YIK 528.73
O. I'. IIOZOITPHIOPA

3KCNNEPUMEHTAJIbHBIE UCCJIELOBAHHUSA
BJJOYHOH ®OTOTPUAHTIYJIALHUY,
NMNOCTPOEHHOHW METOJOM NMPOJOJ)KEHHUSA

Ha xadenpe aspodororeonesnn JIbBOBCKOro IOJHTEXHHYECKO-
ro HHCTHTyTa pa3paboTaH H HCCJEeJlOBAaH Ha MaKeTHOM MaTepHale
HOBHIH MeTOJ OJIOYHOH aHAJHTHYECKOH (OTOTPHAHTYJSALHH, Ha-
3BAHHHEIH METOLOM IIPOAOJIKEHHs. B 3TOM MeTone mpuMeHsIeTCS 0CO-
6ast cxeMa IepeJauyHd BEICOT,, mpeasoxenHasi B 1938 r. M. II. Kox-
IIMHBIM TIPHMEHHTENbHO K crepeomerpy ®. B. IpoGuimesa [3].
Onoprble BHICOTHBIE TOYKH pPAacCloOJaraloTcs IO HepuMerpy 6J0ka
Tak, 4To0bl KpafHHe cTepeomaphrl OBlIH obecrmeueHbl ABYMS BHICOT-
HBIMH TOYKaMH (PHCYHOK), a yIJIOBble CTepeonaph — TpeMs.

ITepBast crepeomapa IIepBOrO MaplIpyTa OpPHEHTHPYeTcs II0
TPEM ONOPHBIM BHICOTHHIM TOYKaM. M3 ee pelleHus: nojgydaeMm BHICO-
Ty CBSI3yIOIIEH TOUKH, KOTOpasi HCIOJb3yeTCss B KauecTBe ONOPHOM
BO BTOpO# cTepeomape BToporo mapupyra. Biaromapst takoi cxe-
Me pacloJIOXKeHHs ONMOPHHIX TOYEK ypaBHEHHble BBHICOTHI OIpenens-
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HX TO4eK CBOOOZHBI OT BJIHSTHUSI CHCTEMATHYECKUX IOTPEIIHOCTEH.
[pennonaraercs, 4TO MJIAHOBble KOOPJAMHATHI OMOPHBIX BBICOTHBIX
ueK ompeesieHBl M3 IJIaHOBOM (DOTOTPHAHTYJAINH, HalpuMep, IO
poporocHMMKaM Gojiee MeJKOro maciiraba.

JTOT MeTo/, paHee HCIIOJNb30BaBLIMHCS HpH pabore co cTepeo-
grpamMi, pa3paboTaH H YCOBEpUIEHCTBOBAH /Il AHAJUTHYECKOH
ipocTpaHCTBEHHOH (poToTpHAHTYNsAUHH. OCHOBHOE 3BEHO B aHAJIHTH-
1CKOM METOHe — IOCTPOEeHHE H yPaBHHBAHHE OJHHOYHOH MOJIEJH.

[Ipoecc cBOAHTCA K JBYM

TanaM: ONpeJeseHHe 3JeMeH- % 9 oA 2A
108 B3AUMHOTO OPHEHTHPOBaHHSA
(9BO) crepeonmapsl H reojaesu-

o a o
eCKO€ ODHEHTHPOBaHHE MOMIEJ/IH. 2
[lepBbIfi 3TAn penraeTcs CTae- LA
3L ° o
M y2Ke KJIaCCHYECKHM MeTo-
foM [1] mo 9—16 opueHTHPHBIM z =
10YKaM, H3MEPEHHBIM Ha CTe- a =
5a o o 64
Cxema GJouHOH ceTH:
onoponsie (%) u cBsayowHe (@) TOUKH o o a L2
B 6i10ke pasmepoM 3X3 (Tpu Mapmpyra mo Yy
TP cTepeonapsl); [ — UEHTPHl a3pPOCHHM-
KoB. Lludppamu 33?(3"3;22:? HOMepa BBICOT- 7 7Ha 2 A sa
b X 7

