
YJlK 669.14.018.41; 536.2.08

TerrnOrrpOBO~HOCTb,TennOeMKOCTb

113neKTpOCOrrpOTl1BneHl1e aYCTeHllTHbIX CTanett

B ~llarra30He TeMrrepaTyp 4,2 ...293 K
j{-p meXH.HaYK B.A.CAMOJIETOB, KaHa.mexH.HayK O.A.C1>E,UOPOBA

Cll6FYHullT

Research results of thermophisical properties and electrical resistance
experimental austenitic Cr-Ni-Mn-Mo-N steels in a large alloying range in the
internal of temperatures 293 - 4,2 K are presented. The choice of
compositions was made by the method of main alloying elements variation
covered almost all spectrum of austenitic steels using in cryogenics. Testing
were carried out on the plant developed in Saint-Petersburg University of
refrigerating and food technologies. The experimental curves were built for
23 alloys. The character of these correlations between 293... 77 K, 77...20
K and 20 ... 2,4 K were found out. There is a connection between
characteristics and chemical composition of steels. Due to the experimental
results, equations of the regression for specific electrical resistance
depending on the concentration of alloying elements were deduced.

YCJIOBHHpa60TbI H3,ll,eJIHHKpHoreHHoH TeXHHKH B ,ll,Ha-

na30He TeMneparyp 293 .. .4,2 K TPe6YlOT C03,ll,aHHHCTa-

JIeH, 06JIa,ll,alOll.{HX KOMnJIeKCOM BbICOKHX epH3HqeCKHX H

MeXaHHqeCKHXCBOHCTB.CTaJIH, npH3HaHHble HaH60JIee nep-

cneKTHBHbIMH ,ll,JIH pa60TbI npH KpHoreHHblx TeMnepaTy-

pax, I1MeIOTaycTeHHTHylO CTPYKTYPYHa XpoMOHHKeJIeBOH

OCHOBe.IJ,eJIblOpa60TbI 6bIJIO C03,ll,aHHe6aHKa ,ll,aHHbIXno

TenJIoepH3HqeCKHM xapaKTepHcTHKaM aycTeHHTHbIX CTa-

JIeH, BbIHBJIeHHe3aKoHoMepHocTeH 3aBHCHMOCTHTenJIOeM-

KOCTHc
p

' TenJIOnpOBO,ll,HOCTHA H 3JIeKTpOCOnpOTHBJIeHHH

OTTeMneparypbI, n03BOJIHIOll.{I1XnporH03HpOBaTb CBOHCTBa

HOBbIX CTaJIeH.

B ,ll,aHHOHpa60Te npHBe,ll,eHbI pe3YJIbTaTbI HCCJIe,ll,OBaHHH

TenJIoepl1311qeCKHXCBOHCTB(c ,A) 113JIeKTPoconpOTHBJIeHHH
p

3KCnepl1MeHTaJIbHbIXaycTeHHTHbIX Cr - Ni - Mn - Mo - N
CTaJIeH B llIHpOKOM ,ll,Hana30He JIerHpOBaHHH B HHTepBaJIe

3KCTIJIyaTaQHOHHbIXTeMnepaTyp 4,2 ... 293 K. BbI60p co-

CTaBOB6bIJI npOBe,ll,eH MeTO,ll,OMnJIaHHpOBaHHH 3KcnepH-

MeHTa, npe,ll,eJIbl Bapbl1pOBaHHH OCHOBHblX JIerl1pYlOllII1X

3JIeMeHTOBOXBaTblBaJII1npaKTHqeCKI1 BeCb cneKTp aycTe-

HI1THbIX CTaneH, I1CnOJIb3yeMblx B Kpl10reHHOH TeXHI1Ke:

17 - 23 % Cr, 10 - 20 % Ni, 0 - 10 % Mn, 0 - 2,5 % Mo

(CM. Ta6JII1Qy).

