
6. C no c o6 ut n o c mp o e Hun p as 6u euun B o p o u o z o-,{ en o u e

rraur ee Mofyr cny)Kr{Tb ru6o o6a peueHr.rq cpa3y, ru6o oAHo, urrr4tne o6a lencrBu-
TeJIbHbIX pe[reHHJI He AarcT y3noB. OAHaxo 3To Bce ycraHaBnuBaercr Ha 3Tarre o6rr.r-
Hofi nponepKu, flBrflercfl tu nait4esurrfi qeHrp HHrepcrr.rquanruofi c$epu cMex-
HbrM y3noM K r{3BecrHoMy y3ny S-cerxu BopoHoro.

Ha nepnoM luare o[peAentercr craproBbrfi yser S-cerxH Boponoro, rrro r{e
rlpeAcraBJlter 6onrurofi npo6nerr,mr. OcuosHbrM 3TarroM .rrBJrrerc-s Haxo)r(AeHne y3-
JIoB, cMe)KHbIX K AaHHoMy. 3ra pa6ora ilpoAon)Kaercs Ao rex rop, noKa ne 6yeyr
uafiAesu Bce y3nblS-cerxu. llpannno, rro KoropoMy HaxoAHTcr cMc)KHbrfi y:cl, ro
)Ke caMoe. llycrr u3BecrHbIfi y:en S-cerxn BopoHoro coorBercrByer uapaM i.,, iB, i,
i6. Tpe6yerct r'aitru Hosrrfi y3eJI, xoroprrfi 6yaer cMe)KHbrM eMy no fpaHu S-cunn-
JIeKca ip, in i5, r.€. cuexuufi y3en ua S-raHane AaHHofi rpofixu uapoB . ills 3roro
HaAo nepe6parb IIrapbI cI,IcreMbI u nu6parb ror urap iq, xoropsrfi, coBruecrrro c [ra-
paMI{ ip, irui6, Ao€T }IHTepcTrrIIHzIJIbHyro coepy c IIeHTpoM, JIe)KauIHM K [r3BecTHoMy
y3rry Ha MLIHHMaJIrHoM paccrotHlru BAonb AaHHoro S-xauala. OrcroAa y)Ke BHAHo,
qro Halrr aJIropI{TM $oprvrnpyer roJrbKo oAHocBs3Hyro cerKy. klzotupoBaHHbre qacrn

,S-cerru BopoHoro rpocro ue 6yayr uafiAeHrr.

,{nx necnt3Hblx cncreM MoxHo [peAno)KHTb Apyrofi anropHTM, B KoropoM Bbr-
qncr.flIorcfl, caM:/' S-o6lacru Bopouoro. fIoAqepKHeM, r{To B orrHqHe or S-cerxu
Boponoro Mo3aHKa S-o6nacrefi BopoHoro BcerAa oAHocB-rr3Ha.q, oHH BcerAa 3arroJr-
H.tltor rpocrpaHcrBo 6es qerefi, a Hecnt3Hocrb S-cerru o6ycnonneHa cnequQuvec-
KHM crpoeHueM HeKoropbrx S-o6nacrefi BopoHoro.

.{nx rarcoro anropuTMa Mo)KHo ucnoJrb3oBarb HAeonorrrro "MeroAa o6xoAa rpa-
Hefi". Vxaxeu Ha rJIaBHbIe MoMeHTbI peuurn3a\uv TaKoro rroAxoAa. Bo-nepnux, Ha-
xox,qeHHe BepIxHH ̂S-o6lacrefi BopoHoro 3Aecb raK)Ke cBeAercr K perxeHHro Bbrue-
rlpl{BeAeHsofr cncreMbl ypaBner.uit. [pyrurra Herp]rBr.raJrbHbrM MoMeHToM, ycJroxHr-
IouI{M BbIqHcJIeHHe, flBJrflerct ro, r{To paccrotHl{.rl Mexly roqKaMH ua S-xaHaIre vrv
Ha rpaHu S-o6lacru Bopouoro cnetrye! crporo roBopr, rr3rvrep.rrrb BAonb KaHana HJnr
rlo rloBepxHocrn rpaHu, T.e. no xpHnofi tHHLrv.llpanga, 3Ty cno)KHocrb Als 6olr-
IUIIHCTBa peansHblx CIICTeM MO)KHO He rrpHHHMarb BO BHHMaHHe r{ r.r3Meprrb paccro-
flHrfl, Mexly ror{KaMn no rrprMoit lulauu.

