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YCTOUMUYUBOCTH KPAHOB

[1nan.
1. IIpoBepka rpy30BOil yCTOMYHBOCTH.
2. IIpoBepka coOCTBEHHOU YCTOWYMBOCTH.

be3onacHoCcTh pabOTHI BCeX MEPEIBMKHBIX M MOBOPOTHBIX KPAaHOB JOJKHA
o0ecreynBaTbCsl 10CTATOYHONW YCTOMYHUBOCTBIO MPOTUB ONMPOKUJIBIBAHUS KpaHa.
Kosddumment 3amaca yCTOMYMBOCTM W METOAMKA €ro  ONpeesieHus
periiaMmeHTupoBanbl mnpaBwiamMu [ocroprexnamzopa [20], a s OalleHHBIX
kpanoB — ['OCT 13994—81.

VYcnoBus paBHOBECHS KPaHOB OIPEIECSIOTCS COOTHOIIEHHWEM 3HAYEHUU
VACPKUBAIOMIETO U ONPOKHUJBIBAIONIETO  MOMEHTOB,  JEHCTBYIOIIUX
OTHOCUTENIbHO ocu (pebpa) ompokuabiBaHusl KpaHa. [IpoBepky KpaHOB Ha
YCTOMYMBOCTh, MPOU3BOAAT Kak JUIsi padoydero MOJOXKEHUsT KpaHa C TPy30M
(rpy3oBasi yCTOMYMBOCTB), TaKk U g KpaHa 0e3 Trpy3a (coOCTBeHHas
YCTOMYMBOCTB) B YCIIOBUSIX, KOTJ]Ja COUETAHUE JICUCTBYIONIMX HA KpaH Harpy3oK
HamOoJiee HEeOJaronpuaATHO C TOYKH 3PEHHUS BO3MOXXHOCTH ONPOKHIBIBAHMS
KpaHa. bamieHHble CTpoOUTEIbHBIE KpaHbl, KpPOME TOTO, JOJDKHBI OBIThH
MIPOBEPEHBI Ha YCTOMYMBOCTH MPHU BHE3AMTHOM CHSTHHM Harpy3Kd C KpIOKa U B
nporiecce MoHTaxka 1 JeMoHTaxka (cM. OCT 13994—381).

YceroltunBoCTh  KpaHa — XapakTepU3yeTcss  CICAYIOUMMHU  BEIUYMHAMU:
KodbpdbunuenTom TrPy30BOH YCTOMYUBOCTHU — OTHOIIEHUEM
MOMEHTA OTHOCUTEIIBHO pedpa  ONpPOKHUABIBAHUS,  CO374aBa€MOr0  CHJIOM
TSOKECTH BCEX 4YacTel KpaHa ¢ y4YeTOM BCEX JOIMOJIHUTEIbHBIX Harpy3oK
{BETpOBOI HArpy3Ku, MHEPIMOHHBIX  CHJ, BO3HUKAIOIUX TPHU MYCKE WU
TOPMOXXEHUU MEXaHU3MOB IMMOIbEMA IPy3a, MOBOPOTA U MIEPEABMKCHUS  KpaHa),
a TaKxke BO3HUKAIOMIEH  COCTaBIIAIONICH CUJIBI TSKECTU MPU HAUOOJBIIIEM
JOMYCTUMOM Tpu  paboTe KpaHa YKIOHE K MOMEHTY, CO3/JaBaeMOMY  CHJIOMN
TSHKECTH  Tpy3a OTHOCHUTEIBHO TOTO ke pedpa ONpPOKHIBIBAHUS,
KOG PUIUEHTOM COOCTBEHHOW YCTOWYMBOCTHU KpaHa — OTHO-
IICHUEM MOMEHTA, CO3JaBa€MOr0 CHUJIOM TSKECTH BCEX YacCTeW KpaHa ¢ yue-
TOM YKJIOHA ITyTH B CTOPOHY OINPOKHUJIBIBAHUS OTHOCUTEIBLHO pebpa OMpOKu-
JBIBaHUSA, K MOMEHTY, CO3/1aBa€MOMY BETPOBOM Harpy3koi Hepabouero
COCTOSIHUSI MAIIIMHBI OTHOCUTEIBLHO TOTO e pedpa ONMPOKUILIBAHMUS.

