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CTepeocKomPiecKoe lfloTorpaqinpoBaHIIe rryGhiphKOBhiX KaMep rrpl!HSITO 

. OCYIIl8CTBJJSITb .IIOCp8JlCTBOM Tpex liJJll 'I8Tblpex <!JciTOKaMep C TeM, 'IT06bJ )lJJSI 

BoccTaHoBneHHSI reoMeTpnn cne)la Hcrronh30BaTh 6narorrpnSI~Ho pacrrono*eH

. HYIO OTHOCHT8JJhHO 'cne)la CTepeorrapy CHliMKOB, KoopJlliH8Tbl TO'IKH o6'heKTa, 

OIIp9)l9JJ9HHbi9 ITO pa3JJli'IHbiM CTepeorrapaM <;:HIIMKOB, MOryT 38M~THO OTJJII'I8Th

CS! Me*llY co6ofi •. 0Jlaa II3 npii'IIIH sToro - aeTo'!Hoe 3HaHIIe rrono*eHIISI rnaB

HhiX TO'I9K CHIIMKOBX/, 

YTO'IHIITh IIOJI0*9HIIe rnaBHh!X 
1
TO'I9K MO*HO ITO M9TOJlY o6paTHOH 38C9'IKII, 

IICIIOJJh3YSI rrepeorrpe)leneaiie KOOpJliiHaT TO'IKII o6'heKTa rrpn c'heMKe 6onee qeM 

llBYMSI qioToKaMepaMn, Pemeane sTofi 3a)laqn )lanee rrpoBOJll!TCSI rrpn cne)ly-

!OIIll!X IIpe)liJ01I0*8Hl!SIX: 

a) 'orrTH'IeCKHe oci Bqex !floToKaMep 838HMorrapan~enbHhi n opToroaanb

. Hhl 
0 
rrpe)lM9THOH IIJJOCKOCTHj 

6) rpaHIIUhi pa3Jlena cpeJl a·rrpocTpaHCTBe o6'heKTa rrnocKne, B3anMo-

r . ' 
rrapanneJJhHbi8 H OpTOrOH8JihHhl OIITH'I8CKHM OCS!M 'qioTOKaMep, 

8 STI!X rrpe)liiOJJ0*8HHSIX rnaBHh!H ny'I. OT TO'IKH o.6'heKT8 .llO TO'IKII 

n3o6pa*eHHS! H8XOJlHTCSI B O)lHOH MepiiJlHOH8JJhHOfi IIJJOCKOCTII 0 rrpOXOJlSIIJlefi, 

qepe3 OCb qioTo~aMepbi, TaKHM o6pa30M, cxeMa XO)la" nyqefi' OT TO'IKH o6'heK

Ta )lO TO'IKII, ll306pa*eHHSI ~ rrpoeKUIIl! Ha rrpe)lM8THYIO IIJJOCKOCTh IIMeeT 

IlpOCTOfi BII)l 0 npe)lCT8BJJ8HHblll H8 pl!C, }a, ,. 

x/ 0CHCJBBHHB IIBpliBHP.HKynRpa H3 QBHTpa BbiXOP.HOro 3paqKa 06'bBKTHBB 

HB IIIJOCKO,CTb t/JQ.TOCHHA!KB~ · 
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Pnc. 1. npoeKUHll MepPnnonanbHbtX nnocKocTeii Ha npenMeTnyro nnoCKOCTb. 
A - TO'IK8 061>eKT8 0 at , a 2 H a 3 - H306paJKeHHll TO'IKH . 061>eKT8 0 

nOCTpOeHHble TpeMll ijJoTOKaMepaMH 0 N I ,N 2 , N 3 - COBMemeHHble 
TO'IKH HaLtHpa H rnaBHble TO'IKH Tpex l)loToKaMep, PK1,PK2 H PK3-
uenTpanb.Hbie penepHhie KpeCTbt Tpex l)loToKaMep, A12 - TO'!Ka o61>eK-
Ta, aoccTanoaneHHall no cTepeonape 12 ,A13 -no cTepeonape 

13 n A 23 - no CTepeonape 23. 

BcneJlCTBHe H9COBII8Jl9HHSI rnaBHbiX TO'l9K CHHMKOB C U9HTpanbHbiMH 

penepahiMI( KpecT~MH, KOTOpbte o6bi'lHO npHHHMSIOTCSI sa MecTonono:lKeHHe 

rnaBHbiX TO'l9K CHHMKOB H8 OCHOB8HHH IOCTHpOBKH0 HnH BCneJlCTBHe HeTO'l

HOCTei!: KOOpJlHH8T STHX TO'leK, MepHJlHOH8nbHbl9 nnOCKOCTH, IIpOB9Jl9HHbi9 

'lepe3 TO'IKH H3o6pa:lK9HHM H U9HTpanbHbl9 penepHbl9 Kp9CTbl (HnH TO'IKH 0 

npHHHMaeMbie ·sa rnaBHbie), nepeceKyTcH n6napuo Me:lKny co6oi!:, uo ue B 

OJlHOi!: TO'IK9 0 K8K STO IIOK838HO Ha pHCo 16. 

.finH OIIp9Jl91i3H!!SI IIOllp8BOK K KOOpJlHH8T8M U911TpanbHbiX penepHbiX 

KpeCTOB0 yTO'IHSIIOUIHX MeCTOIIOnO:lKeHHe rnaBHbiX TO'leK CHHMKOB0 ecTeCTBeH-

4 
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II 

l 

I ·~ 

.. 

uo npHMeHHTb npeJlnncaune: Han6onee · npaBJlonoito6aoe nono:lKef 

TO'IeK CHIIMKOB: 6yJleT .TQ 0 npn KOTOpOM. CY~MapHaSI nnoUiaJlb Tp 

C BepiiiiiHaMII B TO'IKBX nepeceqeHH:si np09KUIIfi Mepii.QHOH.anbHbiX 

}Ia rrpe.QMeTHYIO IInOCKOCTb 0 BOCIIpOII3Be.QeHHbiX .QnS!:' MHO:lKeCTBa TO 

6yJleT. MHHHMBnbHBo Heo6XOJlHMbiM ycnOBH9M nepeCelJeHIISI T] 

A x+By +C ~o, 
I I I 

1,2,3, rne j 

B OLtHOii TO'IK7 liBnlleTCll paBeHCTBO·Hynro OIIpenennTenll 

At B I cl 

D = lA B c I = .Q. 
12a 2 2 2 

A B c 
·a a . 

