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Opunoxos K. T. Pacuer camonera Ha npoyuocth, M,
«MauinnocTpoenne», 1973, 392 «, i

B aacrombem yvueOHOM [OCOSHH [PHBEACHH MCTOIBL
pacueTa OCHOBHHX wacrefi camoqeta ua upounocrn, Pac-
CMOTDEHM €HOCoGBl ONPefleiCHUA HArPY30K, ACHCTRYIOIINY
Ha CAMONeT, BX PDAcHpeledeBHN M YPARHOBEUIHBANMS,

HManomenhl MeTORB pacueTa NPAMOre H CTPEIOBHAHOIOD
TOHKOCTEHHOIMO KpPBla KdK B o0J4CTH cBOOOAKhX Aednp-
Maluil, TAK ¥ B 30BAX 3afelKH, BHPE30B, V3NOE PAiLCMa.
[Tokazansl UPHOMIL! Ofpelefe¢HHn HAODDAMKEHHOTG COCTON-
FHA HATPYMEHHOrs TOHKOCTERHOTC KpHnra npy HepaBHo-
MepHOM Harpepe, OCBeMMeHH oOCOOEHHOCTA pacueTa Ha
NpefcnbEYI0 HeCYInYl  cleCOBHOCTD,

B kupre paun peKoOMeHAANMH 0o paciery KpPUILCE
Ma70rG VIJUHEHEAS MHOTOJIOHXEDOHHHWK TOHKOCTEHHLX &
MOROJNTHHIX, B Y94CTHOCTH, TPEYTOJBHEX, :

HanoixeEL MeroAbl pacyera Ma NPOUHOCTE LIACTH CAMO-
neTa H AMODTH3HPYIOILHX YCTPOHCTB,

Coennantida [M1aBa [OCBALIEEA aspoOyNPYIOCTH; B Hed
paccmoTpesnt YUPYTHe KodteQaHxad Kpblda TaHna goaries,
JAHBEPreHIHA H PEeREpe 3MEepOHOB, ONHCHBAKITCH CMOCO0s!
fiaTaHCHPOBKH Pyaedl B Ap.

KHHFa npeouaskaueHa B KagecTBe yucOWOTO [I0CoGRE
JMA CTYIEHTOR ABHATHOHEHX BY308 H (AKYJILTETOR,

Tagn. 12. Ha. 381. Cancok aur. 35 gasB.

;euenﬁeur Kadenpa npounoctH jerarvelbhblx annaparoE
H.

Hayunmii pejakrop kaHi. Texd. Hayk B. A. Bywakos
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[1PEAHCAOBHE .k

Kypc pacuera caMmoJeTa Ha BPOYHOCTL ABJAAETCS CNENUATBHLIM
PasienoM CTPOHTEIBHOH MEXanHKH. ' '

B ofmEX XypcaXx TEOPHH YAPYTOCTH, CONPOTHBJCHHS Marepua-
JOB H CTPONTE/bHON MeXaHWKW PELIAIOTCH 3ARaYd  OHpenejenus
HaNpPs#KeHHOTO # JeQOPMHPOBARNOID COCTOSIHHH YIpYTrOro Teéia Hid
Ha oCHOBe OGLIMX THIIOTe3 M3JATAIOTCS Meroflbl pacyeTa Hieasu3u-
pOBAHHBIX AeMCHTOB KOHCTPYKUMi — cTepEKued, 520K, 0JaCTHHOK,
ofoaoiuex, ,

B xypce pacuera caMoJieTa Ha MPOYHOCTb, OCHOBAHHOM. HA yka-
3aHHblX BHIDE KypCax, H3ydyalTed cheuH(nueckMe METOLAH pacuera
caMOJETHEX KOHCTpyKUuA. IIpu 3TOM mnpelnojaraercd, 4ro OCHOB-
HBIMH 3a/ayaMil SBAKIOTCH ONpejeseHse HArpyXKEeHus, BBIIBICHNAE
CHJIOBO{ cXeMbl KOHCTPYKLMH, FOCTaHOBKa ¥ OOOCHOBARKE OCHOBHBIX
FHIOTE3, H M3ydeHHe METOROB DPAcyera KOHKPETHHIX THIOBRIX KOH-
CTPYKUHH CaMOReTa. : ‘

B CBA3M C NEPEXOOM K CBEPX3BYKOBHIM CKOPOCTAM MOJETA BO3-
pOCAH TPeGOBANHS K NPOYHOCTH H KECTKOCTH CAMOJeTa IipH MiHH-
ManbHOE Macce KOHCTPYKIMM H OTPAHMUCHEEIX rafapurax OCHOB-
HDIX arperaToB B [NOSBHIACH HeOOXOIHMOCTS Goaee TIMATENLHOTO
pacueTa ero Ha IPOYHOCTb, OITOMY 3Ta 0ONACTb CTPOHTEALION ME-
XanukH, GHICTPO PA3BHBasACch, npHOGpesna cnenpduIecKEl Xapakrep
# BRILEANSACD B CHECHFAJBHBIE e¢ pA3TeN.

CoBpeMeHHBe METOAB pacdera caMojera Ha NPedHocT: B OC-

' HOBHOM OMHPAIOTCS] HA TEDPRIO PACYeTd TOBKOCTEHHBIX KOHCTPYK-

nufl, paspaboTaHHY® COBETCKHMH YH€HBIMH B. H. DBennepniM,
B. 3. BuacoBum, B. ®. BoaxosnTHHOBEM, A A, YMaHCKHM,
A. M. Uepemyxunsim, JI. M: Banabyxon, C. H. Kanom, H. A. Csep-
nnosoiv, M. @. OGpasnossu u 4p.

QOcuoBHas poib B paspaGoTie H BHEIPEHUN NPAKTHISCKHX METO-
OB pacuera H KCHBTARAH CaMOJETHBIX KOHCTPYKIMHM NpHHAIAC-
SKHT KOJUICKTHBAM ABHANHOHHEIX HAayUHO-MCCJeJOBATEIbCKHX Opra-
HU3AMHAA ¥ ONBITHO-KOHCTPYKTOPCKuX §10po.

Cunamn 5mix opradusaugii 1 OKD Hin 1ojl HX PYKOBOACTROM
npopefleHtl OGWHPHEIE TEOPETHIECKHE ¥ SKCICPHMEHTAIbHLE gecie-
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AoBaMusl HAarpyXKeHuil caMosieTa B IpoLecce 3KCILYATALMH, HOIRO-

- AMBIIHE COPMYJIHPOBATH OCHOBHOH NS pacueTa Ha NPOYHOCTL 4

‘moxyment «Hopmal npousodtu camonetors.

B nacrosiieff kuHre o¢HOBHCE BHHMAaHHe yieasercd MeTONAM

pacuera COBPEMEHHOIO TOHKCCTEHHOFO KpBJa, Kak HauGoiee cre-
UHDHIECKOro arperata CcaMOJeTHO# KOHCTPYKUMH. KpaTtke ocBe-
A0TCA TAKKE BOOPOCH pacdera MOHOJIMTHOFO KPHid H KPHITBER
MAaJoTo YAJHHEeHHd,

Tlpu uamoxenus MeTOMOB pacuera ORepeHHs H (loseasxa,
NPCACTABIAAIIIEX Cob0f Te Xe TOHKOCTEHHHe Hecywne Ganakd, oc-
BCIIAIOTCH JHMIEb BOOPOCH, He PACCMOTPEHHEE B pasiene KpHAa.

FlprBesedn MeTOAHN pacyeTa KpHJa H QIoseiskKa B 30HE Pagb- - R
€Ma H TeMUepaTYpHWX Hanpsxenu#. Kpome roro, aamm cnocobsr
OUpEfeNenHs] TeMNEPATYPHHX HaANDAXEHHHA B HArPYKEHHBIX . KOH- -

CTPYKIEAX, noABepHECHHBIX 'Hepannouepnqmy 23pCAHHaAMHAYCCKOMY

Harpesy. IlpensoxeHa METONMKAZ pACYeTA HEMOABHKHON 94CTBH -
OHepeHkA C YYeTOM BO3MYIIEHHH, BH3BAHHLIX NPHACKEHHEM GOJb-

ITHX IO BeJAHYHHE CHJ B Y3MaX HAaBeCKH pyJid.

Tipremnl pacuera ulaccH A2IOTCH NPHMEHHTENLEO K THNOBHIM

KOHCTDYKTHBHMM CXeMaM H KOHCTPYRTHBHBIM 3/eMEHTAM, TRKEM KiK.

TIOAKOCH, OCHOBHASA CTOHAKA, PHIAAT U T. A. 3HaYATEAbHOE BHEMARHE.

yHAeJeHO pacuery aMmopTdsaTopa ¢ NMOCTOAHHMM OTBEPCTHEM, Npe-

LeNbHOTO. XOA LITOKA ¢ YY9eTOM (ODMBI XKpUBOH 00KaTHs, pacyery . |

o6parHoro xofia. JEOCTATOMHO HOMPOGHO. OCBeNleHH HEKOTOPHE BO-
OpOCH. a3pOYIPYrOCTH.

Bce 3aMeyaHNs B NOXeJAAHHA 110 KHHTe NPocbba Hanpaaﬂﬂﬁ_
no axpecy: Mocksa, B-78, 1-i Bacmanuuf nep., a. 3, H3natenbcTBO

«MamsnocTpoennes,

:._-_'f.:.ﬂaBJ'IEHHH (puc. 1. 1).

f.FABA I _ _
HATPY)KEHHE CAMOJIETA

.11, HATPY3KH CAMOJIETA. HOPMbE IPOYHOCTH

" Jlasn pacuéra. caMoseTa Ha NPOYHOCTS IpeiEpe Bcero HeoGxomu-

‘MC 3HaHHe XeRCTBYIONMX Ha Hero Harpyaok. OZHAKO HaTpyskH,
" HeHCTBYIOUMe HA arperathl CaMoJ€ra, HeloCTOSHAH Bq"'B'pe_MeHK.- -
;OHN H3IMeHAKTCA B 3ABHCHMOCTH OT PeXHMA H YCIOBHE - MOAGTA
. (Bamera, mocajru). IlpH 5TOM H3MEHZeTCS HE TOJABLKO BEJIHUHHA °
Wi, HO W RX HanpaBJeEHe W XApakTep Pacnpe/eVieHHs IO MOBEPX- .
" “HOCTH arperara. R o -
- PacCMOTPHM HEKOTOPHE XapaKTepHHE MOMEHTH NOJNETA CAMO-
< JIeTa. . . : . . .

B paBnoMepHOM ropnsoaré-.ubuom moJiere CHAM, JERCTBYIOIRHE

‘. Ha camonxeT, HaxofsTcH B pasnopecnu. Ha camoser 8 srou cayaae |
| JefiCTRYIOT CAELYIOIIHE CHIBE

1. TloABeMuan chaa kpuaa Po, pacnpefeNeHRas No ero MoBepx-

‘HocTH. PaBHojeficTByIOWas STOR HArpyaK® MPHIMKEHA B nenr_pe.-

9. TloxwemHas CHAA POPH3OHTANLHOTC onepenss Pr o, ypapHoBe: .

© [YBAKOIAS MOMEHT CHJI OTHOCHTENBHO OCH 2, NPOXORAIMEH wepes
| UEHTP THAXKECTH CAMOJeTa. ' ' L

3. Cuna Taru aesrarenis To..

4. Cuna AoGOBOro conpoTHeienus Qo.
5. Bec camonera G. - ' B __ .
Onnaxo HArpy3xH, AeficTBYIOINHe HA TOPH3OHTAJNBHOE ONEPEHHE - .

S Pr o, Mans N0 CPABHEHHI C MOXBEMHEOR cn_.n_oﬁ xpma,_ NosTOMY
. JAS VUPOMeHHA aHAKH3A HMH MOXHO NpeHefpedb. OJHOBPEMEHHO -
. GyAeM MOJAATATh, UTO PABHOREACTRYIOMHEE ASPONMHAMHUECKAX CHE -~
'§ TATH RBHTaTenell TIPOXOBAT depe3 NEHTP TAXECTH CAMOICTA, &
| fara JBMrATeASH, KpOME TOrO, NApa/inelbHa BEXTOPY CKopoctd Vo

- (puc. 1. 2}, : :

‘W3 ycaosuit paBHOBeCH;I g L
P,=G; Q=T¢u - 1.1y~

“g, e, B DABHOMEDHOM TODHIOHTAJBHOM TOJleTe NOXBEMHAA CHAA .

KpHLIA paBHA BECY CAMOAETA,"




B yCr0BHAX HEpPaBHOMEPHOTO KPHBOJHHEAHOTO mogera B oOweM
Clyyae HE DAaBHOBECHS CHJ, HH PaBHOBECHS MOMCHTOB, AEACTBYIO-
IIHX 71a caMoJjieT, Ve He GyneT. HeypaBHoBelIeHHBEe COCTABISAIO-
mpEe CHJI H MOMEHTOB OYAYT BLI3LIBATb JIHHEAHLIE W YIIOBBIE YCKO-
peHusL.

by

Puc. 1.2,

_MounycraM, ure camoler CoBepIldeT HEPABHOMEPHLIA KDHBOJIH-
HeiflHblil Noer B BEpTHKaNbHOM MIccKeeTH, Llenrp Taxecty erc omu-
CblB@eT HexoTopylo Kpreyi A—A (puc. 1. 3) C UeHTpOCTpeMHTETb-
HBIM YCKOPEHHEM [y H YCKOPEHHEM N0 TPaeKTOpHH [ Camoger spa-
maeTcss NPH 3TOM OTHOCHTENBHO OCH Z, TPOXOAAILEH UCpe3 HEHTD

THMECTH, C YIVIOBHIM YCKQPEeHHEM .

B mepBoM NpHGIMKEHHE MOKHO PACCMATDHBARTH [BWXCIME Ca-

MOJNETA NO TPaekTOPHH KAK MaTepHAJBHOR TOUKH ¢ MAaccol, pasa
HOR Macce camosera. Toria ypaBHeHHs JBHKEHHA B CKOPOCTHOR
CHCTEMe KOODAMHAT 3AMHIIYTCA TAK:

P4 Tsine—GeosP = —Z—jy;

—Q+ Tcosa+Gsinp = %;}.

3neck £ —YCKOpeHHEe CMALI THKECTH;
P, Q — nogheMHag cuaa H J060BOE CONPOTHB/CHHE;
p — yron HarJoHA TPaeKTOPHH.

YKasaHHEIe HAaPPY3KH PAcCMATPHBAIOTCA B CKOPOCTHOH, MAH NO-
TOUHO#H, CHCTeMe KOOPXHHAT, B KOTOPO# OCb X Napassiefibia BEKTOpY
cxopocta V. ' ' '

B - ¢cBf3anHOH CHCTEMe KOOpPIH-
HAT OCE X JMECTKO cBA3ada € Ca-
MOJETOM, T. €. CBA3AHHBIE OCH IO- -
BepPRYTH OTHOCHTEJABHO NOTOUHBIX
Ha Vrol aTakd .

Ecawm yroa atakd « CYHTATDL RO~
cTaTouno ~ MankM, TO sina==0,
cos q== 1, pasnHyMA MemTy aspo-
AHHAMAYECKHMU CHJaMH B OCHX,
CBAZAHHEIX C CAMOJIETOM, H CKODO-
CTHBIX OCAX CTAHOBATCH HECYUIECT-
BeNbiMY H YPaBHEHUS MOTYT GHThL
34THUCAHLL TaK: '

P—Geosp= %j,; (1.2)

—Q+4 T+ Gsinp= %—,‘}- {1.3)

MN3BeCTHO, UTO LEHTPOCTPEMUTEAbHOE YCKOPEHHE

. -y
fyz_r_v

rae V -— CKOpOCTh 110 TPAGKTOPHH; S
r ~- pajKRyC KPHBHIHEE TPAEKTOPHH.
TaHreHUHaAbHOR YCKOPeHHE
' i = dv .
d
Ecan B ypaBuennax (1. 2}, (1.3) BHACIUTb WICHH, 3ABHCALLIHE
OT Beca camOlieTa, H OTHECTH HX K €r0 BEJHUHHE, MOJYUUM

P ye . '
o =g Tomh (1.4
T—Q __ 1 & o

T T sin . (1.5)

Ornolledye BHEHIHHX CHA, ZEACTBYIONIHX HA CAMOUIET, K €ro Be-
€Y Ha3WBaLTCH MEepPerpysKol,

¥



®
]
A
d
i

_ PaccmarpuBas NpOeKIUHH CHI HA OCH £ W ¢, NIOXYIUM neperpya—.-’- -
KM B HaNpaBJieHHH COOTBETCTEYIOLIHX OceH

pe T—
S T —G—Q. | (1.6)

Ha ocuopanun nepsold dopmyan (1.6) MOXHO 1aTh onpe eie-
HEe Jleperpys3ok B HaﬂpaBJIEHHH OCcH I} K3K OTHDIHEHKE HOH’I‘:EMHOH

CHJIH B K]JHBOJIHHQHHOM MIOJIETE K lIOI.(’beMHOff CRAC B ropnaon"ra.:xh-
HOM TOJIeTe, TAK KAX N0 YPABHEHMIO . {1. 1) osa paBHa Becy camo-

Jnera.
MaxcuMaBHO BOSMOKHAS H3 MCPEFPY3OK WpPH COBEPLICHHN L2H-
HOTO MAHEBPA HASHBAETCS IKCIYATAUHOHHOH Ueperpysxod.

) [leperpysxu ABASIOTCH OAHOA H3 BAKHEANIMX XapaKTepPHCTHK.
o ocamonera, TAK K&g, Cc OIEHOH CTOPQHEI, OHU xapamepnayror erp Ma-

" HempeHHOCTD [cM. dopmyan (1.4), (1.5)}} a ¢ Apyro# —- no3BOASIOT

. . NMOCTATOYHO HpoCTO ONMpeneaATk MACCOBLEIE CHIBI OTAEIbLHBIX SneMEH-

TOB KOHCTPYKUHH, PeUb O KOTOPHIX Hofizer HHXKe.
Jlas uANOCTpalMA TpuBeleM NpHMepHHe SHAYeHHA MaKCHManb-

HhIX SKCHJI}’BT&HJIOHHHX NepErpy3ox HEKOTOPHX THHOB camoﬂe'ron*_' :

nerm?menpeuuuﬁ..;-......;....'..7—9.-'
JIeTKEA cnopoc’ruuﬁ nacca:xnpmmﬁ e e e e e e e 45
CpeREHIl NacCAKRPCKHE 3——4

TR naccamnpcmﬁ

CJIBJI}’ET 3aMEeTHTE, ITO ueperpyai{ﬂ Ha OTACAbHEIC YAaCTH CaMO-

C e e e s e ae 235

| JIeTa MOTYT OTAMYETBHCH OT PACCMOTpeHEHX Boimue. Jlelo B TOM, ¥TO
.. MH 70 CHX NOD PACCMATPHBAJH JBHMCHAC CAMOJNETA KaK MATEpH- -
. aubuof roukd. Ha camoMm mene HeoOXOAHMO elie yYecrh BpameHue
" ero MpH ABHAEHHH MO KPUBOMUHEAHOH TPACKTOPHU OTHOCHTENRHO

. UeHTPa ‘Mdce ¢ YIVIOBHM YCKOpEHHEM © {cm. pmc. 1. 3). Torna
| JHHERHOE YCKOpeHHe TOUKH B, . pacrnofoxeHHOH 6aMaKo K ocH ¥,
. MOMeT OHTb HpROAMNERHO 3aNMUCAHO TAK: .

iﬁy»:h_mxﬁ *

| @ 3HAUEHME TIEPErpysKH B TOUKe B H3MEHHTCH 'HA BEIHIHHY

ARyB ==

Kpome Toro, HexKOTOpas HOEDABKA IOJKHA 6HTh BHECEHA -3a
CyYeT yOpyrux KogeOaHHl Xopnyca caMosieTd H BOSHHKAIOLHX

. BCAIEACTBHAE 3TOIC MECTHBIX YCKOpeHHH. v

B cBizH ¢ STHM NPH JKCHEPHMEHTATBHOM H3YYEHHH HEPErpysoK
BechbMa CylleCTBEHHEIM OKa3HBaeTcd BONPOC O Mecre YCTEHOBKH
IATUNKOB YCKODPEHHH — axkcexepoMerpos. Bo-mepBHX, HX Caedyer
yCTAHABAKBATh BOIMOKHO On¥xe K IEHTPY TSKECTH CaMOJera,
qro6H yCTpPAaHATh BO3AeficTBHE HA HHX YFJOBRIX YCKOpeHHH, BO-BTO-

8

pblx YCTAHABAMBATE B MECTaX HaHMEHBITHX ycxopémm BHSB&HHHX.
. YRPYIHMH KOAeSaHHAME, — B Y3/Jax. KoaeOaxui. _

. Onpenenenne ¢opm # yanos ‘KoneGaAHAR HBIAETCH aanaﬁeﬁ- h
¢TIy aAbHOTo KYpoa — aapoypyroGTh.

Bonpoc 0 HArpyskax CaMOJAETAa SBJSETCH HPeAMETOM oﬁmup-'
HHX TEODEeTHYEeCKHX H . SKCAEPHMERTAABHBIX ~ HecaefoBaHufl, Mx
IeNb — YCTAHOBATh TE YCAOBHA H PEXHMEH IOJNCTa CaMOJETa, NPH -

- KOTODHEIX AA4 TeX WIH HHHX aTrperaToB Wan ydacTed CaMOieToB BOB—__'_ .

MOXKHO BOIHMKHOBEHRE ONACHHX HarpyXKeHHH.
Peaynerat atofi Honpmofi paGoTH CBONATCHA B cneunanbﬂuﬁ

" BOKYMeHT «HopMH NMPOYHOCTH CaMOJeroB», JTHAM JOKYMEHTOM per-

JAMEHTHPYETCH BEHUNHA, HANPABJCHHE M XaPAKTED pacHpefcHeHns

| HATPY30K Ha OTALNbHHE t!'acm caMwieta B pasAHYHMWX YCAOBRAX

noue*ra :
‘PeskuMu u- yc.uonm none'ra OpH KOTOPHX BO3MOMHLI ONACHHIE 3
Harpy)xeﬂna OTHEALHHX gdcTefi MAH SAEMEHTOB KOHCTPYKIHH CaMO-
AGTa, Ha3RBalOTCH pacqemhmu caydaaMna H OﬁOSHa‘Ia}{}TCH ny-.'
aam{ o

_ Ec.;rm aaa paSHHX arperaTos pacqerumu ABISETCS OZHH H TOT
e cnyual, oH ofosnagaercs B «Hopmax» o,mnamsoﬁ 6y1mon c "

© pASAUYHEIMH HHASKCAMH.

Paccmotpum 6emo JHIHb HEKOTOPHE H3 HAX. :
" Cayual A—KpyroauHelHHN NOJET B BEPTHEANBHON MIOCKO-

'cm IPH YI7ie aTakd, COOTBETCTBYIOINEM MﬁKCHM&J’ihHOMY K03¢¢n~

LHEHTY IOXBEMHOR CHIKLL
IxCANyaTANHOHHEA NEPErpyska B 3TOM . c.nyqae Maanma.ribuas

Cayuaft A'— kpusoanneliunit noner s BepPTHKANBHOR MAOCKD-
CTH Ha CKOPOCTH, COOTBETCTRYIOLEEH MAKCHMANLHOMY (:Kopocmouy

HABOPY §max mex NHKHDOBAHWS HJH INaHHDOBAHHA.

OKCIAYATANMORRAA NEPErpYsKa 3feCh TAKKE MAKCHMATbHAN.
3701 caywall OTAHTAETCH OT npenunymero XapaxTepoM pacnpene-

. EHAs HarpysKH N0 KPEIY.

- Cnyuaf B gpHBOAMECRHLI no:ze'r B Bepmxa.nbnoﬁ TOCKO-
CTH Ha CKOPOCTH, COOTBETCTBYIOMEH MaKCHMa#gbLHOMY cxbpocmomy"
HANODY Gmaxmax, C MEPEIPYSKOR, B [ABa Da3d MeHbIDeH, qu B
cnydanx A u A’, B ¢ OTKACHEHHKMH SJEPOHAMU.

Cnyusai c— NHKHPOBAHHE C OTK/JOHERHBIMH 3NEPOHAMH HA -

CKOPOCTH, COOTBETCTBYIOTIEH fmaxmex. LIORBEMHYIO CHAY KpHL1#
MOMHAO CUMTATh PaBHOA Ky, KpEJIO HAPPYMEHO TOJBKC 3HATH-
TEABHBIMH KPYTAINHMA MOMEHTAMH.

‘Cayuah D— xpEsonnuelsHR OfET B BEPTHKANLEON MAOCKO-
CTH Ha yrJie 2Tay¥ KPHJIA COOTBETCTBYIOIUIEM MaKCHEMAaAbHOMY NO .
aBCOMIOTHON BeJHUHHE OTPHIATE/ILHOMY K0obDRIHeATY ROABEM-
HOf, cHAH (—Cy) max, C MaXcHManpHOR ofpaTHOR neperpysuof.

Cayuan D' —xprsonnaefHuf nojser B BePTHKANLHOA TJAOCKO-
cTH. B& CckopoctH, coorsercrBylomief 0,8 ¢max max. Kostp(pamlenm
agcmywaunonaoﬁ neperpysxk TE XK€, 9TO 4 B cnyqae D. _
¥




Mu He ByAem 3sgech nepeckasmBath <«HODMBI  HPOYHOCTH>.
310T 06A3aTE/ bHBH JOKYMEHT I0JaraeTcsd H3yuaTb H HCHOJb30BATH
HEeMOCPEeACTREHHO M0 MOVIKRPHKY M NOTOMY KPaTKOE H3JA0XEHHE ero
cofepXanna B yueGHOM HOCOGMH efBa Ju uenecoolpasHo.

Ha puc. 1. 4 nokasaHa NYHKTHPOM TPacKTOPHsS IOJeTA CAMO-
Jera, Ha KoTopoll OyKkpamu o0O3HAYCHB pACYETHBIe CAy4aH, BO3-
MOXKHHE HA TOM WJIH HHOM ee YIACTKe.
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Puc, 14, . Puc. 15.

-Ha pue. 1.5 cxemarpgno H3o0pamen CaMoJleT B COCTOAHHH
supaxa 0es CHHXeHHA. B 3ToM ciyuae BEPTHKAJbHBE HATPY3KH
CcaMoJeTa JOJKHE OHTH YPaBHOEEIIEeHH, T. €. C

Feosy—G=10.
Orcioa HaliieM NeperpyaKy JAJs 9TOT0 cayuasd
' P 1
n=—= .
~ { cosy

[Teperpyskd camoJeTa BOSHHKAKT TAKXKE IPH BCTpeEe ¢ IOTO-
KOM BO3/(yXa, MMEIOUIHM HeXOTOPYIo CKOpOoCTh. [lomycTHM, dTO Ca-
MOJIeT MTHOBEHHO ¥3 CIOROHHON cpelw Bomlea B IOTOK ¢ BepTH-
KaJbHOR ckopocteio @ (pmc. 1. 6). Cymmapmas ckopocTs Haberai:
lero TOToKa ByeT B 370M cryuae V= Vo, Tax kax Vo> w, Ho yroda
aTakd KpbL1a YBEIMYUTCH Ha Awrs 7“’ Cle0BATEALHG, NTOIBEM-

1]
HAa® CHJA 3aldWercd Tak:

Fi oV
P= (ot Graa)s
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.perary.

H IHOCKOJIBKY

2
eVo
€S =0,
_ 2
neperpyzua Oyner pasia _
dey wSpV,

ne=lt g =g

[lo waxpoMy cayuam HOPMAaMH TIPOMHOCTH COBEPHIEHHO CTPOLO
3a0al0TCH IKCIAYATALHOHHAS HArpyska Ha COOTBETCTBYHMUHE -ar-
perarsl caMoJeTa, € HANPABJACHHE H 3aKOH pacHpeleNeHHA Ho ar-
hd L

F

RERAARERES

Puc, 1.6,

Huxe [aBy NpHMepHble BeJHYHHBl MEPErpY30K HpH BBLINOJHEHHH

- Ha caMoJieTe cbaryp BHICEICTO IMHACTAZKA:

Goepoft paspoper . , . . . . . 4—5  merns Heereposa . . . ., , .3—6

crMpanh . .. . . . .. .. .3—4 romymemx .. ... vooee A5
BOMKA . o . . s v v 4.« . .%D mmomop ..., ..... c. .23
MHOrOKpaTHas Gouka . , . . . . 5—T7 BHPAXE « « . » 4 o o . . ., . 9D

1.2. PACHET HA PA3PYHWIAIOWMHE HATPY3KH.
KO3¢&UUHEHT BE3OMACHOCTH. PACYETHAS
NEPETPY3KA :

Ha prc. 1. 7 nso0paskena TIPUMepHas AHATPAMMA PACTHAKCHHS.

‘3ech Opm— Npejen TPONOPUHOHAABHOCTH, Op —TIPENER TEKYTECTH
_ (ABHO BHpa)keHHOM IVIOLIAAKE TeKydeCTH MOXer H He OHTb),

Osp~—— BPEMEHHOE (paspyliaroliee} HaUPSKEHHE.

B xypce conmpOTHBJEHHS MaTEPHAIOB W3IAArAIOTCA METOAB pac-
yera COOPYKEHHH TO AONYCKAECMBIM HalpPsHKeHHEAM. '

Tlo vauGOALIIHEM HATPY3KaM, KOTOpHE [NOAXKBO EbilepXkaTh co-
opyXeHHe, HAXONATCA ASHCTBYIOUINe B HeM HANPHKEHMST G H CPAB-
HHBAIOTCH C HONYCKAEMBIM Gpou.

i
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HoamHO GHTb G Ogon. [1PH STOM 33 Ggon NPHHHMEETCH HANPA-
- ‘meuue, NpeAcTaBIAomce COGOR HEKOTOPY XOJI OT Orf WIH Czp.
Jlinst onpefe eHHOCTH NOAPHHAN:

i Opp
n

O-J[OH -

Kos®duuueur n ofecleinBaeT 3ANAC N0 HAOPAXCHHAM H Ha-
3LIBAETCS 3ANACOM NPORHOLTL, . :
BuiGop 5Toro KOS@GhHIMEHTa 3ABHCHT OT MHOTHX O0OCTOATRILCTB
paGorhl xoHcTpykinH. Ha 3ToM Mb ocrasaBiupaTeca He GyneM.
L OTtMeTuM Jullib, 910 AJA KOHCTPYXUHE o8-
el ' Iero  MAWMHEQOCTPORHHA  OH  YCTAHOB-
' aer 3—05.

crpyKuus GyleT uMeTb A-KpaTHHfl 3amnac
IPOULOCTH.
Byzer nn NpH TAKOM pacyere TOT iKe

_kam? B ofueM ciyiae, KGHEYHO, HeT.
Ecam 6ol MaTepHana, #3 KOTOPOro Ccle-
J2HO COOpYXeHue, HMeJ- JuHeAHyW AHa-
rpaMMy o TIO & Ha BCEM IHanazoHe nedop-
. MAIHH e J0 paspylueHHs (CM. TyHKTHPHYK
. : " apAMyi0 Ha prc. 1.7}, Mbl MOTJIH OBl yTBep-
 JaTb, YTO NPH M3MEHEHWH HATPY3KH B R pad BO CTOJBKO XKe pas
' H3MEeHHIOTCHA BCe HaNpAXeHHs B KOHCTPYKUMM. B stroM cayvae 3a-

Pue. 17.

