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1. BeedeHue 

B OTnH'IHe OT nonHOCTLIO CTa6HnH3HpoBaHHLIX cnepxnpoBO,IVI" 
utHX coneHOH,IJ;OB, o6MOTJCH JCOTOpbiX ,nomKHLI HMCTL JCaHanLI ,nnH 
)I(H,IJ;JCOro renHH, coneHOH,IJ;bl H3 i:tpOBO,D;HHJCa C DHYTPCHHeii CTa6HnH· 
3aUiieii MoryT 6b1Tb MOHOnB.THLIMH. Oxna>Ki:leliHe TaJCHX coneHOH,IJ;OB 
ocyuteCTBnHeTCH nH60 Henocpe,nCTBCHHO )I(H,D;JCHM renHeM, nH60 
nyTeM JCOHTaJCTHPOBaHHH HX JCapxaca C BaHHOH )I(H,!J;JCOI'O renHH /J/. 
B nocne.nHeM· cnyt/ae coneHOH,IJ; HaXO,IJ;HTCH B npocTpaHCTBe H30nH
UHOHHOro BaJCyyMa. - 3TO ll03BOnJ!eT ynpOCTHTL JCOHCTPYKUHIO 

,.KpHocTaTa H o6nerqaeT ,nocTyn x coneHoH,ny. lloxiuallo, 'ITO . 
-BeftH'IHHa, KPHTH'ICCJCOrO TOJCa· coneHOH,D;a, TepMO.CTaTHpyeMoro B 

ij • • • ' ,• • o" ,~ 1 •" I -- -· ' 

BaJCyyMe, He OTnH'iaeTC.II OT 3Ha'leHH.II; nony'ieHHOrO npH HCfibiTaHHH 
B )I(H,!J;JCOM renHH 'It/ . HMeeTCJI coo6uteHHe 'o6 uccne.zionaHHH 

_ pa6oTLI coneHoH.noa, · itaxo.nsmuxc.R B aaxyyide' ·H · oxna)l(,naeMLtx ·_ 
renueid, JCOTOpblit nponycxaeTCJI qepe3 repMeTH3HponaHHhle na3LI 

xapxaca /2/. 
·pe)I(HMLI "3aMopo)l(eHHoro Toxa" coneHoH,noa, pa·cnono)l(eHHLIX 

a aaxyyMe, MoryT 6LtTL nony'leHLI c noM:outLro cnepxnpono.n»utHx 
nepeMLI'IeK, KOTOPLl~ TaKlKe oxna)I(,IJ;aiOTCJI nyTeM MexaHH'Ieci<oro 
xoriTaxia c. _aaHHoii: Taxa» xoHCTPYKUHJI nepeMLi'leK HecxonLKo 

-oTn'u.:i~eTCJI OT o6W'IHOii. 

2. CeepxnpoeodJIIJIUU Mamepuall diiJI nepeMbl'leK 

KaqecTJ3o nepeMLI'IKH 3al!HCHT .oT ,nayx aenH'IHH:_ JCpHTH'Iecxoro 
TOJCa H- :meKTPH'Ie CJCOrO" conpOTHBneHHJI Ma TCpHana: B HOpManLHOM 
COCTO.IIHHH. ;_ •:: 

,D;n» Bbl6opa · no,nxo.nJiutero npono,nHHKa nepeMLI'IKH HaMH H3" 
MepeHLI TeMnepaTypHLIC '3aBHCHMOCTH- y,nenLHpro conponinneHH.II 

··JCOMfi03HUHii: ·c HHo6uit·THTaHoM H ituo6Hit·ononow_/pHC. 1/. H3· 
.- wepeHH.II ·npono,nunHcL Ha -xopOTJCHX • o6pa3U~x. caepxnpon_o,nHHt<a, . 
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Plic •. 1. -3aBHCHMOCTH y,neJihHoro conpoTHBJieHHH KOMll03HUHOHHhiX 
csepxnposo,nHHKOB oT ·TeMnepaTyphi. 1 • xa6enh HT-50, :MaTpHua 
BhiTpaBJieHa, 19 HHTeH ~ 65. MKM. 2 • lle~Ta H63 'Sn TOJIIUHHOH· 
37 MKM, H36biTO'{HOe OJIOBO C llOBepXHOCTH CHJITO. 3 • lleHTa 
Hb 3 'Sn TOJIIUHHOH :40 MKM, Ha llOBepXHOCTH HMeeTCH H36hiTO'{· 
uoe OJIOBO. 4 - Ka6eJib HT-50, 19. HHTeii B Me.z:tHOH MaTpHue 
rf, 0,5 MM •. 

