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TipoeunpyH ¢a30BOe npOCTpaHCTBO HeCKOnbKHX qacTHU Ha nnoCKOCTb 1 

o5brqao nonbayiOTCH nn5o JlHai'paMMofi .llannua (npn Tpex qacTiiuax), nn5o 

Tpeyi'6nbHOfi JlHai'paMMofi ( npn n > 3 ) • <llopMa ¢ni'ypbi .llannua CliO>I<Ha, Mbr 

ITOKa:lKeM1 0JlHaK01 qTo llOJlXOJlHIIlHM Bbi50pOM nepeMeHHbiX1 XapaKTepH3YIOII1HX 

COCTOHHHe TpOHKH qaCTHU, ee MO:lKHO o5paTHTb B npHMOyi'OnbHHK, 

B §2 5yJlyT paccMoTpeHbi HeKoTopbre CBOHCTBa Tpeyi'onbHbiX JlHai'paMM 

H 1 B qacTHOCTH 1 B03MO:lKHOCTb CI'lia:lKHBaHHH ¢oHa Ha 9THX JlHai'paMMaX1 qTo 

ll03BOnHeT C5nH3HTb HX CBOHCTBa CO CBOHCTBaMH JlHai'paMMbl Jlannua. 

§ J, llpHMOYI'O/IbHlHI /1Hlii'pliMMll JlllflHUll 

.llaH pacnaJl 0 -+ 1 + 2 + 3. AMnnnTyJla pacnaJla nycTb paBHa KOHCTaH

Te, ByJleM XapaKTepH30BaTb COCTOHHHe TpOHKH qaCTHU a¢¢eKTHBHbiMH Mac-

caMH nap 12 H 23: m1a H mas • TOI')la HHTei'pan COCTOHHHii ( ¢a30Bblii 

o5'beM) cncTeMbi MO:lKeT 5biTb npeJlcTaBnea B BHJle 

'( 1) 

05nacTb HHTei'pnpoBaHHH eCTb ¢ni'ypa .llannua. OTcyTCTBne MHO:lKHTenefi npn 

JlH¢¢epeHUHanax ~HaqaeT pa~HOMepHOCTb ¢aHa B OTCyTCTBHe pe30H8HCOB 

B CHCTeMe 1 + 2 + 3, 

LITo5hi CJlenaTb o5nacTb HHTei'pnpoBaHHH npHMoyronbHHKOM, BCITOMHHM,· 

38BHCHT nnHeAHO OT 

71 - KOCHHyca yi'na BbineTa qaCTHUbl 2 B CHCTeMe ·noKOH 23, CaM :lKe KOCH-
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HYC BCei'Jl8 _MeHSieTC.R OT -1 JlO +1 He38BHCHMO OT TOI'O, 1JeMy paBHO m 2a • 

C11enaeM 7'/ 

I'Jle 

()) 

2a 

floaTOMY 

I'Jle 

OJlHOi!: H3 nepeMeHHbiX aoaoi!: JlHarpaMMbl, l1MeeM 

m
2 

=m
2 

+m 
2

-2m 
w 28 w a .:. P 2a P a 71 

12 o a o 

m2+m2-m2 
0 23 1 

2m 
0 

()) = a 

p2 = 6)2 
I I 

-m 

dm
2 

=Rdn 12 . ., 

R= 2 mop2a Pa/m23 5 

m2a 

2 + 2 m 2 
mall mil- 2 

2m 23 

2 

. .2 2 2 2 2 2 2 2 
y(mo+m1J-m28y(mO-m1)-m28ym28-(m2+ rna) ym23-(m2-m8) 

= 
2 

2m 23 

HHTerpan ll) o6pamaeTCH B 

2 
(m0-m1) 

1T 2 2 
s =<--> r dm 

3 2 m 0 (m +m )2 23 
2 3 

+1 

R(m 2 
) I dTf • 

23 -1 

(2) 

(3) 

(4) 

(5) 

XoTs:t eGnaCTb HHTerpupoBaHHH npHMoyronhHa, TeM He Meuee nnoTHOCTb 

BepOHTH~CTH Ha6niOJl8Tb TpOHKY 1,2,3 C napaMeTpaMH (m:3 ,Tf) H90JlHOp0JlH8 

aaBHCHT OT m :a .. Bbi6epeM Tenepb no nepeMeHHOH m:3 iloayiO mKany 
. 2 . 

