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· ARTYMI>HOCTI> TeMH, Cos;naH~e cBepxnpoBO.ItffiiC!X 'r.mrHHTHHX cncTeM 
(CMC)* ~ YCKOpHTene!, RaHMOB ll ;neTeKTOpOB SaPffXeHHllX ~aCTHU HBXR~ 
eTCH B HacTosimee BpeMH OltHHM us r~aBHHX HarrpaMeHu! pasBHTHR aKcrrepH-

-MeHTMbHO! OaSH if·HSHKH BHCOKHX aHepru!. _ _ __ _ _ 
J3axHeitmnMH !faKTOpaMH,· CTHMY~Hpytll\HMH· IIIMpOROe rrpHMElHeHHe CBepX-> 

npoBO,wiMOCTll B . MarH!ilTH!lX C_HCTeMax q,usmeCKHX . ycTaHOBOR, HBXRIJTCH. Sf! a-- ' 
~HTeni>HOe COKpameHHe paSMepoB, Beca·H_CTOHMOCTH COOpYJ[eHJilH.yCTaHOBOR. 
RpoMe Toro, 3Ha~HTen:&HO COKpamanTCH saTp~TH aneKTpOaHeprHH rrpH aic­
rr~aTauHH ycTaHOBOK. B CCCP ocymecTBXReTCH rrporpaMMa cTponTeni>CTBa 
ycxopHTe~I>Ho-aaxorrHTe~I>Horo RoMIIneKca (~BS, ITpoi:snHo)_ Ha aHeprHm 
3 TaB-co cBepxuPoBo~me! MarHHTHo! ;nopoXKo! ~nHoft 20 -~. •c:sepxrrpo:so-

... }I ,• < • '. • ,, • 

~mero yc'Ro'p:aTeM "HyxnoTpoH" (OWIH, ,1cy-6Ha), saKa~HBaeTCH coopyxeHHe 
c:sepxnpo:s6~mero Mo;ne~I>imro cnHxpoTpoHa CIIHH (OWIH, ,1cy-6Ha). B ClllA sa:­

. BepmeHO CTpoHTe~:bCTBO CBepXnpOBOMD!ero YCKOplilTeM Doubler _ (Iia.TaBM), 
pacc~lilTaHHoro Ha aHeprnlli.TaB. 

OrrHT co3~aHM n ~nTe~I>Hol axcrr~yaTauun CMC noxa eme He;nocTaTo-
'leH. Oco6eHHO cepnesHll .. npo6neMU, cmrsaHHHe c o6ecne~eirneM 6esonacHoc- · 

:TH B•aBapHIHHX CHTYBUKRX; B.~aCTHOCTH, IIpH nepexo;ne CM B HOpMMbHOe 
.COCTOHJrne, BCKHIIaJrnH re~ IIp.H nop~e HSOMUHOHHOrO BaKYJMa B KpHOCTa:­
-Te CMC, a TaKiP:e _Bos;nelcT::Bnu ·Ha CMG pa:nuaroroimux Ten~OBH:nene!ill!. -

· B · ~ccepTaunn aTn npo_ uecca :acc~e,nyyoTCH · c noMOD!I>D xp:aoreHHoA TeP:-. ' . . . 
MOMeTpHH, KOTOpaR B HaCTOHmee BpeMR:HrpaeT BOSpacTammyD po~:& B ~ar:-
HOCTHKe'cymeCTBYDJlHXYCTaHOBOK. 3Ha~rrTeJII>Hoe io~~ecTBo TepMoMeTpoB, 
CBHSaHHHX' C SIW!, IIOSBOMeT orrepaTHBHO UCCJie~oBaT:b paOOTY paS~HllX -
YSJIOB 1'1, B KOHe:qHOM llTOre~ SHa'IH,TeJI:bHO COKpamaTb BpeMH BBO~a ycTaHO- , , 
BOK B pa001JI1ft ' pelltllM .- . 

}J)m IIPoBe~eHKR _ HCCJie;ItOBaJrnft , paspaOOTaH CrleUHMbHHI TepMOMeTpH.;.. 
~eCKHI KOMIIneKC, COOTOHUllll H3 TepMOMeTpoB ll, TepMonpeo6pa30BaTeneft, 
rpa,nyupoBO'IHOft _ ycTaHOBKH H arrnapaTypH :nM per:adpauuu 6JJcTpux npouec­
coB. CymecTByYOOille RpHoreHHHe TepMOMeTpH oonB.namT MHOrHMH~He~OCTaTKa-, 
MH. ·ITo&TOMY-UCCne;noBaH H npe~ollteH TePMOMeTp Ha 6ase OTe1JeCTB8HHOro. 
RO,.utOSlltlllOHHOro peSHCTOP? Tima T.oofl/·,Ha ,YCTYIIalaiiiDt._sapy69lltliW Tep.~o­
MeTpaM H llpHHHTHft-IIpoMIDllneHHOCTlJll~ cepdHOrO·HSrOTOMeHM. 

T~M o6pasoM, _aKTY~I>HOCTL ~ccepTauHH o6ycnoB.ne~a paspa6oTRO!· 
. TepMoMeTpmecKoro KOMIIJieKca, uccne~o:saimeM HoBoro xp:aoreHaoro TepMo-

. . ·- . . \ 

MeTpa, rro~nBmero mupoRoe np:aMeHeH.He B c:sepxnpoBo~mux u xpHoreHHHX 
'YCTpOf!CTBaX, H no~eJrneM HOBHX 8KCnepHM8HT8JlbHllX JiaHHHX.o,npor:eccax, 
npoHCXO~DlHX npH aBapHftHHX C~TYBUHHX B MarHH~ax H KpHOCTaTe yCROpHTe­
M~ 

* - CBepxnpoBO.IUIIIIM MarJrnTHaH C>'ICTeMa (CMC), BKJIIJIIaeT_ B ,ce6JI CBepxnpo­
. BO~f! MarHHT(CM),KpHOCTaT,KpHoreHHOe o6ecrre~eHHe,aJieKTpoiTHTaHHe H 
aBapH!ayD 3amHTY,YCTpoiCTBa ynpaBneH!ilR H KOHTpoJIH. . 

. . '/ . . . 
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ue~L padoTH. HacToRmaR ~ccepTauHOHH8R padoTa noc~eHa pemeHH~ 
pmta tf!UiliKo-TeXHii'recKRx aa,na11, cBJiaaHHHX c coa,naHHe'r.i · ycKopMTeM c CM 
norpylli!oro . Tima. KoHKpeTHo · padoTa B:arrpaBJieHa Ha: I) uccJie,no:saHHe MeT- · 
poJI<)rJi.IeCKRX H TenJIOqll13U1feCKUX xaPru<TepHCTHK Kp:lmreHHHX TepMOMeTpO:B 
Ha daae pe'aircTopa TBO I!: coa.naHHe TepMoMeTpU'IecKoro KoMIIJieKca; 2) Mc­
cJie,noBaHHe JJponeccoB HaryeBa odMoTKR .nnnoJILHoro CM rrpR·SBaKYauHlli · 

/. . . . . 
··aHeprMM.H3 MarHHTa des nepexo.na H c;nepexo,noM odMoTKU B HopMMLHoe 

cocTORHHe; 3) nccJie,no:sa~e rrponeccoBKHITe~remm npM a:sapmrnoi nop­
lfe M30JIRilUOHHOrO BaKYYM8. B KpHOCTaTe; 4) lfCCJie,D;OBaHHe BJI!fRHRR pB,llHa­
IlHOHHHX noJieft Ha norpemHocTL TeMITepaTypHux H3MepeHHI B CMC ycKopHTe-
~ea. · ' · ' : 

HaJ"!HaR HOmi3Ha OCHOBHHX pe3yJILT8TOB .itlfccepTauHlf 3aKJIJJI!aeTCR B' 
cJie.JlYDIIleM: 

, · I> HccJie,D;C>BaH H npe.n.irolKeH HOBNM TexHUlfeCKRI. IqmoreHHHA TepMO- . 
MeTpHa OCHOBe cepRIHoro KOM1103IIUHOHHOro pe3HCT.Opa · THIIa TBQ~· . , , 

, I . . . .. , 
· 2; IIpe,D;JiollteHa HHTepnOMillfOHHrur qiopMY~a R ycoBepmeHCTBOBaHa MeTo-

.IOIKa · rpa.nyprporum TepMoMeTpoB B ,D;HarraaoHe · TeMITepaTyp 4' -300 K •. 
3: PaapadOT~Ha ~e~O,D;RRa R3Mepe~RR ·TeMITepaTypH B HeCTB.IllfOHapHHX . 

