MWUHOBPHAYKH POCCHUH

dejiepalibHOE IrOCy1apCTBEHHOE OIOKETHOE
oOpazoBaTe/bHOE yupekIeHHe BhicLIero odpazoBaHus
«TyabCKHii rocy1apCTBEHHbIH YHHBEPCHTET

MuctutyT ['OpHOro j1e1a 1 CTPOUTENILCTBA
Kadeapa «CrponTesibeTBO, CTPOHTENBHBIE MATEPHAIBI H KOHCTPYKLIHH

VTBepiKIACHO Ha 3acelanny Kadeapbl
«CTPOHTENBCTBO, CTPOHTEIILHBIC
MaTepUalibl U KOHCTPYKLIHH»

« 18 » auBaps 2022 r., nporokon Ne 5

3aBe1YIOUINI K

/ A.A. Tpeuies
/

METO/MYECKHUE YKA3AHUS K IPAKTHYECKHUM 3AHATUAM
no aAucuumInHe « Merarimyeckue KOHCTPYRKIHH

OCHOBHOH npogeccHoHaIbHOH 00pa3oBaTe/IbHOH NPOrPpaMMbl
BBICHIEr0 00pa30BaHUs — NPOrpaMMbl DakajaBpHara

11O HANpaBJICHUIO MOAOTOBKH
08.03.01 CrponteancTrBo

C HANpPaBJICHHOCTLIO (Mpoduaem)
IIpoMbIlLIEHHOE H TPAKIAHCKOE CTPOHTEIBLCTBO

®opMbl 00yueHHA: O4HAsA, OYHO-3a04HAas, 3a04HAs
UenTndukaunoHHblii Homep obpazoBarelbHO nporpaMmsel: 080301-05-22

Tyna 2022 ron



JIUCT COT'JIACOBAHMUS
METOAUYECKUX YKA3AHUI 10 TUCUHUILIHHE

Pa3paboTuuk:

— ot
N.A. 3axapoBa, JIOLIEHT, K.dh.-M.H ///%41 t_”

(DHUO, oondxcnocms, yuenas cmeneHs, yueHoe 38anue) N (noénucg



BBEJAEHUE

B MCTOANYCCKUX YKA3aHUAX OTPAKCHBI BOIIPOCHI, CBA3dHHBIC C pCIHICHUCM
KOHKPCTHBIX 3aJa4 II0 pacdCTy MU KOHCTPYHUPOBAHHIO COGI[I/IHCHI/Iﬁ u HpOCTGﬁMHX
QJICMCHTOB MCTAJJIMYCCKUX KOHCTpYKHHﬁ. HpaKTI/ILICCKI/IG 3aHATHA Ha IICPBOM ITAIIC
N3y4CHUS MCTAJNIMYCCKUX KOHCTpYKHI/Iﬁ SIBJIISIIOTCSL  OCHOBOM HpI/IO6pCTCHI/IH
IMPAKTUICCKUX HABBIKOB, PACUCTA U IIPOCKTUPOBAHUA KOHCTpYKHHﬁ.

IEJb U 3AJAYN TIPAKTUYECKHNX 3AHSTHUMH.

[IpakTryeckue 3aHsITUSI CIIOCOOCTBYIOT MPUMEHEHHUIO TEOPETUUECKUX 3HAHUN B
MPAaKTUYECKUX  pacyeTax KOHCTPYKIMH, TMPUBUTHIO HAYaJIbHBIX  HABBIKOB
MPOEKTUPOBAHMS.

enbro NPaKTUYECKUX  3aHATUA  SIBISETCS ~ TBEPAOE  YCBOCHHUE
OCHOBOTIOJIATalOIINX AJTOPUTMOB PEIICHUS MNPOCTEHMIIMX 3aJad MO0 pacyeTy
KOHCTpYKIui. CTyIeHT A0JKEeH CBOOOJHO OPUEHTHUPOBATHCS B BHIOOpAX pacueTHBIX
CXeM, pacueTHbIX (GOpMYT U aJTOPUTMOB MPU PEHICHUU MPOCTEUIINUX 3aaad IO
pacyeTy COeIMHEHUMN U AJIEMEHTOB METAIUNINYECKUX KOHCTPYKIIUM.

[lonumanue pabOThl KOHCTPYKIMH, a, CIEJOBATEIbHO, CO3HATEIHHOE
MIPOBEJICHUE pACUETa MX, OCHOBBIBAETCS HA YMEHHM aHAJIM3UPOBATh HAMNPSHKEHHOE
COCTOSIHUE COEMHEHHUSI JIEMEHTa KOHCTPYKIIMU U MPUMEHSTh 3HAHUS, MOJyUYCHHBIC
npu u3ydeHuu kypca “ConpoTuBiieHUs1 MaTepuayioB”. [IpuMeHeHne TeopeTUUEeCKnX
3HQHUW B NPAKTUUECKUX  pacyeTaX KOHCTPYKUHMM  OCJIOKHEHO  OOJIBIINM
MHOrooOpa3ueM TMOJYyYEHHBIX CTYJIEHTOM aOCTPaKTHBIX TEOPETUUYECKUX 3HAHUI
HaIMpSHKEHHOTO COCTOSTHUSI OOBEKTAa U HE YMEHUEM MPUMEHSTh UX JIsi KOHKPETHBIX
3a1ad4.

BaxkHo Ha mNepBbIX MOPAKTUYECKUX 3aHATUSAX TMOBTOPUTH MaTepual
TEOPETUYECKUX KYpCOB IO OMNPEACIICHUID HAIPSKEHUHM B CEUYEHUSIX CTEPIKHEW.
[TonoxkeHne HaNpPSHKEHHOTO COCTOSIHUSI COEAMHEHUS WM 3JEMEHTa KOHCTPYKIHH
MO3BOJUT OBICTPO ¥ MPABUIBHO MMOJA00paTh HYXHYI pacueTHyio GopMymy,
OCO3HAaHHO pelInTh 3a1ady. [I03TOMy HadalbHBIM ATANlOM OCBOCHHS MPAKTUYECKUX
METOJIOB pacyeTa METAUNINUYECKUX KOHCTPYKIIUH SBJISIETCA MOBTOPEHUE MaTepurana u3
TEOPETUYECKUX KYpCOB IO TOCTPOCHUIO HIIOp HANPSHKEHUH B CEUEHUSX U
BOCIIpOU3BeeHHEe (OPMYJT IO BBIUUCICHUIO TE€OMETPUUYECKUX XapaKTEPUCTUK
CEUYCHUU CTEPIKHEM.

COJIEPKAHUE ITPAKTUUYECKUX 3AHSATHUMH.

Ounas popma o00yueHus

TeMbl NpaKTHYECKHUX (CEMHHAPCKHUX) 3aHATHI

6 cemecTp

1 |I'eoMeTrpuueckue XapakKTEpUCTUKU CEUEHUI CTEP)KHEN
2 |HampshxenHo-neopMupoBaHHOE COCTOSTHHAE OaIOK

3 [Pacuer Oanok U3 NpoKaTHBIX IpoduIeit




TeMbl NpaKTHYECKHUX (CEMHHAPCKHUX) 3aHATHI

Pacuer CBAPHBIX COCTABHBIX 0aok

[TonGop ceueHunii HeHTPAIbHO CKATHIX CTEP)KHEN M3 MPOKATHBIX Npoduiei

HOI[60p COCTABHbBIX CINIOIIHBIX ITPOKATHBIX CeUeHHI IIpHU IEHTPAJIBHOM CXKaTHUH

ITon0op CIUIOMIHOTO CBAPHOI'O CEUEHUSI IPU LIEHTPAIbHOM CKATHH

OmnpezenieHne HeCyliel CioCOOHOCTH CTepIKHEH

HOI[60p CKBO3HOI'O CCYCHHA LICHTPAJIBHO CXKATOI'0 3JICMCHTA

Pacuer CBApPHbIX COCI[I/IHCHI/Ifl CTBIKOBBIMHU IIBaAMH

e =
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Pacuer CBAPHLBIX JIMCTOBBLIX CO@,Z[I/IHCHI/Iﬁ YIJIOBBIMH IIBAMHU

12 |Pacuer coeqMHEHHUs MPOKATHOTO YTOJIKA C IUCTOM
13 |Pacder u KOHCTpyHpPOBaHHE OOJITOBBIX COSMHEHUI HA OOBIYHBIX OOJITaX
14 |Pacyer u KOHCTpyHpOBaHHE OOJTOBBIX COCTUHEHNUH HAa BEICOKOIIPOYHBIX 0OITAX
15 |Pacder u KOHCTpyHpOBaHUE (IIAHIIEBBIX OOJITOBBIX COCTMHECHUN
16 |Pacuer 6asiok ¢ ycuIeHHEM
7 cemecTp
17 |CGop Harpy3ok Ha cTponuwibHyIo (hepmy. Onpenenennue yCuanil B CTepKHIX (hepMbl
18 |IToxbop ceuenumii cTep>kHel Gepmbl
19 |Pacyer u KOHCTpyHpOBaHUE Y3II0B (ePMbI
20 |Pacuer GecpacoHHBIX y3JI0B (hepMbl
21 |KoHCcTpyHpoBaHHE MOHTKHBIX Y3J10B (DePMBI
22 |KoHcTpyupoBaHue OMOPHBIX Y3710B (hepMbl
23 |COOp MOCTOSIHHBIX M CHETOBBIX HArPYy30K HA pamy
24  |OmnpeneneHuie KpaHOBBIX BO3ACHCTBUIMA
25 |Omnpenenenue ycwinii B MOAKPaHOBOH Oaike
26 |BerpoBast Harpy3Ka Ha KOJIOHHbI
27 |PacueT moiKpaHOBOH OaJIku ¢ TOPMO3HOM
28 |KpaHOBBIE Harpy3KH Ha KOJOHHBI
29 |PacueT HaAKpaHOBOM YaCTH KOJIOHHBI
30 |PacueT mojaKkpaHOBOH YaCTH KOJIOHHBI
8 cemectp
31 |OnpexneneHne reOMETPHYECKUX MAapaMeTPOB THOKON HUTH
32 |Pacuer ruOKoOI HUTH IPH PABHOMEPHO paclpeiesICHHON HAarpy3Ke
33 |PacueT ruOKoON HUTH MPU HEPABHOMEPHO paclpe/IeIeHHON Harpys3ke
34  |YactHbIi cirydait m3ruOHO-)KECTKON HUTH
35 |PacueT m3ruOHO-)KECTKON HUTH HAa MPOYHOCTH
36 |PacueT m KOHCTPYHPOBAHHE OJTHOTIOSICHOTO BUCSIETO ITOKPBITHS.
37 |KoHCTpynpoBaHHE ABYXIOSICHBIX BUCSUYUX MTOKPHITHH.
38 |Pacuer IBYXMOSICHOTO BUCSYETO MOKPHITHS (TI0SICOB)
39 |PacueT IBYXMOSICHOTO BHUCSYET0 OKPBITHS (PACIIOPOK).
40 |PacueT npenBapUTEIbHO HAMPSKEHHOM CTANbHOM OallKu.
41 |OmpexneneHne ONTUMAIBLHON BBICOTHI pe3epByapa
42 |PacueT 3JeMEHTOB BEPTUKAIBHOIO IIMJIMHIPUUYECKOTO pe3epByapa
O4yHo-3204Has GopMa 00yueHHs
13‘:1 Tembl NpaKTHYECKHUX (CEMUHAPCKHUX) 3aHATHI
6 cemecTp
1 |[eomeTpuyeckue XapaKTEPUCTUKN CEYCHUI CTEpIKHEH
2 |Pacuer Oanok




TeMbl NpaKTHYECKHUX (CEMHHAPCKHUX) 3aHATHI

[Ton6op cedeHmii HEHTPATBLHO CHKATHIX CTEPIKHEH

Pacuer cBapHBIX coelMHEHUI

Pacuer u KoHCTpyHpoBaHUE OONTOBBIX COCTUHEHHI

7 cemecTp

COop Harpy3ok Ha cTponmwibHyI0 hepmy. Onpenenenre yCuanili B CTepKHsIX (hepMbl
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7 |ITogbop ceueHuii crepkHEN hepMbl

8 |COop Harpy3ok Ha pamy

9 |PacueT monkpaHoBOW OaJKK C TOPMO3HOMN

10 |KpaHoBble Harpy3Ku Ha KOJIOHHBI

11 |Pacyer HagKpaHOBOM YaCTH KOJOHHBI

12 |Pacyer moaKpaHOBOW YaCTH KOJIOHHBI

8 cemectp

13 |Onpenenenue reoOMeTpUUECKUX MapaMeTPOB THOKON HUTH

14 |Pacyer ruOKoif HUTH

15 |Pacuer u3ruOHO-KECTKON HUTH HA MPOYHOCTH

16 |Pacder u KOHCTPYHPOBAHUE OJHOIOSICHOTO BUCSYECTO MOKPBHITHS.
17 |KoucTpynpoBaHUE IBYXMOSCHBIX BUCSYMX MOKPHITHI.

