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BaanMoneiiCTDlfe tJaCTlfU B o6nacnr Bb!COKlfX 8HepI'lfll B OCHOBHOM 

npliBO,llfT K MHOI'OtJ8CTlftJHLIM COCTO.HHlf.HM. 4'acTo npencTaBnmoT lfHTOpoc 

pacnpenene1m.11 onnoii DbinOnOHIIOll tJaCTlfUbl no K8KlfM-mr6o qJH3HtJOCKHM 

nepeMellllbIM (HMnym,cy, yrny H T.n.). B 8TOM cnytJae no BCeM OCTanb

HbIM tJ8CTlfU8M DhmomI.HeTC.II lfHTOI'pHp0B8HlfO. Y cpenHeHlfe CI'nmKlfBaeT ne

Tan1r nHH8MHtJeCKOI'O paCCMOTpeHH.II H8CTOnbKO, tJTO B0CbMa yno61Ib!M CTa

HODHTC.II CT8THCTlftJ0CKoe onncaa1re. 

Uenb pa6oTbl COCTOHT B TOM, tJT06bI nn.11 MIIOI'O'IaCTHtJHoii CHCTeMbl 

nocTpOHTb KnaCClftJeCKyIO pen.HTHBHCTCKYIO CT8THCTHKy, T.e. BbltJHCnHTb nn.11 

Hee CTaTHCTHtJeCKHe qiyHKUHH, ananoI'lf'IHbie nOTOKY tJaCTHU, TeH30py auep

I'liH-liMnynbca, naBne1mro If T.n. 

TaKo·ii nonxon npennonaraeT, tJTO BHatJane paccMaTplfBaeMa.11 Mnoro

tJaCTlitJHa.H CliCTeMa H30nHponana, 38HlfM80T B qJ830BOM npoCTpaHCTDe He

KOTOpb!ll o6'l>eM n npHHanne)KliT MliKpOKaHOHHtJOCKOMY aHcaM6nro. OnHaKO 

MHKpoKallOIIHtJOCKHll ancaM6nb OK83b!B80TC.II neyno6Hb!M nn.11 BbltJHcneHHH. 

TioaToMy, Bhmonu.11.11 npeo6paaonan1re flannaca no cyMMapHOMy 4- l!M

nynbcy CliCT0MbI, Mb! BBO,lliM KaHOHHtJOCKHll ancaM6nb, BbltJHCn.HeM CTaTHC

TlitJeCKHll lil!TeI'pan H, cnenoBa TenbHO, TepMO,lHII8MlftJeCKHe qiyHKUlfH. 

EyneM xapaKTepH30B8Tb n -tJaCTHtJHOe COCTO.HIIHO qJ830BblM Hf1TO

I'panoM 
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I'Jle p ( Po , p' , P2 , P 3 ) - cyMMapHhlH 4-IIMrrynbc COCT05!HUH, 

p = ( p , p , p , p ) - 4,... IIMrrynbc i -TOH 'IaCTIIUhI, m -
1 

- Macca 
I O I 2 3 

,j -TOH 'IaCTl!Ubl, Tor-aa 4-rrpeo5pa30B8Hlle narrnaca ITO cyMMapHOMY 4-
• 

l!MITynbcy COCT05!HII5! MO*HO 38Il!IC8Tb B BIIUe 

<l>n(a) 
4 n 4 "4 2 2 n 

I[ fe-aP o (P - I p
1 

)d P] TI d p
1 

o(p
1 

-m
1 

)0(p
1 
)=JI¢ (a), (2) 

I= I /=I i=I I 

I'J:10 a= (i;z
0

, a
1

, a
2

, a
3
)- 4-BeKTop, a 

-ap 4 
¢,(a)= f.e I o(p/- m~ )0(pi )d P, (3) 

,Ung CXOLIIIMOCTll IIHTeI'pana (2) HeOOXOLlllMO IlOTpe5oaaTb, '-!TOO bl 4-neK-
2 2 2 2 2 

TOp a Obin BpeMeHHITOJlOOHbIM, T.e. a = a O - a I - a 2 - a 3 > 0. 

