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OnucaH 3aMKHYThII GECKOHTAKTHBIA METOM, CXOISIINXCS paauaabHbIX TEMIIEPATYPHBIX BOJIH, CO3IaBae-
MBIX IIPY BBICOKOYACTOTHOM MHAYKIIMOHHOM MOAYJIMPOBAHHOM HarpeBse oOopasliia LIMJIMHIAPUIEeCKOit (hop-
MbI. MeTon npeaHa3HadYeH IJI UCCIIeA0BaHUs TeIIO(MU3NIeCKUX CBOMCTB METAJJIOB U CIJIABOB B 00JIACTU
BBICOKHMX TeMmeparyp. sl peaiu3au MeToia Co3naHa SKCIIepUMEHTalIbHAsl yCTAaHOBKA Ha 6a3e coBpe-
MEHHOI arnmnapartypsbl. [1o JaHHBIM 3KCIIEpUMEHTA TeIIOGU3NUYECKUE ITapaMeTPhl OIIPEAEIISIOTCS CO ClIe-
IYIOIIMMU ITOTPELTHOCTSIMHU: TEMITEPATYPOIPOBOIHOCTD — 2% ; TEIIOEMKOCTh — 3% ; TEMJIONIPOBOIHOCTD —
5%; ynenbHOE 351eKTpocornpoTuBienue — 1.4%; mouiHocts — 2%. I1ociie 3TOro BEIYUCIISIIOTCS IUIOTHOCTD,
KO3 ULIMEHT 00bEMHOIO TEIUIOBOIO PACIIMPEHUsI, DJIEKTPOHHAS M pelIeTOYHasl TeIJIONPOBOIHOCTb,
00BbEMHASI TEIIOEMKOCTh, KO3 GULIMEHT TEILIOYCBOEHUSI, MOHOXPOMATUYECKAs M MHTErpajbHasl CTeNeHU
YepHOThI, SHTAJIBIUS, SHTpoOIUs, s3Heprus [no66ca. Ha KoHKpeTHOM IpuMepe IpU MCCliefOBaHUM CIlJIaBa
3aMEIIEeHUS U CIjIaBa BHEAPEHUS [IOKA3aHbI IIPEUMYIIECTBA 3aMKHYTOTO METOA.
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BBEAJEHUWE

I[MaBHBIM HEZOCTaTKOM COBPEMEHHBIX, Jaxke
KOMILUIEKCHBIX, METOIOB, PACCMOTPEHHEIX B 0030pe
AJl. Usnuena [1], sgBiasieTcsl UX HE3aMKHYTOCTb.
OmpenensioTcsi, HallpUMep, TOJbKO TeMIIepaTypo-
IIPOBOOHOCTb WM TEMIIEPATypOIIPOBOMHOCTh U
yIaeabHas TeruioeMKocTb. He3zaMKHyTOCTh MeTona
O3HAYaeT, YTO IIPU 00pabOTKE Pe3yJIbTATOB IKCIIePH-
MEHTa HEOOXOIMMO MCIIOJIb30BaTh BHEIIHHUE IaH-
HbI€, B3SITble M3 CIIPAaBOYHUKOB WU XKYPHAaJIbHBIX
craTeil. DTOT HEIOCTAaTOK OCOOEHHO 3aMETeH IIpU
WCCJIEIOBAaHUM HOBBIX MaTepHajoB, CILIABOB 3aMe-
IIEHUS Y BHEAPEHUS. 3aMKHYTBIM SIBJISIETCSI METO/, B
KOTOPOM IIpU 00pabOTKe pe3yJIbTaTOB 3KCIIEPUMEH-
Ta HE HMCIIOJb3YIOT BHEILIHME TAHHBIE, BCSI HYyXKHAas
vH(OopMaIUsI COASPKUTCS B JaHHBIX, [OJYYEHHbBIX B
XOJIe OKCIepuMeHTa. Pa3Imyaior KOHTaKTHBINM 1 6ec-
KOHTaKTHEIM MeTOIbl. B 001aCTH BEICOKHX TEMITEpa-
TYp TIPENIOYTUTENIEH MOCJIEeIHUI, TaK KaK B 3TOM
cliydyae OTIaJacT HeoOXOMMMOCTh BHECEHUS ITOIIpa-
BOK Ha TEIJIOOTBOI IT0 TOKOIIOABOAAM, IIOTeHITUAIb-
HBIM BBIBOJIaM, TEpMOIIapaM.

B nanHoii paboTe NMpuBEAEHO ONMCAHUE 3aMKHY-
TOro OECKOHTAKTHOTO METOAa, YCTAHOBKM IJISI €ro
peanu3anuy, MeTOAUK IIPOBEACHMSI SKCIIEpUMEHTa U
00pabOTKM TaHHBIX SKCIIEPUMEHTA.

Jns wmcciaenoBaHus TEIOPU3NISCKUX CBOMCTB
METAaJIJIOB U CTUIAaBOB B 00JIaCTU BBICOKMX TEMIIEPATYP
IIUPOKO MCIOJIB3YIOTCS METOAbl TeMIIEpaTypPHBIX
BOJIH [1], B 4aCTHOCTU, METON pagualbHBIX CXOIS-
LIUXCS/PacXOAsIIIUXCS TeMIlepaTypHbIX BOJIH, pea-
JIU3yeMbIii Ha oOpaslax HWIMHAPUYECKON (DOPMBbI
[2—5].

B oGmactu BeICOKMX TemmepaTyp Haubosee 3¢d-
(GEeKTUBHBIM METOIOM SIBJISIETCSI METO/ PETYJISIPHOTO
TETJI0OBOTO PeXuMa TPEThEero poja — pexXuma ycra-
HOBUBIIUXCSI TIEPUOAUYECKUX U3MEHEHU TeMIlepa-
TYpbI, KOTOPBIi TIO3BOJNSIET YMEHBIIUTh BIIMSIHUE
Tenja000MeHa U3JydYeHUEM 10 BEeJIUYUHBI, HOCSIIEH
XapakTep Mayioil IMONpaBKU, OTPAHUYUTHLCS OTHUM
JaTYUKOM TeMITepaTyphbl, 00ECIIEYUTh €CTECTBEHHYIO
MHOTOKPAaTHYIO TTOBTOPSIEMOCTD MOJy4yaeMbIX B DKC-
MepUMeHTe JAHHBIX, IIUPOKO UCIIOIb30BaTh pagnuo-
TeXHUYECKUE CPEeNCTBA U3MEPEHMIA.

CylIHOCTh NpeayiaraeMoro MeToAa COCTOUT B Clie-
nyromem. O6paszer ucciaenyeMoro Marepuaia, nMe-
OIIMIT (POPMY CIUIOIIHOTO LMJIMHIpPA, HarpeBaeTcs
MPY TOMOIIM KOAKCUAJIBHO PACITOJIOKEHHOIO WH-
JIYKTOpPa, MMOAKIIOYEHHOTO K OJIOKY HarpeBaTeIbHOIO
KOHTYpa BBICOKOYACTOTHOTO reHepaTopa. I1pu repu-
OOWYECKUX W3MEHEHUSX (MOMYJISIIMUA) MOIIHOCTH
HarpeBa B 0Opa3iie BO3HUKAET KoJiebaTeIbHbIN TeI-
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Puc. 1. INpuHuunuanbHas cxema ycraHoBku: 1 — BI'T7; 2— BHK; 3 — 610k Mmoaynsiuuu; 4 — MHAYKTOP; 5 — 00pasell ¢ OTBep-
ctueM 5' B LeHTpe; 6 — konmnak; 7 — DJ1-263; § — cxema KoMreHcaluu; 9 — u3MepUTENbHbIN 6J10K; 10 — GJIOK peErucTpaiuu;

11 — n3mepurens DAC; 12 — mupometp JIOII-72.

