JIaHHBIN (haii1 IPECTABICH UCKIIOUYUTEILHO B
O3HAKOMMTEJIbHBIX LEIAX.

YBaxxaeMbIi YUTATEIIb!

Eciiu BBl CKOIIMPYETE NAaHHBIM (hawll,

Bb1 10JDKHBI HE3aMEJIUTENIBHO YIAIUTD €0
cpa3y Mocje 03HAKOMJICHUS C COACPKAHUEM.
Konupys 1 coxpaHsis ero Bel npuHUMaeTe Ha ceOsl
BCIO OTBETCTBEHHOCTb, COTJIACHO JECUCTBYIOILIEMY
MEXKIYHAPOAHOMY 3aKOHOIATEIILCTBY .

Bce aBTOpcKue nmpaBa Ha JaHHBIN (hakl
COXPaHSIOTCS 3a MPABO00JIaIaTEIIEM.

JIro00€e KOMMEPUYECKOE U MHOE MCII0JIb30BAHUE
KpOME IPEIBAPUTEIBHOTO O3HAKOMJICHUS
3aIPEILECHO.

[IyOnukauus JaHHOTO JJOKYMEHTA HE MPECIeayeT
HUKAKOU KOMMEPUYECKOU BBIT0Ibl. HO Takue
JOKYMEHTBI CIIOCOOCTBYIOT OBICTPEULLIEMY
npo(heCCUOHATBHOMY U IYXOBHOMY POCTY
YUTATEJICH U SABJISIFOTCSA PEKJIaMOX OyMaKHbIX
M3JIaHUU TaKUX JJOKYMEHTOB.






. K. EMTEFH
Tpocheccon, OETOP TELHUSEORUE AOES

- PACYET TPYb,
YJIOWKEHHBIX B 3EMJIE

MAOAMKE 3¢ NEPEPAROTAHHOT i BonoaHEHHOE

rocYDAPCTIERHUOE WSAATETLETHD
AUTEPAIFPHE MO CTPORTENLCTUY M APEXMATERTYIE

Mockoai=N056T
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NPEOIWUCIHOBHUE

B'_ KHHATe H3NO0KeHbl OCHOBHBIE BONPOCH pacHuera
YIOKEHNHBIX B 3eMJe TpY6_H3 pa3HblX MaTepHanos,

PaccMoTpetibi A€fiCTBUE PASTMUHLIX HAIPYSOK H ' - Jupextusl XX cvesga KIICC no wecromy nsitnlletHeMy [Jany

BIASHHE | YCIOBMH  YKAAAKH, @ TAKKE METOAHKA pasuTHs Haponuoro xoasilcra CCCP ma 1956 — 1960 rr. npeny-

pacuera Tpy6G MO NpeAeNLHLIM COCTOSHHAM B CO- : : i -

OTBETCTBHH € HOBWMH CTpONTENSHOMH HOPMAMH : CMaTpHBAIOT ~NPEUMYNIECTBEHHO® DAIBHTHE T5KEJIOA TPOMBILLICH-

npaBUIAMH, HOCTH, ONpee/siomell AaibHelltiil NofAbeM BeeX OTpacilell Hapod-

B OcHosY npepfiaraeMblx MeTOROB pacyera Io- . HOTO XOBSH‘:[‘CTBE'

i ﬁ:“‘:”éc%’gpimgg“‘:sagﬁflzg"‘eﬂ“ﬂ HAYKH H TEXHH- ‘ B KOMIMeKce COOPYHeHuil, BXORAIIAX B COCTAB MPEANDHATHA
5’ Kuira Apenuashaseda CAYXHTS TocoHes  no MAUHOCTPORTENBHOMN,  METATYPIHIECKOH, YIOJILHOR 1 HehTaHon
a"’ NPOEKTHPOBZHHIO TPYGONPOBOJAOR pasHOrg Haimaye- ﬂpOMbilﬂﬂEHPIOSTH, THAPO- ‘P,I TGHJIOSJI(“:KTPOC'IGI-HI,HH, a TaK¥e T0-
o LEE POACKHX X03aHCTB, GOJbLILON YieJbHEIE Bec HMEIOT TpyGOTIPOBOH
B E pasHoro HasHaueHust. [TosTOoMy ycTpaHeHHe H3JHIIECTR TIPH NMPOSK-
3‘; THPOBaHHH H CTPOHT&ILCTBE TPYGOTPOBONOB B CBeTe TIOCTAHOBJAEHHA
RIS ] LK KIICC u Cosera Muskctpos CCCP ot 4 noa6pa 1955 r. nMeer
ai ' ‘ GoJbllloe HapomHOXO3aicTBeHyoe sHauenne. Opunm H3  cnocofoB
i}é{ _ . = YCTPaHeHHA STHX U3JIMIIECTB SIBJSETCS TIPABHJBMBI MeTOJ pacuera,
g HaiGoMee TOMHO OTPANKAWOWMA ACACTBHTENIpHEIE YCIOBHA PaGoThl
i ‘ COCPYHEeHHUs. :
‘h!:-i - . TpyGul, yAOXKeHHHE B 3eMJe, HaXOAAT camoe pasHooGpaskoe
i npuMereHie, OHH MOTYT ObITb HCITOJIB30BaHBI B KauecTBe BOAOIIPO-
£ BOAHBIX, KAHAJH3AIMOUHBLIX, JIPEeHAXMHBIX, He(TeNpOBOAHbLIX, rase-

IPOBOAHBIX, TeMJIC(HKAIHOHHDLIX, BOLOTMPONYCKHLIX Iioj aBTOMO-
GHJDHBIMH M KEJeIHBIMH JOPOTAMH U TPYOCHPOBOJOS TMAPOdJCKTPO-
cranumit. TlosToMy HsyuerHe paloThl TOJ2eMHBIX TPYGONPOBOAOB

i
nes
b

W
e
e
Al
il -7 |

e = -

"{3::‘ T s T moR JieHcTBHeM IepeJAICHIMXCsl Ha HHMX HAarpysok M IpaBH/bHOS
HE2 dd O sy : . HasHayeHHe TOJLEAH CTEHOK TpPy§ SBJIAIOTCA BeCEMA BaXKHbBIMHU €
T - = LAY HHMEHEPHCH ¥ PKOHOMHYECKOH TOUEK 3PeHHS, |
i Bty UOTERA - HaGmonatomniics 3a iociefiHe TOAB POCT TPAHCTIOPTHRIX Ha-
Eé' I ’ ' PPY30OX ORHOBPEMEHHO € TEHJEHIMell K YMeHLIUeHHI IJyOuH 3a70-
He! hj }J Ly C ﬂ-ﬁ ' JeHHS TpyO 3acTaB/isleT OTHeCTHCh K 3TOMY BONPOCY C CAMBLIM IpH-
e - " CTAJIGHBIM BHUMAHNEM.

g I B kuure paccmMaTpHBaroTcs TPYOB M3 PasHBIX MaTepHAIOB,
£ npuueM HauBodee noZpoBHO paccMOTPeHBl TPYGRI KpPYTJOTe NoTe-
ires PEYHOrO CedeHus, KoTopoe (Gaaroiaps paAgy <BOUX JOCTOHHCTRB [O-

i ' ‘ Ayuwuno  HauGoJplllee pacmpocTpasenne Ha npakteke.  Onuaxo,
fi ' : K § MOCKOMBKY AAR KMPTIHUYHBLIX, GETOHHBIX M JKesiea00eTOHHBIX KOJJIeK-
A TOPOB H BOACTIPONYCKHHIX TPYO OOIBLIOLC NHAMETPA TPHMEHSIOTCH
Y B Ipyr#e (OPMH NOMEPEUHLIX CedeHHH (OBOMAANLHLIE, JIOTKOBLE,

. "31 : 3
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NPAMOYIOJbHEIG M JP.), B KHEre CIejiaHbl yKa3aHH#, NalOlLAe BO3-
MOXHOCTh TIPOH3BECTH pacueT TpyObl JIIOOOI0 MONePeYHOro CCUEHHS.

W3 MHOrOUHCAEHHBIX M 4acTO NPOTHBOPEUMBHIX METOAOB pacuera
NOJ3eMHLIX TPYOOIPOBOMOB aBTOP DEKOMEH[IYeT Te, KOTOpble Haudo-
Jlee XOpOUIO COTJAACYIOTCA ¢ SKCIECDPHMEHTAJBHHIMH AAHHEIMH M, He
SIBJISACE UPeaMepHO CAOMHEIMH, OKAa3biBAIOTCH B TO MKe BPeMs JocTa-
TOYHO CTPOrHMH B HayUHOM OTHOLIEHHH,

[To cpaBHeHHI0O ¢ TepBHIM U3ZaHHEM B KHHTe Noayuua Goree
MOJHOE OCBellleHHe BOTPOC O pacdeTe TpyDH Mo MeTOAY PACHETHHIX
peflelbHBIX COCTOAHRH, paspaboTaHHBIl Ha oCHOBe HOBHIX CTpOM-
TenbHElXx HopM H -npasun (CHwull). Kpome Toro, HZONOJHHTENBHO
PACCMOTPEHE! CJeRYIOLIHE BONPOTH, -
1. Pacuer Xesne3o0eTOHHBIX M CTAJBHEIX TPy C YYeTOM IJIacTH-
YecKHX CBOHCTE MaTepHAJOB, NO3BOJSIOIIMA HCIOAL30BATE 3HAUU-
TeJbHLIE CKPHITHIE PE3ePBbl NPOUHOCTH H YCTPAHUTL CyLIeCTReuHbe
H3JHIIEeCTBA TIPH NPCEKTHPOBAHHH M CTPOMTENLCTBE TPYOGONPOBOIOH.

2. Pacuer cOopHEX TPy H KOJJEKTIDPOB,

3. Pacuer ege306eTOHHHIX TPY6 ¢ mpelBapHTeNLHO HanpsEKeH-
HOIl apMaTypoil, ‘

- 4. Pacuer mi6xkux ropHpOBaHEHX TPYO. :
5. Pacuer TOHKOCTEHHBIX CTajBHHIX TPYS ¢ pefpaMH ZKeCTKCCTH
#H Ges pebep KECTKOCTM Ha YCTOHYHBOCTL NEPBOTC H BTOPOro Poid
Opu ZedCTBHY HATPY30K M 0Gpa30oBaHHM BAKYyYMa.

© 6. Pacuer TpyGomposojga Kak NpocTpaHCTBeHHON oGOJOuKH,

7. Onpefenenne ycHanil, Bo3HHKaloyx B TpyGonponojax TpR
3aKPBEITHIX MPOXOMKAX M 0PH YKJIAJAKe OTKPHITHM crocoboM.

[Tomonnensl HOBBIMM MaTepHafaMu M NepepaboTanbl TakKe H TE

pazfensl KHHPH, KOTOpHle ykKe GBHUIH B TEepBOM H3JaHHH. 3HAUU-
TeJbHO YBEJHYEHO UHC/IO0 [PHMepoB pacuera. 1o BOSMOMKHOCTH HC-
MOJL30BAHA BCA HOBEHIIAsl OTeUeCTBCHHASN M MHOCTpAHHASA JIMTepa-
Typa N0 AaHHOMY BONIPOCY.

. Ilpn noaroToBxe KHHTM KO BTODOMY H3ZaHHIO aBTOPOM YUTEHH
3aMevanus M TOMEJAHHS DA3JHUHBIX CTPOHTE/NBHBIX M [IPOGKTHBHIX
OPraHH3aliHil, a Taxme OTJEJBHBIX JHIL

. ApTop BHipakaeT <BOW TJAYGOKYI0 TIPU3HATENLHOCTb AOUEHTY
M. H. Jlauxkomy u pouenty A, M. AdanacbeBy 3a LeHHble 3aMeya-
HA4, clleddaHHBle TIPH NPOCMOTPE M PERaXTHPOBAHHU KHHIH.

Trasa |

YCJAOBHS PABOTHI TPYB, YIO)XKEHHBIX B 3EMJIE,
U NPHHUUIBI UX PACUYETA
00 NPEAEJBHBIM COCTOAHHUAM

1. Ycnosaa paboTel TPYO, YA0MKEHHBIX B 3eMJE

Mrororpansast ¥ chioxHas npobjgeMa pacyeTa Tpy6, Y/IOMKeHHBIX
B 3eMje, yXKe H3JABHa TpHBjeKaeT K cefe BHHMaHHe MHOPOYHCIEH-

HHX HOCTeIoBaTe e, MOCBATHELINY el GoAblIOe YHC10 paGoT H Co-
CROMHOCTL  3TOH

3JABIGHX ©s1 PAJNMUHBIX METCAOB pacuera.
npoficMel  3akauaeTcs B GONBIIOM uHCe (AKTOPOB, KOTGDEHR
OKa3blBAIOT BJHAHHE Ha BeJIHUHHY M pacipelleseHde Harpysok,

Nepenatomuxcd Ha TPyOy, @ Takxke M Tex ()AKTOPOB, OT KOTOPBIX
SABHCHT Hecylkasi CTocoGHOCTh TPYObi.

B omiuude OT HA3EMHBIX KOHCTPYKLH pacuerHam cxema Tnofl-
3EMHOTO COOPYMEHHs, B HaCTHOCTH TPyOul, VJOKeHHOH B 3eMe,
LOJKIA OTPAIKATL B3AHMOAGHCTBHE 3TOTO COOPYMKEHHS C OKpyXKalo-
MM ee TPYHTOM. lloc/ielHHH fIBASETCA He TOJEKO HArpysKou, HO
TaKXKe M CPejol, B KOTOpOi IporekarT nedopmauud TpyObl. .

Ecu tpy6a B noNepedsoM HampasjciHH obvafaer Goabitof
WMECTKOCTBIO, TO POJAL CPEAR CBOAHTCA XK POJH QNOPH, Peakuus Ko-
TOpoil TPOCTO ypaBHOBeUMBaeT Harpysky. Ecau, naobopor, TpyGa
XoCTaTodHo THOKAa#, To TpH AchopManuax OT AeHCTBHA AKTHBHBIX
CHJl ee CTeHKHM BCTPEYalOoT CONPOTHB/EHWE TPYHTA, B pesyinbTatre He-
ro aebopMauxd H  u3rHOAUIMe MOMEHTHl 3HAUHTEJBHO YMEHD-
HawTes, a Hecyllas crlocoBHOCTE TPYOHl YBEJIHUHBAETCH.

Bauauye atore $axkropa TeMm cHAbHee, 4YeM TLIOTHRE 3acbmika M
yeM MEHbIIE YKECTKOCTb TPyObl, 3aBHCAULAA B CBOIO Ouepels OT
MOOYJsl VAPYTOCTH MaTepHaid CTEHOK, HX TOJILEHHBL, pa3Mepon H
GbopMbl TIONEpeUHOro ceueHHst TPyOn. OTCIONA BHITEKAET BOZMOMK-.
HOCTh Pa3feseHHs TPYO MO NPH3HAKY KECTKOCTH Ha JBe IPYOBL

1) KecTKHe, TPH pacyere KOTOPLIX MOKHS C LOCTATOUHOM-
JJIs1 IPAKTHKH CTeNeKbio TOYHOCTH NpereGperath HX gedopmauusamMu,
T. €, CUMTATh HUX aBCOJITHO KeCTKHMH; :
- 2) rubKue NI KOTODHX 5TO JOMylleHMe NPWBOLHT K Hejo-
ryctuMo rPyOBIM HIM Jaxe COBeDIUEHHO HeNpaBWLHBIM DPesynbTa-
TaM. : :
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B GoaplipHCTBE CAYyUaes K KeCTkHM TDPYGaM OTHOCATCA OeToH-
Hbie, acBecToleMeHTHBIE H YYTYHHBIE TPYOH BCeX NHAMETPOB, 4 TdK-
e WeJle300eTOHHEIe TPYOH HeSOJBIIHX H CPeIHHX IZHAMETDPOB; K
FHOKUM He — CTasbHEle TPyObi BCEX NUAMETPOB H Keje300eTOHHHIE
TpyOpl GOJIBIUMX IHAMETPOB.

[ToMumo TaxoTo mOApasfeleHHS, TPYOE MOMXHO DazneUTh HAa:

1) xpymK#e, K KOTOPBIM OTHOCATCA UyryMHble, GeTOHHELE,
acfecToleMeHTHble, KepamMHUYECKHE, KAPMHUHBIE H IOp.;

2) nMacTHUYHDBlE, K KOTODHM CJEAVET OTHECTH (CTaibHHe #
wene3o0feToHHBlE TPYOHL

Xopolo H3BECTHO, 4TO XPYII-
KHE MaTepHajbl paspyutanres
BHE3AnHO H NpH neboanlux Je-
dopmanysax. Kak npasuio, OHH
ILIOXO COMPOTHRJSIOTCS pPAaCTA-
MERHI H YI4PaM R QYeHb YYBCLT-
BUTeJIbHLEI K MECTHEIM Harpsxe-
HuAM, Il1acTuuubie MATepHAJBE
FTUMH  HEAOCTATKAMH He o6ja-
JLA10T.

Kpowe Ttoro, mexaumuyeckie
XapaxTepHCTHKH XPYUKHX Mare-
pHAJIOR UIMEHAKTCA [IA OTAeIb-
HEIX 00pasUoB B 3HAYHTENBHO
Bojce IUPOKUX Npesatax, Yem
: X&DAKTEPHCTHKH MJIACTHUHEIX Ma-
Puc. 1. Tpy6a, yrowennan r TpaHmee  TepHAJOB.

Pacuer 1py6 K3 IMJIACTHYHBIX
MAaTEPHAJIOB HA NPOMIHOCTE MOXET ObITb DUIOJHEH ¢ YUeTOM Mepepac-
NpefejqeHus YCHJIHE BCACACTBHE IUIactTHUeCKHX JAedopmauui, [as
XPYNKHX TPYO 3TC OKA3LIBAGTCH HOBOIMOMCHBIM.

Jassenne, KOTOPOe NepefaeTcA Ha TPyDy OT 3aCHINKH W ABAACT-
CA BO MHOIMX CJyuasX OCHOBHO HATpyaxof, AOCTHI'EeT CBOETO
MakCHMMadbHOTG 3HAYEHHd He <pasy Iocle 3aCHINKY, a CchycTd
rof-Apa, BeaHuyHa AaBJeH¥s 3aBHCHT OT criocofa yKJAAAKH TpyOH
B IPYHT. CaeayeT pasIHUYaTh TPH OCHOBHEIX {Jydasd.

1. Tpy6a & TpaHllice YKJIAABIBAETCH B OTKPLITOH BRIPAGOTKe,
HMelolieR HeGOABIIYI0 [0 CPaBHEHHI0 € TAYOMHOH WIMDHHY W Orpa-
HyueHHON GoJiee HIM MEHee TBEpALIMH CTeHKaMH. ITpoCTpPaHCTBO HAX
Tpy6oil ¥ pazoM ¢ Hell samoanserca sackinkol (pue. 1). Tax ykia-
REIBAOTCH OBLIUHO TPYGOMPOBOAB BORCCHAOMCEHMS, KaHAJH3ALHON-
Hble KOAAeKTOPRl ¥ 7p. [luwpwna Tpanuwen nmo any (Ges yueta xpen-
Jenul) mpuHHuMaercs corjacuo Tafa. 1%,

3ajomenHe OTKOCOB TIPHHUMAETCH B 3aBHCHMOCTH OT TPYHTA H
cnocofa ere paspaloTky.

* CrpouTeanpme HopMu ¥ npasuna, 4, IV, 7. I, erp. 94, Toc, msparesncTsd
MHTEPATYPE MO CTPOHTEJBCTBY H apXuTekrype, 1955

Tatrnuama |

Dupura Tpanmedl mo Ry

LlWpHHa TpaHwWwed B 4 414
TPy Sonpoavav B
Cnoced ykaaxxu Tpybonpondxos R feTORHME | SETOHHMY K
H uyryn- Keaesole ron- meneaobeToH- -
© HHZ HuY PACTPYSHEX| HEX (haAbieEWE
H KepaMH'leCKHi] H Ha Mytb‘.l‘a! N
B Buze nnerell MAH OTAGALHEX Cex-
LEHA He3aBHCUMOQ OT BHYTPEHHEro JHAMET -
pa Dyapy6 .. o o Lo oo oo L Dpt0,3
OTzenbHeIME TpyGaMu puamerpoM Dy
J0 0,5 Me v ¢ v v v v v s e w .| D105 Dy+0,6 Dy4-0,8
OtnenshbiMu TpyGaMn anamerpom D, :
Gomee 0,5 M . . - . . v . v s .0 .| D08 Dy+1,0 D41,2
7]
1 EcmecmBenbi}
2pyrm
l.?acunua l
.
W:-- | — 4
| |
i T
! — -
\ .

Puc. 2. TpyGa, yaomeunas n nacumm  Puc. 3. TpyGa, ynowenHas cnocoGom
. 3AKPLITOH MPOXOAKH

" 2. Tpy6a B HACHTIH YKI@BIBAETCS HENOCPE/ICTBENHO Ha TIOBEpX-

HOCTb 36MJHM WJu B OUeHb HeNTYOOKOM Mo CpaBHeHHi0 C IUHDHHOH .
sLieMKke, H Hag TpyOoil AesaeTcs orckinka (puc, 2). dror cayual
pacnpoCTpaHeH B JOPOKHOM CTPOHTE/BCTBE A BOAOMPONYCKHBIX
Tpy6.

PyS. Tpy6a, yioxeHHas crmocofom 3aKpBITOR NPOXOAKM, NpH KO-
TOPOfi MaccCHB TPYHTA He Hapylaercs ¢ noBepxHocTu (puc. 3). dror;
cnocob NpuMeHAeTCa He TONBKO B CTPOHTEJARCTBE TOHHEJAEH, HO Tal‘:’m
Xe W [PH NPOK/IazKe TpyOONpOBOROB. _

Iny6rra yxaagku TpyGONpOBOAOB A0KHA OGOCHOBBIBATECS TEMIO-

TEXHHUECKHMH DaCYETaMH. S ‘ - '
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‘Haumenvian tny6una 3a/0XeHHS OT NOBEPXHOCTH 3eMJH IO
BepXxa KaHa/JIH3aUMOHHBIX TpyO (6es yremsenus) monycxaercsl: mns
Tpy6 D <600 mm —na 0,3 # Beule riyGunnl TpOMep3aHus, HO He
Meree 1 m; pna Tpy6 D > 600 mm —wua 0,5 u Brime I1yOHHH TIpO-
Mep3aHns, HO He MeHee 1 u,

Ilpu ycaomuu ofecneuerHs TPyS OT MeXaHMUeCKOTo MOBpemIe-
HHA CPENCTBAMHM TPAHCIOPTA MX MOXHO YKA3ALIBATL Ha FAyGHHY
MeHee | M.

. [aybura sanoeHMst BOZONPOBOAHKWX TPYG B CeliCMHYECKHX
PanoHax nomxHa COblTb He MeHee (10 Husa TPYOH) (B M):

npe ceficMuunoct 9 Gannos . . . . . . . ., . 1,75
. . 7—8 T (4]

OTH ryGHHE MOTYT GHTh YMEHbILIEHH
Ha 20—25% B ciyvae KPyNHOOBIOMOMMEIX,
TJIOTHO CJEMABLIHXCA TPaBesIMCTBIX M KPYIl-
HOTIeCYAHBIX TPYHTOB MOLIHOCTBIO 3 M ¥ 60-
Jee. B CKaabHBIX MDYHTaX rAy6HHA 3ag0Ke-
HYS TPYS He HOpMEDOBAaHA.

Croco6 omupanus Tpy6 Ha  OCHOBAHME
OKa3bplBAET BechbMAa GOJILIIOE BAYAHHE HA ee
Hecymyio cnocobuocrb, Ilpu yxmaake tpy6
Puc: 4. Onnpanne 1py6n  MPHMEHAIT ClENYIOMAE BUIL ONHPAHHS.

Ha TMJIOCKOCTE

£ L e

Tpy6a yk/anbiBaeTcsli HEMOCPENCTBEHHO Ha

TiOCKO@ QCHOBaHHe (pHC. 4): 3TOT THI ONH-
Patis, X COXAMEHHIO, HEDEIKO MPUMEHAEMEL Ha TIPaKTHKe, ABJAsgeTcA
HEMKETATE/LHHIM, TaK KaK OH CO30aeT UPE3BLIUARHO HEBHTOAMLIE
YCI0BUS A5 paboThl TPyOBHl, OCOGEHHO, ECJM OHa XPYMKasd.

2. HopMaibpHbit cnocof onMpanus (puc. 5). pr-"

Ga ykAaZbIBAETCA HA OCHOBAMHME W3 €CTECTBEHHOTO M/M HACKUTHOTO
DECHAHOTO MJIH NECUaHO-TPABE/IHCTOrO TPYHTA, TIOBEPXHOCTb KOTOPO-
To Ha WHpHHY Re wenee 0,6 D) (Hapyxublit aramerp TpyGw) cnpo-
duauposauna no (j)opme TpyGul, OcTansHast yacTh TPy6bl 3achimaeTcs
TPYHTOM C TpaMDOBaRHEM HA BEICOTY He MeHee 15 ca Haj BepXoM
TpyOhI. '

DT0T CMOCOS OMHPAHHS MPHMeHSETCS TPH YKIa/Ke BO BCEX CYXHX
rPYHTaXx (KpOMe CKaJLHBIX) METaJJHYeCKUX M acecTOleMeHTHbIX
TPyG BCEX NMaMETPOB, KepaMHYECKHX H MeKOBCTOHRHBLIX Tpy6 auamer--

. pom 10 450 MM, GeTOHHBIX H KeAe30BeTOHHEIX TPyS mMaMeTpoM HO-

450 MM, GETOHHBIX H Kele30B6eTOMHLIX TpY6 auamerpoM o 600 s

FIpH DONOMHHTEALHOH TOACKHIIKe Mo TPYOY €108 KPYIHOTO NTec-
®a, TpaBHsa wan wWelGHR ToamuHol 0,15—0,2 # 37m0T cnocod MOKHO
[IPHMEHATE B BOJOHOCHBIX TPYHTAX IJf YKASAHHEIX BbllUe JHAMET-

n;;'o Y'HopMBI H TexuuuecKHe yelIoBMs NPOCKTHPOBAHHA HapyKHOR Kadatuaanun
MBIUACHELX NPEANPHATHA H IOCeNKoB npn wux (HuTY 12—49) Crpoii-
usfar, 1949. d ( ). Creo

8

T & o SR

l. Onupauue Ha MaAockoCTh, '

T

TR TR

A

POB, a B CYXHX HECKAJBHLIX IpyHTax — Ge3 OTpanHueHis BeJHIHHE
AuameTrpa. B mecuaHbix rpyuTax 3ToH TOOCHIIKHE He Tpebyercs. .

3. Onupanue wa byapgamenrt (puc. 6). Tpyba yraa.
ABIBACTCST Ha CIMQUIHYIO GE’TOHHyIO HJIH }KEJIEBOﬁeTOHHyIO Ccrnopy, noxg
KOTOpOH mpH ciaafblX TPYHTAX OCHOBAaHHA J0JHA OHTbL CAefaHa
DOAroTOBKA H3 yTpamﬁoBaHHoro uie6GHa HIH TpaBHA.

Yem Gousblize yron o, Tem B 0ojee GJATONPUSITHEIX YCIOBHAX
6yner HaxoEMThCA TPyGa. ITO OTHOCHTCH TaKXKe M K CAYYAK HOP+
MAaJIBHOTO ONHpPaHHA TPYGBL HA TPYHT,

. :4 st *"":—-'_._,.___...,_-r”
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Pnc. 5. Hopmanbrelit cnocob *  Pue. 6. Onupaune Tpy6ul

ONHpaHusa Tpy&ul Ha (yHAAMEHT

Onupanue Ha QYRIAMEHT MOMKET TIPHMEHATLCS HaPaBHe ¢ fpe-
RBUIVIHEM CITOCOGOM BO BCEX YKA3alMbIX BbHlle CIYYadxX ¢ LBl
YMeHbIIeHHs H3rualoniuX MOMenToR B Tpyse. _

B xauectee 06si3aTeNbHOH yKJAanka Ha GeTOHHGLIH yHIAMEHT
(unmn Ha GeToHHyI0 moAroroBky Tomuuuoit 0,1—0,15 a, crpoduan-
poBanHylw To opMe TPYO) IPOH3BOAMTCH NPH CKalbHOM OCHO-
BARUM IJg BCeX JMAMETPOR, 4 B BOACHOCHEIX TPYHTAX AJA KepaMu-
UeCKHX M mekoBerToHHBIX TpyG — auamerpoM Gosee 450 mm, aaa Ge-
TOHHLIX H xede30beronuplx TpyO Gonee GOO s, _

" B napiByHax ¥ OOJOTHCTHIX DRyHTAX THOJA OeTOHHBIN (DyHIAMEHT
JAOMKHO YCTDAUBATLCS HCKYCCTBEHHOE OCHOBAlHe M3 Kedeso0erTol-
HEIX JUIMT, OMePTHX Ha ©Bad, POCTBEPKM WM paMbl, {eTonHbie MO-
IVIIKY Ha yTpaMOoBaHHOM liebHe ¥ T. 1N

" TIpuMeHslIoTCA M JPYTHE THIIEL OMHPAHHA, HO OHH HJIH 3aHRMAIOT
IPOMENKYTOUHOE IIQJOXKEHHE MEXIy MCePeUNC/ACHHBIMHY BHIIe HIAH
Mano OTAMYAIOTSS OT HEX [0 CBOeMY OelCTBHIO Ha TpyoOy.

2. HpHHl_lHl'lbl pacuera prﬁ o nPEeNeJSIbHbIM COCTOAHHUAM

B coorperctsHu co CTPOHTENBHBIMH HOPMAMM H NPaBHAAMK
(coxpamenno CHull), oOstsaresbubiMu B NpUMeHeHHst ¢ | fH3a-
pa 1955 r., pacuer Tpyf, yJOXeHHLIX B 3eMJe, KaK 4 BCeX HPYLHX

i
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CODPYHeHHT, AOMKEH TIPOHIBOMHTECS O METOLY DacieTHLX mpe--
ACJIBHHIX COCTOAHMH, paspaGorannomy B Coserckom Cowose Koajek-.

THBOM @BTOPOB TIOH PYKOBOACTBOM 3acCJyYMeHHOT) naesTes HayKH

u rexuukn B, M. Kengemuna w wiena-xkoppecmongenta AH CCCP.

H. C. Crpenenxoro,

TIpHUIHOHANBHEIMHE  OCOBEHHOCTAMH  STOrO MEeTOma SABJAAKTCS:

1. ¥Ycranosnenue ofmiero M uetKoro KPHTEDHA IIpeaebHbIX

COCTOAHUH PABOTLl KOHCTPYKUHH, KOTOpHIHl ONpexedsercs TCM, YTQH
KONCTPYKUHS TIePeCTAaeT YNOBJIETBOPATL NPeAbABICHHLIM K Heil 5KC-'

IUTyaTaLUHOHHBIM TPeGOBAHUAM, T. . TepsieT CIOCOGHOCTD CONpOTHE-
AATLCA BHELIHWM BO3ACHCTBHAM MM TOJYYAEeT HEAONYCTHMbE je-
dopmaunn win MeCTHble MOBpexAEHMS:

2. YcTaHOBIEHHE TPEX TIPEJEbHEIX COCTOMHMI:

a) noTepio Hecyluel CrnocoGHOCTH {npouHoCTH, yCTORUMBOCTH
HJIH BEIHOCJIHBOCTH) ;

6) pasBuTHe UpeaMepHEIX medopMaliuii;

B) 00pa30BaHMe WJM PACKDHITHE TPEllHH WA TOSBJIEHHe apy-
THX MECTHBIX MOBPEKALHHI. :

3. Yuudukauus cnoco6os pacuera KOHCTPYKUHMH H3 DasduyHBIX
MATEPHAJIOB H OCHOB2HHHE COODYIKEHHI,

4. BO3MONKHOCTB yueTa CBONCTB TIACTHUHOCTH MarepHaJoB NpH
pacuere KOHCTPYKUHE 110 HeCyllel <nocoSHOCTH,

3amena emHOro KoshduunecHTa 3anaca, npHHATOrO B METO-
A& NONYCKAaeMblX HANPSKEHHH WeB MeTOAe paspyllaioilux Harpysox,
TPeMs pacyeTHEIMH KoshduuHeHTaAMH;

a) ko PuuHeHTOM Ueperpyzxu n, XKOTopbii yuu-
TBIBAET ONACHOCTL TIPEBRIUEHHS (2 B OTAEABHBIX CAYYAsX YMeHb-
IUEHHS) HArpy3KH IO CPaBHEHHIO ¢ ee HODMATHBHLIM 3HAUEHHEM,
T. € HanGOoAbUWMM IONYyCKaeMEIM IPH HOPMAaJMbHOH aKCryaTaliu
KOHCTpyKUMH. [lpu sToM pacueTHas Har P¥3Ka momyuaercs
TyTeM YMHOXKCHHS HODPMATHBHON HALPYy3Ku Ha Koatpdu-
LUHEeHT MepPerpysKy;

6) KOSOPHUHEHTOM OAHOPOAHOCTH k, ®ortopnifl
YAHTHIBACT ONACHOCTh CHHMKEHHS CONPOTHBACHHS MaTepuana no
CPaBHEHHIO C HOPMATHBHLEM CONMPOTHBJAECHUEM BLICA-
CTBHE H3IMEHUHBOCTH MeXaHHUeCKHX CBOACTB MaTepuana; pacueT-
HO€ COompoTHBJEeHHe MarepHala NOJYUAETCR NMyTeM YMEHO-
MEHHA HOPMATHBHOTO CONPOTHBAEHUS Ha KoIPPULU-
EHT ONHOPONHOCTH; HOPMATHBHbIE COTIPOTHBJACHHS MAaTepralos o
KO3GHPUIHEHTEl OHOPOAHOCTH JOMKHMEL ObiTh NpuHATEL no Crpon-
TC/ABHBIM NPARHJIAM H HOpMawm;

B) KOSPOHUMEHTOM yCAOBHI paGoTw m, VUHTHI-.

BAIOLWUM  OCOGEHHOCTH pafoThl KOHCTPYKIu{T (HanpuMep, BJIHSHHE
@rPecCHBHOH  cpellbl, KOHUEHTPALHIO HANPAKEHHH, BOIMOMKHOITE
XPYNKOTO Da3pyIlEHHA U NIP.}; 3TOT KO3DDHIMEHT MOKET HWITh MeHb-
e k Gosblife eTHHMLEL Koahduuuents yenosnit paboTe TpY6 mOaK-
Hbl OBITH TIDHHSATH
Ty Gl
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Pacyetr TpyO TO NepPBOMY NpPefedlbHOMY CO-
CTORHUI, T. & IO HecymeH clocoGHOCTH, poJKeH OblTh 0fs3a-
TENLHEBIM BO BCeX CJydasx. [1pd 3TOM Walle BCETO OCHOBHbIM GyAeT
pacyeT Ha IPOUHOCTD.

OaHako A9 Tpyd, VJAOMEeHHEX Ha wuebojbiloll riiyBuHe OT n0-
BEPXHOCTH 3EMJAH, NPHU MHTCHCHBHOM JBHIKCHHH HA3EMHOTO' TPAMC-
nopra Han TpyGoil roctelnsst OyIeT HCMBITBIBATE 3HAKOMEPEMEH-
Mple HAODAXKEHHS, KOTOPBIE MOUyT MPHBECTH K DaspylleHHio TpyOst
NpH Harpyskax, MeHBIUHMX, YeM Te, KOTOPble SABJIAIOTCH pa3spyllaio-
UMK TIpH <raThyeckom Aefictuu, IloaToMy B 9THX Cayyasx oOKa-
Mercd HeoBXOLMMBIM pacyeT TPYD Ha BBIHOCAMBOCTL € YUYETOM AHHA-
MHUeCKHX CBOHCTE MaTepuaJa.

JIAs  TOHKOCTEMHBIX CTAJIbHBEIX TPY0, MOTYUIHX NOIBepraThcs.
IefiCTEHI0 BaKyyMa, HeoOXOAMMa NPOBEPKa Ha yCTOWYMBOCTH TepBO-
TO HJAM BTODOrO pOJA NPOTHE CIVIIOLIMBAHHA BHEIIHHM aTtMmocdiep-
HHIM [IABICHHSM.

Pacuer Tpy6 oo BTOPOMY mnpefedbHOMY CO-
CTOAHIIO, T.e 00 ZeopMalHaM, MOXKET HMETb 3HAYSHHE TOABKO
JJIE TOHKOCTEHHBIX CTAJbHBIX TPY6 GO/BLIIOTO JHAMETpA.

Pacuer no TpeTbeMy nHNpelelbHOMY COCTOH-
HH!0, T. € Ha o0pa3oRaHHe HJAH pAaCKPLEITHe TpellHH, obsfzaTerned
AAf XKene3obeToHHEX TpyS H KoJJAexTopoB. Jas cradpHeIx TpyOO-
NPOBOLOB K TPETbEMY NPEREJBHOMY COCTORHHIO OOMKHO OBTb OT-
HeCeHo HapyIleHHe CIJIOLHOCTH CTEHOK TPyO H HX COeiHHEHHMH npy
pa3spuiBax TPYGONpPOROAA M MOABASHME B HUX TpelliHH.

Pacuer Tpy6ul no mepBOMYy MOpelelbHOMY COCTOSIHHMIO HA HpoY-
HOCTb CBOSMTCS K Y/JOBJETBOPEHMIO YCJOBHA:

Mpacw < Mg, {1.1)
rie M,,. — pacuetnulit MoMeHT (u3aruGalomui, AAPOBHIA, OTHO-
CHT&JLHO LEeHTPA THAMECTH cHaTold apMmatypsl H Ap.)
OT CYMMAapHOTO BO3[eHCTBHS pacCueTHbIX HArpy3ox B
HAUOOMee HeBBINOAHOA KOMOWHALHH;
M,, — Hecymas crocoBHOCTE CeueHH CTeHKH TPyOm Ha
H3rHd HJAH HA H3THO CO CIKAaTHeM.

MoxHo Takxe NeAL30BATHCH PACHETHBIM VCJIOBHEM  HETO-
CPeACTBEHHO #AJA HATDY30K, AelCTBYMIIHX Ha TPYOy:
- Ppncq < Pnp’ (!2)

rle Py, — cyMMapHad pacuerHas HaTpyska ma TpyOGy, KOTOpaA
st yaoGeTra MoxkeT ObiTh TIPHBeAEHA K JIBYM AHa-
METPaJLHO  IIPOTHBOMOJICHHEIM — COCPeJ0TOUSHHBIM

cHJaM;
Pop—Hecymas <nocofHOCTE TPYOB! APH TaKOM ¥Ke 3arpy-
EHHH, YCTAHABAMBAEMAsn NyTey pacvera WAH HENO-
CPE/ICTEEHHO [0 JAHMBIM MEXAHHYECKHX HCIbITAHHA,

i
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ITpu pacuere wa ®BHyTpeHHee waM BHewHee PaBHOMEDHOR ZaB-
JCHHE pAcUeTHOe YCJ/IOBHE 10 OTHOINEHHIO K JaBJIeHHIO P HIH K HOD-
MaasHO! culle N NpHHMMaeT caenylowui sma:

Ppacu ‘\<-pnp HJIH Npacq < an- ‘ (1-3)

Tark kaK pacueTnas cxema TPYOLl ABJASETCS CTATHYCCKH He-
ONPENCAHMOl CHCTEMON, TO OlpenefeHHe PacyeToM ee HecyHieh
CHOCOGHOCTH MOMKeT GbiTh OCYUIECTBNEHO ABYMS TIYTSIMH:

a) 6es yyera mepepacnpemgeienns YCHAHA BCNEACTBHME NJACTH-
UECKHX RepopMauMi, T. e. TMpH CTIpee/ieHHH - PacYeTHRIX UarHGar-
LHX MOMEHTOB M HOPMAaJbHBIX CHJI B YIPyroft craimi. Dror yTh
ABJIACTCH SAWHCTBEHHBIM 1/ TPYS H3 XPYMKHX MaTepHANOB; OIHAKO
1A HHX CAEyeT MPEHNONecTh HENoopeliTBeHHOE ofpefedeHte He-
CyweH CrocoOHOUTH MeXanHYecKHM HCIBITAHMEM, TAK KAK pacysT
AAeT HeNeCTATOUHO TOUHLIE DPEe3YALTAaTHI;

6) ¢ yueTom Tepepacnpenciienusn YCHJIHIL BCJAEACTRHE TIMACTH-
HeCKHX RedpopMaunit, T. e, Tpu onpepeneHuy Hecylnell cnocofrocTH
N0 METOAY MpPEeJeNbHOTO PABHOBECHS, STOT NYTh NPHMEHHM JIHLUD
,Jzz.nsf6 pacuera CTajdbHBIX TPYG M Ge3HAMOPHBIX Ke1eaoHeToHHbIX
TpYO. '

Pacuer tpy6ei no Bropomy OPEASARHOMY COCTOSIHHIO CROAHTCH
K YMOBRETBOPEHHIO YCIOBHS

F < Fomn (4

rae f— medopMauus BepTHKANBHOrO Auaverpa TpySu  (nporuG)

' OT HEHCTBYIOIMIHX Harpysok ¢ ko3 duunenTamn  mepe-
TDY3KH, PABHBIMH elHHHLE;

- fap — npenemsuas pedopmainua BEPTHKAMBLHOTO JHaMerpa Tpy-

L Obl (MpenenbHblit nporu6), ONpeaessieMasl YCI0BHEM He-

BOIMOXHOCTH AaJbHefillled ee sKCIIyaraudn. Sta Bea-
UHHA J0JDKHA ObiTb YCTAHOBACHZ € y4eTOM HAa3Hauenusd
TpyGonpoeoaa u Toil TEPPHTODHH, Ha KOTOPOH OH yJlo-
xeH, Bo meAkoM cayyae Aaa crTadbHON TpyOBl OHa He
AOMKHA NpeBOCXoAnTh 5% ee auaverpa,

Pacuer 1py6u no 111 NpefeTbHOMY COCTOSHUIO 3aKTIONAeTCs

Wi B NDOBEPKE CTeHKH TPyOwl Ma 06pasoBaHHe Tpewluy, wim B
OUpelefeHHH IUMPHHBE! HX DacKPhITHA,

B reppoM ciyyae J0MKHO GHTH YAOBJICTBOPEHO TakKoe Hepa-
BEHCTBO :

. L M < My, _ (L5)
rae M — MOMeHT OT HOPMAaTHBHbIX HArpysox B YIPYFORA cTamum

patoTet Tpy6ibL;

M., — npenenbublii MOMENT, BOCHPHHHMAeMblH CTeHKOH Tpy-
OBl IIPH MOABAEHKH TPEILLHH, ‘
Bo aropom cayuae pacuerhoe HEPABEHCTBO OyAeT TAKHM:

a "‘<- |a'l‘p; ' (['6)

I S—

TOE & - IUHPHHA PACKPHITHH TPEILHH OT HOPMATHBHBIX HAPDY30K;
@, — HaubOoJbINAS AONYCTHMAA IIHDHHA DACKPHITHE TpPELIMl,
KOTOpDAS 34BHCHT OT Ha3HaueHHdg TPyOOUPOBOILA M YCAO-

BHH erc paboThl,

ITpu pacuere Tpy6 mo Hecywel CrOCOGHOCTH HATPY3KH JOJIK-
#bl GHITH MPHHATH B CASAYIOUIHX COURTAHHAX. )

1. OcHOBHBE COYGTAHHS M3 PeryjapHO AeHCTBYIOLLHX
HATPY30K, BOZHHKAKOWIMX [IPH SKCOJYaTallud, K STHM HArpyakaM
OTHOCATCS CAeoylolue: coOCTBeHHBI Bec TPYyOH;, BHYTpEHHee AaB-
JIeHHe KHAKOCTH IS TeX Tpy0, B KOTOPHIX OHA PErysipHO TpHCYT-
cTByeT  (BOACTIPOBOAHBIE M KaHAJH3ANHOHHHE Tpy6H); OaB-
JIENNE SACLINKH;  JaB/eHHe TPYHTOBOH BOMb! -TPM HOPMAJBHOM ee
TOPU3CHTE; HArpyska, JefCTByIOLLAf Ha TOBEPXHOCTH 2eMJH, AJd
TPYO, VJAOKEHHBX NOA KeJe3HHIMH HOPOTaMH, aBTOMOGHJLHBIMH

- AOpOramMH, TOPOJCKUMH [poe3faMH, B a3pornoprax HJIAH H4 TeppH-

TOPRE - MPOMLHMUJIEHHBIX TJCLLAL0K; TeMIepaTypHble BO3ZefiCTEHSA
AAs TpYG ¢ ropAvuM HamoMHuTeNeM (TemIohMKalMowHble TPYOH).

2. JomoduuTedbHLE e COYETAHHS, COCTORLIME M3
KOMOHHAUNE OCHOBHEIX HAIDY30K - ¢ HEPeryJspHO BOBHHKAIOWIHMHA
BO3NeHCTBHAMH H HAFPYSKAMH, He CBA3AHABIMH € HOPMAJLHON
BKCIAYaTanueil TPyGONpOBoaa; K IOCJAEAHHM, HA3bIBAEMBIM JOMO/-
HHTEMLHBIME, OTHOCATCS: aTMOC(epHOoe AaB/eHHe MpPH o6pa3OBAHHH
BAKYYM3a; [aBJIeHHe TPPYHTOBOH BOAM IIPH HAHBLHICUIEM ee FO-
PH30HTE; BHYTpeHHECE JaBjeHHe MHAKOCTH Ad prﬁ, B KOTOPBIX
OH2 TIOABNAETCA HEPETYJSAPHO (ApeHaXkHEle TpPYOM, BOZOCTOKH);
TIOBbIUICHHe BHYTPEHHETO MAABJeHHs NpPH IHADPABIMYECKOM yAape B
HamopHbiX TPyGOmpOBOAAX; Harpysxa, -hefcrEylomas Ha TOBEPXHO-
CTH 3eMJIH B TeX MeCTax, Te NPOXOXIEHHe TPAHCIOPTA WM yKaagm-
Ka wraleled TeX WAx HHBIX MATEDHANOB MOMET HOCHTB TOMAEKO
CAYUalHpl Xapakrep; TeMmepatypHble BO3JACHCTBHA MJIs HETEJIO-
QHUKAUHOHHBIX TPYBOTIPOBOIOB. _ . .

3. Ocofue coueTaHUd, COCTORNIEE W3 KOMOHHALME
OCHOBHBIX ¥ \IOTIOJHUTENbUBIX HATPY30K ¢ BO3AECTBHSIMM K Harpya-
EaMH, HOCAIUMMH aBapaHHEI XapakTep H BO3HHKAIOWHUMH B HCKJIIO-
GHTSJIBHBIX CJAYyUasx, ' o

K ocofbim marpysxam  oTHocATCs: ceHCMHYeCKas, naBjeHHe
BOLBI TIPM KATaCTpoHUeCKHX NABONKAX H T. I

Kospduumentsl coverannit marpysok nis tpy6, YIOMEHHBIX B
SeMJIE, TaX JKe KaK H JIAA BCeX COOPYMEeHHS, MOJKHB OHTh NPH-
HTEl PABHLIMU:

IAA OCHOBHEIX COYEeTaHui .

« JOMNOAHHTEIALHKX -
» OCOGBX .

S
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PECHETRHQ 3HAYEHHA OODbEMHBIX BecoB MAaTepHanoB, NPHMECHREMLIX
ANR HIroToBAeHHA TPYG6

i ‘ OSLeMuuR : O6bemzmi
: - MaTtepnan | TL] MaTepuna Bec N
u ’ ’ : walmt Kz/M
(B8 - -
I: : ' 4 CTalb o o o o + » « » = » | 7850 Hpesecuna xBOHHBIX H
: ‘ . MATKHMX JHCTEEHHHIX MO-
Uyryw . - . .+« o & o . . 7 200 DOR (COCHa, eab, Keap,
. bBeron nepnbprposanseit . . | 2300 |nmwxTa) . . . . .. L 830
Frasa I} E " BeTon BHOpHpoBaNREI KR '
‘ ; . _ . Ipesecuna TBepAnXx
NeHTPud yTHPpUBANHLA . . . . 2 400 ARCTBEHNLIX 1O
! poa (ay 0,
BHEWHHUE CHJTDI, B,EWCTBYIOU.IH_E HA TPYBb], ¥ eaezobeToH Hesut pupoBan- 6yk, Gepesa, acelb, KaeH, .
YIIO)KEHHBIE B 3EMJIE - MBI . o« o o voa v o w a o .| 2400 |[rpab) . . .. .. .i. .| 1000

Henegoberon  BHOpHpOBAIL-

-1. CoGeTBeHHE Bec TPYGW M maBiekite 3aKNYeHHOH ' m RRA HAR uenTprdyrupovannmi | 2500

B Hel MHAKOCTH 5 - KnphuuHas xmaaka . . . . . 1800

. Bugeasa mo nimme TPyOu y4acToK, paBHHR eAnRHLe, GyneM
OTHOCHThL BCE HATDY3KA K 9TOMY yvacTky, Ilpu sTom 3apaua Gyger
OJOCKOM 110 OTHOILEHHIO K AethopMaunaM.

CoGcrpennslil Bec Kpyrioft Tpy6o ¢

‘ BuyTpenHee paB/ienne MHIKOCTH, 3aK/IOueHHON B Tpyfe H Ha-
XOmAuefica MoJ, HanopoM, AAs YAOGCTRA MOMHO Paz3fOKHTh: o

' ) a) Ma CHApOCTATHYECKOE NaBAeMHe xuAkoeTH (dur. 8.a), ne-
: JHKOM 3anoJusiowledl TpyGy 6es Hanopa; Bec ITOH MHIAKOCTH B

h TOCTOAHHOW TOIIIHHONR CTEHOK SBJSETCA o3
Harpy3ko# paBHOMEpHO-DACIpeencHHON _ Kpyraolt TpyGe cocTanser: ;
110 LJMHE CpelHeil JHHHH TONepPeYyHOro g Py = 1,15, | - W)
CeueHNs u AeACTBYET BepPTHKAJILHO BHH3 : ' : ' '
{puc. 7), ‘
| Harpysxa sa eqununy aamsn OKDYHX- 8)
' , HOCTH Tpy6Hl 3
) Iy
A\ g = 1ch. (IL1) o P
. . Paenoneiicteyromas aton Harpy3Kku: '
G, = 2n7y.rh, (11.2)
Puc. 7, Pacuernan cxema Tie Y. — obneMibll BCC MaTepHata TPy ' ' °
_prgm Nnpy AeHCTBHA Obl; - B )
COOCTBERHOrO Beca 7 — CpelHHH pamHyc TenepeyHoro - P °!
o 7 CeYeHHR prﬁbl; 3 Puc, 8, PacueTHas ¢xema TpyOb LipH ACHCTBHA BHYTPEHHETO
h —tomuuna cremxyu Tpy6Ge, . ' Jandenun aaxoct
Ecan nonepeanoe ceuenne TpyGH HEKPYNIOE M ecaH TOMIL- e R ehopo ©  FicroMepmos aspacime
Hd CTEHOK NepemenHas, TO HaPpy3ka OT COBGCTBEHHOrO meca, OCTa- ' o
BasIch BEPTHKAILHOH, yXe He Oyder PaBHOMepHO-paclpeaeleH 0l ‘ e ro — BHYTpEHHHI PaaHyc TOUepeyHOro cedeHus TPyOwy;

00 LJIHHE CpelHel JIMHHH NONEPEUHOro CeueHHs TpyGHI,
PacueTibie 3nauenns o6weMubix pecos Pa3JIHUHBIX MaTepna-
0B, PHMEHACMBIX BJIAl M3rOTOBJIEHAA TPY6, NMpUBeZeHb B Taba. 2.
B coornerctoun ¢ npaMuIMH  yKazanuamu CHull ans cober-
}I:E'HHO_II‘OI Beca TPYGR CJIEAYeT NPHHHMATL KO((HLHeHT HeperpyakH
. =

s h.

7o — OOBEMHBIH Dec JKHAKGCTH, HODMAaTHBHOe 3HaueHHe KO-
TOPOTO TIPHIMMAETCS  PABHBIM: LA TPecHOR  BOjbl —

1 7/s% pns  wmopekoit  Bogel — 1,03 v/, nas  crouHoit

oo wuzxoetu 1,01—1,08 1/4® (B 3aBHCHMOCTH OT ee poaa);
R KooQ(UIHEHT Teperpy3xu AJs THAPOCTATHYECKOro [AaB-
JIGHHST KHAKOCTH CAelyeT TPHHHMATH PABHBEIM 1o ==1,13

15
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- 6) Ha pasHomepnoe Aanjchue (puc. 8,6), paBHoe Hanopy pg
B IUeJbIre. 3TO Ci4arawilee Jab/elHst BH3BBAET B’ KPYMVIOH TpyGe
JUIIbL pacTaxenHe credok. Kosdduuuent meperpysxu Jans storo
CAATaUIETC ONpeleisieTcsi T[IOBBIAIGHHEM TOPH30iTa BOIR WIH
TIOBBIIIEHHEM Hamopa TIPH THAPABIMUECKOM yrape. B IociemHeM
chlyqae pacyeTHoe BHYTPeHHee JaBJeHude <JelyeT IPHHUMAETh CO-
T1acHO THAPABJIWTECKMM pacuetaMm, Ho He Mexee 1,15 rugpoecraTu-
ueckoro Aaesenus, [lo ¥-96-50 (40) ans mpeasapuTesabHo HaNps-
HeHHUbIX MeJe300eTOHHEX TPYO BHYTpeHHee HABJGHHE ¢ YYETOM
THADABAHYECKOTO yaapa IPHHHMAeTcd PaBHBIM: Ipw  paboyeM
(sopmatusHOM) manope B TpySe 10 5 aru — yjasoeHnomy paGoue-
My Hamopy, Tipu paGoueM Hanope B TpyGe — 5 aru u Goljee — pa-
Gouemy nanopy mmuoc 5 aru, - .

* Jlim Ge3HamOPHBIX TPYS AaBJIeHHE, TPOR3IBOIMMOE 3AKIIOUEH-
HOH B HHMX XHAKOCTBIO, ONpEJe/sieTcs CTeleHbl0 HANOAHeHUA, Oue-
BHAHO, YTO NPH TIQJMHOM HAJIONHEeHUH M3FHOAlOLINe MOMEHTEl BCErna
Goablue, UeM TPH YACTHUHOM, MO3TOMY B TeX (JAyuasx,- KOILa He
HCKJIIOYEHA 'BOZMOKHOCTL flepenosHeHHst TPYOH, ee pacueT joJoKeH
GLITH NPOM3BEJEH Ha TOJMHOE HANOJHCHHE. .
© Pacuer tpy6H Ha macTHUHOE HANOJHEHMe MOWKET BCTPETHTLCS
Ha TIPaKTHKE JHIIB B PEeIKHX CJAYyYadX, HANPHMED, €CAH pPasMedhl
BOROTIPOTIYCKHOR TPYGB Ha3HAUEHBl SHAYHTETBHO GOJILITHMH, ueM
510 TpelyeTcst WAf NMpoNycKa MAKCHMAJBHOTO PacXolla BOAH, JAGE:
LaBjeHns rascs 8 TpyGonposofe clenyer 6paTh KO3(pHlHEHT fie-
Perpysku np = 1,2, . :

B pacuerax Tpy6 cieayer Tax:Ke YUHTHIBATH NOBBIIEHHE BHYT-
PeHHEro JaBJEHHA 0PH THIPABAMYECKHX HCHBITAHHSAX BO BPeMs
MpHOMKH TPYGONpOBOAA. ITO MOBHIUEHWe IABJEHHN pDeTJaMecHTA-
PoBaHo COOTBETCTBYIOMHMH [OCTamu,

2. Raeaenre rpyHTa Ha 1py6ul B TpaHmenx

ITpr yknagxe TPyGnt OTKPHITEIM CROCOBOM € TOCTeyOLLeh
06paTHoil 3acebKof BHIPAGOTKH (KOTOPYW® Mbl GyIem HAasSHBaTh
TPAaHWeeH) BCeTla MUMeETCs PasHMUa B CBOHCTBAX HeHApyIICH-
HOTO IDYHTA, CJAFAIOIEr0 CTEHKH TPAHLIeH, y TOTO, KOTOPBIH Gbui
M3 Hee BBIHYT M 0o0paTHo 3acemad. [locaeixruil, Kak Obf TLLATEILHO
OH HH OBl YIIOTHEH, HMEET HAPYIIEHHYIO CTPYKTYPY, B TO BpEMS
K2K 323 Tipefe/laMH CTEHOK TPaHLIEH I'DYHT HAXOAHTCS B COCTOSTHHH,
Gosee wix Memee GJH3KOM K TOMY, B KOTODOM ©OH HAXOULICH [0
ycrpoficrBa tpanwed. [loaromy Tpu yrroTHenms TpaHIlefiHof 3a-
CHIKK TIOA AeHCTBHeM ee cOOGCTBeHHOro Beca M AABAeHHA TPY30R,
NEPeMEIIAIOMUXCA 110 TIOBEPXHOCTH SEMJH, OHA OCEAeT; MeMuy
Hel0 M CTeHKAaMH TPaHlleH, rofAobHO TOMY KaK 5T0 MMeer MecTo B
CHJIOCAX, BO3HHKAWT CHJbl TPEHHS, KOTOPhle BOCIPHHHMAIOT YACTh
BeCa 3ACHIMKH, DacHONOMeHHOH Bbile coopyxenus. Ocraabnag
4alTh TepeflaeTcss Ha COODYMeHHe M HA BacHKY, 3aNOAHRAIONLYIO
NPOMEIKYTKH MEXIY COODYMEHHEM X CTeHKAMM TpaHLieH, Hasbi-
BaeMhule T1a3yXaMH.
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PaccMOTPUM TpaHILED ¢ BCPTHKAJALHBIMH CTeHkamu (pue, 9).
Brinenns 9AeMeHTaDHBIA CA0H 3achiKH TOJIIWHOH dz Ha ray0HHe
2 OT TOBBPXHOCTH, HAIHLIEM YC/AOBHE ero PABHOBECHSA IOA AeHoT-
BHeM CoficTBeHHOI'o Beca 7B8dz, BePTWMKANLHOIO TABAEHHS Ha HERo
CBEPXY 9, M CHH3Y 0, 4-do, W CHJI CUENIeHHss W TPeHHs, AeHCT-
BylOIUuX ¥y creHok Ttpaxmed [13L Tlpu 3ToM, npHHMMaeTcs, 4TO
CONPOTHRJIERHE TPYHTA COBUTY Y CTEHOK TpaHIIeH COCTABJASET:

t=c1+ 9, tg e, 7 EECs i o kbR 7777777,‘"'

: ' T 6'2 Y ™

rae ¢ — BeJUYHHA CIelJeHHs; , l
%, — HOPMAJIbLHOE HApHAAEe- ! I U .‘ l_” t l

HHe,  JEfCTByWOLLEe  TOPM30H- o H H ; H H .'1. - '

S x ¥

dz

TAABHO;
@g --- YTOJI TPEHHS 3aCHMIKK = 67+,
O CTEHKY TPaHILEH.

A

Kpowme toro, genaerca gomy- .
UeHHE, YTO MOAHOE BepTHKAAbLHOE
nasiaenne G, Ha nanuoil ray6u- i1
HE 2 DACTIPEASTISIETcH PABHOMEPHO
MO HIHPDHHE TPAaHIIeH H 4TO OT-
HOLIEHHE MEXKAY FOPH30HTAILHBEIM
H BEPTHKAJILHEIM HAIPAKEHHEM ,
9;B KaXMA0H TOUKE IPYHTA Y CTCH-  pue 9, Pacacthan cxema 2LIBOXY

KH TpaHIICH ABJAETCH BeJHYHHON (hopMyABl AaRNCHHH 3ACHUIKH
B TpaHiiee

N

RN \:\\-.\ R R A

AALL LR

“ Ty
OOCTOSHHOM, T. e, —Lax k),
Ty

TIpoerTupys BCe CHIB Ha BePTHKANBHYIO OCL, NOJNYYaeM
—1Bdz —c,B + (o, + do,) B+ 2cdz + %%, o, tg 9, dz = 0.

(R .
- Henasa npusefenne NOZOGHBIX WIEHOB W MHTETPHPYA 3T0 [IHG-
DepennnasbHoe ypabHewHe TDHM TPAHHYHOM YCJAOBHHM, 4yTO TpH
2= (. napneHde a,== 0, paxoAHM HOJHOe JlaB/ecHie Ha ray6uHe 2:
2c

1Bt (1 ——

B 2 !
Gau:: —Qm-}—-—)—-(l—exp {—%‘ El'tg(?g }) . (114)

Ha yposre sepxa tpy6u npn 2z = H nossoe pacyeTHoe BepTH-
KaJLHOe NABNEHHE ¢ Y4YeTOM TeDelPY3Kd paBHO®:

GB =1y K’rp TBH: (11.5)
I exp [ a ’ = g7,
2 Qopmyna (I1.5) Momer OpTh NPEACTABJENA 1 B TAKOM BRAE!
H
Gep=my Crp 182, rae Crp =K-rp ? .
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Ky = Eél—t;—ﬂi:'%(.l — exp{—%jfl tg %D . (11.6)

Dra BeanynHa, KOTOpyl OyAeM HA3HBATH «KO3MGHIHEHTOM
BEPTHKAJLHOrG JABJEHHA TPYHTA B TPAHLIee», NpelcTaBiferT coGol
OTHOMHIGHHE NaB/ienus Ha TpyOy K Becy BhILIePACNOJIOXKEHHOH 3a-

H
CBITKH H 3aBHCHT OT OfT‘.H‘OillIeHHH?, OT OTHOIICHHSA EI HHTEHCHB-
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Puc, 10. I'padmx zan onpenencuus Ko3QHUUHENTA BEPTHKANLHOTO AABJICHHA
3ACHIKH HA TPYGLI, YNOWEHHbIE B TPAHIMERX

HOCTH TOPH30HTAJABHOIQ MABJMEHHA B 34CHINKE K HHTEHCHBHOCTH BepPTH-
KaJIbHOrG JAaBJeHud, OT YIVIa TPEeHHsg ¢y34cCEINKH O CTEHKY TpadIleH
H OT BeJHUYHHDLI CLEMNJJICHHS C.

H
HOns  onpedenenus K,, B 3aBHCHMOCTH OT - H Eitge,

MOMHO TONB30BaThe rpadukom (puc. 10), mpu COCTABMAEHUH KO-
TOPOTO CUEMJCHHE ¢ APHHATO paBislM Ryqawo, Buifop kpupoR ua
3TOM TpadUKec NPOH3BOAKTCH B COOTEETCTBHH ¢ AakHbiMu TaGm 3.
MNpu »TOM BRMAY TOTO, UTO JMAds pPALA TPYHTOB TIPOM3BeAedNe
E,ig v, HMeeT [IPMMEPHO OJHHAKOBOe 3HAUEHHEe, MOWHO OCTaHo-
BHTLCA Ha MeTbipex CTAHAAPTHRIX BeJHUYHHAX 3ITONO TPCHIBEACHHMSL.
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TaGauua 3
BriGop xpuBsix Ha rpaduke (psc. 10)

DBia TPYHTA 3aCHNKH &tge, Ne wpuBOR:
TleckH M PacTHTEAbHHMH TPYHT, CYXHES . + . .+ . . 0,192 1
Ileckn m pacTuTenbNWH rpyHT, BAaWHbIE W Ha- :
CHILCHHLIE BOJOM, a TaKKe TIHIHCTRIE FPYHTh TBEPAbLE 0,165 2
TIOHHMCTRIE TPYUTH [IACTMYHBIE . . . « . - e 0,148
" . TEKYTHE « « « « ¢ o o v 4 o+ o 0,132 4

®opuyaa (11.5) maeT pesuuMHy JABJeHASl Ha BCHO UIHPHHY
TpaHwWeH Ges yuerTa TOro, ¥To TpyGa 3aHMMAeT TOMBKO 4ACTh STOM
praprpet. TlpM TOBEILEHHH CTeNeHd YIUIOTHEHHMs 3ACHITKH MERKAY
TpyGoll H CTEHKAMH TPaHiIeH BepPTHKAJb-

HOe jJaBJcHMe Ha TpyOy yMeHsIaeTes:

TPy6a U CMEXXHas ¢ Hell sachnka ofpasy- vh
I0T CTATHYECKH HEOTDEAG/MMYIO CHCTEMY, &~

CTEMEHbL YUACTHA SMSMEHTCB KOTOpOH B -
BOCTIDHSTHH NOJHOTO BePTHKAMILHOTO AAE- 2

JIEHHS OfIPeeNSeTCa COOTHOUIEHHEM MexK-
Ly HX JeCTKOCTsIMH Ha cxaTtue. Ha 0o-
Jlee KCCTKMH 9JeMeHT Tepenaercd H
66apman jgoa  obweft Harpyskd. llpn “G
pHIXJION 3aCHTIKe B Taszyxax Ha Tpy6y me- n
peflaeTc TOMTH BCe JABJGHHS, B TO  poo 1 Cieva warpysxn wa
BpeMd KaK IIPH XOPOIeM YIVIOTHEHHM  pyGy or Bpeca aacHNKH B
3TOH  3achNikM  Tpy0a BOCNPHHUMAET  ,nasyxax* BepXHEro CBOAA
TOJBKO HEKOTOPYIO HacTb iGJIHOH Ha-
TPY3KH.

ostoMy B <ayuiae HeGOMBIIMX OTHOUIGHHN MeXIy WHPHHOH
TpaHlWed B ¥ mppHHOR coopyxenuii Dy M NpH mioTHON yTpamboBke
nasyx MoHo BBecTd B Qopmyny (I1.D) meonpasoulbli MHOXKHTEb,
MeHbUIHH efHHHNE, YudThisaloIyl Nepeauy KEa TPYOY TOMBKO 0O-
JOBHHB HAPY3KH, HaxXodsauleldca Haj [asyXaMmH; 310 TPHUBOAMT K
Taxoit Qopmyie: ‘

G, = 1, Kip 1H 5‘-*'2—‘0 . {1.7)

Ilna tpy6onpoBopos Goapinoro puaMerpa (Goawwe 1 a), yao-
XKEeHHMX Ha TJyOuHe MeHee OIHOTO jvaMeTpa OT TOBePXHOCTH
3eMJIH, CAeAVET JOMOJIHHTE/LHO YYMTBIBATH BEC 3ACHITKH B Nnasyxax
BepxHero cpopa (puc. 11). Ilna ofeux nmasyx pacueTHBIH BeC 34CHI-
KH COCTABRJSET:

G, =0,1075n,1D?. (11.8)
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: B Taln. 4 conocrasielinl PesysinbTaThl QUPENEJICHHS MOJHOTO
Aapaedus no gopmynam (I15) u (IL7) ¢ pesysanTatramu OnbTOB,
npopedeHHEIX B [928—1929 rr. mpod. H. H. HJapuneskonsim npH
YKI8AKe KAHAIH3AUMOHHOTO KOJMIeKTOopa B Jlenuurpage {12], Dtu
OTIBITEI, TPOBEAEHHBIE C MCINOJBIOBAHHEM CTPYHHOTO METOAA, HMedk
UeTBio OlipeleicHHe JIABJIEHHS 3eMJIH Ha TPyGH B TpaHIIesx.

Tabnuoa 4

b | 2 ; E = ; & & ¢
o ds | x| 22 | §.5, ] 55, B2 | g5 il 850 L
E|a® ] qn |25 [ 2553 | 3e8e |7 | €5 | 37| 835 550 CEDY
2| Ea Z e uE'! uﬁ;E gEE" = | & 2 = %3 gel £3
£ “E'.‘f‘ ;§,= Eea 55'9' 5‘?:”' B ‘g'-g-rs Z2e | EEC g:g.amg

b+ ve [N 2= . = =3 = 1]
2| 53|58 | E5q| 2850 | B8 Sed| 233|208 | 288 813
14228 1,0 10,4t | 10,41 [1,5]0,70{ 15,9 | +52 [10,80] +3.5
I1{3,9]2,8]| 0,9 9,74 8,75 1,4{ 0,71 | 14,8 | 452 9,45 +7.9
CHIL40] 1,81 0,9 7,79 7,00 (2,21 0,60 8,4 | +20| 6,40 —8.5

T[Ipy  BbIYHCICHMH NOJHOTO BePTHKAMBHOrO HaBNeHnA G, 0
HIMCDEHHOMY JABVIEHHIO B K/IOUe Mbl CUHTANM BEPTHKAJALHOE AAB-
leHHe PaBHOMEPHO-pPAclpefeleHHEIM IO TOPH3OHTANbHON [IPOSKLUK

N , TpyOL.

@F w?ﬁ;ﬁ””/ s Ha puc. 12 Hauecenor
>~ N nauksle oneitos A, Map-
A 15 crona 159} ¢ uyryunuoit Tpy-

/ GOH BHELIHHM JHaMETPOM

15 4 o7 0,69 M, IpH TOJILIMHE CTEHOK
’ 3ot ' 4 ¢Mm ¥ NpH TayGHHE 3440-
/ 8l go ofd xenusa [ =3 m. Ha atom

g 7 2 We  PHCYHXe  [0KazaHbl
[~LopMyat TPAMEIE, COOTBETCTRYIOUIHE

(L7 Qpopmynam  (IL5) u (IL7)

45 o MpH Ry = 1 M u3cOpaxao-
' IHe (QYHKUHOHAABHLE 33-

ﬂ_ BHCHMOCTH MEXIY YIelb-

g ! Z d 4 L HEIM JaBjeHHeM Ha TpyOy

Puc. 12, CpaBiienne Benuuus Aasiewus no Ge . B
tpopmy.rirz)m (IL 5 n (1. 7) Cﬂ,nallltblMH THD, H OTHOIIEHHEM D,

LITORB
OnLToR. JlaHHble ONBITOB HAl0T Bech-

: Ma [eCTpble  PE3yALTATH,
BEPXHUE [PeAe/bl KOTOPBIX NMDH MAJbX H CPEIHMX OTHOUIEHHSX B

1

JOBOJBHO XOpowo oTsedator (Qopmyse (I1.B). dopmyna mxe (I1.7)
lel{lIIE'_'CDOTBETCTByE‘.T CpeoHHM peaylbTaTaM OIBITOB. '

OnbiTHEE SKCTIEPHMeHTaALHBIE HCCJIeL0OBAHHA JRAB/JEHHS 3eMJAR

Ha BoaoBOj ceueHuem 1,80 2,78 m BTOpOro GaKHHCKOrO BOAGIpO-

20

BOAA AJHHOR oOKoJo 180 km, NpoHsBeseHHbie Asepﬁaﬁn}xa‘ﬁncx@m
HAYUHO-HCC/IeAOBATEILCKHM HHCTHTYTOM COOPYMeHHH M CTpOHTedb:
HEIX MatepHa/ios {15] B NPOM3BOICTBEHHHIX YCJOBHAX, NTO3BOJAIOT
GAeJaTh BHIBOA, YTO TPH HEYIIOTHEHHBIX TasyXax 6auskyio x ¢dax-
THYECKOH BeTHYHHy Harpyskd faetr popmyia (IL5), a ans xopomo
YIIOTHEHHbIX ma3yx — dopmysaa (I1.7), - ;

Mpu ypenuueHHH WIHPWHEI TDAHIUEH MOXET GHTh JOCTHTHYT

S . B
TakKoH Tipededa OTHOIIEHHA b—-, PR KOTODOM BJAHAHHE CTEHOK TpaH-
1

mieH yXe He GyIeT CKasblBaThCH . -
Ha BeJHYMHY pacyeTHolt Harpys- : & ‘
Ku na 1py6y. llpu stom 1pyba = 7 i f{ 7] l 3
G6yaer HaXOIMTLCA B YCAOBHAKX, ‘5’1/'\1 /N
AHAJIOTHYHBIX YCAOBHAM YKJAAKH 11T ¢

B HACHIIH. ‘ B i
- Tlostomy wmarpyska, mafigen-  The 8 1 =
#as no gopmyne (IL7) wau mpr } ‘ A "
HEYMJIOTHEHHbIX NasyXax no ¢op- e Y 2
myie (I1.5), ne noaxuna mpesoc- -

XOAMTb HACPY3KY A4Ad TPYOsl, "(&'fq’"

YAOXEeHHOH B Hacemu. B nporus- vip o

HOM CIyyae HaBJEHHE 3aCHITKM n

CJIEAYeT ONpenetsitb, K4k oaa

CAYUAm YKAQZKH TPYBH B HACH. Puc, 13. Tpag;;gsga;ﬂﬂaknouuumn

nu. lnpuna tpanwen, npu Koto-
POl BepTHKaTbHOE AaBJoHHe 3a- ,
CHINKH JIOCTHTAeT BeJHUHHbL NABIEHHS. B HACHIIH, HA3EIBAETCA T € P e-
XO0AHOoH, ‘

A TpaHIIeN ¢ HAKITOMHBIMH CTEHKAMH (puc. ' 13) pelenue,
AHAJOTHIHOE DACCMOTPEHHOMY Bbillle, HO 63  ydera CleILISHMS,
nonysero E. A. Taspameunxo {6] u A. DPeaomu [64. Cormacuo pe-
wenwio E. A, Taspawesxro, nosMoe BepTHKaJApHOe IaBichie Ha
ypoBHe 2z, OT Hauaja KOOPAMHAT, TMPHHMMAEMOrc Ha TePECCUCHU R

Y

NPOKOJIKEHHI CTEHOX TPAHIUEH, BHIpAXKAETCH GopmyJoi

YBZ? 2\
Gy = 1,,.(_1) J I,
* KH, [ 1T (I1.9)
rne
K= Eaf8a+5nigﬁ+Eatggpa—;—&stgfpg—-tga-—tgﬁ
tga--tgh ’
Ilpu arom
= a . =, — 3. o B
Ea'— g 4 EB oy B3 tg‘?a a ’ tg? aq .

2




-lﬁgz

SEE-ES

R

PR

re .

3aTpyAHCHUE JUIA TIDHMEHEHHS ITOTO [eilieHMA Ha [paxTHie
COCTABAAGT OTCYTCTBHE SKCIEPHMEHTANbEO OOQCHOBAHHBIX 3HAUE-
HHil MapaMeTPOB, BXOIAIMKX B (HopMyay (II.?). - .
. Tlosromy mia Tpasilefi ¢ TepeMeHHOR IO BHICOTe WHPHHOU
NPUXOJHMTCS moJbsoBaTees dopmysoli (I1.7), mpuaumas, no npel-
aoxennro H, M. Bunorpafosa, B KaueCcTBE PACHETHOH NIMPHHLL
TpaHlIeH IHPHHY ee B Ha YDOBHe Bepxa COOPYMEHHH, HO on'peilfe-
nss xoadpunuent K, no rpaduxy puc. 10 Ans OTHOWEHHS B
: b -

' H
rie B, — uruppna TpaHilex Ha rayBuHe ~ OT TIOBEPXHOCTL Auna-

JOTHUHEIM TyTeM  OTpejeJfdeTcd BEPTH-
KaJLHOe nasjenue 3aCLUIKH K B TPaHIIEE
¢ yerynamu (puc. 14).

TopusoHTatbioe (GOKOBOE) nabJe-
HHe HA XKECTKHe TPYOHI, Y/OMKEHHHE B
TpaHINesX, HMeeT, KaK M0Ka3hBanT Okl
Tbl, BECEMA HE3HAUHTEJBHYIO BEJHUHHY.
270 oOBACHACTCA CASAYIOLIMMH TIPHUIHHA-
MH. Bo-mepBhiX, TPYHT, 3aNOJHAIOLUIMA
OpPOCTPANCTBO MeXKILY CTEHKAMH TPaHileH
M TpyGOif, HCNBITLIBACT MeHbllee YIedb-
| Hoe pepTHKAJIBHOE NABACHHE, HeM TOC/EN-
_ - HfIF, TAK KaK OH OoJiee cCixKEMaeM, 4eM

il mecTkasa Tpyba, Dokosoe Ke JarlNeHHe,

Puc. 14, TpaHwesn KaK M3BECTHO, 3ABHACHT OT BEPTAKAJIBHOTO.

