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B npe,nll,l(yllleft pa6oTe/I/sa,naqa pememm: YPallHeHM lly-]oy cBe.neHa 

K pemeHHll CHCTeW allTOHOMHUX HeJIHHeftHUX'pasHOCTHUX ypallHeHHH. ~a-

8OBOe npoCTpaHCTBO 8TOH CHCTeMU TpeXMepHO, qTo CB/!3aHO C li~qHeM 

Tpex KB.HMOB B P -BOJIHOBOM JT IV - pacceHHHH. CHcTeM~ HMeeT 

Me,eyDitHI\ BH.It: J. + 2.x 2. - X JI - 2 JC 2. 

x;=. F(X,ff} , F(x,J)°= !+3rx-1:y)-2i-JxJ-2i2 
';/-: -F ( !/,X) ) .X('llf) ~ - j(-ul},f(W}= Jt-wJ,x1:)'(w-1tJ,/l-;j'(w1-1} 

s,s,
1
(1-2~+x)(1- 2'::J'-x')'= 1 ·s,1w-J== .s;r-111). er> -

Bwlo .noKasaHo cymecTilo:saime··y c11cTew (I) ~jMep1foro noKanhHO-" 

HHBapmmTHOro ·MHoroo6pasM - HHBapHaHTHOft noi'!epXHOCTH/I/. )tBHJ1te

H11e TOqKH no a'i'oft noBepXHOCTH sa.naeTCH~ywI·ne:pBUMH'YPallHeHHIJMH 

CHCTeMii (I), .KOTopue. He8allHCHM!l OT noMe.nHero ypaBHemm CHCTeMH. 

Pemeime 8THX ypaimeHHii npe,ncTaBJiileT CaMOCTOJiTenl,HYD sa.na-qy H 6y,neT 

/ J)aCCMOTpeHO HHllte • 

3BpHCTHqecKRe coo6pa:ateHM. 

Thlm!!ileM 'IICXO.Ji:HYJO CllGTCMY ypanH8IntH 

f '= F {x,jjJ 
, ' ' ,., " 

';j :::- - F{'jJ) 
' ' 

x'-=- trw+1)' ';f.~ 'i(un-1),). Xlw)=- -Xf-w}, /j'Jw)= y1-w).(3) 

YpaBHe!Ilffl (2) HMellT TPH pas~HqHUX TOqKH IlOKOH. OcTaHOBHMCJi 
• 'I ' ,_ 

HHllte Ha ToqKe c KOOp,nHHaTaMH . :/. = )/ = 0 • EcJm orpaHHqHThCH 

pac~~o~pe~HeM .n'elkTBHTe~HUX' 8Ha~cm1ii' ?,tr , TO giyHKI!lfH X {to) 

H IJ.rw-} TaKllte .neiicTBHTCJII,HU. IJO:.JTl)MY Ha _YpaBHeHM (2) y,noeiHO 

CMOTp8Tl, KaK H.a npeo6pa1OBaHH8 IlJlOCKOCTH X, /j- . IlpoCJie,nRM 
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3a ,l{Bl'JlKeH.lrnM IlpOJIJ:lBOJll,HOtt TO'tfKR 1'13 OKpecTHOCTl'I .,X = j/;;:;: 0 

rro.n .nettcTBl'leM npeo6pa30BaHIDI (2). C TOtJHOCTbD .no 'V.leHOB BToporo 

ITOpimKa Mal!OCTH no )(, jf OHO HMeeT mm: 

.X 1=- .x - ( x 2
r l/ XJ- + 2 Ji 2

) -1- O(x,j' J 
. I 2 /. 2 
!j =-!Ir (2.X r'fXJ'-fJ/J + (}{.x,J) 

(4) · 

i!CHO' 'IITO B .mrneibIOM npn6JIDemm ,ll;B.IUtemie TO'LKH CBO,ll;l'ITCJI K 

OTpalleHWIM OTHOCl'JTeJil,HO OCH .x ' H l'ICXO,ll;HWI TOl!Ka He rrpH6JIH

llaeTCJI K Haqa.,ry KOOp.Ill'IHaT. IlOJIOlK8HHe TO'tfKR OTHOCHTenbHO Haqa11a_ 

KOop.1urnaT 6y.u;eT onpe.u;eJIJITbCJI 'V.leHaMK BliCWl'IX nOpimKOB no X, ff

a B ,ll;OCTaTOqHO MaJIOft OKpecTHOCTH Haqa.na_KOOp.Ill'IHaT - tJJI8HaMII 

BToporo rropimKa • .Il,7IH Toro, ttT061,1 HCKJmtraTb ocnHJIJUmHH sa cqeT 

n1memwx 'V.leHOB, y;n;o6HO paccMOTpeTb HTepHpoBaHHOe npeo6paSOBaHHe 

II 2. 2 2 .i =- .X - ( X + 2 j- ) + 0( I.J) 

