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l10Il0.7I:&3yTI IWOP;LU:UIOThi 'l,pC!CO::J l': penepH:JX RpeCTOD Ha CTepeonpOeK

D;HfiX, BCitiMCJiflGT nnpaueTpu Tpcr~a (:·rr.~nyJI:&c ~ yrJiu) c MaTp~~ett 

reoueTpmqecKaH nporpc~~~ cy~ocT~JHao pas~enaeTCH Ha ~Ee . . 

'l:I8CTH: 

a). J30CCTOHODJI0IIliC rrpOCTIJC;HCTL8~·i::·:UX ItOOp~;;MIIOT Tpei<:O; 

6) npor.;eAcr;::a nm1pe::;::;~:l::::)J'I~4:~cfi l-tpl~~nojd tiCJp03 Tpaer-c~opmo TpeKa. 

Onpe~cmn.r CIICTGl:H ~;cop;~t;:dc.:.:: 
. 

m - c~:cTc:.:a - cue Tetra I~oop;z.um<:.~ :~z:.; )pw.reJLI>Horo npiti6opa. 

f - CL!CT81JQ - CUCTO!.m I~OOpJJ:lHraT Ha ]JI0HI\e, H8ti8JIO I\OTOpc~; HSXO-

~~~Cfl B TOqiCG nepOGGti0Hllfl OITT~q3CKO~ OCH 000TB0TC~Ey~moro 

00:.00I\'.rlr.Ba C riJIOCI\OCTl":llO mieinC:l (rJ:a:SH.lfi TOtiKS OHHLTI\8), a 0011 X 1.1 Y 

HanpaBJI0HI.I aHTI1napaJIJI01I:&HO CH0 1l'o:.;o l\ )Op~vaiaT I\Elti'Gpiie). 

S - CI'"CrnCI~ .. ra - C"'Cme'r1':1 uoop·;p ... ·r·'' '" "":'""' "·:.1 ~3CJHHt.:~ c:r ·1' I.t"'···epe • rA .1. vu i/4 J. .. a~ .L'W ,...,~·•t•'-1 J. ') ••.J:J• ~JJII. '-\ ~~• J.'l. •Coi..J • 9 

mrocKOCT:D X.s Ys oo:sna.zr.ael' c o<5pa:~.,r:roi1 ~n:o o~I-IomeHl1IO R oei".Oei-cTVIBY) 

CTOpOHO:t1 BepXH6I'O CTClWIS, 00:& Zs HZ.:lpaBJieHa :SHYTP:D I\8MC3Pbi, 

oc:o Ys o6ut.IHO uanpa:sjimra n~o.iiL nytr:ca nepm1tUUJX qao'I'!U.:t. 

St - CMOTCM~ .rtBYX OCl1:iCl~TIIDO:J (CTepeOOI1C'I'e~:a), tiSCTHI:.I.fri OJ'Iytiafti 

S - cMcTetrbi, uatraJio rcoop;;:;:ma~ x-:oTopo~1 oorma~aeT c nepecel.te!·meu 

onT~ttecl\0£11 ocu O;r(Horo ria o6·.oc~·~·.rrr:so:s c mrooiCOCTlllO X.s Ys 

a OCL X s HOrrpuBJIOWl D TOtl:~y IT0l)CC0tWH~fi ODTI1'ti6CI\Oii.t OCli! ;n;pyroro 
' 

06:08I.CT!'!l38 C TOti J:CC IIJIOCI\OCT:&ii2~) 

--------------------------------------------------------------------*)B :reoMeTp~Itreciwl-i npor,pa:~:.;o UEPHa t: TH R E Sf/ " f ~ cacTeMa 
orrpe;rteJIH0TCfl HH8tie (o~. CTPo 5I ). 

' 

**) B rrporpaMLie PAN(j st - cHoTe!Ja on}>e;n;eJI/ieTca ItiHatie (eM. cTp. 67 ) 
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BOCCT8HOBneHHe rrpCCTpaHCTB6HHhlX K00p~~H8T 38KnroqaeTC.ff B 

nepexo.I(ax: 

. 
r.I(e & ' 

mi -ji ~ _ 
m,.__..f"- / stLif -s 

~ - Houepa npoeK~~~. 

TiepeXO,I( OT m- CMCTOiS~ I\ f - 01-:CTe:.;o rrpOH3B0,2(HTC.ff np~ 

nouom~ nMHelirroro rrpeo6paoonaE:~n, y~MTBBaromero noBopoT, c;n;Bmr m 

paCT.ff2KeHI16. L(JIH HQXOJ:t;ZJ;E:IlEiH r:08cf~~~:.l;l10H~OE 3~0r'O npe06!)a30I38art.fi 

He06X0,2J;MMbi perrepHL:G I.!CTr:::; :raXO~fl~H6C.ff ~JIM ·B pa60tr6M 06I>e~.~0 I\81;; 

mn~ Ha npL-ur\HWlh!X c::cw:rax: ciJo~oanrrJpaTOB. 

<IlOpMa Tpae::'.LOpHII TpCEJ 1 a CJ~e~OB8T6JI:DHO 11 m~;l:\ anrrpo:rte:·~~:~)~ 

mef.i KPMBOJii, onpe,2l;OJifliOTCFr rrp:rpo~oi~ tiaCT~U~bi 9 pa60tiei:i j:G1,1J;I~OCT:DIO V. 

pacnpe,I(enerrrreu MarnllTHoro no~s. 

Ec~H rrpeHe6petr:D a~~e~T2:rn L~oro~paTHoro paocearrma m TOPM02 

ro manytieH!HI, TO clJopuy rpacr\TOp1:1·~ :;o::mo HatiTu ma ypam-rei-riUI ;n;:rmr 

df. == !:-[v1(il . .r cLt c -r;n;e P - msrry.:rr:r,c , -
+_p-. 
I "PI 

V - CI\OpOCT:D tra :;T~1IUJ, 

e - 38Pfl.I{ 'l!8C':t'H ~LI, 

C - CKOpOCT:b CB3T8, 
~ 

H - MarHHTHoe IT)Jic. 

d!!St 
dt 

B cnytiae o;zu-wpo,I{no J'.I'H I.ra:c~r:ITHoro 

OTCyTCTBHH ITOTep~ SHep~1W Ha UOHM38~Mro 

ypaBH6HI1.ff/I/ Hl3.7Ifl0TCff B>IHTOBQfl Jil:IiLlH. 

(I) 

-ITOJI;r ( H = cotzd ) H 

( olt?t ,...,-;. = 0 ) pemeHllGM 

KHHGM8THtr6CKHMH na:)aUCTpaM~ TpeKa B TO'tlKe B38HM0,2J;eiCTBHfl 

HBJZHIDTCH! 

p - MMnyn:&C 'tl8CTIHJ,bi, • 
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Lf (asvnsyTaJillHhiii yron) - yroJI, o6paayermti KacaTeJillHO~ K npoeittJ;tU!I 

Tpei·\a Ha llJIOCI~OCTH Xs Ys 0 llOJIQji~I1T6JI!:>HbU4 Harrpa:BJI6HM6M OCH X g 

. ;t (yroJI aaRJioHa) - yroJI, oc5pa:3yeMutt KacaxeJI:&aoR K xpaxy c 

IIJIOClCOCTJliO X g y 9 • 

THmt'tlHaa c5Jiort-cxer.ra reor..rexpJitreoKo~ nporpaMMbi noKasaHa aa 

pltlc. I. 

B ;n;mn!c:.: ooaope Mhl ue Kaoac1.;c.a c;~e;zcyrc:;:~x nonpoco:a: 

I) oopa6oxm1 cHvnJKO:f!, noJI:rtr.eHHhiX ua nyar,rp»Ko:ar.zx KaMepax 

des Marm1THoro noJia; 

2) nopfi,1J;K8 paCriOJIQjKQHllfl H xapaKTepa 13X0,1l;HOia M'IH((lOpMaiJ;HH ;, 

3) onpe;n;eJieHl1H ItaHcTaHT l,OOMeTpHtrecKoia nporpaMW (napaueTphl 

OllTHti6CKO~ CHCT6MH H ;n;p.)~ 

Z(aHHhlia 0630p COCTO.Wl' H3 Tpo:c rJia:a: 

I. reoMeTplrltieCKlte nporpaM:m, ncnoJI:&ayewe B O:Wf!Iil n I1T8(J) 

rK VIA3. 
2 • reoMeTpHtrecmte nporpaMMbi ,1l;Jifi :SO;ll;Op0,1J;HbiX KSMep, HCriOJI:&aye

Mbi6 B pa;n;llraiJ;VIOHHOti Jia6opaTopmr mr. JioypeHca (EepKJIH, CiliA), UEPHa 

m Peaep~op;n;cKo~ nac5opaTopMH (AH~rza). 

3. reoMeTpHtreclti1e rrporpa:.rMbi ~J:Jrfi Kalllfep c TameJIO:iii lltVI;n;IcocTI>IO. 

11ep:aaa rna :sa HarrMcaHa r .H. Tm:ITior-co:ao~1, 

:aTopaa rna:aa HartncaHa B~ c ~K:rpc5aTO:BbiM, 
TpeTlla rJia:aa HanHcaHa B.B.ThiHorpa~o:abiu • 

• 
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Bxo;n; 

t 
Haxo:~:Aenne rwpDMOTpon ripeo;~·)i~ sonaHHfl 

I13 m -CHCTOMbi l3 f -C~lO:l'er,r.y. 

J. 
I 

Tipeo ""rr···· .,~-·.r·-~ Il'OOJ'i!T"'·-·"·[' m-,-,~"0"'' - U l~~0. v ~..De, .. .;... .. ,~· .\t ,..~"~ ...'J.~., .. :4 J.. J.,h ... ·l.·¥ jj 

113 n1 -C:ICTCMLI B f ·-CHCi'Ell.iJ' • 

l 
BJ:J6poc rrJioxo r13Uepem:tux TOtrei\ 

Ha rrpoeiCu;~HlX Tperwn. 

·} 

lJO!IC<I COOTlleTCTBYIDllli!X TO'l6K. i 

i 
BoccTaHOBJieHMo rrpoc:rpaHc:T:BCHHhi~-~ 

ItoOp,'l.UHiaT _/ 

~ 
Haxo;:\;n:er-me rrepnoro rrpn61. vDI~em1fi 

napaueTpon TpcKa. 

J 11~ 
YToqHeHHe KMHeMa~MqeCKHX rrapaMeTpOE 

TpeKa. 

Puc.l. 

UJIU.. 

~ 
I BbJxoil 
'-

.. _j 

• 
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rJiaBa I. 

Co;ztepj~a.rme: 

m.- OllCTeAr..I :B f - OMCT6My • 

§ 2. TiporpaMMbt nponepKH r.r.:a~KOCTH Tpeita lii :Sbidpoca 11 Moxmx11 

TOtl6lt. 

§ 3. BoocTaHODJieHHe npocTpaHCTB6HHUX KOOp;ztliiHST TOtleK TpaROB. 

§ 4. ilpone;zteHH6 BHHTODOU JIHHWH. 

§ 5. Onpe~eneaHe napa~eTpon traCTHUU no npocTpaHCTBeHHbiM 

KOOp;ztMH8TaM TOtieK. 

§ 6. Onpe~eJieHHa napaMeTpon tracTI.U.J;1l no KOOp;ztHHaTau aa 

TIROCROCTflX CHHMKOB. 

• 



1
!." 

... 

I 
t 

l 

6 .... 

§ r. ITepexo:rr. VIS m - CJIICT6ri.cl B f- ClilCTeMy. 

B:se;ners cJrc.n,yromHe o6osna'(reH ;ra: 

{ PL'] - ITOJIOJi~61H!6 li3MOpGHH1IX I\PO•JTOJ3 l3 m- C:VICTeMe 

{ P· J "; 
- l13:BCCTHOC ITOJIOJKemw T6X :r:e Kp6CTO:B l3 

(
11 3TaJIOHHLIC 11 l{pCCTLI). 

j - Cl1CT6M6 

-;l - nert:L'OP yca.nmr mremm. -to - :seKTOp rrapaJIJieJI:onoro nep(moca. 

lfo - yroJJ. rro:nopo:ra . 

Pt, - :aeca E:;ecTO:B , 

{ X:r, Yf} - rwop;zuniOTbi Totnm ::> 

{Xm,Ym}- IWOp;n;miaThi TO'tilCltl J3 

_; 

,. - CHC:::Oet:e. 

rn - C!1CT61J6. 

~ = 1 ) · · · N , r;n;o IV - ~.:li£C.IIO I\pecTOIJ. 

B pa6oTe [ IJ :rr.:rrn nopoxc ;L~n vrs m - CvlCTG~"hl :a - ....... 
" f - Cl1CT6-

MY HaXO.TJ;flTCff rrapaMeTphi lfo ) J1 > to cJre;n;yromero rrpeo6pa ao:aan:vrrr: 

fix f>x ;:: ( P; + iox) Co-5 tf - ( P; -!- toJ) -Jil1.- <f 

.it~ p~ ::: ( r; T Lox) Jin --} T ( p~ . .,. to~) eo~ tf. 

L1cKOMbie napaMe1'P1r rro;n.onpal0Tcn: 113 ycJIOBHfl MI-IHHlU1SaiJ;I'm <f>YHI\D;MM 
,N 

cp = 2: Pi ( { ;l, Px - [ (P; + t,x)W<f- ( P; + iol).JiH- <J'}} ~ + 
L=l 

+ { ilf P~ - [ ( p; + ·:.,)-:,LVI.'?+ ( P; +to~) Co~ 'f] r) , 

KOTOpOG rrpM:SO,Tl;MT I\ Cl1CTOM0 hOJHUI:JtiHbiX ypaEH6Hkitf, pemeHMe I\OTOpoM 

~aeTca B BM~e cne~ymmHx ~opMyn: 

.. 

I 
II-. 

1:•, 



r;n;e 

7 

--- - ~ to = S - S 1 

Ax = - t- (fix Ji~ f. + 8 CIJJtf~) 

;1 ~ = -Z; { flj Jift-£/o -t ~Jj c:Mlfo) 

lfo = -i (2J: + y;), 

tl 

G ~o 
G <O 

!ly == ·- &.; Pi R.id ((_~X 

8~ =- L p._ R.'r iil1 

L::r 

• 
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ITporpaMMa, peaJmsyroru;arr omwaHlfbi~i aJiropi1TM, Ham1CaHHaff ;zr,Jifl 

M-20 B BH;zr,e CTaH;n;apTHOrO OJIORa B Cl!ICTGMe !tiC, I1CIIOJI:b80BaHa B . . 
nporpaMt.rax ZtJIH MGTpOBOH nponaHOBOM, M8TPOBOW Bo;n;opo;zr,Hoti 11 ,ztByX-

MGTpOBOit rrporraHOBOH IcaMep 011f111 .. 

lilcrroJI:b3YH noJryqeHHbre rrapaMeTphr, reoMeTpM'tleCK:£1Ie nporpaMMbi 

rrpo11sno;zr,flT npeo6pa3oBaruw r-wopJ(l1HaT :s f - cJIIcTeMy no lfJopMy~ 

JiaM 
X1 :::: Sx ~ /{~ [ CCJcJ ( %'m -S~)- 1-i~ tf(jjm -s~)j 

~f ::: Sy + iry [ Jih f (x m - s~) + co! <f( lf m- sj)} 

B .[ 2] sa;n;a qa nepexo;n;a B f - CI1CTeMy pernaeTca aHa~l 

JIOrltlqHo. Cl1cr.reMa ypaBH8I-H'li1, RO'l'OpaH .n;aeT Haoop napaMeTpOB t MMHJII-

M113MPYIOII\l1X <P , peruaGT CH 112'GpaiJ;MOHHbiM nyTeM. 

l3 rrepBOM BapMaHTe reoMeTp11'!8CKOti nporpaMMbi )l;Jlfl M8TpOBOW 

nponauoBo:.1 KaMe phi [ 9] rrapa11reTphi nepexo;n;a 113 m - cltlcTeMbl 

B t - C1'1CTOMY orrpe,n;eJifiiOT.Cf: ITO TpeM M3MepeHHhiM 1\pecr.raM, a 

caM nepe.x:o;n; npoHsno;~vrTcfi no clJopMyJraM: 

X1 :: [ ( Xs - P,~) C£;--5 tf -t ( Ys ·- Pt!J) Jifl 'f -f tJX] Cx 

t}f ={ IC [- (X j - p,~) 1riJt L{ f' { '/ J' - p,;)dM if+ tJ~] I c :1 ' 
r.n;e 

~ .z, -~ l :=: ( p.q x' - P, X) + ( Pil!j - A ~J 
x (!)' ')~ (n' n')t- 7 

t-',J.,X - Pt X t IV)- t1d 

n I I 
!'[ = r el.X - P,x 

I Plx- Rx' I J 

Sin, f = Pic; - P,3 
t/ ( fl; -P,:) L f ( p~ -Pt{; ii' 

I I 

(»5 f == P~x - P,x · 

{(Pi~ -P,~)~ + ( P~ - AyJ~ 

' 

c·~ _ (Psx -P,x)~-t(P.Jr-11'1)~ 
d- (/1x-R,~)~ -t(;:/J!-P~)~ 

• 

'"' 

i 
.I 

1 
j 



I 

I 
I 

I I 
! 
I 

- 9 

LlX, tJY- KOOp~HHaTht rJISBHO.ti ~~Oti:Kli CHHMRa B Cl'ICTeMe KpeOTOB 0 HaqaJIO: 

B TOtiKe { i! j • 
B pa6oTe [ 3] npeo<5paao:BaHHe xoop}J;HHST onpe~eJiae!rcs :a :aHJ;te 

Px = ()., P/ - -{; P~ + · tox 

"' f1t = /6Px1 
+ a fy +if)! 

' 
T .e. npe~noJiaraeTOR HSOTponHafl yoa~Ka nJieHI\14 • 

• 
Koaq>[JHrtHeH!rht npeo6paao:aar.:Hn Haxo~a T err npH MHlnnmaart~nl WYBKrtHB 

/II 

(/> = ·t; [ !J,;~ (rtA;- 6 ,o.y t- to" -Pt;ff-~-111 (#~~-aA; ~-~-RIJ'} 
SaTeM onpe~eJI.f16TC.fl cpe,D;Hll.ti ~Jifl BOeX CHHUKO:S KOaWHIJ;H8HT IIO;zt06H.fl · 

SCf ' 

' IC - tlli%CJIO OHH~KOB , 

J4 HSXO~.fiTCH, HCIIOJI~aya M6TO,D; HaRMeH~m:r4X KBS~PSTO:S 1 napaMeTp~ · 
~ ' ' 
row 

'/ () H io oJie~yroutero npeo6paao:aaHHR: 

I I . ) '"" R ·= 6 c,o ( Px C()J £f - P1 -hrt. tf + t ox 

Fj =GCf' (P: lt'n. 'f + p~ COJ'f) -t-lol 

• 
• 
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ITPOrPAMMW ITPOBEPKW rEA~KOCTH TPEKA Z 
BbiBPOCA ffTIJIOXHXtr --~Ol1EK . 

l~~· 

r~a~KOCT:o TpeKa npo:aepaeTca, KaK npa:az~o, no F~a~xoc~H ero 

npoeK~~~ ~M60 HS nnOCKOCTH CHMMK013 1 ~H60 Ha. nnOCKOCTM B npOCT

paHCTl3e KaMepbi. • 

Ilpoem~rt.ff TpeKa annpOKC~MMpye!I'Ofl HeKOTOpO~ KPZBO~ • ECJIM MSK- . 

CMMS~:OHOe paCOTOflHMe TOtteR Tpei\S CIT STOit KPHBOM 60JI:&me SS;D;SHHOrO 

STaJIOHS, TO npOMCXO;D;HT Bh!6poo .· "nJIOXMX" TO'tleK HJUl BCero ·TpeKS • 

B SSBitJCHMOCTH OT xapaKTepa HCCJie;n;yeMbiX TpeKOB.npHM6HfliOTCH 

pa3Hh!e nporpaMMLI Bh!6pooa, KOTOpbie OTJIHilSIOTOfl :B OCHOBHOM BH,'ll;OM 

Kpz:ao~, annpo~cHMHpyro~e~ npoeR~Mro TpeRa, z onoco6aMH onpe;n;eJieHHH 

"IIJIOXHX11 TO'tieK. 

I. UporpaMua Bbi6poca c annpoRCMMaqMeM npoeK~HH TpeKa 

OKpyJKHOCT:OIO { 3} • 

B KailecTBe annpoKOHMHpyro~e~ RPHBO~ 6epeTca OKPY~OCT:& H npo

BepaeTca, "'TO MSKCHM8~:0H08 paOCTOflHHe HSMepeHHhiX HS.nnOCKOCTM 

CHHMKa TOtreK OT OitpyJKHOCTM M8H:Oine sa;n;aHHOrO STSJIOHS • EOJIH 60JI:&me, 

TO onpe;n;e~aeTOfi TOtlK8 C HO~J'epOM "K 11
, nocJie Bhl6pooa KOTOpolli MSKCH

M8JI:OHOe 1113 pacOTOHHH~ OT OCTSBlliHXCH TO"'SK ,'ZI;O npo:ae;n;eHBO~ no HHM 

· OKpyjKHQCTH d~ mat MiiHMMSJI:OHO cpe~H MHOmeOT:Ba ill106JI [ di ma.~] 
ECJIH a(Kmax He 60JI:Ome aa~aHHOro 8TSJIOHa, TO STS TOilES :au6pa

ObiBaeTOH, a BCe OCTSJI:OHhle CilHTSIOTCfl ~06pOKSti6CTB6HHbiMm. 

ECJIH dJC. m,C>.;t . 60JI:Ome 8TSJIOHS, TO CHHMOK c5paRyeTCH. 

0CHO:BHh!MH He~OCTSTKSMH STOrO, MGTO~a HBJIHIOTCH ero HeyHMBep

CSJI:&HOCT:O (~JIMHHU~ TpeK ~SCTH~ C MaJIO~ CKOpOCTDID ~a-sa TOpMO~eHMfi 

aaueTHO OTJI~~aeTCH OT ORPY~HOCTH) ~ c50~:&moe BPSM.ff, KOTOpoe TPSTHT 

nporpaMMa Ha npoBe~eHHe OKPY~HOCTM ~H Kax~o~ ~oqxH. 

j 
~ . 
-~ 

I 
1 
·I 

i 
' i 
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. 
2. nporpaMwa :abiCSpooa no KpH:aoa qeT:sepToro nopa;D;Ka [ 4,5) • 

. ToqKH IIpOeK~HH t.rpe:ca Ha. IIJIOCKOO'l':& CHHMKS npeo6paayiOTOS 1J CHC'l'6UY 

KOOp;D;HHST Tpe:ca, r~e 00:& ~ napa3IJI63I:&Ha IIPHMO~, npo~e~eHHOI ue

TO;D;OM H8HM6H:&WHX K:SS;D;PSTO» IIO TO'Q:RSM Tpexa, 8 HS'tl83IO KOOp~HHS! » 

n;eaTpe THllteoTH TpeKa: . Xo == 2R,. ~~= ~;{,.' ( n. -qzoJio TOlleR). EoJIH 

60!:& "HSOJIHpO:SSHHSR" TO'tlKS, T.e. 'l'OqKa, paOOTOftBKe ~0 KO'l'OpOU OT 

n;eaTpa THllteoTH Tpe:ca :s "n1" pas ~oJI:&me, qeM cpe;D;Hee pacc~osame 
. . . , 

;D;O OOTSJI:&HUX TOtieK, TO OHS :Sbi6paO~J86'l'OS~ 8 IIO OOTSBWHKC8 DPOBO- · 

;D;H'l'OH UeTO;D;OM H8HW8H:&WY~ KBS;D;PS'l'O» KPHJaS 4-r9 nops~Ka 
"' . 'j =f{x)::: ~a;.R(x-) 1 r,D;e R·(x)r::XI. HJIH ·noJIHHO~ Jiezaa;D;pa. 

ECJIH 6 = vrt;t:tf' 60JI:&tna SS;D;SHHOrO 8'l'SJIOHS, TO ::S:btdpL.C~:B86TOB . 

;). TOqxa o HOMepoar j , wra KOTopott /Vi -f(.xiJ/=!7Zf'X/Vt-f(K;.)j, 
H ;D;JIH OCTS:SillHXOB TO'tlaK npo~e;ztyp£i ·. IIO::S'l'Opae'l'CB 1 IIOKS- ~ • He 

CT8H8T M6H:&we STSJIOHS. 

EoJIH nccJie .oqepe;D;aoro Bbldpooa ooTaHe'l'oa 5 TO'Q:aK, :o nporpau

ua 6paKyaT ~eo:& Tpex. 

nna TaX CJiy'tlae:a, KOr;D;a TPY:ztHO O~HCST:& :scm npOaKijlm TP8K8 

Kpm:sofr! 4-ro nops:ztKa (aanprauep • :ztJIB aaKpytnt:aaiontetioa cJmpaJIH ), 

TpeK paa6z:aae'l'OB HS tiSO'l'H H OIU!OSHHLlM :Shtme OIIOC060U IIpOHS:i0lU1TOS 

:s~6poc aa Ka~:ztou xyoKe. 

He,D;OOTSTKOM S'l'Ofr! nporpaUMbl H:S3IR6TOB TO, 'tl'l'O npH Be~~:SBOMap

HOM IllS:UepeHHH 'l'OtieK HS TpeRa ~O'CIKS 1 H&H60Jiae O'l';D;SJI6HH.as O'l' ~pyrH: 

UOlK6T 6ht'l':& »OOnpHHH'l'S nporpaMUOi! KSK 0 HSOJIHPO:SSHHSS11 H 6UT:D 

:Bb16pomeaaofr!. 

3. llporpaMual :ab16pooa no RPH»Ofr! m -ro nops~Ka [6] 

npoexn;us Tpexa paa6m:saeTcs aa rpynriH no tt Toqex c nepeK-

PbiTmeu rpynn. CJ.tyqa£1 n = 1'1 ( IV' -qzcJio TO'ClaK :a TpeKe) 

• 

• 

I ----
1 

j 
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Bu6poc npoma:ao;r.tHi'CH oT;n;eJI:&Ho :a Kaa;n;ott rpynne. llenae~ca 

npeo6paao:aaame xoop;n;:v.taa~ ua aa;n;aaaoti cmcTeUH » cHc~euy pacoMaT

pH:aaeMoro OTpeaxa Tpexa, ItOTopa:a onpe~eJiaeTca cJie;n;yro~;nl o6paaou. 
. . 

. -~ 

BepyTCH 2 TpOfiiKH TOlleR B HS'tlSJie H KOHD;6 TpeKa. B KSZ;ztoa TpOtiKe 

CllHTSIOTCH paCCTOHHH.fi.M6JK;ZJ;y TO'tlKaMH M l3ct6HpatoTOS: 110 Z TO'tlKR, 

paCCTOHHHe M6llt:ztY ROTOpbiW H8HUeH:&mee i CBOett !rpOt!Ke. Itf3 OCTS:B-
. ~ . . . 

mHXCH ll6Thipex TOllett 6epyTcH 2: o HaH,MeH:&mmu .aouepou ms nep:ao~ 
- . 

TpOtiKH H 0 HSHOOJI:&WHM' H3 IITOpOti. qepe3 HHX npO:SO:ztHTOH npW.dSH, 

Onpe;D;eJIHIOIItSH OC:& X. HOIIOti CHCTeW •• 

JVzg TOrO, llT06bi H36eJI:aT:& :BJIHHHHH TOlleR, llpH H3MepeHHH KOTO

PLIX 6biJIH ;n;ony~eHhi rpy6bie CIWH6K~., JIICMI>t:rSIOTCH l3P6M6HHO H3 paCCMOT

peHHH TaK aaau:aaeMNe "mao.r.:mpo:saHHhie" TOt:rKH M"' 
7 

:zt1IH KOTopwc 

- fl, 

.1C1fcr ;ffH': 
r.Ite 

fC -1 - C{yYl,f'/; 

fep- cpe;D;Hee pacCTOfiH:Vi6 M6'1J.'JI.Y TOllKSMH t 

f14~c..- MHHHMaJI:&H.oe Ilia paccTOHHHti OT. TO'tlKH M ~e ;n;o :so ex 

OOT8JI:&HhiX TO'tl6K MHO~eOTBa. 

'}J.JrH OCTSBWHXOH n, TO'tl6K ;D;eJiaeTC·fi HO:BOe npeo6paSOBSHilie t 
x, -t Xn. 

o:zt:eHraa HallaJio ROOP.ltHHaT. no ooH . X aa :seJiuq:aay Ll X .:::: 2., , 

r]te X-1 H X n.. -hie KOOp;llHHSTht TOlleR. 

B fiOJiy'tleHHOM CJIICTeMe KOOp~HHST no· BC6M n, !1'0llK8M OTpeaKa 

npOBO~TOH KPHB8H nopa;D;Ka ~~ M6TO;ZJ;OM HSHMeH:&mHX KBS;D;paTOB H 

:Bhi6pacbiB8IOTOH H3 ;n;aJI:&metimero paOCMOTpeHHH Te TOTlKH, ;n;JIH KOTOphiX 

(l L {. (m)):L , (j-L. 
Oi = ljt. - ~i :> IC.t.J cp , 

r;n;e /'CL- ~: 

( . 1J i ("") - saaqeHHe npo:se;n;eHHOti KpH:BOfii :B TOqKe X i ) • 9TOti 

npo:eepKe no;n;:sepraiOTca :ace TOllK14 pacouaTp~t:aaeuol rpynllH, :sKJirollafi 
I 

"ZSOJIHpO:BSHHhle". 
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Ilopall;OK KpH:ao~ ( m, ) onpell;eJise1'ca ma ycJio:ama 

. m 1 = ~ { l'nin-Cm.) n;. -t], i} 
rll;e nt - SSJ];SHH~M nopa~OK KPHBOM 

nt - q~cJio Toqex, no KOTop~u npo:aoll;H1'CR xpm:aas. 

OcTa:amHeca nL TO~&K no~:aepraroToa ~aJIDHeRmeA o6pa6oTxe. 

;l{eJiaeTCH npeo6paSOBSHH8 KOOp~HHS·T :B CHCT6My 1 r:zte OO:DJO X 

a:anaeTca npauaa, npo:se~eHaaa ~epea KpaiHHe TOqKm ocTa:ameroca · 

MHOJiteCTB8, a HSllSJIO Ii00p~HH8T C;ztBHHyTO no OCH a:. Ha :B8JlH'qBBJ 
j ;A ,. 

cpe~Hero 8PHWM8THll8CKOI'O X -OB~X KOOpll;HH8T KpSAHHX TOqex. 

B STOt! CHCTeMe npOHS:BOJ];HTCfi 11 CI'Jl8DB8l:Ui6 11 01'p88K8 TpeKa.· 

MeTO~OM HSHM8H»IDHX KB8ltPSTO:B IIO ~~ TOllK8M IIpOBOJ];H1'CB 
. (m~,) m-., . . . 

Kpm:aaa nopa;o;Ka m:L =- y 6<} =f. Cot. 'Po( (x) , rJ];e m...~, . onpe:zteJia~ 

eTca aHanormllHO ~1 , a B xaqecT:ae nmaeaao-aeaa:auoHMHX WYB~HI 

~~(X) OepeTCfi C~CTeMa OpTOI'OH8JiiH&X IIOJIHHOMOB qe6~me:aa.· 

0 , V ?:; ['fi- r;c.< 'f.dxJ)" =' I( <A · 
n~ - ( r"l..t + -1) Y n~~. -(m,~, +1) 

1 

(' 2, · ( m~) fL (m.~,) 

0 y ::. t7U1fX ( lfi -lj (X~) ) = lfi - jl Xj) 

C HOMepOM j BbtOpaCbl:S88TCfi, 

pa:ztOK KpVI:BOtt IIO cl>OpMyJie ( *) 
KPH:BOL! qepe a n j = n.t -d. 

nocJie qero cso:aa onpe:ztenaeTOH uo- · 

a no:aTopseTos npo~eoc npo»e:zteHHI 

Toqex H :ztan:&ae~maa :a~6poo :zto Tex 

nop, nOKS He C5y~eT :Bblii.OJIHeHO Hepal38BCTBO 
46~- J: -q() . • 

·j 
I 
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. 
On~CSHHaft nporte~ypa HOJ3TOpa:eTOS 14JIS KSlK140M 'tlSOTH TpeKa. 

B npoi.:(eoce oopa6oTiur Bcero TpeKa onpe;zteJiaeToa: :seJIH'tlHHa 

~ 

6i~. ::: ~ e.pe 
{ [ n~ -(1ncp +--t)}e 

, r;n;e .e - l1l!Jte~c 

~ rpynnu. S:.:~ EeJiz•nma cpanHPI:saeTC.ff c ;ztHonepcPie:ti 6 
3 • TO'tlltH 

~· 1, 1'::' :L TpeKa CtUITaiOTCH xoporrro :H3MepeHHbi.MNI, SOJIH v J /' o .&n-S • 

B npoTu:sHou cJI.yqae v.auepeHv.e 6pa:a:yeTca. 

3Ta nporpaMMa :Bhl6poca ;zto:aoJI:DHO yaH:sepoaJl:&Has, HO ee 

He:ztOOTSTKOM fi::BJifl6TOH rpOM03~KOCT:& (:ztJIHHS nporpaMW:S KO;ZJ;SX 
uamH.HIX "M-20" !654 a:tzeidKv.). 

~ 

• 

..... 
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'§ 3. BOCCTAHOB.JIEHME llPOCTPAHCTBEHHhiX 
KOOP~HAT TQqEK TPEKOB 

PaCCMOTPHM CJiyqat!, KOI';l'(a ODTH'Cl8CKHe- OCia o6~eit1'H:SO:B napaJIJieJ • 

au ~pyr ~pyry H :ace nonepxHOCTH paa~eJia cpe~ nepneH~HKYJIHPHH 

OIITH~eCKHM OCHM. 

]lJ:ta :BOOCT.SHOBJI6HMH npOOTi)6HCT:S8HHWC KOOp;ztHHaT :SO l308X 

paOOMSTPZl3S6MhlX B aTO.ti Ima:ao pa60TSX HOIIOJI:&SyiOTCH HSMepeHH.f.t 

aa ~:ayx oTepeonpoeK~nx. 

ECJIH H3MepaHHhl8 H8 paa.t.:.biX. OHHMKSX TO"lD .fiEJIB:IOTCH rtpOeKztHH

MH O~HO~ H TOU ~e npOCTpaHC~:S6HHO~ TO"lKH, TO T8RHe TO"lKH 6y~eM' 

H83hlBST:& COOTB61'C1'BYIOIItl1Iwfl1. 
' i 

ilOCKOJI:&Ky npH HSMepeHHflX I\OOp,7.tHH8T TpeKa Ha P83HDIX CTepeo- no. 
npoeK~HHX H3M6PHIOTCff, noo6me I'OBOpH, KOOp.ztHH8T~ HeCOOT:B8TCTByiO-

IItHX TOtreK, TO B03HHK86T :aonpoc 0 IIOHCKe OOOT:B6TOTDYIOIItKX TOtleX. 

a) ITpo:aep;eHHe Jiytra ] K8U6p:£ ~!3 TOtiKH Ha IIJIOCKOCTH CHHMK8 

trepea COOT:B6TCTByiorgmf1 0~1l6RTH:B 

Boa:&MeM .ztJIH onpe.zteJieHHOOTH CHCTeW KOOp.ztHHST, H306paJICeHHiie 

Ha puc. I-2. 3anMmeu cooTHOIUeH¥±H, CDHS:bl:aaro~v.e Koop~HaT:bl ( X, Y,l 
. :a $ - cHcTeue npocTpaHcTneuHo~ TOtrKZ M ( X7Y,];) o ee . I<:oop]U!-

HaTaMH X p 
1 

\:) p l3 f - CHC~~eMe Ha CHHUKe C HOJlepOM p. 
(CM• PHC. J-I H I-3). 

;l:p - ~ :X - 8g 
lK1p 't'-rp -t Kp'fp (I.3.I) 

~F - y- C.~ -- ';; K., p.'t'1p t K p 'f' p 
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S~ec:& ( 8 p, Cp) . - ROOp;n;m-IOl'bi :a 

qeHHS 011THti6CRHX OCe~ 0 n~OCKJCT:&ro 

igtp 

$ - CHOTeue TO~ex nepeoe

~ ... o. 

K tp \f/,p - z P ' 

- R.e Kp 'fp - Zp :; (I.3.2) · 

~f - :seJIH'tlHHa pa.D;uyoa-:sawro_pa TOtiiW :a f ~ c~cTeuo 

R., I' - paOOTOSlHHe J48Jlt.D;y TO'tiKa:<Jk! nepecatieHk18 UJIOOI-tOCTti ~ ... 0 C 

onTM"leOKOJii oc:&IO 1tt JIHBHeii npoe r-tTHpo:aaaHs TO'tlKM M {X, ':J, ;;) • 

Y p - yro11., oCSpa3Y,8Mbi~ 1U1HH6.~ n,.P06KTHpOl38HHfi B KSIJepe TO'ii\III 

o onTHqeoKoa oc:oro. 
. 

(CooTaomeHHH (I. 3. I) JierRo no.IIy'tlaroTos ¥%3 no;IJ;odua TpeyrOJI:&lil{KO:s 

(cu. PHO. I-3) ff ~ ~b. ' a, Rp #! R.p + ~. tj r 
. R..p 

( ) X X- Be · - X- Be \ c M. PH 0 • I-I p ;:;:; D ' -fq ;( . - 1/ "u ~ K U/ ) 
~ f' li ~ . T\.1 p T If' t!IV + f' 1 f , 

~YHK~HH K~ H ~~~~ MOryT 6biTb sa~aHbi n n~;n;e pa3~o~cH?.fl 

B PH~ no ~ ~ 0 SKCnepmJeHTOJl E>HO onpe;l\eJieHmtMH KOSq~l1UI·ieHT8Lnl [ 7) 

H1IH :B BH;Ae npOH3J30JI:DHhiX tfJYHI\I.J;tl.tl OT '& , KOTOpbie MOryT 6UT:& 

noJ.ry\IaHI~I H3 KaKOfi-JIHOO MO;D;6Jll1 onT•rqecKO~l C:v!CTI3~'U. 

HanpHMep, :a padoTe [ 8] 

/ Jir& b c~ p) ;.i. · ·· · 

Kr 'fr = if Jf/if;-4in'Jpfz,J 

{ h Jz'n f>.e (!.e) ·- , 
K w r., ={- h./ z,J · ~ fr ( 7p) + 1 In';,- lil'l- fl'lrJ 

L .fl'nfof ( tt.p) ~ ~ 
t fl,t fni -41'k-)bgtlf) J 

r~e 

i 4 - C.yMMapHaH TOJI11U1Ha 

woTorpaw:vrpoEaa:vre, 

~AI • T0Jlllt14HS :BO;ltll 1 

CTeKna, ~epea KOTOpoa npOH3EO~RTOfl 

-:~ 

• 
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hop(Z~- paCCTOHHHe MO]K)l;y nepe;n;Hett YSJIO:Boa !I'O'tlRO.f.i 06!&6K!I'H:B8 m 

aa~HTHhlM CT6KJIOM EaMephl, 

ncr, tt~J, rt - noxaaaTemi npeJrouJieiUIH CTeKJia, :BO.:ztht H nponaaa, . 

jJ p (?.. p) - yroJI M'62lt,1cy Oil'rHtiSCKOti. OC:&IO Od!&6KTM:B8 H JIY"'OM HS 

npOCTP8HCT:B6HHO~ TO"'KH.· 

j> p ('le) H dop('lp) Si:BJIHIOI'OH ~yHK~HHMH OT Z. H OT HOMepa 

Od:&eKTH:Ba. 

B padoTe [ 3] · paocuaTim:saeTon npoxoj!C;n;eaae Jiyqa 'tlepea :Bee 

cpe)l;hl. IlpH onpe;n;eJieHHH yr;ra, 06paao:aaHHOI'O OilTHli60KOfil OC:&IO H Ha-· 
I 

npaBJieHHeM Jiy'tla,. :BbiXO;n;H!ItOrO HS !I'O"'I\MI Ha IIJIOOltOCTH OHHMKS, 

:aoaalntaeT HeJIHHeitHSH aa;n;atra. 

IlyCT:& M6llt;n;y od~elt!HI:BC>M H nJI6HKOti· paOIIOJI0)16HO "K11 cpe~, 8 

uem;zcy o6!DeRTH:aou H · pa6oqeit i!W;n;KOC!I':&IO "t " ope;n;. 06oaHa"'Hl4 

f>1 - HOKOM:blfil yro11. 1 h;, •· TOJI~Hbl ope;n;, l7.i, · IlOI<aaa·!I'eJIH IIP6JIOII . 
JI6HHfi, ~i ~ YI'Jihl DXO;n;s Jiyqa :a L -Tyro cpe:n;y. 

Tor;n;a 

r;n;e eX. ;:: ,UtL f 1 • 

Ypa:BHeHMie f (o<..) = o MO:I\6!1' 6hlT:& pemeHo ueTo;n;oM H:&lOTOHa, 

noJiaraa :a KatzecT:Be HatzaJI:&Hc)ro npH6JIIJJ:lKeHHH 

• 
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( B aaKoHe npeJIOMJieHJIIH :S.tJ1..- yrm1 npeJIOMJieH:v.t:ff aa.MeHeH a a -l:f ) • 

Oc>oaHa"t!VIM -qepea j3 - yroJI, no.zt KOTOPbiivi ny-q BblXO.ZJ;HT Ha o6T>eKTVIBa 

· A . A /1.( 
-51./v )"' = ~ Jvf l~K, 

IIpocne;n;VIB .ztan:orne xo.zt Jiy"t!a -qep·ea " t " cpe,n; Me)K;n;y o6tJeKTJII:SOM :vi 

paC)o-qe~ )KJII,lJ;KOCT:&ID, Ha~,n;eM, "t!TO 

M {p = ~ p ~'Wjlf co.U~ 
/1,-C.+-( ' 

nul 

- ~ ~· . h-x.f' i -;:;:;;'(_ 
~ - f_ ( ; A hx.t-t)<-f ~ :; ( I ~ r.u~ r 77:;;;z 

6) Onpe;n;eneH:v.t:e npocTpaHCTil6HHhiX KOop;g:v.t:HaT no CO.OTB6TCTBYIOigJIIM 

~~O"t!KaM 

t 
f' 
I 
~ 
' 

f 
t 

l 

l 
i 
' t 
I 
j 

!: 
' I 
k 
l. ! . 

l 
]lJIH npOCTOTbl paCCMOTpVIM CJiyli:aiii:, KOr.zta OC:& X CJIICT6Mbl KOOp.ZJ;III- ~ 

r 
HaT KaMepbl napaJIJI6JI:&Ha JIJtlHJII:v.l t C:06].\I'lH.f.ti0~6H OCHOBaH:vtfl OTITVItl6CKVIX 

OCeiii: ,I(JIH OOT>6KTJIIBOB C HOMepaMJII p lii f{. (JIJIIH:v.l:v! daabt)*f. 

]lnH onpe,n;eneH:vtH npocTpaHcTBeHHhlX Itoop.ztlllHaT · ( X, Y, l.) TO'Ii:KJII no ee 

Koop,n;lllHaTaM ( ~p, Yp ) , ( X q·, Y't) B sf - CHCT6M6 ,ZJ;JIH 06il6KT:v.t:BOB 

C HO:MepaMJII f H 9/ Mbl HMeE:M 4 ypaBH6HJIIfl: 

---------------------------

' ~ ' 

l r· 
f 

r ___________________ ...,. ____ ...,.___ r 

*I 06~:vxfii cJiyqafii He napamteJI:&H;OC:Tlii oclll X JI11IHJIIH c>asbl JierKo npitiBO,z:t:VIT-; t 
Cfl K paccMaTpHBaeMOMy TIOBOPOTOM :v!CXO,ZJ;HblX C:v.t:CTeM Ha yrOJI .'f , r,n;e f. 

. ~ 

C C f· 

~ . " r f{;. ' ~ \ t . Ia D \ ~ '; 

. = 1'- e ~-

f' r 
f Bt_- Bp -

~ r = f ( c,_~~,)~ -t (b,_- 8p)'" 
( 

r 
11I TIOCJie BbltB1CJieHitUl npocTpaHCTBeHHblX KOOp;ztMHa'l' OCSpa'l'HbiN fiOBOpO'l'OP. 

,, 
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x- Be 
Xp = ---·--"'----

l Ktp lfto + Kp lfp 
~p ::: y- c 

£ J{fp lf1p -t Kp lfp 

lj rt = fl. /<.It;- ~/)~ 9- -t- K fJ tt~ 

X tf = X ·- 8 9< . 

. ~K f<J ~fj -t Klf 'ftf' 
!1-C. 

· llpe~~raro~ca paaH~e cnocod~ pemenHa ~~HX ypaEHeH~U [7,8,9] 

Paccuo~pHM cnocod pemeHIUI, om~caHHblti D [ 71 • 
nna ~oro, q~Odbt M8KC~MS~DH0 ~CUOXDSOE8~D EOID ~HWOPMS~~ro 0~ 

. . 
~aMepeHHbiX Eenzq~Hax, npnueHHM ue~o~ MaKcmMyMa npaE~ono~odma. 

ITpe~nonaraa, q~o om~dKm Een~qnH Xp,Jfp)X~)J'~ paonpe~exeBH 

no HOPM8XDHOMy aaKOHy, nonyqnM O~eHI\H ~Xft Jr,yr;e ma ycXOEm~ 

MmHHMyMa WYHK~HM 

YpaEHeHnaum ~JIH onpe;~eJieHMH XY,Z , 

ITocJie ~n~~epeaunpoBaHnn: 

[X,- x;,fej-/rp + [ Xe;- :~ ~t!ctJ ;c;, = 0 

··[Yr- '{~~ l-Ji; +['jf-- Y;~JA :(} 
• 

{(X p- X fi~P ){x-B, )} ~r +{(xq,- Kt,!*-){X-89-j K,';i;~rt- + 

+{{'ff' - 'Cp~ )(Y -c)] t<:qfe -f[( f!rr- y_A ~-){Y- c)] 1<. ~~91• • 0 
• 
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iljl 
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S;n:ec:& 

20 -

Jlp:: :J,K,p 'f1p + /(~f 'ft 

J/ t'y = p K1 ~ lft tf -t /(, Cf lf ~ 

K 'P 'f,p -.; k.,q; 'f/, cy , K p 'f', ;v K ty 'P'J; . 

TipeHe6peraa MHO~MT6~HMH npH KB~;ztpaT~X CK06KaX, no~yqzu 

( Xp- x;,~e) ~ (x~- xj;~9L) = 0 

(~,-Y-c)-r(,1f -B)=O 
II P ;l ~ A cy : ~l 

( X -B _l/ , ) x-B .(I.3.4).· X P - 11 p eJt x··- Bp + (x q., ~. /10y t1t)(x-13qJ + · 

T[(jfp -Y4;) +{~~- ~;~ )} (Y-c)==o 

CHCTeMa (!.3.4) 3KBMBa~eHTHa C~e;n:yro~e~: 

X _ X- Be :::.O 
f flp ! 

X - X - /3q; - 0 . 
} fit .. -

( (j - y- c ) ~ (11 - y- c ·) ::::0 
cJ f /lp : dCf lit 

Ma I-ro m 2-ro ypaBHeHm~ HMeeM 

:J; = 8 p - B ey - (X P K P 'f'p - X t K tt- "P.f.) 

::, Xp K,p. 'fl,p - X t K,cr 'f, ~" 

x = x:t,K.,p'+'tr + Xp Jcplff -r 8 P. 
• : ... (I.3~5) . 

·/ 
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! 

1 1 
. ! I 

.·.1 ... 
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.. 2I -
~a 3-ro ypaEHeHHa 

Y- '/e ' + r'k _,. c 
- . .{ . .I 

- + ...J-

/lp II 'r 

lloJiytzeHHOe pemeHl-I6 CHOTeMH fiEJIHeTCH O;LI;H~M k13 't:lSCTHhiX p.eme_: 

HH~ CHOTe~ (!.3.3), ~ STO pemeHHe ;LI;OCTSTO~HO Onk13KO K onTHM8~~-~ 

HOMy pemeHHIO, ;n;a:saeMOMy Me!eO;LI;OM H8HM6H:&IIU1X KEa;n;pa TO:S • 

:a) Onpe;n;eJiem~e npocTpaHcTBeHHbiX I\oop;zuuraT 7J;Jifl HecooTBeT-
' 

CTBYIOilU!X TO'tfeK, 

Boa:&UeM :B Ka~eCT:Be OOHO:BHOrO OH~MOI\ (1 HOMepOM p'. lJ)J.a K8JC:ztOit 

TOliKH STOro CIUIMKa (X 1'1 ~p). 6y:zr_eu k1CKaT:& 000Tl36TCT:BYIODzyiO e! 

TOliKY Ha CHHMKe C HOMepOM Cf • 
llepEble 2 ypaBH8HifH CLWTeW (I.3.3) MOWO paCCMSTPH:SST:& KSK 

;n;:aa ypa:aaeHHa mrooKOCTeM :a npocTpaHOTBe ( X, Y, J; ) , nepecet~eHze 

KOTOpbiX ;n;aeT npaMyiO ·fl -rEtOMeTpl-7tr60KOe M6CTO TOlieK, npoeKTHpyiO-

~MXOfi E (X,, ~f ) • CtntTaa E oHcTeMe (I.3.3) Xp , Yt w~xoz-

poBaHHblME, ~OKJIIOt.rlu.r Ha Hee X, Y) 1 , noJiyqz:a TSIUU4'. o6paaou 

3SBHOHMOCT:& 

. (I.3.6). 

KOTOpaa BbiP8lKa6T COOOti npoeK~VIIO npaMO~ A .Ha OHHMOK 0 HOU6POII ft' • 
BhlpameHze (I.3.6) MOlltHO aam~caT:& cJie;rr_yrontliUl odpaaou: 

, r;z:te 

C · = K,e \f1e [ a:;K, ~ \fjfiLX'I< - ('3~- Bp2] 
K, q., "ft0y [ Ee K,p VJ,p X p - (8'Y' -8 f )1 

• 
• 

ii 



'· 
·.r~-.r .. :.~ 

•• 

~ ' 

JierKo :sm;zte!ri, liTO eoaa IG rp • "' 'Y ) ~<,11 • tJ ._,, 

'f,f :=. \f,q,:" 'f'r=r,~ J. TO 
t 

g:=.d_ • B STU: JC1l0BHHX.npoe~H 
npauoM A aa xa~p o aouepou ~ :a~po3;ztaeTos :a npauy~, napa1tnex~

ayiO c>aae • 

. ,lJ,Jla .HSXOE~6HH.fl TOll~ H8 OHHIIK8 0 BOMepOII'_ .tf' t OOOTB8TOT.;.. 

:ayto~ea TOllKe { x,, "fp ) , ayuo pemH!:i · ollcTeJIY :tt:ayx ypa:aaeaul o 

l:BYIIft H6HS:SeCTH~IIH: 

xt = 1 rr~J 
Y1 =:'!It I c 

,. 

{!.3.7) 

