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1. BaelleHHe 

Opii Tpaacnop'l'IIpOBKe ny'IKOB sapg)!{eHHbiX 'laCTIIU B HeKO'l'OpbiX cny'lal'IX 

He06XOllHMO IICITOnb30Ba'l'b ITOBOpO'l'Hbie Mai'HH'l'bl C I'panHeH'l'HOH cpOKYCHpOB­

KOH1 KaK 9'1'0 cnenaH01 HallpiiMep1 B CIIC'l'eMe TpaHCITOpTHpOBKH npO'l'OHOB npii 

6biCTpOM BbiBOne nepBII'IHOI'O ITY'IKa Ha CIIHXpOcpa30'l'pOHe nB3. 

00CKOnhKY rpaniieH'l' nong TaKIIX Mai'HII'l'OB nocTa'l'O'IHO aeniiK (n=..!JH ·~ = 

= - 140 )1 HanpaaneHIIe ny'!Ka Ha BbiXone CIIC'l'9Mbl CYIIl9C'l'B9HHO 3aBHCHT He 

'l'OnbKO OT HHnyKUIIH B Mai'HH'l'aX1 HO H 0'1' HX non0)!{9HH.!I B llpOC'l'paHC'l'Beo 

Bbi6op napaMe'l'pOB II non0)!{9HIIl'l aneMeHTOB TaKOH CIICT9Mbl B npOCTpaHCTBe 

M0)!{9T 6bi'l'b BblllOnHeH TOnhKO Ha 3BM C Y'l~'l'OM peanbHbiX XapaK'l'9pHCTHK 

HCllOnb3Y9MbiX Mai"'HH'l'OBo B CB.!I3H C STH¥ 6bin COC'l'SBneH p.11n npol"'paMM . 

pemeHH.!I 3alla'III Komii MeTonoM PyHI"'e-Ky'l'Ta lln.!'l pac'l~'l'a TpaeK'l'OpHfi o~ 

Jl9nbHbiX 'laCTHU/l,B/• Oocne paC'I~'l'a COBOKYllHOC'l'H TpaeKTOpiifi pe3ynb'l'a'l'bl 

BH3yanbHO aHani13IIpOBaniiCb1 H3M9H.!InHCb napaMeTpbl CIICT9Mbl~ H Bbi'IIICneHH.!I 

llOBTOpl'!niiCb no nOny'leHH.!I Tpe6yeMbiX XapaKTepiiCTIIK ny'!Kao l13-3a Tpyllo­

eMKOC'l'H ll0Jl06HbiX paC'I~TOB B03HIIK BOnpOC 0 Bbi6ope HOBOI"'O pemeHII.!I Sana-

B HaCTOl'llllefi pa6o'l'e oniiCaHo npiiMeHeHIIe aenpepbiBHOI"'O aaanol"'a MeTo­

lla HbiO'l'OHa Jln.!'l Bbi6opa HHnyKUHH B Mai"'HH'l'aX II paCCTaHOBKH IIX Ha Tpacce 

BbiBOna. 
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2. Onncaane aanaqn 

Hn*e naao KpaTKoe onncaaue rrepBofi cTyrreau cucTeMbi TpaacrropTupoB­

Kn obiCTporo Dbmona, rrpuneneHbi xapaKTepucTnKH rronefi MarHnTon, rronyqea­

Hbie Ha OCHOBaHIIH Mai'HHTHbiX H3MepeHHfi1 qmauqeCKaSI, MaTeMa THqeCK851 ITO­

CTaHODKa aanaqu H MeTOil pacqeTa, a TaK*e OoOCHOB8H BbloOp CHCT9Mbl KO-

opnnHaT. 

2.1. CncTeMa TpaacrropTupoBKH 

B rrepnyro cTyrreHb BHewHefi TpaHcrropTupoDKH rrpu ohiCTpOM BbiBOile BXO­

ilSIT )lBa ITOB OpOTHbiX Mai'HHTa, cjJoKyC.HpyiOWHX rryqoK D I'OpH30HTanhHOfi rrnoc­

KOCTHo MarHHTbl pacnono*eHbl B rrpSIMOnHHefiHOM rrpoMe:lKyTKe B KOHUe [Il­

KBanpaHTa yCKOpHTenSI (p.HCo 1 ). DepBbifi Mai'HHT OTCTOHT Ha 100CM OT KOHUa 

l// KnanpaHTao YBennqnBaTb 9TO paCCTOSIHIIe He*enaTenbHO, ITOCKOnbKY BbiXO­

ilSIWHfi rryqoK HMeeT 6onbWYIO yrnoByiO pacxonHMOCTb B ropuaoHTanbHofi rrnoc­

KOCTH. PaCCTOSIHHe M9*ilY ITOBOpOTHbiMH M8I'HHTaMH MO*eT MeHSITbCSI ( MHHH­

ManbHblil rrpenen - 17 CM) • MarHHTbl HMeiOT IOCTHpOBOqHbie rrpucrrocol5neHHSI1 

KOTOpbie IT03BOnSIIOT MeHSITb HX rrono*eHHe H HaKnOH B ITpOCTpaHCTBe. l1 HilYK-

UIISI D Mai'H.HTaX 3aDHCHT OT H3M9H9HHSI BenuqHH TOKOD D HX 06MOT-

KaX; rrpH 9TOM IIOKa3aTenb ITOn51 11 n 11 
OCTaeTCSI H9H3M9HHbiMo 

2.2. CncTeMa KoopnnHaT 

OcHOBHaSI rrpSIMoyronbHaSI cucTeMa KoopnnnaT (X, Y, Z) rrpnBSI3aHa K qeT­

BepToMy rrpSIMonuaefiaoMy rrpoMe*YTKY ycKopliTenSI (pnc. 2). Ocb "X"Harrpan­

neaa'rrapannenbHO rrpononbHOil ocn rrpoMe*YTKa n aaxonnTcSI oT Hee aa pac­

CTOSIHHH 100 CMo KpoMe OCHOBHOil CHCTeMbl KOOpilHH8T 1 HCITOnbayiOTCSI ABe 

ITpSIMoyronbHbie CHCTeMbl KOOpilHH8T ( X1, Y1, Z1) H ( X2 , Y2 , Z2 ) , CBSI3aHHbl9 

C 1-M II 2-M Mai'HIITaMH COOTDeTCTBeHH01 C UeHTp8MH KOOpilHH8T B TQqKaX 

0 1 H 0 2 • ToqKa 0 1 HMeeT KoopnuaaTbi d 1 , f 1 , z 1 • ToqKa 0 2 - cooT­

BeTCTBeHHO d
2

, f
2 1 z

2 
o CucTeMbl KOOpilHHaT Mai'HHTOB paanepHyTbl Ha yr­

nhi y
1 1 y

2 
OTHOCHTenbHO OCH 

11 Z 11
1 y

1
J! y

2
.l- OTHOCHTenbHO OCH "Y " 

{31 , {32 OTHOC.HTenbHO OCH 
11 X 11 

2.3. OnncaHne MarHHTHoro nonst 

Done B M8I"HHT8X OllHC8HO AByMepHbiMH Ta6nHU8MH 1 COCTaBneHHbiMH 

Ha OCHOB8!IHH M8I"l!HTHbiX H3MepeHHHo BbinH H3MepeHbl KOMllOHeHTbl nonSI 

4 

• 

Bz ( X,Y,Z) D Mai'HHTHbiX M1 

HhiX ennauuax. 

