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CHcTeua ue~Heaaoro EHEo~a nepEnqaoro ny'lKa na cnnxpowaaoTpoaa 

O~fl~ OCHOBaHa Ha MCllOHL30BaHMM CBO~CTB peaOHaHca p~RaHLHHX CieTa

TpOHHHX KOJieCiaHB~ ~.< :; • 

B paCiOTax/I-3/ pacqeT npMCiHM~BHHHX aHa'leHMli napaueTpOB BUBO~HO~ 

CMCTBUH npOH3BO,llHHCH KaK 'll1CH6HHHMM, TaK M aHSJIHTJ.1'qeCKHUH L!OTO,llSMH · • 

. B STHX paCiOTSX npH no :c.orw::f. ( CM .HH~e) MCXO,llHOe ypaBHBHHe HCCJIB.ltY

BTCH B nepBOM npHCiJIHZBHHM MBTO,lla KpHJIOBa-EorOJI~OBa/4/. B ~aHHOM 
coOOIIleHHH npH 11.,~ COI'I-~inccne~oBaHl'!e peaoaaaca V.£: ~ npoBe~eHo BO 

nopou npHCiJIHnHHH n npH no :f~Mt B nepBou npHCiJIHltteHHH ueTo,lla Kpu

JIOBa-Eoron~oBa. 
2. 

Ilpn aaannae peaoHaaaca .J.JC. = 3 ,llBHlKBHHe llaCTIHl paccMaTpHBaeM B 

ue~naaaoit nJIOCKOCTH ( ~ = o) . Tor,lla ypaBHeHHe CieTaTpOHHHX KOJieCiaHM~ 

MOEHO aanHCaTL B BH,lle 

II ( ) [·.I J L ( t\hl .\ ~ .)(, + i-no .)(,=E. w,.x, +~.X,; j+E.. %.X. , (I) 

r,lle 

! R 
0 

- p~1.1yc H,lleaJI:oHo~ opCinTu, E.= - - uaJiuti napaueTp, wTpnx oaaa-
~" 
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'laBT ~H!WJepeHlUipOBaHI/Je IlO 9 i no , tl.t H tt-, - CBHSaHbl C IlOKasa

TBJleLl UarHHTHOrO IlOJlll : 

tt(6,.X.)= t10 (9)+n1 {B).x, -r ; tl..z (9).X...t+ ••• (3) 

B o6meu cny~ae rLi~)( L = O,I,2, ••• )-nepuo~u~ecKHe ~YHKUIIIH 

H ypaBHeaue (I) llBJlllBTCll HeniiiHBHHbiY ~H~epeHUHaJlDHbiM ypaBHeHueu c 

nepHO~I/JqecKHMH KOSWWHUHBHTaYH. rro~o6Hue ypaBHBHIIIll Henocpe~CTBBHHO 

He pewaDTCll, IlOSTOYY HCCJlB~OBaHIIIe IlpOBO~HM MBTO~OY Kpb11lOBa-EoronD-

6oBa/4/. 

I. CHa~aJla peweHHe ypaBHBHHll (I) HCCJle~yeu BO BTOpOY IlpH6mtae

HI<U1 B oKpecTHOCTIII pesoaaaca VJC.. :..& +~ npn S<.< i , n.=CQI'Wt. 
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TaK KaK 

..., 
nf (9}:: tt!o -t ~ l11pSW1..P8, 

p:t 

00 

11-J ( Q) = tt.to + L n,p Siw P9 • 
-p:t . . 

( 1- t'Lo) :: V: :: (~)'-+I, J "-<.f., TO MOJKHO IlOJIOlKHTb 

~ (~)"' v$. = 3 +E.t:J., 
r~e A - npe~cTaBnlleT cod ott paccTpottKy. · ITocne aToro ypaBHeHHe 

IlpltiMBT Bill~ 

r~e 

-

~"+ (..;:)~ :: E F t-£:tf 
3 i .t ' 

tf :: W'{_t.t + i (X:)"- f::.•~ I 

F :. w..t3 
2. .t • 

C~eJlaeM B (6) saweHy nepeueHHbiX: 

.x, =a..!(, s-in (.j.B + ~)' 

~·:: ; ru. ~(-5-& -t ~.t.). 
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B HOBbiX nepeueHHbiX uueeu: 

a~= ~ [E.~+ E-"'F • .]ws (ilh~), 

'f~ ::- ~ . !~ [t.ft -rL.tF;_]~(-j9-t-'ft). (9) 