. TenJIOBHX nponecc'ax CMC. ' i 
\ 4; IIo~e!Ju aKcnepRMeHTaJILHue peayJILTaTu HaMepemm MaKCRMaJILHoft 

TeM:nepaTYPR Harpe:sa odMOTKU' ,D;RIIOJILHoro· CM npR a:saey8.IlRH aHeprMM na · 
MarHMTa des . rrepexo.na R. C nepeXO,D;OM bdMOTKU B HOpMMiHoe COCTORHHe •. · 

5. IIo~eHH aKcrrepMMeHTaJILHNe .naHHHe no y,IteJILHOMY TerrJionpHTOKY 
B Jm,ItKMI reJIHI np>ra:sapRIHol ttopl{e R30MllHOHHOr~ BaKYYM8. MO,D;eJI:oHoro 
KpMOCTaTa reJIHeM npu· pa3JI:I!1IHHX BH,Itax H30MilHU ·~eJIHeooro. cocy.na~ ' 

. 6~ IIoJIY1feHili ai<crrepHMeHTaJILHHe .tiaHHJie no MHRHHil pB,llHB.IllfOHiuriC 
ITOJieft·Ha TepMOMeTpU'IeCKyD-XapaKTepHCTHey RpROreHHOro TepMOMeTp~ •. 

'\. . . ' '-' ' ' 

IIpaKTH'feCKaR geHHOCTL R aHalfHMOCTL padoTu: 

// 

\ 

I 'IIpe,D;JIOlleH -~ HCITOJILSOBa~ B RalfeCTBe TeXHH'f~CROrO KpHo.reHHOrd 
T'epMOMeTpa OTelfeCTBeHimi KOMIT03HrtnOHHHi pe3RC,TOp _THITa TEO, rrpeBOCXO-

·.nRmRI no PR.ItY napaMeTpOB,aHaJIOrH'IHHe TepMoMeTpu aapydelltHoro npo>raBo.n­
CTBa, HarrpRMep, if'.npr.W ·A.lmeH:...Bpe,D;JIH~ ·OnTRMaJILHol TepMoMeTpH'fecRol xa­
paitTepHCTmtol odJia.JtaeT pe3HCTOP TB0-0,125 c HOMHHaJIOM IKOr/1! .HcCJia,no- · 
BaRil ero MeTpoJIOrH'feeue ir TeiiJI~R3U1feCJOl!e ~apaKTepHCTHJOl!o B' peayJII>­
TaTa coBdecTHIDC pa6oT .c JllillO "TapMonpa6op"l31_ TepMoMeTpu Ha ocHo:Be ~ 
peaacTopoB TBO nplrlaHaHH npnro,JJ;HHMR ,ll;liSI npOMimJJieHHoro npHMeHeHRR. 

. 2o Hai,IteHa liHTepnOMilHOHHaR, ~OBO~HaR «}'o~Jia aaBHCHMOCTH 
' COnpoTHBJieHRR ,na~ OT. TeMrrepaTypH. 'Paapa6oTaHa nporpawAa pa~eTa · 

Ha 3IM C.l{C-6500 ~BO.qHHX Ta6Jmllo; lfuTepTIOMilHOHHrui rpopMy~a H·,, 

2, 

j' 
KOa(f<'fHil:l!eHTll rpa,ny}fpOBKH HCJ10JIL30BaHIJ B MilKponpoueccopHOii CHCTeMe 
8BTOt.iaTH3HPoBaHHOro H3MepeHHR TeMITepaTypu T!pH I!CC~e,noBaHID!X Tpex npo­
TOTHITHllX . rrepH~,I40B yc~aHOBKH CIJHH H MOryT dHTb llpHMeHeim Ha, ,npyrHX. . . . . . 
YCTaHOBKaX. ' 

3. C03,14aHa U aTTeCTOBaHa rocy,napCTBeHHOii KO~mCCHei!: YCTaHOBKa 
.ItM MaccoBo~ rp~poBKH TepMoMeTpoB B ~HTepBaJie TeMITepaTyp·4-78 K. 

·Ha ycTa~oBRe oTrp~poBaHo n nepe.naHo noTpe6HTe~ CBume 500 Kpno~ 
reHHHX TepMOMeTpoB c' rpa,nynpOBO'IHHMH, TadJIHIIaMH •. BTopo~ SR3er.mmq; rpa­
,ItyRpOBO'IHOi!: . ycTaHOBRR nOCTaBJie~ B JIIITIO ':TepMOTipMdop" /3/. . . . .. 

4o Coa,naHo HecKOJILKO Mo.iiHq,n:Rium~ TepMonpeodpaaoBaTeJiel!:,. KO.Topue 
npHMeHeHH Ha. MHor>rx KpHoreHHHX _YCTaHOBKax OHHH v. ,npyrHx HaY'fHCi-uccJie-
.noBaTeJILCKHX opraHH38llHio . ., 

5o H3MepeHa MaKCRMaJILHaa TeMriep~Typao6MoTKH norpyxHoro.,D;RnoJI:o­
Horo M8riiMTa MO,D;eJILHOrO CHHxpOTpOH8 CIIHH llpH SBaKY8.JlRH SHeprn:n: R3 

· r.;arHHTa· des uepexo,Ita n: 'c f!!'lpexo.not:~ odMOTKn:.. B HOpMa,;inHoe ,cocTo~m~eo Pe­
ayJILTaTH H3Mepemdf. CO,IteiCTBOBaJIH BHdopy OllTHMPJILHHX pelKRMOB 8BaKY8.JlliH 
·aHepr>rn rra MarHHTOB ycTa'HoBKM Cill1H H no,ItTBep,D;RJIH npaB~JtLHOCTL paapa- · . 
doTaHHO~ B. JIBS OHHH nporpill.lrirn/ pac'!eTa Ha 313M MaKc{1MaJILHO~ TeMilepaTypH. 
odMOTRH CM np>r nepexo,Ite CM B HopMaJILHoe. cocTCiRHrre~ .. · ' 

. 6o H3MepeHH y,IteJILHHe < TeirJIOITPHTOKH B. lltM,llKUI . reJIHI 'rrp:l'l a:sapdHoA 
· nop~e · R3oMll:lioHimro ··1laKYYMa Kpv.ocTaTa reJIHeM n noJIY'feHH .naHHue, Heod­
·xo,ItHMNe .imr pac11eTa npoxo.naHx ce11eHR~ B ~pMocTaTe, TpydonpoBo,nax H 

• I ' ' I . 

npe,ItoxpaHHTeJILHllX KJianaHaX YCTaHOBKH CIIHH. ·: 
7 PeayJILTaTu HCCJie,D;OBaHHI BJIMHHID!,~JIIleHCa YCKOpeHHHX 1f8C~Hu Ha 

TepMOMeTpH'Ieceym xapaKTepHCTHKY . Kp:l'lorelmoro TepMOMeTpa MoryT dHTL 
rrpHMeHeHu npn. ,D;lfa"HOCTMKe GM YCKOpHTeJiel ll :I'!CDOJIL30BaHH. B. COBMeCTHOI 
OIDIH-Ml®H. paspadoT~e Teprw,ItaTtiH~oB..:.,nq~HMeTpOB . .nmr c~epxnpoBO,D;Rll1HX. yc­
KOpMTeJieft. 

