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npoa3BOLliiTCSI onpeneneHa e aenH'IHHhi HMnynbca a e ro HanpaaneHHSI, a T8K)I{e yrna Me)!{ 

LlY noneM H anpaaneHR~ ( B8KT OpHOe none , Ol1HCb!B8!0lll88 n e pB!i'!Hbl~ ny'IOK M830HOB, He BHLlliMb 

npa pa60 '!8M COCTOSl.Hlili K8M8pbL ) li TpaeKTOpae~ '18CTHUbl B TO 'IK e B38liM OLl8~C TB!iSl., Y'lliTb!Bc 

8 TC Sl. K8K TOpM0)1{8HI18 '!8C TI1U bl B K8Me p e , T8K li li3M8H 8H I18 M8f'HI1THOf'O ITOnSl. np11 nepexo n e 0 

TO'IKI1 K TO'IK8 K8M e phl. 

T eM a pa60Tb l 6 bin8 npenno)l{eHa COTpy LlHI1K8MI1 J1a6o p8TOp1111 Bb!C OKI1X 8 Heprul! vf.B . 4ya 

no 11 Jl.H. CTpyHOBbiM a CBSI311 c nocTaHOBKO~ rpynno l! J1.H. CTpyHoaa SKc n e p11M8HT8 no pac

cei!HH!O M830HOB H8 n p OT OH8X, nporp8MMY Llnll 06 pa60TKI1 8KC!18p11M8HT8nbHb!X Ll8HHb! X COCT8B 

nl1 vl.B. nonoaa, Jl.A . CM11pH OB8 li T.B. P blnbl.teaa. n onnpo r p8MMY nnSI C'!eTa KOppeniiUIIOHH 

M8TpH Uhl Han11can11 E.B. ¢ eoK T HCTOB 11 A.~ . PonHoHoB . 

Pa3pa6oTKY MeTOLli1K11 c<reTa, H8!111C8HI1e 38Ll8HI1SI nnSI npo r paMM11poaaHHSI 11 pyKoaoncTa c 

pa6oTol! ocywecTBnSl.n H.H. roa o pyH, 



J.1CXOLI.HblMI1 aaHHblMI1 anSI 06pa60TKI1 OTaenbHOf'O C06biTI1SI SIBm!IOTCSI KOopa11HaT bl TO'l e K 

npaBOf'O 11 neBOf'O CHI1MKOB TpaeKTOpH11, a TaK)!{e KO Opa11HaTbl pen e pHblX TO'l eK , npeayCMOTpe Ha 

B03MO)!{H0CTb nOCTynneHI1SI 9TI1X aaHHb!X KaK C 113Mep11TenbHOf'O M11KpOCKOna ( KOOpai1H8Tbl npa-

BOf'O 11 neBOf'O KaapOB anSI COOTBeTCTBeHHbiX TO'leK), TaK 11 C aBTOMaTa A n C ( aaiOTCSI 

KOOpa11HaTbl H9COOTBeTCTBeHHblX TO'leK), 

flepBbiH 9Tan o6pa60TKI1 Ha'l11HaeTCH C 06C'leTa nnOCKI1X CTepeonpoeKU11H Tpe Ka Ha npaBOM 

H neBOM Kaapax CH11MKOB 11 3aKaH'li1BaeTCH BOCCTaHOBneHI1eM npOCTpaHCTBeHHhlX KOOpa11H8T 

npH nOCTynn e HHH aaHHbiX C aBTOMaTa npOH3BOaHTCH paCl.llHcppOBKa nOCTYDI1Blll etl HHcpop

MaU1111, 38ni1Cb 'IHCen B HOpManbllOH cpo pMe, nepexoa K OnTH'!eCKOH CI1CTeMe KOopai1HaT B COOT-

BeTCT£)1111 C penepHbiMI1 T O'l.KaMH, npoaepKa rnaaKOCTH KpHB biX H8 npaBOM H neB OM Kaapax H 

Bb!6pOC "nnOXI1X .. TO'leK, HaXO)!{aeHI1e C@OTBeTCTBeHHblX TO'leK Ha Kaapax H nony'leHI1e npOCTpaH-

CTBeHHblX KOOpa11IlaT TpeKa, 

JJ.ng aaHHbiX, nOCTynaiOWHX C MHKpOCKOna, npOH3BOai1TCH nepesoa 'IHCen B aBOH'IHYIO 

CHCTeMy, nepeHOC Ha'lana KOopaHHaT B COOTBeTCTBI1H C p e nepHbiMH TO'l.KaMI1, nony'leHI1e npOC 

TpaHCTBeHHhlX KOOpa11HaT TpeKa H Bhl6poc "nnOXI1X" TO'l.eK B DpOCTpaHCTBe llO rnaaKOCTI1 npOeK-

UI1H TpeKa Ha nnOCKOCTb X = 0 • 

Ha BTOpOM 9Tane o6pa60TKH HaxoaHTCH Hyn e soe np116n11)!{ e H11 e anH HMnynbCa 11 e ro Ha

np&BneHI1SI, JJ.ng 9Toro qepe3 n e pBbie 10 TO'leK npocTpaHC TB e HHotl :rpaeKT·oprm ( Hnl1 '! e pe3 see 

TO'IKH, ecn11 11X 'IHCnO MBHbllle 10) npOBOaHTCH no MeToay H811MeHblllHX KBaapaTOB BHHTOBaH 

nHHHH, np11 9TOM Maf'HHTHOe none C'!I1TaeTCH llOCTOHHHblM 11 paBHbiM llOn!O B TO'!Ke B3ai1MOaet\

CTBI1H, JJ.anee HaxoaHTCH HarrpaBnH!Olll11e KOCHHYCbl K8CaTenbHOf'O BeKTOpa K B HHTOBOH nHHHH B 

TO'lKe B 38HMOaetiC TBHH. 3aTeM no paaHyC y KpHBH3 Hhl DpOeKUHH BHHTOBOt\ ni1HHH Ha nn OC K OCTb, 

neprreHai1KynHpHyJo K seKTopy H , H 3Ha'!eHI110 MarHHTHoro nonH H HaxoaHTCH HMrrynbc. 'lac-

TI1Ubl, 

Cn e ayiOlllHH 9Tan o6pa60TKH CBOai1TCH K HaXO)!{aeHHIO ODTHManbHblX 3 Ha'leH11tl 11Mrrynbca 

H ero HanpasneHHH, J.1crronb3YH B Ka'!eCTBe H8'!anbHblX ycnOBHH anH ypasHeHHH aBH)!{eHHH 'laC -

T11Ubl KOOpanHaTbl rrepBOt\ TO'l.KI1 TpeKa, a TaK)Ke HyneBbie 3H8'!eHI1H anH 11MnynbCa H ero H8npa-

BneHI1H, rrp11 HHTerp11pOBaHI1H ypaBHeHHH n onyqaeM TpaeKTOp1110 'laCT11Uhl C HMrrynbC OM B TO'l.Ke 

B3aHMOa e liCT -~ 1151, paBHblM ero HyneBOMy 3H8'!eHI110, 

3aTeM HaxoaH TCH p8CCTOHHI1H R I OT TO'leK TpaeKTOpHii, DOI!y'leHHOH nyTeM H3MepeH11tl, 

ao TO'l e K TpHeKTOpH11 , nony'!aeMOtl npn H~TerpHpOBaHHH ypaBHeHHft, 0nTHManbHhl B 3Ha'!eHHH 11M-

rrynbCa fl ero HanpasneHHH HaXOaHTCH rryTBM MHHliMH3aUHH cpyHKUHOHana <1> = ~ , 1 

" I 

HenHHeliHOf'O ITO HCKOMhlM senH'l.HHaM, MeTOaOM ni1 HeapH3aUHH OTHOCHTenbHO HyneBOf'O rrpH6nH-

X<eH11H , npH MI1HHMH3aUI111 cpyHKUHOHana H8XOaHTCH {3 e ¢ H MaTpHua OW!160K , 

rae {3 -cK OpOCTb '!aCTI1Ubl B aonHX CKOpOCTH CBeTa, 8 -MepHai1 0H8nbHblH yron, a rfo 
a3HMyTanbHhltl yron BeKTOpa CKOpOCTfl B ccpepH'!eCKOH CHCTeMe KOOpanHaT, JJ.nH TeX Cny'!aeB, 
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KOI',ll8 "18CTHUbl OCT8HaBnHBaiOTCSI B KaMepe, B rrporpaMM 9 llp&.llyCMOTpeH pe?KHM pa60Tbl, BKni< 

"'aJOWHl!: B cpyHKUI'IOHan TaK:>Ke pa3HOCTb f - f , I',lle f - .llni'!Ha rrpo6era, rrony"'eHHaSI III 
I'! 3M, 

liHTerp!ipoaaHI'!Ii ypaBH9Hiil!:, a e - .anRHa rrpo6era !IO li3MepeHHOl!: TpaeKTOpH!i, Aanee 
H3M. 

HaXO,llSITCSI B TO"'Ke B3ai'!MO,llefiCTBI'ISI B na6opaTOpHOl!: CRCT9Me H CHCTeMe U9HTpa MaCC liMIIynbC 'Ia 

THUhl, liMIIynbC M930Ha H ero Ha!IpaaneHRe, yron Me:>K.lly TpaeKTOpliSIMii "'aCTHUbl H M93 0Ha, a TaK:>K 

owH6KH acex rronyqaeMbiX aem!"'RH. 