HcrronhsyH aTo caoil:cTBO orrpenennTenH (2), Mo:lKHo c¢opMynnpoBt 

~Hne nnH orrpeneneurm. rrorrpaBoK, a nMeHHo: uan6< 

rrono6uoe rrono:lKeHne rnaBHbiX TO'leK c.HnMKOB 6yneT To, rrpn KOTOJ 

cyM~a KBaJlpaToB orrpenenn'l'~neil: TpeTbero nopsrnKa, . :3neMeH 

cyTb Ko9<jl¢HUII8HTBI ypaBH8HIIH npoeKUIIH Mepii.QIIOHanbHbiX IIn< 

. Dp8!lM8THYIO IInOCKOCTb 0 BOCIIpOII3B8U8HHbiX nnsr MHO:lK8CTBa TO'l 

6y.QeT MIIHIIManbHa. 

06a aTn· rrpenrrncaHIIH 6nnsKn, TaK KaK KBanpaT orrpenennTE 

.QIIT B 'liicnnTenb B.btpa:lKeHnsr nnsr nriomamr TpeyronbHHKa, o6I 

nonapHbiM nepece'leHneM Tpex npsrMbiX mrunil:, a 3HaMeHaTenb 

nnH rr~omann. TpeyronhHIIKa MO:lKeT o6paTIITbCH B uynb B.cny'lae 

HOCTII .QByx. IIpSIMb!X II3 Tpex. Ha IIpaKTIIKe He IIpe.QCTaBnlleT Tp~ 

TO'IKH o6'heKTa TaK, 'lT0.6bi oun He · ne:lKann ua nnunn 6a3nca, n· 

IICKniO'IIITb B03MO:lKHOCTb o6paiUeHIISI B Hynb 3HaMeHaTemi B . Bbl! 

nnoiiiann· TpeyronbHIIKa. flpn Bbmonuemm aTofi oroBopKII o6a 

8KBIIBaneHTHbi 0 Ho .npnMeueune BToporo rrpome. 
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a, 

K.l 

>eaMeTHYIO nnOCKOCTb, 

>aJKeHIISI TO'IKII . 06'beKTa1 

• N 3 - COBMeWeHHble 

Mep, PKI,PK2 11 PK3-
Mep, Al2 - TO'IKa 06'beK-

~ - no cTepeonape 

CHHMKOB C ueHTpanbHbiMH 

1810TCSI 38 MeCTOITOllO:lKeHHe 

IKH 1 Hl!H BCl!e!ICTBHe HeTO"'

e nnocKocTH, nposeaeHHbie 

:!pHbie KpeCTbl (HnH TO"'KH 1 

JHO Me:lKay C060H1 HO He B 

aM uenTpanbHbiX penepHbiX 

: TO'IeK CHHMKOB1 ecTeCTBeH-

. ' 
. ' 

j 

r 
j. 

r 

no npuMeHHTh npeanucann:e: aau6onee · npasaono.rio5uoe nono:lKean:e rnaBHbiX 

TO'I_eK CHHMKOB. 6yJleT -T0 1 rrpH KOTOpOM. CY¥~apHaSI fil!Olll8llb TpeyronhHHKOB. 
. ' . 

C BepmHHaMH B TO'IK8X nepece'L!eHHSI npoeKUHH MepHJlHOH-8llbHblX Dl!OCKOC'I'9H · 

l!a npenMeTHYJO nnocKOCTh, i3ocnpousaeneHHhiX nnS!' MHO:lKeCTBa To_"'eK o6'heKTa, 

6yneT · MHHHManbHa. Heo6xonnMbiM ycnosneM nepece'L!eHHSI Tpex. npSIMbiX. 

:a· o,, rae 1,2,3, . ( 1) 

B OllHOfl TO'IK~ SIBnsreTCSI paBeHCTBO Hynro onpeaenliTenSI " 

A I B I ct ( 2) 

D A· 82 c2 = .o. 
123 2 

A B c 
·a 3 

Mcrronhsyst 8TO caoiicT~o onpenennTenst (2), Mo:lKHO c¢opMynupoaaTh aecKonh-

~nHC..aHne nmr onpeneneHHSI nonpaaoK, a· nMeHao: nau6onee ppaaao

nono6aoe nono:lKeHH9 rnaBHbiX TO"ieK CHHMKOB 6yneT T0 1 llpH KOTOpOM 

cyM~a KBanpaToB onpenenJ.TT~neii TpeTbero nopstnKa, . 8neMeHTbi KOTOpbiX 

c'yTb K08¢¢uun:eiiTBI ypaBH9HHH npoeKUHH MepHllHOHanhHbiX fil!OCKOCTeii ·. Ha 

np_e!lM9TIIy'!O nnoCKOCTb 1 BOCllpOH3B9ll9HHbiX )lnSI MHO:lK9CTB8 TO"'9K o6'beKT8 1 

6yneT MHHHManbHa. 

06a 8TH npenmiC8HHSI 6nH3KH 1 TaK K8K KBanpaT onpenenHTenSI ( 2) BXO-
. . . 

llHT B "'HCl!HTel!b Bblp8:lK9HHH JlnH fil!Olll8JlH Tpeyf'OllbHHK8 1 o6pa30B8HHOr'O 

nonapHhiM nepece'L!eHHeM Tpex npstMhiX nn:lluii, a saaMeHaTenh Bhipa:lKeHIISI 

nnst nnomanu. Tpeyron:banKa · MO:lKeT o6paTHTbCSI B aynh B. cny'L!ae napannenh- · 

HOCTH llBYX llpSIMbiX H3 Tpex. Ha npaKTHKe He npellCT8Bl!SI9T Tpyna Bb!6paTh_ 

TO"'KH o6'beKTa TaK, "'T0.6bi OHH lie · ne:lKanu ua nn:aun: 6asn:ca, n: TeM caMbiM 

