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§l.Bsea.eHue 

/12345/ 
nyTeM M HOrHX 3KerrepHM9HTOB ' ' ' ' 6binO yeTaHOBneHO, 'ITO HMIIynbeHbie paenpeD.eneHHSI 

BTOpH'IHhiX 6apuoaos, o6paaosaHHhiX s 11- p -saaHMoa.ellcTBIIHX npu aaeprusx E 11 ,.. 7-8 Bas 

H 16 Bas, HMeiOT a.sa MaKeHMyMa. 

H 6 
/1/ . 

arrpHMep, s pa oTe H3y'lanHeb npoueeebi o6paaosaHHH A -rHrrepoaos s 11 p -saaH-

MOD.eiieTBHSIX rrpH aaeprHHX 7-8 OSB e IIOMOIUbiO 24-nHTpOBOii nporraHOBOii IIY3bipbKOBOii KaMe

phi B IIOCTOSIHHOM MarHHTHOM none 18700 S. OblllO 06Hapy:>KeHO, 'IT~ HMrrynbCHble pacrrpea.ene

HHSI A -rHnepoHOB B eHCTeMe ueHTpa MaCe 11 p H9 cornacyiOTCSI CO CTaTHCTH'IeCJtOii TeOpH-

eii. B qacTHOCTH, s HMnynbcHbiX pacnpea.eneHHHX A -rHrrepoaos rrpossnHIOTCH a.se rpynnbl. 
/1 I 

8 yKa3aHHb!X pa6oTaX Ha OeHOB8HHH 8HanH38 SltCII9pHM9HT8UbHbiX D.aHHbiX a.enaeTCSI BbiBOD. 

0 TOM, 'ITO OD.H8 rpyrrrra 

paS! - B rrepH¢epH'IeCKHX, 

A -rHnepoaos B03HHKaeT s ueaTpanbHbiX saaHMOD.ellcTBHHX, a &To· 

8 aacTosmeil: pa6oTe npea.naraeTCH a.pyras B03MO:>KHaSI exeMa o6paaosaHHH A -rHnepo

HOB qepea H306apbl, K:aK qaeTb TOft exeMbi, KOTOpas 6onee IIOD.p06HO OIIHeaHa B / 7/ ; B 'laCT-

HOeTH IIOKa3aH01 'ITO OD.HHM H3 KHHeM8TH'IeCKHX cneD.CTBHii TaKOit eXeMbl SIB1ISI9TCSI CyiUeCTBo

B8HHe 3THX a.syx rpynn A -rHnepoaos s HMnynbCHOM pacnpea.eneHHH, 

6 
/2,3,4,5/ 

noa.o 6Hblft KHHeMaTH'IeeKHil: aHallH3 MO:>KHO seeTH T8K:>Ke D.nSI · D.aHHbiX pa OT o 

§ 2. 0CHOBHbl9 D.aHHbie 

HH:>Ke rrepe'IHCllSIIOTeSI OCHOBHbie D.aHHhie 
/I/ A -rRnepoaos H3 pa6oThi • Ha pHc. 1 a}, 6) 

npea.eTasneHhl yrn OBOe H HMIIYllbCHOe pacnpea.eneHHSI A -rHrrepOHOB B eHCT9Me U9HTpa M8CC 

11- p • Ha pHe. 2 a), 6) H s) npHsea.eHhi pacnpea.eneHHSI A -rHnepoaos no TaK Ha3biBa9MhiM 
... .... ... c 

TpexMepHhiM nepea.aHHhiM HMnynbCaM 1 !l. I = I P:- P A I , nepea.aHHblll,f saeprHHM 
c e /t'2 2 -+ e ... e e 

!l. 0 = EP - E A 11 qeTblpexMepHbiM. nepea.aaHbiM HMnynbeaM !l. ='1 u - !l.
0 

, ra.e PP , PA , EP H 

Ee A - K A - HMnynbehi H aaeprHH npoToaos H -rHnepoaos s c.u.M. 11 p • aK BHD.Ho H3 aTHX 

pHeyHKOB, s HMnynbCHbiX pacnpea.eneHHSIX npossnsiOTCSI a.ae rpyrrnbi A -rHnepoaoa. lJ.nsr A .. 
rHnepoaos c HMnynbCOM 6onhwe 1300 Mas/c xapaKTepHbi Manble 3Ha'leHHH !l. , !l.0 H !l. , a .. 
D.nH A -rHnepoaos e HMnynbeOM MeHbWe 1300 Mas/c - 6onbwHe aaaqeHHSI !l. , !l.0 H !l. (eM. 

pae. 2). lJ.pyroA KpHTepHii paenpea.eneHHH A -rHnepoaos a a !l. > 700 Mas 11n11 !l. < 700 Mas 
e 

npaKTK'leeKH eosnaa.aeT e KPHTepHeM paaa.eneHHH no HMnynbcaM P A< l~OO Mas/c HnH 

PA > 1300 Mas/e cooTBeTeTseaao. Bee A -rRnepoHhi aa nnocKoeTH I !l. I H CostJ,i; (KocH

aye yrna Me:>KD.Y TpexMepHbiM nepea.aHHbiM HMIIynbCOM H HMrrynbCOM rrpOTOHa B C,U,M. P 11- p ) 
.. 

pa3D.enHIOTes eaosa Ha a.se rpynnhi! ga.aa - co 3Ha'leHHBMH I !l.l > 800 Mas/c H Cos 8t ... >0,8 
-+ up- , 

a a.pyras - Ill. I < 800 Mas/e H 0,0 < Cos 8 ~ .. < + 1,0 (eM. pHe. 3a), npH'IeM A -rungpo-
c - /!t;.p - c 

Hhi c PA < 1300 Mas/e aaxoa.sTcs s nepsoa rpynne, a PA > 1300 Mas/c - so BTopoA 

rpynne. 
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8 yrnosoM pacnpe.neneHHH A -rHnepoHOB B c.u.M. rr p (pHc. 1a) HMeeTCH pe3KO Bbipa

iKeHHbJii: nHK npH eA ,}8Q
0

.0THOWeHHe 'lHCen A -rHnepoHOB, neTHWHX Bnepe.n H H838ll B c.u.M.rr- p . 
_nA ~ ( 0,18 :!_0,02), T.e. 5apHOHbi npeHMywecTBeHHO coxpaHHJOT csoe HanpasneHHe .UBH)Ke-
fiA 

HHH. 8 ce A -rHnepoHbi c /1 < 700 MaB H8XO.UHTCH HCKJl!O'lHTeJlbHO B IIHTepsane 

(-1,0 < Cos8°<-0,~)r.ne 
- A- ' 

c 
eA - yron BbineTa A -rHnepoHOB B CHCTeMe ueHTpa Mace fT , 

• 0 
VIMnynhcHoe 11 yrnosoe pacnpe.neneHHH A -rHnepoHOB H3 AK -nap B c.u.M. rr p T&KHe 

A /6/ G 
)Ke, KaK y O.UHHO'lHbiX a -rHnepoHOB • Ha p11c. 4 npe.ncTaBneHO pacnpe.neneHHe AK -nap 

