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HacTosnnast nporpaMM a npenaaaaaqeaa nnst Bhi'IHcneaust HeKOTOphix KHHeMaTu-

'leCKHX XBpBKTepHCTBK 'IBCTHII H pe30HBHCOB B peaKUHRX
1 COJlepMBmHX B KOHe'l-

HOM COCTOS!HHH He 6onee IIS!TH 'IBCTHU. 

12/ 
Cornacao Cennepa H 4>eppapu , m o 6y10 KHHeMaTu'lecKyiO aenuquay a peaK-

UHH BB)la: 

( 1) 

MOMHO Bblpaa BTb C IIOMOlllblO BHBapHBHTOB 

2 w (P +P 2 ) I (2) 

M 2 2 
- ( q J + q ) 

Jk k 
(3) 

2 T ( q 1 -P ) 
I (4) 

2 2 T ( q 1 - p ) 21 2 (5) 

rne p 1 ; q . 1 - 'leTblpeXMepHhie HMllynbCb! 'IBCTHUj 

W
2 

KBanpaT IIOnHOH 3HeprHH B o6meH CHCTeMe IIOKOS! (P +P ), 
I 2 

KBBUpaT IIOnHOH 3Hepruu (a¢¢eKTHBH8S! M8CCa) B CHCTeMe IIOKOS! 

T 2 

21 KB8Up8Tbl 'leTbipeXMepHblX HMllynbCOB, nepenaHHhlX OT nepBH'IHhlX 

'18CTBU BTOpH'IHhiM. 

3 



11HBapHaHTbl (2)- (5) HCnOilb30BanHCb BO BCeX Aa11,bHeliWHX paC'ieTaX. 

EnoK- cxeMa nporpaMMbi npeACTaeneHa Ha pac. 1. 

§ 1. BBOA H nOAr'OTOBKa K C'ieTy 'iHCnOBOr'O MaTepaana 

11CXOAHbiM MaTepHanOM AnSI HaCTOSIWeJI nporpaMMbl cny)KBT C06biTHSI, 06C'iH

TaHHhie no KHHeMaTH'ieCKOK nporpaMMe 10- 10
111 

H pa3AeneHHbie no onpeAeneHHhiM 

KaaanaM peaKUHll (aaanH3 co6hiTHll, ae paaAeneHHhiX B nporpaMMe 10-10, onscaa 

B § 7). 

npeAy CMOTpeHbl 2 THna BBOAa: C nepcpoKapT H C Mar'HBTHOJI neHTbl. npH pa6o

T9 C nepcjloKapTaMB nporpaMMbl 10-10 He06XOAHMO npellB8pBTenbHO nOAr'OTOBHTb AD-

nonHHTenbHY~ nepcpoKapTY, r'Ae pa3MeWaeTCB cneny~WaSI BHcjlOpMaUBSI: 

1) C I 

2) N!> nn. N!> K. Jli!> 30Hbl 

3) X } 0 
4) y 

0 

5) z 
0 

KOOpAHHaTbl TO'iKH B3aHMOlleliCTBBSI 

6) •' ) He A. 

7).:\(M
2 

) 
He A. 

KBaApaT aenocTa~mell Macchi B ero oms61ta 

8) KI 

KoHcTaHTa C 
1 

03Ha'!aeT '!Hcno r'BnOTea, paeaoe eAHHHUe, Bblpa)Keaaoll B 

ABOB'IHD-BOCbMepH'IHOJI CHCTeMe aanBCH. nocne BBOAB OTAellbHOr'O C06biTHSI B npo-

rpaMMe paCC'iHTbiBaiOTcH nonHhie aHepr'l!H ( E 
1

) H HMnyllbCbl ( p t) Ita)KAO!i 

'!aCTHUbl B na6opaTOpHOJI CHCTeMe KOOpAHHaT, pacnonO)KeHHbie B cneAy~WeM nOpS!AKe: 

rAe 2 < 

4 

:00} 

::} 
E,} 

p I 

< 6. 

- HyKnOH MHWeHH 

- nana~maH 'laCTsua 

- BTOpH'iHbie 'iaCTHUbl 

Macchi M 1 ecex qac 

HOJI Ha CTp. 25: 

§ 2. 

B o6mell cacTeMe 

a) nonaaSI aaeprs : 

w c ( 

6) nonHhie a a eprH 

'IaCTHU: 

rAe p 
l 

Ew
J -

m l , 

[ M 
w 

n 

CHCT9 Me KOOpABHaT. 

B) KBaApaTbi '!eTbl 

Ka)K)lOi! BTOpK'IHOl! '!aCT. 

2 2 2 
T =-(M +M )~ 

IJ I J 

I"') nonSipHbli! ( () ) 

cos () w 
II 



cel!wax paC'!eTax. 

OBOJ:'O M8TepH8/I8 

/Iy)!{ST C06b!THSI, 06C'!H-

neHHbie no onpeneneHHhiM 

)rpaMMe 10-10, onucaa 

U!THOli neHTbl. npH pa6o-

BTe/IbHO IIOilr'OTOBHTb JlQ-

BHcj)OpMBUHSI: 

OWH6Ita 

liHUe, Bblp8)!{eHHOli B 

IbHOJ:'O C06biTHSI B npo-

ol e B C/IeJlyiOUlBM IIOpS!JlKe: 

'BUB 

THUbl 

MacChi M 1 scex 'ISCTHU Bhi6apaiOTcSI H3 Ta6nHUbi 1 nporpaMMbc 10-10, npasenea

aol! HB CTp. 25 : 

§ 2. AH8/IH3 'IBCTHU B 06WeH CHCTeMe UBHTpa 

B o6mel! cacTeMe ueHTpa ( W ) 121 
Bbi'!HCIISIIOTCSI CllellYIOWHe Be/IH'IHHbl 

a) nonaag aaepraSI cacTeMbi ueaTpa 

6) /IOIIHble 3Hepraa H TpeXMepHble HMIIYIIbCbl /I8Jl8IOilleli H BCeX Bl'OpH'IHbiX 

(6) 

