uedopMalus, veedoMneHus 4 MEekems DEIMelLalomcs MaKse 8 uHbopMauuoHHol
cucmenms obless NaNLINSaNUA — Ha oghuluansyon cadme PedepaneHoss a2eMMCIas 0 MEXHUYECKoMY
CESFNUDOEIELID U MEMPONGaUY 8 camu HMumepaam {fwww. gost.ru)

& CtampapTirpops, adopanesue, 2018

HacToAlwME CTaROapT He MOKET BeiTe NONHOCTEN WK Y3CTHYHO BOCTIDOH3BENeH, TUPAKMPOBAH W pac-
NEOCTRAHEH B KAYECTRE ohUUMANEHOM NafaKdra Gea paspeieHMs DaaepansHoM areHTCTEA NO TEXHUYECKD-
MYy DEMYIADOBAHKIO W METDONOTAK
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HAUMOHANBHBIA CTAHOAPT POCCHWHCKOWN Q®ENOEPALUMUM

MocynapcToeHHan cUCcTeMa obecnodyeHna eaUHCTES WIMEDEHHN

CTAHOAPTHRIE CNPABOYHLIE OAHHBIE.
CHNUUKWO BAHAOWA

MapameTpbl KPUCTANNKYECKOH PEIUETEM B OHANA30He KOHLEHTRAUMA
or 20 at. % go 25 ar. % kpemHns. KoaddruMeHT NHHEAHOrS TENNOBOTD PACWKDEHAA
B gManazone Temnepatyp ot 20 K go 300 K

State systerm for ensuring tha uniformity of measurements. Standard referance data. Silicde of vanadiom.
Tha lattice paramelers in the concantration range from 20 ab. % to 25 at. % of silicon.
Coefficiant of linear thermal axpansicn in the range of temperatunes from 20 K up o 300 K

HOara egegexns — 2019—03—01

1 O6nacTb NpUMEHEHUA

HacToswwi cTasgapT pacnpocTPadAeTCs Ha CTAHAADTHLIE CHPABOYHEE OaHHLIE 0 NApasMeTpax KpW-
CTANNAYECKOA DEWEeTEH (PAIME00R INEMEHTAPKON AYSAEK) DONWEpHCTANNWYeCcknx 00paiIuon caepxXnposogn-
WEMS HH3Wero CHNMUMEa Banaiwa B obnacTi roMoreHHoCTH raskt CO CTRYETYROR A1S M Ha JaHHbIE O BEMWYH=
Hax ko WUHEHTa NHHERHOTD TENNoBSTD pacwrpeHa (KNTP) B gianazone TeMnepatyp or 20 K go 300 K.

2 HopMmaTHBEHLIE CChIMKH

B HACTOALWEM CTaHZANTE WCNONsI0B8aHel HOPMaTHEHLIE CCBINKA Ha CNegywlWe CTAHOAPTR.
MoOCT 234100.3 HeonpeleneHHOCTe WaMeperna. HacTe 3. PYEOBOGCTES MO BbipaHeHd HeonpegenasH-

HOCTH M3MEpEHHR
POCT P 86814 MocypapoTaeHHas cucTema obDecnedessa eNrMHCcTBEa dMamepernid. MocylapcTEeHHaA
criywba cTaHoapT X CNDaBoYHEY daHHbix. OCHOBHBIG NOMOHEHHA

Mpumedsanne — MNpy NONSI0BAHMA HECTOAWMM CTAHOARTOM LENSCoODpaIHD NPOBERHTE DQ8RCTENE CCLINOH-
Hidx CTEHOSPTOE & MHEORMALHOHHON CHOTaME DDLWESND NanbIDBIHMA — HE OPWUWENEHOM CanTs PELSpanNsHOMS BreHT-
CTES N0 TEXHAHSCKOMY PEryNMPOBSHIH ¥ METRORIrMK B CaT FIHTEPHET MNM N0 SMEroaHamy MHEORMALMOHHDM Y YKEIE-
Tenk #HauwoHanNeHLIE CTEHO3PT LG, EOTODEIE oNyBNUROBEH RO COCTOAHWIG HE 1 AHBEPA TEEYLWEM MOAa. ¥ Mo BuyCRam
HHEMECAHHOID MHPOPMEMORHOM yea3aTend £« HauMoHANEHLIE CTEHOAPTE 38 TERyWR rog. Ecny 3ameHed coelNoHHeR
CTEHOBQT, KA KOTOPEN GEHE HEJAETHPODEAHHEA CCRINKE, TO PEROMEHOVETCR MENONLIOBATE EACTEYHILYH BEPCAN 3T0r0
CTEHOAPTA © YSETOM BOSX BHECSHHBIE B OAHHYE BEJCHH HIMEHEHHR. ECNN 3aMEHEH COMNOYHBIR CTEHOAPT, HE KOTOpsA
0aHs OSTWpOBSHHER CObINKA, TO PEXTMEHOVETCA MENONEI0BaTE BERCHED 3TAM CTAHLAETE © YEAZSHHEM BhILUE aam y1-
BEEOEHAR (NDHHAETHAL Ecnn nocna yTEEREOSHWE HACTOALLEM CTAHO3PTS B CORINOHMHER CTAROEET, HE KOTOpRIR 0aHa
OATHRIBAHHEA CChINKA, BHECEHD NIMEHEHHE, IATRArMBRKIWLES NONOHEEHHE, HE KOTOPOE SaHE CORNER, T0 370 NONOHEHWE
PEKOMBHOVETCA NPUMEHRETE §83 yYETE DAHHDI MakeHEHHA. Eocnp cobnoqHEIR CTEHAAPT OTMeHar B3 3aueHs, 70 nono-
HEHWE, B KOTOROM QEHE COBUNKE B HEM, PEROMEHIYETER NPMMEHATE B YBGTH, HE 3aTParMBE3HWER 3TY CobKY.

