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§ 1. Gbuve chopmyabl noAAepHUBaIOLLCH CHAbI ¥ BpaLLalo-
| Uero MOMEHTA.

B npensaraeMoit pa6ore MH YCTaHABIHBAaeM HEKOTOPHE
ofloHe TeOpeMH, HMepIHe MeCT0 He3aBHCHMO OT OdYepTagui
KPHJIA, HCXOLA. H3 CJeIyHIINX 0GHIHHX TeOPETHIECKHX Ipe-
mojioxkerntt o0 1moToxe. IIOTOR B OTHOCHTeJHHOM IBUKEHUH
npencTaBisieM cebe MIOCKONAPAJIEIbHEHM, & KPHJI0—O0eCKOHEeY-
HO IIHMHHEHM IUJIAHIPOM, HOPMAJbHOE CEeYeHHe KOTOpPOro Je-
KUT B HAOpPABIADUIEH IJIOCKOCTH N0TOKA. CHRHMAEMOCTH BO3-
AyXa H BA3KOCTH €ro BO BHUMAaHHEe He NpHHHMaeM. HakoHeIl,
PACCMATPHBAEM TAKOe HEBIXpeBOe TeJeHHe, IIPH KOTOPOM Bech
KOHTYP KPHJAa OMHBaETCA OZHOK H3 JIHHHU TOKa, HNMeEWIIeH
Ha 3TOM KOHTYpPe IBe€ TOYKHZ paslieya, B OMHOH H3 KOTOPHX
MOTOK Haleraer, a B JpYroit cTexaer ¢ Kpuia. Heam stH
TOYKH—OOHKHOBEHHHE TOYKH KDHBOHA KOHTYpa, TO CKOPOCTH B
HUX OyZerT HYJeM; eclH e KaxKad-HHOyab H3 "HAX IIpencra-
BJAET TOIKY BO3BpaTa, TO IIOTOK MOKeT 06JaXaTh B Hel I
KOHEIHON CKOopocTb®. HakoHenm, Ha KpHJe MOTYT CYDIeCTBO-
BaTh TOYKM 3A0CTPEHHS KM B WHHX MeCTaX; B TAKHX IYHKTAX
CEOPOCTh TedeHHST OyIeT HMEeTH BEJMINEY GECKOHEIHO O0JIb-
mym. lIpexmomomum CBEPX TOr0, ITO IOTOK HOKHAAeT KpPHJIO
BCerga B OAHOM M TOH Ke TOYKe, HEe3aBHCHMO OT yIIa BCTpEdH.

. J0xacTh MHHMOI0 HepPEeMEHHOI'0 2, O6GJACTh TEICHHA, KaK
U3BECTHO, BCerjia BOSMOMRHO KOHQOPMHO HM306pasyTh HA BeEpX-
' Helf DOTYHIOCKOCTEH MHHMOTO IEPEeMEHHOT0 % Tak, 9To zAell-
CYBHTENbHAA OCH IOIYILIOGEOCTH OyneT COOTBETCTBOBATH KOH-
TYPY EpHIa. DeckoHeYHO YyhalleHHass TOYKA OOJACTH 2 NpH
3TOM GyHeT OTOGDARATECA B HEKOTODPOM OTUpeNeNeHHOM IYHKTE
¥ =—0 Ha UOIYIJOCKOCTH; 3HAYeHHe U==0 npen‘otramw
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IPOCTON IONIC (QYHKOUHA 2, Tak Kak UpH o0xoJe BOKPYT STOM
TOYKU 2 HOJKHO BEpHYTHCS K UCXOLHOM BeJIUYHHE.

Ecau Tak, TO BOGJIMSH IOJI0CA MH IOJMRHH HIMeTh:

+f =), 5= +f =), .. (D)

2
a u—=a o du (w—a)®

TIe @—IWHe!HAS BeJHInHa, 4—HeK0TOpoe KOMILIeKCHOe IHUCIIO,

a [—roaoMoppras PYHKOUA cBOero apryMenta. KoadpunuenTH
A, a, paBHEO Kak H B (YHKIUM [ oopelelsnIcd HCEIDIHA-
TeJHHO ‘POPMOD KPHIIA, HACROJBKO He 3aBHCA OT PacCMaTpH-
"BaEeMOI'0 TedeHUdd. | -

O6o3Hagum gepes @ -# & COOTBETCTBEHHO IOTEHIIRAN CKO-

pocTelt cpyHRn;mo TOKA. 18K KAk Ha JeUCTBUTEJbHOR OCH
obJ1acTR U
—  J COD.St rr— O

TO NPOU3BOAHAS (QYHKIUH

w=="¢ - i,

YapaKTepHaybIelt MOTOK, NOJKHEA OHTH HA. YKasaHHOUM ocCH
BCIOJAY PpealbHA; B TOYKe % ==0 OHA JONMHA KMeTh NOINC
BTOPOr0 IIOPANKA, TaK Kak (QYHKIHS

“&;ml@’ﬂ 3

ompefiendgoInas 0600 CKOPOCTE ¥ X yroid ee © ¢ ocko Z B
0671aCTH TEeYeHAS, JOJIKHA B YKa3aHHOM TOUKe HMETh 3alaH-
HOE KOHEYHOEe B3HaIeHWE .., —*. C momoecoM u == q coBmamaer
JOTapHPMAIECKAA TOYKA (QYHEOHH W, NpR 9eM LMPKYJIAIHMS
BOKPYT 3TOH TOYKH NOJKHA GHTDH BEUIECTBEHHHM KOJHIECTBOM.

BceM yrasasEEM TpeGOBaHHﬂM MEL yIOBETBOPAM, HOTOKHAB
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Peanbaoe kKonrmgecTBs ( MOMeT OHITH A306paskeHO B BHE

— 46, i,
(=D ¢ +Bie , . . . ... .3
npd IeM B u B -—conpsskeHAHe KOMIJEKCHHe YHCJa.
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MH J0CTHI'aeM TOro, 49TOOH NpOM3BOAEAS ,,120° 006Janalxa TOJb-
KO OJHAM KOHEYHHM KOPHeM. H{ uprnBoaudM (2) K BAAY:

(5)

JTa QYHKIHA 06paliaeTcess B HYJIb B TOUKE % == <o, KOTOPYD
MOSKHO B 00JJaCTH Z CHejlaTb COOTBETCTBYWOLIEHl HeH3MEHHOU
TOYKEe C¢X0Za YOTOKAa ¢ KPHJ8, O CBepPX TOI'0 MMEeT, KaK H
Tped0Bad0Cch, OOMH KOHEYHHU pealhbHEHH KOPEHD

s— 2:60 360

alA.e - G:Ale :

H =~ — e —————————————
—16, —20,

Ae‘ _'_A]€

KOTOPpHH onpeneisieT Ha KPHJIIe KPUTHIECKY IO TO‘IRy pasze-
JeHus1 JHHHH TOKa B MecCTe HaGeraHHﬂ TEKYLUEer0 BO3AYXa.

BecpMa BasgHO OTMETHTH, IT0 HOPH OPHHATOM @300paske-
HIY TeYeHUS HalnpaBJeHNe ODOTOKa B ero JAaJeKHX
TOYKaXx, Xapakrepnsyemoe yraom 6, coBepmes-
HO He QUrypHupyeT B QYHKIOHU, N3o00pamanmeH
00JJACTh TeYEeHHUS 2 Ha OOJAYNJIOCKOCTH MHHEMOTO
DepeMEeHHOTI0 U.

- JTO-TO OGCTOATEJNBCTBO H HO3BOJAET DaspPEmIUTh B JIIOGOM
OpeilodoAMeHHH ¢ (GopMe KpPHJIa BOOPOC O XaparTepe 3aBHCH-
MOCTH 0T HAUDABIeBHS -UOTOKA RaK noﬂﬁepmnmmmeﬁ cmm
MABNGHYS, 1K B BPAUIAOIIET0 MOMEHTA. - * *

. ‘970 kacaeTcs NOXLNEPREBADME} CHTH, TO, KaK GHLIO
1I0K43aHO B Hamell pabore , 0 napreHEH IIT0 CKOLIa PasiIEbHOTO
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motoka...“ (Mar. C6., 1. XX VIII), oHa ompeneaderca mo Gopmyie
H. E. KykoBckoro n wmMeer BeJHIUHY:

P=pavs?Ksine. . . . « . o . . . (6)

B caMoM fgeJie, MOJOMXKUM

A7

o -
e —ar=38, B>0, 2>0;. . . (7)

..A=16 . .A.1=‘=16

roraa 1o (3) U (4):

24
C=——-¢0s (60"“"1“)3
8
¥, €CIH MH IpAMeM
. (8)
ro P 6yzer umerr xax pas Bun (6), OpE UeM
g4 L)

g

Tak Kak 0pu 6 = O NoqnepEHBabIIas CHIa 06pamaercd
B HYJb, TO G €CTH He 9T0 HHOe, Kak yroj, o0pasyeMuit mo-
TOKOM BIAJIX OT KPHJA ¢ KPUTHIECKHAM HAOPDaBIGHHEM.

3z

Tak xak —-—6, ecTb yroa NOTOKa € OTPHIATEIHHBIM

‘HalpaBJeHAeM OCH ¥, TO H3 (QOpMyIH (8) crmexyer, UTO0 M
PaBHO YIJAYy KPHATHIECKOr0 HANPABJIEHHS C 0Chb Y, ¢ 0chlo X

' JT t
9T0 HaNpaBleHRe 06pasyer yrox g~ M.

OGpaTuMcs Aajlee K BHYMCIeHMID Bpamanoigero MMeHTa
M. Tlo ¢dopMyne, TaHHOX MHOH B MUTHPOBAHHOH BHIIE CTATHE,
BeqngmHa M. paBHa HeHCTBATEJHHOX YacTH BHpPaMeHUS

‘ 2
J=—2 [ % (@) du,

2] “dz \du

rAe METErPANUsS COBEPHIAETCS II0 KOHTYDPY, OXBATHBANLIEMY

MONKC, B HANPABIEBHM 0T 0cH Y K ocH X Ha IOJYIIOCKOCTH #%.

| 1
‘0603HaYRB qepeaﬁ ¢ rosdpduument npm ~ B PasIoKe-

HuE QYHKOHA




MH O0ylleM UMEeTh:

M= peficTB. YacTH Qi §.

U3 ypaBEern#t (1) u (5) momygaeMm:

v & l4+m@u—a)tmu—a)’+ . . .
(—a)? ]l —m,(u—a)4 . . . .

. 10, — a)?
{Ae“zeo——fiC(u——-a)—{—[C-——Alg ]&72)—4- . . . }2-

U mompeskHeMy 0603HagaeT Kop(pPHUIHEHT, OUpeAeIAeMHY |
popMydamMu (3) u (4),

CocraBias Ha 0CHOBaHUY IIPUBeJeHHOTO pasroxenus F (u)
Roa(bq)nuneﬂ'r (), HaXOIUM:

3 /8

— 9mi O Ae — 5.
OTcola, pPacKpHB KOMIJIEKCHHE THCJA,
--:Z—}-i;?c omy =1, -+ 9k,

I BOCHIOAB30BaBIIKCH Popuyramu (3), (4) u o6ozrazerusamu (7),
uMeeM I peanpEOlt FactH H or ¢/ CIezyoIIee 'BHpasRenne:

H .
W2 a? 32 (-—-—- " -E—l— ,?2) S0 2 (B — )+

r ] * !
+(l 5 os 36— +5

-
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o'mma«* BBOAA 1O (8) yrox G, HAHIEM i MOMEHTa:

M‘mzz@ﬂmzxm a ----{'---(l+ k,8) cos 26+

-}-(ié-mll”ﬁ-{—é“)ﬂn 26"|‘l}- B ¢ L)
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OnpoKMIAHBaWIIEHY MoMeHT M,. coorBercTBYLIAN
KpUTHYECKOMY HANPAaBICHHK I0TOKA, .moxygaerca m3 (10),
no10RUB B HeM G6— (); TakuM 00pa3oM:

My——2r092 622k, . . . . . . . .({1)
[lomomus
A(l+k BY=y,
l(k—-llﬁ-{—-lé)-:k, .. .a2y
lklﬁ)ZJQ?

® OD0ab3yAch (9), mpuBomauM 3a cuM dopMyay (10) K OKOH-
JaTeJbHOMY BHUILY

2M = 0?02 K(—g¢g cos 26+ 17 sin 26—q-+¢). . .(12)

OTMeTHM TO BaMHOe O06CTOATENbCTBO, YTO0 KaK KO3 -
punuerr K dopmyam (6), ompexeasouret mox-
JEPHKHEBADIIYD CHIY, TaK U KOBPPUIUEHTH PODP-
MYJIH Bpalllaollero MOMEHTAa 34aBUCSAT HCKJID IU-
T€JHhHO OT OYepTaHUIl KPHIA, B cocTaB K BXOIOHUT
MEONMHKHTEJIEM JHIID OAHH HOCTOPOHHHUHU IIeE-
MEHT—IJIOTHOCTE BO3JYyXa.

§ 2. Mapa6ora ycro#uuBeCTH.

[lepetineM Temepp K ONpeNel€HUI TeOMETPHUIECKOI(0
MeCTa MeTalleHTpa B KpHJE U [OKaMKeM, UTO UPH JIO0M ero
CeJ4eHHN TaKAM MecToM OyZzer IapaboJia.

- Ocp ¥ B o6nactd 2 HANpaBUM @0 KPUTHUECKOMY Ha-
IIpaBJIeHND, TaK YT0 yroJ IIOTOKA ¢ ee OTPHIaTeJbHHM Ha-
paBJIeHNEeM Oymer G.