;1-"= J - s x1 ,- or,;;-J, 
(5) 

Bonpoc_o TOM, no_KaK.IIM HanpaBJieHWIM TOqKH MOryT npH6JI.iutaTbCJI WIH 

y.u;aJLIITbCH.OT HaqaJia KOOp.IlHHaT,.rrerqe Bcero pemaeTCJI B IlOMpHliX KOOp

,l{l'IHaTax/2/, nepeXO,l{JI K KOTOPl:3!,IIO~: 

-. Ar·= - 2 r 1 Cri '-f (1 +S°Si'l'f) + Ofr-) 

rA 'f = - 2 r-2 S,n <f ( SCo/f-2) .+ orr). 
. : (6) 

lfa qOpMYn (6) Bl'l,ll;HO, qTO CYlllBCTByeT TpH TaKl'IX Hanpa.BJieH.lm, c ypaB-. . . 
H6Hl'IHMH 

'J= 0 

fl=±ffx. 
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(7) 

z 
Bee TO'LKH B npaBoil noJIYII.7IocKocTH no.u; .u;ellcTBHeM npeo6pa30BaHWI F 
IIpH6JnutruoTCH K Haqa.,ry KOOp,nHHaT, a B neBoll - y,u;ammTCH (pHc. I). 

Eonee nonHoe npe.u;CTa.BJiemie O .u;B.uteHHH IlpOl'ISBOnbHO~ TOqKH cio 
B OKpeCTHOCTH HaqaJia KOOp,ll;HHaT MOJKHO IIOnyql'ITb, eCJIH HapH.u;Y C ee 

2 
Hso6paxem1eM ~=F (q.c), paccMoTpeTb 6ecKoHeqgy~ noCJie.u;oBaTeRb, 
HOCTb TOqeK Bl'l,ll;a· 

2 2 
ci2-= F (<!f-) I CJ,~= F ,i), ... 

2 . 
a = F (q_, ) .... 7--,, ,,_, ., 

JloMaHa/1 RHHWI co SBeHbHMH [ ~n , i JannpoKCHMHPyeT pemeHHe HTe-. ,,,., . 
pHpoBaHHOH Cl'ICTeMH (I) ( pHC. I). EcTeCTBBHHO IIOCTaBHTb Bonpoc 0 

.u;aqqiepeHUHaJibHOM ypaBHBHHH, OIIHCHBanJ(eM 3TO pemeHHe B OKpecTHOCTl'I 

TOl!KH ITOKOH · ( 0~ 0) • Tamrn ypaBHeHWJ Herrocpe.u;cTBeHHO BllTeKaJOT 

1'13 gJOPMYn (5) l'I. CJie.u;yJJIJ!ID( npH6JIHlleHH!iX COOTHOmeHHft 

JI~ t1.)(=f (2,N1)-.tfw-) 

d j' ~ tiJ = yrr.n2)-jftv) 

dv:: t.Zli= 2, 
0HH mell'l' Bil.n 

2 ) dx = _ (.x + 2/j 
du-

. ~= - I; Xjl. 
' a'w 

OTCIUJ;a CJie.u;yeT, 'IITO Bil.n TpaeKTOpHH onpe.u;eJIJleTCH ypaBH8Hl'l8M· 

11= f; X !/-
d.x .X 2 -f 2jj2 
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ltOTOpoe MOJteT <lliTJ, npo:iraTerpxp<>BaHO B SJieMeHTapHWC q,yHltUiJJIX H 

no,JJ;TBe~aeT pa.Hee no.nyq:eHHYJ) ItapTHHY TpaeKTopHI B 01tpeeTHOCTH 

HSqaJia ltOOJ).ItRHST (pHC. I). 