HACH NMPOYHOCTH MO HANPSXEHHAM M HarpyskaM Obliu Obl PABHBL. -

B meficTBUTENbEOCTH 3TOTC He NOAyuHTcA. llgarpaMMa ¢ no &

npejcrapiser colof CJOXKHYH KPHBYK H TOTOMY IIpH HAarpyske,

BH3biBAIOmeR Heynpyri#e AedOpMANEH, B KOHCTPYKOHM OYIET 1po-
' HCXONHTh Nepepaciipese/eHie HampsiKeHun#, TOA00He HAlPFKEHHO-
' TO COCTOSIHMS HAPYINHTCH M C/ACJOBATENbHO, He OyAeT COG/HOAAThCH
_ TIpOEOPUMOHAABHOCTb MEXJY HATPYSKOR H HaNpaKeBHAMH. _

TaknM o0pasoM, pacuer KOHCTPYRIHH IO JIONYCKAeMBIM I2mps-

HKEHUAM He TO3BOJHET CTPOTO CYAHTH O 3amace MPOJHOCTH €& MO
HATPY3KAM, 2 OPAKTHUECKEH HHTEPEC MPEeACTABAACT HMEHHO 3TOYF

3anac,

Kik yXKe OTMeuakoch, Paxrop BeCa KOHCTPYKLIHH B CaMOAETO-
CTPORNEH SIBNSAETCH OCOJEHHO BaXKHBIM, OHPEIEMTIOLIMM. Ectec-
BEHHO CTPEMJIEHHE HE OCTABAATb B STHX KOHCTPYKHHAX H3JTHIIHHX
santa¢os npouHocTd. [T03TOMY NPH KOHCTPYHPOBAHHHM CaMOJICTd BH-
Supaercss HamMeHbIHMA KosbdumMent sapmaca BpOYHOCTH, obecme-

qHBAIOIIMH HAAEAKHOCTD Coopyxenns. OH NOXKEH OBITH NPLKE BCE-

rO TAKAM, uTOGHl B HpoUecce 3KCINIYATAIMH B KOHCTPYKLMH HE HO-
ABAAAKCH, OCTATOURHe Jedopmal#u. Viyadue roBopsd, HanpsXeHud,
B0SHUKAIOLIAE B KOHCTPYKUHH NPH SKCIJIYATAOMOHHEIX HATPY3KAX,
NTONKHbB HAXOAHTECA B Npelefax JHHEAHOTO YYacTKa AHATPAMMH G
no e.

12

CaefoBaTesIbHO, 1O IARPFMENIHAM KOH-

3anac NnpovHOCTH COGPYMXeHHH Mo Harpya- -

.- M3 sTHx conpakenull BoTydAeTCA MUHHMAABHHEN KOthQHIHEHT

.:;aﬁach ‘1,3—2 B 3aBHCHMOCTH OT TNPOACAKHTENLHOCTH  JIBRCTBHRA
_Marpysky # MOBTOPSAEMOCTH B OPOLNECCe SKCINIYATALHH,

Jas KpATKOBpEMeHHBIX, PeXKO CHYYAIOLIHXCH Harpysox Gepet-

ot MenbwHE kosdmnment (1,5), 1as wacTo NOBTODHIOHXCA H -
. HeHCTBYIOWMX NPONOJIKHTEJNbHOE BpeMsl Harpysok  kosQ(HUHEHT -
JIPHBEMAETCHA PABHHIM 2.

Taxum o6pasoM, B CaMOMETOCTPOEHHH KO3(pHIHEHTH aqnaca
3HAUKTEJbHO MEHBUIe, YeM B OfIleM MAITHHOCTPOEHHH B CTPOHTEAb-

cree. Benuunna sTRX k03(@HINEHTOB CTPOro Onpejelesa HOPMaMH

j1ze] xamgomy PAcUCTHOMY CAYHAal0.

Tak, Haupnumep, B caygasx A, D §oéq3f.pﬂunem 1,5, B ciyuasx

"B, C.goabdunuenr 2. Heoﬁxonnmocm’ CTPOro ofecleunTs ‘HOPMH-
. PyeMuifi 2anac OPOYHOCTH H CTPEMJCHHG HE IEPETSIKENATHL KOHCT-.

DYKIHH 3aCTAaBHIH KOHCTDYKTOPOB OTKA3aThCH OT pacyera o Jio-

' MYCKAEMBIM HANDIMEHHAM ¥ NIPHBEAM K HJee DacueTa Ha paspy-
- WawiHe HarpyskH. Toasko Takofi pacuer MosBoAsier CYAHTH O 3&-
 Hace NPOYHOCTH H3LENHA IO HarpysKaM, BO3MOXKHHIM B 3KCHAyara-

IHH. :

McTuHubIM '3a0acOM HPOTHOCTH KOHCTPYKUMM GYMET, OuCBHAHO,

© QTHOIN@HHEe pa3pyLIaoliell Harpyakd, NOJYYeHMHOli NPH CTaTHYECKEX

AIUX B NOJeTe '

MCAMTAHHAX TOTOBOM KOHCTDYKHHAH, K MAKCHMAaJbHOHA H3 LeHcTBYIO-

T]:-“‘ PPaaP .

P;eﬂc’m .
. Onnako NpH NPOCKTHPOBAHHY CAMOJETA, KOTjAd HeT BOAIMOKHO- -

- CTH. HPOBECTH, CTATHYECKHE HCHOBLITAHHS, BBOLHTCS HEKOTOPHE VCAGB:

‘HBH sanmac NpodHOCTH f, HasHBaeMmull xoagpuguenton Oesonacno-
- eTi, Kosdppruuent Gea0nacHOCTH BBOAHTCH HENOCPERCTBEHHO. B Ba-
- TPYSRY - '

P, =[P,

rile P, — SKCTIYaTallMOHHAY HATPYSKaA. .
-~ Koshpunuenr OesonacHOCTH 33BHCHT OT MHOTHX  (aKTODOB,

' HAOpUMep, ZOCTOBEPHOCTH 3HAHHS BHEHIHMX HATPYIOR H TeMueépa-

TYPHLIX IIOjeH, BaxKHOCTH XAHHOLO ATCPEraTa, YPOBHA NPOHIBOACT-

* BEEHHEIX U TEXHONOTMYECKHX ROMYCKOB M T. &. - :

THosnyuennaa TakuM NyTeM HATpy3Ka HasHBaerca pacierHod, :
H& a1y narpyszy ¥ DpOH3BOAHTCH: pACYET KOHCTPYKUNH, a KPH- .
TEepHEM ee MNPOYHOLTH CTABHTCH YCJAOBHE : -

O < Opaap-

311eCh Opasp — PAIPYLAIOWLe HANPANEHLE IAEMEHTO KOHCTPYK-

. IHH. :

TIps .onpeneneHHd 3KCIVIyaTalEOHHOH HArpy3KH €amMojeTa Mbl

Aonbayemca xo5PAUNUENTOM SKCOAYATAUMOHHEOE Neperpyskd fg.

Hns népexona x pacyeTHOH MH YMHOXKAEM HarpysKy emle Aa Kosd-
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dunucEr GesonacHocrn [ HanpuMep, craTHyecsasn narpyzxa KphLia
B PABIOMEPHOM TODH3CHTAJBHOM MGCJIETE paBiid Ry Torjg skcmaya-
[AMONHAA HATPY3KA B TON UAH HMHOM DACUETIOM Caydac Oyner

Ra == naRo!
a COOTBCTCTBy}OmaH pacueTHas }IHYPYSKa
Rp = fnaRus
;
HJIH ‘
Ry == nyRy.

3nech fip— Ko3d@uuuenT pacueTHON NEPerpysky.

Takum o6pasom, ko3(pdHIHCHTOM Ge30MacKOCTH f opn pacyere
H4 paspYHIANONIYIO HArPY3KY (PHKCHpYeTCs, BO CKOABKO Das Daspy-
Iaomas HATPY3IKA A KOHCTPYKUHM JMOJXHA NPEBOCXOANTL 34-
JAWHYID SKCLAYATATHOHHYIO.

Pacuer KORCTPYKIEH Ha paspyllaiiiee HarpyKeHHe Npelcras-
et coboll BecbMa CAOXKHYI0 TipobiaeMy. HenrHeRHAA 3aBHCHMOCT®
Hanpaxendii or AedOpMAaNHil, BOIMOKHOCTL LOTEPH YCTOHYHBOCTH
PSAOM SAEMEHTOR KOHCTPYKIMH CHABHO YCAOXHACT —€¢ CHJIOBYIO
cxeMy. Bo MHOrRX ¢xyuasx 370 DPHBOAHT K BeOBXOIHMOCTH HpPHB-
Texath MOMOJHATEAbHBE THOOTe3b H Opuberars ¥ MeTONaM foc-
NelOBaTeNbHbIX NPUOTHKEHHH,

B ycaopusax $UsMIecKH HeluHeHROH 3ajauy NPEMEHEHHE [IpHH-
HMIa HEe3aBACHMOCTH AeHCTBHS CHJI He SIBARETCA 060CHOBAHHEIM.
Onnako B DOACKAX TPHCANMEHHHX PellleNnit ero KOAYAc NPHXOLHT
cs mpEBAeKaTh, B 9THX CIyuasX CAELYeT HMETh B BHAY YCJAOBHOCTB

Takoro NpHeMa X UpH HeoOXOZHMOCTH YTOUHATh  PELLEHHS nocJe-

HoBaTeIbHEEMH NPHOIHKEHHAMH. .

Bee pacuersl camojiera Ha HPOYHOCTS, ABSIOUIMECH TeoperHIe-
CKEM 0OCCHOBARHEM HAMEXHOCTH KOHCTPYKIHY, B 00f134TEbHOM JIO-
pslxe NPOBEPSIOTCH IKCUCPHMERTOM Ha roTooM majenud b jiaGo-
pATOPHEIX YCHOBHAX. (CTATHUECKHMH HenblTanuAMu). B mpouecce
CTATHYECKMX HCHBITARWE TPOUBOJARTCA TIHATENBHOE KecnenoBanue
noas Hanpsxenni K jAedopmManAil KOHCTPYKIHH NpH Harpys3gax,
He TPEEHIIAKLIEX 3SKCIJyaTalMOHBbE, 3areM Harpymxenue gon-
CTPYKUHF YBEJHYHBAETCS [0 €e paspyllenHd. TaerM oﬁpasom Epo-
BepseTCA OCHOBNAA XAPAKTEPHCTHKA CTATHYCCKOH NPOUHOCTH KOU-
CTPYRUMH — WCTHHHBIA 3aMac TPOUHOCTH 1O HAFPY3KaM. \

Takyro OGBEKTHBHYIO MpPOBEPKY HOMYCKALT TOJBKO PAacuer ﬂue
paspyulatoline HanpixeHus. TofbKO B STOM ClyTae COQTBETCTEHE
pacueTHol H YCTAHOBJEHHOH  SKCTIEPHMEHTANbIIO paspyLIanICH
Harpysok GyMeT KpHTepHeM OBOCHOBAHEOCTH H NpPABHILHOCTH pac-
qu??épman-tﬁ [POUROCTH BPELyCMaTPEBAIOTCH TAKKE HEOOXOIEMBIC
pacdeThl W MEPONPHATHA AN obecrieuelnsl camofery Ge30NacHo-

oTH B OTHOWIEHHH (aTrepa, peBepea U AUBEPTeHI.
14

‘cKOB MexauukH npukupny JlanamGe-

3

i;’S. YPABII:IOBEHJHBAHHE CAMOJETA

L

OcHoBEMM YCAOBHEM TEOPHH YNDYTOCTH W OCHOBAHHBIX Ha Hel
JHCHANJINE: SRASETCS YCJOBHe DABHOBECHS NOBEPXHOCTEHX H BHYT-
penax cua. OueBMIHO, TO e CAMOE AOMKHO GHITh BLIMOJAHEHO OPH
pacyeTe Ha APOYHOCTH caMonera. Ho ecnu paccMaTpusaTh BHeITHHE
CHJH, AeHCTBYIOLIHe HA CAMOJET B [OjleTe, TO OHH, KAax IPABHAO,
ORA3LIBAIOTCH HeypaABHOBeMeHHEIMH, DTO ® INOHATHO, TaK Kayx Ha-
HGOJbIIee HArPYXKEHME CAMOJIT HCILTHBAET NPH DASINMHBIX Ma-
HeBpaX B Bosayxe M, BOJHIM 3eMJH.
M B ToM U B ApYyroM caydae caMoser
H OT[elblible ero arpérarnl 6yayT Ha-
XOAWUTBCA B COCTOSHHH YCKODEHHOTO,
JBHKeHns, T. €. BMECTO CTATHYECKOrG
paBHopecHA cJefoBado G paccMart-
pHBaTh ypaBHeHHs IBHXKEHHA CaMo-
Jnera Kak TBep,ILCI[‘O TéJa.

OFEHAKG MOKHO pacCMATPHBATL H
CTATHUECKOE PABHGBECHE ero, eciH
K @efcTBYOINUM HATPY3KaM A0GaBHTH
COTVIACHO H3BECTHOMY K3 TeoperHuye-

pa HeKGTOpHE (HKTHBHHE — HHEPIH-
OHHBIE CHJIB, DABHHE [0 BEJHYHHE
POH3BEEeHHI0 Macch Kaxaof mare-
pHaNbHOR TOYKH CHCTEMBl Ha ee JIH- :
HeflHOe YCKODeHHe M TPOTHBONONOMKHO €My Hanpasaernsie, Ilpo
Iedypa onpegeseHHa 7O BedHYHHe W HanpaBJeHHIO THX HHepUH-
OHHHIX CHJ H BBeJeHHA HX B CHCTEMY CHJI, AeficTBYIOIINX Ha caMo-
JI€T, ¥ Ha3HIBAETCH YPABHOBENIHBAHHEM. '
PaccMOTPHM DNPHEMH YPABHOBEIIHBAHHS CAMOJIETA, MOJIOMKHB

Puc. 1.8

. TIOK4, UTO OH ABHXETCH B BepTHMKAALHOR muockocTd Oy (puc. 1.8),

# OpPHHAMAs BO BHHMAaHHE JHIFb GAaKTOPH, CYLXECTBEHHO BAHSAIOMHE
H2a HATrpyXeHHe KOHCTPYKIHH. '

ITo HOpMaM TpPOYHOCTH HAMH CNpPE]C/CHH M0 BEAHUHHE M Ham-
PaBJeHHIO a’POJHHAMMYECCKAE HArpy3KH, ReHCTBYIOLIHE Ha Hero,
CHJIEl ¥ MOMEHTH JABHTAreds. CURTaeM TAKKe H3BECTHHIMH Beca
BCEX 3JIEMEHTOB KOHCTPYKHUH CAMOMETA H HAXOIAINMXCH.HA HeM -
TPY30B, & TAKKe KOOPAUHATH NPHJIOKEHHA BCEX NePEYHC/IEHHEIX
CHJL

InaBHble nedarpanbHEE OCH.caMogaeTa x, y. HanomuuM, yro 3
3THX OCAX HMEIT MECTO COOTHOUIEHAA : '

2m1x¢.= 0; Em,-yi == 0; Zm,-'x;y; =0, (1.7)

G .
BIIECb mn; = — Macchl OTAEJBHBIX 3MeMEeHTOB KOHCTPYKIEHH CaMO-
g -

JeTa UM CPy30s; -
X4, Yi — KOOPAHPATH HX LEHTPOR THMKCCTH.

15
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: VCAOBMMCH COCTABAAIONIHE CHJ, MOMEHTOB, YCKOPeHHE CUMTATE
MOSOKHTEJRHBEIME, eCJAR O HaNpAaBJCHLL B CTOPORY TIOICHHTEIL-
" uo#t ocu. Bexrop MoMenta QyNeM CTPOHT: MO NPABHIY PypaBuiKa.
B sToM caywae KoMOCHeHT mMoMenra M, OT CHAbl ¢ COCTABAAIO-
“mumu X;, Y. peflerryiomiell B TOUKE Xi, Yi, 3AAHIUETCA TAK:

M, =—Xp +Yix,

3anummeM Temepb YpaBHEHWs NBHKEHWA TEHTPA TAXKECTH CAMO-
' |

JeTa | ) .
EX‘ + EGX" = foo; EY‘ + EG#: = ijﬂ ’ (1.8)

o Bpallléﬂl’lﬂ CAMOJIETA OTHOCHTEABHO QCH Z

M, =J0, (1.9)

3mece nXi ZYi ZMy— cyMEHR [pOeKUHIT BHEITHHX CHI,

feficTBYIOIRX Ra caMoser (He BEJIOUAH Bec), M MOMeEHT HX
OTHOCHTENBHO OCH Z;

: G,;,  2G,— cyMMa COCTAaBJWIOUIHX Beca OTASb-
HBIX 3JI€MEHTOB CHCTEMH, IpHeM : : .
© 3G, = Gcosa; EG,; = Grosh, _ (1.10}

' rae @ B — yIABL OCeR X M g € BEPTHKAMLIO,
' G — ofiuui Bec camonera;

. o X . G ]
M — macca Beefl cucremsl; M = rE

jxt, jyo — COCTABARIOMHE TIOCTYRATENBHOrO YCKODERHA e
© " Tpa Macc CHCTEMBL;

a2 2y
CJy=32m (ki -y)
MOMEHRT HHEpIJ.HK MacC CHCTEeMHE OTHOCHETENEHO OCH <,

@, —YyIJIOBOE YCKOPEHHE BPAUIEHHA CAMOJETA OTHOCHTERBHO meH-
Tpa Mace.

B dopmyne (1. 9) #e Buucatu MOMEHTH OT COCTaBJSIONIEX CHA

- peca. OHM O6PAINAIOTC B HYAB, TAK KAK OCb Z RERTPAAbHATA (1.7).

Jlvmefinoe yeKOpeHAe OTAEAbLHOH FOUKM n CHONHTCH, oqenunuo:
H3 yCKOPEHHs: HOCTYHATeALHOTO H YCKOpeHHS 32 CUeT BpalleHHus 07~
HOCHTENbHO HEHTPA TAXKECTH BCefl CHCTEMBI .

fzn = lxo =" DsYns fyn = Jyo + @z Xy (1.11} g
. 3,H\et:b HE quTHBaK}TCH H3‘33_ HX MANOCTH HEHTPOCTPEMHTE'-JIB‘.Z_;-;
Hbe YCKOEHES BPAUIEHES CAMOJETa OTHOCHTEJBHO UEHTPA TIME: -

CTH. a .
" Ylomerasams B (1.11) mMpoeKNHH YCKOPeHRHH H3 (1.,"8) n (1.9)
H Y4ATHIBAA (1.10), noayuu™ coOCTaBJAKIIHE JHEEHHOTO YCKO-
peHEsl B TOUKE 7] .
. 2X;+Geosx M
]Xﬂ= M Jz
i6 ’ S ae

T¥; 4 G cos My .

-

Yo . Iyn

z

‘Ha ee JipefiHOe yCKOpeNHEe ¢ OGPaTHHM 3HAKO

_ PHAMbHOR TouXM B Beell cere

§0z. 3ammuem ux 6es BhiBOnA:

_ 'Baoémm,ue B CHCTeMy néﬁéu*symiuﬂx :.c‘ﬁ.n-
HanamGepa uHepmHOHABE chm pasHn Macce

. . D .
COCTABNAWIAX Py | PO OMH 32IHIIYTCH Tak:

PP 2Xi4-Geosa

== =
G.

Grs =+ Gny:; ‘_E*M',E ;]
| | J;
Pg;_r— i+ GeosP

' mzﬁ [
G Gn - ana -

! z
Sannceias dopmyan (1.12),

. GHCARTENAX K B 3HAMEHATERAX M
TIOZTOMY

* 2 2

| J2 = 26, {x] + y?).
 Paccmarpusan ypasuenns
UHOHHBIX CHJ, MOXHO BHILG/NHTE rpymomy

H B I Mbi, SARACHINYIO OT HX. MACCH H PAB-
Hy®0O :;:ym_me COOTBETCTBYIOHIEH WHEDUHOHEOH CHNM M CHAL "u?meé
CTH., ITY TPYROY CHA NPHHATO HAIMPATE MaAccOBHMU, ' '
Tax:
pP g I I
R =PutGyeosa; Pl =P 4 G,cosP.
Honcrasnan ciona (1. 12), noayuny

S F: ;;yn el == e i} J—
: @ x m TG + G, — G, "'—""Jff .
| (1.14)

: azamGepa BHYTPeHHKE .YCHANSA KOH-
HHH TOXAECTBEHHH C HCTHRHBIMH,

. HMEIOLUEMH MECTO B COCTOAANE ABHMKEHUS,

CoBepireHso anazorn MY T
IYHO MOTYT OHTL MOJyge -
CHPENENEHUSA MACCOBHX CHJI 1ipH }J;n tomers oI K

. ‘TY, M ) 37, |
P;‘:l-—""'__a‘_Gn +Gazn' :I; Pz:ﬂ:""—._-z_g_"Gn_Gnyn EMf -
x : .
i _ . - 1.15)
Id TAK K¢ ——IpH ABHMEHHH B NJoCKOCTE x0z- ( : >
o iz M '
—_-. i e ZX . ’
ng"‘- G Gn"l"ana 7 P:f’l:'_'f_(';;igu'_.'anzxiﬁ%i‘

4

Ar

MH OIHOBDEMEHHO 32MEHHJH M B .
ECCH&%CODTBQTCTBYDL{[HN{H BECAME, -

{113
CTaTHKH ¢ yUeTOM QHKTMBHEIX MHEp-. . =
CHA Ang KampgoR Mare- - -

COTTACHO - APHHBHITY . =
TOYKH, YMHOKEHHOM
M. CaenosateasHo,

h

‘(1.1'2; o

: .

COCTARAAIOMIMX MacCOBble CHAL B HAlLeM cayuae 3anﬂ1ﬁma: B

IMOJIET Noj AeACTBHeM moBepx-~ . -
(1. 14) 6ymer maxomutses » paBHO-- -

HIKEHAH CAMOJICTA B [AOCKOCTH: - C

p, o
15




¢

@opMaNbHO NOAYUCHHBIE BHIPAXKEHUS MOKHO o6BbeHEATL TAK,
%T0 OTHAeNbHBe PACCMOTPEHRBIE UACTHEE CJ1yuau JABHMKEeHHA ¢aMoaera
6yayT conepxarhed B 2THX dopmynax. Ioayyum

TX; oMy, My
iL:'——"G_‘Gn—Gn[ :;y 2,,"—*—*.,—5 Yul>
. o F i
sY, =M. My L .
Pp=—=LG,—G,| =Ex,— =22 (1.17)
G J J
. -4 X ]
37 M, EM
Pr= i —G - "L
2 G » F:] ‘rx yn J; n._

B uacTHBIX CIyuasx JBHMEHHS caMomeTd, paccMaTpUBaeMbix B
HOpMaxX IPOYHOCTH, HMEeTcH B BHAY BpalleHHe caMoJjera OTHOCH-
reneHo oxnoR us ocefi. ClemoBartenpno, ABa KOMIOHEHTAa CyMMap-
HOTO MOMEHTA M , 110 KpafiHe#t Mepe, 0JHA COCTABAAIILAA CyMMap-
HOfl CHAB oOpamalores B Hyab. Mu monyuaem us (1. 17) sanncan-
Huie panee dopnyas (1. 14), (1.15), (1. 16}. -

} Pcp Pun

Puc. 1.9

Jas mpumepa paccMOTPHM JBHKEHHE CaMOJeTa B BEPTHKAJb-
woit maockoctH (puc. 1.9), KOrAA BCe MOMEHTH  yPaBHOBENICHEHE
IlycTh mOAbeMHASA CHJA CAMOJIETa, BKJI09as NOJBEMHYIO CHJTY TODH-
soHTANBHOTO onepennd, 6yaer P, a n06osoe conporusaeHue Q. Mz
dopmyn (1.14) sanplieM ¢ y1eTOM NpaBuja 3HAKOB!

Q . —P P
Prxnﬂ="'_G_Gﬂ' PE:;:-—-.G nz?Gn'

OTCI0fa BHAHO, ITO MACCOBHE CHJIH B 3TOM Cjyuae MOTYT OHTb
OYeHb MPOCTO BHUHCJAEHDl, €C/IM H3BeCTHA Tieperpyska B JIaHHOM Ha-
npaBIeHnH: '

T -
_ = — G Pp=n,G,.

B sToM cayuae MacCOBLIe CHJAB 3aBUCHAT TOJNBKO OT Beca TOUKH I
He 23aBHCAT ©OT KOODJIHHAT €e.

Paccmorpuym eme oxus mpumep (pue. 1.10). Bee cuasl v po-
MEHTH YDPABIIOBENIEHN, 34 HCKIIOYEHHEM MOMEHTa OT 3IEpOHOB
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M,; (moa M,; TOAPA3yMeBaeTCH TOABKO HeyPaBHOBEUICHHAs 44CTh
MOMEHTE 3JEPOHOB).
HUs dopumya (1. 15}

Eng :'-—Mm.
G, Gntin
Pg:l = nZ:; {(— Moy = —G'y,_' {(— M,,).
5 Iy

B IpaKTHYeCKMX PACUCTaX CYHTAKTCHA JO3BOJEHHBIMA JajkfeH-
IiHe YUpOUleHHs BHPAXKEHWH 15 YPaBHOBELIWBAIOULHX HATPY3OK. .
B o5bYHBIX CAMOJCTHHX KOHCTPYKIMAX pasHoc Mace o ocH j,

Puc. 1.10. Puc. 111

KdK TpaBuao, OLIBAET BecbMa Mads 10 CPaBHEHHI0 ¢ KOOpAHHA-
TAMH X M 2, NOSTOMY HONYCTHMO CUHTaTh Yn~v(. Toria B Hamem
IpUMepe NOJYdHb:

. = 0; P$=mﬂ—ii0,,z,,,
Ty
npuuen Jy = 5G, 2], TaK Kak ga=0.
B sTom ciydae B KamAoH TOYKe GYHAeT CBOA Meperpyska B Ham-
paB/IeHHY OCH Y:
MSJI

+*

ny; == Z{,

X

a MaccoBHE CHIL OYAYT TPONOPLHOHANLHEL CTATHIECKOMY MO-
Menty Beca Toukd (puc. I 11).

14. HATPY)XKEHHE KPbUJIA

t.4.1. Onpenededne ¥ pacnpejercHne
BO3AYWHOH HAarTPy3KH Kpblia

Kak yie 6bl10 CKa3aHO pawbllle, HarpyHeHHE KpPbLIa 33a1aeTCs
HopMaMu, MMH M clleflyeT PYKOBOJCTEOBATBCA, BHIAB/IAA HAIPYXKeHHE
KpHIJA DIEPER €70 PacyeToM. :

1%
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‘3zech MH AHIIL OYeHb KPATKO PaccKa)eM O Xapakrepe/paGotst
IIPH YCTAHOBJ/ICHKH NOBEPXHOCFHOH Harpy3kH H MacCOBHIX GHJ.
: HsBectho, yTo noXbeMHaj CHJIa -Kpoula onpexneaseres $hop-
- MYJIoi '

P-¢,8 P‘; , o (L18)

ople ¢y — KosthdHHHERT NoABEMHOK CHABI Kpblia;
S — aontanb Kpoisa;

_ng_ — CKOPOCTHOH HAIOP.
Jas toro 4rodbl HCJAROCTRIO ONPelesdHTh XapaxTep NarpymXeH s

Kpblila, HYXKHO 331aTh ABE H3 Tpex BesHyHH P, Cyr %, ¢BA3AH-

HEX ¢ PeXHMOM mojeTa, YIMeHHO Tak M CAeNaHo B HOpMax. 3a-

ZACTCH IKCIAYATAUMOHHAS HEPerpy3ka. B HATUPABJAEHHH HOLBLEMHOH-

“CHJH M, @ TEM CAMBIM Y 3KCHAYATAliMOHHAA NOTBEMHSS CHIa
' Py =nG (1.19
" {snecs G-— noneTHHH Bec caMosera) H aEGO €y, AUGO CKOPOCTHOM
. Hanop. : ' -
Tak, B cayuae A, nampumep, perIaMeuTHDYETCR fo=flomax H
-(:y=6y IBAY- .
Hz dopmyant (1.18) maxonures cxopocTHOH HANloD
. pi* % max G
2 €y mas S

[fo sazamnoMy ¢y (B AaHHOM cJy4de Cymax) OHpeleNAeTCH

 YTOJ aTaKu. S )
i . Ve )
B npyrux caydanx (manpumep, A’, DY) sanaetcs ng u-—p2 . Ilo
.¢opmyae (1.18) Toraa onpeaeasercs ¢y, a HO HEMY H YTOJ ATAKH.
Pacnpensnersie HOABEMHOHR CHILL MO DPAa3sMaxy Kpbila PeKOMeH-
Eyercsi HPOH3BOIUTL B COOTBETCTEHHU C.JAHHBIMA {IpoAysok. B oM
. CJyuae, KOTAa TaKHX NPOAYBOK HeT, ACGHYCKAeTcs HCIO/b30BaHEe
TEOPeTHMECKHX IHPHEMOB Aa3DONMHAMEKH HJH CHeHalbHBIX rpadH-
.KOB, peKOMeHIyeMbiXx EHopMmamH. [loroHnas noijbeMaan cHla Kph:
Aa Iy B J000M CEYEHRH [0 a3POAHHAMHUSCKOH TEOPUH TOHKQIG
npodEas Moxer ORTE 3allMcaHa TaK:
. pVS X
ty = cyccqbceq -1 T . (1-20)
TO& £y ces — KOdDdUusenT nojbeMHOR CHARL B A2HHOM CEYCHHH;
Beew — HJIHHA COOTBETCTBYIOILEH XODIBL
[Tonvemuas cana Beero Kpoaa (1.19) ¢ nomottsio (1.18) ompe-
Jenurcsa popMynon

nG =¢,8 %’— .
26

Onpellelip 0TCIO}a CKOPOCTHON HaNop

A7
2 eyS '

moacrapuy B (1.20), IpHHAB BO BHEMaHHE, UTO
S = byl

(smech bop — cpeamsa XOpAa Kpauia; L — pasmax).
. Torga '

£ Cyceqbce‘x naG - (1'21]

. I ! ¥ cybep L

-'Mi:r U K dopmylie, KOTOpYS [O3BOMAET DaCHPEeNUTh
33AaHHYVIO NONBEMUYIO CHJAY N0 PasMaxXy KpHJaa,
JIerko BUjeTh, UTO BeJBYHHA

LE 1.22
L - (1.22)

. . oo .
ecTh CpeXHMAs NOFOHHAS HArPy3Ka KPHJIA, a NpoOHH Ge3pasMepHsil
xo3¢pHOMEnT TPH Hell XapaKTepuayeT HCPaBEOMEPHOCTDL HHDPKYAd-

. UMM 10 PA3MAXY.

O6osnaunm ;
F . c}l ce!bcew
Y -
OTHOCHTeALHYIO WHPKYJIAIMIO B CEYEHHH KPDIIa, TAK YTO
: N A it
2 JFI‘dz =1,
1]

Ter_iepr;_ ti):opMyna (i.21) SaNAMeTcA TaK:

' G
t, =12,
4 L

Jfi [J0CKOrO TPameyMeEHAHOTQ Kphlia PA3NUUHEIX CYXeHRH,
€ pasAHYBHMHE 10 AJHHE LEHTPOILIAHAMH B HOPMaX HPOUHOCTH'M
B CMpaBOYHON JHTEpaType MO ajDOAHHAMHKE JAWOTCA TAONHILE H
rpaduky kpupkix I mo pasmaxy. Ha puc. 1.12 noxazan npamepusif
BHJ pIHOH H3 TAKMX KPHBELX. .