llep:aoe us aT~ ypa:aaeaul./onmc~:aaeT Kpm:ayiO, KOTOpas annpoK- · 

CHMHpyeT TOl:lKH, H3M6P8HHli8 HS OHHUK8 0 ,,fi0118POII · q, • Jl,ua S!OrO 

o6~qao ucnon:&aytoT mTepnoxa~HOHHHe nonaaouu. Cuoteua (!.3.7) 
, r : __ -- --. ·--- ... - . 

pemaeTCH U8TO;ltOU HTepa~HI, BSHB 38 H81l81l:&HOe npm61lHE8BHel· 
' ... ' 

. "'; = fp • nocne aaxollt~eaua ~'/I, ':/ 'r. lXR noxy11eaua X, Y, :i---t"7.--· 
ucnox:r,ayiOTCR ~opuynH (!.3.5). 

B padOTS [3) ~pOOTpaHCTB8HHNe TOllKH H8X0lftTOH B8 nepeoeqe• 

auu nyqel :a Kau~pe. llycT:& aalaHa ToqKa · ( X, 1 ';/ p .. ) sa cazne 

· o aouepou " p 11 • llpo:ae~eu. nyq Lp ms.. ~!ol TO'l~ :a npoo:paao!~e 
' KSUep~ qepea od~eKTHB p • Ha npOeK~H Tpeita .. B8 IIJIOOKOO!~ CHHJIKS. 

te ~ · H~neu Taeyto TOllKy ( X ~ 1 1j ft ) , liTO eoJIH .npo:aecTH. ny-q 

. · £ fJ; HS H~e qepea COOTB6TCTBYID11Udl,. 06~eK!HB 1 TO JiyliH tl H . .t~y· 
nepec&KyToa (c aa;naaaol ToquooT:&m) •. ToqKa nepeceqeama Jiyqel 

npHHHuaeToa ~a TOqKY :a Kauepe, KOTopas o!:aeqaeT mauepeHBol;·-~--~ 
• . I_ .... '. 

( Xp' ~p ). . 
ToqKa ( X 4' } Y 'Y ) H!n8TOB HT6p8~HOHHHM ny!eU ~8 :nyre OK-

• " , • • I ,• 

py~OO!H, annpOKOHMHPYlOJnel npoeK~HlO TP81(8 ~8 CHHJI~K , C . Je 9' t 116:QY 

;n:ayua TO:ctK811'H~ paonoaoseamum no oc1e c!oposs ot !OliD nepeoeqeaaa 
' . 

. 
!'-"I 

·-----··--.-·--··---~~ ····--. __ .. ·-·"" .. -~----..,..._.._ . _t, •• ·,;·}"h_ .. t .. H. lNif ... ~ ... A·NJt 



;n:yrH OKpyJKHOCTH c npR:MOJfi' npoxo;n:rii.I(e,M trepea TOtrxy ( X p, f r ) . 
napaJIJreJIDHO 6aae. 

r) 0mH6Ka l3 onpe,IteJreHvm KOOp,ItHHST COOTBeTCTBYIOIItHX TOt.reK 

(H npOCTPSHCTB6HH.biX KOOp,1J;liHaT) cy~eCT:S6HHO B03pSCTSeT npz yMeHi

meHHH HSMOHS npoexn;x.m TpElKS no OTHOUI6HHIO K JIHHHH 6S3hl. IlOSTOMy . 

:B CJrytzae MHOr006'IIeKTHl3HhiX KaMep (tzHCJIO 06'116KTli:SO:S > 2) H3 :S06X 

nap Ka;n:po:a, Ha KOTOpbiX npE:,ItCTa:aJreH ;ztaHHhi.t:i TpeK, :Bhi6zpaeTOft T&- .. 

KSB napa, ,ItJIH KOTOp6:£t yrJrh: HaKJIOH& npQeiO:lH.t:i TpeKa K JIHHHH 6&3Ii 

Ham6oJI:&mHe. 

§ 4. AnnpQKCHMan;:r.ur T~ena :amHTo:aott JIHHHett. 

IIocTpoeHme :SHHTo:aoti JIHHH~ pact.rJreHaeTOH aa 2 aa:ztat.rz: 

:s nJIOCKOCTH XOY npo:Bo;zt:vtTCfl OI\pyJXHOCT:&., a :a nJIOCEOoTm p~a:aepTKH 

· D;HJIHH;ztpa, HS KOTOphi.t:i HSMST~BaeTCH BHHTOBSH JIHBHS, npOBO,ltHTCH 

npswaa. 

B pa6oTe [I2) CHatzaJia npOP13BO,ItHTOH npeo6paao:aaHHe KOOp,ItHBS! 

:B CHCTeMy C OC:&IO ;;/; , nap.3JIJI6JI:&HO.t:i :BeKTOpy Ml;lrHHTHOrO nOJift 

/[ ;:: [ Hx , fll;j 1 H~}. 
:ZJ;Ht npo:ae;n:eHHB oKpy)ltHQCTPI :a nJIOCKOCTH XOY MHHHUHazpyeTcs 

~yHK~HOH&Jr ~ 

!11 ~ L;{(x, -Kid).t.,.. (Vi -J!11)J/-It:t]~ 
L=1 

:a np~,ItnOJIOiK6HHH, liTO OKpymHOCT:&· npOXO,ItMT t.tepea nep:syiO !t'Otll\Y 

(X1)';j.,), m.e. fl"=(x~-xv)~+(V,-Y~t~)J; ~ 

M1 = f: {(x/' -x,~) +( y/--y~)-:txtJ(X,_ -x,)-J{" (1'·-y~)J~ · . 
L~L (I.4.3) 

H '~" 
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113 ~~He~HOM CllCT6~ ypaBH6H~~ 

raM, = 0 
?J X~J 
roM, == 0 
'OYt.~ , 

aaTeu BbitUIC~fieM R • 

. MHmu.maannH WYHI{I4I10HUJia f\1, o TO'tiHOOT:QIO ;n;o tiJieHo:s nopa,14Ka 

f(~f SI\BI1l38.7I6HTH8 MI1IU1Mvi36I.rVm 
rt 

M == t,. ( Vrx~- x y):u.,. ry~. -ylJI~ IL J!b 
BJ.raro;n:apH nne;n:einiio "1 tJ!YHKD;l'lOHaJia /VI 1 aa:ztatza onpe:zteJieHI!Ia napaueT-

pon o:ttpy~HOCTI1 cnenac~ K JIMHeliHo~. 

n~H onpe:zteJieHIIIfl ~A npOBO;ZJ;IIITCH M6TO;li;OM HSHMeHDmJIIX K:Sa:ztpa-

TOB npmllfaH 
;z = :1o + ~ ·ial il . 

R. . ';ji - ';/'I . 
·no TOtzKaM ( :z~, St ), r;n;e Sc -= Wh~V(tJ;.-'Jid).z.+(xt.-)vJ:~,' ' 

.HaXO;ZI;IIITCH 113 CHOT6Mbl ypa:aHeHHM: 

'aM~- 0 
'0 :i.o -
'OM~ 
0~/l =0 . 

11. " X, 

.. ·· r;n;e Mz == tt ( l;. ~,ito - Sc. t9 A) . (I.4.4) 
·.-~; 

HanpaBnHID~IIIe KOCIIIHYObl :ttaoaTeJI:QHOro B6KTOpa K BIIIHTO:SO~ JIZHIIIIII 

B I-0~ TOtzKe HaXO:zt~TOH no ~OpMy~au: · 

/!. ::: d. . . .. 
ltg~ A +d ... 

m == d. v til), + 1_ I 

n =Sin tt ·. 

'COJ(t-) 

-fin,(R) 
\R. 

• 

• 

.. 

J 
I 
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' -i 
l' 

i 
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j 
I , 
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.j. 
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l 
l 
l 
l 
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! 

j 
J 

l 
l· 

:' 

BueoTe o napaue~pauM ~~HTo:aoU ~HHHH nporpauua TaKze JH~aeT'HX 

KOppe~HD;MOHHYJO MS!t'pHey • 

B pa6o!t'e [ 4 J .zt~a ynpollteH'HH ct~eTa npoeKD;HIO !rpeKa aa 

n~ocKOO!t':& XOY annpoKcmmpyroT He OKPYXtHOC!t':&IO, a napado~ott 

y = a,;r~r C. ~ CkiCTeMe ·I\OOp.ztHHST TpeKa t r~e 00]) a=. npOX~~HT 
- . 

qepea J -yro H 110C~El~HI010 'l'O't:IKH · TpeKa, 11 BhttlHC~HIO'l' pa~HyC · 

KPHBHSHhl .:a cpe.ztHett TOt~lce ( fL.::: fa, ) . IlpH TaKo.t! aaueae. norpem 

HOOT:& :a onpe.zteneHMH pa~Myca He npe:aocxo.zt~T 0,7% ~~n pa~Hyca o~ 

IM, ~0 20M, Ha ;ztJIMHe CJ::e,z~;a He CiOJiee 30 OM. 

Ec~H npM npo:ae,D;eH~iH BHHTOBO.Lii JIHHMH ytlH!t'hl:BS'l':& KPOMe HSUepJ 

TeJI:&H~ omm60K TSKilte Oll!NrCii\11 MHOI'OKPSTHOI'O pacoeHHHB [ I4} 

TO ;IVIH llOJiytieHMH napaM€TpOJ3 BMH'l'OB0£:1 ~HBMH :BMeC!t'O :B!1111H08HHHX 
·! 

:ahlme ·~YHK~ma M,. m M.N Heo6xo,z~;tn4o MHHHnmampo:aaT:& 

M, ~ f ( u: -ll ~) e-;~e ( -wJ·- tlr,) 
K,f•l d q d' d 

M -t = f: (:;t ~ - ~ 1c. ) G.t: t ( :t; -1 e. ) ~ 
)(,l•l 

r;n;e 'j~e H 3.~ onpe;n.eJifliO'l'CH HS ypa:sHeHHit l3HH'l'OBO.t! ~HHHH~ 
'1 '!1.1 Vr:.,fil;Je - KOOp;ztHHST~ HSMepeH~~ TOtleK, 

Guce = §'Jc.c! + 6rj cf' ~ee 

G- (/ .a. 0 
Jl.t.t = CfiC.f!, 7- €) i 0 lc:. e. 1 

. 2, . 

e)d - ;ztHCnepCHH HSMepvrTe~:&HOM OmHCiKH KOOp.ztHHS'l'ht ~, 

~~ - ;z.t~cnepcma HSMepvrTeJI:&HO:Li oum6Km KOOp.ztmHaTht c, 
8 d - CHMBOJI l\poHeKe·pa , 

tJJC.t- a~eMeHThl MSTpBD;bi MHOI'OKpaTHOI'O pacceaHHB (OM. r~a:ay ill 

JVlfl npo:ae.zteHHH OKpyiXHOCTH B paeiOTe [ 3} · TSKEe npe.zt:BapH. 
. ~ * !t'eJI:&HO ;n;eJiaeTca nepexo;n; :a ci-Ic!t'euy Koop.ztvrHaT TpeKa X , lj 

(oc:& X ~t- npoxo;ztHT llepea KpaitHHe TOllKH npoeK~HH TpeKa aa XOY. 
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CHa~a~a HaXO~flTCfi K03~~4M3HTN rrapa60~U 

';/* :::= f:;o + t., x~t- + ~,t x*"~ 
') 

.7mfl I\OTOpOL1 
' [ ~ jl . /} * /J *~ ] ~ . 
L tj i - ( iOo + f:Jf :-Ci + fJ.t.oZi ) == J1U,~; 

B KatieCT:BS HallaJI:&HOI'O npiH5.7Il1JKeHita: pall;ItyCa OKpyxtHOCTH 6epeTCH 
() . 1. 
fLo =~ //;~ / 

a :n xaqecT:ne 

) 

Ha'tiaJII>HOI'O nplit6JUIIA€lHMfl 

xlf __ -t~ 
KOOp~HHaT 4eHTpa 

l:f - ~ &k 

* 1 
';/ tJ == 'j_{~ -r (to+ -C;, X~ + //;~ X~.z), 

rrpeo6paao:smGi1Ie :n 11cxo,4~:y:v c~;c~c:..ry. 

EcJIM -/;, :.reH»me s~~: .... ;.mok ::~i:~~;,;:~-~~ .. ~, !i'O R.o npmnn.raeTCH sa 

HCTJdHHOe SHatiJHI'IO iJC:Al1yC.:, a ~·~vO;Jt(riH~r:.:;.;: ~et-rxpa yTO'tiHHIOTCH C 

ITOMOlq:&IO l'ITCJ! .... ...,::OHHu:i.,v f.)C46CCa 

'> (l<.+t) (!C) ( IC.) 
'/\/ y == Xy -t ( tJ X'J) 

,(IC+!) _ y(lc) (A;j )(K.) 
' lJ - ~~ + ~ y 

() 7 . ) 

A:. Jc. 
( fJ X Y) / ( L / 1J) ITCJrytiaiOTC H rrpvi MHHHr.;~~.;s~:;;x~i: 

(J ~ [ 2. . ( .(, J~) :/., M = ~ /(0 - Xi - X y) +- { (/,· - 'j y • 

EcJil1 g1 6oJI:&me aa;n;aHuoi1 KOHcTaH~:hl, To R, X IJ,~t:J pash1c:\l1Ba:.:..·.::,ff 

!!pH IDIH~1UfSa4HH 

~ . ~ 

M :::: ~ l ll - Vr xi -xiJJ2.+ ry~. -LJ ~~J~ J 
1.:1 

§ s. Onpe~eJieHHe r.~~aMaTpo:n qacTl1~ 4C rrpocTpaHCTBaHH~M 

KOOp~HHaTaM TO'tiC~. 

B rrporpaMIJ&~ [ 8] H Crol , rAe no~a npe~noJiaraeT-

Off O;zJ;HOpO~~M 14 •••. JHe6peraeTCH rlOTapaMH Ha HOHliiSattN.tiO, rrapaueTpllt 
• 

TpeRa onpe~OJIHIOTCi' riO KOScMJHttl16H~'aM :Sl1HTOBO:ti JiilHHH: 



! , . 

:' 

.. p .. ~~~ 

!, = r»J'f. t»>). 

m = lt'n <P ·~ il. 
n=nnfi 

~p .= (~)~ + (!J.!i. ).t.. (l<t •CodA)J.. 
. R. H j t ji/S' . J. 

r;z~;e K:. , = C01'Ult 
' p 

} = {mL+P""' 

S ~maa ;z~;yrm 'rpeKa. 

. . 

~H - BK!S;ll; 143-38 HeO;zJ;HOpO,ItHOCTH MSrHHTHOrO no~a, 
H . . 

143-aa uuoroKpaTaoro paccaauma. 

' •. 

Bo Bcex onmcaaa~x ;z~;a~ee :a a~ou naparpa~e pa~o~ax npe;z~;no~arae~o 

q~o ~ac~z~a ;zJ;BH~e~OH B ~JpMO~H~e~ cpe~e, DOM6~8HHOa B HSO;zJ;HOpO 

aoe uarHHTHoe no~e. 

TiapaMeTphi llSCTHitbi Il<J,It6Hp8IOTCH TSK, tiTO~hi peiiieHHS ypa:aHeH 

· ;zJ;l3Hlt6HHH npH STHX napaMe'rpax 6bi~O B03MOJ!tHO 6~HlltS K H3UepeHHOft 

TpaeRTOpmH. 

B RatzecT:ae aatza~»Horo npm6~m~euma 6epyToa napaue~pu, onpe 

;zJ;e~eH~e npH SDDpOKCHUS~H TpeKa ':BHHTO:BOft ~HHHeft. 

-
a). B pa6oTe _[ 5] yTO'iHeame napaMeTpo:a .llaCTHI.thl npoma:BO;zJ;H!rOS 
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~ - ~MOHO EOOCTSHO:BH8HHHX TO~eK HS TpeKe, 

f{_i. - p~oeTo.s:aue Oi' :aocoTaHOEHeaaott :a npooTpaHCTBe i'O~rot TpeKa 
' .. 

]:tO KpHBOit, aa,ttaBHOA Ha6opou TOl{eK, noJiyqeHHhiX B peayJI:&T8T8 

, ~HOJI8HHOrO pemeHHH OHOT8MH ypaBH8HHA ]:tBH~8HHH U6TO~OU. 

PyHre-KyTTS npH HCKOUOU Ha6ope napaueTpOB TpeKa. 

t ~ 
f .:-
' .. 

I 
I 
r· ·, 
f 
f 
r 
[, 
i. 

f 
[,. 

MHHHwaaizy~n cp npomaBO,ttH~Off ueTo;ztou JIHHeapmaa~mm [II] • t · · 

llpOH3BO,ttHH8 OT (/> no HOROMblY napaueTpSJI onpe;zteJIBIOTOH no ~opuyJie f' 
;, .. 

~- C/J(t+tJ'()-cprrJ 
'O't - Aq 

•· 

OnpeAeJieHHe R,;. · :; [• ' i. 

t . • . 

· 06oaaatnur · Mi.- EoccTaao:aJieHHyiO B' npooTpaHCTBe Toqxy 

('1, )ML, ... MN- TOt{KH. Teope·THll~OKOit xpm:ao~. Cpe,ttH TOlleR M1. 
Tperu~, (\ 

f·'~ 

aaxo;ztHTCfl TOllKa ~- Mn. , 6nHmafihuaa K M;, 1 
m c>epy!l'oa · TO'CIRH 

M n -1 H M 11 +/ HJIH, eoJIH TOliKa M"" iieuT Ha KOH~e KPH:BO~, 
6epyToa oooTBeTc~BeHHO TOllKH; M~ ,-M$ m.km MN .. J. , Mtt-3. l:lepea 

:BH6paHHyiO TpOAKy . TO'CieK M n ... , , M n , M n +' npOBO;ztHTCH fiJIOO-

ROOT]) . ( -+. -+ ) 
l'L 7... == 0 (I.S.I) 

") ..,.. ..,. 
_.,.. _ [ ttz, l 'l-s 1 n -IY • "'- • t'-"ucJ. 3,tt60l) - e,tt~HHllH&~ B8KTOp, HOPMSJIJ)HHA K 

ITJIOOKOOTH (I.S.I), 

it = (:c,_ -·.X~-t 7 fn -i·i.' 1 .Zx- i." ·t J 
i;, ::: { Xtt .,., - X , ~I ' y"' .,., - ,if H :., ) J; 11 t I ,;. • ~ 11 -I} 

'i = { :X-Xn-1? y:-,-~n··/, :;1- 2~-1 J 

~ - yro11. ue&'U' 
~ .~ 

"t, H Z~; • 
- TSKYmM~ B8KTOp. 

., 

l 
1•. 

~-'· 
,. 

1 
"['-•' 

! 
L 
I 

I •': 

r· 
~. 

t 
( 
i' 
i'. 
( 
!· 

·I~·_._:_ 
. ' 

r . : 
1 
I· . 
:~· .. 

;. 
r 
I 

1 

...1 
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PacoTO.FIHHe fl i onpe;z(eJI.FieTc.r~ KaK paocTO.FIHHa OT TOtzKH M ~ .zto 
I 

napa6oJiu, npoBa.zteHHOM B nJIOOKOO!I'H (I.S.I) t~epea TOtlRH· M .. ~,,Mn,M~+t:~ 
ll;. = vn~+s:L' , 

r.zte h- - paccTo.aHHe oT TOtri\Iti Mi. .zto IIJIOOKOOTZ (I.S.I) 

-+ k::: (~ tL) 
(,;. ={Xi-Xn-1, f/i. -tjn-1, ;£~ -~Jt-1 J, 

s - paccTOHHMe oT npoe:i>;~ill'~ !I'ClllKH Mi aa nJiooKocT:& (r.s.r.) 
·- -

.zto napa6oJibi, npoxo.zt.a~e.W q.:;pes. 11,:..,, MJIL.)Mn..,., . 

.1IJifl onpe.D;eJieUHH S npo:·:SBC,.ztMTOH nepexo.zt B o~~cTe:..-y r\OOP:ztH-

x' rr' ':1.1 t:::/. 1 _,. 'x' HaT ( , ;;~ ~ "'- ) , r;z(e oc~ ~N r.:apaJIJieJI:;;~~ n , oo:& -napaJIJI6JI:&Ha 2L , a Ha~~no ~~~;;z(HHS!I' B TOtzKe 

<t>opuyJiu ~-••...... 06pa so:aaHHfl: 

x' .,(is[ ; 
"v/ ( = ( [ n ZL] f) 
(/ '(, lJ 

:t'=(fip), 

B 3TO~ c~c~eMe KOOp.ztHHST PGOCTOHH~e S onpe.zt6Jifl6!I'OH Kale. 

paooTO.fiHHe Me:,:;J.y npoeK~Heit TO'tiKMl Mi. w4 napa6oJio~, npoxo.zta~eM 

'lepea !I'O'lKH : ···11-1 M n. 
1 
M n .,., , no np.nMO:tl, napaJIJZeJI:&aoU oom ' . 

u '~ 0 
T.e. 

• 

.i 
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CI!OpMyJihi ;ll:JIH fli- ;n:oc~~aTOtiHO TO't!Hbi, KOr:n;a CHCT6Mbi TO't!6K [Mi.} 
* { Mi.'] .n:eJitaT 6JIH3KO ;n:pyr K lJ.pyry. B HatzaJI:&Hbi:M jlte nep11o;n: npo-

uecca no;n:6opa napaMeTpoE, Kor;n:a cMcTeMH TO't!eK uoryT 6NT:& pacno

JioJKeH.bi ;n:aJieKo ;n:pyr OT ;n:pyra, onpe;n:eJieHHe S MO~eT oxaaaT:&ca 

38EhiiDeHHbl:M. B 3TOM CJiyqae l3 KatreCT:Be S :a £.POpMyJI6 ll.Jlff fl i. 

6epeTCH trUn [ S, 1,i,, rL}, r;n:c Zi1 rL ~ paCCTOHHHe M8'iA"Jzy TO't!KS-

MH Mi H Mn-. 

6) B Ii~:~_·paMMc 
r .... ., 
L· .:; J n;.c;n:noJiaraeTca, tiTO ;n:J~.-. on:~;:;:...~::emui 

XO]J;a TpC.Efl'~'l'0};~H1 l3 Hanpa:DJIEHlU4 J6 ;D;OOTSTO'tlHO 3Har;;.·:.J nphJ;·~~- -~I-IHOe . 

aHa tie!::~.:. ~~:.:IJy:;:.~u, a yTo·~:LeH~:o HMnyJI:&ca npoHa:ao;n:;~':.:'CH no :._ .:,eED;HM 

KPH~o~: :~.: :;!.4.:- .. ~wcT:o XOY • 

•. J·i'eM lie:twTopbix ynl:,oll,eHKvi ypa:aHeHHH ;n::aHjlteHm.n npH:aO:n;fi:...·~~~~ K 

~aKOk~ b~;n;y, Kor;n:a HX np~Ihle tiaoTH a:anaroTC.fi Ea:aecTHbiMR WYHKD;HHMH 

C1 J) I/ = !1 ( p 0 ' p 1 H) (jJ) "/ 1 ~ 0 ) 

'J'' = f :L { fo 
1 

Po) 1-f 1 cp) flo ) 

j 1 H j ~ arrnpo~;~~~MHpyiOTCfl :B6:2J;:ti3H :BOCCTSHOBJieHHWC TCtl;:;~; z.moro-

tiJieHaMH 4-oi1 0TeneHH :B nJiocxocTH X 0 Y 11 2-ott cTene&nt :B 

. l!JIOOKOCTH ); y . . . 
llpM tiJHTerpiiipOBaHHl'.i ypaBHC~~~!fl ;D;Jiff $ C'tlHT88TCH 3.S;D;SliHbl:M 

3HS't!8HI/Ie HMITyJI:&ca B HOtiST!:&HO~ ~oqKe TpeRa. 

Koa@wfi~HeHThr annpoitol1MHpyro~ero np~:ahle qacTPI MHOI'O't!Jieaa 

HSXO;D;.n~C.fi npH I~~·:.i~IMHSanHH ~yHK~HH 

r £ :t" C¢iJ- ( t~ +,~3 ¢, + t" cp/·JJ ~ 
:l ((/)}=to -f t,<p + ~~,, ~ + ~3!

3 

+ -tY?,Y , 
~ o H ~~ Onpe;n;eJIHIOTCH H3 yc~'IO:BJilH MHHHMYMS • 

L w~ C z,- :t. (¢i)]/L 
} 

.j 



3! 
. , 

r~e CAJ1 - :seoa ~oqeK. 

Ha~erpmpo:saaue ypa:saeaua ~aAf npoHa:so~H~oa :a ~:eyx ~ezuwax • 
. (I), SaatUlHHe HNilyJUiOI I H8118JiiHOA !011KI 18;ll8HO, · . · . 

JllaTerpHpo:saaHe ypa:saeHHH ~lUI (A j) np·oHa:so~HTOH ~aK ze, K&K 
~ ~na ~ , ~o~iKO :a KaqeoT:se annpoKOHNHpyro~ero nonzaoua ~epeToa 
nonHHOK 4-0~ OT6D6HH. 

(2). 3H8116HH6 HUnyni08 B HaqaniHO~ TOqKe H6HS:S60THO~ HO . . 

HMDyniO OqHT86TOH H6HSM6HHHM B~Oni Tp6K8. 
. . 

B a~OM ony11ae H8XO~HTOH K08WWH~H6BTY annpOKOHDPYIO~ero 
I .\11 ~ 

· nonmaoua ~H WYHK~HH P· tfljJ HS yono:sua MHHHQila 

1 [p (t,p)" ._(a£+ a~ </Ji +a, c:p/'.,. as(/)/ f a,((J/ )}~. 
l:Jf(cp) = atl + a,({)+ f, [~ + ~ <'/JJr 91-(/)",. tffJ$+ irf ¢'.} r P.tl ~~ .. 
· at~, Q, f H p H8XO~HT0ft HS yonOBBft IIHHHMYII8 · 

. L w) [~J' - AJ rtP,J]JJ, · 
a~eoi Wj - :aeoa · TOqeK. · · 

,. 

EonH OTHOOHTeniHaa noTepa uunynioa He ~onime aa~aaaoro a~ano
aa, TO ~na sapaaee ua:secTaoro HMnynica (~a :sxo~aoro ~PeKS) HHTer-

. . 
pHpOB8HH6 ypaBH6HHft ~H ~jP npOHSBO~HTCft oornacHO (I), H B K81160T
:se.yToqaeHHHX aaaqeHH~ napalle!rpO:S ~peKa :S KOH611HO~ TOqKe DpHH¥U8mT-

oa: 
:ln=1((/J~) 
) . I-A 1/ ((/) t\.) 
}\ !Ia' QJU:;'(J y, + IJf({/}tr) 

J> = }o + IJ J> ( ¢"'} 
!JP I (C/Jh). 

If' : - j>D + 4f ((/)o) + . f SHSK 88PIIIl8 + cp 118'1, 

a :a TOM cnyqae, ecnm HMnynic aapaHee He Ha:secTeH, ypa:aaeHHO ~~ 

\ AjP ma~~rpupyeToa cornaoao (2), H :a KaqeoT:ae napaue~p~:a ~peKa 

npHHHMSIOTCfl: · . -
.. 1 no~oO'paaaoe p 

. ~ ,_==n~: tg.. &1 
. .}I - .....,V'-"' Jo + a 0 

.. 



I l. 
'I 
l 
j 
l 

l 
I 
! 

j 
.J 

l 
l 
j 

l 
i 
' I 
1 
l 

' 
, 
! 
I 
I 
.I 

I 
I 

! 
1 
l 

l . 
l 

t 
1 
l 

'1 
1 
l 
j 

l 
' • j 

l 
I 
I 
j 

j 
. l 

I 

I 
i 

,,.,, 

,.r•'' 

32 

\ }>1 =jo +ao 

lf = - __f~'a + -1c . saaR · aapa~a + (/) Haq. 
jo f o ~ 

EcJixt PTHoc~TeJI:&Haa norepa xtMnyJI:oca 6oJI:&me aa;n;aHaoro aTaJioHa, 

TO npOH3BO;zJ;MTCff I1HTerpMpOB3HH6 ypaBH6HHH ~JIH A f. COI'JISCHO (I) C 

Pfo)::0,19Po +O,f.Jc.PtJ 
7 

1'-=~d.,~... . 

( Po - 3H8'ti6HH8 HMnyJI:&Ca' H:ati:;n;eHHOe npH' annpOKCHMS~HH· !t'petta BHHTO

. BOti: JIHHHei:i) ;n;o TSX nop' . no Ka B6JIH'tiHHa M = L wj [ !Jj,· _. /J j ( tpl )}.L 

He H8'tiH6!t' B03p8CT8T:&. ITO T peM 3H8'ti6HH1IM p( 0), OTB6'l8IOIUH.M MHH1Ul8JI:G 

HOMY 3H8'l6HHIO. f\1 H li.BYM COOe;D;HHM, npOH3BO;zJ;J4!t'Ca: It:aa;zr;paTirqHaa: HHTap-

TIOJIHIJ)tlfi. I1oJiy'!eHHOe '!JIICJIO P TipiiiHIIIMaeTCH sa YTOtlH8HH06 3Hati6HJIIe· 

HMTIYJI:&Ca B Ha'iaJI:&HOI TO'!Ke. C 5TJIIM 3Ha'!eHM8M·P(0) npOM3BO;zJ;~TCH HH~ 

rp:L1pOBaHIIIe ypaBH8I·H11i ;zJ;Jifi ~ :L1 A_P COrJiaCHO (I) :L1 llOJiaraeTCfi 

:f., == {~ 0 

A.= a;u,t~ g, 
jot-ao 

? ::: p '' + Q...o 

Lf a, 7[ . m 
= Po .,. Clo ·+ :L . aHaK sap.a:;zr;a . + T 

TIOTepH _HMllyJI:&Ca Bhl'lJIICHRIDTOfi. no ~opuyJie . 

PrsJ;;:; 9~ p[s(PHM- · 9;J )- s ~;: ]·, 
r;zr;e m - Macca qacTHD;.bi, 

P Hall - HMllyJI:&C '!8CTI1Uhl B H8ll8JI:&HOti: TOqKe, 

s - npo~~eHH~ti: nyT&, 

Ha'ti. 

---

r"' P - Ha'laJI:&Iilli1 HMrryn:oo npoToHa, npome~mero ~o OCT~HOBKH ny~ 

• f> (s) onpe~eJIHeTca rro npvr6JI~meHHhlM ~opMyJiau: 
0 , 6CJIH S .6 i 

"i r;:; o 2.. 9 3 1 r::::' 6 T) 8 S 1 
, ecJIH I< S ~ 2I38 

S )013/tS~ t-..~ 
( 1 SG:Z. •10-s , ecJIH 2!38 < S < 7575 

J . 

f" . 

.p(s) = 
- 0,58·I0-6s2 + 5,46•I0-2.5 +62I,3, eoJITil 'j > 7575. 

j 
l 
l 
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MHOrOI\P8TH06 pacoe.RH~e ytrHTbil366TC.fi TOJI:&ICO B OlUMOl\6 HM11YJI:&OS 1 Kpoue 

cJiytJafi otJeH:& 6on:&moro pacce.fiHM.fi, INr~a OHO ytrHT&:aae!t'O.fi H :a :aeoax. 

Ma!t'pHJ::tS OIIIH60K HOKOMhlX napaMe~~po:a l10Jiytrae!t'O.!l no OJI6li.yiOlll.·auy 

rrpHHrt~ny. 

0608HStlHM 8Ml1~PHtl60IUie ~~cnepc:v.rv.r 

6jL == ~-.3 m.il't l,wj'{ llji -AJ(fA)}" + (~1' 'Ia.~<)~ 
st :== n~PJ ;ni,~t-_L wi[l,_-l,;.(C/1')1~ + (G~ ~.t..)~ 

;Qa:aa.ff rrapaMe!t'paM J CfJ p ~ A npHpa~eHM.!l dt> dtp Jl' J:c 8).··:· .:·. 
, 1 J 1 I .)1 ) I 1 ) 

nonytJ~M nptJipameH~f£ ~yru<r~Hi1 ~ {cf) H j (<f)~ Jo + 4Jo. 
i 

Ba:a.emeHHbre cyMMbi It:ea~pa TOl3 S!t'Ittx npHpaiLteHu~, HOPMiripo::aE;~~able .:, ~i:O- \ 

. MOlit:&IO 8Ml171IPHtl6CKHX ;IJ;JIICl16PCHPl CO! . l1 bJ 1 OOO!t':BG~C'r:BSHHO, 06paay-'
1 

IO'l' KBS.ztpaTHtlHbi6 ~OpMhi OTIIOCv.tTGJI.bHO J% H J~ B r.epBOti C •. · .::Je H . 

OTHOCHTSJI:&HO Jf, drp 
1 
Jp l3 CJiytrae (2) H d} 1 J¢' :B CJiytiaG (:_) 

l30 l3TOpOiii cy:.r:....... :~o8clJWHIJ,I1C~1TLI KBa.ZJ;pciTHtlHLlX ~OpM ;IJ;S!OT SJI6M6HTLI ;,;aT-
.' 

PHD;bl, o6paTII8fl I~ :\OTOpO~ fll3Jifl0TC.fi Me !t'p~n;e~ OIIIH60R. (B OmH6I\Y HMnyJI:&-

ca ;ztOriOJIHY.~GJI:&HO l3I\JI!Otl6Hbi tzJIGHbl, ytzlllThll3SIO~~e OIIIH6RH MHOrOI\PCTUO:'O 

pacce.fiHJ/If. ~ nOJifi). 

§ 6. OITPEJtEJIER~·IE ITAPAME'rPOB tiACTVIIIbi IT 0 
KOOPZI~HATAM HA ITJIOGKOCTHX CH~IMKOB 

CXeMa Onpe;zteJieiUUI naparJeTpOB Tp<ma llepea BOCC!t'SHOl3JI6HHG 

K00p,1l;HH8':' B npOCTpaHCT:Be RaMOphl 06Jia~~aeT T6M He;ztOCTSTI\OM, 'liTO . . 

OlU~6KJII rrpOCTP8HCTl36IiHhiX I\OOp;IJ;HfiS!t' H6CI;ZJ;HHaRO:Bhi H CI\OppeJIMpo:aaHhi. 

]lJI.fl TOtlHOro. HX ytze!I'a HeOc5XOlJ;l1lii'O .B ;n;a.i'J::&Hetimeti odpadOTKe :BJ3eCTlii MS!L'

PHuY OIIIH60R. ~JIH !L'peKOBt MMSID~HX MSJI6HDKH~ yrOJI HSKnOHS 0 daao~, 

• 
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l3031UII\86T c50JILin8fl OIUI16Ra :B ilOI-'ICI\6 COOTB6TCTBYIOJ.l(I1X T0'16K H, 
' 
C1I6~0138T0JII>HO, npOCTpaHCTD0HH~X ROOp~~HST, a ;r.T)IH TpeKO:S, 'VI~yll{HX 

B,1J;OJII> 6a3hi (,7J;Jifl ;ztllyX061>6K!r11BHhlX K8M6-p H6!1' :S03MOX\HOCTH MX H36extaT:L~ 
I 

• C'VICTOM8 ypaBH6HHM ~Jiff onpe~eJieHMfl OOOTBeTCTBYIOII{RX TOqeK CTSHOBZT-

Cfl H6COBM6CTHOi:t. 

TIOSTOMy B HeKOTOpbiX p.:t60T8X [I2, I3] HCilOJI:LayeTCff M6TO~ 

no~6opa napaMeTpOB TpeKa C llOMOil{l>IO llOCTpOeHHH MHHl'IMMISHpyeMOi:t 

cpyHI\ll;HH t Hcnom;ayrome~ Heno~~pe~CTJ36HHO H3MepeHHbi6 TOtiKH Ha llJIOC

KOCTflX CHHMKOB. B K8'16CT:ae TeopeTM~eCKO~ KPHBO~ 6epyTCfl npoe~HM 

Ha ITJIOCKOCTlll CHHMKOB RP11DO>i, annpOKCHMHpyrome~ TP6K B npOOTPSHCT:Se 

KaMepbi. ECJIH'y'1HTbiB8Tl> TOJI:)RO H3M6pHT6Jil>HN6 OinH6KH, TO MOmHO 

MHHHMH3Up0B8Tl> oyMMY Itl38,1J;paTOB paCCTO.fiHM~ M6'Jli.li,y H3MepeHHNMH 

T0'1I\8MH H TeOpeTH'tl6CKOJd 1\PilBOti C paDHbiMH :aecaMH TO'tl6K. 

Ho npMI STOM Tpy,1l;HO IIPOB6CTH TO't!Hbli1 y'tic::: MHOrOKPSTHOro pacce

flHHff, BJU1fliOll(ero Ha ITOD6A6Hlie ti80Tl1;w-1. 

He~OCT8TKOM STOrO Cll0G06a flD1Ifl6TCH TSK~e erO rpOM03~KOCTi. 

a) B pa6oTe { I2} ll I\6tteCT:Be MHHHMH3HpyeMOt1 illYHI\~~i; 6epeTOH 

C/)~IR.t , r;n;e oyMMHpo:aaHHe :ae;z:teTCH ~~J :aceu 

l13MepeHHbiM T0'1I\aM DC6X CHMMI\013. R. ~ onpe,ll;eJIHIOTCfi KSK paCC':'~HHa.a: 
Ha nJIOCKOOTl'~ OHUIMK8 OT 113!J€peHHC~~ TO'tJI\H ( Xi) r,· ) ,1l;O TecpeT~tzec

I\Ofl KputBOfl, :WTOpag 38,2l;aHa HSc50pOM T0'1eK, fi:BJIHlOlltHXCH npO'eiCIJ;klflMH 

Ha CHHMOK Tivv~TpaHCTDeHH@X TO~eK*), no~y'1eHH~ l3 peayJI~ToT0 '1HC

JI6HHOrO PCiJ81UHI ypaDH6Hk1~1 lJBHjKeH:viH MGTO,ll;OM PyHre-KyTTS. 

{{ i. orrpe;n;oJIHIOTCfl cJie;n;yrontm.: o6paaoM • 

MH v.::J .. :apeHHOti Ha CHMinte TOi:llt:£11 Mi. {Xi, ff;.) Haxo;n;H'lCH 

6.nHJKati11111e i\ aeii TPl'l TOllKH 1~1 (:r1):f1) 
7 
M~(:t.t.,;j:), M.3 (XJ, lfJ) 

----------------------------------------------*) T. K. nporpaMMa o,neJiaHa ~JIH KaMepi>I Biil~I>co.Ha, TO npoettTmpo:saHRe 

T0'16K. H3 npOCTpaHCTBa KaMepbi HS CHRMOK He COCTSB~H6T Tpy,1ta. 

j 
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Ha TeopeTR~eOKOD ~pHEO~. qepea STH 3 TO~KH npOBO~HTOH napado~a 

· r = otJtJ; - f · 
B o:vtoTeMe Koop;ztHHa!l', r:zte oo:& X npoxo;ztHT qepea M 1 H M.~., , a 

H8'tl8RO KOOp;ztHHST HSXO;ztHTOH B oepe;ztHHe OTpeaKa ft11A1! 

.. " a,== (x~. +f)rxl- -f) ' f =s&,f- 'f"' Jt'(xrx,J~-~ryr 11)~: 
oc>oaaa'tlrtu R. (x) == Vrx-xiJJ.-+ (fJ-V'J"' • 

r:zte (X1 lj) - TO'tlKa napa60Rill. 

R_(xJ =V{x-x.:)~ +(~x~-(6-tjc.).L, 
,/ 

.. I 

Hai:!~ell MHHHMSR:&HOe paCOT0~1H~e OT aa;ztaBHO~ TO'~~W ;l40 napadOJJill• . 

MHHTIUIYM R nonyttaeM ~~a yonoBI.1a: 

0R. (X) ro X = 0 :vtJIH t nooJie ;n;~cWepe:~r.:;~:po:aaHHB: 

(X- Xi)+· (ot,.z:L-J-'ji.):Zot..Z =-0 . 

:via :BOSMQji£1-li:,;X Tpex pellleH:vt:lii STOrO Ity6H~eOKOro ypaBHeii:vtB H~\.. \#H. 

o;n;Ho :adJI!Ilo¥i X.::- Xi. I1pHueasn MeTO:zt H:&IOTOHa ;IJ;JIII yTo~aeu;~f~ KOpHn, 

nonytntM 

· , r:zte 

EcnH npo~eoo oome~on, TO npoBepnaM yoJIOBHH 

It min ~ fl1 R ~ , 123 
' > 
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IIp:vt He:aurroJIHeHlUI aTHX ycJIOBHM :s KatJeCTBe Ri. 6epeToa pacoTo-

HH:vie oT fv1 i, ;.:.;o 6JIHJKaiime:M ua TotteR M1, M1.., M 3 , a eoJiu ycJio:Bii'ii: 

BbiiiOJIH6Hhi, ~v fl i = rn{,n., R_ (X j , 

6) 0m1CbiBaeMaH MCTO;D;UKS HCIIOJI:&30:BaJiaor, TSRJKe IIPH 06pa60TK8 

~peKOB, HanpanJieHHHX :a;n;OJil> 6aabl B nyablp:&ROBOI Kauepe O~fl~ o 

;n;Byxo6~eRTl~:UiiOL1 cTepeoroJIOBKOtt [ I3] • 

T?G~~ B TipOCTpaHCT:Be lCaMepu annpOROHMHpyeTOR Bt-IHTO:BOU 

JI:viHir. i.:.~. (iJ. 
EcJI:vi B COOTHOmeHEi~X, CBff3biB8ID~HX KOOp~HH8Tbi ~pOOTf~~CTBeH

HOti TOttKH f:1 (X,~ l) c ee rrpoeR~~HIMH Jie:BOIM H npa:;:;.rM oo~J~;~:viBaMH 
(illOPMyJibi (I.3.3))paccMaTpliBaTr, X, V u ~ KaR TOllE'~ :.:;;lHTOBOM 

JIHHHH, TO IIOJiytJHM! 

Xo.<.- := ;;:~ { 11 K J ~ 1 d J .Xo 
1 
Yo 1 ~o; X"' 1 ';/""-) 

. (/ .k :: ~.A, (5 I IC I/> J 1">l j X() I Yo J ~(I ) X .A,. y tA ) 

X 11 = X n (1, lc 
1 

j3 
1 
ol 1 Xo 

1 
'fo 

1 
J, o 1 X n, 'lf n) 

;jn = ;jn ( 5, IC 1} 1 00, X(), Yo 7 ~o 1 Xn, 'Jin) , 

(I.6~I) 

ITo;n;6HpaeTca Ha6op napaueTpo:a ( IC, •A ot · Xo >.X, 1o )*) 
;-) ) J 

o6pamarom:v1x :a M:viH:viMYM cJie-;n;yiO~ee :ahipa>XeHHa: 

cp" f tnj~Ux.u -x ... )'-+ ("j.,, -lj .. .)'-1 + 

+ f mtYLUXnJ <X:.nY t- (~nr ynY'l + 

+ L. ~n.[ {X .A'}- X .A) 2
· +fy.A~- ~.AJt, + ( :Xn~- :Xn):L -17 

q, S . it .2. L . 

+ ('in lj,- ~ "l]: f. R.c + t RJ + f R. 1-. 
---------------·---·----------------------------------

... 

lli) B pa 6 O'l ell nporpa 11148 IIIIHIIIIII38 lUll! II pOll 0;1111; C ll !r OJ!:& ItO IIO /C 
1 
~ l d., , 
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.. 
Ka~pe i'OtiKa; ( X "I(. , y-AK ) 1-% ( ::c flit:. I 'I me 

~pyr ~pyry TOtzKH Ha ne:aou H npa:aou Ka~pax. 

) - OOO!t'll8TCTBYIOIItHe ,) 
i/ 

~~ = ;r.A ( 1) 

y ~ = 'lvf ( :f) . 
- TeopeTHtieOKl-%6 KPl-!Bble, KOTOpble flMHIO!I'OR npoeK~HRMH BHBTO:BOI 

nHHHH HS naBbl~ H npaBLIU Ka~p~. 

]l;r.a nOCTpOeHHfi TeOpGTHt.16Cl'Ck1X KPHB.bl.X He06XO~HMO peww;,;·;.., 

ypaBHSHHR (I.6.I). 
Anfl pemeHHH STHX YPSBH6HH~ CTpOH!I'OR H!I'epa~HOHH~~ npo~eoo: 

a; i.+l =X (1, IC I J I d, I Xo) vtl I~ 0) X l) y'') 

yi~t::: lJ(J,IC 1 }
1 
ot,Xo, Yo,3.o,X') 1/') .. 

·' 
• I 

Boonon:oao:aa:amHo:& !I' eM, tzTO np•a:aLie 'tlaOTH ypa:aHeHH~ aa:E~;ca!t' OT 

X . H 'j TOJI:&Ko tzepea iPYHKI.J;l<iH '+" ra '('., , a oau.~~ 

(pyHK~HH '(' H 'f., fiDJifiiOTOH CJISdbiMH WYHK~HflMH Q:. lti 'lj ' 
MOJCHO B KatzeCTB6 HStlSJI:&HOrO npH6JililK6HMUl BBHT:& X H if , 

'f/x== o = Cl)nlt 1 H 
~r:() 

~ /x co = ClYYlJ.,i .. 
~·O 

================-======== 



.38 

TeopeT~l:leCKHe KpMBble Cl:ll1TSIOTCfl ;D;JI.fi 3HSl:leHldi J-= 1c. , r;n;e· 

.Ji .. <fD + i tl--:f ] i, = 1, .ft I • • • • n, +1 • 

~fi onpe;n;eJieHH.fi ~1 c:sa~eu Bblpa~eHze ;n;m~wepeH~HaJia :n;yrH 

npOeK~HH TpeKa HS fiJIOCKOCT:b Ra;n;pa d If 0 ;D;HWW6P6H~H~JIOI6 ;D;yr~ 
KPHBOM (I .6. I) dJ u). 

do. == Yx'~+ Y'J,' d& x J0·'(:tK,'f, ~K'fJ-rx-~J2'K,YiJ~[v'a,r,w+.t~2-Y1i~ 
7 f L _c._ ( ~ K, '11 + K 'f') :lJ J ( 111, VI, .,.IC l.f) 

dtf I J.o =a. :..r. + K.'i' )'- f/MJ(Z.C.Ifl, + ~.:r)-(r.-13)-ijtKt<f J~fiiJtf/U, 'I{ -K<I')-Y.ifK. 1/1, 'riA . 

(I. G. 2) 

. 3aueHir1M :a nocJie;n;HeLi q_)opMyJie dtp Ha t1 ~· H dJ aa A1 · , 

Boa:&MeM o. - V{a;te ~i,H):t+(f:/K.- f/.lf)!L 
L1 r - . , 

r;n;e (XH(~e) 
7 

yu(JCJ) - nepBaa (nocJie,14Haa) HauepeHHaa 1'0tnca 

t:Ia cHrr.·····~ N- ~ /) ~ ill.>.i 4\\:i I - OVC..I • 

VIa wopMyJibi (I. 6. 2), B ROTopott dtf . H .d! aaueHeHbl Ha Ll ~ H 4-:f , 

onpe;n;enfleM A~ • BBe;n;eM B paccMoTpeH~e WYHKUHID 

Rt(sj:: (Xi -X( ~o)~ -t ( jt,- vr:rJ)~ 

B KalleC!L':Je ~ B03:CM6M TO 3HalleHHe H3. llliOZeC1'Ba 1'0qeK .,j C: 

npH KO!L'OpOM q)yHK~HH fl t ( £) ~001'Hl'i81' MHHHU&JliHOl'O 8H&ll8HHR 

:)=c;;6~~=~~~~~~~~~;~~= \frt:,H ~ (t) oT ~ • npeaeoperaeM. 

' 
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(K-HH~6I\C t COOT:B6TCTl3yiOJ.qM.ti nocJie.ztHe.tt TO\U(e) • 
. m J, ~ J.; 

. ]lJia :Bbi'ClHCJieHHH 't" HaM HYZHO onpe.zteJIHT:& . R.,;, 1 ~J , ll ~ • 
~YHK~Hro Rt onpe.zteJIHM KaK K:aa.ztpaT paccTORHHH o~ aa.ztaHHO~ . 

!I.'O'CiK¥1 ( .X11,v..t) ;ztO TeOp6THtl6CKO;! KpH:BOt;l. 1100KOJI:&Ky ';t'eopeTHtleO-

KSH Kpm:aaa aa.ztaHa aa6opou !I.'O'CleK, !I.'O paccTOHHHe .zto xpz:ao.tt aaueHH

eM p8CO!I.'OHHH6M .ztO np.flMO~, annpORCHMHpyro~a.tt T60p6THtl60KYID Kpm:ayro. 

Il~HMSH npo:aO;ZJ;HTCH qepez 2 TOtiKH (X(~t), y(le.) ),(X (1m), lf(! m )) , 

:zr;IH KOTOPlllX l36JIH'tll1Hl:l fl t ( J) HM6IOT H8HM6H:&mme SHS'Cl6HH.fl. 

"'YHK''""'ao () 7 ..., ..,.,.ul fL.. HMeeT BH.zt: · 

onpe.zteJI.fl6TCR I\SK MMHHMYM OYM~ KE8;ZJ;P8TOl3 paOOTOHHlll~ OT aa~aH~X 

Ha OHHMKax cooT:aeTaT:BYIOILtHX .ztpy:r .ztpy:ry TOt~eK (X A If 1 14'JI ) , 
( Xn~ > ~ n ~ ) .zto TOtleK TeopeTHt~eaKHX KPHl3.blX 1 ooo!L':aeTOT:ayiOILtHX 

o.ztaouy aaat~e.azro napaueTpa ~ • 

Ha.tt.zteM · Je. 11 Jm aaaqeHHH r.a)aMeTpa .& za .aa6opa &i , 
KOTOpbie oooT:aeTcT:ayiOT .zt:ayu TOt~KaM TeopeTHqeoxo.tt KPHBO.tt .aa ~e:aou 

CHHMKe, paCCTOHHHfl OT .KOTOpblX .ztO ~O'ClKH ( X111e 1 1j111c. ) HSZMe~·~:.J::Jee • 

Ilpo:Be.::.:.~.; npawe qepea TO'tlKH (X, (&e) ), ~~ (Jt.) H 

(X~(Jm)J ~A (-im)) Ha Jie:a~M CHliMKe 11 (:ln(!t), Vn (!tJ), 

(~n (/111) 7 ~n(!~-n)) Ha npa:aou: 

XII ( J) = CL..t..-& + ~~ 
~.,.. (J) = c~ & +of.,., 

Q."n (JJ•CLn.J+tl7 

1, (&) = en -8 + ct, . • 
(I.6.4) 
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H~~eM ~- aHatleH~e napaMeTpa j , npH KOTopou oyuuapaoe 

paoCTOftHHe OT TOt!KH ( XAty) z; A cy ) "/¥) npguou (I.6.3) H OT TOV:RH 

( .Xn~ J y n~ ) ;!;0 npaMOJ/l (I.6.4) 6y;zteT MHHHUaJI:&lW~~ 

3' ~ X• t a..c- 1- 't q..- CA;, {l.' .e. -C, d1; ::C~f, ':' +/f'tCn -aq/, -:C11d.. , 
a, -f C~ ~a" +Cn · . · 

Tor)ta flt == [ Rt rtr JJ~ ~ [~t (l)}" . ....... 

nna MHHHUBaa~HH q? ~CfiOJI:&ayeTOft.MeTO~ JIHHe~paaa~HH {II) • 

Cv:e,.npoma:so~Hux rrpomaBOAM~Ofi qmcJieaao: 

?Jr?~ - £i u -1- !J r2- ~ {!) ·.~.7 
'();; - tl( 

llOHC2~ H8ti8JII:>HOI'O IIpvt6Jim~eHIIH • 

Ey)teM CtlHT8T:&, tiTO nep:sble ~3Mepe'zmble TOtlKH Ha JI6J30llll ~ npa:BOU 

