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1 
l/ paccMllTpnnanocb B03MO>KHOe rrocTpoeHne CHCTGMbl H3o6ap n nx nepexOAOB. B 

HllCTOlllllGJl paooTe IrpHBGileHbl HGKOTOpble pl1C'IeTbl KIIHGMUTH'IGCKHX XapaKTGpHCTHK BTOpH'I

HhiX 'll1CTIIU 1 OOpl130B8HHbiX qepe3 H3008pb1 IrpH B38IIMOilGl!CTBI!liX HYKIIOHOB C ApyrHMII '18C

x/ 
THUll Mil 

npeArronaraeTCll ABYX9T8IrHbll1 rrpouecc o6pa30B8HI!ll BTOpH'IHOfi 'ISCTI!Ubl a nocpeacT· 

BOM pacrraaa H3o6apb1 A • Caa'lana rrpH B3anMoAellcTBHH Hyxnnaa-Mnmean N c na-

neTaromell 'laCTnuell x OAHa Il3 HIIX B030Y>KA8GTC!I. npa 9TOM ITQ!Tepe'IHb!G HMIIYirbChl M8-

Irhi,~ a npoaonhHbie nepeAaHHbie HMITYirhCbi MoryT Ob!TI> moob!MH. B pe3yirhTaTe o6pa3yeTcll 

H3o6apa A • 3aTeM 9Ta n3o6apa A paCUll.[{8GTC!I H8 HGCKOirbKO BTOpH'IHbiX 'lllCTHU, Oil-

HOI! H3 KOTOpb!X HBirliGTCll pl1CCMSTpHBaGMa!l 'lllCTBU8 a • 

O:s:ou'laTenhBbie ¢opMyirhi 9TBX pacqeToB BMecTe c BhimeyrroMnnyTbiMH B03MOlKHbiMH 

Ill 12 3/ 
cxeMaMn pacnauoa n3o6ap 6blnn yAoaneTBOPHTenhno rrpnMeuenhi B ' An!! ananaaa aaH-

/4-6/ 
Bb!X A -rnnepouOB, oopaaoaana~>IX B " - p B38HMOAefiCTBHHX • 

1 r n pouecc 00p830B8HIIH H3008ph! 

npouecc 00p830B81II!ll H3008pb! A MOlKeT Oh!Th aan11can B BRAe: 

X + N A+ B , 
rAe B -coaoxynnocTh acex ocTSI!hBbiX BTopH'lBhiX 'I8CTHU. CoaoKyrrnocTb B MOJKeT Ob!Tb 

IIIrH H3008pllofi BTOpOl! H3 B38HMOAGl1CTBY!OlllBX 'II;I.CTB!I X IIIIH N o HIIII COBOKyrr-

HOCTbiO Be CBH3l1Hllh!X Me>KAy COOOfi '18CTHU. 

BBOAIITCII cneAY!OlllHG 0003li8'1GHHH: 

• m N m A H m
8 

-M8CCbl X N A n B 0 COOTBeTCTB(t.llHO j 

2) p x =·P p N = 0 HMirYilhCb! uaneTaromell '18CTHUhl. n nyKJJona-MIIll!enH B na6opaTop-

noll.cncTeMe'; 3) 

B C,U,M, CHCTGMbl ( 

~ p:,_ H !";, - HMirynhCbl .. COOTBe.TC:I:ByiQI11KX. JJ.aGT·II:U 

xN ) ; 
0 

4) Ex 

'IllCTIIU B C.U.M. ( xN ) ; 6) Y: H 

KYirBOCTb 8 B c.u.M. ( xN ) ; 8) 

E" 
N 

E" 
A II -IrO/lllh!G 9l!ept'HII: 3TIIX 

-nopenueBhi ¢axTopbl naooapb! A H COBO-

- yron BhmeTa H3o6apbl A a c,u.M. 

( xN ) ; 7) q - rrorrepe'lBhiil. HMrrynhc H3o6apbl A - nopeHUeB 

(jlaKTOp II CKOpOCTb llBIIlKGHIIII C.U.Mo ( xN ) B na6opaTopuol1 CHCTeMe. 

x/ ABTOpbl 6naronapHT rrpocj>. Eanra II CgH nnn -'ll1Hll, 6naronapg KOTOpb!M OHII IIMG/IH 

B03MOlKHOCTh 03H8KOMHThCII c pyxorrHChiO noxnaaa LAhamad , E.Dall-J msm II K.H. Hansm , 
rrpeacTaBneuuoro ua xoa¢epeHUIIII B Bristol neToM 1962 r. B aToM noxna.o.e Obiirii rrponene-

llbi IrOIIOOHb!G p8C'IGTbl IIIIII IT -MG30HOB 0 OOp830B8HHbiX qepe3 HYKirOHHb!G II3008pb!, 
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Koa<jl<jlunneHTOM ynpyrocTH asanMoneilCTBBI! 'I uasblaaeTcSI OTHonteune nonuol! ~mep-

rHH uso6apbt A a c.u.M. ( xN ) K nonuoil sueprnn Toil qacTBUht, oT KOTopoil o6pa-