pacnonomeHHhiX B ra3oo6pa3HOM reJIHH no.n ypoBHeM >KH.z:tKOCTH 
TpaHcnopTHoro ,nhroapa. TeMnepaTypa 'o6pa3ua H3Mepxnach · c 
noMOIUhiO repMaHHeBoro .T.epMoMeTpa. KpHTHqecKHH TOK xopoiKHx 
o6pa3UOB 3THX csepxnposo.niiHKOB 6hiJI onpe,neneH npH norpymeHHH 
B >KH.z:t~HH reJIHH· /pH C. 2/. 

3. YcmanoeKa OIIJI ucnblmanuJi nepeMbl'leK 

Hccne.nosaHHe . pa6oThl nepeMhiqex B · saxyyMe. npose,neHo Ha 
ycTaHOBKe, onHcaHHoii B pa6oTe I r /,a. KOHCTPYKUHIO KOTopoii BHeceH 
px,n H3MeHeHHH. 

Ha pHC. 3 H306pa>KeHa ycTaHOBKa, K<;>Topag COCTOHT H3 
renHesoii qacTH xpHoc'raTa 1-c a30THhlM 3KpaHoM 2. B OTKa'laHHoe 
BHyTpeHHee npOCTpaHCTBO KpHOCTaTa llOMeiUeHa BaHHa 3 C >KH,Z:tK~M 
renHeM.: K saHHe npanag}m. Me.nHaH o6eqaiixa co 3MeeBHKOM 4. 
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Puc. 2. 3aBHCH~WCTh Jc(H) KOpOTKHX o6pa3UOB KOMll03IIUiiOHHhiX 
csepxnposo,nHHi«>B H nepeMhl'IeK. 1 • Ka6enh HT-50, '1:5 0,5 MM. 
2 - lleHTa Hb3 'Sn. uiHpHHoii2,5.MM, H36hiTOqHoe OJio:Bo c nosepx
HOCTH CHJITO. /1 H 2 : KOpOTKHe o6pa3Uhl B :»<H.z:tKOM reJIHH/. 
3 - IlepeMhlqxa H3 xa6eJIH 1. 4 - IlepeMhiqxa H3 xa6eJIH 1 6e3 
MaTpHUhl H3 Me.z:tH /3 H 4 : HCllhiTaHHHB BaKyyMe 10-4 MM.pT.CT./ 

.,.~ .... 

K HH>KHeii qacTH o6eqaiiKH npHxpenneH c noMOIUhiO naTyHHhiX 
60JITOB Me.z:tHhiH <iJJiaHeU 5, Ha KOTOpOM pa3MeiUeHhl COJieHOH.z:t 6 
H csepxnposo,nHruaH nepeMhiqxa 7. Hx xapKaChi TaK>Ke BhinOJIHeHhi 
H3 Me.z:tH, II, B CBOIO oqepe,nh, npHTHHYThl K <lJnaHUY JiaTyHHhlMH 
6oJITaMH. . . 

KoHTaKTHhie coe,nHHeHHH Mem.ny nepeMhrqxoii, coneHOH.z:tOM 
H TOKOBBO,Z:taMH jsepXHHH H3 KOHTaKTOB ll03HUHH 8/ ocyrueCTBJieHhl 
nyTeM naiiKH nposo.nos. HH.z:tHeM Ha :nimHe 80 eM. Ko'HTaKThi JiaBIIThi 
Ha Me.z:tHhiH <PnaHeU 5 H npHKpenJieHhi K -HeMy KJieeM E<l>-2, qTo 
ll03BOJIHeT OTBO,Z:tHTh Bhl,Z:teJIHIOIUeeCH B KOHTaKTe. ,Z:t>KOyJieBO TellJIO. 
)J;JIH :meKTpHqeCKOH' H30JI11UHH KOHTaKTa OT <iJJiaHJ:,ta nocne.z:tHHH 
npe.nsapHTeJihHO noKpbiBaiOT HeCKOJihKHMH 'cm:iH~iH xneH. HH>KHIIH 
H3 KOHTaKTOB 8 npe,nHa3HaqeH ,Z:{JIJI npe,nOTBpaiUeHHH npOHlfl<HOB~HHJI . 
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PHc. ·3. YcTaHoBKa .i:l1u1 Hccne.nonaHH.II pa6oTbl coneHOH.IlOBH n'epe
MblqeK B BaKyyMe •. 1 · reJIHeBaH qacn, KpHOCTaTa; 2 • aJOTHa.ll 
qaCTb KPHOCTaTa; 3 • BaHna C >Kli.IlKHM reJIHe.M; 4 • Me.nna.ll 
ofieqaiiKa CO 3MeeBHKOM; 5 " tP11aHeU; 6 " COJieHOH.Il; 7 " CBepX • 
npoBO.Il.IIIUa.ll nepeMbiqKa; 8 - KOHTaKTHble coe.nHneHH.II cnepxnpo
BO.IlHHKa /:meKTpJiqecKHe . H TefiJIOBble7; 9 " TOKOBble BBO,llbl; 
10 " Tpy6Ka, B KOTOpOH OCYfUeCTBJieH TenJIOBOH KOHTaKT TOKOBbiX 
BBO.IlOB H BaHHbi; 11 " ynJIOTHeHHe reJIHeBoro fiOTOKa npH BXO,lle 