KpoMe BbiWerrepeqRcneHHbiX aenH"'HH .aorronHHTenbHO Bbi.Uae-rcst Ha rre"'aTb MHoro .apyro 

!iHcpOpMaUI'!Ii ( KaK--ro: rrpo6er "'aCTHUbi, KOOp.llHHaTbl nepBOfi 1'1 !IOCne.llHHX TO"' e K, a3HMy-ranbHbiH 

yron 1'1 .up. ) , rroMoraJOwel!: rrpR .aanbHettwel!: o6pa6oTKe MaTepRana. 

no OKOH"'aHHH o6pa60TKH O.llHOI'O C06biTHSI a BTOMaTI'!"'9CKH !IpOH3BOLlliTCSI rr e peXOLl ( !IOCn e 

o6HoaneHHSI rrporpaMMbi c MarHHTHoro 6apa6aHa) K o6pa6oTKe cne.ayJOwero co6biTHSI, 

AanbHel!:wee H3no:>KeHHe Ma-repHana Ha'IHeM c OIIHCaHHSI oT.aenbHbiX qac-rel!: rrporpaMMbi, 

T9M 6onee, 'ITO MHOI'He H3 HHX MOT'YT 6biTb HCIIOnb30BaHbl H B LlpyrHX 3a.lla"'aX 110 o6pa60TK9 

3KCrrepHMeHTanbHb!X .aaHHbiX, IIOnyqaeMbiX Ha pa3nH"'HbiX KaMepax, 

§ 1. Haxo:>~<.aeHHe nnocKoit KpHBOtl no .aaHHbiM aaToMaTa 

AnSI rrepBH"'HOtl o6pa6oTKH 'IHcnoaoro MaTe pH ana, rroc-ryrraJOmero c rrneHKH, nonyqeHHOl! H~ 

8BTOMaTe, c.aenaHa ClleUHanbHaSI li O.ll !IpOrpaMMa , 0Ha C'IRTaeT 'IHCnO TO'IeK B KpHBOl!, !IpH 3TOlv 

B Ka'I9CTB9 IIpH3H8K8 KOHUa HHcpOpMaUHH HCIIOnb3yJOTCSI Ll8a llOLlPSILl IIp06HTbiX Hyml, no.arrpo

rpaMMa MO:>KeT o6pa6aTbi8aTb TpeKH C nJ06biM KOnH'IeCTBOM TO'IeK, nocne liO.llC'IeTa 'IHCna TO-

' 
'19K !IpOH3BOLlHTCSI paCLUHcpp08Ka llOCTyiiH8LUel!; HHcpOpMaUHH H 3a!IHCb 'IHCen 8 HOpManbHOll cpop-

Me, 3aTeM B COOT89TCTBHH C perrepHbiMH T O'IKaMH llpOH380LlHTCSI !IOBOpOT H rr e peHOC CHCT8Mbl 

KOOp.llHHaT (rrpeo6pa308aHRe ee 8 O!ITH'IeCKYIO CHCTeMy). 8 CBSI3H C TeM, 'ITO perrepHhle TO'IKH 

MOI'YT 6b!Tb 3a,llaHbl IIpOH380nbHbiM o6pa30M, 8 !IpOrpaMMe rrpe.ayCMOTpeHa o6pa60TKa .aaHHbiX 

.llnSI cne.ayJOLUHX KOM6RHaURH pacrrono:>K e HHSI p e rrepHbiX T0'18K s,(x,. r, S2(x2,y2) 

TO"'K8 S (X , y ) BC8I'Lla H,ll9T nepaol!:, OH8 .aaeT HOBOe HB"'ano CHCT9Mbl KOOp.llHHaT, 
1 1 1 . 

v' 
y' 

J, 

x ' -r--" I •. 

I l .. 

J. .. + ' x' 

J, 

w w 

p H C. 1, 
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¢opMyn·aMR 1 flO KOTOpb!M npOR3BOLlRTCSI npeo6pa30BaHRe CRCTeMbl KOOp.Ll11HaT 1 .LlnS! pa3-

Hb!X cnyqaea 6y LlyT: 

1. x' 

y 0 = (X - X I ) sin cP + ( y - y I) COS cP • 

2. X 
0 = (X - X ) sin cP + ( Y - y ) COS cP 1 

I I 

y 0 
= - (X - X I) COS cP + ( y - y I) sin cP • 

3. x' - (X - X ) COS cP + ( y - y ) sin cP 1 

I I 

y' ( x - x ) sin cf> - ( y - y ) cos ¢ . 
I 1 

4. X 
0 = - (X - X ) sin cP - ( y - Y ) COS cP 1 

I I 

Y 0 = (X - X I ) COS cP - ( y - y I) sin cP 1 

r.Lle 

sin¢ Ji x 2- xI) 2 + ( y 2 - YI) 2 

y - y 
cos ¢ = Ji --.---'2 

x2- xi) 2 + (y2- Yz) 
np~r peweHRR .LlaHHOJt 3a.Lla'IR BCTpe'laJOTCSI cnyqal{ 2 I{ 4, 

Ha aaToMaTe B O.LlHOlt gqeJtKe npo6~raaJOTCH KOOp.LlRHaTw R x 1 R y Pa3pH.Llhi 1-18 

OTBOLlS!TCSI .LlnSI KOOp.LlRHaTbl X 1 a pa3 pH.Llhi 21-38- .LlnH KOOp.LlHHaThi y • nosTOMY .LlnSI 3a-

f!RCR 'lRCna B HOpManbHOJt cpOpMe Cne.LlyeT Bhi.LlenRTb RHcp0pMaURI0 1 npOR3BeCTR He06XOLlRMbie 

/1/ 
CLlBRrR R npRcpOpM!ipOBaTb COOTBeTCTBYIOI.l.ll{e nOpS!LlKR ( CM, ) , 

.[lnH LlaHHOJt fiO.LlilpOrpaMMbl RHcpOpMaUiiSI 3a.LlaeTCSI B TaKOM nopS!.LlKe: CHa'lana np06RBaJOT

CSI 2 penep!ible TO'IKR 1 .Llanee RLlYT KOOp.LlRHaTbl npoeKUiilt TpeKa I{ B Ka'leCTBe npR3HaKa KOHU8 

RHcpOpMaUiili Tip06RB810TCSI LlB8 HynH, 

§ 2. HaXO)K.LleH~re npocTpaHCTBeHHOlt TpaeKTOpRR no necOOTBeTCTBeHHhlM 

- nnH BOCCT8HOBneHRSI npOCTp8HCTBeHHOJt TpaeKTOpRR flO KOOp.LlRHaT8M I{ 'lRCny HeCOOTBeT

CTBeHHh!X TO'leK H8 npaBOM I{ neBOM K8.Llp8X 1 nonyqaeMbiX nporpaMMOit 1 OTIHCaHHOJt B § 1, C.Lle

naHa He6onbWaSI cTaH.LlapTHaSI nporpaMMa B crrcTeMe YIC.-2. B Ka'leCTBe RHcpopMaUR ii B o6pa-

meHRR K STOlt nporpaMMe yKa3h!BaJOTCSI a.Llpeca SI'leeK .LlnSI TO'leK neBOrO Ka.Llpa XJI Y Jl 

npaaoro Ka.Llpa x n Yn , '!Rena TO'leK .LlnH neaoro R npaaoro Ka.Llp8 1 a TaK:>Ke a.Llpeca 

gqeeK .LlnH 6a3hi coeMKR B R paccTOHHHH V OT 3a.LlHero cpoKyca o6oeKTRBa Ll O R306pa)Ke-

HilS! ( nneHKR), nporpaMMa .LlnSI K8)K.LlOit TO'IKR neaoro Ka.Llpa J( J1 Y Jl npR TIOMO!.UR nporpaM-

Mhl napa6onR'leCKOtl I'!HTepnonHURR HaXOLlliT COOTBeTCTBeHHbie TO'IKR Ha npaBOM Ka,Llpe 

xn=l(yJI) 

pa B~rnbCOHa): 

, .[lanee Bhl'lRCnSIJOTCSI npoCTpaHCTBeHHb!e KOOp.LlliHaTbl ITO cpO pMynaM (KaMe-

5 



X = B 
XJI 

XJI -X n 

y = d 

XJI - xn 
YJI 

( 1 ) 

Bv z = 
XJI - X 11 

X Jl YJI x n 'Yn 38.ll8Hbl B OnTif'leCKOl\ CHCTeMe KOOp.llHH8T, 4HCn O TO'IeK B npOCTp8HCT-

Be nonyqaeTCSI paBHbiM 'IHCny T O'IeK H8 neBOM Ka.ape. 

§ 3. Haxo)!{.aeHHe npoCTP8HCTBeuuol\ TpaeKTOpHH no .aaHHbiM 

MHKpOCKOUHhlX H3MepeHHl\ 

(cOOTBeTCTBeHHhle TO'IKH ) 

.[lnSI H8XO)!{LieHHSI UpOCTp8HCTBeHHbiX KOOp.llHH8T no .ll8HHblM MHKpOCKOUHbiX H3MepeHHl\ 

T8 K)!{e COCTaBneHa CT8HLI8pTH8SI nporp8MM8 B J.1C-2. 8 K8'1eCTBe HCXOLIHOI\ HHcp0pM8UHH .anSI 

Hee yK83biB8eTCSI a.apec Sl'lel\KH 1 H8'1HH8SI C KOTOpOl\ f!OMeLU 8IOTCSI penepHbie TO'IKH H KOOp.llHH8Tbl 

npaaoro H neeoro Ka.apoB. YKa3biBaeTCSI Sl'lel\Ka .anSI 6a3bi B H paccTOSIHHSI V OT 38LIHero 

cpOKyca 06b8KTHB8 LlO H306pa)!{eHHSI ( nneHKH). 4Hcno TO'I e K He yK83b!B8eTCSI H MO)!(eT 6b!Tb 

x/ 
ni06biM , npH3H8KOM KOHU8 HHcp0pM8UHH SIBn5!IOTC5! LIB e p5!LIOM CT05!IUHe uyneBbie Sl'lel\KH. Ec-

nH B cepeLIHH8 HHcp0pM8UHH BCTpeqaeTC5! OLIHH Hynb, TO OH Bbi6paCb!B8eTC5!, 

nporpaMMa npe .aeapHTenbHO npoH3BOLIHT no.ac'leT 'IHcna TO'IeK, 3aTeM nocne n e p e Hoca 

xx/ 
H8'1ana KOOp.llHH8T B COOTBeTCTBHH C penepHblMH TO'IK8MH no cpOpMynaM ( 1 ) nonyqaeT npo-

CTp8HCTBeHHble KOOpLIHH8Tbl, 

§ 4. 8br6poc nnnoxHx* TO'IeK (crna)!{HB8HHe KpHBbiX 

8 K8'18CTBe OCHOBbl .anSI nporpaMMbl Bb!6poca B35!T8 CT8H.ll8pTH85! nporp8MM8 1 H8ITHC8HH8SI 

Ill 
B J.1C-2 ( CM. ) LWSI Bbi6poca TO'IeK no KpHBOl\ 'leTBepToro nop5!LIK8, 3Ta nporpaMM8 qepe3 

TO'IKH B nnOCKOCTH 1 no.ane)!{8IUHe Crn8)!{HB8H'i.IO, rrpOBO.llHT ITO Me TOLlY H8HMeH blllHX KB8.llp8TOB 

KpHByiO 'leTBepTOrO UOpSILIK8 1 H TO'IKH, .aaneKO OTCT05!IUHe OT 9TOI\ KpHBOl\, nocneLIOB8TenbHO 

Bb!6p8C b! B8IOTC5!, 8 H8IUeM cnyqae 06pa60TKH TpeKOB Ll!HI Me.aneHHi.IX '18CTHU 1 KOTOpbre MOryT 

H OCT8H8BnHB8TbC5! B KaMepe, Lin5! Of!HC8HH5! TpaeKTOpHH HHor.aa He06XO.llHMO 6p8Tb LIO 40 To

'18K, 0nHC8Tb KpHBOl\ 'leTBepTOrO riOpSI.llK8 38Kpy'!HB810 U.l yiOC5! C riHpanb, npOXO.ll5llllYIO ITO 9THM 

TO'IK8M 1 He BCer.aa B03MO)!{HO H IT09TOMY .lln5! Bb!6poca "nnOXHX" TO'!eK B H8 lll8M cny'lae DpH-

xxx/ 
illnOCb c.aenaTb LlOITOnHHTenbHO K cywecTBYIOIUel\ Cn ewe OLIHY npo rp8MMY B CHCTeMe 

J.1C-2. 

xl O.aHaKo a Hawea 3a.aa'le 'IHCno To'leK He MO)!{eT 6brTb 6onbwe copoKa . 

