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BBenenue

[Ipy u3ydyeHnn aucUUIUIMHBI «CTPOUTENbHAS MEXaHWKA U METaNINYECKHE
KOHCTPYKIIUU TIOJTEMHO TPAHCIIOPTHBIX U JIOPOKHO-CTPOUTETBHBIX
MaIIMH» CTyJIeHTaMH, oOyuarommmucs no crnenuansHoctu: 23.05.01 Hazemusbie
TPAHCTIOPTHO-TEXHOJOTHYECKIE CPE/ICTBA, BBIMOIHIETCA KypCOBYIO pabOTy IO
pacy€Ty U MPOEKTUPOBAHUIO METATUNIMYECKUX KOHCTPYKIMI MamuH. [IpoekT umeet
LEdb 3aKPENUTh IOJYYEHHBIE TEOPETHUYECKHE 3HAHWSA M NPUOOPECTH HABBIKU
CaMOCTOATENLHOTO  pacuéTa W  KOHCTPYUPOBAHUS DJIEMEHTOB U y3JIOB
METaJUIOKOHCTPYKIUH CTPOUTEIbHBIX MAlIUH.

KypcoBass  paGota  mpeaycmMaTpuBaeT  BBINOJIHEHHE  pacyéra W
IPOEKTUPOBAHUSA KAKOW-TMOO0 METaUIMYECKOM KOHCTPYKLHMU CTPOUTEIbHBIX
MaIllUH — TOPU3OHTAJILHOW 0aJIOYHON MM MOIBEMHOM CTpesbl OallleHHOTO KpaHa,
IJIaBHBIX OaJIOK WM ()epM MOCTOBBIX U KO3JIOBBIX KPAHOB, TE€JIECKOMMYECKUX CTPEI
CaMOXOJIHBIX KpaHOB U JAp. B HacTosmieil pabote U310KEHBI METOJIUKA, MOPSIOK
pacuéTa U MPOCKTUPOBAHUS OATIOUHOM CTpEIIbl OAIIEHHOTO KpaHa.

PaGoTta cocTouT M3 pacueTHO-TIOSACHUTENHHON 3amucku oobemMoMm 20-25
ctpanul Gopmara A4 ¢ MOSACHUTEIBLHBIMU PACUETHBIMU CXEMaMH U rpaduyeckoin
YacTH, BBINIOJIHAEMON Ha 0JJHOM JucTe popmata Al unu A2 — cOOpOUHBIN YEPTEX
cexkuu ctpenbl. OneHuBaeTcss KypcoBas padota nud@epeHImpoBaHHO ¢ yUYeTOM
CJIEIyIOLIUX OCHOBHBIX TPEOOBAHMIA:

— TOYHOCTh PACYETOB U COAEPKATEIBHOCT NOSICHEHUI K HUM;
— KayeCTBO BBINOJHEHUS IPpaUUecKoil YacTu;
— KayeCTBO 3alUThl KypCOBOM paObOTHI.

Bce pacu€rel B MOSCHHUTENBHON 3alMCKE CIEAYEeT WIUIIOCTPUPOBATH
pacyETHBIMU CXEMaMH C YKa3aHHWEM Ha HUX MPHUHSATHIX YCIOBHBIX 0003HAUEHUN U
(akTHYECKOro 3HaYCHHUs OnpeesieMbIX BenyuH. [loscHeHns k pacuéram JOJIKHbBI
OBITh JIOCTATOYHO MOJIPOOHBIMU M TOHATHBIMH. [Ipu ucnonb3oBanuu Gopmysa u
Tabnul, HEeoOXOAMMO J1aBaThb CCBUIKM HA COOTBETCTBYIOUIUE JIUTEPATypHbBIC
UCTOYHHUKHU. DOPMYJIBI TOJKHBI UMETh IKCIUIMKALIUIO, TO €CTh BXO-

JSIIME B HUX 0003HAaYEHUs ClieiyeT paciumdpoBath.



Bce mwmctbl 3anucku  odopmisitorcs cornacHo TtpedboBanusim  ECKJ,
HYMEPYIOTCS, COpOIIIOPOBBIBAIOTCS M CHAOXKAIOTCS  TUTYJBHBIM  JINCTOM
YCTaHOBJICHHON ()OPMBI.

Pacu€TrHO-TIosICHUTENbHAS 3aNIMCKa TOJIKHA CONEPKATh!

— TUTYJIbHBIN JIACT;

— UCXO/IHBIE;

— BBIOOp MPOTOTHUIA KOHCTPYKIIHUU U PACUETHYIO CXEMY CTPEJIbL;
— pacu€T HarpysoK;

— ONPEACIICHUE YCUIIUM B DJIEMEHTAX CTPEJIbL;

— 10100p CEYEHUH DJIEMEHTOB CTPEIbI;

— pacy€T COeNMHEHUN — TPOBEPKY MIPOUYHOCTU CBApHBIX IIBOB B y3i1axX Gepm;
— pacuéTt OONTOBBIX U IIAPHUPHBIX COCTUHEHUM CEKITUIN CTPEIIbI;
— CIIUCOK MCIOJIb30BAHHOM JINTEPATYPHI;

— crienUKaIrIo Ha COOPOYHBIN YEPTEK.

['paduueckast yacTh MpoeKTa JOHKHA CONEPKATH COOPOUHBINA YEPTEK CEKITUU
ctpenbl B macmTade 1:25, 1:40, 1:50. Ilpu stoMm nomyckaeTcss OAWH WM JBa
paspeiBa. Ha deprexe MOMKHBI OBITH JIaHBI TIOMEPEUHBIN pa3pe3 CTpPEJbl,
KOHCTPYKIIUU JABYX-TPEX Y3JIOB CTPEJIbI B OJIHOM-JIBYX MPOEKIUAX B Maciutade 1:1—
1:5, moHTaxkHas (TeoMeTpuueckas) cxema (epM cTpenbl (pa3BepTKa) C yKa3aHUEM
Ha HEll pa3MepoB — JUTMHBI CTEPKHEH (pepM 1o 1eHTpaM TsHKeCTH y3J7oB. B y3max
dbepMbl KpoMe pa3MepoB JOJDKHA ObITh JlaHA XapaKTEPUCTHUKA CBAPHBIX IIIBOB.
Crneundukanuss Ha COOpPOUYHBIM YEPTEX CEKIIMU CTPEbl BBIMOJHACTCS Ha
otnenbHOM JcTe hopmara A4 cornacHo tpedoBanusm ECKJI u moammBaeTcs B
KOHIIC TMOSICHUTEIBLHON 3amucku. Ha depTexe CEeKIUM CTpebl JOKHBI OBITh
yKa3aHbl 0O0mme TabapuTHBIE pa3Mephl B TPEX IUIOCKOCTSAX, pa3Mephl ee
XapakTepHbIX y4acTKOB. [Ipu BhIUEpUMBAHUU TOJBKO COOPOYHOIO UEpTEkKa
OTJICJIbHOM CEKIIUU CTPEeJbl B MOSICHUTEJIBHOW 3aIluCKe JOJDKEH OBITh JIaH JCKU3
CTpeJbl C Pa30MBKOW €€ Ha OTIENbHBIC CEKIIUU C YKa3aHWeM JIJIWHBI Kaxkaou. Ha
YepTeKE C MOMOIIBI0O BHIHOCOK OTIEIBHBIX CEUCHHUH JOKHBI ObITh JaHBI TUI U

pa3Mepbl MPOKATHBIX MpOodUIIel OTACIBbHBIX 3JIEMEHTOB CTPENbl — MOSICOB, CTOEK,
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PacKoCOB, COEIMHEHHI COOPOUYHBIX (PJIAHIIEB CEKIIMHA C MOSCaMH CTpelbl. 3aMeHa
yepTexken cxeMaMu ¢ U300pakeHHEeM CTep)KHEN B OJIHY JIMHUIO HE JomycKaeTcs. B
MONEPEYHOM pa3pe3e CTpeibl JTOJKHBI ObITh BBIUEPUYEHBI, KPOME IIONABIINX B
paspe3 MOsICOB CTPEJIbl, JJIEMEHThI PEHIETKH U Juadparmbl KECTKOCTH, YKa3aHbI
pa3Mepbl ceYeHH Bcex AyieMeHToB. [1pu BeruepunBaHuu y310B (hepMbl CTEP)KHU, HE

JICKAIME B INIOCKOCTH YCPTCIKA, YCIIOBHO HC ITOKA3BIBAKOTCA.



1. Bb10op NpoTOTHIIA KOHCTPYKIMHA U PAaCYeTHAsI CXeMa CTPeJibl

1.1. KoHcTpyknum 0aJ0YHBIX CTPeJI

bajioyHble TOPU30HTAIBHBIE CTPEJbl W3-3a HAJW4YUs KOHCOJIBHOM YacTH U
MOJIBYKHOM Harpy3kv BOCIIPUHHUMAIOT MPH 3KCIUTyaTalliy OOJblIne U3rudaromme
MOMeHTbl. OHHM BBIIOJHAKOTCA B BHJAE IPOCTPAHCTBEHHBIX TpeX- WU

YeThIpexXrpaHHbIX pepM. OCHOBHBIE THIBI MOMEPEYHBIX CEYEHUH CTPEN MOKa3aHbl

Ha puc. 1.1.
R L
& | B | m e
A e

Pucynox 1.1 - Tunbsl monepeyHbIX cedeHUi OATOUHBIX CTPE:

a — TpEXTPAHHbIE; 6 — YETBIPEXTPAHHBIE

Tpexrpannbie cTpesibl 0OBIYHO UMEIOT MEHBIITNI BEC, YEM YEThIPEXTPAHHBIE.
Oco0oe mpeanodTeHue CieayeT OTIaBaTh TPEXTPAHHBIM CTPENiaM, BBITOJHEHHBIM
u3 TpyO, KOTOpPbIE B OCHOBHOM U MPUMEHSIOTCS HA COBPEMEHHBIX CTPOUTENbHBIX
OallleHHbIX KpaHaX.

OcCHOBHasI 4acTh CTPENbBI, MEXKIAYy TOUYKOW KPETJICHHUS pacuaja U OChIO TISTHI,
pabortaer Ha u3rud U cxatue. KoHCobHASI 4acTh CTpelbl pad0TaeT B OCHOBHOM Ha
u3ru6. PemeTky BepTHUKaIbHBIX epM B KOHCOJIBHOW YaCTH B CHITy STOTO MHOTIA
BBITMOJHSIOT PACKOCHOW C TeM, YTOOBI BCE PAcCKOCHhl padOTajid Ha pacTsLKEHHUE.

[IpumMensieTcs M pacKoCcHas pelieTka B JBYX HampasieHusx. OJHAaKo dvaie B



BEPTUKAJIbHBIX (DepMax MpUMEHSIETCS] TPEYrojibHas penieTka 0e3 CTOeK WM CO

CTOMKaMU C TIEpEeMEILEHUEM IPY30BOM KapeTKH MO HUXKHEMY Tosicy puc. 1.2.

e
L
e

Pucynox 1.2 - Turbl COeTMHUTENBHBIX PEIIETOK BEPTUKAIBHBIX (hepM 0aTOuHbIX
CTpedL:
a — pacKocHasi; 6 — pacCKOCHasi JIByX HaIllpaBJICHUI; 6 — TpeyroJjibHas 0e3 CTOeK

HJIA CO CTOUKAMHU

[Ipy KOHCTPpYMpPOBAHMM PEWIETKU CIEAYET YUHUTBHIBATh, YTO ITOABHKHAs
COCPENOTOUYECHHAS HATPY3Ka OT JABJICHUS XOJIOBBIX KOJIEC TPY30BOM TEJIEKKHA MOKET
ObITh TIPHJIOKEHA B JIIOOOM TOYKE HIDKHEro Mosica cTpenbl. BenemcrBue 3Toro
CTEp>KHU HUKHETO MOsCa BBITIOIHSIOT ABOWHYIO (DYHKIHIO: pabOTalOT Ha CXKaThe-
pacCTsDKEHHE, KaK JIEMEHThI (pepM M, KaKk MHOTOOIOpPHBIC HEpa3pe3Hble Oaiku
BOCIIPUHUMAIOT MECTHBIN U3TrH0 OT AaBJICHHS XOJAOBBIX KOJEC IPY30BOM TEIICHKKH.

DNeMEeHThl CTpeJ M3rOTaBIMBAIOT M3 MPOKATHBIX mpoduieir — Tpyo,
COCTaBHBIMHU U3 YTOJIKOB U JIp.

B nensix yMeHbIIIeHUs HAMIPSKEHUN OT MECTHOTO M3rHba CTepKHEN HIKHETO
nosica OT JIaBJICHUS XOJIOBBIX KOJIEC TPy30BOM TEJNEKKH IeJIeCO00pa3HO IJINHY
naHeseil CTpesbl BHIOUpaTh BO3MOKHO MEHbIIEH. J[J1 3TOTO TpeyroJibHas perieTKa
BEPTUKAIBHBIX ()ePM MOXKET JIOMOJIHATHCSI CTOMKAMU, YMEHBITIAIONTUMU B JIBa pa3a

JJIMHY ITaHCJIN HUKHETO I10sICa CTPCIIbI.



[Ipu BbIOOpE MPOTOTUIIA KOHCTPYKIMU CTPEJIbI CIEIYyET OCHOBBIBATHCA HA
yK€e CYIIECTBYIOIINUX MOJEISAX U PYKOBOJICTBOBATHCS CIEMYIOIINM:
— CEUYEHHUE CTpeJIbl yIiioM BBepX (puc. 1.3, Tun A) mpeAnodTuTesnbHee s KPaHOB
JTOOBIX TPY30MOAbEMHOCTEN;
— CeYeHHUe CTpeibl yriioM BHU3 (puc. 1.3, Tun b) npuMeHsuioch 0OBIYHO B KpaHax
rpy30I0ABEMHOCTBIO 10 5 T, Hanpumep B kpane BKCM-5-5M u nip.;
— B KpaHax rpy30M0JAbEMHOCTBIO JI0 5 T, KaK NPAaBUJIO, IPUMEHSIETCS PACKOCHAS
pelIeTKa ABYX HAmpaBJICHUH (B KOHCOJBHOM YacTW — HUCIAJAOMIAs, B MIPOJIETE —
IIPOTHUBOIIOJIOKHOTO HAIIPABJIEHHSI) C COBMEILIEHHBIMU Y3JIAMU;
— B KpaHax I'py30M0AbEMHOCTBIO 00JIee 5 T IPUMEHSETCS TPEYTOJIbHAS pelleTKa Wil
TPEYTOoJIbHASI CO CTOMKAMU;
— JUIMHAa TAaHEeIuM Ha3HayaeTcs B 3aBUCUMOCTM OT €€ BBICOTHI H THUNA
COEMHUTENBLHOU PEIIETKH;
— cTpensbl JyuHOoM 0osnee 10 M coObuparoTcs U3 OTHAENBbHBIX CEKIMI — KOPHEBOM,

TOJIOBHOM M MPOMEXYTOUYHBIX.
1.2. PacuéTrHas cxema CTpeJibl

ITpu cocTaBieHUN pacYETHOW CXEMBI T€OMETPHUCCKIMHU Pa3MEpaMU CTPEITbI
U TOYEK €€ KpEIUICHUS OTHOCHTEIIbHO OalrHu HEOOXOAMMO MPEeIBapUTEIHHO
3a/1aThCsl, OCHOBBIBASICh Ha CYIICCTBYIOIIUX THUIAX KOHCTPYKIIMHA W HCXOIS W3
CJIEIYIONUX SMIUPUYECKUX COOTHOIIEHUHN, KOTOpbhIE TMOJYyYEeHbI HAa OCHOBAHHUHU
CTaTUCTHUYECKON 00pabOTKU pa3MepOB BhIMYCKAEMBIX TUTIOB KpaHOB (puc. 1.3):
— TIOTIepEYHOE CeUueHUe OalrHu (KBaapar):

ITOBOPOTHOU

a5=(0.9-11)- . m: (1.1)

HETIOBOPOTHOM
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as=(0.9-1,1)- . ; (1.2)
— BBICOTA OTOJIOBKA OAIITHK OT IIAPHUPA TISITHI CTPEITBI
h=(0,8-12) - —, m; (1.3)

— PAcCTOSTHHE OT OCH OAIlTHH 10 OCH IISITHI CTPEIIBI
x.=0,5a5+0,2, Mm; (1.4)
— pacCTOSTHHME OT OCH BpAIIIEHUs KPaHa C TOBOPOTHOM OaIlIHEl 10 OCH MATHI CTPEIIEI
Xz = (0,55-0,6)-a5 + X, M; (1.5)

— BBICOTA BEPTUKAJILHON (hepMBbI CTPEIIbI
h=(0,9-1,1) - m. (1.6)

B BbImIENIpUBEICHHBIX COOTHOILICHHSX MPUHATHI CIEIYIONIME YCIOBHBIC
0003HaUYEHHUS:

H — MakcumaibHasi BRICOTa IOIbEMA TPy3a, M;

L — muHa cTpensl, M;

R — MakcUMaIbHBIN BBUIET TPy3a, M.

B xpaHax ¢ HEMOBOPOTHOM OalllHEW OCh BpAIllEHUs KpaHa COBNAJAET C OChIO
OarHu.

upuHy TOPU3OHTAIBEHON (EepMBl y MATHI CTPETbl HEOOXOAUMO MPHUHSITH
paBHOH 1Mo pasmepy Oamau — by = as. Ha npakThke npuUMEHSIFOTCS JBa THIA
TOPHU3OHTANIBHBIX ()epM — C TapajieIbHBIMU mosicamu Ha Beeit amune (b = b) u ¢
TpaneunenIaIbHOM YacThio y MATHI cTpedibl (puc. 1.3.). Bo BTopoMm ciiyyae cTpena u
METAJJIOKOHCTPYKIIMU TPY30BOM TENEXKKH MOJy4yaroTcss 0ojiee KOMMAKTHBIMU U
00JIaZIaf0T MEHBIIICH MacCcoM, a IUPHUHY CTPENIbl B TOPU3OHTAIBHOM TUIOCKOCTH D
IIPUHUMAIOT PaBHOU

b = (0,65-0,8)-b;1, m. 1.7)

Crpeia COCTOUT M3 MPOJICTHOM YyacTu D u xoHcompHOM |1 (puc. 1.3). diuHa
KOHCOJIbHOM YacTH CTpeibl Ha3HA4yaeTcsi B 3aBUCUMOCTH OT JUIMHBI CTpeibl U
MaKCUMaJbHOW TPYy30MOABEMHOCTH KpaHa MO TIpaduKy Tpy30NOAbEMHOCTH B
TEXHUYECKOM 33/JlaHMM Ha NPOEKTHUPOBAHHWE — B NPOJETHOM YacTH WM Ha KOHIIE

cTpenbl. {1 CyecTBYIOMUX TUIIOB KPAHOB OHA KOJIEOJIETCs B TIpeaeiax
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l, = (0,3-0,5) L. (1.8)

[
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Ocb epaujenia dauiHu

Pucynok 1.3. - Cxema K pacy€Ty TeOMETPUYECKUX PA3MEPOB CTPEIIbI B BEPTH-

KaJIbHOW U TOPU30HTAIBHON MIOCKOCTSIX

[Ipy yBenuueHUH JJIMHBI CTpENbl (BbLUIETA Ipy3a) MOTYT Ha3HAYaTbCs JIBE
TOUKHM €€ moJIBeca K OalllHe KpaHa.

OkoHYaTeNnbHBIA BEIOOP JIMHBI KOHCOJIBHOW YacTH CTPENbl TPOU3BOAUTCS U3
YCJIOBHSI, YTOObI MaKCUMaJbHbIE 3HAYEHUs M3TrMOAIOLIEro MOMEHTAa B CEpEIMHE
IIPOJIETHOM YacTH (OT OCH ISITHI CTPEJIBI JO TOYKHU KPEIUICHHs pacdallia) U B TOUKE
KpEIUJIEHUs pacyasia UMeJId Obl TPUMEPHO OJMHAKOBYIO BEIUYHUHY MPU PA3TUUHBIX
MIOJIOKEHUSAX IPY30BOM TEIEKKU U MAaCCax MOJHUMAEMBIX IPY30B.

Touky kperuieHus pacyajia Ha3HauyalT B y3jaX (epM MO BEpXHEMY MOSCY
(omHOMY WJIM JBYM) WIM B CepeAuHe MaHenau (epMbl C Ha3HAYCHHEM
JIOTIOJTHATEIIbHOM CTOMKH, CBSI3BIBAOIIEH TOSICA CTPEIIBI.

