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YAK 528.33:35
HIYEH BAH TEY

NPOAOJIbHBIA CABUI MOJIOKEHUSA NMYHKTOB LENH
JIMHEHMHO-YIJIOBOHW TPHUAHIYJSALLUMY,
NNPOJIO)KEHHOH ME)XIY TBEPOABIMU MYHKTAMH

B 310ii craTbe mpuBomsitcss QOPMYJIBI OLEHKH BJMSIHHSL OIIHGOK He-
I0CPeICTBEHHBIX U3MEPEHHH Ha IPOLOJBHBIN CABHUI MYHKTOB LENH JIHHEHHO-
JIIOEON TPHAHTYJISIIMH C H3MEPEHHEM BCeX YIVIOB H CTOPOH.

Cxema psajxa JIHHEHHO-YIVIOBOH TPHAHTYJSALHH.

Ilycte uwenmb cocTont H3 7 PaBHOCTOPOHHHX TPEyroJbHHKOB (37€Ch
| — HEYETHOE YMCJIO) H DACIOJOXKEHa MEXKAY TBEpPAbIMH NMyHKTaMu A, B H
BePALIMHE JHPEKUHOHHBIMHE yTJIaMH Qo, Gn (CM. DHCYHOK).

. Qopmysbl mpHBeNEHBI IS CJyuas, KOLAA Lelb ypaBHEHA MO yrJaaM
a BCE YCJIOBHS B Hel.

. JlonyctuM, yTO HHKHee OCHOBAHHe LENH COBIAJO C OCbIO OpAHHAT Y
Hayano KoopauHaT B HcxonHoi Touke A. XONOBYIO JIMHHIO BHIGHDAaeM MO
BA3YIOIHM CTOPOHAM. B 3ToH menw, kKak mokaszaHo B [4], BosHukaer n
LIOBHA (DHIYD, 21 CHHYCHBIX YCJIOBHH, OJHO YCJIOBHE DHPEKUHOHHBIX YIJIOB
JBa YCJAOBHSI KOOPIUHAT.

IIpn ypaBHOBeIMBAHHH BepOSITHEHIIHE INONPABKH K H3MEPEHHBIM YrI-
dM 1 CTODOHAM HOJIKHBI YIOBJETBOPATH H3BECTHOMY YCJOBHIO

[pg'v?i] i [psv§]=mln’ (l)

e Ug, Vs — BeposiTHelIMe TNONPAaBKH K H3MEPEHHLIM yrJaM H CTOPOHAM;
h ps — HX Beca.
- JlonyctuM, u4TG BCE CTOPOHLI H3MEPEHBI C OAMHAKOBOH OTHOCHTEJbHOI

m o
kot —u Bce yrabl — c ownbkoii mg. Torma ycaosue (1) moxuO
s

DHBECTH K BHILY

2 2 2
s {[vg LE (:Lffz > )[vfns]} = min, (2)

m; ( m?

€ b — cpefHnas KBajJpaTHUeCKass OWIMOKA eIHHHIBl Beca; Uy s — BEPOST-
BHliNe NONPAaBKH K HAaTypaJbHBIM JorapuMaM H3MepeHHBIX CTOPOH;
'=206,265".



Takum o6pa3oMm, /s ypaBHOBEIIMBAHUS IeNH MOMKHO NPHHHMATb, UT!

m'?  s® 1
P":mﬁapﬁ=1|plns=(?'w)="» (3
p - s q
IZI€ Pins — BeC HATYPAJMbHBIX JOrapu(pMOB H3MEPEHHBIX CTOPOH.

JIns pelleHHs HOPMAJbHBIX ypaBHEHHII MPHMEHHM ABYXIDYIIOBOH Me
ToA. B mepsyio rpynnmy BHeceHLl BCe yCJOBHS (DHTYp, BO BTOPYH — BC
ocTasbHble ycaoBusl. [Ipeo6pasoBanuble YCJIOBHbIE yPaBHEHUSI BTOPOH Ipym
bl 3dMHACbIBaAe€M CJAEAYIOIIHM 0‘6p330M:

JIS TIePBBIX A CHHYCHBIX YCJOBHIA

—(Inbiy) +(Ina) —28(c;)) +8(B) + w, =0, (4
AJis1 BTOPBIX 7 CHHYCHBIX YCJOBHil
+ (Inb,) — (Inbiy) —&(A)+438(8) 4w, = 0; G
21t YCJIOBUH THPEKIHOHHBIX YIVIOB
158 :
ST = (A) = (B) +2(C(— 1) +w = 0; (6
i=1

