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BBEJAEHUE

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

IEJb U 3AJAYN TIPAKTUYECKHNX 3AHSTHUMH.

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

enbro NPaKTUYECKUX  3aHATUA  SIBISETCS ~ TBEPAOE  YCBOCHHUE
OCHOBOTIOJIATalOIINX AJTOPUTMOB PEIICHUS MNPOCTEHMIIMX 3aJad MO0 pacyeTy
KOHCTpYKIui. CTyIeHT AOJKEH CBOOOJHO OPUEHTUPOBATHCS B BIOOpaX 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, OCHOBBIBAECTCSA HA YMEHHHM aHAIM3UPOBATh HAMNPSHKEHHOE
COCTOSIHUE COEMHEHHUSI JIEMEHTa KOHCTPYKIIMU U MPUMEHSTh 3HAHUS, MOJyUYCHHBIC
npu u3ydeHuu kypca “ConpoTuBiieHUs1 MaTepuayioB”. [IpuMeHeHne TeopeTUUEeCKnX
3HQHUW B NPAKTUUECKUX  pacyeTaX KOHCTPYKUHMM  OCJIOKHEHO  OOJIBIINM
MHOr00Opa3veM TMOJYYEHHBIX CTYJICHTOM aOCTPaKTHBIX TEOPETUUYECKUX 3HAHUI
HaIMpSHKEHHOTO COCTOSTHUSI OOBEKTAa U HE YMEHUEM MPUMEHSTh UX JIsi KOHKPETHBIX
3a1ad4.

BaxkHo Ha mNepBbIX MOPAKTUYECKUX 3aHATUSAX TMOBTOPUTH MaTepual
TEOPETUYECKUX KYpCOB IO OMNPEACIICHUIO HAIpPSIKEHU B CEYEHUSX CTEp KHEH.
[TonoxkeHne HaNpPSHKEHHOTO COCTOSIHUSI COEAMHEHUS WM 3JEMEHTa KOHCTPYKIHH
MO3BOJUT OBICTPO ¥ MPABUIBHO MMOJA00paTh HYXHYI pacueTHyio GopMymy,
OCO3HAaHHO pelInTh 3a1ady. [I03TOMy HadalbHBIM ATANlOM OCBOCHHS MPAKTUYECKUX
METOJIOB pacyeTa METANINYECKUX KOHCTPYKIIUH SBJISIETCS OBTOPEHUE MaTepualia 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 cemecmp

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

3 [Pacuer Oanok U3 NpoKaTHBIX IpoduIeit




TeMbl NpaKTHYECKUX (CEMHHAPCKUX) 3aHATHI

Pacuer CBAPHBIX COCTABHBIX 0aok

ITonGop cedeHuii HEHTPAITBHO CKATHIX CTEPKHEH M3 MPOKATHBIX Mpoduiei

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 COC[[I/IHCHI/Iﬁ CTBIKOBbBIMHU IIBaAaMH

e =
,_\ooooxlcncnbag

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

12 |Pacuer coeqMHEHHUs MPOKATHOTO YTOJIKA C IUCTOM
13 |Pacder 1 KOHCTpyHpPOBaHKE OOJITOBBIX COSMHEHUI HA OOBIYHBIX OOJITaX
14 |Pacyer u KOHCTpyHpOBaHHE OOJITOBBIX COCMHEHUI HAa BEICOKOTIPOYHBIX 00ITAX
15 |Pacuer u koHCTpyHpOBaHHE IAHIIEBBIX OOJITOBBIX COCAUHEHUN
16 |Pacuer 6asiok ¢ ycuIeHHEM
7 cemecmp
17 |CGop Harpy3ok Ha cTponuwibHyI0 hepmy. OnpenesaeHne yCuiui B CTEpKHIX GepMbl
18 |IToxbop ceuenumii cTep>kHel Gepmbl
19 |Pacyer u KOHCTpyHpOBaHUE y37I0B (epPMbI
20 |Pacuer GecpacoHHBIX y3JI0B (hepMbl
21 |KoHCcTpyHpoBaHHE MOHTKHBIX Y3J10B (DePMBI
22 |KoHcTpyupoBaHue OMOPHBIX Y3710B (hepMbl
23 |COOp MOCTOSIHHBIX M CHETOBBIX HArPYy30K HA pamy
24 |OmnpenesneHue KpaHOBBIX BO3JEHCTBUI
25 |Omnpenenenne ycwinii B MOAKPaHOBOM Oajke
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 cemecmp
31 |OnpeneneHue reOMETPHUECKUX MApPaMETPOB THOKON HUTH
32 |PacueT ruOKON HUTH IPU PaBHOMEPHO paclpeieIeHHOM Harpy3Ke
33 |Pacuer ruOKoOH HUTH IPU HEPABHOMEPHO PACIpEICIIEHHON Harpy3Ke
34 |YacTHblil caydaidl M3ruOHO-)KECTKOM HUTH
35 |PacueT m3rnOHO-)KECTKOW HUTH HA TPOYHOCTh
36 |PacueT u KOHCTpYMPOBAHHE OJIHOMOSICHOTO BUCSYETO MOKPHITHSL.
37 |KoHCTpynpoBaHHE ABYXITOSICHBIX BUCSYUX ITOKPBITHH.
38 |Pacuer IBYXMOSICHOTO BUCSYETO MOKPHITHSA (TI0SICOB)
39 |PacueT IBYXIOSCHOTO BUCSYEr0 MOKPBITHUS (PACIIOpPOK).
40 |PacueT mpenBapHUTENbHO HAMPSHKEHHON CTATBHOM OalIKH.
41 |OnpeneneHue ONTUMAIBLHON BBICOTHI pe3epByapa
42 |Pacuer J€eMEHTOB BEPTUKAIHHOTO IHIMHIPHYECKOTO pe3epByapa
3aounas ¢popma o0ydyeHus
13‘:1 TeMbl NpaKTHYECKHUX (CEMHHAPCKHUX) 3aHATHI

6 cemecmp




TeMbl NpaKTHYECKHUX (CEMHHAPCKHUX) 3aHATHI

1 |IToxGop ceuenuii 6anok. [logbop ceueHmit IEHTPATLHO CKATHIX CTEPIKHEH.
2 |Pacuer cBapHBIX COCTMHEHUN
3 |Pacuer u KoHCTpyHpOBaHUE OONTOBBIX COSIUHEHHMA

[ cemecmp

1 |Pacuer u KOHCTPYHPOBAHUE CTPONMIBHOU (HEepMbI

2 |Pacyer u KOHCTPYHPOBAHHE PaMbl IPOU3BOJICTBEHHOTO 3/1aHHSI
8 cemecmp

1 |Pacyer v KOHCTPYHPOBAHHE BUCIYHUX MOKPBITHIA

2 |Pacyer u KOHCTpYHPOBAaHHUE JTUCTOBBIX KOHCTPYKIIHIA

METOJUKA NPOBEJEHUSA IPAKTUYECKUX 3AHSITUM.

bonpmioii 00beM pa3HOOOPA3HBIX THUIIOB 3aad W OrPAaHUYECHHBIA 00BEM
BPEMEHHU ayJIUTOPHBIX 3aHATUN HE MO3BOJISIET MPOBOJMUTH MPAKTUYECKUE 3AHSTHS B
Kj1laccuyeckoM ctuiie. [1oaToMy mpakTuyeckue 3aHsITHS PEKOMEHYETCSl MPOBOAUTH
cienyromuM oOpa3oM. [lpenomaBatens B Havalle 3aHATHS M3JaraeT Ha JIOCKE
YCJIOBUSL 3aJja4yd W JaeT KOMMEHTAapuidl MO OCOOEHHOCTAM HaaHHOW 3amaun. C
MOMOILBIO CTYJEHTOB YCTAaHaBIIMBA€TCS THUI 33Ja4d M Ha JIOCKE H3Jaraercs
O0OOOILIEHHBI AJTOPUTM pelieHus. 3aTeM BCE CTYAEHThl pEIIAIT 3aJady
CaMOCTOATENIbHO. B KOHIE 3aHATHS NOABOAUTCS WTOT pEHIEHUS 3aJadyd U
pa3bsACHAIOTCA Haubosiee XapaKTepHbIE OLIMOKM CTYyAEHTOB. IIpu 3TOM BO Bpems
pellleHusl 3a/Jayd MpPernojaaBaTeslb IMOCTOSHHO CIEAUT 3a paboToM W omMOKaMu
cTyneHToB. Ha nom naercs aHanormyHas 3aaada. [logseneHue nToroB NpakTHYECKUX
3aHATHI OCYILECTBIISIETCS HA 3a4E€TE B KOHIIE CEMECTPA.

Bce onemenTapHbie 3aauydM MO pacyeTy COCAMHEHUHW U DJIIEMEHTOB
METATHYECKUX KOHCTPYKIMM B 3aBUCUMOCTH OT MOCTaBJICHHOM 1111 MOXHO CBECTH
K TPEM THUTIaM:

1) mpssMoOii THII, CYTh KOTOPOTO 3aKJIIO4YacTcs B OIPEICICHHH pPa3MEpPOB

COCIMHEHUS WJIM CEYEHUS JIEMEHTA MPU 3aJJaHHBIX 3HAYCHUSX PACUETHOTO
YCUJIUSI, MapOK CTaJld, YCIOBUU pabOThI U JIp. ITO — HanbOOJee CIOXKHBIN
TUII 33]1aY;

2) oOpaTHBINH THIT — TI0 ONPEACICHHIO HECYIIIEH CITOCOOHOCTH DJIEMEHTOB MPH
M3BECTHBIX 3HAUCHUAX UX PA3MEPOB, MAPKHU CTaJIM, YCIOBHM paOOTHI;

3) MOBEpOYHBIN THII, B KOTOPOM H3BECTHBI BCE CHIIOBBIC M T€OMETPHUYCCKHUE
BEJTMYMHBI, MapKa CTalld, yCJIoBHs paboThl. Onpenensercss HanpsHKeHue u
CPaBHUBAETCS C PACYETHBIM COMPOTUBJICHUEM.

