
~.344, l9- + C344 .1CL-

5-4 9 tf 
OBoEllV1HEHHbi .11 

VIHCTVITYT 
flllEPHbiX 

V1CCnEllOBAH VI H 

PIO · 3023 

H. Bemuoaa, 11 . BpaHa, 11. MapeK 

K BOllPOCY 0 BhiBPOCE 

llJlOXO 113MEPEHHbiX TOlJEK HA TPEKAX, 

llOJJYlJAEMhlX B llY3MPbKOBOM llPOllAHOBOM KAMEPE 

ftM 



23 

1 Tpex:ax 

D H3MepeH 
Tpex:oa B 

« HaHMeHb 

'I np. 
,.H .H )(p. 
~y 

••• 
~66 - -

} 

~ 
~ 
0 
No. 
:;,.... 

PIO · 3023 

H. Beuwoaa, H . Bpaua, H. MapeK 

K BOOPOCY 0 BNBPOCE 

IlJIOXO H3MEPEHHYX TO'IEK HA TPEKAX, 

nOJIY'IAEMYX B flY3YPbKOBOH nPOnAHOBOH KAMEPE 



0ITHCbiBBeMaSI nporpBMMB Bbt5poca ITITOXO H3MepeHHb!X TO'IeK SIBITSieTCSI 'IBCTblO 

nporpBMMbl reoMeTpH'ieCKOH peKOHCTpyKUHH TpeKOB B ITY3b!pbKOBOH KBMepe. 

Xon TpeKa qaCTHilbl B KBMepe MO>KHO 81I1IpOKCHMHpOB8Tb BHHTOBOH 11HH H8A. 

0pTOrOHBITbHOH napannenbHOH 1Ip09KilHeH BHHTOBOH ITHHHH HS IIITOCKOCTb, nep

ITeHAHKyngpHy10 K ee OCH, SIBITSieTCg OKpy>KHOCTb (OCb BHHTOBOH ITHRHH napannenbHa 

HanpasneHHto MaraaTaoro nonsr). 

l1pH ¢oTOrpa<fJHpOB8HHH BHHTOBSSI ITHHHH nepeHOCHTCH IIyTeM ll9HTpanbHOH 

npoeKUHH HB IIITOCKOCTb IIITeHKH (nepii9HAHKYITHpHy10 K OCR BHHTOBOH ITHHHH) KSK 

KpHBBH Bb!Clllero II OPHUKS. !1pennonaraeTCH, 'ITO IIpOeKUHlO TpeKa HS nneHKe MO>KHO 

annpOKCHMHpOBBTb OKpy>KHOCTblO. 

Yf3MepeHHe TO'I9K Ha OTAeiTbHb!X TpeKaX IIpOH3BOAHTCH HS MHKpOCKOIIe. Yfa

MepeHHbie KoopnHHSTbi nep<flopapyiDTCH aa nonyaBTOMaTax. Henban rapaaTapoBaTb, 

'ITO H3Me peaan He 5ynyT conep>KaTb owu6ox. f!noxo H3Me peHHbte TOqKH MoryT soa

HHKHY Tb HITH BCIT9ACTBHe H9HCITp8BHOCTH nonyaBTOMSTa, HITH H3-38 H9TOqHOC TH pa-

50Tbi onepaTopa , o5cny)I(HB8101Uero nonyaBTOMaT. TaK KaK Ka)l{nan nnoxo H3MepeH

HaSI TO'IKS BHOCHT OIUH5Ky B peaynbTSTbl BCeH reOM9TpHqeCKOti peKOHCTpyK!lHH, TO 

ITITOXO H3MepeHHbte TOqKH H8AO BbiSIBHTb eme AO peKOHCTpyKUHH TpeKa. 

ITo senaqHHe omH5Ka nnoxo H3MepeHHbie ToqKa: MO)I{RO paanenaTb Ha nse 

rpynnbt: 

1. ToqKH C KOOpAHH8T8MH, COOTBeTCTBYlOIUHMH TOqKaM BHe IIpOCTpaHCTBa 

K8Mepb! 0 - TOqKH cnyqaAao B03HHKHyBlliHe. 

