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Bae~emt:e 

Hap~ c o6~npHHHTMM onHCaHHeM no~~ ~HXY~eroc~ aap~ aanaa.llbiBaiO~MH noTeHIJ,Ha~aMH e pazte pa6o~ 1 - 31 CO.llBPliCHTC~ TaK
liCB onHC3HHB no~ Ha OCHOBB nPHHIJ,Hna fiOHrBHca. 3~ ~Ba eap11aH
Ta OnHCaHI1~ O.llHOro 11 TOrO liCB 06beKTa npi1B0.1tSIT K pa3JU14HbiM pe-
3Y.I!bTaTaM, O.llHaKO 11X KO.Ili149CTBBHH09 CpaBHBHI19 3aTPY.llH~9TC~ 
TSM, 4TO ~OPMY~HPOBKa npi1HIJ,Hna fiOAreHCa orpaHI149Ha TaKHMI1 no
H~~ KaK BO~Hbl, B03~9HH~ 11 np., 11MBIO~HMI1 B OCHOBHOM Ka
'lBCTBSHHbJll xapaKTep. PacWI1pBH11e nPI1HtUma f10AreHca noH~eM 
nOTeHIJ,Ha~ YCTpaH~T 3TY TPY.llHOCTb 11 n03BO~~eT no~411Tb ~a 
cpaBH11MbiX eap11aHTa on11caH11~. 

OnHpa5lcb Ha TaKoil MO.Ill1~11lUIPOBaHHbiH npi1HIJ,Hn fiOAreHca, M5l 
nOTeHIJ,Ha~a nPOI13BO~bHO ~11liCY~eroc5l T0494HOrO 11CT04HI1Ka BO~HO
Boro nO~Sl ~106oil npHpOAbl (3~8KTPOMarHI1THOH, 3BYKOBOil H.IU1 HHOill 
no~Y49HO ypaeHeHI!e .ll' A~aM6epa c HeHy~eeoil npaeoil 4aCTbiO, 'lTC 
MoxeT c~XHTb o6b~CHeHHeM npwmHbl YKaaaHHoro paa~l14115l. B TO 
xe epeMSl npaea5l <JaCTb no~<JSHJ10ro ypaBHSHI!Sl np11 onpe.llB.IlBHHbiX 
~OnY~HI15lX MOXeT 6biTb npi1H5l'l'a paBHOH HY~IO, no3TOMY o6a ynoMSl
HyniX BbllUB eapHaHTa onHcaHHSl 1-ll.lBIOT II HBKOTOPble 06~e 'lBPTbl· 

.l{eilcTBHTe~bHO, M5l 3BYKOBoro 11CT04HI1Ka, ~11li:Y~rOC5l paB
HOMBPHO 11 np5lMO~I1HBHHO CO CBBPX3BYKOBOH CKOPOCTbiO, aana3AOIBa
IO~H nOTeHIJ,Ha~ ~eT TY li:B BB.I!I1411HY yr ~ pacTBopa KOHYCa Maxa, 
'lTO no~Y<Ja8TC5l Ha OCHOBe np11HIJ,Hna fiOilreHca, HO BC~H B nepBOM 
c~e noTBHIJ,Ha.l! Ha noeepXHOC~ KOHyca CHHrY~SlPSH, TO BO 
BTOPOM CI1Hry~5lpHOCTb nOTBHIJ,Ha~a np11 .1!1060H CKOpOC~ COXpaH~T
CSl TO~bKO B TOil TO'lKe npocTpaHCTBa, KOTOP35l B paccMaTpHBaeMbJll 
MOMBHT BPBMBHII 3aH5lTa HCT04HI1KOM, Ha rpaHI!LlB xe KOHyca Maxa 
nOTeHIJ,Ha.l! 11M88T CK340K KOHB'lHOH Be~I1411Hbl· 

I. 3ana~aa~ noTeH~an ~ np~H~ 
rJOareHCB 

I. I • .l{~~ nO.I!HOTbJ 113~0li:BHII5l HanoMHI!M BKpaTLlS COCT05lHI18 
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TeopHH no~~ ~~xymgroc~ sap~. Ms s~KTPO~HaMHK~ MaKCBeAna 

c~e~eT, qTo noTeHUHa~ w(x,y,z,t) TOqeqHoro sap~ e ynos~T

BOPffiT so~HoBoMY ypasHeHI1IO 11~ ypaBH8HI1IO /J.' AJiaM6epa 

- + + - - -- · :::: ol- = 0 

ax' ay2 oz2 c2 11t' 
( 1.1) 

PeweHI1eM :nora ypasHeHI1~ ~MeTe~. TaK Ha3biBaeMbM 3ana3,llb!BaiO

ml1~ noTBHUHaJI 11JII1 noTBHUHaJI ]11eHapa - B11xep-ra 

e 
w ~ ----,---- ( 1.2) 

rne C- CKOPOCTb CBeTa, V'- B8KTOP CKOPOCTI1 3ap~na ~ r•- pa

~yc-BeKTOp paCCTO~I1~ OT Sap~ no TO~, B KOTOpO~ Bbi'II1C

Jl~8TC~ noTeHUHaJI. B 3TOM Bb!palll:eHI111 BCe BB~qi'\Hbl co IIITPI1XOM 

08PYTC~ B sanaSnb!BaiOml'\i'i MOMBHT BP8MeH11 t· 

t· t- r'tc. ( 1.3) 

B <~acTHoM cJIYqae sap~. ~11xymeroc~ paBHOMepHo 11 np~Mo

JI11Hei1Ho CO CKOPOCTblO V BnoJ!b OCI1 X, MOMeHT BP8MeH~ t• onpene

JlffiTC~ 11S ypaBHeH~~ 

( 1.4) 

(1.5) 

oTKyna np~xon~T K npeo6pasoBaH~~ ]opeHup, coc-ra.BJI~mi'\M ~YH-

- /4/ 
naMBHT cneUHaJibHO~ TBOp~l1 OTHOC~TBJ!bHOCTI1 

1. 2. fiOM~MO 3Jl8KTP0MafH~THb!X BOJ!H ypaBHeH~e ( 1.1) Oni1Cbi

Ba8T ®Yfl18 BOJ!HOBbiB ~~HI1~, Hanpi1Mep, SB:;KOBbiB BOJ!Hbl ~~ 

BOJ!Hbl Ha noBepXHOCTI1 Jltl1n!COCTI1
151 

• []p~ paCCMOTP8H~I1 nOCJI8nHI1X 

CJI8~8T non C B (1.1) nOH11MaTb CKOpOCTb pacnpocTpaHeH~~ BOJIH 

cooTBeTCTBYIOme~ np~ponw. 

3anaqa 0 SB:;KOBOM nOTBHUHaJie ~~li:YwefOC~ 11CTOqHI1Ka SByKa 

paccMoTpeHa s121
, rne noKasaHo. qTO neilcTB~TBJ!bHO " ••• noJIY-
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<teHHhie a.aecb peayJ!bTa.Thi .l!JI$1 3B)'KOBoro no.I!S! .l!Biil:!i:YIJ(erocSJ MCTOl!
H!IIKa BO MHOr!IIX OTI!OIII8Hiii$1X CXO.l{Hbl C 1!13BeCTHb!Miil pe3YJ!bTa.TaM!II 
]!lleHapa - B!llxepTa .l!JI$1 3JieKTPOMarH!IITHOro noJI:;~ .l!Biil:!i:YIIIeroc:;~ TO
l!el!Horo 3ap:;~.aa (3JI8J<:TpOHal "

161
. 3TO 33Me<t3Hl!!e OTHOC!IITC$1 • !<: 

CJIY<la!O Wl, .liJIS! KOTOporo 3BYKOBOil noTeHI.J.!II3JI noJiy<taeTC$1 B 8!11-
Jle, TO:!I:JleC TBBHHOM Bbipa:!l:eHI110 ( 1 • 5 l . 