H a pnc. 3 nnSI unm 

KOMITOH9HTb! IIOnSI D ITpSIM 

46 n 52 eM. Pacrrpen1 

y =4,18 CM II Y =32 C 

qTo MarHHTHoe none no"; 

CMOTpSI Ha 9T01 Ta6nuqaoe 

CnO*HOCTH 3aKOHa HX pac 
I 

M8I'HHTHOI'O IIOnSI B rayCCi 

HO>KaTb l!a ll81Ip51*9l!HOCTII 

HIITao 

KoMrroHeHThi MarHHl 

naM 

Bz(x,y,z) Bz (x, 

Bx( x,y,z) 
aBz 

BY (x, y, z) 

3TH cjJopMynhi rronyqeHbi Ht 

ToqKn (X, Y, 0 ) B pSin Teil1 

a2 Bz a2 Bz 
--- +---

dx2 dy 2 -t 

' C TOqHOCTblO AO qneHOB 



m C!!CTeMbl TpaHCnOpT!!pOB­

nonefi MarHI!TOB1 nonyqen­

!CK8SI1 MaTeMa TH'IeCK8SI no­

::!HOB8H Bbi60p C!!CTeMbl KO-

pOBKii 

1 npll 6hiCTpOM BbiBOAe BXO­

OK B rop!!30HT8llbHOH nnoc­

>1 npoMe:>KyTKe B KOHUe Ill 

OTCTOiiT Ha 100cM OT KOHUa 

3llaTellbH01 nOCKOllbKY BbJXQ­

;Tb B rop!!30HT8llbHOH nnoc­

,m MO:>KeT MeHSITbCSI ( MliHii­

'!ipOBO'lHbie np!!cnoco6neHiiSII 

IOH B npocTpaHCTBe. l1 HJlYK­

Bellll'li!H TOKOB B !IX 06MOT-

ei!3MeHHbiM. 

tT '(X, Y, Z) np!!BSI3aHa K '!eT_:­

SI (p11c. 2). Ocb "X"nanpaa­

I'naxoAHTCSI oT nee na pac­

>pilliHaT1 ncnOllb3YIOTCSI ABe 

1 ( X2 , Y2 , z2 J I cas:~aannbie 

!Tp'aMii KOOpJlliH8T · B TO'!KaX 

, 1 z /. To'!Ka 0 2 - cooT­

lari!HTOB paaaepnyThi na yr­

.· OTHOCHTenbHO OCii " Y " 

(l on SI 

ra6nnuaMH, cocTaaneHHbiMH 

3MepeHbl KOMllOHeHTbl nonSI 

• 

Bz ( X,Y,Z) B MarHIITHbiX MeJl1!8HHbiX nllOCKOCTSIX o6011X MarHIITOB B OTHOCI!Tellb­

HhiX eAI!HI!UaX. 

Ha pnc. 3 anSI nnniOcTpaunn npnaeaeno pacnpeaeneHne aepTnKanbHofi 

KOMnOHellTbl nong B npSIMOyronbHOH CIICTeMe KOOpJliiii8T MarHiiTa npli X. =36 1 

46 n 52 CM. Pacnpeaenenne ropnaonTanhnofi KOMnoReRTbi nons:~ anSI 

y =4 118 CM II y =32 CM llOK838HO Ha pnc. 4. l13 9TiiX rpa!flliKOB BliilH01 

'!TO Mari!HTI!Oe none no "X" OT X =52 eM AO X =18014 eM nocTOSIIIRO. He- · 

CMOTpSI 118 9T01 Ta6n!i'lROe OnliC8lllie nonefi MarllliTOB Reo6XOJlliMO BClle)lCTBiie 

cnO:>KHOCTII 38KOHa IIX pacnpeaenel!liSI Ra KOI!UaX Marl!liTOB. DnSI nony'!ellliSI 

MarnnTHoro nons:~ B rayccax neo6xoAHMO aaaannoe pacnpeaeneRne nonefi yM­

no>KaTb na nanpSI:>KeHHOCTii B 1 anSI nepaoro MarnnTa li B 2 AnSI BToporo Mar­

HiiTa. 

KoMnoneHThi MarHI!THoro nons:~ B npocTpaHCTBe onpeAens:~roTCSI no ~opMy-

naM 

Bz ( X 1 y, z) B (x,y,O) -~( a
2 

Bz(x1 y,O) + a2Bz(x,y,O)_)' 

z 2 a x2 i:J y2 

z ' (1) 

BY (x, y, z) z 

3T!i !flopMynhi nony'leHbl Ha OCHOB8HIIII pa3llO:>KeHiiSI Bz( x, y 1 Z ) B OKpeCTHOCTl! 

TO'lKH (X, Y, 0 ) a PSIA Tefinopa c y'leToM 

+ 0 H rot B 0 

' C TO'lHOCTblO JlO 'lneHOB BTOpOI'O nopSIJlK8o 
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i . . 

I . 

... 

