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§ 11 BaeneHHe 

.UHCIIepCIIOHHhie IIpSBHna CYMM (lt.n.c.) IIOny'ISIOTCSI H3 ltlfC!IepCIIOHHblX CO

OTHOW6HHli H H6KOTOpb!X npe.nnonomeHHli 0 IIOB6!I6HHH SMIInHTYltb! Ha 6eCKOH6'1HOCTH. 

B. IIOCne.~tHe.e BpeM~ B STOll 06naCTII ltOCTHrHyT 3H8'1HTenbHb!li ycnex111• .QnSI 

ltOCTSTO'IHO 6hiCTpO y6b!B8IOWHX 118 6eCKOH6'1HOCTII SMIInHTYlt HMeiOT MeCTO TSK 

• ,121 6 
uaabiBaeMble caepxcxo.~tstwHecst lt.n.c. 1 CTBHltSpTuwn cnoco nony'leanst KOTO-

pwx cne.~tyroman. llpe.~tnonoJKuM 1 'ITO ltnSI aMnnHTYlthi f ( v 
1 

t) cnpaae.~tnHBhi ltHC

nepcnouawe cooTaoweanst (lt.c.): 

f ( v • t ) "' _1_ +t_I_m_f_{_v_·~_t-'-) d v ' 
ft _.., II , - J.l 

1 +oo lm f ( v ', t) v ' 
vf(v,t)=- f 

ft 11'- V 

Toraa nony'laeTCSI lt.n.c;: 

too 
f lm f { v', t) d v '= 0. 

-<oo 

3 

dv ', 

(2.1) 

( 1.2) 

( 1.3) 



,..< 

. 
lJ.ng cnpB.B9ll1!HaOCTH (1.1) H (1,2) aMIIliHTylla-.f(v,t) nonJKaa ynoane-raopSITb 

ycnoaHIO: 

jf(v,t)l< lvllH 
v-o eo ~>~0. (1.4) 

B 
~ /3/ "' "' paoOTe ubl110 OTMe'leHO, 'ITO l111Sl nony-qeHRB pa31IH'IHbiX npaaHll cyMM yllOuHO 

HCXOJlHTb H3 TeopeMbl KomH (a He HHTerpallbHOil <!>opMyllbl Kown). flpH TaKOM 

cnocooe paccyJKnesan nerKO nony-qaJOTcst ace H3aeCTHhie npaarrna cyMM nnn l11IHH 

paCC9SIHHSI, a TaKlKe, HaiipHMep, ycnoaHSI 'oyllCTpana', OOcylKlla9Mbl9 B llOKllalle 

/4/ ) noy (eM, <jlopMyny (25) a 9TOM ,llOKIIalle , /5/ 
llpasHno cyMM ( I-3) nerKo o6o6WHTb sa cny-qal!: seyobiaaromax aMnnn-ryn .• .llna 

aToro H&llO npaMeHHTb K TaKOI!: aMnnHTylle TeopeMT KomH IIO KOHTYPY KOH9'1HOrO 
/6/ 

panayca A (eM. puc. I) • VI ecnn a.n.c.(I.3} aaroT B03MOlKHOCTb onpenennTb 

H1!3K09H9preTI!'19CK119 napaMeTpbi, TO n.II.C. 1l1Ill seyObiBaiOIDHX 8MII1IHTY1l n03a01ISIIOT 

onpenenHTb BbiCOKoasepreTu'leCKHe napaMeTpbi. 

B paooTe c ennsoll. TO'IKH apesan ( TeOJ)eMa f<omn} ahiB01lllTCR npasnna cyMM 

nnn HH3KoaaepreTI!'IecKnx a BbiCOKOaHepreTH'IeCKHX napaMeTpoa rr N -paccellHHSI. 

B § 2 nony'!aiOTCll a.n.c. llllll s- a p -sonsoahiX nnas pacceBHHst, seKOTOpbie 

H3 KOTOpbiX aHa1!1131!pyiOTCSI H cpaBHI!BaiOTCSI C aHa1!H30M faMnllbTOHa H Byn-

/7/ KOKa , .1:1 § 3 paccMaTpBBalOTCSl Jl,II.C, JlliSl abiCOK09HepreTH'!9CKHX napaMeTpOB 

rr N -paccerumst. B Ka'!ecTae Moaenn pacceBHHst npa BbiCOKHX asepr"SIX B3s:rra 

Monenb nonrocos PenJKe. 

§ 2, llpaB11118 CyMM JlliSl S - H p -BOliHOBblX 

anna paccel!HHst 

/8/ 
.Uanee HcnollbayroTcst ooo3Ha'leHnst paooThi • Ha oobi'IHbiX nssapHaHTHbiX 

l±l (±) "' 
aMIIllliTYJl rrN -paccestHI!Sl A (1!' t) II B (v,t) yaouHO oopa30B8Tb 

KOMOIIHBUIIH: 

I±! !±! . . I±! 
G (v,t)=A (v,t)+vB (v,t). (2.1) 

4 

·I 
I 
\ 
1 

I 
i. 

lJ.nn pacceSIHHSI anepen ( t = 0' 

!±) 
-ImG (cu 

3nee& v H t -RHBapHaHTJ 

rHB H HMIIYllbC rr -Me3oHa 

·a· H u - II011Hble C9'19HHSI 
- + 

Gl+l (v,t)-'11iTHast, el-l (v, t 

ace cooTHomeHHB npaaeneHbl I 

flOliY'IHM H9KOTOpb19 Jl,II. 

npnMeHHTbCB TeoepMa Koma, 

K <jlyHKUHH 

jxae'l' n.n.c. 

1 .. 
TJ 

k(u_(c:u)-u+(c.J): 

2 
Col -1 

£2 .,_1_( 

4M 2 

S -BOliHOBble JlliHHbl paCC9ll 

MaliOMY Kpyry C o 0TM9THl 
/9/ p 

B H3 . ,ll,C, · C OJlHHM Bbl'lll'l 

HHSlX 0 IIOB9Jl9HHH peallbHbiX ' 

oeCKOH9'1HOCTH. 

