
Computatio (1965)

HECKOJIbKO 3AMEHAHMÍÍ HA TEMY HMCJIEHHblX 3A^AH, 
KACAIOIHHXCíl MSYHEHH» «DUTYP PABHOBECMH CHCTEM 

TECHOÜ ABOñHOñ 3BE3ÆI.I*

H l f E K  O J lh U lE B C K H

CymecTByioT jianHbie Ha6jiioaennn, cbh aeren bCTByioimie o tom, mto 
Mea? ay KOMHOiieiiTaMH TecHoii jiboühoK * 3Be3Hi»i MomeT cymecTBOBarb 
o6mch BemecTBa. TeoperHHecKH s to t  Bonpoc yw e oôcym nancn h no eux 
nop noHBHJXocb sraoro CBH3aHHbix c iihm paöor. Pe'ib naëT 3aecb o neno- 
TopoM oiipeaeiiëmioM Tune chctcm rbo ííiio íí 3Be3flbi — aro, no TepMH- 
Hojioriin K on a jiH  [1 ] riojiypasaeJiöHnaH ciicTeiua, to  ecTb ranaa, b ko- 
Topoii oana H3 3Bë3fl 3anojiiifieT co6oft oany H3 asyx  3aMKHyTux oßjia- 
creii, orpaiiH'ieHHUx 3KBnnoTeHHHajibiioñ noBepxHOCTbio, npoxoanmeii 
Hepe3 nepByio TOHKy JlarpaHfKa (npeaeji Pouia) pue. 1.

Ecjih npeanojiOHíHM, hto Tana« <J)opMa 3BC3abi ne ecTb Kon(j)HrypaiuiH 
paBHOBeCHH H 3BC3fla CTpeMHTCH K yBeJIHHeHUK) CBOMX pa3MepOB, Torna 
nepBaa Tonna Jlarpanína L x CTaner tohkoü, h3 Koiopoft CTaneT b03M0>k- 
HbiM HCTeiiemie ra3a. Cn-opocTb ajieiwenTa Maccbi b stoíí Tonne, no3Bajin- 
joman OTopBaTbcn ot noBepxnocTH 3Be3flbi, MomeT nojiyiiHTbCH M3 aa 
Toro, iito 3Be3Ha, Kpoiue aBnateHUH BOKpyr oßmero neiiTpa Mace c BTopbiM 
KOMiioHeiiTOM CHCTeMbi (KeruiepoBCKoe Bpameiine), mojkct oöaaaaTb cmë 
COÔCTBCHHblM BpaUiaTeJIbHblM flBHJKeHHeM, ne CHHXpOHH31ipOBaHHbIM C Ken- 
nepoBCKHM BpameHHeM. Toraa 3JieMenT Maccbi, naxoaamuttca na 3KBa-

* HocTyiuiJia b pe^aKUHio 1. X I I .  1903.
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Tope 3Be3Abi, Gyner 3aiiymeH c tohkh co CKopocTbio, 3aBHcameft o t  
pa3MepOB, (flOpMbl 3BG3flbI II CT6n6HH OTOI O IieCIlHXpOHlI3Ma.

O tom , h t o Haniiiue c iihm nponcxoflH T , mw mo>k6M y3HaTb jiiiu ib  110- 

cpencTBOM HHCJiemioro HHTerpiipoBamiH ero ypaBneniiii aßHJKeHHa. Opn- 
Mepbi MHomx Bbi»incJiennii 3Toro Tima, ocymecTB.ïïëHHbix c noMOinbio 
mi^pOBblX BblHHCJIHTejIbHblX MaiIIIIH, KonaJIb npHBOHHT B CBOeÜ KHHre.

B onyßjiHKOBamioii HeaaBiio pa6oTe na 3Ty TeMy KpyiueBCKH [2] 
CT3BHT paa BonpocoB, CBasatuibix co cjiynaeM, «o rn a  ner ciiHxpommia 
Meway coGcTBCiiHbivi npaineiiHCM 3Be3Hbi h KeiraepoBCKHM BpameHiieM 
CHCTeMbi. CymeCTBeiiHO hobmmh BonpocaMii hbjihiocth iiaynemie <j)opMbi 
3BÖ3H 6.TIH3KHX K KOH(j)nrypauHii n0.uypa3nejiëHH0ft b saBiicHMocra ot 
CTenemi necHHxpoiiiiaMa n b;ihhhh6 acnHxpoiiH3Ma Ha yMeiibiueiiiie 
KpHTHHecKHX, t. e. aonycKaiouuix HCTeneHiie BemecTBa, paaMepoB 3Bë3a. 
OnuaKo, 06a aTii Bonpoca oi«i3ajinci> aiiajiHTHHećKii HepaspeqiiuiuMH 
h noTOMy mu iix pemaeM mhcjichiiumii MeTonaMH. Bßiiay Toro, hto ohh 
HymnaioTca b oneiib ßojibiiJOM KOJiHHecTBe pacTOTOB, HeoSxoawMO yno- 
TpeßneHiie ôbicTpoaeftcTByiomeii MaTeMaTiinecKoft Maiiniiibi.

