PECTIYBJIMKAHCKME MEKBEIOMCTBEHHBIFI HAYYHO-TEXHHYECKWF CBOPHHK
1971 Feopesuns, Kaprorpadpus u aspopoTochbeMKa Boinyck 14

YK 528.14:528.414
H C. ITEBYYH

YPABHUBAHUE MOJUTOHOMETPHUYECKOTO XOJA
COBMECTHO C YPABHMBAHHUEM HU3MEPEHHDBIX BEJIUYHUH
HA CTAHUMAX

B noauroHoMeTpHuUeCKHX CeTsX crnelyaJJbHOT0 HasHaueHust C 1LIeJbIo
[oJyyeHus BepOﬂTHeﬁlHHX 3HAUEHHUH YPaBHEHHBIX 3JIEMEHTOB CETHU IIpU ypaB-
HYMBAHHU W OLIEHKE TOUHOCTH MOABJISIETCS HeoOXO0IUMOCTh oﬁpamaTbca K He-
NoCpenACTBEHHO HU3MEPEHHBIM BeJHYHHaAM.

CxeMma HOJIHFOHOMETPH‘{CCKOFO xona-
Bi— rOpH3OHTANbHBIA yroa, S;— PACCTOAHHE MeXAy NYyHrxi{aMH.

IlonycTuM, HMeEeM [OIHTOHOMETPHYECKHil XOJl TPOH3BOJBHOMU dhopmbl
(CM. PHCYHOK), B KOTODOM YIJibl Ha CTaHUHH usmepensl @ pas, a JHHAM MEX-
ay nynkramu II pas. Hucao cTOpoH 0603HAYHM uepe3 71, TOrja YHC/O YrJIOB
6ymet n+1.

VCaI0BHO [J1si IPOCTOTHl JaJbHEHIIHX BBIBOAOB NPHMEM =2, =3
Cor/iacHO YKa3aHHOH KOHCTPYKIUHH MOJHTOHOMETPHHECKOrO XO/la COCTaBHM
YCJIOBHBIE YPaBHEHHS C pa3GUBKOH MO rpynmam:

I rpynna
8y — B+ Vg, =0 } n
55i1_83i2+ Vsi=0 .
Il rpynna
53" + Bp“ + S + 8ﬂm_*_ aﬁxrt+1,1 +h = } (2)
8"2__-8-';3'l' W"i=0 2
IIIl rpynmna
anl +_§A,r,+...+ann+fx=0 } (3)
55]1+8A)',+---+3Ayn+fy=0 %

3nech 081 » Bﬁiz’ ceey OB 6511 ’ 88;2 y ooy Osip nonpaBKu yIJIOB H CTO-
pon. TTepBHlii MHIEKC NpH MONpPAaBKaX yKasbiBaeT HOMED NyHKTa WJIH HOMEp
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OPOHBI, BTOPOH — j-Thlil pe3yJbTaT ONpeLeeHus H3MepsieMOH BeJIMYHHBI,
ge j=1,2, ..., ® nada yriaos u j=1,2, . .. | Il nasi eTopon.
IlepBuunble monpasku yrios u CTOPOH Hal[EM H3 PeLIeHHS ypaBHEHHN
TPYIIIIBL:
Ve.

Sy i B R e (4)
Ycnosuble ypaBHenns II rpymnsl cocTaBisiem mo HCIIPABJEHHBIM Iiep-
MIHbIMA TIONPAaBKAMH yIJIaM M CTOPOHAM. ITpeo6pasoBarue ko3 duimen-
05 STHX YDABHEHHH NPOM3BOAHM IO H3BECTHOMY MeXaHHYeCKOMY MpaBuy
). VuureiBasi To, uto cloma oTHeceHbI YPaBHEHHST ¢ HENOBTOPSIOUHMHCS
FHSECCTHBIMH, HOpMaJibHble ypaBHenust II rpynnsr 6yayt umerh Bun:

5 Bth=0 Sk W, =0 (5)

" 1 " o 1 " 2
— 8(312 —_ — ;Z‘ fﬁr 55[2 = — f)s“ = — é— Wsi > 83‘.3 = — § Wsi' (6)

. ITO ypaBHHBAHUe M3MEDEHHBIX BeJHYHH HA CTAHLUSAX CBOMHTCS
BLMHCJICHHIO HX CPEIHero apu(MeTHYeCKOro 3HAYeHHS.

| Kosp¢uuuentsi ycnosnwix ypasuenuii KOODIHHAT MOAJIeXAaT ABOHHOMY
peobpasoBanmio. ITepBuunOe mpeoGpasoBanme NPOH3BEIeM MO H3BECTHOMY
CHAHUUCCKOMY NPABHJY, a BTOPHYHOE — COIJIACHO O6MIefi TEOPHUH TpPex-
JynoBoro meroxa [1].