Jlnst perieHust 3a7a4 MO pacyeTy COCTWHEHUN BO3MOXKEH KOMOMHUPOBAHHBIN

THIL: IIEPBBIM U BTOPOU COBMECTHO.

Pemenue 3a1a4 Mo METAIMYECKUM KOHCTPYKIIUSIM PEKOMEHAYETCSl BECTU TI0
0000IIIEHHOMY €MHOMY AJITOPUTMY:

1) BHMMATEJILHO MPOYMTATh YCIOBUE 3a/1a4i (BHUKHYTh B CYTh 3aJIa4H) U

YSICHUTB:



- WCXOJIHBIC TAHHBIC;

- WX pa3MepHOCTH;

- WCKOMBIC BEJTMYHHEI,

- THn 3a1a4yu (IpsAMoi, oOpaTHBIN WK TTOBEPOYHBIN);

2) YCTaHOBHUTH I10 YCJIOBHIO 3a71a4d M PUCYHKY BHUJ] CUJIOBOTO BO3JICHCTBUS Ha
paccMaTpuBaeMblii OOBEKT (OCEBOE PACTSHKEHHUE, OCEBOE C)KATHE — YCTOWIMBOCTS -,
U3ru0, CABHT, CPe3, PACTSHKEHUE C M3THOOM, BHEIIEHTPEHHOE CXKATHE);

3) IPUMEHHUTEIHHO K YCTAHOBJICHHOMY CHJIOBOMY BO3JICHCTBHIO M THITY 3314

4) momoOpaTh pacdeTHbIe (GOPMYJBI JJIS ONPEIACICHUS HANPSIKCHUH WIN
nedopmariiii 2JIeMeHTa;

5) BBIOpaTh pa3sMEpHOCTH BEIMUYWH. PexkoMeHIyeTcs BecTH pacdeThl B KH,
klla, cm;

6) mpoaHaIM3UPOBATh pacUYCTHBIE (OPMYJbI Ha NPEIAMET TOTO, KaKue
BEJTMYMHBI U3BECTHBI U KAKUE HAJIO OMPEACIUTD;

7) BeiOpath 3 CHulla 3Ha4YeHHsS MPOYHOCTHBIX XAPAKTEPUCTHK MeETaia M
MPUCTYIUTh K OMNPEACICHUI0 HEOOXOAMMBIX BEJIMYMH B COOTBETCTBUU C
YCIIOBUSIMU 33J1a4M, BIOpAB aJITOPUTM I10 TUITY U BUJY 3a]1a4H;

8) mpoaHaIM3UPOBATH MOJYYCHHBIH PE3y/IbTAT.

AJI'OPUTMbBI PEIIEHU S 3ATAY.

I'eomeTpuyeckne XapaKTepUCTUKH IVIOCKUX CeYECHUM
F=[dF
[lmomane Bcero ceyeHwus F . Ilnomane sBisiercss nDPOCTEUILEH
I€OMETPHYECKON XapaKTEPUCTUKOM CeYeHHUs, UMEET pasMepHoCcTh L2, OTmernm 1Ba
BOKHBIX CBOMCTBA: IUIONIAAb BCETJa TMOJOXKUTEIbHA W HE 3aBUCUT OT BBIOOpa
CHUCTEMBI KOOpJMHAT.
Cmamuueckue MOMeHmMbL CeUeHUil.
CraTuyecKMM MOMEHTOM Sy CEUEHHUS OTHOCUTEIBHO OCH X Ha3bIBACTCS
rEOMETPUYECKAS] XapAKTEPUCTUKA, ONIPEAEIiEMasi UHTErPAJIOM BUIA
Sy = I ydF
F 1
TJIC ) - PACCTOSTHUE OT AJIeMeHTapHOU Tutomaaku dF mo ocu x.
S,=JydF=F-y,
F 1
rje TIomanb ceueHus F mpencraBiuser coOOW  paBHOACHCTBYIOINIYIO,
KOOpJIMHATA V. - IUIEYO PABHOAECHUCTBYIOILIEH, ¢ - HEHTP TKECTU CEUCHUS.
CraTrueckuii MOMEHT OTHOCUTEIIBHO OCH ) PaBEH
Sy =[xdF=F-x,
F 3

OTKYJ1a CAEAYIOT (POPMYIIBI AJI ONIPEACTICHNS KOOPAUHAT IIEHTPA TSHKECTH

S S
Xc:Fyl yc:FX



Cratuyeckre MOMEHTHI MOTYT OBITh IMOJOKUTEIHHBIMH, OTPHUIATSIBHBIMUA U
paBHBIMM HYJIO. B 4YacTHOCTH, OTHOCUTEIBHO JIOOBIX IIEHTPAJIBbHBIX OCEH
(mpoxoasmnux yepe3 neHTp TsokecTd C 0003HAYAIOTCS X, ).) CTATUYECKUE MOMEHTHI

SXC =SyC =O. PaBMepHOCTB CTaTUYCCKHNX MOMCHTOB L3. I[J'IH CJIOKHOT'O CCUYCHMII,

COCTOAMIEro U3 N JacTeu

S, = [ydF =35/,
F i=1

i oi )
rae SxsSy - CTATUYECKUE MOMEHTHI |-M 4aCTH CEUYCHMSI OTHOCUTEIBHO OCEH X U
) COOTBETCTBEHHO.

Momenmut unepuyuu cevenuil.

MOMCHT&MH HHepI_[I/IH CCUCHUA HA3bIBAKOTCSI FCOMeTpI/ILIeCKI/Ie
XapaKTepI/ICTI/IKI/I, OHpe,[[eJI}IGMBIG I/IHTeraJIaMI/I BHU /A
J, = [y2dF,
F
J, = [x*dF
vyl :

PasmepHocTs MoMeHTOB mHepuuu L*. OceBble MOMEHTBHI MHEPIMH BCETa
ITOJIOKUTEIIbHBI.

J,, =3, +a’F

X1 ,

J, =3, +a’F

Y1 b

Anzopumm pacuema yeHmpanbHoO CHCAMOU CMOUKU U3 NPOKAMHBIX
npocguneir:
1)  3amaemcs ruOkocteio A =50...90; HaxoauM BenuuuHy KO3(PQUIMCHTA

NpoJoJbHOrO u3ruba ¢ mo 4 u Ry.

2)  TpeOyemas mIoOIIah CCYCHHS U PATNYC UHEPIINU:

N . _Eef,x
i = .

_¢'7C'Ry g A

mp
3) Ho A, n i,, B coprameHTe BbIOMpaeM HOMep NpoduiIs U €ro

TEOMETPHYECKUE XapaKTEPUCTUKH (4, 1y, 1y).

4 ef ,x
4) Breraucinsem ruOKoOCTh A1 MPUHATOTO MPOdUIIs iy =— A HaXO0IUuM



BEJINYMHY .

5) IlpomepsieM mnpuHATBHIH Npoduiasr Ha YCTOWYMBOCTH 1O (opmyie
N

gD.ASRy'yC.

6) B ciydae HamoOHOCTH (TepeHANpPsHKCHUE, YTO HE JOMYCKAeTCs, WIIH
HeJIoHaMpsbKeHne Ooiiee 5%) KOPPEKTUPYEM CEUEHHE B Ty WIM HUHYIO CTOPOHY M
BHOBB ITPOBEPSIEM CTOMKY HA YCTOMYUBOCTb.

CJ'ICI[yeT 3aMCTHUTDb, YTO IJIA ITPOKATHBIX HpO(bHJIGI?I BO3MOKHO IIPUHHUMATDb
CCUCHUC IIPU HCAOHAIIPAKCHHUU CBBIIIC 5%, CCJIn HpGI[BII[YIHI/Iﬁ HOMCD HpO(bI/IJISI JacT
IICPCHAIIPSIKCHUC.

Anzopumm pacuema yeHmMpAaIbHO CHCAMOU CHOUKU U3 NPOKANHBIX
npodguneit, ceapeHHbIX 8 KOPOOKY:

[TonGupaercst ceueHrne OTHOCUTENHFHO OCH X — X M MPOBEPSETCA 3aTeEM
OTHOCHUTEIIEHO OCH Y — Y !