0 
no yrnaM Me)K.ny A -rHnepoHoM 11 [( -Me30HOM. 8 pafnpe.neneHHHX no 3Ha'leHHHM aHeprHH 

/6/ 
pacna.na QAK 5b!Jl 06Hapy)KeH nHK B HHTepBane (100-200) MaB • 

§ 3. KHHeMaTHKa A -rHnepoHoB, o6paaosaHHhiX qepea H306apbi, 

13 CHCTeMe ueHTpa Mace rr -p 

PaccMaTpHBaeTcH peaKuHH: 

rr + p -+A+B, ( 1 ) 

r.ne A - H306apa, B peaynbTaTe pacna.na KOTopoi!. o6pa3yeTCH A -rHnepoH, B - cosoKyn-

HOCTb BCeX OCTaJlbHblX 'laCTHU. npouecc o6p830B8HHSI H306apbi nOJIHOCTb!O X8p8KTepH3yeTCH 

yc ' m A ' q H TJ , r.ne q - nonepe'IHbiA HMnynbC H3068pbi A Tj - T8K H8ab!B8e-

Mb!ll. KOacpcpHUH9HT ynpyi'OCTH Ba8HM0.[19itCTBHA: 

Tj 
Ec f. * v-, Yl r ~ f3c 

:z :z 
+ mA- m B 

(my ) 2 (1 +{3) 
p c c 

] (2) 

npH 
~2 

¥2( --) << 1. 
mP y c 

3AeCb y II {J - nopeHUOB cpaKTOp H CKOpOCTb 
c c 

c c 

.[lBH )1{9HHH CHCTeMbl UeHTpa M8CC fT p B na-

5opaTopHoll. CHCTeMe; E A H E - nonHbie aHeprHH Hao6apbi 

fm,';,,c 
A H npOTOHa B CHCTeMe UeHTpa 

Mace fT p mB c 
Ya 

- npHBe.neHH8H Macca COBOKynHOCTH B 

r.ne 
c 

y
8 

H 
c 

Y, nopeHUOBbl cpaKTOpb! COBOKynHOCTH B H BXO.UHWHX B Hee BTOpH'IHblX 'laCTIIU 

·B c.u.M. rr p VIa cpopMynhi ( 2) cne.nyeT, 'ITO ecnH COBOKynHOCTb B TO)Ke 11ao6apa c 

onpe;:J.eneHHoit Maccoll., TO m
8 

11 TJ npHHIIMaJOT onpe.neneHHbie 3H8'l.eHHH. Hao6opoT, ecnH B 

COBOKynHOCTb HeCBSiaBHHblX M9)K.[ly C060it 'l.8CTHU 1 TO m B H Tj 

o6paaHbie aHa'l.9HHH. 

MOI'yT npHHHMaTb C8Mble paaHo-

,D.anee Hao5apa A pacna.naeTCSI no npocToit HJIH no K8CK8AHOit cxeMaM: 

A -+ A + b) (3) 

A -+a+{J 
L> A+ b (4) 

Boa MO)I{Hbie cxeMbi pacna.na Hao6apbi c o6paaoBaHHeM A 
171 

- I'HIIepOHOB OnHC8Hbl B 
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Bhipa-

p TAKHe 

• -nap 

., 
I 
I 

( 1 ) 

. I 

I 

(2) 

,. 

B na- I 
' t 
I B 

pasao-

(3) 

I (4) 

I 
I 
\ 

f 
I 

I 
• 

c c 
Me}!{IJ.y HMnynbCOM fpA If yrnoM (J A A -rHnepoaa B c.u.M. rr p 

cywecTsyeT npocToe 
KHH8MBT!f'I8CKOe COOTHOWeHHe: 

" 
Cos((JAc- o., ) = T., EA IY 1 

-p" - c-pc 

I"Ile 00 1 T., H W., - llOCTORHHb!e KOs!jl!jJHUHeHThl IJ.nR K8}!{IJ.OI"O KOHKJ)eTHOI"O nponecca. 0HH aa-

A ·A (5) 

BHCRT OT TJ , q H T.IJ.. ¢a30Bhllt C.OBHI" o c nponopUHOHaneH q -nonepe'iHOMy HMnyn&ey H30-

6apbi no !jlopMyne (5) Bhl'iHCneHbl KHHeMSTHqeCKHe KpHBhle IJ.nR cneiJ.yiOWHX npoueCCOB ! 

rr 

rr 

rr +p ... N* + B 0 
J 0 

~A+K ( 1A) 

TJ = 1.10 m a""' 0. 7 088 

TJ 1.00 m8 V\ 1.5 Sea 

+p ... A + Bo (2A) +z 

11 = 1.00 m•""O.S Baa 

TJ = 0.97 m8 v-.0.9 Sea 

11 = o.aa m8 V\ 1.5 Baa 

' 

rr + p -+ Y;11 (1385) + B:
1 

t..-A + rr ••• (3A) 

TJ = 1.04 

TJ 1.02 

TJ = 1.oo 

0 
rr + p ... N" + B 

4 0 

+ rr 

+K ..• (4A) 

Y* +K 
l(lJII) 

l.A + rr (SA) 

I 
0 

+ K 

l.A + y .· .. (6/q 

TJ = 1.10 m8"' 1.0 Baa 

TJ = 1.0() m s'-41.9 B•a 

0 
+ p ... Y*(1815) + B+t 

0 

...._Y*(1385) + rr 
l 

t.__A + rr (7 A) 

5 
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7) 1.10 m 8 V'> 0,9 Bas 

7) 1.00 m
8 
~ 1,5 Bas. 

B; COBOKynHOCTb BCeX TeX BTOpH"'Hb!X "18CTHU 0 KOTOpb!e He npHH8A1le)KaT ~306ape A , HH-

AeKC n - 6apHOHHOe "'HCllO, s - CTpaHHOCTb STOA COBOKynHOCTH. Bo BCeX STHX npoueccax aa-

A8B8110Cb q = 0; 0,3 H 0,5 6aa/c. npH STOM npeArronaranOCb, 'ITO H3o6apa A ABH)KeTCSI B 

38AHeA nonyccpepe B c.u.M. rr p T8K K8K 6apHOH npeHMylUeCTBeHHO COXp8HS!eT CBOe H8IIpaa-

neHHe ABH)KeHHSI AO B38HMOAeACTBHSI. 3TH KpHBb!e IIpHBeAeHbl H8 pHC. 5. 0HH noK83biB8IDT 0 

'ITO pa31lH"'Hbie 3H8"1eHHSI rronepe"'HOro 

Cos (}A , a 

HMnynbC8 q Hao6apbi A A8IDT HeKoTopoe paa-

Mb!THe no KOCHHYCBM yrnOB 7J 
c 

- no HMnynbCaM P A 

HaAO OTMeTHTb, 'ITO npH CpaBHeHHH 9KCnepHMeHT81lbHb!X A8HHbiX C STHMH KHHeM8TH"'eCKHMH 

KpHBb!MH He1lb3SI O)KHA8Tb, "'T06bi BCe 9KCnepHMeHT81lbHbie TO"'KH nernH HB K8Kym-nH60 OAHY H3 