XX/ .[lnSI cny'laSI MHKpOCKOnHbiX H3MepeHHl\ penepHb!e TO'IKH .ll810T TOnbKO HOB Oe H8'18nO 

CHCTeMbl KOOp.llHH8T 1 •T8K K8K nOBOpOT c.aenaH npH Bb!CT8BneHHH K8.llp0B H8 MHKpOCKOne . 

xxx/ 3.aecb H B .aanbHel\weM TaK o6o3Ha'leHa cTau.aapTH85! nporpaMMa. 
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x/ 
3Ta nporp8MM8 p8CCM8TpHB8eT BCIO KpHBYIO B BHae OTaenbHb!X 0Tpe3KOB 1 XOpOWO OnH-

Cb!B8eMb!X KpHsolt 'leTsepToro nopHaKa ( 6panHcb oTpeaKH no 15 TO'IeK). EcnH TO'IeK a nocnea

HeM OTpeaKe OCT8B8nOCb MeHbWe 15, TO OH aononHHnCSI ao 15 38 C'leT TO'IeK npeabrayWHX 

0Tpe3KOB, EcnH )Ke TO'IeK OK83biB8nOCb B006We MeHbWe 15, TO 6panHCb BCe TO'IKH KpHBOlt, 

Ill 
nocne BbraeneHHH H3 TpeKa nepsbrx 15 TO'IeK nporpaMMa npH noMOWH nporpaMMbi Bbr6poca 

npOH3BOaHT Bb!6poc .,nnOXHX., TO'IeK B 3To.A rpynne TO'IeK, 3aTeM BbraenSieTCSI cne ay!OW8SI 

rpynna TO'IeK H CHOB8 npOH3BOaHTCSI Bbi6poc B BbraeneHHOlt rpynne H T,a, 

8bi6pOC TO'IeK nporp8MMOlt npOH3BOaHTCSI no HHcpOpM8UHH 0 MeCTe H8XO)KaeHHSI KOOp:LIH-

H8T X y H Z 1 Sl'leltKH anSI 'IHCna TO'IeK 6e3 eaHHHUbl H Sl'leltKH anSI senH'IHHbl aonyc-

THMOlt aHcnepCHH anSI OTKnOHeHHSI, 

B peaynhTaTe pa6oTbi -Cn no rnaaKoCTH KpHsolt a npoeKUHH Ha nnocKoCTh x = 0 npoHa-

BOaHTCSI Bb!6poc TO'IeK B npOCTpaHCTBe, Crna)KeHH8SI KpHB8SI noMewaeTCSI H8 npe)KHeM MeCTe, 

'IHcno TO'IeK nocne Bbr6poca yK83bisaeTCSI a apyrolt Sl'leli:Ke, EcnH Bbr6poc npoHaaoaHTCSI anSI 

nnOCKOlt KpHBOlt, TO B K8'1eCTBe Z aon)!{Hb! YK83b!B8TbCSI nl06bie CB060aHbie SlqeltKH, 

CKOpOCTH '18CTHUbl 

JlnSI H8XO)KaeHHSI Hynesoro npH6nH)KeHHSI BHa'lane Hcnonb3oaanacb V -aSI nporpaMMa 

Ill 
H3 , KOTopaSI nposoaHna qepea TO'IKH napa6ony, a aaTeM no napaMeTpaM napa6onbr HaxoaH-

na p8D.HYC KpHBH3Hbl TpeK8, 00CKOnhKy napa6ona XOpOWO OnHCbiB8eT TOnbKO BbiCOKO 3HepreTH'I

Hble '18CTHUbi, Mbi nonyqanH cpasHHTenhHO nnoxoe Hynesoe npH6nH)KeHHe, B aanbHeltweM 6brna 

caen8H8 cneUH8nbH8SI CT8HaapTH8SI nporp8MM8 1 KOTOp8S1 qe~e3 TO'IKH npOCTp8HCTB8 npoaoaHT 

BHHTOByiO nHHHIO, OporpaMMOlt nony'ISIOTCSI paaHyC KpHBH3Hbl H HanpasnSIIOWHe KOCHHyCbl K8-

C8TenbHOlt K BHHTOBOlt nHHHH B TO 'IKe B38HMOaeltC TBHSI ( nepB8SI TO'IK8), C'iHT810TCSI T8K)Ke 

KOppenSIUHOHH8SI M8TpHU8 anSI BbiaasaeMbiX senH'IHH H npoeKUHSI nepsolt TO'IKH H8 BHHTOBYIO nH

HHIO, 0aH8KO anSI C'I8T8 no aaHHOlt nporp8MMe ao H8CTOS!Wero speMeHH 3TH senH'IHHbl He HC-

nonb3osanHCh, 

OpHs e aeM nocneaosaTenbHOCTh onepauHlt, BbrnonHSieMbiX cTaHaapTHolt nporpaMMOlt, H cpop

Mynbi anSI 3THX onepauHlt. 

11 Pa6oTa en H8'1HH8eTCSI c nosopoTa CHCTeMbl KOOpaHH8T, npoH3BOaHTCSI nepexoa H3 

OnTH'IeCKOlt CHCTeMbl KOOpaHH8T B CHCTeMy KOOpaHH8T C OCbiO Z 

MY BeKTOpy M8I"HHTHOI"O nonS! H lH 
" 

x' 
H H 

X Ill 
H H 

X + )' • 

/HI Iii'+ H 2 
X )' 

- . 2 T 
I H ! JH +H 

X )' 

y. H 
X + H,. 

y 
JH 2 + H 2 

X )' 

z ~X 
! R! 

+ -!!x-r+~z 
/ H ( ! fi ! 

7 

, napannenhHOlt aaaasaeMo-

z 
!fi! 

(2) 



2/ npoaeneaHe OKPY)!{HOCTH qepe3 npoeKUHIO TpeKa aa llJlOCKOCTb z = 0 

CHaqana qepe3 npoeKUHIO TpeKa aa nnocKOCTb no MeTony aaHMeHbWHx KBanpaTOB nposo-

IlHTC51 np51M851 JlHHH51 

y'=cx'+D. (3) 

3aTeM npOH3BOilHTC51 npeo6pa30BaHHe CHCTeMbl KOOpllHH8T B llJlOCKOCTi! Z = 0 TaK, 'IT06bl OCb 

X HOBOll: CHCTeMbl KOOpllHHaT ( 0603Ha'IHM ee ( X X) ) 6b!Jla HanpaaneHa BllOJlb llp51MOll: (3 ): 
B 

n n 

X" = X + cy - J ( C l y + l X ), 
J 1 + c 2 J 1 + c 2 n v' 1+c2 1=1 I I=J I 

I"Il 

y" = ex t: + D 
J 1 + c 1 - v' 1 + c i· . (4 ) J J + c 2 

4T06bl H36e)!{aT.b p erueHH51 HeJlHHeli:HOll: 3a!la'IH npH npOBe!leHHH OKpy)!{HOCTH qepe3 TO'IKH Kc 
npoeKUHH TpeKa, npHMeH51eTC51 HTepaUHOHHbl.lt MeTOil, OCHOBaHHblll: Ha npoBe!leHHH CHaqaJla napa- 6pl 

6onbi, a 3aTeM aaxO)!{JleHHH nonpaBKH K napa6one, 

nycTb naaa OKPY)!{HOCTb 
(x-x )2+ (y -y )2= R2, 

c c 
x/ 

nocne TO)KJleCTBeHHb!X npeo6pa30BaHH.lt MO)!{HO 3anHCaTb 

2 
y = __ x 2 - x ~ + x;+r;-R 2 

. +_I_ 
HJlH 

rae 

2y c y c 2yc 

y = ax 2 + {3x + y 

a -
2yc 

{3 =- ~ 
Yc 

X~+ y2- R2 y = e c _ 

+ ay 2 

YfTepaUHOHHbl.lt npouecc CTpOHM 
2y c 

aanee no cxeMe 

2 {3 2 y=a 1 x + 1 x +y1 + a
1

_
1

y 

2y c 

(5) 

(6) 

B Ka'IeCTBe ao 6epeM HYJlb 1 T,e, CHaqana no MeTOily HaHMeHbillHX KBa,llpaTOB npOBOilHM 

napa6ony, a 3aTeM nocnenoaaTeJlbHO BHOCHM nonpaBKH no cpopMyne ( 6), Ka)!{,llbi.lt pa3 pewa51 

TOJlbKO JlHHe.ltHyiO 3a,llaqy no HaXO)!{,lleHHIO a {3 y no MeTO.lly HaHMeHbWHX KBaapaTOB. 

8 KOHUe HTep8UHOHHOI"O npouecca ( ,llenaeTC51 4 HTep8UHH) Mbl HMeeM 

KOppeJl51UHOHHYIO MaTpHuy. 

