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PexkOMEHDOBAHO K H3OaHHK pelleHHeM WHXeHepHOH CEKLMH
Hayuno-texuuueckoro cosera IIHHUHUII toproBo-GuITOBbLIX 3MaHUH
M TYPHCTCKHX kommekcoB ['ocrpaxaaHcrpos.

PexoMeHIamMH 110 pacyeTy KapKaCHO-TIaHEeIbHbIX ODILECT-
BeHHbIX 3/1aHWi ¢ NpuMeHeHnem IJIBM/ITHHUHUIII toproso-
ObITOBBIX 3/1aHMH M TYPHCTCKMX kommmekcoB. — M. Crpok-
n3nar, 1986. — 80 c.

HaHbl aNnIoOpHUTMbI CTAaTHYECKOI'O pacdeTa NONHOCOOPHBIX 3JaHUH,
a TaKXe 3aBMCHMOCTH JJIA HNPOBEOCHUA INPOBEPOK IMPOYHOCTH M
Oe¢opMATHBHOCTH 3JIECMEHTOB HeCcyule#t CHUCTeMbl 30aHMS, MpenHa3-
HaycHHbIe AN pa3paboTkH nporpaMm ans IBM Ha Bcex 3rapgax
MHXXeHepHbIX PACYETOB.

A HMHXEHepHO-TeXHHYECKHX PabOTHUKOB NpPOEKTHbLIX H Hayuy-
HO-HCCNEQOBATENBCKMX OpraHH3allHi.

Tabn. 6, ui. 44.

Pa3zpaborausr HHHUHUIIT topropo-6uiTOBRIX 30aHU# U TYPUCTCKHUX
KOMIUIeKCOB l'ocrpaxaalcTpos (kand. rexn. nayx J1.J1 ITanvuiun —
pa3za. 1, 3—8, npunoxenue; unxeneps: B.3. Caspancxuii — pasn. 7, 8;
b.H. boasinexuu — pasp. 2, 3. 6, 8; 0.0. poyenxo — pazp, 8;
E A Bunoxyp — pasn. 7).
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OBUHUE NMOJNOXEHUA

1.1, Hacroamme Pecxomenlaunn paspaborTaHh © yyeTom ~Yralanumil no pac-
qeTy IMPOYHOCTH, YCTOHYMBOCTH M OeOpMaTHBHOCTH 30aHHH ¢ AHadparmMaM
xecTKOCTH. Cepua 1.020-1/83, KoHcTpYKUMH KapKaca MexBHIIOBOTIO NpHMEHe-
HHUA NS MHOI'O3TaXKHLIX O00UIeCTBEHHBIX M TNPOH3BOACTBEHHAIX 3JaHHA. BhI-
nyck -2 (M., LIUTII, 1984).

1.2. PexomelDalHMH coOepXKaT afNropUTMbI, HeoOXOoOHMMbBIE MCXOHbiE JAaHHBIC
A METOOMUYECKHE YKaJaHMS N0 UCIOH3IOBAHHMIO CNEUHMANBHLIX MNPOrpaMMm AJis
JBM no pacueTy OpoCTpaHCTBEHHBIX HECYHIWX CHCTEM 3MAHMI C K4PKACOM CCDHH
1.020-1/83 » 311eMEHTOR 3THX CUCTEM.,

1.3. PexoMeHOaUMH OpHEHTHPOBAaHLI Ha NMpHMEHCHUE QUCKPETHO-KOHTHHYAllb-
HON pacyeTHON MOMOENH 30aHudA, COHepXaT ykasaHUA no QopMHPOBAHUK pac-
YeTHON CXeMblI NPUMEHHTEIBHQ K KOHCTPYKTHMBHBIM OCOOEHHOCTAM H3IcTHH
cepur  1.020-1/83, no HazHaUCHMIO X ECTKOCTHBIX XapaKTEPUCTHK JIEMEHTOB M CBA-
3ef, a TarXKe CTATHYECKHH pacueT C oNpedencHUeM YCHIIHR B KOHCTPYKTHMBHBIX
3NMEMEHTAX U CTHIKAX H pacueT MX MPOYHOCTH ¥ AedpopmMaumi, ANrOpHTMbI YYH-
ThIBAKOT TPOCTPAHCTBEHHOC B3aMMOOEACTBHE KOHCTPYKTHBHBIX 3JIEMCHTOB,
neopMHUPOBAHHYIO CXEMY COOPYXEHHS H B3auMONENCTBME HAO3ICMHONM YacTH
30aHUA ¢ gedpopvupyembiM ocHoBaHMeM, B PekoMeHoauusax npenycmoTpeHa
BO3MOXHOCTE NOCNENOBATCTEHOIO YIPOLIEHHS pacyeTHOW MOMICINIH, WCXOoOA U3
TpeOOBaHHH, NMPEABABNAAESMBIX K TOYHOCTH pe3ybTaTOB HAa PA3NIH4YHBIX CTaWAX
NMPpOEKTHPOBAHUA, H KOHKPeTHRIX ocobeHHocreir mapka IBM npoextHOH opra-
HH3alMH,

1.4. B PexomeHmauMsax paccMOTpeHbl BONpoCch! HCIOB30BAHMA NPOrpaMMal
KOMIUIEKCHOI'O pacueTa kapkacHo-naHensHeix 3paHult [IPUKA3 u cneuanbHo#
MOOHM(HKAuMKH NporpammHoro xommiekra [TPOKPYCT pgns pacueTta OMCKOB
NnepeKpouITUA.

1.5. PexomeHDauuun MoryTt OnIThL HCIIONB30OBaHBI IpH pa3paboTke aBTOMATH-
3UPOBAHHBIX METOAOB IMPOCKTHPOBAHHA MNONMHOCOOPHBIX KapKaCHO-MAHETbHbIX
IJAHUR W MeXaHM3aUMU OTHOENLHLIX 3ITANOB [polLcca NMpoeKTHpoBaHus Ha Oaze
Pa3sTHYIHON BLIVHCITHTENRHON TCXHHKH,

2. KOHCTPYKTHBHbBIE XAPAKTEPHCTHKH H NOABOP
JJIEMEHTOB KAPKACA

2.1. OCHOBHOH KOHCTPYKTHBHON 0CODEHHOCTBI) CBSI3eBBIX KapKacoB, ONpe-
A/HOILEA XapaKTep paboThl X HECYLIHX 3JIEMCHTOB, ABIACTCA HYNeBas Xect-
KOCTE Y3710B PaM, HE OKA3BIBAKILMX CYLIECTBEHHOI0 CONPOTHBIICHUSA TOPHU3OH-
TanbHbIM NepeMeUuleHUAM 30aHus (puc. 1). [pocTpaHCTBEHHAR HCH3IMCHAEMOCTD
302HHA CO CBA3ICBbLIM KapKacoM 0DecrnieunBaeTcs CHCTEMOR BEPTHKAJIBHBIX HECy-
IUUX ITEMEHTOB — OHaparM XECTKOCTH, 0ObeHHEHHBIX AUCKAMH NepeKPLITHH
B €0MHYI0 TIPpOCTPAHCTBEHHYIO cXemy. Jllnadparmb! XXCCTKOCTH BOCIPHHHMAIOT
BCC YCHMA OT Harpy3ok, BhI3LIBAIOWINX MOPHIOHTANTEHBIC [I€pEMELICHHA 30aHMA,
a8 KONNOHHBL!I ¥ PHTeNIH paM — TONbLKO BEPTHKANBHY O HATPY3KY.,

2.2. PacuyeTHble CXEMLI 2MEMEHTOB, COCTABNAKILUMX KAapKaC 30aHMA, MOTYT
OLITH MpeaCTaBIICHLI;

MaHe/IM NepeKPRITHH U PHTENIK — B BHIc pa3pe3Hofl opHomposieTHo#t Bankw,
HarpyXeHHOH pasHOMEpHO paclpe/ieeHHolt Harpy 3KOH;

KOMIOHHBI — B BHOEe MHOTONpPOReTHONR HCpalpe3HOH DankH, onepTol Ha MUCKH
NCPEKPBITHHA, 32arpyXeHHOH NPOJONLHLIMM COKHMAIOLIMMH CHIIAMU H coCpeno-
TOYCHHBIMH HITMOLIOUMMHE MOMEHTAMH, TPHUITOXEHHBIMY Ha ONOPaXx;

nHagpparMel XECTKOCTM — B BMIOC KOHCOJNIBHOINO BEPTHKATBLHOIO CTEpPXKHA
C NPOAOJLHBIMH H NONEpeYHLIMHU Har'PY3IKaMH, NPHIIOXKEHHBIMHU B YPOBHE HC-
KOB nepekpbITHRA. JIHadparMbl XecTKOCTH CYMTAIOTCS 3aKPENIEHHBIMH M3 IJIOC-
KOCTH B YPOBHE  [HCKOB MNEpeKpPLITHH,
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Puc. 1. OcHoBHOl y3en Kapkaca

a — cepun UH-04; 6 — cepun 1.020-1/83; I — xornoHHa; 2 — pacnopHas
nNaHenb NepeKphITii; 3 — MHOroNnycroTHble MaHENH NEpeKpHTRE; 4 — pH-
rejb; 5 — MOHTaXHLIE HAKJIAOKH

2.3. TlonSop naHene nepexpbiTHA MPOH3BOIUTCH CONOCTABJICHHEM HENCTB yIO-
IIMX HA MEePEKPBLITHE pAaCYeTHbIX HArpy30K C HArpy3KaMH, omnpelenAioUlMH He-
CYLLYIO CIIOCODHOCTH NnaHeneH pa3mHuHbIX MapoK.

O6pa3oBaHHe TrOpPH3OHTANBHBIX OUCKOB € MOMOLILIO MNaHenel iepexKpbITHi
o0ecreunBaeTCs CBApKOH CBA3¢BLIX (MEXKOJIOHHBIX H MPHCTEHHBIX) TIaHened ne
PeKpBITHR MeXly cobOR M pureraMy, a TaKXe 33 CYET TIIATEIBHOIC 3aMOHOJIM-
YHMBAHHA UWINOHOK H IIBOB MEXIY BCEMH 3JIeMEHTaMH IepekpbiTHA, CoelHHeHHUSA
CBA3EBLIX IUTHT 00eCNeYHBAIOT BOCIPHATHE NUCKOM PACTATUBAIOWMX YCHITHHA, 3Ha-
YeHHA KOTOPLIX NpHBeaeHbl B pa3g 8.

2.4. Honbop pureneit ananoruden noaGopy TUIMT B TEX CIIyYasX, KOI'Aa pHrens
BOCITPHHHMAIOT PABHOMEPHO paciipedeNleHHYI0 Harpy3ky. B ciayuasx kKorma Ha
purenb OeACTBYIOT Harpy3KH, OTTHVAIOLIHCCH OT PAaBHOMEPHO pachpeleNncHHBIX,

Cleayer olpedecNHThk 3KBHUBAJICHTHY® HArpy3Ky H CONOCTAaBUTh €€ ¢ HecyllueH
CITOCODHOCTLIO PHTENS, NpUBedeHHO! B MapKe.

2.5. KonoHHBI CBA3eBOro Kapkaca patGoraior B ycnoBHAX, OTHIKHX K YCIOBMU-
AM UeHTpaJbHOI'o cxaTtuA. [loaToMy B KayecTBe NMpOYHOCTHON XapaKTEePpHCTHKH
MPUHHUMAETCA HX Hecyllas cnocoOHOCTBL NpH AedCTBHH CKHMAKOIIEH NPONOISTBHONR
CHITbI, PHIIOXKEHHOR €O CIy4YalHBIM O9KCUEHTPULUTETOM €, =1 cM. IJTUM napa-

METPOM MOXHO BOCIIONH30BAThCA IPHU 3arPyREHUM KOJIOHH Harpy3kamMH, OTJIH-
YalouMMHCAE OT NpuHATHEIX B cepuu 1.020-1/83. [Ipy NpoeKTHPOBAHKHM 30aHHK C

kapkacom 1.020-1/83 noBepouHble pacueTsl, CBA3aHHbIE C NoaGopoM KOJIOHH,
NPpOU3BOONUTE He TpefyeTcs, TAK KaK MOJIOKEHHEe KOJIQHHBI B MOHTRXHOA CXeme
KapKaca 30aHHA OHO3HAYHO ofNpeleNseTcs ee reOMETPHUECKHMH pa3MepamH, 4To
NMO3BOIHIIO U IPH IPOCKTHPOBAHHH KOMOHH YHYECTh HX HEBBINOOHOE 3AIpYXXEHHeE.

2.6. /Inadparmbl XeCTKOCTH NPencTaB/AIT cOOON KOHCONBHBLIA BCPTHKATDL-
HBIA CTCPXXEHb C NMPOJOJIBHBIMHA (COKUMAIOIUAMHK) H NoNEepeYHbIMHK CHIIAMH.

OuadparMbl KeCTKOCTH CBA3EBBIX KapKacop COCTOAT H3  COOpHBIX
THNOBLIX CTEHOK MXECTKOCTH H KOJIOHH, COeOWHSEMABIX CBapKoOH 3aKNAOdHbIX
Jcranet, H oOpa3ywLIMX SAHHYID KOHCTPYKUHKO, BOCIIPHHHMAIOUIYIO M'OPH3OHTAITh-
Hhi€ H BEepTHKANbHBIC Harpy3kH. HeoOxonumo yxaszaTh Ha H3IBECTHVIO TEpMHHO-
NMOTHYECKY0 HETOYHOCTD, [TOCKOJIbKY TEpMMH *'auadparma’ ucnoiwayercs B pabdo-
uux ueprexax uinenuit cepuu 1.020-1/83 nna ob6o3HaueHHsA cOOPHOro CTEHOBO-
ro 3MeMeHTa, BXOOAILEr0 B COCTAB ONMHCAHHON KOHCTPYKUMH KOMIUTeK CHO! Had-
parMel. M3ndiuHe BBOOAUTL cClleMANBHOE NOHATHME, HalpHUMep, TTHIOH™ HIM "YcC-
TOH’, KaK 3TO CJAenaHo B HekoTopbiXx paboTrax. B Hacrosmmx PexoMeHOanusax

TepMHH ~OHadparMa XecTKOCTH™ OTHocHTca K moObIM HecyumMm 3JIEMEHTaM,
B TOM YKHCIE, HMEWILUMM CNoXHY dopMy ceueHHs], KOoTopble 00eCreuHBalOT
[IPOCTPAHCTBEHHY IO HEH3MEHAEMOCTD 30aHHsA . YToOsl MOJYEp KHYTH MPHHLMITHAIIL-
Hbie OCOGEHHOCTH pacueTa M KOHCTPYHPOBAHMA MCIOJL3YCTCH TAKKE TEPMHMH
AOPO MECTKOCTH, OTHOCALLHHCA K 3JIEMEHTAM C 3aMKHYTHIM KOHTYPOM.
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Puc. 2. KoHeTpykuns cOOpHBIX nHadparm XecTKOCTH

a — cepun WHN-04; 6 - cepum 1.020-1/83; 1 — cGopHsie
CTEHKH JKECTKOCTH; .Z — pnHadparMeHHble KOJIOHHEI
KapkKaca; J — 3aknagHeie pOerand; 4 — OEToH 3aMOHOIMH-
YUBaHMA; O — MaHeNnd NepekphiTHH; O — XECTKHH le-
MEHTHLI# pacTBOP

KoHcTpykuMst cOOpHBIX THNOBLIX JHadparM >XeCTKOCTH [TIOKa3aHa Ha pPHC.2.
OcHoBHOe OTHHYHE CcOOpPHBIX XKene300eToHHBIX AHadparM MXECTKOCTH CepHH
1.020-1/83 3axmiouaerca B 3aMcHE FOPH3IOHTANBHOIO MOHOJIMTHOTO CThIKa cOOp-
HOH CTCHKM PAaCTBOPHLIM KOHTAKTHBIM, YTO MNO3BOJIUAO PE3KO YIIPOCTHTD TEXHO-
JIOTHIO ero U3rOTORJICHUS U MOHTAX 4.

[ToMHMO cOOpHBIX TUITIOBBIX OHA(dparM KecTKOCTH HEH3IMEHAEMOCTh HeCcyllueH
CHCTEMBI 3HaHWH cO CBsA3eBLIMH KapkacamMK MoryTr ofecreuuBaT: pasfiHyHbIe
HETHNOBLIC KOHCTPYKUHMH, B YAaCTHOCTH [ONA BLICOKHX 3MaHHH — MOHOIIHTHLIC
xeneilobeToHHbIe muadparMbl o ANpa MECTKOCTH. B OTHenBHEBIA crydasaX auad-
parmsal XeCTKOCTH MOIr'YT BBIMOJIHATLCA B BHIE HECYLIMX KMPIHAYHBIX AEPEropo-
JJOK, YCTaHOBJICHHBIX HA pHUreiiX kKapkaca. HapyxHbie KMpIIMYHBIE CTCHBI U cOop-
Hbie HeCyI1lME H CaMOHeCYIlWe CTEeHOBbLIE MTaHe/IM BLITOHAKT QYHKUHKH Anadpparm
NPH YCITOBHH oDecneyeHHs HX NONMHOLICHHON CBSI3H C NIEPEKPLITHAMH.

nopasnAwuiem OoNLUIMHCTBE Cnywaes [Madpal Mbl XECTKOCTH HABIAKTCH
COCTaBHBIMH KOHCTPYKUHMAMH, BKAOYAIOUIMMH KOJIOHHB! KapKaca H cDopHble
(pexxe — MOHOMUTHBIE Kene300eTOHHbIC WM KaMEHHbLIE) CTeHBl UJIH YYaCTKH
CTeH A pHadparm ¢ npoenyamu. IneMeHTnl auadparm obbeIHHEHB! CBA3AMH
(FaxnagHbIMH JeTansiMH, aHKepaMH, MepeMbiyKaMH K T.1M.), KoTopble obecne-



Puc. 3. O6obieHHasn KOHCTPpYKTHBHasA
cxema nuadparmss

l — CTEHKH XKeCcTKOCTH; 2 — auadpar-
MEHHbIE KOJIOHHBI KapKaca; J — 3aKiaj-
HLIE JeTanu

YHBAKOT HX CcoBMeCTHYW0O pabory. O606-
INeHHAas! KOHCTPYKTHUBHas cxeMma JHad-
parmsl NpeacTaniieHa Ha puc. 3.

CBA34 M coellMHeHHKs obnanalT ofnpe-
OeneHHON TIoNAT/IMBOCThIO, 2 UX Aedop-

7 1 MAIMH OKa3bIBAKT 73aMeTHOe BJIIMAHUE
Ha pacnpeaecineHue yYCUIHE MeXRy 3ne-
7, o 7. S 4, AAIISIAI: _ % MeHTamMi nuadparm u  agedopmauuit

KOHCTPYKUHH. AHAJIOTHYHYIO pOoNb HUIpa-
I0T HAaATpoeMHbIe NepeMbIuKU. ['OpU30H-
TanbHble IBLI OHadparM yBenHUMBAKOT

1eOpMATUBHOCTE 371EMEHTOB, YTO B CBOK OuYCpElb OTPAXKACTCA Ha HaNpsXXEHHO-
nePpopMHPOBAHHOM COCTOAHHH KOHCTP Y KIIHA.

2.7. OcCHOBaHMA 3[03aHUH TONLKO B COAMHHYHBIX CIy4asiX MOrYT CYHTAILCA
a0conmoTHOo WecTKUMH. [IpakTHuecky BCEIrNa OHM SABNAKTCRE NOJATIMBLIMHU, B
pe3ynsTaTe 4Yero IojiHble OepopMalMd 3NAaHUS BO3IPACTAIOT, 4 BHYTpPEHHHE yCH-

JIMA B HECYNIMX KOHCTPYKLHMAX CYILECTBEHHO TNepepaclpelensiorci, oCo0eHHO
Ha HHXKHMX Y4Y4acTKaxX 31aHuA.

KOHCTpYKTHBHBIE OCOOEHHOCTH 30aHHHA  CBA3€BOW CHCTEMEI MOXXHO YUECTh,
HCTOAB3YA pa3fiMdible pacueTHble MOME/IH H MeTOIbl pacyera.

B HacTosMX PekOMEHAAMAX HINATAOTCA METOObI pucweTa, GasUpyoUmMecs
Ha JUCKPETHO-KOHTHHYANBHOH MOJENH, KOTOpas MO3BOJIAET AOCTATOMHO CTPOro
YUECTh BCe NepeyncneHHbIe 0COBEHHOCTH.

3. PACYETHBIE NPEANOCHIJIKH

PacueTHas MoOaenb H ee IeMeH Thi

3.1. PacueTHas cXema 3[1aHUS IPUHHUMACTCA B BUIE IIPOCTPAHCTBEHHOH CTEpX-
HeBoOH CHCTeMBI, cocToslLIel U3 BEPTHKANbLHBIX 3ricMeHTOB (cTonbop), coeHHeH-
HEIX HEMpephIBHO paclipellcNeHHbIMH NO BLICOTE CBA3AMHM COABHIA. CoBMecCTHasA
necdopmaums cronboB B NMpocTpaHCTBeHHOA Hecylled cHeTeMe 3daHUA obecre-
YHBACTCA JHCKAIMH NEPCKPBITHH.

3.2. PacuctHiaa cxema HauboONee MoNMo OTPAXKACT KOHCTPYKTUBHEIC 0cOBEeHHOC-
TH 30AHMA, CCNM KaXIbil KOHCTPYKTUBHLIR 3/1eMEHT (KOJNOHHA, BXOOAUWAA B
cocraB cOopHolf puMadparMel XECTKOCTH, BEPTHKANLHBIN P/l COOpHBIX CTEH
XKECTKOCTH HJIM MPOCTCHKOB C [IPpOEMaMH) PACCMATPHBAECTCA KAK CaMOCTOSTENb-
HBIH CTONO PacyeTHOR CXEMbl. MOHOIIMTHLIE AP MECTKOCTH 3aMKHYTOr'Q CCYCHUS
HITH MOHOJIMTHbIe OHAa@parMb! OTKPBITOTO Npoduna npH GopMHUpPOBaAHUM pacyer-
HOH CXEMb! pa3dpe3aidTCA BEPTUKUIBHBIMM DHKTHBHBIMH LUIBAMH Ha oTHeNbHbIE
MIIOCKHE 3JJEMEHTLI,

3.3. OCHOBHbLIMH XapPaKTEPHCTHKAMH CTOJIOOB CNYKaT BEJIMYHHLI HX OCEBBIX
A R H3rubHBIX B xectkocTelh. TIpH 3TOM NS KOHCTPYKTHBHbIX 3IEMECHTOB C ro-
PU3OHTAJILHBIMY PACTBOPHBIMH IUBaAMK CNEAYET YUMTBIBATb HX MNOBBIIEHHYIO
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nedopMaTHBHOCTE BCIIEACTBHE MOAATIMBOCTH IIBOB, BLIMMCIANA HX MECTKOCTH
no ¢opmynam:

A=k, A%, (1)  B=k,B 2)

rne AYuBY — oceBmle M H3IMUGHBIE XECTKOCTH CTONGOB, BLIUMCIIEHHBIE KaK
AN MOHONMHTHLIX XeJe300€TOHHBIX 7IeMEHTOB; Xy — K03 PHIMEHT, YUHTHIBAK)-
WHA CHMXKEHME XECTKOCTH CTonloB B pesdynbrare MOJATIMBOCTM PACTBOPHOIO

1IBA ¥ PABHBIN:
kw= 1/(1+Aw56/ba'r); (3)

rae A, — NMONATIMBOCTh PaCTBOPHOIO LIB3, MPHHKMMacMasdt 10 JaHHBIM Tabn.18
"HHCTPY KUHMH 110 POEKTHPOBAHHIO KPYNHONAHeILHBIX XUMLIX 3naduft™ (BCH32-
77/Tocrpaxnanctpodf) . — M., Crpoituanar, 1978: A, — BblcoTa 3raxa.

3.4. B npubmmeHHHIX pacueTaX cOophas [AKadparma MXEeCTKOCTH MOXer
paccMaTpMBaThCAd KaK eOMHbIH cron6. [IpH 3TOM XECTKOCTh Takoro cromba
NOIMKHA HA3HAYATHLCS C Y4YETOM MOOATIIHBOCTH COCOMHCHHH COOPHBIX 3NIEMEHTOB
nHadparm (cMm. pa3a. 6). Bo3MoXHA TaKXKe YKpYNHeHdad TPAaKTOBKA 3aMKHYTBIX
sJiep XeCTKOCTH B KadyecTBe efMHOoIo cronba pacyeTHolt cxembl (cm. 1, 5.1).

3.5. CesazaMu caBura, oOLeAUHAIOWMMYE CTOoJIOBI pacyeTHOW CXEMbI, SB-
NAKTCA 33aKAagHbie AceTand CcOOPHEBIX  Xene300eTOHHBIX 3JIEMEHTOB, AHKEPH
H HaJIIpOeMHBbIE NMEpeMBIUKH. B pacyeTHOH cxemMe 3JaHHH CBA3H COABHI'Z CYWTAKTCA
HENPEPBLIBHO pacrnpeleneHHLIMH 10 BLICOTE.

HedopmaTuBHRIe CBONHCTBA pacHpenengHHbIx cnase;f COBHI'a XapaKTepH3YIOT-

ca xoapduLMeHTOM TOJaTIMBOCTH A, M4/kH, und mM4/TC, paBHBIM:
roe A - xo3pPHUHEHT MOOATIHBOCTH OTOENBHOIO COEOMHEHHMS Ha CBapKe

3aKMAOHbIX [ACTAlIeR MK nepeMbiukH, M/KH; A ., — war cesaiedt no BeicoTe,

Iia 3aKnagHbeIX jletaneit ouadgparm cepud 1,020-1/83 woadduumerTst NO-
DAaTIHBOCTH MOXHO ¢ HeDOJIBIIUM OK%VI"H HWeM IIPHHATE OQHHAKOBBIMH IJIA pas3-
JIMYHBIX BEICOT 2TaXelt A= 4,75-10— 112<H (4.75:10°M4/1¢) Ons coenHHe-
HWt CTEHKH C KoNoHHaMH U M= 3:10—0 mM2/kH(3:10—3 m/Tc) — Ans coemuHe-
HHHA CTeHKH CO CTCHKOH.

3.6. B npakTHYeCKHX pacyeTaXx BO3MOXHO MPHMeHeHHE KOHCOJLHOR pacueTHoh
MOJle/TH, KOoTopad IpencraBnger cofol yacTHLIH cnyualt TUCKPETHO-KOHTHHY ATk
HOH MOerM pH abCOMOTHO XKEeCTKHUX cBA3AX capHra. [Ipy atom, HCons3yd yIpo-
LIeHHs, BBITEKaIue U3 abCcomoTHON KeCTKOCTH CBA3eH cCABUI, [IPH NOCTPOCHHN
PACUCTHLIX 32aBHCHMOCTEN AERCTBUTENBHYIO NMOTATIHBOCTL COCAHHEHHA MOXHO
VYHTLIBATE NPpUONMMKEHHO, HaNpUMep, ¢ MOMOWIBO KO3PPHUUUEHTOB YCIOBHMH
paboTel. ANTOpUTMBI [N KOHCOJTBHOM MOMEITH ONMHCaHbI B pas3f. S.

Harpy3kH

3.7. B obiueMm cnyyae HeoOXOMUMO YYHTHIBAThH JeHCTBHE HA 30aHWE I'OPU3OH-
TA/IbHLIX ¥ BEPTHKATBHBIX HArPy30K.

3.8. I'opusonTansyele (BeTpoBsIC) Harpy3ku § pacnpenesicHBI 110 BRICOTE
30aHWsi HEPABHOMCPHO B COOTBETCTBHH C 3IMOPON CKOPOCTHOrO Hantopa (puc. 4, a),
Haubonce touno OedcTBHTENBHAA 3MOpa CKOPOCTHOIO Hamopa anfpoKCHMHpYeT-
CH TpancuHeBHIHOH 3Mopolt, noxantnol Ha pHc, 4, 0. [1apameTphi 3Toil 3010pE

(OPIMHATH ¢ M &3) MOXHO BBIPa3UTh Yepe3 BENTHUMHEI MOMeHTa HO(HM) W Tome-
peYHON CHNEIQTH)B YpOBHE OCHOBAHMKSA 3[aHHA BLICOTON H :

g = ME(HUE =m)H?; (5)



gx)

= COnSt
*:
H

ag

Puc. 4. [efictrBuTensdble (@) ¥ pacueTHbie (6, ) 3MOpPhl HATPY3OK
a=§/(m-6); (6)
m = HQ(H)[M (H). (7)

3.9. Ilpu 3mope BETPOBLIX HArpysox B dopme TpallcHH yYCHIMSE B moboMm
YpOBHEC pPaBHHELI;

g (x)=g(1-(1-a)x/H); (8)
M (x) = Q5£}X2(7“(7“£1)1/3H); (9)
Q° (x) =gx(1-(1-a)x[2H)- (10)

3.10. [lna 3paHnr# BbIiCOTOH He Gonee 60 M pacyeTHyIO SMIOPY BETPOBLIX

Harpy3oK Oe3 Oonblliod MOCPEIIHOCTH MOXKHO MPHHUMATH PaBHOMEPHO pacipe-
neneHHoi U pasHoit (puc. 4, B) :

g = const = 2M°(H)/H ", (D
TOrAa YCHNUA B MOBOM YPOBHE ONPEeNensaoTcs 3aBUCHMOCTAMM ;

Ma(x):::. Q5£;X£=MD(H)X2/H2; (12)

Q) = gx=2M(H)x)H?. (13)

3.11. 3Hauenus momeHta M° (M) u nonepeuront cunel @ °(#), BbiuMcnexHkIe
B cooTBeTcTBUM ¢ rnaBoii CHull 11-6-74 “Harpyaxku ¥ Bo3aeficTBUs, IpHBEIEHbI
B Tabn. 1 AN ycnoBHOro rpysoBoro ¢poHta, pastoro 1 m. Ilpun pacyere 311aHUA
3TH 3HaueHHMA ClcAycT YMHOXHTR Ha GakTHMYeCKYio NNIMHY Fpy30Boro (ppoHTa

303HUA ¥ Ha KOMDPUUMEHT, YUMTHIBAOUIHN 1eorpapuueCKuit paloH CTpOUTENLCT-
Ba (rabn. 2)

3.12. BepTuxaneiblc HarPYy3KH £ NPHWJIOXKEHB! K OTHENLHLIM cTojibaM B 00-
LWIEM CJIyYyae BHEUCHTPEHHO. JKCUCHTPUMUMTCTEI, ODYCIIOBJICHHBIC HepaBHOMEp-
HOCTbIO 3arpyXeHust CMeXHBIX TPOIETOB WM Cly4alHRIMH NOTPElHOCTAMM
MOHTA)XX2 W BhI3bIBaAIOILME H3ITHE IHadparMeHHBIX KOJOHH U CTEHOK H3 TIJIOCKOCTH

nuadparmMsol, yYMTBIBAIOTCA NpH ONPENeNCHHH NapamMeTpoB Hecylile# CltOCOOHOCTH
ouadparm.



Tadonuua 1

sl A — S— R S— Rl Tl g et s et e Sy e i S— NN, EEEE TS I EEEE I DT S — —

BoicoTa BepXHsasa oppuHata MOMEHT B YpOBHE [IonepeyHast cuna

30aHuUsI, | 3HIOPHL! HATPY30K, OCHOBAHHA, B YPOBHE QCHOBAaHHA,
M kH/M (Tc/m) xH-M (TcoMm) kH (1c)

40 0,54 (0,054) 360 (36) 16,0 (1,6)

30 0,48 (0,048) 180 (18) 10,9, (1,09)

20 0,41 (0,041) 68,4 (6,84) 6,5 (0,65)

10 0,30 (0,030) 15,0 (1,5) 3,0 (0,30)

I1pumevyanue. Berposble Harpy3ku npusenenst st [ patioHa cTponTenser-
Ba (MeCTHOCTh THNa B).

Tabnuua 2
PakoH cTpouTeILCTBA - ___—] 1 [ [1 _I I _l 1Y

b

Ko3dduuuenr 1 1,3 1,67 2,04

BepTHKanbHble HATPY3KHU paciipedelieHb!l 10 BbICOTE 3MAHHS PABHOMEPHO.

B pacueTdX MHOMO3ITAXHBIX 30aHMI crielyeT YUHTBIBATH IOHHXKAIOWIHH KO-
dMIMEHT 1A BPCMEHHBIX HarPy30K B COOTBETCTBHHY C I 3.9 rnaskul CHuII 11-6-74,

3.13. IIp¥ HETUNOBBIX BepXHUX 3Taxax (3ajibHbBIE TIOMEILEHHA U T.II.) BO3-
MOXHBEI  COCPENOTOUEHHhIC HATPY3KH B yPOBHE BEpLJHHEL 31aHHA B BUIEe CY MMap-
HBIX MOMeHTOB M~ , M u ropusoHTansHbIx cun @y , (), . B aToMm cnyvae cocpe-
OTOYEHHBIC BO3UCRCTBHA PEKOMEHIIYETCA LONONHHTENBHO YYHTBIB2TH NPH OHpe-
OENeHHH BHEIIHMX YCH/MHA B cedeHHH X . BO3MOXHBI TaKXke H COCpelOTOYeHHhIE
BEPTHKaJbHBIE HarPyakd P ¥ B KaxioMm crosnbe, QefCTBYIOIIME B BEPXHEM Ce-
YeHHH C IKCUEHTPHIMTETaMH & ; >.@ ; :

4. ATITOPUTM CTATHUYECKOT'O PACHETA
KAPKACHO-NAHEJIbHBIX 3JAHHHA
HA OCHOBE MUCKPETHO-KOHTHHYANIBHOU MOJIEJIH

IIn¢pdeperumanbibie ypaBHeHHA ¥ HX MoaudHKanus

4.1. B coorBeTruTBHHM ¢ 1. 3.1 pacueTHas CXeMa 3aHHA [IPUHMMAETCS B BHOe
NPOCTPAHCTBEHRHOH CUCTEMBI BEPTHKANBHBIX CTEPXHEBLIX 3JIeMEHTOB (cTOMN-
BOB), COCOHHEHHLIN HEeNpepPBLIBHO pacnpeleNeHHBIMH NO BbIiCOTE CBA3IAMH COABH-
ra, 3ajaya pellaercs B CHCTEME NPAMOYTONBHBIX KOOPOAMHAT, HAayaJIo KOTOPLIX
pacnonaraercsi B Npor3IBOJILHON TOUKeE IJ1aHa B COBMELIAETCA 1O BhICOTE C BEpLIH-
HOM 30aHuA, PparMcHTLI pacueTHOH cXxemMbl MOKa3aHbl HA PHC. 5.

4.2. Harpy3kamu Ha 30aHKe ABIAIOTCA TOPH3OHTANBHBIC HATPYIKH ¢ ,~Fy(X) A
g:=¢.(x), pacnpeleneHHbie B obilem cniyyae Nno BbICOTE 31aHUA MO dopMyam
(8) u (11), cocpenoTouennble MoMeHTHl M B M, | a Tak>Ke COCPENOTOUCHHEIE
nonepeutsie cunst Q) u @ ¥ (cm.n. 3.13).

4.3. KpoMe ropM30oHTaTBHBIX HAIPY30K PACCMaTpHBACTCA NEHCTBHE pacrpele-
JIEHHBIX BEPTHKANBHEIX Harpy30K F;= P, (X}, NPUIOXKEHHBIX K OTHEIbHBIM CTOJI-
Gam B oO1IEM Ciyyae ¢ IKCUCHTPULHTETAMH € 4. , €5, , 2 TAKI)KE COCPEBOTO-
YeHHBIX Harpy30K P ¢ 3KCUeHTPHUHTETaMH &, , £, -

4.4. B KaueCTBe HEW3BECTHLIX TIPHHHUMAIOTCS CIBUTAIOLIME CHIIBI B CBA3AX 1. ,
NMOCTYTNATEJILHBIC NEPeMEILICHUR Vg, » Yo B HANPaBIICHUH OOHOUMCHHAIX oceH
M YyIrojl 3aKpPYUMBAaHHA 30aHud & . ﬁce HEHN3BCCTHBIE NTPeACcTABNAKT co60o# PyHK-

%Hli- Baelglfmﬂmoﬁ KOOpAMHATHL X : T, = T, (x), Voy = Vo (X)) Yoz = Ypr (x),

2 3axk. 2001 Q



Puc. 5. ®parmenTol pacieTHON CXEeMHB!
a4 — nnaf; 6 — pa3pea

4.5. C uensio bopMau3auiiy pacueTHblX 3aBHCHMOCTER anropuTMa, Heo6-
XOOMMON Mpy HCHONb3oBaHuUY JBM, BBOOAMTCA CTPYKTYpHAs MaTpuia pa3zMepom
mxn, rae m— YHCIIO CTONDBOB B pacHeTHOH cXeMme; n — YHCIo CBA3CH CIBHIa.
InemeHTam & CTPYKTypHOU marpuuml ( 5 — Homep cronba, § — HoMep CBA-
34 CABHra) 3afal0TCH 3HaMeHMs € = + 1, €CNU CBA3b C HOMEPOM [ NPHMBIKA-
€T K CTonby C HOMepOM J W BBI3hIBAeT B HeM pacTskeHue;&; = — 1, eciiu CBs3b
C HOMEPOM t [MMPHMBIKACT K CTON0Y C HOMEPOM s M BBI3LIBAaeT B HEM CXKaTHe:
£;; = 0, ecnui CBA3L C HOMEPOM i He IPUMBIKAET K CToI6Y C HOMepOoM f .