JIOBOM mpolecc — TaK HasbIlBacMble paauajibHbIC
TeMIIEpATyPHbIE BOJIHBI, PACIIPOCTPAHSIONINECS OT
MOBEPXHOCTU 06pa3siia K ero ocu. Mcnonb3yercs pe-
ryJIgpHas cTagus Ipolecca (yCTaHOBUBIIUICS Tell-
JIOBOW peX1M), B KOTOPOil KoebaHUsI TeMITepaTyphbl
B JIF0060I TOUKEe 00pa3iia OMHO3HAYHO O PEAEsSIIOTCS
€ro TeIJIOBBIMHU U 3JEKTPUYECKUMU CBOMCTBAMU U
3aKOHOM U3MeHeHUs1 MoITHOCTU. OCHOBHOE colep-
KaHWE METOAa COCTOMT B aHAJIUTUUYECKOM BhIpazke-
HUM YKa3aHHBIX B3aMMOCBSI3€il, BCIIEACTBUE YETO
MPOLIECC UBMEPEHMI CBOAUTCS K PETUCTPALUM KOJie-
GaHUI1 TeMIepaTypbl 00pasiia 1 OINpeaesICHUI0 BBO-
,[lVIMOﬁ B HET'O MOIIITHOCTMU. CYLLICCTBCHHbIM SABJISICTCS
BBITIOJTHEHUE CJISAYIOLIET0 TPeOOBaHUS: OTHOILIEHHE
aMIUIATYIbl KoJieOaHMsI TeMIiepaTypbl 0 K yCTaHO-
BUBILIEICSI CpeAHEN TeMIlepaType obpa3sia 0 1o/IKHO
VIOBJIETBOPSATh ycinoBUio (13/0) < 1, 4TO MO3BOJISIET
paccMaTpUBaTh BIMSTHUE TETIJIOOOMeHa 3a cUeT U3Jy-
YeHUSI B BUJIE MAJIOI MIOIIPABKMU U, TEM CAMbIM, JIMHE-
apu30BaTh 3aa4y U UCIOJIb30BaTh IPUHLIUI CyTep-
MO3ULINH.

MHoyKIMOHHBIIE HarpeB MMeEET psI IIPeruMy-
IIECTB B CpPaBHEHUM C 3JIEKTPOHHBIM HarpeBoM. Bo-
MEPBHIX, UICTOYHUK HarpeBa — MHIYKTOP — MMEET
TeMIIepaTypy OXJIaXKIalolleil BOAbl, B TO BpeMsI KaK
IIpU 3JEKTPOHHOM HarpeBe pacKajleHHbIE 3JIEKTPO-
JIbI PaCIIbUISIIOTCSI M MaTepurall 3JICKTPOAOB MONagacT
Ha obpaszel. Bo-BTOpbIX, OTIagaeT HEOOXOAMMOCTD B
WCKJIIOUCHUM BIUSIHUS M3JTy4eHUS 3JCKTPOAOB Ha
pErucTpupyeMoe u3jydeHHe MOBEPXHOCTH oOpa3la
(mone3HbIil curHan). K 1ocTonHCTBY MHAYKIIMOHHO-
ro 1 2JICKTPOHHOI'O HAarpeBOB CJIEAyeT OTHECTH BO3-
MOXXHOCTb MCCJICA0BATh OOJIbIIEpa3MepHbIE IIMIMH-
JIpruYecKkue oopaslbl, B CUIY Yero Impoliecc cyoimma-
LIMM NpakTUYeCKM He OKa3bIiBaeT BIUSHUS Ha
SKCIIEpMMEHTAJIbHBIE Pe3y/IbTaThl, B OTJIMYME OT pa-
0OTHI ¢ Majlopa3MepHBIMU OOpa3liaMu. Teopust MeTO-
Jla TOCTaTOYHO MOAPOOHO M3JI0KeHa B padboTax [2—4].

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6

OIIMCAHUE YCTAHOBKU

Peanuzaiius metona paauaibHBIX TeMIlepaTyp-
HBIX BOJIH OCYILIECTBJISIETCSI HAa YCTAaHOBKE, CXeMa KO-
TOpoii mpencTapieHa Ha puc. 1. B kauecTBe CTOUYHU-
Ka HEpPruyd UCIOJb3yeTCsl CEepPUMHBIN BbICOKOYA-
CTOTHBIN TeHepaTtop BYY-15/440 (momiHOCTh 15
kBT, yactora 440 xI11), KOTOpPBIIA COCTOUT U3 ABYX
CBSI3aHHBIX OJIOKOB: BBICOKOYACTOTHOTO TpaH3MU-
cropHoro reHeparopa BI'T-7 (/) u 61oka HarpeBa-
tenbHOro kKoHtypa BHK (2). IlomkmioueHHBIN K
BHK oxmaxxnaembrit Bomoii mHIyKTOp (4) pa3Mmemia-
eTcsl B BakyyMHoM kamepe arperata BA-01. BepxHsis
4acTh KaMephl — CTEKJISTHHBIN KoJmak (6), nuind Ko-
TOPOTO Yepe3 BaKyyMHYIO CMa3Ky COEIMHEH C BOJIO-
oxJIaxXaaeMbIM TIIMGhOM HWXKHEH MeTalIndecKoi
yacTu Kamepbl. B kamepe obecrnieurBaeTcst 1aBjieHUe
Ha yposHe 1073 Topp. B unnykrop (4) KoakcuaibHO
MOMelIeH uccaeayeMblii oopasell (5) B BUIe LIMJIUH-
npa. JInametp o6pasia 8—10 MM, mmmHA 80—100 MM.
B 1ieHTpe umanHapa BEINOJHEHO oTBepcTre (') ara-
meTpoM 0.7 MM 1 TITyOMHOM 6 MM, TIPEICTaBIAIOIIEe
co0o0ii MoJiesib aOCOMIOTHO YepHOro Tena (Ko3hdu-
LIUEHT U3JIy4yeHUs okojio ~0.99), no uanyyeHuro Ko-
TOpPOI ONTHUYECKUM IpoMeTpoM (12) JIOII-72 (A =
= (.65 MKM) ompeneiisieTcsl abCoJIIOTHAs TeMIiepaTy-
pa 1. DTuUM ke MUPOMETPOM OTpeIeisieTCsl TeMIepa-
Typa MOBEPXHOCTU OOpa3lia — SIPKOCTHAsl TeMIlepa-
typa 7, I'pagyupoBOoYHasi XapakKTepUCTHUKa IMUPO-
MeTpa TIompaBjeHa Ha HaJIW4yuhe CTeKJa MeXIy
00pa3loM U TUPOMETPOM.