Anpodall!fR padoTH H nydJil~RalrnR. · OcHOBHHe peayJil>TaTH ,D;RccepTB.IllfH/ 
,ItOKJia,ll;HBaJIRCL H odcy~aJIHdn' Ha H8Y1fHHX.CeMMHapax H8Y1fHO-HCCJie,D;OBaTeJib-t ., 0 

• • " .1 < I 

cKoro Kpv.oreHHoro oT.tieJia JIBS (!978-!985 rro); · Ha II~ CHMIT03HYMe no 
npHMeHeHHJJ MYIKpo-'sBM · :1'! wmponponeccopoB ( Ey,ItarremT, 'oKTndpn !98! r o ) , 
Ha m..:.li BceCOIJ3HOA KOH<fepeHilRH "Kp:l'loreHHaii 'TeXHHKa-82" (E9JiamHxa,I982), 
Ha II-i!: BceCOI03HO! KOHq-epeHJllfH IIO TeXHH'fe.CKOMY llCITOJIL30BaHHil CBepxnpo­
BO,D;RMOCTH (JieHHHrpan,I983 T~:), Ha·I3-M CHMIToaeyMe no «lJH3HKe H TeXHRKe 
HH3JOliX TeMITepaTyp .. · (TJ(P, TayccRr, !984 r o ) o IIO MaTepHaJiaM BUITOJIHeHHHX 
HCC~e,ItOBaHHI onydJIHKOBaHO 7 nelfaTHHX padoT, np:I'!Be,D;eHHHX B CITHCKe JIH­

TepaTypllo 
. . CTPYKTYPa H od"LeM ,D;RccepTall!fH. onpe,IteJIRJ)'l'CR HadpaHHOI TeMol. Pa­

.66Ta cocToHT :~:~a BBe.neHHR,ilHTH rJiaB,~eHHR 1r1 npHJiazaHKa,co.nePEHT 

3 

\ 
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148 CTpa.llirq ManrnHOilliCHOrO T9I\CTa, B TOM l!liCJI9 46 pllCYJiKOB, 18 Ta6Jnm,. 
6n6Jmorpaq)mo lis 82 Hlli1lvieHo:aamtii. 

. . . 
CO,IJ;EPJKAHlfE PAEOTH 

' {•. 

Bo BBe,IJ;eHI~H; OT.P£J?K~Ha aRTYaJil>HOCTl>_ l'ICCJie,n;o:saHHJI H.;KOHTpOJI.H Ten-
JIOBHX rrpoueccoBB:ycKopnTeJII>HHX CMC rieTO.D:BMH TepMOMeTpnn. Gq!opl\lJTJIHpo-

. , '." ',. . . " • . , ' I 

BaHH .UeJIII pa60TH; OTt:~etieHa ee 'HOBliSHa ¥'l'I · rrpaKTHtieCKaJI UeHHOCTl>, KpaT-
KO nsJioJP;eHo: co,n;epJmHrie .n;Hcceprannri. · , 

_ B rrepBoi rJiaBe -llpHBe.n;eH o6sop pa6oT, crursatrmix c ~ rrcrroJII>SOBaHIIeM 
MeTO.IJ:OB KpHoreHHOi TepMOMeTpUH ·;r1,mr l'ICCJie,n;OBaHHJI I1 KOHTpOJI.H pa60TI\I .. 
CMC. ili.o:PMYmrpo:saHH ;QCHOBHI\Ie Tpe6oBaHHJI K Kp:noreHirnM repMOMeTpaM,rrp:n..: 
Me!UieMHM. B ·. CMC (f:vrsil:K:n . BI\ICOKHX . 3Heprnit •. llpo:Be~eH cpaB!rnTeJII>Hffit .. · aHaJm3 

'~ ', ' '. ' " ' .- . . . ' . 

cymeCTByiomr!X 3JieKTpHtieCKHX MeTO,li;OB HSMepeHHJI Kp:noreHHI\IX TeMIIepaTyp •. 
CMC KOJII>UeBlix ycKop:ITeJiei rrorpyJKHoro' T:vrrra MOrYT~rrepeitT:vr B aia:..: 

pni!Hoe · cocToJI~ne ·no· cJie;nym~m ocHoBHNM. rrpHtiiuia.M: 'BwteJieH:ne, TerrJia·B · 
o6MoTKe CM; npit nepexo,n;e ee B HopMMI>Hoe cocToJIHUe ~ Pa.it:nariiroHH!*l. Ten:.. 
JIOBa,n;e.il:emm • B ~lJieMeHTax· . CM, TeiiJiorrpHToim B. ilm.n;Knft re.rina·· npri rroptie .. ·. 
l!so~oHHor_? BaKyyMa l<p:vrocTtua~ · Te~JIOBNe nponeccil B ~c B. aBapHIHmc i 
cHTYBniDIX rrpoTeKaJoT c 6oJII>lllliWI cKopocTmm.'. A!lapHIHNe npoueccii B CMC · 

' . ..... . .. , . . ' 

HSyqeHI\I IIOKa He,li;OCTaTO'IHO; 
- ·, ' • •.•. . f . }·-. • ·, • ' . ' ·, • ' 

O,n;HHM HS KPHTepneB 6esonacHocTn pa6oTN CM JIBJIJ!eTCJI ,n;orrycTHMa.R 
Te~epaTypa rrpoEo,n;mma :B car'llol HarpeTol TotiKe. o6MoTKH; 1 i:repe~e,n;meft 
B nopMMI>Hoe -cocToJIHne. B\JIBa oiDill paspa.6oTaHa nporpaMMa pactieTa Ha 
3BM Mim~HMMI>Hoi Te~epaTypH o6r!,oTKri: CM~ rrpH'nepexo,n;e B HOPMMI>Hoe coc­
TOJIHHe. ·-B03HHMa· He06XO,n;JlMOCTl> 3K~IIepUMeHTaJil>HO~ 'npo~epKH .IIporp~, 
T. K. B pactieTax yqrrTL'BaJIIICI>; He Bee !faKTop!l: TerrJioeMi<ocn nsoJl!Ill">IH rrp~ 
BO,li;HHKa; peaJII>HI\Ift TeiiJIQOTBO,ll; B U.n;KJift . reJIHI . H. ,n;p'. . . 

IfporreCCl\1, 'IIpOHCXO,n;JII!lile B reJIHeBRX KpUOCTaTax IIpH IIOptie IISOJIJIUH- -
oHHoro BaRyyMa; -!Ie.n:o6TaTotiHo :ns~eHl\1. :3To IiNSNooeT TPY.D:HOCTH rrp:ii pac­
tieTe npe,n;oxpaHnTeJiii:u!~ ycTpolcT:B KpHocTaToB, T.K. B tiacTHOcTR-, HeT . · 
BKCnepuMeHTMl>HHX ,n;aHHHX no a:s8.pHi1HOMY- TermonpHTOey .· K lm.n;KOMy reJIHio. 
HeKOTOpHe aBTOPH. ClJHTaRlT, ·~TO HaJidOJiee cepbeSHHe aBapi.m BOSHHKaR!T npH 
rroptie BaKyyMa Eos,n;yxoM, a HaTeKaHHe reJIIIJI rrpe.n;cTaBJIReT HecpaBHeHHO 
MeHI>IIIYRl oriacHocTI>. O.D:HaRO TaKrui TO'IKa speHHJI cnpa:lie,n;JIHBa TOJI:&Ko il TOM 
CJiytiae, ecJIH C'IIIT8Tl>, .JTo BepoJITHO nrumJieHHe 60Jil>miiX Te~ea (HeCKOJil>KO 
.ne·cJITKOB wl). Handonee 1lepoJITHI\Ie He6oJil>llllie BOS.Izy!Ilime Te~rr He i:rpe,n;-. ' ' .- \ .,· \ ·, ' . ' ' .. - .. 

CTaBJIHR!T
1
0ITaCHOCTH, HaiipOTRB, TaKHe ~e reJIIIeBl\16 TelJH B KOHetiHOM Ctie~e 

IIPHBO.IJ:HT K IIOTepe BaKYJMa, T.K. reJIII! He KO~eHcupyeTCJI Ha KpRoreHHI\IX 
IIOBepXHOCTJIX. . . .. " . . . . . . .. 

CM ycKopPITeJiel-._ padoTam :a Pa.D:HarnrOHH~x · rroJI.Hx. · Mol!tHo npe,n;rroJioJmn, 

'4 

r 

i .. 