· B TOKOBLte BBO,llbi; 12 • 3I<paHbl. \ 

Tenna .OT, nepeMblqJ<ll B COJieHOII.Il, eCJIH nepeMblqKa naXO,llHTC.II 

B.IIOpMaJibHOM COCTO.IIHHII •. 

TOKOBbie BBO,llbl 9 npOnYfUeHbl qepe3 CKBOlHYIO Tpy6Ky 10 

n·naHHe. ~JI.II CH.IITII.II TefiJIOfipHTOKa OT TOKOBBO,llOB K COJieHOH.IlY 

Tpy6Ka 10 laJIHTa napatiJHHOM, a HH>Kll.ll.ll qaCTb BBO.IlOB 3aWyHTH" 

ponaua cnepxnpono.nnHKOM. 

BepXH~e qacTH BBO,llOB BblfiOJIHeHbl H3 Me,llHbiX Tpy60K H n.o.Il:. 

J(JIIOqeHbl K JIHHHII, OTBO.Il.IIIUeH raJoo6pa3HbiH rem_IH .Hl:BaliHbi, 

C fiOMOIUbiO pa360pHbiX repMeTIIqHbiX ynJIOTHeHHH 11, 06ecneqHnaro·. 

IUIIX O,llHOBpeMeHHO 3JieKTpHqecKyiO H3011.11UHIO BaHHbl OT TOKOBBO,llOB' 

/puc. 4/. 
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PH c. 4. repMeTequoe coe.nnHeHHe . ToKonoro nno.na H reimenoii 
Tpy6KH, 'o6ecHeqHnaromee 3JieKTpHqeCKYIO H30JIHU.HIO fiaqJ<a H TO" 
KOBbiX BBO,llOB. 

3,lleCb TpyfiKH 1 . npHnaJIHbl COOTBeTCTBeHHO K ·IIITyUepy 2, 
H. HHimeJIIO 3, KOTOpbie CTHrHBaiOTC.II HaKH,llHOH raifKoii 4. YnJIOT" 

IIHIOIUeH H 113011JIUHOHHOH JIBJI.IIeTCJI npOKJia,llKa 5 Hl tPTOponnachonoii , 

nJieHKH TOJIIUHHOH 0,3 MM.· ~JIJI npe,llOTBpameHHJI KaCaHHH raHKH 

c HHnrieneM HMeeTC.II TeKCTOJIHTOBaJI waii6a 6. ConeHOH.Il H qacTb 

nccne.nyeMbiX nepeMbiqeK uaBHTbi Hl MeTa]l]lyprHqecKoro Ka6e11.11,· 

co.nep)l(amero HHTH H3 cnnana. HT·SO~ /HHo6Hii :" SOo/o THTa~a/ 
/eM; Ta6n. 1/. 

4. KoHcmpyKL/UJf nepeMbl'leK 

lf3rOTOBJieHbi H HCfibiTaHbi TPH nepeMbiqKH /eM. Ta6JIHUY 1/: 

· 1. lb Ka6e11.11 c HHT.IIMH HT-50, H3011HponaHHoro nancaHoBbiM 

BOJIOKHOM B ,llBa CJIO.II. 

