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A. M. KOCTELKAS, xaun. TexH. Hayk
JIbBOBCKHII MONHTEXHHUECKHII HHCTHTYT

MONEPEYHbBIN COABHUI NMYHKTOB
B CETAX TPUJIATEPALLUH

B pa6orax [, 2] mosyueHEl LOBOJIBHO CJIOXKHBIE (JOPMYJIBI 5T
ONpeJe/IeHHsl MOMePeyHoro CABHra TO4eK ceTell Tpuaatepauuu. [lo-
3TOMY OBl NPOBEJleH aHa/JIH3 BCeX MATEPHAJOB 10 BHIEOAY (opMya
C LeJbI0 HX YNPOILIEHHS.

st noayuenus: GopMyJist oépamoro Beca IOMNepevyHoro CJBH-
ra KOHIla JHaTOHAaJH, PACIOJNOXKEHHOH B CepejliHe CeTH TpHJIaTepa-

[a:f (—D)]?

unu, B patdore [1] Bemmunmnst A;=— —“———*"" BHOCHMBIe B 00-
[a;a,(i—1)]

paTHHIH Bec i-M YCJOBHBIM YypaBHeHHeM, T'PYNIHpPOBaJHCch 10 n—I

YJEeHOB (rae n — YHCJO PSNOB B cetH). TakuM o6pasom, GBI MO-

JyueH psii BeJqHuHH f; U3 N uneHoB (N — 4YHC/IO LEHTPaJbHBIX CH-
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¢TeM B KaXIOM CIBOEHHOM psiie CHCTeMbl). IDTOT PsAA OKasaJcs

6mskum K pany v=Ki?, roe i=1, 2, 3,..., N. Koapdunuenr

nponopuxoHaibHOCTH K B JaHHOM cllyuae 3aBHCEJN OT pasmepa

cetd, T. €. oT N. DTa 3aBHCHMOCTb BHIpaxKajacb MHOIOYJIEHOM

ropoil crenenH ot N. Cymma BeJqH4HH 2 onpenenﬂ(na{:?v MHOTro4JIe-
n—1)

oM TpeTbel creneHH or N. Orciona cieayer, uTo 2 A; ompefe-
i=1

aseTcsi MHOTOYJIEHOM MSTOW CTENeHH M TaKHM JKe MHOTOYJIEHOM

onpefensiercsi oGpaTHBIH Bec MONEPEUHOrO CJIBUra KOHIA [Haro-

HaJIH.

B pa6ore [2] nokasano, uTo mosaydyeHHo# B paGore [1] dopmy-
J0il MOXHO TOJIb30BAaTbCS [JISI ONpe/leJieHHs] NMONepeyHOro CABHUra
Jo060it K- TOUKH [HMarOHAJH, ecaqH B Hee moacraButb N=K—I1,
rie K — uMC/IO CTOPOH AMAaroHaJH, OTAeNsIONHX OLEeHHBaeMyio
104Ky OT Kpasi CeTH TpHJaTepallHH.

