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ОБЩИЕ МЕТОДИЧЕСКИЕ УКАЗАНИЯ

Настоящие методические указания к курсовому проекту служат для систематизации, углубления и закрепления студентами теоретических знаний, полученных при изучении курсов «Теоретическая механика» и «Сопротивление материалов».

Курсовой проект предусматривает выполнение двух задач — одной по расчету оси и одной по расчету вала.

Выбор варианта задач производится по учебному шифру студента: под последними пятью цифрами подписываются первые пять букв русского алфавита и затем из каждого вертикального столбца табл. 1, 2 (с. 12, 21), отмеченного внизу буквами в, г, д, выбираются числовые данные из тех горизонтальных строк, номера которых совпадают с цифрами шифра, расположенными над данной буквой.

Пример:
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Буквам в, г, д из табл. 1 соответствуют следующие данные: радиальная составляющая сила R=80 000 н, осевая боковая составляющая сила S=35 000 н, диаметр d=36 мм, радиус r=300 мм.

При выполнении курсовой работы следует соблюдать следующие правила:

· Работа оформляется на бумаге формата А4 (297(210) на одной стороне листа, вторая сторона листа остается свободной и используется для замечаний преподавателя и последующих исправлений.

· Тексты условий задач переписывается полностью.

· Рисунки выполняются в карандаше с помощью чертежных инструментов с соблюдением требований инженерной графики.

· Эпюры выполняются на миллиметровой бумаге.

· Размеры на чертежах и эскизах указываются в мм с использованием стандартных обозначений.

· Нагрузки обозначаются с указанием единиц измерения.

· Рисунки имеют сквозную нумерацию и сопровождаются подрисуночными подписями, в тексте пояснительной записки приводятся ссылки на номера рисунков.

· Решения задач сопровождаются краткими пояснениями.

4

· Вычисления производятся с тремя значащими цифрами с указанием единиц измерения в системе СИ.
· В конце пояснительной записки приводится список использованной литературы, оформленный согласно ГОСТу.

· При переделке работы представляется ее первоначальный вариант с замечаниями преподавателя.
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МЕТОДИЧЕСКИЕ УКАЗАНИЯ

Современные машины, разновидностью которых является воздушное судно, имеют чрезвычайно сложную конструкцию, состоящую из многих тысяч деталей. Большинство типов деталей и узлов по своему назначению, конструкции, методам расчета, реализуемым принципам одинаковы для всех машин.

Любая машина в общем случае состоит из двигательного, передаточного и исполнительного механизмов. Наиболее выгодно передачу механической энергии осуществлять, используя вращательное движение. Составляющими элементами этих механизмов и являются оси и валы, поэтому они относятся к деталям и узлам, наиболее широко применяемым в современном машиностроении.

ОСИ И ВАЛЫ
Теоретические сведения
Общие положения
Конструкции воздушных судов имеют большое количество вращающихся и качающихся деталей и узлов, работающих в самых различных условиях. Так, детали двигателей, редукторов, воздушных винтов, колес шасси движутся с большими угловыми скоростями (тысячи оборотов в минуту), испытывая действие значительных динамических нагрузок и возможно высоких температур. В то же время, например, детали механизмов уборки ‑ выпуска шасси, узлов системы управления и т. д. — вращаются с малыми угловыми скоростями (единицы оборотов в минуту) и в менее напряженных условиях.

Детали, на которых устанавливаются вращающиеся части машин, называются валами или осями. Принципиального раз​личия между ними нет. Валы и оси имеют аналогичные формы и их назначение поддерживать вращающиеся детали.

Опорные части валов и осей называют цапфами, промежуточные цапфы — шейками, концевые — шипами.
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[image: image1.png]Ocu npefHa3HayeHH IS MOAAEPKAHKA BPALlAOIUXCA yacreii
KOHCTPYKLUHH H obecreueHHs NMOCTOSHHOTO MOJIOXEHHS OCH Bpa-
menusa. CaMu ocH MOryT ObITb KakK HeMoJBHXKHBIMH, TaK H Bpa-
maroupMuca. Harnpumep, HeNmoOABHKHBL OCH KoOJeC TJIaBHBIX HOT
uraccu caMoJsietoB (pHc. 1), OCH POJHKOB TPOCOBOH CHCTeMbl YI-
paBJieHust (puc. 2), y3J0B MOBOPOTA MEXaHH3MOB yOOpPKH Bbl-
MyCcKa I11acCH CaMOJIETOB il MX OPraHOB VIpaBJeHHA (pyau, 3a-
KPBLIKH, 3jepoHbl H T. 4.). Ho cymectsyloT oci, BpallaiollHecs
BMeCTe C HacaxKeHHbIMH Ha HHMX Reranasmu. Hanpumep, ocu KoJsec
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[image: image2.png]Puc. 2. ¥3ea KkpenjieHHsi POJHKOB TPOCOB

nepejiHeil HOPH caMoJIeTOB (pHC. 3) BpawlalTCH BMecTe C 3a-
KpeIlJIeHHBIMH Ha HX KOHCOJIAX KOJIECaMH. Takoe ucnonHeHHe IMO-
3BOJIeT YNPOCTHTb M OOJIEr4HTh OMOPHHIH y3es 33 cueT pasme-
LleHusl ABYX NOJUIMNHHKOB B CTOMKe HOTH, & HE B KaXJOM KOJE-
ce, KaK 3TO AejaeTcs B KOHCTPYKUHH TJIABHBIX HOT. Hcnoan3osa-
HHe TAKOTO e pelleHHs B KOHCTPYKLHH IJIABHBIX HOT' HEpalHu-
HaJbHO, TAK KaK HX Kajleca B OTJHYHe OT MepeAHero ABJIHIOTCA
TOPMO3HBIMH, TO €CTb YCJOBHS HX pa6orbl Apyrue — Gojee THAXKe-
abe. Jlas pasrpyskH ocefl OT TOPMO3HEIX MOMEHTOB OHH Ha rJa:-
HBIX HOrax HeJaloTcsi HEeMOJABHXKHBIMH, a KoJeca MoCaxeHbl HA
pasMellieHHEe Ha OCAX POJHKOBble KOHHYECKHE MOAINIHHKH.

P )
S an

é//,’"., 4 o>

/| \— N ~‘
‘?\5~\\"§\“ \\&\\\\\\\Q\\‘N \ ;

Nl ¥ pr it :

] )| 2 N

i‘-‘&\ﬂ;,//m’«f’f::« TR 17 722 (. NN NN

Y.
\

........ >y .ﬁ'/’///fl/fﬂt/ -I A

Puc. 3. Ocb xonec mepelHed HOTH caMmoJjera:
1 — rosoBKa CTORKH; 2 — 0OCb




8

[image: image3.png]BARJUYo
— 9] ‘420 — g/ ‘EMUIUNBE — pJ ‘BALALE BRUONMHUM — gf ‘UNYBI — /J “Z[ ‘QHHIHILOVDA — SHARTHMYOU ~ ‘H
SMHOA — §  ‘XAWOM — / ‘IHHIHHY30D 0€0LI09 — ¢ :YIHBK(D — § :8QAdL — ¢ (KOXIn — N::Esﬂaau HACRT m.\ ] .ea o..“.
:godouo D BILIFOWED HHHWOHedL req ‘¢ "ddd