CTpyxTypHad MaTpHlla ONpedender TAKXKe IPABHIIO 3HAKOB O COBMIAIO-
wux cun 7, .

4.6. TNocre peweHHA cucTeMbl MU depeHUMANBHLIX YPaBHCHUA YCHIIHA B OT-
[eTbHBIX 2/IEMEHTaX OMNpedesWwTCA Mo HakJeHHBIM JHaYCHHAM YCHIIMH B CBA3fAX
caBura T;, WX UHTEHCUBHOCTH 7 =T/, mepemMellernt v, , v,,, 6 , 2 TaKXKe
KX NPOH3BOIHBIX. .

HUaruGaomme MOMEHTBI B ¢Tos6aX My‘; H M_. BENHCIAIOTCA 110 GOpMYyIIaMm:

_— I M ] T o ot
My-': - (l':?y *o z‘.) ‘Bn' ’ Mn’ ( Vaz Qy‘: )Byf ’ (14)
rie y; ,Z;— KOOpIRHaTel cTon6oB; 8, , 8z; — MITHGHLIE X ECTKOCTH CTOJIGOB
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4.7. B dopmyne (14) yJureHB! U3BECTHBIE 3aKOHOMEPHOCTH AHMCKPETHO- KOH-
THHYAIIBHOH MolenH npH a0COMOTHO XKeCTKUX NepeKPLITHAX

Ve = Vou T8z, 5 V=¥, 704 (15)

AHaITOTUYHRIE 3aBUCHMOCTH WMEIOT MECTO [N NEePBBIX POU3BOAHBIX nepe-
MELLIEHHH

4 . F

r — ' /
Vye S Vo 10z, 5 V. =v,, -8y, , (16)

a TAK>Ke 1A NMPOU3BOJHLIX BLICILIHX NOPANKOB.
4.8. [IpogoneHble cuibl B cTonGax paBHbI:

L
N.:f =_F?i-'+£§4 Eﬁ'k Tk : (17)

[Ipy 3TOM nNONHas BEepTHKaNBbHasA Harpyska A, cronba ompefensercs no
dopmyne

b, = 7o fo ()2 a8

L
Jnsa paBHOMEpPHO pacrnpefie/IcHHON BEpTUKAITLHON HArpY3KHU NMojy4daem

P. =P +xp.. (19)

L

[TonoXuTenbHBIMH CYHTAIOTCA PACTATMBAOILHAEC NPOJONBHEIE CUITBI B CTonbax,
4.9. Cosuramonime CUIbl B COCOMHeHHAX (NEpeMbIUKax, 3aKJIaJHLIX geranax
M T.I1.) BEMHCIAIOTCA 1o GopMyTe

AT = Thog ) (20)

rane T =T — MHTEHCUBHOCTH CABHTAIOIMX YCUIIMI B ypOBHE NaHHOM CBA3H Aoy —

HI1ar cBA3eH Nno BLHICOTE,
4.10. lIna ompencneHUs MNONEpedHLIX cHA B cronbax pexomeHnyercs fpen-
CTaBMTH MOJIHLIM H3ruGarOLUIMA MoMeHT B ctonbe M: B BHae CyMMEI

My = Mgt Mpi s 1)

roe Mg, Mp: — H3rndaiolie MOMeHTbI B cToNbe OoT JeHCTBHA COOTBETCTBEHHO

I'OPU3OHTAJIBHLIX H BEPTHKAITBHBIX CHIIL.
FlpyHMMas 3HaYCHMA NOJHBIX U3THBaoluMx MomeHToB No dopmyne (14)

M YYUTHIBasA, YTO BTOpasi coctapnsiowas B opmyne (21) pasHa:

n ¥ »*
= — + _ - L
Mpyi APy 93“-' k{i{ ik 7:& Yk P:. €y - 22)
sz::‘xp.f.'*“‘zh E. T =. -p*E*
P ¢ TZe LT, ik Tk ck . zi 7
The 4. , z; — PACCTOSAHWA OT LUEHTpa CTO/0a £ [0 HYNEBOH TOMKH CBA3MN
k ; nocne mM@pdepeHUHPOBAHNA H MPeOOPa30BAHUA MONYIAEM:
g A
— ! _ r o I 1 _ / ‘
Qy. = qu‘. = My‘: Mpgz.' = (ii.’y +6’zé.)3n. kgf Eﬂk'}; !’{L'A+P¢'Ey£ s
( Mr f ' = 14 1t s : (23)
zl q'u ~ Mz{ Mpll:: (Vaz *ny)ﬁy‘- kgj 8;.,& 7;‘ zg‘k+PL'EZ‘: .

2% i1



4.11. IuddepeHunansible YpaBHeHWA, C HOMOILIbIO KOTOPbLIX ONPEAEIAIOTCA
HEUM3BECTHBIE, BLITEKAlOT U3 YCNOBUI COBMECTHOCTH dedopManHil U paBHOBECHS .

4.12. YpaBHeHMs nepBOro THNa (COBMeECTHOCTH HedopManmi) OCHOBaHbBI
Ha aHalH3e MOAHBLIX B3aMMHLIX CMeELICHHM KOHUOB CBsi3ell COBHIa BCIEICTBHE
OCeBRIX M H3rnbHEIX nedopmaunit cronbos (pHc. 6).

N3-3a oceBbix pedopmaliit cTonbos TOYKH MPHKPCIUIEHAA CBA3HM { K CTOJN-
Gam cMeLIaioTCA Ha BenmIuHy o, /» PABHY10

;o= - 24
.filzf A (24)

o c’
rme Ay, 4, — ocesbie Oedopmatind cOOTBETCTBEHHO PACTAHYTOrO M CXKATOro
cTONOOB, NPUMABIKAIOLINUX K CBA3H ¢ .

Ocenble pgedopmauuu cTondOB OINpeleNAIOTCA OCHCTBHEM MNPOAOIBHBIX CHIT
Ha y4yacTKe MEXJy CCYCHHUAMH x=Const U x=H

H
—_— I': ! = 2
AJ. !(NJ. /AJ.)JS (/=1 nam J=C), (25)

roe A — oceBas XeCcTKOCTh cronba, BhiuMcnaemas o dopmyne (1).

BcnemersHe M3rubHeix gedopmaurit cTosiOoB KOHULI CBA3YM [  CMELLAIOTCA
Ha BeNMUHHY 5, PAaBHYIO

0;2 - chyt gi-g'_ zt zh’ ﬂxyﬂ ycgi > Xzec “ec o (26)

rae of — YTkl HAaKIIOHA CTOJIGOB B INOCKOCTAX, MApanyensHeix ocaM ¥ 0 Z
Y4: 52454 80ir%¢ — PACCTOAHHUA OT UECHTPOB TAXKECTH cTondoB 7 W € 1o Hyne-
BOH TOUKH CBSA3M (¢ (Ccm. puc. 5).

¥rnbl HakJIOHA cTonba ¢ KOOPOHHAaTaMHK Y., X;

L
OTHECEHHBIMH K HavaJny Koop/AHHaT, 3aBUCHMOCTAMMH:;

CBA3AHEI C HepemeHIEHHHMH,
p ’ y )
_— e . T L= et
oc,g‘. Vﬁy 8 zZ-5 o€, F;?z: & Y, - (27)

[loncrasnAs 3uauenun dopmynest (27) B dopmyny (26), nonydaem mnepeme-
HIEHHE o, paBHOE

J—— ’ J— ! — /
2= Yoy Ly "oz 2 O e @

rae Ly, Iy; — OTHOCHTeNBHBIE KOOPIHHATDI CBA3H, &), —~ CEKTOPHANBHAS KOOP-
AUHATa CBA3H, BbIMHCIIAEMbIE 110 PopMyTIam:

zyf_' = .‘/c L/ Zzt.' =T Zy, (29)

— - - -+ .
W =2 4i "1 Tt 20 " Ye Zpp - (30)

a) |4 b)
‘]J}1 e
SENCENE

Puc. 6. B3avMHBle cMeuieHHS KOHIIOB CBA3H COBHIa BCJICICTBHE OCEBBIX (a)
U H3THOHBIX (6) nedopmanuit cronbon

12



Ecnu romuuHa cronba npexHeGpeAuMO Mana, TO CEKTOpUanbHas KOOPAHHATA
. paBHa
A

A
W = 4, 7 g;, ZZL' ’ (31)
- ~
rae Y, » Z; — PACCTOAHHA OT Hayayla KOOPIOHHAT [0 HYNMEBOH TOWYKYW CRAIW

é
¢ (CM. pHC. J).
[TonHoe B3auMHoe cMmelienne ¢ KOHIIOB CBS3M [ PaBHO

di— =0ﬂ‘;1 "Ld:-z . (32)

B To xe BpeMsa mormioe cMeteHHe J; MOXHO BbIPa3HTE Yepe3 HHTEHCHBHOCTD

cnnurar;mero yCUIHs B CBS3N T 7. 4 K03 PHIMEHT NOXATIMBOCTH A ¢ To ¢op-
Myle (4)

;. =A.T!. (33)
L FA £

[lpupaBHuBass ypaBHeHusa (32) #u (33), yuuthiBast ypaBHenus (25) u (28)
u BBens ofo3HaueHHe &= 1/A Tocne oDHOKpaTHOro AuddepeHUHPOBaHNA Mo X,
noJIy4aeM ypasHeHHe COBMECTHOCTH AepopMalMH B BUe

I
- O-w. —u li + U

¢ Tt 7 (c=1,2,..,1). (34)

YUucrio ypasuenu#t (34) paBHO YMCy CBsi3edl cOBMIa B pacyeTHO! cxeme
3MaHUA,

B ypasdenuu (34) ¢, ¥ — COOTBEICTBEHHO HOMEpa CTOJIGOB CKATOT'O M pac-
TSAHYTOIO CABHUramle# cwrof 7. . BLIOOp HOMEPOB CKAThIX U PacTARY TBIX CTOTN-
60B OCYNIECTBNAECTCHA NPONIBONBHO ¥ PHKCHPYETCH B CTPYKTYPHOU MaTpulie.

[lp¥ BLIYUCHEHHHM CceKTOpHansHON koopdMHaThl cBA3le#t no dopmyne (30)
PACCTOAHHA Z4;,4,; NPHHUMAIOTCA CO 3HAKAMH H CYHTAIOTCA NOJIOKHTENILHBIMH,
€CITd HalpaBNeHHEe OT, UEHTPa TAXKeCTH cTonba £ 110 HyneBo#it TOUKM CBA3KH £ COB-
MajgaeT ¢ MNOJOXHUTETBEHEIM HalnpaBleHHEM OOHOMMCHHBIX KOOPOMHATHBIX OCeEH.
AHanoruyHoe NpaBuIo 3HAKOB PaclpoCTpalleTCcs HA BEJIMYMHBL Z,. -, Yo,

4.13. YpaBHeHHs BTOPOro THIMAa BKJIOUYAIOT TPH YPaBHEHHA, BhITEKaKUIMe

M3 YCIOBMH paBHOBECUS BepXHeH 4YacTH HNPOCTPAHCTBEHHOH HECYLIEH CHCTEMBbl
3[1aHUA:

= _(_/;: (=7 yb
S QFxt MOt TP +£M+571 =0, (35)
MZ. > X » ‘Z : EZL' - Lz ’
[=1 & L= ¢=1
m m  Kkp
* % * 0 _n° - + =
G_‘/Z "Qz y T oy “p dz yﬂ+£§1 (ny ‘L 07’-5 51')4‘§IM‘ .

roe ¢,, Z, — KOOPOHHATHI TOYEK HPHJIOKEHUSA pPaBHOAEHCTBYIOLLMX MOPU3OHTANb-
HBIX Harpy3ok; M; ,Q; — COOTBeTCTBEHHO MOMEHTHI H NONepeYHble CHITLI B CTOJI-
Gax; M?, Q° — paBHOOEACTBYIOLME I'OPHIOHTANLHLIX HArPY30K B IIPOH3IBOITH-
HbIX CeueHMsiX, oNperenAemsble o dopmynam (9), (10), (12). (13).
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Ilocne npeoGpa3oBaHusas ¥ oRHOKpaTHoro mHbPepeHURPOBaAHMS YpaBHEHHS
PaBHOBECUA NMPUBOIATCH K BUAY:

Yt
W — 8 HTD + Z’t T / Z L= F . (36)
Voz Y/ Z zy 24 ¢ Tt z7

ﬂ'f

8"p, —8D°+v, D -V +ZTw £, 1

w 0y Tyz o0Z 394

rhoe ¢, 22 — coome'rc'mermo HoMeEpa M obuuee KOMMUECTBO CBA3eR COBUra pac-

qe*mcn cxemm D — CYMMapHbie U3IIHOHLIE KeCTKOCTH CTONOOB pacyer-
Ho#t cxemm 55 Cy MMapHbIe XeCTKOCTH H3rMOHOIo H YHCTOI'o KPydYeHHUs
cTonboB; Fz , — (hyHKIHMH Harpy3ok 3[aHuA, onpedeniemMmsle no Gopmy-
mam (39); 5

23Dy cymmapume BCHIOMOTaTeNIbHbI€ XECTKOCTHbIE XapaKTEepHCTH-
Ku cronbop. ¥= " *Y
4.14. CyMMapHRIC XKEeCTKOCTH CTONOOB pacyeTHOR CXeMBl paBHHI:

I r
.Dy -Lé_'; Bzz 2 “Dz =£§ 55:5 ’ 'Dw::‘é' Bui s
" 2 2
pw -£§ (Bz:l' z; 7 5y£ 90 )’ D

rie B — u3rubGHible XKECTKOCTH OTHENbLHLIX CTOJI00B: 5 ~ ¥EeCTKOCTH CTONBOB
P YHCTOM KDYHEHUM; ¢, /7 — COOTBETCTBEHHO HOMepa H oﬁmee qMCIIo ¢T0JI00B
PacyYCTHOH CXEMBEI,

CyMMapHBie BCTIOMOTaTelbHbIE )KECTKOCTHRIE XapaKTepUCTHKH cronbo L, y
M .D » OTIPEAENsIOTCA Mo hopMynam:

" m
‘Dy‘?:,f._.v—,’ Bz:2: 1729:‘;2_-::; Byc Y - (38)
4.15. CsobonaHhbie aneHkl ypapHeHH#t (36) paBHI
QX +Q°+ T p.e, s E=Q+Q+Z pe. .
Jz1lc &L
/‘;} = O;z*_(.?: +0 Z, "‘Q ga+2p (gg"z‘ _ezé%)-’ (39)

* &
rae &y,(@, — paBHOOEHCTBYIOLME NTOPUSOHTAIBHLIX HAPY30K B MMPOH3BONTBHOM

cedyeHHH x , onpedensiemuie no opmyne (10) wnu (13); ¥, , z, - IKCUEHTPW-
UTETHI ITUX PaBHOOEHCTBYIOIMX OTHOCUTENEHO HaYana KOOpIIMHaAT,

4.16. Tpu ypaBHeHHsA paBHoBecHA (36) COBMECTHO ¢ YPaBHCHUSIMH Hepas-
peisHoCcTH AedhopmMauuit (34), yHCNO KOTOPLIX PaBHO YUCTY cBA3eld cosura n, ob-
Pa3yOT cUCTeMy JNUHHERAHLIX nNHOOPepeHUHamBHBIX YpaBHeHHUH, peliag KOTOpPYK
C YUETOM TIpaHMYHbIX YCIOBHH, MOXHO ONpele/IMTh HEUIBECTHbIE CABHTAIOIINE
ycurms T, M TiepeMellieHUs Voy , Yoz Y &, a Takke UX MPOH3BONHbIE. HHTEH CHB-
HOCTb CIHBHIAIOILMX ycum{ﬁ T=7/, yrnel HaKJIOHa Koy = ¥y s X gz =V W76,
KPHBU3HBL Koy = V., Koy wf H X, ~0" aB HeoOXOOUMBIX Clyuasx npons—
BoJHbie Bonee BI:ICOKHX nop:mxoa “ﬁanee BBIMHCIIAIOTCA BHYTpEeHHUE YCHNHA

B JIOOBLIX KOHCTPYKTHBHBIX 3/1eMeHTaX H nepemMelieHMsA mobObIX TovYeK 30aHMA
no dopmynam (14) — (23).
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4.17. Bo3MOXHEI padnHuHbie (OpPMBI paspelialoumx OHpPepeHuMaTLHBIX

YPaBHEHHUH,
A koHCTPYKUHH, pacCuMThiBaeMbIX (€3 y4¥era BIHAHHMA MPpOHONBHOrO H3I'H-

6a, nopsaok cHcTeMbl (36) MOXHO MOHN3HTE:

M

7 ” _ :
" N - - . (40)
v,,D,~8 'ng+£§f T.1,-=M, ;
Effp _9D0+ n-p _ pr +§TW=M
(7, &t oY “YZ  0oZ ZLY Zq4 L L w

CymmMapHble MOMeHTHL M, , M, u GimomeHT M, TOPH3OHTANIBHEIX U BEPTH-
KaNbHhiX Harpy3o0K, JeACTBYOUIHX B3 I1aHHe, PABHELIL:

— ag® . AT o, m * Kk o mMm
= + + M+ L =M + + >
My=M +Q x+M+ 2 Pe 5 M=M+Q,x+M, ZRe,;

i=1 ¢ ¥t
- o 41)
- 4 . _ ¥ x* » 1, _ 7, m (
M, (1\/!9r x@Q, )z (M, +xQ )y +M, Z,-M g tf_.‘:’;e x
* (Ey‘: < Crc yé)'
* -
Z
~ I
I
Puc. 7. K omnpeneneHuio teHTpa KecT- 7 :
KOCTeH - — —+-————— —
{{enmp :
nECTIHOOT!

[Ipn nepeHoce Havasia KOOPAHHAT B UFHTP XKeCTKOCTeH, pacCToauus A, u 4,
[0 KOTOporo OT Hayana [IPpOHJIBOJILHOR CHCTEMBl KOOPJHHAT (CM. pPHC. 7) paBHHBI:

a4,=0,,{0,; a,=D,, [D,, (42)

CYMMAapHBIe BCIIOMOraTeNbHbIC XECTKOCTHBIC XaPAKTEPHCTHKH J,; U Qﬁ;ﬁpam-
TCA B HyJb, YTO NMPUBOOMT K Ppa3flelIcHUI0 NepeMeHHbIX B ypaBHeHHsax (36)
ume (40). Hanpumep, ypaBHewus paBHoBecus (40) npH nepeHoce Hauana Koop-

OWHAT B LICHTP XECTKOCTEH! NMpUMyT BUNL

8 F. 2

i/ — - /4 — -
Vg Dyt ZT L, =M G Do+ 2 T4y, =My,
8'D ~8D°+5 Tw.=M @3)
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[Ipn 3TOM BO3IMOXHA NMONCTaHOBKA YpanHeHHM#t (43) B ypasHenus (34), uro
npuBener K cucreme A dpepeHIHATEHEIX YpaBHEHH, 103BONAKIUNX BLIMUCITHTD

SHaUEHHA HEM3BECTHRIX 7. H & ; CYMMAapHBIA NOPAJOK 3TOH CHCTeMEl DaBeH
re+1:

1, (Dt w.w.(D,)-0w. D) [ D,y B+u R~
g yf,/-D z .ZL/'D M w /-D (L-=Z,2;...;h); (44)

"o 9D 4 5 - (45)
8D, 860 :57;.%. M,

Ecn¥ Hecyuiag cCcHCTeéMa 30aHMA BIKJTIOYACT TONBKO JINMEMEHTHI OTKPHITOIO
npopiisA, XECTKOCTAMH KOTOPHIX IpH YHCTOM KpYYeHHH MOXHO NOpeHeOpeus,
ypaBHEeHHE (45) CTAHOBWUTCA U3NMUILHUM W CHCTEMEI paagemamumx ypaBHCHHHA
BKNIOYAIOT 71 OOHOTHMIHEIX ypasHeHU# (44) npu M3 KOTOPEIX OTIpefie-
NAIOTCA COBHralouwme ycwma T, . 3arem, HCHOHBGYH yPaBHEHHUS (36), MOXHO
HaitTH NepemMellieHnsiy 1 8, a TaKKe ux NMpOM3BOAHRIEX =V , X=V U T.0,

4.18. O6bMHO HauaI0 KOOPOHMHAT PacloNaraloT B LECHTpPE >KeCTKocT i, Mo-
CKOJITBKY 23TO MO3BONISICT YMPOCTUTE CTIPYKTYpY ypaBHeHuitt, [Ipu pazpaborke
ABTOMATH3HPOBAHHLIX METOMNOB pacyera JOCTHUraEMoe TAKHM NpUEMOM yIpolle-

HHe HE CYLUECTBEHHO, B TO Xe BpeMsA MCIIONB3OBaHHE NMPOHM3BOIBHOH CHCTEMBL
KOOPHHHAT o0neryaer pacuer HEMOHOTOHHBIX 110 BBICOTE HECYIIHX CHCTCH. BCIIEH~
CTBHE YHH(PHKAUMH BHMHCIHTEIBHBLIX onepaldil B pa3HBIX YPOBHAX. AHajGIWH-
Hele IIPEAMYULIECTBaZ HMMeEEeT MNOPOM3BOJIBHAA CHCTEMa KOOPIHHAT IPH pacuycTe
30aHHH € y4eTOM (PM3IHMYECKOR HETMHEHHOCTH MaTrepHana METOAOM YIIPYTHX
pelleHHR.

4.19. dna cummeTpuuHBIX B N1aHe 30aHWH, dedopMalisi KOTOPLIX He COMPO-
BOH(I].aETCﬂ 3aKPYUYHBAHHEM, BO3IMOXXHO IPUMEHCHHE MIOCKOR pacdyeTHON CXEMEL
Copuramoumde cMibl TPH 3TOM ONPEdeNAITCA W3 peuieHHs CHUcTeMBbl muddepceH-
IHAJTRHBIX YPpaBHCHUN BH/IA

MT = E7e“7‘ cg_:fac T, E Lyl B,

4, B, *u =M1, (D, (i=12,.,R) =

4.20. IIna xKoHconbHOM MopenH ¢ NNOCKMMH auadparMaMy 3ajauya pacyera
CBOJHMTCA K PELIEHHK CHCTeMBI TpeX DHGdepeHUHanEHBIX YPAaBHEHUN, BLITEKAIO-
ux M3 ypasHeHu#t (40) npu h= @, B KOTOPBIX HENIBECTHHIMH ABIAIOTCH TONBKO
NEpeMCLLICHH A

rr /
+ ——
Yoy Uy * € D,

vy’ Yoz

g ww(;!’/l?y v D,,~6D =M . (47

0Z Z¥ W w
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Iipy pacnonOoXeHHH Hadana KOOPOMHAT B LEHTpe XECTKOCTEH, YpaBHCHMS
(47) npeBpalllalOTCA B YPaBHEHHUA C pasfieNleHHEIMY NepeMeHHBIMH

/4 -_ . 1 — .
Vaypy =M, v, D, =M, ;

" - ¢ _
9"0 O, = M, @8)

YYET BIIMAHUA TPOAONTBHOTO U3IHBA

4.21. PacaerHas MOJICNIL ¥ BCe ee 3jleMEHTh! IIPHHHMAIOTCA B COOTBETCTBMH
c mn. 3.1-3.6.

IIpy 3romM ycnosua COBMeCTHOCTH pedopmauuit cronboB U cpAleft non-
HOCTBIO COXpaHATCH d maudrdepeHuManpible ypaBHeHMA THNA (34) NONHOCTHID
CIIpaBelMBEI.

4.22. YpaBHeHHs] PABHOBECHS BKJTIOYAIOT Teneph AONOJIHUTE/ILHbIE YJICHRI K
KMEIOT BHI ;

I > 8 n
My ¢ E M+ My ST 2, =0
s n
My, * E;'E’: M, +£__§ M:.:' +£§7 T; zz{ =7,
. » x 0 0 < o
ay < "Qz 4 '“Qy 2" R Y9 +£§,(0y£ 2, ~8z, ;) *‘E‘; MKP- 0, (49)

roe Mf — NONOIHHTENMBHLIE MOMEHTBI, BO3HHKAaKIIHe B CcTrondax, BCIEACTBHE
IpoOJONbHOrO H3rnba KOHCTpYyKUMA; & — obmiee 4uMCNIO BCEX 3JIEMEHTOB CHUCTE-
MBI, HECYILHX BCPTHKAJBHEIC HATPY3KH, B TOMYHCIE KOJIOHH KApKaca, )KeCTKOCTD
KOTOpBIX OOLIMHO BO BHUMAHHE He NDUHMMaeETCs ; M, M, — CYMMapHLIE MOMEHTUI
IrOPH30HTAIBHBIX H BEPTUKAJIBHBIX Harpy30K, NpHHHMaeMble no popmyne (41).
4.23. 3HaucHUsAA [OOMONHHUTEIBHBIX MOMEHTOB, BhI3BaHHbIX OedopMaunsaMH

KOHCTpYKIIMH, PaBHbI:

EMB_IE "’IE' iy EP*+9$*
c=1 ye I =1 Pe W=7 pl: Z‘: 04 /=1 ¢ ;‘5‘32::;
3 B S _Z' S S « S .
—_ -— p ___9 .
M =LZp L, oryty, ZR-GLFYy, (50)

B ypasHenusx (50) cHMBONIOM I o60o3HaueHbl PyHKUMH, 3ABHCHINHNE OT e-
dhopmaimit cucreMsl (cm. puc. 8):

I, "-‘![vay(x)-vgy (§)]a§ ;
I, = ![Vaz (x)=v, (&)]d¢; (51)

I, = [[64x-0¢2)]dE.
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Y17 Puc. 8. K BrIBOlY ypaBHeHH# paBHOBECHSN
T T IpY HPoNoNLHOM M3rnGe

i
3
= S
o
N
HuTterpanel (51) 3aBHCAT oT napamerpa,
- Hx IIpOM3BOJHBbIE ONpEHENIAIOTCA BhIpaXe-
X HHUSAMU:
! = r. /. r. I = ’ (52

4.24. Ilpun onpeneneHHM NONEPEYHBIX CHN TaAKXe HeOOXOmUMO YUHTBHIBATh

MpooonBHYIO Harpys3ky. Ilpeacrasup monHbIf warnbaoupii MOMEHT B CTON06e Kak
cyMMmy no dopmyne (21), Bo BTOpoH cocraBnawlieli AONONHHUTEILHO YUTEM

BIIMAHUE MPOOONBLHOro H3ruba:

,D*(.g*,f-y +9z.)+p.z.{a+g.l +2, & 7;5/‘;&5 (53)

* .Z' - T
e — +* — l F 2 * + *
MPzi xp{ 2% e (Ezi d Yz B%) it P ]&’ 4'5 6‘:'* & fo

B pesyneraTe Mony4aeM cleRypoiliHe 3aBHCHMOCTH I8 OOpERCICHHA nole-
PEYHBIX CHUN Qy; “Qz; B crondax:

/ ¥* ¥ ¥ A ’ .
"p 21,31"'40. +e 9. z" et e*k T-k ytl‘k ? (54)

2

P * I * ! _
+&-_l/£9)( F:. oz ~ 9_%. Z'EJ&&Z&'

4.25. Nonctapmsisi ypasHenue (53) B uepBhie B2 ypaBHEHHA CHCTEMBI (49)
U ouddepeHuupyd HX C YYETOM YPaBHEHHUA (52), a 3HaueHus dopmyn (54)
B TpeTb€¢ ypaBHCHHe cHcTeMbl (49), ntocse npeobpa3oBaHHA NOAYyYHM CHELYIO-
1nylo cucTemMy Tpex mHddepeHLUHANEHBIX YPAaBHEHWHA, BLIPAXKAIOUINAX YCII0BHA PdB-

HOBECHA
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W oy “yz Yoz zy IeP AV A;
+V’23Pz—y’ Zsﬂgﬂrfr.'m:fr (55)
oYy t=1 ¢ L 4 L= ¢ “e (=1 ¢ ‘ W’

rae P, — NonHble MPONONBHBIE CUITBI BO BCEX 3NIEMEHTAX, BEIMMCIIEMEIE TIO dop.

MYH&M (18 um (19); F — rpysosnie 4ieHBI, npuﬂumaemme no ¢gopmMynam

(39); Y2+ 72 — NJIEY0 BEPTHKANBHOK HArPY3KU OTHOCHTEIIRHO Hayana Koop-
i &

.tl.l-!l-la'r
Cnc'rema Tpex ypaBHeHMH (S55) COBMECTHO C ypaBHeHUSIMM HEpPa3phIBHOCTH

nedopmanuif

ML
AT zu —v'l ="l  -8% -
e -tk{", €l ucgeckk ‘g'gzyt AL A
- 'é‘t?t 'H‘ce' (56)

o0pasyoT NoaHyKw CHCTeMy AHM(QdepeHuHaNBHBIX ypaBHEHHH, pelueHiie KOTOPLIX
NO3BOJIAET ONPENREC/THTE YCHIMA B 3M1eMeHTaX H NepeMellleHUA NPOoCTpaHCcTBeHHOR
CHCTeMBI 311aHHA C yyeToMm 1edopMHpOBAHHONW CXEMBI.

4.26. YpaBHeHusa OedopMHUPOBIHHON CXeMbl HMeT pAd ocobeHHoCTe# MO
CPaBHEHMIO ¢ YpaBHeHHAMH (36),

[lepeHoc Hauaria KOOPAHHAT B LIEHTP XECTKOCTEH pacueTHOI cXeMbl He IIpHBO-
JUT K MOJHOMY PAa3JIeNIeHHK’ HEHIBECTHLIX NepemeuieHUlt B cucreMe (55), xoro-
pasd MIpUHUMAECT BHI:

3 ;S P
v _D +t@ XL 23T L .=F;
0—‘{ L-'-‘Z;p‘ i=1 % £=Z'f L nyv Fj;’)
"y D + f Es p -5’ s I’ +£y 7—/ _..F (57)
Vﬂz < yﬂz o=1 L "_*‘:Ey i %- Y ) ZZL - z?

A / 7 > Y S "
0D+0(ZPr*-D0)+ vy EPz~y! ZPy +FTw=E

4-1"1- &

Insg TOJIROTrO pasliesieHus nepemerieHUH HeoOXxoMMMO BRITIOHERUE HOMONMHK-
TENBHEIX YCNOBHA

5 )
Zp Z . E P_y.:O_ (53)
=1 ¢

{, ‘- '::."1 L L

DT0 O3HauyaeT, YTO BIMAHHE IPONOTBHBIX CHI BHOCHT CyLleCTBEHHbIe 0CoDeH-
HoctH B paboTy TMPOCTpPaHCTBEHHOR Hecylilel cHcTreMhi 3/MaHusi, Ecnu ycrnoBHs
(58) He BLIMOMHAKTCA, OEHCTBHE BHEIUHUX Harpyalok OyHer Bcerga comnpoBOX-
OaThC NOCTYNATCNBHBIMH [IepeMelICHHSIMHE 3J1aHHsT B HallpaBJIeHHH 00eHX Koop-
AKRHATHLIX oCefl H 3aKpyuYUBaHHEeM, a B pacuerdx Ha ycroluupocrs Oylem 1tony-
YaTh €0HHCTBEHHOE 3HaUCHHE KPHTHUYECKHX HATPY30K, COOTBETCTBYIOIEE N3THOHO-
KpYyTHJIEHOH $opMe MOTEpH YCTORUMBOCTH. IJTa e KapTuHa Oyner HaGmopaTsca
U ONA CHMMETPHYHBIX 30aHHA ¢ HECHMMETPHYHOR BEPTHKANLHOA Harpy3KoH.

4,27. B HEeKOTOpPBIX BAXKHBIX [JIF IMPaKTHUSCKHX IMPUNOXKEHHHR YAaCTHRIX CIy-
yasiX ypaBHeHHsI YIIPOILAKOTCA,
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4.28. ]JIna OOHOCBA3HBIX CHCTeM CHCTCMAa IHddbepeHUMATBHBIX YpaBHEHHH]
COCTOHT HU3 IBYX YPaBHEHMH, B KOTOPBIX HEH3BECTHBLIMH ABIAIOTCA COABHTAIOIUAA
CHNNa J Y NepeMellleHHA ¥ .

17, 17 # *
AT (e 0,)T- " L= (PR xp )=, (B4 xp,) 59
v ﬂf_p+ Vf(grﬂ'-“_ p2*+ xp1+Xﬁ2)+ T’z____ a*+0ga+ﬂe‘?+p262' (60)

Iina aHanm3a ynob6Ho npeobOpazoBars ypaBHeHusa K Ge3pa3mepHoMy BHOY,
BBeaa OeapaimMepHyro koopluHaty & =x/H u Ge3zpaszMmepHble Heu3BecTHRIe X=TIH u
w=y/H, TOTAA YPABHENNA ORHOCBAIHON CHCTEMDB! NPYBOIATCA K BHAY:

X'~ Byx—(1-B) 7 °w"-ycE +v ¢ =0; 61)
W+ (§V I )w'= X' -+ 7 18-05(1-a)§%]=0. 62)

B ypauenusx (61), (62) urrpuxom oGo3HaueHa npon3Isoauan no Heapaimep-
HOR KOoOpIHHaTe & ; KO3 PHUUMEHTHI YpaBHEHHH PABHBL:

7= HV[(u, +u)D+12]/DA’; (63)
B=D/(D+A,z7 +Az22); (64)
v=H3232' p.|U,; 1»’*=H2£'e*/17; (65)
L=1 L=7

=H? F . @t=Q*H°ID; (66)

By =H" L pelD; P =a"H[D;
Py =gH?IP; (67)
C=H-abs(1)(c, &, +Cu,)[hs €= H-abs(i)(c;uﬁ clu,)fA;  (68)
> " 1""'n: * x (69)

cf:Pf/;;-rPi’ ¢ {/ge

'paHMuKble yCIIOBHA 3alauM B yposHe & = 1 npu nedpopMHpyeMOM OCHOBA-
HMM MOXHO MOJIyYATh TaKxe B Oe3pasmepHoit dopme w3 ypasueHuft (118) u

(122):

w'm+w'=0; (70)
X'+n°x-(1-RBl7°w-ny-n"y* =0, (71)

rie m,nfn; n*- xkoapPHIKeHTHI NOJATIHBOCTH OCHOBAHNAA;
m=1[HR ; (72)
ne=H(u’ +uy )/ A; (73)
n =abs(l)(c,ul-c,uz)lA; (74)
n* =abs(l)(clud -cu; ), (75)

rpe R — cymMMaphas XecTKOCTh OCHOBaHHs , BbUHCsgeMas o popmynam (119),
1« %~ koadhdHIMeHT, BEUMc1AeMblt o dopmyne (122).
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[Tpn abcomoTHO XKeCTKOM oCHOBaHKHH (w7 =n°=n%= () nonyuaem
w'=0; x'=0. (76)
B yposHe &= () rpaHHdHbie yCIIOBHA 3a1aHbl COOTHOULIEHUS MH:
- 4 - -
W"'o; X"D; W"'H(”/ +2;\1P£ E. )/_D_ (}“},
A ’

4.29. YpaBHCHHA OJ11 KOHCONMBLHOH CHCTEMbl MONYYHM H3 YpaBHeHuR (55),
mpunsB & = 0. Ilepexons x Ge3pa3MepHbIM KOOpPIKWHATAM H HEPEMEILECHHAM |

HONYIHM:

8y D T OSSR
RO R N S ST
! i * !
g¥+(V, &+ )’J“aqo)g+d_(t{%z Woz ? ())!{Zd;g +)§/Zd;)w i
Ao Oy i~ (V& + V) )W), < £, (80)
me y =u Ep/D; V,=HZp)D,,; (81)
y‘z L= 1 ‘ Y ’ =4 t=1 t‘ z’
* 2 2 m
Vg = H .-.E'; g /Dy ; Yy =H ,;5 P"/D, ; (82)
— I ' ¥ L~ _
vy:c H ;‘-‘3 P" Z"' /-p 2 vyz_;'{‘gpi Z‘:/.py: (83)
2 Tt . e
3 g
= 2 . * _ .2
V‘*‘ H :i-: PeT; /wJ ))w_HLg,,%*?:?/‘Dm? (85)
4= D, [HD,; 0,y = D2y [HD, ; (86)
2.8 2 ) 2 .
#°=H'D,D,; F,=HD,[D,; I=HB, [D, 6D

I'py3ossie unensl B ypaBHeHusix (78) — (80) ompedensiorca Mo ClAEHYyOUHMM
dopmynam (6e3 yuera rOpH3OHTAIIBHBIX COCPE[JOTOUEHHBIX Harpy3oKk Q%):

— _ _ 21 .
=% %yB 05(1-2,)8%]; (89
.,cz=—fFPz—¢?¢z[§—Q5(1-'£z)§2];
‘Fw=-‘ppyd;+wpzd;—q::;y‘za%[¢_ .
Fq5{1#ay)€2]+ ﬂzypd‘; [§“Q5(1#a1)$ J-’

2 m i
Cy=H Z p:e, lD,; B,~HZpe,

PY ‘=1 { yf- (89)
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- 3 . — 3 .
oy = 9y 1 /Ds" qu“?::H /Dz 5 90)
z, =2, [H; Yo=Y [H. O

Cgcrema YPaBHEHHN pellaeTcd NpH CNEeAYIOINX FPAHAYHBIX YCNOBHAX:
npy & =1

i 4 i / — . .
Woy Myt 8 m,,+ woyfﬁ ryz= 0 42)
_n” - - /7
Wy, My =68, + W, ~ 1, =0, (93)
" 7, 7 I ! —-str’ - 94
g mu+“’&g My Yoz ma/z+9 Yoy "wy er'uz b, o9
rae
_ . _ .
My =Dy [HRy 5 yr= Zyr JH Ry 5 7= Rz [HRy 5 33)
m_ =D IHR, ; m =0 [HR, ;7 =R, JHR, ; (96)
F- z z’ng Zy R ?;'g" zy F,
my, = D, MR, 5 My, = Dy [R5 7, =Dy IR o)
Ty =Ry Ry 3 Tz =HRzy [ R - (98)
IIpy £ =0
"1"9”01 _ *+fpﬁ* /D
oy + 070 =My * £, B €00/, ©9
n o t _ & d N ¥ (100)
w,, =€ d'z_y- (M + 51 e, /D
" If ’ - ¥ K ¥, X T o%af -
@m0, 0w, =M 2w, y™ P e,z /D 0D
— = £ = 102
Woy=w, =0=0 (102)
IIpu yCNOBMH NONHOTO pa3deNeHHs NepeMeHHBIX ITPH 1',3“,«,;-'1?*ir =f) + 9ﬁ= 92 =
= 9;z= ‘);.1:: 0 OJTyYHM TPH OZHOTHIHBIX He3aBHCHMBbIX YPaBHEHHA : 5
w"+ (). E+V -0 )w! = £, (103)
2 ¢ : ¢ L L

rme (=1, 2, 3.