1) 3amaemcs rudkocthio A =50...90; Haxogum ¢ 1o 4 u Ry,

2) TpebyeMble TUIOIIAb CEUCHUS U PAANYC UHEPIUU:
N . ¢ ef

A =— " pyi.. =
"2.p- Ry - 7¢ "2
3)mo A, ¥ i, nonbupaem Homep npoduisa (A, iy, i),

4) BBIYUCIISIEM THOKOCTD CTEPYKHS OTHOCUTENBHO OCU X — X
4 ef ,x
Ay =——=, 3aTEM HaXOJUM @, ,
IX
5)  mpoBepsieM MPHHITOE CEUCHUE OTHOCHTEIBLHO OCH X — X

o, 2 AT

6) B ciayuyae HaJOOHOCTH KOPPEKTUPYEM CEUCHUE B TY WM HHYIO CTOPOHY M
BHOBB CJICAYCT IPOBEPKA OTHOCUTEIIBHO OCH X — X,

7)  TmogoOpaHHOE CEYEeHHE OTHOCHUTEIBLHO OCH X—X TMpoBepsieM Ha
YCTOMYUBOCTb OTHOCUTEILHO OCH Y — Y 10 opmyJie

" <R -y,
o 24 T

T/Ie ¢, OILPENEISETCs 0 /Iy =



C — PacCTOSIHME OT CEPEIMHBI CEYCHHS CTOWKH JI0 IIEHTPA TSHKECTU OTHOTO U3
npodue.

Ecnu HepaBeHCTBO HE BBITIOJIHACTCS, T.€. MMEET MECTO MEePEHAIPSKCHHE, TO
ClIeyeT yBEIMIUTh HOMep mpoduiist Ha ofuH mar. [Ipu 3Tom nmpoBepka cedeHHsI
OTHOCHTEIIFHO OCH X — X He TpebyeTcs.

AﬂZOpMmM pacuema yeHmpaibHo corcamoit CmouKu C6APHO20 CeYeHUA .

1)  3amaemcs A =50...90; HaxoaUM BEIWUUHY @ ;

Puc. CeyeHue crep:xHsi.

N
2) ompezeIsieM TpeOyeMble IIOMAb CeYeHUs 4, =————— W pajuyc

(D'Ry'7/c

. ¢ ef ,x .
MHEpLUH 1, = ;

3) BcImoIb3yeM MPHOIIKEHHOE BRIPAKEHHE IS paryca HHEPIUU Yepes3
rabaputhl ceueHus. [T0CKOIbKY y IBYTaBPOBOTo ceueHus npu b < h pacderHoit ocbro
oymeroch Y-V ( iy <ly ), TO mcnonb3yeM 3aBucUMOCTh I, = 0,24-b. OTcrona

i [
b=—"="" npuxumas Ly =1
0,24 0,24 P

4) KOMIIOHYEM HEKOTOpBIE pa3Mephl ceueHust. ClaeayeT IPUHATH BETUIUHY D
PaBHOM IIUPHHE IOJIOCH YHUBEPCAIBHOM CTAIM U3 COPTAMEHTA; MUHUMAIbHYIO
TOJILMHY CTeHKH T, in =6 MM, a Takxke ycrnosue b ~ h. HeussectHoit octaercs

y

y

TOJIIINHA TOJIOK 1 ;



5) ompenensieM TONIIMHY MOJIOK CEYEHUS M0 TPeOyeMOil MI0Iaan BCETo
CeYyeHUs

A, =2t -b+t, - (h-2-1 )'OTCIOL[atmp:M
mp f W f/» f Z(b—tw)

CrnenyeT NpuHATH BeIMUUHY t; pPaBHOMU TOJILMHE JIUCTA U3 COPTAMEHTA U HE
meHee 6 MM. Eciu t]” <6 MM, TO 3TO 03Ha4aeT, YTO 33JaJIUCh HEYIaUHOM BETUUYNHON

ruokoctu A . Heo6xoaumMo 3a1aThbesi OOJIBIIMM 3HAYCHHEM THOKOCTH A ¥ TOBTOPHUTH
MIPOIIETYPY BBIYMCICHUN IO TOTO MyHKTA.

[Tpu KOMITIOHOBKE CEUCHUS CIICTYET YIUTHIBATh PEKOMEH/IAIHIO:
t; =(10..25) t,;

6)  yTOYHSeM BBICOTY CEUCHHMsS CTEHKH Ny , MpUHUMAs ee paBHOU IIUpPUHE

IIOJIOCHI YHHBCpcaHBHOﬁ CTaJin M3 COpTaMCHTA. Brraucnsem reOMCTPHUUICCKUC

o

ys 3aTeM rubkocth A, = il
|

MapaMeTpbl CKOMIIOHOBAHHOT'O CeueHMs: A; Jy; i
y

BEJIMYUHY @y .

[IpoBepsieM HAa yCTOMYUBOCTS:

< Ry -7. . HenonanpsokeHne n0JkHO ObITh He Ooiee 5%;
@y - A
7) B cimydae HEOOXOAMMOCTH MPOU3BOAMTCS KOPPEKTHPOBKA Pa3MEPOB

CEUYCHHUS U MPOBEPKA €r0 HA YCTOMYUBOCTb.

CremyeT 3aMETUTh, YTO MOJYYCHHOE PEIICHHE 3a/1aul HE SBIISICTCS
ONITUMAJIBHBIM; PE3YNbTAT 3aBUCUT OT YAAYHOTO WJIM HEYIAYHOTO 3aJaHUs BETUIHHBI
TMOKOCTH A .

Aﬂzopumm pacuema ueHmpajibHO CHCaAmou CMOUKU CKBO3HO20 CeUCHUA:

JIByXBETBEBOI CTEPKEHDb CKBO3HOTO CEYEHUS MPOEKTUPYIOT U3 MPOKATHBIX
LIBEJIJIEPOB WM JIBYTaBPOB.

PacyeToM OTHOCHTENBHO MATEPUATIBHON OCH X — X OIPENEIISIFOT CEYEHUE
MIPOKATHOTO MPOGUJIsl; OTHOCUTEIEHO CBOOOTHOM OCH — PACCTOSTHUE MEXKTY BETBSIMU
8.

[Tpu N 1o 1500 xH u anvHe cTep>kHs 10 7M MOXHO 334aThCsl THOKOCTBHIO
A =60...90. JIns 6o1ee MomHbIX cTepkHel ¢ Harpy3kord N = 2000...3000 xH

MosxHO puHATH A = 40...60.
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Puc. CeueHnue crep:xHs.

3anaBch rHOKOCTBIO A U ONpeNenuB 1o Heil u R, koaduument

IIpOaAOJIBHOTO n3ruda ®, , oIpcacisicM Tpe6y€MBIe omaab 1 paagnyCc HHCPLUHUH

CEYEeHUs MPOKATHOTO mpoduis , T.€.
N . Ly

Amp 2.¢X.Ry.% ul,, P

Onpenenus TpedyeMble TUIOMIAAL U PAANyC UHEPIIUHU, TOAOUpPAEM MO
COPTaMEHTY COOTBETCTBYIOLIUIA UM HOMEP MPOPUIIS.

[IpuHsB ceueHune, MPOBEPSAEM €T0 HA YCTOMYUBOCTH OTHOCUTENBHO OCH X — X

o popmyiie

" <R -y,
o2 A0

rae Ko3QpPuuueHT ¢, onpeaensercs Mo ASUCTBUTENbHOM (a HE 3aJaHHOM)
TUOKOCTH

~

JIist onipenienieHus: pacCTOSHUS MEX/1y BETBSIMU (IIMPUHBI CEUYEHUs) CIeyeT
3agatbesd ruokocthio BeTBu A, = 20...40,

B cTepxHsIX ¢ miuaHkaMu TpedyemMoe 3HaueHHue THOKOCTH OTHOCUTEIBHO
cBOOOIHOM ocH Y — Y

U paanyc UHEPLIUU

Paccrositnue Mex 1y BeTBIMHA

11



. ‘2
b=2i; - N
rae J, =J, — 110 COpTaMEHTy st IPOQUIISL.

i

Ceapuvie coeounenusn. CoeOuHeHus co CMblKOBbIMU WBAMU.

HopwmainbHble HanpsKEHUs] B CEYEHUH CTHIKOBOIO 11Ba CBAPHOTO COCTMHEHMS,
BOCIpUHUMarolero oceBoe ycunue N, onpeaenstorcs mo popmyiie

N
Ow = E <Ve- Rwy 1
rae AW = Umin (b - 2'tmin );
tin — MUHEMaJbHAs TOJIIUHA JCTAIN B COCTUHCHUM;
b — mmpuHa cedyeHus aeTanu;
RWy = Ry — pacyeTHOE COMPOTUBJICHHE CTHIKOBOTO IIBa MPHU (QU3HUCCKUX

merozax kKourpons msa u R, =0,85R, — mpu 0ObIYHBEIX METOAAX KOHTPOJISL.

Ceapnuwie coeounenusn. CoeOuHenusn ¢ y2no06vblMu Weamu.

Puc. K onpeaeieHur0 pacyeTHbIX CeYEeHUM LIBA.