18 |Pacder mpenBapuTEIIbHO HAPSHKEHHOW CTAIBHON OaKu

19 |Pacdyer 2JIeMEHTOB BEPTUKAILHOTO IFIIMHAPUICCKOTO pe3epByapa

3aounas ¢popma o0ydyeHust

Ne

u/n Tembl NpaKTHYECKUX (CEMHMHAPCKHUX) 3aHATHI

6 cemecTp

1 |ITonbop ceuennii 6anok. [Tonbop cedeHnit HEHTPAIBHO CHKATBIX CTEPKHEM.
Pacuer cBapHBIX CoeTMHEHUI

3 |Pacuer u KOHCTpyHpOBaHUE OOJTOBBIX COEAMHEHUI

7 cemecTp

4  |Pacyer 1 KOHCTPYMPOBAHHE CTPOIMIBHON (pepMbl

5 |Pacuer u KOHCTpyHpOBaHHE pamMbl IPOU3BOJCTBEHHOIO 3/IaHUS

8 cemecTp

6 |Pacuer M KOHCTpYyHpPOBaHUE BUCAYMX HOKPBITHI

7 |Pacuer u KOHCTPYHMPOBAHHE JUCTOBBIX KOHCTPYKIUHN

N

METOJUKA MPOBEJEHUSA IPAKTUUYECKUX 3AHSITUM.

Bonbmmoii 00beM pa3sHOOOpa3HBIX THUIIOB 3alad W OTPAHUYCHHBIA O00BEM
BPEMEHU ayJIUTOPHBIX 3aHSATHUN HE MO3BOJISET MPOBOAUTH MPAKTUYECKUE 3aHSITHS B
KJIacCH4eckoM cTuiie. [103ToMy mpakTHdeckue 3aHSATHS PEKOMEHIYETCS MPOBOIMTH
crnemyromuM oOpazoM. IlpemomaBaTens B Hadale 3aHITHS M3JaracT Ha JIOCKE
YCJIOBUS 3aJadyd W JaeT KOMMEHTAapuil MO OCOOEHHOCTAM aaHHOW 3amaun. C
MMOMOINBIO CTYJSHTOB YCTAHABIIMBACTCS THIT 3aJa4d W Ha JIOCKE H3JIaraercs
O00OOIIEHHBI aNTOpUTM pEIHIeHHS. 3aTeM BCE CTYACHTHI pEIIaloT 3aaady
CaMOCTOSITENIbHO. B KOHIE 3aHATHS TMOABOIWTCS WTOT pEUICHHs 3a7add |
Pa3bACHSIOTCS HaumOoJiee XapaKTepHble omuOKku cTyAeHToB. [Ipm »3TOM BO Bpems
pEeIIeHUs 3aJadd TMPENoJaBaTeNib MOCTOSHHO CIEAUT 3a pabOTOW W OIMMOKaMH
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CTYACHTOB. Ha JOM Ja€TCs aHAJIOIrn4dHasA 3aaada. HOI[BGI[@HI/IC HUTOI'OB ITPAKTHUYCCKHUX
3aHATUN OCYHICCTBIIACTCA HA 3a4C€TC B KOHIIC CEMECTpA.

Bce »nemenTapHble 3ajaud [0 pacyeTy COCAMHEHUM U DJIEMEHTOB
METANIMYECKUX KOHCTPYKIUNA B 3aBUCUMOCTH OT IOCTaBJICHHOM 1€ MOKHO CBECTU
K TPEM THUIIaM:

1) npsMo# THII, CyThb KOTOPOTO 3aKIIYaeTCs B OMNPEICICHHUH pPa3MepoB

COCIMHCHHUS WJIM CEUYCHHSI DJIEMEHTA TPH 3aJaHHBIX 3HAYCHUSIX PACUCTHOTO
YCUJIUSI, MapOK CTaJld, YCIOBUU pabOThI U Jp. ITO — HAMOOJEE CIIOKHBII
THII 33]1a4;

2) 0OpaTHBINA THIT — IO OMPEACIICHUIO HECYIIICH CITIOCOOHOCTH 3JIEMEHTOB IPH
W3BECTHBIX 3HAUCHUSAX UX PA3MEPOB, MAPKH CTaJIH, YCIOBHH paOOTHI;

3) MOBEepOYHBIN THII, B KOTOPOM HM3BECTHBI BCE CHJIOBBIC M I€OMETPHUCCKHE
BEJIMYMHBI, MapKa CTalld, YCIOBUs paboThl. Omnpenensercss HalpsKeHue u
CPaBHUBAETCS C PACUETHBIM COMPOTUBIICHUEM.

Jlns pelieHus 3aja4 MO pacyeTy COCTUHEHUN BO3MOKEH KOMOMHHPOBAHHBIN
THIL: TIEPBBIM U BTOPOU COBMECTHO.

Pemenue 3a1a4 1o METANIMYECKUM KOHCTPYKITUSIM PEKOMEHIYETCSI BECTH TI0
000011IEHHOMY €IMHOMY aJITOPUTMY:

1) BHMMATEJIHO NMPOYMTATh YCIOBHUE 3a/1a4i (BHUKHYTh B CYTh 3aJIa4H) U
VSICHUTB:

- WCXOJIHBIC TaHHBIC;

UX pa3MEPHOCTH;
- HCKOMBIC BEJTUUNHBL,
THUII 3a/1a4u (TIpsIMOM, OOpaTHBIN WIIM TOBEPOYHBIN );

2) yCTaHOBUTH 10 YCJIOBHIO 33J[a4i U PUCYHKY BHJI CHJIIOBOTO BO3/ICHCTBHS Ha
paccMaTpuBaeMblii 00BEKT (0CEBOE PACTSIKEHHE, OCEBOE CKATHE — YCTOWYUBOCTS -,
M3THO, CIIBHT, CPE3, PACTSHKEHUE C M3TMOOM, BHEIICHTPEHHOE CHKATHE);

3) NPUMEHHUTEIBHO K YCTAHOBJICHHOMY CHJIOBOMY BO3/CHCTBHUIO U TUITY 3a1a4

4) mopo0parh pacyeTHbIC (GOPMYNBI Ui ONPEACACHHUS HAMPSDKCHUH WU
nedopManmii deMeHTa;

5) BBIOpaTh pa3MEPHOCTH BEIWYMH. PeKOMeHIyeTcsi BecTH pacueThl B KH,
klla, cM;

6) mpoaHaIM3UPOBATh pacyeTHbIC (OPMYJbI Ha NPEIAMET TOrO, Kakue
BEJIMYMHBI U3BECTHBI U KAKWE HAJI0 OMPEACIUTS;

7) BoiOpaTh u3 CHulla 3HaueHHMsS MPOYHOCTHBIX XapaKTEPUCTHK MeTajjia U
MPUCTYIUTh K OTNPEACICHUI0 HEOOXOAMMBIX BEIMYHWH B COOTBETCTBUHU C
YCIIOBUSIMH 33J1a4H, BHIOPAB aJITOPUTM I10 THITY U BHUJTY 3a7a4H,

8) mpoaHanM3UpPOBATh MOJIYYCHHBIN pPe3yibTar.



AJITOPUTMBI PEHIEHUSA 3AJTAY.

I'eoMeTpuYecKue XapaKTEPUCTUKH IVIOCKUX CeYeHUH
F=[dF

[Imomane Bcero ceueHUs F . Ilnomane sBISIETCS NPOCTEUILIEH
reOMeTPHYECKOl XapaKTEpUCTUKOM cedeHHus, UMeeT pa3MepHocTh L2, OTmernM 1Ba
BOXHBIX CBOMCTBA: IUIOMIA[Ab BCErJa IOJOXKHUTEIbHA U HE 3aBUCHUT OT BBIOOpaA
CHUCTEMBI KOOpJIUHAT.

Cmamuueckue MOMEHmMbl CeUeHUIL.

CTaTM4eCKMM MOMEHTOM Sy CEYE€HHsS OTHOCHTEIBHO OCH X Ha3bIBacTCs
F€OMETPHUYECKAS XapaKTEPUCTHUKA, OTIpeIeNiieMasi MHTErpajJoM BUAa

S, = [ydF
F

TJie - PacCTOsSHUE OT IeMeHTapHoH momanku dF 1o ocu x.
S, =JydF=F-y,
F

rje Iomanb cedeHus F mpencraBnser coOoOW  paBHOACHCTBYIONIYIO,
KOOpJIMHATA V. - IUIEY0 PABHOACUCTBYIOIIEH, ¢ - EHTP TKECTU CEUCHUS.
CraTrnyecknii MOMEHT OTHOCUTEIIBHO OCH ) PABEH
Sy =[xdF=F-x,
F ]

OTKYyda CIICAYIOT (I)OpMYJ'H)I I OIIPCACIICHUA KOOpAWHAT OCHTPA TAXKCCTHU
S S
y X

X =—, C:—

F

CTaTH4ecKre MOMEHTBHI MOTYT OBITh MOJIOKHMTEIBHBIMH, OTPHIATEILHBIMU U
PaBHBIMM HYJII0. B 4acTHOCTH, OTHOCHTEIBHO JIHOOBIX LIEHTPAIBHBIX —OCEH
(mpoxoaAnmx yepe3 HeHTp TsukecTn C 0003HAYAKOTCH X, V.) CTATHYECKAE MOMEHTBI
Sxe =Sy =0, PasmepHocTh cratuuecknx momeHToB L3, Jlng cnoxkHoro ceuenus,
COCTOSIIIETO M3 N yacTen

Sx = .[de:%S)iU
F i=1

i oi . o
rae SxiSy . CTaTUYECKHE MOMEHTHI |- 4aCTU CEYCHUSI OTHOCUTEIIBHO OCEH X U
Y COOTBETCTBEHHO.

Momenmol unepyuu ceuenuil.