CoOTaomesne, aaanor11'i: 

HHil, KOTOpbiC HesepHbl. HacT• 

CT8TKOB. 



f(v,t) AOnmaa YAOBneTBOpHTb 

v ... "" £>~0. (1.4) 

pa3llH'IHbiX npaann CYMM YA06BO 

.. nanbHOll ¢opMynbl Kown). Ilpn TSKOM 

H3B9CTHbl9 npaBHlla CyMM Ann MHS: 

AOKnaAe 

/5/ 
cnyqall aey6biBSIOillHX SMIIllHTYA- • .Qns 

TeopeMY KomK no KOHTypy KOH9'1HOro 

1.3) .QSIOT B03MOmHOCTb OIIp9A9llli!Tb 

aey6biBSIOillHX aMIInHTyA II03BOnli!IOT 

f(omH) BbiBOAli!TClil npaBHna CYMM 

napaMeTpOB rr N -pacceli!RHlil. 

laonHOBbiX AnHH paCC9~Hlil1 HeKOTOpb19 

aaanH30M raMHin.Toaa n Byn

BbiCOKoaaepreTH'!eCKHX napaMeTpOB 

9li!RHSI npn BbiCOKHX aaepl'J1li!X B3SITa 

/8/ 
pa60Tbl • !13 06bl'IHblX HHBSpHaHTHbiX 

t±) 
H B (v,t) YA06HO o6pa30BSTb 

. (+) 
v,t)+vB- (v,t). (2.1) 

I 

I· 

D.nlil pacce HS:Hlil anepeA ( t · "' 0) 

t±) k -
1m G (C<l, 0)= -

2
- (o_(9J) ± o+(C<l)). 

(2.2) 

3AeCb v H t t 
-KHBapHSS:THble nepeMellHble, v = C<l + ~-~ C<l n k -aaep-

I'Hli! H HMIIYnbC rr -Me3oaa a na6opaTops:oll CHCTeMe, M , -Macca npoT.oaa, • 

a· H 0' - nonable Ce'leHKH· - + tr p- H tr+ p - pacceli!RHlil, COO'l'B9TCTB9RHO, 

G(+) (v,t)-'lliTHalil, GI-l (v, t) -He'!liTHaH , lPYHKllHH V npn t =Canst. HKme 

BCe COOTHOill9HHli! 1IpHB9A9S:bl B HaorypanbHOll CHCTeMe 9AHHHII ( b "' C "" p. "' 1 ) , 

flony'IHM H9KOTOpble A.II.C, .Onli! .OnHH pacceHHIH!. Bee cPyHKIIHH,. K KOTOpbiM 6yAeT 

npKMeHli!TbCli! TeoepMa KomK, yAoaneTBOpli!IOT ( 1.4). IlpHMeae,BHe TeopeMbl Komn 

K ljlyHKIIHH 

i:lae'l' A.n.c. 

GC-> (v, t) 

v 2:.. v 2 
0 

2 1 00 k ( 0' -~ (lj) - 0' + ( (lj) ) 2 2 1 
- J · ·dcu+4rr f --·--

2 2 1 
2tr • 1 

---(1+-)(a --a )•0 
3 M 1 s 

(lj -

2 1 2 
f --(.J_); 

.4M2 4rr 

1 
4M

2 

2 

_g __ = 14,4 ± 0, s 
4rr 

(2.3) 

s -aonaoable AnKHbl pacceli!HHH a
1

, a
3 

B03HKKaiOT npn HHTerpnpoaaana no 

ManoMy Kpyry C , 0TM9THM1 'ITO COOTHOill9HHe ( 2,3) 6binO BII9pBb19 IIOny'!eHO 
/9/ p 

B H3 .ll.C. C OAHHM Bbl'IHTSHHeM IIpii H9KOTOpblX llOIIOnHHT9nbHbiX rq>eAIIOnOJKe-

- + Hnli!X o noaeAeHKn pean&abiX qacTell aMnnaTy.a: rr p - n_ rr p -paccerumli! na 

6eCKOHe'IHOCTH, 

CoOTaomeane, aaanoruqaoe_· (2.3)1 Bhme.aeao TaKme n181 
H3 A.C".- 6ea Bbl'lHTa

anl!, KOTOpbiO HeBepHbl, HacTOSI!IlHII: BbiBOA ljJOpMYnbl (2.3) CB06oiteH OT ST.HX HeAD-

CTSTKOB. 

5 



<l>ymrnun 
vGI+l(~, t) 

v 2_ v:t 
0 

He 1 yt~oaneTBOpSieT ycnoauro ( 1.4) • 8TY TpylUIOCTb nerxo H36eJKaTb, ecnu Y'leCT&, 

'ITO 38 C'I~T noBeAeHHSI ·peB.JlhHblX 'ISCTeli aMnnHTYA ynpyroro 11 + p - II 11 - p -pac-
• l+l . 

cenllHH anepeA B oxpecTaoCTH pesoaaHCa (3.3) ReG paaaa aynro npH aaep-
_.. . /lOi 

rHH cu ., 185 MaB Tort~a, npuMeHSI.SI TeopeMY Komu x acnoMoraTellbaol!: 
R 

clJymrnuu· 

l+l 1 . . . 
cu[G (cu,0)-1-k(cu)(u-(cu '+u+(cu )) 2 - R R 

(cu
2 

-l)(cu 2 -cu 2
) 

R 

AnSI KOTOpoli ycnOBHG (1.4) Bbmonaeao, nony'IHM cneAYromee A.n.c.: 

-ti kcu[u (ell)+u (cu)-u (cu )-u (ell )] .,3 
+ - +R -R 2 m 

2 2 2 dell+ 32112f 2 2 2 + 
(cu -1)(cu -ell) (4M -1)(4M cu -1) 

211
2 

+ """"3M 

Tipaauna cyMM, conepJKamue 

R . R 

01+1)( +2a)=0. 
a 3 2 1 ell -1 

(2.4). 