'18CTHU: 

rue p 
J m J • 

Ew 
I 

2 2 2 
[ W +M -M 

2 W I 0 

ppeff+mm 
I J l I 

(7) 

(8) 

+ n n ) ] 
I J 

(9) 

( 10) 

ft J - HanpSBIISIIOntHe KOCHHYCbl - oil '18CTHUbl B na6opaTOpHOH 

CHCTBMe KOOpJlHH8T, 

s) KsanpaTbi 'leTbipexMepahcx HMnyllbcos, nepenaHHbiX oT nanaiOwell 'ISCTHUbi 

KS)!{JlOl\ BTOpR'IHOH '18CTHUe 

2 2 2 

T -= - ( M + M ) + 2 [ E E - p p (f P. +m m + n 
IJ I J I J I l I l I l ( 11 ) 

r) nonS!pHb!il ( (} ) 

cos (} w 
I J 

H 83HMYT81IbHbiH yrllbl ( '11 ) 

2p w p w 

5 

/2 7 I 
BCeX BT OpH'IHblX '18CTHU ' : 

(12) 



sin 'I' w 
If 

w 

cos \jl . = 
IJ 

s in a 
f 

l 
( 

sin a 
1 

r-
n 

I 

\ , 1 - n 
2 

I 

f,m~-~) 
( 13) 

2 
v' l- n 

I 

(P P +m m )+n v'l-n
2

). 
I J I l f I 

(14) 

I'A e a 
1 

- yPon MelKAY n a Aa!Omeil 11 -OM ~8CTIIU8M II B na6opaTOpHOM CIICTeMe 

KOOpJliiHBT. 

A311MyTa nhH biH yPon 
ljlw 

II 
OTC~HTbiBBeT~SI OT nnOCKOCTI!, KOTOpa!l npOXOAHT 

~epe3 BeKTOp IIMnynbca IT8Jl810Weil ~aCTHUbl pI II nepneHAHKyngp K nnOCKOCTH 

(p I X Z l , I'Ae Z- OCb Z B na6opaTOpHOH CIICTeMe KOOpAHHBT. YPon IJl W H3Me-
ll 

H !leT C !I B npeAenax OT 0 A O 21T ; YI'On (} ll - OT 0 JlO 1T 

§ 3. AHan11a Aayx~aCTII~HbiX KOMlJIIHaUBll 

Ecn11 aeeneHHoe B npoPpaMMY c o6hiTIIe coAeplKIIT 6onee Aayx BTopaqabiX qac-

TIIU, TO Jln51 KB lKAOH ABYX~BCTII~HOH KOM611H8UIIH ( j k) npOBOJlHTCll cneAy!OWIIil 

aHanll3. Onpenenl!IOTCn 3Ha~eHIIll: 

8 ) a<jltjleKTIIBHOil MBCCbl 

2 2 1/2 
AI si M+M +2[EE-p p (tf+mm +n n )]I 

Jk J k Jk Jk Jk Jk J k 
( 15) 

I'J]e IIHJleKCbl II k npOXOA!IT nocneAOBaTenbHO 3Ha~eHIIll j, k 2 , 3 ••• n 

HO BCei'Aa j < k; 
6) KB8Jlp8TOB ~eTbipexMepHbiX HMITYnbCOB, n epeJlaHHbiX OT nepBII~HblX ~BCTIIU 

'0' II '1' - KO M 611H8UIIII ~aCTIIU ( j k ) 

2 2 2 2 2 1/2 
T = -(M +M )+2M (M +P ) 

OMJk 0 Jk 0 Jk Jk 

T 
IM 

l k 

2 2 
=-(M +M )+2 tE E -p p (P 

I lk I Jk I Jk 
p 

lk 
+ m m 

I Jk 
+ n 

6 

n 
lk 

(16) 

)],\17) 

PAe 

f l\ 

m = 
~~ 

n 
jk 

p • 
lk 

3necb f Jt • m Jk ' n l 

paTOpHOH CIICTeMe KOOPAE 

( j k ) B na6. CIICTeMe. 

3aTeM ocywecTanll< 

Bbiql!cnliiOTC!I nonHbie aHe 

/2/ 
1!3 aa6opa ( j k ) : 

Jk 
E 



I 
- ) (13) 

+n Vl-n
2

). 
J I 

(14) 

na6opaTopaoa caCTeMe 

KOCTH, KOTOpaSI llpOXOllHT 

lllHKynSip K nnOCKOCTH 

oopaaaaT. Yron IJI w aaMe
IJ 

nee aayx BTOpH'IHbiX qac

•OBOllHTCSI cneaylOlllHi'.l 

( 15) 

Sl J. k 2, 3 ••• n 

OT nepBH'IHbiX 'IBCTHU 

m + n 
I lk 

n 
It 

(16) 

) ], \17) 

n~e 

p f + p p X 

f 1\ 
I I t It 

p lk p llt 

( 19) 

p m +p m pY I k k 
1.1 m I):. ., 

p 
I k Pit 

p D +p n & 

I k k Pn 
D =----lk 

plk p 
Jk 

(20) 

a[(p:t) 
2 

+ ( p y 
2 

2 l 1/2 
PH ) +(p 

Jk I k 

2 ) 1/2 E ., ( p 
It+ Mit 

(21) It 

3aeCb f Jk , m lk , n lk HanpaanSIIOlllHe KOCHHyCbl KOM6HH8UHH ( j k ) B na6o

paTOpHOH CHCTeMe KOOpllHHBTj p Jk , E It- HMTIYnbC H nonHaSI 3 HeprHSI KOM6HH8UHH 

(ik ) B na6. CHCTeMe, 

3aTeM ocymeCTBnSieTCSI nepeXOll B CHCTeMy UOKOSI KOM6HH8UHH ( j k ) , rae 

Bbi'IHCnSIIOTCSI nonHbte 3 He praa H HMnynbCbl nepBH'IHbiX 'IBCTHU H 

aa aa6opa ( j k ) 
12 1

: 

lk 1 2 
E ., ___ (Mlk 

2Mn 
+ M + T 

OM Jk 

7 

-oil 'IBCTHUbl 

(22) 