C uenpto obecriedeHusi TEXHOJIOTMYHOCTH U3TOTOBIICHUSI CTPEbI JUIMHA BCEX
naHesnei pepm gomkHa ObITh 01MHAKOBOM. Huncio naneneit pepM u ux anuHa OyayT

3aBUCCTH OT TpGGYCMOFO BBLJICTA I'Py3a — AJIMHBI CTPCJIbI.
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Heobxoaumas nimuHa cTpessl A1 KpaHa ¢ TOBOPOTHOM OaliHei OyieT paBHa,

L=R—X;+a. (1.9)

JIisi KpaHa ¢ HEMOBOPOTHOM OaliHed MJIMHA CTpesbl JJig O0OecreueHus
3aJIaHHOT'O BbUIETA Irpy3a OyAET paBHA, M:

L=R—-x.+a, (1.10)
rae a = 1,62 M — paccrosHHE OT ILIEHTpa MojBeca Ipys3a (LIEHTpa rpy30BOH
TEJIEKKH) IPU MaKCUMaJIbHOM BBUIETE J0 IIEHTPa MOCIEAHEro MIapHupa (pepmbl.

B T0 xe Bpems JyiiHa CTpelibl OyAeT ONpeesaThCs KaK MPOU3BeACHUE Ynucia
naHesnei ¢pepM Ha UX JUIMHY:

L =n-a, (1.11)
r7ie N — 9ucio naHesne pepmol; a — JIMHA TaHeIeH.

JlnnHol nmanenel gepm HEOOXOIMMO MPEABAPUTENBHO 334aThCsl B Ipeieax
1,4-2,5 ™. Dbonbpliue 3HayeHUs CleayeT MPUHUMATh ISl TPEyTrOJIbHOU
COCIMHUTETFHON PemeTKu co crToikamu. JlnuHy mnaHenu ¢depmbl HEOOXOIUMO
TaKXKe YyBS3aThb C €€ BBICOTOM TakuM 0Opa3oM, YTOOBI yroj HaKJIOHa pPacKOCOB
Haxoauics B npenenax 35—60°. [Ipu yrie HakiioHa packoca, paBHOM 45°, BeICOTa
dbepmbl h OyeT paBHA OJIOBUHE JTMHBI TTAHEITH d.

3aaBIIMCh MPEIBAPUTEIIHHO JJIMHOW MaHedu (EepMbl, OMPEACIISIIOT YUCIIO
naHesnaeil ucxoas u3 TpeOyemMou IiuHBI CTpesibl. OKpYIJsis MOJyYeHHOE YHCIIO
naHeseil B OOJbUIYIO WM MEHBIIYI0 CTOPOHY A0 LEJNOro YHCIa, HAXOAST UITUHY
naHenu. Bce okpyrieHus uyuclia U JUIMHBL TaHeJIed B HEOOJbIIUX Mpesenax
HEOOXOJMMO CBECTH K JUIMHE ar, KOTOPYIO OKOHYATEJIBHO CIEAYET ONPECIUTh 110
dbopmye, M:

ar=L—-R+X,. (1.12)

Paccrosinue oT neHTpa rpy30BOil TENEKKH (KapeTKr) A0 LIEHTPa MOCIETHErO
mapHupa ¢epM a, HEOOXOAMMO TaKXe YBS3BIBaTH ¢ €€ pasMepamu — 0a3oif,
paccTostHIEM MEXIY X010BbIMU Koniécamu d. ba3oit 4-omopHO# rpy30BOii TEIEKKH

MpEeIBapUTEIBHO TAKXKE CIEAYET 33a/1aThca B ipeaenax 1—1,4 m.
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1.3. Onpenenenue Beca CTpeJibl, TPY30BOil TeJIeKKH H KPIOKOBOI

000 MBI

Ycunus B aneMeHTax CTpesibl OyayT BO3HUKATh TakKe OT €€ COOCTBEHHOTO
Beca, Beca IPy30BOU TEICKKH U KPIOKOBOM 000MMBI. VX BETMUMHON TP 3CKU3HOM
IPOEKTUPOBAHUN HEOOXOJUMO MPEIBAPUTEIILHO 337aThCsl, OCHOBBIBASICH Ha YXKE
CYIIECTBYIOIINX KOHCTPYKIMAX KpaHOB. I CYIIECTBYIOIIUX MOJIENIEN KPAHOB BEC
OJTHOTO METpa CTPEJIbl KOJEOJIETCS B IOBOJIBHO IIMPOKKUX MPEAETIax —

g. = (0,8-3), kH/m.

[IpeaBapuTelIbHO MacCy YKa3aHHBIX y3JI0OB KpaHa ONPEIEISAIOT B JOJIAX OT
Macchl (Beca) KpaHa, BEJIMYMHA KOTOPOM 3aBUCUT OT €ro rpy30MoAbEMHOCTH,
I'Py30BOI'O MOMEHTA U BBICOTHI IOABbEMA TPY3a.

Maccy kpaHa ¢ MOBOPOTHOM OallHell OPUEHTUPOBOYHO MOKHO ONPEIEIUTh
o ¢hopmyiie

M=0.35 Try(=—)°%, (1.13)
q

rae Trp, = Mg - R — rpy30Boii MOMEHT, T'M; R — MakcHMaibHBIN BBUIET IPY3a, M;
Mgy — Ipy30NOAbEMHOCTh KpaHa Ha MaKCUMAaJIbHOM BbuUIETE, T; H — MakcuManbHas
BBICOTA MOABbEMA IPy3a, M.

Maccy kpaHa ¢ HETOBOPOTHOM OalHeit OpUeHTUPOBOYHO MOYKHO OTIPEIEITUTh
o gopmyiie

M=0.36 Ty ()03, (1.14)
q

Bec kpana Oyner paBen Gy = g-Mi = 9,81'‘My, kH, rne g = 9,81 (= 10) —
YCKOpEHHE CBOOOIHOTO MajeHus, M/c2,

Bec ctpenbsr MoxHO mpuHATH paBHBIM Ge = 0,05-G¢. PaBHOMEpHO
pacnpenenéHHas HOpMaTHBHAs Harpy3ka OT COOCTBEHHOTO Beca CTPENbl OyaeT
paBHa

Qen = Gc/L, kH/m. (1.15)

Bec rpy30Bo#i TeNEKKU OPUEHTUPOBOYHO MOKHO NPUHATH PABHBIM

G; = 0,01-Gy,a Bec kprokoBoi 06otmMbl G, = 0,005-G,.
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IIpn pacu€re cun HHEpPUUM, BO3HUKAOIIMX B IIEPUOABI pasroHa W
TOPMO>KEHUSI MEXaHU3MOB KpaHa, HEOOXOAMMO HCIIOJIb30BaTh BEIMUYMHY MAcChl
CTpEJbl M, TPY30BOM TENEKKU My U KPIOKOBOM 0O0WMBI My, KOTOPBIE OMPEAETSIOTCS

B JOJIAX OT MACChI KpaHa I10 TEM K€ COOTHOLICHUAM.

1.4. Cxembl 3a1aCOBKH KAHATOB

[Tpu paboTte KpaHa IEMEHTHI CTPEIBI OYIyT BOCIIPUHUMATH COCTABIISFOIIIHC
YCWIMM OT KaHAaTOB MEXaHU3MOB TOJbEMA Ipy3a W MEpEeMEUICHUsi Tpy30BOU
TeJeKKU. BenmnunHa u HanpaBiieHUe IEWCTBUS COCTABIIAIONINX YCUIMM OT HUX MPU
pa3TUYHBIX BapHAHTAX 3aITACOBKU KAHATOB OYIyT HECKOJIBKO OTIMYATHCS APYT OT
npyra. IloaToMy npu NpPOEKTUPOBAHUHU CTPENIbl HEOOXOJMMO BBIOPATH CXEMY
3aIaCOBKM KAaHATOB MEXaHW3Ma MoabhEMa Tpy3a. 3amacoBKa KaHATOB MEXaHHM3Ma
noabéMa Ipy3a B KpaHax ¢ 0aJOYHBIMH CTPEIaMHU MOXKET OCYIIECTBISATHCS TTO IBYM
BapUaHTaM.

B mepBoM BapmaHTe KOHEI] KaHaTa KPEMUTCS 3a METAIOKOHCTPYKIIHIO
CTpenbl y €€ OCHOBaHMS — MATHI cTpenbl. [locime mpoxokaeHus mo Ojgokam
MOJIMCIIACTa, HAXOIAIIMMCS Ha TPY30BOM TEJIEKKE U KPIOKOBOM 000iiMe, OH orubaet
HaIpaBJISIoNIre OJIOKA Ha KOHIIE CTPEIIBI M OTOJIOBKE OAIlTHU M 3aKPETUISETCS 3aTeM
Ha OapabaHe rpy3onmoapéMHON neOEnku. Takas cxema 3amacoBKM KaHaTa
MIPUMEHSIETCS TIPYU OTHOCUTEIBHO KOPOTKUX cTpenax. E€ HemocTaTok 3aKiIrodaeTcs
B 3HAYUTEIHHOM MPOBHCAHUM KaHATa MEXIY CTPENIO W OroJIOBKOM OAIllHU, YTO
MPUBOJINUT K HEPABHOMEPHOCTU PabOTHI MEXaHU3Ma MobEMa rpysa. JloctonncTBoM
JAHHOTO BapHWaHTAa 3allaCOBKM KaHaTa IOabEMa Tpy3a SBISICTCS HEKOTOPOE

YMEHBIIICHUE YCUJIHS B pacyalie MoJIBEca CTPEbI PU MoabEME Tpy30B (puc. 1.4).
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Hanpasaromi 6ok

\
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\ HﬂH]JBBTJHIO[[[I-I[I 010K
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|
"\ KpeIlTeHHe KOHIA KaRATA ,
y [LATEL CTPETEL

_Och GalHE [py30ag Telekka

Kpiokorat ofofiMa L0

4
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\ Hampaemaomuit 610k

Ha OTOMOBKE OallHH
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4
A 7] an) '
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Hanpapromi G110k

['pyz0Bas TeTekKa

Ocp Gamyn

Kprokoead 060iMa

Pucynok 1.4 - Cxema 3amacoBKH KaHaTa MoIbEMA Tpy3a MPH 3aKPETIJICHUU €ro
KOHIIA Y MAThI CTPEJIbI:

a — 2-xpaTHasl;, 6 — 4-KkpaTHas

Bropoii BapuaHT 3ar1acoBKM KaHata noAbEMA I'py3a 3aKJIF0YaeTCsl B TOM, UYTO
KOHEI| KaHaTa KpENMUTCA K METAUIOKOHCTPYKLHMAM HakoHIEe crpensl. [locie
IPOXOXAECHUA 10 OJoKaM IOJIUCIIacTa OH OrumdaeT HampapBisSIoOLUMe OJIOKH,
HaXOJISAIIMECS Y OCHOBAHUS CTPENbl MU HA OTOJIOBKE OAIlHM, U 3aT€M KPEIMUTCS Ha
Oapabane rpy3onoabEMHON 1e0&aku. Takas cxema 3amacoBKM KaHaTa MEeXaHU3Ma

nogabEMa rpy3a MOXKET MPUMEHSTHCS TIPU CTpeliax Jro0oi e (puc. 1.5).
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/ ] Hanpasngromuii 6110k
Ha OTOI0BKE DAIIHHI KpelieHme KoHIa KaHaTa
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Kproxosas oboiiMa

Pucynok 1.5 - CxeMa 3anacoBKy KaHaTa MEXaHU3Ma MobEMa rpy3a MpH 3aKpern-
JIEHWH €r0 KOHIIA Ha TOJIOBE CTPEJIBI:

a — 2-xpatHas; 6 — 4-KpaTHas

Cxema 3amacoBKM KaHaTa MeXaHU3Ma NEPEABUKEHHSI TPY30BOM TEJIEKKHU

roKasaHa Ha puc. 1.6.
Yepes 00BoAHBIE OJOKH WIIH 3aKPETUICHHSI, HAXOASIIHUECS HAa TOJIOBE CTPEHI,

OHa 6yz[eT BOCIIPUHUMATDb CXKHUMAIOIMUC YCUIINA OT KaHATOB MCXaHU3MOB HOI[”béMa

rpy3a ¥ NEPEABUKEHUS TPY30BON TEIIEKKH.

Hampassommme GI0KH Ha TOACe CTPEIEL

Bapaban me0&1K1

I -
Hanpasrompif 6110k

\ ﬁlﬂ
\ Hanmpap1srommit 610K HATOMOBE CTPEMEL
['py30Bad Temexka

y TITH! CTpeTH]

ek

Pucynok 1.6 - CxeMa 3anacoBKH KaHaTa ME€XaHW3Ma MePeBUKEHUS TPY30BOM

TCICIKKHN
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2. Pacyer Harpy3ok B BepTUKAJIbHOM MJIOCKOCTH

['opusonTanbHast OanouyHast cTpena OallleHHOro KpaHa BOCIPUHUMAET
Harpy3ky B BEPTHKAJIBHOM M FOPU3OHTAIBHON MIockocTaX. Ilpu aTOM pacueTHbie

CXEMBI CTpEJIbl U JEHCTBYIONMINE HATPY3KU OYIYT Pa3IUyHbI.

2.1. PacyéTHbIil peskum

OmnpeneneHne  pacyeTHBIX  HArpys3oK, JEHCTBYIOIIMX HA  CTpeny,
IPOU3BOAUTCS IPU TaKOM PEXHUME pabOThl KpaHa, MPU KOTOPOM OHHU JIOCTUTaIOT
HauOOJIbIIMX BEJIIMYMH NPU CaMOM HEOJAronpusATHOM HUX COYETaHUHU. Takoe
COUYETaHHME BHEIIHUX Harpy30K BO3HUKAET IIPU Pa3roHe (TOPMOKEHHH) MEXaHU3Ma
BpAILCHUsI KpPaHa ¢ OJHOBPEMEHHBIM TOPMOKEHUEM OITyCKaroIerocs rpysa. Macca
rpy3a NPUHUMAETCS MAKCUMAJIbHOM 111 JaHHOTO BhUIETa. [IpH 3TOM Ha cTpemny
U TPY3 IEHUCTBYET JOMyCTUMOE AJIsi pabOUero COCTOSTHUS KpaHa JaBJICHUE BETpa.

B ykazaHHOM pexume paboOTbl KpaHa pACUETHBIE DSJIEMEHTBHI CTpPEJIbI
BOCIPUHUMAIOT HAuOOJbIINE YCUJIMS MPU HAXOXKIECHUU TPY30BOM TENEKKHU C
MaKCUMaJIbHbIM TPY30M, COTJIAaCHO TpauKy €ero rpy30N0JAbEMHOCTH, B JABYX
MOJIOKEHUSX — B CEPEIMHE MPOJIETHOM YacTH U Ha KOHILIE cTpedbl (puc. 2.1).

[Ipu TakuMx TOJOKEHHUSX TPYy30BOM TENEKKH Ha CTpelie HauOOJbIINe
M3rudarolme MOMEHTHI Oy1yT BOSHUKATh B CEPEAUHE MPOJIETHON YaCTH U B TOUKE
KpEIUIEHUS pacyaa.

C 1nenbr0 TEXHOJIOTMYHOCTM H3TOTOBJIEHHMS CTpenbl €€ mosica W
COEJIMHUTEIBHYIO PEIIETKY U3rOTABIMBAIOT U3 OJIHOTO TUIA MPOQUIBLHOTO MTPOKAaTa.
U3 sToro ciemyer, 4To HET HEOOXOIUMOCTHU ONPEACIIATH YCUIIUS BO BCEX CTEPIKHSIX
dbepM cTpenbl, a TOJIBKO B TAKUX, B KOTOPBIX YCHIIMS OT BCEX HArPY30K JOCTUTAIOT
MaKCUMaJbHOTO 3HaueHud. [lo 3TUM yCWIMsIM U NPOU3BOJIUTCS MOJ00p CEUEHUM

MOSICOB ¥ COCTUHUTEIHHOM PEIETKN (hepM CTPEIIHI.
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Pucynok 2.1 - Cxema Kk pacu€ty Harpy30K Ha CTPEIy U MIOPbl U3rH0AIONUX
MOMEHTOB B BEPTHKAIHLHOU ITIOCKOCTH:
a — BapuaHT 6€3 00BOJHOTO OJI0KA HA BEPXHEM IOSCE CTPEIIbI; 6 — BAPUAHT

C JOIIOJTHUTCIIbHBIM O6BOI[HI)IM OJIOKOM Ha BCPXHEM ITIOACC CTPCIIBI

Ha crpenmy kpana B BEPTHMKaIbHOW IJIOCKOCTH JCHUCTBYIOT CIIEIYIOLIME
Harpy3KHu:
— OT cOOCTBEHHOTO Beca;
— JIABJICHUsI XOJOBBIX KOJIEC IPY30BOM TEJIECKKH;
— COCTaBJIAIOIIMX OT YCUJIMU B KaHaTax NOAbEMA Ipy3a, MEPEMELIECHUS IPYy30BOM1
TEJIEKKU U pacyalia IoABeca CTPEIbI.

Tak kak ycuiausi B 3JieMeHTax GepM OT JaBJIE€HUS XOJOBBIX KOJIEC IPpy30BOH

TCJIICIKKH U3MCHAIOTCA KaK I10 BEJIMYMHE, TaK U 110 3HAKY IIPpHU ee MNEPpEMCIICHNHN, UX
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CIIEyeT ONPEAeNATh MO JIUHUAM 6AUSAHUA YCUIUL B ITUX cTepkHAX. [lo HUM ke

OTIPEMETISIOTCS YCUITUS B CTEPKHIX OT COOCTBEHHOTO BECA CTPEIIHI.
2.2. CoO0cTBeHHBIH BeC CTpebl

Pacuér MeTamuioKOHCTPYKITNI KPaHOB BBITIONHSACTCS 110 METOIY TIPEAEIbHBIX
coctosiHui. Pacu€rHas BelMyuMHA HArpy3ku OT COOCTBEHHOIO BecCa CTpEJIb
OTIPEIICHUTCS KaK TPOU3BEACHHE HOPMATUBHOTO €€ 3HAYCHHs, YMHOXEHHOTO Ha
KO3 PUIIMEHT HAIEKHOCTH MO Harpys3ke (meperpyske) uisi COOCTBEHHOTO Beca
KOHCTPYKILIMH:

s = Kg " Qen, (2.1)
rae Ky = 1,1 — koaduimeHT HaAEKHOCTU MO HArpy3Ke sl COOCTBEHHOTO Beca

KOHCTPYKIIHH.

2.3. CocpenoTroyeHHble MOJABUKHbIE HATPY3KH OT JaBJIEHUS XO0J0BbIX

KO0JIeC IPY30BOil TeJIeKKHU

I'py3oBas Tenexka (kapeTka) MepeMeraeTcsl Mo HUKHEMY MOSACY CTPENbl U
uMeeT 4 XONOBBIX KoJyieca Npu rpysonogbeMHocTd KpaHa no 10 T. Ilpm macce
MOAHUMAEMOTr0 Tpy3a cBbille 10 T, Kak MpaBUIIO, yCTAHABIMBAIOT 8 XOJAOBBIX KOJIEC
1o 4 ¢ KaXI0il CTOPOHBI C LIEJbI0 YMEHBIICHUS MECTHOTO JaBJICHHUS HA HIDKHUE
nosica.

JlaBiieHrEe X0JI0BOTO KOJIeca Ha IMOsIC CTpesibl Oy/IeT CyMMHUPOBAThCS OT Beca
noaHuMaemoro rpysa Q, rpy3oBoii Tenexxku Gy, KproKoBOW 000MBI C MOIKCHIACTOM
G, 1 HHEPLMOHHBIX HAarpy30K Py, BOSHUKAIOMIMX IPU MOIBEME Ipy3a.

PacuérHast Harpy3ka OT JaBJIEHHS XOJIOBOTO KoJieca Ha TMOsIC CTpeNbl OyaeT

paBHa:

P==[Q kg + (Go + Ge) - kg + Py, (2.2)
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rae Q — Bec mogHMMaeMoro rpy3a, KH; N — 4uciao X0JOBBIX KOJNEC TEIekKH; Kg —
KOXPGUITUEHT HAASKHOCTH TIO0 Harpy3ke IJIs MacChl IOJHUMAaeMOTo TIpy3a
(k02 GUTIMEHT TIEpPEeTPY3KH ).

Ero 3HadueHwe mpuHUMAeTCS B 3aBUCUMOCTH OT peXMMa pabOThl KpaHa U
TPY30IIOAbEMHOCTH 110 Tabmuie 2.1.