KHHeM8TH"'eCKHX KpHBbiX, T8K K8K HCTHHHbie 3H8"1eHHSI nonepe"'HOrO HMny1lbC8 q H306apb! A 

CT8THCTH"'ecKH cpnyKTyHpyiDT. KpoMe Toro, KB)KAOMY 3Ha"'eHHID q COOTBeTCTByeT cepHS! KHHe-

MBTH"'ecKHx KpHBbiX, aaKniD"'eHHbiX Me*AY -ABYMSI npeAenbHbiMH KpHBbiMH. KorAa q = 0 , 9TH 

ABe rrpeAellbHbie KpHBble COBn8A8IDT Me*AY co6oA. CneAOB8TenbH0 1 9KCIIepHMeHT81lbHbie TO"'KH 

AOll)KHbi npeHMyllleCTBeHHO· pacnonaran£g !iit:'e*AY ABYMSI npeAenbHbiMH KpHBbiMH c q "'0,3 Eaa/c. 

( B npeArrono*eHHH, 'ITO po*AeHHe A -rHnepoHoB onHCbiBaeTCSI rrpoueccaMH ( 1 A) - (7 A ) . 
0 

AHanorH"'Hbie KpHBbie 6binH Bbi"'HClleHbi TaK*e AJISI K -Me30HOB. Ha pHc. 6 npHBeAeHbi TPH 

cepHH T8KHX KpHBb!X AllSI ClleAyiDlllHX npouecCOB: 

+ 1 

1T + p ... K + B ... (IK.) 
±1 

7J = 0.98 m
8 

V\ 1.1 Bss 

7J = 0.95 m
8 

V\ 1.2 Bas 

7) = 0.85 m 8~ 1.8 Bas 

+t 
1T + p ... K* + Bj:t 

l_K + rr • ... (12K) 

7J = 1.02 m 8 V'> 1.1 Bas 

7J = 0.97 m 
8 

V') 1.4 Baa 

7) = 0.90 m 8~ 1.8 Eas 

1T .f.'p ... N*'+ B 

t.._K +A ... ( .3K) 

7J = 1.10 m8 v:J 0.7 Baa 

7) = 1.00 - m 
8

C/.11.5 .68B 

6 
f 

I 

no 

... 
I L\ I= 

(3A) 

uHA ( 

Mli A 

L\ 

li L\ 



j ,, 

' 

J 

j 

§ 4. KHHeManrqe.tKHli aHanH3 BKcnepHMeHTanbHhiX .aaHHbiX A -rHnepoHoa 

ConocTaaneHHe yrnoaoro H HMrrynbCHoro pacnpe.aeneHHli A -rHrrepoHOB aa pHc, 1 a/,6/ 

C KHH8M8TH'18CKHMH Kpl!Bb!MH - CM, pHC, 5 H p!!C, 1 a/ - lipHBO.UHT K YK838HHIO Ha pa3.ae

JI8H8Hl!8 acex A -rHrrepoHOB Ha TpH rpyrrrrbi. EcnH npHHSITb cywecTaoaaHHe aTHX Tpex rpynn A 

rHrre pOHOB 38 ffCTHHy, TO MO:>KHO ITOITbiT8TbC51 8H8JIIi3HpOB8Tb I! X, nepB8SI rpyrrrra neTHT H838Ll 

" " H cocpe.aoToqeaa a o6nacTH 1300 Maa/c ~ P A < 1800 Maa/c H -1,00 ~ Cos (}A.~ -0,90. 8 

BTy rpynny Ll810T "BKJI8Ll rrp51M08 06pa30B8HHe 

aaaHe A -rHnepoHoa qepe3 rHnepoHHYIO Hao6apy 

A.-rHnepoaoa no peaKUHH (2 A. ) H o6paao-

Y* ( 1385) no peaKUHH ( 3A. ). 8Topa51 rpyn-
1 

na TO:>Ke neTuT Haaa.a u cocpe.aoTO'IeHa a o6naCTH 500 Maa/c :5 PA." :f: 1300 Maa/c H 

-1,00 :S Cos(}~.::; -0,80. 0Ha MO:>KeT cooTaeTCTBOBBTb o6paaoaaHHIO A -runepoHOB 'lepea HyKnoa-

HYIO Hao6apy N* ( 1688) no peaKuuu ( 1 A ) • TpeTbSI rpynna, B03MO:>KHo, cooTaeTcTayeT Kac-
3 

Ka.UHbiM po:>K.aeHHSIM A -rrmepoaoa qepea HyKnOHH)!IO Hao6apy N; H rHnepoHHYIO H3o6apy Y* 
0 

(1815) no peaKUHSIM (4A), (511.), (6A) H (7A. ). 3Ta rpynna 6onee paaHoMepao pacnpe.aeneaa 

ITO yrnaM - 100 ~Cos (}
1
\ :5 +1,00 If npeHMyi..UeCTB8HHO H8XOLlHTC51 B HMrrynbCHOM HHTepaane 

" toO Maa/c ~ P A ~ 1000 Mas/c. 

Ha pHc. 2 r), .a), e) H :>K) rrpHae.aeHbi KHHeMaTH'18CKHe KpHBbie .anSI aenH'IHHbi Cos(}~ 
--+ -+e -+e 

I~ I~ I P - P I , ~ 0 ~ E "- EA." u tl. ~ J 12 
-tl. ~ a aaBHCHMOCTH oT pA" .anSI peaKuHll ( J.A.) H 

P A P ... 

(3A.) • A Ha pHc. 3 6) npe.acTaaneHa KuHeMaTuqecKaSI aaBHCHMOCTb Cos(} K;, OT It!. I .anSI peaK-

UHH (111.) H (311.). J1erKo BH.UeTb H3 9THX pHcyHKOB, 'ITO paa.aeneHHe A -r&'nepoaoa no 9THM 

Ita/ /16/ 
napaMeTp8M Ha .[lB8 rpylliTbl ( KBK 06Cy:>K.[l8JIOCb B § 2 H B pa60T8X H ) HBJIH8TCSI 8CTe-

CT aeHHbiM cne.acTBHeM KI!HeMaTHKH o6paaoaaHH51 A runepoaoa qepea npe.anonaraeMbie npo-

UeCCbl ( J A.), ( 21\.) If ( 31\.). h!eo6XO.UHMO OTM8THTb1 'ITO no Cp8BH8HHIO C KHHeMBTH'IeCKHMH KpHBbl

MH .anSI npoueccoa (lA) , (2A.) u (3A.) aa pHc. 2 a), a) u 3 a) a pacnpe.aeneHI!SIX no 1i1 H 

tl. ~ ,: 12 
- tl.2

0 
Ha6mo.aaeTC51 HeKOTOpbrl! H36biTOK A -nmepoaoa c 6onbWHMU aHa'leHHSIMH I ~ I 

u 8TU A -runepoHbi (_)THOCSITCSI K TpeTbel! rpynrre. Hy:>KHO o6paTHTb BHHMBHI!e ewe Ha To, 

'ITO B paCCM8TpHB8eMOH CXeMe o6pa30B8HH51 A -rHrrepoHOB qepea H.:)o6apbi aenH'IHHbi 

y:>Ke 60JibWe He SIBJISIIOTCSI TpeXMepHbiM rrepe.[l8HHbiM HMITYJibCOM, nepe.U8HHOl! 9HeprueJl If qeTb!peX

MepHb!M IIepe.aaHHbiM I!MriYJibCOM, TBK K8K 9TH B8JIH'IHHbl OTHOCSITCSI He K H306ape A 1 8 K rrpo-

.ayKTY ee pacna.aa. 