2 .4, cp II 3 II 'l e C K a Sl n 0 C T a H 0 B K a 3 a JJ. a 'l II 

tPII31I'leCKaSI 3aJJ.a'la CTaBIITCSI cneJJ.yiOllliiM o6pa30M, 

3aJJ.aiOTCSI HanpaB neHIIe 11 KOOpimHaTbl ny'lKa 3apSI}KeHHbiX 'laCTIIU Ha BXOJJ.e 

CIICTe!11bi (a 0 , a 01 , X 0 , Y0 , Z0 ) • 

Xo ~ . KOOpJJ.!IHaTbl Ha'lanbHOH TO'IKII TpaeKTOp!III 

Yo -z B llpSIMOyronbHOfi C!ICTeMe KOOpJJ.!IHaT yCKOpiiTenSI, 
0 . • 

a o - yron B paJJ.IIaHax Me}I{JJ.Y KacaTenbHofi K npoeKUIIII TpaeKTOpiiii B TO'l.Ke 

X0 1 
Y0 1 

Z 0 aa nnocKoCTb "XY"II ocbiO "X", 

a O l.- yron B paJJ.IIaHaX M9X<JJ.Y KaCaTenbHOfi K npOeKUIIH TpaeKTOpiiii Ha 

nnocKOCTb "XZ" B TO'!Ke X 
0 1 Y 0 1 Z 0 II ocbiO "X" • 

Tpe6yeTCSI BbropaTb aanpSIX<eHHOCTII MarHIITHbiX nonefi B 1 1 B2 II nonoX<eHIIe 

Mai'H!ITOB B llpOCTpaHCTBe TaK 1 'iT06bi no 3a)laHHOMy Ha'l.anbHOMy nonO}I{eH!IlO 

II aanpaBneHIIIO nytiKa nony'liiTb ero 3aJJ.aHHoe KoHe'l.aoe nono}l{eaue II aanpaB-

neaue, 

X I 
k KOOpJJ.IIHaTbl KOHe'lHOH TO'IKII TpaeKTOpiiii 

yk -z k B npSIMoyronbHOH CUCTeMe KOOpllUHaT yCKOpiiTenSI 

ak -\yron B palliiaHaX Me}I{JJ.Y KaCaTenbHOH K npoeKUIIII TpaeKTOPIIII B TO'l.Ke 

Xk
1 

Yk 1 Z k. aa nnocKoCTb "XY "II ocbiO "X", 

akl.- yron B paJJ.IIaHaX Me}I{JJ.Y KaCaTenbHOH K npoeKUIIII TpaeKTOpiiii B TO'l.Ke 

Xk 
1 

Yk 
1 

Zk Ha nnocKOCTb "XZ "II OCblO "X " , 
nono}l{eHHe MarHIITOB B npocTpaHCTBe onpeJJ.enSieTcSI cneayiOllliiMII BenH'l.UHaMH: 

~~ nx" - CM9lll9Hll9 MSI"HHTOB OT OCH , 
d2 

~ 1
2 

~- p8CCTOSIHH9 USHTpOB CHCTSM KOOpllHHST MSI"HHTOB 0 1 1 02 

OCH"' Y': 
OT 

y 1 ~ • I"OpH30HTanbHbi9 yrnbi pa3BOpOT8 MSI"HHTOB OTHOCHTenbHO OCH "Z " 
Y2 ~ 

(pHC, 2), 

6 

y 1 L\ y 
2 

J_ - BepTIIK8nbH: 

(piic, 2), 

fJ11 (3
2 

- B9pTHKanbHI 

(pHc, 2 ), 

2,5, MaTeMaT 

nBIIX<eHIIe 3apSIX<\)Hll 

ypaBHeHIISIMII B ilpSIMOyi'O 

d2y =-A- [ dz 
dx2 Bo R0 dx~ 

d2 z --= _A_ [dB 
B0 R0 dy dx2 

I'JJ.e Bo Ro - Mai'HIITHaJ 

3aniimeM ypaBHeHIIe (2) 

, A dB. 
Yxx = -(z' --· C x dx 

z" 
A dB, 

=-(z-
XX c dy 

I'JJ.e A = y 1 + y ';+ z ~2 , C 

3anHmeM KpaeBbre ycnoB 

Y (xo) Yo 

z (x 0 ) zo , 



38}l8'lll 

o6paaoM • 

. eHHbiX '!8CTHU Ha BXO}le 

li 

:KOpliTenSI. 

Ulill TpaeKTOpHII B TO'lK9 

>09KUiiR TpaeKTOpl:lli Ha 

Ieii B 1 , B2 n: nonmKeHl:le 

y Ha'!anbHOMY nono*eHl:IID 

HOe nono*eHI!e n: Hanpaa-

IH 

rcKopl:ITenn 

KUHl:l TpaeKTOpHH B TO'!K9 

KUHH TpaeKTOpl:ll:l B TO'!Ke 

M81"HHTOB 0 t , 02 OT 

IITOB OTHOCKTenbHO OCH "Z " 

y l L\- BepT1iK8nbHbl9 yl"nbi pa3BOpOTa M81"Hl:ITOB OTHOCl:ITSnbHO OCH "}'" 
Y2 L 

(pl:!Ce 2 ). 

fJ ~ {3: ~- B9pTl:IK8nbHbie yrnbl pa3BOpOT8 M8I'Hl:ITOB OTHOCl:ITSnbHO 

(p11c. 2). 

OCii "X" 

2.5. MaTeMaTn:'lecKaSI nocTaHOBKa aaJla'lH 

.lJ.BH*9Hlie 3apSI*9HHbiX 'l8CTiiU B MBI'HHT.IIOM none OriHC8HO riOnHbiMH 

ypaBH9HliSIMH B ripSIMOyronbHOll CliCTeMe KOOpJlliH8T YCKOpHTeng/3/: 

d2y =-A- [ ~ dB.zz -( dy )2Bz +~ !.!._ dB.z z-B ] ' 
dx2 Bo R0 dx dx dx dx dx dy z 

(2) 
_A_ [ dBz z _ dy dBz z +( ~/ dBz z _ .:!x_ __2:_ B z], 
B0 R0 dy dx dx dx dy dx dy 

rae Bo Ro - MarHliTHaSI :lKeCTKOCTb npoToHa. 

