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YpaBHMBaHHUE Ie0[e3UIECKUX TIOCTPOCHUI ABISETCSA BEChbMa BaXXHON MPOLIEAY PO TIPU BBITIOTHEHHH BBICOKO-
TOYHBIX T€OJIC3HICCKUX MU3MEpPEeHHI M 00paboTKe MX pe3ylbTaToB KakK B IIPOLECCE CO3MAHUS ONOPHBIX TeOfe3H-
YEeCKHUX CeTel, TaK U HPH BHIOIHEHHH TOYHBIX U BBICOKOTOUHBIX I'€OC3HYECKHX paboT, BEIMOIHACMBIX B COCTa-
BE€ CIELHAIbHBIX WHKCHEPHBIX M3bICKAHUI MPH MPOCKTHPOBAHUM NPELM3MOHHBIX COOPYXKEHHH U JKCILTyaTaluH
00BEKTOB TOPHONOOBIBAIOIMICH MPOMBIIUICHHOCTH. Tak, B MecTaX CTPOHTENBCTBA IPEIU3HOHHBIX COOPYXKEHHIT
JIMHEHHOTo THUMA, K KOTOPBIM OTHOCATCS CTPOUTEIBHO-TEXHOIOTHUECKHE KOMIIIEKCHI JIMHEHHBIX yCKOPUTEIEH 3a-
PSDKEHHBIX JaCTHII, IIPOMBIIUICHHbIC KOHBEHEePhI TOHKHX TEXHOJIOTHI U APYTHe BHICOKOTEXHOIOTHIECKHE OOBEKTEL,
CO3/1aI0TCSL TOYHBIE W BHICOKOTOUHBIEC F€0Ie3MIECKHE IOCTPOCHHUS, 00eCIIeUHBAIOIUE IPOBEICHHE BEICOKOTOUHBIX
¥ MH)KCHEPHO-Te0Ae3MIecKUX HabmoneHuid. B cTaTbe paccMoTpeH crioco6 ypaBHHBaHUS GHUIYpPHI TAKHX MOCTPOE-
HUH, KOTOPBIMU MOTYT OBITB: IIEOYKH TPHUAHTYISIHMN U TPHIATCPALHH, ITOJIUTOHOMETPHIECKHE XOIBI U CHCTEMBI
TOJIMTOHOMETPUYECKUX XOAO0B, a TAKKE HUBEIUPHBIE XObl, CHCTEMBI HUBEIHPHBIX XOIO0B U IETIOYEK U3 HUBEIIUP-
HBIX KBaJparoB. IIpu NpoexkTHpoBaHUM Ieoe3uIeCKUX U3MEPEHUM, MPOU3BOAAIINXCS I OLEHKH YCTOHYMBOCTH
MIPEIU3HOHHOTO COOPY>KEHHS, IPSIMO 3aBUCAIIEH OT MHKpoe(dOpMaInii TOPHBIX MOPOJ €0 OCHOBAHUS, BOSHHKAET
HEOOXOAUMOCTD B MCCIICIOBAaHUH BHJOB TaKHX MHKpOAe(hOpManuil M MX KHHEMAaTHYECKHX XapaKTepuCTHK. IIpu
9TOM IOCTaHOBKAa TaKMX HCCIENOBAaHHMU INPEAyCMaTpUBAET MOCTPOEHHE CETEH BBICOKOTOYHOIO HMBEJIMPOBAHUS,
KOH(UTypanust KOTOPHIX NMPUBS3aHA K TEOMETPUH COOpYXeHHs. Tak, MUl IPSMOIMHEHHOTO NPENU3HOHHOTO CO-
OpyXKeHUs (IMHEHHBIe YCKOPHTEIH, HHTEp(hepOMETPHI, IIPOMBIIIICHHbIC KOHBeHephl TOHKHX TEXHOJIOTHIT U IpyTHe)
CO3/IaI0TCS HUBEIUPHBIE CETH B BUJE LIETIOYEK KBAJPaTOB, B YACTHOCTH CABOCHHBIX HUBEIMPHBIX KBaapaToB. Pac-
CMOTPEH HOPSJOK 00pabOTKH Pe3yIbTaTOB BHICOKOTOYHOTO HUBEIMPOBAHMS IO KBaApaTaM, IpelyCMaTpUBAIONIHil
ypaBHHBAaHHE W OLIEHKY TOYHOCTH PE3ylIbTaTOB HHBEIHPOBAHUS. ABTOpPAMHU CTAaTbH pa3pabOTaH CTPOrHil crocod
OLIEHKH TOYHOCTH PE€3y/IbTaTOB HUBEJIUPOBAHNUSA 110 KBagparaM. B pe3ynbTrare NpoBeJEHHBIX TEOPETUYECKUX HCCIIE-
JIOBaHHIT pacCMOTPEHEI BOIIPOCH! OLIEHKH TOYHOCTH (PyHKINH ypaBHEHHBIX HeM3BeCTHHIX. [TomydeHa obmast popmy-
J1a 00paTHOTO Beca (PyHKIUH ypaBHEHHBIX BEINYHH UL HUBEIUPHOTO PSa U3 CABOCHHBIX KBAIPaToB.

