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BwCTpoe paaaHTHe TeXHIIKR ycxopeaas aaplVKeHBWX '18CTIUl, uuC'J'HrH)'Toe B uocnensee 

BpeMR, D03BonReT H&AeRT&CK, 'ITO B Te'leRBe 6nBlK8ADIJIX neT CT8HeT B03MOlKBWM )'CKOpeHBe 

TRlKeDbiX HOHOB C Z ~ 20- 30. 

B smepHbiX npoueccax, Bbl3biBaeMbiX paccesmHeM CTon& TRJKenblx 'laCTJUl, MOI')'T 

npOSIBHTbCH Ka'leCTBeHHO HOBble Sq.jleKTbl. B H8CTOHllleA pa6oTe Mbl XOTHM o6paTBTb BRilM&-

HBe H8 OAHH H3 HHX. 

PaccMOTpHM upouecc cTonxuoaeuBR TRlltenoro smpa 1 c smpoM 2 B o6naCTR saepraA 

HHJKe xynoaoacxor~ 6ap&epa. JlnH npOCTOTbl npennonoJKBM, 'ITO smpo 2 npenCTaBnHeT co6oA 

CcjlepH'leCKR. CRMMeTpH'IHbiA OCTOB DDJOC OllllH H)'KDOH. flOI! BllHHHReM K)'DOHOBCKOI'O nona 

BliP& RLIPO 2 6yneT npuo6peTaT& OTpRilBTeDbH)'KI ARH8MB'lecK)'KI netj)opM8DilJO 

(a cny'lae pacceHRilH HOHOB c Z ~ 10 sTa neljlopMBDilB o6bi'IHO o'leH& wana). Ypoa-

HH suepr&a auewuero H)'xnoHa BliP& 2 6ynyT MeHsrtbCH npB sToM, rpy6o roaopsr, no cxe­

Me Han&ccoua. llpa nocTaTO'IBO 15on&woll nel}opM8DRH sTO MOJKeT npHBeCTH x ox nepece­

'leHHJO. B6naau TO'IKH nepece-qeuus ayxnoH_ MOJKeT nepeATH na BblweneJKaWRA ypoaeH&, u, 

T~KHM o6p830M, nocne CTODKHOBeHHR RLIPO 2 OCT8BeTCH B B036)'JKlleHHOM COCTOHRRH. Taxo-
/1/ 

ro pona MexauuaM y>Ke npuMeHHDCH npa uccnenosaaua nponecca neneHBH 

JlnB HDnJOCTp81lRR paCCMOTpBM npHMep: 

•• 112 
Ga + Xe ••* ua Ga + Xe 

(1) 

lloseneane ypOBueii aHeprHH nna He'leTHoro npoToHa B Rllpe Ga 
18 

npa OTpHuaTen&aoii 
121 

necpopMBUHH npencTasneHO H8 pHCo 1 • flepece'leHHe ypOBBeil: npORCXOART npB /) = 1)
0 

--0,06. 

BuqncnHM caa'lana aenH'IBII)" AHH8MH'lecxoll necjlopMaDHB OCTOBOB CT&.I!KHBBJOWHXCII 

IIA9p. 3Ta aana'la 6htna peweua a pa60Tax
13

•
4

•
51 

sa ocuoae xanen&aoll Monenu H B KD83B-

CT8TR'leCKOM npH6nHJKeHBB, TO ecT& KOI')l8 Bpe!14R CTODKBOBeHHB 

na xone6aaal! nqsepXHOCTH smpa 

a131 
noxaaauo, 'ITO aTo ycnosae HMeeT san: 

cut 2 v 8 Z a II I d 2 ~d q a 
sz, • 2 R1 

>> 1, 

MBOI'O 6on&me DepRo-

(2) 

rQe M 
1

, Z 1 , II 2 , Z a ,... wacca H 3apsm aaneT&lOl.i.!ero BORa • lUI.pa-lllllweua. 
t/a t/a 

R = lo(A I +A 2 ) ; 'o = 1,22£ • 
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I 

d - MHHRM8JlhH09 paCCTOIIJIII8 MeliQly Jlllp&MB npB ll&BBOII sueprBH 

q-
2 

q=~-1; t= 
2 z2 2 

2 .. 
noaepxliOCTHOe uaTIDKeBBe a Ga , 

1\d-~d.;.~. 