.\--. i3ind

B Iﬁuun,=..N..\,\,\V\,\\\\\\\I\h\\\\&_ : i,
e -__“_l_ [
I ]t I 54

oL TIITEIIILIIITIIL IO P D SN 2o

& 1oy
A

rwroe.
Y] SRR

N AN

[
|
[





9

[image: image4.png][IpumMensieMble A/ H3rOTOBJeEHHS oceli MaTepHadH, HX TeX-
HOJIOTHYeCKasi 06paboTKa, HEKOTOpHle KOHCTPYKTHBHBHE ocobei-
HOCTH, METOAbl pacueTa Ha BLIHOCJHBOCTb AaHAJOTHYHBE H JJ4
BAJIOB. ‘

Bann ornmyaioTcest or ocel TeM, UTO BHIIOJHAS Ty XKe 3a4auy,
AOMONIHHUTENbHO elle CJOy¥KaT AJS Nepefauy KPYTHILEro MOMeHTa
BAOJb OCH BaJjia. M3BecTHO, 4TO HanpsKeHHst OT KPyTAIIEro Mo-
MeHTa B MNONepeuYHbIX CeYeHHAX Tes JHHeHHO pacTyT [0 Mepe
yIaJeHHs] TOYeK cedyeHHs or ocu. LleHTpanbHas yacTe Teqa Hi-
rpy}eHa MaJo, M03TOMY BO BCeX Yy3/71aX aBHAIHOHHKX KOHCTPYi-
ILUA BaJibl [JIS YMeHbIIeHHS Beca — MycTorease. [loanlil BaJg—
3To HauboJiee IPKasi KOHCTPYKTHBHAS OCOGEHHOCTb aBHALIMOHHAIX
BaJIoB. Basn ¢ cooTHolleHHeM OuaMeTpa OTBEPCTHS K HAPYKHOMY
avamerpy, Hanpumep, 0,75, jJerdye crnjioWIHOro BaJjia IIPH PaBHOMN
NIPOYHOCTH M PaBHOH KeCTKOCTH MpHOau3utenbHo Ha 509%. Pon-
Ma BaJIOB O AJIHHE ONpeJessieTcsl paclnpeleeHHeM MO JJHHEe Ha-
rPy30K, TO €CcTb 3MOPaMH H3rubaIKX H KPYTSIHX MOMEHTOB,
YCJIOBHSIMH BOCHPHSATHS OCEBBIX HAarpy3oK, YCJIOBHAMH TeXHOJO-
THH H3TOTOBJEHHA H c60pKH. OcobeHHO cuabHO GHopMa Bajaa 3a-
BUCHT OT KOHCTPYKTHUBHBIX OCOOEHHOCTEH y3Ja, 3JeMeHTOM KOTO-
poro siBnsieTcsl BaJ. Hampumep, KoHueBble HandH 148 o6Jerge-
HHS COOPKH HMEIOT HeCKOJIBKO MEHbIlIHe NTHAMEeTDPH [0 CPaBHEHHIV
C COCEHHMH Yy4YacTKaMH, nandsl noj NOAIIHMHHKH KauyeHHs 3Ha-
YHTEJBbHO KOpode Hand nol NOAUWHKNHHKH CKOJbXKEHHs. BaJabl Mo-
TYT HMeTb CPeACTBa A/ 3aKpPenJeHHs AeTajel NMOAIUIHUKOB U1
APYTHX YCTPOHCTB B BHIe Pe3b0, KaHABOK, LIIHI, OTBEPCTHH,

CrpeMJyieHHe MOJYYHTh MHHUMAaJibHBIe FaGapUTH H BeC aBHa-
IIHOHHOH TeXHHKH, MAaKCHMaJbHYI0O HAaJE€XHOCTb Y3JI0B NMPHBOLHT
K CJOXKHBIM KOHCTPYKTOPCKHM 3aJauaM, YAOBJIETBOPHUTENbHOE pe-
IIeHHe KOTOPHIX CBSI3AHO, B YACTHOCTH, ¢ MPHUMEHEHUEM CJOMKHBIX
no gopMe BaJOB, COCTABHBIX BaJoB (pHC. 4), BaJIOB, H3TOTOBJIEH-
HHIX COBMECTHO C lIecTepHAMH (pHC. §) u T. A.
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Banbl, npenHadHaueHHbHIe TOJBKO HJSl NMepefadd KPYTAILIEro
MOMEHTA, Ha3blBaIOTCS TPAHCMHCCHOHHHIMH. TakHe BaJibl, HaNpH-
Mep, ABJAIOTCA 06A3aTeIbHEIMH JeTaJIMU TPAHCMHCCHH BCEX Bep-
TOJIETOB OJAHOBHHTOBOH cXeMbl Mu-2, Mu-6, Mu-8, Mu-26. Baau
TPaHCMHCCHH BEPTOJIETOB CJOXKHHIE H OYeHb OTBETCTBEHHHIE KOH-
crpykund. OHM paboTaloT O 3HAUHTEJbHHIMH YIJOBHMH CKOpO-
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[image: image5.png]cramu, nenasa 6onee 2500 obopoTroB B MHHYTY, HMeOT 60JBLIVIO
aavay — go 10—15 M. ‘

Hanpumep, xBoctoBoit Bas Mu-8 tocroutr u3 6 uacteft, uaro-
TOBJEHHHIX M3 IeJLHOTOYEHHBIX TPyO JierupoBaHHOH craJjd. Baa
HMeeT HECKOJBKO OMOp, YUCJIO KOTOPBIX U DPACCTOSAHHA MeXily
HHMH BHIGPAHH C TAKUM PacyeToM, YTOGH MPH MHHHMAaJbHBIX 060-
poTax HMeTb JOCTATOYHBIE 3amacH A0 KPHTHYECKHX 060pOTOS.
Ban uMeer MONBHXKHBIE LIJNHIEBHE COEIAHHEHHs, TpeJHA3HAUEeH-
HHe I/l KOMIeHCAallu¥ OTKJIOHEHHH, KOTOPble BO3HHKAIOT MO AJH-
He (l03ess:Ka XBOCTOBOM OaJjiKM W BaJja BeiefcTBHe H3rH6a OaJ-
KH B NOJIETE.

K TPaHCMHCCHOHHBIM OTHOCATCS BaJbl-peccOpbl TYPOOBHHTO-
BbIX JBHraTejefi, Bajkl NPHBOAOB HEKOTOPBHIX arperatoB JBHTA-
Tesiell H HeKOTOpHle ApyTHe.