Jk Jk 
P =[(Eo 

2 2 t! 
) - M o ] 2 

Jk 
E 

I 2M 
Jk 

- 2 2 
(M +M +T 

lk 1 I M 

1/ 2 Jk lk 2 2 
p ~ f (E ) - M 

I I 

Jk 
E 

1 2 2 
--fM +M -M 

2 M lk 1 t 
lk 

It lk 2 I p =[(E )-M2]12 
l l l 

(23) 

l24) 
Jk 

t25) 

(26) 

(27} 

llnH p8C'IeT8 yrnOB B CHCTeMe llOKOH ( jk ) 11pHHSIT8 CneayJOIU8H CHCTeM8 KOOp-

llHH a T /
4/ 3a OCb z 11pHHHM8eTCSI HanpaaneHHe HMnynbca naaaJOmeil 'IBCTHUbi 

B C!iCTCMe ( j k ) , 38 OCb y - nepneHllHKynS!p K nnOCKOCTH pO)!{aeHH!!, T,e, K 

nnOCKOCTH, B KOTOpOH flQ)!{8T BeKTOpbl HMnynbCOB nepBH'IHbiX '18CTHU; OCb X 

nepneHllHKynHpH8 OCSIM y H Z , npHTOM TaK, 'IT06bi o6paaoaanacb npasaSI 

CHCTCM8 I<OOpllHHOT, 

0CH 3 TOH C HCTeMbi I<OOpllHH8T H M C IOT cneayiOIUHe H811paBnSIIOIUHe KOCHHYCbi B 

na6 opa'TopHOH CHCTeMe K_QOpllHHaT: 

OCb Z(k,,kY,k•) 

k 

k 
y 

8 

plk 
I X 

p l k 

I 

p l k 

I y 

p " 
I 

p jk 

- - 1~ - --
p j k 

I 

(28) 

OCb 

rae 

OCb 

y ( J 
• 

X ( • 

• J • J 
1' 

i 
1' 

c 

i • 

J 
1' 

3aecb pit , p lk 
J.z: Jy 

B na6opaTopsoa CHCTeMe, 

lln!! KOM6HB8UHA ( j 

C!! sanpaanesse syKnosa 1 

MeS!!lOTCSI MeCT8MH, 

B npasHToA TaKHM o( 

-oA 'ISCTHUeA H3 KOM6H 

cos(} m ,. 



(23) 

t24) 

(25) 

(26) 

(27) 

cnenyJOIU851 CHCT eMa KOOp-

;,ca rrana10meil qacTHUbl 

'TH pOlKAeHHH, T,e, K 

!X 'i8CTHU; OCb X 

J6pa3o8anacb rrpa8aH 

l88IIHIOU!He KOCHHyCbl 8 

(28) 

OCb y ( j 
X y 

Jk Jk l k p Jt A I p p -p 
j 

Oy I• I y 0& 

X B B 

A 2 
p lk p lk - p lk p Jk 

o. I X I • 0& j a 
y B B 

A s 
It PH plk l k 

p I y p 
Ox I X 0 y 

D ---= 
B B 

B • ( A 2 + A 2 
1/2 rne +A l 

I 3 

OCb X ( i l . ) X y 

l 2 j k k • y X y 

y 

k 
y X 

3necb p
1

t , p lk , p lk - rrpoeKUHH HMrrynbca 
1Jr: 1 y •• 

lk p 
I 

8 na6opaTOpHOH CHCTeMe. 

(29) 

(30) 

(31) 

H8 OCH KOOpAHH8T 

,llns KOM6HH8UHi!. ( J k 1 , rne '18CTHU8 - HYKIIOH. 38 OCb Z rrpanaMae-r-

CH Harrpaaneaae HyKnOHB MHWeHH 8 CHCTeMe IIOKOR t jk ) , T.e. '18CTH!Ibl 'Q' H '1' 

MeHHIOTCH MeCT8MH. 

B UpHHHTOi!. T8KHM o6pa30M CHCTeMe KOOPAHH8T paCC'IHTblB810TCH yr!Ibl MelKAY 

-oi!. '18CTHUei!. H3 KOM6HH8UHH (jk) II BCeMII OC HMH. 

COS 8 J & m f ' J k X + m 'J k y + ft ; k & 

2 II' 2 
sin0,.-(1-cos e,.> 

9 

(32) 

(32a) 



COS 0 I T • a f 'I j x + m '
1 

j T + n ~ j 
8 

cosO •t' 
I X I 

+ m, 
X I 

+ n' n 
T I a 

a TaKJKe a3HMyTanbHhlA yron ¢
1

t MeJK.ay nnocKOCTbiO X Z 

neJKaT OCb "Z " H BexTop HMnynbca -oll 'iaCTHUhl: 

r) cos¢ -
It 

n) sin ¢
1 

t 

COS 0 I X 

sin 0 
I. 

COS (} J T 

sin 0 
J. 

{33) 

{34) 

H nnocKOCTbiO, r.ae 

{35) 

(36} 

yron ¢
1

t MeHSieTCSI B npe.aenax OT 0 AO 2tr , yrnhi (32)-(34)- OT 0 no tr. 

BenH'IHHhl t '
1 

, m' 
J 

n '
1 

- HanpaBnSIIOIUHe KOCHHyCbl "j "-oll 'laCTHD.bl B 

cacTeMe "jk" , onpe.aenHeMhle no cjlopMynaM: 

Jt 
+E E J . 

<PJ r ~-PJtr Jt 
t' • · 

J . M Jt + E Jt 

It 
+ EJ E I 

1 '( m - P m Jt 
M It + E It 

' 
• --- P 1 J It m 

It I 
p 

J 

Jt 
E I + El 

1 ( n -p n 

Mlt+Eit 

n' •·--- P
1 1 

Jt 
Jk J Jt 

p 
J 

B nporpaMMe Bhl'IHCnHIOTCH aeKOTOpbre cjlyHKD.HH yrnoB 6 H 
J. 

cos 
2 

(J 

f ~sin 2 0 cos2¢ 
2 

10 

(37) 

(38) 

(39} 
) . 