3 Obwme nonoxeHWA

CUNULADE NepPEXonHBY METANNCE ARNAKTCA MHOTORYHKLMOHANLHBIMA MATEPUANZMM, KOTODBIE Li-
POKO MDUMEHAIOTCA B NPHGODOCTPOEHKMA (INEKTPOHMKE), ABMALMK, KOCMOGE, JHEPrETHKE, JNEKTPOTEPMMN,
CTDOWTENLCTEE, MALWKHOCTPOEHHK M B APYIHX 0GNACTAN TEXHUKMA 1 TEXHONOTIAN.

Wanauue oduHansHoR
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OTNHYMTENEHEIME GNAronpUATHLIMKA OCODEHHOCTAMKW CHNWUKAOE NEPEX0OgHBIX METANN0R AENAIOTCA!
BEICOKAA Mapo- W TEDMOCTOMEOCTE, NPHEMISMbIE MEXEHUHNECKHME XapakTepvcTHEM B WHPOKOM TeMNepaTyp-
HOW WHTEPBANS, B0IMORHICTL DEMYNUPOBAHWA WX INEKTPAYECKHME CBORCTE, CHNWUWOL X8pakTepHIyioTcA
OOCTATONHD BICOKMMM NPOYHOCTHEIMK CEORCTEAMK, MEOTWE K3 HWX WMESI0T TEMEEpaTYRyY NNaBNeHHa Bhille
1300 "C. OHA YCTORYMBER K ASHCTEHI0 BOOL M KACTLIM COBOam.

BONsLUMHCTED CHNWLMAOR NPOARNSIOT YCTORYMBOCTE ¥ OEMCNEHMI0 HA BOIOYXE NEW BhICOKAX TEMMDe-
paTypax 3a cHET NacchBaurik W HopMADoEaHHA NOBSPEHOCTHOR ORMCHONA MNEHKM, XapakTepucTMiK KOTOpOH
ONQEQEnAnT IAATHRIE CECHCTEA. JaHHaR ¥apakTepucTHKa oCobeHHO BaWHA NpW WCNoNLIoBAHWK CHNK-
UMaoe NEW NPOMABoACcTBE OMHEYNopHbIY 1 OPYrdY KepaMUYecKHWY MaTepHanos, a TaKkye B pAOE yoTPORCTE.
Beicosie yHELMOHANEHEIE ANeKTPOdMIMYECEME XADAKTEPHCTHEN TO3IBOARKNT HCNONbIDEATE MEHTE Ha OCHO-
B COBAMHEHHA A3 OnNA CRepXMOLHEYK CONBHOWMO0E, NpMMEHAGHBIX ANA DaINKYHEIK BRICOKDTEXHOMNOT Y-
CHMX YCTROWCTE, HASLWMA CHNHUnG BaHanmnA (VoS0 HononeayeTca W B painNn4Hex YCTPOACTEAN COBREMEHHDN
INERTECHEM.

YOOBEDUEHCTRORAHWE CYLWECTEYIOWME W CO30aHWE HOBLIX DYHELWOHANBHEY BeICOKOTEMISDaTYPHBIX
METEPWAN0E Ha OCHOBE CUNKUMGOE OCHOBAHO HA PaIBHTHK QHAMED-KEMHYECEWY OCHOB NOMyYeHHa Teepgo-
TalbHulxX ODBERTOR C PETYINHPYEMEIM COCTABOM W CTRYRTYDOM.

DaMuM M3 NpegcTaBHTENEd CHMNWUKO0E NepexafteEE METANNCE ABNASTCA HWMIWWA CHNWUKO BaHagHa
3 5i). Ol NDMHEONERMT K COBOMHEHUAM CTRYKTYRHOID THNa A15  ABNASTCA MATERHANOM C BLICORMMK IHa-
YEHHAMK EDHTHYSCKIAX NONEHA W KPHTHYSCKHE TORDE — QCHOBHLIX TEXHONOMMYECKKMY XapakTepHCTHE CBEpRNpo-
BOAALEND COCTOAHMA. 3HAYEHMA XAPAKTEPUCT MK CREPXNPOBOAALLEND COCTOAHMA WV, 5i HENOCPEACTBEHHD CBS-
3aHklI OO CTENEMLH OTKNOHEHWA 810 COCTABA OT CTEXWOMETPHUHYECKOID COOTHOWEHMA KOMNOHEHT XMMWYECKoTD
COBOMHEHWA. JaMELLEHWE ATOMOE B CTEXHOMETRHYOCKSM COEOMHEMHIA NDW 3aMETHOW PAIMOCTIH ATOMHEIK
pagUyCoR INSMeHTOR TIKKE NPUeoddT & M3MEHEHWIO DaIMEp0oB INEMeHTADHON FUeREd ¥ PYyHKUACHANBHD
FHAYNMEBX XADAKTEDHCTHR 3THX COBOMHEHWEA,