C ycTynau Bo-BTOpHIX, YKa3aHHOE NMPOCTPAHCTRO

TpeACTaBMseT <0O0H, eclH MONCHO Tk

, BLIDA3HTECH, «BTODHYHYIO®» H  INIPHTOM

O6BIUHO TOBOJABHO Y3KYI0 TPAHIIEID, B KOTOPOH AapfienHe GHICTPO

YOBIBAET M Ha YPOBHE IOPH3CHTANLHOTO AHAMETpA TPYORl AOCTHraer
‘BECbMAa MaJjioll BeJHUHHEL '

OnbITaMK YCTAHOBJACHO, UTO YIWIOTHEHHe 34CBHITKH, 3AMOMHAL0-
Niell TPOMEXKYTKH MeXAy TpyOOoll M CTeHKaM# TpaHlileHr, NOBBEILAET
BeiHuHdy GOKOBOrO JaBjeHHst Ha TpyOy.

B cayuae THOXHX TpPYG ONBTEL IOKA3LIBAIOT, UTO Y HHX GOKO-
BOe JaBJeHde TPYHTd HMEeT 3HAUKTENbHYIO BeJHUHMY, HHOrna jpaxe
npeBblaOIlee BeprykajdeHoe AasncHue. OfHako 3T0 GOKOBOE AAB-
JiEHHEe He SBJSETCS B AAHHOM CJydde aKTHBHEIM. OHO o0yCaoBJIEHO
pedopmauyeil TpyGul M NOJKHO OblTh HABBAHO PEAKTHBHBIM JAABJIE-
HHEM WJIH OTHOPOM TPYHTA.

TosToMy OOKOBOE aKTHBHOE AaB/eHue TPyHTAa Ha TPYOH B Y3-
KHX tpaHIUesX MHJIH COBCEM He YYHTBIBAeTCH, WJH NPHHHMAeETCH
paBHEIM /s BeduunHBl BepTHKAJILHOrO AapaeHns. Jas Gosee wupo-

e
~
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KHX Tpaulled 3TCO OTHOLIEHHE MOMKET ‘OLITE IOBHILIEHO L[LO-—5-"—""T

. -1 N
a IpH XOpoilleM YIIOTHeRHY IasyxX RO Y u naxe -6ogee, Beuny
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TOro, 4YTo GOKOBOC [IaBJecHHE 3achiTKH HCUMCSETCs Kak 4acTb OT
BePTHKANBLHOIO, €ro 00bIYHO Jame He PACCMATPHBAIOT B KauecTse
He3aBHCHMOH Harpy3KH, a KOCBEHHO YYHTHBAIOT TIDH pacueTe mpyOn!
Ha AelicTBHe BOPTHKAJLHOTO JNaBJEHHS 3ACHIIKH,

Pacnpenenenue AaBleHHil MO OKPYXKHOCTH TPYOH NOAYHHSAETCH
CJIOMHOMY, TIOKA ellle HeAOCTATOYHO H3yueHHOMY 3akoHy. Mimelotcs
NOMBITKY alpOKCHMHUPOBATE 9TOT 33aK0OH TeMH HJAH WHBIMH SMIHDH-
gecKuMH «Hysxuuami. Tak, Hanpumep, B, B. Jlonamn [27] npenna-
raeT TPHHATL pPaBHONEHCTBYIOILYIO -aBleHHs TpyHTa B JI0Go#
TOUKe TIOBEPXHOCTH TPYOBl, HANPABACHHOR PAAHAIBHO H H3MEHsK)-
umiefica B JuHeHHON 3aBHCMOCTY OT yraa 6, OTCUMTHEBAEMOrD OT
BEPTHKAJABHOTO JHaMeTpa. :

Ilpu sTom IHamieHne B JOGOA TOYKe [OBEPXHOCTH KPYIVIOH
TpyObl BrIpaxaercd Taxoil «hopMyJoi: '

g = &(1— ! ). (11.10)

it—a

rte g,— MHTeHCUBHOCTL [ABJCHHSA B BepxHell Touke TpyGwy;

@ — YPoJl ONHP&HusT TPYOH, ,

Bauzkne nmo cMbicay (GopMyan GrlIM €lle paHbile IIpeIsiokKe-
Hol M, M. Jlankem [23], 9. T, Tankuuem [7] © B. A. Hpouien-
ko [48]. o

IIpexpacHo QUUCLIBAsT De3y/bTATHL SKCIEPUMEHTOR 1O Onpele-

JIEHHIB HOPMAJABHbIX COCTABJHAIOUINX EaBJACHHA TrpyHTa Ha prﬁbl,'

thopmysa (11.10) ue yuMTHIBAET KacaTelbHBX COCTABJIAIOUINX JABJe-
HHH, XOoTophle B OOQJBIIMHCTBE ONBITOB MPOCTO He NOABEPraluch
W3IMEPEeHHI0 H3-33 OTCYTCTBHa HeoGXOAMMON AAf 3TOTQ anmapaType,
©0 KOTOPble CYUIECTBYIOT H 32METHO yTSXKeNsioT paborty TpysHl,
IlosToMy OyieM JIDHMHMATL BepTHKaJABHOe ¥ OOKOBoe paBie-
HHS 3aCHIIKH paclpelefeHHBIMH PABHOMEPHO IO TOPH3CHTAJBHOR

U BEPTHKAJLHOH NPOEKLHAAM TPYyOHL.

Ecan mcnonvayercs dopmysa ('I 1.5}, TO TIPHMEHNTENEHO K YKa-

sauusaM CHull xosdduuuelT IEPEFPYsKM 77 NaBAeHHS 32CLITKH
JoJAeH ObTh NPHHAT paBHEM f, =1,2. Yuntnipas, kpoMe H3aMeH-

JIMBOCTH OGBEMHOTO BECA W YRIa BHYTDEHHETO TPEHHs IDYHTA, TAKKey,
i

M OTKJOHEHHs1 (PaKTHUeCKOrO AARJeHHS OT PacueTHOTO Mo ¢opMyne

20%, caenyer npuuath # =14,

. Opumep 1, OnpezeanTb pacyeTHOE BEpPTHKAfLHOE MABNEHHe H4 IKeleso-
OeTOHRVIO TPyOY, Y/IOMEHHYIO B Tpamllee, ecou BHYTpeHRuil IJunaMerp TpyOwl
Dy =600 mm, rayGuna sapoxeHus Bepxa TpyOum H =4 u, wHpuHa TpauweH
B=1,5 M, aacunka nNecyawasd MaJoBiamnas, AIA KoTopoii ofwemmmfi  Bec

(11.7) s3a cuer aApyrax (akTopoB, BJAHAHHME KOTOPBIX JOXOZMT - 10 {‘-Li o
'a_; ﬁt"

UMEET HOPMAaTHBHOe aHauerne 7 =185 7/M3, ymnoTHenue «lasyx» xopoluee.
0
IpuruMaeM TOMUHHY CTRHKH TPYGH =T =6 cM M HaXoduMm GHeUHH®

AuaméTp TpY6R D =Dy +2h =601 2.6 =72 cm.

OTH-omeHHe‘i——* 2,67
. B —1‘5—.’. t
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. Mo rpadury puc. 10 Hainem

K = 0,66. .

losgnoe pacueTwoe BepTMKaibHOR NaBAeRHe Ha Tpy6y mpu  KoaddunnenTe

Tieperpyskn i, = 1,4 naiizeMm no dopmyne (IL7): : :
B+ D

Gp = ng KypyH -——;_2—1- = 1,4.0,66.1,65-4.

(kpHBaa 2) BeAHUWHY KosbdUIHenTa

1,5+0,72
“—+2—— =6,75m.

Ecnn Xe MOAXOIRTb K BOTPOCY Go/ee OCTOPOMKHO H NOIbIOBATEHCH popmyaof
(IL5), B KOTOPOM He YUHTHLBAETCA COMPOTHBJACHHE I'PYHTZ, HAXONAIIErocs pAOCM
€ TpyGoll, TO, Kak OBUIO YKa3aHO, KO3(MUUUEHT NEPEerpysxd MOMHO CHMSHTH
no 1.2, W Torma moayuaerca:

Go =1ty Ky 1HB = 1,2.0,66.1,65-4.1,5 = 7,84 m.

_ B saxsioyenne ykakeM, 4TO, KPOMe NPHBEJEHHOTO Bhille pe-
UWIeHHSA, B JHTEPAType HMEKTCs B HEKOTOPEIX OTHOWeHUAX Oodce
crporue Hau Oosee OfWiHe DElEHHA, OTHOCHLIHECS K ONpefe]eHrIo
AaBAeHHA 3aCBIIIKH B TpaHIDeAXx. Ocoboro BHHMAHUS 3acJYKHBAIOT
clleayiolye.

®opmyaa T. H. Nokpomckoro [15) yunThiBaeT KacaTelbHue COCTABNSKOIMHE

ZABJICHHS 3aCHINKK, Nepelalolliiecs TpySe No Beell BLICOTE, a TalKe HAJHuUHe
PASrpYyMAWMWHX CBOIHKOB B II43yXaX MeXAy TpyGolt m cTewkamu Tpanmrel. Oua

HMeeT. BHA; . )
ns 1H B+ B Dg]
Gy=——I|B D[t __ B =1,
o ] [ + 14( . 1) z

rie B — wHpWHa TpaHWweH Ha YPOBHE BepXa TPYOHI

B|— 1710 e, Ha ypoBRE nHa,

D| — BHeWHAS wHpEHa TPYOSH;

Dy —Brewnas sucota Tpy6u,

Hua yeaosudl npumepa 1 mo atofi dopMyne (c KosdibHIHEHTOM TIeDErpy3KH
n, = 1,2} nonyyaetcs: ‘

1,2-1,65.
Gy = ,2-1,65.4
2

Pewenwe E. M. Tyrsapa! a3 koshduLMeNT2 BeptHKANLHOTO MABJACHHA Ba-

CHITKH B TpaHllee, YUHThIBAKOINee 1ePOPMHPYEMOCTh JACHIIKH B TPAHLlCe # IIOBH-
uichue ee QOBEMHOFO Beca, ¢ TNiyGHHON MOA BJHAHMEM YI/OTHEHHS:

2fH
1 —exp {Am H— -E- Eitg cpo}

(.11

0,72
[1.5 + 0,724 (1,5— 0,72) ’—47"] = 9,34 m.

B
— =, .12
: Kap 26y tg ¢ — AYBH H (it ‘)
THE |
b
1 A
. v A= —1— : 11.13
E, ( 1—-vo) )

§1 — OTHOLWEHHE MEXLY COCTABIAIMHMY 1ABJEHUS 3aCLITIKH;
Eo — monynp zedopMaliu 3acHnKm;

vo — xoathPuurent Ilyaccona sacenksm;

Po = YTOJI TPERHUA 3ACHINKH O CTEHKY TpaHIIeH;

Yo — o6BeMBLE BeC 3aCRIKH. B DEPXHEM. CAQE..

- TE, M. TyToap, Pacnpeserenue naBfeHHA nO CTeHKe CHTOCHON Galimm,
Tpyan Mockorckoro apTosopommoro we-Ta, C6. 2, 1935 .

2

i

28y 12 94

B aaBucuMocTH 0T CODTHOINEHHA MeMAy BefAHTMHaMu A H -T B803-
_ T
MOXHE! YeTEIPE PasnuuAnie (DOPME H3MEHEHHS TaBJeHHH: ’
28, (g g0 '
I} npg A > —TT NaBIeHHe He HMeeT Npefeda W cTpemuTen k Gecko-
‘weunocTH npu H = oo (puc., 15, kpusag I);
2% tg 0 .
2} mpr A = T ToCae PACKPHITHA HeofipenenenHocTy HafineM Krp=T,
T. € JA&BJEHUE BO3PACTAET NPONCPIHONAALHO TJiyGHIE (puc. 15, mpamas 2);
26, g 9o .
3) mpu A < T HAapJienne BO3PACTAET NO 32KORY SKCHOHEHIHAJILHOR
kpuBoff u npu H = oo crpemutes k npeneny (puc. 15, Kpusasa J3)
15

64

B 26y tg g0~ AYB ;

4) npg A=0 paeiemme
H2pacTaer N0 YDABHEHHIO
{114} » crpemuTes X mpepe-
ay (puc. 15, xpusas 4):

1B

Gyg=—"—.
26 tg o

[ ¥}
n. - Xapakrep HIMEHeRMH . O
Adanienuq 1o ryOHle BO Beex
YeTBIpeX CAyyanx m3ofpaxen
Ha pue. 15, rae npaman 2 )
ABJSIETCST KacaTedbHOMl K Kpm- ;

1
BuM I, 3 u 4 B Hauane Koop- 0 'k
IHRAT.

Tlpoussenennue
TIOACHETR NMOKA3LIBAIOT, YTO K
TPaHUERHON 3ackliKe, B 3a-
BUCHMOCTH OT CTEMeHy ee Y-

Puc. 15. Pasanunbie hopMul Aasnexns
TpaHuenol 3acKiKy (N0 pellenn
E. M. I'yrbapa) .

HaMiy

JIOTHEHHS, TIDHMEHHMAI, - TIO
Kpafirell mepe, TpH GopMt RasferuR (BTOpasm, TPeTwT H HeTDCpPT2A) WA YeThlpex
YKA3AHHLIX BHIIE, o

B cayuae xopowo ynioTHenHod sachllKH, Kak necYaHoH, TaK H TJIHHHCTON,
CTPOrO TOBOPS, WMeCET MECTO TPeThsl <$opMa H3IMeHEHMm NABJCHMS © riySuuod,
koropas TeM Gofee NpHOTHMAETCT K WETBEPTOH, UeM BLINE 3uavespe MOAYA
deopManud 3ackMKH,

Ouesuaro, uTO HanSCNLLIEE OTKIONEHHE OT YeTREpTOH GOpPMH GyzeTr IpH
TMIHHHCTOR szchilike, obnalalomtell MeHbWWM MoIydeM JedOpMalMy, YeM mecua-
Hast, Onnako, KaX NOKastiBaloT TNMCACYETE, H B 3TOM CAYYae OTKAOHEHMHE HACTONb-
KO MWe3HAYHTENIbHO, 4r0 Henoassobanmde gopmyant (I1.6) sBagerea mnonne oSo-
CHOBAHHBIM.

Puixnofi rMMARCTOR 3acHOKe XOpOwWoO OTBEYaer BTOpan GOpMa -BO3PacTAHHA
nasnenusd. Taxas sachiNK:z B GONLUIHHCTRE CAYYAER GYAET OKa2olBATh MHATD
Gonblnee Aasrene Ra Tpyfy, 4eM XCDOWIO yTPaMGOBAHHAA, HECMOTPA HA TO, UTO
00LeManlli Bec nocaefHeH HECKOJIbKO GoJblue. .

Takum ofpasoMm, HeJOCTATOMHOE YILUIOTHENHe TPAHWEHHON 3ACHIIKH {oco-
HEHHO TAXHACTOH) Hal TPYOOH MOMeT TpH GoapOH TIyGuHE 3an0Xemus NPHBECTH
K BecbMd CHIBHOMY, HenpelycMOTPeNHOMY PpACUETOM YBENHUCHHIO JaBAEH4A HA

TpyGy.
25
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v Pewenns Ji. M. Emensanoza. B omiom #3 nux [I6] yureHa HepaBuoMepHOCTh Tax KakK Ins NPHPONHBIX TpPyHTOB Kosdpuunent [lyaccona hemwT ® npede-
pactipefie/eHis AABJeHHR TO IIHPHHE TPAHIUEH, 4YTO DPHBOIUT K cnenytomedt . pax Mexay vo=0 n vp==00, ToO MOXHO 3axkmowaTh, uyT0 dopmyna (I1.6),
(I)OpMyJ'Ie ST Koaqumu\ugﬂra BEDPTHKANLHOTC JAABJNeHHs 3acChKH B Tpaxulee; ! noJayyeHwaf AAA TpaHIleH ¢ BEePTHKAJbHBIMH CTEHKAMH, NPHrGAHA W OJA Tpa‘umel‘i
H ¢ HAKAGHHLWMH CTEHKAMH. DTOT BLIBON TIGATBEDPHIASTCH H DPe3yNbTAaTAMH SKCHEe-
1 — exp {—A ...,._J . PHMEHTOB.
K B i (L4 - B npyrom pewenus A. Péanmy, OTHOCALEMCH K TPaHIIEe ¢ BEPTHKANBHLIMH
p == 2 T (IL14) . CTGHKAMM, NPUHATO BO BHUMAHWE 00GpA30BaHMe HAL OKecTkoi TpyGodl onactn
- - MECTHOTO CIKaTHs, HMewuleldl (opmy Tpanemwu. Ilpn stom: .
rae
‘ %, (1 —C) t 5 — 5
A= 28l —0) g% : ‘ 3 Gy = ¥ —4-ctgtp—|—K’BH’ \ (11.19)
. —"“"‘—"-C :
|~ I1.15 '
3 (1.15) £ ’t‘;mp
£, — OTHOWEHHE MEKIY TOPHAOHTANBHOM H BEPTHKAJLHON COCTABASIOMLUMA 3 }
HANPAMEHHA ¥ CTEHKH Tpanlieu; 1
C — KO3 HUIKENT HEPABHOMEDPHOCTH DacnpelfefeHns SBepTHXANbHBIX HAIpPR- 4 a3
Menuii np mupuue Tpanwen (or O no G,3); \\ gp:(Po=JDD
g — YTOJl TPEHHA 3ACHINIKH O CTCHKM TPAHILEH, : a8 BN
Jnas yenosuit npumepa 1 nonyvaerca fp = 0,67, T. e. pasHula COCTaBIACT : ‘ \
scero 1,6%. ) ] ‘ N S :
B npyrom pewenun [17] JI. M, EMeanancn yuea BiaHAHAE WeCTKOCTefl 3aCHI- ; a7 N \
XH H caMo# pr(’)m, BEeJHWHHY €e JHAMETPa, WHPHHY TpaHed H, 4T0 ocobeHHD \\ \Je‘ipoc
HHTepecHO, cO6POCOB, BO3HHKAIOMMX © TpasweHHofd 3ackinke npe ce OCEAaHHH, 4 a5 h Y \ \
D cOpock 0P GOABUIOH LUHPHEE TPaHIieH NOPHBOMLAT, KAK NOKA3HBAIOT pac- ; ’ \ \\ ﬁqtg%‘?\\
YeTH, K BecbMa CH/AbHOMY (30 90%) ysemiueHWo Zapnesus seMay Ha TpyGy no : N B G 5‘9 .y
‘CP2BHEHHIO € HArpyskoft, BhoucaeHnol nc Qopmyse (IL.5) .1 yMmHOMennoh na 1 05 - \\-{\ e ~)
D, 3 e ™~
or}wmeru:-:e?. Henonbzosanne #e dopmyan (I1.7) mpaer otkioHeHHe OT STOTQ 3 a4 ‘\‘\\i\\ M
. : ' e N
peurerms JI. M. Ewenssnona Beero av 8%. § R \\’é‘é’
| ®opmyan A, ©énemu [64] ana koshdunuenta Kep B oTyyae Tpanelosaialib- : a3 \*\\ﬂl}}\.g
i HOA TpaHMeH: —_— vl h NS s
o . npH w=05 (ueckKuMaeMad 3acLINKa) . ar o ‘*{é?igo“;-h-._f
i ct oH 1-w] B ’ _ . PN .
| Kip = st 1—'(1+—rg ﬁ) — aLiey | , ——= %05 GooT==
- npe Y= 0 (cxuMaeMasn 3achNKa) : : p
et 2H 2—o B ' ‘ g ;
g KTP___E_Q_g_@_[(I_{_?th) —IJ?’ (IL17) . Tz J 44 & 6 7 &8 § 0L
- - (2—w) - Puc. 16. I'padux kosdduunenta Kyp masg Tpanimren
b e o € HAKJAOHHBIMH CTEHKAaMH
{ —sin © cos 23}sin( '
- w =t 9 €05 2R)sinCtgo) | e | .
1 (1 + sin §)cos pq sin g b e By = —4—D1-— CTOPOHA KBaJApaTa, 3aMeHfIOUIEro nollepeyHoe cevesde TPyOH;
o g — yroJ, ofpasyemelfi CTeHKaMH TpaHUIeH ¢ BEPTHKA/bIO, | H— )
i 0 yron BUYTPEHHCRO TPEHMS 3ACMWIKH; ;gig:;a o6MacTM MeCTHOrO (HaTust OT [OBEPXHOCTH 3eMJaH,
§o— YIOJl TPEHHA 3ACHNKH O CTEHKY TPaHILEH, H A ‘ -
i| I ‘ S 5 1
- 1. Mamenense pennuunsl Ky B 3aBACHMOCTH OT OTHOWEHWA 3 u yrna B H =H0—-—--2-°-«—- —2—(B—--Bu) ctg ¢

th noxasaio wa rpadwike (puc. 16); nasieHne Ha Tpy6y B caydae CKHMaeMoli 3a-

B BeJHUEHHeM yria @, LA HecKHMaeMoro MarepHana HMeer ) ‘

:{1:253 §§§§f§;§e;a§m§mm Y R p B i Hy —6rny6nﬂa 3AJOIKERNA IEHTPa TPYGH OT MOBEPXHOCTH 3CMJIH.

) . : [oh)§1 npuoGperaer OTPHL & -

CiUMaeMasi S4CHIIKA, NPH TPOYMX DPABHBIX YCIUBHAX, MPCH3IBOIHT Gonbluee " Menayer mouaagsa'rhpcx mﬂygﬁ;ea;eggﬂ;;ﬂ%aﬁc‘qemoe 3Hauente, 10 GiNLMH peko
BEPTHKANLHOE NABJEHHE, YEM 32CBINKA, COXpamsollas Npu netopMallHi TMOCTOAH- ) p :

Hulli o6BeM. JIAS TpAHINEH C BepTUKAJLEWMH CTRHKaMu 003 BHAA 3aCHTIOK OKa- _ B B
ALBAIOT OAKHAKOBOE [ABJEHHe, ONpeileancMoe KO(pohUIHEeHTOM Koy mo dop- S . GB=1( Ho-—f7) [BJ+(HU.;... =0 te i (11.20)
myae (11.6). ‘ : \ . _ 9 ; ' i

| 2 t - 27
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Pemenne T, A, Fenuenal, Sto pelienHe ABAAETCA HAHSOJMEE CTPOTHM, TaK
KaK HCXOIHT M3 dudepeHUHANBHEX ypasaeHnfl naockolt 3azaus TEOPHH ChIyueh
Cpelbl H 4eTKHX rpaHHuneIX ycaoBaf. B ornaune ot Hicena » JE, M. Emeabsntosa
I'. A, TenneB pewman 3a3auy He TOJALKO Al €MKOCTH (TpaHuien) HeorpaHwueH-
HOR, HO K KodeunoH ray6uus, Ilpm sToM cocTaBAAmmIke HanpamXenud Boipa-
WaloTed TAkHMH UpMyaaMHu;

sp=m Ex ()4 (x); sx=mE (z); Ter=my By @6 (x), - (11.21)
rie
. B

my == ——. 1.

2 g

21g 90
E = I —_
O=1—p(- 152, ),

2x
&) = B B

1 —_— t '
§ = [ 1 + sin® ¢ 4 sin o (1/1—--m2 -} g %0 are sin t—g—‘&’)} ;
tg ig

" cos?g

o1 : 457 (g g0\? .
ll/(x) “COSz‘? [l +251n ‘Pl/l-— B2 ([g ‘P) + sm (Fa]

gin cp) .

Oag ¢=19o=30° 5,=270 n 'ror,ué- npr x =0 (na oom Tpammen) o,=3 gy

T
MpH Gy=9¢ §§ = 1 -+ sin?
PH fo=¢p § msz?( sinfe k=

B
npu x =+ '? (y cremox Tpanurer) s,= 1,67 o,.

@opmyaa H. A. Hacenxnua w B. . Byawueea®. Bee mpegnaymne bopMyts
OTHOCATCH K CAYYAW OTCYTCTBHS NepeMelleius TpyGbl Mo OTHOUICHHI K 3achillKe,
[Ipn BOSHHKHOBeHMH TAKUTO NEpEMeILeHHHd Ha NOBEPXHACTH TPYO OMNMHL TO-
ABUTHLCA NONCJAHHTCABLHBE KaCATE/bHBE YCHANA, HANDABASHHEIE B CTOPOHY, NPOTH-
BOIOJIOKHYK) €€ ABHIKEHHIO.

Pacnpegencune xacaTenbRLIX YCWIHA N0 NIOBEPXHOCTH TPYSH TMONMHHALTCH TPH
5TOM TOMY e 34KOHY, UTO H pacnpenefeHHe OTHOCHTEABHOH CKOPOCTH ABMIKCHMA
TpyOe ® rpynra (pue, 17):

LT == Tyage SN0, ‘ (I1.22)

TAg Tyoxe — HAUGONLINAS HHTEHCHBHOCTE KACATGABHOTO NAaBJAeHHS B TOWYKe, COOT-
mercrayfomleit O =0, T. e. Ha HOHUAX TOPH3UHTAJBHOTO InaMeTpa.

Ecnn Tpy6a npm ocemakmu nepeMelmaeTcst Mo OTHOLICHMID K 34CHIIKe BHH3,
TO KacaTenbHble YCHAHA, JelicTBylouwue Ha TpyGy, OVIYT HampasJeHnl KBEpXy
(puc. 17.a)-
- Ecan ®e sacwnka npy ccelznmy TIEPEMEUARTCH O OTHOIIEHMIO K Tpy(e BHUS,
TO KacaTelbHble YCHJIHA N0 fIOBEPXHOCTH TPYOR MMEHT BEPTHKAMAbHBLIE COCTAB-
JISIOHIHE, HANDABACHHBIE KAU3Y (puc. 17,6),

) ! T. A Tenuen, TeopHS YCTaHOBHBHIErOCS ABHIKENHS CHIYUEd Cpexsl
Kongepenms: no HCceI0BAHHIO TPOYKOCTH, TUIACTHYROCTH M IOJA3YYECTH CTpOH-
TeNbHEIX MATSPHANOB, Te3HWCH Aokaagos, LIHMIIC, 1953, ‘ R

?H A .Hacenxuwsmu B.T. Byawues, Pacnperenense HanpaxeHus 1o

NOBEPXHOCTH KpPYTycR 1pyCbl, noMmelnelnofl B TPYHT, < KypHasd TexHMuecKOH ¢H-
suku», H3g. AH CCCP, 1. VII, ewn, 17, 1937,

28

Tlpr  sToM nopMasbHHe JaBieHHA Ha TpySy - Bepamaioren - Gopmydok
{prc. 17,8): -

1 +&

0 =a;(sin?04 £cos?0) +'« sin 20, (11.23y
TAe O, — HHTEHCHBHOCTH BEPTHKAMLHOTO OdasAeHWAa Ha TpySy:
: gmxoaqn(tmunenrr GOKOBOrO JABMEHHA 3aCHITIKH.

3u2K «Muoc» B 3Tod GopMyTe COOTBETCTBYET AAA BepXHeld NMOMOBMHEL COOpPY-
HEeHHA CAY4Yalo, KOTHAa KACATC/NLHBEI® CHALI HAMPABJESHL KBepXY, a Anas HUMHER
DOJOBHHE — KOTAA OHH HanpaB/ieHsl KHH3Y.

Kampaan wz dopmyn (11.11)—(i1.23) yunrmsaer no cpacnemuio ¢ copMynod

(IL5) mau (IL7) Tor mam mHoM JHmmui $akTop, HO He ARAKETCA B TO e BPEMA

Puc, 17. PacupegencHue KacaTenbHHX JABAEHHH 10 OKPYHHOCTH TPySbl
IPH ee IBHAXEHHH B TPYHTE -

BMosqne o6uel,, TaK Kak ocraBlister Oes paccMOTPENs OCTaJbHBe (haXTOPHL
lNoaToMy B npaxTHVecKOM OTHOLIEHHH HH OLHA W3 5THX (DOPMYJ HE HMeEET Cy-
IeCTBEHROTD fIipenMyiecTea meped ApyruMmu. ©opmynra (I1.5)  pexomemvrobana
¥-96-50 MCITH [40] kax nauGojee IPOCTAZ W B TG e BpeMs LOCTATOYHO 060-
CHOBaHHAS NAHHEIMH CIILITOB.

3. Jlasiaenne rpyHTa Ha TPYOBI B HACHIAAX

Honyckas, 4T0 HPHCYTCTBHe TPYBH He H3MeHseT HATpPSKeH-
HOTO COCTOSHHSA 3aCHIIKH, MOMXHO BOCHOJAB30BATLCS JJIsS OTpejese-

CHUA COCTABJSKIIMX  [ABJEHHA TPYHTA HA BEPXHIOL  IOJOBUHY

TpyObi, YJIOKeHHOH B Hacbiild, H3BeCTHHIMH (DOPMYyJIaMH JJS Ha-
MpPKeHdH M0 KOCHM IWICIMAAKAM B YCIOBUSX IVIOCKOH Bajau:

o = (G a) + (o, —2,) cos 2; (.24

1 . '
= (s, — 9;)sin 28, (11.25)
TXe 6 — yToa, KOTODHIEA cOCTaBAsfeT HOPMAaJL K IIOMAamKe ¢ Bep-
THKaJILHOH OCEHIO,
Tlpy 910M B COOTBETCTBHH ¢ TeOpHell TPeledbHOTO PaBHOBECHT,
BEPTHKAJBHOE H TOPH3OHTAJABHOE HATPDAMEHHEST COCTABASANOT:

. . — I —sing
Oy = T2} 9y = (I Tene (11.26)
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TlpuMecHeHue STHX YPABHOHMH K IIDOM3BOJIBHOM TOuKe BEpXHER
NONOBHHEE TPpyOHl, Jexalle wa TayOuHe 2 OT INOBEPXHOCTH, TO3BOY
JIfieT NOJIYYHThE corsacHo pHe. 18 caenymoutde GopMmysasl IIs HOP-
MaJbHOrG ¥ KacATEJbHOrD HaNpsmeHHi (Aasaenui):

5y = g I singcos? (11.27)
I+ sing

T, = pSingsin2l (11.28)
1+ sin g

Ecay npuusiTh, YT YIOa TPEHHH CHINYUero Tela o TpyOy pasen
yray BHYTPEHHEro TPeHHs, TO YIOJ OTKJOHEHHs TOJHOTO AABJEHHS

Puc. 18, [lanaenne rpynta Ha TPYGY B HACHIOH

OT HOPMaAW K IIOBEPXHOCTH TpyOnl uuTAe He Gyjer MpPEeBHIIATh
ApeeNbHOro BO3MOKHOPO 3HAUSHHS.

Urofs HONYYHTL COOTBETCTBYOMmHe (GOPMYAH IIA  HHXKHeR
mofoBuHBl TpyGbl, ®énemu {64] paccmarpuBaeT HPOH3BOJbHYIO
TOYKY nocaenHel u NPOBOAHUT OT Hee IJIOCKOCTLE L0 TIOBEDPXHOCTH
3eMJH TOJ YIJIOM, PaBHblM YrJy BHYTpeHHero tpends. Beuny Toro,
YTO 'Ha BTOH IJIOCKOCTH YACTHUB! CBIMyYeTo Tesa NON AelCTBHEM
cOOCTREHHONG Beca W CWIM TPEHHS HAXOAATCSl B COCTOAHHH Jpe-
NeNbHOIG PAPHOBECHR, BCAKOE JAaBJjeHHe, AeHCTBYWOLIee B 9TOH
TVIOCKOCTH, GYACT MepefaBaThCs 6e3 W3MEHEHHA ero BeJUYHHDLI, ITO
NO3BONSET CHENATh BHBOL, UTO COCTABJSIONIME JapJeHHd, ReHcT-
BYIOUHE MO STOH IUIOCKOCTH B CedeHHM, HMelolleM HauGoJbIIyl
BLICOTY 3ACHINKY 21, H B CeUeHHWH Yy TIOBepXHOcTH TpyOwi, paBHRE
MeX Ly <cofoH.

Kpome T0ro, AOMYycKaercsd, uTo HATpPaBJACHHA TJABHHEIX HATpH-
HeHuil, COOTBETCTBYIOLUMX TEOPHM IIDeAe/bHOTO DABHOBECHSA, He
MEHMIOTCH, ¥ B OBOHMX DPacCMATPHBAEMBIX CeueHWAX JelcTBYIOT Ha-
npsenust, JrHeliHo Boapactawomue < rayousoi. Torma w3 ycaosui
PABHOBECHS TIQNYYaeTcs; YTO COCTABAAIOILME JaBJCHHS HAa HHIKHIOW

3

nostopHHy TPyGel Moryr OGeith, Hafitenw rno dopmynam (11.27)

- % (I1.28), B KOTOpBIE CJeAyeT JHIUbL BBECTH MHOKHTENb

0 = (i)2= (1 —‘g—*’)’. (11.29)
2t tg 0
OTa penwunHa npen-

¢raBasger cobofl oTnolle- Aud

Hie nJjomaiell TpeyroJb-
upkos £,CDy u ECD.
[Tepemii u3 kux ofycaoe- 90
NTHBAET HANPSKEHHOE CO-

cTofHHe B Touke Dy, a2 25
CneI0BATEIBHO, H B TOY- \ A
ke D npu mamuawu TpY- 20 X

fpl, & BTOpPOH — HAnpd- N _____,_....----""'T ;

JEeHHOEe COCTOfIHHE B 15
touke D B HeorpaHuueR-
HOM MACCHuBe CRINYYEro
Tesa. !
- Pacmpezesenne mod- d /
HEIX gaBiaeddil B cooT- 9
BETCTBHH ¢ HANMCAHHBI MY
YpaBHeHHAMH TOKA3aHO
Ha puc. 18 caesa,
Pagunopeicrsylowas
OJHOFO  BEPTHKAJIBHOrO Pue. 19, Ipaduic koapHUHEHTOD, BXOAAWMX B
dopmyay (II. 31} ans onpeserenus [NaBJIEHHHA
IaB/IcHHA HAa BEPXHIOW rpyHTa Ha Tpy6H B HECHOAX
1I0JIOBHHY KDYIJIOH TDY-
6Bl paBHA:

\/

10° 20% 30° 40° 50° 507 75° 30° 90°
('0

3 3
Gy=D, g aacosﬁdﬂ-i-DIj T, 5in 0d0 =
’ ¢ 0

— 1D, ( — "—DE) . (11.30)

Taxnm ofpasom, jgaB/eHHe Ha BCPXHIOI NONOBHHY TPYGs-RiB-

HO Becy BHIUEPACHOJOKEHHOTO rpyHTa. PaBuoASiKTEyOLas mnodi-
HOMO BE aNIEACIO jaBAeHAs Ha OO TIOJOBMHEL KpYTiofl TpyGw

G =G, + D, g(aﬂcoso+¢ﬂ sinﬂ)( —-%)de=

3

|

= _i_«;Dl QAH ,— AD)). (11.31)

Kos{ppunnentor A n A, siBasiowNecs DYHKIHAMH YIVIa BHYT-
peHHEro TDeHWA, NPHBOAATCA Ha Ipaduke (puc. 19).

KH
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Iipn » = 90° nawienne Ha HHAHION TOJOBHHY TpyGLl OTCYT-
uTDIQ

crByeT. Ilpu ¢ = 0{muakoctp) (== — . YTO COOTBETCTByeT

B3BEUIHBAIOIIEMY THAPOCTATHUECKOMY JaBJCHHIO, pPaBHOMY BECY
KHAKOCTH B 00BeMe TpyOb. Bce 3TH BRIBOAB pacnpoctpansiores H
Ha TPYOBI HEKPYIAIOrO NONCPEUHOro CCUCHHs. B 3TOM ciydae mpHaer-
C_TIOJL30BATBLCS  HeNocpeAcTBeHHo (popmyaamu  (11.27), (11.28),
(11.29).
Beprukanshnoe naBieHHe 3aCHTKH . HA  HHIKHIONO TIOJOBMHY
Tpy6st Ga = G — G, mpu BCTPeYAIOLIMXCH Ha MpaKTuKe 3Haye-
HMAX YT/ia ¢ MHOTO MeHBbllle, UeM Bep-
/9o + THRAILHOR JABJICHHE HA €¢ BEPXKIOI
W nofoedny. Kpome Toro, npw ommpa-
HUH TPYObl #a GeTOHHBIA QyngaMeHT
MM QaX(e 1A OCHOBAWHe, ChpOMUIH-
boBarnoe Nno (opme HHMHEH NoBepx-
HOCTH TPyGbl, AKTHBHOE AaBJcHUe 3a-
CBUTKH Ha ONOPHYK NOBEPXHOCTL By-
A€T Booblle QTCYTCTEOBATE; MOITOMY
Mbl OYHAEM YYHTBIBATH JHIL BCPTH-
777 KaJlbHOe [JaBJCHHE 3aCHLINKH HA BepX-
HIOIO TIONOBHHY TpyGhl, paBHOE Becy
3TOH 3acwinku Hag TPyGoit. I1pH Bbico-
Te 3achinkd H pag Bepxom Tpy6HI,
[peshillaloldeli .  BHeWHHH  JuaMeTp
: . ‘Tocaennell, MOXHO emle npexeGpeus
BECOM 34CHINKM B JIBYX 1143yXaxX BepXHEro CBOJA H CUMTATL BEDTH-.
KdlbHoe [ALBJSHHE DABHOMEDHO pACupeJefIeHHBIM, ¢ HHTeHCHBHO-
CTbIO, PaBHOMH

TS

h
[T HHHH‘&

7

Puc. 20, Pacuernan cxema wua-
rpy3oK, AeficTeywmux na Tpyody
B HACHINMK

ge=1H , (1.32)
NpH TOJHON Be/HYHHe ero ‘ o
G,=1HD,. ' ' (11.33)
[opnso‘ﬁ‘raqlp}{gg_ naBjenne Ha TPYOy MQMHO TaxKe T PHHATE
a s2h] PACHPEACJICHELIM, ONPCIeAsdsT HHTeHCHBHOCTHE ero Ha

YPoBHe llentpa TpyGel. [IpH 9Tom MNodHoe GOKOBOe JaB/eHHe ©
KaAI0i CTOPOHBL TPYSH OyJleT paBHO : :

l—sing
G = 1H, D, TTemg (11.34)

Samena neficTBUTENBHOM 3MIOPH AKTHBHOTO JNABJEHHS 3ACHITKH
Ra TPyOy TpeMa OpAMOYTONbHBIME (puc. 20) ZHAUHTENBHO OOJeT-
YaeT ONpPECAC/IEHHE BHYTPEHHHX CHJI H ABJAETCA BIOJHE JONYCTHMOH
npy pacyere Tpy6 welSoMblUHX AHAMETPOB,

Ho cuX Top He pacCMaTpPHBANOCH BAHSAHHE ¢aMOf TpyOLL Ha
HAMPAKEHHOE COCTOSHHE 3aCHIIKH, MEXAy TeM 3TOT (axTop, oco-
GeHHO NPH GOMBUIOH BLHICOTE 3aCHINKY HaA Tpy0oi, ABJISETCH BeckMA
CYHIECTBEHHEIM. .
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Heno B ToM, 410 MEXAy 3aCHIIKOH, paCONOXKeHHON uernocpes-
CTBeHHO HaX TPYyOoill, M TOH, KOTOpas HAXOAWICH DPANOM c Heil,
HelCTBYIOT ~CHABl BHYTDEHHEFO TPEHHS ¥  CUeTUIeHHS, IO9TOMY
ocamKa ONHOH YacTH HACHIIH He3aBUCHMO OT APYrofi OKashBaeTcs
HEBO3MOXHOH. Taxum ofpasoM, Tpy6a H OKPYKalOmag ee 3achiika
MOTYT pacCMaTpHBATBCA B KauecTse eMHHOH CTATHYECKH Heonpene-
Jumolt cucTeMul. JKectkan TpyGa sIBAseTcs MeHee AehOpMHDPYeMEIM
SVIEMEHTOM STOM CHCTEMBI, YeM HAXOAAUAACH PAIOM ¢ Hell 3aCHIKa,

a) a)

Puc. 21, IMAocKOCTH CKOMBMEHKM M CHAB TPeHHA
& — npu wectrolt Tpybe; § — npH rubkod rpybe

H Ha TpyOy Gyler nepefaBaThesl OOJBINAS YASAbHAA HATDY3Kd, 4eM
Ha aacbinky (puc. 21,a). TIpu rubkofi Tpybe npoucXoIuT o6paTHOE
ABAende (puc. 21,6).

Takum o00pasoMm, napieHme Ha MKeCTKyio TPySy MOXKer oOKa-
3aTbCAl GOMLIIHM, HeM Bec DaclONOKeHHOTO Haj Hedl IPyHTa, @ JO-
XO[UTh, KaK MOKa3bBAalOT OUBITE, B OTWIEJIBHBIX CAYVUasX [0
OBYKPATHOH BEJHUHHBI 3TOIO Beca.

Ecnp ponycruts, #®ax smo Obwio mpemmoxeno A. MapcTomom
[59], wmo mo Goxam TPYGE B rpyHTe 0GpasylOTCA JiBe BepTHKAJbHBIE
NIOCKOCTH CKOJIBXKEHHA, TIO KOTOPHIM JEHCTBYIOT CHIH TPEHHA, 1O
NOJTHOE BEPTHKAJ/IbHOe NABJeHHe HA TPYOy MOXKeT GBITh OIpeneeHO
no ¢gopmyiae (I1.5) c sameHo#l pesnununl B Beawunnol D,

Gy, =n1K, HD,, (11.35)
rage :
$liexp{:{:y{5tg¢} :
=D Dy - 11.36
KH T H 2tgo ’ ( ) )
@ — YroJ BHYTDEHHEIO TPeHMd 3aChHIKH,
3 3ax. 1903 ' 33
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Beaunuuny K, GyleMm Hasnbate KosdhdHUMenTOM
BEDPTHKAJDbHOIO ALABJAEHHA TPYHTA B HACHITH,

Bepxine 3Haku COOTBETCTBYIOT BepXHeMy Ipelelly AaBJeHHH,
T. € CIy4al OCelaHHst IDYHTA IO CTOPOHAM IKectko# TpyOwl, a
HEMHHE — HUXHEMY Npeledy AaBJeHHS, T. e, CIyYaKn OCeaaHHs
TPYHTA, HAXOMsMIerocH Hana rHbkoll TpySoi.

,[I,onym.eﬁﬂ:euo BO3HHKHOBEHHH ILIOCKOCTEH CKOJBKEHHS, Tpo-
XOIALMX TI0 BCEM BHICOTe 3aCHINKH, CNPaBelJIHBO JHLUIL A0 Opele-

Ocuodonye woceinu
ocodny

WOLBIR ROCNE
ocaoxy .

Puc. 22. Otvocurensuas aedopmanns 1py6er
H OKDYKAIOWEro ee rpyHTa

JIEEHLHDPI BHICOTHl TNoCJeqied, npuMepno jo H = 2,25 D, Tlpu Goas-
IIEH BBEICOTE 3aCHIMKH TIOCKOCTH CHOJMbXKeHMA He A0XOMAT Ao To-
BEPXHOCTH '3aCbIKM, A JIHUIL M0 BRICOTH fp, , KOTOPYI0 HAZHBAKOT
BHCOTOH paBHOHK ocaakwu Crofi IpyaTa, pacrosoXKeHHBI
BLIITE 3TOTO yPOBHA, yXe OCEAdeT OIMHAKOBO KakK Haj Tpyool, Tak
H TO CTOPOHAM OT Hee H MOMKeT DPACCMATPHBATLCH [IPOCTO, Kak
paBHOMepHO-paciipefiefleHas Harpyaka, Bricora paBHOR ocaixH
ONPENeIAeTcd M3 YC/IOBHA, UTO INIOCKOCTB, NPOXOAMAINAS Ha BHICOTE
Hy, or Bepxa Tpy6bl, HasbBaeMad NJAOCKOCTD KO paBHOH
ocaaku (puc. 22), OCTAETCS TOPH3OHTAIBLHOL. '

D10 ycNoBMEe MPHBOAMT K CJEAYIOUIEMY ypaBHeHAlo gedopMa-
IHH
2H

D”" ftgo = + 1+ 2a-sitgo (I1.37)
1

2
+ exp li—B-fﬂEtg:p}—
1
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H K clegylolleMy pacueTHOMY sHaueHHIo ®Kodhduunenta K,

K, = [1 + D——H—f] exp{:: E&Etgf-p}$ D s
2HE gy " D 2H% gy
BepxHue 3HakH OTReYZIOT caydan TpyOm Oofee XecTKo#l, ueM
OKpy:Kalolul ee npyHT (K, > 1); HHKHHe — CAYUdw) MeHee MKecT-
kol Tpy6m (K, < 1),
B »mux  dopmysax o — xo3QOdHUUHEHT BHCTYTAaHMA  TpyOH,
NPeACTaBIAIIHE co0010 OTHOIIEHHE

Ay 1-4-cos a ’
a =1 =" 11.39
D, 5 (1L.39)

A — BRICTYIAOILAA K2 OCHOBAHHS YaCTh gHaMeTpa TPyObl;
D, — pHemnal gmaMerp TpyOH,

@ —- IOJMOBHHA ILEHTPAaJbHOrO Yria OIOPHOH JYyrH;

§ — OTHOCHTE/bHAA 0CafXa, KOTOpPas BEIPaXaeTcsd QopMyJoi

s=fith =t (11.40)
A, .
rae 8, — cpennull NMPOTHG TOMEPEUHOTO cedeHHA CAMoN TPyOH;
Aj— ocafxa 3acHIKH, PAcNOJONKEHHOH psgoM ¢ TpyGoi;
A, — ocaaxa oCHOBaHHA TOX TPYGOH;
Ay — ocaika OCHOBaHHSA PsiloM ¢ TPYOOH.

Bce otH medopmanny A0mMHBL ObITh HAlZeHE OT omuofl © ToH
e Hanpy3KH, HallpuMmep, OT marpysxu O, = L.
Cpenuss aedopManys ToNepeuHoro ceueus TpyOsl OT TaKoH

Har‘pyBKH COCTaBJIﬂETl
= 2Dy (L)a, ‘ (11.41)

O 3E. \ &
N .
rae E.— MoLyJb yNpyrochH wmarepHata TpyOHI,
h — TONIINHA e CTeHKH.
Ocalika rpyHra, PacloNOKeHHOTO paaoM ¢ TpyDolt B paccmar-
PHEAEMOr( KaK caTeHf 6pyc, cOCTaBaser ‘
D
A =21 (11.42)
E, .
rae Ey— Moayab, medopmaluy 3achIKH,
Ocagka oCHOBaHHSA 1TOf TpYyOOH, V/JIOMEHHOH HelOopelCTBeHHO
Ha 3eMJIAHOe JOXKe, eC/ii [PelNOJOXHThL B TIepBOM IIPHOJHMeHHH
paBHOMEpHOE pacHpefeNeHHe ONOPHOH peakuwd, Oyler papHa:

Ay mm — (11.43)

N »
ksina

rge R — gosdHUHEEHT nOCTeNH;
& — NOJOBHHA HEHTPAJBHOTO yIia ONOpPHOH Iyru.

! Bueop srofi dopmysaw cM. B raase IV (dopmyna 1V.2),
3* 35
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Ecau tpyfa JiexHT Ha KecTKOM OCTOHHOM ()YHAAMEHTE HpPH Ii-
PHHe NOAOWBHL 53, TO

1 D
A, = LD |
= (11.44)
Haxkonel, ocaika OCHOBaHHA pAnoM < TpyGoH cocTaBaser
1 .
By = - (11.45)
Ky
zo -~ - -
/7
18 rari
! L | —
16 S s
73
7z .
12 ”
el /6-
1
7
a8,
as
o
g2
a2 Z J 4 [ 7 [ g o2 Ko B
LA
¥

Puc. 23. Ipadux nns saxomaenus xosdHuMeHT2 BEPTHKANLHOIO JaBIERHA
FpyNuTa Ha TPYOY B HACHIUIH

rIOJI'CTa‘-BJ'IHﬂ B opmyay (11.40) BbipaXeHHs OTIEILHBEIX
DedopMalyil, MOXHO TOJMYUUTL ciaeayiouiHe (QOpPMyABl I Ofpeje-
JEHHA OTHOCHTEIRHOR OCANKH:

AJa8 TPYyOBt, Jiexalted Ha 3eMJ/JIAHOM JIOXKe,

E i 2 E r \# ‘
s=1 ?_{1— —_——.=2];
+ kaD, ( sina) 3 EC( i ) ’ (IT. 46)
AJs TPYOHI, Jlexaulell Ha KeCcTKoH onope,
E D 2 E r\3
s—=1 _0(1 _.__1)__,_0(__)
+ kaDy B 3 E.\r/]’ (1.47)

[IpakTuueckn IJA HaXomIeHHA K, DEKOMEHIyeTCH MOJb30-
BaTHCA Tpadurom (puc. 23), BoIOpas 1o Tabl. 5 B 3aBHCHMOCTH OT
BHAA TPYHTA OCHOBAHHS H CNOCODA YKMNANKH TPYGhl HOMep TOH HJH
HHOH KPHBOH, : - '
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Ta6bnupa &
Bufop xphenx Ha rpadmke (pmc..23)

HoMepa xpuBHX HA pHc. 23«

HouMeHgBaHHE TPYHTOB OCHOBAHUS HOpMAaLHEA ykAaiKa Wa GeTou-
YXKARNKA HOe OCHOBAHNE
CkaApHble M MONYCKanbHHE FPYHTBE . . . . . . 1
KpymrHooGAoMOYHKE IPYHTE . . - . - . N 3 3
ITecuanule TPYHTH:
a) meckm rPaBefHCTHE, KPYIMHBIE M cpexHed
KPYNROCTH, TMIOTHHE .+ o « + « « « o« 4 3 -3
6) Te xe IpPyHTH, CpemHelt NNOTHOCTH, a
TaKkKe NECKH MelKMe M NLUIEeBaTHe IA0T-
HHE o « « « s = » « . e e e “ e 5 4
B) neckM MeJKHe H ILIAeBaTHE, CpeAHeR
TAOTHOCTH . « « o + & s7e « = & o = = » 7 6
T'anHHCTBIE TPYHTH
a) TBepIHE . . . . . . oo - . . e e e 3 3
6) DAACTHUHRIE . + o « « « « « + » e 4
B) TEKYGME , . . . » « « = e e e .. 6

Ha puc. 24 comocTas/ieHH pesyabTarsl, AaBaeMble tdopmyJol
(11.38) (cruromHas JHHHS), C JAHHBIMH 3apyOeKHBIX  OMBITOB,
[IPOUEBE/IEHHEX €O CIVIOIIHBIME IHAMHADAMH H GeTOHHBIMH TpyOaMH
pRyTpeHHnM guamerpom (0,92 # TpH TOMIUMEE CTEHOK IOCIEXHHMX
7,5 cs n ¢ 3achmkamu go 10 & ¥ BeuIe. OnerTel MOKa3HBAKT, YTO
xoabduiuent K, B OGONbLIMHCTBe CJIYy4aeB YBEIHYHBAETCA C OTHO-

UTIeHHEM BH_ u nocrHraet Hauboabllero sHavedns 1,9.
i
FEoau HACHNb MMeeT OTKOCH, TO JaRJeHHe Ha CPednioi JacTh

coopysenua Gaaropapa  ero npocTpaHcTBenHoll  paBore  OyaeT
MeHblif¢, YeM IDH TOPH3OHTAIBHON MOBEDXHOCTH 3ACHIKM Ha GOJb-
LOM TPOTEXEeHHH, '
Kosdpunmear yMeHbllenus ¢, no fauuom B. 10 Bynbepra
[4] (a5t ONMHOMYTHOH YKeJe3HOIOPONKHON HACHIK), MOMHeH BHITE
B3AT B SABHCHMOCTH OT BbicoThl Hacwimu H (B M):
H= 8 14 18 25
4= 0,87 0,84 0,83 0,80
Tousio TaK e JLOJKHO GEITH YYTeHO COOTBETCTEYIOUIHM KOB(-
(HUHEHTOM yMeHblleHHe BePTHKAABHOTO AABJIEHHA Ha TpyBy, yJa0-
HKEeHHYI0O Ha JIHe JIoTa, NO CPABHEHHIO ¢ JAABJEHHEM HA T1py6y, yJa0-
KeHHYI0O Ha  ropmsoHTadabiyio  noeepxnocth.  Kosddumment
yMeHbIIEHHs Gepercsi B 3aBHCHMOCTH OT KPYTH3HEI Oeperos Jora.

Orkocel Jora . . .« . . Ter 1:5 1:3 1:2 1:1
Kosddumment . . . . . . 4,=0,88 0,85 0,83 0,77
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Ilonnas seprukanbHas warpysxa Ha TPyOy B HACHUIM, HalLeH-
Has mo dopmyie (I1.35), Moxer GITh pasioKeHa Ha JBe COCTAB-
Jaomme. Tlepsag us HuX  npeacTasaser cofoif Harpysky, pasyio
pacueTHOMY Becy TpyHTa Han TpyGoii:

G =n, yHD,. (IT.48)
25—
~ 2% e = ==
B /
%s: 23 +
k: zz ll
2z I!
L
30 1
i ’1'9 x l! I
-_—-—""'—--
18—
x
17 w7/
11/
L6 ',' . - !
J- x X xx 9
’.5 ] - e P ¥
1 *y ¥ B ' J_'
14 x] |x x
,' —_ bopryna (4.38)
%] X ~—+ @opmyna (IL5])
A x  Onsimer A Mapcmowa
12 * & Onvimies ynuBepcumema
I g L. Kapanurs:
;;i ® Oneimel komumema
Jopormwsix utmenepoll
I S Y (N A | H
I’DIJ

177 3 % 5 6 7 8 § wl

Puc, 24, Conocrannenne dopmya (1l 38) u (Il. 51)
€ UAHHRIMH ONBITOB

Pacnpenesenye 3ToH Harpyskud o TNepuMeTpy TpyOnl MOAUH-
HAGTCs! 34KOHOMEDHOCTAM, YCTAHOBJJCHHBIM BbIIIE,

BTOpElH COCTaBJJAANIIAA ABJAAETCA LOTHOJHHATAJNLHBIM DACHMETHBIM
JaB/reHHASM, NPHHHMaeMbIM paBHOMEPHO paclnpeljedeHHbIM 1O TOPH=-
30HTA/IbHOH TNPOEKUHH TPyOhI:

G, = n, 1D, (K, — 1). (I1.49)

TlpakTiueckH GoKOBOE AABJEHHe 3achIIKH Ha TPY6Y, YJIOMKeH-
HYIO ‘B-HACBIOH, TaK Xe'KaK H B CJAyuae TPAHILEH, MOXKeT OTNeJRHO
HC ONpeAe/sThCH, &  YYHTHIBATHCH COBMECTHO €@ BEDTHKAJbHBIM
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TPy

AABJIeHHEM B BHje HEKOTOPOR 0GOGUIeHHOH CHJIEL, KOTOpas Jelko
NPHBOATCS K HANpysKe B BHAE ABYX COCPEIOTOYEHHBIX CHJ.

B npexmayinem raparpatde Ouli0 BBeZeHO IOHATHe O Tiepe-
XOAHOH IIMpHHE TPAHIIEH, [IPH KOTOPOH BePTHKAJbHOE NABAeHHE (i
Ha Tpy6y B TpaHilee NOCTHraer BeJHUHHE G, NaBjeHHd H& TPYOY,
VJIOMKEHHYI0 B HACHIITH.

[Tepexognas umwmpwHa TpaHmled B,
YCJOBHA

MOXKeT ObITh HalileHa H3

GBT = GBH

HIK B Gojee pasBepuyToll dhopMe
nBKTp THBn =1, Ky THD!

Orclofia HaliieM NepPeXCAHYI0 IIHPHHY TPAHUIEH

B,=D,% (11.50)
KTP R

Tpr srom Koabduuuents K, W K;, onpeneisiiorcs COOTBeET-
craenso qopmyqaamu (I11.38) u (I1.6), B KoTOpble B KadecTBe [OKa-
saTenedl cremenn Bxopdar D, um B;. Tlostomy pellleHHe  TpauclleH-
nentrono ypapHenus (11.50) oxaspiBaeTcsi BecbMa 3aTPYRHHTE/b-
HbIM,

s ofderuenus OTHICKAHUS [epeXOIHOH LIMPHHBEL TPaHIUex
B surepatype [20] npusomutcs rpaduk, TokasaHpblll Ha puc. 25
[Benmusnpl s u @ ompegensiotes no dopmyaam (11.39) n (IL40)1

Ofgarkoe HaAeOHOCTL B ONpelefeHHH DepPeXOIHOH LIHPHHEI
TpaHilled Ha TPaKTHKE IOYTH He BCTPEYAETCH, TaK KakK B COMHHTEJb-
HEIX CJIyYasix MOXCHO HaHTH pacueTHoe AaBJieHMe 3ACHUIKH 1O ABYM
dopMysiaM — JJIsT TPaHIIeH H AJ8 HACBITH — H NPHHSITb MeHbluee 10
BeJIHUHHe.

Ecas BbicOoTAa HACHNIM Haj BepXoMm Tpy6n Hesenuka (H<D)),
1o Koa(dunment K, oxkasbiBaerca OJHIKMM K eIMHHIeE.

Mpumep 2. OnpeneinTh BepTHKANLHOR JRABJIEHHE TPYHTA Ha IKeAe300eTOHHYIO
Tp\yﬁ’y, VA0MKEeHHYKY Ha r.nyﬁm-le H=4 4 B HachTUH Ha 3eMIAHOM Jq0Ke, COpo-
(DHTHPOBANHOM IO HHMHEH HOBSDXHOCTH TPYOH IO AYFre C HEHTPAABHBIM YIVIGM
22 =90°. Baytpennnfi guaMenp Tpyou Do = 600 mm, Tonmmua creHku k=06 cM,
3ACHITIKA lecyanad MajdcBAaxHas, IJ4 KOTOl]JOﬁ HOPMATHBHOE ZHAYCHNS o0neMBO-
ro meca cocrasnser 7= 1,66 7/%% OcroBarne nojx TpyOo#k — TBepidas TJHHA.

‘ H 4

D, 0,72

KosdhuuuerT BHCTYNAHAA

I $cose 1 4 cos 45°

2

a = {},858,

H
IMo wxpusolt 8 (puc. 23) ans D—=5,56 HaxonuM Ky=1,72. YuwtniBaa 70,
1
4TO K3 OCHOBAHHA BHICTYNAET JHIUE YacTb TPYOH, MOXKHO CHHSHTL 3ITOT KOSd-
GHUMEHT 00 BeIMYMHEL ‘ _ S
Ky=1-0,88(1,72—1)=1,62.
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Pacuerroe BepTuxanbhoe napienie m:
brnnenTe Tepermyat e 1o e 52 TpyGy no ¢opmyae (I11.35) npu KO-

Gy == np Ky THDy == 1,2.1,617.1,65.4.0,72 = 9,92 m,

PaccmorpuM Taxxke

) € HEKOTOPHEe JDYrHe pelleRn

TpHBEACHHHX B JIHTEpaType. Py PelieRun s sneaa
Kosdouumenrn H M. Bunorpagosal

Hexonst u
ACTYCTHMHX HAarpysox, COOTBETCTBYIOUIHX HeCywIeR crioc e AHCOMLLI

00HOCTE ROPOKHWX TPY6

H
D,
% / /
3
7
': i
/
10 /
3 /7
8 /|
7 //
] S/
5
J /
3 Efi=Ef=0165
A1/ /
1 Ji//
s, z R) 4

Puc. 25. I'paduk gas onpeneasnua nepexoxmois WHPHIIEL TpaHIen

HauOoO/ee JIETKHX THIIOB, BLITIOJTHEHHHX 1
TpoekTa H GAarONQAYYHO CYINECTBYIOIINX
Gesonacuule OnA NPOYHOCTH TPYG. Besmun
oT 1 10 2 maAM JJA pasHeIX TPYUTOB A0

o npoexraM I'ymocnopa u IpoMTpanc-

B HATYPe, YCTAHOBNIEHM SHauemus K,
HH 3THX KostbdHuneHnTor B npenenax’
A ABYX OCHOBHHX CNOco6OB Omapanms

TPYS H AN oTHOWeHnud D_ » PaBHBEIX 2 W 12,
1

! Cum. mepmoe manamme wacTodmed KHHTH, cTp. 28,
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e et b a1 n E o

BeanuuHE KO3(WPHIHEHTOB HasnaueHsl NOCTATOMHO NIPORXYMAaHHO
H OCTOPOXKHO, OJIHAKO OTCYTCTBHE TEOPETHUECKOTO OGOCHOBAHHA Jlesia-
eT HX UHCTO MIHPHUCCKHMH, Kpome Toro, kax ormerna A. K. T'oppi-

" ma [10], ocTaeTca HeBLIICHEHHOH CTETeHb BOMOKHON H3GHITOYHOCTH

aTHX Koz HIIHEHTOR,
Pemenue A. PEab-

Mu [64]. 3Sro peller:ue, 4

TaK K& Kak H pelleHHe ’g-?

A. Mgpcrona [59], ocHoO- S $ /
BAHO HA JAONYILEHHH, 9T0 g A oA
OKOJIO TPYGEl BO3HHKAIOT ST

MJIOCKOCTH CKOJBXEHHH, 110+
XOfIIHEe A0  TOPH3OHTE
paBabix ocamox. Opeako, B
otaxuye or Maperona,
PEnpMu  AOMYCKaeT,  UTO
IVIOCKOCTH CKOJEIKEHHA HE
BEDTHKAMLHEIE, a HAKJIOHE-
Hbl II0J HEeKOTOPHIM YrJoM
K BePTHKAJXH. 3TOT YroJ
fIDHHHMASTCH PABHbIM: A

£,

ru6koil TpyGsl § = %— 5

M wecTro# TPYOH B = o.
Kpome Tex pamienuii,

KOTOpHIE ONpeeSIOTC  p

dopmysamu (11.27) — z 4 & 6 w2 M 7%
(11.29), xectkas rtpyba B By -
HACHLITIE HCMBITEIBAET eIle Y313 8o

AONGAHHTENBHYI0  PABHO-  pye, 96, Mpadux And onpejedenus AasieHHH
MepHYIQ Harpysky (pHC. rpyWTa wa Tpy0Y B HACHIIH MO METORY
26): Pénnmu

G = 1H, Bo[ﬂ(_ﬁl — ”s)__,_ﬁz _|_L]_
B Ho\ H, 2, H, 2
. _Hy H,
Jisi DAHHEIX OTHOLISHHI A H o = "
3 3
Nenue G, Ha XKecTKyw TpyOy MomeT GHITL onpelleJeHo no rpaduky
{puc. 26). .
Has onpenenenus pasmepos My, M, W Hs, BxoAdwux B $op-
myay (I1.51) ® DoOKasaHHBIX Ha pHC. 20, KPyrosoe NOTEpedHOe
cegenme TPyObl 3aMeHSeTCs KBAAPATHLHIM CO CTOPOHON

BG%%DI:

(11.51)

A06aBOUHOEe OAB-

(11.52)

roe D) -— napyxubifi auamerp TtpyGsl.
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Hna  abcoloTHO  KeCTKOH XPYIioH Tpy6bl, yJOMKeHHOH wa
BeCbMa GOJIBIIOH TAy0uHe OT [OBEDXHOCTH B ONHOPOAHOR 3achiNKe,
upu ¢ = 30° o sroMy MeTOLY [OJYyYaeTcs CASKYIONIME Jfpeies
TIOMHOH BEPTHKAJDHOR DaBHOMePHON Harpy3kH HMa Tpyly:

G, = 1,671H, B,. (11.53)

Tlpu Hamuypy #KeCcTKOrO OCHOBaHMS NOj TPYGOl AaBiledne Ha
Hee, COMVIACHO STOMY DeINeHHIo, NONYUaeTCA 3HAYHTENBHO GOMBMIHM,
roxonaa mo 2,4 1 HiB,.

[IpuMenenHe 3TOTO METOJA HA TNPaKTHKE 3aTPYIHAETCH OTCYT-
CTBHEM TPalUKOB 15 TPYG OrpAHHUSHHON KeCTKOCTH.

Pesynbrarhl  3Ke, TOAydAKOUMeCH OIS A0COMIOTHO  MeCTKAX
TPY6, OKa3HIBANOTCA HECKOJLKO MNPEYBEAHUSHHBMH [0 CDaBHEHHI
C AaHHEIMH ONBITOB IS peasbiblX TPYG (pHC. 24, MYHKTUPHAS KpH-
Bas). '

4. Hdaenenne rpyHTa Ha 1py6bi, yaA0XKeHHElEe cnoco6om
‘ 3AKPHITOH NPOXOIKH

3aKpeiTble DPOXOAKH —FABJSIOTCH JIOCTHIKEHHEM COBPEMEHHOH
CTPOHTRJBHON TEXHHKH; OHM FO3BOVIAIOT IIPOMSBOLHTL NPOKNAAKY
TPyG 1moX 3eMJiedl Ge3 OTPLITHA TPaHIUed M HapyLIeHHs LEeJOCTH
VIUYHEX TOKDPEITHIH, :

Paanmuyaiorcs  caenyole cnocofbl 3aKphTolil  NPOXORKH, B
3HAUHTEIBHON CTelleKd NPeJONPelelsiollie TO Jab/lenne, KOTOpOoe
B JajpHefieM GYIyT HCIBITEIBATE TPYOGONIPOBOALL

MronbHeBas ‘pasapaboTKa COCTOMT B YCTpoHCTBe
MOCTOARHBIX HJIH BPeMeHHbIX TOHHeJdeHl ¢ KpelijJeHHeM HJau Ges
kpenstenud. [locae yxkaanxu TPyl BpeMeHHHE TOHHENM CHOBA 3AaChi-
NAOT. ITOT CHOCO0 CTAPEIH H OTAHYACTCA GOJBIIOH TPYAOEMKOCTBIO.

ID¥ToBOH CNOCO6 3aKIOYAETCH B MCIOMBIOBANEH Me-
TA1IHYECKO! NMepeIBHKHON KpenH H NOPUMEHAETCH IpH NPOKNAfKe
TPY6 Goavworo jguamerpa (1,2 # m  6Gosee) ma riyGHHe OT
5 # 1 fojlee XKaK B BOJOHOCHHIX M HEYCTONYHBEIX, TAK M B CYXHX
DDYHTAaX.

FopusoRTanbhuoe Gypenne TpuMensecs p TpyHTax
PasJM4HOH DJIOTHOCTH U OOBIYHO NPOUIBOIAMTCA DASTHUHBEIMH BPa-
LUATEILHLIMH GYPOBBIMH CHAPAAAMM, 4 LIS TPOKAALKH TPYG Madabix
AHAMETPOB B MSIKHX TPYHTAX Jaxe W BPYUHVIO.

TIpy BHGPOBAKYYMHOM CHOCOGeE DYypeHHs,
npernoxentom M. A. dusmens u T, 3. ITapayfex, npuMensercs
KEJOHKA, CHalmeHHas BUOPATOPOM, OO/ErYamilnM ee IepefBHiKe-
HHe B IPYHTC DOX AEACTBHEM aTMOCHEpPHOTo NABJEHHs Ha AHO Ke-
JIOHKH, H3 KOTOPOH OTKauHBaeTCst BO3MNyX.

Tlpomasinsanue mpu nomomyu noMKpartos c yaaneHHeM
PPYHTA M3 TPYOLl MeXaHWUECKMM MAH THAPABJAHYSCKAM CIOCOGOM
[33] mpu amamerpe mo 800 MM w mamme npoxoxku o 10 a. Tpu
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5TOM MeM(AY CTeHKaMu TPYOB # BupaboTKOH MOMET OCTaThCid TPO-
B 1—2 cm.
ME}K:H?JKoi AJbIBAaHHKE MOPH MOMOIM AOMKApTOB C qpnmenegnem
CHIBHO YIUIOTHSIOUIHX TPYHT HAKOHEYHHKOB KOHHUCCKOH MJM NHpa-
MELAAREON GOPMEL. JTOT chnocof yXKe MPHMEHAICT IJid 'npylﬁ Jua-
metpoM 10 350 mm npu Hawboibllleli AARHE MPOKOJIA 10 135 M. -
[lpr ycTpoficTBe 3aKpHTON BHPAalOTKH C YRAJeHUEM IPyHTA Ha
Hoapol rIyGHHe OT YPOBHS 30MJIH MOBEPXHOCTH CKOJBKEHH:T YHKE
He IIPOCTHDANOTCS HA BCIO TOJILy TPYHTA, d COeIMHAIOTCA MEXAY
coBoit, obpa3ayst Haj TPyGOil 3aMKHYTyW 006J1acTb, orpa&mqenﬂyp

‘ | oo
< "
<
& 1
T ]
v

b, — 8

8 - Z
Puc. 27. Cxema oOpazoBaHHs pas- Puc. 28. Cuabl, ACHCTBYIOWHE HA

H ona
rpyalomero ¢Rofia Hal BeipaboTKOR MOJOBHHY PasTpyWAawiero cb
Py - 3 P no M. M. lporoabaxkoHoBY

TAK HA3BIBAEMEIM ©CTEeCTBEHHEIM pasrpyalomiuM csomom. [lasJae-
HEe Ha NepeKpHITHe WTOJbHH, HAa TOHHEIbHYIO OOLENKY Wil Ha
OpOTaJKyBaeMylo TPYOy OKa3BIBAET TONBKO PacloOMeHHbll HaX
Hell TPYHT, SaHUMAIOUWiH o61acTh HAPYIEHHS, T. €. HAXOAALHLCA
BHYTDH DasTpyXKamliero <Bofa BhicoTod H. W mponeroM B
{puc. 27). i - i

OcroBHOM HAarpyskoii, AcACTBYIOIell Ha pasTpyxaiolHi CBOL,
ABJSAETCs COOCTBeHHBE Bec BolilefeXallerg IPYHTd, KOTOPHIM TIDH
GoablIofl rIyOHHEe 32A0KEeHHs MOXHO CUHTATL DABHOMEDHO-pacnpe-
meNeHHEIM, DBCTeIcTBHE HEBO3MOXKHOCTH BO3SHWKHOBEHHS B TPYHTe,
o0pasyolleM pasrpyXKawoiuil cBOX, M3rHOAIOUMMX MOMENTOB, NPH-
BOIAIUHE K MOABACHHIO PACTATHBAIOIIHX HANPAMKEHMA, CBOL LOJIMKEH
Ouite Ouepuer no napaboue.

PaccMOTpuM YCJIOBHS TIPELENLHONO PABHOBECHS NOJIOBHNHBL DAs-
TPYXAI0IETO CBOAd, Ha KOTOPYI, KPOME BEePTHKAIbHOH HArpyskH,
aeficreylor ciiiet H, T n V; nepsas ApaAeTcA peakitMed OTOpOLIeH-
HOUl TIOJOBMHHL CBOZA WAH pacnopoM, a cuinl I w V — cocraasio-
UMK OTIOpHOH peaxilumu cBoja (puc. 28). Cuna 7T, xak cuaa Tpe-
HMSI, <BA3AHA T <uaofl V Takol 3aBHCHMOCTHIO!

T = fV, (11.54)
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TR i

TR

rie f— xoathdunment BHYTDPEHHET0 TPeHHMs IpyHTA.
HanuieM ypaBHeHHs paBHOBeCHs:

9 LY ~0; V=125,
2

3) 2M,=0; & —Hh =0,

|
Ilposner B  pasrpyxaromero :
(puc. 97) pasrpy CBOJA TPHHUMAeM PaBHHM

B=D, + 2, tg (45° — %) , (11.55)

roe Dy ou hy — WHPHAA TPYOH H BHICOTAa €€ BEPXHETD CBOZA.
Hs ypaBuenuii paBHOBecHs moayuyaeTcs
_ g8t gB*  g4B* B
ho= 1 95 _ 927

8H 8T 8V . 4f (11.56)

B caywae nuockodt xpomsu COOPYXKEHHH Bec NURO/H, 3AKAI0-
':II;H:HOfI BHYTDH TapaGoJIHIeckoTo pasrpyxaollero CBOJA, COCTAB-
JISeT '

2 B3
G,= = yBh, = 12"
B 3 T, 6F {I1.57)

Hcxons H3 TOTQ, 4TO B JEHCTBHTE/JLHOCTH HMEET MecTo co-
CTOAHHE YCTOMUHBOTO paBHOBecHs, sapod. M. M. IMporoppaxoxos!

NPHHAJ, YTO PACROP Pasrpyxalllero CBOJa IOJKEH GbITh MeHLUIe
CHZB TPEHHS Ha HEKOTODYID BeJqHunHy S, T. e

H=T_5. (11.58)

Cmna S manpassiena He BHYTPL CBOA4, a Hapyxy (puc. 28),
NOITOMY OHA HHMKAaK He MOXKeT GBITh HCTOIKOBAHA Kak paBHomeii-
CTBYIOIAf TODH3OHTAJNBHLIX COCTARMAIOLKHX GOKOBOLO AaBJeHHST
r'-p'yﬂ'lr_? Ha pasTpy:KawolHi CBOI.

PH STOM INEPBEIM YCJOBHEM DaBHOBeCHs OGyjeT ypabHeHHe
(II.SEI), ypasuense (I1.55) coxpauserca s cure,

3 MOCAEIHETO YDABHEHHA DABHOBECHS as
cremyer p u ypasHeuna (I1.58)
g8 __ _ gBt
84 8(T-38°

o =

(11.59)

Teneps uMeTCH YXKe NATH HEH3IBECTHLIX: H T,8 h nV, ana
ONPENleICHA KOTOPBIX HANHCAHHLIX UYeThipex YpDAaBHEeHHR [Tpu ypas-
HeHdd ~paBHOBecHss H ypasHeHHe (I1.54)] memocratoumo; nosromy

L Cu. (11).
14

M. M, TIpoTo/ibAKOHOB BBeJ JOMOJHHTeNIpHOe ycaoBHe., O IPHHAT,
YTO BEIOOTA PA3rPY:KalOUIETe CBOAA, OHpelelsilonlas HAarpysky Ha
coopyXenre, okaskisaercsd HaubGoablledl BosmoxuoH. M3z dopMy/nt
(IL.59) caenyer, uto AJs 9TOrO CHIa S Takke ZOMXKHa OblTh HaH-
GoMBLiell BO3MOKHOM,

" DTa cHaa B COOTBETCTBMH ¢ ypapHenuamu (I1.64), (I1.58)
u (11.59) onpemensercs TakuM BBIPAXKEHHEM: '

§— 98 _ 95 (I1.60)
2 8h '

' ds
IIpEpaBHAR TPOHIBOIHYIO o HYJIIO, Hafizem

(4

B
he = = . .
= o (11.61)
OTciola TIOAHAA HATPY3KA HA COOPYXKEHHE COCTABHT
G, =15, (11.62)
3f
HeS= L _ gttt b (11.63)
' 2 2 4

Takum ofpasoM, pacuerHas Harpysxa, no M. M, [Iporoapsko-
HOBY, OKa3HBAETCHl YBEMHUEHHOR B 4iBa pasa mo cpapHenHio ¢ §op-
myaoli  (IL57). 2ta Hopmyaa PaKTHIECKOrO NPHMEHEHHS He
MMeeT, HO IpelcTaB/iger HeKOTOPHH TeOPeTHIECKHH HHTepeC.

Pacnop csona, no M. M. lIpotonpaxonosy, ypasnoBelinBaeTcs
TONBKO TIOJIOBHHON TPenefibHON CHJBl TPeHHH, a BTOPas IMOJOBHHA
ee OCTAeTCH HEMCIOIBIOBAHHON B KauecTBe 3anaca,

Han6oJbillas HHTEHCHBHOCTb AaBjeHHs Ha coopyxeHne OyieT
[0 OCH pasrpyviKalomiero cBONE H COCTABHT

B
g = ThczTQ—f' (“64)

Mpu Bwcore H 3aneramoUlero Hax BEPaGOTKOH CJlosi TPYHTA,
MeHbIIed HAH PaBHOH BHICOTE B, PEKOMeHAYeTCA IS [MPOCTOTH CYH-
tats h.= H.