VYTII0BBIE HIBBI CIEAYET PACCUUTHIBATD MPU ICUCTBUU MPOJAOIBHOMN CHIIBI IO
dbopmynam:

a) mo MeTayuty mBa (ceueHue 1-1)

N
Tt = <Rwt 7w Ve
B -Ke -2l ’

0) 1o MeTasuTy FPaHHMIIbI CIIaBJICHHS (ceueHue 2-2)

N
;= <Rwz " Ywz Ve

_ﬂz'kf 'ng

rne B¢ n B, —xo3dduunentsl, npuHuMaemsle no Tadn. 34* CHull 11-23-81*

npu R, <58 KH/CM2 , CBSI3aHBI 3aBUCUMOCTBIO [3, :l,4l\/,8$ -141- p; +1
Vwi 1 Vw: — KodduimenTs! ycnosuii paboTs! 1mBa, pasHele 1,0 Bo Bcex

Cilydasix, KpoMe KOHCTPYKIUi, BO3BOJUMBIX B KIIMMaThuueckux paitonax li; lo; Il u
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I3, st koTopbIX ¥,s = 0,85 1715 MeTansa mBa ¢ HOPMaTUBHBIM CONPOTUBIIEHUEM 110

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

cranedd. Kmumarudeckue paiioHbI XapaKTepH3YIOTCS PaCYETHON TeMIIepaTypoOii:
ll;— —30°C >t°>-40°C;
Ils u np. t°>-30°C.
JU1st YIIIOBBIX LIBOB B 3JIeMEHTaX U3 ctamm ¢ Ry, <29 KH/ cM? crenyer

MPUMEHSTD JIEKTPOIbI HIIM CBAPOYHYIO MTPOBOJIOKY, COOMI01as TpeOOBaHUS
Rwi > Ry, @ mpu pyunoii ceapke R; 211-R,,, HO He IpPEBBIIATh 3HAYCHUS

R P2
Wz :
B
Br160p 251€KTpo10B UM CBApOYHOM ITPOBOJIOKH CJICTYET BHITIOIHSATD B
cooTtBeTCTBUHU ¢ TadOu. 55* CHull 11-23-81*.

boamoenvie coeounenua. Coeounenus na 00blunblX 001Max

Huametpst 00b19aBIX 601TOB ['OCT 22356-70*: 12, 16, 20, 24, 30, 36, 42, 48.
Bbonte! kimacca Tounocty B u C pekoMeHayeTcss NpUMEHATH I KOHCTPYKIUI

W3 CTAJIU C Ryn <375 KH/CM2 )

JUJist CTPOUTENBHBIX METAIITIMYECKUX KOHCTPYKIIMM PEKOMEHIYIOTCS OOJITHI
CIEAYIOIIUX KIIACCOB IIPOYHOCTHU:

56 (R, =21 KH/CM2 ; Ry =22,5 KH/CM2 ) — U3 YIIEPOAUCTON CTAIH
OOBIKHOBEHHOTO Ka4eCTBa;
8.8 (Rys =32 KH/CM2 ; Ry =435 KH/CM2 ) — U3 HU3KOJIETHUPOBAaHHOW CTaJIN;

10.9 (R, =40 xH/cm?; R, =54 kH/cm?)
12.9 (R =42 KH/ cM?; He PEKOMEHIYeTCs [PUMEHSTb U | -
paboOThl HA PACTSHKCHHE )

13 BBICOKO -

IPOYHOU CTAIH

PacuerHbie ycumnusi, BOCOpUHUMAEMbIE OJHUM OOJITOM:

npucpese N, =R, -y, -A N, -7.;

npu emstui Ny =R -y, -d, - Dty

npu pactskeHud Ny =Ry - Ay - 76

rae Ry, Rbp, Rpt — pacueTHble CONPOTUBIICHUS OJHOOOITOBBIX COETMHEHUN
Ha cpe3, CMATHE U PACTSIKCHHUE;

A, n A, — COOTBETCTBEHHO, IJIOIIAb CEYEHUS OOTA U MIIONIA/Ib CEYEHUS

0o/Ta HETTO;
d, — mmametp GonTa;

7p — K03QGULKMEHT yclIoBUM pabOThl O0JITOBOIO COSAMHEHUSI.
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Hust MEOTOGOITOBOTO CoeHeHNs pn Ry, <285 KH/ cM? 1t GONITOB

KJIacca TOYHOCTH A mpu paboTe uxX Ha cpe3 uim cmstue y, =1,0; 11t 6onToB Kitacca
tounocT B u C npu pabore Ha cpe3 unu cmstue y, =0,9.

Pa3memienue 601TOB MO TOPU3OHTAIN — HA MUHUMAJIBHBIX PACCTOSIHUSX, a 110
BEPTHUKAIHN — HE MEHEe MUHUMAJIIbHBIX U He 0oJiee MaKCUMaIbHBIX (CM. Ta0. 39

CHulla 11-23-81%).
boamoevie coeounenusn. Coeounenusn Ha blCOKONPOUHBIX DOIMAX

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

JUis QPUKLIMOHHBIX COEIMHEHUH PUMEHSIOT BEICOKOIIPOYHBIE OOTHI U3 CTANIN
Mapku 40X «CEJIEKT».

PacueTHoe ycuime, KOTOpoe MOXKET ObITh BOCIPUHSTO KaX]10M MIIOCKOCTHIO
TPEHUS AIEMEHTOB, CTIHYTHIX OJTHUM BBICOKOITPOYHBIM OOJITOM, ONPEAEHSIETCS 1O
dbopmyie:

Quy = Ron * Apn 7o

7h
rae Ry, =07 Ryyns
7 — K03QOUUMEHT HAJe)KHOCTU, IPUHUMAEMBII B 3aBUCUMOCTH OT CI1oco0a

00pabOTKHN MOBEPXHOCTEHN TPEHUS U KOHTPOJISI HATSKEHUS;
7, — KO3h(ULMEHTH! ycI0BUS pabOThl 0OJITOBOTO COEAMHEHNUS;
7y =0,8 mpu ny <5; », =0,9 mpu 5<n, <10; y, =1,0 mpu n, >10.

Tpebyemoe kKomuecTBO 60ITOB
N
n=_—,
Qbh N a7V

e N, — KOJMYECTBO MIIOCKOCTEN TPEHHUSL.

PacyeT Ha IPOYHOCTH COCTUHACMBIX 3JICMEHTOB, OCJIA0JICHHBIX OTBEPCTHIMHU
BO (PPHUKIIMOHHOM COCJIMHEHHUH, BBITOJHSIOT C YY4ETOM TOTO, YTO MOJIOBUHA YCHITHS,
MPUXOJISIIETOCS Ha KaXK/IbIi OOJIT, Mepeana cuiaMu TpeHus. [Ipu 3ToM mpoBepky
0C1a0JICHHBIX CCUCHUH BBIMOHSAIOT MPH CTATUYCCKOM HArPy3Ke IO IUIOMIAIM
ceuenus opyrro A mpu A, (#etro) > 0,85A, 1160 10 yCIOBHOM IIIOMIAIN
A =118- A, npu A, <0,85-A.

[Ipu nuHaMUYEeCKUX HArpy3Kax — MO IUIOLIAU CEYEHUs HETTO A, .

Anzopumm noooopa 6anKu u3 NPOKAMHBLIX 08YMABPOELIX Npodu.ieil

Jlns 6anok, paboTaromux B YIIpyron 001acTy U U3ru0aeMbIX B OJHOM U3
TJIABHBIX TJIOCKOCTEH, TpeOyeMblii MOMEHT CONPOTUBIICHUS ONPEAETISETCS 110
bopmyre:

M
W, =——.
R, -7
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[TonobpanHOE 1O COPTaMEHTY CEYEHHE MPOBEPSIOT HA MPOYHOCTH OT AEUCTBUS
KacaTeJIbHbIX HaNpsHKEHUU 1o popMyiie:

Qpey -5
J-t,
rae S — cTaTUYEeCKU MOMEHT CJIBUTaeMOM YacTH CEUYECHHS;

R, =0.58R, — pacueTHOE CONPOTUBIICHHUE CTANA CPE3Y;

T= SRs.yc’

J — MOMEHT MHEpIIUU CEUEHHUS.

JUIsl MPOKaTHBIX pa3pe3HbIX 0aOK, HECYIIUX CTaTHYECKYIO Harpy3Ky U
00€eCIeYEeHHbIX OT MOTEPU OOIIEN YCTOMYMBOCTH, pPa3peIaeTcsl HCIOIb30BATh
YIPYro-miacTU4YecKyro padboty ctanu. [Ipu uzrube B 04HOM U3 MIaBHBIX MIOCKOCTEHN
unpu 7 <0.9-R, TpeOyemblit MOMEHT CONPOTUBIICHUS OIpenesieTcs mo popmye

M
"¢ R, -y, ’
rae C, — Ko3pPpUUueHT, yYUThIBAIOLIUI pa3BUTHE TIACTHUECKUX Aedhopmanuil
10 CEYCHHUIO.
[lepBonauanbHO npuHUMaeTcs C, =11, a 3aTem 3T0 3HaUE€HUE YTOUHSAETCS B
3aBHCHMOCTH OT OTHOILIEHUS IUIOIIAIN CEUYEHUS NOJKHA A, K IUIOIAIU CEUEHUS

CTEHKHU A, .

Af

[Tpu —=0.25 c, =119;
A,
Af

[Tpu —=05 c, =112;
A,
Af

ITpn ——=1 c, =107.
A,

[Ipu paBHOMEpPHO pacrpeAeeHHON Harpy3Ke OTHOCUTENbHBINA MPOTrud Oanku

npoBepsieTcs mo Gpopmyrie
H 3
| 384 E-J I

Anzopumm noooopa 6anku 6 eude ceapHozo 08ymaspa ¢ pasHvIMU HOJIKAMU

Jlns ceyenus paccMmarpuBaeMoro tumna 6anku (puc. 60) pekoMeHyeTcs
MIPUMEHSTh CTaHJIapTHBIE pa3Mepbl MIUPHUHBI BhITyckaeMbIx JiucToB: 500, 510, 600,
650, 670, 700, 710, 750, 800, 850, 900, 950, 1000, 1100, 1250, 1400, 1420, 1500 mm,
nanee kpatHo 100 MM. B cBs3H ¢ 3TUM HE00s13aTENbHO NPUHUMATh BBICOTY CEUCHHUS

6asiku kpaTHOU 100 MM.
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Jnis pa3pe3Hbix 0ajJ0K OPUEHTHPOBOYHO MOKHO MPUHUMATh BETUUHHY

h 1 1
OTHOIICHUS BBICOTHI CCUCHUA K AJINHC 6aJIKI/I B Hpenenax T = E E
b
y A .._‘T
XV
X X
— o e e s B s — sq')
Ad A
| [
-

Puc. Ceyenue cBapHoOi 0a/IKH.