CornacHo npaswiaMm ['ocroprexHaazopa 3HaueHHs] KO3PPUIMEHTOB I'Py30BOH U
COOCTBEHHOM YCTOWYMBOCTH JIOJDKHBI OBbITh He MeHee 1,15. Omnpenenenue
YUCJIOBBIX 3HAYEHUW ATUX KOIP(DUIIMEHTOB MPOU3BOAUTCS 0€3 ydeTra NEeUCTBUS
PEIBCOBBIX 3aXBATOB, MOBBIIAOIIUX YCTOMYMBOCTh KpaHa. Y CTOWYUBOCTh KpaHa
HE0OXOMMO 00ECTICUUTh MPHU CTPEE, PACIIONIOKEHHON KaK BIOJb, TAK U MOIEPEK
MOJKPAHOBOTO MyTU. Tak Kak B OOJBIIMHCTBE CIY4YacB y MEPEABMIKHBIX KPAHOB
KOJies MeHbIIe 6a3bl, TO OOBIYHO 00JIee OTACHBIM, a CJIEI0BATEILHO, U PACYETHBIM
CIy4yaeM SIBIIIETCSl MOJIOKEHUE CTpeJibl nomnepek mytu. Kpome Toro, rpy3oByto
YCTOMYMBOCTh KpaHa, COTJAcHO MpaBmiiaM [ ocropTexHaa3opa, MPOBEPSIOT MPHU
HaIIpaBJICHUM CTPEJIbI O YoM 45° K Ha-



Puc.1. Cxema omnpegejseHusi rpy3oBoi (a) m coOcTBeHHOH (0) YCTOMUMBOCTH
KpaHa

IIPABJICHUIO JBUKEHUS C YYETOM JOIOJHUTEIBHBIX KACATEJIBHBIX CHJI MHEPLUU.
[I0oBOpOTHBIE BEJNOCUIIEHBIE U KOHCOJBHBIE KPaHbl IPOBEPSIIOT HA YCTOMYUBOCTh
IpU TOJIOKEHUU CTpelibl BIOJIb MyTU. OmnpeneneHue rpy30BOM U COOCTBEHHOMH
YCTOYMBOCTH OTKHO TIPOM3BOANTHCS JUIS YIIla HAKIOHA KpaHa He MeHee 3° —
JUISL CTPEJIOBBIX KPAHOB (3a MCKIIIOUEHHEM KEJIe3HOAOPOXKHBIX) M ' — mid
NOPTAJBHBIX KPAHOB. Y KEJIE3HOAOPOKHBIX KpaHOB, INPEIHA3HAYEHHBIX IS
paboThl 06€3 JOMOJHUTENBHBIX OMOpP, JOJKHO YUUTHIBATHCS MPEBBIIMIEHUE OJIHOTO
penbca HaJl APYTUM Ha KPUBOJIMHEMHBIX y4acTKaX MyTH.

[Ipn mpoBepke Tpy30BOM YCTOMYMBOCTH PAacCCMAaTPUBAIOT MOJIOKEHHE, KOTIa
rpy3 HaxoAUTCS Ha MaKCUMaJlbHOM BbUIeTe. [IpM 3TOM YKJIOH M BETPOBYIO
Harpy3ky Ne, IpHMHUMAIOT TAKUMHU, YTOOBI OHU CIIOCOOCTBOBAIIN ONPOKUIBIBAHUIO
kpana (puc. 181, a). [{ns onpenenenus ykiio-- Ha paboydeil MIoIaaKd U TPOBEPKU
TOYHOCTH YCTAaHOBKM KpaHa Ha BBIHOCHBIX OIIOpAaxX CTPEJIOBBIE, CAMOXOJHBIE U
OpULIETIHbIE KpaHbl (32 HCKIIOYEHUEM pabOTaIOUIMX Ha pPENbCOBBIX MYyTSX)
cHa0XaloTCs yKa3aTelIMU — KPEHOMEpaMH.