Tabnuma 2.1 - 3nayenus koduirenTa neperpy3ku

Macca rpysa Pexxum paboTel KpaHa
Al1-A3 A4-AS A6-AS
Ho 1,5 1,2 1,4 15
1,5-10 1,15 1,25 1,35
Csbite 10 1,1 1,2 1,3

Macca mnogHMMaeMOro rpy3a y CBOOOJHOCTOSIIIMX OallleHHBIX KpaHOB

3aBUCHUT OT BBUJIETA, B COOTBETCTBUU C IPaPUKOM Ipy30M0IEMHOCTH, TTOITOMY IPU
pacdeTe CTPEIbl 3TO HEOOXOUMO YIUTHIBaTh. [[py HAX0KICHUH TPY30BOM KapeTKU
B IIPOJICTHOM YaCTH CTPEJIbl B pacueT OepeTcs HOPMATUBHOE 3HAUEHHUE MACChl Ipy3a
Q1 = Qmax — MaKCUMaJILHOE, a MPY HAXOXKJICHUU Ha KOHIIE CTPEITbI —
Q2 = Qmin — MUHUMAaJIbHOE. DTO 3HAYUT, YTO W pPa3jIUUHble OYyAyT pacyeTHbIC
3HAUEHUS JABJICHMSI XOJOBBIX KOJIeC Tpy30BOi KapeTku — P1 u P2, To ecth mx
HEO0OXOJIMMO PACCUUTATDH JIBAXKIBI.

WNueprimonHas Harpy3Ka, BO3HUKAOIIAs MPU PE3KOM MOAbeMe (TOPMOKEHUN)

rpy3a, ONpeAesaeTcss UCXOs U3 YCIOBUS MOCTOSHCTBA YCKOPEHHUS MO M3BECTHOM

dbopmyiie

P,=M-a=M - (2.3)

p

rae M — Macca mogHUMaeMoro rpy3a u KproKoBoi 000iMBI, (KT, T); V, — CKOpPOCTh
noabeMa rpysa, M/c; t, — Bpems pasroHa (TOpMOKEHHUS) TPy3a, C.
Pexomenmyemoe 3nauenue t, = 1-3 c. bonbmue 3HaYeHUsT — mpu OOJIBIITUX

IIOAHMMACMbIX MaccCax.
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CTep)KHM HWXHHX TIOSICOB TOJABEP)KEHBI TaKK€ MECTHOMY H3THOY OT
JIaBJICHUS XOJIOBBIX KOJIEC TPY30BOM TEIEKKH. MOMEHT M3TUOAIOIINI ONPEIETUTCS
o popmysie mpu d > a/2

M»=0,5-0,7-P-a=0,35-P-a, (2.4)
rae P — narpy3ka Ha xomoBoe kojeco, H; 0,7 — koapduiuenT ydera keCTKOCTH
y37a; a — jJuuHa naHenn ¢epmbl, M; d — paccTosiHue (0a3a) MeXay KoJecaMmu

I'PYy30BOM TEJIEKKH.

2.4. CocraBiasiomue OT YCWIMI B KaHaTax mnoabeMa rpys3a,

nepeMenneHns TPY30BOHi TeJIeKKH U pacyalia

WX yucneHHble 3HAYEHUs CIELYET ONPEACIATh I ABYX IOJIOKEHUU
TPy30BOM KapeTKH U COOTBETCTBEHHO PA3MYHBIX MacC MOJHUMAeMOro rpy3a Qi u
Q2 B COOTBETCTBUU C TPAPUKOM IPy30M0IHEMHOCTH KpaHa.

Ycunue B KaHaTe MeXaHU3Ma ImoaAbEMa rpysa OomnpeacisiCTcCa 110 (I)OpMy.]Ie
_Q'kq+Go'kg+PH
= l.T,

S, (2.5)

rae | — KpaTHOCTh MOJIKMCIIACTa MEXaHM3Ma MOIbeMa TPy3a; 1 — K.ILJ. MOJKCIIACTA,
3HaYeHHE KOTOPOTO MOXKHO MPHUHATH paBHbM 0,9-0,92.

KpatHocThs nmonucnacta MexaHu3ma noabEéMa rpysza HeoOX0AUMO TPHUHSTH B
npenenax 2—4 B 3aBUCUMOCTH OT MacChl ITOJTHUMAEMOro I'py3a.

Ycunue B KaHaTe MEpeMENIeHUs] TPY30BOM KapeTKH S, OMpeAemsieTcsl Mpu
pacuére  KaHaTHOIO  MEXaHW3Ma  [EPEABWKEHUS  IPy30BOM  KAapETKH.
[IpenBapuTenbHO €ro MOKHO MPUHATH B nipeaenax 2—4 kH.

VYcunue B pacuane cTpenbl S, ONPENENIUTCS M3 CyMMbl MOMEHTOB BCEX
HArpy30K U YCUJIUS Sy, BEPTUKAIBHOM COCTABIISAIONIEH OT YCHIIMS B KaHATE MOAbEMa
rpy3a S,, OTHOCUTEIBHO MAThI CTPEJIBI IO YPABHEHUIO

Se=n{[Q - kq + (Go + Gr) kg + Py] - X+0,5-q,-L* =S, - L}, (2.6)
rjae X — KOOpJAMHaTa IO0JI0KEHU LIEHTPA TSHKECTH IPY30BOM TEJIEKKHA OTHOCUTEIBHO

STl CTPENIBL; 1 — KO3PGULKUEHT, onpeaeNsieMblid o hopmye
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1
l'sinB+h-cosf

n=

[Ipu pacnonoxeHnn 0OBOIHBIX OJIOKOB IPy30BOTO KaHATa HAa KOHIIE CTPEIIbI
Ha He€ Oy/IeT AeCTBOBATh BEPTHKAIbHAS COCTABIISIONIAS OT KaHaTa MoIbéMa rpysa
ss = Sp + SINO. OHAa HECKOJILKO YMEHBIINT YCHIIUE B pacuajie U M3rH0 KOHCOIbHON
YacTH CTPEJIBL.

JIyist GaleHHBIX KPAHOB, Y KOTOPBIX CXEMa 3aMacOBKHU TPY30MOAbEMHOIO
KaHaTa TpeJyCMaTpUBAaeT 3aKperuieHHE CBOOOIHOTO KOHIIA Ha TOJOBE CTPEIIBI,
cocTaBisironias «SB - Ly B ypaBHenuu (2.6) Oyaet paBHa HyJ O (cM. puc. 1.5).

Ycunue B pacyane Takke HEOOXOIMMO OIMPEAENATh IS IBYX MOJIOKECHUN
Ipy30BOH TeNEKKH: | — B cepeuHe MposiéTHOW YacTu cTpenbl mpu X =1/ 2-| u Bece
rpy3a Q = Q1 u 2 — Ha koHIle cTpensl pu X = L — &, 1 Bece rpy3a Q = Q2 (cm. puc.
1.7u2.1).

Cocraprsitonas OT YCUJIUS B pacyalie

N =S - cosp (2.7)
BOCITPUHUMAETCS KaK COKMMAIOIIEE YCHIINE BEPXHUM M HIDKHHUM TOSICAMH CTPEIIBI —
OT TOYKH KpEIJICHUS pacyalia JI0 MThl CTpesbl. ETo HE00X0auMo onpeesTh s
JIBYX PAcCUETHBIX ITOJIOKEHHUM I'py30BOM Tenexku. Ha olMH HMKHUEI TOSIC CTPENBI
Hi Oynet npuxoauThCs IOJIOBUHA COCTABIISONICH OT pacyana Ng.

[IpononbHBIE ycuiMsg OT KaHATOB MeEXaHW3Ma TMoabeMa rpy3a S, u
MIePEMEIICHHS TPY30BOM KapeTKH ST uepe3 00BOHBIC OJJOKH BOCIPHHUMAIOTCS KaK
COKMMAIOIasl Harpy3Ka 3JIEMEHTaMH HIKHETO T0sICa.

Ni =2S; + Sp-(1 + cos0), (2.8)
rze O — yroi HakJIOHa TPy30M0IFEMHOTO KaHaTa.

Ha onun HIKHUI TTOSIC CTpeITbl OyAeT MPUXOIUTHCS YCUIIHE, PABHOE

N=S,+05"-S,(1+cosb). (2.9)

[Ipu pacmnonoxeHnn Ha BEPXHEM TOSICE CTPEIbl  JOTMOJHUTEIHHOTO
HaIpaBJsgIoNmero OJloka KaHaTa MOAbEMa Tpy3a, BO M30€KaHWE €ro TPEHUs O
METAJTIOKOHCTPYKIIMH, YTOJI €r0 HaKJIOHA HECKOJIBKO M3MeHUTCs. OHAKO B JTaHHOM

Clly4ae 3TUM MOXHO TIpeHeOpeub. Ha BepXHMii MOsIC CTPEIbl B 3TOM ciiydae OyieT
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JEWCTBOBAaTh HE3HAYUTEIBHOE TIOMEPeYHOe YCWIMe. OTO ycuihe Oyjaer
BOCIIPUHUMATHCS PACKOCAMU BEPTHKAIBHBIX HAKIOHHBIX (hepM.

[Tpu cxeme 3amacoBKM KaHATOB MOABEMA Ipy3a, B KOTOPOH OJWH KOHEI
KaHaTa KpPENWTCS Ha TOJOBE CTpPENbl, HIDKHHE TIosica OyayT BOCHPUHHMATH
cxkumMaromee ycuiue, paHoe N, =2S; + S,. Ha oaun mosic OyaeTr mpuxoauThCs
NIOJIOBHHA YCHIIUS

N=S,+0,5-S,. (2.10)

DMIophl U3rUOAIONMX MOMEHTOB, JICHCTBYIONINX HA CTPENy NPU Pa3IHIHBIX
MIOJIOKEHUSAX TPY30BOU TENEKKH, IPECTaBIeHBI Ha pHC. 2.1.

Wzrubaronuii MOMEHT MpH HAXOXKICHUU TENEKKH B CEpeMHE MPOJIETHOM

YaCTU CTPEJbl U MOIbEME MAaKCUMAJILHOTO I'py3a OyIeT paBeH

2
M:=0.25-Gy 0,51 = 2|+0,251- [Qy - kg + (Go + Gr) - kg + Pyl xHm (2.1)

a B TOUKE KPEIUICHUS pacyalia CTpesbl
M;=0,25-05- 2 kH-m. (2.12)
[Ipn HAXOXIEHUU TPY30BOM TENEKKM Ha KOHIIE CTpeNsl M THoabéme Qo
U3rU0aroNMii MOMEHT B TOUKE KPEIUICHUS pacyasia OyIeT paBeH
M =050y 13[Qy - kg + (Go + Gr) - kg + Py - Ly, xHem (2.13)
[Tpr KOHCTPYHMPOBAHUU PABHOMPOYHONW KOHCTPYKIIMU CTPEIBl HEOOX0IUMO,
4TOOBI MOMEHTHI U3rnodaromue M u M, ObUTH TPUMEPHO PaBHBI, a CIEOBATENHHO,
U YCWIHS B TMOSICaX CTpelbl. DTOr0 MOXHO JOOWUTHCS COOTBETCTBYIOIINM

Ha3HAYCHHEM pa3MepoB MPOJIETHOM | M KOHCOBHOM YacTu cTpesl ;.
2.5. JIMHUM BJIMSIHUS B CTEPKHAX (pepM cTpetbl

Yeunus B crepxHAX GhepM CTpebl OyIyT 3aBUCETh OT MOJOKEHUS TPY30BOM
TenexkHu Ha ctpetie. [Ipu 3ToM oHU OyayT U3MEHATHCS KaK 10 BEJIUYHMHE, TaK U 1O
3HaKy (IUTIIOC — PaCTSKEHHE, MHUHYC — CXKaTuE), XapaKTepU3YIOUIEMYy BH/]I
nedopManu TaHHOTO CTEPKHS (QepMbl. B 3aBUCMMOCTH OT 3TOr0 MO-pasHOMY

IIPOU3BOJIUTCS TIOI00P CCUCHUH cTepKHEN (hepMBL.
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[Ipy mnepememieHMH IO KOHCTPYKUMH TOABMKHOM HArpy3Kd OIOpPHBIE
peakluu U BHYTPEHHUE YCUIUA (YCUMUA 8 CIMEPHCHAX hepMm cmpenvl, MOMEHMbl
useubarowue u nonepeuHvle CUlbl 8 OanKax) OMPEACNSIIOT MO METOAY JIUHUN
BIIMSHUS, KOTOPBIE TOKA3bIBAIOT U3MEHEHUE MX BEIIMYMHBI B 3aBUCUMOCTU OT €€
MoJI0KeHUs. 110 HUM Takke ONMpenernatoT MOJOKEHNE HAarpy3Ku Ha KOHCTPYKIHH,
[P KOTOPOM OHM JOCTUTAKOT MAKCHUMAJIbHOTO 3HAYEHUS.

Takum o0pa3oMm, JMHUA BIMSHUS KaKOro-iuOO CHJIOBOro (Qakropa
MPEACTABIICT CO00M TpaduK €ro M3MEHECHHS B 3aBHCHUMOCTH OT IIOJIOKEHUS
MOABWKHON COCPEJOTOYECHHOW HArpy3Kd Ha KOHCTpYKUMH. OHA CTPOUTCS OT
MOJBW)KHOW €IMHUYHON Harpy3ku P = 1 u nelcTBUTENIbHA TOJBKO JJISi TOTO
CUJIOBOTO (pakTopa W dJEMEHTa WM CEUCHHS KOHCTPYKIUHU, JJIsi KOTOPOTO
IIOCTPOEHA.

Benuunna cunoBbix (hakToOpoB OyJeT U3MEPSITHCA B IOSAX «CAUHUIBD) WU B
OTHOCHUTENIbHBIX eIuHHuIax. JlJis TOCTpOeHUs] JMHUU BIMSHUSA HEOOXOAUMO
COCTaBUTh AHATUTUYECKOE YpaBHEHUE, KOTOPOE Obl XapaKTEepU30BaJO B OOIIEM
BUJIE U3MEHEHHUE CHJIOBOrO (hakTopa B 3aBUCUMOCTH OT IOJOXXEHUS MOABUKHOU
Harpy3kd Ha KOHCTPYKIIHH.

PaccmoTpum mocTpoeHMe JIMHUN BIWSHUS OMOPHBIX PEAKIMM W yCUIUHN B

CTEP)KHAX BEPTUKAJIBHBIX (pepM cTpebl (puc. 2.2).

JIuHuM BJIMSIHUA ONOPHBIX PeaKUuil
CocTaBUM aHAJIUTUYECKUE YpaBHEHUsS I MX omnpeaeneHus. s 3Toro

COCTaBUM CYMMy MOMCHTOB CHUJI OTHOCUTCIIBHO OHOp CTpeJ'IBI.
My = 0. Ra 1 = P(I - %) = 0. Ra=—", (2.14)
£Mx=0.P-x—Re-1=0. Ra=1. (2.15)
HO HOJ'Iy‘IeHHBIM ypaBHeHI/IHM, 3a/1aBasAChb paBHI/ILIHBIMI/I 3HAUYCHUSIMU ((X»,

HalAEM OpAVHATHI JIMHUN BIUSHUA ONIOPHBIX PEAKLIMH U1 XapaKTePHBIX TOYeK. 13

IMMOJIYYCHHBIX 3aBUCUMOCTEH CJICaAyCT, 4TO OHU ABJIAIOTCA YPABHCHUAMU HpﬂMOﬁ
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auaun. CrenoBaTenbHO, IJI €€ MOCTPOCHUS AOCTATOYHO HAWTHU JBE TOYKU H
COCIIMHUTD UX MPSIMOW JIMHUEM.

Omnopnas peakius Ra:

1.Ilpu X=0Ra = 1.

2.MMpu X=1Ra=0.

1% _ 0,63,

3. HpHX= L RA =—|1/| = Tea
3HaK «MHHYC» B JAHHOM CJIy4ae ITOKa3blBAET W3MEHEHWE HAINPAaBIICHUS

JNEHCTBUSL ONOPHOM peakuuu TMpU HAXOKICHUM IMOJBM)KHOM HAarpy3Kud Ha

KOHCOJIbHOU YacTu cTpebl. Ho B 11000M ceueHnu cTpesbl CyMMa OMOPHBIX peakuui

paBHA BHEIIHEW Harpy3Ke, TO €CTh B IAHHOM City4ae «1».

OmnopHas peakius Rg:

1.Ilpu X=0Rg = 0.

2.MMpu X=1Rg = 1.

L _ 26a

3.Mpu X = L Re =~ = =2=1, 63,

[To monydeHHBIM OpAMHATAM TOCTPOCHHBIE JIMHUM BIUSHUS OIMOPHBIX
peaKunii TpUBEAECHBI Ha puc. 2.2.

PaccMmoTpum mocTpoeHue JMHUNM BIMSHUS YCWIMH B PACUYETHBIX CTEPIKHSIX
cTpebl. [[71s1 9Toro BepTukanbHyto GepMy CTpeibl YCIOBHO pacCeKaeM Ha JIBE YaCTH
— JIGBYIO U TIpaBylo, nmpoBeas ceuenus 1-1 u 2-2. To ecTh Tam, T1ie o IeHCTBUEM
BHEIITHUX HArPy30K B CTpeJie BOZHUKAIOT MAaKCUMAJIbHbIE U3THOAIOIIE MOMEHTHI, O
4Y€M IOBOPWIIOCH BBILIE.

B »Tu ceueHust MOJDKHBI MOMACTh CTEPKHU (PepMbl, B KOTOPHIX BO3HUKHYT

MaKCHUMAJIbHBIC YCWUJINA U JIMHUWU BIMAHUSA JJISI KOTOPBIX H€O6XOI[I/IMO IMOCTPOUTE.
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[IpyHIMII TOCTPOCHUS JIMHUM BIIMSHMS YCUJIMH B CTEPXKHAX CTPEJIBI
3aKJIIOYaeTCsl B cieayromeM. PaccmaTpuBaercs paBHOBECHE OJIHOM YacTu (pepMbl
IIPU MOJABWKHOW Harpyske P = 1, Haxonsmencs: Ha BTOpOU €€ 4acTh, HO CTPOUTCS
JVHYS BIUSHUS 110/ TOW 4acThio (pepMbl, Ha KOTOPOM B 3TOT MOMEHT HaXxOJUIach
MOJIBM)KHAS HAarpy3Ka. JTa 4acTh JIMHUU BIUSHUS HA3bIBACTCS 0eUCmMEUmMenbHoll, a
OCTaJIbHAS — PUKMUBHOU.

[Tpu nocTpoeHUY TMHUMN BIUSHUSA B CTEPKHIX (PEpM 3a OCHOBY IPUHUMAIOTCS
AHAIMTHYECKUE YPABHEHUS OIOPHBIX PEAKIMi, MPUBEIACHHBIC BBIIIE, a TAKXKE
o01re MEeTOJbl CTaTHKH, NMpUMEHseMble NpHU pacuére (pepM Ha HEMOJBHKHYIO

HarpysKy.

JInHus BIMAHMSA YCUJINSA B CTep:kHe B1

PaccmoTtpum paBHOBecue seBoit yactu (epMmbl. [loaBuxHas Harpyska P =1
OyneT HaxonuTbes cipaBa OT cedeHus 1-1, To ecTh Ha mpaBoil yactu gepmbl. B
ceueHue 1-1 monaaaroT TpU HEU3BECTHBIX HAM yCWIIUS, 1Ba U3 KOTOPBIX — P1 u H
HE JOJDKHBI BXOJAUTH B YPABHEHUE PABHOBECHS, TaK KaK B JaHHBII MOMEHT OHU Hac
HE MHTEPECYIOT. {71 3TOro BOCIHOJIb3yEeMCs TaK Ha3bIBAEMOM «MOMEHTHOW TOYKOW
Putrepa». [{ns crepxHsi B Takoll TOUKON OyAeT SIBASATHCS y3€d (PepMbl HUKHETO
nosica «9», B KOTOPOM IIEPECEKANOTCS yCWUIIUsS CTepxkHeW P1 u Hi, packoca u
HIDKHETO T1051Ca.

Bocnonb3yemcs TpeTbuM ypaBHEHHEM cTaTUKA. CyMMa MOMEHTOB BCEX CHIL,
JEHCTBYIOIIMX Ha JIEBYIO YacTh (pEpMbl OTHOCUTENIBHO 3TOM TOUKH, JOJIKHA OBITH
paBHa HYJIIO.

