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AHHOTALUMUA

BeepeHune. CTpoMTENbCTBO TPAHCMOPTHBIX FNIMHWIA U BCMOMOraTeNbHBIX COOPY>KEHWUI METPOMOMNUTEHA YaCTO COMPSHKEHO
€ 6OMbLUMMY CIOXHOCTSIMU B 0becneveHny NpefenbHbIX 3HaYeHWI 0CaA0K U KPEHOB 34aHUIN 1 COOPYXXEHUI, HAXOAALLMXCS
B 30HE BMUSIHWSA HOBOrO CTpouTenbcTBa. KOMMNeHcauMoHHOe HarHeTaHue SBMSETCA MeponpuATMEM, KOTOpoe Mo3BonseTr
YMEHbLUNTb CKOPOCTb HapacTaHusa AeopMaumii rPyHTOBOrO OCHOBaHWS, a Takke 06ecneuntb 3Ha4yeHnst 0CafokK U KPEHOB,
He MpeBblllaoLLMe NpeaenbHbIX BENUYMH. ViccnegoBaHme NMOCBALWEHO NMOCTAaHOBKE M aHanNMTUYECKOMY PEeLLUeHWo 3afaym
0 HanpsKeHHo-AedopmmpoBaHHom cocTosHun (HOC) maccusa rpyHTa, obnagatoLero BeCom, 3a orpaxaeH1meM KoTrnoBaHa
rnybuHon h C y4eToM BNnUsiHUS pacnpedeneHHor NonocoBoM Harpy3km g = const WnpuHon b = 2a Ha rmybuHe d n Ha pac-
CTOSIHWW C OT Kpasi orpaxkaatoLLelt KOHCTPYKLMM KOTIoBaHa

Matepumansi n metogsl. [1ns 3agaym o HOC maccuBa rpyHTa, o6nagatoLLero BECOM, 3a orpaxaeHnem KoTroBaHa riyouHom
h ¢ y4eToM BNUsIHUA pacnpeneneHHo NonocoBon Harpysku g = const WupuHoM b = 2a Ha rmybuHe d 1 Ha paccTosiHuK ¢
OT Kpasi orpaxkgatoLlert KOHCTPYKLMN KOTIOBaHa KOMMOHEHTbI HanpshXXKeHU nofyYeHbl Ha OCHOBE peLleHnst 3agadm 3. Me-
naHa. [ledopmaumm rpyHTOBOro MaccmBa onpeaeneHsl C NOMOLLbIO 3akoHa yka.

Pesynbratbl. PazpabotaH aHanMTu4eckuin Metog konmyectTeeHHol oueHkm HOC ocHoBaHWs Npu 4eACTBUM AaBMNEHUS KOM-
NeHCcaLMOHHOTo HarHeTaHust. MonyyeHbl 30nons HanpskeHu 1 aedopmMaLym, KOTopble NO3BOSAIOT YCTAHOBUTL BEIMYNHBI
CTPOMTENBHOTO NoAbEMa OCHOBAHWSA U TEM CaMbIM OLEHUTL 3hEKTUBHOCTL METOAA KOMMEHCALMOHHOIO HarHeTaHus.
BbiBoabl. B pesynbrate aHanuTUYeCcKOro peLueHus 3agadn o AeWCTBUM AaBMeHWs HarHeTaHws, HanpaBneHHOro BBEpX
1 BHW3, BONK3K orpaxxaatoLLeit CTeHbl KOTIoBaHa Ha OCHOBaHUK pelleHnst MenaHa nonyyeHsl hopMysbl ANS onpeaeneHus
KOMMOHEHT HOpMarbHbIX U KacaTenbHbIX HanpsXKeHnn. AHanu3 pesynsTaTtoB pelleHus NoKasbiBaeT, YTo AeNCTBMe faBne-
HWSI HarHeTaHWs, HanpaBiIeHHOTO BBEPX W BHW3 BONWU3W orpaxaatolleil CTeHbl KOTNoBaHa, cyllecTBeHHO BnuseT Ha HAC
BCEro MaccuBa, a B orpaxjatoLert KOHCTPYKLMN MOTYT BO3HUKATb 3HAYUTENbHbIE FOPU30HTaNbHbIE HAaMPSXXEHNs, YTO Tpe-
ByeT yyeTa npu pacyeTe orpaxaatoLLnmx KOHCTPYKLMIA No | rpynne npeaenbHbIX COCTOAHWIA.