O6osHag9asdg depes & H Y KOOPDAWHATH METALGHTPa X
nMes B BHAY, 9TO OH OIpeAelHTCS KaK IepecedeHHe Iep-
NeEAAKYIAPHON K HAOPABIGHA NOTOKA IMEHA NeHCTBHS IOJ-
nepskuBapied! CHIH ¢ TAKOBOK Ke JUHEHeH UIpA OGeCKOHEYHO
MAaJIOM OTEJOHEHUM TeYeHUdA, JerKo HaxoAdM OIS MHTEepPecylo-
I[AX HAC KOODAMHAT CiIeAyIIUe JBa YPaBHEHUA:

D (6)=M—P(xsinc+ycoso) =0
D' (6)==0.
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[Io mpusemesuu c¢ mnomoinpl Qopuya (6) m (12) atH
YpaBHEBUS O6GpaufaloTcs B ClAeAylae:

(x — ag) c0s 26 — (y — ah)sin 26 =, x4 aqg—ay
(x — ag)sin 26 + (y —ah) cos 26 =, 0,

OTKYI4 WMeeM YpaBHEHMe MCKOMOTO Te0MEeTPUYECKOr0 MeCTa:
1
(¢ —ag)* 4 (y — ah)*> = (x + ag — ag)®. (13)

OHO nmpelcTaBasteT co000w mapabony ¢ PoKy-
COM B TOYKe, KOOPDOIHATH KOTOPOH CYTEH

= ag , iy ==, ah ,

U DADEKTPHCOII
==, ((/ o q) 3

NapalilelbHON KPUTUIYECKOMY HaUpPaBISHHUD IO-
TOKa. PaccTogHEMEe TUPEKTPUCH 0T HadaJga KO0O0D-
TMEAT, 0IEBHUIHO, PABHO YHCIOBOH BeXIHUUEHE
KOJHYecTBa @ (¢J—¢q), a napaMeTp HapaboiH
pPaBeH ay.

sJlcro, 4T0 GOJbIUAsA MU MeHbIIAS ycToﬂqHBoch MOHO -
NJaga, CHA0MEHHOI'0 KPHJIbBAMU INaHHOFO OYePTaHUA, 3aBHCHUT
OT BHA2 4 PACHOJOKeHHs HalilemHON HaMum TapaboJH. deMm
0OH& OCTpee, T.-6. IeM MeHbIEe ee IIapaMerp, TeM’ alnapar
yeroiiugBee, TaKk Kak TeM G6Jue K KPHJIY O6ydeT paclolosKed
MeTanesTp. HCTECTBEEHO IT0STOMY HA3BAaTh MECTO MeTaeETPOB
nmapaboaoit yCTOHQHBOGTH ' k
-~ O6patmMcs Tenepk K BHACHEBWID CBA3K 3TOH XKpuHBOHU ¢
BeIUYNHON NONIEPKHBADINEI! CUIH, €€ BpallapIIuM MOMEH-
TOM M TOJOKeRAUeM IHHFY nelcTBES CHIH. UTO0 KacaeTesd
- AVHWM JeHCcTBHS, TO OHa OyIeT KacaTeJbHOHM HapalodH B CO-
OTBeTCTBEHHOM MeTalleHETpe. Tak Kak IepHeHIAUKYJIADP H3 §o0-
Kyca Ha KacaTeJbHYK BCTpeYaeT ee Ha NpAMOH, IOpHKacap-,
meies ¥ mapalole B BeplldHEe ee, TO MH NOPUXOAHEM K cie-
AyDmeMy NpaBHIY: JTIyerTh OaHH (OKYC W HUpPeRTpPHCa Iapa-
GO JCTOUNWBOCTH, Ie€pes3 CPEeTHEY NEePHNEeéRIUKY I d-
pa m3 GOoRy¢Ea Ea QTHPEKTPHCY HPOBOAHEM Tmapai-
deap 9TOH NpAMOH, TOFrZa Ta TOYKA, IAe nmpope-
AeHHO® H3 POKYCd HAUPDABIEHWE HOTOKA BCTpe-
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yaeT YKasaHHYIl Onapadageap, 6yzer NpHHAOJIE-
KaTh JJHHHNM JeHCTBHUSA, KOTOpasdg, IO CBOUCTBY
TeJYeHUA, NePHEHJUKYJISAPHEA K HANDPABJIEHHD
IIOTOKA.

BrauciuM Tenmepb BpalaolIui MomeHT M, mo oTHOIIe-
EUI0 K Qoxycy. OgeBHAHO

M:"—/“Pda

ecIH ¢ eCTb paccrosHHEe 0T (PoKyca J0 TOM KacaTedbHOH Ima-
- paboant, mo KoTOopo#t HamnpaBiaena cuaa. lloacraBiassa cwona
BeJNUNHEY cHIH u3 GopMyIH (6) m 3amedas, 910 d Sin O
ecThb TPOeKNUA @ H4 0Ch mapa6oJH, paBHas, IO YKa3aHHOMY
BHIIIE CBOMCTBY mapaldOlH, OOJOBHHE €€ mapamerpa, MH IIpH-
XOOHM K CcleAyolieMy BHpamesun miIa M. :

2M, =, — Ka’ve? q , (14)

KOTOpoe Ha ocHOoBamMH dopMya (9), (11) u (12, ) npuBoguTCS
K eue 0o0Jee IOPOCTOMY BHIY

M =M. - (149

Takum o6pasoM cHIH NaBIE€HAA BO3AyXa EHA
KPHJIO NPUBOLATCA K paBHoZelcrBybuelt P,
npoxonsuier yepes POKYC, ¥ MOCTOAHHOH mape,
MOMEHT KOTOpPOH paBeH ONIPOKMIHBAHIIEMY MO-
MEeHTY H KOTODPYHD MOSHO HA3BaTh ONPOKUJH-
Balolied mapoH.

HaroHen, BendyuHAa CHJIH Onpemeasercd CleXYOIIHM
NPOCTHM [IOCTPOCHMeM: IpoBedeM depes GOKYC OKDY &-
HOCTH, OPHKACAOIIYIOCS K OCH NapaboOIH H Ppac-
NONOKEHEHYD IO Ty CTOPOHY 0CH, I'le HAXOAUTCA
SalHEHY KOHeI KPHJIA;, ZHAMEeTP OKPYRHOCTH

— 2 K.
'D‘“"'Javo KJ

TOTZa B5Ta& OKPYRHOCTh UpeACTaBIAET ¢0060W

re0MeTpRIYECKOe MeCTO KOHNA, NPOBeREHHOTO H3
doryca Bexropa cmIH P.

B sarmogerme 91oro. § OTMETHM OXUH BASRHHN ocoﬁlam

BHA, npodrnda. BosMmomHo nOoxo6paTh TaKoe -0IepTaHHe ero,

910 KoapPrOEeHT ¢ q)opMy.u: (12') omamerca EymeM; mId

9TOF0 JOCTATOYHO, ITOOH %, pPABHSIOCH Hya®. Torza napa-




11 —

METp DNapaboJIH YCTOUYMBOCTH TaKMe Oo0paTuTess B HYJb;
OOPOKNAKNBADIIUI MOMEHT, B ¢CBOIO 09epelb, 0yIeT paBeH HYJIO.
B rakoM caygae nogAepruBamigasg cuxa 6y-
TeT BCerJa NPOXOJAUTHL 4Yepe3 HEU3MEeHHYW TOY-
Ky B KPHJe, IpDeJCTaAaBIAADIYO c0600 POKYC Ae-
TreEepUHpPOBAaHHON B OBOMHOM MNPAMOJHHEUHHH
OTpe3O0K napalboOdIH YCTOHIHBOCTH.
RoopausaTrs 9TOl TOYKH oONOpelelsdnTca IO03TOMY, UO-
npesHeMy, dopmyramm (12') m uMenT BeauwduEy ag, ah.
OrMegaeMHe 0COOHEe (QOPDMH OPOPHIIT BH-
TOOJHEH OJOs pyJde# aspommaga.

§ 3. Uzobpamalomue Ayru ¥ raiaBHas Ayra.

[IppMerrM YHKa3aHEHE BHIIe UpHeM K IIpocTedIeMy
cAydal, KOrJa CedeHMeM KpHJa O6yaer xyra kpyra. Ilpuesas
33 HA9YaJ0 HEHTP AYrd X HANpPaBHB 0Ch Y NapalllieIbHO ee

XOpae, MH MOMKEM IIOJOKHTH

g=,—Q—

(u— ie ") (u—}—ze iz

rae S HOOLTEAHUT ONpeleJeENn. sICHO, 9YTO OpPU peajJbHOM U
MOAYAb HOpaBOM 9TaCTE PaBeéH @ M, CIeJ0BATEJ]bHO, BCE TOIKH,

COOTBETCTBYDINME TAKHM U, HAXOLATCA HA Oprmﬂocm pa-
avyca . SaMeTAM, ¢ APYroit CTOPOHH, YTro IpH 3aMeHe U
Ha—% QYHKOHUSA 2 He MeHSeT BeIWYHHK; II09TOMY KpAalHUMH
TOYKAMHA Ayrd OyAyT Te, IS KOTOPDHX % IPHHAMAET 3HaYe-
A O ®¥ O0. [IJs HHX COOTBETCTBEHHO HMeeM

(s—4 7)1
& == — qe .‘ s g == — Qe

X, NOJOMHUB §==2T, BHAHM, YTO TOUKH OTH PaCIIOL0HATCH
 CHMMOTDHYHO OTHOCHTeNbHO. ocH.X. Best myra umemmT co cro-
POEH . OTPHLaTeIbHEX X, Ipm YeM TOYKa % == OO MMeeT OTDH-
HaTeJII:H;YIO OpIHUHATY. Yrox T ‘ecTb ‘IeTBepr yma CTsSIrnBae-

MOT0 AYToD. TaxmM oﬁpaaom ~




TR L . (15)

B mamHOM ciIydae uMeeM o ——ie"™, W pA3nOKeHHEe 2 B
00J8CTH 9TOTO TOJWNCAa UMeeT BHI:

] COS? T ¢ SIn? T
U — o 2¢int 2008 T

— 2T

e

T3
c—=—asSin2zte l

i‘

CpaBHMB 5T0 BHpasReHUE ¢ OOUUM pasdomeHueM, IIpIl-
BeleHHHM B § 1, m npmass ob6osHadeHus (7), (8) u (9)
8¥Oro maparpaga, noJydaeM IJIg AAHHOrO CIydad:

(@ _ T - cos2T  esiniT’
ile =A=sin2te |, M T2 e e e e
2sint  2c0s8T
— 27T
B L s ! " s , -"
Ty T, A==8ln2 U, B:*-::2eosy,
cO0S? K Sin® u cOS 2
mem*.m[j kmm ' y l1m——--mmw
2 sin u 2 COS 4
SlIlQﬂ
4 \
Hanee mo ¢opmyuam (12') umeem:
::.“0083}10082(1, S :(16’
" h=cosPusin2 u,
g=2sin®pcos®u, ¢g—q-=—=—cos’u,

a 0o (6) 1 (12) nisa cuIBl M 66 MOMEHTa HAXOIIIM:

P=4moav? sinusinag,
2,2 o 8 ., qin? (G —
Mm-——fi'rzga »2 sinp cos® usin® (6 —p) .

8
~—

Pk

~}
il

OnpoxuIHBAOIIHY MOMERT Mo==—4TnQa’ v} sin®ucos®u .
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Tax xax yroJ NIOTOKA ¢ OTPUUATEILHHM HAIPABICHHEM

ocun Y ecTb G— ., Kak 3TO clenyer u3 (GopMyIH (8), ToO MH
NPpAXOLAM K H3BECTHOMY IPaBUIY JJId HAXOXKICHHSA KPHUTH-
YECKOT0 HalpaBIeHUA B paccMaTpUBaeMOM cClIydae: OHO CO-
BrajaeT AJd KphlIa, ONUpawinerocs Ha AYry Kpyra, € Ipd-
MOI0, CO€IUHAKIIEI0 3aJHUI XOHel] KpHJAa ¢ €ero CcpeaHew
TOYKOD.
Ecau MH Tellepp HsMeHHM HaIpaBleHHe ocel, crejaB
0Y mtapadlelbHOH KPHTHIECKOMY HANPaBJIeHWI, TO m0 § 2
- popmyan (l5) ompemenAT HAM COOTBETCTBEHHYD Napaboty
yerottquBocTt. IMeHRHO KOOpAUHATH ee (QOoKyca IO0Jyd9arces
YMHOREHVEM Ha PAgUyc @ NEpPBHX IBYX K039QQHIHEHTOB
g u h, aq 6yneT mapamerp, a C€OS® U—PACCTOAHZE OT IEHTPA
10 OUpeKTphcH. Tak Kak TAK0BO Ke pPACCTOAHHE OT IeHTpa
10 Qoryca, TO NHeHTP JeXHUT Ha mapabojie yCTOHYMBOCTH. ITa
TO4KA OYIeT, 09eBUIHO, METAIEHTPOM IJd INIOTOKA, HAIPaBJICH-
HOI'O NAapajLielIbHO XOpAe AYTH, Tak KAK B BHAY GCHMMETPHH
Te9eHUss Bpaljamoiuuid MOMEHT OO0 OTHOIIeHHI K OEeHTPY IOJadg
TAKOTo HalnpaBiIeHns OyaeT HyxaeM. TaxkmM o6pasoM, mapa6oJa
YCTOMYUBOCTY OyTH KpPYlra KacaeTcd CpeIHEro paguyca B
eHTpe IYyIH.

CamMoe moCTpoeHNe NAPEKTPHCH B QOKyca KpalHe IIPOCTO:
THEPEKTPHECA NPOXOAUT Yepe3 CPeRUHY CTPEIRKH
HIapadAedbHO KPHTHIECKOMY HANODABIGHHD, &
DOKYyC IeRHUT HA DepDecCeYeHHH HOPAMON, HpOoOBe-
HeHHON Yepe3 TY e TOUYKY NapadleJbHO JHEHHUNA,
coOeJMHEAIel CpeaJRHY OYrnm ¢ ODepexTHHUM XOH-
IIOM KPpHIa B GHCCERTOpA yria, 010 KOTOPHM IIe-
peXIHAS HNOJOBHHA KPHJA& BHIHA H3 IMEHTPpA.

YKa3aHEHMA 3JeMeHTaMH IIapatoiia YCTOMIEBOCTH BIIOJIHE
oIpenesercs. |

IloraxeM Temepn, 9TO, €CJIM HMEETCA KPHJIO ¢ TPOU3-
BOJBbHHM OY€pTaHHEM, TO BCerJa BO3MOKHO HAUTH CEMEHCIBO
Oy Kpyra, KOTOPEE HMERT Ty JKe caMy® [apaboay ycroi-
9UBOCTHA, 9T0 U ITaHH(CE KPHJIO; NOANEeDEHABANIIAS CHUIa KPHIa
R ero BpamaIOHIHﬁ MOMEHT . B TaKOM cJy3ae OyAyT IpPOIOp-
HOHAJHEH COOTBETCTBEHHOM CHIle W MOMEHTY AAS IyTH. Ta,RHer
;zym 6yZeM HasHBaTh A806paRrapRIIOMHE ZYTLaMH:

Hpemm BEEro MOCMOTPHM, Kak npeodpasyercss BHPAE-
senme (12) ‘mus . MOMEHTa, eG/IM, He HMIMOHAS 'HallDABIEHNN
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oce#l KOODIAHAT, MH IIePEMECTHM HAJaX0 HX B TOIKY C KOOD-
muaaramz (b, ¢).

Tar rax Dpm H36paHHHX HAMH OCAX, KOrZa OCH OpIH-
HAT HAMeeT KPHTAYecKoe HaopaBieHHWe, KO3QPHUIACHTH a4y 4 ah
dopMyan (12) paBEH KOOpAMEATAM (OKyca HApabOJIH yCTOU-
IABOCTA, MMeEINed COBEpIOEeHHO OHpeleJIeHHOe PacIoJIoKeHHe
OTHOCHTAIBHO KPHJA, TO HOBHE 3HAYEHNS STHX K09 PHUIUESHTOB
NOJKHH HMeTb TO SKe 3HaJeHHe IpH- HOBOM Havale.