3anuweM ypaaHeHlie (2) B Blille 

Y , = ~(z' dBz z - Bz- Yx'2 Bz + Yx' Zx' z dBz_ ) 
XX C X dx dy I 

(3) 

A dBz 
z = -(z 

XX C dy 

I'Jle A = ·I 1 + y '2+ z '2 C - KOHCTaHTa. 
V . X X ' 

3anHweM Kpaeahre ycnoau.H: 

Yo y ~ ( x 0 J = tg a 0 

zo , tg a o L, 
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y (xk) = Yk a ' y; ( x k ) = tg a k = c 

Z· (X k) = Z k = b z; (xk) = tgakl-= d 

3)leeb x0 , y 0 , z 0 , a 0 , a0 L, xk, Yk, zk, ak, akl- saJlaHHbie Benn­

'IHHbi (eM, IIo 2,4), 
Heo5XOJlHMO noao5paTh napaMeTpbi d1 , C1 , Y1 , Y1l, {31 , {31 1., d2 , 

e2 • Y2 • Y2 .1- • {31 • {31 .L (eM, n. 2.4) TaK, 'IT05bi TpaeKTOplHI aBIDKeHHSI 

sapSimeHHbiX qaeTnU yaoBneTBopsma ypaBHeHHSIM ( 3) n sa)laHHbiM KpaeBbiM 

yenOBll.IIMo 3aaaHUbiX KpaeBbiX yenOBHfi HeaoeTaTO'IHO anSI OrrpeaeneHUSI, Beex 

neKOMbiX napaMeTpOB, II09TOMy H3 Beex H83B8HHbiX rrapaMeTpOB 5yaeM BaphH­

pOB8Tb TOnhKO '19Tbipe napaMeTpa, KOTOpb!e eymeeTBeHHO BnHSIIOT Ha IIOBeae­

Hlle. TpaeKTOpnn aBnmeHHSI sapSimeHHbiX qaeTnu. Hs <PnsnqeeKnx eoo5pameanfi 

SieHO, 'ITO I'OpH30HTanhH8SI Oeb IIY'IK8 eymeeTBeHHO peai'npyeT Ha H3MeHeHne 

B 
1 

, B
2 

, d 
1 

, d 
2 

, y 
1 

, y2 • MomHo Bbi5npaTh ni06bie eo'leTaHnSI no qeTbi-

pe rrapaMeTpa, }1\enaTenhHO, 'ITOObi B 9TH eo'leTaHHSI BXoannn B 1 H B2 , IIO­

eKOnhKY nx nei''Ie Beei'O H3MeHHTh aa npaKTHKe, Ha nonomeane BepTnKanhHOfi 

oen IIY'IKa B oeHOBHOM BnHSIIOT YI'J!bl HaKnOHa MBI'HHTOB f3 1 , {32 , f31lo f32.l o 

BBnJly Toi'o, 'ITO Ta5nnUbi Mai'HHTHOI'O nonSI saaaHbi B rrpSIMoyi'onhHOfi eneTe­

Me KOOpanHaT eoOTBeTeTBYIOill9I'O MBI'HHTa, a HHTei'pHpOBaHne aBnmeHHSI qae­

THU BeaeTeSI B IlpSIMOYI'OnhHOfi eneTeMe KOOpanHaT yeKopnTensr, TO anSI HaXOm­

aeHHSI B z ( X,Y, 0) B eoOTBeTeTBYIOillHX TO'IK8X aeo5xoanMO KOOpanHaTbi aaHHOll 

TO'IKH X, Y, Z nepee'lnTaTh no <iJopMYnaM npeo5pasoBaHnSI ns npSIMOYI'OnhHOfi 

eneTeMbi KOopanHaT yeKOpHTenSI B rrpSIMOYI'OnhHYIO eneTeMy KOOpJlHH8T eooT­

BeTeTBYIOill9I'O M8I'HHTa: 

x
1 

= (x -f
1

) (cosy1 cos y 1l- siny
1 

sin/3 1 siny1 l )+ 

( y - d 
1 

) (sin y 
1 

cosy 1 L + sin y
1 

L sin {3 
1 

cos y 1 ) -

(z·- d
1 
L) sin y1l cos {3 1 , 

y I = - (X - f i ) sin y i cos {3 i + ( y - d i ) cos {3 i cosy i + 

( z - d 
1 

L ) sin {3 
1 

, 

z1 = (x-f1 )(cosy1 siny 1 L +siny1 ·sin/3 1 cosy1 L) + 

(y-d
1

) (siny
1 
sin~ L- sin{3

1 
cosy1 cosy1 f-) + 

( z - d
1 

L ) cos {3 I cos y 1 .1- , 

8 

(4) j 

2,6, 0 II He a H HE 

CneTeMY ypaBHeHnfi I 

1-I'O IIOpstaKa 38M9HOfi 

y; Y1 

z,; = Zt 

, V 1 +Yl·PJ 
yJ X= C 

zt~ 
vT;"Yf+: 

c 

y; = Yt ' 

z; = z 1 

Y (xo) =Yo ' 

z(x 0 )=z 0 , 

y(xk)=a 

z ( xk) = b , 

Heo6xoJlHMO noJlo6paTb II! 

yk(Bt,dt•Yt 

y~(--- "-

zk ( ---- "-

z~(---"-

TaKHM o6paaoM, 

yk - a = I 1 

y ~ - b = 12 

zk - c = 13 

z~ - d = 14 



, Y1 , YJl, f3 1 , {31 t. d2 , 

)6bi TpaeKTOpiUI ABIDK9HlHI 

(3) H SaAaHHbiM KpaeBhiM 

qHo anH onpeaeneHHH,Bcex 

: napaMeTpOB 6yaeM aaphH­

:TaeHHO anHHIOT Ha noaeae-

3 ~HSH~eCKHX coo6pa~eHHR 

0 pearHpyeT Ha H3M9H9HH9 

IIJ06bJe co~eTaHHH no ~eThi­

iHH BXOAHnH 8 1 H 8 2 1 no­

[ a nono~eHHe aepTHKanbHoil 

'HHTOB f3 1 1 f32 1 f31l1 f32l • 

hi B npHMOyronhHOR CHCTe­

lPpllpOBaime ABH~eHHH ~ac­

yCKOpHTenH1 TO AnH HaXO~­

iXOAHMO KOOPAHHaThl AaHHOR 

tSOBaHHH liS npHMOyronbHOR 

l CHCTeMy KOOpAHHaT COOT-

;n {3 1 sin y 1 J. ) + 

IS yi ) -

OS {3 I cosy I + 

in {3 
1 

cos y1 l- ) + 

ISYd· ) + 

(4) 

2,6, 0 ll H C a H He Me T 0 A a p e Ill e H H H 3 a A a~ H 

CHCTeMY ypaBHeHHR (3) 2-ro nopHAKa CBeAeM K CHCTeMe ypaBHeHHR 

1-ro nopHAKa saMeHoil 

Y; = Yt 

z; = z1 , 

Yz 

Zz 

Y (xo) = Yo ' 

z(x 0 )=z 0 , 

y(xk)=a 

z ( xk) = b 

dBz 2 dBz 
(zz~ z -Bz -Yz Bz +Yt zz z-cry) 

Yz (xo) =< (xo) = taao 

z 
1 

(x
0

) = z'/x 0 )= tga ot-' 

y 1 (xk) = c 

z1 (xk) = d 

HeooXOAIIMO noaof5paTh napaMeTpbi MarHI!TOB TaK, 'lTOohi 

y ~ ( -- "--"--- "---" ---" ----) = b ' 