O6pwHO ypaBHeHMA BHIa (103) EMelOT MecCTO ONIA CHMMETPHUYHRIX 30aHMWH
P CHMMETPHUYHOH BePTHKANBHOA HArpy3Ke.

CooTBeTcTBEHHO mMpeobpalyioTcAs IpaHWJHbIE YCIOBHSA, BRIpaXXeHHbIE ypaBHe-
HUAMH (92) — (94), (99) — (101), xoTOophKie MPHHUMAIOT B,

§=1; w'm +w'=0; (104)
§=0; w!'=M/D.; w, =0 (105)

¢
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[Hopapox cucrem (78) — (80) wm (103) MOXHO TIOHM3HTL NOACTaHOBKO#
= w'. OKOHUaTenbHBIA BMI YpaBHEHMH OCNe NOACTaHOBKH OYEBHIEH H NO3ITO-
MY HE NPHBOONTCH .

I'PAHHAYHBIE YCITOBUA H YUYFT NMNOAATITUBOCTH
OCHOBAHHA

4.30. Cucremnl nuHe#HBIX OuddepeHUMaNBHBIX YPaBHeHMH pellaloTCa IpH
onpedcnieHHAIX TpaHHYHLIX YCIIOBHAX, KOTOpBIE BBLITEKAWT W3 ItOMETPHYECKUX
ocobenHocTel, HUMeONMX MeCTO B BeplUMHe 3JaHUI H B YPOBHE OCHOBAHHA

HEeCYUIHX KOHCTPYKIMHA.
4.31. B BepulnHe 3[0aHUsA, T.e. B YpoBHe x = (, rpaHHdHbBIC YCNOBHA UMEIOT

BH:
Voy =05 ¥, =05 €=0; (106)
{ H IEPUE T S 1 - — LA R (107)
Vaypy+9 ‘%z- My +{_‘§,e Eyaf d l"a':a:.rD:v. 2 Br.y Mz+£1€ ezi’
'/ 17 1/ ¥ m % % x
+ - == -
Dyt Yoy gz~ Yz Vey™ M., +£§,g (6,2, =€, 4;),
7;_ ::a (‘;*: ,}2} e ﬂ)- (108)

Yenosua (106) ABRAKOTICA CIEACTBHEM IMDUHATOTO paclONOXKEHUA Hayala
KOOPOWHAT B BEPILUMHE 30aHHA.

Ycnosua (107) BbITekaOT M3 ypaBHEHUH CTATHYECKOro paBHOBECHA BHYTpPEH-
HUX K BHELUHWX CMJI B BepllMHe 3[aHMsl, NIpH 3ToM M), M¥ M) cootBercrBerHo
CYMMapHLIC MOMEHTHl H OMMOMEHT TOPH3OHTANIBHLIX H BEPTHKANBHLIX HATPY-
30K, JEHCTBYIOIUHX Ha 3/1aHHEeB ypoBHe X = 0. JTH YCIOBHS MOIYT ITOABIATHCH,
HallpUMep, NTPH HeTUNIOBOM BEPXHEM 3TaXe.

CNIH Harpy3ku B ypoBHe x = 0 oTcyrcrByOT, BMecTo ycnosu# (107) cne-
Ay€eT NPpUHUMATE;

(A . It _ . o
Yoy a, v,,=0, 8 =0. (109)

IIpy 3TOM rpaHuuHble ycnoBuA (109) cnegyer UCIHONB3IOBATL TOIIAKO B TOM
cNyvyae, Korda B cucreme gudpdepeHUHANbHAIX YpaBHEHHH ypaBHEHNA PaBHOBECHS
BXOOAT B BUAE ypaBHeHHS (36). EciM e HCHONE3YIOTCA ypaBHEHUA PABHOBECHA,
BKITIOYAIOUIHE TONILKO BTOPhIEe NPOKW3BOXHBIE NepeMELCHHA, TPAHHUYHEIE yCNoBHA
( % 82; yOOBIETBOPRIOTCH TOXAESCTBEHHQO, a LNA pELIEHHA NPUMCEHAIOTCA YCIIOBHA
{ .

I'panuuHblie ycnoBusa (108) ABNA0OTCA CNeNCTBHEM paBEHCTB2 HYIO WHTED-
Bania HHTETPHPOBAHUsA B ypoBHe x = 0,

4.32. B oCHOBaHHM 30aHHA, T.€. B ypoBHe x = H , rpaHMUHbIE YCNOBUSA BbIpa-
AKAIT B3aHMOIENCTBUEe BEepXHEH YACTH 30aHHUA C OCHOBAHMEM, KOTopoe B ofiuem
cirydae ABJIAETCH IoJaTIMBRIM, B KadecTBe MNOJATIMBOIO OCHOLBAHMA MOTYT
ORITE QYyHOaMEHTBI, OMUPAIOLLHECSH HA TPYHT, U HETHNIOREIe KOHCTPY KUY HUXHUX
FTAXEH,

4.33. PaccmoTpum oGum#t cnyuait mogaTmMBoro OCHOBaHUA 30aHug (puc. 9, a).
B ceveHu x=H ma xaxporo cronba BoaMoXKHEI OCTYIATEBHLIE [IEpEMELLICHHA
B HaNpaBIICHHH KOOPAMHATHRIX OCeH, a TaAKXKe YTJIOBhIE nepemMelleHus. [Tepeme-
[11eHUS M YI'bI NOBOpOTa 0003HAYHM

d;s > dlyi , @265 Cys s Kz -
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Puc. 9. CxeMbl NOQaTIIHBOrO OCHOBAHUA
a — obumh cnyva; 6 - wacTHbIl cnyyalt (oCHoBaHHe, HOHATIIHBOE IIPH NOBOPOTE)

PeakTHBHBIE YCHITHA, BO3HHKAIOWHE B OCHOBaHHH Kaxaoro cronba,cBs3aHbl ¢
YNPYTUMH XapAKTEPHCTHKAMH OCHOBAHNUSA 3aBHCHMOCTAMH:

@

N, =d, Ty; (110)
Mfi:“ﬁ" My¢'+d;4' /ayi' M:£=O('zéﬂz£+d;j M, ;; (111)
Qu; = oy Tyt Oy 7y 5 Q= Tty 7 (112)
rne 1,2,...,Mm  Homepa cTonbos:; », 7, M, M — yIpyrue XapaKTepHCTHKH
OCHOBaAHHA.

4.34., Ynpyrue xapakTepHCTHKH OCHOBAHHWH YUCIICHHO PaBHbl pCaKUMAM, BO3-
HHKAWMM NIPH COHHAYHBIX CMEILIEHUAX: 7, — BEPTHKAILHAA peaKuMs, BO3IHU-
Kaolasi [pH BEPTHKATLHOM CMEIUeHHH OCHOBaHHMA 4= 1; M,; , M, — PeaKTHB-
Hble MOMEHTBI, BOBHMKAIOUME NpH eNHHUYHOM YTIOBOM o, = 1 M rOpH3OHTalNE-

Rom &, = 1 nepememleHnax; r,; , ¥y, — FOPA3OHTATBHBIE PEAKIIMH, BOZHUKAIO-
e MY eMHHHYHBIX TOPU3OHTAIBHOM O,; = 1 W yrioBomar ;= 1 mepemeltte-

HMAX OCHOBAHHUSA H T.0.
4.35. B ypoBHe OCHOBAaHMA MOXET HMETh MECTO COCPEROTOYCHHAM CBA3L

caBura, xo3d@PUumeHT nogarTIMBOCTH KOTOPOH, paBHEIR Ko3dPHIMEHTY nponop-
IHHOHANIBHOCTH MEXOY BenHudHaMy nepepe3piBaiollielt CHibl B 3TOH CBIA3H M
B3aHMHBIM CMeELLeHHEM ee KOHUOB, 06o3HauuM A9, PazMepHOCTh K03 DHIIHEH-
Ta nofarimBoctd [A’] = m/1. Casuraouee ycunm€ A7, B 3T0H CBA3H paBHO

_ a f
AT, = (A AT (113)

J
rane 7; =7.(H)— MHTEeHCMBHOCTE CABMTAIOLIMX yCWITHI B ypoBHe X=H.
Ilepemeiienns oraensHbix cronbos &y &y, ays a7, B Gopmynax (110) —
(112) cBsi3anbl C epeMelllcHIAMHA Yoy, Yoz M £ BecyieH cucreMbl 3aHUA 32-

BHCHMOCTAMH ;

Dy = o T 82,5 Oy =, -8y (114)
= ! 4 S _ gl
Ky = Yoy 102, =y, ~8Y,. (115)



YpaBHCHHA, BBIPAXAIOIIHe TpPaHHYHbIe YCITOBHA, MOXHO NOIYYHUTH, €CITH B
YpaBHEeHHH CyMMAapHOT'O PaBHOBECHS BHYTPEHHUX CHJI B CTONOAX, BHIPAXXEHHBIX
yepe3d NepeMelieHUs 3[1aHUA H YCUIHH B CBA3NX COBHI2, H peaKUdit OCHOBaHHA
no popmynam (112) — (110) noacrasurte 3aBucumoctt (114), (115). I'paHuy-
Hble yCnoBHsA OyayT OpenacTaBRATE Cobolff ypaBHEHHA, COfepKauiHe 3HadeHMst
HEU3BECTHRIX NepeMellieHHH U CABHTAloUIMX cHn B ypoBHe X =/ . Takue ypaBHe-
HHUA CJIOXHBI, TOJTOMY IR PacyeToB 3paHM# pa3paboTaH aIrOpHTM, ONMHCaHHLIA
parnee B HacTosAlLlleEM pa3jiene.

4.36. EcM B ypOBHE OCHOBAHHA IOPH3IOHTANIRHLIC NEpEeMeELICHHA HeBO3MOX-
Hbl (pHc.9,06), T.e. ccHoBaHMe ofnagaer TONMbKO yHnpyro#fi NOJATIIMBOCTHIO,
BCNEACTBHE MOBOPOTa (KpeHa) PYHRAMEHTOB, B KaueCTRE YPABHEHHH CYMMapHO-
ro panﬂﬂnemn HCIIONb3YEM PABEHCTBO CYMMBbI MOMEHTOB H OHMOMEHTa B ypOB-
He X = H:

m m @ r”r m e
(=1 Mf/‘: B 55 M!fi ; ,;5 My :';5 My (116)

” e .
& (Myz,-M,: 4;) =Z (Mz.-M_. y.). (117)

Noncrasnaa B ¢opmynul (116) u (117) pacuernnie 3aBHcEMocT (14), a
Takxe dopmynsl (110) — (112) ¢ ygyerom dopmyn (114) m (115) nonyuaem
TpH YPaBHCHHSA:

Y, " / / e
Vog Dy € Dyz* Yoy 5y ? 6'Ryz =9
Vor Do ~6" Dyt 1, =0; (118)
8"D +|,‘3;p -v"ID_+8R *V. R _-v' R =0,

173 Yz o0z <y w Oy Yz o7 XY

rae Dy, D,,D., Dyz, Dz, — cyMMapHbie CCTKOCTH Hal3eMHOM YaCTH 30aHuA,
onpenensemMsie no popmynam (37); R,, Rz, Ry, Ryz m R_,— cymmapHile

XapPaKTEPHCTHKH XKECTKOCTH OCHOB2HU, paBHbIe: 4
L m
AE s R=Zmy, 1
m m
NS M Rey =;§1 Mz Y s (120)
nt
Rw - £§! (My;' zf My, 5‘12) (121)

4.37. Kpome TOro, fONIyYdM /r YpaBHeHHH (110 WHCNTY CBA3CH CABHIa) BHOA:
o & 0 r o 0 '
VT -« kgfstk AT, te kZ.-.;; Eor (N /Ak )T -

o / ; !
- U ;e T +u 2 & 7;4-@ zyﬁ.;?zznwewﬁ (122)

Ecmu B YDOBHE€ OCHOBAHHMA COCpeAOTOUYCHHAA CBA3b COABHIA OTCYTCTBYET,
TO B cucteme ypaBHenuit (122) cnefly er npnHnMars A;/A7= 0,
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Ina cucreM ¢ GeckoHeuno nmofarnuBbiMu (CUIZPHHPHBLIMH™) CBA3MAMY CIBHU-
ra B K24eCTBE FPAHWYHEIX YCIIORIMHA ClleiveT NMpUHUMATE TPH ypaBHenus (118),

4.38. Iipn aGconOTHO KECTKHX OMOPHBIX 3aKPerjIleHHAX I'paHHYHbIe yCIOBHUA
B YpoBHE X =fH MMeT BHA:

‘' —n. S SR S '
Voy =05 ¥,.=0, 8=0, T =0. (123)

4.39. B obuiem cnyvae noxaTIMBOCTL OCHOBAaHMA NPM pacuyeTe 3MaHMA npeaa-
raercs yUMTLIBZTH Ha OCHOBC CIIeRYKLUETO ATTOPHTMA.,

B ypoBie oCHOBaHWA BBOOATCS TPM THNA (PUKTHBHBIX CBA3CH.

Ileppbr! THN cCBA3e#, UMCIO KOTOPLIX PABHO UMCIY CTONGOB, HCKINOYAET
BepTHKANEHbIC NepeMelileHHA nocneguux (puc. 10, a).

6)
D Y 4

/

T '\' ‘1

&
—

Y JAN]

f—r

Puc. 10. O®uxTHBHEIE CBR3Y, HCK-
MoYaloliMe BEPTHKANLHBIE (4],
YIJIOBBIE (6} W T'OpPH3OHTAJILHbIE

_ b
‘ . (8)  nepeMelICHHd  ONOPHLIX
h—.‘ ..“

; ceyeHHH cTonboB

1

4

]

Bropott THI cBsA3efl (YHCIIO KOTOPLIX PaBHO TpPEM) HCKINOYAeT YITIOBbIE He-
bopMalu x, =V, ko, TV5r,%,=6 B YPOBHE Xx =74, JTH CBA3A BBOIATCH
B TOYKE II1aHa 30aHKHA, COBMECIIEHHOA C HAYAJTOM KOOPIXHHAT, H B CH1Y OPHHATHIX
NpeAnoChUTOK O HededopMupyeMOCTH NepekphlTHR MCKITIONAeT YITIOBbIE ZedopMa-
MM X0, KAXKIOro c1onba HarnamgHoe H3obpaxkeHue KOHCTPYKUHH, OCYILIECTB-
NAIOUIER 3aKperUleHHe BToporo THHa, 3arpynuurensHo. Ha puc. 10, 6 moxasaHa
cxemMa nogoOHOH CBA3H 1A MITOCKOH CUCTEMEI,

Tperidt Tt cBaA3zeft (uncno -CBA3eH TaKXKe PABHO TpeM) MCKITOYaeT FOPH30H-
TaLHBIC CPCMENIEHHUA NPOHIBONBHOW TOUYKHU MNAHA 3[TaHWE M TOBOPOT BOKPYT
ropH3oHTaNIBHOA oCl X (pHC. 10, 8). ITH CBA3IH HCKITOYAIOT NIEPEMEILEHHE ¥ gy,
Vo 4 & B ypoBHe x = /. CBHA3M TPETHEro THUMA BBOAATCA TOJNBKO B TOM CITY-
qae, KOrda B KayeCTBE MOIATIHBOTO OCHOBaHHA PACCMaTPHBAKITCH HETHIIOBLIE
KOHCTPYKIMH NepBOro 3raxa. g I'pyHTOBBIX OCHOBAHHR BOIMOXHOCTL FOPH-
3OHTAJIBHBIX NHHEHHBIX epeMellleHHA He pacCMaTpUBaeTCA.

HeuspecTHbIC NepeMellieHNA OCHOBAIMS ONPeReIiAioTCA K3 CHCTEMBI IHHEHHEIX
armrebpaMyecKUX ypaBHeHHNA :

S
2 a.. P ta =0 (=12, s), (124)

J=1 & [

TALT 4"_', — HeH3BECTHDLIE NepeMEelieHHA OCHOBAHHNA | g‘}- — kK0P DHINEHTH MATPH-

IBI peaKIimit,
O6111ee YHMCNO HEUM3BECTHLIX MNepeMelleHNH CoCTaBnAeT S=m+ 6 HIn §=m+ 3,

€C/TH JIMHeHHbIC NepeMelleHHS B YpoBHe x = H HeBO3IMOXHLI, I'fle /m— YHCIo

cronbos pacyeTHOH CXeMbl,
[Ipu 1 <7 €M uepemeuieHHd P; ABAAITCA BEPTHKANBHBIMU I1epeMellie-
HMAMH oCHOBawMit cronboB, npu M+ 1 J = m +3 nepemenieHus §. ss-
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JIAIOTCA YITIOBRIMH TIepeMeineHHAMH HeCymett CHCTEMEl B YPOBHE K=t (€, , =Yy s
cpm*2= Vor: Prr3=8"); npum+ 4<y<m+ 6 nepeMerienns ¥; ABNAOTCSE ropu-
30HTATBHBIMH NEPEMEINCHHUAMH (P 44 = Voy; Prnes =Voz5 Pmse=8).

Kaxnet K03 PpUIHeHT MaTPHLIL ﬂ-g PCAKIMHA paBeH CyMMe:

B H
a * a : - + - o

(125)
5

e <2;; — peaKkuMs, oSyciopnetHas COONPOTHBIICHMEM HaJ3¢MHOM 4YacTH 3[aHHA

COOTBETCTBYIOLMM CAMHUUHBIM NEPEMEIICHHAM; &3. ~ PEaKIMA, 00yCrnoBJicHHAA

COOPOTHBNIEHHEM OCHOBAHHA TEM Xe lTepeMeElieHHAM.

eaKIHH, O0YCIOBICHHEIC COOPOTHRNIEHHEM HaA3¢MHOH YaCTH 3[aHHA, OoIpe-
HeNATCA 1o GopMyaMm:

IIpH 1<, < i1 4:2,.3.=N__‘ (126)
Y, ¢y’
1 3 >
E=m+1,, + = -
» yaeey I R ey, ; ;5 My& ) (127)
8 i 8 rz
a =2 M, .« = ~
me2 [ k=g ZKj’ mt3;, ;5 (Mﬂ”‘J % M""‘ff%)f
P o
L= m-f-d'{’ , m+bh am+¢u —k{'-:'i' aykj >

Oy syi= 5 Q- ; =X(@,.z-@ (128)
me+ 5,4 = zkj- » am“'ﬁj J' Py _4{4{'1 zj; ij-‘/k)l
rie M, N, @ — BHyTpeHnwe ycHIms B cronbax, onpefenseMuie no GpopmMynam

(14), (17), (23).

BuyTpennue ycunus N, ;7'M -, ;- ontpe/iensioTCA pacyeToM Hai3eMHOM 4acTH
3NaHNA Ha BBEIHYXICHHBIC €QMHHYHLIE NepemellieHMs ocHoBaMus #, = 1. Ilpu
ITOM HArpy3KH NPHMHMMAIOTCHA paBHbLIMH HYITIO ¥ pELUAIOT(A OJHOPOHEIE CACTEMAI
nuddepeHHaTBHEIX ypaBHeHH# (34), (36) M HOp., 2 TpaHUUYHLIE YCIIOBHA B
YPOBHE A = H COOTBETCTBYIOT pacCMaTpHBacMbiM CIHHHYHEIM BO3ICHCTBHAM.

ECrmH  paccMaTpuBaloTCd BepPTHKANBHbBIE IMNEpEMEUIeHHA ONOPHBIX CedcHAl
crondoB, T.e. ipy = 1,2, ..., /7 , TPaHHYHbLIC YCIIOBHA BhIPaXaOTCHA 3aBUCH-
MOCTAMMU:

A7 cBA3ell, NPHMbIKAIOWMX K cTonby /

T/ = £ A ] (129)
O OCTANbHEIX CBA3ECH
T'=0 ; (130)
1A YTTIOB KAKJIOHA
yay= yaz =8 =0 (131)

Ecrmu paccmaTprBarTcs YrnoBbic HedopMaudd OCHOBAaHHA, I'PaHMYHLIE yCNo-
BHS HMEOT BHA:

ona y=met
AT =~-1,.; vg;'-: 1; v,=0; 8'=0; (132)
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' {
AT =14, "a; =05 v, =1; 8'=0; (133)
g j=m+ 3
AT =—w,; Vg =05 v, =0; 8'=1. (134)

I'opH3OHTaNIBHBIE NEpPEeMELLICHHA BBEICHHBLIX CBA3efl He BBI3RIBAIOT HOedop-
MallH¥ Hal3eMHOH 4acTH 30aHHA, NO3TOMY NpH M+ 4 £, £S5 COOTBETCTBYIOILME
PEAKIMH He BO3HHKAIOT:

8 .
a’ =0 (c=12,..,s) (135)
Peaxuuu 2 , 0BYCNOBJCHHblE CONPOTHBIIEHNEM OCHOBAHMUS ne%opma-
LLHAM, ONPENeNIAITCA pacueToM OCHOBAHMS Ha ¢AHHHUHEIC BO3OEACTBHA ¥;. An-

F'OPHTM pacucTa 3aBUCHT OT KOHCTPYKTHBHBIX ocobeHHocTelt H pacyeTHEIX MOLe-
e OCHOBAHHA,

Insgs OCHOBaHHUA, pacueTHAss MOIEJNIL KOoToporo onucaHa B 1. 4.36,xo03dduum-
eHThl  al. peMHcIAOTCH no gopMynam (126), (128), npy 3TOM B NpaBLIX
YaCTAX BMECTO BHYTPEHHHX yCHWIMH B cTonbax TNMpHHUMAITCA PCAKTHUBHLIE YCH-
nus no Gopmynam (110) — (112).

CBobonHbie ufieHsl @y, cucTeMsl ypagHeHH#E (124) onpenensioTca TakKe Ho
dopmynam (1?.;5' — (128), npy 3TOM BHYTPEHHHE YCHJTUSA [IOJTyYaeM B pe3yJibTa-
TC pacyera 3[aHMsA Ha 3adaHHbl¢ BEPTHKANbHbIC H TFOPH3OHTANBLHLIC Harpy3kKH
IIPH OOHOPOAHBLIX 'PAHNYHLIX ycnoBusax (123).

OxoHuaTenbsHbIe YCHITHA B 3/IeMCHTaX Hecylle#l CHCTeMbl BRIUYMCISAIOTCA peLie-

HyueM cHcTemMbl IHPdepeHiuHanbHbiX ypaBHenHud (34), (36) npH clnegyroumx
I'PARUYHBIX YCITOBHAX B ypoBHe X =#:

r -

T =(R-%)/A; (136)
J— Y A . /

Vﬁy - m+1 ? Vaz_ - me.z ) 5 ¢m+3 . (137)

4.40. PacyeTHBIC MOMENN OCHOBAlIWS, NpencTaBiieHHbie Ha puc. 10, a U 6, He
YUMTBIBAIOT B3aHMHOYO BIMAHWUA QylnamMeHTOn. TakHe pacueTHBIE MOJENH Halo
paccMaTrpHBaTh Kak INPHOIMKCHHBIE B CiIyvae OTHeMbHEIX (YyHOAMEHTOB mogd
cronbaMu (jinadpparmMamMu) no rpyHTOBOMY HNH CBAaHHOMY OCHOBAHHIC, 2 TAKIKE
B Cny4ae, Korga B KadyecTse NONATAUBOTO OCHOBAHHA PACCMATPHBAIOTCA KOHCT-
PYKUHHM TMCPBRIX HETUHNOBBIX 3Taxce# 3gauuin. 1A oCHoBaHMH, BBINOTHEHHBIX
B BHIE CIIIOIMHBIX PYHOAMEHTHLIX TIJIMT TOYHOCTh, 0f0ccncuywpaemMas pacCMOTpEH-
Ho#t pacucTHOM MOIEMBLIO, ywe Heldocrartouwna. B pacuerax agaHu#t, ocHoBaHUA
KOTOPHIX 00/1anaioT CYLecTBeHHOR pacHpelesTATENLHON CTOCOOHOCTRIO, MOXHO
UCNOJILIOBATE ONUCAHHBIA anropuIM, HO IIPH 3TOM MaTpHuUA Ko3ddHuueHTOB
2! nomxna GuIT MOAYYCHA PACYETOM OCHOBAHHSA HAa eIHHWUHBIC KHHEMaTHUYeC-
KHe BO3NCACTBHA ¢ HMCIIONBLIOBAHUEM YTOYHEHHBIX PacYCTHBLIX MOIelcH OCHOBA-

HHSi, HOCTAaTOYHO MOJTHO OTPAXKAIOUIKX €10 NeACTBUTENbHbIC (PUIHYECKHE CBONCTBA.
4.41. llpuBedeHHEIe 31ech AJIMOPHTMBI MOTYT OaBaTh olpedelicHHbIe TTorpelll-
HOCTH B OLEHKE HaNpsAXeHHO ReQopMHUPOBAHHOIO COCTOSHMA 3JaHHN HA mojar-
JIMBOM OCHCOBAHHWH, KOTOpLIC ABAAIOTCA CleICTBHEM OCOOCHROCTEH NHCKpPETHO-
KOHTHHY AJTEHOA pacyeTHON MO ey,
OnHuM U3 OCHOBHBIX CBOHCTB OMCKPETHO-KOHTHHYANBHOM pPacyeTHOR MOnenH
ABnAeTca nonodbue ynpyrux nuHHHE Bcex cronboB nna moOBIX TOYEK MO BHLICOTE
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Puc. 11. Cxema yTOYHEHHS SHBPLI
MOMEHTOB B KpaeBhIX 30HaX

3naHuA. ITo noaobue codnropaercsd Tak-
e JAnd  NpoM3BOOHBLIX JcdopManuil,
BKJIOUAA KPHBU3HBI H MNPOHU3BOMAHBIC
BLICLIMX MNopAllkoB. B pesynbkrarte Ha-
rubaouiuit MOMEHT OT BHCLIHHX Harpy-
30K € YY€TOM pa3rpyXawuero mMoMel-
Ta COBMIalUIMX CHIT  JCMUTCA  MEXAQy
cTon6amu NponopluHOHAIBHO HX XKECTKOC-
TAM. TaxkoB (QU3HUYEeCKHH CMBLICT pac-
yeTta Ha OCHOBE pellleHWA OIHOR M3
CHUCTEM YPAaBHCHHH C 1OCIEeAYIOLIMM ONpe-
gericHHeM  M3rdifawnmx MOMEHTOB No
gmpmynam (14). Pe3ynbTaTel pacyerTa
NH3IKHX K AeHCTBUTENBHOMY pacnpenene-
HIIO younu® nna cnydas abconoTHO Xec
KOTr'0 OCHOBaHMA, a TAKXe eC/IM OTHOILUCHHe

KECTKOCTE OCHOBAHMA KaXIOOro CTondGa mpH NOBOpPOTE PABHO OTHOLIEHHIO HX
H3rHOHBIX XKecTKocTeld, B MpOTHBHOM Criiyuae pacueT MO WU3NOXKEHHON MeToguke
MPUBEOET K NPOTHBOpEYMIO: u3rHbalonmit momeHT B HadparMe B ONOPHOM
CeYeHUHM x = H , olipedeNcHHLIN pacyeToM HECYLIEH CHCTEMBEI 3IaHHA, HE COO1-
BETCTBYET H3rnbawiuneMy MOMCHTY, BO3HHKaWUIEMY B yrnpyro#t 3anenke. [Iporu-
BOpeqHe 3TO HOCHT MECTHLIA XapaKTep M ABIACTCA CIeACTBHECM NOTPELIHOCTEA,
BOJHUKAKUIMX HOPH ONpelelleHUH YCHIMA B KpaesoH 30HE 10 3NeMEeHTApHOH
TEOPHH COIIPOTHBIIEHHA MATCPHAJIOB, KOTOpaA HUCNOML3IYETCH NPH aHanu3e RaIpa-
KEHHO HOe(pOopMHPOBAHHOI'O COCTOAHMHA 3NEMCEHTOB pacyeTHOR CXEMbl, MpencTan-
NAEMBIX CTepXHAMM. PacnipedeneHue HampsKeHudt B KpaeBbIX 30HaX cnedyer
onpeNendaTk METOJAMH TCOPHH YHOPYTOoCTH. B nepBoM NpUOAHXKEHHWM MOXHO
OrPAHWUHUTHCA YTOUHCHHMCM 3MIOPHI HITMOAILMX MOMEHTOB B [PHOMNOPHOH 30HE,
UCTIONb3YA B Npedeniax KpaeBol 30HEI H— A & X € nHHeHRHYIO nmel?nonaumo
(cM, puc. 11) u BbiuMcnAA pacueTHLIC mmgfmume MOMEHTHEI M‘“C P no odop-
My e

M5 = M.(5)(H ~x)f b+ M, [1- (H-x)] (138)

i

Kp]i

roe M, (x) — narubaoume MOMEHTHI B KpaeBolt 30He cToN6a, BEIYHCIIEHHbIC
no cbopmynaM (i4); M — u3rudaw it MOMEHT, B YIIpYTO# 3alesnke.

BAHMS?‘IHHE 3aBHCHMOCTH CICAYET NPUMEHATE M B BEPXHCH KpaeBoH 30He
(0= xsh )

M) = M) x bt M (1= Xk, ), (139)

*
roe M,”— usruGaoumit MOMEHT B BeplUIMHe cToNGa, BOZHHKAOIIMI OT Harpy30K
HETHNOBOTO 3Taxa.,

BeSIMUMHEI BEPXHEi W HHKHeHl KPaeBLIX 30K 4, =5 (rme 5 — BuICOTa nomnepeu-
HOr'o CeYeHHA CcTonba) .
B neppoM npHGMOKEHAH JONYCTHMO npnnnmm

M.= M., (140)
r7e Mf — peaKTHBHEIC MOMEHTRI, onlpenenaeMele o dopmyne (111).
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4.42. B HexOTOpEIX (pedenbHbIX CIy4asix, IUTI0XO MOAJAOLIMXCA AmMHpPOKCH-
MAlHH C TOMOUBI0 OUCKPETHO-KOHTHHYANBHBIX pacyeTHBIX MoHeneH, 3aBHCH-
MocTh (140) Hyxaaercs B yTOYHeHHM. KOHCTPYKTHBHBLIM NpH3HaKOM NoJ00-
HBIX MpedenbHbIX CYYaeR CIYXHWT pe3xasd OUCOPONOPUMA B XKecTKOCTIX CTron-
OG0B M HMX OCHOBaHHH, KoTopas Habjpodaerca, HanpHMep, KOTrda OCHOBaHHEM
MOILIHOT'O CT0J10a CNy>XHUT KOJIOHHZ HHXHero raxa (B 30aHHAX ¢Oo croboHo#M
UTAHHPpOBKOW HHXKHHX 3Taxe#H). B 3THX cnyuwasx CTAaHOBMTCH nenecoobpazHbiM
HCITONMB30BAHHE JUCKPETHRIX pACYETHLIX MoOernell B COUeTaHHH ¢ AHMCKPEeTHO-K OH-
THHYANTBHBIMH, C AOMOIUBK KOTOPLIX MOJTYYaoT NpHONUXeHHOe pellleHue, KOTo-
poc 3aTeM YTOUHAETCA B 30HE KpaeBbiX 3PPCKTOB, MOACIIHPYA (PpParMeHTHI
Kp2eBOH 30HBI CHCTEMONH CTEPXHEBLIX H APYIHX OUCKPETHRIX 31ICMEHTOB.

4.43. O6GnacTe DPHMEHCHHS IMCKPETHO-KOHTHHYAJILHON pacyeTHOHR. MoOJeJH
ONsi KOHCTPYXKTHBHBIX BAapH4aHTOB, NpHONMIKAIOLWIMXCA K OpenenbHbIM, MOXHO
PACLUKPHTL, HCNONbL3YA YTOUHEHHBIH anroputM YueT2 B3aUMOAeHCTBHA Hal3eM-
HOH 4acTH 3aHHA ¢ JePOopMHUPYEMBIM OCHOBAHHNEM,

OcobGennnocTd anropMTMma pa3zbepeM Ha npuMepe CHCTEMBLI ¢ TIOHNATIIHBBRIM
OCHOBaHHeM Mo puc. 10, 6, nonyCcxkawiuHM TOMBKO HOBOPOT ONOPHBIX cedeHHH
cT0n60B.

PaccMOTPUM TUIOCKYIO PacHeTHYIO CXeMy Uil 1LaPHUPHO-K ORCONBRO MOJIeITi.
IlpyuMeHAasas KakK M pai'bllie MeTOI NepemMelticHUM, o6pa3yeM OCHOBHYIO CHCTEMY
BBEIIcHHEM (PHKTUBHIX 330eNTOK, HWCKITOYAIoUMX M[OBOPOT, B ONOPHBLIX ceyc-
HUAX Kaxaoro crofa. HeuwspecTHbIMM  3apauM  ABAAIOTCA YINOBLIE TIepeMce-
leHns ¢ onopHRIX cedeHuH cronbor ( (.= 1,2,....m, The m— YUCIIO CTONI-
60B), KOTOpBIC ONPEACNAKTCH pellCHHEM CHCTEMbBI KAHOHHYECKUX YPaBHEHHHA

.. PtR =0 (=1

j=1 & J P JZJ*-'; m) (141)

I'naBHble K03QDHIHEHTH CACTEMEBI KaHOHHUEeCKHUX ypaBHeHHH (141) paBHEI:

= Ag. ‘ (142)
Py SMpEM

M= ke B 14,0 )(7-8 [D). (143)

InaueHue Koagduumenta £, B dopmyne (143) onpelenseTCE PacucToM
cron®a kak HepaspelHo# DalIKH C NpojieTaMM, PaBHBIMH BLICOTAM 9Taxelt. Ilpu
AOCTaTOYHOMH BhICOTE 3MAHHA M paBHAIX BHICOTaX ITaxel £~ 3.5,

Tlofounbie KO3DPHIMEHTH! 7 ; BERUCIAIOTCH Mo hopmyne

=~ M 44
r; S M A1+26,,+4.,)8 /D, (144)

roe  f.v1, f;2 — doKyCHble OTHOWEHHWR [IBYX NEPBLIX TIPOJIETOB IIPH Npencranie-
HUK £-To cTonha B BHjie Hepalpe3Ho#t Canku.

I'py3oBrie KOa(pPHLMEHTRI ONPEACNAIOTCA B pe3ynbrare pacdeTa Hajgi3eMHoH
9aCTH 30aHHA C HUCNOJIh30BAHMEM YpapHEHHR H 3aBHCHMOCTER [HCKPETHO-KOH-
THHYaNBHON Modenu NpH a0COMIOTHO MeCTKOoM OCHOBAHHU,

[locne pellicHHA cHcTeMbl ypasHeHHMR (141) W onpeaelieHHM HCH3BCCTHRIX
YIIoBBIX nepeMeuteHuit ¥ onopHmrIx ceyeHW#t cTonboB, 3HayeHUs Harnbaio-

£
{IIKX MOMCHTOB M‘: B OIOPHLIX CeYEHHAX ollpeendioTca no dopmyrne

~ — 1

EM.P.- P . +R. . 145

M. =M. P Jé,; 7, v R, (145)
J#e

YTouHeHHA ONOpHLIX MOMEH fOB C IIOMONIEC ONMHCAHHOTO aNiropHTMa B 00uIeM
clyyae NUCKPETHO-KOHTUHYaIIbHOH MoNenmM Helenecoobpa3Hbl B CBA3H C Upe3-
MEpHON I'pOMO3AKOCTHIO BbIWHCHelull, PauuoHanbHOH o0051aCTBI0O NpHMEHEeHUA
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ATITOPATMa  ABJIAIOTCA IIpHONHMXKEHHBIC MOHOENM 3ilaHus, MCIONB30BaHHBLIE B
MPpaK THYCCKHUX METOIAX pacyeTa, HINOXKEHHBIX B pa3d. S.