" TakuM o6pasoM, pacnpepencHué 331aHHOH MOJLEMHOA CHJH IO
Pa3Maxy NJOCKOro KB CBORMTCH HPAKTHUECKH K moxfopy co-
orsercTByomel kpupol T # npoCcTOMY YMHOMKEHW:O €€ OpAMHAT HA
nocrosHENd Muoxk#TeNs {1.22). IlpH HeoGXOAHMOCTH MOMYCKaETCA
HHTePOOIALHA. . : o :

B ToM cayuae, KOria KpHJIO MMeeT TEOMETPHYECKYI0 HAK a3po-
JIHHAMEYECKYIO 3aKPYTKY, B Kosddunuent I' BHOCHTCHA MONpaBKa 32
cuer aakpyTkd. ITonpaexa, BHOCHMas B 2TOM chydde, TAxKe JAeTCR
‘B CIpaBOYHOR JuTeparype B BuAe TaGamU u kpuBuiX. IIpn nomoutd

CHpaBUEHoE o



5THX KPHBEIX UCMpaBiaaerTcs 7alJuia MOJydeHHBIX pakee A4 IO~
ckoro Kpbina suadennii I' u, 3aTeM YXKe yMHOXaerTcH ma {1.22).
[TonoOHLM ke 0Gpa3oM BHOCATCA KOPPEKTHBB B KPHBYIO T" senen-
CTBHe BAMAHHA Ha KPhLIO (p}tfaeﬂﬂ}ﬁa U TOHION ABHTATe/Nfl, 8 TAKKE
OTKJAOHEHHS 3J€POHOB HAM WHTKOB. B HOpMax HMEIOTCS MO STOMY
BOIIPOCY ACYEPIHBAICIIHE YKA3anui.

Puc. 1.12. : ' Puc. 1.13.

OctanoskMCS €lle Ha BOOpOCe pacnpefenedus mo pasMaxy
NOABEMHON CHILL CTPENIOBHTHOTO KDELIA.

Ecan [eT COOTBETCTBYIONIHX NaHHBIX IKCNIEPUMEHTA, npHONHKeH-
HOe pellleBHe 3TOH 3a4aud BO3MOMHO TeM XKe MyTeM, HO B qHCAO

T NpouMx TONPABOK K KO-
gunmenty ' HeoGXOAHMO
no6apBTh elle U IONPAaBKY
32a CUET CTPEeJOBHIHOCTH.

Ha puec. 1.13 moxa3aHo
KPWAO ¢ NpAMOH CcTpeso-
BHOHOCTRIG %°. ¥roam crpe:
JOBUAHOCTH 3AECH  3aMe-
paercs MO OTHONIEHUIO
K JHHHH $OKYyCoB, KOTCpaAA
OpeEEMAETCH  3a NpAMYIO
. z;. Hanomaum™, uTo $HOKY-
COM B CE4EHUH Kpbina Ha-

Puc. 1.14. 3LIBAETCA TOYKA, MOMEHT

OTHOCHTEJILHC KOTOPOR €O-

XpaHgeT NOCTOAHHYIO BeTWYHHY HA JAHHEHHOM Y9acTKe &y WO YIIY

arakp @. [1pH TakoM pacuere IOI [OroHHEOH MOLBEMHO CHIOR cJle-

AyeT MOHMMAaTk HArPY3Ky Ha SAMEHIY AMHHEL KPLLIZ b manpasie-
HHH 2.

Jo cux nop MH HMENH NEeNo TOJBKO C ONEGH H3 COCTABASIONIEX
A3POAMEAMUUECKOR CHUJIE! HA KPBLIO C noxbeMuoit cuioil. [orounyo
cuny JOGOBOr0 CONPOTHRJIEHHA HAHTH Teleph YKe HECJIOMHO
(prc. 1.14)

22

t,=1,1g0. ' (1.23)

3pecy  igl= =g
Cy
€y ~— Koa(pHIHEEHT JOGOBOTO COMPOTHBIEHH,
Tloniag e moOroHHAasA HAIpyska :
= tos@

- Crporo rosops, yron 8 Oyjer nepeMeHmbM MO pasMaxy, Tak
kak B qopmyae (1.23) cx M ¢y CYyTb K03(pQHUUEHTEL CeueHHA, HO
CYMT2eTCA JONYCTHMBEIM 3aMEHHTh HX COOTBETCTBYOIIHMH KoaddH-
LHeHTaMH Kpblaa. C K : : o

Mei mosyansTH, TakuM 008pasod, NOTOHHYIO BO3AYUIHYK HATPYSKY
Kphlia H €€ COCTARIAIMNINE B CKOPOCTHHIX OCHX, :

(1.24)

Pue. 115,

Jina pacuera ynoGHee HMETh COCTABASIOLIAE TOrOHHOH HATPY3KH
B ocsAX, cBA3aEmbiX ¢ ceueHdeM. Hafjem coctasisionlde NOJHOH
BO3YIIHOH HATPY3KH [0 XOPHE CeHeHHA {2 n HOpMAanH K HeH
(puc. 1.15). VI3 pucyuxra cneayer
) f=08—a.
Torpa : e
' % —tcosp; ¢f=tsinp,
wam, noacrasasas (1.24), '
cos (0 — o sin (8 —e}
oo p, 0o g RO
cos @ ces®

y
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LN npAMOrO-KpHJIA 3TH HATPY3KH ¥ GYAYT HCNIONB30OBAHEL AP
pacyete. B ciyyae CTPeNOBHRHOTNO KpHAA MX NPHIETCH €ille Ape-
oGpasoBaTh, OTHOCcA K OcH 2. {cm. puc. 1:13). O6 atom 6yrer
€KA32HO HHXKeE. -8 ' '

yé
fn*_‘cnbcev‘gé“ )
. g
e
I . - = ———
bf-\‘,’q
Puc. 1.16,

1lenrp azpieHns B CeYERHAX KpHila HAaXOMUTCH C NOMOLIBI
25POOMHAMHYECKUX  (DOPMYJS, ONpelensioliHX NOrORRLIA MOMEHT
KpBUTA OTHOCHTENBHO nepenuell kpoMru (pue. 1.16):

' V2 15
XiCabeen1- 22_' = Cpbeen- 1 22_" b_cem

e Cm — KO3(QUIHEHET MOMEHTA.

Orciona
- Xz _ fm
. bIISE'f ip ’
HITH, TAK KaK Cn R Cy, 5
Xa . bm .
boew €y

3Aechk TakXe AOHycKaeTes KO3 QUUHEHT CETCHUS Cm M Oy 38-
MEHATb COOTBETCTBYIOIMU KoddduunenTaMi Kpbira. Toraa ueHtp
JagaeHust GyneT HA NOCTOSHHOM MDOLEHTe XOPIH.

Jlns pacuera HepBIOp M ITaHesell KPblIa HA MECTHYIO MPOYHOCTE,

a8 CTATHYECKHX HCNBITAH#A, a Tak¥e Ana YTOIHEHHOTO pacuera

Kphifia ¢ OGOoJblCH CTPeOBHAHOCTBIO TpeGyercA 3HATh pacmpe-.

NejeEde MOTOHHOH BOSAYINHON HATPY3KM 1o NPOPHAI0 cedeHHS
(no xopfe). Jta 3anada (Takke YHCTO aIpofiNHaMHUIeCKas) ACAXKHA
pemIaTeCs HJH HA OCHOBe AAHHEIX COOTBETCTBYIONIErO 3KCNepHMEenTa
HAH, €CAiH Ha CTalHH NPOCKTHPOBAHHA HX ellle HeT, ¢ TIOMOILBE»
TeOpPETHUeCKHX NpueMoB, Mb He OyldeM Halarath 3/leCh 9TH. BO-
npoctl. OTMeTHM JiHIIb, YTO, MCNGABIYA CHPABOUHYIO JIHTERATYPY
N0 a5pOLRHAMHKE, MOXHO MOCTPOXTh rpadixky pacnpeie/eHus Nap-

JeHHs MO UPO(HIIX B 3aBHCHMOCTH OT Cycex # Cmo. COOTBETCTBYIO-

OIEM PacueTcM onmpepeqasercd ReoGXoAHMET KDPHBas JLaBJIeRRA TAK,
uyTo6B MICOIANE, OTPARVYERHAS €10, PaBHANAach NOrOHACH Harhyake
B JAAMHOM CeYeHHH, a LEHTP TAMECTH ee COBNAA ¢ UEHTPOM AaB-
JeHus. )
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" Tax ¥/H WHave, Ha OCHOBE SKCHEPHMEHT2 HJH THCTO PACHETHHIM
1tyTeM OfMpefeadeTcs YVAeabHad Harpy3ka Ha eIHHHIY NOBEPXHOCTH
WpHIA B JUOGOH TOUKE. : -

BepHemcs Temepp CHOBZ K BONpOCY pacupefefeHHMs HArpyakH
o0 pasMaxy CTpeJOBHEHOro Kphina (puc. 1.17). IlpoBegem ock x*

- fIePIEHUKYASPHO ¥ JARHHY OKY-
~coB 2y {cm. puc. 1.13) Tay, urolm

06pa3oRath PaBHOBENHKOE IO IIIO- | [
Al npaMoe Kprao., Y3 rtouru 1l ‘
mlepeceueHHs 3Toft OCH ¢ IWIOC- /2
KOCTBIO CHMMETPHH CaMOoJeTa Mpo- '
BeFeM och 2 NepleHIHKYAAPHO
K nocaeluedi # OCk 2% mapanlenbao
nuAuE QoKycon. ' .

" CunTaeM, 910 MEHL yiKe OTlpese-
SIHJAH OOTOHHYID EBO3NYIUHYIO Ha-
IPY3Ky B NMOTOUHHX CEUEHHAX KPHI-
J1a, T. &. HA €IHHHIY JJTHHBI Kpniia
BAOAL OcH 2. Hau nspecrHo Takke %
pacnpenellende 3TOH HArpysgH. IO
wpodHA0 NOTOYHMX ceueHud. Cae-
JOBaTeNbHO, HAM H3BCCTHA HArPYS- Puc. 117 .
K2 Ha €RWHHHY NJAOHIAZKH KpHJIa o .
B M000#. ero ToUKe. o . ' :

PazofeM maowazh Xpblia Ha AOCTATOYHO MadHe KAETRH €O

cropodamu Ax*, Az* (cm, pec. 1.17) B nofcantaeMm IVIOLLAfH STHX
kiaerok AS; Harpyaka Ha Kamuayio KXeTKy SanUUIeTCs yepes yAelb-
HYIO HAUPY3KY Py TAK: .

fallnewsr ~

APy = p,AS;,

‘A MOroHHAaH HarpysKa mo ocH z* B mpelenaX Ka)XAOf TakOH KIeTKH

APy -

Orciona noronnaa Harpyska B mioSom ceuennu 2*=const ompe-
Aen¥TCs NPOCTHM CYMMHEPOBaHHEM MO XOpie

1% = TAL,. : (1.25)

Jlerko BHOESTh, 4TO TaKOH NMepecyer MOTOHHON RAIPY3KH SBILETCH
BecbMi TDPYAOEMKHM, TaK KaK Tpedyer TUIATENLHOIO BbiABJIEHHS

. HArpy3KH 1O Beell HOBEpXHOCTH KPHJA M JOCTATOUHO TYCTOH CeTKH

Ha mocaexHes stane pacuera. [osToMy B npeapapHTENBHEIX pacye-
TaX 37Ty ONepalfio MOXKHO NPOAeTATh NPHOAIKEHHO.

‘Byaem npesnonaraTh, 9TC HAIPY3Ka KPhla NPHAQMKEHA HO JB-.
HHH LEHTPOR J4BJCHHA. Toraa ABa oOTceRa, H30GpaMeHHHX Ha

25-




pHC. 1.18 (onuH oTcek, oGpa3oBaHHbIA cevYeHnAMH, [epReHHRYAIP-
HBIMH OCH 2, ApYrofi — ocu 2%}, O6yAyT HMETh OAUHAKOBYIG HarpyaKy:

44z = t*ab.
Taxk xak
lb =4 d"b’ = 4
o cosy
CJEAOBATENLHO,
{dz = £* dz .
: COS .

OTclolia HATpyaka Ha €RHHMLY AJHHB KpH/Ia B Hanpas/eHun
ocH 2% salMibercd Tak:

t* = {cos Y.

Puc. 1.18.

1.4.2. OnpepenenKie U pacnpejeleHue
MACCOBMX CHJ Kpulia

Kak yxe orMeuajoch Bolmte, 4TOOH HMETh BOSMOKHOCTE pac-
CMaTpHBATH CTATHUECKOE PABHOBECHE KPbUIA, HEOGXOXMMO 20GABATD
K BHEIIHHM 43POAMHAMHUECKHM HArpy3kaM Kpblia CHJBL Beca aje-
MEHTOB KPbiid H, B COOTBETCTEBHH C IIPHHIHIIGM HanamGepa, GUKTHE-
HHE HHePUMOHHble CHIEL DTH CHJM, Ha3BaHRble B COBOKYIHOCTH
MacCOBHIMH, JEerKo MOFYT OHTDH MOJIYUeHBl, CIH H3BECTHA MPOCKIHA
MOAHOH IIeperpyskd Ha COOTBETCTBYIOLIYIO OCh H pacHpefielieRue
Beca BCeX COCPENOTOUEHHBIX I'PY30B H BECOB KOUCTPYKUHH caMOJeTd.

Tounble BecoBhie NAaHHHE CAMONETA MOKHO MONYUHThL [OYTEM
E3BElIMBAHAS OTICABHHA OTCEKOB ero W arperatos. Eciu Xe Takux
NaHHEX HeT, HX TPHXONMTCA fNOJIYYaTh pacHeTHhM MyTeM. Maoxno
IpH TOM HCHOAB3OBATH TAKKe PA3NHYHBIE CTATHCTHYECKHE TaRHbBN,
HMEIHeCS B CIpaBovTaHKax. :

PaccMOTpeHHBIME paHee TIPHeMaMu HeTPyIHO BLIYHCIHTD TENEPD
Maccomble cuabl, Jlag pafa pacuyeTHBIX C/IYYaeB KPbina, B KOTODBX
HeT HeypaBHOBemeHHbx Momentos (A, A" u Ap.), STO BHINOJNHAETCHA
ocoOCHIIO EPOCTO.

26

Mpr ycTaHOBHJAE, UTO BO3AYIIHAN HATPY3KA camoa2Ta R umeer

" COCTABASIOUIME B HARDPABJIEHHH LONBEMHOHA CHJILI n,G W 1o notoky

1,0 tg 8. Tax xak corsacHo NpHHLHNY [lasamMGepa MacCcoOBbie CHIBI
caMoseTa IOVIKHEl YPABHOBECHTb CHCTEMY, UX DPaBHOGASHCTBYIONAA
6yner paBHa Toxe R, HO HanpaB/eHa oHa OYAET B NMPOTKBOMOMOXK-
Hylo cTopoHy. To e MOXKHO CKasaTe H O €e COCTaB/IAIIIHX

{puc. 1.19). ¥aobuee cpazy B3ATE COCTABJAIOTIHE IO XOPJe U HOP-
MaNH K Reh.

|

|

|

!

o
RE__ o

. Panee nHamu YCTAHOBACHO, 4YTC BO3AYUIHAA Harpyskda HMeEeer co-
tT&BJIﬂIOILU’lE no HopMajau K X0pae :

cos (68— a)
e cos B
. HO Xopae
.G sin {8 — o) ]
' cosf :

Taknmu e OVAVT ¥ COCTARASIOUHE pasHomedicrByloulefi mac-
COBLIX CHJI, FO HallpaBJdeRue HX OvaeT oDpaTHBIM

' 6 — ' in (8 —
R —pg=08—9 . R =, 3@ (]9
cos B cos B ‘
Tak Kak Bec caMOQJeTa ecTb CyMMa BecOoB ero JIEMEeHTOB
G = 20,
popmyabl (1.26) MoxHO sankcaTh B BHAE
RT = 3Gn, 20— 9 . RP = G, S00O—% (1 97)
. cos § _ cos @
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L Hs popmya (1.27) caenyer, ¥To COCTABAMIOIHE MACCOBRIX CHI
.;_ .+ . Mbl MOJRYUHUM yMHOKEHHEM Peca JIeTalH, JACMeHTa, arperita Kphliaa

: . 4, cos(f—a) "
Ha MOCTORHHBIM MHOXKHTO/ID ns*'“T‘ JnA HOpMAJBHCH COCTaB-
co

sin {8 —a) . :
———tee—————  TIJI§] COCTABJAIGHICH HO XOPAC KpbJid.

JAIOLIEH B Hg

Tax, cocTABIAIONIHE MOTOHHON MaccoBON HAarpyskH Kphila

f;’:tﬁ'naﬁu; . f;n= fGnaﬂczs_eﬂ_a—}

3recnh ¢ — NOrOMHLIH BeC KOHCTPYKHHMH KDBIJIA.

Omn 6yayT NpHIOKEHB B LEHTPAX TAMECTH CEYeHHH KpHna,
offpefesieMbX HIH SKCIEPHMEHTANbHO, W PacieTHHIM NYTEM.

IMonockenHe UEHTPa TAMKECTH CEUSHHN Kpba MOXeT OGHITh HPH-
HATO HAa OCHOBAHHM CTATHCTHKH Ha paccrofnum 40—45% xopxbi
CeueHHA. :

Tak ke onpefessioTcd H COCTABAAIOWHE MACCOBBIX CHJ OT arpe-
rATOB, HAXONAIMXCE HA KpEle {ABUraTenn, maccH, 0aKH ¢ TOMIH-
S BOM M mpod.), o
L ; — si —t
- R i et

rae G; —— Bec arperara. :
DTH CAAB [PHRKIARLHEZIOTCA B UEHTpe TAMRECTH arperara,

Puc. 1.20. '

[Tosyuensas TakuM O6pa3OM HArpysKa Kpowla nsofpamena Ha
puc. 1.20, Ha mem He n300paXKeHH TOABKO YCHJIHA B y3Jjax 1o
Bopry (iosensa, ONHAKO HX HANe AMETh B BHAY. - DTH CHABL
VpaBHOBEIIHBAKT HArPY3KY KpLLaa.

bt 3

I

B moG0M CedeHHH KpHAA HArpyikefine GyXeT BbILIAETb TAK,

- KaK 3T0 Nokasaxo Ha pre. 1.21. CuaM ot arperato 6yZyT TOMBEKO

B CEUEeHHAX, COOTRETCTBYIOMAX LEHTPaM THAMECTH arperaros.

Puc. 1.21,

IMMpumeuanue [lpr yrosmensoMm pacuere c‘rpeJmBH,uﬁGro Kpblla DOToH-

Kafd cuda fn fONEEa OHTe NPEACTARICHZ B BHAE pPANA MOMOHHBIX CAA A "
: _ _ © A

COOTRETCTBYIOIIHX CaTKe, NPUHATOR MpH npeobpasoBaHyl NOFOHHLIX HATPY3OK [oM. -

dopuyay (128)). -

Harpykerse ceueHHsi B 9TOM CcAYyae HoKaszamo ¥a phc. 1,22, Tox cevenuen
CTPeUBHEHOrO KPEla MK HOHHMAasM Sfnech cevenme z*=const [oM. pre. 1.18),

v

. N T ’
T _

1oy

Puc. 122

1.4.3. MocTpoetne pacyeTHHX oni0op

Tak Kak Harpy3ka KphiJda HaM# I[FOJHOCTbIO BHIABIEHA, ML
MOMeM [epeHTH K BHUHMCIeHHIO DacdeTEHWX sHIOp. IIpH 370M mpH-
MeM TakWe OCH HPSMOYFONBHHX KOOPAHHAT: B INPSAMOM Kpbile
ANOCHOCTE XY MEMHT B INFOCKOCTH CHMMETDHH CaMOJera, Och X



Hanpapiena o Xopjle K 3ajHeHd KpOMKe HPO(HIA, 0Cb 2 — IO pas-
maxy (puc. 1.23}. A :

B cTpenosuHOM Kphle QCb X IPOBEAEM UEPE3 TOUKY N mepe-
cBuenusi 2a/Kero JOHNEpOHa ¢ GOPTOBOA HeDBIOPOH Qiosedxa,
OTCEXas HECTPEeJNOBHARYIO KOHCOJABHYIO YacTh KPLIA, OCh 2 NEPTeH-
npKyaspHa ocd x (puc. 1.24). B oGonx cayuanx Haualo KOOPAHHAT
MosKeT GHITh B3RTO B NPOH3BOABHOA TOUKE HA OCH X.

Jadwud

AOHKEPGH
A AMurug yenmpol mawecmu .
e - ;
i
: Jinug genmpol
]A dalaenig
- x N
Puc. 1.23. Pue, 124,

ITepeHeceM B KaXAOM CESCHHHM IOTOHHYIO HArPY3KY, TepreHs-
KYJIADHYI0 K XOpZe, Ha ock 2. IloJyynm B KaKAOM CeJeHuH CyM-
MADHYIC IOFOHHYIO Harpy3ky B CYMMApHBIA TOTORBHIE MOMEHT

t,= St om, =Sthx.

3pech nom f pasyMeercs MHOroHHaf 49pOoAMHAMHYECKAA Ea-

- TPpy3Ka H NOroHHaf MaccOogasl cHJa, HOpMAaJbHbIC K XOpile, a Xp—

KOOPAHMHATHL TOUEK HX NMPHAGKEHHS. .

Tak e Mbi MOTJH Obl MOCTYNMTh € COCTaBIKIONUIME. {f, OLHAKO
TPHEATO TNpeAnojaraTh, HTO JOOOBEE COCTABJSAIOIIHE JeXaT B
HAOCKOCTH XZ ¥ IOTOMY NPH Neperoce He 0Gpa3yioT momenta. Ta-
KEM 06pa3oM, NepeHocs Ha OCh Z XOPJAOBBie COCTABJ/IAIOILNE Ha-
IPY3KH, MBI [IOyYuM TONBKO CYMMapPHYIO MOTOHHYIO CRIY

t, =3t

rT/le {i — NOTOHMHas aIPORHHAMEYCCKAR U TOTOHHAR MACCOBAA CRIH,
HanpaBJeHHBe N0 Xople.
B Tex ceueHHsX, B KOTOPHIX PACIOJOAK@Hbl aTrperaTh, MbL HPO-
JenaeM Ty e OfepalHi0 € COCTABAAIOUINMA HX MaCCOBLIX CHIT.
B pesyabraTe B 5THX CEYEHUAX FHA OCH 2 NOSBATCH CHJIBL P
# F™ M MOMEHT OTHOCHTE/IbHO OCH 2 '
AM, = Piy— Pix. | .
31ech ¥, § — KOOpI@HATH LEHTPA TAMNKECTH arperarta. [ipu 5THX
nojacyerax CJISLYET, KOHeYHO, YUHTLIBATE 3HAKH CHJI W MOMEHTOB.
B pesyapFaTe BcAd Harpyska Xpblaa HaMH Byaer cofipawa Ha
ocH z. OHa 6yAeT COCTOSTh H3 NOTOHHBIX HArpy3oK in t;, TOTOI-
] A

4

. i I3

HOTO KPYTALIETO MOMEHTA 7. H B palle ceueHnft, rAe eCtb arperarsl,
6)’)3)«'T IPHJIOCHB COOTBETCTBYOLUENG COCTARJIAKUINE MAaCCOBRIX CHJ;l
3THX FPY30B H COCPENOTOUeHHHe MomedtTs AM, {puc. 1.25).

Puc. 1.25,

Ha puc. 1.26, 2 noxazana oTAeAbHC 3MIOPA HOPMAJBHMX Harpy-

30K EKEpblLia, ‘HOHepe‘-IH}TIO CHJIY OT IIOTOHHBIX HATrPY30K" MOXXHO 34~
NHCaTh TakK:

— 1 z
'.Q,,:j'fndzd#—eiff,,dz.

Puc. 1.9, o ' Puc. 1.27.

CnenosatebHO, MHTErpHpys rpaduuecks smopy #, OAUH paz

CIIpaBa, MBEl HOJYYHM @y — IOREPEUHYI0 CHJY OT NOTG
) HHBIX Harpy-
sok (pHc. 1.26, 6). W

UroGbi NOJYYHTH 3MIOPY DONEPESHHX CHI OT BCeX HATPY30K,
cAe/lyeT yuecTh cuay P v peakuHio no Goprty ¢noaenszka. Cuaa P
HaM M3BeCTHA. YUHTHIBAEM ee, BHIYHT2H H3 @y B CEUECHHSIX 23X Zarp

3t



{(ua -puc. .1.26,6 noxazano NyHKTHpOM). Peaxnua e B TOuKe A
(no Sopry (rosensixa) noaKpa ypaBHOBECHTb BCIO HArPY3KY KpHAa,
CcaenoBaTeAbHO, OHa panHa#fo, {(cM. puc. 1.26, 6). Brlunrag ee na-
aHas ¢ ceuennst A, MOJYUEM 3MIOpY HonepetHHlx o @y (Ha
puc. 1.26, 6 orMeueHa yacTOH WITPHXOBKO#H).

MoMeHBT OT Harpy3kH

M, — f 0: ~—f Qe

T

MH  moayuMM, ' HATErpHpYA rpaduueckn omopy @ cnpasa
{puc. 1.26,8). '
COBepILCHHO -aHANOTHYHO IOJyuaeM SMoph Qe My (pue. 1.27}.
Ha prc. 1.28 nana 3nopa NOrOHHOTO MOMEHTA M. B ceueHnu 5
" ¢JeflyeT MMETh B BHAY COCPefOTOMEHHbIH MOMEHT ‘AM,., a B ceuve-
HUR A — MOMEHT OT peakKnuii giose-
g S a— AAXKE.
Iil z TIpocTHM IUIAHEMETPHPOBANHEM
I (rpatbHIeCKHM *EHTETDHDOBAHHEM)
| My

SMOPH M, ¢ YUeroM MOMEHTOB
B cedeunsx B B A moayidM SHOpY
M, (puc. 1.28,6).

Ecan Ha KpuJe pPACHOJIOXKeHO
HECXOJILKO  arperatos,  SMIOpH,
pasymeercs, OYAyT ClloXHee, OA-
HAKO NOPHAOK HX TOCTPOEHHS OcTa-
HeTcA MperHEM.

Bce mocTpoeHHHE HAMU 3IIOpPhI
OTHOCSITCS K HATPY3Ke, BOIMOXHOM
: -. _ : 8 SKemAyaranue (KcIyaTamHoH-
uoit Harpyske). HopmaMi Ke HPOYHOCTH [O KaXAOMy DARCICTHOMY
cayaro 3afaeTcsi Koa(h@HIHEHT §e3onacHOeCTH f, TOKA3HBAOMAH,

Puc. 1.28.

BO CKOJBLKOC pa3 PacyeTHas HArpyska KOHCTPYKUHH NOJIKHA [PEeBOC-
XOIHTH 3KCIUIyaTalHoHHyio. [1051oMy Bee MOXydenible RaMA SMOphL
(Qy Qx, Mz, My, M;) creiyer yMROXHTEL Ha 3afapaeMeil Ana A8E-
HOFO pacyerHoro caydas kKosdduigenr GesonacHOCTH f.

Tax MBI MONYYHM DACYETHHE 3WIOPH CHA H MOMEHTOB Kphlia.

[pE BHINONHEHHMH NPAKTHYECKHX PACUETOB YMHOKEHHE Ha { mpo-
WIBOAHTCH 3HAYATENBHO paHbllle, B CAMOM Hauaje pacdera. Tam
370 MOCTHMAETCH OUeHb Jerko-—IpOCTHM yMHOMeHHeM Ha | 3xc-
nNyaTaBHOHHOH NePerpysxH . Becr pacueT BeJeTCS B 3TOM Clydae
¢ CaMOrG HAYAJAa HA PACUETHYIO Heperpysxy n=frs. IDTHM HCKiIO-
gaeTes MOCHeHAs NOBOJABHO Tpyloemras paGora — MEPEMHOKEHHE
TIATH 3MIOp Ha NOCTOSHHLIA MHOMHTEND. .

BT

raABA I _

PACYET TOHKOCTEHHOTO NPSMOrO
U CTPEJIOGBHIHOFO KPBUTA BIAJNY

OT 3AEJKHA

2.1. PA3BHTHE CUJIOBOR CXEMbI
H METOJOB PACYETA KPBHLJIA

TIpu mepexone oT GHAAAWHOM CXeMbl KpbUI2 K MOHOIaHy KO-
CTPYKTOPHL CTOJKHYJRCH € NPOGAEMOH HALIE/KAMIETO HArPYKERHS
BTOPOTO (32/(HEr0) JOHKepOH2. EpRCTBEMibA B TO BpeMs crnocot
pacnpenenesns HAarpy3KH MeXiy ACIIKEPOHAMH — KMETO]|, pHYara»,
yCIIEHINO NIPUMEHseMBA NPH pacyere OHMagHNX KOpoOOK, NPHBOINI
K HEyAOBJeTBOPUTEJIbHEIM Pe3yabTaram. '

1. PapHozelicTBYIONIAS  A3POAHHAMUYECKEX CHR B CCUCHHH
gpnc. 2.1) oxasasace BecbMa OJH3IKO K TIEPELHEMY JOMMKEDOHY
a<b), u no «<merofy pbiuara» (2.1) nomydanocs, MTO MOUTH BCH
Harpy3ka BOCHPHHHMAETCH HM. ‘Baguunil JOHKEPOH OCTABANCH TpaK-
THYECKH 6€3 HarPysKd, CTAHOBHICH HEHYKHBIM, HEOIPABAARHBIM.
OH TONRKO YTRKeNAA KOHCTPYKIHIO:

b - a . ) '
P ta-;-b’ a b 2.1

2. [IpoBefenHnle IKCAEPHUMEHTHl [IOKA3AJAW, UTO. 3aJHUA JIOHMKE-
POH  BOCTIPHHHMAET GOJbIIYI0 AONI0 HaTPY3KH, 9EM LOAY¥AcTCl IO
«MeTOly pBYAra», XOTA CHA H OCTAETCA HE3HAUMHTEBHOR H HeIO-
CTATOMHOH, YTOOL ONPABAATE €I NOCTANOBKY.

DTOT HKCHEPHMEHTANLHBI (PakT NO3BOAWI CASNATh BBIBOL, WTO
pasHecemne Harpy3KM DO TIPAaBAJNY Phlyara He ABAAETCA HAACKHBIM
IPEMERHTEAbHO K MOHOIMaHy, CBsisk MeXRy JOHKepoRaM yepes-
HepBIOPHl, HEe VUMThBaeMafd B <MeToJe pHyarar, OUeBHIHO HMEST
mecro. TIpOrHGH JIOHMXEPOHOB He SBJMIOTCH HE3aBHCHMBIMU.

B peayapraTe NOABHAMEh [Ba DE3KO OTAUYAMIKXCA JAPYT OT
JApyra HATpaBJedud B PasBUTHH KOHCTPYKIHH KpLlid.