TaKyiO, 1JT06bi nepBoo6pa3HaSI OT R ( m 23 ) H3MeHs:tnaCb paBHOMepHO 

.I 

'· 

m:a (m0-m1)2 

r J R(m:8 )dm:a / I R(m;3 
(m +m >2 (m :+-m ) 2 

2 8 2 8 

)dm :a· 

HoaaH nepeMeHHaH r o6naJlaeT, T8KHMH CBOi!:CTB8MH: r = (} npH 

r = 1 npH m23= m O-m 1 , r MOHOTOHHO paCTeT C pOCTOM 

WHK~HH 'zn;
8 

(r) . OJlH03Ha1JHa, H 

R(m 2~ ) dm 2! ..!.. S a dr 
2 

m 23 

(5 3 =5
8 

(m
0

;m 1 ,m 2 ,m
3

) - 4JaaoabiA o6'beM TpoAKH ,2,8), B 1 

(r,~) HHTerpan COCTOHHHi!: o6pamaeTCH B 

1 +1 

s 3 = _!. s3 I d r I d.,., 
2 0 -1. 

Bee COCTOHHHH C noCTOHHHOH aMnnHTyJlOH B npRMOyronbHHKe' 

paaHoaepos:tTHbi, CrymeHHSI T01JeK nponopunoHanbHbi KBaJlpaTy 

OepeXOJl OT nps:tMoyronbHHKa K ¢urype nanuua npOH3BOJlHTCSI 

m 2 = m 2 ( r) H aaTeM no ¢opMyne (2). .Hce.H H o6paTHbi 
'l3 ~') 

<l>yHKUHSI (6) nei'KO Ta6ynupyeTCH, a HHOI'Jla Bblp8)1{8eTCH H , 

KH, B pacnaJle Ha TpH ynbTpapens:tTHBHCTCKHX 1JaCTHUbi 

r=2(m2 /m2)- (m2fm2 )2 
. 23 0 23 0 • 

OTKYJl8 

m 2 =m 2 0-yl-r 
23. 0 

) . 

B Hepens:tTHBHCTCKOM cny'Iae 

TTr = 2(2 -
7

- -Oy-7-0- _r_) 
To To To 

-arc cos ( 

I'Jle 

T = m -m -m T = m -m - m 

2r 

To 

23 2 3 0 0 1 2 

-n. 

m3 

l 4 - • 5 



OT TOro, '19MY pSBHO .m 28 • 

·paMMbl, HMeeM 

(2) 

(3) 
23 

(4) 

(5) 

.1 

r d 7J 

a, TeM He Meaee nnoTHOCTb 

2 
rpaMH (m 23 •71) Heo.naopo.nHa -

.i9HHOH m2 
23 

.Hoeyro wKany -

i9HRnacb paBHOM9pHO 

(6) 

Hosag nepeMeHHaR o6na.nae~ TaKHMH cso:l!.c'rsaMn: r = (} npu m =m +m , 
28 2 8 

r = 1 npu m28= m O-m 1 , r MOHOTOHHO paCTe'r C pOCTOM m 
28 

, o6paTHaR 

""'·HKUHR ~ 2 (r) OAH03H8'1H8 1 n· 'i'J' . 28 . 

..!... S dr 
2 8 

(S
8 

=S
8 

(m
0

;m 
1 

,m 2 ,m 8 ) - cpa30Bhifi o6'beM Tpo:I!.KH ,2,8), B nepeMeHHhiX 

(r,7J) HHTerpan COCTORHH:I!. 06pawae'rCR B 

1 +I 

S 3 = ..!. 53 f d r f d 71 
2 0 -1' (7) 