CHHllltaX RJ3JIJliOTOH COOTJ36TCTBYI04HMH H lifO HMeSTC_fl ente, no R~aMHe1t 

Mepe, O~Ha napa COOT~CTCTBYIO~KX TOtleK • 

. JlJIB K8JK~Oit napl:l COOTBeTOT:ByiO~MX !OtleR.:Bbi'fl.HOJIHIOTOH KOC)~HHSTI:l. 

xi,.) Vi ,.:a:- i. ( l ~ o, d. I .... K.·· i t r.zte K-tlHCJIO nap COOT:Be~rv~:ayio-
~ t~v:eK) no wopMyJiau npocTpaHcT:seaaoro :BoocTaHo:sJieHHa (I.3.5). 

B KatleCT:Be ua~M:&Horo npa6JIHJKeHIUI Mfl Xo ) Vo, c1 o . 6ep~tTOH 
npO.OTpaHCTBeHHHe KOOp.ztHH8Tb: nepBOH TOtmH. 

~ . 

HaqaJI:&Hoe npz6JIHJieH~e MH tg·olAttoJiyqaeTofi. ycpe~ueameA~ 

3H8Tl.6HHM t~ yr1ra HSKJIOHa npfi.MO~, npo:Be.zteHHOiit B llJIOOKOOTH (JJ.:J ) 
qepea napa TOlleR ( J.o) h ) ,- ( ~ L > 8 i ) , r.zce J3 K&tleCT:se J~ 
6epeTOfi ~HatlaJie BeJIKqHaa xop~ 

L i = '{(Xi- Xo)~+(Yt.- Y. )D, 

a aaTez.;, nc0~:e noJiytleHHR Ha'fl.aJI:CHbiX aaaqeam~ :seJIHlliiH .f> ~ , 
.ztJiexa lJlr:~, BblpallteHaaa qepea iJ i.. H ( f6 i - fo .. ) . · 

'. ,_; :~ 
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HallaJI»Hhle 3HSll6HHH ~JIH j i (H KPHBHSl:Ibi K) IIOJIY'Cl8101'0~, 

IIPHP8BHHB8fi B&pameHHe ~JIH nep:ao~ npOHSBO~HOM (H KPHBHSH~) npoeK

ItHH TpeKa Ha IIJIOCKOOTl'> OHHMK8 qepea fo, igot (m Jc ,_fo) idot ) H 88 

:aeJIHllHHy ~JIS.rJia~KOM KPHBO~, annpOKCHMHpyromeM ~auepeHH&e 1'0'ClKH 

H8 npoeKD;HH OHHMKS. 
, 

Bo :acex, OIIHCSHHblX Bbllll6, CJiylla.fiX (sa HCKJIIOll6HH6U pa601'bl [ 3)) 

napaMe1'p& tiK KPHBOM, annpOKCHMHpyro~e~ 1'peK, H8XO~H1'0ft npH UHHH

UH38D;HH aeJIHHeUaoro IDYHI\IJ;HOHaJia M ~eTo~aMH JntaeapHaao;HH. Ma1'PH- , 
. . ' 

D;8 OmH60K HOKOU&X napaMeTpOB onpe~8JIH61'CS K8K M8TpHD;8 

6'1 f G;~} ~ Uf' fStt J I 

- M8TPHIJ;il HOPMSJI:&HO£.! CHC1'6lAhl t BhlllHCJI8HH8S ', 

:s TOllKe MHHHMyM'a, a CO :z,- ~HonopcHs, onpe~.eJisauas :seJIHllHHoa 

n~~ ' r~e. rL. - llHCJIO T0ll8lt, In - \IHCJIO II8P8M81'pO:s. 

nns onpe~eJieHHH M8TPHUbl. OmHaOK HCKOMhlX napaMe1'pOB 1'P6K8, 

K01'0pble BblP8~8ID1'CS llepea aaM~eHHUe napaMeTpbi KPHBOM, HOIIOJI:&aye1'

CH qJOpMyJia 

6 ~ -(OJ. ~ ?JP,; I :eft_ I' -1 
'd - L 'Oa~ roae lT ~et ., 

IC,t 

r~e Q,"- napaMe1'pbi ICPHBOil t armpOKCHMHPYiO~eM 1'peK, 

H ( !lJG)- napaue1'pLI TpeKa, EEJIHIOiltHecn WYHI\D;HHMH a" , 
{ G"ijt} - MaTPHI.ta oiiiH6oK :seJIHllHB P,· , 
{ G-x.e] - M8TPHD;8 HOpMSJI»HOU Cl1CT0~"bt, ynOMHHYTSS Blllme. 

, 

I 
:I 
.I 



. ( \ 

I f!, ( )t ,,, X 

•)tado RHl!IDIW.L --'1{ 

A11hoJ. r.;.!:trmRIIu:>rGodu & li hC.rr r1 fo .fo 

b' 

cnru)-I.?C:?. oo U I ,5 ______ L ____ _ 
:. 

I 
I 



/11' 

X,.o . 
I 
Op 

I 
I 
J 

I 8p' 
/ 

/ 
/ 

. / 

-V/' 

- 43 -

~ I 
/#, 

I 
I . 
I 
I 

I ,. 
. /'X 

/ 
~/ 

PHC. 1.2. 

• 

~ I , ... 

.. 

Pacnonoaesue xoop~BH&THHX ooeA » xauepe B sa nnooxocTSX 
OHBIIKO:a. 

. ~ \ ' ·~ 

I 
11({!1) I 

Pzc. I.3. 
DpoeK~BR 88 DIOOKOOTaXOY H80dpaaeaaa· TOqeK I ODTHqeoKHX 

oaoteuax. 
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EMTEPATYPA K IEABE I. 

I. B.A.3arflna~xo, B.H.m~rae:a. Haxo~~eH~e napaMeTpo:a npeo6paao~ 

BaH~i1 ;D;JIH nepexo~a B CI-iOTeMy xoop~mHaT !POTOC~MMKa .14 onpe:zte.rre 

H~e xosw'lJI11J;T4eHTo:a yca,7J;:t~~f-nJfeif!\M MeTo;n;ou MaKcmuyua npa:a;n;ono;n;o 

6nH. ITperrpMHT OWRM, 2527, ~6aa, I965. 

2. H.~.Maprw:;a, B.L1.Mopo3. OLlHM. E2-29I8, ]J.y6Ha, I966. 

3. A. C.~~. ITpor)JMI.!'o o6pa 5oTOI{ Ha6Jiro;n;eHm~ :a :ao;n;opo;n;aoM xaMepe. 

TipanpMHT MT3~, ~ 428, ~OcK:aa, I966. 

4. i~.:1.roBopyH, E.IT.Jlili;n;Iw:a, Jl.III.EertHJIOBa, r.M.MaKapeHKO, 

r. H. TeHTIOIW:38. 06pa6o~rKa 3KCnep~M6HT8JI:&HhiX ;n;aHmrx, 4vOTynaro-

4iMX c npoc;.;oTpOBhiX aBTOMaTOB. IIpenpHHT OWHN!, II02, ]ly6aa, I962 

5. H.H.roBopyH, W.B.ITono:aa, E.A.CMZlX"lOBa, T.B.PhiJI:&Ue:aa. 

06pa60TKa CJie~OB 't18CTHIJ; MBJIOH SHeprl1R, ITOJiytlS6MhiX B KaMepe 

BMJI:&COHa. ITpenpT4HT OVIHli, IIOI, )ly6aa; I962. 

6. H.]l.Jlm\ycap, B.H.illMraeJl. 06 O,ZJ;HOM M6TO,ZJ;e Bbl6poca "nJIOXiiX" 

TO't16K. ITpenp,T4HT mum; ~i-3263 ~ ]J,y6Ha t I967. 

7. M.M.M:aaHtzeHKO, H.A.ltpy'l'KOBa, B.M.Mopoa, T.r.OcTaHe:Sliitl, 

r. H. TeHTroxo:aa. ITporpaMMa BocoTaHo:a.rreHl'lH npocTpaHcT:ae.HHblX 

xoop;n;HHaT TO"tiex Tpexo:a no ;n;:ayu cTepeonpoexumaM. ITpenpllHT OMHM 

P-2889, ]J,y6Ha, !967. 

8. H.A.Eya;n;a:amHa, s.M.M:aaEtieHKo, B.r.Iti:aaHo:a, :vr.IIaTO"tiKa, 

reoMeTpmqecKaH nporpaMMa :ztJIH MeTpo:aott nponaHo:aoM nyahip:&xo:aoa 

xaMephi. ITpenpHBT O.ltiflVI, 2095, JJ.y6Ha, I969. 
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9. E.H.Kna~HH~Kaa, MaTep~a~~ OOBe~aHHfl no U6TO~HKe nya~pDKOB~X 
KaMep. llpenpHHf OMFIH, 796, ~{6Ha, I96I. 

IO. MaTepHaJIN oo:aemaHH.FI no MaTeMclTl1'treoi\HM MeTo~aM pemeaHn aa~aq 
H~epHoifw.waHKH. llpenpMHT OMFIJI.:! 2005, JJ.y6aa, I965. 

II. C.H.CoKoJI9B• H.H.CH~HH. Haxo~~eaHe MHHHMyuo:a ~YHK~HOHaJio» 
MeTo~oM JIHaeapHaa~HH. llpenpMHr OMHM, JJ.-BIO, ~6Ha, I96I. 

. . 
I2. H.H.ro:aopya H ~p. MeTo~HKa ot5pa60TKH oJie~o:a 'ClaOTH~ MaJiolt 

SHeprau, noJiy'ClaeMI-lX » xauepe BHJIDCOHa. ITpenpHHf OMRM, 2036, 
.1ly6aa, ~965. 

I3. A.<P.BHmae:acKHU H ~p. CxeMa oopa6oT~-:H Tpexo:a B nya:&IpbKO»ott 

KaMepe t C!;lJOTOrpaWHPOB8HHIIX ~LyX06llC~~:.:·~B.HO;ll OTepeorOJIOBICO,t!. 

llpenpHHT c:·:sr1, P-I468, 7J.y6a~, I963. 

I4. M.M.rpaueHM~KHU, JI.A.TMxono:aa, IT.B. lilJIHm-IMI\OB.Ho:ah.IM MeTo,2l; 

ylleTa KyJioao:aoxoro pacce.FIHMfl. TrpenpHHT OHRLi, P-2I46, li.y6aa, 
I965. 
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reoMaTpRtieCK11t3 nporpaMMbi ltJI.fi :ao;n;oponawc: 

KaMep, HCIIOJI:&ayeMbi8 :a pa1Il1811WOHijOI J!860p8TOPHH 

MIM, JioypeHca (BepKJIH, CiliA), IIEPije H 

Peaepfbopp.o:scKol Jia6opaTopwH (AarJIHH) 

§ I, llpeo6p830:B8HM18 K00p;l.\11H8T 113 u trL 11 
- CHOTSW 

:a It f II - . CHCT8MY. 

§ 2. KOHTpOJI:D K8tie"CT:S8 v.i3MepeHH~ TO.tiBK TpaKa. 

§ 3. ~)O:ae~eHHe c:aeTOB&X Jiytie~. 

§ 4, Onpe;l.\eJieHHe ripC~OTPSHCT:S8HHbiX K00p;l.\I4HST TO'i8K TP6K8: 

a) HSXOxt;l.\eHHB ~1 0ti8K TpeKa IIO KOOp~HH&TaW 

COOT:B8TCT:BYID~HX TOtieK; 

6) HaXOX;l.\BHHe ~~Oti8K TP6K8 IIO KOOp~HH8T8U Heccc.-:aeT

CT:BYIOlltHX TQt[BlC, 

§ 5. Haxo~euue I-ro npH6JIH~eHHH K npoc~paHo:r»eHHO~ 

KPHBO~. 

§ 6. YTOtiHeHHe KHH8l~6THtiBOKHX napaMBTPO:B TpeKa • 

• 
• 
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IIPEJlVICJIOBIIIE 

IIO;zt nporpauwoi1 Gfl8 cr J3 IIOOJle;ztyiOnteU ~eKo~e Mht 

noHHMaeu nporpawuy . Peaepwop,ZJ;o:ac:Kott .n:a6opa~opiut -

%, f-eomti~ lle(»n;d-uu.ti~ P/ ~k 
. cit~~ .~ {3], 

.naHHllltt o6sop noc:a.fluteH paccuo~peax.~IO sapy6climux reoue~p~qeoKHX . 

nporpaMM M ocao:aaa aa pa6o~ax [2] , [3] , [?] , [8] • 

BB1~~Y oTcy~oTDH.fl y anTopa npaK~HqecKoro OnhlTa no a~cn.n:ya~a

~HM p~COMaTpH:aaeMhlX nporpaMM, H~KSKOrO KPH~H~eCKOro cpabH6HHS 

l3 T6KCTe He ,ZJ;e.n:aeTOH H He npH:SO,ZJ;HTOB peKOMeH;ztS~HZ no Bhi60py 

Taro H.i'IH HHoro ue~o;zta. 

• 

! 

I 
t· 



L~EI 

§ I. ITpoo6pasonmr~e I-coop;a;:n:raT M3 
? 

tn - C~CTeMhl 

B T C~IOTCMy. 

MH noccTaHOBJieHH.H ::wop~:vnraT zsuepeHnoro Tpe:tta, · aeo6xo,1l;:tuJo 

rrpeo6pasonaT:o ItoopmmaT:&I Tper~a, ItrsMepeHHhie :a m- CMCTeMe, 

J3 f ·cviCT0ICJ. ilpM ST01i Ha;z;;o ytreCT:&, _tiTO IIOCJIC rrpOHBJICHHff 

npO:LWX0:4MT yca;zuca [10TOflJI.3IU\11, Ha IWTOp01i 38g)VIKCHpO:B8HO C0<5biTHe. 

YtreT STOro ociJflleiCTa rrpOJ30,~flT rryTCM BBC~CHHfl I~OS~cili1Ul1CH!i:'0:3 yca;n;KI1 

J3 ll.BYX B381.1MHO neprreH~UICJJiflPHhiX HarrpaBJICHHflX. CtniT8fls tiTO rn..- -

cHcTeMa 11 f - CklC'reMa c:rmsanu Me'M7J.Y co<5oti npeo6paso:saH~UI· 

MH l10BOpOTa, c;zra11ra Z )Q:~'l'fL:cei-IHH UO OC.fiM X, ";/ (CM.l3:0C;ZJ;CHki6 

Mhi noJiytJ.llM TaityiO Cl3fi3L :;;.~TIClJ.Y IW0p7J.VIH8T8~"H O)J;HO:ti Z TO:ii iitC TOtiKH 

J3 pa3JIL'Itl.H1IX CTIICTCMaX KOO);LJ;l1H8T: 

X J ::: a:x m -~" ~ y lrl + c. (IT ..,.. ·- \ 
.l • .J..) 

'Yf = d Xm + eyn, -!- f 
Ha r-taJ::t~c:,; I~a;n;pc uaxo;n;fiTC:I CBOl'l r-cosc}!g)m~ueB:Tbi npeoe5paao:saHzr.t a.... , 
fo , , , , f ; :ztJIH aT oro Ht3o6xo;n;HMO aHa T:& KOop;n;zHaTbi ki30C5pa:meHPiii 

HCIWTOphlX l3hi;ZJ;eJieHHhiX T01It1K J3 f - CYiCTeMe • 06bltrHO wy:-:m:~:v.tiO 

~a~c:x :sbr;n;eJieHHhrx Totrert Bl,rrrOJIHfliOT KpecThl, uaHeceHHhie Ha ~-~c:aepx

HOCTM cTeRJia, conna;n;aro~eH c rrJIOCKOCT:;.):J rA· X1 '!/s , JIH6o :.-:;;: Kai-tO:tt· 

HHC5y;n;:o ;n;pyroii rrJiocKoCT'!II :3 o61lellfe pa6otze~ JKI1;D;KOCTMI. I\oswc;::D;HeHTbl 

rrpeo6paaonaHHfl. a J • I • 7 f HQXO;D;flTOfi w:;-~:1MVI3ai.J;'!IIC:ii g)yu~::c;WOH83I 

¢ = 'f.[(x/- a_;;_·~ --ty~ -cF + 
"=-i 

. + ( r/ -d X ~~ - e J/ ~ - f) ~) 
( x; ) ~ i) ) (X~ , ~ ~ ) .. KOOp~I1H8Thi KpecTOB :B ;· H VYL 

CHCTCM8X COOTECTCTBCHHO; YL - ti'!IICJIO KpeCTOB. 

c rrm.wm:o:o Ha~i:zteHHLIX I\03cJ!WI1IJ;HeHTOB rrp~o6paso:saHHfi no '!II3Mepe 

HhiM KOOp;ZJ;HHaTaM KpeCTOB orrpe;ZJ;CJIHIDTCfi '!IIX KOOp;Ll;'!IIH8Tbi B f -
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CMC~eMe, KO~Ophte aa~eM cpaBHH:SS~)'I'Cfl C x;· '! j • TIO :S6JIH'IlHH6 

O~KJIOH6HH.fl. S~HX li.BYX :rpynn l\OOpnHHa~ :z:teJiae~Cfl onpe:z:teJieHHOe 3SK

JIIOll6HHe 0 KatieCT:Be HSMepeH:Wifl I\PEJCTO:S H, OJI6lJ.Ol3S'I'eJI:&H9, 0 'I'OllHOO'I'H j 

onpe:z:teJieHHfl KOS<lJ<lJH~HeHTOB npeodpaao:saHlilf!. J 

EoJIH HaMepeliHf! "xopomll!e n, ~·o no KOa<lJ[)Mn;meHTaM npeodpaao:sa

HH.fl paOllH'I'hll3SIOT011 KOOp;z:tliiHS'I'hi 'I'Ot::eK TpeKa :a. f - OHO'I'6Me, eOJIR 

xe OHH "ru.roxmen, TO npo:so;n;TtiTO.a: rro:sTopaoe mauepeHHe :soex HJIH 

H6KO'I'OpOM llSCTH Kp6C'I'Ol3 H paOllM!l'hi:SSIO'I'Cfl HOBbie KOS~HD;HeHThi _npeo6-

·paao:saHHfl. 

L1aJiolKeHHafl :eDime · cxeMa nepexo;zta ma tn.. CliiCTew :a J - oHo-

Teuy B ocHo:anou peam1aonaaa B ITfOrpaMMe G.flB CT . • 
B nporpaMMe P .11/V fJ- Koaq4)H~HeHThl rrpeoC:paao:saHI1a m -1 

(T;e. KOS~~z~~eHT yca:ztKM, KOCHH~C Tti CMHYC yrJia ITOBOPOTa Z K08[l~H

I.lM6HTbi TpaHCJlflD;MU1) HaXOlJ.flTOH H3 npOCTbiX I'60M'6TPH'l:IeCKMX C006pail£e- , 

HH~ , ITO l\OOp;z:t:WUiaTaM :z:tBYX KpeCTO:E B f OHOT6M'6. 3aTeM 8T~: K08ID[lH-l 
. . ! 

n;HeHThl ncnoJI:&syroTCH :a cooTBeTCT:Eyro~eti ~opMyJie, c:a.a:abi:saroiite)~ Koop- I 
• ;D;HHaThl TO'IleK l3 f H In CHCTeMaX. 

B nporpauue TVG-P :s:so;n;HTOH noHHTHe M:z:teaJI:&Horo maodpa-

~eHH.fl. Oao onpe:z:teJIHeTCfl KaK maoopalKeHHe,-KOTopoe 6biJIO dbi, eoJIH 

dhl y Od~eKTH:SS OTCYTCT:SO:SSJIH adeppaD;liiH, y nJI6HKH OTCY'I'CT~OBSJia 
I 

yca:z:tKa H IIJIOOKOCTD IIJI6HKH dbiJIS 6& nepneH:z:t~KYJiflpHa 0IITHll6C~O~ OOH. , 

L1CIIOJI:&3yiOTOH [lOPMYJlbl., CBff3biBaiO!l4He KOOp;ztHHSThl Hl1.68Jl:&HOI'O HS06pa-

Jlt6HH.fl 0 K00plJ.l1H8T8MH B f - CliiCTeM'e; IIpH STOM CllHTSeTCf!, 

liTO a66epaD;H.fi Od~eKTHBa cillepH'Il60KH CHMMeTpHllHa, a yoa,'ltK8-IIJI6HKH 

HSOTPOIIHa. 

; 
I 

KpeOTO:B l3 f - CHOTe-

Me. Tor:z:ta, HCIIOJI:&Sy.fl H3:B6CTHb1e 3HSlleHHH OIITH'IlSCKRX napaMeTpo:a, 

MODO paoc'tlH'I'a'r:&- MX . tt~:z:teaJI:&Hhle 11 ftOOp:z:ti1Ha'I'bl J 
1 
~ ; T • e • KOop:z:tm-

• 
HSThl Ha ~:z:tean:&HOU H306pa~eH~H (EanpHMep, aanMChl~SR ypa:aHeHme 

I 
I 
' 
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Jiytra, npoxo;n;r.w~ero 'tie pes nee onTHtzeoKHe cpe,Zl;br). .I{aJiee, uoJKHo 

aamWaT:& llbipaJKeHHfl, CBH3biBaiO~He J , 1._ C MX KOOp;ll;MHS~aMH 

Ha pea~:&HOH n~eHKe M no M.H.K. Ha~Till KOS~WH~ill6HT~ npeo6pa30BaHHS 

K00p,Zl;VIH8T H,ZJ;ea~:&HOrO l1306paiKeHHfl B f - CHC~en.cy •. 

0,ZJ;HOBpeMeHHO paC'tiHThlB8IDTCfl KOOp,Zl;HHaT~ pea~:&HOrO H300pa~6HHH 

KpeCTOB B f - CHCT8M8. 3TH KOOp;ll;HH6Tbi 11lCllOJI:D3YIOTOH ;z:J;JIH 

H8XO:ll\,Zl;8Hl'Ifl R08WQtHD;Vl6HTOB npeo6pa30B8HHH OT rrL - CHCT6Mbt K 

f - CMCTeMe 11 C l1X TIOMOIU:&ID onpe;n;eJifllO'l'Cfl KOOp;z:J;HH?-Thl H300PWK6HHH 

B -f- CJ.1CT6M8. 

B11;n; wopMy~, CBHShiBarom:ilx Koop;n;HHa'l'u H;n;eaJI:&Horo Mao6pallteHMH 

C USMepeHHbiMH KOOp;ZJ;HH8T8MH B f - CHC~eMe t ;ll;OTiyCK86T "TIOCTpoe

H}16 rrpOCTO}i 11TepaD;HOHHO.t1 OX6Mbi ~fl H8XOJK;ZJ;6HHii KOOp;ll;HHaT l1;D;eaJI:&

HOrO l130opajl,6HHH Tpexa. B ::IOO~e;n;yrommc pactzeTaX HOrrOJI:&3yiOTCii 

l1M6HIIO STH K00p,ZUIH8'l'hl. 

B rrporpa:.n.re THRESH BBO;D;vi:;:-..f1 uOHliTHe TaR naabiBaewx 

ui\ali\YTinlXCH 11 
( CvpjJa/t.tFt,-t) •rotiei\, 113111 Ka~~~Yll4l'd6Cii H306pallt6Hl1~ 

<~ - ~ -;:! • 'I I'' __. -:;:: _.. ;::;:. (" y ;:;::; ;..---
p a 0 0 J ' 1"\ ~ • \ :""-..:::;. ~ 

""~~· I """ v~ 
JKu.axocmiJ ~ .& ~ ~ --~-?..--:;-

~ / ~ ~ 

~ 1:: ~ ~ 
/ / ~ ~ 

..-'~ ~~ ~ q. 'l ~ 

4.:::; ~~ 
,/ ;:::: ~ / 

....-; 
~ ~ ~~ 
7 '/;/ 

..£ ..,::;:: / 
~ 7 --r. ,_ . .&: 
/.6 ~ 
~ 

.,. ') ~110CI<OCTb 
DOo8KTi.J.O I nABHI<U. 

onrt;J.~.tecxa.9 

(Xf,~j) 
OCIJ 

PI1C .j]. J 

Ha p11c .ll.f I1so6paxteHu cxeMa xo;n;a Jiyqa B cJiytiae, Kor;n;a y 

ooTJeKTki:aa HeT a6eppa~Mtt 11 ~r nJieHKM HaT yca;n;KH. TotzKa Ha o6paTHOi! .'! 

cTopoHe :sepxHero cTeK.Jia o Icoop;l4HHaTaMH X', Y' HasH:saeTCH "Kazy-j 
• 

mHMCli" l1So6paJKemteM. Ot~eBH;~Ho, trTo Me:ac;n;y Koop;n;MHaTaMH X;, "/.1 H 
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XI Y' 

1 
Oyii(eOTByeT JUUiei!HilH 8SBl·IClU400T:D ," T • a, : 

X'= fix;·+ Blff + C 

Y' = CJJxr + E1f1 + F 

ITOOKOJI:&Ky U8Jit,'lcy KOOp~~HSTUMH TpeKa B f 
oy.ute~TByeT OBHS:& (ll.I.I), TO KOM611HlfiPYH 

Xf. I pi I :: a: .X m t ·t? r 1'11 + c 
Y 1 

= d 'X I'YI + t.~ '·'/ m + f 1 

· Koop~HHa~bl X~ Y' KpeoTOlJ Ha o6pa~:~vjl 

(IT. I.2) 

H rn., omcTeuax 

(IT.I.I) 11 (n.I.2) no1ryqx 

cTopoae :aepxaero·oTeKJia 

fiBJifiiOTOH KOHCTSHT8MH t KOTOpble PSO'tiWI'h::.:...:;;~~:.:'CH cne~¥!81I:&HO~ IIO~I'OTO-

BHTeJI:&HOti nporpaMuoM [I] ~~o :sxo;t.ta :a THRESH • lionoJI:&syn 

KOOp;t.tkHiaThi TGX JKe KpeCTO:S l3 tn. - CVICTeMe, M8T0,4C:l H8HM8H:&WHX 

KBS;t.tpSTC:... :~aXO;t.tHTCR KOS[l~i:~l1eHTbi a;', C: , . , .... . f 1 
• flo ST11!l 

IOTOH C aa;LtaHHWJH nepe.n; BXC,,D;OM l3 nporpaMuy 1 H no :aeJIHtlHl:e paSHOOT 

KOOp)lHHST SThX ~DYX CHOTa~· KpeCTOB MO~O Oy~HT:& 0 K8tl80~~e HSUe

peHH~. 

li;Lte.ff · .. .;.~~oro KOHTpoJia aaKJIIO'tiaeTc.:~ ::a cJie;Ltyronteu: 

tie pea CHCT0My TO'tleK no M • H. K. npO:SO,L;:~lTCH COOT:SeTCTBYIOIIt8H 611llpOK

CHMHpyro~~n Kpl1B8H. nnfl KS~)lO~ TO'QK~ paC'tiHTblBSIDTCH HeKOTOpble 

B81IH'ti~Hbi 1 xapaKTepH3YIOutHe CTeneH:& OTKJIOH6HlfiH )lSHHO~ TOtlKH OT 

npo:se~eHHOti KpltBO:frt, EOJIH TSKO:SOe OTMOHeHHe Ii8XO;zi;HTCH B :ztonyCfH

WX upe·;zteJiax, ·To TOtiKa OtiHTaeTO.fl xopomeM H HcnoJI:&ayeTCH :a nooJie 

;zcyroll(KX pactieTaX, B IIPOTHBHOU CJiy'tlae TOqKa 6PSKY6TOH. Ec1IH y Tpe 

6paKyeTOH HeCKOJI:&KO T8KHX TO'tieK, TO 6pa.KyeTO.fl :sec:& TpeK, LiHOr:zta 1 

. KSK STO ,1l8JiaeTOft B f>f1tvG t ~.fl :soero TpeKa pSCtlHThiB88TOR O)lH 

napaueTp, xapaKTepzayrontHM Ka'tieCTBO maMt:)eliM:frt TpeKa m no H(u.ry np 
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»O~!Cft Op8KO»Ka. HHE6 ORHC&B8DTCft pasnHqHHe npo~e~pH 6paKOBKH. 

Kax HSBeCTBO, nporpawa Pfi/Y'G- paapadoTaaa :ztJia xaueps, y 

KOTOpOI He B08 OTeKJIS napaJIJieJI»HH, HU8HBO: CT6KJIO, OT;zt6JiftiD~ee 

pad~qym ZH:ztKOCT:& QT OCT8JI:&HOrO Od~eua KSMepH COCTSBJIBeT H8KOTO

pHM _yrox o onTHqeoxol oc»ID od~eKTHBa. noaTouy, nocxe To~o, KSK .. 
1'1 . 

HSI:zteBH KOOp~B8TH TP8K8 B f - OHOTeue, :zt8JI88TCB pa:zt npeo~-

P880B8HHI ;ztnft TOro, qTOdH noJiyqHT:& K00p~B8TH Tpexa, KOTOpue . 

OHJIJtl dli, 8CJIH dli MOOKO~T:& IIJI8BKH dHJI8 nap8JIJI6JI:&H8 odpaTBOit 0!1'0-

poae Bepxaero OT8KJI8. 3aTeU 8TH KOOp;ztBH8TH npeodpaaymTOft B OHO-
') 

TeJ.cy"·xoop;ztHH&T, r:zte oc:& X III8paxnen»aa mmHH, ooe:ztl(usro~eu aa-

qax:&ayn_H KOHeqaym TOqKH TpeKS H HSRP8BJI,H8·B CTOpOHy KOHeqaoit 
., . ' . 

TOqKH. qepea xoop~aaTu Toqe~- npoBO:ztHToa:napadona no u.u.x. BH:zta: 
J' . I\ I 

~ .==~I + ol;., X;,\ -j· otJ XJ, ·.\ (ll.2. I) 

C nouoJitDro xoaqxi>Kn;ieaTOB at" ) ol...r., oL., paolqHTlliBae!l!cs l.fSKOHuan:&'aoe 
' . . 

OTKJIOHeHHe HSMepeBHHX H8 nJI8HKe TOqeK OT ttapaCSOJili (II.2~I) H no 

:oeJIHqHile aT oro o.TitJloaeHHH npo»O:ztHTOB CSpaKO»Ka. . . 

:B nporpavue 'TV G P oqHTaeTos, qTo nnooteooTH oTeKOJI H 

WI8HKH n~paJIJieJI:&Bbt, noaTOZQ' ua.xaxux :ztonoJiillltTeJIDHHX npeoCSpaaoBa

HHl 'xoop:ztmHaT H:ztea'JI:&aoro HaoCSpazeaus Tpexa ae :zteJiaeT~a. q,ocsu 
r· ' , '. . 

MHHHMHSHpOB8T:& paoqeTHYIO OWHCSKy1 KOOp:ztHH8TH Tpe~a npeodpaayiOTCB 

B oHoTeMy, r:zte nep»He MOMeHTli · X , ~ . pa!Hli o. Ilyo!l':r. X roJ, yr•J-
" f · C•) (o) KOOp;ztHB8TH TOqex · TpeKa B ..t OHOT6118 i · . 'J! ;. , -~ ~ . - KOOp;ll;HH8-

TH T.O"'ICB H:zte~JiiHO:tiO BaodpaEeHifH 1'P8K8 (ou·~ § I. STOlt r.li&ml) • 

. Tor:zta Hlaxo:ztaToa: ' 

I 
!l 

~ 

J . tl 
qX =-2. .. , a: ~o) 

N·~ " 
£:1 

il = tt 11[•) 
J t:.i d . 

I. 

I' 

;f 

·' , 

''1 

J 
l 
f· •. 
~ 

~ 
~· :,.,_ 

I 

f: .. 
t_·. ..J 

t· ' 
~-
f': ; 
~;. ; 

~!:. i 

t-

,. 

~o- •. . 

1

·.· 
,;· 

!. .r 

! . 
'. 

.I 

..... .- . ..,.; 

... 

r. 
! 
I 
I 

•;, 

·.:-: ~ 
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:a clJcTeMe, r;n;e 

B aTOM ilte CHCT6M6 paC'Il11Tbi:BaiOTCf.:: 
- . tl x ,_, = .1.. L: ( xt') J ~ 

N i=t 
N 

1]~ =fvi (llj/f')~ 
d lw4 

J5j = fi ~ xt1 
1j ~'1 , 

\ . 

0HCT6MS ROOp;ZJ;HHaT ;ASJI,ee no:aopallH:SaeTCH TaR, 'qTOdhi :a HO:SO!:i CHCT6Lf6 

MSTPH~a BTOphiX MOU6HTO:S ROOp;n;HHaT Jr dhiJIS ~HaroHa~~Ha. MOZHO 

noRaaaT~, 'llTO yrox :apameHHH onpe~eJiaeTcs no ~opuyJiau: 

L -~[d x~- iT~ j 
~ lf'= :t · +Yfti.£ifJ.~..+rx~ .. yJ,;~ 

C05 ~::: + V ca~i' 

Unll= r.V1.-wJ.i{~ !;: ~ 70 

d i);.l.j < 0 • 

'· :.::~ 

Koop~HHaT~ _TpeKa J noc~e~ae~ O~CTGMe KOOp~mHaT ~~,y~ HaXO~H~CH 
~MuM . · 

HS KOOp~ZHS~ w I., q i .no Od.bitlHbllt' q)OPM'YJISM rrpaodpaao:aaHMil 11PH . 

· no:aopoTe cHc1'eMH xoop;n;HHaT. B peay~~TaTe :aoex npeodpaao:aaHHU 

~· HM66M ~H TP6R8 

~SJiee llepea H8:S6CTHhi6 ROOp~HHaThl TpeRa ~~Jj{i. M6TO;li;OM HaHM6H~
mKX K:Sa~paTO:S npp:SO;li;HTOH OKpyZHOOT~. nnn HaXOilt;ZJ;6HHfi napaueTpO:S 
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o&pyJIHOOTH X o1 tjo - ttoop;n;I1HaT n;eHTpa H f - pa;zuryoa 

.MRHHMH3HpyeTCH·TaKOM mYHK:qi10HaJI: 
' 

cp "'_1_ f (di jf::: t t (di:-P')~ 
N i.=1 '"'f . f 

d.~== (Xt: -Xo)fL, + ( 'f''- fo)~. 

06oaHatimJ 
1'1 dz ~ 

/(2,~ ~ L ( i:l.-P~~ 
l:J. f , 

TiocJie;:.;::~Pl WYHRD;HOHaJI y;n;o6Free MI1Hv1MI1s~rpoBaT:&, Haxo;n;a .z;,, 1" , f: 
'tleM (pyHKD;I10HaJI ¢ , HE.xo;n;a Xo) f", f · 
0603Ha'tlHM ~ ~ 

7'~-;:.- p~ . p~ ;: .f_ ~. ( dt. _,.t ,~ 
/L )f O.t I N ~ ./ . 

./ ~ L =1 

Tor~a lila ypa:sHeHHl! ~ J .z "' 0 11ueell: 

t = x" + ~~ + x," + :f~ - ~;: . crr.2.2) 

~onoJI:&ayfl :i3lllpaxteHHe (II.2.2) 11 ypaBHeHH.s: ~~.z.. == 9 /f..t,-- 0 
'(/ f1 f) )/• I 

w noJiytiMM': 

Xo =- X (r;cz~ 
~x.L -l'Y.:tt~ 

rtl == !/ ( x:t + lJ .<:L 
(/0 !}. y:~.· - /J'~':fL • 

~epTa cBepxy oaHa'tlaeT ycpeAHeHHe. 
• 
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B aamel Koop~mHaTHOI cHoTeue f'/tt;L uano :a opa:aaeHHH 

o ~X~ , ao ue uaJio :a ~pa:aHeHmm o rtf .t, • 

npeuedperas P/tjL llO cpa:&H8HBJO ~ 

=- X (X .e. + v~J at> . .t 5,~ ; 

.. 1lo = [x"+!IL- rz-~ ~·"ftJJ"'- ilak·x~ 
(/ £'f (X~ +ftb) 

. 
IIOJI)'ti:HII: 

cn.2.3) 

ltJIB K8~01 TOtlKH · :C e,' J "/ i. · . pa~oqJITH:B&8!0S· P800TOSHI8 ~! ~81! 

oKpyzaooTa o Koop~aaTaa ·( ao, ~ ) C~oparynH (n.2.3)). 
I 

81'~ paco!t'osame op~:aHw:aae!t'os oo auaqeHmeu p, .· P.acoqHTaHHSII no 

(n.2.2), r~e.:a n~a:aol qacTH npeaedperaDT 'lJieaou )r~~f~. 
no :aeJiaqHHe paaHOO!H &THX :aenm'lHH upo:ao~!os dpaKO:&Ka. B np pau

ue THR~SH ~P~KO:&Ka npo:a~.~HTos no Ko.op~zuaTaK "xaay~Utxoa" 
!OqeK (ell. § I). ltJIH S!OrO OH8tl&JI8 K00p~HH8!Ji "K&2IYIIU!XOft11 TO'l&K 

npeodpaayiO!Oft :B OHCTeuy KOOP~Ha! Xr y,. t :a KO!Opol 00:1; ox1'. 
. . / . ' . 

napaJineniHa xop~e TpeKa, a aaTeu :a ao:aoa· OHOTeMe npo:ao~H:oa no 

lleH.K. OKPYIHOOTi, ypa:aaeHHe KOTOPOI IIOIHO 88nH08Ti :B :BH~e: 

' . . 
y,. = f1A +a~ x,. ,+ alJ (X¢ .+ ·Y~ J. (n.2.3) 

Koaq,cpHUH8HTS Q.o, a1, Q,t, :& (n.2.3) H&Xp~STOft IIyTell IIHH~UH88~1K 

!llYHKD;HOH81I& · . 
. tV ~ :J., 

·· ·~ (Y,., - Yrr,) , 
L ·• t. 

r~e 
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" K. X7i. 7 ~l. - ItOOp~kiHSTb: i~ 11ItaJKy~et:iCH 11 TO'tlKH. 

ITO Ha:ti;Z:(6HHbiM K08qJ((JHD;H6H~I'SM ao ,a1, 
/(, \f!V Xri 7 TL pac OtiHTbiBSIOTCfl B:OOp~HH8Tbi 

' ~ 
opaBHH:saroToa c Yri . 

a~ 

Yr~ 
H KOOp~HHaTaM 

, KOTOpbie saTeu 

IIporpaMua G!lBCT nooTpoeaa TaK, liTO KOHTPOJil) ItatJ:eoT:sa 

H3M6peHH.ti B HeM ooy~eOT]~fl6TCff noc~e HSXOE~6HHff KOS~qJHD;H6HTO:B 

CB6TOBbiX Jiytie~, 000TB6TCTBYIOIIWX KOOp~HaTaU H3MepeHHbiX TOlleK; · 

noaTOMY sTa llacT:& nporpamm GR.BCT 6y~er:r ms~oJiteHa :s oJie 

~eM rraparpaq>e. 

§ 3. ITPOBEnEH~E CBETOBhlX ]Y~~ 

QqeJ3i~;z:I;HO, t!TO ~~fl HaXOJiC].l;6Hl-7ff rrpOCTpaHCT:BeHHbiX KOOp~HaT 

TOtiei-c Tper<a, Mbi ~omKHbt M!l6TI> no MeH1lmeit1 Mepe :z.tBe cTepeonpoe .. ~..._ ..... , 

O;z.tHOI'O H TOI'O xte TpeKa. .~aJX].l;Oti TOtlKe Ha KaKOM-HH6y;n;J) C~epeonp 

J:(HMI COOTBeTCT:SY6T CB6TO:Bi)H JiytJ: • ~CUOJI:D3yg ypaBH6Hk'IH Cl36'l'0BbiX 

Jiylle.ti, COOTBeTCT:ByiOmmc Tt)tiKSM Ha paSJIHtJ:HbiX CTepeonp06KJ:(H&X, 

MOJfCHO HStiTMI ItOOp~HHaTbi peaJillHOI'O TpeKa B m- CMCT6M6. 

B. aTOM naparpa~~ Mhl paccMOTPHM :sonpoc o6 onpe;n;e~ea~vr 

KOMnOHeHT CBeTOBDIX Jiyti~:tL 

B nporpaMMax PJI .. N't .. 7 G-flB~ TVG.P :soccTaao::aJieHMe c:seTo:smc . -
JiylleM BDIUO~HH6TOH OXO].l;HbiU 06pa30M 0 H6KOT0pb1MH OTJIHtiZHM~, :BOS

rUIKaiO~MIIDI :scJie:ztcT:sHe paaJrHt.tHbiX :coacr;rpyRIJ;H~ I(auep. 

ITyCTll J,f 7 ~f - ICOOp]J;MHaThi Jd3M6P6HHOM TOllKH B f - CHO 

Me. llpe;n;IIO~OiltHM, tJTO MOC:KOOTH B06X OTeKOJI M IIJI6HltH rrapaJI~"'"""'u;~.a• 

;z.tpyr ~pyry I1 nepneH].l;HKyJIHPHbi OIITHtleOKOti OOH • Tor:z.ta B 11 S 11 

T6M6 TO'qlt6 Xf 1 ~£ . 000TBElTCTBY6T CBeTOBOlit Jiyti 0 KOMITOH6HTaMH 

X Y 1J V (c:.:. pvw. ll. 2. ) . 
> .. ') } 

• 
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Ps:_l (X'YJ ot;~ 
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~(Xj,IJI) OC6 
,.:. .... ;~ 

~~ - ""' /lr 
y(x,-ct)'+~s-t~l' 

, ,. 
~~ , ~ .... , -::. .... ~ ;, ~ ..,. , - ..... , 
!!-~ .,. ... , ~ 

-s\- a.)( a, I 
' 

~-f 
I ' 

.PHc • .ZZ: l 

X, Y - Itoop~MHaTu TO"'U\11 nepecetteHHfi c:aeTonoro Jiy'tla c o6paTaott 

CTOpOH0.£1 DepXHellO .CTeKJia :S S CBCTeMe. 

u: ~ 1 - KOMnOHCHTbi HanpailJifiiO~ei'O J36KTOpa C:BeTO:BOI'O JJ.yqa B 

S- CHCTCMe. 

·s- CHCTeMe paBHN: 

(Xs , ;Js ,Is)= (X + ll ci-s.) Y + VJ:.s , :is) 
MMeiOT MeCTO ~OPMyJIU! 

(II. 3. I) 

• 
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. L .t u.L 
r~e 'Z = X + d 

Cx, C!f - KOOp.ztunaTbi orr'l'~rqec:twti ocH cooT:aeTCTBYIO!l\e:ro o6:&ei\-

rn:na :n $- Cti!CTeMe. 

flt, - pacCTOflHMe OT 001.>3ICT~Ba ~0 IIJ16HK11; 

fir - nonnoe paccTOfllUie OT o6l>eKTUIBa ;n;o pa<5oqett ~m;zJ;~OCTH; 

n-i - "CJJiCJIO CT6EOJI M€JJK;2l;J 06~6KTHl30M H pa6otteti lltH;zl;ICOCT:&ro; 

tli .... t.tomttMH.a i zo CT,=>Ma; 

.fl- i - R03~!111tt16HT rrpeJIOMJI6H:k·If.r £,!6! CT6KJia; 

/II} - tiOJ11UH1. ~OR!IU'IHa 0Tl3KOJI ·= L ~ 
{-:( . 

)J11 - 1COaf1x'J)l111)'1e1-1.T trpeiiOUJ16HHfl pa60'l6M Jm;zl;KOCTH. 

t1~ :»kOJiyqelUUt ljjd!JU'Jfii i10noi1:&80Deil!Cfl 06bil!Hbi~ BaKOH rrpeJIOl~tOI6Hitrii 

C~O'EbiX nyqetj:,. 

B nporpazsue P!/IV'G npe;n;mmaraeTcfl, llTO CTeKJia KaMeph! He 

napa.mreJIJJuL::, nosrt~Uy Bb!paJKeHMH Mfi X7 Y, l/7 V 6~11ee OJIOJJ:tHbi 

no cpa:i3:iei-l~ilv o (11.5. I). B ;zJ;aHHOM o6aope a ToT cJiy'la~ He paccMaT-

~J&i>~'Cn# 

~ nporpauue GR8CT no Koop;zJ;vma~..: .• .: Xi. ~· Jiy'tle~r 

n~O;ltVITCfi 6paltO:B1ta 11JtOX.O l131Wf·6HHhlX TO\r6~'C. l(eJI86T0fl STO OJI-t3~IO

~KM Oopasou: 11,11.H. ft30C1pa11<6Hl1II !r}'6K8 Ha K8jK;2J;01~i Ka;zJ;pe Mhi MIM.eG:S 

.Ha6op :ttoop.ztMMS!t' to~au ttepecetieiH:rH Jiytieii c o6paTHOJti CTopo1w~1 :aepx

Eie:r·o oTe·Ma {Xt. 1 y;_ j , C.ttaqa.na Haxo;zJ;.ffTCfi Kocip.n;HHaTbi cpe;21;nel1 

TOtiK~ XM y,.., npnttalff acJe;Lti1HHI011.{6iii HatraJI:&HyiO x1) % Ml 

kroHetz:-ryiO !lott:k:ti 1paxa X N Y IV 

x,.., ==f(x4 + XN) YM =± (~ t- YN) ~ 

Sa~eu Bee xoop~MUa!u X;,,'li' 
c ttestpou XM ~- Jt oc~zo x. 
(ou. pao.Jl.3). 

rrpeo6paayroTO.ff B O~CT6My KOOp.ZJ;HHaT 

, npoxo.zta~e~ qe~ea KOHUeB~e TO'IKH 
.. 
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B cmci'eue X 'Y' uei~op;o:w .H~~MeJGmHx KBa:ztpaTo:a npoBO:LtHTCH napa~ 
<SoJia Y' = a, (X' JL +~X'+ 'C. · EcJIH · uaKCHMaJI~Hoe Y '· uenme, . 
'i8)1 H8KOTOP8B KOHOT8HT8, TO MGTO;ltOM H8HM8HLWBX KB8~paTOB npOBO-. . 
p;HTCH npHM8H JIHHHH. 

' . Y = 0vX' + {J 
r' . 

nocJie Toro K&K Ha~p;eHht Koawwlrlr.tHOBTH 0..
7 

.l, c. 
Cfl napaMeTpht OKpyEBOOTH: 

. ~ 

llycT:& lrfht HJieeM ypaBHeHHe OKpyEHOCTH: 
'l 

(Y'-Y; )L+(X'-X~,)~~~.fl~ i. 

,, 

Toraa: 

Y'-y; rr= {ll.t-(X'-)(~).t.J'l'"' = 

' P800'iHThlB8lOT-

R./31. -(X'-XU//JilL}~fl_,-!§(+X'f :-f;_'f 
., 

PaaJiolleHHe onpaBe;ltJIHBO B cJiyqae, Kor~a 
. " I 

. (X I- X~)~/ ll ~ <(< 1. . ' 

JlaJiee ·, · : f ~ I : r .t. 
. (.X':J 2.. /) ..,., " -vI n - !.!1 .,..x' Xc' - (X c) 
Q.,;, +(t; A -+ '1'- JC + tr. £/l . --,:- tIt 

I 

noJiy'iHJI: 
',• 

,, 
' 
'I 

.• 
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R =-~ I~ I j X~ = - f, ((_ j Yc' = R tt -i #/-/l . (11. 3 • 2) 

llpeo6paayH Koop;n;MHaTbi o6paTHO B cMcTeMY XY , noJ!ytnUI Ta 

BhlpaJKeHHfi ;ZI;Jifl KOOp;ZI;i1H8T ~OHTpa OKpyJKHOCTH: 

X c = - & It-~ fr - ( fl + c - i & /1., fl) ~rL # + X M 

Ye = - ~ fl Ji;/;_, 7J" + { fl + C - -i g ~ fl) CoJ ~ + Y M . 

B nocJie;n;m1x (pop.uynax fl. 6epeTCfl co aHaKOM, Bbt6NtpaeMhlM no 

npar:::ny: 

eCJU! (Xrv- X1) (Yc- y,)- (Ytv- ~)(Xc-X1J 7/0 

ecn:vr 

11 

II II 

i~ 7/ :::: ( YN - '{; \ 
XIV -X1 ) 

---<0 

B THKESH BhipaJKeH¥Ifl ;n;na KOMnor:eHT nytzeti X~ Y, V, V 

' 
, TOR_- OT 

MMeiOT :SM;zt, 

OTJIM'tiHbtti oT (TI. 3. I). OTJIH'tii-:Ie B03HHKaeT :scne:ztcT:sHe Toro, tiTO :s 

3TOM nporpaMMe :tlfCnOJI:&3yi<WCfl KOOp;LJ;HHSTbi 
11

K8JityiitHXCH" TOlleR. 

X'Y' I ECJIH 't:Iepea 0603H8tiHT:D KOOp;n;~H8Tht "KalKJ'IIt6MCfl
11 

J.'OtiKM 

HeKOTOpOrO Jiytta, TO MmimO nOK638T:& (OM. p110. jf.2.), tiTO VJ:r.~eiOT 
~. 

MeCTO T6Ki16 :Sb1paJKeHHH:' 

• 
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X= X'+ ~c. (Cx- X'j / /1.,. + (&;a_, 'i! P• ., J. x 
• 

(X'-Cx) . 

V(x' -c:xl+(Y'- Cy/' ' ' 

,. Y= Y'+ 1/s. (c,- Y')/ !lr + (~~ O;.·tg; •. ,)x 

( Y'-C~1 ; 
i (X' -c :xf + (Y' -c; )'--

• 

. (Cx-X') 
11 :: ~}. •I v (X I- c 3! y + {Y'-Cr) P. ; ; 

fn ( Cy - Y') - ' 
V = '1 ~ •. , y {X'- c.zY + (Y'- erP ' 
[yet. =[(x'-c~t + (Y'-c1)j'

4 //1, j 

JA . = (;tr. I }li+l) .Jin, cL 0 

. lrlj t y 1 - (~.·.J"' ~n!' d 0 

KOOP/lHH8~1J XI Y' H8XO)(H~OR ~SK, KS.K YK88SHO B § I B'l'OJ! I'JIB:Bil. 

§ 4. HAXDJQEHVIE IIPOCTPAHCTBEHHbiX KOOP:ZWHAT 
TOtiEK TPEKA 

Kax ua:aec~Ho, 6o~imaa qac~i Mawopua~HH, nocfynam~eM aa nxo~ 
:a reoue~pHlleoxym nporpawy, cooi'OHi' :iia rn.. 

• 

.. ·· 
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ROOp;z{I·m.aT n:pOeKn;Hit paaH.blX TOti6K TpeKa HS OTepeO({lOTOrpaq,HaX. 

~CKnrotteHHHMH 113 STOI'O npaLH~a c~y~aT TSKM6 TOtiKH KSK, Banpnuep, 

EepmHHS E3SHMO;z{eitCTEHfl, TOtiKa OOTSHOEXH tiSCTH~ H HeKOTOp~e 

;z{pyrHe, H306pa~eHHfl KOTOP~X cpaBHHT6~DH0 ~erKO H;z{8HTHWH~pyroTOfl 

aa paa~HttHux oTepeonpoeKn~ax. · 

CnOCOOU Haxo~eHHH ll~OCTpaHCTB6HHUX KOOp~HaT TOtteR B 060HX 

C~yttaHX paa~HttHU; .B nepBOM C~yttae I'OBOPHT, tiTO npOOTPSHCTBeHfi&e 

KOOp;z{HHSTU TOtteR TpeKa HaXO;z{flTCfl no KOOp;LtHHSTSM H6COOTBeTCTBYID

~HX TOtteR, BO BTOpOM - no KOOp;z{WHSTaM coo;BeTCTBYIO~ TOtieK. 

