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Bae,IteHHe 

B pa6ow
111 

noKaaaHo, Y:TO ecJrn ctllePHY:ecK:yro BOJlHy, nopo:ar:
AaBMYID ~H:ar:y~MG~ TbY8Y:Hh~ 3ap~OM 8 Ka~~oM T04K8 ero Tpae~
TOPMH, OPMH~ aa 3K8HOOTeH~~JlbHYID nosepXHOCTb, TO TaKOM MO
~WH~posaHHh~ npMH~n froMreHCa npMBO~MT K OOMCaHMIO 00~ TQ
l!e'-IHOro aap~.zta. aJlbTepHaTHBHOMY aanaa.l[hlBarom;eMY noTeHLJ,HaJIY. 
TaK, MaBecTHas:J 1VI51 aana3,l[hlBarom,ero noTeH~a.na cHHryJl~PHOCTb Ha 
KOHYCe Maxa np£1 CB8PXCB8TOBOti: CKOPOCTI1 C80~TC~ K KOHSY:HOMY 
CKa~y gg~4M~~ no~HUMa~ Ha rpaHw~e KoHyca. a cwHry~pHocTb 
TOll8l..IHOf0 aapSI,l[a coxpaH$18'TCSl TOJibi<:O 8 TOM TOl!K8 OpOCTPaHCTBa, 
B KOTOpOM HaXO~TC.s:l aap~ B .ztaHHhlM MOMeHT BpeMBH£1. 

3a.zrn.qa o. noTeHLJ,HaJle AEM~Ymerocs:~ aapsura KOHBllHh~ paaMepoa 
00380~T ys:JCHMTb p~ ~8TaJl8M pacnpe~eJleHM.s:l OOTeHLJ,HaJla, KOTO
Phl8 0CTa.Jll1Cb aa paMK:aMVI pacCMOTP8HHOti: 3a.ztat.rn:

111 
B C£1JIY ee or

paHM4eHHOCTI1 TOll8llHhW 33P5l~OM. ~~ paBHOMBPHO aap~eHHOM ~M
Xym,eMCSl cWephl OOT8Hli,H3Jl OK:33hl838TC5l K:OH8llHh~ npM ~60M CKO
POCTI1 11BM:li:BHJ.1SI M OOHcbiB38TC~ KYCOl!Ho-HenpepbiBHhlMIIf !flYHKUHSIMM. 

UoTeH~an aapHJKeHHo:R ccJ!ep&r • .ztBmKYD!eAc.R 
p8BHOMepHO M np.RMOnHHeftHO 

I. nycTb B TOI..!Ke Ha6JU0~8HMSI N C KOOP~HaTa.MM CX, y, Z, 
t) Tpe6yeTCSI HaATH OOTeHLJ,Ha~ ~(X, y, Z, t), C03,llaHH~ aap~OM 
e C\li8Pbl pa.Ili1YCa lZ C OOB8PXHOCTiiOA OJIOTilOCTbiO aap51lla ~ 

tJ = et4rrcf • ( 1) 

AEM~Ymeik~ paBHOM8PHO H npSIMOJrnH8ti:HO C OOCTOSIHHOM CKOPOCTblO V 
B~OJib OC£1 X Ta.K, Y:TO J006a51 TOl!Ka CtlJSPhl C KOOp,1ll1HaTa.MH (~, n, 
CJ a npoMaaoRbHhlH MOMBHT apeMeHM t· y~oa~TBopSieT ypaaHeHMID 

(2) 

Ope~~OXHM, 4TO n~oTHOCTb aap~ Ha a-c~epe ocTaeTC51 nocTO
snmoA, ~a:lfi:e ec.m1 Ha C!lJepe 00$-MTC.s:J HBKOTOPaSI pa3HOCTh OOTeH-
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IJ,IIaJIOB, T.e. paCCMllTP~eaeM J1li3J!8KTPW<ecKYJO cil)epy. 

2. BoKp)T TO'U<~ N nDCTPD~M CiJiepy pa,1[11yca >. 

x B c<t- t· l ~ o 

TaKyro, ~TO ~aQ TO'U<a Ha H8K Y~OB~8TBOPQ9T ypaBH8HH~ 

>..z =. (( - Xlz + (T) - !:Jlz + ((" - Zlz . 

(3) 

(4) 

PemMB COBMeCTHO ypaBHBHM~ (2) H (4), HaHABM MHO~eCTBO 3H3~e

HHA x TaKHX, 4TO ~oe x MHoxecTBa y~osneTBop~T HepaseHCTBaM 

(5) 

B 3TOM MHOZeCTBe Bbl6epeM ~e >.-ciJiepbl C paJ1llyCaMH ' H >. + ell- ~ 

0603H84l-1M 'l9p83 dSO..> l..Ja.CTb OJIOUJ,a,lllo1 a-crllepbl, KOTOpaS!. 38K:JIIO'-W

Ha MSlii:JlY ~YMQ Bbi6paHHbiMll x-ciJiepaMH. HaxollSilii.>IACQ Ha n~oma~e 

dSP·.) 6eCKOH94HO MaJUJjf 33PM lldSO .. l MO:Z:HO CY.J.1T8.Tb TO'-le4HbiM, 

T. K. Ka~S!. tlaCTb STOfO aapsura, C03.l[a9T :3KBMnOT9HI..I,H8JrbHbl9 no

BepXHOC'I'l1, OpHXO~e CHHXPOHHO B T04KY N, 00:3'I'OMY B COOTBBT

CTB~~ C MO.ID1<l!~IJ,IIpOeaHHbiM np~HIJ,IInOM f~A
reHCa 3Ta ~CTb aapQ~ 

e coa~eT e TO<U<e N noTSHIJ,IIa~ cit 

~ = DdSCX)/X • 

Tor .zta BeCb H8XO.li.SDIUIJMCS1 H8 OOB9PXHOCTI1 a-c({lepbJ 33Psut e C03.zta,9T 

B T01.J.Ke N OOTeHIJ,l18JI 

I . I DdSC>.J 
• • cit = 

S X 
e 

(b) 

3,.neCb noll Se OOHY!Ma9TCSI Ta 43CTb OJIOUJ,a.lU1 a-c~epbi, KciTOpaSI no

KpbJ5lletcil MHOOI:SCTBOM (5l ~ KDTOPYJO ycJIOB~MCQ HaSblBaTb B~J1!1MOA 

n~oma.llb~ a-c<l!epbl. 

3. ~~ pea~~aall,ll~ Ha~oa:eHHoro ewme a~op~TMa BbMMCJ!8H~Q 

noTSHIJ,IIa~a aapQlll:eHHoA a-c<l!ePbl HaA~eM npexJ!8 ecero o61ll11e TO~<~ 

0- Yl X- C~ep. C 3TOA U9~ID BblPaXeH~e B CK06Ke ypaeHeH~~ .(2) 

nepenMrueM c Y4BTOM onpe~~HH~ (31 ~aK 

~ - vt· = ~ - vt + fTh. "" { 
1 

, 

rBe ~ = vtc. Tor~ nepe~ cKo6Ky ypaeHeHM~ 14l sanHmeM KaK 

l! - ~ "" l! - vt - 1 x - vt 1 = l! 
1

- ~.- fTh. 
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noc~e TaKoro napa~e~bHoro nepeHoca HaYa~a CHCTeMhl Koop~HH3T ypaBH8HH~ (2) M (4) npHHHM3IDT BM~ 

(: + r/ + (2 • 
(7) 

p;t- It- (1A)2 + (7)- yl2 + \( - Zl2 • (8) 
Tenepb U.BHTP a-c(pepbi H3XO.ID1TC51 B H3tia.ne KOOP~MHaT, a A- c(pepbl - 8 TOliK8 C KOOP.ID1H3TaMM CI

1
+ ~A, y, Zl, Tat\ liTO paCCTO~Me C M8-'I::.ZlY HHMM P3BHO 

(9) 

Ec~H KOOP..ru1H3Tbl ((t' n, ( > BhJP33t1Tb Y8P83 HOBble ~~ 2 , 7)2 , (
2

1 C OOMOIII,b!O MaTPHI..I,bl noaopoTa ocefl K:OOP.llJ.1H3T 

r J(e p I y' + z' 
HaXOJJ.I.1M 

ci ~, + , , 
" + 2 

t;' 
2 ,, ~, + ' + (: , "' 

-piC 

'$)(X 
1 

+/3:\) I PC 

Z(X +OAl/pC • 

0 

-z/p 

TO noncTaa~ MX nootiepeAHo 

+ c2 
- zc( 

2 

B 

0603Ha4MM 06~118 KOOp.llMHaTbl C!flep L1H1[8KCOM 
0 , TOT 1[3 

( 10) 

(7) " (8). 

