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KneHHH 6.A., Ko3noa C .H., <l>HKC M.M. 9 - 10652 
I 

I 
Pac'!eTbl CHC T eMbl Bb1B0)l8 ny'-lKOB TSl>KenbIX HOHOB 

113 H3OXpOHHOro u11KnOTpona Y-400 MeTO)lOM nepeaapSl/lKH 

. i 
B pa6ore npHBOIH!TCH p e ::iynbTBThl '!HcneHHblX pac'leTOB CHCTeMbI BbIBonal 

IIY'IKOB HOIIOB OT Ne no Xe H3 H3OXpOI!HOro UHKnOTpoHa Y-400 C flOM OlllblO 

M0rona nepe3apsinK H. Pemena 3ana'!a npocrpa11craeH11oro paaneneHHSI He

C KOnbKHX O)lllODpeMe HII O BhlBO)l H Ml,J X ITY'lKOB pa3HblX 38pS1JlHOCTeA. TexHH

'-lCCKBSI peanH38UHSI 3 T OK 38)l8 '1H 11O3BOnH1: yaenH'li!Tb 3cp<!>eKTIIBHOCTb HCflOnb-

3ODBIIII H C rposiu1 e roc11 ll3OXpOHIIOro UHKn OT()OHa Y-400. 
PaCCMOT()CII OO11poc yoen H'-l elI HH CpOKa cnylt(6LJ nepe3apS1)1(8IOUleil Ml!llle-

1111. 

p a60Tll O1,111on11e 1rn B Jla6opa T Op HII sinep H blX pe a KUHil 011 .RH. 

Coo6weHHe 061,eJIHHCHHOro HHCTBTYT& a.11epHWX ■ccne.11oaaH■i . Jly6Ha __ 1977 
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© 1977 O6-.eouHeHHl,IU UHc•u•:1• A0epHWX UCCAe0oeaHuuJl:,6Ha 

• 

I. CucmeMa 6b10ooa ny'l1<O0 uonoe 

BhlBO.D. ny'-IKOB T.11•enwx HOHOB MeTO.D.OM nepe3ap.11,D.KH, 

npe.n.no•eHHhIH a JUIP / 1/, ycneurno npHMeH.11eTc.11 a Te'-leHHe 

p.11.n.a neT Ha .lJ.BYXMeTpOBOM H30XpOHHOM 1.1,HKnoTpOHe 

Y-200 / 2Z 3TOT MeTO.D., 06na,D.al01.J.1HH BbICOKHM K03qlqJHI.1,HeH

TOM BblBO,D.a, 6y,D.eT HCnOnb30BaH ~ Ha 1.1,HKnOTpOHe Y-400/ 3/. 

Cyll.lHOCTb BbIBO.D.a nepe3apH.lJ.KOH COCTOHT B TOM, '-ITO 

'-laCTHI.l,a C JapH,D.OM Z 1 , YCKOpeHHa.11 .D.O pa,D.Hy(:a B
0

hIBO,D.a, 

npoXO.D.HT qepe3 TOHKYIO MHUieHb, B pe3ynbTaTe '-lero ee 

3apn.n. yaenH'-IHBaeTC.11 .D.0 _ 3Ha'-leQHH Z 2 - KpHBH3Ha TpaeKTO

PHH pe3KO B03pacTaeT, .n.sn•eHHe HOHa B pa.n.HanbHOM Ha

npaaneHHH CTaJIOBHTCH HeycTOH'-IHBbIM; H '-laCTHI.l,a, nona.n.aH 

B cna.n.a101.J.1ee MarHHTHOe none, BbIBO.D.HTC.11 H3 KaMepbl 

1.1,HKnOTpOHa. 3qiq>eKTHBHOCTb BbIBO,D.a ny'-IKa B 3a,D.aHHOM 

Ha~paaneHHH onpe.n.en.11eTC.II TO'-IHO(:TblO ycTaHOBKH nepe3a

p.11•a10[QeH MHUieHH H HHTeHCHBHOCTbIO rpymibl _HOHOB C 

Bb16paHHhIM ·3ap.11.n.0M Z
2

. 