'ITO SHalJIITeJibHaJI ,n;osa 06JiyqeHHJI 6y,n;eT npu: HaCTpoiiKe YCKOpHTeJIH, IIO­
Tepe yrrpaMeHHJI nytiKOM, ·. pasMemeHHH CM B6JIH3H Mrn:!eHH IIJIH rrorJIOTHTeJI.H 
nytiKa. ITYtJOK· ycKopeHHHX tiaCTUll MOlKeT EHSBaTI> pa,UJiailflOHHI\Iii HarpeB B 
o6MOTKe CM H · cos,n;an aBapiil:HYIO CHTyawrRl. Kor.mJieKTyxmne · CM KpHore!Iline 
TepMOMeTpll ,n;uarHOCTIIrol TaKJKe ITO,li;BeplKeHl\1 pa.n;RanHOHHOMY HarpeBy, 'ITO 
MolKeT TipiiEecTn K 3HatinTeJII>Hol. rrorpemHocTn :vrsMepeHlm TeMIIepaTypH · CM. 
I}e,n;ocTaTO:'JHO IICCJie,li;OBa!ll\1 BOITpOCl\1 pa,n;naf(IIOHHOft CTOIKOCTJ! KpHOl'eHHNX 
TepMOMeTpOB H BJilUIRI!Jl pa,n;nauiiOHlillX IIOJreft Ha. rrorpemHOCTl> · llSMepeHliJI 
TeMIIepaTypl\1 B CM ycKopuTeJieft. · ' 

BTopaJI 'rJia:M rrocBJI!lleaa cos,n;aHllRl TepMoMeTpHtiecKoro KOMIIJieKca, 
paccMoTpeHN ero cocTaB.H pemaervrne·c ~ro rroM01!1I>RJ 3a.n;atiu,.u3JIOJP;eHN pe­
syJII>TaTH IICCJie,li;OBaHID! XapaKTepUCTUK KpHoreHHOrO TepMOMeTpa HR OCHOBe .· 
pesucTopa TBO. . . . . · 

A:BTopoM .B KatiecTBe KpnoreHHHx TeprvioMeTpoB ImepBNe IrcrroJII>so:saJ.m 
oTetiecTBeimue KOMII03UUUOHHPe pesucTopu Tuna TBo..:Q, 125; · iuneRlll11Ie napa­
MeTpH He xyJKe; ·:'!eM y pesucTopoB qnp11w AJrJieH~Epe,n;Jin', a B oiHomemm 
.n;H8.II330Ha pa60lJiiX TeMIIepaTyp 11 ,n;JII1TeJI:bHOft ,CTa1J.iJII>HOCTH . COIIpOTHBJieHJ!JI 
,n;axe l!Y'iille /I/~ . . · . . · . · . ·. .. 

· IIpu :iccJie,n;cmaHHn · sa.BncnMocTH TeMilepaTypfioro Koa<MnuneHTa corrpo-' 
· THBJieHIUr' peSHCTOpOE OT. HOMl!HaJIR (pHc.I) 06HapYJKeHO, 'ITO TeMnepaTYJl-: . 
, Hffit Koa<N'HillieHT. pesKo yBeJiwmBaeTcJI, ~atia~~ c.?O OM •. B KatiecTBe Tep-

10' 

5 f 
~ 0 

10 21 ' 

'1cf 

5 

2 
1Q' __ 

10' 2. / 5 

TB0-0,125 

10. 2 . 5 10' 2 5 
RHDMHH.OM 

' ' . MOMeTp8 COIIpOTUBJieHlUI · KOM-

10~ 

. II03l'!IIIIOHHOrO (TCK) JICIIOJI~ 
. syeTCJI peSHCTOp C OIITH­

MaJil>HHM HOMIIHMOM IOOO 'OM, . 
il!:l6paHHNft u3-3a npueMJie_: 
MOl BeJIH'll'!Ht! TeMilepaTYP-

. Horo Ko~MnHeHTa corrpo­
THMeHJm II y,n;o6~TBa . CTI\I~· 
KOBKH C l!SMep:vrTeJII>HI\IWI 
CUCTeMRMU. 

) . . . ' .... 
Puc. I. 3aBIIC¥.MOCTl> TeMIIepaTypHHX KO~l'IUHeHTOB COIIpoTHMeHHJI 6j: H 

62 pe:"l:cTopoB TBO oT HO!.mua;ra RH. 

6 =: R7sK- .R3ooK · •• 100 % ~ 6 ~ R4,2K.-R3oOK . 100 % • 
. I R 300 K I 2 ' R. 300 K .• I 
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; 

\ ... ··· ........ ·. rt.RBOn. · ... ·. 

I . . ~ 
15 20T,K / 

100 200 300 · .400 T,K .. 

Hcc~e~OBaH'Ha 9BJ En~ aa-
BHCHMOCTH COIIpoTn~eHHH 
TepMOMeTpa OT TeMITepaTypbl 
(pnc.2)_H Ha OCHOBe aHanH~ 

· aa rpa.nynpoBottHUX xaprutTe­
pncTnK ,... I00- TepMOMeTpoB 1 

Haft~eHa YHHBepC~hHaH llH­
Tepii0.7IffllllOHHaH cf'OpM']~a · /2/: 

· m (. )n T= L:'Cn \'Ro/R , (I) 
.thO ·· . · : 

PYle. 2. 3am.:cMMocu · corrpoTim~eHHH R pea.~rc~ r~e ·R - naMePJ1eMoe corrpo-
TopoB TOO u An:~eH-Bpe,lT)In (AB) oT . T.l't~enne TepMotAeTpa (na 

· TeMrrepaTypv T: · ·· · · ' . naMepnTe~!.noM rrocTOHHHOM, 

' ToKe ro MKA cTadil~i.nocT110 
ro-5J; Ro = moo OM- HOMH-:' 

. , . •. r 

· H~hHoe corrpoTH~eHne> npn 
. · , ' . . . . . KOMH8THOf!. TeMIIepaType; . 
Ch-: Ko'!'J(f(fnxme!ITF, (:)ripe~eJII!et.me II0 1.TO'J'K~ rp~npOBKH MeTO~OM HaH­

. MCHhlliifX KB~paTOB, HX. tJHC~O n ;, 7 •. ,lT.rui HHTeprrorumnn no ijJojJMy~e (I) B 

HHTepBane TeMIIepaT;/p 4~300K c norpemirocThl!l ~ 0~5% neo6xo~Mo ncrio~h­
. aoBan .He l'ieHee 8 TeMIIepaTypHmc TotteR rpa.ny';rpo:BKH co~poTH~eHHH Te~ 
MOMeTpa, , paBHOMepHO: pacnpe~e~eHHHX .B HHTepBMe COllpOTH~eirn:ft OT .. .. R 300K ~0 R 4K /3/: . . . . . ·. . . . . - ·. . . . 

. Ha;ftteB:a .niDrTe~hHaH cTa6n~hHo~u corrpoTn~eHHH IO TepMo~eTpoB 
TCK, rrpoBepJ!em elltei.~ec.frttno. B 'retteHHe 5 .neT·- B · npe~e~ax TeMIIepaTYP­
Hoi!: norpeiiiHOCTH:I% naMeHeHHH rroKB.aand npH. 4;2K· He o6nap~eno. 

ivm H3MepeHM'IIYBCTffi!Te~hHOCTH K MarHHTHOMY no~)) TepMOMeTpN rro­
MemamlCh B ~nepTypy cBepxrrpo:BoMmero bo~eHo~a c ·H~ef!. B ·~o 8T~/J/. 
·~Iar,leuemre: conpoTlimr~mm Tepr.roMeTpOB .TcK He saBHCHT oT.bpHeHTa-. 
UHM OTHOCHTe~hHO OCH MarHilTHOrO IIOJIII, a COOTBeTCTBy-Dmee 3Ha'tleHHe TeM-· 
nepaTypHoft rrorpemHOCTH .A Ta (npH T = 4,2K nB ~o 8T~) MOJEeT 6NTh Bupa-

llteHo fllOPMY~Oft: · . I _ . , . S ·· ~' Q 2 
. A I 8 ~ 0'- I . T 0 1 (2) 

r~e . t:L= 2,04;ro-6 ~ K031Pf~~HT n:Porropunoa~hHOCTII,· IIO~~eHHNi!: SKC­
nepHMeHT~hHO, .'\ST-:- ~eMnepaTypHaH -qyBCTBHTe~hHOCTb TepMOMeTpa (OM/Kl 
B - H~ MarHHTHoro .noM (TJI). · . ' 

HaMepeHN HeKOTopue TeiJJiofllH3HttecJrne napaMeTpN 'l'epMOMeTpOB TCK B 
HHTep~e TeMIIepaTyp 4-IOK. 3aBHCHMOCTh TenJioeMKOCTH G TepMOMeTpa, 
onpe~eJII!eMoA MeTo~oM Tep~ecKol·pe~c~. oT TeMIIepaTypN B HHTep-. . . . . . 