.l(Jl$1 CB8PX38)'K0Bb!X TOl!e<tHb!X 11CTO<tHl1KOI\ noTeHI.J.IilaJI npi1B0-/7/ 
.lll1TC 5I B Bl!!lle 

~ ~ :
0 {exp[iwlt- R,'cl] + exp[iwCt- Rz/cl]}//{3•- 1, 

rJJe 

R~le•+y•+z• 

R ~ CR - {3{ )II {3. - 1 
t 

e ~ ex - vtlll 13• - 1 

R~- cR + f3{ll/ 13•- 1 z 

( 1.6) 

M A
0 

- nocTO~HHa~, pasHa~ ~ T04€4Horo MCTO~H~a ero o6MAb
HOCTI1, w - <t3CT0Ta 3ByJ<:a . .l(Ba liJieHa B ( 1.6) OTBellaiOT TOMY 
wa~<:ry, liTO np11 {3>1 ypaBHeHI1e !1.4) l1MeeT .l!Ba .aeilcTBI1TeJibHb!X 
!II nOJIOliC!IITeJibHb!X IWPHSI. 

no noso.ay pellleH!IISI c 1.6 J .1(.11. 5JioX!IIHt;es n!llllleT· ""113 Haw!llx 
paclleTOB Bl1l{HO, liTO nplil CBePX3BYKOBOil CJ<:OpOCTI1 !IICTOliH!IIK3 cy
IJ(eCTBYeT He TOJ!b!<:O Cli!HrYJISIPH35! TO<t!<:a, HO !II t;eJI35! nosepXHOCTb 
(KoHyc M3Xa), Ha KOTopo~ pellleHI!Ie o6pa!J(aeTCSI s 6ec~<:oHe<tHOCTb. 
CTaJIO 6b1Tb, ecJII1 orpaHI!I4>1TbCSI TO<te<tHbiM l!!CTOliH>IKOM, TO HeJib35! 
np>1.li3B3Tb CMb!CJI3 pellleH!IIIO ( 1.6) He TOJ!bKO B6JII13>1 C3MOro >ICTOll-

/8/ HI-1!<:3, HO >1 B6JII13>1 J<:OHYC3 M3X3"" . 3TO 33M8'13H>1e, no MHeHI-110 
asTOpa, CTaB>IT no.a coMHeH>~e K3K pellleHI!Ie !1.6), Tal<: 1!1 peweHI1e 
( 1. 5), T. K. o6a peiii8H>15! nOJIYlleHbJ, >1CXO.l!SI >13 TeX liCe C3Mb!X H3-
C!3JibHb!X npe.anOCb!JIOJ<: . .1(.11.5JIOX>1Hl;eB B>1.lll1T np>1'!>1Hy, 8 C>IJIY J<:O
TOpoj:f peWeHH€ JIHW€HO CMhiCJia, B TOM, liTO OHO Ha£1.li€HO ,li,JISJ. TQ
lleliHOrO >~CTo'IH>~Ka. H>~:!l:e Mbi YB>~.lll1M, ctTO aTo He Tal<:, liTO nP>1l!>1-
Ha B C3MOM BOJIHOBOM ypaBH8H>1>1. 3aMeTI1M, liTO C>1HryJISIPHOCTb H3 

/9/ KOHYCe Maxa OTMect3eTCSI >1 B pa60Te , nepBoe 113.li3HI18 KOTOPOil 
Bb!IIIJIO B 1915 r. 

n OJiaraSI A 
0 

paBHb!M e >1 w o, Ha~.aeM >13 C1.6J 
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(1.7) 

T. e. aa IICKJUO'l9HI19M MHOliCIIT9Jl51 2 Bbipall:eHIIe ( L 5 l. 11 HbiMI1 CJIOBa

Mil, B aKYCTI1Ke noJie JJ.O- II CB9PX3BYKOBoro IICTO'lHI1Ka TaKliC9 Oni1-

CWBa9TC~ aanaaJJ.b~a~~M nOTeHU11aJIOM. 

ABTOPY He YJJ.aJIOCb Ha~TI! B JIIITePaTYpe OniiCaHIIe BO~ Ha 

noBepXHOCTII liCIIJJ.I(OCTI!, OCHOBaHHOe Ha ypaBH9HII~ (1.1), HO MOliCHO 

noJiaraTb, 'lTD TaK09 on11caHII8 6YJJ.9T nOJJ.06HWM npiiB9JJ.BHHb~ Bb~, 

ecJIII TaM npeHe6pe'lb JJ.~~cnepclleR. 

I. 3. ,l(Jl51 KOJIII'l9CTB9HHOH OL\9HKII BW3BaHHoro JJ.BIIli:9HII9M IIC

TO'lHI1Ka nepepacnpeJJ.BJISHII~ noTBHU11aJia ew6epeM onpeJJ.BJI9HHY~ ee

JIII'l11HY nOTBHU11aJia t, = eta, HenOJJ.BIIJEHOrO aap~ II npllpaBH~M 

ee eeJIII'liiHe noTeHUI1aJia JJ.BIIX~roc~. TorJJ.a 113 <1.5) 11 (1.7l 

HaXOJJ.IIM ypaBH9HII~ 3KBIInOTBHU11aJieH COOTB9TCTB9HHO 

<X -: vtl 2 + n-rh<!l+ z·~ =cf (l<l • (1.5a) 
' 

<x- vtl 2 
- <fl'- 1l<!/ + z'l = cf 14 • 

' 
(1>1 (1.7a) 

YpaeHeHI1e (1.5a) npeJJ.CTaBJI~T co6oA ypaBH9H11e aJIJII1ncoi1JJ.a epa-

1119HI1~ ( 3JIJIIIncoiiJJ.a XaBIIca~JJ.a) c noJJ.Yoc~: a,- BJJ.OJib oc11 x 11 

a1,l1- fl2
- opTOroHaJibHO oc11 x, a ypae~eHI1e <1.7al - ypae-

' H9H119 r11nep60JIOI1JJ.a BPa1119HI1~ C nOJJ.YOC~: a,/2 BJJ.OJib OCII X II 

0,121,/ (1
2 

- 1 - B HanpaBJieHIIII, opTOrOHaJibHOM OCII X. 0TC~JJ.a 

aaKJUO'laeM, 'lTD BJJ.OJib oc11 x pacnpeJJ.eJieHIIe noTeHUI1aJia np11 fl<l 

OCTaeTC~ T9M liCe, 'lTD II B CJ!Yljae H9nOJJ.BIIli:HOro IICTO'lHIIKa. Op11 

(l>l pacnpeJJ.BJieHI19 nOT9HUI1aJia Ha OCI1 X OCTaHeTC~ T9M ze, 9CJIII 

Ha Kalii:JJ.OH 3KB11nOTeHU11aJibHOH noeepXHOCTII B9JIII'li1HY nOTBHU11aJia 

y.ltBOI1Tb. ,lleiaJ!II pacnpe,11eJieHII~ noTeHUI1aJia BIIJJ.Hbl Ha p11c .1a. 