(
20 

=eel + 'c2
- X.

2
l1CI2 , 

<11) 
za2c2 + 2a2x.2 + zc2A2 - a4 - c4 - ;..,_4 

(12) 

ft3 .IIBYX OOCJI81(HL1X !flOPMYJr C.ll:8.lLYBT L13B8CTHbJJii: 113 3~8M8HTaPHOti f80M8TPL1L1 ~aK:T, llTO TOllK:t1 nepecelleHH~ .l{BYX CWep Jie:lll:aT B OliHOJii: n~OCKOCTM £( 0 = canst), r.n.e OH11 onpe.ll,eJI5JIOT OKPYJCHOCTb P3.D.HY-
' 2 

ca,, Ksa.lJ;paT KOTOporo paseH 7)
20 + r: 

20 

4- B YI1CJI1.1TeJie Bb!paJK:eHl1Sl ( 12) H8TPY.ll.H0 
fepoHa ~Sl n.n:o~~ TpeyrOJibHl1K3 CO CTOPOH3MI1 

Y3H3Tb 

<a. c, X.l, TOPb~ Ha30B8M TP8YfOJibHMKOM BCTP8l!M pacCMaTPWBa8MhlX c~ep. 

K0-

~3 YC~OB1151 .ll8Jii:CTBl1Te~bHOCTW 3H34eHL1H 06~11X KOOP.llWHaT 0- 11 X.-c!flep H3XO.lll1M, liTO CTOpOHbl TPBYfOJibH11Ka BCTP8Yl1 l[Omf!:Hhl Y~OBJI~TBOPS!Tb HepaseHcTBaM 
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- a + c + x ~ o , a - c + x. ~ o , 

3~ HepaseHCTBa np~ a= const onpene~~~T o6~acTb cymecTBoea

HI--1~ 06UU1X T048K: a- M >..- cq,ep, rpaH~ll,bl K:OTOpO~ Ha~,lleM, 06pa~B 

3TI-1 HepaseHCTBa 8 paBeHCTBa 

cm=~-m+a. 

Ha n~ocKoCTH ex., c1 

el-l === - x.l-l + a , 

H3~1l8HHble rpaH~Ubl 

c.~=)\_ .. -a. 113) 

npe.llcTas~IDT co6o~ np~-

Mbl9, KOT0Pb19 COBM9CTHO C 01.!881--iltHbiMI--1 YCJIOBVI~Mt1 

c > 0 ' > 0 

OOP8118Jl~~T OOJIYOOJIOC:f, rpaHVIll,bl K:OTOPOt:i: H33089M COOTB9TCTB9HHO 

m-, ~- t1 M-rpaHVIU3MVI. no.acTaB~ B (13) Cl:\) 1--13 (91, OO~VIM 

.llJISI >.. KB31lP3THbl9 YPaBH9HI.-1S:I. onpe.ae~S:OOIII,VIe rpaHI.-11.!Hbl9 >.. MHO:Z:ecT

~a 1 s l • 04eB~IlHO, BblpallteH~SI 113 l onpeJle~SIIOT npoCTeAwyiO ~HU>1-

119HnlocTb .ll.B)'X C~ep, UBHTPbl IWTOPbiX JI93:3T Ha OltHOA nps:lMO~, a 

caMVI c4_lepbl K"aca~TCSl llP)"r liP:,'ra BHYTPSHHVIM VIJII.-1 BH9WHI.-1M 06pa-

3QM. 

C 1lPYTO~ CTOPOHb1, 1113 19) Ha OJIOCK:OC~ <>.., Cl VIMeeM rH-

nep6o.ny, YP3BH9HVI9 KOTOPOA B C~9PV149CK"VIX K00PllVIH3TaX 

xi = rcos& • y = rsin-&cos~ ' z = rsin$'<;;inrp 

MO%HO 330VIC3Tb K:3K 

c2 
- lfi,\ + rcos-&) 2 = r 2 sin

2
& (14) 

no~raSl 3119Cb r = con'5t, a ~ -. napaMSTpOM, no~yi.!VIM OY40K &

rl.-1nep6o.n, npe.llCTa.BJlSIIO~MX TP39KTOPVIID a-c~9Pbl Ha BbJ6paHHOt:i 

0JlOCKOCTI1. nep9C949Ht19 S"-nmep60Jihi C rpaHMuaMM TpeyrO~bHMK:a 

BCTP9 1J~ onpeJie.JIMT rpaHWlHbiB aHa~eH~~ ;, ~3 l 5 l • 

5. ,ll~ 06W,WX T049K B89,li9M C¢lepV14.9CK[.19 KOOP.lll1H3Tbl 

~ 20 = acos8 , n
20 

= Qsin8cos¢ , (
20 

= (]Sinesin¢ , (15) 

TOr.lla t13 (11) H3X011HM 

cose =lcf + C2 
- A2 l/(20Cl ( 16) 

0TCIO,lla BVI.n,HO, Y.TO nepeME!HHas:l 8 9CTb OPOTVIBOJie:Z:aUU1H CTOpoHe >.. 

yroJI TpeyrO~bHHKa BCTP84M VI OOP8.lleJ1~8TC~ B8JIMY.VIHO~ X, T.e 

e = 80,)? a¢- He3aBt1CVIMaSJ. C )"4.9TOM 3T0f0 nO.llCTa.BVIM (15) 8 

( 10) 11 Ha~.zteM KOOPJt[I[HaTbl a-cWepbl 
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l; 
1 

0( cosacose - sinasinec::os¢), 

Q(sinacospcose + ~osacospsin8cos¢ sinpsin9sin¢), 

( Q(sinasinpcose + cosasinpsin8cos¢ + cospsin8sin¢), 
r.ne 

cosa = (X
1 

+ (R.)/C, cosp = yrp, sinp =Zip. 117) 

nocJie,.nHee BbJpa:m:eHJ.1e npe.n.cTaBJISieT co6ott napaMeTPWfficKoe aa.n.a
HMe a~cq,epbl B TOM' K:OOP.lU1HaTHoi4 CMCTeMe (~ 1, T/, (), B KOTOpo£1: 
oHa noK'OMTCSI. napaMeTPaMH, onpe.n.eJISIKJIJI,l.1Mlil JII06YJO TOllli:Y a~cwephf, 
061Il,YI0 C HSKOTOpoW TOl..IKOi1: A~c\tJepbl, SIBJI5IIOTCSI A J.1 ¢, T.K. YJ'OJI p 
3aBJ.1CJ.1T TO~K'O OT KOOP~HaT T04K'J.1 N M OOTOMY OOCTOSIHSH, a yr~ 
Jib! a t1 e - \tlYHK'~M X.. nosTOMj' K:03!ll!f!MUM9HTbl E, F' G nepaoA 
KBa.l(paTW-IHo£1 WoPMbi a-cWephl MMeJOT 3Ha1.!9HYISI 

E = d[cos
2
8sin

2
¢ +ce· + a' cos¢)

2
] , 

F = - cfsin8cos8sin¢ , G = cfsin2e 

0ICKI.Ija HaXOJIIIM lll!l)iil)BP8HUI!aJibHbM :JJieMeHT nJIOII!llJ!M a-c!))ep!J 
dS<X) " I FJJ- p'- {18) 

r .ne 
e• = del~ , a' = dat~ . 

0603Ha4J.1M 4epe3 ~ TOT yro~ TPSYTO~Ht1Ka BCTP94M, K'OTOphlA 
r1POTI1BOJI9:lK:t1T CTOPOHS 0, TOf,lla, Jll.1c1JQ.)epeHIJ,H"PYSI BbJpa:m:eHJ.1SI ( 16) I-1: 
117) no ~. HaA~M 

e• (1 - ~cosacos~)/(Csin~) a' = - ~sina:/C • 

00Jib3)!51Cb 3TI1Mlil Bbipa:aceHJ.tSll.flil, DOJIY'-Ia.SM, lJ.TO KPYJ'JiaSI CK06K:a B 
(18l o6pampeTCSI e HYJib, ecJIM 

cos¢= (1- rcosacos~)/(~sina:sin~). (19) 

nycTb 3~9Cb cos¢= ± 1, TOf,lla J.13 rlOC~AHSfO Bhlpa:m:eHM~ Haxo-
,IDfM, liTO 

cos(a + ~) = 1/~ . 