HaxonHM nanee 
Yc J 
~ 

X c =- {3 _ J_ ' 
2 a 

R = V- x._ + _ J- + L 
a 4 a 2 4 a' 

QqeaH.llHO, cxonHMOCTb 6yneT oco6eaao xopowell:, Korna a y 2 << y 

a ' {3 ' y H HX 

( 7) 

• He .llOKa3biBa51 

CXO.llHMOCTH, CKa)!{eM 
1 

'ITO OHa 6y neT xopowell: H .llJl51 O,llHOll: <ieTBepTH OKpy)!{HOCTH ( npOBepeHO 

3KCnepHMeHTaJlbHO), 

x/ npeanonaraeTC51 llOKa TOJlbKO, 'ITO Y I f, 0 

8 

MH 

URI 

Ke 

l",lll 

a 

eTC 

npe 

MOl 

.llH' 

Bb!l 

JlHC 

a ~ 

UHf. 

ue 

3aE 



ao-

3) 

C b 

(3 ): 

4) 

IKH 

1a pa-

i) 

M 

S! 

lTOB , 

9HO 

3/ .Llanee, HCXO.OSI H3 cPOpMyn .OnSI BHHTOBOll nHHHH, 

X ". .. X c + R c:os ¢ 
(8) 

y" y c + R sin¢ · 

B nn~cxocTH z npOBO.OHM no MeTO.Oy H8HMeHbWHX KB8.0p8TOB npSIMYIO Z 
11 

• Z + A cp , 
0 

r.oe yron ~ .OnSI K8>K.OOll TO'IKH H8XO.OHTCSI no cPOpMyne 

( 9) 
y" - y 

J.. • Arc: sin .L. " 
'II' - ' • 1 

.j(y"-yf'+(x"-xJ 
I c I c 

KoppensruHOHHYIO MaTpHuy .onsr >. H .z 0 H&XO.OHM, xax o6bi'IHO, '!epe3 o<SpaTHYIO MaTpHuy anre-

6p8H'I9CKOll CHCT9Mbl .OnSI H8XO>K.09HHSI A H Z O 0 a T8K>K9 '19p93 3H8'1eHH9 cPYHKUHOHana B 

MHHHMyMe. npH H8XO:lK.08HHH A H z
0 

Mbl C'IHT89M 1 'ITO HCK0Mbl9 aenH'IHHbl He HM910T KOppenH

UHH c R 

HaxO.OHM HanpaanRIOWHe KOCHHyCbl KaCaTenbHOrO B9KTOpa K BHHTOBOll nHHHH B nepsoA TO'I-

xe 

'i" = I cos a 
1 

, c:os a 
2 

, c:os a$ I , 
( 10) 

r.oe 
R 

COS tj, I c:os a = 
I JR'+ >.' 

cos a - R sin ¢ 
1

, 
2 JR'+ >." 

( 11) 

a ¢
1

, .oaeTCSI ¢opMynoA (9), BexTop r , onpe.oenHeMblll ¢opMynaMH (tO) H (11), nonyqa

e TCSI B CHCTeMe KOOp.OHH8T ( X X ) , .LlnH nepexo.oa K OUTH'I e CKOft CHCTeMe KOOp.OHH8T .oenaiOTCSI 

npeot5poooaaHHSI, ot5paTHbie K ( 4), a 3aTeM K (2). 

B uenHx ynpoweHHSI nporpaMMbi see npeo6pa3osaHHSI cHcTeM xoop.oHHaT c.oenaHbl npa no

MOWH en YMHO>KeHHSI MaTpHUbl Ha B9KTOp H en o6opa'IHBaHHSI MaTpHU, 

e'leT xoppenHUHOHHOll MaTpHUbl .onH c:os a 
1 

, cos a 
2 

cos a$ R Tax>Ke npoH3BO-

.OHTCSI npH UOMOWH en, OUHC8HHOll B cne.Oy10 W 9M naparpactJe, npH 9TOM ctJopMynbl, Bblp8>K810WH9 

Bbi.OasaeMble aenH'I{HHbl qepe3 HCXO.OHbie cny'laliHbie senH'I{HHbl a , {3 , y 0 A o SIBHO He Bb!UHCbiBa

nHCb0 a 6blna 3a.oaHa nocne.ooaaTenbHOCTb HX Bbi'!HcneHHSI: C'leT no ¢opMynaM ( 7), ( 9), ( 1 t), 

a 3aTeM npeo6pa30BaHHSI 1 Ot5paTHbl9 K (4) H (2), 

6 6. e'!eT MaTpHUbl owH6ox AnSI CKCT9MbJ • m • sbyHKUK8. 

38BHCSIWHX OT " n 

B uenS!x ynpoweHHS! ¢opMyn H nporpaMMbl .onS! cqeTa owa6ox H xoppenHunA M e >K.oy ¢yax

UHS!MII 6bin8 c.oenaHa CU9UH8nbHaSI CTaH.OapTHaSI nporpaMM8, 3T8 nporp8MM8 no HCX O.OHOll M8TpH-

U9 owH6ox I I u ,e I I .onH sxo.oHWHx cny'!aliHbiX aenaqaH H no ¢opMynaM .onSI " m " cPYHKUHA, 

3aBHCSIWHX OT 9THX cnyq&ftHbiX aenH'I{HH, 8 T8K>K9 no 3H8'1{9HHSIM npHp8LU9HHll .OnSI C'I{9T8 'IHCneH-

9 



H.h!M CDOC060M npOH3:B0.0HioiX OT cpyHKUHA, Bhi,08eT KOppem!UHOHHyiO M8TpHUlf H OT.aenbHO 3H8'!e

HHSI cpyHKUKA H HX .aKcnepcRA s yKaaaHHhiX MecTax. C'!eT se.aeTCH no cpopMyne ( CM., Hanpw

/2/ 
Mep 

1
) 

i: ~ 
1e a o, 6. fl 6. f k .!....!....!__ ale 

aoe 
J ~ lc ~ m 

a11 
t.{aCTHbie DpOH3B0.0Hbie 

a a I 
pHU.!l .anH cny'laiHblX BenH'IHH 

C'IHT8IOTCSI 'IHCneHH0 1 I I a J e I I- HCXO.OH8SI KOppenHUHOHH8SI MaT-

a I • a 2 • 0 n • , /). f 1 /). f k - aneMeHT KOppenHUHOH -

Hoit M8TpHUbl ,ami cpyHKUHA I (a , o , 
I I 2 

..... , an ) . 

§ 7. Haxo:>K.aeHHe cbYHKUUOHana .anSI paccTOHHHH Me:>KAY llBYMH 

CHCTeM8M!i TO'!eK 

nyCTb Jl8Hbl ,llBe CHCTeMbl TO'!e K M 11 M 
I n 

J ~ i ~ I , J ~ n ~ N . Onpe,genHM 

cpyHKUHOH.!ln JlliSI p8CCTOSIHHSI Me:>K,gy 3THMH CI1 C T e M8MH TO'!eK cne,gyiOlllHM 00p830M 
I . 

<I> "" l: R 2 

r.ae Rl - paCCTOSIHHe OT TO'IKH 

/1, 

"!· 

I== I I 

M I ' nepsoA CHCTeMbl JlO TO'IeK BTOpOA CKCTeMbl. 

"H. 

II; .· 

tf • . 

II, 
II .. . 

p H C . 2. 

/1, 

PaccTOHHHe R 
1 

HaXOJlHTCH cne,gyiOlllHM o6pa30M. CHa'!ana . cpe,gH BTopoA CHCTeMbi TO'!eK Ha-

XOJlHTCSI TO'IK8 M n 6nH:>K8ltlll8SI K TO'!Ke Ml • 3aTeM 6epyTCH TO'IKH M , 
n-·I Mn +I 

HliH, ecnH TO'!Ka Mn ne:>KHT H8 KOHUe KpHBOit, 6epyTCSf COOTBeTCTBeHHO TO'IKK M • M" 2 .. .. 
nH6o M N _I , M N _ 

2 

"' .. "' x/ 
t.{epe3 TO'IKH Mn-I, M n , Mn+I npOBOJlKTCSI ITliOCKOCTb: 

(ii ., J 0, (12) 

r,ge r == I x- x , y -y , :z- :z I n-I n-I n- ·I 
TeKylUHit BeKTOp, n - e ,llHHH'IHb!lt BeKTOp, Hop-

ManbHhllt K nnOCKOCTH ( 12) H p8BHbiA 

r,ge 

r 
I 

I X -X 
n n-1 

n "' 
[r. r

2
] 

r r sin a 
I 2 

Yn -yn-I' :zn -:zn-I I' 

r =lx -x y -y :z -:z I 
2 n+i n-I' n+I n-I' n+I n-I • 

a - yron Me:>K ,gy r I H '2 

( 13) 

x/ B ,ganbHeltweM 3HaK 'THnb,ga• Ha,g 6yKBOit M" 6y,geM orrycKaTb, T8K K8K rrp11 pac

CMOTpeHHH 6y,geT SICHO, 0 K8KOA CKCTeMe TO'!eK H,lleT pe'!b, 

10 
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3Ha'le-

a pi!-

SIUIIOH -

~K Ha-

+J 
M 

3 

( 12) 

Hop-

(13) 

pac-

F' 
J 

- BeKTOpHoe np0113BeaeHIIe BeKTOpOB ' a ( ii' r ) - COOTBeTCTBeHHO 

CKanSipHOe np0113BeaeHIIe BeKTOpoa n II r 

MtN }/,.,., 
p II C. 3. 

PaccTOSIHIIe R 1 onpeaenSieM aanee KaK paccTOSIHIIe oT TO'IKH M1 ao napaoom,~, nposeaeH-

HOlt B nnOCKOCTII (12) qepe3 TO'IKII Mn-J Mn , Mn+J 

R,=Jh 2 +s\ ( 14) 

rae h - paccTOSIHHe OT TO'IKH M
1 

ao nnocKOCTH ( 12) 

h = (n r, J , ( 15) 

r
1 

=I x 1 - x 11 _ 1 , y1 -Yn- 1 , z 1 - zn-J 

s - paccTOSIHIIe oT npoeKUHII TO'IKII M 
1 

Ha nnocKOCTb ( 12) ao napaoonbi, npoxoaSiweA qe

pe3 TO'lKII M n _ 1 , .\t n , M n + 1 • 

AnSI Toro, 'ITOobi ynpocTHTb ¢opMyny, Bbxpa:>KSIOWYIO s , npeasapiiTenbHO obm caenaH 

nepexoa K CIICTeMe KOOpaHHaT C H8'lanOM B TO'IKe 

C OCbiO Z , napannenbHOlt BeKTOpy jj 1 II OCbiO 

<PopMynbi npeo6pa30B8HIISI 

z' ;;;=(n p), 

x' 
(r2 p) 

'2 
y' ([n r2J p 

'2 

rae p 

x , Haywea saonb , 
2 

(16) 

8 9TOlt CIICTeMe KOOpJ:l11H8T paCCTOSIHI!e S onpeaenHM K8 K p8CCTOSIHI!e Me :>Kay npoeKUIIelt Toq-

Kll M; 11 napa6onolt, npoxoaSIWelt 'lepe3 TO'IKII M n-J , M n 

HOlt OCII y' , T.e. 