6.5. PeureHr{e rpexMepHofi 3aAaru A[oJrJroHr{fl

floraxelt, KaK Brlucarb cQepy Me)KAy rrerBepKofi npou:noJrbHbrx urapon. 3ra
3al.aqa sBrs,ercs, o6o6qeuneM Ha rpexMepHoe npocrpaHcrBo H3BecrHoii s N{arcrnla-
THKe 3aAatIH AnouoHnr, c$opMynnpoBansofi 6onee AByx rbrcrrr Jrer Ha3a.q: BnH-
carb oKpy)KHocrb Me)K,qy rpeMrl rIpoH3BonbHbrMH oKpyxHocrrMu Ha nJrocKocrrl 162)
B gnyrraepHoM cnyqae 3Ta 3aAaqa perxeHa pa3nr.rrrHbrMH cfroco6alru. Hau6onee H3Bc-
crHoe ee [pLIMeHeHLIe - [ocrpoeHr.re yrraKoBKr.r Anollon [oKpbrrHe nJrocKo-
cTH KpyraMH noAxoA.fiuero paI.Idyca rryreM [ocneAoBarerrbHofo Brrr{cbrBaHHr Ho-
BbIX Kpyron s cso6oAHble Mecra Me)KAy yno)KeHHbrMrr. PeureHueM TpexMepuofi sa-
Aaqv s o6qel\a cnyqae MareMarHKH, rro-BrrAHMoMy, He 3aHr.rMurrlcb. !eficrnureJrbHo,
B rlpocrpaHcrBe yrIaKoBKa AnolnoHnfl]cle croJrb Harn.rrAHa KaK Ha rrJrocKocrH, Kporue
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Vacmu I. Ocuoear ,nemoda

-
TOrO, Ant paooTbl c HeH HeooxoAHMbr KoMrrbroTepbr, a oHH rrorBHJrr4cb cpaBHHTerrb-
HO HCAABHO.

Vrarc, Hac I{Hrepecyer roJIbKo AeficreureJrbHoe pe[reHue cucreMbr (1), npn-
rIeM c [oJIo)KHTeJIbHbIM 3Har{eHllerra R. OrpuqareJlbHoe R cooreercrByer, KaK He-
TpyAHo coo6pa-:urb, orlllcasHofi KacareJrbuofi cQepe (nrclrouaroutefi s ce6r Bce uapbr
AasHofi r{erBepKn). PacxpuBa.s KBaAparbI B (l) H Bbrrr}rrar oAHo ypaBHeHHe, Harrpu-
Mep r{erBeproe H3 Tpex Apyrux, Mbr rrorlyr{HM cncreMy nr{Hefinux ypaBHeHHit gnr- x,

f ' z

( x q -  x , ) . r  *  ( v q -  y , ) y  +  ( t + -  z , ) z :  ( R ,  - R t R  +  U  ,  i : 1 , 2 , 3 .  ( 2 )

3Aecr U i = R,f - *? - yi - zl np"AcraBntlor co6oir BbrpaxeHHfl, He coAcpxa-
uIHe HeH3BecrHbIX nepeMeHHux. Ecru AerepMuHasr erofi cncreMbr Det rre paBcH
HyJIn, To ronyqeHHat cHcreMa (2) uMleer onpeAeneHHoe peureHHe, Koropoe BbrrrH-
CbIBACTC' B 'BHOM BHNC:

. .  A , R  +  8 ,  A r R  +  8 . ,  A r R  +  8 ,
t = - 5 . t - '  / =  D . t  '  z =  

D r t :  ( 3 )

Bslpaxeuus, A1, 42, At v 81, 82, B, zanuc.flT ToJIbKo or HcxoAHbrx gHa.reHnli

KoopAHHar IIeHTpoB H paALIycoB AauHofi r{erBepKu ruapoB. Teuepr MoxHo rroAcra-
BHrb ero peueHue (3) B qerBeproe ypaBHeHHe cucreMbr (l). B pe3ynbrare ronyr{Hr\I
KBaAparHoe )'paBrreHne Anr Heu3recrsoro R:

ER2 + zGR 1 F: O.

Ko:SQuuHeHrbI E, G u F rarxe 3aBucrr roJrbKo or Hcxo.{Hoi.r .rersepKr{ rua-
pon. Ouu npeAcraBJlttor co6ofi BecbMa lpoMo3AKue Bbrpa)(eHwfl,) ecJrH nbrrarbct
Bblpa3lrrb HX qepe3 xi, !i, z, u R,. K cqacrrro, rIpH pa6ore Ha KoMrrbrorepe 3To He
Hy)KHo Aenarb. HafiAesHrre roaQSHIIaeHTbr Mo)KHo Bbrpa3urb H Bbrrrucrurb rrepe3

Bblpa)KeHun ApH Bt (k:  l ,2,3),  Koropble B cBoro oqepeAb BbrqucJrrrorcr qepc3

U ,  ( i  - -  1 , 2 , 3 ) .
PeureHrre KBaAparHoro ypaBHeHu.rr (.41 gaer rBHoe BbrpaxeHue ;utn R:

