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AaaoTaues 

B pa6oTe naeTcR KaqecTaeaaoe onecaaHe H ycnoaeR B03HHKHOBea&R cen&aoro pe3oaaa

ca B aem!HeAHOA CHCT9Me, Pe3yn&T8Tbi pa60Tbi naroT HOBbiA M9TOn nnR p8C'l9T8 pe30H8a

COB B aeneaeAH~X CHCTeMaX, aanpHMep, UHKnH'l9CKHX yCKOpHT9nRX C npOCTp8HCTB9HHOA aa

pH8UHeA M8rHHTHOrO trOnSI. C fiOMOlllbiO 9TOro MeTona B pa60T9 p8CCM0Tp9H8 ycToAqHBOCTb 

pa.aHan&HbiX KOne6aHHA B H30XpOHHOM UHKnOTpoae. 

QUALITATIVE bESCRIPTION OF RESONANCE PHENOMENA IN THE NON-LINEAR 

SYSTEM I 

V .K. Melnikov 

Abstract 

In this paper a qualitative description of strOll reaoaaecea aed the coeditloea for ita appearaece 

in the non-linear system are liven. A. new method is 11111eated for calculatln1 reaoeancea in the noa

llnear system. e. I· for cyclic accelerators with the apace varlatloa of the ma1aetlc field atren1th. 

Uain1 this method, the atablllty of radial osclllatlona ln an laochroeoua cyclotroe la treated. 

---



~a-

CTb 

B HaCTORIIIeM CTaTbe HaC Oy~eT HHTepecoBaTb BOITp OC 0 none~eHHH TpaeKTOpHR HeHHHeRHOR CHCTeMH B OK

peCTHOCTH nono~eHHR paBHOBeCHH 3nHHITTH'leCKOrO THna, Eonee TO'lHO peqb Oy~eT H~TH 0 CHCTeMe BH~a: 

(I) 

r~e uJ > o , a tf>yuKnHH / (X, !1, t) H J (X, !/ 1 t) auanHTH'leCKHe no .x y H t B 

uexoropoll oOnacrH /X/< Ro , 1~/< Ro , /Jmt/<. fo (R,>o [0 >()) If nepwo~w'le-
' 

CKHe no t c nepHo~ow 2 Jr • Ilycn ~anee pa3no~euwe srwx ¢yu&nw!t B pH~ no creneHHM X ue co-

~ep~HT qneuon uwxe sropoR creneuw. Tor~a, KaK wsnecruo,none~euHe rpaexropH!t cwcrewu (I) B oKpecruoctH 

TO'lKK X =: :J = 0 onpe~eHHeTCH C O~HOR CTOpOHH apH!j>MeTH'leCKOR npHpO~OR 'lacTOTH W , a C 

~pyro!t CTOpOHii - BeKOTOPW.IK HBBapwaHTallH CHCTeWH (I), 3aBHCHIIIHMH OT KOHKpeTHOrO BH0opa !jlyHKnHit j(x 1 !1, t) 
H ~ { J( 1 :f 1 t) • B03HHKall111He npH 3TOII 3<IJ!jleKTH DOHY'lHHH Ba3BaHHe pe30HaHCHHX H ~0 He~aBHero BpeweHH H3Y

qanKCb HCKHil'lHTenbHO C llOMOIIIbll aCHIIllTOTH'leCKHX HHH 6nlf3KHX K HHM MeTO~OB, O~HaKo, KaK 6y~eT BK~HO lf3 

nocne~ynmero H3no~euwH, acHMnrorH'lecxHe wero~u B row BH~e, uanpHwep, KaK OHH H3naranrcH B wouorpa!j>HK/I/, 

Mano npHrO~HH ~HH IICCne~OBaHKH TaKKX, HanpHMep, nponeCCOB, KaK JlBHllteHHe 3apRll:eHHHX qacrHn B warBHTHOII 

none. C ~pyrolt cr opouu nonyqeuuoe B uacroHmelt pa6ore Kaqecrseuuoe onHcaHHe pe3ouaucuux HBneHHD y~o6ao 

so scex ~pyrHx cnyqaHx. 

§ I, Ilpeo6pa30BaHH8 CHCTeMH (I) K KaHOHK'leCKOuy BH.llY 

CHcrewa (I) woxer 6Htb npeo6pa3osaua x oqeub y~o6uowy ~nH uamHx nenelt BH~Y· 3ro .llOCrHraercH cne-

~ynmwM o6pa3ow. IlepeR,Itew B CHcrewe (I) or nepeweuuux X ~ K nepeweuuw U = X + ~ Y 

U = X - ~ ~ , B HOBHX nepeweHHHX CHCTeMa (I) HlleeT Blf~: 

lA = _ iwU + p(u 1 iA: 1 t) ti = iwu + rcu.,u t) I 
(2) 

U+U u-li - t) /( t) + ij( U+ U u- u t) r(u,Ti,t) r.ne pcu.lu., = ---rr- - = 9. , 
~i 

oqesw~uo, B cany c,Itenauuux npeJ1nOnoxenHR scer~a wo~er 6Htb pa3noxeua B cxo~Hme!tcH pH~ no creneHHII u 

H U , Ilpe~nOnO~Ifll Tenepb, 'lTO tPYHKnHH f ( U , Un1 t) HMeer BH,It: 

f(u,ti, t) =tC'l,u?.+£117, + L fm(t)uYI-miim + .. . 
7.=1 m=a 

r.n;e n > .2 IC + 1. , a roqxaww ooosuaqeuu qneHH 6onee sucoKoR creneuH, qex n • C.11enaex B cHc-

rewe (2) 3aweuy BH~a: 

Yl 11-m-m 
tr= u +[d..m(t~u u -+- ... 

m=o 

n 

v- == U + [' cl..m (t) 
m::o (3) 

r,Ite TO'lKalllf 0603Ha'leHH qneHii 6onee BHCOKOR CteneuH, 'lell n , IlyreM 3JlelleHtapHHX BH'lHCneHHR, HaXOJ1HII, 

'lTO B nepeweHRiiX 1/ u- cwcrewa (2) Hweer BH~: 

J 



K n 
If =-twiT+[ C-r,r.r.,H(i-'1. + J: (jm (t) -Lc.J(Y! - ;I.m-i)<X',...(t) -rpmCt))tr»-m ifm-1-

.,,.L m"o 

(4) 

- n-m 
lJ== ~wlr +f· ~tr 'l, if- 7.-+L+ [( cl..m(t)+~w ( ra-1- m -i)ot.m (t ) +fm(t))trm (/" + . .. 