A o6pasyeTCH OT HyKnOH8-MHWeBH N 

ecnn nso6apa 

syeTCH uso6apa A , B c.u.M. ( xN ). CnenosaTenbuo, 'I =· ~ , ecnn uso-
Ec Ecx 

6apa A o6pasyeTcs oT uaneTa~meil qacTBUbl x , H 'I = E: 

N 

Torna nerKo nonyqnTb cneny~rune cooTuomeunH Me~y &THMH aennquuaMn: 
p 

f:Jc e 
m J1+:(.f..J-2 +: mN 

x mx 

~ + y~'"'Ir+77( ......lL---,;;--,);;;-2 
mx mx Y e 

0 

/1 +(~)2 + 2(~)v'1+( p )2 
m m m 

X X X 

0 c p 
p =P ~ 

N X 

J1+ <..!!2> 2 
+ 2c!x>v'1+( P t 

mN. mN "'x 

Pc= Po=-/(Ec)2- m2 
A B A A 

P:Sint=q 

0 J c 2 2 p A Cost = f ( p A) ~ q 

f = + 1 OTHOCHTCH K ABH:)I(eHH~ H3068pbl A Bnepe!l B C,U,M, ( xN ) , a 

*eHH~ nso6apbt ·A Hasan a c.u.M, ( xN ). 

-'1 = 
X 

0 
E 

Ax = 
~ 

X 

0 

EN= mNyo ' 

c J 2 m 2 E = m y fJ + (~) 
x N o c mNy 

0 

0 0 

EAN= 'INEN= 'INmNyo • 

c 
E 

Ax 
'I Eo e 'I m .y j {32 + ( m-~ ) 2 • 

X X X N o 0 MN~ 

0 

EANe\)f1+ 7JNe ~ J 2 2 

1+~ 
2 2 m -=m 

+ A B J 
(m y /[1+Jl+m;-111Al ' 

%11 + 

N 

/:1 m 2-m2~ 
+~ 

(mNyo )2 

(mNyo) 
N o (mNyo) 

m2- m2 
+ A B I 

2,. 2 2 • 
(m y ) L1+ ~+./1+ m;,-mN] 

N o (mNyo)2 (mNr/ 
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( 1.1) 

( 1.2) 

( 1.3) 

( 1.4) 

( 1.5) 

( 1.6) 

e-1-K !IBB-

( 1.7) 

( 1.8) 

(1,9) 

( 1.10) 

(lll) 

(q2) 

__j_ 

B STBX <jlopMynax 

l: ml yo 
I I 

mB •· yo - npnBeneHHali M8CC8 COBOKYUHOCTB B , OBB 
B 

npnHHMaeT onpeneneHHbie nncKpeTHbte suaqeunSI, ecnn coaoKynuocTb B - nso6apb1, n 

caMhte pasHoo6pasHbte uenpepbiBHbte suaqeunH, ecnn coaoKynuocTb B COCTOHT H3 He 

CBH3aBHbiX Me~y co6oil qacTHU. ¢>opMynhl (1.9) B (1.10), (1,11) H (1.12) MO)!{HO 06'benn-

HHTb UpH UOMOWH BBeneHHli BennqHHbl m (Macca TOil qaCTHUbl, OT KOTOpoil o6pasyeTCSI 

nso6apa A). 

0 j 2 EA= 7Jrn y .{J +:( rn )2 No o -- • 
mNyc 

2 2 I 2 2 
'I =·llh/1+: mx -·m 

(mNro>" 

+: + mA-rnB I 
.J 1 m •-rn • 2 2 2 J t l +:~ (mNy) [1+: m -mN +:l+·mx-rnN], 

(mNyo) o (m,;) (mN>'/ 

H 

npouecc ot5pa30B8HHH H306apbl IIOAHOCTb~ xapaKTepnsyeTCSI )'
0 

q( t). 

nnli N- N B3aHMO!Iei!CTBBI! m. =· mN = m • ' 

'I= 1 + 
m2 -=m2 

A B 
2 

(2mNyo) 

nna 77-• N 
rn 2 

B38HMOJ:teiiCTBBI! m •· m << m , l)(__n:_ ) << 1 
X 1T N mNyO 

- 2 I 1 rnA- mB • 
'I - %11 +: -,r +: (rn y )"( 1 +f3

0

)f3o 
1T Po N o 

rn 2_,m2 I 
A B • 

'I -lll1+fJo+:(m y ) 2 (1+:{3.) 
N N o 

nnli K -N BSaHMO!Iei!CTBHI! mx =· mk- \)mN , 

1 +: 
2 2 m -·m 

·A B 

• rnA 

-llll+ ~31> 
'lk llv1+:"Po (mNyo )

2
[1+ llV1+3jS'0]•Y,/1+3fJ! 

