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OINbIT NPUMEHEHMSI IMHEMHOT O TPEXKPUTEPUAJIBHOI'O YPABHUBAHUSI
HUBEJIMPHBIX TEOJE3NYECKUX CETEU

Kano. mexu. Hayk, ooy. B.B. A/ITBIXOB
(ITonoykuii 20cyoapcmeeH b YHUBEPCUMENT)

Mnuozoxpumepuanshoe ypasnusanue 2eodesuveckux cemei (MK-memoo) npumensemces ¢ 1999 2ooa.
Teopus a3mozo cnocoba paspabomana u Haubosee NOIHO USNONCEHA OISl CYHAsL O8YXKPUMEPUATLHO20 YPAGHU-
sanus. C 2010 200a 0na nonyuenus donee cywecmeenno2o sgppexma MK-memooa no cpagnenuro ¢ 08yxkpume-
PUATILHBIM OJI51 YPAGHUBAHUSL NIAHOBBIX U BLICOMHBIX 2€00e3UUeCKUX cemell NPUMEHeMCs mpexKpumepuaibHas
onmumusayus. E€ s¢hpexmusnocms npaxmuuecku ooxazaua ons cemeil na niockocmu. Ilpeumyuwecmsa Ho8oll
MemOOUKU YPAGHUBAHUSL UCCTEOYEMCsl 8 HACMOSUWEl CMambve Ha 08YX MeCcno8blX NPUMEPAX HUBETUPHBIX 2e00e-
suueckux cemeil. Mccnedoganus Obiiu npoGedeHvl ¢ NPUMEHEHUEeM WeCmU HOBbIX NPOZPAMMHbBIX NPOOYKMOG:
niva 44...niva 49. Ilpu smom npoepamma niva 44 ne sieisiemes HOBOMU, HO BHYMPU Hee NPOBEOCHbL UIMEHEHUS], YO
npuUeeno K CKOPPEKMupOBaHHbIM Pe3yaIbmamam ypasHUSAHUSI.

BeeneHue. YpaBHUBaHHE HUBETUPHBIX I€OAE3NUYECKUX CETEH, KaK IPABHIIO, BBIOIHAETCA IO METOLY
HanMeHbluX KkBaaparoB (MHK). OnHako JOKanbHBbIE CETH NMPH OTPAaHMYEHHOH BBIOOpPKE M3MEPEHUI MOMXKHO
ypaBuuBaTh MK-MeTon0M. B paboTax [3; 4] Ha ABYX TECTOBBIX MpHUMepax MoKa3aHa d(p(HeKTHBHOCTb IBYXKpH-
TEpUATLHOTO METOJa YPaBHUBAHUS. BBIICHMIIOCH, YTO OMHMOKM BBHICOTHOTO IOJIOKEHHS IIYHKTOB B cl1aboM Me-
cre cet B 1,4...3,0 pasza mensie, yem st MHK. B cratbe uccnemyercs TpeXKpUTepUalibHas ONTUMU3ALHS
HHUBEIHUPHBIX ceTell. CyIHOCTb 3TOr0 METO/A 3aK/II0YaeTCs B CIEIYIOIIEM.

OcHoBHasA 4acTh. [Ipy ypaBHHUBaHUM HHUBEIMPHBIX I'€ONE3MUECKHX CETEH MCIONB3YIOTCS CIEIYIOIIUe
KPUTEPHUH:

- 0OHOKpUMEPUANbHAS ONMUMUAYUS

@1<H>=[|L(H>|3} PIL(H)E, R

rae L(H) — BekTop CBOGOMHBIX WICHOB MapaMETPHUCCKUX YPaBHEHHH; N — cTeneHb (Mpu N = 2 UMEEeM METO.
HanMmeHblmx kBaapatoB (MHK), opu n = 1 nomyunm meton HammeHbimx momyieidr (MHM)) mis crydast

ni
1 . .
Lp-onenok; P, = [— — BeC pe3yJibTaTa U3MEpEHHH /IS I-Toro npeBblileHns; H — BEKTOp OTMETOK IyHKTOB;
c

