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HAITPA?>KEHHOE COCTOfIHHE
VI'O/IbHBIX IT/IACTOB C/IO2KHOH
CTPYKTYPbI [TPH OYHCTHOH BbHIEMKE

[peacraBieHpl pesy/bTaTel MAaTeMaTHYECKOTO MOAEC/HPOBAHHS METOAOM KOHEUHbBIX
S/IeMEHTOB HaIPSIXKeHHOIO COCTOSIHHS YrO/IbHBIX TI/IACTOB C IPOC/IOFRKOE IPH OYHCTHOH
BbleMKe. YcraHoB/eHo BaHsHME TO/IMMHBI MPOCAOHKH, I/TYOHHBI paspabOTKH, //THHBI
BbIPabOTAHHOIO IPOCTPAHCTBA, KO3(hhHIIMEHTa GOKOBOIO pacriopa Ha IapaMeTpsl

T'OPHOIo AaB/IeHHHA.

KrtoueBble c/ioBa: HalpAXeHHOe COCTOSAHHE, MeToA KOHEYHBIX 3/1eMEeHTOB, CTPYKTYpa

Yro/IbHbIX I/1aCTOB.

PY OUYMCTHOM BBIEMKE Yro/ib-

HbIX IV/IACTOB aKTYa/IbHOM 3a-
fayer sIBISeTCs aHa/lkM3 U [IPOrHO3 Ha-
MPsKeHHOTO COCTOSIHMSA MacCHBa Top-
HbeIX mopoa. [locrarneHHas sazaua pe-
IIa/1aCh MHOTHIMM YUEHBIMU C HCIIO/B30-
BaHMEM aHA/IMTHUYECKHX MeToaoB. B ka-
YeCTBe OCHOBHBIX [OMYIUIGHWH TPH HC-
[O/1b30BAHNN  AHA/IMTHUECKUX MEeTO/IOB
pellleHrs TaKHX 3a7ad HYXHO OTMETUTh
creayiomMe:

— MaCCHB TOPHBIX MOPOA SABISAETCS
MUHENHO-1eOPMUPOBAHHOMN  (YITpyro)
cpenow;

— YrofbHBbIM II/1aCT CUMTACTCH OIHO-
POAHBIM KaK IO CTPYKTYpe, Tak M IO
nedpOPMALIMOHHBIM XapPaKTePUCTUKAM;

—  HanpsxXeHHO-1eOPMUPOBaHHOE
COCTOsIHVIEe BMeIIAIOIMX MOPOa U Yro/b-
HOrO I/1acTa HaXOAWTCH aHa/IMTHUeCKU
Ha ocHoBe Metoga H.M. Mycxenumsrinu
Ans Yripyro cpeast [1].

ABTOpaMM U3BeCTHBIX MaTeMaThye-
crux Mozener sipastorcs: C.I'. Muxauu
(kectrurt mziact) [2], .M. Bapen6baartr,
C.A. XpuctraHoBMY (I71aBHBIF POrH6
KPOBMM C XeCTKuM ItactoM) [3], A.M.
[TuHpKOB  (r71acTMYecKass aedpopMalivs
r71acta B KpaeBol 3oue) (4], .B. Bak-

MamoB  (OLIleHKa YCTOMUMBOCTH TIOPOA
kpoemny) [5], B.E. Mupeunkos, B.A. Ily-
TOB ([MO/IMrOHa/IbHBIE BHIPAOOTKU U OC-
mabnenvsa tiopon) [6], B.A. Toromun,
IO.A. PokkOB (BbleMKa C 3akK/IaakoM U
yJeT 3arpeaenbHOro aedopMUpPOBaHUs
yras) [7], B.A. Toronvn, A.B. [larunesa,
T.H. KypryskuHa (monysMmrivprueckye
Mozend OIopHOro gaeneHus) [8,9].
ViMeercss Takke MHOIO WCCAEAOBAHMIA
[0 3KCIIePUMEHTa/TbHO-aHA/TUTUYECKOMY
MeToay pacyeta HalpsKeHHO-
1ePOPMUPOBAHHOIO COCTOSIHUS TOPHBIX
nopoa (M. I'puiko, B.B. Bracenko
(10])).

AHanM3 paHee BBIIO/HEHHBIX pas-
MUYHBIMM aBTOPAaMM KICC/IeI0OBAHUM T10-
Kasazl, UTO CTPYKTypa I1acTa He W3yda-
nach Kak (PakTop BAMSAHMS Ha Harps-
JKEeHHOEe COCTOsIHME TI/1acTa, YTO CBS3aHO
C OrPaHMYEeHHOCTBIO OO/ACTU MPUMEHe-
HUS aHA/TMTUYECKUX METO/IOB.