PeayneTaTel 4nA WV, 5i McnonedyioTcA paipaboTulkamid CBEpXNPOBOSALMY MaTepuanca Bnarojapa Bel-
ABNEHHER AHOMANEHEM TEMISpaTYPHBIM I3EMCHMOCTAM XaDAKTERUCT HE ANEKTPOHHOR CTRYETYDL W DMHaM -
KW KPWCTANMWHECKOR PEWETHN, KOTORbE Seind ofHapy et B HEM nocne obHapyweHWA CRepXNPOBaORLLIKX
CEOHACTE © MBKCHMANEHBEIMH SHASSHAAMK CPEOH COBGMHEHWA M CNNaBoE Ha OCHOBE BaHagnA. PedTreHoBcR e
JKCEPUMEHTE ROIBONAKT YCTAHOEMTE AHAYEHWA NApaMEeTLOBR KDMCTANNWYECKOH DEWETEM, OTDaMa0LHK
BanaHc cWn NPATAMEHWA W OTTAMNKMBEAHKA aTOMOE B AYElES, W PAcCYMTeIEaTe KNTF no peaynsTatam Wane-
PEHMIA NDM pasnuyke TeMnepaTypax. CoBawHeHHa TBEpQbX PAcTROPOR Ha ochoBe V.51 MCnonbayoT onA
MNoOCTPOEHAA SHANWIa W NDCBEPKK MOOENER ONWCAHKA 1M BEICOKWY XapakTepHcTHR KRHTHHYECKHE NapameTpon
CBEPXNPOBGORALLYEND COCTOAHMA W B ADYIWX COBOMHEMHAN CTPYKTYRHOMD THNE ATS © MaKCHMAaNuHO BECOKHMA
KPATHYECEWMIA NapaMeToaMHd CEepXNpoBodALUEND COCTORAHKA,

4 OcHoBHaA 4YacTb

B HacToAweM CTAKOARTE NPUMBEOEHE CTAKOADTHEE CNDABOYHLIE JAHHEE O NAPAMET DAY KPMCTANNMYE-
CKOA peweTin V.51 B AHanaioHe KoMUeHTpauxi or 20 ar % go 25 ar. % KpemHHA, NONYYeHHBIE B TOM Hdcne
C HCNONeI0AAHKEM PEHTIEHOBRCEMX JWDPAKTOMETDOR ANA WIMEPEHUA CTRYKTYEHEX KADAKTEDUCTAE, M BaHHbIE
O BenkdHax KINTP cineuMga saqagia B gyanazode Temnepatyp oT 20 K go 200 K. CTasigapTHIdpoaaHH bie
nMareprant paipafoTad 8 cooTReTCTEMK ¢ NOCT 34100.3 » NOCT P B.614. Ona orbopa vawbonee gocTo-
BEQHEIK JAHHLIX NDOBSOEH CRABHWUTENLHBIN AHANUI ILCNEPUMEHTANLHEIX JAHHLIX C DadHeEME paboT apyrix
Woonegosatansi [1] u NpoesdeHe KOHTPONLHEIE MAMEPEHWA MOCYAAPCTEEHHLX CTAHJapTHEX odpasyoa aud-
PAKLWOHHGEIX CROHUCTE,

4.1 Nogrotoeka obpazyon

CTpysTypHEIE XapaKTEPMCTHEN NONMEDHCTANNCE V.51 ONDeQenADT Ha CrMTEEY, NOMYHEHHbE NDAMEM
CMNABNeHHEM KOMIOHEHTOE B CNeUWansHoM YCTPORCTES BO BIBGIWEHHOM COCTOAHWH B aTMOCHEpE WHEepT-
HoTT fa3d. MononNeaoBaikde yoTPOWCTE NPEUWIWoHHOR MEeTannypidd GonsHO oEecneqnaars MHHMMyM yraga
KOMMOHEHTOR W TReByeMbIl COCTAR B CNMTHAX C ToMHoCTe Ao 0,05 at %. [na warcToaneHua V.51 ucnonk-
AYIOT MOHOKPUCTANNWYECKKA BaHAOWA ¢ COOEQMARMEM OCHOBHOMD anemedTa Bonee 98 98 % o nonynposo-
OHKKOBOMD EpesHHA 59,999 %,

AnA asannaa xapakTepdcTvE KPUCTRNNMYeCKol CTRYRTYRL, NONYYEHHLIX © NOMOW LD QudpakTomerpos,
ApeOHA3IHAYEHHLIX B OCHOBHOM ONA NOMWEDHCTANNGE, NONYSeHHLIE CNATEW ADoEAT Ha MENEWE KEPUCTANNWTEl B
WIMENEHACLWWE YCTRORCTEX (ANA COeOMHEHWR A1S MCNONBEIVIOT CTYNKY M2 arata) ki NpocereadT Nocnegosa-

2
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TENLHO Y203 PAD CWT C pasmepon sdeer o 200 go 40—20 mk. Janee nopolwcs JackHNamnT B KIOBETY, yNnoT-
HAIOT W BLIpEBHHEAIOT ¢ NPWMEHEHKEN NDEIMETHOMD cTekna. [ONA NpedoTepalleis BeCLINAHKA NOPoWEa K3
KIOBETH 810 MOBEQKHOCTE NOKRHEAINT TOHKWM CROEM NaKa.

Juayerkna KNTP 8 granaacde Temneparyp oT 20 K oo 300 K onpegenssT gna aayx rpynn obpasyos
V., Si. B nepeoll rpynne oBpaiiil © HAMAYHEM HAIKOTEMNERATYPHOTO QAI0B0I0 NEPEXO0E W C NOBLILLEHH LI
COBEPUEBHCTEOM CTROBHWUA KPWCTANNWYECKSR DEWETHY, KOTOpoe OTpamasTes BOnee BsicoxMMA (Boiwe 30)
IHEHEHHWAMK OTHOWEHWA CONpPoTHENEHKR (NpA TeMnepatypax npd 295 K v npu 17 K). Bo etopeld rpynne ofb-
pasusl C OTHOWEHHEM CONPOTHMENEHHA MPW ROMHATHOR W HAIEAX TeMNepaTypax Huwe 10 Ge3 CTpyKTYpHOMD
Mepexoga.