6 

.'. 

'•. 

I 
I 
I 

r:-

/ 
B~e 4-IOK c rrorpemnocTJ,I!l IO% orrrrcul!aeTcH :impaJEeHHeM I 4/: 

CT = A·,T3, .- i . . (3). 

'r~e .b. :::: 2;06. ro-7 ; T -. TeMIIepaTypa. 
'Co6cTBeHHaH Te~OBaH nHepnHH TepMoMeTpa TCK B JEH~OM re~n 

(4,2K),,II3MepeHHM MeTO~OM RMI!Y~hCHOrO HarpeEa R3MepifTe~hHNM TOKOM, 
cocTaBJII!eT Be~RHY ,.. I Me, rrpn TeMIIepaType IOK paEna ;.., a·Mc. 

Coa,IJ;ana ycTaHOBKa ,IJ;1ISI · rpa,u;yHpOBiw HHSKOTeMIIepaTypHllX , 
TepMoMeTpoB · conpoTn~emm, 1rrosBo~aH rpa,n;ynpo:Bau sa I cMeny nap-

. . I . . 

TRIO H3 20 TepMOMeTpOB B.~all830He 4-78K C TO'iHOCThiO 0,5%. YCT8HOBRa 
rrpo~a rocy~apcTBeHHYJl MeTpo~orntteCKYI!l aTTeCTa.IlUI!l n BBe~ena B sKc~ 

rr~aTBUH~I!l B JIB:? OHHH. • , / 
Coa~ana MHoroKaH~hHM perncTpHpYI!JntaH·arrrrR.paTypa .IVIJ!.Hcc~e~oBa-. 

HHH 6NCTponpoTeKaDIUfx ( d TId t 'roo K/ c) Ten~OBNX npoueccOB'. COCTO­
HntaH ns: IO-Kaa~inoro aH~o~oBoro MY~hTnrr~eKcopa, 6~oKa pe~hHoro 
BpeMeHH, 6~0KOB COIJpRJEeHHH, 6NCTpoft UH~porrettaTH, MHOrOK3Hil~hHOro 
'nepi.~BOrO CaMOIIH~Ua, rrpeUH3UOHHNX UI1crpoBNX EO~hTMeTpOB KJraCC~ 0,05% •. 

~ - . . ' . ' . . ) ' \ : ' 

TpeTbR rJiaBa IIOCBHmeHa HCC~e~OBaHHD HeKOTOpNX aBapHftHNX Te~o-
1 . . . . • 
BHX rrpouecco~-B norpyJEHNX. CMC. B ael pemaDTCH·c~e~!e ~Be 3~ttn: 
H3ytteHHe npoueCCOB HarpeBa 06MOTKlf ~V.ITO~hHOrO MarHRTa MO~e~hHOrO CHH­
XpOTpOHa npn 3BaKYa.IlHH aneprnn 6e3 rrepexo~a H c rrepexo~oM o6MOTKH.B 
HOPM~hHOe.cocTOHHHe, ncc~e~OBaHHe rrponeccoB Ten~o06MeHa rrpH.~EapHft-
HOI noptte~naOJII!tlHOHHoro.B~a.re~neBNX.KpnocTaTOB. · ,_ · • ,. 

Paapa6oTaH!l TepMorrpeo6pa3oBaTe~, COCTOHUlHe H3. TepMOMeTpoB TCK. 
n apMBTYPN Kpen~eHHH. n rrpe.-naanatteHHNe .IVIJ! naMepeHHH. TeMIIepaTypN no-.,,. 
BepXHOCTH o6~KTOB, corrpHKaCamntrrXCH·C m~M re~eM. 

HaMepeaa ,ItHHaMl~ecxrur. TeMIIepaTypHaH rrorpemii?cn 6TJI TepMorrpe~­
·6paaoBaTeJIII I (eM. pnc.3) npn rrpe~eJII>Hol pKopocTn Ten~oBO_!'o .nponecca 
Mo~e~I>Horo·sl{crrepnMeHTa. 

T·ra.-.. -.-.---.-." 
! tol.i 

30 . 15 

laT. .. ,. 

'10 

5 

0 0 
'I o · 0,4 · 0,8 · 1,2 . t.c 

•. 

. PHc.p. KoiiCTPYKilrur H ~HaMHttec­
·KaH TeMIIepaTYPHBR norpemaocTh 

TepMonpeo6paaoBaTenR I. 
I - TepMoMeTp TepMonpeo6pa3o'Ba- : 

TeM, . , 
2·- Me~NI npoBoJiottHBI 11exo~, 
3 - TeiiJIOHaoJiiimm, · 
4 - Me~Nft C!JIOK,. 
S- penepHJli TElpMOMeTp (TO),' 

· s. - narpeBaTe~h; ' -

7 



' ~ ... 

· )l)m xapaKTepHux EpeMeH aBaKyamm aHep:"HH H3 ItiUIOJII>Horo CM-,..0,2-
-0; 6c l(UHm.mt~ecKaJ! . Tef.mepaTypllaR norpemHocn · M3Mepemm · TepMonpeo6pa- · 
3oBaTeJieM T peBHa 4_,5%. · · 

· B ck3n c TPYitHOCTI>IO aKcrrepm~eHTaJII>Hoit npoBepKn wrnaMHlJecKoit 
TeMnepaTypHoft norpemHoc'rn.elTK TepMonpeo6pa3oBaTeJIH:ll(cM.piic.4)~ .· 
pacnoJioJKeHHoro Ha cTeHKe reJilleBoro cocyl(a co. cTopoHH lKlll(Koro remif!, 
npoBel(eH TepMoMeTplilJecKHll aHami3, 6TH , TaKoit KOHCTpyrunm. 

. . .... . -"' . . . 

Pnc.4 RoHCTPYKitrtH TepMonpeo6pa3o~ 
BaTeJIH II, a ·:.. pa3Mepu, 

6 - celJeHHe. ~- ·· 
I - TeprlloMeTp, · . . 
2 - Mel(HPtt Ten~onpoBOit, 

. , , · ,. 2 . .1 3., 3 -:- ITQKJlbiTl'le l'!3, c.T~II xi8H9T; , 

·~···. ·. ·' · ·.. . . . . . . 4 :.. cTe~Ka reJIHeBoro eocyl(a H3 · 
· ·· . ' · CTaJill XI8H9T . ( TOJIIllliHOit · 2 ·. MM). 

' . 

' 
,,.·~· ·.' ·.· .... '," ·4· ... ,-: ·' .... ' \ . 

• ,>. ' • I• .' 

. . . '. . . . .. ; ,' . . ' ·':,_ \: . 
. · 381(a1Ja: YCTBHOBJieHHJI COOTHOITieHRH. MeJKI(y H3MepeHHOft B TepMorrpeo6pa-

30BaTeJie T H3M; u ncTMHHot:t iia rroBepxHocrH creHKH T TeMnepaTYJlmm' . 
l(JIH; HecrarinoHapHoro renJiol:loro. npoiJ;ElCca· B odmeM: BHI(e He pemaeTCH, Ho 
ee pemeHne B03MoiHo npn :BunoJIHemin CJie~i yCJioBnt:t: a) reMneparypa 
CJle,IU:!, OMLIBa!OtneitcTeHKY, B IIpOIJ;ecce H3MepeHM.ITOCTOJIHHa;. 6)3axpenJie­
HHe TepMonpeo6pa3oBaTeJIH Ha CTeHKe He l!3Me!UieT ITJIOTHOCTL TeiTJIC>Boro ' 
IrOTOKa; B}·pacnpel(eJIElHHe TeMnepaTypu no ·TOJitniiHe c.TeHKII JIHHefiHoe. ·Pe:.. 
memie ypaBHeH~IH HeCTaiJ;llORapiroro TerrJiooelr.~eHa CT.CHKH . C '3aKpeiTJieH!illM. Ha' 
, Heft TepMO~peo6pa30BaTeJieM IIpHBO.l(!.iT K cropMyJie /8/:. , 

TuaH. (SL~ '!'01.. . . f.+ Eo~.· s., 
: T (SJ· { + £ · S 

(4} 

rl(e .S ~ napaMeTp rrpe66pa30Batirur JI8rrJiaca; r-«., Ect, {~~-6~3pasMepHue 
KOa@'un:neHT!l TeiiJIOOClMeHa. H TeiiJIOBOft HHepmm' SJieMeHTOB TepMOIIpeo6pa30- , 
BaTeJIH. Pac-qerHM·rerrJioBrui HHepmm repMpnpeodpa3omTeJIH.II npnT:;4,2R 
paBHa ~ g . MC ;: a ero JmH8MH1Jec:KaJi TeMnepaTypmiH rrorpemHOCT:b rrpn 'xa­
PaKTepHHX BpeMeHruc 8BalJUitHoro rumeHM remm B 'Kpi!OCTaTe ~ I0-2.0 c ..... 
ItaeT BeJIHlJmzy ""2,5 %.: ·. . ·· 

' HsMepelille . TeMtieparypu o6MOTKI'l 'l(InlOJI:bHOro bM ocymecTBJUIJIOC:b \ c rro­
MOJn:biO TePMorrpeQClpa30BaTeJIH I' (eM. pnc.3}, pacrroJioJKeHHoro na Me~aHHOM 

' 8 ·i 

._ 

i
\. 