lipn amannse snauenwit [a;f(i—1)], Bxomsmux B wHCHHTENH
BeqnudH A;, KOTOpble BHOCSTCS Ka)K[ABIM PsAJOM IEHTPaJbHLIX CH-
CTeM B OTHeJbHOCTH B OOpaTHBIA Bec momepeyHoro casura K-i Tou-
KH, 6BLTIO0 3aMedeHO, YTO OCHOBHASl YacTb 3HAyalluX, T. €. He PaB-
ueX HyJio, BenuudH [aif (i—1)] npedcraBiasier apH(METHYECKYIO
nporpeccuio. [IpuueM 3HaueHHs NePBOTO YJeHa MPOTPECCHH Qo U ee
PasHOCTH @ TIOCTOSIHHBI TOJIBKO /ISl BEJMYHH OJHOrO psijga HeHT-
pambEbiX cicreM. Beawunnam [aif (i—1)], xortopbie moryt GBITH
npefcTaBieHbl apH(MeTHUECKOH IpOrpeccHeil, COOTBETCTBYIOT IO-
CTOSIHHble 3HAueHHs] NpeoOpa30BaHHBIX KBaJApAaTHYECKHX UJIEHOB
YCIOBHBIX ypaBHeHHH. I103TOMY OCHOBHAsi 4acTb CyMMBI BEJHYHH
A;, BHOCHMBIX OJIHEM PSIZIOM LEHTPAJbHBIX CHCTEM B OOpaTHBIH Bec,
paBHA CyMMe KBaJpaTOB WYJEHOB apH()METHYECKOH IPOTPECCHH,
pasfenenHoiil Ha 3Hauenne [a;a;(i—1)]. OcraBumnecs BeJHYHHBI
[a;f (i—1)] nerko maiitn, packpwiBas aaroputm [aycca.

PaccMOTpHM ormpefiesieHHe 0O6paTHOTO Beca MOMEPEYHOro CHABH-
ra K-fi TOYKHM AHAroHaJjii, pacloJIOXXeHHOH B CepeluHe CEeTH CTPOEH-
Horo psAga tpuaatepanuu. O6paTHBIH Bec B 3TOM C/Iyyae paBeH

N

1 2N
s M=FA= 3

N+1

Jlasi HAXOXK/eHHsl KaX[I0i H3 CYMM BeJM4YMH A; HYKHO H3 psifia
[aif (i—1)] BbAeaMTH Te 3HAaYeHHS, KOTOpble MOXHO NpPEACTABHTH
KaKk apH(pMETHYeCKYI0 TPOTPecCHIO, 3aTeM ONpPENeNHTb BeJHYHHEI
Gy I @ H HAaHTH 3aKOHOMEPHOCTH OOpa30BaHHsI OCTAJbHBIX 3HAYe-
muiit [a;f (i—1)]. Las marasaHoctH B TaGJ. 1 TmpHBeleHBl 3Hade-
ma [aif (i—1)] ¥ [awai(i—1)] nna toukn K=13 B cTpOEHHOM
pige ¢ N=20. Kak Buano Mz TaGuuubl, HauuHas ¢ [aef-5], T. e.
mpn 6<<i<<K—3, snauennst [aif (i—1)] mnpeacraBasiior apHpMeTH-
yeckylo mporpeccuio ¢ do==8,83 n 0=4,73 u3 K—7 unenos. UM
COOTBETCTBYIOT TOCTOSIHHBle 3HaueHuss BeamunH [a:a;(i—1)]=
e 115196, -
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B namewm cayuae [=K—7. YuutbiBasi 3HaueHHs ao, a U [a:ia; (i—1)],

CymMMa KBaJpaTOB YJEHOB apH(MeTHYeCKOH NpOrpeccHu

Z [ao+ (i —1)a]P=(a,—a)’l + 2a(ao—a)2i—i—a221i3. (1)

noJjyyaem
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K—3

Z A, = 0,6673 K® — 11,282 K? 4- 63,41 K — 119,95.

i=6

Tabauma 1

3HaveHuss nNpeoOpa3oBaHHBIX KBaJpPATHYECKHX YJIEHOB

YCIOBHbIX yYpaBHEHHWH H HeKBaJPaTHYECKHX YJeHOB BeCOBOH (YHKUHH

nonepeyHoro caBura ToukH K=13 B cetn ¢ N=20

[a;8; (i=11]