Pexomenayemblie TOUHBI CTEHOK 0AJI0K

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

Ry-yc

mp

2) TlpenBapuTeIbHO Ha3HAYACTCS BBICOTA CeUCHHUs Oanku h = (1:; 113j| u

TOJIIIIMHA CTEHKH 1, TI0 Tabmuie 2.
3) OnTuManpHasi BbICOTa CeUeHHUs 1o (hopmyie:

W
honm :1'15 = !
It

4) MuHuMalibHas BBICOTA CEUYEHHUSI 110 (HOpMyJIE:
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h. :iRy'l 1] A
"™ 24 E |f| q

5) IIpenBapuTenbHO Ha3HAYAECTCA TOJIIIMHA MOJIOK t, . OpUEHTUPOBOYHO

MOJXHO IIPUHATB!:

t. =8..10 mm npu h=0.5...1.0 u
t, =11..14 wum npu h=1.0...1.5 u
t, =14..20 mm npu h=1.6...2.0 u

6) [Ipurnmaetcs BeicoTa cedeHus 6anku N, ¢ yaetoM Noum, Nmin, t, &
PEKOMEHAYEMBIX pa3MEPOB JINCTOB.
7) TpeOyemblil MOMEHT UHEPIIHH:
h
J =W

mp mp ) E !
8) TpeOyemblii MOMEHT UHEPIIMH MOJIOK:

h 2
=2t b 3] =3, -0,
' 2

. t,-hs
rie h =h-t,; J, = o h, =h-2-t,.

w

9) Onpenensercs Tpedyemast UPUHA TOJIKH
J, 2
b= 1 9m=duf 2 _
2 t, h,

1 1
[IIuprHa MoONKK JOKHA HAXOIUTHCS B Ipeaenax b = 3"E h.

Ecnu nmonydenHas BenuunHa «b» OKaKeTCsl BHE YKa3aHHBIX MPECIIOB, TO HA/IO
W3MEHHUTH TOJIIIMHY MOJKU , ¥ BEpHYTHCS K IIYHKTY 8.

10) PekoMeHtyeTCs IIMPUHY MOJKH MPUHUMATh B COOTBETCTBUHU C PSAAOM
pPa3MeEPOB MOJIOC YHUBEPCAIBHOW CTAJIN.
11) IIpoBepsieTcs muprHa MOJIKK, UCXO/I U3 €€ MECTHOU YCTONYMBOCTH

b, <0.5 E
t, IR,

b-t,
rae b, = 5
12) ITpoBepsieTcst HEOOXOAMMOCTh MOCTAHOBKH MPOAOIBHBIX pedep KECTKOCTH
h
tW Z ef g ,
55 \E

rae G:VI\\;IS Ry-;/c.

[lepenanpsiokeHre HE A0MYCKACTCs, a HEOHANPSHKEHUE PEKOMEHIYETCs
MOJTy4aTh TaKUM, YTOOBI O = (0,95. ) .].,O)Ry.

17



Anzopumm onpeodenenusn necyuieii CHOCOOHOCMU UWEHMPATLHO CHCAMOUL
CMOUKU:

Hecymiast ciocoOOHOCTB IIEHTPAILHO CHKATOTO CTEPIKHS ONPEACISACTCS 0 (OPMYJIaM:

N, =0, 2- ARy 7

Ny:ggy.z.A.Ry.yc

" IPpYMHUMACTCs MEHbIIAsA U3 HUX.

BhluKciisieM TeoMeTpUUYECKHE XapaKTePUCTHKH 3agaHHoro ceuenus (A J w1 by J y , Iy ).
Ecin iy < iX , TO PACYETHOM OCBHIO SBIISICTCS OCh Y — Y, OTHOCUTENILHO KOTOPOI THOKOCTh
Oyznet Gomblie, a KOOPPUIUEHT MPOIOTLHOTO U3r0a MEHbIIIE ((Dy <@y).

Onpenensem rubkocTh A, ;@

Brraucnsem HECYUIYIO CIIOCOOHOCTH HCHTPAJIBHO CXKATOI'0 CTCPIKHAI.

Omnpenenenne yCWwinii B CTepPKHAX (epMBblI.

JUia  ompeneneHuss YCWIMM  pacTSDKEHUA-CKATHS B IUIOCKHX — (pepMax
MIPUMEHSIOTCS MeMO0 CKBO3HbIX CeYeHUll N Memoo 8blpe3anUs Y3108.

[Ipy WCTHONB30BAaHUU MemoOd CKBO3HbIX CedeHull PACYCTHYI0 CXeMy
pacuniensaom Ha 08e Yacmu, TaKUM O0pa3oM, UYTOOBI YUCIO HEeU3BECMHbIX YCUIUU B
ceueHUU ObLIO He Oosee 08yx. Ilpu 3TOM Kascooe ycunue NOKHO OMPENSTAThCS U3
0moeIbHo20 YPABHEHUS PABHOBECHUSI U He OOJIICHO 8blpadicamvbCs 4epe3 YCUius 8
Opy2ux CmepICHsX.

[Ipn wuCHoNb30BaHUM Memooa 6vipe3aHus V3108 YCWIHS B CTEPXKHIAX,
CXOJSIIINXCA B PAcCMAaTPUBAEMOM Y3IIe, OINPENCISIOT U3 VPAGHEHUL PABHOBeCUs 8
npoexyusx cui Ha ocu X 1 Y r100aabHOM CUCTEMBI KOOP/IMHAT.

VYka3piBaeM TMOPSAOK CJACAOBAHHWS CEUCHUH, YTOOBI WMETh BO3MOXHOCTH
COCTaBUTh YpPaBHCHHS, HEOOXOIMMBIC JJIsi ONPEACIICHUS YCHIMH B CTEPIKHIX,
MOTNABIINX B COOTBETCTBYIOIIEE CEUCHHE MOCIEA0BATEIIEHOCTH.

VYpaBHeHUE B npoexyusx Cuil PEKOMEHIYeTCsl TPUMEHSATh TOTAa, KOTAa Helb3s
COCTaBUTh YPaBHCHHE B MOMCHTAX.

YpaBHeHHEe B MOMEHTax TpeOyeT BBIUYUCICHUS pACCMOSHUSL OT TOUYKH
NPHUBEICHUS 10 JIMHUM JACHCTBHS YCHIIMSA, a YPaBHCHHE B IPOCKIHAX CHI —
BBIYHUCIICHUSI 3HAUYEHUN MPUSOHOMEMPUYECKUX (QYHKYUll yriia MEXIy OCAMH
CTEP>KHEM.

[Tpy cuMMeTpudHO# 1O Harpy3ke (y3/0Bas Harpyska, pEaKTUBHBIC CHJIBI) U
OUYEPTAHUIO PENICTKH 33JaHHOW PACYETHON CXEMY JOCTATOYHO OIPEACIUTh YCUITUS B
CTEPIKHSIX TIOJIOBHHBI (PEPMBI, TaK KaK YCHUJIMS B CTCPIKHSIX APYTOM MOJIOBUHBI OYIYT
TaKUMH XKeE.

Onpeoenenue nazpy3okx.

IlocTOosIHHEIE HATPV3KHU.
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CoOcTBeHHBIN BEC KPOBJIM MOJICUUTHIBAECTCS HA 1m? MOKPBITHS, UCXOS U3
NPUHATON ee KOHCTPYKIUU. COOCTBEHHBIN BEC CTPOMUILHOM (hepMbl ONpeIesaeTcs
IpUOIMKEHHO 10 popMyIie

q; =12u,1, (H/m?),

rne vy=0.6+0.9 — B 3aBUCUMOCTH OT YKJIOHA BEPXHETO NOsCa;
| — mpoineT ¢pepMbI B METpax.

Co6CTBEHHBII Bec (POHAPHON KOHCTPYKIHMHU Ha 1 M? IIOKPBITHS TPHOIUKEHHO
omnpenensercs no Gopmyre:

oy =5y, (H/MP),
lyon — TIPOTIET DOHAPS B M.
JIyIst yIpOILEHHs PACYETOB IIPUHUMAIOT BEC MEPEIIEToB ¢y = 40+60 (H/m?);

BeC OOPTOBOM CTEHKHM M OCTeKIeHus ¢, =2000 | % - Ha €IMHUILY JJIMHBI CTCHKHU.
Bec cranbHbIX nporoHos gy = 80+150 (H/M?), Bec cBsaseii qf, ~50 % 2

PacueTHy0 NOCTOSIHHYIO Harpy3Ky Ha CTPONIIbHYIO epMy IPUBOIAT K
y3JI0BOM € y4€TOM pacmoiokeHust PoHapHOM KOHCTpyKiuu. Ha purens pamsi
MIOCTOSIHHYIO HArpy3Ky OINPENEISIOT B BUJIE€ PABHOMEPHO paclpeneiaeéHHon Ha | m.m

G = (Ges + 0o + i1 + a0 +0%a+0a)B,
rae B —mar pam, g, - pacuerHas narpyska Ha 1 M? OT COOCTBEHHOTO BECA KPOBIIH.