\

Ionarue o pacuere 8ar08 u ocetl
HA NPOYHOCTS U BLIHOCAUBOCTb

[Tpn BCceX BO3MOXKHBIX KOHCTPYKTHBHHIX CX€MaX HCMOJHEHUA
OCH HCTBITHIBAIOT NefiCTBHE TOJIBKO MOMEePEeYHHIX (XOMOJHHTEJBHO
MoxKeT 6bITb H MPOROJBHBIX) CHJ M H3rHOaIOIMIUX MOMEHTOB, MO-
9TOMY OHHM PAaCCYHTHIBAIOTCH KaK 6ajKH M3 YCJIOBHS IPOYHOCTH,
Ha usru6. B pa6ore [4, c. 111] paccMorpen mpuMep, B KOTOPOM
onpejleasieTcss 3amac MPOYHOCTH HeBpaulawoulefics OCH KoJieca me-
pelHefi CTORKH caMoJjera [JIsl cJydast MocaikH ¢ GOKOBBIM yAa-
poM. 31ech.cnenyeT o6paTHTh BHUMAaHHe HA TO, YTO OCb 3aKpeur-
JIeHa KOHCOJIBHO H, €CTECTBEHHO, MAaKCHMaJbHOe 3HAaYyeHHe H3rH-
6atoniero MoMenta — Ha onope. OgHako Han60JblIHE HANPAXKEHHS
IeHCTBYIOT B JPYroM CedeHHH OCH Ha HEKOTOPOM PAacCTOSIHHH OT
ONOPH, 4TO OOGbsACHSIETCS NMepeMeHHOR Konburypaunue# ocu. Cry-
IeHTy peKoMeHayercs 06pPaTUTL BHHMAaHHe HA MOJy4YeHHOe 3HJ-
YyeHHe MHHHMAJbHOTO 3amaca NMpoyHOCTH n = 1,2 pudA ceueHHs J.
Tak Kak 3amnac NMPOYHOCTH B NpPHMepe ONpelesssics MO OTHOUIe-
HHIO K TIpefiely MPOYHOCTH, a He K Mpelresly TEKYYeCTH, TO TPH
MOJyYeHHHX 3HAYEHHSX MAKCHMAJbHBIX ACHCTBYIOLIHX HampsiKe-
HHfl ClefyeT OXHAATH MOSIBJEHHS B OCH OCTATOYHHIX NedopManui
H, KaK CleJCTBHe, HeOOXOJHMOCTb ee 3aMeHbl B PeaJIbHBIX YCJIO-
BHSAX. a

VcnoBust pa6oTh BaJOB MO CPaBHEHHIO ¢ ocAMH GoJiee pasHo-
06pa3sHH H CJOXHH. TaK, TPAHCMHCCHOHHhE BaJibl HarpyXeHhl
TOJILKO KPYTAILIMMH MOMEHTaMH, a BaJibl C KOHHUECKHMH HJIH KO-
cO3y6LIMH KOJIECAMM HCMBITHBAIOT AeACTBHE BCEX IIECTH BHYTPeH-
HHX CHJIOBHIX (arTopoB: oceBo#t N M mNonepeuHsx Qx, Qy cun,
kpyTsmero Mip u nsrubaiomux M., My momentos [4, c. 5]

O6HYHO KacaTesbHHE HanpsiKeHHs uarub6a U HOpMaJibHbIE Ha-
NpSIXKeHHs, BEI3BAHHBIE OCEBOH CHJIOH, HEBEJHKH H HMH TpeHe-
6peralor. B pacuerax yYHTHIBAIOTCH JIHUIb H3rHbaouiue M., My
¥ KDVTALIMA Myp MOMeHTH. Harubaiomue MomeHTH Mx u My,
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[image: image6.png]AeACTBYIOIHEe BO B3aHMHO MEPHEHAUKYNSPHHX MIOCKOCTAX, NMPH-
BOAAT K CYMMapHOMY H3ruGaiolieMy MOMEHTY:

My =}/ MIF MZ .

Takum o6pasoM, B MPOYHOCTHOM pacuere BaJOB CJeAyeT YUu-
THIBaTh JEHCTBHS TONBKO Musr H Myp.

OcHoBHbIe Harpysku Ha BaJibl — 3TO CHJH OT Mepeiad. B skc-
MJIyaTALHOHHBIX YCJIOBHSIX 3TH CHJBI TMepeMeHHH BO BPEMeHH H3-
332 PAa3JIHYHBIX PEXHMOB PaboTH, BO3HUKAIOIIUX MEPerpviok i
HeypaBHOBEIIEHHOCTeH BpallaloUHXCs HeTasell. DTO NPUBOANT «
TOMY, YTO Bbi3biBaeMble HMH HANPSAXKEHHS TaKXKe MepPeMeHHbl.
YKasaHHOe HeMOCTOSIHCTBO HAMpsiKeHHH eCTh CJeICTBHE IMepe-
MEHHOCTH Harpy3kH, ee AMHaMHueckoro xapaxrepa. Cylectsyer
U Jpyras npHYyHHA HENOCTOSHCTBA HampsixkeHu#. M3BectHo, uro
TOUKH NOMEPEYHOro CeyeHHs, PacIOJIOXKEeHHBIe MO Pa3Hble CTOPH-
Hbl OT HeHTPaJbHOH OCH, HCIBITHIBAIOT MpPH H3THOe AeficTBHe HOP-
MaJIbHBIX HAaNpsiKeHHH pasHoro 3Haka. [Ipu BpalleHHH Baja HOp-
MaJibHble HaNpsXKeHHs H3ruba B 11060# TOUKe CeUYEHHS U3MEHSIOI-
Csl yepe3 KaxKible MOJ-060pOTA MO BeJHYHHE H 3HAKY. DTO O3HA-
YyaeT, YTo JdaxKe NMPH HAEaNbHO NMOCTOSIHHBIX HArpy3KaX HalpsKe-
HHSI BO BPalLIAIOIIMXCS. BaJaX H OCAX NMepeMeHHEl, MO3TOMY OCHOB-
HBIM PACYeTOM /ISl BAaJIOB SBJAETCS PacUeT Ha YCTAAOCTHYIO NPo‘i-
HOCT6 (BBIHOCJAHBOCTB). B Tex cayuasix, Koria K Bajy HOPHJIOXKe-
HBl, KpOMe /JIMTeJbHO HAeHCTBYOLHX, O0JbLUIHE KPaTKOBPeMeil-
Hble Harpys3KH, ero cjgelyeT PAaCCYHTHIBATBL TaKXKe M Ha CTATUUE-
CKYIO NPOYHOCTH. YCIOBUHE NMPOYHOCTH:

omp < 0],
T1e Opp — NpHUBEJleHHOe HAaNpsKeHHe, BHYUCJIEHHOE IO COOTBET-
CTBYIOILleA TEOPHH MPOYHOCTH. .
Tak xak BaJbl H3rOTaBJAHBAIOT H3 XOCTATOUHO MJACTHYHBLIX Mé-
TaJJI0B, OJIMHAKOBO MPOYHHIX HA PACTAXKEHHe H CXKaTHe, TO 1M1

pacyeToB MPHMEHSIOT TPEThIO TEOPHIO IMPOYHOCTH. YCJIOBHE CTa-
THYECKOH MPOYHOCTH B 3TOM CJiyyae NMPHUMET BHJ

Sap = l/ 633}' + 4‘:3;) < [G]'

Bripa3uB HanpsikeHus depe3 MoMeHT (4, c. 70]

M Me
| H3r Wx - 0’1 Da(l ____a4)
H [4, C. 56} qu; B Mxp
T W, T 02D (1 —a)
NOJYYHM
10 e
Onp = _D'a_(i—___a?- V-Misr =+ Mip< [G], (1)

raie D — HapyxHHi AHAMETD MYCTOTENOro BaJa.
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[image: image7.png]- OCHOBHHIM KDHTEPHEM CTATHUECKOH NMPOYHOCTH BAJIOB fABJSET-
csi OTCYTCTBHE MJIACTHYECKHX Jedpopmanuii. ITO O3HAYAET, UTO
fonyckaeMoe HampsixeHue [o] ompedensercs BeJHYMHOH 3amaca
MPOYHOCTH 71 M TPe/leIoM TeKyYecTH MaTepuaja or: ’

[e] = (2)

Cootromrenre (1) ¢ yuerom dopmyan (2) mosBoJjsieT IpoBe-
CTH TPOEKTHPOBOYHHH PACUeT, TO €CTb ONpPelesNHTh MNONepedyHbie
pasMepH BaJja:

cTﬂ
PEE

, 3 /- P
~ 10n Y M2, + M2
D>l/ (1'—“4)51 p

OTMeTHM, YTO BeJHYHHH My U My onpefmensitorcss yMHO-
JKeHHeM HOMMHAJbHBIX MOMEHTOB Ha KO3((HIHEHTH Meperpysox,
KOTOpHe JMH60 H3BECTHH AJS JNAHHBIX YCJIOBHA IKCIIyaTaluH,
au6o NPHHHMANOTCS Kak Haubojee BepositHble. HomuHasnbHble
3HaUeHUS MOMEHTOB BBIGHPAIOTCS M3 3MIOP, MOCTPOEHHE KOTOPHIX
JOCTATOYHO MOAPOGHO paccmorpeHo B [4, c. 60, 135, 139, 140}

[Tocse ompenesieHnsi IMaMeTPOB BaJja MPOBOAUTCH MPOBEPOM-
HHl pacueT ero Ha YCTAJOCTHYIO NPOYHOCTh (BEHIHOCJHBOCTD).