I • 

'IN-\){1 + \)J1+:3{3: + 
2 2 

mA-mB 

(rnN yo )2 [ 1 +: ll v'f+Tti:-1 
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I. 

( 1,13) 

(1.14) 

• 7J(rnB) 

( 1.15) 

(1.16) 

{1.17) 

(1.18) 

( 1.19) 



§ 2. npouecc pacnaaa nao5apw A 

liao5apa A MOJKeT p8CU8CTbCII I!UI! UO npOCTOH, HUH no K8CK8UHOH CXeMaM: 

A .... a + b , 
A-+a+{3 

La~ b 

rue a -paccMaTpnaaeMan qacTnua. B o5meM cnyqae paccMaTpnaaeTcn aayxxacKB!IHblfi 

pacnaa nao5apw A • 

BaoanTcn cneayiOmne o5oaHaqenns: 

1) rna . m/3 . m 
a • m b MBCCbl COOTBGTCTBYIOIIlHX 'IBCTBU; 

2) pa . pa . E: . Ea 
a b b 

nMnynbCbi n nonHbJe aneprn11 qacTHU a II b B CliC• 

TGMe UOKOI! qacTI!Ubl a ; 
A A A A A PA 3) • p{:j . p . Ea a . E{J 11 E • - I!MHYUbCbl U UOUHbiG 3Heprllll COOTBeTCT-

ayiOmnx qacTnn a cncTeMe noxon nao5apbi A • 

4) A 
Ya 

c 
' y A 

A 
,(3 a II f3c 

A 
- nopeHUGBbl lj>aKTOpbl II CKOpOCTll UBIIJKGHI!II a II A 

B CIICTGMe UOKOI! A II B c.n.M. ( XN ) , COOTBeTCTBGHHO, npyriiMII CUOB8MII, HIIJKHIIG 

HH!IGKCbl 03HaqaJOT, K K8KOil qaCTI!Ue OTHOCIITCI! 3TH BGUII'llll!bl, BepxHIIe - B Ka~oii CIICTeMe 

paCCM8TpiiBBIOTCI! 3TH Benllqi!Hbl. 

B cncTeMe noKoB a qaCTHllbl I!MeeM: 

a 2 2 2 
maE 8 c- \-l(ma +rna -mb). (2.1) 

nepeXO!I B CIICTeMy UOKOSI 1!3058pbl A COBepmaeTCSI Upl! UOMOIIlH npeo5p830B8HI!II nopaH-

na: 

rue 

a A A A 
maE a =· rn a y ~ ( E8 -,8 a P a Cos 1P) 

A A A A 
Ea E a - p a p a Cos 'I' • 

-+A 
'I' - /yron MGJK!IY IIMUyUbCBMH p a II 

-+A 
pa 

8 CIICTGMe UOKOII H305Bpbl A cymecTBYIOT cneuyiOmae cooTnomenan: 

A 
p 

a 

A 1 2 . 2 2 
E =· -- (m +.m -·rn(3 ) , 

a 2rnA A a 

1 J 2 2 2 
-- [m -(m +"rnfJ) ][mA-(rn -rn(3) ] •• 
2mA A a a 
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(2.2) 

(2.3) 

(2.4) 

npeo5pa30B8HBG nopeuua !lUll nepexona OT CHCTeMbl UOKOI! U3058pb1 A K C:UCTeMe 

uel!Tpa Mace ( XN) npnaoanT K cneayiOmnM Bbipa>KennnM (eM. pac. I): 

E A c yo (E
0 

-o{3°(S +:S )].=. 
a. A a A t 2 

=· _:_ [E
0 

E
0 

-·P
0 

(P
0 

CosO: Cost +:P: SinOC.Coscf> Sint)] 
m A a A a 

A 
(2.5) 

A o o o 
p C· YA [(SI + s.)-·,8AEal·= 

1 0 0 0 0 0 00 

.....,..... [ E A ( p a Cos e a Cos t +. p a Sine a Cos 1> Sin t) - p A E & I .• 
A , 

(2.6) 

-+ -+o 
rae cp - 83UMyT8UbHblll yron MGJK!Iy UUOCKOCTblO B38liMOUGllCTBlll'l ( p: X p A ) • ll 

.. ..0 ( ) 
UUOCKOCTblO ( p: X P A ] • B C,U.M. xN , . KO'rOPbiii I!Bni!GTCI! IIHB8pH8HTHOll· Benn-

qnno!l npu nepexoue OT na50paTOpHoll CHCTeMbl K CHCTeMe UGHTpa M8CC ( xN ) • 0: -• 
yron BbinGT8 'l8CTI!ll.bl a a c.n.M. ( xN). 