peoxomnaparope. /il 3THX TOYEK COCTABJISIIOT IO OAHOMY YpaB-
HEHHIO MOrpellHOCTeH BHIA :

ai‘c‘rc—{—biSv-{-ciSAa—l—diSAw—{-e‘-BAx—{—liz'Ul. (1)
I7e { — HOMep OPHEHTHPHOH TOUKH; a, b, ¢, d, e — yacTHBle mpPOH3-
BOJAHbIC COOTBETCTBEHHO MO Hem3BecTHhIM DBO [1].
Cucremy ypasHennii (1) pelaroT MeTolOM HAHMEHBIIHX KBaJl-
patoB, HemnsBectHole IBO ompenensiior H3 CHCTEMBl HOPMAaJbHBIX
YyPaBHEHHH 5-TO mopsiaKa:

AX41=0, 2)

rie A — MaTpHua Ko3((HIHEHTOB NMPH HEH3BEeCTHHIX; X — BEKTOp
HensBecTHBRIX DBO; L — BeKTOp cBOGOAHBIX UJEHOB.

Peuienne uper mo meTony HTepaluHii ¢ aBTOMaTHYECKOiH oTGpa-
KOBKOH OWHOOUHBIX H3MEpEeHHH.

l'eonesnueckoe opHeTHPOBAHHE OJAHHOUHON MOJI/H BHINOJHSIETCS
OT/IEJIBHO JIJIs IJIAHOBBIX KOOPAHHAT H BHICOT TOYEK.

OnevenTs BHellHero opuentHpoBauus (dBuO), onpenessiolrie
IUIAHOBOE TMOJIOXKEHHEe MOJeJH, HAaXOASIT H3 CHCTEMBI LIECTH ypaB-
HEHHH TorpelHocTel AJ1s1 TPeX OMOPHBEIX TOYEK:

axi8Xs+ 04 fx: 20 +gXiat+lXi=’UXi;} 3)
O+ byidYs+fyid0 + gy 8t 4 lyi = vy,
rae i=1, 2, 3 — noMep omopHo# Touku; 6Xs, 6Ys, 60, &f — mo-

npaBKH B onpejensemble dBHO.
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Omnpenennm k03¢ (UIHEHTHI YCJIOBHBIX YpaBHEHHH:
ax=1; fx=(a. X —a,Y)t; gx= X
by=1; fr=(0,X—b,Y)t; gr="Yp;
Ix=Xs+Xpp—Xes ly=Ys+ YV, — Yy
Xp=(@, X+aY+a;2)t; Vip=(b,X+b,Y+b,2)¢.

Hanpasasioune KOCHHYCH @;, b; BHIUHCJASIOT o yriaoBeiMm dBHO
mojenn ¢, m, 0. BekTop HeHM3BeCTHBIX HAXOJAAT M3 CHCTEMBI HOPMaJb-
HbIX ypaBHeHuil 4-ro mopsinika. Ilpoiecc pelreHnsi HTepamHOHHBIA
C 2aBTOMAaTHYeCKOH OpakOBKOH OIUHOOYHBIX IJIAHOBBIX KOOpJAHHAT
ONOpHBIX Toyek. Lyt mepBoro NpHOJHXKEHUS NMPHHAMAETCS, YTO (=
=n=0.

Buusionlse Ha BBICOTHOE OpHEeHTHpoBaHue wmouenu (Zs, §, m)
JBHO onpenensitoTr W3 pelleHHs YpaBHEHHH TOrpelIHOCTell BHIa

€zi®Zs+ dz:8 F ezndntlzi=v,, (4)
COCTaBJIsIeMbIX AJS TPeX ONOPHBIX TOUYEK, TAe KO3 UIHEeHTHI:
cz=1; dz=X;; ez=VYpc0sT; lz=Zs+ Z,— X..