INlepronnueckue M3MeHeHUs] BBOIUMMOI B oOpa-
3e1l MOIIITHOCTH OCYIIECTBIISIIOTCSI B peXKUMe “BKITIO-
YEeHO/BBIKJIIOUEHO”, IJIs 4Yero reHepaTop NpsMO-
yroabHBIX uMItyabcoB AFG-72005 (3) momaer Ha
BI'T-7 (1) 3anuparoimuii curHai ammiautynoit 10 B u
4acTOTOM ; (3HAaUEHWE YaCTOThl OTPAKaeTCsl Ha TUC-
iee TeHepaTopa). KomebaHUs TeMrepaTypsl peru-
CTPUPYIOTCSI C HEOOJIBIIIOTO YJYacTKa ITOBEPXHOCTH
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Puc. 2. TunnyHast ociorpaMMa KosiebaHusT TeMIepaTypbl IIOBEPXHOCTU: [ — KprUBasi UBMEHEHMsI TeMITepaTyphl; 2 — reHe-
paTop BKJIIOUeH; 3 — reHepaTop BBIKJIIOUEH; 4 — cpenHsisl (HyJ1eBasi) JMHUSI, OTHOCUTEbHO KOTOPOI KpuBas / MOJKHA pacio-

JlaratbCd CUMMETPUYHO.

oOpa3sia BOJIM3H eTo cepearHbI TpeMs (hOTOANOTaAMU
DI-263 (7), KOTOpbIE pa3MelleHbl Ha BOTOOXJIaX1a-
emoii mactuHe. Ha doToguonsl mogaeTcss Hampsike-
Hre nmutaHusg +27 B ot Tpex 6aTapeii, nMerommnx 06-
1yto Harpysky Ry, = 1.0 MOwM. ITocrosiHHast cocras-
JIsTIonias curHajaa V_, COOTBETCTBYIOIIASI CpeaHEH
TemIeparype 0 obpaslia, KOMIIEHCUPYETCS CXEMOIA
JeieHusT HanpspkeHus (8), a mepeMeHHasi COCTaBJIsI-
o1as V., odycinoBieHHas KOJIeOaHUSIMU TEMITepaTy-
pbI U, TogaeTcs ¢ Harpy3kKu (OTOONOA0B Ha IU(POo-
Boit ocuminorpad USB AKHMII cepun 75000 (9) mns
U3MEPEHUST aMIJIMTYIbI |- rapMOHUKM KOJeOaHUsI
teMreparypbl. CyouThb O MOJIHOTE KOMIICHCAIIUU I10-
CTOSTHHOT'O CUTHAJ1a MOXKHO I10 PACIIOJIOKEHUIO OCIII-
JIorpaMMBI Ha 3KpaHe HoyTOyKa (/0). OcuuiiorpaMmma
JIOJDKHA PACIIoIaraTbCs CUMMETPUYHO OTHOCHUTEJIBHO
cpenHel TMHUM. By THIIMYIHOM ocIMTOrpaMMBbl TTpU
3aMucy KojaebaHuii TeMIlepaTyphl IpUBEICH Ha pUC. 2.

Jns peann3alii 06CKOHTAKTHOTO METOoAa OIpe-
JeJIeHUs P — YAEJIBHOTIO 3J1€KTPOCOTIPOTUBIIEHUS BO-
Kpyr oOpasia Ha ypOBHE €ro cepeauHbl pacrojara-
IOTCSI IBE€ Pa3HOTO IMaMeTpa KaTyIIKA ¢ HAaHECEHHOM
Ha WX BHEILIHEH MOBEPXHOCTU PEe3b0OM ITyOMHON 1
mraroM 0.3 MM Ha KaskKay1o U3 KOTOPBIX HABUThI 5 BUT-
KOB BOJIb(ppaMOBOIi MpoBOJOKU nuaMeTpoM 0.1 MM ¢
BBIBOJAMU OT JBYX, TPEX U MATU BUTKOB KaXXKI0OM Ka-
TYIIKKA. BBIBOABI MONK/IIOYEHBI K IIEeCTUIMAIIa30H-
HOMY MEPEKII0YaTEeIIIO C BBIXOJIOM Ha IU(pPOBOii oc-
mtorpagd DSO 1002A (/7), 9yTo MO3BOISIET U3ME-
psaTh 1o Tpu DI C ¢ KaxXA0l KaTYyLIKU: €,, €; U Es.

B skcnepumente ¢ ocummnorpagpa USB AKUII
cepuu 75000 Ha 3KpaH HOyTOYKa BEIBOIUTCS N300pa-
JKeHME KpUBOM KoJjiebaHUs TeMIepaTypbl NMpu (puk-
CUPOBAaHHOI yactoTe Monyssuum @; (i = 1—4). Cxe-
MO KOMITEHCAllMU KpUBasi KoJeOaHUsI TeMITepaTyphbl
pacroJiaraeTcs CUMMETPUUYHO OTHOCUTEILHO CPEN-
HEW JUHUU, U UBMEPSETCI aMILJIMTya MEepBOM rap-
MOHUKH. CxemMa KOMIIEHCALMU IpeAcTaBisieT codoit
JeJINTENb HATIPSIKEHM S, YTO TTI03BOJISIET U3BMEHEHUEM
HaIpsKeHUsT HA IOCTOSIHHOM COIPOTUBJIEHUU R, =

TTPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 6

= (0.5 kO™ 1TomaBaTh Ha COIPOTUBIIEHNE, pAaBHOE CO-
MPOTUBJICHHIO, K KOTOPOMY NOIKIIIOUeHBI (DOTOAMOIBI,
HarnpstkeHue (—V_) o6paTHOroO 3HaKa, KOMIIEHCHUPYIO-
1ee HamnpsokeHre + V., 00yCIOBIEHHOE ITOCTOSTHHOM
cocrapsolleil Temnepatypbl 0. Benmunna V_ pac-
CUUTHIBACTCS 110 (popMyJie

R,
b
Rn + R]vlar
rae E— HaITIps2>KEHMUE IMUTAaHUA CXEMbI KOMIIEHCAallM

27 B (Tpu 6aTtapeun); R,,,, — MarasuH CONpOTUBJICHUI
tuna MCP-60, HaumeHbuii mar 0.01 OMm.

BapwupoBaHueMm BeJuyuHbl R,,. 10OOUBAIOTCH,
4yTOOBI KpHBasi KojebaHU TeMIepaTyphl pacnoJjiara-
JlJaCh CUMMETPUYHO OTHOCHUTEIBHO CpelHeil JMHUM,
nocje yero BeauuuHa R,,. perucrpuponanach. Omn-
HOBPEMEHHO perucTprupoBainch 6 3HaueHuit DJC g;
U ¢ iomolibio nupomMeTpa JIOIT-72 3aMepsisiuch TOKU
Ly, v 1, PeructpupoBanach Takxe 4yacrora f (B
KWIOrepLax) U 4acTOTbl MOLYJSILUM @; (B repLax),
BbIBEICHHbIE Ha JUCIUIESX TeHEPaTOpoOB. 3aTeM U3-
MEHEHMEeM MOIIHOCTU HarpeBa YycTaHaBJIMBaJlach
cienymolasi TeMmrneparypa, U MOpoliecc U3MepeHuit
TTOBTOPSUICS] BIUIOTh A0 JOCTUXKEHUSI MAKCUMATbHOM
TeMIlepaTyphbl.

PesynpraTaMu skcriepuMeHTa IIpu (UKCHUPOBaH-
HOI TeMnepaType sBisiuch 4 3HaueHus V. u R,
COOTBETCTBYIOLIIE YETBIPEM YaCTOTaM () MOAYJISILIUU
(Tmoka3zaHbl Ha AUCILIee TeHepaTopa MOAYISLINU), 6
3HaueHuil DJIC g; nuHeiiHas yacToTa UHAYKIIMOH-
HOTO TeHepaTopa f (oTpaxkaeTcs Ha IuCIiee TeHepa-
TOpa), U3MEPEHHBIE TOKM 4Yepe3 IMMMPOMETPUUECCKYIO
JIaMITy IIMPOMETpa IIPY CPAaBHEHUHM €€ CBETUMOCTH CO
CBETUMOCTBIO MOJIENIN YEPHOTO Tena — I, WK I10-
BepxHOCTH 0Opasua — Iy, .. PasmMepbl oOpasiia u ka-
TYIIEK U3MepPEeHbI 3apaHee.