HCKnJO"'HTb B03MO:lKHOCTb o6pameHHSI B HYllb 3HaMeHaTel!SI B. Bh!p8:lK9HHII Jll!SI 

nnomann: TpeyronhHHKa. ilpn Bblfi0l!H9HHII 8TOH OJ'OBOpKH o6a npelliTHC8HHSI 

8KBHBaneHTHbi 1 HO .npn:Meaeuue BToporo rrpome. 
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nnH Tpex ¢oTOK8Mep 

llnSI IlpOeKUlli!: MepHnHOHanbHbiX IInOCKOCTei!: Ha rrpenMeTHYIO _IInOCKOCTb 

HMeiOT MeCTO ypaBHeHHSI Tpex ·npSIMbiX nHHHi!: .( J) 0 OIIpe.oeneHHe K09tPcfJH

UHeHTOB s KOTOpbiX MO)I{HO BbiiiOnHHTb cnenyromHM o6pa3oM . (pRe_. 2): rrpSIMaSI 

rrpoxonHT 'lepea :o'IKY Hao6pa)l{eHHSI l X 1 , Y 1 I u rnasHyro TO'IKY cHHMKa 

l X 10 +a l:Y 10 + f3 1 I , rne I X 10 , Y 1J - KoopnHHaTbi ·_ ueHTpanbHoro 

perrepHOI'O KpecTa, a a I H {3 1 - HCKOMbie IIOIIpaBR!H Ha IIOnO)I{eHHe rnaBHOi!: 

TO'IKU. Ha pHC~, 2 rnaBHaSI TO~Ka CHHMKa H TO'IKa Hanupa COBMeii(eHblx/ • 

Heo6xonH~iO rron'lepKHyTb, 'ITO ecnu rrorrpaBKa a
1 

unH. {3
1

· yMeHb-

ruaeT BenH'IUHy IIpOeKUHU UHTepsana OT TO'IKlf'06~eKTa no TO'IKH HallHpa Ha 

COOTBeTCTBYIOIIlYIO 0Cb 0 TO STa )l{e IIOIIpaBKa ysenH'IHBaeT senU'IUHy rrpoeKUHH 

HHTepsana OT TO'IKH H306pa)l{eHHSI no rnaBHOfi TO'IKH CHHMKa Ha TY )l{e OCbo 

X 

1.. " 'Y" -'I' ~{X Y} 
y 

Pnc. 2. 

x/H.. 
_BI!HP·:- OCHOBaHHe IIeplleiiJlHKYRSip8

1

1I3.1leHTp8 BXOJ!HOro 3p8'lKB,-

o67>eKTHBa HB npenMeTHYIO liiiOCKOCTbo 

-a 
-' ,.•. 

/ 

i-_ 

j 
.. , 
' 

., 

I 

.I ,, 

I 
1' 
I 
i 

-

B IInaCKOCTH H3a6pa)l{eHHSI Ha'Iano OTC'IeTa o6bi'IHO COBMeuiaroT 

HhiM perrepHbiM KpeCTOM, a IIOSTOMY 

X -X =x 
'j· jO j y -Y

0
=y,. 

j j \ 

TaKUM o6pa3oM, nnli _npliMOii ( 1). cor naCHO puc. 2, UMeeM ypaBHeHne: 

~ Yl o--=!!J.__ = 

y ,-- f3 j 

X -X lO-a l 

x l .-a l 

OrrpenemrTenb ( 2) nmi rrpSIMhiX s tjlopMe ( 3) coaTBeTCTBeHHo 

BHll: 

y - f3 
I I 

x -a X y - Y x + a ( Y + y ) - f3 (X · + x ) 
I 0 -1 10 I I. 10 I I 10 I 

y -{3 x-a X y -Y x +a (Y +y 
j j j jO j jO j j jO j 

- {3 (X +x 
j jO 

y -{3 
k k 

x -a 
k 

X y-Y x +a (Y +y l-{3 (X +x l. 
kO k kO k k I kO k k . kO k 

lliili aaxolKneHnli norrpaBoK .rrpnMeHSieM rrpennncaane: 

N 

~ D 
2 

=min , 
m=l f j k m 

rne i ,' j , k - HOMepa tjJOTOK8Mep 0 a N - 'IHcno To'IeK o6~eKTa 

oerreoos saeniHero ooHeHTHPOBaHHSI. Heo6xonHMbie vcnaBHSI BhiiTOnHe 

IIHC8HHli (5), cyTb: 

a~ o2 

a a 

a~ o 2 

a a. 
j 

iJ~ D2 

a a 
k 

('> 

a~ o 2 

a{31 
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~p 

ii H8 npenMeTHyiO llllOCKOCTb 

{ 1), onpeneneHne Koa<P<lm

M o6pa~ciM . ( pnc .• 2): npSIMaSI 

H rnaBHYIO TO'JKY CllHMKa 

10pllHH8Tbl · ueHTpanbHoro · 

IpaBim Ha TIOJlO)[{eHHe rnaBHOfi 

a Hannpa coaMemeHhix/. 

BK8 a l HllH . {3 l. yMeHb

)6~eKT8 no TO'JKH Hannpa Ha 

~11H'lHB8eT BellH'lHHY npoeKUHH 

rO'lKH CHHMK8 H8 Ty )[{e OCb. 

X 

{XY} 

D/lHOrO 3p8'lK8: 

J __... 
{ 

I 

·-r 
J 

/ 

B nnocKOCTH H3o6pa)[{eHHSI Ha'lano OTC'leTa o6b;'JHO COBMeuiaroT c ueHTpanb-. 