VIa KHHeMaTIPieCKHx KPHBbiX lpHc. 5/ aH.aao, 'ITO paa.aeneaue 

rpyflllbl Ll OJ1:>K HO oco6eHH 0 '18TKO 
c 

BbiSIBJISITbCSI aa nnocKoCTH P A H 
e e 

A -rHII8pOHOB H8 TpH 

Cos(}~ Pacnpe.aeneHHe A 

uepOHOB Ha nnocKOCTH P A H Cos& A nerKo nony'IHTb H3 nepecTpoitKH pacnpe.aeneHHSI 
... Ill -+ 

I~~ H Cos().';-+ (puc. 3 a) rrpH noMOWH TpeyrOJibHHK8 tl. ~ 
e tJ. l' e 

r.ae pp z1,82 68Bic. Me:>K.ay l'o'IK8MH Ha IIJIOCKOCTH PA. H Cos8J.. H Ha nnOCKOCTH 

A 

HOB H8 ITJIOCKOCTH 

-rHnepo-

pc _ pc 
A p-+ 

It!. I H 

Cos e: CyWeCTByeT O.UH03H8'1H08 COOTBeTCTBHe - CM. pHC. 3a/ H 3a/. 
tJ.;l' 

p 

B npe.anono:>KeHHH H30Tponaoro 
c 

pacnpe.aeneHHSI TpeTbeit rpynnbi no rronS!pHoMy yrny 8 A 6br-

JIO rpy6o OUeHeHO OTHOWeHHe 'IHCeJI A -rHnepOHOB B nepBOJl, BTOpOH H Tpe Tbel! rpynnax, OKa-

38BWeeC51 paBHbiM 2; 3: 2. 

§ 5. HeKOTOpbre rrpe.acKaaaHHSI H npe.ano:>KeHHSI 

1) EcnH HaHeCTH H8 rrJlOCKOCTb P ~ H Cos 8 A (eM. pHC, 5:>K) pacnpe.aeneHHe A -rHnepo-

7 
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•wa, .anSI KOTOpbiX 3¢cj:leKTifBHaSI Macca KOM61fHaUifA A 77 77 - Haxo.alfTCSI a lfHTepsane 1700 M3B 

;S MA + _::: 1900 M3B ( B · 3TOM lfHTepsane 6bm o6Hapy.1Kelt npe.anonaraeMbiit pe3oHaHc 
77 77 

Y0 ( 1815) ... A 77+ 77), To B c.aenaHHbiX npe.anorro.lKeHifSIX npouecca ( 7 A) ace TO'iKif .aorr.lKHhi Ha-

xo.alfTbCSI Hlf.lKe Or'lf6aiOWifX KplfBbiX. 

2) Ecrrlf npe.anono.lKifTb, 'iTO B peaKUiflf (3A) B
0 

+t 
SIB II SleTcSI K If II If !( * 1 If C'ilfTaTb1 

'iTO BepOSITHOCTb 06MeHa .OBYMSI Me30HaMif Marra no cpaBHeHifiO C BepOSITHOCTbiO 06MeHa O.OHifM 

Me3oHOM, TO r!fnepoHHaSI lf3o6apa Y; ( 1385) .aon.lKHa 6biTb HeATpanbHa • Tor.aa A -rlfnepoHbi 
e 

c PA ~ 1300 M3s/c He .aon.lKHbi Haxo.alfTbCSI B pe3oHaHce c 3apSI.lKeHHhiMif 77 -Me30HaMif. 

3Tif A -rlfnepOHbl TaK.lKe He LlOII.lKHbl HaXO.OifTbCSI B pe30HaHce C K -Me30HaMif. 06Hapy.lKeH-
/9/ 

nlfKif a pacnpe.aeneHifSIX no CBSI3aHHbiM MaccaM M A + If M AKO 
e 77 

Hbie B LlOII.lKHbl OTHOCifTb-
e 

CSI K TeM cny'iaSIM, .anSI KOTophrx P A :,:; 1300 M3s/c. 4acTb I'lfnepoHoa c P > 1300 M3s/c 
A"' 

.aon.lKHa HaXOLllfTbCSI B pe3oHaHCe C HeliTpaiibHb!Mif 77 -Me30HaMif; H3-3a Manoa CTaTifCTHKH If 

HH3Koli 3¢¢eKTifBHOCTif perlfcTpauHH y -KsaHTOB a KaMepe HeT B03MO.lKHOCTif nposeplfTb 3To. 

3) no npe.ano.lKeHHOlt B .aaHHOH pa6oTe cxeMe o6pa3oBaHHSI A -rlfnepoHOB If K -Me3o-

HOB qepe3 HyKnOHHYIO H306 apy N* 
3 

no peaKUHSIM rl AJ If (.3K) cne.ayeT, 'ITO: 

a) .anSI AK -nap c 
e 

P A < 1300 M3s/c .aorr)KeH cywecTaosaTb nlfK a pacnpe.aerreHiflf 

3¢¢eKTHBHOH MaCChi ,\IAK B6nH3H MaCCbl H306apbl N* 
3 

• T.e. M "' M N* AK I 
"' 1688 M3B 

(Q AK 

Q .. 75 
AK 

75 M3s); 

6) A - rHnepoHbi H K. -Me30Hbi lf3 AK -nap, .aaiOWHX pe3oHaHc co 3Ha'ieHifeM 

M3B, .aomKHbi npeHMywecTBeHHO HaXOLlHTbCSI B lfHTepsanax 500 Mas/c < P c < 1300 Mas/c 
- A "' 

H 100 M3s/c < PKe :5 . 700 M3a/c H LlBHraTbCSI Ha3a.a B c.u.M. 77- p cornacHo (\A), ( 4A) H 

(3K); 

a) Me.lK.ay A -rlfnepoHoM If K -Me30HOM lf3 o.aHoll: If TOH )Ke AI( -napbr co 3Ha'ieHH-

eM Q AK .. 75 M3B .aon)KHa cywecTsosaTb HeKoTopaSI yrnosaSI KopperrSIUifSI. 