CreneHb COOTBETCTBUSI PEATbHBIX YCIOBUIA KC-
MepuMeHTa TEOPUU METOIa MPOoBepslach Ha oOpas-
LaX pa3HBIX OUAMEeTpoB. OTINYME TeMIIECPaTYPHBIX
U30TEPM BIOJIb IJIMHBI 00pa3iia OT U30TEPM IJIST CITy-

V.=E (D

2023



206

Tabomuna 1. DkcriepuMeHTaIbHbIE JaHHBIE

PYMAHLUEB, ITATBIX

fl"eH? Kr]-l (PMozlym I'a [rmpa A RmaD KOM V~a B Mgy El? B EZ’ B [m/[p, K A
436.2 0.320 0.340 3.5676 0.381 5 136.15 56.17 0.302
432.4 0.480 0.339 3.5663 0.210 3 81.70 33.71 0.299
429.0 0.720 0.342 3.5809 0.158 2 54.55 22.47 0.301
428.4 0.864 0.340 3.5477 0.126 0.298
Y= 151-10*K Eyonyn =27 B Cpennee 0.300

Yyasi aKCHaJbHOII CMMMETPUM OTMEYEeHO B 00JIacTH,
TMIPUMBIKAIONIEH K TOPIIaM CIUIONTHOTO muymmHApa 1.5d.
DTO 0O3HayaeT, YTO Ha OCTaJbHOI [JIMHE oOpasla
OCEBBIC BOJIHBI OTCYTCTBYIOT, KaK TOIO TpeOyeT Teo-
pMs paguabHbIX TeMIEpATyPHBIX BOJIH.

CylleCTBEeHHBIM SIBJISIETCSI BBIOOP pagnlyCcoOB KOH-
TypoB. MUcciengoBanust B padbore [3] mokasanu, 4To
TSI TIPUEMJIEMO TOUHOCTU U3MEPEHMS MOLITHOCTU B
2% MUHUMANbHBINA paguyc KOHTypa HOJLKEH UMETh
pasmep Ry nin > 1.3 R,s, MakcumasbHas BeIMIrMHa
panuyca KOHTypa OTpaHMYMBaeTCs 00J1acThlo, B KO-
TOpOil HAUMHAET CKAa3bIBAaThCS BIUSIHUE OTIAEIBHBIX
BUTKOB MHAYKTOPA (R, = 20), R 1w < (Ryyy — 54),
rae 4 ~ 1.5 — 3a30p MexXay BUTKAaMU UHAYKTOpA.

C y4eToMm oTHMX COOTHOLIEHMI HaiineM 1.3 R, <
<R < (Ryyy — Sh).

Jlna R~ 5—6 nomyuanm 16 < d, < 25. Otcronad, i, ~ 17,
deax ~24n deax /dein =1.4.

IMPUMEP PACHETA OCHOBHBIX
TEIMNNTO®U3INYECKUX XAPAKTEPUCTHUK

s moaTBepXXAeHUsT pabOTOCIIOCOOHOCTHU TIpe-
JlJaraeMoro MeTona MpUBEIeM MpPOleaypy pernucrpa-
LU pe3yabTaTOB 3KCIICpMMEHTA M pacdeTa Mo HUM
TaKUX MapaMeTpoB, KaK a, ¢, A, p, d, B, &7 u €7
criaBa TalOWO0.25C (kapowun).

IMo noctuxenuu aasiaenus 10~> Topp BKIOYaer-
cs1 reHepaTop BUY-15/440 u ycraHaBnuBaeTcsl TeM-
neparypa okoiio ~ 2000 K. DToT pexkxmM coxpaHseTcs
MpUMEPHO 2 4. 3aTeM OCYIIECTBIISIETCSI IOCTUPOBKaA
OINTUYECKOI CXeMbl PETUCTPALIMU CBETUMOCTH C He-
0O0JIBIIIOTO yUacTKa MoceperHe TOBEPXHOCTU 00pas-
11a U BBICTABJISIETCSI MMHUMAaJbHAsl MOIIHOCTb (Ha
nucruiee reHepatopa BI'T-7 BeicBeunBaeTcsl 4acToTa
reHeparopa f B kI11), mociie 4ero BKJIIOYAETCSI MOLY-
JIILIMOHHBINM TeHepaTop C MpeaBapuTeIbHO BBICTAB-
JICHHOU 4aCTOTOM (; MOIYJISILIMU, KOTOpasi yKa3bIBa-
eTcs Ha guciuiee B repuax. I'enepatop BI'T-7 u cBs-
3aHHbIN ¢ HUM BHK HaumHaroT paboTath B pexXxume
“BKJIIOYEHO/BbIKJIIOUeHO”. [lo mpoluecTBUU HEKO-
TOPOTO BPEMEHM YCTAHABJIMBACTCSl CPEMHSIS TEMIIe-
parypa 6 u usmepstorcst Toku I, v I, . C BeIxona
nzMepurtenbHoro ociuuiorpadga USB AKUII cepun
75000 curHa nogaeTcst Ha 3KpaH HOYTOyKa, U C IO~
MollbI0 Mara3uHa cornpotusiieHrnit MCP-60 B KkoM-
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MEHCAIIMOHHOW cXeMe OocCHWLIoTpaMMa KoJieOaHUM
TeMItepatypsl O BBICTaBISACTCS CUMMETPUYHO OTHO-
CUTEJIBHO HYJIEBOM — CpEIHEN JIMHMU HA SKpaHe HO-
yTOyKa.

3HAYeHUsST CONPOTUBIICHUM R,,,. 3alMCHIBAIOTCS,
KaK M YaCTOThbI TEHEPATOPOB, ¥ TOKU ITMPOMeTpa. 3a-
TeM Ha OBJKpaHe HOyTOyKa BKJIIOUACTCS OITLIUS
“criekTp” u u3Mepsiercs V. — amruuryna 1-it rapmo-
HUKU KoJiebaHus TeMrepaTypbl. C ITOMOIIBIO OCIIVII-
sorpada DSO1002A 60 MIt1 3amepstiorcss DJC ¢ msa-
TH, TPEX U JBYX BUTKOB KasKA0M U3 KaTylIeK, TUaMeT-
PBI KOTOPBIX paBHEL 24 MM 1 17 MM (n = 1.4). 3atem
YCTAHABJIMBACTCS CJIEAYIOIIAsl YacTOTa MOIYJISILIUU,
U BCA TIPOLIeaypa ¢ perucTpainmeil TaHHbIX TOBTOPSI-
eTcs, KaK IoKa3aHo BhIlIe. OObIYHO YCTaHABIUBACT-
csl 4 yacTOoThl MOAYJISIMU. 3aTeM BBOAMMAsl MOILII-
HOCTbh MOBBIIIAETCSI, U BHOBb BCS MPOLIeaypa MOBTO-
psieTcs, HO yXe IIpU HOBOIl TeMmIieparype, U TakK IO
KOHIIa [Mana3oHa. Pe3ynbTaThl TUITMYHOTO 3KCIIepH-
MECHTA IIpeACTaBJIeHbI B Ta0. 1. 3mech ke IpuBeacH
MpeaBapuTeIbHO HaMIEHHBIM ITapaMeTp ONTUYECKO
cucremsl Y= 1.51 - 10* K.

O06paboTKa pe3ysIbTaTOB SKCIepMMeHTa Ha9MHa -
€TCsI C BBIUMCJICHUST aOCOJIIOTHOM U SIPKOCTHOM TeM-
nepatyp: 7= 1297 K u T, = 1237 K, onpenensieMbix
10 3HaYeHUsAM Iy, v I, . JIaHHBIE U1 OCTaIbHBIX
pacdeToB NpUBENCHBI B TA0. 2.