KuroueBrble ciioBa: HHUBEJIMPOBAaHUE 110 KBaJApaTaM, YpaBHUBaHHE 3JIECMEHTOB HUBEJIUPOBAHHUS 110 KBaJipaTaM, OLleHKa
TOYHOCTH HUBEJIHMPHOI'O psiia
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The problem of equalization of geodetic constructions is a very important procedure when performing high-pre-
cision geodetic measurements and processing their results both in the process of creating reference geodetic networks,
and when performing accurate and high-precision geodetic works performed as part of special engineering surveys
when designing precision structures and operating mining facilities. Thus, in the construction sites of precision linear
structures, which include construction and technological complexes of linear accelerators of charged particles, indus-
trial conveyors of fine technologies and other high-tech facilities, accurate and high-precision geodetic constructions
are created, providing high-precision and engineering geodetic observations. The article considers a way to equalize
the figure of such post-states, which can be: chains of triangulation and trilateration, polygonometric moves and sys-
tems of polygonometric moves, as well as leveling moves, systems of leveling moves and chains of leveling squares.
When designing geodetic measurements made to assess the stability of a precision structure that directly depends on
the micro-deformations of the rocks of its base, there is a need to study the types of such micro-deformations and their
kinematic characteristics. At the same time, the formulation of such studies provides for the construction of high-
precision leveling networks, the configuration of which is tied to the geometry of the structure. Thus, for rectilinear
precision structures (linear accelerators, interferometers, industrial conveyors of fine technologies and others), leveling
networks are created in the form of chains of squares, in particular, double leveling squares. The order of processing
the results of high-precision leveling by squares is considered, which provides for equalization and evaluation of the
accuracy of the leveling results. The authors of the article have developed a strict method for evaluating the accuracy of
the results of leveling by squares. As a result of the theoretical studies conducted, the issues of estimating the accuracy
of the function of the equalized unknowns are considered. A general formula for the inverse weight of the function of
equalized quantities for a leveling series of double squares is obtained.

Keywords: leveling by squares, equalization of leveling elements by squares, evaluation of the accuracy of the leveling series