Bropuuno mpeoGpasoBaunbie K03 (HIUHEHTH NPH NONpPaBKaX YIIOB
ielor Bux (Tabu. 1).

2 : 1 ;
Ay = —Agp = gy + Aag, = ag, + (“ ’;——1) la’]t

(7)
: : 1 =
Bﬂil TR Bﬁzz = bﬁn + Abﬁu = bﬂil -+ (— m) [,

n+1 n+1

‘ 1 1
o) = — 5 [(’H—l))’nﬂ e Z )h] =+ 5 [(n+1)xn+1— g "i], (8)
I£10BATETBHO,

1=“A@i2=

O | —

1 1 1
(yi— )’o)=§7h, Bﬁﬂ=_Bﬁig= _§(xlwx0):_§el’ (9)

P B
Yo = mg Vi Xo =n__|_‘1$ X;. (10)

Bropuuno npeo6pasoBanmubie K03 (DuUHeHTs NpH MONmpaBKax CTOPOH
yualoT BBIpaXKeHue (Taba. 1)

sig = — Agjg = — % cosT, Bs‘.l=--3m=_3813=_ % sinT.(11)

“IHYHBAST YMCJIO ONpeleJeHHH Da3HOPOAHBIX BEJHUHH, MOLOGHBIM nyTem
#HO0 TIOKA3aTh, 4TO NpPH BTOPHYHO TNPeOGPA30BAHHBIX KO3((HUIHEHTAX

10B MBI 6y11eM HME€Tb MHOXKHUTeJIb 6 M JIHHHH MHOXKHTeJb ﬁ 'C YHCJIOM
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lpeo6pa3zoBanue KospduHEeHTOB

Ne yraos 1 ;
H CTOPOH P % b e
1
511 _(yn+l —_yx) xn+] — X _E(y”‘Fl _yl)
: 1
Bio +_2‘(yn+; — Y1)
1
pxl _(yn+1 _yx) xn+1 _x/( s ’2‘ (-yn+l —yx)
e 1
Bx? g N:: + 7 (yn+] FT. yx)
I '
= i
Bns == (.y”.{_i — Yn) . *ng —*n o (yﬂ+l — Yn)
1
Brs + bl (y,,+, — ¥n)
1
Brsi1 =Wy = Vppy) E PR i AT o Unp1— Ynpd)
1
Eln+1, 2 +7(yn+1*y,,+1)
KM 1
Su s — 5 cos T
; 1
Sy2 s, cos T, . sin T} + 5 €08 T,
slS Sl
. 1 v
S S, : — 5 ¢os i |
; 1
S,0 Sy cos T, sin T, + 5 cos T
Sk3 Sk
1
Sm Sp - 5 cos T,
: 1
Sno Sy cos T, sin 7, + 5 cos T
Spa Sp .‘