Hb!M penepHbiM KpeCTOM, a TI09TOMY 

X -X ax 
'I' 10 y l - y jO == y ~ ' 

TaKIIM o6pa3oM, AnSI _npSIMoll ( 1), cor·nacao pnc. 2, nMeeM ypaaaeane: 

y·-y' -{3 
10 · I X -X 10 - a l (3) --------'" 

y ~·- {3 I xI .-a I 

OnpenennTenb (2) nnSI npSIMhiX B cpopMe (3) cooTBeTCTBeHHO npnHnMaeT 

ann: 

y I - {31 x' -a X r.
1
-Y

10
x

1
+ a.(y +y l-{3 (X·+ x) 

I 0 I. 10 I I 10 I 

(4) 

Y 1 - {3 I x - a I X 10 Y 1 - y JO x 
+a (Y +y 

I JO I 
- {3 (X +X 

l JO l 

yk-{3k x -a 
k 

LlnSI aaxoJKaeHllSI nonpaaoK !IpnMeHSieM npeanncaane: 

.N 
~ D 

2 
'"min , 

m=t I j k m 
( 5) . 

rne i. i. k HoMepa cpoToKaMep, a N - qncno To'JeK o6'heKTa, aanpnMep, 

nen!2DOB saenJHero onneHTHDOBaHHSI. Heo6xonnMhie vcnoBHSI BbmonHeHHSI nnen

nncaanSI ( 5), cyTb: 

a a 

{) 

a~ n 2 

a{3, 

7 

----.=---- .. o. ( 6) 
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l 

. PacKpbiBaSI orrpe.neniiTenb ( 4-) II rronaraSI, qTo IICKOMh~e rrorrpaBKII -

seniiqiiHhi Manbte, rrpeae5p,eraeM qneHaMH BToporo ·'nopHllKa ManocTII, conep-

JKaume a 
2 

, {3 2 
H a {3, II HBXOlliiM: 

D .. aa +aa+aa +b/3 +b/3 +bf3·+c 
Ilk I I 1 J k k I I 1 J k k lk , 

yCnOBHOe ypaBHeHHe OTHOCHTenbHO ITOITpaBOK, B KOTOpOM 

a • y y (X -X ) + x · y ( Y - Y ) + 
I J k kO jO 1 k 10 10 

·a 

+ y 1 X k ( y 10- y kO ) + y I (y 1 X k 

y y (X -X l+ X y (Y' 
k I 10 kO k I kO 

X Jy k) 

y ) + 
10 

+ Y · X ( Y - Y ) + Y (y X -X y ) 
k I 10 10 1 k I . k I 

·a = y y (X -X l+ y X (Y y ) + 
k I f 10 10. 1 10 kO 

+ y I X 1 (. y kO - y 10 ) + y k ( y I X 1 - X I y J ) ; 

bl=:ylxk (X -X l+ X y. (X -X ) + 
10 10 1 k 10 kO 

+ X X ( Y - Y ) +X (X y -y X ) ; 
lk kO fO I fklk 

b f = y k X I ( X kO - X 10 ) + X k y I ( X 10 -X 10 ) + 

+X X ( Y -Y ) + X (X y - y X 
k I 10 kO 1 k I k 

8 

( 7} 

. :f 

i! 
'I 
'~;' 

~1 

~ 
/i',\ 
/i~' 

. ·t 1, 

\ 
l' 
1 ~ .,, 
~ 
,jl/ 

~ 

* illl 
I 

1(
1
1 

u ,. 
.~; 
/I 

~ 

"b •y x ex .-x l+x y c x -x l + 
k I f 10 kO I 1 k 0 10 

+ X X 
I f 

y -Y 
10 10 

+X (y X -y X ) l 
k 1 I I 

c I 1 k '= x I y f y k ( X 10 - X kO ) + x 1 y k y 1 ( X kO- X 10 ) + 

+ . X I< y I y f ( X . 10 - X 1 0 ) + y I X 1 X k ( y 10 - y kO ) + 

+ y l (y - Y ) + y X X ( Y - Y ) ~ 
I kO IO k I .1 . 10 10 

X X 
k 

Ha ycnoBHit ( 6), Bhmonasm .nmpljlepeHuHpoBaHHe Bbipa)KeHHSI · (7), aa: 

HOpManbHbiX nHHefiHhiX ypaBHeHHif .llnH OrrpeneneHHSI llleCTii Heli3BeC1 

BOK: 

[ a 1 a 1 ] a 1 + [ a 1 a 
1 

] a 
1 

+ [ a 
1 

a k] a k + [a 
1 

b 
1 

] {3
1 

+ 

+ [ a b ] {3 + [ a b ] {3 + [ a c ] .. · 0 ; 
I 1 1 I k k I Ilk 

[a· a ] a 
1 1 

+ [ a a i] a .+ [ a a ]a 
1 1 1 k k +[albl]81+ 

+ [a b ] {3 + [a b ] {3 + [a c J .. o; 
1 1 1 1 k k 1 Ilk 

·. 
[ b k a 1 ] a 1 + [ b k a 

1 
] a 

1 
+ [ b ka k] a k + [ b ·k b ·

1 
] {3

1 
+ 

+[b b ]{3 +[b b]{3 +[b c ] .. o, 
k I 1 k k k k ljk 

9 



"'TO MCKOMb1e n~mpaBKM -
' I 

·nopHaKa M~nocTn 1 coaep~ 

( 7) 

lk I 

IM 

·· b - y x (X . -X ) +·x y ·I ( X -X + 
k . I I 10 kO I k 0 10 

+X X (Y -Y 
I I 10 10 

+X (y X -y X ) ; 
k l I I l 

c ax 
.ll k y I y k ( X 10 - X kO ) + x 1 y k y I ( X kO- X 10 ) + 

+. x k y I y I ( X . 10 - X I 0 ) + y I xI x k ( y 10 - y kO ) + 

Ha ycnoanfi ( 6) 1 BbmonHflfl an¢¢epeaunposaane BbipalKeHnSI · ( 7) 1 aaxoanM IUecTb 

HOpManhHbiX nMH9HHbiX ypaBH9HMH .. anH onpeaeneHHfl IU9CTM H9ll3B9Cl'HbiX rrorrpa

BOK! 