N1t YCJIOBHSA a6CLHCCHI

g(m b)(— 1) +§ i (n— DI(A) + (B) — 2(C)] (— 1)i + w, =0; (7
1 )’CJIOBI/IH OpllHHaTbI

Y (nb)+8l= (As) — (B + 2(Ca) = (A) —(B) — 2 (G oo

i=0

« o+ (An-1) — (Br—1) + 2 (Cr—1)] + w, = 0. (8)

ITonyyaem mnpeoGpasoBanHble YpaBHEHHsI BECOBOIl (YHKIHH IPOLOJb:
HOTO CABHUra IIyHKTa C HOMepOM k (31echb R — HeUYeTHOe YHCJIO)

k—1

2
=g Y (nd) +3[— (A;) — (B) +2(Cy) — (A4) — (B) + |
i=0 .
:
4+ 2(Co— 22, = (Awmres {Bag) F-2(Caa))y (9)
rae i — MNOPSIAKOBBI HOMep Tpeyroabhuka; (Ina;), (Inb;) — Bepomﬂeﬁ-?

lIMe MOMPAaBKH K HATypaJbHBIM JOrapuMaM H3MepeHHbIX CTOpOH; (Ai),!
(Bi), (Ci) — BeposiTHellIHe MONPABKH K H3MEPEHHBIM yIJIaM, BbIPaKeHHbIE!

o :

B pajgHaHHOH Mepe; &=ctg 60°=1—/—:_—3; @ — CBOOOAHbIE YJIEHBI YCJOBHbI
.

VPaBHEHHH. \
(O6osrauuM KoS()QHUUHENTHl 7 CHHYCHBIX ypaBHeHHil (4) uepes a; i
ypaBHenus (5) — uepes b;, ycnoBus (6) — uepes ¢, ypaBHenus (7) —

yepe3 d, ypaBHeHusi (8) — uepe3 e u YpaBHEHHS BeCOBOH (YHKIHH 9) —
yepes f;. ‘
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. OGpatnblil BeC NpPOJOJBHOTO CABHra MYHKTa C HOMEpPOM R ompenens-
e1cst OpMyJION
n

(2‘)’L g < S el T 2 g labf(n+i—DP

s) Py, = 9,0, 1)) milgbby(n+i—1)]
_lgef-2n) _ 1qdfy- (2n+ 1) [qef-(2n+ 2)1°

: 10
lgce-2n]  [qdd-(2n+-1)]  [qee-(2n + 2)] L
U3 [4] snaeM, uto
[9a;a;-(i —1)] =+ 2y; (11)
(06, by-(n + i — D) =5 (B, + VB — ) = B. (12)
3 2

31=+§7-%, raey =8+ g;
[gcc - 2n]= +nCy; (13)
(gdd- (2n+ 1] = + HE D e (14)
{gee - (2n+2)]=+nE\. (15)

Kosppuuuentst C; 1 E; onpenessiioTcsi SMIUPHYECKHMH (GOpMyaaMH

Cy='4+0,065 v2—0,414 v+0,789; (16)
ol 0,430+ 0,189 0,014, (17)
v2 v
‘ mﬁ s :
Iie v =— -+ — — OTHOLIEeHHe OINHOGKH H3MEpEeHHBIX YIJOB (BbIpaKeHHOH

B paiHaHHOH Mepe) K OTHOCHTEAbHOH OMHOKe H3MepeHHBIX cTopoH. Kak
lokasaHo B pabote [2], nas JHHEHHO-YIJIOBOH TPHAHTYJASLHU 1eeco06pasHo

NPHHUMATh 3HAUEHHS v B HHTEpBaJe §<v<3.

- Huxe npusonum snauenus kospduuuentoB C, u E; NpH pasiHyHBIX
BeMHUNHAX V.

v 0,5 0,7 1,0 1,5 2,0 2,5

Cy 0,598 0,531 0,440 0,314 0,221 0,160

E, 2,084 1,134 0,605 0,303 0,188 0,130

Onpenenum ocranbHbie umedbl Gopmydst (10). M3 Boipaxkenuit (4) —
(9) naxomum

9 [gfifi]= +362(k—1) +kgq, (18)
IpH | i<k nmeem

' lgaifil=—q, [9a:i}=—38"—q;

[gasfd=—q, [gasf}=—38"—¢; (19)

...........................