¢ Jt , a HMeaao: 

(40) 

(41) 

3AeCb 

¢yHKD.HH {40)- (~ 
/4,5 

MaTpHD.bl !InOTHOCTH 

Llmt KalKAOA ABYX'i 

T aiOTCH: 

a ) nonHaH suepn 

w 1 
E = - [M E 

J t w 0 

6) nonHpHhiif H a3I 

w 
cos O 

1M Jt 

w 
sin 'II 

cos ljJ w 
Jt 

2 

Jt 
sin a H 

rue a 
1 
k - y ron, KdTOp ht 

uaiOIUeA 'laCTHD.bl PI 

B) yron MelKAY BE 

COS {3 ' e COS (J W 

I M Jk 



(33) 

(34) 

xz H nnocKOCTbJO, r.oe 

(35) 

(36) 

(32)- (34) - OT 0 no rr. 

7Cbl "j "-011 '!aCTHllbl B 

E 
-~- ) 

E It 

+E 
___!._) 

E It 

+ EJ 
-). 

· E 
Jt 

H 

(37) 

(38) 

(39) 

, a liMeHBO: 

(40) 

(41) 

f 3 ~ sin 2 0 cos ¢ (42) 

8 c 0 
l • 

¢yHKllHH ( 40) - ( 42) Hy)I{Hbi, H81IpHMep, npH onpeneneHHH aneMeHTOB CIIHHOBOH 
/ 4,5/ 

MaTpHllbi nnoTHOCTH rrpH H3y'leHHH MexaHH3Ma pO)I{JleHHH peaoHaHcoa, 

.UnH K8)1{JlOJ:I JlBYX'I8CTH'!HOli KOM6HHallHH (j k) B o6meli CHCTeMe !le HTpa W C'!&-

Ta!OTCH: 

a) nonHaH 3 He prHH H HMrrynhc: 

Ew=-
1
-[M E + E E -p p (Pe +m 

lt w 0 lk 1 It 1 Jk 1 Jk 

P w = [ ( E w ) 2 - M 2 ] t/ 2 

H H lk 

m + n 
J k 

6) nongpHbi li H aaHMyTanhHhili yrnhi, onpe nene HHbie a § 1: 

w 
cosO 

1M It 

cos ljl w 
It 

2 w 
p 1 

w 
p lk 

sin a 
H 

2 
[ T 

1M 
It 

f m - m 
Jt 1 H 

n 

n ) ] 
I k 

w 
sin IJI 

Jt 
----[-

sin a It 
Cf ' P +m m )+n yl-n2], 

J H J It H I 

(43) 

(44) 

(45) 

(46) 

(47) 

r)le a J k - yron, KC1TOpb!li B na6opaTOpHOH CHCTeMe KOOpJlHHaT o6paayroT BeKTOp na-

)laiOIUel! '!aCTHllbl pI 1i CYMMapHbiH BeKTOp p J t e p J + p t 

B) w w /3/ yron Me)l{ny BeKTOpOM p H BeKTOpOM p 
Jt 

- J 

cos {3 ' = cos 8 w cos 8 w + w w w 
-IJIW sin 8 sin B cos('V ) . (48) 1M Jt IJ 1 MJt 1J Jt 

11 



rae 

w 
a(1-cos

2 9 
w 1/2 

sin 9 } 
U.A lM Jlt Jlt 

(49) 

w 2 w 1/2 
slri 9 a ( 1 - COS e ) (50) 

IJ ll 

w w w 
cos lp w + sin 'I' 

w w 
cos('Pllt -'P } - cos 'P sin 'i' 

J Jk J Jlt 
(51) 

3aTeM yron fJ ' nepesoAHTCH B yron fJ B CHCTeMe UOKOll "jk" C UOMOlllhiD 

/5/ 
npeo6pa30B8HHH nopeHUS : 

1 w Jk 
cosfJ• (p cosfJ~yfJE 1 } 

y p Jlt J 

y• 

y fJ .. 

J 
w 

Elk 

M Jt 

M 
Jlt 

(52 

(53) 

(54) 

EcnH B paCCMSTpHBSeMOM C06biTHH COAeplKHTCH ~eTbipe BTOpH~HbiX ~SCTHUbl j 

k s 

nHMH n Jlt 

w 
TOpOB p 

J 

, TO B o6mel! CHCTeMe UeHTpa W Bbi~HCnaeTCH yron MelKJly HOpMa-

H 

P tw 

n 
8 

I K nnOCKOCTliM, B KOTOpblX nelKST COOTBeTCTBeHBO napbl BeK-

H p W ; p W 

• I 

w w 1 • : [ p 
w w 

[ p X p X p J (55) 
- l - lt - . - I 

cos f, .. 

![pwxpwll•!lP 
w 

X p W 1 -. -I 

12 

' I 

' t 

§ 4. AE 

llna niD6oA Tpex~acTa~ 

a) 9~KTHBHBH M8CC8 

.~ l 1t • "' (I 

rAe M Jlt - s qxpeKTHBHbie Ma 

M - Macchi ~acTau: 
J 

HHAeKCbl k I s YAOE 

npa~eM l < k < s 

6) ~eTblpeXMepHbie HM 

CHCTeMe "j k S " : 

2 
T ( l 

OM • . 
Jlt. 