R _

Paccrvrorpl{M TorIbKo AeficrwrreJlbHbre perxeHnr. 3Aecr Bo3Mo)KHbr cneAy}orrluc
BapuaHrbr. Bo-nepBbIX, KopHIr ypaBHeHHq Moryr HMerb pa3Hbre 3HaKH. B arolr cly-
qae I'IMeerc.l oAHo noJlo)KnreJrbHoe pe[reHr.re,q:rq R. lloAcranlrs ero B (3), Haxor]Hr\l
KoopAHHarbI IIeHTpa eAHHcrBeHuofr Ant AaHHofi qernepKr.r uapoB HHTepcrrrrlganb-
Hofi cQepu. Bropoirr,apuaur - o6a KopH.rr rroJro)KrrreJrbHbr. 3ro osHaqaer Hargrrge
AByx pzr3HbIX HHTepcrrIIII{aJIbHbIx cQep. KoopAuHarbr qeHTpoB Kaxlofi ur HHX Bbr-
tll.Icrlfilorclfi otltrb )Ke H3 (3) noacrauosrofi cBoero 3Har{eHH.s R. Tperufi yapuaur -
o6a ropHt orpullarenbHbl. 3ro osHa.raer orcyrcrBue HHTepcrurltianbHbrx cQep, :aro
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6. C nocodu noctrtpoeHun pasSueuttn Boportozo-/fe.uorte

'raKar qcrBcpKa ruapots LrMeer ABe onl{caHHble cQeprr. OAHaxo oHrI Hc HNIc}or ilnr
rrac Str:trqecKoro cN{I'IcJIa.

Orlrcrrru nHTepccHoc rroBeAeHuc pctueurrt rrprr crpeMJIcIIIItI BcJtt{t l lHbt E x

rrynrc. B :rotr cnyt{ae y r{erBcpKH urapoB notBJl-acrcs o6ula-q KacarenbHat rrrocKocrb

(paguyc crfcpsr R crpervurrcrr K 6ecroHe.rHocrn). llpu naplral:nv IICXoTnbIX rapa-

r\,rcTpoB, [ptrBoArrrtcli x cN{eHc 3HaKa E, xopuu ypaBHeHHt MeHtIoT 3HaK, T.c. Bnu-

ci.rurrbrc c$epr,r f lpcBpaularolctr B oIIrIcaHHbIe u uao6opo'r.

Haxoneu, ccrtr AeiicrsurcrrbHbrx r<opueli Her (AHcxpHIuHHaH-I' ypaBHeHltt or'-

pnua'rencH), ro B 3ToM cnyqac Hcr HH orIHcaHHbIX, Ht{ BrII.IcaHHbrx ct}lcp.

Llrarc. crrcreMa ( 1) gaer Haru oAHo , ABa IIJITI HH oAHoro rlrr:uve cxoro pcrucHllr.

3ro uaxoArr'[cn B coorBercrBrrrr c reoMerpur{ecKHr{H npeAcraB,reHlr-sr\Iri o rpcx- oc-

rroBHbrx rrr[ax xoHtprlrypaquri qerBepoK [rapoB, xapaKTeplr3yroqrrxc-a oEHoli,, AB]'-
Nrr rr.rru sH orluori rrHTepcrnrlna,TbHbrrnru c$epartlt.

fl onyveHHo e petueHuc yxe Mo)Ker ucrronb3oBarbct .rlnr c o3A aHrrfl rrporpaMM br

Haxox(AeH:nfl rlrTepcruuuanbrrbrx c$ep 4nr xoHQurypauuu, rAe MoxHo npeHe6pc.rr

tscpoflTHocrr,ro pac[ono)Kerr4fl ueHTpoB Bcex qerbrpex uapoB ua oAsofr nJrocKocrr{.

Htrcsso B 3ToM clyqae Aerepr\,ruHaHr Det cucreMbr (2) oxasrrBae'rcs paBHbrM Hynro.

Tarca-s cr.rryarlrrr fllilfl.ercfl. Bbrpo)KAeuHoir, Ho Axfl ycrofruHnofr pa6orbr anropurMa

nonc3Ho paccMoTpeTb TaKyrc Bo3rvlo)KHocTb. Eonee Ba)KHbrM, oAHaKo, oKa3brBacrct

TO, qTO TaKHe qeTBepKU rUapOB pa3Hbrx paAHyCOB HN{e}OT BnOJrHe OrrpeAeneHrrf,rc

nrrrepcrlrrruaJrbHbre c$epsr. Ha prac. 61 noxa:aH npuMep raxofr xorrQuryparrurr.

llo:rorrry' ccJrn AerepMr{HaHT cucreMbr oqeHb MaJI, cneAyer npeArrpuHrrb crrcur.r-

aJrbHbre Mepr,r, qro6rr He rroreprrr $r.r:uqecKoro petrreHr{r clrcrerrrrr (l).

[nr peureHlafl erofi 3aAaqu ilpeAnaraerc.s cneAyrouHfi npocroi.r u Harur.qrHr,ui

cnoco6. Vrax, [ycrb rleHTpbr Aansofi rrerBepKu IxapoB rre)Kar ua o.uHofi trrocKocru.