·., 4) A -rlfnepoHb! If K 
e 

-Me30Hbl lf3 AK -nap c P A > 1300 M3a/c no npe.ano.lKeHHOH cxe-

Me o6pa3yiOTCH no KaHanaM (2A) If (3A), a He qepe3 o6wy10 H3o6apy. 0TCIOLla MO)KHO 

c.aenaTb cne.ayiOWife BhiBO.Ohr: 

a) B c.u.M. 77 p A -rHnepoHbi H3 3TH X nap pe3KO KonnlfMifpoaaHbi Ha3a.a ( -1.00 S Cos() A:':: 
-0,90), a K -!1.1e30Hhi rreTSIT npelfMywecTBeHHO snepe.a; yron Mem.ay A -rlfnepoHoM If -'\ -Me-

o 
30HOM a Ka)K.aolt nape aerrlfK. EcnH npe.anorro)KHTb, 'iTO B + 1 B KaHanax ( 2A) , ( 3A) ecTb 

K lfnlf K* • TO no KlfHeMaTHKe LliiH rl K ) H ( 2K) K -Me30Hbl LlOII.lKHbl 6b!Tb HanpaarreHbl 

snepe.a B y3KOM KOHyce + 0,80 < Cos() e < + 1,00. Tor.aa Cos (}Ac 6nH3KO K ( -1.00); 
- K - K 

6) A -rlfnepoHbi H K -Me30Hhi H3 3.Tifx nap ne .aon*Hbl Haxo.aHTbCH B pe3oHaHce. 

0 c 
5) no npe.ano)KeHHolt cxeMe K -Me30Hhi c PK > 1300 M3s/c o6pa3yiOTCSI no peaKUifH 

1!(. , cne.aoaaTenbHO: 

a) OHH TO)Ke He .aon)f(Hbl HaXOLllfTbCH B pe30HaHce C A -rHnepoHaMif; 

) - 0 A e 6 B c.u.M. ( 77 p) K -Me30Hbi H3 K -nap c PK > 1300 M3a/c .aon)f(Hbl 6biTb pe3KO Kon-

n·HMifpoaaHbi anepe.a ( +0,90 < Cosec< +1,00). a A -rHnep.PHbl npeHMyWeCTBeHHO Ha3a.a, yron 
K-

M9*LlY A -rlfnepoHOM H K -Me30HOM Ka)K.aoA TaKolt AI( -napbr aerrlfK. 

8 
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B 
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1700 Mas 

< 1300 Maa/c 
'" 
(!A),(4A) H 

~ Cos(} A:: 
H !{ -Me-

A) ecTb 

l 
Kon- • yron I 

I 
f 

I 
i 

6) Boo6we r<faopn, rrpfl o6paaoaaHI!H A -rf!rrepoHoa qepe3 cooTaeTcTayJOWHe npoueccbi 

(lA) -- ( 7 A) AK -napbi AOmKHhi p83AenRTbCli Ha ABe rpynnbJ: 

a) AK - rrapbl, o6pa3oaaHHbJe qepe3 (2A), (3/1..) 11 (7A) , A115! KOTOpbiX a c'.u.M. tr p 
0 

A -rRrrepoHhi npeRMywecTBeHHo ABH)!(yTC5! a 38AHeit rronyc¢epe, a K -Me30Hbl - a rrepeAHel!:; 

6) AK- napbi, o6paaoaaHHbJe qepe3(1A), (4A) ,(SA) R(6A), Ami KOTopbiX A -rRne-

POHbi 11 K -Me30Hhi I!:Bn51JOTC5! npOAYKTaMH pacnaAa H3o6epbl, HAy·wel!: a 3BAHJOID rronyc¢epy. 

Ha pHc. 4 B pacrrpeAeneHHH 

AK -nap Ha ABe rpynnhi c CosoA" < - 0,4 
0 X 

na). CneAOBaTenbHO, N<. -rraphl c 

nap no Cos () c 
Ax 

(nepaan rpyrrna) 
e 

BI!AHO HeKOTOpOe pa3Ae1JeHHe 
c 

H Cos() Ax >- 0,2 (aTopag rpyrr-

1,3 Eaa/c HJIH p" > 1,3 Eaalc A01l)!(Hhl 
K 

BHeCTR BK118A B nepBJIO rpynny, a AK -napbr co 3HaqenReM Q Ax., 75 Maa - so aTopy10. 

Ill 
1) B HaCTonwel!: pa6oTe noKa3aHo, '!TO nalfAeHHbie a ABe rpynrrbl A -rHnepoHoa 

B HMIIJIIbCHbiX pacnpeAe1JeHR5IX MoryT 6b!Tb KCT01JK088Hbl 1 K8K OAHO 1!3 KHHeM8TR'!eCKRX CJieA

CTBHli o6p83088HHli A -nmepoHOB qepe3 COOTBeTCTByJOWHe npoueCCbl • .[lpyrHe Kl!HeM8TH'leCKH€ 

cneAcTBH5! o6paaoaaHRI!: A -rHnepoHOB qepe3 3TH npoueCCbi TO)!(e He npoTHBOpe'!aT aKcnepH-

MeHTaJibHb!M A8HHblM. 

2) Ecm1 npHHHTb cxeMy o6pa3oBal!H5! A -rHnepoHoa qepea cooTaeTCTBYJOWHe npouecCbi 

( JAl- (7A) aa HCTHHHYJO, TO np11 noMOWH KHHeMaTH'!ecKoro aHanHaa yAacTCSI paaAenRTb A -

runepoHbi Ha TpH cnenyJOWHe rpynnhi. 

YrnoBbie HHTepaanbi 0THOCI!T€1IbHOe 11MllJ1lbCHb!e 
HHTe p88Jlbl 

c 
qHcno A -ril:- Cnoco6bJ o6paaoaaHHSI 

P " Maa/c 
A 

nepOHOB naH-

HOi!: r llllhl 
Cos() A 

1300~1800 ( -1.00 H< -o,so > 2 

soo;.taoo ( -1,00 );.( -0,80) 3 

too;tooo (-I.OOH· (+1,00} 2 

3) B HacToHwei!: pa6oTe npeAIIO)!(eHa cxeMa pacnaAa Hao6aphl 

npSIMOe H 

qepea 

qepea 

H Y* 

N* 
' 

N* 
' 

N* 
4 

Ha 

qepea Y* (1385) 
1 

(1688) 

( 1922) 

(1815) 

A -rimepoH 11 

K -MeaoH. AHaiiH3 aKcnepHMeHT81lbHhiX A8HHhiX noK83biBaeT, 'iTO TaKaSI cxeMa OK83hiaaeTCSI 
171 

aoaMO)!(HOi!:. B OTAellbHOll: pa6oTe paccMaTpaaaJOTCSI cxeMhi pacnaAa Hao6apbi N* . Cpaa-

' HeHHe xoAa ceqeHHll: peaKUHK tr- + p ... A + K 0 c XOAOM nonHhiX ceqeHHA tr • p -aaaHMo-

Aell:cTBHlt B 38BHCHMOCTH OT KHHeTHqeCKOi!: 3HeprHH nepBH'IHblX tr -Me30HOB ( CM.pHC. 7) 

TO)!(e npHBOAHT K 38KIIJOqeHHJO o ToM, '!To Hao6apa N; a npouecce o6paaoaaHHSI A -rHne-
o 

pOHOB H K -Me30HOB HrpaeT cywecTaeHHYIO pOIIb. noaTOMY npe.ncT8BIISieT 60ilbWOlt HHTepec 

npoaepKa aToll rHnoTe3bi pacnaAa H3o6apbr N* Ha A -rHnepoH H K -Meaoa H HayqeHRe 
3 

9 
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l~Gex ocTaJibHhiX B03MO)KHbiX. cxeM pacrra.ua 1!3o6apbi N
3
* • 3Ty npoBepKy, rro-BI!.llllMOMY, y .uo6-

Hee Bcero ocywecTBI!Tb B 11-p -B3ai!MO.LJ.eltcTB!HIX rrp11 E 
11 

HX 11p11 EN"' 6 J39B. 