Teopust M. M. TIpoToJpaKOHOEA YCJIOBHO TIDHMeHAETCS He
TOALKO K CHIIYIHM TIPYHTAM, HO H K J00BM CBASHBIM I'ODHHIM TIO-
ponam. B atoM cayuae sennunsa f yxe asimercs e Kosdoduumued-
TOM BHYTPEHHerO TpeHHf, a KO3(Q@QHUIHMEHTOM COIPOTHBJICHH:
CABMTY, KOTOPEIH YUHMTHIBAeT CYMMapHOe ASHCTBHE CHJ BHYTPeHHEIQ
TpeHUA W CUEIIeHUS; OH Ha3biBaeTcad KO3IPOPHUUUEHTOM KD e-
NOCTH. ’

Has rpyrToR Ko3QOHUHEHT KpelOCTH ONpeasifercs Takoh
thopmywioit: .

fa=F+<, - (es)
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TAe ¢ — clelJeHue;
9 — CEKHMaWIlee HANPAKEHHE, NPH KOTODOM ONpelesercd
COMPOTHBJIEHUE CBSSHOI'O TDYHTA CAIBMIY.

Mz dopmyaw (I1.65) crenyer, uto ¢ yBeluueHHem HOPMAABHO-

TO HANPSMEHUS o KOSMODUUHEHT KDEoCTH yMeHLLIAeTCS, NPHO.JIH-
- Xasch K KOI(HPHUHEHTY BHYTDEHHETO TDeHHA.

Benwuuny ¢,,= arc tgfip MOMHO Ha3BaTh YIJAOM COIQ no-
THBJAEeHHSs OOPOAB CABHTY MIM YrJaoM KpPenocTH
nIoDoIE. :

Uncrnennble 3HayeHus KOa)DHUHEHTOR M YIVIOB KPEeNnoCTH Mt
HEKOTOPRIX TPYHTOB, ycTaHOBJeuHHe M. M. IlpotombsKkoHoBhIM,
NpHBeAeHsl B Taba. 6, ‘

Ta6auna 6
Koadipuumentsl u yraw kpenoctn (no M. M, lporoasakonony}

K .
Tpynt ?;‘2?:&1{[?"7 Yron kpenoeTn
[InBIBYH, GONOTHCTHIH IDYHT, PasiHIEHHLIA

FpyRT . . . . ... L, e e e e 0,1-0,3 5°45'—16°40*
Mecok, menaxuit rpasui, macwnuoit rpywrt . . 0,5 26°30°
PactutenbHast semas, Topd, Jerkuf cyranHoK,

CHpOH mecok . , . . . e e e e e . 0,6 31°00°
Taweaw# cyramvox, adcc, rpasmi . . . ., g.8 38°40°
Mnotuw# rauaMCTHE CDYHT . . . . . ., . . 1,0 45°00°
LlleGenucTall rpynr, raanka, paspyumenubith

claHew, TBepNaf TAMMa . . . . . . . . . . . 1,5 : 56°207
Msrkuit craven, MArKMd H3BeCTHAK, Men,

Mep3abf FPYHT, Meprenn, paspymeHHb necaa-

HHK, CLEMEHTHPOBAHHAA TadLKA M Xpaml « , . . 2 63°30°
Hexpenxne crasuwl, naorHuii mepreas . . . 3 71°357
Kpenxkunfi rauuuctait caanen, HEeKDEIIKHe nec-

YaHHKN H H3BECTHAKH, MACKHi KOHriomepatr . 4 76°00"

Hisi MHTEHCHBHOCTH GOKOBOIO JABAEHHS Ha BepTHKAJAbHYIO
CTEHKY [pPAMOYrofbHOM Bripabotkr M. M. [lpotoapsikoHOB naer
caenywiyn Gopmyay: '

?
) 2[g(45°—-——)
=1tg* (45°— L N W 280 L
26 Tg( . 2)z 1+ T +orf 069

roe 2 — nayG#Ha JAHHOH TOYKH OF NOTOJIKA BEIPAGOTKH;
¢ — YTOJ BHYTPEHHErO TpPeHHA [DPYHTA, IPUJIEramllero « Bep-
" THKaJIbHO# CTeke;
B — nposner sulpaGoTki.
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[Ipog. C. C. Hasmpop [13] noxasad, uyro Ias conrydas, KOraa
H Benuko no oraowmenno B, topmynra (I1.5) mpUBOIHTCH K TaKoMY
BUIY: . -
=M(1 _?_0)_ (I.67)

Aitg o 1B

Ilpu s70M OH YCTAaHOBMJ CBSI3b MEXKIY 3ITHM BHIPaXKEHHeM
1 dopMyion (I1.62).
- B caMom Jese, H0CTATOYHO NpHHATL B dopmyde M. M. Ilpo-
TOALAKOHOBA KO3 (HIHEHT KPenocrd pPaBHbIM

__2%tge
( 1B
¥ MbH [OJYIHEM MOJHOe <CoBOajeHHe Mexny oopmyaamu (I1.62)

u (ILB).

Huas kpyraoii seipaborkn C. C. [laspyloB peKOMeHIyeT UDH-
HHMATE CXeMy oOf6pa3OBaHHsl DA3TPYKAWINEr0 €BOA4, NOKA3aHHYIO
Ha puc. 29,

TIpn stom h. ompenensercs To dopmyae (I1.61), a ocranuHbie
BEJIWUMHBl HAXOAATCH H3 BEIDAKEHHH:

no=n (1 _-?Biz); | (11.68)
B=D, [ 1 tg(45°— %)] (iL.69)

Ins ynpolleHus BePTHKAJbLHOE NABJIeHHE H OTOPHYIO PEakiuio
Kpyraoi TpyOGe B BTOM cJyuae MOMXKHO CUHMTATb PABHOMEPHO pac-
Npefe/IeHHEIMHA 110 TOPH3OHTAJABHOH MPOEKUHH ONEPeyHOro CeYeHHS.
Ilpy sTOM TNOJHOE BepTHKAIBHOE NABJIEHHEe ®a TPYGYy € YUeTOM
KOh(hHIIMeHTa TePelPY3KH COCTABJISIET:

GB=ntBD1=thCTD1 -

2
T ﬁg"fBD]_ _ ny YDI ['1 1 (450_i)] (“ 70)
2fwp 2fwp T 2 '
HurencHBroCTE GOKOBOTO IABJEHHS ONpededsiercs 1o  §op-
MyJaaMm:

Ha ypoBHe Bepxa TpyOH

gy = 1h, tg? (45‘%—-—;-); (11.71)
Ha YpoBHe LeHTpa TRYOH

g6 =1 (hc + %) tg? (45° —%) (11.72)

47




e e

[ToJtHylo pacueTHYI0 BEJHUHHY GOKOBOTO MABJSHHS MONCHO
APHHATb paBHOH

Gg =12y g0 Dy = 11y 1D, (hc + D?) g (45° — %) (11.73)

H CYHTaTb ‘pa!B‘H'DM'BpHO .pac-npege‘.n-enﬂoﬁ HO BIEP'T'-H'Ka.TII:HiO‘My Adua-
merpy TpyOu. OxoHYaTelbHdaa pacyeTHas CXeMa [OKas3aHa Ha
pue. 30. :

G5

=&
i

s

!
|
IR

3o

I
y - / |

TR
TILEFTIT

Iy ——d

T
94

Puc. 30. Pacuernas cxema mua-
IPY3KM Ha Kpyraylo tpyQdy Ipu
BAKPHTOH MPOXOJIKE

—————— §

Puc. 29, CxeMa 06pa30OBaHHs pasrpydios
IEro ¢Boga Ham Kpyraof Tpy6oi

Mpumep 3. Onpenenurts BepTHKANLHOE H GOKOBOE NABJeHHs CPYHTA Ha MeCT-
Ky® TpyGy sHellHHM auamerpoM De=0,72 x, IPOTAAKHBAEMY) Ha GoNbmod
riyGane 8 mecuanoM rpynre. HopMartusumi o6neMunfi Bec npyuara 7= 1,65 /#8,
KoahpuuHenT rpenveTd frp= 0,576 (xp= 30°00’),

PacueTHni#t nponer pasnpymXalwiuera csola no dopmyne (11.69):

s]

i 30
B=0,72 [1 + ig (45° m?)] =0,72.1,576 — 1,132 ».

Brcora pasrpysaromero csoma no Gpopmyne (11.61):

B 1,132
b= o—— o = = ) 985 4.

[Tonnoe BepTHKaiAbHOE NaBNCHHe Ha Tpyoy no dopmyne (I1.70):
Gg = ny thy 0y = 1,2-1,65.0,985.0,72 = 1,40 m.
Pacqernoe Goxosoe passenve noayyum o dopmyne (IL73) c npexuum xosg-
GUUHEHTOM NEperpysKH:

o

0
Gs=1,2.1,65.0,72 (0,985—|— —QLQ) tg? (45" - -9-20—) == 0,65 m.

CpaBHHBAs MOJyYeHHOE 3HaUeHHe (G, cO 3HAYeHHAMH, Hafi-
ACHHBIMH B TIDHMepax 1 u 2, MOXHO CHelarh BEIBOX, UTO AAaBJOHHE
TpyHT2 Ha TPYOy, YJAOKEHHYIO 32KDHITHIM CHOCOGOM, MHOTO MEHb-
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e, 4em Ha TpyOy, YJAOMKEHHYIO B Tpakllee HJAHM TeM Oojdee B Ha-
CHIIH,

B mocnemuee BpeMa IAA ONpeleeHust WHTEHCHBROCTH BEPTH-
KQJILHOrO MaB/IeHHsl Ha KPenb ORHHOYHON BHPaGOTKH KPYroBOTO
nonepeuHoro ceuenns K. B. Pynmenefirom’ Ha ocHose TeopuH
B. B. CokonoBckoro modydena <jaeiywomas (popMyia:

g, = I —sing
B I 4 sing

TAe go — HHTEHCHBHOCTh, HArPY3KH OT Beca BEULEPACHTOJOMKEHHBIX
nopoj Ha YPOBHE LEHTpPa BLIPaGOTKH ¢ yueToM Koabhdu-
UMEeHTa KOHI@HTPallHH, KOTOPBIE O MeCKOB COCTABJISET
1-+-1,3, a gaa raus 1,8--2,0.

Bompoc o paBieHnu rpyHra sa TpySy, YAOKEHHYIO CHOCOGOM
MPOKAJILIBAHUS, KOTAA I[POMCXOAHT CHJbHOE VILIOTHeH{e TIPYHTA
BOKDYT TDPYOEBI, ellle COBepIUeHHO He HCCAeRoBaH, ONHAKO MOKHO
noJarate, 4To AaBjaeHde Oyier odeHh OJIH3KO K (PaBHOMEPHOMY pa-
AHAJLHOMY I YTO €0 HHTeHCHBHOCTH 6y,.'lET OIPEneNsATbCE CTECISHBI
YOJOTHEeHHS] TpyHTa.

(go +cctgy) exp{—rwige) —cetge, (1174

5. Meficreue cTaTHYECKHX IPY30B, MPHJACHKEHHDBIX
Ha MOBEPXHOCTH 3eMJIH

TpyOnl, ynoxenHbie MO TOPOACKHMH [POE3JAMM, ABTOMOGH/Ib-
HBIMH H JKeJe3HBIMH JOPOTaMH HJH a3pONODPTAMHM, lOABEpramnTes
AeHACTBHI0 NOABHAHON IHHAMUUECKOA HATPYIKH OT IepeMellaioiero-
CH HO HMOBEPXHOCTH 3eMJIH TPAHCTOpTA.

Ha repprropnu npoMBIILIeHHEIX MIOWAAOK TPYGLI MOTYT HAXO-
AHTBCA TakXe 0] JEHCTBHEM HellOJBHKHLIX HATDY30K OT PachloJo-
MEHHBIX Ha TIOBEPXHOCTH 3eMIM 1UTadedell JecOMATEPHANOB, KHD-
NHYA, KAMEHHOIO VIV, YYTYHHOTO JIHTbA M Tp.

Tlpn ykianke Tpyd H2 MECTHOCTH, KOTOPAsl BIOCJAEACTBHH GyHeT
3aCTPAHBATLCA, HEOOXOAUMO WMETh B BHAY [IOCTOSHMBIE HATPYSKy OT
pyugamedTOBR 3MaMHii M APYTHX HASEMHBIX COODPYIKeHHH, Mepegalo-
IHX JaB/JeHde Ha TPYHT,

Bo wmmorux caywasx neficTaue Ha TPYObl HArpy30K, NpHAOKEH-
HBIX Ha MOBEPXHOCTH 3€MJIM, NPEBLINAET JeHCTBHE BCEX OCTAJBHBIX
HArPY30K, BKJIOUAds H JABJeHHe 3aCHIIKH, TIOTOMY OHO 3ACHYHKH-
BAGT CAMOI0 CEPLE3HOTO BHHMAaHHA.

Pacemotpum cHavana pmeiicTBue Ha TPYOBI CTATHUECKHX TIPY30B,
a zaTeM IepeliieM K PACCMOTPEHHIO JAHHAMHYecKoro sdbexra.

HeftictBre na TPyOBl Harpy30K, TPHIOMKENHBIX HA IOBEPXHOCTH
3eMJIH, TeCHO CBSI3aHO € pachlpelelleHHeM [aBJeHWs B IPYHTE.
[Tociennuiit e BONPOC MOMHO B HACTOSHLEE BPeMs CUHTATL B OC-
HOBHOM Pa3DeLICHHLIM SKCIeDHMeHTAIBHEIMH | TEOD eTHICCKKMHE HC-

' K. B. Pynneweiir, HekoTopue BOTpOCH MeXaHEHKE COPHEIX Mopod, Yrivie-
Texuanat, 1954,
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ciaenopamuamu Il, A. Munsesa, H. Il. Tlyzepesckore, K. Tepuaru,
1. M. Tepcesanosa, I'. HW. Tokporckoro, H. A. Iutosnua, . E.
Moneimwa, B. A. daopuna, H. H. Heanosa, O. K. ®pennxa, H. B.
Opnartekore, H. One u apyrux. Mo#HO CYUMTATL YCTAHOBASHHBIM,
YTO AEHCTBHUTE/IbHOE pacnpefeseHde AABJeHHH B TPYHTE HOCTATOUHO
TOUHO  XaApaKTepusyeTcs VDABHEHHSMH KTACCHIECKOH TeOpHH YLpy-
roCcTH L% ToaynpocrpaHcTsa (ypashedus Byccunecka). Onnako B
pame CaAyuaeB MOTYT ObITh 32MeTHLle OTKJIOHEHHS OT TeopeTHUECKOTO
pacnpeneneHus, Bhi3Banhbie pafoM TpuukH: 1) mogsiendem obnac-
Tell TekyueCTH IpyuTa BOJU3HM TOUEK HPHJIOMEHHS CHI H Da3pbiB-
HOCTBIO CTPYKTYPHHX HedopMaunil; 2) OTKIOHeHHeM 3aKoHa aedop-
Mal{H TPYHTa OT JHHeHHOTo, BO3pACTaHHeM MOAyJAs NedopMaldy
rpynta IO mIyGuHe (HeTpepblBHAS HEOAHOPOAHOCTb); 4) -pasHo-
CAOHHOCTBIO TPYHTA Ti0 TIyOGHHe (pA2pLHiBHAS HEOJHOPOLHOCTH);
5) pasaHuHOR CHHUMAEMOCTHIO TPYHTa B BEPTHKAJLHOM H TOPH3OH-
TAIbHOM HalPABICHAAX ¢amusoTponusn); 6) HajduudeM B DDYHTE
NOCTOPOHHMX BKIIOUEHHI (MecTHa# HeOAHOPOMHOCTD).

Biusuue BeeX STHX (AKTOPOB CKa3blBaeTcs B BHIe HEKOTOPOH
KOHULEHTPALKHU HampaxeHui B o0O6JaCTH, pacllolOXeH-
HOH TON OChbKY HATPY3KH, 3a CUET COOTBETCTBYIOUIEro pPacCeHBAHMS
HAMpMKeRHH B GoJlee yaaseHHBIX O6J1aCcTAX TPYHTOBOrO MACCHBA.

LenxecooOpasno BeecTd IQHATHe ¢ KosddHUUeHTe KOH-
HerRTpalWy HaUpsxeHui, NolpasyMeBaeTcs 0] 3THM OTHO-
[LIeHHe MEeMAY JefiCTBUTENBHBIME HANDAMXEHHAMA B CPYHTE H HOMHU-
HaJIbHBIMH, BBIUMC/EHHEIME AJS OJHODOAHOTO M3OTPONHONC H VIPY-
rOro TOAYIIPOCTPAHCTBA. DTO TIOSBOJAUT C H3BECTHHIM NPHO/HKeHHeM
BO BCEX CJYYAAX JIOAB30BATBCA WDOPMYJaMH TeODHH yIIPYTOCTH,
VUHTEIBAS TOT HJ HHOH M3 TIEDRUHCIOHHEIX (HAKTOPOB COOTBETCTRYIO-
maM KoshOHIMeHTOM KOHIEHTPALNH HAaIpSKeHHH,

Ilpu pacyere tpy6 Ham B OCHOBHOM RpHIETCA [OAB3OBATHCS
thopmynoit ByccmHecka AAs BepTHKaApHO# cocTaB/stiolllell manps-
MKeHHsl, KOoTopad [ CAyyad HeilCTBHS Ha NOBEPXHOCTH TOAYTPOLT-
pancTBa OIHOH cocpefoToueHHOH CHNBI MMeeT Tawkoff Bua (pHe, 31):

~

__ j3PH® 0,478 PH?®
2 9 R (H2r2)"e"

(11.75)

3meck P — cocpenoToueHHas cuiid;
H —ray6uHa paccMarpuBaeMoll TOUKH IIOJYTIPOCTPAHCTBA
OT NOBEPXHOCTH;
R — DacCTosHHe MEKAYy TOYKON IPWIOKEHHsS CHIE H TOY-
KoM, B KOTOPOH onpelendercs HalpsKelHe,
r — rOPH3OHTAJLHASL IPOEKLHS STOTO PACCTOSHHSA.

MakcuMalipioe BePTHKANbHOS HAMPSAKeHHMe WMEET MecTo Hero-
CpellcTBeHHO MON cuJiod. OHo paBHo:

=0, 478——-. (11.76)

2uaxc

3

Hpu JleficTBUM JuHeliHON narpyaku P
_ 2P H“ 0,636P H3
T R it )

(11.77)

P .
=0,636 -, (11.78)

G~
Zmakc

roe X — KOOpIHHATa pacmawpnaaemoi’{ TOYKH,

Szrmane

&z

e

Yz

Puc. 31. Hanpasenna nonynpocrpaHcetsa npy  AeHcTsHu
cocpenoroueHHolf cuabl, mpHaouenHoft 112 MOBEpXIOCTH

Tlpn HamuuEH HECKOJBKHX COCPGIOTOUEHHEIX IPY30B MJH pac-
rnpenefesHoll HATPY3KH [, IPHJAOKEHHEX HA TOBEPXHOCTH 3eMJIH,
HaMPAKeHHsl B JIAHHOH TOUKe ONMpeNe/ifioTcd Ha OCHOBe TIPHHLHMIA
caowennd jefictsua cua, Ilocne HHTerpypoBaHus HawuOoJbliee Ha-
TpsKeHHe NOVydaercs:

OT HArpys3KH, PaBHOMEPHO pachpefeleHHON Mo NaoliagH Kpyra
paauyca a,

! 8/
e =PIV T | b
!+(—ﬁ*)

OT TOJOCOBOH paBHOMEPHOH HAIPY3KH HHTEHCHBHOCTBIO P

(11.79)

c 2 ¢ |
czmaxc =p -T + E'arc tg 2_H- ’ (HSO)
()

TAe ¢ — WHDHHA IGQJIOCHL.
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B cayuae, xorgza BHTErPHPOBAHHE Mo HJICIIHAM OKa3LIBaeTcs rme C — npysoroit  xoaduuuent, onpeneigeMulii no rpaduky
TPYANO BEIMOTHAMBIM, MOMXHO NPHMEHHTb CYMMHPOBaHHe, pasnensnsn (puc. 32);
3aTPYMEHHYI0 IVIOIAAL Ha OTAeAbHBIE NOCTATOYHO MaJble 3JeMeH- P — maByenve B T 0T OFHOTO 3alHero KOJieca asTOMOGHISN

Pue. 32, Tpaduk zas onpenenewus rpy¥30BuX KosddHmuenTOB €
OT aproMofuaeil o dopmyne (11, §1)

MPABOAATCH peKOMCHAyeMble DBofoxaHamIpoeKToM rpaduku  [40],
MOSBOJSIONIHE ONPENE/IHTE TOJMHOE BEPTHKAJNBHOE AaBierne P, ua
yuacrox TpyGbl AMHHON | M 1As TYGuH 3an0MeNns Bepxa Tpyb H or
0,5 no 8 #. Ilpu cocrabsennu rpadmra (puc. 32) paccMaTpHBAJHCH
AB& TPYSOEble ABTOMAIIHHH, 3aJHHE OCH KOTODHX pacHodarajuch
Hax TNPOLOABHON OCLI0 TPYOB [IPU PacCrOSHUM MeXIy KOoJecamu
1,7 », a Mexiy KolecaMu COCETHHX ABTOMALIHH 1,1 m.

Tlonnoe pacyerHoe CTaTHUECKOE AABJEHHEHA | M JLIHHD TPYOLI
OT aBTOMAIUKHLL OTIpejedAeTCs No GopMyae

Py=n,CP, (I1.81)

cn
2

Tl H 3aMEHAS HArpysKy Ha KaMABA MeMeHT ee paBHOIelCTBYIO- (wra 13- rpysoeuxka P =475 1; miaa 169-r rpysoBnka
IIeH, P=6,175 1);
Ins ofneryenna rnoabsosanus opmynamu (I11.75) u (11.77) Pa.mt
IIpH Onpefe/IeHHH AABJEHHA OT KOJIeC ABTOMAIIUH H OT TPHKTOPOE " 05 i 15 Z20 % 25
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Puc. 33, I'paduk 1aa onpenenenus JaeieHus Ha TpyOwl ot 60-m
ryCeHHYHOH Harpysku

fp — XKO3(MPHUHEHT TNeperpysxy, KOTOpb[-ﬁu BIpPEAL OC BLEIXOAA
CHeNHATbHMY TeXHHYeCKHX YCIOBHI MOMHO MPHHHUMATH
paBHEM 1,2,

I'paux_(puc. 33) cocranier g 60-ronHOH rycemuumoll Ha-
rpyskn  (HT-60) mpH ycTaHOBKe OJROH H3 TyCeHMUl Ham TpyGoH
BACJb £& RPONCJBHON OCH, JToT TpadUK NO3BOASET HelocpelCTBeH-
HO OOpeleduTh NOJHOE HODPMAJbBHOE CTATHYLCKOE OABJeHHe Ha | M
IEHEL Tpy6ul orT Harpysku HI-60. Kosddwmuuent MePErpySKH MOXK-
HO TaK¥e NpHHUMATL pasubiM 1,2, Iias 30-ToMHO! ryceHHuHORd Ha-
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npysku HI-30 snauenus, nosiydaemble 710 rpaGuky, CJASAYET YMHO-
&uts Ha 0,625,

OTMeTHM, 4TO MPHHATOE IPH COCTABJIEHHHM TpadhHKOB pacHoJo-
KeHye HarpysoKk [0 OTHOUISHHIo K TpyDOe He Beerna ABJAETCH CAMBIM
HEBBINOIHEM. TaK, HanpuMep, i1 MalbiX TAyGHH 3a00MeHHs HaH-
6ojiee ONACHBIM FBJAAETCH PACTIOJICGKEHHE OJHOro KOJeca aBTOMAlll-
HEl HeMOCPe/lIcTBeHHO Haj TpyGoll, a aas GoabWnx rIybus 3aioxe-
HHSf — TaKoe PACloJoMeHHe TPAaKTOPa, NPH KOTOPOM &l NIPOSOML-
HAA OCh HAXONMTCA Haj ocblo TpyObl. [padHKy He YUHTHIBAIOT
TaKXKe CJAyUaf [OPOXOXKAEHHT Haj TpyOGoil KOJIOHH TPY30BHIX ABTO-
MAIIMH HJIH TPAKTOPOB,

Kpome rtoro, atu rvpadmkn, 1aBas NONHYIO HaTPysKy Ha | M
{JIAHBL TPYOLl, OCTABJIAIOT Oe3 yueTa HEePABHOMEPHOCTh pacnpeneine-
HHS 3TO# HATPY3KH KaK 710 IWIHPWHE, TaK H IO IJ¥He TPYOBl H BMECTe
C TeM He YUYHTHEBAKOT, YTC HArpy3Ka OT KoJeC pacupefeneHa Io
HEKOTOPEIM ILTouiankaM. Hakouel, nps cocTaBieHHH rpadukoB He
TPHHATE BO BHUMAaHWE KOHLEHTPAlWs NaBJeHHH, HMeIlas MecTo
B CHINyYHX TPYHTAX, W BJHAHHE caMof TPpYOH Ha HaNpAKEHHOEe CO-
croaHue rpyHTa. OgHako AAf Uesedl NPAKTHKH rpadukn AA0T MPH-
eMJIEMYI) TOYHOCTH PesyJbTaToB.

B wunoctpaunoit auteparype -A. Tepewom [B3] npueodarca
Tabaulel M rpadiKH, COCTABMEHHBIE ¢ YUETOM YKa3ZHHBIX (akTOpPOB
W NpHBOAAMINE NIS MAaJbIX TIYOHH 3a/10XKeHHd TPyO K 3HATHTEJNBHO
fo/MLIIHM BeJaHYHWHaM pacuyeTHEX fAasjeHHfi. Ilpu cocraraenuu
tabaui, # tpadukor [epenoM MPHHATO, 4TO KOJeca JBYX COCEIHMX
ABTOMAIIMH HAXOAATCH APyl oT Apyra Ha paccrogunu 0.8 x, a ue
1,I u, kax 3710 gosxHO ObTe B coorBeTcTBHH ¢ CHuTI. Tlostomy
LAS TAMeABX ABTOMallldH 3Ta TalJyhlla OKA3LBaeTCAd Yie HeNpH-
ropHo#.

TIpH pe3ko BHIPAMEHHOM HETPEPHIBHOM BOSPACTAHHE MOAYJIA

AdedopManuyu TPyHTa noO nayGuHe Goslee TOYHBlE PE3Y/ALTATHL, u4eM’

tdopmyna (I1.75}, maer crmemyiomas ¢opMmy.a:

N _ 2PH* _ 0,636PH'
. 2 mRS  (Hi+ ]

(11.82)

=0,636 H—i . (11.83)

=)
ZMaKc

ATH GOPMYJIbl, CUHTABLIMECS SMIHMPHUECKUMH, B MeHCTBHTE b-
HOCTH CTPOro  YAOMIETBOPAIOT AH(PEepeHUHaADHEIM VpaBHeHHAM
paBHOBeCHS M HEPA3PHIBHOCTH JAedOpPMALHA [Jad  HeODHOPOIHOTO
NONYTIPOCTPARCTBA C  JHHENHO-BO3PACTAIOIIAM 110 IMyDHHe MOy-

1
JgeM gedopMauyu ¥ ¢ Kodpdpuitnentom Ilyaccona v= 5

KO3 (GHIMENT KOHUSHTPANMH HAaNpPRIKeHHH BCHeJACTBHE Hempe-

PEIBHOH HEOZHOPOJAHOCTH TPYHTA M0 IMIyGHHE MOAYYHM KaK OTHOIIe-
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HHe IeHCTBHTRJABHBIX  HANPTMKeHHH, onpefeldeMblx 10 Qopmyie
(11.82), K HOMHHAJIbHBIM, HaRJEHHHIM TO dopmyne (11.75)

4 H
Ky =—2=.
3 R _
HauGogabmiell  Befduuibl  3TOT KO3M@uilHeHT NLOCTHTAET IpH
r=0, 1. e qpu H=R: p

K, . =1333.

MAK

. JIns auneiiBofi HATPY3KH BMECTO
dopmyn  (I1.77) u (IL78) B >ToM
caydae HMeeM:

_ 0,750’ HY _ 0,750P" H

— 1+ (11.84
Z RS (HE - roy'le ( )
— P’
Comane = 0’750?§ Puc. 34. Tpyfa, vaoweHnas Ha
OCHOBaHHH, ofaanawmeM Apyroi
K, = 1,18 (11.85) *  MecTKOCTbI, 4eM 3aCHINKA
MAKC ’ - .

[lpn maAMuBM HemocpeACTBeHHO Toa Tpybolt (pHc. 34) TOACTH-
JA01ero €04, 06JaAaK0MWEro APYrod  MKEeCcTKOCTBIO, “eM 3achilika,
MokHO o Metony I'. M. Tloxpoeckoro {36] npusecTH ABYCAOHHYIO
CpPedy K OQHOCJAOMHOH MyTeM 3aMelbl BepXHero ciaofi ) 3KBHBAJEHT-
HbIM CJIOEM HHAHErQ OCHOBAHH§ BBICOTOH

H,=H, l/?i_ , (11.86)

rae Ey — Monyas xedopMalnii OCHOBAHHSA,
E — mopyinb nedopManny 3achilKy.

Tlpu stom Ep 0 F He A0MXKHB CHJARHO PasAHuaTBCS APYr OT APY-
ra. KosdpuiveHr KOHLUEHTpALMH HANDPHKEHHH BCISACTBHE . PA3HO-
CJORHOCTH BHIpAMKAETCH TaAK:

%y “ha |
0 = 2
He E, + x
. o s K By
pu x =0, 7. e mog cwiolt Ky, =

Hapyuiesne 0JHOPOIHOCTH IPYHTOBOTO MACCKBA IOMELIEHHOH B
uero TpyOo#, o6maganuleil HHOW KECTKOCTBIO, MOMeT OBITbL YYTEHO
[I0CPENCTBOM BBefeHus Ko3hQHIHeHTa KOHUEHTPALHUN HalpsKeHnH,
OTpeflenseMoro No casayiolel dopmyie [64]:

54 3n ’ N
N ok LA .88
Ks (I+nm@E4+n’ (11.88)




Ld T T38RI s 8 FTE LR e M b sl 4 RIS LIS Y

<\ R
E — monyns peopMaumu 3acHIKHE;
E.— MO,[LyJIb“ YIOPYrocTH Matepuana TpyoH;
I —<pelHuH paauyc Tpy6H;
h — ToMNHYHA ee CTEHKH.
Mpy aGconoTHO KecTKod Tpyfe, T. e. nipu £ _ 0;

¢

Koo = 221,667,

dZHGKC

R Linnnunpuieckas aHH30-
15 TPONHA TPYHTa MOXer OBITH
k

o6ycaoBnena <CJOMCTOH WM
CTOIOUATOR CTPYKTYpO# IpyH-
Td, & TaKKe HepaBeHCTBOM
TODHSOHTAIBHBIX H BEPTHKAE-
HBIX COCTABAAIONIMX  HAtlps-
MEHHA B TPYHTE B TPOLECcCe
B0 eCTeCTBEHHOTO  YILIOTHE-
HESA, 4TO TaKKe JOJIKHO HpH-
BECTH K HEPABEHCTBY MOuyJeit

1

=

A v~t2£_d
g /.~
vt | \vegzs

e £

75 70 13 A nedopmatmn E, # £, 8 Bep- -

THKAJbHOM H TOPH30UTAJLHOM
HATIPABJIGHUSX,

_ Popmyna ajm BepTHKaIL-

- HOH COCTaBAfIOLIEH Hampsaxe-

HHA B aHH3 ; -
npocTpaucTse, noayuennas C. U, Jlexumugum. o o, oy
: H

DH
TAEBBIM K GIenyoueMy IIpOCTOMY BHAY: pusenena J1. I1. Hop-

Puc. 35, Tpadwk ana on
, I'pac pedeneuns
xoadpuumenta Oymaxe B DODMyae (1. 89)

o, =3, £ '
2 = (11.89)
rae o, — KOS(PHUNEHT, 3aBUCALUHE OT OTHOLICHMS  -Lf H-— §or
E, H

BEJIHYHHE KO3h¢uitnenta [Tyaccona v

3uauennsa kostd s,
HIHEHTa o = i
iy KR KOS p zwuxe A1 F =0, T. e, Ha JHEHE pKefi-
» MOFYT ORITb B3ATE O rpaduky (puc, 35)
Ias ornomenuas S = = s
. 3 SO HY=0,25 Caxe = 0,8;  caenona-
TENBHO, KO3(hPHUHEHT KoK '
OHUEHTPALHH HATSIKEHHI BCJI
' ‘ 1 CICTBHE aHH-
:;om‘ponnu ROCTHTART BeHuuHbr Ky = (0,8 : 0,478 = 1,67. Do rosop;?r
Ton&Tqm C dHH30TPONHEH FPYHTA HEOOXOOHMO CUMTATHCS.
) IO KacaeTca KOHNCHTPAUMHN HANDIKEMHH BCJCICTBHE TeXyuecTH
PYHTA, HEJIHHEHHOIO 34KOHA €ro CHKATHS M PasphIBHOCTH Jedopma-
UHH, TO AAs TPYO6, YJIOMEHHEX HA JOCTATOUHOL r1y6HHEe OT [10BepX-
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HOCTH I1PH HALJEKAIeM YILIOTHENHH BEILLCACKAIIEH 3ACKITTKY, C 3TH-
MH (AKTOpaMu MOMKHO He cuMTaThed, (OHAKO HYXKHO YUHTHIBATL B
pacueTax TO OGCTOATENILCTBO, YTO NPH O6PA30BAHHE NIYGOKOH KOJEH
Ha TOBEPXHOCTH PpPyHTa NOA KOJIECAMH TOJIIKNA  CJI0F 3eMJIH Haj
TpyOOil yMeHBIIAETCSH.

Jlas Tpy6, YJA0KEHHBIX 3aKPBITHIM CIOCOG0M, MOMET BO3HHK-
HYTb BOTIPOC O AEfCTBHH HATPY3KH, NPHJOMEHHOH Ha NOBEDXHOCTH
3eMJH A0 YKAaAxd TpyOsl, Hanpumep, oT GYHIAMEHTOB CYILECTBYIO-
WHUX 3aauui. Bosee WM MeHee TOUHOE DellleHMe STOrO BOIPOCA HeE-
BOSMOXKHO 6e3 HAAJeXKalle TOCTABJEHHEIX SKCIepHMeHTOB. Bo Bed-
KoM CJydae CAeAyeT MMeThb B BHJY, 4TO TPYHT, PACNONONKEHHHIH pA-
moM ¢ Gyaylleli Tpy6o#, yKe npxoOpesi TPeaBapUTEJbHOE CHATHE H
HEKOTOPOE HaNpSKEHHOe COCTOSHME NOJA ACHCTBHEM HAIPYSKH, NpH-
J0KEHHON Ha moBepxHocTH. [T03ToMy Harpyska npH PaBHOMEDHOM ee
pacnpefefesuy Gyler PABHO3HAUHA YBEJHYEHHIO BEICOTH IPYLTOBOrO
MACCHBA HA SKBHBAJEHTHYIO TOJIIHHY CIOS IPYyHTA. 3TO B KOHEUHOM
¢ueTe HAH BOBCE He OTPA3WTCA HA BeIHuHNe MepeAalomiedcs Tpyde
HATPY3KH WAH CKAXKETCH B 3HAUMTEJALHO MeHbllel CTENeHH, ueM Mpi
MOCJaeAYIONIEM 3arpyKeHHH.

Jlist cayuas ykaaiku TpyGbl B TPaHNIee Delllenue TEOPHA YIPy-
POCTH, OJYYeHHOe A/ TIOIYIPOCTPAHCTBA, TPUMEHAMO JAKWIEL & HM3-
BECTHON HATAKKOW, TAK Ka HAJuYHe CTEHOK TPAHLIEH HAXOAUTCA B
HPOTHBOPEUHH ¢ TPEACTABJICHHEM O nonyfeckoHeuHoM tete, Onuaka
JAHHbIE ONBITOB [OKA3LRAKT, YTO ¥ B ITOM CJAyuae (OPMYabl TEOPHH
VIPYPOCTH AAOT AQCTATOYHO GJHsKHE K AEHCTBUTENBHOCTH pesyibrd-
TH, 0coOEHHO TIOCIE TOTO, KAK 3aChIKa YIJIOTHHTCS.

B mepbule xKe JHH NOC/Ae 3aCBINKA TPaHlIeH (haxTHIeCkoe JaBJe-
KHe, Meperaioliieecst Ha TPyOy OT HArpys0x, MNPHJIOKEHHPIX HA MO-
BEPXHOCTH 3EMJH, MOXKET 3HAUMTEIBHO TMPEBRIUATL PACHETHOE, Hau-
AeHHOe 1o QOPMyJaM TeopH# ympyroctd. TIpHUKHA TAKOTO Pacxox-
JeHHS 3aK/H04aeTCs B TOM, YTO IPOMCXOAMT CABHI 3aCHITIKH Y CTEHOK
TPAHIUEH, BCJGACTBHE YETO [OE HaNpsKeHHH, BRI3BAHHOE Harpyskoi,
YIOUTH He BEIXOAMT 34 TIpeAe/bl CTEHOK TpaHued. Yem Jryulle DPOH3-
BeJEHO YIUIOTHEHHE 3aChUTKH Haj TPyOOH, TeM MeHbile CKa3blBAeTCA
BJHSIHEE FTOFO GaKTORA,

Tepexons K BOMPOCY O paclpefedeHuy HasleHHs IO MOBEPXHO-
CTH KPYIVIOH TPYBEL, DACCMOTPHM NpPOCTEHIUNE cayyal, KOTAa Ha To-
BEPXHOCTH 3eMJH YCTAHOBJeHa Ojifla JMHUA Harpysku P!, LedcTBYIO-
LIl B BePTHKAJBHON IIOCKOCTH, NPOXOAAIIEH 4epes OCh TPyOHI
(pmc. 36). Hcxons M3 NpOCTOro painaibHOIG pacnpefesentst Hanps-
AKeHHH, CAeIYeT, UTo J8 4acTH okpyxuoctd [AL, onpenenseMoil ka-
caTeqLHBIME K Tpy6e, COCTABASIOUIHME YIVIbl $, ¢ BEPTHKAJbIO, TPH-
MeHEHHe DelleHHS TeopHM YNPYTOCTH HE MOXKeT HMEeTb MeCTa; OHO
TPHIOKHMO TOIBKO K JAyre B, onpelensieMol LelTpanbHbM YTA0M
180° — 2 ¥,. dra Ayra 6yaeT TeM KOpoue, TeM MeHblie riyluHa sa-
JOMCHMST TPYOR N0 CPaBHeHHWIO ¢ ee BHeliHuM auamerpoM. [lpu
H = D, npoexuus ayru ['BI" nmeer wupwny, pasuyw 0,707 Dy, Torna
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BEPTHKAJLHLIS HarpsaXeHHdA B TOUKax Buln
o ¢opmyne (1177
OyAyT COOTBETCTBEHHO PaBHbI bopuy ( :

op = 0,636 i Hor _,—-__0,380 _‘_'L' ‘
0y D,
Eciiy npHO/IHKEHHG NPHEATE ST .
arpy py ¢ 3a napa6oay, To IoJa
HATpY3Ka Ha eNHHMLY AJIMHB TPYOhl Gyder patosy, Has

P, =0.3802L" .
380 - -0,707 D, +
2 \ ’
+ - (0,636— 0,380)Di .0,707-D, = 0,389,
1

HHTEECC;TH e CUHTATh ,aaaﬂeﬁﬂue PaBHOMEDHO pacrpeleqeHHbIM IIpH
BHOCTH, PaBHO HauGOJLIIEMY jaBJeHHIO
aTeHCH ¥ I , TO 3TAa HAT'PY3Ka

P, = O,636§ 10,707 D, = 0,4497",
1

Hs.mé—;i’(‘fgl ‘;Ia'ETC’* pasnuua nopaaxa 15%. Uro xacaercs HAHGOABLINK
X MOMEHTOB B CTeHKe KOJbI@, TO OHM .
BE€HHO pAaBHEI ? BYAYT COOTBETCT-

‘ Pt ron
Muau¢=0,15l? H }l/IMam:=0,159%‘~ .

1 1
Pazpnrua scero 5%.

P
Ona Gyxer elile MeHblle,
— - ~ - eCJIM yuecTh BAHFHUE FO-
Vo<l A pPISOI;ITaJIbHDﬁ COCTaBA-
T > = 01 AABJACHHS, KOTO-
k1 /ff ] H\f NS I pofi Mel Mpeuebperan. K
7 NN : TAKHM e  NpHOTH3H-
- //,. %ﬁu\’ i 2o A\ N TENbHO BLIBOAAM MOKHO
7 \(‘1\@/ NN NpHATH W B Cayuae Co-
= 7 v }1 - A ~o  CpelOTOUeHHOH CHJTHI,
, o N Taxum  ofpasom, BoO
¥ A BCEX  cJayuasix, Koraa
TpyGa 3a/10MeHA HA Iiy-
A 6uny H > D, MoxHo cuu-

> % TaTey HOaBJIeHHe Ha Hee
ue. 36. Cxema lepenauu pasiewma "a Tpy6y  OT HArPY30K, NPHIIOKEH-
OT AuHeHHOH HarpyY3KH, NPHACKEHHOI HHIX Ha 1-11033

Ha TIOBEPXHOCTH 3€MJH - PXHOCTD

3E€MJIH, BEPTHKAJLHBIM H

| ) paBHOMEDHO pacmpefe-

JIEHHBIM TIG Bce# ropn§ouraﬂbHoi{ NPOEKUHH TPYOE OpH pacqgmoﬁ

HHHTE'HCHB‘HOCTH, PaBHOH HanGosbLIeH OPAMHATE SMIOPH HAMPAKEHUT.
OJIHOE paCyeTHOe NaBJeHHe Ha TPYGY GYReT paBHO:

Pu=nyp ;. {11.90)
o8 .

2Ta GopMyJia AAET BOBMOMKHOCTD TIOAb3OBAHUA COCTABJIECHHEIM

Hamu rpadukoM (puc. 37), MO3BOJAIONIEM OTPEAEIHTE HanGOJbIIY IO
'MHTEHCHBHOCTL BePTHKAJNBHOLG  HaBJeHHs HA Tpy0y OT DPa3IHUHBLIX

TOIBHKHLIX HAarpysok. Ilpm cocrassenuu 37oro rpaduka Harpyska
pacnonarajach HaHHeBHTOLHeHIIHM 00pasoM MO OTHOWIEHHIO K pac-
CMaTPHBAEMOMY MONEPeYHOMY CeYeHHIo TPYOb.

Mpumep 4. OnpeseluTb pAacyeTHOe JaBAeHHEe, Depefarolleecs Ha Tpyby ¢
PHemARM DuaMerpoM Dy =072 M W aauHoH & ==1 i, VIOKEHHYI Ha raybHHe
H=4 m (b TpaHMlee WJIH HACHITH), OT I'PY30BLIX ABTOMAIINHH 13 7 % oTmennHO
0T TyceHHuHOro Tpakropa 60 T. :

Io rpaduky (pec. 32) HaxofuM rpyaoroli wosdduuuenr C =006 u moncun-
THBaGM IN0JHOE DACHETHOE BePTHKAJBHOE ASBJACHHME HA TPYSY OT aBTOMALUNH:
Py=n,CP=12.0,06.475=034 1.

Mo rpadury (puc. 33) maxoiwM KaBleHHe OT TyceHHUH P =1,2-0,7=0,84 .
TpuMenenue rpaguxa (puc. 37) u dopmyas (11.90) npuBOAHT K CACAYIOIIHM
PE3YJILTATAM.:

175 HeorpaHMUeHHOTO WMC/ia KOJOHH Harpyzox H—I0
Py=1,2.0,58.0,72=0,5 m,

AJA ryceHHYHOH Harpyskm 60 7
Pg=1,2-1.0,72=10,86 m.

3HAUMTELHOR OTKAOHEHHE B PEIyNbTaTax A ABTOMOOMALHOM  HATpYsKH
HMEST MECTC M0 NpPHYHHAM, YKA3aHHLIM EBHIUC.

Mpumep 5. OripefenuTh pacueTHOE JABJEHHE HE YHe YIONEHHYK Ha ray6n-
ne H=4 & TpySy OT npoektupyemoro dQyunaMesTa, PaclOfaracMoro Hank Hed
napaanensuo ee ocH. [labiense no noaowse dymiaMenta p==2 Kzfcu?, a ero
umpHaa ¢ =077 # u TAy0nHA 3aM0XKEHUSA he=2 M. TnyGuna 3a/I0MeHHA BEpXa
Tpy6rl OT moxowmsn dymaamenta H = Hyp—He =4—2=2 u

PacoMarpueas (QySAaMeHT KAK TOMOCOBYIO HATDYSKY, TEPHMCHSEM dopmymy
(I1.80) c xosd¢uunentoy mepenpysks np =11 (kag Ajs  coOCTBEHHOTO Beca

KOHCTPYKUH#)
e L2 g
Po=tfpPl e i Y8 on
B
2
0,7 ‘ 0,77
=1,1.20 77 -+ -Q—arclg -2—-2— =7,95 m/x*.

(0,77)2+ o2 2
2

MMonroe pacueTnoe HaBJeHue, Nepefspoumleecs HA Tpy6y oT dyniaMenTa:
Py=py Dy =7,95.0,72=15,72m.

Mpumep 6. Onpegenuts, TPH KAKOH TIYGHHE 3aJ0MKEHHs TpyOR C BHEIIHHM
nmaverpoM D)y = 72 ¢ pacueThas BepTHKaibHas HarpysKka Ha wee OT COBMECT-
HOTO Dasdehds MavOBMaXKHOE Necuasoil Tpanmelinof \3ackkn M FPySOBHIX 4BTO-
matmx 13 T 6yner Hawbonbmed, Ilpu atom: Y= 1,656 v/x3, B=15 #u. Kospdu-
(MEHTE TIEPErpysKH NPHHHMAIOTCH PABHBIMY COOTBETCTBEHHO fip == 14 u np=12.
ToyfuHa 3aM0MeHHd IO/DKHA HAXOOWThCA & IpEnenax ot 0,6 no 5

B coorserctsun ¢ dopmyaamp (IL7), (I1.81) nosnas pacHetHast RepTHKANbL-
Hd# Harpyska Ha TpyOy Oyier BEIPAMATBCA TaK:

B+ D
Que=0Cp+P5 =n51Krp H_j'-?‘l— +np CP =
1,64+0,72

=1,4-1,65.Kqp H +1,2C-4,75 = 2,56K; i/ +5,7C.
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Beanunnel Kqp n € 3anucaT or rayGumm sanomesus H u SepyTea no Tpa-
fuxam, uso6paxeHHNM Ha puc. 10 m puc. 32, CocrasuM Tafn. 7.

Ta6nuua 7

Onpeaenenne narpyaku Ha TpYOYy

'id

-—B— KTI! GBBm - QBBm

0,33 0,95 1,22 0,75 4,98
0,50 0,02 1,77 0,54 | 3,08 4,85
0,67 0,80 2,98 0,41 2,34 4,62
0,83 0,87 2,78 0,33 1,88 4,66
1,00 0,84 3,24 0,25 1,42 4,66
1,33 0,79 4,05 0,17 0,97 5,02
2,00 0,71 5,45 0,10 0,57 6,02
2,67 0,66 6,75 0,06 0,34 7,09
3,33 0,60 7,70 | 0,05 0,29 7,99

OT BPeMCHHLIX HArpy3oK

HauGoabluiell sesmuunsl nomuas pacueTHasi Harpyaka Ha TpyGy
AOCTHTAET NPH HAHOOMBINEM 3HAYEHHH TyOuHN H =5 . Ha raytu-
He { =1 x noanas pacuetHas Harpyska OyneT HaHMeubIef,

6. JluHamuyeckoe peiicTene TPAHCNOPTHBIX HArPy30K HA TPYGHI,
YJIO)KCHHHQ B 3EMJe

Iunamuyeckoe peficTeue TPaHCTIOPTHBIX ~ HATPY30K Ha TPyGbl,
YAOKEHHEIC B 3eMiIe, ONpefeaserca psaoM GakTopo. Ciofa OTHO-
CHTCH;

a) ZMHAMHKA HATPY3KH, NOX KOTOPO Clefyer MOHMMAaTh Xapak-
TEpP CHJOBOFO BO3JIEHCTBHS HA IIOBEDXHOCTH 3eMJTH;

6) AMHaMHKA CPYHTR, T. €. YCJIOBHS PacopoCTpaHeHusT CHJOBBIX
HMIIY/ABCOB YePe3 IPYHT Kak B NPOCTPAHCTBE, TAK M BO BPEMEHH; W

B) AMHAMHKAZ KOHCTDYKIHH, T. €. XapaKTepPHCTHKA MOBefeHHS ';-\;"‘
KOHCTPYKIIHH NPH NePEMEHHBIX HATDY3KaX BCJENCTBHE [IOSIBJCHHS S

| e g
HHEPIHOHHEIX CHJI;

.

- Y il £

I) AMHAMHKA MaTepHana, T. e. COBOKYMHOCTB CBOKCTB, ompene- - ’.->=/
JIAILHX TIOBeARHAS MATEDHANA TTPH QHHAMHYECKHX BO3AEHCTBHAX, L1
-

H—10 u H—13, 7 u & — rycemnunnie narpysxH 30 x 60 m; 9 = 1¢ — tpamsan T—11 n T—13

Haulonswan uwmencudnocms’ Balnenur wa mpyby p. 8 m/m?

B Taxofi nocaenoBaTeNbHOCTH MBI M pacCMOTPHM JaHHLIA BO- ; g
PG,

HAunamuka warpyskn. JIunamuueckpe croOBCTBA CHJIOBOr0 BO3-
ReWCTBHS TPAHCIOPTA, NEPeMeliaoIIerocs o NOBEPXHOCTH 3EMJIH,
S4BMCAT OT THOA MAUIHHEI ¥ COCTOAHMS ee MOKpHIIEK, xapaxrepa
HOABECKH, CKOPOCTH ABHMMKeHHA M Beca. OrpoMHOe 3HAYEHHe HMEKOT
TAKKe THII ¥ COCTOIHHE AOPOMKHOFO THOKPHITHS.
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Prc. 37, I'pacduk gar onpepenenna #Hauboabuwiell HHTEHCHBHOCTH BePTHKAAbHOTO AaBJEHHS




Koseco nny ryceHnla, nepeMeilanch [0 Aopore, MGKET c006-
IHTE NOCAEeHEH TONYOK NPH BCTPeYe KAKOTO-AHO0 NPenaTCTBHS, Ha-
TIPHMED KAMHS HJH HEPOBHOCTH, @ TaKXKe NDH BHE3AITHOM TOPMOXKe-
nud, Tlpu ynape nefcTBHe HAPPY3KM OKA3BIBAETCHA YBEJHUSHHBIM IO
CPABHENHIO CO CTATHUECKHM BO3LelicTBHeM. ¥1ap GyNer TeM CHIbHee,
deM GoJIblIE Macca HenojBelleHHBIX YacTell MAHIMHB, PeccopHas e
NoABeCKa CMSIrYaeT CHIy yAapa, pasapobass ero o Bpemeny, Oana-
KO, € RPYToif CTOPOHbI, PECCOPH CAMH MOrYT BEI3BAThH KOJeGaHHS Ma-
INHHBI FIPH TOCJAENOBATEBHOM nepexofe o0eHX ee oceil uepes oAHO

il

2 E8
S S S Cwna ydapa 8 xa

. thaag [HeBMamuyechue WuKs!
' Js00 3800
g 55" 2%

Cropocme B wm/uac

Puc, 38. 32BHCHMOCTL CHABI YIApOB KOAEC OT CKOPOCTH IBHMEHNA

H TO Xe NpPernaTCTBHE, YTO JIOBAedeT 3a cofofl HeKoTOpoe BO3pacTa-
HHe JeRCTBHA HAPPY3KU.

CuibHO CNOCOGCTBYIOT CMATUEHHK YAAPOB NPH MEpexXofie uepes
MaJ/ible HepOBHOCTH MNyTH HHEBMATHUECKHe LIHHEBL, CJAYXAallie aMop-
TH34TOPAMH OIS HeNOJABEIUeHHEIX Mace MaimnuHbl, O6 3TOM CBHAE-
TeJIbCTBYIOT PEe3yJ/IbTATH ONLITOB, TNpelcTaBJeHHble B BHAe rpaduka
{puc. 38).

OnHaKo NHeBMATHYECKMe IIMHBI TOXe MOTYT B HEKOTOpOH cCTe-
NEeHH CAYXUTH IDHYHHOH BO3HHKHOBEHHMS KoJe0aHHI. '

Hexotopoe ypeqanueHHe JeHCTBHS HATPY3KH MOXer OBITbh TAKKe
BW3BAHO UeHTpoOeXHOH CcHJOH, MOARAAlOWelicAa B pe3yabraTe IBH-
MeHHs KoJleca 110 BOTHYTOH NOBEPXHOCTH ezjoBore noaortHa. [lpu
3HAYHTEJABHOH CKODOCTH ABMXKeHHMA Harpyaku so3lelicTBHe ee OyleT
BeCbMa KpATKOBpPeMeHHBEIM H 3(eXT ero, Kak NoKazaiad OIBITEHL
H. H. HeanoBa', npH npouux paBHBIX YCIOBMAX MOMXKeT OKasaThesd
HHXe cTaTHueckoro (puc, 39),

IlpuHuHNHaNBHOE pellieHHEe 3aJaud ¢ AcHCTBHH TONBHIKHON Ha-
FPY3KH Ha YNPYroe OJHOPOAMOE H3OTPONHOE NOJYIPOCTPAHCTBC TAHO

I'H H. Heanos, ConccraBiAeHHe pPe3yibTaTOB HCCIENOBAHHE, IpOMSBe-.

deHsmX B Mockee u© Jlewunrpaze, Tpyow JopoXHOro H.-HCCA, HH-Ta,
BEITI. 3, 1941,
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. U, IMokporckum [36]. On ykasan nyTh AJs1 aHAJATHYECKOTO OMpe-
JlesieHHsA JHHAMMUYECKOrO Ko3gwbMUNEeHTa Harpyskd B 34BHCHMOCTH OT
cIedyIONMX (akTOpOB: MacChHl Ky30Ba, CKOPOCTH ABIIKEHHA KoJeca,
MOy YHPYTOCTH H TUIOTHOCTH NOJYAPOCTPAHCTBA, MECTKOCTH LIHH
¥ peccop, Ne(hopMailuy IIKH, a TAKKe HEPOBHOCTEH ¥ pacnpejiede-
HH$ MX 0o anme jopord. OpHaKo 3HAuMTe]bHA® 44CTh 3THX (axTo-
pOB TOKa elle He HecaeposaHa. [losTomy B Hactozluee BpeMd lede-
coofpaste BOCIOJB30OBATECH JKC-

[EPHMEHTANBHO HaHJeHHBIMH g"’ P
H. H. VisanoBbiM CpeIHHMH JH- \ .
HAMWUYECKUMH KO HIHEHTAMH 20 X,
HATPY3KH IJA PAasHbIX THIOB 10-
POKHBEIX TOKphITHE (Tada. 8). 15

Junamuka rpydra. Bompoc p
0 pacTpoCTPaHeHHH  HMITYJNBCOB 1ok __L:;;; .S
Uepes IPYHT BecbMa CJAOMEH H S A
elle HeMOCTATOYHO HCC/ISLOBAH.  g¢ T Ty o M
Byaem mosb3oBaThest (opMyJsaoi §
T. H FlokpoBcKoro 14 l],HH‘aMH P) L A
YeCKHX HATPSKeHHH B Iay0uHe

- Cwopoems J0umenun § wm/qac
prHTOBOFO MAaccusa, OCHOBAHHOH

7 ye-
OMVILEHWH, UTO apHBIH Puc. 39. 3aBHCHMOCTbE JTHHAMH
ha A yit , angI'lrcf{ B cKOro Ko3hHUMEHTA Larpyske ot
AMIYJILC - pacnpoctp . CKOPOCTH ARHKEHHS H THNA JIODOH-
npefienax TPyOKH, MMeloiled BUA HOMO MOKPHITHA—IIO ONLITaM
yCeueHHOTO KOHyca: - H. Mpanora

I — Gyauwaas  MocTonas; 2 — mebeHounoe
woece; 3 — acaabTobRTOHHOE NOXKPHTHE NO
mebuw; 4 — acdaanTOBETOHHOE ~NMOKPHTHE
no GyabIKHOA MOCTOROMH; & - 38MAAHOC
RONOTHO

Kp}lHH hg

= — 11.91
d:mn (fl.“}"H)” ] ( 9 )

- TaGnuua §

Hanamuueckne KoaQhHUHERTH HATPY3KH

THO LOPOKHOCO [OOHPHITHR By
BeMAAHOE MOROTHO « + o - - = « = = « = « » . « | 1,00

AcdanbTobeToHHOR NOKPHTHE IO GyAblKHOH MO-
CTOBOH + « v o + o o o + » « o o o v » o« +| 1,00
AcaibToSeTonn0e MOKPHTHE MO mwebuio . . . . | 1,10
LLle6eHOTHO® MOCCE . o+ » + o o v o o + - « - - | 1,25
Beoe MOCCE « - « o o o « =« o o = o« o« «| 1,40
By/nbKHAST MOCTOBAR « + - . v + v « « « » + = = 2,95

rae K — koabh(hHnEesT KOHIEHTPALMH;

Py = By Per — AMHAMHYECKAS HATPY3KA HA NOBEPXHOCTH 3EMJIH;
n — napamerp, 3aBHCAINMH OT BPEMEeHH;
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H — rnyGHHA OT MOBEPXHOCTH 3€MJIH;
fto — HEKOTOPBIA [OMOJHHTETBHEIN CA0M rpydaTa (Bol-
€OTa OTCeYeHHOH 4acTH KOHyca).
Hns cayuas craTuuecKoro  HefiCTBHS HATPYSKH por  MOXKHO Ha-
MHCATD

Kpex By

(ho+-H)2

IIpuaumas, uro BeaHudHE Ay ¥ K MMEIOT OQHHAKOBOE 3HAUENHe
IIDH NHHAMUYECKOH M CTATH4eCKOH HATPY3Kax, HafileM oTHOINCHHe

(T A] ( : )n_g_u n
der h%(hﬂ—FH)n H hQ+H H o r-
TlapaMerp 7 Ha OCHOBAHUH SKCTEpUMeEHTATBHEX nanuex [ H. [To-
kpoBckoro u B. T. Byanluesa ! MoXHO NPUHSATL paBHEIM 2,4,
Toraa mpeabiyliee BripaeHde NPUMET BHJ
By N0
ho -+ H ) ’

GCT

P Pp = He (

TAe pr — DHHAMHYECKMil KOSG(MUIUEHT IPYHTA, KOTOPLI BHpaxaer-
csl (popMyJI0o#

e o
p,‘_(hu -I-H) : ‘ (11.92)

Ilpu s1OM ynomaersopsercss ycaosme, wro mpy H=0 p,=1 u

et = Py Jers

Hocroaunsiit napamerp Ay ycTaHoBHM, OPHHHMAES, YTO Ofpasyio-
e KOHyCa pacnpOCTPAHEHHsI HMNYJbCa COCTABMAIOT yron ¢ =45° ¢
BEPTHXANBIO, KAK 3TO HACTO NDHHAMAETCH NPH PaCcCMOTPEHHH CTaTH-
UeCKHX HArpy3ok. Kpome Toro, mioliaiky, ma Kotopywo defictByer
HMIyabe, OyleM cuuTaTh Kpyrosofl. Torma Ay OyaeT paBHO pammycy
3TOW NJIOLEAIKH.

Tax Kkax B AefiCTBETENBHOCTH OTNEYATOK KOJECH SIBJASETCH MPSMO-
YTOJILHBIM HJIH SJJIHIITHYCCKHM, TO €TI0 NPHASTCH TPHBECTH K PABHO-
BeJHKOMY KpYTY.

Ha puc. 40 npusesen rpaduk, TO3BOISIONHE HaliTH BEJTHYHRY JIH-
HaMHYECKOrO K03((QHLHEHTA IPYHTA AN DASHBIX IJYOHH 3aJ0XKeHHS
Bepxa TpySul. [lpu mocTpoenun sToro rpatduka AJHHA 4 WIMPHEA Cie-
Aa 33JHEero xoJ/eca TPYSCBOTO ABTOMOOH/IA TPHHATH COOTBETCTBEHHO
pasubiMH 0,2 w 0,4 M,

JyHaMuKa KOHCTPYKIMH., Kak H3BECTHO, BCSIKAS ynpyras cHCTeMa

g

' B pe3yJbTaTe ylapa WIH BO3JEHCTBHMS HMIYABCA CHJBL IPHXOJIUT B

COCTOAHHE KONMeDATENbHOIO IBHKCHHS.

'T. M. IToxposcxnit m B. . Byawuen, Hecaenosanne Hampamennd
B TPYHTAX ¥ MHOTOCAOHHOH oleXie NpH KuHaMuueckoll marpyake, Tpyam Jopox-
HOPO H.-HCGI. WH-TA, B, 1, 1938,
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KpaTkospemeHHOe AEHCTRHE HATPY3KH (Hanp;{Mep NepeMentarie-
rocd MO 3emae Xojeca) No cBoeMy S(PPeKTy MOMKeT paccMaTpHBaTh-
¢fl Kax yaap. L _

Ecau cpenaTh ZONyNienue, 4rto cuaa P BHE3amHO MOARHJIACH B
mraosenne { = 0 M BHe3amHo Hcyeana B MrHOBeHHe ! =T, coxpauss B
3TOM HHTepBaJe MOCTOSHHOE 3HAUCHHE, TO AHUHAMHUECKH! K03G(pHIH-

@HT KOHCTPYKIHH Py AIA MIHOBEHH#, COOTBETCTBYIONIEro KOHUY yAa-

pa, Gyfer paBeH:

pe = 1 —cosoT, (11.93)
rge ¢ — 4acToTa COGCTBEHHHIX Kovle{aHHMH KOHCTPYKIHAH. '
B
. a0
a8 \
05 \
0% e
‘\h- )
g2
/) 7 2 3 4 5 & Hm

Puc. 40. 3apHCHMOCTh ARHAMHUYecKoro xosdduukenta rpynra
OT_rAyGHHEL 3310meHUA TPYEH

Onmaxo IHHAMAUECKHI! KO3(DOHUUHEHT B KOHIE yIapa MOXeT OblTh
fle MAKCHMAJBHBIM. [1oJ BAEAHHEM CHJAB P KOHCTPYKUHA OPUXOAUT
B COCTOSTHHE KO/Me0aTenpHOrO IBMMKCEHA, H HaHOOMblIxe MepeMele,
HMST M HANDPSKEHHs. MOTYT OBITb AOCTMPHYTE MOC/C DPEKpalleHus
peficteus cuanl. [lpu 3TOM  AHHAMWYECKHH Koz punuesT 6yner
onpeleaThed yxKe Apyro#t dopMysoh:

b —2sin ¢ —2’1 (11.94)

Takum o6pa3oM, ONpeAeieHKe AMHEAMHYECKOro KO3(WpuIHeHTa
KOHCTPYKUYH CBORHTCH K YCTAHOBJEHHIO NPONCMKHTENBHOCTH AEHCT-
BUS CHJBl P M K BbIYHC/JEHHKIO 4acTOThl COOCTBEHHEX KoaeGaHHi Tpy-
651, YIOXKCHHOH B 3emJe. .

Dopmysa s YACTOTE OCHOBHOTO TOHA xosiebaHult Haruba Kpyro-
BOro KOJbIA HMEET TaKol BUA:

o = ]/_%E_C"g_ — 0,463 _"...l/ﬁ, (11.95)
5icFrt ri Te

rpe  E.J — XKecTkOCTh CTeHKH KOABIA;
F—nnomans ee NpoAOJILHONO CEUEHHS;
"h — TOAIIHMHA CTEHKH;
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7 — cpernnt paguyc Koasua:
Te — OOBEMHLIH. pec MarepuadJia;
5 £ — YCKODeHHE CHJIB THKeCTH,
haHaT;{ g}ﬁg;ﬁ};ﬁ; ﬁgﬁyqeng B TIPEANONOKEHHH, 9TO TpyOa He 3acki-
'Tpoi'fﬁoe o TPyOy oxpyxaer rpysr, KOTOpHIit npoussogur
He. DO-TIepBHIX, yMenpmrag AeopManuE TpyGH, on

o s p

(ﬁﬂpg;{:::o?gy lFfivxaccm, OK43bIBAIOLIER  IIPOTHRONOMOXKHOE IeficTaHe

\ T BHI3HIBAET BeCbMA HHTEHCHBHO .

o1 ‘ O€ 3aTyXaHHe xoneGa-

HHH CTEHOK TPY6bi. COOTHOMeH e a
. mexny I u ¢ aapucur

ABHMEHHST HATPY3KH, 4 HOTOM To e mo
Y ABIsfeTCcH nepeMenHbiM, B

A8k ‘ ‘ IM. B To xe Bpe-

ma,g:;ﬂf;gﬂg()d)opmyne_ (11.94), ARHAMHYECKHE KOos(dHUHenT Bbl]I))a-

PHOUUECKOR dyHKUHe, H3MeHsamomledicss 8 npeneaax or

O H a Me 0 '
B H . bis EIH,

B
CTﬁﬁﬁ;g%mZﬂz};c;cm Harpyska B Teveuse mepuoma T e ABASAETCA 1O
, BHO BO3DACTAET H IJIABHO Xe v( :
o 1 YOrBaer (310 cMAr-
Hogrgzt? ﬁ{?;l;&;{héﬂ;g;}(%ﬂ 5cpucpemé, 4 T2KME, YTO IIPOHCXOAHUT (HHTE‘HCHB-

KOJCOAHNH TPYOR B rpyute, cyn
CKHi Ko3(dHUHeHT KorcT : DHIAT pray
KUHY MOX ‘

HELOE (1, =1,0). Py €T GBITL NPHHSIT PABHEIM exu-
HMunamuka matepuana, Hanpsaxenuoe cocronume TPYOHI NIPH I1po-

HK
ETa ':‘IHO'-IL::-C iﬁ; lf,anlfl;né O4EBHAHO, 6yger HECHMMETDHYHREIM, T4K Kax K
HENHID 9 OT coficTReHHOTO Be
KH B HEKOTOpHIe NDOMEKYTKH q €Ime maeid
BpeMeHd JoGapigerca
CKO® HaNpAMeRHe g, OT nels yoxit Ha oo,
ann OT JCHCTBHA NOABHKHOA Harpysku, H
. Ha -
ge(l)lixjilnyﬂt;on;moro qncnﬁ onelToB M, JI, Kopqnacxmf“;)f pexomer?nC;gT
yamaHa — JKoHCOHMA  mits mpe
€14 BEIHOCJHBO
HECHMMETPHYHOM IHKJe npH e X
. X FTOAHYO NS MHOIHX CTDOHT
€JIBHEI -
TepHaJnos (Gerona, Keae3o0eToHa, KaMeHHON ma,uxg H nepesa);'m

a
fa — mp
Boy —
A (1L.96)
r1e Iuake
e ~— NIpenen
mp .H}ir ;1 MPOUHOCTH [IPH CTaTHYECKOM 3arpyxe-
¥

. oo

s B Oyaxe — MHHHMAJIBHO® B MaxcuMaibuoe HaUpAXeHHe B
TeueHHe uuKaa (puc. 41).

_ Ouesngno, mMomno NDHHATE:

Cusn == Ter,

<1
make = dep Tann

"M.. . Koparuckug ‘
QHOHHYIO Harpysky, Crpofinagar, ﬂ%ﬁ%ﬂ CTPOHTEILHEX KOHCTPYWTHE Ha BROpa-
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A 3aMerHTb B Qopmyde (11, 96) othomende 3THX HANPAMKEHHA OTHO-
HieHHeM COOTBETCTBYIOIIMX UM Harpysox G, # P, Torga

Tnp (11.97)

: Cprn = , G, s

Gn"i’f’" Pa
TRe ' =, Hr Px.

- [Ipr nepeMeHHBIX HANPAKEHUAX B OCHOBY pPacyeTa Ha NPOYHOCTH
BMeCTO Tpefetia NPOYHOCTH LOJKEH OLIThH NOJCHKEH TIPEAes BRIHOCJH-
BOCTH, JTO PABHOCHJILHO YMEHBIIEHHIO HeCYIUeH CIOCOBHOCTH KOHOT-
DYKIHH 1 —g.  Pas.

o_— 8 ‘ .

Ga+p' Py N

YTo6wl yuecTt BIHSHME HH- ) e
BaMHYeCKHX CBOIICTB MAaTepHasa \n \ !

=

Ha 3(dexT, BH3HBaeMBH [O-
ABHZKHOH Harpy3KoOH, HAUJEeM Be-
JIHUHHY, HAa KOTOPYIC OHA JOJHK- 3 1
H4 IGBITh YMHOXKeHd, BEMECTO TOrQ, A ¥) t t
4yTOOBl CHUXATE PACUECTHYIO He- b —

CYWyr ¢nocoGrocTe TpyGsi. Ity Puc. 41. LIHKA W3MEHGHHA HanpAXeH-
BeJHUHHY MOXKHO Ha3BarThk I H- HOTO COCTORHMS TPYOR

HAMHUBCKHM K03 ) ¢ H-
HHEHTOM MaTepHAaga (p,) N HAHTH H3 NPONOPLUUH
G- p' Py =GB+F‘MP"PB

Sppin Sap

Hs conocrasnenus »roro selpaxenns ¢ Gopmydaoi (I1. 97) moxHo
BaliTH by, = 2; 148 Meradia nodayuaercd p,= 1,5,

KoneuHo, fuHAMHYecKUe CBOMCTBA MATEPHANA CJeAYeT YUHTHIBATD

JHHIb B Te€X CAY4anX, Koraa 1pyda B TeUeHHE CBOEGTO CPOKA CJAYAKOBI
JOJHA OJAREPTATECH YAaCTOMY # MHOTOKPATHOMY AeHCTBHIO NHHAMMH-
YecKoll HarpyskH, Kax, Hanpumep, TpyOBl, 3aTOMKeHHEIe HA HeOOJh-
uiof TiyGHHe 04 ABTOMOOHJBHBIMH AOPOTAMH H TOPOACKHMH [pOes-
Lamu. ‘
[Homumft yueT BceX HAK/IaABIBAIOWIMXCA APYT HA ApPyra AHHAMHYE-
CKHX ABJEHHI MOMHO NPHOIHKEHHO NPOH3BECTH, ONpPeLeNHB OGLIHA
AHHaMHuecKHA KoaduuyeHT 1 TyTeM NepeMHONKeHWS BCeX NOAY-
YEHHbLIX PAHee YACTHRIX JHHAMHYECKHX KOA()HIHEHTOB.

Ecau nozyunted, uro i <1,0, To pacueTHbIM HABIAETCA Caydad
CTATHYECKOTO AefCTBHST NOABHIKHON HAIPy3KH.

Iast npagTHyeckKore pacuera TpyO TpPH JAOCTATOUHO IJTAAKHX MO-
KDHITHAX MOXHO NOJB30OBATECH 3HAYEHHAMH OCUILT0 INHHAMHYECKOTO
ko QuuuenTa, ApUBeAeHHEMHE B CTPOHTEILHEIX HOPMAX H IPaBHIAX
I0Js pacderta TOHHe e, 2alOMeBHEIX OTKPHITEIM cnocoGom (taba. 9).
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Tadbaunoa 9

O6mue gunameveckre Ko3PHHUMENTH ANK PAIWBIX FAYGHH 3anokKenwa TpyG

Faybuna  sanomenHs '
pepxa TpYOow M B M. . <0,4 0,5 10,6 (0,7 0,8 0,9]| »1,0

O6muit nuuaMuueckuii
Hoaq:upn_uuem Boeoa . 1,30 1,25 | 1,20} 1,15 | 1,10 | 1,05 ] 1,00

Mpumep 7. Onpesennts oOWMA jUHAMHYeckuR KoacbdHIMeHT ANd IKedeso-
Getonnoit TpyGu, YNOMeHHOH Ha raybune H = 0,4 M OT NOBePXHOCTH 3EMaH, npy
Npoxoxuenws nHal Hell aproMo0wipHOH wHarpyakd. JIOpOXKHOE MOKpHTHE — ac-
$ansToGeTOH No 1esHio.

J.IIJI!EI JOPOMHOPO MOKPHTHA NpuMeM JIHBaMHuecKHH KoadduUMeHT HaTpyaku
e =1L '

ﬂgié H=04 » no rpaduxy (puc. 40) muHamMuteckni kowbduuuent rpymra
#r = U,

Hduuamuueckull KoshGUIUENT KOHCTPYKUMHM INpPHHHMAEM B COOTBETCTBHH C
BRICKA3AHHLMH pasee CoofpaxenuaMu px = 1,0

ﬂﬂmamnuqecmﬁ ko3 OHOHEHT MaTepHasla “aas Kenezoferoma p,, = 2,0.
Q6uil pHmaMHYecKHl Kos(dHOHEHT:

W= g Uy = 1,1-0,652,b= 1,32 =~ 1,3.

PesyabTar coBrazaer ¢ pexoMengauuamn CHull -

ITponsBeneHHble HAMYH [1DJCUETH MOKA3LIBAIOT, YTOC A7 OBBIYHBIX
rIyCHH 3a/10eHHs TPY6 NuHHAMHYecKoe NeHCTBHE TPAHCHOPTHHX Ha-
rpy3oK B GOJbIUMHCTBE CJAYYacB HHIKE HX CTATHUECKOTO AeHCTBHSA,
MO3TOMY AHHAMHYeCKHH (hakrop clelyer yYHTRIBATE JHIIbL B Clyuae,
ec/iH raAy0uHa 3a70KeHHsT TPYOEl OT NOBEpXHOCTH MeHblle | At wiu
lpH AOPOXKHOM IOKPEITHH B BHJe OYJLIKHON MOCTORJH,

7. OnopHele peakuum XecrKoi TpyOni

PasnofeficTyOMag aKTHBHEIX CHJ, T, € Harpya3ok, DefcTBYIOUINX
Ha Tpy6y, ypaBHOBELIHBACTCH peaklHell IPYHTA, CAYKAIIETO GTHOBA-
HHem TPyO6bl, Takum ofipazoM, paBHOLeHCTBYIOUIAA OMOPHON pRAKUMH
JleTKO MOXKeT OHITh ONpefe/]ena TOCJAE TOro, KaK NOACUHTAML BCe Ha-
rpyskd. Huaue ofcTodT Aeso € 3aKOHCM paclpele/eHHa Peaxiiy 10
ONOPHOH NOBEPXHOCTH. ITO pacnpedeleHHe 3apaHes HeH3BECTHO,
Mexnay Tem OT 3TOTO pacnpejieledHs B GOJLLION CTeNeHH 34BHCAT
BHyTpenn#e <CHJIB (HaruGaionide MOMEHTH M HOPMAajbHBEI2 CHJIB!),
BOZHHKAIOLHE B CcTeHKe TPyOHl, a CIeLOBATe]bHO, ee TOJMUHHA X ap-
MU POBaHHE,

Has yeTpaneHHs yKasanHOH HeOMDeAeNeHHOCTH MHOTHMM HCCJe-
JAoBare/siMi OBIIM CAeJaHbl Da3jHuHbe, 6oJee WIM MeHee YIAuHBE
HONYIICHHS OTHOCHTENLHO BHAA SMIOPH peaxiuy. Popmannuo paspe-
Has 3a3advy, BCE ITH NPEMJIOMEHHS HefOCTATOUHO OBOCHOBAHE, TAK
KaK OHH He YYMTBIBAIOT, ¢ OJIHOR CTOPOHEHL, (PH3HUECKHX CBOHCTB TPyH-
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Ta, CJYXKAllero OCHOBaHHeM Tpy6HLl, &2 ¢ OPYroil CTOPOHH!, XapaKTepa
? 3TOT FPYHT.