MeTO,lJ, H yCTaHoBKa ,lJ,JUIonpe,lJ,eJleHHH TenJlOBhlX

CBOHCTB 3J1eKTpOnpOBO,lJ,HhlX MaTepHaJlOB B

umpoKoM HHTepBaJle TeMnepaTyp

~JIH npOBe,ll,eHHH 113MepeHI1H TenJIOnpOBO,ll,HOCTI1 11

y,ll,enbHOro 3JIeKTpOConpOTHBJIeHHH 6wJI I1CnOJIb30BaH

MeTO,ll" oCHoBaHHbIH Ha nponycKaHHH 3JIeKTpl1LleCKOro

TOKa qepe3 06pa3eQ npl1 MOHOTOHHOM H3MeHeHHH TeM-

nepaTypbI cpe.n;bI (A.c. 913199), npoToTHnoM KOToporo

HBJIReTCHMeTO,ll,KOJIbpayllla (1899 r.). CYTb MeTO,ll,a3aK-

JIlOqaeTCH B CJIe.n;yIOIQeM. Qepe3 3JIeKTpOnpOBO,ll,HbIH 06-

pa3eQ B BI1.n;eCTep)l(HH nponycKalOT 3JIeKTpHqeCKHH TOK.

Ilpl1 a,ll,Ha6aTl13aQI1I160KOBOH nOBepXHOCTI1 TenJIOBOH no-

TOK YXO.n;HTTOJIbKO tIepe3 TOPQbI CTep)l(HH 11 B,ll,OJIb 06-
pa3Qa YCTaHaBJII1BaeTCH napa60JII1qeCKOe TeMnepaTyp-

Hoe nOJIe. 113MepHlOT TeMnepaTypy B Tpex TOtIKaX 06-

pa3Qa, na.n;eHHeHanpH)I(eHHH Ha 06pa3Qe H CHJIy TOKatIepe3

Hero. 110 3THM .n;aHHbIM paCCtIHTbIBalOT TenJIOnpOBO,n;-

HOCTb H y,ll,eJIbHOe3JIeKTpOConpOTHBJIeHHe 06pa3Qa. reM-

nepaTypy Cpe,ll,bI 11TOPQOB 06pa3Qa H3MeHHlOT BO Bpe-

MeHH no JIHHeHHoMy 3aKoHy.

<l>YHKQHOHaJIbHaHcxeMa yCTaHoBKH .n;JIH npOBe.n;eHHHH3-

MepeHHH npH HH3KHXTeMneparypax (80 .. .400 K) nOKa3aHa

Ha pHC. 1. YCTaHoBKa BKJIlOtIaeT TenJIOH3Mepl1TeJIbHYlO

HtIeHKy, 6JIOKHnHTaHHH 06pa3Qa H oxpaHHblx HarpeBaTeJIeH

H 113MepHTeJIbHO-BbltIHCJIHTeJIbHbIHKOMnJIeKC(I1BK).