· 2 •. liJ TaKOro >Ke Ka6eJIJI, HO C y,llaJieHHOH nyTeM TpaBJieHHH 

Me,llHOH.Ma TpHUeii." II pH TpaBJieHHH JlaBCaHOBOe BOJIOKHO OCTaeTC.II 

n nonuoii coxpaHHOCTH. · Ilocne HaMoTKH Ha . Kap~ac nepeMbiqKH 

Ka6enb nponHTbiBaeTCJI KneeM li<l>- 2. · ·· · · 
3: 113 mio6HH"OJIOB.IIHHOH JleHTbi, C nonepXHOCTH KOTopoii ,llJIH 

·. yBCJIHqeHHH conpOTHBJieHH.II y,llaJieHO H36biTOqfiOe OJIOBO /cTafiH· 

JIHlHPYIOIUaJI Me.nb TaK>Ke OTCYTCTByeT/. . . 

Bee npoBO.IlHHKH HiiBHTbi 6HtPHmipHo H npHKpei:meHbl K Kapxacy · 

KJieeM li<l>-2. O.niiai<o .·3TOT KJieii ue.nocTaToquo xopowo npoHHKaeT 

n 't<a6enb nepeMblqKn N22. Ilo3TOMY ecnpo6onaHa ~ua o6pa:iuax 

nponHTKa 3fiOKCH,llHOH CMOJIOH 3~" 5 6e 3 HafiOJIHHTeJieii. lliJIHtPbl 
I 
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nonepeqHoro ceqeHHJI o6pa3UOB_ · noxa3aJIH, qTo cMoJia xopowo 
3aiTOJIHJieT npocTpaHCTBO Me*AY HHTJIMH ·caepxnpOBQAHHKa H BO" 
JIOKHaMH H30JIJIUHH. 06pa3Uhl He TpeCKaJmCh DpH pe3KOM O~YCKaHHH 
B :>KHAKHH a30T. 

TennonpoBOAHOCTh MexaHuqecKHx ·xoHTaKToB MmKAY cone-
HOHAOM H BaHHOH AOJI)I(Ha 6hlTh BhlCOKOH ·H orpaHHqHBaeTCJI pa3· 
MepaMH 60JITOBhiX COeAHHeHHH. HanpO'{HB, KOHTaKT nepeMLJqKH 
AOJI)I(eH 6hlTh Bhl6paH Tax, : qjo6hl oHa ue .Tpe6oBana. cnuwxoM 
60JihWOH MOJUHOCTH ITOAOrpeBaTeJIJI AllJI ITOMep:ll(aHHJI. ee B HOp· 
MaJihHOM, COCTOJIHHH H OXJia)I(AaJiaCh AOCTaToqHo fihiCTpO:, nocJie 
OTKJIIOqeHHJI nOAOrpeBa. PacqeT TenJionpOBOAHOCTH OCYJUeCTBJieH 
no AaHHhlM pa6oThl ./3/ /eM. puc. 5/. YcHJIHe a xoiiTaKTe. co3Aa
eTcJI· 3a cqeT pa3HHUhl B TeMiiepa TypHoii yca:nxe naTyHHhix 6onToB 
H MeAHoro xapxaca. 

,ll;JI.s: HarpeBaHHJI nepeMhlqKH BhiWe KpHTHqecKOH TeMnepaTyphl 
HMeeTc~ cnupanh H3 KOHcTaHTaHoBoii npoBonoxH. ~omuocTh Ha
rpt?BaTeJIJI He npeBbnuaeT ' 0,3 BT·, COnpOTHBJieHHe " 80 OM.· 

w·1.------T------, 

~;fl [~] 

T=4,2 °1-l 

-3 L------::~ · ·-to· · 1oa 
10 

Puc. 5. Tenii'onpoBoJiHoCTh MexaHuqecxoro KOHTaKTa ·naphl Me,IJ.h
7
· -. 

MeAh _B BaKyyMe; 1 • pe3yJILTaThl H3MepeHHH; 2 " no AaHHhlM /3 



. ~.-:. :' 5. Pe3yAb1!1a1!lbl 3Kcnep'uMeHmoe · 
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. ·, ,,;_,fiepeMLJqKH H3, Ka6eJI.II· c :Me,IJ;LIO a 6e3 Iiee oKa3aJIHCL sn(uiHe 
, pa60TOCDOC06HLIMH, B. nepeMLJqKy H3 HH06Hii·OJIOBJIHHOH' neHTLI 
TOK~3aBeCTH He: y,IJ;anoct.. KpiiTaqecKHHC·TOK nepeMLJqi(ii:·H3 Ka6en.ll. 
6e 3 Me,IJ;H OI<a3aJIC.JI npHMepHO B 2 pa3a HIDKe, qeM y Ka6eJIJI C Me,IJ;HOH 