OnHpaHEs HUKyefl uacTd TpyOH Ha 3 | )

gJIEJIYET pasJjHyaTh OBa OCHOBHBEIX BHJA MartepHaJoB KaK OCHO

panuii gna TpyS: |

a) HecBSIZHBIE MATEPHAIEL, T. €. MATePHAIE, JHINEHHEIE CUEIJIeHHS

uau obaaparolnye He3HAYHTEABHEIM CLENJCHHEM; K HUM J0JXHBL

‘6LITh OTHECEHbI TECUAHBIE TPYHTH, A TaKXKe IMMHUCTHIE TPYHTHl B TC

Ky4yeM H Jawxe OJACTHUHOM COCTOAHHAX,
4 6) camsMble MATepPHAJE!, K KOTOPBIM OTHOCATCH TIHHACTEE PPYHTHL

COCTOSTHUH, a4 TakKKe OeToH. N
° Tiﬁ&fgg{a u3 ch:oror,o peleHHs 3a/(a9H O 6ECKOHB‘[HO-ILJII}-{IHH)OKI«{ Ga.g-
Ke Ha yOpyroil DOJYNJIOCKOCTH, H. M. T'epceeanos 1 b. .noéaTng?le
KHH TMPHLLIH K caenytoniefl Gopmyne L Koatb(pnunemg . .
SKBUMBAJEHTHOTO N0 MAKCHMAJIbHOMY HaruBaoLIEMY MOMCUTY!

3
Eqb (11.98)
k=o,28]/ T

rne Fo— MoAyab AetopMalydy OCHOBANUS,
EI — %ecTKOoCTh OalKy;
b — ee WIHPHHA.

A, ®énsMu [64] noayunn dopmyny Lia gpyraof TpyGHL. ,;[nﬂ 3‘1‘%];1(3
OH paccMaTpHBaJ OXHOPOAHBIA MACCHB rpyilTa, B KOTOpPOM Ha Ty ‘
e H OT MOBEPXHOCTH BBIAe/eH IPYHTOBBLH LMIHIAD TAKOTO HKE Jua-
merpa Dy, Kak u y TpyOul. .

P TeHCHBHOCTE BEPTHKAIBHOIO PABHOMEPHOTO LABJEHRA HA 2TOT
IHJIMHAD paBHa:

g =14,
a HauBoJLILee Pafua/bHOE YROQOUeHHe:

w = AP
2F,

Jlas TpyOBl NIpH 3TOM 2Ke HArpysxe HMeeM (cM. HEKe dopmyay
IV.13) «
_ :;_Hr3 D,
BT o4E. I

Tlo Teopun 6a/iK¥ Ha HECBA3HOM YIIPYroM OCHOBAHHH peakiua
OCHOBAHMS YMENbIaeTest TPONOPUHOHANBLHO  YMEHDUIEHHIO OCAIKHK
HaHHOH MJOWAAKH, TO3TOMY MHTEHCHBHOCTL ONOPHOH DCAKIHH wecT-
Koit TpyOml Gyier Gojbulie, ueM HHTCHCHBHOCID OTIOPHOIT peaKlHi.
[PYHTOBOrO UKWIHHAPA, HA BEJHUHHY :

Dy (1 rt :
Agﬁk(w“wu)=kTH?1(b_‘U"—12£ci)' ' '
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C apyroit cTOPOHBI, HapyLICHHe ORHOPOLHOCTH HACHIH NOMeEIle-

HEHEM B HEE XeCTKOH. TPYOH OGYCAOBIMBAET AONOJHUTENSHOE AaBe-
HHe !

Ag = (Ku— 1) 1H.

~ Tpupapnss 210 BHpameHHe NPeAHAYIIEMY, MOMKHO HARTH
SKBHB&JEHTHHIH KOS(QPHIHEHT OCTeNH 3aChIIKH:

1, Ciul) B (11.99)
D (l-_ : ) .
"\E, T 12E. 1

2z~ ()]

E, E.\ &

Ora Qopmyna paer Ko3POUUUERT NOCTeAH B BYHKIHH BeJuuMH,
KOTOPBIe AHAJNOTHUHBI BEeJHTAHAM, BXOLAUMM B (opmyay (I1.98).
O6e GopMyarr MOKASHBAIOT, UTO KOIPPHIUUEHT TIOCTESH BO3PACTART C
yBeJUUeHHeM MOLyNA AehOPMAUHH I'DYHT2 H YMEHBIIAETCd ¢ YBEJH-
YeHHeM KecTKOCTH COOpYMCeHHS,

[nst Gecxoneuno xectkoll TPyGH, HaXOASMelcy B OXHOPOLHOIH,
!HE‘.I;[apy‘IIIeH:HOI?i cpeme, K, =°%3 u dopmyaa (II, 99) npunrmaer Ta-
Kol BHJ: '

k ﬁ%. L (11.100)

- Ota popmysa MoXKeT GbITb B 3aN4C NPOYHOCTH NpHMeHeHA H K
TPyGaM KoHeuno# mecTkocTd. OHA yCTAHABAHBAET JHHEHHYIO 3aBHCH-
MOCTb MEXAY KOMUPHIHEHTOM IOCTeJH H MOLyJdeM AedopMalliu.
Mozysp peopMalin OCHOBAHHA MOXKHO NDHHSAT NJIS HeCBA3HHX
TPYHTOB BeJHUHHOM, JHHEHHO-BO3PAcTAONER ¢ rayGuHOH, a mJsd
CBA3HLIX TPYHTOB H MaTepHAJ0B — NOCTOSHHON BeJHUHHOMH.
Torga nns HecBASHEIX TPYHTOB

k E:Eb,

rae £ — kosQpHIHEeNT NPONOPIHOHANLHOCTH;
2 — riy0HHa OT TOBEPXHOCTH 3eMJIH,
711 CBASHBIX CPYHTOB H MATEPHAJIOB

& = const.

MHOrouHC/IeHHEIMH ONBITAMY, TTDOU3BEACHHEIMH Pa3AHYHBIMH HC-
CJIeZIOBATENSIMY, YCTAHOBJEHO, UTC HENb3S OTOMKAECTEASTL PEAKTHR-
Hoe JeficTBHe na TpyOy Tolt omopHOH NocTenH, Ha KOTOPYO oHa Gelia
yJloxeHa, ¢ OelCTBYeM IPYHTA, [oAOHTOro noj Tpyly yXe nocie ce
YKJIangKHu.
© ONBTH OT4ETVIHBO NOKA3AJH, UTO Ad¥XKe B TOM CJAyYae, eCay Hocae
NoAGHBXH TpyHTa TOA TPYOy NPOU3BEASHO ee AOMOJHHUTEIbHOEe Ha-
TpyXKeHHe, ONOPHOe HaB/JeHHe BCe Xe BOCIPHHUMARTCH MOYTH HCKIIO-
YHTEJBHO MENBOHAYANBHON ONOPHOHR MOBEPXHOCTRIO, DTG 08bACHASTCH
TEM, YTO 3achllKa MPAKTHUECKH He MOXKeT OulTh nofbura moa Tpy6y
HACTOJILKO TIJIOTHO, UTOGRE IPOUBBECTH PASTPYKEHHE YIKe IOABEPrHYB-
IIerocs paHee YIVIOTHEHHIO TPYHTA OCHOBaHHA,
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“Hcxopst u3 srtoro, yfem yUHTBIBATE paclipefencHue OfmopHoil pe-
dROHE Q, JHIUB IO IepBONAYATLHOM OTNOPHOH HOBEPXHOCTH, ONPELE-
A%eMOl IeHTpalbHeM yrioM 2e. Clenanyble ZOMYLISHHS TO3BONSAIOT
HAiTH pacTpeielleHUs ONODHHX PeaKHuil VIS ABYX YKA433HHEIX DHILE

e [64].

c.nyg:&apgmle HA TPYHTOBOE OCHORaHue. PacCMOTPHM KeCTKYIO prg-
nyio Tpy0y, YIOKEHHYI0 Ha IPyHTOBO® OCHOBAHHME C YIUIOM 0XBaTa <%
{puc. 42 cnesa). Tlox aeficTBHEeM
Harpy3ok Tpy6a TOrpy3utcs B
OCHOBANHE HA HEKOTOPYIO BeJH-
ypny A. Ilpu 3T7OM  FApOU3BOJE-
Has Touka E, Jexamlan Ha BHeM-
Hefl  oxpyxuocTH TPYOBl H ONpe-
nenseMaa yraom O, TOJYyuHT
ocajky, XoTopas Moxer OHITb
pas/ioiKeHa Ha JABe COCTABJAI-
uHe: pajda’eHyl0 Wy=Acos®
H TaHTeHOUANLHYW i, = Asind

TanresuuatbHEE — COCTABASA-
JolllMe TepeMelleHnHl  BEISBIBAICT g5
3HAYHTEILHO MeHbLUIHe KacaTeilb- gan 7a
Hble YCHJIHMS, YeM HOpPMaJIbHEIE
papJeHus, O0yCAOBJEHHBIE pafH- .
anLHBIME TepeMernennsvu. [lo- Puc. 49, Pacupeieacunie ONOPHBX
STOMy, -Il‘pe}leﬁperaf{ TaHreHiH- peaKuuﬁ NpH l‘py}lTOBOM OCHOBAaHHHN
ansnofl cocTaBaAUIe]d Uy, TIOMb- H KECTKOM (QYHIaMeHTe
ayemcst  mpocrefimedt M-onen;éo .

BaHHsA T[pH [Oepe-

if{fg};{)}({l;)o;;o Kg;t}f)-c&nmnemepnomem H HAXOAMM HHTEHCHBHOCTB OIOpP-
Holi peakuun B Touke E

g, = kw, = kr, (cos®—cosa)AcosH.

PapHojelicTByllag OLOPHBIX peaximii paBHa IeOMETPHIECKOH
CyMMe BCEX AKTUBHBIX CHII

° % A (3sina+ sin®a — 3xcos )

QB=2Squ1cosﬁdﬂ= 3 ’

0

OTKYJAA: 30,

& r2 (3sin a4 sin®a ~- 3z cos )

H, HAKOHEI, :
— 3Qy (cos 0 — cos a) cos . (H. 101)
T ry (3sin a - sin® « — 32 COS a) . o
PacnpejelienHe ONOPHBIX peaxiuit o 3ToMY YpaBHeHHIO noxasaono‘
ya puc. 42 (ciena). Jlerko 06HapyKHTh UPE3BLINAHHO BJIH3KOS CXOA
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CTBO AHAJUTHUECKH Hal?{,E{EHHOI‘-O 3aKCoHa pacnpelefieHHA Ol'lOpHOfl pe-
AJISL 3KECTKOH XKeJie300eTOHHOR Tpy-

AKUHH € 3I0DaMH, N0JyYeHHLIMH
Bul skcnepumeHTaasEo (prc. 43).

5

A
\

Puc. 43. Hopmansnoe naBfeHue 3aCHTIKH M ONOPHHIE peaknuH, Xefict-

BYIOLIHE HA Kene306eroHyo TPYGY NPH PasHBX BHCOTAX HACHIIH
(no onmram A. Mapcrona)

Lag TpyGel, onupamieiics Bcelt HUKHeR [ORYOKDPYKHOCTRIO & ==

—— ﬂ -
g
- 3Qp cos20

o= (1.102)

5 Onupanne na wectkuil PpyHzamenr, [TpeneGperas, kaxk u s mpe-
AVILEM Cayuae, TAHTeHUHAJbHOH cocras/sloulell MepeMellendss ®

gpuaman MOZy.I& AeopManid, & cAeIOBATENbNHO, H KOIDQHLUUEHT
OCTR/IH TOCTOAHIBIM, NOJyYaeMm Mo puc. 42 (copasa)

3 -Gy = kw, = kA cos 0;
72 |

Qa =9 j‘ g,7,COS 80 = kry A (sin 22 + 20) .
0

A 2Qs
kry (sin2a + 20)°
oTKYIa

20 (11.103)
ry (sin 2a - 2a)

gy =

Pacnpenenenne peakiyil N0 3TOMY 34KORY [O-
KasaHo Ha puc. 42 (cmpaBa).

npﬂ U.'=—2—

20y cos 0

gy = (11.104)

wry

B nanbuefimeM GyjieM CUATATh HOPMAJbHBIH
cnoco6 yxJaakH TpyObl Ha eCTecTBEHHOe IPYHTO-
BOE JIoKe (mecuaHoe MM TJIHHHCTOE) ONHPAHHEM
Ha HECBSI3HOE OCHOBaHHE, & YKJaAKy Ha (pyHAa-
MEHT — OIHpalHeM Ha CBA3HOe ocHosamwe, [Ipy

5TOM B NepBOM cayuae OyleM TIPHHMMAThb a=45" -

a BO Bropom o= 67°30",

TpyGhl, ynomeHHble CIOCOOOM 3aKPHITOR TIPO-
xonkH 'Ge3 ycTpolCTBA  IUTO/BHH MM TOHHE/A
Goasuiero pazMepa, OyiaeM CUHUTATE OfIEPTHIMH HA
HeCBAZHOE OCHOBaHKe ¢ yrJioM oxsara 2 a= 180°

B cayuae, eciii Tpyfa uMeeT TVIOCKYI0 NOAOII-~
BY WIH JIeZKHT Ha (yHLAMEHTE C IJioCKOH MoHou-
BOH, 4JIst OTpede/eHHsl BHAA 3TIOPE PeakUHH 1o
MoLoiliBe MOXKHO OHIO OBl BOCNOJNB30BATECA H3-
pecTHHIM pewenuem M. Canosckoro  Ajs abco-
JIOTHO 3KECTKOM TIOJMOCH!, JeXaillel Ha ynpyrou
poaympocTpancTse. Ho y Kpaep MON0CH 3TO pere:
HUe TIPHBOAHT K GecKoHeuno GONLUIAM HanpaXe-
HUSIM, YTO, OUEBHIHO, HEBO3MOMKHO, M YKA3bIBAET
Ha TosiBAeH#e 37ech obaacTelr Tekyuectr. Hertnu-

Puc. 44. Jlapxenue
rpyHTa M ONOpPHbIE
peaKuiH, ACHCTBYI0-
mue Ha TpYOy €
naockoil morousoi

Yceaoenme

afip 1 aYeHHS
HopmanbHbe
COLTARATIO-
juue A8BAC-
HHH
Kacartenn-
Hne COCTIB-
LETOGETS
AABACHHA
TeomeTpH-
qecKME CYM-
MbL  COCTHB
AL LLHK

Hasg BeJUuUHHAa KpPaeshiX Hal’Ipﬂ}KEHHﬁ ocTaeTed PR 3TOM He-

BBIICHEHHOM.

DKCnepUMeHTH, NPOH3BeJeHHME AsHC [15] ma GaxuHCKOM BOLO-
IPOBOAE, WMEIOWEM TIOCKYIO NOA0MIBY, NPUBE/H X THIHUHBIM DTIOPAM
onopublx peakunit (pHC. 44). OHH Zalu clelylolle cpelHue 3xauc
HHSL OTHOWIGHHH MexkAy Hauboabiiet H HayMeHkIIe OpAUHaTaAMHE

SIIOPLL

peakunii: ana cyraunkos — 1,70, nas raRH — 2,14, DrTuMA

AaHHBIMH B HACTOsLILee BPpEMA H cJaeIyeT I0JbB30BATLCA Ans NpaxTH-

YeCKUX PAcueToB.
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- ?g?pgagggxunﬁ (puc. 45) .¢ gocTatounof TouHoCTBIO MOXHO [pH-
01y, OPDIHHATEI KOTOPOH ONDEeREeASIIOTCS 1
bopmynamu; g Syt
npH CYTJTHHHCTOM OCHOBaHHH
CpelHAR OpAHHATA

= Qo
%0 =081 2=, (11.105)

KpalHaa opayHaTa

g, = 1,37 %‘:; (I1. 106)

TOPH TAHHHCTOM OCHQBAHWH
7% =073 2 (11.107)
B,

= 1,56
a=156 " (1.108)

[ st mecuanoro OCHOBAHHS,
T YUHTHIBAA CTPYKTYpubte nedop-

f | L
L o
1
L. ____}L{q } MalliH, BOSHHKAIOUHE [IPH CAMBIX
HeGOMBIIMX JABJEHHSX, IpPHMEM
. apHoMe
Puc. 45. Pacuernas SNKPA peakuMi gaBJIEHHslI) HI?S mnpgi(ém);ﬂene}me
TPYHTA NpH NMuocKkoH Hoxourpe HKectrue ¢ -
(QyHIaMenT2 MIH TPYGH : , YHAAMEHTEl  [I07
;‘pyﬁonposoxamﬁn H3  KOPOTKHX
BEHLEBHIX T BEI ;
tyuxnuy. Bo-nepeux, OHH NPegynpexnaT noaﬁggeﬁnel'méﬁ)}ig‘nﬁ B;i
HEPABHOMEPHEIX OCAaROK MO AJHHe TPyGonpopoxa, KOTODEI® CJYHAT
TDHYHHOH DACCTPOHCTBA CTBIKOBBIX COENMHEHH Tpy0, HApYINaOIUIHX
TEPMETHYHOCTD TPYGonposona. Kpome Toro, HePaBHOMEDBOCTh OCaz0XK
HAPYMALT TIPOEKTHBIE YKJIOHH H YXYALIAET FHAPABIHYCCKHE CROfCTRA
GeananopHeIX TpyGonposomos, K ITOMY OCOGEHHO YYBCTBHTEJNBHE
TPYGOIPOBOAR! GOMBUIX JHAMETPOB, KOTOPHE OOLITHO YEI&IBIBAOT-
CH ¢ MAaJIBIMH YRJIOHAMH.
_ Bo-BTopriX, GeTonHBIe (pyHAAMEHTEl, YCTpaHBAEMEIe mox tpyGa-
MH, c038al0T Godee OGAATONPHATHBIE YCIOBUA pa6Gorel TpyS B moMe-
PEHHOM HanpaBjeHHH, NPHBOAS K YMEHBUIGHUIO H3THGAIOUINX MO-
MeHTOB B ¢TeHKax TpyO. ToAllHHA CTeHOK BCJIeNCTBHE STOrO MOMNKET
ObITb TpUHATA MeHblUeH, YeM IpH YKIafAKe HETIOCPeACTBEHHO Ha
TPYHTOBOE OCHOBaHHe.

HepaproMepHocTs ocafox TpyGonpoBoia BHIZBIBAETCH, ¢ ONHON
CTOPOHE!, HOPaBHOMEDHOCTLIO HATPY30K, MPHJOKEHHHX HA INOBEpX-
HOCTH, a C APYrod CTOPOHbBI, TEM, YTO YCTPOHCTBO BLIEMKH B BHIe
TPaHUICH TPHBOJUT K BOIHAKHOBEHMIO OGIACTell TeKyduecTH Ha e
STOH BHIEMKH.

Tlocne Toro, xax Tpy6a yaomena u npouseefena o6paTHag 3a-
ChIlIKa TPaHIIeH, TUEePBOHAYRJNBHOE HANPSIKEHHOE COCTOAHME, Obib-
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mee B TPYHTe AO YCTPOHCTRA TpaHIlleH, MOXET BOCCTAHOBHTHLR;
ONHAKO TaKOoll TPYHT mpuoGpeTaeT CHOCOGHOCT: AABATh 3HAYHTE/b-
HEe OCAIKH Ja)ke TpH HeGOJNBIIHX NaB/ieHHAX, TIO3TOMY MOXKHO
OIacaThesl HepaBHOMEDHBIX OCAO0K TPYOOIPOBOJOB, Y/AOKEHHBIX B
TpaHllex. : . -
Ecan Tpyba JIeKHT HENOCPEACTBERHO HA HECBABHOM TPYHTE,
B CIIelHaJbHO YCTPORHHOM KODHITe ¢ YIVIOM oxBaTa 22 , To HanGoJsb-
gllee JaBJeHHe Ha TPYHT MMeeT MeCTO B HMKHEH TOYKe MONepedHoroe
cegenus TpYOe H B coorBercTBHH ¢ (opmynolt (I1.101) cocrammiser
3Q5 (1 — cos a) =7, Qa ' (11.109)

9a= ri(3sina--sin*a — 3z cosa) E

3nece @, — paBHOAEHCTBYIOUIAS BePTHKAJLHOIO aBJeHHs Ha 1 M
LJAHBL TPYORI; :

ri — BHEIMHHMH paguyc TpyOH;
g, — Kosdunyent, 3aBHCAIIMA OT BeJHUMHH yIjia o

(tata. 10).
TaGauua 10

3nauenns koaddHunentor ga B dopmyae (11.109)

' 1 67 —
= B rpax. o 10 22 - 30 45 60 > 75 90

Ya o |6,92| 3,76 \2,92 9,18 | 1,78 | 1,68 | 1,52 1,50

[Npu ykmagke Tpy6sl Ha ofpasywomyrw (a= 0) HanpsLKeHHd
TeOpeTHUECKH TIOAyUYaloTea OeckouedHo OONLIIMMH; B JeHCTBUHTE/Db-
HOCTH '61arogapsa CMATHIO rpyHTa nox TpyGofl mIIomianka COMpHKOC-
HOBeHHA NpuOOpEeTaeT KOHe4HBle PasMephbl, a CJIeAOBATE/IbHO, A&B-
JeHWe Ha DPYHT He JOCTHraeT TeOPETHYeCKOTo Tpefena.

Ecan TpyGa JeXHT Ha JKeCTKOH MOJylIKe, TO ILHPHHA TOCIEA-
Hell MpeBLIIIACT BHEIIHRI AnaMerp TPYOul He Godee ueM Ha 1/ aToro
AHaMeTpa, NO3TOMY CpeiHee AABJeHHE Ha TPYHT COCTABHMT

g=_—% ___0750% (I:110)
1,333D, D,

Tarum ofpazoM, pacyeTHOe HaB/IeHHe ‘HA TPYHT [pH yCTpolcTne
HECTKOH TOoAywWKy oL TpyGy MPUOJIM3HTENbHO B TPH Pasa HuXe
TOTO, KOTOPOE COOTBETCTBYET CJYYalo OTMHPaHHf T-pyﬁgIO‘HE.HOQPE,H,CT-

BEHHO HA SEMJAHYIO DNOCTElb C YIJIOM OXBaTa 2a= ]
Caepyer ykasaTtb, 4To a0COJNIOTHbiE BeJHUMHBI AABJICHMH Ha

TPYHT MOTYT IpH GOJBIION BHICOTE 38CHIIKH JOCTHIATH OUEHb BBICO-

Kux 3HadeHHH.

[lycts, HATpHMep, BLICOTA SACEINKM H3 BJAXHOTO Metka Hal
pepxoM TpyOH cocrapaser 6 M, IIHpHUA TPaHIlew 2 M, BHEWHHH
auamerp Tpy6ul Dp = 0,72 m (Do =600 su). Toraa mnoauoe sep-
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S S

THKA/IbHOE jaBieHHe Oyner paBHo Qp == 127 7, y [ADH onMpaHHK
TPYOR Ha TPYHT ¢ yraoMm 2@ = 90° MakCHMAaJbHOE OaBJIeHHe €OCTa-
BHT:

_2,1812,7
0,72

a

= 38,5 m/m*=4 xzjcu?,

EcTecTBerHO, uTO NPH TaKHX AABIEHUAX MONKHO OXHAATE BHA-
GHTEALHBIX H HEPARHOMEPHLIX OCANOK [a’ke IPH LOBOJLHO TAOTHBIX
TPYHTaX; nosTOMy yKNAanka TpyGol HeNOCPEACTBEHHO Ha 3eMAAHYIO
MOCTeb B YCJOBHAX NAHHOTO NPHMEpPA HeNONYCTHMa.

OnacHocTb NMosBAeHHs HEDABHOMEDHBIX OCALOK OCOGEHHD BejiH~
Ka B TOM caydae, KOrja TpyGONPOBOJ, YJIOKEHHBIH GJH3KO OT no-
BEDXHOCTH  3€MJIM, TONBePraeTcs HeHCTBHIO TAIKEMBIX COCPELOTO-
UCHMBIX HATPY30K OT Tpancnopta. Eciu AJHHa 3BeHbeB TAaKOTo Tpy-
fornposoga Hepeauka, To CoXpaHeHHe NPAMOJHHEHHOCTH ero ocH B
BePTHKANRLHON TIOCKOCTH MOMeT GOHTh O6eCMeveHo D yerpoii-
CTBOM NOA Hero CIVIOIHOrO MK CGOPHOro GEeTOHHOro, a B HEKOTOPEIX
CIVMAAX Jame M Kene3obeToHHOro (yHraMeHTa, paforaiers
B MPOACJLEOM HaNpPaB/CHHH KaK JEHTOYHBIH (PYHIAMENT HA CIUIOLI-
HOM ocHopaHHH. IIpn 3TOM, K4K yKasbiBaJoCh Bhile, BO3HHKAET He-
00XOAMMOCTL COOTBETCTBYIOLLErD paciera atoro dynnaMenra,

{ Trasa 11T
BHYTPEHHHUE YCUJIUA B CTEHKAX JXECTKHX TPYb

1. Pacuer 3aMKHYTOr0 TOHKOCTEHHOTO KOJIbIA,
paforanouiero B Mpeaeiax YIpyroctH

ITonepeunoe ceuenue TPyObl TPeCTABASACT coGoit TPHAIR, crg:
THIECKH HEOTPELeTUMbld 3aMKHYTHIM KOHTYD (koaELO), HI?(X?:?UI"
Wwuiics B PABROBECHH IO AGHCTBHEM HATPY3OK ¥ PCAKTHBHE .

JLns pacKphITHA CTAaTHUECKOH He-
OTIPEICNHMOCTH  CJIEAYeT BOCHOIB3O- - ~l T
BATBLCH METOAOM CHA H MEPEHTH K CHM-

METDHYHO OCHOBHOH CHCTeMe, paspe- :
gafd KOHCTPYKLHIC B 3aMKe M NepeHocd 8
OCHOBHbIE HEHU3BECTHEIE, JUIS HX Pa3re- v
Jeuust B ypaBHeHHsIX TepeMellenuil, B a 3
ynpyruii nestp. B xpyraoit tpy6e no- &a _
CJeIHHH COBNAajaer c ee¢ IeoMeTpHuUEe-
CKHM LeHTpOM {puc: 46). 5 A Xz
A

Puc. 46, QOcHoBHaz cHCTEMa

Kpyraoh Tpyoe

[

B cHay CUMMETpPHH caMoff CHCTe-
MBI H MefiCTBYIOLIMX Ha Hee HAarpysok
OTHOCHTEJBHO BEDTHKAJLHOH OCH M3
Tpex HeH3BECTHEIX COXPAHACTCH TOJIbKO
asa: Xy u Xo, A5 oupeleJedHss KOTo-
PHIX AOCTATOUHO PacCMOTPETh OZRY TM0-
JIOBHHY TpYGH, HANPHMED JIEBYIO'.
TpySy ycroeuo OyjaeM LUHTATh
OTIEPTOH B HHKHEM -CE‘«IEH‘PIP;I f{o[: ;rflpr?a-t
eg pacyeT B OTACJALHOCT .
ii?{f:)ﬁn;:‘iblsm pHarpyaxn W Ha OefCTBHe ONODHBIX PeaKlui, -pa{;gpe}z{n::
JieHHe KOTOPHIX ObUIO YCTAHOBJAGHO B NpPeAbIIylleM liaparpa e Ie
KJaJLBas APYr Ha ApyTa Bo3AedcTBus HAFPY30OK H ONOPHHX P ,

X

AR SN

1 Mpod. A. M. Ceranewm [37] mpennomen OpHMHMANBHLIA cnoggﬂﬁﬁp:;:ﬁi

KPYroBOTO KOJAbIA KaAK CTATHYECKH OfPe/lefnMOH CHCTEMbguzTOOTpgrc[;manunaerca
y MCTRYIOIIAA Ha K , pa !

TCA B TOM, 4To Jiofad Harpyska, AeHCTBY aeted
:36 I/MHE oxfny}xuocm B TPHTOHOMETPHUECKHH Pl 110 KDCHiilygamﬁ}I eﬁm;;:}:{:;n{ae
Pacnipefefende BHYTPEHHMX cHJI M Redopmanmit 8 kpyraof TpyGe OYA
CNefOBATE 3aKOHY KOCHHYca HJIM CHHYCA.

77




g 1 e

MOKHO NOJNYYHTE HCKOMBIE BHYTPEHHHE YCHIHA OT JI06HX HHTEpecyo-
IHHX Hac HArpy30K MpH COOTBETCTBYIOLUIHX HM ,Heﬁ'CTBH‘I‘E‘,JlI)HbIX onap-
HEIX ycJoeuaX. [1pustoM paBHomeficTByIoMmas HarpysiH JOIKHA OLTh
pasHa \paB'IEO;ILeﬁ-CTByIOHJ,Cﬁ OINCPHHEX peakuu#l, BeaemcrBHe cum-
METPHH BCed TPyOH KakAY0 H3 ee NOIOBHH MOMKHO paccMaTpu-
BATb KaK KPHBOHA OpYC, XKECTKO 3ale’aMMBI HHMHHM KOHILOM,

TIpun meperoce HeHaBecTHEIX it
; ‘B YNPYTHH ILIEHTD TSKECTH Oum
oupenensiorcss dopMyaaMu: ’

X, e Ao .
oL B F
Xym—tn S :(111,1)
Bgs o :

ANaNUTHYECKUMH  HCCIeIOBAHASIMH H. I --H'poxo-cbhesa
C. II: Tumowerko u Apyrux YCTaHOBMAEHO, MTO jJaxe B TOM -cilyllaey
KOTNa TO/INMHA KPHBOTO- 6pyca (apku) AocTHraer s nposera a
CTPe1d TOLXBEMA PABHA NPOJETY, BAHSHHE KPHBHSHHI Ha- BEJ'IPI‘IP;H}?
fepemernenul He npesbiaer 3% n MoKer GuTh ocTaBdeHo Ges
yueTa. , :

HUTo Kacaercss BJMSHHT HODMAa/bHBIX M TIONePEYHEIX CH Ha
MEPEMEIleHns, T0 B TPy6aXx HMHE TakkKe MOIKHO TpeHebpeun, 1o-
CKOJILKY TIpeoGJajalonlylo poib  TpH AehopMalnu MrpaioT H3rH-
Gatome MomeHTHL Ilosromy TDH  ONpPeNe/CHHH TepeMelleHul
MOXKHO MOJIBb30BATECS (opMyaol Mopa — Maxcsenya mas npaMoro
Opyca M YUHTHIBATE BIHSHAE TOJBKO H3ru0amIllAX MOMEHTOB:

M M, ds :
Ay = Z—g—‘} :, (11.2)
C .

rne M I—HBDHGa}.’OLHiH]?I MOMEHT OT cuin X, =1, no HATIPABJISHHIO
KOTOPOM OTNPENENSeTCs TepeMelleHHe;

My — warudaommi mMoment or CHJI, KOTOPbIe BHIZHIBAIOT Nepe-
MEIIeHHE, B YaCTHOM Ciyyae OT HAarpysoK Wy OIIOpPHEX
pearnuir; '

ds — sneMenT ITHHEL OKp

: : PYXHHOCTH CTEHKH TpPyON mo cpenmel
JUHHH, ds = rdy; - P
E ] — HeCTKOCTh NPOROMRHOTO Ceuenus CTeHKH TPYOHL.
CyM-M-I{‘pO‘B'a-‘HHeupaCHPOCTpaHHe’I‘-CH HAa OTHeJABHBIE  YYACTKH
HATDYSKH 1 OMOPHOH peakiHH, ZefCTBYIOMNX Ha TpyOy.

,[[mi KPYIJIOH TPYOBl YBeSHueHHBle B E,I pa3 nepememtenus
OCHOBHOM CHCTEMBI OT JIMIIHEX HEeM3BECTHBIX BBIPAXKAIOTCH TAK:

Ecldy=(Bds =r (M do=r [do =, (I1L.3)
0 0

E 13, = J"Mgds =7 f Mdo = r f cos? 88 = (11p.4)
. - , r 2 ‘
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rne M=1, M,=rcosH. ' ' : o
TlepeMemnesus OT HATPY30K H ONOPHBIX PEaKUMiA AONKHH OBITH
HafileHBl € YUeTOM pAasJIMYHOrQ BHIPAKeHHST GYHKUHH MOMEHTOB
AJs1 BepxHeH M HHMcHEH NOAOBHH OCHOBHOW CHCTEMKI:
t]2__ g LI i
E IAy x.chIMOB dd 4. 5 M M, db =
0 - /2

- rj[sz% ds + fMo.; as ]; (I11.5)

=2
. i /2 o =
E Ay = — rz[ gMOB cos tab + j'MOH cos ﬂdﬂ} , (IIL.6)
0 =2

rae Mo, m M, ~— Bupaxewusi H3ruOAaloOMIX MOMEHTOB OT Ha-
IPysKH AJad BepxiHell H HUMHel TOJOBUH TPYOH.

Orcuer noaapHuX yrsiop 0 Bemercs OT BepXHErO KOHIA Bep-
THKAJBHOIG AHAMeTpa. I3 3aBHCHMOCTH OT TOTO, N0 KAKOMY KOHTYPY
TpyOLEl  pachpefeseHbl BHELIHHE
CHALl — [I0 BHEUIHEMY HJAM TIO
BHYTPEMHEMY, — B BhIDaXeHHA
H3rHoaoIAx MoMernTos M, 1 M,
OyHeT BXOOHTB, KpOMe CpejHero
pajgdyca TpyOnl, elle H napyx-  —
HEH HJAR BHyTpeHuufl, Ecan Ha-
rpyska CHMMETPHYHA TaKkxe H
OTHOCHTEJIbHO  TOPH3OHTAJBHOMN
OCH IIQIEPeyHONO CeyeHus TPYOH,

TO HeH3BecTHOe X MoXer OHIThH
ONpelleJIeH0 M3 YCJIOBHS PaBHO-
BECHS OMIHOH OTCEYeHHOM TOMO-  pye 47 Pacuernan cxema TpySu
BHHEl TpyOpl, H 3ajava CBOIHT- HEKPYINoro MNONEPeYHOro CeYenHs
CA X pacueTy OIHOKPATHO CTa- :

THUECKH HeonpellelHMod  cH-

CTEMEL 4

Iaa TpyGH, TONepeyHoe CeueHHe KOTOPORl  OWIHYaercs OT
Kpyra, B KauecTBe PacUeTHOH CXeMBl CieAyeT NDHHHMATh JHHHIO,
CORRHHSIIOUIYI) LESHTPBl THAMKECTH OTAeNLHBEIX CedeHHH, Kax 2To mo-
Kaszauo Ha puc. 47. KoHeuno, Taxkofl IpHeM J0CTATCUHC YCJIOBeH, HO
OH BCe XKe NPeNNOYTHTeNbHee, YeM DPACYET OJHOTO BEPXHEr0 CBOJA,
TUPHHATOIO 2KECTKO 3alleMJeHHHIM B ISTax, :

CrefyeT CUHTATBCA €llle C TeM OGCTOATeNLCTBOM, YTO HArpy3ka
OT [aBJieHNd 3acBLIIKH paciipefefela N0 BHEIUIHEMY KOHTYPY, 4 He
No oceBof JHHHHE., ITO MOMKET OBHITb YUTEHO TEM, 4TO H3rHOalolIHe
MOMEHTH OT HATPY3KH ONpenensior No JAeHCTBHTEJBHOMY pacrpele-
JICHMIO 3TOH HAPpy3KH, He IlepeHOCH e€e, KaK 3TO UacTo jesaeTcsd, Ha
OCEBYIO JIHHHIO. :

r

1rtd
| EEN}
=g g
L g —d

115
IERERX]
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B cayyae TpyGHl HEKPYIMJIOTO MONEPEYHOTD CcedeHHd KOOPIAHHA-
1y ympyroro ueHTpa (Touka C) ciefyeT onpefeasats mo Qopmyie

s

LV e

)

(I11.7)

Y= S »
Zj‘ ds

‘ Eol

0

rae ds — aneMeHT LJIHHB Jy-
TH OCH TPYOH;
Yy’ — paccrosHHe  STOTO
sjleMeHTa A0 TOR
OCH, 110 OTHOUIEHHIO
X XOTOpoH  BHIUMC-
ngeTcd KOOPAHHATA
YIPYrore ueHTpa;
§ -—noJnag AJHHA Oce-

1
!
1
zlaz'az'!az'az)

et

. H/IM HHXKHell Jacred
Puc. 48. OcnoBuas cHeTema TpyOul KOHTYpA. )
HEKPYIIOro NONepedsHoro CevenHs CyMMHpOBAHHE OTHOCHT

td K BepxHefl W HHXKHell ua-

cram Koutypa. [lepemeinenus srruncasiotresa no gopmyrae (111.2).

Ecrn ouepralie KOHTYPA MJH 33aKOH H3MEHEHMs TOJIEHHE
ceueHHH He TO3BOMAIOT NPOH3BECTH MHTENPHPOBAHME, TO €ro MPHXO-
IHTCS 3AMeHATh CYMMHPOBAHWEM XOHeYHOTO YHoia CJaraeMblx:
Jlas sroro KpuBoJEHeliHOe OUepTaHHe KOHTypa 3aAMeEHSETCHl MHOIO-
YFOMBHHKOM € YHCIOM cTopoH oT 16 Jo 20 (puc. 48). I'opuson-
TaJbHEle TIPOBKLMH KaMIOHd CTOPOHBl Taxore MHOTOYIONBHHKA,
wKoTopsle Gygem ofosHayaTe Ax, yao6Ho NPUHMMAThL OAHHAKOBLI-
mH, EcH TOJIIMHA BepXHero MM HHMKHETO CROJA MeHFercd Io ocH,
TO pacyerHas TOJILHHA HA YYacTKe MeXAy BepIIHHAMH MHOTO-
YroJbHHKA ~ [PHHHMAETCH PaBHOH cpenHeMmy  apUghMeTHUECKOMY
3HadyeHusl TONUEAH y KOHLOB 3TOrC Y4YacTKa,

dopuyaa (1IL.7) zamensiercs caeaywoulei:

Y=, (I11.8)

BOM JMHWE BepxHeldl

Ple fi — YHGIO CTODOH MHOMOYTOJBHHKA, 32MEHIOILero TOJOBHHY
KOHTYDE; ) i '
§',—paccTosHHe OT CepeSUHEL HIEMERTa [ 10 BEIDPAHHOH OCH;
§, — YrOJ HAKJONA 3/eMeHTa { K POPU3OHTY;
/,— pacueTHBIi MOMEHT HHEDLUHH SJIEMEHT4,
E, — mojynb yRBPYTOCTH MaTepHaja.

OcHOBHBe HEH3BECTHble ONpefeNfioTcs no GopMynam:

n
E M,

™ Eo [; cos ¢
1

n

1
EEC [;cos ¢;

Myy;
EcI;cos gy
‘ 1
Xy =— ,

n

N eerier
E.ljcosg;
1

3

(111.9)

re Mo — H3ruGaiomMi MOMEHT OT 'HAIDY3KH HIH OnOpHOf peak-
UuM TOCpeiMHe TAHHOTO SJieMeHTa B OCHOBHOM CHCTEME,
OH CUHTAETCS TOJOMKHUTENLHEIM THDH PAcTAXKeHHH BHYT-
penrux Guop; .

§, — PacCTOsIHUe OT TOPHSOHTAJBHOW OCH, TPONOASMICH gepes
yhpyruil HewTp TPYGH A0 CEPeNHHBbl AEMEHTa I STO
pACCTORHAE CUMTAGTCS NONOKHUTEIDHLIM, echH cepenuua
S/leMEHTA JIEKNWT BLille OCH, B OTPHUATEJBEHEIM B o6part-
HoM CJaydae.

Briamciaedusi yAOOHO BeCTH B rabauunofi popme. )
[Tocie HAXOMIEHMS  OCHOBHBIX  HEH3BECTHDIX HarH0a KL i
MOMEHT B JI060M CeUeHHM KoJIbla OMpelesseTcd Mo dopmyae:

M=M,+ M X, + M X, (I11. 10)

rne M, # My— wsrupbaiomge MOMEHTH B JlaHHOM  CeUCHHH OCHOB-
mofi cucTeMpl OT HemspecTHmx X, % Xp, paBHbIX
eJHHHIE.

Jlns cTeHkH TPYGH, Kak A KpHBOro Gpyca, HMEIOT MECTo
CAefyiOllHe 3aBHCHMOCTH MeIy HarHOaioLEMy MOMEHTAMI M,
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e 2

nonepeulhiME CHlaMi (), HOPMANBLHEIMH cHJaMH N H Harpyskoi: : . Ta6auua 1l

M : - - 3navends xoaddHumentos M B N AM8 PasHBIX HATPYIOK,

= E ; ' g ‘ AefiCTRYIOMMHMI H& KPyrayie TpyGy npH PasqHYHKX YCJAORHAX ONHPAHKA
N d ‘ Crocob onipasuy TPy
g = - — a9 H (1. 11) c Kovdsu- MuaXR-
r ds = Harpyakn LHEHTH BA OAGC- HOPMAAL~ | HA dyHia- Texn
o= _Q__d_N = KOCTh HEIA MEHT
1 r ds ' ) . .
. _ ‘ 1 6 Coaﬁcmennm'i BecTpy- | My 0,2390] . 0,1230| 0,0510] Ger
rlle g — HOpMailbHas COCTABJSIOMIAs HATPY3KH, KoTOpas CHd- E LR R I A
TaeTcd NOJOMHTENLHON, ecii OHa HaTlpaBieHa K LEHTPY ‘ _’}4_3‘ 0,07974 0,0707) 0,0525| Ger
TpyGEL; ) ' 3 M, —0,0009 ! ~0,0823 | —0,0589| Ggr -
¢) — ®KacaTelpHas COCTABJAKIIAA HArpys3KH, KOTopasw CUH- J‘ - N, 0.0797| 0,2060| ©,2990] G
TaeTCH IHOVIOKHUTENBHOH, ecJii TIO OTHOIIEHHI0 X LEeHTPY _ _
TPYGH OHA CO3MAeT MOMEHT, HalpABIeHHBIH No JABHKe- : Ng | —0,0797| - 0,0618]| —0,0196 | G
HHIO YacOBOH CTPEIKH, : _ Ng 0,2500; 0,2500| 0,2500| G
r — pajuyc KDHBH3HEI 3JeMeHTa ds. g : :
OkoHuaTe bHbe (HOPMYJH IS H3rubaloIMX MOMEHTOB H HOP- JR— B
‘ p 2
MAJBHBIX CHJ B JIOGOM CEYeHHHM CTOHKH TPYOGH MOTYT ObiTh npHBe- ] 2 mﬂa{::;r::.{e ?;,,,f&i& Ma 0,239 | 0,123 | 0,051 | FPors ,
HeHsl K C/ABLYIONIEMY BHLY: ‘ 1 sapoangpmeii Tpy6y Ges | Mgz 0,0797] 0,0707| 0,0825| Pyr
M= MQr: L Hamopa Mg |—0,0009|—0,0823|—0,0589| P,7
N=NQ, (111.12) N, |—0.,398 | —0,271 |—=0,179 | P,
0 . . Ng —0,239 |—0,221 | —0,179 Py
rae -— PABHOJIEACTRYIOMAA Tofi MJH HHOH HarpY3KH, = . | S P
= (:penH'H-ﬁ panuyc T.pyﬁhl; N 0,0686 | —0,0686G | —0,0686| P,
M u N — xoaddunmenTsl, 3aBHCAIMe OT  pacnpelesleHHs Ha- g
TPY3¥H H [NVIOXKEHHS B3ATODNO CeueHHA. ] 3 BeprnkaxnHoe paBro- | M, 0,294 0,178 0,106 Gypr
— MepHoe JaBRaeHHe 3a- —
B Tta6a. 11 npusoasrca smayends koadpuunentror M u N paa a cunku Gy B Tpanwenx 1| Mz 0,150 0,141 0,123 Ggr
a b OK, DaCCMY g ‘B T I e} JHUHEIX HACKNEX o
PASHBEIX HAIPY3OK, pla TPEHHBHIX B IJaBe ‘I, e pasl HEL ‘ My | —0,15¢ [—0,145 |—0,122 | Gyr
yCIOBHAX onupanus', Tlpw stomM B chaydae Omupalds Ha crpodu- : -
JWpOBAHHOE IPYHTOBOE JOXKe NMpHHATO «=45° a p caydae omupa- : Ny 0,083 | 0,180 | 0,272 | G,
HUSL Ha GeToHHyw onopy a =67°30". Ny -—0,053 | —0,085 | 0,007 | Gy
$opMyaL OTHOCATCA K TpPeM XapaKTepPHHM CedyeHHsM CTeHKH - = ‘
py6ei: x mogomse { == ) —rouka A, x mennre (¢ = 0)-— Ny 0.500 | 0,500 | 0,500 ) Ga
Touka B, K 6oxam’ (6 =i) — ToukH B.
2 - 4 Bec sacwnku Gy B ,na-f M, 0,271 0,155 0,083 G r
Marubaiomige MOMEHTH CYHTAIOTCH  MOJOMHTENbHBIMH, eCJId 3yXax" BepXHEro CBORA | o 0 085 0.07 | © 058 G
OHM BHI3EIBAIOT pPACTAXMeHHe BHYTPeHHHX BOJOKOH, a HOpMaJbHbiE TPy OH B ’ ’ ’ nt
CHJBL — IIpH CHKATHH. . ‘ : ‘ Mg —0,126 ;—0,117 | —0,094 Gpr
Jas AaBJIenus P,, nepemaionrerocss Ha TPyGy OT Harpy3KH, W, 0,102 0,229 0,321 G,
NPUIOKeHHON Ha [OBEDXHOCTH 3eMJIM, IPHMENSIOTC (OpMYJH : —
Ne 3 ra6n. 11 ¢ sameHoft Benuuunn G, BeaduuHON P,. Ng |—0,102 | ~0,084 }—0,042 | Gq
B _ _ Ng 0,500 | 0,500 | 0,500 | Gq- :
I 3tH Ko3(O)HIHEHTH ¢ H3BECTHHM RpUOIHXMeHHeM NDHMEHHMH H IS TPY- ‘
6 ¢ naockofi MONOMBOR.
82 : 6*
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BokoBoe (rOpPH30HTA/AbHOE) DApHOMepHOe jasVieHHe 3achlllKi
B TPAHIUEAX H HaCHUIIAX He3aBHCHMO OT crocoba opUpaKus TPYOH
BLI3bIBAET CJESAYHIOIIHE BHYTpeHHWE CHJIBI: '

MA=MB=——M5=—~0,125(}61';

- (111.13)
N, =N, =0,500G4; N =0,000.

~ JlaBnenne sachiiky Ra TPYOy, YJIOKEHHYIO B HACHTIH, ONpEAe:
nsemoe (dopmynamu (11.27)—(11.31), smiseiBaer MpM onHpaRuu 1d
NJOCKOCTh BHYTPEHHHe CHJBL, BHPaXKalOUlHecs CAefyIOIHMK 06-
mrpMH  hopMyJIaMH:

M=‘[rr1(mH0+Ef1);

- - (I11.14)
N =qr, (nH 4 nry).

KosbduiHenTtst m, M, n W n, ssisiommecs GyHKIuAMH yrIa
BHYTPEHHETO TPEHMS ¢, NPUBOLATCA B Taba. 12.

Ta6anuuna 12
Suauenus KoapduuuentTor m, menu n~
Kosdpipu- Yroa BHYTpeHHero TPEHUR @ DECHOKK
OHEHTH
Q° l 10° 22° 30' 45° 67° 30' y Bo°

My 0,000 0,263 0,427 0,549 0,581 0,587
mp 0,000 0,103 0,186 0,261 0,261 0,299
mpy 0,000 —0,105 —0,189 —0,269 —0,300 -, 307
ma —0,750 —0,551 —0,479 | ~—0,445 | —0,439 —0,439
mB —0,250 | —0,260 | —0,267 | —0,279 |} —0,288 | —0,293
me 0,285 0,276 0,261 0,251 0,252 0,252
n, 1,000 0,632 ¢,384 0,250 0,119 0,106
g 1,000 0,644 0,349 0,056 —0,071 —0,106
ng 1,000 1,000 1,000 1,000 1,000 1,000
na 0,250 0,040 —0,072 |. —0,090 - 0,110 —0,094
g —0,250 —0, 141 —0,089 0,021 - 0,075 0,004
s —0,785 —0,785 ~0,785 —0,785 —0,785 —0,785

Jdaa Tpy6bl, oneproll Ha 3eMJsSHOe JIOXKe HMJIH Ha hyHIAMEHT,
srofl -TaBaMuell caenyeT TIOIL30OBATECA B couerany ' ¢ Taba, 14,
npupefeHHoi HuKe, IIpH aToM paBHOeHCTBYIOMIAs ONOPHBIX peak-
uuit HaxoauTes no ¢opmyde (IL31).
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Or nasaeHdsi TPyHTa Ha TPyOy, yJlOMKEHHYIO HENOCPEACTBEHNO
B rpyHTe CrocoGOM 3aKDHITOH MPOXOAKH, BOIHHKAIOT TaxiKe BHYT-
peHHuE CHMJIBL:

My=Myg=—M;= 0,125(63——(}6)r;
N, = 0,25G, -+ 0,500G, ; N=0,500G,: (111.15)
N, =0,5004, .

OT HepaRHOMEPHOTO HATPeBaHUA CTEHKH TpyGbl  BO3HHKAWOT
TOJABLKO Harubalomme MOMeHTHL

MA#MB=ME=*

e Ech? (fh— 1)
12 !

(Ii1.16)

Frrapa M

¥
P
Puc. 49. Smoput M u N B Puc, 50, Kpyraas TpyoGa,
kpyraoit Tpybe npn neHCTBMH yaCTHYHO HANOAHEHHARA
ABYX COCDEIOTOYEHHHX CHI WHAKOCTHIO

fle h— TOMIHHA CTEHKH TPYOHI;

E, — MOLyNL YNpyrocTd Martepualja CTenki TPYOH,

o — KOSMQHUKENT JHHEHHOTO paclIHpeHts MaTepnand;

fo— TeMIlepaTypa y BHYTPEHHEH TOBEpXHOCTH CTEHKH;

) — TemTlepaTypa Yy HapyXHOH IIOBEPXHOCTH. ‘

Ot apyx COCPeNOTOUEHHELX CHVI P, AeHCTBYIOIIKX DO BEPTH-
KanpHOMy AHameTpy (puc, 49) mpH MeXaHHUECKHX HOMHTAHHAX,
BOSHHKAIOT TAKHe BHYTDEHHME CHJBL C

M, =Mz = 0,318Pr; Mg=— 0,182 Pr;
N, =Ny =0,000; Ny = 0,500P. .

BryTpenHee DaBHOMepHOE JaBJeHHe KHIKOCTH UM Ta3a, paB-
BOe Hanopy Po B Bepxueli TOUKE NONEPEIHOrO ceueHHs TpyOHl, BH-

3EIBAET TOJBKO HOPMANBHEIE CHJBL
Ny=Ng=Ng=—p"q, (111.18)
86
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The ro — PHYTpeHHWH pajamyc TPyOH.

" B cjyuae BHENIHETO AABJCHHS BOIH HA TpySy B POPMYJHL

Ne 2 ta6a. 11 u B dopmyay (II1.18) sMmecTo 7o BBOIMTCH BHEMIHHA

paguyc NOTepPeyHOTO CedeHH 7y, 4 3HAKH MEHRIOTCA Ha OGpATHHE.
~ Tlpu wacTHYHOM HANOJHEHWH HHRAKOCTBIO TpyOH, ONEPTOR Ha

AA0CKOCTE, BHYTPEHHHE CHJIbl ONPEASTIAIOTCH IO dopMyqam:

M= Mr,rr}; (I11.19)
N=Nr,r. (111.20)

‘KoaddunuenTst M u N unaxonstcs no Taba. 13 B 3aBHCHMOCTH
oT HanoJHeHMd TPYO, ONpeAeseMore yrioM .8 (puc. 50).

TaGauna 13
Fpavenna xoobdrunenros M u N pas pasnuix
cTenenedl HANMOAHEHHS TPyOH MHAKOCTRIO

fe HA Jﬁg M.B WA NB !—VE
180 0,000 G,000 0,000 0,000 0,000 0,000
165 ~0,000 ~0,000 ~0,000 ~0,000 ~,000 ~ 0,000
150 0,008 0,000 0,000 —0,008 --0,001 0,000
135 0,034 0,003 —0,003 | ~0,004 —0,006 0,000
120 0,092 0,011 —0,011 ~—0,103 —0,022 0,000
115 0,186 0,027 —0,031 —0,216 —0,058 0,000
a0 0,307 |- 0,057 —0,068 —0,375 —0,125 0,000
75 0,440 . 0,098 —3,124 —0,567 —0,225 —0,030
60 0,565 0,147 —0,i85 —0,772 —0,353 —0,042
45 .| 0,662 0,194 | —0,236 | —0,963 (), 404 —0,064
30 0,722 0,229 — 0,269 —, 117 | .—0,624 —0,126
15 0,746 0,247 —0,983 | —1,216 j ~-0,716 —0,186

0 0,750 0,250 —0,285 —1,250 —0,75¢ --0,215

Jasi Tpybei, omepToli Ha seMiAHOE JOKEe KIH ma (QyHIAMENT,
tabya. 13 chnegyer NOAB3OBATLCA B coueTdHur c Tabn. 14, npuse-
JleHHOH HMXKe. .

Jna ApyrHX SHAUeHHA Yraia OXpara kpyriofi TpyOs ofmopolt
pacueTHble H3rHGaiouIe MOMEHTH ¥ HODMAJbHLIE CHJE OT KaxA0#
Harpyaky MOTYT GHITL TIOACUHTANH MO [PUHIMAIY He3aBUCHMOCTH
meficTeusi cuA, Jia ATOrO HyXHO aAreGpaHiecKd CIOKHTL H3TH-
GalouIMe MOMEHTH # HOPMAaJjbHBIE CWJIBL BOSHHKAlOliHE B TpyGe,
orepToil B HEKHeH TOUKe Ha IJIOCKOCTh, OT HAIPY30K C Rarubaln-
MAMH MOMEHTAMH H HODMAaJbHBIMH -CHIAMM B- 9TOR e TpyGe OT
pacTpeJenesHbX onopheix peaknuil. TIpu sroM papRoJeficTByOMan
“HaPpysky JAOJIKHA (LTh paBHAa PaBHOAEHCTBYIOMEN ONOPHBEIX PeaK-
nuit. MaruGamonige MOMEHTH ¥ HOPMaJbHble CHJIH  OT ONOPHHX
peawusil, pacnpelesieHHHIX FO yDABHEHHAM (I1.101) = (11.103}),
‘maxomarcst no qopmyaau (11112). Mo sTHM xe QopMyIaM MOXKHO
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TaKxe HakTH parufawolllde MOMEHTH H HOPMAahbHbIE CHJBl OT ONOp-
HBIX peaKLlHH B BHAE JBYX COCpeROTOUYEHHBIX BepTHKaJIbeIX CHJII, 4TO
MMEeT MecTO Npu YKIazke TpyOu Ha JBe pannGadkh, MOJNoKEeHHE
KOTOPBIX onpenesiaerci nEH;T_paJIbeIM yraom 2a.

Kosduupentet M u N npusonarcs B raba. 14 Juis PasHBEX
JHAUEHMA IIOJOBHHBI LEHTPAJLHOTO yria ONOpHOA IYDH.

Tat6auua 14

3navenns kospPuuuenTon M u N pis pasusx ycaoewi
OmMpaHua TPYOH

3nauenue Al B N NpH NOIOLHHE yI2a ONOPHOA AYTH

Cnocob HKoap-
OnWpaHAa HiLI-
'rpy6‘u RHTHL o° * 300 028 307 45° 670 307 a0°

Hopwmanp- M, | 0,000 |-~0,0280 —0,0660 |—0,116 |—0,150 |—0,169

ﬁ - .
e Mg | 0,000 |—0,0005 |—0,0050 '—0,000 |—0,017 |—0,023

M, | 0,000 | 0,0005)| 0,0030| 0,009 | 0,019 | 0,028
0,000 | 0,0200 | 0,0680 | 0,127 | 0,169 | 0,197
0,000 | 0,0005 | 0,0021 | 0,018 | 0,037 | 0,053

0,000 0,0000 | 0,0000 | 0,000 0,000 0,000

;,-,Zl mZI th

Ha gyn- | M, | 0,000 |~-0,0500 |—0,0090 |—0,160 {—0,188 |—0,195
aament g | 0,000 | 0,0100 | 0,040 |—0,003 |—0,027 |—0,036
M, | 0,000 | 0,000 0,003 0,016 | 0,082 | 0,043
W, | 0,000 | 0,050 | ©,1030 | 0,176 | 0,219 | 0,239
%, | 0,000 |—0,0002 |—0,0081 | 0,018 | 0,060 | 0,079
Nz | 0,000 | 0,0000 0,0000| 0,000 | 0,000 } 0,000

Hanse | M, | 0,000 |—0,075 |—0,150 |—0,232 |—0,250 |- 0,250
panpGan- — .
na. | My | 0,000 1-0,003 |—0,0i0 |—0,038 {0,061 |~0,069

pajienhb- i :

passedv- | 37| 0,600 | 0,003 | 0,011 | 0,042 [—0,075 | 0,091
tpyés | N, | 0,000 | 0,007 .{ 0,024 | 0,080 | 0,133 } 0,159
Ny | 0,000 |—0,007 |—0,02¢ |—0,080 |—0,133 0,159

W, | v,0e0 | 0,000 |°0,000 | 0,000 | 0,000 | 0,000

®opmyaamu ([11.12) Moxuo NO/AB30BATECA H JIIA OBOHAAJIBHOM
(afines#aHOl) TPyOH € IUIOCKHM OCHOBaHHEM {puc. 5l) wupHHOH
B,=1,2 r uan By=2 r B Upeanc/0XeHuH, 9TO peakilHs IpyHra pac-
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npefeseda pasHomepHo. COOTBETCTBYIOLLBE ko3((pHIIHEHTbl NpHBE-

gensl B taba 18

Puc. 51. Tpy6a oBonaans-
HOTO TMONEPEYHOTO
ceueHns

Ona nasaenus HArpyskH, OPHJIOKEH-
HOfl HA MOBEPXHOCTH 3eMJH, B (OpPMYAH
Ne 3 ta6a. 15 smecto G, BROMUT Pj.

Co6cTBeHHER Bec TPYOH TIPHBOXHTCA
YCIOBHO K paBHOMepHOH BepPTHKAJIBHOU
HaTpys3Ke.

Jins gpyrux DOMepevHBIX CedeHHi He-
KpYrABHX TPYD, COCTOSUIHX M3 BEPXHEro
NapafoJHIecKoro, SJINHITHYECKOro HJH
KPYIOBOTO CBOJA H HUXKHel 4acTd B BHIE
oGpATHOrO €BOJA, TUIHTE! MM DaMbl, cle-
AyeT MOJAb30BAaThCA TaGIuIaMH A M

Hosuxrosa [30], nalomuiMu rotoBoe pee-

HHe IS CaMuiX pa3sHoo0pasubIX C/ydaen
HarpyskH H AJNf Das/H4YHbIX OTHOLIEHAH
CTpeahL noabeMa CBoJda K Ero 'HpOJIE"I"y.
Beuiy OGWHAPHOCTH ITHX TaGmull (340
cTp.) TIPHEECTH MX B JAAHHOH KHHre, 1d-
e B BbI,D,Ep)-K‘KaX, He HPE,H.CTBBJIHETCH
BO3MOACHHIM.

TaGauua 15

3HavenHa KosddHuuenron M w N paa pasHBlX HATPY3OK,
NeACTRYIONHMX HA OBOMAANbHYI TPYOy NDH PA3aAMuHBLIX YCAOBUAX OnUpaHHS

Mponoaxenne tada. 15

(\IupHEa OCHOBANKA

WupHuea OCROBAHHA
,,?: Harpysxn * }fﬁ,,ae?,?:— 1s iPY?HB ., Muoxnrean
1| IHaenenne )xnnxcacm, %unuo- M, 0,280 | 0,238 | Pyr
SRR | G | | o)
M, | —0,104| —0,005 [ Pyr
Ny —0,677 —0,700 | P,
N, | —0,308| —0,280 | Py
Ny | —0,047 | —0,047 | Py
2 Buytpennee  paBHOMepHOe M, 0,460 | 0,480 | poror
Bano i Rouke nonepeano. | Mp | 0254 0.254| pore
rq, ceueHnsd Tpy6H My —0,178 | —0,178 | Poter
N, —1,569 | —1,569 | poro
) Ny | —1.431 | —1,431 | peto
Mg | —1,000 | —1,000 | pory

" o . Tpyine .
" nin Harpyakn OHenTH 5 MroxnTean
. =127 B=2r
3| Bepruxasbuoe pasHomeproe | My 0,151 0,109 | Ggr
nasaeHHe sacWnky Gy B TpaH- _—
mesX H HACHMAY Mp 0,170 0,154 | Gyr
My | —0,120 | 0,111 | Gur
N, 0,040 0,015 | Gg
Ny | —0,040 | —0,015 | Gy
Ny 0,500 | 0,500 | Gy
4 Topnsonranpuoe (Goxosoe) | My —0,142 | —0,142{ Ggr
ZaBienHe zacwnku GgB TpaH- —
IueAx B HACHIMHX, PACIIpeseneH- Mg —0,103 | —0,103 | Gsr
HOe PABHOMEDHO N0 BHCOTE i 0.217 0.217 | Ggr
B ] s
Na 0,513| 0,513 | Gs
Ng 0,487 | * 0,487 | Gs
Ng 0,000 | 0,000 | Gs
5| Topusontamsuoe (Gokosoe) | My ~0,285 | —0,235 | Ggr
AaBneHue zacwuiky GlgB Tpas- — ’
MIEAX M HACHNAX, PACipese- Mg —0,125 | —0,125 | Ggr
fien#oe no TPeyroAbHMKY ¢ = g
Hanboabmled OPAHHATOH ¥y RO~ _{45 —0,125 0,125 ) Ggr
ZOwWBH Tpy6H N, 0,707 { 0,707 | Gg
Ng 0,203 | 0,208 | Gg
- Ng 0,000 | 0,000 | Gg
6 | Ilee cocpeloTodeHHBe CHAH M, 0,208 0,208 | Pr
P, peiicTBywilHe N0 BepTH- 7 :
KaABHOMY AMAMETpPY HpH Me- B 0,364 0,364 | Pr
XAHHYECKHX HMCIHTAUHAX ‘ M, —0,150 | 0,159 | Pr
Ny 0,022 | 0,022} P
‘Ng —0,022 | —0,022 | P
Ny 0,500 | 0,500 | P
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Caegyer OTMETHTb, 4TO raGapust A, M. Hosukopa SBHJHCH

KPYTHEIM BEJIaJOM B CTPABOYHO-TEXHUYECKYI0 JIHTEPATYDY.
pe WarHGAMOUIMe MOMEHTE W HOPMAlblne CHIR
i enesoferouHol TPYOGH ¢ BHYTPEHHHM JIMaMeT-
crenkH k=6 cs npn paboTe B YIPYTOH CTARHH.
cnpoduaHposaunoe rpyHTOBOE OcHOBaHHE

Mpumep 8, Hafite pacueTH
D XapAKTEDHLIX CETeRMAX KDPYI/Oo
por Dy =600 us u c TOJLIHBOH
TpyGa ynowema 8 Tpammee Ha
{z =45},

PacueTHOe [aBAERMe 3acCHIRH (CM. IpHMeEp 1) Gp==6,76 T Pa;uee'rmr)e
AaBieHHe HArpyskd, TPHAGKEHHOR Ha ROBEPXHOCTH seMaH (cI:)u. npe ﬁp B
s = 0,34 T. PacueTHwi Bec TPYCsl Ge=2n7nrh = 0,328 7. Pacuerdu

Boist B Tpybe Po=1n ToTre = 3]0 7. DokoBoe MNaBJieHHe B3aCBHIIKH He YHHTH-

BAETCH.

Cpenmufll paguyc TpyOu r =33 ck.
ngnﬁalougne MOMEHTH M HODMAJbHHE CHJAH ONpefessiores N0 dopMynam,

mpHBeAeHHHM B Taba. 11 18 HOPMalLROTO crocofa ONHPAHHR.
My =0,193G,r+0,128 Py r +0,178G, r 0,178 Pyr=r [0,128(G+
+ Py) 0, 178(G, + P,)]=0.3310,123(0,328 + 0,30) +0,178 X
% (6,75 4 0,34)] = 0,33 (0,078 + 1,26) = 0,442 ma;
My =0,33(0,0707.0,638 + 0,141.7,09) = 0,346 mau;
My =—0,33 (0,0823.0,638+0, 145.7,09) = — 0,356 mx;

N, =0,206G, — 0,271, + 0,180, +0,18 P, = 0,206 X
% 0,328 —0,271.0,31 - 0,187,090 = 1,256 m;
Ny = — 0,0616.0,328 —0,221.0,31 —0,035.7,09 = — 0,337 m;

NB =0,25.0,328 — 0,0686.0,31 + 0,50.7,09 = 3,606 m.
HamSonbrk. 1o aGcomorHoft BeIHYHHE m3raaioninfi MOMEHT ﬂ.eucmys:_
s ceuennn A (v J0TKR TPyGbl), BCIGACIBHE 4YEre STa ceqeHHe HHXO..’I.HT(Z; 2.3 Ra -
Gomee THKEAMX YCAOBHAX PAGOTH M PAcUCTHHIMM ABNAKTCA: My=0, ™
NA = 1,256 T. .

Fpumep 9. CocraBuTh P
HOPMANBHRLX CHI OT PaBHOMEDHO-pACTPeleNeHHo
Ha CHpohHpoBaHHOE 3eMJSHOE OCHOBAHHE C yrIoM

; ‘AIHH,
paGore TpyOu B YIPyTof CTalnH . o ) ]

CrtalsBaes . aarebpangecky KoohdHIHEH s M u N or pasuOMepHO ‘pacnpﬂex
penennnfl narpyake (Tabi 11) © KO3(QQHUHEHTAMA OT peaKiufi, COOTBRTCTAYIOLL

= 29930 (Taba. 14): . .
M, = (0,294 —0,088) G r =0,228 G r*

Mg =(0,150—0,005) G, r = 0,145 G 7;

acueTHple (QOPMYMEl JUIA HSTHOAWIIHX MOMEHTOB H
#f Banpy3KH TpH CIHPAHHH TPYGH
oxsara 20=45" u upu

Mg = (—0,154 + 0,003) G,r=—"0,151G,r;
N, = (0,083 +0,068) G, =0,121G,;
Nj = (—0,053 +0,0021) G, = — 0,0509 G, ;
Ny = (0,500 +0,000) G, = 0,500G,.
f’acquHuM no-npexEeMy SBAAETCA MOMEHT Mgy, KOTOpHE TOMYURACA MWeHble,

¢ J
qeM I0pH OMMPARMM HA MUIOCKOCTS, HO GoJpilie, 9eM TIPH @ e= 45°,

' 90

¥

“OcobeHHo GOJIBIION  BeJHUHHE
- 'IIpH OMHpaHu# TPyOW Ha NJOCKOe [Juo TpaHuued. B arom cayuae

Hpu onumpamwr xpyraofi TpyGn ma pynmamesr wuarnbawoline
'MOMEHTH OT BePTHKANLHEIX HATPY30K OyAyT HMeTh MeHblUHe 3Ha-
deHus, YeM IOPH ONEDAHHM HA CPYHT.

MagcrMaasEEE 1o a0CcoaTHON BetHuyMHe HarnGalOLIHA MO-
MeHT OT BePTHKAJbHOH paBHOMEPHOH HArPY3KH (AaBJeHHe FpYHTA
¥ BpeMEHHAs Harpyska) M B TOM H B JIDYTOM Gitydae MoOMer ObTh
Boipaxken (Qopmyioi:

Mmauc = Muaxe Qn T, (11121)
tae Q,— IoaHas BepTHKaJbHAs Harpyska Ha TpyOy;
Myoge— KO2DOHIHSHT,  3aBPHCAIIHE  OT  ONOPHEIX  YCROBHA
(raba. 16).
Tabanuna 16
3uavennn KoshduumenTor Myacc '
TON0BMEA UEHTPAALHOIO Y78 GNOPHON O¥TH o
Cnocof onHpauxa .
Tpydinl
I ‘ 10° | 200 307 45° 67° 30¢ i 90°
HopmaibHei . 0,204 0,266 0,228 0,178 0,144 0,127
-Ha dyanament .| 0,204 0,239 0,195 0,147 0,123 0,114

Taxk xax Hecyuwias crnocofHOCTL TPYGbl B YNPYroH CTaguH onpe-
JeJAeTcd B OCHOBHOM BEJHUHHOH JeHCTEVIOHIHX B € CTEeHKe HAH-
GOJIbIINX H3rH6aIolMX MOMEHTOB, MOMHO CHenaTh 3aKIIUeHHe, 4To
crocol ongpanist TpyObl HAa OCHOBAHHE HMeeT OOJblIoe 3HAUCHHE.
Omra # Ta e Tpyla IpPH IPOUHX DABHHX YCJIOBHSIX BHLIBDIKHT TeM
GOMBIIYIO HAPPY3KY, ueM GOJbllle IeHTPANbHLIE YroJ OMOPHOR myrH.
‘Kecrkuit Matepuan (Hanpumep, GeTOH HJAH IUIOTHREIH [JIHHHCTBLH
TPYHT) Gojee GAarONpPHATEH B KAYeCTBe OCHOBAHHA Mo TPyOy TpH
'OIKHAKOBEIX 3HAYEHWAX yIa @, ueM c¢Jalplfi MaTepuan (Hanps-
‘Mep, PHIXJBIA NECOK HJAH TMJHHHCTBIA IPYHT B TeKyd4eM COCTOSIHHH).
H3ruOawIye MOMENTH JOCTHIAIOT

‘onu B 1,65 pasa Gosblle, YeM IIPH ONMHPaHMH Na CRPO(HIARPOBAH-
HOE JIOXe H3 HECBHASHOIO IpyHTra ¢ YraoM oxpata 2a =90°,
ToatoMy orspanite TPpySH Ha MIOCKOE HHO TPAHIIEH ABJISETCH
BECbMa HeXKeJaTelIbHBIM. ECTecTBeHHO, UTO YCTPORCTRO B AHe TpaH-
‘Wen yriay6iedns B BHIE JIOTKA MK KODBITA HEeCKOABKO OCIOMHSCT
MPOH3BOACTBEHHBIX TPOLRCC, HO 35T0 VUIOKHEHHe ¢ HaGBITKOM
_OKyllaercsi TOH SKOHOMMEH, KOTOPYIO MOMKHO NOJYYHTh B TOJIIHHE
CTeHOK TpyO maM B apmarype. B KOHCTPYKUHMAX PEXYIIHX uacTedt
‘KaHaBOKONATeJEH <efyer NPeiyCcMaTPHBATL YCTPOHCTBO Crensanb-
"HOPO CHEMHOTO (pes3a, KOTOPLIH ONHOBPEMEHHO < YCTPOACTBOM
TpaHllleH BHIGHDaa 6H B ee AHe JIOTOK ONpefe/leHHKX PaaMepos.
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‘Cpaenenye Koo HUIHEHTOR M, g, IPHBELCHHEX B tabn. 16,
MOKASEIBAET, UTO YCTpOHCTBO TOMYLIKH naxke <C VYIJ0M OXBaTa
0 —180° mpuBoAMT K YMEHBIIGEHIO M3ruBaol#x MOMEHTOR 1O
CPaBHEHHIO € HOPMAJBHEM onppanieM TPYOH Ha 3eMJITHYIO [OCTENh
scero B 1,06 pasa.

Cqyrast B TlepBOM TPHGIHMERHH, HTO crouMocTs TPyObi TpO-
NOpUMOHAALHA TOJLIMHe ee CTERKH, KOTOpas B CBOK OUepedb Tpo-
nopUHOHAJIEHA ¥ Myane, HaliZeM, UTO MaKCHMAJIBHOe BO3MOIKNOE
yMeHbIUeHHE CTOMMOCTH camoft TpyGpl ©OT YCTpoOHCTRA TOA Hee
¢yHIaMeHTa DABHO 9R%. CTOMMOCTh €ro- OyHeT BO BCAKOM caydae
He Menblle, TO3TOMY HEOOXOAMMOCTL E€ro ycTpoficTBa OnpeielIaeTCe
s TEXHUMECKHMH COOOpaernaMH, 4 He  SKOHOMHUECKHMH.
Tlocienmye Bcerja TOBOPAT B IOAB3Y yknafkn TPy6 Ha 3eMIAHYIO
MocTelb ¢ BO3MONKHO GOJBIIAM YoM oxBaTa.

2. Pacuer 3aMKHYTOrO Koabuia ¢ YHeToM NIacTHIECKHX
cpoificTs MaTepHalIos

Tips MexaHHUECKUX WCTIBITAHHIX KPYTIBHIX, CTAJBHBIX U JKemne-
so6eronnmx Tpy6 H. H. UepxacosbiM [45] Ha MHONOUHCJIEHREIX
onmTax OBUI0 YCTaHOBAEHO, HTO neficTBHTENbHAA  paspylialolan
Harpy3Ka BCErJa OKasblBASTCH gHaunTeNpHO  Bbllle pacueTHOH,
wafigenHoft H8 PACCMOTPCHHSA TpyGHl Kax YRpyroi CHCTEMEL Sror
haxT, uMelomuit Goabiioe npaKTHYeckoe SHauenue B CMBICAC BO3-
MOFKHOCTH HOTIOJIB30BAHHA  CKPBITEIX pe3eppos  TPOUHOCTH Y6,
yKnajbBaeMbIX B 3eMIE, clelyeT OTHECTH B OCHOBHOM 3a cuer
HeIoCTATKOB OGUIETPHHATONO MeToja pacdera TpyD, HCXOAAMETO
TOJILKO W3 YIPYroH ¢Tajud HX paGOoTHL.