2. ToqKa aaxonnmuecn B KaMepe, HO opToroHanbHbte OTKnoaeHHH KOTOpbtX OT 

KpHBOH, IIpOXOAHIUeH qepe3 BCe XOpOIUO H3M9p9HHbie TOqKH, 60nbllle ASHHOA Benu

'IHHbl 8 -TQqKH IIITOXO H3MepeHHhle. 

MaTeMaTaqecKoe onpeneneHae 3THX ToqeK ae HBnHeTcn npoCTbtM. 
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P a 1-tee acrroJibayeMbie MeTO!lbi. CH8"18Jia 6yayT OIIBCBHbl MeTO!:(hi, anropHTM 

KOTOpb!X 6biJI y)l(e rrepeaeneH B KO!l M8IIIHHbl MHHCK-2, HO KOTOpb!e rrpa C"leTe KOH

TpOJib!Ibl X CJIY"l8eB IIOK838JIBCb He COBCeM TO"'HbiMB, 

f1epaol! IIOIIbiTKOll 6b!JIO OIIpeneneHHe cny-qaJl:HO B03HHKIIIBX TO"!eK C IIOMOillbJO 

p8CCTOHHBSI OTAeJibHblX TO'ieK TpeK8 OT neHTp8 T5l)l(eCTH BCeX TO"leK. Lln51 K8)1(A0l!: 

TO"'KI!. p8CC"'HT8eM p8CCTOruiHe 0 TO"'K8, AJIH KOTOpOl! He BbiUOJIHHeTCSI Hep8BeH-

CTBO D<K· D , C"'HT8eTCH cnyqal!ao aoaaaKIIIel!. B aep8BeHCTBe D -cpenHee p8c-

CTOHHHe BCeX TO"!eK OTHOCHTeJibHO ueHTp8 TSI)I(eCTH 1'1 K > 1 - KOHCTBHTll, KOTOpyiO 

aano o npe nenaTb 3KcnepaMeHT8nbHbiM nyTeM. ITono)l(e Hae ueaTp8 TH)I(eCTH 3H8'iHTeJib

IIO C MeJU88TC51 38 C'IeT cnyqal!HO B03HHKlllel! TO"'KH, H 1!:3-38 B03MO)I(IIbiX AJIHH Tpe

KOB u e yaaa8T!OCb onpeaenB:Tb ynoaneTBOpHTeJibHO KOHCT8HTY K • . 

Yepea o c T81IhHbie TO"'KB npoaoaanacb Ayl'8 oKpy)I(HOCTH. B npeanono)l(eHHR, 

"'TO n e paaSI H3MepeHH8SI TO"'K8 Ha TpeKe COOTBeTCTByeT TO'iKe B38HMOAel!:CTBHH H 

H3Mep e na TO"'HO, M8TOAOM IIBHMe HblllHX KBBApaTOB 'iepea ace TO"'KH llpOBOARTCH 

OKpy>I<IJOC T b C <\JRKCHpOB8 HHOl!: uepaoll: TO'iKOfi R p8CC'-IHTbiB8lOTCH OpTOrOH8JihHbie 

OTKllOH e HH 5I D, BCeX TO"!eK OTHOCHTenbHO 

pofl D =max I D 1 I > o (rne o - aenH "'HH8 

3'l"Ol! OKPY)I(HOCTH. To"'K8, nnH KOTo

aonycKaeMol! Oll1H 6KH , 20-50 MK, C'iH-

T 8CTCH nnoxo H3MepeHaol! a Bb16pacblaaeTcR. TaK K8K B STOM MeTone He ace TP'i

KH HMe!OT OA H FI8KOBbll! BeC, B HeKOTOpbiX CJIY"'BHX IIJIOXO H3MepeHH85l TO"'K8 BJIDHeT 

H a JJ.yry OKpy >KHOCTII TBKHM o6p830M, "'TO !IpOHCXOAHT Bbi6poc XOpOillO H3MepeHHbiX 

TO"leK. 