R 

p -aonaoable t~nHHbl pacceSI!lH.SI, cnenyroT 

H3 TeopeMbi Komu, npuMeaeaaol!: x clJymrnuSIM: 

I 
" 00 

1-l 
vB (v,t) 

2 2 v -v 
0 

6 

dv I = 0 
t = 0 

I 

,_,( ) 
ooculmB cu ·dcu I 

cu 2-1 

.. 
ell 2_1 

I 
" .. 

B 

a 
at 

j Im A1- 1(cu)+elllm sl+l'(ell 

2 
cu -1 

.:.. _1 j"' Im B1 
-l(cu) 

4M 1 ell+ 1 
dcu-~ 



nerxo na6e~aTb, ecnn y~eCT&, 

JJ. ynpyroro rr + p - n rr - p -pac
t+! Re G paaHa gymo npn aaep-

opeMY Komn K acnoMoraTeiibaol!: 

C<IJ+a~(C<IR)) 

cneJJ,yromee. JJ..n.c.: 

3 
2 M 

co+32rr 2 f 
2 2 2 

+ 
(4M-1)(4MClJ -1) 

a ) .. 0. 
3 

. R 

(2.4). 

JJ.IIHHhi paccesmnn, cnenyroT 

0 ~ 0 

'I. ' \; 

! ~ ' 

'> 

,_, ) 2 2 1 
.. (<)1m B (C<l . d (<) + 4 IT { f 

+- . 
-=-.(a -a)"-

(<) 2_1 

I ., .. 

1 1 

4M.
2 

3M I 3_ 

4rr 2 M . ----(a -a -a +a )e.O 
3 . II 13 31 33 

(+) 

B (II, t) d II I = 0 
2 2 ' ta 0 

II -II 
0 

.. 
Im B

1
+\ClJ) dco.-Srr2 £2_! I 

2 
IT 

(a
1

+2a
3
)-

"'2_1 1 __ 1_ 

4M
2 

3M 

4~M · 
-~(a -a +2a -2a )~0 

3 II 13 31 33 

a (-) 

at' f 
G (v, t)d vi ~· 0 

c II 2_.11 2 I 3 0 

"" 0 

j Im A1
- 1C"')+co Im sl+!'(co) 

1 "" k(a_(co)- a+(co)) 
dcu+'--f d"'-2 

"' - 1 

( _, ) 
1 "" Im B (c.> --f 

4M 1 co+ 1 

8 M 1 

dllJ-2172f2 1 

7 

1 2 
(1--) 

2M 

( cu+ 1) 

-172(1+-1-)la -a ) .. Q. 
M 13 33 

(2'.5) 

(2.6) 

./> 

(2.7) 



f(v,t) ltOIIlKHB YltOBlieTBOpSlTb 

v .... £>"·0. (1.4) 

pasnn'IHb!X npaann cyMM ynotSa:o 

cpopMyiibl Kown). npn TBKOM 

a,,...,.nana', o6cyJKnaeMhie B ltOKnaAe 

/5/ 
a:ey6hiB8IOIIU!X BMIIIIHTYA- • .LlnSI 

Koron no KOBTYPY Koaeqaoro 

Hey6hiBBIOWHX BMIIIIHTYlt II03BOmiiOT 

f<oron) Bb!BOASITCSI npasnna cyMM 

napaMeTpOB rr N -pacceHHHSI. 

nmm pacceHHnll, nexoTophle 

npn Bb!COKHX aaepriJllX B3l1Ta 

Hs o6hi'IBhiX naaapnaa:THhiX 
t±) 

B (v, t) yno6a:o o6pasoaaT& 

t±) 
)+vB (v,t). (2.1) 

l 

l 

l· 

1· 

.llnll pacce llBn:R snepen ( t = 0) 

t±) k -
ImG (~,0) .. -

2
- {u_(!<>)±u+(~)). 

(2.2) 

3nec& v H t t 
-naaapnaaTBble nepeMeaable, v = ru + ~a ~ H k -aa:ep-

rna n HMnyn&c rr -Meaoaa B na6opaTopaoli cncTeMe, M , -Macca npoT.oaa,. 

c· H U - IIOIIHbl& C&'I&HHSI· 
- + 

, p- H tr+ p - p8CC0SIHHS11 COOTBeTCTB&RHO. 

G (+) (v, t)-'I~THaSI, G1 _, (v, t) -He'I~THAR , cj:lyHKilHH V npn t ., Const. HJ~:JKe 

BCe COOTHOWellllSI !IpHB&lt&Jibl B HaTypB!IbHOli CHCT&MO &ltHHHil ( b = C "' f1 "' 1 ) • 

nony'IHM HOKOTOpble A.II.C. lt!ISI Jl!IHH pacceSlHHSI. Bee ljlyJIKilHH, K KOTOpb!M oy.QeT 

!IpHMOHSITbCSI TeoepMa Koron, YAOBII&TBOpHIOT ( 1.4). npnMeil:eane TeopaMhl Koron 

• K WBKilHH 

11aeT n.n.c. 

GI-l (v, t) 

v 2-__v 2 
0 

2 
.. k{u_~~)-u+(~)) 2£

2 1 -~(1~-1-)(a--a)•O _1_ f · ·d ru + 4rr 
1 3 

M 1 3 

2 ~ 2-1 "1 --2 

2 1 2 
f =-(J_)· 

4M2 4rr • 

4M 

2 

.....L. = 14,4 ± 0,5 
4rr 

(2.3) 

S -BOIIHOBb!O ltiiHHbl paCCeSilU!SI a l , a 
3 

B03HHKBIOT !Ipn HBTerpnpOB8HHH IIO 

MBIIOMY Rpyry C • 0TM&THM1 'ITO COOTHOWOBHe (2.3) Oh!IIO BII&pBble. IIOny'I&HO 
/9/ p 

B H3 Jl.C. C OltHHM Bhl'IHTAHH&M npn H&KOTOpb!X ltOIIOnHHT&n&Bb!X fW&ltiiOIIOJKe-

JIHSlX 0 IIOB&lt&HHH pea!IbJib!X 'IBCTeii BMIIIIHTylt fT- p - H_ f1 + p -pacceHHHSI Ra 

6eCKOH9'1HOCTH. 