CJie~oaaTeJibHO, BbJpa:aceHMe c 18 l coxpaHSieT aHaK:, ec.Jrn (3<1. 

6- OycTb ~<1, TOr,lla, no.Jib3)'SICb BbiPa:EeHJ.1eM 118) YI 
raSI, lJ.TO ¢ J.13MeH519TC51 B npe.n.e.JiaX OT 0 ,l[O 2n, Hati..l[SM 
dS(X) 

5 
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n 

dSIX) = 2JdS ~ 2ncfe•sin9~ 9 

0 

(2(1) 

a aaTeM ~ BH~MYID n~oma~ Se a-cWepw, no~ra~. ~TO e waMeH~
- 9TCSI OT H)'JISI 11.0 BO..), 

Se""' 2rrcf[t - c:osB(Xl] = na[X2
- (C -Q)

2]tc. C21) 

T.e. no~~ M3BBCTHYID M3 3JIBMeHTaPHOA reOMBTPMM.~OPMYJIY no

BBPXHOCTYI mapoBOrO CBfMeHTa. 

BBO.llSI HOPM1-IPOB3HHYIO n.no~.l[b 3 = Se/(2rrQ
2
), nepent1WBM 

(21) KaK 

X
2

- [c- Q(l - Slr = cfs12 - B) • 

PaccMaTpwea~ e 3TOM ypaeHBHMM s KaK napaMeTp, Haxo~M. 4TO Ha 

nJlOCKOCTI'I 0 .. , Cl OHO npBJJ.CTaBJlsreT C060£1: YP3BHBHMB OY\.lli:3 pas

H06~~MX a-rwnep60JI, aano~~~X OOAYOOJIOCY CymeCTBOB3HMSI 

TPBYfO~HMK3 BCTPB~. npw 3TOM H3 m- H ~-rpaHMuaX 8 = 0, a Ha 

.M-rpaHMI..\9 B = 2, 

noJJ.CTaBMB (18) B (6) H Y~Tbmast 11), H3£1JJ.BM noreHUH3Jl 

a-c~Phl B B"l!e 

e Jsine(e' + a'c:os~) 
• = - d/XP. 

4n X 

no~rast on~, 4TO ~ = 0 + 2rr. H BbmO~~ MHTerpHPQB3HMB ~0 ¢ 

H I no '-!a.CTSJM) no X., H3X01Jl1M C j'li9TOM C lb) 

' ' . e >...2-(C-0)212 2A2-,C-al2 

• = ~a[ ~a • J ~ 'c 
x, x, 

no.llCTa.BJISl$1 e noc.ne .. mutA HHTer.DaJI cod 1.13 (q). nocJie sJieMeHTa.D

Horo "HTerpHpoeaHH~ HaA~M c~e~~e o6~e ewpaxeHHe ~ no
TeHl1>!aJia a-c!J)epbl 

r Jie 

a'c . -· r 2 A · 

1 - (32 

(22) 
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x, + (R a 
a Arsh ln ( c:to-l ncCiJ a 

p 2 

r'• ~'X r 
Arsh ' ln(cto-) ncr> ~ 

y r n'P 2 

31IeCb n c xJ - yro.n "napaJIJI8JibHOCT~" Jio6al!eBcK:oro, ~ yroJI 
MelC.llY BeKTOpOM C 1-1. CK:OpOCTbiO a-c!IJeph!, a r =- & - (), 003TOMY 

3HaY.eW1$I A
1
(X

1
, y. Zl 11 "-

2
fXe Y~ ZJ B (22) erue no.llJiell:aT on

pe~eJieHMID, nOACJaH06Ka ~e MX B (22) ~aCT H3M MCKOM09 pemeHUe. 
7- KaK VI .liJis:J T0'-184:Horo aap5l,lla, Bhll·H1CJI8Ht1e nowHI.J.MaJia 

HalfrleM CO CJIYl.Ia.SI (9<1. Op11 r<a B8Cb nYllOK &-nmep6oJI C POCTOM A nepeceK:aeT BH34aJie ~-rpaHVIUY TP8YfOJibHVJK:a BCTpe~, a 33TeM 
~rpaHMUY, K:aK: OOK:333HO Ha PMc.l. 8 P83YJibTaT8 BI1~MoH OK:aa~
B38TCS! BC5I a-cWepa. fpaH11tiHbl8 A 113 (5) C YY.8TOM (9) H3XO.ZU1M, 
001[CTa.BJI~ B C00TB8TCTBy!OlU88 p388HCTBO (13) C I-13 (9}. 8 pac
CM3TPJ.1B38MOM CJIYtia8 fP3HJ.11-:!Hbl8 A !.1MeJOT CJI8A.Yl01Il,l18 3H3Y.8HV!s:J 

a+ tJx~- I ext+ tJOJz+ (1- f'zlpz 

1 - (92 

Oo~CTaHOBKa MX 8 !21) ~eAcTBMTe~HO AaeT Se= 4rrcf, a B (22) -
noTeH~MaJI ~1.1 BHYTPH a-c~ephl 

1 - ~ 
+ ------Arth(J -

f' 

r;ax 
--'(1 
r' 

a 2 
- r 2 r 

----Arth-)]. 
ar a 

(23) 

E CJII.1 TOY.K:a Ha6JIJ0.11SHMSI HaXO.ID1TCSl. BHS a-c<jiepbl, T. e • SCJIH r>a, TO nyllOK e-nmep6oJI nepeceKaeT BHa1.ffiJie m-. a 3aTeM 
•-rpaHH~. liTO JierKo npocJie~Tb no pMc.I, no3TOMY 3.1leCb rpa
Hl1Y.Hbie A HMeiDT 3HallSHHSl. 

~x- a+ I IX- ~Gl 2 + c1 - f1 2
lp2 

--~·-----~·~c--------Ai=Am=cm-a=- 1-(12 
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no.ztCTaBJis:ISI II!X B (22), H3XOlU1M OOTeH1.1,11!3Jl 1 12 BHe O-ccllepbl 

r~e 

• = 

" 
er- + r- 2fl:& 1 - ~2 

2t3a 
- t 2 l + rth--- + 
2 2r2 

· r~a r+r 
' ' r 2

- a 2 
2(3GX1 a 

+ !1X ---( Arth•-----''-- - Arth-rl] 
' ar3 rcr + r l 

' ' 

r "'l!x- /?0)
2 

+ c1- n
2

)p
2 

' ' ,. 
HeTDY~Ho y6e~•Tbc~. 4TO 3~ecb TaKxe a•~a Be~ a-cwepa. 

(24) 

(-25) 

nycTb t3 ~ O, TOfAa 11!3 C23) II! (24) H3XO~M COOTB9TCTB9HHO 

T.e. 11!388CTHb.IR B 3JI8t<:TPOCTa.TII!K:e OOTeHL.(VIaJI sap5l::te8HHOR Ccll8Pbl. 

nycTb Tenepb r .,. a s c 23 > co cropoHb.l r<a 1-1 s ( 241 - co 

CTOPOHbl r>a9 TOT .ll3 OO.ii:J'lil'IM 

e 1-f32 

~ _,.t _,.-(1 + rth(3-(3cos&), 
.u 12 2a " 

(26) 

T. e. onpe1[9JieHHbl9 B pa3JI1114HblX 06Jia.CTS:l"X 3HaY.9H£1R T' 4JYHKUMII! t u 

111 1,2 coana.n:a10T Ha rpaHHue. paa.n:eJlsmur.eA :3TI1 o6.nacn1. 