.Bee TpaeKTOPRR pas6HBall'l'Cff Ha ,I03a THna. K nepBOMY OTHOem& 

Tpae1tTOpRR napa60JIHqec1toro THna, BXO.ItHmHe liL1ill BHXO.nmitHe H3 aaqa.na 

ltOOJ).!QtHaT; 6y,JteM 0603HaqaTh TpaeKTOpmI 3Toro THlla 6yJtBol t, 
Ko BTopouy OTHeeeM Tpae1tTopru1 rJ1nep6oJIHqeekoro THna; J1X o6oaHaqe-. 

Jme - L . TpaeKTOPlrlll rHnep6onHqec1toro THna He BXO,ItllT B Ha

qano ltOO}:lltIHaT. Bee BHlllenp:ime,JJ;E!HHOe JICClle,JJ;OBaHHe D1eeT npH6Jnl:

JteHm1l_xapa1tTep. 0,JJ;HaKO OH0°CJll'DT xopomel OeHOBOI ~ BnOJUie 

eTporHX paccy;s,neHHI. 
11/K) u(K) 

P!.m! -". JI <I' 

lloBe,JteHHe pemeHHI B oxpeCTHOeTH TQqJOI ( o., 0) }t3yqaJIOeI, e 

llOMOIU,J) llOClle,JJ;OBSTeJIJ,HOCTH J!Te~ npoll3~0J[I,HOI ;~~ 'l-o 
2 . 

eor.aacso qx>p13'Jie <j = F ftt,j. IIouTHo, qTO l!lltBJIBMeHTHlie pesym,-
11 ,, ' : 

TaTw llo.Dy'll8Jl'l'CS{ npH Jl3yqeHlnt nocJie,J(OBa.TeJll,BllX KTepatial npeo6paso:-
. ~ ~ 

BaBJUl (2), 1t0Tol)He npKBO.ItflT 1t :11Hpa&eBJUtM ,ltJlJI F ., F , .... 
(K/. ' {K) , 

J1 CJie.QDlllll qx>J:113'.JiaM (j,H ~ F (e,,")· BHpa&eHM F ( .x; .f') 
,J(OCT&T011HO CllODI,I JI 6oJree Y.ll06JIO npe,D;CT8ll:ITI, ll B :BI,Jte pll,ltOB no 

»o:spacT....» cTeneHJDI X JI ,¥. • ()qeBI,JtHo, qTO on 

uem BI.It 

.i (k):;: X .+ L a,,, ,,(K) X )·n . , -

1r1+nl-2 

}j.t10:.(-1}$+-L. dm,,,{KJ.Xjn, (II) 
tr1•n7>a · 

r,Jte Q,,, fK) X 8. [K) - JI3BeCTHlie q,yB1tilllll[ /( • lIOitaJteM, 
,n ~,, 

qTQ 8TJI ~ MOryT 6HTI, BliqJICJie.ira mar sa maroM, HSql{HSJI C 
, . . . .. · fl) 

m + n :: 2 • IIo.neT8l3JIJJJI B npaBHe qaeTK qx>J:NYJI (II) PH,JtH .X , 
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{,) j/ , ll'.3 qJOPMYJI (2), llOJIY"llIM 
,I /K-,.,) y (I) -~ l'l)m {r)n 

· ~ . =· .1- •. -t L, a, { K) X ii 
1'11,l'I d 

~+n~2 . 
U(K+f} (- )l(,_/1)+ '\""""' 8 . {l)>n (1)/1 . 

d = -I <f" L, (K),X )/ · ·(I2) 11/,n , 
111+111-2 (Ju,) ou,) . 

C .npyroil cTopoHH ,.n.,ra - · · .X .e: . /j .HMeeM :eupaxemxe 

_j r~+t)= j. -+ L a.lh,n (}(+1) X ~ 11 

· . . ~+n~2 

;/ r11.+1) =(- ,}xJ +-£ l,,,n f1<+1) x j' •d 

. m~n•2 . 
(I3) 

Cpa:emm: B (I2) H (I3) RO3qXpHI(H8HTH y O~HHaKOBliX cTeneHe~ 
. ,,, n, ' , . . . .:x :f- npH yCJIOBHH~ 'IITO · ni ~ n = 2 ; B peaym.TaTe llOJIY"llIM ~ 

. . 
Pa3HOCTHWC ypaBHeH.Hil no nepeMeHHoi }( 

I( 

Q10 (K+t)- Q~ {J():-i. 8_ (1(+1)-!._ (K}:(-!)2 
, ,,O 2 0 2,D 

I , I( 

a 11 {x+1) + a,1 O<) =- 't 8 fK+1) + t. fk)= Ir f-1) 
' · 1 1 I I · I, I 

I . K 

a (><+1)- a. {K)=-2 8. (K-i-<)- g_ (K)= r~,). 
0,2 . 0,2. 0,2 0,2 . 