KIMKOYEBBIE CITOBA: KoMneHcaLnMoHHOe HarHeTaHne, AaBneHne HarHeTaHus, MaHxeTHas TexHonorus, HOC, rpyHToBOE
OCHOBaHue, 3agada Menana, orpaxageHvie KoTrioBaHa
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ABSTRACT

Introduction. Construction of transportation lines and auxiliary structures of an underground railway is often cumbersome
due to the requirement not to exceed maximum values of subsidence and tilt of buildings and structures in areas affected
by new construction projects. Compensation grouting is the action that decelerates soil deformations and prevents the sub-
sidence and tilt of buildings and structures from exceeding the limit values. The study focuses on the formulation of and
the analytical solution to the problem of the stress-strain state of the soil mass that has weight and that is located beyond
the excavation shoring, if depth equals h, distributed strip load q is constant, width b equals 2a, depth equals d, and the dis-
tance from the edge of the pit retaining wall equals c.
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Materials and methods. A solution to the E. Melan problem was applied to obtain normal and tangential stresses to solve
the problem of the stress-strain state of the soil mass that has weight and that is located beyond the excavation shoring, if
excavation depth equals h, distributed strip load g is constant, width b equals 2a at depth d, and the distance from the edge
of the excavation shoring equals c. Hooke’s law was applied to find the soil mass deformation.

Results. An analytical method was developed to make a quantitative assessment of the stress-strain state of soil under
the action of compensation grouting. Isofields of stresses and deformations were obtained to find values of soil uplift and to
evaluate the compensation grouting effectiveness.

Conclusions. An analytical solution to the E. Melan problem was applied to solve the problem of injection pressure, acting
upward and downward near the excavation shoring, and to derive formulas needed to find components of normal and tan-
gential stresses. The solution analysis shows that the injection pressure, acting upward and downward near the excavation
shoring, greatly affects the stress-strain state of the entire soil mass, while large horizontal stresses may occur in the ex-
cavation shoring. This issue must be considered in the course of analyzing the strength and stability of excavation shoring.

KEYWORDS: compensatory injection, injection pressure, sleeve-type technology, stress-strain statement, soil, E. Melan
task, excavation shoring
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BBEJAEHUE

WHTerpamyst COBpeMEHHBIX TPAHCIIOPTHBIX JIMHUN
1 BCIIOMOTATEIBHBIX COOPYKEeHUI METPOTIOINTEHA B YKe
CJIOKMBLIYIOCS 3aCTPOHKY I. MOCKBBI BiiedeT 3a co0oi
3HAYMUTENILHBIE TPYAHOCTH B 0OecriedyeHnH Oe30macHon
9KCIUTyaTalluu 31aHUI M COOPYKCHHUH, HAXOJSIINXCS
B 30HE BJIMSHHSI HOBOTO CTPOUTEIILCTBA MMOA3EMHBIX CO-
OpY)KEHHI. DTH 31aHUsI U COOPY)KEHHUSI MTOJIBEPTAOTCS
JIOTIOJIHUTEJIBHBIM OCaJKaM U KpeHaM, KOTOpbIe 3aya-
CTYIO MHOTOKPATHO NPEBBIIAIOT NPEIEIBHO JIOMyCTH-
Mble 3Ha4eHus, ycTanosneHHble CIT22.13330.2016 «Oc-
HOBaHHUA 3AaHUN U coopykeHHI». KoMmeHcarmonHoe
HarHeTaHue — MepOIpPHATHE, KOTOPOE TPaHCHOPMHPY-
eT HanpsbkeHHO-Iepopmuposannoe coctosiaue (HAC)
IPYHTOBOTO OCHOBAHHSI TAKMM 00Pa30M, 4TO CTAHOBUTCS
BO3MOYKHBIM YMEHBILHUTH CKOPOCTh HapacTaHus Ae(op-
Malui rPyHTOBOTO OCHOBAHUS, & TAKXKE 00ECIIEeUNTh 3Ha-
YEHHUS! 0CAJOK U KPEHOB, HE MPEBBIIIAIOIINX TIPEICITh-
HBIX BEJINYHH.