' . -· 
I 

·'/; 
:l 
r. 
). 

), 
' ~. 

' 

.,:.1·· :. 
. l l' I . 

\' 'i· 

1 
. , BI'ITKe O,Clf!.OTRH. llepeBOI( y-qaCTKa I!pOBOl(HHKa B HOpMaJI:b.HOe COCTORHI!€ rrpo- , 

U3BOI(I!JICH narpeBaTeJieM. BBrutyaiJ;Im anepnm 1!3 CM rrponcxowma aBTOr.'aTn­
-qecKn Ha BHemHee OMHlJeCKOe· COIIpOTUBJieHHe ITO CHrHaJiy l(eTeKTOpa HOpMaJI:b-'. 
HOit 30H!l. 3KCIIepHMeHTH IIpOBOI(RJIHC:b Ha CIIeiUiaJI:bHOM CTeHI(e /5/ npii HO­
MIIHBJI:bHOM. TOKe 2000 A (KpiiTI!lJec~rrit · TOK Ma:-'HHTa.!:: 2200A); 

' i.T.K 
2p 

1,5 

4 
3 

2 

0,1 0,2 n.3 t.c 

M3~;epeHN Ter.mepaTypu· o6MoTIU1 CM (cr.!.· 
pHc.5} rrpu BHEOI(e sneprmr c pa3JIU1J!ill­
MII, CKOpoCTJIMII CIIal(a TOKa_. . Harrpi!Mep 
rrpu CKOpOCTH crral(a TOKa I = 2' 6. ro5ft/c 
Te}.meparypa o6MOTKH l(OcTnraeT TfllaKC.= . . . ' 

= 6,3K. 

Ha.ocHoBe U3MepeHHHX 3Ha'JeHHit•Te~ 
' . ; . 

rreparypu pacc"!rrTana . crerren:r, rrol(Kpn- . 
T~!lJHOCTU TOKa M.armua B rrepHOI( imaKy-,. 

. aiJ;RH SHeprnn. )l)m BlJlil!CJreHI'Jl: KpiiTH­
lJeCKHX ToKon' Ic (t:J Mariinra n~noJII>3Y- , 
eTCH CJieit.YJOIIIM SMII\'IP'I!lJeCKaH q:opMY'Jia: · · . 

.. . , ' -. . . .. i ' , • ".' .. · 2tc-to· U•o· r.i~ T(tJ-16 J.lc \ 
·Pnc:5. TeMIIepaTypH HarpeBa o6~ Ic(t) ~. s:J./(t) + J.ltfJ·) Tc.- ra .Jic-J.I(t)}' 

· MOTKII .IlHIIOJII>Horo CM 6e3 rrepe- ; . ·. · ·· . · . . .· .. · {5) · 
EOita .B HOPMaJiiHoe cocTOHHHe • rite lito, lie ,II {t}-: narrpsiJKeHHOCTH MarHHT­
rrpn I!imo.Ite aneprnn' c pasHut.lli lioro rromr, coOTBeTCTBeHHO, IOK 3., Kpn:.. · · 
H8IIps!JKeH~: I-20B, 2 -50B;' THlJeCKOe (l(JIH HT_:50 -IOO K3), .. TeKy- , . 
3 - .200B, \4 -'400B. :· . mee; 76~ Tc, ret) - TeMnepaTypH,. coo.T:-

\ BeTCTBeHHO, BaHHR I'ElJiliJt .. .:_ 4,2K, KpHTH-. 
~eCKaH .(l(JIH HT-50 "'9;2R), TexYmrur B CaMOI HarpeTott 'l'OlJKe 06MOTIU1; 

,.. • . , ., . I 

Jc.-tO'- KpiiTUlJeCKM MOTHocn' ToKa cBepxrrpoBOI(HHKa rrpH H '= IO K3; 
. S -' CelJeHife CBepXTipOBOI(HHKa B IDIIHKe OClMOTKH. . . 

PaclJeTH IIOK83aJill·, lJTO 1(8HHIIe' Ma~HHTH o6~81(810T l(OCTEiTOlJHNM sana­
COM no KPHTll'JecKoMY TORY (min".ilc(t}= IcC<t)- I(t)"'.swii)BrrJioTE ItO cKo-
pocreA. H3MeHeHnJt TOKa MarHIITa i~ 2,6 ·• HJ5 ' A/c.'. ; · . · 

M3MepeHII. TeMIIeparypH • o~MoTKH .n'nrroJII>Horo Clvf rrpR riepexol(e oelMor'­
Kl'I B HOpMaJI:bHOe COCTORHHe. II SBaKYaiJ;HII SHepriiH C paSJIUlJHHW!. CKOpoCTJI.;.. 

.. Mil H8 OMHlJeCKOe COIIpDTHBJieHRe. . . . . . 
C rroMomi,IO paspaelorannoA B J1B9 OIDIH rrporpaMMH Ha 9Bvt· pacclJHTaHa· . 

· MaKC¥.MaJII>HaH Ten.meparypa o6MOTKH, Haxo;nmneiCH· 11 • a,nRa6aTH1JeCKRX . 
. . . . . I 

·YCJIOBHHX. · .. , · · 

)l)m paCClJeTOB.· I'ICIIO.JI:b.30Ba. Ha lfoPMYJia: . • (J~p (T) 
' \ . . .... : .. ·J. I 2 . d-l: = f. s~.; (T) . . tf.r,. (6): 

(#:) ' ' .1. 2 (J ' .,, 

·~ 
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l;K'' 

80 4 

3 

__.-:-:-2 
.-1' 

,-

·-
I 

r.ne ](t}- TeKY!llee 3Ha'lelllie TOKa· Mar!lliTa, 

. f _: C(P6~HJUI. llJIOTHOCTl> npoBO~ ~, 
· o6HoTKe, Cp (T}- cpe.nHJUI y,neJI:&HM rim-· 
JioeMKocu · npoBO.IUmKa, · )l(r)- cpe,nHee · _ 

. . . --

y,neJI:OHOe conpoTnBXelllie npoBo,nHnKa, 
· T .:.. reMneparypa npOBO,nHnKa, S - J!Jioma.n:o 
· : rronepeJHOrO C61J61lliil: npo:BO,n!lliKa, 8 -MaK-

CllMaJI:bHM reMneparjrpa, t - Bpe~m. · 
· · · HsMepeHHHe M~Kc~aJiiHNe reMIIeparypu 
06MOTKll y~OBJ16TBOpZTeJI~HO (,., 5-?%) C0:-

0 ~- c 0 D,2 0,4 j 0,6 t,c rJiaCYJ(Y.I;CS! C paC'IST~· v,TO IIOKa3blBaeT, . 
PRe. 6. TeMTieparypa o6MoTKll . ·.'ITO. B pac'!erax MOlltHO He Y1JHTHBaT:& renJio-: 
,nanon:oHoro CM c nepexo,noM , o6tfl.eH ·. Harperoro npoBo.nmuta c coce.nHHMH 
B HOpMaJI:bH06 COCTO.f!Hll6 UplL . ' .. · ·. . 
BllBO,ne lmepnm C paSHLTMU ' Y1JaCTKaMH 06MOTKll C ~,nKllM T6Jll'I6M. flpll . 
HaJTP.f!llt6Hl!S!M1t: I - IOOB, · 1maeyannn c H_anpm~te!llieM .6B n Me,nJieHHOM 
2 - 50B, 3.- '20B, 4 - 6B, 1 

, cna.n:e roKa I·-= 6 • I0
3 

A/c saplmmrpn-
. . poBB.Hil BeJIH1JHHa TMaKC. :::t 80K:· 'ITO .fiBJI.fi-

eTC.fi ,noeycrnMllM ,nJI.fi 6esonacHoft · pa6oTH 'o6tiOTKll· ~HnoJI:bHOro MarHHTa. 
' HccJie,noBaHrur HarpeBa o6MOTKn ,IU'lno.JinRoro CM 'co.nettcTBOBaJIH Bll6o-

• ·• + :· ' ' ' ' ' • ·, ' '·. • 

py. onTHMaJI:bHoro, pelltlma .2BaKyannn :mepruH ~3 M~rllliTOB · Mo,neJinRoro mm-: 
xporpoHa. 