a 40,.r
0 

u
2 

3e 2 

.Qn11 paccMaTpBaaeMoro saMB cny'l&ll ( 1) <» t • 10-15. Hcnoru.ayg Tenepb ycnoaue 

KB83RCT8TH'IHOCTH H npencTaBnRH noaepXHOCTB CTanKBB&roWBXCH Jll19p B BBll9 

R 
1 

= R 
01 

[ 1 + ~a: P k (cos 8 ) ] i = 1,2 , (3) 

MBHBMH3BpyeM nonuyro sueprHJO CBCT8Mbl, COCTOHmell B3 llBYX Jlllep. npuHBMSII k = 2,3 

u orpauH'IBB&liiCb xsanpaTH'IHbiMB no a\ qneuaMB B BblpaJKeHBB nn11 suepruB, nony'IHM 
I /5/ 

cnenyJOmyro cscT9M)' ypasueuull nnlil onpeneneHBlil a k 

(I) (I) (I) 

'Y h a 2 + 'Y h a 2 + ·y fa a a + y f• 

f = 1, 2,3, 4 • 

(2) 
a 

a =-sf (4) 

MaTpHUS 
1 

COCT&Bn9HH8lil H3 K03.p.j!BUR9HTOB 'Yfl l CRMMeTpH'IHS 

a OCTan&Hbie Kos.p.jluuueHTbi npuuuMaroT cneuyromue aM;a'leuus: 

·r =·r =·r ·r· o , U H u 32 

2 2 

•Y 
1 

= 2,41[ 0,51 + 0,286( 1 + 1,5 _!.1)].!.1 + 0,2_!_1_ (< 
I d2 d 2 r Z Z 

0 I 2 

~/a 
A I 

z2 

7'1 
I 

R2 2 

·y = 2,41[0,57+0,286(1+ 1,5-2)]~ + 0,2_d_1_(• A~a-~ )I 
r Z Z 2 2 A'/ a 22 d' d2 0 I 2 2 

2 • 

·Y aa = I 0 2 
Rl R I d 1 

0,57 ,8 + ,42--;-J + 1,4 - + 1,5- -- <• 
d d. ro zlz2 

2/a 
A 

2 • 

05710 24 
R2 R2 d 1 2/a 

•Y u = , ,8 + , 2 "72 + 1,4- + 1,5- -- (< 2 A 2 -
d d• ro zlz2 

·Yu= 
R R

2 
R

2 

3,6 [ 1,2 + 0,72(-=.1 + ~)] ..::.J. • _2_ 
d d d 2 d2 

Ra R 2 Ra 
·Y • 0,57-2 + (0,57 + 0,91-1)--.+ 

18 da d2 d 

Ra R2 Ra 
·Y = 0,57-1 + (0,57 :t 0,91 ~) _2_ 

2f d a d 2 d a 

R R
1 

R R
1 

Y = 2,57((1+ 1,43..::.J.)_1 + (1+ 1,43~)_2_ 
u d d' d dl 

4 

• 

0,57 z 2 
~>I 

I 

0,57J:>J 
A a 

2 

(5) 

u 
':\ 

'I I 
I• ,. 

?t,:, 
;,'~1 

!: 
(· 
j' 
I· 

:''1 

,I 

~ !,: 
I 

s -I 

s -2 

2 

1,2 ..!J. 
d I 

2 

1,2~ 
d 

Ra Ra 
Sa= S • = 0143 (~ + _2 ) 

d a d a 
(1,2) (1,2) 

PewaH CHCT9MY (4) 
1 

HSXOllBM nap&M9Tpbl a 2 (d) B a a (d) • C HX nOMOWbiO 

Bbi'IBCnHTb suepruro necjlopM&UHH U xax cjly&KUBJO OT d • TaK K&K a':· "t c 
(1,2) /4,5/ ' noK MeHbwe a 
2 

(d) , TO axnanoM necjlopMauuu TpeTbero nopSilli& B suepr 

npeue6pe'lb. Torna nnH u uMeeM: 