2 2 2 
T •-(M +M }+2[E 

I M Jk 8 l Jlt a 

rAe ! Jk • • !I +! t + ~ • 
nonaaa saepraa aa6opa 

H 

"l 

n Jlt • - aanpa"BnliiDmHe 

TeMe nOKOll "jk S " ( p Jlt 
8

' 

HblX ~SCTHU H ~aCTHU, o6pa 

E" 
I 

p"mp 
I I 



(49) 

(50) 

(91) 

KOSI "j k " C DOMO!Ilh!O 

(52 

(53) 

(54) 

:OpH"'Hb!X 'laCTHilb! j 

TCSI yron M elK.l1Y HOpMa-

OTBeTCTBeHHO napb! BeK-

(55) 

1 

' 

f 
I 

§ 4. Aaanaa Tpex"'aCTH"'HhiX KOM6aaauaA 

.llnSI mo6oA TpeX"'aCTH"'HOil KOM6HHaURH "j k S " onpe.l1enSIIOTC H: 

a) 3~KTHBHaSI MaCCa 

(56) 

l".l1e M Jk - SQJ<j>eKTRBHbie MaCChi COOTBeTCTByiOmHX .!1BYX'IaCTH'IHbiX KOM6HHaUHll; 

M - MaCChi 'laCTHU: 
J 

HH.!1eKCbl k , s Y.l10BneTBOpHIOT ycnoBaiO: k s - 2, 3, ...• 

npH"'eM j < k < s 

6) "'eTbipeXMepHbie HMDyllbCbl nepe.l1aHHbie OT nepBH'IHbiX 'laCTHD ' Q' H '1' 

CHCTeMe "jks" : 

T 
OM • . (57) 

Jt. 

2 2 2 
T •-( M + M ) + 2 [ E E - p p (f f + m m + n n ) ] , 

IMJta I Jta I Jta 1 Jta I Jta 1 Jta 1 jta 
(58) 

l".l1e ! . Jt • • !I + ! t + ~ • 
nonHaSI sHepl"HSI Ha6opa 

H E • ( p 
2 + M 2 

) I/ t - CyMMapHblil HMDyllbC H 
Jta Jta Jta 

"jk S" B na6opaTOpHOlt CHCTeMe KOOp.l1HHaT, a t m 
J k •' J ta ' 

n Jt • - Hanpa-anSIIOmae KOCHHYCb! HMDyllbCa B STOlt lKe CHCTeMe. 8 CHC-

TeMe DOKOSI "j k S " ( p J t a • 0) Bbi"'HCnSIIOTCSI nonHhle 3Hepl"HH H HMnynbCb! nepBH'I

Hb!X "'aCTHU H "'aCTHD, o6pa3yiOmHX Ha6op "j k S" : 

E" 
I 

E I E Jt. - ~ I ~Jt. 

p'l'epl-p 
Jt. 
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E I + E" 
I 

(59) 

(60) 



rne HHneKc 

E I • p I 

KOopnaaaT. 

"i , npoxonaT 3 H8 '1 9 HIISI I a 0,1, j, k, s ( J < k < s ) a rne 

nonHaH sae pr11 H a HMny nbc - Oli 'IBCTHUhl B na6opaTOpHOil CHCTeMe 

8 CHCTeMe noKOSI "jks" npHHSITB TB :>Ke CIICTeMa KOOpUIIHBT, 'ITO H B § 3 

nnH CHCT9 M hl UOKOSI UBYX'IBCTII'IHOil KOM6HHBUHH 
11

jk
11 

• 8 K8'19CTBe BeKTOpa, xapaK-

T e pa3yiOmero Ha6op 'IBCTIIU "j k s" B CIICTeMe , rne Pika 0, Bhi6paHa HOpManb 

D K nnOCKOCTII, B KOTOpOil n e:>KBT B9KT0phl 'IB CTHU p" , p" , p" 
_J _k -a 

HanpasnHIOIUI!e KOCHHYChl HOpMana n B na6opaTopaol! CIICTeMe KoopnaHaT 

p8BH hi: 

rne 

DnH aopMana 

Hhle B § 3: 

p 

p 

p 

p 
nl< 

n -
P, 

pny 

(61) y 
n 

p n 

P.,. 
n " -----• 

p .. 

-=P" p" - · p, p " ,,. IY k. I • ky 

- p ,, p .. - =p,., p" 
ny I• kl< ll< k • 

(62) 

:a: p , p" ·-p" p" • ,. lz k y IY kz 

p -[ ( p2 ) + ( p 2 )+ ( p 
2 

) J 
1/2 

n nx ny ... (63) 

D :Shi'!acnHIOTCH nonHpHhiil a a3aMyTanhHhiil yrnhi, onpenenea-

cos (J " n k + n k + n k 
X X y y (64) 

14 

al 

cos¢ .. 

s!D¢
11

a · 

a TBK:>Ke cPYBKUHH ( 40) - ( 4~ 

DnH Ka:>Knol! TpexqacT 

onpenenHIOTCH nonaag aaep: 

rne 

w 1 
E a-[M E +E 

Jka W 0 Jka 

cosO 

w 
s!D I/! 

lk a 

w 

1M 

cos (J = p 

p 

J k a 

cos"' w 
jko 

s!D 6 lk a 

+I 
Ita Jka 



l<k<s) B rae 

'IAhi B na 6opaTop aol! CHCTeMe 

M8 KOOpAHH8T, 'ITO H B § 3 

B Ka'leCTBe BeKTopa, xapaK

p 1 k • = 0, Bhiopaaa aopManh 

p" p" p" 
_ I _k -· 

'OpHOl! CHCTeMe KOOpAHHBT 

(6 1) 

(62) 

• 

(63) 

&yT anbHhi il yrnbi, onpeaenea-

(64) 

sin () a ( 1 ,.. COS 
2 

() .. .. (tl5) 

cos¢ .. __ l_(n 

stu 8 x 
+· n + n 

X y y a (66) 

.. 