st onpenenennss BXOASLINX B 3TH (DOPMyJIBl BeJTHYHH HCIOJIb-
3YIOT yJKe olpeje/eHHble B MepBOM NpHOAWKeHHH m1aHoBeie IBHO.
BekTop HEH3BECTHBIX TOJYYalOT H3 CHCTeMBl HOPMaJbHBIX ypas-
Heunit 3-ro nopsiaka. Haiinenusie B nepBoM npub/uXKeHuH Zs, G, 1
HCIOJIB3YIOT /sl TIOBTOPHOTO IJIAHOBOTO OPHEHTHPOBAHHsSI MOJENH,
B KOTOPOM YTOUHSIIOT 3JeMeHTH Xg, Ys, 0, {. YTOuHeHHble MJIaHOBbIE
3BuO yuacTByIOT BO BTOPOM NPHOJHKEHHH BBICOTHOTO OPHEHTHPO-
BaHHs, U3 KOTOPOrO BLIUHCJSAIOT OKOHYaTeJbHble 3HAYEHHS 3JI€MeH-
TOB Zs, L, 1.

Takoil MeTOZ Teole3HYecKoro OpPHeHTHPOBAHHS Mojenu obec:
NeYHBaeT BLICOKYIO TOYHOCTb OIpe/lesIeHHs] BBICOT TOYEK B OJHHOU-
HOH MOJEJIH, HCK/JIOYaeT BJHSIHHE MOTPeLIHOCTeH MJIaHOBBIX KOOp-
JIHHAT OMOPHBIX H CBA3YWOIIMX TOYEK HAa HAXOX/EHHe BBICOT, TaK
KaK IJTaHOBHIe KOOPAHHATH 0OBIUHO OmpejensioTcs rpybee.

TaguMm 006pa3oM CTpPOAT BCe CTepeolaphl MePBOro MapuLIpyTa.
B nocaeaHeil crepeomape NOJy4alOT HeBS3Ky Ha ONOPHOH TOUKe
Ne 4. Hessizky pacnpeaensiorT BAOJb MaplupyTa IPONOPHHOHANBHO
OTCTOSHMIO i-il Toukn oT ToukH Ne 3 1o dopmye

i =
v = [(Xi—X)(Y: — Y] ()
(X4 — Xg)(Y,— Y4)

rie v;/ — nonpaBKa B TOYKY C KOOpAMHAaTaMH 3a NPOJOJbHOE ypaB-
HHBaHKe; I/ — HEeBA3Ka Ha KOHEUHOH TOuKe Mapupyra; Xs, X, Yo,
Y, — Xoop/juMHATHl ONOPHBIX TOUEK ypaBHHBAEMOro Mapliypra.
[Tocse mocTpoeHusi W NPOAOJLHOTO YpaBHHBAHHS TOC/CAHETO
MaplipyTa TOJYYMM HEBSI3KH HAa OMOPHHIX Toukax Ne 11 m 12. He-
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13KH pacrnpenessieM nomnepexk 6J0Ka NPONOPIHOHAJLHO OTCTOSHHIO
[faBHHBAEMBIX TOYEK OT CeBepHOro Kpaa G6yoka (Touku Ne 9, 12)
0 popmyJie

t”
yr= [(X; — X,) (Y, — Y)), (6)
T K= Xu)(Yy—Yy) Sl

e v”;— mompaBKa B TEKYILYIO TOUKY ¢ KOOpAuHaTaMu X;, Vi ¢ —
ieBsI3Ka Ha COOTBETCTBYIOILEH OIIOPHOH TOYKe W3 IOKHOIO Psija;

i, X12, Y9, Y44 — KOODIHHATBHI COOTBETCTBYIOLIMX TOUEK (HHIEK-
(alldsl COOTBETCTBYET YPAaBHHBAHMIO BAOMb JuHHHH Ne 9—11, pu-
(JHOK) .

1 Koopaunathl X, Y oTHOCSTCS K (hOTOrpAaMMETPHUECKOH CHCTEME
ioopAHHAT 6J10Ka (PUCYHOK).

OnucanHBIH aNIrOpUTM peasH3oBaH B Hporpamme GJIOYHOH ITIPO-
(TPAHCTBEHHOH (OTOTPHAHTYJSANHH B Komax IBM «M-222», npu:
NeHAE€MOH JJIsi CTYLIEeHHs] OIIOPDHOH BBICOTHOH CeTH INpH KpPYIMHO-
yaclTabHOM KaprorpaHpoBaHHH HeOOJbIIHX IO IJIOMIAaAH yd4acT-
" k0B MECTHOCTH (IIpeHMYLIeCTBEHHO MAJ5 MeJHOPaTHBHOIO CTPOH-
~TeJbCTBA) .