3JIeKTPI1tIeCKI1e 113MepeHHHnpOBO,ll,HJII1CnOMOll.{blO Ql1ep-

pOBoro BOJIbTMeTpaIJJ.68002, 06JIa,ll,alOll.{erO tIYBcTBI1TeJIb-

HOCTblO 1 MKB Ha npe.n;eJIe H3MepeHI1H 100 MB. ~aTtII1KH

3JIeKTpHtIeCKHX CHrHaJIOB no.n;KJIlOqalOTCHK BbIXO,ll,yBOJIbT-

MeTpa C nOMOll.{blO 3JIeKTpOHHOro KOMMyTaTopa. B Kaqe-

CTBe KOMMyTHpylOll.{I1X 3JIeMeHTOB BbI6paHbI ra30HanOJI-

HeHHble repMeTHqHble peJIe PIlC-20. ~JIH HX nepeKJIlOqe-

HHH He06xo,ll,HMbI HMnyJIbC TOKa 3Heprl1eH 0,0 1 ~)I( H ,ll,JIH-

TeJIbHOCTblO 6 MC. Bo BpeMH 113MepeHI1HpeJIe 06eCTOtIe-

HbI, qTO n03BOJIHeT CHH3HTb BJIHHHHe napa3HTHbIX TepMO-

3~C B KOHTaKTax. Bce peJIe BMeCTe C 6JIOKOM XOJlO,ll,HbIX



N2 Co.uep)f(aHl1e 3J1eMeHTOB, Mac. %

CTaJJl1
C Cr Ni Mn N Mo V Cu Si S P

1 0,03 16,3 10,1 10,0 0,17 2,7 0,15 1,4 0,50 0,005 0,007

2 0,03 21,7 19,5 5,0 0,28 2,7 0,10 1,2 0,43 0,005 0,008

3 0,03 20,9 14,9 4,9 0,33 - 0,12 0,7 0,46 0,004 0,012

4 0,04 22,1 15,0 4,8 0,18 2,6 0,11 0,7 0,45 0,004 0,013

5 0,04 16,3 12,1 0,1 0,17 2,7 0,13 1,4 0,33 0,005 0,011

6 0,03 16,8 10,1 10,4 0,33 2,7 0,14 1,3 0,34 0,005 0,011

7 0,04 21,7 19,1 4,8 0,18 2,6 0,12 1,2 0,51 0,005 0,012

8 0,04 16,7 15,4 10,1 0,19 - 0,11 0,8 0,17 0,005 0,007

9 0,04 17,0 10,2 5,3 0,28 - 0,12 0,9 0,13 0,004 0,008

10 0,04 17,0 15,4 0,1 0,26 2,4 0,10 1,1 0,10 0,004 0,010

11 0,03 17,5 10,1 5,1 0,21 - 0.11 1,2 0,10 0,005 0,011

12 0,03 16,9 10,4 10,1 0,15 2,3 0,12 0,8 0,10 0,005 0,009

13 0,04 17,1 15,4 0,1 0,19 - 0.09 0,9 0,11 0,004 0,012

14 0,04 17,1 10,3 4,8 0,31 2,5 0,10 0,7 0,14 0,004 0,013

15 0,04 17,1 15,1 0,1 0,25 - 0,22 1,1 0,10 0,005 0,008

16 0,04 17,6 15,6 5,0 0,23 2,5 0,11 1,2 0,12 0,004 0,007

17 0,03 15,8 14,3 9,1 0,27 - 0,10 1,0 0,11 0,005 0,010

18 0,04 15,9 9,4 8,9 0,30 - 0,11 0,9 0,13 0,005 0,012

19 0,04 17,3 10,1 9,9 0,19 2,5 0,11 1,1 0,10 0,004 0,009

20 0,04 16,8 15,2 10,3 0,17 2,5 0,10 0,8 0,10 0,005 0,011

21 0,04 16,8 15,3 10,4 0,31 2,5 0,11 0,7 0,09 0,005 0,009

22 0,03 17,3 10,4 10,0 0,19 - 0,10 1,3 0,10 0,004 0,012

23 0,03 23,1 16,5 5,1 0,38 1,8 0,16 1,1 0,18 0,004 0,013

cnaeB pa3MeIUeHhI B MaCCHBHOMMeTaJIJIH'-leCKOM6JIOKe,

KOTOphIH npe,L(Ha3HaLfeH,L(JIJInaccHBHoro TepMOCTaTHpo-

BaHHJI KOMMyTaTopa. I1cKa)J(eHHe CHrHaJIa, KOTopoe BHO-

CI1TKOMMyTaTop, He npeBhIlliaeT 0,5 MKB.