a) Haxo~;z{eHHe TOtteK TpeKa no KOOp;z{HHSTaM COOTBeTCTBYID~ 

TOtteR. 

PaccMOTPHM, KaK aTo :zte~aeTcH B nporpawe CR.B CT • 

B 3TOM nporpaMM6 npocTpaHCTB6HHhl6 ROOp;z{HHST~ HSXO;z{HTOH MHHHMH

san;Hefi CYMM KBa;LtpaTOB paCCTOflHHM Ha nneHK6 OT HS06pa~eHH~ HCKO

MO~ TOtiKM ;LtO TOtiKH C M3MepeHHUMH Ha ~6HK6 KOOp;z{HHSTSMH. CyMMHpo-: 

BSHMe npOBO,'ZtHTCH no BC8M CTepeonpoeKn;HHM. B § 6 ;z{SH cpaBHHT6nDH0 

IIO;ztpOdHLI~ BbiBO,'Zt COOTB6TCTByiOntero BLIPSlK6HHH MH TSKOI'O.paCCTOHHHH. 
1 

Oao paBHo: 

d ~:::: w~:tJ~ 

~ t == (.X s - X - V ls)~ + ( 1j g- Y-V 1s )~ 

8;z{6CD Xs 1 ~ s 
1 

1; s - KOOp;~HHSThl HCKOMOLl TOtiKH B npOOTpSHCTl36 

RaMe)hi; ' 1 
l ,, 

X,V
7
V,V 

w 
- KOMnOH8HThl ~ytta, OOOTB6TCTl3YIO~erOH3MepeH- 1 

j 
; 
l 

i HOti TOtiKe; 

- Koa~pMn;HeHT yMeHDmeaza; E npHonHlKeHHH 
' . 

OIITHI!O:f1 I-ro nOpH;z{Ka OH paB8H (onpe;Lt8JI8HH6 

1:;...· 
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• on~HKH ~ r-ro nopa~Ka ouo~pH § 6): 

Oo~a~~H~a 06oaHatzeBHH HMGID~ ~0~ ~e OM~0~ 1 tz~O H ! WOPMY~SX 
(n.3~I). 

B a~ou c~ytzae omH6KH Koop~maa~ paoctzH~&:saro~oa c~aa~apfH&M uafo
~ou (ou. npu~ozaHHe). 

B .THRESH 
~aK: ~R !CeX ~eX Ka~po:e, Ha KOTOp~ ROOp~HHS~H ee HS06pazeHHI 
HSilepea~ t pacctzH1'hiBSIO~Ofi KOMDOHeH~ht Jiyllel X, Y, v) v . 
Ypa:eHeHHH Jiytza HM8ID1' EH~: 

X s r:: V ls + X (ll.4.I) 

l/ s • Vls· + Y • 
EOJIH, Hanpiluep 1 KOOp:ztHHST& npOGI\D,Bt1 1'0tzRH HSMepemr Ha 7J.»YX o~e-

t. 
I 
I 
I 

I 

I 
r 
I 
l 

I 

I 
I 

peoxa~pax, ·~o :soero 6y:zte~ tze~~pe ypa:saeaun ~una (ll.4.I), ~.e. 

ouo~eua ypa:eaeHHI 6y;z,;e!r nepeonpe~eJieaa. Peweaae faKo~ nepeoupe

~e~eaaoM OHC~eM&I HSXO,ltH~OS M8~0,lt0M HSHM8B:DWBX KES:ztpa~o:s; O~HO:Spe-

MeBHO paoOTllU'hiESIO~oa owH6KH KOOP:ztiiHSf A Xs, lJ ~s, A ~~l • I 
EoJIH oywa ~X s + tl Ms t Al"s 6oJiilue, qeu aexo~opas KOHOTaH~~, 

TO peayJI:DTST OtiHT881'0ft MOXHM, O,ltUH HS Ka:ztpO:S ~6pao~:saeTO.R (ec~H ' ' . TlHOJIO Ra:ztpo:s dOJI:Dme ,ltDyX) H npo~e~ypa nO:S~Op.RefOH. EOJIH'HH O,ltHS 

ua :soauoZH&x KOMdHaa~H~ xa:ztpo:s He :ztae~ xopomero peayJiifafa, TO 

uauepeau~.aTo~ ~OTlKH oqu~aro~oa n~oxHMH H npo:s~~HTO.R ee no:s~opaoe 

Hauepeaue. 
• 

I 
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• 
6) HaXOilt;zteHHe .TOliSK TpeKa no KOOp;ztZHST.aM H6000T:BeTCT:BYlOiltHX 

TO'CleK. 

OnHmeM IIOAPOOHO, KaK HSXO}.tHTOfl npOOTpaHOTB6HHhla KOOp;ztHHSTH 

TO"CleK HaaBaHHbU4 onooo6o~r I. nporpaMMe G R 8 C T o yKaaaHHeu 

! 

OTJINillMti: no;zto6HhtX npol{e;ZJ;yp, npo:ao;zt~IMbiX :a nporpaMMax P II N 6- Jti 

TVG P ·. Tipprpawa G-R.BCT npe;ztnoJiaraeT monoJI:&ao:aaHHe 

Tpex oTepeonpoeKI.lBii TpeKa. :Wa aTMXX Tpex oTepeonpoeR~~d! Bbl6Hpa-
\ . 

6T0ff I'JiaBHaa. ;l.(JIH oTOI'O IIOOJie;ztOBaTeJI:&HO 6epyTOH KOM6HHS~l/U1 H3 

;zt:ayx oTepeonpoeKn;ld1. Ilia nepBLIX ;zt:ayx npoeKn;Tii~ :a:cr6HpaeTofi TaKaH, 

;Lf.Jifi KOTOpO:li OJl6;lcyiOilt8fi B6JUillHH8 MSKOHM81I:&Ha! 

~ j _,.. V\0! &inJ, tt:, + ~ n.. ~ 1! ~ . ·] . 
IX m.a~ L J1"LL}A:, ( 4in~l/1 + --Jt'n/J.?f'J..) '· 

r;zte ~ - ;Lf.JIHHa Haoopa~eHHa TpeKa; 

'i ~ - J.4aKcMuaJI:&Hoe aHaqeHHe X ;ztJIH Tpex Ka;n;po:s • 

.£i,n}'P:, 
1 
1il1.ttJ'~ - cpe;ZJ;HHe 3HS'Q:eHHfi .-Jil't ~?Y }.tJIH KSZ;D;OI'O H3 ;ZJ;:ByX 

· :Ka;n;polJ, r;n;e ?J" - yroJI, odpaayewit Kaoa-

!J:'eJ;r:EtHOM K rrpoeK~lUI TpeRa 0 OC:Dlo X. OTepeo

O.HCTeMbl oTHX '/l.BYX xa;n;po:B • OHM HSXO;ZJ;HTOH 

· KaK cpe;D;Hee aHalieHHe x:aa;ztpaTa OHHyoa :a Ha'Cla

Jie M n KOHn;e Tpesa. 

W - onen;HaJI:&H:&Ii-1 :aeoo:aott MHOxtHTeJI:D. 

Bee :seJilf'lJiiHbl paOOliM'l'hiBSIOTOfi ;ZJ;JIH HSOopailteHl'Iti 'l'ptU\2 HS odpa'l'HO~ 

oTopose :aepxaero oTeKJia ( tL'. e. Mn Koop:ztMIHa~ X V ) • 8a'l'eM 

· H3 :Bb16paHHO~ OTepeonp06ltD;lUI Jii OOTSBIDS:fi!OH 'l'p6T:&ei1 npOeKI.{VIH TSKlUI . 

ze o6paaOM EHdHpaeTCH CTepeonpoeKUHH, H83biB86MSH rJiaBHO~ ;ltJifl . . . 
aHOTeNht 1'~ex CTepeonpoettr.v~u. 
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;IJ;ra xam~oro Jiyt~a c KOMnoaez:r~auu X,.,, Y"') T!M, ~ t. ·' as- ·: · . 

rJia:saou·VIao6pameHlUJ aaxo.ztaTCf! ~Btl ~yqa ·(Xf, y,,V.,,Vt)H(L, fJ.,Th.,Vli). 
Ha· O.ztHOM 113 ~BYX :sonouoraTeJiiHbiX ~ao6palKeHVI!, KOOp.ztHHS!I'lll y.,, y,_ · ~ · 
lCO!I'OpbiX - 6JIHZa:t1mHe lt OOOT:SeTcti:':syroute~ KOOP.ztVIHa!I'e Ha I•JIS:SHO!I .. 

11ao6pazeHHH (a;ztac~ w yi!f.e npe.ztn,)JiaraeM, t~To xoop.ztMIH&!I'H o6oux 

uao6pazeHHI npeo6paao:sal:Ibl :a o.zta~r H TY ~e CTepeocHcTeuy) ~ 

tiepea .zt:se ooce.ztHHe TOllKH X1, ~ H X.z- Yi, npo:so.ztMITOH 

oxpymHocT:& pa;n;uyca R.. , aatl;zteaaoro :s § 3 aToM rJia:BLI. Koop;zu!-

Ha!L'LI n;ea!l'pa X c. Ye aaxo,ZU1TCft ito t}lopncyJiau: 

r R. ~ j -1/z 
XC,= -1 (X1 +XL) t (Y1. ~ Y~)L~X-X;_)Li- ('f1-%Y'-- f 
\/ 1 . l fl.~ . - .:L} 1:v 
1c = "£ (~ r Y,.) ± (X~-X1J -rx.,-x~.r, + rY-i- y,.)~ · t{ • 

-
3H8K l3DI6HpaeTOH l3 COOT:S6TCTl3HH CO a'HaKOM fG • ~aJiee pacot~m!l'&:sa-

. eTc a X, cooT:BeTcT:ayroll\ee Y = Y11 , 
T.e. X s = Xe t{ /(,L- { Y- Yc)J. ]11~ 
EcJIH X >·Xc , TO 6epeToa aaa:I (+), :s npoTH:BHOM oJiyqae (-). 

. f1 H v H8XO.ztHTCH 0 ITOMOII.{DIO JIHHe!HO! HHTepnOJI.HIJ;HH • 

U= u + (U- VLJ!i=~J; V= 1;j +(V.- V.)[.~: ~]. 
TaKHM o6paaou, w Hueeu nep:aoe npH6JIHJteHHe ( Xs 

1 
Ys, rfs 1 Vs) 11)IH 

OOOT:S6TOT:BYIOIItero Jiytta • ]l,rra H8XOJit;r;eHHfi 60Jiee TO'tJHOrO npH6JIJ4lK6HH.H 
. ' 

IIOC!L'ynaiO!L' CJie.ztyiOIItHM o6paaOM. llyc!l::& 

Xs: X M .,. 1},., · ~s (n.·4. I) 

1f s = y M "t: VM . ;t s 
601':& ypa:aHeHHfi :SbldpaHHOrO Jiyqa Ha rJiaBHOM H306paEeHHH. EMy OOO!L'

:S6TCT:ByeT H6KO!L'Opa! Jiyq H8 :BCITOMOraTeJI:&HOM H306pa*eBHH 1 ROSWWH-· 
. . 

• I . 
' I 
i 
i 
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Xs =X r l/.iCJ' 

'fs = Y + V ~s • 
(IT.4.2) 

ITpmpanHmnas nep:a~e ypanHeHHH n (IT.4.I) m :a (IT.4.2), MH noRyv.mu: 

;t:::KM-X 
V-VM (IT.4.3) 

llpHpaBHHBafi BTOphle ypaBH6HHff B (IT.4.I) H B (IT.4.2)· H. HCfiOR~sys 

(IT.4.3), npHXO~HM K ~OpMy~e: 

Vu-V ) Y:::: YM + v~,- 11 (X-X,.,. 

ilOOJI6~HHH~OpMyJia HCfiOJI:&ayeTCH npH fiOCTpOeHHH HTepap;HOHHOM 

npOI{e:eypbi ~JIH HaXOllt~6HHfl TOV.HOI'O SHa'IISHHH Y lit t CJie~OBaTeJI~HO 

)( • ITOCJI6 OKOHV.aHHfi HTepap;HOHHO~ npop;e~yp~ paOCV.HTSBaiDT 

l = X -X~"'- . 
VH- v 

TOtrHO TaK~e HaXO~~TCfi CO~TB8TCTByro~H~ JIYV. H Ha BTOpOM 

· . BCfiOMOI'aTeR~HOM Ka,ltpe • ITO ,n;ByM 3Ha'II6HMHM . 1,1 M ~.t, 

CTByro~X Jiyqe.f:i H6X0,1.1;HTCH c_pe~Hee BSBemeHHOe ~cp: 

X :::: W1 ~ 1 + 2V" .2- 'it-.y 
cp w--1 ..,. r»--~ . 

., . ..., . 1 "( l - ( i/) . 2..,Q.o ?r- Xc )~ Mo-lltHO noKaaaT~, trTO r..v ,· ..._ Jin:L'IJ', - ' , r.zte Jt/1, v = - .. • 

no cpe~HeMy na:aeweHHOMy 

HSXO~HT KOOP.1.tHHaT& JC · 
~ Cf M ItOMUOHSHTSM .JIYV.a rJia:BHOI'O Ka~pa 

H Y npOOTpaHOTB6HHOi! TOV.Klil. . . 

B nporpaMMe P /II( G ~JIH H8XOllt,lt8HMH KOOp,ltHHST TOtreK 

HcnoJI~syeTca RHru:o ~Be cTepoonpoeKp;HH ·TpeRa (:aoero HX 4), npHtreu, 

HOfiOR:OSYIOTCH KOOp,ltHHaTbi TOtiSI\ He Ha odpaTHO~ CTOpOHe . B6pXH6I'O 

OT6Kna, a HS nROCKOOTH fiJI61IKlil. Ms ,ltByX OTepeonpoeKp;H~ TSK~e Bbi 
' ' - ' .. 

paeTCfi I'JISBHafi (npaB,lta, H6CKOR~lt0 OTRlfqHhtM ·cnOCOdOU) H .1.tJIH .. ~'-4 ... .u.V1 
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~auepeHHO~ Ha HeM TOtlKe ~~eTCH COOT!eTCTEYD~Sfi Ha ~OfiOMOraTe~bHOU 
• 

CTepeonpoeK!4~PI (He ny!t'STb ttcoOT:EeTOTEYIOIItYD TOllKY" 0 11 0TLTOKSHHe.at' 

!t'OtleK no KOOp;ztliHSTaM COOT!8TCT~yiO~liX TOtleK" ! '). BoJie;D;OTEHe ~OJiee 

CJIO~HOU reoueTpMH ~OTOrpSWHPOESHZH OOOT!8TCT!YIO~Sfi TOtlKS Ha 

BCfiOMOrST6JibHOU Xa;ztpe H~6TOH B !~;D;e nOCJI8;D;OEST6JibHOOTH Tpex 

npz~nm~eHHM; xoop:z:tMHaTa . y1 coor:aeTOTEyro~eU TOT.lKm onpe~enaeToa 

cJie;z:~;yro~~M o6paaou: ma reoMeTprtrt~e~JKHX ooo~pameama uo:acao nonytrN~Tb 

rpy6yro ~opuyJiy, c:aaa~Earo~ro xoop~aaaT& ~~ aa rJia:aaou m !ono

uoraTeJI:bHOM Ka:z:tpax - STS WOPMYJIS HOfiOJibayeTCfi ;D;Jifi paotreTa I-ro 

npM~JIH~eH~fi K KOOp:z:t~HaTe yf HS BOnOMOraTeJIDHOM Ka:z:tpe. nanee 

CTPOHTOH wopuyJia' C:Bfl3bl:Baro~aa KOC>p,D;MIHST.bt. y Ha rJia:anoM ~ !Ono- I 

uoraTeJiiHO.t:i CTepeonpoeK~HfiX. I\OSg}{P!tU~~eHTLt, W~rypmpyiO~He :B STO~ 

wopuyJie pacC'ClHTblBSIOTOR :B np~6JIHJK€tHlU~ onTHKO~ I-ro nopa:z:tKa. 

Koop,LJ;MHaTa ~ Ha :aonoMoraTeJILHC,M cTepeonpoe~mm, pacc~l'ITLt:aae-

Maa no STOM wopMyJie, HSSblBS8TCR ITOP.btM npmdJIH~eHmeu. HaKOHe~, 

3-e npm6Jimi\GHHe ~CllOJI:baye!l' TO'ClHYIC fiiOPMYJIY ;D;Jlfi KOOp;D;ZHSTill ;j J • 

B KSjiJ;z:I;OM npll6JIHJB:6HPIZ KOOp:ztHHaTa Xf C00l':S6TCTBYIOIItel TOtiKMI Ha-

XO;zJ;HTCH nocpe;D;CT!OM KBS,2J;PSTH'ClHO~ ~HTepnOJifi~HMI. SaTeU, no KOOp:z:tH

HaTaM COOTB6TCTBYIO~HX TOlleR Ha CTapeonpoeK~HfiX paCOT.lHTLTBSIOTOS 

npOOTPSHCTB6HHbl6 KOOp;D;MHST.bt T0tl6K TpeKa. 

I' 

· B nporpawe TVGP npocTpaHt)TBeHHbie xoop:z:tmHaTa TOtiKH 

pacctlHTLtBaiOTC.fi nOtiTH TSK JKe KS.I:C B GR. B cr . 0TJIPitiHe aa:MroT.ZaeT- i 

ca JIHI!Ib :a TOM, t~TO :a TVGP KUK H :a P/1/VG- morroJiiayroT-

ca KOOp;D;MHSTbl TpeKa Ha WIOOKOOTH IIJI6HKH, 6Jiaro;z:~;apa tleMy ltOMITOHeH- : 

T~ Jiytia paOC'ClHT.btBSJOTOR He npMJdJIH~WHHO, a no TOtiHOit q)OpMyJie. 

B nporpaMMe THflESH paotzeT npooTpaHOTBeHHLtX .I:Coop:z:tHBaT 

TOlleR Tpexa Bblll.OJIHH6TOH OJie;D;yiOIIUiM Odpaao;u. I!yOT:b ;ltJ'I.FI HeKOTOpO.U t 

H3MepeHHOU Ha rJia:BHOM' Ka;n;pe, TOtiK~ HyiltHO paOCT.ll!tTfl~:& KOOp;D;HHST& 

~~ ~s ~s » npoc~paHc~:ee ttaue~& (no:z:tpo~aooTm o :ue~o~e Bbl~opa 
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rna~HOI'O Ka~pa OM. B [7] ). 8TOM TO~Re COOT~eTCTEYIDT ypaEHeHHH 

nyqa: 

Xs = Vm · :ls -r X M 
(11.4.4) 

Ys = Vm · ~s + YM . 
·HYiltHO Ha DCIIOMOI'aTeJI:OHOM rca;n;pe H8MT1'1 TaROi1 Ha6op 3HaqeHlild V 

') 

V, X, Y , tiTOOLI nyq 

Xs' = Vz~ +X 

y; = V1s' + Y 
nepeceKan JIY~ (il.4.4) Ha rJiaBHOM Ka~pe. 8TH ~Ea Jiyqa nepeceKyT 

KOr:z:ta O~HODpeMOHHO: 

(Vm- V)ts + ()~m-X)=O 

(Vrra-VJls +('{m-Y) --0. 

(11.4.5) 

CliCTeMa ypaEHOHPiti (fl.4.5) COEMOCTHa, ROI';zta ~eTepMHHaHT 

Urn- U Vm- V 

'f(~VX,Y)= =0 

Xm-X 
· .. 

Yvn- Y · 

Ci>yHK~Hfi l.{J pacc~l1:T~l38€TCH.;zl;JIH l3COX HSMepeHH11· Ha ECfiOMOI'8T 

HOM Ra:ztpe 11: H8:X:O;ll;HTCH T8KV.:e ;n;Ea CJie;n;yiOntHe ;ztpyr sa ;n;pyrOM HSUep 

HHH, . i 
1 

i., + ,f , MOiltlJJ KOTOpbiMH OHa M6HH6T SHalt~ 

IIoJiaraiOT: • 

/ 
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v = ll' + /l (V'+ 1
- Vi,) 

• 

V == V' + /l (Vi,~, - V') 
• . 

;1 (.X·l•, - X') X: X' + 

Y= yi + /l (''('1-" - y l ) 

lf(J)=O . 
' 

(TI.4.6) 

YpaBH6HHe (IT.4.6) peruaeTCfi M6TO~OM ~HHe~HOM HHTepno~n~HZ OTHO-

CH~e~:DHO A • noc~e Haxoll:~eHun pemeHHn aToro ypa:aaeHHn pacctzH-
~hl:.earoTcn cooT:eeTcT:.eyiOIItHe ·,;) V) X u. Y , a saTe.v 

H lCOOp;ztHHSTht npoc~paHCT:SeHHO~ TOtzRH. AHSJIOrHtzHO HSXO:ztfi~Ofi H :S08 . 
, I 

:ztpyrme ~oqKH ~peKa. 

§ 5. HAXO~E~E r-ro ITPMBRH~H~ff K llPOCTPAHCTBEHHOM 
KP~BO~ . . 

Bee pa.ccuaTpH:eaeMble nporpaMW liiMeroT 6oJiee HJIH .veaee paaJIHq- • 

mie cnocodhl aaxom~eHHn I-ro npHdJIH)lteHH.?: R npoc!paao!:seuaot1 KpH:aol 
' i 

OnHme.v HX nootzepe:ztHo. 
B nporpauue P .flJVG :aoa npoc!paHc~:aeaHble KOOP:ztHHS!bt npeo6-

pasyroTcn :a omoTeMy KOOp:ztHHar, r~e oo:c z napaJIJieJl:caa xop:zte 

TpeKa H Hanpa:eJieHa B OTOpOHy KOHetzHOM TOtzKK TpeKa. 3a~e.V MeTO;llOU' 

HSHUeH:DWHX KBS:ztpS!OB npO:BO;llA!Cfi KPHBSfi B.BH:zt~: 
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Yl = o{ 1 r oC.z., X + ot..3 XL 
' . 

:1, = dlf + ds X . 

WcnoR~aya aHa~eHMH Hali~eHHhlX napaMeTpon, paccti~T~EaeTca noRHaa 

~~Ha RpwEoM: ~ 

d ~ j ds dx dx , 
-!l 

JAR 

J ~! ~ df 
a TaK~e ~~~Ha ~yru 

~ 

R = xH~ -x )COH 

fl, 

X~~u. u X.wH - Koop~viHaT.bl HatiaJI:oHoii w ROHe~Ho:ti 

TOqeK OOOTE6TCTE6HHO. 

B nporpaMMe G /(, B cr BHatraJie ~eJiaeTca. rpyc5afi o:qeHRa yrRa' 

Ha KOTOpbi:ti no:aopa~HB86TCH npoeRI4~HI TpeKa H8 llJIOOKOCT~ xy • 
Yro1r no:aopo'l'a npoeK~HH TpeKa 11=~ i-h /s , . r;n;e S - ;n;JIMHa xop]:Oll 

TpeKa, A - cTpeRa npor116a ·TpeRa, T. e. Hal160JI:&UJee paccTOflHt1e 

MeJK~ TpeROM L1 ero xop~oti. EcJivi yrdR fr H ;zJ;RJtiHa xop;n;bi S . 

6o1r:cme, tieM HeKOTOphle onpe;n;eJiaHHhie aHatieifl1H, TO tie pea .~ 1 ~ .;... RO-

op;n;HHaTbi TO'C!8K M6TO;ztOM H8I1M6H:DIIUIX KB8.1l:P8TOE npO:BO;zJ;l'.!TCfl OI\pyiKHOCT:&; 

:a npoTHDHOM cRy~ae npoEO.ztMTCH nupa6oR.a. llJifl npo:ae;;teHHa napa6oJibi 

MJIM OKPY~HOCTH ~epea XJ~- Koop~HHaTbi npocTpaHcT:aeHHbiX To~eK 

:SH8i.ISJI6 ,zt6JIS6TCH npeo6pa30l38I-H1e 3TI1X KOOp;zJ;HHST :a OHCT6MY X'' j" , 
I';n;e: 11. ~ 

L{x~)=:I_ (~'~)::o 
l~1 ':: 1 

.~ - ~HCJIO H3M6p6HHbiX TO'C!eK, T.e. KOOp;zJ;HH8Tbi TO'C!6K npeoc5pa

ayroTCH no ~opMyJiau: 
• 

• 
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• 

8 38T6M, y~e ~ STOU CHOTe~e, npODO~HTCR COOTBGTCTBYID~Sfi KpH:aaa. 

Ha~o 3SM6THTD, ~TO npo~e~ypa npone~eHHR OKpymHOCTM B STO~ npor-

paMMe OTJIH'tlaeTca OT Toro, I\aK aTo .zteJiaeTca :a TV G- P : 
Bo-nepl3biX, ::e TVG P. Koop.ztHHSThi TpeKa npeo6paayroTC.fi :a cuoTeuy 

KOp;ztrdHST, ~ KOTOpOti pa::eHbi HyJIIO He TOJI:&I~O nep:able MOM8HTbi KOOp.ztH

HST t HO H He.ztMaroHaJI:&Hbi6 SJieMSHTbi MSTpH~ BTOphiX MOM8HTO:S 

(eM. § 2). BO-~TOpbiX, B nporpaMMe (TflBC'"f npz MHH~UJH3SIJ;H~ T&-

KOI'O me' KaK Jd B TV G p , ' rro wop Me ~YHKIJ;HOHSJIS MHOX\HT6JID 

~,a.. ( j - IICI<OW:l! PSIIIIYC) C'IIITSeTOli fiOCTORHHOl! . l!6.IIII'IIIHO!il 

l't! He .ztM~qJepeHLtHPYeTCfl no J . 
B CJiy~ae, KOr~a·qep~a ~~ ~ KOOp.ztMHSTbi npOCTP8HCTD8HHbiX 

TO'l16K npO~O~HTCfl napa60JI8, npHMSl-If.[E-l,!L'CH TSKOe ate npM6JIMilE6HHe t 

\!!1'0 H :S § 3 • 

. Ta.Kme KSK l1 ll § 3 no aapaMeTp_aM napa60Jibi HSXO.ztR!t'CR OOO!t':SeT~ 

cT~yro~He napaMe!t'pbi OKPY~HOJTM: pa~Myc H Roop~uHaT& IJ;eHTpa. 

;l{eJiaeTcn OIJ;er·ma :eeJIMtlHHbi C'rpeJibi npori16a ~=S'.,/Bf ; ecJIH 

OHS M6H:&Ille H6KO!t'Opott nOCTO.~HHO~ (p8BHOt1 Y:Lt:SOeHHOit HJIH yTpOeHHOit 

H3UepHT6JI:&HO.£i OUIN16Ke), TO ~iepea npOCTp8HCT:S6HHhte KOOp;ztHHSTbi np 

· ~O~HTCfl no M.H.K. npaMSR JI:1HH£:. 

llOCKOJI:&Ky TpaeKTOPl-lS \I8CTHD;bi :S nyabip:&KO:SO~ · K8M8J?6 C nO"CI!t'H 

O.ztHOpO;ztHbiM M8I'HHTHbiM nOJieM 6JI~SK8 K CnHp8JIH, C"CIHT86TCftt "CITO · 

OH8 OnHChl:SaeTCH ypa:aHeHH6M BH.zta: 

X s .: oL t f · co-s 17""" 

~s = ~ -r j· 41~77 
~ s =: r + f· v t} A .· 

cn.s.r) 
• 
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EcJI:ra qe pea x , 7f KOOp~HHSTll rrpOCTpaHCTB6HHllX TO'Q6K npo:se~eHa 

napa6oJia MJIJII OKpyXHOOT:.D, TO, CJie~O:BST6J1l>H01 y'!l.e H3:BSCTHbi BeJIH'QZIW 

• r:t, f' "'j . ]1.1!11 xaz:ztoll TO'lKII paccqua:aaeTcn aHa'leHI!e yi:ol!a · It, 1 

..L (Xi-ot) 1Ji :::- a/U.Ly yi- fo :/ ' (II.S.2) 

ItlcnoJI:&sya 

ypa:sHeHHe B 

napaMeTpa 

Z - KOOp~HHST~ npOCTpSHCT:BSHHbiX TOllSKt ITOOJie~aeei . . ' 

(ll.S.I) H ypa:sHeHne (IT.5.2) HSXO~flTOfl no M.H.K. 

r M~il. 
IIocJie Toro, Kai-t Hai1,zJ;eHbi :see napaueTpa cnMpaJIH, pacctniTbl:saiOT- ; 

! 

Cfl Ti'IMnyJI:&C li8CTHIU>I (06bitiHO OopaTHyiO :BeJIHtiHHy HMnyJI:&Oa) Jrl yrJibi, a_ ; 
' ' ~ . i 

TSK'$.6 Ti'IX OWH6KM. Kor~a tiepea TOllKH npO:BO~HTCH no M.H.K. npauaa 

J1Ti'IH~%.f.[ t ypal3HSHH.H aanMCbi:BalOTCH :s l3Ti'I,'lte_ r = o(, ~ H 2 :::I + r X 

n no HaM~eHHbiM -xoac,Mm.u;HeHTaM 0!-, f> "'" "{ · aaTeM paccllH-

Ta:saroTCH yrJibi H HX OWH6KH. MMnyJI:&O l3 STOM CJiyllae ITOJiaraeTCH 

pa:SHbiM HSKOTOpoM rrOOTOHHHO:tf :SeJIHi.IHHe. 

B THRES!-1 
xoop:ztMHaT X' Y' 1.' 
Ke Tpexa, a oc:& X' 

KOOp,'ltMHa'rhl Tpexa npeo6paayiOTCfi l3 CHCTeuy 

, D;6HTp KOTOpOM HaXO~HTCH :S HSllSJI:.DHOU TOll

COCTa:s~aeT yro~ j3 C OC:&ID ){ CTapoa 

cncTe~. 3:ztec:.D p - yroJI, 'xoTopbiU o6paayeT xacaTeJI:&Han x 

npOeKD;Ti'ITi'I TpaeKTOpHH Ha rrJIOCKOCTD )()' l3 HS'QSJI:&HOU TOllKe C OC:.DIO 

)( l3 nep:SOHai.ISJI:.DHO~ CHCT6M6 KOOp;ltTi'IHST. 

Ypa:SHSHMe :SHHTOl30t1 JITi'IHMH :S CHCTeMe )('Y'2' : 
I 

- -· X :_.f c~ "tJ' - d. ) 

Y'=J~1n~ cn.s.3) 

! 

-I 
~'=f. ,f t9 A ~ . 

ilapaMeTp.bi P M P r HSXO~TITCH CJIS;LtyiOil(lU! 06pa30M • tie pea . : 
xoop:ztHHSTbi X t H '/;, · npocTpaacT:seHHbiX TO'tlex :s nep:soaaqaJI:&aott · · 

I 
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C~CTeMe KOOp~~HaT npo:so~~TOff M6TO~OM HSHM6H~UIHX tt:sa~pa~OD 

• 
OKpylltHOCT~ D~.D;a: 

/ II 8 C /- Koop;n;MHUThi natraJI:&Hoti TOllKM. 
' J 

HeTpy~Ho noKaaaT~, tiTC> .P 
odpaaou tie pea A 1 · H il~ • • 

]J.JIH xaJrC~oM npocTpaHcTneuuoU TOlliCM pacctrHTlli:saeTCH yroJI 1/l 

l'ICIIOJI:&3yff yrJibl "lt',· H Tpe•r:&e ypaDHCHH6 B (I1.2.5), M6TO,lt0M 

. Hal'IM6H:&UIHX I\DS;l.l;pSTOB onpe~e;Iff.STCH t3 )1. • . 

• 

• • 

HaKOHeih :s nporpaMMe TV G- P Hcrrocpe~cT:se~HOMy npo:se.zteHHIO KPH:BOI 

npe~UI6CT:ByeT BbiiiOJIH6Hl'I6 HeiCOTOpbiX npo~e;n;yp; Mlli HX :BRpa!t'~e OIIHmeu • 

}la MSCOH:Ba :BOCC~lHiODJI(HlHbiX npoc~pai:IC1':S6HlmX 1'0'CieK OJlpe;lteJieH-

~M odpaaou :a~d~parofoa Ha'tia~DHafl, ope~Hnn z xoaeqaan TOqK~ ~peKa. 
qepea X> ~ - KOOp,li;HHa!t'lli anix Tpex TO'tl6lt npOO!t'biM I'SOM6TPZ'ti60KHU 

IIOO!t'pOeHH6M npOBO,ltHTCR OKPY~~OCT:& H paCC'tiH!t'bi:SaiDTCH pa.ztHYC 1'1 KOOp

~HSTbi ~eHTpa aToM OKPYlltHOCTH. O~ao:speueHHO pacc'tiHTbi:saroTCH H 

., H6KOTOpbie .ztpyrHe napaMeTpbl I<~K, Hanptusep, e - IIOJIHhrti yi'OJI 

no:BopoTa TpeKa, TaHreHc yr11a HaKJioHa onvxpa~~ - i3 A • 



~: 

,· 

74 

ITp~ BOCCT8HOBneH~~ npOCTpaHCTB8HHhlX TO~eK HHOr~a BCTpe~aiDT-
• . . 

en TpeK~, KOTop:ore nanpa:sneHhl no~TM napa~~e~:&Ho 6aae ~oTorpa~npo-

BaHMH ~~ff K8K~X-HH6y~:& ~ByX OO~GKTOB. TIO npoeR~MflM TpeKOB Ha 

woTorpaqmfix, no~ytteHH:orx c noMOlll>IO STHX o6l>eKTPIBOB, MOJKHO Hatl:TH 

ItOMriOHGHThl OITTllt!GCKllX Jiytrei1; O;ll,H8RO, TOtiHOe onpe~e~eHHe KOOp~~HST 

TOtiGK, pacnono~GHHUX B-~OCT8TO~HO ManotJ: ORpeCTHOCTH TpeKa H 

. Jie~amvJ.X Ha ~ytzax' HOJ303MO:;mo. IToaTOMy B r v G p rrpe~yCMOTpe-
Ha rrpon;e~ypa t KOTOpaf! OTbiCICl1·BaeT TO~Ity nepece~eHH_H HeKOTOporo 

~y-qa C T8K HS3biB8GMOM BHHTOBOli no:aepXHOOT:&ID, onpe~GJIH8MO:ti CJie~yro-· 

ll{!tiM 06pa30M: nyCT:b MLI HMGGM crrzpa~:&, OCD KOTOpO:ti BepTlilKa~:&Ha. 

11pone,:n;e;,r l..!epes OC:& lil HGIWTOpyro TOtJ.Ky Ha Clllilpa~k'I. ITPHMYIO, napa~~eJI:&• 

·.,.· Hyro IIJIOCIWCTll, nepneH~LUtyJif!pHOti OCJi! cnnpa~H. By~eM ~BHrST:& npg- i 
. . 

MYIO Tait, tiT06LI OHa OhiJI8 Bee BpGMfl rrapaJIJieJI:&HS STO:ti .I!JIOCKOCTH H 

npOXO;zi;I1JI8 tJ.epea OC:& !1 CITHP8JI!:t; ITOJiy-qeHH8fl llOBepXHOCT:& H 6y~eT 

BHHTOBO~ llOBepXHOCT:&ID. 

OnHmeM rrpon;e~py Haxo~;n;eH:vtfl TO'qRH nepecetteHHH (TOttHee ro:ao- 1 

pH, yrJia, COOTBGTCT~yromero TOlJ.KG nepecetteHHfi) HGKOTOpOrO JiytJ.a 

C TSKOH ITOBepXHOCT:&ID. 

YpaBHGHHe BMHTOBOM rro:aepXHOCTH: 

J; = 1.o _,_ p ~ 

(lj-joJ=(x-a:o)i37J" 1 

r;n;e P = f~ A 

(11.5.4) 

(Il. 5.5) 

f ... - pa~11yc Rpyra :a rrpoeKI.J;lill1 Ha nJiocxocT:& . X y ; 
fl - yroJI H8KJIOH8 Bl1HTOBOtl: JUUililH K ITJIOCROCTH X~ • 

Ypa:aHeHme Jiytta: • 
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cn.s.6.) 
• 

fiCHO, 'tl~O ,'ZJ;JI.fi TO'tlKH nepeC6'tl6HHfi JI.y'tla 0 l3HH~Ol30:tf no:eepXHOO!t':&ID 

ypa:SH6HHfi (TI. 5 • 4) , (ll. 5 • 5) VI (II • 5 ~.1.-,AQJlJICHLI l3LinOJlHfi!t':&Ofi O,'ZJ;HO~ 

. :epeueHHo. no;n;cTa:eJiaa (n.s.4) :a (h.S.6), a aa!t'eu (n.5.6) :a 

(ll.S.S) noJiy'tlHM !t'SK06 ypaBH6HH6: 

S;n;eo:& 

v .: -Jl ~ - 8 ~ iD + ~I} 

V ~- B~f 

W = ~~~ + B :x:, ;J;o - .?(:() 

llycT:& -{f' n.. - npH6JIHilC6HHOe 3HS'tl6HH6 KOPHH ypa:eHeHHH (TI • 5 • 7) 

· Tor~a 6oJiee TOtzHoe aHa'tleHHe yriia ?t- o TO"lBOOT:&m :zto TlJieao:a 

3-ro nopa;n;Ka MSJIOO!t'H paDHO: 

cn.5.s) 

~OPMYJIS (II. 5. 8) no.1Iy'ClS6TOfit 60JIH ¥lCnOJI:&30:SS!t':& H3l360THLI£! 116!t'O):t. 

'l!e6Lime:aa [ 9] • 
· HaqaJI:&Hoe aHaqeaue ~H yrJia. paootzHTLI:eae!I'on no ;opMYJie: · 

?Jo = ?J1 .,. (~ 1 t1) e, 
• 
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r;n;e . J - HOMEP T0tll\i1:; 

N - tnrcJJO TOlleR Ha Ra:ztpe. 

~CUO~D3Yfl paHee Ha~;n;eHHUe napaMeTp~ OKpyXHOCTH, H8XO;l4HT 

cpe;n;HHfi TOtUta OKpyJKHOCTZ: l1 38T6M, ll0~D3Yf!CD K00p;l.l;l1H8TSMH :SC6X 

npOCTP8HCT:B6HHhiX TOtieit, paCC'lk!Tbt:B8lOTC.fl ;zJ;JIHHlll COOTJ36TCT:SY!OIItHX 

HM KpyrOBblX JJ,yr • 9TH ;n;yi'H OTC'liilT:bl:S8IOTO.fl OT Cpe,It-Heti. ~OtlltH ;n;yrz 

OKpyJKHOOTti H 6epyTCfl CO 3H8IWM ( +), 6CJIPI TOtiita 6JIH:ate K KOHicy 

TpeKa M CO 3H8I\OM (-), EC~li TO"<IKa OJUilKe K H8'tl81!Y. 

TaKVIM oc5paaoM, nepE:;n; Herrocpe;n;oT:eeHHhiM npo:ee;n;eaneu npooT 

CTl36HHOM Kp:VIEOil lJ,Jifl l\8JK;L;O~t H3MepeHHOii Ha O;n;HOM 113 2-X H1!H 3-X 

K8,Itp013 TO"<IKH HM6!0TCH: 

r. ItoMnoHeHThi onT:t:rt~:ecKoro Jiytf.a :e pa6otleM o6~eMe RaMephl; 

2. TOtfK8 Ha aTOM JI;pie, 6JIH3K8fl K 11 HCTliHH0~ 11 npOCTp8HC 

TO'lRe; 

3. ;l{JUIH8 ;u;yrH, OTCt;J/IT8HH8fl. OT cpe;n;He.ti TO'tlKH ;u;yrH 

UeJID ocTaJIDHOM tiaO'l'H rrporpa:r.aw -. npo:aecTH rrpocTpaHcT:eea 

KpH:eyro, KOTOpaa O;IJ;HO:epeMeHHO YllHThll386T li li3M6H6HH6 M8rH¥ITHOrO 

ll01IH, li1 llOTepH SHeprH¥I, H MHHHMH3¥IpyeT CYMMY K:S8J:tPSTOl3 pace 

Hli1!1 MeJK;n;y H3MepeHHbiMH 'TC1tiK8Ml1 ·H .li1306pai!t6HH6M TSRO.ti RPH:SO:ti HS 

nJieHKe. B aTott nporpaMME: TaKaa Rp¥I:eaH onpe;rte1l.fleTc.fl aa6opoM ¥I3 

llflTTii napaMeTpOB, ltOTOphlrtiH .fiBJiflioTCH KOOp,ItiliH8Thl X H1IJli 1j (;{, i; 

cpe;n;Heti TOtiKH TpeKa, Xo - yro11, ICOTOphlii o6paayeT RacaTa,J..D-

H8H K npoeK~HH TP6K8 H8 llJIOCKOCTD acy :e cpe;rtaeftl TOtlKe, 

T8HreHC yrJia H8I\JIOH8 1li Epl1EH3H8 TpeKa B aTOM iKe. TOtlKa t a B 

K8ti60TB6 apryM6HT8 ~ JtiCllOJIJ:,Syei'Cfl ;n;1!HH8 :S;Ll;01ID· npOaK~JtiH 

Ha nJIOOI\OCTD XtJ t OTOt;:1tiTbl:B86M8H OT cpe;n;Heti TOllltH. (T .e ~ 

KpyrO:BllX 71.yr) • ., 

0CHOBHOit 'l8CTDI0 BO€l~ npo~e;n;yphl npOB6;D;6HHfi UpOOTpaHC;~;,gQ,ulw 
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i. 
KpHBOi1 CJiyJKHT npe;n;nOJIOJltGHHe 0 JIM1H6JiiHOH SSBHCHMOC!!!H pa;n;Hyca I 

l RpH:BHiHU npoeK~HH TpaeKTOpHH HS unOCKOCT~ ~ OT ;n;JI~H~ npoeR~H~ 

. KPHBO~ HS Ty :ate llJIOCKOCT~. tiT06hl ytzeCT:& 60JI:&WH6 BSPHS~HH KpHB~S

H& TpeKa :acJie;n;oT:aHe aaepreTHtzeCKHX noTep~, :sec:& TpeK paa6H:aaeTCfi 

HS ;n;:ae tzaCTH H Bhlpa~eHH6 ,ll;Jifl KPHBHSHhl aa;n;aeTCfi B Kam;n;o~ Ha· HHX 

H6SSBHCHMO. 

OnHUieM ocHOBH:ble .. MOMeHTbl npo:ae.zteHHH KpH:aoM. Mcxo;n;aoe ypa:aHe- , 

H~e ltU~66T BH;zt: 

cn.s.9) 

---I' ,Ita ft- - e~~pi:HtUihlfit KSCaTeJIIlHbl.ti K TpaeKTOplUf B6KTOp; -8 - MSI'HHTH06 fl0.7I6 B l~aycc; 

8 - fiOJIHSfl (He cnpoeK~'HpO:BSHHSH HS WIOOKOCT:& :C.lf ) 

;n;JIHHa TpeKq; 

p - HMnyJIIlO B MaB/C. 

06oaHatzHM tzepea 'f' - YI'OJI, ItO~Opbiti o6paaye!l! lCSOST6JI:&HSfl R 

npoelC~HH TpaelCTOpHH HU nJIOOKOOTil J:f 0 O.O:&IO 

TOI';l4S 

X .. 

. r;n;e ;c - KP¥IJn1aaa npoet\.t:(HH !L'peKa Ha nJiooxooT:& Xlj • 

nooJie HeKO!L'opux npeo6paao:aaHHM Mo~ao noKaaa!L':&, tzTO: 

(ll.S.IO) 

r~e 

·' 



r 

! 

i 
I 

.. 

'•1 

?e 

3H8K B (TI.S.IO) Bhi6l1paeTCE B 38Bl1CHMOCTH 0~ 3H8lt8 KPHBM3Hhl. TaKJia 

MOEHO ITOK838T~, 'tJ:TO 

1}911 d.t:t d 
== d .z .== (; ) C 'l (IN) ·u.,. Ll PU (TI.S~II) · 

C l = + ~~~~ ~ (CJy CMlf' - Bx Jt'~ y;). 

KOHCT8HT8 .t je. lll1CJI6HHC paBHa 0, 299?93 •. 

B ItaqecTBe H8ll8JI:&HOro npl16Jil1~6HHff K npocTpaHCTBGHHO~ KPHB 

6epeTCE CnMp8Jib, npoeK~Mfi KOTOpott Ha ITJIOCICOCT:& ~ GOT:& OKpy~-

.i 
~ 

HOCT~, napaMeTpbi KOTOpOii 6h!JIH paCCtU1T8Im. BeJIMql1H8 Cp pacf'tm_-. 

ThiB86TC.fl B ITfiTM TO'tJ:K8X ( T • e • ~Jifi (L = () '- 1 - /t 7 f 'f + .:£), a (! ;t, 
J .,., 7 ~' 

B 2-X TOllK8X) U =- ~ , ~1. f • 
B K8tl6CTBe I-ro npllOJIM~eHH.fl ~JIH l1MITYJI~ca B cpe~HeM ll80TH TpeRa 

6epeTCfl Bem~tlkiHa Po :::fo · / Cp { U- ;;: 0) / , r~e .f - pa-

~YJ.YC OKpyJl\HOCTM t pauee pa ccqHT8HHhiM; U- - apryMeHT •. 

3HalleHlile it. = 0 cooT Be rcTByeT cpe;ztHe~ TOtiKe. 3a~aBasc:& onpe-

;l.(eJieHHOti rMnOTGSO.ti 0 M8CC3 qacTM~hi, paCCtiHThiB86TCfi vumyJI:&C B 

4-X ~pyritiX TOtiKSX Ha omipi3JIJii, no JiiSBGOTHO:lii 38:BHCMMOOTM npoder-
. . 

liiMnyJI:&C. 3H8fi BGJUI~l1Hbi m.ll':JyJI:&Ca B ITR~VI TOtiKSX Ha CITIIIPSJIIII, MOlKHO 

pacc'lnlTaT:& no (TI.S.IO) Kp:1BVIaHy IC B aTmc ~O'tlKax VI C;, no 

(TI. 5. II) :e ;zt:syx TOtiKax lc~ = t X/ .Z • ;l!eJiaeTOH npe~noJiol!teHHe, 

'ClTO Rpt1Bt13H8 11 ig_ j\ HMeiO~~ TSRyiO ~YHR!{E:OHan:&Hyro SSBHC11MOOT:& 0~ 

Jl_ 

JC(u)=~ 
1. +€-· u :~ ~~0 

. 
Jl+ err .s ~ I2) 

d.+(;+ u i..M9.., U- > 0 

• 

h ( ~) ~ :L ( U.::: 0) r So · U 1'- i 1 U ~ + t~ U 3 
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ABTOp~ yT:aep:nt;ztalOT, 't!TO :au6op EOS!VqJliiiJ;l16HTO:a :a.:al-i;zte (11.5.!3) 

:anOJIHe y;ztOBJreTBOpHTeJreH Ha npaETli7Ke: 

6 _ I ·[;c (o/- K- rF ;-{_) 7 . 
:- (:!:.~) IC(t:X) } ) 

t1=~!znriJf ·z~~.r-tJJ 

. t J, =: -h [ z II ( >£) - :t/1 
(- Jj;)} , 

Tenep:c MOJKHO npOHHTerp:t:Ipo:aa~~:& WYHI\IJ;l-iH err. 5. I2) c TeM t 'tiT06bi 

noJiytrHT:& :abipanteHHe ;cr.JIH yr.rra, o6pEtsyeMoro KacaTe.ii:&Hoii It npoeKn;Lni . . 
TpaeKTOpm·i Ha llJIOCROCT:& XJ C OCJ)lO X , a TSKliee KOOp]:tHHaT ir1 ~ ~ 

JI1060t1 TO'tJEH Ha TpaeKTOpvna. ]lJiff. a~·oro HyliWO SHaT:& HatraJI:&Hble 3HS-

treHHH napaMeTpo:s 'f { o) =it ~1,0XTI!JIH f1 li! ~ · ;zpra .u.,= o. 
BD!paJKeH:VIG ;ztJIH a3TI!MyTaJI:&HOJ:10 yrJia it m . cpe;IJ;He:ti 11:3MepeHHO:ti 

TO't!Kl-i (He Ha;n;o nyTaT:& ee c TOt.nteP.:, coo~:aeTcT:ayrorqea u, =-o ) 

TaKo:ao: 

Am = {o -t 'f'm 
/,(1'11 • 

't' m ::: J ciu./ K. ( u,' }. 
() 

• (11.5.!4) 

. ' 

I 

I 
i 

I 

j 



- 80 -

Eepa KOMITJI6KCHYIO H peaJII>HyiO t.raCTH B:bipallteHHH (TI.5. I4); noJiytriUf 
. -

000Tl36TCT:BGHHO X M tj IWOp):U~HaTDJ cpe;ztHef;i LiSMepeHHOti TOtrKH' 

3aTeu ~eti-cT:syeT cJie;n;yronteenpa:sHJio: ecJIH npoeK~HH TpeKa Ha 

ITJIOCKOC~I> Xlj ITOl30pat.rMl396.TCH HS M-a.Jibiti :YI'OJI, . TO HatraJII>Hhle SHa

treHHH rrapaMeTpOB H8XO~HT~H C ITOMO~I>IO y~e npOEe;zteHHOM onmpaJIH H 

.~aJiee nporpaMMa nepeXO~M'r R ITOCTpOeHrtlO PI MmHHMHSSI{HH COOTEe 

:syro~ero WYHR~HoHaJia (oM. § 6). 

EcJIH JKe TPeK nonopa1IMBaeTcH aa C50JII>moM yroJI, TO npoHsEn'lTuiOI 

Off YTOt.rH6HHe HatraJII>HblX SHat.reHH.ti napaMeTpOE TaR, I<aK STO HSJIO:m:e• 

HHJEe. 

3anHill6M BblpaJKeHHH KOOp;ztHHaT rrep:sol H ITOCJI6~Hel TOtreK 

(nep:saa H nocJie,zurfln Tot.nc:vr cooT:seTcT:syroT U = :;: ;t ) : 
~ . ~ ·. 

'te,; = tm + j ck--(/Xp {i/;rm +J ;c(u'/k'}} = 
Um - . Um 

"tm- + ~{i/~{rrr -'-f(ttm}}}·ft: . 
) 

f'z =P{t:~}~f'(um): 

nooKOJII>Ky w BSHJIH 71.pyryro WYHK~HoHaJI:&Hyro aa:smoHMOCT:&, nep:sag 

H ITOCJI6l1,HHH TOt.rKH Ha npoHaTei'pMpo:saH~OI KPHBOI, BOOdnte I'OBOpa, 

He JiemaT Ha OKpyxtHOOTH • ilt)STOMY YI'OJI /L nt. ope;l{Hel 1'0V:1Ut H 

T~C) KPHBO!ii HSMeHHIDTOH 1'aK., V:~OC)~ S1'H 1'0V:KH ~ela~H HS OKpy~HOO 

T .e • tiTOC5bi I\apTHHa OOOT:Be~~CTBOBaJia PHOYHKy: 

• 



-~ .... 
,I • ' . 

- ' 

I 
tt()CJISOHQR mDI/1<0.1 .· 

/ HQ. 11./JDUHr~l/JUJaD• 

i'IOCJtsaNR; , laNHDuHpulou 1 epeaHRFI 
U.JNBf'BHHQ. {I 

fnDl(KQ. 
U.~MSf'IJHHQ.Q ' :1 

mol/K.a ' · 
. :1 

. . 

f .. o, mOI.il(a. Ha 
h.fJDliHT"e t.~t.J p_odaHHQu 
· ~f3u'4ou · 

· ·1•oP UJHSpOHNQfl n?OIIKa 

;;uc. ff. ~ 

m 't~,.f =: Zm + S., · ea;p{ i[ 1_ m- "f( U tn)}j Pi_ 

l{Jlrr cpe:ztHeii ~aMepeHHott TO'tlKB Mhl ~Meeu ~aKoe ooO!rHomea~e: 

· r:zte 't e - uea!rp I\pyra; 

CfJm- aaMMYT pa;ztMyca-BoK!ropa :a ope;ztuetl zauepeltao~ TOllRe 

no OTHOIII6HL1IO K UElHTpy ORpylKHOC!rB ~c. • 

IToTpe6yeu, llT06~ 

/ Z~,f - Zc ~~ =j~ <n~s. IS) 

ITOCKOJI:&Ky (IT.5,I5) ;ztOJijKHO y;zJ;Ol3JI€:TDOPHT:&Ofl ;ll;JIH 2-X !I'OlleK(I-Oti I 