YMgy=0. Ra-8a+Bh=0,

8a [|-x 8a 16a—x
Blz-RA-—:-— - —_— .
h l h 16a

8n

rae
a
N = — OTHOWICHHE JTMHBI TIAHEH (dbepMbI K BBICOTE.
3anaBasdch 3HAYEHUSAMHU «X» Uil XapaKTEPHBIX TOUYEK, HAMAEM OpIMHATHI

JIMHWU BJIUSIHUA yCHUIIUSA B 1.
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I Tpnx=8a Bi=——8n=-0,5-8n=-4n.

2. Ilpu x=16a B; = 0.

3. Hpu x = L = 262 By=-———- 8n=5n.

ITo 3TUM OpIMHATAM CTPOUM MPABYIO YaCTh JIMHUH BIUSHUS, IS [IOCTPOCHHSI
JICBOM MPSMOM JTOCTATOYHO COCIWHUTHL HYJICBYIO OpJMHATY TOJ OTIOPOH «A» H
opauHaty hpn mom y3mom ¢epMbl «9». OpauHaThl JIMHUW BIMSHHS YCHIINAN
U3MEPSIOTCS B OTHOCUTEIBHBIX SIUHUIIAX.

JIuHUsT BIUSHUS 17151 CTEPXKHS BEPTHKAIBHON (pepMbl B1 MOCTpoeHa Ha puC.
2.2. OHa MoKa3bIBaeT, YTO CTEPKEHBb B1 Oy/IeT MCIBITHIBATh KaK CKUMAFOIICE, TaK
U PACTATUBAIONICE YCUIUE TIPU HAXOXICHUH IPY30BOM TEIICKKH HA KOHIIE CTPEJIbI.
MakcuMallbHBIC MX 3HAYCHUS OT JIABJICHHUS XOJOBBIX KOJIEC TPY30BOHM TEICIKKHU
OIIPEICIISIOTCS IMTOCPEICTBOM IIEPEMHOKECHHS U CYMMHUPOBAHUS BHEIITHUX HArpy30K
Ha OPJIMHATHI 101 HUMU Ha JIMHUY BIHSHUS 110 PopMyJiam:

— ycwine ckatust - Bip= - 2P1(h,+h;y);
— yeniue pactsbkenus Bip = 2P, (hy + hg). (2.16)

Opmunatel hiy, hy u hs onpenensitorcss U3 moa00Us TPEYrOJIBLHUKOB JIMHUU

BJIUAHUWS 110 COOTHOIICHUAM

h1—h 8-a— d’

8-a
l,—a,—0,5-d

hthK'

Iy !

ll—ar+0,5'd

hs= h,- (2.17)

ly

B dopmynax (2.17) d — nmpunsaToe paccrosiHue (0a3za) MEXIY XOIOBBIMHU

KoJIECaMU TPY30BOM TEIEXKKHU. Y CUIIME B CTEPKHE B1 OT COOCTBEHHOTO BECa CTPEIbI
onpenenseTcs no ¢popmyJie

Big = Qu(—m1 + @), (2.18)

TZIe ®1, ®2 — IJIOMIAAH, OTIMCHIBAEMBIC JTMHUEH BIUSHUS YCUJIHS, B3SIThIE CO CBOUMU

3HaKaMH, KOTOpbIE TOKaXYyT, CKMUMAETCA WIA PACTATHUBACTCS CTEPKEHb OT

COOCTBEHHOTO B€Ca CTPENbL; (s — pacuéTHasi paBHOMEPHO pacipeieiEHHas Harpy3Ka

OT COOCTBEHHOI'O Beca CTpPCJIbL.
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JInHus BJIAMSTHUS YCUJIHS B cTep:xkHe B>

Yceunue B crepkHe (pepMbl B, BO3HHUKHET TOJIBKO B TOM Cllydae, Korja
MOJIBMOKHAS Harpy3ka OyJeT HaXOAUThCS Ha KOHCOJIBHON 4acTu cTpeibl. CocTaBuM
ypaBHEHUE PAaBHOBECHS KOHCOJIbHON YaCTH CTPEJIBI.

>Mp=0.P:l;—B,-h=0,
B, =2=2%=10n
h h

DTO 3HAYUT, YTO CTEPKEHBb By BEPXHETO MOsica BCETa PACTSIHYT, a YCUJIUS B
HEM ompenenstores mo hopmynam (2.16), (2.17)
u (2.18)

Bp=2- Pz(hz + hg), BZg =0 O.

JIunus BIUSHUSA yCHIIUS B cTep:kHe H1
JIs moCcTpoeHUsl JIMHUM BIIMSIHUSL B CTEpKHE F1 HIKHETO Tosca CTPEb
paccMOTpUM paBHOBECHE JIEBOM YacTu (epMbl Mpu Harpyske P = 1, Haxoxsiencs
Ha npaBoil yactu. M3 yciioBus e€ paBHOBECHS CIIEIYET, YTO CyMMa MOMEHTOB BCEX

CHJI OTHOCHUTEIIBHO y3i1a Gepmbl «10» paBHa HYIIO.

EMio = 0. Ra 92— Hy h = 0, Hy=Ra 2= = 2227 9n

I.Tpnx =92 Hi=—=-9n=394n.

2.Ilpu x =16a H; =0.

3.Mpux =L =26a Hi=——"-9n = ——-9n = —5,63n.

[To »TMM TaHHBIM CTPOMM TIPABYIO YACTh JUHUH BIHSHHUS, a JEBYIO IPSIMYIO
IPOBONM, COEJIMHSS HYJIEBYIO OpJMHATY TIOJ OTIOPOM «A» U OpAMHATY MO/ y3JI0M
dbepMsI «10».

VYceunus B crepikHe Hi onpesesnisieM 1o BelenpuBeAeHHbIM hopmyiam (2.16)
—(2.18), HO ¢ y4€TOM TOTr0, UTO HUKHHX M05CA JIBA:

Hip = Pi(hm + hy); =H1ip = P2 (h2 + h3), (2.19)
Hig = 0,54 (01 —®2). (2.20)
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JIuHus BIUAHUSA YCHIMA B cTep:kHe H-
YpaBHEHUE A1 HIOCTPOEHUS JINHUY BIUSHUS CTEPKHS H TIO-
JY4YUM U3 paCCMOTPEHHSI PABHOBECHS KOHCOJIBHOM YaCTH CTPEJIBI OT-
HOCHUTEJIBHO y371a GepMbl «18», re nepecekaroTcs yCUIns CTepaKHEN

BEPXHETO MOsICa U packoca — B u P
EMig=0. P-9a + Hy - h =0. H2=- h9-=-n.

CTep:KHU HUKHETO T0sica B KOHCOJIBHOM YacTH CTPelibl pad0TalOT TOJIBKO Ha
coKaTHve. Y CHIIMS B HUX OT BHEIIHUX HArpy30K ONpeessieM aHAIOTMYHBIM 00pa3oM,
KaK ¥ BBILLIE:

—Hop= P> (h2 + h3), —Hzg = 0,5qB-oa.

JInHuA BIMSIHUS YCUJIMS B CTep:KHe P
[Ipy mocTpoeHUM JIMHUM BIMSHHUS B PACKOCaX BOCIOJB3YEMCS MEPBBIM
ypaBHeHueM ctatuku XY = 0. B aToMm ciiydyae B ypaBHEHUE paBHOBECHUS HE OyIyT
BXOJUTh YCUJIHMSL B CTEPXKHSIX BEPXHETO0 M HIKHEro IMosAcoB. PaccMmoTpum
paBHOBecuHe JieBor yacTu pepMbl. P =1 OyaeT HaXOAUThCS Ha MPAaBOM YacTH (pepMBI.

XY =0. Rp + Pq -cosa =0,

1 l—x
== k=-

cosa 1y 16a

P,=- Ra- l6a-x

1

cosa’

Yroin HakJIoHA packoca a 6y;[eT PpaBECH:
0,5'a
a=arcth.

1. ITpu x = 9a — xoHel pacceu€HHON MmaHean GepMbI

P =222 = T .k = —0,44k
16a 16
2.Mlpux=0P; =0.
3. Mpux=L=26a Py =222 =29k = 0,63k
16a 16

ITo 3TMM JaHHBIM CTPOUM IIPABYIO YaCTh JIMHUU BIIUSHUS.
PaccmoTtpum paBHOBecue nmpaBoi yactu pepmbl ipu P = 1, Haxoxsiencst Ha
JIEBOY YacCTH.
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2Y =0. Rg — P71 -cosa =0,

1
cosa

X X
=Z.k="—k
l 16a

P1:RB'
1.IIpux=0 P, =0.
2. IIpu x = 8a — Havano paccey€HHOM MmaHenu HepMbI
Pi=—r k= 0,5 k.
16a

[Io monydeHHBIM OpAWMHATAM CTPOMM JIEBYIO MPSAMYIO JIMHUU BIHSHUS.
Opmunatel o y3inamu depmbl «9» u «10» coeauHsIeM MEPEXOTHON MPSIMOH,
KOTOpasi JOJDKHA ObITh HAIpaBJIieHa MPUMEPHO MEPHEHIUKYISIPHO packocy (puc.
2.2).

Tak kak B JaHHOM Clly4a€ PacKOC HUCIBITHIBAECT PACTATHMBAIONICE YCHUIIUE
JBAXK]IBl — MPU HAXO0XKJICHUU T'PYy30BOM TEJEKKHU HA JIEBOM U KOHCOJIBHOW YacTu
CTpEJibl, €ro HEOOXOJMMO OMpeAeisaTh Uil ABYX TMOJOXKEHUN Tenexku. B
JadbHEUIINM pacy€T MPUHUMAETCS HauOOJbIIEe €ro 3HauyeHHe Mo aOCOIIOTHOM
BEJINYMHE.

VYecunus B packoce onpenensates no hopmynam (2.19), (2.20) u OyayT paBHBL:
— yeunue pactsokerus Pip = P1(hm + 1) u P1p = P (hy + hg);

— yewiue cxatust —Pip = —P1(hm + hy);

— ycHime OT COOCTBEHHOTO Beca cTpenbl Pig = 0,505 (01 — 2 + m3).

JIlunus Bausinus B packoce P
Yceunus B packoce P; OyayT BO3HHMKATh TOJBKO B CIIy4dae HAXOXKICHUS
NOABWKHOW Harpy3ku P = | Ha KOHCOJIBHOM yactu cTpenbl. M3 ycioBus eé
paBHOBECHS HAMAEM

XY =0.P + P, -cosa =0.

1

cosa

= —k.

P)=-

JIunus BnusiHUA OyAeT MPEACTaBIsATh COOOM MPSMOYTOJIBHUK W Ha JJIMHE
OJHOM TMaHeIW — TPEYroJIbHUK C OpAWHATO#, paBHO#M K. Packoc Bcerma Oyner
paboTath TOJILKO Ha cxartue (puc. 2.2). MakcumanbHble yCHIIUS B HEM OyayT

PaBHBI:
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—Pop=—-2-P5 - k, —Pzg = _O,ng ‘.

JInHusa BJIusHUA B cTolike C
Croiika B JIaHHOM COCIUHHUTEIBHOM pemIETKe TMpeACTaBiIsieT coboi
OJIMHOYHBIN CTEP)KEHB, PAOOTAIOIINIA TOIHKO HA MECTHYIO HArpy3Ky, TO €CTh KOTJa
MOIBWXKHAS Harpy3ka P = 1 OyneT HaXOauThCS B Tpe/ieaxX ABYX COCETHUX MaHelIeh
dbepMmel. [lpu «e3ne» 1Mo HIKHEMY MOSCY CTpeNbl OHAa OyAeT paboTaTh TOJBKO Ha
pacTspkeHue. MakcumanbHoe ycuine B croiike Oyaer paBHo C = 1. Ilpwm

HaXO0XICHHNHN HOI[BH)KHOﬁ Harpy3KHu 3a IIpcacjiaMu IBYX CMCIKHBIX MaHejaeu YCUIIUC

B CTOMKe OyJieT paBHO Hy:IO (pHc. 2.2).

3. Pacuyer HArpy30Kk B ropu30OHTAJIBbHON MJIOCKOCTH

Harpy3ku B rOpu30HTaIbHOM MJIOCKOCTHA BO3HUKAIOT BCIIEJCTBUE BETPOBOTO

JTaBJICHUS ¥ CUJI HHEPLIMU CTPEBI C TPY30M BO BPEMSI pa3roHa WK TOPMOKEHHUS PH
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IMOBOPOTEC KpaHa. PacuetHas cxema CTpCJibl B FOpHSOHTaHLHOfI IINTIOCKOCTH H
ﬂCﬁCTBYIOHIHC Ha Hee Harpy3kKku, a TaKXC 3IIIOPbI PI3FI/I68,IOHII/IX MOMCHTOB

puBEAEHBI Ha puc. 3.1.
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Pucynok 3.1 - Cxema Harpy30K Ha CTpENy W SMIOPBI M3THOAIOIINX MOMEHTOB

B TOPU30HTAJIBHOU IIOCKOCTH

3.1. PacuéT BeTpOBBIX HATPY30K

BeTpoBbie Harpy3ku onpenesnstoT Ha OCHOBaAaHWM HOPMATHUBHOTO JIaBJICHUS
Betpa o 'OCT 1451-77
W=p-F, (3.1)
rjae F — HaBeTpeHHas TIIOIAIb CTPEIIbI WK TPYy3a, M2; P — CKOPOCTHOM HAop WU
JTMHAMUYECKOE JaBJieHuE BeTpa, [1a.
p=05p-9,

rae p = 1,23 — mioTHOCTH BO3ayXa, KI/M3; 3 — CKOPOCTh BO3/IyXa, M/C.
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CkopocTh BO3/lyXa IPU BETPE HEMOCTOSIHHA U XapaKTEPU3YETCs] TUKOBBIMU
3HAQYEHUSIMH, YTO MPEIONPEAEISIET IMHAMUYHOCTh BETPOBOTO BO3AEHCTBUA. MeTon
pacyera IaBJIeHHs BeTpa Ha 00bEKT OCHOBBIBAETCS HA yUETE€ KWUHETUYECKON SHEPTUU
JBIKYIIETOCS BO3/IyXa (CKOPOCTHOTO HAIopa), KOTOPbIN onpenesnseT HauOobliee
BO3MOYKHO€ JIaBJICHHE B JIBUKYIIEMCS C HEKOTOPOM CKOPOCTBIO BO3-

JYITHOM MOTOKE B TOUKAX, IJIE CKOPOCTh 00paIiaercs B HyJIb.

Tak kak B pas3IWyHBIX reorpaduyeckux MyHKTaX BETEp HEOJWHAKOB, BCS
tepputopusi Poccum pa3zbuta Ha cemb BETPOBBIX PAMOHOB C Pa3IMYHBIMU
NpeAeIbHBIMU CKOPOCTSIMH BO3AyXa Ha BbicoTe 10 10 M Hax ypoBHEM 3€MIIH.
OcHoBHast TepputTopusi ctpanbl oTHocutTcs K I[-III paiioHam, TOpHbBIE paliOHBI U
nobepexns Mopeil — k [IV-V paitonam, ceBepHbIE U CEBEPO-BOCTOUHBIE TOOEPEKBS
—k VI-VII paitonam.

Pacuérnas ynenbHas BETpoBas Harpy3Kka onpeaessercs o popmysie

p=ps-k-c-n, (3.2)
rie K — ko3 uimeHT Bo3pacTaHus CKOPOCTHOTO HAlopa B 3aBUCUMOCTH OT BBICOTBI
HaJl IOBEPXHOCTHIO 3eMJIH; C — a’dpPOJIMHAMUYECCKUN KOA(DPUIIUEHT, YUUTHIBAIOITUN
xapakTep o0TeKaHusi 00bEKTa BO3AYIIHBIM MTOTOKOM; py — HOPMATUBHOE JIaBJICHUE
BETpa JJIsl JAHHOTO pailoHa.

Koadduiment neperpysku N ajisi BETPOBBIX HArpy30K pabouero COCTOSIHUS
KpaHOB IPUHUMAETCS paBHBIM 1, 11 Hepabouero — 1,1,

Tabmuua 3.1 - 3HadeHus: BBICOTHOTO KodpdurmenTa K

BricoTa Ham ypoBHEM 3eMIIH, M 10 20 40 60 | 100
3nauenue K 1 1,25 | 1,55 |1,75] 21

[IpumepHble 3HAYEHUS a’pOJUMHAMUYECKOro KoddduimeHnta ¢ s
peIIeTYAThIX KOHCTPYKIIUM:
u3 Tpy6 0,8-1,2
u3 yroikos 15-19

HopMaTtuBHOE muHAMUYECKOE TaBJIEHHE BETPa « pB » Ha BeIcoTe 10 10 M Hax

MTOBEPXHOCTBIO 3€MJIM JIJI1 BCEX TUIIOB KPAaHOB MPUHUMAIOT paBHbIM 125 Ila, a npu
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ycTaHOBKe KpaHoB B moprax — 250 Ila. Jlnsa Hepabouero cocrosiHusi KpaHa
CKOPOCTHOH Hamop BeTpa NPUHHUMAETCS B 3aBUCHUMOCTH OT paiioHa YCTaHOBKH
kpana. Jliia I-111 BerpoBsix paiionoB 270—450 Ila.

HageTpenHas miomaas cTpelibl onpeaensercs no Gopmyie

F=Fc ¢, (3.3)

rae Fy — muomans crpensl mo ee KOHTYPY, M2, ¢ — KO>()(QHIMEHT 3aIIOIHEHUS,
paBubiii 0,2-0,4 mns dbepm u3 Tpy6, 0,2-0,6 mist dbepM HU3 TPSIMOYTOJBHBIX
npodueil.

JIJist KOHCTPYKIMIM U3 TpyO pacueTHasi HaBETPEHHas IUIONIA/b MOXKET OBbITh
yMEHBIIIEHA YMHOKEHHUEM Ha MONpaBOYHbIN ko3P duriuent 0,75.

HJ'IOH_[aI[B rpy3a onpcacirsieTCs B 3aBUCUMOCTH OT I'PY30IIOAbEMHOCTH KpaHa

o gopmyiie
Fqe=3,20Q (3.4)
WM TI0 CIICTYIONUM JTaHHBIM:
Macca rpysa, T 3,2 5 10 16 20 25
[nomans rpysa, M2 56 71 10 14 16 18

BetpoByto Harpy3ky Ha rpy3 HEOOXOAMMO OMpeAensiTh ia Tpy3a Qo
PAaCIIOJIOKEHHOTO B KPAWMHEM TOJIOKEHUU HA KOHIIE CTPEIIbI, TAK KaK B 3TOM CJIy4ae
paanyc e€ mnpuiokeHus OyJeT HaumOOJBIINM, a CJIEeI0BAaTEeIbHO, M MOMEHTHI

U3TUOAFOIIIHE.

3.2. PacuéTr HHepUMOHHBIX HATPY30K
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NuepuyoHHble Harpy3ku, ACHCTBYIOIIME HA CTpeENy, BOSHUKAIOT BO BpeMs
pas3roHa WK TOPMOKEHHS €€ TIPU TOBOPOTE C Ipy3oM. BenuunHa ux OyAeT 3aBUCETh
OT YIJIOBOTO YCKOPEHHM S, BPAIIAEMBIX MACC U PAJUyCOB OBOPOTA.

KacarenpHas cuina WHEpHMU OT MACChl CTpPENbl SIBISAETCS PaBHOMEPHO
pacnpeieieHHOM Harpy3KoM MO €€ JJIMHE C MEHbIIECH WHTEHCHUBHOCTBIO y €€
OCHOBaHMsSI W Ooibmield B TojoBe cTpenbl. OpgHako €€ MOXHO 3aMCHHTH
ASKBUBAJIEHTHOM COCPEIOTOUYCHHOM PABHOICUCTBYIOIIEN CUIION MHEPIINHU, BEJTUYNHA

KOTOpO# onpexensiercs mo Gopmyire, kH

Pm:@- (X, 0,5+ L), (3.5)
a TO4YKa €€ IPUJIOKCHUS PaBHA:
_1, [3Xn+2L
Ic_s [ 2Xp+L ]’ (3.6)

rae m. = G¢/g — macca crpensl, T; G — Bec crpensl, KH; g = 9,81 m/c? — yckopeHue
cBOOOHOrO mazeHus; L — niouHa ctpensl, M; X, — pacCTOSIHME OT OCH BpaIlECHUs
KpaHa JI0 OCH IATHI cTpeibl, M; @ = (-n)/30 — yrioBas ckopocTh, ¢! (paauan B
CEKyHAY); N — 4yacToTa BpalleHUsl HOBOPOTHOW YacTH, 00/MuH; tg — BpeMs pa3roHa
IIOBOPOTHOMW YacTH KpaHa, C.