Ha 9KCrrep!IM8HTanbHblX Ll8HHbIX cnenyeT, '-!TO rrorrepe'IHbie l!MrrynbCbl 

BTOplI'IHb!X 'IaCTIIU, o5pa3oBaHHb!X I3 Bb!COK09!1epreT1I'-leCKIIX B3a1IMOL1ei"rcrau-

5!X, OI'p8Hl!'I0Hbl, 3TO OI'paHll'I0HIIe rrp!IBOLIIIT K cneay10mefi cpopMe anH 

cp I ( a) - cpyHKUIIll 

¢, (a) 

00 -a,P"° a PP ap Pap 3 3 
fe oofe "Je22[.e 33o(p2-Ip2-m,2)TI dp 

-oo , ,, 0 V µ -o µ 
m1 -p -p v=I -

(4) 

I'J:10 p, II p,, - rrpeaenbHbie 3H8'10HII5! rrorrepe'IHb!X KOMITOH8HT IIMrrynbca, 

ITOCKOnbKY crreKTP rrpononbHOH p I -KOMilOHeHTbl IIMrrynbca Heor-paHl!'-leH, 

l!HTeI'p1Ipoaaa11e no' Heil aaeT 

¢, (a} 

m, -p 

p 
a p a yp2-p2-p2-m 2 d p d p d p 

Je 3 3e1 Q 2 3 ,__a,_ __ 2 3 

-p,, 2v p 2 _ p 2 _ p 2 _ m 2 
0 2 3 I 

p 
oo -ap ap 
f.e W~e22 

• (5) 

B rrnOCKOCTll, rreprreHLIHKynHpHOH K P J I BBeaeM LIBYXKOMITOHeHTHhie 

B0KT0pbl ; = ( a 2 , a 3 ) II € = ( P2 , P J ) II Bb!p83l!M IIX CKanHpHOe rrpo-
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H3Beaettue qepe3 yron tf, MeMilY HHMH, TTepeaaeM B HHTerpane (5) oT 

HHTerpupoBamrn no KoMnoHeHTaM p 2 n r 
3 

nocneaoBaTenbHO K HHTerpn

poBaHHJO no a6con10THOH BenuqnHe B9KTOpa P4 n a3HMyTanbHOMY yrny' 

a 3aTeM K HHTerpupoBaHifJO no yrny tf, , TTonaraSI p = yp' 2 + p" 2 If 

npO!f3BOilSI 3aMeHy cos 1/f = X 

<p I (a) 

a yp2-p2-m2 
oo -a P P e J o .l 1 

f e O of,------- f e 
aJ..p.J. X • 

l6) 
-1 

B KOTOpOM nocneaHlfH llHTerpan Bb!paMaercn qepe3 MOillfqllfUlfpOBaHHYIO 

<PYHKUmo EeccenSI 1-ro poaa 

l 7) 

BB9il9M B KOMnneKCHOH nnocKOCTII ( Po ,. P1 ) B9KTOpb! 

elk = ( a0 , a 1 ) II pk = ( p0 , y p~ -p:I -m 
1
2) u 3an11llleM 11x B nonnpHb!X 

Koopa11HaTax ak =(a,. ch K',ak sh ,i:') If P\ =(pk ch K, pk sh K 

arc ch a O If 

K = arc ch Po 
vag-a~ 

V Pf+ m2 
Toraa CKannpHoe npok3Beaeu11e ux paBHO 

ilk pk = a p - a y p2 - p 2 - m 2 = a p ch ( i< - K ' ) 
00 I O .I. I k k 

(8) 

TTepeXOilSI nocneaoBaTenbHO OT lfHTerpupoBaHHll no KOMnOH9HTe Po 

K HHTerp11poBaH1IIO no nonSipHOH KOOpilllHaTe K , a 38T9M no "yrny" 

Me)KilY Pk u a k , o6nacTb onpeaeneH!ISI KOToporo ( 0, -00 ) , nonyqaeM 

5 



p 

<p (a) =2rr f K'O(aky1pf+ m?J l0 (a1PL)pLdpL, 
I 0 

(9) 