O6GosHagast TOBTOMY HOBHe g @ h wgepes ¢' u hl, MH
JOJIHHH HMeTh.

agt=qg—0b, ahl=ah—¢.
Yro Racaercs KosPPHIMEeHTa ¢, TO OH He H3MEHAETCA C
IepeMeHol Hadajga, @60 ag ecThb HapaMeTp NapafoiH yCTOH-

9uBocTH. TakuM o6pasoM ¢ INepeHeceHWeM HaJaIa (bOpmyna
MOMEHTa OYyIerT

2M=—av? K'[(b —ag)cos206— (ah—c)sin26 — aqg+ ag — b} -

‘;

[Ipz 3ToM HOOOABEMHAS CHJIA

P=qav? Ksino.

Ilog6epeM HOBOE HAYAJI0 TaK, FFPOOH.OHO GHI0 ﬁampau |
gzobpaskapmet ayra. Q603HAYAM DPaNRYyC STOY ayrm wepes i

Torna mo gopmyaaMm (16) m (17) aveeM coo'rBeTcTBelIW
egny P! m momenr M*t:

Pl=4mprv? sinusing.

2 M ——41to9~v2 sin w[rcosdpcos2 ucos26 -+ rcosdusin2usin 20—
— 7 C0S° Y].

U3 ycroBud

P
=T

M
M1

b—ag==rcos’ucos2u,
ah~—c¢=rcos3usin2 u, ... . .(18)
b-—-—ag—{—ag —=1 ¢8> [£ .

OTE QOPMYJIH I[IOKa3HBAWT, ITO HOBOE HAYajgo, KaK H
€eX0BANO OMHIATH, JeMKHAT Ha Napabole YCTOHIWBOCTH, 100
KOOPOHHATH b, ¢ YZOBIeTBOPAKNT €€ ypaBHeRHIO (13).
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Ecaim MH OTpOU3BOJILHO BHOepeM 3a I[eHTP

naobpasgapuell aAyrg TakKyo TOYKY HTapaboOJH,
IXS ROTOPOH b —ag>0, ah—c>0, To dopmyramn

tg 2 = , rceos’u=5b—ag-t+aq

ah — ¢
OnNpenelsinOTCd ee UEeHTPAaJBLHHN yroa " pajguyc
a PACIOJOMEHnNEe e B KPHIe PHKECUPYETCHS TeM,
9TO0 €e CPeJHU paﬂnyc IpHKacaeTrca K xapaboJe
YCTOKIHABOCTH.

Kosppumuert 7, onpedeldoI[uit OTHOIIEHHE ITOIHEMHEOMN
CHJIH B MOMEHTA KDHJA K COOTBETCTBEHHHM BeIXYMHAM IJA
n3o0paxanuielt Xyrg OyXer MeHAThCA ¢ H3MeHeHHeM Haodpa-
JRaIIed IOyro.

BosMO&HO onpefeanTh TAKYH AYTY, OIS KOTOPOH HACTY-
Ial0T PaBEHCTBA

T—1, P=P, M-—=M.

ATy ayry 6yJeM Ha3HBAThH [JIAaBHOD AYyrok
KpHIa. He NeHTpD, XOPAY H CTPEIKY €CTECTBEHHO
Ha3HBATh IEHTPOM, XOPAOD U CTPEAKOKN KDPHIA.

N3 unpHBefeHHEHX BHMe (OPMYI XIA TIABHOM Iyra
aMeeM 71Ba COOTHOIIEHOSA: ’”’ |

2 r sin® u c0s® @ == aq

4rxorsing-=a kK.

Orciona 1A OHpelelIeHHS - ée IeHTPAaJIbHOrO ~ yIVIa mo-
JTydaeM ypaBHEHHE:

Sin u cos® u == = ==

Pasnemus sT0 ypaBHeHHe Ha (cos®u--sin’u)®=1, npuse-
-AeM erQ K BHIY |

{ .,
= ¥}

TFe—" (19)

Ple t=igu.

KpaBasa




[IPOX0JAA 4dYepe3 HAYAJN0 KOODAMHAT, B IOJOKUTEIHLHOM XKO0Op-
NANREATHOM YIJe BCeMH TOYKaMHU JIeRHUT BHIUe ocHA abcidoe,
ACOAMOTOTAYECKH K Hell UpHOAUXKadACh B OEGCKOHEYHOH HaJn.
Be BHCHIaS TOYKA HMeeT OPAWHATY

33
7716

OveBnaHO, 9TO TpRH

313
7 < TR
¥

MH 0yneM UMeTh B4 BO3MOMHHE 3HAYEHHUSA [ U COQTBETCTBEHHO
1Be PasIMYEHX IJIaBEHX Iyrm. M3 HAX MH BHOepeM Tf,
KOTOPOH COOTBETCTBYET MEHBININH INeHTPAJIBHNI Yyroll A HMEHHO
N1 Hee COXpPaHOM NpUHATOS HAXMEHOBaHAe.

YUro racaercss HepaBeHCTBA, oGyc.JmBJIHBa,Iomero Boauom-
HOCTb BEIIECTBeHHOL0 pelleRMs ypaBHermms (I19), To OHO,
BOOOIIE roBOpsA, OOIMKHO BHIOJIHATLCA I BCEeX - HOPMAJb-
HHX KDHJIBEB, T4K Kak, 6J1aroiaps yCTOHIABOCTH HX, Napa-
MeTp @q GOOTBeTCTBeHHOii apaGosIH He MOKeT HMETH CROJII;RQ-* '
AUGYLb 3HAYHTENHLHOU BeIRIHHH. o

Hocme TOro, Kak NEHTPAIBHHM yrod INABHOH LyTH Hali-
NeH, ee paguyC M LeATp eIMHCTBEHHHM 00pas30oM onpelessnTcd
73 ypaBHeE#H (18), a TeM caMHM 6yAYT OLpENeNIeHH IIEHTD
I CTpeJIKa KpHIIA.

Jltsa oTMedYeHHHX B KOHI[e NIpeallecTBY -
mero maparpaga 0co6Hx dopM IpOoPHIA, KOTO-
PHM COOTBETCTBYET IIapaMeTp mDapalbOJIH YCTOH-
IHBOCTH, PAaBHEHHHY AyJI©L, u3dobpamawvniiue Ayrum 4
raiaBHEAA Lyra, 0OYeBHAHO, 06DATATCS B IPAMO-
JHHEeHHHE OTPE3KH.

S 4. Rpbino, onkpaiouieecA Ha HHBEPCHIO Napadosibi.

JT0 KPHJO, BUepBHE NaHHOE HAMHA B LUTHPOBAHHEOU yike
paboTe, MOKHO OUPEAeNHTh CJAEAYOIIUM IIPHEMOM.

YToOH NOJYyIUTH COOTBETCTBEHHO® BHpameHHe (YHKOUM Z,
npeo6pasyeM HECKOIbKO ¢opuyay (15) miaa Ha3o0pameHRs
00JIa¢TH, OTPAHMIEHHON AYyrol Kpyra, COXpaHAd HAIAJIO KOOP-

%



17 —

AUHAT M H3MeHHUB HanpaBJeHHe ocell Tak, YTOOH HOBas (X
NpoXOaWia depes salHuit koHely ayru. HoBoe BHpaseHHe 2
OyIer:.

2a:8n27 o
e CEERSD L (20)

( (o ( ‘L'z)
Ho— (( ) it —~ ¢

3aMeHHB B 0TON QOpMYJIe U HA % — ¢, NOJIYIUM 06JIACTE.
OTpaEMIeHAYI0 HMHBepcHelt mapa6oJH, HOpH TeM OomATh Hei-
CTBHTENbHAS OCh IIIOCKOCTH % OYIeT COOTBETCTBOBATL 09ep-
TAHHP KPHJIa, 4 BepXHAA INOIYIIOCKOCTL—O00JIACTH TEIEHHS.
B caxom nmeie, ecam

2ai8In27
4—'}—6&-—-——“‘“““ T st e e (21)
(u+r18)*te-
TO NPH IEUCTBUTEJIBHOM U.
ifwi’fmoasmm&iﬁ}ii r +y1....._..w 2__ g2
2-ra | (x -+ a)® + °
—}—C()S‘Z'L'+isin21;—}—2usa,

rae d—uaurefHEHN K09pPUIMeHT OpeobpasoBaHMd; OTCHIA:

v, —dsin2zr=—=2usd,
i, — A cos 2T 4 & =u?d,
42d(y, —dcos 27+ de’) = (z, — dsin27)2. . . .(22)

JT0 YpaBHeHHe H300pamaer mapaboyy ¢ IapaMeTpoM
— 2de? 1 Porycom B ToOYKe F' ¢ KoopamHATAMHU:

TaruMm o6pasoM, d ecTh paceTOARHE (porcyca 0T I{eHTDA
IIHBEPCHH. o m

Doryc COOTBETCTBYET B INIOCKOCTH % TOIKe U= — i€,
Jexamell B HHMHeR noayuiockocrn. HoopAHWBaTH poxryca
HOCJHE HEBEPCHH 6yny'r ompernenaThest QopayaoH (21), eciH
B Haﬁ NONOKHEM Y= —1¢& * ’
“ Taram o6pasoM mody3aeM:

]

{

€T o= gk":—"'f- PR d,‘ c,(}s 47 .
ye=tp==q sih 47
Yanavirug. |

"
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(DOKAJIBENE OTpe30K O0CH [apaGosH ['co npeBpallaeTcs B
oceByb ayry CK wuccienyemore kpHaa (gepr. 1).

CoCTaBIsASA 3aTeM pDAasJIOKeHHE BHPAMEHHOTO (POPMYIOM
(21) 2 B 06JacTH IIONDC3 ,

= =z — {8 18" |
HAXO M.
| . — T 1 1
a—+z2=aq S 27e —— e — ~
o ey ' (ot
e Tt PP R -t
'ie -

: w .. . 1]
ty == U~ 1& ¢, =a-+is==i¢ .

CpaBEUB 5Ty GopMmyay ¢ dopumymaolt (1) u mMes B BHAY
nocaeayomire 0603HaAYEeHUA

i{_&@_ , Ny ==, 1k == f—--(g“)*

MOAYIUM Hasd A BHpaskeHHe.

" , — T/ LU
A =-sin 27e = Ae¢

== { 4+ il =

OTKY AR A==8I1n 27 , U= —T.

Iag npouux K03QPUIOUERTOB Te e BHPAKEHHS, KaK I
B cJydae IYTH Kpyra:

cos 21 - sin 31 XA sm ‘21'
lom e o e — ;o by — e (23}
2sint 20087 4
Hakomel,
A —
8 = ——L -9 cosT—2e.

(
Ifo gopMyaam (6) m (9) umeeM:

COS T

K=4mp sint—---——,
COST — &’
. COST :
P..:.....,....., 4 xQ a.‘vz Sln T e S].n . . » » » . (24)
COST —& '

, CpaBEHB 5Ty (opMyIdy ¢ mepBom H3 (17) u NPHHSB BU
BHHMaHAEe (8), YyCMAaTPMBaeM, BU-IEPBHX, ITO KPHTHIBCKOE
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s1al1paBJeHHe COCTABJISeT ¢ OChW & YIrod T, PaBHHN O0XHOIL
JeTBEPTH yrja, CTATABAEMOI'0 OCEBCI AYRKOL, X cOBOamaer ¢
KPHTAYECKAM HApaBJeHNEM, IOCTPOCHHHM IJsd 3TOM IXYMRKH;
BO-BTOPHX, IOADBEMHAS CHIA UCCIENYEeMOT0 KPHJIA
Oygzer 600JjJee MOAXDPEMHON CHIH €TI0 0CeBOM Y *K-
i, 600 0OH3 PABHA Pe3yIAbTATY VMHOKREHHUSA CH-
JH OCEBOH AYMKHN HAO HEUDPABUJILEYDD AZP0o06D

COS T

}2. "":"- S nivgy Bl it ey ¥ Ay i

COST-—-—-—-&

DHCCERTOP yryia MERIY XOPI0I0 O0CeBOH IOYMKKH U TPH-
racamouedcas X Hell B 3aTHEM KOHOE, CJAayRauleM IeBETPOM
UHBEPCHUH, OCBY & cOBHATaeT ¢ GUCCEKTOPOM YIJNa KacaTeldb-
HRX K napadojie u3 TOr0 JKe L eHTPa; TI03TOMY EKPpHTH Y e-
¢RO€e HanmpaBJIeHHe MHBEepPCUH UAPAOOIH HEJHT
IIOI0JaM yroadx MemIy KacaTeJIbHHMHT K KOHTYPY
KPHJIA U3 €T0 3aAHET0 KOHI A,

Tak Kak QOKAILEHE PAXAYC BEKTOP NApAGOIH R Ha-
TIpaBJCHHHY K IeHTPY HHBEpCHI, HNMeeT BeJHINHY

, (za_
n-o—£ 4. (95
d¢08°T cos?t - (45)

i OyAeT HEOpeMeHHO MeHee PACCTOAHNIA ¢ 4 EHTPa HHBEPCHY
ot OKyca, TO E<<COS T, W HOTOMY 7 eCcTh BeIHIMHE CyIle-
CTBEHHO TOJOKUTEIbHAS.

Uro6H HaliTH BHpasReHHe MOMEHTa OTHOCHTENbHO HATIaJa

ROOPDAMEAT, HAXOAAIIErocd, KaK SBCTBYeT H3 IIpeqIiecTBYI-
H[er0 HBJ0KEeHHS, B TOHTPE OCEBOH XYMREH, COCTABIIEM N0
popuynam (12') xospdpumEerTH ¢, A M ¢, oUpemeRTDIIHE
MOMEHT M Napad0Jy YCTOMIHBOCTI.
Bocmosp30BaBIINCE BHpasKeHHAMU (23), wMeeM:

et 9 e sin® 2t
(J==—CLO3"T GOS LT — — . 5
% . sm?r 0827 esinT (26)
¥, n“ ——— S A BBt wfiits g M .
}l GOS T Si 2 } CQST 8 \ e
“ { £ s1ln% 81

T 00827 {803 T — 6’) =2 sin*7 cos?T — ——

nnq o g‘zginm
o * - - g_____g _____cob T
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Ecaz B »srux  paBeHCTBax momosmkuM = (), T0 OHix
COBIANAWT npu T—u ¢ (16) a mOTOMY (OKYC, IIapaMer)-
I JAWPeKTpuca pnapatoJdH YCTOUYHBOCTH PaCCMATPHBAEMOI'O-
KPHII& ONpeNeldioTcs 0 ero 0ceBoid ayre ciregymoIIHM o6pa-
30M: JUPEKTPHCa KPpHJIAa OPIAMO cOBUHmajzaerT C JI-
PEKTPHCON YKA3aHHOI AYyTH; IDapaMeTD MEHDI6:
COOTBETCTBEHHOIr0 uLapaMeTpa CPABHHUBAEMOI
NYXRKHA, CI€T0OBATEJIDbHO, YyTOJILeHHOEe KPHJIO OY-
neT 60lfee YCTOUIHUBO, TAK KAK MeTal[eHTP OyaerT
6JIAXKEe K er0o 0CH, YeM B CPABHHUBAEMOM cJydae.
910 KACAETCH ONPORMIHBAMI(EIO0 MOMEHTA,
TO OH B TOYHOCTH DPAaBeH COOTBETCTBEHHOH BeJl-
YHHEe NJJ KPHJIA, ODUPARILETrocad HA OCEeBY -
1yry. |

H6o mo (14), (14%), (24) m (26) umeeM MOMEHT OTHO--
CHUTeNBHO (OKYCa, PaBHHIH ONPOKUABIBADIIEMY MOMGEW

l o o s -
M, — M, — 5 Ka?v? g——4mea”v s8I0t cos® T,

BHpadeHHe, COBlajabllee ¢ IOCIENHHM M3 NOMEYeHHHX HO--
mepom (17). f

Hqaa  Hax0KIEeHUSA Haoﬁpa:&:ammnx Ayr MH ﬂonmﬁ:m
BOCIONb30BATbCSl ypaBHeEMAME (18). PashiueM npm mx o=
MOIIM H300paskaplIyl® ZAYLYy IOX TeM YCIOBUEM, JTOOH ee-
NEeHTPAJLHEHN yrox OHJ paBeH 4T LEeHTPAIbHOMY YIUY OCe-
BOH AYRKH.