TenJI0l13Mepl1TeJIbHaJi J1LfeHKan03BOJIJleT npOBO,L(HThH3-

MepeHHJI KaK B pe)J(I1Me OXJIa)J(,L(eHHJI,TaK H HarpeBa. Ox-

JIa)J(,L(eHl1eee ,L(OHH3KHX TeMnepaTyp oCYIUeCTBJIJleTCJI

nyTeM HenOCpe,L(CTBeHHoro norpY)J(eHHJI B cocy,L( ):(blOapa

nma C):(Il-25. Pa3MephI H Macca ,L(eTaJIeHBbI6paHhI Ta-

KHM 06pa30M, 1-!T06bInpH norpy)J(eHHH J1LfeHKHB )J(H,L(KHH

a30T 06ecneLfHBaJIaCh CKOpOCTb H3MeHeHHJI TeMnepary-

phI J1LfeHKHHe 60JIee 0,05 K/c.

I1cnhITbIBaeMbIH 06pa3eu, HMelOIUHH epOPMYUHJIHH,L(pa

,L(JIHHOH100 MM H ,L(HaMeTpoM 5 MM, 3a)J(HMaeTCJIB uaHro-

BhIX 3a)J(HMax. TeMneparypa H3MepJlJIaCh XpOMeJIh-KOne-

JIeBhIMH TepMonapaMH, HMelOII.J:HMHcaMylO 60JIhWylO LfyB-

CTBHTeJIbHOCThB ,L(Hana30He TeMneparyp 80 ...400 K. Tep-

MonaphI KOHTaKTHpylOT C 06pa3uoM B ue~ITpe H Ha pac-

CTOJlHHH30 MM no 06e CTOpOHhI OT ueHTpa. O,L(HaTepMO-

napa yCTaHOBJIeHa B ueHTpe oxpaHHoH 060JIOLfKH. ):(JIJIHC-
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PUC. 1. C/>yHK~UOHallbHaJiCXeMa ycmaHo6KU OIlJl
np06eOeHUJI U3MepeHUU npu HU3KUX meMnepamypax

cne,nOBamUI TeMoepaTypHbIX oondi B CHCTeMe ,nOOOnHH-

TenbHO 6bInH pa3MeIQeHbI TepMOOapbI Ha KpaHX 060nOqKH

H B u;aHrOBbIX 3a)f(HMaX.

nOrpellIHOCTb H3MepeHHH TeonoopoBo,nHOCTH 4 %, a

y,nenbHoro :meKTpOCOOpOTHBneHHR 1,1 %.

06CYJK,lJ.eHHe pe3YJIhTaTOB

3aBHcHMoCTb TennonpoBo,nHOCTH H TeOJIOeMKOCTHOObIT-

HbIX CTafleH OT TeMoepaTypbI opHBe,neHa Ha pHc.2, a, 6.
B HHTepBane TeMoepaTyp 293 ... 77 K Ha6mo,naeTcR onaB-

Hoe, paBHOMepHoe CHH)f(eHHe A H C OpH OOHH)f(eHHH TeM-
p

nepaTypbI. HH)f(e 77 K oa,neHHe C CTaHOBHTCR60nee BbI-
p

pa)f(eHHbIM .

.D:nR CTaneH Bcex 23 OObITHbIX COCTaBOB pa3nHqHR B

3KcoepHMeHTanbHbIx 3HaQeHHRX TeonoeMKOCTH He npe-

BbIlllanH norpellIHOCTH H3MepeHHH H yKna,nblBanHCb Ha

O,nHy KPHBYlO (CM. pHC. 2, a). 3HalfeHHe TeonoeMKOCTH

npH KOMHaTHoH TeMoepaType COCTaBnRno 477 .D:)f(/(Kr·K),

C nOHH)f(eHHeM TeMoepaTypbI ,no 4,2 K OHOYMeHbllIHnocb

,no 1,2 .D:)f(/(Kr· K).
3HaQeHHR TennoopoBo,nHOCTH cTaneH 3KcnepHMeHTanb-

HbIX COCTaBOBnpH TeMnepaType OT 293 ,no 77 K yKna,nbI-

BalOTCR B nonocy lllHpHHOH 10 - 5 % OT cpe,nHero 3Halfe-

HHR H YMeHblllalOTCR He3HalfHTenbHO [OT 14,9 ... 13,5 ,no

7,77 ... 7,53 BT/(M·K)]. Donee pe3Koe na,neHHe Tennonpo-
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Puc.2. 3a6ucuMocmu menllOeMKOCmu (a),
menllonpo6ooHocmu (6) U yoellbHOi!O 3I1eKmpU'IeCKOi!O

conpomU611eHUJI(6) om meMnepamypbl ucclleoyeMbIX cmaJleu
(l - 23 - HOMepa cocma606 no ma6Jlu~e)