Bee COCTORHHR C IIOCTORHHOH 8MIInHTy.nofi B IlpHMOyronhHUKe (r, 1'/) (puc,}) 

pasnosepORTHhi, CryweHHR TO'IeK nponopunonanhHhi KBa.npaTy aMnnnTy.r:thi, 

TiepeXOA OT npRMOyronhHHK8 K ~Hrype nanuua IIpOH3BOAHTCR IIO ~OpMyne 

m 2 = m 2 ( r) n 3aTeM no ~opMyne (2). flceH: n o6paTHhifi nepexo.n. 
'l3 ll3 

<flyHKUHR (6) nerKO Ta6ynupyeTCR, a HHOI'):la Bblpa>K89TCR H 8H8nHTH'I9C-

KH, B pacrra.ne Ha Tpn ynhTpapenRTHBHCTCKHX 'laCTHUhi 

r=2(m 2 /m 2 )- (m 2 /m2 )2 
' 23 0 23 0 • 

OTKy.na 

m 2 =m 2 0- y 1-r ). 
23. 0 (8) 

B HepenRTHBHCTCKOM cny'lae 

7Tr = 2(2 -
7

- -Uy-7-0- - 7
-) 

To To To 
-arc cos ( - 1) • (9) 

r.ne 

T=m -m -m 
23 2 3 

T = m -m - m 
0 0 1 2 rna (10) 
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np51MOyronbH851 JlHarpaMMS npHMeHHM8 BO BCeX cny'laSIX, B KOTOp 

HSIIOT H 06bi'IHyKi JlH8rpaMMY JlanHUa. 0TMeTHM eme B03MOlKHOCTb C 

~Hrypy .llanHua Ha Kpyr /l/ 

§2. CHcTeMbl HeCKOllbKHX qacTHII 

PaccMoTpHM pacnan THna 

o ... I+2+ ••• +n (n ~ 4) 

Paao6beM n 'ISCTHU Ha JlBe rpynnhl A H B • no n A H n B 

KSlKJlOA, npH'IeM nA ~ 2 1 nB~2 H n A+n B=n • S¢cPeKTHBHSSI 1 
/ 

BOA rpynnhi eCTb M A , BTOpoA M B _' KHHeTH:'leCKSW 9HeprH51 'IS 

nhl B ee CHCTeMe noKOSI eCTb T A •, T B • 06naCTb H3MeHeHHSI (TA 

K8K H3BeCTH01 npSIMOyronhHblit TpeyrOIIbHHK 

O_sTA_sT 0 

O~TB.:;: T 0 -TA . 

TOT >Ke BHJl HMeeT o6naCTb ( T A , T B) H B cny'lae, KOI'Jl8 n A 

B npennono>KeHaH, 'ITO aMnnaTYna pacnanoa 'laCTHU o 

nOCT051HH8 1 HHTerpan COCTOSIHHA n 'ISCTHU npeJlCT8BHM B BHJle 

2 2 • 
5 :ofdmAdmB5

2
(0;A,B)5 (m )5 (m ), 

n nA A na· B 

rne 5k(mk) k: " ' -~a30Bb1A OODeM ~aCTHU C 9~KTHBHOit MSCCOA 

npeneneHHe no d m A d m 8 

M9PHO 

1 cneJlOBaTenbH01 B 9TOM cny'la 

2 
d 5. 

dm dm 
A B 

"" 4 m m 5 ( m ; m , m ) 5 ( m .) 5 ( m ) (n + n = n 
A B 2 0 . A B nA A nB. B A B 
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0 
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C\1 
0 

= 
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0: 
0: 
<J) 
a. co 
a. 

0 !-< 
.Q 
0: 
>. 

= a. 
!-< 

C\1 co 
(;)"" = 
' co 

1:1 co 
t:: 
0 
co 

"3'- a. 

<:;:;:," co 
;:;: 

I ;:;: 
co 
a. 
>. 
co 

~ = r::t 
~ ... 

I -0 
= 0.. 

00 
o-
I 

~ 
I 

flp5IMOYI'OnbH8SI JlH8I'p8MM8 npHMeHHMa BO BCeX cny'IaSIX, B KOTOpbiX npHMe

HSIIOT H 06bi'IHYIO JlH8I'p8MMy nanHUB, 0TMeTHM eme B03MOlKHOCTb OT06pa3HTb 

~HI'ypy nanHua Ha Kpyr /1/ 

§2, CHC'I'eMbl HeCKOIIbKHX qacTHU 

PaccMoTpHM pacnaJl THna 

Paso6beM n 'IBCTHU HB JlBe rpynnbl A H B , no D A H DB 1J8CTHU B 

KBlKJlOA, npH'IeM DA _;::·2 , n5 ~2 H 

BOA rpynnbl eCTb M A , BTOpoft M B 

n A+n 5=n • 34xfleKTHBHB.II Macca nep

/' 