Teopernueckne H MakeTHble CTATHCTHYECKHE HCCJIEOBAHUSA
6109HOH (DOTOTPHAHTY/IALHH CBHAETENBCTBYIOT, UTO B ypaBHEHHBIX
BHICOTAX TOYEK OTCYTCTBYIOT CHCTEMATHYeCKHe MOrpelIHOCTH, a ocC-
TaTOYHble IOTPEIIHOCTH NPEACTABJSIOT COOOH cayuaiiHyl0 MOCTIeno-
| BaTeJIbHOCTb, O/1M3KYyl0 K HOpMmaabHOH [2]. Tlapamerpnl ocraTtou-
HHIX TOTpelIHOCTell UMeIOT Jy4YllHe NMoKa3aTead B OJ0Kax KBajpar-
Hoi (hopMBl. DTO 06YC/IOBJIEHO, BO-IEPBHIX, BHAOM KODPPEJISIIHOHHOH
(DYHKLHH, XapaKTepoM 3aBHCHMOCTH IOrPelIHOCTeHl CBSA3YIOLIHX
TOUEK BJOJb U Tnonepex 6j0Ka. Bo-BTOPBIX, T€M, YTO NIPH BHITIHYTOM
' GI0Ke Ha TpOJOJbHble MapLIPYThl BJHSET NPOrubd mapupyra, HE
| ycTpaHsieMBIi TIPH MOMePeuYHOM YPaBHHBAHHH.

AnpoGupoBaHne MeTOJHKH Ha TIPOM3BOJACTBEHHOM MarepHaJie
NPOBOJH/IN HA ONBITHOM MOJHIOHe pa3MepoM 4 X3 KM2 Ha KOTOPOM

| onpejiesieHbl H 3aMapKHpoBaHbl 140 BBICOTHBIX ONO3HAKOB, paco-

- JOXK€HHBIX B yriax IpsiIMOYrOJbHHKOB CO CTOpOHaMH By u B u 6a-

{! 3HCOB a3pOCHEMKH, NMOKPBIBAIOIleH ONBITHBIH HOJHIOH. A’pochbeMKa
puimostHeHa A®A-T3 ¢ [,=100 MM ¢ Beicotsi H=500 m. Macuirab

’aapom,eMKn 1:5000. YuacTok NOKpPHIT 1IECTbIO MaplUpyTaMu IO

~ JlecsiTb cTepeonap ¢ MPOAOJBHEIM NMepekpbiTHeM 65% u nmonepeuyHsIM
35%. MectHocTb Ha yyacTKe paboT BCXOJIMJIeHHas!, Mepenaj BBICOT
Ha crepeonape cocrasaser 10...15 M.

Ha stotr yuacrok pasz6buBanu TpHu ceTH 0JI04HOH (DOTOTPHAHIYJIA-
unn pasMepamu 3X3, 4X4, 5X5. BblcoTHEIe ONO3HAKH, PacCIoJIO-
JKeHHble 10 KpasM 0J10Ka, HCHOJIb30BaJH KaK OMOpHble TOYKH, OC-
TajibHble — KaK KOHTPOJbHBIE. TOYHOCTH BHICOT ONO3HAKOB COCTAB-
Jasizia %=1 ¢M, TO3TOMY BBICOTHl OHNOPHBIX H KOHTPOJBHBIX TOYEK
cunrain GesomnGounsimu. Crepeomaper uamepsiin Ha CK 1818 ¢
TOYUHOCTBIO H3MEpEeHHsI MolepeuHblXx mapannakcoB mg= =+0,007 mm.
TouyHoCcTb OTOXKAECTBJAEHHS CBA3YIOUIMX TOYEK COCTABHIA MMc=
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XapaKTepUCTHKH PSNOB OCTATOYHBIX MOTPELIHOCTEH YPaBHEHHBIX

Pasmep 6i0Ka

Koanuectso
KOHTPOJIbHBIX
TOYeK

LleHTpanbHble MOMEHTHI, M

Py

Pa

g

Py

3%3 22 —0,031 40,02 0,00 0,00 |
ax4 % 40,10 0,04 40,01 0,00
5%5 43 0,00 40,06 0,00 40,01 |

= 0,025 Mmm. B Ta6a. 1 npHBeeHB CTATHCTHUECKHE XaPaKTE€PUCTH-
KH PSA/IOB IOrPEIIHOCTEeH B KaxkK/JI0M H3 OJIOKOB.