· A A A 
noucTaBUIII! BMGCTO Ea • p a • E a • 

A a 
P a II E a Bb!p8>KGBIII! (2.3), (2.4), 

( 2,5), ( 2,6) U ( 2.1) COOTBGTCTBGHHO B lj>opMyny ( 2,2), UOnyqaeM 

m 2 (m~ +· m2 -m 2 ) c-
A a a b 

2 2 2 00 0 00 .o 0 0 
((rnA +:rna -rn ,B)[EA E. -P. Cos0

8 
·PA Cost-P

8
Sin0

8
Coscf>·l'ASint] 

Ji[• 2[2 2 [0 0 
-- mA-<rna+:rn/3) ]mA-(ma-'rnfJ) l~s'P EACost·P 8 Cos0

8 
+ 

0 
0 0 0 0 

+ E A Sin t • P a Sin 0 a Coscp - P A E a ]] (2.1} 

nnn yao5CTB8 BBO!ISITCI! CUG!IYIOillHG 0503HB'IGHIII!: 

2 2 2 
A •·rn A +:rna -mf:j 

1 2 2 
B c 7Jm y vf3 +:(_rn_) 

N o o mNyo ' 

0 0 . 

C = qCos¢ =· PaSin0
8 

Coscp, 

2 r q 2 2 

D = ..j 1 - )2((3 2+(2!_) ] ~· rnA 
(7JrnNyo o rnNyo 

7 



l 2 2 2 2 
F = v[mA-{ma+mti) HmA -(ma-mf3) ).COs'l' ,. 

2 J mA • 

m )~' 1 _, 2 2+:( -
G ~- (71mNyo) [,6o mN Yo 

2 2 2 2 
Q -- mA(ma+ma -·mb )_. 

npBHBMBH BO 'BHHMBHBe ( 1.13), ( 1, .:4), ( 1,5) H ( 1,6), nerKO BlU1eTb, 'ITO E 
0 

=· B 
A 

• p 
0 

a BG ; p 
0 

Sin t Cos¢ ~- c H Cost ~- f .I) • noncTBBllHH 3TH BbipaJKeBHH 
A A 

s (2.7), nonyqaeM: 

o o c F o o 
Q • (A +FG)BE -(AG +:F)fBDP CosO -(A+ -l CP Sin 0 

a a a G a a 

0 0 

fBDG Cos~ +:CSin Oa (A+:FG)BGE:- QG 

./(fBDG) 2 + C 2 (AG +:Fl._kfBDG) 2 +C2·p= · 

0 

Cos(0° -•lJ )=·T ~ -·W --, · 
a o o pO • o pc 

a a 

c 
tg So ~- f BDG 

(A+:FG)BG 
T ~- ~--~~==~~ 

o (AG + F)y'(fBDG) 2 +:C2 

w ~- QG 

0 (AG+:F)y(fBDG) 2 +: C2 

. ' 

'OpMyllH (2,10) B (2,.11) ll8IOT KBHeMaTB'IeCKBe COOTHOilleHBH MelKLlY HMllYllbCOM 

c,u.M •. ( xN ), 

(2.8) 

(2.9' 

(2.10) 

(2.11) 

(2,12) 

( 2.13) 

0 0 

P
8 

H Cos0
8 

CosepmHM nanee npeofipaaosanue nopeuna OT CHCTeMbl neBTpa Mace ( xN ) 

K nafiopaTopuo l! CHCTeMe. no ( 2,8): 

8 

'i 
J, 
\ 
i 
{ 

I 
•, 
r) 
Y, 

i: 

I 
-~ ,,. 
{.;· 

I 

Q = (At:FG)By 0 (E -,6 P CosO )-·C(A+:..f)P SinO~ 
a oa a G a a 

-f BD(AGt:F)y
0 

(Pa CosOa -·,6
0

Ea) 

F 
=[(A + FG) + f D,6 o ( AG + F )I y

0 
BE a -C(A +: (j)Pa SinO a= 

-{(A +:FG) ,6
0 

+:fD( AG + F)J y
0 

BP a CosO a, (2.14) 

GBy
0

[(A+FG),6
0 

+ fD( AG+:F))Cos0a+C(AG+:F)Sin0
8 

I 2 2 2 2 
(BGy

0
) [(A +:FG){3

0 
+l'D(AG +:F)] •+:C (AG+:F) 

[(A+:FG)+iD,60 (AG+:F)JBGy 0 Ea -• QG 

/(P.Gy )
2

[(A -:;_-FG),8-t:fD(AG t:F))~+:C 2(AG+:F) 2 ·P 
o o a 

(2.15) 

BhlpalKeHHe ( 2.15) nerKo rrpeo6paaoaaTh s ljlopMynhl: 

Ea 1 
Cos(@ -lJ A)=· TAp- -· W A P 

a a a 
( 2,16) 

t 
~ C(AG +:F) 

gu A=· ' 
BGy 

0 
[(A+ FG),6 

0 
+f D(AG +F)) • (2.17) 