ÜMeeM aße 3Be3flbi c H3BecTiibiM cooTiioiuenneM Macc q, paccToaime 
Memay ueHTpaMH Macc sthx 3Bë3a npiiHUMaeM b KanecTBe ejuiiiiinbi 
ajiHHbi. ripennojioHtHM , hto hx (fiopMa HeMHoruM otkjiohhctch ot ccj)e- 

pilHeCKOH H HTO OHH yimOTIieiIbl K HCHTpy Tan, MTO IIX rpaBHTamiOHHblii 
noTeHHHan 6 ya eT  aimpoKCHMiipoBaTbca BHpaweHöeM , othochihhmch k Ma- 

Tepiia.TbiibiM TOHKaM. KpoMe Toro, npoanojio îK iiM  eme, hto ocb BpameHHH 

ß o jib iu ero  (b reoMeTpiinecKOM cmucjic) KOMiioneHTa 6yaeT  nepnenn ii- 

KyjiHpHOft k HJIOCKOCTH KenaepoBCKoro BpameHiin ciicTeMbi. 3 to  nosBOJiiiT 
paccMaTpiiBaTb Becb Bonpoc b HByx ii3McpenHHx. 06o3Ha>iHM, c jie a y a  

3a KpymeBCKHM, yrrioB y io  CKopocTb SToro Bpameima cneayiom HM  0 6 - 

pa30M :

r a e  /  e cT b  napaMerp iie c u iix p o H H O C T H , wk — yrjioBaa C K o p o c T b  ite ii-  

n e p o B C K o r o  B p a m e H H H .

npHHHTan CHCTCMa KOOpaHHaT JKëCTKO CBH3aiia C aBOflHOÜ CHCTeMOñ, 
ocb X npoxoanT nepe3 uenTpu oGeux 3Bë3a, ocb y nepnenaHKyjiapua 
k neft. LJenTp CHCTeMw naxoanTca b neiiTpe Gojibiueft 3Be3abi. YpaBHeHiia 
aBHweHHH MaTepnajibiioii tohkh c SecKOHeniio Manoft Maccoft b nojie 
THrOTeiIlIH BByX 3BÖ3a npHHHMaiOT BHa:

1. Bno,miL>ie (JïopMyjiHpoBKii

(1) ft) =  (1  -|-/) (Ok

d2x  dy d M
-, 2 — ■ =  ———
dr2 dr dxdx

(2 )

dr2 dr dy
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m e BMecTO BpeMemi yuoGnee 6buio bbccth nesaBnciiMoe nepeMeHnoe r,
TaKOe, HTO

(3) T =  wkt +  const

noTemuiaji M ,  npoH3Bonnbie KOToporo iiohbjihiotch b ypaBHeininx (2) 
HMeeT 4)op¡uy:

v 1 +  Ç r, 1 +  q r2 2L\ 1 +  ql J J
rae r t — paccTOHHHe MaTepwajibHOfi tohhh o t ueirrpa nepBoii 3Be3jjbi, 
r 2 o t BTopoii. Æjih roro, htoöh mohîho 6biJio nanaTb iiiiTerpHpoBaniie 
3THX ypaBHenHH Hy>KHbi, pa3yMeeTCfi, nanajibnbie ycjiOBHfi, t. e. KoopjjH- 
HaTbl TOHHH OTIipaBJieHHH Ha IIOBepXIIOCTH 3Be3flbI H COCTaBJIillOUIHe 
CKOpOCTH B 3TOÜ TOHKC. BblHHCJieHHe 3THX BGJIHMMH HBJIHeTCfl 3HCCb HaH- 
6ojiee cymecTBeiiiioñ 3aAaneü m HymaaeTca b Gojiee uiHpoKOM oßcynueHHH.

2. fI>Hiypi.i paB iioneciifl

ripeflnojiomHM, hto ojma H3 3BÖ3H HBoflnoft cHCTeMbi n a « pa3 yBe- 
jiHMHBaeT CBou pa3Mepbi u paccMOTpHM, KaK 6ynyT BbirjinaeTb onepemibie 
KonkurypauHii eë noBepxnocTH. HoBepxnocTb 3Be3Hbi GyaeT Bceraa 
nOBepXHOCTbIO C OflHHah'OBblM nCOTeHLUiajlOM, KOTOpblÔ, IîaK y>Ke 6bIJIO 
cita3aiio, annpoh-ciiMMpyeTCH BbipameimeM, othochiuhmch k CHCTeMe 
HByx MaTepnaJibiibix tohck, iipeflCTaBJiHiomux 8Bë3flu. (Dopivia skbii- 
noTeHiuiajibiiOH noBepxHocm TaKoii CHCTeMbi tohiio HSBecTtia — sto 
KpuBbie XiiJiJia. fljin  ßonbuiHx 3naHenHii noTeHunajia ohh npcncTaBjiaioT 
HBC OTflejibiibie, 3aMKHyTbie oßjiacTH, b Ropnie OBanoB, oKpywaiomux 
oñe MaTepnajibHbie tohhh. Omni H3 hhx öyneT noBepxnocTbio pacum- 
pfnomencH 3Be3flbi. YBejnmeHHe eö noBepxHocTH GyneT paccMaTpiiBaTbca 
naît nepexoji ot Kon$nrypamni c ÔojibuiHM noTeimnajioM noBepxnocTH 
k KOH^nrypanHH c MeHbumM noTeimnajioM noBepxnocTH. IIocTOfnmoe 
pacumpeinie 3Be3Hbi mohíct npusecTH k Hoinjmrypamni, hjiji KOTopoii 
3iiaHenne noTeumiana eë noBepxnocTH cooTBeTCTByeT KpuBoft Xiijuia, 
H3o6pa?Kaioiueíí flBe, conpHKacaioiimecH Hpyr c npyroM b omioii Tonne, 
oßjiacTH. 3to h 6yaeT ynoMHHyraH yme noaypa3ne.iöHnan KOH^nrypaunn. 
Æ.ifl eujë MeHbuiHX 3naHemui noTeHiwajia o6e oßjiacTii cjiHBaioTca b ojuiy, 
3aKjno«mioiuyio o6e MaTepnajibHbie tohhh. B cbh3h c 3thm nejib3fl ro- 
BopHTb o aajibHeñineM pacumpeinm 3bc3hh, Tan nan b momcht cjihhhhh 
oßeiix oGjiacTcfi b ojuiy, 3Be3jia no;iłKHa 6buia 6bi cpa3y 3anojiHHTb 
oßjiacTb Tan, htoSh  eë noßepxuocTb npoaojiH<a;ia ocTaBaTbCH 3KmnioTen- 
nnajibHoił noBepxHocTbio. MTaK, HaHÖoJibuieft bo3moh<hoíí KOH^nrypanneft 
HBjiaeTCfl nonypa3He.nëHHaH cncTeMa, h ecjin 3Be3na ne nocTinvia tskhm 
06pa30M cocTonmiH paBiioBecnn, to nponsoiiflëT ncTeneiiHe BemecTBa H3 
3Be3flbi, — tohkoíí HCTeHeHHfi 6yjieT neñTpaabnaH to h io  L t .