- 08YXKpUMEpUaIbHas onmumMu3ayus O3BOJISICT BHIIONHATh MHHUMHU3AIMIO Cpa3y JIBYX IENEBBIX (PyHK-
i (1) u

®,(H)=minmax(M), )

rae M — ommOKa MOJI0KEHHS TyHKTa, BRIYMCIsIeMast 110 00paTHOMH BecoBoi Matpuiie Q;
- IpU MpExXKpumepuanbHol onmumusayuu 100aBISETCS TPEThS LeleBast QYHKIHS

®,(H)=minmax(uM) , (3)

’Q TPV
rae = % , B KOTOpoi Vh — BEKTOP MOIMPABOK B U3MEPEHHs MOCIIE YPAaBHUBAHUS, I' — KOJMYECTBO U30BI-

TOYHBIX U3MEPEHUI.
O1ieHKa TOYHOCTH BBITIONHSETCS 1Mo popmynam u3 [3, 4]:

Q=FR'F"; ©
F=(A"CA)A'C, ®)
rnie A — marpuna ko3¢ GUINEHTOB apaMeTPHUECKUX yPaBHEHHUH ITOIIPABOK;

C=Pn(n-1V,|"*; 6)

M =u\/Q_jj. (@)
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Ha pucynke | mpuBezieHa cxema HUBEIMPHOM CETH JUTS TIEPBOTO TECTOBOTO mpuMepa u3 [1, ¢. 254].

Rp 5 Rp 6

Rp3

Rp 4

Puc. 1. Cxema HUBETUpPHOU CeTH

B Tabnuie 1 gaHbl CBEIEHUS O TIEPBOM TECTOBOM mpuMepe (cM. puc. 1): mpepbimenus h u Beca mpeBkI-
meHun P.

Tabnuua 1
CaezieHus 0 MEPBOM TECTOBOM IPHMeEpe
Ne Howmepa nmynkros [IpeBblienue Bec nmpesbliienus
TPEBBIIICHUS
1 5 1 6.1250 1.2
2 1 3 8.3200 0.9
3 6 3 5.5800 11
4 1 2 1.3680 15
5 4 2 4.6940 0.9
6 4 3 11.6520 0.7
7 7 2 -0.9050 1.2
8 2 3 6.9440 11
9 4 7 5.5850 1.0

B Tabnuue 2 npencrasieHs! pe3yabTaThl ypaBHUBAHHS C UCIIOIB30BaHUEM ojiHOTO Kputepws (1), B Tabmuie 3
NpUMEHEeHa JIBYXKpUTepuanbHas ontumusanus (kputepuu (1) u (2)), B Tabauie 3 HCHONB3yeTcsl TP KPUTEPHSE
(1)...(3). Pesynprars! aHa3a pe3yIbTaTOB YPAaBHHUBAHHUS 110 JAHHOMY TIPUMEpPY MPHUBEICHBI HIDKE.