'(, :zi m==o 

r .ne rot~KaMK nonpe~Heuy odo3Hat~eHu t~neHu donee aucoKo~ crencHK, t~eu n • rronuraeucR renepL raK no.no

dpau •Ie ;_; HO.D; ll '!ecKII e c nepKo.nou 2 'JI (PY HKI:(KK d.. m ( t) ( m .:: () 1 f 
1 

• • . n) , t~To6u MaKcHManLHO 
~ I 

yn r~ o crHTI> t~ •IeH -: n -~ creneHK n npano!! qacnt cHc reuu ( 4). 3ro, ot~eBK,nHo, y.nacrcR c.nenan a TOM cny-

t~ae, ecnH r.ax.not: aa yp<- " HeHH rl : 

j_ m(t)- iw {n - 2,rYJ- i)oLm (t) + fmCt ) == 0 (m=O,f 1 ••• 1 n) 

~~ ~· P-r r nepHO.llill t~ e c r. n e c nepKO.D;Oll Z 1T pemeHHe. ITona raR 

00 

d. m rt J == E ol. m,s e i.s t 
-S:::- oo 

00 

fm( t) == "t e zst L m,s 
S=-"" 

H8XOJJ;HM , 'I TO d.. m 
1 

S .nonXHo y.noaneraopRTL cne.nycmeMy ypaaHeHHD: 

[Ls- i.w(n-2m-t)] ~ m.s ==- pm,s. (5) 

~ ro11 cnyqae , Kor.na n - qerH oe , a w ( n - Z J'l1- 1. ) He ecrL uenoe '!Hcno npH nc6ou 

m = o -1 I • I • n CKCTeMa ( 5), OtleBK.D;HO, HMeeT e.D;HHCTBeHHOe pemeHHe, .n;aaaewoe BHpaxeHHell: 

i Pm.s 
cl. m ,s ::: s- w{n-2YY1-t.) 

V! cnoJib3YH ot~eD I!.D;H<~e one HK~I .nn!l p m, s 
aHaJIH T'\'lt.CKon s nonoce / ]m t / < d0 

t HeTpy.n;HO YCT6HOBKTD 1 'ITO <!JyHKitiiR oL m ( t ) dy.xeT 

• TaKl!J.I ajpa3ow, B paccuarpHaaewoM cnyqae wu wozeu o6paTHTL 

B HY -~h B np&.B O« ti8CTI! CI!CTellH ( 4) BCe tl!leHH n!.!! CTeneHH. 

B TOM cny t~ae, Kor.na 

ue nou m = 0 I t I • . I 

Mbl (I( Jl(;e tiJieHH n ~~ 

n 

n 
- Het~eTHoe, a w { n-;?. m - i) He ecTL nenoe t~Hcno np11 ncdow 

l'l-1 
, Rpo~o~e m = --

i 
t llbl MO~eM 06p8TI!Tb B HYJlb B npaBOU '!aCTI! CHCTe-

n;-! n-1 
creneHH, Kpoue t~ Ji e Ha f !!.:.! 0 u- T If T 

~ I 

1'aKHM odp830M, npH· COOTB eTCTByiOmen apwpueTHtl eCKOil npHpO,ne '18CTOTH (,.) Olli!C8HHOe npeodpa30B8HHe, 

npHI.! eHeHHOe AOCTaTOtiHOe 'lKCJIO pa3, 003BOJ!ReT ynpOCTl!Tb B CI!CTeYe (J) t~neHH lO CKOJlh yrO.D;HO . BHCOKOR 

CT eneHH. BH.D; , K KO'fO!i OMY npHBO,llRTC il 3TH tiJieHH, B .D;aJibHellwew 6y,neT H83HB8TbCR K6HOHH'leCKI!M. fipll 3TOM 

MoryT ll 03 .ii!KH}' Tb cne.D;Y l!lllli!C Tpll B 03MO;II;HOCTI! I 

J 

I. ApH~!!e rHt~ecKaR np11po.na t~acroTH W raxoaa, t~ro, npHMeHRH lOCTaTO'IHoe t~Hcno pa3 npeo6pa3oBa-

HHe ( 3), MU J.IO~el.l npeo6p830B8Tb CI!CTeMy (2) K BH.D;y: 

l l 

r 
r.ne 'I 

Han.nE 

Jlyt!Kl 

odpa: 

f 

r.ne 

CKOI 

CTO-

BO ll 

JJ;Jl: 

MOl 

n 
.Ill 

Tl 

11 • 



+ 

(4) 

-WI 
+ .. 0 

J 

t llO.llO-

oRO 

I Clly-

(5) 

Ill 

~er 

Ill 

:ere-

HHe, 

)ll 

IOBa-

I( 

r = 
[c. r 'l.+i.-?.. 

7- c, f i- o o o 

1
. 

"Z.'"L 
J 

(6) 

, a cpe.llH KOHCTBH'f c?. ( t.: f
1

o o o 
1 

iC) 
HB~.lle TCII XOTR OU O.llHa OT11H'IH811 OT HY1111; 

m 
2. W :: n r.lle m H n - B38HifHO-npOCTUe I(enue QHC11a, a cpe.llH KOHCTaHT c?. , no-

11YQHBIDHXCR npH npHBe.lleHHH K KaHOHHtleC KOMY BH.llY QlleHOB ereneHH MeHbme~ n -i , Bee paBHU HynD; taKHif 

00pa30M, CH CTeMa (2) B 3T01f cnyqae npHBO.llHTCR K BH.lly: 

... ) (7) 

3. w - appa uaoHanbHoe , a cpe.llH KoHe TaHT C:~ 
CKOMY BH.llY Qlle HOB eKOllb . - 0~H O BUCOKO~ e r eneHH, Bee paBHU HY11D. 

3aMe THM cpa3y, 'ITO TpeTHA cnyqa~ B onpe.llelleHHOM eMuene RB 11 ReTCR qpe3BUtlaRHO pe.llKHif , ll03TOilY B Ha

CTORmeR paOore MU e ro paceMaTpHBBTb He Oy.lleM. 