[TosroMy mpu paciere cTajIpHHX M KeAe305eTOHHBIX Tpy6 MO
nepBoMy NpeAeapHOMYy COCTORMHIO nesecoobpasHo  MOJB30BATHCH
MeTOROM NPENEALHOTO paproBecis, T. €. pBecTH pacuer C Y4eTOM
4 HCTIOTB30BANHEM CBOHCTS TIACTHHHOCTH matepuanos, COOTBETCT-
menpas ‘MeTojuka Oputa B 1949 T paspatorana W TpHMEHEAa
Y. 1. UepkacoBbiM H @BTOPOM K pacuery OTBETCTBEHHLIX IpeHax-
HLIX TpPYOONpPOBOJOB DAfa KpPyIHbIX 0GBpEKTOB; OHA BIIOJHE OMpaB-

pana cebs axroM vioroseTHelt  GecriepeGofinoft aKeMAyaTaIMH

3THX COOPYMeHuH H J;OCTMrHyToﬁ TIpH 9TOM sxooMuell 8 pasMepe
okoso 25%?. B

Tlpu pacyere COOPYIKEHKH [0 METOMY NpefelibHOTC PaBHOBECH
BMECTO MefiCTBUTENLHOR — AMArpaMMbl paboTs  MaTepuajla MpH-
HuMaeTcss ynpoulennas (puc. 51). Tlo sTolf AMarpaMMe nuHelHan

1 [lpumenenne STOTO METOLA K [pacdery we/eaobeToRHEX  GeSHAMOPHELX
TpyGONpUBOLOB TIO . HEPBOMY NpefeNbHOMY COCTOAHHIO 6LL10 TIPHIBARO LEeJeco-
ofipa3nLIM B DELICHHH, DpEEATOM 10 A0KAIRY aBTOpa COBEUlaHHeM 1o BOTIPOCAM
yrayGaenus  pacyeTon coppyMetnR 1O . (PEACILHBIM COCTOSIHHAM, HpOBEfCHHLIM
3 1953 r. Komuccneft no ' npobaeMaM CTPOHTE/BCTEA CTPOHTENHEM MaTepHa-
nam upe OTH AH CCCP. "~ Lo :
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.~ Onpegeneune paspyilalollell Harpys-

34BUCHMOCTD MEXKAY HanpaKeHHAMH d o ﬂe«b-opMamHm}ﬂn e UMeeT
MECTO JUITp 10 Tipelena TeKyuecTH Or (koTOpBIi 3aMeHAETCH pac-
YeTHEIM CONPOTHBJEHHEM MaTepHaJa R), mocse uero HacTymaer He-
orpaHMUeHHEH POCT JebopMmanuii WPH TIOCTOSHHOM HATIPSMKEHHH.
CTporo ToBOPS, AMATPAMMO, AMelolIell BECKOHeUHYIO TIOILAKY
TEKYTeCTH, MOMHO [MOMb3CBATHCH © foNpké B TOM CJyuae, Xoraa
y AefCTBHTEILHOTO MaTepuala INOINaLKa TEKy4ecTd TDPH pabore
COOpYsKEeHHs He HCTIONIB3YeTCs 0 KOHIA. TIpaxTHiIecKH XKe ycaoBiof
pyarpaMMoil MONL3YIOTCS KAk IS OJacTHUHOR CTaJsM, TaK W JUA
KesezoferoHa © apMaTypoll H3 Msarkoft crain. TTostomy AarABIH
¢rocob pacuera TDHMEHHM TOJBKO AJA" A
pacyera <CTAJBHBIX H Keneao0eTOHHBIX g I
Tpy6. _ T
" Jlas Tpy6 M3 XPYNKHX MaTepHaJOB ' -
(manpumep, GeTOHHHX, KHPTIHUHLIX; Kepa-
MHUeCKHX, UYTYHHHIX U -acOecTOLEMEHT--
HEIX) pACUeT ¢ YUeTOM MJIACTHUECKHX [e-
(opMamuii OKasbHBAETCA HEBOSMOMHEIM,
H TEODHS TIPeleNLHOro PaBHOBECHS B STHX
ciyyasix TNPHBOJUT K Tem 2Ke pesy/bTa-
TaM, UTO M pacyer MO YNpyrod crajany.

o

[
Pue. 52. YI'[})‘OIJ_LEIIHBH‘
auarpamma paboThl yIpy-
© rO-mNacTHYECKOTO

MaTepdana

Ki A8 TPpyOel H3 YIAPYTOI/IACTHIECKOIO
MaTepyasia MoxeT OBITh CHENAHO KHHE-
MaTUYECKHM METONOM, T. & HCXOAS B
yC/IOBHE [pefesbHOro paBHOBECHS - MeXa- -
HMaMa, B KoTopell Tpy6a obpamaercd
Tipw paspyuleHnd. TIpa sTOM OTHalaeT HeOGXOIMMOCTE COCTABICHHA H
pelleHHs ypaBHeHHH, CBA3AHHEIX CO craTHueckol HeonpeelHMOCTRIO.

s o6pamenss TOMEPEYHOTO CedeHus CHMMETDHUHO HArpy-
WeHHON TPYOLl B OAHOKPATHO-M3MEHSEMYIH0 CHCTEMY HeoGXo HMD
M JOCTATOYHO, YTOOH IOSBHAOCH HeThIpe TIACTHUECKUX LIapHApa.
[ToCKOMEKY TOMepeuHoe CeueHde TPYOH MCNLITHIBAET CHMMETDHL-
AYI0 dehOpMaLHi0 OTHOCHTE/IbHO BEPTHKANLHOTO JHAMETPA M HaH-
EOMbIIMe N0  AGCOMIOTHOM BeaMuMHe H3rHGamoline MOMEHTH OT
BEPTHKAMBHBIX HANPYSOK, KAK [PABHJIO, BOSHUKAIT B CEHEHHAX HA
KOHIAX BEPTHKAJBHOTO XHAMeTpa, TO 1ABAa H3 4YEThIPeX ILIacTHie-
CKHX INAPHEDOB ©Opa3ylOTCs HMEHHO 3[ECh.

JBa HpYMX IWIaCTHUECKHX IHApHHDa AOMMKHLL OHTbL Pacnoiao-
eHE CHMMETDHYHO OTHOCHTEJBHO BePTHKAJABHOIO NHAMEeTpa, HO B
TOUHOCTH MX JOJOMKeHHe HaBeCTHO JHIIbL B TOM CJaydae, Korha
HarpysKa CHMMETPHUHA TakKe H OTHOCHTEJBHO TOPU3OHTANLHOrO
nuaMerTpa. ECTH JKe Hanpy3Ka OMMMETPHUHA TOJBKO OTHOCHTEbHO
BePTHKAJILHONG AHAMeTpa, TO MOXKHO JIHIIL JIPEATIOIOKUTE, UTO
IIaCTHUeCKHE MAPHUPH Bee XKe OyAyT Oodee miu MeHee OJIH3KH
K ceuenusm B. :

Pacuer Tpy6 C yHeToM INIACTHUECKAX CBORCTB MaTeprason yKe
6L pacCMOTPeH B psde JKypHaabHelx crarefr {24], [26], [41], [45]
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3mech pekoMeHmyeTcss Gofee NpocTOH H OOLIME CRoOcOB, COCTOALIMA
B «.BBIPIBB'HHBHHHH» INHPH MOMCHTOB, HO,H.OGHO TOMY KdK 310 je-
Jaetcg IS HepaspesHux 6aflox.

flpu oTOM BJMSHHe HOPMAJBHHEIX CHJ, sBJfioNleecst B rpybax
BTOPOCTENIEHHBIM [0 CPABHEHHI0 ¢ BAMAHHEM H3THOAIOLIUX MOMEH-
-TOB, TIOK& HE YHHTBIBA£TCHA, 210 caeJaHo B rJane V, TaK KaK YUer
HOpMANLHOH CHJEL ¢BS32H C PACCMOTPeHHeM paGoTH CeleHHst CTeHKH
TpyGH M3 KOHKDETHOTO MaTepHaJja. : ‘ ;

[lycTe TpeGyercd MOCTPOHTL BHPABHEHHYIO 3MIOPY MOMEHTOB
B CHMMETPHUHOM KOJbIE TIPOM3BONLHOTO OUEPTAHHS TDH JeHCTBHH
HATPY3KHM, CHMMETPHUHOH  OTHOCHTENBHO  BepPTMKAJNEBHOH  OCH
(puc. 53,a). ‘

) S vy, 9® 9B 9@
H @

Az

5 l — ﬁ
AMar Ky
:H:Dg ""‘”Mnnc"""‘
D 7

Puc. 53. BupasHHB2HHE 3IMIOPH MOMEHTOB B IIONEPETHOM CeYeHHH TPYOm

BrifupaeM OCHOBHYIO CHCTEMY M CTDOHM 310Dy  MOMEHTOB
My ot szazaunofl marpyskm (puc. 53,8) u amopy momeHnTos M; or
venzpecTHelx  cux Xy w Xp  (pue. 53,e). Cymmaphaa asmiopa
M =M, + M, mMeer BUI Tpaneuwd, OPAHHATH KOTOPOH He H3-
BECTHHI.

g qogydenHsi OKOHYATENbHOH SMIODHL MOMEHTOB B KOJbfle
(puc. 53,0} HyXKHC CIOKHTH 3Mopsl Mg u Ms, pMelolllie passble
3HAKH.

[Ipn 3TOM caenyeT HCXOIUTH M3 YCAOBHA, YTOGBI TPH HAHGOL-
WHX ™0 AGCOMIOTHOH BeAHulHe M3ru0AIONIMX MOMEHTd, BOSHUKAIO-
IiHE B TpeX CeUeHHAX KOJbIA, HCUepNRIBAJH HeCYIIYI0 COOCOBHOCTH
9THX CedeHMH Ha Harub, T. e. OBLIM PABHE MpeNejbHbIM MOMEHTAM
JVIS 9THX CeueHHI.

Ilycts, nanpumep, Hecyllfe CHOOCOGHOCTH ceYeHHR CTEHKH TPY-
6ul B Toukax A, 5 u B OTHOCATCA Apyr K JApyry Tak: Ma : Mp+
tMp =3 : 2 : 1. Torna Mbl QOUKHEL Das3feHTh 3MIOPYy MOMEHTOB
OT 3aJaHHOH HArPy3KH B OCHOBHOW cucreMe (amiopy M) samu-
‘Kamolled TpSMOH Tax, YTOOR MeXJy HArHGalOUIHMH MOMEHTAMH B
3THX CEYEHHSX HMEJO MeCTO Takoe JKe OTHOWeHWe, DTa onepalus,
BRIMIOJIHENHAs na puc. 53,0, Bcerfa MoxeT OHITh CAelaHa OmHO-
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sHayno. Ilpu aToM omnpemessiercs M MOJoXKeNHe OGOKOBHIX NJacTh-
UeCKHX [IaDHAPOB, KOTODbie, KAaK [PABHNO, HAXOAATCH TaM, TAe
nonepevddoe cedeHue TPYyOH #MeeT HauGOJAbIIYI0 INHDHHY.

Ecnu mecyiue cnocobnocts cedenuil A m B oqMHaxoBH, To H3
TeOMETPHYECKEX COOTHOWeHHEH (puC. 53,0) MOXKHO TIOJYUMTb pa-
BEHCTBO!

b -"”8--'
'_,MA'*'MB =M°““°‘—_MO'AG—-H>‘ (IH.QQ) !—MQ;B |
|

Ecau xe pecymue cnocofHOCTH BCeX I
Tpex ceueH il 'OOGHHAKOBEI, TC BCe& TDH MO-
MeHTa JOJAKHEL OHTh PaBhbl MeXIy <000 1
no aGcomoruoit Benudnue. [lpn atoM ¢ yue- | b
TOM HX 3HAKOB NoAydaercd gopMyJa: =

b f x
. Moo = Moa a+b I
My =M= —M, =—

. i

Kak H3BeCTHO, NPH pACYeTe CTATHYECKH !
HeolpeJeTHMEIX CHCTeM B yNPYrod CcTamuy i o
MEl TAKME CKIaABBaeM amope Mg, M, 0 M.
Onrako B 3TOM cayyae BHGOp MacmTata I
NOCTIEAHHX JBYX SMIOP UOLUHHAETCH VaKe I
APYrOMy MNpPHHIHIY, 2 HMEHHO: NPHBEJEHHEIE, » L Mo
T. € [eleHHDble HA XKECTKOCTh, MOJOKHTe b g o
HElE€ H OTPHIATe/IbHble HHTETPAJH 3MIOPH My
MOMEHTOB IO/DKHBE! OBITh DaBHEL MeXIy cO- ., b, My s
6ot no aBcoMOTHOR Be/HYHHE. iiad

. Tlpeamo/iokKuM, 4TO A yAOBAETBOpe- Pue. 34. Cease Memay
HAA 3TOTO NOCJIeZHETO YCJIOBHA smopa M, BRIPABHENHBIMH ~ H3TH-
AoMKHa OEITh pasieseda NYHKTHPHOH mps- ﬂa“’n‘g‘ﬁ'}f‘g‘;wmﬁ;ﬁ“‘ﬂ’f
Mofl (pHc. 54). MEHTaMH 8  yupyro#

Hetpyaro BHzets, 4ro HMeer MecTo cragug paGotw TpyGul
Clenyioltee COOTHOIIGHHE:

A

, , ‘ 1
My=Mp=—My =~ (M, b+ My, a—M; k), (11.23)

rae Ma,y,Ma,y,Mp,y — H3rHOaIOUHe MOMEHTH,  BO3HHKAIOUIHe R
YOpyrofi crafiip paGoTHl KOHCTPYKLHH.

Eciu ceuenme b HaXolmTcs TOCPeNMHe BRICOTHI KOHCTPYKIMH,
to gopmyay (II1.23) moxuo ynpocTuTh cienyomnm obpasom:

. . _ , 1 )
M,=M, =— M, = T(M"-Y + Ma,y_ QMBJ) . (111,24}
1
3ta dopMysa JaeT NpaKTHYECKH MOCTATOUHO TOUHBIE Pesyhb-
TaThl H B TOM CJAyYae, KoTda ceYeHHe 5 HECKONbKO OTKJIOHSETCSH
OT CepelHHpl Ay . ‘
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TaxuM 06pa3oM, ecsid Hecyllde criocoGrocTy- cevenmit A, b u B
OMHAKOBB!, TO pacCueThbie BHIPABHEHHEIC HarufaiollEe MOMEHTEl
OpH  yuere MJACTHUEOKHX nedopMaiuil MoryT ObITb TPHHATHL pab-
HLIMH CpefiHeMy apH(pMeTHIECKOMY abCoMIOTHBIX 3HAUCHHH W3TH-
aoLIHX MOMEHTOB B 3THX CeUEHHAX DM paboTe KOAbLA B CTajpuH
YIPYTOCTH.

[lpegndraeMulii TpHeM MOMeET 6blTH TIPMMEHEH TaxiKe K pac-
uyery Ha' JleHicTBHE CHMMETDHUHBIX marpyzok OecllapHUPHEIX CBO-
10B; -KOTOPhI€ MOTYT DacCMaTPHBATHCA B KaueCTBe qacTHOrO Cay4as
KOJblld, Y KOTOPOTO BHXKHAA HACTL sipJsieTcsi GECKOHEHHO FKECTKOH
u BecKOHEUHO TIPOYHOM. .

‘MeToZoM BHIPABHHBaHHA SHIODEL MOMEHTOB Moxer OHTR pe-
mena M ofpatHas 3anaua — ONpEeJIeHHe Hecyleil CNocoGHOCTH
TpyGHl, T. €. BefHUHHA npefeNbHOl HArpy3skH Ha _prdy, ec/iy #3-
BeCTHEL HeCyIIMe - CHOCOOHOCTH OTASJBHBIX CeHetiii CTeHKH TPYOHI
Ha wmarm6. Jljs HTOro  BLIPABHEHHbIE MOMEHTEHL HYHHO TPHHATH
paBHinMiﬁ IpemefbHbIM W M3 COOTHOMIEHMA ~MENIY OpAHHATAMH
BEIPABHEHHON SITIOPHl  MOMEHTOS, TIOCTPOSHHOH B HeONpeleJerHoM
Macmrabe, W Harpysxoit Ha#iTH IpefelbHoe 3HAYEHHE TIOCTeHEH.

MpuMep 10. OnpegennTh BhlDABHEHHLIE HaruGaroume MOMEHTH B OBOHAANBHOR
Tpy6e (cm. puc. bl) mpi peficTaud pasHOMepHOH BepTUKANBRON HATPY3kH HHTEH-
CHBHOCTRIO §, ECJIM HEcyulue cfoCofHOCTH ceyenuft A, B u 5 opneakoBhL

HOas npumenenus GOpMYJIE (111.22) walfizey manGo/BIIYIO OPAHHATY ® HHA-
a0 opAnHaty sniopu Mo B OCHOBHOI CHCTEMe: :

' gt
M“M:llsc = _2— P My a= 0,29r2,
rne r-— cpenund pajuyc sepxuefi uacTH TPYOH,
o am.
— Timaxc 0,4 72 .
My—= My — M= - atb ="—4- +0,03gr? = 0,28¢r7,

Tipu pacuete ke B ynpyrofl CTajHH Muaxe == Mp =10,34qr%,

Mpumep 11. OnpelennTb BblpaBHEIBE HArHGAIUE MOMCHTH B -Kpyraof
TpyGe npu ACHCTBHH EBYX COCPENOTOHEHHEX CHT (CM. pHC, 49), ecian Hecyoine
CHOCOBHOCTH CeueHHA ONHHAKOBEL M eCAH H3BCCTHRI narufamiiie MOMEHTH B YIpy-

rofi crannu [cm. dopmyanr (111.17)).
Mo dopmyae (111.24) HaxXoauM BhpaBHEeHHEE HarnGaioniHe MOMEHThH:

Pr
My=Mg=—My =~ (0.318+0,818+2.0,182 = 0,25Pr.

Takum 06pazoM, pacier TPYO C HCIOABSOBARHEM cBOfICTR TWIACTHUHOCTH MaTe-
pHANGE DPHBOAKT K GOJNBLIOMY SKOHOMHURCKOMY S(erTy.

Ha ocyosauyu cootHomenus (111.24) w Gpopmyn Mpesbilyliero
naparpada 445 H3THOQIOMMX MOMEHTOB OT DA3JHUHALX HarpysoK Ha
TpySy npH patore ee B NipefenaX YNPYyrocTH cocranjena taGa. 17,
B KOTOPOH TIpHBeAensl (POPMYJIHL AAst BHIPABREHHEIX MOMCHTOB B KpyT-
Jioll TpybGe. '

9%

Tatanuua 17

QopMyaH AJA BLIPABHEHHBIX MOMEHTOR B KPYriof
TpyGe OT PA3NMYHLIX HATPY3OK

Cnocob gnHparus 1py O
Harpyaka Muoxurean
HA TIAOCKOCTL HOpMAaABHEMA | Ha dryBaaMenT
CobGcTBeHHRHA Bec TPy-
OBl . . . ¢ .. . . . 0,1250 0,0896 0,0553 Gor
Jagaenve NUAKOCTH,
sanoasammei Tpydy . . 0, 1250 0,0896 0,0553 Py r
, BeprukanbHoe pasHO-
MepHoe JaBieHne . . 0,1875 0, 1520 G,1182 G, r
Bec sacmnkun B masy-
Xax BEPXHEro csoga . . 0, 1520 0,1162 0,0822 Gy r
['opusgouTanwioe pan-
HOMepHOe JaRAeHHE —0,1250 -—0,1250 —0,1250 Gg r
CocpencroueHHad CH-
Aa, MPHAOKEHHAA K BEPX- ‘
Helt obpasywowmei . . . 0, 2500 0,2140 0,1800 Fr

Tlpn -0aHOBpeMeHHOM AeHCTBHM Ha TPYOy HECKOJBKHX Harpy-
30K MOMKHO BOCNOJB30BATHCH TPHHLHMOM CJAOMKEHHS AeHCTBHSI
CHJI, KOTOpbll IPMMEHMM He TOJILKO B YNpyro#t crapguu paGoTel TPY-
6bl, HO H B IaactHueckoil. B mocsieqmem cJaydae STOT TPHHINMI HC
pACIpOCTPAHARTCA, OLHAKO, HA AedopMalHH, H, KpOMe TOTO, Heol-
XOQUMO, UTOGH (hOpMa PaspyllieHHs COOPYKeHHA Opta OJHOH M Ol
e I BCeX PaccMaTpHBAeMbIX Harpysok. [gsa tpy®, y/IOMeHHLIX
B 3eMJe, 3TO YCJAOBHE MOMKET CYHTATHCA BHINOJHEHHEIM C HOCTATOY-
HOfl TOUHOCTBIO, TAK KAX BEPXHHUN M HIDKHHA TIACTHYECKHH wap-
HHDHl li€ MEHSI0T CBoero mouoKenHsi. [lomoxenne Ke -GOKOBBIX
IUIACTHMECKHX WADHMDOB JUIA DASJMUHBIX HATPY30K H  OMODHEX
peakunll MeHfAeTCH OYeHL HEe3HAUHTEILHO.

3. NNpusenesde pacueTHLIX HAMPY30K K IBYM COCPEAOTOUYEHHBIM CHIIaM

Jas BO3MOMKHOCTH COMOCTABJEHUA HAPPy30K, MeHCTBYIOIAX
Ha pr6y,u YAOKEHHYIO B 3eMJIe, € ee Hecyllefl cnoCoOHOCTBIO, yCTa-
HOBJEHHOH INPH MeXaHHUeCKHX HCIbITAHHAX Ha Tpecce, a TaKKe
I OGJerueHns PacyeTOB MOXKHO TPHBECTH BCE HALPY3KH K OJHON
axpuBaneHTHOH. [Ipw sTOM yHoGHee BCero NpPHBOAHTL Ble HArpyaKy
K ABYM COCPEROTOUEHHEIM [HMAMeTPaJbHo MPOTHBONOIONKHBIM CH-
JaM, T. e. K TOMY BUAY 3arpy:KeHus, KOTOPOMY HoABepraercs tpyda
TpH MeXaHHUeCKHX HCIBITAHHAX Ha npecce. ByneM Ha3bIBATD
3KBHBAJeHTHBMH TaKHe HArpPy3KH, KOTODHE COOTBETCTBYIOT
OAHHAKOBBLIM HECYUIMM CIOCOGHOCTAM TPYOHL.
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Ecnyu nmpHHATL, 4TO Hecyllas cnocoGHOCTE TPYORL oNpeae/act-
¢Sl DeJIMUYMHON HaUBOALIIEro MATHGAIoOmero MOMENTa B ee CTEHKE,
10 MOJKHO CUMTATh SKBHBAJGHTHBIMA Takpne Harpy3ki, KOTOPHE
BLISBIRAIOT OJMHAKOBHIE JIO BeJHUHHE MaKCHMaJbHbIE H3rubaouHEe
MoMeHTh. [Ipy 3TOM MOKHO HCXOAHTb Kax H3 ynpyrofi ctaauy pa-
6oTbl TPYObl, TAK M MX CTAAHH NPELeJBHOTO DaBHOBECH:.

B HepBOM ciAysac, T. €. B CTajuu YNPYroCTH, ycjopHe SKBHRA- -

NEHTHOCTY HATPY30K AOJXKiHO OHITh 3aTHCANO TAK:
Myaxe @r = 0,318, 1;
OTCIONA

pBKB — MM&I{CQ

¢,318 T MuaucQ = ayQ. (111_25)

rae P,,— pacieTHas 9KBMBAJEHTHAs Harpyska B BHle JBYX
COCPENOTOUEHHBIX CHJ;

Q — pacueTHas Harpyska Ha TpyGy oT COGCTBEHHOTO
peca, JABJCHMR OKWAKOCTH, AaBJeNHs TpyHTa #JH
OT HarpyskH, AeficrBYIOLleH Ha NOBEPXHOCTH;

M, oqe — UHCAOBON KODPHIMEHT B dopmye aas HauGob-
mero mo Aa6conioTHOR BesHUHHE H3THOGAlOeno Mo-
MeHTa, OTBEYAlOMIM TOR WM HHOK Harpyske Q. A
TOMY HJIM HHOMY CHOCOOY OTHpaRus TpyOhi;

By —ko2GbGUHUMEHT TpPpHBELEHHS HATPY3KH B
ynpyrofi cTaaus paGoTel  TPyGhl, ApnAoWMAcs Be-
THURHON, OOPATHON MapCTOHOBCKOMY «KOS(hGhHIHEH-
Ty Harpysku» $, TOJYUeHHOMY OMIUDHYECKHM ITyTeM
JJis PasHHIX CJAY4aeB YKIaAKu TPYOHL. Tlpn sTOM:

By = -L— = 1t Miyage- (I11.26)

Bo BropoM caydae, T. €. B CTaJHH MpelenbHOTO PaBHOBECH,
yC/IOBHE SKBHBAJEHTHOCTH Harpysok Oyxer TaKHM: ‘

Muauc Q?’ = 0:250 Psnn T
OTCI0Aa

_MpQ _
oKD T 0,25 - Ban, (111.27)

rae M, — uncroBofi KOS(GOHIHENT B dopmyJie i BbIDaBHEHHO-
ro MOMeHTa OT TOH MM HWHON Hanpy3Kw IOpH TOM MM
HHoM criocoGe onspanssi (k3 tabu, 17);
Byp — KO3(O(HUMEHT [pPHBEISHNA Marpyskn B CTALUN npe-
1eJLHOTO PABHOBECHA:

Bup = 4Mpy. (111,28)
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B Taba. 18 mnpupexensl 3Hadenust Koa(pOUIHALHTOB npuBese-
HUS HATPY30K B YNPYDOfl # IUIACTHUECKOH CTafuH paGoTer TpyOH
IS pasmbIX caydaes yxnmaiikd., B ckoOKax yKasannl COOTBETCT-
BYIOLIMe BEJHUMHB KOI(MPHIHEHTOR $. : :

TaGanna 18
KoahPpnunenTHl npHBEJEHHA HATPY3OK

Hopmanvai cnocod Onnpanne va dyuia-

OnHpanHe Ha NAOCKOCTb onupaIns MEHT

Harpysua By Pup By Bap By Bap

( ¥y) ( ¥np) ( #y) (Yup) | (%) ( ¥up)

CobcTenntii 0,750 | 0,500 | 0,386| 0,358 0,185| 0,221
Bec TPYOH (1.33) 1 (2,00) { (2,59) | (2,79) | (.41) | (4,59
JaBnenue xua- 0,750 0,500 0,386 0,358 0,185 0,221
KocTH, sanomusi- | (1,33) (2,00) (2,59) (2,791 (5,41) {4,52)
mei Tpy6y
BeptukaasHoe 0,923 0,750 | - 0,559 (,608 0,386 0,473
paBHomeproe nas- | (1,08) {1,33) (1,79) (1,65) [ (2,59 2,11
neque
Bec 3ACHTKH B 0,852 0,608 0,437 0,465 0,295 0,329
masyxax eepxuerc | {(1,17) {1,65) {2,05) (2,15) (3,39) {3,04)
cBOJA

Topuaontansnoe | —0,393 j —0,500 | —0,393 —0,500 | —0,393 | ~~0,500
papHoMeproe nas- |(—2,54) [(—2,00) 1(—2,54) {(—2,00) |(—2,54) [(—2,00)
NeHHe

CocpenrotoueH- 1,000 1,000 0,972 0,856 0,915 0,720
Haa cuaa, npuiao- | {1,00) (1,00} {1,03) (1,179 (1,09 (1,39
WeHHas B KaAKHE

[TonyueHHEle TEOPETHUECKHM nyTeM KOI(DOHIHEHTE TNpHBe-
feHHS HArPY30K HOCTATOUHO XOPOIIO CXOAATCA C INOMYHEHHEIMH Map-
CTOHOM SKCHeDHMEHTA/BHEIMH CPeNHUMH J@HHLIMH JJI1 HArpyskH OT
3ACHITIKH!

npU ONEPagHH Ha mjockocTs § = 1,16,

» > » cnpoduanposaunce noxe ¢ = 1,67,
» » » GeToHHyio onopy ¢ = 2,50.

He6ogbmiaa pasHula MemIy TeOPeTHUeCKHMH M CPeHHMH 3IKC-
MePHUMEHTAJIbHEIMH JAHHWMH 00DbACHAeTCS TeM, UTC MOCJIeAHHe OT-
PAXKAKOT HE TOJBKO JeHCTBHE BEePTHKANbHOH HArpy3KH OT 3ACKIIKH, HO
Taloke W OelRCTBHe DOKOBOTO NABJACHHA 3TOH 3aCHIIKH — KaK aKTHB-
HOTO, TAK M peakTHBHOrO. Kpome TOro, moBHIHNMOMY, HMEET MECTO He-
KOTOpPOE HECOBNajeHHe YIVIOB 0XBara TPYOLl ONOpPOH NMPH aHAIHTHYE-
CKOM pacdeTe § BO BpeMs onbiToB. Hakowsell, B aHAJUTHIECKOM ONpe-
fedenuH B He yuTennl HopMasbHble cuibi. Hla puc. 55 u 56 npuseneHs
pexoMenxyemble ¥Y-96-50 [40] rpaduky Ko3(pHIHEHTOB NPHBEICHUS
HATPYSOK OT SACHIIKA M Ciayyas ykaaaku TpyOn B TpaHilee H B
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Puc. 55. KosdpuuvenTsl mpnBejedus HArpy3oK Of SacHIKH AAg  TPY6M

B TpaHiuee

/—onupanne Ha AXOCKOCTb; 2—MOPMAMLHIMA CNOCOS ONWPAHHA; J—oOMMpAHHE Ha hyuzamenT

M

F 40,5

!

H
3 4« 58§ 7 8 9 0

(N1

Puc. 56. KospuuuenTsl npHBeseHns Harpysox
OT 38CHINKH A1A TPYGb B HACKINM

HACHINH. [IPH COCTABJEHHH THX rpadHKOB yuTeHLl TaKMe TOPU3OH-
TaqbHOe (OOKOBOE) fapjeHHe 3ACHINKH Ha TPYGY H BEC 3aCHINKH
B Masyxax BepxHero csoga. [TosToMy npH uenofn3oBaHMH 3THX
rpadhuKoB MOCAeAHHe JBe HATPY3KH OTAENBHOMY YYeTY He TIOAJIexAaT:
BriGop KpHBOH Ha pHC. 56 MPOU3BOAHTCA B COOTBETCTBHH ¢ JaH-
HBIME Tabua. 19. .
TaGnuoma 19

BuiGop spHenlx Ha puc. 56 AAf onpeaenenns kosdpHUMEHTA NpuBeIeHHA

Harpy3ok 8 Ans Tpy6, yAOMKEHHHX B HACHNK

HoMepa KpWewX Ha PHC. 56
MPpH CMHPAHUH TPYO
Haumenosanue rpyeros OCHOBAHHA
HOPMAABHEM Ha feToREYIR
cnocohom onopy
CraJpHHe M DOAYCKAaZbHBE TPYHTHL . . . . . . . t 3
KpynHooBaoMounble rpyHTEl . . . . + = o & . . . t 4
[lecyaHble IPpyATHL
4) IECKH rpaBeJHCTble KPYIHREE H CpeHei xpyn-
HOCTH, IOTHRE . . . -« « + . . . .« . l 4
6) Te e IpPYHTH ¢pelHeil DANOTHOCTH, @ Takue
TMEeCKH MEAKHE M IIBUICBATHIE MJIOTHBE . . . 1 5
B) MECKH MelIKMe M NhAesdThie CpefHed MioT-
HOCTH « v . v 4 v 4 v v v v s v v e s s 2 6
TiuHKCTEIE TPYHTEIX
QY TBEPABIE « = o 4 = v 4 0w e e e e e 1 4
0) BAACTHYHBIE . . . . . . & « « « 4 v « 1 5
B) TEKYUHE . - = 4 o 4 0 v v v o s v v o a . 2 6

Jas  coberBenHoro Beca TPYyGH M Beca KHAKOCTH B TpyGe
¥-96-50 pexkoMeHAYIOT Te e Ko3(hHUHeHTHl HATPY3KH, Kak H JId
JAABJEHHS 3&CBINKM, 4 JiAA JaBJeHHS OT COCPEeLOTOUSHHBIX HArDY3oK
Ha MOBEPXHOCTH TpyHTa ¢ = 1,5, r e [ = 0,667 nesapucumo or
cnocofa OMHpAHHA.

B nopsjke yTOUHEHHS STHX yKazaHHl Ha OCHOBAHMH JAHHEIX
Taba, 18 MKHO PEKOMEHROBATL CJSIYIOULHE OKpYTJEHHBIE 3HAYeHHT
KO3(h(hHIMENTOB NPABELEHHN HATPY30K KAK B YOPyroi, Tak H B nia
CTHUCCKON CTajHH PabOTH TPYOH.

CoGcTBenHbil Bec TpyGLl H BeC KHAKOCTH B TpyGe:

a} IIpH yKJIajke HOPMaJbHEHM crnocofoM B = 0.4,

6) » » Ha QyHAaAMEHT =02

HapieHHe OT COCPEOTOUEHHEIX HATDY30K, MPUIOKEHHBIX Ha MO-
BEDXHOCTH 3EMJIH:

' &) mpH ykhajxe HODMaJsibHEIM cnocoGom B = 0,6,

6) » » Ha (yHAAMEHT B =04
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Tlpn OOHOBPEMEHHOM AEHCTBHH HECKOJIBKHX HATPY3OK BCE O
PHBOASTCSL K OfHOH SKBHBANCHTHOR pacueTHOH HArpysxe B BHIE
ABYX cocpelOTOYeHHBIX CHJ NYyTEM GO eHHsT OTIEJBHBIX 2JKBHBA-
JIEHTHEIX Harpysok:

P = EBQ, (l11.29)

roe @ —Ta WM HHAS pacyeTHas HArpyska,
" B — cootBercTByIOIHE KO3 dHLeHT NPHBEICHHA.

'PacueTkulil M3ru6aioluufi MOMEHT oIpejelseTca 0o ONHOA H3
CAeAYIOIIHX ABYX (hOpMYJL:
a) ecJd pacueT BEACTCH [0 CTaAHH YIPYTOCTH
Mpacu = 0,318‘Paxn s (UI.SO)

6) ecns pacueT BefeTCA € YYeTOM CBOHCTB NIACTHYHOCTH Ma-
TepHaI0B

Mpac-_l = 0,255 7 . (1“31)

Mpumep 12. OnpeesuTh pacueTHELR uarHbawmui MoMeHT B TDyGe, PACCMOT-
PEHHOW B NpHMepe 8, NOJAB3YACk METOLOM TNpPhBELEHHA HAMPYSOK Ge3 yueta
@ € YUeTOM IJIGCTHUCCKHX CROCTR IKeseaoferoma,

PacueT 6Ges yueTa NAACTHUECKHX CBORCTRB MaTepHaia
To rpaduxy puc. 55 s Do =600 MM npu HOpMANBROM criocofie  yKAAJIKA
BaxoZHM KOS(QIDHUHEHT ITPHBEIENHA HAFPYSKH OT 3acHiKu g =054, Hna cob-
CTBEHHOFD Beca TPYOH H Beca uikoctd npunumaem § =04, 2 s BpeMeHHOR’
Harpyswu f = 0,6.

lpuperesmas K [OBYM COCDEAQTOYEHHWM CHIaM pACUETHER -HarPyska co-
CTABJSIET:

Poxg = 0,4 (Ge + P) + 0,54G, + 0,6P, = 0,4(0,328 -+ 0,310) +
+0,54.6,75+0,6.0,34=0,255+3,64+0,204 = 4,000 m.

Pacuernrifi narnGaiomafl Moment nmo dopmyne (I11.30):
Mpaey = 0,318Poyn r = 0,318.4,099-0,33 = 0,43 mxu.

SDTOT PesyIbTAT GOUTH COBNAZAET C TEM, KOTOPHI On1 moAydeH B npeMepe 8.

PacuyeT € YUEeTOM NAACTHUYGCKHX CBORCTB MaTephaad
PacueTptlll MOMEHT BHELUIHHX CHA CJedyeT B3ATb OTHOCHTENBHO LEHTPOB IIACTH-
NECKHX WAPHHPOB, KOTODHE HAXOAATCA Ouehk GMU3KO OT CxKATOH IpAHH CeuCHUS
H KOTOpEIE NPHOJUKEHHD MOMHO CHYHTATE HellOCPeICTBEHHD y TpaHi. ITpu 1ex xe
PACYETHHIX HAIPY3K2X H KOS(QHWHeHTAX NPUBEALHHA HATPY3OK pacyeTHRIi H3TH-
GaKUMl MOMEHT, BuuHcAeHHHA no gopmyne (L1131}, cocrapnser: ’

Moaeq = 0,25P 5 7 = 0,25.4,009-0,33 = 0,34 ma.

Vger NaacTHUECKNX CBOACTE MaTepata NO3BOAMA CHH3HTh DacueTHHE Wari-
Gaiouiuil MomenT Ha 21%. :

4. PacueT KecTKMX cOOpHBIX TpyG B KaHAMOB

COopHble Kele3ofeToHHble TPYObl PeKOMEHI0BAHBl K NPHMEHE-
HHIO AJS [NPOMYCKA BOJb MOJ HACHIMSIMH B DeillendH Bceecowanol
KoudepeHlHl No xeje306eToHy H GeTOHY. :

B’ cTpPOMTE/BCTEE NPHMEHSIIOTCA PA3/HuBbie THNBL COOPHBIX ¥Ke-
J1e306ETOHHBIX TPYG M KOJJIEKTOPOB, PAcyeT KOTOPEIX MMEET HeKOTOo-
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peic OCOBEHHOCTH [0 CPABHEHHIO C pACUETOM MOHONHTHBIX TPYG. Mbl
paccMOTPHM pacieT HEKQTOpLIX THIOB cOOPHBIX KOHCTPYKILRH TpyGo-
nposopos. C6oprEle OGIHIOBKHU ToHHeNel, TONPOOHO PacCMOTpeHHEIE
C. C. Haeenosum [13] 1 M. M. JlanayposbiM [11], smecs He pac-
CMATPHBATCS.

a) Kpyraas ofonouxka, cocTaBjJenunasd U3 Med
KHX cerMenHTton (puc. 57,0). JlAs npuaanks 3TOH KOHCTPYK-
UMM HEM3MEHSEMOCTH ee CBA3BIBAIOT GaHHaXKdaMH . HIH NPOBOJIOKOH
# TIOKPHIBAIOT CJIOEM IUTYKATYPKH. DTO MpPENsaTCIBYeT DACKPEITHIO
[IBOB CErMEHTHOM 0GOJMOYKH ¢ HAPYMKHOM cToponbl. [103TOMYy pPacKphi-
THE WBOB MPOMCXOLUT TOJBKO C BHYTPEHHEH CTOPOHB! B CEUEHHAX N0

Ma y

:_y o
o M

Puc. 57. CHopnas O6ONOUKA M3 MRIKHX CerMeHTOB
J — MEAKHE CETMEHTHI; 2 — Dannam

BepTHKa/JbHOMY AHameTpy. [lns pacuera Takol - 060A0UKH NPHHEMA-
0T, 4TO OHA HMeeT UIAPHHPEL B 3TUX CCUCHHAX (puc. 57,6). Ilpn
BepTMKAJbLHOM Harpyske Tdkasg pacuernasd CXeMa OKA3EIBAETCA
CTATHUECKH ONMpefesMoil, M BCe BHYTPEHHWE YCHJHA B HEH MOTYT
fLITL OMpeje/teHsl H3 YCAOBHHA paBHOBECHS. C npaxTHYeCKH A0CTa-
TOUHOH TOUHOCTHIO MOMKIO TMPHHATb, 4TO HauGOAblLIMA 1O abcooT-
HOH BeJHYHHe H3HOAoIIMil MOMEHT JefCTBYeT HAa KOHUAX TOPH3ON-
TANBHOTO HpAMeTpa. DTO T03BOJNET HAHTH HaMGoAbWKE Harubaw-
MHH MOMEHT B CEIrMeHTHOMH oBoJouKke, HCXOAR H3 TeX ypaBueHuii,
KoTOpbie fipuBeseHs B § 1 oTol raaspl A5 MOHOJHTHBIX TpyD. Tipu
aToM Tloaydaercs Takas Qopmyaa (pHc. 57,8):

Mpg + Mpy

My =My, — —2—, (111.32)

rae May, May, Msy — narubaiorue MOMEHTbl B COOTBETCTBYIO-
[HIHX CEUCHHAX B CTaAuH YODYrocTH,
KOTOPEIE  ONpEIeNsiorT Mo QopMylam
(J11.12) — (111.19) .

6) Kpyranaa o6on04Ka, cocTaBJeHHAN H3 ABYX
NONYUUJAHHLPOB (KOHCTPYKUHA NPEALGHKEHa KynpamensbiM H
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JlamuneiM [66}), (puc. 58). Coefunende UMAMHADPOB NDHHHMAETCS
IIaDHHPHBIM, IIpHYeM MONEPeYHbIMH CHJIAMH B LIapHHpax npeHebpe-
raior, Takas pacyerHas cXeMa OKA3EIBAETCSl CTATHUECKH OTIpeesH-
MO#. Marunbaromue MoMents! B cedeHuax A u B moryr 6eith HalgeHH
KdK HelOCPeACTBEHHO H3 YCJIOBHH DABHOBecHs, TaK H € HCIIOJb30BA-

""Mﬁ "7

-..--.M”

Puc. 58. CGopnasn o6onouxa W3 IBYX NOJYUMIHHIPOB

nuem dopmyn (111.12) —(111.19). B mocaensem caydae npu M =
==Mp BHIDABHeHHEIE H3rmGalwllHe MOMeHTH OyAyT paBHH (pHc. 58,8).

MA.y _‘QMB.y +MB.Y
2

B) CaoavaTwmii kKanaa (pHc

59). DTa KOHCTPYKUMS NpPEACTABJISET

coGOH NBYXUIADHHDHLIA WAM TpeXiuap-

HHDHBI NOJYLHPKYJLHBEA CBOI, ONHpPA-

IONIHACA Ha PYHAAMEHT B BHAE NJIHTH

HIH B BHJe 00paTHOrO CBOAA ¢ BLIPOB-

HeHHOH nojaowsol. B mocaenHem ciy-

yae (pyHAaAMEHT MOMeT OLHTh MOHOJHT-

HBIM  WJIH COOPHEIM  (KOHCTDYKIHS

JI. A. Yerrepuuna [44]). Pacuetsbie
| opmynr, pekomeHmyemee JI. A,
UeTBepHHHEIM JJIf ONpeeseHHs YCH-
JHE B ABYXIWIAPHMPHOM M TpeXiHap-
HHPHOM CBOJAX, CBefeHbl B Taba. 20
¥ 21. Cienyer, ofHAKO, HMeTh B BHAY, YTO (QOPMYJE L4 AByXwap-
HUDHOTO CBOJIA He YUHTBIBRIOT BO3MOXKHOCTD FOPH3OHTANDIOTO B3aUM-
HOTO CMELIEHHA ONop <CBOJA, MOTYIIEro TDHBECTH K HEKOTOPOMY
BO3PACTAHUIO MOJOKHTENBHBIX M3rHOAWIUYX MOMEHTOR M K HeKOoTO-
POMY CHIDKEHHIO OTDHLATENbHbIX MOMEHTOB.

B sTHX TabiMIaX 3HAK [JI0C COOTBETCTBYET MOMEHTaM, BBHISH:
DAIOUHM PACTAMEHHEe BHYTDEHHHX BOJOKOH H CHKMMAIOUWHM HOp-
MaJBHBM CHJIaM. Yrael §  OTCUHTHIBAIOTCH OT BeDTUKAJIbHOH OCH.
NPOXOAALIeA uepes KIKUeBoe cedeHHe CBOLA.

My =M, = (111.33)

Puc, 59, CeopuaTntit xaHan
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Tatawma 20
PacuerHne dopmyan [as ABYXIIAPHHPHOrO CBOAA

Bua Harpysiw

¥cuaun n ceoie -
Ty l Qs l 2y
OnopHoe gaBaeudse A. . . . . . . 0,500 Q, 0 0
Pacmop #H . . . . . e e s 0,2125 Qp 1—0,425 Qg 0,600 P,
Momenr My (npw 0=0). . . . . . 0,0375 Qpr| 0,0900 Qgr| 0,0674 Pyr
Moment Mgy (npu 0=04° 48") . . . [—0,045 Q4 r [--0,075 Q5 r |—0,102 Pyr
Hopmanbras cuna N (opu 0=0) . . . 0,2125Q5 | 0,575Qs |—0,400 P,
Hopmaapnaa cuna N (npn 0=64°48") 0,500 Qg 0,1810Qs |-¢,220P,
Tat6numa 21
Pacuernme dopmyan aas TpexmwapHMpHOro ¢soaa
Buz Harpycixu
¥
CHAHA B CBOIR QB ] Q6 , PD
Onopuoe napnense 4. . . . . . . . 0,500 Qg 0 0
Pacnop H . . . . . . ... ... 0,250 ¢y |—0,500 Qg 0,667 P,
Mowment Myaye (mpn 0=60%) . . . . . — 0,125 Qgr 1. —
Mowment My (mpu 0=60°) . . 0,0625 Qur — —0, 128 Pyr
Hopmanwhan c¢una N npH Mya
(=60 ... ... .. . .. = 0,250 Qg —
Hopmaawwag cuna N nopuw My,
=60 . .. ... . ...... 0,500 Q4 — —--0,400 P,

{lpy pacuere yHIAMEHTHOH TUIHTB, KOTOpPA® paccMaTpH-
BaeTCsl Kak 0aljka #Ha JABYyX ONOpax, DeakTHBHOe NaBJeHHE T'PYHTA
CJellYET TIPHHHMATEH PACIpeledeHHBIM T 3aKoHy napaboinl B co-
orpeTcTBHH ¢ opmyaama (11.105) —(11.108) uax paBHOMEpPHRIM.,

Ilpy neHCTBHM peaklud, paclpene/edHoi 10 2aKOHY KBagpar-
Holt napaGonnl {¢ur. 60,a), nandojbWKHE H3rUOALIMA MOMEHT no-
cpenyie rpoJjera GaJaxd OyJeT paBeH:

_ NP 20Gi—qp D 3D D?

Myage = 8 3.9 8-Q=_[E (QI'—"QU)

(111.34):

fIpn pacuere cOOPHOTO HAM MGEOJHTHOIO ()yHIaAMeHTa B BUAE
ofpaTHOTO CBOAA, KPOMe PeAKTHBHOTO JABJIEeHHsT DPYHTA CHH3Y,
HYMHO e YUHTLIBATL BEC KHAKOCTH, 3aNOJAHSIONEH KaHaJ, cof-
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CTBCHHBIH Bec BEPTHKAJABHBIX KDH'OOJ'IEI"’I, FODHIOHTAJBHOE HapJeHHe
CPYHTA HA 3TH KOHCOMIM H pacnop cpofal,

Hns pacyera ¢OOPHOTO CBONYATOTO KaHasa Mo ®ecyuleft crmo-
COGHOCTH  Uenecoobpasno NPHEMEHATL MeToN, IpeleJbHONO paBHO-
BecHa. [lycTh, HamprMep, Tpefyercd ONpeme/dTh MITHOAIOIIHE
MOMEHTBl B CTaAHH NIpelalbHOl0 DABHOBECHA B C60!pHOM CBOAUATOM
KaHaJgae, cxeMaTHYHO TIOKa3aHHOM Ha puc. 60,a.

Has pemlenus 9ToH 3afaud MoXKeT GHITh TIDHMEHeHO BEIPABHH-
BaHHEe MOMEHTOB. ,U,JIH 3TOT¢ HYHHO [HOCTPOHTH SIIOPY MOMEHTOB
M, oT HarpysKH i ONODHOM pPeakuHy B OCHOBHOR cucTeMe, u306pa-

Junuiniiiiiile | J[IHITe &

8 8 N M
Mgl ‘ |

o &) \
* Er M \_L-
s

o \
» Vb

Fq %0

7 | D )
2
Puc. 60. Pacyetnas cxeMa csoauaToro xaHala

XeHHOH Ha pHe. 60,6, H HaJOXKHTE HA Hee TPANeOH/IAMBHYIO
aniopy Mz or HenspecTHIX M2 m Np, TNPHIOKEHHBIX B KJIOUEBOM
cevenuu (puc. 60,8). Ilpu 3TOM OpAHHATEL Tpameldy JOJKHE GBITH
PABHEL HecyluuM cCrnocofHocTaM cedennit A 1 B, a opasxata ha
yposHe wapHupa b5, saxkniouensas Mexay osmopamu My u M,
AOJHHAZ OBITh DABHA HYJK, TAK KAaK HeCcyllad CHIOCOGHOCTB Coverms

B ua wusruf paBHa MHyaIo.
Paznen#s TpanelHio Ha Ba TPeYTOVILHHKA, MOMKHO H3 WHCTO
reOMEeTPHYECKHX COOTHOUICHHH MOKYWHTb:
(M.q -~ MU,A){)+MBH

a+b 0.5 '
rae Mo,s 1 Mo 4— opanuats smopw M, ma yposye wapuupa b u B
- ceneHnu A.
Crnenas HeboabillHe Ape0Gpa30BaHHA, IIOJYUHM:
Myb+ Mya=—M;;(@+b) —M, ,b. (111.35)

I TlompoGne oM. [44]
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Ecin Harpy3xa DABHOMEPHAT MHTEHCHBHOCTBIO ¢, @ SMopa
peakuuii mapafoaHuecKkas ¢ OPAHHATAMH, ONpeleJeHHBIMH To (op-
myaam (11.105) u (11.106) pas cyramducroro rpyHta go = 0,81¢
u g =1,37¢, T0:

8
=D D g —q)D 3D _ 3
L M= T 3.2 8.2 0.011gD%

" W3 ypasuewus (I11.35) noayuum _
M, b4 Mga =qD?(0,125a + 0,114b).

3Has BeJaHUHHY fpeleisHoro Hsrubawllero MmoMeHta Mas
CpeldHeM CedeHHH (YHIAMEHTA, MOXHO HaHTH HITMGAOIHH  MO-
MEHT B KJHYeBOM CeYeHHH CB0OJA, 4 TaKXKe MOMEHTEl BO BCex Xa-
PaKTepHBIX ceveHHAX. [Ipu paccMOTpeHKH JeHCTBHA HECKOJAbKHX
HANPY30K MOMXHO DNOIB30BATRECA CHOMKeHHeM JelCTBHSA CHJI,
_Jlna pasrpyakn ceuenus A, a cieloBaTeibRO, H Cedelns B
nenecoobpaszHo yCTPAHBATLE ¥ DyHNaMeHTHON [MJAATHL TOPU30HTAJb-
HBle KOHCOJbHBIE BHICTYTHL, TIOKA3aHHEIE HA pHC, 59.

5. llenecooGpasubie’ GOPMbI NOHEPEUHBIX CEYERUIT TPYO

. HenmecooSpasno#t {pammoHanpHoft) dopmoll monepeunore cede-
#usi TPyOBl MM apKM TPHHATO HA3LIBATE TaKyi (opMy, KoTopas
OTBEYaeT HauMeHblleMy 06beMy MaTepHada Ipi obeclledeHuy Hajl-
Jexxamell IPOYHOCTH KOHCTPYKUHH, 3ajaua OOHUHO CBOJHTCH K
noafopy ouepTaHHd OCH TPYOW M K BLIGODY 3aKOHA H3MEHCHHA
cetueHuii [IPH HAaNAHHBIX OCHOBHBIX pasMepax apkH WIH TpyOul
{WppuHe w BEICOTe). Taxasd noCTaHOBKA 3alaud SBJSETCA BecrMa
CYXeHHOH, TAK KaK TIPH 9TOM OCTaB/IAOTCH (Ge3 DPAcCMOTPEHHMA He
TOJMBKO YCJIOBHA YCTONHUHBOCTH H JKeCTKOCTH TPyOBl H BHOOD ee
OCHOBHBIX PasMeDOB, HO H-Te TpebOoBaHH, KOTOPHIE NPEelLABJASIOTCS
K TpyOe B OTHONIGHHM ee TFHAPABIHUECKOH NPONYCKHOH cnocoGHOCTH,
a TaKXe C TOYKH 3peHHs; [POH3BOACTEBA PabOT N0 BO3BEIEHHIO HJIH
H3rOTORJeHHID TPYOh. OnHAKO H B Takoll CY#eHHOH MOCTAHOBKE
3ajadya HMeeT OOJbIIOe NPAKTHYGCKOE 3HAUEHHe, TAK KAK MNepeuH-
cieHHble GarkTopbl MOIryT ObITB YUTEHBl OTIEILHQ.

Bompoc o menecoofpasHol (opMme apok M TDYS HCCJAeROBAH
®. C. Heuncknw, C. M. beazenknm, B. U. PyauesnuM #u  ocoGenno
nerasbHo B. A, KuceqmeruM 1 K. M. XyGepsinom.

HauGonee mpocTo BONpOC 0 IeNecon0pasHOM OUePTAHHH OCH
apku WM TpyGel PELIasTCH HA OCHOBE TEOPHH BeperROYHOH KPHBOI,
COTJIACHO KOTOPOR NemecooOpasHoe OUepTaHde ONpeesisercs of-
CYTCTBHEM H3THOAIOLEMX MOMEHTOR BO BCEX CEUCHHAX CTEHKH TpyOhl.

Has nenecooGpaznoro ouepraHHsS OCH  He3acHmauioro Tpydo-
TPOBOLA Ha OCHoBe 310H Teopun B. A. Kucenes [22] noayyus cie-

- AyIOIIHEe YpaBHeHH::
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e —
Y =yi_e V 1—£%sin® g,

)

¥ = ,,Jz_j{i’z BIF_F (k) — [E—E(k, cP)l}
k (111.36)

rjie  pp— Hanop B BepxHeH TouKe TPyGONpoBOAA;
R ¥ - MOLYTL H aMIVIMTYIA HENOJIHBIX SJABNTHUECKHX HH-
TerpaJioB nepsoro w wroporo poga [F{k,e) u E(k, g)};
NpH 3TOM
g
EHE AN
N=1—HPMB&H&HJHH'F{ MPOLoNbHAA  CHIA, TNPHXOASIIASCH HA
T equHMILY IJIHHBL TPYGH;
N-— nosiHas NpomoJsLHAas CHJA;
To — OOBEMHBIH Bec BOAEN
Fy E — noJHBle 3JJHITHYeCKHe HHTErPaisl (OTBEuAKOMIMe 3HA-
YEHHID ¢ = %)
apamerpsl Bepepouncit kpHBOH k2 H ¢ ompejeNsioTca M3 yC-
JIOBHH [IPOXOXK[AEHHSI KDHBOH Uepes 3afaHHYI0 HHIKHIOD TOYKY.
LJaa sTOro NpHXOAMTCH PeluaTh fBa
a) | d) YDABHEHHST C* ABYMH HEH3BeCTHHIMH.
LlenecooGpasHble GoOpME, TIOMydaeMble
Ha ocroBauuH Qopmyin (I11.36) mas
NoMepedHbX CeYeHHH TpyOnl, omneproll
Ha ABe NpoA0AbHBE PauLGadku, ¥ TpY-
6ul, omepTofi HA ropHIOHTAJbLHOE .II0-
CKOE OCHOBaHHe, lIOKas3aHEl Ha PHC.
61,2 u 6. ARaJOrHYHEIe Pe3y/bTATH B
MeHee ofllelt ¢opme ObLIH TOJYYEHE
panee A, M. T'uuaGyprom [9].
p”cl;‘b?I;IOL[EZ’I‘)Z‘:[?{?’?XP&i‘é’:{‘:}m%‘)p' esrecoo6pastoe  ouepranne ocn
HeaacHMakmmix  TpyBompopogos  HE3AMKHYTBIX TPYG H Bepxned dacTH
3aMKHYTHX TPYG TIPH JaBJSHHH 3aChI-
KH, PacnpeleJeHHOM CONIacHO pHC. 62,
onpefesieTcd CAeLYIOUIMMH ypaBHeHUAMH, nosnydyeHHBIMH B. A, Ku-
CEeJIEBHIM:

v 2Ny -eH? '
CViRiaim [F—F(k, ¢)]l—
— VAN, £ tH® [E—E (k 9)]; (I11.37)

y=VH2+4_E}VO CDSch,
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rae t —xoadduLnHedT GOXKOBOTO JAaBJeHHA 3acChilKH;

N .
N, = =® — npHBefleHHas HOPMaJbHAs CHIa B BepXHeH TOouKe TPy6bl;

7T — 0OBeMHE Bec 3ACHIIKH.

IMapamerp pepesouHoil KpuBoli N, oflpelefserca NMOAGOpOM H3
yCIoBMA TIPOXOKICHHA BEPeBOUMOH KPHBOH depes 3aiaHuble Goxo-
BHlE TOUKH JIOMEPeYHOrd ceueHuss TPYGH, HMeounlero HauGoJbiIyIo
LIHPHHY. ‘ o

'S
Eyd
fyﬁs ‘y._DL ' EJ’”E
EyHy rﬂ Eyis
e
. X
37 Eyha

94

Puc. 62. LenecooBpasnada (opma BepxHell dacTH
MONepeyHoro cededHs 3achlaHHO# Tpy6H

VpapHenne BepeBoUHON KpPHBOA AJM7 HHMHeH 4YacTH 3aMKHYTOH
Tpy6sl AMeeT TaKoH BHA:

2 g2
38 HY

x= ]/ 2e=n V? [Hi - (HA - 3’1)3_3[15}’1] » (11.38)

e th=H,—uy.

Ha ypaprenua (I11.38) MoxXKHO ONpese/MTh OOHY H3 BeJHUHA
H, was Hg, ecin 3azaua npyrad.

109




Hprmep 13*. OnpeienHTs ouepTaHHe TOHHeAS N0 BEPEROYHON KPHBON 1pH
CICAYIOIHX ARHHEX (pHe. 63):

H=10u, Hyp=16,12 4, Dy=10.4, Ny=80m/u, 1=2 m/n*,

£E=0,5:
N, & 4.40
Ny=—=—m=d0 2. s —— - R .
°T T T e “ R = s e a0 = 782

Tay6una sanoxeHHA wu3a TOHHeN S oNpepedseTcd W3 YpaBHENHA (111.38):

22—0,7691 0,5
3.0,762-16, 122

5,00 = [A5 —16,19°~—

—3.16,12%(H, —16,12 )]

Orewia HA e= 21,73 w; D2=HA—H=

= 2173 — 10=11,73 u.
Bepesounas xpusasm mnam Bepxuell  macrm
ToRHeAs onpedenserca dopmyramu (I11.37):

o 240+0,5.108
" 4.40 4 0,5. 102

[F—F(es)] —

— V40T 05T [E—E(k, 9]

4-40
= 102 2.
¥ l/ + o5 coste

IMo o%uM ypapHeHWSM TIpH NMOMOIM TAGNHI SJTMITHUECKHX HHTErPASOB NpO-
ugpenel MOLCYET KOOPAHHAT BePeBOYHOR KpHBOM:

y=10 11 12 13 14 15 16 16,12 &
x= 0 2,69 3,70 4,27 4,65 4,88 4,99 5,00 u

Puc, 63. UenecooSpasuoe
NonepeuHge CceveHHe 32-
CLIMAHHOTQ TOHHENR
HIH  TpyGonporoaa

na muKueR wacTH TOHHENA ypaBHEHHe BePeBOUHOM KPHBOH BLIpaXaeTcd dop-
wyaoii (I11.38):

2.5(2— 0,762 /0,5 ]
- —(2 — ¥y — 3. 2
* l/ 3.0,762.16,122 [21,73° — (21,73 — y,)* — 3-16,122 y,] .

Mo sToMy ypaBHEHHIO NOACYHTANH alClHCCHl KpPHBOA:

y=16,73 17,73 18,73 19,73 20,73 21,73
x=.4,98 4,81, 4,46 3,88 2,01 0

Kpusas nocrpoema Ha pHE. 63,

Hcexonn u3 GopMel 910l KpubBol, MOXKHO CIeNaTh BEIBOJ, 4TO
AN GEsHAMOPHBIX TPYD, YMOMEHHBIX B 3eMie, medecoobpasnof
¢opmoil TONepeyHOTO CeYeHHS] TIPAKTHUECKH SBJISETCS OJVTHIC, KO-

* I'lpumep sammcrBoBan y B. A. Kucenema [22),

11€

* OKPYXHOCTH € NpPAMOJHHEUHBIMZ BCTaB-

TOPHIH AGJHER OLITh Tem Goiee BLITHHYT B BEDPTHKAALHOM HaTpak-
JEeHHH, YeMm Gonbllle OTHOWIEHHE MEMAY HHTCHCHBHOCTBRIO BEPTH-
XANBHOTO JaBJeHHs H GokoBoro. [Ipu paBHOMEPHHIX BepTHKAaJLHBIX

Puc. 64. Ilonepeunsie cedenuns Tpy6 OBATLHOFO
OTepTAHKRA

H GOKOBBHIX Hanpy3KaX OTHOLIEHHE MeXAY BEPTHKAJLHBIM H TOpH-
SOHTANBHHIM JQHAMETPAMH  ITOI0  SJIJNHICA  JOMKHO COCTABASTH

Dy _ l/ o
Dy 9o
Takas ¢opva nonepeunoro ceueHHs
TpyOH He INPOTHROPEUHT TpeSoBaHHAM
FHAPABJHKA NpH Ge3HANODHOM JBMMKEHHH
HHAJKOCTH, HO, KOHEYHO, OCAOMHHAET H3-
roTOBJNEeHHe Tpy6 ¥ MX ykaanxky. Bauna-
KEM K 3JUIHNITHYECKOMY SIBJSETCH OBAaJIb-
HOe OuepTaHHe, 06pDa3oBaHHOE JIyramu

a) Maprup

Kamu (puc. 64). OBaabHOe oUepTaHHe C

Puc. 65. Tonepegnoe ceuenue
TPYOH KPYTOBOIG OUEpPTanua ¢
KOHCOAbHHIMH  BBICTYNaMH

Puc. 66. Tlomepeunme

CeUEHHA Ge3llaANopHKIX

TPYG ¢ WAPHAPOM H ¢
IPOAOALHBIM [IBOM

TOPH3OHTA/NBHBIMH BCTaBKaMH (puc. 64,a) DpHMeHsieTcs JIa Hanop-
HbIX BOZOBOJOE M TONIHe/eH, a ¢ BEePTHKAJNLHLIMH BCTABKAMHE — AJ14
Gesnanopueix (puc. 64,6). IlpsMoinueitnbie BCTaBKH MOIYT H He
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ObITh KACATO/IDHBIMH K AyraMm OKpyxuocTH (cucrema I'. A, Ixum-
urenedusrad ¥ H. JI. Bypasraa [5]).

B ciysae cnabblx HiM NPOCAROYHBIX TPYHTOB MOTYT OLITH
NPUMEHEHBE KDYIJIBIE HJAH OBAJLHbIE BOLOBONM € KOHCOJBHBIMH
BLICTYIIaMH, H30ABASIOWMMH OT YCTPORCTBA CIELHATBHOTO (YHIA-
MEHT& ¥ PasrpyXalolUMH HUMHee cedeHHe TpyOul (puc, 65).

Haxoen, MOryT HMeTh NpuMeHeHue Be3HANODHEIE BOLOBOIK
C IIAPHHPOM MJAH C MOPOAOCABLHBIM IIIBOM B KAICUSBOM HJAM B HHKHEM
ceueHun (puc. 66). Ilpi 3TOM [MOCTHTAaeTCH yMeHbLIGHHe MTOJONH-
TEABHBIX  W3THOAIOWMX MOMEHTOB, DACTAFHBAIOIMX  BHYTPEHHHE
GUOPLI CceueHHs, 24 CUET YBeNMUEHHS OTPHLATRNBHEIX HArHGAIOILIHX
MOMEHTOB § CeUeHWsX Ha KOHLAX TOPH3OHTAJEHOPO AHaMeTpa, TAe
GHK Ne MPeICcTARJSTIOT OMACHOCTH B OTHOLICHHH TPellMHoodpasopa-
HHA, 5Aarchapst HAMHGHIO GOJBILAX HOPM&JAbHEIX CHJI!.

Hccmenosannio paluoHa bHBIX $OPM OTKPBITHIX M 33CHITAHHBIX
TPYGONPOROOE NOCBAlICHA HHTepecHas pabota K. M. Xy6epsna?,
NOCKOJIbKY TEODHUsI BEPeBOUHOH KPHBOIl He CRS3aHA C TIPHHATHEM TOTO

JJIH HHOTO  JONYIIeHHsg OTHOCHTRIBHO CDHSH'-IECKOI‘O COCTOAHHA Ma-

TepHaja COOPYKeHMsl, OHa B [OJMHOH Mepe NPHJOKHMA H NpPH yCA0-
BHH, eC/H paccMaTpHBATE TPyOy B COCTOSHHH TPEAE]bHOTO PaBHO-
BecHs, :

Onnaxo, ecniu Heslb3si HIOMYUHTH GE3MOMEHTHOE OuepTaHHe OCH
CTEHKH TPYOH, TO 3ajaua MOeT OLITh TIOCT2BJIeHa HHade. MOXKHO
WCKaTh Taxkoe OUepTaHHe OCH CTEHKH, KOTOpoe HIPH 3aJaHHOM pac-
TOpefeleHut HaNPy3Kd o IpH  33JaHHBIX HeCYLUHX CIOCOGHOCTHX
CEMEHHH CTeHKH M OCHOBHBIX pasMepax MONepeuyHoro ceyeHds TPyOm
Dy u_D,; mpusener x mauGoJblueii HeCywWleHl CHOCOBHOCTH TPYOHL,

Has sToro ofipatuMes & pHC. 53, Ha KOTOPOM MOKA3aHO BHIPAB-
HUBAHME MOMEHTOB B MonepevHoM ceuenu TpyOel. HeTpymuo su-
JETb, 4TO BEIHUHHA NPEIEJSbHOH HarpyskH 3aBHCHT OT Hecyei
CIIOCOGHOCTH OTHAE/IbHBIX CEUCHHH CTEHKH TPYGH H OT COOTHOLIEHHS
MEX]Y HACPY3KOI W OPIAMHATAMH BEIPABHEHHONR SMIOPET MOMEHTOB.
Tocaemune Xe 3aBUCAT OT NPOJIETA H BEPTHKAJNBHBIX PA3MEPOB INO-
TepeUHOrO CedueHHss TPYOR!, ONpefle/fIOIUX MOAOKeHHe GOKOBHIX
WAPHUPOB TEKYYeCTH, H TIOWTH He BaBHCAT OT (opMbl KDHBOMN
MEXK]Yy MIapHHPAMH TeKy4eCTH.

! Onpedeiiente BHYTPEHHHX YCWJA#A B NOAGOHBX CHCTEMAX pPactMOTPCHO B
patore [5)].

2 K. M. Xy6epan, Payuonansune dopMa 1pyGonpoBoios, peaepByapos
M HaROPHHX nepekpurTuii, locerpofinanar, M., 1956.
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Faasa IV

AE®OPMALIHS NMONEPEYHOIO CEYEHUS TPYBbI
H BHYTPEHHHWE YCHJIUA B THBKUX TPYBAX

1. Jdedopmauus nonepeyHoro ceuerus TpyGnt
B Npefesax ynpyrocts

Onpenenenne jedopmaiuuit H nepeMellenuit nolepeyHoro ce-
'4eHHs TPYObl HeoOXOAHMO AJA pacdera PHOKHX TPyO 1O BTOPOMY
MPEACIBHOMY COCTORHHIO. Kpome TOTO, YueT BJMSHHSI YHPYToro
OTIOPA 34CHIIKH M PHAA ADYTHX (AKTOPOB TAKMKE CBA3AH ¢ HeOOXo-
AHMOCTBIO H3yYeHHs jeOpManuil H MepeMellleHuil MOMePeYHOro cede-
HRA TpyOul. Hakomen, npm nocranobke IKCTIEDHMEHTOB ¢ TpyHaMH,
HAUGOIee ROCTYDHBIMH [  H3MEDEHHS, ABJASIOTCH TPOrHOH, OT
KOTOPLIX IyTeM pacuera JIerKO TMePedTH X HATPY3KAM WJIH K H3r-
GaKOIHM MOMEHTAM.

Ilpu onpegenenus nepemereHni TPyOBl  GymeM no-npexneMy
PaCCMATDHBATL S/IEMEHT ee JIMHON, DABHOH - eiHHHIE, ONnepTeId B
HHxHedl Touke A.

[Tepememtenns crerku TpyGsi MOTyT OpITh  HafifleHBl OyTeM

HUTETPUPOBAHUA JH(PDEPEHIKAILHOTO yDaBHEHMS ee YIPYroi JIH-
BHH:

d? @ & Mr2 ¥
—— W= — o= - R
=+ r vk (IV.1}
_
do ’

roe ¢ — YroJ f0BOPOTA NPOUIBOABHOIO CEYEHUS TPYGHI;
W — pajHalbHasl COCTABJAIOMWIAS IOJHOLO MEPeMellCHHSI HTOrO
He CeUeHHA CTeHKH TPYOBI, KOTODAS CUHTAETCH MOJOMH-
TeJLHOH, ec/ OHa Halpas/eHa K LeHTPy TpyGhl;

* Ecom tpyfia MMeeT HacTOJRKO GOBIIYIO JAMAY, UTO BOIMOMHOCTE NPOR G-
HeX 1edopManuil HCKEIOYAETC, TO BMeCTO MecTkoctd Ecf HYKHO BBGCTH Bo BCe

E. !

nocnenyomye GQOPMYAN UHAHHIPHYECKYI) MECTKOCTb rie ve — Koapdn-

I—~
C
umerr ITyaccora MaTepMajia TpyOM.
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U — TaHIeHMaAbHAA COCTABJRIOIAR I[epeMelleHus, Koropas
CUHTAeTCS [IOJIOMKHTENLHOM, ec/ld oHa HanpasdeHa Mo OT-
HOIIeHUI0 K IeHTPY KPHUBH3HBI, MO JBHMKEHHIO 4acOBOHA
CTPeJIKH,; '

M — garubawinuii MOMEHRT B 3TOM Ke CEUEeHHH.

OHARO, WMef 3MI0pH  H3MH0aUIHX MOMEHTOB OT HATPY30K

W ONOPHBIX peakuuil, MoxeM HAATH HepeMellleHHs TPOINE, BOCNOJL-
sopaBiukch, Metoaom Mopa. s aTore caelyer OPHJOKHTL K CTa-
THYECKW ONpelne/WMON OCHOBHOW CHMCTeMe KOJBUA DPYIY  CHJ,
COCTOSILLYI0 M3 JBYX CHMMETPHUHBIX EeRMHHYHBIX CHJ, [0 Halpasje-
HEI0 HCKOMBIX TIepeMellelHil H BOCIOAbL30BAThCH (OPMYJIOR.
"’ Ml Mods
Ay =T S e (IV.2)
3necwy My — nsrybatonigii MOMeHT B TPOH3BOJIDHOM CeueHHn CTeH-
KH TPYOH OT HArpySKH MM OTIODHBEX peakiHi B 3a1aM-
HOH CTATHYECKH HEOTpEXeSHMOH CHCTEME;
M, — w3rubalomui MOMEHT B NPOH3BOJABHOM CeYeHHH CTeH-
K{ TPyOEl OT IPYNNB @UMHHYHBIX OMJl B OCHOBHOH CH-
cTeMe; . .

E. — Moyl YMpyrocTs Matepuaia TpySHl; ,

[ — MOMeHT HHEPUMH TPOJAOTBHOIO CEUGHHS CTEHKH TPYGH.

[pH sToM mas TpyOBl Ge3 KOJeIl XKeCTKOCTH

. o
12
rge b — AIMHA PACYETHONO 3JeMeHTa HJM 3BeHa TPYOH.

Tpynny ws ABYX CHMMETDHYHEIX CHJ MBl DDHKIXLIBZEM A%
TOTO, WTOOLI He HAPYWIaTh CHMMeTpHH cucTembl. B pesyneTare at0-
ro MOAy4HM TPYIIOBOe THepeMellleHHe, B JBa pasa Goablleé HCKO-
MOFD. _ . _

Ecu moTpeGyeTcsi [OCTPOMTE SMIOPYy NepeMelieHHH, To elH-
HWYHBIE CHJBI HYXHO TPHIOXKHTb B {IPOH3BOJIBHLIX TOUKAX KOJbllA,
ompefielfeMbiX TOASPHEM YoM 9, KOTOpHI COXpaHMTCS H B

" OKOHYATEJNbHBIX BHIPAXKEHHAX JJsi TepeMelleHd#i B BHAe TEKYHIeH

KOODARHATEL

Jlns onpeleneRHs pagHajBHbIX (lepeMeliennii JI0G0H TOUKH
KOblla TPWIOMHM eJHHHUHble CHJBl, KaK 3TO [I0KasaHo Ha PHC.
67, T. e OpPHMEM [ONOKHTeNBEHEIMH pajHajbHible NepeMelleHHs,
HampaBJenyble K HeHTPY TpyOu. MHarnGalomyi MoOMeHT OT CHE,
DABHLIX €IHHHIE, B TPOH3BOJNLHOM cedeHHn &

M, = rsin (5, — 8) = r (sin 0, cos b — cos 8§, sin 9).

He npuBoAs BHBOAOB, NAAHM OKOHUATEJbHBIE BhipAXEHHA pa-
IMAaJLHEIX TepeMeinenudi B Hapfoiee TPOCTHIX CJIyYadax 3arpyxe-
Hus Tpy6nl. IIpH 3TOM NOJONKHTEALHBIMM CYHTAlOTCA pPaJHANBHbIE
nepemelIeHHs!, HallpaBJeHHRE BHYTPE TPYOHL,

1. Tlpn nmeficteusr Ha- TPYOY ABYX pPaBHLIX COCPELOTOHUGHHDIX

CHJI, HANDABJEHHHX [0 BepTHKAJbHOMY IMaMérpy (cM. puc. 49),

114

pamnaasnHble TepeMelleHns I']pOHSBO.HbHOFI TOYKH IICREPLYHOMD
CeueHHd BLIDAXAKTLH YpabHEHHEeM:

Prs n 47 . ;
W= — —— — si —
o [(e ; ) cos 0 —sin0 + - ] (IV.3)
3
npi 0 — 180° w . — 27 (_“i__iz Pre .
) a Pr;EcI > - 0,075 BT (V. 4)
opn 6§ =0 w =—-—--(...ﬁ__i;: "'.E-
A p B 4ECI 2 T O,OTDECI 1] (IV.S)
npi 0=90" w, =" (1mi),,~,—0068 b 1V .6)
4E 1 CUTELT '
[
8
18 Smd——
™ ¥ 1
=&, / \
5~ & ' P!
K,
N '
St
=t . | fH
2c03 @ _—
s
Puc. 67. Kupyroaoe KQilh- Puc. 68. Kpyrosoe
U0 MoK OEHCTEHEM Trpyil- KOALNO nox  aeh-
IE EAMHHIHEX CHJ CTBHEM DABHOMEPHO
PaCIpefeaEHHRBIX
HATPY 30K
[Iporu6 monepeunoro ceueHus TpyOul COCTapJifer:
' 3 k]
f=(w,4w =0,15—}-)r— =18 2. (L
( 4 B) v B el (IV.7)

~ Tlpu neficreun Mw0GoR APYrofi HACpYSKH NpOTHO MOMKET OGHTDH
BoIpaxken taxofl opmysoil:
- f=7L |
- _ F. 1’ - (1v.8)
rae f — koab(HUHEHT, 3aBHCAMHY  OT pacupejieleHHss  HArpyaxy
H ONOPHOR peakIHH. _

Harpyska, skBuBanenTHas mno mnporu6y neHcTBHTeJAbHOR Ha-
FPY3Ke, OIPENLIAETCA H3 YCJAOBHs paBeHcTBA NPOrHGoB Mo ®Hpa-
kewnaM (1V.7) w (IV.8), XotOpoe npHBOIMT K ypaBHeHHlO:

0: 15 PSI{B': 7Qa

-~ o0-
PEH{B_— 0.15 Q= e, (IV-Q)
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rne N — KOSQ@UIHSNT NPUBEIEHHA HATPY3KH {10 OPOrHOY.
2. Ilpr meicTBHH Ha TPpyOy MBYX OLHHAKGBBIX DABHOMEDHLIX
Harpyzok (puec. 68):

W= -2 00520, (V. 10)
24E,
roe Q,— paBHOAeHCTBYIOUIAs PABHOMEDHOH HATDY3KH,
| = 180" w=-", V.11
npu 0= 180° w E. ] (IV.11)
mpu 6=0 w, =2 . (V.12
Y- A
- = B V.13
tipn f=—- wy 94F, ' dv.13)
— .M_ o _.Q..Ei ]V14
f= 12E, ] ~=0,0833 Ec [’ ( )
7 = 0,555,

3. Ilpn aefictsun mwa tpyOy, ONEPTY0 Ha NJOCCKOCTh, PABHO-
MepHON HATPY3KH CBEDXYy:

f= o,us%i}; 1= 0,773. (1V.15)
C
4. To XKe, Tpn HOpMaJbHOM clocofe ONMPAHHSA
f=0,081 QE“ ’; ¢ = 0,540. (1V.16)
c

5. To Xe, npu onHpaHHW Ha (YHI2MEHT

f=0,068 %—’T . = 0,455. (V.17)

JJs Kakmoro H3 paccMOTPeHHEIX B nin. 1 u 2 ciaydaee sarpy-
WMeHMS KOJBLA HafMHIIEM OTHOIICHHEe PAJHAJBICCO NepeMelleHHs
[OPOU3BOJBHOW TOUKK K -PAJHAJBHOMY [lepeMellleHdio Ha KOHILAX
BEPTHKAJBHOTO AHaMenpa,

Jnst coyuasi 3anpymeHHs COCPELOTOMEHHEIMH CHJAMH

7 4
(0 -h—:?;—)cosﬂ—sin 0+ —

2 _ L (IV.18)
Wp i_i
T 2
IJis cay4ast 3arpyeHHs pacnpeie]eHHbIMH Harpy3KaMa
e —=cos 20. (IV.19)
Wg
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Oraspisaercs;, 4Te 06a OTHOIUSHUS BechbMa GJHIKH MPH JROOBIX
3paueHHAX yraa . & 310 sicHo BMAHO M3 rpadmka puc. 69, Ha KOTO-
poM HameceHe 00e QyHxumH. OTciola cieldyer, uTo &IA JOOLIX
APYrHX CHMMETPHYHBIX paclpeneleddi HATPY3KH, 3aHEMAaIOIIHX
NPOMERKYTOUHOE NOJNOKEHHE MEXIY COCPeIOTOUEHHOH M paBHOMep-
n0  pacnpeiesedHOf HArpyskoi#l, yOpyras JHHHS MOXeET OHITh
¢ IOCTATOYHOH TOUHOCTHIO BLIDAKEHA ONHHM UJEHOM TDHIOHOMET-
pPHYECKOTO paia:

w=w, cos 20. {IV.20)

1000

00

1008
& (0,500)
Puc. 69. ¥Ynpyras nuHus CTeHKH KPYroBoro xoibua
OpH AeHCTRHH Harpy30K
I — papHOMEPHO pacnpererenHoli; 2 — cocpenotouennofl ((HdpH » cxofKax)

TaxuM o0pasoM, Bea ynpyraa KpHBast MOXKeET GHITh OTpeleseHa
OIHEM NapaMeTpPOM — BETHYMHOH NepeMelleH s @ . ,
Cpennsia mo WHpHHE TOTEPEUHOTO CeYeHAd BeJdYAHA IporuHba

KPYTIOH TPyl OT PaBHOMEDHON HATPYSKH COCTaBJASET

/2 =2 . ,
' 2wpg cos b rab
By =2 — = 2F Y cos26cosidl =
5 ¢
2 r_ Qurd 2 gDy (1 ?
h sf 8E. I 3 F (h) {v.2h

2. Yupyro-naactuyeckas KedopMan®s NONEPEHHOro
ceyeHua TpyOol
PaccMOTPHM KPYTAVIO TPY6Y M3  YNPYro-IVIacTHYECKOTO MaTe-
prana, MOABeDMEHHYIO HERCTBHIO JBYX  DAaBHbIX [JHAMETPABHO
BPOTHBOIOMOKHEIX oA P (oM. puc. 49). A R
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B nepeoii — ynpyroil — craguy  padorol TPpYGHl B Xapaxrep-
HBIX ee CeueHMAX B COOTBeTCTRHM ¢ (opmyaamu (II1.17) posnukator
H3MHOAOIIHe MOMEHTH K HOPMaJibHbie CHJIBL:

M, =M,=0318Pr; N,=N,=0;
Mg = —0,182Pr; Ng=0,500P.