4.44. Ilpu dopmymupoBke ycnoBHH CONpsXEHUM B MECTaX CTYNEHYATOTO
K3MeHelINA XKECTKOCTEH 3/IeMEHTOB W CBA3EH nonHoOC pellleHHe 3aau Npencran-
nfAeTcst KaxK COBOKYIHOCTH PeLUCHHH I8 HHTEPBAaJlOB C NOCTOAHHEIMH XKeECT-
KOCTAMH, KOTOpble HOMKHBI YHAOBNETBOPHTE OOWIMM Kpa¢BbiM YCIOBHAM CO-
MpAXeHUH HAa rpaHHIIAX.

B crnydac CTyneHYATOro HM3MeHcHMA HITHOHBIX XEeCTKOCTeH cronba yclnoBHsA
conp spKeHnA BhIpaxalorca dopMynamu:

* Lk A + ¥ ¥ & *
(ae,, + X, 2,)8, =2, +&, "2 )8, ; (146)
(B, -2 y)B "= (RF-2""y )8 (147)
oz b/ ‘: y" oz F iy y‘_ y‘_'

B cnyvac cTymeHYaToro u3MeHeHHs oceBOol KeCcTKOCTH cTonba YCIoBMA conpsi-
XeHHA BbIpaxalrca QopmMynohl

x _ 2 # * & _ A% o *% N . 148
(pi gg gc'k ?:Jc )AL' (Pb gE; 85/: 2:'& )A,;' . ( )

B cnyudae CTymeHuYaToro H3IMEHeHHs NOJATIIMBOCTH CBSA3CH COBHTra YCIOBUA
CONPSKEHHS BhIpaXkaloTcsa popMynoHt

AYor = \** 7™ (149)
L L

. ¢

B dopmynax (146) — (149) cumBonamu % ¥ %% 0603HAUYCHLI BETTHUHHEI,
NMpHHAIeKAIINEe yYaCTKaM COOTBETCTBEHHO BRIIIE U HUXe rpaHuubl. B dopmynax
MCDIONE30BaHE! 0003RaYeHns ¢ =v, =T’ Vcnosus conpskenus (146) — (149)
o0pa3yT AOMONHHTENLHYKX) CHCTeMY JIMHEMHBIX anrefpanueCkKUX ypaBHEHUIH,
HCIIONL30BaHUE KOTOPBIX HAPAAY ¢ YPaBHEHWSAMMH, BHIPaXAOILHUMM I'PAHHYHBIE
YCNOBYR, NMO3BONAECT NOIYYATH YacTHOe pellicHue CHcTeMbl OudPepeHIMANBHBIX
YpasHeHHH, OTReyaKllice KOHKPETHOA KPacBO# 3aJ13ue,

YucrnewHsId Meron pellednsi TP depeHIHaNTBHLIX YPABHEHHH

4.45. IInsgd BLMHCICHHS BHYTPEHHHX YCHITHt B KOHCTPYKTHBHBLIX 3JIEMEHTaX
Hecylie#d CHCTeMBl 3[0aHHA, a TakKXe JNg OfpelesicHHA €8 TepeMEneHult,
HeoOXOMHMO pellMTh KpaeBYIO 3aHayy AJIS CHCTeMBbI JIMHeRHBIX OHdepeHUNalL-
HBEIX YpPaBHCHMH C NOCTOAHHBIMH UNM MepeMeHHbBIMH KoxpdHuneHTamMy (Tpa-
HHYHbIC YCITOBHA 33[a44 B 001UIEM CIIy4yae ABJIAIOTCA HEOMHOPORHLIMY) .

[lpn pacuere KapKacHO-NaHENLHbIX 303HUR 44CTO BLTPEYAIOTCH IJIOX0 00ycC-
JIOBJIEHHBIE BAapMaHTbl M3-33 OTHOCHTENIBHO HeOONMBLUOH NOOATIIMBOCTH CBs3el
cipura, [loatoMy [Ong peanmu3aiiy OIMCAHHOIO Bbllle aniropMTMma noTpebopa-
nocky pa3paboTaTe crieuMaIbHbIM @RiCTeHHBIA MeTol peLIeHHA cHcTeMm MM depen-
LUManbHbIX  ypaBHeHHH, ofecneunparoIMA HafekKHYI0 CXOMMMOCTH BbIW CIICHUH
B I pOKOM Mana3oHe H3MEHEHH s eCTKOCTHRIX NlapaMeTpoB.

4.46. CyuHocTs MeTOLa PACCMOTPHM Ha NpumMepe CHCTeMb! ypaBHeHHB (44),
(45), KOTOPYIO OJIA NATLHEHIIIETO W3JIOXKEHUS NpelcTABHM B BHIE

; 1
a.¥'=XLb Y+r@p qg,x), (150)
¢ £ J=1 ¢4 J ¢
rne (= 1,2,...,n+ 1 — HOMep HeusBecTHoro; Y. — Hen3secTHan PYHKUMA Bep-

THKANBHOA KOOPAHHATHI X | 9‘11 — PYHKIHSA BEPTHRAUILHBIX P H F'OPH3OHTANBHBIX
4 Harpy30K
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llpu (€n uenssectHan yHxIMA Y, NIpencTaBAeT COGOH CABMTAIOINYIO CUITY
B BepTHKanNkHOM 1uBe ( Y- = T- ),anpu ¢ = #+7— yron 3aKpyduBaHHs npocCT-
PaHCTBEHHON Hecylel cucremMul ( YV.=8).

¢

30eck, Kak ¥ paHblue, 2 PaBHO YHUCHY CBR3eil COBUTA.

Ousnueckuit cMbicn ko3pduuKenToB @, 5. U rpy30BEIX MHorowreHos &. ner-
KO YCTaHAaBIIMBACTCA NYTCM COMNOCTaBNEHAA ypaBHeHMH (150) c cucremoh ‘Sfpan-
HeHu#t (44) u (45).

Pemtesive cucteMsl nuddepeduuansibiX ypassenn#t (150) nonyvaem ¢ nomo-
LB KOHCYHO-PA3HOCTHOHK aNnpoOKCHMAUMH BTOPOH NMPOH3IBOOHOK (PyHKUMOHAND-

HOTI'O HEH3BCCTHOrQ, YTO NPHBOOUT K ClNeOymineH cCUMcTeMe KOHEUHO-Pa3HDCTHBIX
YPaBHEHHWH

n+1
QE A? ( Y;k) =J‘§ b‘:j. 5:‘4 + wf.k ((:'.: 7;2”..",4’3—"" ,{)} (151)

rne 4,(Y,)- 0603HaueHMe Pa3HOCTH BTOPOFO MOPAAKA; & — HOMED Y3Na HHTepIio-
NANHOHHOR CEeTKH.
Cuctemy mHHedtHbIX anrebpawueckHX ypapueuuit (151) nenecoolpazno pe-

IHATE HMTCPALHOHHBIM MeETONOM 3cliensd, BbIMHCIIHA 3HaAYEHUA HEHMIBECTHRIX B
Y3NOBLIX TOYKAX o popMmyne

(¢) | 7 (¢) *t1 (-1) [ (#)  (t-1)
Vo =|-Z0.Y. =2 b.Y i(v +y! )a‘./h{f??]/

j=1 o Tk ;ieq iy (=1 ket X

/(20,/5% 3,), 52

rae A — war cerk; T — HOMep TeKYIe! UTepalUH.

Omicaunbifi anTopuT™ o0nafaeT CrefywiNMH TPEHMY LIECTBaMH. Bo-lepnbix,
NpH BRIYKHCNIEHHH HEH3BECTHLIX IO popmyne (152) MOXHO OTKasaTecd uT Xpa-
HeHHA B namATH IBM nosnHo# marpuuel xKoaddHuueHToB cHcTeMbt (151), ops-
JOK KOTOPOR pdBeH MpOW3BENEHMK) YHMCNAa HeH3BEeCTHbIX n + 1 Ha YUCHO y3.50B
MHTEPTIONIALIMOHHON CeTKH, H OTPaHMUMTBECH 3aNOMMHAHHEM TONBKO KOXb@uitiu-
edtoM B;; cucremel muddepeHupaTLHbix ypasHeHu#t (150), Bo-BTophix, nrepa-
uMoHHBIH ‘nipouecce (152) CXOUMTCA TIpH NMWOGLIX MKECTKOCTAX TEMCHTOB M Cki-
3¢l B OHanazoHe oT HyNd N0 6eCKOHCHYHOCTH, uTo 00CCMEYHBAET €ro YCNelUlHoe
NpUMEHEHHE B 3a1aUyaX pacueTa KdpKacCHO-NaHeNbHLIX 30aHHUA,

CXOOHMOCTL BBMMC/IEHHH C WCIONBL3OBAHMEM HAHHOI'0 anropuTMma obycnor-
neHa cnegywineft aHanorvef. IlpumeHsiss HekoTopble OOLIEU3BECTHEIC MpHEMUL!
(rPYNMIHPOBKY HEMUIBECTHRIX M T.I.), MOXHO MONMYUYHTE CHCTEMY KAHOHHMYECKHX
ypaBHEHHI meToxa cun nubo MeToa ep eMcieH i, COBNalaloUuIyIo ¢ KOHCUHO-Pas3
HOCTHBIMH YpaBHeHHAMHU (152) ¢ TOYHOCTBIO Jio OeCKOHEYHO MAJIbLIX BBICLUMX
NOpANKOB. [Ind KaHOHHYESCKHX XX€ YPABHEHUHt CTpOH1EIbHOF MEXAHHKH INpoLece
ONMpeNeNieHU HEKW3IBECTHOrO, CTOALIEIO HA rTIaBHOH IIHAroHamM, 1no merody 3edl-
pens, 4To coorpercreyer dopmyne (152), cxooHics Bcerga He3aBHLHMO OT
BLINTOITHEHUA OOCTATOYHLIX  YCIOBHH CXOOUWMOCTH,

UACneHHBIR DKCepUMEHT IOATBCPONUN YCTOWUHBOCTB HTEPAUMOHHOTO MNpPO-
ilecca, shipaxeHnoro dopmynodt (152), B 3agayax pacyeia MHOMOITAXKHBIX I30aHHHA
B LIHPOKOM [IHaNa3cHe MOHATIMBOCTH CcoenMHeHMM oOT HynesoR (abcomworTHo

WEeCTKHe CBA3N) no OeckoHewHo OGoneulolt (uwiapHUpHEIE CcOeaHHCHHAS). Ha
puc. 12 B KauecTBe npHMepa NpHBEOEHBI pe3y/ILTaThl pacueTra cOOpHO# XKene3o-
G¢cToHHOM Nuadparmil, BBHIMONHEHHOH B KoHCTpyKumsax cepuw MH-04. Ha rpa-
duKax mnpencTapleHbl OTHOCHTeNbHblE XapakTepucTWkd Y/ Y9 (rme Y9 —
"'ITaNIOHHBIC’’ 3HaYeHHMA pacueTHBIX BemuuuH). flocnenHWe onpeneNnaAnMchL O
xopowio OO0yCNOBJICHHRIX 3a0ay [PYrHMM UHCICHHBIMHM METOOAMU peilcHHS
nuddepeHEHaAnbHBIX  ypaBHeHMt. B ripelienbHbiX  cnywafsx, OPHBOMAIUMX K
naoxo obycnoBiieHHBIM  3agauaM, WCIONML30BANHCL ChEHMadLHbLIE TIPHEMDbI,
YUYHTBIBAOILME YNPOILUEHHA CHCTEMB! YpaBHeHWit, B 4acTHocTH, mpH abCOMoOTHO
NOAATAMBLIX (TLUAPHMPHBIX'') CBA3AX, 3aJadYa CBOOHMTCA K pelUeHHIO IepBOTO
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Puc. 12. Peaynprarel pacuera cOopHo¥i XenesoGeToHHoON Onad-

parmMui ¥HTepaiMOHHLEIM METOIOM
T — ond COBHraloUMX  CHN B KpaftHem paly cBssedl (9=T );

IT — nns xkpuBM3Hbl (Y = 3¢ ); I — npn aGCOMOTHO XECTKUX
CBA3AX; 2 — NPHU CBA3AX peanbHod noaaTIHBOCTH

U3 Tpex ypaBHeHnit (36) nmpu . = (), 370 perueHne MoxXer ObITHL NOIYUYEHO B
3amkHYTOl ¢opme. Ilpu aGCOITIOTHO XECTKHX CBA3SX 3HauYeHUs YCHTHA U aedop-
MALHA MOXHO OIMpelesIUTh, PClIad CHCTeMY JIMHEHHBIX anrebpaHveCcKHUX ypaBHe-
HHF (cm. pasl. "5 TOMHBIM MeTOAOM, Hamnmpumep Meroaom Tlaycca,u t.nm. Ha
puc. 12 npenctaBnensl rpaukKH U3MeHEHHA OTHOCHTEJIBHBIX 3HaueHMR cOoBHraw-
LMX CHJ1 B KpaitHeM pAny cBs3ed ( Y =71 }u KpuBHU3HBL (Y = 4,,) B 3aBHCHMOCTH
OT yHcna A7 Wrepaudil. KpHBhle / COOTBETCTBYKT aDCOMIOTHO XECTKHM CBA3SAM;
KpnBhie 2 — CBA3AM PpeasibHON NOJATIMBOCTH. Pe3yNbTaThl pacueTa KOHCTPYXK-
NHR ¢ OECKOHEYHO ITOJATNHBBIMM COCOWHEHMAMM Ha pHC. 12 He NOKa3aHbl, TAK
KakK B 3TOM CjIy4ae TOYHOE pellieHye MoJiy4YaeTcs B NMepBOM NMpHOITHKEHUH,

4.4°7. OrmMcaHHbI! MeTOA HCNONBIOBAH B [IporpaMMe pacyeTa MHOIO3TAXHBIX
sgaHiil ana IBM EC-1022, paspaboranHo#t LIHUHIII Toproso-6uITOBLIX 30aHKH|
M TYPUCTCKUX KOMIDVIeKCcoB B 1980 r. IIporpamma nonyuyuna KogoBoe HaiMeHoBa-
Hue KACKAIL ¥ lMpoKO HCNONB3YeTCA B NIpaKTHYECKHX pacyerax.

ANTOPUTM NPOTPAaMMbI BKINIOYACT pellieHHe CHCTeMbl MuddepeHuManbHbIX
ypaBHeHUR (44), (45), xoTopoe B COOTBETCTBHMH C H3JIOKEHHBIMHY TIPEeANOCHINIKa-
MH [UId KaXKOIo# uTepauMy COCTOMT B olipefieNieHHM ITOCNeNoBaTe/IbHO IJI BCEX

Y3J10B HHTepHonAunoHHon cetky (re. mna jJ = 1,2. .. .. , (H/h) + 1), 3Haye-
HHA Hen3IBeCTHRIX T, ;H W.. B IaHHOM YPOBHE Mo dopmynam:
7. =[(T 2, T 3 " T
= T Sh- E. T- : ¥
&£/ 1,1-7 :f_;f-',‘)At/h aig:yefkc+ucgq oy off kg A'(Iy" dyk
K#i k=¢ k#¢

"L, = .t ..t : _
Ly oyt “’adm«)* 4f; ?’dmﬁ"téf pfj u, ﬂ,} deg‘ sz a, +

2
* wa dmﬁ ] /(u'f; T, +z€{£ dy&' * Zz:;' dz-z,' ’ W'Q’m t2A. /1” )y (153)



W= Lt E T =M, T 7+ 2/h”). (134)

B dopmynax (153), (154) obBo3HaueHo:
— : — o . .- -
w=8D,; r=D)/0,; d;~1,/2,;

d,.=1,./D,;, 4, =, /D, .

LIt

Yyer rpaduvHbLIX YCNOBHR OCYIIECTBIAETCHS Hy OCHOBaHMHM ypaBHeHu#t (124}

Ilpu 2b6comoTHO XECTKOM OCHOBAaHHH M3 ONHOPOMNHEIX YpaBHeHu# (123),
BRIpaXas 3HAUCHHA MPOUIBOMHBLIX HEH3IBECTHRIX GQyHKUHH B YPOBHE X = H, T.e.
npH J=m+ | (raem= K|k ), uepes UeHTpaNbHble PA3HOCTH

y’ ={(Y - Y. )/2h, (155)

by m+ 1 £+ L, s

nonydaeMm dopmyny (156) ans oupefeeHHA 3nayeHUN HEU3BECTHHIX B KOHey-
HBIX y3naxX MHTepHnONAUINOHHOR CEeTKH

Y =Y (156)

«,m+2 1,rm

[Tpy HCNoONMb30BAaHMH B KayeCTBE TpaHHYHRIX YCNOBUR CHCTEMBI YPaBHCHWH
(118), (122), Buipaxa® B HHX npousBodHble mo dopmyne (155), nonydaem
CHCTEMYy JTMHEAHBIX anTreGpanyecKnX ypaBHEHHH nia onpeneneHus sHaveHudt v, . .

4.48. Peurenye ypaBHclinli nedopMHpOBaHHON CXeMbl, BbiBeAeHHkIE B I. 4.2,

He HMeeT NPHHIHMIIHanBHBIX O THHYMA,
[Iipr 3ToM uenecoobpa’no npeobpa3zoBaTk OCHOBHYIO CHCTEMY YDIBHCHHH

B(f!g;,: (57) c NOMOIBIO IOACTAHOBOK ¥y = "’o; D, ¥, = Vox D., ¥ =6'0, «x

L q 2
AT e, T- -¥ d, . -Pd P - 157
L “tkg tk k “cﬁé;ﬂl 7oy @y ™% ‘é?“ﬁf (1>

=1 y W ioy w Ty Y ¥’
‘Paﬂ 5 n 4
+ _— w— ’
0z %z‘::,ejpz %MEE%/'ZZ}*:;’?; lz;‘—sz
vire (Ep2in e & 3
SHNERT 00 L P[0, %, E Py /g

(158)

YpasHenwn (157) m (159) npuBomaTcs X pacueTHRIM QOpPMYNaM HMTepalH-
OHHOI'O npoliecca.

4.49. Ilpu peilleHWH CHCTeM ypaBHEHHH BBICOKUX MOPARKOB M NPH GoNBLILIOM
KONMYECTBE Y3INOB HMHTCPUOONAUMOHHON CETKH uyuclo urepauuh, HeoSXoaAuMbIx
ONA NOCTAXKEHW TpeDyemoll TOMHOCTR pacueTa, yBeJIHIUBaeTCA. B 9THX yCIOBHAX
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BO3IMOXHO HNPHMEHEHKE pa3IMuHbIX NMPHEMOB YCKODPEHHA CXOOMMOCTH HTepa-
HMOHHOTO Npolecca.

OnHEM U3 BO3IMOXXHBIX BApHAHTOB ABNAETCA criocol yepenosaHBA HECKOJIbKHX
HHKJIOB HTEpaLiHil ¢ 3KCTPAMONALMCH, C IMOMOLULID KOTOpPOoH NPOrHO3HPyeEMOe
YTOYHCHUE JHIYCHUA HEH3IBECTHOIO Y. OlpPElenseTcs KaK npeen ero JHaveHuit
B HECKNJTBKHX MOCHEeAYIOUIMX HTepaluHAX no ¢opmyne

(t) 2 2
Y.=Y. +(8,)4,/[2(8,)-4,8,], (159)

) (¢~ (¢-27 ({-‘.f)
rne 4y, 8,,8, nepebie, BTOpbie U TPEThi Pa3HOCTH BEKTOPOB ): RIS AN S
COOTBCTCTBEHHO.

Pacyer no dopmyne (159) tpebyer 3anomMuHaHus 3HAUYEHH! HEU3IBCCTHBIX,
BLIYHCJIEHHLIX B TpeX NOCACIHKX WTEPaLMIX.

B nporpamme KACKA]L Owlnn ¥cnonmb3doBaH wHo#l npueM, Tpedywoiuunft 3ano-
MHHAHHA MeEHbIIero Kosnuyecrsa 3HaueHW# Hew3BecTHhIX, Jlmsa yuacTka
3KCTPANoIALUKH € onpenendaerca no gopmyne

&

(¢t)
e=€Y. [[8,(1-8)-1,], (160)

_ B @y ¢) _ (t-g
roe 8,°Y;~% 54,=0,5(Y, =Y, ) — 3HaueHMA COOTBETCTBEHHO NEPROi H BTOpPOH

Pa3HocCTel; £ -- Manoe YHCHO, Bhipakaiiiige 3aJaHH Y0 TOYHOCTE.

YToyHeHHOE 3HAYCHUE HEMIBECTHOTO Y, BhIYMCIIAETCA N0 dhopmyne

(t) (£) (¢-1) (t)  (t-2)
AL A AT T A A} an

L L L L

OnucdHHeit OpuemM rnos’ponsier 6onee uem BIOBOE YCKOPHUTH PeElLICHHE 3a024Y
NPH CYHIECTBEHHON 3KOHOMHHM onepaTMBHON namsaTty JIBM.

4.50, IlpuMeHaa DaHHBIA MeTOO IS pacyeTa HECylUX CHCTEeM 3JaHMK, BIJTIO-
YAOLWMX 3IJIEMEHTBI CTYIMCHYATO-NePEMEHHOM MECTKOCTH, HEOBGXoaMMa HeKoTopad

MOTHQHUKALHA pacyeTHhIX 3aBMCHMOCTeH, OTpaxaloluad YCITOBHA CONpPIXeHus
(146) - (149).

Belpaxkast pa3HOCTR NepBOTO NOPAAKA B Y3/€ HHTEPMONALUMOHHON CETKH,
COOTBETCTBYIOUIEM TPaHHUE YYACTKOB C MNEPEMCHHRIMU KECTKOCTAMHM, no dop-
MYJIE

8, =(3%,-4Y, ,*Y ) 2h, (162)

n

rae m— HOMEP I'PaHMUYHOro y31a, 4 B COCEOHEeM BhIlUeneXaiem yane no popMmyne

A =Y~ Y, 52k (163)

5, m-1

nMony4yaeM INA pa3doCTR BTOPOro nopaiaxa gopmyny

4

2
2 )/2h". (164)

= (gym"iym-f * Ym-—z
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C yverom dopmynst (164) ocHopHan pacyetHas ¢opmyna anropurma (152)
NIpHHWUMAET B TOUKE /77 BAL:

(¢) 1 (¢) ntt (t-1) (¢}
Y = + . ) -
<m [Jé; bf:f YJ.”? _;5-&1 Z?‘f y.;m ’ (j );;M‘f z ‘E;m-z )d{'/
2l 2
/2" +®P. J[(a.[h"-b,). (165)

B dopmyne (165) Bce kxoddpdpuumeHTR mHDPepLHUMANBHBIX YpaBHEeHHH
(2;,%:,, %, ) COOTBETCTBYIOT KECTKOCTHLIM XaPaKTEPHCTHKAM BEPXHETO YYaCTKa,
Ianee fins Towex m + 1, ... pacuer BeinomHsercsd no ¢opmyne (165), 8B xoro-
polt Bce KOIPPHUHEHTH! 3aBHCAT TENEPh OT XeCTKOCTEH HHXHEro yuacTKa.

[Tocne pewmenna ypaBHeHHH H ONpeleneHHs 3HAYCHHA coBurarmmx cuin 7 B
y3nax HHTEPNOMAUMOHHON CEeTKH, BHYTPEHHHKE YCHIIMA B 3JIEMEHTAX BLIMMCIAIOT-
cA ofpMHEIM criocoboM. HeoOXomMMo TONMBKO y4ecTh, UTC B COOTBETCTBHHM C yC-
TAHOBJICHHLIMHM 3aKOHOMEPHOCTAMK Ha TpaHKIAX YYacTKOB TEepEMEHHOH XeCT-
KOCTH KPHBM3HEI ABNAIOTCA Pa3phbiBHBIMY QPYHKLUMAMY, NO3TOMY ONA UX BBMHCHIE-
HUA YW IIOCnedymollero OoOfpedeieHna H3rnfanoumx MOMCHTOB PEKOMEHOYETCH
NMONL30BATLCA OAHOCTOpPOHHEH Popmynol (164) MNA pd3HOCTEH BTOPOTO NOpANKA,
OmHocropolHMe GOpMYyAEl PCKOMEHAYeTCS MPUMEHSTE U [UIX BRIYHCIICHKA HHTEH-
CHBHOCTEH COBUTAIOLLIMX CHII € YueToM dopmynel (149) .

5 ANITOPUTM PACYETA KAPKACHO-ITAHE/TbHbBIX 3[1AHUNA
HA OCHOBE KOHCOJIBHOX MOEIJTH

YnpouleHHEI€ pacyeTHbIE 3aBHCHMOCTH

5.1. Yuer xoHCTpyKTHBHBEIX ocoBeHHocTefl Hanenui cepun 1.020-1/83 nosso-
JIAET YOpOCTHTh II0JiY4eHHbIe pacueTHbie 3aBMCHMOCTUA. OCHOBHOYW ympomawiue#
NpeanoChUIKONR ABJAETCS NpeacTaBneHde qHadparmM KapKaca B BUIES CTEPXHEBBIX
ITIEMEHTOB ¢ a0COMTHO >XXeCTKHMM CBA3AMH COBHra. BIMAHHC NMONATIHBOCTH
3aKNMAAHRIX pgeTaryied Ha pacnpelesicHHe yCHIHA B 37eMeHTaX, a TakXe Ha HX
NPOYHOCTH H e opMaliH OLECHHBAGTCA IIPH 3TOM HNPHOIMXKEHHO C IMOMOLUBI
xoapbHuMeHTOR ycnoBu#t pabGoThl: ko3dPpHuMEHTa k ned, YUUTBIBAKOTLETO
CHMXXEHHE XeCTKOCTH CTONbGOB; pedyxuMoHHoro kKo3pduuneHtra 4Ar, olUCHHBAK-

HIET'0 YMeHKbiIeHHe CABUTAIOLWMX CHI B CBA3AX; koxpduuperHros k, u k,, BBOOH-
MbIX B YCJIOBHSA MMPOYHOCTH NPH MPOBepKe Hecyllef crOCOOHOCTH KOHCTPYKUUMNA
(cM. pa3zn. 6).

5.2, KonuyecTBeHHble napaMeTphl KoadduipeHTa ycrroBuil paboThl K ped ON-
pedenedbl CredywIiUMM MeTonoM. BHINOMHANHKCE pacyeThl CHCTEMBI, TOKAa3aHHOH
Ha pHC. 13, cocroawe#t U3 OBYX 3nemMeHTOB — cOopHo#t awadparmsel ¢ nopar-
JIMBEIMH CThIKaMM (CrieBa) M €€ MOHOJIMTHOIO aHajora, oTJIMYalILeroca TeMm,
YTO B HEM BCe CTBHIKH INPUHATREI a0COIMOTHO XeCcTKHMH. CHCTeMa pacCUNThiBaeTCA
Ha OEACTBHE TOPHU3IOHTANBHON HATpY3KH ¢, BERI3LIBAIOLIEH B 3a0e/TKE MOMEHT,
paBHBIl M7= 1. Koadduument ycnoput pabornl no AedpopMaunam kped, NPHHR-
MaeTCA paBHEIM

= o o
K pe (7-8%2¢)/ B®2¢, (166)

rne B°- u3ru6Has kecTKOCTH MOHONMTHOM mmadparmhbl; A~ KPUBHIHZ B YPOBHE
3a[le/IKH, ONpeleNeHHaA PaCUeTOM CUCTEMBI,

Hcenenosanusa nokasans, yro I onpefeneHnoro tna nuadparmel ko du-
UHEeHT yC/oBA# padoTh! Mo AedopMauusiM 3aBHCHT OT BLICOTHI H MO MEpe yBe-
JIMYEHHA TOCneagHed CTPeMHTCA K eIHHHIE, TaK KakK YeM BbBILIe 30aHHE, TeM
MEHEE 3aMETHbIMHY CTAHOBATCA OTNHUMA B ero pabore, IPHBHOCHMEIE TOJATITH-
BOCTBIO CBA3CH cOoBura, Pacuersl, BhINOHeHH bie JUTA QHadparMm pasauuHbIX THITOB,
NMO3BOJIMIH YCTaHOBHTE, YTC OCHOBHLIM (PaKTOPOM, KOMIUICKCHO OLCHHBAIOILUM
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Puc. 13. PacverHas cxema
CHCTEMBI NINA onpenenceHusn
Ko dHiHeHTa yCIoBHi
paboTel no gedopMauHam

Puc. 14. KOHCTPYKTHBHBIC CXEMKI

ucenenoBaHuuix nuadparm (1, 2,

3 — HOMepa cXxeMm)

Puc. 15. T'padpux mnsa onpenene-
HUA Ko3pPuUHEeHTA YCNoBHH pa-
Gothl no Dedbopmaunam (I, 2 —
ana cxeme! I puc. 14 npu KoJoH-
HaX CeYeHHCM COOTBETCTBEHHO
400x400 v 300x300 mm; 3, 4 —
anA cxembl 2 pHc. 14 npH KOJIOH-
HaX CeuyeHHeM COOTBETCTBEHHO
400x400 u 300x300 MmMm; 5 —
O cxeMbl 3 IIpH KONOHHaX ce-
geHueM 400x400 mm)
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CTCIICHDb BIIHAHHUA NOAATIIMBOCTU CBA3CH COBHIA ABNAETCA OTHOLUCHHE BBICOTH] 3/1a-
HHSE H K ONMHE KOHTYpa MNonepeqyHoro ceyeHus auadparm L . Paccumtanunle
mnadparmsl NokasaHbl Ha puc. 14, a Ha pHC. 15 IpUBelieH OCPEMHEHHbLIM PacyeT-
Hblit rpapuKk O onpedeneHusa koypgpHmMeHTa ycnosuit paborel no nedopma-
WHAM 075 THNOBbIX [MadpparMm cepuu 1.020-1/83, nonyyeHHuI Ha OCHOB3HHH
0b6paboTk# METONOM HaMMeEHBLUIMX KBAa[IpaTOB Pe3yJIbTAaTOB YHCIEHHOIO JKCITe-
pUMEHTa, JUTH HIUNIOCTPauHH TOYHOCTH anNpOKCHMAIMU Ha PHC. 15 TOuxKaM¥u Ha-
HeCeHbl 3HaYcHHA KoXpPHIMEHTa ycnoBuil pabGoTel s OHadparM paznuyHbIX
THNIOB. KoaddHuneHT ycnoBuH pabore! no nedopmauusam k e MOXKHO BBIMHC-
JIUTS 1o hopmyiie

kﬂfﬂp = (268~ 1,3)/ (2+3/3), (167)

rane B=H/L — OTHOCHTENbHAs BBICOTa HHadpPATMBl.

PacuerHas >kecTKOCTh Auapparmbl MPHHHUMAETCA PABHOR XECTKOCTH MOHO-
NMATHOR [OHadparmel, YMHOXEHHOR Ha koad¢uuMeHT ycnoBuit paborTsl mo Je-
bopmauusaM, BerUceHH b o Gopmyne (167).

5.3. ManoxeHHyo B 0, 5,1 MeTOIUKY MOXHO NPKMEHATE A ONpee/ieHHA
Ko3pPuuneHTOB ycnosuit paboTel no gedopmMauraM AnA MOOBIX KOHCTPY KUHA
AHadparM XECTKOCTH, BBLINONHEHHLIX 3aMOJIHEHHEM KapKaca KUpNHYHOM krian-
KOR, HeCYUIMX H CaMOHECYLUMX HapyXHBLIX CTEHOBBIX naHeneli; MoOLIX HOBLIX
KOHCTpY KTHBHBLIX 3JleMeHTOB. [lpu 3roM  paccuuTeiBaemast cucTeMa MOXeT
OBITH nipejicTaBlieHa He TONMBKO OUCKPETHO-K OHTHHYANBHON MONENBI0, KaK NpHHH-

Manock NpH onpenereHMd YUCNeHHeIX napamerpoB dopmynel (167), HO U Mo
ObIMH [OPYTUMH PACYETHLIMHM MOIENAMH — KOHEUHQ-3JIEMEHTHOR, CTepXXHEBOH
H T.4., BLIOOp KOTOpBIX (uKcHpyeTcs coobpaxeHHAMHU aeKBaTHOCTH H Tpebye-
MO TOUHOCTH pacueTa. JlanbHefiune pacueThl BHINONHAKTCA METOAAMM, NpUBe-
AeHHBIMH B O2HHOM pa3nene, ¥ 0oCODeHHOCTeA He HMEIOT,

5.4. 3HaueHMsA PERYKUMOHHOrO KOIPMUUHEHTZ L., IIA COBHTAIOLMX CHII
[IOJIY4YEHB! COIIOCTABJIEHHEM BENMYHHBI CABHUraloOUIMX YCHIMH B OTHEHALHO B3ATOH
uccnenyeMol nuadparme u B auadiparme aganorwuyHoll KOHCTPYKUMH, HO C
abCOMOTHO KeCTKHMH CBAIAMH COBHIA M BRIMHCASIOTCA 110 dopMyne

ke = (- 045)/(B-015). (168)
Kr padyk,  COOTBETCTBYIOLUMHA
3apHcHuMocTH (168), npeucrasncH
10 ' Ha pucC. 16,
st .
a8
e
46 1

23
Ao

Puc.16. I'paduxk pna onpenene-

— HHA  peoyKUMOHHOIO Ko3dHu-
g Z 4 6 d £ LMEHTA oA CABHIAOLMX CHI

38



5.5.06uine MPUHUKITL HOPMHPOBAHNS PACYETHON CXEME! IMAHUA NMPHHUMAIOT-
Cd TAKHMH, KaK B pa3f, 3. C moMoulbio BEPTHKANBHBIX WIBOB ClOXHble Auad-
parmMbl XECTKOCTH NEIATCA Ha OTAeNMBHbIe cTonbpl (puc. 17). OCHOBHLIM 3jIE-
MEHTOM PpacYeTHOH CXEMbI CITYXAT NpH ITOM TIOCKHE OHadparmMbl XECTKOCTH,
KOTOpbiE MOTYT OLITE OBYXKOMNOHHbLIE H OJHCKONOHHBIe, HeTHNOBRIE HeCy UIME
KOHCTPY KIUHH (MoHOoMTHbLIC mHadparme!) TakXKe pPa3pe3aTcs Ha INNoCcKHe
INIEMENHTRI, JAMKHYTBIE AOPAE KECTKOCTH, KaK NPABUIIO, NPEACTABNAICA B

BHOC COHHBIX CTONOOB, /N KOTOPBIX YUHTHIBAETCH HE TOJILKO M3THOHAS JKeCT-
KOCTh, HO M XECTKOCTDh YHCTOTO KPYUeHHUSA .

K’ L F o ] -'
- .-.f.:r__....‘,

Puc. 17. KoHcrpykTHBHas fa) W pacueTHast (6] cXeMbl
30AHUA CO CNOXHBIMHK nHadparmMamy

B oroensHbIX  CaOyyadx uemecoofpa3HO  paccMarpuBaTh  OHa(hparmy
KeCTKOCTH cnoxHo#t dopMmel B BHIOe endHoro cronba. Meroosl pacuera
303AHHHU Ha OCHOBEC TAKOI'O OAX0Aa NMpHBEAEHBI HHXKE.

Ecni Hecyliad CHCTeMa 30aHHA BKITIOYAET TOJNILKO NNocKHe OHadparmsi, To
HHKAKHX JONOMHUTeNbHbIX NMpeofpa3oBalidfl NpW nepexoae OT KOHCTPY KTHBHOA
CXEeMBbI K pacueTHON He TpebyercH,

B Hacroauiux PexkomeHgauMaX pacderHbIE 3aBHCHMOCTH [UIA KOHCONBHOU
pacueTHOH MOIEN# NPUBedeHbI TONBKO ONA UMEKIMHX HauboIbllIee TpaKTHYEC-
Koe 3HaueHHWe BAPHMAHTOB HATPYXEHHHA 303aHHA pacnpcielieHHbIMH FOpH3IOHTAIIb-
HBIMH H BEpTHKANBHBIMH Harpy3KaMH.