MOMCHTaMI/I I/IHepHI/II/I CCUCHUA HA3bIBAKOTCIA FCOMeTpI/I‘leCKI/Ie
XapaKTEepPUCTUKHU, OIIpEIC/IICMbIe HUHTETpaJIaMU BUAA:
J, = [y%dF,
F
J, = [x?dF
vl :



PazmepHOCTH MOMEHTOB WHEpPLUU L% OceBble MOMEHTHI VHEPLMU BCEeraa
MOJIOKUTEIbHBI.

Iy =% +a2F’

Jy, =1J

Y1

2
ye T@ F_

Anzopumm pacuema yeHmMpPAIbLHO CHCAMOU CMOUKU U3 NPOKANHBIX
npoghunei:
1)  3amaemcs rubkocThio A =50...90; HaxoauM BeIUYMHY KOIPPHUIHEHTA

MPOIOJIBHOTO M3THOA @ MO A | Ry.

2)  TpeOyemas IIOIIa b CCYCHHUS U PATNYC UHEPIIUU:

N . gef,x
al,, = .

_¢'7C'Ry i A

mp
3) Io A, u i,, B coprameHnTe BbIOMpaeM HOMEp HPO(MUIL U €ro

TEOMETPUIECKHE XapPaKTEPUCTHRH (4, iy, ).

, X

4)  Bbruucnsgem THOKOCTb JUIs NPUHATOTO Mpoduist A, = U HaXOAUM

y

BEJIMYMHY @ .

5) IIposepsieM mnpuHATBIH npoduiab Ha YCTOWYMBOCTH 1O (opmyie
N

—— <R, 7.
y c
@A
6) B cayuae HamoOHOCTH (NepeHANpsIKCHHE, YTO HE JOMYyCKAaeTCs, WIN
HeZoHanpsbkeHue 6osee 5%) KOPPEKTUPYEM CEUYEHHE B Ty WM HWHYIO CTOPOHY U

BHOBbB IIPOBEPSAEM CTOMKY Ha YCTOMYUBOCTb.

Crnemyet 3aMEeTUTh, UTO JJIs1 TPOKATHBIX POoduIieil BO3MOXHO MPUHUMATH
CEUCHHE MPU HEJOHANIPSHKEHUH CBBITIE 5%, eCciu mpeabl Ayt Homep mpoduist 1aet
MEpEeHAIPSKEHUE.

Anzopumm pacuema yeHmpaabHO CHCAMOU CMOUKU U3 NPOKANHBIX
npoghuneii, ceapeHHbIX 8 KOPOOKY:

Hoz:61/1paeTc;{ CCUCHHUEC OTHOCUTEIIBHO OCHU X — X M IPOBEPACTCA 3aTEM
OTHOCUTEJIBHO OCH Y — Y.



1) 3amaemcs rubkocTeio A =50...90; Haxomum @ o A u Ry,

2) TpeOyeMbIe TUIONIAIh CCUCHUS U PAJNYC UHEPIIUU:
= N ui e
mp A 5 . mp =
2-9-Ry -y, A
3)mo A, ¥ i, nonbupaem Homep npopuis (A, iy, i),
4) BbIYMCTISIEM THOKOCTD CTEPKHSA OTHOCUTENBHO OCH X — X

l ef ,x
Ay = , 3aTeM HaxXoauM @, ,

A

|
X
5)  mpoBepseM NPHHATOE CEYCHNE OTHOCUTEIIFHO OCH X — X

N
SRy
P 2-A
6) B clly4ae HaJJOOHOCTH KOPPEKTUPYEM CEUEHUE B TY UJIU UHYIO CTOPOHY U
BHOBbB CJICAYET IIPOBEPKA OTHOCUTECIIBHO OCH X — X,
7) M0JI0O0OpaHHOE CEUEHHWE OTHOCHTEIBHO OCH X—X TpOBepsieM Ha

YCTOMYMBOCTh OTHOCUTEIBHO OCU Y — Y 1O hopmyse

—— <R, 7.,
p,-2.4 7 °°
2
ef'y . \]y 2'(\Jy0+A'C).
/e @y Ompenensercsa no Ay, =———, Iy = = :
ly 2-A 2-A
C — pacCTOSTHUE OT CEPEIMHBI CCUYCHHSI CTOWKH J0 IICHTPA TSHKECTH OJHOTO M3

npoguiei.

Ecnu HepaBeHCTBO HE BBIMOJIHACTCS, T.€. UMEET MECTO MEePEHANIPSDKEHHE, TO
CIIEAYEeT YBEJIMYUTh HOMEp NMpoduIis Ha ouH mar. [Ipu 3ToM npoBepKa cedueHust
OTHOCUTEJIFHO OCH X — X HE TpedyeTcs.

AﬂzopumM pacuema yeHmpaibHo corcamoil CmouKu C6APHO20 CeUCHUA .

1) 3amaemcsi A =50...90; HaxoaUM BETUUHHY @ |



b

Puc. CeyeHue crep:KHsi.

N
2) omnpenensieM TpeOyeMbIe MII0IIa b CEYCHUS App = 2R o U paanyc
PRy -7

. Eef,x .
MHEpLUH |1, = Pk

3) ucnosb3yeM MpHOIMKEHHOE BRIPKECHUE ISl paInyca HHEPIIUH Yepe3
rabaputhl cedeHus. [locKoIbKY y ABYTaBpOBOTO ceveHus mpu b < h pacuetHoli ochio
Oymer ock Yy — Y ( iy <iy), T0 ncnonbsyem 3aBucumocts iy, ~0,24-b. Otcrona

iy p _ _
b=—"—=—— npunnmas i,, =i
0,24 0,24

4) KOMIIOHYEeM HEKOTOpbIC pa3Mepbl ceueHust. CieayeT MPUHATh BEIUIUHY b

PaBHOI IIMPHHE MOJIOCHI YHUBEPCAILHON CTAIN M3 COPTAMEHTA; MUHUMAIbHYIO

TOJIIIMHY CTEHKH t,, i, =6 MM, a Takxke ycnosue b ~ h. Heussecrroii ocraercs

y

TOJIIIUHA TOJIOK L ;
5) onpezesnsieM TOJNIIUHY MOJOK CEYEHHUs MO TPpeOyeMoil TIIoIaaId BCEro
CEeUCHUsI

Ay =21 b+t - (h=2-1;); g _ Ao ~tu 1
p =2t bty (h=2:t); oreona 1 =5 7y
W tw
Crnenyer npuHATH BeNM4YuHy ty pPaBHOM TOJILMHE JIUCTA U3 COPTAMEHTA U HE
meHee 6 MmMm. Eciu t7” <6 MM, TO 3TO 03HAYaeT, 4TO 33AAJTUCh HEYAaUHON BETMYMHON

ruokoctr A . HeoOxomumo 3a1aTbest 0OJIBIINM 3HAYCHHEM THOKOCTH A W IMTOBTOPHTH
MPOIIETYPY BBIYMCICHUN IO TOTO MyHKTA.

IIpr KOMIIOHOBKE CEYEHMS CIEAYET YUUTHIBATh PEKOMEHIALUIO:
t; =(10..25) t,;

6)  yTOYHSeM BBICOTY CEUCHHMS CTEHKH Ny , MPUHHMAs ee paBHOU IIUPUHE
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IIOJIOCHI YHMBEPCAJIbHOM CTAJIM M3 COpPTAMEHTAa. BpIUHCIIIEM TIE€OMETPUYECKHE

!

efy

Iy

rapaMeTpbl CKOMIIOHOBAaHHOTO CeueHMs: A; Jy; l,; 3aT€EM THOKOCTH /ly =

y)

BCIIMYUHY ¢y .

[IpoBepsieM Ha YyCTOMYUBOCTb:

< Ry Ve Henonanpspxkenue nomxHO ObITh HE Oosiee 5%;
@, A
7) B cnydae HEOOXOAMMOCTH MPOU3BOAMTCS KOPPEKTHPOBKA Pa3MEPOB

CCUCHMS U IIPOBCPKA €TI0 Ha YCTOI‘/JILII/IBOCTI).

CrnenyeTt 3aMEeTUTh, UTO TIOJYYCHHOE PEIICHUE 3a/1a4l HE SBIISCTCS
ONITHMAJIBHBIM; PE3YNIbTAT 3aBUCUT OT YAAYHOTO WM HEYIaYHOTO 3aJJaHUS BETUIHHBI
THOKOCTH A .

AJzzopumM pacuema ueHmpajibHoO CHCAmou CMOUKU CKBO3HO20 CeYeHUsA:

I[BYXBGTBGBOﬁ CTCPIKCHb CKBO3HOI'O CCUCHUS IMIPOCKTHUPYIOT U3 ITPOKATHBIX
MMBCJJICPOB WJIN OBYTAaBPOB.

PacyeToM OTHOCHUTENBHO MATEPUATIBHOU OCH X — X OIPENEIISIOT CEYEHUE
MPOKATHOTO MPOGUIs; OTHOCUTEIEHO CBOOOIHOM OCH — PACCTOSTHUE MEXKITY BETBSIMU
8.

ITpu N no 1500 xH u anune crep>kHs 10 7M MOXHO 334aThCsl THOKOCTBIO
A =60...90. Jlnsa 6omee momubIX crepxkHel ¢ Harpy3kod N = 2000...3000 xH

MOoxHO TIpuHATh A = 40...60.

Puc. Cevyenue crep:kusi.
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3ajaBunch THOKOCTBIO A 1 onpeienus 1o Helt u R, kosddurment

MPOJOIBHOTO U3TKba @, , ompenessieM Tpedyemble IUIONIAalb U paauyC HHEPLIUU

CCUCHMS ITPOKATHOTO HpO(bI/IHﬂ , T.C.
N | gef

A4 = uil =
" 2'¢X'Ry'7/c " A
Omnpenenus Tpedyemble IIIOMIAb U paJuyC HHEPLHH, TOJONPAEM IO
COPTaMEHTY COOTBETCTBYIOIIUN UM HOMEP MPOQPHIIAL.
[IpuHsB ceueHune, MPOBEPSAEM €T0 HA YCTOMYMBOCTD OTHOCUTENBHO OCH X — X

o opmyiie

" <R .y,
o2 A

rjae KodQPUIueHT ¢, onpeaensercs Mo AeUCTBUTENBHOM (a He 3aJJaHHOM )

THOKOCTH

JJ1st onipeieNieHrst pacCTOSTHUS MEX Ty BETBSIMU (IIUPUHBI CEUEHUS) CICTYET
3afmaThcs TUOKOCThIO BeTBU A, = 20...40.,

B cTepxHaX ¢ murankamu TpedyeMoe 3HaYeHUE THOKOCTH OTHOCUTEIBHO
cBoOOHOM ocH Y — Y

A, = —

" pajnyC HHCpUHN
£ efy

)

y
Paccrosnue MCKOY BCTBAMU

o J
b=2 /|§—Ai,

rae J, =J, — 110 copTaMeHTy st IpOQUIIsL.

Ceapuble coeounenus. CoeOuHeHUs co CMbIKOBLIMU ULBAMU.