[a:/ (1]

npu 1<i<N N+1<i<2N 1<i<N N+1<i<2N

12,000 10,000 —39,84 0

11,250 8,656 —46,33 0

11,200 8,537 —45,27 0

11,196 8,528 —41,57 0

11,196 8,527 —37,15 0

11,196 8,527 —32,46 0

11,196 8,527 —27,75 -+ 0,39
11,196 8,527 —23,02 — 1,38
11,196 8,527 —18,29 — 0,95
11,196 8,527 —13,56 — 2,76
11,196 8,527 — 8,83 — 4,57
11,196 8,527 -+ 0,36 — 6,40
11,196 8,527 -+ 0,10 — 8,24
11,196 8,527 -+ 0,01 —10,09
11,196 8,527 0 —11,94
11,106 8,527 0 —13,78
11,196 8,527 0 —15,63
11,196 8,527 0 —17,48
11,196 8,527 0 —19,32
11,196 9,771 0 —47,82

(2)

3akoH 00pa3oBaHHsS NEPBHIX MSTH BeaW4yHH a;f(i—1) Jerko
HalTH, HCXOAA H3 3HAa4YeHHH KO3(P(HIHEHTOB HOPMAJBHBIX YypaB-
HEHHH 1 BeCOBBIX (YHKIHHA, NMpUBeleHHBIX B pabore [1], packpsi-
Basi aaroputMm [aycca:

[a,f] = — 3,464 K + 5,196; [a,f-1] = — 3,464 K +

+8661 — (&3 (3464 K + 5,196) = — 4,330 K + 9,960;

12

[a;f-2] = — 4,619K + 14,781; [a,f-3] = — 4,702 K + 19,548;
[asf-4] = — 4,724 K + 24,785;




BosBenst Kaxjoe H3 3THX 3HaueHHii BeduuHH [aif (i—1)] B
KBajpaT W pas3feJHB €ro Ha COOTBETCTBYIOIlee €My 3HayeHHe
[gia;(i—1)], a 3aTreM mpocyMMHPOBaB Bce MOJyYeHHHIE De3yiib-
TaThl, 6yileM HMeTb

5
2 A;= 38,5387 K* — 59,771 K + 117,655. 3)
1

. OnHako ocTasuch ellle He YYTEHHBIMH TPH BeJHYHHBI Aj KOTO-
pele moBTopsifoTcst y Beex Touek K. Mx cymma pasua 0,783. Cywm-
MEDYS ee ¢ BeIpaxkeHHsSIMH (2) u (3), mosayuaem

N
V4, =0,6673 K? — 2,743 K* 4 3,64 K — 1,51. (4)
i=1 ;
2N
Uro6bl  OMpefesuThb ZA‘ , paccMOTpHM  psI  BeJHUYHH

N+1
[a:f (i—1)] mon N+1<Ci<<2N. Ero 3Hauamue 4JeHBl, KpoMe ABYX
NepBEIX M TOCJE/LHEro, INPeICTaBJSIOT apH(pMeTHUECKYIO Iporpec-
cnio ¢ 2p=0,85, a=1,85 u3 (K—2) usnenos. IloacraBuM 3TH 3Ha-
YeHHSI B PaBEHCTBRO (l) H yuTeM, uTo 3THM 3HaudeHHsIM [aif(i—1)]
cootBeTcTBYIOT [@;@;(i—1)]=8,527. BHIMONHUB COOTBETCTBYIOLIHE
BBIYIC/IEHUS, OyeM HMETb
2N—1
A, =0,1334 K* — 0,816 K* 41,634 K — 1,07. (5)

2N—K+2

PackpeiB aaroputm [aycca nas mocjenHeidl BeJHYHHBI, NOJYyYHM
[a:nf(2N—1) ] =3,985 (K—1). Hcnoab30BaB faHHOE PABEHCTBO, OM-

penennm Azy 852 ( )
3,9852 (K — 1

—— 7 =1,63(K—1). 6

9,771 i ) ©)

[lepBele nBe 3HaualHe BequyHHbl [a;f (i—1)] moBTOpsIIOTCA ANA
ao6oit Touku K. [ToaToMy mojpcuMTaeM COOTBETCTBYIOINHE UM 3Ha-
vennss BemnunH A. Cymma ux paBHa 0,24. CkianbiBasi paBeHCTBA
(5), (6) m cymmMy ABYX OCTaBIIHXCS UYJEHOB, NOJYYaeM