Tab6muma 2
OJHOKpUTEpHalbHAs ONTHMH3ALHMS HEPBOr0 TECTOBOTO pUMepa
Howmep CBobozHas cetb (niva 49) Hynb-cBoGoanast cets (Niva 49)
TyHKTA ypaBHEHHBIE OTMETKH Cpe/IHssI KBaApaTHIecKas CPEHA TIOCKOCT CpeIHsS KBaIpaTHIeCKast
oImMOKa OTMETKH OIIMOKa OTMETKH
1 189.6310 .0073 —.7493 .0042
2 190.9996 .0092 .6193 .0036
3 197.9500 .0096 7.5697 .0039
4 186.3067 .0105 —4.0736 .0049
6 192.3700 .0122 1.9897 .0075
7 191.8987 .0108 1.5184 .0055
5 183.5060 Hexonnprii —6.8743 .0075
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Tabnuma 3
JIByXKpuTepuanbHasi ONTHMHU3ALHS TIEPBOTO TECTOBOTO IIpUMEpa
Homep Crobopnast ceth (niva 44) Hyne-cBoGoHas ceth (niva 45)
IyHKTa YpaBHEHHEIE OTMETKH CPEAHAA KBAZIpATHHICCKAA CpeaHsAs INIOCKOCTh ypaBHEHHEIE OTMETKH
OIMOKa OTMETKH
1 189.6310 .0011 —. 7488 .0032
2 190.9999 .0037 .6194 .0033
3 197.9493 .0054 7.5711 .0048
4 186.3061 .0063 —4.0761 .0054
6 192.3693 .0065 1.9911 .0048
7 191.8978 .0066 1.5170 .0061
5 183.5060 Hcxonnblit —6.8738 .0036
Tabnuua 4
TpexkputepuanbHast ONTHMH3AIHS IIEPBOTO TECTOBOTO IPUMEpa
Howmep CBobGoanast ceth (niva 46) Hynb-cBoGoanast cets (Niva 47)
MYHKTa YpaBHEHHBIE OTMETKU CPEAHAA KBAZIpATHHICCKAA CpemHsIs IIOCKOCTh YpaBHEHHBIE OTMETKHI
OIMOKa OTMETKH
1 189.6310 .0008 —.7490 .0029
2 191.0000 .0036 .6199 .0033
3 197.9491 .0056 7.5696 .0043
4 186.3058 .0061 —4.0741 .0049
6 192.3691 .0065 1.9896 .0048
7 191.8982 .0066 1.5181 .0051
5 183.5060 Hcxonslit —6.8740 .0038

Bropoii TectoBblii ipumep (puc. 2), onyOonuKoBaHHbIN B [2], 00pab0oTaH aHAJIOTMYHO [IEPBOMY TECTOBOMY
npumMepy (Tabdin. 5 — 7). CBeneHns 0 pe3yiabTaTaX U3MEPEHHH I 3TOTO IIPUMEpa OITyOJIMKOBAHEI B [4].

Puc. 2. BTopoii TecToBBI puMep
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OnHOKpHUTEpUaIbHas ONTHMH3AIMS BTOPOTO TECTOBOTO IPHMEpa

Tabmuma 5

Homep CBobGoxHast cets (niva 49) Hymnb-cBoOoaHas cets (niva 49)
MyHKTa yPABHEHHBIC OTMETKH CpEIHSS KBapaTHIecKast CPEIHAS TI0CKOCT CpeHsis KBaJpaTHyecKas
OIIMOKA OTMETKH OIIMOKa OTMETKH
1 2 3 4 5
404 307.9707 0271 1.9708 .0178
407 314.1354 0271 8.1355 .0184
408 311.6256 .0256 5.6258 .0167
410 311.1732 .0237 5.1734 .0162
411 313.3182 .0231 7.3184 .0160
414 308.8792 .0207 2.8794 .0154
415 305.6250 .0184 —.3748 .0138
419 304.9093 .0135 —1.0906 .0137
420 314.5474 .0132 8.5476 .0143
422 301.6254 .0132 —4.3745 .0149
423 307.6724 0177 1.6726 .0156
424 302.4508 .0214 —-3.5490 0177
425 295.6148 .0210 -10.3851 .0165
431 293.6135 .0244 —12.3863 .0176
435 303.5667 .0254 —2.4332 0171
437 297.5983 .0264 —-8.4015 0174
440 299.9477 .0270 —6.0521 0174
446 298.2116 .0189 —1.7882 .0182
447 299.7925 0274 —6.2073 .0184
448 299.0582 .0261 —6.9417 .0167
449 299.9150 .0256 —6.0849 .0152
450 300.8672 .0262 —5.1327 .0162
451 306.4263 .0250 4265 .0143
457 300.6438 .0348 —5.3561 .0314
458 296.5238 .0300 —9.4761 .0262
459 295.5008 .0267 —-10.4991 .0227
460 305.1978 .0108 —.8021 .0152
461 311.6665 .0165 5.6666 .0162
462 314.1288 .0160 8.1289 .0149
463 313.3570 0179 7.3571 .0157
464 309.4103 .0176 3.4104 .0155
465 303.4972 .0300 —2.5027 .0256
466 316.6532 .0260 10.6533 0212
468 308.4594 .0300 2.4595 .0219
469 310.9574 0271 4.9575 .0181
473 317.2155 .0228 11.2156 .0146
474 319.2709 .0228 13.2710 .0155
475 315.3141 .0218 9.3142 .0152
478 316.1897 .0254 10.1898 .0176
482 314.6522 .0197 8.6523 .0139
490 300.3691 .0278 —5.6308 .0188
491 303.2152 .0257 —2.7846 .0164
492 305.6319 .0142 —.3680 .0154
493 299.9018 .0270 —6.0981 .0200
494 315.4874 .0300 9.4875 .0219
302 300.6333 .0144 —5.3666 .0159
303 309.8165 .0137 3.8166 .0146
304 303.5862 .0350 —2.4137 .0312
305 305.1302 .0257 —.8696 .0165
306 302.7662 .0251 -3.2336 .0156
307 303.6210 .0284 —2.3789 .0193
308 304.4597 .0274 —1.5401 .0179
309 302.1917 .0270 -3.8081 .0172
301 300.0000 Vcxonuplii —5.9999 .0154
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JIByXKpuTepHaabHask ONTHMH3ALH BTOPOTO TECTOBOTO pHMepa