1. OLHOSOHKEPORHLIE KDHUABHA, KaK €CTECTBeHHas peasdsailnd
HAeH VHHUTOMEHHsI HEPANHOHAJNHHO HCTIOJb3YeMOro BTOPOTC JIOH-
KepoHa. ' :

2 3a. 175 33
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2. JIByx/iOHXKEPOHHEE H 3aTeM MHOMOSOMKEPOHHbIE KPHAbA ¢
JRecTKol ofmuBKoil H3 rodpa. Viaes cosfanust TAKHX KPbLIbEB e

. He KamXeTrca JOraeckKi (?IEI.L(‘.TBHBM HECOCTOATENBHOCTH «METOLa

pLUArd» #H DOTOMY OCTAHOBUMCS WA 3TOM nojpolHes. :
IMockoabky 3KCAEPUMEHTANTBHO o0HApyHeHa CBA3L MEKAY JOH-

JKEPoHaME 4epes HepBIOpH, NMOABHAACH HeoGXDAHNMOCTE YuecTh ee,

urofibl HAJieHHee ONPeleATh HATPY3KY JOHKEPOHOB. _
Takan sajtaua O6blna pewrettd. IToABHJACA MeTOA, YUHTHBAOUHE
OIHY KOHLIEBYIO HEpBIOpY, a 3a HAM H 0oJee CACKHHE PemeHHA.

e

I ' '
m”i- H
S .

Pue. 2.1,

- TeOpETHHECKH H IKCIECPHMEHTAJBHO CHICHEANA CXeMa KpHJIA Gna
H3yuYeHd, H cTa/H CUEBHAHW HIEH €& YCOBEPHIEHCTBOBAHHA: YCHIHTL
CBA3EF MEXKAY JOHEKEDPOHAMH H TEM CcaMbiM JOrpys3HTh 3aIHHHR JTOH-

BHEPOR  IIYTEM B_CQMEPHOFO HOBHMEHHH_ HMeCTKOCTH JOHXepaHOoB
(a, cileaopaTeasdo, # Kpblia B HedoM) na rpyuedue, IInpoxne -

KOPOGYATHE JOHKEPOHH, KecTkHil, p200oTaOIEA Ha KPYyUeHHe HOCOK
npodHas M, HAKOHEU, JKecTKas OOUIMBKA KpWJaa u3 rodpa — Tans
ocymectspenns 5Tofl Miaen. Hameuewnnlit nyTs pazBuTHA KOHCTRYK-
MY OKazadacs TPABHABHBIM, [OJA Y4ACTHH BTOPOTO JOHXEPOHZ B
paGoTe XKpblla HENpepHBHO NOBulWANacs. KpHiao ¢ oGWHBROA H3
rodppa SIBHAOCH. 3aBEPUIAIONIAM 3ITANOM B PAa3BUTUH 3TOA HIeH.
B to e BpeMs OHO OKA3ANOCh H KAUECTBEHHO HOBOH CHJI0BOR
cxemoff. B npeninecTnylolHX eMy KOHCTPYKHHAX KaMALIA JOHIKe-
poOH TpeacTaRAsa cdboit 060coGASHHYK) KOHCOABRYIO Oaqaky, pado-
Talouio Ha H3rub U Kpyudene. _ '

Cuaowrsan xe oSmuska Kpbida #H3 Todpa, npekpacHo padoTaio-
Hlasg Ha Kpy4YeHHEe, OTHSE Y JOHXKEeDOHOB CaMOCTOSITENBHOCTb B
CONPOTHBICHUY 5TOH AehOPMAIHH.

JIoHKepORE HO-IIpeKHeMy 0BOCOGACHHO BOCHDHHUMA/K HAIH-

- falomEe MOMEHTH OT OPHXOJANIEACs #a HX AOJNI0 HArpy3KH, HO

HA Kpyvyeuve PadoTaR yiKe WECTKUN KOHTYD BCerg XDblia B HEJOM.

B, H, BeasesuiM Obl1 npeiiiomen MeTo[ pacuera TAKHX KOH-
CTPYKIHH «METQJ] KeCTKOCTEH». JTOT. METO/l, BCKPBIBLIMA (u3H4e-
CKYID CYIIHOCTH CHJAOBOH CXeMBbl TAaKOro Kpblaa, NO3BOJIR ONEBHTH
poab H 3HAYCHHE OTAC/LHBIX  MIeMEHTOB KOHCTPYK:IHMH H HAMETHTh
nyru ee yayumesuna., OCHOBHLIC NpHEMB, FHACTE3H H TONOMKeHUR
3TOTC METOHA COXPAHHAH CBOIO 3HAUMMOCT: HO CEr0 BpeMeNd, 2
34 .

o,

HjieH, NOPOMACHHBIE HM, SBHAHCH OCHOBAHHCM K CO31ARMI0 COBDE-

MEHHOI'C TOHKOCTEHHOPO KpLINa.

Tockonsky B pabore HA H3PUD JIOHMKEPOHH COXPAHWIH CaMO-
CTOATEABLHOSTh, a4 Ha KpydeHue paborajo yiKe cedeHHe B UETOM,
€CTeCTBEHHO CTPEMJIeHEE pa3jequTh HarpymeHHe Kpuia Ha HATHO-
Hoe ® 3akpyuupawomiee. Tak umenHo w moctymun B. H. Beases,
BBeJs B 'PACYUCT MOHATHe O UEHTPE IKECTKOCTH KpLlia. Ilenrpom
JKECTKOCTH ‘CeYeHHst Kpblaa OH-Haspaj Ty TOUKY, NPHAOKEHHE B KO-

TOpORi MOTEPEYROE CH/IbL He BbiFblBaeT B JIAHHOM CEYEHHH 33KPY-
yyBdaHuA. JIAA rpyimbl KOHCOAbHLIX. 6aACK ¢ NOCTOAHHBIMH N0 jLTHHE
MecTKOCTAMY OTRICKARME TakOH TO4YKH We npeAcTasasdeT 3arTpyl-
HEHHHA. : . '

Ha pHc. 2.2 nsofpamenbl /Be KOHCOJbHHE GaJkH, HITAOHLE
KecTKoeTH Korophix: EdJi B Egly no pawne mocrosuausl, Baaku co-
e/lHHeHkl MEXOYy cofof HeppIOpaMu. Has npoctoThl Ha pHCYHEE
noKa3aHa oJiHa HepBIOPA. _ _

Jlonyctusm, 4To cunbl Py H P,, npruaoxKeHHble K Gankay, nopax-
J410T OXHHAKOBHE NPOrndH :

61 2,6& . | (2'..2}

B aToM enydae cHCTeMa He 3aKpydiBaercd, CJAEI0BATE/NRHO,
paBHOAeHCTBYIOWAs CH Py w Py NPOXOANT depe3 HEeHTP XMeCTKOCTH
CeueHHs. _
O6partuM BHHMAHME, UTO CBA3H MEXAY JOHXEPOHAMNE B STOM -
cjydae He HATPYIKeHbL T8K KAk NPOTHOHN JOHKEepPOHOR PaBHH MeXKLY
<oBodl. : s _
. Ilporu6bl KOHCOABHBIX GafuKk NpPH TAKOM HarpyXeHaH MOMHO
3aNHCaTh TaX:
Pyd® Pl

T smver——

3E )y - - 3521_'3 ,
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UTo Hocae TOACTAHOBKY B {2.2) naer i
‘ P By

191 Eyfy

Orciora
CPy=uEyy; Py=ubyl,,

Tie % — HeKOTOPHH KO3(pOULHMEHT.

PaproneflcTBYOMIAS ITHX CH GYET pPaRHA

P =P+ Py =n(E, + Eyly).

Koopg,HHaTy UEHTPa KeCTKCCTH HallieM U3 YCJAOBHS, UTO MOMEHT

paEHOAeHCTBYIONIEH paBeH CYMMe MOMEHTOR COCTARJSIOLUIHX
Px, = Py + Poxs,
UTO TOCAe TOECTAHOBKH CHJI U COKPAIleHHH AaeT
Xy = 51-’1351 + Epoxa
Eydy+ Eols

D70T BLHIBOJ Ge3 H3MeHeud#l MOXKHO NOBTOPHUThE AAfl JOUOro yncaa

. Ganox. B pesynsrare noayaum

__ EEd
®TOREJ;

Llenrp dcecTiocT BAAOHHON KOHCTPYKYULL 8CTb YEHTP TAMecT
aecTKoCTeld OaA0K Ha U3eud,

IlpuMeHsa. (He COBCeM CTPOrQ) STH BBHIBOJAK K OT/AETbEHM OT-
ceKaM Kpbija, [0 AJNHHE KOTCPHIX NOHMEPOHBI NMPAKTUUECKH HMEKOT

Q0b AMECMFOUITIE

Pue, 2.3

IocToAHIYI0 KecTkocTh, B, H. Beader ompelefiseT «Och KeCTKOCTH
KpEJIa» KAK HEKOTOPYH MNPSMYIO, NPHMEPHO MNPOXOAANlYi0 HYeped
LEHTPBl KECTKOCTH OTJAEIBHBX OTCEKOB Kpblnia (prc. 2.3}

Ecau Teneps 3a OChb 2, HA KOTOPYIO MBI [IEPEHOCHM HAIPY3KH,
MPHHATL «OCh MKECTKOCTH», TO TAKAA HATPY3Ka OVIeT NOPOKEATDH
TOJIBKO u3THO Xpblia, a MomexTbl M, UpeBparaTcd B XpyTALLHE
MoMeHTBL. Pacderl Kpblia Ha aTH AedOopMalidd MOXHO TPOBECTH
pasfiensHo.

Ha puc. 2.4 n3obpaedbl JBe KOHcOMwHble (aikd TepeMedHBIX
no IIAHE XecTkocrell (No EBcedl AJaHHe JNOHMKEPOHA HECTKOCTb H&

- 36

H3rH6 yXKe HeRO3MOMKHO CUMTATh LOCTORHHON). DanKe LO-IpeXKHeMY
CBA3aHbl MexkAy coGoH HepeopaMu (YCROBHO INOK33aHa oHa) .
Basxe nojpepaensl TOJAbKO H3THOY B BEePTHKalbROH mioc-
KOCTH. -

Ecan Tax, TO HH OOHO H3 CeUeRHH CHCTeMbl He JOMKHO 3aKDY-
YHBATHCH, CIEAOBATENbHO, B JIOGOM CEYCHHH NPOTHO MEPBOTO JIOH-
JKEepOHA JOAKEH PABHATLCS MPOTHOY BTOPOro

th @)=y (2.3

(OrMeTHM, YTO B 3TOM CJydae CBA3H MEXIy JOHXKEPOHaMH He Ha-
rpyxenn). Ho Toxaectso (2.3) mospoasieT SaK/OMHTb, UTO PABHEL
KPUBH3HK! JIOHKEPOHOB

2 e

. 4] Pz
H TidKk KaK
4 _ M. A M
o By 23} By

(M, u My — moMeHTs, H3rHGalOUHE TEPBHE H BTOpOH JICHKEDOH
cooTBeTcTBenHo, EiJi B Eafg— BX KECTKOCTH Ha W3THO), NMONYYHM

My My

Edy E.J,

Orciona _
M]_ = “EIJ]; M2 = MEQJE.

Ho M,4+M;=M — usruGawlileMy MOMEHTY B JaHROM CeYEHHH, e
JOBATEABHO, -

_ M
M = w{EL + Bl = ———;
'.K( 1 l+ 2‘]2) Elf]_-’—EzJa
M - M i
= FJ: M, = FE,Js.
1 b Eds UV T B+ Eady wle

ITpoBenenHEe PACCYKAGHHS MOXHEO OOOGIIHMTE HA Ni0G0e KOJH-
YecTBO JIOHXKEePOHOB. Torla nonyyuM

M, = _M E;‘Jio . =
ZEplg o

Hzeubatowgite MOMEHTOL  JAOHILEPOHOS NPONOPUUOHUIAbHLL  UX
MECTKOCTH Ha uzaud. .
Eclk JORXKEPOHBL BHIIOJNHEeHE! U3 OAHOIO MaTepuana, 1o

M =-2-, @4)
_ s

MH yXe YIOMHHAJH, YTO FECTKOCTD JIOHKEPOHOB HA Kpyue-
HHUe yTpaTila CBOe 3HAUEHHE C TNOABJICHHEM KeCcTKOH (%'iHHBKH
Kpblia H3 rodpa. Heiesna €eo6x0iuMocTy B IIHPOKUX KOPOGUATHIX
ROIKEPOHAX, UX CTAJH BBUIOJNHATE M3 TpyG (puc. 2.5).
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HanpsimenHs B J1060f TOUMKE JOHMEPOHZ Mbi CMOXKEM HaHTH

€ NOMCIUBIO KABECTHOH (QOPMYJILI COMPOTHBACHHS MaTepHanos
' i M
0; = Tg Yo
T §; — KOODAMHATZ TOUKH, B KOTOPO# ONPeeISeTCs HANPSKEHHC,

Ifoacrasus M; us dgopMynm (2.4), noayunm
MaKCHMAABHOE HANPSKEHHE B JOHKCPOHE '

é :' O; max = 2;3 Hil . . (2'5)

) k

\ e

eego avcore H .
CpeZHee RALDAMEHHe NHOACA JIOHKEPOHA, onpe-

Hoi
il

x 3ANHHICTCH anaJOTrHuYRG:

Tiep . !22.1}_ Hni'. {2-6)
HasectHo, yro no00BOR H3TuO Kpblla Helilaun-
TeJieH, a4 FECTKOCTb KpPhiJa B €ro IIOCKOCTH OHeHb
. K eennka. [losromy nampsamenus or noGoBoro Hsry-
- §a, KoTOpHE ONpelelsioT B 3TOM CJAyluae 3ieMeH-
Puc. 2. TAPHO, HRYTOXKHM 0 CPABHEHHIO C TONLKO UTO HAaf-
tedrniMA. [Ipn panpHelux paccymJeHHAX Mb He

OyAeM NPHHHMATL HX BO BHAMaHHe,

Ha wpyuenue e paccuHTHBaNACh TOHKOCTenHas Tpyba, npei-
cTaBagomas col0ofl MEeXAYJAOHKEPOHHYIO0 %acTh Kphina (puc. 2.6},
Tlpumenns 3lech GopMyay Ajdf PacueTa TOHKOCTEHHBIX TPyG Ha
KpyueHHe

My
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{» — fIoNLaith, OFPAHHUEHHAN KOHTYPOM; § — ToqmMHa oBMHBKH),
TIOIYuAdH TOJBKO KaCaTCAbHbIE HATDAYKEHHSA. :
B pesyapTdTe ObliY OODHAPYXeHH COBEpPLICHHO HOBHIE 33KOHE
pacapene/enus Harpyakd u HANPAARKeHUH B KpHAe. '

1. Uz GopMynn {2.4): MoMeHT, BOCTIPHHHMAEMbIH JAAHHLM JTOH-
JKePOHOM, NPOHOPLHOHAJNEH €r0 MOMeNTY HHepurd HE3aBHCHMO OT
TOF0, 8 KaAKOL TO4Ke NO X6pde OH HaXOAHTCH. :

2. Us dopmyanl (2.5): Hanpaxeuns JOHKEePOHOB UPONGPLUHO-
HANBHB KX BBICOTE, HE3aBHCHMO OT TOIO, T/Je OHH PACROAONEHOL H
RQKOabl UX HecTROCTH. .

3. U3 oopmyabt (2.4): JoHmepoH TOff Ke caMoh MUIOWLAJH,
CABHHYTHH B 00Jee BHCOKYI® YacTh Npoduisg, BosbmeT Ha celsd
GonbIMi MOMEHT (IPONOPUHOHANLHO KBAAPATY €r0 BHICOTHI).

4. Ua dopmya (2.4) u (2.6): B3aMeH 0AHOrO 38JHErO JIOHXKe-
poHa ¢ NJIOmlalbio Nonok F BHroAHee nwocTaBuTh ABa (C nod-
kaMu F/2) uan 1pu {(c moaxamm F/3) » 1. o, (puc. 2.7).
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T. €. HANPAMEHUE 6 AOHIEPOHE APORCPUUOHAABHO

- nensiolniee cTenedk 3arpyHennocTH ¢ro Martepiadaa,.

Bee 3TH BHBOAN SBMAMCL OCHOBOR: HIAEH CO3RAHHSA TOHROCTEH-

© HOI'O KpbiAa. Konusuecreo JOHKEPOHOB ¢ IBYX, 3aTeM Tpex CTaqno

OLICTPO YBEJAWYMBATLCSH, NOCTUFAA B HEKOTOPbIX KPbLIbAX ABY3Hau-
Horo uucaa. Ilosica JOHKePOHOB CTanu NpHOGpeTaTh #nylo QopMy.
Tpy6u 6BlaH 3aMeHEHH: YrOJKaMH C HeNbI0 YBEJWUMTDH . BRICOTY
NOmKepoda (paccTosHAC MEX1Y LNeHTPAMH THKECTH 1105COB) .,

- . e 72

Puc. 2.6, ) Puc. 27.

CTeHKH JOHKEPOHOB BOCTPHHWMAIOT TIONEpedHylo Cuay B ceHe-
Hut, B MHOTOJIOHKEDOHHOM KpbUIe NOSBHAOCL COOTBETCTBEHHO H
MHOMKECTBO CTCHOK. B oTHOmeHHW CORPOTHB/EHHS CABMIY HX HE
TpefoBanock TAK MHOTO, OHH OKA3BIBATACH HENOTPYMEHHHMHE K
MeHIaiR HaATeXAINM 06a3oM HCMOAL30BATE BHYTPEHLIOI NONOCTDH
Kpre1a. ECTECTBEHHO BOJWHMKIO pellleRHe NOCTABATH HACTb «JI0HKe-
ponoe»> 0e3 CTCHOK {cTpuHrepa) “ IJaAKyw OGIIHBKY B3aMeH
rodpa, Tak KaK OHa TOXKE :
cnocobua paforath Ha pa-
cTamenne — ciKaTHe, AO-
NOAHAST MOMEHTH HUePUIHU
JOHKEepoHOB - (H  CTPHH-
repoB). .

Tak HOABHJIOCHE TOHKO-
ctennoe  (MowoBaounoe)
kphiao (puc. 2.8). 3ro yxe
KaYyecTBEHHO HOBast CHAC-
Bas ~cxeMa. 3Jech HEBO3- _ _
MOMKHO TOCTABHTH BONPOC O PACHpese/icHAN NonepeuHoli Harpyski
Mexay MPOROTbHHMH 31eMeHraMs mpu Hsrube. Hacts ux (crpu-
repsl 1 OGWHBKA) He WMeeT CBOHX CTeHOK. Hanpumep, sneMeHt, Bbi:
pesaHHB H3 KPblAa NPOLOIbHBIMH CEYCHHAMHE A4, BB,, anmennui
CTeHKH, yKe he NpeacTaBiser cofof mhicoxkol OGank, cnocoGHoR
CaMOCTOATENBHO HECTH 3HAUHTENLHYIO NONEPeyHYlo BaTpy3ky, TakK
Kak 370 yXe He joHxepow. HM30AHpoBaWHOC OT BCell KOHCTPYKIMY
Taxue nmaph He CIOCOOHB HeCTH NOgePeuHCH RATPY3KH. Taxoe ceye-
HHe BOCHpHHHMAeT H3rHS H CABUF KaK €MHOE Lenoe {Monobn0K),
K2K cXopayna. ' : . .

OcHoBHbBIe JIOHAKEpPOHB 3JeCh YTPATHAH TAKXKe CBOIO CAMOCTOH-
TeaLHOCTh He TONLKO Ha Kpyuéiue, Kak 3T0 .6uWAC paHbiie, HO M
nz usrub. [Mpr marufe ony RedopMHUPYWITCH, HMeR HE CBOIO Hel-
TPANLHYIO OCh, a OGHIYIO AJjifi ceyenus, ITa 0Cb 3fiech Oyaer Bh-
HYKReHHO# Ans j1060TO 3/eMenTa CeY4eHHs B OTHEJbHOCTH.

4 W8
- |

Al ls, "«
Puc. 2.8.
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B sakamuenne OTMETHM, UTO NPH HIYYSHMH KpbLla ¢ OBIIWBKOA
H3 rod)pa 3KCHEPHMEHTAALHO, a 3aTeM H Teoperdyeckn B. 1. Be-
JifleB BOCPBHIE HOKa3al, 4Tg B KOPHEeBOH 30He Xphula NPH KPYYEHHH
BO3HMKAIOT He TOJAbKCG KAcaTe bHElE, HO H HOPMaJibHREe HanpsaKeHud.
Vm xe Oman paspaboTaHbl CGOTBETCTBYIOIIHE METORB DAacueTa.

HopMmanbHBe HATPSKEHMs] IPH KPYUeHHH AoctHTannT 16—20%
HANpPsUKeWuil u3luda B Ceuenusax uo 6opTy $iozelska, a ApH yaa-
JIEHHE OT Herc oueHb OblcTpo manaiet. Takum alpasom, 3Ta AONOT-
HHTE/bIIasi HAarpy3Ka MOSCOB JIOHMKEPOHOB fABAAMACH MECTHOH M He
MOTJIA TOBNUATHL HAa MJEH COBEDUISHCTBOBARHMA KpPhLIZ, YKA3amumiue
nYTH K CO3/AHKIO TOHKOCTEHHHX KORCTPYKIUA.

2.2, TOHKOCTEHHOE KPBLLIO

2.2.1, O6uHe 3aMeqdauns

Jlornyeckoe passuTee Hiell, MOJCKa3aHHBIX TeopHel MHOTOJOCH-
KEPOHHEIX KDBINbeR, MPHBERO KOHCTDYKTOPOB CAMOJIETOB K CO3/TAHMIO
KpHlJla HOBOTO THIIA — TOHKOCTEHHOTO {MOHOG/04HOrO), AHANH3 CHIO-
BBIX CX€M KpPLLAbeB, Ipef-
BIECTBYIOIHX TOHKOCTEHHO-
My, MOKasal LeJecoodpas-
HOCTE!

a) BO3MOIKHO GOJLIIETO
_. pasHeceHus IoLAAeH Npo-
Empunazepsl JioJbHOro HaGopa oT Hefi-

: TPAJAbHOH OCH ¢ HeJbIO Ha-
HIYUIIeTe HCHOAb3OBAHHS
Hecylled crnocoGHOCTH Ma-
TEPHANA;

6} BceMepHOro yBeJH-
HeHHA HeCTKOCTH KOHCT-
PYKU#H XpblAa EKa Kpy-
yeHHe;

B} YyMeHbLICHHA KOJIH-
: YECTBA CTEHOK JIOHKepo-
HOB. B MHOTOJIONREDPOHHOM KpbLie OHH OKA3HBANHCH HeOTpYKeH-
HLIMH TIDH MHHHMAJIbHBIX, KOHCTPYKTABHO BOSMOMHBIX INIOHLAJHAX
CeueHuH, a B OTHOIIGHHH HCHOJAB3OBAHHS NOJOCTH KPbLIA AAg pas-
MEILleRHsA B HeH MOMe3NOH HATPY3KU M TOmausa Guan Godsinolf mo-
Mexofl.

Cospanue Xpbid TOHKOCTEHMOH KOHCTPYKIHH SBUTOCH Delle-
HHEM 3THX DpobJeM. '

Kvpbmo TOHKOCTEHHOH KOHCTpyKuum (puc. 2.9) npe,u,C'raB.rméT
COBOH TOHKYI0 IVIAAKYIO METANMHYECKYI0 OOO0JOUKY-O0MIHBKY, TOA-
KpemIeHHYI0 KAaPKACOM, COCTOSIIMM H3 HPOAOCASHHIX (NOJKKH JIOH-
JKEDOHOB, CTPHUTEPH) H Nomepe¥nbiX (InadpanMLI-HepBIGDHI) CHIG-
BblX 3/eMeHTOB. HopMadabHble HANpaKeHHA B 3TOH KOHCTPYKUHH

Hepdiops:

Osuubra

L5 o

AL

Mok NIRWBPINE

- Pue. 29,

' MOHOGJIOUHOM KpBUIE, a TAKKe Pa3paGoTKa NPaKTHUECKHX MeETOLOB

BOCHIPHHUMAIOT YXKe He TOMBKO JIOHMKEPOHH, HO M TlajKasd Merali-
Juyeckaf OOMHBKA BMECTE CO CTpHHMepamH. Jlerko BHAETH, UTO
MaTtepHad, pafoTaloUMA Ha HOPMa/IbHEIE HANPAXEHUA, B 3TOM CAy-
uae pacloJioxen HafoJiee BRITOJHO C TOYKH 3peHHA MARCRMaJbHOTO
pasmecennss or HefiTpanbiofi ocu. Illogxpenyiennas A0CTaTOYHO
YACTHIM NPOLCIbHBIM K TONEPEuHbIM HaGOpaMH MeTalanueckas 06-
IIHBKA Kpblna HagexHo pafoTaeT HA KpYueHHe, MPHAABAH KPBLTY
GONBINYH HMECTKOCTb Ha AedopMaindi ITOro poxa.

M, maronel, BBeAcHHe GOJABIIONG KOAMYECTBA CTPHHIEpOB pas-
pelajo RPOGNEMY AOJKHOTO HAPPYMEHHS CTEHOK JJOHXKeDOHOB Ha
CORMT H OCBOGOKICHHS MOJOCTH KPblia AJs TPY30B H $AKOB. '

I'nanxas ofmKBKa, KpOME TOTO, yAydYmlanaa ofTeraeMoCTh KPEJA.

Moro6aouHas KOHCTPYKHMS OBICTRE MOJAYYMJa Beeolllee TDH-

_ 3HAHHE H pacnpoecTpatenHe. B nactoniice BpeMsd TaKHge KOHCTRYK-

[HH DPHMEHAIOTCS OOYTH Ha BCEX CaMoJerax B TeX HJAH HHBIX Ba-
PHARTAX, OWIHUAIIIHXCS APYF OT APYra, IJIABHBIM 00Pas’oM, COOT-
HONIeHWeM J0JeH ydacTHs B paboTe NpOAOJbHOro Hadopa H
QONIHBKH. :

CrA0BAS CXeMa TOEKOCTEHHCOH KOHCTPYKUHH NPHHIHIHAABHO OT-
AHgaercd OT CHAOBLIX CXEM JBYXJOHXREPOHHEBIX H MHOTCGJAOHEEPOH-
HBIX KPHLIEEB, B JiOHXKepPOHHBIX KPbUIBAX ¢ 2#ecTKOH oGII¥BKOH CBA3b
MEXIY JNOHKEPOHAMH, KaK M 3HaeM, Obia BeJdKa, HO TEM HE
MeHee KaXKAuli A0HMKepoH paGoTan B 9TOH cXeMe, COXpaHfs CBONO
caMocTostTelbHOCTE. OH HMET CBOI COOCTBEHHYK HEHTPaIbHYIO OCh
u geopMEPOBANCT TaK, Kak AepopMEPOBAcd Ob OH, OYAydH H3O-
JHPOBAH OT OCTAJBHONH KOHCTPYKSIHI NOL cBoell AoJiell HATDY3XM.

B MoHODNOYHON KOHCTPYKUHHM CBA3b MEXIY HPOACILEBIMH 3/7€-
MeHTaMH AOCTAraer elle Ooabmiefi creneHd. B raxofl cxeme mpo-
JOAbHEIE 3/IEMEHTE, B TOM THCAE H JOHMKEDOHLI, IOAROCTLIO TEPHAKT
CaAMOCTOATENEHOCTD H AeopPMUPYIOTCA HOM HArPY3KOH KaK 3/eMeHThE
eXUHOH ROHCTPYKIHH. ¥ BCeX NPOAOJBHEIX 3JeMEHTOR (70HIKEpOHH,
CTPHUHrepHl, OOWIMBKA) HeATpaabHAs OCb SABJAACTCH BHIHY K ACHHON
(e mx coGcrgennol). [lossnserca ofmas HefTpanbHag OCh cede-
Aus. MMEHHO TI09TOMY TAKHe KOHCTPYKIHM HaaWBajoTCs MOHOG/ION-
neiMH. HaspalHe NOAYEPKHBAET €AHHECTB0 3JeMEHTCB CEHCHHA.

B cepasH ¢ TeM, §TO TFOHKOCTEHHBIE KOHCTPYKHHB pesKo OTIH-
TAKOTeH 10 CHI0BOH CXeMe OT JOHMCPOHHBIX KPLIBEB, LA HX
pacuera HeoOX0IMM GBI OCOOHIN METOI, NO3BOJIKIOIIHH paACCYHTHE-
BaTbh KOHCTPYKUMIO B LlesioM, 6€3 UIeHeHHS Ha OTARAbHBIE 3JIEMCHTEL,
K4K 3T0 AeAanoch NPK pacyeTe JOHXKEePOHHBIX KPbIALER.

Baaroxaps paboTaM, TIABHHM 00paseM, COBETCKUX YUCHBIX B
HACTOSILME MOMEHT paspemeHbl OCHGREEE HPGOIeMbl P2CcueTa TOHKO-
cTeHHOro Kpbiia. McclemoBamue 3THX C/IGKEBX BONPOCOB NOTIY-
AKHJNO TOJNYKOM JIs PA3BHTHA CAMOCTOATEABHOIO pasfleNa CTPOH-
TeJbHOH MEXAHHKH — CTPORTEJBHOH MeXaHHKH TOHKOCTEHHHIX KOH-
CTPYKLHM. :

OcHoBEBE 33CAYTH B MCCAGICBAHMY HBJIEHEH, MPORCXOMALLHX B

41



-

HX pacuera NpPURALIeXaT cOBeTCKOMy yueromy B. H. Beusiery. Ha
OCHOBAHKH rAYOOKHX Hecae@osamuit 5 1932—1934 rr. HM GLaR
NpeAOKeRbl METOAp PACYEEA TOHKOCTERHHWX KPBLLIbEB, NOAYIHBLINE
Bceoblee pacnpocrpanenue u npusHasde. MeTofiH, paspaboraHpnie
B. H. BeasestM, 'coxpalHmiivce H NPHMEHAIOTCH TaM, TAe HOBEE
($aKTOPbl, CBA3AHHEIE CO CTPEJOBHAKOCTHIO KPbilld, Bbipe3aMu H Ap.,
NO3BOJIFIOT 510 AeNaTh. '

Boabwoft sKAaA B AeA0 D23BHTHA METOAOB pacyera TOHKOCTEH-
HHX KOHCTPYKUMI OBLI clleniar Takke A. A, YMaHCKHM. ¥im mpen-
J0XKeHa YL00Has HHXKEHEDHast rWnoTe3a Nas pelueHus npoG.reMbl
«3a/leJIKH» TOHKOCTEHHOTO Kpblia B Aauo uanmioe pewenne. Opurni-
nasbHHWA MeTol pacuerTa TOHKOCTEHHOrO KDHUJIA ¢ ABYMA JIDHAKEpPO-
naMu aan E. 1. Fpoeceman. Boapume 3acayrd B ofnactid pacyetd
TOHKOCTEHHHX KOHCTPYKIHA HMEIOT TaKkKe COBETCKHe YueHble:
B. 3. Baaco, A. 0. Pomaweeckuit, C. H. Kan, H. A. Cpepanos,
B. & Kucenes, . ®. O6pasuos 1 ap.