4.2 JkcnepuMeHTanLHan annaparypa

B HacToAwem cTangapTe NPRBENEHE IHAYEHHA CTPYKTYDHLIX XaPaKTEPUCTUK V. 5i N0 peayneTaTam Kow-
TRPOMEHBIX BECOKSTOMHBIX MIMEDEHKEA Ha COBPEMEHHOM DWDDaKTOMETDHYECKOM 050DV I0EAHWA M MO PE3yib-
TaTamM CpapHErHa ¢ oBoCcHOBaHHLIMK T4 PaKTOMETPHHECKHMK JaHHLIMK KA HayYHbLIX NATERATYDHLIN WCToM-
HIAKOE.

ANA BLICOKOTOMHEN KOHTPOMALHEN KCTEPUMENTOR WMCTCNBIYOT WIMEDHTENLHYH: CHUCTEMY, NO3BOMAK-
LI MO YA TE JOCTaTOYHD NoNHYI0 GHDDEKLMOHHYED KADTHHY C NPUMEHEHEEM KOPOTRCROMHOBOND HINYUEHA
pPEHTIEMOBCKORN TpyOEM, KOTOPAaA BINCYAET. ACTOMHAK MANYYSEHWA, TOHHOMETDHYECKYID YacTs, ABTERTODE OT=
PEMEHHOMD WANY4YEHHA, NPorpaMMioe obecnevyerie ONA YyNpasneHyA paboTol paanndkblx YacTed gudpak-
TOMETOHHYECKOH CHCTEMbBI W oDpPaGoTEM MACCHEEE JaHHBIX M AR DacHeTa BENWHKH CTRYETYDHBIX NapamMeTpon.

B Ha4ecTEe MCTOYHKKE HanyHeHna 8 NadopatopHom i pakToMETRE NoHMEHRAIOT MEDMETINHD 3aNanH-
HyHy TPYOKY, B KCTOPCH KaT04 — BONEDPAMOBYHE CNADENs — Pa3orpeBaiT ANeKTPHUYEcsri TOKOM, 3 MaTepiH-
an axoga BbrpaioT B 32RMCHMOCTI OT KOMKPETHRIX 330a4 MCCNegoaaH«a NonukprucTanna. WononssyeT gnu-
Hy BOMHE KO-many4Yesdna, Hanpusep oT MegHor asona peHTreHoBCKOR TRYEKKY oMa paeHa; & = 0. 154059 uwm.
MHTEHCHEHDCT L MANYYSHWA PEHTIEHOBCKOA TRYEKM ONpedenAETCA HanpAmeHes W CHNol ToKa, KOTOPRIG Ba-
PEMEYIOTCA B 38BACHMOCTH OT THNE W 380844 PEHTIEHOrPadHPoBaHnA (CTARTOEOR WIMEDHTENEHDN MOQENK).

CLHOBHYID WEANY MHUOMETDE QNA NOpOWKoBRE JudpakToMeTpod, Hanpusep «QPOH=-4%, dcnonesayior
ONA AWanaioHa BOIMOMHEX NOBOPOTOR AetexTopa Ao 162° no wkane 20, B atdx Tvnax awdpakroseTpos
KOHCTRYELMA OMbpasTomMETpa JoiteHa oDeciesnBaTh (NpK WCNoNBEI0BAHKMA WATNTYHEHHA 0T MEgHoro anoaa)
drKkcHpoBarHye 0o 15 BparropokMy OTPa%EHHA GNA CHNMUKAE BAHaNHs M 00 14 BRarroBCKMx oTRaREHKE Ang
TEEPGEX PACTROPOE HA Br0 OCHOBE. [NA NPOBGIEHWA BECOKOTOHHBIX ONPEdaneH d GoNoNHWTENLHOE BHMME-
HHE YORENADT EHECALHNA BRlCOKSYINOBLX pednexcos (Bonge apICOKHY NOPANKSE OTPaMEHHH OT CeMERCTBa
KpucTannorpadivdeckiny. nnockocTell. Jns atux HGonee cnabsix N0 MHTEHCHMBHOCSTH OTPAMEHWA (MHOrga Ha
NOPSARA HAME HEM ANS OTREEEHHA NEH HEBRICOHHX YINAaX, © ManiyMy MHIskCaMd Mynnepa) npd pabore gldg-
PRETOMETROE WCHONBAYIOT MaKCHUMENLHD BOSMOIMHEER IHAYEHHR TOKA, HANPRAWEHHR WHNK Bones QAWTEnbHOE
BREMA JECMO3NLEN.

ANA KoHTPONS NMPaBMneHoCTH paboTel GWDPaKTOMETEE NMPOBOOAT WIMEDEHHE TEX Me CTPYETYDHLIX
KAQBKTEPUCTIAK MOCYAAPCTEEHHESE CTAHGADTHLX GOpaU0eE AWMpaAKUMOHHEY CEORCTE KPHCTaNNHYecsol pe-
weTkd (FCO0) B nondepecTannaqeckos Blae, Hanpumep NSO NPD-4 (MTPE-3) kpesHud wnn TCO NPQC-23
kynpat urTprA-GapuA. wnk FCO NP 12 rexcabopug nadrada uhdnm gyriae Tns GO, PeayneTars aTHx Mame-
PEHWA JOMEHL MOKa3LEaTE BOCNPOHIBECOWMOCTE aTTECTOEAHHELY IHAYEHWA NAPaAMETROR KPHUCTANNWYECKoR
PELIETEN.

OepeaTent BoBeTsl YOTAHABNMEAT Ha MOHHOMETDHYECKYID NONOBKY QWDakToOMETRa, KOTOPYID dHtkci-
FYHIT B NOCaZOYHOM MHE3OE MoHHOMETRAE.

HcnonesysoT ocoBeHHOCTE DokyCcHpoBkK No bparry-BperTado, 3ainoYalysca B TOM, 4YTo B OTpa-
HADUEE NONOMERWME NONALZ0T KPHUCTANNWTE, ¥ KOTOPEX HOPMANE & OTPaMAKWeR KpacTannorpadnyeckon
MACCKOCTH NApannensHa HopMany g NoRepxHocTH ohpaaua.