§ 2. llos egeHae TpaeKTOPHR eHeTeMU (I) B cnyqae CHllbHOrO pe30H8Hea. 

llOeMOTpHM, K K8KOMY BHIY MO~HO npHBeCTH e llOilOmbD npeo0pa30B8BHR ( 3) QlleHU ~~ CTeneHH B npa

BO~ tl8eTH eHeTeMU (7) . H3 ypaBReHHR (5) Clle.llyer, 'ITO nonaraR B npeo 0pa30B8HHH (3) 

1 lfK,S 
oc tes = 

• 5 _ r;: (?.-2.~< - t ) 

.llnR rex 3Hat~eHH~ HH.lleKCOB K H S , 111ft KOTOp biX s ~ ( '7J - :<. K - i) f 0 Mu npaBe.llell e no-

MO mbD TBK BU0pBHHOrO npeo0pa30BBH HR eHCTeMy (7) K BHIY: 

\- -~ t K ~ K6 
+ L...f" s e e If e. li - c. cs) t• e +oo o, 

(, 

r,I~e K t .:: t ( 7. - n t - 1 ) 1 S e ::: n t H cyuuwp oB aHHe paenpoe r paHRe reR no seeM uenuu t 
.llllR KOTOpbiX K e nonyt~aeTCR ue nbiM H Y.llOBne rn opR eT HepaBeHeTBY 0 ~ ICe ~ " 

THfl H'I HOU Cllytlae, KOr.lla 'l, :: n - i t npHHHMaeT T011DKO O.llHO 3HBtleHHe ( - I) , e enH 

• B aaaoonee 

n 

110, H .llBa 3Ha'leHHR (-! H 0), eenH n - 'leTHO. 

5 



C~enaeM ~anee B CHCTeue (8) 3aKesy: 

IF = re-~(~t-r) ~ v-=.f~c~t-f). 

IIyTeM 3JleMeHTa pH!lX Bbi'IHCJJem!l! , HCUOJJ t.3Yll COOTHOmeHHe S e - ;: ( 7, - :;2. I( f, - 1) = 0 aaxo~HM, 'ITO a ne-

pel!e HH!iX J r CHCTeua (8) HMee T BH~: 

f -r ~ f f ::: [ f~< S J 7, e ~(7.-:J.Kr!)f 
t t· e -r • •. s- ~ r r =I f~e s (' 'l. e- ~c'l.-A.t<e-f) r e e·eJ ... .... 

0T~eJJJIJI ,l!Mee )tei!CIB II TeJJt.HYD H KHHKYD 'laCTH H fiOJJ:b3YIIC:D Tel.!, 'ITO 7, - :2, I{(. - 1 ::: n e 
1 

HO fi OIIY'lK.M : 

Olt0Bti8Te.Jib-

5 = f 7. [(dlcosntr-lts/nntr)+ ... , 
t 

y = j ~-~.L (o<esinnt'f+f3tcosntr)+ ... ,c9) 
/, 

r~e CYMMHp OB8HHe pacnpOCTpaHlleTCJI nO TeM xe CaKIDI 3Ha'leHI!JIK t , 'ITO H B CHCTeKe (8). 

~n r, Bbll!cneHII JI aonpoca o noae~eHMM TpaeKTOpHI! CMCTeuu (9) paccuoTpl!u caat~ana pacnonoxea~e TpaeKTO

pHII YC Kt1pe HHOII Cl1CTeMbl : 

.f == f 'l. [(c!.ecosnly -(Jt Jinnt'f), j = j'?,-f [(o<e,sinnty;+f.eeosner).c 9•) 

· t e 
IT oa e~eHH8 TpaeKT OpH~ CI!CTel.l!l (9•) 38BII CHT OT HaAHtii!JI H B3ai!KHOrO pacnOAO%eHHJI HyAe2 ~yHKql!l! 

II 

p(ny; )::: '[ (d.ee-osnly -ltSiYinlf) 
t 

{fj(ny) = f (citfinntr + 1-t eos ntr) 
11 a o6meM cnyqae Moxe i 6b1 Tb qpe3BH'Ia11 Ho pa3soo6pa3HHM. O~aaKo a HaH6onee aaxsou cnyqae, KOr,lla 

'1- ::: n- i 11 KOr,lla, CJ!e,llOBaTeJ!bHO, CI!CTeua (9•) HMeeT BH,llt 

1. • ) n-! n-z ,\ n-2. 
j = d.o fYl- + (c/.. _i cosnr +p_ismnr! I r=P·J -r(-d._1.sinn'f+(i--.tC.CSY1f;J,c9") 

DCe B03l.IO~H!le CJ!ytlaH 3Ha'II!TeJibRO ynpomaDTCJI H MoryT 6b1Tb pa3,lleJJeH!l Ha CAe,llyDmHe. 

~ 2 ~ 
I • (3 0 < ol.. - ! . + j3 - t · 

B :.l1'ou cnytrae ypaaHeHHe j3 o - ol.. - 1. 5 in ny + (3--t ~t15Yif.:: 0 

HMeeT 1!3 O!pe3;e [ 0
1 

2. JT J ~ Y1 KOp Hell BH,Jta : f K ::: lf! + ~1( ( I(- i) I f K. = ft. + 2: ( K- i ) ' 

6 

r)te y 
cnyt~ae 

t~ ~ 

i...--

J.o+ 
3HaltH 

I! ol. • 
6y,JteT 

BHCE 

d. • . 

Ha I 

2 I! 



= '}.]/ 
r,11;e t.fl1 H f 1 3&1UIDII8HN ll8J:JI.Y HYJI8Jl H n J a 1<. = i J • • • 1 t1 • CJ18,li;OB&T8JILHO, B 3TOil 

I :l.Jr = = lJf 
cJiyqae cHcTeua (9") HueeT 2n pemeHHA s~a: y;IG~Jft +,-(~e-i) 1 fic=~f:ctJH fiG-= ft-t-n(IC-1) 1 
fJC == j t ( t) , r.Jte f ( t) H J1 ( t) Y.ltOBJieTBOp.RDT CJl8.ltYDDIHil ypasHeHH.Ril: 

B ne-

)'f 
+ .. . 

.:1. 1 d..-;. ~z 
B 3aBHCHJlOCTH OT 3H81Ca BJiP8J:8HI!.R of. o + (3o - -1. - r- 1 B8JIHIIHHH 

IT8JIL-

J.., -r (o1.:1 + (3_~ - 13; H oLo- Yd.-~ +(3-~ -j302. (Jy.ltYT aueu JJHOO O,li;HHaKOBHe, JIHOo pa3BNe 

3H&KH. B TOll CJiy'lae, xor,11;a o1,; + /3•2. - o'-~ - ;B-7 < o 3HaKH B8JIHIIHB rJ... + Vo~..!-1 + tS-'"t -;': 
II o/. 0 - ( o/. !'

1 
+ (3 -~ - j3 

0
2. (Jy)!yT pa3RHIII! H, CJl8JtOB&T8JlbHO, pacnOJIOJ:8HI!8 TpaeltTOpKA CHCT8JlH ( 9") . 