/8/ 
CoOTaomeBne, aa:anornqaoe (2.3)1 BhiBenea:o TBKJKe B ns n.~- 6es Bbi'IHTa-

anli, KOTOpb!O H&BepBbi. HacToRmnii Bb!BOA cjJOpMYIIb! (2.3) CBOooi:teB OT STHX He.Qo-

CTBTKOB. 

5 



CoOTaomeHHSI (2.5), (2.6), (2.7) IIPHB9A9Hbl B pa6oTe raMHnbTOHa H Byn-
. 17/ 

KOK.a • 0AHSKO Ham Bh!BOA Ha OCHOBe TeopeMhl Koma npoute, K TOMY lKe IIpH 
. 171 . 

IIOny'leHHH (2.7) B Hcnonb30BSnHCb A.C. 6e3 Bhi'IHT8HHA. 

XOTs anaxosaepreTa'lecxne napaMeTphl rr N _-pacceSIHHH aeoAaoxpaTHO aaa

naaapo~anac&, pa3yMBO IIOBTOpHTb aTOT aaana3 C y'I{!TOM IIOCneAHHX ASBHb!X 0 

ce'IEiHaSIX a cllaaosoMy aaannay rr N -pacc·erums. B 'laCTHOCTH oTMeTaM , 'ITO npa 
171 . 

nonyq~HH p -sonHOBhiX Anaa pacceSIBHSI B npeAnonaranoc&, 'ITO B o6naCTa 

BhlCOKHX aaeprnA 1mB,. ( 11_- q +) , T.e. 3B8'1HTen&BO 38BHJKanacb CIIHB-cpn!IIIOBSSI 

'laCTb 8MIInHTYAhl. KaK B90ABOKpaTBO IIOA'I~pKHBanOCb B IIOCneAHee BpeMH, CIIHH-
. /11 12/ 

cpnHIIOB8SI 'ISCTb aMIInHTyllhl B o6naCTH Bb!COKHX aHepraA senHKa 
1 

• 

l13 (2.3) H (2.4) IIOny'IHM AnSI S -sonHOBb!X AnHH paCCE!SlHHSI: 

a 
1 

- a 
3 

= 0, 281 

a +2a = 0,03. 
1 3-

/13 14/ 
npa Bhl'lacneaaa aHTerpanos oT ceqeaaA acnon&aosanHCb AaHHble pa6oT ' • 

Ha'laHas c· 7 ras ce'leHHSI npeACTasnsnac& cornacao MOAena nonrocos PeAJKe c 
. /11/ 

Y'I~TOM ABYX B8KYYMHb!X H p -nonrocos 

q± 
a -1 a '-1 a -1 

c <~' p + c ,(-Co)-) p - c (-Co)-) p 
P COCI P COO + p COO 

3Ba'l9gHSI IIapaMeTpOB . C i a a
1 

/16/ 
IIpHB9A9Hbl B Ta6naue l . 

p 

p' 

p 

Llmx aaanaaa 

/16/ 
Ta6nnua 1 

a ( 0) 

0,5 :!:. 0,02 

0,54:!:. 0,02 

C M6apH 

20,1 

17,7 :!:. 0,1 

2,7:!:. 0,3 

(2.5) a (2.6) npeAcTasnM ax s snAe: 

8 

(2.8) 

d M6apH 

-7,5· 

-50,5 

30,7 

I 

~· 
r' 
l 
l 

! 
~ .: 

j 

.;l 
( 
I 
i 
l 

rAe 

B +.S 
1 1 

4rr
2
M 

X+ 
3 

(. 
J 

B + S 4_rr2 M 
2 2- ---3 

y + 

B _;4n' 2 f
2 

1 

. 2 

1- _1_ 

4 M 
2 

-rr 
S =---(a -a ). 

1 3M 1 3 

(-) 

J + 
1 

= l ( ~) Im s
1 
+

1 
(cu) 

(<12-1 

<: 
dco, J 

2 

x=a -a -a +a 
11• 13 , 31 33 

t±l 
npa Bhi'IHCnElHHH J . 8MIInHTyAbl 

1 . 

/15/ 
ro aaanaaa AO E = 1,089 ras • 

(±) 
aMnnaTyAhl B. aaMeasnnc& cyMMOl!. 

---x.7 
L{ng KOBTpOnH 8MIInHTY.A8 IIpE 
IIIIH, 'ITO A89T AnSI J(±l, -~ 

. 2 
aaacaoA MOAena. 

9 



' IIPHB9A9Hbl B pa6oTe raMHilbTOHa H Byn

ocaoae TeopeMhl Kowu npome, K TOMY lKe npu: 

A.C. 6e3 Bbi'IHT8HHA. 

rr N -pacceSIHHll aeoAHOKpaTao aaa

sTOT aaanu3 c y'I~TOM nocneJlHHX AaHHbiX o 

rr N -pacc·eSIHHSI. B 'ISCTHOCTH o'I'MeTHM , 'ITO npu 

/11 
paccennas:~ a npennonaranoc&, 'ITO a o6naCTu 

• ,.-'tJ:< 

T.e. 3H81JHT9IlbHO 38HHlKaii8Cb CIIIIH-cjJnUIIOB8SI 

IIOA'I~pKHB8IIOCb B IIOCIIe)lHee Bp9MSI, CIIHH

/11 12/ 
Bb!COKHX 3HeprHA B9IIHK8 ' • 

AIISI S -BOIIHOBbiX AIIHH p8CC~SIHHSI: 

a 3 a 0,281 

2a = 0,03. 
3-

/13 14/ 
C9'19HHA HCII.On&30B8IIHCb A8HHble pa60T 1 

• 

cornacuo MOAenu: nomocoa PeAlKe c 
1/ 

~)ap'-1 
"'o :; C p ( -"'- ) a p - 1 

"'o 

/16/ 
a 1 DpHB9A9Hbl B Ta6nu:ne l . 