B zarnoit paBoTe npobaeMa pacteTa TOHKOCTEHHBIX KOHCTPYKIMHA
GVAeT 3aTPOHYTA JIHIUL B CAMOA HE3HAYUTENbHOH 4acTH. Yyrarenn,
Jeaamouero 6onee MOApoGHO O3HAKOMUTBLS C 3THM HHTEDPEeCHeHHIHM
paspenoM CTPOHTEALHOH MeXaHuKH, MBl OTCHUIZEM K CHeNHANBHOR
JHTEpATYPE. ' ! e

Kag GBELIO cKAZaHO BHIIE, TOHKOCTEHHAS KOHCTPYXKHHS HBHJACh
CAENCTBHEM CTPEMJIEHRS KOHCTPYKTOPOB MAKCHMAaJBHO PaA3HECTH OT
HefiTpanbHOH OCH MaTepHad, paGoTaloMIMit Ha HOpMaJsibHbIE HampA-
senns. Mmenno 3TH coobpaxenus NOACKA3HBAMH Heaeco0hpa3sHocTh
3dMeHu /IBYX JIOH)XXEPOHOB € MACCHBHBIMM IIOJKaMH HeCKOJbKHMH
JIOHKEPOHAMH, 4 32TEM H CTPHHTEPAMH C ManbiMH ILIOLIANAMA Cede-
uuA, HO ¢ GoJtlee YAANEHHBIMHE OT HeHTPAJbHOH OCH UeHTPaMy
THAHKECTH. '

B csere 3THX uieli Tiajkas, paGotaoulas Ha HOpMAJbiuie

HAUpSKeHHs OOMIHMBKA TNpejicTasuna coSofl NpefesbHoe, 4 ¢/eno-
BaTeqbHO, H HanGoJiee BurOjHOe pasHeceside MartepHana. Ho taxoe
paccpexoTOUeHHe MaTepHasia M CBA3AHHOE ¢ HHM yMCHbLUEHAe pa3-
MepoB MNOMepeyHHX CcedeHHW BJeKno 3a coboi M Apyroe, yixKe
HENPHATHOE OGCTOATEABCTBO — CRUKENHe PadaToCNocoGHOCTH e
MEHTOB KOHCTPYKUHH H3-3a BOZMOXKHOHA MOTEPH HMEH YCTORIHBOCTH.

JlefcTBATEbAC, B JOHKEPOHAX MPEXHUX KOHCTPYKUMA HMEAHCH
MACCHBEBlE TQJKE, Galle BCero TpyGuaToro cedeHus, KOTOPHIE IOA-
HepAMHUBAACL B OAHOM HAaNpaBJeHHHM CTEHKOH, a B apyram — o06-
INHBRO#. TaKHe MOJKH ACHKEPOHOB A0IMYCKAMH 3HAUHTE/LHBE CHH-
Maicllye HanpsKeHus, BecbMa 0JH3Kue K Npeney MpO4HOCTH MAaTe-
pHana. . '

B TOHKOCTEHHO! & XOHCTPYKIHH HOpManbHEe HampriKeHHs BOC-
IPUHVMAIOT He TOABLKO JICHKEPOHH!, COXDAHWBUIKE 10CTATOMHO MOLL-
HBle TOJAKH, HOAAEPKABNHE OT TOTEPH YCTOHUWROCTH ofIHBKOH ¥
CTEHXOH, HO H CTPHHTepH C OOmWHBKOA. MeX Ay neppiopaMn CTpHH-
repsl ¥ OBHIHBKA He HMEKT HHKAKHX OOp, NPENATCTBYIOMHX HEpe-
MellenusM N0 HOPMajaH K OOINKBKE, H TAK KAK MKECTKOCTh HX B’
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5TOM. RanpasAcHil HeBeMKa, OHH CTIOCOGHBL TEPSITE YCTOHYUBOCTE

- HpH HanpAMeHHax, StaUYHTEIbED MeHbITTHX, YeM pa3pyilaioliue.

Takpm o6pazoM, ¢ OfHOl CTOPOHH, OepeXOl K TOHKOCTEHHOMY
KpHIAY HO03BOJseT AOOHTLCH Bojice BHCOKMX HANpAXKeHHH BO BCex
sjeMentax, paboTalOWIAX H4 HOPMAABNLIE HAHOPSKEHHN, ® 370, Oe-
3YCJAOBHO, BHITOARG, TaK Kax NO3BosisieT B OOAbIIER CTENeHR HC-
fosb3ogats paborocnocobiocrs Matepuana. Ho, ¢ apyroil cropond,
ApoGaeHHe MarepHala BelleT K [0Tepe YCTORYHBOCTH VIEMEHTOR

npofoabnoro Hatopa {CTpuErepH, ofDIMBKA) K. TeM CaMuHM He

NO3BOAACT NOAYUHTH B ATHX IEMEHTaX MENaeMBIX BHCOKHX HANpHA-
FeHul, 310 rnocneiiee OGCTOATEABCTBO HACTOMBKO CYIIECTBEHHO, UTO
H4 TepBHHl B3IAAJ MOKeT .CBeCTH Ea HET BHIOAM TOWKOCTEHHOH
KOHCTPYKIHH. ' v & '

Tem He MeHee, 370 He Tak. TOHKOCTeHHOe KPHUIO, Re YCTynas
JOHKEPOHHOMY I10 Becy, OKa3aJloch BeChMa YNauHBIM B OTHOIUICHHYE
€0 MeCTKOCTH B NPOUECCe SKCIAYATAHHH. ¥ TOHKOCTERHOFO KpPHJA
OHZ 3HAYUTEALEO BLHLFE, YeM Y JOHAEPOHHOrO, JTa 4pe3pHyafino
PAMKHAA XAPAKTEPHCTHKA COBPEMERRONO KPHIA, 4 TAKIKE HEKOTOphie
Apyrue {a3pONAHAMHYCCKHE, - SKCOAYATANHOHHLIE H TeXHOJOIWde-
CKHE)} KayecTBa IHO3BOJAMIIY OKOHYATENBHO DEIIHTh BONPOC B [0AL3Y
TOHKOCTEHHOA KOHCTPYKIIHH. : '

Tlpuaups BWCOKOH MXeCTKOCTH TOHKOCTEHHMX KDHABEE B HpPO-
necce SKCNAYaTANHH OVIAYT ACHL MOCAe O3HAKOMIEHHS C METORAMH
pacuera, HO 3XeCh MOXHO BCe-TAKM KAYECTBEHRO NORCHHTbL 3TOC.

Ceqennst 371eMeHTOB KOHCTPYKUHH ROAGHPAlOTCHA, KaK H3BECTHO,
Ha DadpyllaloNiy®) HaTpy3Ky, 3HAUHTEAbHO NPEeBLHKAYI0 SKenaya-
raugonnyio (B 1,5—2 pasa). TIpu rakux Harpysxax "TOHKOCTeHHBIS
3JEMEHTHE YZKE TEPHIOT YCTOHYHBOCTD W palOT410T HENOJHOCTHIO,
NOSTOMY HOAGHPAIOTCH ¢ HEKOTODHM 3aBHIICHAEM, -

[Mpr sxcnayaTAUMOREBIX e HATPY3KAX ITOH NOTepH yerofiuupo-
CTH MOXeT # He ObiTh, 3J€MeBTH paloTaloT NMUJHOCTBIO H COOTBET-
CTBYIOIHE HANpSKEHHs #X W Zedopmauwn OyiyT MeHbile TeX Xe &
RedopManyil 0 HaupsXKeHHH B KOHCTPYKEWH, nogobpaHno# u pabo-
Talelell 10 pa3pywWweHnst 10 3akoHy ['yka, ' :

Takum 06pasoM, aBJjeHue HOTEDH YCTORUHBOCTH B TOWKOCTERHOH

KOHCTPYKLWH AOAKHO OHTH NPHHATC BO BHEMAHHE YKe MPH KOHCT-
PYMPOBAHEH W pacuere H AONYCKaeTc KaK AOMKHOe TpW Harpya-

KaX, NpeBHIIEaIONIHX OOBIYHEE B JKCIAYATAOHH HAarpyako. Iro

"BECBEMa CYIIeCTBEHHOE O0CTOATENBCTBO  3HAYHTENBHO  OCJACKHSLT

CHMOBYIO CXeMy KOHCTDYKOHH, BHOCHT OOJblIHe TPYAHOCTH [pH
onpelleneHny HanpsukeHmd U edopManuii KpHiaa M CONYTCTBYRT -
BeeM BBIKIAJKaM M COOOPAXKEHHSIM, H3JA0/KEHHBIM B ITOM pasaese
Kypea. . o '
Cnoxuocts sBfeHufi, HAGAOIAEMBIX TIPH HATPYXKEHHH TOHKO-

" eTeHHBIX 680K, H TPYAHOCTH YCBOCHHA 3TOrC PA3leNa 3aCTaBiAloT

TpeanocaaTe HW3JA0KEHHI0 METOLOB DacyeTa MOHOGHOYHOTO Kphiaa
pasfies, NMOSCHAIONIHA ccofeHHOCTH paBoTH Ha CKATHE H pacTsKe-
HHE TOHKOCTERHLIX nmanedell. B wen Oyner noxasana dusuueckas
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KapTHHa HabJILdeMBIX B 3TOM cavade ABACHUH H, TIOKA 3TH ABJC-
Hps HA NAHeNH He CJIOXKHEBL, NOfACHEH TpAeM yNpollenus CHIOROH

CXEMBl KOHCTPYKIHH. i

2.2.2. Cxarie JABYXCTPHHrepHOH Navesd

Ha prc. 2.10 nso6paxena camas npocras TaHegb ¢ ABYMA
CTPUHTEpAMH, BEIMOJHEHHAs H3 0fHOro mMarepHaia. Ha nem obosna-
ueHo; d — AJHHA NaHeaH, § — WHPHHE TaledH.

I[lycrs ¥ maHea® NPHJONKEHZ CXRUMAMNIAR WATPYysKa IO MeHb-
Uedl U3 CTOPOH, NPHYEM NPOHECC HATPYKeHHs OCYIIECTBJINETCS Ta-
KHM 06pAa30M, YTO HPONOJbHEIE YAJHHEHHA BCEX SMEMEHTOB OAMHA-
KOBLL H PaBHBL A.
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s ¢
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Puc, 2.10. ) : Pue, 2.11.

B s1oM caveae, odesugH0, OYAYT PaBHH H OTHOCHTE]LUBIE YIJIH-
HeHHA MPONOJbHEX «BOJOKOH®

A
EI‘:——‘.
d

IlpH OdYeHb MajbIX HATPY3KaX BCE BOJOKHA» OCTAIOTCH nPAMO-
JMHHEeHIIEMH, TaX KaK IOTePH YCTORUHBOCTH €lile HeT H, OUEBHAHO,

Ut:Eaiz—z-E,

T.e. HANpKERHs il0 muprie b Bynyr mocrosmHl (aunwa [ Ha
puc. 2.11).

Ecitn Tenepk MOCTENEHHO YBeJHMUMBATH HATPY3KY, HaIpskeHnud
GyLyT HAPACTATH BMeCTe C A B B KAKOH-TO MOMEHT oOMIMBKA nAa-
nexd IOTepser ycrohumeocTh. Ho moteps yCTOHUMBOCTH OGMHBKOM
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He mOBeXeT B MARNOM CJyYae K paspyllenHio nadesn, QOmuBxa
Mexcy pefpaMK BLIy4uTCS, OPHUEM CPeAHHe ee NPOAOJbHbE «BO-
JoKHA» GYAYT SBHO KPHBOJAHHEHHBI, a N0 Mepe YAadcHH: OT cepe-
IMEH KpHBH3HA Oyler nafate KO HyAd BONM3K CTPHHIEPOB
{puc. 2.12}.

. Tlpu paapHefinleM CXKATHW MAHENH CTPHUHTEpLl, OCTABUIMECH Ops-
MOJAHHEeHHNME, GYLYT NO-IPEXKHEMY OKa3bBaTh CONPOTHBJEHHE AC-
GOpMAlHaM H HANPSKeHHs B HEX Oynyr soapacratb. Bymyr rakxke

z ‘-l"-.-._._-‘—--‘--"-b
A

X %

Wbk - -
x F4 A,
Pue. 2.12, Puyc. 2.13.

ER i O e 3 i ¥

BO3PACTATh HANpSXKEHHS W B OOUIMBKe, HO ye HEPaBHOMEpHO: 60-
Jiee HHTEHCHBHO BOJIH3H OT CTPUHFEpOB H MEHEe HHTEHCHBHO B Ce-
penuHe nawenn (auuudA i Ha prc. 2.11) *. '

Tax HJK HHave, Ho ofllice COUPOTHBIEHHe NAHEMH, XQTH H He
aunefino, HO OydeT BO3IPACTAThH NO Mepe YBeJW4eHH# nedopmanui.

[IpH faneHeRiNeM TArDYXeHHH «BilafHHa» Hampskennd Gyner
VBENUUHBATLCA, CJIeJOBATEBHO, HATEHCHBHOCTE POCTA COTNPOTUBI]E-
Hisi DaHeds GYAeT MafgaTh W B KaKoH-TO MOMEHT CTPHHTepbl fOTe-
PAIOT VCTOMYHBOCTD B HACTYNHT paspylrenne. Pacnpeaesenne Ha-
Ops:KeHHi Mo HINPAEe NafeNd B MOMEHT PaspylleHHs [OKa3aHO Ha
puc, 2.11, kpusaa [If. B sror MoMent B cTpumrepax W Ojusjiexa-
HIMX [OJAOCKAX OOUIMBKH HAaNpsKeHde PaBHO HEKOTOPOMY KpHTHUe-
CKOMY Gepp, xp, HECKONBKO OTJIHYAKWIMEMYCS OT KPHTHUCCKOFO Harnps-
JKeHHA OTAEABHO B3SATOTO CTPHHTEPa (MOACIHTARNIONS, HAMPHMED, MO
H3BecTHO# QopMyae Dilyepa}, BCICACTEHE NOAKPENJIeHHa CTPHHTEpa
yuacTKoM OOmHBKH. Ilo mmpuHe OGUIMBKH HAnpsKeHHe MeHseTcd,
CHABRHO HANasd B cepPednHe NAHeN.

Ecau teneps H30o0pashTs Ha AHATPAMME CyMMapHOe YCHIHE Ma-
‘nemn P no nedopMamue A, TO MBl NOJYYHM, OYeBHAHO, NPHE MAaABIX
3HagenHax P OpsAMyio, a anee HEKOTOPYIO KPHBYID ¢ HAKJIOHOM -
KacaTe/bHON, GIHSKHM K HYJMIO B MOMeHT paspymenuns (puc. 2.13).

* 3nech ¥ B JaanHelillen ME Be OyleM TPHHHMATh Bo BHHMHHe HAnpixKe-
it or #arufa HpoIOALHHIX ¢BOIOKOH? OGHIKBKH. ’
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Benyudia yCdANA AaHe I NOCAe HoTepH YCToHuMnoeT OOHIHBKH,
QUEBHAIQ, 34TMIDETCA TaK: =

R L]
P :.2GerFch+j Urjﬁll'ladx!
[i]

Tae O — TOJMIUMHA OOIUMBKY, & Gogm— NEPEMENHBIE flo BEJHYHHE

HanpsixeHdsd B oblHBKe. )
3amasa onpeAedeuns yewnaus P paccMarpHBaeTca B Kypee

CTPOMTENIbHOR MEXaHHKH, B MH He OyleM OCTAHABAMBATLCH 3AECH
HA 3TOM, &, MCOOAB3YSl 3TOT NPOCTOH NPUMEp, MOKAMEM RHXKERep-
HEle IpHEMH YIPOLIEHAA KPHBOR Goom NO X, NOJAYUHBIIHE AIHPOKOE
pacmpocTpaHesue B TPAKTHKE CaMOJAETOCTPOCHH#. ITH IpHEME
CHIBHO 00J€rvaloT TPYA PacyeT4HKa W -He BEAYT K 3HAUHTEAbHEIM
HOTPEeHOCTAM,

- Mu nokaxewm saecb jBa cnocofia zameHnl KPHBOR Goam, IO
CYUIECTRY COBEPLUEHHO PARHOUEHHRIX. '

/2 8o /Z

I S )

G o, cp §

’O 4 A Ij
\\,__ r- i |

P 1 . -

Puc. 2.14. - Puc. 2.15.

XX
it»—

1. ByzeM CUHTATH, 4TO HaNpskeHhHe N0 LHpYHe NaHeIH H3Me-
Hsercsa He no KpuBoil A (pHc. 2.14), a mo npephHBHCTOR JHHUU: HA
CTPUHIEpax HampsKeHHe DABHO HampPsKEHKIO CTPHATEDA Oerp, & TO
Beeli mppHHe OGITHBRY OHO PaBHO CPefiHell BeJHYHHE:

&
J‘ Uoﬁmd.t
Uoﬁm.cp = L b

CyMMapHOe ycUAHe NMaHeNH, OYEBUAHO, B 3TOM C/Ayyde OCTRHETCH *
[IPEKHHM: : '

4
I

3
{ Ooswdx

Pcyu = 2F¢rp'.3c-rp +- b 0_5____
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2 OREpHpOBATH B pacuerax yaobuee ¢ TOCTOAHHOR BeJHYHIOH

. Ootm. ep» IEM € NEPEMEHHOR Go6im

[Ipn TakeMm paccMOTpPEHHH NPUHATO rOBOPHThH, YTO 00WABRA pa-

' §oTaeT H& HOpMalbhile HANpAXKEHHs NO BCel IMpHIe, HO C MEHD-

[MAMH HaGPAXKeHHIMH, YeM CTPHHIEepEE.

2. HOpyroit npueM, npeanoxentsidt B. H. benaepoin, JHUL OueHb
HEe3HAMATENLHO OTJAHYAETC] OT TOMBKO ATO H3NOKEHHOTo, HO OH
NOJYYKI GoMbllee PACHPOCTpaHeHue. _

B ‘stom cayuae xpumas A H3MEHCHHS Gogm 1O LIWPHHE MaHEIH
3aMeHAeTCA PepHBHCTOR JHNHEH TaK, KaK MOKa3aHO Ha DHC. 2.15.
B 5ToMm cayuae MPEALOAAraiT, UTo FOpMa/bHbIe HAlPKeHud B JIO-
NOCKAX OOGLIHBKHE WMPHHON Bo/2, HEMOCPEACTBEHRO NpPHMbIKAIIMX
K. CTPHHTEPY, PABHH HBNPIMEHHAM B QTPHHTEPAX Gerp, 4 B OCTAID-
WOl uacTH OGIIMBKY HOPMAJbHME HaupsiKelwi pasubl uymo. Hin-

. pHHA NPHCOEAMHEHHOR NONOCKH HAXOIHTCH H3 YCJIOBHSA HeH3MeH-

HOCTH QGHLETO YCHIARST MaHeJgn: :
P —2F 40y + 8 S”"ﬁ“’ d = 2F ey -+ 2 2 80y,
]

OTKYIA
b
I Goﬁu‘dx
by = .

Takam ob6pagom, 4ro0L BHIYHCAHTh TUHPUHY TIPBECOEAHHEHROHR
noftock OGLIKBKH, HeOBXOAWMO 23HATh 32KOH paclipejle/leBHs Hamnps-
MeHUS [0 IMPHAE TAWENH, KOTOPH, MEXLy {IpOYEM, MEHSETCA B
3aBHCHMOCTH OT CTENCHH -3aIPYIKEHHOCTH WaHEAH WJH, HHAue, OTF
BeABRTHHEL Oe1p- . . N . .

[ozofuLie 3a4a4l PACCMATPABAIOTCA B KYPCe CTPOHTEJBHON Me-
XaHHKHK CAMOJIETa, H 3feCh MbLI OTPARHMHMCH CCHIIKOH M& COOTBETCT-
Bylomye cupasounukd. Tax, B CupaBouHofi KHure Nmo pacyery ca-
MoJeTa ‘Ha Apounocts [3] mprBoRMTCR Takas GopMyna '

bo=a‘V'fz_'£;°6m:]/ Eerp . - (27)

crp Gerp

3necy £=3,6; Eoom B Egrp— MOOYNY YONPYFOCTH O6WMBRE B
erpunrepa.
nPH Eoﬁm=Ec'ﬂ)

-b‘,l:-_l,gal/ £ 28

Tlpr IpoBefEHHH pacuera Ha NpPeAeibEY0 HECYHylo ciocobHOCTh '
NageNw npuMengerca MeTO NOCAEI0BATESbRLIX HPHOMHKEHHE, B
KOTOPOM [OJf WYJReBOro NPHOJHKEHUS B popuyny (2.7) una (2.8
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NGACTABARETCA Gorp. xp, BHUHCIeHHOE NO QopMyde Diulepa A H30-
AHPOBAHHOFO CTPHHTepa. B mepsoM npubKeHHH B 3Ty He (op-
MYy HOACTABASETCH Oorp. xps NOACUHTAHHOE C YUETOM [PHCOCHHHER-
HOl mosocku obwMBkE mupuficit by/2. 3mecs bo Geperca u3 npe-
ABYLEETO NpUOIRKEHUS U T. A.

Ias Gonee rpyOMX pacueTOB HPH HCHOAL3OBAHMY MaTepHAla.

J1-16 MoxxHO NPHMEHHTE TaxKe opmyny
b = 308.

3,]13(:]3 meHHa HpHCOﬁﬂHHeHHOf{ “QJIOCH. y}KE He 34BHCHT OT
UCTD' N

2.2.3. CKaTHe MHOTOCTPHHIePHOH naHeln

PaccMOTpHM Tenieph 0ojee CAMKHYIO MaHels, MPEACTaBisiollyd
€o60fi TOHKYI OOMMBKY, NOAKPENJICHBYI0 B MPOROABHOM Hanpas/e-
EHW  TOJXAMH JOHKEDONOB M CTPHHIEPamMl DAasHelX CeueHki

A—A {puc. 2.16). [TpunoxumM K Hek

- npoAOAbHYI0 CHRHMAMILYI0 HA-

[ . g TPY3KY, OCYIECTBAAL TLpOLUECT
HATPYMEHHS TaK, UTo Mpo-
AONbHBLE YANHHEHHA BCex aJie-
MeHTOB OnHHaKoBbM. OueBni-

o 5 * o FIO, ME TOJYUHM HPeXHIOW
KApPTHHY.
o & oy wd
- - - [Ipn maabix Harpysxax
~AT o o i o TA;HanpﬁmeHHe GyleT OMHHAKO-
o " | o BLIM [0 BCeMY CEUEHH:O NaHe-

au {nmmmm [ wa puc. 2.17).
3aTtem notepsien YCTOAUMBOCTE
OBGMIHBKA, B NPH AalbHeHIIEM
HATPYHKEHHH HanpsKeHEA B
e & Heit GYRVT DACTH MelJcHHEE,
Puc. 2.6 xotst ofllge COIPOTHBJIGHHE

T naean Oy/er BO3pacTarb.
HanpsixeHus B TNPOJOABHEIX
pebpax Oynyt ellle OJHHAKOBH, a HO OOIIMBKe ME TOJYYHM KpH-
BYIO ¢ ¢ NpOBasiiamMu MeXXy cTpuhrepamm (amums [ wa puc. 2.17).
C yBenHYeHHeM HATPY3KH Ha OaHedh HACTYHHT MOMEHT, KOIZla
TOTEpSeT YCTOHYHBOCTS CaMblil cialwill crpuHrep nanend {(cpexruit
na puc. 2.17), mocme vero HampsiKenus B HeM OyAyT BO3PACTaTh
kpaise memneduo. IIpu JanbHeflleM HarpyXCHHH Mbl [DOJYYHM,

ouesnpuo, kpesyir fff. 3atem TOTepAIOT yCTOHYUBOCTL ABA JPYTHE

CTpHErepa, NpuHsTHie Ha pue. 2.17 oxmmakosoro ceueHust. [lams-
HeHliyii pocT HanpsKeHWE B HHX TAKXKe [PAKTHYECKH IIpeKpa-
THTCH, ¥ KpUBas Hanpsxexuil Gymer eme cnoxuee (Kpusas [V Ha
puc. 2.17). Tem He menee naneab eme paborocnocobma. Ilpn pane-
nefileM C:KATHH TNAHEJH HAMPsIKEHUS B NOJAKAX JOHMEPOHOB GYAYT
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Ible HalpsxeHHs, OyLyr AHCKpeTHbl (Ha pHc. 2.20 OHM 3aLITPHXO-

elle BO3PaCTarb, CAELOBATENbEC, OyAeT pacTH H 0OMlee CONPOTHB-
AcHHe maHe d N0 TeX [Op, NIOKa HE IOTEPSIOT YCTOHYMBOCTD K HE
Pa3pPYIIATCH NOMKH JOHKEDOHOB.

Ecan Ha nuarpaMMe H300pasnTb CYMMapHyo ciy namenn P
KdK (QYHKIHIO OTHOCHTENLHO YINHHEHHSA JOHXKEePOHA Ex, TO IOAY-
uBM RexoTopyio Kpuevio {puc. 2.18).

71’
™~ <
$ oz " /
I b A /
S % /
Ti~\l] I(‘F
| TR LT ER L T TIEN [
i
: j
5 L
- 1 Exq
Puc. 2.47. Puc. 2.18.

CHoMELI 3aKOH DacnpejcicHHs HanpsxkeH##l B oOlIMBKe, H30-
Gpaxeunnit Ha pHc. 2.17, Tak Xe, K&K H B NpeAnlylieM ciayuae,
MOMHO YIPOCTHTE ABYMS crocobamu. :

1. OCpemHHTh HaNpsiAKeHHA MO IHpPHHE OOLIHBKH MEXKAY CTPHH-
repami. Torza CTpHETepn! W o61KEBKA BYRYT HMETH pa3Hbie HANps-
wenpa. OcpepHedue Tipo-
U3BOJMTCA TaK, Kak 3to [N
clesaHo  JAAd  OpOCTOH
IBYXCTPHHTEpHOH IMaHeH. T

2. Cygrars, 4T0 Ha HOP-

MalbHBIE HANPAXKEHHS Da-
60TAIOT TOMBKO <TIPHCOSIH-
HeHHbie» MOAOCH OOMINBKH.
Torga nuarpaMma pacipe-
DeNennsi HANDSKEHHMA B
npeebHOM COCTORHHH :
NpHMeT BH[, TM0KA3AaHHBIH o "J
Ha prac. 2.19. Hanpaxenne L""

B NPHCOSAHHEHHON HoJdoce 2 EL__‘____
CYHTAETCH DaBHBIM Hanpda-

MeHWio B pebpe, K KOTO- Pue. 2.19.
POMY OH4  OPHMBIKaET.

1upuea mpHcOCAHHSHHOH MOJCCH OOPeAeNHTCA TOTAA H3 YCJIOBHSA
COXPAaHEHHs YIPYCOTO VCHMHS AHANOTHUHO TOMY, KaX 370 CIeNaHO
AJf MPOCTOfl ABYXCTpUHrepHo#t Danensn. (Has rpyOuix pacwerosn
[iePBOTO OPHEIMKEHUA MOMKEC UPHHATH bo=300). '

~ {lpu Takofi cxeMaTH3AUME ITOMARH, padoTamlige HA HOPMAJb-

Gemprup
Cemp.z 4

-

3%
N
oy

LM

o
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Bamb). JTH AHCKPETHO PacnOJOMedHbie HIOmaNd Kaxjaas B OT-
NENBHOCTE WMeeT paBHOMEpHOE pacEpejeneHHe HOpManbHbIX Ha-
npaXKenni: B KaXAO#H TOYKE, OHO PABHO Uerp. (K2k ckasano BHILE,
MH He NPHHUMAEM BO BHUMaHHEe HampaXkKeHEi OT H3rnba «BOJIOKOH»
npu norepe ycrofunsocTu). B cBAsH ¢ 3THM eaecooOpasH <MpH-
COSAHHEHHYVIO» NOJOCKY OOWMBKE OOBEXWHHTEL € IJIOUWARBI0 CTPHE-

e T

Pue., 2.20.

repa, NPHCOEIHHMTL K HEMY H B JadpHefeM HOX IJO(AJBIO .

CTPHHTEpa Beeria NOoKpasyMesaTb CYMMApHYIO- IJOMAAL CTPHHrEpa
W HNpUCOENKHEHHCH K HeMy noaocl, MMeHHO MO3TOMY STH NOIGCKH
TIPHHATO HA3BIBATH «IPHCOE]HHEHHBIMY», '

B 5ToM ciyyae NPHHSTO FOBOPHTD, YTO OOIIHBKA HA HOPMAJbiLIC
Hanpsxerus He pafoTaer, a padoraer TOAbKO HA CABHT, HOPMAAb-
Hhle 3Ke HaNpsikeRus BocnpuuumaiorT pebpa (pasymenorcs pebpa ¢
IpUCOeXHHERHOI 0BILINBROM) . _

Tagag cXeMaTHaanH# NOJYudia WIHPOKOe HpHMeHeHHe B pacyer-
Ho#t npakrhke. [IpH AanbHefimeM H3nOMeHWH Mbl OyAeM mpuaep-
WUBATLCE 3TOH cXeMbl pacueTa. '

¢

2.2.4, PacTsuKe#He naHeAd

MpeacraBuM cebe, uro Ta ke MaHenb (cm. pHc. 2.16) marpy-
KaeTcs TakuM ke o6pasoM pacTaxeHHeM, llo-mpemnemy 3aRalorcs
A8 BCEX SJeMEeHTOB 3TOH NaHeJd OOHH H Te IKe  OTHOCHTEe/bHLIC
yaainenns, Ecau 651 5Ta KOHCTPYKISI He SBUIA TOHKOCTEHHOH, Ha-
IpAKeHUn B CeYeHdH paclpeleluancy OB paBHOMEPHO.

B TOHXOCTEHHON e KOHCTPYKIMM M IpH DACTSKeHHd Halpo-
flaeTcs CHuKeHHe HANPFIKeHHH B OGIIHMBKE M B MeHbllel cremenu
B CTPHHTEPAX N0 CPABHEHHIO ¢ HARPSIKEHHAMHU B Jcnxeponax. Ipo-
HCXOAUT 3TO MO CASAYIONIAM NPUIHEAM.

1, O6mueka kak Hanboaee TOHKOCTEHHRHA 3/CMENT B KOHCTPYK-
IRH OOLIUHO HMEeeT HEKOTOphle OTKAOHeHUst OT 3afanHOR OpPMD.
B naHHoH nDanesid, HATpHMep, OHAa MOXeT HMEThb HEKOTOpPHE OT-
KJAoReHus 0T miockofl dopme, B MeHbllell cTeneHH 3T0 OyAeT H B
CTPHHTEPAX, TAK KAK IMIOLIAZM MX CEeYeHH) HEBE]RKH HO CpaBie-
A0 ¢ TOACAMH JOHXEPOHOB, la X TOMY Ke OHH He HMEIT JIOH-
KEPOHHOH CTEHKH. .

Taknmd o6pasoM, B Hallell NaHEJH €BONOKHA» OGWIMBKH, 2 Tax:
e B HeKOTOpofl CTemeHH M CTpUHIepoB, OYAYT He CTPOLO MPAMO-
angefiwsl, [lostoMy npu pacraXeHud UX ofiee yamnuenue Oyner
cocToATh K3 AedOpMAUNH, BH3IBAHHOE PHIIDAMJICHHEM <€BOJOKOI®,
. ¥ netopMauHH cOOGCTBEHHO PacTAXKEHIN,
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9. [Tonepeunte 3akAeNOYRLE WIBH B OGIMHBKE TakkKe Crocob-
CTBYIOT YBEIHUEHHIO NOAATIMBOCTE -ODIMBKH, a CAENOBATEABHO, H
CHIDKEHH!O Hanpsxiesnli B Hell N0 CPABMCHHIO C HATPSKEHMSME B
pebpax. :

3. JuarpaMMel pactsoxeHns (¢-—e) QIS JHECTOB W PA3JHUHBEIR
npotriel 3a TPeieIoM YIPYTOCTH PA3NHYNDBE, CREZOBATEILHO, H 3TO
BLI3OBET PA3NHYHE B HANIPAKEHHANAX.