OyJteT HUeTt. BH.lt, K3o(JpaJ:8BHHA Ha pKC. I. 

(9) 

eJtTo-

Puc. I 

B 3TOII CJIYII&e IIH (Jy.l{ell rOBOpHTL, 'ITO KlleeT lleCTO CHJILHNA pe30H8HC. 

l") 
B TOll c.Jiyqae, .xor.Jta ct./ +(30

2 -ot.!;_- 13_21 7 o , pacnoJio:~eHKe 
OT 3H&P:a of_ 0 H 3H8Ka BHpazeRH.R cJ./- 0t_~ - /J-7 • HeTpy,li;HO y(Je,J;I!T:&ca, liTO np11 

2. 2. .:1. 
o(, 0 <. 0 pacnOJIOXeHK8 tpaeKTOpi!A HWeeT BH,ll;, K30(Jpa:reHHHI! Ha pH c. 2, eCJIH o(., - o/. -! - /3- 1 ) 0 

BKC8TL 

2. 2. 2. 
H& PHC. J, eCJIII o/. 0 - o/._L - /J-f. < 0 • CJiyl!aA of 0 > 0 

2 H J Hanpas.JieHH.R cTpenox Ha o(JpaTHoe. 

7 
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II. 

B 3TOII cnyqae pacnonoxeHite rpaeKTopiiR cucrewH ( 9") 3aBitCIIT or 3Haxos c<. o 11 /3. 11 npe.~tcras-

JIIIer ycrolliJIIBHit cpoxyc, ecn11 o/.0 < o 1 HeycroRIJIIBHII cpoxyc, ecn11 "'o > o , 11 IteHrp, ecJHI o<: . == o • 

CJiy'lall j3 0 > 0 H30<lpaxeH Ha PHCYHKax 4~; CJiyqalt j3o < 0 nonyqaeTCJI C DOUOIIU>D 3epKaJibHOrO orpa

K8HHJI C PHCYHKOB 4~. 

Puc.4 

Puc. 5 

9 



Puc . 6 

He 06XO,ItiiUO OTMeTHTb 1 qto B TOM cxyqae, KOr.zta CIICTeMa (I) 06na.ztaet HHterpanbHHM IIHBapllaHTOM1 TJOXY

qeHHaR .!tAR Bee CHCTeMa (91 ) 6y.zteT 0648,It8Tb 8H8411TIIqecKHM nepBHM HHTerpanOM II KOAHqeCTBO B03MOEHHX ,ItXR 

uee cnyqaes nose.zteHHR tpaexropHR pesxo coxpamaerca. ITpHMeHIIten:&ao K cnyqaD ~ = n - 1. sto osHa-

qaet 1 qTO B CHCTeMe ( 9") J. 0 ::: 0 H1 C4e){OB8TeAbH0 1 ){XR T8KI!X CHCTeM B03MOJ:HH TOA:&KO CXyqaH 1 yKa38H-

HHe aa pile. I H 6. Jiaxee, B TOM cnyqae, Itor.zta ~ = n- 1. 11 n - Heqerao, xaK yze orweqa-

noc:& BHme oL 0 = ;8 o = 0 1 H, cne.ztosarex:&uo, pacnonozeaHe rpaenopHI! cHcreMH (9•) HMeer BH.It, 

yKa38HHHR Ha pHC . I , He3aBHCHMO OT TOro, KaKOI! 6Hna IICXO,ItHaR CHCT8Ma (I). 

nepexo){R ot Cl!cteMH (9") K cHcreMe (9), aerpy.ztHO noxasar:&/21, qto cnyqaH, H3o6pazeBHHe ua pHc. I-5, 
6Y.ztYT rpy6HWI!, r. e. xaqecraeuaoe pacnoxoxeaHe tpaexropHI!~cHcreMH (9) s .ztocraroqao KaAOI! oxpecraocrH 

aaqana KOOP.ItHHat 6y.zter onpe.zteXRTbCR qneHaMH .ItO n - f ~ creneHH H Be 3aBHCHT OT qneHOB 60488 BHCO

KOI! cteneaH. O.ztaaxo ot qneaos 6oxee BHcoxol! crerreaK 6y.zter sasHcer:& pasMep 11 ~opMa o6nacrK, B xoropol! 

nose.zteHIIe tpaexropHI! cHcreMH (9) 6y.zter cosna.ztar:& xaqectseauo c noae){eHKeM rpaexrop111! CI!CTeMH (9•). B 

cnyqae 1 H306paKeHHOM Ha pHC. 6 1 TTOBe.zteHIIe tpaeKTOPIII! CIICTeMH (9) He onpe.zteARetCR TTOAROCTbD qneHaMH 

creneu11 Mea:&mel! n 11 sasHCIIT ot qxeuoa 6onee BHCOKOI! creneuH. Eonee no.ztpo6uo sror cnyqal! 6y.zter 

paCCMOTpeR BO BTOpol! qaCTH CTaTbll. 

BHRCHIIM tenepb1 lt8KOBO TJOBe,IteHIIe tpaeKTOplll! CIICTeMH (I) np11 3RaqeHHRX 4J 1 6AH3KI!X It pe30HaHCHHMo 

C 3TOI! qen:&D paCCMOTpi!U BMeCTO CIICT8MH (7) CIICTeMy ell 64113KYDI 
~ . - ~ -----

(=- i,c r: + t-.w) Y + [ p~e<t )J 'l.-Kr I<+ ... , f =i.e:: +AW)J + [ t~ct) T K. T 'l.-K.+ . .• , (IO) 
K=o ~=o 

IO 

r.zte I 
Tor.ztl 

B8HIIl 

s 
r.zte 

( II) 
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RCH!Dio 

:Io) 

r,Jte Ill. w j < __£_ , 7- ;., n - i. , a TO'IKaJ.IH o603Ha'leHH 'IJieHH 6onee BHcoxolt cteneuH, 'leK ?. 
7.+1 

Tor,Jta COBepmag H8,lt el!eTeKOil (IO) npeo6pa30B8HIIH, aHaJIOrii'IHHe Tell, ROTOpHe npHKeRHJIHeh np11 npeo6paso-

B8HKM eHeTeWH (7), fiOJIY'IIIK elleTeKy: 

r.~te eYKKIIPOBaRHe paenpoctpaHHeTeR no Te» xe eaKHK sRa'leHHHK 

(II) eOOTBeTeTByeT yxopo'leRHaR elleTeKa: 

t , 'ITO II B eHCTeKe (9). Cl!eTeKe 

npH HeeJie,ltOB8HIIII KOTOpOit KH ttatt II paHhme orpaHII'II!KeH eJiy'laeK '7. = Yl - i. 