Bpemsi pasrona (TopMokeHHUs) OmNpelensieTcs W3 pacuera MeXaHU3Ma
noBopoTa kpaHa. HopmatuBHoe ero 3Hauenue cocranisieT 5—10 c.

B cinyuyae nmpuBeneHus KacaTeabHOW CHIJIBI MHEPLUMHU K TOJIOBE CTPEJbI €€

BEJIMUMHA ompeensercs no Gpopmyre

Puc=

(3.7)

Mew [X,%+Xn-L+L2]
3t Xp+L '

a MOMEHT M3rubaromii OoT He€ B OTOM cCllydyae ONpeaeisieTcss Kak OT
COCPEIOTOUYECHHOW CUJIBI.
KacarenpHble cuibl MHEpUMM OT MAacChbl Ipy3a, TPY30BOM TEJEXKKU U

KPIOKOBOM 000¥MbI onpeniensitores no ¢popmyne, kH
P, =(Mg+mo+my)- tﬁ (X)), (3.8)

e I — pacCTOSIHUE OT OCH IISATHI CTPEIIbI 10 pr30BOﬁ TCICKKHU Ha CTPCLIIC, mg , Mo,

m, — Macca rpy3a Q2 , KpIoKOBOI 000MMBI U TPY30BOl TEJIEKKH, T.
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HauOonpiive wu3rudaroniyie MOMEHThI B PACUETHBIX CEUYEHMSIX CTPEIIbl
BO3HUKHYT [P HAXOXKIECHUU IPY30BOM TEJIEKKN B KpalHEM TOJIOKEHUH HA CTPEIIE
U TI0TbEME MaKCUMaJIbHOTO Tpy3a Q.

B sTom ciyuae

r=L-a, (3.9)
rae L — qauHa CTpenbl; dr — pacCTOSIHUE OT IIEHTpa IPY30BOM TEJEXKKU MpU €€
KpaiiHEM TOJIOKEHHUH 10 KOHIIA CTPEJIBI.

Harpy3sku, neictByromuye B TOpPU30HTAIBHON TNIOCKOCTH, BOCIPUHUMAKOTCSA
TOJIBKO JIByMS HIDKHUMM TIOSICAMH TOPU3OHTaIbHOM (epMbl. DTO CBS3aHO C

TPEYroJIbHON (HOPMOIA MOMIEPEUHOTO CEUEHUS CTPEIIBI.

3.3. CymMapHble ropu30HTAIbHbIC HATPY3KH

CyMMapHasi paBHOMEpPHO paclpeliesieHHas Harpy3ka B TOPU30HTaJIbHOU

miockocty (puc. 3.1) Oyner paBHa:

Qr=te (3.10)

L

rne W — BeTpoBasi Harpyska Ha cTpeny; P,.— WHEPIMOHHAs Harpy3Ka OT MaccChl
cTpenbl; L — myirHa cTpesb.

MomeHT u3rudaroiuii OT Harpy3ku (- B paCUETHOM CTEpXHE MaHelu OyaeT
paBeH:

Mgx= 0,50, - X2, (3.11)
rae X — paccTostHUE OT TOJIOBBI CTPEINbI 10 KOHIA MaHenu (PepMbl, B CTEPIKHSIX
KOTOPOU OIPEIEIISIIOTCS yCUIIUS.

Jliist cTepykHs HUOKHEro nosica [ (ceuenue 1-1) oHo OyeT paBHO:

Xi=Ili+a-n, (312)
rae |1 — IMHa KOHCOJIBHOM YacTH CTPENbl; @ — JUIMHA MaHed (epMbL; N — YKCIIO
naHeseil GepMbl OT TOYKM KPEIUICHHsI pacuajia J0 KOHIA PAacCEUEHHOW IMaHeNn
(6xnrouasn u eé).

J1is cTepyKHA HUOKHEro nosica H (ceuenue 2-2)

Xz = |1. (313)
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Jliist ocHOBaHus cTpenbl X, = L. (3.14)
[To >TUM HaHHBIM ONPENENSIOTCS M3rHOArONIMe MOMEHTBI JISl Pa3TUYHBIX
CCUCHMH W CTPOMUTCA OIIOpa M3rHOAIONMX MOMEHTOB OT PaBHOMEPHO
pacnpenenEéHHoON Harpy3Ku Jy.
CocpenoTodyeHHasi TOpU30HTANIbHASA HAarpy3Ka Ha cTpeily OyAeT paBHa:
Pr=W: + Py, (3.15)
rae W, — BeTpoBasi Harpy3ka Ha rpy3, kH; P, — uHepimonHnas Harpyska OT Macchl,
KPIOKOBOM 000WMMBI M TPYy30BOi TenexkH, KH.
MowmeHT u3rubdaronuii ot Harpy3ok P Oyner paBeH:
Mpx=P: - X, (3.16)
rae Xp— paccTosHUE OT IEHTpa TSHKECTU TPY30BOM KapeTKH J0 KOHIA MaHeld, B
CTEPKHSIX KOTOPOU OMPENEIISIOTCS YCUIIHSL.
st ceuenus 1-1 oHo OyaeT paBHO
Xn=l—a+a-n. (3.17)
Jlns ceuenus 2-2 oHO OyI€T paBHO
X = |1 — dr. (318)
Jly1st cedeHust y OCHOBAHUS CTPEJIbI
Xo=L—a. (3.19)
[To ompenenéHHBIM MOMEHTAM HM3THOAIONINM ISl TPEX CEYCHUN CTPENbl OT
Harpy3ku P ctpouTtcs smropa u3rudarommx MomMeHToB (puc. 3.1).
VYceunms B CTEpKHIX HUKHUX MOSICOB OT HArpy30K (MOMEHTOB M3THOAIOIINX )

B TOPU30HTAILHOM IIOCKOCTH OYyT paBHBI:

Ho =42, Sy=-2 (3.20)

rie Mg, Mp — wusrubaromme MOMEHTBI OT PABHOMEPHO pACIPEAEICHHOW U
COCPEIOTOYEHHON Harpy3o0kK, ONpeleiEHHbIX s TOW MaHenu (epMbl, yCUIus B
CTeP)KHSX KOTOPOH ONpenessitoTcs; D — mupuHa TOPU3OHTAIBHOW (GepMbI TIO
LEHTPaM MOsCOB.

3HaK «+» B JaHHOM CJIy4a€ O3HA4aeT, YTO CTEPKEHb HMHKHETO IOSICA CTPEJIbI
OyJeT UCHBITHIBATh PACTATUBAIONIEE WM C)KUMAIOIIEE YCUIIME B 3aBUCUMOCTU OT

HaIIpaBJICHUA BpalllCHUA KpaHa.
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4. OmnpeneneHue MaAKCUMAJIBHBIX YCHJIMM B PACYETHBIX CTEPKHAX

CTpeJibl
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MakcumanbHOE yCuiare B pacu€THOM CTepkHE (pepmbl OyJIeT paBHO CymMMe
YCUJIMM OT BCEX HArpy30K: COCMABAAIWUX Om YCUIUL 8 KAHAMAX, COOCMBEHHO20
geca, NOOBUICHBIX, 20PUIOHMATILHBIX.

CyMmupoBaHue MPOU3BOAUTCS TOJIBKO MPHU OJTHOBPEMEHHOM HX JIEUCTBUU, TO
€CTh C YYETOM peKruMa padOThl KpaHa U MOJI0KEHHS TPY30BOM TEIEKKH HA CTpelie
IpU MOABEME MAaKCUMAIBHOTO Tpy3a Ui JAHHOTO BbUIeTa. Takum pexxumom Oynet
ABJISITECA MOABEM TPy3a C OJHOBPEMEHHBIM €r0 MOBOPOTOM B Ty WU APYTYIO
CTOpPOHY.

JInst crepikHel MpoNIETHOM YacTh CTpebl (ceueHue [-1) cyMMapHbIE YCHITHSI
B HMX HEOOXOJMMO ONPENENTh AJI JBYX IOJIO)KEHUN T'Py30BOIl TENEKKU — B
CEepEeIMHE MPOJETHOMW YACTHU CTPEIbl U HAa KOHCOJBHOW B KpPAMHEM IOJOKEHUH.
CoryiacHO IOCTPOEHHBIM JIMHUSAM BIUSHUSA YCWIMH NI 3TOM T'PYIIIBI CTEPKHEM,
OHH UCIBITHIBAIOT OT MOJBMXKHOM HArpy3ku J1e(opMaliio Kak pacTsKEHUs, TaK U
cKatus. A Tak Kak 1oA0Op CEYEHUM DHIIEMEHTOB B 3aBHCHUMOCTH OT BHJA
nedopMaui MPOU3BOIUTCS O-PA3HOMY, TO ATO 3HAUHUT, YTO JUIS KaXKIOTO CTEPIKHS
(dbepMbl HEOOXOIUMO 3HATh MAKCUMAJILHO BO3MOKHBIE YCUIIMS KaK paCTSKEHUs, TaK
U CKaTHsl, KOTOPBIE OH OyJIeT BOCIPUHUMATH MpU paboTe KpaHa.

B crepkHSX KOHCOJIBHOM YacTW CTpeSbl MAaKCUMaJbHbIE YCHIUS OyayT
BO3HMKATh MPU KpAiHEM TOJIOXKEHUH TPYy30BOM TenexxXKu. OHM OyyT UCIIBITHIBATh
TOJIKO OJIMH BUA JedOopMalluu — CKaTHE WIH pacTsHKEHHUE.

OnpeneneHHple ycuiaus B KaXXIOM TPYNIE CTEPKHEW OT BCEX HArpy30kK
y100Hee CBeCTH B TaOJIUILy U MOJCUUTATh CYyMMAapHBIE.

PaccMoTpuM cymMmupoBaHHE YCHWIMA B CTEpXKHSIX (DepMbl OT BHEUIHHX
Harpy3ok. Ilpu 3ToM omnpeaenstomym OyJIEeT SIBISATHCS YCUIIUE, BOZHUKAIOIIEE OT

JTABJICHUS XOJIOBBIX KOJIEC TPY30BOM TENEkKKU P B KaXKIOM CTEpKHE (PepMBI.

Tabnuna 4.1 - CymmapHbIe yCHITHS B paCUETHBIX CTEPIKHSIIX CTPEIIBI

2 Ycunus ot Harpy3o0k, kKH CymmMapubie | My,
é Q. | KaHATOB | COOCTB. | TMOJBIKHBIX | TOPU3OHTAJIb- kH-m
Sp, Su, BC€Ca P HBIX «=» | «+»

4



S, Os «—» | «+» g |P:
B:1 | —Ng1 —Big | Bir | Bip - - —B1 B: -
—Ng2
B, 0 Bzg 0 Bop - - 0 B> -
Hi |-Ng Hig | —Hip | Hip | ¥Hq [ #Hp | -Hy | Hy [ My
H» —0,5Ng1 —Hzg —Hop 0 inz inz -H, 0 M,
“N,
—0,5Ng>
Py 0 P1q —Pwpr | Pop - - —Py Py -
P, 0 | Py | Pe| 0 | - [ p | 0 | -
C 0 Cq 0 Co - - 0 C -

Crep:xeHb BepxHero nosica B
MakcuMallbHOE corcumaroujee yCUiane BOZHUKHET IIPH HaX 0K ACHUHU TPY30BOH
TEJIC)KKH B CEPEAMHE MPOJIETHON YacTU CTPENIBl U OyAET paBHO CyMME YCHUIIUH OT
JIABJICHHS XOJIOBBIX KOJIEC, COOCTBEHHOI'O Beca CTPEIIbl U COCTABIISIONIEH OT YCHUITUS
B pacuaje
-B1 = —(Blp + Blg + NBl)- (41)
MakcuMallbHOE  pacmseueaiouee YCWIHE CTEPKEHb HWCIBITHIBACT IIPU
HaXOXKJICHUU TPY30BOM TEINEKKH Ha KOHIIE cTpeibl. OgHAKO B 3TO K€ BpPEeMsl OH
OyJleT UCTBITHIBATh YCWJIMS OT COOCTBEHHOI'O BECa M COCTABJISIONICH OT pacuana
CTpPEIIBI
Bl :Blp—Blg— NBz. (42)
CoOoTHOIIIEHHE ATUX YCWIMH TI0 aOCOJIOTHOW BEIMYMHE ITOKKET BHUJT

nedopmali — CKaTUE WIKM PaCcCTsSKEHUE OyJIeT UCTIBITHIBATh CTEPKEHD Bi.

Crep:keHb BepxHero nosica B;
CrepxeHb TIpu paboTe KpaHa UCIIBITBIBACT TOJIBKO pacmseusaroujee yCuiaue,
KOTOpO€ OyJET paBHO:
B> = Byp+ Bzg. (43)

CrepxeHb HUKHero nosica H;
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MakcuMabHOe pacmazuéaiowee YCUane CTEPKEHb OyIeT UCIBITEHIBATE IPH
HaXOKIECHUH IPY30BOH TEIEKKU B CEPEAMHE POIETHOM yacTh (pepmbl. OHO OyaeT
paBHO:

H; =H1P+ng— N; —0,5Np; + qu. (44)

MaxkcumanbHOE — corcumaiowee yCUIMe OH OyaeT BOCIPHHMMATh IPH
HAXO0KIEHUM TPY30BOM TENEKKH HA KOHILE CTPEIILI, KOTOPOE OyIET PaBHO:

_Hl = —H1P+ ng — Ng — 0,5N|32 - qu - HPl- (45)

Crep:xeHb HUKHETO nosica H>
CrepxxeHb IIpu paboTe KpaHa OyAeT BOCIPUHHMATh MaKCHUMaJIbHOE
colcumaroujee YCUIIME TOJIBKO TIPH PACIIONOKEHUN TPY30BOM TEIEKKH Ha KOHIIC

ctpenbl. OHO OyIeT paBHO:

—Hy = —(Hop + Hag + Ny + 0,5Ng; + Hyz + Hp). (4.6)

Packoc coequHUTEIBbHON pelIéTKH Py
Oco6eHHOCThIO PabOoTHI packoca B IPOJIETHON YacTH (hepMBbl SBIISETCS TO, YTO
B 3aBUCHMOCTH OT €r0 HAmpaBJICHUS K OCH CTPENbl MPHU MEePEMENIEHUN TPYy30BOU
TEJIC)KKHN OH OYJET UCIBITHIBATh JBAXKIBI AEPOPMALUIO — WA PACMANCEHUS, VITH
corcamus. JIns nanpHeUInX pacu€ToB HEOOXOJUMO OTIPEACTUTH MAKCUMAIILHOE €r0
3HAaYEHHUE MO A0COIOTHOMW BETUYMHE OT MOJIBHIKHON Harpy3KU U3 IBYX BO3MOKHBIX.
MaxkcumanbpHOe pacmseusaroujee ycunie OyJaeT paBHO:
P1:P1p+P1g. (47)
MakcumanbHOe corcumaroujee ycuiane OyaeT paBHO:

—P1=—P1P+Plg. (48)

Packoc coequnuTe1bHOM pemiéTku P
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Packoc oTHOCHTCS! K KOHCOJIBHOM 9acTH CTPEJbl ¥ OYJeT UCTIBITHIBATH TOJIBKO
colcumaroujee yCUINe TIPH paciiooKeHUN TPY30BOH TEIEKKHA Ha KOHCOJIBHON YaCTH
CTpeJibl, KOTOpOE OyJeT paBHO:

—P2 = —~(P2p + Pag). (4.9)

[Ipy u3MeHeHUM ero HampaBieHUs K ocHu cTpenbl Ha ~90° packoc Oyaer

HUCIIBITBIBATh TOJIBKO z[eq)opMaumo PaCTsAKCHHA.

Croiika C
Cymmapuoe ycwiue B cmotike C OyIeT paBHO CyMME YCUIMH OT
COOCTBEHHOI'O Beca CTPEJIbl U JaBJICHUS XOJOBBIX KOJEC IPY30BOM TEIEHKKHU.
C=Cp+ (. (4.10)
[Ipu «e3ne» mo HWKHEMY TOSICY CTPEJbl CTOMKa Oy/ieT paboTaTh TOJIBKO Ha

pacmAdicernue.

5. IloabGop ceyeHuii 3JIeMEHTOB CTPeJIbI
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[Ipu npoexkTHUpOBaHUU CTpPEJbl, KaK YK€ TOBOPUJIOCH paHee, CTPEeMSTCS
IPUMEHUTH HE 00Jiee TPEX-YEThIPEX THUIIOB PA3IMYHBIX IO MMapaMeTpaM CEYEHUM
MPOKATHBIX TIpoduiieli: BEpXHUI M HIDKHUM MOSC, SJIEMEHTHI PEIIETKH.

JUIsT M3rOTOBJIEHHS KPAHOBBIX CTped OOBIYHO MPUMEHSIOT IPOKATHBIA
npoduiIs U3 MaloyriepoaucTeix craie mapku Ct.3 rpynmnsl B (ctamp kmacca
C245), cransl0, ctans 20, a Takke HU3KOJETUPOBAHHBIE CTadu. BuiOop Mapku
CTaJIA ONPEAEISIETCS €€ MEXaHUYECKUMU U TEXHOJOTMYECKUMH XapaKTEPUCTUKAMU,
a TakkKe MUHHUMAJIBHOM TeMIepaTypod »JKCIUTyaTauud Kpana. Jlomyctumas
TeMIIepaTypa dKCILTyaTaluu Majnoyriaepoguctou cramu Cr.3 co-

craBisieT — 40 °C.
5.1. Pacuyér 31eMeHTOB, padoTalOIIUX HA PACTSIKEHUE

[Tonbop cedeHuss pACTSAHYTBIX DSJIEMEHTOB IPOU3BOJIUTCS M3 YCIOBUSA

POYHOCTH. MUHMMaNbHAs IJIOIIAAL CEYEHUS AJIEMEHTA ONpeieNsieTcs 1o popmyiie

Fmin = R (5.1)

r7e S — MaKCUMaIbHOE YCUIINE PACTSHIKEHUS, TPUHUMAEMOE 13 TaOIUIIbI pa3a. 4 A

OJHOTUITHBIX 3JIEMEHTOB; R — mpenenbHOE COMPOTHUBIEHUE CTad Hecyllen

CIIOCOOHOCTH IIPH pacu€re KOHCTPYKLUMA MO METOTY NMPEAENbHBIX cocTOssHM, MI1a;
M — ko3 PUIMEHT yCI0BUHN pabOTHI.

[IpenenbHOE pacyeTHOE CONPOTUBIIEHUE YIJIEPOJAUCTOM CTajlyd HECyLIen
cnoco6noct BCt.3¢n (11c) pasro 210 MIla (21 kH/cM?), 1714 HU3KONIErMPOBaHHOM
10XCHJI, 15XCHJI — 310 MIIa (31 xkH/cMm?) npu melicTBUM OCEBEIX CUIl (CKATHE,
PACTSKEHUE).

[lo mnomyyeHHOMY 3HAYEHHWIO IUIOIIAJA CEUYEHHUS U MPHUHATOTO THUMA
MpoOKaTHOTO Mpoduis MO COPTAMEHTY MOAOMPAIOT €ro pa3mepbl. BriOpanHoe

CEUYEHHE MPOKATHOTO MPO(UIIS MPOBEPSIETCS MO HAMIPSKEHUIO

c==<mR (5.2)
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Ecnu mony4yeHHbpIe HANPSHKEHUS B CTEPIKHE HE OTBEUYAIOT STOMY YCIIOBHIO PU
NIPUHATOM 3HAYCHUH TUIOImaau F BEIOpaHHOTO MPOKAaTHOTO PO, TO BRIOMPAIOT
OoJblliee WM MEHbIIee 3HaueHne F mo copramMeHTy mpokaTHOro MpoguiIst U CHOBA
MIPOM3BOIAT MTPOBEPKY HAIPsDKEHUH. Takylo MpoBEpKY M O00P MIJIOMIAA CCUCHUS
IPOKATHOTO TPOQuUis CleAyeT MPOU3BOAUTH A0 TeX MOp, MOKa HE MoJydar
IIPUEMIIEMOE COOTHOLICHUE HAIIPSKEHUM.

Koaddunment ycnoBuii pabotel npuHumaetcs B npenenax 0,75-1. s
CTEepXKHEM, MOTePsI IPOYHOCTH KOTOPBIX BBHI3BIBACT pa3pylIeHUE BCEl KOHCTPYKIIUH,

—0,8-0,9, u3 oguHouHbIX yrojakoB — 0,75, st packocoB u3 Tpyo—1.