Bee 3T0 NPHBOAMT K PACTIPERC/ICHBIO HAUPSKEHEA LO CeyeHuto,

BHEIIHE HANOMWHAIOMIEMY PACHpelesieHue Nanpsienuli B CKaToh

bat2 0/2 '

Pue. 2.21. . Pue. 2.22.

!
i

O rmyp

|

z0He (puc. 2.21}, xOTsi HAKAKOH HOTepH YCroHYHBOCTH 371€Ch HeET.
B cBa3u ¢ 3THM ¥ RajbHEAINHE PACCYXKEEHWA NPH MOCTPOSHHY CXe-
MBI pacuera GYAyT AHAJOTHHH PACCYKIEHAAM IPH PACHETE HAHEAN
Ha CKATHE, '
Hanpumep, ofmmska masead (puc. 2.22) n mpu pacTamedns
HMeeT pacupellejienne HaNpSKEHHH 0 BechbMa CAOKHOMY 3aKORY.
TTosTOMYy TpH pacdere 3TH HaNPAKEHHA WIH OCPERHSAIT, BBONA
Gow. cp, MW CUHTAIOT, 4T0 OCWIHEKA PadoTaeT NpH HaNpsKeHHsx,

PABHHIX Gcrp, HO HA IIHDHHE «TIpHCOeRHENHOR Nonock». B ofonx

cAydasX HCHIMCHHDBIM OCTACTCH DOCTORHCTBO o0utero YCHARSA.
[lIuprHYy <OpHCOCAUHEHHOA MOAOCH bo Mb HalZeM TOTRA W3
paBeHcTBa

b
zoctppnp + r Ucﬁlnﬁdx == 20::1'ngch + ba&rﬂp,_
i}
OTKYZAa o '
]
r Tosm dx
[

be = .

Tere
Taxum 06pagoM, MH TOMYYHM TaKyio ke GOpMYJNy, 4TO M IpH

e¥aTHHE, ¢ TOX JWLL pasHuuel, yto by B PaCTAHYTOH maHesH Gyper,

pa3zyMeercs, 6oJiblie, 4eM. B CHATOM.

Gt




Orciona TaK e, KAK H IpY pacdeTe HA CXKaThHe, MOMNKHO <«IIpH-
COeNHHEeHHEE TOAOCH» OCMIMBKA OTHOCHTh K CTPHErepaM, a oGulIB-
Ky CUMTATH He paborajomed jia HOpMasbHble HaNpAXKEHN,

Ucnosbsys ZaHHLIe COPABOYHHKOB, Mbl HaiJeM MIADUHY <«Tpd-
COeNAHEHHEMX MHOJ0C» OOIIMBKH IpH PACTSIKEHHM H OTHECEM 3TH
miomwamy K naomann pebep. Pasgocts HanpAXKeHwd B8 CTPHArEpax
¥ foHKEpOHAaX MLI GYAeM OTHOCHTb 3a CUeT DA3EHX Moiyneir E
CTPHHIEpa H JIOHXKepPoHa.

2.2.5. ManeaAb, BHMONHEHHAS H3 PasaHYIHRX
MATEPHANOB

HomycTum, 410 HaHeaAb, nzobpayKeHHad Ha puc. 2.23, BHNOZHEHA

H3 PasiMUHHX MarepHanoB. [IpH CKATHH HAM PaCTAXKEHHH TakoH
KOHCTPYKUHME (TaK, KAK 3T0 JeAaNoch Bhillie) Le(OpMALHH & BCeX
NpoACALHBIX 3jeMeHTOB 6yLyT paBHBL, KO

] axe NpY CAMbX He3HAUHTRNbHLIX HAarpy-
‘lofl KeHMSX HANPSMKEHHA B JEMEHTAX M3 PA3HBIX
| Marepuancs OYAVT Das3JIHYHBL
A JelicTBHTEABHO!
* Eerp = Lot
t Ho g=0/E, cregioBaTeabio,
¢ ere _ Jobw
] e Eerp Lot
: ?E  orxyna
&
e Ootw_ __ _Eowm
Puc. 2.25. Cerp Ecre

2.5, PACYET HA W3THE

2.3.1, MeTox peayKuHOHHLIX Kosddpunuentos
B. H. BEJISYIEBA

ONPELEJNEHHE HANPAKEHHA

JlonycTaAM, 4TO LHAHKJPHIECKOE TOHKOCTEHHOE KPLiNO, OAHC W3
ceuennii KoTOPOro H306paKeHo Ha prc. 2.24, Harnbaercs B IIOCKO-
ctn yOz momentom M. PaHee OBJIO CKa3aHO, UTO TAROE KPBLIO
BOCMPHHHMAET HATPY3KY ¥akK efuias mnycrorenas faaga ¥ B ceue-
nun obpasyercs o011an HeATpaspHas OCb, SBAAKIAACH BLIHVKEN-
HOH OCbl0 TO OTHOUIEHMIO K JII0GOMY H3 3JEMCHTOB CEUeHUsd.
JlomyeTHM, 4TO OCh X 4 €CTb HefiTpanibias OCh CEUCHHS.

[Mapean kpeima 6ynyr paboTaTs B 5TOM CJaydae Ha cXarue o
PACTHREHHE TAK, KAK MBI YCTAHOBWJW BhIllE. Tlponoasnsie pelpa
(CTPHETEpS!, UOAKH JOHXEPOHOB} ¢ BPHCOSARAEHHOH OOUHBKOK
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6yIyT NPEACTABANTL TOTAA IHCKPETHLIE ILIOLNAAH F;. Bymeu npexn-
CTaBsATh MX COCPe/IOTOUERHBIME B TOUKe, COBNAZAIOMIEH ¢ BX LEHT-
poM TaxecTd. KOOpIMHATE LEHTPOB TAMECTH STHX 3JIEMEHTOB NYCTh
SYIYT X:, Yi. ' _

Hopmanbrbie HanpaxceH#s o;, BOSHUKAONME B PE3y]bTaTe U3-
fuGa KpHlia B KAKIOM M3 3JEMEHTOB CEueHE, [IOJIKHH, OUCBHIAHO,
YAOBJETBOPATE YPABHEHUSM DABHOBECHS.

Puc. 2.24,

CyMMa [poeKLUH BHYTPEHHHX CHJ HA OCh Z

ZP;=10.
CyMmMa MOMEHTOB BHYTPEHHEX CHJ OTHOCHTeNbHO OCH Y
M, =0.
CyMMa MOMEHTOB BHYTDGHHMX CHJ OTHOCHTEJBHO OCK X
M, = M.,
PacrumeM yparHeHHs:
EO}F; = 0; EUifoi = 0; ZU;F‘»yg _ Mx- (2.9)

IpousBeneM ¢ 3TEMH YDABHEEHSMH UHCTO (OpMasibHbeE Mpe-
06pa3zoBanug. YMHOKUM KAXEIT WIeH STHX CYMM Ha MHOXUTEIb
yi/y; (paBHBI, OYEBHAHO, €MHHIE) U BHIHECEM 38 3HAK CYMM Oxnf/Ya.
31ech 07 — HCKOMOE HOPMaJbHOE HanpsXeHHe B PACTAHYTOH NoJjKe
naubojiee MOLIHOTO JOHMKEDPOHA, Yy — OPIAMHATA MEHTpa TAKECTH
JCHXEepOHA B BHOPAHANX, HO NOKA HeHIBECTHHX OCHAX.

Torna ypaBHeHusn (2.9) MOXKHO 3anucaTh TakK:

2z "ELE*JLFib"fﬂO; EEE'&F;‘-’CM&:O;

Ha Ga Y Yn On ¥

O, EILELF‘ﬁ;M
Yn On % *
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Cokpaliias NepBolie fBa ypaBheHus nd 05/y, H obospauar Ges-

‘pasmepHuil, Bceraa HOJICKHFe bRBH, KOSDDAINEAT”

.
g, @10
Ol
NOAYYHM CHCTEMY H3 TPEX YPABHEHRH OTHOCHTENbHO GOABLIOTO WMC:
J1A HCHIBCCTHRIX (LN

S Fy: =0, ZoF iy =0 -?“_E(Pany? = M,. 2.11)
I

EerecTBeHHO, 4TO DPa3pelIuTh -3Ty CHCTeMY 1EeBO3MOXKHO Bes
BEEEHAS AOMOJHHTENbHEIX KHHEMATRUECKHX AOHYIEH B,

Flpeanonoxus Tetiephb:

1) npn marube pedopManup pacnpee]sioTcs HO CEUEHUI0, TOA-
YYHARCh 3AKOHY TAOCKOCTH &= %Yi; :

2) MOAYAM YIPYTOCTH BCEX IGMEHTOB CeueHHd, pafoTalomux Ha
HOPMAALIEE HATPAMEHHS, OAHHAKOBL (Ei=E);

-3) BO Bcex 3AEMEHTAX AePCPManHH Re BHIXOAAT 38 MPEALIH
npuMenEMOcTH 3akoda [yka, r.e. o;=£Ee;, B HH OLBE U3 HWX He
TEPHET YCTOHUBBOCTH.

Torga, NOACTABAsA 3HAUeHHe &, NOAyuMM o;==Exy; r.e. nHa-
NPAKEHUA PACITPERes IOTCH 10 J@KOHY TINOCKOCTH. -

Ho B 3ToM caywac pBeenHniil HaMu xodddunuenr {2.13) obpa-
THTCH B eJMHHIY! '

i Yn _ Evy Yn oy
¥

P =
LA Exyy o

CeA0BATE/bHY, YPABHEHHA (2.11) npunpmalT BHA:

EF:'H: =0 ZFxy: = 0; % EFff = M,

Ho 2F,y, = S, — cTaTuucckdii MOMEHT NAoLiajfed CEUeHHS OTHO-
CHTENLHO OCH X;

EF iy == J oy — UeHTpOOeXKHbIE MOMEHT;
2F,y; = J, — MOMEHT HHepIHH OTHOCHTEJBHO OCH X.

CnefoBaTe]bHO, PA3PEINAIRHMY YPaBHEHHAMH B IAHHOM Cay-
aae OyAyT: '

DS, =0; 6)J,=0; B 24 =M, @12
o; On
a TaK KaKx — = — , T0
43 Y¥a
o) = =y (2.19)

Kax BHME¥M, MBl IOJYUHAH >JAeMEHNTApHBE PASpPEIlaioLiHe ypaB-
Helstst Ans H3ruba OAaNKM OTHOCHTEABHO OIHOM H3 IVIABHBIX oceil,
ZapaeMble B Kypce COMPOTHBIEHHS MATePHAJOB. OueBHIHO, HHYETO
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APYIOFo MEi H He JOMKHBI OblAi HGAYHHTE, TAK KaK [0 L30OBALHCH
TeMH e THHOTe3aMH. _ _ .
VasecTHo, uro ypasnesus (2.12,a) v (2.12, 6) ompeseasior nO-

. XOMeHde HeATpaabHON ocH (OH& ABJAETCH OAHON H3 TJABHEIX LEHT-

pajsHBIX ocell cevenns), a YypaBHeske (2.12,8) uIR ypasHeiHe
(2.13) onpcaeasior HalpaXeHHs. ’

B’ TOMKOCTEHHHX KOKCTPYKHMSX, Kak Mbl BHAEIH Ha NpaMepe
naxenei, nocaefnee (TpeTbe} MPeAROJCKEHHE HMECT MECTG TOJIbKO
npu oueHb HEIHAYATCJABHOM garpyxeduu. [lpg Harpyskax e, Ko-
TOPBIE ABMAITCA PACYCTHHME A KPEIZ, SOABLIIRHCTEO 3AEMCHETOR
CHKATON 30HB KOHCTPYKIHH OGHYHO TePAeT YCTOMYHBOCTh H, CJIEAO-
BATEABHO, HX CONpOTHBJAeHHe AedOPMALME B OCHOBHOM HalpaBle-
HHH yXKe He HOAYMEsercA ‘saxoHy Dyxa. Kpome TOro, 3JeMeHTH
KOHCTPYKIKH MOLYT HMETb PasAuyBble MOAYAH ynpyrocTi Ei. 910
MOMKeT .OBTh B TOM CJyYae,-KOTNa OHH BLIIOAHEHH H3 PA3nuHBIX
MATEPRAJOB, HO AHAJOTHYHOE FBACHHC MOMET HabaionaThcs B TOH-
KOCTEHHEIX 3/IeMEHTAX, BLIMOJHEHHHIX M M3 OHOro Martepdana, xak
10 MOKA3aHO Ha OpHMepe PAacTAHYTOH MaieH.

TORKOCTEHHOCTb OOIIMBKH H B HEKOTOPOH CTeNeHH CTPHHTEepOB,
‘nonepedrsle WBbLl B 06UIMBKE, HANUYHE BCAKOro pojla BeIPE3oR # Ap.
MOMKET BbI3BIBATL CHYKEHEE HANpSMEHHH B CTPHHIepax H 0coGenHo
B OGIIHBKE O CPABHEHHIO ¢ HANpPMXEHHAMYU B JOHMEpPOHax IpPH
ONHUX W Tex Ke Aedopmanusx. I spjenus kak Ob TIOHHK AI0T
Moayan ynpyrocrw E; oOmuBKYE B cTpuBrepos. Creneds NOHMKEHNHA
«MOJyNA» CTPOLO ONpEXENNTh Hedlndsl, HO HA OCHOBAHHHM CTATHCTH-
qecKuX JAHHBIX TIPEMEpHBIE BeJMYHHW KO3QDHUUHCHTOB -CHEMEHHS
MOXHO YCTAHOBHTH, OHR MPHBOANTCA TAKXKE B CIDABOUHOR Jwre-
parype. : : .

Takum oOpasoM, BHCKasaHHHe paHee HPeNNOIOKEHNA «2» n
«3» He COOTBETCTBYIOT (PHIHIECKOMY SBJEHMIO, Hal/i0aaeMOMy NPA
HaruBe TOHKOCTEHHOrO KpHJA, TNOTOMY INPOCTRE paspemaniuye
<popmyani (2.12}, (2.13), apnsompecs CAEACTBHEH ITHX FHIOTE3, HE
MOLYT OBITh MCTIOABIOBAHBIL, :

B ofmeM cayuae i, oueBHAHO, He GyNeT PaBRO eIHHHLE, B A
‘pacuera HaM NPHAETCA NOAL30BATHCA YPABHEHWAMH (2.11).

.Brexem ofosnauenne- '

Fi ap F!@i’ (2-14)
TaK K4K (p;— Oeapasmepimfi KO3 HUHKEHT; Fimp HMeeT pasmep-
HOCTh NJIOHIAAH. DyAeM Ha3HBAaTh TAKYKC IMIOHIaib NpPHBENCHHOK

MOMAKBIO M PeNYUHPOBAHHON MJICINAABI), & §; — PEAYKUMOHHHIM
kosbdrumentom. Torna ypasEeHHs {2.11) mepenHmyrcs Tax:

SF ot =0; BF pxyi= 0 %#EF“myﬁzzwg.(Zlﬁ

Ho EFi mpli = S.r aps EFi Tlp. Xilfi = ny ps EF:’ fip yf: ‘fx np?
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T.e. 510 CTATHURCKHI MOMEHT, MEHTPOOEKHEI MOMEHT ¥ MOMEHT -

MHEPEMH NPHBEACHHDIX MIOMEAeH CeYeHus, ciIefloBaTeNbHO, YpABHEe-
uud (2.15) MOXHO 3anKCATb JaK:

S np — 0;_ ny np = 0; 'Z_ﬂ Iy np = M, (2.16)
JI

Jlerko BHAerb, WTO paspeliaioilie ypasHenua (2.16) cosepileH-
HO TakHe e, KaK ypapHeHas (2.12) cONpOTHBICHUS MaTepHaslos.
PasHHla 3aKmIO1aeTcd TOJBKO B TOM, UTC B YPABHEHHS (2.16) Bme-
¢T0 HeHCTBATEAbHEIX IUIOMLAJel CedeHHH KOECTPYXLHY BOLLIH NMph-
BejieHHEIE, peAYyIHPOBaHHEIE IONANH,

Ecau 6w MBL 3HAJH 5TH NPUBEIEHHBIC HAOWANH WIH, YTO TO KE,
PeAYKIHOHHEE KOI(Q(HKIMEHTHE (i, Mbl JETK0 PaspCilBaH Ou ypae-
senrst (2.16) u 3HaXH 6H oy & jJakee M HAUNPAXKCHHS B awGom
3neMenTe cedeHHs, TAaK Kak o

¢l = &-ﬁ ]
Op U
- OTKYIAA

G
G =@, =Y
Ya

g o
WM OCae TOACTAHOBKH —% u3 mocsefHedt dopuymet (2.16)

Fi

0; = ¢ ik Y1 : (2.17y
J‘an

TlosyuenHnll pesyabrarT MOXHO CcHOPMYNUPOBATE CIACAYIOINAM
06pa3om: B O0IIEM CIyUae TOHKOCTEHHYIO KOHCTPYKUMIO MOXKHO pac-
CYHTATh HA HATHO ¢ AOMOIILK 3JeMEHTapHbX (OpMYJa COMPOTHBIE-
HHA MaTepHANOB, HO IPH pacyeTe IMPHHHMATh BO BHHMaHHE HE
ICJHbIE TJORIALH 3JEMEHTOB CEUcHUE, & MpHEeAeAHbe, PeAyUHpO-

BaHHble, MPHUEM PEAYKIHCHHBIE KOIQPUUEEHT

0; Ya

¢ Cn ¥

Herpyano 3aMeTHTh, OAHAKC, TO 3TOT WHTEpecHE pE3YABTAT
e TAK [POCTO HCIOAB30BATh. PeIyKNHOHHHI KOIPPHIHEHT, KOTO-
phill [O3BOJICT BHLIYACAHTb NPHBERCHHBIE IIOWAAH, CaM sABJIACTCS
dysKilHell HeM3BECTHBIX HCKOMBIX BENHYHB Oi, On, Ui, Yu, TAK KaK HE
TOIBKO HanpsuKeHHsi, HO W HefiTpaspHad ocb U3rrbGa KO pacwera
Hemagectinl, T103TOMY 3feck NPHXOAHTCs TpHGeraTt X METOAY 110-
CHAENOBATENbHIX TPHONUKEHHH. _

Tak Kax BEKe Mb 6yIeM H3JaraTb MeTOI JHArpaMMm, NO3BOJAAIO-
WHii mpu pacdere TONKOCTEHHOTO KPHJA HAa H3rHO YYHTHBATH BO
Beell CIOKHOCTH QOPME 3aBHCHMOCTH HaNpsikenns ot Aehpopmanuu
Nh% BCEX SAEMEHTOB, 3LeCh IIPU M3JM0KEHHH MeTo[a PeAyKIHOHHBX
KO3 PHUHEHTOB MBI CHEJAeM HeXOTOpHe YNpOmMaliHe Mpeanoso-
wenust, Flono6ube TpeinoaoxKenns oOnYHO JONYCKAIOTCA Npd pac-
yeTe IO ITOMY METOLY.
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1. Byzem npeamnosarats, YTO CONPOTUBJCHHE CXKATHIO JMEMEHTA,

. QIoTepsBIIEro YCTONUMBOCTE, HE 3aBHCHT OT Jedopmanuu (cnmowHas

JIHHUA pHC. 2.25). :

2. CHHXKeHHe HAOPAMEHHA B TOHKOCTEHHEIX 3JeMeHTax, HMelo-
IEX MEeCTO NpH pacTsKeHWM, NOMHMO SIBAEHHA TekydectH, OyaeM
OTHOCHTb 3@ CHeT MOLyns ynpyroctd Eg.

3. JuarpaMMbl pactixeHnsi ¢ 9(pQexToM YNpPOuHEHHA TaKHE
6yneM 3aMeHsTL AByMs npsMeMA (puc. 2.26), npeanojarag mare-
pPHAJ HOEANBHO INIACTHIHHIM.

G 4 5
: _ ~~ . e =
Gﬁp-'—__- : 6)8 /4 -
‘ i I '
i i
! I
|
i - | -
Effﬂ £ ér £
Puc. 2.25. Puc. 2.26.

B 570M CAyuae HaDpfXKeHHS B JIOOOM JIeMERTe B 3ABHCHMOCTH
OT ero JethopManiy MOKHO 3allHCATh TAK:

o; = Eem;, (2.18)
rie 1; — HEKOTOPHA MHOXKHTENE,

. Ecau o6osgaunts €7 Ty AehopManyio, BpH KOTOPOH AHArpaMMa
0 — & BMeeT H3AOM (&ixp NPH CHKATHH, £i7 — NPH PACTSAKEHHH), TO
MHOXHTEND 1}y OYLeT NPHHHMATL SHAUCHUSA:

o :
By
npH — > 1 MHOEHTENE 1; = ;
&
e _ & |
npn — < 1 MuoEHTENE M) = ~— .
£ &

STOT MHOKHTENh MOMKHO, HaIIpHMEp, JAMHCATEL TaK:
0 0
. |B£+E(‘I——|E{~—3£[
i == .
2] el

Ucnonsays (2.18), sanwineM Bupaxenue 1A PelyKIHOHHOTO Ko3(-
dunuenTa:

Ee,
e (2.19)
E_T[sﬂ i
B arolt dopMyde MH NPHHREAH fx=1, TAK KAK B OCHOBIOM JOH-
JKepOHe HANPAXKEHHS He AOVEKHE IPEeBOCXOIHTE Or.
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PaccMmorpum noxpoduee gpopmyay (219).

1. lonycTaM, 4YTO B KAKOM-TO 3/IEMEHTE aBCoJOTHOe 3BaueHHe
© pedbopmaund OPH CKATHH Megbille |€ip|, HAH TIPH pacTAHKEHHH
sMensllie €ir, TOTAA ¥;=1, crenonarennHo,

E®;  Yn

P; =
: Eatn W

Ho rtag xak Mbl OPHHRJAM rufioTedy WIOCKOCTHOTO paciipefesenis
AepopManki {e;=%y:), PEAYKUHOHHE KOIDPRUMEUT NS TAKHX
3AEMENTOB KOHCTPYKIHH GYAET paBeH: :

_ .k |
P = o (2.20)

B oM cyuae, KOrAa «MORYJH YOPYFOCTH» 3JeMeHTa H JOHIKe-
' poHd MOMHO CHHTATb OAWHAKOBHIMH, §i=1.

9. Ecau KaroH-AHG0 CHATHA 34eMeHT HMeeT AOCOMIOTHYIO Xe-
dopManmio Gomuie |eup|, WA pacTaHyTHE 3JeMeRT Goublie, UEM
£ir, TO COOTBETCTBYIOI{HE DPeAYKUMOHHHE KO3(pPHIBEHTH 6yEyT
pABHH: .

— E#r ga

__ Efue 4, ;
) [
Epmy, Enen i

Tlepexons onATh K HANPAKEHHAM, NONYTEM

Oixp Ha .

g = e Ba . g o O Ya - (221)

On Wi Oy Y-

Takam o6pa3zoM, MH TIOAYYHAH 1BA BHIA (OopMyin IAs pe-
nykmuonHoro koshduuuenra (2.20) u (2.21), nputem no pacuera
HaM HeH3BecTHO, KOTOPYIO U3 3THX (PopMyJ HAAO HPHMEHATb K TOMY
WK KHQMY 3JIEMEHTY. : -

[MoznakoMuMest TeAepb ¢ MOPSAKOM: pacueTa.

1. 3agaemcs peIYKUHOHHBIME KO3(Q{HIUEHTaAMH HEPBOTO NpPH--

GaoKeHHs ANM BCeX IEMEHTOB CedeHHs KDHJA:

4} IAs MOACGB AQHKEPOHOB, eCJIH BCE OHW M3 OXHOTO MaTepHa-

na, Gepem @f =1;

6} cKartyio OOLIMBKY NIPHCOeNMHSEM K CTPHHTEPAM B BHIe NO-
JOC B NMEPBOM NpHOeHHH wHpHEOR bo=305. B nocaeaviotux
TPHOIHKEHUAX by MOKHO YTOUHHTD,

B) IS CKATHX CTPUHTEPOB, B ILIOMAJb KOTOPHX BKJAKOYeHA H
ofHIEBKaZ ¢ AJOUIANBI0 bed, PO3bMEM PEAYKIHOHEHN KOI(GHHUMEHT

I E
HEePBOro NpUbAnKeHHn §; = —E—t— , CIHTAR [0Ka, YTO YCTOAMHBOCTH

T
OHE He TepHANT;

r) B pacTAHYTOH 30He AAA OGLIMBKN CTPHHFEPOB BO3ZHMEM o =

£y . .
= -E-‘- » CUIITARA, 9TO MJACTHYECKEX e(opMalufl B HHX HE BOSHHKaeT.
pil
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. : E; .
fipe #1 evanne [ps noacyere §i="—p " cienyer HMEeTb B BHAY He TONLKO
B : : E,

MATEpRAT HI KOTOPOTO CARJAH TOT HAH WHOH SAeMCHT CedeHufl, Ho o CHHKEHHE
«AKTIFYeCKOr0 MOAYAA» NG CPABHEHHIO ¢ MOJYJNeM MaTepuala 3a Cuer ocolel-
HoCTell TOHKOCTEHHOH KOHCTPYKIHE (CM. cnpapBodHywo NHTEPATYPY).

2. Buukcasem TpHBefeRAble ILIOUIAZH CEYeRHs N0 dopuy-
Ae (2.14j: .

i F!np:‘png

3. Haxoapm raiaBHHE UEHTPaAbHBIE OCH CeueHHd, NS 4Yero:

a) B NPOM3BOJBHEIX OCSIX KOOPJIRHAT OUpEAeaseM KOOPAHHATH
LENTPOB TAKECTH BCEX AEMEHTOB’ DOYIHPORAHHOTO CeYeHHs I
F! (cm. puc. 2.27); .

oy

i 4 _
Puc. 2.27.

6) ompenpessieM LEHTD THMECTH PERYLHPOBAHHOTO CEUEHHS i
¢ I 1 I X
"}52 EFiop% | _“% EFimp ¥ .
N I L] I »
2o I} o
B) BHUHCHEHEM KOOPAHHATH HEHTPOB TAXKECTH SJACMEHTOB pefLy-
THPOBAHHOTO CEYEHHR B HOBHIX OCHX, NAapaLIeAbHBLIX NPEKHHM, C

HawanoM T, §j

I

=1 =i, =i Ti =
Xp = X; —Xg, Y = Yi — Yo
r} BLIYHCAAEM XapaKTePHCTHKH CeUeHHH B HOBHX OCHX

g :EFE,,;,T;}’; 7:, = EF;I,I;, ?}2; jiy - SF! imp Xi B

H YroJl TOBOPOTA IVIaBELIX OCeH
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4) CTpOMM IVIABHBE UEHTPAnbHbie OCH NEpRorc npUOIHKEHES,
onpefieisieM B THX OCAX KOODAUHATHL BCEX TOUEK H CHOBa Bhi-
YHCJAEM . .

J}c = EF{ Lp y%z-
3uauenus J, MOXKEQ BHUHCAWTR TAKMKE I0 H3BECTHOR (PopMyae:
JL— Tl eoston +Jisinta — 27, sinacos .
Jlsis mpOBEPKH MOMKHO BLIMHCARTD
Jiy = ZF}npx:i yrl: = 0;

¢) HAXOAHM HANPAKEHUA TEPBOro npabamkenus no Qopmye
(2.17) aas BceX 3J1EMEHTOB, B TOM HHCAE 1 ol

[Monydentme HopMasblble HANMPAXEHAS IEPROTO npRONHKEHH
AJISL CTPHHTEpOB CPABHHBAEM B CXKaTOH 30HE C Oxp AAMHOTO CTPHH-
repa ¢ NpHCOeIHHEKEOH OGIIHBKO.

Tipu 3TOM Gcrp.wp A8 KAXKAOTO H3 CHATHX CTPHHIEPOB JIyU-
Hle Beero NPeABAPHTEALHO UIPEAENSTb C MOMOUILIO SKCOEPHMENTA C
COOTBETCTBYIOIMMA TaHeAsMH, Ecqu TaKMX SKCIEPHMEHTAABIbIX
[AHHBIX HET, AX OMpeAe/AioT PACYETHLIM MYTeM, IPHHUMAd 32 JUIKIY
CTPHHTEPE C NPHCOCARHEHKOH TIONOCKOH oOIIMBKH PACCTOAHHE MexX-
.y HepBIODAMH KPEA M ONOPH CTPHHIEpa npuTopuoBaHHBIME. Mo-
et GHTD HCHOAb3OBAHA JJisS 3TOLO TAKXe MMElomaacad CHpaBOuHas
nuTeparypa.

B npomecce nocienoBaTeNbHBX TpuOIKeHnk ApH yTOUHCHUH
3HAYEHHH NpPHCOSAMHEHHOH [OJIOCH OOIUIKBKY MOXET YTOUuHATHLR
H Ocrp. kpe '

1. Ecar Hampsiende B CXKaToR [OJAKe JQOHKEPOHA OKAKETCH
paspylIalomuM B JAHHOM RJU n06oM M3 TOCHeAYICIMX NpUOIHKe-
Hpfl, TO KOHCTPYKUHS Kpblia HE CIOCOOHA BHIePXKATH HATPYIRY M
ee HALAO YCUIKTDb. B MPOTHBHOM cayuae VIS fOHAEpPOHa H BO BTOPOM
npuBIHKEHTH cAeLyeT BasiTh gy = 1.

9 Ecnu B KaxoMm-ia6o cxaroM CTpHHTepe k (¢ mpuCOeAMHEH-
Hoii oGMBKOA) HampskKenne |oil oOKamerca MeHbile HIH paBRO
| Gripl, PEAYKUMOHHEIR KO3(AUMEHT MiA HETO TAKKe CIELyer BO
BTOPOM NPHONHMEHAN OCTABUThL NPEKHHM, T. €. e =gk

3. Ecam ke B KakoM-Aub0 cxKaToM CTPUHrEpe /m (¢ mpHcoenH-
HewHOl OOIIHBKefi) Hanmpskenwne |ol,| okamercs Gogslie | omip |
TO BO BTOPOM HPHOIHKEHHH peAYKUHOHABIH KO3 PAIMENT CAeAYer
BaaTh Ko hopuyare (2.21):

1
T gp y.l'l '

1 |
97 Ym

4. EcAd HH B OLHOM CTpHHTepe HALpAKeHHe |o}| me mpeBmiCHT

| Gap!, KORCTPYKILHSE ABHO MepeTskKeAeHa.
5. B pactanyToll 30He YyTOTHseM pPeIyKIHOHHEIE xoadrhuineHTH

ol =

G0

it BTOPOTO MPHOUAKEHHS TOYHO TAKAM Ke 00pasoM, TONBKO CpaB-
HeHHe BeleM He C Gigp, 4 € Gir.

B peayabraTe Mul moityydeM HOBHE YTD‘!HEHHHE peLyKHHOHHEIE
Koo PHIFEHTE BrOporo MPHONUKEHNS §;'- _

Jlazee TIPOM3BOLMM PacyeT BTOPOTO NPUENMNKERHA B TOM XKE IO-
psiake U CHOBA VTOYHSEM DEAYKIHOHHHIE KOSQQHUMEHTEL, I0OJyrasd
@l % .1 Pacuer nponomKkaeTcs A0 TeX 10p, M0KA PEXYKIHORHHE

‘Ko PUUHCHTE ABYX 1OCAeIYIOUHAX ApHGHMKENnE NPaKTHIECKH HE

COBNANYT.