91



B on poc ßyneT oßcToaTb iiecKOJibKO imane, ec.riH npiiMCM bo bhh- 

Mamie coßcTBennoe Bpamemie 3Be3m>i. B stom cjrynae cymecTBCHHWM 
öyaeT  <j>akt, mto cj)opMa 3Be3ju>i o tk jiohhctch  o t  c^epunecKoft. BcpnöM- 
CH b HaiueM paccyHtnenHH k MOMenTy, b Kotopom 3Be3jxa ne nocTHrna 
emë noaypa3nejiënnofl KOH$HrypauHH. Pa3Hnny M ewny OBajibiioii <|)op- 
Moii 3BC3fli>i u íiOBepxHOCTbio mapa MojKiio paccMaTpiiBaTb KaK fle^op- 
ManHio, Bi>i3Bamiyio HajiH'ineM BToporo KOMnoHema chctcmm. Ecjih  
coßcTBenHoe BpameHHe 3Be3nbi ne cnHxp0HH30Baii0 c KenjiepoBCKHM 
BpameHneM chctcmu, t o  ajieMeHT Macchi, HaxonHunincH na eë sKBaTope, 
ßyneT np0H3B0flHTb HBHmeHHe no eë nyny. B TaKOM cjiynae cjienyeT 
npHHHTb bo BHHMaHMe KpoMe ciut, BbiTCKaiomux H3 rpaBHTannoHnoro 
noTennnaJia, enjë nenoTopyio cnny, KOTopaa sth  HBHJKemiH Bbi3biBaeT. 
ByneM 3necb, no KpyineBCKOMy, n0Jib30BaTbcn TepMHHaMH : noTeii-
nnajibnoe ycKopenne h KHHeMaTimecKoe ycKopeHne. H3 cymecTBOBamiH 
n ocjie fln tro  cjienyeT HeKOTopwft hsSu tok  3neprnn, K3khm oßjiaaaeT 
3JieMenT Maccbi na noBepxuocT« 3Be3flbi. 3 t o t  H3ßhrroK ßyjxeT BU3biBaTb 
to , 'iTo 3JieMeuT Maccw ßyjxeT OTpbiBaTbCH o t  noBepxnocTH, npew ae ueM 
pacinnpfnomaHCH 3Be3na nocTnm eT nojiypa3jxejiëHHofi KonijwrypauHH. 
ri03T0My cjienyeT naiiTn, hjih uaitiix KOHiJmrypannił s to  MomeT HMeTb 
MeCTO.

rip n  paccywneH nnx na TeMy chji, nencTByioiuHX Ha MaTepnajibiiyio 
TOMKy, yjioßHee npnuHTb nnyio CHCTeMy KOopnnnaT £, rj. Eë nenTp iia- 
xojiHTCH TaKHte b uenTpe ßojibuieü 3Be3nu, ho yrjiOBan CKopocTb Bpa- 
mCHHH paBHneTCH CKOpOCTH COßCTBeHHOTO BpameHHH 3Be3flbI. KoopflH- 
HaTbi X h y ßyayT BbipawaTcn nepe3 HOBbie:

X  =  fco s/ r —  rçsin/r

y =  £ s in/r+ rj cos/r

TaKHM 0ßpa30M HMeeM CHCTeMy KoopnnnaT, b KOTopon nBHJKeinie tohkh , 

H axoan m eiica  na SKBaTope 3Be3Hbi (Hfec<j>epH*iecKOfi), m ow ho paccMaTpn- 
BaTb Kau nepeMemenne no och  £, Torna Kan r¡ nocTonnno paBnaeTCH 
Hyjiio. rioTenunan npHMeT Tenepb B iia :

4  —  +  T T “  (—  -  * Gosf T)  +  l  (1 + f ) 2̂+  q r ,  1-+-0 \ r2 / 2
(5 ) ß

1 +  ff ' i  1 +  Î  

To w e  caMoe, Bbipa?Keinioe b KoopflH H aTax x  h  y:

(6) Û =  T T ~  • -  +  T r -  ( - - « ) + 1 (1 + / )2(* 2 +  2ñ  
1 +  2 Tr 1 +  ? V 2 / 2