Koaddunuent rpy3oBoil ycToiunBocTu

M, -2XM, —-M
B
K,=—2 Z >115,
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rie  M,,=G,a— MOMeHT, co31aBaeMblii BECOM HOMHUHAJIBHOTO TIpy3a

OTHOCHUTEJILHO pedpa onpokuabiBaHus Mg=Gc,— MOMEHT, CO37aBaeMblil CUJIOMN



TSOKECTH 4YacTeld KpaHa ¥ TIPOTMBOBECA OTHOCUTEIBHO TOTO K€ pedpa
ONPOKU/IBIBAHUS C Y4YETOM BO3MOXKHOTO yria HakjioHa a mytd;Mg=Wgd—
MOMEHT, CO37laBaeMblii BETPOBOI Harpy3Koi pabodyero COCTOSHUS, JeHCTBYIOIICH
Ha HABETPEHHYIO IUIOIIAJb KpaHa H Tpy3a MEpHEeHAUKYJISIPHO pedpy
ONPOKUABIBAHUA U MAPAILIEIBHO IIJIOCKOCTH, HA KOTOPOIl YCTAaHOBJIEH KpaH; > M

— CyMMapHbBIi MOMEHT CHJI HHEPITMH JJIEMEHTOB KpaHa M TPy3a, BOZHUKAIONIUX B
Iporiecce Mycka U TOPMOKEHHUSI MEXaHU3MOB KpaHa, M MIEHTPOOEIKHOMN CHUITBI TIPH
BpaICHUH KpaHa.

[Ipu ompeneneHnr CyMMapHOTO MOMEHTa CHJI WHEPIIMH CJICTYyEeT YIUTHIBAThH
BO3MOXKHOCTh COBMEIIEHUS OIEpaluii MoabeMa WM OIyCKaHWsS Tpy3a C
MOBOPOTOM KpaHa. Ecnm kpaH mepemeniaeTcsi ¢ Tpy30M Ha KPIOKE M €CIIA TIPH
OTOM BO3MOXHO COBMEIICHHE OIEpaluid TMoaheMa TIpy3a, I[OBOPOTA W
NIEPEABIKCHUS KpaHa, TO MPOU3BOIST MPOBEPKY TPY30BOM YCTOHYMBOCTH KpaHa
B HaMpaBIICHWW €ro JBIKCHHs. [IpH STOM YUYHUTHIBAIOT OMPOKHIBIBAFOIIIHIA
MOMEHT CHWJI WHEPIIMH, BO3HUKAIONIMX B TIEPHOJBI pasroHa W TOPMOXKCHHS
MeXaHU3Ma MepeBUKEHUS KpaHa.

Bo Bpemss moBopoTa KpaHa BO3HHUKAE€T TOPU3OHTAIBLHO HaNpaBiCHHAS U
Nexamass B IUIOCKOCTH CTpenbl HeHTpobexHas cuia F=Qw’p (puc. 182),
co3jaromas onpokuasiBaomuii MomenT My; = FH (Q — macca rpysa, Kr; o—
yIJoBasi CKOPOCTh CTPENbl,, Paa/C; OCTadbHbIE O0O3HAYCHUS TOHSATHBI W3
pucynka). [lox neficTBuEeM LIEHTPOOEKHOM CHIIBI TPY3 OTKJIOHSIETCS Ha Yroi 3 u
paauyc BpallleHusl Tpy3a MpeBbIIacT BeUieT L cTpensl Ha pasmep x=Htgp, rue
tg=F/(QQ): g — yckopenue cBobogHoro mnajacHus. [lpuHumas 7z°=~g,m/c?;
p =L+ HP/(Qg)w= zn/30, riae N —yacToTa BpaIIEHHUs CTPEbI, 00/MUH, TTOTydaeM sl CHIIbl P