5.6. PaccMOTPHM pacyeTHYIO CXeMYy 30aHMs, COCTORLIYIO U3 IMIIOCKUX AKad-
ParM XeCTKOCTH MPH NPOU3IBOJITLHOM PaclloJIOMEHHH B MJIaHe Hadala KOOpIOMHAT.
3a Heu3BeCTHblE, KaK M paHblue, IPUMeM COBHralolMe CHIbl B PHUKTUBHLIX
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BEPTHKANBHLIX UIBaX H NedopMalnM 34aHHA B KagecIBe HapaMmerpa, olipeaendio-
wero AedopMHUpPOBAHHOE COCTOAHHE CHCTEMEI, MPHHMMAKTCA BTOpPLIE NIPOH3BOI-

Hhle nepemelieHHid (KpHBH3HEI) ;

/) 7t 7
= ; =Y . =

xﬂy vay 4 xoz oz ? ;{w g. (163)
[Monarad c¢gaA3d CABHUId aGCOMOTHO XECTKHMH, a XKECTKOCTh INIEMEHTOB TPH

YHCTOM KpPyYeHnd paBHOi Hymo (3paHua Gea sapgep XKeCTKOCTH), U3 ¢opmyn
(34) n» 40) nonyyuM CHCTEMY JIMHEeHHLIX anrebpangyecKHX YpaBHeHHH:

g ¥ o &
7;. (a:tf-ac)i- “fff E"tk'f; "'téc kgffﬂ'f; - k'rc' (xay Z%. —

-2 L .- w)=k (¢P-uR), (170)

Q
N
N
i,
£
™

x D +& D +2Z Tl . =M7,; (171)

M
— + faad

X, 0,* %, 0~ Xoy Dry* 2 1,4 =My, 0
rme Lyis €z, >4/, — OTHOCHTENBHEIE KOOD/IHHATHI GDUKTHBHAIX UIBOB, ONpeaesie-
mele o dopmynam (29), (31); Dy, D2, 1,0, D,#— CYMMapHbI€ XXeCTKOCTH,
onpegensaemele no Gopmynam (37), (38); 4 — oceBnl€ XeCTKOCTH cTonboB,
M, M, w M, — COOTBETCTBEHHO CyMMapHbi¢ MOMEHTH U OHMOMeHT BHEIl-
HIX Harpyiok, BBRMUHCNIAeMEIe N0 ¢Qopmynam (41); ¥ — koadPHUMEHT npo-
OOJILHOI'O Uaruoba.

KonmmaecTBO ypaBHeHu#t tuna (170) pasHo xkomwdecTsy OUKTUBHLIX 1UBOB
pacueTHON cxembl. [IpH BRMMCNIEHHMH CyMMApPHBIX JXECTKOCTeH 1o QopMyram
(37) u (38) XecTKOCTH OTHENBHEIX cTONOOB CnegyeT HPHHUMAaTh ¢ KoxppulHK-
eHTaMH yci1oBuit paboThl o gedopMaumuaM, onpenenseMuIM 1o dopmyne (167).

Ilpy nepeHoce Havana KOOPOMHAT B UEHTP XKECTKOCTEH pacuyeTHON cXxeMbl,
HONOXEHHE KOoToporo onpencnsercd no dbopmyne (42), 8 ypasHeuusax (171)
Dyr=Dyy = 0, 4TO NPHBOOMT K Pa3feNicHHIO NEPEMEHHBIX ¥y, , Aoz .4, MHorma
npM 3TOM nenecooOpasHo noacraBurs ypaBHcHMe (171) B cucremy (170), wvro
TO3BOJUT COKPATHTL KONMYECTBO YpaBHeHHH. CHcTemMa ypaBHCHHH B 3TOM Ciy-

yae B KMIOYacT A ypaBHEHHMHA, KaXXJ0e H3 KOTOPLIX HMEET BUA
(12 /D +1.. /D +w?)D )k +u vul ET (1.1
Tyl Ty Tz 2w/ Ky 7-“0)"':1_;"*

/pﬁf ’ sz ZZ't:/‘DZ +a{f'a{'/'pw)kn' Ty z E{_k 7;( _“ckz_:-';é;&iz

_uclq:)k”: (-’.':—‘ 7;2,...) .»’Z). 172)
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B 4acTHOM cliyuae, KOIla HeCyMIAs CHCTeMa 34aHHA BKIIOYAET TONBKO IIIOC-

Kiue AMaQparMbl, pacueT CBOUMTCA K ONpeNefieHHI0 HEM3BECTHON KPHBH3HELI
H3 ypasHeHu#t (171) npwm T‘ = ():

'?Cﬁypg + K, -pgz = y?yi;
7 ;7 , - X, -ng =Mz (173)

X, 14, +;€ay ﬂgz -xﬂzﬂzy-—-wazw,

ITpu nepeHoce Hadana KOOPOMHAT B HEHTP XXECTKOCTCH HeH3BeCTHLIe KPHBHI-
Hb! BhUMCcngored no gopmyne

?f""/ZM/.D (174)

5.7. YpaBuenna (173) n dopmyny (174) MOXKHO TakKe HCOONBIOBATEH A
pacuera 30aHK# ¢ nHapparMamu cnoxuof dopmel, NIpeacTaB/pid Kakayw gnag-
parMy J>KeCTKOCTH €JWHBIM CTosiboM pacdyeTHoft CXeMhul, Pesynbrathl B 3TOM
ciiyyac ClIeAycT PacCMaTpHBaTh KAk NpuUOMHXKeHHbIC IO CPABHEHHIO ¢ pacyeTaMH
HAa OCHOBAHHH OIHCAHHLIX MPHEMOB, NMOCKOIBKY MIPpH TAKOM MOAXOHE HE YUMTLI-
BaeTCHl XECTKOCTb CTECHEHHOrO KpYUYeHHS oToesHBIX Ouadparm. ng 3gaHuis,
nedhopmupyroumxcea Oe3 xpyucHHs, pe3yeTaThl COBAJAINT, NOTPLIUHOCTL IPHD-
JIHKEHHOI'O pacyeTa YBENWYUBACTCA 10 Mepe BO3PacTaHUA YI1a 3aKpYyYHMBaHUA
MPOCTPAHCTBCHHON Hecylulel CHCTEMEI 3aHusA. OgHaKo B OONMBLUIHHCTBE CITY4YacB
NpUONMHXEHHbIE pacyeTbhl Ha OcHoBe ypaBHeHWH (173) umu (174) moryr OmITh
PEKOMCHOOBAHBI IJIA BHIYHCIIEHHH, IPOUIBOAAIIHXCA BPYUHYIO.

5.8. TlpubmxeHubift pacyeT 3MAHMA ¢ 3aMKHYTBIMH SIAPaMH KECTKOCTH MOX-
HO BbINOMHHUTL, [IPEOCTABNAA KaXnoe HOpo B  BHOEC E€OHHOTO CTepXXHA
pacueTHO# cxemnl, obnanamero H3IrHOHRIMH XECTKOCTAMH 8 ~ B, ; M XeCTKOCTBIO
qUCTOrO KpyueHust B°. ¥

OcTaneHble nuatﬁ'parmm AKECTKOCTH, UMEIOLLME NollepeyHbic CEYCHHA OTKPEL-
TOro npodunsi, MOryT OkITh pa3pesadsl Ha TUIOCKHE 3neMeHThi. Torgda weob-

XOOWMO PEUINTH CUCTOMY, BKITIOYAIOHIYIO 22 NMHHeAHBIX anrefpanyeCKUX ypasHeHU!
BTOpPOTIO MOpAAKA:

2 n
7:: ((Z,‘ftf /ﬂy v Zzzf /pz'}.wi'z/‘pw)kré *-atfaf‘) t LT '/D.5/+

J=14 - L. 44
" J#L
gl
+7 .1 . il o+ - -
Z‘ZZJ/'DZ w"a{l/ﬂw)kn 4y ,ké;_efkc “c Ef_fck T
k¥t k=t

~8w: D, I, =1, MyLy; |D,+ 11 My L, /T, +

oM, 1D Bt Pk ; (c=12,.,2) @19

25 pen
H OOHO HH}PepeRUHANIBHOE YpaBHEeHHE
M 0 ”®
& - B‘Dw /pw - (7w Mw ;§ 7; wt')/‘pal ’ (176)
rae & — Yyron 3aKpyuyHBaHWS 30aHUA B [aHe.
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YpasHeuua (175) u (176) cnpasennushl OnNA CHcTEMBI KOOPOMHAT, HAYaNo
KOTOPOH COBMENIEHO C UEHTPOM XKECTKOCTEN pacyeTHOR CXEMEI,

Peluenne cucremu anrebGpanuycckuX ypasHeHu#t (175) cosmecTHO ¢ mudde-

peHuHanbHbIM ypasHennem (176) BO3IMOXNHO, HanpUMep, MeTOZAMH, H3II0XKEHHEI-
MK B pa3n. 4, Ha OCHOBE€ KOHEYHO-PA3HOCTHOR anNpOKCHMALHH BTOPOW TpOHU3-
nofHol B ypasHenuu (176) B 3ToM cnyuae 3amaua CROOMTCA K CHCTeMe NHHeH-
HbIX anr¢DpaHYeCKHX YPaBHECHHH, B KOTOPOI HEH3BECTHRIMK ABMAIOTCA 3HaYCHUA
CABUTAKOUIMX CUN [y H YIT1A IOBOPOTA (¥ B pa3snUUHLIX YPOBHAX OO BbICOTE 324U A,

[Mocne oiipeneneHRA 3HAYEHHI COBMTalOLIMX CHJI 7; H YITIOB [10BOpoTa & B pa3-
JIHUHEIX YPOBHSAX I10 BBICOTE 303HHUA MOXHO BEMUCIUTL KPUBH3IHEI B 3TUX YDOB-
HSX:

%oy~ (M, Y, _;‘g Ly )/ Dy ;
X,,= (M7, ZT.L;) Dy a77)
x, =M,y ~ET w)n-60 [D,.

B npuGAMKEHBLIX BLMHCACHUAX HA OCHOBE pacyeTHBIX CXEM, B KOTOPRIX
BCe MMabdparmel NpedcTaBNERLl B BHAOC edUHBLIX CTOJI0OB (TaK)XXe B CHUCTEME

KOOPIOHHAT, OTHECEHHON K LEHTPY XecTKocTefl) | tionydaeM onHo nuddepermans-
HOE YpaBHEHHE:

[locne peltenus ypapHeHHA (178) KpUBH3HY MOXHO onpeneyTh no dopmy-
nam (177), npuHUMasa cEBUraloIMe Cunek! T, , paBHRIMH HYITIO.

I'pannyHble YCIOBHA ONA ypaBHEHHA (178) Ha3HayalOTCHA B COOTBETCTBHM C
PEeKOMEHJAIMAMH pa3l. 4,

Peuiensie ypasteHra (178) B 3amkHyTo# dopme He NpeAcTaBIAET CIIOXKHOCTH,
HO NPH MPaKTHYECKUX pacderax ynoOGHO onpenendTs yroj NoBopora € U KpuBua-
Hy & 1o ¢popmyrie

% = (7, M, (H)/D, )k, , (179)

roe k., — KoxpQHIHEHT, ONpeneNsieMblil No rpaduKy pHuc. 18 B 3aBHCHMOCTH
OT BeNTHYUMEI Ge3paIMepHOt XapaKTEPHCTHKH 3LaHuA = HYD,, /D, "M OTHOCHMTETh-
HOH KOOPOMHATH PaCUETHOI'O YpoBHA & = X /H.

Hanee MOXHO BLHITMCIXWTL Vron 3akpyuusavus no dopmyne (178) w 8 cny-
yae HeoOXOOMMOCTH — NPOMIBOOAHYH® &’ uHCjieHHBEIM HHTETpHpOBaHHEM 3Ha-
ycHu# X, .

5.9. Craruycckuit pacyer 30aHMA B Opeanonoxelnn abcomoTHON XKecTKOCTH
cBA3elt cOBUra CBOAHUTCI B OONBIIMHCTRE CIy4YaeB K PEIUSHHIO CHCTEM JNTHHEHHBLIX
anredpanyeckux ypasHeHUH (172) —(173). OcoBeHHOCTHIO pacyeTHOH Mooenu
¢ aOCOMIOTHO XECTKHMH CBA3SIMH ABIIAETCH HE3aBHCHMOCTE pelleHUR B mo6om
YPOBHE N0 BLICOTE 3AaHMA OT I'paHHUHLIX ycnoBHi., IIpK 3ToM nmoOkie nnapamerpnl
HanpsixeHHo OePOPpMHPOBAHHOTO COCTORHMSA HeCYICH CHCTeEMBlI B PpacueTHOM
ypoBHe (COABHIraKOUMEe yCUITHA B CBAMAX 7 M KPHBU3HA Hecyllel cucrembl X | a
TAKXe BBIUMCIJEMEIC [TQ 3THM HapaMeTpaM ¢ HCHOJNL3OBAHHEM 3aBUCHMOCTeH
pa3sd. 5 BHYTPeHHME YCHIIMSA B 3JIEMEHTaxX) HMeloT B paMKax TPHHATHIX HCXOD-
HbIX IIPedNOCBUIOK ONWHAKOBAIC 3HAYCHHUN 1ng JaHuM ¢ a0COWOTHO XKeCTKUM
H MOOATHHBLIM OCHOBaHHEM. (TMcUcHBasg oCcoOeHHOCTE YKA3IBLIBAET Ha OTpaHu-
YeHHOCTH, MPUCYILYIO TPHHATOW CpaBHUTenbHOH TpybOoR pacueTHOR MolenH,
OIHAKO BOSMOXHOCTL HUCTIONLIOBAHHA 3TOH Mopen® B NPpHOIMOKEeHHSLIA pacyeTax
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Puc.18. I'papux mna onpegenedHud nedopmaumit 30aHMA
C AQPaMH XeCTKOCTH

MOOTBEPXKAEH2 CEepHEel CONOCTABHMBIX pacueTOB pa3/MYHLIMU Oolee TOUHBIMHM
MeTonamMu., Ecmu HeoOxomMMoO, pelynbTaThl pacueTa MOKHO OTKOPPEKTHDOBATH
C NpHMeHEHHEM MHTEPNONAUHOHHBIX I[IONMPaBOK, BBIYMCIAEMEIX 110 dopmyne
(138). Hexoropele pononHMTeNnbHbie COoOpaeHHa H3NOXeHB B pasl. 5. Cy-
LIECTBCHHEIE TIOIPEIIHOCTH HabmogalTcA nHUE B 0COObIX TIpaHHYHbIX HITH
KpaeBbIX 30HAX — B MeCTaX Pe3KOro HiIMEHEHHA XeCTKOoCTeH 3NeMeHTOB Hecy-
et cucTeMel H BONMU3W OCHOBAHUA NPH 3HAYUTCNIEHONH OHCIIPONOPLHM XKECTKOC-
Tell cTo/160B M HX OCHOBAHUHN, H HOCAT MecTHbI#t XapakTep. [lpenmyulecrsa mole-
el ¢ NOJATNMBLIMU CRA3AMM 3AKIOUAKOTCH HE CTONILBKO B BLIHI'PLILIIE¢ B TOUHOCTH,
CKOJBKO B BO3IMOXHOCTH NOCTPOCHHA YHHW(PWUMPOBAHHOH CXeMbl BBLIMKMCIIEHHH,
no3ponsfnuieft onpefenuts, 3HaveHUs yvoumuit v pedpopmauuil B nNpouecce cAAHO-
00pa3HbiX pacyeToB OGe3 JONONMHUTENLHBIX MIOPABOK, NO3ITOMY OHH PEKOMEHIY-
IoTca Ing palpaboTKH 4BTOMATH3MPOBaHHBLIX METOROB pacucTa Ha 6Gale JBM
kmacca EC. JInsd pyyHBIX METONOB, a TAKXE B CAYy4Y4€E NMPHMcHeHHA Manbix IBM
1A YaCTHYHON MEXaHH3auMH BBMMHCIICHUA, Ha IIEPBBIA MNaH BBIIBHTAIOTCA TpE-
DoBaHMA NMPOCTOTR! pacyeTHOr'c anmapara. B 3THX  YCITOBHAX IpeMMYIIECTBA
MONYYAKT PaCUCTHEIC MOENH C aDCOMITHO KEeCTKHMHU CBA3AMMH,

YpaBHeHHMSA KOHCONLHOM pacueTHON Moden¥ MOTYT ObITh HCNOB30OBAHKL
Np¥ ollpede/IcHHH YyCUmHH B NMIOOOM ypoBHE IO BLICOTE 3JdaHHA, NO3TOMY OHH

CnpapellJIHBLI B HPH pacyeTe KOHCTPYKIMA, KeCTKOCTh KOTOPBIN HIMEHSACTCA 110
BRICOTE 110 MOOOMY 3aKOHY.

NPUBJINXKEHHbIN YYET BJIUAHHUA TPOAOIBHOIO H3THBA

5.10. B pe3yneraTe ropH3oHTANBHEIX NepeMellcHUR Hecyueft CHCTEMBI 304dHUA
BEePTHKANTLHBIE HArpy3IKM, KIK YXe€ OTMEUANOCh, BbIZLIBAIOT MOABNEHHC IONON-
HUTCHIBHBIX MOMEHTOB, W KaK CHCACTBHe, yBenuuernve nedopmaunP INaHHUA U
BHYTPECHHHX YCHITHHA B HCCYLUIHX 3NEMCHTAX,
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[TpaMEle MeTOObI olflpefleNneHNsE BHYTPEHHWX YCHNTHHA B KOHCTPYKIMAX 30aHHA
H JIEpeMCElLUeHHH ¢ yYeTOM IMpPOLOJIBHOI'O H3IrHba Ha OCHOBE pacueTa Hecyiuel
CHCTEMBI 3[1aHHUA o HePopMHPOBaHHOMN cxeMe H3N0XeHbI B pasa,. 4.

PacueT no oepopMUpOBaHHOR CXEME MOXHO BRINOJHHUTL TaKe NMPHOMHXeHHO
Pa3NHUHBIMH ciocobamu,

5.11. OguM H3 BO3IMOXHEIX criocoboB npubMKeHHOre yuera NpoAoNsHOTO
u3rMba asBnsercsa BBeficHHe koddduuHeHTa /7 K HasLiBaeMoro o6bi4HO K03 dHUM-
CHTOM  IPOUOJIBHUI'O H31'HD4, K IPY30BbLIM WieHaM, KaK 3T0 CAe/ldaHO B CHCTEME
ypaBHeHHH (177) u B ypaBHenuun (178) u fap.

Kak H3BECTHO, RJIf Pa3THUHbLIX CTPOMTEBHBLIX KOHCTPYKIH# KoxbDPHIMEHT
NPOQONBHOT0 H3ruba C BbICOKOR TOYHOCTBI® MOXHO OIPENCNIHTE M0 TaK Hal3bl
BacMOH ¢opmyrie THMollIeHKO, BKNMOYAOULEH! OTHOIUCHHE BEJIMUHH, HeHCTBYIO-
[LIMX HA KOHCTPYKIMIO BEPTHKAJIRHBIX HATPY30K K HX KPHTHYECKHM 3HAYCHUAM

7 =1/(1-9/v,), (180)

rae ¥ - 6Ge3pa3zmepHbIf napamerp, XapaKTepH3yemblit BENHYHHOH BepTHKATL-
HOMt HArpY3KH, NEHCTBYIOLUER Ha 3[1aHMe; Y., — KPHTHYECKOE 3HaYeHHE Napamer-
pa, COOTBETCTBYIOLIEE HATpy3KaM, BbI3BIBAIOIWIHMM MOTEPI0 YCTONYUBOCTH ITPOCT-
paHCTBEHHOHN HeCcyllleH CHCTEMAI 3/1aHHA .

be3pasmepHble NMapaMeTphl BEPTHKANBHOW Harpy3KH ¥V, Vy H Y, 3aBHCAT
OT BEJHYHHBI JITOH HAIrpPy3KH, CYMMJAPHON XECTKOCTH 30aHMA H ero BBICOTHI H
onpeacnswoTca no popmyne

&

2 % 2 S5 | 3 2
Y, =H E P.[D,; V=H SR lp,; Y =H

c=q9 & =1 ¢ 3

M

0, (181)

< s’

roe £- — BEPTHKANBHBIC Harpy3KH, AeHCTBYIOUIME HA BCe BEPTHKAJIBHbIC INIEMeEH-
Thl Hecyliel cucTemMsl 30aHHA (KOJIOHHBI U Ouadparmei); P — PacCTOAHHE OT
TOYKH [MPHIIOXKEHHUHA HArpy3KHU OOHOrO H3 3JIEMEHTOB [10 Hayayla KOOPIMHAT,
T.€. "pagHycC’ HIIH ''T7ieyo’’ BepTHKANMLHON Harpy3kKH Kak U B ypaBHeHHM (55);
S — YHCIIO HarpPYXXEHHLIX 3JICMEHTOB

CymmupoBanve B dopmynax (181) npousBomMTCa NMo BCeM HeCYLUHM 3j1e-
MEHTAM.

HexkoTopsie BaxHeHlme I MTPAKTHKH TNPOEKTHPOBAHHA UMCIIOBLIC 3Haye-
HHS BENMYHH KPUTHYECKOTO NApaMerpa Vyp BEPTHKANBHBIX HArpy30K C YYCTOM
MOOATIIMBOCTH OCHOBaHHUSI MpHUBENCHKI HA pHC. 19.

3HaueHHUsA KPHTHUECKHX apaMeTPOB BEPTHKAIBHBIX HATPY30K Yy p TOITYYEHBI
Ha OCHOBC aHanH3a OOHOPOOHON cHCTembl ypaBHeHult (78) — (80) Hpn pPa3nMu-
HbIX COOTHOLUEHHAX CYMMAapHBIX XECTKOCTEH UMCToro ¥ M3rMOHOro KpyudeHHA,
OueHHBaeMBbIX ¢ KoadbuuseHToM J=MHYDS /7)., ¥ pa3nHUHBIX XKECTKOCTAX Aedop-
MHPYEMOr'0 OCHOBaHKA, Ge3pasmepHas xapaKTepHcTHKa R? KOTOpoOro BEIMMCIIA-
eTcA no popmyne

R": HR/D,. (182)

rae R — CyMMapHas >XeCTKOCTh OCHOBaHHWA, onpenensieman no dopmynam
(119) — (121); 2 — cymmapHas XeCTKOCTb 30aHHA, onpenensemas no ¢gop-
mynam (37); # — BeIicOTa 30aHMA.

IHaYeHUA va oA cnyyada 7= 0 MOXHO TaKXXe BRIYHCITHTE o PpopMmyrie

© o
v, = 1,8R°/( 3,75 +R"). (183)

B peanpHOM OHana3zoHe BEPTHKAIBHLIX HaIPY 30K NOTPELIHOCTD B OIIpeNeeHHH
YCHITMHA U TepeMelUeHMA 3JTaHUA ¢ HCNMONb30BaHHeM KO03(QPHUMEHTOB NPOAONbHO-
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DENEHHA BEIMYHH KPUTHYECKO-
ro IapaMeTpa BeEPTHKAIThHON
HArpy3KkH 0 L

Puc. 19. T'padux mna onpe- Ve \ s T .

o H3rnba, BRMHCIAEMLIX NO
dopmyne (180), cocrasnser
MeHee OHOTO npo,uema. Y 07 44 a& 48 W

5.12. Jlna ucnons3oBaHusa 3asucumocteit (181), (182) HeoOxolHMO 3HATH
CyMMapHbie XecTKOCTH J Hecyumx koHcrpyxuuh. [Ipd pacdere 3pasu#t ¢ nuad-
parmMaMHu cnoxHoit ¢dopmel Ha ocHoBe ypaBHenw# (170) — (172) asra xapaxTte-
PUCTMKA HEH3IBECTHA, NOCKOJNbKY Napamerphl ) B 3TOM ciydae npencTaBnAloT
coboft cyMMapHYI0 KECTKOCTBH IUTOCKHX 3JIEMeHTOB pacuerHolt cxemrl, o6pa3o-
BaHHOH OyTEM BBCOCHHMA PHKTUBHBIX BEPTUKATLHAIX CABHTOBLIX WRBOB. PeantHyIO
CYMMApPH VIO XeCTKOCTbL NPOCTpaHCTBEHHONR Hecyluedl cucTeMbl 3JAHMA 11eriecool-
Pa3HO B ITOM CIYYae OLEHHUTD C ITOMOIILIO PKBHBANEHTHRIX XecTkocrell JPakn
BhIYHCIIAEMBIX 110 QOPMYITaM:

¥ 3
‘D;M-: My/xoy , L =M, /"taz_ s pw”-'-‘Mw/;tm, (184)

rne X oy, Xoz , &K, ~ KPUBH3HLI, BRMUCIIEHHEIE Ge3 yueTa NpodoMLHOTO H3THGA.
5.13. llockombeky B pesynbTare NpodoNBHOro H3rHba yCUIIMA B KOHCTPYKIMAX

H NEpEMELICHHA 30aHUA YBEJIMUHBAIOTCH, KAK NPAaBHIO, HE3HAYHTEALHO, MUIA
BBMHCICHHA KOXPOHUUHEHTa /7 npoOONBHOrO H3ruba Yacro MOXHO [PHMEHATSH
ynpoLueHHY©o ¢hopmyny (15)

= 7*(2,125))(1+4/R0). (185)

IIpr pacyetax mo ¢popmyne (185), Tak *e kak # 1o popmyne (180), yynrsl-
BacTCA B/MAHHE NONATITHBOrO OCHCBaHHA, a4 NOrpelllHOCTE He npeBbilliaer 25%
npu ¥< 0.5 va (B peanbHbLIX 3aHUAX B OOALIUMHCTBE CNydYaeB Y< 0,3)’Kp) . KaK
3TO NOKa3laHo Ha pHc. 20.

5.14. CreneHb BIHAHHA OpOAONEBHOro M3rufa B peajnbHBIX 3MAHUAX Ha BEITH-
YHHbI DOMOJIHHTETBHBLIX yCHIMA ¥ OedopMallii yBEIITHUMBAETCA BMECTE ¢ YBEITH-
YeHHEM €ro BRICOTBI TONBKO OO HEKOTOpOro Iipefiena, d 3aTéM HauMHAeT YMEHBb-
IHATBCA, ITO ABJIEHHE JIErKO NPOCNENHTH C NOMOLIEO aHanHu3a dopmymet (180)
I onpefaencHua KoddggpHuHeHTa npoaonsHoro uiruba, flpu aGcomoTHo Xecr-
KOM oOcHOBaHhH ©Oe3pazmepHblll 1NMapamerp KpHTHUECKHX HArpy30K SABJIAETCH
IHOCTOAHHON BernduuMHol ( 91(:: = 7,84); TakHM obpaiom, BennuuHa KoaqpPuum-

45



n T —T— T - Puc. 20. 3nauenust xoadpou-
UHEHTOB MNpoaoNBbHOro Hi3ruba
30 | A ‘ 1l — BBIYMCIIEHHBIE 110 dopmy-
I | ne (180); 2 - To xe, no dop-
myne (185)
1 i E—— ]
2'& I - — - ——
4 4
4 - : —
/; eHTa #» npoaonvHoro H3ruba
et
npepcrannger coboit dyHkuMo
10 | T t 1 GespazmepHoro napamerpa
BEPTHKAJIBHOR Harpy3ku 3aa-
| | | L | HHA. 3TOT mnapamerp, CyYHras
BEPTHKANBHBIE HArpy3KH pas-
| HOMEPHO pacnpelcrieHHbIMH 10
/N I S S | BLICOTE 30aHMA C MHTCHCHB-
f
/i 12 43 G4 45 46 V/Ve woctsio ﬂ'ﬁ%—/ﬂx
MOXHC NPeIcTaBUTh B BHIE
.. 3
vy =H p/D. (186)

Ecmt ¢ yBenuueHMeM BLICOTHI 3HAHWA CYMMapHaf XeCTKOCTh €ro Hecyliel
CHCTeMbl CUXPaHKHIIA NMOCTOAHHYIO BEJIMYHHY, TO,KaK BHOHO M3 popmynkl (186),
oTHoWweHue Y [ Vp TaKXKe YBEINUMBAIOCh GBI IPONOPUMOHANTLHO KYBY BBICOTEI
C COOTBETCTBYIOIUHM GBLICTPRIM BOo3pacTaHHeM KO3 QHUMCHTa /#»  NPOJOIEHOTO
u3rnba. OOHAKO B OeHCTBUTENBHOCTH [UIA peayIbHbIX 30aHHH C pOCTOM 3TAKHOCTH
OOHOBD €MEHHO YBEITHYMBACTCH M CyMMapHas XecTKOCTh J , MoCKoNbKY BO3pac-
TaeT KOJIHYECTBO OMadparM XeCTKOCTH, Heobxoaumoe Onf obecneyeHUA [QOCTa-
TOYHON TTPOYHOCTH M XEeCTKOCTH 30aHus. YBelHYeHe CYMMAapHOR xeCTKOCTH IIpH-

GNHU3HTEHHO NPONOPUHOHATHHO CYMMAPHOMY MOMEHTY BHElUHWX Harpy3ok. Tak,
HaTIpUMeP, M3 YCIOBHA, YTOObI nporud 3JaHKMA He [IpeBbILLIAN JONycTHMoH BeM-

yunbl {F), NOMywHM ceAyouIY0 32BMCHMOCTD MEXAY CYMMApPHO# KeCTKOCTHIO
D ero Hecyuie# cCHCTEMBI ¥ CYMMapHLIM MOMEHTOM BHELUHUX HATPY30K

D=MH]/49[F]. (187)

H3ameHeHue MOMeEHT2 TOPHIOHTAIBHBIX (BErpoBBIX) HAIPY3IOK 3INAHMT MOXK-
HO NPENCTABHTD 3aBACHMOCTHIO {cp. ¢ dopmyrnoit (3)]

J
M=ocH +pH . (188)

Uz dopmynet (187) c yvuetom dopmynel (188) cmemyeT, uro yBenHucHHe
CYMMAPHOHR XECTKOCTH INAHHA ONMUCLIBACTCH MHOTUOUWICHOM YETBEPTOrO Nopaiika,
H B pe3yjlbTaTe O Mepe YBeHYeHHA BbICOThl 3xaHuil GcapasmepHbiit napamerp
Y 1 Ko3hdHUMEHT 7 TPOMOIBHOTIO u3ruba cHavana TakxXe HECKONMBKO YBEIIHYHU-
BaeTCsl, 4 NMOTOM HauHMHaeT yMeHbIuathcad (cm. puc. 21). KavecTBEHHO aHaIOrdHy-
Hasd 3aKOHOMEPHOCTE HAOMOOaeTc M INPH aHANK3C YBEJIHYCHHS CyMMapHOHR
XKECTKOCTH Hecyuled CcHCTCeMbl 304HUS NpH MPOCKTUPOBAHMY H3 YCIOBHH IIpoOu-

HOCTH.
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Puc. 21. XapakTep H3IMCHCHHA Dy}
CYMMapHON )KECTKOCTH 30aHusg D o
(1), ©6e3pasmepHoro napame'rga
BCPTHKAJILHBIX Harpysox V (2)

# Ko2dPHUKEeHTa MPOAOTHOI0 K3- 2
ruba (3] ¢ pocTOM BBICOTHI
3[JaHN#H

5.15. TlapameTphl, HCNONb3YEeMbIC TPH BLINOJHEHHH pPacdYeTOB C YYETOM
NpofONLHOre U3rHba, MOXKHO TaK)Ke NPUMEHATL NPH IIPOEKTHPOBAHUH B KayecT-
Be yROGHBIX KpHTEpHER DauMOHANBHOCTH NMPpRHATOH B NPOEKTE KOHCTPY KTHBHOMN
CXeMBI 30 aHH A,

B 4acTHOCTH, BENHUYMHBI Ge3pa3MepHLIX NapameTpoB ¥V HIIM /] BEPpTHKANLHOHN
HAarpy3KH MOTYT CIYXHTHL NPH3IHAKOM 3KBMBAJIEHTHOCTH XeCTKOCTeH (Mo Mpu3a-
HaKy “paBHOYCTONUMBOCTH'') HecCyllelt CMCTEMbI 30aHKA OpH NOCTVNATE/IBHBIX
[epeMeLICHUAX U TNpPH 3aKpYUYHBAHHY . IKBUBAJICHTHOCTE XeCTKOCTe# olecneye-
Ha NpH cOOMONEHHH YCNOBHRA:

= ))w NI 75,:7:'-'-' '7w' (189)

Y
OyeBHHO, 3KBABANICHTHOCTh KECTKOCTEH HENb3A OLEHHUTH HETIOCPERACTBEHHEIM
COMOCTaBAIEHHEM CYMMapPHBIX KecTKocTe#t I, D, H D, , NOCKONIBKY H3THOHO-

KPYTHIIbHAA XKECTKOCTh 70, UMeeT Npyroft GH3HUCCKHR CMBICN H APYTYIO pa3Mep-

HOCTb, UEM XXECTKOCTH NIPH NMOCTYNATENBHbIX MTepeMelLieHHUsI X _Dy 4 D,.

OnpenerieHHe BHYTPEHHHX YCHIIMH B KOHCTPYKTHBHBIX 371EMEHTaX
H NeQopManMH 31aHMA

5.16. B pe3ynbraTe CTATHYECKOI'O pacuera 30aHHSA ONpelenAlTCiA COBHIal0-
apte CUNbl T; B GUKTHBHBIX BEPTHKANLHEIX IUBAX H KPHBU3HBI KXoy, #pz.4,, H3O-
FHyTOH OCH (IPOCTPAHCTBCHHOHW Hecyluelt cUCTeMB] 3aHHA. 3afavel JanbHefuero
pacueTa ABJIAETCH oIpelecsicHie BHYTPCHHUX YCHIIHH B KOHCTPYKTHBHEIX 3JIEMECH-
TaX, KOTOpblc HEOOXOOHMBI [NA BLINONMHEHHUA HPOBEPOK NMPOYHOCTH, 2 TAKXKE
nedopmanuit 30aHHN.

5.17. UsruBawouime moMeHTH M, U M. B inocknx pMadpparmax, napaniesib-
Hbie OCAM ¥ 1 Z COOTBETCTBEHHO, BE‘:NHCHMOTCH Mo HaljJeHHOW KpHBH3HE:

My;‘ = X,z )B,. 5 M, =~ (X, _~Z y-) B - (190)

..( 0y+

Uarnbawumit MOMEHT CUHTACTCA [ONOXUTCNABHBIM, ¢€(IH OH PpacCraIHBaeT
BONOKHO [Hadparmel, pacnojIoKeHHOE CO CTOPOHBLI IOROXHTENBHOrO Hanpan-
NEeHUA ONHOHMECHHON OoCH KOOpOHHAT (puc. 22).

Honepeynple CHABI, BO3ZHMKAWOUIME OF TOPHU3IOHTAIBHEIX pacnpeleNcCHHEIX
Harpy30K 30aHHS, B YpOBHE 3a0€N1KH PaBHBLI:

oy A -
Qy‘. (H)= "(.«:‘;155* T (¥, -g{.)-—My‘-)(agU)/.é‘H, (191)
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é_{f{/ ] Puc. 22. K npasuny BHYTpeHHAX YCHImit
&:°0
Q,; (=5 €, T (2-2,0-M, Jap+3) 2t (192)

rme My, My;» Ti — coorBercTBenno usruGanoume MoMeHTH B puadparme u
CABUTalOLHC CHIIBI B MNMPUMBIKAKWIUMX K Hel (QUKTHBHBIX LUIBaX, BLI3BaHHbIE
FOPA3OHTANBHBIMH pacpeleNICHHbIMH HATPY3KaMH, B YPOBHSAX 3afleNKn; &y, €, —
apaMeTpPhl, XapakTEPHIYIOUIHE paclpellesicHHe TOPH3OHTANBHEIX HArPY30K MO
BBLICOTE 30aHHA U BhIUMCAAEMEIC 110 PpopMmyne (6).

Ilonepeutple  cunbl, BO3HMKAOLHE OF TOPHUIOHTANLHBIX PpacnpeneNeHHbIX
Harpy3okK, B JIoOOM ypoBHE C OTHOCHTENBHON KOooparHaTol €= x /i paBu

RQ(E)=QUH)E (2 - (1-a)&)[(1+a). (193)

[lonepeuHble CHJBI, BO3HUKAKIIME OT NEACTBMY PABHOMEPHO pacOpeleneH-
HBIX 110 BLICOTE BEPTHKAJIBHRIX Harpy30K B YPOBHe 3a/l€NIKH, PABHBI

T

Og.f (H): (tf Eyﬁ f‘*é;él-k-f}: (_{/“Q "—%:')"%5)/”; (194)
L s\
in (H )= (;i‘EZL- +k§r£‘.k 7; (zk-z{) __Mz")/y; (195)

rne Myc> Mz, T — varnbamomme MoMeHTHI B Iuadparme # CABUTAIOLIHE CHITBI
B NPUMRBIKAIONIMX K Hel DUKTUBHBIX [IBaX, BbI3BaHHBIC BEPTHKAaNbHLIMH paB-
HOMepHQ pacnpeieneHHbiMHY Harpy3K4dMH, B YPOBHE 3all€nKH

ITonepeyHblc CHNBI, BO3HHUKAIOLIHE OT BEPTHKANBHBIX pPaBHOMEPHO pacnpee-
NeHHELIX HArpy30K, B nioGOM ypoBHe C OTHOCHTeNRHON KoopouHatol § = x /4

PaBHbDI

Q(&)=const=0(H), (196)

ITonepeuHrle CUABLI CYHTAIOTCR NOJNOKHTENBHBIMH, €CIIH HapaBJieHUe UX OeHcT-
BHS Ha BEPXHIOK HACT: OJHAPparMbl B CeYeHHH X COBMNAMaeT C HATpapJIeHHEM Ol

HOHMEHHBIX ocelt (pHeG. 22)
L
N=H-& Ca Ty (197)

DTaxHhie COABUIapomMe CHUNb! 7 5p B GUKTHBHREIX BEPTHKANBHARIX LIBAX pac-
YyeTHOH CXeMBbl, YHCNIEHHO DPaBHbIC NMPHUpALIEHHIO CYMMAapHOro CIBHMIaiwiliero ycu-
KA B Npenenax oHoro 3TaXa, oNpelendaoTca no GopMylam:
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Puc. 23. Cxema pacyera CABHMIalOIHX YCHAHK B BEpPTHKambHbLIX
IUBAX

I — UEHTp TAXECTH nnockoft AMadparmel; 2 — TO XKe, OTCEHEHHOMN
4acTH Ouadparmsl

NPH OefiCTBHHA TOPUIOHTANILHLIX PAaBHOMCPHO PACTIpEAEIICHHBIX HATPY30K

2 _ 2 2.
T =T[(H-H)"-(H=H,) J/H 7, (198)

[pH AcACTBHH BEPTHKAIBHEIX pABHOMEPHO pacnpeaenceHHbIX Harpy3ok

Tsr =T(H,~H, )/ H, (15%)

rge | — cyMmapHas CUBMIAKNIAA CHIId B IaHHOM QUKTHBHOM LIBE, ONpeacIIcHHAaA
B pe3yNneTaTe CTATHMYECKOro pacyera 3ganusa; M — BbICOTa 30aHMA; H,, H,— paccTo-

HHE OT 3aleNKK NHadparMsbl 00 HH3a H BEPXA PaCieTHOr0 3TAaXa.

