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Arna.rrLHOCTb TCMbl. Co BpeMeHU OTKpbITJf.ll )KJf.lll(Oro reJIJfll BO BCeM Mupe 
Be.ll}'TCll aICTHBHLie BCeCT0pOHHUe uccne.n;OB8HJfll ero HOpMaJibHOH (He I) H 
CBepxTeKyqeii (He II) cJ>a3bl. O.n;Ha H3 He3aKpbIThIX npo6JieM q>eHOMeHOJIOrJfJf reJIJfll -
.llHHaMHKa TeOJIOBbIX npouecCOB Ha noBepXHOCTII TBep.n:oro TeJia, HaxOJUimerocH B 
o6oeMe He II JfJIH He I. CJIO)KHOCTL 3Toii npo6neMi.1 - peJyJILTaT q>a30BhIX 
nepexo.n;oB (He II ➔ He I, He I ➔ nap He) B Henocpe,n:CTBeHHOH 6nmoCTI1 K 
noBepxuoCTR TeOJionepe.n;a11u. qTo KacaeTCH npuKJia.zuioro acneKTa, TO H 
HOpMaJibHbIH reJIHH, H CBepxTeKyqHH C'IHTIUOTCH TeXHJf'leCKHMH KpH0areHTaMH1, .llJlll 
KOTOpbIX HMeeTCH .llOCTaTO'IHbIH o6'heM HCXO.llHOH HHq>OpMauJfJf u npaICTll'leCKHX 
peKOMeH.n;auuii. O.llHaKO MHome npoeJCThl HOBbIX }'CKOpHTeneii TPe6}'IOT He TOJibKO 
MHOfO'IHCJieHHbJX }'TO'IHeHHH H .n:onoJIHeHHH 3TJfX .llaHHbIX, HO H, fJiaBHOe, 
.llOCTH)KeHHH npe,n:eJILHOH 3q>q>eJCTUBHOCTJf KpUOCTaTllpOBaHHH, 'ITO HeB03MO)Kff0 6e3 
HOBLIX uccne,n:oBaHHii HeCTauuoHapHoii reOJionepe.n;a11u K renmo. 

UenL pa6oTLI cocTOHT B HJyqeHuu o6mux JaKOHOMepHocreii H onpe.n;eneHJfJf 
KOJIJf'leCTBeHHbIX xapaKrepHCTIIK HeCTauHOHapHblX TeOJIOBbIX npoueccoB Ha rpaHHIIe 
<<TBep.n:oe Teno - )Kff.llKHii renuii» B TaKoii reOMCTPHH, KOTopaH THilll'IHa .llJlll 
3JieMeHTOB KpHOreHHbIX CHCTeM CBepxnpoBO.ll.lllll;HX ycKopureneii, a T3K)Ke B 
a.n;eKBarnoM cpaBHeHHH 3q>q>eKTHBHOCTR TeIUIOOTBO.lla K , HOpMa.rrLHOM}' H 
cBepxTeKyqeMy renmo, .llJlll 11ero Heo6xo.n;uMo npoBeCTII 3KCnepuMeHThl no 
HecrauuoHapHOMY Harpeay, HeCTauuoHapHOMY oxn8)1(.lleHmo u HMnyJILcHo
nepuo.n;u11ecKoii TeOJionepe.n;a11e K He I H He II Ha O.llHOM H TOM )Ke o6pa3ue. 

HaVtJHaH HOBH3Ha. B IIIHpOKOM .l(HanaJOHe pe)KHMHbIX napaMCTPOB noJl}"leHbI 
HOBbie .n;aHHbie no .llHHaMHKe TeOJIOBbIX npoueccoB Ha noBepXHOCTJf TBep.n;oro rena 
npH Hecma11u0Hap110M Hazpeee OOUHO'Jllbl.M U.MnyJlbCOM. ITpu TeOJIOBbIX HarpyJKax, 
6JIH3KHX K CTaUUOHapHOH KpHTJf'leCKOH qcr, BnepBLie o6Hapy)KeHa HeyCTOH'IHBOCTb 
pe)KUMa TeOJI0nepe.n;a11u, K0T0paH np0HBJIHeTCH B B03HUKH0BeHHH TeMnepaT}'PHbJX 
nHK0B c aMilJIUT}'.llOH .llO HeCK0JibKUX KeJibBUH. YCTaHOBJieHa 3aBHCUMOCTb 
xapaKrepHCTIIK 3TUX nHK0B OT napaMCTP0B TeOJIOBOH HarpyJKU. IToKaJaHO, 'ITO B 
CBepxTeKyqeM renuu npu q cqcr B03MO)Kffbl ClCIIJfJIJIHIIUU TeMnepaT}'Phl noBepXH0CTII 
TeilJI0OT.lla'lU. 

B nmp0K0M .l(HailaJ0He pe)KHMHbIX napaMCTP0B n0Jl}"leHhl H0BLie .llaHHLie no 
.llHHaMHKe TeOJI0BbIX np0IIeCC0B Ha noBepXHOCTII TBep.n;oro rena npu 
Hecma11uoHapHOM OXJIQJ/COeuuu no OKOH'laHUU .n;eiiCTBHH 0.l(HHO'lHOro HMil}'JlhCa . 
O6Hapy)KeHO, 'ITO B 3aBHCHMOCTII OT C0'leTaHUH pe)KHMHbIX napaMCTPOB 
npo,n:OJI)KHTeJILHOCTh OXJia)K.lleHUH MO)KeT 6bITh 60JILIIIe nu6o B HOpMaJibHOM, JIH6o B 

1 HanpuMep, B ycKopHTene CITHH (OH.fil1, PoccHH) npuMeHHeTCH norpy)KHOH 
BapuaHT KpUOCTaTHpOBaHUH CBepxnpoBO.ll.lllll;HX MarHHTOB B He I, a B ycKopurene 
TESLA (DESY, repManu.11) - norpy)Kffott · BapuaHT KpUOCTaTHpOBaHUH cBepx
npoBo.ll.llmnx peJoHaTopoB B He II. 
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CBepxTeK)"leM reJIHH. YcraHOBJieHO, 'ITO BeJUI'lHHa BpeMeHH penaKcan:nu MO)KeT Ha 
o,n:nH-,n:Ba nopH,n:Ka npeBI,1man 3Ha'leHne, nonyqeHHOe paC'leTOM no craH,n:aPTffOMy 
MeTO)if. 

• BnepBI,Ie nonyqem,1 ,n:aHHbie no .n:nHaMnKe TennoBbIX npou:eccoB Ha 
noBepXHOCTII TBep.n:oro Tena npu UMnyJ1bCHo-nepuoiJu'lecKOM na2pe6e. IloKa3aHo, 
'ITO cyin:eCTByeT TaKOe CO'leTaJJHe napaMeTpOB qaCTOTa - CKBa)KHOCTL - aMnnmy.n:a, 
npu KOTOpOM Bhl,n:emnoma,i:c.11 B e,n:HHHn:y BpeMeHH :mepru.11 OTBOJ.(HTC.11 npn 
MHHHManbHOM neperpeBe TeITnOOTJ.(aJOIUeii noBepXHOCTII. 

IlpaKTH'leCKaJI ueHHOCTL. ,[(n.11 aHanH3a noKanbHOH cra6unbHOCTII 
CBepxnpoBOJ.(HHKa MOryT 6bITL Henocpe,n:CTBeHHO ucnonb30BaHbl pe3ynbTaTLI 
H3MepeHnii T(t)Q. ,l(aHHbie no J.(HHaMH'leCKHM xapaKTepnCTIIKaM HeCTaUHOHapHoii 
Tennonepe,n:aqn H HX 3aBHCHMOCTII OT pe)KHMHbIX napaMeTpOB MOryT 6bITL 
ncnonb30BaHbI npu MO,n:ennpOBaHHH KpHOreHHbIX CHCTeM CBepxnpOBO,n:HIUHX 
ycKopHTeJieii B n:enoM. 

ABTop BbIHOCHT Ha 3aIIlmy: 
1. MeTO.D:HKY TO'IHOH o6pa60TKH 3KCnepnMeHTanbHbIX J.(aHHbIX no Hecrau:noHapHoii 

Tennonepe,n:aqe; 
2. HOBbie 3KcnepnMeHTanbHbie pe3ynbTaTLI no Hecran:noHapHOMY HarpeBy B He I H 

He II OJ.(HHO'lHbIM HMnynbCOM; 
- HHTepnpeTan:mo o6Hapy)KeHHbIX nnK0B u ocu:nnn.110:nii neperpeBa, aHanH3 

ycnOBHH HX B03HHKHOBeHH.II, 3aBHCHMOCTL xapaKTepHCTHK nHKOB OT 
,n:nHTenbHOCTH nepe.n:Hero q>pOHTa H aMITnlfl)'J.(bI TennoBOH HarpY3KH; 

3. HOBbie 3KcnepuMeHTanbHbie pe3ynbTaTbI no Hecran:noHapHOMY oxna)KJ.(eHHIO B 
He I u He II no OKOH'laHun .n:eiiCTBn.11 o,n:uHO'lHOro uMnynhca; 
- 3aBHCHMOCTb BpeMeHH nonHoro oxna)K,l.(eHH.11 OT aMITnlfl)'J.(bI H ,n:nHTenbHOCTII 

rpe10mero nMnynbca u 3KcnepnMeHTanbHbIX napaMeTpOB; 
4. HOBbie 3KcnepnMeHTanbHbie pe3ynbTaTL1 no Hecran:noHapHoii rennonepe,n:aqe ~ 

He I u He II npu HMnynhcHo-nepno,n:nqecKoM HarpeBe; 
- 3aBHCHMOCTL KpHTH'leCKHX MOIUHOCTH ·" TeMneparypbI ( cpe,n:HHX 3a nepno.n:) OT 

,n:nHTenbHOCTH H CKBa)KHOCTH HMnynbC0B MOIUHOCTII. 