BbIpaKEHUE (B HBIOTOHAX )
_10Qn’L
900-n’H

OnpoKuIBIBAIOIINN MOMEHT OT 3TOM CHUJIBI

Cunma wWHEpUMH TIOCTYNATEIbHO JBIDKYIIETOcs (MPU  pa3roHe  MOJ-
HUMAIOIIETOCs, TIPH TOPMOXKSHUU OIyCKaromerocs), rpysa F, ,,=QVv/1 coBmamaer
M0 HANpaBJICHUIO C CHJIONW TSXKECTH Tpy3a W MPU pacyeTe YCTOWYUBOCTHU
CUMTAETCSI MIPUJIOKEHHON K OCH TOJIOBHBIX OJIOKOB CTpPEIIbI (3/1eCh V— yCTaHOBUB
nieecsi 3Ha4YeHUue CKOPOCTH; t— BpeMsi pa3roHa WK TOPMOXKEHHUS IPy3a).
OMnpOoKUIBIBAIOIIUA MOMEHT OT 3TOW cuibl M, ,,—Qv(a-b)/t rie a — paccrosiHue OT
MJIOCKOCTH, TIPOXOMSINIECH dYepe3 OCh BpAIICHHWS KpaHa MapauielibHO pedpy
ONPOKUJBIBAHUSA, O IIEHTpPA TSKECTH TOABEIICHHOTO Tpy3a Yy KpaHa,
PaCroONIOKEHHOTO Ha TOPU3OHTAIBHOW TUIOCKOCTH; h — TIOJIOBHHA KOJIEH PEIhCO-
coBoro myTH (cM. puc.l). Ecnu ctpena nepneHAuKyIspHa peOpy ONpPOKUIbIBAHUSA,
Toa=1L
B mporiecce mycka v TOpMOXKEHHUST MEXaHU3Ma MEePEABIKEHUS KpaHa,



Puc. 2. CxeMa K onpeieIeCHUI0 HEHTPOOEKHOM CHIIbI

UMEIOIIET0 HOMUHAIBHYIO CKOPOCTH Vi CHIIBI MHEPIIUH, BO3HUKAIOIINE OT MACChI
rpy3a Q m maccel kpaHa Q,, cooTBeTcTBeHHO paBHBI QVi/t;y u Q,,Vvi/t/ Onm
JNCHCTBYIOT TOPH3OHTAJIBHO M HAIPABJICHBI BIOJb IYyTH IEPEMEIICHUS KpaHa.
OnpokuIbIBaIOIME MOMEHTBI OT 3TUX CHJI (CM. puc. 1, a)

QV, h; Qu Vs h,

t1 1

B stux ¢opmynax t; — JIMTETBHOCTh HEYCTAHOBHUBIIUXCS MPOLIECCOB JABHKEHUS
KpaHa.

Cnenyer mMerb B BHIYy, YTO Uil ONPOKHUJIBIBAHHS KpaHa KpPaTKOBPEMEHHO
NEUCTBYIOIIMMHU CHJIAMH MHEPLIMH, BO3HUKAIOIIMMU IIPU PAa3rOHE U TOPMOKEHUH,
IpU PACKAYMBAaHUU TIpy3a U T. M., HEOOXOAUMO IMOBEPHYTh KPaH OTHOCHUTEIIBHO
pedpa ONpOKHUIBIBAHUS HA HEKOTOPBIA Yyroy, T. €. 3aTPaTUTh ONPEAEIICHHYIO
paboty. Ilpu BecbMa KpaTKOM JACHCTBUM HWHEPLIUOHHBIX CHJI KpaH He
ONPOKMHETCA, JaKE€ €CAM MpU OTOM 3arMac  yCTOWYHMBOCTH  OKAKETCS
HEJOCTAaTOYHBbIM. TakuMm 00pa3oM, Ha YCTOWYMBOCTh KpaHa MpHU JEHCTBUU
KPAaTKOBPEMEHHBIX CWJI HMHEPLMM OKa3bIBAET OCHOBHOE BIIMSAHUE HE 3HAYCHHUE
ONPOKHUABIBAKIMIETr0 MOMEHTAa OT MHEPLMOHHBIX CUJI, 4 pa3BUBacMas 3a
BpeMsl IEHCTBUS 3TUX ClJT pa0oTa ONPOKHUIBIBAHUS.