[garfi]=—q.
Korpa (k+1) <<i<<n, 10
lgaifi]=0. (20)
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IHanee

[gb t) =gbyf) =" = [qbrrf) = [qbrs1fe] =- -
oo =[qbn_1fi]=[qb, ] =0,
[gbrfl=—q; (21
a [gcfil=+ (k—1)6; (22

lqdf)] = — 28 [(n —2) + (n—4) + (n—6) +- -

32 (k— — k=
et k1) g = - 1)(2,; B i

[gefi]l= +362(k—1) +kg. (24

IlepBble 72 CHHYCHBIX VpaBHeHHH (4) He 3aBuCAT JApPYr OT Apyra, IiC
5TOMY IIDH DCLIeHHH HOPMAaJbHBIX ypaBHeHHH o cxeMe [aycca moJyudael

[gaift - (i—-1)]={qa:f}, I<<i<n. (25
st ocraibHBIX KO3Q(QUUHEHTOB HMeeM
82 \
(g6, fre )= — —T‘l = M; (26
o8
lgbafe-(n -+ D)1 =- (3 +49) + Mr = N + Mr, (27
T
a2
k. N = — (38 4 4g);
27
[gbsfi - (n+2)}=M+Nr+Mrz; (28)
[gbsfi - (n+3)}=N+Mr+Nrz++Mr3; (29)
npHYeM r = 9.
2B

[TpoBonsi cymmupoBaHue, ompeiensieM OOIlMe BbIPa)KeHUs /S HCKO
MBIX K03((HLHEHTOB.
VIpu i HeveTHBIX ¥ 1 <TiKR—1

1 —ritt 1 —pt?

R ACER S oY el Lt i) (30)
1—r 1 —r
[Tpu i yetHnx u 1 <i<<h—1
s 1—rt
[gbify-(n+i— 1)) = (N + Mr) ==, (31)
Korga k£<<i<<n, uMeeM
re [gbift - (n+i—1)}=Tri-*, (32)
1 — pk+1 1 — rk—1 T /x 3
T=[qbpfrr(n+k—1)]=M 4+ Nre—— + — (82 —q). (33)
1—nr2 1—r2 2
Hanee N lga,c-(i—1D)][ga, f, (i—1)]
ge fy-2n] = [qc fl — : - -~
- : ;; [ga;a;- (i —1)]
_labie(ni = Dllgbif, - (n i = D) .
ﬁl [9b,b;-(n+i—1)]



W3 [4] naxonum

[gaic - (i—1)}= (—1)i* §; (35)
SR i
lgbse(n+ i — )= (— 1)an T =0 (36)
147
Sh(1 +r*)  &q ’
b e (20 — D))= w= amnm T Jug 37
[9bnc-(2n — 1)] P +2T (37)
1 b
P)}eh=§+§:r

[locne moxcramosku (11), (12), (22), (25), (30)—(32), (35)—(37)
B (34) ¢ HEKOTOPBIM PHOJIHKEHHEM T10dyYaeM

(gc-f,-2n) = + chl. (38)

Jlanee TakuM e cnocobom, sHas u3 [4], uto

, l9a,d-(i — 1)] = (—1)"((2 — )& + g} (39)
?:‘,,,‘d.(,lJr,-_l)]:( 1y { li— )y plit (i—t:)—ll—‘_j‘—)z(_r)iﬂ}; .
fi-2n - )] =~ G -1 1 [”+('(’1++13)§+"“+ & @) @)

lqed 2n) = — ”g"—v“gl) G (42)

HaxouM 1pHOJIHIKeHHOE BhIPAXKeHHe

_k(n— k)

lqdfi- (2n-+1)] = 4

C,. (43)

U3 [4] Buano, uTo [gaie - (i—1)] moxHO onperensits no Gopmyne (25),
e- (n+i—1) moxHO BhluncasaTs 1o (30), (31), (33), npuuem BMmecTo &
3710 IOCTABHTb 1,

[gce-2n]= + K? nCi; (44)

(qde- (2n + 1) =+1%C" (45)