N
zA,-=O,1334K3—0,812K2— 1,626 K - 0,803. (7)

N+1

Ay =

UroGel onpenesuTh 06paTHBIM BeC MONEPEYHOro CABHUra K-ﬁ TOY-

KH IHaroHaJH CTPOEHHOTO psifa, BbiuTeM H3 [ff] cymmsr Z A;
N

i Z A;. Jlns ctpoeHHOro psna
N+1

[ff] = %(81(3 — 3K + 13K),

55



a o6paTHHIH Bec

%= 0,0882 K*+1,6 K2 — 0,6 K -+ 0,7. ®)

3

Haiinem oGpatHblii Bec nonepeyHoro casura K-ii TOUKH Amaro:
HaJIH, PaclojlOXXeHHOH B cepefiMHe CETH TPHJATepauHH, MOCTPOEH:
HOH H3 NSTH PsIOB Tpeyronbnnxoa

2N

—-=m1—2A—2A—zA—zA 9

N+1 2N +1 3N+1

Jasi nATHKPATHOrO psila BeJHYHHBI, BXoAsimue B Gopmyay (9),
HUMeIOT TaKHe 3HAaUeHHS:

1] = 3(81@ + 8K? + 25 K);

A;=0,07402 K* — 0,19125 K>+ 0,1416 K + 0,384;

2 -pM=

¥ A4,=0,72598 K3 —0,38861 K? -+ 2,0074 K — 2,353;
N+1

3N

V' A;=0,04442 K — 0,13936 K2 — 0,3134 K + 1,471;
2N+1

AN

Z A; =0,01904 K* — 0,12239 K2 + 0,1091 K 4- 0,683.

3N +1

[ToncraBuB ux B ypaBHeHHe (9), mosyuum

1
P = 0,0254 K® 4 1,731 K*+ 0,83 K + 0,2. (10)
5

Takum xe MerozoM moJyunM ¢GOpMyay Ajis OnpeaeJeHHs 06-
paTHOro Beca nomepeyHoro capHra K- TOYKH AHAroHaJH, Paclo-
JIOXKEHHOH B Cepe/liHe CeMHMKDPAaTHOTO psiia TpHJAaTepaluH

1
—=0,011 K*+ 1,853 K2— 0,77 K + 0,6. (11)
P,

B rtaGn. 2 npuBeleHBl 3HauyeHHsi OGPATHBIX BECOB NONEPEUHBIX
CABHTOB JUIsl psiila TOYEK ceTed TpPHJAaTepalHH, NMOCTPOECHHBIX I3
TpeX, NIATH M CeMH DSAOB TpeyroabHHKOB. OGpaTHBIE Beca ompe-
JieJleHbl N0 NOJIy4eHHBIM (opMysaM. Tam ke AaHBEl cpelHHe KBaj-
paTuyeckHe CABUTH 3THX TOYEK, ONMpeleJeHHBle MO (opmyJe

L
R’ :
rae p— cpennsss KBaapaTHyeckas omubKa eﬁnﬂnum Beca, pl,=6 CM.

Mg ==t

b6




CpaBHuBasi BeJHUMHBL m; M3 TabJ. 2 ¢ UX 3HAYEHHAMH, IOJY-
UWHHEIMH H3 pellieHHsl cxeMbl I'aycca B pabore [2], MOXKHO cka-
aatb, uto dopmyan (8), (10) u (11) mnparkTHYUECKH SIBJASIOTCS
TOYHBIMH.