IIpem,zxe BCETO LQIBOM

ag -—2a sin?t cos?t (cost—e&) -2r cos’T sin’t

OTCIJa HaXOJHM paguy¢ OKDPYRHOCTH, HA KOTOPOH JesRUT
HCKOMas H300pamawinasg Jyra. |

Turaa Ipo9ue B3 ypaBﬁeHHﬂ 13 I'DYHIIH (18) J4HT
1349 ROOPAMEAT b, ¢ meHTPa YKAa3aEHOH OKDYHOCTH 3Ha-

JEHHA.

b= --ge& cosBT=—7ré& COST (cosr---e)e—,
. ae SIRT 1
= ag 818" s sint (COST- - —é).
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Oroomenne MexAy cugami P, P' u BpallanUWHMH MO-
wenvaMa M, M' wmccrenyeMoro KpHIA M OTMEYeHHOI H30-

Spaskapnielt nyra paBro 1

v coST |\,
COST— &)

119 OTHICKAHUS IVIABHOII NyI'M HYSRHO COCTABHTH YHCJIO

2 O ()
Hoo o,
K )

B HallleM caydae Io (24) m (26) uMeeM:

- SInT e0sT (COST—- &)-.

3,/3

Yueao 9T0 yAOBIETBODSIET HEPABEHCTBY 1 < .——- , BBHAY

HEe3HAIHTEIbHOCTH YIia T, H HOTOMY MH no.uyqaeM peanb-

HYD TJIaBHYI0 OYIY. 1 '
HanucaB ypaBHeHHe (19) B IepBOHAYAJBHOMH @ppne

F(u)---sing cos’y —sinz cost (cOST — &)~

¥ [I0JCTaBIAA 3HAYEHUA U—0 A Y =—r1, ZerKo  yOemmMes,
9TO HA STOM IIPOCTPAHCTBe HSMEHEHHMA apryMeHTa . QYHKOHSA
I (4) MeHAeT 3HAK, OTKYIa SBCTBYeT, YT0 MeHRIIHH H3

pealbHHY KOPHeM W < T.
- Rorzaa ayra HOBOJIBHO TOJCTAf, 910 COOTBETCTBYET 60Jee

3HAYATEIbEHM BEJIHIMHAM YHCHA &, TO Y OyXer 3HATATENHHO

MeHee T: TakMM o00pa3oM, IeM TOJIle KPHJIO, TeM O0o-
Jee MIOCKOKN OKA3HBaeTCs er0 FIaBHAA H3006pa-

Rawigag Ayra u re¥ 6oilee ycrolauB cHabXKeH-
HHH TaRHMH KPDHJIBAMU adpongan. PasymeeTcd sxech
Oyner CyUIecTBOBATH IIpeleJ, He YIATHBaeMHI TeopHeH,
BCJENCTBHe BO3MOMHOCTH HEIOJHOTO O6TeIeHMs KpPHIA H 3HA-
TUTSJBbHOI0 Pas3sBHUTHSI BHXPEBOT'0 XBOCTA.
YTOOH scHee BHCTABHTH Ha BHI OPEHUMYIIECTBO TOJCTHX
KPHILEB, paccmmpnm THCAOBOI TPpHMep.
 Hycerp |

T L 1 & 1 COS T
I . / 9 y | . - 3 ™ .
lmnzm ueﬂTpaJImeI yrcm 0CeBOtl TYMKH OyHeT

I 41:':'25")2




BuHUrpHII B moIbeMHONI cuixe P KpHIZ OO0 CPABHEHEHK

ero ¢ oceBOii IyskKO#, CHJIY KoTopo#t o603HaIWM dwepes P!
OIIpeeNseTcsa OTHOMEHUEM

P cost 3

..rl’_.i"'rl-l-ﬁ-
i I ”m e [ |

- Pt ecosTt—8 2

Taxmy o6pasoM, BHErPHI gocruraer 507/

PasMepn KpHJIa BCero IpoUe XaPaKTesHPYIoTes ¥ IJH0M
4y, 00X KOTOPHIM OHO BHIOHO ¥3 LEHTPA €ero 0CeBOf IYMKY.
Yrox ¢ Ochl & pamudyca BeKTOpPa, HAUPABJIEGHHOr0 U3 HEHTpa
IIHBEPCUN K BeplldHEe ITHBEPTUPYeMoil napafoidH, KaK HETPYAHO
yCMOTPETh, PaBeH 2 Y; B caMOM JeJie, OTPe30K OCH OT Bep-
MHAH J0 OeCKOHEYHO YHAJeHHOUK TOYKH II0CJde HHBEPCHII
ofpaliaeTrca B 4acTb 0CEBOH OKPYMRHOCTH, JeMKaIUYK BHYTDH
KPHJIa; TAK KAk 5Ta OKPYKHOCTH KacaeTcsd B HAYAJIE ROOPAIL-
HaT OcH &, TO yroJ, o6pasyeMHil ee KacaTeJbHOH B KOEHE
NETepecyoIell HaC AYTH C XOpIOD, OYHeT M3MepsThCA TON0+
BHHOW IYIH I, CJIEX0BATeIbHO, PaBeH 2 ¥; HO, 0O CBOMCTBY
MEBEPCHN, TOT e Jroll ¢ HaUPABIeHHEM YKA3aHHOI'0 BHIIE
palryca BeKTODa, HaIpaBIeHHOI0 IO XOpAe, JOJLKHA 00pasn-
Barh OCh [apal0oJH B BHAY 'TOr0o, 49TO SJIEeMEHT IJTGH OCH,
pprJerapuiel K BepnivHe, [IPpeBPalaeTCsI B COOTBETCTBEHHHIT
9JIeMEHT AYTH OKPYXKHOCTH.

13 tpeyrompmura (AF. umeeM u03TOMY

sin (2v—2z7)  AF  p

it VT
i iy A [ ] 8
N

2

e W

sin 2¢ T Olﬂ o E_Z ¢ ’
OTCI0IA
L~ &* |
ty (2v - T) == f”ie g T o L L (2T
1
B HamieM YHCIOBOM IpUMepe tg 7= g
COS T
&= g=-; TIOATOMY
10 + 9 tg 3¢ 01
8 r-9tg*r 9,73
OTKY 14 .
2r — T ="7%89"
4TO IPH

T = 6%920'30”
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TarnmyM 06pas3oM, yrod pPACKPHTEA CTATHBAEMOI'0 KpHJA
[IpeBHINAET yrosx CTATHBAEMHI eI'o 0CeBOM NYHKOU, Beero
wa 395'18", r.-e. memHoro Gox;ee, wem ma 129/, a Teoperi-
JECKHH BHIIPPHIII B HNOABEMHOH CHIe JAJd TOJCTOr0 KDH.I4,
KAK BHUOIE OHJIO CKasaEo, pasen 50°/,.

Ji1s8 BHYMCIEBRUS DPA3MepoB ¥ IMOJOMREHHS [JIABHOIN H30-
bpasrawineil Ayru, UEadYe TIOBOpA, SKRBUBAJEHTHOU AYTH, MH
TOJMHEB BHYHCIUTL IIpe:rIe BCero €e NeHTpaJdbaHi yrod,
YeTBEPThL KOTOPOTO ONpeneirsiercsa ypasuerueM (19).

t =1 (1-- 1), f == L [,

B HammeMm ciaydqae

TS Sl 1 + 7/ S . 0y ' ‘-\ 7] - r O 004604(

IIpereSperas B BHAY MAJOCTH CTelleHAMH 7 BHILE BTODOIi,
Hali1eM

G‘wl—{r-’r] ~{a---~1;-'“ 1,00470;
& saTeM

t=tgu=y . 1,00470 - jg
TaeT
«=12"46'15" = 4u=11%.

Tax rax (19) MoserT GHTH BaIHCAEO B BHIE:

sin £ ¢os® g ==sin 7 cos T {cos T — &)2,

a4 IO TpeTheMy Ha YPABHEHHN (26) mapaMeTp HapaGoiH ycTol-
YHBOCTH, ROTOPHH AN IAABHOH IYI'd BHpamaercs OpMyIoit

| or sin? u cosB i,
- noamén OHTH paBeH

4gF-2asin’T cgfsﬁ T {Co8 T — &),
TO

- usinecost
e T T
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¥ B HalleM clyyae:

LAV . ST S

a 21/82sinp 27/82sin246'15"

learp raaBHOM Ayru onpeneiasercd GopMyNaMu (15);

9T0 KacaeTcsa cCpenmero pagmyca rJaBHOH AYTH, TO €I0 Ha-
mpaBleHAe O6pasyer ¢ oTpumareabHon OX yroa Y, Tak Kak
THPERTPACA NAapalOoJH YCTOMYMBOCTH mapallelJbHa IIPIMOH,
coeARHALIe!ll 3agHNY KOHEeN IJIaBHOW AYrH ¢ €€ CPEINHOL.
VTak, Tr1aBHAS, WIH SKBUBAJEHTHAA, KPHIY IAYra OKa3H-
BAeTCS Topasgo 6osee INIOCKOW, YeM MOMKHO OHIO ORHEIATH;
B 5TOM, MHEe IOYMAETCd, JeRHUT KJIDG TeOPeTHIEeCKOT'0 HCTOo.I-

KOBAHHA BHCOKOI0 KaYeCcTBA TOJCTHX AYT, OTCHAA e elle

Gollee BHSCHAETCA UX JIYIMIasS VCTOMIMBOCTL MO0 CPaBHEHUID
C TOHKMMH KDHJIbSIMH.

5. Hpbino HOBOro0 TEOpPETHYECKOro THNA C 3aupyrneumm
3a/AHUM KOHLIOM.

MeBepens npapabolH #Meer TY HEBHIOLY, 9T0 KPHJIO,
cegeHHe KOTOPOr0 HMeEeT TaKoe OJYePTaHuWe, 3aKaHIMBAETCA
YPe3BHYAKHO TOHKHM XBOCTHEOM, KOTODOTO HET HHKAKON BOS-
MOKHOCTH HPAKTHYECKH 0CYINecTBHTH. lloaToMy, B BHAY O0Ha- .
PYRHBAIIIENHCA TEOPEeTHIECKOX BHIOAH TAKHX KPHJIBEB, ecre-
CTBCHHO HCKATH. OQ#3KHX QOpM, CBOOGOJHHX OT YKAa3aHHOH
0CO0EHHOCTH.

Boopoe aHaJATHIECKHE paspellaeTess NyTeM NpeobpasoBa-
HilS" BHPAREHHA (21) CBA3BHBADIIGr0 MHEMHE IepeMel-
BHEG 3 K U. * ' ’ o

Coorromenue (21), KOTOPOMY MOMKHO LPHAATH BHJX

| ' — T! 1 }.
2 +fc:4:: a Sin 2t ¢ | { o e e o T T } ’
- U 1 16— g€ u -} i& -~ te

Clerka HBMGHKM IOJOERHKB.

1+ —HF |
ﬁ‘_i,_a,r-ﬂ-a,smije {__ﬂgmt“}-—mmwmw(wwwwﬂz ) l y = e @ (2&}

T f; ‘
u+w — e # - 48 +W

rae H Eercowopoa Roumﬂ@ﬁcm@ uneao ¢ MAJIBM MORY z:mm ;



Torna
¥ 4qsin2 e u@_‘_:.{' e _*;1_{35__* ) (Hu - Hie -{—w -
7 , (1w — e ) 2 (0 —7e +te 7;, y
Heau Moaysaab H a,MII.ﬁHTyJ_[a aycen J n0x00paHH TAK, 4TO
g+ yeos(t—+d) >0, e (T/MJ)

ro JBe eANHCTBEHHHE 0C00HEe TOYKH (QYHKIHH 2 JIeKaT B
HUMHEH IOJYIIOCKOCTH MEpEeMeHHOr0 ;. HOBTOMY OO6JacTh
re9eBusi, uso0pasxaeMas HI BepxHeldl IOJYUJIOCKOCTH, eCJH,
KaKk M B paHee Paso0paEHOM ¢JIy4ae, MH IPEANOJOKHAM, 9ITO
NEHCTBATENbEAA 0Ch COOTBETCTBYET KOHTYPY KPHJIA, HHUEA-
KIX OCOOHX TOYEK HE HMEEr.

Yro Kacaerca 00TeKaeMoOro KOHTYpPa, TO OH HOpeJCTaBJAET
{IJIABHYI aJre6pandueckyn KpuBYD 6e3 Todex Boaspara. llo-
naseM, 49To uAcao H MOMHO oupedelHTh TaKHM 00pasoMm.
ITO6H B TOYKe 2% = COC IPOPHIB KpHIAa 00JaZajd HAHOG0JIE-
e KPEBH3HOL; TOTHa OYIET e€CTeCTBEHHO UPHHATH COOTBET-
CTBYPOIOYID TOYKY KOHTYpa 28 TOYKY CX0da Pas3BETBJAAKIIEHCSA
Ha HeM JHHHH TOKA.

PopMyny A pamiuyca KDHBH3HEH /X MH MOMKEM HAI-
C4aTh B BUJE: |

.,

g2
die du

dz d*s s, e

-..-.n.,q- Hmmm

du du®  duwdu®

R == Mod - =0 -4y, AT a—.