OnHUME U3 CaMBIX MOKA3aTENBHBIX IO TEXHOJIO-
THYHOCTU U 3P(HEKTUBHOCTH MPUMEPOB MPUMECHCHHUS
JTAHHOW TEXHOJIOTHH B THPOTEXHUYECKOM CTPOUTEIb-
CTBE SBJISAIOTCS CTAOMIIM3AIHS IMEIOLIUXCS 0CAI0K, BbI-
3BaHHBIX TE€OJOTMYECKUMH TIPOLECCAMH B OCHOBAaHHWU
TUAPOY3Ja Ha cymoxomaHoi p. Hekkap BOmm3m 1. Xec-
curxaiim [1], ctpourtensHbIil TOABEM COOpyKeHUs 3a-
ropckoit TADC-2 (puc. 1) [2—4]. Takxke TEeXHOIOTHS
KOMITEHCAIITHOHHOTO HAarHeTaHUs MMEET YCHEIIHYIO
peanu3anuio B IpUMepax METpOCTpoeHus (puc. 2),
onucanubix C. Kummerer, E. Falk, F. Gularte [5],
S.K.A. Au, K. Soga, M.R. Jafari, M.D. Bolton u K. Ko-
miya [6] u ap. [7-14].

TexHoOTHS BHIIOJIHEHHST Pa0OT 10 KOMIIEHCAIH-
OHHOMY HarHeTaHWIO COCTOUT U3 CIEAYIOUUX ITAlMoB:
OypeHue CKBaKHH U UX 00yCTPOWCTBO; yCTAHOBKA MaH-
KETHOTO MHBEKTOPAa B MAH)KETHYIO KOJIOHHY, yaae-
HUE MAH)KETHOHU KOJIOHHBI U YCTaHOBKA JJBOMHOIO IIaKe-
pa B 30Hy HarHeTaHus, UKCalKs [aKepa U HarHeTaHHe
pacTBopa uepe3 MaHKeTy IO/ AaBJICHUEM OT HaCOCHOU
cTaHIUU. TpyOBI-MHBEKTOPHI OCHAINAIOTCS PE3UHO-

BBIMH MaHKETaMH, BBHITTOJIHSIIOMINMHI POJIb 0OPaTHOTO
KJIalaHa, He MO3BOJISIOIIETro MonaiaTh pacTBoOpy 00-
paTHO 13 CKBaXXKMHBI B MHBEKTOP IIPH CHUKEHHH JIaBIIc-
Hust. HarHetanue BeeTCs TOYEUHO ITyTEM MHOTOPA30-
Boit maBekuu [4, 15]. [locmegoBarensHOCTH padboT
MIPU MAaHXETHOM TEXHOJIOTHH HarHETaHWUs WHBEKIHOH-
HOTO pacTBOpa MpeCTaBICHA Ha puUC. 3.