[IOBHbIX yPaBHEHHH TpeTbel rpynnsi

Ta6auma l

b’ Aa Ab A B
1 1 1 1 1
+§ (x'l-H —X) + o (Y,,.H —Yo) 5 (xn—H — Xp) + 5 T ~5 &
1 1 1 1 1
) (x'l+l — %) | — b} ()’,,.H — Yo) +7 (xn_H — Xo) 9™ + 5 &
1 1 1 1 1
’*-5 (xn+1 vxK) I —Q_(V”‘l"l - )'o) b -2—(xn+l _xo) +§‘ Mk T ?E;{
1 1 1 1 1
A (x”+l i) 2 ('y"-*—' — %) | + 2 (xn+s = %o) o "k +? &k
1 1 1 1 I
’}'7 (xﬂ+1 — Xp) ) (yﬂ-H 9 (x,l_H — Xo) + 9 Nn SR &n
1 1 1 1 1
'j(xn-{-l —Xp) | — 7()’,14_1 = + 7 (% gy — %0) 5 S o €n
1 l 1 1 1
7(.}(’1_*_1 — X)) 7()’,,4.1 — Yo) "f(xn-{-l — Xo) +7"1,,_H —75,,_*_{
1 ] 1 1 1 1
g(x,ﬂ_; —Xpp)| — g Sy — ) | + 03 (X — %0) — 9 Mt + 75,,4_1
-%sin T, —]-%cos'r‘ —}—%sinT1 —%cos T —%sinT1
1 . 1 1 . 1 1.
+§am T —F':osT1 — ¢ sin T, +§cos T, +§sm T,
1 1 1 1 .
+ 3 ¢cos T, + 3 sin T + 5 cos T, | + 3 sin Z)
1= 1 1 T 1 1 T
— 5 sin /49 +€cos7‘,{ —}—Fsm - —gcos T, —gsinT,
1. 1 1 . 1 1 T
+§sm T, — - cos T, — g Sin T, +§cos7“” —{-—gsin i
1 1 1 1 T
+~§cos T, +§sm 7 +§cos7‘,‘ —}—gsin o
1 . 1 1 1 1 .
— g sin Ty —{-—G—cos T, +€sm T, — 3 ¢os T, — 3 sin T,
I 1 1 . 1 1
+§sm T, —§ cos T, — Sin T, +§cos Th +§sln T,
1 1., 1 | g
—}——3—cos T, —}-gsm T, +-3~cos T, +§sm /s




COOTBETCTBYIOIMX CeKUHMil ypaBHeHuil I rpynmel. ITepefiieM Ttemepb K HoOp-
MaJbHBIM yPaBHEHHSIM KOPpeJaT B OOIIEM cayyae.

1 2 | l e —1— : _1_ ; =
{+ P, [’ + I [Ax cos T]} ky + { o, (€1 + = [Ax sin T} i fx__(olyg)
: : i g e :
o 1A qeg ity .
{@pﬂp (€] + [ [8xsin T} ky + 1+‘Dppp (& ]+H[Ay sin T]} ky+f,=0.

CpaBumas (12) c (17) paGorbi mpodeccopa A. M. KoGwummua [2] Jerko
3aMETHTb, 4YTO HX MOXKHO IOJYYHTb, eClIM OOGpaTHBIl BeC H3MEpPEHHBIX

1 1
BeJMYHH YMHOXKHTb COOTBETCTBEHHO Ha B %4 I IpH ABYXTPYNIIOBOM Croco6e

YPaBHHBAHHsI NOJHTOHOMETPHYECKOTO XO0[a, B KOTOPOM YCJOBHO IIOJOMKHTb
® u II paBubiMu exunune. 151 HCKOMBIX TPETHYHBIX NMONPABOK HMeeM:

> l ~ 1
Gp— m (kym; — kaE)), Os) = o (Bxiky + AYik,), (13)

i€ ky 1 Ry mONyueHbl U3 pellleHHsi HOPMaJbHBIX ypaBHenui (12).

B pesynbTate M3I0XKEHHOTO HAMETHM CJIEAYIONIMH MOPALOK PabOTHl NMpH
YPaBHUBAHHHK HOJUTOHOMETPHYECKOTO XO0Ja COBMECTHO C YPABHMBAHHEM H3-
MEPEHHBIX BeJIHYUH Ha CTAHIUSX:

1. OnpenensieM Ha KaxK/AOH CTaHUMM CpeJHHe apu(MeTHUecKHe 3Haue-
HHS H3MEPEHHLIX PA3HOPOJHBIX BEJHUHH.

2. ITo cpesHMM 3HAUYEHUSIM M3MEPEHHBIX BEJHMYHH COCTABJSIEM YCJIOBHBIE
vpaBuenus. Ilpu stom mnonaraem, uto oGpaTHble Beca CpeaHHX 3HAUEHHH
paBHBI OOpAaTHBIM BeCaM H3MEPEeHHBIX Pa3HOPOAHBIX BEJHUHH, yMHOXKEHHbIe

COOTBETCTBEHHO Ha (I_) AJs1 YIJIOB H ﬁ IJId CTOPOH.