Anpo6aun.11 pa6oTLI. OCHOBHbie pe3ynbTaTLI .n:nccepTaU:HOHHOH pa60TLI. 
,n:oKJia,n:bIBanucb u o6cy)KJ.(anncb Ha ceMnHapax JICB3 (OHMY, OHMO) O11fil1, 
CoBemaHnn no KpnoreHHOii cuCTeMe YHK (IlpOTBHHO, 1986), XIII 
Me)KJ.(yHapo,n:HOH KOHq>epeHU:HH no ycKOpHTen.lIM 'laCTHn: BbICOKHX 3Hepru~ 
(HoBocu6npcK, 1986), IV BcecoI03HOii HayqHo-npaKTHqecKoii KOHq>epeHn:nn no 
KpnoreHHOii TexHHKe «KpuoreHHKa-87» (MocKBa, 1987), 14 Me)KJ.(yffapo.D:Hoii 
KOHq>epeHU:HH CTpaH-'lneHOB C3B no q>H3HKe H TeXHHKe HH3KHX TeMneparyp 
«<I>HT-87» (Ey.n:aneIIIT, 1987), 12, 14 u 16 Me)KJ.(yHapo,n:HbIX KOHq>epeHU:HHX no 
KpHOreHHOH TeXHHKe (CayrreMnTOH, 1988; KneB, 1992; KHTaKIOCIO, 1996), 3 n 4 

2 To ecn B npe.n:nono)KeHnn o Man0CTH 3Hepmu, 3anaceHH0ii B norpaHH'IH0M cnoe 
renHH, B cpaBHeHuu c 3Hepmeii, 3anaceHHoii B TBep,n:oM Tene. 
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CoBeTCK0-3ana,n:HorepMaHCKOM CHMn03HyMax no Tennoo6Metty B KpHOreHHbIX 
cuCTeMax (XapbKOB, 1989; Kapncpy3,. 1991 ), Hau:uoHanbHbIX KOHq>epeHn:HHX CIIIA 
no KpnoreHHoii rexHnKe (Jloc-AH.n:)Kenec, 1989; XaHTcBnnn, 1991), EBponeiicKoii 
KOHq>epeHU:HH no TeXHHKe HH3KHX TeMneparyp H KpHOreHHKe (CayrreMnTOH, 1990), 
CoBemattnn no KOCMH'lecKoii KpnoreHnKe (MIOHxeH, 1992), Me)KJ.(yffapo.D:Hoii 
KOHq>epeHn:nn «KpuoreHnKa-96» (Ilpara, 1996). 

Ily6nnKaUHH. OCHOBHbie pe3yJibTaTbl .n:nccepTaU:HH ony6nHKOBaHbl B IO 
neqa,:iibIX pa6oTax, npnBe,n:eHHbIX B cnHCKe nnTeparypbI. 

CmyKIYJ)a H o6'beM nwccepTaUHH. ,l(uccepTau:H.11 COCTOHT H3 BBe,n:eHHH, IlHTH 
rnaB, 3aKJIIO'leHH.II, H npHnO)KeHHH. Konn'leCTBO CTpaHHU: 128, pHCYffKOB - 69, 
Ta6nnn: - 4. CnucoK nurepaTYJ>bI HacqnnrnaeT 112 HaHMeHOBattnii. 

CO,l(EP)KAHME P AEOThI 

B nep60U 2ll06e np0BOJ.(HTC.11 aHanH3 nnTeparypbI no HeCTaUHOHapHoii 
rennonepe,n:aqe K )KHJ.(KOMY i:ennIO. O63op orpaHH'leH cnyqaeM Heno,n:BH)KHOro 
o6'heMa HaCbIIUeHHoro renu.11 co cpe,nHeMaccoBoii TeMneparypoii H3 .n:nana3oHa 
1,5::;; Tb::;; 5,2 K. OCHOBHOH BbIBOJ.( COCTOHT B TOM, 'ITO npo6neMa Hecrau:noHapHoii 
Tennonepe,n:aqu K He I u He II ocHoBaTenbHO npopa6oTaHa Bcero B o,n:HoM nyHKTe -
xapaKTepHCTHKH KpH3HCa npu Hecran:woHapHOM HarpeBe. OcTanbHbie CTOpOHbI 
npo6neMbI 03yqeHbI ey,na cna6ee no cne.n:YIOIUHM npn'IHHaM: Bcne,n:CTBne 
HeCOBepmeHHbIX MeTOJ.(HK 3KCnepnMeHTa H He,l.(OCTaT0'lHO TO'IHOH o6pa60TKH 
pe3ynbTaT0B H3MepeHHH, B 3Ha'lHTenbHOH CBOeii qaCTH ,n:aHHbie nu6o 0TnH'laJOTC.11 
HeBbICOKOH TO'IHOCTbIO, nu6o Manonpuro,llHbl .n:n.11 KaKoro-nn6o aHanH3a, nn6o 
npocro He,l.(OCTOBepHbI; HH 0,l.(HH H3 H3BeCTHbIX 3KCnepnMeHTOB" no HMnynbCHOH 
Tennonepe,n:aqe K HOpManbH0MY u cBepXTeK)"leMy renmo He 6bm npoBe,n:eH Ha 
0,l.(HOM II TOM )Ke 3KcnepnMeHTanbHOM o6pa3n:e; ony6nnKOBaHO qpe3BbI'laHHO Mano 
pa6oT, Kacruomuxc.11 He II, B KOTOpbIX 3BOnIOU:H.II TeMneparypbI TeDnOOTJ.(aJOIUeii 
noBepxH0CTH H3MepHnaCb 6bI KaK B U:HKJie HarpeBa, TaK H oxna)KJ.(eHH.11; ,n:aHHbie no 
,n:uHaMnKe penaKcau:un u B He I, n B He II ManoqucneHHbI n pa3p03HeHb1; 
pa3pa60TaHHbie K HaCT0.IIIUeMy BpeMeHH MO,llenu (KaK q>H3H'leCKHe, TaK H 
opneHTHpOBaHHbie Ha HH)KeHepHbie npHnO)KeHH.11) .n:aneKH OT COBeprneHCTBa (o6mnM 
He.n:ocTaTKOM a6conIOTHO BCex paCCM0TPeHHbIX MO,n:eneii .IIBmieTC.11 OTKa3 OT )"leTa 
HepaBHOBeCH0ro C0CTO.IIHH.11 )KH,llK0ro renn.11, KOHTaKTHPYIOIUero C HarpeTblM 
TBep,n:bIM TenoM). Ha 0CH0BaHHH c,nenaHHbIX BblBOJ.(OB nocraBneHbI cneJ.(YIOmne 
3a,n:aqu: 
1. A,n:anTHp0BaTb 3KcnepnMeHTanbHYIO yCTaHOBKy .n:n.11 npoBe,n:eHH.11 3KCnepnMeHTOB 

no HeCTaUHOHapHoii rennonepe,n:aqe n B HopManbHOM, n cBepxTeKy'leM renun Ha 
0.l(HOM H TOM )Ke 06pa3n:e, npoaHanH3HpOBaTb TepMOMeTpH'leCKHe 
xapaKTepHCTHKH 06pa3n:a, pa3pa60TaTL T0'IHhle MeTOJ.(HKH o6pa60TKH 
pe3ynbTaTOB H3MepeHHii, o6ecne'lHBaJOIUHe J.(OCT0BepH0CTL ,n:aHHbIX. 

2. IlpoBeCTH 3KcnepnMeHTanbHoe uccne.n:osaHue Hecran:noHapHoii Tennonepe,n:aqu B 
craTH'leCK0M o6'beMe renn.11 B pa3nH'lHbIX ycnosu.11x: 
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B pe)l(J{Me HeCTIUUIOHapuoro uarpesa O,l}.JfHOqHbIM lfMnyJihCOM, 
B pe)l(J{Me uecTIU-llfOHapuoro oxna)l(,l.{eum1 no oKouqaJIJflf O.l-llfHoquoro 
JfMnyJihCa, 

B lfMnyJihCHO-nepliO,l.{JfqeCKOM pe)l(JfMe npli qJfCJie lfMnyJihCOB, ,l.{OCTilTOquoM 
,l.{JI.11 yCTaHosneum1 .l-llfHaMnqecKoro pasuosecm1. . 

~ 3. O6ocHOBaTh MeTO,l.{HKH onpe,l-leJieHml ,l.{HHaMJfqeCKHX xaprucrepHCTHK 
HeqarumHapHott Tennonepe,l-laqH (xapaKTepHble speMeHa, neperpeBhI H TennOBhie 
noT0KH) H3 pe3yJihTaTOB H3MepeHHll H HaBTH 3aBHCHMOCTh 3THX xaprucrepliCTHK 
OT napaMeTpOB 3KCnepnMeHTa (opneHTIU.{HJI o6pa3Qa, HanJfqHe CTecHeHHblX 
YCJIOBHB, TeMnepa1ypa 061,eMa renm1, napaMeTphl HMnyJihCHhIX TeDnOBhIX 
HarpY30K). 