HeiÍTpajibHofi TOHKoíi, aHajiorHMHoñ TOHKe Jlarpauma L lf ßyaeT Tonna, 
b KOTopoft rpaflHeHT noTennnajia paBeH Hyjiio:

(7 ) Qx =  0

Qv =  0
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JXhh Tonen, pacnojiOHíenHbix n a  och  x  BTopoe ycJioBue Bceraa Bwnoji- 

HHeTCH, CTajio 6uTb, mía onpenejieHiia nonoHíeiina aettTpaJibHoti toh k h  

cnenyeT pemiiTb JiHuib oh iio  ypaBHCHiie Qx =  0 OTHOCHTeJibno HeH3BecT- 
Horo x. HMen KoopnHHa™ neiiTpajibHoñ to h k h  mojtom BumicjinTb co o t-  

BeTCTByioiyee eñ suaneuHe noTeimnajia h, Teiw caMbiM, onpenenHTb $opMy 
uojiypa3nejiëHiiOH KOH^nrypauHH.

lIoTeHHiiajibHoe ycKopcHne HMeeT Bim:

dH

dr2
=  Q,t

lÎHHeMaTimecKoe ycKopentie mojkho BbiMHCJiHTb no (jiopMyne:

dH Q„  , o S2rtQr
2 — /->dr2 Q¡ Í2f

CnenoBaTeJibHO, ypaBHeiiiie:

(8 ) £?{ = ----- 77-  +  2
Ü „  _ Qr(Qt ü ttQl

SĄ

iipencTaBJiner HenoTopyio Kpnßyio, BflOJib KOTopoft BbinojniaeTca ycJiOBHe 
OTpbiBa ajieiueHTa Maccbi o t  noßepxHOCTH 3Be3Hbi. Tonna nepecenemia 
noBepxHOCTH 3Be3flbi h 3T0ÍÍ KpHBoîi h ecTb T0MK3 OTnpaBJienna. Tcnepb 
npeacTaëT Bonpoc, n a « onpeaeniiTb tyopuy nanMeHbuieli KoinJjurypaHHH, 
npn KOTopoft MomeT yme nponcxonnTb HCTeneiine Maccbi M3 3Be3flbi. 
OKa3biBaeTca, h to  Tonna, b KOTopoii paccTOHHHe KpuBofi, npencTaBJieH- 
h o ö  ypaBnenneM (8), o t  neiiTpa 3BC3flbi iiaiiMeHbine, j i o k h t  na o ch  x . 
B  TanoM oiynae aKBiinoTeHnnaJibHan noßepxHOCTb, npoxoaamaa nepea 
aeë, öyneT iioßepxnocTbio hckom oü  Koinjairypamm h, onnoBpeMeiiHO, ona 
ßyaeT TOHKOH OTiipaBaenna. YpaBiieHiie (8) b s to m  cnynae npiiMeT b h h :

(9 ) O , =
ß {

T a «  n a «  h jih  Ton en , p acn o jio jK eH H b ix  Ha o c h  x , r  =  0, a  b c b h 3h c s th m :

i i i (  =  Qx =  ß if =  o

06o3HaHHM peiueHHe yp aB iie iin a  (9) nepe3 f„ ,  nojiomeHHe tom k h  ana- 
JiorHHHoft TOHKe Jla rp a n H ia  nepe3 3HaneHHH ° )  H ß ( f i )  0) onpe-
aenaioT HHTepBaji o t  HaHMenbuieü no HaHÖojibuieft KOiuJm rypam m , npn 
KOTopoß MomeT npoHcxoflHTb HCTeneHHe Maccbi — npn n a u m x npen- 
nojiom eHnax o paBHOBecun. SneMeHT Maccw, oTopBaBinniicH o t  noBepxHO- 
CTH 3Be3flu , MomeT nepe3 iienoTopoe Bpewa ynacTb na Heë oöpaTiio, mo- 

HteT npHCOeflHHHTbCH KO BTOpOÍÍ 3Be3ne HJIH Hie BOOÖme nOKHHyTb CHCTC- 
My. 3anana Tenepb c b o u h tc h  k  TOMy, h to ö h  HaftTH K0H({)HrypanHi0, no- 
nycKaiom yio ne t o j ib k o  HCTeneHHe, h o  h nepexon Maccbi Ha BTopyio 3Be3n y 
HJiH ßercTBO b Me>K3Bë3flnoe npocTpaHCTBO. C 3T0H uejibio cJienyeT hh-
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TepBan Q (£ 0, 0) — £?(£,, 0) pa36«Tb na HecKOJibHO Menbujnx, 3aTeM, na- 
HHH3H c KOH(j)HrypauHH, uMeiomefi noTenunaji noBepxnocTH Q($„,0), 
HccnenoBaTb TpaeHTopinr MaTepnajibHbix tohck ho MOMeHTa, norna npn 
onpeflejiemioM aHaneiimi noTenmiajia nojiyHHM TpaeKTopmo, Beaymyio 
Ha BTopyio 3Be3fly hjih bobhc chct6MU. Mayneinie flajibHeihuHX koh^h- 
rypauHń 6ecnojie3iio, Tan n a « 3Be3aa ne MOHteT hx HOCTurHyTb BCJieflCTBHe 
noTepii Maccu.