, KHHeTH.'IeCKas:rJ aHepi'HSI 'IBCTHU rpyn-

Ubi B ee CHCTeMe nOKOSI eCTb T A •, T B , 06naCTb H3MeHeHHSI (T A, T6 ) eCTb, 

KBK H3BeCTHO, npSIMOYI'OnbHbiA TpeyronbHHK 

. (11) 

TOT JKe BRA HMeeT o6naCTb ( T A , T 5 ) H B cny'lae, KOI"JlB. n A +DB < D 

B npeAnonoJKeHHH, 'ITO aMnnHTyAa pacnaAOB 'IBCTHU 0 A H B 
UOCTOSIHHB, HHTei'pan COCTOSIHHA n '18CTHU npeJlCTBBHM B BHJle 

2 2 -
5n = f d m A dm 5 5 2 (0; A,B)5 n (m A ) 5 na (m B ) , 

A 
(12) 

• - ~a30BbiA o&beM k: qacTHU c 9~eKTHBHOA Maccoa mk .. Pac-

npeJleneHHe no d m A d m B 

MepHo 

1 cne)lOB8TenbH01 B 9TOM cnyqae HepaBHo-

2 
d 5. 

dm d m 
A B 

= 4 m m 5 ( m ; m , m ) 5 n ( m . ) 5 ( m B ) (n + n = n ) • 
A B 2 0 . A B A A n 8 , A B 

(13) 

7 



Koraa, KpoMe rpynn A n B 1 B C!ICTeMe OCTaeTCH eme KaKaH-TO.rpynna 

C !I3 It "'8CTHU C M8CC8MH m c 1 '" .. ' m Ck · ,To pacnpeaeneHne ycno*HH-

eTCH H9H8MHOI'O 

d 2 s . 
------ = 4 m m S (m ; m , m , m 

1 
, •• , m ) S (m ) S (m ) 

d m· A d m B A B 2+k 0 A B C Ck n A A n B B ( 14} 

Koraa me A n B ·- 9TO He rpynnhi '!acTnu, a HacToHmne pe3oHaHChi1 

TO !IHTerpan COCTOHH!lll paBeH 

JJ 2 2 2 2 ) 
5= dmAdmB S 

2
(m 0 .;mA,mB)BW(mA)BW (mB , ( 15) 

rae B w - cneKTp MaCChi peaoHaHca ( ¢opMyna EpeliTa-BnrHepa). Koraa 

peaoHaHc 6ecKoHe"'HO yaoK, Ha anarpaMMe ( 11) Mbi nony"'a'eM aBe aaceneH-
• 

Hhie nonochi, napannenbHhie KaTe TaM ( prrc. 2). 

Te» 
'ro 

5 

~ A 

1:, '"fA 

P11c. 2. 

• 

!f 
I 
l 
I 

i 
\ 

~· 

.J 
•' 

Tionochi 9TH "'ame Bcero o6paayroTCH Ha !PoHe. pacnpeaenemrll: T 

( 14). H epaBHOMepHOCTb ljloHa HOCHT apyroll: xapaKTep, q T06hi cocTaE 

6e npeacTaBneHne o HeM, paccMOTpHM HepenHTHBHCTCKHH npeaen. Tc 

Ho nonomnTb 

rae. 

m S (m ) "'T 
~a A 

A nA A A 

~ 
52 (mo;m A'mB ).,T c' 

, m S (m 
B nB B 

a
1 

=3n 1 -5 

Tc=To-TA-TB. 

) "'T ~aB 
B 

. ~aKCIIMYM B pacnpeaeneHH!l (13) llPIIaeTCH llPR 9TOM Ha 

rae 

T ~ = a A K T 0 , T ~ =aB K T , T'c = KT 

-1 

K =0+aA+aB), 

n!IHIIII ypOBHH B OKpeCTiJ:OCTH TO"'KII ( T ~ , T ~ ) - 9TO snn!lllCbl 

, , 2 -1 , 2 -1 , -2 
(TA-TA+TB-_TB) +aA(TA-TA) +aB(TB-TB) =con"t 

Tipn aA=aB=a 6onbmag ocb snnnnca napannenbHa r!lnoTeHyae 

meHne nonyoceli paBHO V 2a + 1 ( prrc. 3). 