HaK:OH9l..(, nycTb r>>a, TOT .n:a Bbll!II!CJI9HII!9 COOTBBTCTBYIOtnefO 

rtp~~~ka ~M~~~~UM~ 124! ~~r J~~ ~ •• t~~!Y~WY~ ~~~M~M~Y 

Ill 
OOTeHIJ,II!aJr C3.4) T048l!HOTO 33P~ npM (3<1 • 

Wa M3Jio~eHHoro Bll!~o. 4TO npVI (3<1 noTeHUMa.n 

33PSOII:9HH0£1 ct;Ilepbl onYICblB3eTCSI9 K3K: Ill B :3Jl9KTPOCTaTI1K:9, ltBYMSI 

~YHKU11!5lMW C23> npM r<a 111 C24l npw r>a, nepexo~~MH OBHa s 

.llPYfYIO npl!l r "' a •. a Ha 01.1.9Hb 00JibWt-1X no cpaBHBHII!IO C pa.llii!)"COM 

c4Jepbr P3CC"TOs:IH115lX ee nOTeHI..J,£13JI CTP9MII!TC5l .1< OOT8HLJ,l.13JI)" T0484-

HOfO sap51113. Pacnpe.lleJreHHe noTeHI..J,£1aJta a-c4Jepbl nm~aaaHo Ha 
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j 
j 

PHC.Z, fEe ssepxy KaXEoro PHCYHKa ~wpaMH YKa3aHhl MaKCHMa~
HblM noTeHI..I,WaJI !l! m 8 81Jl.1HM~X eta, YJ1CJIO 3K:B11nOTeHI..I,WaJibHbiX 
YPOBHeA N = trunc(lO!l!m) M B8JIM4MH3 ~-

3aMeTMM, ~To cor~cHo ewpa~eHMID (26) noTeHI..I,WaJI Ha no
sepxHocTI1 .n:s: .. rac;:rme£fc.s:J c~epbJ aaeJIIcvtT OT yr Jia & , M Me:E.ltY ee HO
cosoM W K:OPMOBOH T04K3MH OO~B~9TCR paaHOCTb OOT8HI..I,W3JIOB Be
JIM4JIIHOR ~ela. 3TOM pa3HOCTI1 00TeHI..I,W3JIOB ~OCTaTOYHO, 4T06bJ wa
MSHWTb H34aJibH08 pacnpeASJI8HJII8 CB060AHhlX sap~OB, HO, no 
npe~oJio~eHHID, paccMaTpweaeTC~ ~M3JI8K:TpW4BCK:a~ cWepa, Ha K:O
TopoA 33P5Ulb.l H8001{8M:lB:Hbl. 

8- nepeA~eM Tenepb K CJIY4aiD ~ ~ 1. Opw r<a ace &-rMnep-
60~ (14) Ha DJIOCK:OCTM C~, Cl C pOCTOM A nepeceK:3IDT ~-rpaHWUY 
TpeyroJibHMKa BCTpe~- 3areM npoMaeo~Ha.s:J &-rwnep6o.na, nepece-
Ka.s:J PSUl s-rwnep6oJI, c~aaeTC.s:J c o~oA wa HWX, w 3TO 
WM88T MSCTO DPW h t CO, T.e. Ha MX 06~H aCHMflTOTe. 

3R9Cb rDaHW4Hhl9 X WM9~T 3Ha~HW~ 
~ = ~ =a- c = ccf- Flt(a + x,>t2, ~. = co . " " 

flO.llCTaBHB l1X B (21}, HaYI.n:eM BlifllHMYIO fl.JIOII\a.l[b a-c!flepbl 

Se = 2n:Q(Q - X
1

) , 

T.e. 3,lleCb Bl1l[l.1MOY! OK33biB39TCSI tJ.aCTh CW9Pbl, 11 TOJ[bK:O n,p11 
X1= -a - BCSI. 00.11CTa811B :3TI1 :ace 3H31..leHl1Sl rpaHl14.HbiX ~ B (22), 
flOJIYlfiiiM BbiP3:lB:9Hl18 nOT9HJJ,I.1aJI ~21 BHYTP11 a-c~epbl 

e ax a2 
- r 2 r ~ = -[1 - - 1 (1 - rth-)] . 

z.1.2a r 2 ar a 
(27) 

Op11 r>a see npoCTP~HcTBo pacnalJ;aeTCs:~ Ha TP11 no~o6~cTH. 
Bo-nepBbiX, npiA X

1
>a a-c/llepa He HMeeT o6mMX c A-ctj}epoA TOl..lei'<:, 

n03TOMY flOTeHUWaJI i 20 B ::!TOW qacTW npocTpaHcTBa paseH HY~ 

lizo = 0 . 

BTOpas:~ no~o6.nacTb onpe!B~eTCs:~ HepaeeHcTBaMH 
r>a w 

11 B Hef;1: rpaHM4.HbJe A MMeiOT aHalffiHIIISI 

A = X = C - G = ( ~ - c:f) I ( G - X,) /2, • m m 

9 

(28) 

00. 



3HaLJeHHe X2 Bhi6paHo no TeM :m:e coo6pa:aceHYISJM, Y.TO 111 BbiiDe e c.n:;-
4ae r<a, Ill 3,ll8Cb Ta.K:Z:9 Se :::: 2nQ( 0 - X

1 
l. no,llCTaHOBI<a 3TI1X 

fP3Hio14HhiX X B (22) ,zta9T 00TeHl..I,YI3JI f 22 B 3TOt1 06JI3CTJ.1 

I = 
22 

e { f'
2 

- 0
2 

2CJr 2X T' } 
- a - X [1 + (Arsh ' - Ar-sh-'-)] . 
2r2 1 2ar f'

2 
- a2 

p
2 

(29) 

TpeTb~ no~o6~cTb npocTPaHcTBa BHe a-c~epbl onpe,lleJI~TCH 

YCJIOBMSD.M 

r>a 111 X
1
< - a , 

f.ll9 ~ rpaHH4HhlX ~ YIMe9M 

:\t. xm = em- a= fr
2 

- cl>lla- X
1
l/2 

>..2 >...a= c .. + a= tcf - ,.Z)tfa + x
1

>12 

3.lleCb &-rHnep6o~ noc.ne nepeceY.eHMH m-rpaHH4W npoxo~ ac~ 

06~aCTb C:fll\9CTBOBaHH>I TpeyrOJ!bHHKa B~Tpe'lJ-1 H noKH,llaiOT ee '-!e

pea M-rpaHHUY npH K:OHSYHOM 3H849HHH X2 , Tal< lJ.TO 3.ll8Cb BYI~MOH 
oK:aablBaeTCSI scSI a-c!llepa, a noTeHLU1aJI t 

23 
paeeH 

ex r 2 
- a2 a 

--
1 U + ---4\rth-J • 

r 2 ar r 
(30) 

om1c l:JBaeTC st 
BCJIH Xi "' a. 

npHH11MaeT B 

TaKHM o6paaoM, noTeHUMaJI a-c(bep~ npH ~ = 1 
yxe 4eThlPbMSI WYHKW15001 - f27)-f30J. 3aMeTIIM, Y.TO 

TO npH r"' a noTeHl..I,YiaJI 11
21 

BH)"TPH a-c(bepbl C27J 

3TOM TOY.K:e 3Ha49HH9 Hy~. T.e. paeeH 1 20 • Ec~H x:e r>a, HO 

Xt. "' a. TO nOTBHUH3.11 i-22 Ha stoA rpaHHLI,B TaK:liCB 
nycTb B C27J ~ (29) r ~ a, TOr~ HaAABM 

I =II = eC1- cos8)/Q/2 
Zl ZZ 

paeeH 

T.e. ~ Ha 3TOA rpaHHLI,B nOTeHUHa.ll HeripephlBeH. HaKOHBU, BCAH B 

C29) H (30) nO.IIOZ:HTb X~ ""' - a. TO Ha 3TOA rpaHHL1,9 nOJlYl!MM 

ea 
I =fi ""'-(1+ 

22 2:1 rz 
r- a a 
----Ar-th-} 

ar r 

noc~~ee BhlpazeHHe npH r = a np~HHMaeT 3Ha4BH11e eta, H TaKoe 
ze aHa4BHHe no~HM H3 C27l npH xi ~ - a. 

He OPB.llCTaBJI518T oco6oro TPY~ BW-ll1C.IIHTb CJI8.l[YIOIU,HB npe.llBJrhJ 
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; 
! 

limi ~~ " . 1 • " 
lim!r!tzl(j • 1 • ec.lll1 lx,l<a 

" 
1 imi.Lzl/3 • ec.lll1 X' - a > 1 " ' 
liml12 1(3 1 • a ' 8CJU1 x >a > 20 ' 

Jil3 KOTOPbiX CJIB.li:J'BT, Y.TO om1CbJBaJOUIYlB OOTBHU,WaJI (t!YHKU~U1 np£1 ~1 

KYCOl.IHO-HBOpepbiBHbl B peaJibHOM npOCTP3HCTB8 t1 00 Ta.K:0£1 "!mop

,.lUIIHaTe", K3K OTHOCMTBJibHast CK:OpOCTb O-cqJepbJ. 