3apgaua 1. Pacuer ocu

Tpu rpyGofi nmocajake BEPTOJNETA OXHO M3 €ro KoJec MOJyYHJO
yAap ¢ COCTABJSIOMHMH CHJ DajauajbHOR R u ocesoft 60k0BOH
S (puc. 6, a). Paccuurars 3amac IPOYHOCTH OCH KoJieca (puc. 6, 6)
IIaccH BO3AYIIHOTO Cy/IHa, JaHHHe BhGpaTh u3 Tabu. 1. PasMeps
ocn: Dy = d + 10 uM; Dy = Dy + 10 mM; D3 = Dy 4 2 mm; Dy =
— D; + 4 My (puc. 6,6). dmopa H3rubarOWUX MOMeHTOB: M =
= (L + £ )a; M, =Rb (puc. 6,2).

a

Ta6bauna 1

N crpoku ] R H ] S H l d MM r MM ‘ Marepuan
1 80000 | 30000 32 250 35XI'CA
-2 90-000 | 35000 36 300 30XT'CA
3 100000 { 40000 40 350 30XI"'CA
4 85000 | 35000 32 250 30XI'CA
5 100000 | 40000 36 300 30XI'CA
8 90 000 | 50000 40 350 30XI'CA
7 80000 | 35000 30 250 | 35XT'CA-
8 95000 | 30 000 36 300 - 35XI'CA
9 85000 | 40 000 38 350 35XI'CA
0 - 90000 | 45000 40 400 35XI'CA
Bt |, | g | e | x
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[image: image8.png]Ykasanus no pacuery

1. Yeuana ynapa S u R, peficTByolline Ha MHeBMAaTHK KoJeca,
nepefaloTcs Ha OCb Yepe3 MOAMWMNOHHKY A u B (puc. 6, 8). IToaa-
raTb,\UTO Pe3y/NbTHPYIOIIHE YCHJHS Ha OMopax AefiCTBYIOT cocpe-
noTéueHHBIMH CHJIaMH B cpefHedl yactd mand wHna A u mefiky
B. PanuanpHoe ycunne R cozfaer OXHHAKOBOH BeJHUYHHHI MOMe-
peuHyo Harpysky Ha omopax R/2, 6okoBas cuAa S cosfiaer oce-
Bylo Harpy3ky S’ u nmapy cua Sr/a.

4

N

9 5 -
2 .

. y D - ‘ '}M‘/'lse .
N ~
s Ss v
1| le 22 §
A 40 LT

X

7,
P

gl w0 B
300 » ’ 0

wf

Puc. 6. Pacuer ocu

2. MakcumagabHOe HanpsixkeHHe B JIIOOOM MONepeuyHOM cede-
HHH OCH JeHCTByeT B PacCTAHYTHIX BOJOKHaX (HHUXHHX). OHo sB-
JISIeTCA Pe3yJbTHPYIOUIHM OT PACTAXKEHHA W H3rHOa:

S Musr
Omax = Opacr + Opar = F + 17288

rae F — njomaib cedeHHS; .
Myzr — U3rubaoluil MOMEHT, HeHACTBYIOIIUN B CceyeHHH (CM.
puc. 6, 2);
W — MoMeHT cOIpOTHBJ/IEHUS CeYeHHS. -
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[image: image9.png]3. 3amac mpOYHOCTH OCH olpefie/iiTh [0 OTHOLIEHHIO Npefeid
NPOYHOCTH MaTepHa/ja K MaKCHMAaJbHOH BeJIHUHHE Pe3yJbTHPYIO-
IIero HanpsKeHHS:

n= O'a/O'max- o -

3HgueHHe Npefesa NPOYHOCTH B pacuere MPHHATL S CTaLH
3OXI‘CA——-1200 H/mm2, 35XTCA—1650 H/mm2.

~ Bausnue pasauunoix ¢paxropos
HQ& YCTAAOCTHYIO NPO4YHOCT6 8AA08 U OCel

B ycnOBHAX UMKJIHYeCKHX HaNpsKeHHH, Kak MOKAa3bIBaeT
fipakTHKa, paspylieHHe AeTaJell NPOHCXOAHT NpPH HanpsXKeHHusx,
3HAYHTEJbHO MEHBIIHX 110 BeJHYHHe, UeM npeles NPOYHOCTH HJA
Jaxe Npenes TeKyyecTH. Hponcxo,mT TaK Ha3blBAaeMOe yCTaJIoCT-
HOe paspylleHHe.

MakcumasibHasi BeIMYHHA TIePEeMEHHBIX HaNpsKeHHi, KOTODBIE,
MaTepHaJ, He paspyurasice, MOXeT BHAePKAaTb NPH Jio60M yucie
HX HOBTopeHHn Ha3BIBAETCsl MPELeJOM YCTaJOCTH HJIH BBHIHOC/M-
BOCTH.

Kak IIOKaBBIBalOT 'UCNBITAHHS TJafKHX 00pas3ioB Ha H3rub,
ILJsl cTajied npefes BEIHOCJIHUBOCTH IIPH CUMMETPHYHOM LHKJIE CO-
craBjasier Juwp 40—45% ot npexnesna npoyHoctH. Ha BennuuHy
npefesa BHIHOCAHUBOCTH BJIMAIOT He TOJbKO XaPaKTeDHCTHKH IHK-
JIOB M BHJ HarpyxeHus jeranefi (pacrskenue, uarub, KpyueHue),
HO u (opMa HeraJy, KaquTBo NOBePXHOCTH, TeMIlepartypa, pas-
MepHl JeTaJu.

Mecra pe3kHx u3MeHeHu# (OPMH HeTajed (MepexXof OT Oi-
HOro AHaMeTpa JAeTaJd K JPYyroMy, BHITOYKH M CBepJIeHHd, LIJH-
1eBhle H INOHOYHBIE a3k, pe3b0OBble KAHABKH U T. [.) SIBJAIOI-
cA KOHIEHTPAaTOpaMH HaNpsAXKeHHH W OYeHb yMeHbIIAIOT MNpejest
BRIHOCJHBOCTH MaTepuaJia. BiinsHue MeCTHBIX HaNpsXKeHHH oOIle-
HHBaercsl 30 ¢PeKTUBHLIM KO3Q(PHIHEHTOM KOHIEHTPALIHH Hamps-
xenuit K; uan K. B 3aBHCHMOCTH OT BHAa HampsixkeHHs (u3rub
UM KpydyeHue). 3HAUEHHs 3THX Koa<p(pnuHeHToB IJIs1 HEKOTODHIX
THIIOBBIX KOHIIEHTPATOPOB HAMpfXKeHHH B CTAJbHHX JAeTalsdx (3
CTYIEHYATOM IMlepexofie C TaJITeNblo, B MecTe 3y0ObeB LlecTepHH,
Hape3aHHOH Ha BaJy, H LIIHIL npﬁMoéquon H 9BOJIbBEHTHO# ¢op-
MBI, B MecTe MOMEePeYHoro OTBEpPCTUS) NpHBeAeHH Ha puc. 7—10.