B apyr!IX cny"'aHx nonomeHne MaKCHMyMa B ljloHe · nHoe. TaK, 

PRM l\JOH B peaKURH 

+ 1 + 2 3 
rr + p -> 0 -> A + B ... ( rr + rr - ) .+ ( p 

4 + +TT 

l 
8 9 



aeTcn eme KaKan-To.rpynna 

,To pacripeneneane ycno~HH-

)S (m )S (m ) 
n A n B 

A B ( 14} 

iU, a HaCTOHillHe pe30HaHCb!1 

(15) 

:1 EpeiiTa-Bnraepa). Korna 

Mbi nonyqaeM ABe 3aceneH-

\ -

• 

f1onocbi sTu 'lame acero o6pa3yJOTCH Ha ipoae' pacnpeneneauii Tuna (13), 

( 14). H epaBHOMepHOCTh tPOHa HOCHT Apyroii XapaKTep. t.{ T06bi COCTaBHTh ce-

6e npencTaaneaue o HeM, paccMoTpHM HepennTHBHCTCKHii npenen. Torna MO~

Ho nono~HTh 

rne 

m S (m ) ., T 
\1iaA 

(m 
B A nA A A 

T = T -T - T . 
. C 0 A B 

. MaKCHMYM B pacnpeneneHHH ( 13) llPHAeTCH ilPH STOM Ha 

rne 

T ~=a A K T0 , T ~ =a8 K T ·, T'c = KT 1 

-I 

K = ( 1 .+ a A + a B ) • 

J1HHHH ypOBHH B OKpeCTHOCTH TO'!KH ( T ~ , T ~ ) - STO snnHilCbl 

( 16) 

( 17) 

(18) 

(19) 

(20) 

(21) 

f1pH a A =a B=a 6onhman och snnnnca napannenhHa rnnoTeHy3e, a OTHo-

meane nonyoceii paBHO y2a + 1 (pnc. 3). 

B npyrnx cnyqanx nono~eane MaKCHMyMa B 4Joae · HHoe. TaK, paccMoT

·pnM tPOH B peaKUHH 

IT+ + p ... 0 ... A+ B ... ( ~ + + ~-) + ( ~ 

9 

4 + 
+IT (22) 



To 

f 

To-lA.-Ts 
\f2: 

Q. 

~~ 

Pnc, 3,-

a npeanono*eHHH, 'ITO 

T 0 «m 0 , T8 «m .a+ m4 HO TA npOH3BOnbHO (23) 

H mt =m2 =m , flerKO o6HSPY*HTb, 'ITO Tenepb MSKCHMyM Il~HaeT-

CSI Ita TO'IKY (T; , T ~) C KOOpllliHSTSMH 

3-,.------
T ~ = y 4m 2 ( ·T0 +2m) -2m, T ~ = ..l. (T -T _.{). 

2 

C ysenuqeHneM qucna qacTnu a rpy~ne A MSKCHM~M no mA 

(24) 

npu 

cpuxcuposaHHOM m a CM9IUSeTCSI BUpaBO, TipH ManbiX m A MO*HO C'IHTSTb 

HepenSITH~HCTCKHM pacnaa rpynnhi A· : 

10 

S n (m A) 
A 

T ~aA 
A 

UpH 6onblllHX m A MO)!{HO C'IHT8Tb HepenSITHBHCTCKHM pacnaa 

0-oA+ B 
Y. 

S2 (m0, ;mA,m
8

).,.(T
0

-T,._-T
8 

), 

rrosToMy rrpu5nH)!{9HHO pacrrpeaeneHHe no T A rrpH tPHKCHposaHHO~ 

d 
2 s l2 ( 3n A -5) 

) Y.. 
dm Ad m 5 

I' "' T (T -T -T 
m

8
=oonst A 0 B A 

B TO"!Ke 

T,\ 

= '1 -
To -TB 3nA- 4 

OHO HM99T M8KCHMyM, KOTOpblfi C ysenH'19HH9M n A CMeiUaeTCSI BII] 

CHMYM a ToT lie pe3oK ( B cpasHeHHH c pe3oHaHCHbiMH MaKCHMYM 

oaHaKO UpHBOaHT K "OTTOKy" tPOHa OT T:. = 0 TeM 5onbllleMy, 'IE 

n A • 3To o5'bSICHSieT, rro"!eMy Ha JlHarpaMMe ( m P
77 

, m
777777 

) I!Jo. 