Bmop(JR 2lla6a CO,l-lep)l(HT onHCaIIHe 3KcnepHMeHTanhHOro o6opy,l-lOBaHml 
(renHesott CHCTeMhI, 3KcnepHMeHTanbHOro o6paJua, 3JieKTpOHHKH) H MeTO.l-lOB 
(KanHfipOBKH annaparyphl, o6pa60TKH pe3yJihTaTOB H3MepeHHtt) ,l.{njJ HCCJie,l.{OBaHHJI 
HeCTaQHOHapHhIX TennoBhIX npoueccos Ha rpaHHQe «rnep,l-loe Teno - )l(H.l-lKHtt renHtt» 
B He I H He II. OTnHqHTeJihHhIMH qepTaMH CHCTeMhI J1BJIJ1IOTCJ1: aBTOMaTHqecKM 
CTa6HnH3al.{HJI ,l.{aBJieHHJI napoB remrn B KpHOCTaTe, n03B0JIJIIOll.{M pa6oTaTh C 
MOll.{HhlMH HMnyJihCHhlMH mirpy3KaMH; HanhineHHblli Ha o6pa3el.{ HarpeBaTeJib
TepMOMeTp, H3MepJIIOll.{Hli TeMneparypy HMeHHO TennOOT,l.{aIOll.{ett nosepXHOCTH 
(PHc. I); cnel.{HanbHhlli YCHnHTeJib MOll.{HOCTH, o6ecneqHBaIOll.{Hll nOCTOJIHCTBO 
MOll.{HOCTH TennOBbI,l.{eJieHHJI B Harpesarene co cpaBHHTeJibHO 60JihlliOll DnOll.{a,l.{hlO 
~20 CM

2
; MO,l-lyJihHM KOMnhIOTepH30BaHHM cxeMa ynpaBJieHHJI, CHHXpOHH3al.{HH H 

H3MepeHHll (PHC. 2), KOTOpM no3BOJIJleT nporpaMMHpOBilTh q>opMy, qacrory, 
CKBa)l(HOCTh TeDnOBhIX HMnyJihCOB H perHCTpHpOBaTh, HaqHHM co I 00 MKC OT 
Haqana nepsoro HMnynhca, 3BOJIIOQHIO neperpesa nosepxuocTH TennooT,l.{a1m AT(t) c 
pa3pemeHHeM 100 MKC no BpeMeHH H ,l.{O I MK no TeMneparype (nOKa3aTeJih, 
6JIH3KHB K peKop,l-lHOMy); MeTO,l.{HKH TOqHott KanH6pOBKH annaparypbl H 
KoppeKTHoro socCTaHosneHHJI speMeHHhIX 3aBHCHMOCTett TeMneparyphl T(t) H , 
Tennosoro nOTOKa q(t) H3 pe3yJihTaTOB H3MepeHHB, o6ecneqHBaIOll.{He cpaBHHTenhHO 
Manh1e norpemHoCTH: $I % ,l-lnJI TeMneparyphI H $5 % .l-lnJI Tennosoro noToKa. 

OTKaYaHHaR nonOCTb 

A11"1Ha=60 
TOlll.41-tHa=1, 75 

~ 
.CTECHHIOWAH" TPY6KA,, w, BH.AL-ta.=12,3/14, 1/16/20 ,(° 

Olll.41-tHa=Q,2 ./ -----
AllL-tHa=80 

ArPEBATEJlb-T, 
A11"1Ha=55 

TOlll.41-tHa=Q,Q 

BCTaeKa 

npoeo,:.H~<L-t 

Pwc. l. KOHCTJ)YKJ.lHll o6pa:ma H cnoco6 C03J(aHHJI CTCCHeHHblX YCJIOBHH (ace pa3MCpbl - B MM). 
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Pwc. 2. bJIOK•CXeMa H 0CH0BHblC epeMeHHble J(HarpaMMbl H3MepHTeJlbHOH CHCTeMbl. 

B mpem&eii 2Jla6e npHBOMTCJI pe3yJibTaThl 3KCnepHMeHTOB no 
HeCTa[.{HOHapHOMY HarpeBy 0,1.{HHOqHbIM HMnyJILCOM B CJie.l-lYJOll.{eM ,lJ.J{aDa30He 
napaMeTpOB: aMDnHl)',l-la HMilY.JihCa MOll.{HOCTH Q OT 0,3 ,l.{O 30 BT; ,l.{nHTeJihHOCTh 
nepe,l-lHero q>pOHTa f/r OT 20 MKC ,l.{0 I c; ,l.{nHTeJibHOCTh HMnyJihca -r=6,4 c; 
TeMneparypa o6beMa reJIHJI Tb OT 1,5 ,l.{0 4,9 K; BepTHKanhHM H ropH30HraJibHM 
opHeHTIU-lml o6pa3Qa rp=0°/90°; mnpnHa KOJih[.{esoro KaHana o OT 0,4 .l-lO 4 MM Hoo. 
J{aIIHble no BJIHJIHHIO ,l.{nHTeJibHOCTH nepe,lJ.Jler0 cl>pOHTa H illHpHHe KOJibl.{eBOrO 
KaHana nonyqeHbl snepBble. O6cy)l(,l.{eHHe ·COCpe,l-lOTOqeHO Ha MeTO,l.{JfqeCKHX 
npo6neMax noc1-poeHHJ1 KapThI pe)l(HMOB rennonepe,l-laqu H a.l.{eKBaTHoro 
onpe.l-leneHHJI rpaHHI-l pe)l(HMOB. Oco6oe BHHMaHne y.l-leMeTCJI HeCTaQHOHapHoMy 
KpH3HCY (3aBHCHMOCTH fer OT Q H 3KcnepHMeHTanbHblX napaMeTpOB f/r ,n ,0, rp), a 
TaK)l(e HeyCTottqnsoCTH npouecca Tennonepe,l-laqu npu nO.l-lKPl!TJiqeCKHX HarpY3Kax. 

KaK BH,l.{HO Ha PHc. 3, r,l.{e npnBe,l.{eHbl THnHqHble 3aBHCHMOCTH neperpesa OT 
BpeMeHH AT(t)Q (fJ,=20 MKC, Tb=4,26 K, o=0,4 MM, rp=0°), npH aMilJIHl)')(ax 
HMnyJibCOB MOll.{HOCTH, 6JIH3KHX K senuquHe qcr, COOTBeTCTByIOll.{ett CTal.{HOHapHOMY 

KpH3ncy rennonepe,l-la1m, B03MO)l(
HO IlOJIBJieHne IlHKOB neperpeBa. 
TiuKH Ha6JIIO.l-laIOTCJI npH pa311Jfq
HhIX 3HaqeHHJIX ,l.{nHTeJihHOCTH 
nepe,l.{Hero qipoHTil HMnymca 
MOll.{HOCTH H B HOpMaJ!bHOM, H B 
CBepxreKyqeM rennn. B 3aBHCHMO
CTH OT ycJIOBHll 3KCnepHMeHTa MO
)l(e'f IlOJIBJIJIThCJI 0,1.{HHOqHblll IlHK, 
,l.{Ba pa3,l-leJibHblX HnH nepeKpbIBa
IOll.{HXCJI IllfKa. B HeKOTOpbIX cny
qagx, KOr,l.{a OTJIHqHe MOll.{HOCTH 
HMnyJILCa OT qcr COCTaBMeT ,l.{OJIIO 
npo[.{eHTa, nnKH neperpesa HMelOT 
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Pnc. 4. XapaKTepttCTHKH nttKOB nptt pa3JJH'!HblX 3Ha'leHttllX )IJIIITeJJbHOCTH <jipoHTa l[r, 

BeChMa 3HaqUTeJibH)'IO aMrurnry.z:zy - .no HeCKOJihKHX KeJihBHH. Te H3MepettmI, B 
KOTOpbIX o6Hap)')KHBaJIHCh IlHKH neperpeBa, IlO,L{Bepranncb .L{OilOJIHHTeJibHOH 
npoBepKe. ObIJia yCTaHOBJieHa HX IlOJIHM BOcnpOH3B0,L{HMOCTh. 

AttanH3 .naHHhIX L1T(t)Q , co.nep)Kamnx IlHKH, H CTaUHOHapHbIX KpHBhlX q( L1T) 
IlOKa3aJI, qro IlHKH B03HHKaIOT npn Bh!IlOJIHeHHH ycJIOBHH qc,25q5qc,J, r.ne q -
MOlllHOCTh HMilYJibCa, HOpMnpOBaHHM Ha IlJIOllla.Ah Tennonepe.naqn, a qc,J H qc,2 -
CTaQHOHapHbie TeilJIOBbie IlOTOKH nepBoro H BTOporo Kpll3HCa COOTBeTCTBeHHO. 
TaKHM o6pa30M, npnqnttoii_ o6pa30BaHH» nnKOB neperpeBa HBJIHeTCH BpeMeHHM 
CMeHa 6onee yCTouqnBoro COCTOHHHH CHCTeMhl Ha Mettee ,YCTOi1q1rnoe (T.e. CKaqoK 
Ha BeTBb nnettoqttoro KHileHHH KpHBOH q(L1T) H o6paTHO B YCJIOBHHX CTa6HJIH3aUHH 
MOIUHOCTH TeilJIOBbI,L{eJieHHH). 3TO xapaKTepHO MH norpaHH'IHbIX pe)KHMOB, Kor.na 
Ha IlOBepXHOCTH Tennonepe.naqn B03MO)l(H0 0,L{HOBpeMeHHOe (cMeIIIaHHOe) 
COCTOHHHe .L{Byx pe)KHMOB Tennonepe.naqH. 