(I4) 

PemeH.He 3THX ypaBHeHlll, C ec_TeCTBeHHHM rpaHH"ilmM yCJIO:SlleM iMeeT . 

Blil.lt 

a.20{K)=-K, QI.,/ (I<.)::. -2[1-r-,J'J, Cl0,2 {K)= -2 K 

8
1

_'
0 

(k) = f-(-Jr 8,,, (K )::. - o/'/-1); ! 8 o,/K)=jf;-r-1)7, 
-(I5) 

RBHHe BlipaX6Hli!I .ltJlH <pywtnHI a (l()J t (K) llp.H 171-,.n::.2 ll03BOJIH.:. 
~11 ~" . • 

JlT C,I(eJiaT:& CJie.IJYDitHA mar: Bli1i.HCJIHT:& 8TH qlyHKQlm np.e: 3Ha1ieHRH 
rn+n=3 

a3 /N.+l)- ~/KJ= j+{-JJ°-;_/KJ-1-/2)0.,,/'<}+fo)Qo,/K) 
I , . I ~ 

az,/f(rt) + °-.z/KJ =J 8 + f-_K)°-;,/l(J-1-(S)Q.I/ (K)f/-1;)~/K) 

a rx+<J - a fl() = 20t-(-4}a tKJ-1/f)Q. rKJd-2)a cK) 1,z. 1,t ;z,cJ ~/ Q, .l 

(16) 

Q {K+t) .,. Q,,.JKJ = 6 + f o) a
2

_, o,)tf-2) f{, t1<J+t-2)a42 rK}. 
ql ,• r 

8 

I 

j 
.\ 

YpaBHeHHH .ltJIJlqJyllltQHft !, (K) 
"1,n 

:eec:&Ma llOXOXll' Ha TaKOBlle .ltJlH 

a..,,,,
1
,,,IK) 

; tK~,J-. I tKJ= -6/-1)~ 1-2Jf IKJ .,.fl)f tKJrlolf tk) 
",J,C ~o . · ,(,o ~, qz 

B., (1tt1J +6, /KJ =-Jor-,/+f-3)8,, t1<J+ts-J( tKJ+i-lr}~,.rKJ 
.c, _ .:,t K <,0 , I , 

8,,2 {l(+t) - ~z /K) =-~81-,) + f-9} 82, 11 fK)I-/S)4_,{K)ff..8)~,z(K) (I7) 

_B,. (1(+1) + 80., {K)=-5(-,/+lo) Bz;_pll<) +f-1) 4, (K}+c-2)8~2 IK). .,,s ,.:> -
Cmm.!eTpWI ypa:eHeH:e:tt (I6)-(I7) coxpamtTCH H :e BHcm:e:x 

.IIO~ItaX. 

Pemeime ypa:eHeHHtt (I6)-(I7) He npeJtCTB.BJUleT TpyJta, He.e:a:eecT

HLie ROHCTaHTH OI!p8~8JlHl)tCH, MK H npe~e, 113 YCJIOBJIH J(o~,( 
,/~) . J = )f . Iloc.ne pemeHJUI ypa:eHem (I6)-(I7) MODO llp0JtOJWIT:& 

BHtmCJieH:e:e qiyllltQHll: a.,"'• 11 I K~ I,,,,,/ 1<.) itna sHa-qeHHff 117+ n = 4' 
.e: T.,D;. Hue paccMoTpm.t O6111YD CTPYRTYPY (WHitrotii a,,,,,,11<). 

YpaBHeHHe Ha mu .HMeeT B.HJt: 

11 

a rx.-nJ -r- ,) a. fl()= </. m, n m, n . 111,11 
-1-P L K f. ,;K_J "'- ., . 