[Ipobnema ypaBHUBaHHUS TE€ONC3MUYSCKUX  3YJIBTATOB KaK B MPOIIECCE CO3AaHUS OTIOPHBIX
IIOCTPOEHU SABIIAETCS BECbMA BaXKHOM MPOLIE-  IEOAE3UYECKUX CETEH, TaK U MPHU BBINIOIHEHUN
JIypOi TIPU BBINOJIHEHUH BBICOKOTOUHBIX F€0-  TOYHBIX U BBICOKOTOYHBIX I'€OJE3UYECKHX pa-
JIE3MUECKUX M3MEPCHHA W 00paboTKe WX pe- OOT, BBHIMOITHIEMBIX B COCTaBE CIEIHATBHBIX
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WHXXEHEPHBIX M3BICKAHUM TIPH MPOEKTUPOBA-
HUW TPEUU3UOHHBIX COOPYXKEHUH M DKCIUTY-
aranud OOBEKTOB TOPHOMOOBIBAIOIICH IIPO-
MBIIUIEHHOCTHU. Tak, B MecTax CTPOUTEIbCTBA
MPELUU3HOHHBIX COOPY>KEHUI JIMHEHHOT O THIIA,
K KOTOPBIM OTHOCSTCSI CTPOUTEIBHO-TEXHO-
JIOTUYECKUE KOMILIEKCHl JUHEHHBIX YCKOpHU-
TeJNeil 3apsHDKEHHBIX YaCTHI], MPOMBIIUICHHBIE
KOHBEMEPHl TOHKUX TEXHOJOTHMH W Jpyrue
BBICOKOTEXHOJIOTHYECKHE OOBEKTHI, CO3/aI0T-
CSl TOYHBIE M BBICOKOTOYHBIE T'€OIEC3UUYECKHE
MIOCTPOEHMS, O0ECIEUNBAONINE TPOBEICHNE
BBICOKOTOUHBIX M HH)KEHEPHO-T€OAEC3NYECKUX
HaOmoneHuit. durypamu TakuxX MOCTPOSHUI
MOTYT OBITh: IETIOYKU TPUAHTYISIUH U TPUIIa-
Tepaluy, MOJIUTOHOMETPUYECKUE XOABl U CHU-
CTEMBI IOJIMTOHOMETPUUYECKUX XO/I0B, a TaKXkKe
HUBETUPHBIE XOJbI, CUCTEMBI HUBEITUPHBIX
XOIOB W IIETOYEK W3 HUBEIUPHBIX KBaapa-
TOB. Pe3ynbTaThl reofe3udyecKuX H3MEpEeHUH,
B YAaCTHOCTH BBICOKOTOYHBIX HUBEIUPOBAHUUI
[0 LENOYKaM CIIBOEHHBIX KBaJpaTOB YpPaBHU-
BaHUH, peIaloT TpU OCHOBHBIE 3a4a4H [1, 2]:
olpesiesieHne N0 pe3ysbTaTaM I'e01e3UUeCKUX
U3MEPEHNN HAJIC)KHBIX 3HAYEHUN UCKOMBIX Be-
JIMYMH, a TaKKe UX (QYHKIMHA KaK KOCBEHHBIX
pe3yapTaTOB M3MEPEHHH OLEHKH TOYHOCTH
pE3yJabTaTOB HM3MEPEHUM; OLICHKH TOYHOCTH
pe3yabpTaToB M3MEpPEeHnH U (YHKIHUN N3MEPEH-
HBIX BEJIMYMH.

B cBsi3u ¢ TeM, 4TO yCTOHYMBOCTH MPELH-
3MOHHOTO COOPYXEHUS MPSIMO 3aBUCHUT OT MU-
Kpozaedopmanuii rOpHBIX TOPOJ €T0 OCHOBAHUS
[3, 4], BO3HHKAET HEOOXOOUMOCTh B HCCIIEI0-
BaHHWH BHUJIOB TaKUX MHUKpoaehopManuidi U ux
KMHEMAaTH4YeCKUX Xapakrtepuctuk. [Ipu stom
IIOCTAaHOBKAa TAaKHX HCCIEIOBaHUI mpexyc-
MaTpPUBAET MOCTPOEHUE CETEH BBICOKOTOYHO-
r0 HHUBEIUPOBaHMs, KOH(UTYpamus KOTOPBIX
MpUBs3aHa K TEOMETPUU COOpyxeHus. Tak,
IS IPSIMOJIMHENHOTO MPELM3UOHHOIO COOpY-
XKeHusl (JIMHEeWHble ycKopuTenu, uHtepdepo-
METpPHI, TIPOMBIIIJICHHBIE KOHBEHEPHI TOHKHX
TEXHOJIOTUH U APYTHE) CO3MAIOTCS HHUBEIHP-

(pucyHok). Tlopsgok 00pabOTKU pe3yabTaToOB
BBICOKOTOYHOI'O HI/IBeJII/IpOBaHI/ISI 110 KBanpa-
TaM IpeyCMaTpUBaeT YPAaBHUBAHUE U OLIEHKY
TOYHOCTH PE3YJIETATOB HUBEIINPOBAHWIS.
OCHOBHO#1 LIENBIO MCCIICIOBAHUS SBIISCTCS
pa3paboTka cTpororo crnocoda OIMEeHKH TOYHO-
CTH Pe3yJIbTaTOB HUBEIUPOBAHUS ITO KBaparam.