2 2 2 2 

u -
3 I Z I e [ <I) ] 2 Z 2e [ C2> 12 I _____ q a + _R __ q2 a2 

25 R I I 2 2 

89 

8 cnyqae (1) suepriiH neojlopM8UHB 1 OTHOCHm&HClil I Slii.PY 
Ga , HMeeT senB'IIU 

nocKoru.Ky sTa suepi'BH cpaauuMa c uaMeueuueM ssepruu suewuero uyxnoua np1 

neljlopM&UBB OCTOBS OT uynesoll ItO MSKCUMSnbHOII (-0,3 MsB) 1 TO nnH nony'I9HH 
(1,2) TenbHOII 38BHCHMOCTH a 
2 

(d) ueo6XOitBMO npOB9CTH MHHBMH38UBIO CYMMbl nc 

ruu OCTOBOB u suepruu U' auewuero uyxnoua. Ha puc. 1 sunuo, 'ITO s6nuau 

38BBCHMOCTb sueprRB uyxnoua OT S MOlKHO C xopowe~ TO'IHOCTbro annpOKCRI 

npSIMbiMH nHHHHMH. YpasueuuH npHMbiX &MeiOT san: U'1 = aS+ b nnH f 1; 2 

nnH p a/2 • nosToMy I napaMeTpy S 2 ua (5) uano npu6aa&Tb senu'IUHY 
Ad 

np¥ nsuJKeuus uyxnoua no yposuro f 1;. u -Z---2 , ecnu uyxnou nsBJKeTc~ 
1Z 2 e 

p a/
2 

• .QnSI uawero cny'I&H a •8,14 Mss b •44,85 Mss, A •-4,95' Mss, 

PeWSSI CUCTeMy (4) C ucnpasneuuhiMB napaMeTpaMu (5), nony'laeM uos: 

(2) 
a 

2 
(d) • Ha puc. 2 npencTaaneua aasucuMOCTb xsanpynoru.uoA necjlopMaUiiH 

69 112 
Slii.PB Ga B none Xe npu nsuJKeuuu nocnenuero np01 

(S = 0,95aC
2
>) 

2 
HIO p a/ 

2 
• 3Ta KpUBSH C xopo,ell TO'IHOCTbro annpOKCUMHpyeTCH cjlyHKUBell 

rne c -- 0,555; 

S = C exp ( - D d) , 

-1 
D = 0,174 f 

npouecc B036ylKll9HHH T&KOII CUCTeMbl C nepecexaroWHMHCH 3BepreTH'I9CKH 
!til 17 I 

snepBbie 6bm paccMOTpeu naanay u 3uuepoM , KOTOpbie noxasanu, 'ITO B 

cxoM npu6nuJKeuuu nepexon c yposuSJ ua yposeBb B03MOlKeB Toru.xo nps oTCy-r 

ux nepece'leHHH. B uaweM cny'lae K paanBuJKeauro yposueA MoryT npuaecTU ac• 

aK:nro'leBHble B raMun&TOHH&H Hun&ccoua { o6oaua'IHM ux V ) , 

nocxoru.xy Mbl ue MOJK9M nocneuosaTen&uo yqecTb 3TH 'lneubl u uawa SBJ 

cSJ qucTo xaqecTaeunoA, 6yneM c'luTaT& V napaMeTpOM· 

5 



ICTO>tlllle Me>I(Qy ~P8MB UpB A8HHOA saepraa 

~ z2 
2 

T>t>K9HH9 B 

1 ; 

u 
Ga 

• 2 = 40,,oa "a 
3e 2 

~d = *d.;. d 

8MB cnyqeg (1) "'t • 10-15. Hcnom.ayst Tenep& ycnosae 

CTBBllllll llOBepXHOCTH CTBliKHBaiDmHXCg ~ep B BHne 

I • R 01 [ 1 + f a k P k (cos () ) ] 1 = 1, 2 , 

(3} 

'IHhlMB no a• k 

eprHID CBCTeMbl, COCTOstmel! H3 ABYX ~ep, fipBHHMBll k • 2,3 

'lll9HBMH B BblpS>KQHHH Allll SHepraH, llMY'IHM 
I /5/ H9HHI! nnH onpelleneHust a k 

1) (2) ( 1) 