BJIHHHHe MHTeJihHOCTH nepe.nHero <l>POHTa TenJIOBOH HarpY3KH, CM. Pnc. 4, 
COCTOHT B TOM, qro uettTphl IlHKOB CMemruoTCH B CTopoHy 60JihIIIHX BpeMeH' 
nponopQHOHaJihHO pocry MHTeJihHOCTH <l>poHTa, a :mepmn, 3anaceHHM B IlHKe 
neperpeBa, Ila,L{aeT C yBeJIHqeHHeM 1/r• ITo.no6HhlH 3<l><l>eKT HaxO,L{HT CBOe 06'bHCHeHHe 
B ((3HepreTHqeCKOH» npHpo.ne IlHKOB, KOTOpbie MOryT IlOHBHThCH JIHIIIh nocne TOro, 
KaK B rennu nocrynHJIO ,L{OCTaTOqHoe MH o6pa30BaHHH CMeIIIaHHOro pe)KHMa 
rennonepe.naqH KOJIHqecTBo 3HeprnH. 

IT pH HeKOTOpbIX ycJIOBHHX (TeMneparypa reJIHH - HH)Ke TJ.., IIIHpHHa Kattana -
MeHhIIIe 4 MM) IlOMHMO xopowo BOCilpOH3B0,L{HMbIX IlHKOB L1T(t) MOryT Ha6nro.naThCH. 
TaK)Ke H HeperynnpHbie KOJie6aHHH neperpeBa TeilJIOOT.AaIOllleH IlOBepXHOCTH, CM. 
Pnc. 5. ITpHqHHa 3THX OCUHJIJIHUHH - HeyCTottqHBOCTh pe)KHMa nepexo.nttoro 
nneHOqHoro KHileHHH, He 3aBepIIIHBIIIeroca 3a BpeMH H3MepeHHH. KaK IlOKa3aJI 
aHaJIH3 3aBHCHMOCTett L1T(q), IlOCTpOeHHbIX .L{JIH .naHHhIX C OCUHJIJIHUHHMH, CM. 
PHC. 6, OHH npOHCXO,Z{HT B o6nacTH, KOTOpM 3aKJIJOqetta Me*.lO' KpHBhIMH 
YCTaHOBHBIIIerocn H nepexo.nHoro nneHOqHoro KHileHHH, CM. PHC. 7. IToCKOJihKY 
CHCTeMa K MOMeffTY . Haqana OCUHJIJIHUHH y)Ke ycnena 3BOJIIOUHOHHpOBaTb B 
HanpaBJieHHH pa3BHTHH nneHoqHoro KHileHHH, TO CKaqoK Ha BeTBh, COOTBeTCTB)'IO-
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Pnc. 5. llpHMep ,naHHblX c OCUHJIJJllUHllMH • 

myro pe)l(HMY renno

OT.lla'IH K He II 6e3 

KHilCHHJI, npo1130HTH 

y>Ke HC MO>KeT (T.e. B 

.naHHOM cnyqae He 

B03HHKaCT IlOBTOpHhlX 

IlllKOB 60JILWOH aM

IlJiffTY ,llbl ), II CIICTeMa 

COBepmaeT KOJie6aHHJI 

B 6onee Y3KOH o6nac

m, CM. Pnc. 7. Oc
UHJIMUHH npeKpa

lllaIOTC» C yCTaHOBJIC-

HHCM 

KIIIlCHHJI. 

nneHOtJHoro 

B 1/em<Jepmou ZJIG<Je npllBO.Z{HTCJI pe3yJihTaThl 3KCnepnMeHTOB no HeCTaUHO
HapHOMY oxna)K,lleHHIO o6pa3Ua, npe,llBapnTeJibHO ttarperoro O,llHHO'JHI,IM HMnyJII,
COM, B CJIC.L{yIOUlCM ,nnana30HC napaMeTpOB: aMilJiffTY,lla rperomero IIMnyJILCa MOUl
HOCTll Q OT 2 ,llO 20 BT; ,lUUITeJll,HOCTh rperomero IIMilYJibCa T OT 10·3 

,llO IO c; 
TCMileparypa 06beMa reJIHJI n OT J,5 ,L{O 4,9 K; _BCpTHKaJibHM H ropH30HTaJILHM 
opneHTaQHJI o6pa3Ua q,=0°/90°; mnpnHa KOJihUCBOro KaHana /j OT 0,4 ,llO 4 MM II 00. 
.l{aHHLte IlOJl)"ICHht BnepBLIC. 06cy>K,lleHHC CKOHUCttTpHpOBaHO Ha IIHTCrpaJibHOH 
xapaKTepllCTHKC npouecca - BpeMCHH IlOJIHOro OXJia>K,lleHHJI Ir, 3aBIICHMOCTH t, OT 
3KCnepHMCHTaJII,HhtX napaMeTpOB Q, T, Tb, 8, <p H MeTO.nax pactJeTa t,. TnnHtJHI,JC 
pe3yn1,TaTh1 npe,nCTaBJICHM na Pnc. 8 (r=IO c, Tb=4,26 K, 8=0,4 MM, q,=0°) n 9 
{r=2,55 c, Tb=I,82 K, 8=2,25 MM, q,=90°). · 

.l{JI,r KOJIHtJCCTBCHHOro on11caHIIJI CKOpOCTH HCCTaUHOHapHoro OXJia>K,llCHHH 
ecreCTBenno 11cnon&3oBaT& BpeM.11 nonnoii penaKcaun11, t,, T.e. nepno.n, 3a K0Top1,1ii 
reMneparypa noBepx- s.o 50 / PtJIIMMW TIM0f19P9A8'1K C • 
nocm rennooT.llatJn O _ nn1- ..,,.... ,P 
B03BpamaeTCH K n. 6, - --""""""" Di 
.l{JI,r roro, tJT061,1 uc- 4.0 0- ea.- , .. ' I 
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MeTO.AHKa. CHatJana 

.nann1,1e npe,ncTaBJI»

JOTCJI B KOOP.AHHaTax 

{Log(I') - t}. Ha 3TOM 

rpacl>nKe nerKo onpe

,neJIJIIOTCH JIHHCHHhIC 

yqaCTKH y KpHBLIX 
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T{t)Q. 3areM Ha Ka,K,U.OM TIUCOM 
yqaCTICe 3KCnepHMeHTaJibHble 
roqKH qmrnpyioTCH JKcnoHeHI.tHa
m.Hoii qiyuKUHeii Exp(-Consl·t}. 
A6cuHcca roqKH nepeceqeHHH 
qJHrnpyiomeii KpHBOH C ypOBHeM 
n onpe,AellileT MOMeHT Ir. O6pa-
60TKa ,AaHHblX T(t)Q ,AaeT 3aBHCH
MOCTh Ir (Q) BpeMeHH penaICC31.{HH 
OT MOIUHOCTH rperomero HMnynL
ca npH paJnlfqHbJX ero .wrnrenL
HOCTHX -., CM. PHc. 10. Ta qaCTL 
pe3ynLTaTOB, KOTOpan OTHOCHTCH K 
HaH6onLweii AJ)HTenbHOCTH 
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P»c. 8. PenaKcaQttll a He I np» pa:3nH'IHbIX Q, BT. 

rperomero HMnynLca: -.=JO c AJJH He I H -.=2,55 c AJJH He II (penaKC31.{HH HJ 
COCTOHHHH Tennonepe,AaqH, 6nlf3KOro IC CTal.{HOHapHOMy), Ha PHC. IO DOIC33aHa 
KJ>Y))(KaMH. 

KaIC BB.AHO Ha rpaqJHKe, 3aBHCHMOCTb BpeMeHH penaKcal.{HH OT MOIUHOCTH 
HMnynLca HMeeT roqKY HJnOMa, Q=Qcr• ITpaBee 3TOH roqKH 3aBHCHMOCTh lr(Q) 
cymeCTBeHHO 6onee nonoran, qeM npH Q<Qcr• QqeBH.AHO, H npoBepKa 3TO 
DO,ATBep,K,U.ae-r, qTO MOIUHOCTh Qcr COOTBeTCTBye-r nepBOMy KpBTHqecICOMY 
TeDnOBOMY DOTOKy (HnH, .APYrBMH cnoBaMH, MaKCHMMbHOMy TeDnOBOMY DOTOKy 
nY3LlpblCOBOro KHneHHH B cnyqae He I). liTaK, npH 6om.wHX f', 3aBHCHMOCTb lr(Q) 
qfuo pa3.AeJJHeTCH Ha ,ABa yqaCTICa: nepBblH - npH Q > Qcr, ODHCbJBaJOIUHH 
penaKcauHJO HJ pemHMa nneHOqHoro KHneHHa; BTopoii - npH Q<Qcr, onHCLIBaJOIUHH 
penaKCal.{lfJO H3 pe))(HMa ny3LlpbKOBOrO H CMeWaHHOro ICHDeHHH (He I) HnH lf3 
pe))(HMa Tennonepe,AaqH 6e3 1omeuHa (He II). ,naHttble AJJH HaHMeHLweii 
AJ)HTenLHOCTH rperomero HMnynLca, -.=0,01 c, Ha PHc. IO DOKaJaHLI ICBa,ApaTaMH. 
MO))(HO Blf.AeTb, qro 3aBHCHMOCTh tr(Q) npH MMLIX f' He HMeeT TOql(lf HJnOMa, a ee' 
HaKJJOH npHMepHO TOT me, qro H y neBOH qacrn 3aBHCHMOCTH tr(Q) npH 6onbWHX f'. 
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P»c. 9. PenaKcaQHll a He II npH pa:3nH'IHblX Q, BT. 

8 

,naHHble AJJH npoMe)l(}"foqHblX 
BenHqHH AJ)HTenLHOCTH rperomero 
HMnynLca noKa3aHbI KpeCTaMH. B 
nepBoM npH6nmKeHHH 3TH 
,AaHHble M0))(H0 cqHTaTb cynep
Il03Hl.{Heii 3aBHCHMOCTeH lr(Q) H3 '· 
.AByx npe,AenLHLIX cnyqaeB, 
paCCMOTpeHHblX Bb!We. 