O608Hagasd IJA KPaTKOCTH KODHH 3HaMeBarels BHpaxe-
BHA (28) dWepes a ¥ § W JCAOBHBIIACH CONPSIKEHHHE KOM-
IIJeKCHEHEe KOXNJIecTBa U300DasKaTh TeMH JKe GYKBAME, YTO M -
- JaHAHE, ¢ WHAeKcOM 1 BHH3Y, MH HOpeJiCTaBAM 2, B BHIe:

L

 —1i ? E,,; 0
1+ =qsSin2ze {Q; +E1) (1 T 1) l

§ - %TT“ al M“ﬁi i

+COBEPIIMB 3aTeM AEQQepeENAPOBAHIE, MH B peayibrare
TPOCTHX, XOTH K JOBOIPHO AIWHHHX BHYIHCICHAH NPHXOXHM
& oHeXYOIIeMY BHpameEE» nia R mpw Gompmmx u:
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i \ , |
7 asin ’T{/“" [sinzcosd (1473 —coszsin d(1 — 7))~ - }

I v - M 0(/ -
c0sTcosd (1 4 y*

—esinteosd (L4 y¥)+ecostsind (1 —72) 4 - -

1 1

MHOTOTOIHS COOTBETCTBYDT WISHAM HODPARKA 5, % - -

Fean My nonbepeM 6 Tag, 9TOGH B pasniosmeEnn [ B

1
06J12CTH U == 0O OTCYTCTBOBAN “WIeH IOPAAKA - ~, TO B COCEI-

.y
drm el wieny  ppiisiesmerel et -y

6. .
}’?‘) — 287 — ?*; [}’ 8in 27 —

HEX ¢ He TOUYKEX KDHUBUBHA OyHeT M3MeHATbCA B OJHOM II
TOM Ske HANPaBJeHHUM, T.-€. BO3PacTaTh HIH YOHBATH 1O 00e
CFOPOEH 0T 9TOT0 IIyHKTa. A Tar Kak OopH Y=—0 HaIl KOH-
TYp obpauiaerca B HHEBepcHl BDapadodw X IPH % — CO MH
HMeeM TOYKY B8ao0CTPeHHS, TO ACHO, YTO IpPH XOCTATOYHO Ma-

JHX Y sgech OyIeT MUMEHHO MAKCHMYM KDYBH3HH. JCJIOBHE

1
OTCYTCTIBUS -~ B PABMOKEHUH R cBomHTCS R IPOMOPIEOHAIL-

HOCTH JBYX HE€PBHX KO03Q(UIHEHTOB B JHCAHTEN® H 3HAME-
HaTeJe OPUBEJCHHON BHie APOOH. Tamm 00pasoM MH AMeeM.

cosrcosd(/+ )-{—5111':81116'(—---———/)---‘25

/
7 sin 27— ¢ [sinz cos J (14 y2) —cosTsind (1 — 7’}§

m L] - “mmw L e m duifyyggery A, iy et el et gl .

sinteosd (L 4y —eosTsindl —

OTKYIa [0 YJIPOLIEHEHH HAXOIUM:

' o L \2
cos-d sin 2 7’[( —+- /) —SIN *d sin 2t (.,7 — 7/) —

1
2

— 2sIn dcos d ( y 2) cos 27 = 4 S1n 27.

Paspemad 510 ypaBHEHUNEe, HMeeM

1 — 72
1472°

Panuyc KpUBHSHH B 3aJHeM KOELe KpHJIa nprobperaer
3HAYeHHe:

;1g 7.

tg d==

v?a Sin 27

o { ?

MWM s oo R H_

X }f 1—}—/“‘—}—"[ 09&2‘:“—«-2?3



cTpeMAllleecs K HYJII BMeCTe C 7.

de  diy

CocTaBidas Jalee PasiIOmeHHdA 5 W op B TOH iRe TotuKe.

HaXORM:

(lz 1
= —d gy sin 2t o8 (T —dY - L
1 7 ( ) - e ; - ,

Ly
(m?-:-}— 4 SIn 2T \lIl —- ....(j‘)._..._,._l._ .....

t

Orcoa yeMaTpuBaeM, UTo T-—G €CTh yrod, o0pasyeMuit
HOPMAJAb® K UpOQUID KDPHIA B Hh'repecylomeﬁ HAC TOYKE C
NOAOKHTEJbHREM HAaOPaBIeHUEM OCH %; HODMAIb OTKIOBEEa
OT OCK OpAMEAT B HampaBieEny rk (OX; Ha ocmoBammMM (Hop-

Myast {(29)

ﬁ 1SN 27
tg (T— d)= . el
1 -—--7 COS ‘%’
Paszmaras 2z B o06JacTH II0J0ca, MH, CISIyd IIPpHEMY,

pasBHTOMY II0ZpOOHO B UpeamlecTByineM naparpade a4
IHBEPCHU apaboJH, JEerkKe MIOJYYHM BcCe HeoOXoAuMHEE Koa(-
QHIEeHTH, 10 KOTOPHM 3aTeM OTHCKHBaeM NOJLeMHY® CHAY,
BpaliapIIyld MOMeHT H 1apabony yeroitamBocrH. (nenyer
3aMeTHTDH, OJHAKO, YTO NPH CJeJaHHOM EaMH IIPE.IHIOJIOH{GHHH
0 TOURE CX01a, (QOPMYJIH OKAZHBAKWTCA XOBOJABHO CHORHHMINA
i He NOIAaTCH JCHOMY TIeOMeTPHYECKOMY HMCTOJIKOBAHHID.
I1o 2roit mpraHHEe MH OCTABHM B CTOPOHEe TpeOOBaHHE, IYTOOH
TO9Ka % —— OO0, rAe NO-lIpexHeMy OyneM IpennojJararb CXo-
A IEHHe-CTPYH ¢ KPHIA, COOTRETCTBOBANA HaHOOAbIIEH KPABH3HE:
npofuad, H Bce NocTexyoIIde BHIUCIHEHHA IpoBeNeM UpH
YOPOMEHBOM IpegmoNoskenun, cauras H B $opmyxe (28)
BEHIECTBEHHEM ITIOJORATENLHEM YHCAOM, TaR TTO

d.,....(),;f - H.

}

CDOpmyJIy OIS pajuyca KPUBM3HLH HPOdHAs BOJIM3H
TOYRYE CX002 MOMHO B TAKOM CIYyY3€ HAIIHCATDP B Bane:"

_ _Hlasin?r -'-j-—---wll - 8sinTeost(i-—H%) _+_ (30}
@ +~ B9 cost —2He\  Hu[(1 -+ H%)cosz—2Hs| f

o Hpﬂ geGoapnmmx H ROHTyp KpHuIa CyzeT. GIE30E N0
PACHOL0REHAND OTHOCHTENHEO KOODAHHATHHX ocell X pasobpas- |
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‘Huli BHING HHEBEPCHH NapaloJH; €ro BHIYKJIaA CTOPOHA OYAeT
-0TOOPaKATHCA HA OTPHIATEeNbHOH, a BOIHYTAsI—HA IIOJOMKH-
TeIbHOII 9YacTH MAelCTBHTEIbHOH OCH IOJYIJIOCKOCTH U%. Hati-
aerHas aas K dopMyna morasuBaer, 9T0 BOJIMSH TOYKH CXO0Za,
KOPJa % BecbMa BEIHK(O, MEHbINUM HCKDHUBJIEHHEM O06Jazaer
T2 NPUAErapiias K 03HAYEHHON TOYKe 9YaCTh KOHTYPa, KOTO-
pasg JeMHT €O CTOPOHH BHOYRIOCTH KpHJIa, n6o £ Oyaer
00JIbIIe TIPH OTPHOATEJbHHX 3HAYEHUAX IepeMeHHOro . [lo-
STOMY BHUACICHHAS NPH yOPOIabIileM IPeXNONOREHNH MOND-
©MHAS CHJa OyJeT MeHee TeOpPeTHIECKON BeIHYHHH CHIIH,
KOTOPasA NOJYIHATCA, €CIH . MH BTOPYHD KPHUTHISCKYH TOYKRY,
TOUKY CX0J4, IepeMeCTHM B NOYHKT HauG0nbIne#f KPHBHIHH;
B caMOM JeJe, 3Ta TOYKa, O4eBHAHO, GyAeT Jemarb B HEKO-
TOPOM MecTe KOHTypa, COOTBETCTBYbINEeM , 00JbIIOR TIOJOMKI-
TEJbHOX BeJIHYHHE IapaMerpa %, Hd YepTelRe 2 MH OTMevaeM
e¢ nuppoit 1; O 0603HaAYAET TOYKY CXO0X4, COOTBETCTBYWILYI
CISJIAHHOMY HAMH IpeNNoJioskeHHN. JIETK0 HelmocpeacTBeHHO
yCMOTpETH, IT0 MH NepeMecTEM TOIKy cXxoia m3 0 B I myTem
BEGCeHUS NOOABOYHOI0 TEICHHS, unpmynﬁpymmero B TOM e
HallpaBleHWH, KaK ¥ OCHOBHOU IOTOK; & z:oﬁaBquaa rmpmy-
JANHEA MOBJISYET NPWPOCT IOXBEMEOM CHJIEHL. g

OGparuMcs Temeph K 0 APOGEOMY 06CIIe10BARAD q}OPMH

upoduas. B sanmeM KoHNe KpHIa MH HMeeM IO Popmy-
Je (30)

_ H%a sin 27 - 31)
o (1—%—32) coszt—2Hes 7

HOPMaJIB B oT0H TOUKe ofpasyer ¢ OCbD J yroua T,
u00 B ee COCEZICTBE MH ITMeeM:

dur . 1 L
*m:—"“‘ia-ﬂ S 21' COS T —; T
u H=

d_ --~+4aEsm 2T SinT - 1 +~3~L

- Gl TR SR

¢ KOHEYHHMH L nw L' ,
Uro0H IOCTABATh O0CIOAYEMHE KOHTYD B CBA3L € HEKO-
TOpol mapalboioft, IpeACTaBAM BHpameHKe (28) B BHAE!:

1_;.5*,--2?,1% T

+a 2 o sin 27 PR L (



Ilonaras, kax B npenmayleM mnaparpade,

271

(it igpde =11

MK JAeHCTBHTEJIHLHYI0 0Ch INOIYIJIOCKOCTH % INPHBOAUM B Ci--
OTBETCTBHE ¢ TOYKAMM IapaOOoJH; M TOrga XOOpAWHATH H3Y-
JaeMOro KOHTypa OyAyT CBSI3aHH € KOOpAMHATAMH COOTBeET-
CTBEHHHX TOYeK HA napaboJse, BHpaskaeMoll yYpaBEeHHEM (22)
CJIeIYPOUIHIM COOTHOINEHUEM :

, . tHx
P =
S0 =iy a = 2asin L S (291
‘ Ly = Yy
A9 COKpallleHUA BBeIeHH O003HAYEHUT:
—(1+H2-}+2H d cosT
y=(+H42H—) -,
COS T,
)'=(1-+H*+2H )dsmr

. 'CooTHOIeENe (29) MOSBOASET IO 3aJAHHOM Hapatoxe:
DOCTPOMTh KOHTYP KpHJIa wHccIenyemoro tuma., [laa eToro
[I0CTyIaeM TaK: B IJIOCKOCTM MHHMOTO IepeMeHHOTro £ OTMe-
TEM TOYKYy ¢ KoOpauEaramu—a’, O, KOTOpYH IpHMEM 33
HOBO€ HA9aJ0 XOOPOMHAT, OCTABJIAA HaIpapjJIeHHe ocellt 06e3
usMeHenns. Ha HOBHX ocdx erpouM napaGory, BHPaKEHHYH .
ypasaerueM (22). Jamee ormedaeMm Touky L), aPHUKC KOJII-
gecTBa p' —-ip’’; wepes Hee mposoxzmM upamybp DE mapau-
nexsao QY. Ha ocm X oTrkinagmBaeM OT HAYaJa JJIHAHY

2asin 27, a Ha OTPHNATENHHOM HAODABICHUH OCH & IJIHHY
s) | T .
— a Hsin 2T # coeluHEseM KOHIH STHX OTpe3KoB mpaMon AB..

N

o

BuﬁpaB Ha mapa6oie OpOM3BOABEYM TOUKy M, no Hei CTPOHM
TOYKY KOHTYP& KPHJIA CleAYDINUM oﬁpa,aom gepes OCHOBAaHHE"
opruBarH MN ws6pamEoit ToukEm mpoBogmMm NP || AB mo
Berpean ¢ ocklo OV, a gepes P—upauyo PCl OD no
Berpess ¢ DE B Touke (. CoenmEmB 3acuMm M n 4 =
nposess OL tax, w0 <MOL=<XOC, crpomm yrox
- OCL=yroy OMA4; noseprys OL =a yroa T mo crpe.nne«
94COB NepeBeaeM - L Ha Hajuesamee MeCI0 B 'ro‘my Q ucxo-
MOT0 KOHTypa prma (2epT. 3). |
" [pn H= 0, KaK 7 JOIRHO GHTH, HpOIece oﬁpamae'rcm
B OPOCTYH HHBEPCHN.

L
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llpuBeleHHOE I[IOCTPOCHHE, ROTOPOE MOKRH(O OX4paKTepi-
30BaTh, KAK OCHOMHEHHY K3BeCTHHM 00pa30oM HHBEPCHD IIa-

paOOJIH, UPEJCTABIACTCA HE BIOJHE SCHHM ¥ HECKOJIBKO IPO-
awosnkaM, IlosToMy naeMm emme uHON, HA HAMm Barisn, G6ojee
IpocToll CHOcO0 BHYEPIYMBAHUA HCKOMOTO0 KOHTYP2 IO TOIRAM.

Has cero, obparmsmimes k (opMyrxe (28), manumem ee
B BUJE:

T
3 + 6&' —= <1 o fg) e ’ P
. COST — & czSIDQtl—L—Ji“
J’;_"‘S""iy-l:.el:I) T T e T o e I)l “"’"(’"'"""“ - } ( “)
!~ sin — i(cos T— &)’ CO0S T—¢&
. COS T —+ ¢ - asin 2¢(1 — £
o igmen, SRS et

IlocTpony {4epT. 4) B HIOCKOCTH 2 'IBe NPAMHE, HaPaJIIen -
nHe ocH X, caenywinuM o6pa3oM: 94epea TOUKY A ¢ KOOpIHEHA-
taMH {0—¢) mnposemem moxy yraom T X 0¥ orpesox OB,
T2k 310 AB=—=AC=1; wepes B u ( UpOBOREM YUOMIHY-

tee uapadnenu BK m C’L el CTBUTeIbHON 0CH. HAx- ypasme-
HUS OVAYT |
y ==COS T — ¢,

' = — C0S T — &,

¥ ME MOMEM ITOJONRHATDH
£ —— i = 80 T—1{ (808 T — &)

¥ — gy =wu —sin 744 (cox TH4-¢).

Torza mnepsoe m3 coorEomenuft (32) naeT UWHBEPCHW
npamost BK B mpmracapmywes ¥ OX orpymroets OB'D'
¢ muamerpoM [}, a Bropoe ompenenser OkpyxEocts OC'E
¢ xumamerpoM [),, peayibTaT EHBepewd BTopoit mpamott CL.
Tcoaa BHTEKAET HETEpecYINee HAC IOCTPOCHHE.