EcJIII B < L 7a l noJIOlii:I1Tb a, = o, TO noJIYlji1M ypaBH9HIIe Ko

Hyca Maxa 

<X- vtl"- <fl'- 1l<!/ + z'l = o ( 1.6) 

c yrJioM 8 noJJ.YpacTBopa np11 sepm11He, paBHbJM 

sin& = 1/f' • ( 1. 9) 
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Ha TIOB8PXHOCTH KOHyCa TIOTeH~a~ o6pa~aeTC~ B 6eCKOH84HOCTb. 
3aMeTHM, qTo ec~H B <1.5J ycTpeMHTb r K 1 co CTOPOHbl 

(l<1, a B (1.7)- CO CTOpoHbl (l>1, TO no~yqMt.t )lBa pa3HbiX npe.l{e
~: etlx -vt I H 2e1 IX -vt I· C~.llOBaTe~Ho, noMHMO CHHry~~p

HOCTH 3ana3.llbiBaKJIII,l1H TIOT8H~a~ npHBO.l{HT K pa3pbiBY B8~HqHHbl 

noTeHqHa~ npH fl ~ 1. 

I. 4. npHH~TI fKJi1f8HCa .l{a8T .llPYf08 Om1C3HH8 TIO~~ .llBM:JIC~e-
/1/ 

roc~ aap~.lla· B pa6oTe npHBe.lleHa (jiopM:f~poBKa •· ..• npi1H~na 
fKJi1reHca: Ka:JIC.lla~ ToqKa Ha nyTI1 sap~.l{a, .l\BI1:JIC~eroc~ pasHoMepHo 
11 np~O~I1H8i1HO CO CKOPOCTbKJ V, C~Y:JICI1T MCT04HI1KOM c(jiep!1qecKOM 
BOJIHbl, vtcnycKaeMoti: s MOMeHT npoxo:E,ZJ;eHMSI qepe3 Hee lffiCTI1I.J,bJ. B 
TOM C~yqae, KOf .l{a 

v>ctn , T.e. tJn>l , (4.1) 

3TH cij)epb! 11M8KJT 06~10 Ofl16aKJ~Kl - KOHYC C BepWHH0£1, COBTia.l{aKJ
mei1 C MrHOB8HHb~ TIO~O:JIC8HH8M sap~a. npH 3TOM HOPM3~11 K 06pa-
3YKJ~£l KOHYCa, T.e. HanpaB~8HI1~ BO~OBb!X B8KTOPOB, 
CO CKOPOCTbiO yro~ 

case = 11(1n . 

o6pa3yKJT 

(4.2)"' 

3.lleCb n .- K03(!i(!ii1~8HT npe~o~HI1~ cpe.l{bl, a e ~ rr/2 - & . 
3Ta (!iOPMY~POBKa - H31160~ee 11Cqepnb!BaKJ~~ 113 113B8CTHbiX 

aBTOpy, TI03TOMY OHa npi1B8.l{8H3 TIO~OCTbKJ C BK~KJq8HI18M B3:JICHe£l
mero pesy~bTaTa - yro~ np11 sepmHHe KOHyca Maxa. no~qeHHbli1 113 
3~8KTPO.l\HH3MI1KI1 11 Ha OCHOB8 npi1H~na fKJ£lreHca, 11M88T TY :JIC8 
Be~~Hy. 8 no~HOM COOTB8TCTBI111 C npHB8.ll8HHOi1 WOPMY~I1POBKO£l 

KOHyc Maxa 113o6pa:JICeH Ha cynepo6~o:JICKe pa6o~11 , MHoxecTBa 
BO~ TIOKa3aHbl Ha PI1C .10 TIPH T8X :JIC8 3HaqeHHm fl, qTO 11 Ha 
pHC .10. 

/1/ 
0.llH3KO WOPMY~POBKa OCTaB~~T OTKPb!Tb!M BOTIPOC 0 TOM, 

4To HeceT soJIHa, KaKosa ee KO~t.148cTBeHHaSI Mepa. EcRM TaKaS~ 

Mepa ecTb, TO oqeBH.llHO, ·qTO Ha rpaHHqe KOHyca Maxa, r.lle B 
Ka:JIC.ll0£1 TO~e l1M88TC~ TO~KO O.l{Ha TaKa~ BO~Ha, TIOT8H~a~ MO:JIC8T 
TIPHHI1M3Tb ~111Ub KOH84H08 3HaqeHI18, 11 HeT Bl1.l\HMhlX TIPI1~H, B Cl1-
~y KOTOPbiX 6bi OH o6pa~~C~ 3.ll8Cb B 6eCKOHeqHOCTb. 

C~.llYKJIII,l1M OCTaBWI1i1C>l 683 OTB8Ta BOTIPOC COCTOI1T B TOM, 
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KaK C)'MMI1PYIOTC>I M9Pbl C\flepi1'19CKI1X BOJIH B TOM C.ny4a9, KOr .Ill! B 

.llliHHOii TO'!Ke OJIHOBP9M9HHO C:iiii9CTBYIOT l!BB BOJIHbl. 

!.5. Ha OCHOBe 113JIO:E9HHOrO MO:EHO Cll9JiaTb CJ19l!YIOIIII19 BbiBO-

l!bl: 

- C:iiiiBCTBYBT 9l!I1HCTB9HH09 pemeHI19 ypaBH9H11>1 (1.1), B paBHOii 

M9P9 cnpaeel!JII1B09 C MaT9MaT11'i9CKOii TO'iKI1 ap9HI15l ,llJI5l J006biX 

BOJIHOBbiX npoueccOB - 3JI9KTPOMarHI1THbiX, 3BYKOBbiX 11JII1 BOJIH Ha 

noeepxHOCTI1 lll:11.lli<OCTI1, - 11 3TO pemeHHe 11MBBT Bl1.l! aanaal!biBaJOw,e

ro noTeHU11a.llll: 

- npel!CKaabiBaeMoe reop11eii aanaal!biBaJOw,ero noreHU11a.llll pacnpe

l!BJIBHI1e noTeHU11a.llll l!B11:E:ru1Broc>~ 11CTO'iHI1Ka o6Jia.lllleT PMOM 

CBOiiCTB IHe3aB11CI1MOCTb pacnpel!B~HI1>1 noTeHU11a.lla Ha 0CI1 X OT 

CKOPOCTI1 11 ero CI1MM9TPI15l np11 ~<1, paapbiB HenpBPbiBHOCTI1 3Haqe-

HI1>1 nOTeHU11a.lla np11 ~ = 1, CI1Hry.ll5lpHOCTb Ha KOHYC9 Maxa np11 

~>1 J, KOTOpbiM TPYl!HO npl1.11l1Tb KaKOii JII160 \f/11311'19CKI1ii CMbiOJI, 11 

.llll%9 Ka'leCTBeHHO He COBna.llliBT C TeM, 'iTO MO:I:HO 0:1:11.11l11b Ha 

OCHO~ np11HUI1na rJOiireHca: 

- B TO :1:9 BPBM>l 06a BapHaHTa OnHcaHH>I npi1BOl!>lT B P5ll!e CJIY'i3-

9B K OJIHI1M 11 TeM :Ee peay.llbTaTaM, Hanpi1Mep, .llliiOT Ol!HY 11 TY :1:9 

ee.lll1'i11HY yr.lla pacTBopa KOHyca Maxa. 

2. OpHHUKn r~reHCB H ypBBHBHHe nOTeH~ana 

~BHIIIYIIIBrocH sap~a 

2.1. OTBeTOM Ha nepeblii eonpoc n-!.4, no MHBHI110 aeTOpa. 

MOlll:eT 6b1Tb C.llel!YIOIII.99 npe.l!nOJI0:1:9HI19: Kall:.llll>l TO'!Ka npOI13BOJibHOii 

TpaeKTOPI111 TO'ie'iHOrO aap>l.llll, KOTOPYIO OH npoXOl!I1T B MOMeHT .t·. 