BepTHHansHyll packoiWMocTs B NNOCKOCTH, NEPNeHOMKYNARHOR K EPYTY FOHWOMETPE, OfpaHnHHBaIoT
Wenamu Connepa — Habopos ToHKKEY METANNWYECKHE NMNACTHHOE, PACTONOKEHHBIX Ha Manbix PRCCTOAHHAK
M NagannensHo Opyr Spyry, onpegenanT oTHoWe e M, rge [ — ONHE acTuHok.

JnA nonyYeHdA nonHol Qs pakuMoHHoR kapTrHLl o0paiey BEpawanT BOKPYT OCH MoOpWIoHTaNEHOM M-
HUOMETPE © YINOBDA CHODOCTER O, @ CHETYMK M NPHEMHYID WENE [ANA COXpaHeHs yChoBuA OoKyCHPOBKK B
KaHO0M YyINOBOM NOMNOMEHHA ) NECEMELLRIOT C YOBOSHHDA CKOPOCTEIO 211,

MpaieapUTensHyio CTHPOBKY NPoBOOAT NDH PACTONOBHHWBAHHW WHTEHCKBHOCTH NagaMLLero Ny4Ka
PEHTIEMORCKIE NYYEA NpKW HyTeBOoM yINe nagesna ka obpaley No CPaBHEHHIo C NePENYHBIM NYYEoK, 3T0 obe-
CAEYMBAET JankEHERWEE NPOBEIEHNAE JKCTELHMENTOR B JaHHOW recMeTpri no Bparmy-BpeHTano.
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MuMHrsMansHL@R War B AndpakToMeTpuseckoR cacTeme, Hanpumep «APOH-4», yeranasnuaawt 0,017
Bpema HIMEpEHHA B KaMO0R TOYKE B MCNoNB3YyEMOM J4anasoRe yrnoe nogbupanT Takas obpaiom, 4108w
hopma npodunel gudpakyMoHHBX OTPHEHWR GOCTOBEQHD ONPEEENANE WX XapakTepUCTHEM (TPOBCEAT MK-
HEMYK 3—5 NoCneqoBarenkRieE CKAHHPOBAHWI ). BNoK-CXeMa dCnOnbIYEMors aud pakToMeTpa NpeqcTaBmne-
Ha Ha pucyrke 1.

Lns npoeeferrA Wamepesui u oBpatoTEk JKCNepUMEHTANRBHLIX JaHHEX C NOCME0YHILMM ONPEaenaHK-
B8 CTEYVKTYPHLIX X3PaKTEPMCTHE, YIORNETREOPAKWME CTA0UNEHEIM NAPaAMETPaM KEHCTANNEYECKON DELWETEA,
WMCNOABAYIOT AT TRCTORAHHYID METOLHKY MIMEDEHH.

Eum;: Cranvpopasmra
CENEHOEHHA \\
I %
Boga gne Bricowos
AR EHAR ]
Oifipesey fetekrop HEH prtc e,
PaHTraH ; Bhecini
PeHTTEHDECKAR L nﬁﬂg:‘:""“ LaHHEIE 1
TpyCHS
! o Kabene = Kos TP
P CHETUMES
MoHUOMET] R T N
BICOinsanbTHE MOHUGMETRE 1
Gnox |
1
Feneparop
CEH TP OECEO KomnesaTep
WAMTYHEHIR
PucyHok 1 — Bnak-ciama Jahpas romarpi-Echni CHCTEME! © WCNONEI0S8aHHEM KOPDTHOBONHOSBOMD KaNyYEHA

4.3 OcobBeHHOCTA NpoUBaypbl HIMEPEHHA

Mconedoeadna yINoBono pacnpedensHsn HHTEHCWBHOCTER BoeX BOAMONKHbIX JHDPakUROHHLIX OTpaHe-
HH A NONHEPHUCTANNWYSCKSr 0GpasUa NpoaodAT AGITANHD B NONHOM AMSN330HE YINos SUDakukE, Hangwmeap
or 7° go 160°. ECnK dCnoneayioTch MeTodk PUTeensda, 70 3anvcelBaeTch 4yoH ONA BCEM OWManaioHa yrnos
OrPparUHoHHON KSpTAHDL.

MpH BuINoNHEHRA NPOUESYDEI MIMEDEHHA B KEYECTEE HOPMANLHLIX YCNOEWA 0GbI4HS coBMOOaKT cne-
Oy e

- TEMMNepaTypa Bo30YXa — B guanaloue ot 296 K go 300 K [(23 "C=27 *C) + 2 *C));

- aTtMocdepHoe DaBneHde — ot 84 go 1067 slla (690—B00 mm pT. CT.);

= DTHOCKHTENBEHAA BNAMHOCTE BO3OYXE — He Bonee 70 % npk Temneparype 23 "C=27 "C.

CTabuNeHocTE B 3HAYLHWAX HANPREEH MR ANEKTRPOCETH ONA oadcdaiHors Toka 210—230 B oTcnexnea-
KT © NOMOLEKD CUCTEM, CTASKNTHINDYIOWMY HANDANEHHE.

Onsa obpaiua cTeXHoMETPHYECKOND COCTARE QUCTIBDCHOCTE NOPOLLKA A0MEHa COCTARNATE MeHes 20 ME,
YTO GONMHD NOAB0NATE PEHTIEHOrpadupoeanne 0ol epaweHya obpaaya. Bo apema cBopa JanHex addpak-
LUMOHHONE KapTrHel 0Dpazyoe c Bonee KpynHoOISoHUCTEIMY KRMCTANNKTEMM OCYWECTRNANT BpalleHde obpas-
Ua AnA 3axearta OoNblued nnowaad ofnyHaemoi NoBepEHOCTH.