Tabnuma 6

Howmep CBobojHast ceTh (niva 44) Hynb-cBoGomHast cethb (niva 45)
nyHKTa yPABHEHHBIE OTMETKH CpeIHss KBapaTHUecKast CPEIHA TI0CKOCT CpeIHss KBaJpaTHYecKas
OIIMOKA OTMETKH OIIMOKa OTMETKH
1 2 3 4 5
404 307.9695 .0215 1.9717 .0139
407 314.1315 .0213 8.1331 .0151
408 311.6218 .0195 5.6239 .0125
410 311.1679 .0225 5.1730 .0152
411 313.3183 .0213 7.3187 .0149
414 308.8749 .0167 2.8778 .0113
415 305.6206 .0155 -.3774 .0107
419 304.9077 .0108 —1.0883 .0133
420 314.5471 .0103 8.5501 .0142
422 301.6260 .0127 -4.3719 .0150
423 307.6730 .0132 1.6753 .0126
424 302.4507 .0146 —3.5468 .0128
425 295.6146 .0144 -10.3831 .0123
431 293.6118 .0161 —12.3857 .0128
435 303.5651 .0175 —2.4322 .0129
437 297.5981 .0205 —8.4002 .0151
440 299.9439 .0210 —6.0524 .0151
446 298.2123 .0140 —7.7856 .0140
447 299.7902 .0215 —6.2077 .0147
448 299.0564 .0199 —6.9410 .0133
449 299.9109 .0197 —6.0864 .0120
450 300.8617 .0206 —5.1344 .0127
451 306.4224 .0192 4253 .0116
457 300.6436 .0180 —5.3541 .0126
458 296.5236 .0176 —9.4741 .0126
459 295.5006 .0155 -10.4971 .0125
460 305.1973 .0083 —.7993 .0135
461 311.6658 .0190 5.6683 .0150
462 314.1256 0171 8.1279 .0138
463 313.3511 .0201 7.3561 .0153
464 309.4068 .0157 3.4104 .0143
465 303.4922 .0187 —2.5034 .0114
466 316.6482 .0172 10.6526 .0113
468 308.4558 .0225 2.4576 .0153
469 310.9538 0211 4.9556 .0132
473 317.2107 .0183 11.2138 .0125
474 319.2664 .0203 13.2696 .0146
475 315.3104 .0161 9.3122 .0106
478 316.1868 .0197 10.1880 .0140
482 314.6472 .0167 8.6516 .0113
490 300.3641 .0225 —5.6317 .0153
491 303.2113 .0200 —2.7858 .0133
492 305.6326 .0131 —.3658 .0132
493 299.8999 .0178 —6.0975 .0145
494 315.4838 .0225 9.4856 .0153
302 300.6339 .0126 —5.3645 .0133
303 309.8173 .0135 3.8192 .0127
304 303.5812 .0203 —2.4144 .0125
305 305.1263 .0203 —8708 .0135
306 302.7623 .0199 —3.2348 .0132
307 303.6175 .0201 —2.3806 .0132
308 304.4550 .0218 —1.5422 .0153
309 302.1870 .0218 -3.8102 .0153
301 300.0000 HcxoaHblit —5.9981 .0152
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Tpexpr/ITepHanLHaﬂ OIITUMU3ALIMSA BTOPOT'O TECTOBOI'O IIpUMEPa