[(A +:FG) t: fD)3
0

(AG+ F))li!Gy
0 

TA • 
J(BGy

0
)

2 [(A +:FG),8 0 +fD(AG +:F))~ +C 2(AG+F)
2 (2.18) 

QG 

w ··-====v~==~==~====~==~====~ A r • r < 1a 2 >" y(BGyc) (A+FG),6
0 

+fD AG+:F) ·+:C (AG +:F 
(2.19) 

<flopMyllhl (2,'16) BMecTe C (2,17)i (2,18) )I (2,J9) JlBIOT KBHeMaTH'IeCKHe COOTHOmeHHlt B 

nafiopaTop:~~ol! cHCTeMe, 

§ 3, 0o)llHe <jJopMYllhl lllllt KHBeMBTH'IBCKHX Kp3BhlX 

<f>opMyllhl (2,10)-( 2,13) H (2,16)-( 2,19) MOlK30 llpHBeCTji! K O)lBOll H TOll lKe ljlopMe: 
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Cos(O -8) aT~ -·W 
a p p 

a a 
(3,1) 

C(AG +:F) rne 
tg8 (3.2) 

BGC{(A+ FG )v +:rD(AG +F) I • 

((A+:FG)+ fDv(AG +F)! (Bc;S.) 
T = (3.3) 

y(l3GI:)
2

[(A+FG)v +fD(AG +:F)!~ +C 2 (AG + F ) 2 

QG 
VI 

(3.4) 
/.(BGE )

2
((A +:FG)v +: ro(AG + F)!?+ C 2 (AG +:F)

2 

Ecnu B STBX <jlopMynax nonol!<BTb ~. C· r. H V a {3 0 , TO nony'IIIM BCKOMblO KI!He-

MaTH'IOCKHe COOTHOWOHBI'I B na60paTOpHoll CHCTOMO, Ecnu ~e nono~HTb ~ =·1 V 1:!1·0 II 

TO TO ~e KHHOMHTB'IBCKHB COOTHOWBHHI'I nony'IHM B C,U,M, ( xN ) , nng cnyqag, Korna 

H3o6apa A 

H3o6apbl A 

B c,u.M. ( xN 

B c.u.M:. ( xN 

Ecna .npennono~uT~ 'ITO 

) ABH~BTCI'I Bnepen, HY~HO 6paTb f = + 1 , np11 AB11~BHHB 

) Ha3an -· r =·-· 1 • OcTHUbHble ·o603HH'IBHHI'I npe~uue. 

m -=·m a A 11 m 13=·0 , TO STU <i>oPMY/lbl naiOT KHHOMa-

~BCKHe· COOTHOWBHHH MB~y pa B Cos 0 a B na6opaTOpHOil CIICTBMB H Me~y p: 
H CosO a B CHCTBMe UBHTpa MHCC xN ) .[IUI'I qaCTHnbl a , I'IBili'IIOWBHCI'I npOilYKTOM 

pacnana .H3o6apbi A no. npocToll cxeMe pacnana A -+ a +:i 

Ecnn npennon~Th1 'ITO m -=·m =· m a a A ll mb = r:A{3 =· 0 1 TO STH <jlopMy/lbl 

AHIOT KBHBMaTU'!eCKHB COOTHOWBHHR MB~y pa H Cos 0 a B na6opaTOpHOil CBCTBMB H 

B CBCTBMB neuTpa MaCC ( XN ) .[1/ll'l '18CTBnbi a , o6pa3oaaunoll nenocpencTaenuo 

npH x-N B3HliMOilBHCTBHHX. 

nerKO BHilOTb, 'ITO Ka~AaH KHHBMaTH'IBCKal'l KpHBal'l B llHHHOM onncaHHH nOUIIOCTbiO 

onpenG/lHGTCI'I HH6apOM nHTHHAUHTH napaMeTpOB, a HMOHHO: 

mx mN r. rnA ma('l.) rna m{3 m 
a mb r • q, 

Cos'¥ Cos¢ v B E • nnn Ka~oro KOHKpeTnoro nponecca nepBble ABCHTb 

napaMeTpOB AD-/I~Hbl 6b!Tb 3anaHbl, 3ua'IBH11H V 

Mbl xoopnuuaT. Tpu napaMeTpa ( q Cos '¥ 

11 E· onpenB/IHIOTCI'I BbiDOpOM C.HCTB-

11 Cos rp ) - CTaT11CT11'IBCKBB, 

6blna COCT8B/lOHa nporpaMMa AllH Bbl'IRCUBHBH K11HOMaTH'IeCKBX KpHBbiX. 
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§ 4. HeKOTOpbie 3aMe'IaHHH o xnneMaTu'Iecxux KpHBbiX 