MartepuaJjibl H MeTOAbI HCCIETOBAHMS

B coorBeTcTBHH C METOAOM HAMMCHBIIIUX
KBaJpaTOB MOXKET OBITH BBIYHCICHA O0OIIas
dbopmyna oOpaTHOTO Beca PYHKIMH YpaBHEH-
HBIX BEJWYUH ]ISl CIIBOCHHBIX HUBEIHPHBIX
psaoB U3 kBagpatoB. COrIacHO JaHHBIM O Ha-
MIPABJICHUSIX MPEBBINICHUH 1O 3BEHBSM, IPH-
BEIECHHBIM Ha PUCYHKE, YCIIOBHBIE YpPaBHEHUS
IMONpaBoOK IJid CABOCHHBIX PAJ0B HUBCIIMPHBIX
KBaJgpaToB MOXXHO IPCAOCTaBUTL B YKa3aH-
HOM BHUJIE:

I — BepXHUI1 psii HUBEITUPHBIX KBAAPATOB

GH+Gi-D)+Gi-2)-(Gi-6)+ W, =0,(1)
I — HIOXHUH psiI HUBEIUPHBIX KBAJAPATOB
GCH+Gi-1)+Gi-2)-(5i-3)+W,=0,(2)
IIpU TEKyILEM HOMepe i oT 1 10 n.
VpaBHUBaHME  INpUpALICHUA  BECOBOH
¢ynakuuu [1] OTMETKHM KOHEYHOH TOYKH K

WJIH TIPUPALLIEHNS TI0 HUBETUpHOMY xony O-K
(O — HagaTbHAsI TOYKA) MOXKET OBITH IPEACTAB-

K
nena kak AF, =Y 5i npuior 1 g0 K.
1

Koa¢hdunmenTsl HOpManbHBIX YpaBHEHHN
JUISL CIIBOCHHBIX HUBEIUPHBIX PSIOB W3 OJIU-
HAKOBBIX KBAJPAaTOB MPEACTABISIOT COOOH I1s-
THIMArOHAIBHYI0 MAaTpHIly M OHNPEIeISIOTCS
paBeHCTBaMHU

[agag] =4, npugorl no2n
la,a,.,]=e,, ipug=1ng=2n-1 3)

e, =0,¢e, =1

WU
HBIE CETH B BHJE LIETIOYEK KBaJparoB, B 4acCT-
HOCTH CIBOCHHBIX HHBEIHPHBIX KBaJIpaToOB [aQi_]azl‘] = 1, IIpH [ OT 1 mon (4)
3 8 &n-2
Y 4y oV Vek-1 Y /
5 10 Sk 5n
5 7A 12 \Sk+2 A \
- - - - - Sn+1
6 1

Cxema cemu u3 cOBOEHHbIX HUBEMUPHbIX Keadpamoe
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Hanee:

la, ,a,]=—1, npug=3,4,....2n

ula, fl==—lmpug=1,1,..,2K (5)

Otkyna cienyer, uto [ ff] =K.
Toraa ommbka ypaBHEHHOH OTMETKH TOY-
KM paBHA

1
me = |~ mpr —=[f#1-0, ()
Py Py

rJe | — OmuMOKa eTUHHLBI Beca, U3MEPEHHOTO
MIPEBBIIIEHUST CTOPOHBI KBajpara, ( — Beco-
Bas PyHKIIHS.