$ y' 
n 

(x'1 -x~. 1)(x'1 -x'n+t) 
( x' - x' )( x' - x' I 

n n-1 n n1-1 

M n+ 1 , no npSIMOlt-, napannenb-

- r', . ( 17) 

<PopMymx ( 14), ( 15), ( 17) anSI paccTOSIHIISI Me :>Kay TO'IKOlt M; 11 napa6ono lt B nnocKOCTII 

xopowo pa6oTaiOT TOnbKO Toraa, Koraa CIICTeMbi TO'IeK ne:>KaT 6n113KO apyr K apyry. B Ha'lanb· 

Hbilt :>Ke n ep11oa npouecca, Koraa CIICTeMbi TO'IeK MoryT ObiTb pacnono:>KeHbi aaneKo apyr oT 

apyra, onpeaeneHIIe paccTOSIHIISI s no ( 17) MO:>KeT oKa3aTbCSI 38BbirneHHbiM. AnSI 11cnpasneHHS1 

aToro HeaocTaTKa anSI ¢opMynbi ( 14) 6epeTCSI He s , a MeHbrnee 113 s 11 , f,n • rae , l,n 

-paCCTOSIHIIe Me:>Kay TO'lKaMII 

11 



B COOTBeTC TBHH C BbiWeHanHCaHHbiM c.aenaHa CT8 H.UapTHaH nporpaMMa B CHCTe Me 

VJC-2 , KO T OpaH n o HH cpOp M aUHH 0 M e CTe HaXO)I{ .UeHHH CHCT9M TO'IeK H 'IHCna TO'Ie K B HHX Bbl

.aae T K8K 3H 8'1 e H He cpyHK UHOHana 2 
~-I R; I 

TaK H paCCTOHHHH R I OT Ka)I{.UOlt M, nepBOlt CHCTe Mbl TO'IeK .UO TO'IeK BTOpolt CHCTeMbl, 

§ 8. _MarHHTHOe n o ne 

MarHH THOe none KaM e pbl, B KOTOpOlt npOH3BO.UHnHCb CHHMKH TpeKOB 1 6binO OC9CHMM9TpH'I-

Hbl M OTHOC HT e nbHO OCH Z 

R'-IH.lz~p); HP(z~p); o I. 
noaTOMy .UnH e ro OnHCaHHH 6binO .UOCTaTO'IHO .aaTb 3H8'1eHHe nong B nnOCKOCTH y • 0 . 5blna 

H3 M e p e Ha T OnbKO Hz - KO M noHeHTa MarHHTHoro nonH c TO'IHOCTb~ .ao + 15 apcTe.a. BTopaH 

He Hyne BaH KOMnOH 9 HTa M a r"HHTHOI"O nonH HaXO.UHnaCb H3 ypaBH9JlHH Jiv ii • 0 H 3Ha'I9HHH 

nons:~ H z B nnocKOCTH y .. 0 . 

Jiv H a H.+ 
az 

a ( P HP J 
P a P 

- 0 . 

VIHTe rpHpyH ( 18) no p , nonyqaeM .anH 3Ha'leHHH pa.aHanbHOlt KOMnoHeHTbi nonH 

z 
H (Z,p ) ... _J_ ( aH.(z'~_e'_)_ p' Jp'. 

p p 0 a z' 

( 18) 

aH 
VIa ypasHeHHH (18) H orpaHH'IeHHOCTH ~ cne .ayeT, 'ITO nocTOHHHaH HHTerpHposaHHH ypaa

az 
HeHHH (18) paBHa Hyn~. 

lleltcTBHTenbHO, npe.anono)I{HM, 'ITO HP ( zl 0 )~O.Tor.aa pa3nO)I{9HHe 

HMe Tb BH.U 

H 
p 

"" I 
1<='0 

' a
1

(z)p, 

r.ae a o=/0 , no.ac T aBn HH (19) B ( 18 ) , 6 y.ae M HMeTb 

"" I a' I 
I oo 

( z) p + 1/p I 
I= 0 

( i + J ) a 1 (z) p 1 
• 0 

1= 0 

H P ( :1 1 p) 6y.aeT 

(19) 

Yc TpeMnHH p K Hyn~ . nony'IHM J/ p ao (z)., 0 , 'ITO npOTHB Ope'IHT npe.anono)l{ eHH~ 0 

H e p aBeHC T Be H ( Z1 0 ) Hyn~. 
p ' 

n e pB OH8'18nbHO o6pa6 0 TK8 Benacb npH nOMOWH nporp8MM HHTepnonHUHH no H 
z H H 

P' 
38AI'I549MbiX B BHAe ~BY"MepHt;Jit Tal5nHUbl, a aaTeM .anH ycKopeHHH C'leTa M8I"HHTHOe none 6blnO 

npe .UCT81'1neH O B !3Ht:l,e ,l'U~Olt !i bl" pR ,I;l OB 11 0 llOnHHOMtlM ne>t<aHapa; 

l'flC• 

H • ( zl p ) .. I. all, P, ( - _tz ~ z" - z " ) ~ ( 

H ( zl P ) p 

'·" z,.- z" 

I R p ( 2 Z - z,. - Z n ) p ( 
'1k I -- It 

l ,k Z k - Zn 

12 

~"), 
P,. 

2p - Pk ) I 

P, 

"•c 

.a a 

K OJ 

I".lJ 

I"L 

3! 



HHSI 

aeT 

) 0 

H p I 

6blno 

2 P' - P1r ) -dp'dz' 
p_lc 

Heo6xoaHMO OTMeTHTb, 'ITO nporpaMMa o6pa60TKH aaHHblX pa60T8eT He38BHCHMO OT BH-

aa aaaaHHSI nonH, T8K K8K OHa HanHC8H8 B pac'leTe H8 npOH3BOnbHOe M8I"HHTHOe none CO BCeMH 

KOMITOHeHT8MH: 

H I H
2 

( z, p , ¢ ) HP ( z, p, ¢) H ¢ ( z, p, ¢ ) I . 

§ 9. YpaaHeHHH aBHmeHHH qacTHUhi B MarHHTHOM none 

.LlaHmeHHe qacTHUhi B MarHHTHOM none onHCbiBa eTCH ypasHeHHeM H biOTOHa 

( m r)' = -7-- [ r H ] + FTI> , (20) 

e 
rae --

c 
[r H] - CHna nopeHua, /3/ 

- CHna TOpMomeHHH, Oni!C biBaeMaH cpOpMynolt 

~p 
dP 
dt 

rae anH KaMepbi BHnbCOHa, coaepmamelt TOnbKO oaHH sneMeHT, 

B =4N(_!_ )rrr;m.c 2 p 
A 

3aecb 

2 m 0 c 
2 

/(z) 

N ~ 6,02472 • 10
23

(r.Monb)-
1 - 'IHcno Asoraapo, 

m.c'=- 0,51098 Mss- 3HeprHH noKOH sneKTpoHa, 
-13 

r • u 2,817 8 • 10 -KnacCH'IeCKHlt paaHyc sneKTpoHa, 

l(z) - noTeHuHan HOHHaauHH anH raaa, HanonHHIOll.lero KaMepy, 

P - nnOTHOCTb 3TOI"O raaa, 

( 21) 

( !J-
A OTHOWeHHe aapHaa Hapa anH raaa, HanonHIOll.le ro KaMepy, K e r o aToM-

HOMY secy, 

f3 = ~- OTHOCI!TenbH8SI CKOpOCTb, c 
Z - 38pHa aBHmymeltCH '18CTI!Ubl. 
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.[lm1 uccne.ayeMoro cny'!aSI, Kor.aa B K8Mepe co.aep)!(anacb cMecb Tpex ra3oB: Bo.aopo.aa, Kuc-

nopo.aa H yrnepo.aa 

B=4N 11 r 2 m c 2
( -LR - p +_L_ p 

e e AH H Ao o 
z c p +-A:" c 

z"" en 2m.c\ ~p en 2m. c
2 

+ z c p en2 m. c 
2 

_2n H --r;-- A 0 0 -----rG Ac - ~- l 0 
g 

P + Zc 
0 A Po 

c 

Za _lutp+ A 
An H 0 

<PopMyna (21) nepecTaeT rtp8BHJlbHO OriHCbiB8Tb CHJly TOpMO)!(eHHSI rtpH M8JlbiX/3( /3 .. ij..O,OJ), 
131 

K -aneKTpOHOB · , 
Kor.aa CKOpOCTb H8neT810WeA '!8CTHUbl .aenaeTCSI COH3MepHMOA CO CKOpOCTbiO 

17!: IJ = "' 0,0067 rtpH g = JO CHJ18 TOpMO)!(eHHSI riO cpOpMyne (21) 
"" 1 _ e·ll 

o6pawaeTcSI B 
.[lnSI 

Hynb
1 

a .anSI ewe MeHbWHX f3 OHB CT8HOBHTCSI riOnO)!(HTenbHOA. 

O.aHaKo nocKOJlbKY npo6e r '!8CTHUhi .anSI /3 = f3 o'!eHI;> Man ( MeHbWe 1 MM), npH .aocTH)!(eHHH 

CKOpOCTH f3=f3 C'IHT8J10Cb, 'ITO '!8CTHU8 y)!(e OCT8HOBHJ18Cb, npe.anonaranOCb, 'ITO riOTeR-

UH8n HOHH38UHH He 38BHCHT OT CKOpOCTH H8JleT810WeA '!8CTHUbl H .anSI HHX 6p8JlHCb cne.ayiOWHe 

3H8'!e HHSI 
IH= 12,5 , 10=12,5.8 lc=l2,5.~ 

Y'IHTbiB8JlOCb H3MeHeHHe c Te'!eHHeM B pe MeHH npoueHTHoro coc'I'aBa ra3a B KaMepe. 

