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Bonpoc o TaK Ha3~BaeMOM KOHyce nOTepb AnR '4aCTH~ B MarHHT
H~X noaywKax He RBnReTCR TpHBHanbH~M. Aend B' TOM, 4TO cy~ecT

to" 

a"l'li 
" , " 

BYlOU4ee npenc r aaneuae o He.M cnoxanocs Ha OCHo,Be Teopà'1H ,qpeH~
Boro /aAHa6aTH4eCKoro/ np~6nH)t(eHHR IV. 3TOT ~OAXO,q CnpaBeAnHB, 
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~r KorAa Man~H napaMeTp 3aAa4H /nBpaMeTp aAHa6àTH4HOCT~/ d 
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3AeCb 'P - napMopOBCKHH paAHYC 4BCTH~bl, Rc - paAHYC KpHBH3HI:JI 
, " '.' I ...1l BeAy~eH cHnOBOH nHHHH. B 3TOM cnY4Be CTOK An~ 4aCTH~, onpeA~

nRe~H nHT~~yrnoM ao /yron Me~y BeKTopOM MarHHTHoro nonR B 
H CKOpOCTblO 4aCTH4b1 vi, HMeeT r~OMeTpH4eCKHH 06pa3 B ,rn~l\e Kpyr
noro npRMoro KOHyca, B KOTOpOM B HrpaeT porn, BWCOTbI, ,a v - 06

·~o 
pa3y~eH. npH 3TOM nHT4-yron Go He 3aBHCHT OT napBMeTpOB 4BCTH
~bI. 

O,qHaKO H3aeCTHO, 4TO B reOMarHHTHOM none cy~eCTBY~T ~aX.B

'I' 
~ ~ 

4eHHble 4aCTH~W c napaMeTpOM )( - 1. ECTecTBeHHo B03HMKaeT DO
,I 

'. 
,. 

r ~>:
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" 
npoc 
CTH~ 

o CnpBBeAnHBOCTH TPaAH4HOHH~X npeAcTaBneHMH o CTOKe 4a
H HBXO)t(AeHHH 06naCTH HX Bwc~naHHR AflR Bcero AHanB30HB 

1 3HeprHH 3aXSB4eHHblX 4BCTH~ ()( S 1). 

!" 

"-_.' I.' 
EcnH B ApeH~BoM npH6nH)t(eHMH KOHYC nOTepb nerKO onpeAenAeT

'CR aHanHTH4eCKH M3 YCOOBHR coxpaHeHHR nepBor:0·aAHa,?aTH4êcKoro 
HHBapHBHTa I.t /1/, TO B 06ll4eM cnY4ae, xor-aa p. xe toxpaHReTCA/2/" 

He06xOAHMO 4HcneHHoe HHTerpMpoBaHHe AH$~peH4ManbHWX ypaBHe
HHH ABH)t(eHHR 4aCTH4b1. ABH)t(eHHe 4aCTH~bI MOAenHpOBanOCb TeMH'*e 

t 

I 
I 

ypaBH~HHftMH 4TO H 8 pa60Te/3/ , HO B HHX npoH38eAeHa 3ã
MeH8 S HB :if H, cpOTBeTCTBeHHO, nonoserrensuoro ~3ap"Aij tiaOT-: 
pH4aTenbHwH. reOMBrHHTHO,e nane nonar-anocs AHnol1bHWM; ycnollJHR 
HH>KeK4HH, TO. eCTb HB4anbHhle YC11OBHR, 3aAaeanHCb B 3KOaTOpHé1l1b
HOH nnocKocTH /1 • 0/. 

ÇHcTeMa KOOPAHHBT, Hcnonb3yeMaR AnR TpaeKTopHoro C4eTa 
e nane 3eMHoro AHnonR, noxaaaaa Ha pHC.J. Ha4an,bHO~ napacpoac

1 
f. 