Tabnuma 2

ObpatHble Beca mONEpeyHbIX CABHIOB M CPeJiHHE KBAaJADATHYECKHE CJBHTH,
BhIYHCAEHHBIe o ¢opmyaam (8), (10) n (11)

n=3, no hopmyne (8) n=5, no ¢opmyae (10) n=7, no dopmyae (11)

K A 1 1

P, my P, Ty P, 47

1 1.8 8,050 2,8 10,040 1,7 7,823
4 29,5 32,588 32,8 34,363 27,9 31,692
8 143,56 71,875 130,6 68,568 118,7 65,370
11 305,1 104,803 2562,6 95,360 231,0 91,192
13 457,1 128,279 359,3 113,731 327,9 108,648
18 1022,7 191,878 725,1 161,566 651,3 153,123
21 1510,5 233,191 1016,2 191,267 903,5 180,350
2 1701,1 247,466 1126,7 201,398 997,6 189,509
2% 2363,8 191,713 1499,7 232,356 1311,8 217,313
26 2616,9 306,934 1638,4 242,863 1426,5 226,614

B pabote [1] mpuBeseHB oGpaTHble Beca INONMEPEYHOrO CABHTA
KOHIA HarOHAaJIH ceTell TPHJIaTepalMH pa3HBIX pa3MepoB. CpaBHH-
Basi HX ¢ 0OpaTHBHIMH BecaMH TOueK ¢ HoMepamMu K=N—1 nuaro-
Hajeil COOTBETCTBYIOIINX ceTel, IPHXOAUM K BHIBOAY, YTO H B 3TOM
ciyyae (OpMYJBl AIOT TOYHble pe3yabTaThl. Toabko ¢dopmyaia
(10) B nanHOM cayyae maer NOrpellHOCTh mopsinka 5%, uTo oOyc-
JOBJIEHO TeM, uTO B pabore [2] Obl1a paccMOTPeHA CeThb HECKOJBKO
gpyroii xondurypauuu. Popmyaer (8) u (11) pmalor TOUHEE pe-
3yIbTaThl Kak NPH OIpeleJeHHH IOonepeuHoro casura K-x Touek
JMaroHaJH, Tak H NPH ONpeJesJleHHH CABHra KOHIa AuaroHanau. Pop-
Myay (11) mMoXHO peKOMeHIOBaTh IJISI ONpeJeseHHs NOIepeYHbIX
CIBHTOB TOYEK B CIUIOIIHBIX CeTSX. TaKoe 3aKJIOUEeHHe MOXKHO cle-
Jath, aHATH3HPYsT AaHHble Ta0.a. 2. OHM NMOKA3bIBAIOT, YTO H3MEHe-
HHS CABHTOB NDH YBeJMUYEHHH KOJHYECTBa PSIIOB C TpeX A0 IISITH
B CpefHeM B TPH pasa OoJIbIlle H3MEeHEeHHH NpH yBeJHYEeHHH KOJH-
UecTBA PANOB € IATH A0 ceMHu. [IpHueM H3MeHeHUs B CIBHrax Raxe
(IVBHO yJaJieHHBIX TOYeK He TpeBHIawT 7Y%, a CIBHr TOUeK
CIVOITHOH CceTH, onpelesieHHblH 1Mo ¢opMmyte (7), GyHAeT 3aBHILIEH,
a He 3aHHXKeH.

Cnucox aurepatypwi: 1. Kocreykas f. M. Onpenenense monepedHoro CABHra
JHATQHAMH DsNa TPEYroJbHHKOB, HAXOAAIIETOCS B CepellHHe CeTH TpHJarepa-
mH. — «leosiesns, kaprorpadusa u aspodorocheMka», 1969, Bmn. 8. 2. Kocrey-
ko3 fl. M. WccnenoBanue 3aKOHOMEPHOCTell HaKOMJEHHsI MNOTPeHIHOCTell MoJIo-
KeHH NMYHKTOB B CIVIONIHBIX CeTsIX TpHJjaTepamuu. — «[eoje3Hs, Kaprorpapus
# aspodorocremMkax», 1974, Bwm. 19.
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MeHioBaHa KadeApoH NDHKJAZHOH reofe3nn
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