B MecTe n3iomMa ocu KOJIOHHEI MOSIBIISIETCS U3rHO0AIOIU MOMEHT

h,—h,
2

Mq%'(hn—hé)wz( ),

rae h,— mupuHa MOJKPAHOBOM YaCTH KOJIOHHBI;
h, — IIMpUHA HAAKPAHOBOMN YaCTU KOJIOHHBI;

N2 — Bec HaJJKpaHOBOM YaCTH CTEH U HAJAKPAHOBOW YACTH KOJIOHHHBI.

OOGmwmii pacxos cTany Ha 1 M2 31aHUs IPU KpaHaX Ipy30MoabeMHOCThI0 500 KH
coctasnseT 80130 kr/m?; mpu 3ToM Ha marep - 30+-45 Kkr/M?; Ha KOIOHHEI - 25+35
Kr/M?; Ha oKpaHoBble 6anky - 2030 Kkr/m?2.

CHeroBag Harpy3ka.

BennuyuHa cHEroBoM Harpy3Ky 3aBUCUT OT pPaliOHA CTPOUTEILCTBA.
HopMaruBHas BeIMYMHA CHETOBOM HArpy3KH Ha 1 M? TOPU30HTAIBLHON IPOEKIUH
MOKPBITHSI ONIPEACIIAIOT MO (hopmyIe:

S"=S,-u,
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rae Sp —BeC CHETOBOTO MOKPOBa Ha 1 M? B 3aBUCHMOCTH OT paiioHa CTPOUTEIBCTBA.

Teppurtopus ObiBiiero CCCP pa3buta Ha 6 knumaTtudeckux paioHoB (cMm. Caull I1-
6-74):

|- S¢=0.5 xkH/m? Y - Sp=1.5 xH/m?
I1- S¢=0.7 xH/M? Y - So=2.0 kH/Mm?
Il - Sp=1.0 xH/Mm? YI- Sp=2.5 xkH/Mm?

1 - KOOPhULIMEHT, 3aBUCAIIUN OT KOH(DUTYpaIliy KPOBJIH:
a) OJIHOMPOJIETHOE 3AaHue 6e3 hoHaps;

u=1 mpu a=20°;

0) 31aHKe ¢ MPOJIOJIbHBIM (DOHApEM;

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

3§4.0 — JIA (PEPM IIPpU HOPMATHUBHOM 3HA4YCHHNHN BE€CA ITOKPBITHUA <1.5 KH/MZ,
]J3S2.5 — IPYU HOPMATUBHOM BeCe MOKPBITUSI >1.5 I(H/M2
p p

depmbl 6e3 hoHapsT PaCCUNTHIBAIOTCS OOBIYHO TOJIBKO O 1-0My BapuaHTy
3arpyKeHus, TaK KaK Py 3TOM YCHIIHS B TOSICaX U PACKOCaX OKa3bIBAIOTCS
HAUOOJIBIIIUMH.

[To 2-My BapuaHTy JOJIKHBI POBEPSATHCS CTONKHU (hepM, pacIonOKEHHbIE MO/
YBEJIIMYEHHOW CHETOBOM HArpy3KOM.

J{71st TOKPBITHS 31aHUH, UMEIOIINX U30BITOYHBIE TEMJIOBBIICICHUS U YKIIOH
KpOBEJb HE MeHee 3% CHETOBYIO HArpy3Ky paspemaercs CHuxkarh Ha 20%.

Jlns1 pacuera paMbl CHETOBYIO HAarpy3Ky IpUBOJST K PABHOMEPHO
pacripeneieHHol. PacueTHOe 3HAaYCHHME CHETOBOM HArpy3KH Ha 1i * MOKPBITHS

S=S",,
rae y,=1.4wmwm y,=1.6 (1. 5.7 /8/).

PacueTHas cxema pambl Ipu 3ToM OyJIeT TaKOM ke, KaK U Ha MMOCTOSHHYIO Harpy3Ky.
_ _ Yol
Tonbko g, =SB, M, _Te,

rae e=-1_2 .
& 2

B MHOTOMNPOJIETHBIX 3MaHUSIX C TIepenagaMu 1Mo BBICOTE Ha KPOBIIAX
HIDKEJIeKAIIMX MTPOJIETOB 00pa3yroTCs CHETOBbIE «MelIKM». Harpy3ky oT cHera B
ITHX CIIy4asX MPUHUMAIOT 1o cBouM cxemam (cM. Cuull 2.01.07-85).
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KpanoBasg Harpy3ka.

[Tpu onpeneneHny HaMOONBIINX YCUIIUNA B paMe OT BEPTUKAJIBLHOTO JIaBJICHUS
KPaHOB MX PacCIojiaraloT B CaMOM HEBBITOJHOM IOJI0KEHUH MO OTHOIICHUIO K
JIAHHOU pame.

Haubompiee pacueTHOE AaBJIeHHE HA KOJIOHHY
Hoox = 07 Pr DY + G, + G (24.1)
re )y, - CyMMa OpIHMHAT JIMHUN BIMSHUS JaBICHHUS HA KOJIOHHY;
G,;,=0,5 1.,7::9,, =3.9xH [ » ipu Q mo 1000 xH,
l..6=B — nposneT moakpaHoBo#t Oayiku (11ar pam);
1+=1.05;
Gs. = VP byl sy =12,R =15¢H | w*,
bt — mMprHA TOPMO3HON KOHCTPYKITUH.

MuHUMaJIbHOE pacdCTHOC HABJICHUC HAa KOJIOHHY

Hoin = QY5 Pr:inzyi +G,; +G,5; (24.2)
rue Pn:'n — M_ Pnll-::\x’
N

Q — rpy30MoABEMHOCTH KpaHa,
Gt,Gyp — BEC TENEKKU U KpaHa,
Ng — YMCIIO KOJIEC C OTHOM CTOPOHBI KpaHa.

[TocKoJIbKY MOJIKpaHOBBIE OAJIKK YCTaHABIMBAIOTCS C DKCIICHTPUCUTETOM TI0
OTHOIIICHHIO K OCH KOJIOHHBI, B paMe OT BEPTHUKAIBHOTO JaBJICHHUS KPAaHOB
BO3HHMKAIOT U3THOAIOIINE MOMEHTHI Myax B Mmin, OTIpesiesisiembie 1o hopMynam:

M max A max * €

Mmin :ﬂmin "€,

rae e~0.5by,

(24.3)

by — mmpuHa HUKHEH (MTOAKPAHOBOI) YaCTH KOJIOHHBI.

Cwty monepeyHoro TOpMOoKeHHS (M1 OOKOBOTO JaBJICHHUS ) CUUTAIOT TIepeaaHHOM
pamMe OJIHOM CTOPOHOM KpaHa U OMPENEIISIOT 1Mo (hopMyJie:

T=¢l >y, (24.4)

Ha pamy pacdyeTHOE 1aBieHUE OT CHJI IONIEPEYHOTO TOPMOKEHUS OyAeT
OIIPEAEIATHCS IIPU TOM XK€ PaCHOIOKEHNUU KOJIEC KPAHOB, YTO U /ISl BEPTUKAJIBHOM

Harpy3ku. Cuna T npukiagsiBaeTcsi B ypOBHE BEPXHETO MOsica MOJKPaHOBOM OANKH.
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BetpoBag Harpyska.

PacueTHoe 3HaUeHNE CpeTHEN COCTABIISIONIEH BETPOBOM HAPY3KH Ha BHICOTE
Z HaJ| NOBEPXHOCTHIO 3¢MJIU Ha 1 M? ompeensior no Gopmyie:

W, =y ,W,KC, (24.5)
rae yi=1.4;

W, —HOpMaTHBHOE 3HAYCHHUE BETPOBOTO JABJIICHUS, IPUHUMAEMOE B 3aBUCUMOCTH OT
pationa crpoutenbcTBa o Cuaully /8/,

K — k03 uirenT, yuuThIBaIOINI H3MEHEHUE BETPOBOT'O JABJICHHMS 110 BBICOTE
(Tab11.6./8/),

C — aspoanHamuueckuii KO3(OUIMEHT, 3aBUCALIUN OT KOHPUTYpALIMH 3AaHUS
(mpunox.4./8/).

CKOpOoCTHOM Hamop BETpPa y MOBEPXHOCTH 3€MJIM 3aBUCUT OT HATTUYUA
paznuuHbIX npensaTcTBuil. [loaromy CHull /8/ pa3nuuaer Tpu THIa MECTHOCTH:

A — OTKpBITas;
B — ¢ npensitcTBUsIMU (TOpOJIa ¢ OKparHaMHU, JIECHbIE MAaCCUBBI U JIP. );
C — ropojckuie pailoHbI ¢ 3aCTPOMKOM 3JaHUSIMU BBICOTOM OoJiee 25 METPOB.
PacueTHast noronHas Harpyska Ha pamy:
q=W,B, (24.6)
rae B — mar pam.