BenHqHHbI Q H f' OIC33blBaJOT 
npeBanHpyiomee BnHHHHe Ha Ir, 
DOCKOnbKy onpe,AeIDIIOT H 
KOnHqeCTBO 3HeprnH, 3anact!HHOH 
B TBt!p,AOM Tene H napOBOH 
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Pttc. 10. BpeMll penaKcaQtttt a He I H He II. 

nneHKe, H creneHL p33BHTOCTH pemuMa rennonepe.Aaqu, HawH .AaHHble 
DOIC33b1B3JOT, qTo B nepBOM npH6nHmeHHH BpeMn penaICCal.{HH lf3 pe))(HMa 
nneHOqHoro KHneHHH CBH33HO C napaMeTpaMH rperomero HMnynLca JaBHCHMOCThJO 

tr =Consl•T •Q2 • (1) 
ITpH penaKcauHH HJ .Apyroro pe)l{HMa rennonepe.Aaqu, He nneHoqHoro ICHDeHHH, 
no.A06Hoii 3aBHCHMocrn nocrpoHTL He y.Aae-rcx. Tal()l{e 'Ipe6yercn OTMeTHTL, qro 
annpoKcHMaUHH (1) pa6orocnoco6ua npu He oqeHL npo.AOn)l{lfTeJJLHblX 
AJ)HTenbHOCTHX f'. ITO.A npO,AOn)l{HTeJll,HblMH 3.AeCb DO.APaJYMeBaJOTCH TaICHe 
AJ)HTenbHOCTH HMnynLca, -.:::1-.", KOTOpble o6ecnequaaroT 6nlf3KHH DO.AXO.A x 
CTal.{lfOHapHOMY COCTOHHHJO. 

KaIC DOKa3bJBaeT PHC. 11, 3aBHCHMOCTh Ir OT cpe,AHeMaCCOBOH TeMnepaTJPbl 
o6neMa He II nMee-r qiopMy nepeBepHJTOro xonoxona (BpeMeHa penaICcauuu 3.AeCL 
AJIH Y.A06CTBa HOpMMH30BaHLI Ha op,AHHary MHHHMyMa). Ycpe,AHeHHM no BCeM' 
cepHnM HJMepeHuii B He II, a6cuucca 3KCTpeMYMa paBHa 1,86 K, a .AHanaJoH 

1.9 
s 3Hepn,• MMnyni,ca 10 /lllC 

I WMpMHa KaHana 0,4 MM 

1.7 
ropMJOHTlnbHIR OPMeHTILJMR 
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P»c. 11. BpeMll penaKcaQttH a He Il nptt 
pa:3ntt'IHbIX Tb, 
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Pttc. 12. BpeMll penaKcaUHH a He I nptt 
pa:3nH'lffblX Tb, 



U3MeHeHllil t, B mrrepBane 1,5 K ~Tb~ TJ. coCTaBJUieT ~700 %. Taxoii xapaKTep 

qiymaum t,(Tb} o6bHCHHeTCH cne,eyromuM o6pa30M. 3aBUCUMOCTh TennoBoro nOTOKa 

KpH3UCa KUneHllil OT TeMnepaT)'phl renllil, qc,(Tb), UMeeT UMeHHO 

KOilOKOnoo6pa3HhIH BU.!(. II03TOM)' pa3Huua q - qcr(Tb) UMeeT qiopMy nepeBepttyToro 

KOilOKona. A BpeMH penaxcauuu, O'IeBU,l:(HO, TeCHeHIIIUM o6pa30M CBH3aHO UMeHHO C 

npeBhIIIIeHueM TeK)'I.Ueii Beilli'IUHhl IlilOTHOCTH rennOBOro nOToKa q ' Ha.!( 

KpHTH'IeCKOH qcr• 
PucyttoK 12 npe,nCTaBAAeT t,(Tb) ,nnH HopMaJihHOro renux. Kax u B cnyqae 

He II, .nnHTenhHOCTh penaKcauuu B He I 3HatIHTenhHO MeHHeTCH c H3MeHeHueM 

cpe,nHeMaccoBoii TeMnepaT)'phI renllil: npu CHU)l(ettuu Tb OT 4,9 K .no 2,45 K BpeMH t, 
B03paCTaeT notITH B IlHTh pa3. O,nHaxO B OTilU'IUe OT He II, 3,nech 3aBUCUMOCTh t,(Tb) 
MOHOTOHHa U no,ntIUHHeTCH creneHHOM)' 3aKOH)' 

t,=35,16-T-2,34 (2) 

Taxoe nOBe,neHue KpUBOH t,(Tb} He CBH3aHO C 3aBUCUMOCThIO qcr(Tb}, nOCKOilhK)' U B 

He I nocne,nHHH UMeeT qiopMy KOilOKOna. B03MO)l(H0, 3TO o6ycnoBneHO OTC)'TCTBUeM 

CTeCHeHHhIX ycnOBUH B ,naHHOM cnyqae. Bee )Ke 6onee BepOHTHO, 'ITO KatieCTBeHHOe 

pacxo)l(,l:(eHue B xapaKTepe 3aBUCUMOCTeii t,(Tb) OTPa)l(aeT KOpeHHOe ornuque 

MexaHU3MOB Tennonepe,naqu B xo,ne penaxcauuu u3 nneHO'IHOro KunettuH B 

HOpMaJihHOM u B CBepxTeKyqeM renuu. 

B cnyqae He II BpeMeHa penaxcauuu He3Ha'IUTeilhHO MeHHIOTCH C U3MeHeHueM 

opueHTaQUU u BeChMa cymecTBeHHO C rnuputtoii CTeCHHIOI.Uero KaHana, npH'IeM no 

JlUHeHHOM)' 3aKOH)'. Tax )Ke, KaK U B cnyqae 3aBUCUMOCTH tr(Tb), 3TU 3qJqJeKThI 

UMeIOT CBOeii npuqUHOH COOTBeTCTB)'IOI.UHe B3aHMOCBH3U KpHTH'IeCKOro TennoBoro 

nOTOKa: qc,(o) U qc,((f)). B cnyqae He II noTOK qcr IlHHeiiHO B03paCTaeT C 

yBenH'IeHUeM 3a30pa )' TennOOT,l:(aIOI.Ueii noBepxHOCTH, U no'ITH He 3aBUCHT OT ee 

opueHTauuu. B cnyqae He I BnUHHHe opuettTauuu 06pa3ua Ha BentttIUHY t, HaMHoro 

cymecTBeHHee, tieM B He II. Tax )Ke, KaK u B He II, BpeMH t, yKopaquBae-rcx npu. 

yBenU'IeHUU IIIHpHHhl CTeCHHIOI.Uero KaHana, o,nHaKO He no nuHeHHOM)' 3aKOH)'. 

YtITeM, 'ITO B cnyqae He I KpUTHtiecKuii TennoBoii noTOK cna6o 3aBUCHT OT 

opueHTaUUU U He OtieHh CHilhHO OT BeilH'IUHhl 3a30pa. fhaK, 3qJqJeKThI opueHTaQUU U 

CTeneHU CTeCHeHHH B He I He MOr)'T 6hITh 06bHCHeHhl npu nOMOI.UH 0,1:(HOro IlUIIIh 

KpHTU'IeCKOro noToKa qcr, a TPe6)'IOT npHBiletieHHH pe3)'IlhTaTOB H3MepeHllil 

TeMnepaT)'phl B Ha'IaJihHhIH MOMeHT penaKcauuu. 

CornacHo Koppenxuuu Batt CKaiiBepa .nnH He II BpeMH t, CBH3aHo CTeneHHhIM 

3axOHOM C 3Hepmeii, 3anaceHHOH B o6pa3ue 3a BpeMH nneHO'IHOro KUneHHH, L1t: 

t, =Const•(Q•Mt
4

• (3) 

Ha Puc. 13 noKa3aHhI pe3ynhTaThI pacq!:Ta no 3Toii qiopMyne .nnx .nB)'X cnyqaeB: 

ttach1meHHhiii He II npu TeMnepaT)'pe 1,82 K u tte,norpeTu1ii He II npu TOH )Ke 

TeMnepaT)'pe u ,naBneHUU 0,13 MIIa. Ha TOT )Ke rpaqJUK HaHeceHhl u HaIIIU ,l:(aHHhie 

.nnH HaChII.UeHHoro He II npu Tb=l,87 K u HaChII.UeHttoro He I npu Tb=4,24 K. 
CoBna,neHuH He tta6n10,nae-rcx. Harnu ,naHHhie ,neMOHCTPUP)'IOT He CTeneHH)'IO 

10 

u 

' ~ ... 
[ 

10 ..--------:;-----, 3aBUCUM0CTh t, OT :mepruu, a IlHHeiiH)'IO, 

7: .. --···· . nputieM Ha none rpaq>uKa onu pacnonaraioT-

---------- ~---··· 0 __ ,0 ex 3HatIHTenhno Hmtce. O.nttaKo npu 6onh-
.•. ..-· __ •• -· IIIUX 3Hepruxx u, COOTBeTCTBeHHO, .nonmx 

__ .o-·o BpeMenax penaKcauun Harnn .naHHhie acnM-

,o·c nTOTH'IeCKH npu6nU)l(aI0TCH K KOppenxuHH. 

f 10 _, / Heo6xo,nnMo no,nqepKH)'Th, 'ITO pe3ynhTaThI 

/

0 

Ban CKaiiBepa nonyqeHhI UMeHHo .nnH 

o/ =~•2.55c. Holl 3Hepruii, npeBhlIIlaIOI.UUX 6 fJ;>tc/cM2 U 
: = t<-tO. e, Hel BpeMeH penaKca11uu t >5 C To eCTh B ero 