,I? (IB) 

1:J:e:c.na ([. l'>t,n onpe.D;eJIHllTc.a: pas;roxeHBeM qiyllltQHH Fe X, .Y) 
,,, 11 

B .ItBOAHoa P1Jt no cTeneHJIM .X' JI ( cM. qx>JlM.YJIY (2)). Koaj>-

q>HI(HeHTH IIOJIKHOMa P,,,, 11 BlltmCJIJDl'l'CH C llOMO!lll>ll qJyllltQHI Qdf (K}_, 

6«,p fl(,) . llpll d. 1 ~ 1H + n • 
B clllJiy JmHeltHocT.e: ypa:eHeHlfH (IB) oc5~ee pemeHHe c5yJteT cynepnoaHI(Hel 

pemeHHI, COOTBeTCTBYJI!IRX OT.D;eJI:&HLIM CJiaraeMHM B npa:eon "iaCTH. Iloa

TOMY pacCMOTPKM CJie.eyD!lee ypa:eHemxe C ilpa:eon -qacT:&ll: 

a tx.,J ~c-,/a· - cK) =· J !(/-,) >< 
~n ~n • 

·(I9) 
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I 

I 

I . 

I 

';, I('. ' 

Ilepel,neM R HOBhlll cpyHXnllJDI <!I '(J():(-1/ Q /;;J,IIOCJle .11ero IIOJIY-
, ,,,,,, ~,, . 

'q}![M: 

- ri- I a--;. 
a

171 
r1<-1-1) + r-,J 1 a. tKJ =-tr J( .-. 

,n . . . hl,n . . 

(20) 

Y,11;06HO BimeJIHTl> ,nBa CJIY11M: 'Q8THWX. ne11eTHHX sHa'l~Hd n 
,ItnJI He11eTHHX sHa11eul n = 2 v- t , 11acTaoe pemeDe 

Heo,Q;HopoJtHoro ypaBHeHU (20) npe,11;cTause-rcsi ~0.UH011011 ~o l{i · . ' 

c-reneim ~ +I • ,.e • . 
. r+' 

L
' € 

-o a rx) = c~ K 
111,zro -l.,,_J. ·'. • 

Ko811JpllllHeH'l'H Ci 

t "4'"'') c,+, 

HaXO~CK H ypaBHeH111 

= ,_ t/ 

£!:.! C., + d" C = 0 

(21) 

.z.. ~+,_ .r. 1, 

Cr+; + Cj 1- •• 1 lj == O • (22) 

1pmHeHJIJI (22) IIOSBO.UIJT UOCJle,JJ;OB&TenHo BalTH CJ't-l, lj._.. -. • 
06-ee pemeoe ypaBHeHJI.I (20) :a nepBOM c.1;1'1ae oeeT :u.n 

a {K)= a 1
"~-- (I{)+ C 

M,2.r+, m,u•,;, · (23) 

ltO ,e,ma au.11eol n = 2 r ,acTHoe pemeoe ypaueDJI (20)-

npe,ii;cTaBJUieTCJI DO.UHOIIOII no IC c,:ene1111 r . :r.e. 
y 

- [ e a 101 
II<)= C K 

wt,lr t=o l . {24) 

Ko8<JxpllnRell'l'H Ce. onpe,ce.umCJI XS ypaBHeHXI . 

10 

2Ce=cl 
Ct -i- 2Cr.-1 =- O 

tr_f•it +{f-,)lj_,-1- 2Ce . .z. = 0 

Ct,.+~~/ .. :-,,' 2·c:-~·o. (25) 

06111ee pemeHHe ypaBHBHWI (20) BO B'l'Op0JI c.ny,1ae llMeeT BH,It 

-o J{ a {I<)= a (K) r Ct-,) _ m,zr 11,,2r • (26) 

IlpoH3BOJll,HM IIOC'l'OJIHHSJI C B pemeHWU (23), (26) onpe,11;eJIJleTCJ1 

R3 Ha1JaJIJ,HHX YCJIOBllit a,., n ( 0) ::: 0 , ROTOp!ie c.nemrm HS eCT8C'l'BeH-
(D) ,. 

Horo Tpe6oBamt11 )( = JI • IlpH nocorpoeH1nl qiymmztt Q, _ (K) 
"t,, 

K. 8n, ,,(K}noMHMO ypaBHeHl!'1 (19) BCTpeTHTCJI aHa.nOrR1JHoe ypaBHemte, 
I ~ 

B .KOTOp0M npaBM 1JaCTl> He CO,ll;epDT IIHODTeM (~ I) • YpaBH8HIDI 

Ta.Koro TJ,ma pemallTCJI cnoco6oM, oIIRCB.HHliM ,ll;,Jlll ypaBHeHWI (20). 