1. Hy~o OTMOTHTh, 'ITO npH cpaBHBHBB 9KCnepHMOHTa/lbHblX naHHblX C KBHOMaTR

'IOCKHMII KpBBbiMH HBUh31'1 0~11.[laTb, 'IT06bi BCB SKCnepRMBHTaUbHhiB TO'UH Ha nnOCKOCTB 

pa B CosOa nernn Ha KaKyiO-nH60 OlliiY KBHBM8TH'IBCKyiO KpBByiO, TaK KaK: 

a) CaMbie 3Ha'leau" nonepeqaoro BMnynhca q y H3o6apbi A B xa~noM 3anaa-

HOM npouecce CTaTHCT!ii'IOCKH pacnpeAOiiOHbl (OT 0 no 0,5 faa/c), 

6) Ka~oMy onpeneneHHOMY aua'!eHHIO nonepeqaoro uMnynhca q COOTBBTCTByeT 

cepng KPRBbiX, 3aKniO'IOHHbiX Me~y llBYMH npenenbHbiMIJ KPBBbiMB, T.K. Cos'¥ u Cos rp 
MoryT npBHBM8Tb nenpepbiBHbiB 3H8'IBHHH OT - 1 no + 1. B qacTnocTH, xorna pac-

CMaTpliBHOMaH 'IHCTHUa a HBnHeTCH nponyKTOM pacnana n3o6apbi A no npocToil 

cxeMe, npu q = 0 9TH llBO npenG/lbHbiB KpHBbiO CUHBaiOTCH, 0TCIOna cnenye T, 'ITO 

9KCnepHMBHTa/lbHbiB TO'IKH K8KOrO-/liJ6o KOHKpBTHOro npouecca AOillKllbl 6b!Tb COCpB/lOTO

'IBHbl B o6naCTIJ1 3liK/liO'IOHHOli Me~y STilMH KIJHGMaTH'IOCKIJM.H KpliBbiMH, 

2. Bonee HarnSlnHyiO KapTnny naeT reoMeTpH'IBCJtag' HHTepnpeTanRH. nnH npoCTOTbi 

B03bMeM cny'Iafi, xorna a liBUHOTCH np.DllYKTOM llBYX'IaCTH'IHOrO pacnana A no 
-+ 

np.1CTOH CXOMe, nonycTHM1 'ITO B KllKOli-TO CHCTOMB OTC'IOTa H3o6apa P A o6naoaeT 

IJMnynbCOM q H nonope'IHb!M I!MnynhCOM A • nayx'IaCTH'IHbiH pacnan H306apbl 

·A naeT aexnll snmmcon.u apamennH, OCh apawenHH KoToporo coarranaeT c aarrpanne-

HHOM HMnyUbCll PA ~anaH nonyoch SToro snnnncon~a BpamenHH paBHHOTCH HMnynh-

cy pacnana H3a6apbi A 
2 .,:;! 2 

(Ae._1_v'[MA-{m +mbJHm 2-(m -·m) l 
2mA a A a. b 

CMewenne nenTpa snnnnconna BpameanH a 6onhwaH nonyoch - Y A r A 

{3 m m2 -·m 2 
aA=· AyA..:::A(l+~ PA ni06ol! BOKTOp 113 Ha'Ialla K UI060fi TO'IK9 2 m 

na noaepxnocTn snnnncou~A Bpameanll npencTaB/lHOT B03MO~HbiH HMnynbC 
.. 
pa pac-

CMaTpHBaOMOH 'IHCTHHbl a , 

Ecnn q e. 0 • TO e 0 HniJ 180°, TOrna OCb BpameHHH 31lllHITCOHlla COBnana-

OT C HanpaB/lOHHOM HllllOTaiOmel! '!aCTliHbl X • Bnaro~apH cnMMeTpnu OTBOCHTenhno 

BpamOHHll BOKpyr HanpaBUOHIJH HaUBT/liOIUOH 'IHCTliHhl X , cymeCTByOT TO/lbKO OAHH KIJ-

neMaTH'!ecxan xpnBaH pa 11 Cos e a 1103/lBHCHMO OT 3HH'IOHHll a3HMYTB/lbHOrO yr-

na ¢ 

Ecnn q {.. 0 , TO CHMMOTpH!I HapywaeTCH H Kll~OMy 3HH'IOHHIO q COOTBBTCTBY-

OT cepii!I KpliBblX, OTilH'IIliOWHXCH Me~y co6ofi no 3HH'IOHHIO a3HMyTH/lbHOro yrna if> 

n 3aK/liO'IBHHblX Me~y nBYMH npenenbHbiMH KPHBhiMH c Cos ¢ =· ± 1 

~0/lbHhiO KpliBblO OIIpe~O/lHIOTC!I nepeCO'IOHHBM ITUOCKOCTH B3aHMO.[IOHCTBIJ!I 

c snnnnconnoM apawennll, 
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3; Bee xnaeMaTn'lecxne xpuahle no BHemHeMy BIUlY pasnen>tJOTCSI Ha nae rpynnhl, 

xax noxaoaHo Ha p.uc, 2, 3 a 4. DellcTBHTenbHo, ecna a A > y A • -'A , TO aaqano .. 
BSKTOpa p A HaXOilUTCSI BH9 S/l/lUnCOUila BpameHUSI II Cos 0 a npuHHMaeT TO/lbKO 

onau ouax, coananaromal! co oaaKoM Cos t • 

KaneMaTH'lecxae KpHBhle nnSI Taxoro cnyqag npaaeneHhi aa puc. 2 a 3. Hao6opoT, .. 
ecna cA<yA•l£A , TO Ha'lano B9KTOpa p A HaXOilHTCSI BHyTpH S/l/lH/lCOIUla H 