"---" ___ ....._) = c , 
zk ( --- " 

"---"--) =d. 
z~(-- " ----

TaKIIM of5pasoM, 

yk - a It = 0 

y~ - b 12 = 0 

zk - c 13 = 0 

z' - d 14 = 0 
k 

9 

(5) 

(6) 



/56/ 
3Ty CIICTSMY 6yLteM pewaTb MSTOL!OM BBSL!SHIHI rrapaMeTpa t 1 

, C'IIITaSI, 

'ITO Benii'IHHbl B 1 t d1 , y 1 II T,J:l, eCTb cpyHKUHH OT t , T,e, 

B1 = B1 (t), d 1 = d 1 (t) II T,J:l, 

Ha OCHOB8HHII LtaHHOI'O MSTOJ:la HMeeM: 

a -- It = -11 , 
at 

a 
=- 12, -- 12 

a t 

_a_ I =- 13 , 
at 3 

(7) 

_a_ I 
at · 

4 =- 14 . 

0603Ha'IHM IICKOMbie napaMeTpbl 'lepe3 

p1 ( t) , ~ ( t) , ~( t) , P/ t) • 

Toraa CHCTeMa ypaBHeHHfi (7) anSI STHX rrapaMeTpOB 6yaeT: 

Ykp'P'1t + ykP.'P2; + Ykp' P;t+ Yk ,p;t =-(yk -a), 
1 2 3 p4 

y; p; p; t + y ~ p, p; t + y ~ p ,p; t + y ~ p 4, p; t = - ( y ~- b ) , 
2 . 3 

(8) 

zkp'Ptt + zkp' p' + z~ ,p;t +zk'' p4't =-(zk-c)' 
1 2 2 t p3 p 4 

z; ,p~t+zk' ,p;t+z; ,p;t+z; ,p;t 
p1 p2 p3 p4 

=-(z;-d). 

l13 3TOfi CHCTSMbl OIIpeaengeM IIpOII3BOL!Hbie 

p;t , p2't , p;t ,.p;t 
3aTeM rro cjlopMyne 

' pl(t+t'1t) -pl(t) 
p = 
It /1 t 

• 

10 

I' 

1( 
ik 

.) 

'l 
J 

rge !l t - war no nepeM 

cnegyromeM mare no t : · 

pl(t+l1t) =pl( 

p2 ( t + !1 t ) = p 2 ( 

p3 ( t + !1 t) = p3 

p4 (t+t'1 t) = p4( 

3aa'lelUHI p
1 

(t
0

) , pit
0

) 

)Ke!Ine). 

LJ T06bi nocTpOHTb. < 

ykp/ ' ' . , y kpi z 

nng 3TOro pewaeM Cll9ll)' 

1, 3agaqa Kown gn~ 

9Ty aagaqy, nonyqaeM 

!l p 1 

Yk (pl •P2 • P3 • P4 

zk ( Pl' P2 ,p3,p4 

2. 3agaqa Kown gng 

- war npnpame!IHSI 

n Olly'laeM: 

yk (p1 +dp1, p2 

zk (p1 +l1p1' P3• 

y; (p1+l1p1 ,p2 ,p 

z k ( p 1 + !1 p 1 , p2 , l 



/56/ 
IapaMerpa t ' , C"'HTaSI, 

OT t 0 T.e. 

(7) 

rpOB 6yAeT: 

-(y~-b), 

(8) 

. (z; - d ) • 

I'Jle f".. t - rnar no nepeMeHHoi!: t , nonyqaeM sHa"'eHHe .napaMe'I'poB p 1 aa 

cneJlyiOIUeM rnare no t : 

(9) 

3Ha"'9HHSI pt (t
0
), cpit

0
) , p

3
(t

0
) 1 p

4
(t

0
) - 38Jl8Hbl (Ha"!anbHOe npH6nH-

lli9HHe). 

l.JT06b! nocTpOHTb CHCTeMy ypaBH9HHH (8), Ueo6XOJlHMO onpe}lenHTb 

nnSI 9TOI'O pernaeM cne}lyiOIUHe 38Jl8'IH Kornn JlnSI CHCTeMbl ypaBH9HHH (5). 

1. 3aJla"'a Kornn AnSI ua6opa napaMeTpoa p1 , p2 , p 3 , p 4 • PernHB 

ary sa}la'Iy, nonyqaeM 
''·' 

z ' ( Pt 'P2 'P3 ' P 4 ) 
k 

(10) 

2. 3aJla'Ia Korna }lnSI ua6opa napaMeTpOB P1 +f".. P1 , p2 , p 3 , P4 , I'Jle 

f".. p t - lli8I' npapallieHHSI no COOTBeTCTBYIOIUeMy napaMeTpy • 

llonyqaeM: 

( 11) 

11 



113 ( 10) H ( 11 ) MO»<HO onpenenHTb 

' 
ykp; 

' -ykp'-
1 

yk(p1+!:l.p1 ,p2,p3,p4) -yk(p1,p2,~3,p4) 

fl. p 1 

y;(p1 +!:l.p1,p2,p3,p4)-y~(p1,p2,p3,p4) 

fl. p 1 

AHaJIOI'H'IHO onpenenneM zkp; • z ~Pi • naBan npupameHHH no OCT8Jib­

HbiM napaM8Tp8M H pelllHB 38Jl8'1H KOIIlH llJIH COOTB8TCTBY!OIIlHX Ha6opOB napa­

MeTpOB, onpenenHM 3H8'18HHH npoH3BOilHbiX OT yk , y~ , zk 1 Z~ no BCeM na­

paMeTpaM, TaK BhmonHneTcn onun lllai' HHTer-pupoBaHHH no nepeMeHHOll: t • 

CnenyiOIIlHfi Ill8I' BblllOJIHHeTCH C HOBblMH 3Ha'l8HHHMI1 HCKOMb!X napaMeTpOB, 

HafineHHbiX no ljlopMyne (8), 

TaKI1M o6paaoM, HaXo)KneHI1e 11CKOMbiX napaMeTpOB npouaBOilHTCH MeTonoM 

11TepaU11fi 11 M0)1{8T 6biTb OCYIIl8CTBJ18HO C aanaHHOH TO'lHOCTb!O, 

3. PeaynhTaThi ctJeTa 

lJT06b! npOI1JIJI!OCTp11pOBaTb B03MO)KHOCTH naHHOI'O M8TOA8 0 6bJn paCC'lHT8H 

na6op napaMeTpOB CI1CT8Mbl Tp8HCnopTI1pOBKI1, KOTOpbiH YAOBJ18TBOpHJI 38A8HHbiM 

Kp88Bb!M ycnOBHHM, 

0CHOBH08 BHI1Mai!H8 YA8JIHJ10Cb OU8l!K8 xapaKT8pHCTHK CHCT8Mbl 0 KOTOpbie 

BJII1HIOT na nono)KeHI1e r-opnaonTanbnoii oc11 nytJKa, EbiJIH B3HTbi cnenyiomne 

Kp88Bbl8 YCJIOBI1SI: 