Pesyabrathl ucciienoBanns
U UX o0Cy:KIeHne

OnHO# W3 BaXKHBIX 3a/1ad YPaBHUTEIBHBIX
BBIYHCJICHUN B OTHOIICHUU HUBEIUPHOTO Psijia
13 CABOCHHBIX KBaJApaTOB SABJIACTCA OICHKa
BJIMSIHUA YpaBHUBAaHUSA 3a YCJIOBUSA IMOJMUITOHOB
Ha 00paTHBIN BeC JTI000TO IEMEHTA.

OO6mIen3BecTHO [5—7], UTO COCTABIISAIOMIAS
obpaTtHoro Beca (J, Kak MaTpHIla BECOBBIX KO-
3G PUIUEHTOB, ONIPECIACTCS PABEHCTBOM

m [a,f(g DI
Q=2 ———
¢ laga,(g=1)]
PackpeiBasgs mo oOmemy mpaBuiy [1, §]
AITOPUTMBI TIPE0O0Pa30BaHHBIX HOPMAIILHBIX
ypaBHEHUH, COOTBETCTBYIOIINX YCIOBHSIM II0-
JUTOHOB ¢ ydeToM paBeHcTB (3) u (5), B KOTO-
peIX [a, agﬂ] nmpu h=1,2, ... (g—2) uMeeT BUT

':ag+lag+1g] = I:ag+1ag+l :I -

I:Clgagﬂ (g _1)]2 _ I:ag—langl (g _2)] ()
[aa,e-D]  [ana0-2)]

(7

2

[agﬂfg} = ':ang]f] -
aa..(g-D[a,f(g-D]
[a (4, (g— 1)}
a,1a,,(g-2)|a, ,f(g-2)]
- > 09)
[a,1a, ,(g-2)]
C yuerom 3HaueHnii (1) u (2), monydaem

I:agflagﬂ (g- 2)] = [agflagH] =1
npug=2,3,...,2n+l,

(10)

[agagHJ =+eg mpug=1,2, ..., 2n-1,(11)
(12)

3HaueHUE KBaIPaTUIHBIX WICHOB IIpeodpa-
30BaHHBIX HOpPMAaJIbHBIX YPaBHEHUI Koppeiyar
MOYKHO TIPEJICTABUTH B BUIE MMPOCTHIX ApoOeH,
4yTO YOGAWTEIHHO IMONTBEPXKAaeTCs B pabdore,
a UMEHHO:

[agag(g—l)] = AZ/\[jH .

g

e =1He2_=e =0.
1 YemH

€
2i+1 HeuemH

(13)

Tax KaKk Ipu pacKpBITHU AJITOPUTMOB UMEEM

4 15
[alal]:?[azaz]:j3
56 192

aa, - 2|=—;la,a, 3| =—.
[aza-2] 15’[““ ] 56

C y4eToM yCIIOBHBIX YpaBHEHHIA TIOMTPABOK
(1), a Taxxke paBeHcTB (3), (4) u (13) mocmue
BBeIEHMST 0003HAUYCHNH

D= £y 14
|:agag+l (g - ):‘ - Vg ( )
MOy IUM
E
I:agagﬂ (g - 1):' = M_Z =
_ egMg +Mg_1 [ag_la (g —2)] .

M

g
Torna, ¢ yuerom (14) u (15), cnipaBennBO

PaBEHCTBO
E,-E,  =eM,. (16)

Ilpu E, = 0 cymma pasencts (16) ecin
h=1,2, ..., g peanusyercs B BUAe aHaJIUTHYIC-
CKOTO BBIpaKEHHS

g

E=YeM, tmeh=1,2,..,g (17)
n=l1

Hanee, noacrasnss B (8) 3nauenus (13),

(10) m (14) cOOTBETCTBYIOIIMX aJTOPHUTMOB,
MOJIYYHMM B OOIIIEM BHJIC

M M E?
[ag+1ag+1g]= Mg+2 =4- Mg_l Y, ]\f[ . (18)
g+l g g " g+l

W3 nocnenHero paBeHCTBa MOCie €ro mnpe-
00pa30BaHUs OTyYaeM

MgMg+2 = 4MgMg+1 _Mg—lMg+l - E; . (19)
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W3 pasenctsa (19), HO ¢ yBEIWYEHHBIM
Ha €AMHUIY UHACKCOM g, IIPUHAB BO BHUMAHUC
(16), mocne cokpamieHuss Ha M 1> TIONYHM
OCHOBHYIO (hOpMyITy Ul IIOCIJI€A0BATEIHHOIO
BBIYUCIICHUS LEeTIbIX Yncen M:

My =4(M - M)+ M, e, (E. +E,) (20)

Pasenctro (20) ipu ycmoBusx (12) u (17)
SBIISIETCS] PEKYPPEHTHBIM ypaBHEHHEM IS YH-
cen M, ciry>karmx NI OTy9eHus] KBaJpaTHd-
HBIX 4JIeHOB 1o hopmyie (13).

[oncrasnss B (9) Bepaxenus npeoOpaszo-
BaHHBIX U MPEJCTaBICHHBIX opmynamu (18),
(14) u (10) anropuT™MOB TOCJIE COKpAIICHUI
(g+1)-ro unena, moxy4nm

I:ag+1fg:| = I:ag+lfj| + Aj::“

g+2

[a,f(g-D]+

+ A]/\[j—l [a,./(g-2)]. 1)

g

Bripaxas umncia [agf(g - l)} B BHJE
MIPOCTHIX APOOEH:

[a,/(g-1]=-*

g
U3 paBencrtsa (21) momyunm dopmyny s
MIOCJIEZIOBATENILHOTO BBIYMCIICHUS 3HAYCHUN F-

E _F, _+M,F,
F,=M,[a,f |+ gz\l4 £ &2 (23)

(22)

g-1
Hcnonp3ys pasenctsa (18) u (22), Haiinem
IUTSE TF000TO0 WieHa (hOpMyIThl
2

2
[a,f(g-D] :
= = . (24
[agag(g_l)} MgMg+1
PaccmoTpum mocnienoBarenbHbIe  3HAYe-
HHSA CyMM S_:

S, =U, §,=§+U,, ..,
S,=8,,+U,, .., S (25)

Benuuunel S MOXXHO MPENCTaBUTH B BUJC
MPOCTHIX APOOEH, 3HAMEHATENIIMU KOTOPBIX
OyayT CIy’KHTh uncia M, a YUCIUTEIIMU —
HOBasI IMOCJIE0BATENFHOCTD HENbIX Yrcen S:

=S,,+tU,.

m

(26)

[loncraBnas B oOImMI 4IEH MOCIENOBa-
TENBHOCTH (25) BBIpaXEHHUS IS Sg, Sg_1 uU,

comtacHo (opmynam (24) u (26), momyuum
(bopMyiy ISl BBIYUCICHHS KaKJOTro IOCIe-
JYIOLIEr0 3HAaYCHUs S 4epe3 MPebILyIIne
S, uancna Mun F:

g M Se +F*

g b
M,

g+l

g=12,..,n.Q27)

[To dopmyse (27) MOXKHO MOCTEIOBATENb-
HO BBIYUCIUTH Sg, HaunHas ¢ S, (MOIOKHUB
S, = 0) n 3akanuuBas S .

IIpu BBMUCIEHMK S TOMYYMM BEJTHYMHY
0, BHOCUMYIO B OOpaTHBII Bec JF0O0TO HUBE-
JUPHOTO psifia YCIOBHBIMU ypaBHEHUSIMH II0-
JuroHosB [9]:

Sm
Q="

[Mocnenosarensho noacrasnss F, F,, ... B
BUJIE pa3foKeHUs 10 KodddurmeHTam [a v ] :

F,=¢g[a f1+..+@4la,f1+..+0,la, 1 (29)

Cornacao dopmyre (29) it BEIYUCICHUS
ancen F, HEOOXOIMMO COCIUHHUTH KOd(hhHU-
[UEHTHl TIPH [ah f ], cofepxamuecs B pas-
nokeHnsX F | M F, ), 9T0 I03BONISET 3anicarh
CIIeyIollee aHAIUTUYECKOE BBIPAXKCHHE IS