5lBJI5l9TC>l USHTDOM c\flepH'iecKoii <JKBI1noTBHU11a.llbHOii noeepXHOCTI1. 

pa.l!I1YC KOTOpOii B JIJ06oii nocJI9l!YIOIIII1ii MOMBHT BP9MeHI1 t paBeH 

cit- t'>, a ee.lll1'ii1Ha noTeHUI1a.lla ~ Ha Heii pasHa 

~ = etclt- t· > , (2.1) 

r .11e e - ee.Jlii'II'!Hii. aap>l.llll. UeHTP 3TOii c\flepH'IecKoii noeepxHOCTI1 B 

J11060ii nOCJ19l!YIOIIII1ii MOMeHT BP9M9HI1 t OCTaBTC>I B TOii TO'!Ke npoc-

TpaHcTBa, B I<OTOpoa c'epa nosml.i.Ha.a. UULW ~J8!1B.UU. UODOii 
/1/ 

C\f/9PI1'19CKOii BOJIHbl 5lBJI5l9TC>I B9JII1'i11Ha nOTeHUI1a.lla, 11M9101113>1 

Ol!HO 11 TO :1:9 3Ha'I9HI19 B Ka:El!Oii TO'!Ke TaKOii C\f/9PI1'i9CKOii BOJIHbl· 
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0npe,ll8Jl8HI!8M ( 2.1 J nOJlb3YJQTC>l I! npl! Bb!BO.lle (liOPMYJlbl .llJl>l 
aanaa.llb!Baromero noTeHUI!aJia. ~e~cTBI!TeJibHO, eCJII! npasa>J ~acTb 
ypasHeHI!>l (1.1! pasHa 4np<X, y, z, tJ 11 P- aaEaHHa>I o6beMHa>l 

nJioTHOCTb aap>JEa, TO o6mee BbipaliCeHI1e M>I aanaa,llbiBaromero no-
/10/ 

T8HUI!3Jl3 11M88T Bl!.ll 

p(X', y•, Z', t') 
~IX, y, Z, tJ = I "dy'dz' + ~0 • 

C( t - t• J 

~Jl>l TO~~OrO 33P>!Ea B8Jli!~)!H3 P 33E38TC>l COOTB8TCTBYIDme~ o

(jiyHKU)!8~, )! B p83YJlbT3T8 I!HTerpl!rB3HI!>l nOT8HU)!aJI np!106peTa-
8T MHOliCI!TeJlb 11 [ 1 - ( r• V' J I ( r• C J • 11 M8HHO 6JiarOEaP>l 3TOMY 

MHOliCI1T8JliD aana3.llb!B3ID~~ noT8HU)!3J[, C O.llHO~ CTOpOHW, Y.llOBJleT

BOP>lBT BOJIHOBOMY ypaBH8HI!ID, HO C ,llpyrO~ - 3TOMY nOT8HU1!3JlY 

"H8Jlb3>l npi!EaB3Tb CMbiCJia". IT03TOMY liCe noTeHU)!aJI B (jiopMe (2.1) 

C~I!T38TC>l cnpaB8.llJli1BbiM B TO~ ". • .CI!CT8M8 OTC~eTa, B KOTOPOH B 
/11/ /1/ MOMeHT t· ~acTI!u,a noKoi!Tc>~" . B i!iOPMYJli!POBKe npi!HU)!n 

froilreHCa rJiaCKT, ~0 c(jiepi!~8CKI!8 BOJ!Hbl C03,ll3IDTC>l B TOil CI1CTe

Me OTC~eTa, B KOTOpoil ,llBI!liC8TC>l aap~. B 3TOi1 xe CI!CT8Me ,llB)!

liCYTC>l I! C03EaHHbl8 aap~OM C(liep1!~8CK1!8 BOJ!Hbl, YB8Jli!~B3>l CBO~ 

P3.lli!YC I! coxpaH>l>! H81!3M8HHb~ Ha~JlbHbM UBHTp. 11CXO.ll>l 1!3 3TOrO 

I! npi!HI!M38TC>l B K3~8CTB8 MBPW C(liepl!~eCKOH BOJ!Hbl naT8HU)!3Jl B 

(jiapMe !2.1J. 

H11:m:e noKaab!Baerc>J, ~TO I!CXO.ll>l TOJibKO 1!3 csoilcTB CliYHKUI!I! 
Cit- t• ), .llJl>l nOT8HU)!3Jl3 (2.1) MOliCHO na~I!Tb BOJIHOB08 ypas

H8HI!8 C He paBHO~ HYJIID npasoil ~CTbiD. 

IToJiara>I TpaeKTOPI1ID aap>JEa 33.ll3HHOi1 BeKTOPOM rcttJ I!' sso

lls:I o6oaHa4eH£1e 

~ = C( t - t• J , (2.2) 

MOliC8M nepeni!C3Tb (2.1! K3K 

~ = en ... , (2.3) 

r.lle 

(2.4) 

3.ll8Cb r - BBKTOP TO~I! H36JIID.ll8HI1>J. Pa3YM88TC>l, B onpe,ll8Jl8HI!I! 
(2.2) W1!31!~CKI!~ CMWCJl I!M8IDT TOJlbKO T8 3H3~8HI!>l ~. 

Y.llOBJl8TBOP>liDT H8P3B8HCTBy 
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A > 0 • 
(2.5) 

BblpaxeH11e <2.4l c y'l8TOM onpe.neJieHI1>1 (2.2) MOXHO aan11ca'Ib KaK 

A = (r - r < t - Aiel I . 
c 

(2.6) 

YpaBH8HI18 (2.6) 8C'Ib, 0~8BI1J!HO, ypaBH8H118 (1,3), B KOTOPOM 

seKii~Ha r· o6oaHa~eHa KaK A, 

2.2. PaapeW11B ypaBHeHI18 (2.6), Ha~.l!8M A = A(X.y.z.tl, 

~TO noc.ne no.ncTaHOBKI1 B <2.3J .nacT HaM aHa~eHI1e noTeH~a.na e 

.n~6o~ TO~e npOCTPaHCTBa 11 BpeMeHI1. 0.nHaKo ypaeH8HI18 (2.6) B 

>IBHOM Bl1.ii9 J)il.~J)!lUJIIMO .JMUlb l!Jl5l HBnO.llBH:J!:HOfO aapR.I@ 11 aap>l.l!a, 

J!BI1:EYm8fOC>I paBHOM8PHO 11 np>IMO.l!I1H8HHO, n03TOMY 6y.neM paCCMaT

PI1Ba'Ib (2.6) KaK H8>1BH08 aa.naHI18 A-WYHK~11· 

nyc'Ib ( 2. 6 l 11M88T TOJibKO OJ!11H .l!8~CTBI1T8JibHblli KOP8Hb A, 

Y.l!OBJI8TBOP>I~Ul,I1H YC.l!OBI1~ (2. Sl, TOf .na, .l!I1WiJiepeH~PY>I < 2,6 l no 

KOOPJ!I1HaTaM <X, y, Zl TO~I1 Ha6~.l!8H11>1 nOT8H~a.na, no~I1M 

grad A = ( r - r ) I [A - {J ( r - r )] , 
c c c 

( 2. 7) 

(J= dr <t- AIC)ICdt 
c c 

8C'Ib ea>ITblli B MOM8HT t• BBKTOP OTHOCioiTBJibHOH CKOPOCTI1 aap>IJ!a. 