OycTb s f30> r>>a, Torna HaXOMM 

!(123 = - zecos&/r • 

flf 
T-8- OOTBH~aJI (!.12) T04eY.Horo 33PHBa npJil ~ = 1 . 

OpJil f3 = 1 £1 r>a Ha6~AaeM aapoxneHJile KOHYca Maxa, KOTO

pbM 3fl8Cb ~MeeT B£1fl ~yx OJIOCKOCTeM, opTOroHaJibHb~ CKOPOCTH 
O-c{{Jepbi Jil K3C310Ill,lr1XCSI 88 B HOCOBOf! VI KOPMOBOt1 TOllK3X. 11MBHHO 

BbiPOll:.l[8HHOCTh KOHYCa np£1 (3 = 1 003BOJI5leT cpaBH£1TBJibHO OPOCTO 

Bbi4l-1CJIJilTb 3.ll.8Cb BYJliJIIMYIO OJIOm,a.l[b O-c¢lepb/, a C HBL1 M OOT8Hl.J,YiaJI. 

9. nepeA.liBM TeDBPb K 8bJ1·U.1CJIBHJiliO OOTBHU,WaJia OPJ.1 13>1, liJISl 

4.ero paccMoT.PliiM mtarpaMMbi BCTPB4J.1 a- 111 A-c~ep e '3TOM c.nyt:Iae. 

£13 PWC. 1 BYLZ{HO, llTO ecmt f3G>r>a~ TO OTHOCMT8JlbHO MHIJ,III.ll8HT

HOCTI1 ~-nmep6o.n C 06JiaCTbiO CYIII,8CTBOBaHJ.1SI TpeyrOJibHltlK:a BCTpe

lll1 ( OCTB J MO:at'HO paa.nwn1Tb CJ£ell.YIOIII,11e nSITb CJI.Yllaea: 
a - no.llMHO:ar:ecTBo nyl!Ka -8-nmep6o.n npoxo.ZIJ.1T BHe OCTB. 
b - O.llHa H3 &-nme·p6oJ£ KacaeTcSI m-rpaHJ..1Ubl TpeyroJibHJ.1Ka, 

c - no.l[MHo:acecTBO nytiKa &-rvmep6oJI c pocTOM >.. BXO.n;MT a OCTB 
t~.epes m-rpaHJ..111.Y J..1 noKw~eT ee YBpea TY ~e rpaHMI..J.Y, 

d - &-nmep6oJia nepeceKaeT m-rpaHJ.111.Y OCTB. KacaeTCSI ~-rpaHJ.1~J 

~ noK~~eT OCTB 4epea m-rpaH~uy. 
e - no.nMHo~ecTao &-rwnep6o.n nepeceKaeT m- J..1 ~-rpaHH~ OCTB a 

O.llHOM HanpaBJ£9HH~1. a 3aTeM TB :m:e rpaHHI..l,bl - B 06paTHOM. 

Ec.nw :ar:e r>t1a, TO K CJIY1-13SIM a, b VI c cJie.zryeT .zto6aawrb em.e .ItBa: 

! - &-rHnep6oJia nepeceKaeT m-rpaHVJLlY OCTB. KacaeTC.s:l M-rpaHw

u,bi H notm,llaeT OCTB Y:epea m-rpaHHLJ,Y. 

g- no~Mo~ecTBo &-r~nep6oA nepeceKaeT m-rpaH~uy OCTB, aaTBM 
DOKH.zta.BT ee YBP83 M-rpaHJ..1U.V VI C )la.JlbH9t1.lliVJM POCTOM ).. npo-
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X01U1T qepea ·OCTB B o6paTHOM Hanpae.neHHH. 

0'-leBH.l[HO, I.J.TO a c.nyqae a coa.aaaaeMb.le zap5U[OM a-c~pb! 

B03MYI!l9HH~ B0061!l9 He DPHXOllm B TO'll<Y H36JIJO.l!8HH~ N, D03TOMY 

31[9Cb nOTeHl.J,lo13JI '1
30 

MO:EeM nOJIO:EVITb paBHhiM HYJIJO 

1
30 

"" 0 , (31) 

B CJIY4a9 b CJie.l[YeT Ct.il'!Ta.Tb, 4.TO rpaH~llHble ~ 1 VI A2 COBna
ltaiOT W onpe,neJISIJOTCSI paaeHCTBOM 

x, = >...z o; x.m "' em - a . 

no.llcTa.BJlru:I CIOAa c Ha C9) BMeCTO em, noJI)"-UUIM Kea.zr;paTHoe ypaa

HeHHe M51 '• KOTOpoe Oy~eT HM8Tb 81U1HCTB8HHbiM KOD8Hb, ec.nH 

. pa~~a~ r, ~3 12~1 paBeH HYAffi. r.s. sc~ 
cx, - (la>

2 
"' cr! - 1) cif + ~> C32J 

npH 3TOM rpaHW4.HOe 3HaqeHH9 A 

A"">...= (Q- (iX)ICrf"- ll 
• 2 • 

Y~OB.neTBOp51eT yc.nOBH~ (3l, KOf~ 

(~3) 

YpaBH9HM9 (321 COBM9CTHO C YCJIOBVI9M (33) onpe.lleJI~T 4aCTb KO

Hj'Ca, KacaiOmerocs:~ a-c!liepbl no OKPYJK:HOCTif x, = a1n Ill VIMeiOutero 
npH aepwHHe yroJI & Ta.K:oH. Y.TO sJ.n& = 110. ::l"roT K:OHyc HaaoaeM 
BH€WH9~ rpaHHU9~ K:OHYCa Maxa. 04.8BVI.l[HO, Y.TO B CHJIY paBeHCTBa 
npe.l[eJIOB HHT€fPVIPOB3HHs:l Ha 3TO~ rpaHHU9 VIHTerpaJI C22) paseH 

HYJIIO. ECJI£1 noTeHLU13JI 8 STOA 4aCT£1 IWHyca Maxa 0603H34£1Tb KaK 

§
32

• TO Ha BHSWHeA rpaH£1U8 KOH:,'Ca £1M88M 

t, .. 0 

8 C.nyt.Iae d COOTB9TCTBY101Il88 KB3.lt:P3TII08 ypaBHSH£18 .l(JISI "A..f.l 

HMBBT COBna~IO~e KOPH£1. SCJI£1 Bb~OJIH~eTC~ paBBHCTBO 

ex,+ t1a> 2 
= crl- I><y2 

+ z2> • (34) 

a 3H349H£18 "'').l Y.lt:OB.n8TBOP519T"YC.IIOB£110 (3) • ecJIM 

(1X~ ~ - a . 

,Ilea noc.ne.l(HHX BbiP3lt8HH~ onpe~eJLIIIOT KOHYC C B9PW>IHOA B T04K9 

1-~a. o, Ol ~ TeM :ote yr.noM pacTBopa, 4TO ~ i3ZI, onHpa~W>~Ac~ 
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• 

Ha a-ciDepy no OKPY~HOCT" pa~yca af ~2 
- 11~. 

IO. OcTaHOB"MCSI renepb Ha .zr;syx nocJie.l[Hw.x .nocTaTO'-:lHO 

npOCTbiX CJIYl.ffiSJX. B CJIYl.ffie f K3CaHH8 M-rpaHHl.l,bl 03Ha1.ffieT. liTO 

3.ll8Cb A AI O.ml03H31.J.HO onpe.zxeJISIE!TCSI COOTB8TCTBYIOIII,1o1M KBa.zrpaTHbiM 

ypaBH8Hl1eM, l-1.3 KOTOPOfO TIOJiyYa8M BWpa~8Hl18 (34). 8 3TOM c~

CJIY4ae r>a, no3TOMY ~~>o, ec~ X1<D. Ec~ B KOHyce C32J no

TeHu,w.aJI OTJIVIlffiH OT HyJISl TOJibKO B tffiCTJ.1. OTPt.1l.l,aTeJibHOJ;1 (Cl..J1.1Ta.Sl 

OT B8PllMHbil riOJIOCTI1, TO B KOHYCe (34) 3TO V1M88T MBCTO BO BC8~ 

OTPJ.11J,aT8JibHOt1 !10JIOCTI1 " B TOA 1..ffiCTI1 riOJIO:lii:MTeJibH0£1, KOTOpaSI 

omtpaeTCS! Ha a-c~epy ITO OKPY:lK:HOCTlll Xs. "" - at~. YCJIOBJ.1MCSI Ha-· 

3b!B3Tb OTpm.J,aTBJibHyiD !lOJIOCTb KOHyca (34) OCHOBHbiM KOHYCOM Ma

xa, ee UOBBPXHOCTo - aHrTP8HH8~ rpaHMQe~, a onwpa~myroc~ Ha 

a-c!llepy '-:laCTb !lOJIO:HCJ.1T8JibH0£'1 !lOJIOCTYI - 06pam,eHHbiM KOHj'COM. Oc

TaBWyiDC~ 43CTb npoCTpaHCTBa, orpaH1148HHOfO BH8mH8A 11 BHYTP8H

H8~ rpaH"u,aMJ.1., rpaHMu,eM o6pa~eHHoro KoHyca 11 YacTbiD a-c~ep~. 