BTOpOH M e T OA, HCIIOJih30B8HHbiif FI8MH A JISI HBXQ)I(Jle HHSI IIJIOXO H3MepeHHbiX 

TO"l 8 K , OCHOB8 1I H B <jl8KTe, "'TO IIJIOXO H 3MepeHH85l TO"'K8 HBXOAHTCH HB paCCTOHHHH 

OT COCCAHR X - XOpOWO R3MepeHH b iX TO'i8K - 60llbllleM, "18M paCCTO HHHe M8)1(Jly Co

COIIH!i MH XOp OWO a::H,•epeHHh l M U T O"! K a MH . 3TO, K0118"'HO , CIIp8Be A JIHBO II pH npeAIIOJio

>Ke iUIH, ' I TO TO"'KH H8 TpeKe pacnpeneneHbl paBHOMepao. J.1aonHpOB8HfiYlO TO'-IKY MO)I(

HO onpeAeJIII"'b K 8K TO'IKy, MHHHM8JibHOe paCCTOHHBe AO KOTOpOfi OT JII060i!: H3 OC

T 8Jlb H b!X TO"leK 5onhllle , "leM K -KpaTHoe 3H8'ieHHe cpe nnero paccTOstHHH Me)l(ny 

BC e MH TO'-IK8 M H K > 1 - IIOCTOHHH8H, onpeneneHHBSI OIIS!Tb 3KCIIepHMeHT8JibHO). 

B c nyqae HepaBHOMe pno pacnpenen e HHbiX TO"!eK sToMy onpeaeneHHIO yAoan e TaopHIOT, 

onHaKo, TBK)I(e xopolllo a aMepeHHbte TO'-IKH. B 3 TOM cnyqae nporpaMMa Haonapoaana 

OT B CeX 1I3MepeHHb!X TO'leK He TOJlbKO UJIOXO H3MepeHHbie. 0Kpy)I(H0CTb, IIpOJIO)I(eH

H8 f! ( OIIHC8HHbiM Bbl!lle CIIOC050M ) qepea OCT8Bll1HeCH TO"'KH, CHOB8 ne COOTBeT

C T BOB8J18 n e fiC T BHTeJibHOCTH. 
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HOBbil! MeTo.n Bbi6poca TO'Iex, TiporpaMMa, pa60Taromasr no npe.nnaraeMol! 

CXeMe, HMeeT .[USe 'IBCTH: 

1. Orrpeneneaae cnyqal!ao rrosrnaswaxcsr TO'leK. 

TipenrronaraeM, 'iTo nepsasr TO'lKa Ra TpeKe (To'lKa saaaMonellcTsasr) scerna 

H3Mepeaa npasanbao. Tipa <~TOM npenrrono>Keaaa Mbl onpenensreM pa3HOCTH H3Me

peHHbiX KOOp.llltH8T OTAeJibHblX TO'l9K Tp9K8 ITO OTHOUI9HHIO K rrepsoll: TO'iKe. 8TH 

pa3HOCTH BCerna llOJilKHbl 6b!Tb M9HbW9 pa3Mepa K8M9pbl B COOTB9TCTBYIOlli8M 

aarrpasneaaa, 

EcnH TOJlbKo nepsasr TO'lKa H3Mepeaa aenpasanbao, TO mo6asr OKpy>KHOCTb, npo-

xonmuasr qepea aTy nepsyro <jJaKcaposaaayro TO'lKY TpeKa, ae MO>KeT rrpoxonHTb qe-

pea BCe OCTBJlbHbie H3MepeHHble TO'lKH TpeKa, OTKJIOH9HHS! KOTOpbiX H8XOAS!TCS! B 

aanaaHoM BHTepsane TO'lHOCTH, TaKoll: TpeK 1!3 nanbaell:wax pac'leTos acxnroqaSTcsr. 