Bee.neM 8KI1Hioi~Hblii BeKTOP 1 

(2.8) 

~TO noaeo.l!I1T nepen~o~ca'Ib <2.7) e e11.ne 

grao>. " lfll - 1{1 l · 
c 

(2.9) 

A~o~wiJiepeH~PY>I <2.6) ~CTHWM o6paaoM no t, HaXO.l!HM 

(1- IIAIC6tl(1- 1/J) = 1 • 
c 

(2.10) 

Tenepb Bb!Pa:EBHII~ (2,9) MO:EHO nplol.na'Th CJI8~111,11H Bl1.l! 

1 = gradA/(1 - IIA/CIItl (2.11) 

11 paCCMaTPI1Ba'Ib KaK HOBOe onpe.ne.neHIIe BBKTOpa 1. 

B 



2.3. ~3 nepsoro onpe~~eHM~ BeKTopa 1 (2.Bl ~MWWepeH~
posaHMeM no~yYaeM 

2 + iJ)c!Cilt lfl (1 - iiA!CiHl 
divl = + 

c 

'~ no~CTaB~~ CIO~a lpc 113 (2.10). HaXo~M 

divl ; 2/1>. 

C ~yroii CTOPOHbl, npi1M8HMB K B8KTOPY 1 M3 (2.11) 
div, MMe8M 

~A qradAqrad(OA/COt) 
divl -----+ 

(1- iiAICiltJ 2 1 - IIAI Cllt 

(2.12) 

onepa~IO 

~aMeHI1B B noc~e~eM 'IJieHe aToro Bblpa:m:eHI1~ nop~oJ<: ~wwepeH~
posaHI1~ no npocTpaHCTB8HHbiM KOOP~HaTaM 11 no BpeMeHI1 M Y'!I!TbJ

ea~, ~TO B C~~ e~HMqHOCTM B8KTOpa 1 (}8}/C8t) = O, no~yYaeM 

divl = oA/(1 - OAICOt) 

CpaBHMBa~ noc~e~ee BbJpa:m:eHI1e c <2.12l. Haxo~M OJ<:OH'laTeJfbHO 

OA = 2(1 - iiAICilt)l),_ • (2.13) 

TaKI1M o6paaoM, A-WYHK~~ npoM3BOJfbHO BBI1%Ymeroc~ 3ap~a 
y~o~emop~eT BO~HOBOMY ypaBH8HI110 C He paBHOii HY~IO npasoii 
YaCTbiO. noc~e~~ OT~'laeTc~ OT aanaa~aromero noTeH~a~a 

(1.2) MHO:Ili:I1T8~M 2/8 (11 0603Ha'l8HI1~). B CBO!O O'l8P8Ab, 3a

na3AbiBaiOm11ii noTeH~a~ Y~OB~emop~T O~OpO~OMY BO~OBOMY 

ypaBH8HI1!0, na3TOMY npi1XO~M K BbiBO~, 'lTO A-WYHK~~ npOI13-
BOJfbHO B811:111:Ym,eroc~ 3ap~a Y~OB~emop~T ypaBH8HI110 

(2.14) 
• 

KOTOpoe MO:Ili:HO Ha3BaTb BO~OBbiM ypaBH8H118M 'l8TB8pTOro nop~a. 
np11MeHMM onepa~IO o K noTeHUI'Ia~y 113 (2.3J, ror~ np~ 

~WW8P8HU11POBaHM8M Haxo~M 
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eo>- 2e[carad>..l
2 

- C""-/C"tl
2

] 

0~ = -+ 
~-· 

flO.llCTaBJLrul CCO,Ila COOTBeTCTB:,'COIII,IIe BhlpalEeHI1SI 113 (2.13) 11 (2.11), 

no.l[:f4lleM 

(2.15) 

CJie.lloBaTeJibHO, ecJIIl aanaa.llbiBaCOIII,IIil noTBHLU1aJI .llBI1X:fiii.E!rocSI TO

'!e<!Horo aapSI,Ila SIBJIS!eTCSI pemeHI1eM o,llHopo,llHoro BoJIHoBOro ypae

HeHI1SI C1.1l, To onpe,lleJieHHhlil COfJiaCHO paCWHpeHHOM:,' np11HI.U1n:,' 

rcoilreHca noTeHLU1aJI TaKara aapSI,Ila Y.llOBJieTBOpSieT Heo.llHoPo.llHoMy 

ypaeHeHI1co 12.1sl, KoTOpoe K TOM:f xe 11 HeJIIlHeilHo. 

YpaeHeHI1e C2.15l nepexo.llllT B c1.11, ecJIIl BMnoJIHSieTCSI yc-

JIOBI18 

"Cit
2

)/C"t " 0 • 
( 2.16) 

MoxHo ox11.na.Th, 'ITO STO ycJioBI1e BMnoJIHSIBTCSI c HeKoTOpoil TO'!

HoCTbco, eCJIIl BeJIIl'!llHa nOTBHLU1aJia .llOCTaTO<iHo MaJia ('ITO BhllloJI

HSIBTCSI Ha 60JibWHX paCCTOSIHI1SIX oT 11CTO<iH11Ka) 11JIIl eCJIIl MaJia 

CKopoCTb .llB11:EeHI1SI 3apSI,Ila ( SJieKT!lOCTaTI1Ka). 

2.4 . .ll11~~epeHLU1P:fSI BhlpazeH11e C2.8l no t '!aCTHhiM o6pa3oM, 

no~ 

"1 1x[1xpJ 

c"t >..U - 1pc l 

.llaJiee BBe.lleM o6oaHa'!eHI1e 

(_2.17) 

(2.18) 

f.lle n - e.llllH114HhM BeKrop, JieXalll,ll~ cor~CHO (2.17) B fl]OCKOC~ 

eeKToPoB 1 11 Pc 11 opToroHaJibHhM eeKTOPY 1. EcJIIl " - yroJI t.tex

.ll:f eeKropat.tll 1 11 fie, To JlMI aeJit.~'lllHbl x noJiy'!aet.t BhlpazeHt.~e • 
,qsino. 

X = 
12.19) 

A( 1 - (kosa) 

no.naraSI >.. (.1 (l nocTOSIHHh!Mlol, HaXo,lli1M MaKCt.IM:,'M X ~YHKLU111 
m 
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~ (a.) 

(l!Xtf1 - (/ , 8CJ[ll coso: = {3 • (2.20) 

Yc~oBHe t2.20l BhlnO~~Tc~ TO~Ko npH ~<1 H npe~cTaB~eT co-
6oil ypaBH8HH8 H8KOTOPOfO KOHyca, KOTOpbM cnpaB8~J[l!BQ Ha3BaTb 
~oBo~OBhlM KOHYCOM Maxa. 

06pa3Y8M rot OT ~8BOil H npaBOil 'ffiCTeil Bblpal!CeHH~ ( 2.11) 

rotl 
rotgradA 
----- - gradAxgrad ( 
1 - ~~IG~t 1 -

OTCW~ C ~8TOM rotgradX 

Haxo~~t~ 

o noc~e Hec~OlCHbiX npeo6pasoBaHYiil 

rotl 1xll1tcllt . (2.21) 

~3 3TOfO ypaBH8HH~ Y1 OPTOfOHa~HOCTYI B8KTOpOB 1 Y1 n c~-
~eT 

no3TOMY MO:!C8M BB8CTYI HOBbM 8l!YIHI!I'lHblil B8KTOP b TaKOil, 'ITO 

rotl = ~b 

ill 

b = nx1 (2.22) 

T.e. B8KTOPbl 1, n, b o6pa3ywT Ha 3KBI!InOT8Hl.l,l1aJ[bHOil nOB8PXHOC
TYI B3aYIMHO opTOroHaJ[bHyw TPOHKY BeKTOpos. TaKI!IM o6pa30M, ~1!1-
lll:eHHe li!CTO'lHYIKa nopoz~eT B K3Z~Oil TO'!K8 3KBI!InOT8Hl.I,I13~HOil 
noBePXHOCTYI tc~epbll OPYI8HTYIPOB3HHblil 8l!YIHiil'lHblil penep. 