Bo BHYTPEHHHYX BEPTHKAIBHBLIX PpANAX 3aKJIAOHbIX OeTanel, COCHHHAKUIHX
cOOpHBIE 3JIEMEHTBl NNOCKHX auadparmM, H B HepeMbMKaX CIOBHTIONIME CHITHI
PacCUNTHIBAIOTCA MO popMyne

T;T:: kr[Mar /EI-E/E:!:N;T(J/A-N‘;T/N)L (200)

rae M,, N,, — npupaineHusa uirnbaoiero MoMeHTa H IIpoaoNbHOM} CHNLI B Onad-
parme B8 npeheax PacyeTHOro 3Traxa; Ngpy — YacTh NONHONC NIPHPAIUCHUA NIPO-
JONBHOH CHIIBI, ACHCTBYIOLIAA Ha OTCEUEeHHYIO YacTh aMadparmel; A8 — ocepas
M H3THOHAsA XecTKOCTh Iockoll auadparmel; A B, £ — oceBad ¥ H3IrHOHad xccr-
KOCTH OTCeYceHHOH YacTH (3alITpHXOBaHa HAa pHC. 23) M pacCrosiHMe OT ee UEHTpa
TAXECTH [0 USHTPA TAXECTH NNOCKOoN auadparmsl.

B dopmyne (184) npunsro cnemyloliee NpaBMNo 3HAKOB.

Casuramoiiasi CHNa B BEPTHKANbHOM lIBE CUYHTAETCH NONOMXHUTENBHOHK, ecsiM
CTPEMHThCS NOBEPHYTH OTCEUEHHY!O YACTh OMaPparmMel NDPOTHE 4YacOBOH CTpest-
K, H3rubaomiit MOMCHT CYMTAeTCA MOJOXHTICNLHLIM, €C/IH PACTATHBACT NEBOE
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BONOKHO. 3HaK nmioc” B cnyyiae NBORHLIX 3HAKOB NPHHHMAETCA IIpH onNpeae-
JICHHH COBHMYrawllcH CHNbI, gelicTByollel Ha uacTh AMadparmel, pacnonoXeHH Y
npapee BEPTHKANLHOIO LIBA. -

[pu onpeneneHHH UpHPaLIeHHA MPOJONBHON CHNbI Ny u ee Dond /Y 4p He-
00XO0JAUMO YUYRTRIBATE He TONBKO BEPTHKAJIBHEIC HArpYy3KH, HO U ITAXKHLIE CIBU-
CAOIUKC CHIIBI, OeicTyoiiie B (PUKTHBHLIX IUBaX, I[IPHMBIKAKUINX K OaHHOH
nrockoit guadparme. ITH CABUTEOUWHE CHIBLI CHHTAKOTCS NOJIOXHTEALHBIMH,
COIIM OHH CRMMAKT tuadpai'my.

O6GocHoBanue pacuerHolt saBucumoctTH (200) B obneme, HeoOxomuMom AsnA
NPaKTHYECCKON peann3alluy aJIropUTMA, NpenCcTaBieHO B MPHIIOXKCHHA.

HeAcTBUTENBHOE pacnpedeneHie COBMIAKWICTO YCHIIMA B BepTHKaIbHBIX
wiBax guadpdrM peanbHeIX 30aHUR UMeeT [OBe CYWISCTBEHHLIE OCO0eHHOCTH,
KOTOpbI€ YYT€Hhl B pacueTHhiX 3aBHcUMoOCTAX (198) —(200), BbIBEOEHHBIX B
npearnonoXxeHH aGCoMOTHON KeCcTKOCTH 3aKNafHbIX getaneft ¢ UCIONbIOBAHHCM
INEMEHTAPHOH TeOpPUH HIruba, ¢ MOMOLILIO NPHOAHIKEHHBIX NTPHEMOB,

Bo-niepBhIX, COBHTAIOUIME YCHITUS B BEPTHKATLHBIX [IBAX HECKOJIBKO MeHbUIe,
YeM B KOHCTPYKHMAX ¢ abComoTHO MeCTKHMMH CBAISIMW BCIIEACTBUE BIMAHUA
NOJATNVBOCTY J4AKNGOHLIX AeTaneft, YTo Y4YMThIBaeTcs#  npubOmXeHHo C© To-
MOLIEI0 KOXppUUKEHTa YCOBHH paBoOThl & .

Bo-BTopbIX, OnA paMadparM, 3alIeMICHHBIX B (PyHOaAMeHTaX, npu JOOLIX
MKCCTKOCTAX 38KNAOHBIX deTanei# UHTCHCHBHOCTHL CABUIAKIIIUX YCHIAMH B yPOBHE
OCHOBAHHA paBHa HyJO. JTY OCODEeHHOCTh pacllipedesIcHHA COABHUIaOIIMX yCHITHHA
HeJIb3s YUYCCTh C IIOMOILUBIO 3JIeMEHTAPHBIX MeToOoB. I103TOMY 18 NMpaKTHUECKHX
pPacyeToOB MPLAJIOKEHO BBMHCIIATE CABHIAKLIHE YCHIHA HECKOMBKO Bbillle YPOBHSA
ocHOoBaHusa, Ha OCHOBaHMM aHAaNMHU34 Pe3YJETATOB YMCIICHHEIX HCCICHOBAHUK
pacnpeliesieHdss yCHMNH# B OHadparmMax XKecTKOCTH, BLINONTHEHHBIX METOIIOM,
H3JIOXKEHHBIM B pasil. 4, NPEAIONKCHO OTMETKY HH3a pacuUeTHOro 2TaXKd NPpHHHMAaTh
paBHOH MNONOBHHE [OJIMHBI KOHTYpa MNONEpeyHOro ceyeHus gHagpparm. Huxe
3TOH OTMETKH NEHCTBHTENIRHbIC 3HAUCHUA COBHIAIONMX CHJ1 MeHLLIe, YeM npu pac-
yeTe M0 opmMynam (198) — (200), Beilile — NpaKTHYECKK COBNALAIOT.

5.18. Muorpa, Hanpumep, npH pacyeTe 3NaHRA ¢ TNMIOCKHMK MHOTONMPONETHHIMHU
oHapparmamu (puc. 24, @) WM IIpH pacyeTe 3dadHuit ¢ AHadparmMaMH CNOXHOIO
cedeHHs (puc. 24, 6), T.e. B Tex CNydadX, KOTIMa pacuyeT BBINOJHACTICH C HCNOTH-
30BaHWeM 3aBucuMocTen (173), (174), ona pnansHeBIUMX NPOBEPOK IMPOYHOCTH
(cM. pa3n. 6) BO3HHKaeT HeoOXOOMMOCTL B ONpeEleNIeHHH BHYTPEHHHMX yCRITMMH,
JeHCTBYIOWIMX B NpOCTERIUMX [JABYXKONOHHEIX Auadparmax (3allTPHXOBAHHBIX
Ha puc. 24), BXoOdALWMX B COCTaB CYMTaHHBIX auadparM. B 3Tux cryuasx Nnpo-

NONBHYIO CHIly N H HIrdbaiolmii MOMEHT M B JTI060H BblfieleHHON NJlocKoi DMad-
parmMe MOXHO OINPEOCTHTE 10 GopMyNiaMm:

a)

.%I
Ay
-+

]

Puc. 24. K pacuety MnoCKHX (@) B NPOCTPAHCTBEHHEIX
(6) MHOTOKOJIOHHBIX fHadparm



M= 8= ME[B; 2013

N=k [MAG|B+P(AJa-FIp)]1+P, (202)

rae M, F, A, B _ HarpyiIku H reoMeTpHucCKHE XapaKTEPHCTHKH OWadparMul
CNTOXHOIQ coyeHusa, M, P, A,8 - TO Xe, 1117 BbIACIAEMON nnocxnﬁ ouadparmel,

5.19. MOMEHTHI MZT U M 2 Hopmanhm,m CUJTL! N , pefictsyounie Ha dyH-
OJaMeHTH (B ypoBHe 00Ope3a), paBHm

M;- SEM T N-(g‘.”-ﬂ-); --}:’M +ZN. (z ~Z.); (203)
NP =ZN,, (204)
e ym :w — KOOpAMHATHI UEHTPa THXKECTH pyHIIaMeHT4a,

Cymmupoaanne q)opmyn (203) u (204) npouM3IBOOMTCH OJIA BCEX TUIOCKHX
ouadparm, onupawimxcd Ha JaHHLIR dyHOaMedT.

[lonepeynast cuna B yposHe oOpesa (yHiameHT2 paBHa pasHOAEHCTBYOLUEH
BCEX HNONEPEUHBIX CHI, ASHCTBYIOLIMX B NIJOCKUX AHa(pparmax.

5.20. OnopHbl¢ peaxkuMM OHCKOB NEPCKPLITHA ONpelensdioTCA KaX pa3HoCTh
nonepeyHbiXx CHN B AUadparme, BEACTBYIOILUMX B CMEXHBIX C NepeKpbiTHEM 3Ta-
wax. Ilpu aroM, yudThiBasi JUCKPETHOCTh MepeKPHITHH B peanbHON Hecylei
CHCTCMC 30aHHAA, BCNCLCTBHE vYero nODeACTBUTEALHAA 3IMKPa IMONEPCYHLIX CHIT
NpH OCHCTBMH I'OPH3OHTANLHLIX pacHpeJeficHHLIX BETPOBLIX HArpy30K SIBIAETCH
CTYNEHYaTOH, B pacueTaXx Ha 3TH HAIPy3KH NPH BLIUYMCIICHHHM BepixHeP NonepeuHon
CHAbI, cCnienyeT NpHHHUMAaTL Ge3pa3mMepHyw Koop/AHHATy & , COOTBETCTBYIOHIVID
JAAHHOMY TMEepeKPBLITHID, 3 IIPH OHPEIeJICHAN HHXKHEH MNonepeyHoH CHIIkI — COOT-
BETCTBYIUYIO ClellyioleMy HUXeJewameMy nepeKpblThdio. IIpy geicTBHH  Bep-
THKANBHBIX PABHOMEPHO PpacnpeleNeHHBIX Harpy3oK W FOpPH3OHTAaJIBHBIX COCpe-
NOTOYCHHKIX YCHJIHi1 ONOPHBIEC PEAKUHY BO3HHKAIT TOJNBKO B AUCKE NEPeKPLITHA,
COBIaAIIEM C BepXOoM JHadparMe! (B OHCKeE IEPEKPLITHA, eClTH ODHadparMul
DOBOIATCH 11O BEPXHETD 3Taxa).

5.21. IlonHkble nepemerleHus £ MIOJH o060l TOYKH BEpUIAHDLI 3AaHHA C KOOP-
AMHATAMM ¢, 7, CKNAABBAIOTCA U3 IBYX YacTel:

NonH

_ ph3r, 205)
A (

rae F'” — NepeMellicHHe TOYKH K OT y3ruba HecyiMX KOHCTpyxuu#i; £ OCH _ ne-
pememmnﬂ TOYKH & OT NOBOpOTA (IJYHnameHToB MpH MOJATIHBOM OCHOBAHHH.

B cBow oucpens nepemewnenus i, fi, moBod TOUKH Kak OT H3ruba KOHCT-
PYKUMHA, TaK H OT 1OBOPOTA (PYHAAMEHTOB MOXHO MNPEICTABUTHL KaK CyMMY
nepeMeieHun

ﬂw = ay + sz ‘sz""’" 1;_2" 9.‘/,(, ) (206)

r7te foy» foz — HOCTYNATENBHBIC IEPEMELLICHHA HAYAId KOOPANHAT B HANPaBJICHHH
ocefl Y H 25 & — yron 3aKpyuHBaHNs BepiliMHBI 30aHMA,

[Iocrynmenmme fepeMellieHdsn £,7%7 W Ford'  Hauana KoOOpAMHAT M Yron
2aKpYUMBaHKA 30aHua O "3 [poucxomsAumMe OT WIrHBa HeCyUIMX KOHCTPYKIMHA,
PABHBI;

nar b4 nar 2
- - - E H ‘, 20?

me — wo3dPHLMEHT, yyrTHIBAIOLIMA HOPMY YIIPYToit THHMH 31aHHA, pABHBINA
: A‘IH NpH¥ OeiACTBHM PaBHOMEPHO pacnpedeneHHON TropH3OHTANBHOR Harpys-
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KM; Cp = 1/3 npu nefiCTBHH paBHOMEPHO paclipelelIeHHBIX BEPTHKANLHLIX Ha-
I'pY30K.

B dopmyne (207) xpuBH3HBI JOMXKHBLI OBITH ONpenesieHbl TpH JIEACTBHHA
HOPMaTHBHBIX HArpy3ok. B NpakTHYEeCKHX pacyeTax MOXNHO HCIONL30BaThL 3Ha-
YCHUA KPUBHIH, ONpPEHCNIEHHBIX NPU JeRCTBUH PacyeTHBIX HAarpy3oK H JEeNIeHHLIX
Ha KOXDPHUMEHT neperpy3xu. DEH DEN

llocTynaTelibHbie IEPEMELULEHIA f, H fop M Yyrojl 3aKpYYUBAHUA B YDPOB-
He BeplUMHBI 3faHun 8", npoucxopsalume BCAEACTBHE MOBOpPOTa PYHOAMEHTOB,
3aBUCAT OT CYMMAPHBIX XECTKOCTHRIX XAPaKTCPHCTHK OCHOBaHUA N, onpenense-
MbIX nio popmynam (119) - (121), H cymmapHBIX MOMEHTOB M;;Mfu OuMOMeEH-
Ta MJ , NERCTBYIOLIMX NO NofolluBe GyHIAMEHTOB:

ocC

H_ Q ) QCH_ . & MH': _ ?
}fw B -MQ H‘P/Rﬁ' ' 7r.::rz B Mz Hw/ﬁz , @ MwH¢’ /Rw' (208)

IIpu 3TOM CyMMapHbBIE MOMCHTEI M; s M f H BMMOMEHT M?, aJehcreyonpie

Ha )yHOAMEHTHI 30aHUA, NOICYUTHIBRIOTCH 110 PopMyTIaM: “

@ Mg - & | P e P @ .
My B i‘.-:.:: (Mf{:.' ” 05(5 /7,?,)} M, _;g (Mz£:+0;‘- & )"

(209)
»_ Iy @ @ @ P
= + : ¢ - o : @
Mw 5 [( Mg{ 0_04 hqﬂ ) Z.-: (Mzz, sz /’ﬁ ) 4 ¢’
roe h ¢ — BbIcOTa GyHOaMeHTa.
Momentet M, M 7. onpencnaiotes no ¢gopmynam (111), cymmuposanue opo-

H3IBOIUTCA no BCeM dyHOamMeH1aM (m ¢ — KONHYECTBO dYHIAMEHTOB)-

st BBIYHMCNCHUA CYMMapHBIX XecTkocred K ocHoBaHusa Nno Qopmynam
(119) - (121), HeoOXOOKWMB]I BEIHUMHE]I XeCcTKocTell oTnensHbiX BYyHHaMEeHTOB,
YUCIIEHHO PABHBIC MOMCHTaM, BhI3bIBAKUIMM eMHHUHbIH NoBopoT (KpeH) PyHAaa-
MeHTOB. [IpH TDYHTOBOM OCHOBAHMH >XeCTKOCTh NPAMOYIOJIBHOIO (PYHNAMEHTa
MoxHo onpendenuTs mo CHuII 2.02.01-83.

Mm=1/c, (210)

rae 7 — KpeH ¢yHOaMeHTa, BEIMHCHEHHBIA no dopMmyne N°10 ,
CHull 2.02.01-83 npu M=Fe =1. Popmy ) mpun. 2 rnasul

6. NPOBEPKH NPOYHOCTH KOHCTPYKTHBHbLIX 3JTTEMEHTOB

6.1. Tlocne Toro Kak BLITOIHEH B! CTATHUCCKHE pacueThl NNPOCTPaHCTBEHHOH He-
Cylue# cHMCTeMbl 3JaHHUs, a TAKXXe onpejenedbl BHYTpeHHUE YCHNHA U Oedopma-
HMHY, HCOOXOOHMO NPOBECPUTL HECYILYI0 CNOCODHOCTE KOHCTPY KTHBHBIX 3JICMCH-
TOR. [IpoBepkH BHINOAHAKITCH KaK [ANA HOpMaNkHBIX cedeHUH anadparm Ha cxa-
THE W CABHT, TAK U ANIA CBA3El cABUra (3aKIIaAHBLIX AeTaneH ¥ NCpCMEBIYEK)

6.2. lIpounocTs HOpMANLHBIX CEYEHMI Ha CKaTHE NPOBEpAETCA [NA MPoCcTel-
WHX IMTOCKUX ABYXKONOHHBIX IHadparM, BXoOfIUKX B COCTAB (IPOCTPaHCTBEH-
HoMt Hecyuie#l CHCTCMbLI 3XaHHA. B 3ToM cnydae oTnagaet HeoBXOMHMMOCTE UCTIONL-

30BAHUA POMO3IKHX PACYCTHLIX YCIOBUNA MNPOYHOCTH AN JuadparM CloxHoOH
¢dopMbl, a NpOoCTpPaHCTBEHHAA paboOTa KOHCTPYKUHMH YUYKUTHIBACTCH [IPHM BLINOJIHE-
HUK CTaTMYECKHX pacueToB., KpoMe Toro, [jif OrpaHHUYEHHOI'0 YHUCIa 371eMeHTap-
HBIX guadpal'M, pa3snuyHbBIe COYETAHHHA KOTOPBIX 00pPa3yiOT B peanbHbBIX 3JaHUAX
NPaKTHYCCKH HEorpaHHUYCHHbLIC KOMOHMHauMK, MOXHO pa3paloraTe BCIIOMOIATEITE-
Hble MaTepuankl (Tabnuubl, rpaPUKy M T.i.) , cyuiecTBedHo obsieryawoliuye HHKe-
HEPHBIC pacyYCThl,
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Puc. 25. T'padpux Hecyuweft cno- N |
cobrocTH nuadparmsl
! — TIpH OTCYTCTBHH aHKEpPOBKH

auapparmeHyeIX KOIoHH B dyH-
AaMeHTax; 2 — TO XKe, IIpH Ha-
TIHYHH

I1 oo

POYHOCTD HOPpMANTBHLIX Ceye-

HHR TUTOCKHX Auadparm xapak- Z
TepHlyeTc rpadukoM Hecy el N

COCODHOCTH, aHAIOTHYHBLIM I'Da N -

dvKY Hecywelt cnocobHOCTH,

BHEUEHTPCHHO-CXKATOTO  XKelie-
306eTOHHOIO annemeHTa
HCKOTOPhIM MNpPUOIIHXKEHHEM B |
3alac MNMpOYHOCTH BeTBH  I'pa- M, M M Mo R,
(bHKa MOXHO CYHTATbL (IpAMO-
NMUHERHLIMH, Tol1a ONpEUCNAIO-

IAMH j[gpaMeTpaMH TpPaUKa CNyXaT LeCTh BEeTHYHH (pHc, 25); Nu - lIpe-
OenbHas TPoOMNONBHAs CHIlA, BoCTIpHHHMAaeMas OMadparmMo#t npH paBHOMEPHOM
cxaruu; Arp, Mrp — MPedeNbible IPOIOLHAR CHIIa U UITHOAOLIMIA MOMEHT, COOT-
BETCTB YIOUHe FPAHHLIC MEXY NMepBbIM H BTOPRIM CNYy4Yasi MH BHEUCHTPEHHOTO
CKATUA; N 3. M 5 — NpedesibHBIC IPOJONbHAA CHIIA, HeiCTB YIOLIAN C 3KCLIeH-
TPULUKTECTOM, BelUUMHA KOTOPOI'o paBHA PACCTOAHHIO OO0 OCH CXATOH KONMOHHBI,
H COOTBETCTB IO e H3rubaouuit MoMeHT; M, — npenenbHbli H3TNGaOLMNR
MOMEHT, BOCOIPHMHHMACMBIN COUeTaHHEM TIPH OTCYTCTBHH Bep THKAJIBHBIX CHII

[pouyHocTs NMOCKOH Ouadparmbl obecneveHa, eClIM TOYKAa C KOOPAHHATAMH
NM (tne N u M — BHyTpeHHue YCHIIUA, oNlpeleNieHHble B pe3y ibTare CTaTHYeC-
KOO pacueTa 304HMA), JIGKUT BHYTPH rpaduka npoudHoctH (puc. 25). Ycnosus
NPOYHOCTH AHaghparmMbl MOXHO BBIPA3IUTE C NOMOIUBIC TpeX NpCOenbHbIX Hepa-
BCHCTB:

npu Nrpé N‘Nu Mk,,*OC?N*‘R,; (211)
» N_;n{N(NFP Mk, ~a, N, - (212)
» 0 <N (N;n M - oﬁ:’.N-ﬁ"-ﬂj. (213)

[Tapamerpsl &x SABIAIOTCA YTHOBBIMH K03(QdHuLMeHTaMHt BeTeell rpaduKa npod-
HOCTH ¥ BbIMUCNSIOTLH 110 POPMYNTAM:

o, = M [ (NN, (214)
X, T AM M) (NN, )5 (215)
<y =My = M0, @16

[IpaBeic 44CIH LipellesTbHbix HEPABEHCTB UMEIOT Pa3sMEPHOCTs MOMeHTa OHYM
PABHBI:

Fr=oC, N, , (217)
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902 = Mrp B 0{2 Nrp .; (218)
O3 =Myp=xzs Ny, . (219)

KosddHuneHtsl ycnobsuft pabotsl Kk, u k, B dopmymax (211) u (212) vuurthi-
BAIOT CHMXeHHE HECYlleH cnocoOHOCTH cOopHbiX nuadparM BCnencTBUE I1OIaT-
NMBOCTH 3aKNMATHRIX NETancH.

Hcnonb3osanue napamerpa Ay npu GopMympoBke NMpeensHOTo HepaBeHCT-
Ba (211) He npoTHBOpPeuuT nonoxenusam rnashi CHull 11-21-75, B xoropo#t He

ACCMAaTpHBAIOTCA MpeOebHBIE COCTOSHHA UCHTPAILHO-CKATHIX 3JIeMEHTOB.
eoOXOOHMO TOJIBKO NPHHUMATL PACUETHYIO BENMYMHY HMIrHGaloLiero MoMeHTa
B qHadparme He MeHee BeNHUHHK! €p cop, TOE €pcop — CAYYaNHRIN 3KCHEHTpHIH-
TET, NMPHHHMaeMBIA B COOTBETCTBHHU ¢ M. 122 rnasmi CHuIl I1-21-75. TMpu 3rom

BemyrHa N, UPpaeT pPonb BCIOMOTATENBHOrO MapameTpa, Y IPOALIEro pac-
9eTHhI€ 3aBHCUMOCTH.

nn puadparM ¢ abCOMOTHO XECTKHMH CBA3AMM COBHIA (MOHOJMTHAIX)
napaMeTphl Hecylllel CNOCOOHOCTH MOXHO ONpedensaTs no hopmynam:

Ny =Tl * Il 5

Y (220)
Nrp = NKC * 7o — NKP (221)
Mip= Nz +rlaze=N,C; 222)
Nsn = NKC‘ - Kp 2 (223)
Msn = Nep (2-C)+ N, C; (224)

_ 22
My= Nz, (223)

roe Nye, Nygp — Hecyume ciocoGROCTH KOMOHH COOTBETCTBEHHO NMPU CXKATHH H
PacCTAXEHHUH, ofpelcneHHbie B cOOTBETCTBHH ¢ rnasot CHHII 11-21-75 ¢ yuerom
I'HOKOCTH U3 NMOCKOCTH W KOHCTPYKTHBHHEIX ocobeHHOCTe#: r» — Hecyuad cno-
COOHOCTS E€[{HHHILIBI JUIMHEI CTeHKH AHadparmel; [ or — IUIHHA CTeHKH JHadparMel
(puc. 26); Iy, % p — NpeldenbHBIA pasmep CKaTOH 30HBI B CTEHKe IHaQparmel,
COOTRCTCTBYIOIHA TPAHHYHOMY 3HAUYEHHID OTHOCHMTENBHON BLICOTHI CXATON 30HEI
$p(em. nm 3.12 rmasm CHull 1£-21-75), a Taxxke nseyo paBHoOeHCTRYWOUIEH
NpedebHOTI0 YCHIIMA B CXKaTON cTeHKe OTHOCHTEITHHO OCH MEHEe CXKATO! KOJIOH-
HhI; < — pacCTOAHHE MeXIOY OCAMH KOJOHH; C— pacCTOAHHE OT OCH MeHee
CXAaToN KOJIOHHK! 110 OCH OHadparm.

KoHcTpykuMA TUIIOBOTO y3:1a COeAMHEHUA KOJIOHH KapkKaca cepun 1.020-1/83
¢ dynpamerramt He obecncuduBaeT nepefady PACTATMBAOUMX yCHIMEt, NO3TOMY
pH pacyere NPOYHOCTH OMOPHLIX CedeHudt suadparm cneflyeT NpUHAMATE & (o =
= (), Torga noONyYumMm:

Nan = Nug 3 Myg= Ny (27€); o3 = 2-C; =0
¥ ycnoBue mpouHocT (213) npuobperer BHA
M < N(z-¢), (226)

a rpadHK IPOYHOCTH POPMY, NOKA3aHHYIO NYHKTHPOM Ha pHC. 23,

HepaBeHctBo (209) BhIpakaeT ycnoBHe OTCYTCTBMH PACTATHBAIOLMX yCHITHA
B AuacparMeHHON KOJIOHHE M COBMAlaeT C yCIHOBHEM yCTORUMBOCTH AHAPPArmel
Ha OMPOKWAbIBaHHE BOKPYT OcH Donee cxaTol KOJIOHHBL,
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Puc. 26. Cxema k oHpefenicHHIO BHYTPEHHHX YCH-
JIHA B MonepeyHoM CeeHHH AHadpparMei npn N <= N
I —c¢kaTtad KonoHHa; 2 -- TO e, pacIgHyTas

CneudanbtHbIMH  MEPONPUSITUAMH, 00eCnedMBaOUIHMHE aHKCPOBKY PACTAHY-
THIX KOJIOHH B (PyHOAaMCHTaX, MOXHO YBENHUHTE HECYLUYIO CnocobDHOCTSL nuad-
parm (c™m. puc. 29).

Hecymas crnocoGHOCTE CTEHKH oONpedeNsercs € yYeToM H3rHOailmMx MOMEH-
TOB H3 [NOCKOCTH HOMadparmsl, BOIHHKAKUMX INPpH HEpPaBHOMEpHoH 3arpys-
Ke NONoK JuadparMel, HNIH CIy4YalHOro OSKCUEHTPULIHTETa, O0YCHOBICHHOTO
dedeKTaMH MOHTAXKAa, CMEMEHHEM O(QHUIUMMECKOTo UEHTPa TAXCCTH H ApPYIrMMH
¢dakTopamMu. [lpu onpepgenchHHd Hecyule#t cnocobHOCTH CTeHKH HeoOxoamnmo
YUYMTBIBATh noaOep)KUBawllee BIWAHUME KONOHH, KOTOPBIC CTEeCHAKWT cBolog-
HY 10 gedopMauMio CTEHKH K3 MJIOCKOCTH H COOTBETCTBEHHO YMEHRLUIAT BIIMAHHE
npononbHoro u3rHba. B TO Xe BpeMsa CreHKa, /11 KOTOPOH KOMOHHA CITYXUT
cBoeoOpa3HbIM pecOpOM XECTKOCTA, nepenael Ha KOJNOHHY OITOPHEIE peaKIIvH,
BRIZBIBAIOIME B HER NOHNOITHHTEIIBHBIC MOMEHTHI H, CIIEAOBATENBHO, CHHKAIOUIHMC
ee HECYLYIO CIIOCODHOCTE.

PacueTHble 3HauyeHWs Hecyljed cnocolGHocTH CTeHKH aHadparM no cepHu
1.020-1/83 npusenedn! B 1abn.3. B kayecTBe pacueTHOro 3HaUYCHHS HecylleH cro-
COOHOCTH CTEHKH IIPUHATA HAMMeHbIUAasl W3 [ABYX BENHUMH, XEPAKTEPH3YIOLUMX
NPOYHOCTE CTEHKH B IOPU3OHTANIBHOM CeYeHHH MEXOY ITAXKAMHU C ydeToM Ifepe-
YUCICHHLIX BHIUE BO3NCHCTBUA M B CCUCHHH, NMPUMBIKAOILEM K KOHTAKTHOMY
HIBY JHadparmMm.

[1pouHocTb cOOpPHBIX NTHa(dparmM HHXKe, YeM OPOYHOCTL NHadparm ¢ abComoTHO
KECTKUMH COEIHHEHHMAMH CTEHOK [Opyr ¢ OpYyroM M C KOJOHHAMHM, TAK KaK
BCIledCTBHE B3AMMHBIX CIBHIOB 2/IEMeHTOB 0O BEPTHKANBHBLIM pALAM NOLATIIM-

TaGnwigra 3

ml— —— A el el TR

BricoTa ataxa, PacueTttble Hecytuﬁe CNIOCOOHOCTH CTEHOK ﬁnacbparm
M xecTKOCTH, KH/M (Tc/M), Npu KOJIOHHAX pa3MepoM, MM
C 400x400 _[' ______ 300x300

28  9s009% 950 (95)

3,3 800 (80) 750 (75)

3,6 800 (80) 750(75)

4,2 800 (80) 750(75%)

4.8 600 (60) —

6,0 600 (60) —

f1pumeuaHne BermunHa Hecylielt ciocoOHOCTH CTEHKHM B 30HE PACTBOPHO-
ro urea N%p =970kH/M (97 Tc/M) HelaBHCHMO OT BBICOTHI 3TaXa.
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Puc. 27. Tpadux pna onpene-
TIeHU A Koscgq;uuuema YCIIOBHHA
pabote! K; cGopHo#t amnad-

parmel

BbIX 3aKNagHbIX neranceft rpoHc-
XOOUT OeMJIaHaUHs FOPHIOHTaNb-
HOro ceyeHNs U uirubamiigie Mo-
MEH1bl B JnemeHTax CcOOpHOH
noHapparMel yBEIMUHBAIOTCA 110
CpaBHEHHIO C MOMEHTaMH B 2Je-
MEHTaX MOHONHTHOK [uadpar-
Mbl. CTeleHb BINHAHUA NOI31IH-
BOCTH 3aKIJIaOHBIX MpH IPOYUX
PaBHBIX YCIIOBHSIX YMEHBIIACTCH
10 MCPC VYBEIHUYEHUSA BBICOTLI
3TaHUA.

CHuxeHHe mnpouHocTH cHop-
HBIX AxadparM BCACACTBHC NOOJTIHBOCTH 3aKJaIHBIX HeTajieh B NpaKTHYeCKHX
DACYUETAX MOXET YUHTHIBATHCA C NOMOWEI0 KO3DGHUMEHTOB yCoBHi paboTer K., n
kz; BBedeHHbIX B hopmynbsl (211) u (212), koTopsle paBHbI;

k, = (B+0,25)](B-025); (227)
k, = 1+(k,~ TN =N, ) (N, Ny ), (228)

roe 3=H/b — otHocuTensHas BicoTa Hadparmbl (H — BhicoTa 30aHKA, & — BhICOTA
MOMNEPEHHOTO CeueHUs auadparmsl) .

3Havenus kodhdruUKenTa Ky MOX!O TAKXE ONpellendTh Mo rpa@Puky puc. 27,
[TapameTphl rpaPHKOB HECyleH CNoCOOHOCTH NAOCKKX AXadparmM BLNMCIICHBI
C YYeTOM TepepacHpelclICHHA VCHITMH MEXIOV KOHCTDVKTHEHLIMH JINEMCHTAMH.

OnHaKo B 3[aHUAX CO CIOXHOM Hecyule# cucreMolt nuadparmel, Kak NpaBuno,
Harpy>XeHbl He OOHHAKOBO M HecoOmwoacHue ycrnoBul npouydHocTH (211), (212)
Insi oOHOK M3 Ovadparm elie HC CNYXHT NMPU3IHAKOM NpefefibBHOI'O COCTOAHUA
Bcelt HecywleH cucrembl 3xaHusi. [lootomy pacueTsl no omucaHHON METOOHKe
H¢ BCKPBIBAOT B [I0JIHOH Mepe pPe3epBOB NMPOYHOCTH KOHCTpYKUW# 30aHus, a
3aHUMAIOT TNPOMEXYTOUYHOE MNMONOXKEHHEC MCIKOY pacyeTaMHK MO ynpyrofl craguu
M C Y4eTOM [IOJTHOT O rnepepacnpelc/IEeHHA YCHITUA.

AHATOI'HYNbBie COOOpaXXCHHA CciedyeT BhLICKa3aTh H MO MNOBOIY YyCHObHA
OTCYTCTBMS pacTAXKeHUsT 8 auadparmeHHBIX KoOJIOHHax (213), kak omHOro M3
KPHTEPHCB OO€CNeYeHHOCTH Hecywie CUCTEMBl 3[1aHMA Mo NEPBOH rpyiiie npe-

nembHbIX coctosHui. HepaBencrBo (213) coBnanaer ¢ ycnoBHeM yCTOMUHBOCTH
gnacdparMel Ha ONPOKMObIBAHHE. B NpaKTHKE NPOEKTHPOBAHHA BCTPEYalOTCA
ClyuaH, Korga HepaBcHCTBO (213) He ynoBleTBOpAETCA NHUILL OJIA HEKOTOPBIX

AHaparm, COCTaBNAIOLIMX HECYUIYIO CHCTEMY 30aHUs#, B TO BpCMs KaK [Ojid
OCTaNbHBIX IHadparM BCe YCIIOBUs NMpodHocTH cobimopeHbl ¢ 3anacoM. B noao6-
HOH CUTYauHH HeCcOOIMOOeHHE YCNOBHUS YCTOMYMBOCTH Ha ONPOKHILIBAHHE [NA

OTAeNBEHBIX OAadparM 3aBCcOMO HC MOXET CIYXUTL IIPU3HAKOM NOTEPH HecyeH
ctocoOHOCTH 30aHHA, M Henecoobpa3Ho BBINONHATE CYMMApPHYK NPQBEPKY Ha
OIMPOKHBLIBAHUE BCEH TTPOCTPaHCTBEHHON HeCyLUeHt CHCTeMbl 3[aHHsA, TCM

Gonee uTo WA (GOPMYIIHPOBKH YCHOBHA CYMMApHOH YCTOHRYMBOCTH MOJNIOMXKCHHA
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Puc. 28. K pacuery 3p0aHmMA Ha o———0
YCTOMUYBBOCTD [TOJIOXKEHHA

He TpebyeTcsi HHKAKUX HONONHH-
TelIbHBIX CBeleHUME O HJeRCTBHTENDL / { | lnﬂ

HOH paboTe KOHCTPYKUMM.
JdPexTUBHOCTL HCIONBE3OBAHUA

B pacyeTaXx CYMMAapHOro YCIOBHSA J I
YCTORYHUBOCTH MOJNOXECHHUA HarnsAgHo O- 0

HIINOCTPUPYETCA CIACAYIOHIMM IPH-
MmMepoMm. JlycTe HeCymas cHcTemMa

J0AHHA BKIIOYAeT OBe OJAHMHAKOBEBIX NISNLISNTINTI VISV SN,
[HahparMbpl KECTKOCTH C Pas3JIHy-
HbIMM BEpPTHKAIBHBIMM Harpy3Kamuy £, L,

(puc. 28). HonycTHmass BeAMUMHA

CyMMmapHoro mMomeHTa My . TOpH-

30HTAJIBHLIX HAarpy3ok IMpH [POBEPKE YCOBUA ONPOKMIBIBAHUS IR MEHee
NpUrpyXeHHot nesod guadpparmol 6e3 yyera ee coBmMecTHON paboThl ¢ Bonee
NPUIrpyXeHHOH Mnadparmoit coctapisier M,fm x = 2Pc¢ , a IS CUCTEMBI OBYX
auadparm Mﬂ,m = P (1 +n). llpu pasnuyHbBIX COYETAHUAX BEPTHKAJILHbIX Harpy-
30K B Juapparmax cHcTtemsl (2= 1,5: 2, 3) nonycTHMbIe 3HAYCHUSA TP e el bHO-
M0 MOMEHTa CHCTEMBbI COCTaBIHIOT M5, = 2,5P¢; 3Pc, 4Pr, 4TO COOTRETCTBEHHO

Ha 25y 50 wu 100% npessinaer Hecyuryo cnoco0HOCTS oTaenbHON AHadparmsl.