~aqa eBeJiaeh K 11eene,JtOB8HIID eHeTeKH: 

• TattHK o6pa3oK, 3a-

j .:: d.o J n-! + (oL._! CoS nr + (3-1 sin n r) lH J 'i ==.-A GJ + /o fn-7. + (-J._1Sit1 nr + ,/3-i eosnr) {1(~-r•) 
j 

npH HeeJie,ltOB8HIIII. KOTOpoll KG orpaRII'IIIMeH eJiy'laew eiiJihHOrO pe30RaHea, T.e. 6y,JteM npe,ltfiOJiaraTh, 'ITO 

J.; + (3•2, - o(~ -~~ < 0 o Tor,Jta, O'leBII,ltRO, paenOJIOll:eHIIe TpaeKTOpllll elleTeKH (II•) 6y,JteT 

38BIICeU OT 3H8KOB c/. 0 II A (A) • Ilpll A W :> 0 pacnOJIOiteHIIe TpaeKTOpllll eHeTeKH (II•) 6y,JteT 

HKeTh Bll.lt, H306paxeHHHlt H8 pile. 7, ee.1111 ~o < 0 

Ha p11e. 9, eeJIH J., 0 .: 0 
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, aa p11e. 8, ee.1111 ol. o > o 11, HaKORe~, 
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COOTBeTCTBYDIJIHe KapTHH!l ,ItJIII CJIY'!all A w <. 0 f!OJIY'I610TCII C nOMOiqbiO 3epK8JibHOro OTpal!teHHII C pH C. 7, 

eCJIH d. 0 < 0 , C pHC, 8, eCJIH o<: o > 0 , H, HaKoHei(, C puc. 9, eCJIH « • = o , OHM OyJI.yt 

flOBepHyTH OTHOCMTe!! .bHO HCXOJlH!lX PMCYHKOB HO. yron, pO.BHbl!l : , a .7\BM:teHMe BHYTPH n - yrOJibHMKa 

OyJI.eT npoHcXOJI.HTb B oOpaTHOM HanpanneHHM. 

ITepeXOJlll OT CMCTeUbl (II") K CMCTeMe (II), MU Jl.O JI ~Hbl B!liiCHHTb CBII3b Me~y flOBe,IteHMeU TpaeKTOpMH 

CHCTeKii (II) H CIICTeUbl (II") 8 paCCYOTpeHHOM RaJAH CJiyqae, 0rpaHM'IHB611Cb CJiy'!aeM 'l- = n- f. , C,lleJiaeu 

B CIICTeMe (II) 38MeHy: J :: / .U u 
1 

'f = tY II t = / 2.-n C: , fiOCJie 3aMeHbl nOJIY'IHI.U 

du 
~ 

(I2) 

dtr n2. ( • ,,... ,,.)un-2. G(uu-LA:l.-.,7:) 
+ 1 +BoU- + -J._tsmnv + ;3-t cosnv +Pi I 1/ ' 1/" I 

dt: = r / 

rJI.e / = ~ ' a IPYHKUIIII T ( u I trl e J /") H c ( u I ll'l ()I/") 6H6JIIITH'IeCKI!e no 

U , tr t {) II )'I , rT 8p lW,I(II'IeCKIIe no tr C nepHO,l(Oll ~ Jt t H no e C nepHO,ItOI.I ln:Ji' , 

Mli, o'leBIIJI.HO, JI.OIIKH!l B!liiCHHTb, KaK 0YJI.YT necTH ce611 cenapaTpl!cu cHcTe}t!l (I2) np11 uaJIIiX _,'" I o , 

t.e, 1.16JI!lX t:. W ~ 0 , ,llJIII peweHHII 3TOll 36J16'111 Mbl MO~eu BOCnOJib30B6TbCII pe3yJlbT6T6MH 36MeTOK/J-4/• 

113 3THX pe3yJibT8TOB CJieJI.yeT, 'ITO CJiy'laH, 11300pa.JKeHH!le Ha piiCYHKaJ' 7 II 8 0YJI.YT rpyOWH, T,e, B 3TIIX 

cny'laHx Hall.netcH TaKoe fo 7 o , 'ITO np11 I A w / < do none.neHHe cenapaTpHc Ci!CTeMu (II) H 

CHCTeM!l (II") Oy.neT COBrTa,ItaTb, Hao(JopoT, CJiy'lall, 11306pa.JKeHH!lll Ha PHC, 9 6yJI.eT Herpy(JJiM, ITone,IteHIIe ce-

napaTpiiCii B 3TOM CJiy'!ae 3aBIICHT OT 'IJieHOB CTeneHH OOJibmeH, '!ell ~ - { 

ua pucyHKax 7-9, HJIII IIMeTb BII.Jt, 11306pa~ eHH!lll Ha p11c. IO. 

Puc.IO 

I3 

t H MO:teT 0HTb T6KHK xe, K6K 



Heodxo~Kvo orverKr h, qro B rou c~yqae, xor~a CKcreMa ( I) o dna~aet KHrerpanhH~ KHBapKaHrou, nony-

qeHHaR ~nR Hee CHCteua (II") dy~er HMeTh Glo = 0 H, cne~oaare~hH0 1 ~nR CKCTeM~ (II") B 3TOM c~y-

qae B03MOXHO ronhKO pacnonoxenKe cenaparpHc~, yKa3aHHoe na pKc. 9 • .UnR cKcrev~ (I2) a srov cnyqae 

B03MO~HO TOnbKO pacnono~eHHe, yKa38HHOe Ha pHC. 9 H_ IO , npHqeM 1 pacnono~eHHe 1 YK83aHHOe Ha pKC. IO dy

,li;BT donee TKnHqH~ B ro11 cu~cne, qro .JtnSI roro, qrodl:l pacnonoJ!te HHe cenapatpKc~ HMeno BK~, yKa3aHHHA na 

PKC. 91 <flYHKUKK /(X 1 !I I t ) lll J {X 1 !1, t) 1 BXO.JllllllliB B CKCTeMy (I) 1 ;ltOnli:H~ Y.llOBneTBOpSIU HeKOTO

poMy 6eCKOHeqHOMY qJilcny <flyHKUlllOH8~bHbiX ycnOBlllA. C )lpyroA CTOpOHbl B 3TOM cnyqae, K8K 31"0 yxe OTMeqanOCb 

B sauerK/ 51, aenrll'~!llHa orpe3Ka C'h , xapaxrepK3YDIIlaSI uaKCKM~Lnoe orKnonenHe cooraercrayDI!IHX aeraeA 
"'" cenaparpHCI:l .apyr or .Jtpyra, KMeer nop.R.aoK e- 1aw1 , r.ae d. > o • 3ror cjJaKT nplllBO.lllllT K TOMy, 

qro npK Hccne.JtoBaH !Il lll HeKOTOPHX 3a.aaq 3TlllM .RBnen!lleM MO J!t HO npeaeopeqb lll cqKrarL, qro ICq)l = o 
c<. 