B nameit pa6otre [6] npemioxeH HOBBI OECKOH-
TaKTHBII CITOCOO OMpeesIeHUs P C UCTIOIb30BaHUEM
G OpMYJIBI 1711 MOIITHOCTH: TI0 OTHOILLIEHUIO U3MEPEH-
HBIX B IIpoliecce akcnepumeHTa B C ¢ omHOro BUTKa
KOHTYPOB Pa3HbIX IUAMETPOB (3aMETHUM, UTO MOII-
HOCTb HE 3aBUCUT OT IMAaMETPa KOHTYPOB):

g ([Niz _ 14240+ 4n2f12(n)j]/2
g NS —1+2/AmF +40°£2 ) )

Ny < Ny

ITo dopmyne (2) npeaBapuTelbHO CTPOUTCS

dyukuusa n = Y(s,/§), toe €, u § — 3C ¢ onHoro
BUTKa Pa3HbIX KOHTYpoB. PyHKLHWS OMUCHIBAEeTCS
JVHEHBIM ypaBHeHUEM (C K03(hdULIMEHTOM 10CTO-

BepHoct R’ = 1), HanpuMep, ripu N, /N, = 1.4:
N(E,, §) = 3.36268(%, /) —1.328. (3)
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Tabsmua 2. PacueT 6e3pa3MepHOil TOMIIMHBI CKMH-CJIOS 1| ¥ YIEIBHOTO 3JIEKTPOCOIIPOTUBIICHUS P 1-i1 TapMOHMKN MO~

HOCTH
_ Pacuer o
€,B &, B 5/ dopmye
27.230 | 11.239 |11.240/27.231= 0.412612 2)
27.233 | 11.243 n = 3.36268 - 0.412612—1.328 = 0.059483 3)
27.227 | 11.238 p= (2ndn)*F- 1074 =39.4384-25 - 1076+ (5.9483-1072)2-432-1074=59.75- 108 OM ' M “4)
g B} _ _ —
— . — . _ 5
27930 | 11.240 W(e,p, n) = 4177.201 Bt/m; W(E,,p, n) = 4182.369 Bt/m; W/ = 4179.785 Br/™m 3)

ITo npuBeaeHHBIM B Ta01. 2 CpEAHUM 3HAYECHUSIM
BIC c omHoro BuTKa 110 (opMmyne (2) HaXOIUTCS
3HaUYE€HUE 1), YTO MO3BOJSET ONPEAETUTh BEIUUUHY
YIEITBLHOTO 2JIEKTPOCOINPOTUBIIEHUS 0Opa3iia:

p-10* = fmdny, 4
rae f, KT — yacToTa BBICOKOYACTOTHOTO reHeparopa.

Takum o6pa3zoM, MeTOd CTAHOBUTCSI O€CKOHTAKT-
HBIM, TIPA 3TOM OTITagaeT HEOOXOIMMOCTh B U3MEpe-
HUU BEJIMYUHBI P B OTIEJIBHOM 3KCIIEPDUMEHTE, OHa
HaXOIUTCS MO JaHHBIM 3KCIIEpUMEHTa. DTO OCOOCH-
HO BaXKHO TIPU MCCIICIOBAHUIX METAJUIOB ¢ (Da30BBIM
o—P-niepexomom.

3HaHue cpenHux 3HayeHuit DC, N u p, npuse-
JIIEHHBIX B Ta0JI. 2, TO3BOJISIET pACCUNTATh MOIITHOCTb,
BBEJICHHYIO B oOpa3zell [2—4]:

AU
2 3
™[N -1+2/m ] + 47 F )

3nech € — BenuuuHa DJ1C, HaBenIeHHOI Ha OJHOM
BUTKE TPOBOJOYHOTO KOHTYpa pammycoMm R,.; N, =
= R,/R — OoTHOllIEeHUE PaINyCOB KOHTYpa U 00paslia;
SiM) =1—-m-0.25n% M) =1 +0.251n2 +0.51%).
ITockonbsKy B pacuerax ¢purypupyet 1-s1 rapMOHUKA
MOIITHOCTHU, BBIYUCTIEHHAs o hopMmyiie (4), BeIUdu-
Ha MOIIHOCTU YMHOXaeTcsl Ha KOd(dUIMEHT 2/T.
MOIIHOCTh PACCUUTHIBAETCS 10 00€MM BeJIMYMHAM
BJIC, 3aTeM HaXOAUTCS CpeaHee 3HaUeHUE C LeJIblo
YMEHbBIIEHUST TTOTPEIIHOCTU. Pe3ylbTaThl pacyeToB
3aHeCeHBbI B Ta0. 2.

—2.3

W= 2ENM

(&)

ITo nanHbIM R, M V_, IpUBEAeHHBIM B Ta0I. 1, 110
dopmyne (1) Haxomutcs V_ (cm. Tabi. 3). Ha ocHOBe
3TUX JAHHBIX 110 (popmyIie

(6

PaCCUMTHIBAIOT AMILIUTYIBI IIEPBLIX TAPMOHMK KOJIe-
6anus Temreparypbl O (Y = 1.51 - 10* K) (cm. Tabu. 3).

Ilo maHHBIM TabJI. 3 HAXOOSIT 3HAYCHUST OTHOIIIE-
Hus ¥;/0; (6 3HaYeHUI1), YTO MO3BOJIAET IO MPEIBa-
PMTENBHO TIOCTPOEHHBIM 3aBUCHMOCTAM U,/ =
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2 . 2
= flee}, M) Haiitn ;. Torma TemmepaTyponposos-
HOCTb MOXHO BBIYUCIIUTH IO (hOopMyIIe

a= (R2ng)/=’. (7)

MOXHO BBIUMCIIUTH U 3HAYEHUsT DYHKIMIA (&2, 1)
u \,(2e?, 1). Pe3ysbraThl pacyeToB 3aHOCATCS B Ta0II. 4.

ITo nanHbIM TabnuL 2—4 1 opmyam sl pacue-
Ta yAEeJIbHOM TEMIOEMKOCTH ¢, (M — Macca eIUHULIBI
IUIMHBI 00paslia) U TEIUIONPOBOIHOCTU A:

¢, = W /(m2no9) Iy, (=, ), 8)
A= W/, (,M) )

MMPOU3BOAUTCS pacyeT yAeJbHOW TETJIOEMKOCTH W
TETUIONPOBOAHOCTH. Pe3yIbTaThl pacueToB, a TaKKe
cpemHue 3HAYeHMS M OTKIIOHEHMS OT HUX IpUBEIe-
Hbl B Taba. 5. [lo naHHBIM TabJ. 5 TTO U3BECTHBIM
dopMys1aM Ha OCHOBE TaHHBIX LIS 4, Cp, A PACCUMTHI-
BalOT IUIOTHOCTH d, KO3 OUIIMEHT 00bEMHOIO TEII-
JIOBOTO paciiupeHusi B, a Takke CIEKTPAIbHYIO U
WHTErPabHYIO CTEIIEHW YEPHOTHI ITOBEPXHOCTH 00-
pasiia, 3Ha4eHUST KOTOPBIX IPUBEIEHBI TAKKe B TAOIT. 5.
C nomo1npio 3 BBOAATCA MONMPaBKK B 3HAYEHNUS ¢, U A
Ha TEIJIOBOE paclliMpeHre U Ha TeIUIO0OMEH U3Jlyde-
aueM. [lpollenypa BHeCEHHST MOIPABOK ITPOIOIIKA-
€TCs IO TeX TOP, MoKa Pa3IMIMs MEXITY UCXOTHBIMU
U OKOHYATEJIbHBIMU pacUYeTHBIMM pe3yIbTaTaMU He
oKaxyTcs B ipeneiax 1%. OOGBIIHO TOCTATOYHO IBYX
npouenyp rnepecuera. OTMETUM, YTO BCJIEACTBUE Bbl-
nojHeHus yciioBus ¥/ 7T < 1 mompaBka Ha Terioo0-
MeH nanydeHueM AY/O ipu 7= 2500 K cocraBisieT
He 6oJs1ee yeM npuMepHo 1%.