CosO . . M0)1{9T HM9Th o6a 3HaKa ( pnc, 4), 

4, HexTopb!e npaMephi KBHeMaTa'lecxux xpashlx: 

a) B xaqecTBe npaMepa xaneMaTaqecxnx xpnBhiX nepaoro TUna, xorna aaqano aexTopa 

P a HaxonuTCSI BHe snmmcoiUla apameHHSI, fihma Bhi'lncneHhl KpuBhie P A .u Cos 0 A 

B na6opaTOpHOJ! CUCT9M9 OT'ISTa ll/lSI A -rarrepouoa as peaxnul!: 

l(1688) + N: 
n +: P .. L__.A + K 

(1512) 

~- mN e-m. R 0,939; mAe- rna e- mrf3 -- L688 B aTOM cnyqae m 
X 

•- m 

mB-= mN:' .. 1,512 ( 'I • 1,04); mf3 • 0; rna ~-rnA .. 1,1164; 

- lil,498; a T8K)K9 ~ --yo • v e- {30 H - I.O ~'Cos ¢ ~ + 1.0. m -=· m 
b k 

Ha pac, 2 npencTaaneH&I npenen&Hhle KpHBhle nnSI pasna'lHbiX saaqeaal! 

q - 0 - 0,6 raa/c c <j>axcnposaHHb!MH 3Ha'l9HHSIMH y 0 - 2.06 ( p D "" 6 ras/c); 

Cos 'I' • + },0000 H f = ! 1,0 • Xopomo BHilHO, 'ITO KpHBbie CHOBa pa3.ll9/lSIIOTCSI 

aa nae rpynnhl no + 1 ann .. - I. C yaena'leHueM q M9CTO/lO/l0)1{9HHe 

xpHBbiX no oca P A He MeHSieTCSI, a no OCR CosO A - 3Ha'IHTe/l&HO paCWBpSieTCSI, 

Ha pnc. 3 Taxae *e KpHBhle, TOJI&KO Jl/lSI pa3nH'IHhiX 3li&'IeHHll Yo • 1.iH; 2,06; 

2,24; 2,36 C <j>HKCHpOBaHllhiMH 

3nec& aa:nao, 'ITO nae rpynnhl 

q 0, 

~ + 
- 1,0 ~'Cos 'I' 'f. + 1,0 H f = + }, 

aenyT ce6g pasnn'IHO, liMeHao: rpynna c f ~ 

.. + 1 6biCTpo nepeMemaeTCSI anpaao no OCR P A c yaenn'leHaeM Y 
0 

, B TO apeMSI 

xa:s; rpynna c t • - 1 no'ITH ocTae'!'cSI aa MeCTe no oca P A , . nocnenHHll nyHKT aec&-

Ma HBTepeceH C TOll TO'IKH 3peHHSI 0 'ITO KHli9MSTH'IeCKB9 xapSKTepHCTBKH npOilYKTOB H30-

6ap, ABHlKYWHXCSI B c,n,M,( xN H43Sil, B na6opaTOpliOJ! CHCTeMe OTC'ISTB llpaKTB'ISCKH 

He 3aBBCSIT OT .saeprBB -!18/lSTaiOWBX qaCTH.Il X • T.e. yo , 3TO 0'19Hh BSJKHO A/lSI 

sxcnepBMeHToB, Del1cTBBTenhao, STO MOlKBO npoaepHTh, ecna a <j>opMynax (I), {2) a (4) 

H 

e • - 1, v -- f3 
q2 « 1. 
2 2 m :1 

('}mNy ) [flo+(~] 
o ffiJ'o 

KpoMe STore, HYJKHO OTMSTHT&, 'ITO 

m2 
, npennonaraa A << 1 

('JmNy )2[{3 +(_!!!_:f]' 
o mtf'o 

H £a- y c nO/lO)KBTb 

'I ll Yo 

BXOASIT B <j>opMy/lbi, ITOSTOMy pa3/lH'IHhte 3Ha'l9!1HB 'J 

nO'ITH OliHHaKOBb!M o6pa30M 

llalOT CMemeHBSI KpHBbiX ITO OCB 

PA. 
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6) B xaqecTBe npnMepa BToporo Tuna, xorna aaqano 