2.5. nplil BbiBO~e npi!IB8~8HHblX Bbllll8 ypaBH8HYiil npe~o~ra

~OCb, 'ITO B8J[ll'li!IHa t1-l/1cl Hlilr~e He o6pamaeTC~ B HyJ[b. Pac
cMaTPI!IBa~ ypaBH8HY18 (2.6) KaK ypaBH8HYI8 O~onapaM8TPiil'l8CKOf0 

ceMeilcTBa c~ep, T.e. C'lli!Ta~ x napaMeTPOM, Haxo~M. 'ITO orlil6a
w~ 3TOro ceMeilcTBa onpe~e~~eTC~ ypaBHeHYieM 

1-1/lc = 0 , 
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cosa. :::o; 1/(3 
(2.23) 

B no~OM cooTBeTCTB~~ c WOPMY~OH <4.2l
111

- PaaYMSeTC~. noc

~eiOiee paBeHCTBO ~MeeT CMI>IC~ TOJ!bKO KOr .llii (i>1, np~ 3TOM cor

~aCHO (2.10) np0~3BO)gi3~ 8~fC8t 06pampeTC~ B 6eCKOH9YHOCTb· 

Yc~os~~ (2.20) ~ I2.23l onpe~e~~T xapaKTePH~ KOHyc, conpo

sox.naiOII\~i1 ~~x~iic~ aap~ np~ JD06oi1 cl':opoc~ ~~:ateH~~-

3. TIOT9Hizy!BJI T0'19'1HOro 38pi'I,Ila • .11BHlKYl!l9rOCH 

pBBHOM9pHO H rrpHMOJIHHeaHO 

3.1. Ec~~ TpaeKTOP~~ ToqeYHoro aap~ aa.naHa KaK 

!I = 0 
c ' 

V :::o; canst. , 

<fl"- 1)~2 + 2~X+ x" + ,;z + z" = 0 (3,1) 
' ' II 

r ~e x, = x - vt PaccMaTP~Ba~ ero KaK KBa~aTHoe ypaeHeH~e 

OTHOC~TeJ!bHO He~3B9CTHOi1 ee~q~Hhl ~. H3XO~M,
 qTO ~CKP~~

H3HT ypasHeH~~ <3.1l D paeeH 

- Dl4 = .:t, + <1- fl2 l<lf + i'l (3.2l 

Oqes~jgiO, qTO D<O BCer.na. Kor.na (IS1. np~ (i>l 

6hlTb K3K no~ol!t~Te~bHOH, TaK ~ OTP~U3T9J!bHOH. 

3~~ 3HaqeH~~ onpe~~eTC~ ypaBHeH
~eM 

X: - <rf - 1 Hlf + Z
2

l = o , 

se~~Ha D MozeT 

r paH~ua MeliC~ 

npe~cTae.n~~M co6oi1 ypaeHeH~e KOHyca Max a < 1. a l • Ha n.nocKoc

~ (x,. ~) ypasHeH~e (3.11 MOliCHO paccMaTP~aa~ ~~~ Y~~B~Q~MQ 

n~ocKoii KP~Boii 2-ro nop~a c ~Hsap~aHTa~ s, a, ~ 

S=fl", cf:::o;-1, ~=-lf-i', 

KOTOpbre np~ JD06oM aHaqeHI.~~ fi onpe~e~T r~nep6o.ny · • 

.l(ei1CTB!oiT9J!bHbie KOPH~ ypaeHeHiot~ (3.1), y~oB.neTBOP~III,l1e 

yc.nOBi!IO ( 2 • 5 l, i!MeKIT c.ne~lll,l1e 3H3qeH~~: 
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r.l{e 

X c/ X~+ (1- (l)(y 2 
+ Z

2
) + (JX,l/(1-(i"J, (J<l. 

X - C:i' + •1 + z"l/2/X 
' II ' 

x - f1X/crf- 1) (3'>1, x.~.=p, 

A
1
=- [f3'xt.+ l.z:- ((3

2
- 1)(y

2 
+ Z

2
)]1(('l- 1), (1>1, X

1
<o, 

"-2~- [,x,- / ~- C(J
2

- 1liY
2 

+ z2 >]tc,"- 1l, (J>1, x,<c, 
(3.3) 

c ~- / I(J
2

- llcy' + Z2
> • 

0TCIDEa B~.l{HO, qTo np~ (J<1 ypaBHeH~e (3.1) ~MeeT TO~~O O~H 

Beiii8CTBeHHblii nOJIO:XC~Te~HbM ~OPBHb np~ JIID6biX 3HaqeH~51X ~OOp~
HaT. np~ (J ~ 1 e~HCTBeHHblii nOJIO:XC~TeAbHblii ~opeHb c~ecreyeT 

to~~o np~ oTp~!ja_Te~HbiX aHaqeH~51X ~oop~HaTbl x,. Ec~ :xce 
(J>l, TO a.l{eCb B03MO:XCHbl TD~ C~5l: np11 X,>c .l{ei1CTBI1Te~HbiX 

KOpHei1 He ~MeeTC5l, np~ x,-c (oqee~.l{Ho, 3TO rpaH~lja o.l{Hoi1 no
AOC~ ~OHYCa Maxa) 11MeeTC5l o~H noAO:XCI1TeAbHbM ~opeHb, a np~ 

x, <c - Ta~~x ~opHei-l .l{ea. 

3.2. Tenepb B COOTBeTCTBI1~ C onpe.l{eAeH~BM (2.3) nOTeH1.111-
aA paccMaTP~BaeMoro aap5l.l{a np~ (J<1 B c~ep11qec~oi1 c~CTeMe Ko
op~HaT 

X = rcos& • 
np~H~MaeT B~.l{ 

e 
~ ---

"-

y = rsin&cos~ ' z = rsin8'sintp 

e -1 2 2 -( 1 - f3' .s1n & - f'cos&) • 
r 

EcJI~ (3.1) nepen~caTb B B~.l{e 

(3.4) 

(3.5) 

TO OTCIDEa oqeBI1.l{HO, qTQ ypaBHeHI1e 3KBI1nOTeH1.111aAI1 X - ~cnst B 
nJioc~oc~ ( x,, Y,) npe.l{CTaBJI5leT co6oi1 ypaeHBHI1e OKPYlCHOC~ 

pa~yca "-• 48HTP KOTOPOi1 CMe1118H no OCI1 X, Ha paCCT05lHI1e -(JX. 

,/ll1~~epeH1.111a~Hoe ypaeHeHI1e ceMei1crea KPI1BbiX, opTOroHa~HbiX 
CeMe~CTBY O~PYlCHOCTei.l (3.5), ~MeeT 811.1{ 
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(3.6) 

BBO~ HOBwe nepeMeHHwe 
• 

Xt = X(cosa - (1) , (3.7) 

r.ne a - yroJI MelC,llY B9KTOpaMl1 (lc 11 1 (CM. Bbnne), HaXO.lliiM l1H-

TerpaJI ypasHBHl1~ (3.6): 

(3.8) 

3,lleCb a - noCTO~Ha~ 11HTerpl1poBaHl1~, l1Mel011\li~ paaMePHOCTb llJlii

Hbl. B ci)iepl14ecKl1X KOOP.lliiHa-rax ypaBHBHl1e ceMeiicTBa opTOroHaJlb

HbiX KPl1BbiX, T. e. ypasHeHI'!e "cl'!JIOBbiX" Jll'IHI'Iii, 11MeeT Bl1.ll 

r = a</1 - (l
2
sin

2
8 -

r.ne 

a 'u(l 
(1cos8) (eta-) 

2 

(3.9) 

no onpe.lleJieHI110 yroJI "napaJ!JleJlbHOCTl1" .J!o6a4eBcKoro n(x) paseH 

nc.X) = 2arccta(ex) , 

liTO COOTB9TCTB:f9T i)iOpM:fJie (3.8), 9CJ!I1 a= n(Xl 11 X =(lln(~/a). 