I'Jle K0 ( a k -./ P{ 

poLta, 

+ m2 ) 
I 

- MOJlU(pUUUpOBaHHaH <pyHKUUH BeccenH 2-ro 

ITpOH3BOJlHhJe OT norapmpMa CTaTHCTH'19CKOl"'O HHTerpana no KOMTTO-

H0HT8M 4-BeKTopa a ecTeCTBeHHO CBH38Tb C onpeneneHHb!MU TepMOllU-

/1 / 
H8MU'10CKUMU <pyHKUUHMU , flerKo BUJleTb, 'ITO 

Nµ ( a) 
M 

afu <J)n(a) 

aa µ 

afu<JJn(a) aa 

M aa aaµ 

UMeeT (pU3U'10CKHH CMbICn 4-BeKTOpa .nOTOKa '18CTUU, a Benu11HH8 

j"µv( a) 1 
M 

a 2 rn <J)n(a) 

aaµ a a V 

(11 ) 

( 12) 

8KBHBaneHTHa T8H3opy BHepruu - HMnynbca penHTHBUCTCKOl"'O I'a3a, B Bhl

paMeHUHX (Il) - (12) BB8/l8H8 HOpMHpyromaH Macca M. CoOTHOWeHue 

aa aµ uµ (13) 
. aaµ a 

I'Jle a = y1 a 2 -a 2 - a 2 - a 2 , a U µ - 0JlUHU'1HhIH B8KTop, <pOpManhHO. 
O 1 2 3 /2 / 

TTO3BOnHeT sanucaTb BLJ[JlliKC,JlllH ( 11) H ( 12) B BH/18 

N µ (a) = v
0 

( a ) U µ , ( 14) 

5 µ v = [ p ( a ) + rr ( a ) ] U µ Uv - rr ( a ) g µ v , (15) 

B BTHX COOTHO!lleHUHX HHBapHaHTHbie <pyHKUUH Vo ( a ) , 17 ( a) U p ( a ) 

cneL{yeT paccMaTpHB8Tb K8K HOpMHpoBaHHhJe BblpaMeHUH nnH co6CTBeHHOH 

nnoTHOCTU '18CTUU, JlaBneHUH U nnoTHOCTH BHepl"'HH B CHCTeMe, a g µv 

MeTpH'10CKUH TeH3Op. 
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.no CllX nop Mb! He npH.llBBann 4-BeKTopy a 

KOl"'O CMbicna. 0.llHBKO, ecnu cpaBHHTh 38IlllC8Hllbi0 Bblllie COOTIIOlllelUUI C 

aHanornti:Hb!Mll ypaBHelllUIMll Knaccnti:eCKOH uepenHTllBHCTCKOil: TepMO.llHHa

MIIKH, TO nerKO ycTaHOBHTh COOTBeTCTBHe M0)K)ly o6paTHoil: TeMnepaTypoil: 

H 4-MepHbIM o6o6rueuneM ee - aeKTopoM a , Mb1 nonaraeM, ti:To acne)lCT-

ane IIe9KBHBaneHTHOCTll suepreTnti:eCKHX xapaKTepHCTHK, CBH38Hllb!X C npo

)lOnhHb!M H nonepeti:Hb!M )lBll)K0l!H0M 'IBCTHU B CIICTeMe, MO)KHO OT)lenlITh 

nonepeti:Hb1e a 2 n a3 KOMnoHeHTbI o6o6rueuuoil: 06paTnoil: TeMnepaTypbI OT 

npoAOnhnoil: a 1 -KOMnoueHTbI, .Uanee npeAnonomnM, 'ITO uyneaaH KOMno

HeHTa CBH3aHa C TBKIIMH B38HMOA0HCTBIIHMII 'IBCTHU BHYTPII CIICT0Mb!, npn 

KOTOpb!X npOIICXOAIIT o6MeH pe30HaHca C OTPIIUaTenbllblM KBaApBTOM Mac-

/3/ 
CbI ( o6MeH TaxnoHoM), a a6comoTHaH aennti:nua a -BeKTopa nponop-

/4/ 
UIIOHanhHa o6paTHOH KplITII'IeCKOil: TeMneparype Xare.llOpHa • B 9TOM 

cnyti:ae a -aeKrop nonHoCThJO onpe)leneu II npeACTaanHeT 4-Mepuoe pe

nHTIIBHCTCKoe 0606ruenne IlOHHTIIH o6paruoil: TeMnepaTypbi, 

0TM0TIIM, ti:TO npeAllleCTBy10rune onpe)leneHHH 4-aeKTopa TeMnepaTy

/5 6/ 
pb1 ' 0Tn1Iti:a10TCH oT npuaeAenuoro Bbillle Apyroil: HHTepnpeTauueil: cpn-

3Hti:ecKoro CMbJCna 9TO!"'O B0KTOpa. Mb! HX o6cy:x<A8Th He 6y)leM. 