HopwmanbHbie HanpsHKEHHS B CEYSHUH CTHIKOBOTO 1TBa CBAPHOTO COCTUHEHHSI,
BOCIIpuHUMaromero oceBoe ycunue N, onpenensrorcs mo Gpopmyiie

N
Gw:_gyc'Rwy’

rac Aw :tmin (b - 2'tmin );
tin — MUHUMAaJIbHAs TOJIIIMHA I€TAIU B COCTMHCHIH,

b — mupuHa cedeHus AeTau;
Ry =Ry — pacdyerHoe conpoTHBIICHHE CTHIKOBOTO IIBA PU (PU3NYECKHX

Metonax Koutpoas mBa u R =0,85R. — npu 00BIUHBIX METOIAX KOHTPOJIA.
wy y

12



Ceapnule coeounenusn. CoeOunenus ¢ y2i068blMu WeaMU.

Puc. K onpeesieHuI0 pacuyeTHbIX CeYeHUI IBA.

VYTII0BBIE MIBBI CIAEAYET PACCUUTHIBATD MTPHU ICUCTBUH MPOAOIBHOM CHIIBI TIO
dhopmynam:

a) Mo MeTayuTy mBa (ceucHue 1-1)
N

<Rt Yt Ve
Bt kgD ly :

0) 1o MeTaJuTy TPaHHMIIBI CILIAaBJICHHS (CeueHue 2-2)

N
T; = SRWZ'7WZ'7C’

Bk Y

rne B¢ u B, —xoadduunenTs!, npuHUMaemsbie no tTadn. 34* CHull 11-23-81*

Tf:

npu R <58 KH/CM2 , CBA3aHbl 3aBUCUMOCTBIO [3, :1,41\/,6’]? -141- p¢ +1

Ywi B Vwz; — KO3 PUIMEHTs! ycinoBuil paboThI 11Ba, paBHble 1,0 Bo Bcex
CiIyJasix, KpoMe KOHCTPYKIIMi, BO3BOJUMBIX B KIIMMaTHueckux paitonax li; lo; Il u
I3, st koTopbIX ¥, = 0,85 111 MeTana mBa ¢ HOpPMaTUBHBIM CONPOTUBJIEHUEM 110

BPEMEHHOMY COIpPOTHUBIEHHIO R, =41 KH/ cM? u Vwz = 0,85 — 1115 Bcex Mapok

craneil. Knumatnueckre pailoHbl XapakTepU3yIOTCSl pACUETHON TEMIIEpaTypOu:
I, — —30°C >t°>-40°C,
Ils u 1p. t°>-30°C.
JL1st yTIIOBBIX LIBOB B 3JIeMEHTax U3 ctamm ¢ Ry, <29 KH/ cM? crenyer

MIPUMEHSTH AJIEKTPO/Ibl UM CBAPOYHYIO MTPOBOJIOKY, COOII0/1ast TpeOOBaHUS
Ry > R, , @ mpu pydnoii ceapke R, =11-R,,, HO HE NpEBbIIATh 3HAYECHUS

R P2
Wz '
B
BBI0Op 21EKTPOI0B WIIH CBApOYHOM MTPOBOJIOKH CIEAYET BHITIOJHATH B
cootBeTCcTBUU ¢ TadOu. 55* CHull 11-23-81*.

Boamoensie coeounenua. Coeounenus na o0blunblX 001max
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Huametpst 00br9abIX 601TOB 'OCT 22356-70*: 12, 16, 20, 24, 30, 36, 42, 48.
BonaTer kitacca Tounocty B u C pekoMeHIyeTcsl IPUMEHSTH JUIT KOHCTPYKITUN

u3 cram ¢ Ry, <37,5 KH/CM2 :

JJ1s CTPOUTENBHBIX METATUIECKIX KOHCTPYKITUH PEeKOMEHIYIOTCS OOJTHI
CJICTYIOIIUX KIaCCOB IPOYHOCTH:

5.6 (Rys =21 KH/CM2 ; Ryt =225 KH/CM2 ) — U3 YTIIEPOUCTOM CTaH
OOBIKHOBEHHOTO Ka4eCTBa;

8.8 (Rys =32 KH/CM2 ; Ryt =435 KH/CM2 ) — U3 HU3KOJIETUPOBAHHOW CTaJIH;

10.9 (Rys =40 xH/cm?; Ry, =54 xH/cm?)

12.9 (R =42 KH/ cM?; He PEKOMEHIYETCSI TPUMCHATh IS ¢ -

paboThl Ha PaCTSHKCHUE )
U3 BBICOKO -
MPOYHOU CTAIH

Pacuernbie ycumusi, BOCIpUHUMAEMbI€ OJHUM OOITOM:

npu cpeze N, =R_ -7, -A N, -7.;

npu ematar Ny =R -y, -d, - >ty ;

rpu pacTsokeHun Ny =Ry - Ay, - 7

rae Ry, Rbp, Ryt — pacueTHble CONPOTUBIICHUS OJTHOOOITOBBIX COETUHEHUM
Ha Cpe3, CMATUE U PACTSHKCHHUE;

A, 1 Ay, — COOTBETCTBEHHO, IIONIA/lb CEYEHUs 0OJTa U IJIOLIAAb CEUCHMUS

0o/Ta HETTO;
dy — nuametp 6oinrta;

7p — KO3(h(ULMEHT ycIoBUN pabOThl O0ITOBOTO COEAMHEHUS.
JI1s1 MHOTOOOITOBOTO COCAMHEHUS ITPU Ryn <285 KH/ cm? 1T 0OJITOB

KJ1acca TOYHOCTH A 1pH paboTe uX Ha cpe3 win cmstue y, =1,0; m1st GontoB kinacca
touHocty B u C npu padote Ha cpe3 wim cmsatue y, =0,9.

P33MGI_HGHI/IG 00ITOB IO IrOPHU30HTAJIN — HAa MUHUMAJIBHBIX PACCTOAHUAX, a 110

BEpPTUKAIIA — HE MEHEE MUHUMATBHBIX U HE 00JIee MaKCUMabHBIX (cM. Tabm. 39
CHulla 11-23-81%).

bonmosoie coeounenusn. Coeounenusn Ha 6bICOKONPOUYUHBIX bonmax

Huametpel 'OCT 22356: 16, 20, 24, 30, 36, 42, 48 mm.

JI1st GPUKITMOHHBIX COSTUMHEHUN PUMEHSIOT BEICOKOIIPOYHBIEC OOJThI U3 CTATU
Mapku 40X «CEJIEKT».

PacuetHoe ycunme, KOTOpoe MOXKET ObITh BOCIIPHHSTO KaXKI0H TUIOCKOCTHIO
TPEHUS AIEMEHTOB, CTSHYTBIX OJTHAM BBICOKOIIPOYHBIM OOJITOM, OTIPEIEISAETCS IO

bopmyre:
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O = Ron = Apn = 7p - #
bh = )
7h

rae Ry, =0,7-Ryyns

7 — KoahULIMEHT Ha/Ie)KHOCTH, MPUHUMAEMbIH B 3aBUCUMOCTH OT CTIOoco0a
00pabOTKN MOBEPXHOCTEN TPEHUS U KOHTPOJISI HATSKEHUS;

7p — KO3 (ULUEHTHI yCI0BUS pabOThl O0JITOBOTO COEANHEHNUS;

7p =0,8 mpu ny <5; », =0,9 mpu 5<n, <10; y, =10 mpu n, >10.

Tpebyemoe kKoMuecTBO 60JITOB
N
n=————,
Qbh N a7V

rjie N, — KOJMYECTBO [IIOCKOCTEN TPEHHUS,

PacyeT Ha IPOYHOCTH COSAMHICMBIX 3JICMCHTOB, OCIA0JICHHBIX OTBEPCTHIMHU
BO (PPHUKITMOHHOM COCJIMHEHHUH, BBITOJHSIOT C YY4ETOM TOTO, YTO MOJIOBUHA YCHIIHS,
MPHUXOJISIIETOCS Ha KaXKJIbIi OOJIT, Mepeana cuiiaMu TpeHus. [Ipu 3ToM npoBepky
ocnabJICHHBIX CEUCHUH BBIOJHAIOT MPU CTATUICCKOW HATPY3Ke IO TUTOIIAH
ceuenus opyrro A mpu A, (serro)>0,85A, 1160 Mo ycIoBHOM TUTOIIA TN

As; =118- A, pu A, <0,85- A,

HpI/I AUHAMHWYCCKUX HAIrpy3Kax — II0 INTOIa CCUCHUA HCTTO An .

Anzopumm noobopa 6anKu uz nPOKAMHLBIX 08YMABPOBLIX npoghueil

Jist 6anok, paboTaromuX B yIpyro 00J1acTu U U3ru0aeMbIX B OHOU U3
TJIaBHBIX TUIOCKOCTEH, TPeOYyEeMBbIii MOMEHT COTIPOTUBIICHUS ONPENIETSAETCS 0
dhopmyie:

w,- M
y Ve

[TogoGpaHHOE 1TO COPTAMEHTY CEUCHHE MPOBEPSIOT HA TIPOYHOCTH OT ICUCTBUS

KacaTeJIbHbIX HAMPsHKEHU 1o hopmyie:

Qo °S
— max
T= 0 <R, -7.,
) w
rJe S — CTaTUYECKUi MOMEHT CABUTaeMOM YaCTH CCUCHUS;
R, =0.58R, — pacueTHOE CONPOTUBIIEHHUE CTANH CPE3Y;

J — MOMEHT MHEpIMU CEUEHHUS.

JUJist MPOKATHBIX pa3pe3HbIX 0aNoK, HECYIIUX CTaTHUECKYIO Harpy3Ky u
00ecCreyeHHbIX OT MOTEePH OOIIEH YCTOMYMBOCTH, pa3periaeTcsi HCHOIb30BaTh
YIPYro-miacTUYecKyro padboty ctanu. [Ipu uzrube B 0HOM U3 IIaBHBIX TIOCKOCTEN
unpu 7 <0.9-R, TpeGyemblit MOMEHT CONIPOTUBIICHHUS OTpeesieTcs Mo popmye

B M
" Cl.Ry.}/c’
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rae C, — K03 PUIMEHT, yYUTHIBAIOINN pa3BUTHE MJIACTUUECKUX Aedopmannii

10 CEYCHHUIO.
IlepBonavyasibHO IprHUMaeTcs C, =11, a 3aTeM 3TO 3HaY€HHE YTOUHSAETCS B

3aBUCUMOCTH OT OTHOIICHUA IIJIOIMAaaAnu CCUCHUA I10JIKH /A\f K IJiomaan CCUYCHUsA

CTEHKHU A, .

Af

[Tpu —=0.25 c, =119;
A,
Af

Ipu =05 ¢, =112;
A,
Af

ITpn ——=1 ¢, =107.
A,

[Ipu paBHOMEPHO pacnpeaeeHHON Harpy3Ke OTHOCUTENbHBIA MPOrud Oanku

npoBepsieTcs o Gpopmyrie
H 3
rsar
| 384 E-J I

Anzopumm noooopa 6anku 6 ude ceapHozo 08ymaspa ¢ paéHLIMU HOJIKAMU

Jlns ceuenus paccMmarpuBaeMoro tuna oanku (puc. 60) pekoMeHIyeTcs
MPUMEHSTH CTaHJAPTHBIE Pa3Mephl MIUPHUHBI BbITyckaeMbix auctoB: 500, 510, 600,
650, 670, 700, 710, 750, 800, 850, 900, 950, 1000, 1100, 1250, 1400, 1420, 1500 mm,
nanee kpato 100 mm. B ¢Bs3u ¢ 3THM HEOOsA3aTEIbHO TPUHUMATh BBICOTY CEUCHMUSI
6asiku kpaTHOi 100 MM.