[ a 1 a 1 1 a 1 + [ a 1 a 1 1 a l + [ a 1 a k 1 a k + [a 
1 

b 
1 

1 {31 + 

+ [ a b 1 {3 + [ a b 1 {3 + [ a c 1 .. · 0 ; 
I I I I k k Ilk 

[a· a 1 a 
I 1 +[a b 18

1
+ 

I 1 

+[ab 1{3 +[ab 1{3 +[ac mO; 
I I I I k k I Ilk 

.. 
'· 

[ b k a 1 1 a 1 + [ b k a l 1 a 
1 

+ [ b k··a k 1 a k + [ b k b ·
1 

1 {31 + 

+ [ b b 1 {31 + [ b b 1 {3 + [ b c 1 .. 0. 
k I k k k k Ilk 

8 
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B KOTOphiX llmi 0003H8'!9HllSI KoS<fJqmuneHTOB npn H9ll3B9CTHhiX a; {3 npnMeHe-

Hhl 0003H8'!9HHSI faycca: 
N 

[aa].!.(a 
I I mal 

[a a ] ~ l:. (a 
I l m•l 

lm 

2 
) 

lm8 ~~) 

N 

[ b k c Ilk ] = !, (lb km c ljkm ) • 
m ., 

Ung qeTwpex ~OTOKaMep 
/ 

B aToM cnyqae llnsr KB)!(JlOfi TO'IKH oo'heKTa nMeroTcsr '!eThipe npsrMhiX -

npoexunn MepnllllOHanbHhiX nnocxocTefi Ha npellMeTHYIO nnocxoc.Tb. B Hlleanb-

HOM cny'!ae Bee 9TH '!eThipe npS!Mhie, BoccTaHaBnnBaeMhie no KOOpJlHHaTaM 

H300pa}l{eHnSI TO'IKH OO'b9KT8 1 JlOn)!(Hhi HM9Tb OllHY TO'IKY nepeCe'!eHHSI, a B 

peanbHOM - MOI'YT IIMeTb meCTb. TO'I9K nonapHO;r'O nepece'!eHnsr. 

ITo aHanornn co cnyqaeM c TpeMsr ¢oToKaMepaMH llnsr onpellenennsr 

IIOIIpBBOK K KOOplliiHaTaM rnaBHhiX TO'I9K M0)!(9T OhiTb 1IpHM9H9HO cnellyiOWee 

npellnncanne: · 

N 

E=!. (D2 
m•l flkm 

) •mi n, 
( 9) 

+D 2 +D2 +D2 
jk £ m k £ lm £ ljm 

rile i, j , k: , f'. - noMepa ¢oToKaMep, a m - HOMep TO'IKH OO'beKTa, 

nanpnMep, pEmepa BHemnero opnenTHpoBannsr. 

Heo6xo,nuMbie ycnoBUH t:tnH BhmonHeHIIH npenriucaHHSI ( 9) cyTh: 

aE a'E . a E aE 
~ ~ .. aak <=~ 

10 

aE 
a{3 1 

aE 
a/3 

aE 
a f3 k 

.... aE 
a{3 r 

.. o. 

ITponaBonsr llH¢¢epenunpoBaHne E IIO KB1KJlOMy ll3 BOCbMll f 

(nonpaBKir a n fi . ) n npnpaBHHBasr nony'IeHHhie Bhxpa)!(eHnsr nyn: 

( 10), ananorH'IHO cnyqaro c TpeMsr . ¢oToKaMepaMn, nonyqa'eJ.1.1 

ypaBHeHnfi C 8-10 HeH3BeCTHhiMH. 

Pe3ynbTaTbi 

ITo TonbKO 'ITO nano)!(eHHofi MeTOilHKe 6hinn onpeJleneHhi n 

ioopllHHBThi rnaBHhiX TO'!eK qeThxpexKaMepnofi ycTaHoBKH MeTpoBc 

HOfi IIY3hiPbKOBOfi KaMephi naa OHJUf/ 1/. nnsr 9TOI'O IIPOH3BOilllnac 

penepoB Bnemnero opuenTnpoBaHnsr (-14 xpecToB na cTeKne-~nn 
KaMephx) na ¢oTonnacTHHKn, na KOTOphiX TaK~e perncTpnpoBanncJ 

BHyTpeHHero opneHTHpOBBHHSI. HaMepeHHe KOOpJlHHaT Kp;CTOB Ha ¢c 

Kax nponaBoJlnnocb Ha MHKpocKone YHM-21 ( Benn'IHHhi , x 
1 

, y 
1 

, x 

KoopJlnHaThi penepoB BHyTpeHHero opneHTnpoBaHnsr, HaHeceHHhiX Ha 

Baxomne cTeKria ¢oToKaMep, ohmn naMepeHhi Ha KoopJlliH-:'THo-pacTO'I 

C ellHHOfi yCTBHOBKH (BenH'IHHhl .Xto> Yto:• ••·Y4o ) (pnc. 3) 
) 

llBHHhie ·naMepeHllfi HB' MHKpOCKOIIe OhinH npeo6pa30B8Hhl B CllcTeM 

cBsraaHHYIO c ¢oToKaMepaMn. ITocne aToro cneJluBano Bhi'IncneHne 

TAKlirM o6oaaoM ohmn aafineHhi cnenvromne nonpaBKn: 

a I = -0,058. MM1 

a 4 = 0,049 MM1 

a
2 

= 0,005 MM1 

{3 1 <= -0,013 MM
1 

{3 3 = - 0,023 MM, {3 4 = 0,008 MM. 

a 
3 

= -0,027 MM1 

{3 2 = -0,027 MM1 

nnsr npoBepKH npaBirnbflOCTH aafiJleHHhiX nonpaBOK ObinH E 

R:oopllnnaTbi 14 penepoB BHemnero opneHTnpoBannsr no BCeM meeT 

napaM KBK C yqeTOM II01Ip8BOK 0 TaK H 6e3 HHXo Paa6poc B KOOpL 

cnyqae npnMeHeHHSI nonpaBoK, oxaaancsr aHa'InTenbHO MeHbme. Kpc 

ohmo npoHaBelleno cpaBneHHe nony'IeHHhiX 3HaqeHnfi KOOPllHHaT pene 

Hero opHeHTHpOBaHHSI, a HM9HHO: 

11 



maBeCTHbJX a ; {3 npuMeae-

aMep 

HMeJOTCSI tJeTb!pe 11pS!MblX -

3THYJO rrnocKOCTb. B u.ueanb-

mBaeMbJe rro KOOp.UHH8T8M 

iHY TO'IKY rrepecetJeHHSI, a B 

)ro rrepecetJeHHSI, 

~aMepaMH .UhSI on~e.ueneHHSI 

ObiTb rrpnMenelio cne.uyromee 

min, 
( 9) 

m - HOMep TO'IKH OO~eKTa, 

C8HIISI ( 9) cyTb: 

---- =· --- .. o. 
a{3k a{3f 

( 10) 