3. CoryiacHo MPUHATBHIM BeCaM CPEIHHX 3HAUEHHH M3MEpPEeHHBIX BeJHYHH
4 3HaYeHHIl Mpeo6pa3soBaHHBIX KO3((HIMEHTOB YCJIOBHBIX ypaBHEHHH KOOp-
JUHAT NPH ABYXTPYIIOBOM cloco6e ypaBHHBAaHUS, COCTABJsieM HOPMaJbHbie
VDaBHEHUS KOppeJiart.

4. Pemnp HOpMasbHBle ypaBHEHHsi KOppeJaT, oNpejenseM TpPeTHUHbE
flONPaBKH B H3MepeHHble BeJu4HMHB 1o ¢opmynam (13). Popmyas (13)
HAMVISIIHO MOKAa3bIBAIOT, YTO C YBEJHUEHHEM YHCJIa OMpeNeseHHH OJHOH H3
Pa3HOPOJHBIX BeJHWYHH TPETHYHble NONPABKH HX NPHOIHKAIOTCA K HYJI.
[Ipn sToM mpenmosaraeTcsi, 4To pe3y/IbTATH H3MEPEHHBIX 3HAYEHMil CoOmep-
XKaT npeobJajarolire omHOKH CIy4aillHOro XapakTepa.

Ta6aunuma 2

IlonpaBKH B uU3MepeHHbIe BeJHYHHbI NpH ©=4 u I[I=1

Ne 3, N ~ Cax °Ay ’ ~

BepuInHbI .u;t 3 [ T2 B Ox, MM | By, MH
32
16 — 25 —3,3 —3.3 + 5 + 5 + 5 + 5
15 + 0,6 —1,2 —4,5 + 2 + 5 + 7 10
14 +11,0 +0,1 —4.4 +10 +11 +17 16
13 + 6,0 -+0,9 —35 + 2 + 6 +19 -+-27
38 + 6,0 +1,5 —2,0 +1 + 7 -+20 +34
1 +2,0 0,0
12

Bcero 0,0 +20 -+34

un



jBeJleM NpHMep Ha BbIUMCJAEHHEe TONPABOK B M3MEPEeHHble BEJHYHHD!
spuBbX 3Hauenusix @ u I1 (Taba. 2) s naHHBIX u3 paGoTsl [3].
oM GyleM ToJaraTb, YTO cpefHee apu(MeTHYECKOe 3HAYEHHE H3Me-
BeJIMYKMH, HE3aBHCHMO OT YMCJa ONpe/leJeHHH, COOTBETCTBYeT 3Haue-
)aBHHBAaeMbIX BeJMYMH pacCMaTpPUBaeMOro npumepa.

BHHBAs MaHHBe Ta6J. 2 u paGoTs [3], oTMeuaeM, UTO C yBeJHUEHHEM
npeiesieHyil yrJIoB MX MONPaBKH YMEHbLUIAKTCS. YMeHbIICHHE monpa-
/bl BLIBBIBAET yBeJWUeHHe MONPABOK B JMHHH IMOYTH B JBa pasa.
[albHOe PAacXOXKJAeHHe B MeCTONOJIOXKEHMH BEepPIIMH IO OCH OpAMHAT
er 10 mm. CiemoBaTeJbHO, NpPH CTPOrOM YPaBHUBAHUM IIOJUTOHO-
\CKHX XOJ0B, He OTSTONEHHbIX OMHOKAMH HCXOJHBIX JaHHBIX, HEOO-
YUHTHIBATH YMCJO MOBTOPHBIX ONpE/e/eHHil PasHOPOAHBIX BEJHYHH.
eHHe TPEXTPYNIOBOro MeTofa 06paGOTKH [JIs pelleHHs TOCTaBJEH-
auj He BbI3bIBAET yBeJHUeHHs 06beMa ypPaBHHTENbHBIX BbIYACICHHI,
efle/ieHie OMIMOOK B pe3y/bTaTe COBMECTHOrO ypaBHMBAaHHS NPOHC-
 y4eTOM HX HAKOIJIEHHS.
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