- [locie mpeoGpasoBannsi no cxeme Iaycca, npene6peras HEKOTOPBIMH
Ma/biMH SHAUCHHSIMH, TIOJyYaeM

[gefi- (2n+2)]= +kE,. (46)

- [loacraBus Bece mosyyeHHble ujeHel B ¢opmyay (10), Haxomum mpH-
HHYI0 popMysy A5 onpejesieHHss 06paTHOTO Beca NMPOROJbHOrO CIBH-
KTa C HOMEpPOM R

21 _k(n—k) 9 (n— k) -
(s) B sy DG D)



Ecay nenb JUHEHHO-YIJIOBOH TPHAHTYJSIHH DPACIOJOXKEHA TOJbKO MEX-
1y HCXONHBIMH JIHPEKUMOHHBIMH YIVIAMH, TO Ha OCHOBAHHH BbIDAXKEHHH
(11)-—(13), (18), (25), (30)—(32) u (38) HaxomuM

2% 1 3k(n—k
= —,—=kEl+——(———lC1. (48)
S Pt 4n

k

Bonpocsl OLeHKH NMPOJOJbHOrO CABHIA KOHEYHOTO NMYHKTa LENH JHHeH-
HO-YIJIOBOK TPHAHTYJSIIHH, IPOJOXKEHHOH MeXAy HCXOIHBIMH a3HMYyTaMH,
ocBereHsl B pa6orax [1, 3, 5]

Ilepexonss K CpeaHeMy INpPOXOJbHOMY CIBHTY, BBIBOLHM CJELYIOLLYK
(GopMyJy 1151 UENH MEXKAY TBEPIbIMH MYHKTaMH:

Lo/ Ees B aprscy— 0 Me. w

ﬂJIﬂ IenH MexXKAYy HCXOOIHbIMH AHPEKUHOHHBIMH YIJIaMH HMeEEeM

LV SEE BR(i—F)
o Mo I/ ik " 168 Cu (0

t
* o

TAe § — IJIHHA CTOPOHBI PABHOCTOPOHHEr0 TPeyroJbHHKA.

BriBeennrie GopMysbl ObIIH NpOBEpeHbl NyTEeM CPaBHEHHS CpeXHHX
IPOLOCJbHBIX CIBHIOB, BEIYHC/JEHHBIX 1o GopmynaMm (49) u (50) u onpere
JeHHHX H3 cxembl ['aycca. Ilpu pemeHnu npHMepoB ObLIO IHNPHHSTO, YT
v=1, n=9 u k=5, n=16 u k=8, n=17 u k=7,8. Kpome Toro, Gbim
CpaBHEHBI pe3yJbTaThl, onpeneneHHble Ho ¢dopmynae (50) H BBIUHCIEHHbE
C. I'. CynakoBbiM [6] u3 cTporux ypaBHHBaHHH, mpuueM n=20, k=21, s=

=20 xm, m; = 0,7 ™8 — 1300 000. PesyabTaThl IpOBEpPKH IpUBEIEH:!

s
B Tab6a. 1. |
Ta6anuua !
BelHuHHB H TOYHOCTh MPOZOJBHOTO CHBHra Leneli JHHENHO-YrJOBOR TPHAHTYJSILHH |
Yucao llenb Mex1y TBEpPAbIMH Llenb Mexny TBEpPAHMH LHpeK- I
Tpe- No NYHKTaAMH IMOHHBIMH YTrJaMH |
Yrodanb- nyHK-

xgg-s ta | [lo ¢opmy-| o . ove |Morpem-| Tlo dop- Iio exciie ﬂorpem-{
nenu K Je ray(:ca HOCTbD, myJie raycca HOCTb,I'
‘ (49) % (50) % |
9 | 5 06322 s| 0627 s| 1,0 | 0969F s | 0953 s | 17 |
P 7 P p !
16 8 0,835 0,823 , 1,5 1,241 , 1,242, !
17 7 0,851 0,964 1.5 1,182 , 1,145 , 35 |
17 8 0,859 { 0840 , %2 1,249 , 1,250 T

20 | 21 | 0,12 0,12* &

* Pesyabtat Bbhianciaen C. I'. CynakoBuiM [6].