H9HHIO C llH8I'p8MMOfi. ( m , m 
' p 77 7777 

CllBHHYT BIIpaso (pHC. 4' 

pa5oTbl 
131 ). 

TIOJl05Ho JlHarpaMMe n~nuua, TpeyronbHYIO JlHarpaMMY MO*H 

THTb B IlpSIMOYI'OnbHHK, nng :3TOI'01 HaiipHMep; UOCTyiiHM T8K, TI 

' ( 13): 

d
2

S=dTA dT8 <1>(TA, T
8

) 

H I!JopManbHO BBeaeM l3 - cpyHKUHIO 

d
3

S=dTA dT8 dTc <I>(TA ,T5 )8(TA+T 8 +Tc -T0 ) • 

3Jl9Cb ( CM, pH C. 3) T c- paCCTOSIHHe TO'IKH 0 OT I'HIIOT9HY3bl
1 
y~ 

Ha v 2 , IIPH'IeM 

o.s; Tc...5: T 0 • 

TiponaaeaeM Tenepb aaMeHy nepeMeHHbiX 

11 



~I-· 

I 
! 

A npOH3BOnbHO (28) 

o Tenepb MaKcHMyM npuneT-

(24) 

M8KC.HM~M no m A npu 

MSnblX m A MO:lKHO C'IHTSTb 

sn 
4 

Y..a 
(m ) "" T A 

A A 

npH 6onbiiiHX m A MO:lKHO C'IHT8Tb HepenSITHBHCTCKHM pacnan 

o .... A+ B 

S 2 (m 0 ;mA,mB)..,(T0 -TA -T 9 )~ 
II09TOMY npu6numeHHO pacnpeneneHue no T A npu <iJUKCUpOBaHHOM T B eCTb 

d 
2 s !i( 8nA -5) 

~ 
I "' TA (T -T -T ) . 

dm Ad m8 
mB =oonst 0 B A 

B TO'l:Ke 

T,\ 
·1 -

To -TB 3nA- 4 (25) 

OHO UMeeT MSKCUMyM, KOTOpblii C yBenU'l:eHueM n A CMemaeTC.II BIIpaBO, MaK

CHMYM a ToT ue pea ox ( B cpaBHeHuH c peaoHaHCHhiMH MaKCHMyMaMH ( 15)), 

OUHBKO npUBOUUT K "OTTOKy" <iJoHa OT T:. = 0 TeM 6onbllleMy 0 'l:eM 6onbllle 

n A • 3To o6'h.IICHSieT, no'l:eMy aa nual"'paMMe ( m P
11 

, m
111111 

) ¢on rro cpaa-

HeHHIO C UUal"'paMMOii. 

pa6oTbl 
131 ). 

m , m 
p11 1111 

CUBHHYT BnpaBO (puc, 4' ; B3.1IT U3 

I1ono6no nua!"'paMMe ll~nuua, Tpeyi"'Onhnyro nual"'paMMY Momao npeapa

THTb B IIp.IIMO'yi"'OnbHHK. JlnSI 9TOrO, HarrpUMep; UOCTYIIIIM T8K, IJepenHIIIeM 
' 

( 13): 

H <iJopManbHO BBeUeM {j - <iJyHKUUIO 

(26) 

3necb {eM, puc. 3) T c- paCCTO.IIHUe TO'IKH 0 OT I"'HIIOTeHy3hl, YMHO:lKeHHOe 

Ha V:;- , IIPU'IeM 

IlponaBeneM Tenepb aaMeay nepeMeHHhiX 

11 



500 600 700 &JO 900 1CXJD 1100 1200 

P11c. 4. 

12 

2 
'fA = T 0 (rcos_O-), 

2 
T B = T 0 ( r sin 0 cos cp ) 

T = T 
0 

( r sin (} sin cp ) c . 