(67) 

B TBKlKe cpyHKUHH ( 40) - ( 42) • 

.Qng KBlKAOH TpeX'IBCTH'IHOJ! KOMOHHBUHB "j k 8 " B OO!Ilel! CHCTeMe Ue HTpa W 

onpeaensnoTCSI nonaag aaepraSI, HMnynbc, nongpawl! H aaHMyTanhHbil! yrnhi: 

w 1 
E ., . __ [ M E + E E -p p (J t + m m + ri n ) ] 

Jk• W 0 lko I 1ko I · lko I lka 1 Jk• Jka 

cos() 

w 

w 

IM 
lka 

cos"' w 

2p w p w 
I Ito 

J k 'I 

n 

(68) 

(69) 

(70) 

(71) 

[ I t t 
------ - ----

2 
( I I k o 

sin 6 +m m )+n v'1-n
1

l.l72) 
I Jko lko 1 

sin 1/J 
Jk• 

Ito V 1 - n 

rae 

cos 8 = p 
lko lko 

+ m m 
lko 

1/2 + n n ; sin 8 a ( 1 - cos 2 () ) 
Jko 1 Jko lko 
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§ 5. AaanH3 q eThipexqacTH'iHhiX KOM6HH8UHii 

EcnH B pac cMaTpas a e Moii p eaKUllH c o~eplKHTC!I 5 BTOpH'iHhiX qacTau, TO B ~o

nona e HHe K naparpa<j>aM/ § 1 -4 a aan ii3HpyiOTC!I He KOTOphie 'ieT bip exqaCTH'iHhie KOM-

6 HH8 UHH "jksf ". 

JP ce qeThipex qacTH'iHhie nepe 6opKH npoaep!!IOTCH Ha aanH'iHe HyKnoaa, a TOllbKO 

~n !l 6eaHyKnOHHhiX KOM611H8 UHii C'iHT810TC!I cne~yiOIIlHe BenH'iHHhi: 

r~e 

r~e 

a ) a<j><j>eKTHBHa !l Macca 

M, = ( E 2 
2 ) 1/2 

3 - p :,) 

E .s c E + E + E + E 
l k • 

b ( p 2 2 + p 2 ) 1/ 2 p + p 
3 3 X ~ y a z 

p3 X - p p +P y + p r +P 
l l k k .. • I 

p = p m 
5 y l 

+p m +p m +P m 
t k • • f f 

p9z = pl nl +pknk+P n 
• • 

+ p n 
I 

(73) 

(74) 

(75) 

(76) 

6) nonHa !l aaepra!l B TpexMe pHhiA HMnyllbc a o6meA CHCTeMe ueaTpa W : 

w 1 
E •- [ ( M + E ) F-a - p p e (e f ~ + m m_o + n 11~ ) ] 
.a W 0 I 1 I • I ~ 1 

f3 =~ 
p~ 

P w= [ ( E w) 2 - M 2 I 1/2 
il 91 'i) 

ma 

16 

P_. y 

p~ 
ns 

·p3 z 
a 

p~ 

(77) 

(78) 

• 

HaKonneaHa!l B np01 

M8lKHYIO neHTY, Ha n ep <j>o 

TaThi neqaTa JOT CII B cne~ 

N9 nn. N9 K. M aoHhi 

N9 T p. 

M 'i8CTHUhl 

)(2 

Ew 

w 
PI 

Ew 

p w 
I 

cos e w 
II 

cos "' w Jl 

sin .p w 
11 

l 

W - aae pra11 o6meA ca~ 

N9 Tp 

N! 'i8C THUhl 

N9 T p . } 
N9 'i8CTHUhl 



6HH8UHl! 

lTOpH'IHbiX 'lllCTH!l, TO B AO-

3 'IeTblpeX'!BCTH'IHble KOM-

HBnH'!He HyKnOHB, H TOnhKO 

(73) 

(74) 

(75) 

(76) 
m 

C HCTeMe UeHTpa W 

n 
1 
n~ ) ] (77) 

(78) 

.. 

§ 6. 8biBO.ll .llBHHbiX 

HaKonneHHal! B nporpaMMe HHtjlopMBUHII BbiBO.llHTCI! TpeMI! c noco6aMH: H a 6 y 

MBlKHYJO n eHTy, Ha n eptjloKapT bi, Ha M llrHHTHYJO neHTy. Ha 6yMalKHOil neHTe p e aynb-

T8Tbl Ile'I8T810TCII B cneayiOIIleM 110p 11AKe : 

Jlk nn. Jlk K. 1* &OHbi 

}k '18CTH!lbl 

Ew 

p w 
1 

cos e w 
11 

cos t/J w 
11 

sin ,p w 
11 

W - B HeprHR o6me A CHCTeMhl U eHTp8 

N< Tp 

} N< '18CTHI.l b l 

N9 T p. 

N9 '18C THI.l bl 

17 

3aronoaoK rHnOTe3bi 
1 11 

X8p8KTepHCTHKH '18CTHI.l B o6meil 

CHCTe M e U e HTp8 W 

i = 2, 3, ... n 

a arnaaa e 

ABYX'IIlCTH'IHOii K OM6H H 8UHII ( j k ) 



M lk 
T2 

lM 
Jk 

cos(} 

cos2 8 

sin (J 

sin (J 

sin 2 8 

cos¢ 

COs
2 ¢ 

cos2¢ 

10in 2 8 cos 2 </> 

sin 2 8 cos </> 

sin </> 

E"' 
Jk 

Pw 
Jk 

w 
cos (J M 

I l k 

cos"' w 
Jk 

sin .p w 
Jk 

2 

ToM : k 

cos {3 1 

cos {3 

~ 

Mlk 

<t>,. 

.xapaKTepi!CTIIKII .QBOliH biX KO M 6l!H8 1lHli (j k ) 

(8e(J ; c/> = </> Jk J & 

18 

N~ T p , 

N~ qacT. 

N~ Tp . 

N~ 'J3CTII !lb l 

N~ T p . 

Nc tt:aCTHU hi 

M 
Jka 

T 2 

OM 
lk• 

cosO 
n 

2 
COS 8 n 

sin (J 
n 

sin 2 (J n 

sin 2 (}" 

COS cp n 

COS 2 </> n 

( T 2 
IM 

lk• 

COs 2 </>n 

sin 
2 

(J cos 2 </> 
n n 

sin 2 (} n cos </> n 

sin cf> n 

Ew 
lk• 

pw 
J k. 

cos (JIM 
lk• w 

cos "'lk. 
YW 

sin t/Jlk • 

</> n 



No 

~ 

N~ 

N2 

N~ 

)\fc 

I .OBOl!HbiX KOM6HH8UHll (j k ) 

; = ¢ Jk 

Tp. 