1 J39B ll B NN -B38HMo.ueltcTBu-

4) Bo MHOf'HX 9KcrrepHMeHTax, B qacTHOCTH B 11- p -B3aHMo.ueltcTBHHX c 9Heprueu 

7-8 J39B H 16 J39B
1

rrony'leHbl IIM11JJibCHbie pacrrpe.ueneHHSl BTOpH'IHbiX 'laCTIIU C .llBYMH 11HKaMH 1 

KOTOpb!e He MOf'JT 6biTb 06'b5ICHeHbl C TO'IKII 3peHHSI CTaTHCTH'IeCKOlt TeOpHll, CTaTHCTll'leCKaSI 

TeO pHS! rrpe.UITOJiaraeT, 'ITO 11pl! B38HMO.lleltCTBI!II '18CTHUbl o6pa3yiOT e.LJ.I!HJIO CI!CTeMy 1 KOTOpaH 

SlBJIHeTCSI ueHTpOM IICI1JCKaHHSI BTOpii'IHb!X '18CTIIU. LlnSI 110HllMaHHSI T8KOf'O xapaKT,epa HMI1Y Jlbc

Hb!X pacnpe.ueneHI!lt B H8CTOS1Welt pa6oTe BBe.LJ.eHbl CJie.LJ.yiOWHe .ll0110JIHeHI!51 K MeTO.llHKe o6pa6oT-

KH 9KC11epHMeHTaJibHb!X .LJ.aHHb!X 

a) rrpe.LJ.ITOJIO:>KeHHe 0 .llBJX9Tai1HOM o6pa30BaHHH BTOpH'IHb!X '18CTHU qepe3 H3o6apy A 

C norrepe'IHbiM HMITYJibCOM q ,5; 0,5 J39a/c, npH B3aHMO.LJ.eltCTBHH .LJ.Be '!aCTHUbl He o6p83JIOT 

e.LJ.HHJIO CHCTeMy, a TOJlbKO B036y:>K.LJ.aiOTC5I OT.LJ.eJibHO; TaKHe B036y:>K.LJ.eHHbie '!aCTHUbi (1!3o6apbl) 

HBJISIIOTCH ueHTpaMH HCI1YCKaHH51 BTOpH'IHb!X '!aCTHU. no.uo6HaSI H.lleSI 

B TeopHII 'fire ball' ; 

6) KHHeMaTH'IeCKHlt 8HaJIH3 BTOpH'IHblX '!aCTHU. 

Bb!CK83biBanaCb TaK:>Ke 

PeGynbTaTbi .uaHHOlt pa6oTbi noKa3biBaiOT, 'ITO TaKoe rrpe.unono:>KeHHe H KHHeMaTH'IeCKHlt 

8H8J1H3 1110 MeHbWelt Mepe1 B HeKOTOpb!X CJiy'laSIX MOf'yT OK83aTbCSI 110Jie3HbiMH 1 OC06eHHO B o6-

J18CTH ::meprHH 110pSI.LJ.Ka J39B, K0f'.ll8 rrepBH'IHbie qaCTHUbl 11pH B3aHMO.LJ.eltcTBH>.X He O'!eHb CHJlbHO 

B036Y:>K.ll8IOTCSI H K8H8JIOB B036Y:>K.LJ.eHHSI ewe He TaK MHOf'O, 

5) B HacTostweil. pa6oTe rrpe.unonaraeTCSI, 'ITO rrpouecCbi o6paGoBaHHSI H3o6apbi rrpoTeKaiOT 

:11o cxeMe: 11- + p -+ A + B, r.ue A - paccMaTpHaaeMaSI H306apa, a B - coaoKyrrHocTb Bcex 

OCTaJibHbiX BTOpH'IHb!X qaCTHU, EcnH B - TO:>Ke H306apa, TO m
8 

H 71 rrpHHHMaiOT onpe.ueneHHbie 

3Ha'!eHHSI II cyweCTBYIOT 'leTKHe KHHeMaTH'IeCKHe KpHBbie. EcJIH B - COBOKYIIHOCTb HeCKOJlbKHX 

He CBSI38HHbiX M e:>K.llY C06o:l!; 'laCTH~, TO rn H 71 IIpHHHMaiOT C8Mble pa3H006pa3Hb!e 3H8'1eHHSI, 
B 

Tor.lla KHHeMaTH'IecxHe KpHBbie npeBpawaiOTC!I B CHJibHO pa3MbiTbie no HMrrynbcaM o6nacTH. B Ha-

CTostwe:l!: pa6oTe ace :>Ke y.uanoch pa3.llenHTb A -rHnepoHbi ua TpH rpyrrrrbi c orrpe.lleneHHbiMH 

KHHeMaTH'IeCKHMH xapaKTepHCTHKaMH, Mo:>KeT 6biTb, 9TO MO:>KHO paccMaTpuBaTb KaK HeKoTopoe 

YK838HHe Ha TO, 'ITO npoueCCbl o6pa30B8HHSI H3068pbl C 3aMeTHOil. BepOSITHOCTb!O 11pOTeKaiOT1 KaK 

.llBYX'I8CTII'!HaSI peaKUHSI, LlpyrHMH CJIOBaMH 1 npoueCCbl B38HMO,lleltCTBHil: Me:lK.LJ.Y .llBJMSI '18CTHUa

MH C GaMeTHOJl BepOSITHOCTb!O 11pOTeK8IOT cne.uyiOWHM o6pa30M!, CHa'!ana o6e '18CTHUbl BO BpeMI! 