mm 

IlpRBe.Q;eHHoe_Blillle paCCMOTpeHlle ,ll;OCJIO~HO nepeHOCRTCJI Ha qrywc

t,,, (.t). ' 
,,i 

Ta.KHM o6paaoM, MOZHO yTBe~aTl>, 11'1'0 qrymmu a111.,/I<~ !...,11rK} 
B pa3JIOZElKIUI (II) CYTl> llOJIHHOMY no nepeMeHHYM K ~ [ - I) I( • 

JierRo y6e,11;HTbCJI B TOM, 11'1'0 IIHO&eC'l'BO CTeneHel npeo6pa-

30BamIJI o6paayeT 6ecx0He11HYJ) a6MeBy rpymiy" C. co CJieJIYDIIHM 

3aROHOM YMHODHU 

,,..; ,,,) F ,,..+11; 
F · F = • 

(27) 

B ROOp,ll;RHaTax .X, J rpynnoBOI 3aROH :yMHOJteHWI BHI'JIJ'UtHT CJie- . 

.ItYJlJtIDI o6paaoM: 

x'~'( l~1j'"') = J~~f~j 1#)= f"'
1"r;,1) 

fn) (/ff/ ,,,,, ft>i/ (,rJ '"') <m+-11) 

j { j 1 )j ) = J ( X 'J =j' ( .K'.rf) • (28) 

II 



Bll.IteJmM B rpynne C- no,ItI'pym:xy G, , cooTBeTcTBYJIIIYlO -qeTIWM 

cTeneWIM ncxo,IU1oro npeoCSpasomuum. Ilo,ItI'pynna C, 06.JJ:a,n;aeT 

Ba.JmblM CBOilCTBOM, OTJIR'qaJlllHM ee OT Been rpymm, a HMeHHO: B npe-
. I: 

~e.nax IIO,ItI'pymIH C-, Cnpa.Be,ItJmBO paBeHCTBO {-1 / : .:f. 

IloaTOMY p!J.I(ll (II) npe~cT~ nommow no cTen_eHSm · X,jf., K 

KOTOplie TOll!,I{eCTBBHHO Y~OBJI8TBOpmoT ~HeHWIM (28). BcJie~CTBRe 

8Toro Jl!I,Itli (II) B IIO,ItI'pymie &, MOEHO paCCl',YlTpHBaTI, He 

TOJIJ,RO IIpR ne.mu: sna-qemmx K ·, HO K IIpR JI:OOWC ~eilCTBRT8JI1,-

HlilX. Hma.m 9JIOB8Mll, cwpqJW (Il) 11,11J! -qeTHllX .K oCSpasym o,na:o-

IIapa.MeTpH:qecKyD,_rpynuy H~npepliBHWC npeoCSpaso:erum:A C ~KTRBHHM 

IIapa.MeTpoM :.r : :t''-• . Hs COOTHOmeim:it (28) HeMe.n;JieBHO CJie;rzyIYr 

rpynnoBue ypm,aeHlll{ . 

(. 

(2r/ ./ 2 
12/J cir · 

bi X- 'J rz,.J:::. .X. ,{.I, y'":, J X (21') . ( (U) . (2r.)-) ", 
- = c;x .x ) J 

d(U) ... . .) .. . . cl.2. e. 
rJ . . . . . ru; (1.,-1 flr.J 

~r2 
. · earl · {If)} . ru, ful J !J ( j ~ Y j 

df2,-J = 'b;j-(.X .Jj'- /,. '5Jf",1 )= J2e. .. (29) 

()'rg:sma yxe JierKO no.ny,mu aaa.nor ypa13aemm {IO), ROTopuA DeeT 

BH,It 

cl y~:lr> 

dj(U)= 
~ J(~ n;;j ru1 
s :J·rl';'j'1,.J . 

(30) 
IK) I~) no Cll IIOp He Odcylf,ltBJIM BOIIpOC O CXOJtHMOCTH pl'J.ltOB )( 1 J' , 

II09'1'0MY SaltJIJ)q81DUI, OCHOBa!IHHe Wl paBeHC'1'BaX (28)-(30), HOCll'l' qop-
M8.lll,HH! xapaxTep. ~llltT CYJIICC'l'BOBaHU O6.JJ:aCTl! CXO~OCTB YCTaHaB-,, 

.DBaeTca Ha dase "iaCTlioro pemeHU sB,Ita'Dl, aa!Ite~oro pane/21. 
PesyJI&TaT MOZCT d!i'1'1> IIp8~C'1'aBJI8H B CJie,nyDlleil: (WJMC 

t:i..r) x 
j ==- /-t2r:/. 