2 + 'Yf2a2 + Yfaaa +yf4 

f = 1, 2,3, 4 • 

(2) 
a 

a =- 8f 
(4) 

XOS$<PBI!HeHTOB 'Yfl I CHMM9TpH'IHa 

llpHHHMSIDT CllenyiDmHe 31(B'I9HHH: 
·y =·y =·y =y= 0 • 

14 41 2a 82 

R
2 

R
2 

d 1 ~/a 286( 1 + 1,5-.::..~)1...::..1 + 0,2 __ (< A z2 
d 2 d 2 r Z Z I I 

0 I 2 A1lt J 
I 

R2 2 
:6(1 + 1,5_2)1 ~ 

d 2 d 2 
d 1 2/a Z 2 

+ 0,2 -(• A ---=--a. ) l 
r Z Z 2 2 Al/a 0 I 2 

2 2 4 

Rt R I 1 d 1 ( --:;-a + 1,4 _ + ,5 ___ • 
d d 4 r

0 
Z

1 
Z

2 

2/a 
A 

R; d 1 2/a + 1,4 _ + 1,5_ -- (< 
2 

A 
2 

-

d
4 

' 0 Z
1
Z

2 

R
2 

R 
2 

+ ~)] --1. _a_ 
d d 2 d 2 

2 a 
R 1 ) R 1 ,57 + 0,91d2 dT 

2 a 
,57+ 0,91~) ~ 

d a d a 

R R~ R R: 
--1 l_ + (1 + 1,43--2 >--

d d6 d d6 

4 

• 

0,57 z 2 

AlTa...! )l 
I 

0,57,; )) 
A a 

2 

(5) 

~~.1',!:' ;:w::·riJ 

'/~. 
IJ 
'''\1 

M 
' ' 
' 

f{ 

'i 

81-

82. 

R2 
1,2_1 

d 2 

2 
1,2~ 

d 

R a Ra 
8 a = 8 4 = 0,43 (--1 + _2 ) 

d a d a 
( 1,2) PemaH CHCTeMy (4}, HSXOABM napaMeTpbl a 

2 
(d) 0,2) 

Bbi'IBCliHTb SHeprBID necj>opMSI!HH u 
B a a (d) , C HX llOMOm&ID MO>KHo 

xax ci>YHKI!BID OT d Tax xaK: a<a1''fd) He nopH-(1,2) /4,5/ ' 
AOK M9H&me a 

2 
(d) , TO BKIIBAOM necj>OpMal!BB TpeT&ero llOPHI!KB B SHeprBID MO>KHO 

npeae6pe'lb, Torna nnH u HM9QM: 

2 2 
2 2 u = 3 I Z l e [ 0> 1 2 Z 2 e (2) 2 

(6} 
- - ql a + 

-q 2 [a 1 l . 2! Rt 2 
R a 

2 

68 B cny'lae (I) sueprHH necj>opManHH, OTHocHmeHc.s x Hllpy 

Ga , HMeeT senH'IRHy 

fiocxom.xy ST8 SH9pl'llg CPBBHBMe C H3MSH9HH9M SHeprBB BHemaero RyiCIIOBa npu B3M9B9HHH 

ne«jlopMal!HH OCTOSe OT Hynesoll AO MBXCHMBllbHOII (-0,3 Mss), TO /lliH nony'laBHll neiiCTBH­
(1,2) 

·- 0,5Mss. 

T9llbHOJI 3BBHCHMOCTH a 2 (d) HeOfiXOABMo nposecTB MHHHMH38l!HID CYMMbl llMHOll SHep-
I"HH OCTOBOB H SHeprua U' 

BHemuero RyiCliOHe, Ha puc, I BHAHO, 'ITO BfillH3H 8 = 8 O 

3SBHCHMOCTb SHeprHB RyKliOHa OT 8 MO>KHO C XOpome~ TO'IHOCTbiD ennpOKCBMHpOBaT& 

npHMhlMH liHHH>tMH, YpeBH9BHH npHMbJX HMeiDT BBn: U~ = &8+ b AliH f

6

/

2 

H u;=A8+ B 

nnH p a/a • fiosToMy K napaMeTpy 8 a ua (5) uano npa5asuT& senu'laay ---.!1_ 

. Ad Z 
1
Z ea lipH ABH>K9BHH HYKliOBB no YPOBHID f 6; 2 H -:::---- , 9Cl1H RyKliOB ABH>KeTCH no 'YPOBHID 

Z 1Z 2 e2 

p a/ 
2 

• llnH Hamero cny'laH a = 8,14 Mss b • 44,85 Mss, A •- 4,95' Mss, B •-44 ~ Mss. 