Yo = 52,2867 CMj 

zo 1 CMj 

a = 0,140193942 (pall); 
0 

a 0 .1- = 0 

yk = 143~332781; 

Zk= 1,651821; 

a k = 0,259687; 

ak.l = 0,00350186; 

x/ 
£ = 0,0005 - Tpe5yeMaH a6COJI!OTHaH TO'IHOCTb COBnaneHHH KpaeBb!X ycno-

BI1Ho HaqanhHbie KpaeBbie ycnoBHH nonytJellbi 113 pactJeTa TpaeKTopuii noll I. 

<IJI1KCHpOB8HHbl8 KOH8'1Hbl9 Kp88Bbl8 ycnOBI1H ann ll8HHOI'O cnyqag nonytJellbl 

nocne pactJeTa MeTOilOM Kollll1 TpaeKTOpHH qepea cncTeMy TpancnopTupoBKI1, 

B KatJeCTBe BaphupyeMbiX napaMeTpoB B3HTbi B 1 , B 2 , d1 , d2 • <llHK-

CI1pyeMbie napaMeTpbl e 1 • y 1 • {31 • Y1l• e2 • Y2 • Y2l• {32 paBHbi: 

x/ 
npH T8KOH TO'IHOCTI1 noJl6opa yr-na OCb nytJKa Ha paCCTOHHI1H 10 CM CMe-

maeTCH na 1 CM, 12 

( 

I 
I 
\~ 

' i 

e 1 = 60 eM, 

y1 .l = 0 

{3 = 0 2 • 

YI'Jibi y 
1 

11 y 
2 

. BbibpaHbi Ti 

anepTypy M8I'HHTOB, 

HatJanhHbie anaqenHSI Bap 

npn 

81 
=- 2 
War-

B10 = -80 I'C, 

a 20= 77 CM, 

nuljlljlepeHUHpOBaH11H f 1 

• B2 • d 1 • d 2 6binH B< 

CM1 /:!,. d2 = 2 CM,. 

11 t no lieaaBHCI1M' 

B peaynhTaTe pacqe 

B 1 = -86,25 I'C j 

82 = -101,75 I'Cj 

d1 = 53,18 CMj 

d2 = 83,5~ CM, 

nnH npoBepKI1 npaBI1J 

3H8'18HI1H 81. 82, d1. d 

T8TOB nOK838JIO 11X COBna) 

paCC'IHTaHH8H CHCTeMa o6e 

neo5xonuMoCTI1 npyr-oii na6 

113M8H8HI111 UX Ha'l8J1bHb!X :; 

B 1 • B 2 • d 1 • d 2 • OI'paHH 

noB, onpenenHeMbiX na ocf 

B npouecce pemeHI1H 

MO)KHO cpaay oueiii1Tb neo6 

npi1B8Jl8Hbl KOOPilHH8Tbl 11 

OT 113M8H8HI1H Bbi6paHHb!X I 

np11 X = 468 CM, 

KaK Bl1nno 113 9TI1X n 

30HTaJibHOe HanpaBJ18HI18 n) 



,easr npnpalll9HHH no ocTanh­

rB9TCTBY!OlllHX Ha6opOB napa­

' y ~ , z k , z k no BC9M na­

tpoeaansr no n9p9M9HHOfi t • 

iHHMH HCKOMb!X napaM9TpOB1 

i9TpOB npOH3BOilHTCH M9TOilOM 

ll TO'lHOCTb!O, 

IIHOI'O M9TOila 1 6bin paCC'lHTaH 

~ophiR yaoen9TBOpsrn saaaHHhiM 

iKT9pHCTHK CHCT9Mbl1 KOTOpb19 

IKa. EhinH B3HTbi cn91lYIOlllH9 

:Th coenall9HHH Kpa9BbiX ycno-

3 pactieTa Tpa9KTopnfi noll/, 

TIH llaHHOI'O cny'laH nony'l9Hbl 

93 CHCT9MY TpaHcnopTMpOBKH, 

>IThi B1, B 2 , d1 , d2 • <f>nK-

• Y2 • Y2l, {32 paBHbi: 

'!Ka Ha paCCTOHHHH 10 CM CM9-

r1 = 60 CM, Y1 0,169 pall, {31 =0, 

Y1l = 0 r2 251 CM 1 y2 = 0,219 ( pa.u) • 

{3 2 = 0 • y 2 .f 0 • 

Yrnhi y 
1 

n y 
2 

BbibpaHhi TaKHM oopasoM, 'lTObbi MaKcnManhHO ncnonh30BaTh 

an9pTypy Mai'HHTOBo 

Ha'lanhHbi9 saa'leHHSI eaphnpyeMhiX napaMeTpoe 6bmH paBHbi: 

810 = -90 rc, 

a 20= 77 CM, 

B2o = -90 rc, a10 = 55 CM1 

npn llH¢¢9p9HUHpOBaHHH 11 t 12 t 13 t 14 mai'H no H93aBHCHMb!M n9p9M9HHbiM 

B
1 

, B
2

, d
1

, d
2 

6hinH B3HThi paBHbiMH !l B 1 = -1 rc, !l B 2 = -1 rc, !ld 1 = 

=" 2 CMt /). d2 = 2 CM, 

War !1 t no H9SaencnMoii n9peMeHHoii t 6hm paB9H 1. 