HerpyaHo BUZeTb, UTO pacueT MONYHAETCs AOBOJNLHO IPOMOSA-
KAM, HO TIPAKTHKA NO3BOJH/IA 3HAYHTENBHO, €TI0 YIPOCTHTD. O npue-
MaxX yhopolUlenns pacdera GyAer CKA3aHO HHKE. : :

Brure Mbl paccMATPHBANH CyYall WArHGa Kphlfa TAKHM USIH
GaloLIny MOMCHTOM, KOTOpPLIl LaBay HaTHO OTHOCHTENBHO OIHOH H3
[JaBHEIX MEHTPAMbHEIX Ocefl ceuenus. B neHCTBHTEABHOCTH, KaK Mbl
3HAEM, KPHIJIO HArpYXKeHo H3rH6aoMUM MOMEHTOM B ABYX HJIOCKO-
CTAX M, OUEBHAHO, B OOIMeM CJy4ae MH TOJY4HM OIHOBPEMEEHOE
HeficTBHE IBYX H3THOAWIKX MOMEHTOB B O6EHX MMaBHHX MJIOCKOCTAX
CeueHHs. '

B conpoTHBJIEHUH MATEPHANKOB 3TO OBCTONTENBCTBO HE OBLAO CY-
mecTrenEHM. JleopMalMK TAM paccMaTPHBAJHCH MAJMME (B Npe-
nenax 3axoHa [ vka), CARMACBaTeNbHO, HMET MeCT) 38KOH HE3aBHCH-
MOCTH meficTeua ciJ. Pemienme IpH uarnbe B ABYX INIOCKCCTAX Ha-
XOOWAOCH TPOCTHIM HAJIOKCHHEM JBYX pemIeHHR JJIs narufios ®
KaKIOH K3 miockocTell. B HalleM ciyuae 3TOTO yiKe HET H pelleHHE
A9 cAyuas AeHCTBHSL MOMEHTOB B JABYX IJIOCKOCTSX AOJINKHC BRTH
TIOTY4eHC HeloCPeACTBEHHO.

HPAKTH‘] EC](HIF. MPHEMHK PACYETA

B npaKTBKe KOHCTPYKTOPCKHX 0I0p0 'MeTOl MOCNCROBATEAbHHX
ApHOMHKeHUH, OMHCAHHBIN HaM#, SHAUHTENbHO YNPOILAETCA Ha OC-
HOBAHHH AHAJH3A KOHKPeTHHIX HAHHBIX, [OJYHEHHBIX TPH pacuere
MHUOTHX KPHJIbEB,

Penyxunontsie ko3(hdunuesTH Neproro NpuOIWKeHHs s cXa-
THX ¥ DPaCTAHYTHX CTPHHTEPOD GepyT, #3 COOTBETCTBYIOIIHX CIpa-
BOUHHMKOR, UeM YMeHBIllaeTcs KOJHYECTBO NpHCAnKeHuf.

Inst TpyGLIX pacdgeros 3TH CTATHCTHUECKUC DPENYKIROHHEIE K03t
duiMenTH TPHHAMAIOTCA 33 OKOHYATEJBHBEIC, H TOFM@ pacder Hep-
ROTO [IPHOJHIKEHUA CTAHOBHTCH OKOHUATENEHBIM. .

Pacyert! .TIOKA3a%H, UTO ITABHBEE OCH PEAYUHPOBAHHOTC CEUEHHA
COCTABJAMIOT, KAK NPABUI0, QUEHb Majufl yron (MeHee OEHOrO Tpa-
Ayca) ¢ BanpaBJeHHeM XOpxbl Kpeaa. B cBAsm ¢ 3THM HLepBOHA-
YANBHYID OCh [PH pacueTe HepyT HApaanentHd Xopie npoduns u
ranee He OTHCKHBAKT YOI NGBODOTA TJAABHEIX OCeH, 4 CUHTAIOT BCE
XAPAKTEPHCTUKH CEUEHHs B LEHTPAJbHHIX 0CAX. JTO CUJIBHO COKpa-
26T BHUMCAUTEJBLAYIO PaloTy ¥ faeT RechbMa HeDOMbIyI0 OWUHOKY.

D7y OAGKY MOWHO TMOYTH WONHOCTLIO YCTPAHHTh, eCNH YUeCTh TO-

BOPOT IJIABHBIX OCEH TOMBKO B MOCHETHEM NPHOAHKeHHH.
' ' 61




I, maxouen, pacyer Ha gofGopofi Harul, yuuTHBag, UTC Of Kpait-
e MaJio MeH#eT HANPAMKEHHA:B HEMEHTAX XKPHAA OT HOpMAJLHOTO

uaruba, NPOM3BOAWTCA MPHUMYTHBHO. JlIA 3TOTO HCMOABIYIOT dop- - §

myas Aas uariba B onmoft naockoetn (2.16) u (2.17), H3MenuB
COOTBETCTREHHO HIIAEKCHl, ©003HAa4allIHe OCH, 2 PEIyKLHOHHEE
koo PULHEHTH H, CeIO0BaTeNABHO, BCE XAPAKTEPHCTHKH IIPHBELEH-
HOTO Cetuedus GepyT H3 pacyera HA HOPMANbHLI H3rHG. D70 PaBHO-
CHJIBHO TPEANOJOMERHIO, 9TO MAN0C H3MEHEHHE nepopManyi aJe-
MEHTOB CeueHUs OT JOGOBOro H3rnfa He MOKeT H3IMEHHTb HX PCAyK:
uHoHHOTO Ko3¢dunrenTa. '

EcAM NPHHSTh BO BHHMARHAE, YTO HCTHHHBIE IHATPAMMBI cHaTHs
M pACTSUKERUs MLl AJIT PACYETA MPeICTaB/IACM rpy6o, B BHEE ABYX
npaAMbIX 6e3 YIpOUHEedus, T0, ECTECTBEHHO, HET CMELLAA liPOH3BOANTh
Bee JajbHeflHiHe BEKAAAKH, coBmonas ocoGenHO BHICOKYIO TOUHOCTh
npH pacyere He3HAUHTEALHHIX JIOTPY3OK Of nofoporo HarnGa. '

[IpaxTHuecku nmoayyaeMas TOYROCTH NpR TAKAX pacyeTax no-
CTaTouNad. P

ONPELENENHE FIPOFHEQR

Tak xak npy usruGe M NpeNojaraeM, 9ro CEHeHHC Kphlia
nepememaerca 6e3 3aKpyUHBAHHA, TO nporub Kpuaa MOKHo OTIpe-
Ae;ETs Kax Tporuf AwGore MPOJOJBHOIO €r0 3ACMEHTA. BoavmMen
/st 70T LielW OCHOBHOH JIOHMKEDPOH, '

s dopmyan (2.16) umeem:

o; _ M
Ya Lerp ) 3
Ormerus, 4T0 Jyup — MOMEHT HHEDUHM RpPUBEJERHOrO ce-
yeHus. . B
TlogennM Telepb TIPABYIO # NCBYIO uacts Ha Ejx
o, M
Eqyp E,J, np )
ax g 1 1 .
Ho —% = &,; —% == — , TAe — — KpHBH3a OCH Ganxu.
Yn L g :

J : Fic
Ecay HamH HPOH3BEACH FHCQET pﬂﬂ.ﬂ' ceueHui Kpb].TIa, TO MB

MOKEM MOCTPOHTE KPHBYX — o 2 BAH HHAYE
P
M.
Eplcnp.

H] .
no z (puc. 2.28,a). Ho -:)— = % , CIeOBATENDBHO, IPOTHOB MOKHG

" 1
II0ONY9HTh JBOHHBIM RETErpHpOBaAHHEM 3TKOPL _—
: p

2

y =YE_}‘;” dz (pnc.'2. 28, 6); Yy = ‘.y’ dz (puc. 2. 28, ).
o fradxmp . . 3

€2

‘2TOM MOMEHT HHepliHH pelyll-

‘CTPENOBHAHOIO Kpbina crheayer

Tpu HHTEFPHDOBAHKH CAELyeT ‘cpazsy. 'yqec'rb KpaeBhie YCJAOBRA:
npu 2={ ?f'— =0 u. y=0 Jna 3T0oT0 AOCTATOIHO HATEFPHPOBAHHE
3MIOPpEL HpOl‘i3BOJJ.KTb oT KOpHS KpHJa K ero KOoHLY, KakK yxajzaHo
CTPENKoil,

Taxam 06pa3oM, pacdeT BENeTCs Tak XKe, KaK Jasd ob6nI9HON
faakd, HO HCMONB3YeTCH nNpH - o -

poBastHoro, a He TOJHOre ce-
YeHHA. :
Iipn onpepenennn mNporn6on

WMeThH B BHIY, UTO CTPeOBHANAS
sajenKka BHECeT HeKOTOoNble No-
NPaBKH K HARREHHLIM 3AeChNpO-
rubaMm. DTOT BOHPOC ML pac-
CMOTPHM B fanbHERLIEM.
Jedopmanan Kpohia OT H3-
rufa B NAOCKOCTH XOpA OGHIYNO g
HE OTpejeAslOTCH, TaK Kak oHu :
HRYTOXKHO MAaJbl. © Puc. 2.28.

-

£.3.2. Meron unafpanm
PACGET HARPROKEHHA

B TOHKOCTEHHOA KOHCTPYKIMH, XaK HaM yiKe H3BeCcTHO, HMEETCSE
MHOFO TpHYHH, HOPOMAAIOMUX HEJHHEHHOCTE 3AKOHA Daclpeaeae-
HHS HARpAXKenA No cevenwio, TIPUPOZA BCeX 3THX NPHHMH AOCTE-
.o ' TOuKO CJAOKHA K NO3TOMY BECBEMA
& J' g 3aTPYRHHTENBHO TEOPETHHECKH u

T Iaxe 3FKCIePHMEHTAABHO MOLYYHTL

BROJde HajexHbie JawBHe o CO-

APOTHBJEHBEH OTAGJbHEIX 3JIeMeH-
TOB CeUeHMs B 3ABHCHMOCTH OT erg
fedopmanuu (¢ yueToM BIHAHHA
CMEXHBIX € HAM SNeMeHTOR).
HmenHo sto ofcToaTe bCTBO  BH-
{___  HyXKRaer pacueT4HKa MaKCUMaTLHE
£  yInpollaTe SHArpaMMbl ¢ no g, CO-

Xpausii B RUATPAMME TOJBKO ORMY

ocobyi0  TOukY (Oxp HAM  Or)

(puc. 2.29}.

Tlpy TakoM YIPOLIEHHH, KAK MW BHIENH, OTHAA3CT HeoOXonn-
MOCTH HMETh AMArPAMMH G~ g. JLOCTATOUHO -3HATH HANPAKEHHA
STHX <KPHTHYECKHX» Touek. JledcTRuTeNbHO, AJfl paciera M0 Me-
TORY PEAYKUHOHHMX KOI(pPHIUHEHTOR MR ROXYYaeM PeAYKUHOHHBIE
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e L

®03(pPHIHEHT HJIA [0 OTHOWICHHIO smoayneit E, uau mo OTEOIICHHIO
Orp {(HJAH Op) K HAMDPSAKEHHIO B JOHKEPOHE.

Tloayuenne 3HAUEHHAR KPETHULCKHX HATPAMCHAR IJas OTAENb-
HUIX SACMEHTOB KOHCTPYKTHBHOFQ KOMILIEKCA YiKe He Tpocras 3d-
J;aua, TAK KAK TPYAHO YUeoTk BIAMAHHE TPOYHX SJICMCHTOB HAa OaH-
mnit. Eme Gomee croxHON 3ajadefl BJSCTCH IOCTPOCHHE IMOAHRBIX
puarpamm ¢ — e, Tem He MeHee, HPEACTABHM cefie, UTO B4 OCHOBA-
HUH KAKMX-TO TEOPETHUECKHX MR SKCHEPHMEHTANBHEIX HCCICA0BA-
auit MBl pachonaraeM HNOJHDIMU JHarpaMMaMu o—#& IA" BCex
HIEMENTOR CedeHHs Kphila. B 3Tom csywae eCTECTBEHHO CTPEMJe-
HHe NPOH3BECTH pacuer Kpnlia Oojee TOMHO, T. €. HCNOABL3OBATH
auarpaMmbl Ges yrmpolueru#. :

r ¥/ v v N

vr

Jr/

iy -
rd i
t // : o i

A :
T - - B - = T
\ - 3 S
M—; SV e e =
Y”a’h“" N | B e rk ___/=—“j )
T oy Ty X X Vil
Puc. 2.30.

Takofi pacueT MOXKHO TNPOH3BECTH ¢ TOMOILBLIO TAKOLO XE ME-
1044 PeNyXUMORHHX KO3(QQHUIHEHTOB, HEMHOFO €ro BHIOH3MEHHE,
a0 B. 1L BeaseBLM MpeJIOKeH JPYrol — rpado-aHaIHTHIECKHH
MeTos pacuerd, GoJlee COBEPLICHHBIR.

Merog nparpaMm OTHUAeTcd OT METOXA PEAYKOHOHHBIX Ko3d-
4uuHEHTOB TOALKO TO (opMe. ITo cymiectsy 3T METOAH PaByoO-
meHAH. TeM He MeHee, B TOM CAYHae, KOT1a B PACTIOPSMKEHHR pac-
qerUyKa HMeercs neoOXOAMMET HaGop HOMHBIX JHarpaMm o-— &,
Metoly AMATPaMM ClefyeT OTAATE MPENNouTenHe H3-3a ero acio-
CTH, OPOCTOTHL M OJIRO0Gpa3AA OTepanui.

TIpennmosoXHM, YF0 HaM HeOGXONNMO DPOUSBECTH pACUET Ha
Hare6 cewenusi Kpbiaa, MsoGpamenHoro Ha puc, 2.30. MaraG mpopc-
XOO4T B OJROH ILIOCKOCTH MOM A¢HCTBHEM Karubawuero MOMEH-
Ta M. .

Ha puc.. 2.31 uzofpamensl nHarpaMMb P —e U TPOAOAbHEIX
SeMeHTOB ceueHMs (Aas pacyera yAaofHee juarpaMubl ¢ To €
nepecTpPORTh, H306pa3uB P no &, rie P=caF). :

Prmckumu urdpamp Ha puc. 2.30 ofo3naUeHB! 3NMEMEHTH Céqe-
HHS, BOCIPMHUMAIOUINE HOPMaJbHble HAMPAXEHHs, a Ha PHC. 231
fpHBEACHE COOTBETCTBYIOLME HM XHATDAMMBL Taxne AHATPAMME
AOMKHLL OHTH, CTPOrO TOBOPS, LJIA KAXKJIOTO H3 UPOAOJBHBIX 3IE-
MEHTOR cedenmsi, B HaiteM cyuae Mbl pasbusaeM ceyenne Ha je-
MEHTHl TAK; ¥ IIOMIALE Kamjaoro pedpa OTHOCHM TAKKE MOJOBAHY
[ACHIANK, TpellecTRYOWEN 3ToMYy pebpy H Cienyoiuledl 33 HEM
nafequ ofLIMBKH, KaK 5TO TOKasaHo na puc. 2.30. -
it

Jlerko BHIETh, KAK CJOXEH BOHPOC O MOCTPOSHHH AMATDAMM
6—e I Takux anementos. CTporo ropops, Bce S3TH AHarpaMMb
6ynyT pasauunbl. Hacts pebep Gyzer paborath Ka CEaTHe, CIENO-
BaTeNEHO, GYAET BosdMomua Kak ofuas (mo Sfncpy). TaK U MeCT-
pas morepa ycroRuusocTH. Jlpyras vacts HX 6vaer paforath Ha
pacTsienne. Yuactue B

73 %l é’n[
pabore monocoK ofUIHBKH,
WX NoffepiKHBAtOIIEe BJH- -
anne Talke Oyner pas- € €
JHUHLIM, TaK KaK paaand-
Ha B pasHEsix  yuyacrkax
KOHTyp& KpuBH2Ha OOCIIHB
K#, p43JHYHO yLaJeHue -
3THX NOJOC OT CTEHOK JIOH- x “m
JKepOHOB H T. 1.

HanGonee HageXHO Ta-

KM@ KpHBhe MOTYT OHITB
NGAyueHs AKCMEPHMEH-
TaJbHBIM TYTEM, HO MOXK- "
HO TOCTPOHTE HX H C IIO-
MOIIBK} TEOPETHIECKHX Pac-
YeTOR, HCIIWIB3YA MeTOAbl
CTPOMTENbHOH MeXaiuKd, B 1acTHOCTH, MOXHO BOCHOAB30EATHCS
METOJIOM, H3JMOMEHHHM B Pasjiele pacuera (xaToH maHenH.

B amarpammax Ha pHC. 23] nor HanpaMeHHeM HARO HOHMMATH
cpenliee HANPAXKEEHE 1A8 BuIGpPAHHCOH Mol a Y.

YpaBHednst pABHOBECHs CeuelHs 3amuIleM TaK:

EP" - 0; EPgJC,- — 0; EP;U;‘ = Mx. (2.22)

[Ipy pemienMr 3THX YPaBHEHd BHOBhH fyneM MOJAL3CBATRCH
rEOOTE30l 0 IJIOCKOCTHOM pPAaclpefedeHHH OTHOCHTEIBHLIX Bepop-
MALRI M0 CeYeHHIO, T. &, §; = %Y. : o

Jlns yupomeHHss pacueTa BOCTIONL3YEMCH TAKKE TeM, HTO B
peaJbHOM KpPHJIE HeliTPajbHas OCh, KAK NPABHIO, COCTABAACT CTOJL
He3HAYMTENbARH YL ¢ HATIPABIEHWEM XOP/bi, 9TO HM XOMYCTHMO
npenedpedn, [1O0MKEM, 470 HEATPANbHAA OCh UWADALIE/AbHE Xophe
kpblna, Kak HaM B3BECTHO, BTOpoe ypaBHEHHE CHETEM (2.22) onpe-
nenseT HampablerHe Heitpasbuoi och, Cuayras, TaKUM afipazoM,
4TO 3TO WANPABJCKHe HAM U3BECTHO, UCKJIIOUAEM BTOPOE YPaBHEHRE
pa paccmorpernsi. Ocraercd Apa ypaBHeHHs JUi DelleHud 3aJlauh:

ZPE - 0; I Epiyi - Mx. (2.23)

[

a

o™t

_Puc. 231,

[Mepsoc ypaBHeHHe, Kax K3BECTHO, CIPEIEAHT OpluHATY HeHT-
paJBHOI OCH, & BTOPOE Mbl AOJKHEI HCMIOAR3OBATE NJIA BLIYHCJIEHEA
HATIpS K eHRH. . :

Takg wax HAM H3BeCTHH JIif BCEX 3JEMEHTOB  CeYeHHd 3aBHCH-
MmocTi P — &, TO AJS ONpeAENeHHs HaNPsSKCHHA B TOM WY HHOM
3JeMCHTE AOCTATOIHO 3HATH €ro OTHOCHTEIBLHYIO redopmanz. ITo
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OTHOCWTENBHEOH Ae@OpPMAlHH & H3 AHATPaMMBl MB Toayanm P, a
P . :

Ho cornacho npugaroil rnoTese OTHOCHTeAbHEIe HeopMailid
BeeX 3JEMEeHTOB CBs3aHEl Mexay coCoil 3aKOHOM ILIOCKOLTH.

g1 =%y, THE H= == — KPREH3HA YIPYPOH OCH.

Cacnoparedbho, uTo0H peluth 3a7a4y, HaM JI0CTATOUHO Onpe-
NeNUTh OPAHHATY HEHTpANbHOH OCH U H KPHBHSHY ot Has ux on-
pefleneHns MH HMeeM [B2 YpaBHEHR: (2.23). Pemuth HX MOXKHO
CeYOINHM 0GpPa3OM. . :

1. HaofipasuM B 1OCTATOYHO KPYUHOM smaciitafe ceveHne KPHlaa
B IBYX NpOEKRHANX ¢ OOO3HAUECHHEM HOMEpAMH LEHTPOB TAKECTH

.
w

Puc. 2.52.

peex 5/eMeHTOB B obedx Npoexmusix puc. 2.32 (na pucyHke ofo-
3HAYEeHB 1. T, JHUIB HEKOTOPHX sneMentos). HamernMm TaKKe
[povu3BOMbHEE OCH &, U, W, BB OCh i TNapallAcIbHO XOpJe KpHia.

2. TlocTponm nOKa COBEPIIEHHO RPOM3BOJIBHG MPAMYIQ el=xly
B ILIOCKOCTH U@ (HATIOMIHEM, UTO ¥ OTCUHTHIBAETCS OTHOCHTEIBRO
HefiTpanpHoil ocu). Jsis onpeneenns aToll npsmofl HaM, OUEBHAHO,
HeoGxoXHMo 3amaTh vl # ¥ (cM, puc. 2.32).

3, Ans panHOrc pacnpeieieRnst g} 1[0 ceueHHIo MH MOXeM C
AOMOILBI0 JharpaMM (CM. DHC. 2.31) onpefeAnTh BO3IRHKAKIIHE
yenanst B A060M 13 sAeMentos Pl :

4. Ouyepungo, Yro B 0OlleM chydae 3ITH CHIIL Pl He Oyayr
YAOBNETBOPATL HH OJHOMY H3 ypasHenril pasaopecust (2.23).

5. CoxpaHsas TPHHATOS 3HadueHue x', OyleM HSMEHATH vl n
npoBoauTh Ha puC. 2.32 COOTBETCTBYIOLIHE MPAMblE £=xY (uTobBt
He 3aTeMHsTe puc, 2.32, 3T OpsAMEE YCJIOBHO HOKa2aHBl Ha
prc. 2.33), Torma ansd KaxJoro 3HaveHHA v, MBl POJYYHM H3
JHArPAMM YKa3aHHBIM CHOCOBOM CHCTEMY CHJL Pl. 3anmmem 5TH
crabl B Tabn. 1 B npocyMMHpyeM Kaxni cronGetl.
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B oftem cayuae HH OJHA W3 CyMM CHI He GyReT paBHa, HYJIQ,

‘Ho TIpH BhGope vl HAJ0 CETPEMHTHCA K TOMY, 4Te0nl CyMMb GbiiH

N0J0KHTeNBHEE H OTPHIATENbHEE, -
6. TTocrporm xpusylo TP; mo v (puc. 2.34). Ha ueprexke MH

- JIEIKO Haﬁ:nem Touky ZPy=0. D12 TOUKA ONpEJeJHT TAKOE MNCJO-
eHue HeHTPaZLHOM OCH U) A AAHHOH KDHBHAHEL x=x!, ROTA3

fepeoe H3 ypapuenni (2.23) 6yNeT BHIOJAHEHO.

7. TlocTpoum Temeph HPSMYIO, COOTBETCTEYIGLLYIO vl  nHa
puc. 2.32 (ycaosHo m3ofpaxena Ha prc. 2.33 »KUpHOH JHHKEH),
cHuMeM CcOOTBeTCTRyIoHNe &} u yl. Tlo 3TEM yamuHeHHsM HAIEM

I )
cHnE P M 3aN0JHHM TDK nocsieIRRe Kgnmﬂm taba. 1. .

Tabauua 1
— '

af : .
%’ vll E,IR v[, . npw 9(!)#. -
= T
2 .
m 1 I, T, 1 1 1
= .Pfl P Pf‘ fe e P.I i PE yE
1
2
3
4

13

: Pue. 2.33.
s ] ‘ ‘

8. Mpocymmupyem Teneps nocaemuuit cromben taba. 1. IToay-
qanm

2Py =M, npuuem M' = M,,

T.€, HaHAeHHhie cuaul Pl yAOBJAETBOPSIOT NMEPBOMY YPABHEHHIO, HO
He YAOBJIETBOPAIOT BTOPOMY. ' :

9. 3anaguMca Teneps HOBLIM 3HaTeHHEM KpHBH3HM %! # THo-
BTOPUM BCe ONepalldy TabMd. 1, 3ajaBasch 3naveHusMy v '
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B mponecce Takoro pacyeTa Mhl, OIeBHANO, NONYYHM IIOBOE NO-
JIOKEHHC HeHTpaibHOM OCH 8}, IPH KOTODOM CHJBL BBEIIOJHSKT
fepBoe yCAOBHE PABHUBECHS# H CHOBA IONYIHM CYMMY MOMERTOB
BHYTDEHHHX CHJI

EP}Iy}I — MH, -
mpuuenm Mz M, :

Tak MH MOxXeM HOBTOPHTb HECKOJBKO Pas, 32RaBafACh HOBEIMH
3HaueHHAMH KPHBEH3HEL 3. '

LA 2

Maweun:

| Puc. 234. Puc. 2.35,

10. Crpoum kpuByio ZP;y; o ® (MOMERT BHYTPEHHHX CUI IO
kpuBuaHe) (puc. 2.35).

Ha pmc. 2.35 IYHKTHPOM HaRpPHCOBAHA NOJHAA Auarpamma Mo-
MelTa BHYTpeHEMX cmil. JIisi pacuera ofbuine ObIBAeT AOCTATOYHO
IOCTPOKTH JIHHIb HeHOJbIIoN OTPe3oK 2TOM KpUBOH, MAHHLIH CHAOLI-
goit juuued, Ha 3708 e OuarpaMMe HOCTPORM KPHBYIO Up N[O .

11. Ha Taxol puarpaMme yiKe HECAOXKHO HaHTH 3HAYEHHES KPH-
BY3HHL X9, IPH KOTOpOfl MOMEHT BHYTDeHHHX CHA DaBeH BHCIIIEMY
MOMeHTY (cM. puc. 2.30), OHHOBpPEMEHHO € TOH K¢ RHATPAMMEL
MDKHO CHSATh H COOTBETCTBYIOILYW) KOOPAHHATY - HEHTPAJIbHOK
QCH Uy, .

12. Teneps, OUEBHAHO, OCTAETCS TOJHKO MOCTPORTE AedopMma-
HH, COOTBETCTBYIOLIHE g M Up HA puC. 2.32, CHATbL C HETD OTHOCH-
TeabHble VAJIHHEHHE s KaXAOTC SJeMeHra M N0 JAAarpame
puc. 2.31 onpejeantb ycunde Py '

Hanpa:ednss B KaXXAOM 3JIEMEHTE OUPENeNATCH NpocTo:

Py
Uiz?‘
i

Pasymeercsi, TOLO6HLIE pacyer MOMHO NOCTPOUTL H fes npell-
MOJIEHHS O TOM, UTO HeHTpanpHafd oCb HapajLIedbHA XOpie Ce-
yenHsd, ¥ Cpasy BCCTH pacueT Ha U3THO B ABYX TLIOCKOCTHX, 10
TPYMLOEMKOCTE CT 3TOrQ OYEHb CUJABLHO BO3PAcCTeT, TaK Kak Haao
fyner YAOBJAETBODATR VXKe TPEM YPABIGHHSAM. Irorc 0oOHUHO He
JeMaloT, TAK KAk DOUPABKa 3& CYeT HAKJIOHA HeWTpanbHOR OCH K
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XOpIe B COBMECTHOTO AeHCTBUA JOGOBOTO H3rua MOMydaeTcss He-
3HAYHTEJLHOH.,

Pacuer na. nofoBoll ®arHd (yMUTHIBAS Manble HAMNpPAKEHHS,
BOSHUKAWIIFE [PH 3TOM B JMEMEHTAX KPHId) MOKIU NPOH3BECTH
nocie pacyeta Ha HOPMaibHHA RArd6 MeTCIOM PeIYKIHOHEBIX KO-
sdrbunrentos. PenykuHoHHbIE K03 QHIHEHT MOMXKHO B3STh H3
pacdera Ha HOpMAaJbHHH H3ruH0, cuWTas, 970 OT HanpsmKeHdd n06c-
BOI'C HarTHOa OHH HAMeHAloTeH OueHb MAaJo,

Toraa Q; == It Y1

On Y

Mfanec HaxopHM TNPHBEASHHBE OJAQIANH, KOOPHUHATY ULEHTPA
TSIKECTH H MOMeHT HHepyum cedeHys, Haxoamm HanpaxeHHs 1o
dbopmyne _ N
o} = My Xy

J yup
M cymmupyeM (C yueTroM 3HAKa) € HOPMANBHHIMM HAAPAKEUHAMHA
OT OCHOBHOTO H3THOA.

B zaxmodenne BepHeMmcs eille pas kK guarpamme puc. 2.35. Ilo-
JoxeHne TOURH auarpaMMbl Mppyep=Mpnen Ha KPHBOA  Munyrp
AArNAAHO XapaKTepH3YeT CTeNeHb 3IarPYMEHHOCTH KOHCTPYKHHH.
Taxk kKak pacyer caMOJIETHLIX KOHCTPVKIHE BENETCA Ha paspyulars-
IYFo Harpyaky, 3Ta TOYKa ZOJKHA OHTH BO3MOXKKC Oojee GIH3KOH
¥ TOYKe MakcHmyMa. Ecjiy 574 TOUKA OKAMETCA CARIIKOM HH3KO Ha
KpUBOH Mppyrp, KOHCTDYKIHS, CUEBHAHO, OYIET CHUJBHO HENLOTPY-
KeHnolk, mneperaxenennofi. HaoGopor, ecan Magem OKaxeTCH
gonbwe makcuMyMa Myuyrp, KOHCTPYKHHA He cmocobHa ypaBHO-
BCCHTh MAHIYKY HATPY3KY H ee cielveT YCHIUTD. -

O6patuM, HakoHell, BHUMaHHe HAa TO, HTO TNpAMad M=M e
MOKeT Tepecedb KPHsYIo Menyrp, B ABYX TOUKAX: OIHH pas—Ha

‘BOCXQAsiNedl BeTBH, B JPYrofi pas — wa Hucxoasmed. B atom cay-

yae penleHHe A&eT MepBas TOUKA, TAK KAK paBHOBeCHoe COCTORKHE
Ha HHCXoAsAllek BeTeu Heycrofivmpo. B aToM Jerko v6ennThes, eChad
Eare Hefojbilloe NMpEpalieHHe XprBH3He, MoMeHT BHyTpeHHuX CHA
TIpH 3TOM OKaMKeTCH YXKe MeHblle MOMEHTa BHEIIHHX CHI B KOH-
CTpyKUEa Byfer Npomoaykark usrrbartncd e paspylleHds.

Merton nmarpaMm ocolBesno yxoOeH TeM, 4TO JaeT BO3MOMN-
HOCThL ONHOBPEMEHHO ONPEAENHTL APeCeAbHYI0 RECYUyro. CRocob-
HOCT6 WOHCTPYKIHE Kpbiaa. Ha pue. 2.35 maxcumanbHasg OpAWHATA
KpHBO# W ecTh npedeavusil das dannoze cewenus uzsubarouiud
smomenT M. mpen. OTHOmeEHHe 3T0F0 MOMEHTA K ACHCTBYIOLIEMY
M. xapaxktepusyer HaBLITOR TIPOUYHOCTH CEUeHHS.