4 : - IIAC. tleJ- "' r • , 1
0 ·• 

0 
• ·---- tt£A. Hr..!! 3KcnepuMeHTaX TennoBhie narp)'3KU 6hmu 

I 

3Hepnu:i, .Q>KlcM2 
10 

6onee BhICOKUMU. Eme 6onee Ba>ICHO TO 

o6CTOHTenhCTBO, 'ITO y,nenhHaH TennoeM-
PHc. 13. CpaBHeHHe C pac'!~OM no KOp- KOCTh ero o6pa3ua (Me,nh) cymecTBeHHO 

penllUHH Batt CKaHeepa. • 
npeBhIIIIaeT TennoeMKOCTh Harnero o6pa3ua 

(KepaMuKa). TaKUM o6pa3oM, B OOhITax Batt CKaiiuepa 6hm peanmouan npe,nenhHhiii 

cnyqaii, Kor.na 3anaceHHaH B narpeBarene 3Hepmx HaMHoro npeBhIIIIaeT 3Hepmio, 

3anacfHH)'IO B nnenKe napa renux (3HTaJihnux + CKphITaH Tennom qJa3ouoro 

nepexo.na). B narnux 3KcnepnMeHTax 3TH 3Hepmu conoCTaBUMhI, no3TOMY 

npe.nno>ICeHHaH Ban CKaiiuepoM MO,nenh Hepa6oTocnoco6na. TaKUM o6pa30M, B 

cnyqae MaCCHBHhlX HarpeBaTeneii C BhlCOKOii TennoeMKOCThIO u npu TennOBhIX 

Harp)'3Kax, HaMHoro npeBhIIIlaIOI.UHX KpHTHtJeCK)'IO, MO>ICHO CtJHTaTh, 'ITO 

rennoo6MeH co cpe.noii npoucxo.nHT no 3aKoHy HhIOTOHa, npH'IeM K03q>q>uuueHT 

TennooT,naqn 6nU30K K CTauuonapHOM)'. B npOTHBODOilO>ICHOCTh 3TOM)', B cnyqae 

HarpeBaTeneii C )'MepeHHOH rennoeMKOCThIO " npu HeBhlCOKUX TennOBhIX HarpY3Kax 

B paCCMOTPeHue Heo6xo,nUMO npUHUMaTh 3qJqJeKThl yMeHhIIIeHUH TOilIUUHhl nneHKU 
napa u OCThIBaHUH ra3a B Heii. 

HmK, Kaprnna npoueccou penaKcaunn B He I u He II KatJeCTBeHHo o,ntta u Ta 

>ICe. B 3aBHCHMOCTH OT CO'IeTaHHH pe>ICHMHhIX napaM~OB ,nJIHTeilhHOCTh oxna>IC

.neHHH MO>ICeT 6hITh 6onhIIIe nn6o a HOpMaJihHOM, nn6o a CBepXTeKyqeM renuu. 

BpeMH penaKcaunn onpe.nenHeTCH, B OCHOBHOM, CTeneHhIO pa3BHTOCTH nneHO'IHOro 

KHnennH Ha noBepxnoCTH rennooT,naqn, .nocrnrttyToro K MOMeHTy OKOHtJaHllil 
rpeiomero uMnynhca. 

B IIJlmoa i!JIG<Je npHBO,l:(HTCH pe3)'IlhTaThI no UMil)'IlhCHo-nepno,nuqecKoii 

rennonepe,natJe. BnepBhle 6hmn perneHhI cne.n)'IOmne 3a,naqn: nccne,noBana 

necmunonapnax rennonepe,naqa OT o.nnoro n Toro >ICe 3KcnepnMeHTanhHoro 

06pa3Qa KaK K HOpMaJihHOM)', TaK H K CBepXTetcyqeMy renuIO npu UMil)'IlhCHO

nepHO.r(H'IeCKOH rennoBoii Harpy3Ke pa3nHtIHhIX aMnnHTy,n U CKBa>ICHOcreii; 

TeMnepaT)'pa TennoOT,na10meii noeepxttocrn U3Mepena KaK B nttrepeanax ttarpeBa, 

TaK n oxna>IC,nennx; JBon10uux TeMnepaT)'phI npocne>ICeHa HatIHHaH c nepeoro 

uMnynhca Bnnon .no ycmttoBneHnH .nnnaMntJecKoro paenouecnx. Hccne.noBaH 

cne,eyromnii .nnana30H napaM~OB: aMITilHT)',na HMIT)'IlhCa MOIUHOCTH Q OT 0,3 .no 

30 BT; ,nJIHTenhHOCTh UMnynhca -r OT I Mc .no I c; qacrom noeropennx f OT 0, I .no 

11 
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Pttc. 14. BJJl-lllHl-le aMnJJmy.llbl Ha HMnyJJbCH0-nep1-10.zt1-1-
'1eCK}'IO Tennonepe.ztaqy K He II. 

JOO fU ( CKBa)l(HOCTh OT 1,00 I 
.L(O 1 O); TeMneparypa 061,eMa 

renu.s Tb 1,8 H 4,2 K; aeprn

KaJihHM opueHTaQH.ll q.,=0°; 
WHpHHa KOJibUeBoro KaHana 

c>=2,25 MM. 

Ha Puc. 14 H Puc. 15 
npe.L(CTaBJieHhl TilnWIHhie .L(aH

Hhie no HeCTauHOHapHoii 

TenJionepe.L(aqe OT 06pa3ua K 

He II npu no,L(aqe Ha Hero 

nocJie.L(OBaTeJihHOCTII Ilp.llMO

yrOJihHhIX HMnyJihCOB. Ha 

Puc. 14 npHBe.L(eHbl .L(aHHhie 
.L(JI.ll pa3JIWIHhIX aMnJIHTY.L( HMnyJihCOB (oT 4,98 .L(O 6,72 BT), a Ha Puc. 15 - .L(JI.ll 
Pa3JIWIHhlX 3HaqeHHii CKBa,KHOCTH (OT 1,019 ,L(O 1,5397). B cnyqae OTHOCHTeJihHO 
.L(JIHHHhIX HMnyJihCOB co CKBa)l(HOCThlO, 6JIH3KOii x e,L(HHHUe, H aMilJIHJY.L(OH, 
HeCKOJihKO npeBhlillaIOIUeii aenuquHy, KOTopa.s COOTBeTCTByeT CTaUHOHapHoii 
KpHTWieCKOii MOIUHOCTII, o6Hapy)l(eH p.s.L( xapaKTepHbIX oco6eHHOCTeii . 

Bo-nepBbIX, <fiopMa COOTBeTCTBYIOIUHX HMnyJihCOB TeMneparypbI KOpeHHhIM 
o6pa30M HJMeH.lleTC.ll OT nepaoro HMnynhca MOIUHOCTH K TPeTbeMy. Taxoe 
noae,L(eHue TeMneparypbI CBH.L(eTeJihCTBYeT O nepeCTPOiiKe. CTPyKJYPhl )l(ll.L(KOCTII y 
noaepXHoCTII TenJionepe.L(aqu (ToqHee, cpe.L(hI, coqeTaromeii qepn1 napa H 
)l(H,L(KOCTII), a TaK)l(e 06 HJMeHeHHH npo<fiHJI.s TeMneparypbI B TeilJIOBOM 
norpaHWIHOM CJIOe, conpOBO)l(.L(aIOIUeM 3TOT npouecc. 

Bo-BTOpbIX, COCTO.llHHe ,L(HHaMuqecKoro paBHOBeCH.ll, KOr,L(a TeMneparypa 
TenJIOOT.L(aIOIUeii noaepxHOCTH coaepmaeT yCTaHOBHBWHeC.ll KOJie6aHH.ll, 
.L(OCTilraeTC.ll no npoxo)l(,L(eHHH HeCKOJibKHX HMnyJihCOB, T.e. 6onee, qeM qepe3 ,L(eC.llTh' 
CexyH.L(. B TOM cnyqae, KOr,L(a aMilJIHJY,L(a HMnyJihCa HaMHOro Bhlille KpHTI!qecxoii 
BeJIWIHHhl, HMnyJihChl TeMneparypbI npeTepneBaIOT JIHillh KOJIWiecTBeHHhie 
HJMeHeHH.ll no XO.L(y 

HMnyJihCHOrO 

.L(HHaMWieCKOe 

(«COCTO.llHHe 

Harpeaa, u 

paaHoBecue 

,aaChIIUeHH.ll))) 

.L(OCTI!raeTC.ll 3a 3HaquTeJibHO 

6onee xopoTKoe apeM.s. 

Hanporna, B cnyqae aMnJIHJY.L( 

HMnyJihCOB MOIUHOCTII, 

6JIH3KHX K KpHTilqecxoii, 

yxopoqeHHhIX ,L(JIHTeJibHOCTeii 

HMnyJihCOB II yaenuqeHHoii 

CKBa)l(HOCTII, HaMHoro yBeJIH

quaaeTC.ll qucno HMnyJihCOB 

2:5.0 

~ 20.0 
[ 
~ 15.0 
a. 
~ ! 10.0 

5.0 

·n , ___ , ,I, 
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Pttc. 15. BJJl-lllHHe CKBa~H0C'fl-1 Ha HMnyJJbCH0-nep1-10.zt1-1-
'leCK}'IO rennonepe.ztaqy K He II. 
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TeMnepaJYPhl C <fiopMoii, OTJIHqHoii OT <fiopMbl «COCTO.llHH.ll HaCbIIUeHH.ll». To eCTh, 
HMnyJihCbl TeMneparyphI, COOTBeTCTBYIQIUHe nocJie,L(OBaTeJibHhIM HMnyJihCaM 
MOIUHOCTII, HMeIOT npHHUHnHaJibHO pa3Hyro <fiopMy (a He OTJIH'IaIOTC.ll mmn. 
MacWTa6HhIM xo3<fi<fiuuueHTOM). KpoMe Toro, MOryT Ha6JIIO.L(anc.s cnyqau 
HeMOHOTOHHOro pa3BHTH.ll HMnyJihCOB TeMneparypbI, T.e. 6onee n03.L(HHH HMnyJihC 
TeMneparypbI MO)l(eT HMeTb MeHhillYIO, qeM 6onee paHHHii, aMilJIHTY.L(y. 