BO,nHOCTH[,no 3HaQeHHH 0,55 ... 0,35 BT/(M·K)] npOHcxo,nHT

B HHTepBane TeMoepaTyp 77 .. .4,2 K.

B HHTepBane TeMoepaTyp 293 ... 77 K y,nenbHoe 3neKT-

pHlfeCKoe COopOTHBneHHe paBHoMepHo YMeHbllIaeTCR OT

90 ,no 70.10-8 OM'M ,nnR COCTaBOB C cyMMapHbIM co,nep-

)f(aHHeM nerHpylOIQHX 3neMeHTOB 42 - 47 % H OT 75 ,no

50.10-8 OM'M ,nnR MeHee nerHpOBaHHblx COCTaBOB (32 -

34 %). 3aBHCHMOCTby.uenbHoro 3neKTPHQeCKoro COOpOTHB-

neHHR OTXHMHQeCKoro COCTaaa B03paCTaeT C nOHH)f(eHHeM

TeMoeparypbI. OTKnOHeHHR OT cpe,nHero 3HaQeHHR MaKCH-

MaflbHbIX H MHHHMaflbHblX 3HaQeHHH P (pHC. 2, 6) COCTaB-

nReT npH KOMHaTHOH TeMneparype 10 %, a npH TeMnepa-

Type 77 K - 20 %. npH ,nanbHeHllIeM OOHH)f(eHHH TeMne-

parypbI HHTeHCHBHOCTbCHH)f(eHHR y,nenbHoro 3neKTpHQeC-

KOro COopoTHBneHHR oa,naeT.

.D:nR BbIRBneHHR 3aKoHoMepHocTeH 3aBHCHMOCTH P OT

XHMHQeCKOrO COCTaBa 6bInH opoBe,neHbI 60nee TOHKHe

Hccne,nOBaHHR C oorpelllHocTblO H3MepeHHH MeHee 0,6 %.
ITo pe3ynbTaTaM YTOlfHeHHbIX H3MepeHHH oony4eHo ypaB-

HeHHe perpeCCHH, xapaKTepH3ylOmee 3aBHCHMOCTb P OT



- 3,4Ni·N + 2,5 Mo (OM'M);

P20K .10-8 = 38 + 0,1 Cr·Ni + 0,1 Ni·Mn-

- 3 Ni·N + 11 Cr·Mo (OM'M);

P4K .10-8 = 38 + 0,1 Cr·Ni - 2,9 Ni·N +
+ 0,11 Cr·Mo (OM·M).