nocJie;ztHe~ ~ ll!bl 11UeeM ;ll;DS He~S:SeCTHbiX $1. H { wt t ·TO 

noJiyqaeTCfl C~CT6MS ;ll;:SyX ypal3H6H~~ 0 :ztBYMB HeH3:S60!I'~MH. 

PemeHHH Tar\OBhl: 

s1 =: -/ir~l?.e { -Uf r i if')P-j 

clj 1' = 
( f: ~ I I p+ I~- fi?. ~ I I P-1 g. ) 

(~X I I p+ ,~. ~ p_ :X I I fi!./ ~) 

"X, 1=i\m -'t'm- ¢m. 

(II.S,I6) 

• 

. ' 
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"> YtiTeM HsMeHeHHe M'aclllTa6a KPHBO:tl (Kos~wH~ll!eHT S1. · .. ) 

l3 :BhipaaeH:WHlX ;I(JIH Kpli1::BH3Hhl 11 ;I(JIH i . IlOOICOJI:&Ry paCOTOHHH.ff 

y:seJIIft,UJ:BaiOTOH B [11. paa, a RpMBH3Ha - eCT:& o6paTHOa paOOTO 

TO Mbl ,'Zl;OJilKHhi KPH:Bli1:3HY 11 E6JiliftU1HDI, nponop~HOHaJI:&Hbie KPHBH3He, 

YMHOiKHT:& Ha ( s..,) -1.. • AHaJIOrli'tiHO ,'Zl;JIH. i 1 lti -t.%.1 : 

{;c? .fit:, t1 ,tJ.}-; ... (j1)-i{;e, /IJ:J·t1,i.t} .. 
(1) . ' 

Tenep:& aai1;n;eM Koagx,Dm.~11eHThi ;t c:tru=o)ra. So :s (II. 5. I2 )·. 

~~ li1:M66M ;n;:sa H6113B6CTHhlX napaMeTpa M TpH ypaBH6HHH: 

':1. (-I J (f) 7 t ~ t 3 
Pf:/t = 1 (ll ::0} -i- So :/, 1- 1:£ +- ~ !t 
".:J (1} (-1) , t It t .3 
,v m = ~ ( U-= 0) + So 1i m +- .1 tl m + ott • lt ~n (Il.5.I7) 
'Y. (1) f-tJ I t u:v . liJ3 
tlv f = ;c ( tl :::(})- s 0 ~/ + 1 rN - i:~., i{, • 

Eo BTOPOM ypa:sHeHIDI· tL M8JIO H ITOSTOMY ypa:BH6Hltle He tlyBCTBH-
d (1) d (1} 

T6JI:&HO K vo • BCJI6,'Zl;CTBHe. STOrO v" paCC'tll1ThiB86TO.fl H3 ne 

ro H TpeT:&ero ypa:aHeHH:tl: 

d (1) ./ ·( ) J. t!J:l, sfo) _L lf)2J 
.J 0 ==it£ Ze -!; -~.L~ = --c;.~.~ f ..... 

r;n;e 5~)_ nepBOH8ti8JI:&HOe 3HatieH:tli6 STOrO K08~Jtl~H6HTa. 
HaKOH61:{ ~(1) ( U =-0) . paCCtiHThiBaeTC~ 0 ITOMOI!t:&IO BTOporo ypaBHe 

B (II.5.I6). 
McnOJI:&3yfl H3M6H6HHhle 3HatieHHfl K08~~H~Jtl6HTOB (IT.5.I2), 

onpe;n;eJifi6TCfl HOBOe 3H8ti6HJt16 ~rn , a no (IT.5.I6) HOB~e /( rn 

Z i( o • 88T6M paOCti11Thi:S8IOTCH KOOp;z.tHHS!r:bl :r,, ~ TOtii\13: 

• ltl HOBbie ,'Zl;JIMHhl ;n;yr. CpaBHltlB88M nepBhi6 H ITOOJI6;2J;HH6 TOtiKH Ha npo-
. --JOo 

~HTerpMpoBaHHOM RpM:aon M Ha oKpy~HOCTM. O~osaa~HM 'tlepes 8t 
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~ Yl:ITeM HsMeHeHllle M'acm~a6a KPlllBOii (xoa(DcllH~kieHT S1. · .. ) 

B Bhlpa~eHlllflX ~nfl KpMBH3Hhl H ~nfl ~ • ITOCKOnbKy paCCTOflHHfi 
. . 

y:aenHl:IHBaiOTCfl B fl-1. pas, a KpHBM3H8 - 6CTD 06paTH06 paCCTOflH1116, ·, 

TO M~ ~OJIJXHbi Kpl1BH3HY H IWJIVItiMHE, rrponop~MOHSJI:&Hble KPHBH3He, 

yMHOJXl1TD Ha ($-~)-1. . AHaJior:vil:IHO ~na i 1 H -t.%.1 : 

{ }C ? .II t: J i 1 J t J, j ~· ( j 1) -1. { ~ J !It: J 't 1) i.t J . . 
(1) . ' . 

TerrepD Hai1~eM xosqx:DH~L'leHTIJ ;tc'1fu::O)H So :a (IT.5.I2)·. 

ME MM66M ~Ba H6H3B6CTHbiX napaMeTpa M TpH ypa:SH6HHH: 

'Y. (1 J (1} i Ll',f, ./.. .3 
ovt = :t (U=O) -i-So ;t.,.. 1 tN 1- &,t 't 
r:J (1} (1) t ~ t .3 
c:>Vm = 1, (U=O)+So ttm-1- .ttlm + 'JJ'tl~n 

(IT.5.I7) 

'Y. (1) rd"Jv t IJ/V t L/)3 
~ f = z ( ll :;(}) - \) 0 p{,· + 1 tlv - . .L A, • 

Bo BTOpOM ypaBH6HIDI· lL MaJIO H II03TOMY ypaBH6Hltl6 He 'tlyBCTBH-
d (1) . d {1) 

TeJI:&Ho K .:>o • BcJie~cTBl'le aT oro vo pacc'tlltlTliiBaeTca I.i3 rrep:ao- · 

ro H TpeT:&ero ypa:aHeHMH: 

d (1) "( t t/J :L S(o) _L tP L u a :: :F[ Ze - ~~) - .t ~ = - I;J. ~ f_ • ... , 

r~e S (o}- rrep:aoHatraJibHOe :3HatreHHe ~Toro K03~H~HeHTa. 
HaROHe~ ~(1} ( U =-0) . paCC1lltlTliiB86TC~ C IIOMOI!UliO BTOporo ypaBH61Wfl 

:a (TI.5.I6). 

McnOE:&3yfl l13M6H6HHbi6 3H8ti6HHfl K03WWlll~ltl6HTOB (TI.5.I2), 

orrpe~eJifleTcfi nonce aHatJ:eH:t.te 'P m , a no (II. 5. I6) HO:able ;t m 

H i( 0 • 8aTeM paoot~l1Tbl:SiliOTc.a ltOOp;D;lt1HST:bl ::t·>~ TO'tlKlt! u...- = Oj 

l1 HOBbie ~JIHHbi ~yr. CpaBHtrBaeM rrep:sble H IIOCJI6~HH6 TOtlKH Ha rrpo-
. ·. ' __. 

~HTerpHpoBaHHO~ KPHBOft 11 aa oKpy~HOOTH. O~osHat~:vru tJ:epea 8 t 
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' 
ill 

- neKTop, c~e~MHRID~MA cooTneTc~nyro~Me ~nepnyro n nocne~Hmro) 

H3MepeHHyro TOtiity H TOtil\y :ua npormTcrp:·~po:aaHHOti KPMBO:M. CnpoeK

THpyeM STOT D8KTOp Ha KaCaTeniayro D C00TB6TCTDyro~eD TOtzKe: 

. . _,... 
Ut.-= 8 /l t. • fit 

-n±- I\8CaTeJiiHbill e~l1Hl1tiHhiti B2JKTOp. 

8HaK ( +) COOTB8TCTDyeT 2-0il l:r8·JTI1 TpeKa t c5nHliC6 K KOHizy. 

3HaK (-) - nepnoM qaoTM TpeKa. 

CKoppei\TMpo:aaHlia.H ~nLma I<aJK~oiil npoeKUMH KPHBOti: 

'/~ = s_, 'i= - u..t. -

BeJIH'tlHHbi l3C6X li.Yr HSU6Hfi!O~~CE: D C00Tl36TCTBI1l1 C nonpaBO'tlHhiM 

K03~HIJ;J46HTOM: 

7J.Yra .± --f"' 71.yra :t · ( i. .,. s 3, ~) • 

B HTore Mbi nMeeM cKoppeKTIIponaHHh!e aHatreHzn I( D 2 ~ A , 
Kpr4l3t18Hbl H KOOplJ,MHaT X H d Cp67J.H6W TOllKH. 

§ 6. YTOtiHEHittE 1\LUIEMATultiEGirnX ITAPAMETPOB 
TPEKA 

a) ITporpaMMa P !I J( 6-; 
Sa OOHOJ3y 6epeTCfi ypaBHeHIIe lJ.Bll~:ceH~Ifi, I\OTOpoe HMSGT' DH~: 

( 
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dS - 83I6MGH'1' ,'ll;JikiHbi TpaeKTOpliH B CM. 
_,.. 
n - e;n;MHM'tiE:blii RSCSTGJI:DHUit K TpaeKTOpl'IH tJSCTHin¥ 

B6KTOp; KOMIIOH6HTI:ll KOTOpOrO . it.z.::: ~: ·, 

ny =~ ' n;: =.d.&. ds· 

B- B6I\TOp M8I'Hl1THOI'O IlOJifl :S KHJIOI'ayccax; 

--p - HMnyJI:DC 'tiaCTH~bi B. KL13IOI'ayccax; 

f(?J")- J,I;3IH ;n;aHHOti MaCChi H3B6CTHSfl iilYHKD;MH 7KOPOCTH, 

COOTB6TOTBYIOiltSfl TOpMOJiteHHIO. 

~ 

0603H8'lMM p = I pI • Tor;n;a 
~ 

dP_ = fi clp + f) . d n_ , 
ds ds. ds (II.6. I) 

TiepBbi~ ti3I6H B npaBOti 'l!SCTM ypaBHGHHfl (11.6.I) COOTBeTCT:SyeT 

IIOTepe 3Heprk1~ tJ80TUIU1, T.e. 

- c:J_n· ~ 
·tLdf-=f(~) rt-. 

0KOH'l!8T63I:DHO Mbi rrpHXO;z:t;HM R ypaBH6HMIO: . 

~ dfi -- -?-p ds - 0,3Bxn , (11.6 .. 2) 

MODO liOKaaaT:&, HOfiOJI:&ayg riOCJie;zu·tee ypal3H6HHe t qTO HMeiOT. M6CTO 

TSRHe COOTHOill6H1~.ft: 

d'tJs o 3 .r-- ~ ~~ -:· , 7 -- --p d xs;., ::: fiJ:L B- nl B n~ )1 :t = /{; '1 ( n, 8) 

P ~"!~ = ff,;_[B -fi (8liJ]1 ==K:tfn:.BJ 
(11.6.3) 

. . 
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MarHt-lTHoe noJie tts:aecTHO; vxanec~~H!ll TSI\Ilte npM6JIM/:(eHHhie ypa:aHeHMH 

TpaeKTOpMM -(CM. § 5), rA3 I~Ol,O].'JI!X :·,zLI MOJr-0:.! paCCtU1T8T:&· 11.. • 
~ s = o J + ,:z/3/l, -..:t;~ !l p~ocqv.~mE£~Io~·o.rr · aHatteHM.fi 

/{, ~ • On::c;zi;e.:rrn:c:rcH aHa'Clernae Y.Mny.n::oca J3 TOt.zRe Xs=O , . 

T.e. 

P ( _ ) J<r~ { OCs ~ .? ) 
as- 0 :.:: d:ZJ/5 /d:ct/::cs :=(J 

ITpMHMMaa orrpe;n;e.:rreriHyio rHrrOTesy o Macce traCTVID;bl Iti, I1cno.rr:&sya 

71ISB6CTHyiO 3SBI1CI1MOCT:b rrpo6er-MIV:IIYJI:b0, paCCtzMTtiBSIOTC.ff 3H8'Cl6HVIR 

L-umy.:rrl>ca n TOtntax- Xs -2-h ~ ~· Xs:::: -:t/3 ll • Boa:apall4at'Ic:& 

011E:T:O I\ ypaBHGHUf!M' (Il.6.3) M 3h8ff :JCy(Xs-=t:~fl) lii 

:JC~ (X= :!.~fl) Onpe~eJ'IHlOTCff 

rl ~ '~ 
I v .... ··.'> d f z. 
• d .it == + e Xs + a:.> 

d.t ~s = It + 6 Xs 2• rJ. X t 

(IT.6.4) 

(IT. 6. 5) 

L'Is nep:aoro ypa:aHeHMH l3 (IT. 6. 5) :ao~KHO Ha:tiTw Roa!]qmn;VIeHTbi d, e, f 
. ;l(Jrl! aToro HYlltHO aHaTI> no MeH:&me:~ Mepe Tpll SHatzeHllll d•ys jolxt 

0;zJ;HO VIS HMX ObiJI.O y'Jlte paH:&llie paCGtii1T8HO ;JJ,Jiff TO'Cli\VI X s.::: 0 
. . . 

(OM. § 5). nna ~pyrMX SHatzeHHH 6epyTCB MS (TI.6.4) M J3 poayJI:&TaTe 
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no~y~aeTCH CMCTeMa Tpex R~He~HhlX ypaBHeHM~ ~~fl K9S~M~MeHTOB 

d , .e 7 f • ]J)In H8XOJK~eH~fl KOSWWMI~l'IeHTOB n 1 (:{ 6epyTCH 

aHatreHMH d ~-~s / d.xt Ma (II.6.4). Ec~H npomHTerpMpo:aaT:D 

ypaBH8HI1fl (!I,6,3)·, TO Mbi rrpm;n;eM It TSKtUI_BhlpallteHMiflM Y,s(Xs) 

H ;i;s(Xs) : 

ys {Xs)=d1 + ci-2.-Xs +ot.2 (lJx;+ff.xi +P;;r,1) 

:is ( Xs) = dr + cLs :l:s +JV'xr -r L x; # 

r~e ]) =d/.z; E = e/6 j /t7 = f jt:,; N:= n/:t j L =tS /6, 

ITo M .H.K. onpe~em1roTca napaMeTpbi d 
11 

ot J. 
1 

ot 3 · M 

d~t, o!.s 

CTporo ro:aopa, d 3 ;n;om:mo 6biTI> PCIBHO I, HO oao cne~Ma~:&HO 

OCTaBRHeTCH KaK eme Heorrpe;n;eReHHbiM napaMeTp C TeM, l!T06bl y~ytlUIPIT 

npM6Rl'IllteHMe. m~nO~I>sya Haii;n;eHHble KOSW~M~MeHTbi, paCCl!l'ITbiBSIDTCH -HanpaMeHll.ff (T .e • BeKTOp YL ) tiaCTM~bl B HSt!SJli>HO~ 11: KOHe'tl.HOti 

T0l!K8X Tper\a, a TSW!te HOBCle 3HS'tleHJ4e IJ!Mny~I>CS B TO't!I\e X s =0 . 

ITO Ta6~M~e rrpo6er-nMnyJlDC paCQtl~TbiB8IDTCH SHS'tleHHfl IJ!MITYJl:DCS ! 

H8tr8Jli>HOW l'I ROHe~HOti TO~K~X. ~Jlfl O~eHKIJI ypOBHH ;ZJ;OOTOBepHOCTH. 

noc~e;n;Heti rrpo~e;n;ypbi M.H.K. paCCllM!t'biE8IOTOH SHS'tl6HHR 

6) 

s ~~ = {~ [f(l ~~\(:xj)]i-r/~ 

S;~ = { f [:t~ 
L=1 

THRESH 

p;i (X:·) ):LJ 1/~ 
n-~ 

• 

J 

l 
., 

.. ~ 

) 
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B TH!lE S H yTotruem1e KMHeMaTxrqeoKHX napaMeTpo:a Tpez\a 

OOOTOHT l3 HSXOJI;ltCHHH MaJibiX nonpal30K lC napaueTpaM } , f 
iJJl, Jl(tt..w!B)JC· cnHpaJ.m. Mbi HMeeM TSKHe ypal3H6HHR: 

{
. X s = f' ~~ :l-s + G :i. 

"fs = P-/1s f Gj" (n.6
'
6
) 

X ~ = f (Co-& lY- o:J. ) 

1j/ = p. ,Yt,'n. ~ 

;;, ~ = f . 71' t9 Jl 

(II.6.7) 

Ypal3H6HMH (TI.6.6) - ypanHeHMH JI~qa~ COOTDSTCT~yro~ero HSMepeHHO~ 

TOtlKe; ypamieli~ITI (II. 6. 7) - ypC~:aHelUIH c~~paJU7, KOTopyro HYlKHO 

npo:aeoTH "HaMJ.rytzmHM oO'paaoxwr". 

IIpeJK,n;e tzeM HaXO;ZJ;HTD nonpa:BKL1 K COOTJ3STOTl3YIOIItHU n.apaMeTpau, 

HymlO HatfTM yrJibi -,rij Jf-Jili l\8jl(ZJ;OrO Jiyt;.a (SJJ-60:& i.. - HO:Mep 

HSMepeHHOti TO'CIKH t i - l10Me:t Ka;n;pa). 8TO ,lt6JI86TOH OJie.ztyJO~HM 

oO'paaoM: 

CHa"laJia :a ypa:aaeHBHX (IT.6.6) ~s no~ar~~~cH pa:aHbiM C H paootzH-1 

Hll(6TOH TOt:U\8 nepecetzeH~fl Jiyt;.a C fJliOOEOOTDIO 1 S ·= (! • 

~fl 5THX SHat;.eHMM ars H ys HS npOOTbiX reoMeTpHt;.SOlCKX 

OOOO'paJiteHHtl paOOtUtTbiB86TCfl COOTB€TOTBYIOllt66 SHatreHHe yrJia · 

~ , npH 5TOM HOnOJI:&SyiOTCH T6 8HSt;.eHHH napaMeTpO:B CnHpaJIH, 

KO~Op:biS O'biJIH Hati;n;eHbi B § 5. ITo yrny ~ H TpeT:&eMy HS ypa:BHSHHti 

l3 (fl.6.7) paOOtlHTbi:BaeTOH HOEOe ,t~ H COOT:B6TCT:B~JO~ee ~s 

KOTOpOe :BHO:B:& fiO;li;CTSBJIH6TOR :B ypaBHSHli!.fi (IT • 6 • 6) H T •lt. ltO T8X 

nop, noRa HTepan;HOHHbi:t:i npon;ecc He cottzteTofi. Tenep:& Kaz;n;ouy Jiytzy, 

COOTBSTCTByeT yroJI ftt. i . 8TOMY yrJiy COO,:r:aeTCT:ByeT H6KOTOPS8 

' 
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TOtrRa "M" Ha cnupaJnt; nyc r:& ee Roop~HHaTu XM tJ H ~M B 
") (/ ) 

CHCTeMe I·tOOp~MHaT . a!s ~·s if. s • 

06osaatrMM 'tlepes 1'1 ( X.N, ~ ..N , :J6.N ) TOtrKY · nepecetre 

Jiytra, KOTOPOMY COOTBeTCTBJ6~ yroJI 1t'ii , 0 IIJIOCKOCT:&IO 

~s ~ :l M (eM. pHC. 2.5) 

cGemaGou 
/ Ayll 

PMC. I!.§" 

l{oop;n;:ilHSTbl TOtieK "M" 14 "JV" M0j{ili0 samWaT:& 

cJie;ey:omMM o6pasOM: 

q .. 
cnupa;tb ~;, t{ = P.x ( f vt.j i5ii +c) + G :i. 

v"' "'f1'j (f lf.'j trl +c) + 6-i 
• 

XM =f C~;Jf ( Cf)JlY'tj-1.) j<n'nJ ·~·n ?ii."j + II 

y tf ~ f eMf> -51.-n JJ-iJ· + y un! ( WIJt'j -d.) + 8 

-Tor~a :seRTop N N :vnaeeT TaRMe ROMnoHeHTbi: 

MN { f1 ( "/J"iJ, p, p, t3 tf, II, cJJ d7hi ,f,p, ig;? ,:11, c), o} 

J1 (~'i, y,p, t3 ;1, .II, c)== X.N- x, 

f 2, (fttj 7 f 1 f 1 ti A ) fl 1 C) :::. y .fi - y M , 

-- ~ L I\:sa~paT ~JIMHbi :Bei\Topa /Vl IV' paBeH rz:J2- =f., + f .t __...,.. 
Ecm~ Mbi cnpoeKT:vrpyeM :sewrop M N Ha WIOOKOCT:& IIJieHKB, 'J.lO 

;D;JIMHS npoeRD;:£1:14 :BCRTOpa Ha UJIOCKOCT:& UJI6Hlta. pallHa: 

cL ::: jl <JJ • 
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.TIMJiteHLUi onTMito~ I -ro nopH,2Uta. 

IIonpamm It napaueTpaM cnMpa.TIH Haxo;n;HTCH ny!reu npHueHeHHH . ~· 

COOT:S6TCTl3YIOIIteM MTepaJ.4MOHHOi:i npoue;n;ypu npH MHHHMM3.8D;HH CYMW 

R:sa;n;paTo:a paccTOHHMii d ~ii ;lt.TIH :acex Ra;n;po:a H ;lt.TIH :a_cex Jiyqe:tt .• 

3aTeM no napaueTpaM cnmpa~H pacc~HT~:aaroTca RHHeuaTmtiecxMe :aexm

·cniHbl Tpexa. 

]erKo noaaT~, ~To TaKaa npo:o;e;n;ypa 6y;n;eT ;n;a:aaT~ npa:am~~HHe 

wHaHqecRMe peay~TaT& :a c~yqae, xor;n;a uarHMTHOe noxa :a xauepe 

fiOCTOHHHO M 3Hep~eTHt.l6CKHe noTepH npeHe6peZMMO Ma~, nOCKOJI~Ky 

TpaeKTOpMH t.lSCTMD;bl MMeeT Bl1;lt cnMpa~M MM'6HHO :B T8KOM CJiyqae •... 

IIO-l3H;ztl1MOMY, K H8CTOHI~eMY .MOM6HTY :a/flfl[.JH peaJIMSO:BSH8 no:zt- . 

nporpaMMa {4J , ROTOpan Y~MT~BaeT H HeO;ztHOpO:ztHOOT~ MSrHHTHOrO 

noxa H aHepreTvt~ecxue noTepM. B aTott no:n;np-orpauMe. npe:n;noxaraeToa, 

tCTO ROMnoHeHTDI Ha: H h'1 Ma~m no cpa:aHeHHIO o fl~ H c'tlM!t'a- · 

eTOfi, t.lTO MeJit;zty MMny~~COM H npo6erOM oy~eCT:ByeT COOTHOmeHHe THn8 
,(. ' ' ' . 

P ~ ( 1. t I Sf/ l?.o) , r;zte /co - nomwM npo6er, cooT:aeTcT:ayro~M 

Ha'lla~:&HoMy 'VJJAny~~cy P" • LiMny~:&c :a aToM no;n;nporpauue uollte!t' 

npHHH:vraT:& KSK no~OJitHTe~:&HDie t TaK H O!t'plUl;a!t'eJI:&Hhie 3H8ll6HMH :B 38:SH

OM%MOO~H O'I' 3H8I\8 sapfl,21;8 • Hy~ICHO O'I'M6'I'H'I';g, 'tl~O :SM'IJ't H~XO}UIOrO .:Blip&- . 

meHHH :n;~a MHHHMHSHpyOMOrO ~yHK~HOHa~a ! &'I'OM noJ"tnporpauwe 'I'8KOI 

me, llTO M :a nporpaMue ~/lBCT • 
:a) ~RBCT 

;L(J:rg npa:BHJI:&HOti H;z:I;6HTH~MKaD;HH 00<5riiTMti H606XO:ztMMO TOTlHO·e 

SHSHH6 OmH60R onpe;zteJIH6MbiX RMHeMa!r11ll6CKHX nel'elleHHhtX, B S!t'OM 

O!t'HOmeH1111 ueTo:zt, npe;n;~o>KeHHblit ::anep:able: .~. ~o.TIMMTD;eM 11. peaJIVl

ao::aaRwti :a nporpauMe ?/l.B CT , noa:aoJiae!t' npoc!ro paocqmT&~Ball:& 
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OniM6IU1 KVIH6M8TM'4:6ClCL1X rrepm.reHHbiX. B COOTB6TCTBVIH C STI1M MGTO;LtOM 

napaMeTpbi CITI1paJil'tl I!8XO;zl;f.ITCTI n:rTeM MMHI1MM38D;VIM CYMMI:J L:d/' no 1 

BC6M Cl36TOBhiM Jiy'4:8M I1 I~a;n;paM. 3;n;ecJ; di - 6CTJ; pacCTOffiU16 OT 

TO"Q'KH, r;n;e i -bli1 JJ.yv. nepec:ertaeT TaR H83b!Baeuyro HOMHHaJI:&Hyro . 
nJIOCKOcT:& rrJieHKl'I, ;n;o rrpoeKn;vm:. crrMpaJIM Ha sTy lKe rrJIOCKOCTI>. CHa

traJia ;zJ;S;zJ;MM TO IlOHf.ITI~e HOMviHaJII~Hot.i IlJIOCKOCTM, KOTOpoe li!CilOJI:03yeT

CB :a rrporpauMe, Jti noscHmM, Kai: noJiyqaeTcs Jtiso6pazeHMe HeKOTopoR 

TO"Q'KM :BHyTpV! RaMepbi Ha STOill m::OCKOCTH. 

~orrycT.HM, tlTO cnpa:ae;zpnmc:; onTMI\8 I-ro nops;n;Ka, T.e. :a 

no;zuwpeHHbiX Bb!paiKGHMfiX illOPMYJ.r (IT. 3. I) BTOphle tiJI0Hbi npeHe6pelltMMO 

MaJI:oi no cpanHeHitiiO c e;n;mnm;etr. Tor;z:{a ;z:{Jifi KOMUOHeHT Jiytra noJiytiaroT

cs TaKwe Bb!par.~eHJMI: 

X:: f'J:: { f ~ + llrr ~ f/G} 
Clo L:i )A c. 

/!-(.r.[ n ~ } Y = tG ~ }'i + Jl 1 - fl,r . (IT.6.8) 

U - :X:S- . ~ T - ~ 
- Q.o'},(lf l V - Cfo·}.fH 

KaK I1 npe~K;z:{e, X Y - rwop;zJ;MHaT.or TOtrKM nepece'4:eHHs 11ytta · c o6paT-
' 

HOJii CTOpOHOM BepXHero CTeEJia; lj V - KOMI10H6HTbi HanpaBJifiiOnte-
' 

ro B61\TOpa Jiyqa • Oc:o ;;!; O;zJ;H9 H T8 ll£6 ;LtJIB S M j - CMC- , 

T6M. 

H830B6M HOMI1H8JI:&HOM IlJIOOKOOT:OIO TIJIGHKlil I1.1IOOKOCT:&, neprreH;z:tlil

KYJiflpHyiO K oc11 Os 1s , c Kocropoti Jiytl (II.6.8) nepecei\aeTOfl :a 

!l'O"ClKe 0 l~Oop~}!H8Tarvm Xf, ~; :a n f n - Ct1CTeMe t a f!JIOCROOT:DIO 

06:06I\T:WB8 - ITJIOCKOCTJ;, IWTOpyro TOT JKe .1I'Jti. nepeceKaeT B TO'CJI\:6 

Xs = ~s.::: 0 • Hatl;zJ;eM IlOJIO:lteHze HOMMH8JIJ;HO.f1 . UJIOCKOCTI-I, a 

T8KXte IlJIOCROCTM 06:0eKT11BS. 

ITyCT:O J:. :& KOOp~HHaTa H0KOTOpOR TOtJ.Rli! HS .nyqe C ROMITO-

H6HT8MH (11.6.8) paBHa 1~ • • 



Tor;n;a 

paBHhl: 

9I 

06oaHatrviM ttepea Zo 11 flo P<lCC2:'0fiHit~e O!t' o6paTHO.tl C!t'OPOH~ 

• 

BepXHero CTeKJ.Ia ;ll;O llJIOCIWOTH OS~ei~TVIBa VI O!t' nJIOClCOC!t'M 06':&eKTHBa. 

;ll;O HOMMH8JI:&HO~ nJIOCI\OCTVI nJieHKH (OM. pHC .!f. 6). 

( 1 \ oopa;.,;I0.9 CmOpOHO. 

I i 5epxHse.o CTSKAa 
j t 

I 

1 t 
PTtiO •. j[, t/ 

• 

. ' 
' 
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MMeeM TaKHe COOTHOlli0H~fl: 

:Jo :-tz. 
XJ- [ ~ a.A- j Q.,o L -. + 1/rr - }/r; 

£:1 ;Ut 
- .Z:t- ~"" 
~ ,fi/11 

[
n..C<_,i J :1o J' 11 J; ~ 7- J!,.. - /1 G- • 

AHaJiorMtrHO 
:-:f r{ 

Xt - )t/;;7[; X G. 

Jlo - 2 z 

.flo .::: ao ·;ttlf . 

Tenep:o pellll1M n liCIWTopoM CMblCJie o6paTHyro aa~a-qy •. Ey~eM 

OTCtil1:TbiJ38T:O BOO IWOp;D;liH8Tbi B uS n - Ol1:0T6M6; TOr~a ypaBH6Hlifl 

ITJIOCROOTM 06~eRTl1:Ba l1: ITJieHKH E S~OM Ol1CT6Me ZMeeT EM~ COOTB6TC 

EeHHO £c.:- Jo J l; = ·- Jo.- j/ o . • HeTpy~o EH~eT:& t tiTO 

Itoop;n;MHaThi o6'DeKTHBa GXc 1 lj c > ~.c,· ~1Iff HeKoToporo Jiyqa 

o KOMrroHeHTaMl1: ·X1, Y, , V1, ~ paBHDI: 

{X c 
1 

1j c 
1 
Zc) ={X ._ jJ, :l o J Y_,- "Vt lo 

1 
- ~ i> ) • 

(II.6.9) 

AHaJIOrlitiHO ~JIB KOOp~HH8T TOtiKH rrepecetreHHff STOrO Xe 1Iytra 0 

HOMHHaJI:&HO:ti ITJIOCKOCT:&IO nJieHK~: 

( Q:.r '~ .. , ;;t,.) = (x1- v; r.t. + J/.), y,- Vtf1 • .,. !!.), -1.-J!.) <n.6, rol 

• 
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,Z{aJiee, nycT:& B OKpylltHOCTV. Jiytza B 06:beMe KaMepbl HMee1'0H 1'0tiK8 
. I I 

.X, 'f, ~ . Hati~eM Rocp;zr~uzaTbi "~so6pal\eHHa" :c., ,y, 
STO:ti TOtli\H Ha HOl4L-fHClJibHOtl nJIOCROCTPI. ITOOROJI:&Ky Jiyq, ~OOT:S61'C1':SyJC 

IIU1~ TOtzKe (X, f, i) , npO;ti,zteT qepes Od:beKTPI:S (T.e~ TOtiKy 

C ROOp,ztHHaTaMPI (11. 6.9 )), ypaBHGHMe Jiyqa 6y,zteT TSKO:SO: 

(.X 1
1 fl.~~ I),=:; (X_., ·- [/, d.o J V1 -1;; :£ o > -~o) + 

. t'. ( i:. - X1 + ·v1 :1o ·' ij- '(, ·+ ~ &o I ~ + ~o.) ~ 
"" ', l/ ', t!l I r,1.1;e -"'- 4 iJC, - npoHSBOJI:&Haa TOtii(a Ha .nyqe; 

ITOJIOjl\HM 

HJIH 

Tor,1.1;a 

t - COOTBe~rOTBYIOIItHfit e~ napaMeTp. 

J I::: - 1, (} - Jlo = -· ;. () 1- i ( ;t, + t1 (I ) I 

t :::....;. .Ao -
~+J;o 

• I 1 fio . 
( Xr;r} YR) =(X1 -[A 1-o -1.·-:To (X- x1 + V-t. 1.o), 

Y, - v •. 1.. - :.~. ( t- v. + ~ J • ) ) 

.. 

.1/o (X-X,-[!; '1) 
':1; i- :fo 

• 

(11.6.II) 

(11~6.!2) 
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TQr~a ~na paCCTOflH~fl a( Me~~y oT~MH ~BYMH TO~RaM~ no~ytraeM: 

<"d~-y-1Yx-X -u.nz.+ry~ Yt-V..tfJ 
l 
I T,enepl),. MOJ4HO . nepetiT:I K ra3JIOJ~:Gr-rvno Cl:CCC.:4 

; \. 

1 . i-. 
rrpoBe~eH~fi a~npoKC~M~p~ro-

~~iJ !\PMI!()H. YJl~U3H6H~e annpOKCHMkl~yiOrqelil ~>CPH:J30ti sam1ChlBaeTCH ~ 
. ·~4' '1· . . . . ~ L:, 

lU4];t~::; 

· .. ··:;·l;:·:r-
... 
~·; :) 

\ 

f· 
:y . 

X = oC. +J C4.& 1)- +· c X (7!) 

f/ ~f +J ·41-'n ?J- -1· C; (~) 
.. . 

. ' 

:1 ~ r _,. f rt! ;l 

~~t 

"' 

·.::-~ 

~'"' 
'~ / 

,Nf 

3~~~:&, .; d, ./> - X. - aff ~ y -aa Koop~m-ra~u ocH 

:)" C~p~~~, r- j J.. ...- IWOp~MEaTa H8't;{8JI:&HOiii TOllE~ annpbKC11~~Ji~yro-
. me:M KpHBo:M; fr - yro~, KCTop:ortl o6paayeT c oc:cro :;c, npauaa, 

. " ..... ~· .. 
npo~e~¢HHaa ~~ TO'tll\H ( ~ j3) B HGKOT~pyro TOtiity Ha KPHBOJii • 

c(r ( #) H t1 ( 1J) - rrorrpaBI\~, Yti~ThlJ38IOII(He OTKJIOH6Ht1H OT CITH-
, ( . . . ' 

paJIH; .. ·O IUIX 6y;z:teT CKS38HO HHJKe. OrryC~ilM MbiCJieHHO HS TOtiRH 

x;, Mk" , n0~TJeH;:a. lleKo~oPoro Jiy;r'a . c IIOIII!Ilam;nol! nJiocxocuro 

rrennei{4J;knQ.:.i~1P :: Ha M30Cipa;;ceHHe !rpaei\TOp~~::: Ha oTOti liCe ITJIOCROCTH. 

To~RY.:,~gepece~~HHH SToro nepneH~MRyJifipa c TpaeKTOpReti o6oaHatriu.r 
:c11 ··.~a, ., 'g,, 
Tor;z.ta. ·, ' . : :.t~ ... 

. . . : I . '· ·:· ', JtR - X P' 

f~ - i ti' 
\: 

" 

- 4t'n if 
CoJtf 

• 

(TI.6.I3) 
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if ~ yro~, ROTOphl~ o6paayeT c oc:oro -x.. . KacaTe~:&Hafl K npoeK-

~HM n TOtnte XH' if R • -. 
VlcnoJI:oayfi parzee noJiy-q:erniue :s:crpaj.'\6In1H (IT.6.8), (Il.6.I~) li (Il.6.I2) 

IIOJIYtiliM: 

rl.{e 
. . . .. . 

npOCTpaHCTl36 KaMepbi, COOTEOTCT:BYiOll\611 KOOp,2lVIH8TSM X,) '/11 .. MOlKHO 

Ctz~TaT:&, tz.TO ;D;OCT8T0trl-IO MaJiaH t.ra OT:O TpaeKTOpt~!l'tl B ORpylKHOCTH Jiyqa 

C KOMIIOH6HTl:1MM X1 ft "[!., ~ LH4JeT Bl'tl.zt OTpeaKa npaMO~ Jil'tlHMM • . 
I J I 

. Ilpone,!4eM nepneH;n;HKyJinp K STOMy ~:>TpeaKy 11 Jiytzy. flcHo, tJTO npoe:ttl'(HS 

STOrO nepneH,!4MKYJIHpa Ha HOMHHaJI:2>HYIO nJIOCKOCT:& dy;zteT nepneH;ztHey-

I 
Ha;n;o Obl~O 6bi 6paT:& Jiyti, COOTB6TOT:SYIOlltiJ;:tf TO'qi\6 I:iS CSMOt! TpaeKTOpHMI ,l 
HO STO CHJI:&HO YCJIOlKHX!JIO 6hl sa.2J;Oi!Y) • 

KacaTeJI:&Hbi.t1 K npocTpaHcT:sOHHOi1 ~:paei\'l,v)Mrtl :seKTOP pa:aeH: 

f: ~ (- .Jt'n 1J- +f ~r;;_ 'r»JV· +j ;~ ' -6; A) 

(IT.6.I4) 

• 



, I 

I 
i 
'. 

! 

I 
I 
j 

... !.~ 

- 95· 

., 

ITO;z:tCT.aDJIHfl (IT.6.I4) :B (n.6.I3) noJiytraeM TSKOe ypanHeHHe ;D;JIS 

onpe:n;eJieHHa yrna tt- • • 

f (ff) = rfh (x., -x1- TJ, .lH)-OdJH- Vt-~ ':tH) = 0 .. (n.6:rs) 

· llycT:& ?J; oy;a.eT npHoJII11lt6HHb!M pemeHH6M (IT.6.I5), TOr:zta 

6o1.ree TOtiHOe aHatreHue ~'7 == ?To -+ L1 f)- , r;z:te · . 

L1 #-.::- ~_(~J_ - nonpann:a, pacc"ti~TaHHaff no MeTOllJ H:&roTOHa. 

,I(aJiee 6epeM Bhlpa~eHue ;LJ;Jiff d.:v I1 paaJiaraeM ero :a Pff;LJ; :a . 
oKpeoTHOcTH 7/" = 7J () • OrpaHw.rwnaHc:& nep:abiMH ;z:tBYM.ff trJieHan. 

paanoJKeHHH n ocTaBJiflff no o;n;y (n:poxse sHaMeHaTeJIH) trJieiW I-ro no- .. 

PHJJ;Ka MSJIOCT~ no L\:to I1 /J tjo , Mb! noJiytraeu TaKoa :aapa 

;D;JIH 
• d • • 

d =,A'· w~, . " [G. 1 fJXo + {)2-fj flo] (IT. 6.I6) 

tlXo ~XH -X,- F1 '1-.H ]" 
r;z:te !J ~o = ~ f'i _ y1 _ v:, ;; H pacc'tlHTaHH :ztJIH ~ = ~" 
3aMeTI1M, tr•:r o Bb!paJiteHHe (lT. 6. I 6) noJiytreHo ;D;JIH onmpaJIH ( T ~e. 

OJiytraH, I\Or;D;a C X = C~ ::: Q ) . 

cL - WYHI\~Hfl napaueTpon ot) f 1 rl f' t3 A • 
Ha:vmy'IUIMe SHatreHlHI oTt1X napaMeTpOB HSXO;D;HTCH MHHHtmaa~He~ ,l: 
r;D;e CYMMI1POJ38Hlii6 npOBO;D;M~~Cff no BC8M JiyttaM H. B06M Ra.ztpaM. 

MHHHMYM TaiWrO rQYHKI:(I10HaJia 0Tb!CKI1BS6TCff 0 ITOMOII{biO OOOTB6TCT 

· ~eti li'ITepa~HOHHOM npol(e;z:typhr. 
• 
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B KattecTDe HattaJI:&HLIX SH2.-:.rer-niit nspaueTpo:a cn11paJI11 depy'l'CH · 

T6 3U8tl6Hk-HI, KOTOpbie Ob!JIH HQi·l;:J;CHbi l3 § . 5. C ITOMOIIt:&IO S!t'l1X 3HS'tl6HHtl 

paCC'tll1TbiBS0TCR 'lJ; ;LT.JIH liajj\;LtOrO Jiylla • 

B npi1H:o;nne Ha rtaJK;n;oM mare wrTepa:o;Ini MOiXHO 6DIJIO 6bl aaao:ao 

. nepecttl1TST:& .~ ;li.Jifl HOBLIX 3H6'CI6H1!~ napaMe~po:a CnMpSJil1, HO 

3~00:& BBM~Y 6hlCTp0~ CXO~~MOCTM,STO He ABJiaeTCH. 

Tenep:o OTHOCHTBJI:&HO nonpal3;)~ c;. (?J-) 11 C:/ (#) ~ 
9Tn nonpam\H y'tiHTuBaiOT sQY?eK~ y:JeHLilleHl1fi HMnyJI:Dca 'tlSOTPU~I:J :a;n;oJI:D 

TpaeRTOpl1M. ITpe;n;noJiaraa noJie o;n;::1opo;LtF.i~:; ,; aanpa:aJieHHDIM :a;ztoJI:& 

0Cl1 Z , MOJKHO nOI~aaa~:& t tl~O OHI1 pa:s:~::.r: 

C.x ::::. .f Di11-itl- c ?J-J- t 7/.tr Gc IT+ .2$) + 

wr.(-3e 7J-.t,-:t.6r + GcJ] 

C;~ == f [ Jin ?J-(- 3C 7T:(,- ~-0 ?J- + G c; + 

(X)~ 77( c ~.J + t 7J- J,- G. c ?}- -t:2' .)} 

r) TVGP 
YTO'tiHBHEG 3H8'tiGHI1fl ITHTH napaMeTpOD, orrpe;n;eJIHIO~llX ypaEH6HW6 

anrrpOKCI1MWP~1:0me~ ItpMBO.ti paCCtii1TbiBaeTCf! nyTeXwt MI1HI1MH3SI.l;HI1 QYMMhi 

· Rl3S,ZJ;paTOl3 ::aCCTOflHMiti OT lliSMeper£H:~X TO'ti6It ;D;O np06RIJ;l1H TpeKa HS 

ITJIBHlty. CyMMI1pO:BaHMe npO:BO;LT.lli'l'Cf! :10 BCBM l13MepeHHbiM TO'tlRSM l1 BCSM 

npoeR:o;WffM. 

tRaer 
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D8.CCl{a3LfL3.jllJ 0 TOi.l, Eai\ lii::l.XO,L(HTCfl paCCTOfiHMe OT I13M0D6HHOP.i . ~ 

,11;0 npOCKIJ)-!11 npocTpaHCTECHHOii RPM:SOi1: Ha ITJIOCROCT:D ITJI6HRH. 

ITOCI·WJI:&Ii:y no HalliGMy MHOl:!-HO VTOT nyHRT H8H60Jiee ti6TRO. MSJIOJit6H 

nporpm.rMe rv G p onrr~eLr oro ;u;eTaJI:OHO. 

I1yCTI> Jiytr, COOTEOTC TEY10Il{Hi1 Hm,fepeHI·IOfi Ha ITJI6HRe TOtiKe, 

npoxo,n;v.T trepo3 TO"t!Ky 2:~ (eM •. pr1c. 2. 7) :a rrpocTpaHCT:ae 
. ~ . 

Raz..1epu 11. msoeT tranpanJimcE;Htf ner-cTop B"" • TpaeKTop:vm TpeRa · 
. . 

B ,1I;OCT8TO'l!HO MOJIOM ORpOCTHOCTH Jiyqa H~66T BI1~ 0Tp63R8 ITPHMOI, -npoxo;zu:rmeti tiopc3 TOtmy a..H H R808TeJI:OHO:t1 K TpaeKTOpHH 0 -
HanpaBJIHIDmMM BORTOpOU B STOa TO'tiRO - ~H 

B:ae,11;eu TaKme o6o3HatieHHa: 
_.,.. 

• 

11.- - 0,1I;VIIUitiH.biti !t8C8TOJI&H.biM I~ npOOltD;Hll Op6.tiTbi B6RTOp; 

d - BCKTOp, HOp!JaJI:OHbL1 

K rrpoeK~MI1 op6HT.bi H -
-n M npo:ae;n;eHHhll MS HSMepeHHOI T 

/l. - e;n;mUI'tii·::.:f:i BCICTOp, HOpMaJI~HEtf I\ ITJ!OCKOCTH IlJI6HKH 

-P' . ·; 

lj:)~I..IJH. 
"'?"' ; ---::.TOll K a. 

.AIIH.Ja. 

~ 

a"" 

., ... ;,-ems !<ITO 

/ 
-~ 
OH 

PVIC. N.,. _ .. 

• 



99 

~onyoTMM, ~To onpa:ae~~na onT~RE1 I-ro nopB~Ka. Tor~a :aeKTopy - ' ' 

. cl B ITJIOOROOTM nJI6HRH OOOTB8TCT:SyeT napaJIJieJI:&~bifil: 6My B6IiTOp 

1) 
(II. 6 •. I7) 

r;z:(e jL - R03W~~~H8HT yMeH:&li 0Hitifl; -S0 - B6RTOp, B~XO;z:(B~HW H8 Jiy~a M npHXO;z:(fi~H:M B Op6H~y. 

3ammieM ...,. . - ..,_. 

~ = 2' 0 = ( a/f +} }f • t H)·- (a 1, +I t . t t-) 
~ --

= (a 11 - ~) +! H · t H - J> 't, t l, , 
(IT.6.I8) 

r;z:(e Roaq)((JHUHSH~bi J H _.;,. m j3 1:, ~07J.06paHJ:iJ. TaR, t.rTo oo6JIIO~eTO.fi , 

napaJIJISJI])HOOT:D Mem;n;y . 9;) H d. . E~I1HHtrH:bl.t:i :aaRTOP 0 · 

napaJIJiaJieH ~ H OL • f:foHo, trTO 0 = /C)< n .. 
YMHO:iKMM OOOTH0lli6IU10 (IT • 6.I8) CKSJI.fipHO Ha ;;, X·lH , TOr~a 

~ - ~ 
C)) = ( Q,_H - ~Z. ) u 

0. [i' 
~ - -U : ~ z,. X ~H 

__;:. ....... 
Mb1 MQjK6M' noJiy~MT:& npOOT06 npi16JIH:XOHH6 ;z:(JIR 0 . ' v 

-;;..I ~ -t' 
8SM6TJtiM TOJI:&ItO, '!TO l36I~T0p V = f/;?. X .f,H nepneH;ZJ;tU\yJITJ:POii 1\ 

• 
' 

npoeitUHH o;,6HTbi l3 ORpeC!L'HOCTH Jiy~Ia Ha nJieHRY • . C ;ztpyroti CTOPOHbi t - -:S6RT0p /C TOme nepneH;ZJ;MKYJI.fi~)6H I\ fL .. 
Tor11.a MOmHo sanHoaT:&: 

,, ,, 

·.:r. l1JIH 
~ ... - -+ ....... 

U· 0 = V ·[1-c x n,J= • 



.11 .. 

1 

I 
I 
I 

j I 

1/ L 
,'.11 ·II 
L 

j I 
I [ 

II 
p 
L 
,; 

l: 
l 

lt 

~ 
1 

! • 

ii 

I 

.i ~:: 

roo 

fj.[/Cx[V'xKJ}//tV'x/{Jl

[fiX .j(;j. [ V' X if] 1! U' X ll 

-
I10CKOJII>Ky JiylJ: /; 'Z- Otrerr:;, OJIVI30K K op6wTe t MOlitHO OtUtTaT:& t llTO 

v'~v 
- _,_ 
-6 ~ "= ~ { liJil'l 

Tor;n;a fl. 0 -:::[fJ X lC]~ /l[ri X 1[] I= I[U X tJ I 
HJil'l, lJ:TO TO Ee cauoe: 

fl. 0 -=- lflr-::ll-.t -_ l·-ru-,... · -7{,-)---.:~.' 

OIWHtraTeJI:&Ho Mhl l11;~reeM: ---~ _,_ v 
d =Jt ri4 -C1r- J nr- rv. K-Y. 1 11_,_ 

I{03QJC].}I1IJ;I1GHT yueH:&lilCI-I!'!fl paGCtiHThiEC4GTCff TaR ~I\e, I\ai\ 11 B nporp 

r; R.B CT • ~enep:o MOJKHO rrpoBO;ZJ;IliT:& MriHMMl'magtiro coOTBeTOTBYIOntero 

~YHKu;Mor-ra:~:::i. .nna pactreTa rroTpeoyeTcff BbrpaJKeHne ;n;Jia RacaTeJI:&Horo 

I< op6MTa :aei\Topa. OH paBElH: 

jj = {M 'ft· Jin 'fi S +- U£ (fl t-r + 3i.t ~i.) 2 ) ) 'j • 

YJKe ro:aop~:Ji:OCI>, liTO KpVIBc:.fi OITpe,1l;eJifi6TOff ITffT:&IO He38Bl1Cl'1MbiMM 

MeTpaMM. UlMM HBJifiKlTCII: ·IWOp;zJ;viHaTbi 'f ll ~ TOtiKM, B 

KOTOpoti op6MTa nepeceKae r ITJIOCKOOT:& y = '2 (VIJil'1 .1_ l'1 S' 
;zJ;Jiff ITJIOCROOTM t.1: = 5 , e JJili'l TpeK paCITOJiarae.TCTI l3 OCHOBHOM no 

Harrpa:aJieH:wro oc11 X ) l'1 i( 
7 

$ 111 

fCo - 83MMYT8.7I:bHDit1 yro;rr; i9 A. III Kpl'1Bl13H8 :ZPiff TOtiRl'l 

U = 0. 3Hati6Hl16 Ko BXO;zJ;JIIT KaK rrapaMeTp B B@pameHl'lffX 

II t:- • 

EOJII1 y TpGW) I13UepeHhi TOJII>KO ;zJ;Be TOtiH:l1:, TO no 8TVIM 1 TOtii\SM 

MOj!\eT · 6BTI> npone;n;eHa rrprrrJafl B rrpocTpaHOTBa KaMe phi; Heo~o;z:uurue, 

rrapaueTpN Tpel<a '.l'~u: :·w I\aK :;·rJihi, ;rr..n:HHa_ H np. paootr~ThiiaroTcH aa 

Henoope;rr.CTBGriHO H3 ypaBHeHMS IIPffMOU. 
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, JII1TEPATYPA K rJIAEE rr. 

r. T.c. Pwr'f.A,m ~~~, ~ovrHo.H, cE;e/'1 

2. a p(,ac,ruptio-n &/ tk P/lvVG- P?..Oj'~, 

W. E. H~mp4~ 1 mt.lnQ v-Vt · II, ~ll.>t, I959. 
. . 

3. :Tk G-u;?nt-tue<d ~i1AM.iion ~f 

~h, c-~Mn, £;-1/t, t tz,a,C4CJ ' . .:J, w. ~'U?z.. 
~ Y. df~~ow, v11IR. !t Ill I I4, I963. 

4. iluut -:l<ftLP./tL5 cu/t/tl''e fit io &,U~ 

chcvYn t.fl/t.. i ~f/K.& tc<.-drtj tnio 
· au~ ~~i1 1.,~41 Cl/rt--d ma.AJ~tte, 

/utd ~Ovu~itom 
7 

CER./1, JJ!Jl7JP/65/9 :J 

J. 11. flowie " W. G. /tl()()-1,../uad" 1'UJ1H,m-6.f/t.. -IB'S. 

s. a f'l-'1'1.4/Wm.£- fo"- tl-.e, pmet~ 
"tUIJ~-t~tl6Jn ();/ ~?red itM1<:'4 j,~ 

£L. ~ clv~!J .. t/v, C£R,N 60-.33 " 

W. ~. fn<Jo~/vt.CN-cl . 

6. THRESH. Jk IBM-10.9 fYU?j~ 

jtrt th..t. ~tu;.u;.,t ~t"Wd.LIJrv 
of ~ttr{01., i:A lrz.. ~ u .. u. c/t,~m,~.uJ II :J 

. . 

CE.!l# ]}]) / £XP /G3 /{!<.., .A. M~ Cno~ 
• 
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7. ·r.c. P~ 'oU/L.,/)h.a TH!lESH CBR!V 
~~~' . ' 