5.2. Pacuér 371eMeHTOB, padOTAIOIINX HA CXKATHE

[TonGop cxaThIX dIEMEHTOB (epM  MPOUZBOAUTCS U3  yCJIOBUS
yemouyugocmu. JIig 3TOro NpeIBapuTeIbHO ONMPEAEIISIIOT MUHUMAJIbHOE 3HAaYEHUE

Iiomaan CCUYCHHUA CKATOI'O 3JICMCHTA I10 Q)OpMYHe

S
m-R'

Fmin Z(p (53)

rae O— KO0d(PQUIMEHT MPOJOJIbHOW YCTOMYMBOCTH WJIM TIOHIKEHUS HeECyIen
CIIOCOOHOCTH CKaTOTO AJIEMEHTA.
KoadduimenT ¢ onpeaensiercs no crenraibHbIM Ta0IUIlaM B 3aBUCUMOCTHU
OT eubxkocmu cmepicusa u mapku cmanu. Bennauna ero menpine 1. [peaBapurensro
ero MokHo npuHATh paBHbIM 0,7-0,8 — ms snemenToB mosicoB u 0,5-0,6 — ms
AJIIEMEHTOB COEAUHUTENbHOU peméTku. Mnm 3amatbesi rTMOKOCTBIO, KOTOpast Obl
Haxoamiack B peaenax 40—60 — nys amemeHToB mosicoB 1 80—120 — i1t a11eMEeHTOB
peIIeTKH, U TI0 TaOIUIe ISl IPUHATON MapKu CTaJId MPEABAPUTEILHO OMPEACIIUTh
KO3 hULIHESHT .
3Has TpedyemMoe 3HAUYCHHE IUIOMIATU, BBIOMPAIOT CEYCHHE MPOKATHOTO
npoduIst IO COPTAMEHTY W MIPOU3BOJAT OMpPeaeiCHUE (PaKTUUSCKUX HAIPSKESHUM.

JI71st 5TOTO CHavaa OnmpenesstoT TMOKOCTh CKATOTO CTEPXKHS 10 popMyie

A=t (5.4)
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rae | — Ko3(pGUUUEeHT TPUBEACHUS JJIMHBI, YUYUTHIBAIOIIUN YCIOBUS 3aKpEIUICHUS
KOHIIOB CTepXHsI; | — reoMeTpuyeckast JUIMHA CTEPHKHSI TI0 OCSIM Y3J10B hepM; Imin—
paJnyC MHEPLUU CEUECHHS, CM.

Panuyc uHepuuu cedeHus Ijisi MPOKATHOrO Mpo@uiis yKa3aH B COPTaMEHTE.

Jlist Tpy© pagnyc WHEPIUU CEYCHUS MOKHO TIPUOIMKEHHO TPUHUMATH PaBHBIM
2
fmin = 2 (D) = 0,354(D - ), (5.5)
rjae Dy u 8 — Hapy KHBIN JuaMeTp U TOJIIUHA CTEHKH TPYOBI.
JIIs  CIOXKHBIX COCTaBHBIX CEUCHHH paJWyC HMHEPIUH ONPEICISIOT 10

dbopmyiie

rmin = i (56)

o
rae | — MOMEHT HHepITUY CEYCHHsI OTHOCUTEIILHO OJTHOM U3 OCel CUMMETPHUH (X WIIH
V), ONIPEeACIIIeMbIi TI0 U3BECTHBIM (pOPMYJIaM Kypca COTPOTUBIICHUS MaTEPHAIIOB,
cm?; F — miomans ceueHus sJeMeHTa, M2,
MoMeHTBI HHEPITUH I TPYO OMPEeIOTCS 110 YPABHEHHIO
L=ly=— (Dfi — D)*,
64

rae Dy, DB — napy>kHbIil 1 BHyTpEHHUN JUAMETPBI TPYOBI.

JIJist cCOCTaBHOTO KOPOOYATOTO 3JIEMEHTA HUKHETO TOsica CTPEIbl (PUCYHOK)

MOMCHTBI MHCPIUU OIIPECACIIATCA 110 YPABHCHUAM

(h— .93 2
|X:2[‘”h %), bd +[ﬁ] -b-5] o
12 12 2

(h—b)-63
12

y=2[22 + +(h=8)- 8- [b, — 81| e, (5.7)
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Pucynok 1.1 - Cxema ceueHuss HUKHETO NOsICa CTPENBI

[Ipu pacuére crepxHel (QepM CUUTAETCS, YTO OHU B y3JaX 3aKpPErICHbI
mapHupHo. Koadduiuuent npuBeneHus IJIMHBL IS CTEPKHEH TMOSCOB CTPEb
MpUHUMAETCs paBHbIM W = 1, aus croek pemerku p = 0,8, mas packocoB B
3aBUCUMOCTH OT OTHOIIICHUSI MOTOHHBIX KECTKOCTEU CTEepKHEMN mosica U packoca —
no tabm. 5.1.

Tabnuua 5.1 - 3nauenus kodpPuiueHTa NPUBEACHUS TITUHBI

3HaueHus [\ ipu OTHOIEHHAX En = lp/Imin

En 80 100 120 140 160 180 200
Kn <2 0,98 0,89 0,83 0,77 0,74 0,72 0,70
Kn>6 0,92 0,84 0,78 0,74 0,70 0,70 0,70

Ipumeuanue. Iy v I'yin — AJIMHA U PAJANYC MHEPLIUHU pacKoca.

Ky=22 (5.8)

Ipa
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r7ie @ — JUIMHA CTepKHA nosica; |y, |, — MUHUManbHbIe MOMEHTBI MHEPIUH CEYSHHA
CTEepHEH IMosica M packoca.

OmnpenenuB K03hGUIMEHT TPOJOILHON yCTOWYMBOCTH B 3aBHUCHUMOCTH OT
rMOKOCTH W Mapku cTaind (Tabi. 5.2), Haxomar (QakTHYECKHUE HANpsHKCHUS B

paccuuThIBAEMOM 3JIeMeHTE 1o ¢opMmysie max S m R,
S
= — <m-R ,
Omax OF = (5.9)

rie S — MakCHUMalbHOE CXKHMMAIOUIee YCWIHME JUIsl PacCUUTHIBAEMOW TpYMIIbI
CTEpKHEM 1o Tabiauue pasz. 4.

Ecin npu QaktuyeckoM ¢ IUIONIaJb CEYEHHsI 3JIEMEHTa TaKoBa, YTO
TpeOyeTcsl mepexo K MpopuiIo ¢ JAPYTUMHU MapaMeTpaMHu, TO pacyeT CleayeT
NOBTOPUTH. [Ipu 3TOM AJ11 pacKOCOB U CTOEK MO YCIOBHUIO MPEAEIbHON TMOKOCTH
OpU CKATUM HE CJEIyeT NPUMEHATh YTOJIKM C IIUPUHON MOJKM MeHee 1/35
(40%x40%4) u TpyOBl AuamerpoM MeHee 1/50 MakCHManbHOM JJIMHBI, a TaKkKe
TOJIIMHON CTEHKH MEHEE 4 MM.

Crep>KHH HUKHETO MOsCa BBIIOJHSIOT JBOMHYIO (DYHKIIMIO: OHM paboOTaroT
Ha pacTsKEHUe-CKaThe KaK CTepKHU (pepM 1 Ha MECTHBIN U3rM0 Kak OanKu Ha ABYX
OMopax MNpU MEpPEeMELIEHUH MO HUM MOJABMKHOM Harpy3ku. IIpu pacuére ux Ha
IPOYHOCTH WJIK YCTOMYUBOCTH 3TO JIOJKHO OBITH YUTEHO.

Tabmuma 5.2 - KoaddumumeHaTsr mpoaobHOTO U3rnda MeHTpaIbHO-CKATHIX

AJIIEMEHTOB
I'ubxocTh Cr.3 IOXCH/J[ | I'mOkocTh Cr.3 IOXCH/
dJIEMEHTA DJIEMEHTA

0 1 1 90 0,69 0,50
10 0,99 0,98 100 0,60 0,43
20 0,97 0,95 110 0,52 0,36
30 0,95 0,92 120 0,45 0,31
40 0,92 0,89 130 0,40 0,27
50 0,89 0,82 140 0,36 0,23
60 0,86 0,77 150 0,32 0,20
70 0,81 0,68 160 0,29 0,18
80 0,75 0,59 170 0,26 0,16
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I[J'Iﬂ CTCp)KHGﬁ HMIKHETO I10s4ACa, MOABCPIKCHHBIX ,Z[CﬁCTBPIIO I/IBFI/I63.IOHI€FO
MOMCHTA OT JaBJICHUA XOJOBBIX KOJIEC pr30BOﬁ TCIICKKHU, IIPOBCPKY YCTOﬁqHBOCTH

IIPOBOJSAT IO YPABHEHUIO

S M,

rae W, — MOMEHT CONpOTUBIIEHHS ceueHus 1odca, cM°; M, — MOMEHT M3rubaromuii,
ONPEAECIEHHBIN BBIIIIE.

B ToMm ciyuae, koryia 35ieMeHT ()epMBbI UCTIBITHIBACT KaK CKMMAIOIIHUE, TaK U
pacTIATUBAIOIINE YCHIIMS, MOJ00p CEYEHHUs IPOU3BOJIAT B 3aBHCUMOCTH OT HX
cooTHoueHus. [Ipu paBeHCTBE yCUIINI CKATHUS U PACTSIKEHUS — U3 YCIIOBUSA CHKATHUS.
Ecou ycunume pactsbkenus B 1,5 u OoJiee pa3 IpeBBIIAET YCUIIUE CXKATUS — U3
YCIIOBHSI PacNsDKEHUS, U MPOBOJAT JIOMOJHUTENIBHYIO MPOBEPKY HAMPSIKEHUUN O

YCUJIMIO CKATHS.
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6. Pacyer u KOHCTpYHpOBaHue y3J10B (pepm

VY37B1 epM CTpeIIbl MPOESKTUPYIOTCS HA OCHOBAHUU U3BECTHBIX KOHCTPYKIIUN
B 3aBHCHUMOCTH OT ()OPMBI ITONIEPEYHBIX CEUYEHUIN COEANHIEMBIX CTEPIKHEH.

CoenuHeHue packoCOB M CTOEK C IOSICAMU OCYUIECTBIISIETCS YTJIOBBIMH
CBapHBIMH IIBaMH, pabOTaOMMUMH Ha nedopmariuio cpesa. Pacuer y3m0B cBoauTCs
B OCHOBHOM K pacyeTy Ha POYHOCTb CBAPHBIX IIBOB, MPUKPETLISIOUIUX CTEPKHU K
nosiCy Win KocblHKE ((paconke). C Lenbi0 YMEHBIIEHHS Beca CTPENIbl CTPEMSTCS HE
OPUMEHATh B y3/1ax KOCBIHKM, HO TIpU 3TOM JIOJDKHO 0O0€cTeynuBaThCs
LEHTPUPOBAHUE OCEH MOSICOB U PACKOCOB COEIMHUTEIBHON PEIETKH.

B ToMm cnywae, Korga MO YCIOBHUIO IPOYHOCTH COEAMHEHHUS y37a H
HEBO3MOXKHOCTH OO€CIeUeHUs] IIEHTPUPOBAHUS OCEH 3JIEMEHTOB IPUMEHEHHE
KOCBIHKH HEOOXOAMMO, TPOU3BOIMUTCS €€ PACUET Ha MPOYHOCTb.

[IpoYHOCTH YIJIOBBIX IMIBOB JJI CTEPKHEW M3 YIOJKOB IPOBEPSETCS IO

HaIIPAKCHUAM CpE3a. MunuMasbHas JJIMHA HIBa OIIPCACIIACTCA 110 q)OpMYJIe

S.
Imin:ﬁ-A—Z'\’CB (6.1)

rne S, — ycunue B crepxHe, KH; R. — mpeaenbHoe compoTHuBieHHE AJis
HaIUIaBJICHHOTO Martepuaina mBa, Mlla; A — kaTeT uid TOJIIMHA 1IBa, CM; B —
MOTPAaBOYHBIN KOA(DPUIIMEHT, YUUTHIBAIOMIUNA CIOCOO cBapku, paBHbIi 0,7 — mis
py4HOU cBapku, 0,85 — 17151 OTHONIPOXOIHOM NTOJTyaBTOMaTHYECKON CBapKu, 1 — i
aBTOMAaTHYECKOIA.

PacyeTHOE CONMPOTHUBIICHUE YTJIOBOIO IIBA HAa Cpe3 JJIsi KOHCTPYKIUN W3
craneii BCt 3 — 130 MIla, 09I"2C, 10I'2CI — 170 MIla, 10XCH/I, 15XHC/, — 200
MI]Ia.

Karer mBa 00OBIYHO Ha3HAYaETCSd PABHBIM TOJIIIUHE TOJKWA YTOJIKA WIU
CTEHKH TPyObI, HO He MeHee 4 MM. DaKkTUYeCcKasl IJIMHA 1IBa JOJKHA ObITh OOJIbIIIE
He MeHee deM Ha | cM pacuetHoil. Ho 0OBIYHO CTpemsTCS K TOMY, 4YTOOBI

HaIpsHKCHUS B CBAPHOM IIIBC OBLIIM 3HAYHUTEIILHO HIKE MpCACIbHbBIX. HOBTOMy Ipu
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pacuere COEIMHEHUs CHaYajga Ha3HAYaroT KaTeT IIBa, ONPEACIAIOT MUHUMAJIbHYIO
€ro JIJIMHY, a 3aT€M Ha3HA4YalT KOHCTPYKTUBHO.

VYTOoJIKH pEelIeTKH MPUBAPUBAIOTCS K TIOSICY IBYMsI (paHroBbIME miBamH |q 1 |y,
CyMMapHas JUIMHa KOTOPBIX JI0JDKHA ObITh paBHa |, (puc. 6.1). J[nuny kaxmoro mmBa

HaxXoAAT U3 HpOHOpHHOHaHBHOﬁ 3aBUCHUMOCTH €T0 PpACCTOAHNA OT OCH YIr'OJIKa

lh=lo 2 (6.2)

Pucynok 6.1 - Cxema K Onpeae/IEeHHIO JJIMHBI CBAPHBIX IIIBOB IPU COCAMHEHUH
YTOJIKOB PEIIETKHU C ITOSICOM
dakTHUeCKKEe HAIPSHKEHUS B CBAPHOM IIIBE OMPEAESIOT 0 (hopmyIie
Sp

S
T(;:F = ﬁ_zl <m- RCB, (63)

rae F — cymmapras miomans cpesa msa, cM%; | — KOHCTpYKTHBHAS JIMHA IIBa; M —
KO3 PULIMEHT yCI0BHIl pabOTHI.

Pacuer coeaunenuii n3 TpyOuaTOoro mpoQuis TakKe BEIETCS U3 YCIOBHUSA
cpe3a, 0JIHAKO MPHU 3TOM CJIEAYyET UMETh B BUJTY, UTO TP MIPUBAPKE HEOOKATHIX TPYO
c (uUrypHOW pa3Ienkol KPOMOK TaKOW pacueT SBISETCS YCIOBHBIM, TaK Kak
OTJEJIbHBIE YYACTKH TAKOTO COEIUHEHMs MPUOIMKAIOTCS K CTHIKOBBIM. B Takux
COCMHEHUAX, KaK MpPaBWIO, CBapHbIE IMIBbl pACIOJATAKOTCS CHUMMETPUYHO
OTHOCHUTEJIBHO OCH LIEHTpa TSKECTH CedyeHus. Eciam OHM He pacnosararorcs
CUMMETPUYHO, TO PEKOMEHYETCSI IPOBEPATH OTAEIIBHO LIBBI, JICXKAIINE 110 pa3HbIE
CTOPOHBI OT OCHU LIEHTpa TSDHKECTU CTEP)KHA, NPUHUMAs, YTO KaXKIBIA U3 HUX

BOCIIPUHUMACT ITOJIOBUHY YCHIIVA.
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JlliHa 3aMKHYTOTO IIBa NpH MpUBApKe HEOOXKATBIX TpyO C (PUTrypHO

obOpe3koit k Tpy6am (puc. 6.2, a) onpeaensercs 1o hopmye
ICB:% med-ky - E (1—cosa) + \/coseca], (6.4)

rie Ki— ko3 duiiueHT, npuHUMAaeMBbIi B 3aBUCUMOCTH 0T oTHOMIeHusI d/D 1o Tad.
6.1.

jLLL::_/___w_ +p- < — 4

| |

G

Pucynok 6.2 - Cxembl CBapHBIX COSAMHEHUN MEX Iy TPyOUaThIMU pacKocaMu
U TIOsiCaMu

JlnuHy 1mBa HEOOKaThIX TPyO pPEIIETKH MOKHO TakKKe OMPENeNUuTh II0

cnenymlei hopmyiie:

|, = a+ b+ 3va? + b2, (6.5)
rae
_a_ vy
2-sind’ 3 2_[%]2'
Tabmuna 6.1 - 3navenus kodppuimenra K,
d/D K d/D K d/D K,
0,2 1 0,7 1,03 0,85 1,06
0,5 1,01 0,75 1,04 0,9 1,08
0,6 1,02 0,8 1,05 0,95 1,12
1,0 1,22

[Tpu 06kaTX KOHIIOB TPYyOUATHIX 3JIEMEHTOB PEIIETKH B OCEBOM IMJIOCKOCTH
nosica (puc. 6.2, 0), inuHa mBa OyIeT paBHa:
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lep=—— (6.6)

sina’

[Ipu oOXxaTuu KOHIIOB TPyOUAThIX 3JIEMEHTOB PEUIETKU B IUIOCKOCTH,
NEPHEHANKYJIIPHOH K IIIOCKOCTH COSAMHSIEMBIX CTEpXKHEH (puc. 6.2, ), IJIMHA 111Ba

OyJzieT paBHa:

41,35 6.7)

[Tpu npyrux cxemax coenmuHeHHs TPyO — 10 (haKTHIeCKUM TaHHBIM (puc. 6.3).
HawnOonbmiass BhICOTA YIVIOBOTO IIBAa B 3aBUCUMOCTH OT TOJIIIUHBI
COEIUHSICMBIX DJIEMEHTOB MOKET ObITh IIpuHsATa hyy =1,28, rie 6 — HauMeHbIIas U3

TOJIIIWH CBAPUBACMBIX 3JICMCHTOB.

Pucynox 6.3 - Y3510Bble coeTMHEHHS TPYOUATHIX PENIETUYATHIX KOHCTPYKITUH

Haubonpimumii kateT yrioBbIX IIBOB Yy Iepa YroJIKOB CIeAyeT NMPUHUMATh
COTJIACHO COOTHOIICHUSM, TPUBEICHHBIM B Ta0I. 6.2.

Tabnuma 6.2 - KaTeT cBapHBIX YTJIOBBIX IITBOB

KareT mBa, MM

TomnmuHa Moaku,

Karet mBa, MM

TomnmuHa 1oJIKu,

CTEHKH, MM CTE€HKH, MM
4 4 8 10
4 6 10 12
6 8 12 14

KareT mBa CJIeayeT IPpUMHUMATh HAMMCHBIIINUM M3 BCCX BO3MOJKXHBIX, TaK KaK

C YMCHBIICHUCM BBICOTHI IIBA YMCHBIIAIOTCA CBAPOYHBIC OCTATOYHBLIC HAIIPSKCHUA
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u nepopmanuu. B cekuum cTpensl jKenaTtenabHO UMETh He Ooisiee 2—3 pa3iauyuHbIX
BBICOT.

Haumenspmiast pacueTHas JJIMHA IIBa JOJDKHA ObITh Oosbine 10A, wiu He
menee 40 mm. Hanbonbimas pacuétHas aiuHa ¢GhJaHroBOTo mBa — He Oosee 60A.
Pacuérnas mymna yrinoBoro msa npuHuMaercs Ha 10 Mm MeHbIIe KOHCTPYKTUBHOU
JUIMHBI, TO €CTh JJIMHBI, YKa3aHHOW Ha 4epTexe. I1o BO3MOXKHOCTH, cleayer
CTPEMUTHCS K TOMY, YTOOBI paCCTOSIHUE MEXAY COCETHUMHU IIBAMU OBLJIO HE MEHEE

20 mm. Crienyet u30eratb TakKe MepeceyeHmil BOB.