PeaynisTaTk WIMEDEHRA XADAKTEPWCTIE NOAHCOH JWEPakLUMOHHORN E3PTHHE CHIWUKMAA BaH3IWA BO BOEM
AHANAI0HE BOIMOHHBIX YINOE AWPPakuMoHEON KAPTHHEl Ha NprMepe o0paiuos cTeXMOMETDHYECKOND CocTa-
B3 HCNONEWKT GNA CRAEHWMTRMEHOMD 3HANKIA © GaHHBIMKE P3ANHYHLIX CB0CHORAHHBIX WCCMEdoBaTETILCKKY
paBor. B peaynkTate WIMEepeHdia NomyYamT ooHOMEDHDE CEYeHHE QUDaKuuoHEcR KapTEHsl, NpegcTasns-
HLWEE IFBWCHMECTE YMCNE OTPaMEHHBIX WMMYNLCOB OT YiNa nepeseljeHda obpaada W oeTerTopa. Jank-
HerwWy cbpaboTky ans oNgegeneH[A NapaMeTpos KpHCTAnnNMYeckold PeweTkd NDCE0OAT © NPUMEHEHREM
KOBMMNEHCOE GNA obpaboTk W PacYBToOR CTRYKTYPHBX NEOrPamM, PeayneTaThl MpOMNMKCTRHEOBaHE B [1].

4
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IOna pacdeTa NapamMeTpos KPWCTANMWYEckon DELUETEA WCNoNsayIoT JHaYeHHA yinos U, cooTBETCTEYIO-
WKE MAKCHRMYMAM PRCNPEIENSHNA MHTEHCKBHOCTEA DDAMMOBCEMy OTPaXeHni (T BelYMTAHKMEM BENANA OT W3-
nNydennd Kis, ), 1 cooTHoWEHWEe Bparra—Bynbda, COAILIBaILES IHAYEHUA MEKNNDCKOCTHEIX PACCTORMMA ©
ATHMKA Yamd, [NA HAXOWISHUS MEKCHIMYMA OTREHEHWA WCNHONLIVIOT NEpEYIO NPOWMIB0IHYED NPK aHanKaIe
NPOoEUNS Mtk GUHpaKMOHHETo OTPEMEHMA, KOTODAA PABHA HYM B MAKCUMYME OTREHEH A,

CnpeaensHie NapaMeTgon aNeMEHTAPHON A4S NPOBOOAT NOCNEO0BEATeNEHD OT BCEX OTRaMEHNA
SUPERETOrpasMmed, YTo FOIBOMAAET MUHWMWIMPORATE BOAMOMHER NOMPEILHOCTA NP NDOEESEHWK IKCTpano-
NAUKK, 3 3aTemM ONA oTpasesHWn, 3achHKCHPOBIHHEX N BICOKOYITICROA 4acTH AWPRanyMoHHDN BapTHHE.
PeayneTatel 370l 0OpaboTh 0onsHel 0BRCNeEYHMBaTs JOCTATOMHD BECOKYED TOHHOCTE KOMTPOMBHBIX JECNEDH=
MEHTOR, paaHyo +0,00002 HM KW HeCDXOOMMYKD ONA YCTAHOBNEHWA oBNacTi rosMoreHHoCTH obpaiuoe.

4.4 Mpoueaypa onpegensHHa NAPaMeTPoR KPHMCTANMNAYECKONW DELLETHH

COpadoTiy NoNyYeH X GONBLUKK MACCHREO0E JaHHX NPOBOOAT C NEAMEHEHHEN NPOMPaMMHOND NaKkeTa.
OaHHble 3aH0CAT 8 TabnKUsl — NpOToKONs. O6paley NpoTokona NpegeTasnes B [1].

Ha ocHoBE COOTHOWEHWA Bparra—Bynb{ia paccHWTLIBAINT MEKNNOCKOCTHLIE PACCTOAHKA @, ANA KO-
TopkX HHOeKcs Mennepa f, i, | cBA3aHLl © NApaMeTpaMy PewsTiW, KEaapaT LMy ropMamid npeacrasne-
HKA 2Toro ypaeqeHna. Ans as o KyDHYeckon CHMMETDHUER INEMEHTADHON AYEHKN NAQaAMeTD KpUCTannM4e-
CHOW peleTky pedinekca c nHaescani i1, &, ! onpeagnsunT cooTHOWEHHERM

iy = AP i
25Ein ﬂh._hl
roe f , — yron oTpaseH1a;
h, k. | — nagercel Munnepa oTpasamuieln NockocTH,
# — OMAHS BOMHBE K3NYyHeHKA.
Ona onpeaeneHEa NapamMeTa EHCTANNHYECKON DEWeTEM NOPOLKOR HCTIoNEIYIT JKCTHARONALBOHHYIO
pyHELMID Hanbcowa-Paiang @0}, oM. [1], koTopana NoIsonfeT MHHUMWIMDOESTE HHCTRYMEHTaANLHLIE BETATE

NpK oN@eqensydy BENUHYH Ll NapamMeTpa PpelleTE

i (cosn)  jcose)’
— +

NHFEI il sinll | (2]