8. THREE v--ie-w ~tw~i~. ~~m--, · . 
cd1Yet/t.,v~ rw--up ~"UMrtmi.,11j ~·-,P - (f'f_, J 

J 9 G 5 
7 

P. T, ::lo-t t'YU t:c 
7 

./l . .P. 'Jo-hn~ . ~a. ·1 

T. /3. JJa:~ ] v c ~{/(. ;[ J fje;'v/U ~' Ca,tifo'l,ni.,Ci.- .I 

. -
9. MeTo;n;u nL.rtrHc.rreHni1. TOL! I, L1.C.BepesmH. H H.IT.~{J'd;IJ;Ko:a. 

J 
I 

• 

'l 
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r1.ra:ea ill. reoMeTP]'ItieCJCH6 ITJ20I'';J8MMt.I :ZJ;jiff K9M6p 0 

TH%eno~ ZHAROOT!~ 

Co;LtepmaHHe. 

§ I. Tipm.reHern!e nporpaMMu TH/l£SH ;D;JIH :rcauep o TH~KeJioti JKM'Ut
KOC'rl)IO. 

§ 2. 

§ 3. 

§ 4. 

remJe1'pHtrecKaff nporpar,r:.ra Posep\I)op;v;c:coti JiadopaTopHH ;D;JUt 
KSMep C Tfl~6JIOI ~U~KOC'r:&ro~ 

reoMeT,PH'l!6Cit8fl nporpaMMa II But&. rr Jiadopa TOpHH 

.£edt, . Po4J twLrur;ue. . 
reoMeTpHti6CKSfl nporpaMMa sr AN. 

§ 5. J..13MepeHH6 aaeprHLt SJI0RTpOHO:B :a MSI'HHTHOM fiOJie: 

a) MeTo;v; Eapa - MHTHepa , 

6) Anrrpolccun.rauHrr a.rrGI<TpOHHc·ro ~:?e~-ca napac5oJio.ti H :aJ3e~eHHe 
rronpa:BOK K m.myJILCY Ha JI;QHJ'I.t36:l;~IOHHhi6 H pa;D;H8D;HOHHbi6 
noTepM, · 

:a) Arrrrpo:EtcHrsar~··;n a.71.ei<Tpom-rcro Tper\a KpHno:M c nepeMeHHbU4 
pa;n;l1yCOM I-~PHl3H3Hhi 0 l1Cl1C.ii:&80:S8HH6M MB'l'PH~bi MHOI'OK,PSTHOI'O 
pacce.fiHHH , 

r) MeTo;n; MopeJIJIG •. 

§ 6. Onne;zte.neaue napaMoTDOB aaprljrcemro~'r '-racTl-m;hr, ,£J;:smrcy~e~cn 
B TOPM03ff~etl paocoHiamqetr cpe;n;e ~ noz,remeHHOti B HeO,'l(HOpO.IJ;Hoe 
MSI'HHTHOe IIOJI6 , .. ·MeTO,'l(OM MaRCliMyMa npa:B,7.'(9ITO.IJ;06lil.a: • 

• 

l 

I 
I 
l 

' . 
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BBF7lEHVIE rt Iii r.rrane 

;naHHaf! tJaCT:O 0630.PEI ITOCEliiJ.tGH8 reOMeTpHtr6CKL71ll npo.rpaMMaM 

.Z(Jif! KaMep, 38riOJlH6HH1IX ~~mrceJIOH ill:M.Z(ROCT:&IO 3E). 1~3JIOJ!\6HH6. ITOO~pOeH( 
T8I~MM o6p83014, trTO CH8trcJI8 011MOhiB86TCH l1CITOJI&30B8Hl16 rem4eTpHtreC 

ROll rrporpa11nru JJ;J!fl BO.Z(OpC.Z(HhlX RaMep Mff 06pa60TRIII 006biTI1~ C TffJK6J. 

lKM.Z(KOOTP.J:JX Kauep ( T H RES f/ ) , .Z(aJiee onv.tc1I:saroroa v.raueHeHI 

B BO.Z(OpO.Z(HbiX nporpaMM8X ;IJ.JI.fi Tfli~8JIOJICl1.Z(ltOCTHbiX RaMep ( TH12ES H 'J . 
NI flN $ ) , ;n;aJiee cner.rvraJI:our,re reoMerpv.rtreoiWe nporpaMW ;zvrH 

1 

THill:eJio:ll l.ti1.1J;IiOCTH ( Sut'te ST!l !Y ) H, uaKoHen;, cnen;vr(pz- .1 
. ) 1 

treCRI16 M6TO~ o6pa60TKt1 8JI6RTpOHHHX TpeKO:S :S MarHl1THOM rrOJie. 

( ) . 
B T.fiilCeJIOJltM.Z(KOCTHbiX .;cauepax, B OTJII1tr:vre OT :SO;l40pO:ztHhiX, :sa 

poJI:& H8tU1H8IOT MrpaT:D 3W0'3I"TH MHOrOI\P8THOrO Ry.i'IOHO:SCROrO pacoe 

li!OHM38I.J;:U:IOHHbiX riOT6p:b s:-re:)rEVI !1 TOPM03IT0:.:'0 I13JiytreHl1fl 8JI6KTPOHO:B. 

8~~eKT MHoro:~p::~Horo paocenHHH onvrcu:BaeTOff wopMyJiotl ( B -I, 

npe;L4CT8BJifiiO~Gi{ 0060i1 mrm:HOCT:& :B6P0flTHOOT:v! 60KOBOrO OM6II{6HHH 

traoTHUDI Ha neJIMtiHHY 3 H oriCJioHeH~II Ha yro.rr B Ha ;L(JIHHe t OTH 

O~TeJI:&HO ITPffMOM JIMHMM, rrpoEeJJ;eHHOll :S Hanpa:sJI6HliiH ;L(:Sl1~6HliiH trac 

I:(hi :£13 nepno.ti: TOtiKH TP81\8 {I) : . . 

W (~ )e)eJdr d.G= ~ e.~i~ ·expf~(f~- :t~·i + 3}s~)7dJde , 
~ p . ))' ( ) 

B-1 

__________________ , __ .. _________ _ 
----------------------------- J 

*) ITo;n; T.fiiK6JibiMH :. ',7JJWOT.fiMt1, 110ITOJI:&3y6MbiMM .Z(JHI ~monepHM6HTO:S 0 
nysi:>Ip:&KOBbiMH Ka:.~c paMl1, 06~trHO ITOHI1I:4'SIO'l' (CM • HanpHMep [6) ) lXVI:zt-

KOCTM 0 pa;n;Ma~l10HHOM ;zJ;J!It!HOM MeHee 30 OM. B STOM CMhiCJie npona 

KaMepu c pa.Z(vraqMOHHOti :ztJII·E-IO.ti: · "" IM aaHitiMaiOT npouexcyTOtrHoe 

JK6Hit!6 M6~7JS BO;L(OpO;L4HhiMli! It! THJKeJimKM;z(ROCTilliMp. 

' 
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.T.e. ~ByMepHoe raycconcKoe pacnpe~e~eH~e, r~e 

~ EJJ 
Bs = rpc!,fx. 

Es = 2I MaB A :: -==p =; 
r '{153.. +M" 

p - ~uny~:&c, M - Macca trac~MI.UJ ; 

MHOrOKPOTHOe paccomme npi1J30,2T.HT K TOMy, trTO KOOp;ZJ;XJIHaThi 

Tpeita OI\63~IJ3aiOTCfi Cit0ppe~vrpOB6HHhiM:t-I MSIClJS 0060~ ~ Hepa:SHO:SeCHbl 

0nm6Ra B KOOP.ztl1HaTe liia-aa MHOrOI<P6T·HOrO pacceHHHfi 8Sl3HCHT OT 

~JIMH.bi H BbiP6JKaeTCH cl}OpMy~o,t1 1~2 J : 

~sc (e.) = es I l.J/:Jv (B-2) 

Oum6Kn :a RI1HeMaTI1tiecKt1X napaMeTpax Tpeita -. HMnyJI:&ce P, · 

aaMMyTa~:&HOM yrJie 1J 11 r~y61umoM yrJie fi. 11a-aa MHoroKpaTaoro 

pacceHHMH paBH.bi [G]: 
(B~3) 

( 
t1 P) _ cff . ; _ ~. ~ 11~ . = s. _2.,.._1A_~t. . 
p se- .fo (;,. coJJ/)1/J.. 1 ( Llq~sc -C(/) p p J (AA)sc C;. Pfl> , 

Oum6m:I JKe Jti3Mepcm:rfl STI1X :seJ.mu.:~m pa:aHbi: 

Cs em s m s m 
r~e p , p 1 C cp J Ccp ) C;.. 

1 
C lt - ROHCT6HT.bi • 

' 'i 

JJ;rg yrJionux Be~J:1trl1H ¢ I1 ). cyw.rapHafl omi16Ea G'.- (~sr/'+ (roMIA4) 

6y;n;eT Ml1HI-IMa~:&Ha Ha onpe~eJieF~Hoti ~l1He. 9Ta .ztJII1Ha aaa&:aaeTca 

on~MMaJI:&HO:ti 11 pa:aaa 71-JIH ¢ . 



- ID6. 

' 
(B-5) 

e.. -:----- -· ;; 
~ ... -~........ -' ~ 

r m Vj ;2.!13 
' [I • 1'-' 3 J I I ·? I . i -v) •• , 

-C_ z ;( ::: L 2 . c ~ . COtJ (B-6) 

ilOTGpH Ha TOp~03HOO H3~Y403MG GJIGKTpOHa OTIMCHBaiDTCS ~OpMy-

,.a·~ ra~,,.,.,.,_,P"' 
J1 H l.1.i..J10 ·a., 

r ( /} -rJ-.to J- v ) r-ra 

ilOI\a3UBS.!lii\8M B8)0JITHOCT:b 113JIY48HI11I 3Hepr:t1vi 

~JIHHB t 3J!8KTpOHO~ C rrepBOHaqa.nLHOI 3HeprmeM 

Eo [3] 

. (J-o/._ fit-i 
'. -~ If . ) d I - [: ~ ,.../ _; 
VVtv( CA-- ((6-r;r- · u. 0\-

. , I 
i?_:i/, P-.2_ 
f)- jXo C-" 

(B-7) 

r ( Dt ) - rar,~:.:a-cpyHI\I.J;HJl. 

,TI)1aJIGI-:T:1~~y pa3BHTH.fi 1tGTO~~OB 00pe..C50TI~I1 H8 3JIGKTpOHHhlX 

TpGI~OB B TJI::~C.ilOl,: j;CM,TI;IWCTli MO_JimO rrpC,TI;CTa:3~·J:T:S B Bli!,ll;8 CJie,n;yiOl~e}l 

C5JIOK-CX8M;;.r; 

.. ·::r;o l\C:VH,ral~l1E T :')(; E3. 0 KI')JTA\HO CT:biO !·IJIM 
· -·.;·;~r<OJ!O-H- C "70C~.,.,~,r·y, ··oFrrr,;:.~ -·nrxnrxcuBal·I~Ife. u 

···"' ... ..J--~U .1'! ;...~, J"''"r'"'· l .LL.l.IOJ.••• l~J.JJIJ. JIJ. ~ J/J. .L\l 

, napaMeTpaM T:peKa o:m:uKH 113-sa Mnoro
KpaTHoro paccenHma. 

I 
! 

l'ICITOJI:S30Jam·W OTITM1iiaJI:OHEX ;n;m·m 
.ll;JIR Bhl4HCJI8I·IJ!ISI yr JIOBID: BeJIMqMH 

BBe,:u;_;;E:·rc Be co nott cJ>ymnr,z11 I 
JVISI Ka)l.IJ:O tl T O't!KL~ li anrrp OI\
CMMaUMM KpMBOI no MHK 

I 
1 Hcnon:osoBaHMe B3BemeHHWC 

cpe,n;Hl1X )F;JIR. Bb.~I:t1CJI0HHR 
napaMeTpon rpeKa 

• 
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t!TO I\acaeT C.fi oJIGK!pOHII.biX 'I p,6IWB, TO ',D;HaJiei\Tln\y paSBli1TL1R 

MeTO,ll;OB VIX 0 dpadOTI\11 MO~HO npe,D;CTa:Sli!T:b B Bli!,It.e dJiuK-CX6Mbi: 

B1It~I1CJieHMe MMnyJI:oca Ha 
OTITMMaJI1HUH ~JIMHe npli1 
li13MepGHHM Tpex TutteK 
Ha TpeKe. 

I 
I I. f AnnporWVL\iaUI1R Tp6I\; OK

py..li:HOCT1IO MJI1'I napadOJIOi1 
li1 nocne,D;yro~ee :a:ae,D;eHMe 
nonpaBOK Ha TOpMOSHOe • 
Hsnyt~eHne. 

I 
11cnoJIL3onamw MaTpli1D;b! MHoro
KpaTHoro pacceRHli1R li1 EpH:aon, 
t~acTHttHo yttli1Tht:aaromeil pa,D;na-

UMOHHble noxep:vx. 

I I1cnunr,sonanHe ::.raTpMD;t.u 1moroKpax- 1 
Horo pacCGRHMR M TOpM03HOrO li13- I 
nyu.eHMI!, naxo~,e;OHMe napaueJ::pa 
odpesaHMH npM ~ouomM nporpa~MH, 
nponc.r:or-nre Kpli1Jo~, ytiVIThlBaiOI40rl: 

pa;n;:vlaUMOHHhti} noTepM. 

• 

I 
I 
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· §I. ITPTtiMEHEHHE TIPOrPA.IiMbi THRESH ]J.Jifi KAMEP C TBJKEJIOt1 
JlU1)J;:IOCT1IO 

a) MCIIOJib80BAHHE Tf1R8 SH COBMECTHO C 
ITPOrPAW!!Oi1 JOIN [41 

rpyrrrra l{8M0p c TflJWJIOH /:ti1;LtKOOT:&IO l3 UEPHe HOIIOJI:&aonaJia 

n;erro11r-cy rrporpaMM 

I R Et1P l F I TH,~?E$f!J-->[JOJ/{ 7-J GRIN])~ 

R E!IP '-EtiTacT BXO;n;Hyio JieHTY c VI81Wpli!TeJI:&H1IX ycTpot.IcTB 11 

nprrroTOBJifiCT ;n;aHHLie :a BM;n;e, rro;zpco;zurmeM ;ZI;Jiff Bxo~a :s 

'THRESH • 

THl<ESfl JIBJiffGTCH remreTpM-crecr"tot1 rrporpaMMOM •· 

G RI /'!]) - m1HCMaTntrecKoi1 nporpaMMoti • 

JOIN - nLIIIOJIHffeT c ne:u;l1:qm:treoKyro poJI:& .ztJIH THiEeJIOJKH;ZI;KOCTm.rx , 

KaMep, saKJliotraromyrocg B c.rre;ztyrome:M. 

' ~ 

TIOCKOJI:&Ky TpaeKTO}MM ~aaTHD;.B TffE6JIO~ ~;ZI;KOCTM Ma-aa MHOr~ 

KpaT!lOro pacceHilllll aaMeTHO OTJill'<alOTCll OT llllHTOllWC JillHlll! ll 11aCT~. 
vrMeiOT vrs.:-~o:.u-r, To ;z:t;J!fl Jiy'tlrnero onpe.zteJieHMH MMIIy.rr:&ca TpeR paa6u:sa~ 
roT Ha HeGKOJI:&Ko. tracTeiii. B nporpaMMe THRESH ~\aiK.ztaH k'la_ STk'lX 'tlac!l!t 

•1 
annpOIWHMMpyeTCfl OT;zteJI:&HO BI1HTOBOti JIMHMe~ M .ztaJiee Oc51>6;ZI;HHfl6TCRJ 

B O;ZJ;I1H a:J;P6K nporpaMMO.iii JOIN • 

HanpHMep, :s cJiytiae Tpei\a, 

l 

~ ......... 
~ . '-J 

H3MepeHHOrO :B ;ZI;BYX traOTHX 

• 
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THRESH :autr~CJIH61' ll.Jlf! Ra,x;a;oL1 ticWTM rtpH:aMaHy j , rJiydMHllll!~ 
yrOJI ft M aSMMyTaJI:Dmi.ti yrOJl tf BM6CTe C MX OlUM6RaMM • 

JOIN l3bi"tlMCJifi6T: 
/ 

a) npoder fl J c OillM6rwt1, 

d) ft M tf 13 HatiOJILHOti .TOtn~e A. B CJiytiae v;t J3I>ItUICJif1IOTC.fi 

,il M \.f D ItOU6tiHOti TO.tiRO J •. 

:a) Cp6,7J;HM.ti MMnyJI:&C pll:J C OlUMdRO.ti no ~OpMyJie: 

Beca Wi :SbitiMCJIBJOTCH l1CXO.ztH lila omMdKM MHoroiCpaTaoro 

paccef!HMH (cu. B-3) 

,Z{aJiee MMnyJI:&C ROppeiCTMpyeTCH Ha MOHMSa~HOHHbie l10TSpM • 11pM 

31'0M npe;z:tnoJiarae~cn, tz1'0 yMei-I:bJ.UeH¥W zumyJI:oca v_xa-aa MOIUISaJ:lHOHiiLIX 

no11ep:o :a;z:tOJI:D Tpezta Jumet:lno aa:auowr OT .ztJU1Hbi TPeKa. l.tJITI. trac1':att, 

OCTSHOBM:SWMXCn D RSMepe, MMnyJI:DO l3~tiMCJIH61'0R DO npodery. 

• 

I . 
' ' 

t 
. ~ 
r 
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6) BoaMOiKHhie HSMeHeHIHI rrporpaMMbi TN R£ S H 
C THmenoU JKH~KOCT:&IO • 

:YJiff KaMep 

· ;I(Jirr o6pa6oTKI1 co6IJ:TltL1, noJiy'tieHmrx Ha Eauepax o ·T.aJKe~o~ 

JKM:YROCT:&ro, npe;nnOJraraJIL:l c:& L s J cJie;n;yromt-te :vraMeHeHHH :a nporpaMMe 

THRESH • 

I) Eo~ee TO'tiHOe BCCCT8HOB~8HI16 TO'ti6K B npOCTpSHCTBe 

;n;apH npi1M8H8HI1IO HHTepnC~fl~lU1 BTOpOrO :t"IOPH:ztKa ;D;JIH HSXOJK;LteHHfl 

COOTB6TCTBYIOIIt11X TO'ti8It. 