~H~epeHUHaJlbHbiB ypaBHBHHl1 1 IlpHBe~eHHble K BIII~Y (9), HaSbiBaiDT 

ypaBHBHHllMU B CT~apTHOti ~OpMe. Ycpe~HHM CUCTeuy (9) IlO IIBTO~y 

KpunoBa-Eoronll6oBa/4/. Ycpe~HeHIIIe Be~e,TC!l no 9 • Bo BTopoM nplllc5Jllll-

EBHHIII aCHIIIlOTHqecKOe peweHI/Je ypaBHBHIIIll (9) lllmYT B BU~e 

a.x. ~ !t +e. [~ft nt,'f.)J , 

'f'.(. = lot+ E.[- ; i. fin,, ~,JJ, 
(!0) 

r~e f i 111 E ~ - y~oBneTBOplliOT CIIICTeue · ypaBHeHIII£1 : 

t' " ~1 =oG. !~.s.iM-3E~ , 
~~ :: ¥+d. Ji. CCS.3~_. +f~~ · 

(II) 

S~eCD c:J,:: E [.fc-(~Jl-~·A1;, Ront2. ' 
. 3 1.1- ,. 

'/="T(''C-·1::.- 6li (C.·D.) ' 

j. = Ct- 1
3
6 f_3C:.+{rto-i)1-J, (I2) 

c1 = (i\t {- I_3 (6C3 +(1 t)('-c~ + (~t)+(@)~.2cJ)}r 

+ L . ..LK tl +~(• )"f. 6 6 ~ £ 1} . I{ !t 0 11. £. ,R,tltp LP-1- P+ ... - p;i+p:i ' 
· P:t 3 , 3 
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·-

C.t =-. [ -i: i" ~ rLo- ~ n.! + ! n.! + ( j - t ~)Ro 1110 T 

" ~ ] -t -;Ro n.to , 

[ 
3 1 .t. ., ] 

C.3 : - i + ~ rto - 2 n.., -t- '1: R., n 1o • 

YpaBneHHH (ll) !IBJIIIDTCII ycpe,l!HSHHHYH ypa.BH8HHflU>I BO 

BTOpOM llpi10Jll1lii:8HI1H: .i!:CJII1 B 3TOi1 CI1CT8L!e llOJIOlltHTD } = 0 1 ci=~·t'R0 n,,_, 
v 3 1 
0 = 76 .. ?i: Ro n1'l., lX-JC.::. ft. 1.1-lf{ =~I. ' TO noJiyqaeL! CHCTeMy ypaBHSHH£\ B 

nepBOI.! npH01!l1lK8Hl1l1 , KOTOpUe COBll8.,ll8DT C ypaBH8Hl1flL!l1 1 ll01!Yil8HHUL!l1 B 

paooTe I 21. KpoMe aToro, B pa6oTe 121 B nepBo~ npu6mtllteHHI1 ouJia 

noJiy~ena cHcTel.!a ypaBHeHI1£\ THna (II). TaKoe coBna,nenue BHem-

Hero Bl1Jl8 CHCTSII ypa.BHSHH£\ ll01!Y~1!0Cb 113-38 TOro, IJTO B paooTe /2/ 

• B HCXOJlHOil cucTeL!e (I) uanun napaueTp E • 38MeHlleTca na £. • lloaTo

My K03WWHUHeHTH t/,. , j , }' He COBU8,1l1mr"~ 
1'13.CI1CT8Ybl ypaBH8H11it (II) nony~aeu: 

.· ·~·"rt. jl. -3 

c.os3F,_=-:;[~1t··+lf.~lt]-rc~, . (I3) 

. ~· '? .·. . ·~ . ->:~:~· ·•- ~- . 
9TO nepBHit;.HHTerpaJI ){Jill 3T~£\"CI1CT~LIH,H C onp8Jl81!fl8TCll 113 H8'l81IbHNX 

... ~ -~.. . . . ~ i 
ycnoB11il. llonbayacb 11HTerpanou JlBHllteHI1H (13), MOlltHO npoBeCTI1 noJIHoe 

11CC1!8,1lOB8HI18 CI1CT8LI!l yKOpO~SHH!llC ypa.BH8H11it (II), T.e. Ha~TH pemeHHll 

aTott CI1CTeuu qepea annl1nTI1~ecKHe WYHKU1111, onpeJl81!11Tb npe,llenu HalleHe-
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.HeHHll aunirHTY.llll ll0mi3H peaomi.Hca: ~Jill TaKoro HCCJie,l!OllaHHll Y.l!OOHO 

CROlla, T8K ae KaK B pa60Tax / 6- 7/, nepe£\TH K HOBUM nepeueHHHY 

y ='f.~~ .... , 

lt= :It~~-- . 
(I4) 