B38HMo.ueil.cTBHlt B036y:lK.ll8IOTCSI c o6MeHOM rrorrepe'IHbiM HMIIYJibCOM- q ~ 500 M9a/ c ( rrepe-

.ll8HHhiA rrpO.llOJlbHb!lt HMrryJibC MO:>KeT 6b!Tb JII06b!M) 1 3aTeM 9TH B036J:lK.lleHHb!e '18CTHUbl ( ll30-

6apbl) cnoHTaHHO pacrra.llaiOTCSI Ha BTOpH'IHbie qacTHIIbi. KoHe'IHO, B03MO:lKHO, 'ITO B036Y:lK.llaeTCSI 

TOJlbKO O.llH8 H3 .llBYX B38HMO.lleltCTByiOWHX '18CTHU 1 a BTOpaSI OCTaeTCSI HeB036y:>K.lleHHOil:. Hy:>KHO 

OTMeTHTb ewe, 'ITO 3.lleCb paCCM8TpHBaeTCSI TOJlbKO KHHe'M'aTH'IeCK8SI CTOpOHa o6pa30B8HHSI 

BTOpH'IHb!X '18CTHU '1epe3 H3068pbl C M8Jlb!M 11011epe'1Hb!M HMI1YJibCOM H COBepweHHO He 06Cy:>K,lla

eTCSI KOHKpeTHbllt MeXaHH3M o6pa30B8HHSI H306ap. 

npHSITHO C006WHTb, 'ITO B /}Q/ C 110MOWb!O .LJ.pyroro llO.llXO,ll8 11pHWJIH K Bb!BO.llY 0 TOM, 

'ITO BTOpOJl llHK B HMITyJibCHbiX pacnpe.lleJieHHSIX A -rHrrepOHOB B HHTepBaJie 
c -

1,3 J3::liYC < p < 1,8 J3ga/c o6ycJIOBJieH pe30HaHCHb!M B38HMO.LJ.eltCTBHeM rrepBH'IHOf'O 11 -Me3o-
'" A 
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, yno6-
Ha c npoMe:>KyTo'!HbiM K -resoHoM, nepe.aaiOIUHM ocHoBHYIO qacTb BSaHMO.Uei!:cTBHSI B rrepH-

<}:lepHqecKHX 1T p-CTOJ1KHOBeHHSIX.3TOT Bb!BO.U HaXO.UHTCSI B cornaCHH C HaWHM 06'bSICHeHHeM 

o6pasOBaHHH A -rHnepoHoB qepes npoueccbi ( 2 A) H ( 3 A) • 

ABTOpbi noJ1b3YIOTCSI cnyqaeM BbipasHTb CBOIO 6naro.uapHOCTb B.VI.BeKcnepy sa npoSIBneH-
/1/ 

Hbll!. HHTepec K HaCTOHWei!: pa6oTe H ITO.U.Uep:>KKy , aBTOpaM pa60Tbl , B.C.EapaweHKOBY, 

JJ..VI.EnoxHHUeBy, r.JJ.OMOKOwy, VI.naTepa H Kl!Tai!:CKIIM tPHSHKaM, pa6oTaiOWIIM B OVI.HVI, 

sa nonesHbie o6cy:>K,aeHHH, B.n.ConoMaxHHol!., B.M.noHoMapeBoll: H M.VI.YHKBapoBol!. sa no

MOWb B o6pa60TKe ,aaHHb!X. 
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tO. 5.C,6apaweHKOB 1 .D..Vf.6nOXHHUeB, 3.K.MHxyn, Vf.naTepa, r.n.CeMSWKO VfMnynbCHbllt 

ClleKTp 68pHOHOB B HeynpyrHX CTOnKHOB9HIU:IX 6biCTpb!X llHOHOB C HyKnOH8MH ( B ll9'i8TH). 

a; 

N D 

PyKonHcb nocTynHna s H3~aTenbCKHA OT~en 
9 Masr 1963 r. 

c 
8A 'N 

-Q7 

-0,1 

-a~t K0~~-;;.--!Zb-==-.l~~ -·- ... 

PHc. 1. 

a) Yrnosoe H 6) HMnynbCHoe pacnpe~eneHHSI A -rHnepoHOB B c.a.M. rr p • 3awTpHxosaHHasr 
o6n8CTb OTHOCHTCSI K cny'I8SIM C /!J. < 700 Mss • .ilnsr Cp8BH9HHSl H8 pHC, 1B) npe~cTasneHbl 

.. c 
KIIHeMSTH'IeCKKe KpHBble PA H Cos(} A ~nsr A -rHnepoHoB, o6paaosaHHbiX no peaKUHH ( 2A) 
np11 17 •(1,00-0,88) 11 o5paaosaHHbl~ 'lepea Hao5apy N*

3 
no peaKaHH (lA) npH 71 "'1,00 

II 'lepe3 11306apy ~* ( 1385) no p98KUHH (3A) npH 71 "'1,04 (eM.§ 3); KpiiBbie Bbl'IHCneabi 
~nsr q • 0 , 0,3 11 0,5 5ss/c. 
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;;r. lflljc CDS 9~ 
·QIIJ v,~., (2) 

N 

(a} 

0 

A.llb6 
_r-~=.L.-----------~ fOOO 

500 

15 

N If ID f5 

PKc. 2. 

t: 
P MJI/c 

'Jk.j 

PacnpeaeneH"SI A -rH~epoHoB B c.u.M. " p no a) TpexMepHbiM rreoeaaHHbiM 

1 ~1 ~c c c ~ 
HMnynbCaM u = lp - PA I; 6) rrepeaaHHbiM aHepr~M 11o = E - E A ; 
B) 'leTbipexMepHb!M ~epeLI8HHb!M lfMnynbCaM 11 = y -112 • 3~WTplfXOB8HH8SI 

c 0 
'IBCTb OTHOCHTCSI K cnyqagM c KMn:ynbcaMH P A > 1300 Mas/c. C uenbiO cgasHe-

HliSI H8 I') 1 Ll) 1 e) H )K) npHBeLieHbl KHHeM8TH'IeCKHe 38BifCHMOCTif Cos(} ~1 1111
1 

11 H 11 
OT PJ., Bbi'IHcneHHbie rro <J>opMynaM I i! I = ..; Pc:J+ P" 2+ 2P "P "Cos (}A", 11 = E "- ~':\ 

:i':l 2 p A o p 
H 11 = v 11. -110, ang npoueccos o6paaosaHKSI A -rHnepoHoB "':tepea Kao6apy N* 
no (lA) H 'lepea Kao6apy Y* ( 1386) no (3A ). KpKBbie Bbi'IIfcneHoi anSI q =" 0 
H 0,3 Eas/c, TJ = 1,00 If 1,M COOTBeTCTBeHHO. 

13 



<. 

PHC. 3. 

-+ c 
a) PacnpeneneHHe A -rHnepoHOB B nnocxocTH I tJ. I H Cos()!; no axcnepHMeHTanbHhlM 

naHHbiM 6ea nonpasox Ha sepoSITHOCTb perHCTpauHH A -rHilepOHOB B act<PexTHBHOM 

o6'beMe xaMepbi. . -+ 

6) KHHeMaTII'iecxHe aasHCHMOCT! Me:lKD.Y I til H Cos() l ;. D.nH A -rHnepoaos, o6pa-
aosaHHbiX qepea Hao6apy N 

1 
no peaxuHH (lA ) npH" 71 .. 1.00 ( nyHKTHpHaSI 

xpHsaSI) H qepea H3o6apy Y;' ( 1385) no peaxuHH ( 3A) npH 7J • 1,04 (cnnowHaSI 
KpHBaH). KpHBbie Bbi'iHCneHbi D.nH q =0, 0,3 H 0,5 Eas/c (eM. § 3). 
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~· 

G e 

t: 61$J, Cos s: 
1,0 I I I I I I -o,! I I I I 0 ' I 1 •D,5 

I, I 
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1,~ 

112 

1,0 

0,1 
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0,2 

l 
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• • • 
••• ••• • • • • • • • • • • • • • • • • •• I • • • • • • • • • • • • • • . • • • • . 