- norpaH"4Hb~ KOHYCOM Maxa. 

B CJrYI.lae g LttMeeTCSI ..[Be napbi rpaHtrP-IHbiX ~ - (~s.rrl.' ~s.JAJ M 

(~2m, ~2M).· OpM 3TOM .llJlSi Kax.no~ nap~ BH~MOH OK33hlBa8TCS! BCS! 

a-cWepa, o~aKo ec~ coxpaHHTb Hanpas~HHe li!3M8HeHHSI ~. TO 

corJiacHo {21J Se .llJI5I nepso~ napbi pasHa 4rrcf, a .llJISl ,npyroH 

{ -4ncf} . D03TOMY 3.ll8Cb .llJ[5I Bbll.ll1CJI8HMSI VIHTerpaJia ( 22 J CJI8.11Y8T 

J13M8HI!JTb. ITOPS!.llOK npe.neJIOB ,ZVIS1 BTOPOA napbl rpaHVItllibJX A., T. e. 

AJISI noTeHu,~a~ ~34 s 3TOW o6~acTH Haxo~M WoPMY~ 

~34 ~ ~<A1.a> - ~<A1m> -:- ~<~2.m> + ~(~2m> 

00~b3YSICb BblpaXeHVISIM~ (9) l1 (13), onpe,ne~M COOTB8TCTBYIDmM8 

rpaHM4Hb~ A, a 33TeM M3 nOCJie.llH8fO swpa~eHHSI VI C YYBTO~ (22} 

HaXO~M TIOT8HUH3~ B OCHOBHOM KOHYC8 

~ex r 2 
- a2 a 

--J.(1 + r-th-) • 

r 2 ar r •,. (35) 

EcJIM B noCJI8.llH8M Bb!P3:lii:8HMH noJIO:lR:HTb r>>a, TO HaM.neM 

if 34 
= - 2(J8X/r

2 = - z~ec.os&tr 

T.e. !10TeHUJ.1a~ T0494HOfO aapSJAa (3.12} npH ~>1111 . 

,li,JISI "C.nyt!3S! f MO:Z:HO nOJI)'I.illTb aHaJil.1TI1YBCK08 BbJpa:&c8Hl18 ,llJISl 

!lOTeH~a~~ eCJIH B (35} TIO.llCTaBHTb KOOP~HaTbl rpaHHLI,bl OCHOB-
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Horo KoHyca <341. 

I I. npe>;Jl9 '!eM o6paTI1TbCSI K CJIY4310 c " JIPYrMM, npMCOB.lli!

HMM K ypaBHBHMSIM 171, 181 e~ M ypaBHBHMB OrMOaiO~ro X-c~epW 

KOHYCa. noc~XHee HaAll9M .lll!~~epeH~DOBaHMBM ypaBHBHMSI 181 no 

X 4a.CTiibiM 06paa.oM, B P83YJlbTaTe nOJIY4l'IM CJIS,l[)'IOIU.YIO ClttCTeMY 

ypaBHBHMA 
·,..z + z + rZ "" rf 
"• n .. ' 
C{ - X -- /1A)z + (7}- y>z + (( - Z)z = x.z ~ (36) 

• • 
(ICI!s. - .X

1 
- [1'A.J = - X. 

Hs BByx noc~BXHMX ypaBHBHMA HOXO.lli!M ypaBHBHMB orM6aiO~ro KO
Hyca· 

Ha KOTOpoM npoV13BOJibHYIO T04KY 331[alG1M K3K 

(12 - 1 

Z:=X+~, . ' " 
I"' - , 

n = y + 

" 
( = z + sinw, (37) 

3.zr.ecb ~ - yroJI~ OTCllVITbiB3eMl»A Ha OKPY%HOCTI1, no KOTOPOA orYI-

0310IIU1iil K:OHYC K:acaeTCS!. X-C!flS.Dbl· flo.ztCTa.BHB 137) 8 nepsoe ypas

H8HVI8 CVICTeMhl '(3b), H3A.ll8M YfOJI ¥' 

Q
2 

- r 2 
- Xl(12 

- l)(X + 2X
1

/(1) 

ycosw + Zsinw = (1 • 138) 

2x/ "' - 1 
nepennmeM Jleeyw 'la.Cl'b noro e~pa:e:eHHil 

ycosw + Zsinw • pcos(w- 8) 

VI noJIOXVIM coscw - ~, = ~ 1. TorBa VIS C3BJ no~eM KBaJPaTHoe 

ypaBH9HIII9 

2 2 ~~ p 
1(3 -. 1);.., + 2)."( (1-- 1( X :!: -) + ,.Z- rf =- 0, (3t;~) 

" . " 
K:OTOP08 onpe,Z[e.ns:leT em.e O,ZU1H Ha60P rpaHH4HhiX A, a VIMeHHO Ta-

KVIX, lJ.TO 8CJWJ 7\ H3XO,l[HTCSI Me:r..li.Y HHW1. TO CHCTeMa. C36) 

06~ T04XY· feOMSTpKqeCKH MHOXeCTBO ~eACTBHTe~bHhlX 
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T048K CIIICT8Mbl ( 36) 06pa3yeT rpaHII!UY, no K:OTOPOi1 Orll!6a!OID,IIIiii KO

HYC nepeceKaeT a-c(pepy TaK. '-ITO Blll..lU1MOiii or;:aablsaeTCSI J[JIIIllb ee 

lffiCTb, HaXO.Zl$llll,aCSl. BHYTPI-1 ont6a!OJD.8f0 A-c(pepbl KOHYCa. 

B npasyiO l!aCTb npeo6pa3oBaHV!Sl. t 10) no.HCTaBit1M Koop.zu.tHaTbi 

o6ll.J,ltlx TOY.eK a- 111 A-c(tlepb!lll3 t15l, as JI8BYJO- 1112 <37>. noJIY

Lll1M CJI8.llYIOJli,.YJ{l CJ.I!CT8MY YP3BH8HMi1 

~ 

X (3'Z - 1 
' + ___ , 

X
1

+(JA p 

-'---teas$ - -sinScos¢, 

a r~a c c 

y I r' - 1 y X 
+ "' 

z 
+ AcOS!f -CO!';$ + y ' in8cos¢ - -sinSsi<fl¢ •. 

a ra c pC p 

2 I r' - 1 2 X + "' y 
+ As1mp -cos& + z ' -1n8cos¢ + -sinSsin¢. 

a (lCl c pC p 

YMHO:l&HB BTOpoe ypaBH8HY!8 :3TOt1 CVICT8Mbl Hay, a TP8Tb8 - Ha z 

CJIO~J.1B. CB8.ll8M ee c YY.eToM 

Xt+ (fA p 
----case - -sinecos¢ 

c c 

BhlPa::teeHJ.15I ( 38 l 

<x + 
' 

' JlB)'M 

P X
1
+ rx a2

+ p
2

- x~- A(f3
2

- 1HA + zx
1

Jf3> 

-cos$ + inScos¢ = 

c c 2Qp 

06oaHa1.11-fB 061Il,Yl~ ~OJI C.VICT8Mbl (36) li8_D83 ¢b, HaXO..lU1M ,llJISI Hero 

CJI81lYIOIII,88 Bblpa)K:8Hlll8 

(3Qpsin8cos¢ = AC 1 - (31--~'----~------
[ 

(X + (3Al(C
2 

+A
2

- a 2 )] 

b 2AC2 

3TO BblpaJICeHJII8 JI8rKO npeo6pa3Y8TCSl. K Bl1.HY ( 19), no3TOMY npJIIXo

.ltlllM K 3aKJIIOLI8HVIIO, llTO ri)aHIII4H08 3Hai..JBHJ.18 YfJia ¢b COO'IB8TCTBy-

8T o6palli,8HIIIIO B HYJrb 3JieM8HTa OJIOID,a,l[lll dS 11!3 ( 18). 