PemaH CHCTeMy (4) C HCnpasneuabiMH napaMeTpSMH (5}, nony'laeM HOByiD cj>yHKUHID (2) 

a 
2 

(d) • Ha puc, 2 npencTasneaa aaaucaMoCT& xaanpynom.uoll necj>opMaUifH 8 OT d 
(2) 88 182 

(8 = 0,95a 2 
) Hl!pa Ga s none Xe npu ABH>Keauu nf'nenaero npoToua no ypos-

HID p a/ 2 , 3Ta KpHBBll C XOpomell TO'IHOCTbiD annpOKCHMHpyeTCll cj>yHKUHell 

rna 

c -- 0,555; 

8 = C e:rp (- 0 d) , 

-1 
0 = 0,174 f 

(7} 

fiponecc B03fiYlKil9HHll TBKOI! CHCT9Mbl C nepeceKaiDmHMBCg SBepreTH'IeCKHMH YPOBHllMH 
/tj/ 171 

snepsb!e fihrn paccMOTpeu lleunay H 3aaepoM , KOTOpLre noxaaena, 'ITo a anuafiaTH'Ie-

CKOM npu6nH>KeHHH nepexon C YPOBHH Ha YPOBQHb B03MOlK9B TOIILKO DpH OTCyTCTBBB CTpororo 

ax nepece'leuusr. B uameM cny'lae K paanBB>KeuuiD yposHell MoryT npasecTu see 'lneub!, He 

BXlliD'Ieuub!e B I"BMHII&TOlfHau Han&ccoua ( ofioaua'IBM ax V ) • 

nocxom.xy Mbl ue Mo>KeM nocneaoeaTen&uo Y'lecT& STH 'lnellhr u aama aana'le HBn
11
eT­

Cst 'IHCTO KB'IeCTBQHHoll, fiyneM C'IBTBTb V UapaMeTpOMo 

'I 
5 
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-........ ...... ". 

BepoRTBOCTb w a036Y*48BHR paccMaTpsaaeMoA CBCTeM~ np• aaoAHOM aaaa6aTB-
/7/ 

'18CKOM npoxo~eBBB TO'IKB dO BM89T BRa: 2 ya 
awv2 - " 

-hlF1-FJ hlF1-FJ (8) 
w-2e (1-e ), 

rae ace aenB'IBH~ 6epyTCR B TO'IKEt d • d0 1 V - CKOpOCTb CTaHKHBAIOtnHXCR '18CTHUo 

~ld=d0 F 1,2 m dd u 1• 2 ~ u + u~.~ 

Ecn• 
\9) 

/6/ 
V 

2 « hv I F - F I , 
1 2 

TO : 
4wV 2 

\10) w = 
l!v\F 1 -F21 

B saweM· cny'lae hv IF
1
-FJ•0,127 Maa 2 nps E •186 Mae,• ycnoaBe \9) a~nonsaeTCR 

xaa. Tax xax paccMBTPBBaeM~A nponecc npoBcxoasT npB aseprHB cTonxso-
nps V < 100 
B9HBR gaep HB*9 xynOHOBCKOI'O 6ap&epa, H MP8 TR*8n~e, TO MO*HO npHHRTb, 'ITO OHH aBH·• 

*YTCR no pe3epljlopaoacxol! TPBeKTOpHH. Torna, Hcnonb3JR (9) B ( 10), nerxo B~'IHCnHTb 
I'd/ 

nonHoe ce'leHBe a036y~eHBII : -aaa ---
4-./ 2p. " d V y E - U 

(1 = 0 

hiF1-Fa1 

lll) 
E 

3aaBCBMOCTb o oT E 
nna nayx asa'leHHll V npeacTasnesa sa psc. 3. Bsnso, 

-29 2 
xaa nony'laeM u ( • 10 eM ) a npenenax axcnepsMeHTanbH~X 

'ITO na*8 ana ·v -
a03MO*HOCTell, TaKHM o6pa3oM, y'leT aToro a~;ljlexTa MO*er B npBHilHne npHaecTH K aaMeT­

HbiM 8HOMaHBBM B noaeaeHBB C9'19HHR Heynpyroro pacCei!HHII CHO*H~X gaep. 