AbTepHaTUBOM aHAIUTUUYECKHUM Me-
TOAAM SB/SIOTCA YWC/IGHHBIC, KOTOPBIC
IO3BO/ISIIOT YUHTHIBaTh HEOAHOPOAHOCTD
rapamMeTpoB H3y4aeMoro Iviacta M B
LIe/IOM MAacCCHMBa, C/IOXKHOCTb TFeOMeTpH-
Yyeckor (POpPMBI paccMaTprBaeMbIX 3/1e-
MeHTOB. [Ipy 5TOM BaKHBIM BOMPOCOM
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Puc. 1. PacuetHaa o61acTh C CeTKOH KOHe4YHbIX 3/eMeHTOB (a); obaacrtb 3a6osa B
macmtabe (6): 1- nnact yris; 2 — nopozbl NIOUBbl U KPOB/AK; 3 — 30Ha 0BPYILIeHHbIX rnopos; 4 —
BbIpaboTaHHOe MPOCTPaHCTBO; H — rayGuHa pa3paboTKy; L — AnvHa Mo/oBHUHbL BEIPaBOTaHHOTO
MPOCTPaHCTBa; M — MOIHOCTS 171acTa; M — BeicoTa 06pyLeHs

ABAEeTCs pa3paboTKa aZeKBaTHOM MO-
[enu A8 YMC/IeHHBIX PacueToB Harps-
JK@HHOT'O COCTOSIHHS YrO/TbHBIX [1/1aCTOB.

Borbiioit vHTEpec npeacrapnser Io-
BesleHre TapaMeTpoOB TOPHOrO /aB/e-
HUS B C/IYYasX BK/AIOYEHHI B T/1aCT IPO-
cnoek. Takue cuTyallMy 4acTo BCTpeya-
IOTCA Ha MPaKTUKe, OTHAKO WX U3yueHre
BO3MOXKHO WM  3KCIIEPHMEHTa/IbHbIMU
criocobamMu, 4YTO SABASETCS 3aTPYAHU-
Te/bHbIM B CH/Y Pa3HBbIX MMPHUYMH, WU
C UCIO/b30BaHHWEM YMC/IEHHOTO Moze-
MMPOBAHMUs, UTO U OBI/IO Cre/NaHO B

paborte.
B Hactosnert paboTte ans Moaenu-
POBaHUS  HAMPSKEHHOTO  COCTOSIHUS

YroMbHBIX TI/1aCTOB  KCITO/Ib30BA/ICS Me-
TOA KOHEeYHBIX 371eMeHToB (MK3), pea-
nu3oBaHHBIM B miporpamMme ELCUT-
Professional, Bepcus 5.8. Tlporpamma
pa3paboTaHa TMPOM3BOACTBEHHBIM KOO-
rnepatiBoM «TOP» u uMeeT mmpoRwmit
[Varas3oH [pPUMeHeHHsl.
[lepBoHaua/ibHO OBIZIO TTPOAHATU3U-
POBaHO HarpsiKeHHOE COCTOsIHWE T1/1a-
CTa OAHOPOAHOM CTPYKTYphl. PacuerHas
obnacts ABCD npencrapasier mpsiMo-
YrO/IbHUK, BK/IOYAIOIIWI M71acT I, mopo-
bl TIOYBbI U KPOBMM 2, a Takke 30HY
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0BpYIIeHHbIX TOpoa 3 Haa BblpabOTaH-
HbeiM mipocTpaHcTBoM 4 (puc. 1). Tlpu
pellieHUH paccMaTpHBaeTcsl T10/I0BHHA
BBIPAOOTAHHOTO MIPOCTPAHCTBA C TpUe-
raomiert 06/1acTeio, To ecth pebpo AD
AB/IAETCA BepTI/IKaIIbHOPI OCBIO CHMMeT-
pun. B manHoMm cryyae peraercs 3aga-
ya [/1I0CKOM AedpopMaLIvH.

['paHuyHBIe YC/TOBUS B pacyeTHOL
obnacTi ObUIM 3adaHbl CIeAYIOINM 00-
pasom.

AB — nHeBHasi TIOBEpPXHOCTb, Ha Hel
BepTHKa/lbHble M KacaTeslbHble Harps-
KEHUsi  paBHbl  HYmoO, TO  eCTb
o,=T,= 0.