7. Pacuer 3J1IeMEHTOB CTBHIKOB CEeKIIMIi

Crtpena kpana pa30uBaeTcss Ha OTHEIbHBIE CEKIIMM B MeECTaxX, TJe, IO
BO3MOYKHOCTH, JICUCTBYIOT HAMMEHBIITNE U3THOAIONNE MOMEHTHI B BEPTUKAIBHON
mI0CKOCTH. OHA COCTOHUT W3 KOPEHHOW, T'OJIOBHOW M IPOMEKYTOUHBIX CEKLIHM.
KoHCTpyKIusi CTBIKOB CEKIIMH CTpesl J0JDKHA OOecrneduBaTh PaBHOIMPOYHOCTH
CTBIKA TIO OTHOIIECHHWIO K COCIWHSACMBIM CTEpKHsIM. [l mpemoTBpamieHus
HEPABHOMEPHOTO HATrPyXCHHUS COCAMHUTENBHBIX DJEMEHTOB IEIeco00pa3Ho
pacrnoyiaraTh UX CHMMETPUYHO OCH IIEHTpa TSIKECTH COSAUHSIEMBIX CTep)KHeh. B
COBPEMCHHBIX KOHCTPYKIHMSIX CTpEeNT TPUMEHSIOT B OCHOBHOM JBa BHIA
OBICTPOMOHTHPYEMBIX CTBIKOBBIX COCJIMHEHUM: (hIaHIIeBOE COCIMHEHUE Ha O0Tax

Y COCIMHEHMSI Ha TaJbIlax (pUCYHOK 7.1).
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PI/ICYHOK 7.1 - Pa3neMHBIE CTHIKH ITOSICOB CTPCJIbI:

a, 6 — (praHuEeBbIC; 6 — MAPHUPHBIE

[lnomane moOMEpeyHOro ceueHus OJHOro Oonta (IAHIEBOTO CTHIKA,
Mepearollero TOJBKO HOpMalibHble ycuiaus (0e3 MOJBWKHOW Harpysku), M3

YCIOBHA PABHOIIPOYHOCTH OIIPCACIIACTCA 110 YPABHCHHIO

Fe=Fc —— (7.1)

Z'Rg
rjae F¢ — mmomnaar nonepeyHoro CEUeHMs: CThIKYEMOT0 CTEPIKHSI; Z — YUCIIO OOJITOB;
R — mpenenbHOe COMPOTUBIEHHWE MaTepuaiga CTBIKYEeMOTro CTepxHS; Rs —
npeeabHOE COMPOTUBIICHUE MaTepuaia 00JTa Ha pacTsHKEHUE.

B xauecTBe Matepuana 115t U3ArOTOBIIEHUS O0JITOB MPUMEHSIIOT YTIIEPOIUCTHIC
ctanu BCt3 ¢ pacuetHbiM conpoTuBiienneM Rg= 165 Mlla (16,5 kH/cm2); BCt.4,
BCt5 ¢ Rg= 185 MIla u nuzkoneruposannbie 1412, 16I'C, 15XCH/ u ap. ¢ Rs =
225 Mlla, a Taxxe JEerupOBaHHBIE TEPMHUUECKH 00pabOTaHHBIC CTalu, HAPUMED,

40X, 40XH.
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B IMapHUPHBIX CTBIKOBBLIX COCAMHCHHUAX HaA IaJblax, BOCIIPUHHUMAIOIIUX U
IMOABMIKHYIO HAIpy3Ky, AHAMCTPp IIajbllda HW3 YCJIOBHA €TI0 PABHOIIPOYHOCTHU

NpeBapUTENILHO oNpeaesseTcs no GopmyIe

d=2,8: 4/FC =l (7.2)

rac | — pacCTodaHne MCXKAy CpCAHHUMU INIIOCKOCTAMM IIPOYIINH, RH — OpCaACIbHOC
COIIPOTHUBJIICHUC MAaTCpHalia HA U3rHo0.

[IpuHATHIN nuaMeTp majiblia CIeAyeT MPOBEPUTH HA PAaBHOMPOUYHOCTH IO

dbopmyie

o] 432 <2 73)

HpO‘-IHOCTB IIPOYHINH IIPOBCPACTCA C HCIIOJIB30BAHUCM @OpMYHBI Jlame

F [r+§]2+d2 <Rnp
2:d-S [r+§]2—d2 —R

(7.4)

rae F — mromanb cedeHus manpia; S — TONIIMHA TPOYIIMHBL, I — HAPYKHBIN pagnyc
IpOYLINHBL;, Ry, — IpeeIbHOE COIPOTUBIICHUE MaTepHalia MPOYLINHBI.

Ota (hopmyIia UCIONB3YETCs TPH MOCATIKAX, 3a30P B KOTOPHIX HE MPEBHIIIACT
noist pomycka mocanku H./dy B cucteme ISA, pekomeHmyemo# aisi OZOOHBIX
COCIUHCHUM.

CTbhIKM  TOSICOB-PEJILCOB ~ KOpOOYAaTOro  CEUEHUs] CO  BCTABHBIMU
CTBIKOBOYHBIMH 3JIEMEHTAMH I10 TOpIIAM BBITIOJTHSIIOTCS HAa BBICOKOIIPOYHBIX
0oJITax, yCUJINE 3aTSHKKH KOTOPBIX JIOJDKHO OBITh TaKMM, YTOOBI CHJIa TPEHUS IO
MJIOCKOCTSIM COSAMHEHUS DJIEMEHTOB HE ObllIa MEHBIIIE CABUTAIOIINX YCHINN, TIPU
ATOM HEOOXOJHMMO YYECTh TAK)K€ OTPBIBAIOIIECE YCHIIME Ha OOJTHI, BBI3BIBAEMOC
JIENCTBMEM MOMEHTA M3rH0AaroIIEro B MECTE CTHIKA.

JI7ist CTHIKOB (hJIaHIIEBOTO THUTIA TTPEABAPUTEILHO KOHCTPYKTUBHO HA3HAYAIOT
KOJIMYECTBO OOJTOB M WX PACHOJOXEHHE OTHOCUTEIHHO IIEHTPA CTBIKYEMBIX

MOSICOB, a 3aTeM ONpENEeNsAoT TpeOyeMyld MUHHMMAJIbHYIO IUIONIaJb OOJTa IO

dbopmyie
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1 | M
0,65:05 | «af
1

o> + g + -2 (7.5)

5 fzky

a

rae M, N, Q — cooTBeTCTBEHHO MOMEHT M3ru0arouii, HOpMaJIbHOE U MOMEPEYHOE
yCUJIME€ B TIOSICE B MECTE CTHIKA; @ — PACCTOSHHE OT TOPU3OHTAILHOW OCH
MOTIEPEYHOT0 CEUYCHUSI CThIKA 0 OCH 00JITa; 81 — PACCTOSTHUE OT TOPU30HTAIBHOU
OCH TOIEPEYHOr0 CEYCHHS CThIKA 10 OCH Hanboiee yaaneHHoro oonra; f=0,25 —
KO3 GUITUEHT TPEHUS 17151 He0OpaOOTaHHBIX TOBEPXHOCTEH; Z — YHCIIO OOJITOB
B cthike; Ky, = 0,9 — koaddumment ycnoBuit paboOTB; Gz — BpPEMEHHOE
COMPOTHUBJICHUE Pa3phIBy MaTepHaia BEHICOKOTIPOYHOTO 00JITa TIOCIE TEPMUYECKON
o0pabotku, npunumaemoe paBHbiM 800 MIla mis cranu 35; 1100 MlIla nnst cramu
40X u 1350 MIla gag ctanu 40XDPA n 30XI°C.

[Ipu coBmajeHUM IEHTpa CThIKA C IEHTPOM Yy3i1a OOJITOBOTO COCITMHCHHSI
MOKHO TPHUOJMKEHHO MPUHATH MOMEHT M paBHBIM HYJIIO, a TOMEPEYHYIO CHITY

PABHOU YCUJIMIO TABJIEHUS KOJIECA TPY30BOM TEIEKKH.
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8. HaHneceHme pa3MepoB U JIOIMYCKH HA pa3Mepbl

Hanecenune pa3MepoB cielyeT MPOU3BOIUTH IO ONPEAEIEHHOMY OOpasLy.
ITpu »TOM cienyer UMeTh B BUAY, UTO 00SA3aTENIbHO YKa3bIBAEMBIMH pa3MepaMu
ABJISIIOTCS. HA OCHOBHBIX BHMJIAX PACCTOSHUE MEXKIY TOUYKAMHU IEPECEUECHUS OCEr
CTepHeW M rabapUTHBIE pa3Mephl, a TaKKE BCE pa3Mepbl, HEOOXOAUMBIE IS
COOPKH U CBAPKU CEKLIUU CTPEJIbl U3 3arOTOBOK, YKa3aHHBIX B CIIELU(PUKAIIH.

Ha pgononaHuTenbHBIX BUAAX 00A3aTENBHO MPUBOAATCS PACCTOSHUS MEKIY
KPOMKaMHU CTEPIKHEN PELIETKU U OChIO, MPOXOMAIIEH Yyepe3 LEHTp y3ia, U Apyrue
pasmepnl. B kadecTBe CIIpaBOYHBIX pPasMEpPOB MOIYT IPUBOJUTHLCSA PACCTOSHUSA
MEXIY OCSAMH MOSICOB (OHM JTalOTCSl HA F€OMETPUYECKOM cxeme (pepM CTperbl),
pacCTOAHMUA OT KPOMOK CTEP KHS 0 LICHTPA y3J1a U IPyTUe pa3Mephl.

JlonycKky Ha TMHENHBIE Pa3MEPBI CIIEyET IPUHUMATh COIIACHO 14 KBamuTeTy
cucteMsl [SA, Hcnosnp3yst BEIpaKeHUE

A=0,4(0,453 L +0,001L), (8.1)
rae L — HomMuHanbHBINA TUHEHHBIN pa3Mep, MM.

OTKJIOHEHUS, B MM, pa3MEpOB [OJLKHBI HPUBOAUTHCA NPH IMOCTAHOBKE

. H
pa3MepoB. [IIapHUpHBIE COETMHEHUS BBITTOTHSAIOTCS C MOCAAKON f, MOJIsL IOy CKa
9

KOTOPOM npuBeeHBI B Ta0I. 8.1,

Ta6muma 8.1 - ITonst mormycKoB mocaaku

O6o3HaueHune OTKJIOHEHMS 1JIsI HOMUHAIBHBIX pa3MEpPOB, MM
o 10-18 | 19-30 | 31-50 | 51-80 | 81-120 | 121-160
JOTyCKa
Hi +0,110 | +0,130 | +0,160 | +0,190 | +0,220 | +0,250
0 0 0 0 0 0
ds 0,050 | -0,065 | -0,080 | -0,100 | -0,120 | -0,145
0093 | 0117 | -0142 | -0,174 | -0,207 | -0,245

JlommycTuMbie OTKIIOHEHUSI (POPMBI CEKITMU M €€ IIIEMEHTOB OMPEEISIOTCS

cormacHo ['OCT 13556-85 «Kpansl OarneHHbIE CTpOUTENbHBIC. TeXHUUECKHE
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TpC6OBaHI/IH». Bennunnbl AOITYCTUMBIX

OTKJIOHEHUH (POPMBI CEKIMU CTPEIbI

MPUMEHUTENBHO K YKa3aHHOMY CTaHJIapTy MpUBEJEHBI B Ta0M. 8.2.

Tabnuma 8.2 - [IpenenbHble 3HaAUCHUS K 0003HAYEHUS OTKIOHEHHUH (hOpPMBI Ha

YCPTCIKE

BI/II[ OTKJIOHCHUA U IIPCACIIBHO
AO0ITYCTHMAs BCIMYINHA

VYcnoBHOe 0003HaUCHHE

HCHepl'IeHI[I/IKYJBIpHOCTB OCH CCKIIMH

CTPCJIbI K INIOCKOCTHU CTBhIKA

Al = L/50(

HenpsMonmHeENnHOCTh OCU CEKLIMU
CTpPEJIBI

CTOUKH
WJIA packKoca

ﬂ/ \\ / |‘I| ’. | “.\
l k 7/ /,f |

; —\ N
/ / |
[

/ I

/

— 40
I ,"‘j \ / \ '/| ﬂ
‘ f{_‘. \ \ ;a‘ \\ ) / ‘ i \
j*f:“%?ijx:ﬂﬁ__ — -
/ \N |/ \ / J ]
/ \|/ \ /
|/ \/ |
— — AM=M/500
HenpsimonuneitHocth  ocu  mosica, | L{enecooOpa3Ho 3aMeHUTh 3aMHUChiO

B TEXHUYECKUX TPEOOBAHUAX C yKa3a-
HHEM BH/JIa OTKJIOHCHH, TUIIOB
CTEP>KHEW M COOTBETCTBYIOIIHUX MpPE-
JIEJIbHBIX 3HAYCHUN OTKJIOHEHUM B MM
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O06o3HaueHue nepreHIuKyIsipHocTH Tpou3Boautces cornacHo 'OCT 2.308—
79. I1lpuMephl YCIOBHBIX 0003HAYCHU OTKJIOHEHUM MPHUBEIEHBI B Ta0. 8.2.

JlonmycTrmasi HECOOCHOCTh M HEMAPAJJIEIbHOCTh OCE OTBEPCTHM, HAIIPUMED
MaJblEB CTBIKOB CEKUUW W MSAThI CTPEJbI, ONPENECHSAETCS HCXOAS W3 JTOIYyCKOB

OTBEPCTHUH U IAJIBLIEB.
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Q. YcioBHbIE 0003HAYEHHUS IIBOB CBAPHBIX COEIMHEHUI

[1IoB cBapHOTO COEAUHEHUS U300paXKAIOT: BUIUMBIN — CINTOIIHONM OCHOBHOM
JIMHUEW, HEBUJIUMBINA — IITPUXOBOU JIMHUEH.

YcnoBHble 0003HAUEHUS IIBa HAHOCAT HA TMOJKE JIMHUU-BBIHOCKH,
IPOBEICHHON OT M300pa)KeHMsI IIBAa C JIMIEBOM M IMOJ IMOJKON JMHUH-BBIHOCKH,
IPOBEJCHHON OT N300pa)KEHMsI 11IBa C OOPAaTHOM CTOPOHBHI.

Cormacno 'OCT 2.312-72 3a nuueByr0 CTOPOHY OJJTHOCTOPOHHETO CBAPHOIO
1IBa IPUHUMAIOT CTOPOHY, C KOTOPOM ITPOU3BOAAT CBApKy, a JJIS IBYXCTOPOHHETO
C HECUMMETPHUYHO MTOATOTOBJIEHHBIMUA KPOMKAaMHU IIPUHUMAIOT CTOPOHY, C KOTOPOH
IPOU3BOJST CBAPKY OCHOBHOTO IIIBA.

[To TOCT 2.312-72 npuHATH CJHEAYIOIIME YCIOBHBIE O0003HAUYCHUS
BCIIOMOT'aTEJIbHBIX 3HAKOB ISl 0003HAYEHHS CBAPHBIX IIBOB:

O — YCHJICHHUE IIBA CHSATB;

( — HAIUIBIBBI K HEPOBHOCTHU IIBa 00pabOTaTh C MJIaBHBIM MIEPEXOJIOM K OCHOBHOMY
MeTaly;

 — II0B BBIITOJIHSATH IPU MOHTAXE U3CIINS;

/ — OB NIPEPHIBUCTHIN MM TOUCUHBIH C I[CITHBIM PACIIOJIOKECHUEM;

7 — 1110B NPEPBIBUCTBIA WIIM TOYEYHBIN C IAXMATHBIM PACIIOJI0KEHUEM;

0 — LIOB M0 3aMKHYTOMW JINHUY;

] — moB Mo He3aMKHYTOH JMHUN (IPUMEHSIETCS, €CITM PACIIOJIOKEHHE 1I1BA HESICHO
U3 4epTexKa).

VY C0BHBIE 3HAKY BBINOJIHSIOTCS CIUIOIIHBIMA TOHKUMH JIMHUSIMH, BBICOTA UX
JIOJIKHA OBITh TaKOW e, Kak BbIcoTa HU(dp, BXOAAIUX B 0003HaueHue mBa. Cxema
CTPYKTYpPHOTO 0003HAYEHUS CTAHJIaPTHOTO I1IBa IPUBECHA HA PUCYHKE.

3Hak A M pa3Mep KaTeTa MPUBOJATCSA JJIs YIJOBBIX WIBOB. [IpuHanuuuu
OJIMHAKOBBIX CBAPHBIX IIBOB 0003HAYEHUSI HAHOCSAT Y OJTHOTO U3 U300paKeHHUI, a OT
OCTAJIbHBIX IIBOB NPOBOJSAT JIMHUHU-BBIHOCKH, HA KOTOPBIE HAHOCAT MOPSAKOBBIN

HOMED I1IBA.
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Pucynok 9.1 - Cxema cTpyKTypHOro 0003Ha4€HHUsI CBAPHOIO I11BA:
@ — BCIIOMOT'aTeJIbHbIE 3HAKU 111BA 110 3aMKHYTOH JIMHUU WJIM MOHTAXHOTI'O;

6 —0003HaUEHNE CTaHAAPTA HA TUIIbI U KOHCTPYKTHUBHBIE JIIEMEHTHI IIIBOB CBap-
HBIX COEJMHEHMI; 6 — OyKBEHHO-LIM(pOBOE 0003HAUEHHUE I1IBA 110 CTAHJAPTY;
2 —3HaK A ¥ pa3mep KaTeTa IIBa COIVIACHO CTaHAAPTY IS YTIIOBBIX, TABPOBBIX
u coenunennil BHaxnECT (Y, T u H); 0 — nnst nmpepbIiBUCTOrO 1IBa pazMep AJu-
HBI IPOBAPUBAEMOT0 Y4aCTKa, 3HAK / UM Z 1 pa3Mep 11ara; e — BComora-

TEJIbHBIC 3HAKU (KPOME 3HAKOB TPYIIIIHI a)

Ecnun Bce mBBI Ha 4YepTeke BBIMOJHEHBI 10 OJHOMY CTAaHIAPTY, TO €ro
0003HaUEHNE YKA3bIBACTCS B TEXHUYECKUX TPEOOBAHUSAX WIIM B TAOJHUIIE CBAPHBIX
mBOB. B mepBoM ciiydyae Ha JIMHHUSIX-BBIHOCKAX YKa3bIBAIOTCS BCE TPYIIIBI
BCIIOMOTATEJILHBIX 3HAKOB, KpoMe 0003HAaUCHUS cTaHmapTa. Bo BTopom ciydae Ha
JIMHUSIX-BBIHOCKAX YKa3bIBACTCS TOJBKO HOMEp IIBa W 3HaK o uiu (T ), a Bce
OCTaJIbHbIC 0003HAUCHHS YKA3BIBAIOTCS B TAOIHIIE.

CBapouHble MaTepHalibl YKa3bIBalOTCS Ha yepTexe U0 B TabnuIe, 1100 B
TEXHUUYECKUX TpeOOBaHMAX C 3amuchbio Tuna «CBapKy HPOU3BOIUTH AJICKTPOIAOM
246 'OCT 9467—75».

CBapHple BBl B CEUYCHHSAX HE 3aUCpHSIOTCS, a HAHOCAT TPaHMIIBI

CBAPUBAEMBIX JICTAJIEH.
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Ta6muma 9.1 - YcinoBHbIe 0003HAUYEHUS IITBOB CBAPHBIX COEIUHEHUM

No [Tos Howmep CBapouHbIi
YcnoBHOE cTaHzapTa Marepua
0003HaueHue
1 C10 (C19) I'OCT 5264-80 BJIEKTPOL
2 V4 A4 tumna J-46
3 T1 A5(T3) I'OCT 946775
4 H1 A3 (H2)
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10. BapwuaHThl 3a1aHMi 1JI BBINOJHEHUS KYPCOBOiIl padoThl

I[To rocymapcTBeHHOMY  O0pa3oBaTEIbHOMY  CTaHAAPTy  CTYICHTHI,
oOyuaromumecss 1o creruaibHocTH 23.05.01 [0MKHBI BBIMOJHUTE W 3aIUTUTH
KYpPCOBYIO paboTy A0 cAaddM dK3aMeHa. Tema KypcoBOM paboThl — pacuér u
NPOEKTUPOBAaHUE  KAaKOW-TMOO  KOHCTPYKIMU  pabouero  oOOpyAOBaHUs
CTPOUTEIBHBIX MAIlMH, B KOTOPOM Obl HauboJiee MOJHO OTPaKaJIUCh OCHOBHBIE
TeMbl. Takoil KOHCTPYKIHEH sBIIsieTCS OamoyHas cTpera OalIeHHOTO KpaHa.