1. Pac'-leT TpaeKTOpHH BbIBe,D.eHHbIX ny'-IKOB 

. B pac'-leTax ifcnonb30Banocb ypaBHeHHe .D.BH*eHH.11 HOHa 

B MarHHTHOM none H: 
d. ➔ eZ ➔ ➔ -

-(AMV) = -[V xHJ, 
dt C -· -

/1/ 
' ➔ 

r.n.e A · H Ze - Maccoaoe '-IHcno H 3ap.11.n. HOHa, V - ero 

CKOpOCTb, C . _- CKOpOCTb CBeTa, M - Macca HyKnoHa. 

YpaBHeHHe /1/ HH'I'erpHpoaanoch c nOCTO.IIHHbIM UiaroM 

no Ct B Me,D.HaHHOii nnocKOCTH 1.1,HKnOTpOHa. CocTaBn.1110-
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Puc. 1. Bbl800 ny"l<06 UOH06 Ar C 1<011e"11ou 3Hepzueu 
-10,0 M3B/11y1<Ao11. 1 - ce1<11top, 2 - nepe3apJ1J1Ca10U1aJ1 
MUWeHb, 3 - ea1<yyMHQJI l<QMepa. 

mue K00p.lJ.HHaT H CKOpOCTeH B Ha'-laJibHOH T0'-IKe HHTer

pupoeaHHH C00TBeTCTB0BaJIH HX 3Ha'-leHHHM Ha paBH0Bec

HOH op6uTe, Bbl'-IHCnHeMou npe.u.eapnTenbH0. Pacnpe.u.ene

HHe MarHHTHoro Il0JJH H 3MHTTaHC ny'-IKa Ha K0He'-IH0M 

pa.u.uyce 6bIJJH noJJy'-leHbl nyTeM H3MepeHHH Ha M0,lJ.eJJH 

Y-400 - UHKJJoTpoHe Y-200. ropHJOHTaJJbHbIH 3MHTTaHc 

ny'-IKa npe.u.cTaBJJHJJCH e eu.u.e napannenorpaMMa Ha ~a30-

eou nnocK0CTH, u ero npeo6pa3oBaHne npocne>1rneanocb 

B npouecce BbIB0JJ.a. 

IloCKOJlbKY HOHbl IlY'-IKa, npowe.u.wero '-lepe3 TOHKYIO 

MHWeHb, o6na.u.aJOT pa3JJH'-IHblMH 3apH,l1.aMH, TpaeKT0PHH 

BblBe,lJ.eHHblX ny'-IK0B Bbl'-IHCJJHJJHCb .ll.Jl~ HeCK0JJbKHX Hau6o

nee HHTeHCHBHbIX 3apH,l1.0BbIX rpynn. TpaeKTOpHH BbIBe-
.u.eHHbIX IlY'IKOB HOHOB 18 Ar+l6,17,18 H S4xe+41,42,43 H 

40 132 
HX ropH30HTaJibHbie pa3Mepbl IlOKa3aHbl Ha puc. 1 H 2. 

4 
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Puc. 2. Bbleoo ny~1<oe uo11oe Xe c 1<011e"11ou 311epzueil 
-6,2 M3B/11y1<AOH. 1 - ce1<mop, 2 - nepe3apJ1JKa10"'aJ1 Mu
weHb, 3 - ea1<yyMHaJ1 1<aMepa. 

• 

OTH0CHTeJJbHoe pa.u.uaJJbH0e cMemeuue 6.r/ r uoHa Ja 

o6opoT nocJJe nepe3apH,l1.KH /KpHBaH 3/ H paCCT0HHHe Me:>K

.ll.Y ny'IKaMli Q B ropH30HTaJJbHOH IlJJ0CK0CTH B CJJy'-laHX, 

Kor.u.a 3apH,l1.bl pa3JIH'laJOTCH Ha e,lJ.HHHU,Y /KpHBaH 1/ H Ha 

.u.ee e,lJ.HHHUbl /KpHBaH 2/, B 3aBHCHM0CTH 0T ·0THOWeHHH 

Z
1 

/ Z
2 

npe.u.cTaeneHbl Ha puc. 3. 