.l{n,i: KOJIWieCTBeHHoro attanma pe3yJihTaThI H3Mepeliuii 6hmH o6pa60TaHhl no 
CJie.L(YIOmeii cxeMe. 3aBHCHMOCTII TeMneparyphI OT BpeMeHH T(t) 6bIJIH npomrrerpu
pOBaHhL no apeMeHH u ycpe.L(HeHhI B npe.L(eJiax Ka)l(,L(oro i-ro uuKJia. IlonyqeHHhie 
BeJIWIHHhl cpe.L(Heii 3a Ka)l(,L(hlii nepHOft TeMriepaJYPhl npHnHChIBaJIHCb MOMeHTaM 
BpeMeHH - cepe.L(HHaM COOTBeTCTBYIOIUHX UHKJIOB. TaKHM o6pa30M o6pa30BhIBaJIC.ll 
.L(HCKpeTHhiii Ha6op Toqex «TeMneparypa-apeM.s» {D;(t;); i=l, 2, 3, .. .}. IlpH noMOIUH 
xy6WieCKHX CnJiaiiHOB H3 3TOro .L(HCKpeTHOro Ha6opa . BOCCTaHaBJIHBaJiaCb 
HenpepbIBHM <l>YHKUH.ll D(t) - 3aBHCHMOCTh cpe.L(Heii TeMnepaJYPhl OT BpeMeHH. 
Taxa.s npoue.L(ypa n03BOJI.lleT, BO-nepBbIX, JIHKBH.L(HpOBaTb MHoroqucJieHHhie 
B3aHMHhie HaJIO)l(eHH.ll ,L(aHHbIX, 3aTPY.L(H.llIOIUHe BOCnpu.llTI!e II aHaJIH3 (T.e. y6pan 
nepeceqeHH.ll KpHBbIX, KOTOpbie o6hlqHo npHCYTCTBYIOT Ha rpa<l>uKax 3aBHCHMOCTII 
TeMneparypbI OT BpeMeHH T(t)Q), B0-BTOpbIX, npO.llCHHTh o6myro TeH.L(eHUHIO 
HJMeHeHH.ll TeMneparyphl Ha <l>oHe ee OCUHJIJIHUHii, B-TPeTbHX, OnHCaTh COCTO.llHHe 
.L(HHaMWieCKOro paBHOBeCH.ll npu nOMOIUH O.L(HOii xoqKH BMecro .L(Byx npe.L(eJIOB 
KOJie6attuii TeMneparypbI. Ha Puc. 16 npe.L(CTaBJieHhl TI!nHqHhle pe3yJihTaThl 
o6pa60TKH .L(aHHhIX no H3JIO)l(eHHOii Bblme cxeMe. • 

EcJIH paCCMOTPeTb TOJihKO KOHeqHhie TOqKH 3aBHCHMOCTeH ycpe.L(HeHHoii 
TeMneparyphI OT BpeMeHH D(t)Q, COOTBeTCTBYIQIUHe pe)l(HMY ,L(HHaMWiecxoro 
paBHOBeCH.ll, TO MO,KHO nOCTPOHTh aHaJior KpHBOii KHneHH.ll - 3aBHCHMOCTh cpe.L(Heii 
3a nepHO.L( TeMneparypbI OT cpe.L(Heii 3a nepHO.L( MOIUHOCTII TenJIOBhI.L(eJieHH.ll, CM. 
Puc. 17. Ha 3TOii xpuaoii qmo BhI.L(emeTC.s roqxa A, attanornqHM roqxe KpH3HCa 
Ha o6hiqHoii CTaUHOHapHoii KpHBOii KHneHH.ll. Toqxa A COOTBeT~yeT nepeXO.L(y OT 
roro .L(HHaMWieCKOrO paBHOBeCH.ll, KOr,L(a CHCTeMa ycneBaeT «BOCCTaHOBHTbC.ll)) 3a 
BpeM.ll Me)l(.L(y nocJie,L(OBaTeJibHhIMH rpeIOIUHMH HMnyJihCaMH, K TOMY 
.L(HHaMHqeCKOMY paBHO-

BeCHIO, KOr.L(a 

noaepXHOCTII 

Ha 

TenJio-

nepe.L(aqu noCTO.llHHO 

30.0 

20.0 

1e.e ;;('" 0 .o· o o o ~.o-:, 
30.0 

npHCYTCTBYeT nJieHKa ~ 
l '1~.A•A".e,·A""'• 25.0 

, ~ 

~

O 14.8/ 14.2.8-r IV 2Q.Q IV 

napa, He pa3pymaroma.sc.s, 

a JIHillh HeCKOJibKO 

OCThIBaIOIUM 3a BpeM.ll 

Me)l(.L(y HMnyJihCaMH. 

Toqxa B coana,L(aeT c 

roqxoii KpH3uca TenJIO

nepe.L(aqu .L(JI.ll cnyqa.s 

HMnyJihCa 6eCKOHeqHoii 

.L(JIHTeJibHOCTII. 

p. E),3.0 r 
~ '3 o. 5l' 15.0 

1': A.A-A·AA
1
~ !i 

,i 10.0 

t i! 5.0 
\ ............ .,_, 10.0 i! 10.0 

3.0 t ~ 5.0 
T -1.854 2.0 a-- K ta=0.10c 1 =2.0 

o.o 2.5 5.0 7 .5 10.0 12.5 
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rpaq>lfKlf 18 - 21 OT06pa
)Ka!OT 3aBlfClfMOCTb xa-

prucrepliCTIIK Kplf31fCa 
lfMnyJihCHOH TeIIJIO-

nepe~aq11 OT napaMeTpOB 

TeIIJIOBOH HaI]l)'3Klf. 

3aBlfClfMOCTb cpe~eH 

KplfTIIqecKOH aMIIJilfTY~hI 
OT CKBa)KHOCTlf npli 

!plfKClipOBaHHOH Mlf-
TeJibHOCTlf lfMnyJihCa 

1.0 2.0 3.0 4.0 5.0 MOIIIHOCTlf QTqeTJllfBO 
CKBa>KHOCTtt 

Pwc. 19 

no~pa3~em1eTCH Ha ~e 
qaCTlf. TiepBaH 113 HlfX 

(Hanp11Mep, np11 Ben11-
q11He CKBa)KHOCTlf MeHee 1,5 MH HMilYJihCOB MHTeJibHOCTblO 6onee 0,05 c) -
0-rpa)KaeT JIHHeHHblH poCT KpHTHqeCKOH MOIIIHOCTlf C pOCTOM CKBa)KHOCTlf. 3-ra 
qaCTb 3aBHCHMOCTH COOTBeTCTBYeT TOMY cnyqruo, Koua 3a HHTepBan BpeMeHH, 
HCTe1mmu Me~ nocne~oBaTeJibHbIMH HMilYJihCaMlf, CHCTeMa He ycneBaeT 
IlOJIHOCTblO BOCCTaHOBlfTbCH (T.e. lfHTepBan Me~ HMnyJibCaMH Kopoqe 
COOTBeTCTByIOIIIero BpeMeHH penaKcau1111). Ha 3TOM yqaCTKe 3aBlfClfMOCTb 
Kp~eCKOH cpe~HeH aMTIJIHTY~bl OT MHTeJihH_OCTH HMilYJibCOB MOIIIHOCTlf r H 
CKBa)KHOCTlf Z OilHCbIBaeTCH 3aBlfClfMOCTblO 

~ = 6,3 5 · r-0,04 • z0,82
, (4) 

cnpaBeMlfBOH H MH HOpManbHOro, H MH cBepxTeKyqero reJIHH. BTOpaH qaCTb 
3aBHCHMOCTlf - IlOCTOHHHaH BeJilfqHHa KplfTHqeCKOH MOIIIHOCTH npH nI06bIX 
CKBa)KHOCTHX - COOTBeTCTBYeT cnyqruo, KOr~a 3a lfHTepBan BpeMeHlf Me~ ~BYMH 
nocne~oBaTeilbHbIMH HMnyJibCaMlf ycneBaeT npOH30HTH IlOJIHOe BOCCTaHOBneHHe 
CHCTeMbl (noJIHOe ox