"MaTpHUeH, HO 3HaqHTeJihHOe YBtmaqeHHe 'conpOTHBJieHHJI Ha e,IJ;HHH· 
. UY-':,IJ;JlHHhl• /noqTH' B 1000 pa3/ KOMDeHCHpyeT 3TOT'·He,IJ;O.CTaTOK 
/pac~' 1;·Ta6nuna:1/. ··. ' .,,, -

_,_·>:· Ha;.puc.- 6 noKa3aHo npoH3Be,IJ;eHHe HopMaJILHoro conpoTHBJieHB.II 
•H <l<PHTJlqec~oro ·TOKa. <llepeMbJqtca c' MatcCHMaJILHhtM--3HaqeHHeM 
· 3TOPO npOH3Be,IJ;eHH.II ,IJ;oiJ)Kaa o6J1a,IJ;Ei.TL HaBMeHLWHMB pa3MepaMH. 
• Ha f.3TOM :liCe pac •. 6 · npaBe,IJ;eHLI KPHTaqectcae TOKH nepeMLitieK. : 

:s.t.-o~_-r·· .i.\(~:>lt::: 

_, 
:.: ,- ~ . (~ R[~! 1::' -,-

1D~~ I 1 

1 o·al:se. 2-!0w 
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, 

Pac. 6. ConpoTBBJieaue nepeMLJqeK. 1 - Ka6enL HT-50, MaTpuna 
BbiTpaBJieHa~ 19 HBTeii ~ 65 MtcM; 2 - neaTa HIJ 3 'Srr TO~BHOH 
37 MKM, WHpHHa 2,5 MK, H36biTOqHoe OJIOBO C DOBepXHOCTH CH.IITO. 
3 - Ka6enL HT-50, 19 HHTeii- ~ 65 MKM B Me,IJ;aoii MaTpane 
~ 0,5 MM. · . . "' . 

BLtacaeaa B~:lKHOCTL xopowero Tennosoro KOHTatcTa csepx
npoBo,IJ;HHKa H MC,II;HOro Kaptcaca,. OC06CHHO npH HCDOJIL30BaHBH 
tca6enJI_. 6e3 Me,IJ;B, Tate teaK nynLcauuu Hanpx:lKeHHJI nonynposo,IJ;-

• ' • • ·:. p J ; ' ~ - • • • • • 

HHKOBOrO BLinp.I:MHTeJIJI npH HOpMaJJ:LHOM COCTOJIHHB nepeMhlqKH 

-10: 

BLI3hlDaiOT ee ,IJ;ODOJIHHTeJILHhlH Harpe B. B cnyqae HH3KOH TEmno
npOBO,II;HOCTH KOHTaKTa nyJILCaUHH He D03BOJIJIIOT _BepHyTb nepe· 
MLJqKy B CBepxnpOBO,II;.IIIUee _COCTO.IIHHe •. B HaWHX 3KCnepHMeHTaX 
nepeMblqKa. B03Bpamaliaci;_ B '·c:riepxnpoBO,II;.IIIUee .COCTO.IIHHe qepe3 
:1-1,5 MHH nocne BbiKJIJOqeHH.II DO,IJ;OrpeBaTeJIH, HeCMOTp.ll Ha nyJIL• 
canHH Hanp.ll:lKeHH.II- oT ceneHosoro BLtnp.IIMHTeJI.II BY12/600 •. )J;o
nycTHMo 6LicTpoe /,IJ;o 6 aMnep .-B ·ceK / H3MeHeHHe TotcaB nepe
MLiqKe /npH C03,IJ;aHHH KOpOTK03aMKHyToro pe:lKHMa pa60Thl COJie· 
HOH,IJ;a/~ - . . . . 

. 6. BbiBOObl 

.1. C_03,IJ;aHa _KOHCTPYKUHH H HCCJie,IJ;OBaHa· pa6oTa CBepxnpOBO· 
,II;HIUHX nepeMLJqeK, HaXO,IJ;HIUHXCH B BaKyyMe II npHKpenJieHHhlX 
K reJIHeBOH BaHHe. . 

· 2. HaHnyqwHMH xapatcTepHCTHKaMB,H3 qHcJiaHcnhlTaHHhlX,06na
,IJ;aeT nepeMhlqKa, H3rOTOBJieHHaH 113 tca6en.11 c HHT.IIMH. cnnasa 
HT-50, B xoTopoM Me,IJ;H~JI ~aTpHna 3aMeiUeHa·HeMeTaJIJIHqecKHM 
HanOJIHHTeJieM. 
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