Jedopmanns pepTHKaJBHOTO JHameTpa B 310fi cTaadm pado-
thl TPYOH! Beipaxaercst Qopmymoit (IV.7):

F=0,15 27 — 1,82 —_—(L)“.

: Ef bE. h
B npolecce yBeaHueHHst OB P rJacThdecKde IApHHPH CHA-
uyajna mogsBaTcH B cewenusx A u B, [IpeneGperaa nepuoiom pa3sH-
THA , NJACTHYECKHX INADHHPOB, [IpHMeM, K4aK 3T0 TpelJoMKHJ
H. C. Crpeneuxuii, 410 NJacTHYeCKHE IIaPDHHPH MOABJAIOTCA MTHO-
BEHHO H 4YTO TOT/AA HACTYNAeT BTOpas (YNPYTo-MIacTHYECKas) Cra-
IMsi paboTH TPYOEL :
H‘PH 9TOM CcH/a JOMXHA2 JOCTHTHYTL BeJHUAHEL:

=M
py =240

(1V.22)

CoorsercTeyloliasi gedopmauys [ Moxer ObiTe HafgeHa Do
dopmyrte (IV.7) npu TONCTAHOBKE B Hee SHAYeHH Py roe M, —
wecyuyas crnocobuocTs cedenkfi A u B wa u3rwb, T. e. npefe]bHas
BeJIHYMHA MOMENTA IJISl ITHX CeueHHH.

HanpHeiiliee Bo3pacTalue cufibl P MOXeT NPOHCXOMHTE JIHINL -

33 CYeT YBeJIHYeHHs MOMEHTOB H HOPMAJBHEIX CANT B cedeHuax b.
MowmenTal xe B cedeHHsx A # B Oyzyr CoxpaHaTe TMOCTOAHHOGE
sHayenue, PABHOE, HATPHMeEp, AAA TPyObl H3 OJHOPOAHOTO Mare-
praJsa:
bht

4 R,

rae R — pacyeTHoe COMpOTHBJCHHMe (ITPefe] TeKyuecTH) MaTe-
pHana; uarubaniiie MOMeHTH! B CedeHHSX B BO BTOpOH CcTamuu
paGOTH KOJbIA BHIPAKAIOTCH TAK:

Pr
Mr=-—' -?+MA.np'

Mg =Mpap =

#]

HopMaJdiblble CHIB MO-MpeXHeMY OPONOPUHONAJIEHEL Harpyake
H COCTaBAAIOT

A5 YCTaHOBJEHWS 3aBHCHMOCTH MeXLy ousaod M Aedopma-
mmell BepTHKaJbHOTO JHAMETPa BO BTOPOH CTajmp paboTel TPYOH
PACCMOTDHM [TOAYKOMBLIO, TIOABEPXEHHOE B TPY30BOM COCTOAHRH
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. .

COBMECTHOMY  AeHCTBHIO H MOMeHTOR M, =M

cut 4 -
2 LU B.np
(puc. 70,a), a B eNUHHMUHOM COCTOSIHUU ASHCTBHIO ABYX eNAHHUHBIX
CHJI IO HATIPaBJIEHHIO MCKOMOro MepeMeilleHnst {puc. 70,6).
Tlpumenas wmurerpan Mopa, nodyuum fedopManio BopTHKAb-
HOTO HHaMeTpa TPyObL:
=2
i

= g (Prsin®o— 2M, sin6)dp =

CET,
0
_ 12 o 2 La
_—_Ecb(4 P— - MA,,]_,,)( _h)- (1V.23)
P
At———o"
|
|
L
|
A /A
z ? g " 7

Puc. 71, Tegpetnaeckuii rpadux
nedOpMAUBK IONEpPEUHOTo ceve-
HHA TPYGH (10N HArpysKoH

Puc, 70. K onpeaenenno aedop-

MAUHH BEPTHKANLHOTO JHAMETpa

TPY6H ApH 06pasoBaHHH JBYX
TLIACTHYGCKHX WAPHHPOB

Komen Bropoji cramuu paboThl TPYGH XapaKTepH3yeTcs BO3-
HUKHOBEHHEM IIaCTHYECKHX LIADHHPOB TaKKe H B cedenuax b. [lpu
STOM CHJIA JOCTHIAeT BeJHYMHEL

Pnplz 2( M.-‘l,np:" ME.rrp ) )

Cootsercreyfomuit  nporu6 f,, onpefeigercs no
(IV:23) npu moxcTaHOBKe B Hee BEJIHUHHH P,

210 3HaYeHHE CHJIHL  IOMKHO PAacCMATPUBATECA KaK Npeleb-
MOe, TaK Kak HajbHellluii ee POCT OKABHIBACTCA HEBOSMOMHLIM;
Tpy6a NepexoiuT B TPETBIO (MIaCTHYECKYIO) cTamyio paBoThl, KOria
HEOTpaHHUeHHE POCT IehopMauHii MPOHCXOZHUT OPH TNOCTOSHHOM
SHAYGHUH HADPY3KH.

Teopernueckufi rpaduk nedOpMaUMd TPYOH COCTOHT #3 TPeX
YYACTKOB, COOTBETCTBYIOLIHX TPeM PACCMQTPEHHBIM <CTafHsiM je-
hepmauny TPYSH nox Harpyskol {pmc. 71).

(1V.24)

opmyte

13




JapHuli MeTOd, HeCMOTDR Ha B0 €ro IeMeHTAPHOCTb, A0CTA-
TOYHO XOPOLUIO MOATBEPAMJICH Ppe3y/bTATAMH HCTUBITAHHH HECKOJb-
KHX IECSITKOB Kesie300eTOHHRIX TpyS, nposemennuix npod. M. H. Yep-
xacopeM  npH  yuactuH I, M, Taymkosa u B, H. Pymsuuesa
[45].

. Ha puc. 72 mpencrapieHbl pesyJbTATHL 9THX  HUCTIHITAHEE <
rpyCamu anamerpom 400, 500 u 600 au, apMupoBaHHEIMH OXHHOY-
: HOH apMartypoil, pacnoJjoKeH-

;; e - o HOR  MOCpefHHE  TOJILMHE
etrst” ] cTeHKH., KpyxKaMH IOkasalbt
3000 g OFBITHBIE TOMKH, MyHKTAPOM—
2000 7 _D,,=400Mﬁ CpefiHee IOJIOXKeHHe quﬁoﬁ
1000 [] Sapaamon, cnoton somaon
. , © HOH JIOMaHO#
O TRIGraE 00U 191 P A0 e TeOpeTHYecKHe TIpa-
Pue ol _L e (puxH gedopmanni, NOCTPOEH-
Ho0oT g2 Hee no  Qopmyram (IV.7),
3000 (IV.22), (1V.23), (1V.24).
2000 HeGoabluine pacxomueHuns
1000 Dp=500mm TeODETHUECKOro rpadpuka ¢
o | | [ AeHCTBHTENLHBIM OOBACHTIOTCS
020u G5 08 L0 12 1% LE 18 ZOMM  ColenvIOWMMH [PHYHHAMH, He
Pue 5 © VUMTHIBAEMEIMH  TeOpeTHYe-
6000 ,'__‘__._.-—-J:J=l=! CKHMH (QopMyaamu;
soo0—S42 o 2) YMEHbIIEeHUEM MOAY/A
2000 f/°° ‘ medopMaunn Kesle300erona B
.?aae"p’ : XOAE OMBITA;
da 6) NOCTENeHHOCTRIO — paa-
2000 T,-600MM BHTHSI TINACTHYECKHX [ADHH- -
000 f l | poE;

9706 BE O 1012 14 16 16 20 B) OTKOJIOM 3AIHTHOrQ

F atm CAos BHYTPH TpyOel ¢ 00HA-

Puc. 72. Peayanraint omutos M. W, Yep- KEHHEM apMaTyphl. o

KACoBd ¢ MENe200eTONHBMEA TPyGauu Bo  mpems HCNBITAHRH

H. K. HepracoswMm GrIO

YCTAHOBJIEHO, UTO  KO3pdu-

UHEHT OHHOPONHOCTH KeJe300eTOHHBX TPyO, T. ©. OTHOIUEHHe pas-

pymiampuieil HarpyskH aas HauGosee cAaboH TPyObl K cpefHel pas-

pyuiamuiell HATpysKe, cocTaBiser okodo 0,8. Paspymarwouias Harpys-

Kd, COOTBETCTBYIOUIEH ¢OPA30BaHUIO TIPOAONBLHBIX TPELUIHH CHAPYXKH

Tpy6Hl e ee G0KaM, cocraBaser oxoiao 145% HArpyskH, COOTBETCTBY-

oUel KOHIY yRpyroft cragwu paGoTel TpyGH, T. 8. MOMeHTY 06paso-
BAHHS BHYTPEHHUX TPEIMH BHH3Y H BBepXy TPyOml.

Henpiranns 2xenes00eTORHEIX TPYD TPOH3BOAMAKCE H 33 pyle-
®oM [36]. Peayavratel OofHOrO W3 HHX c TPpyGoil nxamerpom 92 em
nipencTasiens] Ha pue. 73. Ilpw aToM meppas TPEUIANA, COOTBET-
CTBYIOIIaA KOHUY. YIpyrofl craguy paBoTel TPYOHl, DOSBWIACE BHH3Y
npH Harpyske 2 100 xz. TpeluwHsl BBEPXY. B 10 GoKam TPYGbl NOSADH-
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JHCh TP Rarpyske 2 250 k2. Han6osibluas Harpyaka, BOCHpHHHAMAe-
Mas TpyGo#H, jocrurana BesHYHHH 3 380 k2 Ha | M

Pre
2430

2100 = =
247 '

1800 fﬁ

1500 ’ /

i

1200 ,’
!

900 y
600 ]’

sootil

o

5 10 15 20 25
F mar

Puc. 73. PeayabTaTel HCILITAHHA Wene300eToH-
: ok Tpy6Li

I — zedopManng BepTHKAABHOrO aWamerpa; 2 — aedopma-
HHA FOPH3CHTAALHOTO AMAMETPA

3. ¥YMmenbwienne feopManHy NONEPEYHOTO CEUCHHSI KPYTAOH TPYyOnl
Noj BJAHAHHEM BHYTDPEHHEr0 PABHOMEDHOIO NABJEHHH.
Binsnne nepBOHAYANLHOrO0 OTKJIOHEHHS TONEPEYHOTO CeueHH:
Tpy6Bl OT Kpyroeoit opmul

BuyTpeHtee maBsieHHe py KHIKOCTH WJH &33, HAXOISUIHXCA
NOA HanopoMm, pacTarMBas TpyOy, cTpeMHTCs u6paTHTh ee monepey-
Hoe cedeHHe, Ae(QOPMUPOBAHHOE IDYPHMH HAIPY3KaMM, B KpPYTOBOe
H yMeHblaeT W3ruGalollile MOMeHTEHl, RBIZBAHHEIE ATHMH HAIPY3-
kaMH. Touwnoe pellleHMe 2ToH 3aFavnW BO3ZMOMKHO JIHLIE Ha OCHOBE
OPHHILUIIOB HEeJIAHeHHOH CTPOHTEJBHOH MeXaHHKH [DH YyueTe HaMe-
HeHHS MIepBOHAYAJNLHOH pacyeTHOH CXeMEl MOA AelCTBHEM HATPY30K.
OnHako Takoe pellleHHe AJ HPaKTHYECKOTO NPHMEHEHHA CITHIIKOM
CHOXKHO, (@03TOMY HHMXKe TDHBOAHTCH IPHOMHIKEHHOe pelleHHe,
CCHOBAHHOE Ha HCIOJB30BAHHH PACCMOTPEHHOTO B NPEAHAYINEM
naparpade cBOHCTEA YNIPYTO# JHHHH KPYLOBOTO KOJbla,

Ilpr pefictemy Ha TPYOy HMBYX OJHHAKOBHIX DABHOMEDPHHIX Ha-
rpysok (puc. 74) ypaBHeHHe YIIPYTOH JHHHM Bbpaxaerca GhopMy-
a0t (1V.10).

B 10 e BpeMs H3THOAOMHA MOMEHT B MPOH3BOALHOM CEUeHHH
CTEHKH COCTABRJISET: :

M= Q‘;—rcos 26, (1V.25)
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Tlostouy

o = M (V.2
3E. I

B npou3BoJbHOM CedeHHH AehOopMHPOBAHHOH TPYOBI BHYTpEH-
Hee papHOMEDHOE MHasJenHe po BEIZHIBAST H3MHOAIOUIME MOMEHT:

dp 22g,r M =-—Nw=—p,rw, (IV.27)
EENE!
w

P i }u ‘rge N’ -— HOpMaJibHag CHJA B CTEH-

- 3 Ke TPYOHl OT BHYTPEHHErO
I AaBJIeHNs,

w — pagHatbHble IepeMelle-
HHS  CTEHKH TpyOwl OT
COBMECTHOTO JeHCTRHS
paBHOMEDHOH  HArpysxH
H BHYTPEHHEro HabBJeHusd,
KOTOPHE  MOXHO BHIpa-
3UTL Yepes HSTHOAIIIHE
moMmeHt M dopmynof,

Gp22g.r - ,
’l %o agajordysoii  opmyite
(IV.26):
Puc. 74. PacueTHan cxema ruG- Mr?
KOH TpyOsl NpH OAHOBPEMEHHOM = .
JefCTBUH BHEIIHEI'O H BHYTpeH- 8.1

Hero HaBleHHA
Ha oceopanmu TpHHuUKOa He3a-

BHCHMOCTH JeHCTBHS CHI IIOJIHBIH
MOMEHT MOXeT -OHITb BHpaMeH Kak aareOpaddyeckKas CyMMa Mo-
MEHTOB OT OTAENLHEIX HAIPY3OK:

M=M°+M’=M”—p0rw=M?—’%. (IV.28)
C
Omm_,n.a
M=M0C1,
e
G S (V.29
1__1 po r? _'1 4P0fi'3' ( )
t 3E. [ +Ec\h)

Taxum o6pasoM, yu€eT BJHSHHA BHYTPEHHETO paBHOMEPHOIO
LDAaBJIeHHS CBOJMTCA K YMHOXKEHMIO H3IUOAIOUIUX 'MOMEHTOR OT Bep-
THEAJLHON paBHOMeDHOR uarpysxu Ha xoz(daumuedt (. B kauect-
ne NPHOJHAKEHHOTD ITOT METON MOXKHO pPaclpOoCTPaHHTL H HA ApY-
rHe HarpyaxH.

IlponsseneHHble NMOACYETH flOKA3HIBAIOT, YTO AakKe AJ9 HAHGO-
/€€ TOHKOCTEHHBIX H BHICOKOHANODHLIX JKele300eTOHHLIX TPYO
ko3puuuent §; ovedb 61M30Kk K elnHmue. JlAs cTambHBIX TPYG
yMeHbIUEHHE H3THOAIOMHX MOMEHTOB [MOX JeHiCTBHEM BHYTPEHHETO
PABHOMEDHOIO JA2BJEHHRE MOMET OHTb OueHb 3HAYHTEABHBEIM,
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CosepiledHo Taxas Xe QopMyJia NoJydeHa APYyTHM, [yTem
C. B, 3apankum [19], xoroprlil Nokasal, 4ro OHA AeHCTBHTENIbHA M
oaA cayyas ykaagku TpyOb Ha (QyHnaMeHT, ecnu a =45

Has gapyrux snayennii yraa o C. B. 3azainxpM nofydesa GoJee

ofiman $opMyna:
i = 1 : (IV.30)

Dopumyaofl (IV.26) MOXHO BOCNONB30BATHLCH HJA CIPejeNieHHS
HauGoNMBIIeTs H3THOAIOINEIO MOMeHTa, Bbi3BIBAEMOTD BHYTREHHHM
PABHOMEPHEIM JaBleHHeM B CTeHKe TPYyOH, TONepeyHOe CcedeHHe
KOTOPOH OTKJAOHASTCH OT Kpyra. B aToM ciydae w Hy:KHO NDHPAaB-
NATH [OOJypasHocTH HaxOGogblIed H HauMeHblled noayocet mno-
TepeyHoTO CeueHHs TPYOHI: ‘

i = Dmaxc _Dmm{ — EDI , (IV-SI)
. 4 400
tae Dyowe B Dy — HanGoibiiki ¥ HaHMEHBIUHE muaMeTPs TPYOH;

D) — HoMHHANBLHE HAPYXKHBIA JHaMerp TpyOHI;
g ~- QBAJBHOCTE TPYOH, BHpamawuadacs GopMy-
Joil (B TMmpouenTax):

Dyae— O
Duaie™ Duwn (3, (1V.32)
Dy

[Npumep 14. Hafitn wxosdhdHUHEHT yMeHBINEHHA HArMGAIQIIMX MOMEHTOR 104
BJAUAHHEM BHYTPEHHErO PaBHOMEDHOTO L2BJEHHSA AN CTAJILHOR TPYOR AHAMETPOM
Dp==1200 #x yupy rouimuAe cTeHKH £ = 10 MM, eclu OHa NOZBEPTaETCH BHYT-
PEHHEMY LaBJeHHio po =3 am, :

Cpeanufl pazmyc TpySH cocrasiser

r==60-405=600 cux.
o dopmyre (IV.29) ¢ yyeTOM HHJIMHADHYECKOH MECTKOCTH HAXOMHM:

I 1

dpy (N g 4.3 (60,52
1 —_— —_— —_—
+ E, (h)(l vc) 1+2,1-IO“(1,0)(1 0,257

g =

L= =0, 458

Bee uarz6amoiiue MOMEHTEI OT JPYTHX OLHOBPEMeHHO NeACTHYWWMX HArpysox
BO/KHE GHITH YMHOXKEHW Ha 2T0T KO3(dHUHEHT.

Mpumep 15. Hafitu HsruGaiomHe MOMEHTH B uyTyHHOH rpyGe Dg= 700 mu
¢ Toamlunof  cTemoxk =20 MM, TONBEDHeHHON BHYTPEHFEMY AABJCHHIO
fo =10 ar, eci ee OBaVIBHOCTb COCTaBAser e = 20} HAPYXKHOFO ZHAMeTpa.

o dopmyne (IV.31) naXoZuM BejdHuHHY ‘

400 1400

Mo dopmyae (IV.27) nauOonbwiufi HArHOAOMWHA MOMEHT Ha | M HJIHHW
wpyGer (b =100 cH) Gyrer pasem:

My = — py rbw = — 10-36.100.0,37 = — 13 300 xecx.
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JTOT MOMEHT BBIZBIBAET B CTEHKe TpyObl HaHOOJABMIHE HOP-
MafnbHple HalpAxeHRHd Tmopanka 4 200 «xz/cm?, uTo  jgoctHraer
15—30% HOpPMATHBHOrO CONPOTHBAEHHS WYLYHA PACTSIKEHHIO TpH
u3ruGe. 1105TOMY MOXKEO CHeNaTh BHIBOJ, 4TO AN TPYG H3 XPYIKHX
MaTePHasoB, HECIOCOOHBIX K MJACTHUECKHM AehOPMALHAM, ORAJb-

CHOCTR JaXe B 1% oOr HapyHONO AuaMerpa ARIgeTcs ONacHOM.
Hanst Tpy® Me H3 IUIACTHUECKHX MATEPUAJIOB, KaK STO YCTAHOBACHO
Hecaeporanuamy B, H. JKemoukmna, P. H. Aponosa, A. T. Kamep-
urrefina # M. T1. Tletposa [34], oBanbHOCTE MOMET He YUHTBIBATECH,
TaK KaK OHA He CHHMKACT HeCylleH cnocofHOCTH TPYOH MpH AefdcT-
BHM BHYTPEHHETO JABJIEHHSA.

4. Bausnue otnopa rpynra, okpykatomero Tpyby

I'pynt, B KOTODOM YJOMKeRa TpyGa, siBiseTcs [JAs Hee He
TOMILKO HATPY3KOH, HO H CPefoil, OKaskLBAIOLLEH CONPOTHBJISHHE
(0TnoOp) MepeMellleHHAM CTEHOK TPYGH M, CAEIOBATEBHO, NOBHI-
niajonlelt Hecyllyo crnocobHOCTL TpyOul. Buusnne omnopa 6yder
TeM 3HAYHTETbHee, YeM IVIOTHee I'DYHT H ueM rufue CTeHKH TpYOH.

WayyenueM RAMSHHA YOPYIOro OTNOP2 FPYHTA NPHMEHHTENBHO
K pacuery TOHNEILHOH O0JelKH 3aHMMAJHCh MHOLHe MCCTeNOBATE-
au (X. C. I'onosun, C. H. Posanos, C. C. Hasbinos, H. H. Besyxos,
B. IL. Boxmpos, JI. . Topeank, C. A. Opaos u ap.). Bce oty
BapHAHTEL pacueTa TOHHEJIBHOH OGHENKH CBA3AHD. ¢ HeOBXOMHMOCTRIO
COCTABJIEHHA - M pellleHHs CHCTEeMEl YPaBHEHHH, COOepXKallell 1o HAR
HHO® YHCA0 HEH3BECTHBIX.

Hapsagy ¢ yKasanHEIMH CTDOTHMH METOAaMH pacueTa pszoM
aBTOPOB  OLLIM TPeJONKEHbl Pa3jHiHble YOPOLleHHBe METONH, B
KOTOPHX BIMAHHE 3aCHIKH KaK CPeAbl, Oxpyxamomell Tpy6u, yuwu-
ThiBAETCA HEKOTOPHIM KO3 dHunenToM Up, Ha KOTOPHA JOMKHE
GEITE YMHOMENb H3rHOAIOLIRE MOMEHTH B CTeNKe TPYGH OT melicr-
BYWIHX H2 Hee HArpysOx H OTMOpHOH peakund, Bripaxenus 3THX
KOS (HIHEHTOB [OAYYHIHCh Y DPAasHLIX ABTOPOB PA3IHUHEIMH,
B 33BHCHMOCTH OT TeX MJH WHEIX KONYIIEHHH OTHOCHTEIBHO (GOPMh
SMIOPHL OTNOPA DPYHT& M HaNpaBJeHHs PedKTHBHBIX YCHJIHI,

Onnako BO Beex cayyasX OKOHUATEJIRHAR hOPMyJia [ KO3(-
¢unrenra Ly MOKeT OHTh TPHBeleHa X  CJIRLyIOUIEMY oOOmeMy
BHIY:

i 1

{y = = : (1V.33) -

- Lbrt her [ rA\RT
A A
RETTY, T ( i )

rie £ — ko> DHIKEHT CONPOTHBIEHHS TPYHTa B K2/cM®:
h — TOMUHHA CTEHKH TPYGHI;
7 — CpeQHHH DPAZMYC MONEPEYHOro CeueHHA TPYOHI;
E.— MogyJlb ynpyrocTH MatepHaiaa vpy6ml;
{ — MOMENT HHEPUHH NPOJOIBLHOTO CeYEHHS CTEHKH TPYOLI;
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A — quenoBoll  KO(hOHIHENT, 3aBUCAMIMA 0T (OPMLI BMIOPHI
1 HanpasJeHHg OTIOpa PPyHTa (puc. 73).

a) (TTTT L &) mwn G)MBI?Q’
(AR A IND TRy
N N

1S
REEREEER LEtTttfe iERERERN
& I &) T e (I
eI Ele i) L)
\INJE N \_| ¥
TR ittt AN

Puc. 75. 2miopel ynpyroro ormopa 1o Npeiioenio PasueIX ABTOPOL

Besnuuusl  koabduuuentos i,
fCcJydeHHBEE  PasHbiMH  ABTOpPaMH,
npHBefeHH B Tals. 22,

B macrosumee Bpems AJs npax-
THHECKOTO pacuera TOHKOCTeHHEBIX
KPYIVIHIX TPYD, yJOMEeHHHX B 3EM-
Je, ¢ y4eToM OTIOPA TPYHTA HAH-
GoJiee IestecooGpasHoO MONL3OBATHCH
pemensem JI. M. Emenndnosa
{18}, coepumsomuM B cebe crpo-
TOCTh PeLeHHE nepBoH TpYNNkEL H
fIPOCTOTY BTOPOH.

- JlaBieHHe TPYHTA, OKPYXKai0-
mero rubkylo TpyOy, pasaeasercs
Ha IBa cjaralomux (puc. 76):

a) JaBNeHHe Ha YKEeCTKYH Tpy-
By, ompefenseMoe no dopMyJaam
riaset I; 310 RapieHue pasgenser;
Cfl HA COCTABJAIINME — HOPMAMh-
Hoe (g) ® KacarenbHOe (¢;) K NOBEPXHOCTH TPYOHI;

§) ImONOJHATEJNBbHOE NaBJeHWe, OOYC/JIOBAEHHOR NepeMelleHHeM
CTeHOK TPYOH, KOTOPOE B CBOIO OUepeRb TAKIKE PA3JENsercs Ha HOp-
MaJbHOe (S) H KacaTelnHOe (§;) COCTaBJAAIOLIHE, 3aBHCSLIHE OT pa-

Puc. 76, HefictBue ynpyroro or-
nopa 34CHIIKH Ha THOKYIO TPYOY
no JI. M. Emenssauosy
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TaGawua 22

3nauennn xoapdnunentor A B dopmyne (1V.33),
noJyYeHHHEe PA3HWMH 2BTOPAMH

-3
§ 3z
el o ‘
Astop é E g opMa srtl;ggg:)gnpyroro Hagg‘:%.v:’eanne i
=wg
g2R
A. M. Hosuxos [30] Jnaunc (puc. 75, a) | Topuson- 0,935
. TAARHOE _
K. A. Baxypkun [13] Kpanpathas napate- To xe 0,842
H. M. Burorpanos aa (pac. 75, 6)
B. C.- 3pucros [46] :
JI. WM. Topeanx [11} lNono6ua amiope pa- | Paauanbuoe 1,333
AMAJIBHHX TIepeMelne-
HHH oT paBHOMepHOH
BEPTHKaAbLHON HATpys-
KH {puc. 75, 8)
. K. Kae#in [25] [ToaoBua amwpe ro-| Topusou- 0,667
PH3OHTAABHBIX COCT2B-| TaAbHOE
JAAOUIAX MepeMemeHnH
OT paBHOMepPHOR |BED-
THKAALHOR  HAarpysku
(puc. 75, 2)
LLnanraep [63] Kraapathan mapa- To we 0,732
6oaa mno BelicoTe GO- |
KOBBX JAYT C HEHT- |
PanbHBIMH YrAaMu
100° (puc. 75, @)
Apyxrep [13] Ky6Guuecxast mapa- . 0,750
Gona (puc. 75, &)
JI. M. EMenbanos [18] Homofiner  smopam | Pazraasioe| 1,333 (l-z-il—.-)
paiuaAbEMX M TaH- | W Tauresd- 4k
FeHUManbHbHIX TlepeMe-| LHaabHOE
ImEHHH OT HarpyskH
(puc. 76)

OHAJbHBIX H TAHrEHUHAJbHLBIX [MepeMellleHHH NPOH3BOJALHOH TOUKM
CTeHKH TPyOHi:

= —kw, 5, =£kn, (TV.34)

rie k u ky — Ko3ddHIMEHTE CONPOTHBJEHHS IPYHTA DagHaJbHOMY
(w) w® Tanrennua/dbHOMY (4) neépeMeMeHHSM B
k2fem®, npu stoM .0 << ky < Y g, '
 TonoxuTeasHbIMH CYHTAIOTCH pafHaibHHeE TepeMelleHHs, Ha-
NpapJeHuble K NeHTPY TPYOH, H TaHreHUHAJbHbE TePEMElleHHT —
o ABHKEeHUIO JacoBOH CTpesKH.
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HureHCcHBHOCTE PAAHANEHONO M TAHCEHIHAJBHOIO AKTHBHOTO naB-
NeHHd NPeACTABJAETCS b BHAIE TPHIOHOMETDHUECKHX PSLAOB.

m
g=0,5a,4 E (a,cosnb + b, sinnl);
! (1V.35)

g,=0,5d, + X n(c, sin nb-d, cos nb).
1

CoBMéecTHO® peleHHe AHGGEpeHIHalbHbIX 3aBHCHMOCTEH (11111}
MELYy BHYTPEHHHMH: YCHIMAMH Kpusoro Gpyca M Auédepennaant-
gHX ypaBHeRHi ynpyroit gummE (IV.I) npusoaut x onnomy nndie-
PEHIIHAJBHOMY YDABHEHHIO LIECTOTO NMOPARKa:

a5 w d* w kravg?w
“w L LA el
abs +2 b +( +Ec 1) di2
oo (e A 1V.36)
—k Eclw_Ecl(dt)? da)' ( )

UacrHerll BETErpan 31oro andipepedlHanbHOIG ypaBHeHns Mpel-
cTapasieTcsl B BHIE TPUTOHOMETPHUECKOro DAAA:
m

w= % (A, cos nf +B, sin n8), (1V.37)
1
rne
A = re _a,,—i—c,, ;
" E. 1 D,

B ot ba—dn. (1V.38)

" el D,
_ )2 a4 ks _"‘_ .39
D, = (n? 1)—}-(k+n2)ECI, (1V.39)

1 — ko3duuuentsl 1pu 8, KOTOpble NOTKHEL ObiTb HEJBIMH
YECAAMH, KPATHHMH UHCay Ocell CHMMeTPHH Harpyski;
m — Hakbo/blllee 3HAUEHHE 7, :
@, ¥ b, — napaMeTpnl pagHaJILHOTO NABJIEHHA;
¢, d, — napaMerpbi TAHTEHIHAIBLHOTO JABJEHHA.

Suavenusi 3THX NapaMeTPOB NPHBeleHH B Taba. 23.
Jlas nepeMellleHHH TOJYYalOTCA CSLYIOUiHe BEIPAXKEHHN:

m
NP N (@) cos n 0+ (by —dp)sin nb 1V.40
W= Eclz D, ’ ( )
1
m
do N artey) sinn b —(p—d)cosnl 4
o 2k +Ec"2-‘ nDr | |

1
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Ta6bnuuma 23

Mapamerps nanaeHns ITocne moAcTAHOBKH 9THX BHIPAMKEHUE B NepBoe H3 MHbdepeHi -

aqbHBIX ypaeueHud (IV.l) nHaxomsrtca maruGalolie MOMEHTHl, a 3a-

N 3 TE b . | J ] H
Crens warpyorn e, s, o a4 | § M 110 yPABHEHHSM (III.11} nonepeynble ¥ HOPMAJbHBIE CHJIEL

E

M= rzi(nﬁ— 1) [{en — e5) cosﬁ 0~ (b, —dy)sinn 0]

! D
2gcosn ;?' : L !
=" O—r i 1t (12 =—1)[—(ay + €4} sin #0 -+ (by ~ dy) cos af]
3 Dn ’
5 ! (1V.42)
£ "
o Vi . n® (nt -— 1)_}_5_’%
!‘F 2¢, sinnf 3 N=gr—r 5 “— (@, +c,)cosn 6 +
— — P — n

TR ) . 3 ‘ 1

+ (b, — d,)sin0].

S1u opMyJIsl NO3BOMAIGT MPOM3BECTH PACYET TPYOHI MO Hecylel
M sin B #  cnocofHOCTH 1IpH JIOOBIX Harpyakax. [Ipu atoM J106as cHHYCOHARD-
=/ — - — p Hasf HArpyska C MepHOAOM 2 © He BbI3EIBACT M3MeHEHHS (DOPMEI Ceve-
mr - Hast TPyOBI, TaK Kak npH a=1 M=0 u Q=0. )

' ;3§ Ipu sarpyennn TpyOsl BePTHKANLHALIM H GOKOBHLIM JABJIeHHIMH,
&  pacupele/ieHHBIMH IO NPAMOYTOJbHHKAM, PalHaJbHEle H TAHTEHIH-
4§  JbHBIE COCTAB/SIONIEE AKTHBHOTO JABJEHHA HA KECTKYIO TPYGY BHI-
. paxawnTtcg dopMyTaMH:

. 2gsinnfl 1 1—
- nr - - X g={s (—_Z © 4 — ® cos 26 );
_ - ) ‘ (IV.43)
JL=qs L=% gin o0,
2
! 4 JlonosHuTeIbHOE pAfHAJbHOe TaBASHHE OT Aeopmauuy ru0Koki
2gcosnf  J  TPYOH Iias k=0 paBuo:
_ — ,—— nwr . * s :mi B(l"-‘E’O) cos 20 (IV-M) 1
4 9F, I :
1+ —= L =
krt .
i
IlpH 3TOM OTHONIEHHe HHTEHCHBHOCTEH 60KOBOTO H BEDTHKAJABHOrO g7
- AaBJeHui Gyger: .
2nMcosn ¥ £y H
— = ~ 3 3+Eo+3660_c i
: '-‘: ) s + S5 — krt (IV 45)
ga -t 8 1_}_3&0_{_36@
) & _ krt
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Harubamomiue MOMEHTH H HOPMavibHBIE CHJBl B I[IPOH3BOJBHOM Ce-
YEHHH CTeHKH TPYOHl BHIpaXKalotTcs opMyaamu:

Mo B (1—%) ““520!4 : (1V.46)
Lo (6 +0,25k) <5
9
N=gq,r H;EO+1_25° e gf;’ cos 20 |. (1V.47)
4+(4k+k1)'éEc—I

®opmyaa (IVA46) momer Ohith TNpeicTaBleHa B CASAYIOIIEM
BHJAE:
M= M"%,, - (IV.48)
rie M°® — H3THOAWINHA MOMEHT B CTeHKe XKeCTKOH TpyOul oT jaBjie-
HHS 3eMJH H JaBJleHHs IOBEPXHOCTHON HAIDY3KH;

0, = ! = 1 . (1V.49)

(£-40,25,k,)r+ 4(k+0,25k1)’( r )“
M I |~

gEc[ SEC h

I1a dopmyaa cosnagaer ¢ ¢popmynaocit (IV.33) mpu rospdui-
eHTE

A = _g_ (k + 0,25%)).

TIpu peficTBuu cOOGCTREHHOTO Beca TPYOH H NABJEHHA XKMAKQCTH,
sakmoueHHol B Hell, JI. M. EMenbgHOB nonyyus H3ra6anllde MOMEH-
TH paBHEMH HymMo, OZHAKO OPH 3TOM He YYHTHIBAJOCE BJIHAHHE OC-
HOBAEMA RoA TPyGOH; NpH ydeTe STOTO RIAHAHHA H3rHOAOUlHe MOMEH-
Tel y3Ke GYAYT HMeTb MeCTo, H KX NpHOIukeHHO (BCLIASICTBHE MX BTO-
POCTENeHHOTO 3HAYEHHN) MOXKHO ONUPeAe]sATh NyTeM YMHOMEHHS CO-
OTBETCTBYIOIIHE HarHGatolIHx MOMEHTOBR B JKecTKOH TpyGe Ha kos(-
dunuest (I1V.49).

B Ta6n. 24 CONOCTABJEHH De3yabTaThl pacdeTa PasiuuHbix Tpyo [

no merony JI. M. EMeassinosa ¢ pesysierataMu onutoB AREA*, mpo-
H3BedeHnnx B 1925 r. Ilpu sToM B pacuere mpuusato &, = 0,333.
BokoBoe faeieHne BO3PACTAET ¢ YMEHBIIEHUEM KECTKOCTH TPYOR!
H Py ONpeNeseHHBIX YCJAOBHAX CTAHOBHTCA GOJbINe eIHHHIE. ITOT
SKCTEepPHMEHTAILHO NOATBEpAeHHEI (axkT obbicHAercd BIHIHHEM
KaCaTeJLHBIX COCTABJAOIINX TABJEHHAS TPYHTA. ‘
Ha puc. 77 n3obpamennsl KPHBLle 3aBHCHMOCTH HAHOOJBIUHX Ha-

o . h
IpsAXeHNd B CTeHKe CTaJIbHOH prﬁbl OT OTHOLIEHHA — JJIA PasHBX
r

. kr , '
OTHOIMIEHHH —. I'paduxn nocrpoens maa & =%, v.=0,3 n £ =0.
. [+

* AMeDHKAHCKAS ACCOUMAIMA HENe3HONODOKHEX HHMKEHEPOR,
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'HaHpH}KEHHﬂ YMEHBUIaITCd ¢

. TaGmuua 24
Conocrapnesse pe3yabraros PACHeTa ¢ JAHHBIMH ONBTOR

g 3 = & E Ornowenne &,=gg:q
i< E;- §§ 52 .:%.5 - ) % :
Tan tpy6n 5:’,5 - gD Se gi'; w' T ¥ | ud 3
E¥sxl Js | 88 | 2 ) 5. g — | 25| E
E25| &z | &% | A% | &3 EL| B9 | 8
" T'o¢puposannas [1220 | 3,6 1,3 7 10,084| 0,42 1,431 0,98 |1,20
Towxe . ... |1070] 2,8 1,3 7 |0,066( 0,55 1,371 0,89 (1,13
. e e 610 2,0 | 1,3 | 7 |0,046]| 3,49 | 0,82 | 0,47 |1,33
Yyryuwag ., ., . [1070] — —_ — — — 10,33 0,33 |0,23—
0,26
Beronnas . . . 610 — — — — — 0,33 10,33 F0,23
) : h
[Tpn Manux 3navenuax ~
r

&og

YBeJIHUeHHeM f, NPH CpelHHX
3HAYEHHUSX {5- HaNPSIKEHHA 500_\ / 24079

J
BO3DPACTAIOT ¢ yBEeIHYEHHEM / \\
TOJNUIHHE CTEHKH M, HAKOHen, 40014 N

A

o
<
™

b N i
npH GOMbUIMX OTHOIIEHHSX — . E f=m“’
r
200 N __5’ e

3aBHCHMOCTE ONSTH MeEHAeTcs
Ha 06paTHYIO. 0

h
. Mpamep 16. Halite xosddnms- 4or ooz gos 4o¢ 005 r

EHT VMeHBUISHHA HIrWGalommx Mo-  PHC 77. KpHBble‘SaBl-chMDCTH HAHGONL -
MeHTOB M0J, B/AMAHHEM OTHOpa rpyn- WHX HANDAKEHHA B CTeHKE CTaibHOH
Ta NS CTANLHOH TPyOGel ZHAMETPOM
Do=1200 mx ¢ TomuwHofi cremkn

A kr
TPYOR OT OTHOLIGHHT — AN PasHbIX 3
r
h=10 mm. TpyGa yaomena B Tpan- '

‘mee mupinod B=21 x B necuayom

rpyute ¢ Mozynem nedopmammn Eo=T75 xafem?,
Tonuuna oGKHMaeMOro ciog

_B—D;y  2,10—1,22

H. = = - =0, 44 n= .
¢ 5 o ,44 m = 44 cu
DKBHBAJEHTHET KO3(DQUIHSHT TIOCTENH
’ Ey 75
=T =" = 1 ’7 3;
He — 44 wefcn

‘mpuHEMaeM k= 0.

KoaduuuenT yMeHbmeHHs MBrEGAIOMMX MOMEHTOR 1o cdopmyne (111.49)
C YYeTOM WNHAHHIPHYECKOR IKECTKOCTH -
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i 1

shr [ r NV, . 4.1,7.60,5 605\ ]
UETS (h)(l“"vf) b 3-2,1.106( 0)(1"0'25")

1,
= 0,0692.

T 113,45

Peay/ILTaTsl NpOH3BENEHHBIX HAMH BHIUMCJICHHH TO3BOJSIOT CAe-
J4aTb CIedYIOiHe BBIBOALL. .

1. ins GeTOHHBEIX TPYG BAHSLHE OTIIOpPA BACHINIKH HA BEJHUUHY

M3rHOAI0WHX MOMEHTOB He NPeBOCXOAHT 5% BJIHTHHS HArPY30K H MO-
KeT He YUHTHIBATBCH, . '
- 2. Ina #ene306eTOHHBIX TPyO 5TO BAMSHHWE IOXOIHT NpH necya-
‘HOM TWIOTHO yTpamGoBaHHON 3ackike Ao 25%, TpH TIHHHCTOR 3acHI-
Ke ¢ocTapaser He Gojee 4—5% #, Tak e Kak B ¢iyuae GeTOHHEIX
TPYD, MOMET HEe YUHTHIBATHLCA. '

3. Lt cTadpiblx rI2IKHX M TOQPHPOBAHHBIX TPYS OTIOP I'PYHTA
OOYCHOBAMBACT BECEMA 3HAYHTENLHOE YMeHbIIEHHe H3THOAIOLIHX MO-
MEHTOB H He JAQJMEH OCTaBJAATBCH 663 BHHMAHHA HaxKe NpH IVIHHH-
CTOH 3achnke. OQHAKO CAGAYeT HMETh B BUAY, UTO THOKAs TpyGa Mo-
HET TOTEPSTh YCTOHUHROCTD PaHbLIe, YeM HACTYIIMT ONacHOe Hamnps-
KEHHO0e COCTOINHE,

He cnenyer saGuiBaTe 0 TOM, 9TO OTNOP IPYHTa, CHHIKAA M3rHGa:
Koide MOMEHTRI, IPHBOAMT K YBEJHUCHHIO HOPMAJBHBIX CHJ, YTG SIB-
JIIETCH OIACHBIM C TOUKH 3PeHHSA YCTOHIHBOCTH TOHKOCTEHHOH TPYOHL

Ilpn oaHOBpeMeHHOM YMEHDLIEHHH H3rHGAIONIHX MOMEHTOB IO
AeHCTBHEM BHYTDEHHErO PaBHOMEDHOro AABIEHHMS H YIPYToro OTHOpPa
MOMHO BOCHOJB3CBATHCA [IPHHEHIIOM He3dBHCHMOCTH NefCTEHS CHJI K

RepeMHOXKHTD Kodphunuents §; H L. Tlpy a1OoM  OXOHyaTeanHAd |

popMysta 1y HSTHOAIOUINX MOMEHTOB MPHMET CJeLyIOIAN By
M =0 LM (1V.50)

Beugy Toro, 4ro npu yuere MIacCTHYeCKHX CBOHCTB MAaTepHaI0B
pacueTHBI H3ruOaloIHil MOMENT TOJIYY4eTCsl ITyTeM BblPABHUBAHHS
SMIOPBl MOMEHTOR, TOJMYUEHHOH JIst yIpyroft cTafuu paboTsl TpyGH,
Gopuynamu (IV.29) u (IV.49) MOKHO BOCIIO/IB3OBATHCSH MJS BEIH-
clenua Kosuuuentos G M §y TakiKe u npu pacuere Tpyé c yue-
TOM CBOHCTB ITACTHUHOCTH MAaTepHaJIa.

5. Pacuer cGOpHbIX WapHUPHBIX TPYG

CGopHele [WapHADHBIE KeAe306eTORHEIE TPYGHl OPEIIOKEHb U
npuMeHeHel B crportensetse A K. Toawmnoir [10). Mx “opurunansaan
HIel BAKIIOTAeTCss B TOM, 4YTO [MONEPEYHOe CeueHde TPYOH CO-
CTOHT M3 YETHIDEX KBAJPANTOB, WAPHHPHO COCIHHSIEMEIX APYT C APY-
TOM; TeOMeTDHYECKAs HEH3MEHAEMOCTh 00PA3OBAHHON CHCTEMH Ofec-
NEeYHBARTCH OTIOPOM TPYHTA, B KOTOPOM YJOKeHa TpyGa (pHc. 78).
EctecTaenno, uto KauecTso 3acHNKM M ee VIJIOTHEHHe ROJKHE GHITH
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- KECTKHX TPy0, YRAa/blBaeMBIX

TAKHMH, 4TOOH GbL1a HCKIIOUEHA BOZMOMKHOCTL MTyUCHHA TPYHTa ¥ [HOJ-
SYYeCTH ero NIpH AJHTEIbHOM JEHCTBHH Harpysok Ha TpyGy. OcoBoe
BHHMAHHE JTOJKNO ObTh TaKKe 06pallleHo HA MMAPOHB0MAUMIO TPYOHL,

JanpHeflliuyM PA3BHTHEM 3TOH KOHCTPYKLUHHM SBHJIACHE SaMeha
COBEDIICHHBIX MIADHHPOB HECOBEPIISHHBIMA. ‘

[lo noacueram, npoussexennniM A. K. [ogpiHo#, cToMMOCTS Mmap-
HUPHBIX TPYD, YKJIAaIBIBAEMbiX B KayeCTBE BOAONPONYCKHBIX IOZ
ABTOMOOWJIBHEIME JIOPOraMH, B
3—4 pasa mHumKe <CTOHMOCTH

Ha (QYHAAMeHTaX, ¥ [IQ4TH B
2 Dpasa HHME CTOHMOCTH
HECTKHX KDYIVIbIX 3BEHBEBHIX
TpyoO.

Ilpu pacuere MapHAPHAIX
TPpy6 BepTHKAJEHOE JAaBJeHUE
OT  34CHLIIKH  [PHHHMAETCH
PaBHOMEPUBIM H pAaBHHIM Be-
Cy 3acCBIDKH HAJ TPyOof Kak
ApH YKAaJgKe B HACBHIMH, T2K H
npu yxaanxe B Tpauniee. Bo-
KOBQE JABJEHHE OT 3aCBIKH
H BepTHKAJBHOE AaBJIenHe OT
BPeMeHHOH HarpyskH ompefe-
JAIOTCH  Tak e, Kak A
KeCcTKUX Tpy6.

Jlna pacdera WAPHHPHSIX
TpY6G TNpPHHMMAaeM, 4TO CaMH

KBAIpaHTEl He AedopMupyeMEl, a jedopMamus NONEPeuHOTO CeucHHSA

Puc. 78.'C60puaﬂ mapuupitan  Tpyfa
cucreMul A, K. Toaslist

- TpyOLl TPOMCXOAMT TONBKO 33 CUeT CTPYKTYPHBIX MEpEMCINeHHit CH-

crembl B wapunapax. IIpuuuMaeM Takxe, 4TO OTNOD TPYHTA B KaXKEOH
TOUKEe MOBEPXHOCTH TPYOR TPONOPUHOHAJEH pPajHaNbHOM H TaHreH-
IHAMBHON COCTABJSIONIAM [epeMelileHHs H COCTOHT M3 HOPMAaJbHOH
H KacaTeJpHON COCTABASIONMMX fi

=—kw; Sl:—kl H.

Tak Kak 4ersIpexIIapHHPHOE KOJIBUO SBARETCH OMHOKDATHO H3-
MEHSIEMOJ CHCTEMOM, TO ero cTpyKTypHas aedopManusg MoxeT ObiTh
BHIpaMKeHa OJAHHM I1apaMeTpoM — nporufom f. Kpome Toro, UeHTp
KOJIBIlAa MOMET HMeTh IlepeMellieHHe A,, HanpaBjJeHHOe BHHS.

PanHa/jbpHas ¥ TAHPEHIHAJMBHAS COCTABJSIONIHE TOJHOMO fepeMe-
IeEHa J60H TOYKH CTEHXH TPYORI MOTyT OBITh BHIDaMeHH (OpMYy-
dame (pue. 79): .

w = A,cosb 4 0,57 cos 20, AV 51)

u=A,sin8 4 0,57V 2 — 1)sin26.

I Cam A. K. Tlogmmea npenmoxnn ApYTof MeTon pacyeTa, OCHOBaHHEIA Ha
Gonee MPOH3BOJNLHOM JONYUIEHHH, YTO 3I0Pa YOPYIOre OTHOPa HMEeT BHE Tpe-
YTOVIBHHKE,
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¥rosa BOTCUMTHIBACTCS OT BEDXHEro KOHUA BEPTHXKAJLHOIG JHA-
Merpa.

Pacuernas cxema INapHHPHO TpyGbl IpencTasnexa Ha puc, 80,a.
Yenosue paBHOBeCHA Modykoasua (puc. 80,6):

—0 gs 1*
20§ 2o N g
- +2q6r3+r“§ssin-ﬂde—

)‘ o ] ’
5 —r2531(1+c058)d6=0.
0

i
{A-‘v’" ; Tlocsie ¥HTerpHpoOBaHHS TIOMIY-

.J; 2r 7; _44EM TaKoe ypapHeHHe:
Puc. 79. Cxema nedopmamuu mapuup- — 2NB r— gnr* +
Hol Tpy6u 2
+ 2gor® + 28, A r?
+ 5 e o0 /2 — ). (1V.52)

YcaoBHe PABHOBECHT BEPXHErD KBanpaHTa-
DMp=0; —Npr+ 220 4 74
/2 2
- rﬂjscosﬁdﬂ—rﬂj‘ s, (1 —sinf)dé =0
V] 0
DI e %
.s\ 5, 8BS /5
D G D iy

0
)

thests

2

|
o

EEREEERSARER

' RERERENENRNEN SN~}

iieett

Puc, 80. Pacuetnas cxema mapHupHOit TpyOH

B
__N r+4 20 ‘?B _}_Qﬁ"'z
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— Ay [%k +(~§m— 1);@1] 2 VT —1)k] =0. (1V.53)
VMHOXKHM 5TO YpaBHeHHe Ha——2 H CJAQHHM C YpaBHeHHeM

(IV.52):
— 2 qart gert 4 T 8ert (b B)

+%r2f[k+f2-1—(]/7—1)]=0. (IV.54)

Hopmanenywo cuiy B cedenun B naitner Wz ypasHenus (IV.53):

Ny= —~--——|-q5r+k Bor 4 == [k+2k (Y 2—1)}. (1v.55)

MaruGaloluii MOMEHT B TPOH3BOJILHOM CEUEHHH TPYOH
M, :—‘-7"4—'2(1 cos b - 2sin?8) + q° sin?0 +
ﬁ‘%e sinf + f"’as_"‘ge [k

+—‘~(V2‘—1)] (1v.56)

Ecan TpyGa HaXONUTCA B OLHOPOMHOH 3aCHINKE, TO MOKHO COCTA-
BHTb TAKO€ ypaBHEHHEe DABHOBECHA IJIA BCeH TpyObi:

b Y=0;, —q, r—-rj s cos 0 dj—r j s, sindd =0
] 0
OTKYZa

- _ 2,
G = Sl ) man By = T (IV.57)

[Toxcrarus 5Ty BeauunHy B yparHeHHe (IV.54), nafinem mporaf

TPYOHL:
f= 2 6o — 24 : (1V.58)
’ 4[k += (V2 =1)
[locTaBus BHIpaxkerns A, H [ B dopMyay (IV.56), moayum:
My = 434"2 (1 + 8in%8 — cos 6 — —2 ii"e). (1V.59)

TpupaBauBas HYJ10 NPOH3BOJHYIO STOTO BHIpaXKeHHd 1Mo 6, mo-
JgydaeMm: .

" . w
B_? 81n8+(—4—— l)tgﬁ,

. OTRyIa

B = 62° 55"; Myaxe = 0,0227 ¢, 72 {1V .60)
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Ecau 1pyGa onepra B HHXKHeH TOUKe HA ILIOCKOE MHeCTKOE® OCHO-
BaHHeE, TO:

f=98, = 3¢ — 25

™ 2 = V21
:(4 " 3)k+(7+——3 )!q

Ecna ma TpyOy nelicTBylor panHomepubie HArpysxH CBEPXY, CHH- R

3y H ¢ OOKOB, T. €. ec/H Ae(hOpPMalHs CHCTEMb CHMMETPHIHA TAKKE H
OTHOCHTE/IBHO TOPH3OHTANBHOTO AHAMETPA, TO [OCTATOMHO OJHOTO
ypasHeuns (IV.54), B KoTOpoe cieayeT NMOACTAaBHTE Ap=0.

3(gs — gs) ;
2[k+%(1/‘2—1)]

onyuenHble HOPMYyJIBl JAIOT BOIMOXKHOCTH IIDOH3BECTH pacuer
WAPHAPHEIX TPYG KaK 0 NepBoMYy, TaK H 10 BTODOMY MpeleNEHOMY
COCTOSHHIO.

IHapayupsl cOOPHEIX TPYSH ROMKHE GHTE PaCcCyYMTAHB! HA CMsATHE
GeToHa, .

Mpumep 17. Hafitn pacyeTHHe BHYTpEHHME VCHAHA B CTeHKAX c6oprolt miap-
mnpHoft TpyCu cuereMut A. K. loxpiwa (Do = 600 mm) npu ykiagxe ee B HACEITH
Ha Thay6une H =4 x, ecim oGBEMHLIA Bec sachNKH 1 = 1,65 T/M3.

PacueTHas HATEHCHBHOCTD BEPTHKANLHOTO ¥ GOKOBOTO I&BJGHHS 2aCHIKH
COCTAB/ART:

Torma f=

M, =0

qn=ﬂlTH= 1,2-1,65-4=7,03 m/u*

do=—45" o= "—" 7,93=2,64 m/u®.

3

HauGoastumii nsrifalomuii MoMesT 8 CTeHKe TpyGe 110 dopuyne (IV.60) co-
CTaBnseT ‘

a Myaye = 0,0227g, r2 = 0,0927.7,93.0,33 = 0,02 mu.

- Ilpn xospduunente nocren SackNKH &= 1 kefcmd nporuS cremin TPYGH
no gopmyre (IV.58) pasen
3 (ga — 296) 3 :
= = D -_— -0 =
f P 4-1( 793 — 2.0,264) = 0,2 cu.
etz B. mocaennee pemst Gnaromaps psay csoux

NPeHMYIIeCTB BCe GOJbIlee PACIPOCTPaHEeHHe No-
JIY4al0T COOPHEIE Keqe300eTOHHBE KOANEKTOPLI
NpPAMOYFOJBHONG NOTepPevHoro cedeaus. OHH CO-
CTOAT H3 YeThpeX PeOpHCTEIX HAM GeapebepHHIX
‘GJIOKOB, CTHIKH MEXKIY KOTOPLIMH, Ta¥Ke ec/H OHH
33MOHOJIHYEHE!, IIPH DacueTe OObIMHO CUHTAITCSA
wapaupubiMa- (puc. 81), Takas cHereMa cama 1o
cefe CTPYKTYPHO M3MEHseMa H MOMET cOXpaHsTH
paBHOBECHe JHINL [PK CHMMeTPHYHON HArpyske,
& TPH HeCHMMETDHYHOHR HarpysKe TOJLKO [PH yc-
YromHoro  1o- JIOBHH, HYTO KOHCTPYKIMA HAXOAHUTCS B TPYHTE,
Tepeworo cedc- OKASHIBAIOIEM CONDPOTHBACHHE €€ CTPYKTYDHBEIM
- HAT + NIEPEMELLIeHHAM, ¢ '

Puc. 81. Pacaer-

HaA cxeMa cOop-

HOTO KOJJIEKTO-
pa  npsaMO-
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Pacuer takofl CHCTeMb! Ha JAefiCTBHE CHMMETPHYHOR HaTpy3KH
3MeMERTaPHO TIPOCT K CBOJHTCH K DACUETY OTASILHBIX CTATHUCCKH OI-
pefeNuMELX NpaAMbX H [-06pasueix 6anok wim Gasounelx rmaut. Pac-
YeT CGOPHMX IDAMOYIOJALHEIX KOJJISKTOPOB HA HECHMMETPHUHYIO HAa-
Tpysxy TpebyeT yyera YIPyrorc 0T1opa IpyHra NOgo0HO TOMY, Kak
3T0 OBIJIO CAENAHO BBHINE APH DACueTe WADHHPHHIX TPY6 CHCTEMEE
A, K. T'oneids,

Haxogar npuMenenre TakiKe H ABYX- H TPEXCEKLHOHHEE cOOpHBIE
KOJJIEKTOPHI, ‘
i 6. YcToiluMBOCTE CTEHKH TPYGORI
[Ipn o6pasopaHuK BaKyyMa B rpyfie MONKET NPOHIOHTH e CILIKO-

IMMBAHHE DABHOMEPHBIM BHELIHMM aTMOCGHEPHEIM [AaBJeHHEM, T. e.
OoTepd YCTOHUHBOCTH MEPBOHAYAMBHON (DOPMBl MOIEDEYHOro CedeHHA

o) EEEEENERE

BEEEREREN{S

Prc. 82 IMoTepa nonepeynsiM ceyeHHEM KPYTAOH TPY6H yCroHuHBOCTH
IIEPBOTO H BTOPOTO poza

.

Tpy6ur. TpyGa MOKeT TaxKe IOTEPATh YCTONUHBOCTE U TIPH OTCYTCTBHM
BAKYYMd OT HABJCHHA 34CHTKH, KOTOPOE INPH HATHUHE GOJBLIOrO

_ yOpyroro otaopa OJH3KO K PABHOMEDHOMY.

B TeopuH yCTOHUMBOCTH YNDYTHX CHCTEM AN KPYronoil TpyGhl B
yopyrod cpeje HzpectHa dopmyaa E. JI. Hugoman! mns xputnye-
CKOTO BHEIIHEro RABJEHHA TDH TOTepe YCTOHUMBOCTA MEPBOr0 PoAa
(puc. 82,a): ‘

(=) ET rk
» br? + nt—1

(1V.61)

rie E ./ — XecTKOCTb yIacTKa CTEHKH TPYOH AJTHHOM b;
r— pajHyc CPEJMHHOH [IOBEPXHOCTH TPYOHL;
B - Ko5Q@HIHEHT [TOCTENH TPYHTA;
1 — LIeJoe YUCHo,

VE, JI. Hekonan, Tpyms mo MeXxanuke, [ocyZapecTBeHHOE H3ZATEIBCTBO
TeXHHKO-TEOPeTHYeCKOH aHTepaType, M., 1955
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Ecau uckirouaercs BO3MOKHOCTL NPOLOILHLIX AedopManuii Tpy-
6B, TO B 3HAMEHATEAb LEPBOLO YJ/aeHA 3TOH (QOPMYJIEL AOJMKEH GbiTh
BBEJIeH MHOXHTeMb (1— ¥2), roe Y. — koo(duument [Tyaccona ma-
TepHana TpyOHI,

Qopmyna (IV.61) mna n=2 chnpasemyuBa NpH
k=0 ora mepexcoAHT B H3BeCTHYI Qopmyay M. Jlesu:

e gy,
E '1‘< 24: npu

3E.1
brs

Ilpu peficrBul Ha TpyOy HATPY30K, BBI3LIBAIOLLHX HE TOJIBKO CXKa-
THe, HO H H3TUDO CcTeHOoK (phe. 82,6), MOKET HPOH3OHTH IOTEPHd YCTOH-
YHBOCTH BTOPOrG poxa Wiw, no tepmunosorun H. B. Kopnoyxosa,
YCTOMHHBOH IIPOYHOCTH, BIOJIHe AHAJIOTHUHAS ABJEHHK) MDOACALHO-
nonepeyHoro Haruda crepaued. Ilotepa ycToluMBOCTH BTOpPOro pola
MOKeT [IPOH30HTH KaK NDH HaJH4YHH YODYTHX, TaK H MIaCTHYECKHX
HepopMaluil, B 3aBUCHMOCTH OT MaTepHaaa M PasMepoB TPyOLL,

[Ipx moTepe yCcTORYHBOCTH BTOPOro poAa (popaa paBHOBECHS B Le-
JIOM He MeHSeTcsl, Ho B KPHTHYeCKOM COCTOSHHH IIPOHCXONHT DesKoe
Bo3pacTanne nporuba. [losepka CTeHKH <CTaAbHOTO TpyGONpPOBOAA
KPyTOBOTO NONEDEUHOr0 CeueHHs Ha yCTOHUMBOCTL BTOPOrO pOAA CBO-
AHTCA K NOACYETY HArHGAIIIENo MOMEHTA B ONAcHBIX ceueHunax A u B
TpyOHl OT BHeNIHero atTMoc(lepHOro NaBijeHHs NPH BaKyyMe. DTOT H3-
ruEbaouMi MOMeHT, BOSHHKAIONIWHA B yOpyrof cragus paBortel TpyOH
OT paaHaJbLHON HATPY3KH Ha TpyOy, MONepeyHOe ceueHHe KOTOPOH oL
BJAHSAHNEM NEPBOHAYAMBHOH DJMHITHYHOCTH WJIH NoJ TeHCTBHeM ADY-
FHX HATPy30K OTKJOHHJIOCHE OT KDYra, cocrasijser!

P = (1V.62)

m="_1 (V.63)

rie  f— sepTHRAJLUBIH TPOrHG OT HAJHNTHUHOCTH HJH OT ADYTHX

Harpysox;
P «p— KPHUTHUECKO® PaBHOMEPHOE AaBjeHHe no (opmyte (IV.61)
umn (1V.62);
p — pacueTHOe paBHOMepHOe JaBjeH{e.

1C. TI. TuMowen ko, Teopua ycrofiuHBOCTH ynpyrHx cHcreM, [Focrex-
#anart, 1946.

Faasa V

PABOTA TPYEOINIPOBOXA B NMPOJOJIbLHOM
HATIPABJIEHHH ’

1. OnpepeaeHue NMPOAOJBHBIX YCHJAHH OT HArpy3oK, NPHJIOKEHHBIX
Ha HOBEPXHOCTH 3eMJIH

o cHX mop MBl paccMatpHBagau paory TpyD B momepeyHOM Ha-

npaBjeHHy, XoTopad B GOMBIIMHCTBE CAYYaes H OlpeleJser TOIIHHY
ux cTeHox. ONIHAKO He MOTYT GHITH GCTABJeHE! 6e3 PacCMOTPeHHS yCH-
JIHA B HANPaBJACHHH OCH prﬁo-ﬂpOBOILa, Bhi3BaHHbIe HEPaBHOMEDHBIM
HABJEHHEM OT COCPENOTOYEHHBIX IPY30B, MPHIOKEHHBIX HA MOBEPXHO-
CTH 3eMJIH, TEMIEpPATYPHLHIME BO3NefCTBMAMH, AaBJIeHHEM MKHAKOCTH
Ha NOBOPOTAX TPYGONPOBOAA, CefICMHUCCKHM BO3AEHCTBHEM MJIH CHJIA-
MH, IPHKNaBBAEMEIMH K TPYGOIPOBOLY PH NPOH3BOACTBE PaloT.
" Heo6x0IHMbIM YCIOBHEM IJiH BO3HHKHOBEHHA BCEX HTHX YCHIHH
ABAseTCA AOCTATOYHO GOsIbuIAs J/MHA 3BeHbEB TPYO Mad poobILe OT-
CYTCTBHE DasfelHTeABHbIX [B0B. Eciu miuHa 3BeHbEeB He NpesbilaeT
1 M, Kak 5TO UACTO HMeeT MecTo y GEeTOHHBIX, Xese306eTOHHBIX, Kepa-
MHUECKHX H APYFHX TPY6, TO PACCUHTEIBATL TPYOOIPOBOL B MPOADJIb-
HOM HampapJeHuy He Hago. Ecou Takofi TpyGonpopod JieKHT Ha
CIIOLIHOA NOAVIIKE, TO.BO3HHKAaeT HeoOXOAMMOCTb pacuera TOl TO-
IYIIKH,

Bomnpoc o pacuere Tpy® B NPOMOABHOM HANpaB/JeHHH HA aecT-
BYie HePABHOMEPHOH Harpyskd JO IOC/ELHEr0 BPeMEHH DeAKO BO3MHH-
KaJ. Jro caegyer ofBACHHTE, TOBHAHMOMY, TEM, UTO OH HME&I ABHO
BTOPOCTENEHHOE 3HAUeHHe [0 CPABHEHMID ¢ PacyeToM B NOTepeyHOM
HanpaBJeHHH.

B cpasH ¢ SOMBIIEM YBeJHUeHHEM Beca TPAHCIOPTHLIX CPENCTB H
¢ YANMHeHHEM 3BEHBEB YKAaAHBaeMblx TPy padoTa HX B IPOANIBHOM
HAMpaBJeHuH YXe He MOxeT OblTbh OcraBieHa §e3 PacCMOTPeHHs, TaK
K4X COCPENOTOUEHHBIE HATPY3KH MOTYT TIOC/TYXKHTb IIPHURHOH BO3HHK-
HOBeHHA B TPyOax 3HAUMTEJLHBEIX BHYTPEHHHX YCHJHIL. .

B sToM ciyuae 3BeHO TPYObi, B 3aBHCHMOCTH OT €r0 AJTHHbBL, MO-
WET PACCMATPUBATHCH KAaK KOPOTKAasd MJH XaK (ecKOHEUHO MIHMHAR
Galka Ha CIVOIIHOM OCHORAHHM, HAXOOAWASNCA Noj HefCcTBMeM He-
paBHOMEPHOH HATPY3KH B BHAe AaBJeHHs, Hepejalolerocs OT TpaHc-
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TMOPTHLIX TPY30B Uepes 3achinky. Korpa sniopa Harpysks orpaiHueHa
CJAOKHON KPHBOH, ee YPHXOAHTCS 3AMEHHTh OTHGJABHBIMH HeOddHAKO-

BBHIMH TIC BE€JAHYHHE COCPENOTOYSCHHBIMHE IpY3aMH, NOCTABJEHHEIMH Ha -

paBHBIX PACCTOAHHAX OLHH OoT Apyroro {puc. 83).

HeobxoauMele 1J1s pacyera MOMEHT HHEPUMY M MOMCHT COLDOTHE-
JEeHHA OAHOPOMHOTO KOJBIEBOrO NOMEPEUHOrd CEUSHHS TOHKOCTEHHOM
TPyOBl MOTYT OBITH HaHAeHH IO {(hopMyJaaM:

I==r'h; (V.1
W=mrth, (V.2)

rfle r — CpeAHHH  pajHyc
HONepeYHoTo ce-
yeHust TPyOGBI,
h — TOJIIMHA  CTeHKH
TPYOHL. .
[lnacTiueckuit MOMeEHT
bl COIIPOTHBJIEHHS KOJAbLIEBOTO
P cederps 8 1,27 pasa Goiee
P l‘"a l"k VIIPYTQro.
Ilpu pacuere no rteo-
PHM  YUPYToTO TOJYTPOCT-
pancTea HauboJee ueseco-

t t +
vz XX /(’/ )I’ A W//}I' ,f// Ve
I
F
[

1570 [

vz 7z A

Puc. 83. Cxema mag pacwera xpyraoft tpy-
Obl B IPOOJALHOM HANPABJENHH Ha Ha-
TPY3KY, NPHAOKEHHYIO Ha IIOBEPXIIOCTH

seMan TOZAMH, PazpaloTalHbIMH

npod. B. H. Kemouxuneim
HAH A-POM. TeXH. Hayk
M. H. Top6ynosoim-ITocanoBbiM; Mpy pacdere Ha OCHOBE IHIIOTE3H
MECTHEIX 0CajoK (runortesa ®ycca—Buknepa), uTo BIOJIHe YMeCTHO
B OTHOIIEHHH HECBA3BHBIX I'PYHTOB,—MeTofoM mpod. Il JI. [Macrepua-
Ka M/IH METOAOM HAYAJBHBIX MapameTpoB B dopMe, NPHIAAHHON eMy
npod. A. A, Vmauckum, BospacTanne mI0THOCTH TPYHTA ¢ TJYGHHON
H HAaJHude, KpoMe OCHOBAHMS 1ok TPYyGOH, ellle BepXHero H GOXOEOro
®OCHOBAHHA» B BHJE 3aCHIIKH MOMET GBITh YUTEHO 3HAUHTCJLHEIM
(mo 100%) moBHIIIEHHeM PACYETHOTO 3HAYCHHA MONYAS HehopMaLHH
HJIH Koz GHIHEHTA [OCTENH TDYHTA. '

Tax kak B ocraibHOM pacuer TPYGONpoBONa wan GyHZAMeHTa
IoJ, HEr0 HAYEM He OTJIHYAETCsi OT pacueTa (yHAAMEHTHHIX Gasiox Ha
CIVIOLIHOM OCHOBAHMH, TO MBI OTCHUIAEM YHTATENA K YKA3RHHLIM Bhi-
e paBioram. ' :

2. TemmeparypHbie BO3ReHCTBHS

IIpu sHaunTepHON AyMHE NPAMOIHHEHHOrO TPYyGonpoBoaa M0G0l
CPEeRHKH YU4aCTOK ero MOMKeT paccMarTpMBaThes Kak 6pyc ¢ sajedaH-
HHIMH KOHUAMH, Eciu samblkanme TpyGonpoBona GBLIO oCyIleCTBIe-
HO NP® TeMilepartype fy, TO NPH NOHHMAKCHHH TEMIEpATYPH IO # Ipa-
IyCOB B TPYGONPOBOLE BOSHHKAET OCEBOE PACTATHBAIOILEE YCHJAHE:

N=2nrhE a(t,— 1), (V.3
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00pd3HO TONb30BATLCH Me-

TAe k- TOIIIMHA CTeHKH TPyGompoBOAA;
- E, — MOJILyJTb YIPYrOCTH MAaTepHasa, H3 KOTOPOTO H3rOTOBJEH
TpyGONIpOBOA;
¢ — KO3thHIHEHT JHHeHHOTO TEMNEPATYPHOTO pAaCIOipeHHA
i MartepHaja TpyGonposona; Aaa cranx a = 0,0000112,

Tax Kax s CEADHBIX LIBOB HaH‘GOJleE OnacHBIMHK SBJIAIOTCH pac-
TATHRANOIHE HANPHXKEHHHA, a He CKHMAIOUIHE, TO He DEKOMEHAYETCH
[POH3BOMHTL 3aMEIKAHHEe TPYGOMpOBOAA NDH BEICOKOHR TeMIepaType
BO3IYXAa. '

Mpumep 18. OnpezenuTe pacuUeTHHE OCEBLIE TEMNEPATYPHLIE HANDANKEHUS B
CTANBHOM TPYOOIPOBOLE NpH TNOHHKeHHH TeMmepatypst Ha 20°C. IIparuwMaem
E.=21-108 refem?;, a=0,0000112; [o—fr=20°P. KosbdHuuenT neperpysxn
n==1,1. INoaeaysace dopmynoi (V.3), Haxonmm .

sm=n Ega(ly—t)=1,1.2,1.105.1,127° . 20=518 xz/cn?.

, Ha xpusomuielnbix yuactsax TpyGonponoia # Ha NPUJeraolix
K HUM IIPSIMOJIHHEHHHIX YUY4CTKAX OCEBHiE DACTATHBAIOIIHE VCHIIHA
YMEHBUIAIOTCS BCIEACTBHe MepeMellleHHi TpyGONpoBOLa B IPYHTE, HO
3aTO BOZHHKAKOT M3rabaioliie MoMeHTH, B peaynasTare HaufobliiHe
CYMMApHBE HANPAKEHHEA MOTYT OKA3HBATLCH HA KDHBOMMHEHHEIX
yuacTKkax (odee BRICOKMMHM, ueM HA npaMoaubednmx. Ilo nomcueram
C. B. Brxorpamora !, 9TH HaNpsKEHHS B CMJABHOH CTENeHH 3aBMCAT
OT BEeJHUHHLL YTJIA DIOBOPOTa ¥ JJ8 TPYGONpoBORa AHAMeTpoM 325 ama
© pagpycom sakpyraends 10 u noctiraloT HauGoAbLIefl BeMHTHHE
954 xz/cm? npu yrae momopora 10° Tlpu yrmax ke nosoporta 60 —
90° remneparypuble HATPSKEHHS 3aMETHO CHMIKAKIOTCH B Tpefeqax,
GamKafilIiX K KPUBOJAHHeRHOMY yuacTky — 15—30 M.

3. JasaeHHe XMAKOCTH HA NOBOPOTAX HAMOPHLIX TPYBGONpPOBOZOB

Ilpr BCAKOM HM3MEHeHHH HamNpaBJdeHHs OCH HABOPHOTO TPy6O-
npoBoga B HEM BO3HHKAeT npoioJIibHOR paCcTATHBAOLLES yCHIHe
(prc. 84), pasuoe:

2
g

4

N = p()’ (V4)

Toe po— pacyeTHOe BHYTPeHHee JA4B-
‘ JieHHe B TpyOonposome; o
Do — BHyTpeHHHN nuamerp Tpy6o- -2

/7

S

rg 3
TPOBOLA. T
Ecan cam Tpy6onpoBos He MOXKET W
BOCHPHHATEL 3TOT0 yeHua (mpw HAMH- oo e or —
9MH KOMTIEHCATOPOB ilTH CTEIKOB, HE  uyuzuocT ma moopore  Ramop-
cnoco6Hux pa6oTaTh HAa pAacCTANKeHHe, Horo Tpy6omposona

'C. B, Bunorpanos, Ocofenmoctd paoTH MOZSEMHLIX Ta30HPOBO/LUEX
TpYG Ba 3akpyraenmax, C6, BHHHIasa, I'ocromrexnamar, 1951, ’
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HanpuMep B UYTYHHBIX TPy6ax), To HeoOXOAHMO YCTPOHCTBO YIOODUB,

PaCCUHMTBIBAEMEBIX Ha YCHJALe, lIEﬁCTBy}OH.T,Ee no 6HCCEKTPHCE yraa 1ne-

EQPOTA H paBHOE!:

“D(Q) Po ., =@

sin —, (V.5)

R=2Nsm—2-—=

TAe a-— yrosa [opopota TpyOonpoBoia B FOPH3OHTAJIbHOR HAM Bep-
THKAJABHOH MIOCKOCTH.

4, ¥cunug, sozHEKawMe B Tpybonposone
npH CB;[CMH'-]CCKOM BOSJ.'I,eﬁCTBHH

B pesyabTaTe anadgHza GOAbIIOrO GAKTHYCCKOrO MaTepHaja o |
NOBeJeHHH MOJ3eMHBIX TPYGONPOBOZOB NpH 3eMJderpaceHnsx P, M, -

Mykypnymoseim [29] 6rl10 ycraHOBJEHO, YTO TPYGH TIPH 3eMJIerpsce-
HHAX JIOBPEXJAIOTCH B Desy/bTaTe OCEBOTO PAaCTSXKEHHS, KOTOpoe
nposssseTcs 0co06eHHO MHTEHCHBHO TIPH COBNAJEHHH HANPABICHHS OCH
TPY0GOTPOBOAa ¢ HANPABAeHHEM pPACNPOCTPaHEeHHA CelCMHUECKHX
BOJIH.