B p9synbTaTe pac'!eTOB nony'leHbi cn91lYIOlllHe napaM9Tpbi cncTeMhi: 

B 1 = -96 ,25 rc; 

B2 = -101,75 rc; 

d1 = 53,18 CMj 

d2 = 83 15~ CMo 

nnsr npOB9pKH npaBHnhHOCTH nony'l9HHb!X p9SynhTaTOB rinsr·HaHil9HHb!X 

3Ha'l9HHH B 1 , B 2, d 1 , d 2 6hma p9lii9Ha salla'la Komn. CpaBH9HH9 p9synh­

TaToe noKasano nx coenall9HHe c Tpe6y9MOfi TO'lHOCTbiO. · TaKHM o6pasoM, 

paCC'lHTaHHaSI CHCT9Ma o69Cn9'lHBa9T Bb!XOil ny'!Ka Ha llaHHYIO OCb. B Czly'la9 

H906XOilHMOCTH llPYI'OH Ha6op 9THX )1{9 napaM9TpOB MO)K9T 6b!Tb nony'l9H npn 

H3M9H9HHH nx Ha'lanhHbiX sHa'l9HHfi n B9nH'lHHbi £ • Pacc'!HTbiBBSI B9nH'lHHhi 

B 
1 

, B 
2 

, d 
1 

, d 
2

, orpaHH'lMBaiOTCSI SallaHH9M nx e9pXHnx n HH:>KHHX np9!l9-

noe, onp91lenst9MbiX Ha ocaoeaHHH npaKTH'l9CKHX coo6pa*eHnii. 

B npoU9CC9 p9lli9HHSI aacToHlll9fi salla'ln H9np9pbiBHbiM aaanor-M9TOilOM 

MO:>KHO cpasy OU9HHTh H906XOilHMYIO TO'lHOCTb ycTaHOBKH Mai'HIIToe. B Ta6n. 1 

npHB61l9Hbl KOOpllHHaTbl H yrnbi ny'!Ka Ha Bb!XO!l6 CUCTeMbl B SaBHCHMOCTH 

oT H3M9H9HHSI Bbi6paHHhiX n9p9M9HHhiX B 
1 

, B 2 , d 1 , d 2 • P9synhTaThi !laHbi 

npn X = 468 eM. 

KaK BHilHO 113 9THX ll8HHbiX1 H3M9H9HH9 H1 H 82 Ha 1% H3M9HSI9T ropH-

30HT8nbH09 Hanpaen9HH9 ny'!Ka Ha 0,0004 pall H npaKTH'l9CKH He M6HSI9T eep-

13 



THK8nbHOe, l13MeHeHue d 1 H d2 Ha 2 CM H3MeHHeT yron a H8 0,004 Mpa.z:t 

H al Ha 0,0001 Mpall, 'ITO Ha paccToHHHH 20 M C.llBHHeT rry'IOK Ha 8 CM, Ta­

KHM o5p830M1 TO'IHOCTb YCT8HOBKH M8I'HHTOB .z:tnH .ll8HHOI'O E .z:ton:auza Ob!Tb 

- 0,25 CM, Ananoruqnas:r Ta5nnua 5hma rronyqena rrpu Bapnauun B 
1 

, B
2 

, y 
1 

, 

y2 • PeaynbT8Tbi ll8Hbi rrpa X -=468 eM. 

11aMeHeHHe Y1 H y2 Ha 0,005 pall Bbi3biBaeT uaMenenue ropuaonTanbnoro 

yrna Ha - 0,0008 pa.u u aepTHKanbHoro yrna na - 0,0002 pa.u, 'ITO He oKa-

3biBaeT CyiUeCTBeHHOI'O BnHHHUH Ha OCb IIY'IK8 1 T,e, IIpu YCT8HOBKe M8I'HI:ITOB 

TO'IHOCTb f'l Y -=0,005 .z:tnH Benu'IHH Y 1 ll Y2 .llOCT8 TO'IH8, 

4. BbiBO.llbl 

1. Pa3BHTbiH MeTO.ll OKaaancs:r a!fl!fleKTHBHbiM llnH pemeHHH OIIUC8HHOfi 38-

.ll8'1U H II03BOnHeT IIOilOOp8Tb napaMeTpbl H rrp,OU3B9CTI! paCCT8HOBKY aneMeHTOB 

CUCTeMbl ITO 381l8HHblM H8'18nbHOMy ll KOH9'1HOMy nonmKeHUHM H H8IIpaaneHUHM 

IIY'IK8 B IIpOCTp8HCTBe ll OllHOBpeMeHHO C STJ:IM OU9HUTb BnUHHUe llOIIyCKOB Ha 

yCT8HOBKY M8I'HHTOB B IIpHMOnunefiHOM IIpOMelliyTKe CHHXpo!flaaoTpOHa, 

2, Pernella KOHKpeTHan 381l8'18 1 OTHOCHIUagcg K CHHXpo!fla30Tpony 011Hl1, 

Hafi.z:teHbl rrapaMeTpbl CUCTeMbl H IIpOH3Be)leHa OUeHKa .llOIIYCKOB Ha TO'IHOCTb 

ycTaHOBKH aneMeHTOB, 

3, llanbHefilliHM p83BHTHeM .ll8HHOH MeTO.llHKU rrpuMeHHTenbHO K paC'IeTy 

OIIUCbiBaeMbiX CUCTeM TpaHCIIOpTHpOBKU MOllieT Ob!Tb: 

a, BKniO'IeHHe B CHCTeMy Tp8HCIIOpTHpOBKH M8I'HHTHbiX KB8.z:tpynonbHbiX 

nuH31 KOTOpbie II03BOnHT c!floKyCHpOB8Tb IIY'IOK B I'Opl!30HTanbHOH 1:1 BepTHKanb­

HOii IInOCKOCTSIX; B aTOM Cny'lae oy.z:teT IIpOU3BOilHTbCSJ OIITHManbHhiii BbiOOp 

XapaKTepHCTHK CHCTeMbl C y'leTOM He TOnbKO HanpaaneHHSI
1 

HO II pa3MepOB 

"nnTna" ny'IKa; 

5, BBellenue KOHTpong 38 pa3MepoM IIY'IKa BHyTpli M8I'HliTOB BO ua6ellia­

Hlie ero IIOTepb Ha OOMOTKe li M8I'liJ!TOIIpOBOile, 

nuTepaTypa 

1. E.M. KynaKoaa, K.n. Mbi3HHKOB, n.A. CMnpHOBa, E.B. <l>eOKTHCTOB, npe­
IIPHHT OH.RH, P-2880, lly6na, 1966, 

2. E.B. Bacnnnwnn, H.E. HccancKnfi, E.M. KynaKoaa, Coo6wenne OH.RH, 
9-4385, lly6na, 1969, 

14 

3, n, nu6n, n.M, naH'!eHKO, J 
1966, 

4, E,B. BacnnnwnH, n.n. 3nnc 
xafinoa, H.H. naanoa, llenc 
lly6na, 1970, 

5, E.n. )l(uAKOB, T.B. Phmbue 
!.Q, N95, 1199 (1970), 

6, E .n. )i(nAKOB, H;B. nyahi.HH 

7. H.E, HccnacKHfi, T.n. Ko'!t 
aannoe coo6menne OH.RH, . . . 

8. E.M. KynaKOBa, n.A. CMnp 
'E2-1836, lly6na, 1963, · 

PyKOIIHCb 



HSieT yr-oli a Ha 0,004 Mpag 

CilBHHeT rry'loK Ha 8 CM, Ta­

rzsr il8HHOI'O £ JlOmKHa 5b!Th 

!Ipl! B8pH8Ul!l! Bt • B2 • y 1 ' 