riepBbiii 3Tan pacncTOB coctoht b BbiHHCJieHim BeJiHMiiH f, u f 0. 3 to 
pemeiuia ypaBHennii (7) u (8), npnHCM r paBno Hynio; npHHHTbiii MeTOfl 
peuieiina ecTb mctoh JiHiieiiHoii HHTepnojiauHH (reguła falsi):

rne a n b — oiiepeflHbie npiiGjiHHieima pemeinia.
JJjih ypaBHeHHH (7) npiiHHTbi cjienyiomne npuCjiHiKeHHa: nyjieBoe: 

K oop n im ara  nepBOfl tomkh Jlarpanata i , ,  nepB oe: Z,— 0,1 x Z j .  JIjih ypaBH e

HHH (9): nyjieBoe: SHanenne nepBoe: — 0 , l x f j .  B oGohx cjiy,ianx
pem eiu ie  GbiJio npHSHano aocTaToano tohhum, norna |/(f)| crajio MeHbuie 
5 X 1 0 “ 7.

OTpe30H f 0, npeflCTaBJineT co6oii reoMeTpiiHecHoe MecTO totch , 
b KOTopbix nepecenaioTcn c ocbio x  noBepxnocTii Bcex koh$hi ypaunii, 
HonycHaioiHHX HCTenemie Maccu. MccjieaoBamie, TepaeT jih 3Be3aa Mac- 
cy — CyneM np0B0HHTb ajih KOiKjjiirypaumi c noTeimnajiaMii iiOBepx- 
hocth:

r n e  k  G y a e T  n o p a j m o B b i M  H O M e p o M  K O H ^ H r y p a u n i i  h  npoCeraeT a n a ^ e m i a  

0, 1, 2, 10. Ecjih O K a ? K e T C H , m t o  f l j i a  k  =  k t  H O H C T a T i ip y e T C H  n o r e p a

M a c c b i ,  t o  G y a e M  e m e  p a c c M a T p i i B a T b  c j i y n a n  k  =  k { — 0.5 h  k  -  A;, — 0.25 
h j i h  k  —  k {  — 0.75. J J j ih  y c T a n o B j i e H i i o r o  3 H a n e H H H  n o T e H i u i a j i a  n o B e p -  

x h o c t h  c j i e n y e T  B b m n c j iH T b  K o o p n i i n a T b i  t o h h i i ,  H 3  K O T o p o ń  H C T e n a e T  

B e m e c T B o .  f l j i a  H a n M e n b i i i e u  K o i i ( { ) H r y p a n H H  n e J i o  o G c t o h t  u p o c r o ,  T a n  

H a n  m u  o 6 j i a n a e M  y > n e  K o o p a m i a T a M i i  3 t o h  t o h h h  ( c m .  B b iu i e  p e u i e n n e  

y p a B i i e n n a  (9 )):

OTiiocHTeabHo 6ojib iiiiix  HOH(|)nrypaHHii — uaao peuiHTb encTCMy aByx 
ypaBneiiiiii c auyMH HenSBecTHbiMH i  ji t :

(10)

d i )
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BTopoe ypaBiieinie ecTb ypaBHCHue SKBiinoTennHajibHott iiOBepxHOCTH,

HeHHe noBepxiiocTH  3Be3jibi. CncTeMa aojUKHa n\ieTb a sa  peu ie iiim , ko- 

Topi»ie OTJiHnaioTCfi 3HaKOM r, t o  ecTb, ohh pacno jiom eiib i CHMMeTpHnecKH 

OTiiocHTeJibHO oc ii x. BbiGpaTb ca eayeT  to ,  h jih  n oT op o ro  r  OTpimaTeJibHO, 

TaK naif o rpu B  3.ueMeiiTa Maccbi o t  rioBcpxnocTH 3Be3ai>i aoJivKen n po iisoñ - 

th ao  n ep ex o a a  Mepe3 ocb  x  (a-’ ifi To iien, nem aiuHX na oc ii x , x =  0). 
f l j in  yaoScTBa, Hen3BecTH0My Gyaeiw CHHTaTb npoii3B eaenne fx, noTopoe 

npeacraBJineT y n io B o e  paccTOHHHe paccMarpiiBaeMOii tom kh na nouepxuo- 

CTH 3BC3abI OT OCH X.
B u an a jie  k  pe iu en iiio  ívroii ch ctcm m  ypaBHeHHii nu Ta jn icb  fipHMenuTb 

MeToa J in iie iiiio fi H U Tep iio jiam iii c jieay iom iiM  06pa30M:

KajKaoe H3 BbimcynoMmiyTbix ypaBHeHHii paccMaTpimaeTCH nai; 
ypaBHenne c obhhm HeHSBecTHbXM; ypaBHenne (10) peuiaeTcn 0TH0CHTejibH0 
fx, a (11) OTiiocHTejibHo f.  3naHemie f  b ypaBueHHH (10) ccTb pciuenne 
ypaBiieimfi (11). 3iiaMCHHe fx  b ypaBiieuiiii (11) ecTb nocjieanee nojiyMen- 
noe peuieHHe ypaBiieiiHfi (10). JtJin Toro, mto6i>i mojkho Cbiao nanaTb 
npouecc peiuemin cjieayeT aJin ypaBHeimn (10) npiiHHTb neicoTopoe 
siia'ieiiiie £ Kan nyjieBoe npiiG-iiHíKeiiiie; npHHHMaJioob 3iiaMeHne £0. 
PeuieHHe oKaiiMHBaaocb b momcht, noraa pasmiubi Me>i?ay nocneaoBa- 
Tejibno rioaynaeMbiMH 3naMCHiiHMii fx  h 3HaneHHHMH f  CTanoBHJincb oMeiib 
MaabiMH. Oanauo 0Ka3aa0Cb, mto 3to t MeToa bo Mnornx cJiyMaax nc aaivr 
peiueimn. IlanoMHHM, hto ypaBHeiuie (11) ecTb ypaBHeiine 3KBiinoTeii- 
HHajibHoft noBepxiiocTH h npeacTaB.ineT Kpimyio Xnjuia, coctohihvio 
H3 aByX MaCTCli, lipHMCM TOJIbKO oana H3 HHX eCTb riOBepXHOCTb 3BC3abI. 
A jih  Hc6o.nbiiiHx yr.noBbix paccToannií ot ocii x( fx)  o(5e 'iacTii KpiiBoii 
oneHb 6jiii3Kh apyr k apyry. Tomkh, nonyqaeMue noonepéatio nyTéM 
peuieHHH ypaBHemiH (10), b o6meM cayMae ne GyayT aejKaTb na noBepx- 
IIOCTII 3BC3abI, a TO.IbKO I106.1IH30CTH HC(i. ¿J.TÍ1 IIcSo.IblHHX fx  OIIII Gya>'T 
TaKwe no6jiH3ocTH BTopoii MacTii KpiiBoii XiuiJia h b HecKOJibKHX CJiynanx 
ona3ajiocb, mto caeayiomee, o’ epeanoe peiiiemie ypaBHeniiH (11) aa.io 
b pesyjibTaTe 3iiaMeHHe, cooTBeTCTByiomee hmchiio BTopoii Macni KpiiBoii 
XiuiJia. B T3K0M cayMae aaabHeííuine pacMeTbi ne aioryT npaBecTH k pe- 
UICHHIO.

lIo3To.\iy cneaoBaJio npHMeHHTb MeToa, b KOTOpOM 0Mepeani»iMii npn- 
6ah>KenHhmh hbjihiotch TOJibKO tomkh, aem am ne na noBepxiiocTH 3Be3ai>i, 
t . e. hx KoopannaTM aoa>KHbi Bceraa yaoBjieTB’opaTb ypaBHemiio (11). 
M3 3Toro caeayeT, mto (10) neabsa paccMaTpiiBarb GyKBaabiio Kan ypaB- 
neiine HHaMe roBopn — mij ne Gyaeivi ero pemaTb, a GyaeM JiHuib npoBe- 
pnTb, KaKHe 3iiaKii npiiiuiMaeT ero  jieBan MacTb (oSosiiáMiiM ee Mepes 
V ( £ i f x ) ) ‘ BbiMHCJiHCMaH aan pa3JiiiMHbix tomck noBepxiiocTH 3Be3aw. 
Ecjih iiaííac.M aBe Tam ix tomkh ( ln-i»/rn-i), »  (l„,/r„), a-in Koropbix 

V d i n - n f i n - J ' V d n j f r n )  <  To 3To 6yaeT 03iiaMaTb, mto pcuieiuie ae-
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mur Me>Kny HHMH. B TaKOM cjiy^ae cjieayeT BbimicnHTb 3HaneHHe Bupa- 
>KenHH V(Sn+i , f r n+l), rne /r„+1 =  ^(/Tn+ / rn_,), a f B+1 BbHiHCJieno h3 
ypaBiieiiHH (11), b KOTopoe npenBapHTejibHO GbiJio BCTaBJieiio 3iiaHenHe 
f t  = / t „ +1. Pememie 3Toro ypaBiieimn iip0H3B0flH'rcn t3khm we MeTOflOM, 
nan npn ypaBiiemiHX (7) h (9). 3areM CJiejiycT npoBepHTb, k3khmh ana- 
K3MH oöJiaaaioT Bbipameniin V(Çn, f r n)-V (Ç n+1, f r n+l) n 
X  V ( fn + l  » / Tn + l ) ’ OUHO 113 mix flO.IJKHO 6bITb OTpHHaTejIbHO.

rioBTopaa H3Ji0JKenH0e Bbiuie paccyjKaeHHe hjih tomck Bee ßonee 
6jih3khx apyr apyra noaoftnëM, iiaKoneu, k CHTyamni, Korna pa3imna 
Menijiy OHcpennbiMii f r n_ t u f r n CTaHCT oneHb Majiofi. Mbi MomeM Torna 
npH3iiaTb, HTO cHTCMa ypaBHCHHii pemeHa. ToHHOCTb pemeHHfi Suną 
npHHHTa cjienyioman: \frn_ t — f r n\ <  10~7, npHHëM f r  aojiHuibi ßbiTb 
BbipażKeiibi b paiuiaiiax.

Minen iiojiOrKeiiHe TOHKH OTiipaBncimn b KoopAHHaTax f  h t, MomeM 
nepettTH k ciicTeMe xy :

CKOpOCTbIO 3JICMeiITa MaCCbl B 3TOÍÍ TOHIie — B CHCTeMe XI]  —  HRJIHeTCil 

CKopocTb, BbireKaiomaa H3 coGcTBem ioro Bpam eim n 3Be3flbi:

Tenepb Mbi mojkcm HanaTb HHTerpHpoBamie ypaBHeHHft flBHHceiiHfi nacTH- 
Ubi u TaKHM 06pa30M OTBeriiTb Ha Bonpoc, hto c hcio aajiee npoHCxomiT.