!2. BepHeMCSI TenePb K CJIYYaiO c. B 3TOM c~ae rpaHII!l!HMe 

A 1113 ( 5l onpe)leJIHIOTC$1 BbJpa:z:eHIIIeM tx1
• 2 = A 1m, 2m> 

<rf- llA m m =a- (3X +/<a- (3X )
2 - <(3

2 - 1l{r2 - 0
2

1 
' 1 • 2 1 1 

BHYTPJII HHTepsaJia [_Xim' "-2m] J.13 ypaBH8H!<1Sl (39) 

Ol[JIIH 1.-MHTepBaJI -. [>'-st, A2
t], COO'IBeTCTBYIOIII,l<1A 

HEHivts:l {39), KO_DHI-1 KOTOPOfO CYTb 
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~>... "':r~ + P + /(Jzaz- (X,+ p~)z • Jl,Zl 1 

Mo:zHo noKaaaTb, 4.TO .l[J(SI aHal.J.eHHA x, .YltOBJISTBODHIOIU,HX YCJIOBMIO 
( 3 ) , BbiT10JIHS18TC S1 CJie.liYIOlll,99 He paBSHC TBO 

:>..,m < ;>..st < >...zt < >...zm • 
npH 3TOM B9Cb HHTepBaJI pa30HeaeTC~ Ha .IUla nOJIJ,IHTePBaJia: 

TaKI-19, '-ITO B OSPBOM B~JU1Ma.SI 42CTb a-c/bepbJ YBSJI~ll}tBaeTCSI C 
gocTOM "-• a BO BTOOOM - YM9Hbl!la9TCSl. 

Kor~ 3Ha~HH~ nepeMeHHOA X Haxo~~ BHYTPH !-HHTepBa
Jla, maposble cerMeHTbl c yrJiaMH s 11 e + de nepeceKaiO'I'CSJ a npe
.l!eJiax a-cwepbl, oopaay~ Ha HeA .I!Ba "cQ/epH~CK~X" .I!BYYrOJibHHKa, 
CTOPOHbl K:OTOpbiX B 06meM CJIY43.9 He SIBJISIIOTCSI .nyraMH 60JibiOOfO 
Kpyra. To4Ka nepece4BHHSI maposMX cerMeHTOB HMeeT onpe.zte~HHhle 
Bhlme CQ/SPH49CKHe KOOP.I!HHa~ BIXI M ~,lXI. MHTerpMpy~ Y.I!BOeH
HWA (B CVI~ CHMMETpMH) 3JI9M9HT dS 1'13 (18) no ~ B npe.zteJiaX OT 
0 JI.O 1/Jb, OOJIYl-lHM '3Jr9MeHT d.5

1 Od OJIOuta,.Jil.t nepeoro .ltBY)TOJlbHVIKa 
¢, 

dS
1
0,) = J dS"" 2d(~b - tQ~I\.)sin8cje 

0 

HHTefPHPYSl dS no¢ s npeAeJiax oT ¢b .zto n, no~4MM 3JieMeHT 
dS

2
C >...) OJIOW,a.li;H BTOporo .n.BYYfOJibHHKa 

dS
2

P..) = 2tf[n - 1>b + ta¢Jsin8dB 

3.ll9Cb see B9JU.tlll1Hbl cnpasa 33BJ.1'CSIT TOJib~O OT X. H9TDY.li.H0 aat.te
THTb. 4TO dS'11X) + dS2CX) = dSCXI• Y:TO CJI8Jl.Y8T H3 npoCTbiX re
OM8TP~49C~HX COOOpa~eHH~. 9CJIH d51 1XI C4~TaTb OTDH~Te~H~. 
3!l~Cb ~~et.iaHT dSI>.) onpe.~~e~eH B 120). 

Op~ Bhl4HCJieHMM nOT9HUMaJia ~;, B A-MHTePBaJie MMeeM 

lb 



... 
" 

np!ll Bbl4WCJI8HV1Y! CYMMfi.PHOTO OOTeHIJ,YiaJffi nOCJre,lll-1.88 Bb!PaX8HJil8 CJie

JlJ'8T 6paTb c o6paTHbiM sHaKoM no Tofi :m:e npwruHe, 4.TO 1-1. en. IO, 

fl03TOMY OKOH4aTe~HO Jl.II~ noTeH~aJia B norpaHV14HOM KOHYC8 

( C JIY4.aiii C) V1M88M 

:__[, -
~2- 1 
----Arc:th/1 + 

(l 

flax, 
--<1 + 
r' 

(40) 

2a 
r Jie 

1 

3Jl8Cb AH V1 "-2 t 0Pli1B8.ll8Hbl Bhllll8, 

no WOPMY~e (221, a MHrerpaJI I
npMMBp, Ha OK l. 

lfi(A.:tl) J.1 ~(A.ztl Bbflil1CJ£500TC51 

4V1CJreHHhlM Y!HTBrpwpoeaHiiiSM CHa-

13. CJIYY,aVi e COOTB8TCTBY8T noTeHIJ,YiaJIY B T04.Ke, HaXo,.ns:J-

rn;eiiiCSI e o6paw,eHHOM KOHyce~ r.zre peaJrn3YlOTC:n o6a aHaKa ypaeHe

HJ.I!s:I (39). L{JISI 3Hal'\a "+" STO KOPHVI A.th,zh J.1M8l01' BJ.1,ll; 

(3~X ::-X~- p + lrla2
- {p~- X,J 2 

ih. 2h 1 

8eJIYI1..fl.1Hhl An,zt onpe,lle.HeHbl Bbnne, .li,.1I$I rpaHHlilibiX xe A noMII!MO 

A1m,zm J.1M88M eru,e, 04.eBJ.11[HO, Y1 A11-J,z~-t 

<rl- 1Jr..
111

,
2

J..l =-a- f1X1 +I <a+ rxJ.) 2
- (~2 - u<r2

- a2
) 

B peayJ[bTaTe ororo ('POPMYJia .l(JI5I noTeHI..I,J.18Jia i 33 
e ::~T0£1: o6JiacTI1 

YCJIO:ltCH5l8TCSj, HO Cy~CTBO ee BhlBO,lla TO :&ee, "'TO ltf B np9.IJ:bl,liYIII,9M 

nYHKTe. 0nYcK:a5l npoMeJICY'f04Hble BhiKJia.ZUn1, nOJIYY.aeM 

• 33 

+ 

~ex1 r2 
- 0

2 a 
+ --(1 + rth-) + ro .. 2h' i'..2l). (41) 

r2 ar r 
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3,ll8Cb I - TaKIIJS :11:8 VJHTerpaJibh t\3K IIJ B (40), C J't\333HHhM1 8 
CK06Kax npe,lle~aMIIJ. a ~c~J onpe~e~eHo s C22>. 

CJIYtla~ d COOTBSTCTBY9T npe,ll8JibHOMY 3H3l..l.9HVJIO flOTeHUVI3Jl3 

(41) npiiJ ~~~= ~z~· Ha 3TOM 3aKOH~M paccMoTpeHIIJe CJIY~a~ r>a. 

I4.. np~ r<a BeCb nY'!OK <>-r~nepOOJI C POCTOM ' BXO.l!IU B 

06JiaCTb CynJ,eCTBOB3HIIJSl Tpe:rTOJlbHHKa BCTPS'iH ~epe3 ~-E-rpaHIIJUJ', 
Kor~ n~o~~ a-c~epy pasHa o~ IIJ noKIIJBaeT ee ~epe3 m-rpaHIIJUY, 

KOr.lla nJIOIUallb a-c<)iepbl TaKll:e HYJib, ~TO H8TPY1tHO YCTdHOB~Th no 
piiJc .1. AHaJillla no~<.:aaMBaeT, ~TO e STOM CJIYt.Iae rpaHHlJHble ~ CY'lb 

',, " ~ .... .1LIIll KOTODbiX ii)ODI.IYJ111 np"BQJ!QHbl B\JIJJQ. noi.IIIMO ~TOrO. 
,l[000Jll·H1TeJlbHbJH IIJHTel)Ba~ 06P83YIOT BSJ(IIJ~IIJHbl ~zt H ~Zh' Ta.K ~TO 

noTSHLU·1aJI 1
3

, BHYTPIIJ C(tlephl IIJM99T BIIJ..n: 

11:~t = tc~zt 1 + 1 '~zl'l 1 - 11 )..zu 1 - tc~zm1 +Ic~zh' ~z1 1 • ' 421 

06oaHaYeHIIJ~ 3AeCb noH~~ 1113 npeZD~ro. 