B grorra cnyqae Mbr He MoN(eM BocrroJrb3oBarbcr petuelrneM (3), TaK KaK Aerepruu-
HaHT clrc'reMbr (2) paeeH Hynro. Brr6par HoBbIe ocH -r 11 ir, flepeirAernr B HoByro cucrc-
My KoopAr{rrar. B rrnocKocrr{ Koropoli rexar narur{ LIeHTpbr. Moxuo rrocryrrrrrb raK:
HaqaJro HoBor"r cucreMbr KoopAHHar'rtol{ecrnTb Ha ueHTpc uapa l, ocs.T HanpaBr.rrb
r{a rIeHTp ixapa 2, a ocs y opueHTupoBarb rax, vro6br rreHTp urapa 3 ;rcxal Ha rrnoc-
Koc'rn x1, (ctur. pttc. 6l). I{eHrp tuapa 4 npw 3ror\{ rarcKe oKa)Kercr Ha rnocKocru,r.i).

Onpc4crHBrrIHcb c HosoLi cncreuofi KoopAHHar, Mo)KHo BbrnHcarb Marpnrly nepcxo-

Pnc. 61.  Brr6op Hogor i  c f icreNrbr KoopnuHar.qnr Bbr-
rr rr cJr c HHr H HTepcrrrrrl{aJr bHbrx c $ ep a,t.n cryqar, e cr}r

rerepNu{HaHr cucren4br ypaBHeHuir (2) paBeH HyJrro

(t{cH'rpbr Rcex qerbrpex uapoB.,[exar sa oAHofr rri 'roc-

xocru). Ocr, i '  HanpaBJler{a neprrcHAlrKynqpHo K rlrc-
'r 'y. I IyHx'rupolr rr:o6pareHbr rrHTepcrur-tr4aJr bHbre uc -

KoN{},ie c$eprr. Oux uuercr oAr.rHaKoBrrii pa4nyc upac-

rloroxeHbr Ha paBHoNl paccTotHIrH oT rrJrocKocTI,t xl,.
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Vacmu I. OcHoeat nemoda

Aa K HoBbrM KoopAHHaraM rleHrpoB ruapoB, B pe3ynbrare cucreMa ypaBHeHHH (1)
npuMcr cncAytouuit su1.

* '+  ) , ' *  z2 :  (Rr  +  R)2 ,

(*z- x)2 + y2 + 22 -- (Rr+ R)2,
(5)

("r: - x)2 + (\ - y)2 + rz : (Rt+ R)2,

(xq- x)2 + 0o- y)2 + ,2 :  (Rq + R)2 .

Teneps MoxHo rrpoBecru ynpoqaloune npeo6pasonaHnfl cncrerrarr (5). tr4:-
6asrfl.fl.cs or nepeMenHofi z prBbrpax.aflv3 nepBoro ypaBHeHH-a R vepes r', JrerKo rrafi-
A€M, r{To peueHneM Aanuofi cucreMbl ypaBHeHHfi ssn-arcrc-rr ABe HHTepcrrrrluanb-
rrue cQepbr oAHHaKoBoro parnyca, cl{MMerpr{rrHo pacloflo)KeHHbre orHocHTeJrbHo
rrJrocKocrH ueHrpoB rrrapoB (urr. pnc. 61).

OAHaro H 3Aecb Bo3Mox(Ha cHTyarIHr, KorAa AerepMHHaHT cncrerrarr (5) paBHq-
ercr Hynro. 3ro 6yaer o3Harrarb, qro KaKHe-To rpu luapa Jre)Kar cBoHMH rreHTpaMH
ua oAnofi npxuofi. Ecru )Ke paAr{ycbr srHX rxapoB pzunuqHbr, To r{ 3.uecb HMe}orct
BrroJrHe onpeAeneHHble I{HTepcrHIII,IanbHbIe cQepu. r{ro6u He [orepflTb H TaKoro
Bo3Mo)KHoro SlrauqecKoro pe[reHur, Mo)KHo Aeficrsosarb aHaJrorurrHbrM o6pa:ou.
Cne4yer no4o6parb HoByro cncreMy KoopAI,IHar, mr6pan ocb -r BAonb KonnuHeap-
uofi rpoftKr{ uapos H qro6bl Ilrap 4 rexar B nnocKocrrxy. Cucrenaa ypanHeuufi,
3anucaHHa.rr c yqeroM cnerlnQnxu Aaunofi qerBepKr.r [rapoB, 6yaer HMerb npocrofi
BHA B Hosofi cncreMe KoopAr{Har H JrerKo peuaerc.f,.

llo onury HaIrIHx pactleroB Mo)KHo cKa3arb, rrro B Hey[oprAorreHHbrx cucre-
Max rrpaKTl4qecKu He Bcrpeqarorc.s qerBepKr{ uapoB c rIeHTpaMH Ha oAHofi nJrocKo-
crvvrr rpofixu ua oAuofi upxrraofi. OAuaxo B cnyrr€Lsx pa6oru c cucreMaMvt, B Koro-
pbrx uapbr pa3Hbre , avrx lleHrpbr o6pa:yror KpncrannuqecKyrc perxerKy, yKa3aHHbre
yror{HeHHr pe[reHur cr{creMrr ( I ) craHoBrrcr rrpnHrlurrniurbHbrMu.