.[lnSI HHTerpHpOB8HHSI ypaBHeHHSI .UBH)!(eHHSI (20) HCriOnb30B8J18Cb CT8H.U8pTH8SI nporpa MM8 

H8XO)!(.QeHHSI Tp8eKTOpHH '!8CTHUbl B 9JleKTpOM8rHHTHOM none. 3Ta nporp8MM8 HHTerpHpyeT B 

UHnHH.UpH'!eCKOA CHCTeMe K00p.UHH8T ypaBHeHHSI .UBH)!(eHH SI 

r.ae 

M ~ 
e mn 

v,= A ..)J -f3 2 [A,- v,A ]+a~, 
o r 

a = A Jr - f3 2 [ A A-- a A 1 - v ~ o 'f" r r 

~ = A J7- {3 2 '[ A - v A 1 
s oV s s 

A = v, A , + a A cf> ?V,. A z , 
A,=oE,+(aH,.-v,H¢), 
Ac/>= a Ec/>t- (v,.H,-v,H,J , 
A,= a E,+ (v,H¢- a H,), 

; = v a=rrl.. i=v 
r ' 't' J s 

A oo A o= -,;r-

-6 
A

00
= 0,3. JO 0 = J0/3- KOHCT8HTbl nporpBMMhl. 

, r.ae m - M8CC8 '!8CTHUhl, e - ee 38pH.a, m fl - M8CC8 rtp0TOH8 1 

en - 38pS!.U rtp0TOH8. MarHHTHoe none H =I H ,.• Hp' 0 I nonyqanoch B cooTBeTCTBHH c 

§8, 8 B K8'!eCTBe aneKTpH'!eCKOrO riOnSI 6p8J10Cb 

E = __f_n 
e 

14 

.n. 

T!= 

TO 

nr: 

Be 

Bl 

MI 

HC 

)!( 

a 

T} 

3( 

T C 

XC 

Kl 

TJ 
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.[lnH nporp8MMbl He06XOJJ.HMO TaK)!{B 38)].8B8Tb H8'!8llbHbiB 3H8'iBHHSl 

M ( X 1 I y I< z 1) ll fio = I ~ 1 ; 1 P ¢ l. 

8 KOHUB HHTBT'pllpOB8HHSI CT8HJJ.8pTH8Sl nporp8MM8 Bb!)J.8BT npOCTp8HCTBBHHbiB KOOpJJ.!!H8Tbl 

Tp8BKTOp1111. nocKOllbKY MOMBHT OKOH'i8HIISI HHTerpHpOB8Hl!SI no BpeMBHH 38p8Hee He lf3BBCTBH, 

TO npeJJ.yCM8TpHB8DOCb OKOH'l8Hlfe HHTerpHpOB8HHSl no pHJJ.Y npH3H8KOB: 

1. Korna '!8CTIIua BbiXOJJ.HT H3 K8Mepbr , IIHTerpHpoeaHHe npeKpawaeTCSJ. 

2. npoeepKa Ha MOHOTOHHOCTb 113MBHBHIISl {:3 , {:3 MO)!{BT TOllbKO y6oiB8Tb, BCDH )!{B 

npOHCXOJJ.lfT YBBlllf'lBHHB {:3 , IIHTerpHpOB8HIIB npeKpawaeTCSI, 

3, npoeepKa H8 M8DOCTb f3 • Korna {:3 nenaeTcSJ MeHbwe {:3 0,0 I , HHTerpHpo-

BaHne upeKpawaeTCH. 

4 . VlaTerpHpoeaaHe npeKpawaeTcSJ T8K)!{e, Korna nnHH8 npo6era qacTIIUbi np11 IIHTerpHpo-

B8Hlflf )J.enaeTCSl 60llbWB, 'iBM JJ.DIIH8 npo6era , nOC'ilfT8HHaSl no H3MepeHHblM T O'!K8M B BHJJ.B CyM-

Mbl liOM8HblX. 

8 KOHUB pa60Tbl nporp8MMbl HHTerpHpOB8HHfl ypaBHBHHii, BCliH BbiXOJJ. H3 nporp8MMbl npo

HCXOJJ.IIT no ycDOBHSIM 2 , 3. Bbl)J.8BTCSI II )J.DHHa npo6era 'l8CTHUbl )].0 OCT8HOBKI!i npH BbiXOJJ.B 

)!{e H3 nporpaMMbi no ycnoBHHM , 4 BbiJJ.8BTCSl npo6er 'l8CTHUbl TOllbKO B K8Mepe. 

§ 10. none Hanp8BliBHHii 

TaK K8K H8 CHHMK8X npH pa60'lBM pe)!{HMe K8MBpbl BHJJ.Hbl T OllbKO Tp8BKTOpHH npOTOHOB, 

a ny'!OK MB30HOB He BHJJ.BH, HB06XOJJ.I1MO 6binO HCCDBJJ.OBaTb Bf'O 3apaHee II 38TBM Ilpll 06C'leTe 

TpeKOB lfCI10llb30B8Tb f'OTOBbiB JJ.8HilbiB 0 nyqKe • 

.[lnH COCT8BDBHHSl MOJJ.Blllf nonS'! 6biDO lf3MepeHO npH CnBUH8llbHOM pB)!{lfMB KaMepbl OKOliO 

30 TpeKOB MB30HOB. 4epe3 3TH TpBKII DO MBTOJJ.Y HaHMBHbWIIX KB8JJ.paTOB 6hllllf npOBBJJ.BHhl BHH

TOBbJe lll!Hlfll H rrony<JBHbl BCB HX xapaKTBpHCTHKII. 0K83alJOCb, 'iTO IICXOJJ.HbiH ny'!OK MO)!{BT 6biTb 

xopowo CMonenHposaa. 

1. CHa'!ana, HCXO.[!Sl 113 MO)J.BliH, )J.a)J.HM cpopM yllbl )].ITS'! HaXO)I<JJ.BHIISl nonSl HanpaBlJBHIIl\ B 

K8)K.[!OH TO'lKB ny'!Ka, a 38TBM nOSlCHIIM 3TY MO.llBllb. npe)!{)J.B BCBT'O 6blll0 YCT8I·IOBDBHO, 'iTO 

TpeK He CTpOT'O T'OpH30HT8DBH, 8 HMBBT H8KDOH TaKOH, 'iTO sin a 
3 
~- 0,0057 1 f'JJ.B cos a 

3 

- npOBKUHSl H8 OCb z K8C 8TBllbHOf'O K nyqKy BJJ.IIHH'lHOf'O BBKTOpa. 

B npoe KUHH ( x, Y ) aanpaeneHHe aaxonHnocb cnenyiOWIIM o6pa3oM. KoopJJ.HH8TbT TO'!KH 

B38lf MOJJ. B HCTBHSl M ( X 1 , Y 1 , Z 1 lf3 OnTH'lBCKOl\ CIICTBMbl rrpeo6 pa3yeM B CHCTBMY KOOpJJ.IIH8T 

lf C OCbiO X 

x' ~ ( x - x ) cos ,f + ( y - y ) sin ~ 
1 0 0 1 0 '0 

Y ~- ( x 1 - x
0

) sin f,.,_+ ( y - y ) cos f, 
" I 0 C 

I 

p H C, 
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HaxoLJ.HM 

H 

().. ( tg a) 

tg~ 

y r' 
+ x' y 

tg ~ - ().. ( tg a ) 
Q 

;; = ore tg [ tg ~ 
9 

- ().. ( tg a ) ] 

Y'lHTbiBBH nonpaBKy Ha oKpy>KHOCTb, nonyqaeM nnH yrna: 

a = cue tg [ tg ,; 
Q 

(). (tga)] + x' 
R 

H BeKTOp K8C8TenbHO~ K Tpae){TOp!!H Me3oHa B TO'lKe B38HMOLJ.e~CTBHSI 

n = (sin a 
3 

cos a i sin a 
3 

sin a i cos aJ I 

6yLJ.eT: 

BenH'l!!Hbi cos a 
3 

, ~ 0 , y , R nonyqeHbi npH o6pa60TKe Tp8eKTOpH~ 

ny HBHMeHbWHX KBBLJ.paToB . HaHMeHee TO'iHO onpenenHeTCH aenH'lHHa f ' o 

2. noSICHeHHSI K MOD.enH, 

(23) 

(24) 

(25) 

nyqKa no Me To-· 

Ecn11 q e p e3 TpaeKTOpHI{ Me30HOB npoaecTH no MeTOLJ.y H8I{MeHbWHX KBan p aToB npHMbie 

nHHHH, TO B npoeKUHH H8 nnOCKOC Tb Z "'0 nonyqaeTCH CeMeJ!.cTBO p8CXOLJ.H WHXCSI npS!MblX , 

'I 

i
~--· ------- _ .. -- -----

-------- \ 
A\ 

p H C , 5, 

.D. a nee npHMepHo q e p e3 cepeLJ.HHY ny'lKB npoBOLJ.Hnacb npHMBSI A B , nepneHLJ.HKynHpHaH K 

OLJ.HO~ H3 npHMbiX ( C yrnoM H8KnOH8 l ) B cepeLJ.HHe ny'lKa. 0603H8'lHM qepe3 h p8CCTOH-
0 E" 

HHe no AB OT LJ.BHHO~ npHMO~ c yrnoM HaKnoHa t 0 D.O npyrHx n pHMhiX . 

D hina HccnenoaaHa 38BH C HM OC Tb yrnoa HBKnoRa npHMbiX ( aepRee , TaRreHcoa yrnoa) oT 

paCCTOSIHHH h , 0K838nOCb, 'lTO OH8 XOpOW O OITHCbiB 8 eTCH nHHe~HO~ cpyHKUHe~ 

tg ~= h y + tg ~ 0 
npH nOMOWH MeTOLl8 H8HMeHbW!!X KB8LJ.p8TOB 6binO nony'leHO y 0,0020 

1'1 
tg t () 0,532 

atQ to 0,0046 . (27) 

TaKHM o6p830M
1 

none HanpaaneHH~ B npennono>KeHHH, 'iTO OHO MOLJ.enHpyeTCSI CHC T eMOlt 

npHM biX , npoBeLJ.eHHbiX no MeTOLlY H8HMeHbWHX KB8Llp8TOB 'lepe3 TpaeKTOpHH Me30HOB 1 Tenepb 

MO>KHO OnHC8Tb cpopMynBMH (22), (23), (24), T.e. 38 OCb X
1 

Bbi6!!p8eTCH npHM8SI 1 npOXOLlSIW8H 

qepe3 TO'lKy 0(x
0

,Yo) H HMeiOW8H yron H8KnOH8 C OCb!O X 1 paBHbllt ,; 0 
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8H 

.[lng y'!eTa Kp11Bii3Hbl Tp8eKTOpHH Me30H8 p8CCM8TpliB8eM TpaeKTDpHIO Me30H8 ( OKpy:>K

HOCTb C UeHTpOM 0' ) . 