. JIM pememm sa,na'IH HsMepeHlffi y,neJinHoro renJionpHToKa ·· K. lltlmKO,;., 
MY reJIHlD,TIPl'I aBapa!f!oft nop'le H30Jl.filll10HHOro BHKYYMa KpHOCTaTa HCnOJI:O:.. 
soBaHo :n'aBHemH~ ren.irorrpoBo.nHoCTH cTeHKH' reJIHeBoro cocy.na: .· 

;·,.'tit)_ ;; ;.'crJ: tJ T£tl;-
. . ff ' ' I •' 

(?)' 

. r,ne J.(T}- UHTerpaJI:OHM ·TellJIOllpOBO,nHOCT:b MaTepnaJia CT6HKI~~· 0 -' TOJllnlt-: 
Ha creHKY., !lT(t}- pasHOCT:b noKasalid repMoMeTpoB, pacnoJioieHHHX' Iia 
HapylltHoft '11 BHYTpeHHeft.noBepXHOCTRX creHKH.reJIHeBoro ·co'cy,na: Xo.n reM­
neparyp 11. rroJIY1JeHH8.!1 BeJIHlJHHa 'f1; B o.nHoM. ns xapaKrepHHx CJfYlJaeP/6/ 
.ITORa3aHll Ha pHC.7> ·\ .', •-

' OnpeJieneHll MaKCHMaJI:bHNe. y,neJI:bHll6 . TeiTJIOITpHTOKll q., MaKC. K. D.nKO-
. MY. reJIHm npa· pasJIIl'IHllX BH,nax nsoJI.filll1H reJIHeooro cocy.na 11 pa3HllX ,naB­
JieHRRX B cocy,ne. Tipll.HCnOJI:030BallliR JiaBCaHOBOI llJI6HKll ll ,naBXe!lliRXB re­
Jm6BOM c?cy,ne I4D-I~O. Kila UOJIY'ISHH. Bw'lHiia ~ . MaXC ._==D, 95-'I ~ 93; Br/ c,?. 
BwrsJieBa H6pa.BHOM6pHOCT:b · TSIIJIOIIp~TQRa B pa3Jm'llWX ·MeCTax' 

'I }0 

'"-. ~ 

. •Ti~ 

20 

. 15 

10 

H30Jl.fillHO}\HOe IlpoC~paHCTBO Kp!IOCTaTa •. 

.• 

·/ 

/'.· ~;.·..!·-. 

\' 

CJt = I ( Tcr. -1&), . (8) 

r.ne · q.. :.::_ y,nElJI:bHNH: rerrJioBoA 
· JTOTOK OT-CT6HKl! cocy,na 'B 
· D.nKHft reJI!1ft; · TB, Tcr • ..: TeMne­

paTypH,COOTBeTCTBeHHO,BaHHll 
' ,lltH.nKOrO. reJI¥.11 ll· CT9HKll CO?YJ(a. 

Pnc.8.CpaBHeHE.e aRcnepKMeH~ 
Ta.n:&Hb!X. ,naHHblX IIO 3a:BRCRMOCTH 
TIJIOTHOCTR ·TallJIOBOrO ilOTOKa 
oT TeMIIeparypHoro rp~eHTa 

· ,tlT CTSHKa ;_ JKR,IUtOCT:O .IVIJI 
5 'i.j .-· 
3 / ·· / fffllll//'<2 · · .u;rutoro rwnm: I - sxcnep:a-. 
2 . / 4): ~ ' ·-7 . . MSHTa1Il>Hll6 ,naHHHe ;n;7.UI xapaK-

' pa3JII41JHb!X PeJiUIMOB KRIISHWI 

' tlf i '·· ' · · · irepHoro CJiy'lM, np:r.me,neHHoro 
. 2 .3 ~. 10° 2 3 5 11f 2 3 AT,K ._ Ha p:ac.?; 2 _ paClJST IIO YIJ!W,: · 

HeHmJ EpRHa :a BecTBOTepa/9/; 3 - ;aHolJHoe rumeHRe reJmR no pa6orel 101; 
. 4 -, KP~ ~emut' I!SJmR no pa6ore II/; 5 - pac'JeT no ypaBHeHmJ Kyra­
rwia.nsEI I 2 ; 6 - KPH3RC rumeHRJI r9Jrwi IIO pa6orefl~/; 7 '- SKCIIepKMeH­
Ta.n:&Hlle ,naHHble HaCTOJIDt6ll pa60Tll ;n;7.UI OTBepcm·lianycK!i r9Jnm B ~ 
C ,nRaMSTpaMi'[ OT 0,5 ,no 15 MM~ . 

il 



\\ / '< 
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IIpoBe;n;eHo cpa.BHeiDie aToii \PYHKUIUI c JmT~paTYI>HHMH -!lMH(pHc·~s). 
::iit?nep:<!!.H~HTeJil>Ha..f! 3aBI}Cill.jOCTl> (8) y,Il,oBJI9TBOpUTeJil>HO_ COrJiacyeTC.fl. C Ep~- . 

noli IlliiiSiillR no pa6oTe' Ilt • · . .. . . . . . . . . .. . . . 
· . lla. · OCHOB9. ll31'!9pelllft.lJacc"UlTaHH npe;n;oxprumTeJI:&HH9 . ycTpofwTBil_ Gi;lC 

MO;IJ;S..'ll>HOrO CllHXpOTpOHa ? • . . . · . · · .- . ·. . .. 
· ."-qeTBepTM r.i.raro noc~eHa ncCJie;n;oBaHIDO BJill.f!Hll.fl PAAa~OHHHX no­

Jieii Ha norpelllliOCT:& TeMnepaTyPHHX nsMepemtii B CiAC ycKopl1TMeii.; ·' 
.· 1IacTI1UH, TepRehme.ycKopeHHHM n:rrKOM, MoryT cos;n;aroT:& ·cYn!ecTBeHHue 

pa;n;n~lOHHH9 T9IIJIOBH;IJ;eJI9Hll.fl B. o6MOTKaX C:!i y(mopHTeJI.fl R B. 3JI9M9HTax 
;n;uarHOCTliltil · C~\!C · ycKop:aTeJI.fl - Kpi.wreHHHX .. _ TepMoMeTpax. HcCJie.Iio:Ba.mm m4e-
• . . . • . . f • 

Jill ;IJ;BORKY!O IJ;~~: BO:-IIepBHX, "7 OIIp9;IJ;9JIIITl>. norpelllliOCT:b I13M9p9ID1R T9MIIepa-
TYI>hl B pa;n;Hau;HOHHHX ycJIOIDl.flX,' BO-BTOphlX - Jil3M9pHTl> pa;n;Hau;HOHHH9 xa­
paKT9pUCTnlm Tepi10M9Tpa TCK ,JJ,ll.fl paspa60TKI1 Ha ero OCHOB9 r~o;n;eJm lil3i4e­
pl1TeJI.fl pa,:zuraunoHIIh!X TeMoB~MeHIDi B CM ycKopRTeJIJI. . · · · .· 

' .·-' '. . . . ~ ._· . ' 

Pa;n;~!aur-ioHHaR .cTo~KocTn . TepMoMeTpoil. TCK npoBe¥eHa IIJ;!I'I o6JIJ"i9HI'Ill· 
no1·oioM 6vcTpnx He~~ponoB rmTencimliocTLJD :~ 3·· 10 .