Jia~eHlfe TeIIJIOOT~aI0-

111eu noBepXHOCTlf). B 

3TOM cnyqae KplfTH
qecKM cpe~HHH aMIIJIH

ry~a np11 HMnyJihCHOM 

HarpeBe COBna~aeT C 

KpHTHqecKoii MOIII
HOCTblO O~lfHOqHoro 

HMnyJibCa. 3aBHCHMOCTb 

KpHTHqecKoii cpe~Heii 

TeMnepaTYPhI OT CKBa)K
HOCTlf 6onee CJIO)KHaH H 

BO MHOroM onpe~eJIHeTCH 

MlfTeJibHOCTbIO HMilYJih-

16.0 * t~c T,=161 
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Pwc. 21 

COB MOIIIHOCTlf. O611111ii Blf~ 3TOH 3aBHClfMOCTH - KOJIOKOJI006pa3HbIH. Koop~lfHaTa 
ueH-rpa KOJIOKOJia Ha OCH z (BeJIHqHHa CKBa)KHOCTH) onpe~eJIHeTCH MHreJibHOCTbIO. 
lfMilYJlbCOB MOIIIHOCTlf 'i. TI pH 3TOM B03MO)Kffbl cmyauHH, KOr~a KOOp~HaTa ueH-rpa . 
CMe111eHa K HH3llieMy npe~eny Ha OClf Z (MlfHHMailbHO B03MO)KHOH BeJIHqlfHe ·
e~HHHUe), If Ha rpaq>lfKe Ha6JIIO~aeTCH TOJlbKO O~Ha, npaBM, BeTBb KOJIOKOJia (Ha 
P11c. 21 npHCYTCTBYeT qacrb TaKOii BeTBlf, BhffmmHIIIaJL KaK npHMM). Bo3MO)KeH,.H · 
06paTHh1ii cnY'laii, Kor~a Koop~11HaTa 3KCTpeMyMa BhIXO~lfT, no Bceii BHJlHMOCTH, 
3a rpaHHl.lbl HCCJie~oBaHHOro ~lfalla30Ha CKBa)KHOCTH (z>5), If Ha COOTBeTCTByIOll.leM 
rpacpnKe (PHC. 20) npOCJie)KHBaeTCH TOJibKO JieBM BeTBb KOJIOKOJia. 

KaK BH~HO Ha PHC. 20 If 21, B HCCJie~OBaHHOM ~Halla30He napaMeTpOB 
xapaKrepHCTHKH KpH3HCa lfMilYJlbCHOii TeIIJionepe~aq11 K CBepXTeK)"leMy renHIO 
npeBOCXO~T xapaKTepHCTHKH MH HOpManhHOro reJIHH npH OTHOclf1'eJibHO BblCOKHX 
qaCTOTaX (6onee 10 ru) H CKBa)KHOCTHX (6onee 2,0). TipH Hlf3KlfX qaCTOTaX, 
(nopa~Ka 1 ru) 11 yMepeHHhIX CKBa)KHOCTHX (~o 1,5) npe11My111eCTB He II no 
OTHOllieHHIO K He I He Ha6JIIO~aeTCH. B pe3yJibTaTe Toro, qTO 3aBHCHMOCTH 
KpHTHqecKoii cpe~Heii MOIIIHOCTH If KplfTlfqecKoii cpe~Heii TeMnepaTYPbl OT 
MHreJibHOCTH If CKBa)KHOCTH. CJie~oBaHHH HMilYJihCOB HMeIOT HeMOHOTOHHblH 
xapaKTep, cymecrByeT npHHUHnHanbHM B03MO)KHOCTb no~6opa HeKoiopoii 
3KC-rpeManbHOH KOM6HHal.lHH napaMeTpOB rennoBoii HarpY3Klf. To, ·eCTb, MH 
HeKOTOpoii 3~aHHOH BeJIHqlfHbl Q

0 

cpe~Heii 3a nejmo~ MOIIIHOCTlf TeIIJI0BbI~eiieHHH 
(Q

0 

=Qlz) MO)KHO no~o6paTb TaKOe coqeTaHlfe Q, z II r, qTQ BeJIHqlfHa_ KplfTI#i(?CKOH 
reMnepaTYPhl 6y~eT MlfHHMailhHa. ·. . . ' 

3AK.nl04EHHE 11 BhIBO,l{hI 

,. -~ 

1. TipH HeCTal.lHOHapHOM Harpeae O~lfHOqHblM HMnyJibCOM: 

- O6Hapy)KeHo, qTQ o6naCTb TellnOBblX HarpY30K, 6Jilf3KlfX K ci:auHoHapHOH 
KplfTHqeCKoii, onactta m-3a HeycTOiiqHBOCTH pe*HMa rennonepe.gaqH KaK B 
HOpManbHOM, TaK If B CBepxTeKyqeM reJIHH. 

- YcTaHOBJieHO, qTO 3Ta HeyCTOifqHBOCTb IlpOHBJIHeTCH B B03HlfKHO~eHHH IlHKOB 
neperpeBa, xaprucrepHCTHKH KOTOpb!X (aMIIJilfry~a If llilfPHHa) .;CBH3aHbl C 
napaMeTpaMH nepBoro H BToporo Kplf31fca reIIJionepe~aq11. C )'Ben11qeHHeM 
MHTeJlbHOCTH nepe~Hero cppOHTa HMilYJihCa MOIIIHOCTlf, T.e. CHlf)K(!Hlflf creneHH 
HeCTal.lHOHapHOCTlf TeIIJIOBOH HarpY3KH, IllfKH neperpeBa He ·' ,11cqeJaIOT, If 
npOHCXO~lfT JllfHeiittoe CMe111eHHe HX ueH"IpOB B CTOpOtty 6oJibllIHX ~peMeH. 

- TioKa3aHO, qTQ B CBepXTeKyqeM reJIHH npH HarpY3Kax, He3H_aqlfTeJibHO 
npeBbilliaIOIIIHX KplfTIIqecKyIO, Kor~a npouecc nepexo~a K CTal.lifoHapHOMY 
pe)KHMY IIJieHoqHoro KHileHHH 3aHHMaeT ~OJiroe, nopH~Ka HeCKOJlb~lfX ce~ 
BpeMH, B03MO)KH0 B03HHKHOBeHlfe OCl.lHJIJIHl.lHH reMnepaTYPbl :re~oOT~aIOIIIeii 
IlOBepXHOCTH. 
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2. Tipn HeCTa.IUIOHapHOM OXJia)K.neHHH no OKOH'laHHH 0.l{HHO'IHOro HMnynhca: 
- O6HapyiKeHO, 'ITO B 3aBHCHMOCTH OT CO'leTilHHJI peiKHMHbIX napaMeTpOB 

npo.n:oniKHTMbHOCTb OXJia)K.neHHJI MOiKeT 6bITb 6onhrne nn6o B HOpManbHOM, 
nn6o B cBepxTeKY'leM rennn. 

- YCTaHoBJieHo, 'ITO BpeMJI penaxcau;nn B 10 .. .100 pa:3 .n:onhrne, 11eM CJieJzye-r H3 
oueHOK, c.n:enaHHbIX CTaHJ{apTHbIM MeTO,D:OM, " onpe,n:enJieTCJI, B OCHOBHOM, 
CTeneHbIO pa3BHTOCTH nneHO'IHOro KirneHHJI Ha noBepXHOCTif TennooT.n:a11n, 
J{OCTHrttyToro K MOMeHTY OKOH'laHHJI rpe10mero HMnynhca. 

- TIOKa3aHO, 'ITO 3<li<lieKThI CTeCHeHHbIX ycnOBHH, opneHTilUHH H cpe.l{HeMaCCOBOH 
TeMneparyphI o6beMa rennJI B cnyqae He II o6bJICHJIIOTCJI B TepMnHax 
CTa.IUIOHapHOro KplITH'leCKOro· nOTOKa, a B cnyqae He I TilKOe o6bJICHeHne Bpll.l{ nu 
a.n:eKBaTHO. 

3. Tipn 11MnynhcHo-nepno.n:n11ecKOM HarpeBe: 

- YCTilHOBneHO, 'ITO B 3aBHCHMOCTH OT CO'leTaHHJI napaMeTpOB TennOBOH HarpY3KH 
( aMilnffTYJ{a HMnynhCOB, J{nlITMbHOCTb, CKBaX<HOCTb) HHTeHCHBHOCTb 
Tennonepe.n:a11n MOiKeT 6hITb BbIWe nn6o B HOpManbHOM, nn6o B CBepXTeKY11eM 
rennu. 

- TIOKa3aHO, 'ITO cymecTByeT 3KCTpeManbHOe CO'leTaHne napaMeTpOB 'laCTOTil -
CKBaiKHOCTb - aMilnffTYJ{a, npu KOTOpOM BbIJ{enJIIOIUaJICJI B e,n:HHHQY BpeMeHH 
3Hepnrn OTBOJ{HTCJI npn MHHHManbHOM neperpeBe TennOOTJ{aIOIUeH noBepXHOCTH. 

4. no npo6neMe KpHOCTarnpoBaHnJI cBepxnpoBoMmnx ycKopHTeneif: 

- C TO'IKH 3peHHJI 3<li<lieKTHBHOCTH TennooTBo.n:a, C yqeTOM npo.n:oniKHTenbHOCTH 
xapaxrepHbIX peiKHMOB H HHTeHCHBHOCTif Tennonepe.n:a11u B COOTBeTCTByIOIUHe 
nepHOJ{bI, CBepxTeKY11HH rennH He HMeeT 6e3ycnOBHbIX npeHMYJUeCTB no 
OTHOWeHHIO K HOpManbHOMY renHIO. 

- AHanm noBe,n:eHHJI 3neMeHTOB ycKopnTenJI npn HeCTau;HOHapHbIX 
TennOBbIJ{eneHHJIX " oueHKH xapaKTepHbIX BpeMeH H neperpeBOB C TO'IHOCTbIO, 
J{OCTilTO'IHOH J{nll HHiKeHepHbIX paC'leTOB, MOryT 6bITb c.n:enaHbI Ha OCHOBe 
3KCnepnMeHTanbHbIX ,n:aHHbIX no CTilQHOHapHOH Tennonepe.n:a11e ,n:nJI KOHKpeTHOro 
3neMeHTil H 3Mnnpn11eCKHX 3aBHCHMOCTeH, nonyqeHHbIX B pa6oTe. 
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