Ta6mna 3. Pacuer amruiutynbl 1-it rapMOHUKY KoJieba-
HUS TEMIIEPaTyphl

(pMouyn’ RMar’ V.. B V-, B, ﬂ, K,

I'n kOm ’ pacuer nio (1) |pacuet 1o (6)
0.320 |3.5676 |0.381 3.319 12.8
0.480 |[3.5663 |0.210 3.320 7.03
0.720 | 3.5809 | 0.158 3.308 5.33
0.864 |3.5477 | 0.126 3.335 4.21
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Ta0nuna 4. Pacuet TeMnepaTyponpoOBOAHOCTU U TaOyIMPOBAHHBIX (DYHKLIMIA (@%n)u \yz(aez, n)

o0 0,/0, | W/ | 00 | 90 | 00, | 0y,
o 1.82 2.409 3.055 1.326 1.642 1.279
2 2 2 2 2 2
o &) &3 &) &3 &y ®y
! 2.32 3.47 5.18 6.31 6.25 6.27
a, 107 m?/c pacuer no (7)|  21.60 21.72 21.81 21.50 21.71 21.64 | a=21.66-10"5m>/c
|%| 0.28 0.277 0.69 0.74 0.23 0.092 0.380
v (22, M) 1.019 1.143 1.272 1.389
W, (22, 1) 1.193 0.653 0.499 0.436
Ta6muua 5. PeaynbTaThl onpeaeieHs OCHOBHBIX TEILUIO(MU3NYECKUX XapaKTEPUCTUK CILUIaBa BHEAPECHUS
T=1297K
a, 107 cp, 10 A,
m%/c, Z[)K/IZKr - K), Br/(m - K), p, 1074 d, 102 B, 107¢ € &r
pacuet 1o (7) pacuer 110 (8) pacuer 1o (9) OM-M | kr/m /K
21.60 1.692 62.70 59.75 | 16.82 20.5 [0.161 | 0.440
21.72 1.706 62.82
21.81 1.670 61.53
21.50 1.775 60.86
21.71
21.63
CpenHee 21.66 1.710 61.98
|%| 0.38 1.87 1.27

Kak u cinegoBajio oxXuaaTh, HOIPELIHOCTD OIIpe-
JIeJIEHUST TeMIIepaTypONpOBOJHOCT HaMMEHbIIasl B
CpaBHECHUU C OCTaJIbHBIMHU. DTO CBSI3aHO C TEM, UTO
MOTPEUIHOCTH ONPEAENIEHUS ¢, U A 3aBUCHT OT NO-
IrPELIHOCTEl omnpeneeHUs MePBbIX TAapPMOHUK aM-
IUIATYOBI KOJeOaHUsI TeMrepaTypbl ¥ U MOIIHOCTU
W), BBemeHHOI B MCCIIeayeMbIii oOpa3ell, KOTOphie
maibl. [TojiydeHHBIE pe3yabTaThl ITOATBEPXKIAIOT pa-
0OTOCIIOCOOHOCTh YCTAHOBKU JJISI 9KCIIEPUMEHTAJIb-
HOTO OIpeaelieHUs TeITO(U3NIECKUX XapaKTepu-
CTUK METAJLJIOB U CILJIABOB.

OKCITEPUMEHTAJIBHBIE PE3VJIBTATHBI
B IUAITA3OHE 1000—-2500 K

IIpeumyiiecTBa 3aMKHYTOro MeToda OCOOEHHO
3aMETHBI NpPH MCCIEAOBAHUSIX TEIUIOPU3INUECKUX
CBOJICTB CILIaBa 3aMEIIEHUS U CITJIaBa BHEIPEHUS —
Kapbuja, aHOMaJbHOE MOBEJCHUE TMOJUTEPM BCEX
CBOIICTB KOTOPOTO oXugaeMo. CuurTaercsi, 4To Ipu
HUCCIEAOBAHUM CIUIABOB 3aMEIIEHUST TeII0EMKOCTh
U MJIOTHOCTH KaK aiIUTUBHBIC CBOMCTBA MOTYT OBITh
HaiAeHBI O IMPOLICHTHBIM BKJIaAaM OCHOBHBIX KOM-
IMOHEHTOB CIJIaBa, 3HAYEHUsI KOTOPBIX OOBIYHO 13-
BecTHBI. OIHAKO, C HAlllei TOYKU 3PEHMUSI, U CILJIABbI

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6

3aMCIICHMA HYXXKHO HM3y4yaTb 3KCIICpUMMCHTAJIbLHO, a
MCITOJIb30BAHUEC aJIUTUBHOCTU YKa3aHHbIX CBOMCTB
HEeOoOXOOMMO JUIIb OISl OLEHKU UX BEJIMYUHBI.

B xauecTBe moaTBepXKACHUS JAHHOTO YTBEPXKIC-
HUS Ha pHUC. 3—5 npuBeAeHBI pe3yIbTaThl NCCASI0BA-
HUS CILJIABOB 3aMelleHUsI U BHeapeHus — TalOW u
Tal0W0.25C (kap6um) ¢ ITOMOIIBIO OITMCAHHOIO 3a-
MKHYTOTO OECKOHTAaKTHOIO MeTona. Y IIOJIMTEepM
CBOMCTB KapOuga coxpaHeHBI MapKephbl, UTOOBI I10-
Ka3aThb MaJIOCTb M3MEHEHUII TeMIlepaTypbl B XOJe
aKcnepuMmeHTa. Takue Manble AT HyXHBI, YTOOBI
OIpeAe/INTh TEMITepaTypy Hauaja aHOMaJIbHOTO TTOBe-
JICHUSI TOrO WJIM MHOTO CBolicTBa Kapouga. CoriacHO
BCEM pUCYHKaM, 3To TemIreparypa 7" = 1900 K.

TemriepaTyporpoBOIHOCTh 0OOUX CIJIABOB IMajaa-
€T C pOCTOM TeMIIEPATyphl, TpUYEM y KapOuaa, Hauu-
Hasi ¢ T~ 1900 K, oueHb cyiiecTBeHHO. B nuamnazoHe
1900—2300 K manenue cocrapmsier 6oinee 41% (puc. 3a).
VYV cnnaBa 3amMellleHUs] TaJieHUE TeEMIIepaTypoIpo-
BOTHOCTH BO BCeM IHAaIia3oHe cocTaBisieT 16.5%. Ta-
KO€ MOBeJeHUe MOJUTEPM TeMIlepaTypOIlpOBOIHO-
CTU cmjiaBoB (y CIUIaBa BHEAPEHUS TOJbKO no 71 ~
~ 1900 K) oOBsIcHSIETCSI TeM, YTO TeMIlepaTypoIpo-
BOMHOCTh Ta B 3TOM IMamna3oHe TeMIlepaTyp TOXe
mamaet Ha 16.5%. TemnepaTyporpoOBOIHOCTH CITJia-
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TemmnepaTypoIpoOBOIHOCTb, 10°° M2/C
231
< (a)
22
21
20
19
18
17
16
15

1800 2200
Temnepatypa, K

14 .
1000 1400

241
2.3r

209

Ternoemkoctb, 102 x/(xr - K)
251

(6)

2.2
2.1
2.0
1.9
1.8
1.7

16 1 1 1 1 |
1000 1300 1600 1900 2200 2500
Temmneparypa, K

Puc. 3. [TonurepMmsl cruiaBa 3ameleHust (/) v cruiaBa BHeApeHUs (2): a — TeMIIepaTypOIPOBOIHOCTH, 0 — YIEIbHOM TEIJIOeM -

KOCTH.