/16/ 
1 

C M6apa d M6apa 

20,1 -7,5· 

17,7 :!:. 0,1 -50,5 

'. 2,7:!:. 0,3 30,7 

IIX B BHAe: 

(2.8) 

i 

:{ 
l 
l, 
',! ~ 

l 
'l 
·/~ 

-! 

rAe 

(-) 

J + 
1 

B + _s 4rr 
2

M 1-l 1-l 1-1 
-x+J +J +J aO 

1 1 3 1 2 3 

B + S 4_rr2 M 
2 -2 - 3 

(+) (+) (+) 
y + J1 +J2 +J3 "' 0 • 

2 2 
B "'4rr f 

1 

1 

1--1-
4M

2 

"2 
S =---(a -a), 

1 3M 1 s 

B 
2 

.. -8rr2f2 __ A_l __ 

1--1-
4M 2 

2 

S =--"-(a +2a ) . 
2 3M 1 3 

/ 

(2.5a) 

(2.6a) 

( +' '1-;-) '+' A ( "') lmB (cu) 1 ~ 1 eo(l)ImB""(cu) 
dcu, J =I 1 · dcu,J =I dcu 

2 E cu 2 - 1 • 3 A cu 2-.J 

x=a· -a -a +a 
ll· u . 31 33 

y-=li -a +2a -2a 
11 13 31 33 

(±) 
llpu Bl;d'IUCIIElHHH J . 8MIIIIHTyAbl 

(±) 
B onepeAens:~nuc& no AaHHLIM cjJa3oao-

1 

ro aaanu3a AO 
/15/ 

E = 1,089 raa • 
C±l 

B HHTerpanax J 
2 

OT. E AO A= 5Eaa 
(±) 

aMnnuTyAbi B 38MeHSinuc& cyMMOA pe3onaaco~. a 
x/ 

8 -npu6nnlKeau:u • Ha'lnHaSI 

~.n . ~ 
Illl KOHTpOIISI 8MIIIIHT~A8 npeACT8BIISin8Cb TaKlKe B BHAB IIHHellaoA ~yHK-

IlUH, 'ITO A89T AilS! J -l 3H81J9HHSI, 6IIH3KH9 K BLI1JHCil9HHblM B pe3o-

H8HCHOA MOA9III!. 
2 

9 



c 5 rss npnanMana6b MOllenb nonrocos 
/11/ 

Pen>Ke, cornaca:o xoTopojt 

( l 
· a -1 

1m B - (cu) ~ d ( ~ ) P p . 
"'o 

· a -·1 

Im B1+1 (cu) .. d (~) P 

p "'0 

+ d ( "' a •-1 
, ---) p 

p "' 0 

_.. 3aa'teaan napaMeTpOB a 
1 

n d 1 B3SITbl na Taonnnbl 1, B Taonane 2 npnse

neabl peaynbTBTbi pac't{lTa (2.5a), (2.6a) 

j1-l 
1 

J(-) 

2 

J(-) 

3 

Ta6nnna<'.2 

X 
+ 

J 3 
J+ 
~ 

+ 
J 3 y 

7,858 :!:.,0,534 0,817 1,5888 0,151 :!:.. 0,07 -5,874!,.0,311 -0,08 -0,031 -0,552:!:., 
:!:.,0,017 

B 
1 

+ S ~ = 3, 060 ± 0, 088 

B 
2
+ S 

2 
= 42,830 ± 1, 180. 

nnn TeX >Ke KOMOHHBilHll 
/16/ 

-sonaosbiX nnnli paccenann B nony'teHbi cne-p 

nyromne saa'teann: 
X ~ 0, 181 ± 0, 047 

y .. 0, 509 ± 0,066. 

He6onbwoe oTnn'tne aawnx peaynbTaToB oT sTHX aaa'teanil csnaaao c oonee 

TO'tHblM y't{lTOM cnna-<Pnnnosolt aMn.llHTYllbl npn BbiCOKHX saeprnnx. 

§ 3. npaBI!na cyMM llml Bb!COKOSHepreTH't9CKHX napaMeTp0l3 

B Ka'leCTBe Monenn paccena:nn npn BI>ICOKHX saeprnnx npnMeM Monenh Pen-

>Ke C TpeMH nomocaMII: llBYMH BaKyyMHbiMH H p -nOniDCOM, 8Kn81l KB>KilOrO 
. /11/ 

nonroca B .aMnmiTYllbl G (v, t) n B (v, t) uMeeT _BHil 

10 

G I 

B 1 ='-c 

B/5/ 6bmo nony'telio JJ 

-817'2£2. 

2 A 
~£2+ f~(a 

l\1 2 1 M + 

nanee 6bmO 
I 

IlOKa38HO. 

• HOCTb MOJJ.enii nonroCOB F 

B oonacTn Mn3KIIX·n cpeJJ 

KOTOpbie noasoimnn obi . y 

¢1opMalliiiD o "N -pacce 

nH30M H8 OCHOB9 MOilenH 



cornacso xoTopo~1111 

a -1 
) p 

O,l a ,_1 

+ d ,(--) p 
p QJ 

-0 

a3 Ta5nanhl 1, B Ta5nane 2 npaBe-

+ 
J 3 

J+ 
~ 

+ 
J 3 y 

,874!.0,311 -0,08 -0,031 - 0,552:!:.. 
:!:_0,017 

088 

180. 

/16/ 
pacceHaasr B rrony'leHbi cne-

aTHX aaaqeaan CBH3aao c 5onee 

Bb!COKHX aaeprnl'IX. 

aaeprliHX npaMeM Monem, Pen

Bxnan xa>~cnoro 

exp(-'ll7a )± 1 
G 1 .. _, C 1 ,( 1 

s1n 17 a 
1 

a 
)(-QJ-) 1 

QJ 
0 

exp(-l17a 1 ) ± • r.l . a
1
-1 

B ,._d ( )(--) 
1 1 c;,) 

Sinl7a
1 0 

(3.1) . 