6.6. flocrpoeHr.re cerKr{ Bopouoro A./'rrr [por{3BoJrbHbrx BbrrryKJrbrx reJr

OcHosHa.s vlrefl, rrocrpoeHHfl, cerKur Boponoro An.fi cucreMbr uec$epuqecKHX
TcJI Ta )Ke, qro H [ns, cl{creMbl IIrapoB. Crapryx or rr3BecrHoro y3ra, nocneAoBareJrb-
Ho HaxoAfl"rcfl. HoBbIe y3nbl H orlpeAeJr;rrorclr HoBbre cBfl3pr cerKr{ Bopouoro. Taxaq
pa6ora npoAon)Kaerc.rr Ao rex nop, noKa Mbr He rrocrpor.rM Bcro cerKy.

flpuHqunvarbHas, oco6eHsocrr o6ulero cnyqa.rr 3aKrroqaercr B ToM, rrro re-
rlepb He yAaerct BbIrIHcarb aHaJII4THT{ecKHe Soplaynu Anr pacqera y3noB cerxu Bo-
poHoro. flonstrrn ronyqeHuq raKofi Qoprr,rynsr ADKe Arrs npocrefiruux HecQepuuec-
KI4x reJI - flptMbtx nuuuit, oKa3aJrucr 6e:ycneruHbrMu. EAltrcrBeHHbrM rryreM pe-
IrIeHH.fl upo6neubl ocraerct rrHcJreHurrfi noucK y3noB u csszefi.3Aecr Mbr npeAnara-
eu rarcofr anropurM, rrpeAno)KeuHrrfi HeAaBHo s uauefi pa6ore 146).

6.6. 1. @ynx4un paccmonHun

PeureHne nanefi 3a!.al.v rpe6yer HcrroJrb3oBaHnr Qynrctluu pqccmofluun d,(r),
:aAannofi An-a Ka)KIoro reJla llccneAyelrofi cucreurr (crra. 5.2.1). 3ra SyHrqHr on-
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6. Cnoco1u nocmpoeHur pus6ueuun Bopouozo--/letoue

peAenreT r+tLtHLt.Ma,lbHoe paccmonHue oT ToqKH IIpOcTparlcTBa c KoopAIIHaTaMrI r AO
noBepxHocrn 3aAaHHoro o6rexla i. Osa 3aBucr{T He roJIbKo or Qoprrau AaHHoro rcJra,

HO H OT ero IIOJIOXeHI,'.I Vr OpV,eHTaI{pII4.

OcHosHa.a cneqnQuKa pacqera cerKH BopoHoro cucreMu HecQepHqecKHX rcr

onpeAenreTc.rr KoHKpeTHbrM BHAorra syHxqr.rH paccr o'^]Htlfl,. o6cyNEaeu rtfi HHxc aJr -

fopHTM rBJrrercr o6rquu, rrpHMeHHMbrM Anq rlro6rrx SyHrcqnilpaccroflHr4fl. B.racr-

Hocrn, oH Mo)Ker 6rnr [pr.rMeHeH Anr pa6our c cHcreMaMH uapoB H ADKe roqeq-

Hbrx ueHrpoB. llpnne4err,r SyHxuHH paccroflHnfl, AJII ocHoBHbIX ren rpocrofi Qop-
rrarr. [rr uapa, HarroMHnrrr, Qyuxqut paccr oflHr4fl, 3anncblBaercs KaK

d,(r): lr - r, l  - R,,

rAe ri v Ri - KoopArrHarbl ueHTpa luapa u ero parryc.

[n-a 6ecxoHeqHbrx rrprMbrx luttuit SyurrrHr paccrorH:r'fl BbtrJr4quT cno)r(Hcc.

llprrtayro JrrHHro /406rro rpeAcraBJr.rrrb rapaMerpuqecKr4: L(/) : a * n/, rAe a H n

sBJrrrorcq rpexMepHbrMrr BeKTopaMr{, yAoBJrerBoprrcuuMH ycnoBurM lnl : I u nJ-a.

B pesymrare QyHKrrr{.rr paccrorHn.rr Mox(er 6rrrr 3a[ucaHa raK:

d(r) : {r ' + a2 - 27r, a) - (r, n)\ttz.

flonepxuocrb Bopouoro Anr napbr npoH3BonbHo pacnoJro)KeHHbrx B rrpocrpaH-

crBe np.rrMbrx onpeAenflercr ypaBHeHHev' d,(r): d/r) v anfl Bbrrrr{caHuoir QyHxqHr.r
paccrorH Hs. flBilfl.erc.q rnrep6onuvecKuM napa6orouAou o6urero Bvra.