I • :t- (2r) = ( ,x'(z,-) •2 
(31) 
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OTClO;rr,a CJie.n:yeT. 'iTO B npocTpaHCTBe X, J) r cymecTByeT 

oCSJiacTI> cxo~m~ocTH, IIBJII01lru:iirui: TO'IRJ ( 0 1 o, o) . IiJIIDKail!!!a!I K 

H31IaJIY KOOl).lvlliaT 1'0'IB3 3TOll o6JraCTH aa,n;aeTCfI COOTHomemreu 

2 
R == 

i 2. 
a. + t;";; +- a. 

r,n;e a. - e,I(lIHCTBemm! ~eiiCTB!ITeJII,Hllil Kopem, ypaBHemm 

)
3 . 

(2a -t(2a) - l=o. B oe5JracTII, onpe~eJieHHoii paBeHcTBaMII 

l.XJ.l.~, l~l~a., 
• 3 

, 
r-_~ 2vct' 

(32) 

(33) a.~- g 
· /, 11.rJ flrJ J 

PI.I(H (II) cxo,IT,IITCH aCScoJIEJTHO H paBHoMepuo, a <I>Y~ '5XcX ,;j ;, 
t~M . · 

S)J l)( ,;j. ) npe,n;cTaBJillKJTCfI CXO.n;mI!IOOtCfI pl.Z(aMn, onpe~eJl!lIOOtlll,m: 

Henpepb!BHHe <I>JHKnllll cBOI'C{ aprJMeHToB. IlpEMeHIIJJ Teope1zy cy

mecTBOBailllli n 6.ztmlCTBeHHOCTU I{ ypaBHeHIDO (30); ;;OilaiO YTBe~aTI>, 

'ITO B MMoii oKpecTHocTn ua1IaJra KOOMRHaT rrJiocKocTII X , jf . , 
UCKJII01Iall CaMO Ha"iaJIO KOOimlllffiT, "i0pe3 KrulO:(yIO TOtII{J · j 0 , jf., 
TIPOXO,If.IT TOJILKO OJ!,I{~ IIHTerpam,HaSI Kp,mall. C IIO!,!OJUI,IO Pfl.I(OB (IT) 

3Ta IIHTerpaJil>HalI KpUBruI MOlKeT 6HTI, IICCJI0,!(0B3I!a B MaJIOii OKpecTIIO -

CTH Ha11aJia KoopmmaT. 

- TruwM oCSpnaor.i, H3J1IaH .MHOJKeCTBO cTeneHeii npooCSpaaoBaHIIH F 
Ml:l npilllJJIH K Bl:lBO.T(y 6 'l'OM, l!TO c IIO,ItI'pynnoil tI8THl:lX CTeneueii. 

MO.miO CBll33TI, IWKOTOpyEJ rpyrmy Henpep!lBHHX npoo6pa30Balllltt C a.n;.I(II

T:IIBHUM napaueTpoM. IloCJiel(HIUI np.RBO~T K CllCTeMe KPHBHX. BXO,IT,llli\!tt. 

D cmpecTHOCTI, TOtIItn IIOKOlt X= 'j~o (pHc. I). .llio6aH TO'!Ka !!3 OKpeCTI!O· •• 

cTn TO'I!Cr noKOlt no~ ~eiicTBUeM 11eTH11Y. cTeneHeii npeoCSpaaoBamm F 
~:IL1teTCfI B,l(OJII, 3Tl!X ItpHBID(, IIpll6JIIDKaHCI, IWI. Y.Ii:aJifIJICJ, OT HatiaJia 

KOOp.l(IIHaT. 
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3aKJID,mTeJII,HHM BOnpoCOM, .ltOTOpHil 6y,neT pacCMOTpeH HRlle, 

H.BJIHeTca Bon_poc o noBe,nerum cHcTeMH HHTerpaJI1,HHX .1tpHBHX no,n 

,nettcTBHeM npeo6paaOBBHRli F 
.IlJm OTBeTa Ha Hero B03LM8M np0lI3BOJI1,ffYD TOlJKY 'to {x'.,,j'o) 