2
H/cM"c. Yxo;n; Tep­

MOMeTpl\lJecKoif xapa.KTepncT;~im TCK (T=4;2K) :fa npe.neJIH riorpemHocTu I%· · 
nacTynaeT npn·qJIJ09I!Ce .• F >'. ID17H/cM2 ' 'IJTO ;IJ;OKaSHBaeT B~3MOllffiOCTL pa-· 
60TH . T8.Kl!X TepMOM.eTpOB. B CMC ycKo.pnT8'Jien, r;n;e pa,IUHJ.nn<)HHHe IIOJI.fl .I!Me-

IOT 3Ha•mTeJILH6'MeHL~YID ·ImTe,HcUBHOCTL. . . . . . • . . 
BJIY.nH!m nona;n;am1n· npRMo:·o IIYlJKa . ycKopeHHNX ·_'IJacTnn Ha . noKasamrn 

. . . . . . . . . . . ' . 
TepMoMeTpoB TCK l13Y1JaJiocL_Ha cnHxpo<f,asoTpoHe •OIDlli /4/. ,llaT'IJHKll o61fY-
1Jamic:&_ n~"iKaMII ;n;e~T-onoB n npoTonoB c. aneprlW4l1 ? ,31 raB _n 2;55 raB. 
cooTBeTCTBenHo/ TepMoMeTpH pasMemenH 13 KancyJie 1'!3 3noKcl'I;n;noro KoMna-

. yHna ,1'1 Kp!!OCTaTnpoBaJil-!Cb npn TerAriepaT:y'}laX T~ = 4 '3-4 '6K •. A6COJIIOTHOe 
'IJIICJIO '!Jacmu B :mnyJI:we onpe;n;eJIRJIOCL nJiocmorrapaJIJIM:&Hoii .aoiDis~roHHo:i.l 
RaMepoA C'TI'o ·pemHOCTLIO.,., 7%. xapaKTepn~f! cnrmi.Jr c TepMOMeTpa TC!{'npn 

noTia;n;a!lim HYlJKa· npoToHCiF noKP.3aH Ha puc. 9. MaKcm~TM mirHaJia cooTEeT-
CTByeT pa,nr!An;!OHHO~.W narpeBY TepMOMeTpA ;IJ;O TEJI4II9paTyp:U ~ 4,5K (To= 
= 4, 3K)· •. Pa.mmurromiPfl HarpeE TepMoMeTpa ;n;o MaK~HMY1Jia npon'cxo;n;nT. c 
BpeMeneM, xapaKTep!!Pi•l JlJI.fl co6CTB9HHOft T9IIJIOBOft tmepltllll ,.., I MC (npn 
T = 4,2K), KoTopoe c~eco:EeHHO .MeHLm~ ;n;JinTeJiLHOCTn nyima. IIoaTorzy oc-

. . / . . . . . .. 
llOBHM IIOl'pel'JHOCTh lr3MepeHHJI TeMnepaTypN 06MOTKl'I CM B MOM9HT, npHMO:'O 
nona.ilaHll.fl IIYlJKa onpe;n;eJIReTCR ImTei!CllBHOC'l'LJO IIY'IJKa. A6co';r!OTHM Kam~6-. 

,POBKa, pa,ruiani10mtoro HR:1JeBa ·}. T TepMoMeTpa TCK B ;aBnmiMocTn oT ifui~ 
eHca F ie~TOHOB noKasaHa HR pJdc • 10~ 8Ta Kam16poBKa ncnoii~syeTCR npu 
o6pa60TKe pe3yJILTaTOB H3Mepennl\ T9MTiepaT;,1ll1•3Jl9M9l!TOB•CM B. MOM9HT. 
npoxo;n;a TIYlJKa. ' . ·' .• . - . 

Onpe.i(eJiena aHaJil'ITJ11Je.cKM saBllCl!MOCTl> .M.elK,I(Y, ,TeMIIepaTypoi TepMoMeT-. 

pa Ti. n gJIIOencoM Fl. 'IJaCTJIU (npoToHoB, .£,0 = 2,55 raB): 

/. 
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. ' 

. Pllc. 9. 0CIIl'IJIJIOrpaMMa llMilyJll>COB OT· 
IIY'IJKa npoToHoB { Ep .,;2,55 raB, nn.: 
TeHClirBHOCTl> 2 .• 1010) ,n.IDrTeJILHOCTLJO 
6.MC: BBepxy- IIMTIYJll>C C Clll'IHTl'IJIJI.fl-. 

i Topa; ._ BID13Y - rumyJII>C c TepM6MeTpa 
TCK •. 
MacmTa6t!: no !lepTnru:i.rrn _.:.. 0,2 B/;n;eJI; 
no roplf30HTami - 10 M~/;n;eJI. . 

1·. 

' 
·0 

1.._,o''· ~2~~s~~1"d""2:;-'-'-~s. 
F, ~""'"U./cn• 

Pllc. 10. 3aBFIC}l!MOCTL MaKCUMML- · 
noro nepe~peBa AT TepMoMeTpa 

· TCK oT • ifviJOenca F ;ief!TonoB. 

. F~i. = 2,3Lt ·106 ('Ti 4-To"}, (9) 
r;n;e To - Ha'IJaJI:&miR .TeMITepaTypa· TepMoMeTpa ;n;o o6~eH11.fl; :IIorpemHoCTL 
nsMepeHirn, TeMITepaTypH ·· . .(.I%.· B . MOMenT, rrpoxoJr,D;e~ n:;rt!Ka ;n;ocTHraeTCR 
nplr ~ ipJIIOeHcax F ~ 3 • ro8 'IJacTm:V c~. · · · . ·, . , 

. · 
1 PesyJI:&TaT~ HCcJie;n;oBaHI'II 'neperpeBa TepMoMeTpoB ripn o6~einm IIY'IJ-· 

KaMn ·'IJaC.Tliii IIOKa38Jirr B03MOlKHOCTl>. onpe;n;eJieHI11! C y;IJ;OilJI9TBOp!1TSJILHO~ •c . 

norpemHOC.Tl>JO KaK ![JIIOeHCa na;n;aJOm[U Ha HUX 'IJaCTHIJ;, TaR n :meprOBH)l;eJie­
~l11!. 3To o6cTosrTeJILCTBono3BOJI.fleT peKoMe!IJloBaTL:TepMoMeTpu TCK B a&: 

' ' I • , . ,_,.. ,. I 

TOMaTH3HpOBaHHHX CllCTeMax KOHTpOJI.fl IIOTep:& 'IJaCTHU, ~TO HMeeT.B8JitHOe 
3naqimne ;IJ;Jl.fl .onTnMaJI:&Hoft HacTpo!-!ill u6esaBapdHoti axcnJIYaTannH cilepx­
npoBo.nmnnx yc:KopnTeJie~ BNCOKIIX aneprd. , : · 

." lli!Trur rJI-aBa IIOCBII~ena pa3pa6oTKe ·n IIpHM9H9Hl'IIO pasm~HHX T9pMO­
npeo6pa30BaTeJieft B Kp~oreHHHX cTe~ax u ycTanoBxax AB3 OHHH. 06c~­
i:ta!OTCR OC069HHOCTH U3Mepemrn TeMnepaTypU Il 'lll'IPKYJI.fliJ;l10HHNX .l'I norp~_.. 
HHX cncTeMax, H xpnoreHHHX, o6"I>eKTOB B_ BaKYYMe: -PaccMoTpeHJ:l Bon:PocH 
aBToMaTHsaruiri nsMepeim~ Ha KpynnHX ycTaHo:Bxax c 6oJii:.rrrnM :KoJII11JecTroM 
TepMoMeTpoB Ha·npHMepe MHKponponeccopHol cHcTer.rn nsMepemm·TeMIIepa...: 
TYPH Ha 3-x'npoTOTTIIIHNX nepl'Io;n;ax ycTaHOBKI'I CIIHH. OrricaHN coBMeCTHHe 
'Y.ccJie;IJ;OBaHiffi OIDIU-JlHIIO "TepMonpv.6op" no npHMeHeHnll pe3l!CTOPOB TBO B 
Mo;n;eJIRx npoMHillJieaanx TepMonpeo6pa3oBaTeJiel ~ HsMepe~ TeMIIepaTypH 
aJieMeHTOB. CM 11 BaKzyMe. · · · · 

. '\ 
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