0.ltH8KO 3TO MOJKHO ,ltenau TOJibKO B TeX cnyqa.RX 1 KOr~a e -IAWI <.< i 
1 

T. e. npK AcJ .ltOCTa-

TOqHo uan~x . Hanp!lluep , npK Kccne.ItOBaH!Illll npoxo~,lteHKR qepes pesonanc raKoe ynpomenKe cnpaBe.lt~HBo, ecnH 
oL 

ronLKO cKopocn npoxollt.lteHltR qepe3 pe3oRanc tr Y.ltOBneraopSier nepaaencray If >> I1HJI e - 1AC;;i 

§ J. YcroAqKBOCTb Pa$lll~bHbiX KOnedaHlllA B qHK~OTpOHe C npocrpaHCTBeHHOA BapKaqHeA 

uarHKTHoro nonR. 

Pe3y~LT8TH npe.Jtl:l.ltYI!Iero naparpacpa )laDr B03MOXHOCTL paccuorperL aonpoc oo ycroAqKB OCTH pa,ltHanLHNX 

Kone08HlllA B UKKnorpoHe C npocrpaHCTBeHHOA B8plll8U!IleA MarHJ/lTHOrO llO~.R. 

-+ 
KaK H3B ecrno, ypaaneRHR .ltBlllllteHHR 3apRxennoA qacTKUI:l B MarHKTHOM none H B UlllnlllH.ltPJilqecKOA ClllC-

reue KOOP.ltlllH8T HMeDT BH.ll : i- ..,,,. :: m~ ('7,'f Hz z fly) 

'?.f + 1-iy == m~ (i. H.,_ i flz) , (I) 

z = mec ( i H <f - '& f If -v). 

Ilpe,ltnonoxHu, qro npH Z = o }-/?,.::fly; ~0 • 'f or~a, oqeBH,ltH0 1 ,ltBKJ:eHHe B nnOCKOCTK Z = 0 

dy.aer onKc~aTLCR donee npocron cHcreuoA ypasneHHll: 

~ 
• :1.- ~ "r - m e '?, r flo ~r + z ir e . H =--'2- 0 me 1 

r.Ite 1-/0 = Ho{~,y) = Hz. r~, 1, o J • BH6HpaR B CKCTeMe (II) B KaqeCTBe He38BlllCJ/lMOA 

nepewennol! 'f , nonyqHu B pe3ynLrare sneMearapHHX npeodpa3oBaHKA: 

,2. ~ 

II zl-- e ~'}.+'7./ J-1 , 7,' 4-' 
7- - - 'G. ==- w + 'Z-w =-..!L ""?: 1-fo I '"l. me c..J 7, () I ~ me. 

r;te w==r , a wrplllXaMH oOo3naqeHH npo!ll3BO.IIHI:le no r 

(II) 

( Ill) 

TaK K8K np!ll .JlB KllteHHJ/l qaCTJ/lUbl B MarHHTHOM none ee nonHa.R CKOpOCTb COXpaH.ReTCfl 1 TO BBnHqJilHa Lf~ = 
::.. (~2+ '"t'l.)wJ., Oy.aer nepBblll HI!TerpanOM ClllCTBMbl (Ill) . )\anee HBTPY.ltHO y0e.Jtl/lTbCfl 1 qro CHCTeMa (Ill) oOna,ltaeT . 
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au, nony

TOJA CJiy

yqae 

c. IO ely-

8HHHI! H8 

H9KOTO-

TM9'18JIOCb 

X B9TBel! 

K rouy , 

.llDCT8-

:>, eCJIH 

~CKOI! CHC-

(I) 

z;: 0 

(il) 

U!OI! 

( Ul) 

l. II''). = 
JClJia.llaer 

IBterpaJILRW HRB8pH8HTOII. JleiiCTBHT8JILHO, KaK H3B8CTHl2/, 4JYHKinfSI fl\. ( 'l, 
1 

'l, 
1

1 
'f• t.J) ~ 0 Oy,J;eT HHTerpML

RW BRB8PB8RTOII CHCT811H ·(m), eC~H OH8 Y.llOBJ18TBOpSieT ypaBHeHHms 

HenocpuctBessoR no.xcraRoaxoR serpyJ.tHO nposepHn, 'ITO M ( 'l. 1 'l- ', 'f, 4J) = 'l. 2 cJ :l. YlOB.Ie-

TBOpSiet npJB8l8BHOIIY BW.e yp&BH8HHm, T&XHII oelp830II, 4JBKCHPYSI Be~H'IHHY nOJIBOR CKOpOCTI '18CTBQH, IIH C 

nOIIOIIILm COOTHOli8HISI (f 2. : ( '7, .:1. + '7/1.) f.J.:I. ::: ~tHt $ t. CB8,1;811 BaDlY nepBOR8'18JlL&ym 38)1;8'1Y K KCC~8l0-
Ba&Hm c~elYm111ero .llK~pesnxMLRoro ypaBReBHSI: 

,7. 
~"'- 2 ~ 

~ 
(IY) 

H3 ·TOrO ifle,KTa, 11TO CHCT8M8 (m) OClJI&laef HHTerpanHW IIRB8p!(8HT011
1
H8 OCHOB8BHH 00111HX teopell CJ18.lY8T, 

'ITO nuesHe B nJiocxocrw ( i 
1 

"'') , onHcHBae11oe ypassesHell (IY) raxze OyJ,ter oCl~a,J;(lTL HBrerpaJILHW 

xssapHaHroll. OB HaXOJ.tHTCSI 13 CJI8AfDIIIHX reoKerpxt~ecxHx cooelpaze&HR. ilycrt. noaepxuocrL S onpe.leJia

erca YP&BH8HH811 ( r/· + 1.';.) "'" = IT),= C.tl ns t . Tor,lla HHrerpaJILHHR HHB8PH8HT Ra s 38)1;88TCSI BH-

pazesHell 1"\ 
~ 

2

/ /..,a ol ()'1. I · 
HsrerpaJILHHR HHB&pHaHT Ha $ HHJ.tYQHpyer HHrerpaJILHHR HHB8f.II8HT B nJIOCKOCTH ( 'r. 1 7.') no 4JOPIIY-

Jie m = ~ , r,lle IP - yroJI 118J:.IlY OCLD W H HOpi48JibHO K OOB8pXHOCTH S B p8CCII8TPI-
C.OS t I 'fll'a. ( 

saeuolt rot~xe. O'leBH.IlHO, 'ITO eosy>,. "i]i[" • Cll8.1lOBareJII>HO, m(~ ~·j _ ft\ r..l '&', f,4J) 
'J"Acl v-"J , - 'I crz. 

nycn renept./6/ 

xoropoe nocJie 3aueHH 

x1 x-2.--x 
X 

m rr c 

(..,7.')-J!. ~" 'IIIJ 
r.e. m ' - i (~'-+~~.2.)3fa. 