AHanu3Hpys 3TH Pe3yJbTATH, BHAHUM, YTO DSl MOTPENIHOCTEH H3
neHTtanyuera Haubojiee COOTBETCTBYET HOPMAJIbHOMY 3aKOHY. 3/ech
IIOJIHOCTBIO OTCYTCTBYIOT CHCTEMATHYECKHE IMOTPEeLIHOCTH (pi=p3=
=0), oTHOlIeHHe cTaHJapTa K CPeAHeil MOrPeIlHOCTH CTPOrO PaBHO
TeoperHyeckomy (1,25), a a3kcuecc W acHMMETPHSI HpPaKTHYECKH
PaBHHI HYJIIO.

Psp morpewnocTeil H3 TpHIJIeTa TaK:Ke O/JH30K K HOPMAaJbHOMY
pacrpe/ieseHHIO.

HauGoapiine OTKJIOHEHHS OT HOPMAaJbHOTO 3aKoHa HabJIoza:
1otcst B O6J10ke 4 X4, 4To 00BACHSIETCS BUAOM KODPPENALHOHHOH Mar-
PHILBI, TOJIYUEHHOH H3 MaKeTHbIX HccaenoBanui. Ha paccrosnun
yeTbipeX 6a3UCOB (POTOTPHAHTYJIHPOBAHHUS ellle HMeeTCs 3HaYHTeJb-
Hasi KOppessiius MeXKIy IIepBOfi H mocJe[Hel CBSI3YIOUIHMH TOY-
KaMH, 4TO TPH IPOLOJbHOM H IONEPEeUHOM ypaBHHBAaHHH IIPHBOJHT
K CMEIIEHHIO OIIEHOK psia MOTPeLIHOCTEeH.

IIpu pasmepe 6J0ka 5X5 u Gosee TaKHe KOPPeJSIIHOHHbIE CBS-
3M OTCYTCTBYIOT, YTO H BH/JHO H3 IIPOBEJEHHBIX HCC/IeNLOBAHHH.

CpaBHHM TOJy4YeHHble 3HAUEHHS CPEeJHHX KBaJAPaTHYECKHX OLIH-
6ok ¢ Teopernyeckumu. ITocenHne BHIYHCAHM MO dopmyaiam npod.
Pomanosckoro [3]

my= + ]Q nmy; (7) 3 m, =+ m, (8)

4

>N

rjie My — CPeHsis KBajpaTHUECKasi MOrPeIlHOCTh NOCTPOeHHs 6JI0-
Ka N0 BBICOTE; 7 — pasMep KBaapaTHoro 0JoKa; m;, — CperHss
KBajJpaTHYECKasl MOTPEIIHOCTb OIpe/Je/eHHs] MPEeBLIIIEHHs B TIpe-
Jlenax cTepeonapsl.

Jns namero caydasi Z=500 M, b=65 MM, mq=0,015 MM, TOrZAA
my= 0,115 m. :

VK/IOHeHHEe peasibHBIX CPeJHHX KBaJPaTHYECKHX IMOrpeIIHOCTEH
OT TeopeTHueckux B mpenenax 25% oObscHseTcs TeM, YTO B Ka-
yecTBe OMOPHBIX BBEICOTHBIX TOYEK B PEAJBHBIX CeTAX HCIOJb30BalH
He TOJBKO Treojie3duecKHe BBICOTHbIE TOUKH C TOYHOCTBIO MH=
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Ta6auma 1
BJHCOT TOYEK OJIOYHBIX ceTeii ()OTOTPHAHTYJIAUHH

sy | wokrn | Cpetmen || |l o
Ta, M | HOCTb 3, M sKciecca MeTpun
£0,15 \ +£003 | 0,12 ‘ 1,27 | 41,05 | +10 | 41,08 | +1,04
0,20 | =004 | 1016 | 123 | —021 | +10 I+2,18 +1,48
2025 | 2004 | +020 | 1,25 [ —0,17 | +0,77 | 4001 | +0,08