EcJ!I1 B 13.7) nO.llCTaBI1Tb ccsa 113 (2.20), TO ypaBHBHI'!e .110-

BOJ!HOBOro KOH;,'Ca Maxa OKa3biBaeTC~ ypaBH9Hi'19M nJIOCKOCTI1 x,= 0, 

npoxo.~~Hmeii ecerAa l!epea aap~ opToroHaJibHO ero cKopocTI1. 

3.3. flpl1 (l>1 ~ 11M99T .IIBa 3Ha49HI1~. no3TOM:f B 3TOM CJIYl!ae 

no11 noT9HUI!a.JIOM C.ll8.llY8T nDH~MaTb CYMMY flOTeHL\11aJIOll 

e 
I=-+ 

~. 

e 
-= 
~ • 

e 
( 3.10) 

r .lie ~e - ai)ii)ieKTI1BHa~ BBJ!I141'1Ha ~. CJie.IIOBaTeJlbHO, OTBBTOM Ha 

BTOPOii sonpoc n.I.4 ~~TC~ i)iOPMYJia (3.10). flOJlb3Y~Cb i)iOpM:f

JiaMI1 ( 3 • 3 l , 1~ ~e HaXO.lliiM Bblpa:EeHI'I9 
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"-e ~ - (~ + If + i'Jt(2(lX1 l (3.11) 

1<1 COOTBBTCTBBHHO .lWlSl nOTBHI.jlla.Jia (B CiPBPW!BC!<:I<IX !<:OOP.zo.IHaTaX) 

-2(3ecos& 
~- ---- (3.12) 

r 

00CJI8JlH88 Bb!Palll:eHI<!e ~<!MeeT MeCTO BHYTPI1 O.llHOi.i noJIOCTI1 !<:OHYCa 

Maxa, a 11MBHHO a Toi.i, r.llB x,<o. BHe 3TOi.i noJIOCTI1 He c~ecTBy

eT .llBikTBI1TeJibHb!X 3Ha'I8HI<Ii1 1>.-iPYH!<:lji!H, n03TOMY 31[8Cb CJie.l[yeT 

noJIO:liCJ.1Tb 

iii ~ 0 (3.13) 

EcJIH npH fl<l noTBHUHaJI so seeM npocTpaHcTBe omlCbJBaJIC>I OJlHOH 

iPYHKQHei! (3.4), TO npH {l>l noTpe6oaaJIOCb .l[Be iPYHKQHI1- (3.12) 

11 (3.13). 

,lla.11ee, nOT8HQHaJ! B iPOPMe (3.12) orpaHI1'1BH 8CIO.l[y II. JIHIDb 

npH r ~ 0 IIMeBT CIIHfYJ!>IPHOCTb, T.e., Ka!<: 1<1 8 3Jlei<:TPOCTaTI1Ke, 

nOTBHQHaJI TO'Ie'IHOfO aap>l.l[a He 11Me8T iPH311'1eC!<:OfO CMb!C.Jia TOJibKO 

B TOil TO 'IKe, f .llB HaXO.zo.ITC>I aap>l.l[. 

Ha rpaHII~e YKa3aHHoi1 BMme noJIOCTI1 KOHyca Maxa HMeeM 

cos8 ~ - / (l2 
- 1 I (l 

(3.14) 
r 

HaP>I.llY c orpaHH<!eHHOCTbJO 8eJIH<!HHbl noTBHUHa.Jia np~<~ tl>l Ha npHH

QHna fJOi1reHCa CJ!e.l[yeT II orpaHII'IBHHOCTb era rpa.zo.leHTa, eCJIII 

OCTaBaTbC>I B npe.l[eJiaX KOHYCa Maxa. Ho npOI13BO.llHa>l nOT8HU~<~aJia 

no 8 Tep>~eT cMb!CJI npH nepexo.l[B <!epea rpaHHey J<OHyca 8o 8Hem

HJOJO 06.JiaCTb, 'ITO 811.llHO 113 Bb!Palll:eHI1i1 (3.13) II (3.14). 00CJie.l[

Hee 06CTO>!TeJ!bCTBO, pa8HO KaK II CI1HfYJ!>IPHOCTb 8 aaH>ITOH aa

p>l.l[OM TO 'IKe, .l[ei1CTBI1TBJ!bHO CBffiaHbl C orpaHH'IeHHOCTbiO paCCMaT

PII8aeMoi1 aaAa<!H TO'Ie<!Hb~ aap>l.l[oM. 

EcJIH fl~1 CO CTOPOHbl {l<l, TO B 'IHCJ!I1TeJie 8blpalll:eHH>I (3.4) 

15 



11Me9M 

{1cos& ~ cos& . 

no3TOMY <mC.nHTS.nb o6paw,aeTCSI B 0, ~or ,Zia cos8>0 ,, II B ( -2cos8) 

- B OPOTI1BHOM C.ny<l39, OOT9HL\113.n lll:e CTP9M11TCSI K B9.nl1<li1H9 

& = - 2ecos&tr ec~ cos8 < 0 

~ = 0 9CJ!l-1 cos8 > 0 

Ho TaKoe xe aHa<leHIIe nPI-1Hl-1MaeT 11 noTeHijlolaJI, onpe~.nsteMMA e~

paxeHI!eM 13. 12 l • C.ne)loBaTe.nbHO, Hail.lleHH~e cor .nacHo MO.llll<!liiL\11-

poeaHHOMY np11Hl1110Y f!Oi!reHca BbiP3lii:9HI1SI I 3. 4 l 11 I 3 • 12 l, I 3.13 l 