2. PaJ,lJ.eJJeHHe BbIBe,lJ.eHHbJX ny'-IK0B 

H0H0B pa3JIH'IHbIX 3ap.R,l1.0B 

An.ff yeeJJH'-lettui paccT0.RHH.R Me:>K.D.Y coce.D.HHMH ewae

.u.eHHbIMH ny'IKaMH / puc. 3/ M0ryT 6bITb HCCTOJlb30BaHbl 

5 



t:,r/r o[c,J 

2 
a" 20 

QJ (5 

a2 10 

Qt 5 

a2 0,25 

00 

100 200 

6 

.5 

,. 

0.3 0.35 Z,/l~ 

-$-~ ~ 

300 

Puc. 3. Paccmo.1rnue o MeJtCoy BbteeoeHHbtMu ny"KaMu c 
◄3ap.11oaMU UOH08 Z 2 u Z2± 1 /Kpuea.11 1/ u Z 2 u Z 2 ± 2 

/Kpuea.11 2/; omHocumeAbHoe paoua/lbHoe cMe111eHue 6-r ! r 
uoHa 3a o6opom noc/le nepe3ap.110Ku Z 1 ➔ Z 2 /Kpuea.11 3/. 

KaK 3neKTPOCTaTH'ieCKHe nnaCTHHbl 
161, TaK H cenTyM • 

MarHHTbl / 4 , 5/ , o6naAalOIJ.{He BbICOKOH OAHOPOAHOCTblO Mar

HHTHOrO non.11 B pa6o'¾eM 3a3ope H, '¾TO caMoe rnaBHoe, 

Manon oenH'iHHOH non.11 pacce.11HHJ1 y cenTyMa. IlocneAHee 

Il03BOnJleT OTAenJITb ny'¾OK HOHOB OAHOH 3apJ1AHOCTH OT 

coceAHHX 6e3 B03AeHCTBHJI Ha HHX. 

Ha puc. 4 npeACTaoneH OAHH H3 BapuaHTOB OTKnoHe· 

HHJI ny'¾Ka Ha BhlXOAe H3 KaMephl ycKOpHTen.11 C IlOMOIJ.{blO 

ABYX cenTyM·MarHHTOB. IlepBhlH no XOAY ny'¾Ka MarHHT 

c cenTyMOM He6onbWOH TOnll{HHbl OTKnOHJleT ny'¾OK Ha 

yron - 7 ° , a aTopou ocymecTBnHeT OKOH'iaTenbHoe oTKno

HeHHe. 3Ta cxeMa noJBOnJleT pa3AenHTb IlY'iKH HOHOB OT 

Ne AO Fe C 3apHAaMH z 2 H z '.! ± 1 H ny'iKH HOH OB OT 

Kr AO Xe C 3apHAaMH z 2 H z 2 ± 2 . OAHaKO B 3TOM Ba -

pHaHTe cymecTBYIOT 3Ha'iHTenbHbie TeXHH'ieCKHe TPYAHOCTH 

peanH3al.{HH H HaCTPOHKH TaKOH CHCTeMbl. Il03TOMY 6bma 

paccMOTpeHa 6onee npocTa.11 cxeMa OTKnoHeHHH ny'¾Ka Ha 

3aAaHHbIH yron /-30 ° I OAHHM cenTyM·MarHHTOM /puc. 5/. 
B 3TOM cnyqae pa3AenHIOTCH ny'iKH HOHOB, OTnH'ialOIJ.{HeCH 

no JapHAY Ha eAHHHl.lY (Ne-Ca), Ha ABe eAHHHl.lbI (Cr-Ge) H 

Ha TpH eAHHHl.{bl (Kr- Xe). <l>oKycupOBKa BbIBeAeHHbIX nyq

KOB 6y AeT ocymecTBnJITbCH KpaeBbIMH nonJIMH cenTyM -

MarHHTOB H KBaApynonbHbIMH nHH3aMH. 