HecKOJibKO imane ßyjieT 06cT0HTb aejio c BbmHCJiemieM Haiajibiibix 
ycjiOBiiii b cjiynae, Korna noTpeßyeTCfi H3bicKanHe iianGojibiiieii nojiy- 
pa3HeJiëiiHoii KomJmrypamiH. Tomkoü OTnpaBJiemiH ajih TaKoii koii<|)h- 
rypauHii 6yaeT, nan 3to cjienyeT h3 nsjiojKeimbix paHbiiie paccyranemiii, 
HeüTpajibHaa Tonna, aiiajiormman TOMKe JlarpaHwa:

OopMyjiu (12), onpeneJiHiomne cocTaBjiniomne nanajibiiofi cnopocTH 
b npeabmymux c;iy>iafix, 3flecb HenpuronHbi. CuopocTb naît BeKTop — 
B HCiÍTpajIbHOñ TOMKe pa3pbIBHaH, IlOSTOMy MBI AOJIHtHbl npHHHMaTb 

bo BHHMaiiHe CKopocTb, KaKOH oßjianaeT sjieMeiiT Maccu Ha n oB epxH ocra  

3Be3AW TyT H<e nepea nocTH/KeimeM HeHTpajibiioii tohkh. CocTaBJiniouine 
3Toft cnopocTH CyayT BbirjiHfleTb cjieayiouuiM 06pa30M:

X =  fcos/r 

y =  fsin/r

(12)
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rue:

e  _  V I ■// X

f r 3+ ï ( l - l l ) - 5

=  fl*/

( l + / ) * ( l  +  g)

MiiTerpHpoBaHwe ypaBHemifi hbh/Kchiih MaTepnajibnoii tohkh (2) 
BeHëTCH MCTOHOM Pynre-Kyrra-riuu ia. ToHHOCTb BbiHHCJieimft npoBepa- 
eTCH $opMyjioñ, H3BecTHOH non HasBanneM imterpajia H ko6h :

Ero npnr0SH0 CTb « a «  3Toii uejiH c o c to h t  b tom , h to  BeJiHHima C  npu 
TOHHbix BbiHHCJienHflx coxpanaaa 6bi nocTOHHHoe 3HanenHe. TamiMn 
06pa30M, H3M6H€HHH 3aaHeHHH C  BHOJIb BCeft TpaeKTOpHH HH(j)OpMHpyiOT 
nać o nonycKaeMUX naMH oiimÔKax im Terpu poB am m  ypaBueiiiiîi (2). 
npHHHTbIH mar HHTerpHpOBaHHH h 33BHCHT OT OTHOmeHHH Macc 3BÖ3H 

(¡ H OT BCJIHHlIHbl r x H V21

rue r* h r* — SHanemia r, h r2 b TOHKe OTnpaBJieunn, j  — neKOTopaa 
nocTOHimaa, nocpeacTBOM KOTopoü mu mojkcm onpenejiHTb BeaHHHHy 
HanaJibHoro mara. Ecjih noJiojKHTb j  =  1, Toraa oh ßyflCT paBimTbca

(13) ecTb nojiyaMrmpH'iecKan ^opMyjia, npHHHTaa na ochob3hhh 
OTKJlOHeHHft nocTonmioii C b MHTepBaae Hkoôh, BbiHHCJmeMoft Baojib 
MHoriix TpaeKTopHü, nojiyncHiibix hhcjichhum ciiocoôom, ot nocTommofi, 
BbiHMCJieHHoW fljiH tohck OTnpaBJiennH. OopMyaa ßJiHHbi mara (13) ynH- 
TUBaeT HBa caenyioumx <J)anTopa:

1. ecjiH MaTepHajibHan Tonna npiiSnumaeTCH k KaKoü-Jinßo H3 3Bë3fl, 

mar hojijkch yMeubmaTbcn ;
2. b cjieflCTBHH npnHHTHH Bpamaiomeftcn chctcm&i KOopaimaT, b ko- 

ropoH HHTerpHpyioTcn ypaBHCHHH, CKopocTb toh k h  no Mepe B03pacTanna 

paccTOHHHH o t  Hanajia CHCTeMhi yBeam m BaeTCH; cJienoBaTejibno, ec jin  

Tonna npnôiiH w aeTcn  k BTopoii 3Be3ne (yaanneTCH o t  nanajia ch c tcm ij), 

mar flOJiHien yM enbuiaTbcn Gbicrpee, neM s to  npnxojiH T  bo Bpewa cGjih- 

HteHHn k nepBoii 3BC3ae. Y n asam ib iii Bbime m c to r  on p en ea e im a  fljiHHbi 

mara naëT ynoBJieTBopHTejibiibie pe3yjibTaTbi ho Tex  nop , noua r , h r2 
He CTanoBHTcn 6o:ib ine 1. Torna m ar cTanoBHTca cjih ihkom  SojibiuHM. 