2. Onpeneneaae nnoxo H3MepeHHhiX TO'i9K, 

3necb T8KlK9 rrpennonaraeM, 'iTO rrepsag TO'lK8 H3MepeHa llp8BHJlbHO. Tio Me-

Tony H8HM8HblliHX KB8Ap8TOB 'l9p93 H3MepeHHbl9 TO'IKH llpOBOAH M OKpylKHOCTb, KO-

TOpasr llpOXOAHT 'l9p93 nepsyro, <jJHKCHpOBBHHYJO TO'iKy, 

'Iepe3 X I, y I o603H8'1HM 113M9p9HHbl8 KOOpAHHBTbl I -oll: TO'lKH Tpexa, rne 

=1, 2, ... , n ( n - 'lacno To'leK TpeKa). Pac'leT nposonaTcsr npa npennono>Keaaa, 

'ITO n ) 3 (II pH n = 3 OKpy>KHOCTb llOJIHOCTb!O onpeneneaa II HB OllffY TO'!Ky H9Jlb3SI 

HCKJIIO'lHTb), 

!13 CHCTeMbl ypaBH9HI!H 

2 2 
(x -x ) +(y -y ) +A (x -x )+X. (y -y )=0 

I I I I I I 1 2 I 1 (I) 

IIOJIY'IHM MBTpii'IHOe ypaBHeHI!e 

rae 

(x2-x ) + (y -y )2 
X 2- XI Y2-yl A 1 1 2 I 

8 Y= - , F= 
A2 

(x -x )2+ (yn-y1) 2 
x -x y -y n 1 n 1 n 1 

Tio paCC'!HT8HHbiM 3H8'l9HHS!M A 
1 orrpeneni!M rrapaMeTpbi OKpy)I{HOCTH 

X =X -e I 
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LlnSI BCeX H3Mep e HHbiX TO'IeK p 8 CC'IHT89M OpTOrOH81IloHhie OTKnOS:9HHSI OT OK-

P Y)f(H OC TH 

D = l v' (x - x ) 2 +(y -y ) 2 -p I· 
1 e 1 c 1 

\2) 

Ecna Bbmons:ReTc H 

max I D1 l < 8, 

T O Tp e K H3 MepeH IIp8BIInbHO H ero MO>KH O peKOHCTpyHp0t38Tb, 

Ecna TOnhKO 

max I D 
1 

l > 8, 

TO Cpe .OH R3Me pel1Hb!X TO'IeK TpeK8 HMeiOTC51 Heiip8BHnhHO H3MepeHHbie TO"<J:KH, KD-

TOpbl G n eo6X O.OHMO onpe,oenHTb, 

, .onR KOTopoll: Bhinons:HeTcsr D 
1 
~ max I D, I 1 H (npe.nno-Bo3 hMeM TO'IKY 

naraR, 'ITO n ~ 4 npoae.neM oKpy)f(HOCTh no ypaaaeauSIM ( 1), npH"<IeM HCKniO"<J:8eM 

TO'IKY i= J • 3aTeM IIO ypaBH9HHSIM (2) OIIpe,oenHM OpTOroaanbBbie OTKnOHeHHSI 

D 1 (I~ J ) • Ecnu Teneph BhrnonasreTcsr ycnoaue max I D 1 l < 8, 
I~J 

TO TO"<IKY j 

OT6p a C b iB8 eM H TpeK MO)KHO peKOHCTpyHpOBBTh, 

Ho e cna .na)f(e nocne HCKniO'IeHHSI TO'IKH ycnoaae max I D l < 8 
l,j t I 

ae 

BbiTIOnH51eTCH, TO TO'IKY 

'18eM TO'IKH k = 2, 3, 

CHOB8 IIpHHHM89M B paC"<J:eT H IICCneAOB8TenhBO HCKniO

' ft , Lln51 BCeX TO"<J:eK Bbl'IHCnSieM yp8BH9HHSI ( 1) H (2), 

H CKniO'IBSI BCer.na TO'IKY k H ,onsr K8)1(,0QrO 3H8"<I9HHSI k cnpaanSieMcsr o Bht-

nonaeHHH ycnoBHSI max I D 1 l < 8 
I~ k 

Ecnu .nnH aeKOToporo 3Ha"<J:eHHSI k 3TO 

H e paBeHCTBO BblTIOnHReTCSI, TO COOTB9TCTBYIOIUYIO TO"<J:Ky HCKniO"<J:89M I! TpeK MO)KHO 

p e KOHCTpyHpOB8Tb, 

Ho ecna HH .nnsr KaKoro k BepaBeRCTBO max 
I~ k 

D <8 ae Bhrnon-
I 

HHe TCSI, TO H3 .OBnbHeJ:lrn e ro p8C'IeT8 HCKniO'I89M TO'IKY k , AnSI KOTopoll: Bhlnon-

H51e TCH :£D
1

=miniD
1
l. 