I 
I 
I 
\ 

I 
\ 

I 
\ 
I 

I 
\ 
\ 
~ 

0 

I 

I 

1-f 

I 

pH C, 6, 

I 

I 
I 

nycTb Z 6yneT TO'IK8, B KOTOpOi\ Hy:>KHO H8i\TH yron H8KJTOH8. EcnH llOllb30B8TbCSI MO-

nenb!O npSIMbiX, sTo 6yneT yron HaKn o Ha npSIMOil PS (cpopMyna(24)) • .[lnSI y'!eTa :>Ke KpHBII3 -

Hbl TpeKa Mbl LlOJT:>KHbl Ll068BHTb K yrny H8KJTOH8 el.l.le f"i a , p8BHOe C He06XOLlHMOil TO'IHOCTb~ 

x' 
, T.e. nonyqaeTCH cpopMyna (25). 

R 
KoH e'!HO , cpopMynhr ( 22 )-( 25) na10T KapTHHY MaTeMaTH'IecKH aeaneKB8THYIO ceMeilcTsy 

p8CXOL1HlllHXCSI OKpy:>KHOCTeil ( 8 T8KOe npeLlCT8BneHHe H8H6onee eCTeCTBeHHO H3 cjjH3HKH S!Bne

HHSI). 0LlH8KO C TOll: TO'IHOCTbiO, C KOTOpOlt H8M H3BeCTHO BOD6Ule none HanpasneHHlt, OHH LlOC-

T8TO'IHO TO'IHO OllHCbiB810T ero. 

Hano OTMeTHTb, 'ITO 6brnH cnenaHhr nonbiTKH o6Hapy:>KHTb 38KOHoMepHOCTb B panHyce KpH-

Bli3Hhl 1i HanpasneHHII Tp8eKTOpHlt Me30HOB B 38BHCH MOCTH OT KOOpLlHH8Thl Z , OL1H8K0
1 
ee He 

OK838110Cb, 

8 9TOM naparpacpe npHBOLlSITCSI cpOpMyJThl , IIO KOTOpb!M BeLleTCSI C'!eT H8 38KlJIO'IHTenbHOM 

sTane o6pa6orKH TpeKa nocne uon6opa onTHMBnbHhlX 3H8'!eHHlt ~ e cf;> - OTHOCHTeJTbiiOlt 

CKOpOCTH '18CTHU bl H ee ccpepH'!eCKHX 83HMyT8llbHOrO li MepHLlHOH8llbHOrO yrnOB, 8 T8K:>Ke C'IHTa-

IOTCSI 1i Bbl.Q810TCSI H8 neHaTb: 

1. HMnynbc qacTHUbi 

P = __fi__ 938,23 [ MsB ] = !'i 1' 

r--;:} c 
\ 1 - ~ 

2. HanpaBJHIIOI.l.lH e KOCHHyCbl .QlJSI HMnynbC8 

p 

/PI 
I cos a 

1 
, cos a 

2 
, cos a 

3 
l , 

17 
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rLie cos a 
1 

sin () cos ¢ = t!.. 
2 

cos a 
2 

= sin () sin ¢ = t!.. 3 1 

cos a = ces B = t!.. ; 
3 4 

3. Yron M8)!(LlY KacaTenbHOJ:I ;- K TpaeKTOplHI qacTHUbi n KacaTenbHOJ:I r K TpaeKTo-
P ~ 

pHH M830H8 B TO'iK8 B38HMO.Ll8J:ICTBHH a na60p8TOpHOJ:I CHCTeMe OTC'ieTa: 

(r . r- ) 
p ~ 

a = a + .l!_' 
R 

() = !!_ - arc sin (cos e ) = "'-. 
1 2 1 ~ 

(cos a cos a 
1 

+ sin a cos a 
2

) • cos ~ + cos a 
3 

sin .f , 

X 
1 

"' (X - X O) COS .; O + ( y -yO) Sin .; Q 1 

a = arc tg [ tg .; 0 - y __ y_' - ). 
1 + x'y 

y' = - (x x 
0 

) sin .f 
0 

+ ( y - y 
0 

) cos .f 
0 

• 

(30) 

nocKOnbKY OCHOBH8H OllJH6Ka B a npOHCXOLlHT OT OllJH6KH B ,; ( M8KCHMan bHO B03MO)!(-
O 

H8H nonpaaKa 3a cqeT y H 
x' 

nHlllb BLlBOe-aTpOe npeBbill1810T Oll1H6Ky H3-38 .; ) CYHT8-
0 R 

nOCb, YTO a = a 
a .; IJ 

~3 pe3ynbT8TOB o6pa60TKH nyqKa M830HOB (none H8npaaneHHJ:I) H3BeCTHO 

sin .; = - 0,0057 (§ 10) 

a •In e = 01 0045 . 

4, Yron Me)!(LIY TpaeKTOpHHMH qacTHtrbi H Me3oHa a T8K)!( e HMnynbC Y8CTHUbl B CHCTeMe 

P' 
ueHTpa Mace ()u = Arc sin .L = "'-

6 
• 

J?+ P.,-1'! 

I'Lle 

P' 
II tcos () 1 -

l. " 

p = v P'~2 = '~ 7 U L If 

P' 
L 

P . sin () 
1 

, 

( 31 ) 

(32) 

p •) 1 0~ p m 938~2 2 2 _ o o;;:r 
- v~ m 93812 + v ( 13914) + p ~ v7 m m..2..+Jr739,4P'+P 
m 0 -;;;- ] 1- {3 "' -;;;-v7- (32 ~ 

0 0 

2 2 2 
p = p + p - 2 p II • p • COS () 1 
~ 0~ 0~ 1 

p 
0~ 

3600 1 a P = 70, 
0~ 

m - Macca qacTHUhl m O - M8CC8 npOTOH8. 

5. A3HMyTanbHhlJ:I yron 

() 83HM. ~ - arc sin cos~ 
2 sin () 

"'- 8 • (33) 

1 

A3HMyTanbHbiJ:I yron- 3TO yron M8)!(Lly OCbiO Z H npoeKUHeJ:I TpeKa H8 nnOCKOCTb, nepneHLlHKy-

nHpHyiO K Tp88KTOpHH M830H8. 
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C'!HTB!OTCSI TBK>Ke owH6KH B senH'IHHax /J. 1 ( i 1,2.,./3) no .¢opMyne (no cTaHnapT-

HOI!: nporpaMMe, OnHC8HHOl!: B § 6) 

rne 

Cl 
el 

~ 
J,k 

atJ.e 
ax 1 

X = 
1 

X l 

x3 

all 

a2l 

a3l 

0 

0 

0 

atJ., 
aJk 

axk 

{3 

e 

cP 

all au 

a a 23 ll 

a3l a:J:J 

0 0 

0 0 

0 0 

(34) 
e, J, • •, 1 •, ,8 I 

X p 
4 op. 

X = a 
$ 

X sin · ~ 6 

0 0 0 

0 0 0 

0 0 0 (35) 

al 
Pop. 

0 0 

0 a l 
a 0 

0 0 a2 
eln ~ 

r ne I I a Jk I I , j , k = 7, 2, 3 MaTpHua owH6oK C'IHTaeTcSI H BbinaeTcSI cTaHnapTHol!: nporpaM-

M o l!: MHHHMH38UHH ¢yHKUHOHana B npouecce non6opa OnTHM8nbHbiX 3Ra'leHHl!: {3 (J </J 

8 M8TpHU9 OWH60K (35) OTCJTCTBJ!OT, K8K Mbl y>Ke OTMe'!anH, 'lneHbl, Y'IHTb!B8lOWHe OWH6Ky 38 

C'!eT y , R B ¢opMynax (31) BCnenCTBHe MBnOCTH BKnana OT HHX B OWH6Ky, 

§ 12. OpraHH3aqHSI o6c'!eTa .gaHHbiX 

KpaTKO 06 o6pa60TKe HH¢0pM8UHH CK838HO 80 BBeneHHH, 3necb Mbl ewe p83 OCT8HOBHM

CSI H8 nocnenosaTenbHOCTH o6pa60TKH C yK838HHeM ¢opMyn, no KOTOpblM H8 KB>KnOM :3Tane se

neTCSI C'leT) HnH CO CCblnKBMH H8 COOTB9TCTBY!OWHl!: naparpa¢, rne OnHC8H anropHTM C'!eTa, 

Pa6oTa nporpaMMbi Ha'IHHaeTcSI c o6HosneHHSI c 6apa6aHa scel!: nporpaMMbi H s8ona rpyn

nhi MaTepHana c HeCKOnbKHMH co6hiTHSIMH c o6WHM '!HcnoM SI'!eeK He 6onbwe '!eM 450. Co6biTHe 

oT co6biTHSI oTnenSieTCSI 8 cnyqae MHKpocKonHoro sapHaHTa nporpaMMhi n8yMSI, a 8 cnyqae a8To

MaTHoro - Tp9MSI nyCTb!MH SI'Iel!:Ka MH, 8 KOHUe MaTepHana nOMewaeTCSI npH3HaK KOHU8 HH¢0pM8• 

UHH ( Kon 777, 7777, 7777, 7777). 06pa6aTbi8aeTcSI cHa'!ana nepsoe co6biTHe, nep8aSI '!aCTb o6-

pa60TKH C06biTHSI 3aKaH'IH88eTCSI 8CCCT8H08neHHeM npOCTpaHCT8eHHbiX KOOpnHH8T TpaeKTOpHH qac

THU bl , 8 STY '!aCTb BXOnHT nnSI cny'laSI a8TOM8THOl!: nporpBMMbl 38nHCb 'IHCna 8 HOpMBnbHOJl 

¢opMe H liiOCCTaH08n9HHe nnOCKOl!: K8pTHHbl ( § 1), Bb16poc 'nnOXHX" TO'!eK ( § 4), H8XO>KneHHe 