: • • 
•• • • •• • • • • • • • • 

-q• ~7 -qe -q5 -0,4 -q., -q2 -q1 a •q1 •ql •ql •q4 •0, •0.5 •Q? •01 •O,P •1.: 
Cos8! 
Pnc. 3s. 

c c X) Pacnpe.aeneHHe A -rHnepoHOB Ha nnoCKOCTH Cos e A H PA no SKCnepHMeHTanbHbiM naHHbiM 
3To pacnpeneneHKe 6bino nony'!eHo 113 nepecTpOAKII pnc. 3a) np11 noMOI.I.lH TpeyronbHHKa -+c -+ -+ ,.,e 
PA-= P; - 1'1 1 C'IHTaH Prr =7,5 6ss/c H rp =J,82 6ss/c, Ha pnc. 3s, nocTaTO'IHO 
OT'!eTnHBO BHLlHO paaneneHH9 T0'19K Ha Tpll rpynnbi, yKaaaHHbie B Haqane § 4 ; }-g 

1,3 6ss/c ~ P;::; 1,8 6ss/c 11 -1,0 ~ Coa~~-0,9; 2-g - 0,5 6as/c ,S PAc ~ 1,36se/c 
11-1,0 ~CoseA.~-0,7 11 3-H- 0,1 6ss/c~ P~~ 1,0 6ss/c 11 -1,0.5, CosO~:S-+1,0. 

Ha pHC, 3a) H pHC. 3s) nyHBeL19Hbl TOnbKO Te :<;l'IKII, KOTOpb!e 6binll OT'IeTnHBO BIILlHbl Ha COOT
BeTCTBYIOI.I.leM p11CyHK9 B }a/, nosTOMy 'IIICnO T0'19K Ha p11C, 3a) H piiC, 3 B) HeCKOnbKO M9Hbi.I.le 

'leM yKaaaHo B /(a/, 

CD 
~ .... 
~ 

P: 6a6fc 

1,1 

~~ 

1,4 

1,2 

~~ 

Ql 

~~ 

0,4 

0,2 

0 



~·· 

N 

t~ 

Z2 

20 ,, 
fB 

"' fl 

10 

8 
6 

~ 

2 

•(0-t(I-0,6-QII-O,l 0 +D,2.qff +C7,6+qa+I.O 

CosS~J( 

PHc. 4. 

Pacnpe.aeneHHe AK
0 
-nap no KOCHHycy yrna Me:>K.ay 

A -rHnepoHOM H K -Me30HOM H3 o.aHol!: H Toll: :>Ke rrapbi 
B C.U.M. 7r- p ( 6e3 ll0llp8BOK H8 BepOSlTHOCTb perHCTp8UHH 

A -rHnepoHoB H K -MeaoHOB B a¢cpeKTHBHOM o6beMe 
K8M6pbi). 
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/ 

tf: la 

'7: 0,88 

6/'2~' 

I. a 

o.s o.s 

0 0 a c 
-1.0 -0,9 -O.B Cos II -I -ag case;, -1.0 -0,9 -0,8 Cos B" 

1,0 P,.' 538/c 1,0 P,..c 535/c 
z/'4"" 8} "5"" 

7 = 1.0 'l =I. a 
qs 0,5 - Cos'#=+ 1 

''O.S-..... --' --'05 ' 0.3 ' ----- --
Q I 0 

-1.0 -o.s Q +0,5 CosB~ a •o.s Cos Bi 
p~ 536/c 

e /'6/\ II J/CJ'7A" 
1,0 

?=1.0 
1,0 

7= 0,97 

O,S 

P11c. 5. 

c 
KHHeMaT!!qecKHe 3aBIICHMOCTH Me:lK.ay P A 11 Cos() A .ami A -rHnepoHoB, o6pa30BBHHbiX 

qepe3 COOTBeTCTBYIOll.{lle 11306apbl (eM, § 3), KpHBbie Bbl'IHCneHbl .ami q "'0 
1 

0,3 H 

0,5 BaBic; 3HaqeHI!H q rrorrepeqHoro I!Mrrynbca H3o6apbi A o6o3HaqeHhl cooTBeT

CTBYIOI..UHMH UHciJpBMII Ha Kpi!BOJt. 3HaqeHI!H K03ciJciJIIUI!eHTOB ynpyroCTII B3811MO.UeltCTBHlt TJ 
Bbi6paHbi no rrpe.ano)!(eHHhiMB § 3 3HaqeHHHM • Ha p11c. 5 r), .a), e) 11 :lK), r.ae 

A -rHnepOHbl HBnHIOTCH npo.ayKTBMH KaCKB.OHOrO pacna.aa K306ap, BBe.QeH HOBbllt 

napaMeTp Cos'¥, r.ae 'P - yron Me:lK.ay A -rHnepoHOM 11 rrpoMe:lKyToqHolt Hao6apolt 

a B CHCTeMe TIOKOH 11306apbl A 
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'-

P;6J6fc 
c . 

P~rDIJJc' P: 636/c 

2.0 0} 2K Z.D 2.0 

7"'0.95 -'7=1,02 

(5 J 6; 3K 

?=ass 1.5 
--- 7= 0,90 

- 7=1.10 
--- 7 = 1.00 

a) 4K 4.0 t,O l,O 

0,5 0,5 0,5 

I I 10 
Cos8~ +(l9 •1.0 Cos B~ •0.7 -rD,B •Q9 ·~o -l,O -0.8 -0,6 -a.~ Cos B ~ 

PHC, 6. 

KHHeMaTH"ieCKHe 38BHCHMOCTH M9:>KLlY P c H CosOc .am1 K -Me30HOB, o6pa3o

aaHHbiX qepe3 COOTB9TCTByiOWH9 H306apbiK ( CM, § 3~ • KpHBbl9 Bbl'lHCneHbl .anH 

q =0, 0,3 H 0,5 Esa/c, 3Ha"ieHHH q o6o3HaqeHbl cooTBeTCTBYIOWHMH uHcppaMH 

Ha KpHBOft, 3Ha"i9HHH KOScPcpHUHeHTOB ynpyroCTH B38HMOLl9li.CTBH:il 7l Bb!6paHbl 

ITO npe.ano:>KeHHbiM B § 3 3H8"19HHHM. 

~ ... 
N~ 

Ill 

111 

1,0 

Ill 

ID 

Ill 

D,l Ql Q5 11,7 

Nt 

1\ 
I \ 
I \ 
I \ 
I ' I \ 
I \ 
I \ 
I '...., 0AAx.30 
I ---------
1 
I 

Q9 

PHC. 7. 

1,1 1,3 ~5 1,7 

T1i 5a6 
1,9 

3aBHCHMOCTb ceqeHHll. peaKUHH 77 - + p ... A + K0 
H nonHblX ceqeHHll. 

77- p B3SHMOLleli.CTBHJI. OT KHH9TH"ieCKOit '~'prHH HaneTS!O'llHX rr -

Me30HOB, 3TH Ll8HHbl9 B3HTbl H3 CTaTei , 

l 