MaKCHManbHaJI )l(eCTKOCTb ny'¾Ka, BbIBeAeHHOro H3 l.{HK • 

noTpOHa Y-4OO, COCTaBHT -12,5 K3 'M. )].nH ero nooopoTa 

Ha yron 30 ° MarHHTOM AnHHOH 120 CM Heo6XOAHMO HMeTb 

MarHHTHoe none B 3a3ope cenTyM - MarHHTa - 5 K 3. Ilpu 

nnoTHOCTH TOKa B o6MOTKe - 103 A/cM 2 TonmuHa cenTyMa 

COCTaBHT - 1 CM / 5~ 
,• • 

Puc. 4. Bbrnoo ny"Koe uoHoe Fe c KoHe"Hoil .:mep2ueu 
-10,0 M:1B/HYKA. u ux pa3oe/leHue c noMOIJlb,0 oeyx nap 

◄ cenmyM· Ma2Humoe. 1 - ceKmop, 2 - nepe3ap.11J1CaK>111a.11 Mu· 
UleHb, 3 - cenmyM· MQ2HU111bl, 4 - rf,0Kycupy10111ue /IUH3bl, 
5 - oyaHm. 
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Puc. 5. Bbrn~o ny~Koe uo11oe Fe c 1<011e~11ou J-J11ep2ueu 
- 10,0. M:JB/HJKA. u ux pa30eAeHUe C nOMO"'b,O 00Hq20, 
cenmyM- Ma211uma. 1 - ce1<111op, 2 - nepe3ap.Rxaro"'aA Mu
iueHb, 3 - cenmyM-MQ2HUlllbl, 4 - "rj,01<jcupy,o"'ue AUH3bl, 
5 - oya11111. . . 

I 1. flepe3apJ1JICQ,O"'QJI MUUlfi?Hb 

IlpH npOXO)l(_)].eHHH T .R~eJJblX HOH OB "!epe-3 -~HLµeHb 8 pe-

3Y~b.Ta Te np~u.,eccoe noTep':I H Jaxe.a:ra JJieKTpq_uoe e ny"IKe 

eoJHHKaeT pacnpe)].eneuue "!aCTHU no JapHJJ.aM, npH'-ieM 

paBHOBeCHOe pacnpe)].eJieHHe 6JIH3KO K rayCCOBOMY, KOr)].a 

34><i>eKTHBHblH 3ap.ff)]. Z e ff cyll.{eCTBeHHO OT,JlH'-iaeTC.ff OT 

uyn.ff H OT 3ap.!1.JJ.a .RJJ.pa ' Z0 : 

2 
[- (Z-Z err) ] 

2 , 
~ 

HZ) exp 

Io /1 V2 TT 

/2/ 
q 

r ,ne. IO - HHTeHCHBHOCTb ny"!Ka )].0 nepe 3ap.!1.)].KiI·. ' 3aBHCH ~ 
MOCTb 34>4>eKTHBHOro 3ap.!1.)].a Z e ff OT 3HeprHH' Ha H}'XJIOH 
€ )].aeTC.ff YHHBepcaJibHOH «i>YHKUHeii / 7 , 81: · '. 

,· ," ., 

8 

) 

Z eff 

Zo 
= f( ,J f 

, .z 2/ 3 ) ' 
0 

., /3/ 

KOTopa.!1. xopow.o cornacyeTC.ff C 3KCnepHMeHTaJibHblMH )].aH

HbIMH / 7 ' 9/ . )].Hcne pCH.ff pacnpe)].eJI.eHH.ff 0 C- )].OCTa TO,lfHOH 

TO'-iHOCTblO onpe)].eJI.ffeTC.ff 3ap.!1.)].0M .!1.)].pa '-iaCTHU z/ 81: 

11 = 0,19•Z2/ 3 
0 /4/ 

ToinUHHa cno.ff eell.{ecTea, nocne npoXO)l(JJ.eHH.R KoTopo

ro ycTaHaBJIHBaeTC.ff paBHOBeCHOe pacnpe)].eJieHHe HOHOB 

no 3ap.R)].aM, B03pacTaeT C yeeJIH'-ieHHeM 3HeprHH '-iaCTHU. 