B HOBWC nepeYeHH!llC ypa.BHSHHll (II) H (13) nepeXOJlllT COOTBCTCTBSIIHO B: 

yf: YU 1"«,(v.,~-v-'J+ pu. (V'"-rU.'), 

U=-YVr.t~UY- .foY {'{~u,t-) (IS) 

11 l.iu..3-3u. (u.~+v") =- ! · ~ ('U~+VJ.J-t: (u'"-rv.:J'""* c 

( I6) 

Ha HHTerpaJia ,llBHaeHHll (I6) CJie,llyeT, ~To na waaoBoit nJioCKOCTH 

{l(,1L) HST npe,1leJibHlllC U>IKJIOB. 

CHCTewa {IS) HueeT CJISJlY~~e OC06Ne TO~KH: 

A1 (vt, u~; A,_ (Y. ,u,.): 

A" (Y~ 11~); . As ("¥;, U"); 

As (Y;, Uj ) · } 

A,(~)"t!s)~ A~(Y's,Us), (I7) 

r,Ite 

V,=o; U.1 =0; .~~:~[.:;:~+Vot1 -lfJt'] :

UJ: "f [ -~-~J~~-'Ipi]; Y. ;J3 {!tol.ll.~-¥ l . 
1 ttp . , 

U.t= I{~ [ ~-rJ~l-lfj!t J; ~ =- -v;, ; (IS) 

-y: = J3(UU,-)'J _. 
., '~f l U.r=Af~ [~-J~L-4f/]; 

Vs-=-~ . 
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Henocpe~cTBeaaaa npoBepKa noKaaUBaeT, qTo oco6ua TOqKU A1, 

A2, A6, A7 - oco6ua ToqKu Tuna ueaTp HHH ~oKyc. ITpo6neua ueaTp~oKyc 

B aameu cnyqae paapemaeTca TaKuw xe o6paaou, KaK aTo ~enanocb B pa-

6oTax/6·7~ K oco6ua ToqKH A1, A2, A6, A7 HBnaDTca uaaTpauH. Oco-

6ue TOqKU A3, A4 U A5 - Ce~na. 3HaH STU OC~He TO~U U HCU0Hb3ya 

UHTerpan ~BHllt6HHH (!6), LIOlltHO HapHCOBaTb Tpa6KTOpHD Ha ~aaoBon UHOC

KOCTH (Y' 1 U,) • HanpHMap, npH ci(. > 0, '( < 0 K. p )' 0 qJ8SOBaa UHOCKOCTb 

uueaT Bu~, noKaaaaaun aa puc.!. 

A l.\ 

~ 

v 

Puc.! 
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2. Tenepb nepen~e~~ K uccne~oBaHHD ypaBHeHHa (I) B o6~eu cnyqae, 

Kor~a n- {a) aBnaeTca nepuo~HqecKon fJ?YHKUHeit ciT & • Tor~a o~ao
PO.llHOe ypaBH6HH6 1 KOTOpoe nonyqaeTCH 113 \!) npn f.: 0 

-X-'' 1- (1- rt0 (9)J.~=O (19) 

eCTb ypaBaeana Tnna XHnna. 06~ee pemeaue (!9) uo~ao npe,ZlCTaBI1Tb B 

BH~e I 51 •v ... 9 • -i.J,.9 
J? =- a-.K.j ... (e)t , t-c4 t (B) .f. , 

r,Zle fc {0) _- nepno,Zll1qeci\aH KO!.mneKcaaH fJ?yHKLUIH .oT () 

Ke) 1 ~~ - npOI13BOnbHH6 KOMUH6KCHH6 UOCTOHHHH6 1 

TaTpoaau.x Kone6aanit. 

(20) 

{ipyHKUI1fl ~no

Yk - qacToTa 6e-

ITycTb Tenepb ycnoBue (5) BunonaHeTcH. Toqao B peaoaaace, KOr,Zla 

3:o (llnl<IA=O ),nonolltnu t1o(B)=ttoo(B). Tor,Zlanpn$';6o (Hnn 

~ ;. O) c TQqflQCTb!O ,Z\0 E. l1Y66M: 

r,Zle 

rLo(9)=no~>(9) +F..·A·~(o) 

~(9) =,_ja..[f:.,u~;.]t'~'9-a! [t'- .~./.:]t·'~' 9 

} 

l C4f~t~9,.e T a!£,.. e>~·g 

{2!) ' 

(22) 

HeTpy,ZlHO y6e,Zli1TbCH 1 qTQ ~(g) HBHHBTCH ,Zl6itCTBI1T6HbHOit ~YHKUHeit. 
YqnTUBaa (2I),ypaBaeane (I) napanHmau B BU,Zle: 

$ 11 + (!- I"Loo(&J).x, = f.f: +if~ J (23) 
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r,lle 'f; : W, ~: -r ~ (Jf,')J. - A1£9)X., l 
F._= ~.x.. 1 

C,llenaeu B (23) aaueHy nepeueaaax 

J - £ "9'' n~J-tB . lf. J.,. o-~J;~.9 ' 
.A, - a,_ ~ 'v -t- a..~~. 1, '{. 