" CrpouM npHEacapiuecs kK ocu X OKDYRHOCTH C JHA-
mMetrpaM# D, u [), ¥ meATpaMH Ha IOJORATEJLHOM HAUPA-
saeaur O Y. 3areM OPoBOAMM YKasaBEHKM BHIIE INYTeM OTpe-
30k BC m gBe npaume BK n CL. Touke M nepso# upsa-
MOH, ompeneiseMoit mapamerpom u=— BM =a BTOpO#l, COOTBET-
cTByer Touka NN ¢ TeM ke 3HaYeHHMeM U, KOTOpoe H306pa-
skaerca oTpeskoM CN. YTo6H HAUTH TOUKY KOHTYPA, COOTBET-
creyniyn M, nposogum MN || BC o coenunsem touxn M it




N ¢ HawaJoM KOOpDAWHAT, OTMeTHM Jajee Touxu M’ u I,
B ROTOpHX JHEHK OM m ON nepeceralT okpymHEOCTH. Koop-
nugate M’ torma 6yayt z,, %,, & koopauEaTH N CyTh

—z,, —1¥, CaenoBaTenbHO, eciu MH 4depe3 Touky M’ mpo-
geneM orpesok M'P, paBEH# ¥ mapaaneapEHB ON', To Touka
P ectp TOYKa HCKOMOI'0 KOHTYPA,

TeoMeTpugeckOe MECTO TOYKH NPEACTABUT HaM B ILIO-

CROCTH 2 KOHTYP KpHJA, €ClM 3a HAYAJ0 KOODAHHAT MHE IIpH-
MeM er0 3aTHMil KOHEIl ¥ HANPAaBHM 0Ch & 10 HODMAJNM B
2T0H TOYKEe K KOHTYPY.
' 3aMeTHM, UTO €CJAH OH JUAMETPH OKDYMHOCTEI, mpl
DOMOIIH KOTODHX MH CTPOMM Opoduas, OHIM 06paTHO IIPoO-
NOPOAOHAJIBEH PACCTOSHUAM TOYKH () OT COOTBETCTBEHHHX
napajizeaett KM uw ON, 10 Mecro P OHAo 6H uHEBeDcHel
napaGoiH, a B TOM YaCTHOM ciaydae, koria J),=J1), o0Ho
0Ka3aJoch OH IYro® OKPYRHOCTU.

lIlpumeyanue. D YKasarHOM NTIOCTPOCHUH GCTH ORHO HEYHEOOCTBO:
UMEHRO, ads OOoJblIHX 3BaYeHull mapaMerpa « Mbl MOXEM BHIATH 3a npe-
fenst yeptewa. 3ro HEyRO6CTBO yCTpamsercd caeayouum obpasoM. [lycth
0@ ecTb HanpaBieHue, Hayllee H3 TOYkKH O B AaleKyio TOYKY rpaMoi KM
OtMeTuM TOUKy nepeceyedus (O ¢ MPOU3BOABHO IPOBCACHHOIO Kapat-
aenvHo CB npsmow GRH. Ity TOUKY cOeRuHAEM C TOYKOK B, B KOTOpO#
CB || GH nepeccxaer npaMyio KM, ¥ n1pogomKaeM 3Ty MNPSIMYIO A0 BCTpe-
gy ¢ obiner kacateJpHOIO OD oxpyxHocTcH. Ecad nOCACAHIOW TOIKY
Mbl COCAWHHM NPSIMOK JHHHeH ¢ Toukow C, TO HallieM B INEPECEYCHHH C
npaMoio G-H- Touky HCKOMOTO Hanpasienus OXR BTOpofo paiHyca Bex-
TOpa, HeoOXOMHMOro Ham IS TOCTPOeHHS npoduis. B BHAY NpocToTH
ONYCKAI0 NOKA3aTeAbCTBO NPABUALHOCTH 3 TOT O IPHEMA.

910 racaercss (QYHKOUE TeYeHHSI %W — @+ %), TO OHA B
HccaeyeMoOM Tedeph Clydae ONpelelsercs TOD e (PopMy-
Jot (O) maparpada 1. B oramume 0T pasofpaHHEHX paHeEe
IpAMEpoB, KOrAa NOTOKE cOeraj ¢ KpHJa, IIMesS B 3aJHEM er0
KOHIE KOHEYHYD CKOPOCTb, HA STOT pa3 MHE BCIPETHM 31eChH
BTOPY® KDHTHYECKYK TOYKY C HYJEBON . CKOPOCTHY). |

‘Uro6H ONpenenTh NOLAEPRUBANINYD CHIy KpHIa K €ro
BpalaDMufl MOMeHT, nImmeM pasiomenrme QyEknum (28) B
obnacta moawea., (O0603HaYas, KaK B IpeJIIECTBYNIIEM Napa-

. Tpade, u—-ic gepes u', €™ wepes a', MOIYIAM AHAMOTHIHO
dopmyae (21,} srtoro maparpada

s+ =a" Sinq’r(*wm{ 1 o —- G
J Py y H ol 4 e e e g AR R —
Ty 2o

U — g

Aa .«2*—}- } , (3} )Z

o (1—H
rie a =a(l+ H)* o | o | 2
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Bubpan o' —a(l — H)*=Ga’’, O6yzem wuMmers ais
koadpuyuentos k, I, k,, !, Te e BHpameHHA (23), KK B
npeflIecTBY0INeM [aparpade, HO TOJBKO C MHOMHTedeM (7.
Tarum 06pa3oM: |

._ (’OS*" ’I: ~ h sln T
/-“:'..."""‘.._ ““"(T —es ' ;f"::"'""'(T Y
2sint 2 CoST
L cOS2T sindv
]lm“"’"‘("! 4 - ’ ICI:(I 14‘ Ty

npHa 9eM Io-IIpesRHeMYy

N
., ({ — ¢
g = - RS CO8 T — €&, U=—1,
. ; |

l—a sin 2 .

]

B nagpHeHIleM MH MOMKEM OIYCTHTH 3HAYOK ~ OPH OYKBE .
ge YVIOYCKasd, OXHAKO, M3 BHAY, 9UTO eif Temephb, OPANAETCH HO-
BO€ 3HadeHHe. s *

Gopmyau (6) u (9) maparpada 1 oupezxem'r HaM HOXb-
eMHYID CHIY

Il

. oS T .
2 gin T ———gin ¢,

P=4 apav,
COST— ¢

UMEenINyw OYKBalIbHO TO K€ BHPAREHHE, K4k H B mzy m&
MEBepcHu napalonn; mo ¢opumyae (8) MH Hax0quUM KPHATH-.
YeCKOe HallpaBjeHMe HOTOKA; OHO 06pasyeT yroi T ¢ OCbR ¥
U JEeRHUT B TOJOMATEJbHOM KOODIAMHATHOM YIrJe; Kar OHLIo
BHACHEHO BHIIE, B5TO OyXeT HODMaJb KDHJIa B €ro 33JHEM
KOHIIE, TJe ero HOKHJaeT PasBeTBIANINAACA JHHUS . TOKA.

" HampaBmB 0¢b ¥ HaBCTpPeYy KPUTHIECKOMY HANPABISHU:-
moTOKa, MH D0 QopMyram (12’) ompexensem RoODIMHATH (o-
Kyca 0apabodH YCTOXINWBOCTH @y, ah, mapaMerp ee aq m.
pacCTOSHHAE nnpgmpncﬂ OT HaYada agQ-—ag. llomyImm:

&£ sin®2r
ag ~—alr (C0s*T c0827T 4 —— 5 },
Vo esin?rctJSQI ] = Smr
ali - alr (cos? T sin2z — L Y I
2 (] COST — &

| " * . sin®2 7
ay - 2aGSin*t cost(cosT — &) 2aGsin*zcosit  (fa emmg -

tq — aqg = al co8¥ 1.
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JluperTpuca OT 3aJHEr0 KOHIA KPHJIa OTCTOHT HA pac-
CTOSIHUH |

d- @« —aqg+ag  alr(1— cos’T).

CpaBEUBASA NpHUBeJeHHHe POPMYJM € COOT
BETCTBEHHHMN HM a4 HHBepecHH napaboar,
yOesroaeMcs, UTO NPH OJNHOM H TOM e OmNpeJe-
IAW0IeM JHHellHHe pasMeph KospdHUIUeHTER
KPHJIBA OYyAYT XaBaTh OOHY M Ty Ke NOABEMHY D
cuaxy. Ho mapa6ona yecTONYEBOCTH B HOBOM KDH-
ae 0yaeT ocTpee M OJAAMEe NPUHHKSET K KPHJIY, 4
MOTOMY S5TO0 TOcIAeITHee OTIHYAETCH 6015 II e 10
YCTOHTIHUBOCTE 0. |

Brroga ero BHCTYHaeT elule fACHee, €CHI MH 3aMETHM,
4TO TPY OXHOM U TOM Ke (¢ 6T0 UINDWHA OKABHBAGTCS MEHL-
e, 9eM IS CPaBEUBAEeMOTO ¢ HAM, HMeolero ovepTaHie
HEBEPCHM NapabonH. B caMoM Jele, Jerxo BHIETH, TITO Dia-
1dyc Berrop OF Toukn KOHTY P2 0yHeT BCerna MeHee CYMMH
KA3METPOB: "

. | i (7
OP < I..) {)y = a sin 2z (mm_ww_§_ r )
COST—¢& ' eoSTHs/)’

IpH STOM PAJHYCH BEKTOPH TOYEK, COOTBETCTBYWIIHX 3HAIE-
HASM U, OIMBKAM K HYIM, MOTYT OHTb HECKOABKO 060¢ce
roro paaunyca OF,, xoropu#t Hakmomer x OV mox yrioMm T
I, COOTBETCTBYA dHa‘IeHIIIO U= —E¢lgT, IMEeT BEeJIHIHHY

OPI — (‘[)l | -[)2) COS T, v

BechbMa GINSKYH K ykasagHOMY npemeny D, -+D, B BHIy
M4;I0CTH yrija <. .... a
Te e 3ameuamnsd cnpaBez[me 1714 HHBechH 1apaGoan,
korna (G =1.Y npoduna aToro KpHia Takme OyIyT ecymie-
CTBOBATH DAJHYCH BeKTOPH, GOJbINEE COOTBETCTBEHHOID

¥

b ‘ o COST €OST
OPi1 — (D1 D3) cost-==usin 2 7| ———— + )
' COST—& = €OST-+e

.. N
" * 1—H\" , “
HO IIpH JIOCTaTOTIHO MAJIOM G= (m) J § HéﬁOJIbHIOM -T 6::" d

JeT HMETh MecTo HepaBeHGTBO ‘
Pi> 1Dy + Ds.

[ 3
41

Yanabiria.
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COS
HomoxuM, HalIpUMeD, Kak B maparpage 4, ¢= —3— y
1 1
iyery H = 9

Torga

9 _, 99
OP}{=—"—asin 27, D, Dy=<7cost a sin 27;

4 ol

OP 3 g—5--008 z'>25 (1 — -—-—-}--m)
D, + D, 22 2 162

L
o

1 .H.
ecan ig t==g°, K4k B THCIOBOM UpHMEpe & naparpady 4.

S 6. Kpbiao, onnpaiolieecs Ha WHBEPCHIO IAJMNCA.

PaccMoTpeREHe B ABYX InpelmecTsybimmx nHaparpagax
KPHJbA OPUHALIEXKAT K JOBOJLHO IIHPOKOMY KJIACCY, KOTO-
pHil xapakrepusyercad QYHKIHeH:

Lu?‘-}—-L'u-}-L",
Hy’ -+ H v+ HI?

‘. , Z:d

rie d—HeKoTopas JAHeliHas BeauddAHEa, a mpogme Koaddm-
OUedTH —KOMIIeKCHENEe 9UCAa, BHOOD KOTOPHX CTECHEH JHMb
HeKOTOPHMA HepaBeHcTBaMu. Hpusad, COOTBETCTByOI[AS Xelt-
CTBUTEJNBHON OCH B OJOCKOCTE BCOOMOIATEIBHOTO MHHMOIO
NepeMeHHOrN0 % W Hanuiasd, Kak M [OpeskIe, Opoduiab KpHJIA,
6yxeT coMedyTOH, ecnu H uMmeer M01y.b, OTIAIEHI OT HyJs.
B obracra Tevedusd, oroOpomamulelicd HA BepXHeH MOJYIIOC-
KOCTH U, Gyner CYIIeCTBOBATH JHUMb OJMH [POCTOH mOJIDC,
eCaH JMIIb OJXUH U3 KOpHefl 3maMeHaTeJs o05JagaeT IIOJ0KH-
TeJALHHM KospauaedTor npa Maavoll exusume. Hakomen,
00a KopHEA mpou3BofHOll QYHKIUH 2 NOMMHW PACIOHAraTHCA
B Humdgei#t moaynaockoctd . DBor Bce Te ycaoBas, H3 KOTO-
PHX BHTEKAOT YNOMAHYTHE BHUIE HEpPaseHCTBA.

SaveraM, 94To DyreM HalIemauero BHGO[)& ocefl B mJjoc-
KOCTE 2 MH MOMKEM YHAITOMATH P:oaq)'puu;aeur IpH KBalparte
B gucaareme ¢opuyas (32) u npasectd K eInAdme Kospda-
naeaTH H u L'. A BuHGopoM HayaJa Ha HellcTBurTeabHON
OCH TEpPEeMeHHOT0 % H ncw.ﬁopom MacIITa0da JO0CTHIaeM TOro,.
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4
:

ro6H woapdunuenr H' GHx paBew MEUMONM exmEmme. Ta-
kuM 0o6pasoM, B Qopmyie (32) ocraHeTcsd, KpoMe JHHEHRHOIr©
MHOKHUTENA, XapPaKTepu3yoIuero pasMepH EpPHBO#, 4 dHCcIHa,
onpeneJIHIOIIIHx €€ THII. '

[IppEuMas Bo BHEMaHHE IpuBeIeHHHE SaMEYaHHS, MH

Bcera MOMEM, BMECTO Q)Opmy.nﬂ (32), Haoﬁpaamb PYHKOUD 2
POPMYTOD:

), N

1€

G==b" -4 c"i.