IlponaBOllSI .uu$$epeaunpoBaane E 110 KaiK.UOMY H3 BOCbMH· HeH3BeCTHbiX 
• • • I 

( norrpaBKH a H fl . ) H rrpnpaBHHBaSI nonytJeHHbJe Bbxpa)KeHHSI Hynro, cornacH~ 

( 10), aaanorn'IHO cnytJaJO c TpeMSI . $oToKaMepaMu, nony-qa'e~ 8 nnaeiiHbJX 

ypaBHeHHii C 8-10 HeH3BeCTHbiMH, 

Pe3yJihTaThi 

ITo TOnbKO 'ITO nano)KeHHoii MeTO.UHKe ObinH onpe.ueneHbJ nonpaBKH aa 

ioop.unaaTbl rnaBHbiX TO'IeK tJeTbipexKaMepaoii ycTai!OBKH MeTpoBoii Boi:topo.u-

Hoii JJY3biPbKOBoii KaMepbJ JIBS OHHH/1/ • .UnSI aToro npouaBoon.nacb ct.eMKa 

penepOB BHeiUHero OpHeHTHpOBaHHSI (-14 KpeCTOB Ha CTeKne-HnnJOMHHaTope 

KaMepbl) Ha $OTODnaCTHHKH 0 Ha KOTOpblX TaK~e pei'HCTpHpOBanHCb H penepbl 

BHyTpeaaero opHeHTHpOB8HHSI. HaMepeHHe KOOplll!HaT Kp~eCTOB Ha $oTonnaCTli!I

KaX npoHaBo.uHnocb aa MHKpocKone YHM-21 ( BemPIHHbi : x 1 , y 1 , x a , ... y 4 > • 

KoopllHHaTbi penepoB BHyTpeaaero opHeHTHpoBaHHSI, aaaecei!HbiX -Ha BbipaBHH

BaxomHe CTeKna $oTOKaMep, ObinH H3MepeHbl Ha KOOpllHH~THO-paCTO'IHOM CT8HKe 

C e.UHHOii ycTaHOB~H ( BenH'IHHbl X10 I Y tO . o • • Y 
40 

) - (pH C. 3) • . 3aTeM 

I .uaHHbJe H3MepeHHii aa· MHKpOCKOJJe ObinH npeo6pa30BaHbl B CHCTeMy OTC'I~Ta, 

cBSiaaHHYJO c $oToKaMepaMH, Ilocne aToro cneouBano Bbi'IHcneaHe nonpaBoK. 

TAK'ii'M o6oaaoM ObmH aaii.ueHbi cne.UYJOIUHe nonpaBKH: 

a I = -0,058 MM, 

a 4 = 0,049 MM, 

f3 3 = - 0,023 MM, 

a
2 

= 0,005 MM, 

13 1 = -O,iH3 MM, 
. . . 

f3 4 = 0,008 MM, 

a 
3 

= -0,027 MM, 

fJ2-_ -0,027 MM, 

.llnSI npoBepKH npaBHnbH.OCTH Haii.UeHHbiX nonpaBOK 6btnH Bbl'IHCneHbl 

KOOp.UHHaTbl 14 penepOB BHeiJJHero opneHTHpoBaHHSI DO BCeM IUe.CTH CT~peo

napaM KaK c ·y'I~TOM nonpaBoK, TaK H 6ea HHx. Paa6poc B Koop.UHHaTax, B 

cnytJae~npHMeHeHHSI nonpaBoK, oKaaancSI aHatJHTenbHO MeHbme. KpoMe aToro, 

6bmo nponaBe.ueno cpaBaeaue nonytJeHHbiX aHatJeHuii Koop.uuaaT penepoB BHew

aero OpHeHTHpOB8HHSI, a HMeHHO: 
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I 
.) 

t· 
:1 
,I 

J 

:1 
'I 
i! 
i! 

i 
j 

·' 
~ 

[i, 
" ,, 

Puc. 3. nnu~a c 'leTbipbMSI ¢oTot'p8MMeTpH'IeCKifMif K8MepaMif ,Ha KOOpJllfH8THO
pacTO'IHOM CTaHKe B MOMeHT 06Mepa KOOpJlHH8T penepHblX KpeCTOB 
BHyTpeaaero opneaTnpo~~HHSI •. K.rnnuanen~ ~Ta~ka npnKpennea·rnaB-' 
Hbill MHKpOCKOll OT YHM-21. ,, . 

_'(o 

12 

' 

X<jlm"l/6 (XI:l +Xl3 +XI4 +\3 + X24 +X~4) 

y "' = 1/6 ( y + y + y + y 
.'I'm · 12 13 14 23 + Y 24+ !u>' 

rne m = 1,2, •• ;';. ••.••••• 14, 

T.e. cpenHHX 3H8"19HHH1 rrony"leHHbiX IIO BCeM lll9CTH CTepeorrapaM1 

H8T8MH STHX :lK9 Kp9CTOB 1 rrony"leHHbiX B peaynbTaTe HX H9IIOCp9l 

38Mepa C enHHOH YCT8HOBKH Ha KOOpnHH8THO-p8CTO"lHOM CT8HK9 

rne m = 1,2, ••••••••• 14). 

C uenbJO Cp8BH9HHSI K KOOpnHH8T8M X 0 , Y0 6binH I1pHM9H9Hil 

IIOBOpOTa H rrepeHOC8 nnSI . IlpHBeneHUSI HX K CHCTeMe v. OTC"leTa1 

C ¢oTOKaMepaMH 1 H OII9p8UHSI •c:lK8THSI' nnSI y"leTa COKpameHHSI 

cTeKna BcnencTBHe oxna:~KneHHSI ero no TeMnepaTyphl :lKHnxoro 

Kos¢¢uu~~;eHTbi nnSI STHX npeo6'paaoBaHHH 6bmH orrpeneneHbi no ME 

M9HblllHX KBanpaTOB1 a HM9HHO: 

napannenbHbiH nepeHoc 

N I N e - - I (X"' m- X ); 
Na-t .. 't' . om 

I . . 
'I ... -·I(Y"' -Y ); 

N m:al '+'In om 

yron noBopoTa 

N 

tg ¢ 
I ( Y <jl_mxom 
m 

X <jlm Yem 

N 

I 
m 

X fjlm X em+ y y 
<jlm em 

K09¢<jJHUHeHT 'c~aTHH' 