Mononesoeadne doyssa B0 0omeHo noagonATe HArMAAHO JeEMOHCTRMPOBAaTE ONERaTtopy Hank4ue
HHCTRYMEHTANLHEIX [NPELLE BCEMD. CEAIAHHLIX C aNMapaTypHBIMKA OCODEHHOCTAMK KW CROCOBaMA OKYCH-
FOBKK WIMYYEHHA W YCTAH0BKW 0GpasUa Ans onpedensHdA Ha4ana WHanNb OTCHeTa B MHWOMETRE) W HEROTO-
Plix CHCTEMATHHECKKE NOMPELLHOCTER W OTDAMETE IABMCHMOCTE WX IHAYEHWA OT yma audpasums. $yHELNA
T annpoKCHMAPYETCA NPAMOR NKHWel. Janee cTROWTCA rpadiul JaBUcCHMOCTH PACCHUTAHHEE NapaMETpoD
EPWMCTANMMYSCHTE PEWETEM OT hyHEL MK © 1 NpoROJWTCA MMHERHAR JKCTPANCNSUMA © ROMOLWEI0 METOOAE HaW-
mMetbEx keagpaTos (MHK) B gocTyniex TPUACHEHWRX K NEPCOHANBHEIM KOMNLOTERAM, HANPHMED B ApO=
rpasme Excel. OTHNOHEHWE IHAYEHWMA ANA KAXD0M OTPaMEHWA 0T NONY4eHHOH NEAMON NOKa3HEAST YPOEEHE
CAYHARROR N0 HOCTH.

Mpatuueckan ILCTRANONALMA 3HAYEHWH NapaMeTpa peweT «ar V.30, NoNy4eHHas oT pasHex Nno-
CHOCTEA & yry oTpamedua 90° no wxkane 1, c Mcnonsaosadnes @yHEgma B 1w metoga MHK cywecTeenio
YTOMHART IHSFHEHKWE NAPAMETEa KPUCTANNMYECKOW DEETEN N0 CP3BHEHWKD CO IHAYEHUAMM, NONYYEHHBIRM
NP HEBLICOKKWE YIMax oTpAMEHAA. PelyneTare 3T0H IKCTpananAyvKy rpadpiseckld NpoMnnkKcTpupoaans B [1].

Mpusep oNpeqenaHus CPpegHny IHGYe A NADAMETPOE PELWETKA NONAKDHCTANNKYECKOND CTEXHOMET M-
YECKOTD CUMTMUMGa BaHagWA No TREM HOHTPONBEHLIM W3MEDEHUAM NpedcTaaned B Tabnuue 1.

JECTRANONMPOBIHHOE IHAYSHME MAPEMETEE ANA CTEXWOMETPWYEcKors obpaiyua cOrnacHs SaHHLIM
210l Tabnduw cocTapnaeT 047249 wm. B Tatnvue 1 CHKO — cpegHEs KE3OpaTHYHOE OTEMROHeHHEe, 00 —

cTaHgapTHuid obpazey, h, k. | — dHgekck: Munnepa, | % OTHOWEeHWE MHTEHCHBHOCTER K 3Ha4aHKIio OnA oTpa-
MEHWR © MAKCAMANLHOR HHTEHCHBHOCTLID C MHASKCaMA Miunnepa (210), 20, 20 — yron, CooTBeTCTEY oWNA
MAKCHMYMY OTPAMEHUA.
kil
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Tabnuua 1— I:FIE",I:I,HII'PE ZHaMEHAR NapaMeTpoE PElUSTEH NONHKPUCTANIEYSCEOM CTEXACMETRHYECEDOND CHNHMLEKOS Ba-
HAOWA NO YOpeOHEHHEIM DEZVNETETAM TReEX I.-'IE:MB[.'E'HHI:'I

Cpeanue 1Haus s Smauendn CO BT PO G S SRR A DARTEIMCTHEH
My nin f k i i 28,4 e
DECHET. CHD A

1 1 1 o 26,644 26,659 0014 01T
2 2 0 i 38,040 38,0549 0,010 0o1E
3 2 1 0 42,743 42,758 0,009 0,015
4 2 1 1 47,058 47,073 0,011 0,014
5 2 2 2 G 750 GH, TGS 0,013 oo1a
G K| 2 0 71,985 72,002 0,009 ooy
¥ 3 2 1 75,181 T5ATT 0,015 0016
g & ¥ o 81,387 81,401 0,007 2,014
2] s 2 0 83,602 93,617 0,013 0,015
1a ] e 1 06,655 95,676 0,013 3,020
11 3 3 2 Ba, 736 98753 0,008 oo
12 b 2 a 122776 122785 0,007 00
13 G 2 1 126 482 126487 0,003 005
T4 & 4 i 134,500 134,503 0,016 0,003
15 i i { 155 956 186.004 0,013 O 008

B [1] rpadHeckl i TAOMHHHD OTREEHE JaHHEE I3BHCHMOCTHE NADAMETPOE KDKMCTANNMYECKDH palueT-
KW OT COCTAEE W COOTEETCTEYIOWEE WIMEHEHWE IHAYEHHR (DYHELWOHANLHEY XAPAKTEDHCTHE B OHaNa30He
KoMUuekTpaykh ot 12 ar. % go 27 at. % kpemMAnAa. Bo MHOMX McCnNedoiadkax GnNa sapakTeprcTrsn obpajuce
OONONHATENERD ACAGNEIYIOT IHEYEHWE TEMNEPaTyDL CREDXNPOBcOALErD Nagexoda (Tc), KOToOpoe KoppEen-
PYIOT © KoHUeHTpauKen. Sas0san guarpasmma atoro BHapHorg cosdvMHeHnA pPAcCMoOTREeHa M NPedcTapnaHa o
[1]. 3aEMCHMOCTE MAMEDEHHOrD 3Ha4aH A NNOTHOCTH OT cocTaea ofpasyoa Vs Sl ¢ PAINUHHOR KOHUEHTpaL K-
Ed EpEMHUA rpadri4deckd npegeTaeneHa B [1]. ConocTagneHHe pelynNeTartos CRABHEHWA IKCTEDHUMERTANBHD
WMAMEDEHHBX IHAYEHKE NNOTHOCTY obpa3auce C cocTagamk @ ohNacTH FOMOrEHHOCTH © PACHETHEMKM IHAYE-
HMAMK NMNOTHOCTH 0GECNEYMBRET BnlGop BApUANTA CTRPORHWA INEMEHTARHONA AYEAKK (Hanpumep, gna V5 e
OENACTH FOMOTEHHOCTH MMEET MECTS JaMELLEHME aTOMOR KPeMHWA SToOMaMW BaHadWA).