YpaBHeHIIH ( 11) II ( 12) COAepmaT HeH3B0CTHyJO HOpMupy10ruy10 Mac

ey, Il09TOMY Y.ll06Hee onpeAenHTh 4-BeKTOp ITOTOKB 'IBCTIIU II TeH30p 9Hep

I"'HII-HMITynhC8 B BHAe 

rii e-ap, P~ Pr 

cJJ"(a) i==l m1 
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O6a orrpeaeneHHH COBI18)l8JOT, KOI')la HOpMHpOBKa paBl!a Macce 'laCTHUbl .,. 
B O)lHOKOMI10HeHTHOH CHCTeMe. B aanbH0HllleM Mbl OT)laeM rrpeJlI10'1TeHne 

ypaBHeHHHM (16) u(17) • 

PaCCMOTpl:IM B03MO)Kfibie rrp1:16nl:l)K0Hl:IH B ypaBHeHHII ( 9). 

1. JlorryCTIIM, 'ITO a6conJOTHOe 3Ha'leHHe rronepe'IHOI'O l:IMITynbca 'laC-

TllUbl He OI'paHU'leHO, T.e. P ➔ .00 • TOI')la HMeeM 

lim <p 
1 

(a) 
p ➔ OO 

2 TT m I 

ya2-a2-a2-a2 
0 1 2 3 

K 1 (mya~-a~-a~ -a~). 
I 

(18) 

A " C /7/ nanoI'H'lHbm peaynbTaT rronyqen yxoneHoM , 110 B CHCTeMe, I'Jle 

a = ( a O , 0, 0, 0 ) . B aTOM npu6nmi<e111:1u BeKrop rroToKa qacr1:1u 1:1 Te11aop 

a11epI'llll-HMI1ynbca paBHhl 

Nµ (a) 
n K2 (m 1a I Uµ :£ _..:;;__-'---_ I 

I= 1 K1 ( m I a ) 

(19) 

n K3(mla)_( 
j'µv( a) = :£ Im 1 [ Ki ( m 

1
a) 

K2 (m 1a) )2] UµUv _ _J_ K 2 (m 1a)
9
µvl, 

K1 (m la) a K7 (m1a\20) 1=1 

Pae a = ✓ a2...;.a2 -a2-a2 
0 1 2 3 ' 

a U µ = --2..!:._ - e)ll:IHl:l'lHbIH 4-BeKTOp. 
a 

Bbipa)Ke!lUH anH co6CTBeHHOH nnoTHOCTH 'l8CTl:IU 

n 

i,
0

(a) =.°£ 
1=1 

)laBneHHH 

n 

TT (a) = :£ 
l=I 

K
2 

(m
1
a) 

K1 (m 1 a) 

1 
K2 ( m 1a ) 

a K 1 (m
1
a) 

ll rrnoTHOCTH anepI'HH B CHCTeMe 

= 

( ) :£ I [ K3(m 1a) ( K2(m 1a) 
p a = m 1 -

/=1 Ki(m 1a) Ki(m 1a) 

8 

v 0 ( a ) 

a 

)2 _ _ 1 _ 

m1a 

(21) 

(22) 

K2(m 1a) 
l I (23) 

K1 (m 1a) 



coananaJOT C COOTBeTCTBYJOIIUIMH ypaBHeHHHMII penHTIIBUCTCKOI'O HneanbHO

I'O raaa, 

2, nonycTHM Tenepb, •1To a6con10THaH aenH'lHHa nonepe'luoro HM

nynhca 'lBCTl!Uhl orpaHH'leHa, HO 3H8'll!TenbHO 6onbll!e MBCChI, T,e, 

PJ,. 1>> m 1 , B 3TOM cnyqae 

cf, (a) 
I 

rne 

B 6eapaaMepHbIX nepeMeHHhIX z = a k p 

MO*IIO aanucaTb B BHJ:le 

N to/= :£ 
I= 1 

(1) n 

N =-l 
I= 1 

(3) n 

N =- l 
t=l 

rne 

_1_ [ pd 
a (0) 

m, 

1 -[pd 
m, 

_1 [pg 
m, 

_l_[pg 
m., 

ale 

a (1) 