Tai<, e ·c':ny,-rne nepe3ap.RJJ.KH HOHOB Br ,. · i , Ta ·, U c 3Hep

rHeii . 25 . M:JB )].OCTaTO"IHO CJJO.R Bell.{eCTBa 

-- 2,5 . l0 17 amoM/cM 2/5 MK2.CM - 2 yrnepoJJ.a/, a c pocToM 
. . ' . 

JHepruH · uottoe )].O 200 M:JB paeuoeecua.ff TOJilll.HHa yrne-

POJJ.HOH «t>onbrH CTaHOBHTC.R - l ,5.10 13amoM/CM 
/30. MK2.CM - 2 ; / JO/ . . 

,l).JI.R ·onTHMaJibHOH nepe3ap.ff)].KH T.R)l(eJiblX HOHOB C JHep

rueii - 10 M:JB/HYKAOH M.O)l(HO orpaHH"IHTbC.R MHUJeH.ffMH 

TOJlll.{HHOH .. 40-60 MK2 . CM - 2 /yrnepoJJ./ . 

·J(z} .· .,(r +9 E" 7, 3 M~/4y ... ,, 
8lf 

a2 

a, 

26 JO 31; 38 z 

• ·f(z} 

0.(5 

a,o 

G05 

.J5 

+(J 

132Xe 

1;0 

E =6,2 H~y..-11. 

"" 1(8 Z 

Puc. 6. PacnpeOeAeHUJI uo11oe Kr· u Xe no 3apJ10aM nocAe 
npoxoxoe11uJ1 nepe3apJ1xa,o"'eu Muiue11u. 
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XapaKTepHwe pacnpe.n.eneHHJI no 3apJ1.LJ.aM HOHOB Kr u 

Xe npHae.n.eHbI Ha puc. 6. B cnr1ae ny'IKOB c 3HeprHeii 

qaCTHQ ( = 6 M:JB/HYl<AOH Hau6onee HHTeHCHBHaJI rpynna 

HOHOB C 3apJ1.LJ.OM Z2 = Z eff COCTaBJIJleT8O-1OOo/o.LJ.JIJI HOHOB 

.n.o Ar, 5Oo/o .LJ.JIJI HOHOB OT Ca .n.o Fe, 25o/o .LJ.JIJI HOH OB OT 

Cu .n.o Kr , 15- 2Oo/o .LJ.JIJI HO HOB OT Mo .n.o Xe. 

1. Pa3orpea nepe 3apJ1)1(a10ll.leii MHUieHH 

B pe3yJibTaTe npoXO)l()J,eHHJI HOHOB qepe3 MHUieHb )J,OJI)I(• 

HO yxy.n.UiaTbCJI Ka'leCTBO DY'IKa, D0CKOJlbKY 3TOMY co

nyTCTByeT pacceJIHHe qacTHU, a TaK)l(e n0Tep11 3HeprHH, 

o6ycnOBJieHHbie HOHH3aQHeii H B036y)l()J.eHHeM aTOMOB cpe)J.bl. 

TeM He MeHee oqeHKH DOKa3bIBaIOT, 'ITO B cnyqae rpaqiu

TOBblX qJOJibr TOJlll.lHHOH 40 M1<2.CM-~ cpe.n.HeKBa.n.paTH'I" 

HblH yron MHOroKpaTHOro pacceJIHHJI HOHOB C 3Heprueii 

6-10 M:JB/HYKAOH npaKTH'leCKH He BJIHJleT Ha 3M'u:TTaHC 

nyqKa. PacceJIHHe Ha 60JibUIHe yrJibl . B TOHKHX MHUieHJIX 

00.LJ.'IHHJleTCJI 3aKOHY Pe3epq>op.n.a H npHBO)J.HT K noTepe 

1 o/o qacTHQ. 

OTHOCHTeJibHble cpe)J.HHe noTepH 3HeprHH qacTHQeii npu 

np0X0)l()J,eHHH rpaq>HTOBOH MHUieHH TOJlll.lHHOH _ 40 M1<2. CM-2 
He 3Ha'IHTeJibHbl H COCTaBJIHIOT / 1 - 3/. 1 o-3 )J.JlH HOH OB OT 

Ne .n.o Xe. 