J1st pa3pe3HbIX OATOK OPUEHTHPOBOYHO MOKHO IPHHUMATh BETHYUHY

1 1

OTHOIICHHUA BBICOTHI CECUCHUA K OJIMHEC OaJIKH B npeacinax — = -——

| 10713
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4 +—
A I 4
X X _
— s ek s fm - - cm
t,
| |

Puc. Ceyenue cBapHOi 0a/IKH.

PeKOMeH)IyeMble TOJIIMUHBI CTEHOK 0aJIOK

h, m t,, MM
0,5 6...8

1,0 8...10
1,5 10...12
2,0 12...14

1) TpeOyeMblii MOMEHT CONPOTUBIICHUS
M

R, 7.

mp

2) IlpeaBapuTeIbHO HA3HAYAETCS BHICOTA CeUCHMs Oanku h = (

TOJIIIIMHA CTEHKH t, TI0 Tabmuie 2.
3) OntumManbHas BpICOTA CEUCHHUS IO (HOopMyTIe:

W
h, =115 ",
It
4) MunuMalibHasi BBICOTa C€YeHUs 1Mo (hopMmyIie:

h. :iRy-I L] A
24 E |f| q

1

10"

5) IIpenBapurenbHO Ha3HAYaETCA TOJIIMHA NMOJIOK t, . OpUEHTUPOBOYHO

MOJKHO IIPUHATD:
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t. =8..10 um npu h=05...1.0 u
t. =11..14 mm npu h=1.0...1.5 u
t. =14..20 mm npu h=1.6...2.0 u
6) [Ipuanmaetcs BeicoTa cedeHus 6anku N, ¢ yaetoM Noum, Nmin, t, &

PEKOMEHIyEMBIX pa3MEpOB JIUCTOB.
7) TpeObyemblil MOMEHT HHEPIIUHU:

J=Wh

mp mp'E’

8) TpeOGyemblii MOMEHT UHEPIIH MOJIOK:

2
=2t b 3] =3, -0,
’ 2

t, -h
rne h =h-t; J, = B ; h,=h-2-t,.

9) Omnpenensercst Tpedyemast MUPUHA TOJIKH
NI i
b= 19w 2 _
2 t, h,

1 1
[IuprHa MoNKK JOKHA HAXOIUTHCS B Ipeaenax b = 3"E h.

Ecnu nmonydenHas BenuunHa «b» OKaKeTCsl BHE YKa3aHHBIX MPECIIOB, TO HA/IO
WU3MEHHUTH TOJIIIMHY MOJKU , ¥ BEpHYTHCS K IIYHKTY 8.

10) PekoMeHtyeTCs MPUHY MOJIKHU MPUHUMATH B COOTBETCTBUU C PSIIOM
Pa3sMepOB MOJIOC YHUBEPCAIBHOU CTaJIN.
11) IIpoBepsieTcs mMpuHa MOJIKUA, UCXOJIA U3 €€ MECTHON YCTOMYUBOCTH

b, <0.5 E
t, IR,

b-t
rae b, = =
12) IIpoBepsieTcst HEOOXOAUMOCTH MOCTAHOBKH MPOJAO0TIBHBIX Pedep KECTKOCTH
h
tW 2 ef g ,
55\ E

M
rue J:VTS R, -7,
[lepeHanpspkeHHE HE JIOMyCKACTCs, a HeIOHATPSHKEHUE PEKOMEHTYETCS
MOJIy4aTh TAKUM, YTOOBI O = (0,95. ) .l,O)Ry.

Anzopumm onpedenenusn necyuieii CHOCOOHOCHU UEHMPATIbHO CHCAM O
CMOUKU:

Hecymas ciocoOHOCTB IIEHTPATIBHO CKATOTO CTEPIKHS OTIPENENSIETCs 110 PopMyIIaM:

Ny=¢.-2-4-Ry -y

X
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Ny:¢y.2.A.Ry.}/C

" IPpYMHUMACTCs MEHbIIAsA U3 HUX.

BbluKciisieM TeoMeTpUYECKHE XapaKTePUCTHKH 3agaHHoro ceuenus (A J L J y , Iy ).

Ecmu I, <1, TO pacueTHO# OCKIO SIBISETCSA OCh Y — Y, OTHOCHTENEHO KOTOPOii THOKOCTH

Oyznet OombIne, a KOYPPUIUEHT MPOIOILHOTO H3rH0a MEHbIIIE ((py <@y).

OmnpenenseM ruOKOCTh Zy @

Boruncnsiem Hecylyto cliocCOOHOCTh HEHTPAIbHO CXKATOI'O CTEPHKHSL.

Omnpenenenne yCWIni B CTePKHAX (epMBbI.

JUis  onpeneneHus yCWIMM — pacTSDKEHUSA-CKaTUsl B IUIOCKMX — (pepmax
MIPUMEHSIFOTCS MemMOO CKBO3HbIX CeUeHUll N1 Menmoo Gblpe3anUsl Y3/108.

[Ipy uCHONB30BAHUU MemoOa CKBO3HbIX CeYeHUll PACUCTHYIO CXEMY
pacuieHaiom Ha 0ge 4acmu, TaKUM 00pa3oM, YTOOBI YUCIO HEU38ECMHbIX VCUIUL B
ceueHUU ObLIO He Oonee 08yx. Ilpu 3TOM KascOooe ycunue NOKHO OMPENETSATHCS U3
omoenbHo20 YPaBHEHUS PABHOBECUSI U He OOJIHCHO BbIpAiCAmMbCs Yepe3 YCUius 8
OpY2UX CIMEPHCHSX.

[Ipy wWcCHONB30BaHUU MemoOda 6blpe3aHusi Y3106 YCUIUS B CTEPKHIX,
CXOMAIIUXCA B PAacCMATPUBAEMOM Y3Iie, ONPEICIAIOT U3 VPAGHEHUL pAGHOBeCUsl 8
npoexkyusax cui Ha ocu X U Y TJI00AJIbHOM CUCTEMbI KOOPJUHAT.

VYka3piBaeM TMOPSIIOK CIEAOBAaHUS CEUCHHUH, YTOOBI WMETh BO3MOXKHOCTH
COCTaBUTh YpaBHEHMsS, HEOOXOAWMBIC Il OMNPENCICHUS YCHIMHA B CTEPKHSIX,
MOMABIIKX B COOTBETCTBYIOIIEE CEYEHUE MOCIIEI0BATEIbHOCTH.

VYpaBHEeHUE B npoekyusx CUil PeKOMEHIYETCS MPUMEHSTh TOT/la, KOTAa Helb3s
COCTaBUTh YPAaBHEHUE B MOMEHTAX.

VYpaBHeHHE B MOMEHTax TpeOyeT BBIYUCICHUS pacCcmoAHusi OT TOYKHU
NpUBEIECHUs JO JIMHUM JACWCTBUS YCWIUS, a YpaBHEHHE B NPOEKLUUAX CHI —
BBIUUCIICHUS 3HAYEHUU MPUSOHOMEMPUYECKUX QYyHKyuti yriaa MeXIy OCSIMHU
CTEpP>KHEM.

[Ipu cummMeTpudHO# O Harpy3ke (y3/10Bas HAarpys3ka, pEaKTUBHBIC CHIIBI) U
OUYEPTAHUIO PEIICTKH 3aJJaHHOW PACYETHOM CXeMy JOCTaTOYHO OINPEACITUTh YCUTUS B
CTEPKHSIX TIOJIOBUHBI (PEPMBI, TaK KaK YCHUJIHS B CTEPXKHSIX APYTOM MOJOBUHBI OYAYyT
TaKUMH XKe.

Onpeoenenue nHazpy3okx.

IlocTOsSIHHEIE HATPV3KU.

CoOCTBEHHBIH BeC KPOBJIHM MOACUYUTHIBACTCSA HA 1M? IIOKPHITHS, HCXO/S U3
MPUHATON €€ KOHCTPYKIMU. COOCTBEHHBIN BEC CTPOMUIILHON (DepMbl onpeaesieTcs
IpUOIMKEHHO 10 popMyIie

qs =12v,1, (H/m?),

riae vy=0.6+0.9 — B 3aBUCUMOCTH OT YKJIOHA BEPXHEr0 N0sCa;
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| — mposneT ¢pepMbl B METpax.

Co6CTBEHHBII Bec (POHAPHON KOHCTPYKIMHU Ha 1 M? IIOKPBITHS IPUOIUKEHHO
omnpenensercs no Gopmyre:

Ofri =5k, (H/M?),
lon — TIpOTIET DOHAPS B M.
JIyist yIpOILEHKs PACYeTOB IIPUHUMAIOT BeC mepemieToB ¢y = 40+60 (H/m?);

BEC OOPTOBOM CTEHKHM M OCTEKIIeHUs (¢, =2000 | % - Ha €IMHUITY JJIMHBI CTCHKH.
Bec cranbubIX nporoHos gy = 80+150 (H/M?), Bec caseit qf, ~50! % 2

PacueTHyr0 NOCTOSHHYIO Harpy3Ky Ha CTPONWIbHYIO epMy MPUBOASAT K
Y3JI0BOM € y4ETOM pacnoiokeHus: POHApHOM KOHCTpYKIMHU. Ha purens pamsl
MTOCTOSIHHYIO HAarpy3Ky ONpeaessioT B BUJI€ pABHOMEPHO pacipenenéHHon Ha 1 m.m

O =(des +Us + 01 + 0o + s +0wa)B
rae B —mar pam, q,,- pacdeTHas Harpy3ka Ha 1 M? 0T cOOCTBEHHOTO BEca KPOBIIH.
B Mecre u3in0Ma ocu KOJIOHHBI MOSBISIETCS] U3TUOAIOIINI MOMEHT
h —h,
2

M =2, —h)+ N, (),

rae h,— mupuHa MOAKPAHOBOM YaCTU KOJIOHHBIL;
h, — IIMpUHA HAAKPAHOBOMN YaCTU KOJIOHHBI;

N2 — Bec HaJKpaHOBOM YacTH CTEH U HAJAKPAHOBOW YaCTH KOJIOHHBI.

O6muit pacxon ctamu Ha 1 M? 31aHKs NPy KpaHaX rpy30noabeMHOCTEI0 500 KH
coctasnseT 80130 kr/m?; mpu 3ToM Ha marep - 30+-45 kr/M?; Ha KOIOHHHI - 25+35
Kr/M?; Ha oakpaHoBsle Oanku - 20+30 kr/m2,

CHeroBag Harpy3ka.

BennuuHa cHEroBoM Harpy3Ky 3aBUCUT OT paliOHA CTPOUTEILCTBA.
HopMaruBHas BeIMYMHA CHETOBOM HArpy3ku Ha 1 M? TOPU30HTAIBLHON IPOEKINH
MOKPBITHSI ONIPEACIIAIOT MO (popmyIe:

S" = S0 “H,
rac So —B€C CHCIOBOI'O IIOKPOBA Ha 1 M2 B 3aBUCUMOCTHU OT paﬁOHa CTpOUTECIIBCTBA.

Tepputopus ObiBiiero CCCP pa36uta Ha 6 kiuMatndeckux pailoHoB (cMm. Cuaull I1-
6-74):

|- S¢=0.5 xH/M? Y - Sg=1.5 xH/m?
I - 8020.7 I(H/M2 Y - So=2.0 I(H/M2
I1- Sp=1.0 xkH/m? Y1l - So=2.5 xkH/m?