---
ak 

+ 
a (0) 

a 2 -
k 

a2 
J.. 

a (1) 
] + 

a f- af 
I 

d 
zj.1 1 (z;.1.) K 1 (z) + zl0 (z:LJ K0 (z) 

z.i[ 1 (zq)K0 (z) -zl0 (~JKrfz) 

g 
z 11 (zi) K 1(z) + zLl0 (zj._) K0 (z) 

zLl/zdK/zJ -:Zl0 (zJK/zJ 

8 

H ZJ._=a·.t.P IlOTOK 'IBCTIIU 

] I 

(25) 

(26) 

.... 



fleI'KO BbI}lenlITb B CO<?_THO!Il9HHSIX (25) II30TponHyIO 'IBCTb noTOKa '18CTHU, 

" 1 a µ 
paBHy!O 2 - l 

m I 2 • 
• OCT8Blll8SICSI '18CTb nOTOK8 SIBnsieTCSI 

/=J ak - a..1. 

nceB}lOII30TponHOll, OHa o6na}laeT BbineneHHOfi II30Tponnefi no KOMnOHeH-

(0) (1) ' 
TaM N H N H OTJlenbHO no 

(2) (3) 
KOMnoHeHTaM N II N , 

' 
AHanOI'll'IHblM o6pa30M MO)l(HO p83JlenHTb T9H30p 3HepI'IIII-11Mnynhca 

µv µv 
Ha JlBe 'IBCTH, BbIJlenlIB B H9M '.f O - H30TponHyIO '18CTb II '.fl 

H91I30TponHblll ocTa TOK 

'.Tµv(a) = '.Tµv+ '.Tµv 
0 1 

(27) 

l13oTponnasi 'laCTb ren3opa anepr111I-11Mnynbca MOlKeT 6b1Tb npell

cTaBnena Bb!p8lK9Hl!eM ( 15) I I'Jl9 JlaBnenne II nnoTHOCTb anepI'llll B CHC

TeMe paBHbl 

n 

1T ( a) p ( a) 2 
1=1 

2 
m 1 ( ak al, 

(28) 

Hel!30TpOnHblll OCTa TOK T9H30pa anepI'Hll-l!MnynbCa npHBOJll!TCSI K 

BllllY 

'.f µ v = i pl 
1. 2 

i= 1 m1 

a(0b (0) d a(0b (1). a(Ob. (2) a(O{z (3) 
(f+2h)--+-;(f+2h)--2-; b--; b 

2 z 
Uk ak aka.l. aka.J. 

(0) ( l) d .. (21 (l) (3) (1) 
;_;-ba II ;-baa (f+2h) a t ; (f+2h) 

ak 

a(l)a (1) 

--2 

ak z a k al a k a .L (29) 

a(2'a(0I a(2Ja (II 
b . ; -b---

d+b a<21ur21 g d+b a<21aC31 
(f+-)-- - -; (f+-)--

a k aJ 

a' 31a (0) 
b--· I 

a k a..l. 

aka .1 z .1 a 2 z.1 zj_ a 2 
~ l 

a'3b (I) d+b a'2b <3) 
-b ---; (f+-) --

2 
a k ':l z.1 a.1 

10 

(f 
d+b a<31 (31 

+-)-~a 
z..J. 2 

a.I. 

g 
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B 3T0M Bbipa)KeHlm 

b 
z/

1 
(z..L)K 1 (z) - z..Ll0 (zL)K 0 (z) 

ZL I 1 (z_L) K0 (z) -: z 10 (z..L ) K 1 (z) 

rae d onpeaeneao cooTHollleHneM (26), u 

-, 
h = I

O 
( z ..L ) K

O 
( z) [ z..l I 

1 
( z L ) K

O 
( z) - ~ I 

O 
( ~ ) K 

1 
( z) ] . 