2) I/IcnO~i30B8HI1e CllTMMa~:&HhiX ;Lt~L'IH npH annpOI\Cl1M8~l111 

KPHBOM, T8K K8K npOB8;Lt€HI1e M6TO;D;OM HSHM8H:&illi1X KBa;n;paTOB BMHT 

~HHI111 "tie pea ROOp;n;:vrHaT:bl Tper~a, npi1M6Hfi6MOe B 'TH R. 8 S H , He 

IIO;zi,XO;zJ;MT ;zi,Jiff TpeKOB B rtaMepax C T m~e~Oit lKH;zJ;KOCT:OIO, IIOCROJI:&Ry 

'ti8CTI1~ OTii~OHfliOTC.fi H8CTO~:&KO CMJI:bHO 6Jiaro;n;ap.fi MHOrORP8THOMy 

paccerm:vno 11 noTepFIM aneprvm, 'tiTO :vrx TpaeRTop:vm He cJie;n;yroT .oxu1~ 

BblM JIMHH.fiM. ila npaKTHKe 3TO BhlpazaeTCff B TOM, 'tiTO 

c~yqaeB, B KOTOpblX HTe~a~MOHH:blM npo~ecc He CXO;D;HTCH. ITOSTOMy 

;D;JI.fi annpOKCI1M8~1111 TpeKa ICpi1BOM 6blJIO npe;n;nomeHO B3HT:& aJiropMTM 

nporpaMMbi F'OG Jia6opaTopm14 :a EepRJHI ( l R l· ) , cne~I1aJI:&Ho 

H8ili108HHbiM ;ll;JIH Tf!JK8JI:blX ll~I1;D;KOCT8M, 11 npeo6pa30l38T:& B one 
. . 

:aapl1aHT rr'HRiiSH ;zJ;Jiff T.fi:lK8JI:blX JKI1;D;KOCTei1. 

8TOT aJiropHTM aaKJiroqaeTcrr :a cJie;n;yromeu·: 

nnfl L'ISMepeHHfl pa;n;Hyca KPI1BI13Hbi 6epeTCH ;gyra MSKCHMYM B 

B IIJIOCKOCTH XAj Tp8It no:aopaqi1J386T~fl B .Ho:ayro S ~ CHOT6My, 

:a rcoTopoli oc:& f JieJKHT n;n;oJI:& xop;n;b!. Tio;zt6l1paeTca napa6oJia 

~=ll ft+ .f, f + c . Pe;n;11yo STOtt napadoJibi R p ::: f a.... 
ROppeKTHpyeTCff ;D;JI.fi ilOJiyqeHH.fi SKBHB8JI6HTHOrO pa;n;:vryca ORpyJKH 

Rc. cJie;uyromi1M o6pasoM: • 

R c. == R P ·[ :i + -k Cfp)J,J 
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. OnTPIMaJI:&Haa MHHa .ztJIH aaxo:~Jc.zteHHH aatnayTaJI:&Horo yrJia "f 

aa.ztaeTOH :a :aH,IJ;e 
-\ 

. .., "' . = o. 16 5" (X") t/.1 (.e.L ):1./.3 (L) .t./.3 
,Nopt ' . 100c ;zs , 

OWH6Ka H3MepeHMH KOOp.ztHBS~ KOH6"lHbiX TOtl6K. 

~a rJiy6Haaoro yrJia A • • 

r.zte · c :1, ex - oooTBeToT:ayro~ne omJti6KH ·B ~ 7 .X • 

MeT0,7J; HaXO~,lt6HHB 83HMyTaJI:&HOrO yrJia OOOTOHT :a CJie.ztyro~eM (pHc.3) 

PHO. ill-3 

Hlillte :1 ~t depeTCil OJie.!(yiOlU8fl TOtliCa 8 
Tio.ztrOHKO:tt oKpyxtHOO~H pa,7l;l'tyoa Rc. t~epea II 

c.f ::. . 'f, + 'f Jv • 

• 

B HSXO,ltHTOH 
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§ 2. rEOMETPWIECKAH ITPOrPAMMA PE3EP~OP]lCI\Ot1 JIAEOPATOPJtH/I . · 
( R HE '1 ) ]lJIH KAMEP, 3AIIOJIHEHHbiX THiKEJihiMH JIWI]lKOCTfiMM [6 ] 

re OMCT p:vrqe Clt8.ff rrpor•paMMa )I.JI.ff. ItaMep 0 T .flllt6Jibl!.m jl£¥'I)I.KOOT .ffMH 

n Peaepci10p;n,cKot1 JiaoopaTopMM, n ocHo:aHOM, 6aa:r~pyeToH rra oc>me:ti 
~ . 

rrporpaMMe, Han:vrcaHHOki )I.JJH no;n;opo.ztHux KaMep~ ITporpaMMy y;n,o6Ho 

paaoHTb Ha Tp¥7 OT)I.CJibHbi€ CCK~MM. 

(I) BoccTanonnenMe To~eK n rrpocTpaHcT:ae, 

(2) IIo;n;rOHRa rrpOCTP8HCTB6HHO~ KPHBOt1 )I.JI.ff IIOJiyqeH~fl KMHe-

MaTHli6CKMX BCJIMqMH. 

(3) Cnen:vranbHNe no;n,rrporpaMMhl )I.JI.ff T.H~eJioM ~H;u.KocTm. 

i 
~ 

CeKnMH (3) B BO)I.OpO~HOM BapMaHTe HBJIH6TCH IIO)I.I'OHKO~ K Toq

K8M B npocTpaHCTBe BMHTOBOM· JIHH¥'IH, 38Bk!Ofllli6;a OT MSCC:bi qacTIU~t. · 

B nap¥JaHTe ;LJ;JIR T.fllK6JibiX JKil;LJ;KOCTe.t1: OHS 3SMeHeHS· no.ztnporpaMMOM, 

o6pa6aThlBSIOnte.Vi TpeKH C M::iOI'OICpaTHbiMH 113JIOMaMH,. KO.TOpaa IIO;lti'OHge~ 

KpH:ayro . Ha OnT~MSJI:&HO:t:f )I.Jil1H6 ~pe:tta,- )I.J.IH TOI'O tlT0.6~ IIOJiytll1T:& JIYtliii2 

:aeJI¥'ItlHHbi ;LJ;Jifl yrJIOB :£II MHHli!MSJI:&Hhle OIIIPIOI\H, H no.ztnporpaMMO:ti, o6pa-

···· daTN:aamme:£1: aJieKTpOHHhte napbi, noJiytleHHble :a peayJI:&TaTe KOH:aepc:rtH 

3' - KBaHTOB. 

I. Cneu:vraJibHbie Mo;n;:vrc)MKSU11!{ ;ll;Jifl Ka~~ep c TRJKeJio:t1 mVI;p;KOCT:&ro ~ 

a) fiyliROBbiC TpeKv!, ~~OIIOJIOI'Hfl C06ll!TH.fl H sapff,AOBhiti 6aJiaHO 

IIpH o6pa60TKC C06hiTHi1, IIOJIYtl6HHhiX Ha KaMepe C THJIC6JIO:t:i JICH)I.- . 

KOCT:&IO, BCTpeqaiOTCH CJIYtlciM, Itor;n;a TOtlKY pOlK)I.6HHH V'- l:lSCTPliJ; l1JIH 

t - KBaHTOB O,ltHo:apeMeEHO MOJKHO npti!IIJttCST:& H9CI(OJI:&KHLJ nyl:lKOBbiM 

B3aHMO;LJ;6MCTBit7RM. l108TOMY JIOI'MKS nporpaMMN 6b1JIS l13M9HCHS. TSKl1M 

o6pa30M,· tlT06bi B C06hiTHH MOI' l13M6PET:&CH 6oJiee l:l6M O)I.HH IIyl:lROBbi:ti 

TpeK. ~ 

Y IIP.fl.MbiX TpeitOB k!JI¥1 y TpeROB C 60JI:&IU~i't OTHOCHT6JI:&HOti 0Illlti6RJ 
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B pa~uyoe KpHBH3HH, aapfl~ H6113B6CT6H. ITpH Bhlll0~H6HHH aapfl~OBOrO 

6a~aHoa B KSE~OU TOllK6 B36HMO~e~CTBZfl 60~billrliHCTBO 113 STMX H60IT

pe~e~eHHOCTe.tt MOE6T 6hlTi paapemeHO. ITOCKO~bKy MHW6Hb.B nepBH'tlHOM 

B36HMO~e~CTBHH H6H3B6CTH6, aapH~OB~~ 6anaHO H6B03MO~HO BhlDO~HHTi 

B ST0:£:1 TOtlK6 B38HMO~e~CTBHfl ( 1{-t'!t.,ie-x ) , 38 HCKliiOll6HH6M crre

~H6liiHNX cnyqaeB. Boo6~e ronopn. npe~noliaraeTca Baazuo~eMcTBMe 

0 npOTOHOM t KOr~a qeTHOe 'tl:rliOliO ~~peKOB BbiXO~HT H3 TO'qKH B38ZMO

~eMOTBHR, H 0 HGUTpOHOM npH H6'tlOTHOM 'tlZOli6 TpeKOB• 

rroaTouy, BOo6me roBopn, 

:j 
j 

CyMMa aap.a,7.to:a BbiXO.D;HntHX · qac~·un; - aapn.D; MHmeHli = I ~lin treTHoro ,, 

lll10.7I8 Tp6KOB 

= o ;zvur HetieTHoro 

6) 0CT8H8BJIMB8I0ll{l16Cfi Tp61\H M Tp6KH C H3JIOM8MM 

Ha CTS;ltHH H3MepeHH.ti C06biTH6 CHSO'IltaeTCfl HHq)OpMa~l16ti 0 TOM, 

R8RH6 Tp6RH 0 H3JIOMOM H I\6Rl16 TPSKH OC.TSHSBJIHBSIOTCH B KaMepe. B 

cJiyqae ocTaHODHBmHxcn Tpexo:a .2l;OJI)!CHa 6DIT:& Tamxe aa.ztaHa Mace a • 

. 0CT8HSBnHB8IOntH6CH TpeKH llSOTO CH;II:&HO pacceJIIJ38IOTCH, TSK tlTO ;lJ;JiliHS, 

:Shl'UiOJif'i6MSS: Z3 no;ztrOHH8MO.t:i KPVIBOH He riBJIH6TOR JIY'tlllle~ O~eHI\Oti. 

ECJIH TOllKH H3M8pfiiOTOH ,2l;OCT8TO'tlHO 6~H3KO ,21;pyr K ,21;pyry t TO Jiyqmyro 

;ltJIHHY MOm!O nonyllHTi CyMMHPODSHMWM ,2l;~MH XOp,21; M6llt,2l;y COCe,2l;HHMn 

T0'tlK8W. 9TO ;zte~~eTOH ;ztJIH l306X O<:TaHaB~HBSIOIUHXCH TpeKOB H Tpei\OD 

0 H3JIOMSW. 

Ec~H y Tpexa HSJIOM B rratiaJie M OH He oc:raua:am1naeTcrr, Tor~ a 

OD;8HK8 HMnyJii08 H ero OWH6KH ,21;6li~6TOff H3 6onee ,2l;~HHHOti 'tlSCTHt a 

yrJI~ depyTCH H3 nep~o.tt llSCTH. ~f ·TpeKOB 0 H3nOM8MH, KOTOp&e OCTa

H83nH!S~tOH H ~~H Od~qH~X OCTSHS~U!S~~XOff tpeKOE, uunynbC 
• 
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BbitiHOJiff6TCff Nt3 llOJIHOi1 ,1J;JCV7Hhi, 8 OUIHOKa l3btllHOJIH6TOfl no (.POpMyJI6: 

< J ( 1s J:L >=:If[ (eft; ~~ cfe./ J (~ )1,.,. (fj).~,. P~ 1,' 
r;n;e 

de::, - OilliiiOI\8 B ,1J;JUIH6 JII:::-aa OIUJIIOKH HSMepeHHii 

Jff = OIUIII6Ka B ;ZJ;JIIIIHe Hc-38 MHOrOKP8THOrO pa006ffHJIIH 

dol/d. = 0THOOli'IT6JI:bH8fi OIIIKOK8 :a llJIOTHOOTH lKH,li;KOOT:H 

clp/ds = rpa~IIIK KpH:ao~ npc6er-11IMITyJI»O npH ;n;aHHOu li'IMnyJI:bce p 

(I /} ~ 0-f ,;(_' { . c., c J 
cJL-s== .EJ T/10rn+C.1 -r .:t j 

r;n;e m = M8008 ti8CTVIp; 
Macca npoToHa 

T - KIIIH6THti6CKSfi SHeprHH B MSB 

C 1 C2. CJ - I\OHCT8HTLI 
I I 

·, ,, "1 
. ·~ 

.~ 

• 

~ 
:j 
·l 

l 
'l 

j 

; 

B) 0nTHM8JI:&HLie :ZWIIIHit , ~ 

i 
llpll BI>'Il!CJieHl!ll yrJIOB1IXB8Jlll'll!H !rpEiRa l!CUOJI:&aye!rCf! OUTllllaJI:&~ 

H8ff ;ZJ;JUIH8, H8 KOTOpOti OyiJM8 OIDHOOK H3-3S M8M6p6HHM H KyJIOHOl30KO~ 
. • 4 

ro pacceHHHff Ml1Hli'IM8JI»Ha. :UJiff sroro ll8CT:b nporpaMw, BbinOJIHfliOntan1. 

annpOKOIIIM8D;HIO TpeKa KPPIBO~, li'IOUOJil>3Y6TOH H60KOJI:&KO pas ;ZJ;J!H ~ 
. . . 

;n;aHHoro TpeKa o paaJili'ItiHhiMl1 ;n;JIPIHaMl1 H MaooauH. 

CH8ll8JI8 Bee:& TpeK 8j1fipOI\CJ.I!Ml1pyeTOH Kpl1l30~ ;lVIH HSXOJK,7J;6HHH 

pa;n;11yoa Kpl1Bl13Hbi TP61t8 11, COOTB6TCTl36HHO,l1Mny~:&C8 llSOTHI{bt • 

.I{aJiee no ~OpMyJiaM (B-5), (B-6) ,1J;Jlff 38,1J;8HHOM M80Cbi BbttiHCJIHIOTCH 

OllTHM8JI:bHbie ,1J;JIHHhl ,1J;JIH 83nMyT8JI:bHOrO H.rJiy6HHHOrO yrJIOl3. ECJIH 

~:: OriT:t1M8JI:bH8fi ,1J;JI11HS M6H:&IDe lil3MepeHHO:ti, TO ;It6JIS6TCH fi0BTOpH8H .. , , 

annpOKCIIIMSD;Hfi TpeKa, npiii KOTOpOM pa.ztHYO RJHBHSHLI 0CTS6TOH 



IIS 

~MKCHpOBSHH~M, a ~ff HSXO~~eHMH yrROB MCIIOR»3yeTCH TO~l>KO OIITM

USR»HSH llSCT» TpeRa. ECRH OIITNIM-3~l>H8H ~MH8 60~l>We HSMepeHHO~, 

TO IIOBTOpHoa annpOKCMIMS~HH He .zt•3JI86TCH M yr~ OCT8lOT9H' npeXtHMMM. 

l.I.JIH KSXC;l.tOI'O TpeKa BLillHCRHe'.rCH 6 OIITHMSJI:DHbiX ,ltJIMH (OM. B-6 

M B-7) IIO TPH ;l.tJIH ~aJK;ztOI'O BblllloW;IeHMIH 83HMYTSJI:&HOI'O H rJiy6HHHOI'O 

YI'JIOB, COOTB6TCTB8HHO, ~H 1C.-Ue30HHO~, /(, -M680HHOM H npOTOH-

HO~ WSC0 1 HCnOJI:&ayeMbiX B q,opMyJio ll)Ifl KyJIOHOBOKHX OmH60K. 

ECJIH M8CCS TpeKa HSB60THS, TO DbillMOJifliDTCfl TOn:&KO ~Be OIITHMSR:D

HHe .ztJIHHii .• 

e) 8JreKTp0Hhi H y- KB8HTDI 

Ha CTS;l.tHH HSUepeHH~ SJI6KTpCHHbie Tp6KM OHS6~IDTCfl onpe~eReH

HbiM npHSHSKOU. B ;l.t8HHO~ nporpaMMe OH~ MOryT 06pa6aT&t:BST:DCfl .D;BYMB 

onocoCSauH. 

I) AH8JIOI'HllHO OCTSR:DHbiM TP6KSM 1 88 HOKJIIDll6HHeM TaX OJiyqaeB, , 

KOI';l.tS D WOPMYJI8X HOIIOJI:DSyeTCH MSOOS qacTHUbi, TO STO~ MaCCO~ 

H!nHeTOH M8008 SH8KTPOHa. 

2) MeTo.ztou Eapa-MHTHepa (oM • .ztaJiee). ~suepeHHH BhlnOJIHaroTon 

HS OfiTHMSJI:DHOU ;l.tJIHHe (npH6JIH3MTa:l:DIIO IO OM) HJIH B OJiyt~ae N78.7IOM8 

.D;O OfiTHMSJI:DH0£1 ~HHii HS ,ltOOTyiiHOi~ .ztJ.UtlHa TP8I~a • 

BepWHH8 0 :ztBYMH SSPHXCSHHhiMH TpeKSMH, Ka~~M H3 KOTOp&X 

HUaaT npH8HSK SJI8KTPOH8 1 o6pa6aTUB88TOH KSK t -K:SSHT • 

YrJILl, HUnyJiltO H OWHdKH ~ -ItBSHT8 noJiyllSlOTOH, KSK :BSBe-

·.r. WaHHhi8 B8JIHtUIHS, aa.a:D;eHH1i6 IIO SJIElKTpOHHhiM Tp8K8M t ;l.t6.7I8Hmta Ha 

06paTHhta :S6.7IH'IHH&l R K:BS;l.tpST8M OUUt60K. 

TaKHII oCSpasoM, eoJIH Ei - K:Sa:ztpaT OWH6KH H x~-yrJIO:BSH 
-

nepeueHHSR aaeKTPOHHOI'O TpeKa, TO 

x • :r 1 • e:, .,. x. .. · E 1.. • B r :: .A li 1 • £ ,_ • . 
• E f + cJ. ' . .~ f .,. e l; • 



1: ·

l 
l 
' 

ll 
I 

.... 

II6 - • 

PeayJr:&TaTM o6pa60TRM oo<5nrTM~ no ~aHHOit rrporpaMMe 

reoMeTpMqeoKaa nporpaMMa 6M~a Morro~:oaoBaaa B T8 H TII 
-o 

SKOITepiJIMeHTaX, B KOTOpbiX: M3ytla~HO:& ..:::. H ~- rHnepOHbl.· . 
B TS aKorrepMMeHTe ao reoueTpHtleoKo~ nporpauue o6pa6aTHBan~ 

B03MOJKHbi6 2" KaH.ztH.ztaThi (OKOnO 70 COClblTH.ti). ')J;ra Ha:H60nee Bepof. 

HhiX KaH;zJ;Ifl;zJ;aTOB 6bi~O Ol,l;e;laHO HeCKO~:&KO paaJIHtlHblX M3:MepeHHia. 

Bee . =- 006hiTHff ( ,...... 200) T8KJK6 6bmH o6pa60T8HLI 0 H60ROJI:&IGU.fil1 

paanM'ClHblMH ¥13MepeHHffMH. 

ITOOJie rrepBOro II·aMepeHHff 40% 006biTHit 6paKOB8JIC!C:& nporpaMMOl 

ITO OJie;zJ;yiOll{HM np:tfCIHHaM! 

I. Onrii6KH HaMepHTelJ:a ( - IO%) 

2. Onr~t~6KH M:am~t~Hbl npH nepexo~e Of nepwoJieH!rH·K nepwoKap1'au 

( 3%). 
3. Pyt~aaa o6pa<5oTKa nepwoKapT (3%) 
4. HeHaBeCTHNe omH6KH ( 20%) 
5. OmM6KH nporpaM:w (3%); 

KOHOTaHThi B 8RCITepMM6HTaX, rrpOBO~HMhiX B HaCTOffll{ee 

BpeMa B N ± R. IV$ HlBC 2 npM H3MepeHHH aner<TpOHHWC 

TpeKOB M8TO;zJ;OM :'Bapa-MMTHepa 

'T8 - JKIJI;zJ;KOOT:& cl. Ps ce 
ep opt -.::::.10 C.J,I 

Xo = 25 CM 

(

1 

L1 (
1
/p)) opt = 30%. 

1 Jp 
• 

B = -v I7 Rrc 
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TII - ZH,"ZtKOOT:D c {i'_, 8 X o = II.S OM 

(4i'k1) :::31 o; tlp opt /11 

B = -I7 Kro 

Xo = 22.7 OU 

B =" I3 Kro 

Bo Bcex B~menepeqHc~eaaax onyqanx, npe~nonaranoc:&, q11o 

e~HHJttqaoe JttanyqeaHe ~~ KBSH1'a c no1'epe~ nepBmqaol aaeprHH 

donee, qeif 50% , (yo = tn, -~ ) MOlXBO o6aapyJKH1':& no HSUeHeHHIO :B 

KPHBHSHe TpeKa •. 

§ 3. rEOMETPll!tiECRAH IIPOrPAMMA tt Bulle. n 

JIA~BOPATOPJ.1H " &.o& Po~techn.ifjue nl7] · 

\ 

Uen:&ID STOM nporpaMMD: HBRHeTCH nonyqeHHe HMnY~iOO:B H H&npa~i 

JI~HHA 0 OmH6KaUM · Tpei\013 r:ya.bipl)KO:SOti KSMepht, l:f3MepeHHWC HS - l 
ycTpoMcTBe THna 11 I£ P tt. 2'peKH HSMeparoTca Ha li,:ayx ·npoeK~HftX · H . ·~ 

HU SSli,SIOTCH O~Ha HnM-HeCROJI:&lCO BeJIHqHH.MSCO. 

ITporpauua padoTaeT :a cneli.ym~eM nocJieli,o:aaTeJI:&HOCTH: 

I) BuqJttoJIRIOTca qeT.bipe napaueTpa JIHHeMHoro npeodpaao:aaaun, 

KOTOpoe npeodpaayeT lCOOpli,HHSTbi TOqeK, l13UepeHBhtX HS nJieHKe, K. KO 

"li,HHSTSM :B CHCTeMe, CBH38HHOU C KaMepo:t!. li-HCJIO Hadopo:a BTHX napa' 

U6TPOB paBHO qHcny HCflOJI:&SyeMUX npoeK~HU. 

. ' 
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2) llpm nouomw oooT:aeToT:ayro~ero aa6opa n~paueT~o:a npeo6pa

syroToa KOOp;ztHHST!l TOtieK TpeKa. Ha nepe;ztHeM 9T6KJI6 IIOJiytiSIOTOH . 
· ;zt:ae KPHBbie. RpH:aaa, o6pa6aTbi:aaeuaH nep:aoiii, aasLI:aaeTofi "ocao:aHo:tt" 

( pun&ipa.e . ) KpH:aofi, a :z:tpyraa - ":aonoMoraTeJI:oaoM'' (~3!lti~ ). 

3) lldJiytzeHHLie TSKHM o6paaoM KpH:aBie npeo6pasyroToa :a cmcTeMy 

KO~p;ztliHST, IIpHBfl3SHHYIO K CTepeo6ase, HOIIOJI:&syeuo.£t ~H STOI'O Tpe: 

Ka. ]J;eJiaeTOH paSJIHtiHe M6JIC;lty 11TpeKOM 0 2 TOtiKSUH" H 11;n;pyrHW Tpe
K8W11. 

4) KpHBLie annpoKOHMHpyroTca napoft napa6oJI. 

BLI6paOLI:SSIDTOS IIJIOXO H3MepeH~e TOtiKH. 

5) Ha 11 BOIIOMOI'8T6JI:DHOti 11 KpH:aOia BhttiHOJIHIOTOH KOOp;ztPIH8Tbi TOtieK,! 
0 • .. • ' 

COOTB6TOT:BYIOIIUtX HauepeHHbiM Ha 11 00HO:SHO£i" Kpit:ao.£t. 

6) BOOOT8H8BJIHBSIO.TOH npOCTpSHOTBeHHLte KOOp;zl;HHSTLI •. . 
7) ]J;enaeToa :aos:apaT :a § 3. 

8) llpo:aepaeTOfl, liTO IIOJiyqeHHLie B IIpOOTpSHOT:Ba TOtiKH, HSXO- . 
l. 
I 

;ltHTOfl BHYTPH KaMapht. 0T6paObiBSIOTOfl TOtiKH, JieES~e :SHe ee. , 

9) I{PIJIHH:ztpHqeoxaa npoeit'n;Ha Tpe1ta · aa :aepxaee cTeKJio annpoKoH-: . 

MMpyeTOH napa60JIOft, Bbi6paOht:SSIOTOH IIJIOXHe TOqKM. BbillMOJIHIOTOH 

pa;zt111yc KpM:aHslW napadoJIH H · yroJI aaKJioaa tp :aoea Kpii:aoM, a TaKxte 

. ee MHHa 2Z • 
IO) BullMCJIHeToa uarHHTHOe none :a oepe~e xpH:ao~ H :a ;zt:ayx 

TOtiKaX, · OiU.U4'6TPHtiHO pacnOJIOlKeHHbiX no OTHOmeHHIO .K _KOH~SM Tp~Ka. 

BbiqHoJiaeToa :as:aemeHHoe ope;ztHee aTHX Tpex :aeJIKllMH uarHHTHoro no-
. ' 

JIH M HMnyJI:&O :a ~eHTpaJI:&HOia TO liKe KpHBOM ·p · • 
II) Eonm TpeK aneKTpoa~~. TO ;ztenaeToa riepexo;zt :a 20). B 

npOTH:SHOM OJiyqae npo:aepaeTCH COBM6CTHMOOT:D H3MepeHHOI'O no KPH:SHS_I 

He HUnyJI:&Oa H :BllllHOJIH6MOI'O HS OOOTHOmeHHB npo6er-MMIIyJI:&C • · 

\~ 
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I2) Eo~m npoBepKa npoxo~m~, TO :BhltiHO~RIOTOR noTepn ma-aa 

HOHH88~HH HS KOH~e TpeKa. 

B npoTHBHOM o~yt.rae npe~no~arapTcn, t.rTO mauepenn~ HMny~Dca 

no Kpn:anaae ueaee TOt.riihl, t.reM no ;n;~11He. 

ITOSTOMy npe;n;no~araeTOH, tiTO TpeK 0CT8HS:B~HB86T0fi B KaMepe, 

n ~qmo~neTcn munynDO ma npo6era • 

I3) BhltiHc~aroTcn p p :a I<OHJ.4e ( S ) TpeKa · . H "onTHMSJIDHan . 

;ztJIHHS", ;n;arontaR MHHHMSJI:&HyiO :aeJIH'(nury K:Ba;n;paTHtiHOM cyMMe 11HSMepH

T6JIDHOiii" ( "'~ ) H 11MHOrOKP8Tli~ paOC6RHHO~" (KaK fZ ) OIIIH6KSX 

:B Hanpa:BJI6HHH TpeKa (Ha 08M'OM ~eJie OfiTHMSJI:&HSfi ~J'IHH8 :n;Jrn 88HMy

T8JI:&HOrO yr~a He T8lC8.R xte t I\8K .~JIR rJiydRHHOrO • ;zl:JIHHS, BhltiHOJIR

eMS.R B (I3), .RBJifi6TOH npoue~yTO~HO~ Meiit:n;y HHMH. Monon:&ayeTOH 

BOITOMOr8Te~:&H8.fl TOtiKa ;li;JI.FI yrJIO:BluX HSMepeHH;t;i, dJn'l:ntS~IIISH K "OfiTkU48JI:&• . 
aoti :n;nmae" o xoarta Tpexa (TOt.ri<a M ) • 

I4) BhltU!O~fl8TOH rnydHHiib[j;i :rron ¢ , M82X:ztY ltOHI.tOM H TOtlKOU 

M. 
IS) B Rat.reOT:Be nepBoro npmc5~Hilt6l:UUI 83HMyT8~DHOrO yr~a e 

HOITOJI:&ayeTOH HanpaBJI6HH8 XOp;l4bl, COe~HHfiiOilte;t;t KOH8D; 0 M , l3 

Kat.reo~:ae l3Toporo npm6nmmein-tn-Kaoa1'eJIDH8fl K OKPYiiCHOOTH, npoxo.ztR~etl 

t.repea KOH8I.4 H M , pa;n;nyo KOTCIPO~ no~y-qaeTO.R ma CKOppei\Tl'IIpOBaH-: 
1 
I .Horo HMIIyJI:&ca. 

9TOT yrOJI KOppeKTHpyeTOH HS 

zeaue). 

no~epH aueprHH (TpeTie npH6~H- I 

I6) BhltiHCJifi8TO.R OIIIH6Ka B CTpeJIKe npormda ¢ ,e H net.ra-

~8IOTOH peayJI:&TSTH. 

I?) rro:aTopaeTOH § II .ztJIR f ;n;pyroro I<OHrta TpeKa 

t;n;pyro;t;t rmnoTeaht uaoo~. 

I8) llOBT0pR8TOR BOe OT § 2 ~JI.fi .· CJie:n;yrontero Tpetta. 

' • 
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I9) lJ.lifi ,1J;BYXT0'16'1HOrO TpeKa , B~'l~CliHIOTO_fi npOOTpaHCT:SeHHhle 

TO:tnm, COOTB6TCTBYIOI!Uf6 KOH6'1HbiM TO'IKSM, 36T6ll fJ H (/J 0 

om~6KaMH, ne"tJaTaeTcH peayJI::&TaT, .1l;eJiaeTcf.I nepexo:zt R §· IS_~ J 

· 2q) _ lJ.JIR sJieKTPOHa .~eJiaroTOH :SlllllHcJieHma MeTo;ztou Bsp_a-MH!l'Hepa 

ITepexo,11; R IS). . 

P~CCMO!rpHU paa:zteJIH, HMeiO~Me Henoope;ztO!r:SeHHOe O!l'HOmeHme R 

OC06eHHOCTHM THxt6JIOJICH,1J;ROC!l'HbiX KaMep. (§ 9-20). 

B :ztaJI:bHei1meM ~3JIOXCOHvUi 6y,zJ;y!r DC!rpeqaTiOH C!rSH:ztapTHllle npeo(5. 

paao:aaHHH . T 2I ~ PBz • 

CTAHltAPTHb!E LPEOBPA30BAHMff 

I) T zr (JI~Hei1HOe npeo6paao:aaHMe). Bxo:zt: ROOp:zt~HS!rbi 
TOllK~ 5. . , ~ 11 tieTDipe napaue!rpa ot 1 J > Y 

1 
J . 

BbiXO,zJ;: KOOp~HST.bl .:X, ~ 

~ =olf -p~ -tY 

Y= Ps +cX·1 + J 

2) P Bl (annpoKcuMa~HH napa6o11ott) · 

BepeTcn Ha6op K00~.1l;nHaT !l'~'tleR !rpeRa ft, ~ -t; ... Jn,. 1_, 

(3 ~ n. ~ IO) z .zteJiae~~OR: cJie;ztyiQntee: 

a) 'T:ZI 

• 

I P*'I'$W:i¢iiliff:,z;;;,L,,~-······· ·····- ····--..... _ --- --- ........ -···------------------~----



' ~ -· "'..;.~ 
·· - I2I -'. -

ot = at.,.e, caJ 
'l , .. 1[., 

= ~·r;; 
J'",.,- 'S.-t 

fJ = - .flit ¢ 
./ 

~, + .2..!.. r=-(s~s1 . CtJ-5 ¢ + .,yin¢) 
:t 

l3) BhltUICJIRIOTOfl KOS<IJWlll~HeHThl J/ 1 8, C 

Y :a II x.~, + .5'6 :x· + c. 

BxOt{: J -1 1 1. -1 1 • • ' ; 1 ) n J Y( Yl 1 Jt 

Bblxo;n;: II, 8, C 1 ~, f,. t 
1 

J 

napa6omz MHK, 

Heo6XO;ll;HW KOHCTSHThl a) C~ (eCJIH OO:D ~ fiOllTH _L 

0011 5 ) . 
6) E3 - MHHHMaJI:&Haa l3eJIHtntHa ;n;eTepoHa!l's (eoJIH MeB:&me, 

napa6oJia aaweHneTos np.Huott JIHHttett). 

JleJISlOTCH OJle~yJOIIUi6 l3blllHCJI6HMfl: . 

a) n = 3 !I - ':/ ~ · 11 ~o · c = - II :x ~ -.,.._.t, ,.,..1. I U ) 
~~- ~1 ' 

6) n >..3 
' 11 j 

, 2, 3,4, r;n;e ~:~ .xc: j 

Cf:JB =j ~2. ~: ~~ J j 
. s~ s~ n . 

• 
Jl =~. ll::~. 

<l:) } 0 c;t) I 

t 

' 

i 
j 
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9) IIpHMeHae'l'ca rrpeo<:Spaao:saHHe PBZ ~. X;. 

BbillliCJifllO'l'CR II", B ', C 
1

. (KoacW>H~HeH'l'ht napa<:Somt) 

,ZlaJiee 
R - (1_.,. 131-l, )~~ . 

p -. ,z, . .. . . 

.;{,~ =(XIV- X,J.t + (YII- V,)~ 

I Zt., 
Ro = Rp {d. ,.16 Rfr) 

"' ' n L· .!f._ - .L 
o<.J = I(B 'Q/tt tnn:lRe - c~ ~JIHHbi (cnpoeK~HPOBSHHOI) 

ta cp = lN- :l1 
(] ~. 

H Yi . 

ITella!L'aa!L'oa 2.2 (peaJZiHas. ~HHa 1' 

Xo · Yo ]0 = X,+x.,_, 
' I n 7 

y,-yt1. 
z 

t1i+t.l1.. ' 
' z ) 

IO) BhttrHcJiae'l'ca cpeAHfla :senHtrHHa MarHH'l'Horo noJia: 

Bo = 8 X f (Xo, ''fo,Jfl) 

B = 8 x .f (qfx, ,. px. u m.o.J 
+ - ol. ,. fo ' 

8_ ;= B >< f (o(.X, -:& . u m. '().) 
- . o<.t-j!J '} 

8 = u(B+- +8-) -tv& 
2. (,(. + V" 

• 

~.;, 
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9) llp:wueHaeTca npeo6paao:saHHe PBZ ~ Xi. 

Bb1lll1CJIHTO'l'C.R II", B ', C' (Koa(QWH~meHTbl napa6oJm) 

R p, (J. 'B'.~..J~ ... ,Z{aJiee 

~ , ,, ' . 

.:t~ = {Xt-~- X,J.t + (Y11- V,)t. 

.(, 

Ro = Rp (1. ,~It, ip) 

"'' n 1: L - L o0 = f( B · Q/lt tnn:LRe - :2, ~RHHH (cnpoeK~HPOBSHHOU) 

ta cp = lN- tl1 
(] 2, 

H Vi . 

,., 

., 
I 

·~ 
·j 

. 1 
l 
j 
-~ 
'~ 

' .·~ 
ITella!L'ae!L'oa 22 (peaJI:DHaa. ~HHa !L'pe~ 

·~ X · V 'Y = X,+ XJt.. y, - Y t1. i 11 + t. '1. • ,.r o , 1 o, oro 2 7 Z , Z , 

IO) BhillHC1HI6'1'C.ff cpe~~HH.a: :B6JIHtlliH8 M8I'HH!L'HOI'O IIOJI.B: 

Bo = 8 X. f (Xo, 'fo,Jt~) 

B+ = /J X f (ttf~ ~~) Ko 1 u m.r>.) 

8_ ? B x f (c:X.X, -~ · u m.'&.) 
- . o<.t-jb ') M 

B = u(B+- +8-).,. vBo 
~(,(. + 1r 

• 
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f(~,~,t) - !L'80JIH~8 :S8JIH'iHH ( c: i ) % H8li8H8H~fi! varHH!L'HOrO fiOJIH :B 

paaJIHqHHX ro~xax xavep~. 

MamKH8 HH!repiiOJIHpye!L' fJ . , c" , f& , U, ~ , KO!L'Opwe H:SJUi

D!L'OH KOHO!L'8H!L'8MH • 

B - varamraoe noJie :a xro 

ot ,J,u,'l"- :aeoo:swe xoaoraH!L'W. 

BLI'iHoJiaeroa P =:. a! · R8/CD4 ¢. fiaqa!L'ae!L'on p • 

!3 H I4) BH'lHOJIReTOR 1, 

pP. = p r (P-;:p:::::~J=+=(.=..u=a.=cc=a.=) ~;:;-! J 

Bwdr~paeroa :aeJIHtzHHa Z2 , dJIHiKS£!mas K ~opt , ~a Koropo.tt 

I5) B Katzaor:se nep:aoro npm~m~eams aamuy!L'aJI~aoro yrJia 

HOIIOJI~aye!L'O.R H8IIP8JJI8HHe XOp~, 008~HHD~e~ KOHe~ !L'p8K8 0 ~ 

(OII!L'HII8JiiH8H !L'O'iK8 0 HH;zteKOOM 

e ~ t ~· -vi ·.11~. 
:::~C 9 xj- Xi -~;~, ' 

r 
\. 
! 

i 
I 
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B K8'tl60Tl36 l3TOpOrl) npH6JIHlK6HHS: - K808T6JII.H8R K OKpyZHOCTI1 

~.Ji·;·~ ' . ' 
npoxo;zt.ti~qan 'tlepea xoHeD; TpeKa H fv1, pa:ttmyo :;KOTO_poiii noJiyqaeTcn; 

H3 CKOppeKTHpO:B8HHOrO 11:MnyJI:&C8. 8TOT yrOJI. KOppeKTHpyeTCH H8. 

UOTepm SHeprHH {TpeT:&e npH6JIHlK6HHe). 06~88 WOPYyJI8: 

r~e 

.3 :1 . (11-() 
B =e +(1Jf3+2JlJ8)·Cs'Jr~l "~ , . 

G\e - ;z:z , 
N - ZRe =f)~ 

9J1J8 =- K e . :zz 
Ro ·1. "' - KoppeKD;Hs: aa noTepm aaeprum 

c - +J. . CoS - - J 

· [KKe 
Ke = -K~<e 

e I== (Vt,C, ia Y;·- Yi 1: ( 

d)(j-Xi..J.t 

I Q. .:: 1. 

+ 71~ 

- ~/.t. 

G.' 4 1. KKfJ- KOppeRrtlUI Ha noTepx aaeprmm 

I6) BLillHCJifiiOTCTI OIDHO'KH :B CTp6JIK6 nporHO'a E) , rJiy6HHHOII · 

yr1Ie ¢ H 83HMyT8JI:&HO.M' yrne e no .CJie;ztyiOntHll WOPMyJiau: 

ECJIH TpeK He OCT8HO:BHJICH :B K8M6pe (T,e, HUnyJII.C HS.tt;zteH 

KPHBH3He), TO 

do _ 1 . J [ ,~, QT.t- .1.. 7JZJP . 
(iT - /OJJt/J I VlJJP· [ .. (:ZZ'Jif _·P + 2 .:zz '.,L 

d n, -I/ CJJf''-. ar'· · e'L. .. . A, + ~.t. .t. ) + ?J'iJ fi'. z, z 
'r- (ZZ)L (a1hn f(J1 .(Zd)~ CDJ f/)fl P~_/J"' 

....., 
d f) 0::: r r _L . l'lll· Q 7'~ I c~l, + 9)1)7' ' :t ZJ + 8. I ill:. . ~) .:r, y Co&~ ( - ( z 2) L p ,£I I, J {. p 6' 

ECJIH TpeK OCT8HO:BH~Cft :B Kauepe (HUnyJII.O :BLI'tlHOJI.HJIOS: no 

6ery) dG = r'b(}).E, e"". I 

6 h7 +-u; 

• d, 9J, ~P, 9JP, 11r, ~'ill', 9Ji)P, flJ1J~ Z:llilJP, e: e.; Gr - KoacTaHTLI •. 
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OTibiT PAEOTbi c II :lfJutte rr 

B !963 r. no nporpaMUe ObiJIO. odpado!t'aHo S+IO !t'biC.fill Tpe:Ko:a. 

llpHOJIHSH!reJI:&HO O:ttHH Tpe:K. HS }J;eO.RTH dpaKO:BSJICR (I'JIS:BH:bUI odpaSOM'/ i' 
Hs-sa onuJidoK onepa!ropo:a IE P , uaor11;a, Ha-s a ueooaapyzeaiWx Ha, 

. ' 

!!!peKe HSJIOMO::a). fipH IIO:BTOPHOM' liiSMepeHHH !rpeK OOSllHO IIPOXO}J;HJI 

qepes nporpauuy. 

§ 4. rEOMETPitfqECKAH TIPOrPAMMA STAN [8] 

ITporpawa STfi!V uozeT duT:& pas}J;eJieHa aa }J;:ae pasJIHllHble 

1l80TH: 

• 

I) BOCOTSHOBJI6HHe TOqeK B npOOTPSHOT:Be HS HSUepeHH! HeOOOT

BeTCT:BYID~X TO'tleK. 

2) O~eHKa napaueTpo:a,· xapaKTepmaym~x TpeR - Kpm:aHaaw, 

rJiydu:aaoro H aamuyTaJI:&Horo yrJIC)B. 

B nep:soM qaoTH nporpa:uua padoTaeT o Tpeus npoex~HHW m 

.BhlllHOJIHeT KB88HOOOTBeTCTBYIDiltR6 T01lKH HHT6·PIIOJIS:qHeit :STOporo IIOPHlt:-! 

Ka. 0}J;H8K0 1 KOppeK~Hit H8 npeJIOMJI6HHe CBaTO:B.biX Jiyqeit H8 IIO:SepXHOC-; 

TSX pas}J;eJia ae ;zteJiaeTcH. 

BTopaa qaoT:& uozeT Obl!t':& npeodpaso:saaa :a no:ztnporpaMlwfY 

THRESH 1nreoTo no:ztnporpaM"w anr!pOKCHMS~H :BHHTo:aoit JIHHHe~. B . 
5TOit llSCTH :BblllHCJIHIDTCH O~eHKH napaMeTpOB 1 xapaKTepmayiDmRX TpeK, 

HS CTSTHCTH'tleOKOI'O SHSJIHSS npOCThlX :S6JIH1lHH 1 TSRHX, KSK yrJibl 

uez,zy XOp:ztaW, des KSKOit-JIHOO annpOKCHMSitHH KPH:BO!. 

. . 
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OqeHKa RpHBl13Hl>I. 

3a~aHU KOOp~HHSTH roqeK B npOCTpSHCTBe. CnpoeKTHpyeM 

TOV:KH Ha nnOCKOOT» 0XY, rrepneH~HKynapHy~ HanpaBneHHID ~an~nm~ 

HOI'O ITO~H. TipOOTeMmHMH :se~Rql1H8MH, 3SBHCHMUMH OT KPHBHSHR, 

KOTOpble MOJIHO o6paaoBaT:& Ha KOOp;zi;HHaT Xi , Yi. 

yrJIU uez~ noo~e~oBaTem~HhlMH xop~aw; 

. Wi = Jfli4o1- f/i)(:Xi- Xi-!)- (fj,·- 'Il-l) (::Ci+t -:Xi) 

(Xl+t -:Xi)(Xt'-Xi-!}+(J/i -!fi-t) (jl+t -y,') 

Cpe;z~;aaa :seJiuq~ma (.v;. pa:sHa : 

E { Wi} := e ·me. 

I';z:I;e {):: J -MSI'HHTHOe OTMOHeHHe HS. e~HHizy ;ltJIHHU 

H 

HBJIHIDTOH 

mi = 1 (Vrxi+~ -x;);.+(~t'1",-y,·J~ + Vr:x,·-xi-t)~+1c'- y;.,,JIJ '), ·; 

EcnH rrpe;z:I;ITOJIO~T», qTO yr~bl MHOI'OKpaTHOI'O pacceaHHR H 

OIDH6KH 113MepeHHH RM6IDT rayOOO:BCKOe pacnpe~e~eHHe, TO MO!HO 

ITOKaaaT» M6TO;z:I;OM MSKCHMy.M'a rrpaB~OnO;z:I;06Hs;, V:TO ~y-qmeU OD;6HKO:a 

e HBJIH6TCH BSBemeHHOe ope;z:I;Hee BH;zi;a: 
"' Ct). e = ~ Pt: n1..t,· 

(. 

Beoa Pi BbiV:HOnHIOTOH ~~s: SKBH;z:I;HcTaHTHhiX Tov:eR H 

CH BO BHHMSHHe KOppeJIHD;HU M6lt.'Z(y UOC.116;l.tO:B8T6~iHbiW YI'JISMH 

Pi aal3HCa:T OT t~HcJia IWMepeHHhtX TOtteR H napaMeTpa d.~, , KO 

PDIM HBJIH6TCS: qJYHKD;Hett OTHOW6HHB M6li;I(y ommdxol MHOI'OKPSTHOI'O 

pacCeHHH.ff H OmH6KOtl HSMepeHHR. • 
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:00JI66 TOllHO, ol ~ onpe;ZJ;aJIH6TO.R COOTHOW6HH61.f: 

1,., .3d t, 
o{. =G:~.foJ 

cr ~ ope;ZJ;H6KBa;ZJ;paTHqaaa omH6Ka HauepeHHH OP;ZJ;HH8TH TOqKH, ' 

BOOOT8HOBn6HHO" ».npOOTpa~OTB6, 

~ - cpe;ZJ;H6KB8;ZJ;P8THllH~I yroJI MHOrOKPSTHOro pa006HHH.R H8 

6;ZJ;HHHI:(y ;ZJ;JIHIW t 

eo - ;ZJ;JIHHS qaCTH TP6K8, pacCM8TPHB86MOU ;ZJ;Jift 0~6HKH KPHBHSHH , 

TOtlKH B npOOTPSHCTB6 npoe~THPYIDTC.R OpTOrOH8JIDH0 H8 ~HJIHH~ 
l I .' 

pa;ZJ;Hyoa J = f , · nepneH;ZJ;HKyJiapaoro K nJIOOKOOTH OX Y m mueroute-

ro nepByro H OOOJI6;ZJ;HIDID TOqKH TpeKa H8 OBOe~ OOB6pXHOOTH, 0~6HKH 

;ZJ;JIH aaHuyTaJiiHoro yrJia tf H rny6maaoro yrJia A B~BO;ZJ;HTOH 

~:r H8 QHJIHH;ZJ;pHqeoKBX KOOp;ZJ;HHST HX np06KQidt Ha QHJIHH;ZJ;pe • TaK ze, K8ic ' 

H ;ZJ;JIH ItpHBHSH~, 0~6HKH MH · lf 
ope:ztHHMH npooTHX WYHK~H~ Koop~HaT, Beoa B aTOM oJiyqae TaK~e 

BHqHOJifiiDTOH K6TO;ZJ;OU USKOHMyNa r.p8J;ZJ;000~06HH. 