O.n.HaKO 3HepreTH'leCKHe noTepH H0H0B CYl.l..leCTBeHH0 

BJIHJIIOT Ha TeMnepaTypHblH pe)l(HM qJOJibrH, D0CK0JlbKY M0l.l..l" 

H0CTb, Bbl)J,eJIHeMaJI ny'IK0M B TOHKOH MHUieHH, noMell.leH· 

Hoii B BaKYYMHYIO KaMepy c TeMnepaTypoii cTeHoK T O ., 

pacceuaaeTCJI T0JibK0 qepe3 HJJiy'leHue. 

B cnyqae nepe3apH.LJ.KH HMDYJibCHoro ny'IKa C M0l.l..l" 

HOCTblO 3HepreTH'leCKHX noTepb B HMDYJibCe pi /Ha e.n.u

HHQY DJIOl.l..la.LJ.H MHWeHH/ xapaKTepHoe BpeMJI, B Te'leHHe 

KOTOporo TeMnepaTypa T qJOJibrH TOJlll.lHHOH m CYl.l..leCT· 

BeHHO MeHJleTCH, cpaBHHMO C )J.JlHTeJibHOCTblO HMDYJibCa 

TOKa t . /y)l(e npH cpaBHHTeJibHO He60JibWOH MOl.l..lHOCTH 

pi = 5 BIii/CM '!.j . 11, 15/ . , 

3aBHCHMOCTb TeMnepaTypbl MHUieHH OT BpeMeHH Bbl" 

'IHCJIJIJiaCb H3 ypaBHeHHJI 

10 

j 
p _ 

dT 4 ,4 1 

mC -- = P - 2K al T -1 
0

], P = 
v dt O 

0 _, t - t. , 
- - I 

t _ t < l I , . -- ,, 
/5/ 

r.n.e CV - TennoeMKOCTb e.n.HHHQbl DJlOl.l..la.n.u MHWeHH, a 
D0CTOJIHHaJI CTeq>aHa-60JibQMaHa, K - K03qlqlHQHeHT "qep-

HOCTH" noaepxHOCTH MHUieHH, I/ - 'laCT0Ta D0BT0peHHH 

HMDYJibCOB. 

YcTattoanettue TeMnepaTypttoro pe)KHMa q>onhru B cny

qae nepe3apH.LJ.KH ny'IKOB H0HOB 1~1Xe 1J
121 

/KpHeaH " 1 -
T~H.IJ.eM QHKno"rpottoB Y-3OO - Y-4OO /_, 

4
1
0
8 Ar-'·' H 

:! 4 - .'i 
52 Cr 1-. /KpHBbie 2 H 3 - QHKJioTpOH Y-4OO/ c :rneprHHMH 

1,0; 11,3 u 6, 7 M:JB/HYl<AOH u cpe)J.HHMH HHTeHCHBH0CTJI -

MH 2.10
12

, 6.10
11, l.lO 14c- 1 noKa3atto Ha puc:. 7 /.n.nu-

T°K 

/J{X) 

ff(XJ 

'KXJ 

700 
!'::!f' ~ii~~,, 

1/ ( -- I : : ,/ , -, / '-,, ' 
____ / ,r - I I r - , , 

5a:; il ,---- -- , , - ( ; t / --_, 
/" ~ - I 

I - - - - .I 

I 
I 

3lXJ l____ ·- . --~ ,-... -- -- - -
0 y 8 12 •yy l;/J 52 t KJ-'c,,, 

Puc . 7. 3aeucuMocmb meMnepamypbI 06Ay'-taeM020 y'-tacm1<a 
MUUJeHU om epeMeHU npu nepe3ap.R01<e UMnyAbCHblX ny'-1· 
Koe. 1. TaHOeM ~YKAompoHoe, ny'-101< uoHoe le / f = 
=1,0M:JB/Hyl</1., I =2.l0 I2 c-l,P , =5Bm.cM- /;2.l.{u1<· 
-'.!OmpoH Y-400, ny'-101< uoHoe Ar ) ( = 11,3 M:JB/HYKA., 
I =6.10 13c -l, pi= 12 Bm.c - 2 /. 3. l.{UK.LJOmpoH Y-400, 
ny'-101< uoHoe Cr/ ( = 6,7 M:JB/HYKA., T = 1014 c-1 , 
Pi= 28 Bm.CM - 2 /. 
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TeJibHOCTh HMilYJibCa 10-3 c, 1.JaCTOTa IlOBTOpeHHH 