(3.2) 

B/5/ 5binO nony'leao nBa ll.n.c., collepJKamax napaMeTpbi c 1 H a I 

~ 2 
[\! 2 f + 

llanee 5btn0 

A 
2 2 

-817 f +fk(u_(lil)-u+(cu))dcu= 
2 C P ( __ A_ ) a p A 

a +1 
p (<) 

0 

(3.3} 

A ' 2 
klil A 2C A a 2C, A a, JM(u (cu)+u (l!l))dcu .. -[--(--)P-Ili--P-(---) p ]. 

I + - M. a + 2 lil a +2 "' 
p 0 p'" 0 

/17/ 
noxaaaao 'ITO H3 

(3.4) 

aTax cooTaoweaan cne.oyeT cornacoBaa-

HOCTb Mo.oenil nomocoB Pe.ome c axcnepHM,eHTanbHbiMH aHa'l~HHHMH nonHbiX ce'leHHJI: 

B o5nacTn aaaxnx 11 cpenaax aaeprnll. npencTaBnHeT HHTep~c ~ony'lHTb n.n.c., 

KOTOpb!e II03BOnl'lnll 5bi y'leCTb HOBYIO IIO cpaBHeHHIO C IIOnHblMH Ce'leHI!l'IMH HH

¢opMaiJHIO o 17 N -pacceHHan n npoBepnTb, aacKonbKO oaa cornacyeTCH c aaa

nnaoM aa ocaoBe Monenn nonrocoB Pen)l{e, 

11 



___ _______..._---·--·~----· ------

nnst peallbHblX 'iaC'l'eli aMnniiTYll u N -pacce-
w c1+1<1Ul c -·ell) ' -

Kom11 K cjlysltlliiSIM a no -xon-
V w2 - 1 vi\) a_ f 

llnst aToro yCTaaoaaM n.n.c. 

/3/ rumst,- • TipaMeHstSI -reopeMy 

TYPY KOHe'iaoro pannyca A (pac. 1), nony'iaM: 

21T2 2 
--;.~£ 

- 4rr
2 

3necb 

a1 a 1 " 1 A !+) ::=:=.. + I w Re G . ( w) 

-' 1 1 -' 2 dw~-!. 
v1-- v w -·1 

4M 2 . 

, 
p,p 

c 1 
(A fwJ ACtg ~ 

( 1 
a1+ 

1 A 1-l 
f 2 + f Re G ( w) d w 

1 I -2-
y1--- .Jw -1 

4M 2 

a IT a 
(A I OJO) p tg ~ • 

=Cp 
ap 

ReG!±! (w)= 4 "MW ( D ±D ), 
b_ b + 

(3.5) 

(3.6) 

(3.7) 

W - nonaaSI aaepriiSI cacTeMbl neaTpa Mace, + 
D b -peanbRbie 'iSCTII aMnnHTYll ynpyroro rr - p 

-pacceSIHIISI a c11cTeMe 

+ 
neHTPa M.acc. 

B Ta6n11ne 3 
!+! 

np11aeneRb1 'illcnesRb1e 31la'ieHHSI aaTerpanoa, axonmnax a (3.5) 
(-~ . . /18 19/ 

H J (A) ) • 3Ha'iellBSl peanbllblX. 'IS.CTei! BSSI'l'bl 113 ' • 
11 (3..6 ), (J (A) 

Ta6n11na 3 

A raa 3 - 5 7 10 15 20 25 

Jl+l (A) -79,5 218,4 -393,7 -706,6 -1353 -2095 -2921 

Jt-l (A) 5,82 · 7,05 8,01 

12 

ECJ 

BTOpOil BS.I 

C , II 
p 

B3 ananB3· 

TS.Tbl npiiE 

A 
raa 

.c , 
Md'apa 

cP 
M6apH 
--r-

H:: 

a npene 

A= 1 

Onaol\ 

llOBCKOl 

Peaynh 

6oTe 11 
/~ 

BeTa 

pBMeB' 

SIMII ll 

aaepr1 

c y'iG 

cSI. 3 

aoaaE 



qa6-refi aMn1IHTYA 
"' 01+1("') 

aN -pacce-

H 
G -·cco' --no "Xol!:-

v"' 2
-1 vco2-l 

.. - l: 
a1 a 17 

( A / "'J A Ctg __!_ ( . 2 c 
1 , 

p,p a 1 + 1 

(A/"' l"P 
.. c 0 tg 

P a 
p 

+ D ), 
- b +· 

± 

17a 

__.e_. 
2 

17 p -paCC&HHHH B CHCT&Me 

(3.5) 

(3.6) . 

(3.7) 

HHTerpanoB, BXOAIDnHX B (3,5) 
. . . /18,19/ 

pean&Hb!X 'U!.CTell B3H1'bl H3 

15 20 25 

-1353 ~2095 -2921 

11,02 12,6 13,95 

,.-"· 

Ecna IJpHHHTb a al , TO B J:t,II,C, (3.5) 6yA&T A8B8Tb BKnaA TOnbKO 
p 

BTOpOA BSKYYMHblll noniOC p', Ha (3,5) H {3,6) MOJKS:O onpeAenHTb 3H8'16HHH 

c H 
p cP, 

rrN 

ecna BOeUOnb30B8Tbe51 3H8'l&HHBMH a p H a P~ 7 B351Tb!MH 

sa anannaa -paeeeBHHB npn sOieoKax auepraBX (eM. Ta6mmy 1). Peayn&-
. x/ 

TSTbl npnseAeHbl s Ta6nmxe 4 npa paanH'IHOM BOI6ope o6peaaHHB A • · 

Ta6naua 4 

A 3 
ras 

5 7 10 15 .20 25 

c , 
Md'apH 

8,94±_0,50 11,4:!:,0,51 12,56:!:,0,5 13,21±.0,46 13,84:!:,0,34 13,86:!:, 13,88:!:. 
£.0,29 :!:,0,22 

cP 1,95:!:,0,1 2,16:!:_0,13 2,25:!:,0,15 2,32:!:_0,17 2,43:!:,0;19 2,47:!:.. 2,51:!:, 