BonbmuHCTBO HCClIen0BaHUN MO KOMIIEHCAUOH-
HOMY HAarHETAaHUIO COCPEOTOUCHBI HA OMPEAEIeHIN (-
(hDeKTUBHOCTH CTPOUTENIBHOTO MTOABEMA MACCHBA IPYHTA
" (pyHZaMEHTHBIX KOHCTPYKIMH, HAXOIAIINUXCS B HEM.
A.H. CuMmyTHHBIM paccMOTpEHa 3a7ja4a O pagualbHBIX
MEpPEMEIICHUSX JUTs ObeMa MacCHBa IPYHTa B IIpejie-
nax staeriku [16]. ABrop W.B. Uybaros [17] paspaboran
CHEHANbHYI0 METOINKY YHCICHHOTO MOJICIHPOBAHUS
TEOMEXaHMYECKNX MTPOLIECCOB, BO3HUKAIOIINX B TPYHTE
OCHOBAaHHS MPH a[PeCHOM HArHETAaHUU CTPOUTEIHLHOTO
pactBopa. 13BeCTHO TEOpETHYECKOE PEIIEHHE JUIS OTIpe-
nenerns HJIC rpyHTOBOTO OCHOBaHMS MPH MOSBICHIH
HOPMAJIHOTO ¥ C/IBUTOBOTO HANpPSKEHHH, BEI3BAHHBIX
B TOYKE OOBEMHOTO PACHIMPEHHS M3-3a THAPOpPA3phIBa
1 B TOUKE 3aMONHEHUS TIop pacTBopoM. OHO pa3paboTa-

Puc. 1. [Iposenenue padoT 1o NoIbeMy MacCHBa IPyHTA HaL

MOZEIBI0 (PYHIaMEHTHOH IUIMTHI HA IUIOIMIAJKE ONBITHOTO
yudacTka 3aropckoit FTADC-2

Fig. 1. Soil mass uplift above the model of the foundation
plate at the experimental site of Zagorsk mixed pumped-stor-
age plant-2
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Maccus TAM — KOMIICHCALIMOHHBINA TAMIIOHAKHBII MacCHB
TAM array — compensation grouting massif

WcKyCcCTBEHHOE MATHUTHOE TOJIE Monitoring
Artifical magnetic field
NNAN i
IninininiEe

1,5mM/m

Tynnens / Tunnel

Puc. 2. [IpuMep BBINOJIHEHHs] KOMIICHCAIIMOHHOTO HAarHeTaHusi B paMkax npoxoaxu toHuess (mo C. Kummerer, E. Falk,

F. Gularte)

Fig. 2. The case of compensation grouting in the course of tunneling (K. Kammerer, E. Falk, F. Gularte)

HO Sagaseta [18], a moxe mopaborano Gollegger [19]
Ha OCHOBE METO/Ia 3ePKaJIbHOTO OTOOPAKEHNS, KOTOPBIN
UCTIONB3YeTCsI TIPU pacyeTe 0CaIoK 3eMHOW TOBEPXHOCTH
BCJIE/ICTBHE IIepebopa rpyHTa MY MPOXOIKE TOHHEIIEH.
OmHMM U3 TEePBBIX PELICHUI M0 OIICHKE HAIps-
JKEHHOT'O COCTOSIHMSI IIpU JE€MCTBUM JUHEHHOW Ha-
TPy3KH Ha TIOBEPXHOCTbH ITOJIYIPOCTPAHCTBA SIBISETCA

v

(e
P — = =
D e m e w

|

Puc. 3. ITocnenoBarenbHOCT pabOT IPH MAHKETHOW TEXHO-
JIOTMY HarHETaHUs1 UHBEKIIMOHHOIO pacTBOpa

Fig. 3. The sequence of operations performed within the frame-
work of the sleeve-type injection technology
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pemenne @namana (1892 r.) [20, 21]. Taxxe Bompo-
CaMM pacripeJiesIeHHs HallpsDKEHWH B MAacCHBE I'PYHTA
3aHMMaJKCch MHOTHE yueHble: MenaHn (1919 r) [22],
Maprep (1931 1.), Bypmucrep (1956 r.), O.51. Hlextep
(1937 ), I'K. Kuneitn [23], M.U. T'opbynos-Iloca-
1oB (1946-1953 1) [24], K.E. Eropos (1961 1) [25],
H.A. IprroBuu (1943 1) [26].