(28)

m+1

BBIYHCJICHUA YHUCCII (Pgh , A HIMCHHO:

_ Mg(pg—lh + Eg—l(Pg-Lh
M

(Pgh (30)
g-1

Crenmyer mokasarb, 4TO €CJIM 3HAYCHUS YH-
cen Py, BTAOMMIE, B KOTOPOI g — HOMEP CTPO-
KW, a & — HOMep CTOiOIa, TO MOCIEeIOBATEIb-
HOCTh 4uCeN (g, 1O CTONOUAM U CTPOKam
YIOBJCTBOPSIFOT COOTBETCTBEHHO CIICAYIOIIUM
JIBYM BO3BPATHBIM YPaBHEHUSM 4-TO TIOPSIIKA
C TIEPHOIUYECCKHMH MEHSIONMMUCS K03(hdu-
LHUEHTaMU €.

— Ji1s1 h-TrO CTONOIA:

Poian =€g3Pg31+4Poi2h T€310Poiin — P
npu 1<h<g. (31)

— JUIsl g-¥ CTPOKHU:
P rs = €2 Py i3 T 4(pg,h+2 €1 Pg i1 ~ Pans
(32)

HavaneHpiMu uiieHamu Juis ¢ OyayT jaBa
uncna: Qg , Py (monaras mpeamecTByrOmKE
YKCIa PaBHBIMU HYJIIO), & YKCIIA € OTpeIesis-
10TCs paBeHcTBamH (12).

npu 0<h<g.
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3uHauenns KodPGUINEHTOB Py,
3HaueHus @ [PU Pa3IMIHBIX /i

£ £ M, 1 2 3 4 5 6 7
1 1 1 1
2 1 4 1 4
3 16 15 4 1 15
4 16 56 8 16 16 56
5 208 192 16 8 56 16 192
6 208 712 47 68 120 225 208 712
7 2623 2415 68 47 225 120 712 208 2415

AHAJIOTHYHO PasIOKeHHIO F| HCIIONb3yeM
thopmymet (27) u (29) mias mocnenoBaTebHOTO
MOJy4eHUs S B BUJIE PA3JIOKECHUS 110 MPOU3BE-

newusm [a, f1[a, f]:
S, =33 Gla, fla,- £ 33

g=1h=1

MPHYEM IS TOCIIEI0BATSIILHOTO BBIYUCICHHS
G moryanm

_ Mm+1Gm—1gh + (ng ) (th
mgh — M .

m

(34

Benuuunsl G, kak u M, E, ¢, IBASI0TCA 1iE-
JBIMU TIOJIOKUTEIFHBIMU YUCIIAMU U OTIpeJie-
JISIIOTCS BO3BPATHBIM YpaBHEHUEM

Gm,g,h+4 = _eh+2Gm,g,h+3 +

G

+ 4Gm,g,h+3 - eh+lG m,g,h »

m,g,h+1 -

npu g#h+2; h>1. (35)

W3 conocraenenus dopmyn (33) u (35)
BuaHO, 40 G, .\ =@, .
[ToyicTaBUB B 3TO BRIpKEHHE S, C yIeTOM

Gmgh
M

9aTeqbHOM BUE (HOPMYITy sl BBIYUCICHUS
BEJIMYMHEI 110001 BecoBoit (ynkuuu [9, 10]:

0= %glpmgh [a.f [@sf]. o)

0003HaYeHHs, Pen = IIOJTyYUM B OKOH-

m+1

3aKjIoueHne

B pesynprare mpoBeIEHHBIX TEOpETHYE-
CKMX HCCIEOBaHUI pacCMOTPEHBI BOMPO-

CBI OIICHKHM TOYHOCTU ()YHKIIMH ypaBHEHHBIX
Hen3BeCTHBIX. [lomydena oOmas dopmyna
obpaTHOTO Beca (PyHKIHH YpaBHEHHBIX Be-
JUYUH A7 HUBSJIHUPHOTO psJia U3 CABOCH-
HBIX KBaJIPaTOB.
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