4 - K03(pPUIHMEHT, 3aBUCAIIUI OT KOHPUTYpaLIUK KPOBIIHU:
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a) OHOMPOJIETHOE 37aHue 0e3 (hoHaps;
u=1 mmpu a=20°;

0) 31aHue ¢ MPOJOIBHBIM (hoHApEM;

w, =1+01%; 4 =1+05%,
6 6C

13<4.0 — 1 hepM MPU HOPMATHUBHOM 3HAYEHHH Beca MOKpoIThA <1.5 kH/M?,
13<2.5 — Ipu HOPMATHBHOM Bece TOKphITUs >1.5 KH/M?.

depmpl 6€3 hoHAPsT pACCUNUTHIBAIOTCS OOBIYHO TOJIBKO MO 1-0My BapuaHTy
3arpy>KeHus, TaK KaK Py 3TOM YCHJIHS B MOSICAX U PACKOCAX OKa3bIBAIOTCS
HauOOJIBIITUMU.

[To 2-My BapuaHTy JOJIKHBI POBEPATHCS CTOUKHU (hepM, pacIiONOKEHHBIE MO/
YBEJIMYCHHOW CHETOBOM HAarpy3KOM.

J171st MOKPBITHUS 3/TaHUN, UMEIOIIUX U30BITOYHBIC TETIJIOBBIICICHUS U YKIOH
KpoBellb HE MeHee 3% CHETOBYIO Harpy3Ky paspemaercs cHmkaTh Ha 20%.

s pacueTa pambl CHETOBYIO HAarpy3Ky NPUBOAAT K PABHOMEPHO
pacrpeneieHHol. PacueTHOe 3HAaYCHHME CHETOBOW HArpy3KH Ha 1i * MOKPBITHS

S=S"%,,
rae y,=1.4wm y,=1.6 (. 5.7 /8/).

Pacuetnast cxema pambl ipu 3TOM OyAET TaKOM e, KaK U Ha MOCTOSHHYIO Harpy3Ky.

Tonbko g, =SB,M, :qCTHIe,

rme e=-—" 2,
2

B MHOTOIIPOJIETHBIX 3/IaHMAX C MepenagaMu M0 BHICOTE Ha KPOBJISX
HIDKEJIeKAIIUX IIPOJISTOB 00pa3yIOTCs CHETOBBIC «MEIIKW». Harpy3ky ot cHera B
3THX CIy4asX IPUHUMAIOT 1Mo cBouM cxemam (cM. Cuull 2.01.07-85).

KpanoBast Harpyska.

[Tpu onpeneneHny HaUOOIBIINX YCUITUN B paMe OT BEPTUKATIBLHOTO JIaBJICHUS
KpPaHOB HUX PAaCIOJIararoT B CAaMOM HEBBITOJHOM IMOJIOAKEHUH IO OTHOIIEHHUIO K
JIAHHOU pame.

HauGomnbmee pacd4€THOC AaBJICHHUEC HA KOJJOHHY

ﬂrrax = ¢)7/f PnHanyl +Gn.6. +Gm.6.’ (241)
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e Y y; - CyMMa OpJMHAT IMHUH BIIMSHUS TaBJIEHHUS HA KOJOHHY;
G,,=0,,1.,7::9,, =3.9xH [ » ipu Q mo 1000 xH,

l.6 =B — mposter noakpanoBoit 6anku (mar pam);

17=1.05;
G,s =raP bl sy =12,R" =15cH | M7,

bt — mupuHa TOPMO3HON KOHCTPYKIIHU.

MuHHUMaJIbHOE pacdCTHOC HABJICHUC Ha KOJIOHHY

Hoin = QY5 Pn:nzyi +G,; +G,;; (24.2)
rae pH — M —_pH
min no max !

Q — rpy30MoABEMHOCTH KpaHa,
Gr,Gyp — BEC TENEKKU U KpaHa,
No — YUCIIO KOJIEC C OAHOM CTOPOHBI KpaHa.

[TocKoJIbKY MOJIKpaHOBBIE OAJIKK YCTAaHABIMBAIOTCS C DKCIIEHTPUCUTETOM TI0
OTHOIIIEHHIO K OCH KOJIOHHBI, B paM¢€ OT BEPTUKAIbLHOTO JaBJICHUS KPAHOB
BO3HHMKAIOT U3THOAIOIINE MOMEHTHI Myax U Mmin, OTIpesiesisiembie 1o hopMyam:

M max A max * €

Mmin :ﬂmin "€,

rae e~0.5by,

(24.3)

by — mumprHa HUXKHEH (TTOIKPAHOBOM) YaCTH KOJIOHHBHI.

Cuity monepeyHoro TOpMOKeHHs (M1 OOKOBOTO JaBJICHUS ) CUUTAIOT TIepeJaHHOM
pamMe OJTHOM CTOPOHOM KpaHa U ONpPEeEstoT Mo popmyJie:

T=¢l >y, (24.4)

Ha pamy pacueTHOe qaBieHUE OT CUJI MONEPEYHOrO0 TOPMOKEHUS OyIeT
OMPENENATHCS IPU TOM K€ PACIIONOKEHUHU KOJIEC KPAaHOB, YTO U JJIsl BEPTUKAJIBHOM
Harpy3ku. Cuna T npukiiagsIiBaeTCsi B ypOBHE BEPXHETO MOsiCa MOJIKPAHOBOM OAJIKH.

BetpoBag Harpyska.

PacueTHOe 3HaueHME CpeHEeN COCTABIISIIONIEN BETPOBOM HArPY3KU HA BBICOTE
Z HaJl IOBEPXHOCTHIO 3eMIIH Ha 1 M? onpenensior mo GpopmyJie:

W, = y,W,KC, (24.5)

riae yi—1.4;
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Wo —HOPMATHBHOC 3HAYCHUC BETPOBOTO AABJICHUS, IPUHUMACMOC B 3aBUCUMOCTHU OT

pationa crpoutenbcTBa o Cuully /8/,

K — k03 punment, yauTpIBaOmuii ”3MEHEHUE BETPOBOTO JTABJICHHSI I10 BBICOTE
(Ta611.6./8/),

C — aspoauHamMudeckuii KOdGUITUEHT, 3aBUCIIINNA 0T KOH(MUTYpAINH 31aHUS
(mpunox.4./8/).

CKOpOCTHOM HAIoOp BETPA Y MOBEPXHOCTH 3€MJIM 3aBUCHUT OT HAJIMYUS
paznuunbix npensrctBuid. [lostomy Cuull /8/ paznuvaer Tpu Tuna MECTHOCTH:

A — OTKpbITas;
B — ¢ npensitcTBUsIME (TOpO/Ia ¢ OKparHaMU, JIECHbIE MACCUBBI U JIp.);
C — ropojckue paifloHbI € 3aCTPOMKON 3JTaHUSIMU BBICOTOM OoJiee 25 METPOB.
PacueTHas moroHHasi Harpy3ka Ha pamy:
q=W,B, (24.6)
rae B — mar pam.

JIns ynpolieHus pacdeToB BETPOBYIO HArpy3Ky Ha KOJIOHHY IPUHUMAIOT
AKBUBAJICHTHOW PaBHOMEPHO PACIIPEEICHHOM 10 BBICOTE KOJIOHHBI. Bennunny ee

OMPEIENSIOT U3 YCIOBHS paBEHCTBA U3rMOAOIIMX MOMEHTOB B 3alllEMJICHHON CTOMKE

OT (paKTUYECKOM AMIOPBI BETPOBOTO AABJICHHUS (| U OT pABHOMEPHO paclpeiesIeHHON
Harpy3KHu:

2M
qaw. = h_z’

rie h — BeicoTa KOJOHHEI,

(24.7)

M — MOMEHT OT Harpy3KH IO 3IKPE BETPOBOTO IABJICHHUS.

BeTpoBas Harpy3ka oT HWKHETro mnosica (hepMbl 0 BEPXHEH TOUKH TOKPBITHUS
11exa 3aMEeHSETCS COCpeIoTOUeHHOM cron W.

OcHoevt meopuu 2udKoil Humu.

B 3aBUCHMMOCTH OT BEJIMUMHBI OTHOCUTEIILHBIX CTPCJIOK ITPOBCCa pa3iInv4arOT HUTHU:

f :
- IIOJIOTHE, KOT1a T <01;

1 f o1
- VMEPCHHO ITIOJIOTUC IIpU —S—<—,
yMEp PEI0°T "%

- HC IIOJIOTUC HUTU HpI/I ILZ % .

Ha mpakTrke B 60IBIIMHCTBE CIIy4aeB MPUMEHSIOT Moiorue HUTH. [loaTomy
J0CTaTOYHO TOJTHO pa3paboTaHa TEOPHs MOJOTHX HUTEH.

1). BeIBO1 OCHOBHBIX 3aBUCHMOCTEH JIJIS ITOJIOTOM THOKOM HUTH, ITOABEIICHHON B
JIBYX TOYKAaX Ha OJTHOM yYpPOBHE.
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PaccmoTpum THOKYIO HUTH, HATPY)KEHHYIO BEPTUKAIBHON TIPOU3BOJIEHO
pacrpeeseHHON BIOJIb IPOJIETa MOrOHHOW HArpy3Koil.

Ha paccrosauu X ot onopsl A 3adukcupyem Touky C. Boipesxkem yuactok Hutu AC
U pacCMOTpHUM ero paBHoBecue. CymMma MOMEHTOB BCEX CHUJI, IEUCTBYIOIIUX Ha
ydactok AC, oTHOcHUTENBbHO TOUKH C

Vi X=Mg-Hy=0

rae H — ropu3oHTanbHas COCTaBISAIONIAS HATSKEHUSI HUTU — PACTIOp, SBIISIETCS
BEJIMYMHOM ITOCTOSHHOM:

(D X =0:-T,-cosp +T,-COSp=0; T, -COS@p=H=T,-cos¢)

V, — BEpTHKaJIbHAsl COCTABJISIIONIAS HATSKEHUSI HUTH B TOUKe A — OanovyHas
peakuusi;

M — MOMEHT OTHOCUTENBHO TOUKH C OT pacnpeieIeHHOW Harpy3KHu.

Od4eBugHO, YTO V,- X — Mg = M° - 0alIOYHBINA U3ruOarOIUi MOMEHT.
Torna u3 umeeMm:
M 7]
H=—_
f

Ecnu HensBectHa BenmmunHa "f "', Henb3s onpenenuth pacnop H. 3agaya craHOBUTCS
Hepaszpemnmoid. [Io3ToMy AJIs1 HEKOTOPBIX YaCTHBIX CIIy4YaeB 3arpyKEHUsS HUTH
KpHUBO IIPOBECA 33/IaI0TCSI B COOTBETCTBUU C HArpy3KOi; CTAHOBUTCS U3BECTHOM
crpenka mposeca f. [Ipu 3ToM MOKHO ONpenenuTh BCE HHTEPECYIONUE HAC
BEJIMUUHBI.

Hatspkenue Hutu T, B TOUKE mojiBeca A:

Ta=yH?+V}

MakcumanbHOE HATS)KEHUE HUTH, IO KOTOPOMY CJIEIyEeT MOJ0UPATh CEYEHUs, UMEET
MECTO B OJIHOM M3 TOUYEK MOJBeca, re Oosbluee 3HayeHue V. Pacnop Hutu H —
const (370 BUAHO M3 CYMMBI IIPOEKIIMI BCEX CHII HA OCh X).

[Toryuum opmyiy asst onpeaeneHus AIuHbl HUTH L.