= A——

W3 namnbix Taba. 1 BuaHo, uto dopmyasr (49), (50) ¢ apocratoun
TOYHOCTEIO MOXKHO HCIIOJIb30BAaTh [IJs1 OLEHKH IpPOIOJLHOTO CABHra pdq
CMaTpPHUBaeMOH LleNH JHHEHHO-YIJIOBOH TpUaHTyasiuud. [1o mosyueHHBIM (bopf
MyJiaM MPOM3BOJMTCS aHAJH3 XapaKTepa pacnpeiesieHHs MPOLOALHONO CABE
ra pa3HbIX NYHKTOB LENH JIHHEHHO-YIVIOBOH TPHAHTYJSUHH, COCTOSIIEH It
PaBHOCTOPOHHHX TPEYTOJbHHKOB. B BbIUHC/IEHHH GbLJIO MPHHSTO, YTO n=Il

H8



jsavenns v cocrasasior 0,5; 0,7; 1,0; 1,5; 2,0; 2,6 u k& paBuo 2, 4, 7, 9,
0, 13, 16.

Ilns cpaBHEeHUS] ONHOBPEMEHHO IIPOH3BOJAHJIOCH OIpPENEJeHHE IIPOLOJb-
f0 cABUTa B CepeflMHE H B KOHIE AaHAJOTHYHOH [eNH, IPOJIOKEHHOH
MBKO MeXKJy MCXOAHBIMHM IHDEKUHOHHLIMH yriaMH. Bce pesynabTatel pac-
Ta IpUBeJleHbl B Ta0J1. 2.

Ta6auma 2
lanHble OLEHKH NMPOLOJBLHOrO CABHra HENH JHHEHHO-YrJI0BOH TPHAHTYJISLHH,

I 3HaueHus v
e 0.5 07 10 1,5 2,0 25
Jns nemn Mexnay TBEpPAbIMH NMYHKTaMH
p.ll P-” P-” p‘ll p.II p"
7 = 61— , 45— 0,37 = 0,31 —7
) 1,0393 0’7998 06198 045Ps 395 Ps
4 1,33 — 1,01 — 0,76 — 0,56 — 0,45 — 0,38 —
7 1,51 — 1,14 — 0,85 — 0,62 — 0,49 — 0,41 —
9 1,53 — 1,15 — 0,86 — 0,63 — 0,50 — 0,42 —
10 1,51 — 1,14 — 0,85 — 0,62 — 0,49 — 041 —
13 1,33 — 1,01 — 0,76 — 0,56 — 0,45 — 0,38 —
16 0,76 — 0,59 — 0,46 — 0,34 — 0,28 — 0,23 —
Ilns uenu Mexny TBEPABIMH JHUDEKUHOHHBIMH YTJIaMH
. p.” p.l/ P-” p.l/ P-” PI!
ST ,7 T 1, 1 ST y ~u 0, 7 0,6 ST
9 2.27ps 12ps 3Ps 096Ps ,7793 ,593
17 2,98 — 2,19 — 1,60 — 1,14 — 0,89 — 0,74 —

W3 pe3ysbTaToB BBIUHCJEHHII MOXKHO CI€JaTh CJEAYIOUlHe BBLIBOMHI.
Cpennui NpOIOJLHBIN COBHI IYHKTOB B pacCMaTpUBaeMbIX Lensx
eHbIIAEeTCS C YBeJHueHHeM 3HaueHHs v. Korma v Boagpacraer ot 0,5 mo
,T0 M, yObIBaeT moutu B 3,5 pasa. B cepenune uenn Mexxay TBepABIME
JHKTaM¥ TIPOJOJIbHBIN CIBHUT HMEET HAHGOJBIIYIO BEJHYHHY.

HaubGonpmas BenHuMHA NpPOXOJNBHOTO CABHTA NYHKTA B LENH MEXIY
epALIME DyHKTaMu B 1,9 pasa MeHblle, yeM Ta YKe BEJHYMHA B aHAJOTHY-
i IeIH MeXKIY TOJBKO TBEPIABIMH JHPEKUHOHHBIMH YIJIaMH.

. BuiBenennbie opMyJsibl MOXKHO HCIOJB30BATh IS OLEHKH IIPOMOJLHOTO
BHra pacCMaTPHBAEMBIX LeNell JHHeHHO-yIJOBOH TPHAHTYJ/SILUH HPH YeT-
IX 1 HEUETHBIX YHCJAX /1 U B M Pa3HbIX 3HAUEHHSX V.
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