Oassbie ob daMeHeHdd NApaMeTooE HPHCTANNHYSCKOR PEeLWLETHIA MOAsaNAnT onpedensTe obnacTs ro-
MOFMEHHOCTA TREDLOND PACTEOPE HA OCHOBE CTEMMOMETDHYECHDND COBOMHMEHHA VWSi IHEYSHWE BENAYHHLI
TEMMNEPATYPE NEPEXCOOA B CRELXNPOBOLSLLER COCTOAHME OORCTISYMBAET CNDABELNHECCTE KOPPENALMA C OT-
KIOHEHWERM OT CTEXHOMETDWMYECKOTD COCTARA M O CTENEHLM NPOARMEHWA AHOMANWK B TEMNEPaTYPHOW 3a-
BrckHMocTi KITTP B MnakoTesnegaTtypHod ofnacti.

Kopowee COMMAacke pelynuTaToR M3MEPEHAR NADaMETPOR DELETKW, NOMYHEHHOS B PADE WCCNedosa-
HHM, B oBnacTv KoHUEHTRaUME spesHda o 20 ar. % go 25 ar. %, npeacraeneHHoe rpapuYecks i TabnuYHo
g [1], noIBoMANG YyTEEDIWTE JaHHBIE O NAPaMETPEX KPUCTANMWYECKDR PEWETEA B 0DNACTH MOMOTEHHOCTH B
KAYECTEE CTAHOADNTHLIX CRPABOYHEL OaHHEIX.

4.5 Peaynuratel onpegeneHyd KoadddhuuMeHTa NHHEAHOMD TENNOBOMD PACLUMPEHHA B
Adanazone Tesmneparyp ot 20 K go 300 K

Peaynetated, NoNYyYEHHLIE aBTOpaMA pAGa paboT, no onpagenesdio KNTP 8 gnanazone TeMnepaTtyp oT
20 K go 300 K Ha obpasyax cosguHedds Vo5 ¢ pasdeMy EoHLSHTRAUWAMMK KPEMHWMA, NpaacTasnedsl o [1].
0NA conoCTapneqyA DeIYNETATOR MAMEPEHMA KCNONEIYIOT OBe NoOrpynne oSpaIUoe ATOD cumvuMta. B nep-

B
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BoH rpynne obpasusl, B KOTOPBIX NPH HHIK0KR TEMNePaTYRe He HabnkmaaeTes cTRYRTYDHBIH as0BRA NEREXDD
H oBpasuel MMEOT CTHOWEHWE CONPOTHENEHHR NP Tesmnepatypax 300 K 1 18 K ke 10, 8o aTopod roynne
ohpasyk, B KOTODRIX Boin JathMkCHPOBaH CTRYRTYPHBIA NEpexal W 3HAYEHHE ITONS ME OTHOWEHWA CONPOTHE-
NexKa, Kak npasdng, Gonswe 30

B Tatnuuax « Ma rpadukax a [1] npeactaeneds aHadenus KNTP ans obpazgoe Bea sapTeHcUTHONO W C
MAPTEHCHTHEIM CTRYKTYDHBIM Nepexcnom. PesynsTaTel B kaXA0A NoOrpynne Xopolo COrNacyiuToR MENTY CO=
Goi. Inavenna KNTP gnAa obpasyos V, Si obeux nogrpynn — .o CTPYETYPHBIM NEpPexofomM W Bea CTpyKTYpHOMD
nMepexosda S0poWe CormacyioTca Mewdy coboil Nod TemMnegatTypax ouiwe 80 K. JadMble, NpegcTaBneHHLe B
Tabnuuax [1]. yTeep¥IeHs KaK CTAHZaDTHRIE CNPABOYHEE darHse OnA KNTP H-aWers cinuuydga saHagna
(W, Si).

4.6 JocropepHOCTE AaHHEX

HocToRERHOCTE NMOMNYYEHHBE AaHHbIX CULEHHBAKRNT Mo DeayNeTaTaM COBMECTHOH 0bpaboTiK cepui na-
MEDEHWA W COABHEHWEM JaHHBX KOHTRONEHBX WIMEDEHWA NOBRWEHHOR TOMHOCTH [1] © JaHHBIMA OEyTHx
HCCnegoBaTenkosdx pabor. OnA obecnedeHiA BLICORTR JCCTOREDHOCTH NONYSEHHBIX DeIyNETaTos NECBogAT
NPeosapiTENLHES HIMEDEHWA XAP3KTEpWCTHE MOCY0ApPCTEEHHEY CTARAAPTHEE 0ODaILoE QUDPIHLEMOHHLIX
CEBOHCTE HA TEX e IKCNepHMEHTANBHEIX YCTAHOBKIX.
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BEuGnuorpadua

[1] Hopscc BH. Tabnewus CTAHOAPTHRY CAPSB0HHER QaddHex, MCCCH 347 — Z0HME. Canvuno B3H80¢A B QManaioHe
HOHUSHTREWKA o7 20 a1 % go 25 ar % gpemeii. Ko GuedT NEHE MO0 TENNGENND PRCSWHDEHHA B OMENAIoHE
rempaparyp or 20 K go 300 K, — Mooy « BHUAMC s, 2018 — 48 c.
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