2
L= [ds =[ 0 + 0y? =] 1(% dx
0 0 0
dy

Tak kak pacCMaTpuBacTCA 110JIorasd HUTb, TO d— =tge - BeauunHa Majias.
X
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Puc. Cxema ruOKoOIi HUTH.

PackitanpiBast moIKOPEHHOE BBIPAXKEHUE B PSIJl M COXPaHssl TOJIBKO MEPBBIE 1BA
claraemsle, MOJy4HnM:

| 1, 1!
sz.(l+§y' jdx:l+§'|‘y' dx.
0 0
Q 1

M6
HNmes B BUY, 4TO y'=—| —— |, moJIlydyaeM y'=— u L=1+
Ay y yq y H T

dx|{ H

rae Q — GanouHas momepevHast cuia.

IIdex,
0

|
Bennunny j Q%dx=D Ha3bIBaIOT XapPaKTEPUCTUKON HArpy3ku. OKOHYATENIBHBIM
0

BBIPpAXKCHUEM IJI1 AJTMHBI HUTH!

L=I+ DZ
2H

ar.

Jlis ciyuast paBHOMEPHO pacipeeleHHol Harpy3ku  npu y = f, u M? =

| | 2 213

ql g1~ .

D, = [Q%dx= (——q j dx=—"—
! l 2 7 12

12 | 8 f?2 2|3
8 f0 2 31 12
OOBIYHO PABHOMEPHO paCIpeieTICHHYIO Harpy3Ky MPUHUMAIOT 32 HAa4aJIbHOE
3arpy>1<eHI/Ie. A OT OOITOJIHUTCIIBHOI'O 3arpy>KeHH51 onpezxemnoT napaMeTpLI HUTH.

Hl, fl’ Dll
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JI1st IpakTUYECKUX PACUYETOB MEPBOCTENEHHOE 3HAYEHUE UMEET BEIUYMHA H,; TIpu
ITOJTHOM Harpyske. ]_IJ'ISI OIIPpCACICHUA Hl HCIIOJIB3YIOT 3aBUCHUMOCTDb MCIKAY HHHHHOﬁ
HHWTH B HAYaJIbHOM H KOHCYHOM COCTOSHHUAX.
DO
2 )
0
DI
2 .
2H;
N3MeHeHune JIMHBI HUTH AL, 3a CHET YNpyrux JegopMariuii OCH €€ COTJIaCHO 3aKOHY

JUIs HUTH B HAYaJIbHOM COCTOSIHUM L, =1 +

B KOHEYHOM COCTOSIHUU L, =L, + ALy =1+

['yka onpenensiercs mo hopmyre:

OT, T
! EA
rac TO u Tl — HaTsDKCHUEC HUTH B HA4YAaJIbHOM B KOHCYHOM COCTOAHUAX.

EA — 5KeCTKOCTh HUTH Ha PACTSKEHUE.
BBuay 1nosoroctv HUTH MOXHO NPUHATE T, * H,; Ty ~ Hy; ds~dx.
(Hi—Ho)-!

EA
[ToncraBum AL, B BBIpaXEHHUH JJIsl L, U KaK CIEACTBUE MOTYUUM:
D, , (Hy—Ho)-l . D

HS EA 2H{

Torma AL, =

Orcroia nmeeM:

H} +H? DO—EZA—H0 _DiEA_
Hl 2

[Tomyuyeno B.K. KauypunbiM.

B ¢opmyiie nBa HeusBeCTHBIX: A — IUIONIAAb CEUCHUSI HUTU U H, — Pacrop HUTHU TIPH

noHoM Harpyske. Ha mpakTtuke 0ObIYHO ceueHre HUTH 3aaercs. Haxonsar

BeNMUYUHbl H, u V, 3aTeM T, Mo KOTOpo# onpeaenstor TpeOyeMyro IIoaab CEUeHUS

HUTU A. 3ajauy pemarT cCriocoO0M MoCcae0BaTEIbHBIX TPUOIMKEHUM.

Y4uThiBas MOJOTOCTh HUTH, B IIEPBOM MPUOIMIKEHUH MOXKHO TTPUHSThH

T, ~H; = Ay R, . Toraa nomry4um KBaJapaTHOE ypaBHECHUE OTHOCUTENILHO BEIHYMHBL A.

0

TA
Ve Ry
MMOBTOPUTH. 3/1€Ch TAKXKE MPUMEHSETCS CIIOCO0 MOCIeA0BATEIbHBIX MPUOTUKEHUMN,
HO TIPU 3TOM MPUXOIUTCA UMETh JEJO ¢ 00Jiee MPOCTHIM KBaJIPaTHBIM YPaBHEHUEM.
PaccmoTpum THOKYIO MOJIOTYIO HUTH, TIOJIBEIICHHYIO 110 KOHIIaM B Pa3HbIX YPOBHSIX U
HArpy>kK€HHYIO MTPOU3BOJIBbHON BEPTUKAIBHON HATPY3KOM.

3aTeM cleqyeT HauTh BeIM4nuHbl H,,V,, T, U CHOBA A=

. [Tpouecc crmenyer
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Puc. PacueTnas cxema ruOKoi HUTH, TIOJIBEIICHHON B Pa3HbIX YPOBHSIX.

Onpenenum peakiuu onop: T, u Ty . st onpeieneHust BEpTUKAIbHBIX
COCTAaBJISIFOIIMX OMOPHBIX PEAKIINI BEIYUCIUM CYMMY MOMEHTOB BCEX CHII
OTHOCHUTEJIBHO TOYEK A 1 B.

D My =Vp-1-Myg =0;

3mecy M, — CyMMa MOMEHTOB BHEIIHHX CHII (KpOME OTIOPHBIX peakiinii) Ha mpoJeT |
M Al )

M
OTHOCHUTENBHO onopsl B. Otcrona, V, = —2

. AHanoru4Ho, Vg =

BepTukanbHble COCTABIAIONIME ONOPHBIX PEAKIIMI HUTU ONPENEIIIOTCA KaK JUJIs
MPOCTOM OAJIKK Ha IBYX OMOPAX M KaK JJI HUTU C OMIOPaMU B OJTHOM YpOBHE.
[Ipoeuupys Bce CUIIbI HA TOPU3O0HTAIBHYIO OCh, MOJIYUYUM: — R, -cosa + Ry - cosa =0,
T.e. R, =Ry =R.

BossmeM Touky C Ha paccTosiHUM X OT onopbl A. O003HaYUM yepes3 u; IJTUHY
MEPIICHIUKYJISPA, OMylieHHOTo 13 Touku C Ha npsimyro AB, a uepe3 u — opauHary
OCH HUTH, OTCUMTBIBAEMYIO OT IpsiMor AB.

Paccmotpum paBHoBecue yuactka HUTH AC. CocTaBUM CyMMYy MOMEHTOB BCEX CHJI,
neiicTByromux Ha ydacTke HUTH AC, oTHOCHTENEHO TOuki C: > Mo —R-u; =0,

0

o M
rae » M - =M¢ — Ganodnsiii MomeHT B Touke C. Otcroma R=—< .

Uy
y M -cosa M u
Haiinem pacriop aute H: H =R -cosa = —= =—C ;HO ——=u.
U, U cosa

Cosa
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6

M
CnenoBareipbHO: H =——
u

[Tomydyennas opmyna ans pacriopa H modrn Hu4YeM He OTIUYAETCS OT aHAJIOTUIHOM
(hOpMYIIBI IS pacriopa HUTH ¢ OTIOPaMU B OAHOM ypoBHE. OTIUYHE COCTOUT TOJIBKO
B TOM, YTO OpAMHATY U HEOOXOAMMO OTCUUTHIBATH HE OT TOPU3OHTAIBHON JTMHUH, a

oT npssmout AB, coequHAIOIEN ONIOPHI HUTH.
M6
N3 popmyisl crenyer, 4to u = T

Ecan HCO6XOI[I/IMO ONpCACIINTL OpANHATY AJId TOYKH OCH HUTHU, OTCHUTBIBACMYIO OT

. N X
TOPU30HTAIBHOM OCH, TO €€ MOXHO BBIPa3UTh: y=U+ X-tga=u+h- T

Takke KaKk ¥ npu pacCMOTPEHUU TMOKON HUTH C ONIOPAMHU B OJHOM YPOBHE, B
JAHHOM CITy4dae 3aJal0T HA4aJIbHOE MOJIOKEHUE HATH IapaMeTpamu. H, u, -

ucxosiHoe coctosinue. KoneuyHoe cocTostHue HUTH OyIeT XapaKTepru30BaThCs
napameTpamMu H,,u, .
[IpenBaputenbHO MoaydyuM GOpMYITy JJIs ONPEASTICHUS ITTUHBI HUTHU C PABHOMEPHO
pacnpeAeeHHOM 10 MPOJIETy Harpy3kou (. Mcrnosib3yeM U3BECTHOE BBIPAKEHUE AJIsSI
JUTMHBI HUTH C OTIOPAMHU B OJTHOM YPOBHE U PAaBHOMEPHO PacipeieICHHOM 1Mo
MIPOJIETY HArpy3KOu (,
2

L,o=I+ 8 f—,

3 1
rne f — ctpenka mpoBeca HUTH ¢ OTTOpaMu B OJTHOM YPOBHE MOCEPEIUHE MPOJICTA.
JIJIss HUTH ¢ OTIOpaMH B Pa3HBIX YPOBHSX B 3TO# Gopmysie BMecTo | moactaBum
|/cosa , a BMecto f moacraBum f, ~ f -cosa .

| 8 f? 3
+—-—-C0s° @

cosa 3
2

B(bopMyne:%fl—zL —1

Torma, L, =

a=0
B o6miem citydae 3arpykeHust:
1
L, =1 +——|QZdx
" 2R ,I ’

HO)ICT&BJ'IHH BBIPAXXCHHUA IMOJTYUHM:

L = +(L,_,—Dcos®*a= + I+—IQ dx—1 |cos® &, TO ecTh
“ cosa - cosa 2R2 7 0 ’
[Qdax
L, = +1——cos’
cosa 2R3

Ota npubikeHHas Gopmysia 1aeT XOPOIINe Pe3yIbTaThI JJIS TIOJIOTUX HUTEH C
0001 BEpTUKAIBLHOM HArpy3KoH. J{Jis 110001 BEpTUKAIBHON HATPY3KH 3aMUIIEM:
j Qfdx

L, = +1——cos’a
cosa 2R

JI71 MICXOHOTO COCTOSTHUS:

28



[ Qddx

L,o= +1——cos’a.
cosa 2R}

HpH AOITIOJIHUTCIIBHOM 3arpyKCHUN HUTH, T.C. B KOHCYHOM COCTOAHUHN OJIMHA HUTHU
COCTAaBUT:

LOC,l = La’O + AL,

rae AL — yrnpyras gedopMmanus HUTH, onpeaenseMas o GopMysie:

T, -Ty)-I R R R, —Ry)- 1|
ALE@.HPHZ)TOM T,~~—,aT,~—>, Toraa ALz(l—O)l,
cosa CoSa E-A-cos? g

rac

- cosa
[ToncTaBisis BRIpaKeHHE I AL , TTOTYUIHM:

[Qdax

R, —Ry)-1
L1 = +1— cos3a+—(1 0)3
" cosa 2R E-A-cos’a

I

. OTKy1a nmeem:

E-A-cos’a E-A-cos’a
2-1-R§ 21

rac RO )51 Rl — COOTBCTCTBCHHO, HAYAJIbHOC 1 KOHCYHOC HATAXKCHUSI HHUTH.