JIns ynpoIleHnst pacyeToB BETPOBYIO HArpy3Ky Ha KOJIOHHY IPUHUMAIOT
AKBUBAJICHTHOM PaBHOMEPHO PACIIPEEIEHHOM IO BBICOTE KOJIOHHBI. Bennunny ee
OIIPEAEISIOT U3 YCIOBUS PABEHCTBA N3rMOAIOIIMX MOMEHTOB B 3aIlEMJIEHHONW CTOMKE
0T (haKTUUYECKOH 3IIOPHI BETPOBOIO JaBJICHUS (] U OT paBHOMEPHO pacHpeIeIeHHOM
HarpysKu:

2™

qake. - h_z’

(24.7)

rae h — BeicoTa KOJOHHEI,
M — MOMEHT OT Harpy3KH I10 3I0pPEe BETPOBOT'O JIABJICHHS.

BeTpoBas Harpy3ka OT HUXKHETo nosica (hepMbl 0 BEPXHEH TOUKH MOKPBITHS
1[exXa 3aMEHSETCs cCocpeloToueHHOM cuoi W.

OcHoebl meopuu 2udKol Humu.

B 3aBuCcMMOCTH OT BEJIMUYMHBI OTHOCUTEIBHBIX CTPCJIOK ITPOBCCA pa3iIndarOT HUTHU:

f :
- I1I0JIOTHE, KOT1a T <01;

22



- YMEPEHHO MOJIOTUE TTPU % < { < % ;

f_1
- HC IIOJIOTUC HUTH IIPH I— > g .

Ha npakTtrke B O0JIBIIMHCTBE CIIy4aeB IPUMEHSIOT mosiorue HUTH. [losTomy
JI0OCTaTOYHO IMOJIHO pa3zpaboTaHa TEOpHs MOJIOTUX HUTEH.

1). BbIBO1 OCHOBHBIX 3aBUCUMOCTEH JIJIs TTOJIOTOM TMOKON HUTH, TTOIBEIICHHON B
JIBYX TOYKAaX Ha OJTHOM yYpPOBHE.

PaccmoTpum THOKYIO0 HUTh, HATPY>KEHHYIO BEPTUKAJIBLHON MTPOU3BOJIEHO
pacnpeaeneHHON BAOJIb MPOJIETAa TOTOHHON HAarpy3KOMu.

Ha paccrostauu X ot onopsl A 3aduxcupyem Touky C. Beipesxxem yuactok autu AC
Y paccMOTpUM €ro paBHoBecre. CyMmMa MOMEHTOB BCEX CHII, ICUCTBYIOIIUX Ha
yuacTok AC, oTHOCUTENIBHO TOUKH C

V, - X —Mg—Hy=0

rae H — ropu3zoHTanbHas COCTaBISIIONIAS HATSHKEHUSI HUTH — PACTOp, SIBISECTCS
BEJIMYMHOM MTOCTOSTHHOM:

(D X =0:-T,-cosp +T,-COs0=0; T, -COS@p =H =T, -cos¢)

V, — BepTUKaJbHAas COCTABJISIIONIASI HATSKEHUSI HUTH B TOUKE A — OajouHast
peaxkuus;

M — MOMEHT OTHOCUTENBHO TOUKH C OT pacnpeieIeHHOW Harpy3KHu.

OueBuaHO, YTO V,- X — Mg = M" - GaNO4YHBIN U3rHOAIONIIUI MOMEHT.
Torna u3 nmeem:
M 9
H=_—"_
f

Ecnu mensBectna BenmmunHa "f ", Henb3s onpenenmth pacnop H. 3agaya craHOBUTCS
Hepaspemnmoi. [103ToMy 111 HEKOTOPBIX YaCTHBIX CIIy4aeB 3arpyKEHUs HUTH
KPUBOU MPOBECA 3aJA0TCS B COOTBETCTBUM C HArPY3KOM; CTAHOBUTCS U3BECTHOMN
crpenka nposeca f. [Tpu 3ToM MOXKHO ONpe/IeIuTh BCe MHTEPECYIOIIHE HAC
BEJINYHHBI.

HatsxeHne HUTH T, B TOUKE MojBeca A:

Ta=yH?+V{

MaxkcuMaabHOE HaTsDKEHHUE HUTH, [0 KOTOPOMY CJIeIyeT MoAOupaTh CEYeHHsI, UMEET
MECTO B OJIHOM M3 TOYEK MojBeca, rae Oosbliee 3HaueHue V. Pacrop nutu H —

const (3To BUAHO M3 CyMMBI IPOEKIIMI BCEX CUIT HA OCh X).
[Tonmyuum dhopmyy uist onpeaesieHus ITuHbI HUTH L.

2
sz'dS:Jl‘w/dx2+dy2 :II 1+(%} dx
0 0 0
dy

Tak kak paccMaTpuBacTCA 110J0ras HuTb, TO d_ =tge - BeanunHa masasl.
X
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LLITTIZIITL]] z

==

ch'T
F ﬁf'c

Puc. Cxema ruOKoOI HUTH.

PaCKHaI[BIBaH IMOAKOPCHHOC BBIPAKCHHUC B PAA U COXpPaHAA TOJIBKO IICPBLIC ABA
cjaracMaIC, IOJIYUUM:

I 1 12 1| 12
LzJ. l+§y dx:l+5'|'y dx.
0 0
Q 1|

d(M°
HNmes B BUaY, 4TO y'=—| —— |, mojiyyaeM y'=— u L =1 +—IQ2dx
y) dX H 5 }/‘LI H 2H 2 . 1
rae Q — 6amovHast monepevHasi Cuia.
|
Bennunny I Q%dx=D Ha3bIBaIOT XapPaKTEPUCTUKON HArpy3ku. OKOHYATENILHBIM
0
BBIPAKEHUEM JIJIS IJIMHBI HUTU:

D
_|+_

2H?
2
Jlu1st citydasi paBHOMEPHO PacIpeIelIeHHOW Harpy3Ku q ipu y = fo 1 M q;
ZI 3

DO:j.dex:'I[(qu—q j dx_q12 :

2 .I:2 213
Ho= 0oy =8 oy 800 p 00
8f, 2 3 12

OOBIYHO PABHOMEPHO paCIpeIeTICHHYIO HArpy3Ky MPUHUMAIOT 32 HAaYaJIbHOE

3arpyxKcHuc. A ot AOIMOJIHUTCIIbHOI'O 3arpy>KCHUS OIMPCACIIAIOT ITapaMETPbl HUTH:

Hl’ fl’ Dl'
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JI1st IpakTUYECKUX PACUYETOB MEPBOCTENEHHOE 3HAYEHUE UMEET BENUYMHA 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 N KOHCYHOM COCTOSHHAX.

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 0ObIUHO ceueHue HUTH 3ajaercs. Haxonsr

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

HUTU A. 3ajauy pemarT CiocoO0M MOCAeA0BATEIbHBIX MPUOINKESHUI.

Y4uThiBas MOJOTOCTh HUTH, B IIEPBOM MPUOIMIKEHUH MOXKHO TTPUHSThH

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

0

TA
Ve Ry
MMOBTOPHUTH. 3/1ECh TAK)KE MPUMEHSETCSI CIIOCOO MOCEA0BATEIbHBIX MPUOIMKESHUM,
HO TIPY 3TOM MPUXOIUTCS UMETh JEJIO ¢ 00Jiee MPOCTHIM KBAJPATHBIM YPABHEHUEM.
PaccmoTpum THOKYIO MOJIOTYIO HUTH, TIOJIBEIICHHYIO 110 KOHIIaM B Pa3HbIX YPOBHSIX U
HArpy>kK€HHYIO ITPOM3BOJIBHON BEPTUKAJIBLHOW HArPy3KOM.

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

. [Tpouecc crmenyer
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Puc. PacueTHas cxema ruOKoi HUTH, IOJIBEILIEHHON B Pa3HbIX YPOBHSIX.

Onpenenum peakuuu onop: Tyu Tg. st onpeaeneHns: BEpTUKAIBHBIX
COCTABIIIIOLIUX OMOPHBIX PEAKIIUN BBIYMCIUM CYMMY MOMEHTOB BCEX CUJI
OTHOCHUTENBHO TOUYEK A U B.
3nech M, — CyMMa MOMEHTOB BHEIITHUX CHIT (KpOME ONOPHBIX PeaKiiuii) Ha mpoer |
M Al

I
BepTtukanbHble COCTABIIAOLIME ONIOPHBIX PEAKIUN HUTH ONIPEACIISIOTCS KaK IS
IIPOCTOM OaJIKK Ha ABYX OMOPAax M Kak JJisi HUTH C OIIOpaMH B OHOM YpPOBHE.
IIpoenupys Bce CHIIBI HA TOPU3OHTAIBHYIO OCh, IOJIYYUM: — R, -C0sa + Rg - cosa =0,
T.C. RA=RB =R.
BossmeM Touky C Ha paccTosiHUM X OT onopbl A. O003HaUMM yepes3 u; IJITUHY

M
OTHOCHMTENLHO omnopsl B. Otcrona, V, = —2

. AHanoru4Ho, Vg =

NEePHEHANKYJIIApa, omyneHHoro u3 Touku C Ha npsimyro AB, a yepes u — opanHarTy
OCH HUTH, OTCUHTBIBAEMYIO OT Npsimoii AB.

PaccmoTrpum paBHoBecue yyactka HUTH AC. CocTaBUM CyMMY MOMEHTOB BCEX CHIL,
neiicTByromux Ha ygacTke HUTH AC, oTHOCHTeNnbHO Touku C: D M, —R-u; =0,

y M
rae » M - =M — Ganounsiii MomeHT B Touke C. Otcroma R=—5 .