'IBCT. 

Tp. 

'18CTHllbl 

Tp. 

'18CTHllhl 

M 
Jko 

cos8 
n 

2 
cos en 

sin 8 
n 

sin 2 8" 

cos 2 ¢ 
n 

COS 2 cpn 

sin 
2

8n cos 2¢n 

sin 2 8 n cos ¢ n 

pw 

lk• 
cosO 

IM ., 
COst/J 

Jk • 

Jka 

sin t/J'tti 
Jk. 

¢ n 

aarnaaae TpeX'I8C TH 'IHOii KOM6HH8UHH 

X apaKTepH C THKH TpeX'IB CTH'IHbiX KOM61fH8UiiH 

( j k s) 

19 



2 
M 

a 

Ma X8p8KT e p HCTHK II 'leT blpeX 'I8CTII 'lHblX KOM6HH8UI! i! 

Ew 
s 

p w 
a 

cos ~ I } cos ~ 2 

y r n bl Jlii SI qeT blpeX'l8CTH'lHblX KOM6HH8 UH i! 

( § 3). 

H a rr epcjJoKap;rhi B hiBOJlRT CR T OIIhKO HeKOTOphie aenH 'li!Hhi anSI a a yxq acTH'lHhi X 11 

TpeX'I8CT H'lHbl X KOM6iiH8UIIi! , a I!MeHHO: 

J]IISI JlBOHHbiX KOM6HH8UHH 

N . N N 
Ill!, K8Jlp il 30Hbl 

M J t 

T 2 
OM 

Jk 

( T 2 
IM 

cos() 
J & 

¢ Jk 

K l: 

lk 

J]IISI T pOi!Hbl X KOM6HH8UH J! 

N tl1t. N N 
'ifh""ljlp a a ef!'hl 

T 

M Jt • 

DM l k • 

cos () 

¢ n 

K l: 

2 

(TI M 
Jk . 

n 

O p 11 sarrHCH peaynbT aTo B Ha Mar~HTHyiD neHT y rrpeaycMOTpeH c neayiDm»l! nop anoK: 

N! nn. N! K . l'f'l 30Hht } 

THII PHIIOTe 3 h l 

/ 1 / 
\4 CTpOI(H ) 

20 

2 
X 
Ew 

I 
pW 

I E w 
1 

p w 
1 

cos() ·'II 
11 

cosl/1"' 
11 

sin 1/J,... 
11 

w 

p 1 

a 1 

{31 

X 
0 

yo 

z 0 . 

2 

M ·He A· 

) 
2 

~(M 
Hen. 

2 

M Jt 

Mlk 
T2 

OM Jk 

cos 8, & 

¢ Jt 

cos f3 
w 

E Jt 

w 
Pit 

2 

(TIM Jt 

} 



'19T hipexqaCTI!'!HhiX KOM6HHB UHli 

·X'IBCTH'IHhiX K OM6HHBUHli 

H'IHHhl .Qng llBY X 'IB CTH'IHhi X H 

Oi!Hh!X KOM6HHB UHli 

N N 
'ifb'qpa 3flll'h! 

Mlk• 

'. 
, e 

n 

(T 

n 

I M 
It o 

' p e H c n e llYIOlllH li n o pSI.QoK : 

2 
)( 

w 
E 

I 
pW 

E'w 
l 

p w 

l ·.'If 
cose 

ll 

cos.pW 
ll 

sin t/1 .w 
ll 

w 

al 

X 
0 

z 0. 

2 

M.aea· 

2 
~(M 

He.Q. 

2 

M Jk 

M Jt 

r2 ( T 2 
OM Jk IM 

cos e1 E 

¢n 
cos{J 

Ew 
Jk 

w 
PH 

} 
J t 
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XapaKTepHCTHKH 'IBCTHU B o6meli CHCT9 M9 

(ue HTpa) (I= 2,3, ..• n ) 

xapaKT9pHCTHKH 'IBCTHU B na6opaTOpHoli CHCTeMe 

KOOp.QHHBT ( I -1 ,2, ,., D ) 

KOOp.QHHBThl TO'IKH B3BBMO.QeliCTBBR B na6o
paTOpHOli CHCT9M9 KOOp.QBHBT 

KBBApBT H 91l0CT810lll9li MBCCh l H ero OlllH6Ka 

X a paKT9 pBCTHKH .QBOMHhiX KOM6HHBUH M ( j k ) 



VI 

cos 0 
'M • J k 
w 

cos 1/! J k 

sin 
w 

1/JJ k 

M 
Jko 

M 
J k • 

2 2 
T ( T 1 M 

OMJko Jko 

cos O 

¢ n 

w 
E 

n 

) k' • 

w p 
Jta 

'II 
cosOIMJ ta 

w 
cos 1/1 Jk. 

sin 1/1 'il 
J k. 

2 

Ms 

Ms 

w 
Es 

Pw 
9 

xa paKTapHCTHKH TpOl!HblX KOM6HH8UKli (j k S) 

XapaKTap i!CTHKH 'IBTblpBX'<JSCTH'IHblX KOM6H-
H8UH H ( j k S f ) 

22 

cos e, } 
cos e 

2 

npa nep~opaUHH H 38 

TenbBOCTb .[lBOltHblX H TpOlt 

mae ayKnOBbi, a 3aTeM ne~ 

KalK.noe o6pa6aTbleael 

aolt neBTbi , npa 9TOM aa 6 

a a.npec c o6biTK!I ( N> nn. ? 

§ 7. A f 

E c na eeo.naMoe e npc 

rpaMMbl 10-10, TO 080 KM• 

nonaaTenbaa!l nep$oKapTa 

1) c 2 

2) N N N 
nn K 30H: 

3) xo 
4) yo 

5) Zo 

6) M2 
Ia en . 

7) ~ ( M I ) 
IBB.[l, 

8) M~ 
IHBlt, 

9) MM 2 
) 

2 ae.n. 

10) K ! 