KO~ 4)aae t/Jo· O cocraercraoeana T04KB R(x, O) , OTC4eT $83181 
np090AHnc~ npOTHB 4aCOBOH CTpenKH, TO eCTb no Hanpa.neHH~ apa
~eHHR H ApeH4)a OTpH4aTenbHOH 3BpR)t(eHHOH 4aCTH~bI. 

l B paMK8X TeopHH ApeH<!>Oeoro npH6nHmetiHR CBR3b Me*ÀY T04KOA 

~ OTpa_eHHR H Ha4anbHblMH YCIlODHRMH Ha 3KsaTope onpe.qenfteTCIf ' 
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PHc,,- I ... CHCTeMa xoopnnua-r , acnom.svexaa AJUI OnHCaHHH 

ABH)KeHHH 3apmKeHHOH ~aC1'HUbJ B rrorre ~HnOJlH: t - p;peH<Í> l 
nporoaoa; 2 - ,ll,peAI1J 3JJC1<:TpOHOB; 3 - CHnOBaH J'lHHlUI 

MaI'HHTHOro nOJ1R; 4 - TpaeI<TopHR HIDKeKTHpOB8HHoro npo- I 
TOHa; Rm - pa,ll,HYC-BCl<TOP TOtlI<H OTpaJKeHHH l.IaCTHIJ,bI; 

Àm - WHpOTa TO~J\H orp axexaa , 

• 

ECI11-1 R = R:;), TO ec r s TOYKa OTpa)f(eHI-1R HaXOAWTCR Ha nOBepXHOCTvt •m 
3eMIl1-1' , TO BMeCTO 11/ MO)/{HO s anacar s I 

21 
s1na -= sina "" [(4-L - 3) L f>.1·-1." , 1

c 

rne L .. RIR 3.. OTCIfrAa cnenye r , 4TO ace LtaCTI4t4bl HeaaBJ;tCI-1MO0

or 3Heprl-114 H «1>aabl - BbrCbJnalOTCR Ha 3eMIllO /1-1111-1 rl-16HYT B- rrhoruax 
CJlORX aTMoclPepblf,. ecna 1;1)( 3f<BaTOpJl1aIlbHbrem1.T4-yrIlbl pacnonoaeaa 
B AH-TepBane 

os sina sJ (4L -a} L 6] -1/4 • /3/ 

"FfpeABapH'TenbHble peayris "FaTbl rpaexrcpaor-o-. cver a 1(/ noxaaana ,
 
4.TO Y)f(e npH )( =0,2' Ha6IlIOA.ae':CR CYUleCTBeHHoe- OTmt4He o r npea

Cf<a3-aHI-1!::1 11/-/3/. Kp-OM€ Toro, nORBIlReTCR 3aSI-1:Ci:'rMOCTb KPKT.I'14ec

xoro mlf'T4-yrna a c OT (j)aabl '-taCT~l4bl. GITOmHbfH' B"-"A $YHKllHH: «c(X, q;)
 
BI-1AeH Ha pac , 2, Ha KO-r;:OpOM noxas aHbl Tl-1nK4-Hble KOHYCbl- rro'reps,
 
BbJ4HCIleHHble e nOMOlJ.lblO rpaexropaor-o C4eTa. npl-1: aceã, xaaanocs Obl,.
 

<::nO)l(HOc.TI-1 IrfH$Of1Ma~J;t~, npr1BeAeHHo!::1 Ha p~c.2" HanpaWI-1BaeTCR npo

cr aR, aHano f 1-1H c 3litIlepoablMI-1 yrIlaMI-1 B aHaIl~TM4ecoKo~ reOMeTpl-1~ /6/ .
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PHC. 2. <1>opMa KPHBblX Rm(a, cP) == const npn p aarta-ursrx 
XCL,E). a -X::' 0,98 /L = 4, E =:: 600 M3B/: 1- R m = I; 
2 - R m = 1,5; 3 -R = 2,0; 4 - R = 2,5. 6 - )(=0,553m m 
/L= 3, E = 600 M3B/: I -R = I; 2 -R = 1,5; 3m m
 
R m= 2,0. B - X = 0,202 /L =:: J, E =:: 200 M3B/: I - R m
 
= I; 2 - R m = I,S.R asrp axe no fi pannyc ax 3eMJ1H.m 
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PHc.3. ITpeoõpa30BaHHe 
CHCTeMbI KoopgHHaT Oxyz 
B CHCTeMY Ox'y'Z'. 