CnenyeT non'lePKHYTb eme pa3, 'ITO aana'la pemanac& xa'lecTaeHHo, s npoaeness~e 

Oll9HKH HOCRT 'IBCTO snnJOCTpaTHBHbiA xapaxTep. 

B 3aKnJO'I9HHe OTMeTHM, 'ITO na*e npH sanB'IHB CTpororo nepece'leHHll ( V = 0 ) nepe­

xon gapa B B036y*aeHH09 COCTORRB9 M0*9T ObiTb o6yfnoaneH seansa6aTB'l9CKKMB nonp8BK8-
/8/ .. 

MHo 3TOT aojx!JeKT paCCMOTpeH B pa60Te • 

6 

• 
j . ~ 

n • T e p.a T -~-~a 
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PyKODBCb nocTynBn8 B B3A8TenbCJtBA OTA8. 
8 anpensr 1965 r. 

·-
"·" 

... .. 

" .. ... ~~, ...... ,. If, .... "' 

Psc. 1. CxeMa HBn&ecosa anll ypoasel! 2p a/ H 1f a/a 
B o61JaCTB OTpBilaTanbB~X necjJopManB\, 
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W B036y>Kll&HHH paCCMSTpHBS&MOJI CHCTeMLI npR llBOJIHOM 8llR86STR-
/7/ 

HRR TO'IKR d O &MeeT BRll: 
2 

ya 
2fi'V3 - f1 

- ... ~ Fl- FJ. hiF,-F~ (8) 
... 2e (1- e ), 

bl 6epyTCH B TO'Irte d = d0 1 V - CKOpOCTb CT8.11KRB8IOI.IlRXCH '18CTHU, 

F =~I 
1,a d d d= d

0 
u 1,2 = 

V 
2 

« hv I F 
1 

- Fa I , 

4,y 2 
w = 

~vlt 1 -Fa1 

U + U' 
l,a 

!9) 

llO) 

hv IF 1-FJ•0,127 Msa 
2 

npH E •186 Msa,a ycnoaae !9) BLIUO.IIHH&TCH 

xsa. Tax xax paccMaTpaaaeMLIA npouecc npoacxoaBT npa saeprHH CTO.IIKHo­

xynoHoacxoro 6apbepa, H llllPS TSI>Ke.IILie, TO MOJKHO UpHHSITb, 'ITO OHH liBH-· 

•PllOBCKOl! TpaeKTOpBB, Toraa, HCUO.IIb3YH (9) H ( 10), .II&I'KO BLI'IBC.IIHTb 
/fj/ 

036y>Kl!&HHSI : 
- 2 a 2 

4y 2p. , d
0 

V 
u = 

hiF 1 -Fa1 

yE - U 

E 
!11) 

oT E anH aayx 3Ha'leHal! V npeacTaeneaa Ha pac. 3. BaaHo, 
-29 2 

- 1 xsa nony'laeM u ( • 10 CM ) B npeaenax sxcnepBM&BTan&BLIX 

KHM 06pa30M, y'leT STOI'O s¢¢eKT8 MOlK&T B llpBHUBU& UpHB&CTH K 38MeT­

UOB&lleHHH Ce'leHHH Heynpyroro paCCeHHHH C.IIOJKHLIX Slllep, 

'lepKHYTb el.lle paa, 'ITO 38Jl8'18 pemanaCb Ka'leCTB&HHO, H npOB&ll&HHhie 

0 H.II.IIIOCTpaTBBHbil! X8p8KTep, 

e OTMeTHM, 'ITO aalKe npa Ha.IIB'IHH CTpororo nepece'leBHB ( V x 0 ) nepe­

aeHBoe cocToHHae Mo>Ker 6LrT& o6ycnoanea Heaaaa6aTB'IeCrtBMH nonpaarta­

accMoTpeH a pa60Te 181• 
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