3~teCb C 
2 

- qacno r anOT 

pH'IHOli CHCTaMa 38lli!CH 1 

l-oll 11 2-olt ranOTea. 

llononaaTenbHS!I n epq 

eeTCTBY JOlllllM ll paCC MaTpHE 



POHHblX KOM6HH8UHit (jks) 

'blp9X'I8CTH 'IHbi X KOM6H-

COS~ I } yrnbJ ang '19Tblp9X'I8CTH'IHbiX KOM6HH8UHlt 

( § 3) cos .f 2 

npK nep~Op8UKK K 38UKCK Ha MSrHKTHyiD neHTy npKHS!TS 9JlHH89 nocneaoaa

TenbHOCTb JlBOllHbiX H TpOllHbiX KOM6KH8UKit: CHS'Iana HJlYT BCe KOM6HH8UKK, BKniD'I8ID

IQK9 HYKflOHbl 0 a 38T9M nepe6opKK OCTSnbHbiX 'ISCTHU. 

KaJKaoe o6pa6aTbiBaeMoe co6biTHe aanacbiBaeTcg aa OTJlenhHYID aoay MarHHT

uoit neHTbl 0 npa aTOM HB 6yMSJKHyiD neHTy U9'18T89TCS! HOMep 30Hbl MarHKTHOH neHTbl 

K aapec C06biTKS! (~ nn. ~ K. ~ 30Hbl) B Jl9CSITK'IHOit CHCTeMe C'IKCneHHS!. 

§ 7. AaanKa aepaaaeneHHbiX co6biTKA 

EcnH BBOJlHMOe B nporpaMMY C06biTH9 YJlOBfl9TBOp99T JlBYM rKnOT938M npo

rpaM,Mbl 10-10, TO OHO HM99T 2 aa6opa nep~KSpT. 8 3TOM cnyqae rOTOBKTCS! JlO

nonHKTenbHSH nep~KapTa BKJla (eM. ~ § 1 ): 

1) c 2 

2) N N N 
nn K 30Hbl 

3) xo 
4) y~ 

5) z~ 

6) M2 
laea. 

7) A ( M 2 
) 

IH9Jl. 

8) M~ 
taen. 

9) 6(AI2 ) 
2 H9Jl . 

10) K I 

3aecb C ~ - 'IHCno rKnOT93 B C06blTKK 0 paBHOe 2, B blp8lK9HHOe B JlBOH'IHD-BOCbMe-

2 2 
pH'IHOli cacTeMe aanaca, AI K M - KBaapaTbl aeaocTaiDmax Mace ang 

1aea. 2 uea 

1-oit a 2-oit ranOTea. 

DononaaTenbHBH nep~oKapTa noMemaeTCH MelKay aa6opaMK nep~oKapT, coOT

aeTCTBYIOinHMH paCCM8TpHB89MblM rHnOTe3aM. nocne BB0Jl8 C06b!THit npOH3BOJlHTCH 
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aHanB3 1-on ~HnOTe3bi co~nacHo napa~pa~aM § 1-5 c BWBOAOM pe3yn bTaTo B Ha n e

'laTb H Ha nep~opaUHID , 3aTeM 8H8nO~H'lHblM o6pa30M 8H8nB3HpyeTCH 2-ag ~HnOTe3a 

H nocn e neqaT B H nep~Op8UHH npOHCXOAHT 38llHCb Ha OTAenbayiD 30HY M8~HHTHOH 

neHTbl pe3ynbT8T OB, OTHOCHlllHXCH K o6eHM ~HnOTe38M B nocnellOB8TenbHOCTH BBelle-

HHH ~HnOTe3 CO~naCHO § 6. 

Co6biTHH c Hepa3AeneHHbiMH ~HnoTe3aMB xpaHHTCH Ha OTAenbHon Ma~HBTHoii 

n eHTe. 

Co6biTHH, yAoaneTBOpHIDmHe 6onee '!eM llBYM ~HnOTe3aM , ASHHOA npo~paMMOA 

He 06pa68TbiB8IDTCH. 

B 38KniD'leHHe 8BT0pbl BblpalKaiDT CBOID npH3HaTenbHOCTb r.l1. Konblnoay 38 

none3Hbie KOHCynb-TSUHH H E.B . <l>eoKTHCTosy 3a nocTOHHHbiH HHTepec K pa6oTe. 
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"' § I -5 c Bb!BO.O.OM pe3ynhTBTOB Ha n e 

o6pa30M auana3apyeTCH 2-aH ranOTe3a 

BllHCb HB OT.O.enbHyiD 30Hy MBr HHT HOli 

'HnOTe3aM B nocne.o.oBaTenbHOCT H sse.o.e-

lH Xp8HHTCH H8 OT.O.enbHOli MBrHHTHOli 

.O.ByM rHnOTe38M, .O.BHHOlf nporpBMMOl\ 

npa3HaTenhHOCTb r . J1. KonhinOBy 3 8 

38 llOCTOfiHHhlli HHTepec K pa60Te. 

T y p a 

\1opo3, A . .!l. MaKapeHKOBa, r .H. T eHTID-
65. 

63). 
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Ycnoaawe 

"''acTa a a 

•• 
It+ 

I 

It 

I -

rl' 

It" 

It" 

.¥' 

TaCSn • n• 

Kowapa anewe•TapHwx .. aCTilll, KOTopWe BXOQAT B 3 408C b ranoTe3 
o npoaeccax 

Ycna•wl Mace a 
'lacTWaa Ycnoeswl Mecca 

Maelc
2 

Mn/c
2 •owep HONep 

01 139,59 :!:" 15 1191,50 

02 493,90 y 16 0,0 

OS 939,213 e - 17 0,510076 

04 1189,40 e• 20 0,510076 

06 139,59 p 21 938,2 13 

08 493,90 i 22 939,507 

07 1195,96 ;\o 23 1115,38 

10 135,00 i+ :.!4 1189,40 

II 497,80 i:o 25 1191,50 

12 497,80 i- 26 1195 ,96 

IS 839,507 ~ 27 1311,00 

14 1115,36 E so 1318,40 
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Pac. 1. EnoK-cXeMa nporpaMMhi 
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