M5apH 
:!:_0,22 0,24 

113 Ta6nHUbl 4 BHAHO, 'ITO 3H8'16JiHe C , nonyqeaaoe na (3,6), eosnaAaeT 
p . 

B iJpeAenaX OWH60K e peAlK&BeKHM 3H8'16H116M (eM. Ta6nauy 1), H8'1HH851 e 

A = 7 ras. BenH'IHHa C , , nonyqeaaas aa (3.5), HHlKe peAlK&BCKoro aaa'leHHH. 
p 

0AHOll:. H3 npii'IHH 3TOrO paeXOlKA6HHH MOlK&T 6biTb paanu'IHbJll Bbi6op ljla3bl Kyno-

HOBCKOrO II HA&pHOrO paCCeBHHH, 'ITO cymeCTBBHHO B o6naeTH. Bb!COKHX 3HeprHll. 

Peayn&TaTOI, npaseAeHHbie B 
/20/ 

Ta6nnue 4, cooTBeTeTBYIOT ljlaae, nonyqeaaoA B pa-

6oTe fl.n.ConOBb6B8 • PeAJKescxafi aaanaa nposoAancH c ljlaaon, nony'leHHOfi 

/21/ 
BaTe • 3aMeTHM, 

/19/ . 
'ITO, KaK noKaaaao B npa Bbi6ope ljlaabi ConoB&esa, aKene-

pHM6HT8flbHbl6 3Ha'l&HIIS! peanbHbiX '18eTefi O'leHb Xopomo eornaeyiOTeSI e npeACK831iHH-

51MH A.C. llp11 Bbi6ope ljlaabi EeTe aaa'l&HIIH- pean&HbiX 'lacTelf B o6nacTI! BbieOKIIX 

aaeprafi pacxoAHTCH c npeACKaaaHI!HMH A.c. Ecn11 nposecTH peAJKeBCKI!fi aaanna 

C y'IGTOM ljla3bl ConOBbeBa, TO eOOTB&TCTBI!e C H8WIIM aaanH30M JlOnlKHO yny'lilli!Tb-

en. 3To BIIJlHO na Ta6nnuhi 5, rAe npnseAeHbi Benl!'li!Hbl. CP, na (3.5) c nenon&-

+ 
30B8HHeM (aa'IHH8Sf c 6 ras) 3Ha'leHnfi ReG ,_ Bbl'lHCneHHbiX no ljlaae EeTe. 

x/ 0mn6KH, np!!B6Jl6Hllbl& B Ta6nnue 4, CBS!31iHbl C OWI!6K8MII a , 
• (eM, Ta6nuuy 1 ). He npiiBeJleHHble 3AeC& own6Kn, csnaaHHblePc 

B peanbHbiX qaeT!lX aMnnnTyJl, MOPYT )lOCTIIP8Tb 10-15%. 

• 
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Ta6nana 5 

A r:m 7 10 15 20 25 

c " 12,28 13,10 13,95 14,55 14,88 p • 
M6apB 

_... 
3sa'Jeaae C cna6o aasacaT OT -Bhl6opa lj>a3hi, p 

llapaMeTpbl d 1 MOJKBO onpenenaTb ua' cneJiyromax npasan cyMM: 

A ap -1. 

2 2 1-l (A/CoJo) 2 
-417f +fc:uimB (c:u)dc:u=d A 

p a + 1 
P. L 

(A/ )a -1 a ,-1 
2 2 A (+) (I) p (A/ (1)0) p . 

817 M f + I Im B ((I)) dc:u = [ d + d ' ] A 
1 P a P a, 

. p p 

. 22 1 Ac:uReBt-l(c:u) 
-417f +f dc:u=dp 

1 1 2 , 
y1-- v (I) -1 

4M 2 

a -1 
I ) p 17a 

(A c:u_o AtgT 

ap 

1 A R ( + 1( ) 
817

2 
M f

2 -====+ J e_s __ c:u dc:u = -· ~ ,_d 
1 

vt--1- I vc:u2-t p,p 

4M 2 

a -1 17a 
) . 1 l (A/c:uo ___ Ctg~2 -· a - 1 

1 

14 

(3.8) 

(3.9) 

(3.10) 

(3.11) 

Onsaxo Mbl. se MOJKeM npoasanaaapoBB 

cpaaosblli asanaa 17N -paccesaas np• 

-ry.na B aeaaseCTBa. Llna npaMepa 

asanaaa JI,n.c. ( 3.8). 

llpeJICT8BHM (3.8) B BHJl9 

E A 
2 2 l ( l. 

-411' f +·I ,,,Im B -\c.>) d(<) + I CoJ 
E 

I 

B nepsoM aaTerpane aMnnaTYna B 
(. 

aaTerpane socnonhayeMclil cnenyromeA 

1-l ) . I ImB (c:u ec+-
V~ 

Ta~as s~cTpanonsnas cOOTBeTCTByeT 

nonasneaaoro npa BbiCO~ax saeprasx 
(-) 

UO 3H8'19BHHM cilYH~UHH B B TO' 

cMaTpasaeTCH ~ ypasaeaHe aa 

se·neabl peaynbTaTbl Ta~oro asan11aa 

E 
1 

-aa'Jana 9KCTpanonsnHH 

Ta6nana 6 

A 
dp 

rss E l = 899.8 M9B -
s 36,6±?,9 

4 37,2£5,9 

5 37,6:!:,.5,9 

6 38,0:!:,.5,9 

7 38,3:!:,.5,9 

15 



5 

15 20 25 

13,95 14,55 14,88 

cpa3hl. 

n3 cne.ayromnx npaann cyMM: 

) d co = d (A I (lJ 0 t p- I. 
P A2 

ap+1 

(A/ (lJ )ap -1 a ,-1. 