Uy
. M -cosa M u
Haiinem pacrop uutu H: H =R -cosa = —< =—C ;H0 —X—=u.
Uy u cosa

Cosa
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6

M
CnenoBareipbHO: H =——
u

[Tonydyennas hopmyna s pacriopa H moutn HUUeM HE OTINYAETCS OT aHAJTIOTUYHOM
(hOpMYIIBI IS pacriopa HUTH ¢ OTIOPaMU B OAHOM ypoBHE. OTIUYHE COCTOUT TOJIBKO
B TOM, YTO OpAMHATY U HEOOXOAMMO OTCUUTHIBATH HE OT TOPU3OHTAIBHON JTMHUH, a

oT npsimot AB, coemHAIOMEN ONIOPHI HUTH.
M6
N3 popmyisl crenyer, 4to u = T

Ecan HCO6XOI[I/IMO OIIpCACIINTL OPANHATY IJISI TOYKH OCH HUTHU, OTCHUTBIBACMYIO OT

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

Takke KaKk ¥ Ipyu pacCCMOTPEHUU TMOKOM HUTH C ONIOPAMH B OJJTHOM YPOBHE, B
JAHHOM CITy4dae 3aJal0T HA4aJIbHOE MOJIOKEHUE HATH IapaMeTpamu. H, u, -

ucxosiHoe coctosinue. KoneuyHoe cocTostHue HUTH OyIeT XapaKTepru30BaThCs
napameTpamMu H,,u, .
[IpenBaputenbHO MOTYyYUM (POPMYITY JJIsSl ONIPESTEHUS ITTUHBI HUTU C PABHOMEPHO
pacnpeaeeHHOM 10 MPOJIETy Harpy3kou (. Micrnosib3yeM U3BECTHOE BBIPAKEHUE JJIS
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 ¢ OTTOpamMu B OJTHOM YPOBHE MOCEPEIUHE MPOJICTA.
JIJIss HUTH ¢ OTIOpaMH B Pa3HBIX YPOBHAX B 3TOM popmysie 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 BBIPAXKCHUSA IMOJTYUUM:

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 BEpTUKAIBHOM HArpy3Ko#. J{7ist 10001 BEpTUKATIBPHON HATPY3KHU 3aMUIIEM:
j Qfdx

L, = +1——cos’a
cosa 2R

JI71 MICXOHOTO COCTOSTHUS:
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[ 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, onpeaeaseMas rmo Gopmyse:

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.

PaccmarpuBaetcst rubOkuii cTepKeHb ¢ O0IBIION CTPENIKOH MpoBeca (He mojoras
HUTB), HATPY>KEHHBIN BEPTUKAIBLHON MPOU3BOJIBLHO PACIIPECICHHON BJI0JIb OCU

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

paccMaTpuBacTCia €ro PpaBHOBCCHC.

(7+d7)

Puc. PacueTHas cxema njieMeHTa HUTHU

Hcnonb3yem Tpu ypaBHEHUS CTATUKH:

28



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 IPeoOpa3oBaTh BTOPOE YPABHEHUE CTATHKHU 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 neusBecTHoIX (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, M3rHOAIOITNI MOMEHT, ITOIIepeYHast U MPOJAOJIbHASL
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,,C4 — IOCTOSIHHBIC UHTETPUPOBAHMS, OIIPEACIsIeMbIC U3 I'PaHUYHBIX

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

I
2) pu x:ia y=*t.
W3rubaroruit MOMEHT | [TOIepeyHas Cujia B JF000M CEUYCHUH HUTH:
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ﬂ ,Q=E-I d_gy

dx? dx®

N3rubaromuii MOMEHT M TIOTIEpEYHasi CUjia MOTYT OBITh OIPEACIICHBI TOJIBKO B TOM
clIy4ae, €Clid U3BECTHA XOTS Obl OJIHA OPJIMHATA MIPOBECA OCH HUTHU, TO3BOJISIOIIAS
onpenenuts pacrnop HuTU H. [IpakTudecku, npu pacuerax U3rHOHO-KECTKUX HUTEH
3aJ1af0TCsl CTpeJIol nmposeca ocu HUTH f.

PaccmarpuBaertcs Oanka 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. BCJIMUUHA H3FI/I6&IOIL[€I‘O MOMCHTA B 6&]11(6 IIpOoIIopIrOHaJIbHA BCIIMYNHC ec

nporu6a. M3rubHo-xKecTKas HUTh MPU IPOYUX PABHBIX ¢ 0AIKON mapaMeTpax UMEET
nporu6d f #V,. Torga u3rudaromuii MOMEHT B CEPEIMHE MPOJIETa U3TMOHO-KECTKOM

HHUTHU MOKHO IIPHUHATDH TAKKC ITPOIIOPIHUOHAIbHBIM HpOFI/I6y, a, CJICOJOBATCJIIBHO,

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
A CED

pacrnop THOKOM HUTH, HATPYKEHHOW paBHOMEPHO pacIpeiesIieHHON Harpy3KoH,
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» M3TrHOHO-)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 OYyJIeT MEHBIIIE pacropa THOKOH
HUTH 32 CUET MOSBJICHUS B HEM M3rubdarommx MoMeHToB. CienyeT 3aMEeTUTb, 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 MPUHSATHI paBHBIMU. J[J1s1 1OJIOT0M M3TrHOHO-)KECTKOW HUTU
HATsDKEHHUE IIPUPABHUBAETCA pacnopy, To ects 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.
Hanpsoxenus ot pacnopa:

_H,, q* 4E-I

u—oitc

"4 8.f-A 512.A
rae A — miomanb CEYCHUS HUTH.
J171st OlIeHKH U3TUOHOM )KECTKOCTA HUTH BOCTIOJIB3YEMCS COOTHOIICHUEM MEXTY
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

bubanorpadguyeckuii cnucox
9.1 OcHoBHas IUTEpPaTypa

1. Kynumus, }0.M1. Metannndeckue KOHCTpYKUUU : yueOHuK 111 By30B / FO. M. Kyaumun [u
ap.];noxn pen.tO.M . Kynummna .— 9-e uzn.,crep. — M. : Axkagemus, 2007 .— 688c. : w1 —
(Bricmree mpodeccnonanpaoe oopa3zoBanne: CTpOUTENsCTBO) .— bubmmorp.B konme kH. — ISBN 5-
7695-3603-9 (B mep.) : 484,00.

2. Hexaes, I'.A. [IpoekTupoBaHue CTAILHOTO KapKaca OJHOATAXXHOTO MPOU3BOJICTBEHHOTO 3/1aHUS :
yae0. mocobue st By3oB .— M. : ACB, 2009 .— 184 c. : wi1. — bubmmorp.: ¢.168 .— ISBN 978-
5-93093-541-7 : 209,00.

3. IIpoekTupoBaHuE 3JIEMEHTOB OATOYHON KIETKU U3 TOPAYCKATAHBIX M XOJIOAHOTHYTBIX
TOHKOCTEHHBIX npodwuieii : yueo. mocoodue / I'. A. Hexae ; Tynl'Y .— Tyma : U3a-Bo Tynl'Y, 2011
— 123 c. : un .— bubmumorp.: ¢.107 .— ISBN 978-5-7679-2019-8.

32



9.2 Jlono/IHUTEJIBbHAS JINTEPATypa

1. Hexaes, ['.A. Merajuinyeckue KOHCTPYKIIMM B TpUMepax W 3ajadax : y4de0. mocodue / I'. A.
Hexaes, U. A. 3axapoBa .— M. : ACB, 2010 .— 140 c. : un .— bubmmorp.: c¢. 139 .— ISBN 978-5-
93093-716-9.

2. Hexae, I'.A. IlpoektupoBaHMEe H pacueT CTAIbHBIX WIMHIPHUYECKUX pPE3epPBYapoB U
rasroJibJIcpoB HU3KOTO AaBieHus : yueb. mocooue / I'.A.HexaeB .— M. : ACB, 2005 .— 216c. : ui.
— bubnuorp. B konie kH. — ISBN 5-93093-366-9 : 158.84.

3. Merammnueckie KOHCTpYKIUU: Y4eOHuK s By30B: B 3 1. T.1, DneMeHThI KOHCTpYKIHH /
B.B.I'opes, b.}O.YBapos, B.B.®ununmnos u ap.; [lox pea. B.B.I'opeBa.— 3-¢ u3n., crep. — M. :
Beicm. mik., 2004 .— 551c. : min. — ISBN 5-06-003695-2 (1.1) /B mep./ : 112.86 .— ISBN 5-06-
003697-9.

4. Metannuieckre KOHCTpYKIMK: YueOHuk i1 By3oB: B 3 1. T.2, Konctpykuuu 3nanuit /
B.B.I'opes, b.}O.YBapos, B.B.®ununmos u ap.; [Tox pen. B.B.I'opeBa .— 3-e u3n., crep. — M. :
Bericm. mik., 2004 . — 528c. : uin. — bubauorp. B konne k. — ISBN 5-06-003696-0 (1.2) /B mep./ :
107.01 .— ISBN 5-06-003695-2.

5. CIT 16.13330.2017. CranpHble KOHCTpYKUIMHU. AKTyanuszupoBanHas Bepcust CHull 11-23-81*. —
M.: ®ILIC, 2017. - 172 c.

6. CIT 20.13330.2017. Harpy3ku u Bo3aencTBus. AktyanusupoBannas Bepcus CHull 2.01.07-85*.
—M.: ®IIC, 2017. - 80 c.

33