OHgH.recKHM reJrecHbrM o6serrou npocrefturefi uecQepuvecxoli Qoplru rn-
rrflercfl, cQepoqnnuHAp (qunun4p c uonycQepaMlr Ha KoHuax). llpocrpaHcrBeHHoc

noJro)KeHue cQepoqunuHApa oAHo3Har{Ho orrpeAenrercr KoopAHHaraMr{ rrerrrpoB

nonycseP fc H r3. /4nx orpeAeneHH.rr ero ronxlHHbr Hy)KHo eIIIe ,qo6aBHrb palr4yc p,

o6urufi rnr \vnnnlpa lr uonyc$ep. B 3rHX o6osuaqeHnflx SyHruHr paccrorHnfl 3a-
nucblBaeTcfl B BHne:

d(r)

ecJu.r / < 0,

e c r r u 0 ( / ( l r ,

e c r r u t r t r ,

f A c  n :  ( r B - r " ) / l r p - r o l ,  t : ( r ,  n )  -  ( r o ,  n )  H  / 1  :  l r p - r o i . E c n u  p a A r { y c  H a r r c r o
IrHnHHApa crpeMuTct K HyJIro, To oH rrpeBpaqaercr B orpe3oK lprN{or"{. Oyuxqlrr
paccrorHrrfl Arrfr raKoro orpe3Ka BbrnncaHa, HarrpuMep, n [2].

Orueruu, r{To rloBepxHocrr BopoHoro [apbr cQepouu-[rrHApoB cbcrollr lr:
vacrefr, rrpeAcraBntmrrlux cneAyroque rurrbr noBepxHocrefi BToporo rroprAKa: 1)
runep6oru.Ie cKLrfi napa6onon4 (or rapbr rrunr.{HApon), 2) runep6onuqe cxHfr rrHnHHAp
(or qurunApa u noryc$epu), 3) nnocrocm (or rapbr paBHbrx nonycScp). 3ro o3Ha-
qaer, qro cB{3H cerKLI Boponoro 6yayr lpeAcraBr.rrrb co6ofi lkrHr4rl Bccbrvra cno)K-
Horo SyuxquoHaJlbHoro B:aAa. OAHaro 3To He r.rMeer Ailfl Hac HHKaKoro 3HaqeHHr.

(

I  
i Y -  f o i - P ,

= 1 1 . - r a - n t l - p ,

I  l r - r B i - P ,

(6)
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Mu pa6oraeM qucreHHo. haeuoe Anfl Hac ro, rrro KaFrarrr BopoHoro rBJrrrorct
TIaAKHMH lrrrnrrflMr .ulx nro6slx BbrrrvKJIbIX TeJI.

6.6.2. Iloucx nepsozo ysno

HaxoxAeHnc rlepBoro, craproBoro y3rra cerKn Bopouoro He rrpeAcTaB-l-rrer
nprlHlrnnna,rtHoli npo6ner'.trt. 3ro Mo)Ker 6rrrl nro6ofi y3en cerKrr. Hanru ero Nrox-
uo, nst6ltpar qerBepr<y 6nuxafiruux reJI I{ Bbrr{HcJr.rr s, 1.ils, HHX rIeHTp nycrofi Bnncari-
uor"r cQepw. l.itr' 3roro BBoAHrcs Qyurqu.a Y(r), HMeloular HyneBoe 3Har{eHrre Ha
ucHrpc raxofi cSepsr:

Y(r)  = (o,rrt - a, G))'

B cyutrupoBaHllu yqacrBylor roJIbKo re rrerbrpe reJra, Koropbre rBnrrorc n 6tu-
Nafiurultn K TorIKe r. I,Icxousrfi qenrp HaxoAlrrcr no [poqeAype fpaArreHTHoro crycKa

[63], B KoropoM MbI cMeqaeM Hatuy roqKy B HarrpaBrreH:a:u, MaKcHMaJrbHo yMeHbua-
rouleM 3HarIeHHe SyHxqulr Y(r). llpu srorra Hc[onb3yeMbre coceAH BcerAa Aon)r(Hbr
6rtrl lnuxailstn'v'vI, T.e. rIpH Heo6xoAuMocru qerBepKa Aonxffia H3MeHrrbcr.

llpoqe4ypa ocraHaBJrrrBaercr, KorAa V(r) . 52, rAe 6 rBJrrercr napar\,{crpoM,
xapaKrepn3ytoulrM TotrHocrb pacr{era cerKu. Taxuvr o6pasorvr Mbr no-lyqaeru rep-
nr,Ili y:el cerKH BopoHoro D,,p; efo KoopAr{Harbr, HoMepa ren i,j, k,l, ero onpeAenr-
K)UIHX, a raKxe paAuyc HHTepcruIlualrHofi cQepu. Hafi4eHnbre 3HarreHur HarrHHa-
ror Maccunrr D, DA u R,.