YuurthiBasi, 4TO AeTajH aBHaKOHCprKunﬁ H3TOTaBJIHBAIOTCH,
KaK IPaBHJO, U3 BLICOKONPOUHBIX CcTajeH, BaXXHO O6GpaTUTb BH¢-
MaHHe Ha DOCT OTPHLATENbHOTO BJHMSHHA KOHIEHTPATOPOB ~Ha-
npsKeHHA C. yBesqHYeHHeM IpeJeja MPOYHOCTH MaTepuaja. J10
06CTOATEeNLCTBO 3aCTaBJAET NPOEKTHPOBIIHKOB HCHOJB30BATL 3
psiie cay4yaeB CHellMaJpHble KOHCTPYKTHBHBIE pellleHHsi, Hampas-
JieHHBle Ha MOBHIIIIEHHE TMpeJesa NPOYHOCTH BAaJIOB, HAIMpHMeD,
NPHMEHATh YNOPHBE KOJbLA, 3BOJIbBEHTHBIA NPOQHJIbL ULIHL,
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[image: image11.png]5) of H/MM2

700 800 900 1000 1100 1200
Cp Hfmm*
Puc. 10. KospduunueHTH KOHLUEHTPaIHH

AJsl BaJOB C HacaXeHHHMH KOJbUAMH
NOAIHNHHKOB
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[image: image12.png]OnuuM u3 3(QQeKTHBHHIX MyTell NOBHIIEHHUS JAHHAMHYECKOH
NMPOYHOCTH BAJIOB B INePEXOJHBIX CeUYeHHAX SBJAETCA ylajeHue
MaJIOHarpyxeHHOTO MaTe-
puaja, HanpuMep, 3a cyeT a
HCMOJIb30BAHHUSL Pa3rpy3ou-

HBIX KaHaBoK (puc. ll,a), I
BLICBEPJIHBAHHUSA OTBEPCTHH

B CTyIleHsiX 6osblUIOro gua-

Merpa (puc. 11,6). 3ro
obecneuynBaer GoJjiee paBHO-
MepHOe pacnpejesieHHe Ha-
NpsAXeHU#H U CHHUXKAET KOH-
LEeHTPAUHIO HaIpPSKeHHUH.

H3BecrHo, uro mpu u3aruGe M KPyueHHH MaKCHMAJbHEHIE Ha-
MpsiXKEeHHs!, COOTBETCTBEHHO HOpPMaJibHble M KacaTesbHbIE, NeHCT-
BYIOT B IIOBEPXHOCTHOM cCJioe JeraJsiel, NO3TOMY YCTaJOCTHas
MPOYHOCTb BAJIOB B 3HAUUTENbHOH CTEMEHU OlpefesfdeTcsd KayecT-
BOM HX NOBEPXHOCTH, OlleHHBaeMbM Ko3bduuueHTOM ex (puc. 12).

I'padukn noxkasmBawmoT, 4ToO

En CHHXKEHHEe TIPOYHOCTH Ba-
JIOB H3-3a MOBPEXIEHHH HX
MOBEPXHOCTH YCHJHBaeTCs
C POCTOM Ipeleyia NMPOYHO-
CTH TIPHUMEHSIeMOro Mare-
puana. IIpu rpy6o#t obpa-
60TKe MOBEPXHOCTH Npeled
BHIHOCJIHBOCTH ‘BBICOKO-
MIPOYHEIX CTaJieli OKa3hBa-
€TCsl He BHIIIE, YeM Yy 0ObIY-
HHIX CpelHeyrJepOAHCTHIX
crane#i. Oco6eHHO YYBCTBH-
TeJbHH K KauecTBY OBepXx-
HOCTH THUTAHOBHIE CIJIaBHI.
300 500 700 900 770[;;3/07’0/MM2 TaKHM 06paSOM, naxe He-
TPYLIHECs MOBEPXHOCTU Ba-

Puc. 12. Kosdduuuenr xavectsa mno- JOB M oceli aBUALHMOHHEIX

BEPXHOCTH: -
1 — mandoBanHol; 2 — noaHpoBaHHON; 3 — KOHCprKHHﬁ cnenye'r 06

gl;ca:;g;:{x592:?}&0:;&'D%sicjﬁépggguzd%a%o;gi paﬁaTbIBaTb IO BHICOKOM
HOR Bogxe; 7——;(0996.31*151 B MOpCKO# BOAe CTENEHH YHCTOTH. YcCTa-
JIOCTHYIO TNPOYHOCTH BAJIOB
¥ OCeH MOXKHO IOBBICHThL YNIPOYHEHHEM HX MOBEPXHOCTH: 3aKaJKOH,
leMeHTauuell, asoTHpoBaHHeM, O6AyBKOH cTasbHON Apobnio. Ha-
puMep, npejes BLIHOCAHBOCTH NPH IOBEPXHOCTHOM YIPOYHEHHH
BaJIOB C KOHIeHTpauued HanpsxKeHus K. = 1,8—2,0 noeslimiaerca
a30THPOBAHHEM, IpPOOECTPYHHBIM HAKJIeIOM MJIH HAKAaTKOH poJii-
KoM B 1,7—2,1 pas.
OKCNEePUMEHTANbHO YCTAHOBJEHO, YTO Npenes BHIHOCJAHBOCTH
CHHXKaeTCs C yBeJHueHueM pasMepa aerau. OOBICHHTD 3TO MOX-

Puc. 11. Cnoco6u NOBHIIEHUS JAHHAMU-
4eCKOH NMPOYHOCTH BalloB

0
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[image: image13.png]HO POCTOM TINOMIAAM NMOBEPXHOCTH NETANH M, COOTBETCTBEHHO, ce
OTPHIATEJbHHIM BJIMSIHHEM Ha NMPOYHOCThb. Pa3Mephl metanu yuiu-
THBalOT MaclrTabueiM paktopoM (puc. 13).

Y10 15 20 50 70 100 150
4 MM

Puc. 13. Macwitabuuifi akrop:
1 —rnagkne o6pasmikl u3 YIAepoRMCTOH cranm; 2 —
raalkde o6pasub U3 JerHpoBaHHON CTaNu; 3 — o6pas-
bl C KOHIEHTPATODOM HAINDPSKEHUS

Onpedesenue 3anaca YycTrar0CTHOU NPOYHOCTU

3anacoM yCTaJOCTHOM TNPOYHOCTH. HA3bIBAETCA OTHOUIEHHE
npenesia BHIHOCJHUBOCTH JETaJji K BeJMYHHE MAKCHUMAaJbHOLO 1H-
KJMYECKOTO HANPSIKEeHUsI, BO3HHKAIOLlero B Hell mpu pabote.