B (IY), nOJIY'IHII CJie,llym111ee ypaBH8HHes 

( 
2. 1.:1.) 3/z 

t +7. .t. (1+ESi"(..l.-N )), 
"'Y1--iJ: x r 

npauer BH.Jts 

(Y) 

r.~te fYi :: - e H 
0 
t.., , a ro'IKaKH odoasa'leHH npoH3BOJ.tHHe no j" .r-ra-

ilpH & :: o ypasueu11e (Y) 1111eer noJio:a:eHHe paasosecaa rana nesrp X c = ~ ~-;\ • Hcnou-

aya reope11y ilyasxape/71, noJiy'lae», 'ITO npH £ t= o ypasHesxe (Y) 111eer nepHO.IlH'Iecxoe c nepBO.IlOII 

31f pemea11e X c ( 'f, ~) , xoropoe aHMHTH'IecXH 38BHCHt or f · • np11 £ ~ 0 oOpamaercR B 
11 x,= f n ecJIH cos 2Jr(1"+"Yi ~ 1 , r.e. it+n se ecn neJioe 'IHc.no, uanp111ep, 

i +rl I N T N' 
t+n c) • · C ) • npx 0 < )("- < t . CJ,teJiaeu tenepL B yp&BHeHIU! y 36118HYl X = Xe ( 'f· & ) +- f , X = X G 'f· f, + r , 

15 



r .n.e xc( y; , E.) CCTb YK83BH!IOC BbllllC ne pHOJ:H<!e CKOe pe:UC HIAC. JIOCJIC 3UUC!I h: ypBBIICHHC ( Y) npi!MeT 

IH1,l!. : 

) . r , J( . T rE. f(~fi E T-t-~1+n+Ey( y; , £ )_} r ;o: .-- ! · r l 'f i F- )1 ( YI) 
I 

r.l( e ·:'YHr:t: lm p ( f 1 S ) 

c nepiWJ: Ol.• _2.!_! , 
II q ( 'f 1 E.) a uamt TH•IeCKIAC no 'f >t £. II nepiAO.Itll'ICCKIIC no lf 

;V 
lA n ep ~ O.l!.H 4ec r.an no 

J. ( r~ t 1 .';/)1 f,) ~!BJJHT>l~f:CKCI P. nO '{ 
' 2 J• 

CBl!LIM nCf.HO.ItOM - - · , np>I 'ICM pB3JIO:::eHHC 
N 

fjlyHKUIA IA 

a rj,y HKUIIH T , 'f II t 
.I . ) .-( T ' y ' 'f I £, 'f C T•CM Y:C 

B PHJ\ flO CTeneH.RM r II f He COJ1CP Y'MT 'IJJC HO!l HII:I(C B
1
J.OPOfl creneuv.. 11 3 TOrO f!JaKTB, 'ITO ypaBHCHKe 

( Y) Oi"\JJBJIBC T HHTerpBJibHL:M !1HBBp !1ai!TOM JJCrKO CJIC.l\YC T, 'ITO r f('f, f.) J 'f =: 0 • CJIC)10 BUTCJILHO, 

(
'f J) o 'VI 

rjly HY.UV.ll m ( 'f I F.) .::: ex F f. ) p( 6' 'i-) e Oy,aeT nepii OJ1 li'ICCKOfl c nepiAOJIOil - rjlyHKUIICt! <f • Qqe-

0 ~ N ) 
BV.;:H o , 'ITO m('f

1
F- ): i +f. m(lf'

1
f.) • YMHOJ!t iiB y pBBHC HI!C (YI) HB m( 'f 1 'i- nony'IKW ypan-

HCHV.E' l 

d~ [ ~ ( t I £) t] + [ i aVl + £ ~ ( 'f I & ) J T ::0 r (y It I r I E.) I 
(Yil) 

r .Ile 'Z- ('f
1
c)= j Cy ,d + (i-t-Yl)mCr~c.) + c. JCf ,E.) ~('f,E-) 

yYl ( '{'1 £) •f( f it I r I E.) .. 

Gt- Tcr. t I r. r.J =: 

= 
PBCCMOTp iiM CHB'IBJIB COOTBCTCTBy Dmee JIIAHC~HOC ypaBHCHIIC: 

d . J d 'f [mCy;, E)J] + [1+ YI+E& (~f 1 E) T= o (YW) 

XapaKTep peWCHII tl ypaBHCHIIR (YW), KBK 113BCCTII0 0 3BBIACIIT OT KOpHefl XBpBKTCPIICTIA'ICCKOrO ypBBHCHIIn, 

r.oT opoe JIJJ!I ypaaHeHH!! ( Ylli) HMe e T BIIJI : f z + 2 A (E.) f + i == o , r)le A (E.) 
• ilyTeM :JJICMeHrapHbiX Bbi'I II CJICHK!t HeTPY.I!HO noKa3an, 'ITO A (E.) 11weer Bll)ll 

- aHaJIIITII'Ie-

CKB.R rt·YHKUIIR £ 

A(£.).:: co s 2 Jl'1i.Pl + £. · . . 

TaKIA M oOpa :l OM, B TOM cny'lae, r.or)la _ft+ n He ecTL uenoe q11cno, HanpiAMep, np11 o < t+n 
/'(2. < 1 N 

KOJ:Hil xapaKTepiiCTII'IeCKOrO ypaBHCHIAl! 0y )J.y T KOMnJieKCHO-COnpll l!Ce HHbli41A K p BBHbiMII no llOJJ.YJID e)111HIIJlC, eCJIH E 

J10C TBTO•IHO MBJIO. 3TO 03HB'IBeT, 'ITO cymec r nyeT 3a.MCH8 ne peMC HHh!X BII)J.B: 

T :: ftt (fJ-) 1 + f t'L( f , E) 7 l = f~t('f ~E )? + f7.7.(f,t-) 7 

aHBJIHTI!'IecKII e TYHKUIIII r H & , nepHOJIH'Iecr.~te no 'f r)(e fi.j(fl n 
C n ep i!O)J.OM ~7r 

!Y 

( ~) j == t
1

Z) 
, TBKall, 'ITO B HOBllX nepeMBHHbiX ypaBH elllle (Ylll) Oy,aeT IAMeTL BII)J.I 7 + W 2-? = 0. 