sin e'sin cP' 
sina 

sín (<p - t/J) "" 

COSa =: COSO' cos 'CIl - sin e' sin'<IJ cos cf;' , 

/6/ 

X / Á ~ ' ... I ~ 

y I 

. 
y 

TaKO~ /I3Bp~Cn14eCK~HII 

nonxoa , CBR3aHHblH c no
BOpOTOM KOOp.q~HaTHOH 

C~CTeM~, n03BOnReT 
B ~TOre npe.qCTaB~Tb BCe 
MHOro06pa3~e 3Ha4eH~H 

a o B .qOCTaT04HO npOCTOM 
B~.qe. np~ 3TOM coxpa-
HRIOTCR HeKOTopble 06pa
3W ~ npe.qCTaBneH~R ~3 

.qpeH4>oBoH Teop~~. AeHcT-
B~TenbHO, nepeH.qeM OT 
C~CTeMbl xoopnauar Oxyz 
/CM.p~C. 1/ K C~CTeMe 

Ox'y'z ~ /p~c, 3/ ,. KOTO

~ 
4>opMyn~ /6/ MorYT 6WTb KaH.q~AaTaM~ Ha MeCTO npemHero a.q~a

6aT~4eCKoro KOHyca Bwxo.qa 4aCTH~ /2/, ecn~ npe.qCTaB~Tb, 4TO HO
BblH KOHYC aHanor~4eH CT.apOMY, HO oõpaayer cn np~ oca z ", KaK 
3TO nOKa3aHO Ha p~c.4. npyr~M~.cnoBaMI'l, cTapwH KOHyÇ nOTepb 
nOBopa4~BaeTCR B npOCTpaHCTBe, He ~3MeHRR 4>OpMbl ~ paaaepa , 
Bcne.qCTB~e 4ero nORBnReTCR 3aB~C~MOCTb a c OT 4>a3bl ~. CoxpaHe
H~e pa3Mepa KOHyca nOTepb B 06e~x C~CTeMax Koop.q~HaT D3Ha4aeT, 
4TO sina c = sinO'. CMe~eH~e ocu z ' no cf; npoacxoaar no 4acoBoH 
crpenxe AllR nonosorteneuo 3apRmeHHblX 4aCT~~ ~ B 06paTHoM Ha
npaBneH~~ - .qnR OTp~~aTenbH~X 4aCT~~. 

BbI4~cneH~R nonr eepxqaor cnpaaennaeocrs 3H1X 3Bp~cT~4ecK~x 

npe.qcTaBneH~H. TaK~M 06pa30M, MomHO 3aKnI04~Tb, 4TO B 06~eM 

cnY4ae rpaH~~a Bwc~naH~R 4aCT~~ /4>opMa CTOKa 4acT~~/ on~cw

BaeTCR ypaBHeH~RM~ 

paR nonY4aeTCR nYTeM npOBe.qeH~R .qBYX nocne.qOBaTenbHWX nOBOpo cosa o =cosO'cos"cIl -·s1n8.'sin'~cos~', 
Toa: noaopor a ~CXO.qHO~ CI'lCTeMbl Ha yron t/J aoxpyr OC~ Oz (Oxyz -+ /7/ 
-+ üx 1y1z1) ~ noaopor a C~CTeMbl Ox1Y1z1 Ha yron 'CIl aoxpyr OC~ 
OY1(~lY1Z1 -+ ~'y'z'). np~ nepBOM nOBopOTe ~MeeM sin(~c -t/J) "= B1n~'sin4>: ,'''B1n8'c[(4L_3)L 5] - 1/ 4 , O~ef;'~2n:. 