RoapdunuerTH ¢ U ¢’ NOIKHEH OHTHh HOIOKHTEILHHEMM THCJIA-

} d
M, 9T0 ke Kacaercs (, TO, Tak KaK KODHU — CYTH, 0YeBHIHO,

dat

. b —b—1 (c+
- ' 1+ 6"+
ME JOJREH TOTPE60BATH, YTOGH 3TH 1Ba BHPAMKEHAS HMEIH

OTPHOATENbHHE KO3(PONNHERTH IPpH MBHMOU ejuHHIE, & 9TO
HAJIaraer yCJIOBHSA:

(c+c) (l-—b")-i-(b———b) c"

T (1 —b") 4 o <0
c_fed¢) (V) — (b—-b)c"<0
(1+8)%1+"*

Ilpu aToM MH MoOMeM, Ha OCHOBAHEE BHCKABaHHHX BH -
e 3amevanuit, noxomurk b =0, ¢ =1. p
HatineraHe HepaBeHCTBa He B8aKJ0YapwT B cefe  HPOTHA-
BOpedns, W60 MX MOMHO BHOONHUTHL DPH HPOM3BOJBHO 34-
NAHHEHX HPOINX K03 PUUUEHTAX, €CJU MH mpuMeM ¢’ ROCTa-
r09H0 GoabmuM. Mckaoduerue mpencraBiasercs npnm b= 4 1;
HO B 9TOM Cay4ae n0px MaaHx ¢/, uMeomux Hajglemam{ui
3HAK, ONSATH-TAKH MOKHO YIOBJIETBOPDHTH 006a - HEepaBeHCTBA,
OPHIABAS NOCTATOYBYH BeIHYHBY TOMY e KO3(QHIHAEHTY C7.
Kpusne paccMaTpuBaeMoro Tama MoryT GHTb DOCTPOEEH
. pm TTOMO LK nupuym K JRHEUKH NyTeM, BHOJHE QHAIOrHq-

3*
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HHM yrasagEoMy B naparpade 5. Tax e, Kark H T1aM, MU
OyneM HMeThH OBe HapajieJbEHEe NpAMHE, Ha KOTOPHX OT
AagJaemRalUIX OYHKTOB OYAYT OTKJIAZHBATHCSA PaBHHE OTPE3KI,.
XapakTepusyoluHe 3HAUEeHHE IIepeMeHHOr0 Hapamerpa i, I
B8 TPHKACABINUECH OKDPYHRHOCTM, HHBEDPCHM YKazaHHHX IIDA-
MHX; 3TH OKPY2KHOCTHM ONPEne; AT BEKIOPH, CJIOeHHe KOTO-
PHX NO3BOJUT OTMETATH TOYRH HCKOMOTO npoduid. Pasmuiia.
Oyner JAWMIIL B TOM, 4TO Mpeskie CIOMEHUA OJUH H3 BeRTO-
poB HE00XOANMO IIOBEPTHBATH B JAOJRHOM HAaUpPaBIeHMN na
yIroJ, paBHb/ I IBOHHOMY 4apryMeHTy KOMMJIEKCHOIr0o uHcaa (.
DMecTo 5T0ro, 09eBHIAHO, MOMKHO IOBEPHYTHE €QOTBETCTBEHHY I
NpAMY® M NOJYYEHHEYH OpH TOMOIHM €€ HNHBEPCHH OKDYH:-
HOCTh HA TOT JRé YrOoJd H 34aTeM YHe CKRIAIHBAThL IMOJyJIaeMble-
BEKTODH 0e3 H3MEHeHNd HUX HaOpaBJIeHHH. ,

Kaace kpuBHX, onpenensieMHx dopuymon (33), oxsa-
THBAET MEKAY IPOYUM HHBEPCUH KPUBHXE BTOPOIO . HOpSRLa,
2 U3 JTHX NOCHeIHUX—BCe BiaJUumcH. UTo KacaeTcs (POpMYIH
(32), TO OH& BKI0OYAET TaRme DAPAOOXH M THIEPOOIH,
eCIM MH OTGDOCHM yCTOBHE KOHEYHOCTH MOAyIA K0I(PII-

nweHTa H.
B nampEeHOIEM OCTAHOBUMOCS HCKIDIATEIHHEO HA KPHJIE,.

0TePTAHIE KOTOPOTQ OfpefeleTcs HHBEPCHEH BIIHIES, Ilwmne?
qeM [epeiiTH K OTHCKaHHI COOTBEICTBYBINeH (YHRIUHA 3, B
BAAY HHTEpeca, NPELCTABAAEMOI0 TAaKHM NpOoUIeM, IaTHM
er0 X4PaKTePHUCTHKY, WCXO0AS U3 YHCTO IeOMeTPHIECKUX CO-
o6pasteHnit, ONHPAMUIAXCA HA CBOMCTBA BJiumca. UTOOH 110-
Ay 9ATh KPHAOBHAHYH (POPMY IyTeM HHBepcm 3JIJIMIICA, MH,
OYeBHIIHO, NOMMHH, BO-NEPBHHX, 6paTh SIJUNCH 60.115111 M
SKCOEHTPHCATETOM W DAcHOJaraTh HEHTP WHBEPCAH BOJIH3LL
Goxpmol ocH BHe »aanunca. Ilpm sTroM OyZer WOJAyYarses
U30CHYTOe KPHJIO G 0CEeBOW NYMRKOD B BHANE NYI'H KPyra, Ko-
Topas CJAYRAT HHEBepcuell GoragbHOro orpesra. Ocesas Iysmra
[Ipy ee NPONOJREHNH [POXOTAT depe3 LEHTD HHBEPCHH, UMeA
31€Ch KacaTeJbHYD, NApaljJelbHYD O0JbIUOH OCH SJIIHUCA..
Eord MH coeauUHUM CpPeAHMHY OCeBOM IYRKH € UeHTPoM
HHEBEPCUH, TO' UOJYUNM NPAMYH, KOTOPAS PasgeduT NOHOJIdaM
YIOX MeMAY KacaTeJdbHHMM, NPOBeJeHHEMM U3 IleHTPa HH- .
BOPCHH K HCCHENyeMOMY KOHTYpY; 9TO c¢Jenyer H3 H3BeCT--
HOT0 CBOHCTBA BJTHICA, IO KOTOPOMY OHCCERTOp yria ero-

KacaTeJbHHX, IPOBENEHAHX H3 KaKOI-IM60 TOUKN, JOIET. B
; . ¥ 1 | Hr
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TO $KC BpeMd IION0JaM YroJd, UMenlNHii B 9TOII TOUKe Bep-
MUBYy ¥ onupawoumuicad Ha POKAJBHHI 0TPE3OK.

Bige 6onee ACHOE HOpeXCTaBleHHe 00 HCCIENyeMOM IIPO-
Jujle MH TOIYIUM, echu '06PaTAMCS K ero JBONHHM KacaTelb-
HEHM, KaKk I HA30BY [AJS KPaTKOCTH KacaTeJbHHE,  MMenlude
IBe TOYRH NPUKOCHOBEHHWS K KOHTYpY. llapa Takux KacaTeib-
BHX GyJer CYLIeCTBOBATH B TOM ClIydae, €CIH LEHTP HHBEP-
CHH DACHONOMEHN BHYTPH o6liell WIOMAIX IBYX KPYI'OB KpH-
BU3HH BIIANCS B BEDIIMHAX €ro Majol ocH: 160 B STOM
-CJy4dae MOMHO NPOBECTH JBEe PeEaJbHHE OKPYKHOCTH IBOf-
HOI0O HPUKOCHOBEHHS, NPOXOALIIUe Yeped INEHTDP HHBEPCHH,
KOTODHE mocae Hee ‘W 06paTdATcs B IBONHHE KacaTelbHHE.
JINOOUNTHO 0TMETHTh, YTO PaBHOIENAIIAd YIJa MERIY STHMIU
NPAMHMIH [apajie]bHa YOOMHUHABHIOMYCS BHIIe OHCCEETODY
YIyi2 .KacaTeJbHHX H3 IeHTPa HHBEPCUH. [[OKAsKeM B3TO.

J paBHEHHI0 OXBAaTHBalIeH OKPYHEOCTH ABONHOTO IIPH-
,IQGGEOBEHHH E SJIUOCY

£
el T
— > —1- 0

a* b

OUEBUAHO, MOMHO NPHAATL BHX

.ZTE '?}2 ! 1 1 | o h ;
S (LA gy

a° b2 2 a-

v B,

). OIpemeJUTCs M3 YCIAOBUA IIPOXOKACHUS BTOH OKPYKHOCTH
yepe3 IMEeHTP HUHBEPCHU %, <CXeJ0BaTeILHO, IpeHCTABIAETCA
KAasRIHM M3 KopHeft KBanﬁaTHOPO YpaBHEHHI. '

s — a2 52 "‘“g““’"’ 0, E=ai-b2,
; 1 ﬂ

€CTH Uepe3 M, 7 MH OGOBHa‘IHM Roop,zxuﬂmﬁ II,,GHTpa HH-

BEPCHH. ..
YraH xacaTeJBHHX K OKPY:KHOCTAM B Toqme m,n C

ocpw X OmpenessaTes cbopmy.noﬁ

B KOTOPYD HY&HO BCTABHTE nooqep@nno ABa KODHS NpHBe-
* JeHEOTO FJPaBHeREA A, E hy. Yroa pammOAeLAmeH =*



a, CHEI0BATEJbHO,

m[‘Zn—{- (Zl-f-).
fq2d'm—-—--——~—-—-—--—-——--—-+—--————m —_— =

Zl+n 5 (A + 2, )———m

OTRYN3 Y10 3aMeHe A HMeeM:

2mn ,
tq 26"""”;:, _:_:;";”“_;“0_‘ e o = « s e o ‘. (.)4-}'
Ta ke gopmyda onpereasier GHCCEKTOP yIiIa MeRAYy BEk-
TOpaMHd, HANDaBJEHHHMH H3 IIEHTP2 HHBEPCHH K (POKRyCaM
SITANCA. |
| MesAy TOYKAM¥ OPUKOCHOBEHHWS ABOMHHX KACATEILBH
Ha KamJofl CTopoHe HOpOPUIS PpacloiaranTes IO XBe TOYKH
nepern6a, COOTBETCTBYWILIUX TeM TOYKAM HAa IJJIJIUIICe, KPpYyIry
KPUBU3HH [ KUTOPHX IPOXOJAT dYepes3 IEHTP HHBEDPCHH.
Heam 3TOT LEHTP OKaKeTCd HAa KPyre KPpUBUSHH B ONHOI H3
BepIIHHA MaJoM OCH, TO JBe TOYKH KaCaHHA COOTBETCTBEHHOL
IBOMHOH XacaTeIhbHON CJAMBANTCA MEMRAY C€060H, B B TAKOM
clyae 3Ta Npamas 6yaeT HMeTh ¢ OpoduieM IPHKOCHOBEHMe
Tperbero MOpAAKA.
HEcnn, naxee, nedaTp wABepcHu 6yAeT OPeACTABIATH BHY-
TPEHHOD TOIRY JHMb AJIs OAHOTO ¥3 KPYrOB KPUBU3EH B
BEPIIAHAX MAJIO0H OCH, TO ¥ HHBEDPCHH SJIIAICA OCTAHETCH
IAIb OJHA HBOHHAS KacaTeIbHA. H&ROHBII, TAKAX RacCATeNdh-
HHX BOBCe He Gy[IeT, H IPO(AIL OKAKeTCA BCOAY BHIIYKIHM,
eCJIA HHBEPCHS COBEpPHIAeTCA U3 nem*pa TeRAIero BHE 000HX.
YOOMAHYTHX EpPYIroOB.
3aMeTHM ele, 9To ABOMHHE RacaTeJIbHHe nepecercamcg
H& IIPSIMOH, IIPOBe,r[eHHoﬁ Jyepes eHTp HHBepcIm apaJIISILED
| Gonbmoﬁ OCH JNIIHNCA. ...
"q106H 0XapPAKTepU30BATH 10 HEROTOPOH CTeNeHH pamepb{
apoHEAd, OnpeNeanM. nuamerp D' éro oceBol IyMRKH, CEALH-
BaeMHit em yroa 2L m yroax 2 N, TOX KOTOPHM KPHIO BHIHO
N3 IeHTpa ynomny'mﬁ NYyHEKH. '
“ 9ro Kacaercéa gUHaMmerpa, TO OH, 0IeBHJHO, Oyner
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I

" ecid k—EK03QPAHeHT WHBEPCHH; 3HAR HAJJIEAKHT MOA0GYATE
7ak, 9TOOH [) OHJIO IOJORHTEIBHO.
Hamnee N
N=i—t, L=w—u,
eciIH GyRBaMH A dW0 coomeTcheHHo 0603HATHM .yTIH, 00Da-

ayeMHe ¢ 0cbl X BeKTOpaME, HAYIIEME 3 TEHTPa HEBePCUH
K BepmIHHAM G60IbINof ocH M ¢okycam saaumca. Ms 570ro

c000pasEeHHd JEerK0 IoJydaeM

| Xepma @BGBOE Ny#EA, 09eBALHO, paBHEa J) sin I} a myla,
B KOTODYD ﬂpeﬁpamaewcﬂ 60ApIIass 0Ch, CTATHBAETCS xoy;mxo
mwas ' D sin' N. Harogen, yrox 20, ompexenseMuft gopMy-
Jgoff (34), mpermcraBIfeT BMecTe ¢ TeM YIOd HAKIOHA . K OCH
wumnca XOpAH 0CE€BOH IOyT'H ero HHBEPCHH.

O6patuMcss K M3HCKAHWD (QYHKIUE 2, OTHOCALIEMCA K ﬂ
IIOCTaBJIEBHOU 3anage. YToO6x w306pasHTh HA BepxHed MoJay-
OI0CKOCTH U O0JacTh §, JAeRaIYI0 BHE HaHHOIO 3JIIHIICA,
JTOCTATOYHO IOJIOKUTH

1 u—+2 'Mw-—'z) ' ‘
."‘*.........., A 11+
’ ku-—-—-z+ T ) | (36)

rie £—HeKoTopas ‘Bemec'rBeHHaﬂ npo6s. Torma pelicrBUTENb-
Had OCh OOJacTH I COOTBETCTBYET KOHTYDY SJJIHICE € IOJIY-
O0CAMU ’

BEPIIMAAM GOJbINE! OCH COOTBETCTBYNT 3HAYEHHS

U —= 0 y W === QO )
KOHIIAM M&aJ0H OCH—
=11
porycH sme siaammca 0To0paskapTCA B TOIKAX
U= —1 . W ==
1| #1 T k ’ f

- HHMRHeH DOJYINIOCKOCTH . . N
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OnpenexuM = QopMyaott
~ _N"f — .‘_L_Yf_c.,z...o
§ — 90
B KOTOPOI .\’ ecTh KOMIUIEKCHAS BEeIUUHHA € JUHEHHHM MO-
nyaem, N'—roMuiaexcroe gnero, f—BeliiecTBEHE0E KOJIHIECTBO
IAHEHHOT0 pasMepa, & §,— pesyJabTaT 3aMEHH B BHPAMKEHHUH
(36) apryMeHTa i €ro 4YacrEHM 3HAYCHHCM I, ¢ IOJOMKH-
TeIBHEM KO2QPHIMEETOM Y MHIMOIl eJHHHIH.
RoHTyp. mONydYeHEHH HAMU, 0YeBHIHO, NPHHALIEIKUT K
KI&ccy, onpeneiseMoMy popmynos (32). llomcraBmB, BMecTO S
H S, IIX 3HAUEHHUS, MH OPHAIMM QYHKLIHI 2 QOPMY:

5 — N7 2V”E(1-—-——uou J(1--e7)

d z(u--uo)(u--;};"“) e - 80)

el —— ey - ——— i g i e

rie v ecTh SKCIEHTPHCUTET TPeospasyeMoro a.}mmnca, a KOpPHHU
3HaMeHaTeld ¥, H 1, CBA3AHH COOTHOIICHHEM:
b b b e
l—d ) (1 —s—u, Y=k - =3} 1-—E"
(1= o) (1 =32, i

HdJIo;RHB B popuyre (37)

""H dd >t > -
T= e e e _;N = — 7
o E(l""""uo ul) g | ’
MH 1peobpasyeM 9Ty QGOpPMYyIYy B c;ﬂe;zyromnﬁ BUA.
b
(1 —to %u;) (1 —2--u)
% a
—— —
d (v-—t ) (16— ) d
o . (39)
1 ’Zb 7 1 ib o
. 1 — u, Uy j a 0 a * }
:ﬁmh%w“ Ce el v w e— - o s ey
w, —u, |\ #—u, U — Uy
Y = OC, I —— O,
U—3 % == — 24,

TO HAYAJNOM KOODIMHAT B ITOCKOCTH 2 SIBAAETCH TOUKA, CIY-
SRaNas WHBEPCHeH AabHell BePIIAHH 5/LIAIICA, & OCH y po-

XOAHT depes NeHTP WHBEDCHH, KOTOPHI JEMHT HA PACCTON-
EME ¢ 0T HAYaJA&. - = o



(JOOTBETCTBEHHHE TOYKM OSJAUICE H €I0 WHBEPCHH Oupe-
nenarca gopMmynaMe (36) u (39) mo saMeHe % ONHUM H TeM
ke peaJbHHM 3HadeHHeM. Horga B sTHX QopMyJaax 1 IIpH-
naercqd Karoe-Im060 HMHOE 3HAYEHHE, YacTO MHHAMOE HIH KOM-
NJAGKCHOEe, TO MH HMeeM COOTBETCTBYDINHE APYI APYry TOYKH
ob6jacrell S M £. B JacrHOCTH YHMCTO MHUMHE 3HAYCHHSI % B
06TaCTH § ONpeNeJInT MAeHCTBHTENLHYI 0Chb, OO KOTOPO
HaopaBJaeHa 00JbIIAsE OCh SJJAHUIOCE B KOTOpas B Pe3yJbTaTe
ITHBEPCHHA 06pa1:uae'rcﬂ B OKDYHOCTB, COZEPHAIJHD OCEBYD
OYRKY LIPOQHIA KPHIA.