H npOHHTerpHpyeM no r , nonaraa: aaTeM r = 1 

2 . 2 2 . = 
d S = To • 4 cos 0 sin 0 d cos 0 • cos cp • sin cp d cp • ci> ( 6 , cp) 

fiepeMeHHbie ( 6,cp) MeHSIIOTCSI He38BHCHMO llpyr OT llpyra B DpSIM( 

0 .:s; cos 0 .:s; I 

O< cp'S_rr/2 . 
.. 

PacnpeneneaHe cJ.> ( 0, ¢) - 9TO cPYHKUHSI cJ.> (T A, T 8 ) , Bbipa» 

pea 0 H cp • Koaeqao, a cjJcpMynax (27) MO)I{a_o, He Meaa:a: 
.;:s 

neil: npu ci> • nenaTb mo6bie nepecTaHOBKH npaahlx 'lacrnil:. 3THM M 

DOnb30B8TbCSI0 1 'IT06bi pe30H8HCbi H306p8)1{8nHCb DOnOCKSMH, napall 

OCSIM KOOpllHH8To TaK 6yneT DpH 38MeHe (27) C pe30H8HC8MH B I 

0llH8KO pe30H8HCbi B rpynne B H306pa3SITCSI Ha llHarpaMMe KOCI 

CSMHo 

Ha nepabifi aarnSin, npe)I{HHH TpeyronbHHK lm xy)l{e Haiiiero DJ 

HHKa. Onaaxo npSIMoyronbHHK noaaonSieT cjlaxTopHaosaTb pacnpel 

crnanHTb cjlo.H peaoHaHcos. llyCTb, HanpHMep, 9HeproBbilleneHne T 0 

KO, BOCDOnb3yeMCSI TOI'll8 HepenSITHBHCTCKHM npn6nH)I{eHHeM 

3aMeHa JlBCT 

$ "' TliaA 
A 

lia a 
TB 

13 
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r 
t 

I 500 600 700 BOD 900 1000 1100 1200(~ 

2 
T.A = T 0 (rcos_O-l , 

2 
T B = T 0 ( r sin (J cos cp ) 

T 
0 

= T
0 

( r sin 0 sin rp) 

H npoHHTerpnpyeM no r , nonara.H aaTeM r = 1 

(27) 

"(28) 

llepeMeHHble ( (J ,cp) MeH.HIO'l'C.H He38BHCHMO ,apyr OT ,apyra B npstMOYI'OIIbHHKe 

0 $. cos (J $. 1 

O< cp"i_rr/2 
(29) 

.. 
p acnpe.aeneHHe lfl ( 0 , cp) - 9TO «flyHKUH .H lfl ( T A , T B ) , Bbipa>KeHHa.H qe-

pea (J H cp • KoHe'IHO, B «flopMynax (27) MO>Kit01 He MeH.H.H MHO>KHTe-
;:: 

neil: npH lfl • ,aenaTb ni06bie nepeCT8HOBKH npaBblX '18CTei!:. 3THM MO>KHO BOC-

nonbaosaTbcst, 1 'IT06bi peaoaaHCbi Hao6pa>KanHCb nonocxaMH, napannenbHbiMH 

OC.HM xoop.aHHaT. Tax 6y.aeT npH aaMeHe (27) c peaonaacaMH s rpynne A • 

O.aaaKo peaoaaHCbi s rpynne B 

C8MH. 

H306pa3HTCSI Ha llH8I'p8MMe KOCblMH nono-

H,a nepsbiH sarnHJl, npe>KHHH TpeyronbHHK he xy>Ke Halllero npHMoyronh

liHKa. O.aHaxo npHMoyr.oiibHHK noasonHe~ «flaKTOpHaosaTb pacnpe.aeneHHH H 

Crna.aHTb «flo.H pe30H8HCOB. llyCTb, HanpHMep, 9Hepi'OBbi,QeneHHe T 0 HesenH

KO, BOCDOnbayeMCSI TOI',Qa HepenHTHBHCTCKHM npH6nH>KeHHeM 

(30) 

3aMeHa .aacT 

13 



. 3+a l+aA 2 l+aa . 
~=(sinO) B (cosO) (sincp) "Ccosc,bl, dcosOdcp. 