COOT8eTCT~eHHhlX TO'I 9K H8 npa80M H neBOM Kanpax H 80CCT8H08neHHe npOCTp8HCT89HHhlX TO'ISK 

( §2). DnSI cny'laSI o6pa6oTKH naHHbiX, nocTynalOWHX c MHKpocKona, CHa'!ana HMeeT MeCTO nepe-

xon K OnTH'IeCKOH CHCTeMe KOopnHHaT 8 COOT8eTCT8HH C penepHbiMH TO'!KaMH H 8 0 CCT8H08neHHe 

npOC TpaH CT8 eHHbiX KOOpnHHaT ( § 3), a 3aTeM Bbl6poc 'nnOXHX TO'IeK ( § 4) 8 n pOC Tp8HCT8e nO 

rnanKOCTH np09KUHH TpeK8 H8 nnOCKOCTb X = 0 

nony'leHHe Hyne8oro npH6nH>KeHHSI npoHcxonHT npH noMOWH nporpaMMbi npo8eneHHSI cnHpa-

nH ( § 5). nporpaMMa BbinaeT panHyc KpH8H3Hbl R H Hanpa8nSI!OWHe KOCHHYCbl cos a 1 • cos a l • 
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cos a 
3 

K8C8TellbHOrO BeKTOpa { cos a 
1 

, cos a 
2 

, cos a 
3 

I K TpaeKTOplHI '!aCTHUbl, 

nanee no cf:JopMynaM: 

f3 
p 

1T 

T 
8 - arc sin (cos a

3
), 

JP' + ( ;Jzo' 

¢ Arc sin cosaP.. 

V cos 2a + cos 2 a 
2 1 

cos t:P 
cos a 

1 

J cos 2 a 2 + cos 2 a 1 

P = H ( z 1 ' P 1 ' ¢1 ) • R . . 0, ZJ979 . 10- 3 

H - B 8pc T e.a ax, R - B CM ' m - Macca qacTHUhi, 

M ( z , ·p , ¢ ) - TO'!Ka B3aHMo.aell:cTBHSI, 
I 1 1 

m 
0 

Macca npoToHa, 

HaXO.LlHM BeKTOp {3 B ccf:JepH'!eCKOll: CHCTeMe KOOp.LlHHaT ( {3 , 8 , t:/J ) , nanee npor-

/4/ 
paMMOll: MHHHMH3aUHH HellHHell:HOro cPYHKUHOHana , HCnOllb3YII B Ka'!eCTBe Hyneaoro npH6!1H:»<:e-

HHSI {3 8 cfo, HaXO.LlHM HX OllTHMallbHOe 3Ha'!eHHe , npH CBOell: pa60Te 8Ta nporpaMMa 

.LlllSI HaXO:»<:,LleHHSI paCCTOI!HHSI Me:»<:.ay CHCTeMaMH .LlByX TO'!eK HCIIOllb3yeT nporpaMMY, OnHCaHHYIO 

B § 7, a TaK:»<:e nporpaMMY HHTerpHpoaaHHII ypaaHeHHll: .LlBH:»<:eHHSI ( § 9). B Ka'!e c Tae HaqanbHbiX 

3Ha'!eHHll: 6epeTCI! nepaaSI TO'!Ka M ( z , p , .:p 
1 1 

H CKOpOCTb qaCTHUhl B UlillHH.LlpH'IeCKOll: 

CHCTeMe Koop.aHHaT ff = I ~ , p , p ¢ I , r.ae 

i = f3 cos 8 
(36) 

p' = f3 (cos ¢ · cos ¢ + sin ¢ 
1 1 

sin 4> ) sin 8 

p cb = f3 (cos ¢ · sin ¢ - sin ¢ · cos¢ ) sin 8 
1 1 

nocKOllbKY nporpaMMa .LlllSI MHHHMH3aUHH cPYHKUHOHana .LlllSI ynyqweHHSI npouecca CXO.Lll1MOC-

TH 3 8 C'!eT yMeHbWeHHI! KOppellSIUHH Me:»<:.ay HCKOMblMH BellH'IHHaMH no.a6Hp8eT OllTHMallbHble 3Ha-

q e HHII 1J B ccf:JepHqeCKOll: CHCTeMe KOOp.LlUHaT, a nporpaMMa HHTerpHpOBaHUSI ypaBHeHHll: .LlBH:»<:e-

HHII pa6 0 T8eT B UlillHH.LlpM'!eCKOll: CHCTeMe, B npouecce nOCll e,LlOB8TE llbHhlX npH611H:>KeHHll: llpOHCXO-

.Lli iT nepecqeT oT {3 0 ¢ K z' p p ¢ no cf:JopMynaM ( 36). H eo6xo.aHMbJe .Llllll 

~111 H 11 ~ Ill 38UMH npOII 3BO.Ll H bie OT R 1 n o /3 8 c/J C'IHTaJOTCSI 'IHClleHHb!M Cl10C060M, nocne 

H[L',Q,Ki:1eH!IIl OIITl!l\1811bH blX 31l8cl e HIIH Bellll'lH H f3 8 ¢ If HX KOppelli!UHOHHOll: MaTpHUhl 

Haxo .a>ITCH HanpaBnHIOWH e KOCHHYCbi .Llllll non11 HanpaaneHHll: (§ 10 ), .aanee no cf:JopMynaM napar-

pacf:Ja 11 rOTOBIITCSI .aaHHble .Llllll Bbi.Lla'lH If llpOHCXO.LlHT BbJ.Lla'la MaTepHana, no OKOH'laHHH 

Bbi,Lla'!H npOHCXO.LlHT npoBepKa H8 KOHeU 11 HHcPOpMaUHH If, eCllli ewe He BCe C06b!THII llOC'lHT8Hbl, 

T O npoH3BO.LlHTCS! c'l e T c ne.ay10wero co6biTHSI , B cny'lae, Kor.aa ace noC'lHTaHo, npOH3BO.LlHTCSI 

nepeXO.Ll K C'leTy KOHTpOllbHOrO BapHaHTa If, ecnH OH C'IHTaeTCSI npaBHllbHO (cyMM8 nony'leHHOrO 

p e3yll b T8Ta COBna.aaeT C TaKOBOll:, HMeiOwell:CI! B rraMSITH), TO rrpOHCXO.Lll1T BBO.Ll Clle.LlyiOUleil 

rpynnhi MaTepHana. 
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nporpaMMa c.oenaHa TaK, 'iTO npoueccoM CY.eTa MOMHO ynpaanHTb c nynbTa. Ha nyllbTe 

Ha6npaeTCSl .[(l-!C118pC!-!H, 110 KOTOpOi% llp0!-!3BO.O!-!TCH Bbi6pOC, TO'iHOCTb 1 llO .OOCTH}K8 HHH KOTOpOl! 

npeKpamaeTCH .oanbHel!wee yToY.HeHne napaMeTpoB f3 e , 'iHCTJO l-!TepauHtl, npH 

KOTOpOM n pO!-!CXO.OHT BbiXO.O H3 nporpaMMbl H83aBHCHMO OT .OOCTllrHyTol! T O'IHOCTH • 

.flnH cny'I8Sl '18CTflU, OCTaHaBTJllBa!OLUIIXCSl B KaMepe, C.08Tl8H BapH8HT nporpaMMbl, KOTOpbiA 

Y'IHTbiBaeT H npo6er '18CT!-!Ubl B KaMepe. npH 9TOM MHHHMH3HpyeTCSl <i •YHKUHOHan 

r.oe 

2 
+ ( £ H3M.- £ ) J 

£ H3 M. - .[(TlHHa npo6era, 110C'iHTa!l!IOrO flO H3MCpei!I-IbiM TO'!KaM , a 

(37) 

- npo6er, nony-

'iCHHbll! 11p11 llHTerp1lpOB8HHH ypaBH8lilfH .OBIOKGHIIH. 

r.oe 

B 9TOM BapHaHTe nporpaMMbl HyrreBoe npuOIII!:>KeHue .onH HMnyJJbca Hax o.oHTCH 113 Ta6nHUbi 

p (C ) 

_i_p __ 
de 

- npo6er Y.aCTHUhi). Ta6miUbl 

I' ( P ) 
0 

_cj_p__ 
dp / d£ 

p 2 

--;;;-r-

e( p) C'II!TaiOTCSl II pC.OB8pH Ten bHO riO 

VJcnOTJb30BllH1!8 B Ka'ieCTBe cj:lyHKUIIOHDTJa cjJOpMyTibl (37) 3Ha'iUT8TlbHO yCKOpHeT CXO.OHMOCTb 

HT8p8UHOHHOrO npouecca H CyWeCTBGHHO YMGIIbUJaeT KOppenHUHIO Me>K.Oy (-3 H yrnaMH 8 

n 4> 

Heo6XOL11ll\10 OTMCTaTb, 'iTO nporpaMMa o6pa60TKH CD.C'TliJH8 B paC'iCTC Hll TO, 'iTO B8I!H'III-

Hhl B ll 9 B 'iTICHC, Y'lf!Tb!B8IOUJCM TOpM0)K8HH8 ( 21), T8K?Ke MOryT HllXO.OHTbCSl H3 TpaeK-

TOpHb!X H.3M8pCHHii. 0.oHaKO rrpH O.[(HOBpCMC!IHOM H0.06ope 11SiTH BCTIH'iUl! {3 0 B 

9 otu H6KH nony'faiOTCil 6onbWHMH n3-3a 6onbwoA KoppenHuHu, oco6eHHO M e >K.oy B H {3 

B 38KTIIO'ieHne C'il!TaeM CBOHM upuHTHIIM .::1onroM Bbipll3IITb 6naro.::~apHOCTb coTpyllHI!KBM 

na6opaTOpHU Bb!COKHX 9Hepl'lli1 n. CTpynoay , B. CaHpH.OOBy, A, HOI'v!OCj)lfllOBy, n. Cneneu H 

B. HHKIITHHY 3a o6cy)!<.oeaue pa6oTLI B npouecce ee Bbli10nHeHHH, a TaK>I<e corpy.oHuKy MaTe

M8TH'ieCKoro llHCTI!TyTa 4exocrJOB8UKOi1 i\IW,'J.OMI!H HayK fl. nu6ny 3 8 Y'JaCTHe 13 o6cy}KJlC' III!H 

M8TCM8TI!Y.8CKOH nor, TalfOBKI! 3a.aa'HI. 
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