AD - BepTHRa/ibHOE ceyeHye, Mpo-
xofslilee yepe3 cepeavHy BbIpabOTaH-
HOTO TIPOCTPaHCTBa, Ha HeEM, B CHIY
CUMMETPHHM 3a/1auk MepeMeliieHys BAOMb

ocu OX ; =0, KacaTenbHble HallpsKe-
HuA 7, =0.

BC - BepTuKaznbHOe cedeHve, yaa-
7IeHHOe OT BBIPAOOTAHHOIO MPOCTPaH-
CTBa, Ha HeM COXpaHseTCs Haya/lbHoe
[o7le  HaIpPsSKEHWM W MpH/IOKeHa I1o-
BEPXHOCTHasl Cu/a, /MTMHEMHO W3MeHSIO-
masAcH ¢ rmyobuHon: f. =-A-y-H , roey
— ymenbHBIM BeC BMeNIAoMX TOPO/,
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Puc. 2. PacnpeaeneHHe BepTHKaAbHbBIX
HanmpszKeHHH B KpoOB/le Mmjacra IMpH

H=200m, L =200 M, 2 = 0,5

y=25000 H/M*, H - raybusa paspa-
6OTKH, M; A — KO3 PULIMEHT GOKOBOTO
pacriopa.

DC - ymaneHHoe 1o I1ybUHE cede-
HUe, rae mepemelteHus Baons ocu OY
0, =const , NpUHMMaeM WX paBHbiMU O:

6,=0,7,=0.

PacuetHasi 06n1acTb COCTOMT MX He-
CKO/MbKUX G/I0KOB, B KOTOPBIX ObI/IM 3a-
MlaHbl crieyiolvie CBONCTRA.

Brok BMemaomux mnopoa (2, cm.
puc. 1) HarpyeH OGBLEMHOM CH/IONM —
y=25000 H/M>, cootBetcTBYIOWE#H Becy
BMellalonmx  nopoa; wmoayab  HOxra
E=10° H/M?, koadpduiment [lyaccona
v=0,25.

[Nnact yras (1, cM. puc. 1) HarpyxkeH
ob6bemHom cummoit — y=14000 H/m”, E=
108 H/m® | v=0,25.

Ob6nacts BBIPaOOTAHHOIO TMPOCTPAH-
CTBa U OOpyIIeHHbIX ropoa (3 u 4, cM.
puc 1) HarpyxkeHa OOBEMHOM CHW/IOM —
y=20000 H/M®, E= 10" H/M* | v = 0,25.

MonenvpoBaHue MIPOU3BOAUIOCH
Npy (PYKCUPOBAHHOM MOIIHOCTH T1/1acTa
m =4 M, IIpy 3TOM BBICOTa 30HBI OOPY-
IIEHHBIX T[I0POA Haa BbIPaBOTAHHBIM
[IPOCTPAHCTBOM cocTapasna M = 5-m =

=20 M.

[Ipu pelleHyr 3agauv BLIYHCASAINCH
3HaueHMs BePTHKA/IbHBIX HAMPSAAKEHWN B
KPOB/Ie T/IacTa IPH YAaeHUH OT /TMHUU
3a60s (puc. 2), OTKyAa HAXOAW/IMCh 3Ha-
YeHUs C/IeAYIONINX [TapaMeTPoB:

1) MakcHMyM OMOPHOrO /aB/IeHMs

2
oy, H/m™;
2) paccTosiHMe [0 MakCMMyMa Orlop-
HOTO aB/leHus oT 3a6os [ max » Ms

3) anvHa 30HBI OMOPHOTO AAB/ICHUS
[, M, B paboTe OblI0 MPUHATO YTO B

onep
STOM 30HE 3HaueHHsA BepPTUKA/IbHBIX Ha-
MpSXKEeHUM TPeBbIIAoT (0 MOAYIO)
COOTBETCTBYIOLIME HAMpPSKEHUs B He-
TpoHyTOM MaccuBe B 1,1 pasa.

3HaueHUs YKasaHHBIX IapaMeTpoB
ObI/TM HAMIEHB! /1715 PA3/TMUHBIX YCIOBUII:
rnybyHa paspaboTKU  M3MeHs/1ach B
npenenax ot 200 M no 600 M (H=200,
400, 600 M), aavHa OMOBHHLI BRIPabo-
TaHHoro mpoctpaHcTBa — oT 200 M g0
600 M (L = 200, 400, 600 M), Ko3dh-
duLMeHT GOKOBOro pacriopa A MPHHU-
Mas 3Hauenus ot 0,5 10 1, 5 (A = 0,5;
1,0; 1,5).