[ d + d , 
. p p 

(A/co~] A 

aP 

dco = d,p 

a , 
p 

a -1 
(A/(JJ) p ~ 

o A tg 2 
ap 

1

("') dco=.- l: ,_d s 
p,p 

a -1 
(A/ co 

0
). l IT a 

1 --Ctg--. 
a - 1 2 1 l 

--~ 

(3.8) 

(3.9) 

(3.10) 

(3.11) 

Onsaxo MLI se MOJKeM npoaaann3npoaaTb &Tn n.n.c., Tax xax a nacTonmee apeMn 
/15/ . . 

cjla30Bhlli a1Ullln3 ~rN -pacceHBnst npoaenes TonbKo no - 1 Esa • Bhlme aMnnn-

npnMepa TYD.a B nen3aecTsa. .llna 

asann3a n.n.c. ( 3.8). 

llpenCTaanM (3.8) a anne 

npnaeneM pe3ynbTBThl noaonhHO rpy6oro 

E 
2 2 1 1 -411' f +f coimB-\co)dco+ 

A 
1-l 

f(JJimB (f<l)dcoosd 
E 

l 

p 

A/"'ap-1 
0 

a + 1 . p 

2 

A • (3.8a) 

B nepBOM nsTerpane aMnnnTYna 8
1-1 /15/ 

Bhi'IHCnBeTCst no cjla3aM • Bo aTopoM 

IIHTerpane aocnonb3yeMcst cnenyromel axcTpanonsnseA aMnnnTYllbi B 

v-;; 
E

1
<f<I<A. (3.12) 

Taxast axcTpanonSlliHH cooTaeTCTByeT axnro'lensro nononssTenhnoro nonroca c a(O)aO, 

nonaanesnoro nps ablcoxnx aseprnstX. Koaq,cjlnnaeBThl a. b, c onpenen5liOTCSI 
(-) no 3Ha'leHBBM cpyHXIIHH B B TO'IItax . E l , A B A+ 1. .llanee (3.8a) pac-

B Ta6nnne 6 nps-cMaTpnaaeTCSI xax ypaasesse na d nps a = 0, 54 • 
p p 

ae·neshl peaynbTaThl Taxoro asannaa MB paanll'IBhiX A n npn Tpex 3Ha'leHil5lX 

E 
1 

-sa'lana axcTpanonSlliHH 

Ta6n11na 6 

A 
dp M6aps 

raa E 
1 

"' 899.8 MSB E l = 930 MSB E l = 949,4 MSB 

3 36,6:!§,9 29,9.:!:_6,0 24,9.:!:_7,4 

4 37,2£5,9 29,4:!:,.6,0 23,5f,7 

5 37,6:!:,.5,9 29,0.:!:_6,0 22,6:!:,.7,9 

6 38,0.:!:_5,9- 28,8:!:,.6,0 21,9:!:,.8,0 

7 38,3:!:,.5,9 28,6:!:,.6,0 21,4:!:,.8,1 

15 



. . 
Ha Ta6nnrrhl 6 BRAHO, qTo peaynbTaT cymeCTBSHHO 3aBRCRT OT Bhl6opa aaqana aKCTpa-

nommnn E 
1 

• 3naqeime, nan6onee 6nnaxoe K penlKeacxoMy d p = 30,7 M6apH), 

UOJIY'laeTcn, ecnn Bhi6paTb E ~ = 930 Man. 

Ananorn'IHbie npannna cyMM MOlKHO nanncaTb n nnn nponanonnhiX aM-

ll/IRTYA no t • 3To naeT COOTHOlllSHRSI Ha a', C ' a d'. Onnaxo oTcyTcTane ax-

CrrepRMSHTanbHOli RHijlOpMarrHH He ll03BOIISI8T OCYI1l8CTBHTb CpaBHSHHe HX C OIIbiTOM, 

B aaxmoqenae OTMeTaM, qTo n.n.c., xnna Bb!Benennmx B aToM naparpaljle, no

ne3Hbi npa ananaae pacceSIHHli B o6nacTn BhlCOKIIX anepruli. 

Taxne npaanna.cyMM noaaonliiDT npoaepnTb cornacoaannocTb Monenn pacceliRnli 

rrpn BbiCOKRX aneprnliX c axcrrepnMeHTanhHbiMH naHHbiMH B o6nacTn HH3Knx a cpenanx 

aaepr11li. 

ABTOpbl 6naronapHbl n.H.nannnycy; B.A.MaTBeeny, n.ll.ConOBbSBY H A.H.TaB

XSIIHA38 3a Il/IOAOTBOpHbie • o6CylKA8HI!SI, 

nHT.epaTypa . 
l.B.A.MaTBeen, n.ll.ConOBbeB, E.B.CTpyMHHCKHli, A.H.TaBX811HA3e, B.n.lllenecT. 
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188 (1966). 
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..,e3YlibT8T cymeCTBeH!iO 38BllCHT OT BbiOOpa H8'18li8 3KCTpa..;, 

•aaoonee 5naaKoe K pet:t>KeBCKOMY d P = 30,7 Moapa), 

MaB. 

MO>KHO B:armcaTb a t:tmi npoaaBo.QBbiX aM-

a,OTBOIDeHHSI. H8- a', C ' a d'. OnaaKo oTcyTcTaae aK-

II03BOliSieT OCyUleCTB!lTb Cp8BBeBile HX C OIIbiTOM, 

B aTOM napa_r;pa$e, no-

npoaepHTb cornacoaaaaocTb Monana pacceiiHIISI 

ABHHhlMH B 00li8CTH HH3KRX H Cpe.QHHX 

.H.nana.Qycy, B.A.MaTBeeay, n • .ll.ConOBbaay H A.H.Taa-

naT,epaTypa 

B.B.CTpyMH!iCKalt, A.H.TaaxenaLt3e, B.IT.illenecT. 
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