(30) 

3. HaKOHeU, paCCM0TPHM cnY'IaH, Korna a6conIOTH8SI aenH"IHHa none

pe"IH0I'0 UMnynbCa orpaHu"leHa H TaKaSI, 'ITO BCerna 3H8"IHTenbH0 MeHhllle 

M8CC bl qaCTHUbJ, T.e. 

Torna 

2 2 
m; >> p 

c/> (a) 
I 

2!!_.}!_ I ( a..L p) K 
O 

( a k m 
1 

) • 

a.1 1 
(31) 

Onpenensisi aeKT0P. noT0Ka "!8CTHU 06b1"1HbIM o6pa3oM, CH0Ba, KaK H 

a npellbillYillE!M cnyqae, HaxonnM ero nceanonaoTponHbIM • 

.OeiicTBHTenhHO, BbJpa)KeHl{SI 

N(O/= :i; K, (ak m,) a (OJ 

1=1 Ko(akm,) ak 

(32) 

(3/ n p 'o<UJ p) 2 a(3) 
N =-I[--~----] 

; = J m; I 1 ( a ..L p ) m 
I 

a..L a..L 

.. 
11 



pacnai:taIOTCSI Ha i:tBe qacTn, oi:tHa na KOTopbIX coaep)1rnT naorponnIO no 

(0) (1) (2) (3) 
rcoMnoHeHTaM N n, N , apyPaSI - no KoMnoueHTaM N n N • 

3aech, no cpaBHeHnIO c paHee paCCMOTpeHHb!Mll cnyqaSIMll, . HeT o6meii 

• 
ll30TponHOH qacTn noTOKa n, cne/lOBaTenbHO, CBSI311 Me)KJ:tY npQ/lOnhHb!Mll 

n nonepeqHb!Mll J:{Bll)KeHllSIMll B C!ICTeMe. 

8b1q11cneHllSI TeHaopa 9HepPnn-11Mnynhca J:lOBOnhHO Pp0M03J:lKII If npn

BOJ:{SIT K pacmennefmIO TeHaopa Ha aaa 6noKa 

Jµv 

500;501;, 

510:511 

0 

0 

J 2 2 • .. er 2 3 . 
, J , 

(33) 

,532; 533. 

Ka)KJ:tbIH 11:a 6noKOB CBSI3aH c onpeaeneHHbIM (npoaonhHhIM nnn nonepeqHbIM) 

J:lBH)KeHHeM BHYTPll CHCTeMblo OTnHqHbIMll OT HynSI SIBnSIIOTCSI cne/lyIOllllle 

K0MnoHeHTbl TeH30pa: 

5<0,0)= 'i, lm,[1+ ( K1(akm,) ,2] 
1=1 Ko< a km 

1
) 

(0) (0) 
a· a 
-r 
a k 

K1 ( alcm 1) 

Ko(akmJ 

5 (0,1! :J(l,O) = I m,[ 
1 

_ K1 (akm,) _2_ +( K1(akm 1) )2] 

1=l K0 ( ak m1) ak m 
I 

K0 ( akm,) 

<1,11 " K ( ) 5 = I I m [ 1 + ( 1 ak m, J2
] 

1=1 I 
K0 ( ak m

1
) 

a<lh (1) 

a2 
k 

K1(akm,) 

Ko<a1cm,) 

2 2 
a o+a 1 I , 

3 
a k 

(0) (1) 
a a 

2 
ak 

a~ +ai I 
3 

ak 

.5<2,2~ !. 1[L(1- (Io<aLp) )2) - ~] a<21 a <3J Io<aLp) p 
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Pa36UeHUe TeH3opa 9Hepruu-HMrrynbca Ha aBa HeCBH38HHbIX 6noKa TaKMe 

rroaTBep,KaaeT Bb!BOa O HeB03MOMHOCTH rrepeKa'IKH aaepruH-HMITynbca H3 

oaHoro aBHMeHHH B apyroe. TaKuM o6pa3oM, B aaHHOM rrpu6nuMeHim 

CHCTeMa Y'l8CTByeT B aByX He3aBHCHMbIX aBHMeHHHX rrpoaonhHOM H no

rrepe'IHOM. 