6.6.3. feutceuue edonb cr.flstr cemKu Bopouozo

flycrr t{3BecrHbIft y:en cerKu Bopouoro 3aAaercr qerBcpKoir rel i, .j, k, l. Osn
onpeIcnflror qerbrpe pa3nHqHbrx rpofrrH rel i, j, k; i, j, l; i, k, j; -1, k, l; xax\afl w\
Koropblx 3aAaer cBor"I KaHan Bopouoro. Crapry.s r43 Hamero y3na H ABnraflcb, rra-
[pl{Mep, BAonb Kal{afla Cyp, Mbr o6.s:arerbHo AocrHrHeM HoBoro y3na ccrKrr, onpc-
AcJr[eMoro qerBepKofi ren i, j,k, m,HTeMcaI\{brM orrpeAenr.rM cBr3b cerKH Boponoro.

felrxeuHe Bronb KaHaJIa BopoHoro ocyuecrBJrrercr rr3BecrHbrM qHcJrcrrHbrN{
McroAoM unQuuure3nMa.rlbHblx cMcrrleHuli. B grou MeroAc HaxoAflTc-s fiocj]eAoBa-
TeJrb H brc rr oJro)KeH Irr ror{ KH, yAoBn erBopturlH e c HcreMe yp aB He H u l"r

d,(r) :  d,(r) :  do(r) ,

T.c. ,TcN(aIqIrx Ha KaHaJIe BopoHoro 3aAaHHofi rpoilxu TeJr. lelacrc.a 3To crarrgapr-
HbIivI cnoco6ou. Ha xaxloM lxare cMeuleHll.rr BAonb KaHaJra Bbltrucrtercr ualuli
cABHr v. 3ror BeKTop cMeu{eHllfl ortpeAer-ser HoBoe noJro)KeHne ror{Ktr r' : r f v,
KOTOpa-S TaK)Ke AOJI)KHa JIe)Karb Ha KaHaJre, T.e. AOJI)KHa BbrnOJrHrrbcfl Ta xc cHc.reMa
ypanueHufi

T
i t < i q

(7)

8 8

d,(r + v): d,(r * u) : dog + v).



6. Cnoco6ar nocmpoeHLtn pas6ueuun Bopouozo-f-lettorte

Puc. 62. l4,urccrpar{Hr npoqeAypbr

ABH)KeHHI BAonb KaHaJra Boponoro

Anr HaxoxAeHHfl, cBq3u cerKn Bopo-

H()t'o.

IIuneapu3r4pyfl ee B rlpeArloroxeHHr.r MaJrocrlr BeKTopo v, ronyqaeM ypaBHc-
HHC

(Ydu v)1,: (Ydi, v)1.: (Ydo,v)1,, (g)
orKyAa cpa3y HaxoAHTcfl HarIpaBJIeHHe BeKTopa v. lnuHy BeKTopa cMeureHr.rr MoxHo
6parr ilpou3Bonsnofi, HcxoAt lra coo6paxeHufi ueo6xoAuraofi ro.ruocrg r.r pa3yMHo-
ro BpeMeHH pacrreTa.

Bo n:6exaHlae HaKofIJIeHn.s oruu6rcH Bbrqucr esuit rrpu ABr{)K eHVu BAonb cBr3r4
Hy)KHo BpeMt or BpeMeHH Bo3Bparuarb rorrKy Ha KaHaJr Boponoro. 3ro Aenacrct
MeroAoM fpaAr{eHTHoro cnycKa Anr orreHoqsofi SyHrqun:

@(r) : (d,(r) - a,FD2 + (d,(r)- Ar$D2 + (d/r) _ aoQDz

Oua npuHlrMaer cBoe MHHHMaJrbHoe 3HatreHnc O : 0 Ha KaHaJre Bopouoro.
Ecllr Ha KaKoM-To Irlare oKa3aJlocb, rrro O > 62, To BKJrloqaeM npoue.qypy rpaAHer{T-
Horo cnycKa u Bo3BpalqaeM ToqKy Ha KaHaJr. Puc. 62 unnrocrpr.rpyer ilepexBuxcHrrc
UATUCT1 TOTIKH IIPH BbIIIHCJICHIIH CB'3H CCTKH BOPOHCITO.

MoxHo cKirarb, r{To raKa.s flpoueAypa HenocpeAcrBeHHo peanH3),er rlrc,roA
nycroli cQepsl [eloHe. lleperr,reuleHpre rorrKr{ Blonb cBfl3]|- cerKu MoAenHpyer ABH-
)KeHHe IIeHTpa c$epu [eloue, rloBepxHocrb Koropofi HaxoAHTcflB KoHTaKTe c rpe-
M'I TCJIAMH.