N 

8 
I<X<jJmXom + Y <jlm Y em - m . 

I < x2 + y 
2 

m om em 

13 



II KaMepaMII .Ha KOOpAIIH8THO
JAIIH8T penepHblX KpeCTOB 
o bi'a~Ka npi!Kpimitea rnas-: ' 

1 
' .. 

rlle m = 1,2, .. :--. ....•..• 14, 

/ 
(11)' 

T,e. cpellHHX aaaqeHHli:, nony'leHHbiX no BceM mecTH cTepeonapaM, c xciopnH

HaTaMH 9THX :lKe KpeCTOB 1 nony'leHHbiX B peaynbTaTe HX aenocpellCTBeHHOrO 

aaMepa C ellHHOli: ycTBHOBKH HB KOOpllHHBTHO-paCTO'IHOM CTBHKe (Xcm ,Y 0 m), 

rne m = 1,2, .•..•.•.. 14). • 
C uenbJO cpaBHeHHSI K KOOpllHHBTBM X 0 , Y0 6binH npHMeHeHbl onepaUHH 

llOBOpOTB H nepeHOCa JlnSI . npHBe]leHltSI HX K CHCTeMe v. OTC'I~Ta1 CBSI3SHHOli: 

c ¢oToKaMepaMH, H onepauHSI 'c:lKaTHSI• nnSI yq~Ta coxpameHHSI paaMepoB1 

CTeKna BCnellCTBHe OXnB:lKJleHHSI ero llO TeMnepaTyphl :lKHilKOrO BOilOPOilBo 

·Koa¢¢Hu~eHTbl JlnSI 9THX npeo6pa30BBHHli: 6binH onpeneneHbl no MeTOJlY HBH

MeHblllHX KB8Jlp8TOB1 a HMeHHO: 

napannenbHbili: nepeaoc 

1 N 
~ • -I. (X"-m-X ); 

Na.t _'I' . om 

1 N 
Tf ·-·I.(Y"- -Y ); · N m::at 't' m om 

yron nosopoTa 

tg </> .. 

N 

I,( 
0 m 

I. 
m 

N 

I. 
m 

N 

X "-my . 
't'. em 

I. X cjl m X em + Y cjl mY em 
m 

X cjlm X om· + Y cjlm Y em 

x2 y 2 
+ 

om om 

13 

( 12). 

( 13) 

( 14) 
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Tiocne. sTnx orrepaunii: 6hmn Bbr<IllcneHbi OTKnoaeanll 

L'lXm =X ~m-X em L'1 y m = y «P m - y em (15) 

PeaynbT8Tbi TaKoro cpaBHeHnH rrpuBeJleHbi · B Ta6nuue 1. l13 aToll: Ta6nuubi 

BllJlH01 ~TO IIpllM8H8HHe IIOIIp8BOK· IIpllBOJlllT K CYlli8CTB8HHOMy COKpameHHID 
' 

CyMMbl KB8JlpaTOB OTKnOH8Hllii: Bb!~llqneHHb!X 3H8~8Hllii: KOOpJlllH8T perrepHbiX . ' . 

KpecToB .oT naMepeHHhiX aaa~eanii: KoopnnaaT Tex )Ke KpeCToB. CpaBHn-

:TenbHO 6onbllille 3H8~8Hllll OTKnoHeauii: Jln~ KpeCTOB·4,B,7,9 H 10 o6ycnoBn8Hbl 

nx 6nnaKnM pacrron~·)KeHneM. K onHoMy na llleCTH 6a_anco~ C'heMKn, llaHHhie · 

cpaBHeHnll 6ea aTnx KpecToB rrpencTaBneHbi B Ta6nnue 2. B ;noM cny~ae 

rrorrpaBKn TaK)Ke rrpnBOJlllT K coKpameauro OTKnoaeanii: •.. 

l13 Jl8HHbiX; IIpllB~Jl8HHh!X B •ra6nntie 1, MO)KHO cnenaTI). BbiBOJl 0 TOM, 

~TO BB8Jl8HHe ·norrpaBOK Ha KOOpJlllH8Tb! rnaBHhiX TO~eK «iJoTorpaMMeTpll~eCKllX 

Ka:Mep, :rrpe_naaaaa~eHHhiX nnll «PoTorpa«iJnpoBaHnll. MeTposoii: sonoponaoli: rryabipb-

1> ~OBO.ii: KaMepb! nBs Ol1.Hl1, B 2,5 paaa- yMeHblllnno Olllll6Ky: B orrpeJleneann '. 

rrnaHOBhiX .KooptlnHaT TO~Kn. o6'beKTa· .rrpn rrepexoJle oT OJlHoii cTepeorrapbi 

.CHHMKOB K_Jlpyroii:,' ll ~TO C BB8Jl8Hll8M IIOIIpaBOK CpeJlHee OTKnOH8Hlle BOC

CTaHasnimaeMOH no cTepeoc~nMKaM To~KH oT aaJlaHaoro rro peaynbTaTaM 

C'b8MKll TecTa COCTaBnHeT MeHee 0,3 MM: 

, B 38Knro~eHne 8BTOpbl C~llT8IDT IIpllSITHbiM 'JlOnroM B!JIP£o\3llTb CBOID 

rny6oKyro 6naronapaoCTb aa. rroneaHhie o6cy)KJleHnll l1.B.l.Jysnno u ~.Jy\.1Te6e

JleBy H 'aa Bb!;.onaeane. ll3Mepeanii: n Bbi~HcneHnii: B.H.AnMa30By, n.c.Boii:

UOBOH,· B.H. fny~eHKo, l1.A.Mnponro~oBb~ n B.H.MonocTBOBoii. 

n H T 1e p 8 T_y p 8 

1. B.B. Tn8roneB, A.A.Tymoriin, 3.B.Ko3y6cKHii, P.M.JJe6eaeB , 3.M~nnBmnu, 
· M.Ma.nbr, · M.M.PycHHoB, B.n. CepreeB, B. rtJ.CHKoneHKo, ·B.B.XBanoBCKHii~ 
llpenpHHT OHHH 13-3633, ily6na, 1967. 

PyKonncb nocTynnna B H3naTenbcKnft oTnen 

16 neKa6pg 1968 rona, 

14 

,, 
'I 

.. 
i ' 

HoKep 
IqJecTa 

•;_. 