s na o 
v% I: V %

1 
COB t/J - v y 

1 
sln t/J , 

Z'.8 
Vtr .. v.. sín t/J - V cos t/J • 
""'1 Y1 /4/ 

v I: V 
Z z1 

'<11 ~ t/J npenc r aeneus Ha pac , 5. 
Ilon Ben~4~HOH X Ha puc , 5 

rne v% -vsln8cos<jJ, v y = vBln8s1n<j6. V z -vcos8. AnR aroporo no.qpa3YMeBaeTCR ee MrHOBeH
noaopOTa MomHO 3an~caTb z' Hoe 3Ha4eH~e B T04Ke ~HmeK

~~~, Hcnonb30BaH~e /7/ B Ka
y = v" C08'«Il + v' sin'4> CX 4eCTBe Ha4anbH~X ycnoB~H% 1 % z' c 

/ycnoB~H ~HmeK~~H/ AnR TpaeK
v v' TopHoro C4eTa .qaeT T04K~ OTY1 Y • /5/la x pameH~R B6n~3~ R m - 'R s
 
v la v' coa 't - v' sín 'til
 c T04HOCTblO ,<10% (X.< 1).z 1 z %' !1
 06bRcHReTcR 31-0, B~A~MÕ, paa

MepaM~ Op6~T~ 4aCTH~W OKono 
r.qe v~ =v 81n8'cos ef;', vy c v B1n8'Bln~', v'z - v 0'0&8',. ~ 
nO.qcTaBnRR /5/ B /4/ ~ Y4~T~BaR, 4TO OCb Z HanpaaneHa B.qonb 

PHc.4. Bp~eHHe KOHyca noB H n03ToMY 8 E a • nonY4~M 
Tepb. 
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4>	 HET I1U. npOBEIIOB lt BAL'lEA BHBm10TEl<E? 
'~ 

BbI MOlleTe nonY1.JHTb no no-rr e nepeuacnenuue HHlKe I<HJU'H, 50 
ecnH OHH He O~nH 3aKa3aHbI paHee.
 

0 .n3,4-82-704 TpYAbr IV ~1elKAYHapoAHoA WKOnLl no ne arpou

3'0 HoA ~HgHKe. nY~Ha, 1982.	 ~ P.OO 1(. 

I 
.rrr-83~644. TPYAbl MelKAYllapoAHoA nnconu-c enauapa no100 ~ ~H3HKe TRlKen~x 1t01l0D. AnywTa, 1983. 6 P.SS 1(. 

~ ,I n2,13~83~689 TpYAbI pa~04ero COBemaHHR no npo~neMaM 

1() H3nyttellHSl " AeTeKTHpOB8HllR r pa BHT811HOHHblX 
~ BonH. nyOH8, 198J. ~ P.OO K. 

t n13~84~6J TpYAbl-XI MeJKAYHapoAlIo-ro CHMI1Q.3'HYMa o, 'l O, 8 O, 6 

----,~ 

o I. 

PHC.S. 3aBHCllf'.lOCTb v' 11 <1> OT )(. 1 - cPYHKLr;HR cI>(X) 
2 - l/J(X)· 

T04KH 01pa~eHHA. 4eM MeHbwe 3HeprHA 4acTH~bl E, TeM, eCTeCTBeH
HO, MeHbwe H o r xnoae-u-e Rm OT Rs' HanpHMep, npa HH)I(eK~i1H npo
TOHOB c L = 3 H 3HeprlrtAMH E = 600 H 200 M3B BenH4HHa (~Rm)max 
H3MeHHnaCb OT -10~ AO ~5~. npOBepKa ~opMyn 171 c nOMO~b~ 

r paexropaoro C4eTa npOOOAHJlaCb B AHana30He 1,5 S L .s 6 AJlH 
E IL = 1,51 .s 4 r3S, E I L .5- 4/ S 600 M3B, EI L =61 = 50 M3S. 
npH ()' < c1l KpHBafl a (ci» HMee T $OPMY os ana , npH ()' ><IJ r pac 
HH~a ao (4)) HMeeT B\ltA He3aMKHYTOH KPHBOH (O ~ c/J s 2"). B cny-rac 
X -+ O ypaBHeHHfl /71 nepeXOAAT B /21, a c/J CTaHOBHTCA ~HKnH4ec