6.6.4. @opmapoBaHue cemKu

[nnxeuue BAonb KaHaJIa BopoHoro ocraHoBtTcfl B Tor MoMeHT, KorAa Harua
cSepa [e,roue HarKHerc.q csoefi rroBepxHocrbro Ha KaKoe-To reJro m Aasnoficucre-
MbI' T.e. nariAerc.a reJlo, paccro.aHue Ao Koroporo or Haruefi Tor{KH oKaxercr 6tnz-
KI{M K paccrotHHtM Ao Hcrlonb3yeuofi rpofinlr rel. 3ro o3Haqaer, qro r{br HaxoIHM-
cs B oKpecrHocrrl y3na Bopouoro qerBepKr i, j, k, rn. floloxesue y3ila yror{Hrercrr
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I\,{croAoM fpaAHeHrHoro crycKa c l{cnoJIb3oBaHHeM QyHKUHH Y(r). Tencpn c rroNro-
urbto MaccuBoB D tt DA ocraercr ycraHoBHTb, rBJrrercfl 3Tor y3en HoBbrNr H,,'ru orr
y)Kc oflpcilcnflncfl paHee. Ecnu y3en Honuri, To oH 3anucbrBaercr B yKa3aHHbre Ntac-
cHBbI, a ero cBq3Hocrb c HcxoAHbIM y3noM yKa3brBaerc.fl B MaccHBe DD.Ilpn ABtrx(c-
HHII BAonb KaHaJIa MbI HMeeM 3Har{eHVe paryryca KaHaJIa Ha Ka)KIoM rrrarc. MHrrlr-
MaJIbHoc 3HaeeHue 3Toro palrryca Ha cBfl3H 3aAaer paAr4yc ilpoxoga (y:xoro ropla)
cBq3tt. lnx ero 3a[HcII cneAyer 3aBecru crreuuanbnufi uaccun R6.3ru paguycbr
Hy)KHbI g:rr pa6orbl c cerxofi Boponoro B KarrecrBe HaBrrrarluoHHoli xaprrr Xnfl rrc-
cneAoBaHrr.q llycTofo rrpocTpaHcTBa B cr.rcTeMe.

HaliAeuHslfi y:en D,itm oilpeAen.rrer cBor{ KaHaJrbr BopoHoro: Ci,1, C,iu,, C,k,,,,
C1ku,. Kaual C,.,p r',rexAy Ha[IuMH y3naMH y)Ke npofi4eH. Tpu ocralbHbrx KaHana
qBrttorcfl HoBbIMrr, HX HaAo 6yaer rarcKe npofiru u olpeAeJruTb Ha HHX HoBbrc y3rrbr,
cMexHble y3ny D,ikr,.flpo.qon^at raKyro rpoqeAypy, Mbr rrocneAoBareJrbHo orpeAe-
JrHM Bce y3nbr H cBq3H cerKlr Bopouoro.

\4rarc, Aannrtfi ul[roplrrM BbIAaer HaM MaccuBbr, oilpeAenr]ourue cerKy Bopo-
rloro H ee Merpl{trecKHe csoficrna: MaccrrB D, cogepxaullril KoopAHHarbr Bcex y3JroB,
la6wtt1y cBr3Hocrefi y:lon DD,zagarcuyrc cBfl3vcerKu Boponoro, ra6llrqy HHupr-
AeHrHocreii yrnon H reJI DA, paguycbl Hr{repcrurluanbHbrx c$ep R, v paEuycbr y3-
KIIX ropn R6. Kpornre roro, ABuratcb Irlar 3a rxaroM BAonb css:efi cerKlr BopoHoro,
MbI Mo)KeM 3anoMHlITb HecKoJIbKo nocneAoBareJrbHbrx roqeK Ha Kaxloii css:u c reM,
.rro6br HMerb Bo3Mo)KHocrb u:o6pasurb cerKy Bopouoro Ha pHcyHKe.

B pa6orc [46] 6tun rIpoBeAeHbI recroBbre pacqerbr cerKn Bopouoro Anq urc-
rcrnr cSept{qecKHX qacrHII c HcnoJrb3oBaHHeM pa3nuqHbrx anropnTMoB. 3ro no:eo-
JIHJIO cpaBHLITb Aausstfr anropLITM co c[euuanH3HpoBaHHbrMH Elr ccpcp. Pac.{erbr
noKa3aJIH, rlro o6rqnfi anropurlr pa6oraer [pHMepHo s 20 pa3 MeAneuneri. 3ro no-
HflTHO, TaK KaK OCHOBHOe BpeMq Tenepb TparrrTct Ha BbItIucJIeHHe rIOCneAOBareJrb-
Ilbtx roqcK rIpH npoxoxAerluu csqsefi cerKu BopoHoro, TorAa KaK cneqHanrr3Hpo-
BaHHbIe anropHTMbl BblqlrcJlflror y3nbr HerrocpeAcrBeHHo, Hc[onb3yfl aHailH'tHqec-
xuc Soprtayrrbr, cyulecrByroulne Artq cnyqar cSepHqecKHX qacrnrl.
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