Ec/H NpH HCCJAENOBAHHM Ha YCTAaJOCTHOH MallliHe HeT BO3-
MOXKHOCTH (ueJIecoo6pa3Hocm) ONMpeJesNHTh 3amac NPOYHOCTH
JEeTaJId, TO ero MOXHo HalTH .patueTHM nyTteM. [Ipu 3TOoM mpe-
Jle]1 BHIHOC/MBOCTH J€TaJM BBIPAXKaercst yepes Mpejes BBIHOCIH-
BOCTH ee MaTepHaJja C NONpPaBKaMH, YUHTHIBAOIHUMHE GopMy, Be-
JINYHHY JeTaNH H COCTOSHHE ee MOBEPXHOCTH.

Hna neraneft, HAarpyXeHHbBIX HOPMAJbHBLIMH HaNpsKeHUAMH
CUMMETPHYHOTO LHKJA, 3aMac YCTAaJOCTHON NPOUHOCTH PaBeH:

O_184%y

GmaxKﬁ )

Ilns peradefl, HarpyXeHHHX KacaTe/bHBIMHM HaMNpsXKeHHSIMH,
¢)opmyna awasornuna [4, c. 134, dopmyna (9,2)} Ilo usBectHbu
3HAYEHHSIM M. U M. BHYHCJAsETCS oOUMiA 3amac npouHoctH [4,
c. 135, dopmyna (9.4)].

TIpuMepsl NPaKTHIECKOro pacuera CTaTHYeCKOH M yCTaJoCT-

HOMl TIPOUYHOCTH JeTaJjefl aBHALHOHHBIX KOHCTPYKUHH NpHBeIeHbI
B [4, c. 135—143}.

nc =

KonrpoabHbie BONpoCh!

1. Uro Takoe ochb M BaJ, KaKas MeXAy HUMH Da3HHIA?
2. Kak Ha3LIBAIOTCA ONODHBIE JAaCTH BAJOB H OCeH?

3. IlpuBenure mpuMepH HENOABUXHBIX H Bpamaronmxcs{ oceil B KOHCTPYyK-
IR BO3AYHIHBEIX CYAOB.
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Puc. 15. KunemaTtuueckue cxeMH yana npusoma arperatoB I'TI
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[image: image15.png]4. B ueM COCTOMT OCHOBHAS KOHCTPYKTHBHas OCOGEHHOCTb GOJBIIMHCTBA
BAJIOB M Ocefi aBHAIMOHHHX KOHCTPYKUH?

5. Uem ompefensiercs onTuMaibHas GopMa BajoB MO LJHHE?

6. Kakue cpeicTBa HCHONb3YIOTCH Il 3aKpeIVIeHWs Aeraled Ha Banax”?

7. Kakue BajJBl HasbBAIOTCS TPAHCMHCCHOHHBIMH?

8. TToueMy OCH PacCUHTHBAIOTCA HA NPOYHOCTb Kak Gajiku? B ueM cOCTOAT
yCJIOBHE HX NPOYHOCTH?

9. B xakux cayuasix (noKasaTh Ha NMPHMEPE) B CEUEHHHX Bajia JleficTBYIOT
BCe BHYTDEHHHE CHJIOBHIE HaKTODH? '

10. Kakne cuaoBbie ()aKTOPHl JOCTAaTOYHO YYHTHBATh NMPH NPOYHOCTHOM pac-
yeTe BaJIOB? '

11. Uro sBNsfeTCS UDHIHHON MEPEMEHHOCTH HaNpsKeHHH, JIeHCTBYIOMIHNX
B Banax?

12. Uto HasmBaercs yCTAJOCTHOH NMPOUHOCTHIO?

13. B uyeM cojepKaHHe pacyeTa BaJOB HAa CTATHYECKYI MPOYHOCTH?

14, Kakue daxkTopnl BJAUSIOT HA Hpenesl BHIHOCIHBOCTH BaJioB?

15. Ha3oBHTe BO3MOMKHHe KOHCTDYKTHBHHE pelleHHs, MNOBhHIIaomue Inpe-
ZeJl BHIHOCJIMBOCTH BaJja.

16. KakuM o6pa3oM KauecTBO NOBEPXHOCTH Baja BJIHAET Ha €ro AHHAMA-
'YeCKyl0 NPOYHOCTH? :

17. Uro masnBaeTcss 3amacoM ycranocTHoit npounoctd? Kakue ¢axropu
BJAHAIOT Ha ero BeJUYHHY?

Sanaua 2. Pacuer Bana

Ysen npusopa arperatoB I'TI . (puc. 14) cozmepxXHT BaJ-
sybuatoe KoJeco 2, YCTAHOBJICHHHIH Ha MOAIIAMHHKAX A u B,
MOCPEACTBOM IIIHIL COEIHHEHHBIH C 3y6YaThIM KOJIeCOM 3. Mouu-
woctb N oT Kosleca | MOABOAHMTCS K 3yGuaToMy KoJecy 2 U jajiee
yepes KoJjieco 3 nepefaercss Ha 3ybuartoe KoJeco 4. Bo3MOXHbHI
KPaTKOBPeMeHHEIe Tleperpy3ku. Baa Bpamaercsi ¢ 4acTOToOH 7.

OnpejeiTh 3amac yCTAJOCTHOH NMPOYHOCTH Baka 2 B 3alaH-
HHX ceueHusX. UepTex y3sia YIpOIleH: [aHbl TOJLKO pasMephl,
Heo6XOAMMEIe JJIsl- pacyera, yHcja OKpYyrJeHb H YKa3aHbl 6e3
ponyckoB. McxonHble naHHble /sl pacuera IpuBeleHbl B tTabm 2.

Puc. 16. KunemaTtnueckas cxema yaJja nepe-
Naun
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[image: image16.png]Tabauuma 2

= =
= - = ~—| Ilepe-
X = [Tpoduas
S8 |2 | & | Ceuenns g?li)ua % | rpysxa, Crans
2 an Qo o] 0/0
o || = 0&

1 18 | 3000 | /—1 u 7—7 | DBoabBeHPHBI | | 150 40XHMA
2 15 | 2400 | 2—2 u 4—4 | dBoabBenTHH | I 125 40XHMA
3 10 | 1800 {3—3 u 6—6 | dpoabBentusid | 11 150 40XHMA
4 18 | 3000 | 2—2 u 5—5 | DBoabBeHTHHI | 1V 125 40XHMA
5 15| 2400 {4—4 n 6—6 | DBoaAbBeHTHBIN | | 150 40XHMA
6 10 | 1800 | 7—1 u 2—2 | [TpamoGouumit | Ii 125 18XHBA
7 18 | 3000 {3—3 u 4—4 | IlpamoGounsiit | Il 150 18XHBA
8 151 2400 { 2—2 u 3—3 | IlpamoGounnii | IV 125 18XHBA
9 10 | 1800 | I—1 u 7—7 | [1pamo6ounbit I 150 '18XHBA
0 18 | 3000 | 3—3 u 4—4 | [Ipamobouumit | II 125 I8XHBA
gﬂ‘g;; x| x r x B r i I

YKasanusa no pacyery

OmnpeneneHde 3amnaca ycTaJOCTHOH HPOYHOCTH IIPOH3BOAMTCH
no popmyanam:

0.1 €no Euma T.18nt Mz
ng = ——m— HIH N, = ————ge—
o, K t, K2

BenuuuHel 6-; ¥ T-; 3aBHCAT OT MaTepHaJa JeTaJiH, BHOH-
palorcs u3 taba. 3.