113 ypaBHeHHH BH,ll,HO,qTO 3aBHCHMOCTHy,ll,eJIbHOrO3JIeK-

TpHqeCKOrO corrpOTHBJIeHlUl OT XHMHqeCKoro COCTaBarrpH

TeMrrepaTypax 20 H 4,2 K rrOqTH H,ll,eHTHqHbI H MaJIO OTJIH-

qaIOTC5I OT ypaBHeHH5I ,ll,JI5I77 K. O,ll,HaKO aHaJIH3 ypaBHe-

HHH rrOKa3aJI, qTO rrpH TeMrrepaType 77 K 72 % ,ll,OJIH06'b5Ic-

HeHHoH BapHaU:HI1rrpHXO,ll,HTC5IHa BTopoe CJIaraeMOe Cr·Ni

H nHllIb 18 % - Ha TpeTbe Ni·Mn. IIpH rrOHH)KeHHH TeMrre-

paTypbI ,ll,0 20 K BJIH5IHHe HHKen5I BO B3aHMO,ll,eHCTBHH C

MapraHu:eM YBeJIHqHBaeTC5I (qTO XOpOllIO KOppeJmpyeT C

H3MeHeHHeM TeMrrepaTypHblx 3aBHCHMOCTeH p) H BHOCH-

Ma5I3THMH 3neMeHTaMH ,ll,0JI5106'b5lCHeHHOH BapHaU:HH B03-

pacTaeT ,ll,0 76 %. YBeJIHQeHHe cO,ll,ep)KaHH5I a30Ta B CTa-

n5IX pe3Ko rrOBbIIIlaeT 3HaqeHH5I p, oc06eHHo rrpH BbICOKHX

KOHu:eHTpaU:H51XHHKeJI5l.

IIpH rrOBbIllIeHMM TeMrrepaTypbI HCrrbITaHHH B03paCTaeT

ponb xpOMa B <pOpMHpoBaHMH3JIeKTPJ1qeCKMXCBOHCTB.IIpH

TeMrreparype 77 K H3MeHeHH5I ero cO,ll,ep)KaHH5IB ,ll,Harra30-

He nempOBaHH5I 16 - 22 % )'BeJIJ1qMBaIOTp Ha 18.10-8 OM' M

rrpH MHHHMaJIbHOM CO,ll,ep)KaHHHNi H Mn H Ha 24.10-8 OM'M

rrpH MaKCHMaJIbHOM.

TaKHM 06pa30M, rrpH KOMHaTHoH TeMrrepaType H3MeHe-

HHe y,ll,enbHoro 3JIeKTPJ1qeCKOrOcorrpoTMBneHH5I orrpe,ll,eJI5l-

eTC5IB OCHOBHOMBJIH5lHMeMHHKeJI51H xpoMa KaK BO B3aH-

MO,ll,eHCTBHH,ll,pyr C ,ll,pyrOM, TaK H B OT,ll,enbHOCTH. IIpH

rrOHJ1)KeHHHTeMrrepaTypbI B03pacTaeT POJIbMapraHu:a, H rrpH

KpHoreHHblx TeMrrepaTypax <paKTopOM, orrpe,ll,en5IIOIu:HM

3JIeKTPJ1qeCKMeCBoHcTBa, CTaHOBHTC5IcO,ll,ep)KaHMeHHKeJI51

H MapraHu:a. HaH60JIbIIlMX 3HaqeHMH y,ll,eJIbHOrO 3JIeKTPH-

qeCKoro corrpOTHBJIeHH5I MO)KHO,ll,OCTHqbrrpH MaKCHMaJIb-

HbIX KOHu:eHTpaU:H51XxpoMa H HHKeJI51rrpM KOMHaTHoH TeM-

rreparype H TeMrreparype KHrreHH5I )KH,ll,KOrOa30Ta.

IIpHBe,ll,eHHbIH 6aHK ,ll,aHHbIX rr03BOJI5IeT ,ll,aTb Ou:eHKy

K03<P<PHU:HeHTaTeITJIorrpoBO,ll,HOCTHH TerrJIOeMKOCTHnI060H

HeaTTecToBaHHoH BbICOKOJIerHpOBaHHoH aycTeHHTHoH CTa-

JIH. IIpH HaJIJ1qMM3KcrrepMMeHTaJIbHbIX ,ll,aHHbIXTaKoH CTanM

XOT5I6bI rrpH O,ll,HOHM3 TeMrrepaTyp B03MO)KHO 60nee TOq-

Hoe rrporH03HpOBaHHe xapaKTepMCTMK M rrOCTpoeHHe HX

TeMrrepaTypHbIX 3aBMCMMOCTeH BO BceM ,ll,Harra30He

293 .. .4,2 K 6e3 ,ll,OrrOJIHMTeJIbHbIX,ll,OpOrOCT05IIu:HXH TPY-

,ll,OeMKMX3KcrrepHMeHToB.