_‘
< ) q, = const b4oa .
ex(z)=0
) RANERE L o) #0
NERERE
g, = const b=2a
_'

z

Puc. 4. Pacuernas cxema s onpenenenus HJIC npu nei-
CTBYIONIMX HATpy3Kax g, = const W g, = const 10 moyoce
b =2a na nrybune d| n d, Ha paccTosHUH ¢

Fig. 4. The design scheme for determining the stress-strain
state under distributed loading ¢, = const and ¢, = const for
width b = 2a, depth d, and d,, and distance ¢
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EENEEER RN IR NN AN RN
~ trtteprittt, a
q, = const
b=2a 2c b=2a
. ex(z)=0
B q, = cqns ox(z) 0
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FETTPPretriQritredreesy
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Puc. 5. DxBuBaneHTHas pacyeTHas CXeMa JJIsl OTpeeTICHUs
HJIC npu neiicTByromieii Harpyske g = const 1o moioce b = 2a
Ha NIyOHHE d Ha PAaCCTOSHUU ¢

Fig. 5. The equivalent design scheme for determining
the stress-strain state under distributed loading ¢ = const
along strip b = 2a at depth d and at a distance ¢

d
0 X
A A A A A A
d
b=
PR TETEY
z-d

1z

Puc. 6. Pacuernas cxema 1o ypapHeHussM MenaHa Juis ompe-
nenenust HIC npu Harpyske ¢ = const o mosoce b = 2a
Ha nryOuHe d

Fig. 6. The design scheme for determining the stress-strain
state under distributed loading ¢ = const along strip b = 2a at
depth d (the E. Melan problem)

HCCMOTpS{ Ha pa3BUTHUEC HOBLIX METOAOB U IOJ-
xo70B Kk ompeneneanio HJC TpyHTOBBIX MacCHBOB
P MTPOBEJCHUH PA0OT 10 KOMIICHCAIIMOHHOMY HarHe-
TaHWUIO, B HACTOALICEC BPEMS OTCYTCTBYIOT aHAJIUTUYC-
CKHE PEIICHNS, TIO3BOJISIONINE PU 3TOM YIeCTh 00IIb-
II0H CeKTp (haKTOpOB.

Lens uccnenoBanns — MOIy4YUTh aHATUTUYECKOE
pelIeHne IeHCTBHS aBICHUSI HATHETAHUS B MacCHBE
TPYHTA NP BBITOIHEHUH PA0OT 10 MaHKETHOH TEXHO-
JIOTUH, TTO3BOJISIOILEE YUECTh PACCTOSIHUE OT KOTJIIOBaHA
JI0 30HBI HATHETAHUSI, IIUPUHY 30HBI M BEJIUUUHY I10-
JIaBa€MOTO JaBIICHUS.

B cTatbe MPUBEACHBI TOCTAHOBKA U AaHAJIUTHYCCKOC
pemrenue 3amaun 06 HAC maccuBa rpyHTa, 00mangaro-
IIETO BECOM, 32 OTPaX/ICHHEM KOTJIOBaHA NITyOMHOH /i
pu HeﬁCTBHH KOMIICHCAaIlTUOHHOT'O HAarHeTaHuAa B BUC
pacrpeieNIeHHO# MOI0COBOM HArpysku ¢, — g, = const
MpuHOl b = 2a Ha m1yOuHe d, U d, Ha pacCTOAHUU
C OT Kpas OrpakXJCHHS KOTJIOBAaHa.

MATEPUAJIBI U METO/bI

Pacuetnas cxema k 3agaue mpuBeJeHa Ha puc. 4.
J1st co3nanusi paBHOMEPHO paclpeieeHHON Harpy3Ku
Ha PacCTOSHUM C OT OTPAXKACHUS KOTIIOBAHA MCIIOIb-
30BaJICS MPUHIUIT CUMMETPUYHO PACIONIOKEHHBIX Ha-
rpy30ok [27-30]. PacueTHas cxema mpencTaBieHa B BUAC
CIIO)KEHHSI PaBHOMEPHO paCIIpe/leJICHHBIX HArpy30K
MHTEHCUBHOCTBIO ¢, TIO MOJIOCE IMMPUHON 2a M MHTEH-
CHBHOCTBIO —¢, TIO TOJIOCE MUPHHON 2¢ ¢ aHaIOTHY-
HBIM JICHCTBUEM HATPY30K ¢, TI0 MOJIOCE IUPUHOHN 2a
¥ MHTEHCHBHOCTBIO —¢, IO MOJIOCE MIMPHHOM 2¢. OK-
BHBAJICHTHAs! pacdeTHas CXeMa JUIS MOJEIMPOBAHUS
JICWCTBUS TAaBJICHUS] HATHETAHMS IIEMEHTHOTO PacTBOPa
10 MAH)XETHOW TEXHOJIOI'MU B IPYHTOBBII MacCUB I10Ka-
3aHa Ha puc. 5.