YcmoBHe  yCTOHYHBOCTH Ha OMNPOKHIBIBaAHHE [POCTPAHCTBEHHOR Hecyuie
CHCTEMEI 3[JaHHA CBOIMTCA K NPOBEPKE TPEX HEPaBEHCTB:

(229)

M . .-?_523’ N. (c%. = Cy 4:),

Tae Cy¢', Cz; — PACCTOAHMA OT LEHTPA TAXECTH MMadparMhl A0 TOYKH, BOKpYI
KOTOpOW MPOMCXONMT onpoxuasiBaiue; M, , My, M,, — cymmapHble MOMENTEI
H 6MMOMeNT BHELIHHX Harpy3lok no (41).

LUns BLINOJHEHUA MPOBEPKH YyCIOBHA (228) BHauane HeoOXoaWMoO NpoH3BeC-
TH CTaTHYECKUH pacyer 30aHHA METONaMH, HINOXKEHHBIMH B pa3fl. 5, ! ofipeNennTh
onAa Kaxaol auvadparMel cxaityi®® KOJOHHY, OT OCH KOTOpOH cilegyer OTCYMTHI-
BaTh PacCTOAHMA (., C, . [Ipumensia ycnosue (228), Inadparmel cnoxnolt Gpop-
MEl CnefyeT pacCMaTpWBaTh KaK eluHoe uenoe. Kpome Toro, HeoGxommmo,
yToOBl ycnoBusa npouHocry (194) n (195) yooBRETBOPANMCH [UIA BCEX [IHa-
dparm.

6.3. Insa awadpparm ¢ ropu3oHTANEHBIMM pacTBOPHLIMH LIBaMH HeoOxonouma
[IpOBCPpKa HOPMAJILHBIX CEYCHHUH HA COABHUI MO MOPH3OHTANNKHbIM LIBAM H3 YCIIOBHA ;

Q. £fN.+ 4., (230)

rne Q., N, — cuna B qua¢parMe COOTBETCTBEHHO MonepeYHas U NPOIONbHAA ;
f — KOPOUUMEHT TpeHHa, BEeIIUMHHY KOTOporo ¢ HEKOTOPHIM 34MacOM MOX

HO NPUHATE pasHoi 0,5, Qcp — CyMMapHas NPOYHOCTh JuadparMeHHbIX KOJNOHH
Ha Cpes.
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ConpotuBneHHe auadparmMeHHbIX KOJIOHH Cpe3y HRONMYCTEMO B 3amac MpoY-
HOCTH OUEHHUBATH 110 QopMyne

Qo= RpEF on- (231)

[IpoBepKy Ha COBHI' HYXHO BBINOMHATH [DIA BEPXHETO TOPH3OHTANBHOrO

PACTBOPHOTO LIiB&
[IpovHoCTh 3aKNAIHBIX HeTajJefl B BepTHKAIBHBIX LIBAX TNPOBEPACTCA H3 YC-

JIOBHA

T, <[T5r ] (232)

rac I o7 — CyMMapHoe CIABWIalolliec YCHIINC B 3aKa[JHbIx AETaNIAX OMHOro 312Xa
MJTH B TEpeMBNKax, onpefenciioe no dopmynam (178) unu (179); -
CyMMapHas Hecyljasti criocoBHOCTh 3aKJIAHHBIX fAeTased OJHOro 3TaXa iy He-

cyiias crnoCoOHOCTh NCPEMbIUKH.
Hecyuias cnocoBHOCTD 3aKJIagHbBIX JeTaneif i nepeMbeK NpuBeneHa B 1abn. 4.

Tabnupa d

BricoTa, M Hecyuwas cnoco6Hocth, kH (7c)
h“__a;ama _npogma o _-H-.‘.;EE;IHHKH ] 3aKJIAAHBIX

{ getaneit

2,8 2,14 145¢14.5) 450 (45)

3,3 2.14 295 (29,5) 450 (45)

3,6 2,14 385 (38,5) 600 (60)

2.47 260 (26,0) 600 (60)

4,2 2,14 570(57,0) 600 (60)

2,47 325 (32.5) 600 (60)

4.8 2,47 405 (40,5) 750(75)

6,0 2.47 410(41,0) 900 (90)

7. MIPOTPAMMA NMPUKAZ ABTOMATHU3HPOBAHHOTO PACUYETA
3JAHHUNA

7.1. Ha ocHOBe anropuTma, HM3JI0KEHHOro B pa3genax 5 ¥ 6, paspaboraHa
nporpaMmMa aBTOMATH3HPOBAHHOI'O pacyeTa 3[1aHMA CO CBA3EBREIM KapKacoM
cepun 1.020-1/83 Ilporpamma oCyuIeCTBIAET CTATHHECKHA PacyeT NpOCTPaHCTBEH-
Holt Hecyuiel cucTeMbl 30aHNA 4 HeoOxoBHMBIe NIPOBEP KU NPOYHOCTH KOHCTPYK-
TUBHBIX 21IeMEHTOB bBok-cxema nporpaMMsl nipefcTaBnena Ha puc. 29.

7.2. PacyerHas cxema 37aHMA TMOATOTABNMHBAETCH Ha OCHOBE KOHCTPYKTHBHON
cxembl. Ha pacyetHoit cxeMe BBIIENAKTCA COCTABHbIE INIEMEHTH! IOHadparm
xecTkoCTH. Credbl, HMeEKILIHE NMTpoeM, pa3jeniaoTcs Ha apa anemenTa. [Ipy cocras-
JIeHUH pacyeTHOH cxembl (puc. 30) 1ipuHsATa chellyiolWas TePMHUHONIOIHS :

OTHAENBHO CroAuwas auacdparma KOHCTPYKUMSA, cocTosfllad H3 CcOOPHBIX
KM MOHOJIMTHBIX 3]IEMEHTOB, CBA3aHHbIX MeXAy COOON CTBIKOBBIMH COCAUHEHUA-
MH HIIH HaOIpoeMHLIMH NepeMblukaMi. OTOenkHO CTOAIUME npuadparmsul CBA-
3aHbI MeXAy cobol NUCKAMHU NCpPEeKPRITHH;

cronn® — mobolt anemMeHT QHaDPATME! KECTKOCTH

LIOB — CeYEeHHE NO BEPTUKATTbHBIM CThiKOBbLIM COCIHHEHHUAM;

NBYXKONOHHaA nuadparma — COCTouT M3 JIBYX KOITOHH H CTCHOBOI'G 3aBONHe-
Hus. OD0o3HauyeHHe 'ABYXKONOHHas1 auadparma’”™ BBenNeHO NOTOMY, YTO B [IPOrI-
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HBOA HCXOAHLIX
AaHHbIX

Crarnvyeckunin pacueT 343HHNA:
dopmupoBaHme MatTpulbl KOIDOMUNEHTOB ypaBHeHUA
hopmupoBaHne NPasbix 4acTer YpPaBHEHMA
peweHne ypaaHesni

BeiuncneHue aedpopmMauvii BepLUMHLl 3AaHHAH
o7 BAVAHWA narnba KoHCTDY KA

Briyncnenve aechopmaumit BeplunHbl 3gaHuA
OT 8NMAHKA NOLSTAIMBOCTA OCHOBAKMA

LMKn no 3arpy»xeHmuam

Boiuncnenuve yeunmin 8 cronbax oT Kamaoro
3ar pyeHunA

Lwkn no auadparmam

MNocTpoenue KOMEBMHALKNA HArPYIOK Ha ABYXKOAOHHLIE
AvathparMbl XECTKOCTH

LivKkn No pyHAIMEHTAM

Buiyncnenme yecunni Ha hyHAaMeHTbI
OT KOMOWHAUMW Harpy3ox

Meuarh pesyneratoe

Puc. 29. Brnok-cxema nporpammsl [IPUKAS3
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Puc. 30 @parmeHT pacuerHolt cxeMsl (OTAENBHO CTOA-
ass auadparma >eCTKOCTH)

A1, 2 — peyxkonoHHble guadparmer; @1 — dyH-
AaMeHT OTHebHO crosuieh nuadpparmer; C1 , ., C7 —
cronfsl pacueTHoO#t cxemnl; 17, T2, T3 - Tunnl cron6oB:
[l ... M6 — wBbI pacyeTHOH CXEeMb

paMMe MpedyCMOTpPeHR! IMMPOBEPKH IPOMHOCTU TOJNBKO UTOCKHMX HBYXKOJIOHHBIX
Anagparm;

¢yupameHT mon pHadparmy KeCTKOCTH — MOHOJNMTHast MMM cOopHad
KOHCTPYKUHS, HAa KOTOPYIO OMHPATCA OOH3a MJIM HECKONBKO OTHEIIBHO CTOS-
iux guadparm,

Ha pacaeTHOH cCXeMe€ BRINOMHAECTCA HyMepauusa CcrondboB, UIBOB, OTAENEHO
croaumx muadparm u dyswpmamenror Crondbl  30aHHA MOTYT Pa3yIHYATHECH
OJIMHOK, TOMUMHOA U MoOYNneM ynpyroct marepHana Ilo ykaszaHHbIM [IpH3Ha-
KaM CToJI0b1 pa3zgensoTcsa Ha THIIHL,

s oOnMCaHWA 3daHHA IPHUMEHACTCA OpPTOrOHaNbHad CHCTCMa KOOPOMHAT,
aBe ocu kotopo#t OY 1 0Z HanpapnAoTcA Mo pa3GHBOYHEIM NMHHHUAM CETKH IJ1aHa.

[IporpaMma MMeeT CleAyKOlMe OIPaAaHHYEHHA. KOMUYECTBO CTONOOB He Oonee
80; xonuyectBo MIBOB He 6Gonee 80; KOMMYECTBO BaPHAHTOB BEPTHKAILHBIX
3aTpy>XeHHH He Oonee 2; KOJIHUECTBO BAPHAHTOB TOPU3OHTAJIBHBLIX 3arpyXxeHuWit
He Oonee 4; KOMHUYeCTBO 2-KOJOHHEBIX HHadparm, MPoBEPAEMBLIX 1O NPOYHOCTH,
He Oonee 40; KOMMUYECTBO YTJOBBLIX TOYEK MaHa 30aHHA He Sonee 25; xonu-
yecTBO (QyHOAMEHTOB Nod MmuadparMbl XecTkocTH He Oosree 30; KomH4YecTBO
aHadpparmMm XKecTkocTH He Oonee 30; xomMyecTBO THNOB cronbor He Oonee 40;
NpOCTPaHCTBCHHAA [uadparMa He OOJDKHA HMeETh 3aMKHYTBLIX KOHTYpPOB;
KOMDDHIMEHTBI XeCTKOCTH (PYHUAMEHTOB HOIDKHBI OLITH NPONOPHMOHAIBHBI C
TOYHOCTBIO A0 20% XxecTkocTsMm OuadparMm, onUpaloILMXCA HAa HHX; BCE ITAXH
3MAHUA JOJDKHBI HMETh OOWHAKOBYI0 KOHCTPYKTHBHYIO CXEMY, NIPH 3TOM NPOEMAI
B CTeHaX MOJDKHBI OLITH pPacnosIOXeHb! perynipHo NO BBICOTE., XapaKTEePUCTHKH
CTONOOB He JOMKHBI MEHATHCA MO BhicoTe 3daHus. JlonmyckaeTrcs CUATaTh Xa-
PAKTEPUCTHKH OOHHAaKOBBIMH, €CITH OHH pa3nuyaioTca He Oonee yem Ha 30%,
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IpH 3TOM B pacueT BBOIATCA XAPAaKTEPHCTHKH, COOTBETCTBYIOUIHE HMKHEMY
CeYeHHo Juacdparm.
[Tporpamma paspaborana Ha sA3bixe £L /1 nns EC IBM B cucremax mporpaMmH-
oBauna JOC u OC EC. MporpaMmma ucrnonp3yeT OCHOBHYI MaMAThE 00BEMOM
850 k5. BHellHsAs NMaMATE NMporpamMMol He UCnok3yeTcsa. Bpems cueTa omHoH
3ajiayd COCTABJIAET B cpeiHeM 2—5 MHH,

7.3. Bce pacuerhl BBINOJHAOTCA A HECKOMBKHX (OOBIMHO — BOCEMH) KOM-
OnHanui BepTHMKABHBIX H I'OPH3IOHTANBHBIX HArpy3ok. HeobGxomumoe kommyect-
BO 3arpy>XeHHH U HX ColepXaHHe ollpenesierca pacHeTYHKOM, HCXOOA K3 KOH-
KpeTHBIX ocoDenHocCcTed 3anaun.

7.4. CraTuueckHfl pacuer 3[0aHHA BKITIOMAET olpeReneHHe CABHMIAIHX yCH-
NUA B BEpPTUKANLHBIX LIBAX M KPHUBH3H I[POCTPAHCTBEHHOR Hecylllelh cHCTembl
30aHHA B pe3ysbTaTe peweHuss cucremsbl ypaBHeHH# (170), (171) c yuerom
MpoNoNnLHOre HW3rHba, onpedeneHHe BHYTPEHHHX YCH/MH B Ouacdparmax xecrt-
KOCTH MO YKa3aHHUAM M. 5.5 W Jedopmauuif BeplUHHBl 3[aHUA 10 PopMynam
(205) - (208).

7.5. Pacuetr nMpoYHOCTH auadparmM no HopMaJbHOMY Ce4YeHHI0 TporpamMmoit
BbinonHAcTcA no ¢opmynam (211) —(213) nna xaxnol OBYXKOJOHHON nuad-
parmel, 0603HaueHHOHA Ha pacyeTHoM Cxeme.

Ha pyc.31 noka3ad rpaduk HecyLue# cnocoGHoCcTH OHadpparMel H BO3MOXHEBIE
nonoxkeHuss Ttouek (I-5), xapaxkTepu3yiOUMX pacueTHLIC YCHIMA B CEUYEHUHM
Ecrmu Touka nexHT BHYTpH rpadmka (rouxka /), TO NPOUHOCTH ceveHHd obecre-
yeHa. XapaKTepUCTHKON 3araca MPOYHOCTH A 3all CITYXKMT OTHOLUEHWE OPOMHAT
Touex / u 7'

Ecrm Touka HaxoOMTCA 33 npedenaMH Ipaduka, TO paccMaTpPUBAIOTCA TPH
cnyyas:

a) TOYKa HaXOAMTCA Bbille NMHHUK O

6) Touxa HaxomMTCA Huxe MHHUKH OC, HO Bhiule JIHHAN OM;

B) TOYKA HAXOAUTCH HHXe NHHU OM.

Ind cnyvas a” (TouKa Z2) nmporpamMmoi HapalnMBaeTCa Hecylliasd CllocoOHOCTh
KOJIOHR NpoBepsieMolt DHadparMel Ha senwunHy, paBHyio 250 xH (25 1c), 3atem
CTPOHTCA HOBBLIH TIpadUK H MNPOBEPAETCH IOJIOXKEHHE TOYKH MO OTHOLIEHHIO
K HOBOMY rpadpuky. B mporpaMme 1npenycMoTpeHoO BBITIOJIHEHUE ITOH Npouenyphl
OT HayaJBHOI'0 3HAYEeHHA Hecyulell cnocoOHOCTH, 3aaBaeMoH B HCXOJHBIX OaH-

Puc. 31. K oneake xo3pdHIMEHTa 3amaca
NPOTHOCTH
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HEIX. Ecny 0pH npelensHoOM 3HauyeHMH Hecyuuel CIoCOOHOCTH KONMOHH TOUKa

OKa3bIBACTCA 32  NpenesamMu rpagpuka, NporpaMMoH neyaraercss coobiueHHe
APOYHOCTE He obecneyeHa'’ W BBLIBOQUTCH BEIMUMHA OTHOLUEHHS OPOMHAT TOYEK

2 n 2. Iina cnyvam 6" umeer mecTo pacTaXXeHHe B KoOJoHHe, [lporpammoit
BEIBOIMTCAH COODLUCHHE "pacTAXeHUe B KONOHHE W MevyaTaeTcs BeNMYHHA OTHO-
WeHUA A 3ap = g e g &,

Jlnsg cniywas »c¢”’ (Touxa 5) mporpamMMmolt medaTtaetcsd coonGrileHHe 'ceueHwe
pacTAHYTO”. [IpM Ha/MUMH PACTAKCHMA B KOJIOHHE HIIM PacTAHYTOTO CeYeHMs
HEOODXONMMO NPHHMMATL MEPHI T0 YCTPAaHEHMIO INPHYHH, BRI3RIBAIOILHX pac-

TAXEHHE,HIIH BBITOHHTL aHKEPOBKY NHa(parMeHHEIX KOJOHH K (hpYHIAMEHTY,
PacyeT MpoOYHOCTH 3aKNAOHBIX OETaNe WIH NepeMbMEK BLINONHAETCA CpaB-

HCHHEM BeEJIHUMHLI COBHTAOLIETOCA YCHIIMA B OpellenaxX OOHOoro (3alaHHOTro)
3TaXa ¢ CyMMapHoH MPOYHOCTBIO 3aKJadHbIX HeTaled HITH TMPOYHOCTHIO NEp eMbBM-
KM [aHHOTO 3TaXa. OTMETKY HH3a pacueTHOTO 2TaXa CJIelyeT UpHHHUMATL pas-

HOW MOJIOBHHE AJIHHBI KOHTYPa MONEPEYHOro CedeHHsA OTACNBHO cTosAeH nuad-
parmbi.

7.6. Hedopmammn 30aHus BRIBOOATCA NOporpaMMolt oTHemsHo oT u3ruba

KOHCTPYKUHH H NOOATIHBOCTH OCHOBaHMA. [Ipu 3TOM Napamerpnl PyHIAIMEHTOR
NOIKHBI YIOBJIETBOPATH YCIOBHIO

57 /B?m ~ 53 /BZ‘P e = B‘:/Sd_p 2 (233)

roe B; — XeCTKOCTb COBOKYNHOCTH CTONGOB, ONMUPAIOWMIMXCA Ha OTHEThHEIN
dyugament; B (d — KOIPPHUHEHT XeCTKOCTH DyHIAMEHTA,

Ecnu ¢dpyupameHTsl mof NHadparMbl UMEKOT CIOXHYIO QopMy, TO A oOlpe-
neneHna ko3P PUUMEHTOB XECTKOCTH HeoOXoauMo MPHBOOMTH (QYyHIAMEHTBI K
SKBHBAJICHTHON 110 MOMEHTY HHEpIMH NpAMOYTronbHOH Gopme.

8. PACYET IUCKOB NEPEKPLITHH

8.1. IIncxkyu nepexpbiTHi B 30aHUAX CO CBR3eBLIM KapKacom 1.020-1/83 umeror
BaXkKHoe 3HaueHHe OHH oO0beOHHAIOT BEPTHKANbHBIE KOHCTPYKUHH — AHadparmsl
M ANpa XEeCTKOCTH B e0HHYK MPOCTPAHCTBEHHYIO HECYIUYIO CHCTeMY H pacmpere-
JIAIOT HArPpy3Ky MeXAy OTOENbHBIMH KOHCTPYKTHBHBIMM 3niemeHTaMH. [losToMy
K HNPOYHOCTH M KeCTKOCTH JUCKOB NPeQbABIIAIOTCSA BRICOKMe TpeDOBaHMA, a UX
Hecylasa cnocobHOCTE NMpoRepAETCA pacueToM IpH IIPOSCKTHPOBati MK 30aHNH,

8.2. XectkHuit B cBoe#l IUIOCKOCTH [HMCK TNepeKpbiTHH cospaeTrcss cHcTeMOM
MIAT ¥ pureneit kapkaca, Purenu, pHadpparmel H MeXKOIOHHLIE TIITHTLI — pac-
[OPKH, COEOHHEHHbIE ApYr C OpYrom 3aKNaJHBIMH DeTalIfAMH, oOpalyioT cucre-
MY OpPTOrOHATBHBIX AuUeeK. YJIOXKeHHBIE BHYTPb 3THX sAYeeK psAOOBbLIE IUTHTHI
OepeKpbITHI INMOCNE 3aMOHONMYMBAHHA HIBOB pPaAcTBOPOM CO3[aI0T HEH3MEHAe-
MOCTh KaxOAoN AYelKH H, B KOHEYHOM pe3yJIbTare, AUCKaA Npud JeHCTBHH TropH-
3OHTAJIBHBIX HAarpy30K, CTpeMSAIIMXCA NedpopMHpOBATE CI'C B CBOEH NITOCKOCTH.
KOHCTpYKTHBHAA cXeMa [IUCKaA NepeKphITHA NMOKa3aHa Ha pHC. 32,

8.3, Ha myck nepexphITHA OeHCTBYIOT TOPH30HTANLHBIC BeTpOBBIE HATPY3KH,
KOTOphIE NEepedalTci B BHOE COCPENOTOYEHHBIX YCHIHH, NPHNOXKEHHBIX K KO-
JTOHHAM.

B CBA3M C yBeNHUYCHHEM 3TaXXKHOCTH 30aHHH cnefyeT paccMOTpeThb BOIMpoOC
00 yueTe npH MPOEKTHPOBAHHUH AUCKOB IMEPEKPLITHA JOTONHUTENBHBIX BO3OeHCT-
BHHA, BOHUKAKIINX OT NOTPEIIHOCTER MOHTAX3 KOJIOHH.

[MockombKy HeoOXomMMBIC YKa3aHHA B HOpMaX MPOCKTHUPOBAHHUA OTCYTCTBY-
0T, B Pa3NIWYHbBIX OPraHUA3aUMAX MCHONBIYIOTCA pa3mUuHbIe [TOOXOObl H HMCIOIb-
3YIOTCA pPa3JITHYHBEIE KOJIHYCCTBEHHBIE OUECHKH. IIpH NMPOCKTUPOBAHMU KapPKICHO-
NMaHenbHbIX 3TaHHR ¢ MpUMEHEHHEeM KOHCTpYKUME cepuH 1.020-1/83 Ha ocHOBe
OBOGIIIEHHA 3SKCNEPHMEHTAIBHBIX W TEOPEeTHUYSCKHMX [MaHHBIX peKOMEHIYyeTCs
NMPUHKMATE PacYeTHEIC 3HAYEHHA SOUHNYHBIX NepeioMOB KOJIOHH , paBHbIMH

¥, = 0005, (234)
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Pruc. 32. KOHCTpYKTHBHaA CXeMa
JMCKA [TepeKpPhITHSL

Il — pHrens kapkaca; 2 — Ha-
KNaJHhie AeTamu; J — T[HTHI
pacriopkd; 4 — psaoBRi€ NIHU-
THl; 5 — guagparma XecTKOCTH

Bo3neACTBHEe MHOTHX KONOHH Ha [JHMCK TNEepeKPBITMH YYMTHIB3E€TCS BBeTe-
HHeM NIA KOKROK KOMOHHBI MOHKXAWEro Kodhduupenta & -

$.=k. ¥, ; (235)

i L

k.=1/Vn, (236)

rae 4 — KONMHYEeCThO KONIOHH A JAaHHOTO IHCKa NEPEKPRITHA.

OueHkKa eOUHHYHOrO nepenomd OCH KOJIOHHL! no dpopmyne (234) cooTBeTCT-
ByeT HOPMHPOBAHHBIM [OIIyCKaM Ha MOHTaX COOPHLEIX Xene306eTOHHBIX
KOHCTPYKIHMI KapKacHBbIX 3JaHWi M JaHHbIM, ITOJIYYEHHRIM B pe3yjbTaTe oOCme-
[IOB2HHH MOCTPOEHHEIX 3JaHHUHU. BEpOATHOCTB, YTO OTAENBHbIE MOrpPEIHOCTH He
NPEeBbILIAT 3IHaueHHH dopmynnl (234) cpaBHHTENBHO Mana H paBHa NPHMEPHO
0,85. OgHako HCMONBL3OBAHHE B pacueTax 3IHAYeHHH eIMHUYHLIX [IEPENiOMOB MO
dopmyne (234) crumynupyer NOBBIIUEHHE KavyeCTBa CTPOHUTEIILCTBE H
OTBe4YaeT HOPMATHBHBIM TpebDoBanuAM. Ecau B peanlkHOM 00BeKTe MO JaHHBIM
CTPOUTENBEHOTO KOHTpoJiA OYRyT OoTMeueHbl 3HAYHTEIIBHBbIE AedexTh!, BO3ZMOXHO
yCUneHHe KOHCTpYKILHMH 10 pe3yabraraM CIeuuarikHOTO MOBEPOYHOTO pacycTa.
B TO Xe BpeMsA THNOBBIE COOPHBIE KOHCTPYKIMH H3TOTOBIAKTCA De3 H3NTHIUHHX
3amacoB C cobmioneHHeM TpebOBaHHMH CHHXEHUA MATEPHAIOEMKOCTH CTPOM-
TENLCTBA.

IIpr WHUCNONBL3OBAHMH pacReTHOH OuHeHKH GopMynbl (234) nnd 3HaucHHHR
COHMHUYHEIX TIEPEIIOMOB HAONOJHHUTENBHEIC BO3OSHCTBMA Ha NepeKpbITHA olpene-
AITCA NpUOIIKeHHo no dopmyne

T.=YN-(h-h, )h, (237)
roe T; — DOMONHHUTENIRHOE FOPH3IOHTATRHOE YCHJME, Niepe/iaBaeMoe KOJOHHOH

Ha OHKCK NepeKpbiTHA; P .p — paccTosHHe [0 BEpTHKAMH OT [EPEKPLITHA NO CThI-
Ka KOJIOHH; A — BBICOTA 3TaXa.

HonoNHATENBHEIE BO3ACHCTBUA OT NOrpelIHOCTEA MOHTaXa, ONpeaciiacMble
no dopmyne (237), CyMMHUpPYIOTCE C BETPOBLIMU HArpy3KaMH MpH pacyeTe
OUCKOB MEPEKPBITHH, AHAIIH3 [OKa3ajl, YTO NoJyvYaemMbie TIPH 3TOM 3HAYCHHA
JONONMHHUTELHEIX YCHIIMH, JIeHCTBYIOLUMX Ha [OHMCK NepeKpbhlTHH OJHOro H3
HIDKHHUX 3Taxel 3manud  (pacueTHBIR 3TaXK 3aBHCHT OT JIOKANW3ZUHMH CTBIKOB

KOJIOHH), KaK MpaBHi0, He MPeBBILIAOT BETPOBhAIX HAPY30K B BEPXHUX ITAHKAX
3aHHA.

Ecm ycTaHOBJNIeHHblEe NOTPelllHOCTH MpEBbIIAT BETHWYHHDBI, 3aJlaHHbIC yCIlo-
BueM (234), pacueTnl Tpebyemoro yCHIEHMA KOHCTPYKLMH UenecOOoOpa3Ho
BLINONHATE, HCNIONL3YA HE IPUGIHXEHHYIO OLEHKY JONOMHHTENRHBLIX YCHIHA TI0
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Puc. 33. PacyerHas Mofens QuckKa
lepeKPLITHA
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dopmyne (237), a Ha OCHOBe
YTOUHEHHBLIX MoIene! M Mero-

3
: ._.\, |
' . [10B, YYUThIBaKOUMX Oonee NonHo

AN

OEACTBHTENIBHYIO paboTy KOH-
CTPYKTHBHBIX 371€MEHTOB, B TOM
YHCIIE - HEpPa3pPe3HOCTL KOJIOHH,
HX YacTUUYHOE 3allleMJICHHE B TOJI-

A R, e IepeKphbITHA, a TaKXKe pe
- Zy e 3epBhEI [IPOYHOCTH COeTMHeHU#H

11 3NIEMEHTOB [HMCKa, 00YyCIIOBNEH-
HBi€ CHMNaM¥ TPeHUHA, PACKITHMHH-
papiummM 3pdeKTOoM, BLI3BaAH-
HbIM PpacnopoM IIHT TNEpeKPHI-
THHA ¥ OpyruMH paKTopaMu,

.n'm-!_uea.wg;r
) v

8.4. Pabora nucka nepexkphbitHa ofecneyyBaeTCH HAIE)KHLIM COCHIUHCHHEM
KOHTYPHBIX 3ACMEHTOB fucex (puresnedl U NMMT-PaCcHOpoK) W INOTHBIM 3aIlONHe-
HUeM MEXIUTMTHARIX IIBOB PACTBOPOM  3aMOHOJIMYMBAHHA. Pellaoiuyd poib
ApH 3ITOM HIPAT MNOPOOONBHLIE WBLI, OTCYTCTBHE B3aUMHBIX COBUIQOB IUMT
710 3THM MHIBAM ABNAESTCA HEODXOIHMEIM VyCIIOBHEM HOCTATOYHOHR XeCTKOCTH
aucka. C uensio noBeieHHa 3pdexTHBHOCTH pPabOTHl NPONOIRHLIX UIBOB TH-
NMoBbIe IUITUTHI NepeKphITHR kapkaca cepuit 1.020-1/83 umeroT crieunanbibie KPyT-
Jible LUMTOHKH, PaCCYMTAHHLIE Ha Nepefayy cpe3alollMX CHII.

8.5. Crporas pacuetHad MOIOENMh [OHCKOB TIEPEKPRITHR BeCbMa  JIOXKHaA
(puc. 33). Bce cBA3M MeXOY KOHCTPYKTHBHBIMH 3fIeMEHTaAMH, ITOKa3aHHbLIC Ha
pHMc.33, ABNAIOTCA pacnpeldeneHHbIMH M0 UTHHE KOHTYpa 3NEMEHTOB, HX XecCT-
KOCTHRIE€ XAPAKTEPHUCTHKH 3aBUCAT OT ycumuit, paborTa cBa3elt HOCHT APKO BhIpa-
XEHHEIA HEJIMHEHHBIN XapaKTep BCIEACTBHME HE TONBKO QHU3HUYECKOH HeNMHHEHHOC-
TH MaTepRUIOB, HO M B Pe3yibTaTe CYILISCTBEHHOI'0 BIMAHUA CHN TpeHHsA . Bhel-
geuﬁe cTporoff pacyeTHOH MOJENH B NMPAKTUHKY MPOEKTHPOBAHHKA ABIIAETCA [1ENIOM

YOYILErQ,

B HacTosee BpeMst A OLieHKH Hecyulel cnocoOHOCTH NUCKOB HCIONMB3YIOT-
CA yNpolleHHbIe MOIEH MHOTOMNOJIOCHON 6alTKH, COCTABHOIO CTEPXHA, PEPMEIL

OepMeHHast pacyeTHas MoOfeNb NPEACTABIAETCA ONTHMANBHOW, TaK KaK OHa
NO3BOJNIACT OOCTATOYHO YBEpEHHO BCKPLITH pPEanhHLIA MEXaHH3M B3aHMOOEHCT-
BHA KOHCTPYKTHBHBIX 3/ICMEHTOB  H B TO XXe BpeMS €€ MPUMCEHECHUE He CBA33HO
C YpE3IMEPHBIM YCIIOXKHEHHUEM pacueToB, 0e0b6eHHO C HCIONL30BaHHeM I BM.

OparmeHT ¢epMeHHON pacueTHON Mopeny A OOHON fYefikM nUCKa NMoKalaH
Ha pHc. 34. InemeHTamMH (DepMEI ABIAIOTCA KOHTYPHBIE KOHCTPYKLUMH — DPHTEJIH

Puc.34. Oparmest depMmerHoi pacueTHoll Mogenu
\ 1 — purenu; 2 - IWIMTH-PACNOpPKK; 3 — IHATO-
HAMNH



UM gUuadparMsl XeCTKOCTH, TMTHTHEI-PACIOPKH U 3aMoJHEHHE AYCHKU DANOBLIMH
MIKWTaMH, TIpECTABIEHHOE B PACUeTHON Moaeny OHaroH4NAMMU, Kak noxkasanm uc-
MLITAHWA, BCE JJEMEHTbl PAacueTHOR! MOOend HMEIT CYLIeCTBCHHO pa3JIMYHBIC
IHaYeHMd JKecTKoCTed MpH Ne#CTBHH OKHMAIOUIMX H PACTATHBAIOILMX YCHITHHA.
OcoBeHHO 3aMeTHO 7JTO NpPOABIACTCA A OuaroHaned, KoOTopbie CrnoCoOHLI
BOCNIPUHUMAaTE GOMNBIIHE COKHMAKILUKME YCHJIHA M NPaKTHHECKH HE paboraioT Ha
DACTAXKCHHE, B NpakTHYECKHX pacyeTax DONYyCTHMO CUYMTaTh, YTO PaCTAHYThIE
OUAroHany auci KM BhIKITIOYAI0TCHS U3 paboTsl,

CoorBerctBHe (depmMeHHON MOOENH JeHCTBHTEIIBHOM KapTHHE HalpsKeHHO-
oeOopMUpPOBAHHOI0 COCTOAHHA KOHCTPYKTHBHBIX 3M1¢eMEHTOB OHCKa o6ycnos-
JICHO He TOJIbKO HArIIAOHOW aHanorHel mexaHM3mMa  CONPOTUBIIEHUA suelikH
HepaBHOMepHo#t HedopMalHH, colpoBOXIaloLelica 3HAYMTENRHBIM COBHTOM,
NpH KOTOpOH 3amnoliHeHue sIUeHKW MNPEeNcTaB/IACTCA B BHAE eOWHON NNAacTHHKH,
MPEeNATCTBY WILER HCKaXeHHI0 (opMBI AueliKH Onaronaps CXKaTHK B HaKpeCcT
Nexalux yriuax. I3ra Modelb MOXET TAKKe paCCMaTpUBATLECA KaK ¢BoeoGpasHLIf
KPYITHOMACIUTADHBIA KOHEYHBIH 37IEMEHT, Ha KOTOPLIH HANOXEHE]I CBA3H B yINO-
BLIX TOYKAX,C WCIOJNBIOBAHMCM Ul NOCTPOCHHS MATpHUBE XECTKOCTCH apHup-
HO-CTep )XKHeBON aHasloruu. Ilpw 3arom He ols3arenkHa MOMHAN MIOEGHTHYHOCTh
paGoTbl 3ameHaOLlcH ¢epMbl U HATYPHOH KOHCTPYKUMH, XECTKOCTHbIE Napa-
METphl CTepiKHell MOTYT paccMarpuBarbca Kak o000UEHHbIE CYyMMapHbIE Xa-
PAKTEPHCTHKH, NMPHOMMXKEHHO oTpaXawilde cnoCoBHOCTh AYERKH CONPOTUBIATH-
cg nedopmalaM B pe3ylblaTe CHOXHOro B3aUMORENACTBUSA KOHCTPYKTHMBHbLIX
INEMEHTOB H CBA3EH.

8.6. OcHoBHOE 3aTpyOHeHHe [MPH WCNOIIb30BAHHH LIAPHUPHO-CTEP KHEBOM!
pacueTHOH MOJEeNH AHCKA B IIPaKTHYECKHX pacHeTax 3aKjovacTcd B IKCHepuMeH-
TaJIbBHO YCTAaHOBJICHHOM CYILUECTBCHHOM pa3NHIMH XKECTKOCTEH 3JIEMCHTOBR TIpHM
CXKATHH W pacTsKeHHMH [lo3toMy MeTomuku, HasupyoilMecs Ha TaKQit Moenu,
PEKOMEHIYIOT BBLIMOTHATE MHOTOKDPATHRIE PACUETHl, B KOTOPBIX RapaMeTphl
XKECTKOCTH NOCNENOBATETBHO YTOUYHSAIOTCA B COOTBETCTBHM CO 3HAKOM YCHITMA,
Ilpy 3TOM BO3HMKaeT HeoOXOOMMOCTL B IIOCIENOBATENLHOH KOPPEKTHPOBKE
IreoMeTpHUYECKON CXeMBbl HJTH BLINONMHATEL pacdeTbl METOIOM [pedenpHOoro
pPaBHOBECHA C UCCIIEAOBAHMEM PA3THUHLIX BEPOATHBIX CXeM pa3pylUeHHs ,

Hnsa pacuera OUCKOB NMeEpPEKpPLITAR CBA3eBOoro kapkaca cepuu 1.020-1/83 6pina
pa3paboTaHa crreuHanikHaA METOHMKA, NpellycMaTpuBaowas npuMmedenve I BM.