Ecna BbmonasreTCSI n > 4 , npOBOAHM CHOBB OKpy)f(HOCTb C IIOMOIUbiO ypaa-

HeHH li ( 1) H TIOCne.OOBaTenhHO HCKniO'I8eM TO"<IKH t 
.OnH H e KOTOpOll TO'IKH f ahmonaReTCH ycnoaae 

f=2,3, ... ,n;f~ k Ecna 

max I D l < 8 
I~ k, f 

1 TO HCKniOo-

'l8e M TO'IKR k H H TpeK MQ)f(HQ peKOHCTpyRpOB8Th, 

Ecna s:epaaeHCTBO max I D l < 8 
I~ k, f 

H9 Bb!IIOnBSI9TCSI HH AnSI KBKQfl: 

TO'lKH, TO TpeK Heiip8BHnbBO H3MepeH H ero aenb3SI peKOHCTpyHpOB8Tb, 

6 

HacT051IUB51 npori 

B s:aaMeaee 6naronpa~ 

IJ3 KOT OpbiX n - Ha51) 

YI3Mepes:H e oT.ne 

n porpaMMB OT6p8Cb!B8 

K OH CTpy up o s a Th, B TIP ' 

npasanhHbie H3Mepe s:: 



(2) 

lTb, 

•HO H3MepeRHbl9 TO'IKH, KQ-

max I D I, a: (np e .Qno-

IM ( I ) , npaqeM a:cxmoqaeM 

;>roroaanbRhie oTxnoaeRl! sr 

lax I D 1 I< 8, 
"J TO TO'Ilty j 

·He miJ: I D I < 8 l,,r _, 1 ae 

nccne.QOBBTenbH O HCKniD

SieM YPBBH9HHSI (1) H (2), 

k cnpasnHeMcsr 0 Bhi-

roporo 3HB'I9HHSI k STO 

CKniD'I89M H TpeK MO>KRO 

•• < 8 He Bhinon-

, ans KOTopon Bhlnon-

:HOCTb C llOMOU!biD ypaa-

:,3, • •• ,n;f~ k Ecna: 

) I < 8 , TO HCKnl<h-

~onasreTcsr HH .ltnsr KBKOfi 

~Tpya:poBaTb . 

I 
r 

Hacr oSima s rrporpaMMa B hi6paCbiBa e r TOnbKO aerrpaBHnbHO a:aMepeHH h ie TO'IKH. 

B HBI!MO H 9 9 5naronpHHTHOM cnyqae ( KOr.Qa Heo6XO.QHMO Bb!6pOCHTb 2 TO'IKH, BTOpBH 

H3 K OTOpb!X n -aas) aeo5xoAHMO npoBOAHTb oKpy>KHOCTb ( 1) (2 n -3) paa a. 

J.1a M epeHH9 OT.QenbHblX Tp 9 K OB IIpOBO.ltHTC5I H8 2-x ana 6onbW9 CHaMKBX H 

n porpaMMB OT6paCbiB89T IIOCTOIISHHO BCe CHaMKR. '4T06hi TpeK MO>KHO 6hinO pe

KOHCTpynpOBBTb, B nporpBMMY reOM9Tp H'i9CKOfi peKOHCTpyKUHa .QOn>KHbl IIOCTyUHTb 

npaannbHbie aaMepeaasr no Kpanaen M e pe aa .QByx CHHMKax. 

PyKOUHCb nocTyrrHna B H3.QBTenbCKHD OTuen 
1 ueKa6pH 1866 r. 