TerutonpoBonHOCTh, BT/(M * K)

67.5

52.5

47.5

42.5 1 1 1 1 ) |
1000 1300 1600 1900 2200 2500
Temmneparypa, K

ViaenbHOE 3J1eKTPOCONPOTUBIICHUE,
1080OM ™M
102 -

(©)
92
82
72
62

52

42 1 1 1 1 )
1000 1300 1600 1900 2200 2500
Temneparypa, K

Puc. 4. [Toautepmsl crutaBa 3aMeltieHus (/) 1 crutaBa BHenpeHust (2): a — TEIUIONPOBOAHOCTH, 0 — YIEJIbHOIO 3JIEKTPOCOIIPO-

TUBJICHUA.

BOB JIeXXaT HECKOJIBKO BBIIIE TeMIIEPaTypOIIPOBOI-
HOCTHM TaHTajla BCJICACTBUE BKJIada B HUX OOJBINON
TEMITepaTypPOITPOBOTHOCTH W, BEIWYMHA KOTOPOI
MOYTH B IBa pa3a MPEBHIIIaeT TAKOBYIO I Ta.

Ha puc. 30 mpuBemeHBl TMOJATEPMBI YIEIbHOMN
TEeIUIOEMKOCTH cIutaBoB. o Temmeparypsl 1900 K
TEIJIOEMKOCTH CILIABOB IIOYTH COBIIAAAIOT I10 BEJIM-
yuHe, Ho Boire 1900 K TertoeMKOCTh CIiaBa BHE/ -
peHusI Bo3pacTaeT ¢ TeMiieparypoii Ha 36%, B TO Bpe-
MsI KaK y CIUIaBa 3aMelleHUs BCeTo JIMIIb Ha 15.6% Bo
BCEM OUaAIla30HE. PaSIII/l‘{I/IH OKCIIEPUMEHTAJIbHBIX U
Haﬁ)leHHbIX I1O NMpoucHTaM JaHHBIX AJI TEIIJIOEMKO-
CTU CIUTaBa 3aMellleHMsT Ha KOHIaX Juara3oHa Co-
crasisier 5.3% u 3.6% coorBercTBeHHO. [lomurepma
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TETUTOeMKOCTH CTIJIaBa BHENPEHMS, KaK v MOJINTepMa
TeMIlepaTyponpoBoaAHOCTH, HauuHast ¢ 7' ~ 1900 K,
HOCHUT SIBHO BBIPaXKCHHBI aHOMAaJIbHBII XapakKTep.

Ha puc. 4a npuBeaeHbl MOJUTEPMbI TETLIONPO-
BOIHOCTU. TerIonmpoBOAHOCTH CITJIaBa 3aMeIeHUS 1
€€ DJIEKTPOHHBIM KOMITIOHEHT PACTyT C TeMIIEpaTypoil
Ha 7.2% u 17.4% cooTBeTCTBEHHO. TemnaonpoBoi-
HOCTb Kapbuga no temneparypbsl 7= 1900 K moHO-
TOHHO TagaeT Ha 3.3%, mocie 4Yero HabmomaeTcs
pe3koe nafaeHue Ha 42%. DIeKTPOHHBI KOMIIOHEHT
A, TETUTONIPOBOIHOCTH KapOuaa, Kak M CIlaBa 3aMe-
meHust, 1o TeMmneparypsl 1900 K pacrer Ha 19.8%,
Mocjie 4ero, mnepecekas CyMMAapHYIO MOJUTEPMY A,
MOHOTOHHO ITagaet npumepHo Ha 0.9%. 1o cBune-
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ITnotHOCT, 103 KI/M3
17.05
16.80
16.55
16.30
16.05
15.80

15.55
15.30

71000 1300 1600 1900 2200 2500
Temmnepatypa, K
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Ky, 1070 K™!

30 (0)
28

27+
251 1
24}t
22

21

19 1 1 1 1 )
1000 1300 1600 1900 2200 2500
Temnepatypa, K

Puc. 5. IToaurepmsl crutaBa 3aMeltieHus (/) v crutaBa BHeapeHus (2): a — INIOTHOCTHU, 0 — Ko dulimeHTa 00beMHOIO TEILIO-

BOro paClinpCHUA.

TEJIbCTBYET O TOM, YTO MOJIb30BaThC 3aKOHOM Bue-
MaHa—®paHlia B JaHHOM CJIy4ae MOXHO TOJILKO 110
T ~ 1900 K. ITpu GoJiee BEICOKOIT TEMITEpAType CBOI-
CTBAa CIUIaBa BHEAPEHUS BeIyT ceOsT aHOMAaIbHO.

IMonutepMbl yaeabHOTO 3JIEKTPOCONPOTUBICHUS
criaBoB (puc. 40) MpaKTUYECKM IapajjieibHbI 10
T~ 1900 K 1 MOHOTOHHO BO3pacTaloT MPUMEPHO Ha
60%. Bbiiue 310l TeMmnepatypsl p criasa TalOW0.25C
Bo3pacTaeT npuMmepHo Ha 30%, a p cruraBa TalOW
MPOAOJIKAET TMHEMHO pacTU: yBeJIMUEHUE HA KOHIIaX
nrara3soHa — B 2.2 pa3a. AHOMaJIbHBIN XapakTep 3a-
BUCHMOCTH P Kapouna ripu 7 > 1900 K omnpenensger,
BO-TIEPBBIX, TTOBEIECHUE €TO ITOJIMTEPMBI A, B 3aBUCH-
MOCTU OT TeMIlepaTypbl U, BO-BTOPbIX, CBUIETEb-
CTBYeT O HENMPUMEHUMOCTH 3aKoHa BuaemaHa—
®dpanua B nnanaszoHe TemnepaTtypsl 1900—2300 K.

ITo cootHowmennio d = A/(a c,) (CpeTHUM UX 3Ha-
YEHUSIM) PACCUMTHIBACTCS TUIOTHOCTD d, M 3aTeM I10
U3BECTHOM hopMyjie HaxonuTcs: Ko3dOUIIMEHT 00b-
€MHOTO TeIIoBOro paciupenus B = f(d). Pesysbra-
THI TIPEACTaBICHBI Ha puc. 5a 1 56. Kak 1 mojuTepMbl
TPYTUX CBOMCTB CIUTaBa BHEIPEHMS, TTIOJIUTEPMBI TUIOT-
HOCTU U KO3 duliMeHTa 00bEMHOIO TETJIOBOIO pac-
IMUpeHnsI BeayT cedst anomanbpHo nipu 1 > 1900 K.
IMpakTuyeckoe copnaneHue npu 7 < 1900 K noaurepm
TJIOTHOCTY OOOMX CTUIABOB CBUIIETEIILCTBYET O TOM, UTO
TTOJIUTEPMBI, TI0O KOTOPHIM PACCYMTHIBAIICH HOJTUTEP-
MBI TUIOTHOCTH, HaileHbl MpaBWIbHO. B 3TOM 3a-
KJTIOYAeTCs OMHO M3 BAXKHBIX ITPEUMYIIECTB 3aMKHY-
TOTO METO/A, ITO3BOJISIIOIIETO OCYIIECTBUTh BHYT-
PEeHHU KOHTPOJIb ITOJTYyIeHHBIX TaHHBIX. [LITOTHOCTD
criaBa 3aMelleHUsT, pacCUMTaHHasl MO MPOLIEHTHBIM
BKJIaJlaM OCHOBHBIX KOMITOHEHTOB, OTJIMYAETCS OT
MIPUBEICHHBIX B CpemHeM ITpuMepHo Ha 2%. Tem He
MeHee, HeOOXOAMMO 3KCHEPUMEHTAIBHO WCCISHO-
BaTh M TUIOTHOCTH CITJIABOB 3aMeEIIeHUsI, TTOCKOIbKY
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Jaxe IJisl HUX aHOMAJIbHOCTb IMTOBEIEHUSI TTOJIUTEPMBbI
TJIOTHOCTH He McKirrouaeTrc [7].