l!3MeHeHUe I'Opl!30HTanbHOI'O 

0,0002 pall, 'ITO He OKa­

,e. !Ipl! ycTaHOBKe M8I'HHTOB 

'8TO'IHa, 

gnsr pemenusr onHcannofi aa­

ecru paCCT8HOBKY aneMeHTOB 

nono~eHHSIM 11 nanpaaneHHSIM 

UeHHTh BnHSIHHe JlO!IYCKOB Ha 

l(e CHHXpo~aaoTpona. 

>I K CHHXpo~a30Tpony 0l1.HI1, 

:eHKa JlO!IYCKOB Ha TO'IHOCTb 

H !IpHMeHHTenhHO K paC'leTy 

!>ITh: 

M8I'HHTHbiX KBagpynonhHbiX 

'OpH30HTanhHOfi II BepTHKanh­

l!IThCSI O!ITHManhHbifi Bb!50p 

mpaBnennsr, HO n paaMepoB 

·HYTPJI Mai'HJITOB BO U35e~a-

I, E.B. <t>eOKTl!CTOB, npe-

sa. Coo6menne OIUIH, 

[ 

3. n. nll6n, n.M. nan'leHKO, n.A. CMilpHOBa. npenpl!HT OHHH, 2911' Lly6na, 

1966. 

4. E.B. BacHnlllllllH, n.n. 3HHOBheB, H.E. HccHHCKilll, E.M. KynaKOB8, B.A. Mll­
xalinoB, H.H. naBnoB. LlerronllpOBBHHoe coo6menue OHHH, E1-9-5411, 

Lly6na, 1970. 

5, E.n. )l(uAKOB, T.B. PhmhueBa, E.B. <t>eoKrucroB, )I(BM u M<t> AH CCCP, 
1.Q, N95, 1199 (1970). 

6. E.n. )l(llAKOB, H.B. nyabiHHH. )I(BM H M<t> AH CCCP, 'L N95, 1086 (1967), 

7. H.E. HccHHCKHli, T .n. Ko•!KHHB, E.M. KynaKOBa, n.A. CMHPHOB8, LlenOHilpO­
B8HHOe coo6menue OHHH, E2-9-6077, Lly6na, 1971. 

8. E.M. KynaKOBa, n.A. CMHpHOB8. LlenOHHpOB8HHOe coo6menue OHHH, 
'E2-1836, Lly6na, 1963, · 

PyKOIIHCh nocrynuna B uaJ:tarenhCKHli orJ:ten 
29 anpensr 1972 ~oJ:ta, 
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TadJIHI{a I. 

df ~ 13? 8:1- ;y .f;to<. 

55 77 -IOO - 99 143,4899 0,2573 

55. 77 - 99 - 99 143,314 0,2569 

55 77 - 99 -IOO 143,364 0,2573 

77. 77 - 99 - 99 144,373 0,2610 

77 79 - 99 - 99 143,653 0,260 
\ 

Puc, l, PacnonoJKenue cuc~ 

na: 1 , 11 , Ill '·IV - KB 

CeKUUUo 

TadJIHna IT. 

~ !I r~- ·~t g.z. ~ ~o~~ ~ ·-L; o{, 

0,169 0,129 -100 -IOO 1,6764 0,003616 143,866 0,25858. 
rpRI'!!JIIIIIf#L 

0,159 0,209 -IOO -100 I,7I5 0,003809 143,192 0,25513 I ,.......---- ~-

o,I64 0,209 -IOO -IOO 1,69704 0,00373 143,437 0,2558 

o,159 0,214 -100 -IOO I,7I4 0,00379 143,287 0,266 
I H-. 

Bttpmt.//l(tJif.IIOA. 

/II•IHU/1fG ~1e0p 

Puc, 2, CucTeMbl KOOpAUHS' 

yronbHSSI CUCTeMa' KOOpAUH, 

1-I'O U 2-I'O MSI'HUTOB, 

16 



Jl ';,~ 

.J, 4899 0,2573 i 

I 
! 

·3,314 0,2569 I 
1' 
I 

3,364 0,2573 1 

4,373 0,26IO 

3,653 0,260 

Pnc. 1. Pacnonoll<eHlie CHCT9Mbl TpaHCnOpTHpOBKH OTHOCHTenbHO CHHXpo¢a3oTpO-

Ha: I , 11 , Ill , IV - KBMtpaHThi ycKopnTenHj 1, 2, 3, 4 - npSIMonnael!Hbie 

CeKIIHH. 

.i.J. 1' ·-w o(, 

~ ' ~'· 
3616 143,866 0,25858 

I . fi 
X y 

3809 I43,I9,2 0,25513 X 

If: 

373 143,437 0,2558 

379 143,287 0,266 

B•prrttJI(a/t•Haft ~irll 
lf•IHLimtJ ltiCifOpumeAI' 

Pnc. 2. CncTeMbl KOOpAHHaT, npHHSITbie npH paC'I~Tax: XY- OCHOBHSSI npSIMD-

yronbHaSI CHCTeMa KOOpAHH8Tj X1 , y1 H X2 , y2 - CHCT9Mbl KOOpAHHaT· 

1-I"O Ji 2-I"O M8I"HHTOB. . 
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PHCo 3, PacnpeAeneHHe B9pTHK8nbHOli KOMnOHeHTbl nonSI MSI'HHTOB B z no OCH 

Y AnSI X =36; 46 H 52 - KpHBbl9 1, 2 H 3 COOTB9TCTB9HHO, 

B~ .. 
#f/1 

/1111 ,. 
110 

Hll 

•l I ·2 
10. 

10. , 
"' 
"1 I J .., 
ID 

10 

"' L. 
"' .. ,. .. ..... t:/0 , ... "" ... laD :t.cH 

Pac. 4, PacnpeAeneHHe aepTHKanbuoA KOMnoHeHThl nonSI MBI'HHTOB B z no oca 

X AnSI y a4; 18 H 32 CM - KpHBbl9 1, 2 H 3 COOTBeTCTBeHHO, 
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