' > 
f ( I '\ [ t\ i,~ (1 ~ ( I • i.~ ... 9 

.X,: a,"' £ .. (B)+Lvx.J.((9);.€ " + a.t f:(9J-~v ... JJB>)e • 
B ao:sux nepeueaaux aueeu: 

• I i lt -~~.._(}[ 
a.,=- TIL. t tT, -rt~r~). 

llocne ycpe,llH6HHR B nepBOM npH6nHE6HHH nony~y 

I i [ ltl. - J 
C(;A = - u A a~~. + A ~ a.... , 

:IIi 

r,lle tj [(* ,\3 ff* (*' ,,, ... j]-i-28 A = 'T d& 1" (&J1 ·w't(&l- -r .( (&l f, reJ- ~v"'"" (9) e , 
. o. ' 

(24) 

(25) 

(26) 

(27) 

- ! ~~r 
~ = -;r rU £. (9)L_>tl9) ~( 9) • ( 28) 

0 

B ,llencTBHTenDHUX nepeweHHHX 
- ;.'!' ... 

(),..;~. = Q,-"; .e. 
- .e i.e(, 

A = A 
(29) 

ypaBHeHHe (27) npaueT BH,ll 
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-, .. !--·~ .... 
a.J(. =--,;A a..~~. SM-1. (<to -.3 ~) , \ 

• A-!--'t',. = "'j" ~ + 'i A a.:~. tcs(c{.- 3 ~). (30) 

AnR nocne,llHero ypaBHeHHH uoxao HaliTH cne,llyD~tt HHTerpan .llBH~e-

. Hl1fl : 

fA>S (at- 3 o/.( )=-l "'~ : + c ~3 
!1. A (),Ji <X...c (3I) 

r,lle C onpe,llenaeTcH ua aaqanDHHX ycno:sai. 

ilOnD3YflCD HH7erpanou ,llBHXeHKfl (3!), TOqHO.TaK Ee,· KaK B npe,ll~y

~ey nyHKTe, MOEHO npOB6CTl1 llOnHOe Hccne,llOBaHHe CHCT6YH yKopoqeHHHX 

ypaBH6HHtt (30). . ~ : .\; 

3aKnJOqeaae 

B yKopoqeHHHe ypaBHeHHfl B nepBOY npH6nHJt6IDIH 1 npH no=Wn-sf.~ BXQ

,llHT TOnDKO O,llHH 'lJleH ( ttu. ) KOS!M)HIU16HTOB paa·nollteHHfl ( 4) • XapaKTep

Ha.li OCO!leHHOCTD yKopoqeHH_HX ypaBH6HHtt BO. BTOpOY npH6nHJt6HHH HnH B 

nepBOM npH6nHllteHHH, HO npH M0~~~t , aaKnDqaeTCH B TOY, qTQ napa

YeTpbl jb (CM.(l2) ) H A 7 ~ (CM.(29) ) yse 3aBHCHT OT BCeX Koscp

I})HIU18HTOB paanozeHHH (4). ~OSTOMY Kf>O~,llH~aTH OCo6UX ToqeK H:rpaeitTO-

PHH B !PaSOBOH nnOCKOCTH (V ~1A.) 3aBHCHT OT STir1X KOSI})q)H{U16HTOB. ilO,li;-

6Hpaa cne~HanDHI>IY o6paaow :see Kosq)q)H~HeHTI>I paanoxeHHH (4), YoJtHo nyq

me yqecu BnHHHHe peaoaaaca ~,JL = ; npH BbiBO,lle qacTH~ aa ycKopHTenR. 
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AB~ophl BupalltaiOT rJiy6oi:yiO 6Jiaro.z~apaocTI> ::; .:.l.KyJia!<OBOI1, 11.13 .Hc

CHHCKOMY aa 06Cy~.z~eane HeKOTOP~ 3aTpOHyThiX a~eCI> BonpOCOB. 
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