onpe~.nSIIOT OOT9HL\11a.n KYCO'!HO-Henpepb!BHH~ II orpaHI!'l9HH~ 

((lyHKL\11SIMI1· 

~T06~ np11 ~>1 Hai1TI1 3~BI1nOT9HL\11a.nbH~ noeepxHOCTI1, nepen11-

n11meM 13.111 e Bl!.lle 

rlx. 2 = (X+ {fA. ) 2 + .7- + ~ = (X +(1).. ) 2 + .7-
e 1 e ~ s e S:ls 

Ony.na BH.llHO, <lTO 3KB1100TeHL\113J!I1 he = const npe,llCTaB.nSIIOT co-

6oi1 c((lepbi P3.lli!YCa ~I-.e' L1eHTD KOTOp~ CM91119H no OCII X, Ha pac

CTOSIHI19 -~"Ae' T.e. Ha P3.lli!YC c((lepb!. no3TOMY npll ~>1 3~BI1no

TeHL\113.nl1, ~a~ 11 np11 ~<1. npe.llCTaB.nSIIOT co6oi1 c((lep~. ~aca10~ecst 

O~a ,llpyroi! B B9pWHH9 KOHyca, np11 3TOM ((li1311'!9CKI1i1 C~C.n 11M910T 

.niiWb Te '!3CTI1 3TIIX c((lep, KOTOPble 33K.ni0'!9H~ BHYTPII KOHyca Ma

xa. C09.lli!HSISI MbiC.neHHO H3XO.llSIDI,YIOCSI Ha KOHYCe TO<!KY OPOII3BO.nb

HOi1 c((lep~ C ee ll!:e 1130.ni1POB3HHOi1 TO<!KOil B eepWHHe KOHYCa npst

MOi!, no.ny<li1M 33MKHYTYIO 3KBIInOTeHL\113.nbHYIO noBSPXHOCTb, COCTOSI

my!O 113 <laCTI1 ~oHyca, on11pa10merocst Ha '!aCTb aaK.n!O<leHHoil B Hero 

c~ep»l· 
Ha n.nocKOCTI1 (x,,y,) 3KBHnOTeHL\113.nl1 o6pa3Y!QT TaK Haa~a

eMMA napa60.nl1<l9CKI1i1 OY<lOK OKPYJII:HOCTei!, a OpTOrOHaJ!bH~ 11M 

KPI1B~e - TaKoil xe ny<loK OKPYli!:HOCTei! c ueHTDaMH, HaXO.llS!mi1MHCSI 

Ha OCH !/,· YpaBH9HI19 nY<lKa OPTOfOHaJ!bHb~ O~PYlii:HOCTeA 11M99T 

Bl1.ll 

.:< + ly,+b) 2 = b2 
, 

f~ b - OOCTOSIHHaSI 11HTerpl1pOBaHI1SI. 
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3KB~noTeHUHa~ ~~xy~eroc~ TOYBYHoro 3ap~a ~ opToro

HaJibHble ~M Kp~Bble noKa3aHbi Ha p~c. 16. 

38KJIIO'ieHHe 

t\AA ~yx 06Cyxt.l{a8Mb!X 3)!8Cb aJ!bTepHaWBHbiX Bap~aHTOB Onl<l

CaHI<l~ noJI~ ~11XYII\8rpc~ 3ap~ 
cor JiaCHO 3Jl8KTPO)li1HaM11K8 

Ma~<:cBeJIJia <M> 11 MO)li1~1<1UHPoBaHHOMY npi1HUHnY rw£lreHca cH> - Bbl

nl1weM ~CXO)!Hbl8 ypaBH8H~~ ~ 11X peweH~Sl 8 O)!HI1X 11 T8X X8 0603-

Ha'I8HI1SlX 8 811)!8 CJie)!YW~e£1 Ta6~I.J.bl. 

ow 

;I; 

v ~ canst: 

(l ;, o: w ~ 

(l < 1: ;I; 

(l ~ 1: ;I; 

(l > 1: ;I; 

0 

e 
-(1 -
),. 

cl>. 

81>. 
-) 

cat 

< M> 

2 
--(1 

),. 

e 
-o),. 

2 

X- vt ~ rcos&, 

e 

r 

e 

2e 

rcos& 

;I;(~)-ili(~) 
• 2 

2e 

81>. 
- -) 

cat 

ecat 

e 

e 

r 

'!_(/1 - f32 sin 2 & 

r 

2e 
~ ~ - --cos& 

r 

" 
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PeweH~e ;ypaBHeHI'Ii1 1 Ill 11 I Hl Ha'U1HaeTCSl c peweHvtSl ;ypaeHe

HvtSl ILl, T.e. c OTbiCKaHI'!Sl x-~;yHKll,l'lvt. Paa;yMeeTCSl, ~n :JTCro 

;ypaBHeHvtSl aa,llaeTCSl ~noM BeKTOD-~YHKUVIVI rei tl vt B o6meM c:n.;y

'!ae npovt3BOJibHbJii. CaMo :JKe ;ypaeHeHI'!e ILl orpaHI'I'IeHO Toii '-!aC

TbiO npi'IHLU1na f!OiireHca, KOTCDaSl onpe.neJISleT pa.l(l1;yc C~8PW·18CKOii 

BOJIHbJ, npi'IHI'IMaSl BOJIH;y 3a :JKBI'InOTeHli,I13J!bHYIO noeepXHOCTb VI ~C

no.Jib3;,'Sl H3i1JieHHYIO >.-~YHKli,I'IIO, CTPOI1M D8W8HIIe ;ypaBH8HI1Sl I Hl • 

nJISl nOCTDOSHVISl %8 peweHVISl ;ypaBH8HVISl 11/l He06XOJIVIMO ewe Bb~C

.JIVITb 11 -8>./C8tl VI.JII1 c>.. 

~MeHHO 6Jiaf0,1laPSl MHOlK11TSJIIO 11 - 8"-IC8tl aanaa~a10~i1 

noTeHll,l'laJI 06JiaMeT CBOi1CTBaMI1, KOTOpbiM "H8Jlb3Sl npVI,lla.BaTb 

CMbiCJia"/b/. na:JKe peweHV18 ILbl lvt.JI~ 11.7ll MOlKHO nO.JI)''U1Tb, 

ec.JII1 AJISl pea;yJibTVIPYIOillero noTeHll,l'laJia 6paTb paaHOCTb noTeHll,l'la

JIOB, cooweTCTBYIO~X JIBYM KOPHSIM ;ypaeHeHI1Sl ILl. B npo~BHOM 

CJI;y'-!ae noJT.;y'li1M TPVIBVIaJibHOe peweHV~e w = 0. npV~B8Jl8HHble B Ta6-

JIVIUS Bblpa:JKeHI1Sl AnSl noTeHll,l'laJia TO'lS'lHOro aapSl,lla np11 v = oonst, 

noKa3biBaiOT, 'lTO CVIHfYJISlDHOCTb Ha KOH)'Ce Maxa Bbi3BaHa nDOI13-

BO.llHOii 8XIC8t, a He CaMOi1 X-~;yHKll,l'lei1 11 TeM 6oJiee He TC'l8'lHOC

TbiO paccMaTp~eaeMOro aapSl,lla. 

3aMe~M, 'lTO JII1Wb np11 ~ ~ 0, KOf,lla o6a ;ypaBH8HI1Sl 11/l VI 

I Hl CBOJISlTCSl K ;ypaeHeHI110 JlanJiaca l>w = 0, OHVI 11Me!OT OJIVIHaKOBbie 

peweHI1Sl. 

ABTCP C'li1Ta8T npi1SlTHblM JIO.JirOM BbiP3311Tb >ICKpeHHIOIO 6.Jiaro

DaPHOGTb aKaAeM~KY A.M.oa.JI.ll>IHY aa npOSlB.JISHHblii 11HTepec K pa6o

Te >I npeJIOCTaB.JISHHYIO B03MOlii:HOCTb ee BbinO.JIH>ITb, a TaK%8 CBOSM;y 

KoJIJiere B.C. AJI~eee;y aa noJie3Hble o6CYlll:.lleHVISl. 
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Q) 0> 6> 

l'uc.l. 3KBI!nOT8Hu;taJ[)I .llBIIJII:YIIJ.8fOC>I C noCTC>IHHOii CKOPOCTh!O TC'ie'iHOfO 

sap~ corAacHo TeOPHH sanaa~~aro~ero noTeH~aAa ca>, cwepH~BCKHe 
Ill 

BOAHbl ( 0> H 3KBHnOTBH~aJ[)I H OpTOrOHaAbHbiB HM KPHBbiB COr AaCHO 

paCWHPBHHOMY npHH~ny fro~reHca C8l Ha nOAYnAOCKOCTH (X, y>. 3Ha~e

HHSI (l YKa3aHbl ~WPO~ B npaBOM BBPXHBM YfAY Kalii:JtOfO PHCYHKa. 3KBH

noTeH~aAH Bbi~CABHbl MS! w, = en - i/10lla0 , rJte e1a0 = 1 npH 

ao = 1 H ! 0 + 9. PaJtHYC cwepH~BCKHX BOAH paBeH Qo!( 1 - i/10). 
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