Bbl'IHCnUM ang KaMaoro aBHMeHHH co6CTBeHHYIO rrnoTHOCTb '18CTHU, aaB-

nenue u rrnOTHOCTb · anepruu. ilng npoaonhHoro aBHMemrn ·uMeeM 

" K 1(akm 1.} 
V ( ak } I 

0 i=J K o(akm,} 
(35) 

" K 1 (akm 1 } 
TT ( ak } I 

i=J K 0 ( ak m } ak I 

" K
1
(am) 1 K

1
(akm

1
}

2 

p(ad I [ 1 -
k I 

] . m, + ( } 
1=1 K 0 ( ale m, } ale m I K0 (akm 1 } 

0Tc10aa cneayeT, 'ITO ypaBHeaue cocTomurn penHTHBHCTCKoro uaeanbHO

ro raaa TT ( a k } = v 
O 

(a k}/ a kB aaHHOM cny'lae BbllIOnHHeTcH, ilng nonepe'I

Horo aBHMeHHH COOTBeTCTBYIOIUHe Bb!p8M0HHH HM0IOT BHa 
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n • lo(a;1P) 2 
TT ( aJ.) =l [ _P_ - ] , (36) 

1=1 ~ m I /1 (al,p) 
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al. m 1 
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I= 1 m I I 
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( a.J.. p) ~ p I 

1 
( ai p) a] m 
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.KOTOpbie TaK)Ke aaanorII'IHbl Bbipa)KeHIUIM /:lnl'I ll:)leanbHOro ra3a, Mb! rrpn:-
2 2 

XO)lll:M K mo50IIb!THOMy cne)lCTBHIO, 'ITO B cnytiae m ,· l)I> p '..L CHCTeMa 

penl'ITHBRCTCKHX tiaCTRU CTaHOBHTCS'I 8KBHBaneHTHOll JlBYM pa3nn:tiHbIM R/:le

anbHbIM ra3aM nnn: JlBYXKOMIIOH0HTHOMy n:J:1eanh,HOMY ra3y, 

PaccMoTpHM acn:MIITOTH'IeCKOe ITO TeMIIeparype rrpO)lOnhHoro JlBll:)1(0-

HRS'I IIOBeJle1tn:e Cll:CT0Mbl penl'ITHBHCTCK!iX tiaCTHU, no orrpeJ:1ene1tn10, MO

/:lynh a 4-BeKTopa - rrocToS11t1tag Benn:tinua, paB1taS1 o5paruoi1: rrpeJ:1enh-

1toi1: TeMrreparype XareJ:1opaa. TToaToMy JlnS'I H30Tporruoro pacrrpeJ:1ene1tHS1 

B cnytiae aeorpauntieHHoro rrorrepetiHoro HMrrynhca rronytiaeM 

Vo (a) I TT ( a ) 1 P ( a ) < 00 1 

Nµ(a) ➔ 0 
(37) 

fµv(a) ➔ TT(a) OµV 

Bo BTopoM cnytiae, Kor/la P 1 .L •>> m 1 , a rrorrepe•rn&1ii: HMrrynbc orpa

Hn:tieH, aCIIMIITOTHKa o5mei1: R30TporrHoi1: tiacTn: ITOTOKa 'IaCTn:U II T0H3opa 

8Heprn:n:-nMrrynhca aHanorntiHa Bb1pmKeHHS1M ( 37), OmrnKo B a TOM cnytiae 

n:MeeTCS'I eme ITC8B/:IOH30TporrHaS'I tiaCTh IIOTOKa Ii 11en:3oTpOITHblH OCTaTOK 

TeH3opa, KoHetiHOCTh rrorrepeqHoro liMrrynhca HanaraeT orpaan:qeHn:e Ha 

T0MIIepaTypy norrepetiHoro /:IBH)K0HRS'I, qro Be/leT K BbIMHpaHHIO nyneBOll 

II rrpo)lonhHOll KOMIIOH0HTbl B8KTOpa IIOTOKa qacrn:u, TOI'/:la KaK rrorrepe'IHbie 

KOMITOHeHTbl OCTaIOTCS'I KOH0'IHbIMH, B nen:3oTpOITHOii qaCTH T0H3opa imep-
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I'IHi-HMTIYJlhCa nponcxonnT BbIMHpaHne BCeX KOMTIOHeHT, CBSI38HHbIX C Hy

J1€BOH n rrponoJlbHOfi KOMTIOHeHTOH 4-aeKTOpa a 

K aHanor1PIHOMY pesynhTaTy npnxonnM B nocnenHeM cny<i:ae, KOI'lla 

p 
I 

l << m 1 , 11 o6masi H3OTpOTIH8SI '18CTb IIOJlHOCTblO OTCYTCTByeT. 