1 .. · 

2 
3 
4 
5 
6 ., 

. 7~ 

8 
9 

IO 
II 
!2 
!3 
!4.: 

'"'..-:' 

·TAEJIHUA 

· 1 CSes nonpaBoR_ 

. I< .. dX . d y 

' ' 0,183 0~381 
·. 0,082 .0,224 

0,265· 0;127 
0,255 -0,183 
0,392 -0,120. 

;..:.0,390 -0,195 
-1,030 1,6?9 
0,519. -0,220 
0,526 -0,162 

-0,282 -0,!27 
-0,215 -0,246 
-0,003 -0,331 
-0,196 -0,339 
-0,!08 -0,446 

l:dX 
2 = 2,264 

l:dY
2 -'= 3,526 

l:(dX
2 
+dY 2 1 = 5, 790 

Ar = e,643 MM. 

. .I 

. '''i. 

c nonpaBRaMJI 

. dX 

-0,051 
-a,081 
-0,010 
-0,022 
0,135 

. -0,131 
0,230 
0,!!8 
0,443 

-0,578 
-0,06! 
0,032 

·-0,029 
0,000 

dY 

-0,0! 
-Ot~OJ 
:..0,!( 
0,4~ 

-0,0~ 

-o.m 
-O,m 
-O,Il 
-0,0~ 

-0,14 
-o.n 

l:d X 
2 = 0 t 648 

l:d Y
2 = 0. 29! 

l:(dX 2+dY 2l~ 0,939 

d'"; = 0,259. 

3,JteCL d.-;:. 
l;(£\X

2
+dY

2
l ..; . .. .. . .. . . 

14 

15 
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( 15) 

16mme I. l13 aTofi Ta6nnuhi 

:ymeCTB9HHOMY COKpameHHIO 

~~eHllll KOOpDllH8T perrepHhlX 

· Tex )Ke KpeCTOB, Cp'71BHH

DB -·4,5, 7,9 n 10 o6ycnoBneHbi· · 

ll 083llCOB C'b9MKll, .llaHHbie 

16nnue. 2. B aToM 

eHHfi, 

cny~ae 

))KHO c.oenaTb BbiBOD 0 TOM, 

TO~eK <jloTorpaMMeTpH~eCKHX , 

!eTpOBOH BO.OOpO.OHOH ITY3blpb

mno onm6Ky. B orrpe.oeneann . 

xo.oe OT o.oaofi cTepeorrapbi 

lK cpe.oaee oTKnoaeane Boc- · 

aa.oaaaoro rro pe3ynbTaTaM 

hiM · DOni'OM Bljlp~3llTb CBOIO_ 

:HSI I1.B. '4 yBnno n ~ .fy' ,'Jle6e

Ifi B.H.AnM830By, n.c.Bofi

;M mioCTBOBOfi, 

P.M .JJe6eaeB , 3,M ,nHBillHII, 

CHKoneHif01 ·B,B,XBanoBCKHii, 

!bCKllil OTJlen 

la. 

. ' . ,, 
. ; : 

I -· 
I 

'·, 
. :-.. . 

····. 

'• 

r-
I 

'. 

'' 

i' 
'! I. 

\ I : 
t 

-: ., . :· 

,, 
r · .. ·. · ... 

'~ . . .t~:· .; 
~ ' ' ' ' 

I' 

·~' -
(i ., . ' ~ 

,. 
HoMep 

lq)eCT& 
·' 

r'.· I 

2 
3 

'4 
5 
6 
:7' 
8 
9 

IO 
II 

• 12 
13 
14 

,_' 
~ . . ' 

., 
•-.', ·'• 

... 
.... ; : . -: -. - · ... . : . 
: ~:~ ~ 

" 

TABJIHUA .I 

~X 

0;183 
'0,082 
0,265· 
0,255 
0,392 

-..:.0,390 
~1.oso 

0,519 
0,526 
-0~282 
-0,215 
-0,003 
-0,196 
-0,108 

0~381 
,0,224 
·o.r2? 
-0,183 .· 
-0,120· 
-0,195 
1,6?9 

-0,220 
-0,162 
-0,127 
'-0,246 
-0,331. 
-0,339 
-0,446 

l:~X 2 = 2, 264 

l:~y 2 -'= 3, 526 

l:(~X2+~Y 2
) = 5,790 

c nOIIpaBI<aMJI 
i 

~y 

-0,051 0,123 
-0,08! 0,059 
-0,0!0 0,099 
-0,022' -0,05,5 
0,135 -0,018 

. -0,131 -0,106 
0,230 0,438 
O,II8 -0,041 
0~443 -0,053 

-0,578 -0,021 
-0,061 ' -O,II2 
0,032 -0,038 

; 

-0,143 -0,029 
0,000 -0,129' 

~X 2 = 0,648 

l:~Y2 
., 0,291 

l:(~X2+~Y2) ~ 0,939 

9,643 MM. s; = 0,259 MM. 

' 2 2 
l:<~.x. +:AY l v-----

14 

15 
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•. c;' 

. ~o.Mep· 
Kpec'!'a 

I 
2 
3 

'6 
8 
'' ,. 

II 
I2 

·.· !3 
I4 

·,, 

I 

T.A B n M UA 2 

·' ··I·· 6es: nonpa.BoK, • . 1 .c . nonpa}'_KaMM 

· t.x ·.·. K y· ·· . . t.y' 
~: ... __ 

Ax 

0,!68 . . ·. ,·· r 0,067:.· .. · -. 
~~ 0, 250 ~ ·. 

o>i97 .. · ~.o2.z· · ·· · · · 
o' 340 · ; · -.-a· o57 • · ' ~ ·. ,_ ~ ' ' .... -' .. 

0,243. . ' O;OI4 ': 
.. . 

1

. -0,405 ... · .'. -0~079 .• ·• -o,i67 · 

o·,f55 ·· .. 

0,09!. 
O,I3I 

:,J>_ ·-~ o,504_::··· . -:-O~I04.; ~ ·. o,r_42 · .· · 
. -0~230 .· ' ... · -0,!30. . . -0,037.' 

··-o,or8·: .···• _Q:,2I5' o,o56 
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