TaKIIJM o6paaoM, ~ onVJcaHH~ noTeH~aJia npiiJ ~>1 eo eceM 

npOCTP3HCTBe noTpe6oBaJIOCb YJI<8 5 <liYHKl\111< COOTB8TCTB8HHO JIJISI 5 
paamt~HbiX 06JiaCT9~- C31), (35), 140), C41) 11J £42). JlVJUlb 

l!a..C'I'b 3TI1X ~YHK~IIJA IIJHTefpiiJpyeTC-Sl 6 SIBHOM DIIJ.ztS, 003TOMY 3H3Jn1-

111149CK'IIJ He Y.ztaJIOCb OOKa3aTb HX HenpepbiBHLCTb. HO 3TO MOJr:HO 
yCTaHOBIIJTb no KPIIJBMM p11Jc,2. 

!5. On.te'I'IIJM xapaKTePHble oco6eHHOCTI1. no.ny~eHHoro pacnpe

.zteJieHIIJSI noTeHI..J,IIJa.na aapSCK:eHHoA c!flephl. npe:Ell9 ecero 3TO orpaHVJ

l.ISHHOCTb B9JU.1lll'IHM OOTeHUV13Jia npM .mo6o£1 CKOPOCTI!..· ,llaJiee • SaMK

HYTOCTh 3KBMOOTeHI..J,Io1aJibHbiX OOBSPXHOCTe~ COXpaHs:JSTCs:J np~ Jll06ot:f 

cKopocTH. xoTs:J caMIIJ nosepXHOCTIIJ 3Ha4~TeJibHO "ll9'l!OPMHPYIOTCst". 

ocoOeHHO 601111~~ c!l!epoi• ~~~oM oKe~noreHlll1aJibHoll\ noeepxHocre~ 
OPIIJ (1<1 H36JDO.lla9TC51 TOJibK'O Ha ctllepe, ~ 3ll9Cb OPOM3BO.llH8SI 

OOTeH~a~ no npocTpaHCTB9HH0£1 K'OOP~HaTe HCOWTbEaeT paSPhlB· 

npaKTH49CKM TaK09 X9 OO~OZ9HW9 HMeeT MSCTO M B 3~KTPOCTaTH

K9. IIJ OHO CB~aHO C 3a.llaHM9M 69CKOH94HO TOHKOro C~OSI sap~ 

Ha nosepxHOCTIIJ cq!epbl. OpiiJ {1>1 Ha6JDO.ztaeTCs:J .llBa TaKMX MSJIOMa. 

XapaKTePHbli< ~~ TO~~Horo 3ap~ cKa~oK 3Ha~eH~~ noTeHUMaJia 

Ha rpaH~ue KOHYCa Maxa HC493aeT .llJlSI aapsa:eHHOt1 cWepbi. ~ ee 

OOT9H4VJa~ n~BHO B03P3CTa9T OT H~~SI Ha rpaHIIJ~9 ~0 KOH9l.IHOfO 

3H349HHs:J BHYTPM KOHyca. HaKOHe~. OPH ~OoA CKOPDCTIIJ ABHZSHHs:J 
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Puc. 1.· UCTB a- u A- cf[Jep 1ta 
n..cocnocmu c c, A J u .MH.D.I'ecmda. 
&- u s- eunepLJo..t d.w PJ3At.N
uux BNa~eH'I.lil t' U T'. 

Puc. 2. :JI!IlWJ.om~b>OO? KpU
Ilble il6~.Sl pa6>to.oepno u 
np.<UIO..<U>teii:I<O ~ CI[Jep,l 
il..<.Sl p:l&<U~!<b<X · 3Hll'le!Ml fl. 
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l'tlc.;J. <l>omoepot~~UA cdepxa~yKD~aea llllp<l '"'
1

, dtlu..yv;eeac" 8 am 
MOC(/Jeptta.lf tjostJyxe CO CKOpoc711W 4 • 01 M. 

1.9580 N "19 4.010 

Puc. 4. 3U6Wl~bHble Kptl.db(S 30pSI.J'ewtoQ C4JepbL C (1 ""' 4, (11, 

8bNUCAC11H!ie Hll acH.08e •odt!ilJU4upotlCDoloeo npux,.una l>JIJ.2e><ea. 
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3apSI:&eBHHOH C(flBpbJ 99 OOTeHUVtaJI Ha paCCTOSIH~SlX, 3Halllt1TeJibHO 

npesocxo~x pa~yc c~epw, npM6JIMxaeTC~ K noTeH~a.ny T04e~

Horo MCTO~HMKa, .ltEH1XYIIl,BfOC51 C TOM :ace CKOPOCTbJO. 
/2/ 

Ha pHc.3 noKaaaHa (flororpaqJ~SI mapa , JIBTSimero B aTMoc-
WepHOM eoaAYXe co cKopocTbiD 4.01 M. CpaBHHBa~ ee c pMc.4, 

HaXO.lU'IM !.iTO TIUcaSI OTiiOCt.1T8JibHO npOCTIHl MaTeMaTI1t.IeCKaSI MO.llBJib 

TIOT8H~a~. K:OTOpa~ C~e~eT H3 MO~~M~pOBaHHOto TipMH~na 

fiOti:reHca. K:at.IeC'IB8HHO .1lOBOJibHO 6JD.II3KO OTIMCbiBaeT xapaK:TePHWB 

4.BPTbl 3TOf0 !IJH311lffiCKOfO SIBJI9Hl1SI· 

3aRJnoqeHllle 

Ma M3JIOXBHHOfO 3.1l9Cb H B 
111

BMABO, !.iTO paCmHPBHHe TIPMH

ll;ma [10£\reHCa TIOH5ID19M TIOTBH~a.na npl1,.na.BT BMY KOJilll.ffiCTBBHHbi£1 

xapaKTBP t.1 TI03BO~BT TIOJIY411Tb KYC04.HO-HenpepbiBHOB OTIMCaHMB 

BOJlHOBOfO TIOJISI .l{Bt.1:li:YJII.Bf0CSI C TIPOH3BOJibHOti: CKOPOCThiO TOt.Iel!HOfO 

HCT04HMKa, paBHO KaK 11 cWBPHt.IeCKoro, a 3Halllt1T t.1 11CT04HMKa RID-

6oH .zwyroti: WopMbl. npM 3TOM noTeH~aJI 11CT04.Ht.1Ka KOHB4HbiX paa

Mepos OCTaBTCSI TIPI-1 JII060£1 CKOPOCTI1 .l{BHJI!:BHMSI orpaHWffiHHhlM TID 

BBJD.II411He. Kyco4H.aSI HenpephEHOCTb <no ~) TIOJIY4BHHOf0 on~caHHSI 

CJIB.llYBT 113 HBJD.IIHBRHOCTH ~WWepeH~aJibHOfO ypaBHBHHSI (2.15)
111 

~~ TIOT8HU11a~ T04.BYHOfO aap~,.na, B CHRY KOTOpoA 3TO ypaBHBHHe 

B o6m,eM CJIYI.!a.B He coxpaH519T CBOJO I.PDPMY ,l(J[SI CYMMbJ TIOTeHI..I,t1aJIOB 

npM ~>1. 

JIHTepaTypa 

1. IUeJraeB ~.A. 0pMHI..I,J.1TI fiOti:reHca H noJie .liBH:z:ym,erocSI aapsma. 

To4el.llihlf:1: 3ap5UJ:. Coo6w,eHHe mt5U1, P2-90-27. ,lly6Ha. 1990. 

2. AJib6oM TB4BHY!ti: JK:M.l[K:ocnt: t.1 raaa. no.n: pe.n:a.KI..U1Bi1 M.BaH-)lati:Ka. 

M.: M11p, 19B6. c.16B. 
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