BimsiHue KpeHa W CUJI MHEpPLUMH HAa YCTOWYMBOCTb KpPaHa YBEIWYMBACTCS C
YBEIIMYEHUEM BBICOTHI LIEHTPOB TSKECTU KpaHa U IIPOTHUBOBECA U C YMEHBIIECHUEM
pa3mepa koisien. [loaTomy ecnu, Hampumep, Oaku JUisi TOPIOYErO PaCHOIOKEHBI
TaK, YTO MX 3alOJHEHHE YMEHBIIAET YCTOMYMBOCTH KpaHa, TO NPU pACUETE HX
NPUHUMAIOT TOJHOCTBIO HAIMOJHEHHbIMUA. B oOpaTHOM cily4ae HX CUMTAIOT
nycTeiMu. 1Ipu onpeneneHnn BBICOTHI LIEHTPA TSKECTH MAacCy HMXKHUX BETBEU
I'YCEHUYHBIX JICHT W JPYTUX DJIEMEHTOB, HE BIMUSIOIIMX HAa YCTOMYMBOCTBH, MPH
pacyere HEe YUUTHIBAIOT.

Jlis  yBenmu4eHHsl YCTOMYMBOCTM U YMEHBUICHHS HEOOXOJUMOW MaccChl
OpPOTUBOBECAa KpaHbl C TMEPEMEHHBIM BBUIETOM CTpelbl HHOTAA CHAaOXaroT
MOABWKHBIM CTPEJIOBBIM TPOTUBOBECOM, ABTOMATHYECKM W3MEHSIOIIMM CBOE



IIOJIO’KEHHUE IIPU U3MEHEHUM BBUIETA CTPENbl. Takoe KOHCTPYKTHMBHOE pELICHHE
YMEHBIIAET HAarpy3Ky Ha MEXaHU3M HW3MEHEHHs BbUIETAa M CIIOCOOCTBYET
YPaBHOBEIIMBAHUIO IOBOPOTHOM YacTH KpaHa.

[To mpaBmiam I'ocroprexHan3opa HEOOXOIMMO TaKK€ OIPEAEATh 3HAUYEHUS
KO3 pUIMEHTa IPy30BO YCTOWYMBOCTU 0€3 yueTa JOMOJHUTENIBHBIX HAarpy30K U
YKJIOHA IIyTH, T. €. OTHOLIEHHME MOMEHTa Mg, cO3/1aBaeMOro Maccoi 3JIEMEHTOB
KpaHa U IPOTHMBOBECAa OTHOCUTENILHO peOpa ONPOKHUABIBAHUS, ONPEAEIEHHOTO 0€3
ydeTa yKJIOHa IIyTH, K MOMEHTY M,

Kl':M

ep

[Tpu npoBepke cOOCTBEHHON yCTOMYMBOCTHU (CM. puc.1,6) KpaH paccMaTpUBaIOT
IIpM MUHUMAJIBHOM BBUJIETE CTpPEJbl U CHATOM TIPy3€, C KPEHOM B CTOPOHY
MIPOTHUBOBECA, MPU BETpOBOIl Harpy3ke W, Hepabodero cocTosHus, 1eUCTBYIOLIEH
B CTOpOHY ompokuabiBanus. Ompenenenne kKodp¢uuueHTa CcOOCTBEHHON
YCTOMYMBOCTHU MPOU3BOAT 110 (popMyJie

M,
_ Vg
K, = 7
Mg
rne M's = WgO—MOMEHT BETPOBOWM HArpy3KH HepabOuero COCTOSHHS,

JCHCTBYIOIIEH Ha HABETPEHHYIO IUIOLIA/b MHEPHEHAUKYJISIPHO pedpy OMyCKaTh
cTpeny 0e3 rpy3a B TOPHU30HTAJIBHOE IOJIOKEHHE, HEOOXOJUMO IMPOBEPUTH HUX
YCTOMYUBOCTB B OTOM COCTOSIHUH.

[Ipu ucnbITaHUSAX CAMOXOAHBIX CTPEJIOBBIX, OAIIEHHBIX U MOPTAIbHBIX KPAHOB HUX
YCTOMYMBOCTh MPOBEPSIIOT MPH MOABEME Ipy3a Maccoi, paBHoil 1,4 pacueTHOI
IPY30MOBEMHOCTH, B  IIOJIO)KEHUW,  COOTBETCTBYIOIEM  HAaWMEHbBIIEN
YCTOMYMBOCTH KPaHA, a TAKXKE IMPU BBIIOJHEHUU TPY30BBIX ONEpaALdid C TPy30M,
COOTBETCTBYIOIIMM 1,25 pacyeTHOM TIpy ONPOKUIBIBAHMS M IAPAIIIEITBHO
IJIOCKOCTH, Ha KOTOPOM YCTAHOBJIEH KPaH.
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Puc. 3. Cxema K omnpeaejeHUI0 TIPy30BOil  YCTOMYMBOCTH KO3JI0BBIX
KPaHOB BA0JIb (@) W Nonepexk [0) NOAKPAHOBOIO IYTH