250 c-1 /. KaK BH,Ll;HO H3 pHCYHKa, B ycTaHOBHBllleMCH 

pe)KHMe KOJie6aHHH TeMnepaTypbl MHllleHH 3a BpeMH O,Ll;Horo 

HMilYJibCa ~ T COCTaBJIHIOT B Tpex paCCMOTpeHHhIX CJiy'-laHx 

COOTBeTCTBeHHO - 100° ' 230° H 470°. . . 

2. 0 MexaHH3MaX pa3pyrneHHH 

nepe3apH)Ka'.iomee MHrneuu 

K BO3MO)KffbIM .-MexaHH3MaM. pa3pyrneHHH T OHKHX yrne

POJJ.HhIX nneHOK no;:i; ;:i;eHCTBHeM TH)KeJihlX ;HOHOB MO)KHO o -r 

ueCTH: BhI6HBaHHe aTOMOB H3 MHllleHH H yMeHhllleHHe B p e -

3YJibTaTe 3Toro ee TOJIIUHHhl; MexaHH'-leCKHe uanpH)Ke HHH, 

BOJHHKaiomHe a cponLre HJ - Ja noKaJihHoro pa3orpeaa; 

HaT.R)KeHHJl, Bhl3hIBaeMbie 3JieKTpOCT~TH'-leCKHMH CHJiaMH 

uecTeKa10mHx Jap.11,z:i;oa ,H pH,z:i; ;:i;pyrux 1 131.Bce 3TO orpauH

'-IHBaeT cpoK cny)K6hI MHllleHH . Ilocne,z:i;HHH, KaK IlOKa 3hIBaeT 

OilhlT 3KCnnyaTaU.HH Tau;:i;eMa U.HKJlOTpOHOB JUIP, COCTaB

JI.ReT 5-10 'IQC npH nepe3apH,z:i;Ke ny'-IKa HOHOB ! ~~ X e +9 
Ha 

yrnepo;:i;uoe cponhre TOJIIUHHOH 40-60 MKZ.CM-2 · 

)],JIH yeenH'-leHHH apeMeHH )KH3HH MHllleHH 6hlJIO npe;:i;no

)KeHO no;:i;orpeeaTh ee a npou.ecce 06ny1.JeHHH ;:i;o TeMnepaTy

phl 500-700 0 c / 13{ TaK KaK npH yKa3aHHOH TeMnepaType B 

yrnepo,z:i;HOH cponbre npOHCXO,Ll;JlT 3Ha'-IHTeJibH~e CTPYKTyp

Hhie H3MeHeHHH /OT)t(HraIOTCH ,Ll;HCJIOKaU.HH, nneuKa npuo6pe

TaeT IlOJIHKPHCTaJIJIH'-leCKYIO CTpyKTYPY' a ee y;:i;enhHOe 

3JieKTpH'-leCKOe conpOTHBJieHHe na;:i;aeT B HeCKOJihKO ThlCJl'-1 

pa3/. Ilony'-leHHhie pe3yJILTaTbl CHJihHO OTJIH4aIOTCH ;:i;pyr 

OT ;:i;pyra: B O,Ll;HHX 3KCnepHMeHTax yaeJIH4eHHe BpeMeHH 

)KH3HH cponhrH 6hlJIO He3Ha'-IHTeJibHbIM /B 1,4 pa3a/' B ;:i;py-

rHX - O1.JeHb 60JihlllHM /B 100 pa3/ / l 4 / _ . 