[TosToMy TeMo# KypcoBoil paOoThl siBisieTcsi «Pacy€T u mpoekTupoBaHUe
0aI0YHOM CTpesbl OallIeHHOTO KpaHa». VICXOIHBIMU JaHHBIMHU JIJIS1 €€ BBITIOJIHEHUS
SBJISIIOTCSL:

— TUN OAIIEHHOTO KpaHa: ¢ TOBOPOTHOM UM HEMOBOPOTHOM OalTHeH;
— IPY30M0ILEMHOCTh: MAKCUMaJIbHAsI M HA KOHIIE CTPEJIbI;

— BBUJIET TPYy3a;

— BBICOTA TOABEMA TPY3a;

— CKOPOCTH ME€XaHHU3MOB — MOAbEMA TPy3a U MOBOPOTA;

— peXUM pabOTHI KpaHa.

[Topsimok BBIMOTHEHUS TTPOCKTA!

— MO0 HMCXOJHBIM JaHHBIM HEO0OXOIUMO NPEABAPUTEILHO 3aJaThCsl pazMepaMu
CTpEJibl, OCHOBBIBASICh HA IPOTOTUIAX, U COCTABUTH €€ PACUETHYIO CXEMY;

— 3aJ1aThCsl TI0 UMEIOIIUMCST PEKOMEHIAIMSAM MacCOM CTPEJbl, KPIOKOBOM 00ONMBEI,
IpY30BOM TENEXKKH; pacCUMTaThb HArpy3k, JCHCTBYIOIIME Ha CTpely B
BEPTUKAJIILHON TUIOCKOCTH — OT COOCTBEHHOTO Beca, JABJICHHS XOJOBBIX KOJIEC
IPY30BOM TENEkKKH, KaHATOB pacuaja, MoAbEMa rpysa U MnepeMenieHus: rpy30Bon
TEJIEHKKH;

— TOCTPOUTH JIMHUU BIIMSHUSA YCWIMN 711 HanOoJiee Harpy>KeHHBIX CTEep>KHEH
BEPTUKATIBLHON (PEpMBI CTpENIbl — B CepeArHE MPOJETHOM YacTH M OKOJIO TOYKH
KpEIUICHHS pacyala;

— ONpEAeIUTh MO0 HUM YCWIHS B CTEPXKHSIX CTpesibl OT COOCTBEHHOIO Beca U

JTaBJIEHUSI XOJIOBBIX KOJIEC TPY30BOM TEJICKKHU,
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— OINPENEIUTD YCUIIUA B TE€X JKE€ CTEPKHAX CTPENBI OT HATPY30K B TOPU30HTAIBHOM
IJIOCKOCTHU — JAABJIEHUS BETPA U CHJI HHEPLIMU TIPU TOBOPOTE CTPETIBI C TPY30M;

— HaWTH HaumOOJbIIME CyMMapHbIE YCHWIHA B KaXIOM CTEpKHE (QepMbl —
CKUMAIOIIUE U PACTATUBAIOLINUE;

— no00paTh CEYeHUs CTEPKHEH (epM CTPEeNbl, 3aJaBIINCh UX (HOPMOIL: BEpXHHUIA
NOSIC U PACKOCHI, CTOMKHM — TpyOa LIeJIbHOKATAaHAsl, HUKHUM MOSC — MPSIMOYTOIbHUK,
COCTABJICHHBIN U3 JIBYX HEPABHOOOKHUX YTOJIKOB;

— paccuMTaTh CBapHOE COEIMHEHHUE pacKoca C MOSCOM CTpeNibl WU (PIaHIEBOTO
COEJIMHEHHUS C N0SICOM;

— pa30uTh CTpeTy Ha CEKIUH, PACCUNTATh OOJITOBOE COETUHEHUE CTHIKOB CTPEJIBL;
— pa3paboTaTh COOPOUYHBIN YEPTEK JIFOOOM CEKIIUU CTPEIIbI, KOTOPBIN OBl COaEpKal
TPU TNPOEKIUH, MOHTAXHYIO MM TE€OMETPUUYECKYI0 cXeMmy (epM CTpensl ¢
pa3mepamu 1o LIEHTpaM CTEP>KHEH, 0HO U3 (hIaHIEBBIX COCAMHEHUH, Y3IIbl (hepM ¢
YCJIIOBHBIM M300paKEHUEM CBapKH;

— COCTaBUTh CHELM(PUKAUIO HA COOPOYHbIE EIUHULBI U AETATN CEKIIUH CTPEIIBI.

BapuaHTbl 3a1aHUl IPE/ICTaBICHbBI HIXKE B TAOJIUIIE.

BapuanTsbl 3a1aHuil 1151 BBINOJHEHUSI KyPCOBOH padoThl

» Q, R, M H, m V, N,

= = E E % M/MHH. | 00/MHH

= & 3 58

<

o O Ay &
01 I1 5-3 18 27 A5 18 0,9
02 I1 5-3 23 28 A4 16 0,9
03 I1 5-3 27 30 A3 23 0,8
04 HIT 5-3 30 34 A2 26 0,7
05 HIT 6,3-3,2 32 35 A3 30 0,6
06 IT 6,3-3,2 36 36 A5 25 0,8
07 HIT 6,3-3,2 40 45 A4 16 0,6
08 I1 6,3-3,2 43 50 A3 25 0,6
09 HIT 6,3-3,2 24 35 A5 24 0,9
10 IT 8-3,6 26 46 A3 27 0,9
11 IT 8-3,6 29 28 A4 35 0,9
12 IT 8-3,6 34 32 A3 30 0,8
13 I1 8-3,6 40 34 A5 28 0,6
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14 HII 8-3,6 43 40 A4 24 0,6
15 IT 25-10 50 45 A2 12 0,6
16 IT 25-10 45 46 A4 14 0,6
17 HII 25-10 40 28 A2 16 0,6
18 IT 25-10 35 30 AS 18 0,7
19 IT 25-10 30 34 A2 20 0,7
20 HII 10-4,8 28 36 A4 22 0,9
21 HII 10-4,8 30 38 A3 23 0,8
22 I1 10-4,8 26 40 AS 24 0,9
23 IT 10-4,8 34 45 A3 26 0,7
24 IT 16-8 38 46 A4 27 0,7
25 HII 16-8 32 50 AS 35 0,8
26 HII 16-8 35 35 A3 24 0,7
27 HII 16-8 30 37 A4 18 0,8
28 HIT |12,5-6,3 40 30 A2 24 0,6
29 IT 12,5-6,3 36 34 AS 23 0,7
30 IT 12,5-6,3 30 28 A3 20 0,8

[Ipumeuanue K TabIuIE 3aJaHUN:

Q — rpy3onoabéMHOCTh KpaHa (Oepércs mo ero rpaduky Tpy30mOIbLEMHOCTH) —
MakcumanbHas 1 Q B mponétHoil yactu cTpenbl U 2 Q B KpallHEM IMOJIOKEHUU
I'PYy30BOH TEJIEKKHU HA KOHIIE CTPEIbL;

R — MakcuManbHBIN BBUIET TPY3a;

H — BeicoTa mogbéma rpysa (KprokoBOH 000MBI);

V — ckopocTh oAbEéMa rpy3a;

N — yacToTa BpallleHUs] TOBOPOTHOW YacTH KpaHa (yrioBas

CKOPOCTB);

[T — moBopoTHast OamHs;

HIT — nenoBopoTHas OamrHs.

Bapuant 3amaHusi BeIOMpaeTcsl 1Mo MOCAEAHUM JBYM LH(ppaMm mudpa 3a4€THOU

KHW)XXKHU CTYJACHTA.
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COPTAMEHT

[TPMJIOKEHHUE A

TpyosI cTajibHbIe GecioBHBIE ropssuekaTanbie no 'OCT 8732-80

Dy, S, [Tom. Pannyc | Macca, Du, S,mm | Ilmom. | Pammyc | Macca,
MM MM | CEUeHHs, | MHEpIl., | KI/M MM CEYCHUS, | UHEPIL., | KI/M
cm? cM cm? cM
45 4 5,15 1,45 4,04 68 14 23,75 1,98 18,64
5 6,28 1,42 4,93 16 26,15 1,93 20,52
50 4 5,78 1,64 4,54 70 6 12,06 2,28 9,47
4,5 6,43 1,62 5,05 8 15,59 2,21 12,23
5 7,07 1,60 5,55 10 18,85 2,15 14,80
55 7,69 1,59 6,04 12 21,88 2,10 17,16
54 4 6,28 1,78 4,93 73 4 8,67 2,45 6,81
5 7,69 1,74 6,04 5 10,69 2,41 8,38
6 9,05 1,71 7,10 6 12,63 2,38 9,91
7 10,33 1,68 8,11 8 16,33 2,32 12,82
8 11,56 1,65 9,08 10 19,79 2,26 15,54
9 12,72 1,63 9,99 12 23,01 2,20 18,05
10 13,83 1,59 10,85 14 25,94 2,15 20,37
11 14,85 1,57 14,85 16 28,66 2,10 22,49
57 4 6,66 1,88 5,23 83 4 9,92 2,82 7,79
5 8,17 1,85 6,41 5 12,26 2,77 9,62
6 9,62 1,82 7,55 6 14,52 2,74 11,39
7 10,99 1,79 8,63 7 16,72 2,70 13,12
8 12,32 1,76 9,67 8 18,86 2,67 14,80
9 13,57 1,73 10,65 9 20,93 2,64 16,42
10 14,76 1,68 10,65 10 22,95 2,61 18,00
11 15,90 1,67 12,46 11 24,87 2,51 19,53
12 16,98 1,65 13,32 12 26,75 2,55 21,01
60 4 7,04 1,99 5,52 89 4 10,68 3,01 8,38
5 8,64 1,96 6,78 5 13,20 2,98 10,36
6 10,18 1,92 7,99 6 15,65 2,95 12,28
7 11,65 1,89 9,15 8 20,36 2,88 15,98
8 13,07 1,86 10,26 10 24,83 2,82 19,48
9 14,42 1,83 11,32 12 29,02 2,76 22,79
10 15,72 1,81 12,33 14 33,00 2,70 25,89
11 16,94 1,78 13,29 16 36,68 2,65 28,80
12 18,10 1,75 14,21 18 40,16 2,59 31,52
14 20,24 1,70 15,88 20 43,34 2,54 34,03
68 4 8,04 2,27 6,31 95 4 11,44 3,23 8,98
5 9,89 2,24 1,77 5 14,43 3,19 11,10
6 11,69 2,21 9,17 6 16,78 3,16 13,17
7 13,41 2,17 10,53 7 19,35 3,12 15,19
8 15,07 2,14 11,84 8 21,87 3,09 17,16
9 16,69 2,11 13,10 9 24,31 3,06 19,09
10 18,22 2,08 14,30 10 26,71 3,03 20,96
11 19,69 2,05 15,46 12 31,30 2,97 24,56
12 21,12 2,03 16,57 14 35,62 2,91 27,97
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95 16 39,73 2,86 31,17 114 12 38,46 3,64 30,19
17 41,66 2,83 32,70 14 43,97 3,57 34,53
18 43,57 2,80 34,18 16 49,26 3,52 38,67
20 47,10 2,75 36,99 20 59,09 3,40 46,36
22 50,43 2,70 39,61 22 63,58 3,35 49,91

102 4 12,32 3,49 9,67 121 4 14,71 4,14 11,54
5 15,24 3,44 11,69 5 18,23 4,11 14,30
6 18,09 3,41 14,21 6 21,67 4,07 17,02
7 20,88 3,37 16,40 7 25,07 4,04 19,68
8 23,64 3,34 18,55 8 28,40 4,01 22,29
9 26,30 3,31 2064 10 34,36 3,95 27,37
10 28,91 3,28 22,69 12 41,10 3,89 32,36
11 31,44 3,24 24,69 14 47,05 3,82 36,94
12 33,92 3,21 26,63 16 52,79 3,76 41,48
14 38,72 3,16 30,38 17 55,58 3,73 43,60
16 43,22 3,09 33,93 18 58,23 3,70 45,72
17 45,38 3,07 35,64 20 63,41 3,65 49,82
18 47,53 3,04 37,29 22 68,41 3,59 53,71
20 51,23 2,99 40,44 25 75,36 3,91 59,19
22 55,27 2,94 43,40 28 81,85 3,44 64,22

108 4 13,07 3,69 10,26 127 5 19,17 4,33 15,04
5 16,19 3,56 12,70 6 22,81 4,29 17,90
6 19,22 3,62 15,09 7 26,39 4,26 20,72
7 22,21 3,58 17,44 8 29,91 4,22 23,43
8 25,14 3,55 19,73 9 33,36 4,19 26,19
9 28,00 3,52 21,97 10 36,75 4,15 28,85
10 30,77 3,49 24,17 11 40,07 4,12 31,47
11 33,52 3,46 26,31 12 43,38 4,10 34,03
12 36,20 3,43 28,41 14 49,71 4,03 39,01
14 41,33 3,36 32,45 16 55,79 3,97 43,80
16 46,25 3,31 36,30 17 58,74 3,94 46,12
17 48,62 3,28 38,15 18 61,62 3,91 48,39
18 50,87 3,25 39,95 20 67,27 3,85 52,78
20 55,31 3,19 43,40 22 72,59 3,80 56,97
22 5942 3,14 46,66 25 80,10 3,72 62,89
25 65,23 3,07 51,17 28 87,14 3,65 68,36
28 70,40 3,00 55,24 30 91,45 3,99 71,76

114 4 13,82 3,89 10,85 133 8 31,42 4,44 24,66
5 17,12 3,86 13,44 10 38,65 4,37 30,33
6 20,35 3,83 15,95 14 52,35 4,24 41,00
7 23,54 3,80 18,47 18 65,06 4,12 51,65
8 26,65 3,77 20,91 22 76,76 4,01 60,22
9 29,69 3,73 23,31 25 84,82 3,93 66,59
10 32,66 3,70 25,65 30 97,02 3,80 76,20
11 35,61 3,67 27,94 32 101,48 3,75 79,71

140 6 25,26 4,75 19,83 159 8 37,96 5,35 29,79
8 33,18 4,68 26,04 9 42,39 5,31 33,29
10 40,84 4,62 32,06 10 46,80 5,29 36,75
11 44,56 4,58 34,99 11 51,15 5,26 40,15
12 48,24 4,55 37,88 12 55,45 5,22 43,50
14 55,42 4,49 43,50 14 63,78 5,16 50,06
16 62,35 4,43 48,93 16 77,05 5,09 56,43
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17 65,72 4,40 51,57 17 75,83 5,06 59,53
18 68,96 4,36 54,16 18 79,75 5,03 62,59
20 75,39 4,31 59,19 20 87,32 4,97 68,56
22 81,57 4,25 64,02 22 94,73 4,91 74,33
25 90,27 4,16 70,90 25 105,27 4,82 86,62
28 95,83 4,11 77,34 28 115,27 4,75 90,46
30 103,71 4,04 81,38 30 121,53 4,68 95,44
32 106,51 3,99 85,23 32 127,72 4,64 | 100,22
36 117,54 3,90 92,23 36 139,18 4,54 | 109,20
146 6 26,39 4,96 20,72 168 8 40,20 5,67 31,57
8 34,68 4,89 27,23 10 49,61 5,60 38,97
9 38,72 4,86 30,41 11 54,28 5,57 42,59
10 42,75 4,83 33,54 12 58,84 5,54 46,17
11 46,67 4,80 36,62 14 67,76 5,48 53,17
12 50,63 4,76 39,96 16 76,42 5,41 59,98
14 58,05 4,70 45,57 17 80,66 5,38 63,31
16 65,32 4,64 51,30 18 84,84 5,35 66,50
17 68,93 4,61 54,08 20 93,00 5,29 73,00
18 72,41 4,57 56,82 22 100,30 5,23 79,21
20 79,17 4,52 62,15 25 112,29 5,14 88,16
22 85,87 4,46 64,28 30 129,99 5,00 | 102,10
25 95,06 4,37 74,68 36 149,94 4,85 | 117,19
30 109,79 4,24 85,82 40 160,87 4,75 | 126,27
36 124,34 4,09 97,66 45 173,85 4,64 | 136,50
152 6 27,53 5,18 21,60 194 6 35,43 6,66 27,82
8 36,18 511 28,41 7 41,13 6,62 31,28
9 40,44 5,07 31,74 8 46,76 6,58 36,70
10 44,60 5,00 35,02 9 52,33 6,56 41,06
11 48,75 5,01 38,25 10 57,78 6,52 45,38
12 52,78 4,97 41,43 11 63,22 6,48 49,64
14 60,70 4,91 47,65 12 68,60 6,46 53,86
16 68,38 4,85 53,66 14 79,18 6,39 62,15
18 75,81 4,79 59,48 16 89,52 6,33 70,24
20 82,90 4,72 65,11 17 94,49 6,29 74,21
25 99,80 4,58 78,30 18 99,50 6,26 78,13
30 115,04 4,46 90,26 20 109,34 6,20 85,28
32 120,70 4,40 94,70 25 132,71 6,04 | 104,19
36 131,17 4,30 | 102,99 30 154,50 5,90 |121,33
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[MPUJIOXXEHUE b
COPTAMEHT
Craab yriioBas HepaBHoOokasi mo 'OCT 8510-86

D B — mmupuHa 6oJbIei moj
B b — mmpuHa MeHbIIIEH TOIKH
Aﬂu"“l t — IMpHHA TOJIKH
R S
Howmep B, b, t, ITnomanp Iy, ix, ly, iy, Xao, Yo,
npou, MM MM MM CEUYCHHS, CM4 cM cm? cM cM cM
cM cm?
6,3/4 63 40 5 4,98 19,9 2,00 6,26 1,12 | 0,95 | 2,08
6 5,90 23,3 1,99 7,28 1,11 0,99 2,12
8 7,68 29,6 1,96 9,15 1,09 1,07 2,20
7145 70 45 4,5 5,07 25,3 2,23 8,25 1,28 1,03 | 2,25
5 5,59 27,8 2,23 9,05 1,27 105 | 2,28
7515 75 50 5 6,11 34,8 2,39 12,5 1,43 1,17 2,39
6 7,25 40,9 2,38 14,5 1,42 1,21 2,44
8 9,47 52,4 2,35 18,5 1,40 1,29 2,52
9/5,6 90 56 55 7,86 65,3 2,88 19,7 1,58 1,26 | 2,92

8,54 70,6 2,88 21,2 158 1,29 | 2,95
11,20 90,9 2,85 27,1 156 1,36 | 3,04
9,59 98,3 3,20 30,6 1,79 1,42 | 3,23
11,10 1130 | 3,19 35,0 1,78 1,46 | 3,28
12,00 127,0 | 3,18 39,2 1,77 1,50 | 3,32
15,50 1540 | 3,15 471 1,75 158 | 3,40
11,4 142,0 | 3,53 45,6 2,00 1,58 | 3,55
12,3 152,0 | 3,52 48,7 1,99 1,60 | 3,57
13,9 1720 | 351 54,6 1,98 164 | 3,61
14,1 2270 | 4,01 73,7 2,29 1,80 | 4,01
16,0 256,0 | 4,00 83,0 2,28 1,84 | 4,05
19,7 312,0 | 3,98 100 2,26 192 | 4,14
23,4 365,0 | 3,95 177 2,24 | 2,00 | 4,22
18,0 364,0 | 4,49 120 258 | 2,03 | 4,49
22,2 4440 | 4,47 146 256 | 212 | 4,58
22,9 606,0 | 515 186 285 | 2,23 | 519

10/6,3 100 63

11/7 110 70

125/8 125 80

1479 140 90

o = O\
©lo P Ko ®N®NGIS ®NDo© o

16/10 160 100

10 25,3 667,0 | 513 204 2,84 | 2,28 | 523
12 30,0 784,0 | 511 239 282 | 2,36 | 532
14 34,7 897,0 | 5,08 272 280 | 243 | 540
18/11 180 110 10 28,3 952,0 | 5,80 276 3,12 | 2,44 | 588
12 33,7 1123 | 5,77 324 3,10 | 2,52 | 597
20/125 200 125 11 34,9 1449 | 6,45 446 358 | 2,79 | 6,50
12 37,9 1568 | 6,43 482 3,57 | 2,83 | 654
14 43,9 1801 | 6,41 551 354 | 291 | 6,62
16 49,8 2026 | 6,31 617 352 | 299 | 671
25/16 250 160 12 48,3 3147 | 8,07 | 1032 | 462 | 358 | 7,97
16 63,6 4091 | 8,02 | 1333 | 458 | 3,69 | 814
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