B pesynbraTe MHOMXKECTBEHHOTO per-
PECCUOHHOTO aHa/v3a TO/AYYeHbl 3Ha-
YKMMble YpaBHEHUs DPerpeccuy, B KOTO-
pBIX Bce TpY hakTopa TaKke SAB/ISAIOTCH
3HAUMMBIMHU.

1. YpaBHeHMe perpeccu a1s Mak-
CHMMYMa OTTIOPHOTO /aB/IeHH:

o =-0,00188-L—0,00658- H +

yy

+0,293333- 4

['ny6buHa pa3pabotk H sABAseTcs
Hauboriee 3Ha4MMbIM (DAKTOPOM, OKa-
3bIBAIOIMM Haubosblliee BAWSAHME Ha

max
Be/IMUMHY 0, . YBe/nueHue I1YyOHHBI

paspabotkn H Ha 100 M yBenuurBaer

max

o MOAaYo 3HayeHue o Wy Ha

0,658‘107 H/Mz. YBenuueHve MnonoBu-
Hbl A/TMHBI BBIPAOOTAHHOIO MIPOCTPAHCT-
Ba L Ha 100 M Takke yBe/MuMBaeT IO
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Puc. 3. INaact c npocaoikoi: m — MOWHOCTb Niacta; M — Ha

BbICOTa OOpYIeHus:; h — TosrHa MPOCIONKU

va 0,188-107 H/M2

YBenueHve KoapduimeHTa GOKOBOrO
pacriopa A Ha 0,1 yMeHbiaeT 1o Moay-

MoayMIO O
y Yy

MO Be/TMUMHY U;’yax na 0,029-10” H/m®.

[lonyueHHsle mnpu MoOAEIHPOBAHKH
BBIBOZIbI COOTBETCTBYIOT C/IOKHBLIMMCS
MpeacTaB/IeHus M 00 HM3MeHeHHUH MaKCH-
MyMa OIIOPHOIO /JaB/leHHs B 3aBHCHMO-
CTH OT paccMaTpHBaeMbIX (PaKTOPOB.

2. YpaBHeHUe perpeccuu a7si pac-
CTOSIHUA 10 MaKCHMMyMa OIOPHOIO /JaB-
NeHUsl:

I =644444+0,00842 L —
~0,00336-H +2,1-4 '

[ns astoro rmapamerpa Haubornee
3HAUMMbIM (PAKTOPOM SIB/ISIeTCS /IMHA
BbIpabOTaHHOTO MpocTpaHcTBa L. YBe-
MTMUYEHHMe TIO/IOBHHBI /TMHBI BBIPabOTaH-
Horo rnpocTtpaHcTBa L Ha Kaxasie 100 m

yBe/MurBaeT 3HadeHrve [ Ha 0,842
M; yBe/IMdeHue ryOuHbI paspaboTku H
Ha 100 M mpUBOAWMT K YMEHBIIEHHIO
[ Ha 0,336 M; yBennuenre Koadpdu-

LiMeHTa GokoBoro pacriopa A Ha 0,1 mpu-
BOWT K yBermuennio [, Ha 0,21 m.

3. YpaBHeHue perpeccuu /sl [I/TAHBI
30HBI OTIOPHOTO /ABIEHUS:
[ =0,19694-L+0,41556-H —-70-1.

onop

max

Haunbornee sHauriMbiM pakTOpOM SIB-
nsietcs raybrHa paspabotku H. Yeenu-
YyeHWe TMO/OBHHBI A/MHBI BhIpaBOTaHHO-
ro npocrpaHcTBa L Ha kaxasie 100 M
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YBe/IMYMBaET 3Ha4YeHre l

onop
Ha 19,694 w™; yBenuueHue
rnyorHel pa3pabotku H Ha
100 M obycnapnvBaer yBe-

Ha 41,556 wMm;

NPy YBeMHMUeHUH Koadpdu-
LiMeHTa GOKOBOIO pacriopa A

nuueHue [

onop

r

+

0,1 suauenve /,,,
YMeHblllaeTcs Ha 7 M.
KoaduiiieHT  KoOHLIeH-

TpallMy HaNpsKeHW B PacCMOTPEHHBIX
cyyasx NpUHUMAaeT 3HadeHus ot 2,1 ao
3,4.