BneneM x n: y B 0 ::;;,x , y ~1 T8K1 'IT06bi 6binO 

X = 

cosO . 3+aB l+a A 

0 f (sin 0) (cos 0) dcosO 

J 3+a t+a 
(sin 0) B ( cos 0) · A d cos 0 (31). 

0 

¢ 
sin

2 
¢ 

l+aB 

OJ (cos¢ ) d¢ 
y = 

"/2 2 l+aB 
sin ¢ ( cos ¢ l . d¢. 

(32) 

Torna 6yneM n:MeTb 

• ~ (x ,y) -:dx dy • 

PaaHoMepHOCTh B HepenHTn:Bn:CTCKOM npenene rapaHTn:pyeT oTcyTCTBn:e cn:nb-
.- -

HbiX !floHOBbiX crymeHn:ii Ha nn:arpaMMe 0 .5. x , y .5. 1 n: npn: mo6biX cKonb 

yronHo BbiCOKHX ~Heprn:HX 121• 

PaccM.oTpn:M. eme crna.lKn:BaHn:e .Pona B cny'lae peaKun:n: (22), Korna. 

BbmonHeHbi ycnoan:51 (23). Torna 

S -0-4m2/m2)li 
A 1T A ' 

3aMeHa (27) nacT 

ls _[ 1-
· 4 m; 

., 2 2 
(2.m

11 
+ T

0 
cos 0 ) 

S ;..Tli 
B B 

~ 
So-T c 

!i. 4 . 2 
] sin.OcosOdcosO • sin 2cpd~ 

Mbi an:nn:M, 'ITO n: anecb pacnP.eneneHn:e no (0, cp) . !flaKTopn:ayeTcH. Bbipa

.1Ka51 x 'lepea 0 , a y qepea ¢ no o6paauy !flopMyn (31), . (32), 
Mbi no6beMC51 paBHOMepnoc~n: !flona B KaanpaTe o,::;;, x ,·y .,::;;, 1 • BbiKnanKn:, 

CXOllHbie C npOB9ll9HHbiMH, n03BOnSIIOT peWHTb 3aJ:(aqy· 0 MOJlenn:pOBaHHH ne-

14 

pn:ljlepn:'leCKHX B3aHM~ll9HCTBHii: ·npa caepXBbiCOKHX SHepi'HSIX, KOI' 

OliHCbiBa9TC51 noniOCHblMH llHal'paMMaMH~ 06bi'lHbiii cnoco6. MOJlenn:J: 

B npn:MeHenaa K nonrocHbtM Jln:arpaMMaM He s.p!fJeKTUBeH •. Me.lKllY 

.lKHBaHn:'e pacnpenenenaii no ( m A , m 8 · l no3aonaT s.p!fJeK!IfBHO · pa. 

MaCChi rpynn A If B , a pacna~ "''IaCTifU'· A If B .· nei'KO MO 

06bttlHbiM nyTeM. 
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l+as 
d cos 0 d q, 

lT06bi 6binO 

(31). 

(32) 

tpaHTHpyeT OTCyTCTBHe CHnb-

_5. 1 H npH mo6biX CKOnb 

nyqae peaKUHH (22), Korna. 

S - TMI c c 

:1 
d cos 0 • sin 2¢ d rp • 

, ¢) . !flaKTOpH3yeTcSI. Bbrpa

o6pa3UY !flopMyn (31), . (32), 
0 ~X, y .~ 1 

~anaqy· o MonenHpoBaHHH ne-

I 
! 

l 
I 

.\ 

pH!flepHqecKHX B3BHM~neiiCTBHit ·npH CBepX.BbiCOKHX SHepi'HSJX1 KOI'ila npouecc · 

OllHCbiB89TCSJ llOniOCHbiMH nHarpaMMBMH~ 06biqHblii CllOC06 MOJ:tenHpOBBHHSI /2/ 

B npHMeHeHHH K nomocHbiM nHarpaMMaM He s~eKTHBeH •. MelKAY TeM, crna-. 

lKHBBHHe pacnpeneneHHii no (mA,m B) U03BOIIHT s4J«PeKTHBHO. pa3bii'pbiBBTb 

MSCCbl rpynn A H B , a pacna~ 'qaCTHU'· A H B . II9I'KO MOAenHpyeTCSJ 

06biq.HbiM nyTeM. 
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