• 

~000JID80B8HH6 B8B6W6H~X cpe;ZJ;HHX ;ZJ;JIH onp&;ZJ;6J16HHH yrJIOJ 

mrpae! 6onee mnm ueuee !Y ze poni, KaR !~6op onTmuaniHO~ ~HaY.· 

;llJIHH8 B npOOTp8HOTB6 H onp06KTHPOBSHH8H ;ZJ;JIHH8 Tp6K8 

0~6HH38IDTOfi HS paOOTOSHH~ ue~;ZJ;y OOOJI6;ZJ;OB8T6JiiHHUH TOllK8UH • 

• 
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06Hapy~eHH6 H3HOMOB. 

ITOCKOH:&Ky nporpaMMa Bbi"tlHCJIH6T yrHbl M621t,7J;y IIOOJI6,7J;OB8T6JI:&

Hb1.MH XOp,7J;8MH, TO BB6,7J;6H8 IIPOBepKa TP6K8'H8 HSJIOMb1.
1 

OOHOBSHH8R 

H8 06HapyzeHHH •· 60JI:&mor~ OTKJIOH6HHH STHX yrJIOB OT HX ope,7J;H6U. 

B6JIH"tlHHbi • 0,7J;H8KO, T8K K81( H3JIO.MDI MOry!I' 3H8lUfT6JI:&HO IIOBJIHR!I':& HS 

STy ope,7J;HIDID B6JIHqHHy, TO nepe,7J; BbJ.qHCJI6HH6U BSB6lli6HHOrO Cp6,7J;H6 

,7J;aromero O:q6HKy f , BUllHCJIH6!I'CH M6,7J;HaHa M6JIC,7J;y XOp,7J;aMH ;li;JIR 

HCKJIIDll6HH.fi 60JI:&mHX yr11013. 8Ta npo:qe,eypa ;li;6JI86T .B03MOJICHblM pau ..... A"4,. 

tlH6 M6JIC,7J;Y pea~:&HblMH HSJIOMSMH H OmH6KaMH H3M6p6HHH
1

ITOCKOJI:&Ky 

ITOCJI6,7J;HH6 ,7J;aiDT ,7J;Ba IIOCJie;~OBaTeJI:&H~ 60JI:&mHX yrJia C rrpOTHBOITOJI 

Hb1.M11 3HaKaMz. 

K0r,71;a IIporpa:MMa 06Ha.pyzHBaeT HSJIOM Ha TpeKe, TO B K8tl6CTB 

ITOCJI6;li;H6~ TOtlKH OepeTCH flOCJI6,7J;HHfl TOtlKa nepe~ nep:BblM Jl13JIOMOM. · 

• 
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§ 6. 118MEPEHl'IE SHEPrl1VI SJIEKTPOHOB B MArHMTHOM IIOJIE 

T.fiJKeJible JKH;zJ;KOC!l'H, HCriOJI:&ayewe ;li;JI.fi 8KCnepHU6H!l'OD 0 nyabip:&KO-

J 
' 
' ' 

I 
I 

:SbiM'H K8M6P8MH, HM610!1' pa;n;H8I.\HOHHYIO ;ztJIHHy M6llt;ll;y ;zt6Cf!!t':&IO PI !rp71I;zt

I.\8T:&l0 08HTHM6TP8MH • 8!t'O npH:SO;zt~rT K !t'py;ztHOO!t' .fiM :S H8M6p6HHH HMllyJI:&- . 

oa aJieKTpoHa no KPHBHSH6. TaK I·:aK pa;n;Hal\PIOHHaa ;n;JIPIHa !t'oro )&6 
• 

llOP.fi;ztli8, ll!t'O H J48M6P.fi6M8.fi ;li;JIHHS. TpeKa, !t'O 1f0llt6!t' liSOTO npOHOXO;ztHT:& 

O;ztHHO'tlHOe TOpM08H06 HSJiy'tl6HHe, riPH KO!t'OpOM BHaqHTeJI:&HBH ;li;OJIH 

aaeprHH aJI6KTpoaa T6PH6TC.fi. Ta:K~1M o6paaoM, :a np6;n;6Jiax Hauepa6M014 

;ztJIHHbi TpeKa, SHepi'HH 8JI6K!t'POH8 MOJK6T l18M6HHT:&CH 8HB'tl71IT6JiiHO 0 

71I8M6H6HH6M :B KPH:BHSHe H,· l308MOiltHO, PS006f!HH6 • 

a) M6TO;n; Ba~a-MHTHepa [ 9] 

Bap :vr M:vrTH6P :a IIapHJKe npoaaaJIHa:vrpo:aaJIH npOI.\60c o6paao:aaHHH 

TpeKa, HCriOJI:&SyH ~OPMYJIY ra~TJiepa ;li;JIR TOpMOBHOI'O HBJiyqeHH.fi a~eKT

pOHOB, H H8IDJI~ OliiH6Ky, BbiBbi:SSeMyiO !t'OPMOSHblM ·aaJiyqeHHeM npH H8-

M6peHHH TP6KS riO Tp6M TO'tlK8M. 0I-U1 BbiBeJIH :Sbip8lK6HHe ;ztJifi KOppeKI.\HH 

K :aepO.fiTHOMy HMnyJI:&cy, :SbiP8JK6H71Ie ;n;JI.fi OWH6KH.:B HMnyJI:&Oe H npe~o

iltHJIH M6TO;ll; HSMepeHH~ C OriTHMSJI:&HhlMH ;n;JIHHSME. 

l1x wopMyJibl :abl:ae;n;eHDI :a npe;n;noJiomeHHH, 'tlTO, 6Jiaro;ztap.fi peaKOMY 

H8M6HeHHID KPH:Sl18Hbl !rpeRa, MOJKHO 88M6TH!t':& O;li;H0Kp8!t'Hyro pa;n;Ha~HOH

Hyro riOTepiO SHepi'HH 8JI6KTpOHa, 60JI:&ruyro, qe~ onpe;zteJieHHSfi ;ztOJIH 

Hat~aJI:&HO~ aHeprua. TpeKH, oo~epJKamHe T8RHe e;ztHHH'tlHDie noTepm, 

HSMepRIOTOfi ;li;O 06JI80TH 0 p68KHM VI8M6H6HHeM KpH:SHSHbi. ECJIH :aeJIH

'tlHHS H8HM6H:&W6I'O e;ztHHH'tlHOI'O H8JIY'tl6HH.fl, KOTOpag MOXteT 6biT:& 06Hapy-

llteHa H60EH~8HHbiM H8118H6HH6M :S KPH:BPI8He eCT:& l o , TOI';zta lii4'11YJI:&O 

no Bapy-MHTHepy :S HS'tlSJie TpeKa ~aeTCB :SbiPBX£6HHeM.: 

• 
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;t, 

p :::: 0, 3_:__Q_~~ ( i + t 4 }/o ) + c co& · fe 
3 C..?-:5 ils · ;~ CoJii. 2 eo:s /l 

~ __ JJ Ji--k... (I) 
0 - vn. 8 '. 

( 

Ornl16Ka B l1MrryJI~ce Bhl~l1CJIH8TCH no wopMyJie: 

L1 (ljp) -[t. tp, ljoL _,_ (irL ).t. d. ]1/.t, 
1/p - 6 •CaJ/{ 0.38 6lp·CO:f/l·Xo 
I' • (2) 

r;n;e 

tp - ;zviHHa XOp;zu,t OT nepBO:Pi ,11;0 TpeT:oe.ti l13MepeHHbiX TOtreK, 

crrpoeKTHpOB8HH8H 18 ITJIOCKOCT:O,nepneH;l4HKJTJIHPHyiO MarHl1THO-

··· My ITOJIIO • 

s - cTpeJIKa nporH6a B cpe;n;Het:t TO liRe, TaR,Ke cnpoeKT~ponaHa 

~ - rJiy6MHHhiti yroJI TP 3Ka 

.~ s -------------~' ep 
_:; 

(Pl1c .lll-4-) .. ~ 

B - noJie :B Krc 

X o - pa;n;Ma~MOHHaH ;zviMH·~ 

t = 1/xo .trz~ - pa;n;Ha~MOH:rhlti napaMeTp rai1TJiepa 

~~ - cpe,Zl;HHe ITOTepH 8JI3KTpOHO:B H8 CTOJIKHO:BeHHe 

eMOH 06JI8CTH 8Heprl1i1. 

ll paccuaTplllla~t 
~~ 

i 
B WOPMyJie (I) nep:Bhl~ ~JieH CHapyXH CK060K npe,ZJ;CT8:BJifl~T 0060~ 

HlJnyJri>C, COOTl36TCTBYIOinU.fi TpeRy C 38~8HHhiMI!l fp 1 $ M T. ,Zl;~ B . ~ 
~ ,, 

. :~ 

~ 
] 
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:aaKyyMe. BTOpOH l!1I6H :BHyTpti CRCt60K npe~CTSBJ'Ifi6T 0060!1 ROppeKD;LIIO 

Ha TOPM03Hoe ~aJiyqeHHe, a qJieH ( 8 ~~ ~ P' ) rr:aJ.rn:eTcrr 

KOppeKu;He:li Ha HOHH38D;HOHHbi6 U0~'6PH. 

B WOPMyJie (2) nep:aN:li l!1I6H npe~CTSEJirreT co6oM OillH6h~ LI3-38 

TOpM03HOrO H3Jiyl!eH~fi, a :BTOpOiii - 0IDH6Ky H3-38 MHOrOKpaTHOrO pac

cerrH~rr. 

ECJI~ npo;n;Hq>qJepeHI~~po:aaT» q'OPMY1IY (2), TO OI\8X\6TCrr, t.ITO 

OIDH6Ka HM66T MHH~MyM, KOr~a ~Be napD;Li8JIJ:,Hbi6 OIDI16I\Ji! paBHbi, C.7Ie

;IJ;OB8T6J.IJ:,HO, Oy~ecT:ayeT OUT~MSJI~Harr ~HHa ~fi I13MepeHI1M. 
ft _ _; Jf.z ) ven-t' 
lf' opt - ( 0..38 :fo ' 

B CJie~yromeM Ta6JIHD;6 npH:ae~eHbi 3H8ll6HI1fi OllTllM8JI::ORhlX 

;n;JIHH ~Jirr paaJIHl!HbiX ~H;n;KocTeM (MarHHTHOe noJie B ~ I7 Rrc) 

X (1 C.,l.l IIO 50 22 

hiJ/B == Ko 0.33 0.39 0.50 

tOft C.AA IS II 7 

Heonpe;n;eJieH· 
o.Ir 0.!9 0.33 HOOT:& B 

cari1TTe Ha 
OUTI1M8JIJ:,H0:£1: 
lnJIMHe 

MeTo~ Bapa-MH~Hepa WHPORO ap~MeHHJIOH n ~aaJI~qHMX 

8KCnepHM6HTSX. 
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6) ArrnpoRCMMau:vrH ::JJieRTpOHHoro TpeRa rrapa6oJioi1 M 

M BBe;ger-m:e l10ITp8BOI~ R MMTIYJII>Cy H8 ,l10HVI38UVIOH

~re rroTep:t~.t • 

naHHhli1 M6TO;n paceM OTpeH B pa6oTe ( IO] VI VICI10JI:b30B8JICfi ;nJI . 

06pa60TKM C06biTMti, ITOJiytieHHhiX B rrpOII8HOBOti rryahip:OI\OB0:£1 R8Mepe 

B peayJII>T8T6 H3MepeHMfi ROOp;nHH8T TOtieK H8 TpeKaX ti8CTVI~ 

:a KaMepe noJiyt~aeTOfi HaCiop npocTpaHcT:aeHHhlX KOop;nMHaT Xc. , Vi, 2, 

( i == I, ... , ,1\1 ) ;nJIH KaJit;noro vrs cJie;no:a :a CNlCTeMe ocei1 

)(,1(,~ , CBff38HHhlX C K8Mepoi1. Koop;ztvtH8Thl TOtieK TpeKa H8 

rrJIOCKOCTH XOY, nepneH~HRYJiffpHoti MarHHTHOMy noJiro, annpoKCNlM~PY ·· 

Off napa60JIOi1 BM.zta[I2): 

7/ =a(a:- i )L-rc;) 

r;ne 

e -== V(x1 -.. KN /'·· + (y,-y IV')~ 

CvtCTeMa KOOp;nm:faT (X> ~ ) orrpe~eJifieTCff CJie;ztyiDll\HM o6pa30M: 

Oc:& X npoxo;nvtT tie pes T')trK:ti ( X 1, y.,) u ( X,v ; Yftl ) • Oc:& u Y n 

JieJKMT B rrJIOCKOCTM XOY 11 neprreH.:ztMKYJiffpHa, K 0 X, HaliaJio OTC"!ieTa 

conrra;n;aeT c TO"!iKOM (X 1 , V1 ) , oc:t1 (X, Y ) 11 (X> Y) o6pasyroT 

O;ztHH8KOBhi8 C:t1CT6Mbl, JIEi:a;rro l'IJI:L1. npaByiO, 000TB8TOTB8HHO (pvto • 5) 

'il 

)/\ 
I 

X 

~ 
~--~~Jfi:--- -

o X 
P111 o • ill-5 • :i' 
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cr. - u;eHTP 1-tpVl:STIISHbi rrapa60Jibi :s TO\ii\8 c lWOp;nviH8T8MVI ( 1 ) c. ) I 

(:a cvrcTeMe x ,fJ ). I 
K08cD!llMIIJ;TII6HTbl " Q.. " TII 11 C tt orrpe;neJIHIOTCff MSTO,"nOM H8l1M6H:Dllit1X j 

K:sa;npaTOB B rrpe~nOJIO~SHVlTII, ~TO TIISMepeHHhl9 TO\iKTII TIIMSIO~ O~TIIH8K0Bbl~ l 
:sec. 3a aRcnepTIIMeHTan:&Hoe sHa\ieHHe pa~vxyca Epvx:avxaHbl ( Rs ) 
rrpOell:IJ;TIIVl TpeKa npMHTIIM86TCH: 

0 - ..L 
f\.3 -:lQ'!J 

YroJI. f.> J orrpe;n;eJiaeTCfl I-taR yroJI Mem;ny oc::&ro OX 11 neprrex;nJiey-
. . 

JI.apoM, rrpo:ae;n;eHHblM :a ITJI.OCKOCTVI XOY K rrpaMOH, npoxo~H~e~ qepea 

TO\iKY ( X , Y . ) 11 ueH~P KPVIBMI3Hhi napa6oJThl :s TO\iKe ( t 
1 

c.. ) • 
YI'OJI o/.. !J onpe;n;eJI.H6TCH MST O;D;OM H811IM6H:DIIIVIX RBa;npa!OB, I<:ai<: . 

yroJI ITO~~eMa BTIIHTOBO~ JITIIHVIVI, OJ:D KOTOpO~ npOXO;D;VIT qepea TO\iKY r 
napaJI.JI.eJI:&Ho ocH l , a pa;nVIy ~ KPHBVI3Hbi pa:aeH R :1 • 

TaKHM 06p830M, reOM6Tpvtqe~K8fl nporpaMM8 CT8BHT B COOTB6T

CTDVIG Ra,K;noMy cnelJ.Y TPVI napa Me rpa R ~ , f>3 vx o( 9 M VIX ope;n;He

KBa;n;paTVI\iHble OIIIVI6I\VI, KOTOpbte 0 ape;D;GJIHIOTCH no clJOpMyJiaM TliiiT8: 

B nporpaMMe l'i;v;eHTVIcflHRaiJ;X,Ui r -KB8HTOB pa;n.v.ych! H:pHBZ3Hbi 

A = f aJiei-tTpoHo:s (noaMTP JHOB) KoppeRTt1pyroTCH Ha VIOHMaauH-

) 

r;n;e 
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Cf - U:8HTp KPMBVI3Hbi rrapaoOJibi B TO't!Ke C H:OOp,ZI;VIH8T8lvH1 ( 1 ) C. 

(:a CVICT8M8 X// ) • 
) \ 

I 
j 
4 Koawg?HuvreHTbl " a " vr " c " onpe;n;eJIHroTcn MeTO;zi;OM HaVIMeH:Dwvxx 
l 

KBa;zi;paTo:a :a rrpe;zi;noJiomeHvrvr, tiTO VI3MepeHHhle TO'qKVI vrMeroT O;zi;VIHaKOBbiU 1 

:sec. Sa aKcrrepvrMeHTaJI:&Hoe aHatieHvr~ pa;zi;vryca Kpvr:avrSHbi ( R9 ) 
rrpOeltUVIVI TpeKa npmHHM86TCH: 

D - ..1._ 
f\. 3 - lQ.a 

YroJI p ~ orrpe,ZI;eJIHeTcH I\81\ yroJI Mem;n;y oc:cro OX vr neprreH;n;!1ey-

JIHPOM, rrpo:ae;zi;eHHDIM :a nJIOOKOCTVI XOY K rrpHMOti, rrpoxo;n;H•e~ tiepes 

TOtiKY ( X Y ) H 1..\GHTP KPVIBVI3Hbi nap8603Ibi :a TOqKe ( t, c ) • 
' ' 

YrOJI cL .~ onpe;IJ;6JHI6TOH M8T O;ZJ;OM H8VIM6H:OlllVIX KBa,ZI;pa!OB, I\8!\ . 

yroJI IlO,ZI;~eMa BVIHTOBO~ JIJifHVIVI, 00:0 1\0TOpO~ npOXO;IJ;VIT qepea TOtiKY f 
napa3IJI63I:&HO OOH 1, , a pa;n;vryc KPHBVI3Hbi paBeH R. fJ • 

TaKVIM o6pa30M, reOMaTpVIti6CK8fl nporpaMM8 CT8BVIT B COOTB8T-

CTBVI0 Ita:nt;n;oMy cJielJJ TPIJI rrapaMeTpa R fJ , J>9 VI o( 9 IJI IJIX cpe,ZI;He-

KBa;n;paTVItiHHe OWH6KVI, KOTOpbie onpe;n;eJIHKlTCH IIO ~OpMyJiaM THna: 

B nporpaMMe JIJJ.J;eHTVIg)VIKaU1111I ( -KBaHTOB pa;n;zycbl I~pvrnrr.3Ebr 

A = k aJiei\TpoRo:a (no3VITPOHOB) RoppeKTvrpyiOTOfl aa It70Hvraau;v.-

oHHhie YI pa;ZI;I48UHOHHbl8 IlOTepJti 110 cl)OpMyJiaM: 

e. e~ 

/! = flg- (a;_+ & a.3 + 1 alj1 / 
' e. a' :£:!:.. ' 1/.!J + II." ) a.t ..,.. 2 3 + 

1 
a.. I( 

r;n;e Q,1 J Qz J C!-!> ,at- ItOS{Jtqli1J..\VI8HTbl ypaBH6HHfl npOertD;vut cpe;z:r,Heti . 

· sJieitTPOHHoti TpaeKTOPI1H Ha rrJiocKocT:c XOY: 

\.J 1 2, J._ ,.-,.3 1 n ~If 
:J :::: Q 1 Ct + .2 Q ~ ~ + G a J ..,.. r rY 1..{--/r "'-'• ) 
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1 
1 
i 
~ 

HOJIY'l eHHOfi B npe;l{HOJ!Oll(e Hill!, 'ITO Ha K8l!C;!IOM SJiel.leHTe Tpa ei!T Oplll! l 
IIOTep~ 8~8KTpOHa paBH~ ope~HHM IIOTepHM ~ IIOTepH Ha ~a~yqeHHe 

Ha 8~8M6HTe d$ He npeBOOXO~fiT Be~~qHHy Ejk ~ r;n;e 

E - aHepr~n a~eKTpoHa, 

k - KOHOT8HT8, onpe;n;e~nromafl OTOOp C~e;ZJ;OB Ha HSMepeHHff, 

o/. $ - S~8M8HT ;ZJ;~Hlihl 8~BKTpOHHOrO TpeKa B npOOTpaHOTBe • 

a, =-ig¢; 

a:~.. = ll a;~3 <fJ ) 

a_ = ll· k · COJ¢' -3/l~. An¢ 
3 et:-1->¢ 

a = coJ¢[wr/J(3/l 3 +k~ll)-skJl~.tln{?J 
" CD:J '(.¢ > 

+ 

+ - S J/. St'n ¢ [ ll·ll ·Co:!¢- 3 11-t. -h'n r£!1 . 
C017f } / 

·I 

I (}Q,;_ ,.. , ) ai = 1J.fl. c t .=r,.z,3,Lt . 

¢ - yro~ IIOBOpOTa MeJJ:,ZJ;y 00:010 OX H KaOaTe~:&HOtt K TpaeKTOpJt?:H 

B Haqa~:OHO~ TOqKE:. 

. /? 
Jin ¢ z ~n t/Jo -~~ J 

Ji/1 tA - 171:- . 
0 - 1.. + Vl-t/ii~ ) 

P = !0~ -llj ·w·~¢v[i +.}·t·COJ¢o t- t~(3~:~-k~)w~rp~] 

~ = :1 + /12e ~:t¢0 [~~e ij ¢o + t.t(3A:: k.t) ·1t'n ¢o J 

• 
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f 
t ITpaBHn~HOCT~ BB6~6HHH ITO~~SBOK Ha HOHH8SQHOHHY6 H pa~Ha~HOH-

Hbl6 ITOTepH aneKTpOHOB :B cpe~e 15YJia npo:aepeHa t18M6p6HH6M MaCChi 

:;zo- M680Ha B nponaHOBO.t1 ITJ8hlp~KOBO:t:i KaMepe. BbiJI.O OT06paHO 

I67 0- JiytreBbiX a:aea~ C He Mt;)H66 tl~M .zt:BYMH r- RB8HT8Ml1. 

, Cpe.ztaee aHatreaHe Maccllt .7LD- ueaoHa nocJie :a.Be,2J;eH:t1H noilpa:aoK 

oKaaanao~ pa:aaoit 1.36. 6 :! Z 11,/J 6es HPIX I22.±3 Ma:a. 

6) AnnpoROHMauHa aJieKTpoaHoro ~~peRa KpHBOM o nepeMeHHhi11, 

pa,?JHyOOM KpMBHSHbi 0 MOITOJI:&SOBaHH6M MaTpHUbi MHOrOKpaT,

HOrO paooeflli!U;!, 

BH,2J;a: 

r,2J;e 

lJ.JIH annpOKOHMSQHH SJI6KTPOEHhiX Tp6KOB HCITOJI::&80BSJI80:& I~PHBMl 

y =-a,+ ak.x faJ·X~ ~o a, ·y~ , a MHHHMHaHpo:aaJioH riJyHI\~HoaaJL 

tl - trHono T0'tl6K Ha Tp6K6, 

t1 ~i - OTKJIOH6HH6 SKOnepHM6HTaJI:&HbiX TO'tl6K OT annpOKOHMl1pymmet1 

TP6K cl>YHK~~Ut' 

Silt ;:fiik .,.fi'trm.~J · ~l - MaTpH~a omHCSOK. 

{i 2.( ~ J,;J ,_, J e . ( e P.· k_ ::: S h1 + p L ( t ' . +' ' ( f_ f- J j f 
1 ' I. ) X { + .3 /"'IJ k ) f 

,. G Xo plf j=f J ,J ~ l;',jH :Z lj ,J".,.t 

+~ eiJitt X eJN,i xeJtl)k) j 

MaTpH~a KyJioao:aoKoro paooe.~HHH , 

f. j 1 J"4- .f - paOOTOHHH6 M6iK,2l;y TOllKSMH J U. i + { ; 

G(m..e&)- omH6Ka HSMepeHHH, 

Jli - OHMBOX KpOH6Kepa. 
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ITpo:sepKa rrpaEM~»HOCTM y~eTa Ky~OHOECKOrO paCC8BHMff M TO 

M03HOrO M3~Y~8HMH y SJI8KTpOHHbiX Tp6KOE ITpOM3EO;ztMJiac» npM aHa 
" . 

38 C06biTMt1 C ;ltEYMff d -REaHTaMIII, 
11
CMOTpffli.\MMM B 0,2 M 4-Jiy~e 

3B63~ TJiiiTa rr-p. C06hirJiiff 6biJIH ITOJiy~eHbi H8 M6TpOBOt1 nponaHOl3" 

KaMepe OL1JH1 (X =IIO CM), 3KcnoHMpoBaHHot1 B ny~Ke Jc- c MMny 

COM 5.I <f6V/C, 

CpaEHMEaJIOff ;lt8HHbiH M6TO~ M M6TO~ npo:se~eHMff ORpy~HOCTJii 

qepea 3JI8KTpOHHble TpeKM C ITOOJie~yro~JiiM EBe~eHMeM rrorrpaEOK K 

MMITy~»oy. EbiJIO H8M~8HO, 'tiTO cpe;ztHMe 3Ha'ti6HJiiff MaCChi n°-Me30H8 

oo:sna~aroT B npe;zteJiax onm6oK, a mMpli!Hhi paonpe:zteJieHHtt B nepBOM 

oJiyqae L\ Mu. ==9 t:. ( 0
/ · , a BO BTopoM - tJ Met ==If t 17o 

('17eo /v , MJT• 

B) MeTo;g MopeJIJie. [ f 3] . . 

Ba:ztaHbi npooTpaHcTB€HHDie Koop~MHaTDI TpeKa X, Y
7 

2 • 

a) B rrJiooKocTH Xy' MHK K TPeKY no:ztroHrreTcrr napa6oJia 

BH~8 tj:;:; a_x.t.,_ 6x + C t. ITO K03Q)cimn;Jii6HT8M ROTOpO.ti H8XO:ztMTCff pa-' 

~HYO KPJiiBH3Hbi ~ • 

6) B rrJIOOKOCTf.t :Z , ll f. npono~MTCB: npHMarr JIMHHB:: 

:l =- :lo _,_ R.l{J 

~- a3MMyTa.7IbHhitl yroJI. 

ITpH aToM KaJK~oii Toq:~e rrpMnJiiOhiBaeTOH Bee Jii Y'tiMTbiBaroTorr 

KoppeJIB:UMH M6JK~y COC6~HH1411: TO~KaMM ¥73-38 MHoroKpaTHOrO 

0 :lJ = ( f5z_ rnRAA.J!>)~ r ( 0 ~) L 

(o~)rnu:i Ollll16Ka H3M6p6HlHI 

TO'ti6R. 

~ - KOOp:ztHH8Tbi, llOCTOB:HH8H ~JIB: BCeX 

',-~ .. 
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·->K) 
MaTpNiu;a ;KoppeJIHIJ;HH owH60K MJ:Ior )ltpaTHoro pacceflm1H pmma: 

( 6[cail) :1-Xj' Xi = 41 xt (3 Xj -Xi) 

r;n;e X ::= R. lf 
j, i - HH;zt8KCU ;ztByX TOli6K, 

rA~ E~ .t 
'f/o = (ppc.)Jv . Yo 

B peayJIDTaTe nonyqaeTCH rJiy6MHHMM yroJI 
. 'l 

0 Olli116KOti: fl ·:t cJ Jl 

:a) I{oop;n;MHaTbi X , Y ~peo6p33.YIOTCH B cMcTeMy, B KOTopqi1 o~na 
M3 OCe~ (X. ) IIpOXO;IJ;HT tiepea ll3p:ByiO VI TpeTDIO TOtiKM TpeKa, 8 

;npyraH nepneH;n;HKyJutpHa ei1 ( ~ ) 

'i 

0 
----x-

U) - yro11 IlOBOpOTa HOBOti CMO reMbi OTHOCMTeJI:bHO CTapoH, 

r) TpeK arrnpoKCHMHpyeTCH i\PMBO~, YliVITLmarometi · TOpMO:Jliij8 

H31!yli6H116 81!6KTpOHa: 

- l-[ A,£;( 
[(;c)=,~ e ~d.. __ 1_ -· ~} 

Ro fl, g £ /1, C£ w 

=============================== 
*) 0Ha co:sna;n;aeT o MaTp¥Iu;ett li\k nymtTa 6), npr1 c,yMMvrpomumu 

noc11e;n;Heit no MH;zteKoy J. • 
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a.nec:o c - OTI\JIOHeHHE RPI1BOUI TOpM03HOrO H3JiytieHH.ff OT OI\pyjK-· 

HOCTH c pa.ZJ;MycoM R o • 

~It u 

?f c 
. 8Ta I\PHBBfl npH ,ZI;8HHOM ~ =_j_ - 38BHCVIT OT Tpex Be-

Jil'lliHH: o( 0 R 0 1 cf . 
) 

cXo =en (1.- h '!;:a~- napaMe!~p 06p638H11I.ff, xapaKTepH3y10~VIi1 M8KCMM8 

HYIO ,no;rro SHeprJIIH, ITOTep.ffHHYIO SJieKTPOHOM. 

f - yrOJI IIOBOpOTa ClilCTOMbl KOOp,1J;HH8T ( U., t./ ) OTHOOHT6JI:&HO 

CJ.il:CTeMhi K00p,ZJ;I.1H8T ( X> ~ ) • (Y Cl'lCTeMbi ( U.., 1Y .. ) H8'tl8JIO 

KOOp,'ZJ;HHBT HBXO,'ZJ;MTCH B H8ti8JI:&HOi1: TOtiKe TpeKa, 00:& .:.U... 

HanpanJieHa no Kaca~'eJI:&Hott K OKpymHOOTPI o pa,nHyoou R o , . 

oo:o .,- nepneH;n;HKyJ::HpHa K u. ) . 
o0 ( )m+t I ~ -1 ,.,., f/, := f(o(o)= L m f m cXo • 

h'l•( ~ 
·() 

v= ......_ 1 .rr 
... i.A. 
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IIp.vt .§ ;3HallemHIX ex. o = o.1 j o. :1..., , .. ; o. 5 MVIimMM3v.pyeTcrr 

WYHK~TtioHan: 

f' ~ .;, [ E;. - t (:ti. )]:& G/' ::: { G x,t' in'~ruJ.t. _,_ ( ffi ~ ca.tl) .V 
ll ~ /-J '"" .£ (/ 

L= I ~, 

HaXO~HTCfl 3H8liSHHe oL 0 , np11 IWTOpOM 1t.t, M11HHM8JIGH. 

~) ilOCJie TOrO, K8I\ Hati~ei Jl o/ o H 'f , rropea KOOp,ZlJ,IH8Thi U., lY 

CHOBa npOBO~HTCH KpvtBaff·TopMO~HOro H3JiytieUHH, HO Kam~oM TOque, 

KpOMS OU1H60K .vta-aa Tt13MepeHHfl k' MHOI'OICP8THOI'O paccefiHlHI, np:vm:t1-

CUBaeTCff OU1H6Ka H3-38 TOpM03HCrO H3JiytieHHff. 

MaTp.vt~a KOppSJiff~HH OU1H60E KOOp~HHBT H3-38 TOpM03HOrO HBJiy

tiSHHff paBHa: 

eX.(«-) 
+ <.e J c. I'< c .. > -- /.5 . > .c- E,.? c.;J, C:....JL "l. ',. 1 

I 
+ fhf;ui 

:,. I (~ ( e. ~h B Uj- i. - _j_ ______ J 
(flz -1/,J.-C e-9 (ll.t e ltj)).. rthC uJJ~) 
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3 (e~g0_i u· 1. 
< "' IJ Bi > = it l ( Uh -II,)&Vj}'- 11,_ c ttj 

)1, /juj_i 1 e + 
- ,11., t "i 

I /,1 (e /l ... Cui_ i. 
+(.II:~_ -fl,)C Uj ( c<t ( .lh C u;J~ 

e.11, .e Ui _ 
1 

( .llt-16 Uj ):L 
1. _,._ 

/11 fbui 

- i . ). 

e /1, c uj .:.._ d. ) 

/1., c U.j 

e .~~,cuj- 1. (. " . 1) 1 1] · 
- /1. 6u; /l,l tlj + .t + /1,& Uj + J: ) 

.([J'eo<(uj)) = ut f j_ :< .t. ,_(ell ... Cu.,~eP.Ctti)-
Ro l{l/;.-//1} ~ tlj 

e/l,Cuj(. /_ 1.)} 
- (IJ.z-J11}6U.j +~ j 

~ < EJ > = Ui [ .e /l,€u;_1. 
Ro · i - lli 

<E ij > =: < E!- > + (Uj - Ut)<Ci tJ(/i > '"<C; eo<ru;)> (E.J -ct) 

o((u·) . 
+ R.f {Uj-UJ.L(<e . 'E;>-~Ct>) · ' ~ 0 • 

naHHUH M6TO~ 6hlR rrpOiepeH Ha 06ill*PHOM 8KOITep~M6HT8R»HOM 
MaTepzaRe: 

I) llpH H3MepeHMH SHepr*H aneKTpOHOB, B KaMepe, 38ITORHeHHOH 

~H~KOOT»ID 0 pa~~a~HOHHOH ~nHHOH )(0 = 25OM, 8KOITOHHpOB8HHOH B 
' rryqKe SR6KTPOHOB CO ope~HHM HMITYR»OOM 500 Mevjo. 



TIO l13MepeHl11IM 800 SJISKTpOHHhiX TpeKOB 6biJIO Ha:tf~SHO, qTO 

cpe;n;H.RII aHepr:&o~a pa:ana 498. Ei .± 2 Ma:ajc 11 OIUH6Iia es = 20%, Tor~a 

RSK no MGTO~Y Eapa-MHTHepa n~ryqae~Off <5 = 34%. 

2) TipH HauepeHl1l1 anepr1111 

' IIPH OCT8HOB.Ke: 

d - KBaHTOB · OT K + pacna.zl;OB 

K+ - no+n+ 

V'I B STOM CJiyqae 6biJIO T8KHe Ha:ti:z:teHO npOl'HI4'Yll(8CTBO .1l;SHHOrO 

M8T0.1l;8 nepe:z:t M6T0.1l;OM Bapa-MHTHepa. 

§ 6. OTIPEJXEJIEIIV'IE TIAPAME'rPOB 31 PHJKEHHOt1 tiACTHUfJ!, 
;l{Bt1JKYIUE~CH B TOPM08HIUEU I'ACCEVIBA!OIUE11 CPE~JLE, 

ITOMElllEHHO~ B HEO]lHOPO]JJ OE MArHVITHOE TIOJIE, 
METOnOM MAKCV'IMYMA LPABnorrono~H 

B pa6oTe (I3) paccuoTpeH :aonpoo od orrpe.1l;eJieHHH rrapaueTpo:a 

H8l13JiytrSIOll(et1 38p.A:>K8HHO.ti qacTklLhl, .z.tB:VIJ!CYllt6klC.R :B TOpM03.RI~ef1 paccen

B8l0llt6ll cpe,ne, IIOM6ll(8HHOM B H8C.1l;HOp0.1l;HOe MarHUTHOe IIOJie 113 YCJIO:BHri 

oe1pameHH.R :a MaKc:vtMyM clJYHK~Hl1 npa:a;n;ono,no6:vta: 

X=~ .e.z:p{-1££!&. + j~ hJ} ,.,0 Ul .} 

(1..) 

ti - H3MepHT6~iHaa OIDH6Ka D KOOp.z.tHHSTe Yi. (ITpOCTPBHCTBeHHhle 

K00p.1l;HH8TM TOqeK TpeKa npe.zl;ITOJiaraJOTCfl l13MepeHH.biMH ~638BH

OHMO .z.tpyr OT .z.tpyra) 
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di- rrpoeit~H.a na rmocKOCT& XOY yrJia MH.otoKpaTHoro pacceHHH.a 

Ha (., -OM HHTepBa 1Ie M6'iKlJJ/ TOtrK8MVI i- i.. k1 c., • 

(Tipe~IIOJiaraeTCfl, trTO MarHVITHOe IIOJie HanpaBJieHO B OCHOBHOM 

no OCVI f{~ VI CMCTeMa KOOp~VIH8T Ba6paHa T8K, trTO y VI3MepeHHhlX 

TO'tJ0K TpeKa Xo ~ 'f.o ='f. t1 :::: 0 
~ 

9JE,· 9JJi - COOTB6TCTBYIO~VIe ~VICnepCl-UI. 
I L 

9JJ == ( 1-tfPv )L e;x o 

1 i -

TaKoi1 BU~ !IJYHRnVIVI rrpa:E~ono~o6VI.a rroJiytrHJic.a rrplil rrpeHe6pern.eHHPI 

CiOKOBbiM CM6U(0Hl'IeM ti8CTVInhl YI3-38 MHOrOKpaTHOrO pacce.aHVIfl 

(CM. IIJOPMYJIY B-I) no cpaBH0HRIO ~ di 

fi = Ci (;j,·, :JoJ c:o, Po, j3fi,J1, ,,,dn,St_, ... ,s"') 
i = f, ... , N 

Co ~ ?Jo- To ( 3) 

Po - VIMny~DC tracTVI~hl B Hctra~DHO~ (HyJieBo~) TOtrKe TpaeKTOpVIH • 

.fo - yro~ M8'iKlJJ/ OC:&IO OX V'I rrpOeK~Yiei1 HMIIyJI:&Ca 'tJ8CTl'ID;bi B H8'tJ8 

HOi1 TOtrKe na II~OCKOC:T:& XOY. 

Tr, - HCTV'IHHOe 3H8'tJ8HH0 . ~f -Oti rtoop~HH8Tbi B H8'tJ8JI:&HOJii T0t!K0, 

S;. - ~~VIHa ~yrJ/f. npoeit~HVI TpaeKTOpHH Ha IIJIOCI\OCT:& XOY. 

CVICTeMa ypaBHeHHit, COOTBeTCT:SYIOilt6fl yCJIOBIUiM 
,.; . 
L {ci . .± cj r XJ- ~j-1 )J == o 
i= ( J= I 

t {ti (Xi - Xo) J = 0 
i.=l rl 

E.o -t 2. Ci = 0 
i=f 

1 N iJ(· 
<l:Jf f. Cj (Xi.-, fXi-$Xj)+rz>t:=O 

(V/r ~o) 
(

'O.:t. ) 
~=0 

(#.=o) 
(lf:=o) 

' 

3KCTP0MyMS 

(4) 

. (5) 

(6) 

(7) 
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A, B - rronpa:BIUI K H8ti8/I::&HOMy np:t16.7rVDKeHZIO 

a"- KPl1:Bl1aHa 

* ao ==ao + fl I 11/4- a, (8) 

p::: J,*'.,. t It/<(< J. \9) 

/II 

{i = r [rtJ·' + fJ-t ·IJ l.J·(;/ +iCI;·-, -tJ~)} fa,_,.i:j;t-(tJ!t)(i+}Oi-t4ft)j (10) 
J'' u . 

(i1.) 

. I 

C - CKOpOCT::& O:BeTa . 
ct 2- M.L 
Co.==Po + 

B1 H B~ - KOHOTSHT~ :B ~OpM~r.ne l10Hl138~l10HH~X noTep::&: 

ol.o - yro.n Mem;n;y 'KaCaTeJI:&HOa lt Tpae~TOPVIR ll Ha'1:M::&HOiii TO'tute 

11 nJIOCKg'CT:&Io XOY 

Ll t,· = V(x, -Xi-,)~+ ('f; ... 'ti-r)~ 

4· = 1 .dB· . 
' Pi · cruo( c. d s , , 

Cl1cTeua JIHHet:iHhiX ypa:sHemrtt :a MaTpl1'tiHOti c,popue aanVIcbmaeTCTI 

cJie;n;yiO~l1M o6paaoM: ( Q). ( r)= ( S) 
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!4L. 

( (')- OTOJI6en; H3 H6]{13:S6CTHbiX :S6JIVTli.HH , 

{62)- K:sa~paTHaa MaTpHn;a Ha KoawwHn;J(IeHTo:s npH aTmx HeHa:secTHbiX 

B6JIHliHH8X, 

' ( S) - CTOJI6en; H3 C:S060~HhiX liJI6HO:S. 

',·' PemeHvte 0J(ICT6Mhl H8XO~J(IrCfl no wopMyJie: 

· .{ f')=((})-1 ($) r~e 
J . 

: ~<·, 

( (})-1. - M8TpHIJ;8, 06paTH8fl K ( Q ) , '' 

Sa HaliaJI:&Hue npH6JIVIJKeHt-tH rra)aMeTpo:s B Q)opMyJiax (8), (9) ,klr (I3) 
npHHHM8IDTCH! ~ 

........ 

P. * _ n .,_ro.tS .IH'·R .,__j__. BH.'l) +-2841-'noL)- f1~, 1;i}·S~e ~ 
(1 - ,.., 9 L C05 .f., o< ( • !J eo~ J o( o<. \..(.Vol 

+ 0. 3 . ./ P;. . H" + .1.. iQci. 8, H' + _!_ . B'1J +.3 ·iao<· 8'-
1·~2..ol (~o( :1J (] H ~Lo( H (j 

_ .2~inot. .C)) + ~ . !3 · ~i)' + .1 co&ol, H + -f J. f1 + 
Ra c~.t.oL H 8 Ra· 

+ t :::. . H'· M} !!.," 

A* -arc ta (- ~ ) F 0 - d Z(R.a +C) j 

"' ,v ,.v 
+not.*' .:: fa ];, . f.; ei - ( tl fo 1) ' ~ J.i ()&' 

vg 0 R [( N '"' N " J ~ ~ ei) - { /Y' t1). r {)i 
l-0 t."'O 

/)* - 0. 3 H 
Vl,.g- _.., - - • -11 J 

P3 = 0~~ {(Hx ·CO~ f> + f,'lf k.rt} }tgol- H:~.} 

1 R'3 ==u~ 
• 

( 14) 

(15) 

(1G) 

(i :;.) 

(1. g) 

( 1. 9) 

·'·J;Iit' 
··.~~ 
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CL-1 noJiyqaeTOff npH annpOKOHMa~HH TpaeKTOpHH ~peKa napa60JIOM 

:aH~a: 

H = ( Hx · C()Jj + Hy ·-4-inp)- t3ol - Hi-

H' = (~~f-·CI)5J + ~~y ·Xnp}trx- ~~z i 
H n = I d t. /1;. , Cf)J A + d .t H 'i . -h 11. 6 ) ·la ot. - d/' Hz. 

l: dst. 1 dS£ j . ;..-0 o/.5~ J 

8=H'J·COJj>-Hx·~nJ> j 

a , = d Hy . C'..d.J A - ff 1/x ·. Jt'n f), . 
0 ds r ds ;- ' 

9J = H )l· M} + Hy · .JYin f i 

9J' = dHx . W,SA -r d HcJ. &in A . 
dg r ds ;-J 

x = d!lf . . 
d.S P= p~ I 

• 

(20) 

(2!) 

. (22) 

·' 

I 
f 

. .. 
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k 
S K.. = L L1 f.i - ;n;JntHa ;n;yrH 

j:f !I 
rl ,' 

ITonpaBKT/1. K TII.MITYRI>OY Ha.TII.OHT11.3aUTI1.0HHhle ITOTepTII. Tl1. HeO;D;HOpO;IJ;HOOTh 
. I ~ 

MarHTII.THOrO ITOJI.f.l :B tPOpMyRe (14) 6biJITI1. ITOJiy'tleiD:tl M6TO;D;OM HaHMeHhiDHX 

K:Ba;n;paTO:B npT/1. MTI1.HT11.MTI1.3aUHTI1. tP~HKqHOHSJia: 
SIC 

t. J [ . :L ) t., ]/l.,d Q = . 'Jfs) -: a.(Xcs)- ;r _ - C $ 
0 

X - X, · COJS qy + ~ 1 · -!Yin ~f) 

~ = - X I • -x·n. ¢ + ';/ 1 . CoJ ~~ 

CIJJrf= X, (S~c) . 
J_ I 

--fin rf = 

~ =[ x,~(s~J + y,~ (s~e)] i 

I 

Yr (S~e) . 
2 I 

7 UJ€. 

~,(s):=(Jinf dpt J 
Xt (s) = / CiMJ dp_ 

ypaaHeHTII.e TpaeKTOpPIH, KaOaTeJI:OHOH 

0Xi Tl1. npoxo;n;ameH qepea TO'tlKy 0 

H8Ti~M111 I 0, 0 I 
() 

· } (S) ~ fli _, + dj~-1 
( S- Si-t )[1_ ~ f ((,_, (S- Si-t )j , 

K OOT/1. 

I(OOp;D;H-

3a:Sl10HMOOT:O Me~;ey yrliOM ITO:SOpOTa ft H MOOKO.ti ;eyroiit $ 

6bilia noJiy'tleHa :a :aH;n;e paaJIO)KeHHff no oTeneaaM :J np111 HHTerpHpona

HHH·ypaBHeHHH ;D;BTI1.~6HHH B HeO~(HOpO.li;HOM MarHMTHOM llOJie C y't:IeTOM 
' . 

TOPMO~eHMff. IlpH 3TOM oqTI1.T8liOC:h ," qTQ TO'tUCT/1. Ha TpaeKTOpHH TI1.3MepeHbi 

CTOJih tiSOTO, tiTO B OTII.Jiy MSROCTR il$( = Si - 5t-• MOIKHO orpaHTI1.tiHThCH 

B OKpeCTHOOTli ( i -1 ) -C1H TO'tlK:rJ: 3ITI1.H6.t1HbiM Tl1. KBa;n;paT:vttiHbiM 

qJieHaW B paaJIOJIC6HTI1.H f' ( S) no CTeneH.f.IM ( ~ - S c:- r ) • 

• 

f .,r; 
r 

~j 

I 
ll 

~~~· ... I •t. 
1.,· 

/ 

.. 
' f: 

l .~· ,. 
i 

-~ 
,\;t 
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