=+0,01 M, HO u ONO3HAKM, BHICOTHl KOTOPBHIX OMNpeJeNsANH (OTO-
ipaMmMeTpHuecKHM mnyteM mp= *=0,15 cm. [lostomy Habaopmaercs
He3HAUHTE/JbHOE CHHKEHHe TOYHOCTH OTHOCHTEJIbHO TEOpPETHUYECKOH.

Takum o6pa3oM, pe3yabTaThl (POTOrpaMMETPHUECKOTrO CTyIIeHHS
¥eToloM OJ/I0YHOH (POTOTPHAHTYJSLHM HA NPOH3BOJACTBEHHOM MarTe-
prajie MOJATBEPAHJH JOCTOBEDHOCTh TEOPETHUYECKHX H MAKETHBIX HC=
(IeI0OBAHHH JAaHHOTO MeToJa.

Baoynyio ¢OTOTPpHAHTYJAALHIO METOAOM NPOAOJIKEHHS MOXKHO
IPHMEHSITh NPH CO3ZAHHH KapT KPYHHHX MacmTaboB Ha He6GOJb-
IlHe yYacTKH MECTHOCTH, HamlpuMmep, AJs Ilejell MeJHODalHH.

Tab6uauma 2

CpaBHeHHe TeOpeTHYECKHX M IMIHPHYECKHX NOrpemHocTel
GJIOYHBIX ceTei

Teopernueckue sHauenus dKcnepuMEHTAAbHbIE NaHHBIE
NOrpelHocTeH
RAPKER Lok cpeanss KBa CpenHss KBaA

3 " | oTHOCHTeABbHAR
| pimmeckan | oo |PATHMCCKAR 1o~ Sorpeumocts

3%3 0,12 . 1015 s

X =2 4100 s 3300

44 +0,16 1 £0.20 1

X : 3100 < 92500

5%5 0,20 1 025 1
& Ea 2500 =0 2000

VpaBHeHHBIE BHICOTHl TOYEK CeTH CBOGOJHBI OT BJIHSIHHSI CHCTe-
MATHUECKHX MOrpPELIHOCTeH, Psil OCTATOUHBIX MOTPEIIHOCTEeH Mo pac-
npejesieHuio 6JIH30K K HOPMaJbHOMY 33KOHY.

Haub6osee BHIrOAHHE KBajJpaTHHEe OJOKH pasMepoM IsTb Map-
IIPYTOB IO HATH CTepeomap.
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PesepB NOBHILEHHST TOYHOCTH ONpe/eeH s BBICOT TOYEK CeTH —
MOBBILIEHHE TOYHOCTH OTOXK/IECTBJIEHHS CBASYIOIHX TOYeK. Ec.m
TNoC/Ie/IHHe 3aMapKHPOBATh CrelHaJbHBIMH MapKHPYOIHMH MPHGO-
pamMH Ha Anano3HTHBax ¢ me= *+0,01 MM, TO BBICOTBI TOYEK OIpe-
JeJI0TCA B IBa pasa ToyHee.

Cnucok autepatypwi: 1. Jobanos A. H. Awaantmueckas dororpammer-
pus. — M.: Heapa, 1972. 2. ITodonpucopa O. I'. O6 OZHOM N3 METOZOB HCKJIO-
YeHHsl CHCTEMATHYECKHX MOTrPelHoCTell H3 BBICOT TOUYeK OJOYHOH (oTOTpHANTY-
asuun Ne 3092—79 [Jen. 3. Pomanosckuii I'. B. Crnoco6 HeNCKazKeHHOH MO/ie-
Jau. — M.: Boenusgar, 1948.

PaGora mocTynuaa B peakoajeruio 12 oktabps 1979 roga.