Jnsi KpaHOB, Y KOTOPBIX HM3MEHEHHE BBLIETA CTPEJbl OCYIIECTBISIETCA C
NOMOIIbIO JIeOENKH C MalIMHHBIM TPUBOAOM, 3HaueHUEe Kodpduimenta
COOCTBEHHON YCTOWYMBOCTH OIPEACISIIOT MpU CTpelie B HWXKHEM pabodem
nosiokeHuu. OHAKO B 3TOM cCllydae HEOOXOJMMO NPOBEPUTh HAa YCTOMYHMBOCTH
KpaH Oe3 rpy3a MpH HaUMEHBIIEM BBUIETE CTPENbl M JIEHCTBUH BeTpa pabodero
cocrosHus.. I[lpu mnpoBepke COOCTBEHHON YCTOMYMBOCTA KpaHa BIUSHHE
JIOTIOJTHUTENIBHBIX ONIOP M CTA0MIIN3aTOPOB HE YUUTHIBAETCA.

JUi1 KpaHOB, Y KOTOPBIX IO YCIOBHUSM JKCIUIyaTallud TpeOyeTcs MOJAbEMHOCTH.
Takne uCHBITaHMS IPOU3BOAAT Ul KaXKIOM TI'PY30BOM XAPAKTEPUCTHUKHU IIPU
BBUIETE CTPEJIBI, COOTBETCTBYIOIEM HAUMEHBIIIEH YCTOWYMBOCTH KpaHa.

[IpoBepka yCTOMYMBOCTH KO3JIOBBIX, ITOJIYKO3JIOBBIX KPAHOB M IEPETPY30YHBIX
MOCTOB mNpaBwiIaMH ['ocroprexHajgzopa HE pENNIAMEHTHPOBAHA, OJAHAKO M 3TH
KpaHbl JIOJDKHBI 00aJaTh, JOCTATOYHBIM 3allacOM YCTOMYMBOCTH, TaK KaK OHHU
OOBIYHO MMEIOT OOJBIIYI0 MOJBETPEHHYIO ILJIOMIAJb M BBICOKOPACIIOIOKEHHbIE
LEHTP TSHKECTH M TOUKY IPHUIIOKEHHUS PABHOJCHCTBYIOIIEM BETPOBOM HArpy3KH.
[ToaTOMy OUHaAMHUYECKHE HArpy3Kd MPU HEYCTAaHOBUBIIMXCS Ipoleccax padOThl
MEXaHU3Ma NEPEIBKEHHS] KPAHOB B COUYETAHUU C BETPOBBIMU HArpy3KaMH MOTYT
CO37aBaTh 3HAYMTEJIbHBIE OMPOKHJIBIBAIOIINE MOMEHTHI. Y CTOMYHMBOCTH KPaHOB
JAHHOTO TUNAa B paboyeM COCTOSHHUU XapakTepu3yeTcss KO3 PUIUMEHTOM
YCTOMYMBOCTH, OIpPENEIIEMbIM KaK OTHOLUIEHHME MOMEHTa OTHOCUTENIBHO pedpa
ONPOKH/IBIBAHUS, CO3/1aBAEMOI0 CHJIOM TSKECTH KpaHa U Ipy3a, K MOMEHTY OT
JNEUCTBUS MHEPLUHMOHHBIX CWJI M BETPOBOM HArpy3kH Ha METAJUINYECKYIO
KOHCTPYKLMIO KpaHa U Ha rpy3. IIpoBepKy yCTOMYMBOCTH CleAyeT IPOBOAUTH Ha
ONPOKHIBIBAHUE KPaHa BJOJIb U MONEPEK MOJKPAHOBOIO ITyTH.