Ta6muma 7

CeoGoHast cetb (niva 46)

Hyunb-cBoGoaHast ceth (niva 47)

Howme
l'IyHI(TF;. yPABHEHHBIE OTMETKH CpeIHss KBaJpaTHuecKkas CpEHA TI0CKOCT CpeIHss KBaJpaTuiecKas
OIIMOKA OTMETKH OIIMOKa OTMETKH
1 2 3 4 5
404 307.9690 .0200 1.9715 .0136
407 314.1307 .0206 8.1330 .0145
408 311.6208 .0190 5.6233 .0125
410 311.1679 .0206 5.1723 .0144
411 313.3162 .0196 7.3186 .0145
414 308.8736 .0169 2.8776 .0118
415 305.6198 .0161 —.3765 .0106
419 304.9080 .0099 -1.0884 .0130
420 314.5475 .0094 8.5502 .0135
422 301.6260 .0142 -4.3721 .0148
423 307.6731 .0136 1.6753 .0122
424 302.4511 .0149 -3.5466 .0127
425 295.6149 .0146 -10.3828 .0122
431 293.6125 .0160 -12.3844 .0128
435 303.5660 .0171 -2.4312 .0131
437 297.6000 .0203 -8.3985 .0149
440 299.9442 .0203 —6.0524 .0144
446 298.2122 .0135 —7.7855 .0124
447 299.7896 .0199 —6.2064 .0149
448 299.0561 .0186 —6.9400 .0134
449 299.9098 .0184 —6.0862 .0116
450 300.8616 .0190 -5.1348 .0127
451 306.4210 .0182 4252 .0115
457 300.6439 .0189 -5.3538 .0131
458 296.5239 .0173 -9.4738 .0130
459 295.5009 .0158 -10.4968 .0128
460 305.1976 .0084 —.8005 .0137
461 311.6650 .0195 5.6672 .0146
462 314.1236 .0181 8.1282 .0126
463 313.3507 .0205 7.3568 .0150
464 309.4065 .0156 3.4107 .0140
465 303.4910 .0181 -2.5044 .0117
466 316.6470 .0173 10.6516 .0116
468 308.4542 .0208 2.4574 .0149
469 310.9522 .0200 4.9554 .0133
473 317.2102 .0173 11.2141 .0128
474 319.2644 .0198 13.2691 .0149
475 315.3096 .0162 9.3126 .0108
478 316.1839 .0196 10.1865 .0142
482 314.6460 .0170 8.6506 .0116
490 300.3639 .0206 -5.6319 .0149
491 303.2102 .0187 -2.7860 .0131
492 305.6326 .0126 —.3654 .0127
493 299.9009 .0173 —6.0959 .0143
494 315.4822 .0208 9.4854 .0149
302 300.6338 .0121 -5.3643 .0132
303 309.8175 .0131 3.8193 .0124
304 303.5800 .0193 -2.4154 .0126
305 305.1252 .0190 -.8710 .0133
306 302.7612 .0186 -3.2350 .0131
307 303.6168 .0192 -2.3797 .0127
308 304.4533 .0204 -1.5425 .0149
309 302.1853 .0204 -3.8105 .0149
301 300.0000 Wcxonubrii -5.9994 .0150
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ITo manHbIM TabmuL 2...4 A7 IEPBOTO TECTOBOTO ITPUMEPA MOXKHO CAENATh CIECAYIOIINE BHIBOABI:

1) cpenHss KBaapaTHYecKas OIMOKA BHICOTHOTO TOJIOKEHHUS IyHKTa 7 AJIsl CBOOOTHBIX HUBEIUPHBIX Ce-
TEH, OMMPAIOIINXCS HA OJUH MCXOAHBIN MYHKT, OKa3anach HAWITy4IIed ISl ABYX- U TPEXKPUTEPUAIBHBIX alro-
PUTMOB M YMEHBILIMIIACh B 2 pasa;