,,, r,; 
H ee o6paa 1, = Ft"p_) • ·'1, rx. I j; ') . '!Jepea TO.'IIKH q_ 0 

H i I npoXO,ItltT KPHBlile 17,, . H t, . . onpe,ne.neHHHe 

l)Jlna.Ml'I (II). By,neM pa3Jnt1:faTI, napaMeTpH 9THX .itpHBI\IX, 06o3Ha'laSJ 

WC 'lepea I"' H .f" 1 COOTB6TCTBeHHO ( ~ = 2 r) • IlpoH~-

Be,neM Ha.rt .!tpHBott t. 
. I 

nepeA,neT B KPHBYE t,, 
npeo6p~o:erume F- , noCJie 1Iero oHa 

• SBp:acTH1Iec.1tHe _coo6paxemm y.itaaHBaET 
I 

Ba -To,:··'lTO KpHBHe t., H I,, To~ecTBeruw:. .lvIJI Toro, 1IT06u 

YCTaHOBHTI, 9TOT qJa.ltT, Heo6io~o io.itaaaTI,.8.!tB~BJie~THOCTI, }llmOB, 
,. . •. . .. · . I ,, •• . . . : • . 

npe.ztCTaJWIDilHX KPHB~e f, H. t., . . . . . . . . 

I .X { ,,-) "' · F [ .X 12~ 'j r-z,'J, /I ~ _ FL JI l2~; ,(12,-'l· 

/Lr:;. I 1· 

.x Ir'>,; .i. fx(),Jo) 
. . 12,r'J ·, , ... · 

,, ,yrr'J= JI rlo,.J.). 

(34) 

(35) 

Pswi (34), (35) BKBHBBJieHTHH, ec.,m•-cYlJlecTByeT <IiYHKin!R r~ Rrr), 
nepeBo.n:a~aa p~ (35) B npe.n:ll.llY~HR,(34). 

!IOCTYJIHM 6oJiee 8.ltOHOMHHM cnoco6oM H BOCDOJII,3yeMCJI rpynnoBHM 

ypaBBeIDieM · ( 'Zl) , B .ltOTOpoM llOJIODM • n -= i. 11 n, =- 2 r , llOCJie 

1Iero OHO npl'!MeT BB,Xt . 

· t"2r) r, 1 

F ·F = 
r.z.r-,.,; 

F (36) 
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3.n;ec1, ooe tiacr.11 paBeHcrBa uoryr Ouu _npe,1tcraBJieHu 
, ,. . . . 2.r . 

pH.n:rum no X✓,!f .11 r , rax KaK C-1) = .i. . }{JIil 

Bcex .(JeJIHX aHa"l'.eHHil 2 r ypaBHeime (36) cnpaBe,ItlIHBo .11 MollteT pac

cMaTpHBaTI>ca Truute )I,J1JI JIE61\1X r . Cxo,nHMOCTL l)JlnOB B JieBott 

1IaCTH YPaBHeHIDI (36) 6Wia ,nOKa3ruJa Bume. To"l'.Ho Trutl'IM xe cnoco-

6oM y6el!maeMCH B CXO~OCTlI !)1ma_B npaBOfl_'IaCTlI ypa:eHeHHIJ (36), 

'ITO H_ aa:eepwaeT ,noKa3aT8JII,CTBO. 

KaPTHHa ,nBHllteHli!SI TO'l.ltH B OKpeCTHOCTlI Ha'IaJia KOOp.I(HHaT 

COCTOlIT B CJie,ny:mieM: ECJIH Ha'laJll,HaSJ TO'l.lta pacno.nOlleHa B napa-

60.JilI'l8CKOM ceKTOpe, TO Bcer~a H~~TCH ,nBe Ta.ltHX TpaeKTopmi:· c:,J 

t, , B,ll;OJII, KOTOplilX no,n ,nettCTBHeM npeo6paaOBaHHIJ ;C HatiaJII,

HaSJ TO'l.lta ~H6JmzaeTca. (y,naJJReT~) .It Ha'la.,zy_ KO~~HaT, nepecKa-

KHBa/I C O,nHoil TpaeKTOp:r.m Ha .npyryJJ. ECJIH .Ha'laJll,HaSJ TO'l.lta 

pacnOJIO.lK8Ha B r:anep60Jm1Iec.1toM ceKTope, To Bcer,na Hait,neTca ,nBe 

Trumx Tpae.1tTop1IH . !. 0 _ H. L 1 , B,ll;OJII, 'KOTOpHX no,n ,nettcTBHeM 

npeo6pa30BaHHIJ F Ha'laJll,HaSJ. TO'l.lta-,COBepruaeT CB08 ,nBID!teHHe, 

' nepeCKaKHBaSJ C o,ngott TpaeKTOPHH Ha .npyryJJ. 
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