MakcumManbHas TOTPENTHOCTh M3MEPEHUS TEeM-
IepaTypOIPOBOMHOCTH OTIPEAC/ISIeTCS] B OCHOBHOM
OIIMOKON M3MepeHUsT 1-ii TapMOHUKU aMIUTUTYIbI
KosneGanust temrepatypbl — 0.5—0.6%, v B onTu-
MaJIbHOM WHTEPBaJIe YaCTOT MOMYJISIIIUUA OHA COCTaB-
asget 1.5-2.0%. CucremaTuyeckas MOIPEIIHOCTh
TIPY 3TOM TIpUMepHO paBHa 1%.

IMorpemrHocTn ompenesieHUsT TEIUTOEMKOCTH U
TETUTOTIPOBOTHOCTH 3aBHCST, BOCHOBHOM, OT TOYHO-
CTU U3MepeHus 1-if rapMOHUKM aMILTUTYAbI Kojieba-
Hus Temmiepatypsl 0.5—0.6% u mortHocTH (2%). st
TETUIOEMKOCTH B UTOTe OymeM nMeTh 3% (crucremMaTh-
yecKasi OTPEITHOCTh OKOJIO 1%); IU1st TEILTONPOBOJI-
HOCTH COOTBETCTBEeHHO 4—5% (cucreMaTmdecKast
MTOTPEITHOCTD OKOJIO ~2%). OTMETHM, YTO 3a BEJIH-
YUHY CUCTEMATUYECKOI IMOTPElIHOCTH OTBETCTBEH-
HBI TTIOTPEITHOCTH OIIpene/ieHs] 3HaYeHUI TabyiI-
poBaHHBIX GYHKIUIT (22, 1) U, 0COGEHHO, ,(a&?,
17), YIUTHIBAIOIINX ITOMPaBKy Ha OOBEMHBIN Xapak-
Tep TeruioBblaeaeHus (1 > 0) B oOpasie.

OTHOcUTeIbHAS  TIOTPEITHOCTh  ONpemesIeHUs
MOILIIHOCTHU cocTaBiisieT 2% U BKJII04YaeT B cebsl yIBO-
€HHYl0 OLIMOKY usMmepeHuss aMmmuutyasl OAC g,
(0.6%), TONOBUHY TOTPEITHOCTH OTpENeICHUS P
(0.7%), ommbKy ormnpeneseHus TeOMETPUIECKOTO
dakropa R/(R, — R)* (~0.7%).

Hcnonp3oBaHne WHIYKIIMOHHOTO cIiocoba Ha-
rpeBa UCCIeAyeMOro MaTepuaia HakJIaablBaeT orpa-
HUYEHME Ha ero dJIeKTpuuyeckue cBoiicTBa. Makcu-
MaJIbHOE 3HaY€HUE TOJIIMHBI CKUH-CJIOS G, = 1.0,
WCXOMSI M3 ATOT0 MAaKCUMAIBHYIO BEJTMUMHY YIEITb-
HOTO 3JIEKTPOCONPOTUBJIEHUSI MaTepuaja Mpyu MaK-
cumaibHOIi TemIieparype 2500 K MoxXHO orpenenTh
KaK:
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3AMKHYTBIY BECKOHTAKTHBIM METO/I UCCJIEAOBAHUSA

P (2500 K) = 4m* 1077 -440-10*-107° ~
~ 170 -107° Om - m.

Tak kak p ~ 7, To npu Temneparype nopsiaka 300 K
HalileM OOITycTUMOe 3HaueHWe P I Marepuana,
CBOICTBa KOTOPOTO MOXHO MCCIIEIOBATh C TIOMOIIIBIO
MpejaraeMoro MeToja:

pmax(300 K) ~20- 1078 OM - M.

ITonyyennoe 3HayeHue p(300 K) mokasbiBaet, yTo
MpaKTUYECKN BCE METaJlIbl, KpOME PTYTU, MOLYT
OBITh UCCICAOBAHbI JAHHBIM METOIOM.

BBIBO/IbI

BrisiBiienue prznuecKux IpUYrH TOTO WJIA MTHOTO
MMOBEIECHUS TTOJIUTEPM CBOMCTB 0OOMX CITJIAaBOB B 3a-
Ja4yy aBTOpPOB He BXouo. BaxXHO ObLIO MOAPOOHO
Ha KOHKPETHOM MaTepuasie IoKa3aTh IIPeUMYIIEeCTBA
3aMKHYTOIO METOJa WCCIEAOBaHUS Teruiopu3nde-
CKUMX CBOMCTB METAJLJIOB U CIDIABOB B 00OJIACTU BBICO-
Kux TemnepaTtyp. Ha ocHoBaHNUM IpUBeIeHHBIX JaH-
HBIX MOXXHO C(DPOPMYJIUPOBATH CJICIYIOIINE BEIBOJIBI:

1) Ha KOHKPETHOM IIpHMMepe IMoKa3zaHa paboTo-
CMOCOOHOCTh OMMCAHHOTO METO/IA;

2) y cIuiaBa 3aMelleHUsT 9KCIEPUMEHTATBHO BbI-
SIBJICHA JTMHEHAsT 3aBUCUMOCTD TTOYTH BCEX TETUIO-

TTPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 6
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dU3MIECKUX CBOMCTB OT TeMIlepaTyphl B IUAra3oHe
1000—2500 K, xapakTepHOii AJIs1 YUCTHIX METAJLJIOB;

3) BBIABJICHBI OCOOCHHOCTU ITOBEICHUST CBOMCTB
CIL1aBa BHEAPEHMUS, CBSI3aHHBIE C BIMSIHUEM KapOuI-
HOM COCTaBJISIIONIEH; onpeneneHa Temneparypa 1T =
= 1900 K, mociie KoTopoit HaGiogaeTcsl aHOMaJlb-
HOCTh B IIOBEOEHHMU B3TUX CBOICTB; TOJBKO 3TOT
cIuiaB oGjianaer AefiCTBUTEIbHO HOBBIMU aHOMAJIb-
HBIMUA CBOWMCTBAMU, CUJIBHO OTJIWYAIOIIMUMHUCST OT
CBOWCTB OCHOBHBIX KOMIIOHEHT.

CITUCOK JIUTEPATYPHI

1. Heauee A.Z. // TBT.2009. T. 47. Ne 5. C. 771.

2. Quaunnose JI.II. W3mepeHus Tem1oPU3NYECKUX
CBOMCTB BEILIECTB METOJOM IIEpUOANYECKOrO HAarpeBa.
M.: BHeproatommsaar, 1984.

3. Makapenko H.H. Oducc. kaHna. ¢wus.-maT. Hayk. M.:
MIY, 1970.

4. Apymwnose A.B. Jlucc. KaHm. (u3s.-maT. Hayk. M.:
MTIY, 1970.

5. Amanna C.P. ABTopedepaT aucc. KaHa. (pu3.-mMart. Ha-
yk. M.: MT'Y, 1971.

6. Pymsanuyee A.B., Huxuwun M.A., Xapiokoe B.I. // TITD.
2019. Ne 3. C. 143.
https://doi.org/10.1134/S0032816219030091

7. Audpuaroea B.I., XKy A.3., Saienko B.H., 3apeyxuii E.b.,
Ilemyxosé B.A., Yexoscxoii B.A. // TBT. 1983. T. 21.
B. 1. C. 80.

2023