~TO 03 HB'Iaer, qro B HOBbiX nepeMCHHbiX ypBBHeiiHe ( Yn) 0YJICT I!MCTL 

7rw2.p = @((~J' .'f 1 c), 
BIA)J.l 

(IX) 

r .Ite lliYHKl{ll~ G (I I ? I r J c.) 
2- Jr. " YJ ·piAOJJ.OU· N 1 paono ::e H ~-te :Jrot: 't'YHKUHIA B pl!Jt n o c TeneHiiM 

1 

creneH~-t •• n onn r a11, HBKOHeit , 7 ::: X , 7 ::: w !I , nonyq~M: 

BHBJIHTH'ICCKB!! no BCeM nepeMeHHllM II nepiAOJlllqecr.al! no f 

7 He CO)J.epXIIT 'IJieHOB HilKe BTOpOA ll 

c ne-

I6 

ClC 

BOC 

npv. 

- E 

HHJ 

1 
CTJ 

dy; 

np 

oo 

cj 
c 

xe 

KE 

Bf 

KE 

Pc 

P' 

R: 

p 



Y) npHMeT 

(YI) 

no <f 
If I! 6 

[.'f. E.) 
ypaBHeHHe 

eJ!LH0 1 

• Olle

JlYIII!M ypaB-

(YII) 

f I 'f, f.)::: 

(Ylll) 

18BHeHI!Il 1 

· auani!TI!Ile-

!,lll 

n 
2. < 1 

.e, eCJll! £. 

no 'f 

I = o. 

(IX) 

c ne-

e BTopol! 

(X) 

X=GJ!I 

ClCT8Ka (X), Oll8BH~H0 1 llBJllleTCil ll&CTHHK CJlyllaeM CI!CTeMH (I) 1! 1 CJle,llOB8TeJ!LH0 1 ,llnll ee 1!3ylleHI!Il MH MOK8M 

BOCDOJ!L30B&TLCil 06~el! TeOpHel!, H3J!OKeHHOI! BHme. 

IlyTeM Renocpe,JtCTB8HHOrO Bl:llli!CJleHHil HeTpy,JtHO DOK83aTL 1 llTO c.J 2. :::: i + I'} + E. , • , , TaKHM o6pa30M 1 

npH 3H81leHHilX Yl t 6J!H3KI!X It 3HalleHI!IlM h , onpe,JteJ!JieMHK 1!3 ypaBHeHl!JI Y 1 + l'l = ; /'1 ( f H 7 -
- saaHuao-npocr~:~e nenHe llHCJ!a), B cHcTeMe (X) soauoxa1:1 pe3oaaaca1:1e JIBJleHHH. Tax xax B nponecce yc~ope-

BIIII n 1!3M8HJ!eTCJI OT HYJ!JI )tO Yl m Q, X < 3 t TO HHTepec MoryT npe,JtCT8Bl!TL TOJ!LKO pe30H8HCI:I C 
PN 1 )' -~- • TaK K8K C ,Jtpyrol! CTOPOHI:I C pOCTOM ? pe30H8HCH CJla6eDT 1 TO Ha OCHOBaHHH HepaBeH-

CTB& 1 > ~ N cne,;yer, llTO H8JI60Jlee onacHIDIH 6y,;yr peaoaaacH c p = 1. • )lnH Jl = 6 Ta.KIIM 

cly,;er peaouaac c y = V , a ,JtJIJI f(.:: g c 7 = 5 • Henocpe.JtCTBeaaoe Bl:llll!CJleHHe noJtaaHBaer, uo 

Opl! OpiiBe,JteHHl! llJleHOB 3-el CTeneHB B Cl!CTeMe (X) K KaHOHBileCKOMY BH.ltY COOTB8TCTBYD~I!I! K03~HnHeHT C1 (t) 

o6pa~aeTCJI B HynL npH E = 0 • Tax KaK CHCT8M8 (X) 06na,;aeT HHTerpanLHHU HHB8p1!8HTOM 1 TO ycnOBI!8 

c i (f.) = 0 SBJ!JI8TCJI JtOCT8TOilHHU JtJlJI TOrO, llT06H pe30H8HCI:I C /( = 6 I f = f. ) ~ : Y II 

c N == 8 
1 

p = i 
1 

7 = S 6HJll! CHJ!LHHKH, T.e. npa n = n1 e). ,;onua uen ~o~ecTo xapTHua, H3o6pa

xeuuaJI na pH c. I, a npa n 6nH3Kl!X K n f'·). , KapTl!Ha, Hao6paxeunaH ua pac. IO ( HnH, liTO aapauee 

wenee sepoHTHo, K&pTl!Ha, Hao6paxeunall ua p11c. 9). 3To 6Hno nposepeno nyTeM uenocpe.JtCTBeuuoro HHterpHpo

B&HHII ypaBHeHHII (Y) Ha 3Jle KTpOHHOI! ClleTHOI! M8mHHe, Pe3yJILT8TI:I BHilHCJl8HHI! DOK&3anl! DOJlHOe COBD&,JteHHe 

KeX,J;y DOBe,lteHII8M TpaeKTOpHI! ypaBHeBHII (Y) I! Kal!eCTBeHHOI! K&pTHHOI! CHJILHOro pe30H8HCa, ODHC8HHOR B § 2. 
~83YlLTaTH BHilHCneBHI! D03BOJ!HJ!H H&I!TH TOilHOe .3H&Il8HH8 n fe), B H81!TH mHpHHY pe30H8HC8 (DO.lt mHpi!HOI 

peaouauca 3.JteCL nona~o~aeTCil HHTepBan auaqenHI! n 

uxx BKeeT paauepH MeHLme nanepe.Jt aa.JtaHHHx). 

1 npH KOTOpi:IX H306paxeHHHI! Ha PHC. 9 qeTI:IpexyrOJIL-

BHilHCJI8BI!Il Ha 3JieKTpOHHOI! ClleTHOI! KamHHe 6HJ!I! BI:IDOJ!He~ H.H.IIonyMOp,llBI!HOBOI!, !IOJ!L3YDCL cnyqaeK BH

pa3HTL eR CBO~ clnarO,ll&pHOCTL, 
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