RS + [Qfdx—R, |-R? - [Qfdx=0,
| |

N3 ypaBHEHNS MOKHO ONIPENCINTH R, .

OcHoewvl meopuu U32UOHO-IHCECMKUX HUmell.

PaccmartpuBaercst ruOkuii cTepkeHb ¢ O0JIBIION CTPENIKOW IpoBeca (He mojoras
HUTB), HATPY>KEHHBI BEPTUKAILHOMN MPOU3BOJILHO PACTIPEICIICHHON BJIOJIb OCH

CTpeXHs Harpy3koi. M3 cTep kHs BbIAEIsETCS OECKOHEYHO MaJION JITTUHBI JIEMEHT U

paccMaTpuBacTCia €ro PpaBHOBCCHC.

(7+d7)

Puc. PacueTHas cxema 3jieMeHTa HUTH

Hcnonb3yem Tpu ypaBHEHUSI CTATUKHU:

29



1). > x=0;2) >Y=0;3) > M;=0.

2). (T +Td)cos(¢ + de)—T cose — Qsin ¢ + (Q + dQ)sin(¢p + dp)=0.

PackpriBas ckoOKM 1 yUUTBIBas, 4To sin dp=de, cosdp =1, a Takxke:

cos(@ + dg)=cos¢ - cosde —sin ¢ - sin dp =cosg —depsin ¢ ;

sin(@ + dg)=sin @ - cosdg + cos ¢ - sin dg =sin ¢ — d@cos @, TOIYYUM:

T(cos @ — dgsin @)+ dT(cosp — desin ¢)—F cos ¢ — Qsin @ + Q(sin ¢ + dg)cos ¢ + dQ(sin ¢ + dpcos )=
—deT sin @ +dT cos @ — dFdesin @ + Qdepcos ¢ + dQsin ¢ + 8Qepcosp=0; wIm

—deT sin @ +dT cos@ + Qdepcos g +dQsin g =0

Pa3zgenum Ha dS

(d—Tcosw—d—(psin ¢j+[d—Qsin (0+d—(pCOS¢)j:O,

dS dS ds ds
;_S(T Cosg)+ dd—S(Qsin ?)=0

AHaJIOTUYHBIM 00pa30M MOKHO IPe0OPa3z0BaTh BTOPOE YPABHEHUE CTATHKU U
IIPUBECTH €T0 K BUAY:

;—S(Tsin (/’)—C;j—S(QCOS(D):q

3). M—M —dM +T cosedy — T sin pdx + QdS — qu% =0; IlocneaHuM ciiaraeMbIM
IpeHeOperaeM, cos _dx. sin _dy
p p ) ¢ s’ @ s’
dx . dy
Y4yuteiBas, 4To COS(0=£ a, sin (p=£, nonayvyaeM: —dM +QdS=0; uim
dM
o5 O

[Tockonbky B ypaBHeHUsIX coaepxutcs 4 HensBecTHbIX (T, Q, M, ¢), HEOOX0AMMO

M3BICKATh YETBEPTOE ypaBHEHHE. B kauecTBe 4-r0 ypaBHEHHUS UCIIOJIB3YEM TOYHOE

BBIPAKECHUE JIJI1 KPUBU3HBI HUTH:
M 1 d
4). 2 =22
EJ p dS
3nece M, Q, T — cOOTBETCTBEHHO, N3rHOAOIINI MOMEHT, ITOIIepEYHast U MPOAO0JIbHAS
CHJIBL,
@ - YroJI HAaKJIOHA KacaTeJIbHOW K OCH HUTH C OChIO X
S — myroBasi KOOpANHATA TOYKHA OCH HUTH;
( — UHTEHCUBHOCTb HArpy3KHu;
p - paanyc KpUBU3HBI OCU HUTH;
EJ — u3ruOHas »ecTKOCTh HUTH.
dop dM d?
Toxcrasmsem (3.4) B (3.3): M=E1-2 S _ g2 Y _q,
dS dS ds
[TocnenHee BbIpaKk€HUE MOJICTABUM:
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CucreMa ypaBHEHHI UMEET yKe 2 HEM3BECTHBIX T U ¢.

[IponHTErppyeM CUCTEMY YPABHEHUHN U ITOJTYYHUM:

2
Tcosp+EJ ijsin p=C

. d?p
Tsinp—-EJ Fcow:jqd8+c2

rae C; u C, — IOCTOSIHHbIE UHTETPUPOBAHUS.
C, = H — IpoJIoJibHAsA CUJIa B CAMOU HUKHEW TOUYKE HUTH.

Hckmouas T, umeem:
d?ep :
EJ Fz H sin (p—COS(pJqu+C2 CoS @

JuddepennmansHoe ypaBHEHHE — HEIMHEUHOE (Sin ¢, COS¢ ), C IEPEMEHHBIM
ko3 purmeHTOM jqu , HE IMEET 3aMKHYTOI'O PEILICHHUS.

Ero Mo>xHO HHTErpUpoOBaTh MPUOJIMIKEHHBIM CIIOCOOOM UJTU C TOMOIIBI0 DBM.
PaccMoTpuM 1oJ10ryro U3ruOHO-KECTKYHO0 HUTh C PABHOMEPHO paclpeieIeHHON
HArpy3Kou (] 1o mpoJIeTy.
dy . d
[Tpu manom ¢ tge :d_y ~sinp~¢@, ds~dx, cosp=1. [loncraBum BMECTO ¢ d—y , a
X X

. dy

TaKxXe singp~p=—>.
dx
[Tomyuum:
2 3

EJ ;?(%)= H %—qx+C2, WA u—iﬂ+%+c2 =0.
[IponuddepenipoBas ypaBHEeHHE OJWH pa3 MoaydyuM auddepeHimansrHoe
ypaBHEHUE 4-T0 TOPSIKA:
dy Hd®y q_
dx EJdX’ EJ
VYpaBHeHUE UMEET PEIICHUE B 3aMKHYTOM BUJIE:

2
y = C,ch(kx) + Czsh(kx)+2iH+C3x+C4, (3.9)

H
3mech k2 =—
A EJ

C;,C,,C;,C, — IOCTOSIHHBIC MHTETPUPOBAHMSL, OIIPEACIIeMbIC U3 I'PaHUYHBIX

YCIIOBUN:
Dopux=0 y=0 '=0;

I
2) pu x:ia y=*t.
W3rubaromuit MOMEHT | [TOIepeyHasi Cujia B JF000OM CEYCHUU HUTH:
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ﬂ ,Q=E-I d_gy

dx? dx®

N3rubaromuii MOMEHT M TIOTIEpeYHasi CUjia MOTYT OBITh OIIPEACIICHBI TOJIBKO B TOM
clIy4ae, €Clid U3BECTHA XOTS Obl OJIHA OPJIMHATA MIPOBECA OCH HUTHU, TO3BOJISIOIIAS
onpenenuts pacrnop HuTU H. [IpakTudecku, npu pacuerax U3ruOHO-KECTKUX HUTEH
3aJ1af0TCsl CTpeJIol nmposeca ocu HUTH f.

PaccmarpuBaetcs 0anka Ha JBYX OMOpax MoJ| BO3JAEHCTBUEM PAaBHOMEPHO
pacnpeneneHHoi Harpy3ku. B cepenune nposnera nzrudaronuii (0aJouHbIi) MOMEHT

paBeH

M=E-I-

ql?
M. =
o 8

4
a mporuo: vV, :3’8%%

npeodpazyem GopmMyIly K BULY:
2 4
M6:q| (5 .(48Elj:y5_48El |
8 (384 EI 512 512
T.C. BCJIMUNHA I/I3FH6&IOH16FO MOMCHTA B 6am<e IIpOoIIopHuHrOHaJIbHA BCIIMYNHC ec

nporu6a. M3rubHo-xKecTKas HUTh MPU IPOYUX PABHBIX ¢ 0AIKON mapaMeTpax UMEET
nporu6 f #V,. Torga u3rudaromuii MOMEHT B CEpeIMHE MPOJIeTa U3THOHO-KECTKOM

HHUTHU MOKHO IIPUHATDH TAKKC IIPOIIOPHHUOHAIbHBIM HpOFI/I6y, a, CJICAOBATCJIBHO,

MPOTIOPITMOHAIIEHBIM 0AIOYHOMY MOMEHTY:
f

M_ =M, —,
u—oc o yﬁ
HOI[CTaBJ_IHH 3HAUYCHUA HOﬂyquHBIe 110 Q)OpMyHaM HOJ_IyLH/IM:
48 EI-f
. =— —,(3.15
AN CED

pacnop rUOKOM HUTH, HArPYKEHHON paBHOMEPHO pacIpeIeICHHON Harpy3Koi,
OTIpe/IeIIsIeTCs TI0 U3BECTHOM (popmyIie:
|2
oL
8. f
PaccMoTpuM NoJ0BHHY MposieTa N3rHOHO-KECTKON HUTH.

TH-}K VA q
| ERERRERRENERERRERRENR
e A S S
H 1 A
Mus s
0

Puc. K pacueTy U3ruOHO-K€CTKON HUTH.
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CymMa MOMEHTOB B cedeHUH «C» M3rHOHO-)KECTKOW HUTH:
| I .
-M, ., +V, ' M?-H, . -f=0,THeV, - M¢ =M, - GalO4HBI MOMEHT

IMOCCPCANHC IIPOJICTA. OTCIOI[a InoJrydacm:
HM_M:M6 _Mu*()l(’: q|2 _@E’
f 8-f 512

rae H, ,. - pactop U3ruOHO-)KECTKOW HUTH.

JleficTBUTEIHLHO, pAacCIOp U3TMOHO-)KECTKOW HUTH OYy/IET MEHBIIIE pacropa THOKOH
HUTH 32 CUET MOSBJICHUS B HEW U3rubarommx MoMeHTOB. Cieayer 3aMeTUTh, YTO
BBIPAKEHUE ABJIACTCS MPUOIMIKEHHBIM, TaK KaK CTPEJIKH MPOTru00B y TMOKON U
U3TMOHO-KECTKOM HUTHU OYIyT pa3HbIMU. B TaHHOM citydae st yipoIieHus
pEIIeHUs 3a]]a4l OHU MPUHATHI paBHBIMU. J[J1s1 10JIOrOM 3rHOHO-)KECTKOM HUTH
HATsDKECHHUE IIPUPABHUBAETCA pacnopy, To ectb 7, ~H,_,,. .

Hanpsixenust ot u3ruda:
M - h-
o - Mie 4BE-1-T_MBEN-f 50
W 5 12w 10 |2
rae h — BoicoTa cedeHust HUTH; W — MOMEHT CONPOTUBIICHUSI CEUCHHS HUTH.
Hampsixenus ot pacriopa:

_H,, q* 4E-I

u—oitc

"4 8.f-A 512.A
rae A — miomanb CEYCHUS HUTH.
J171s1 OlIEeHKH U3TrUOHOM )KECTKOCTU HUTH BOCIIOJIB3YEMCSI COOTHOIIIEHUEM MEXKTY
HaIpPSHKESHUSMHA OT M3TH0a U HAMIPSHKESHUSIMU OT PACTSHKEHUS, TO €CTh

48 E-h-f
W:au: 10 |2 HHy = f-A-h .
o, _a’ _48E-1’ alt
8-f-A 51%2.A 384-E-f
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