Jist onrpeiesieHust KOMITOHEHT HaNpsDKCHUH B O71-
HOPOJHOM MO IITyOMHE MacCHBE IpyHTa B YCIOBHSIX
IJIOCKOW 3a/layu, KOrjna AEHCTBYET pacupeaesieHHast
Harpyska Io mnojoce MHPHHOH b = 2a Ha ryoune d
Y Ha PACCTOSIHUY ¢, HEOOXOAMMO HCIIOIb30BaTh ypaBHE-
HUS, TIONy49eHHBIe D. MenaHoM Ui COCPEeAOTOUeHHON
cuIIbl Ha DTyOuHe. [laHHbIe ypaBHEHUs TpeOyeTcs po-
HMHTETPUPOBATh B peAeIax IIMPUHBI ITOJIOCHI HArPy3KU
oT —a 110 a (b =2a) B COOTBETCTBHH C PACUCTHOI CXeMOU
(puc. 6). [Ipu UHTErpHUpPOBaHNYU 3aMEHUTH X Ha (Xx—E),
rae & — nepeMeHHasi MHTerPUPOBAHUS, U 3aMEHUTH ¢
Ha ¢ * d&, TAe ¢ — WHTEHCHBHOCTD pacIlpeneIeHHON
Harpy3ku. Takum oOpa3om, Oy/eT IoJTydeHO aHaINTH-
YEeCKOE pelleHHe, YUNTHIBAIOIIee PACIPEAeICHHbIN Xa-
paKTep Harpy3KH Ha TOJIOCY HIMPHHOH 2a.

Pesynbrarel uHTErpUpOBaHUs ypaBHeHUH O. Me-
JIaHA TIPEACTABICHBI HIDKE!
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" m-1[z-d 3z+d 4z(x—8)?
+ 2 T T 4
am | 5 5

m+1| (z—d)(x—£)? +(z+d)[(x—a)2 +2d2]—2d(x—§)2 +8dz(z+d)(x+<";)2 .
"q 2m r14 r24 7’26
o= [£ d(x-8); (2)
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n ) )
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—-10

-15

-17.5

—20
-24 234 -20% 192 176 16 144 -12%8 112 96 & 64 48 32 -16 n

Puc. 7. Uzonmnnu BepTHKABHBIX HATIPSDKEHUE PU JICHCTBUN HArPy30K ¢, = const u g, = const mo monoce b = 2a Ha nyOuHe
d Ha pacCTOsIHUY ¢

Fig. 7. Isolines of vertical stresses under the action of loads g, = const and ¢, = const along strip b = 2a at depth d and at distance ¢
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Puc. 8. M30muHMM rOPU3OHTATBHBIX HAMPSHKEHUI NPU TEHCTBUN HATPY30K ¢, = ¢, = const no nonoce b = 2a Ha rybune d

Ha pacCTOAHUU C
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Fig. 8. Isolines of horizontal stresses under the action of loads ¢, = const and ¢, = const along strip b = 2a at depth d and at

distance ¢
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Puc. 9. Vi3onvHnu BepTHKAIBHBIX TIEPEMENIEHUI MU IEHCTBUN HArPy30K ¢, = g, = const 1o nosoce b = 2a Ha rybune d