CoriocTaBrieHre Pesy/IbTaToOB  Mo/e-
MUPOBAaHUS C UMEIONIMMMCH AaHHBIMU
MO3BO/ISIeT CcenaTh BhIBOA OO aaeKBaT-
HOCTHM MoZennd W AOCTOBEPHOCTH [10/Y-
YEHHbBIX Pe3y/IbTaToB.

[lonyueHHast Mozenb TMO3BOMSET MC-
CleioBath, KakUM 0Opa3oM BAMseT Ha
HalpsiXKkeHHOe COCTOsIHUE I/IacTa Ha/lu-
yhe TIIPOC/IOMKH, Pacrlo/IoXKeHHON I10
ero LIeHTPY, HMelollell TOT Ke MOAY/b
YIIPYrocTH, 4TO U ropoga. Tak Kak
npocaoiika obnaaaet Oornbllielt XKeCTKOo-
CTBIO, YeM Yro/ib, TO OHa Ha3BaHa XKeCT-
Koii. CxeMa I/1acTa C MPOC/IOMKOM I1O-
KasaHa Ha puc. 3.

PacueTsl MpoBOAWANCH TIPH TO/IIIHMHE
npocroriky A= 0; 0,5; 1,0; 1,5 m. I'po-
yve MapaMeTpbl 3azaduv: rMybuHa pas-
pabotru H=200, 400, 600M, nonosu-
Ha AMWHBI BbIPaOOTAaHHOTO MPOCTPAHCT-
Ba L= 200, 400, 600 M, koacpduLvieHT
6okoBoro pacriopa A= 0,5; 1,0; 1,5.

Kak mokaszasn aHaiu3 OMYUeHHBIX
[aHHBIX, TO/IMHA KECTKOM MPOC/IONKU
h oKasblBaeT pasnuuHOE BMUSHHE Ha
rccrenyeMele Mmapametphl. Hike mpu-
BeleHbl T0/Yy4YeHHble 3HauuMble YpaB-
HEHMsl perpeccuM, BKAIOUaomMe dak-
Top h.

1. 'nybuna paspabotku H=200 m.

TommuumHa MPOCIOHUKKM  OKa3biBaeT
BAWSAHME Ha AMWMHY 30HbI OTOPHOTO /aB-
NIeHWS:



[~ =168-0,02722L —8,22222h , m.

onop

M3 ypaBHeHys BHUAHO, YTO Ha I71YOH-
He 200 M yBenuueHve TO/MIMHBI TIPO-
C/IOMKU TPUBOANUT K YMEHBIIEHUIO /-
HBI 30HBI OITOPHOT'O AaB/IeHHUS.

2. I'nybuna paspabotru H=400 M.

[lpu Takoit raybuHe TOMIIMHA IPO-
C/IOMKM OKa3blBaeT BAWsSHME Ha pac-
CTOfIHMe [0 MakKCHMyMa OIOPHOrO AaB-
neHus

| =483519+0,01122L +
+1,855564—1,72222h

[Mpu yBenMUeHWM TOMMIMHBI IIPO-
C/IOVKK TIPOMCXOANT YMEHbIIeHHe pac-
CTOSIHUSL 10 MaKCHMyMa OIOPHOTO /aB-
7IeHwUsl.

3. I'y6una paspabotky H=600 M.

[TonyyeHo 71Ba 3HAUMMBIX YpaBHEHUS
perpeccuu:

[ =0,01394L+3,258331 -
—0,58222h ’
o™ =-3,38667—0,00336L +

Y
+0,57254-0,11444h
H/Mz.

YBenyeHWe TOMIMHBIL )KeCTKOM Mpo-
C/IOMKU TIPUBOAMUT K YMEHBIICHUIO DPac-
CTOSIHMS /10 MAaKCMMYyMa OIMOPHOroO aB-
fIleHUs ¥ CaMOTrO MaKCHMyMa OITOPHOIO
[aBEHKS.

TakuMm ob6pas3oM, MonyueHHLIE 3aBU-
CMMOCTM 718 3HaueHHs MaKCHMyMa
OINOPHOrO /aB/IeHHs, PaCCTOAHHA [0
MaKCHMyMa OTOPHOTO /aB/eHHs, A/TUHBI
30HBI OMNOPHOIO AB/IGHHS T103BO/AIOT
YUUTHIBATb HA/IMUME MKECTKOM IPOCIOHN-
KM B I/IacTe TpY PasiuyHOM TyGrHe
PaspaboTKHU.
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