Bo H36cH<aHHe 3Toro 6biao ycTanoBjieHO ycaoBH e, h to  e ro  « a m ia  He 
MomeT npeBbimaTb naraKpaTHoro H anaabnoro 3naHenHa.

npiiHHTbie ypaBneHHH (2) tohho onncbiBaioT flBHJKeime nacTHUbi 
npw npeAnoaoHieHHH, hto mu HMeeM neao c KiiacHHecKofi problème

jt
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restra in t [3 ], hto ne BbinojmaeTca tohho, h6o noBepxHOCTb 3BC3Hbi He 
HBjmeTCH tohho noBepxnocTbio uiapa; 06 om ioft H3 hhx 3HaeM, h to ona 
OBajibiian, KpoMe Toro — pa 3Mepbi 3Bë3n kohchhm. B cbh3h c 3thm name 
iianGonee TOHHbie MeTOflbi miTerpupoBaniin HH(j)(})epeHiuiaabHbix ypaBHe- 
hhS naayT naM Jinuib npHÔJiHJKënnoe H3o6pa>Kenne TpaeKTopiiti MaTepnajib- 
HOft TOHKH. Pa3JIHHHe M O K fly  IIOJieM THrOTCHHH UCHCTBHTeJIbHblX 3B(i3fl
h  n o j j e i u  T f i r o T e i i H H  H B y x  M a T e p n a j i b H b i x  t o h c k  m o î k h o  p a c c M a T p i i B a T b  

K a K  B i i e c e i i H e  K a K u x - T O  B 0 3 M y m e H n f t  b  H B H H îe H i i e  o n n c a i i H o e  y p a B H e -  

h h h m h  (2). T o h k h  O T n p a B i i e i m a  H a x o n a T C H  B c e r a a  b  M e c T a x ,  n p i m a n n e -  

m a i n n x  k  iianSojiee a e ^ o p M i i p o B a i i H b i M  n a c T H M  3 B e 3 « b i ,  c j i e n o B a T e j i b i i o ,  

flBHwenne M o a e K y n b i  n a  n e p B O M  y n a c T K e  eô TpaeKTopnn, n p o x o a a m e f t  

b 6 j i h 3 h  „ B e p n i H H b i ”  3 B e 3 H b i ,  f l o j i w n o  n o H B e p r a T b c a  H a n S o j i b u i H M  B 0 3 -  

M y m e n H a M .  T e n e p b  B 0 3 i i H K a e T  B o n p o c ,  K a K  h  K a n n e  B 0 3 M y m e H i i a  c n e a y e T  

B B C C T H  B f lB H H t e H H e  M a T C p i i a j I b H O f l  T O H K H . J l e r H e  B c e r o  B B e C T H  H e K O T O p b ie  

H e G o j i b i i m e  H 3 M e n e H H a  b  n a n a j i b H b i e  y c j i O B i i a  h  H a ô J i i o i t a T b  n o c j i e n c T B H H  

3 T o r o .  3 t o  M O > K e T  n a M  n a T b  n e K O T o p o e  n p e n c T a B J i e i m e  o  t o m ,  K a K  b c j i h k h  

o u i h ô k h ,  B b i3 B a n n b i e  n p e a n o j i o j K e i i H C M ,  h t o  3 B ë 3 j i b i  m o j k h o  p a c c . w a T p n -  

B a T b  n a n  M a p e r n a J i b H b i e  t o h k h .  H o J i o a i e H H e  t o h k h  O T n p a B j i e H i i a  H e  

C y n e M  M e n a T b  n o T O M y ,  h t o  p a c n o i i o a ^ e n n e  h  c j )o p M a  n e p B o r o  y n a c T n a  

T p a e K T O p H H  n O B H f lH M O M y  H e M H O r H M  O T J lH H a C T C H  O T  f l e f lC T B H T e J Ib H O r O ,  H O  

c y m e c T B e n i i b i M H  M o r y T  6 b iT b  p a s j i i i H i i a  M « K n y  c k o p o c t h m h ,  K a i n i x  m o -  

j i e K y j i a  a o c T n r a e T  b  H e i i c T B H T e j i b i iO M  H B H > K e H im  h  b  u b h j k o h h h ,  n p e n -  

C T a B j ie H H O M  y p a B H e m i a M H  (2). H o a T O M y  M b i 6 y n e M  B B O H H T b  H 3 M e n e n H a  

b  c o c T a B J i a i o u i H e  n a n a j i b i i o f i  c K o p o c r a  h  n p o B e p a T b ,  ne B b i3 b iB a e T  a n  3 t o  

K a H e c T B G H i i o r o  H 3 M e n e n H a  B c e r o  n p o n e c c a ,  u n a n e  r o B o p a ,  n e  n p i i c o e a n -  

h h t c h  j i h  3 j i e M e H T  M a c e w  k  n p y r o i i  3 B e 3 n e .  3 t o  B e c b M a  B a ? K H O , 0 C 0 6 e n H 0  

a n a  c o c e w i H x  K o i u j m r y p a m i i i ,  o n i i a  H 3  K O T o p b i x  e m ë  n e  j i o n y c K a e T  H t r r e -  

H e H H a  \ i a c c b i ,  a  B T o p a a  y m e  n o n y c K a e T .  I I o T O M y  M b i B c e r n a  H C C J ie j i y e M  

T p a e K T o p n i o  M a T e p n a j i b H O t t  t o h k h  H J in  3 T o t t  n e p B O i i  K O H ^ n r y p a n n H ,  

c  y B C J iH H e n n b iM H  n o  a G c o a i o T n o M y  3 n a H e H i i i o  c o c T a B J i a i o n i H M i i  H a n a a b -  

H O H  C K O p O C T H :

0* + 0,05V*, vv -\- 0 ,05^.

E cjiii Tanaa TpaeKTopua oKaiiHHBaeTca na BTopoii 3Be3ne, to nponsBO- 
flHM pacnëTbi emë w in  HByx cJiynaeB:

»*+0 ,05® *, ^„+0,025®,,

®x + 0,025*7*, v y +  0 ,0 5 v v
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