Ha pacCTOsAHUU C

Fig. 9. Isolines of vertical displacements under the action of loads g, = const and g, = const along strip b = 2a at depth d and

at distance ¢

PE3YJUBbBTATBI HCCJEJOBAHUSA

AHanuTndeckuil pacder IpH MOMOIIH ITPOTPAMM-
noro komruiekca (ITK) MathCAD no3Bonun omnpe/e-
JIUTH KOMIIOHEHTHI HAIIPsDKEHUH TP ITapaMeTpax 3a/1a-
an g, = 500 klla, d, =7 ™, q,= 250 xlla, d, = 7,1 M, b =
=2a=5wm,h=20wMm, c=3wm. Hapuc. 7, 8 mpencrase-
HBI M30JIMHAN KOMIIOHEHT HaNpsDKEHUH.

Takske OBUTH TOJTyYEHBI M30MOISI BEPTUKATBHBIX
nedopmanuii MaccuBa TpyHTA MPH ICHCTBUY TaBICHUS
HarHeTaHUs 110 TPEUIOKEHHON SKBUBAJICHTHON CXeMe
Ha pHc. 5 npu napamerpax rpyHta £ =30 MITanv=0,32.
Jlis pacuera nedopMannii UCHOIb30BaHA JIMHEHHAS
ynpyrasi MOJIeJIb, OCHOBaHHas Ha 3akoHe ['yka. Pe3yinb-
TaThl IPUBEJICHBI Ha PHUC. 9.
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3AKJIOYEHHUE U OBCYXJIEHHUE

B pesynprare aHANIUTHYECKOTO PEIICHHUs 3aauu
0 IeHWCTBUU JNABICHMs HATHETAHUs, HAIPABICHHOI'O
BBEPX ¥ BHM3, BOJIM3HU OrpakJaolIell CTCHbI KOTIO0Ba-
Ha Ha OCHOBE pelIeHUs MenaHa Moixy4eHs! (POPMyYIIbI
JUIS OIPEEICHNs] KOMIIOHEHT BEPTHKAIBHBIX M TOPH-
30HTAIbHBIX HANPSDKCHUH. AHANN3 Pe3ynbTaToB pelle-
HUSI TOKA3bIBAET, YTO JICHCTBHE JABICHUSI HATHETAHUS,
HaIlpaBJIEHHOTO BBEPX M BHMU3 BOJIM3H OTpa)Iarommei
CTEHBI KOTJIOBaHa, cymectBeHHo BiuseT Ha HJ[C Bce-
TO MacCHBa, a B OTPaXJalomel KOHCTPYKIINN MOTYT
BO3HHKATh 3HAYMTEIbHBIC TOPU30HTAIILHBIC HAIPSIKeE-
HUS, 9TO TpeOyeT ydueTa MpH pacueTe OTpa’kAaAroNINX
KOHCTpyKIUil 1o | rpymme npeaenbHbIX COCTOSHUI.
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npn KOMMNeHcaunoHHOM HarHetaHuu B6AM3M KOTAOBaHa

Pesynbrarel pacuera nedopmarnuii OCHOBaHHS Jie-
MOHCTPHUPYIOT 3 (PEKT CTPOUTEIBHOIO MoabeMa. Takum
00pa3oM, TaHHOE PEIICHUE MOXKET ObITh MPUMEHHMO
JUTSE TIPEIBAPUTEIIbHOM OIICHKH HEOOXOAMMBIX Mapame-
TPOB KOMIICHCAIIMOHHOTO HarHeTaHusi. CTOUT OTMETHTH,

YTO [10JIyYEHHOE AHAJTUTUYECKOE PELICHUE PEAIU3YETCs
B [IK MathCAD 6e3 ncnosib30BaHUs METO/Ia KOHEY-
HBIX 3JIEMEHTOB U IIPU JaibHeHme 1opaboTke cTaHeT
aJIBTEPHATUBOM IIPU TEKYILLIEM YPOBHE Pa3BUTHS OTEUE-
CTBEHHOTO NPOrPaMMHOT0 00eCIeYeHNSI.
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