Ta6bauma 3
Marepuan |o, H/mm?2 | op H/MM2 | 7 H/MM2 H‘/’;A‘MQ t_, H/MM2 |ty H/mMm2
12X2H4A 1100 850 590 . 500 250 300
18XHBA 1200 1000 700 620 320 380
40XHMA 1100 850 590 530 270 330
30XI'CA 1200 850 600 600 300 360
35XTI'CA 1650 1300 650 660 330 400

Koappunnentsl K, enx U ew, XapakTepH3yIOlHe BJHSHHE pas-
JUYHBIX GAKTOPOB HA YCTAJOCTHYIO MPOYHOCTh, ONPEAETIOTCS IO
puc. 7—10. AMOIUTYAHEE 3HAYEHHS HANPSKEHUHA Oa H Ta LOJK-
Hbl ObITb PACCUHTAHbl AJi 3aJaHHBIX CEYEHHI:

Myar M,
%=y B RWE o
y4

Beauuunnl My 1 Myp onpenensiorcss MOCTPOEHHEM COOTBET-
CTBYIOLIHX 3MIOP MOMEHTOB HAa OCHOBE CXEMEI CHJIOBOTO Harpy-
XKeHHsA JeTajH ¢ IpeABapHTENbHO HalJeHHHIMH ONOPHBIMH peax-
LHAMH.
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[image: image18.png]IIpn AByXOCHOM HamnpsiKeHHOM COCTOSIHHH MaTepHaJa JdeTadH,
KOria B ee CeUeHHSIX OJHOBPeMEHHO MAeHCTBYIOT HOpMAaJIbHHE M
Kacate/bHbie HaNPsiKeHHs, OOLIHA 3amac MPOYHOCTH ONpenenser-
¢ Mo Qopmy.ie:

nan‘:

n=-—————________..2,
Vst

Cocras/ieHne CHJIOBOH CXeMH ¥ IOCTPOEHHe 3MIOP H3THOA0-
KX H KPYTALIHX MOMEHTOB BO3MOXKHBI TOJIbKO IIOCJIE Ompejelie-
HHUSl BCEX CHJIOBBHIX (PAaKTOPOB, B TOM YHCJe YCHJHH, AeHCTBY;O-
WKUX B 3yOYaThiX 3allellJIeHHAX, [O3TOMY pacueTy Ha BRIHOCJH-
BOCTh JOJIXKE€H IPeAlIeCTBOBAThH pacyeT 3yOYaThIX KOJIEC.

IIpuMmep. Ha puc. 16 npeacraBieHa KuHeMaTHyecKas Cxe-
Ma ysJaa nepefaud. Momnocts N = 66,2 kBt (90 4. c.) nepegaer-
cs 3y04aThiM KoJecoM I 3y6uaTroMy KoJecy 2 H jhajiee pacnpefe-
asiercs: Na = 29,4 kBt (404.c.) — uepes LIIMIEBOe COeAMHEHUE
B Ha Banuk-sy6uatoe Kojeco § u 3yGuaroe kKomaeco 6, Ng =
= 36,8 kBt (50 11.c.) —yepe3 3y6uatoe KoJjeco 3 Ha KoJjeco 4.

OnpenenuTs ycTaJOCTHYIO NPOYHOCTh Bajia ¢ YKpPeNJeHHBIM
Ha HeM KOHHYeCKMM 3yOuaThiM KojecoM 2. Marepuan Baja —
craap 12X2H4A. Koncrpykuus ysjna uso6paxkeHa Ha puc. 17
(0003HayeHHsl COOTBeTCTBYIOT puc. 16). Baa ycraHoBJjen B moi-
munaukax C u D. Ha npaBoM KoHIle BaJja OCPEACTBOM LITH(HTOB
3aKkpelJieHo LMJAHHAPHYeCKoe 3y0OuyaToe KojJeco 3. BHyTrpeHnHue
9BOJIbBEHTHHIE LIJIMILI B TOUYKe B Baja ciayiKar ONOpOH BajHKYy-
3y6uaToMy KoJecy 5, KOTOPHH TaKXKe ONHPaeTcs Ha paJHaJjbHBIN
nogwunHuk A. Unucaa 3y6beB KoJec H3BeCTHH. (cM. puc. 16).

Puc. 18. Cxema cmi, HeHCTBYIOIMX Ha BajauK-3y6uaToe KoJjeco 5
(cM. puc. 16):
a = 25 MM; b = 300 MMm; dcp5/2'=- 36,7 MM

Yacrora Bpallenus BaJjoB n = 2400 o6/mMun. Hanpasjaenue 1o
yacoBol crpeske. BO3MOXKHBL KPaTKOBPeMeHHHe Neperpysku
1509% ot HOMHHAJLHOH HarpysKH.
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[image: image19.png]Pewenne. H3pecrHhe 3HaueHHst MOAyned H uHcaa 3yObes
BceX 3y6uaThiX KOJeC OLHO3HAYHO ONMpPEeAessioT BCe HX reOMeTpA-
yeckue pasmepul. [locsne ompenesenus pasmMepoB 3yGuaThix
KoJleC H MPOBEPKH MX MPOYHOCTH B YCJOBHAX 3a[aHHBIX HArpy-
30K BO3MOXHO NOCTPOEHHE CHJIOBBIX CXEM.

CusnoBble cxeMhl Bajuka 5 (puc. 18) u Bana, Hecyuiero 3y6-
yatoe Koseco 2 (puc. 19), cocraBjieHHl ¢ yYeTOM XapakTrepa OIOp
H MpeABapUTENbHO HaHAEHHHIX YCHJIMHA B 3y0OUaTHX 3aleNJieHHsX:
Ha KOHHMYeCKOM KoJjiece § (Ps, Pas, Prs), Ha KOHHYECKOM KoJjiece 2
(Py, Pag, Pr3), Ha uununapuueckoM Koaece 3 (Ps, Prs).

Puc. 19. Cxema cua, AeficTBylomuX Ha Baj C 3y6uaThiM KoJecoM 2
(cM. puc. 16):
C = 56 MM; f = 65 MM; [ = 140 MM; R = 38 MM; dcp2/2 = 87 MM; dg/2 = 56 MM

Tak Kak BaJH BpallalTcsi PaBHOMEPHO, TO AJA ONpeleJCHUA
ONOPHBIX 'pea.KuHﬁ MOXHO HCHNOJB30BaTh YCJOBHE PaBHOBECHS:
— YPaBHEHHA paBHOBECHA Bannxa-syﬁlxa'roro KoJeca 9

( YFy; = 0; —P.s + RAy + RBy =0;
SFu=0; —Ps + Rax + Rpx = 0;
SF,;=0; Pas + Raz = 0;

d
{  ZMu=0;  Py—5——Pua—Reb=0;
ZMy; = 0; Ps a + Rpx b = 0;
dcps
SM,, = 0; Ps-T —mp=0;

OTKYJa, NOJACTAaBHB YHCJEeHHBle 3HAYEHUA BEJHYHH, HaxXoouM
Rir=3510H, Ray =801H, Ra,=—833 H, Rz = —270H,
Rz, = 32.5 H:
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Prc. 20. OmopH u3ru6aouiix MOMEHTOB BaJHKa

— ypaBHeHHA pPaBHOBeCHS BaJa c KojecaMu 2 u 3

ZF o =0;
ZF 9= 0;
Zin, = 0;
ZM;i = 0;
zMyl =0;
EMzi = 0;
OTKyAa Rcx
= —2970 H,

P2+RCx+R'Bx+RDx+P3=O;
“‘prz'l'RCy—Rjgy-l—RDy-l-P,a:O;
Pa; + Re. = 0
Pa -2 — Pac Ry f 4+ Rosl — P14 ) =
— Pyc + Ry, f+ Roxl + P (¢ + k) = 0;
d. - d,
— Py~ +my+ Py =0;

= —3760 H RC‘U == ——1050 H RCZ = 875 H RDx =
Rp, = 827 H
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[image: image21.png]OcHoBaHHEM J[Ji NOCTPOEHHS 3MIOP MOMEHTOB, JeHCTRYIOUWHX
B CeyeHHSX pAaCYeTHOro BaJja, fBJseTcA cUaoBas cxema (pHc.
20, a). Ban HaxomuTcs B CJO0XKHOM HAMNPSIXKEHHOM COCTOSIHHH, HC-
NBITHIBas OJHOBPEMEHHO KpyueHHe BOKPYI CBOe# OCH 2 H ILIOC-
KUt ¥3ru6 B FOPH3OHTAJBHONK M BePTHKAJIbHOH MJIOCKOCTAX.