TaKUM o6pa30M, nerKO npocnettnTh 9BOJ110UH10 peilSITHBHCTCKOll cnc

TeMbl, CBSI38HHYIO co Bee 6onee )K0CTKHM orpaHH'1€HH0M Ha a6COJ110THYIO 

BeJll!tIHHY nonepetIHOl'O HMTIYJlhCa tiaCTHUhl. nenCTBHTeJlbHO, KOI'/la orpaHH

'10Hli8 OTCyTCTByeT, Mb! l!M00M O/lHOpO/lHblll 11neaJ1bHblll peilSITHBHCTCKHll 

ras, 11neaJ1hllbllf He B CMb!CJle OTCyTCTBIISI .asanMonefiCTBHH, a BCJle)lCTBHe 

cpopM8JlbHOl'O COOTBeTCTBHSI ypaBH0HH10 COCTOSIHUSI llJlSI H/l0aJlbHOl'O rasa. 

Cna6oe orpaHU'IeHue Ha nonepetillblll HMTIYJlhC HeM0/lJ10HHO B0/l0T K 

HapyweHHIO H3OTpOIIHU /lBH)K0HHSI H BhlneneHHIO HeH3OTpOTIHOll tiaCTH. B 

9TOM cny11ae eme cymeCTByeT o6masi U3OTponHaSI '18CTb, KOTOpaSI CBSI3bl

B8eT npO/lOJlhHOe ABH)K0HH0 C noIIepetIHbIM. Mo1leJ1npy10mnfi noae)leHne 

CHCTeMb! penSITHBHCTCKllii ras CTaHOBHTCSI TpeXKOMTIOHeHTHbIM, OCTaBaSICb 

no K8)K/l011 KOMTIOH0HT0 H/l08JlhHb!M B yKa3aHHOM Bb!We CMb!CJle. 

CnJlhHOe orpaun11eune nonepetIHOl'O UMTIYJlhC.a B0J1H'1HHOH, 3H8'1HT0Jlh

HO M0HbWell MaCCb! '18CTHUbI, npHBO/lHT K TIOJlHOMY . OTneneHHIO nonepetIHO

ro /lBH)K0HH SI OT npO/lOJlbHOl'O, ll I CJ10/lOB8 T0JlhHO, K llBYXKOMTIOH0HTHOMY 

H/lC8Jlh IIOMY rasy • 

IloCKOJlbKY orpaHH'IeHHSI Ha UMTIYJlbC nonepetIHOl'O /lBH)KeHHSI CBSI38Hbl 

C MaCCOH '18CTHU, n, KpOMe TOl'O, co6CTBeHH8SI TIJlOTHOCTh, /laBneune H 

TIJlOTHOCTb aueprHn T8K)l(0 38BHCSIT OT MaCCbl (npntieM H0JlHHefiHo), TO 

TIO/l06Hoe TIOB0/l0HHe MO)K0T 6bITb o6'bSICH0HO rpaBHTaUHOHHb!M B38HMO/len

CTBH0M, B H0KOTOpOH CTeneun aHaJlOl'H'IHO TOMy,KaK o6'bSICHSI0TCSI aHU3OTpo

nnsi TIJ183Mbl B M8l'HHTHOM IIOJle. K CO)l(8Jl0HHIO, B HaCTOSllll00 BpeMSI Mb! 

He MO)K0M npHB0CTH /lOCTaTO'IHO CTpororo KOJlHtieCTBeHHOl'O onncaHUSI Ta

KOl'O B38HMO/l0HCTBHSI, ITOTOMY 'ITO npnMeHeHne o. T .o. K /lllH8MH'10CKHM 

CUCTQ.MaM MHOl'UX '18CTHU CT8JlKUBaeTCSI co 3Ha'1HTeiibHb!MH TPYllHOCTSIMH, 

HO Mb! H8/l00MCSI, 'ITO B nanbHefiweM HaM Yll8CTCSI 9TH TPYAHOCTH npeO/lO

neTb. 
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