PacyetHas moHdelb OHCKA MPUHUMAETCH NPU 3TOM B BHIe GeEpMBI ¢ nepe-
KpEeCTHOR packoCHOH perueTko#t (puc. 35). ¥Y3nul epmbl COBMEIIAXTCA C TOY~
KaMH [iepeceyeHus pasOMBOYHLIX ocell. PaGoTa anemeHTOB NpencraBlieHa HeNH-
HeiHOX mMarpamMMoll (pHC.36), napaMeTphl KOTOpPoH MO3BONAIT WMHTHPOBAaTh
PA3JIHUHYIO POYHOCTL H XKECTKOCTh CTEp)XHEH pacyeTHOH CXeMbl IIpH pacTi-
KEHHH H cXarTHH. UKclleHHble XapaKTepHCTHKM NapaMeETPoR IMPHHSTEHI 110 pe-
3yNbkTaTaM BKCNepPUMEHTANBHEIX UCCHeNoBaHUM M mnpedcrasnieHbl B TaGmn. 5. Ila-
paMeTpaMH OHadparmel gepopMHPOBaAHUS ABIAITCA yriobBble KO3hDHUMEHTHI
NepBOro M BTOPOTO yvyacTKa vhadpuka ycdmusa-gedopmanda (KacaTensHble oce-
BhIC XXECTKOCTH) H ycumme N T COOTBETCTBYIOLIES TOUKE Ilepenoma (npenen
NpONOPUMOHANILHOCTH), KeCTKOCTH IIEPBOro y4acTka NPHHEMAKTCH OIHHAKO-
BBIMMY TIPU CXNATHU U PACTHXEHUH,

Ilpp popMHpOBaAHHK pacHeTHOR CXEeMbl AMCKA B COOTBETCTBHUH C pPacHolo-
KeHHEeM JIHadparM B Hecyuiell cHCTeMe 30aHHUR BBOOMTCA TPH ONOPHLIX 3akKpeln-
NeHHA, ofecrieynBalONIHX BHELIHIOKW CTAaTHYECKYIO ONpPeNeNuMOCTh H reoMeTpH-
YECKYI0 HEM3IMEHAEMOCTH pacueTHOH Mopenu. Peaxknuuu 8 OCTansHBIX nuadpar-
MaxX, KOTODEIE ONpPeaensalTCd KdK Pa3HOCTb I[IOHepeuHbIX CHJII, TONYYeHHBIX

pacyeToM MNpOCTPAHCTBEHHOH HeCylleH CHCTeMb! 3[0aHHA 10 pPeKOMeHIauuaM
pa3nd. 5, OeficTBYWOUIHNX B BEPXHEM H HMXHEM CMEXHEIX C JHCKOM 3Taxax,
pPaccMATpHBAIOTCA Kak JONOJNHUTeNbHbIe ycunus. Bo3mMoHBIe BapHaHThI BbI6O-
pa OnopHBIX 3akpernneHu#t (pHc. 35), ymoenerBopsiouMe TpeboBaHHEM CTaTH-
YecKoM onpeleTMMOCTH K TEOMETPUUECKOR HEH3MEHAESMOCTH, PABHOIIPABHLI

8.7. OnucaHHbI# aANTOPHTM peann3oBaH Ha OCHOBE MPOorpaMMHOTO KOMIUIEKCa
ITPOKPYCT Hoxeuxoro [IpomcrpoltHHUHUnpoekTa, ans KoOToporo o npensio-
e HHHUUII ToproBo-ObITOBRIX 3MAHMH U TYPHCTCKHX KOMIIeKcoB Obina
paszpaboTaHa cnepMasibHasA TIpoUEAypa, YYUTHIBAOUIAS Pa3NHYHYyo OedopMaTHB-

63






Puc.36. OuarpamMma nedopMHPOBAHMSA 301e-
MEHTOB paCYeTHOH MO CNH MECKA

Tadonuuwa §

X ¥r X W W R X ¥ I 9 —— — e e —

JNEeMEHT —)K;at:'rxoc:'rb yuacTka, KH (1c) Ilpenmen nponop-
MOHAITRHOCTH,
e H (tc)
nepBoro l: BTOPOTO
1. Ilmura-pacnopka:
(IPHCTeHHAS 300000 (30000) 2330000 (233000) 0
300000 (30000) 0 80 (8)
CpenHss 300000 (30000) 2330000 (233000) 0
300000 (30000)  0) 60 (6)
300000 (30000) 2330000 (233000) 0
KpaHaa — R
300000 (30000) 0 50 (5)
2. Purens:
p—" 780000 (78000) 780000 (78000) 1000 (100)
780000 (78000) 0 80 (8)
Cp et 1050000 (105000) 1050000 (105000) 100 (100)
1050000 (105000) 0 50(5)
3440000 (344000) 0 70 (7)
3. Packoc e _
3440000 (344000) 0 0
4. Huadpparma
KECTKOCTH:
KpaltHAS 2500000 (250000) 2500000 (250000) 1000 (100)
2500000 (250000) 0 80 (8)
CpeuAas 3050000 (305000) 3050000 (305000) 1000 (100)
3050000 (305000) O 80 (8)

[IpumeqgaHne B rabnuue 3HaucHUs , NpHBEOCHHBIC Hal YePpTOH, COOTRETCT-
BYIOT CXaTHIO, IOJ YEPTOH — PACTAXEHHIO. 67



N Puc. 37. Cxembl K pacueTy Hecyueli cno-
cobOHOCTH cxarToll JHaroHanu

KOCTH. Pe3ynbTaToOM pacyera genfeTcs
THaAUeHue TNPeAenhHOH HArpy3kKu Uisg Jgan-
HOI'O JHCK2 NepeKphITUA, KpUTEPpHEM ChTy-
~ XUT PABCHCTBO DPACTATWBAIOUMX YCHITHH
B purene, nuadparme HJIH NIMTE-Pacnop-
N Ke npeleny NpoopUHOHANIBHOCTH,
88 IlpoyHOoCTh M XKeECTKOCTB BCeX
IMEMEHTOR paACUeTHOH MOMACSNU AUCK3, BLI-
NOJIHEHHOTO M3 IUIHT MNepeKpBITHA C KPYIJbIMH LUMNOHKAMU, Ha3dHayceHa 110
skcnepuMmernranbiblM JanHeiM MHHUHTOIL. Tlpr 3rom Hecywiam cnocoOHOCTE
C)KAaTOR OMaroHaaH Ha3HayeHa U3 Cledylollnx coobpaxeHHit.
IIpepennioe CHHXaOUIEe YCUIIHE O 3aNlONHEHUA AMeHKH OMCcCKaA ¢ HEKOoTOe-
pBIM 32MACOM OUECHHMBAeTCA H3 YCJIOBUA paboThl NPOAONBHOIO 1IBa MEX/1Yy IiJTH-
TaMH Ha caBur (puc. 37):

N < Qﬂ/(C&S‘OC"fS!'ﬁOC), (238)

roe (°-— NpoYHOCTh MPH CABUIe MEXIUTMTHOrO 1uBa Ge3 ydeTa cHibl o6kaTs;
f — Ko3(hPHUHEHT TpEeHUA.

st THNOBOTO pelueHWs MUTHT NEPEKPHITHA € KPYTNIBIMH LUIMOHKAaMH, NPOY-
HOCTL NpPN COBHI'C MEXIUTHTHOTO 1iBa 0e3 yuyera CHIIbl obGxaTusi onpenensieTcs
Hecyied crocoGHOCTHIO IITOHOYHOr'o pAla ¥ paBHa: £°= 36 xH (3,6 1C) .

Npuuaman kodpdbuumeHT TpeHHs pasHeiM (0,5, nomyvyaem ¢ HeGOJBIUNM
OKDPYITIeHHeM IUIR AueiKK pasMepoM 6x6 M kapkaca cepuu 1.020-1/83 pacyeTttyio

IIPOYHOCTE CkaToft nuaroHand N = 70 xH (7 1c).

PacueTHbie 3HaYE€HHA N3PAMETPOB NPOYHOCTH H KECTKOCTH 2JIeMeHTOB (dep-
MCHHOR MoOgenu JHCKa A 3JaHHK, NPOeKTUPYEMBIX € NIPHMEHEHUEM THIIOBBIX
n3germmuit cepun 1.020-1/83, npusenensr B tabn. 5. Tlpu 3TOM XECTKOCTL pHUreneH
H TNNAT-PAcnopoK Ha3HayeHb! 0 HaHHBIM J3KCICPHMEHTANBHBIX HCCIIEen0BaHui
MHHUHTIII, xecrxkocte gHadparM Kak seMeHTOoB ¢epMeHHOH Molenu OHCKa
ornpeneneHa pacyeToM, HeCyUiHe CIIOCODHOCTH purenedt, rumtT-pacnopok U gMad-
ParM XeCTKOCTH NPH pacTAXEHHH BBIMMCIIEHBI HA OCHOBAHMH KOHCTPYKTHBHBIX
[IapaMeTPoOB Y3710B COcOUHEHHS ITHX 3JIEMEHTOB (10 pabGoudM ueprexxam H3[e-
i 1.020-1, a HecylMe CcIoCOOHOCTH 3TUX KOHCTPYKUMH NpPH CXKaTHH Ha3Haue-
HLI YCITOBHO ¢ YYETOM TOrO, YTO HECylasi CITOCODHOCTD CXKATHIX 37IeMEHTOB 3Ha-
YHTENBHO Oonplle, YeM pacTAHYTHIX, H OOBMHO HE peanu3yerci B pealbHBIX
pacyerax.

8.9. Ilna xapkaca cepiu HH-04 mpouHocTH coeluHeHHH 3rieMEHTOB MUMEIOT
HECKOITLKO Ooupbliine 3HaueHHA. OOHAKO, NOCKONbKY OI'PAaHWUYEHHA KOHCTPYKTHB-
HbIX NMapamMeTpoB JHCKOB NepeKphITHA Kapkaca cepun 1.020-1/83 obecneunsaror
IOCTATOYHY0 CcBOOOOY OOBEMHO-NNTAHUPOBOUYHBIX pELICHHE, NOoNyCTUMO HCHONL-
20BaTh NPHU IPOEKTHPOBaHWH 31aHHit ¢ kapkacoMm cepud HH-04 umcreHHEBIe Xapak-
TEPUCTHKM, NpHBEOEeHHEle B Tabn. 5, ¥ KOMUECTBEHHBIE PEKOMEHOANNAH, OTOo-
BOpPeHHEIE HUXe,

8.10. Micnonb3oBaHue B JUCKaAX NepeKpbITHH naHesiel, He HMeEUUX KPYITbIX
UINOHOK, He3HAaYHTEeNLHQ BAMAST Ha XECTKOCTE M HECyUlyi0 CHoCoOHOCTE CXa-
TOH guaroHanu. [Ipu 3ToM NPOYHOCTE OHArOHANMM MOXHO OHEHHTH: no ¢opmyne
(238). 3Hauenyne NpoOUHOCTH (° NMPH CABHIE MEXIUTHTHOT'O WBa Ge3 yyera CHIbI
ofxxaTusa no HaHHbIM MCHBITAHRHN coCTaBnsgeT 0"3, 30 kH (3 1¢) ans frUTHT ATHHOM
6 M. Torna npuBeneHHas BBILIE OUCHKA Hecywie# cOCOGHOCTH CXaToi NuUaroHa-
M N = 70 kH (7 1C) ¢ ydyeTOM OKpYTIeHHs cripaBelJidBa U OnA nogoOHbIX Mo-
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oupHKauHl KOHCTPYKUME NepeKphITHH. PaCueTHas oceBax KeCTKOCTn CXKaTof
AHATOHANH ONA [cPpEeKPBITHH, BRIMOJHEHHLIX H3 MMaHene#d 63 KPYrNbIX LIIOHOK,
1o pPe3ynbTaTaM HCNBITAHHA HEIHAYMTENILHO OTNIMYAaeTCcsa OT aHaNOTHYHOR Xapak-
TePHUCTHKH, JOJIYYCHHONR UL OUCKOB C IpUMEHEHUEeM THITIOBBIX H3OEJIHA, I103TOMY
[PEOCTABJICHHEIE HHXKE KOJIMYECTBCHHLIE PEKOMeHOauMu ¢ Hebonsliofl no-
PELIHOCTEI0 MOXHO HMCITONIB30BATh AJIA OLEHKH npelesbHbiX NapaMeTpoOB HHC-
KOB, IPOCKTHPYEMBIX C IPUMeHEHHeM IUIHT 0€3 KPYIibix LUNOHOK.

8.11. B paMkax MpHHATRIX NPEATIOCHINIOK pacieTHas OLUEHKA Hecyuiel crocob-
HOCTH CXKaToOil [IMArOHAIH CYLIECTBEHHO 3aBHCHT OT reoMeTpHHM siued ku. Ilosromy
NpH BLINHCIICHWH YTI1a HAKIOHA Nuaroqarm B opmyne (238) u npu popMHpOBaHHH
pacueTHolt mopend fMcka Onst pacuera Ha IBM clienyer YUHTHIBaTh PeajibHYIO
LIHPHHY IUIMT-paclOPoOK,

OrmMmeueHHoe OOCTOATENBECTBO NPUHATO BO BHHMAaHMe TPH onpedeeHHH pac-
YeTHOH NPOYHOCTH CXKATON OIHATI'OHAIIK, BLITIOJTHEHHOR BEILE,

N\,
-,

L/

‘l

[Ipy MoOenupoOBaHMH OHMCKa B LEJIOM MOXHO NpelcTaBHTh IUMMThI-Pacnop-
KH C MMOMOILBI0 HECKOJIBKHX CTEp)XXHeH (pyc. 38) UM CTEP)KHEBOH KOHCT-
PYKIHH C >XeCTKHMH Yy3namu. IIpy 3ToM MNOMHOCTBEIO TPHMEHMM ONHCaHHEINA
pamMHoro kommiekca [TPOKPYCT, ogHako yYBEAHYHBAETCA KOJMYECTBO 3JIeMeEH-
TOB pacyeTHOH CXeMbl H COOTBETCTBEHHO

YCNOXHSETCA MOATOTOBKA MCXOOHBIX NaHHKIX.

KOHEYHLIX pe3yribTaToB NipH iMikeHHOe Mone- . ~—_ — 1
NIUPOBaHHE [OMCKAa Ha OCHOBC HPOCTeRIUMX ‘» ’
CTEPXKHEBBIX CHCTEM. AV A .‘.
CaMH H pa3niHyHbIM pa3MellleHHeM OTBepCTHH 1 _'
I8 NEeCTHUUHLIX KieToK. B pesynerare pacue- —— _— N
0B ObUTH onipefeiicHbl pa3pylUlaloiuye Harpys- '\ — !‘
KM JJIAd JUMCKOB H YCTaHOBJIEHBI I'eO MCTpHYEC- o, o
cragu¥ paGoTtnl (Tatn.6) . llonepeunnte onophl

OHCKOB NPHMBIKANMH K OMCKY MO HApY>XHbIM

NPOOONEHLIM OCAM B MeECTax pacoJIoXeHus

JaKpeIUIaia UeHTPANBHYID TOUKY OMCKa.

Onopel Ha cxeMax YCIOBHO He IIOKa3aHBbI.

Ctpenko#ft oTMedeHbl 3MIEMEHTHI, pa3pylileHHe A
>

aHATINTHYEeCKHA amrnapar, OasupyouMicA Ha chnenuansHoit MoAMMHKAUMU npor-
HonycmiMmo 6Oe3 Oonbluo#t noTepH TOYHOCTH
8.12. C ucnonb3oBaHHeM H3NOXNEHHOH Me-
TOOMKH OLDIO BBINOJIHEHO AHAIIHTHUYECCKOE
HcenegopaHue paboThi OHCKOB 1TepeKpPbITHH TH-
noBoro kapkdca cepuu 1.020-1/83. O6nexrtom
MCCIIeOBaHHUA CJIYXWIM OHCKHM UMpHHOH 12 M
C Pas3fIHYHLIMK NPONIETaMH, KOHCONAHBIMH CBeE-

»
KHE CXeMbl, COOTBETCIBYIOLME IIpeacibHoN
oMaparM  XKecTKOCTH, [pomonbHasad omnopa
KOTOpBIX HPpHHATO 38 KpHTepH#t NpenesibHoro

% N
COCTOSHUA nucKa. Kocoi ITpuXxos Kol Ha cxe- s "
Me 0003Ha4YeHEBI OTBEPCTUA. =0 oo

AHalu3 pe3ynbTaToOB pacyeTa NO3IBOJIUNA
BLIABHTEL ClefyKIMe 3aKOHOMEpHOCTH pabo-

ThI COOPHLIX OHCKOB NEPEKPLITHH.

IIpy opHHAKOBOA LIMpPHHE YBeIHYEHHE "* “‘
JUTMHBI nucka, paboTamolnero no danouHo# cxe- _‘ .
Me, IIpHBOOMT K YMeHBIUEHHIO €ro HecylueH N\ /
cnocobHocTy. PaspyllucHAe OUCKOB BO BCeX Y - Y
HCCIIeOBaHHLIX CNny4asix INpPOH301DI0 B QUOP-

HBIX 30HaX, B KOTOPBIX JIOKAIH3IYIOTCA MaKCH-

ManbHble MNOMNepeYHbie CWIkI, B pe3ylnbrare

BSIXOIA M3 CTPOA PACTAHYTBIX COcOUHEHHNA

oHaparm xXecTKoCcTd wWiH purened. Mdoraa Puc. 38. BapHaHThI yTOM-
OTMEYANIOCH pa3pyllueHHe CXATOH OHaroHaJIM HeHHOH MoIel  IMCKa
Ayeik nepexkpblTHia. JlaHHBIE UHCIIEHHOIO (bparmMeHThi)

69



N2 | Cxema mucka
I1.11.

TaGanuuma 6

4 Lt o4 osb

L ¢t ¢+ ¢ ¢ 2

70

o

Beitet

ITponer I Opnenranus | Hpeyens-
ANCKA, M KOHCOMH, [ Kapkaca Has Harpy:3-
M Ka, kH
/M (Tc/™M)
12 — Ilonepewnan 18.4 -
(1,84)
24 — . 1 7,3
(0,78)
24 — IIpoponknas 7,8
(0,78)
36 — Ilone 4,9
(0,49)
36 —  Iponoms#an 4.9
(0,49)
60 — Honepewan 2,8
(0,28)
60 12 » 3,0
(0,3)
60 12 i 3,0
(Ynpyrue (0,3)
OMNOPLI)
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10

11

12

13

14

15

16

ITpoooaxenue raba. 6

Opuentaims| lMpenens-

Had H

Y3-

IIponer Brier
TUCKa, M KOHCOJIM, |Kapkaca
M
60 18  Ilonepeu-
HasA
60 24 ”
60 _ "
60 _ 4]
60 e— "
60 _ e
60 12 I
60 12 .

Ka, kH
/M (Tc/m)

2,9
(0,29)

2,34
(0,234)

1,84
(0,184)

1,84
(0,184)

2,12
(0,212)

2,12
(0,212)

2,28
(0,228)

3,0
(0,3)
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IIpodoaxcenue taba, 6

T — - - s T el s S e gy— gy s EEpEEE g SE—— — e et

N2 | Cxema nucka [Iponet Bolner OpveHTauua _H;enm
1. AACKA, M KOHCOJIH,| KapKaca Hask Ha-
M I'py3ka, kH/
/M (Tc/m)
17 60 12 [llomepeynas 3 2
(0,202)
18 60 12 * 3,0
(0 3)
19 60 24 i 1,88
(0,188)
20 .4 4 4 2 4 A 44 HB 60 24 » 2,36
(0,236)
AAPTINNZNNN
1V VTN NN
WENENEENYEN
21 60 24 " 2,44
(0,244)
22 L4 4 4 4 448 60 24 » 2.34
(0,234)
23 $ 44 60 24 " 2,68
I T I O N I | (0.268)
NHEENEEN 451._3
t 60 24 " 2,34
24 4.4 ¢ 408 ;J t 4 ©.234)

IIpuMeuaH¥ue Crpenkolf Ha cxeMe JHCKE HOKA3EH 3MIEMEHT, NONBeAcHHbLIL
K [Ipeneny TeXy4ecTH.
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3KCIHEePHMEHTa CBHIETENILCTBYIOT, YTO pacnpenericHie YCHuit B KOHCTPY KTHBHBIX
AeMeHTaX OTNUYAETIA CYyUleCTBeHHOH HepaBHOMEPHOCTRIO U B 3HAYMTENIBHON Mepe
3aBMCST OT pa3UYHLIX HCOOHOPODHOCTEH, CBA3IAHHBIX C aCHMMETPpHEH pacnonoxe-
HiA gMadparm, oTBepCTHil H T.N. ITH Xe PakToph! BIAHAKLT Ha JeTAIN pacueTHo
CXeMBl H B YAaCTHOCTH — Ha HamnpaBlieHue CXKAaTbIX [HaroHasied B OTAENLHLIX SYcH-
Kax, KOTopad, B MpHHIIHIIE, ONipeeNiACTCA 3HAaKOM MOTIEpEeIHBbIX CUN, O/IHAKG B jle-
TaTAX MOXeT HMeTh CYLIECTB eHHbIE 000 OeHHOCTH.

Ilony4eHHble KONMHYECTBEHHDLIC PE3yNBTAaTHl NO3BONAIOT COENAaTh BBIBOL, YTO
OUCKH TEepeKpbITHA MOXHO He pacCUMTBLIBATE (10 HPOYHOCTH, €CITH pa3Mephl
OTBEPCTHA He NpeBHILIAIT 6x6 M, BbUIET KOHCONMM — 18 M, onopHas peakuHs
B 6-MeTpopbix oHadparmax — 50 kH(Stc). [lepeuncneHnnle orpaxHuueHus Ge-
3yCNNOBHO o0ecneudBalOT HeCyHlylo CHOCOOHOCTh OHCKa NpH moOBIX CoueTaHHAX
HeBLIrOOHeRIIMX (PaxKTOpoB. B peanbHBIX MpPOEKTAA, KaK MpPaBHIIO, HOIMYCTHMSI
MEHEE CTporue orpaiHYeHUs, rMpy YCNOBHH NPOBEPKH UX pacuetToM.

PesynbTarhl YHCNEHHOTO 3KCMEPHMEHTa MOKasan#, yro pedopMaliM OHcKa
HeBelIMKH., TakHM o00paszom, runoresa abCoMOTHOH XECTKOCTH NepeKkphiTHi
OIIpaBIALIBAETCS C BBICOKOH CTENECHBIO JOCTOBEPHOCTH.

flpunoxenue

METO/I ONPEAEJIEHUA KACATENBHBIX HANMMPAXKEHUNA
AJA BHELUEHTPEHHO-CEKATHIX CTEPXKHEBLIX DITIEMEHTOB

KacaTtenbiible Hamps>XeHUsl, Ae#cTBYyOUME B CEUCHHAX H3ITHO2EMBLIX CTepX-
HeHl, B IPaKTHUECKHX pacuetax BhIUHCIMOTCH 1o dopmyne XypaBckoro, Koropas
B OonblivHcTBE cinyuaeB obecrneuHBaeT OOCTAaTOYHYIO HONd MHXKEHEPHBIX LeneH
TOYHOCTh pe3ynbTaroB. J1a opMYyJia YCTAaHABITUBAET CBA3L MEXAY BEMMUMHAMM
NonepedHbIX CHJI M KacaTeNnbHbIX HaNpAXEHUHA MpH nonepedHoM H3rHDe., B ceue-
HUAX BHEUEHTPEHHO-CXATHIX CTEPXHEH, €CiM NpoAOJbHbIE HAIPY3KH HEpaBHOMED-
HO pachpeneneHbl MO OITHHE CTEPXKHsL M B Tpelesyiax NMonepeyHoro CedeHHA, TaK-
€ BO3HMKAIOT KacateJbHbIC HanpsaXeHua. ling aneMeHToB, CKHMaKIIHe Harpy 3-
KH KOTODPBIX SABAAKTCA IpeobnagaollMMK, KacaTenbHble HalPAXEHHA OT IpoO-
AONBHBIX HAarpy30K MOTYT OBITH COMIMEpHMBI HIIH OOJbiile, YeM OT FOPHU3IOHTAIIE-
HBIX Harpy3ok. CreneHb pa3paloTKH HNpaKTHYECKHX METOOOB pacueTa CABHIalo-
IMX HaNpsXeHHA B YCIIOBHSX BHELUECHTPEHHOrO CXKATHA OTCTaeT OT NMOTpeGHOC-
TE€H NPaKTUKH TIPOCKTHPOBAHMUA,

PaccMOTpEM CTepXeHb MpHU HefiCTBUHM INPONONBHOR HArpy3KH, cOCTostlieH
H3 HarpyskH ¢ (x, y /), pacnpeneneHHoi No BLICOTE ONEPCYHOro CEYEHHA I10
MPOU3BONLHOMY 3aKOHY, H Harpy3ok 0O,(x) u Pa( X) , pelficrByionmx BROIb
DoxOBBIX rpaHell ceuycHHH (puc. 39). Bce 3TH HATPY3KH IPHUBOOATCA K paBHO-
HEHCTBYIOIEH Z(x) H pacnpenesIecHHOMY MOMEHTY M7 ( X) = Pe.

Kak M npu BeiBoZe ¢dopmymnsl XypaBcKoro, COCraBHM CYMMY IpPOEKIMHA
Ha OPOHONBHYI0 OCh BCEX CHMJI, XSHCTBYIOIIMX Ha INIEMEHT, BhIpe3aHHbIH U3 CTEpXK-
HA JBYMA NonepeyHbIMHA U OOHHM NPOJONEHBIM CeYeHHAMMU:

P,dx+f¢dy+dN+T&’x=0, (239)
£

rne AN — npupauieHue pasHoOeRCTBYyIOWEH! HOPMAJILHEIX HANpsKEHMi, JeiCT-
BYIOIUMX Ha OTCEUEHHYIO YacCTh, Ha JUIMHe & X ; F — NMiollab oTCeYeHHON yacTy.

HnsA onpedcneHHOCTH ypaBHEHHE PaBHOBECHA COCTaBJICHO [UIA NpaBOH OT-
ceyeHHOH YacTH.

Bripaxcada HopMalnibHble HANpAXeEHUA uepe3 H3rnbawuUmi MOMEHT H NpOAQJIE-
HYIO CHIIYy B CEUYCHHH IO H3BCCTHBIM 33BHCUMOCTAM CONPOTHBIICHHA MATCpHANOB,
nocie Inpeobpa3oBaHWi nonyuuMm opMyny Ui ONpeeNnieHHA KacaTeIbHbIX
HaIIpsOKEeHu -

r=mS |18 tp/d (F|F-F/p), (240)

rie I,F — coOTBETCTBEHHO MOMEHT HHEpiMU H NIIOLNANL NOIepeHHOro CeueH s ;
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Puc 39 K BeBOAy dopMynnl oONpelerieHHA XKacaTeIhHBIX HanpskeHHi

00 i

F § — COOTBETCTBCHHO Iuloulallb H CTaTHYSLKHH MOMEHT OTCEYCHHOH YacTH;
P — Iona MNpOoAojLHOA RArpY3KH, TPHIIOKEHHOH HenOCpeXCTBEHHO B lIpeaenax
OTCEeYeHHOH 4YacCTH,

B dopmyne (240) npuHATO cnegyiolliee NpaBuiIo 3HAKOB.

KacaTrenbHbIE HaNPAXEHHRK CUHTAIOTCA TIONOXKHTEIIBHBIMH, €CJIH BpalialoT
OTCEYEeHHYI0 4YacTh NpoTHB yacoBo#t crpenkH. IlonoxurensHbifi MOMEHT pacTA-
IHBAET NIEBOC BOJIOKHO. 3HAK MIOC’ BO BTOPOM WiIEeHE NPHHHUMAETCA IIpH Ompe-
JEJICHUH KACATETIBHBIX YCHIHHM, JeACTBYIOUIMX HA [PaBYID OTCEUCHHYIQ YacCTh.
[TONOXHUTEeNIBHPIMH CUHTAIOTICHA COKHMAIOILMe NPOHONLHEIE Harpy3KH.

Qopmyna (240) saBnderca paspurem ¢opmynsl  Xypasckoro
AN CiYy4a® BHEUCHTPEHHOI'O CXaTHA MNpPOH3BONBHOH NPOAONBHOR HAIpPY3KH.

IIna nonepedsoro H3ruGa BTOpo# YneH paBeH HyINo, ¥ YYUThIBaA, ¥To m =dM [dx=d,
MOJIYYHNM H3BECTHYIO PACUETHYIO 3aBUCHMOCTb.

B BHeKOTOPBIX NPAaKTHYECKHX MPHIOXEHHUAX yHo6GHee BHMHCNATL HE Kacareinb-
HoE HanpaXeHue, a8 HHTCHCHBHOCTD CIABHIalouMX ycuiml ¢ = 0"

t=mS/Itp(F|F-5/p) (241)

HJTM KOHeyHble MpHpalleHus caBMrawoiux ycumuit A7 B npenenax onpegesIeHHOro
y49acTka navsoh & X

AT=AMS [T+ AP(F)F-aP]AP) (242)

U3 ¢opmyn (240) —(242) cnenyer, YTO NOJIHOE KacaTenbHOE HanpsXeHHe
HJIH COBMIralolIce YCHIIHE NMPH BHEUEHTPEHHOM CXXATHH BKIMOYaeT JABE COCTaBJIIAIO-
LIMX, H3 KOTOPBIX MepBas 3aBHCHT OT HHTEHCMBHOCTH M3MeHeHHA nardtamoumx
MOMCHTOB, B BTOpasd — OT MHTEHCMBHOCTH HM3IMEHEHMA MNPONOJIBHBEIX Harpys3oK.
KpoMe Toro, BTOpad COCTaBJAKINAA 3aBHCHT OT XapakTepa pacnpelciieHHA
[IpOROJIBHEIX HA'PYIOK [10 BEICOTE NOINEPEeYHOro CEUeHHA CTepIKHA.

Jmopa KacaTeNbHBIX HANpAXEHHUA B UENOM ABIACTCA CaMOypPaBHOBEILEHHOH,
MOCKOJIbKY FOPHM30OHTANIBHAY paBHOAEHCTBYIOWIAA BHELUHUWX Harpy3ok (nonepey-
HasA cHria) » MOOOM CCUEHHHR paBHA HYTIIO.

OTMeyeHHbBIE 3aKOHOMEPHOCTH WIUTIOCTPHPYIOTCA [OBYMA MNpHMeEpaMu IJIA
KOHCONBHOIO CTEPXHSA NPAMOYTONBHOI0 CeUeHHR .

B neprom mpumMepe (puc. 40) nokasaHbl IMOPHl KacarenbHbIX HANPAXCHHNA,
BO3HHKAONIHC B TOPH3OHTANIEHOM CEYEHHH CTEp>KHA fIpH JeHCTBHH PaBHOMEPHO
pacnpenelcHHOR Harpy3kH £ ¢ axkcueHTpHuMTeToM € = (0,255 . [lepBas cocrar-
JA0LIAS KACaTeNbHbIX HANpAXKeHUA T, , 3aBHCALLAA OT HHTCHCHBHOCTH m H3Me-
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95p/0  05p/0

Puc. 41. KacatennHbie Hamps-
MEHHH CXKATOT'0 CTEepXKHA

Puc. 40. KacatesnbHbie HanpfAXeHHd NN
BHEIEHTPEHHO CXATOI'0 CTepPIiKHA

Puc. 42, CxeMbl pacCUHTaHHEIX Ganow-CTeHoK (I, 2 — RapHaHTHI HArpY-
30K)
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Puc. 43, Jmopn KacarenbHBIX
HaImpsKeRuit B BEpXHHX CedeHu-
614

AX KBagpaTHHIX ( = 1) 6a-
MTOK-CTEHOK

I — mpubmikeHHBIA pacuer:
2 — pacyer MeTOLOM KOHeN-
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Puc. 44, Dmops! KacaTennHLIX
HAMIPAXKCHU B HIDKHUX CeudeHM-
AX kBanpatheix (A/R = 1)
banok-CTeHOK

I — npuGmuxeHHLI® pacuer:
2 — pacuer MeTOoHOM KOHe-
HOI'D 37IeMeHTa



HeHHd BAONL crepxHA Harnbaiouwiero momeHTa (/= 0,25 p 5 ), pacnpegeneHa
Mo ceueHHO Mo napabolmueckomy 3axoHy. Bropasa cocraBiaoias 7, 3aBucA-
mas OT HEpaBHOMEDPHOFO pacnpedesieHHA MNPOMOJNBHBIX HArpy30K INO BBICOTE
NnonepeyHoro Ce4eHHs, U3McEHseTrcd 10 NMUHEHHOMY 3aKOHY H HMeEeT CKayokK B
ToukKe NMPUIIOXKeHHsT Harpy3oK. Cymmapnas samopa T =L *l, yMeeT y4acTKHM pa3fHy-
HBIX 3HaKOB, NJIOIIAN KOTOPLIX &, ¥ w, PABHOBEJIHKH.

Bo BTropoMm npumepe (pHC. 41) noxasaHa 3M0OPA KacaTenbHBIX HaIpsKEHHA
T = 7, , BO3HHKAOIMX B TIOPUIOHTAJIBHOM CEYCHHMHM CTEPXHSA TpH NeHCTBUM
OBYX OOHMHAKOBBEIX Harpy3oK /£ A NPWIoXKEHHBIX C OIMHAKOBBLIMH 3KCLUEHTpHLIM-
TeTaMH pa3HbIX 3HAKOB &€= (0,25 &. TlockoObKYy 4A3rHbaolme MOMEHTEI B 3TOM
cliy4ae OTCYTCTBYIOT, NlepBas COCTaBAoliaa {3 paBHa Hyio, a BTopast ,— UMeer
HCCKONIBKO YYACTKOB pPa3HbIX 3HAKOB C paBHOBCIIHKHMH IFIOIAISAMH.

B npuBeleHHBLIX NMPUMEpPaxX KacCaTelbHBIC HANpAXEeHUA 0003HaYaJIMCL CHMBO-
aoM T, ytoBrl OOJIETUHTE COMOCTaBjleHHE BBIBEACHHBIX 3aKOHOMEPHOCTER C
H3BECTHRIMH 3aBHCHMOCTAMH. JTO €OMHCTBEHHOE MeCTOo B NaHHbIX PexomeHna-
UHMAX, Tde CUMBON T HMeeT HHON cMBIcH, yeM 6bUTO OTOBOPEHO BhILle — HHTEHCHB-
HOCTh CABHIaKOUMX YCHITHR T= T,

TouHoCTs OnMHCaHHOro MeToda 6bina HccneoBaHa CONOCTABICHHEM peE3ynbTa-
TOB pacyera 1o NpHOnuxeHHo# ¢opmyne (240) u pacueToB, BBINONHEHHLIX
METONOM KOHEUYHOI'0 3I€MEHTa ¢ HCIOoML30BAaHHEM NPOrpaMMHON0 KOMIUIEKCA
CYIIEP CxeMsl pacCUMTaHHBIX 9aNOK-CTEHOK, C OTHOLIEHHEM BLICOThI M ILIHPHHEI
R/b= 1, nna KOTOpbLIX Cnenyer 0XUAaTh HaHuGONbILUER MOTPEUIHOCTH NPHUKNadHO-
ro METOoOa, NIpHBEHECHE] Ha pUC. 42,

JMIopbl KacaTeTbHbIX HAaNpsKeHUP IMoka3aHbl Ha puc. 43 (017 BEpXHUX ceye-
HHN) K Ha pHC. 44 (ONA HHXHUX cevyeHHH). PeaympTaThl pacueToB 1o npubau-
wxeHHoH dopmyne (240) HaHeceHbI criollHoOM JMHHeH, a NMony4YeHHble METOLAOM
KOHEeUHOro 3NMeMcHTa — NyHKTHpoMm. ConocCTaBrieHHe NOKa3biBaer, 4To hopMyna
(240) obecreunBaeT AOCTATOUHYIO ANA NpPaKTHYECKHX Uene# TOYHOCTH OJiA ceue-

HHH, pacTioNoXeHHBIX Ha ynaneHud Oonee 0,254 oT 3amieMrieHHOro /M ceobof-
HOT'O KOHI{a CTEepXHA.
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O NMMOPAOKE OBECITEUEHU A
UHCTPYKTUBHO-HOPMATHBHOMN JIMTF PATY PO
CTPOUTEJIBHLIX, IIPOEKTHBIX,
HAYUHO-UCCIIENOBATEJIBCKUX OPTAHU3ALIUH,
CTPOUTEJIBHLIX MUHUCTEPCTB H BEAOMCTB

Bce HHCTPY KTHBHO-HOPMAaTHBHEIE U3NAHUA MO CTPOKUTENLCTBY, BbE
nyckaeMele CTpoiM3gaToM, MOCTyNalT [OJIX MPOIaXH TOMBKO B KHUX-
Hble Mara3uHbI CTpaHBbI.

CTpo#iH3aaT BBINYCKaeT aHHOTUPOBAHHBIC I[U1aHbl BBINYCKA HH-
CTPY KTHBHO-HOPDMATHBHOMN JIMTEpATypPR], KOTOphle PACCHINIAIOTCA B KHU-
rOTOProByI0 CETh AJIA NPHEeMa NP el BAPHT eNbHBIX 3aKa30B

Bce 3anHTepecoBaHHble OpraHM3alMHd AOJ/DKHBI B MeCAUHBIR CPOK
HAaNpaBNATh 3aABKA B MECTHbI¢ KHUTOTOPI'M HIIH KHH)XHbi¢ Mara3uHbl.

Tupaxu u3gaHUK yCTaHaBNMUBAKOTCA B COOTBETCTBHMH C 3aKa3aMH
MECTHBIX KHHI'OTOpros, HecBoeBpeMeHHOe MOpeOCTaBIICHUE OPraHU3a
LIMAMH 3a8BOK nuillaer Crpoitmaar u BI'O 7’Colo3akHMT2” BO3IMOXHOC-
TH YCTaHOBHTE HpaB WILHbIC THP KU,