CusioBHe cXeMHl H COOTBETCTBEHHO SMIOPH HM3THOAIOUIMX MO-
MEHTOB NOCTPOEHBI: AJIS BePTHKaJbHOH MJOCKOCTH Ha pHc. 20, 5
u 20, 8, AJs TOpH30OHTaJbHOM Ha puc. 20, e u 20, 0. Ha puc. 20, arc
npejicTaB/jeHa pe3yJbTHPYIOLAs 3MIOPa H3THOAIOIIKX MOMEHTOB,
MoJlydeHHas reoMeTpUuecKHM cioxeHueM (puc. 20, e). Ilpu mo-
CTPOEHHH CyMMapHOH SMIOPHl H3-32 MaJiOH KPHBH3HBI HAa y4acTke
CD ona mpeacraBJjeHa NPAMBIMH OTPe3KaMHu.

Puc. 21. OnacHule ceueHHsi BajNKa

CoBMeCTHM YepTeX pacyeTHOro Baja (puc. 21, a) c smopaMu
usrubarpownx (puc. 21,6)- U KPyTAUIHX MOMeHTOB (pHC. 21, 8).
BHIHO, YTO OMACHHIMH CEUEHHSIMH MOTYT OKa3aThCs ceueHus I,
2, 8, 4, 5, xapakTepHhle JH00 HaJHYHEM KOHIEHTPaToOpa Hamps-
JeHH#, AH60 sKcTpeMyMoM MoMeHnTa. CpaBHeHHe ceueHuit I 3
NoKaseBaeT, 4To CeueHHe / MOXKHO He paccMaTpuBaTh, TaK Kak
npyd OAHHAKOBOM XapakTepe KOHLEHTPATOPOB HanpsixkeHHH ceue-
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[image: image22.png]HHe ] HMeer MeHbWIHH HM3THGAIOUWMH MOMEHT H GOJBLLIHA BHeld-
HHH AHaMerp.

Hadinem HOMHHa/IbHBle HANPSXKeHHs U3rHOA M KPydYeHHS B ce-
yeHHsAX 2, 3, 4, 5 (raba. 4).

Ta6auna 4

= :

cm3

Ceue-
HHe

MHSI‘
H-m

d

Mgp . W
H:-M D

cm3

X — Sus
Devmidem | a= H/a2

H/cwm?

2 177 1 268 | 5
3 159 268 | &
4 107 149 | 5,
] 69 149 | 4

4,2 0,76 109 {219 | 1620 1220
42 0,84 64 | 12,8 | 2480 2090
4,2 0,84 64 | 12,8 | 1670 1160
3,8 0,83 51 1103 | 1340 1450

oot

PaccuuranHbie 3HAaueHHS HaNpSIKEHHH SBJSIOTCH AMIJUTYI-
HeIMH. Hanpsikenus uaru6a MeHSIOTCS [0 CHMMETPHYHOMY LHKJY.
[Ipexen BuHOCAMBocTH crann 12X2H4A (cm. TaGa. 3) mpu cHM-
METPHYHOM LHMKJe o-; = 500 H/MM2, Hanpsaxenust KpyueHHs npu-
HHUMaeM H3MEHSIOUHMHCA MO MyJbCHPYIOILEMY LHKAY, AJSA KOTO-
poro 1o = 300 H/mMm2.

Ceuenne 2 umMeeT KOHLEHTPATOP B BHUAE HANMPECCOBAHHOI:
KOJIblla NOAIIHNHMKA. Dd(PeKTUBHHEA K03G(DUIUEHT KOHIEHTPA-
IHH HanpsAXeHHH ¢ ydyeToM MacuitabHOro (akropa AJs MeCTa
HaNpeccOBKH NOAMHUNHUKA (cM. puc. 10)

—-ff‘—=4,95 n & 315

Kosd¢puunenT KauecTsa moBepXHOCTH AJA Beex cedeHHH npu-
‘MeM gg = 1. 3anac npouHocTu npu usrubGe (cM. tabu. 4):

no = Soifmewe 50000 oo

3anac NpoYHOCTH NpPH KPYUEHHH:

_ Toemews 30000
M=K 1220315 %
O6uufi 3anac NpovYHOCTH:
= N M. _ 6,2-7.8 —~48.

Vn2 4 n? V6,2? + 7,82 ’

AnasOTHYHO pacCyHTaeM 3anachl MPOYHOCTH NO APYrHM cede:
HuAM. Ceuenne 3 HMeeT KOHIEHTPATOD HANPSKEHUS B BHIE Ta.-
TeJIbHOrO mepexoja ¢ h/r = 1. B ceueHun 4 KOHIEHTPATOPOM $IB-
JIsleTcsl MeCTO HampecCOBKY MOAMIHUIHUKA, B CeYeHHH § — pe3nba
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[image: image23.png]Hcnonssys puc. 7, 10, 13 u nannne taba. 3, onpefennM 3ud-
yeHHA 3 ¢QeKTHBHHX KO3(DGHIUHEHTOB KOHLEHTPAUHH H 3anacos
npoyHocTH (tabu. 5).

TaG6auna 5
C:;‘ee- Ko/euc | K‘c/em: ’ Ka K1 Ex n, n, n
2 4,95 3,15 — — — 6,2 7.8 4,8
3 — — 18 | 1,72 ] 0,6 | 6,5 5,0 4,0
4 4,90 3,10 - — — 6,1 8,3 4,9
5) 3.8 1,3 — — — 9,8 16 8,4

Takum ob6pasom, o6mHu#i 3anmac ycTaJoCTHOR NMPOYHOCTH BaJa
onpenessieTcsd NPOYHOCTBHIO ceyeHHs 3 U cocTtaBiaser n = 4,0.

Hafinem 3anac craTHuecKo# MPOYHOCTH B CeUeHHH 3, B KOTu-
poM JHeHAcTByIOT HauOoJiblie HOMHHAJbHHEE HanpsxeHud. Ilpi
KDPaTKOBDeMeHHHX Ileperpy3kax BeJIHUHMHA HANpPAXKEeHHH Moxer
Bo3pacTH B 1,5 pasa:

Omax = 1,5:248 = 3720 H/cM2; tmax = 1,5-209 = 3140 H/cMm2.
[IpuBeneHHOe HANpsKEHHe 10 TPeTbed TEOPHH MPOUHOCTH

— /L. 4%, = V/3720° + 4-3140 = 7300 H/cw?.

IIpr npenene TeKyuecTH Marepuana or = 850 H/mMm2, 3anac cra-
THYECKOA NPOYHOCTH BaJja

op _ 850 _
n, = om =3 = 11,5.
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