Ecau canrate TpyGONpORO NOJHOCTBIO 3AILEMJIERHEIM B I'PYHTE,
TO BOVIHA CIKATHA OyNeT PACIPOCTPAHATHCS BAOABL TPYyOONPOBOAA €O

CKOPOCTBIO CEeHCMHUECKOH BOJIHBL U B T10 HCTEYEHHH IPOMeXKyTKa Bpe- |

MeHH { YacTk TpyOONpOBOAA AJHHON [=vf Gyler ¢KaTa § YKOPOTHTCA
HAa BeJUUHHY .
Al= 2ot

c

r

rae 9 — CKHMAaloLige HaNpAXKeHHe;
E.— monyns ynpyrocte MarepHala TpyGonpoBona.

CkopocTh MepeMelleHHs CeyeHH{ CKATOH 20HM

Hckomoe HaNpsXeHHe IIPDH 3eMJeTPACEHHH, KOTOpOe 3aTeM CTa-
HOBHTCH paCcTATHBAKIIHM, COCTABAAET

s=v Lo (V.6)

[lpu cHHyCcOMAANLHOM XapakTepe cefiCMHUeCKHX KoJdeGaHHA co-
r/IaCHO YPaBHeHHIO:

x = A, sin = ¢, (V.7
T
rae Ag— aMOARTYNa KoJAeGaHHii;
T — nepHoa koneGanui;
142

CKOPOCTh H YCXOpDEHHe 3THX KoJaeOaHui pasHb:

=2 A LT g 2Rt
~ v = €08 = t (V.8)
, dix. 4r . 2n
= == —— —gin —£. .
de? 0 72 T v-9)
Haunboublune 3nadenns yCKOPeHHS H CKODOCTH:
4
Juoge = — AU _71:—:' kg- (V.10
T
Vmar(c: - kg'_z“;:‘ y (V 1 l)
rae & — ceficMuYecKuil KOSGOUIUEHT, NPUHHMaEMBLi PaBHLIM:
‘ ana pattona VII Gaamom . . . . . . 0,025
- » A% 1) B N N 04
. x o, « ... 0,00

& — ycKopenHe CHAB TixkecTH (981 cam/fcex?).
Iloncrasasns s ¢opmyny (V.6) HauGoabliee snaueHMe CKOPOCTH
E BBOAA ROsQOHUMEHT 3ailleMJIeHust TpyGONPOBOAa B TPYHTE M H KO-
shhHUHENT 3aTYXaHHA 7, TOJAyUaeM:
T E
g==mnkg - =%, (V.12)

9 U

B npakraueckux pacuerax Ko3QOUUMENTH M ¥ A MOTYT OHITE
[PHHATH PaBHLIMH €IHHHILE,

B ta6a, 25, cocrapaeHHolt P. M. MyxypAyMOBRIM 15t 3eMJle-
Tpscetus B IX GannmoB, npwBemeHH NoicuuTaHHEE IO  (opMyae
(V.12) manpmxeHus B TPyBONPOBOJAX H3 PASIHUHBIX MaTepHaI0oB
JJIAL PA3THYHBIX YCJIOBHE.

Ta6muuwa 25
Ocesrle nanpazkesus s TPy6ax npu ceficMMdYeckom BoameficTeHM

PacTArHBAIOIINE H e
CkopoeTh 1IHE HAMPAMKEHNA o B K2jcwm

~ B Tpy0ax
Karero- e cehe
pun Cpyarn CMHHECKHI
TpysT2 BOMH T | CTAALWHX | uyrysuwx | JK@Teso- | achecro-
B Kuicex GeTOHHHIX | MEMCHTHMNX
I Fpannti . , , . . 5.6 59 28 6. 6
I HaBecThsxn Hnec-
YAHHKH . . . , . . . 4,5—2,5| 73—-131) 35—62 7—13 7—13

1] I'nmcw # Mmepresn . | 3,0~—1,7 [ 110—193| 52—92 | 11—]19 10—I8
IV llle6ens, ranbka,

rpaBuit . . . . . 2,1—-0,9 | 157—366 | 74—173] 16—37 | 15—35
v Mecuannte rpynTH . i 1,6—0,6 | 206—550] 97—260] 21—55 | 20—52
Vi Cannuctuie n 1,6—0,6[220—550 | 104—260| 22—55 | 21—52
VIl Hacumnuele, puxane

TPYHTBL . . . . . . 0,6—0,2| 5501650 260—780 | 55—I165 | 52—156
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Hagr6oqee gebaaronpHaTHbIME € CERCMHYECKON TOYKH 3PEHHS fAB-
JIAIOTCA PHIXJIEIE TPYHTL, HACHINEHHBle BOACH. IyGuua 3aj0KeHHA
Tpyf, Mo necaenopanuam P, M, MykypayMoRa, mOUTH HMKAKOTDO 3Ha-
ueHHg He umeeT, OcoleHHQ NONBEPIKEHH PaspbiBaM TPYSGIPOBOAE,
JKECTKO 32/ eJaHHBE B Tele DPAa3JHYHLIX COODYXKEeHMH, a Takxe Tpybo-
ODOBOJBL ¢ JKECTKHMH CTEHIKOBEIME coeqHHeHHAME. [IpnmeHenme Tpy-
HOTPOBOAOB H3 PA3JIHYHEIX MATEDHAJNOB perJaMeHTHpyercss TexHHue-
CKHMH YCJOBHAMH NPOEKTHPOBAHHA SAaHHE M coopyxedH#l gada cei-
oMH4eckux pafiomos (TY-58-48). B uacrnoctu
TpyGonpoBoan B paftonax ¢ celicMuunocteio 1X Gannoe momyckaercs

BBIIOJIHSITE HAMOPtBle — H3 CTAMbHBIX H UYTYHHBIX Tpy0; GesHamop- -J

‘HH@ — W3 YYTYHHBIX H 3KeJe300eTOHHBIX TPYO.

5. ¥Ycunua, Bo3HHKaOIHe B TPYOOMpPOBORe B OpoNecce €ro yKaAaNKH
OTKPBITHIM ¢O0COGOM !

lMogbem u mepesoska cexuuil TpyGonpoeoaa. IIpH nogveme cex-

Ui TpyGonporonos AaHHOH 20—40 & W Gosee w NpH WX pa3BO3Ke Ha

e & —|
¢ OT MeCT 3aXBara MWJH ONHPAHHS

o b ]

Prc. 85, Cxema saxsara TpyOml B

peBosKe.
IBYX CCYMEHHAX TNPH OOLbHeMe

HauGonee omacHbiM sIBJIgeT-

CH 3aXBAT (HJAH ONHDAHHE) TIO- -

KAHAJH3AUHOHHBE

ABTOMALIHHAX HJIH TPAaKTOpax ¢
HPALEIAMH BO3HHKAIOT HALDSIKE-
HHST OT u3urGa nop  JlelcTaHeM.
coGCTBEHHOTO Beca TpyOnl. Benu-
UHHA 3THX HaOpPSHeHHHA 3aBHCHT |

CEeKLHH TPYOEl NPH TNOALEME H TIe-

CpelHe HJH MO0 KOHIAM cekuid, B ofoHx cayuasix pacyeTHbId HaH- |

GOMBHINE HA3THOAIIIHY MOMEHT COCTaBJseT:
Mpacq = 0; 125 quz,

rie ¢ — pacueTHer Bec 1 u TPYGHI;
[ — IAWHA CEKIIHH;
B — IHHAMHYecKH KO3(OHUHEHT, NIPHHUMACMEIE pasHBIM 2,

PacueTHblfi u3ruOaomHui MOMEHT MOXKer OHTL yMeHbIIeH HOYTH

B 6 pas mpu 3axpaTe CeKUHH TPYOH B ABYX CEUCHHAX, PAcMOJI0OKEHHBIX |

OT KOHLOB Ha paccroanusx b=0,207 (puc. 85). [Ipu sTrom HauboMb-

(V.13)

" HAIDY3KH @ OT COGCTBEHHO-

Ulxe H3ruGawmue MOMeHTs! (ocpednHe NpoJeTa ¥ Ha onopax) 6yayr B

PARHH:
Mpgee = 0,0214 pgi2.

Hecymas cnoco6HOCT TPYGONPOBONA HA H3MHG COCTABJAET:

' M,y =mRW,

! Bror sonpoc uccaesopan M. I1. TMerposus (BHUMCrpofinedTs) [34].
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(V.14) .

(V.15)

PR . [MEIKC - 4,83 ‘l/mRr.-
-\" . L [

NOAHATHHA  yyacToK Tpybo-

rae m — xosdpHUHenT ycnoBHfi paGorh NoAHHMAeMOH TPy6bI, Xo-
TODHI MOXEeT GbITe NPHHAT pasHbM 1,0;
R — pacueTHoe CONPOTHBJIEHHE MaTepHaja TPYOH MM CBAPHOTO
CORJHHCHHA, ©CJAH NOCIelHee HHUNKE; ‘
W — MOMEHT CONpPOTHBJCHHS KOJBIUEBOTO IONEPEYHOTO CedeHHs
TpyOhl, onpefenseMulii no dopmysae (V.2).
MakcHManbio JomycTHMAs JMHHA NOJHUMAEMBIX CEKUMH He 3a-
BHCHT OT TOJAILIHHLL CTEHKH TPYOONMPOBOAA K COCTABNET:

(V.16)

Haa cransHoro prﬁonpoﬁma npu m=1, R=2 100 xefcu? p=—
=2 u » =0,00785 xe/cm® monydaercs Takoe f1poOCTOE COOTHOLICHHE:
Liae = 12509/ D ca. (V.17)

MNoxwem u BEIrHGanue CBAPEHHOro CTANLHOTO TPyGOmposoxa mpu

YEAan ke, an noaeeMe A5 OMHCTKH, H3WIALHH H ONyCKaHHdA B TpaH-

litelo IJIeTeH CTa/IbHOro TPyOOnpoBoAa (T. €. Y4acTKOB, CBAPEHHEIX H3
OTAENBHBIX CEKUME H HMeio-
WHX OJHHY 00 HECKOJbKHX
KHJIOMETPOB) KpaHaMH-Tpy-
Goyknaguukamu (puc. 86,a)
& Tpy6olpoBode BO3HUKAIOT
H3rubanuide MOMEHTHE, 115
onpeleqeHHd KOTODPLIX IpH-

TPOBOAA pACCMAaTDHBAETCH
Kak Hanaxa, csoboIHO JeXKa-
mas Ha ABYX Olopax noj
JeficTBHeM  paBHOMepHOH

FO Beca ¥ COCpefoTOMEeHHO-
ro ODOCpeAyHE MpPUIOAHATO-
ro  yuacTKa TONXBLEMHOTO
ycuaHs kpaxa X (puc. 86,6).
- Ha wornax npenomus-
TOTC YYACTKA YIJbl IOBOPO-
Ta CeYeHHH H KPHBH3Ha OCH TPyOOTPOBOAA, a CJACROBATENBHO, H H3TH-
Oamolilye MOMEHTH DABHH HYJIIO, IOCPENMHE XKe IipoJeTa Nporub pa-

Puc. 86. Cxema ana  pacuera TpySonporona
HpH €ro [noleeMe OonliHM prﬁoymauqumm

© BeH BHICOTe MogbeMa f1. TI03TOMY MOKHO COCTABHTh CJENYICIIHE

b

YpaBHEHHS:
v % XL __ g
24E. 1 = 1BE. T !
. 1 3
o gl n XL _ g
384E.1 - 48E. !

.10 3ax, 1993 145




Hs neproro ypaBHeHHs Haxofutcs TpefyeMoe YCHIHEe Ha KDIOKe
KpaHa:

X = %——qL. (V.18

Flocsie MONCTAHOBKM STOIO .BLHIPAMKEHWS] BO BTOPOE ypaBHeHHe -

onpeneaseTcs JAJHHA NPHIOAHATOrD YYacrka TPyGONpoBOia:

4 4
L =583 l/ E°q”"- ~ 142V DH cx.  (V.19)

Hanbonsumuii  uarnGamouiui
MOMeHT Oyfer NOCPeaHHE npH-
C} MOAHATOr0 y4acrka. On . CocTas-

JIFET . -

i Vi
Puc, 87. Cxema pnas pacuetra T1pydo- o gl? glL3 )
NPOBORA TIPH €r0 NONheMe IBYMS e = or (V 20)
TPYGOYKAANLHK2MH : : 24

TouHo Tax Xe peniaercd sa-
Maua NMpE CHMMETPHYHOM JTIOJ'beMe YyuacTKa TpyOompoBofa AByMS
TpyboyknanuukaMi (puc. 87). B atom cayuae: )
' X 222+ 9 . V.2l

2a(@+c)
_ ¢a*{(a® +3a'c —¢)
T e+ 9Ed

(V.225

H3 nocaeanero ypaBHeHHs1 MoMKer OHITh OnpefelieHa BEJHYHRA
2 TpH 340aHHOM DACCTOAHHM MeXAY KpaHAMH ¢ H BLICOTE MNQOh-
eMa f. .
M. T1. TleTpoBuM [34] paccMOTpeHH TakXKe CydaH, KOrjia yc/oB-
Eble ONOPE TPYGONPOROAA HaXOLATCH HA DA3HLIX YPOBHAX M KOIAA Ha
Tpyfonposoa JeficTByeT BeC OAHCH MM ABYX ABHKYLIHXCHA N0 HEMY
TPyOOOUHCTHTEJBHBIX MALTHH. .
BruruGanve B mpefenax ynpyroctd TpyGonpososa B MecTax No-
BOPOTA TPACCH! ¥ NepeJoMOB NPOMHAA NPHBOIAT K NOABJEHHIO M3TH-
Gaiolere MOMEHTA:
M= E‘; L, ' (V.23)

rfle p— pafHyC KPMBHSHBI H30THYTOH OCH TpyGonpoBoza.

HanGoapuine nponodbHble HaNPSXKEHH B CTeHKe TPYGH! OT STOro
MOMEHTa COCTABJASIOT: : ,

E.nrt h E.r E.D
—_— =

o= M _ =ED (V.24)
w prefh 2p
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Mpumep 19. OnperenuTE ANHRY TNPUNOAHATOrO TPYGOYKIANYHKOM Ha BBICG.
1y H =050 cu yuacrka craqpnore tpyGonposopa gnaMerpoM D = 600 mm c
roJmpnofl cTeHKH A== 6 MM, a TaiKe ROSHHKAIOUIMA B HeM AP 3TOM H3rubaio-
WHA MOMEHT.

Lnuwa nprnonnAtoro yuacrka mo dopmyne (V.19):

4 4
L=1442 V D = 442 1 60%.50 = 9100 ca = 91 m.

Pacueranil nsrnbaomuft moMent no dopmyte (V.20) c seexemmem xosgh-
punnenTa neperpyskuy n=1,1:

nglt  nymDALA *

Moacs = = =" s
1,1.0,00785.3,14.60.0,6.9 1002 ‘
o ) = 3 250000 xecu = 32,5 mu.

6. Ycunus, soannkatowme B TPyGONPOBORE NPH 3AKPHITHIX MPOXOAKAX

Yenine N, TpeGyeMoe A/ NPONABAHBANHEA H/IH NPOKAJTBIBAHMIN
Tpy6OTIIPOBONA, CKAAARBAETCH M3 YCHAHA T, HeoGXOIMMOro AJA npe-
ONROJCHMS CHJEl TREHHsT TPYOHI O TPYHT, W U3 YCHIHA S, HeoOXOIHMO-

de

9
{IIn—%* 25

Puc. 88. Cxema nporanxuBanma TPYGH M BOIHHKAKOLHX TPR STOM cHA
COMPOTHEACHHA

FO IJIA npeoioseHHst JIoB0BOro COMPOTHBISHHA TPYHTA TPOHWKHOBe-
HHIO B HETO I'OJIOBHOTO 3BeHa TPyObl (pue. 88,a). Ecau npuuats, uto
CHJIA TPEHHsl pacnpefeNieHa PABHOMEDHO IO JUTHHE BCEro NpoTafKH-
BAEMOro y4acTka TpyGonposoaa IAHHOH L n B KamIok Touke mpo-

' MOPLHOHAMLHA BEJIHYHHE HODMAJNLHOIO IaBJIEHHS W xosdhbuuuenTy

16* 47

3E R
"

e

I e
PR ST

(TR

5,531
T g, g
it

SRRy

e
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Tpenust f, T0 BaAB, Kak 310 GpLI0 cAenano B 1. 4 raasul 11, Harpysky
Ha TpyOy, pacnpefeseHHylo PABHOMEPHO MO TOPH3OHTAIBHOM H BEp-
THKANLKOA NPOEKUHAM TPyOH, MOMHO ONpEequTh CUHAYy TPEHHA C
yueToM Beca camoil TpyOml (puc. 88,6):

2

T= ‘L”-ff,;}ﬂ*f [(148) + (1 —8) cos 26] d0 +
J _

x/2
+@%L—G s'cosﬁ b = = fL{2(1+ 8 G+ G, (V.29)
R
rje E= ?" — OTHOINEHHE MEeXKAY WHTEHCHBHOCTAMH O0OKOBOTO H pep-
. B)

THKAJbHOIC JaBJeHUH;

(G.— sec | & TpyOwI;

(i, — nonHoe BepTHKAJBHOe AaBjieHHe Ha TPyOy, onpenes-
emoe 1o (upMy/iaM, mpHBefeHHbM B § 6. '

JIna NOKpHITHA HETOYHOCTEH, CBA3AHHBIX ¢ BHIGOPOM KOBQ)Q)H:
LMeHTa TPEHHS, a TAKKE IJIA yueTa CAyuaHHblX MECTHEIX IIPeNATCTBIH
B dopmyay (V.25) caenyer BBOAKTE KO3((PUUHEHT NePerpyskH 72 HE
menee 1,6—2,0.

JIsis npakTHUeCKHX PacyeToB B HACTOsIIee BPEMS  NOJB3YIOTCH
CAeIYIOLMMH 3HaueHHAMH KoapouuuenToB Tpenus [33]:

ANA HACHILEHHOH BOAOM rmAMHl . . . . . . . f=10,25
» MATOBAAHHOH I'NTHHH . e e e s F=0,30
. MAJIOBAAMHOIOG cyramnka . . . . . . . . f=0,40
. TecKda W rpasmnd Coe f=10,50

Heo6xomumo HMeTh B BHAY, YTO KOHPOHIHCHT TPEHHS CTAJH O, °
TIOCTOAHHOMN, a4, KaK I[0KasbBAIoT -

TPYHT He SBAMETcSs  BeJHUHHOI
wecaefopansks KO, A, Berposal, 3agHCHT OT BJAMMOCTH TPYHTE, HOP-
MaJBHOTO NABJEHHA HA HEr0 W OT ero CTPyKTyphl. B 0OBMHBIX IAf
NpAKTHKH NPe/lesiaX H3MEHeRUs BAaMHOCTH K0a(D(QHUHCHT TpenHs [ Me-
usleTcs B ABa W GoJee pas. MeHblilee BJHAHKE OKA3HBAET MOPMab-
HOe [aB/ieHHe, M3MEHEeHHe KOTOPOTO BLI3LIBART M3MeHeHHe Ko3(dn-
uxenta Tpenus s cpenHem Ha 14%. Kosdduuyent tpenus o rpyHTH

HAPYIUEHHOH CTPYKTYPsl COCTABJAET NPHMEPHO *f2 ko rmuenTa

TPEHHS .0 IPYNT HEHAPYLCHHOH CTPYKTYpHI.

Jlns rpyuTos HexapyuwesHol <crpyxrypsl IO. B. Bertpop Ha
OCHOBAHHM TIPOBEICHHbBIX MM ONBITOB MOJYUHJI TaKylo Qopmy.y:

In w
f=fi—27, (V.26)

1 10. A. Betpom, Koadbduuuent TPemus Crajid no TRYHTAM, C6. HayuHw®
tpynos KHCH, loc. man.’ Texm JHTEPATypLl Yxpaunu, 1951, .
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o

rae @ — BecoBast BAAMKHOCTh FDYHTA B NPOIEHTAaX;
fo # A — mocTOsIHHHE mMapaMeTphl, HMeWllMe CAelylllHe 3Ha-
YeHHsi  (COOTBETCTBEHHO): nMs  chalblx NecYaHHKOB
Ha raHuHcToM HeMcHTe 1,15 u 3,98; nas cyraMHKOB
1,01 u 4,08; pust rauus 0,95 w 5,33,

Bojee npaBHJBHEIMH ClelyeT CYHTaTh ONpPeledeHHsT YCHIHSA, He-
00XOAHMOr0 AJls PEOAOJICHHS CH/bL TPEHHST TPYOBl O TPYHT, HIXO0AA
H3 BEJIHUMHBl T YACJBHOH CUIB TPeHHA, KOTOPAs N0 AAHHEIM NPAKTH-
KH ONYCKAHNA KOJOJALCE M KECCOHOB COCTapdser: B necke 1,2—
2,5 7/m2, B rpaBun 1,5—3 1/u2, 5 riuHe 2,5—5 7/m2.

- Tlpu sToM nosHast pacueTHasi CHIa TPeHHs BHpaxaetcs Qopmy-
Jiofi;
| T =D, L. (v.27)
[Tpu tfipokaNbIBAHHA BeIHYHHA VAENBHON CHJBI TPEHMsl 3aBHCHT
. OT crenenyu co3/laBaeMoro YMAOTHeHHS PPYHTA. LleHHbie peayabTarhl
' B 2TOM HanpabJeHHH noaydeHel B «Mocnoasemnpoekres A, I1. Ilame-
HOBEIM. B

JloGoBoe CONMPOTHBJIEHHE TPYHTA 34BHCHT OT ero (pH3HKO-Mexa-

HHYECKUMX CROMCTB H OT ¢nocofa NMPOXOIKH,
*  Ecju npuMeHsieTcst cnocof Bpe3aHHs DYHTa MO KOHTYPY HOXe-
'BOH 4aCTH, TO YAeJbHOe NOGOBOE CONPOTHBJGHHE I'PYHTa MOXHO Oli-
penenstb MO Npegeay NPOYHOCTH IPYHTA HJH N0 COMPOTHBACHHIO €ro
pesanuio. ChnelyeT HMeTb B BHAY, YTO IPH 3HAYHTENLHON JJIHHE
fipoxonxu JoGoBOE CONPOTHBAEHHE HMeeT HeGOMbIIYIO BeJHYMHY na
CPaBHEHHIO C CONPOTHBAEGHHEM OT TDeHHA. .

Mgnmep 20. ‘Onperennts younne, TpefyeMmoe 19 OPOTAAKHBAHAT CTAJMBHOTO
rpyGonposona auamerpoM Do =600 xx c roamuuof creHkd A==7 mx Ha zpo-

" hadkensu L =100 # B CYXoM TNHEHCTOM FpYyHTE,

[Mpuaumaem 'yaenprylo cuny Tpewus t©= 2,5 t/u% Ilo dopmyne (V.27) Ha-
X0A¥M CONPOTHBAEHHE OT TPEHHS:

T—=ntD, L =2314.2,5.0,614.0,6 = 288 m.

Vaenpuoe N060BOe COMPOTHBACHHE R ; TPHHHMAETCA PABHHM YUCTREPEHHOMY
pacyeTHOMY compoT#maennio R rpynra: Rp=4R =4.5=20 kefcm®:

S=nrDAiR,=2-3,14-0,6-0,007-200 = 5,3 m.

Honuoe ycunue, rpeGyeMoe AN [poTaAKMBaHHA TPyOul, CcOCTABIseT
. N=T+4+5=288+453=293,3 m,
HeofixoguMo HMeTb B BHAY, 4TO NPHBCAEHHLIE BEILIE, a TAKKE M
IPYrHe (OpMYyJbl AJA ONPEACACHHA CHI COMPOTHBJICHHA I'DYHTA TIH
TPOTAMKHBAHHH TPYOOTPOBOAA He BCeraa 00ecneduBalor J10CTaTOUHYIO
TOYHOCTE pacyerd. DTo 06 bACHAETCH TEM, UTO elie HEeIOCTATOYHO Bl
SIBJIEHA M M3YYeHd KAPTHHA SIBJEHKH, BO3HMKAIOMHX NPH NPOTANKUBA-
HEH. ‘B 3ToM HanpasaeHuu emie Tpebyercs GOJblIAs HCCACLOBATENb-

ckag paBota.

Mg

.




7. Pacuer TpyGonpoBoma Kak NMPOCTPAHCTBEHHOM
3aMKHYTOH O0ONOUKH

Tpy6a npexcTaniaser coGOA MIHHKYIO 3aMKXHYTYI0 LHIHHIDHHE-
ckylo o6osouky. Pacuer ee MoxeT ObiTh NpPOM3BEISH [0 MeTONy
y1.-xopp. AH CCCP B. 3. Bsiacosa Ha ocHOBe CAeAYIOIHX AONylle-

. a HHUH: o

a) MpONOJBHBIE. H3rHOAKOLINE

mMoMeHTEl M; B cooTBeTCTBYIOLIMEe
HM ToTepedlble CHAR @, a Takxe
KPyTAILHE MOMEHTH O MAaJOCTH He
Y4HTHIBAKOTCA; o

6) B monepeuHOM HaIpaBJ/JeHHH
o60Ji04Ka TPHHHMAeTcH HepacTs-
WKUMON H cHocoOHOH BOCIPHHEMATD
KAaK HOpPMaJbHble CHJEL Ng, TaK B
uarubapmue MoMesThl Mo; -

B) Jfedopmaluy CABHIra IPHHH-
MAIOTCA PABHBIMH HYJIIO.

BrijenuM 13 ¢TeHKd TpyGH Oec-
‘ KOHeUHO Manbiil ajeMeHT dxds
(prc. B9} ~— o naxoauTcA moj AeHCTBHEM BHYTPEHHHX CHJ, 3aMeHSA-
{OLIHX OTGPOIICHHYIO YaCTh OGOJIOUKH W MOKA3aHHBIX Ha PHC. 89.
~ JHddepeHunasphble  ypaBHeHMsT DABHOBECHH,  NOJyYEHHHE
B. 3. BiacosuM 48 H30TPONHOH OGOOUKH, HMEIOT CIeAYIOLUIHH BHA:

Puc. 89. DiemeHT, BuijeleHHBIH
u3 o6oaouxn TpyOHl

o P S S FE G =0 |
o (V.28).

B BNy P

o3 (?+ae=') ™ 0

3necvo (5,6) 1 O(E,0) (§,0)— Benomorartesbitie GyHKIHY, TPONOp-
IHOHAJILHEIE TIPOLOJIBHOMY HOPMAJBHOMY YCHIHIO N\ u nomepeuHoMy
HarubawileMy MoMmeHTy My -
Ilpu stom:

? (0 =— N, ) :0),

| (V.29
‘P (E’e) =_;—M2 (E’O) (El’e)'
OYHKNASA, XapaKTepH3YIOIIas HATDY3KY, BHPAXKACTCH TaK:
e L [90X 0V, &Z VG am
F_(:,O)_r(ﬁ—uéﬁ-—f-—éﬁ,—), (V.30
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siecs [ — mponer (nytuHa) TpySbI,

rie XY, Z— COCTABJSIIOMING HATPY3KH 1O HATIDABJCHHIO
' ofpasylouleii, N0 HANDABJIEHHIO KAcaTelbHOH
. K Ayre % N0 BHYTpeHHeH HOPMA/IH K 3JeMEHTY;

X 5
i= — B = — — OTHOCHTE/Ibible UMTHHIPHYIECKHS KOODLHHATH,

% — paccrosinne no ofipasyiowefi OT cpeaHero no-
' MepeyHoro <eueHHs OSOJOYKH RO paccMaTpH-
BAEMOIQ CeueHHs; : _
§ — AMHHA Lyry OT Havasaa LHJIHHADHYECKHX KOOp-
AWHAT A0 KOHIA TNQJBHIKHOTO PALHyCa; -
r — pajHyc CPeAMHHOH MOBEPXHOCTH TPYOHL

" TeoMeTpHUeCKHe XapaKTEPHCTHKH OGOJIOUKM BHIPAXawTes (Hop-

M_YJIH.MHC . ’
e 2Y3r
h

| (V.31)

ko=

1

¥

7 e TONUIMHA é¢ CTEeHKH.

~ JIas nosTydenisn ocHOBHBIX Au(pepEHIuaNbHbX ypasuenui obo-,
ZONKH pacCMaTpHBAKTICA e Je@opMAaLKH:.

. L + . ., N \‘
npoAGVIbHEE JHHefiHbe & = — |
M E.h
12
+YRIOBHE % = — ~=o :3, I/le ¢— OTHOLIGHHe MNPHBEAEHHOH TOJ-
L . 3 Ee

. MUHB OGONOUKH B [OTIEPEYHOM HATPABJCHMH K TOJMMHE AeACTBH-

TeJbHOH: :

+

. ‘
h b
= -2 = (V.32)
ko . ‘
3nech | — MOMEHT HHEPIHHM CEUeHHs KOJbIA KeCTKOCTH BMecTe
€ UACTBIO CTEHKH, DABHON DACCTOSHHIO U MEXRAY KOJbUAMH IJKECTKO-
crd. Tlpu otcytctBun KoJen ectkocTH ¢ = 1. JludQeperunasbrse

§ - ypapuenus (V.20) DNPUHHMAIOT CAGLYIOLIUA BHI:

% e 0% SR
m~—+ée—,(da +—-)+F(E.§)—o,‘___

ogt o0
P Ay M _
&;(CP +6F)_HE;E§: =1. (V33)
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Ecnn cuBTaTh ONOPHHE CEUeRHR TPYOH, HeLethODMHPYeMBIME
B CBOEH IIJIOCKOCTH H He HMEIOLIHMHU JKEeCTKOCTH H3 CBOEH NAOCKOCTH,
TO TPAHHYHBIE YCJAOBHA Ha Topuax Tpybe 6ymyT ciemyloluue:

Nl =0wu M2 = 0;
HJIH COOTBETCTBEHHO!:

23,00 =0und=( 8) =0

DYHKIHH ¢(,8) 1 ¢ (50 MoxHO BHpA3HTL B BHIe IIPOH3Be-
Nlerns ABYX QYHKIMH, H3 KOTOPEIX OHA 3aBUCUT TOJIBKO OT &, a Apy-
ras ToJbKO OT 0

9 (,8) = ¢ (6) cos k;
P (£,9) = ¢ (0) cos &,

i
[pu X=—,T. e Ha Topiax TpyGHl, TPAHMUHEE YCAOBHA OKa3k-

(V.34)

BatoTCA YAOBRJETBOPEHHBIMH, TAK KaK:
T
kb = -—-*---—--=--2— H COSkEEO.

Ypasuenus (V.33) nmociae -coxp-ameimﬁ Ha cos k§ npuMyT BHA:
mk*e (6) — 9" (B) — " () — F (8) =0,

- V.35
: O+ 9V0) + 2T ®) =0 (V.55

Harpysxa B NPOROJILHOM HATIPABJEHHM DACKIAJLIBAETCH B TPH-
rOHOMETPHYECKHH DS, H3 KOTOPOTO COXP@HAETCH TOALKO NepBhi
ueH, YTO OGeCNeUHBAET TOYHOCTb ONpeleNeHus YCHAHA B cpe,’lHeM
ceucHHH He MeHee 3%,

B nonepeyHoM HANpAaBIeHHH HATDY3Ka TaKXe PackKiaJLIBacTCA
B TPUFOHOMETPHUSCKHE DHAB IO AJAHHEe OKPYXKHOCTH:

2=~%‘- —l—Zancosnﬁ,

n=1

= 4
Yo 9.
= > +Eb cos

n=1

dynxups F(5,8) npu oTCyTCTBHE NPOK0JBHOH coCTaBsiomel Ha- g

TPY3KH TPHHEHMAeT BHA:
[ Fe—r 2 (d + -2 )COSILB
n=1 :
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(V.36)

BenomorarenbHble yHKUHE ¢ H § MOXHO TAKKe DA3JAOXKHTL B
PSLABL:

pa— A >
=L 0
p= Z cos 0,
(V.37)
ﬁ‘ B?+ EBn cos nb..
n=1

[Tocste onpegesieHHs BTOPHIX K T-IETBEpThIX npomBo,u,me dyHRUHA

zp H Lp H MOACTAHOBKH 3HaueHni F,9, ; cp H np L!J '~]J B ypasue-
Husa (V.35) u mocie X COBMECTHOTO pelleHHs HaXoAsTes
Ay = By = 0. Tlpu pamuanbuofi Harpysxe ¥ = Q.
Torpa:
‘ A = — rmkin® *
BT mtht ol (A—n®E P
(i) (V.38)

e3rn?(ni—n?
o omrppes(mnnz "

TIponossHOe HopMadbHoe ycuide Nj, monepedHbi HaruGalomu
MomenT M H capuramiiee yeuaue T MOMKHO BHIDA3HTL YEPE3 STH KO-
sdhduunerTH:

N, = mcos k ¥, A, cos n;
. (V.39)
N, = rcos kt ¥\ B, cos n8,

1

T =2 kEZ sin 7. (V.40)

(" DR BHYTDEHHME YCHJIMS ABJAIOTC PENIAIONIHMH NP pacueTe
TPYOBl M KOJEl 3KeCTKOCTH HA HeCUMMETPHUHEIE IONepedYHble Ha-
IpysKH.

" Koatbunnesto a, u b, He 3aBUCAT OT COOTHOMIGHHHA reOMETpH-’
qeCKHX pasMepoB 00OJIOYKH, @ TOJMBKC OT BUIA HATPY3KH:

© s -CoBGCTBeRHOTO Beca TPYOGHL

y n

Tlle g — BeC CAHHHIB TWIOMAAH OBOMOUKH; o
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ILId BECA KHAKOCTH, HEJMKOM 3alonusiomed tpyoy:
4r
a1=—T° o a,=0;

™

AJIS PABHOMEPHOTO BEPTHKAJIBHOTO H GOKOBOTO'EABJIEHHI 3aCHINKH:

=24 +£
i . C0s5 — COsS =R

g - 8 2 " R

n i 1— nt '
| (V.41)

(COSEI- — & cosmn—§ )n

b~ B&fl 2 T i

n. m? 1 —n? ' -

rae §,= == — OTHOUIEHHE MeXAY MHTEHCHBHOCTAMH 601{0301"0 H Bep:

ga
THKA/ABHOTO JNaBJeHHH,
Itr popMyssl nosyuens E. H. Jleccurom [28]. Pacuer tpy6u Kak
NpOCTpaHCTBeHHOH 06070uky pa3spatorad u A. M. Ceranem [37], ko-
TOPHHE Takxe gosen pemeﬂne J0 quc.noahxx Pe3yJbTaToB.

8 Cuomnoe Hanpﬂmeuﬂoe COCTOAHHE prﬁonponona

_ CTEHKa Tpy6Hl B JI060H TOUKe HAXOAMTCH B CAOMKHOM NPOCTPAH:
CTBEHHOM HaNpPAXKEHHOM COCTOAHHH, ONPEAesIsieMOM TpeMs IJ1dBHbIMH
HANPAMKEHUAMH: KOJbIEBHMJ;, OPOMOJNBHLEM J3 M PajUaJbHLIM gy
(puc. 90).

Hanpsamenna g, AeficTBYIOIHE 1O HAIPABJEHHI) TOJLIHHEL
CTeHKHM, HAaCTOJILKO MaJlbl, YTO HMH MOMKHO MpeHefpeub [0 CPaBHEeHUIO
¢ oy # g, YUto Kacaercs ABYX NMOCJEIHHX, TO KAKAOe H3 HHX MOXKET
ObiTe HauOOJBILEM [0 a0COMIOTHOH BeJIHYHHE
H BMeCTe ¢ TeM NOJONKHTEJLHbIM HJIH OTPH-
LaTeNbHBIM,

TlpuBeneHHOe, T. €. pacueTHOe, HANpPsIKe-
HHE 110 SHePreTHYeCKOR TeopHH TPOYHOCTH BHI-
paxaercs ¢opMyJaoh

= 2442 g
°p"V°|+02 Oy 9% .

H3 sToll Qopmyast cieayer, yto Hauboaee
HeBBIFOJAHLIM JIJIA TNPOYHOCTH  TpyGompoBona
SIBJISIETCS COUSTAHHE Pa3HbIX {10 3HAKY KOJblle~
BEIX H npo,u;o.rrbnux HanpsxkeHHit. K TakuM e BbIBOLAM = NPUBOMHT
H Oo6GbeIUHEHHAS TeOPHsT npounocth  H. H. [lapunenxkoBa u
A. B, ®puamana.

Jlis HanopHOro prﬁonpoaona HANGOMBIIME KOJbleBHe HANp:-
HEeHHSA OKa3blBAlOTCA DPACTACHBAMIMMH, IMO3TOMY, €CAM HCXOAHTh
TOABLKO H3 (opmyan (V.42), TO HYXHO ONAcaThCA CHKHMAIOWHX Npo-

- (V.49)

Puc. 90. Taaguste - Ha-

HpsMeHnd, AeHcTBY0-
oHe B CTeHke TpyOum
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;.
2

JOJMBHBIX HBHPH)KEHHfT, 4 He PAacTATHRAIOIINX, Ha NPaKTHKe Npoaosib-
Hbie HANDSXKEHHA &2 SARJAAOTES NO NPEHMYLIECTBY TOXe DACTATHBAN-
HMH. Ho o CBapHBIX IIBOB HaHboJee ONACHEIMY ABJIAKTCH pacTtd-

.THBAIOLIHE HaNpfAXeHHA, a He CHKHMALUHe, T03TOMY CBapky Io-

NepeulnX [BOB TPYSONpoBOLA PEKOMEHAYeTCs NpPOH3BOAHTL MPH TO-
HiDKenHnoH (MOJOXKHTeNsHOM) Temnepatype Bosayxa. Ilpu nmocaenyio-
fleM TIOBBIUIEHHH TeMMepATYPhl B CreHKe TpyDomposona NoABaTeA

‘ CCHKHMAWLIHE HaNpsi:KeHHA, KOTOophie [pH HX COBMECTHOM YUHeTe C

KOALUEBBIMH HANPAKEHHUAMH [NDHBEAYT K MNOBBIIIEHHIO NPHBEICHHBIX
HanpskeHuit no cdopmyne (V.42) u dopmaibio notpebyrTr yBedH-
YeHHA TOJUIMHEL cTeHKH TpyGonporoaa. OAHaKo 3Toro MOMXKHO He Je-

J1aTk, TAK KaK IDH flepeXxojle Matepuasa TpyGQnpoBoLa H3 YOPYroro

COCTOAHHA B TIJIACTHUECKOE COXPAHAETCS BO3MOMKHOCTL SKCILyaTa-
ouu Tpybonposofa. Kpome Toro, B pmiacTuueckoli CTaJHH COOTHOLIE-
HHE MEXAY 0; H 93 H3MEHHTCH B GUTAFONDHATHYIO CTOPOHY.

Ilna Gesnanopeix pr6onp0f30):los Ha#boJablUHe KOJMLIEeBble Ha-
MPSXKEHHS HOCAT MecTHBIfl Xapaktep. [103TOMYy uX coBMmecTHOe Hefi-
CTBHE ¢ NPOAOLHBLIMH HANDSIKEHHAMH TeM Gosee He MABAAETCH
OMACHLIM. '

.

g




Faasa VI

PACYET CEYEHUHM CTEHOK TPY¥Yb
H3 PA3HBIX MATEPHAJIOB

1, Cranbsbie TPYOu

Pacuer no Hecymel cnocoGHOCTH M3 YCJIOBHA DPOYHOCTH, Has
Ge3HANOPHBIX CTANBHEIX TpyG pPAaCUeTHHM BHYTP2HHHM YCHIHEM B
ynpyrofi cTafHH ABJAETCA HadOObLIHH H3rHGAKLINA MOMEHT Mpser

Hecymas e cnocoOHOCTb CeYeHHS CTEHKH CTadbHOH TPyObl Ha
uarnf ¢ yuetom npoiodesHoll crasl N Haxoautes no  Gopmyne,
npeoGpasorannol u3 dopmyan [16(4.8)]1 HuTY 121-55:

Mo = mRWFe
T W4 Fe

3necs R — pacyerHOe CONPOTHBJEHHEe CTal¥ Ha pAECTAXKEHHe,
CHaTHE H  H3ruG, paBHOe: JOJs  CTaJH MAapku
Ct-0 — 1700 xz/em®;, maa craam mapke Cr-2 —
2000 kefcu®; mnm craam wmapoxk Crt-3 W Cr-4 —
2 100 ke/cu?; nna cranu mapku Cr-5 — 2 400 k2/cm?;
m — xoaupuunent ycaosHil paBorte TpyGonpososa, Ko-
Topeiii no pekoMengauun BHHHMCrtpoiinedts [34]
J1a BORO-, HedTe- M ras’oNpoOBONOB MOXKeT OblTb
NPHHAT paBHBIM: NpH YKAaike B noae — 0,9, npu
yKJagKke HA TEPPHTOPHH HACEJeHHBIX HYHKTOB H
npoMblllneHHbIX npeanpuaTthi — 0,8;

(V1 1)

Mpacs

E== — JKCUEeHTPHCHTET HOpMaJIbHOﬁ CHJIBI,

F — miomajib NPoA0JIBLHOTO CeYeHHs CTEeHKH TPyOLl;

W — MOMEHT COUDOTHBIEHHS TMPOAOJbHOrO  CeUeHHs
crenxd TpyGe. Eciu noclieauss He HmeerT pebep
MECTKOCTH, TO:

bh? |
=—, V1.2
. (V1.2)
rie b — AAnMa paccMaTpHBAeMOro y4actka Tpy-
GoIpOBOAE;

h — ToJilIMHA CTeHKM TPyGonpoBoAa.
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Pacuer cTaabHEX TPyO, OCHOBAMHBIN Ha PaccMOTPEHHH TOJBKO
yOpyroil €TamiHid HX paboThl, He NAET BO3MOMHOCTH HCIO/NBL3OBATE
CKDHITHIE PE3EPBEl Hecyllell CnocOOGHOCTH KOHCTPYKLHM, MOSTOMY B
HACTOSLIEE BPEMS MOMKHO BECTH pacueT CTalNbHHX TPyG c yueToM

. ¢policTEAa MIACTHYHOCTH MaTepHasa.

[Ipx TakoM pacuere B Ka4ecTBe PACUETHOro BHYTPEHHEro yCHJAHA
Mo-NpesKHeMy CJenyeT MPHHUMAaTh UrduOalollMd MOMEHT B ONACHOM
cevenuy. Torma Hecyilas CHOCOGHOCTb CEYEHHS CTEHKH TpyOel, He
uMeroliefl peGep KECTKOCTH, € YUETOM AeRCTBYIOLLel HOPMAaJbHOR
cuasl N Gyfer onpeaenarsces caelylomlell GopMyoH: -

Myp=1m T iR (V1.3)
Fchu BblHecTH 38 CKOOKH BeJHUHHY
M, = mR™, (VI.4)

ABJAIOUIYIOCH HeCylmed cIocOGHOCTBIO CeUeHHS Ha H3THO npH OTCyT=
CTBHM HOpMaJLHOW cHabl, To Qopmyay (VI.3) MOXKHO NpeacTaBMTh
B CJAeAyIOUIEM BHIE:

M, =M ; : (VIL.D)

3jech
. N a8 ‘

ve=1— ) VL6

(mth ( )

Ha puc. 9! moxasan rpadgHk H3MeHeHHS ATOro Kod(phHIHeHTa

. N :
B 3ABUCHMOCTY OT OTHOIISHHSA = .
Npp mbhR

Benuyuzo#l Koo(HUHEHTOB ¥ TNPHXOAHTCA NpeABapPHTENAbHO 3a-

| paBaTbCa AJA KaXAOCO H3 TPeX pacuerHbix ceveHui Tpy6er (A, B

¥ B) ¥ OpOH3BOANTL BLHIPABHHBAHHE 3NIOPEl MOMEHTOB C YUETOM
TOro, YTO B TeX CEUEHHAX, B KOTOPHX HNeHCTBYIOT HOPMAJLHblE CHJIBI,
Hecyllla CrOCOBHOCTb M4 M3THO HeCKOJIbKO ToHnKaerca. B nepsom
MPUOAMKEHAH MOKHO NPHEATL v = }, T. e. He YUHTHIBAT, BJAHSHHA
HOpMAJBHbIX CHJ.

HOas Toro urofbl BOCTIONLIOBATHCH PACUETHBIM HEPABEHCTBOM
(1.2) mas marpysok (cM. § 2), uTo, HeoGXOMMMO B TOM CAyuae,
KOTAA BCe PACUETHRIE HATPY3KH NPHBOJATCH K IBYM COCpeOTOuEeH-
HblM CHJIAM, HYKHO HAfTH Hecyliylo cnocoGuocTs Beeli TpyOul B
esioM IpH NeHCTBHH TAKOH Harpysku.

| TlosBNEHNIO HAyala TeKY4ecTH B ABYX CEUEHHAX KPyrmoif TpyOhbi
6yneT COOTBETCTBOBATL HArpyska:
Prg== 12, (VD)

r

e Mg, HaXOUTCH MO dopmyae (VI3). .
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foanomy Ke paspynieHHio CTadbHON TPYOH NpH BOSHHKHOBCHHH
B HeH 4YeThipeX MJAACTHUCCKUX LIAPHHPOB COOTBETCTBYET HArpyska

0
Py Pap (149 My

r r
rie M® onpenensiercs no gopmyne (VI4).

Ilpn pacueTe CTeHOK HamNOPHBIX CTAALHEIX TPYGOTIPOBOJOB Ha

, (V1.8)

H3ru6 npM IeHCTBHM HATPY30K OT RaBJeHHs 3aChiIKH H TPAHCIOpTa - :

r

BHyTPEHHee‘ILaBJ'lEHHE HKHIKOCTH HJM rasa He AOQNA{HO YVUUTHEATHECH

V- L
1w 1.1
439 %

N
s AN
g7 AN

N

25 N

J

57 0z 43 0% 45 G5 47 08 09 10 Nup

Puc. 91. 'padmux uamenenna kosdduunenta v B $op-
N

Myie (VI 5) B 338BHCHMOCTH OT OTHOIUEHHA N
np

TaK KAK OHO, KaK 5T0 BbwIo TIokasaHo 8 1. 3 riasw IV, NDHBOIMT K
CHMIXKEHHIO H3rHOAloUIHX MOMEHTOB.

Onanaxo aist HAMOPHBIX CTAJMBHEIX TPYGONpPOBOAOB HEOGXOXHMO
ellle NMPOHM3BOJAUTHL OTAEJbHEIH pacueT Ha AeHCTBHE BHYTPEHHerc AaB-
JleHus TIPH OTCYTCTBHM# HAPYTHX HArpysok. as atoro ciayxur ¢op-
myaa ([.3):

Npacq < an,
rae Np,es — PacueTHass HOPMaJbHasds CHIA € Y4EeTOM [HAPABJIHYe-
CKOT'Q yaapa;

Npacu =--Ppat:q rob; (VIQ)

Nqp — Hecymasl  CIoCOGHOCTb CTEHKH TPYORl NPH paBHOMEp-
HOM BHeIHeM AaBJEHHH:

Ny = mRAb, ' (VIL10)
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Hs sopawendir (V19) u (VI.I0) moxuo HalTH Tpebyemyio
TOJIIIUNY CTeHKH TPyOCIpoBOAa :

h=i’-"2"—;i*;i. (V1.11)

[Tpw pacueTe HA BHyTpeHHEe [IaBJCHHE OCTANBHBIE HATPY3KH
MOMHNO He YUMTBIBATS, HCXOAA H3 CNEIYIOIIHX COOGPaXKCHHM. Bo-nep-.
BbIX, OJHOBpPEMeHHOe [eHcTBUEe BHEUIHHX HATPY30K K BHYTPEHHETO
japaeHMs aas TpyGonpoBoga OGEIMHO MeHee ONIACHO, 9eM JIeHCTBHC
OAHOIG BHYTPEHHEro AABJEHHH WIHM OJHHX BHEIUHHX Harpysok, Tax
Kak HEKoTOopas vacTh BHYTDEHHETO HaBfeHH:a BOCNPpHHHMAETCH TDYH-
TOM, JABJEHHE KOTOPOTC Ha THOKHMiE TpyGompopold TpubAHKAeTcs
Gaaronapst ynpyroMy OTIOPY K DaBHOMEPHOMY. :
:  Bo-BTOpHIX, BAHAHHE .BHEWHHX '
HArpy30K JUIAl HATIOPHEIX TPyGOnpo- /_'_KJ ‘
BOJOB ©OOLIYHO HEBeNIHKQ TNo ¢pae- L 11 A Tl N .
HEHHIO € BJHSAHHEM  BHYTPEHHETO L :

Aapnenns. B-TpeTbuX, pacrpesese- l ¢ l“g h
HHe HATpPy3OK OT 3aCHINKHM H TpaHc- :
NopTa He MOCTOSHHO MO IJHHE TPY-
Gonpoeofia. B-ueTBepTHX, AeficTBHE
BHELIHHX HAarpy3oK CBOJMTCA K TO-
My, uTO TNOTepeuHoe ceucHue TPYObl TIPHHHMAET 0BalbHyo (OPMY.
OpaabHOCTs Xe TpyGl, Kax 370 noxkazano BHHUMCrpoiinedts [34]
Tpu paBoTe HA PACTAXKEHHe B INIACTHYECKOA CTAAUH MOXET He yuH-

Puc. 92, MpogonnHoe cedeHne
cTeNkH ro@pupobannoil Tpyou

- hIBATHCS.
"I CpapHile cOGIMHEHHS CUMTAIOTCH DPABHOTPOYHEIMH OCHOBHOMY.

MeTajuly TpH 'ABTOMATHUECKON CBapKe mop (MIOCOM H MPH PYIHOR.

ayrosoit csapke cranelt mapok Cr-0, Cr-2, Cr-3 u Cr-4 ajeKTpOjaMh:
Mapox 242 n D42A. -
. CoelHHeHHS, CBAPEHHbIE PYUHBIM CIOCOGOM, JOMKHEL OHTE TpO-
BepeHBl METONOM  MOBHILIEHHOrO KOHTPOJS Kauecrda wsoB, [lpn
OGBIMITBIX CMOCO6aX KOHTPOJIS KauyecTBa CBaPHHIX IHBOB, BHIIIOJHEHHEBIX.
pyunoft 1yroeoit cBapkoi, Ko3(upHIHEHT OXHOPOAHOCTH A CONHHe-
HHi BCTHIK, pafOTaONMX HA pacTskeHHe, noHuxaercs ma 15%.

. KauecTBo MPOLOMBHEIX HJH CIMP2JBLHBIX CBAPKbIX UIBOB, BEITIOJ-
HSIEMBIX TIPH H3TOTOBJIEHHH TPYO Ha 3aB0jie, AOIXKHO TapaHTHPOBATHCS
sapogoMm. B cayuae, ecom NpHM HCHEITAHHM TPYG Ha  BRYTpeH-
Hee JaBJjeHde JO PA2PYLICHHA MOABATCS PAspPHBH NO HIBAM, YKA3k-
BAIOUIHE HA HX HEPABHONPOYHOCTL € OCHOBHBEIM METANJIOM, Heo6xo-
AHMO YUecTh 3T0 "B pacuerax NyTeM BBEIEHHS IONOJHHUTEJbHOIO
koappunyeHTa. ‘

: TTpu moAacuere Hecylel cHioCOGHOCTH CTEHKH CTANbHOH TO(pHPO-
BaHHOH TPYOH MOMEHT CONPOTHB/ACHMS €e INPOJAOJBHOTO CEYEeHHMsL,
onpefeasiercs no dopmydae (pue. 92): s

=27’= 2(0,111 -+ 0,16 4) &b cn?, (V1.12):
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rae I — moment HHEPUHH NPOAOJIBHOTO CeueHHA CTEHKH:
[ = (0,114 0,16 &) £%3; (VI.13)

\ bl
\ \ \ \ { — pamHa BOJIHBI rodpa B oM,
\ \ \ \ \ \ # — BLICOTA BOAHBI B OM;
& s : ) 8 — TOMUIAHA CTeHKH TPYOH B oM.
X e\ 2 %\%% %\ ‘é E Gopmyast (VL12) u (VL.13) orHocATcA K TaK HasbiBaeMOH
B \ A Sl S o - o I "
§ i U5 “&\“&T B * QIJTOCKOH BOJHHCTON CTajiH», ¥ KOTOPOH A < - Jlast «GanouHoi»
W a =1 = = 10 .
Uy ~ I
? o3 BOJIHHCTOH ¢Tadl (A > —| Koadpuuuente! npu [ u i npHHEMaOTCA
= © LY w ] p
. g
3 \ \ \ \ \ \ \* = coorteercTBenno 0,10 u 0,19,
ey 83 § Hecywasi CrnocoGROCTh CTaJbHOH TIOQPHPOBAHHON TPYORL 1IPH
. \ \ \ \ 5 w I ReACTBHH JIBYX COCPENOTOUEHILX CHJ BhIpaxkaeTcss GopMmyiioi
=Y o m g :
S \ |\ \ \\ N N P,y = mk-18200 % ke, (VL.14)
o - A& n& F D :
5 & ‘ .
. f’: \ \ \ \\ * 5 = Tlpu peficTBHM PABHOMEPHON HArpy3KH C yueToM GOKOBOIO i
\ X OTIOPA 3aCHMKH M NpPH DACNOJIOMEeHHH IIBOB H TOPH3OHTAJbHOH P !
® A Y\ A g P pa P P i
LR - 3 a £ IOCKOCTH i ‘ L /
S ) \ \ \ \ x \ g o ' w ‘ i
© \\\ O\ 3 S a Quy = k310000 = xz. (VI.15) il =
< \ = _ o s
! A \\ \ \ Dy 2 v B
x 1y S To xe, OpH PACTIOJOKEHHH HIBOB H BEPTHKANBHOH MIOCKOCTH ! meL
3 Ao T & PP P o =
o = w . ‘ i S
3 \\ N N \[\g \\ g 2 Qup = k- 240 000 —- x2. (V1.16) =
'R:S \\.\ \\\\ N m\ \ Qe 3 D ”i‘;
iy . S _ ik
Q
~ - \\\ \\\ cu\\\\ b~ § st onpenefesns TpefyeMOH TOJILHUB CTEHOK rodpHpOBaHHLIX ‘ m%
\\ NN \E Q\\\ £ Tpy6 B 3apybexHOll NpaxkTHKe HCNOJb3YIOTCH TPAahHKH U TAOAHIEL. ;914;
et \\\\\\\ ::\ \ a9 = Onu npuBefeHsl Ha pHe. 93 ¥ B Taba. 26 nepeCuHTaHHBIMH ANS AHA- o
. ] \\\\;\\:::\\ \ =4 MeTpoB Tpy6 no wamum crangapraM. I'padmk cocrarien aas ryGub '
S NN = sanomenust Tpy6 ot 0,3 mo 1,5 4 ¢ yuerom pelicTBHA BpeMeHHOIl Ha-
e [y = Py y p
] ‘ 4 TPY3KH OT KoJeca.
—°IS EESYEEEEED e £ Ta6anua otHoCHTCsT K TayGisaM saqoxenus or 3 qo 12 x. Tlpn
x| SESTERTTNT o3 STOM TOJIIMHE CTEHOK OTHOCATCS K rodpupoBaHHol cramn ¢ [=6,8 cu
Ll o
SR 2S83I23J3¥[J 2o i’ g h=17 cm » iz
x :‘ I e I, S Mpumep 21. Onpegensts, Kakoe pacyeTHOE BHYTPeHHee RABJEHHE MOMHO- 1ith
£ I8 § SIREEI = N 2o NOTMYCTHTb AJs CTaAbROro TpyGonponosz nuamerpoMm Dg=1200 #a ¢ ToawMION i
Q [5] TN N T T N S S B crenku £ =10 au, Hecywas cnocofnocts TpyOH npH TAKOH Harpyake onpese- j :“5:1
5’;3 %‘&‘E%%b’%ﬁgg'@%ﬁﬁ'&anq asetcst no- popmyne (VLIL): . i’}
5 I1S ] t::I' ] 1 f‘nl B | O I A I | 2mBh 2.0,8.2100.1 \ "-f‘,
{RAEL AR AR LR R RS pcsmry = S8 = BESEI 35 =30 o |
& an - ,
- ) S @ @ w 8 0 o o . -
@ |3 t'? 7 ? S A A s S Y S Pacuer mo Hecymieil ¢nocOGHOCTH H3 YC/IOBHSI YCTOHYHBOCTH,
Ww g 0323vox oW DHOfid2Dy Pacuer cranpuoll TpyObl Ha YCTOHUMBOCTL DEPBOTO POAA CBOAHTCS
K yAoBJAeTBOpeHHio ycaosus (1.3):

Ppacy ‘“{-Pnp:

11 3ax. 1993 o a8t




TaGaunua 26

Toamuna credok ropHPoOBAHHBIX TPYO
nJsi PAIAMUHBIX BBICOT 3ACBLIIKM

TOoAWHHBL CTEHOK TPy0 B MM 108

PA3AHUHBIX BLCOT 34CHIKH B M

Nuasmerp 1pylin B MM
H=3+6 H=6-+9 =912

300 u mence 1,6 1,6 1,6

400 1,6 1,6 1,6

500 1,6 2,0 2,0

600 2,0 2,0 2,0

700, 2,0 2,7 2,7

800 2,0 2,7 3,4

900 2,7 2,7 3,4
1660 2,7 3,4 4,1
1200 2,7 3,4 4,1

1 500 3.4 4,1 4,1

2 000 4,1 4,1 4,1

TEE Ppacy — pacueTHasd paBHOMEpPHAA pagHaJbHas Harpyska o7

NABJEHHA 3aCHOKH H aTMocdepbl MPH BAKYYME;

Prnp — HECYWLAsi CTIOCOGHOCTH TpyGr! Mpu IOEHCTBHM BHEIUHEro
PABHOMEPHOrO pPajaHaibHOro AaBJICHHS. Onpenendaercs
MyTeM YMHOMXEHHSfi KDHTHYECKOrO J[aBJAEHHS Dyp BA
kosthduuuent ycnosuil paGoThl my TPyObi TP paBHO-
MEepHOM BHEUTHEM [aBJeHHH M Ha KO3(QQHIMEHT ONHO-
POJAHOCTH MeTajia ki

] Pnp = mlkpxp- (VI 17)
BesMYnHA KPHTHUECKOTO AABJIEHAA 1Jis TpyGONpOBOAa, HE HMEIO-
mero peGep JKECTKOCTH, ompefenaercd no ¢Gpopmyse (IV.62). Ko3p-
(ULMEHT OAHOPOAHOCTH cTadk k& = 09 wm k = 0,85 B 3aBHCHMOCTH
or mapku. [lostoMy a obecreyeHus oBBUHOr0  KoadQHIHeHTa
YCTONUMBOCTH, PABHOTO ABYM, KOI(QOHHUHEHT ycnoBuii paGoTsl TpyOH
clefyeT TMpUHMMaTh paBHEM my = 0,6. Moayas ynpyrocrs crans
npusuMaetcs pasHeiM E, = 2,1-100 wafem.
Heo6xomuMasi TOQIMEA CTeMKH TpySbl, He mMeomel pebep
WECTKOCTH, TIPH DACUETHOM BAKYYME Pp.ey HAXONUTCH MO (opMyde

) DVV Ppacy (V1.18)

omikE,
roe D — cpenunil auametp TpyOHL.

Iins cransubix  TpyG Goapworo auwamerpa (D> 1200 MM,
MOTYLIMX TOJABEpraThes JIeHCTBHIO BakyyMa, Lelecoo6pasno ycTpaw-
BaTh KoJbla (pefpa) KeCTKOCTH B BHJE IIBEJUICPOB HIH YrOAbHAH-

16¢

KOB, MPHBAPUBAEMBIX CHAPYHKH MO OKPYKHOCTH TPyOb: (PHC. 94), Iro
AHAUUTEIIBHO YMEHBIIAET TPeGyeMyio M0 YCIOBHIO YCTOUHHBOCTH TOJ-
WMHY CTeHKH W TIPHBOMUT K CYIeCTReHHOH SKOHOMHH Merajia npH
" crpouTesbeTBe TpyGomposona. Pacuer TpyGONpOBOAA € KOJIbLUAMH
JKECTKOCTH HA YCTOHUHBOCTb TAKXe CBOAHTCH K Y AOBJIETBOPEHHIO
= yeaosus (1.3). Tlpu arom pacuer BeeTCH MLIA yuacTka Tpy0OonpoBoa
. DLJHHOH b, paBHOH PACCTOAHUIO MEXAYy KOJbLAMA swecrxoetH. OnHaKO

‘a) p &)

b b b &
Puc. 94. TpyBa ¢ KOMbMAMH MECTKOCTH

OpH TOJCUETe MOMEHTA HHCDIAY, pxonautero B dopmyay (IV.61),
Gepercs He BCs AJTHHA CTEHKH MEX/Y KOJBLAMH JKECTKOCTH, 8 TOJbLKO

BEJHUHHA
losex = 1,567/ hr +a, (V1.19)
.4
: rme A — TONUIAHA CTEHKH TpyOHl;
@ — IIHPHHA KOIBIA KECTKOCTH B HANpaBJIeHuH ocu Tpy6o-

[IPOBOAA.
Jaa Tpy6ONpOBOKOE € KOJLUAMH KECTKOCTH AOJKHA GHITL TaAK-
Ke TIpoM3BelleHa TIOBEPKA YCTOHYMBOCTH caMOi 000A0UKH MEXAY
kombiaMy mecrkoctd. [Ipn sToM ans CTANBHOR 0GOJIOUKH, TPHHUMAE-
MO KeCcTKO 3afeqaHHoll ¥ KoJell KEeCTKOCTH, KPHTHUECKOE JlaBAECHHE
cnpefienserca no taéa. 27, cocrapiiennoll P. MuzecoM B 3aBHCHMOCTH

: . 100 % r
' OT BeJHUHHBI OTHOLIEHHY . e
; 3 TaGauma 27
B KpnthueckHe Hashesus pyp B armocdepax pnf CTAaNbHBIX TpY6
10 -
_r_ ¥
b
0.4 0.8 1.2 1,6 2,0 2,4 2,8 3.2
0 0,085 | 0,28 0,95 2,25 4,4 7.8 12 18
0,1 0,18 1,0 2,9 6,6 12,3 17 23 31
0,2 0,37 2,1 5,9 13 21 37 47 66
. 0,3 0,56 3,2 9,3 18 32 51 76 m
: 0,4 0,76 4,5 11,6 25 45 70 101 140
0,5 0,97 | 5,5 150 | 32 55 87 132 190
1,0 2,00 — — — - — - —
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Pacuer craasporo tTpyOONPOROAA Ha YCTOHUHBOLTE BTOPOrO POJA
Npy HeHCTEHH BAKYYMa CBOAMTCA K TOACUETY AOIOJHUTENBLHONG H3-
rubatoulero Momenta no Gopmyae (IV.63). Ias mosyueHuna pacuer-
HOTO H3CHBalollers MOMEHTa JONOJHHTEIbHBIH MoMeHT npuasifaeTca

K HarubaioiieMy MOMEHTY B YIOpPYroH cTafHH padoThl TPYOH OT .pr-.jj ;

TEX HArpysok. [IpM 9TOM LOMIKHO BHITH yiOBAeTBOPeHO ycaosHe (L1),

B KOTOPOM HeCyllasi Cnoco6HOCTb CTeHKH Mnpp Haxomutes Ges yuera M

NJIACTHYUECKH K CBOHCTR MaTepHana.

Mpumep 22. TIpon3BecTH pacyeT Ha YCTOAYMBOCTL CTRJAbHOH TPYOH AHaMer-
pom. D= 1200 ms c TommuHo#t cremxu fi= 10 MM 0pu COBMECTHOM JAGACTBHH
BEPTHKANLHON paBHOMepHOR Harpyskw Gp =5400 k2 vz 1 M WuHb TPYOR B
BAKYYMa Paag = 0,75 Kefcm?,

[punumaem, uro npu RedopMauun TuOKOR TPYOW oHa OYJeT HCMLITHIBATH
paBHOMEpHOe padialbHOe HaBAeEWe OT BACBHIKA HHTEHCHBHOCTLIO, paBHOH HHTEH-
CHBHOCTH BCPTHKAJNBHOTO JaBJICHHA:

_ Gs 5400
€s= b 121,8.100

= 0,445 Kz /cud.

Buecre ¢ aTtMocePHEIM [LasleHWeM [PH BAKyyMe BelHuUMHA PpAcuerHOre

BHELIHEero gaBJieHWsI COCTABHT.
Ppacu = o + Pomc = 0,445+ 0,75 = 1,195 xz/cu®,
MOMeNT HHEpHHH FPOMOASHOTO CEUERHS CTeHKH TPYGH Ajuuod b= 100 cu:
bh3  100.]13

HaruGacini MOMEHT B CTeHKe TPYGH OT BePTHKANBHOH HaMDYaxH ¢ yueToM
uTniopa rpynta wosdpunuentom L= 0,0692, nafiienHrM B npuMmepe 6, cornacso
¢dopmyne (111.30}):

M? = 0,318 Pyyyr = 0,318 gy r e —=0,318.0,475-5,4.0,605.0,0692==0,0341 mx. §

Iporut TpySu mo dopmyte (V.16) ¢ yueToM UHJAHEAPHYECKOH MecTKOCTH W

M OTNOpPA TpyHTa:
ty gor {13E) 0. pq 0:0802:5 400-60,59(1 0,959
E.d - 2,1.106.8,33 a

= 0,359 M.

| f=0,08]

KpuTuueckoe nasnenue no dgopMyne (IV.62):

3E.] $3.9,1.105.8,33
= = = 2 B3 rz/cut.
P2 = "p s (1 — 9) 100-60,5% (1 — 0,252 58 K2

JLONDJHMTCNLHEA H3CHGAWIHA MOMesT Npi pakyyMe no topmyne (IV.63)

(#a 1 c# INHULL TPYORI):

_ 0 0,5-0,359 .
M =ppacy r _05F =1,195.60,5 AL L L 24,6 K2cm
1 Ponca 1195
, Pap 2,53
gau 0,0246 74 ma | M JauHBL TPYOHL
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M=

' rie Qs — paBHOAeHCTRYyIOIAS

PacgeTHhlc I’ISI‘HGHIOU.[HE MOMERTBI, HOPMaJdhHaH CHAA M SKCUCHTPHCHTET:
Mpaey =M+ M” = 0,0341 -} 0,0 243 = 0,0584 mau =5 840 Kacy;
Npacs = Pyaca eb = 1,195.60. 100 = 7 180 xz; ‘
5 840

= ——— — 1 .
€= gy — B8l em

[pn pacyere Ha ycToAuHBOCTE NMEpBOTG Dofia HaftaeMm mo dopuyae (VI.17)
HECYILYIO CMOCOGHOCTE TPYOH NpH JSHCTBHH DP2BHOMEPHOTO BHEIIHETQ JNaBJEHAH:

Pap = ity kpyp =0,6-0,85.2,53 =1,29 xzfcu? > 1,195,
TaxkuM ofpasoM, pacuetHoe yoroske (1.3) oxaswBaeTcs &ﬂo-nnmmo‘penmm.

Jna pacueTa Ha ycTofiuMBOCTE BTOpOro pola Halizem no gopmyae (VILI)
HECYILYIO ¢nOcoOHOCTD CTEHKH TPyOn B YOPYroR CTaimu:

mRWFe _ 0,9.2100.16,7.100.0,81
Wi+Fe — 16,7--100.0,81

=96 100 k2cm=0,261 mu>0,0584.

CrnepoBaTenbro, ofecrieyeda ¥ yCTOAYMBOCTR BTOPGro POAA.

Pacuer no npegensHbiM pedopmauusam. Bropoe mpemeabHoe co-
CTOSHHMe, ycTaHowdeHHOe CTPOUTEAbHBIMH HOPMAMU U [(pPaBHIAMH,
NPEACTABAART DPACUETHEIH HHTepec JMIUb 75 O4elib TOMKOCTEHHBIX

. CTAAbHBIX T]’J}/ﬁ, MOCYIIIHX HCIBITBIBATE HEAONYCTHAMO O0JIBIIHE  TI0

SKCMMYaTalHOHHEIM cooldpaxenusM dedopMalHH clie 40 TIOTEPH He-
cyuredt CrocoBHOCTH, T. €. JO0 HACTYIJIEHHS NEepBCro NpeJeNLHOro Co-
CTORHHSA.

Pacder no Bropomy npefelsHOMY COCTOSIHMIO CBOAMTCH K YAOB-

I < Jops ,

rae [ — nedopMalus BePTHKANBLHOTO AHaMmeTpa TPyOl (Mporuo)

0T JeHCTBYIOIIMX HArpyzoK ¢ XKo3hdulIMeHTOM Iepe-
TPY3KH, DABHBEIMH &IHHHILE,

fnp — npedeavHas medOpMAUHS BepPTHKANBLHOIO AHAMETPA

TpyOnl (npegeabHeli MPOTHE), ONpeleNseMas YCJAOBHEM

HeBO3MOXKHOCTH JaJbHeHmIell 3KcMIyaralu TpyOul. IT1a

BEJHYHHa, KaK YKAa3aHO Bbhile, A0JXKHA OBITh ¥CTaHOB-

JIeHa ¢ yueTOM HaspauenHs TpyGonpoBoAa M TOH Teppu-

TODHH, HA KOTOpol oH ysaoxeH. Bo Bcaxom ciydae aJs

CTaJALHBIX TPpYyG OHA He AOJKHA HPesocXofuTh H% MX

JHamerpa.

Onpenesienne pacueTHol JedOPMALHH BepPTHKANLHOTO AHAMETPA

JeTBopeHHry yesaous ([.4):

J Tpy6r MOMKeT ObIThb CAEsaHO MO hopMyse

0,15 Qfra

f=—7

7 (V1.20)

HOPMATHBHOR BeDTHKaALHOH Ha-
TPY3KH, :
r —cpepHHi panHyec TpYOH;
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E. | — xecTkocTs CTeHKH TpyOLl Ha eJMHHILY JAJIMHBL;
N — KO3(hQUINEHT [PHBEJEHHA HArpy3KH IO nporuGy (cm.
ra. IV, o 1).

s rodprposaHiEx TPYO co WBaMH B TOPH3OHTANLHON JIOC- "

i

KOCTH NpHMeHseTcsl clefyiollas ¢GOpMyaa, yUHTHIBAIOIIAS GokoBol

OTNOP 34CHIIKH:
0,048Q% r3

-1

roe [ — MOMEHT HHEpiHH NPOLOIBHOIO
CTeHKH, ompemedsemblilt no Qgopmyne (VL13).

Mpumep 23. YcraHOBUTB, MPH KAKOM COOTHOUIEHHH MexAy TONMEHON CTEHKH
f W pagHycoM r TPyOe M3 CTalH MapkH Cr-3 nepsoe NpelelbHOE COCTOTHHE
TepAeT pacdeTHHI HHTEpeC M PaCcueTHHIM CTABOBHTCH BTOPOS TPALEALHOE COCTON:

Hue.

yaoxednoft na COpOQHAHPOBAHEOE RHO TPAHIUCH, fGes yuera OTHOpA TPYHTE

MOXKeT OHTh HalzeHa no GopmyaaMm (I111.29)
npHReneRts HArpy3kH H Kos(pHIHEHTa TEPErpyIrn:

w_ Pop_ AM.p _ mROE
V' oan par gar :
Orciona nps m=10, n=14, R=2100 xkafcmt, 6 =0608 b=1 ck
NOAYUHM . .
2100 A2 hZ
H . o — 247] —.
@ 0,608-1,4r r

Tpenensyas no AehopMauksM PaBHOMEpHAR HArpYsKa HAXOAATCA na dop- X

My (VI.20} mpn f = Inp=0,1r:

w  SapEcl __0,1-2,1-10

. A3
= SIRel . =2,16.105 —.
U= "g 15w 0,15.0,54003-12 r

IMepsoe npeneibioe COCTOAXHE TOTEpALT pacueTHbll HHTEpec B CJIydade, echd | 1

. h
QF » Qf, 1. e mpu 2471 > 2,16-105—=  wau 1pk E<0,011447,

cedennss TOPPHPOBAHHOR :

[lo yoroBuio NMPOYHOCTH HOPMATHBHAS PAaDIOMepHAs HArpyska I TpyOH,

u (V14) c spemenneM xoapdutaenta W

Tax, as Tpy6sl nuamerpom 1 000 ma TOJBKO NPH TOMLLKHE CTE:

HOK MeHee 5,5 s BTOpoe TpEAEIBHOE COCTORHHE HACTYRHT paHbiie, g

YgeM TIepBOe.
OTCIonA MOXKHO CIedaTbh BBLIBOM,

BTOpOE.
2. YUyryHHele TPyOBl

Pacuer UyTryHHBIX TPYS B GOMBIIMHCTBE CIy4aeR He MPOU3BOLAT- 2
csl, & MX HeCcyilas CIOCOOHOCTh YCTAHABANBAENCS MO AAHHHIM HCILITA- 4
HHUfl HA BHyTpeHHee JaBJieHHe. B Tex clydasx, KOraa no HeoORYHEM -
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YTO JJISl BCTPEUAMOIIHXCSH O0BIY-
HO HA FMPAKTHKE COOTHOLIEHMH MEXAY AHAMETPOM H ToNHHOH cTe- §-
HOK TPYG pacueTHHIM fBJSETCS Nepnoe Npefeibuoe COCTOAHHE, a He ¥

YCJIOBHAM YKAdAKH HJAH SKCIJIYaTalud BOZHHKALT H('.‘,OGXOlIHMO'CTb
pacueTta, OH ALOJKEH TIPOHM3BOJHTBLCSH 0O Hecymeﬁ CTIOCOOHOCTH M3
yCJOBHA NPOUHOCTH TPyOul. IlpH 3TOM Te cooOpaKeHHA, KOTOPHIE
[IO3BOJIAAKDT AJA CTaJdbHEIX '1‘py6 NPOH3BOOHUTE HC3aBHCHMBIC pPACHETHI
Ha BHYTpEHHEEC OABJCHHE H Ha Jl_eﬁCTBHE APYruxX HArpyaok, AAas 4y-
IYHHBIX TPYS OTNAZAIOT, TAK KaK oMM He 06JaJaloT THOKCCTRED
H OJaCTHYHOCTBIO, CBOUCTBEHHEIMH CTAJALHBIM prﬁaM.