PacCMOTpeHHhie Bhlllle KOJie6aHHH H~MnepaTyphi MHllleHH, 

KaK MhI ·nonaraeM, cymecTaeuuo ana,i10T ua cpoK ee cny)K"" 

6bI. Il03TOMY npe,z:i;cTaBJIHeTCH )KeJiaTeJli.HhIM uarpeaaTb 

MHrneHh eo epeMH 06ny1.JettH.11 ';:i;o BOJMO)KHO ·6onee BhlCOK~H 

TeMnepaTyphl, qrpaHH'-l_eHHOH JIHlllh 1pe60B~HHeM Me,xami-

1.JeCKOH npO'-l~OCTH,,cpOJihrH /oTCYTCTBHe BO3rOHKH eemec T 

aa, coxpaueuue ' ynpyrux CBOHCTB MaTepuana u T .n./, c 

u.eJihlO cymecTBeHHoro yMeHbllleHHH aMilJIHTY,Ll;hI ' Te'Mnepa-

TYPHLix Kone6attHH. )],n.11 yrnepo;:i;uoe cponhrH onTJtMaJILHoii 

MO)KHO C'-IHTaTb TeMnepaTypy - 2000 °C, 4TO COOTBeT

CTByeT Il0CTO11HHOH y,z:i;eJibHOH MOIUHOCTH no.norpeaa p c ~ 
=1so Bm.cM-2 , 

Tor;:i;a 3aBHCHMOCTh TeMnepaTyphl MHllleHH OT BpeMeHH 

npH 06ny1.JeHHH HMilYJihCHhIM IlY'-IKOM onpe,z:i;enHeTCJI ypaeue -
HHeM 

dT 4 4 mC- = P-2Ka(T -T ), 
V dt 0 

- Ip c+ pi 
P = p 

( ' 

0 t :.:: t 

I t .· t· -
I - 11 

/Sa/ 

perneHHJI KOToporo ,Ll;JIJI Tpex paCCMOTpeHHhlX IlY4KOB HOHOB 

Xe, Ar H Cr noKaJatthl Ha puc. 8. B 3TOM cny,.-iae Kone -

6aHHJI TeMnepaTyphi 3a BpeMH o;:i;uoro HMilYJihCa yMeHb

lllalOTCJI B 5 pa3 / 1\T-20°' 40° H 100° COOTBeTCTBeuuo/, 

T°K 

3 

2351] 

2 

2300 

2273 

2250 
0 Lt /3 t ..o'a..-

Puc. 8. 3a8UCUMOC1/lb 1/leMnepamypbl o6Ayt.taeM020 Y'IQC1/ll(Q 
nooozpeaaeMoii MUUleHu om apeMeHu npu nepe3ap.1101<e uM
nyAbCHbrx nyt.t1<oa. 06o3Hat.teHu.11 me J1Ce, t.tmo u Ha puc. 7. 
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TaK 'ITO .u,a:>Ke HaH6onee HanpJI)KeHHhlH p~)KHM o6ny'leHHJI 
nepe3apJ1)KalOll\eH MHllleHH Ha ~-400 6y.u,eT 6nH30K K y)Ke 
HCDbITaHH0Mo/ Ha TaH.D,eM-U.HKn0Tp0Hax. 

C u.enblO 6bICTpOH CMeHbl noape)K.D,eHHhlX cponhr H 6onee 
T0'-IH0ro C0BMell\eHHJI BhIBe.D,eHH0ro ny'IKa c_ 0<;blO H0H0npo -
ao.u,_a B U.HKnoTpotte Y-400 npe.u,nonaraeTCB coJ.u,aHHe ~ac
ceTttoro ycTpOHCTBa C .D,HCTaHU.H0HHblM nepeMell\eHHeM B . 
pa.u,HanbH0M H a3HMyTanbH0M HanpaaneHHJIX H IIInl030Ba
HHe acero ycTpOHCTBa a u.enoM 6e3 Hapy111eHH.11 eaKyyMa 
B KaMepe yCK0pHTenB. 

ABT0phl 6naro.u,apHbl r.H.<l>nepoay 3a Il0CTaH0BKy 3a
.u,a'IH H CTHMynHpYIOll\HH HHTepec K pa6oTe, IO.IJ..OrattecH- _ 
HY 3a rrno.u,oTB0PHLie o6cy)K.u,eHHB, B.C.Ancpeeay H B.H.llatt
'leHK0 3a noneJHhie .D,HCKyCCHH H Il0M0ll\h B paCl.JeTaX. 
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