KoaddunmenT 3amaca rpy3oBoit YCTOMYUBOCTH B HAIIPABJICHUU BJOJIb
MOJKPAHOBOTO MyTH (puc. 3, a) paBeH

. (6,+6G,+G;)B/2
~F_h, +(F +F,)h +W,h,

Kp  Kp

rae G, Gy, G; — COOTBETCTBEHHO CHJIBI TSDKECTH HOMUHAJIBHOTO I'py3a, KpaHa U
KpaHoBoil Tenexku; F,,, F,, Fr — cooTBeTcTBeHHO CHIIbI MHEpLUU I'py3a, KpaHa U
TEJNEKKH TpPU HKCTPEHHOM TOpMOKeHUU KpaHa; W — cymMmapHas BeTpoBas
Harpy3ka, B — 0aza kpaHna; h,,hthg — cooTBeTCTBEHHO TUICUM IEHCTBUS CHUIT
UHEpLUU KpaHa, TENeKKH C TPy3OM U BETPOBOM HArpy3Kd OTHOCHTEIHHO
IUIOCKOCTH, MIPOXOJISAIIEH yepe3 MOBEPXHOCTh KaTaHUsI PEJIbCOB.

[IpoBepKy Ipy30BOM YCTOWYHMBOCTH IMPOTHUB ONPOKHWJIBIBAHUS KpaHA Honepex
NOOKPAH08020 Nymu TIPOU3BOIAT ISl KPAHOB, MMEIOIIMX KOHCOJIH TPOJIETHOTO
ctpoenunu (puc. 3,6). Koadduunenr 3anaca yCTOMYMBOCTH B 3TOM CIy4ae

. G,L/2—(F +F,)h —Wghg
= (G; +G,)I

>115

rne F'.,, u F't — COOTBETCTBEHHO CHWJIbI MHEPLMH TENEKKU U Tpy3a IMpHU
SKCTPEHHOM TOpMOXKeHUH Tenexku; W', — BeTpoBas Harpy3ka Ha KpaH,



JEICTBYIONIAsl B HAIpaBJICHUU, MEPIEHANKYISIPHOM OCH peibcoB; L— mposer
kpaHa; h's u | — myeun npedcTBHs BETPOBOW HArpy3Kd, CHII TSDKECTH Tpy3a U
TEJICKKU OTHOCUTEIHHO pedpa ONMPOKUIbIBAHUS.

VY CTONYMBOCTh KO3JOBBIX KpaHOB B HepabodeM COCTOSHUHM XapaKTepHU3yeTCs
KO3 PHUIIMEHTOM COOCTBEHHOM YCTOMUMBOCTH, OMpPEIENIIEMBbIM KaK OTHOIICHUE
MOMEHTAa, CO3[]aBa€MOTr0 OTHOCHTEIHHO pedpa ONPOKHUIBIBAHUS CHIIOW TKECTU
BCEX 4YacTell KpaHa, K MOMEHTY OTHOCHTEIHHO TOrO k€ pedpa, CO31aBacMOro
BETPOBOM  Harpy3koir Hepabouero cocrossaus (cm. T'OCT  1451—77).
Koaddunpent coOCTBEHHON YCTOMYMBOCTH HE IOJKEH ObITh MeHbIne 1,15.

[TpuBeneHHbIC BBIIIE PACYETHl YCTOMUYMBOCTH CAENIAHBI B MPEINOI0KEHUHN, YTO
KpaH SIBJISIETCS JKECTKUM TEJIOM M IPU OMPOKHBIBAHUHM MOBOPAYHUBAETCS BOKPYT
HETOIBIKHOTO pedpa. B neiCTBUTENIbHOCTH KaK METANTIOKOHCTPYKIIHS KpaHa, TakK
U MyTH, N0 KOTOPHIM OH IepeMeIaercs, AePOPMUPYIOTCS, UTO /YCIOXKHSIET
MEXAHUKY SIBICHUH, MNPOUCXOAAIIMX NPU ONPOKHUAbIBAaHUM KpaHa. [lomHoe
pelIeHre 3TON 3a/layil C YYeTOM BceX (paKkTOpPOB, BIMSAIOIIMX Ha ONPOKHJIbIBAHHUE
KpaHa, €Ile HE NOJy4yeHO. /[ HEKOTOpBIX YaCTHBIX CIIy4aeB pELIEHUE STOU
3a/1a4¥ IPUBOIUTCS B iuteparype [15].