Ecau u3BecTHH paspymlaionias Harpyska AJs HyryHHOH TpyOH
OpH MeXaHHYeCKHX HCOHTAHHAX Ha Ipecce Pip, 4 paspylamilee
BHyTpeHHee JaBJIeHHE p,?p, TO paspylapolias HATPY3Ka B BHe JBYX
COCPeAOTOYEHHEIX CHJ/ TIPH HaJHYHH BHYTDEHHErO MaBJCHHA P BHl-
paxaercs cJaedywloleH  SMNUpHUecKoH  GOPMYJIOH, MOJAYYeHHOH
laukom [61] Ha ocHOBAHHH pe3yJLTATCOBR 3HAUUTENBLHOC YHCAA ONE-
TOB C UYTYHHBIMH TpyOamH:

Py=Py ) 1—L
Pup

[lpu npuMeHeHun 3Tolf GOPMYJIE K pacueTy UYTYHHBIX TPY6 Mo
METOAY DACUETHBIX NMpPeAeNbHBIX COCTOSHHH BCe PACUETHEIE HArPY3KH,
KaK OOBIUHO, NPHBOZATCH K JABYM COCPeIOTOMEHHBIM CHIAM Ppacq.
KpoMme TOro, HaXOAHTCA pacyeTHOe BHYTpeHHEe AABJEHHe HaMOJHH-
TEJIST Ppacy. PACUSTHEIN MPHBEACHHBIH HIrHOAOUHA MOMEHT ONpefe-
agetcsa no hopMyne '

(VL.21)

Myaer = 0,318 Py, 7 (V1.22)

1 — Ppacu

0
Pap

Hecymas crnoco6HOCTb CTenkd TPYOH HAa H3rHO OMNpeAeNsercs Mo
topmyae
bR

an =rRy "E— ’

. (V1.23)
rae R, — pacyeTHOe COTPOTHBJEHHE HA DACTHKEHMe IpH H3ruGe,
KoTopoe mas Tpy M3 ceporo YyryHa B COOTBeTCTBHH
¢ HuTY 121-55 10410 NPHHHMATHCH PABHLIM (B Ka/em?):

mna uyrysa mapox CY-12-28 w CY-18-32 . . . . . 450
. . CY-18-36 m CH-21-40 550
CY-24-44 u CH-28-48 800

Kosdhouuuent yciosufi paGothi m JoaxeH ObITb CHHIKEH IO
cpaBHeHHI0 ¢ KO3(DOhHIHEHTOM YCJIOBHH padoTht ANA CTANbHBIX Tpyb
no kpaituelf mepe B 1,5 pasa, T. e. papeH 0,6+10,6.
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Ypasuenne (V01.2!) nmossonsier Takke HANTH pacueTHOE MpHBe-
leHHOe BHYTPEHHee AaBJieHHe NMpd HAJIHIMH M3rHOAKOUIEH HATPY3KH:

1
— po -
ppacu '_ppac'{ l—(fpacq), ’ (V124)
0
Pnp
rie pgacq ~-- pac4eTHOE BHYTPEHHEC JAdBJICHHE,

3. Kupnuunsie TpyOrl (KaHAAE)

Pacuer no Hecywiedl cnocolHocTH. [Ijs KHPIHYHBIX KAHAMOB
{puc. 95), CTEHKY KOTOPHIX pafoTAlT B OCHORHOM HA W3THO TIpH Ha-
JHYAH HeGOALIIOHR HOPMAJbHOH CHIBL, B Kd-
YecTBe pPACYETHOrD BilyTPEHHErc  yCHANA
CJIeAYeT B3ATH HAHMeHbIME SIPOBBIA MO-
MEHT, BOJHHKAWIIHE B CTaZHU YODPYrOCTH:

My =M -T2, (V1.25)

RN,
A

RN

15

rae M — usrufamomui MoMeHT;
N — nopmanasuas cuaa.

o KUDITHYIOrO KOJIJAeKTOPA ONpeilesercs To
/ Gopmy.e

. bh?
an = mm, RP'“ ‘F , (\”26)

Puc. 95, Ilomepeunoe
CeuegHHE KHPIHYI0ro .
KaHaaa rie  m — xosbduuuent yesosuil  paborh
TpyOHl, puHEMaeMslii pasaeM 0,8,
m, —— Koa(QuINeHT yCaoBuil padoThl KJIaJKH, TPHUHHMAEMEIH paB-

neiv 1,0; _
R,.w— pacueTHoe CONPOTHBJCRKE KJALKA PACTKEHHIO Py uarnbe
10 nepens3aHHOMY ceveHHio, nprauMaemoe no HuTVY 120-55
B 3ABHCHMOCTH OT MapOK KHpNHYa H PacrBopa H KJacca

paGotel (mo tabu. 28). '

Taauuna 28

Pacuernoe cONpOTHBIEHME KAAAKH PACTANKeHHIO npu narnbe Rp.u
B Kz/cM? MO TEPEBA3AHHOMY CedenMw (no Kaaccy pabots B)

Mapia kupiitaa wan 200 150 100 75 ) 50 35
.
Rpu ’ 4 ’ 3 2,5 ' 2 l 1,6 ‘ 1,2

PacueTHEle CONPOTHBJEHHS KNaj0K 1o KJaaccy paGoTa A onpe-
ReNAIOTCA MYTeM. YMHOMKEHHS 3THX BeJHYMH Ha Kosdduument 1,1

168,

Hecymaa crocoGHOCTL CeUEHHA CTEHKH

Pacuwer no-packpsituio tpewns. PacyeTHEIM BUYTPEHHHM YCHIAH-
eM sIBAAeTCs HAHMEHBIUHE ALDOBHIA  MOMEHT, ONpededseMblil oOT

'HOPMATHBHBIX HATPY30K:

Nh
M =M'_-§"‘ (V81.27)
MoMeHT, COOTBETCTBYIOMHN OGPA30BAHHIO TPEILHH, HAXOAHTCS
no dopmyae
th?
MTp = Mlp Rp-u _6— »
rae Mmoo, — Koo QHUHeHT YCJIOBHH paboTh! KAAAKH [0 PACKPBITHK
TPeILHH, NPHAIMAeMBIH JJA8 KNAZKH C THAPOHZOJASIHNOH-
HOH IUTYRATypPKOH B mpepesax ot 1,2 no 2, B 3aBHCHMO-
CTH OT CTENEHH LOJrOBEHHOCTH KOHCTDYKLMH.

Tar kak kosthduuuent m,, 6oMblle IHHHUL, TO NpejelbHOE
COCTORHHE KHUPIHYHBIX TPYG MO PACKPLITHIO TPEUIHH He MOMKeT Ha-
CTYTIMTh DaHblile TEPBOTC INPeJeSbHOIC COCTOSHMA, a IOSTOMY He
NpeACTABJASET PACUSTHOIO HHTepeca.

(VL.28)

4, Berounble TPyObBI

Jna GeronHblX TpyG B KaYeCcTBe DACHETHOrO BHYTPEHHEro YCH-
JUS TIPH pacyete Mo HecyIel ¢crnoco8HOCTH MOXKer ObITh TIPUHAT HAH-

‘MeHLIIHH SADOBHIHE MOMEHT B CTaAHH YIPYroCcTH, KOTOPEIA ofpene-

Jasierca no gopmyae (VI.25).

Hecymas cnocofHocTb cedeHHs CTeHKH OeTOHHOH TpyGBl onpe-
densietrcsl 1o QopMyJe ‘

Myp = 0,3 mR, bi2, (V1.29)

roe m — Kosdduurent yoiuosuil paornl credkw TpyOb, NPHHEMAe-
MElit pasubiM 0,9;
R, — pacuettoe conpoTHB/Jende (eTOHA NPH PaCTAMEHHH, NIPH-
HYMaeMOe B COOTBETCTBHH ¢ tafn. 29.
TatGnuna ‘29
Pacuernoe cONpOTHBIEHHEe GETOHA NpPH PACTAXEHHH R
B K2fem?

Mapka feTona

Yenonua NPHrOTOBACHHR BETOHA —
wo [ 50 | 2o a0 | a0 | so0 | eoo

Ha Gerounwx sasonax mysaax| 4,5| 5,8 7,2 | 10,5 | 12,6 | 14,0 | 15,0
B~qcranpnux cayqasx . ... 4,01 5,2 6,4 9,5 (11,0 12,5 | 13,5

Otmernm, urto W, M. Uepkacosy ymasoch J0GHTBCA NOJYUEHHS
B TpyOdx puOpHpepauHoro Gerona Mapox 300—350 ¢ HOpMATHBHEIM
npeae/aoM IPOYHOCTH HA pactsaenHe ne HHxke 30 xafcm?.
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Mpumep 24. [Moxo6paTe TOJUIHHY CTCHKH TpyGei muamerpom Do =600 mx
u3 snGpupoBaHHoro Geroua Mzpkn 300, ecnu pacueTHblfi MArHGAIOIWHA MOMEHT
W HOpMaJbhas chad B ynpyrofl cradu padoTH Tpy0R cocTasanior: M= 0,442 &,
N=1,256 7 (cm. npumep 8). Tpy6a uarorosagerca na feTOHROM 3aBOIE.

TMopGupaeM TOMIMHY CTEEKH crnepsa Ges yueTa HopMansyolt cuiw, Ha ypas-
perns (VI29) umeem nns M == Mpp:

h_]/ M ]/ 44 200 Cins
' 0,3 mRy b 0.3.0.9.10,5.100 _ -

HaxoguM sopoEwit MoMent no dopumyne (VI.25):

Nh 1 256.12
Mpyeu= M —--6-" = 44 200 — -—2-56_,5"“

== 41 570 K zcm,

k_l/ 41570 1o
= 0.3.0.9.10,5.100 ~ -

TakuM 06pasoM, BAMAHME HOPMaJbiOH CHILI OKA3LIBAETCH OYEHb RefoNLIHM
nae 1451 GeToHHO# Tpy6u. [Tosbiluexue PacueTHOrs CONPOTHB/CHHA GeToHa TIpH
pacTamennu 1o 15 kefew® (mo M. H. YepKacoBY) NOIBOJMT CHH3HTH TOMALLHHY
cTeHkH no 10 cx.

5. XenesoOeTorHbie TPYOHI

Pacuer no mecyweit crnocoGHocts (1-e mpepensHoe cocroanue).
B CTeHKAX JeTe300eTOHHLIX TPYO, KaK PABHIO, HMEeT MecTo caydah
p I EBHeleHTpeHHOTO  CIKATHA,

W* 3 T. e. ciydall GOJBIIHX SKCUEH-

!
Au Rafa rpucurerom, apmatypa ke
. ==y, OOuuio apofinas. [lpn otom
l ©
. -
)

oot —

1
8
F- BBHAY MAJIOH TOJE3HOH BBICO-
PF THL cedeHMs By ycnoBHe Af
ag. IUleya BHyTpeHHell mapol 2 <
61 < by — @ OKaablBaeTCA HEBHI-
novigenueiM. B sTOM ciayuae B
Prc. 96, CTEHK% }KeneacéeTouHPﬁ Tpy6u  KauecTBe PACUETHOrNQ BHYT-
¢ ABOHHOE apMaTypoOH peH#ero ycuaHs ynoOHo NpH-
HATL MOMEHT BHELIHHX  CHJ
N0 OTHOLIEHHIO K LEHTPY c:kartoil apmarypel (puc. 96):

Mypoy = M—N (-’;—— a')=Ne'. (V1.30)

3| - I,

A LA
—l'?' I-J-IP-c-

Hecywast croco6HOCTb CEUEHHS MPH 3TOM OMPEIEIATCH pe
HedbHEIM MOMEHTOM BHYTDEHHHX CHJ TaKe NO OTHOLIEHHIO K LEHTPY
CKATOH apMaTyphl:

My =mm, R, F, (hy —a’); (V1.31)
roe M — naru6alomuii MOMEHT,;
N — nopMajcHas CHJA; )
e’ — paccrosiiie OT CHIH N 1o meHTpa TAMeCTH CxaToA apmMa-
TYpH F;
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o — paccroguue OT OJKaHINero Kpas CEHeHHs JO ueHTpa
THMeCTH crkarol apmatypsl Fo;

F, — mnomajb CeueHHs apMatypsl ¥ pacTAHYTOH TPAHK CRUESHHS,

R, — pacueThoe CONpPOTHBJCHHE apMarTypel;

m — kosduureHT YCAOBHHA paboThi CTeHKH TPyOHl, NPHHHEMAE-
MEIL A% TPYD, M3FOTOBJSEMHX HA 33aBOJAX H MOJIHIOHAX
¢ CACTEMATHYECKOW NPOBepKoH HMX NPOUHOCTH, PABHBIM 1,1,
a B OCTAJABLHBHIX cayuasx m =1,

m, — KoappuLHEHT yeaoshil pafoTEl apMaTyphl, KOTOPLIH TpH
Gerone Mapku 100 npHHHMaeTCsd PABHBIM 0,9; npu Gosee
BLICOKMX Mapkax GeToHa m, = |

Taxum 06pazoM, Hecyllasn . .
CTIOCOBHOCTL CeUEHHS KeJes0-
GetonHoli  TPYOHL C JBOHHOM "'.L, , i Ry N
apMaTypoii Momer ObTe Bb- b || NLE *_*{‘4 (i

| paxeHa Npele/bHbIM MOMEH- o t 1 _

TOM BHYTPEHHUX CHJI OTHOCH- l [ < Ry Fa
TeJqbHO UEHTPA CIKATOH apma- t z— -
Typbl HE3aBHCHMO OT BeJIHYH- 4]

HBl HOPMANbHOH CHJBL JEHCT™  pyc 97, Crenka weresoGerotiiok Tpy6n
ByIOLleHl B CeueHHH B COCTOs- ¢ OIHHOUHOR apmarypoil

HMA ~ TIPeJeNLHODO  paBHO- :

BECHAL.

[Ipd BLIPABHMBAHMH HMIOPHI MOMEHTOR MOXKHO [IPHHATD, 4TO
HEHTPHl IIIACTHYECKHX IIAPHHPOB COBNAAAIOT € UEHTpAMH THKECTH
cxatToff apMaTyphl, ¥ CUHTaTh B Kadecrse oceBoil JIMHHH KOHTYpA
TpyGbl HE JIHHHIO, COSMHHAIOLLYIO LEHTDE! THKECTH TPONOJABHEIX
CeUueHH CTEHKH, d JUHHMIO, TIPOXOAsALLYIO Hepes WeHTPb IJIACTHYECKAX
[IAPHHPOB. _

Fcan NpH {10CTPOSHHH 3MIOPEHL M, onpenensiTe MOMeHTHl BHEW-
HHX CHJ 0 OTHOIIEHWIO K 3TOil JIMHHH, TO HeoOX0AHMOCTh LONOJHH-
TeNLHOTO YHeTa HOPMAJbHBIX CHJ TIpH OTIpeie/ieHHH Hecyuied crocob-
HOCTH TpyOBl OTIATALT.

~ Opuako ¢popmysa (V031), spipefenHas B NPEANOIOKEHH, ITO
cepeliHa BHICOTBI CIKATOH 3OHBI CEUEHHs! COBNANALT C HEHTPOM TsXKe-
CTH CKaTofl apMatyphl F,, NPHBOIMT X MEeHBUIMM 3HAUCHHAM npe-
[eJbHBIX MOMEHTOB, UeM (opMyJa, B KOTOPOl 3Ta apMaTypa COBCEM
He yuuThiBaeTcs. Kpome TOrO, Tpy6n Auamerpom ac 600 mm wacTo
BLIDOMHSIOTCS C OAMHOUHOH apMaTypol, pacioJIOXKeHHOH TOCpe/HHe
TOMIIAHE CTeHKH. [T03TOMY DPAaccMOTPUM TaKxkKe TPAMOYTONbHOE CE-
yenye c ONHHOUHON apMaTypoil (puc. 97). B aroM cayiae B KAYECTBE
PACYETHOTO BHYTDEHHErO YCHJIHS yaofHee NPKHATH MOMEHT BHEIUHHX
CHJI OTHOCHTE/LHO CEpeHHEl CHATOH 30HbH! CEURHHUS:

k x
Mpacq =M — (-—— —_ —2-) == Ne”, (VI32)
e e” — paccTosnne oT CHJIE V.0 cepeanHHl CIKATON 30HB CEUEHHA,
p
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Ina onpegesennst  HecylmeH CNOCOGHOCTH CeUYedHA COCTaBUM
YPABHEHHE MOMEHTOB OTHOCHTE/BHO CePeIMHEl CHKATOH 30HH CeueHud

M, = mm, R,F, (ko — %) _ (V1.33)

Jast onpencaenHs BEICOTE CKATOH B0HEI X HANHILEM yPaBHEHHe
IpoeKUHH

N=R,bx—m,R,F,, (VI1.34)
oTCIOnA <
- N4-my Ra Fa
X = TR {V1.35)

Hoxcrasnaa B ypasseune (VI.33) 310 BhIpamenne, mosiydaeM

M,,p=Ma_(2th N—m,F R) =M, (VL.36)

QbRH ap ?

agech M gp— Hecyllas cnocofHOCTb CeyeHHs HAa H3rub, T. e pH
OTCYTCTBHH HOpMaJIbHOﬁ CHJIEIL.

. Ilpu srom
M =R opy B RF: (V1.37)
w 2bR H afhatals
N Fa
T bfty 2Ry — myu Ra) = bflo (VI.38)

B stom cayuae LEHTPEI NJaCTHYECKUX IAPHHPOB COBHALAIOT
C Cepe/lHHOH BBICOTHI CXKaToi 30HBL. OMHAKO, NpUAMMAS BO BHUMA-
HHE, UTO, KOIJld MBI He YUHMTbIBAEM CIKATON apMAaTypLl, BHICOTA CXKa-
TOH 30Mbl OKA3bIBAETCA OUeHb Majol (x <2 @’), MoxHO MpHEJH-
MEHHO [IDUHATH, YTO UEHTPBI TJIACTHYECKMX INAPHUHPOB COBNEJdioT
C CHKATOH I'PaHbIO ceyeHHs.

Dojee T0UHO MOMKHO OTIpEAeTHTS [OJIOKEHHE [LIACTHYECKHX LIap-
HHPOB, pazaenun seipaxexue (VI.35) nomosnam.

ITpn yueTe HOPMA/IbHBIX CHJI BHPABHEHHBIE MOMEHTHl B CEUEHHAX
A, B v B (puc. 54) HOKHEL OTHOCHTBCA ADYT K JDYrY TaK:

VAMA,np : \JBMB,np : YBMB,np'

Beamuunnamu v NPHXOAHTCH MNPEeIBAPHTENBHO 3aAaBaThCHd JAS
Kamgoro cedeqrs. OOHAKC OHM HACTONBKO GJAH3IKH K eRHHHIE, YHTO
B NEPBOM ant’)Jm}KEHHH HX MOMKHO Boo6u.le He YUHTHIBATL B Kaue-
CTBEG MHOMKHTeNeH.

Hecylas crocofHocTe Kpyrdcit TpyGel NpH AelCTBHH IBYX CO-
CPefOTOYEHHEIX CHA oupefensercs (hopMy/JaMH:

i IIpPH NOABJACHHUH ABYX IJI4CTHYECKHX LA PHKEPOB
Mo
P =—"F . (VL.39)

T,

L

pH NOABMEHHMY YeThIpEeX TJIACTHYECCKHX IHAPHHPOR

0 ]
P, = oMy, (L+g) 4Mrlp P (VI1.40)

X T
ro-}-—2— o

rae M? p— OHPeNeNaercs mno tpopmye (V01.37)

Takum ofpa3oM, AAA MPUOIHIKEHHOTO yuera BAHAHHUS HOPMAJIB-
HbIX CHJI B (OPMyJAax A5t BLIP@BHEHHBIX MOMEHTOB MO 7 MOWMHO
NOAPA3YMEBATHL HE CPEAHui pajnyc TpyOLl, & BHYTpeHHHH ro.

Tak Kag npu AeHCTBHE DasjIMUHLIX HArPy30K ceuenns A u B ue
CMelllaloTesl, 4 CeueHHs B TOUTH He CMellawTted, TO NP pacuers
TpyG Hd OAHOBpeMeHHOe [(eHCTBHE HECKOJIBKHX Hal‘pyBOK MOIKHO
MOMB30BATLCH TIPHHIMIOM HAJOMKEHHS.

Tlpn pacuere TpyD, y/MOHEHHLIX B 3eMJe, 10 Koatpcpnuuemam
NpHBeJEHHS HOPMAaJbHbie CHJIbl He YYHTBIBAKTCS, H PACUeTHBRIM
VCHJIMEM SIBJISETCS H3rHOaiouIHi MOMEHT.

Hecymas CcnocoGHOCT> ceYeHHs] CTEHKH TPYOR Takxe ompene-
JsieTcsl U3 ycaoBHs paGoTHI ee Ha H3rH6, T. e. 6e3 yyera HOPMAJIBHOMN
cuant. Tlo dopmyae (VI.35), orBpacuBas Hopmanbnyw cuny N, Ha-
X0INM

g Ra Fa

v = Zehls o, (VL41)
' - Ry Fa .
roe . ¢=_m;h0 e (VI.42)

Torga u3 dopmyas (VI.33) noayuaem:

Myp = mA, bl Ry (V1.43)

My
By = po ]/ mb;ﬁ ; (V1.44)
2=y (VI 45)
. _ an _ abh hD R" VI.46
F T omypghymaRa ma Ry ( )

rae Ao, po 0 7, — K03 PrLACHTH, 3anucslMe of a (Taba 30).

Mpumep 25, OnpelennTh HOPMATHBHY:) HATPY3KY B BHAE LBYX COCPelo-
TOUCHWHIX CHJ HA KPyrayvio endescOerTomnylo Tpyfy c IBOfnof lelMMETlelIIOH
ApMaTypoll IPH ¢JeAyIOMHX Aamsmx (pre. 49).

Buytpeemmii suaMerp Dp =70 ¢, anusa asena 6 =100 cm, ToAmuHa cTe-
HOK A== 10 cM, ToJe3wasg BLICOTA CEUCHHA hu—TG cu, apmarypa uz Cr-3
(Rp= 2100 wefcm?, my=1,0) 122 8 mm, Fa= F = 6,03 c#¥, Geron Mapku 200
(Ry = 110 xz/cm?), wospdunuent neperpysky n=14; KosQdHUHEHT ycnonui
paGorer TpySw m=1,0 ‘
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TaGbnuna 30
Koaddmumentd paaa pacyera cTeHkH TPyOH na HarkG

“« Pa To Ag & £a To A,
0,04 5,05 0,930 0,039 0,28 2,04 4,860 0,241
0,05 4,53 0,075 0,048 0,29 2,01 0,855 0,248
0,06 4,15 0,970 0,058 0,30 1,68 0,850 0,955
0,07 3,85 0,965 0,067 0,31 1,95 0,845 0,262
0,08 3,61 0,960 0,077 0,32 1,93 (1,840 0,269
0,09 3,41 0,955. | 0,085 0,33 1,90 {4,835 0,275
0,10 3,24 0,950 0,095 0,34 1,88 0,830 0,282
0,11 3,11 0,945 0,104 0,35 1,8 | 0,825 | 0,289
0,12 2,08 0,940 0,113 0,36 1,84 0,820 0,208
0,13 | 2,88 (1,935 0,121 0,37 1,82 0,815 0,301
0,14 2,77 0,930 0,130 0,38 1,80 0,810 0,309
0,13 2,68 0,925 0,139 0,39 1,78 0,805 0,314
0,16 2,61 0,920 | 0,147 0,40 1,77 0,800 0,320
0,17 2,53 0,915 0,155 0,41 1,75 0,795 0,326
0,18 2,47 0,910 0,164 0,42 1,74 | 0,790 § 1,332
0,19 2,41 0,905 0,172 0,43 1,72 0,785 0,337
0,90 2,86 | 0,900 | 0,180 0,44 1,71 0,780 0,343
0,21 2,31 0,895 0,188 0,45 1,60 | 0,775 0,349
0,22 2,26 0,830 0,196 0,46 1,68 0,770 0,354
0,23 2,22 0,885 | .0,203 0,47 1,67 0,765 0,359
0,24 2,18 0,880 0,211 0,48 1,66 0,760 | 0,365
0,25 2.14 0,875 0,219 0,49 1,64 | 0,755 0,370
0,26 2,10 0,870 0,226 ¢,50 1,63 0,750 0,375
0,27 2,07 0,865 0,234

OnpenenseM o dopmyde (VI.37) mecyutyw crocoGHOCTE cedeHHA Ha uanub,
‘We YuMTHBast BBHAY MaJOofl BEICOTH CEYEHHH CHKATYIO apMaTypy:

9 R Famm,

MA, np=Mup=l 20R, (2bhy Ry — Ry Famy) ==

_2100.6,03
~ 2.100.110

SamaeMcst peauunHof Kos(PMIHEHTA, YYHTHBAKIIETO HOPMAJLHYID CHIY B
GOKOBEIX ceueHusax TPyGw vg = 0,97,

Toraa:

(2-100.7,6.110 — 2100.6,03) = 88 800 xzcm.

My =5 MY, qp= 88 800-0,97 = 86 200 xz2cx.

HauGoabwuli H3nMGAOUHA MOMEHT B CeYeHHAX 5 OTHOCHTeNbHO WeHTPa
LI ACTHUECKOTO UIAPEMPA HafileM, sazaBiumck X = 1,0 cM:
Pup (Do x
M =— |4 —
GuaET 9\ 2 2
Noacrannaa smavenun My ., n Mga8 ypasneune (I11.22), noaywaem
88 800 + 86 200 = 17,875 Pupi

orciopa Prp= 9820 xz.

P
):—;"— (35+0,75) = 17,875 Prp.
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Hopmanbnan cuila B GOKOBEIX CeHEHHAX
N=0,5P,, = 4910 xz.

daxtiieckKall kosdduuHent vy no Gopmyne (VI.38) oxasnlBaetcs paBHHM
] N { 4910
B T 9Bhy Ry — my Ra Fa . 2-100.7,6-110—2 100-6,03

01 97'

t. &. Tofl BemMUMHe, KOTOpofi MEI 3aMlaJIHCh.
IlefticTBHTEbHYI0 BRHICOTY CHATOA 30RH Haxonum n3 ypasumewns (V1.35):

v Ntma Ry Fy 4910 4+ 2100.6,03

=1,6cm=~15cH.

bRy - 100.110
HopMaTHBias Harpyska COCTaBaRfiET
P 9820
PH o= op =—*£*""=7020 Kz,
n 1,4

HonyckaeMas marpyska, BHUMCAeHHAs HCXONA M3 PAcCMOTPEHHs YNpyrod

_CTaAKM NpR .Koshduuvente samaca 1,8, okasmBacrcs papnodi 4530 xe, T. e

x
#a 35% wmenmbme. Ecay 6n Mbl mpHESIRY= | HT=0, TO DONYYHJAH ORI CIelyto-

MHA pe3yaLTar:

M3, 8.88800
Py = = = 10
np Dy " 20 100 %2,

T. e. pcero Ha 3% Goabme sxavenua 9820 Kz, MOAYHEHHOTO BhILE,

Npamep 26. INogoGpaTh cedenne padoueil apMarypul M3 craiy mapku Cr. 3
AnA WenesoGeronnoll TpySu (Geton Mapxu 200), paccmoTpenHOR B npuMepax |1,
4, 12. BuyTpenunit auaMmerp Tpy6m Do=600 mm. TouunHa CTeHRH IPHHATA
h =6 cm, 4TO MO3IBOJSET NPHASTL NOJESHYIO BbICOTY CeHeHHA Ao =4 CM.

BripaBHeHueli HaruGalomui MoMent NpH O0PasOBAHMM YeThIPEX NJAACTHYECKHX
mapunpos cocraeaier M =034 tM. HopMannuas oHIa OTAGTLHO He YUHTH-
BaETCH,

Hna nogGopa cevenHs apMartypul noabdyeMmes Tabna. 30, waling npensapu-
TeasHo no gopmyne (VI.44) kosabdunHesnt:

h 4
P = = =2,38.
M 34 000

mb Ry 1,1.100.110
ITo ra6a. 30 sto cootsercrayer & = 0,195,
o ¢opuyne (VI146): .

abha Ry 0,195.100.4. 110
Fa= =

= = 4,08 cm3.
a Ra 1.0.2100 ¥

ITpunaro 8 2 8 mu;, Fg = 4,02 ca?,

Pacuer no packpwithio Tpewnn (I11 npepennnoe cocrosuue).
DTOT pacyeT AOTKeH NMPOH3BOAHTLCH KaK AJsL HAMNOPHBIX, TaK H AJsl
GezHanopHuix Tpy6onposoxoB. Ocofoe sHaueHHe 3TOT PACYET NPH-
ofiperaeT B TeX CJAyYasx, KOTAa pacueT no [ npefesbsHOMY COCTOSHHIO
BefleTcs C HCHOAb30OBAHHEM CBOACTBA TIACTHUHOCTH Kede300eroHa.
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B coorpsercrenn co CHull pacuer no 1l mpesesibuoMy COCTOR-
HHIO JOJeH [IPOH3BOAMTLCS Ha BO3JeHCTRHE HOPMATHBHBEIX Harpy-
30k no Teopuu mpod. B. M. Mypamesa.

Ilupuna pacKpbITHS TPEUMH TIPH JJIHTEIBHOM JeHCTBHE Harpys-
KU onipefensercd QOpMyAOH . ,

a4 2g+p '
a, =4 = ! (VI1.47)
T Ea T g+p * A
rie [, — paccTostnHe  MEKIY TPelllHHAMH N0 JUIHHE OKPYJKHOCTH
cTexku TpyObl, onpefeademoe Mo (opmyJe:
Ea Fy

[T == kl Eﬂ-‘ ":é“ = kl —_— , (V]48)

¢ — HalOpAXKeHHE B apmarype. paBHoOe
MH
- .
2T Favhy

(V1.49)

a

M* — HaruGaloumHi MOMEHT OT HOPMATHBHBIX HArpysok;
v — K03 QUUMenT, TPHHEMaeMEIl mo Tabda. 31 B 2aBUCHMOCTH
OT BEJHUHHBI .

@ Fabaptr. (V1.50)
bhy Eg 2g-+p

g — NOCTOSIHHAA HArpy3Ka,
P — BPEMeHHAst HArpy3Ka;
E, — pacueTHHl MOLYJb YIIPYTOCTH apMaTypel, KOTOPHIH MPHHH-
maeTcs pasubiM 2 100 000 x2/cu?;
Es — pacueTHnIi MOIyJb YIpyrocTH GeTOHA, NMPHUHEMAEMBIH 10
Ta6a. 32 B 3aBHCHMOCTH OT MapkH (erToH4;

Ta6auna 31
3uavenna xosddHUHEHTOB )

a ‘ 0,1 0,2 0,3 0,4 0,5 ‘ 0,6

n 1 0,86 l 0,82 0,79 0,77 0,75 ] 20,73
TaGauna 32

3uagyerns MOAYNA YNPYrocTH GeTOHA NpH cwarud B K2fcm?
Mapka Getamna 140 ’ 150 l 200 l 300 400 500
Eg \ 120 000 l 165 000 } 200 000 ' 270000 | 310 000 | 340 000
i ‘
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d — IHaMeTp apMAaTypHI;
F,—mnnomajip cedeHHs apMarTyphl;
S — nepHMeTp CeueHHS APMATYDEHI;
$u k1 — KO3 dUNMEnTE, yUHTHBAKNIKE PaGoTy PacTAHYTOro GeTo-
HA MeXAIy TpellyHaMH W onpefesieMule 0o Tabda. 33.

: TaGaunua 33
3navennn xoadmunentos ¢  u xosdduumentor k;

Kosdguunestm ¢ npn a, B Kefem?

) 100 | 1280 | 150 [ zoo0 | 250 3000 .
0,05 — — — — - 0,39 22,8
0,05 —_ — — — {,40 0,53 19,2
0,07 e — — . — 0,50 0,69 16,0
0,08 — - — 0,42 0,66 0,77 4,0

0,10 — — — 0,59 0,77 0,85 11,8
0,125 — — 0,45 0,73 | 0,85 0,91 9,6
0,15 — 0,46 0,63 0,81 | 0,90 0,93 8,0
0,20 0,48 0,63 0,77 0,88 0,93 (,95 6,0
0,30 0,70 0,82 0,89 0,54 0,97 0,99 4,3
0,40 0,81 0,88 0,92 0,95 0,98 1,00 3,4
0,50 0,85 0,91 0,93 0,96 0,99 1,00 2,8
0,80 0,90 | 0,93 0,95 0,98 1,00 1,00 2,2

IIpy anauenuax a Gojewe 0,8 mpuHHMaeTcs ¢ = 1,0.

HonycruMas BeJuuHlia pacKpHITHS TPeLIHH B MKeJae300eTOHHEX
TpyGonporosax moxa eme HuTY He yeranosaena. Bo Beaxom c1yuae
OHA He AO/KHA TipepruaTe 0,2 mam, HO, TOBHAHMOMY, GOJLILIOe 3HA-
TeHHe KOMKHA HMETh ¥ TAYOHHA PACHPOCTPAHEHHS TPElLHHEL

Omnake npH o6pasOBaHHH IJTACTHYECKOTO INapHHpA IKHpHHA
PACKPHITH TPEIHH He NPONOpUMOHalbHA HaIPsKeHUI0 B apMaType
H, CHCAOBATENLHO, He MPONOPUHOHANLHA BeJHYHHE M3ru6Garclero
MomeHTa. Taxum obpasoM, popmyaoit (VI.47) B craguu o6pasopanus
MIACTHYECKOTO IMapHHpa TIONb30BAThCH Y2e Helb3d. BBuAY 3TOrO
CliellyeT BeCTH pacuer TPyOH Ha PacKPbITHe TPEIIHH, HCXOAA H3 pac-
CMOTPEHHS YINPYTOH cTajuuu ee paBoTHL

Kax u3BecTHO, BeqMYHHA PACKDHITHS TPEIHH TeM GoJbllle, deM:
1) menbuie xoa(HIHEHT apMHpPOBaHus, 2) GOMIbIIe NHAMETP apMma-
TYphl, 3) HHXe TNPOYHOCTH GeTOHA § 4) BHIIe COOTHOIIEHHE MEXMY
JJIHTRNBHO JNEeHCTBYIOIIEH YacTblo HArPY3KH H KPAaTKOBDEMeHHO Aefl-

- CTRYIOLLEH 4acThbio €e.

Ecin B3ath: kosddHunent apmuporanus ¢ = 0,01, muamerp
apMaTyPE cui = 10 mn, Geron mapku 200, MOCTOAHHYIO YaCTh HALPya-
KH paBHOH BpeMeHHOR (g = p) H HanpsaXeHHe B apmatype
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= R, = 2100 kz/cM®, NpUEIHIUTEBLID COOTBETCTBYIOLIEE HODMA-
THBHOMY HSTHOAIONEMY MOMENTY B YOpPYPoif CTaiuH, Hu3KOMy MO

BeJIHUUHE K pacUeTHOMY BHIpABHEHHOMY MOMEHTY, TO NoJaydyHM cJle-

AYIOIIHME DPE3YALTAT!

o Ea gt 21,108 2
a=3p=L 50 =300l ————.—=
“Es 2etp 3-9, 2.10¢ 3 0.21.
flo ta6a. 33 maxoamm 0o uuteproaamuu: ¢ =09, ki =358
Paccrosinie MexIy Tpelinamu no popmyae (VI.47):

E, d 2,1.108 1
L—k B 4 _5g 210 159,
T 1 Eﬁ 3 f 5 105 4 15,2 CM.

{ITupuHa packpelTHs Tpeiun no dopMyse (V1.47):

S ; 2¢+p 2100 3 )
Q. == ! Lr =09 —— R : — o
Y Ey g+vpr 0.9 2,1.100 15,2 9 0,0205°cm=0,205 mm.

Takum o6pa3om, [UHDHHA PACKPHITHs TpPellWH OKaszajach Ha
mpefefie AONYCTHMOTO. IIpH yMeHBIICHHH NIpOLeHTa apMHpOBAHHUA,
yBeJdueHHIl IHaMeTpa apMaTyphi, CHHKEHHH MapKh HeToHA HJIH TIPH
YBeJNUEHUH AOJH TOCTOAHHOR Harpysks I mpenesbHOE COCTOAHME
OKameTcst TJABeHCTBYIOILUM.

Mpumep 27. das TpyOu npaMepa 25 HaliTH BenHUHAY HOPMATHBHON HATPYa- ]

ki, nexons w3 pacemorpenua [IT npenensmoro COCTOREMA, €CIH ROIYCTHM2A
LIHPHHA PACKPHITAA TPELUH COCTARANET Or = 0,2 am =002 ca.
Toabayach opmyrofi (VI.50), HaxonuM snadeRHe KodpduUuenTa & :

_SFuEygtp 360821100 2
bh, Es 2g+p  100.7,6.2.105 3

Tlo tata. 31 ¥ 33 naxcmoum k) == 7,33, 1 =083
Hcxors w3 dopmyan (V1.47), mMoxuo RafiTH BENUUHRY

=0,167.

g+p 2
[+ l.=aE :0, 2.1 8, —= — N
ally=ar "9z +p 02‘2110 3 2,8.10¢ xe/ca.
B 1o e BpeMs u3 ¢opmyan (VI47) MOXKHO TONYYHTH
Eq, d 2,1.108 0,8
;“_.,_k_a..__=733,_'___.;= .
T 1 Fs 4 ) 2. 100 4 15,3 ca;
oTCI0fa |
2,8.10¢
Ua\lj = ———— =1 825 x2/cml

15,3

3mag BENHUHEY @ W noab3ysce Tabn. 33, HAXOAHM Te JHAUCHHA dy {, mpo-
usBE/EHHe KOTOPHIX cocTaBAser 1 825 xe/cm?:

g, = 2 100 xz/cu?, ¢ =0,87.
HopmatusHbl H3THOGAWIMA MOMEHT W3 YpaBHEHHA (V1.49):
M? =, Fanhy=2100.6,03.0,83.7,6 =79 600 xzem.
B cqomercn‘éuu ¢ qopmynoit (111.20) HopmaTHBHAR Rarpy3ka paBHa
Pr— MH - 79600
0,318z 0,318-40

== 6 250 xz.
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Jlonyckaemas e HArpysKa, BEIYHCACHRAS no mecymiedl crocofHocTH npH
ynpyroft crannd paGoTh Tpy6L W Ko3dHUIMEHTC 3amaca 1,8, oxasupaercA PaBrod
4700 xz, 1. e Ha 20% MeHbILIE.

6. JKene3oB6eToHHbIE NPEABAPHTENLHO HANPAKEHHDLIE TpyOBtt

[IpenpapuTebHO HAMPAXKEHHBIE xeqe306eToHHbE TPYOBl NpH-
MEHAIOT IJaBHLIM 06pa30M AMs HATIOPHHIX BOROBOAOE C pa6ouum rua-
PaBJIUYECKHM AABJICHHEM 1O 10 aru u anamerpoym of 300 no 1500 mu.
HanpsieHHO aApMUPOBAHHBIE TpyGEl PEKOMEHIOBaHbl K LIHPOKOMY
npuMeHeHHIO Bcecolo3Hol koHbeperuyed no GeTony H XKeie306eToRY
(30 mast — 3 wmions 1955 r.). [MponoJibHEIA pa3pes Ke1e306eTOHHOH
npeIBapHTENEHO HanpsKeHHON TpyObl MoKasan Ha pue. 98. Tpy6a
COCTOHT H3 Mee306eTOHHOIO cepiedHnka J, B KOTOpoM pasmeilaercd

w - P

2 A ke b A

Y L

/ I 2

oy

J .
Puc. 98. [Iponoabhuif paspes KenesobeTonHOH
NpeiBAPUTENbHO HANDPSKEHHOH TpyOu

fpefBapUTeNbHO HATIPSIKEHHAS NPOAOIbHAN apMaTypa 2 M Ha KOTO-
phii HABHBAETCs TPEABAPUTE/LHO HAMPAKEHHAN crupanbHas apMa-
Typa 3. 3alINTHBI C0H 4 HaHOCHTCA HA HADYKHYH TOBEPXHOCLTDL
cepaeuruka. CTanbHOl IMHIAMHAD 5 ¢ TOJIHHOM CTEHKU 3 MM CIyXKAT
3allUTON KOHIE TPYObl, CIETAHHOrO C yCcTynoM I3 yerpoiicTa rHG-
KOTO CTHIKA.

CepAeuiuK H3TOTOBJSETCS WS IMIOTHOTO 6etToHa MAapKHM He HHXe
300 n HMeeT COGCTBEHHYIO apMaTypy B BHAe NDOLOJBHELX OBBIYHO
npefBapHTeAbHO HANPIKCHHAIX crepiknefl H CIHpaJH. Ias upen-
BAPUTEJNLHO HAMpSKEHHON CTHDANLHOH apMaTyphl NpHMEHAETCS
XOJOAHOTAHYTAS YIJEPOAMCTAsT WM BHICOKOYTACPONHCTAA MPOBOOKA
IUAMETPOM OT 2 10 B Ma € TIPefeOoM NMPOUHOCTH TIPH PACTSAKEHUH He
Menee 5000 kz/cm?, a ayame 10 00018 000 xe/cm?. SanwuTabi CA0H
BIMOHSAETCS TOJUIKHON 15 MM (cuuras OT MOBEPXHOCTH cepAeuHHKA)
U3 [eMEHTHOrO pacTsopa MapKu He HHXKE 300. Metoauka pacyera
NpemBapPUTENbHO HANPAXKEHHBIX JKene3oBbeToHHEX TPy paspaborana
npod. B. B. MuxaiijoBeiM H €r0 nocheXoBAaTelAMHA.

1 Cm. [32] u [40].
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Pacuer xese3o6eToHHEIX TIPeABAPHTEIbHO HANPAKEHHHYX TPYE
npoussojutcs no 11 npepenvioMy coctosuHIo, OnpenenseMOMyY HOSB-

JEHHeM TpellHH B creHke. [IpH 3ToM DOamHO GBITH VIOBJIETROPEHO
ycaoeHe (1.5), HO B NaHHOM cayuae As pacuyeTHHIX HATPY30K

Mpactl ‘g MTp!
rae M — pactteTHBI! HaruGaloUHR MOMEHT B YNpyrofl crajiuu pabo-
THL TPYOHI, onpelensiemslii o dopmyae (111.30);
M, — npejesbHEIE  MOMeHT, BOCAPHHHMAEMEIH CTEHKOH Tpy6i,
DpH MOsABIeHHH TPeluH; M., onpeaesfioT, HCXOAS H3 CJe-
BYIOIHX NPeanocEI0K:
a) NPHHHMAIOT 3aKOH IJIOCKAX CeueHHH;

6) 3mopy HOPMAJEBHHIX HANPAXEHHH B GeToHe OPHHEMAKT
B BHAE MNPAMOYTONbHHKA ¢ OpAMHAaTaMu R, B pacTsHyTol 30He
H B BHAE TPEYIOIbHHKA B CXKATON 30He;

B} CUHTAIOT, YTO BAIMTHBIH CMOH He MMeeT NPEABAPHTENbHBIX
HANPAKECHUA M YTO OH NPUHMMAET YyYacTHe B paboTe CTEHKH TPYGhl
Ha H3THuG;

I} TPHHHMAIOT ONPEAEeHHYIO BEeJIHIHHY OTHOLIEHHS, XapaxTe-
PHSYIOLLET) TVIACTHYHOCTL GeroHa:

Ec.ﬁ
o =2, .
RP

rae E..q— MOOyNb YNPYrOCTH CaTHX GeTCHHHIX SJ€MCHTOE;
R} — HOPMaTHBHOe CONPOTHBJEHHE GETOHA NPH PACTSIKEHHH;
€y— TNpene/bHOe OTHOCHTENLHOE YAJAWHEHHe (GeTona mpH pac-
TAXEeHHH.
PacuerHuie (hopMyJEl BHIBOASTCE U3 YCJIOBHA pPaBHOBECHA CHA
B TI]J‘:),Z[OJ’IEHOM CEUeHHH TPYOH! M H3 PACCMOTPEHHsT YCJIOBHH AedopMa-
oHH !,

Besnunna npenesbHOrO MOMEHTa NPH TIOABJEHHH TPELIHH B Ge-
TOHE OmpeAetsercs 1o gopmynae

MTP = M My bthp [0129 +0,17 (P %f‘p"_nrp)] y (VI.51)

rie m; — KoappuEeHT ycaoBuil paGoTsl TPYGH, NPHHAMAeMEl pas-
Hum 0,85: -
My — ko3(dULHeHT YCI0BHA paGoTH nJsl COOPHBIX 3/1eMeHTOB,
H3rOTOB/JIAEMLIX H4 3aB0Jax, TIPHHHMAaeMbli paBaumM 1,1;
b — nauHa yuacTka TpyGbl, BhIAeJeHHAS I PACYETd, B CM;
h — TMOJHAA TOMIMHA CTEHKH TPYOHI;
g,mp — NPELBAPHTE/LHOE HANPSXKEHHEe apMaTypH ¢ YUETOM [010-.
TEPhb B Kz/cm?;

s, =R a -—qa
a,np 1 Tax moT ?

! Bupox gopmya cu. s [32].
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k;— Kos()(pULMEHT OXHOPOJHOCTH  [ipeABapHTEAbHOTO  HAMpsH-
JeHHsi apMaryphl, NIPHHHMAEeMblH PaBHBIM 0,9;
gy — VIpEARIbLHOE HALPKeHHe apMaTyphl, KOHTPOMHPYEMOe MPH
HATHMEHHH, B K2/cm?;
— BeJIMUHHA D[OTepH MpeABAPHTEJBHOrO HATAMKEHHSA, MPHHH-
maemas pasuoit 600 xa/cm?;
¢ — K03 (PHIHEHT APMHPOBAHHA:

Fa .
o=

bd

Ul'lO'.I'

F,— niolllafis CIHPa/bHOR NPeRBAPUTEIBHO HanpAXeHHOH apMa-

TYpHL B CM2, OTHeCeHHOH K 1 oM JITMHEL TPYOHI;
d — TOAIIHHA CePACUHHKA B CM;

R,— pacyerHoe COUPOTHBIenke GeToHA IpH pPACTIHCHHH B
Kz/cm?, paBHOE HOPMATHBHOMY CONPOTEBAEHHIO, YMHOKEH-
HOMY Ha K03G®(HIHEHT OIHOPOAHOCTH GeToHa ke = 0,5;

flyp — KO3 PUIHEHT, VUMTHIBAOIIAN BJHsAHHE Hamopa, omnpeie-
ngemblii Mo QopMyae.

— Noaca_ VI.52)
e bhRy ' (

Npacq — PAcueTHOR PaCTATHBAKOLlEE YCHIHE OT JeficTEHA Hanopa
B Ka.

Bejdydaa [peIBaPHTEILHONO HATPAKEHHS apMaryphl, KOHTPO-
JupyeMasi IpH HATAXKEHHH, He NOJKHA NDEBMILATL 0,7¢,, 1. e. 70%
pACUeTHOrO COMPOTHBJIEHUS APMATYDPhl PACTAMEHHIO; PEKOMEH/YeTes
TIPHHKMATB 9,,, = 0,7 g, i

BeJiHuKHa NpeaBapHTE/NBHBIX CXKHMAIOUIAX HANpsKeHuA B Gero-
He CTEHKE CepJeYHHKA C YUYeTOM TOTepb, COCTABJANIIAS

S5 up = ax Fs (V1.53)
He noJXH4 npesbimars 0,7 OT NPHU3MEHHOW TPOYHOCTH feToHa cep-
[EYHMKA K MOMEHTY HABHBKH apMaTtyphl :

Kpome Toro, KenesoGeTOHHHE NPEIBAPHTENBHO HANPSKEHHDIE
Tpy6Bl CIElyeT PAcCUATHIBATE MO HECyIen cnocobuocTH HA ApoOU-
HOCTh 3AMIMTHOCO CJIOS H Ha NPOYHOCTH Cep/leuHHKa Oe3 ygera BHYT-
PEHHEro NABJeHHs, NMOJIB3YACH dopmyaoi (I.1). B nepsom cuayuyae
HecylLas CHoCOGHOCTh CTEWKH ONPefeNfercs CASAYIOmuM BhpPamKe-
HHeM:

h2
Moy = 1, My R“_’le'b_ : (VI.54)
BO BTODOM CJIy4dae:

M, = my 1y (Ry 5= 9g.z) (V1.55)
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rue Ry, ¥ Ry,s — pacuyeTHble CONPOTHRJACHHS 6GeToHa CXaTHIO NpH
Harufe COOTBETCTBEHHO IJA 3AIUHTHOTO CJ0A H
JIIS CcepJeuHHKa, paBHHIE HOPMATHBHOMY CONPO-
THBJIEHHID, YMHOKeHHOMY Ha Koa(ppHUHEHT OJHO-
poauocTh kg = 0,65;.
¢ — TOJIIIHHA 3ALHTHOTO CJOH,

96,np — HPEABADHTEAbHOE HaTpsXeHHe B OeTOHe C yue-
TOM TIOTEDD:

Gﬁl"p = (kl Gﬂ-K - c'I'[()T) P‘ = ca,np P' (VI.56)

Brifiop THna xele300eTOHHON IMpelBaDHTENBHO HATIPAMKEHHOH
TPpY6H NPOH3BOJIHTCS MO YCJIOBHIO:

Py Prpop (VL.57)

3ReCh P, — BEJIHUMHA BHYTPEHHErO I'MJPABJIHYECKOTO NABJIEHHS,
: BHI3HBAIIEr0 00pa30BaHHe TPEIIHH B TPyGe IpH
OTCYTCTBHH ApYyTofl HarPY3KH:

Ty i (1)
R pg | 28 77
P [ 14-0,5 ng

ro b

— Gpor T 300] F,
pﬂ‘p =

, (V1.58)

rie Ry — HOPMATHBHOE COMPOTHR/IEHHe GeTOHA CepleuHHKA B Ka/cm?;
b — nnuHa yyacrtka TPyOHl, paBHas | oa;
7 — OTHOIIEHHe MOAyJAell YIpPYyrocTH CraJH H GeToHa;
fo— pafHyc BHYTPEHHeH IOBEPXHOCTH B CM; :
Prpynp — TPeeAbHOE BHYTPEHHE® THIDPABIHYECKOEe IABJEHHE, KOTO-
poe BeIIepXKHBaerT TpyOa HaHHOrO THIIA OO 0O0Pa30BaHHA
TDellHH B OeTOHe; 5Ta BeJIHYHHA oflpeneiseTcs o tabn. 34
B 3aBHCHMOCCTH OF THNAa TPYOHL.

TatGauua 34
BeanuHHs AaBaenut aax 1py6 (8 aru)
Bux BRYTpeHHEr0 TMAPaB- Tunu Tpy6
AHNECKOPO Aanaeud HX-1 HA-I | HXI | HIKIV HAK-V
Buaupawmwee o06pasosa-
HHE TPelMH (Prp ap) - + - 12 16 20 24 28
Kontponenoe na Boao-
HENPOHAUAEMOCTE (Py) - - - 8 10 12 12 12
Jenycrumoe pabouee (p,) 6 8 10 10 10

Npumep 28!, TMopoGpaTk NJICBiaAb TONMEPEUHOTO CeYeHHH HalpPSKENHOR CIH-
panbHOll ApMaTYpHl H BHOGPATL THI TPYOH BHYTpeHHHM IHaMerpoM Do = 900 sax,
ecAy TONINMHA CTEeHKH TPYObl ¢ 3AWMTHEM cioeM k=100 mm, Tommmha cep-
nequuka o = B0 MM.

Mapka 6etona cepaeynrka 400 (MpOUHOCTH B KOHTDOALHHX KyGmkax 300),
! Ilpumep Baatr w3 ourepatypu [40] ¢ coxpaHeHMeM TONBLKO TeX BLITHC/IEHHE,
KOTOPHE OTHOCATCS K COAepMaHMI0 TaHHOTC pasiesa.
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Mapra fierona Aufi IAWUTHOTO CACH 300, Hanpsaxennas apMarypa B BHIE ey
PaTH H3 NPOBOJMOKK € NPeNesoM TPUUMHOCTH NPH PacTAXERHH gp == 17 000 xefcmd,
PacueTHasl BEPTHKaNbHAH HAFPYSKa, NpUBeIeHHAR K JABYM COCPGAOTOUCHHLIM
cunaM, Ppacy = 4,21 7. PacuerHoe BHYTPEHHES JaBAEHHE Ppacs = 15 aru,
Panuyc cpeumnnofl NMOBepXHOCTH TPyGH
Dk 0,9+0,1
r= = =0 ,5 M.
2 2
»
PacyerThurt Harmbawmul MoMenT no dopmyae (I11.30).
Mpacs = 0,318 Pppeu 7=10 ,318.4,21.0,6 = 0,672 mm.
PacueThoe YOWIH® OT  BHYTPEHEETO  1aBJEHHA
Npacu = Ppacu Fo b= 15.45- 100 == 67 500 Kz = 67,5 m.

BelHunia [PeABaPHTENDHOTO HARPTKEHMST APMATYDH, KOHDPOJHpyeMan npH
HATSKEHRH: ‘

Cax = 0,7c:p = 0,7.17 000 = 11 900 xe/cu®.
[IpaipapuTeNbHoe HaNpsAeRwe B apManype C yUeToM NOTEpb
Sa0p = B1%ax = nor = 0,9-11900 — 600 = 10 100 xz/cu?.
PacueTHOE CONPOTHB/EHHE OETOHA CEPIEUHHKA TIPH PacTAXeHHH
R, =kg Ry =10,5.25=12,5 xzfcx®.

KosdduuuerT, YSHTHBAXNMMA BIAANHE Hailopa IO dopmyne (VI.52):
Npsew _ 67500

bhR, . 100-10-12,5

[pupaBEHBaEM TPeOYeMYI0 BeRMUUHY [PENSABLHOTO MOMEHT4 MpH NOABJEHHN
TpelldH B Gerome pacueTHOMY W3MIGalOlleMy MOMEHTY

M'rp = Mpar.q = §7 200 x2cm
H pemaeM ypasHerne (VI.51) OTHOCHTENBLHO koatpdHIMeHTa apMHPOBARMA

Hyp = 5,4.

Mg ) Kp
= 0,20+ 0,17 55 | 5T =
# ( nyftig bh? Rp 29+ Tirp Ol 17 clil,nl:)
67 200 12,5
= —0,29 0,17,5,4)-»—— =
( 0,85.1,1.100.10%.12,5 + 0,17-10 100

= (0,575 — 0,29 + 0,918) 0,0073 = 0,00877.
Tpefyemasd NROMIALbL TNGIIEPEYHOTO CEYEHHA COHPaJbHOH APMAaTYDH
fa = pbd == 0,00877.100.8 = 7,00 cm®

INpunsita chgpaidb M3 TPOBJIOKH AHaMeTpoM 2,6 MM C IIafOM BHTKA 13 ma.

Ilnn cmpenenenss THOa TPYOn RafkleM no QopMyne (V1.58) Beauynuy
BUYTPEHHEr0 TWPaBAMYLCKOro JABJEHUS, BEISBIBAIOWETO ofpagoBaHHe TpeLl:H

Eq
(mpe sTOM npumaATo & =1 cM; M= = =6]:
6

Gy g (170)
Rg bd - [m_ — Gpor + 300_ Fy _
P = : rpb .

-0,0087 7,01

95.1. 8-} [1:90(;)(1—1—60 608777 — 600 -+ 300] Too

= +90,5-6.9, = 22,7 amu.
45.1
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Ho rada. 34 npunumaem Tpy6y teina HATV, ana xorepolt prpap=24 aru,

IlpoxssooHM INOBepKY Hecylleh crnocofHoctH cTeHxH TpyOel Ha H3THO Oe3
YYeTa BHYTPEHIHErc JABJEHHA.

Hecyuas cnocoSuocTL crewxd TPpyOel M3 YCJIOBHA TNPOYHOCTH 3aHIHTHOrO
C/IOH HA CoxaTde npy uarHGe onpemenderca na gopmynas (VI54) ¥ cpasHmzaertcs
€ BCMHYMHOA pacyeTHOro H3rHOawolerce MOMeHTa

R, bh? 162.100. 102
My = el 7 g 5.1, — =
np = My My 3 ,85.1,1 G*
= 251 000 xzcm > 67 200 xzem,
rie R, = kg Ry ==0,65.250 = 162 xz/cu®,
Hecyimas crnocoOHOCTE CTeHKH TpyOH M3 YCROBHSA [POUHOCTH CepJeYHHKA HA
:caThe npu WaruGe Haxeguted no gopmyne (VI.55):

bh? 00. 102
—=U,85-1,l(210—-—87)1—1— -

2a 2.2
61— — 61—
=%) (==
= 320 000 xacm > 67 200 Kzcm,
Tie R, o, = ks R =0,65.325 = 210 xz/cu?,
,up = Ta,np + = 10 100.0,00877 = 89 kz/ca’.

an=m1m2(Rﬂ_2 — aﬁ’np)

7. Jepessinanle TpyGoi

3achinxa semdiell Jo0yCKaeTes JHLEL LIS TPYGONpOBOIOB JHAMET-
pom go 1000 mm, npudeM BEICOTA 3ACHIIKH HAJ TPYSONPOBOAOM He
JOJXKHA NpeBHINATh 2,0 # 414 TpyBonpeBOACE AHaMerpoM o 600 mm
H 1,5 # 1as rpyGonpoBoros
or 700 po 1000 mm. Hactuy-
Ha® 3acHmKa TpyOOIpoBOA2
0O BREICOTE HE HOIYCKASTCH.

Tlpu mepeceveHnn mepe-
BAHHBIM TPyGONPOBOIOM Ke-
JIE3HEIX H aBTOMOGHJIBHEIX H0-
por HArpy3KH OT HHX He
JOJKHBL  TlepellaBaTbCd  HA
TpyGonposoa. as nepepsin-
HeIX TpyGonposoliop (puc. 99) npuMensieTcss KJeMKa H3 COCHHL, Kel-
pa HIH JUCTBEHHHUBL [l TpySONpPOBOIOB CO CPOKOM CAYKOH 10
10 et nomycKaeTcs MPUMEHEHHE KJETKH M3 eJH.

Ans HesacHTaHHBIX TPyGONPOBOAOE [OJMKHA [PHMEHSTBCH He-
LIIMYHTORAHHAA KJENKA, a JJIs 34CBIIAHHEIX — LINYHTOBaNHA, ToJ-
IUMHA KJeNKH NPHHUMASTCA COTIACHO Taba. 35.

Ba‘Hnamﬂu PACCUHTHIBAIOTCA MO HecyllgH cnocobHOCTH Ha [pod-
HOCTh NPy AefICTBHH BHYTPEHHEro IaB/AeHHA.

Pacuernoe ycuame B GanjaKe onpegensercs no (popMyJam:

a) TIPU PACHETHOM BHYTpPeHHeM JaBJeHHH A0 4,33 aru ¢

Npacu = py b (ry + 1,0 A); (V1.59)

mias

Puc. 99. Jlepepsnuas kienognas Tpyda
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': Ta6auua 356

by

., ToJMHAHA KACTKH

: | By e D Toauuma kaen- | BHy T A Al e
500— 800 40 2 500—2 900 75
900—1 100 42 3 000—3 600 85

1 200—1400 - 50 3 800—4 400 93
1 500—1 800 62 4 600—4 800 a5
4 1 900—2 400 71 5 000

6) npu pacueTHOM BHYTPEHHeM JaBjeHHu Bhilte 4,33 artu
Npacu = Po b (ry + 8h), (V1.60)

rlle po— pacueTHOe BHYTpeHHee fapJjenue B TPyOOMPOBOAS,
b — paccTosHHEe MEXKIY OCSIMH GaHgameHd, KOTOpoe He NOJMKHO
npesplmarts 20 cm;
ro— BHYTpeHHHI pajnyc TpyGonpoBoiA.
Hecymas cnocoGHocTe 6aHAaka Ha PACTiKeHHe COCTABJAET

. . ) wel®

Ny =mR ==, (VL61)

rie R — pacueTHoe COTIPOTHBJEHHe — CTaIM  DACTAKEHHIO (oM.
crp. 156);
d — nrametp Oanjaxa (B npefeiax ot 10 no 33 ma) mo cede-
HHIO, ocaab/eHHOMY Hape3Kol, ecaH MoCAefHAa yCTpOeHa
Ges yTodllerRus xonua GaHgaxa;
m — Ko(DORIMEHT YeaAOBHE PAaGOTEL, KOTOPHIM CICAyeT TPHHH-
maTe paBHEM (,8.

Kpome toro, xuamerp Gangama Ao7KeH Gb(fb MPOBEPEH HA CMS-
THE MOTIEPeK BOJOKOH APEBECHHBl KJCNKH OT HATsXeHHs Camaama:
a) mpu d > 16 mm — no dopmyiie-

ooy = Do R (V1.62)
d{ry+h) -

6) npu d <6 mm — no dopmyne:

— Nuer - p (VL.63)

G = « o
YT WY _

rae N e, — PacueTHoe YCWIHe B OaHAaiKe, HaliieHHoe 1O dopMyJse.

(V1.58) mau (VI.60);

R, oe— PAcueTHOE COTPOTHBJICHHE HA CMATHE IIOTIEPEK  BOJIOKOH

I JpeBeCHHEl KJIeNKH B &2/cm?, UPUHHMAEMOE IS COCHBL M
= 1 . " esu paBHEIM 40 x2fcm?, ans Keapa — 35 xzfcm®, Aot MHCT-

o © BeHHHIL — 50 xelcm?.

& Tliowans ONOPHOR NOBEPXHOCTH GAlIMAKa TAKKe A0IKHA OhITh'
‘& fOpoBepeHa PACYSTOM Ha CMATHe JPEBECHHB! KJIENIKH TOMepex BOJGKOH. .

185.
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8. OnpeneneHue HeCylleH CMOCOGHOCTH TPyD 1O JAHHBIM
MEeXaHHUeCKHX HCOBITAHHM

~ Kax u3BeCTHO, [JIaBHAS Ile1b DACUCTA COCTOHT B TOM, YTGORL NO-
no6parh TAKOE CedeHue CTEHOK TPYO, XOTOpoe rapauTHpoBado Obl kHe-
BOSMOXKHCCTh HACTYIUIEHHS TOTO HJH HHOTO NPENE/]BHONO COCTOSTHHS,
T. €. Gecnepeloiinylo sKCIyaTalHw TpyOGonposoja. ‘
PacueToM NPHXOAHTCA NOJb30BATbCA HE TOJBKO IPH iIPOEKTHPO-
BaHHH, HO TAKMKE H [PH IPHEMKe NaDTHH FOTOBHIX TPy6. B aToM cay-
yde AOJKHA OblTb HaHJeHa BenHuMHA GpaKOBOYHOIO MHHUMYMAa pas-
pyuwalouiell HACPY3KH TIPH HCMBITAHHAX o6pasues TpyO Ha rpecce 1o
TpeM o6pasyiomuM. OOHEMUHO OT Kam/JIoH CoTHU Gepercs 5 o6pasuos.
Eciu nogcuntaHa HPHBENeHHAS K ABYM COCPEIOTOUYEHHBIM CHJAM
CyMMa DacueTHBIX HArPY30K Pp,cy, KOTOPHIM OyAeT noapeprarbes Tpy-
6a UpH SKCIJIyaTalHH, HJIH papuas el Tpefyemasi HeCyulas
CrnocoGHOCTh TPYOHl Pry, Taxkxe NMpHBEJEHHAS K ABYM COCPEAOTOYEH-
HEIM CHJ4M, TO BeJHUHHA GPAKOBOYHOrD MHHHMYMa TIPHOJHMKEHHO
MOXKET GbITb OnpefeseHa no Qopmyae

P
P =——"p .
o = — s (V164)
rie m — koagdhunHeHT yCI0BHA paboTHl  TPYOHL, VJIOMKEHHOH B

3emJe; ‘

k — KO3 QHUHeHT ONHOPOAHOCTH TPYyO IAHHOH TWAPTHH, KOTO-
phifl B TiepBOM NPHOIHKEHHH MOXKeT OBITh MPHHAT PABHLIM
YCTAHOBAGHHOMY HOPMaMi KO03b@HUIMEHTY ORHOPOAHOCTH
MaTepHaJ/a, #3 KOTOPOr0 H3TOTOBJEHH TPYOhi:

LA CTANLHBX TpyG k=10,9+0,85 B 3aBHCHMOCTH OT MAdPKH
cTanm;
=10,6+ 0,5 B 3aBHCHMOCTH OT Kaacca

paGoTH;

ILJSl KAPIHYHBIX TRYO

ana acGecToueMenTHRX Tpy6 £=0,75
InA GeTOHHLIX TPYG k=10,65 = 0,55 B 3aBHCHMOCTH OT MapKH

6eToHa;
1A wenesobeToHHBIX TpY6 &k = 0,75.
IAf KepamHaeckux tpyd k=105
[pu 3aBOACKOM H3TOTOBJGHHHM GETOHHBIX M Kese300eTOHHbIX

1py6 5TH LHMPH MOryT GHITH NoBHIUEHH Ha 10%.

JLas weneaobeTOHHBX TPYO fipHHAT KO3(hQHUIHEHT QNHOPOIHOCTH
HeCKOJBKO MEHBINHH, YeM KO3(h(QuIHeHT OLHODOAHOCTH aPMATYDEL
D10 cAeAHO MCXOAs M3 TOTO, YTO HeCyllas CHOCOGHOCTE TPYG 3aBH-
CHT He TOJBKO OT apMaTyphi, HO TAKMe H OT TONIUHH CTeHOK, KOTOpPhHIE
CaMH MOTYT HMETb OTKJOHEHHS! OT NPOEKTHHIX pa3MEepoB.

Juia Tpy6 M3 MAaCTHYHBIX MATEPHA/0B JeHCTBHTEIbHAS HECyLias
CocOOHOCTh OKA3EIBAETCH 3HAYHTE/IBLHO BhIlE, YeM HAHIEHHAasd pac-
getoM mo ynpyrofl craaud. Ilosromy nipH TpHMeHeHHH (OPMYJIb!
(V1.64) nast mene300eTOHHEIX TPYO mop Ppp, CIeLyeT NOHUMATh He-
Cymyw ¢nocoGHOCTb, HafifleHHYI0 C YueToM MNepepaciipefe/eHHs ycu-
aul 6narofapd nJaacTHYecKHM JAeopManuaM.
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Jlna Tpy6 ns MaTepHasioB, LJs KOTOPHIX He YCTAHOB/IEHO HOpMa-
THBHOE MJM pacueTHOe CONpPOTHBICHHE (KePAMHYECKHX, TOHHAPHEIX;
acGecToleMeHTHEX M JIp.), Hecylllas CIoco6HOCTD IPH AeHCTBHH ABYX
COCPENOTOUEHHBIX CHJ JIOMIKHA ONPEIeNATbCs MO AaHHBIM HCTILITAHUS
o6pa3ios TpyS Ha mpecce 1o gopmyie

Py = P ME, (V1.65)

rae P, — MHHHMAJbHAS Paspyllalolias Harpyska NpH HCOBITAHHAX

ofpasioes TpyO HA mpecce.

Aprmep 29. OO6pasupi, orofpaHHbie H3 NapTHY acGecTONEMEHTHRIX TRYD
(Do = 300 ma; fi =24 M) MOKASANH TIPH HGIRITAHHAX Ha Npecce PaspyUIAomLyIo
Harpyaky ne Hume Pagm = 10000 re. TpeGyerca ONpeAeNHTb, KAKYID BEPTHKANL-
HYlo Harpysky OT SathiTIKH MOMHO AOTIVCTHTL JUis Deefl MapTHH Tpy6 Nps YKIAIKE
HX Ha cTpoHARPOBAHHOE AHO TPAHLIEH.

TlpuanMaeM Koa(OUIHEHT ICPETpYSKH 173 HaBJIEHUA SACEHITKH np=14;
kostuIEenT yeaosull pabors TPYOH m== 0,67 u Ko3pPUIHEAT OIHOPONHOCTH
acBecTomeMeHTH X Tpy6 £ == 0,75

ITo dopmyre (VI.6B) MomHO ONpeIeNHTh HECYILY:D ClocoBHOCTE TPYS @,
YTO TO e caMoe, TIpHBeleHHYIO HATpyaKy

Prp ==tk Pyyy+0,67-0,75.10 000 =5 025 «2.

Jag Tpy6m Do=300 x mo rpaduky puc. 55 koa(OMIHEHT NPHBEACHHS
marpyakn B = 0,615, Tordd nHOpMaTHBHAs (HauBonpuIas LOMYCTHMAR IKCMAYA-
TANHOHHAS) BEPTHKAJLHAA HATPY3KA NpH YKMaLKe B Tpaniliee COCTaBHT

g P 505
e~ mg  1,4-0,615

Bosee ¢Tporce COOTHOLIEHHE MEXLY P, ¥ Py MOXKeT OLITH
yCTAHOBJEHO N0 METONAM TeOpHH BePOATHOCTEH B 3aBHCHMOCTH OT
yHea HMCIBITAHHHX 0O8pA3UOB H Pe3YAbTATOB KAXIOr0 HCMBbITaHMd.

[TycTs uneao TPYS BO BCEH NAPTHH, TIOJYUEHHOH OT 3aBOAA-HAro-
TOBHTENSA, cocTapjder N, 8 UuC/I0 B3ATHX 06pa3uos £ H MyCTh Pas-
pyLlIaollHe HArpy3KH [UIs STHX o6paanos OyAyT:

Plapzspﬁs""Pi!-~'sPn-

Hafinem cpefsee apudMeTHUECKOe PA3pPYLUIAIOUIEX HATPY30K A5
Bcex o0pasilon

= 5836 xz.

i=n

u) PI'
PO — i=1

n

(V1.66)

[To dopMysaM TEOPHH BEPOATHOCTEH HakJleM KO 3 bdbrunent
H3MEeHUUBOCTH (BapHaluu) U MpelejpHOe 3HaYeHHe KO3 &b ¢ u-
LHEeHTa AaCHMMEeTD HH, ONpelessiiOlIie BHIL KPHBOH pachpene-
JIEHHA:

Sy

Cw# — ;

(VL.67)

(V1.68)
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Ipoussenenne ko3 HUHEHTA H3IMEHYHBOCTH HA CpeAHee apud-
METHUECKOE HaeT CpelHee KBalpaTHUecKoe OTKJIOHEHHE HAH CTAHAAPT,

Beposthan necymas cnocoGHOCT, HanGosee caaboil Tpy6w Beefl map-

THH MOXKeT OHITh ONpefeneHa no GopMyJae:
Py =1(aC,+ 1} P, (V1.69)

rie g -— x05QGdHUHEHT OTK/JIOHEHHS OpPJIMHATH KPHBOH ofiecrieden-
HOCTH OT CepeJHHEl, HAXOAAUIHACA B 3aBHCHUMOCTH OT Xa-
pakTepa KpHBOH pacnpefeseHHd, or Bednudusl C, H OT
yHCaa TPYS Beell MapTHH, ONpere/sIIOUIEro CTENeHb Ofece-
yeHHOCTH. O6LIYHO NPHHHMAKT @& = -—3.

Jomyckasa, uwro pacnpegefende NPOYHOCTHBIX — X4PAKTEPHCTHK
Tpy6 MOAUMHARTCA 3aKoHY KpwBo# Pocrepa, ABASWILEMYyCS Gosee
ofuM, 4eM HOpMaJbHOE pacupenenesne Taycca, MOKHO NOAB3OBATE-
cs Ttaba., 36 (Pocrepa), HCKOAA, HANPAMEDP, U3 00eCHeYeHHOCTH
99%, ®oTOopas oTBedaeT ogHOH TpyGe ma 100 mT.

TaGnuuma 36
KosthdunuenTl a OTKAOHEHWS ODIHHAT KPHBOH OGECNEYEHHOCTH OT CepPeRRHH

Ce 0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

1 ]

a —2,33( —2,18| —2,03| —1,88] —1,74| ~ 1,59 —1,45| —1,32

lMpononxkenne ra6a. 36

Cs 1,6 1,8 2,0 2,2 9.4 2.6 2,8 3,0

a —1,19| —1,08| —0,99| —0,90| —0,83| —0,77| —0,7}| —0,67

Ot snavenus P,;, nalleHHOro 10 KPHBOH paclpeleseHHs, HyX-
HO OTHHTH TOINPABKY, MAPAHTHPYIOMIYIO OT BO3MOXHOCTH NpPOCYETa B
CTOPOHY TpeyBelHUeHHS BHIUHCAAEMON Hecyinell CIOCOGHOCTH:

AP==li£zl/’1-+iﬁ. (VL.70)
. l n 2

"Mpumep 30. TpeGyerca YCTAHOBHTE HAaHMeHBINYIO HECYULYH) CHOCOGHOCTE
naptud TpyS, uucao Kotopex cocrasiafser N =100 wr., N0 JMAHHHM HCNBITARHA
Ha mpecce n =5 o6pasuoB, NJA KOTOPLIX YCTAHOBJIEHH CISLYIOUIHE PaspyIIaw-
mue Harpysks: Py=4780 k2, F,=4805 k2, P3==5020 x2, P,=4680 xe,
P5=4700 KBmPMHH‘

Cpennee apHdMeTHUeCKOe PA3pYWIAIIIAX HATPY30K AMA 0G6paanom

4 7504 80545 0204 6804 700
o =
5

= 4791 xz.
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Kosddmpenr mamenunsocru o popmyre (VIET):

0,00631
Cy =]/-~——-———-4 =0,0395 ~ 49%.

Kosthuunenar acummerpsn H3 cooTHoweHHs (VI.68):
Co=20,=2.0,04=0,08.

Io taBa. 36 no uuTepUONAUKH HAXOMHM g = —2,27.

HawMenniuag BeposiTHas RHecyllas CMocoSHOCTE TPYOW Beell flaprhH 1o
dopmyne (VI.69):

Pap=(—2,27-0,04 + 1)4 791 = 4 350 xa.

llonpaska, rapawmmpylowas oT FPOCUET2 B CTOPOHY NPEYBETHUCHHS Hecylled
enocofrocT uo dopmyne (VI70): .

P 2 .0.04 . 2
AP:—%%1/1+5-=3@£glk/l+5£==
Vn _.2 V5 2

—85,3.1,89 == 161 xz.

TaGnuuma 27
Paapymaroitue Harpyskn pas 1py0 H3 PasHbix MaTepHaN0B

B:,:g“:;! Eﬁﬂefgé"é’r}’ . HenezobeToHEMEe GesHANOPHLE E:;iﬁ%:iﬂ‘: eT;yaﬁlﬁ-
By Tpes- 6432-53) Tpybu (FOCT 6482-53) (FOCT 286- 54)
Hx::rg HB:, Hauboab- | paspyuiare- “ggﬁ,‘:;’;’g’f n%ﬁ;;;gx;;a;etﬁ HanGoaw- | pA3pyAO-
B MM wag ToxA- wag Ha- wag ToJ- Was Ha-
P I I B R |

125 -— — — - — — 18 —
150 30 2 200 —_ — — — 19 2000
200 40 2 500 — — — — 20 2000
260 50 2800 — — — - 22 2000
300 60 3100 40 |3 000 50 5 800 25 2500
350 GO 3500 40 | 3400 50 5900 28 2 500
400 70 3800 50 {3600 60 6100 30 2500
450 — — — - — — 34 2500
500 80 4 300 60 | 3800 70 6 500 36 3000
550 — — — — — — 39 3000
600 90 4 800 60 |4 000 80 7 000 41 3000

700 — — 70 (4200 90 7 500 — —

800 — —_ 80 |4 500 10O 7 800 — —

900 — - 90 (4800 | 110 8200 — —

1 000 — — 100 {5200 | 120 9 000 —_ —

1200 — — 120 (5800 | 140 | 10000 — —

1500 — — 140 16300 | 160 11 000 — —

i
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HauMeHbas TapaHTHPOBAHWAA Hecyllas clOcOGHOCTH TPYGR BCEH NapTHH
Pyp = 4350 161 = 4 189 we.

KosdHupenT OAHOPOJAHOCTH TapThM TPyé B YCAOBHAX [AHIOTO GpEMEpa
COCTABJIAET

Prp 4189
Pyws 4680

ko= = 0,805.

B Tta6a. 37 npusedenbl OPAaKOBOUYHBIE MHHHMYMBl paspyulaloliux
HATpY30K i 06pasnos TPYG ¥s pasHEIX MAaTepHANOB, YCTAHOBJEH-
nete coorsercrayomumMH T'OCT.

Tlpu THAPABJAMUECKHX HCIBITAHHAX TPYObl AOJKHBI BEACPKHBATH

TaKOe BHYTpEHHee AaBileHue (B aTw):
GETOHHBIE M IKEJe306eTOHHble TPpyGu HOPMaibHOH
NPOYHOCTH . . . .-

weae3obeToHnbie TPYOH NOBLIUIGNHOR NPOTHOCTH . -
kepaMuueckue TPyOB . . . . . . - e e e e - s

B — O
oo

)
r
L]

B 3aKfOuYcHHE OTMETHM GOJBIIYI) BaXKHOCTh AA/IbHEHIIEro
HCCAelOBAHMS IEHCTRHTEJBHEIX YCJAOBHA padotsl TpyG, YAOKEHHBIX
‘B 3eMJIe H YTOUHEHHS MeTOJOB KX pacyera.
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