nancoana apameaaSI, 6bimr Bbi'lnc.,enbi KPBBbie p" 
OT'ISTS ll/l51 " - Meaoaoa uo peaxnnli; 

n + p -+ N*
3 

( 1688 ) + N* 

L" +·N 

a Cos 0 

p 

1T 

A aaxonuTcSI aayTpu an

a na6opaTopnol! cncTeMe 

rrpa'leM N";s ( 1688) llBH)KeTcSI aaoan B c.n.M, ( xN ), Tor~:~a m.=mN= m
0

= 0,939; 

m =- m =- m * = 1,688; ni r:; e 0; m e m = 0,139; m = m • 0,939; 
A a NS fJ a 17 b N 

• =· y 0 , v e- {3 0 f = - ,1, -1,0 ~'Cos 'I'$, + 1,0. 3aaqeaaSI m
8 

Bbi6paHbi xax 

MBCChl HYK/lOHHhiX H306ap: 0,939; 1,238; 1,512; 1,688 H 1,912 , a TJ npHHHMBeT 

COOTBSTCTBYIOinHe 3BB'l9HHSI: 1,14, 1,09; 1,04; 1,00 H 0,94, DpyrHM napaMeTpaM nallbl cne-

.llyiOmae 3HB'l9HHSI: Y0 = 2,06; q • 0 n - 1,0 ~' Cos¢ ::; + 1,0. KpHBbie noxaoa-
Hhl ua puc, 3, 

no/I&3yl1Ch cnyqaeM, SBTOpbl Bb!p3)KaiOT CBOIO 6naronapHOCTb KHTBliCKHM <jJH3HKBM, 

pa6oTaiOWBM B OH.flli, oa noneouble o6cy)Klleaag, 
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Co18,., 

o, 

0,950 

pH c. 

Ill 
N, 

- - c c St =OF= OE Cost= Pa Cos 8a· Cost, 

S2 = FH = KC, = EG SLnt =DE Cos l.f SLnt = 
c c . = Pa ·Si.n8d·Cos<.f·St..nt. 

1. BeKTopnoe nao6pa:>~<enne K)IHeMaTnKn B c.n.M. 

Ill Ill 
n+p- NJ +N2 

'- A•K 
rc s2,06 
'l .. 1,04 
9- J'IIHtltmCtl .. 

N1 mmum ~nepea 
CosB,., 1 6 CW'f.(np) 

0,915 

qggo 

qggs 

1,ooo 1 A3=fi--;--ii5!'•~~ h8/c 

1,000 I liC'i)lfJl) 1 o 1 '$(/{f{ffff/./(l(f/!/(/~ o 

o 1,0 1.0 ~ liP ~ fXJ/c 

P n c. 2. KnneMaTn'l.ecKne KpHBbie A -rnneponos B na6opaTopnon cncTeMe OTC'I.eTa 
na peaKnnll n + p N~ (1688) + N~ (1512), N; (1688) .. A+K 
npn y • = 2,06. 

3naqenng nonepeqnoro HMnynbca q y nao6apbi N* 
3 

MBH!I!OTC!I. 

14 

ec.s. 

Uia 

a.na 

4fl0 

aua 

I.QQQ 

p H C, a. 

Nitrtmum 11a1a6 
4 C./.11'/.(np} 

ID 

. . 
n•p- "' •Nz 

L ""( 
~-0; '{•t04 
1:- l'lfHIItmcR 

NJ• ntmum 6ntpt8 6 C/.U'I.(np] 

__..........___ 2.06 ·--··--·, 2.'1 

JD ~D 

EL._ 
.{D 

SA "· r,lfc 

KnneMBTH'i8CKH8 KpHBhl8 A -rnneponos B na5opaTOpnoa cncTeMe OTC'I.eTa 
na peaxnnn n + p 
npn q ~· 0. 

N: (1688) + N; {1512), N: (1688) .. A+K 

3naqeunn y
0 

MeBnroTc!l • 

CasS. 1-.----..,\\~---.,.---i----.,.---.----..,.---.----..,--r----.--r----.-..,.....---.--

l" ~~ ".. Ull n•p- Nl • 11,• tol4 

L "•' LOO 
"•' c.lll< 

r;;:.tJ 

•C.I _,_ 

11: .....,w,., k ... .a & c:ux (Pfp) 

..:15 

::;::.. -....,:==-.:; . ........,. -==r- I I • ot0 I I I I I I I I I I ~ fa&/c as LO 1.5 

PH c, 4. KnneuaTnqecKne Kpnshle " -MeaonoB B na6opaTopnon cncTeMe oTcqeTa na 
peaKnBH n +: p .. N~ ( 1688) + N* , N~ (1688 )+· N* 

DpH Q = 0 H y 0 = 2,06, 3H8'1.8HH!I m
8

(TJ) MBH!I!OTC!Io 