KOH nepeMeHHoH (a c ((h) const)%: . 

Jn1TEPATYPA 

1.	 PeAepep x. AHHaMIrtKa p~Alrta4HH, 3aXBa4eHHO~ reOMarHHTH~M 

noneM. M.: MHp, 1972, c.192. 
2.	 AMHpxaHoB H.B. Irt AP. Coo6~eHHe OHHH, Pll-85-88, ay6Ha, 1985. 
3.	 AMHpxaHoB H.B. Irt AP. Coo6~eHHe OHHH, P11-83~505, Ay6Ha, 

1983. 
P11 J86-329,4.	 AMHpxa~o8 H.S. Irt AP. Coo6~eHHe OHHH, Ay6Ha, 

1986. 
5.	 HnbHH B.A., n03HAK 3.r. AHanHTH4eCKaA reOMeTpHA. M.: HaYKa, 

1971, c.232. 

PYKonlrtCb	 nocTynHna B H3AaTeJlbCKHH oTAen 
2 Irt~HA 1987 rOAa. 

no R-AepltoA 3nekTpOHHKe. Bpa r acnaaa ,
 
qexoçno~8KHH~ 1983. 4 P.SO K.
 

.lt2-8A-366	 TpYAbl 7 MeJKAYltapOAHOl'O c o aeiua nu a no 
np05neMaM KBaHToBo~ TeopHH nonR. 
An-ymT8', 198-4. 4 p.30 K. 

.LU,2-S4-S9"9	 'rPYAbI VI I MeJK.rtYHapOJJ,lforo c eraau apa no npoü
neMaM rtlt3HKH BblCOJGfX 3Uepl'H.1'\. MHa, 1984. S p.SO K. 

.111 0., 11-84-~818	 Tp-YAbl V MelKAYHapoAlIoro COBeU\aUHH no npoü
JIeMaM MaTeMaTHqeCKOrO MO){eJlHpOB-all-HJl,npo
rpaMMHpOBa-HHIO H MaTeMa'l'H4eCKUM MeTOAaM 
peIDeHU'H l!>H3R1.JeC'KHX 9aAa4. ny6Ha. 198J. 3 p.SO K. 

.lI17 .. 8-4 ~ 8 50	 TpYAbI UI M"eJKAYH8PoAHOrGl €HMn03HYMa no 
H30paHHwM npoOneMaM CTaTHCTH4eCKoA 
MeX8JlltKH. nytiH1l,.19-811./2 TOMal 7 p ..7S K. 

m,l ~ 8 S~ 791,	 TpYAbI ~te;ICAYH8po.rUforo COBeU\aHHR no aHanHTH
tteCKHM BW1.JHCneHHHM !ta 3BM" H HX npHMeHeHHIO 
B TeOpeTH1.JeCKot\ ~HSliKe. ,lly6"ua, 1985 • 4 P.OO K. 

.rr13-8:S~793	 'FPYAbl XII Me>KAYH-apO.lJ,HOrO' CltMn03HYMa no 
HAepJloA 3neKTpOHHKe. ny~ua, 19-8Sr 4 p.80 K. 

,ll4 .. 8-S-8S 1	 TpYAbI HelKAYHapoAHoJ1 unconu \10 CTpYKType 
~Apa. AnYroTa, 1985. J p.iS K. 

nJ,4,17-8'6~747	 TpYA-bI V MeJKAYH-apO.lJ,1I0H lllKOJlbl 110 HeATpoHHOA 
~H3HKe .. AnywTa, 198-6. 4 P.SO K. 

TpYAbI IX BcecolO3Horo COBemaHHH no YCI<OPH~
 
TenHM gapSIUICeH-HblX 4a-<:THU. ]ly(5na. 1984.
 
/2 TOMa! 13 P.SO K.
 

.ll1.2-86 .. 668	 TpYAN VI II M:elKJ:\YHapoAIlC>J'O ceMHHapa 
no npOOneMaM ~H-3HKH flbJCOK-HX 3HeprHA. 
~Y~Ha.1986. /2 TOMat 7 p.3S K. 

3aKa3bl na ynoMHHYTble KHHTH MOJ'YT ÓblTb uanpaane uu no anpecy : 
101000- MocKBa, fn8Bn04T8MT, n/H 79. 1-13,uaTenbCI<HA. OTAen OO'beAHHeHHoro 
H'HCTH'i'YTR- HJ:\epHblX Hccne,J:toS8H-HA.. 
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