SHAYEHH

' #%:O? Y == —— ¢

o IIO.HGTEIHOBRB #X B (39) oupeneadAr KOODAHHATH TOYKH, B
~ KOTOPY® HHBEPTEpyeTcd GlusKalimad K UeBTPY HEBEPCHH Bep-

ODIFHA DHINIHOCA, H COOTBETCTBYWINHMEe ero ¢orycaM KOHIH
~oceBoft NYRKE B 06IacTH 2.

- 3aMerny, A4 SCHOCTH, 9T0 MHHMMas OCh ILIOCKOCTH :U
oTofpasRaer JIMINb Jemamyio BHEe (OKAILEOTO OTpe3Ka YacTh
HEHCTBATENPHOR ocH O06JaCTH § U COOTBETCTBYWIUIYK el
qaCTh YNOMAHYTON BHIIE OKPYSREOCTH. HUTO KacaeTesd CaMoro
HOKAJLHOTO0 OTPEe3Ra H 0CEBOH , AYKH, TO OHH B OGJACTH %
H300PaRANTCA OKPYHREOCTRIO (, IUAMETPOM KOTOPOH CAYSKHUT
npsiMad, coefHEADMmMAaA adpdurcH doxycos. [lmockoct mmepe-
MEHEHX § H 2 HEJHKOM OJHO3HAIHO OTOGPAMKADTCS B ILIOCKO-
CTII 4, ¢ OXHOII CTOPOBRH, Ha JACTH 3TOH IJOCKOCTH, Jesmallel
BEe Kpyra C, ¢ mpyroif,—Ha caMOif €ro NJOINaIH; OpHE HeM
BCAKOII TOIKe OOJACTH 2 H. S, TAKHM O00pPa3oM, coo'rBechrBym'
M0 IBe TOUKH MIOCKOCTH % . '

Yro6m yao6Hee BeCTH HaJbHEHIIHE BHIHCICHHU, BBezxeg,
BMECTO 1, HOBOE BCIOMOTaTeJbHOEe IepeMeRHoe I, & BMeCro
9KCIe BTPUCHTETa, —4YACI0 H, NOJ0KHB '

“—1 tg hi.
= T .

cos hH’

TOTAd -
w, =1 lg h i,

i1 cooTHoeHUe (38)- maer

tI +tu:"""‘ 'HJ'
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a ¢popMmyra (39) mpEBOAHTCS K BHAY:

' . cos h t cos h(¢ +H) (40}
d sin h(t—1t,)sin k(44 H)’ o
R — 1L
d  sin h(2,-+ H) | cosh t, (u—up)

. cosht
cos h (¢, + H) (u-—-ul)}

IloctenEp0 (OPMYIy [Jas BHpameHEHA (YHKIHH & MH
COXPAHMJIH B BHAY TOr0, 4T0 00 Hell 09eHb IPOCTO BHYH-
CAATCS HeoGXOAMMHE IJd AaJbHeHIIHX BHKJIALOK KO3Q@i-
queHTH. B camoM nexe, cpaBHMB 5TO BHpaskeHHe € QOpPMY-
ao# (1) maparpagpa 1 m mMed B BHAY, 9T0 IHHEeHBAas BelH-

ygEa @ 3aMeHeHa B (40') wepes d m =1, MH HAXOJVM:

cos h(i¢,-+ H)

‘1:WW, » ¢« W . " (41)
'-* .h_*_____f;(O)___, c0s h? ¢
L ik = A  cos h(ta—}-H)sm h(2 —}-H)

cos At £,
sin A (2t, + H).

SHaYeHHe KOMIJEKCHOIO 9IHCIa ¢, OUPENeNHTCs, eciu

MH gaMeHHM B ¢opMmyle (36) axa MEHMOro DTepPeMEHHOIO S

IepeMeHHoe 7 Iepes § M NPAMEM BO BREMAHHE, IT0 JACTHOE

3HaYeHHe % =—1U, C COOTBETCTBYOUIHM eMy &= t onpeneiIaeT
B THOCKOCTH SJJIHIICA N\€HTP HHBEPCHH.

. Takam oﬁpaaom: IOy 9aeM:

H.m..

§ ==-—¢ CO08 h(2t—l—H)
-—-m—{-fz«n-—“—-ccos h (Qto«}— H).

, (Domycau BJIJIHIICB. IS KOTODPHX IIpOPIBBOJIHaJI 5 00pa-
IaeTea B HYJIb, COOTBETCTBYOT 3HAYCHHUS . IIaPAMETPA




COS bﬁ( ty 1 -QI:-{)
OTKY A K
g7 g . GOS hfg ¢O8 h(te-r-H
- 4G 5 ... (42
- d sin A% (26, H) .
Bépmnne NIJAHIICA, Haxoaameﬂcsi .B TOYKE § — — @, A€

1 — ¢ == (), COOTBETCTBYEeT B 0OGJACTH TeYSHHS TOIKA NPOPuUISA
KPH &

¥ :

cos 4 H
sin ht sinh (5,+H) =

lIJLH oupeﬂmeﬁﬂa MONNepsRUBapInel cuIH [F BOCIONL-
wwcw BampEME OOMEME - dopmyramn (6), (7), (8) m (9)
naparpada 1. OArypEpyomas B HAY BeJdIHEA 6ynefr
.8 @ﬂ: B HAIeM CJIYyJ9a€ BHpaKeHWe:

1 sin b (£, -+ to)

%0"-“-?,6 0
T —— ey

P = cos h £, cos h 2,

= id . (424)

eCIH MH HA JTOT Pas YCIOBHMCS Jepes %, H f,' 0603HAYMTD -
HOMILIEKCHHE YHCJNA, COUPAMEHHHe U, U f,. RosppumuenT
K mompeMHOHN CHJIH Ha OCHOBAHHM YKasaHHHX (OPMYI OIpE-
JEJIHTCA DPABEHCTBOM |

R — 4rod cos h (¢, H) cos b &
8 sin & (24, - H) sin h ((, -+ 8) °’

3 Tak Kak Qopumyna (42), cBA3HBARIAS JIHHeﬁHym BETHIHEY
d ¢ xopaow & oceBott Hy.mm‘ nder "

Mod A = 4nod Mod —

§ S Mod sin 47 (2¢, - H)
4 cos A ¢, cos k ({ + H)
H TAK KAk ,, S
1
Mo 208 fa¥t0 1
cos h i,
10,

sin h (2, +H)
sin b (8 451
Tax kag o6;acTe % ecTh BepXHAsS NOIYIIOCKOCTb, TO
w3 qmpuy.m u=4¢ g h { Jerro saranLIAEM, ITO 06I2CTHR:

(EK:: - :;l:QS MOd . (43)




44 —

[ 0yaerT OecKOHEYHAS! NOJYJIEHTa, OIPAHUYEHHAS NeliCTBHTENh-
HOW OCBI0, ee IIapaJiIeldbl, Ha PACCTOAHHH T C IIOJORHTENb-
HHMI OPJHMHATAMII I OCbI0 OPAMHAT, IPH JeM IoAyJIeHTa IUpO-
CTHDAETCI B CTOPOBY LOJORHTENbHHX abcmuce. B Bumy Toro,
UTO LEeHTPp MHEBEPCHH JO0JMKEeH JeRaTh BOJH3M BEPUIMHH, KO-
TOPOil ¢00TBETCTBYIOT 3HaweHNd U — 0, £ — 0, nelicTBUTeJhHAS
JACTh ‘B KOP(PQUI{HEHT OPH MHHMOMN equHnie y dncla £, OyAyT
EeGO0IbINMMI TOJOMUTEJALERMII uncaaMu. Ilo HuM npuBejieH-
HOM BLiNIe (QOPMYJIO

w =t - —cos hr (21, -+ )

ONpeeJanTcd KOODANBATH IIeHTPA HHBEPCIIII; ofe OHH OTPH-
aTeJbHH. [IpIESB Bee 9T0 BO BHAMAHME, IOCIEZOBATEILBO

MOIY I3 eM:

R T
iy on e C— ',J )‘ﬁl r}

.. . Fm i) 2
.RI()(/ sin /i (Qfo —'i"' H) M()d] - —{T ) - . T : 3

¢

ecaH 4epes #°, M ¥, O003HAYHM PAIHyYCH BEKTOPH, HaOpa-
BACEHHE U3 ILEATPa HHBEPCHII COOTBETCTBEHHO K JAJHLHEMY H
OausiiaeMy (OKRYyCy; Hadee,

U '31' U eos (2, + B) = cos k (t, + £+ H) cos b (- - 1)+
~+sinh (¢, + ¢+ H) sin h(f;—¢)).

m’ :f:_gi:éi. — Mod® cos h (2,4 H) —1 = sin 22 (t; + £ + H) T
-+ sin B2 (¢, — £);

7%

me - e s g e Y e

2 1 L2 a2\ 2 3
7 mta® . 0?}_#__:}:4-"* ¢ Mﬁﬁh — sin h"(ﬁo+tt+ﬂ)*‘*

="t —cos b (2,4 H)—cosk (26} + H)=2sin b ({,+ £ + H)
sin b (¢, — £):

¢

‘Welee © BBeAdA NPH IOMOLIM COOTHOIIeHUs (35) yrox L, nex
ROTOPHM (OKyCHOE pacc'mﬂﬂue B 0CEBast AyXEa BHAHH H3
IeHTPpa HHBGPCHH PMEEeM:

C . L 4
e A ' LY ey ‘f/rl“rg - L

sin & (£, ~+ 1 + -H):== %% cos = -
" g 0T ”1r o ' | 'I::I * 2 i




noCie Jero (43) obpduiaercas B GOpMyay

.L ,..S .
CbK:i JL( *r“"""z QT: 4:3'Q rSin > @, e e e . w (4:4:}
COS g S
6CHIL Uepe3 ;' MH O00OBHAYHM DPAalfyc OCEBOX IYAKH, a Iepes

f)—aucio

sin 4 (o -+ & 4+ H .. 7
Q= Al t i+ ) C e e e . (44)
" - osin b (4= )
DopMyJa [IA OOTbeMHOIl CHAH MOeT OHTb TeIeps
Haoﬁpameﬂa B BHIE

4

. a-K'vo 8111'6 ~ P 4::97'793 sin ;J Sin 6. () = Pe @ o (49)
rae B, HOXbeMHAd CHIA TOHKOTO EDHUIZ, CETSHIEM ' KOTOPOTo
ﬂamem oceBaA AykK4., JHCao () XapakTepu3yeT TOT BH-
WIPHIN, ROTOPHH BOSHMRAST OT YTOJLISHUS B JAAWHEHUS KPHIa
npa- mpief:ozre B HHBEPCHD 2xIanca. UTolH sScHee BHCTABUTH
E& ﬁm BTOT BMAUPHIN, TpeobpasyeM ), HoXb3ysach HAUNEH-

i “Biore coormomenmed (43’), M3 KOTOPOTO BHBOZNM:
Sin & (& -+ Z'u+ H)

gl gy
Q e v e ¥ = g e g e P . h,-' e L T L T T L R S . Sl S b ".l-.u-# i L g rhvgliy-iigll v Srigieenipieil

- sin (to—}—z' + H) c0s h H— cos (t + 1 + H) sin hH

1
—= - - S / “":....:.::3:: el " . ('{6‘
e .
COS sz ,/ 1+ - - 81 hH
g L.
/ 1) 0 COS > .
PPy COS ™ -mm =y g =z 57 5 e S e
2 .. 2 4

Kak 3TO CJIeAyeT H3 COOTHOINGHHS MEHKIY CTOPOHAMU H YITAMH
TPEyroJLHEKA C BePIIHHAMH B (OKyCaxX ¥ TEHTPe HHBEPCHK.

Tar xax », 4-#, ecTb 60apmas O0Ch COPORYCHOTO C
IpeodpasyeMuM »JLIUICEa, OpPOXOOAIIEr0 Jepes TWEHTP HHBEP-
¢HH, TO, 0003HAYUB ITy OCh Yepes3 2@, == 2¢cHK, W NPUIOMHHB,
g0 cos b H paBem o6paTEO# BeJHYHMHE HKCIEHTPHCHTETA
OCHOBHOTO BJUIINCa, HafifeM CIaexyBRIIYyo yA06HYI dopMmy AL

KoappunuenTa ():




Yro0H yaobHee OLaA0 CPABHUBATHL MeRIY CO600 CHIIH
KPHJbeB ¢ HEeU3MEHHOK O0CeBO NYHKOHN, BUOUMHX K3 IEHTpa
9TOR IYMKEE IIOA ONHUM I TeM ke yraom [N, KOTOpHH OIIpe-
nensieTcsa IepBoo u3 opMyx (35), upeobpasyeM KO3PPHITHEHT
(). BBeAsd B HeM 5TOT yIoJ.

d)opmy.um (35) NAI0T:

c E Ecotg 7,—cotg N~ c‘*
nocjge 4vero us (44) nueeu:
E
S ——V'
1 — V s‘InN ( *-——-—-—-—-E’sm-* g‘ \ — K cos Nsin 7,

/

, L

sin NV c0s® — 5

I1a QOPMYJNa MO3BOJAET CONOCTABATL MEXRIAY COG0K MOAB-
eMHHE CHJIH, Pa3BUBaeMHE KDPHJIBAMU, KOTOPHE IOJYJIaTCd B
pesylbprare HHBepCAX H3 OQHOrO M TEr0 JKe IeHTpa CeMel-
CFTBA JJJIHICOB, HAHU3AHHHX HA OJHY M Ty sKe€ O0Cbh; CeMel-
CTBO XapakTepuadyercs TeM, 4T0 (OKaJbHHE OTPesKH <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>