2) cpemHss KBagpaTHIECKas OMIHOKA BBICOTHOTO MOJOXKEHHUSI IyHKTA 7 IUISl HyJIb-CBOOOJHBIX HUBEIHP-
HBIX CETell, He COAepIKaIlMX UCXOJHBIX TyHKTOB, OKa3an1ach HaWIy4llleld sl TPEXKPUTEPUATBHOTO allTOpUTMa U
yMeHbIIIIach B 1,5 pasa;

3) 1o cpaBHEHHIO C OJJHOKPHTEPHAIBHOW ONTHMH3AIMEl OTMETKH MyHKTOB M3MEHMIUCh Ha 0,9 MM s
cBOOOTHOM CeTH M Ha 2,5 MM [UIS HyJIb-CBOOOTHOM CETH.

[To manHBIM TabMUIL 5...7 A BTOPOTO TECTOBOTO MPUMEPA MOXKHO CHIEJIAaTh CIIEAYIONINE BHIBO/BI:

1) cpenmusis kBagpaTHuecKas OLIHOKA BHICOTHOTO MOJIOKEHUSI 171 CBOOOMHBIX HUBEIMPHBIX CETel OKa3a-
Jlach HaWIydIIeH U IBYXKPUTEPHAILHOTO allrOpUTMa B Tpex ciydasx (aist myHkToB 410, 468 u 494), a B ciy-
yae TPEXKPUTEPHATHHON ONTHMHU3AIMH B IBYX CiIydasx (s MyHKTOB 468 u 494) okazanach HaMMEHBIIEH W3
BCEX PEe3y/IbTAaTOB BBIUMCIECHUH U YMEHbIINIACH B 1,7 pa3a;

2) cpenmsist KBaApaTHIeCKas OMIMOKA BEICOTHOTO TTONOXKEHHUS UTSL HyJIb-CBOOOIHBIX HUBEIHPHBIX CETel OKa-
3aj1ach HAWJTY4IIeH JUIs TPEXKPUTEPHAIBHOTO ciy4as (CM. Tadi. 7 myHKTH 463 n 301) 1 ymeHbIIMiIach B 2 pasa;

3) mo CpaBHEHHIO C OJHOKPHTEPHUAIBHOW ONTHMH3AlMel OTMETKH ITyHKTOB M3MCHIJINCH Ha 5 MM IS
CBOOO/IHOM CeTH M Ha 3 MM JUIs HyJIb-CBOOOTHOI ceTH.

B 3akmodeHne OTMETHM, YTO B HAIIEM YAaCTHOM CIy4ae MOXKHO IEPEHTH OT TPEXKPUTEPHATIbHON ONTH-
MH3aluH K ABYXKPUTEPUAIbHOW, IPUMEHHB ClieyIonyto Gopmyy:

@, (H)=minmax[(1+p)M], 8)

YTO MPUBENET K aHAJOTMYHBIM pe3yJibTaTaM YPaBHUBAHUS, HO TOJBKO B 3TOM YaCTHOM CIydae, KOrJa CTajo
BO3MOXHO 00beauHeHue Gopmyi (2) u (3).
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EXPERIENCE OF APPLICATION LINEAR THREE-CRITERIA ADJUSTMENT
OF LEVELLING GEODETIC NETWORKS

V. YALTYHOV

Application of multi-criteria adjustment of geodetic networks (MC) is initiated in 1999. The theory of the
method is developed under professor Mitskevich’s leadership and is fully presented for the case of two-criterion
adjustment. Since 2010 in order to receive even more significant affect of MC method three-criterion
optimization versus two-criterion method is started to be used for adjustment of plane and leveling geodetic
networks. Its affectivity is practically proved for networks on plane. Advantages of new method of adjustment are
studied in the present paper for two test examples of leveling geodetic networks. Research is conducted using six
new software packages: niva 44 — niva 49. Niva 44 is upgraded what led to corrected results of adjustment.
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