ONPEAEJEHHE DPOTHEOB

TTpn pacuere KpHJA Ha HOPMAJBHBIA H3TES METONOM NHATDAMM
HAM, KAK MH BHJ&NM, He DPHUXONMIOCH CHDEAEJATE MOMEHTA HHep-
e Jynp APUBENEHHOTO CEUEHHS, KOTOPHH . HeoOXOMHM [JH BEIVHC-
Nenust TPorufoB Mo YpaBHEHHIO '
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PasyMeercsl, 3Hast HanpsxeHHS Oi, 4 CIENOBATENBLHO, H DPeAyK-
ILHOHHBIE KO3GbULHEHTH

7o
v
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r
Calf;

MB CMOIViH OH BHYHCAHTL Jygp, HO B 3TOM HeT HaZoOHOCTH. .
Heno B ToM, wro B pesyabrarte pacuera MH LOJyIacM 3Ha4YeHEe

P =

KDPHBH3HBl OCH B Xa3XKJAOM CCUEHHH — =MXg, H TAK KaK
. Po
I M,
— y” N
o Exline

- MB MOXKEM 34IIECATD

"o
y =xo-

Tlocrpons KpHBYIO st HO pasMaxy xpeiia (puc. 2.36,a), nBok-
HEIM HHTETPHDOBZHHEM OT 3aHelxd K CBOGOAHOMY Kpam Mbl HOXY-
{ YHM HCKOMEHE NPOTHOEL.
X Ileproe  uuTerpRpoBaHHE
I_ ' HaM Jact, ONEBHHO,

2
Mégm&

(kpuBag & Ha prc. 2.36), a

5) 7 PRTOpOE HHTETPUPCBAEHE NACT
ApOTHOH Kpeia
z
. y={ydz
. ,\9) . Z [
Puc. 2.36. . {(kpuBas 8 Ha puc. 2.36),

HOnsa crpeJOBHAKOTO KpHWJZ B 3TC pelleHHE Hafo OyZeT BHECTH
MONPAaBKY 34 CUET CTPENOBHEHON 3afefKW KpHia., JTOT BOOPaAc
Gyaer paccmMoTpeH B JaJbHeRIIeM.

24. JENAAHALNHA * ﬂOliEPE‘leIX CEYEHHH
APH CABHTE — KPYYEHHU. YCIOBHE
3AMKHYTOCTH KOHT¥PA

Pacyer xpHaa #a H3THO MH NPOH3BOJHJAM, TIPHEAMAaA BO BIH-
MaHHE TOJIbKO H3ruOamomad MOMEHT B CeYeHHH. B  KOHCTPYKIUH
KpHia H3THO BO3HHKAeT OT MONEPeYHOH HATPYSKH. CAENOBATESLHO,
B CEYEHHMEX KpPOMe H3THORDINero MOMeHTZ OyAyT XLeHCTBOBaTh

* TepmiH PEeKOMEHIOBAH KOMATETOM HBYMBO-TEXHHUECKOR TepMEBOAoTun [35].
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TaK:Ke TONepeuHble CHIH, KOTOpue B OOIieM CJydae BLI3OBYT Je-
(hopMaLky C/IBHTA CeuYeHHs U 3aKPYYMBaHUsA. -
Panpie ueM nepefiTH K pacCMOTPEHHIO METOAOB pacyera TOH-

. KOCT@HHOI'0 Kpbiia HA CABHT M KPY4YEHHE, OCTAHOBHMCA HA BOHPOC-

cax, CBSI3AHHHX C KadeCTBeHHOR CTOPOHOM XapakTepa Xedopmanuit
np# CABHFe — KpyJyeHHH. PaccMorpesEre STHX BONPOCOE AacT BO3-
MOXKHOCTb YCTAHOBMTh BAaXHHE 3ABHCHMOCTH MEXJYy CMeMieHHAMH
TOYEK CeYeHWH H KACATEJbHHIMH HANpPSIKeHHAMH, 3HAUHTEIBHO 00-
JEryaloliie HaJOXeHHe H NOHHMAHHe BceX AanbHefllnx pasiesios

‘pacyeTa TOHKOCTEHHOro KpHJaa, 3HaBHe fBJEHHH, H31aracMbiX B

3TOM pasjiene, COBEPUICHHO HeOOXONMMO AJiA MOHMMAHHUA H HCcne-
AOBAHHS COBPEMEHHHX NpofJieM TOHKOCTCHHBX KOMCTPYKUHH.

B cBsisw ¢ aruM, OpaBfa, HECKOABKO 1103Me, Mbl Bee PABHO HE
CMOFAH Ol NPONTH MEMO 3THX 5BJAeHEH, HO, ¢ HAIUeHd TOYKH 3pe-
HHS, LeqecoobpasHo O3HAKOMHTECE C ABJICHHAMH  JeOjaHaLHH
ceqeﬁﬂﬁ 00 BO3MOKHOCTH paHblle, '

B. H. Deasen, pzapabaThiBas MeTOIb pacyeTa TOHKOCTEHHOrO
KpHAa Ha cBOOGOAHHE CHABMI' M KPyYeHHe, NOMb30OBAJCH 3SHEPreTH-
YeCKHM MeToZOoM. Tarum o0pasoM, OH OCTABIAJ B TCHH MeXanHye-

' CKYI CTOIJOHY IIPOTEKAIGIIHX ABJIEHUH H JHIIb npH H3Y49EHUH CTeC-.

HEHHOT'D KpYydJeHHH 61T BHHYXNEH 06paTHTbCH K SHABJACHHIM

JemTanalnny ceqgeHni.

70 CO3LaBaA0 HCKYCCTBEHHBIA OTPHB OHOH npoﬁ.uenm 0T APy~
FOfl, B TO BpEMA KaK paHHee OZHAKCMIEHHE C AeliaHalued ceue-
HHf NOCTCNEHHO BBOJHT YMTATEAA B KPYT npobaeM, CBI34BHHX CO
crecHenneM fedopMannf. ONHOBpEMERHO H3/MIOKEHHE METOROB
pacueTa Kpbilld HA CHABHI ¥ KPYUeHHE CTAHOBHTCA OoJee SCHHIM,
ocBOOOKEASICH OT I'POMOSJAKHX  BHpaXeHml  NOTeHUHAJLHON

IHEPIHH.

Ilpa pacuere KOHCTPYXHME Mbl OOBINHO NOJAB3YEMCH METOAOM
HOPMANbLHELY CEeHEHHA. Fg'rn cedeRust IOJIyyaeM Ha HeHACPYKeHHOR
KOMCTPYKIHH, HPOBOAA CUOTBETCTBYIOMMe cexyUiMe mjockocTH, Ta-
KuM 06pa3oM, CeveRMe KOHCTPYKRHHY, KOTOPOE MBl TIOHBEpraeM
AajgpHellNeMy MCCAeHOBaHKIO, A0 AedopMAalMH #BIKETCH UIOCKHM.
B pesyasrare Harpymennﬂ H ZethopMaudyn KOHCTPYKUMY JAwGan
TOYK2 CeYeHUN i MOMeET : NMOAYUUTH KAKOE-TO  MPOCTPARCTBEHHOE
nepementenne A (puc. 2.37).

PaznoxuM 310 npOCTPaHCTBEHHOE nepeMenlenne A Ha TpH co-
CTaBJAILIHX:

U, © — HepeMellleH#A B THIOCKOCTH CedeHHS MO KacaTelsHOR K

N0 HOPMAJH K KOHTYPY;
U — nepeMellleHre O HOPMAJH K CeYeHulo (no HanpagJe-
EHIO ocH Z).

Tlpu mo6GHX 3HAYCHHAX TepeMellleHHH #, w nisccroe 10 gedop-
MAHH CedyeHHe OCTaHeTca nnockuM. [lepemellienne Ke U BHBOAUT
TOUKY { W3 I[IOCKOCTH cedeHuda. Jad Toro uroGsl TOUKH KOHTYpa
nocje AedOpMaupH BHOBL OKA3aNECh B OJHON IIOCKOCTH, Heofxo-
AHMO CB®3aTh NEpPeMEIReHUd U ORHHM 34KOHOM — 3aKOHOM ILI0-
ckocTH. B oflileM cayuae, O4YeBHIHO, NEpeMEINENHA U Beiyr K

Tt



KOpOGAeHHI0 WIOCKOTO X0 Aedopmanuu ceyennd. B ofileM caywae’

TaKoe ceueH@e yiKe He OyAer.IVIOCKEM II0Cje HATPYXKEHHA KOHCT-
pyxuuH. [lepeMelieHne TOYEK: NONEPedYHOTO CEUeHHHA, NPeoGpasyo-

llee ero B KPHBYIO TOBEPXHSCTb WJIM COBOKYWHOCTb INIOCKOCTEH,

HazblBaeTeA denadraiued nonepetno2s cedenun.

[Io3ToMy TiepeMmelliehe TOYEK KOHTYpa MO Hanpabjennw ofpa-
3yIoIlelil LUIHHAPA, TNPHBOAfIlee K KOpoOJeHuo ero, OyacM B
daXbHellllaM Ha3bBATH Jensanatied.

MTax, occBHE nepeMelleHrsl TOUEK KOHTYPA, KAK NPapuio, Be-
AYT K pelJaHauHK CedeHHs H TOJbKO B CUEHB YACTHOM Ciy4ae,
KOTE2 OIM IMOJUMHeHbl 3aKOHY TOCKOCTH, cedeHue mocic gedop-
MAIHME OCTAHETCH IVIGCKHM (3TO HMeeT MeECTO, HAnpuMep, NpH 9H-
CTOM H3FKbe OAJKH).

KakoBnl e mennadanuu cevewuil B oflleM chiydae HarpymeHus
kpuvia? Kak cBsi3aHLl 5TH AeNJaHanHH ¢ HAaNODAMKEHHSMH B cele-
HHE? OTH BONpPOCH MOAYUAT HEKOTODOe OCBEILEHUE B JSAHHOM
pasneje. :

PaceMoTpuM KpLIIO TOCTOSIHHOIO, HO COBEPLICHHO TIPOU3BOJB-,

HOTO CeHeHHS C COBepILEHHO [PCH3BOMBHBIN HAarpy:KeHHeM H Kpae-
BHIMHE yonoBaAME (puc, 2.38). .

ITpn pacemorpenun OyleM ONHUPATHCE HA THIOTCAY HEMUIMCH-
HOCTH (OPMEL KOHTYPa NOHNEPEdHOro cedenns, T.e. OyaeM mpenno-
JIATATh, YTO HEPRIOPH KPEIA CTOAb XECTKH B CBOEH IJICCKCCTH H
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B

TAX 4acTO paccraBjcHbl 10 JJIHHE Kphwaa, 9To AedopManun cede-
HHH KpHJIZ B HX INIOCKOCTH NpeHe(pekHMO MaJjb. 3Ta IHNOTesa,
¢ COOTBETCTBYWINMMH OTOBOPKAMH HJAH Oez HUX, HMeeT Bceoliee .
pacnpocTpaneHHe H CYHTACTCE XODOILO COOTBETCTBYIOMIeH geficT-
BUTEJBHOH CXeMe FIBJACHHS. _

[Tonomum Takxe, 4TO XacareibHele HANPIKEHHA, BONHKAL-
IIHe B KOECTPYKLEH, IOCTOSHHEI 10 TOJNIUIHHE OOMIMBKH W HAanpas-
JeHBL NO KacaTeJsHOH K KOHTYPY. KpoMe Toro, Tak e, Kak 5TO
Mbl [lelafd NPH pacyeTe KPHJ/A Ha W3CHG, YHPOCTHM HeCKOJIBKO
CXEMY pacnpejeieHHs] KOPMANbEHX HANpAXKEHHH [0 COYEHHIO, OT-
HOCH UX TOABKQ K IIPOMJOMEHBIM peGpaM (CTPHHTEPH U NOJKH JIOH-
KeDOHOB C MPHCORIHHEeHHOH, 00 LIHBKOE) .

Bripemem B KOHCTPYRUHH KPHJa JBYMf HAPAAJMCALHEIMH Ceve-
HHAMH 2= H Z=¢+dZ oTtcek anuHof de (cM. puc. 2.38),

[TponyMepyeM mpoRosbHEle pelpa NaHems OOMIHBKH, OGXONA
KOHTYpP IO 9acOBOH CTpefiKe, Kax 9To HOKazaHno Ha puc, 2.38. Ecan

‘Kakas-1u60 TOUKa { cedyeHHs Z=c B pesyabTare AedopManmil mo-

JdYUaeT NMEPEMEMEHHA &, U H @, TO COOTBETCTBYIOIIAH TOYKA B Ce-

9eHHH Z=C-dz cMecTHTeA yiKe Ha

% e 0+ g o
u—f——a?dz, v-{-az dz; w—1~.62 dz.

CJIEJIOB&TEJU;HO, €CJAH MH ﬁyneM HCMIONK30BATE HE IIOJIHHE
CMEIIERNs, 4 CMelleHHsl OTHOCHTENBHO CEYeHHS Z=C, TO 5TH CMe-
IleHUs COOTBETCTBERHO GYAYT paBHH:

du dv &
~—dz;, —dy; = d2.
oz 0z 0z

IMepeMeitennss 8 macckocTH
AAHHOIQ CCYEHWH i, W CBH3AHE
MDHHATOH HAMH rHIOTE30H O He-
H3MEHEOCTH (hOopMBE KOHTYpPA HO-
NEPETHOrO CEeUeHHA. ’

H3BectHo, yTo mwboe mepe-
Melulelde KecTKOrd NucKAa B
CBOEH IIJIOCKOCTH MOMKeT OHTh
3aMeHENO BpalleHHeM OTHOCH- |
TEABHO HEKOTOPOH HENoTBHMKHON
TOYKH,

Ha puc. 239 #nzo6pamedsl
ARA MONOWKeHUA CEUeHHA: HCXOA-
HO® M- JIOJOMKEeHHe B pesvinTarte
CMEILZHNfl B CBOEH UAOCKOCTH. Puc. 2.39.

Touka O 9 ecTh TOT MTHOBEH- : :
HEIH HOeHTp, OHMM BpallleniHeM OTHOCHTE.ILHO KOTOPOIO CeueHde H3
MepBOF0 HONOXEHHA MOXKeT OHITh Nepeseneno Bo Bropoe, Hego-
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ropas Touka A ceneHHA NEPEMECTHTCS TOTAA g -nodokende A’
OTACAB AYTY OKPYMKHOCTH PAARYCOM p. :

: VroJ Memiy HauaNbHbIM? M KOHCYHHIM MOJOXKEHHEM palayca

6yner, OYeBHIHO, PABEH :

Y
- dz Edz. _ :

3xech ¢ — Yroa 3aKpyuyHBaHHUA KO'HCprKI.LHH;ﬂ =E — OTHOCHT/b-

dz
HBIfi yroa 3aKpyyHBaHnd. . ) : s
ToctporM B ToSKe A KacaTedbHYIo { 1 HopMalb 1 K KOHTYPY

¥ Pa3aoKHM nepeMemenﬂ% AA’ no srum manpasnermsm. OTpesox
.14 C -
AA”, ogeBHAHO, AACT HAM E—dz. Jierxo BHAETH, Y10

A4 = pgdz, AA” = AA ¢osb.
CrepoBatebuo, o T

94 4, = Epcos Odz. .

Oz : . ] _
Onyc'rnm"renepb A3 ToukH O nepneﬂmxynﬁp H3 KACATENbHYIO

t(OB). HerpyaHo BHASTB, YTO YIoJ AOB pasen yray A’AA”, cae-

 AOBATEABHO, JUTHEA HOCTPOSHHOTO FEPIECHAMKYAHpa paBHA

ry=pcos8, OTKYMA —gz‘i-—_—'gro.' | 2:24)

CparkeM Tenepb MoXyueHHOe NEepeMelieHne MO HANpPABJICHRIO
kacaTeJbHON K KOHTYPY 4 C lepeMelleHreM IO HOPManH K Cede-
mio U (¢ ocembiM HepeMellCHHeM, BELYIHM K JenAaHANYH) .

B ofMBKe KOHCTPYKIHH B ofileM caylae OyAyT JieHCTBOBATD.

€AKHE-TO KACATe/bHBIE HANpKeHws v, BH3uBas IedopMauu
cnprra. OTHOCHTeabHBA Yroi CABHra vy, OUCBHAHO, MOXET BHTE
3anMCcaH TaK:

T
1." == F . - . (2.25)

TMockoabKy Mbl CUATAeM, UTO T HE MEHSEeTCs Mo TOJMUIHES 06-
IIMBKM, HAM yAo0Hee samHCaTe 3ty (POpPMYAY, nepefind OT HANPSH-
sKeHus K MOTONHOMY KACATENBHOMY YCHAKL ¢=T0. YMHOKHM Lid
3STOr0 SHCAATENs ¥ SHaMeHateNb NpaBofi WacTH PaBEeHCTBA {2.25)
ga & (ToAuHy OGIIHBKH); TOTAA

=3 2.26
T (2.26)
Ho, ¢ apyroil CTOPORH,
| g ey O @
Fid as ' . -

rie § — KPUBOJAUHEHHAA KOOPAHHATA TOHUKH IO KOHTYPY ceueHus
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- HOCTEH OCeBHX CMeleHHR

. IlpmpasmrBasn (2.26) n (2.27), MOXeM 3aMuCaTh:
: ] q du
. s Gé dz

. ' d '
Ilopcrasus B 370 BHIpaXeHUe d—u us (2.24) B yMHOXMEM Ha ds:.
Z

K e = T8 - -

| Py ds= & lgrods. {(2.28)
Ha pne. 2.40 AETKO BHIETH, HTO

 rods = 2dag,

& L

rae dog— IMoMalb  JMIEMEETAPHOTO CEKTOpPa ¢ BepLIHHOR B TOUKE |
‘O u ocHopaHueM ds (Ha PpHCYHKe 3BIITPEX0BAHA), YCJOBHMCH
OTHOCHTERIBHO 3HaKa HJOIANH «. DyleM cumTars nmiaoasbh @ 0O-
JOKATEALHOA, ecld OHa O6pasyercs BpallicHHEM Dajwyca BEKTOpa
OTHOCHTENIbHO TOUKK O [0 4acOBOH CTPelKe, H OTPHUATENbHOH IDH
oOpataoMm epameHnu. [TpounTterpepyesm Tenepb BHpaeHHe (2.28)
B HUTEPBAaAe MEXIY ABYMS CMEKHBIMH [POAONLHHME pe6paMu

L i

i Lo L
So ge 9 _ -
wds= | o —% | o, (2.29)
-1 i—1 i1

Tepsbii  aETErpas
J4cT, OUEBHAHO, pas-

ABYX CMEXHHX pebep
(vi —v4-1), moCHERHUR
uRrerpan  gact (o~
— @y i1}, T € LICIALL
CEKTOPd, COOTBETCTBYIC-
Iyl Ayre  OGIMBKE
MeX]y JABYMA CMEXKHDI-
MHd peGpamu. Pacemor-
pHM TPeTHR HHTETDPAJL: - , L4
:

gl - |
G8 S Puc, 240, :

i—1

B nHTepBaje MeXAy MBYMA CMeXHbMH pebpamu G # § MoxHO
CUHTATe NoctodHubiMM (Gp 68;), HOroHHas RacaTenbHasa cHAa ¢
TAK¥XE H¢ MOXKeT H3IMCHATECI IO §, TAK K4K B 3TOM HUTepBaJe
B COOTBETCTBHH € HalIHM HpeﬂﬂOHO)KEHHEM OTCYTCTBYIOT HOpMAanib-
ubie HanpAxenas. IleAcTBHTeALHO, VCAOBHe DaBHOBECH: OGIUHBXKM
MeX/y CTPUHTepAMH SanHNIercs B BHIE '

do at
e 0




TaK k4K B OGLIMBKe MeX1y crpuHrepamu o=0,
2
5

CAeL0BaTENbHO,

B HHTEerpasn sanHIeTca TAK:

i
gds __ 481

G5 G

i—1

rae §; — AAKHA AYCH KOHTYpa MEXLY pebpamn i — | i .
Takem o6pazowM, ypaeHesne (2.29) MPHEEMAET CHCAYIOUIHH BHA.

O, — 0y = E;% — 2Ewy;, - (2.30)

Il Wos=Wos — o, =1 — MAOMIANL CEKFOPa, OTPAHMSEHHOTO pajiy-
CAME-BEKTOpAMH, TPOBEICHHBIME H3 MIHO-
BeHHOTrQ HeHTpa B TourM i m i—1, W Ay-
rof KOHTYDa S

My TOAYYHIH BHPAXEHHe 145 OTHOCHTENBHOTC OCEBOTO cme-
MeHHS ABYX cMexHbx pefep. W3 aToH HOPMYJHL JIETKO MOTYYHTS -
OTHOCHTENBHOE NepeMellenne MiOGHX peGep CEUCHHMSA. Hna sroro
IOCTATOYHO TPOCYMMHPOBATE BHIPAMEHHE (2.30). Tax, Haupumep,
et MbL XOTHM HafTH 0OCEBOE CMeilleHHe k-ro pefpa OTHOCHTENBHO
f-TO, JOCTATOUHO MPOCYMMHPOBATDH (2.30) or n+1 no k. Ilonyund

k .
v, —v, = L 2t E Wy (2.31)

@opumyas (2.30) u (2.31) ycraHaBA#BAOT CBA3R DCERHIX NEPe-
melneHkii pebep ¢ KacaTeJAbHBIMH YCHJAAMH B CCREHHR TOHKOCTEH-
nofl 6ankH H ee neGopMalRiAMH.

Eclin HAM HW3BeCTHHL TOroHuLle KacaTeaLubIe yCH.IIHH, a Tax#e
nporEBe KOHCTPYKLUAW U OTHOCHTENBHBIR YTON 3aKpyuuBanyd, To
MEl MOCIM 6Ll BHUHCARTE OCEBbleé CMEINeHHT BCEX peGep u, caero-
paTeNbHO, COpefeNuTh AeNIAHALHIO ceuenpit. JleficTBHTENBHO, NO
nporp6aM M YTy 3aKPYYHBAHHSA MbI ONpPELETHIIR 6nl MrHOBEHHBIN
mentp O, a TeM caMmiM H BCce Wi, B Hanee HO ‘popuyae {(2.31)
wana 0wl AcTAaHANH.

OcoGeHHO JIETKO paspeliaercs 3Ta 3afada NpH KPyyeHHH TOH-
KOCTOHHON DOANKHA € CeueHreM, HMEIM [Be OcH CHMMCTRHE.
- Torma, oueeuano, Touka O cosmagaer TOUKOH NepecedeHyds OCCH

CUMMETDHH H Wq; ONPeRSAdaIoTCs cpasy. :
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\ Mel He Gyaem ocraHaBjauBaTbes Gosee MoZpoOHO HA HCCAENO-
BaHuM NOAyYeHHOH Ham# (QOPMYJb, TAK KAK IT0 NPEXASBPEMEHHO.
K 3‘(0}"{ diopMyse MBl BO3BPATHMCH INIO3/][Hee, KOTXa BOIHHKHET He-
OBXOHMOCTh H3y4aTb JeMJaHaluu ceYeRHll KOHCTPYKIHH, 31ech
e Mbl BOCHOJAb3YEMCH STOH QOPMYJIOH IS TOJYYeHHH Gosee mpo-
cTofl 38RHCHMOCTH, ABJASIC- '
IeAcs ee CAeUCTBHEM.
ITyeTe  ceueHHe  KOH-
CTPYKIIHH HMeeT 3aMKHY-
THI KOHTYp C 1 pedpaMu
(puc. 2.41). Qopmyaa
(2.31) naer HaM ocenoe
cMelilenne  aoGore  k-ro ” -
peGpa, Bocnoasayemes Puc. 241,
TeM, .4TO ROHTYD 3aMKHYT,
H HafiIem ocesoe cMelledde pelpa a4 10 OTHOWEHHKY K CAMOMY
cefe. JTo caelleRHe, OYeBHIHO, OYAeT PaBHO HYJ0. 3anHimeM 3To
cMellenue, noaszysacs gopmyaol (2.31) # npEHAR BO BHUMAHHE,
YTO B CKAY 3AMKAYTOCTH pebpo (n4-1} Gyaer neperiM

Ll n
iS¢ -
Up—Up= ———2 Wy
Ed n . Giai gz 0f
1

n

Ho HETPYAHO BHICTD, ‘-ITOEZ!UQ;‘,=0), TAC —naoannbL, orpa-
1 .

HHUEHHAs KOHTYpOM ceueRus. CaefoBaTe/bHO,
.

o g '
2 G, g, (2.32)

Mu monyyman, TakuM o6pasoM, 3aBHCHMOCTD MEKIY HOCOHHDBI-
MH KACATeJIbHEIMH CHJIAMH H OTHOCHTEJABHWM YTJOM 3aKPYJHBaHHA,
JTa 34BHCHMOCTb SIBASETCSA CJIEACTBHEM 3aMKHYTOCTH KOHTYPa #
Ha3LIBAETCH ROYTOMY YCAOBUEM BAMKHYTOCTH KOHTYPQA.

Dra ¢opmyna BnepBue Gmna moaydeHa B. H., BenseBmm ans
cay44sl WHCTCIo KPYUEHHS 3HEDreTHIeCKHM MeToroM. B meficTeH-
TEABHOCTH, KAK MH BHAHM, OHA HMEeT MeCTO B caMOoM oluleM cay-
uae HaNpAKeHHOro COCTOAHHS KOHCTPYKIHH INOCTOSHHOTO CEYEHHS,
ecad NpUMeHHMa THIOTE3a O HEHAMEHHOCTH GOPMH KOHTypa IO-
nepegroro cedenus. JI. Y. Bana6yx moxasan, aro sra dopmysa ¢
HEeCKOMIBKC HHHM TOAKOBAHHEM O IDHMEHHMa H K KOHYCHHM
Danxam.

YeaoBHe 3aMKHYTOCTH KOHTYpPA MEI HIAPOKO GYAEM HCIOIb3O-
BaTb B JAaibHelmeM, nsberas, Tagum oOpasoM, HeoOXGEuMOCTH
obpamaTbes K JHCPIeTHUECKHM METONLAM, '

®opmyna (2.31) noayueHa A NPOK3BOJBRHOIO KOHTYpa, Ecax
KOHTYP CeYeHHA MHOTOCBA3HBIA, MOMHO, OYSBHAHO, HOJYYHThE He
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OAMYy, A HECKOJBKO aapHcHmMocTell THOa (2.32), OpUMeRHB TOT
npHeM K KamJAOMY 3AMKHYTOMY KOHTYPY CEueHHS. Hanpiuwmep,
KOHTYpa, H30OpaKeHHOTO HZ pHC. 242, noayuMM TpH YCaA¢BER
3aMKHYTOCTE:

1) 2‘1 %:ngl; 2) 2 %:2&0}1;;
ARG ’ ' '

ACDGA

@S __

GDEFRG
G

Puc. 242,

- &

&

HeTpyAso BHEETh, 4TO BbLOOD. 3AMKHYFRIX KOHTYPOB B ceueHHH

MOXHO OCYHIECTBET, B DA3HHX BADHAHTAX -f KaXHH pas CooT-
BETCTBEHHO Tpeobpasyiorcs cyMMmbl. Tak, JUIs TOLO XKe ceueHnd MEl
CMOMeM 3a0HCATH YCAOBHE 3AMKHYTOCTH KOHTYPOB: ABCDEFGA,
ACDEFGA, GDEFG, CooTBeTcTByIOIlYE YCAOBHA 3aMRHYTOCTH 33-
TIRIIYTEA: _

I 2% (g -+ on + Om);

G
ABCDEFGA - 1

-% = 2t {on + arp); E % = ko

ACDEFGA GDEFG

Ony, OueBHAHO, TMPEACTABJRIOT COGOH AMIDb JTHHedMylo KomORp-
HauHio TpeXRHNX ypaBHenuil. .

25, PACYET HA COABHUT
2.5.1. OTnencHue CABHIa OT KPyIeHHS

B npeanfyliHxX pasfenax Kypca MH OSHAKOMHANCH C PAaCuETOM
kphaa ma mare6. Ho Tax kak B REeACTBHTENBHOM Kphlie naruéato-
e MOMEHTH BRI3HBAIOTCA NOHEpPeYHOH HArpyakol, pacuer Ha
H3rHH NOJKEeH OHTh A0NOJMHEH pacdeTaMH Ha CABHT H KpyueHue.

JonycTuwm, 4TO B CeYeHHH KpHJE, H306paxkenHoM Ha puC. 2.43,
JeRkCTBYeT AonepedHas cHAA Qy, HOpMaJbHAA K nefTpaabuol OCH X.
B ofweM cayyae, cuna Q, O6yIer BHW3bBaTbh CABHF B CEUCHMH H
sakpyunBanne, CTeNeHb 3AKPYUMBAHMA JAHHOLO CEHCHHA {senuun-

8

s yraa E) OyAer, OYEBMIHO, 3aBHCETh OT HMOJOMEHHA CHAH Q.-
SIcNo, 4TO ecnH MBI GyjieM CABHraTh CHIY B CTOPORY HOCKA KDHJA, -
ceuduie GyeT 3aKPY4HBATBCS MO XOAY YaCOBOH CTPEAKH H OTHO-
cHTeYbENH yroa saxpyuupaHusi Gyler Boapacrarb. Haobopot, nps: -
CMEIIPHHKE CHAM Qy B APYroM HAaOpPABJIEHHH YIOJ 33KPy4HBAHHR
GyAeT yOWBATE H B KAKOH-TO MOMEHT CMEHHAT 3HAK — CeUCHHE Oyaer:

3aKpydWRaThc B APYTyi0 cropony. OrCloaa cleiyer, uTO BCerda

MONKHO HAfiTH TAKOe NOJAOMKEeHHe CRAH y, MPH KOTOPOM OTHOCH-
TeNbHBH YIOJM 33aKPYYHBAHHUA CEYCHHA PaBEH HYAD. OTMeTHM COOT-
PETCTBYIOUYIO aGCHHCCY Xm.

|

Gy

&‘ -
Y

'k
' Pue. 243,

Ecau 6b MB BBENH Teleph B DACCMOTeHHe BMECTO CHAB Qy
cuny Qy, HAODABJACHHYIO IO OCH X, TO COBEPIICHHO AHALOIHYHO
cMmorau OH NIpHATH K BHBOAY, UTO CHJA Q: OpR KAKOM-T0 HONO-
XeHNH TO BEPTHKANH TAKXKe He JAcT 3aKPYUHBAHHA HKAHHOTO cede-
uust. [lycTb COOTBETCTBYIOILAA ITOMY MONOKEHHIO OpAMHATA GyRer
i (em. puc. 2.43). Tlepeceuenne 3TUX ABYX HADPABJICHHE JAcT HaM
TOUKY, KOTOPYI0 To AHANOTHH ¢ COOTBETCTByIOHIedl TOYKOR B JOH-
HEPOHHOM KPHi/Ie MEl HA30BeM UEHTPOM XKeCTEQCTH.

Mul moxa He 3HAaEM, KAK HARTH TAKYI0 TOUKY B CeYEHHH TOHKO-
CTEHHOTO XPBUIA, HE 3HAEM TAKKe, 3ABHCHT ROJOXKeHHe 3TOf TOYKH
OT BEJWYHHW HArpy3KM HaM Her. STH BOMpocH OGYAYT OCBemleRH B
naspaefimen, B NaHHME MOMEHT HaM JOCTATOUHO OUEBHIXHOCTH
CYHECTBOBAHHSA TAKOA TOUKH ANs 3dAHHEIX CHI. :

Urax, ecnd HaM 3ajaHa cuna (Q,, MH BCETIa CMOXeM, nepe-
Memas. ee OO XOpHe, HaATH TAKOe e¢ TOMOMKCHHE, KOrJa OTHOCH-
TEALHBIN YFOJ 3aKPYUHBAHHA JNANHOTO Cedenns Oymer paBeH HyJIO.

Ha puc. 244 wvm orMerund 3Ty abemuccy Xx. OHA2 HaM IoKa
HewsBecTHA. [IPHIOKHM K CEUCHHIO N0 JIHHHM X=Xy ABE CHJILE
Q, u Q,, uapanTenbHE CHAe Qy npuaem Q=—Q,=Qy

Baefienne 3THX CHJI B CHCTEMY JeHCTBYIOUMMX He H3MEHHT, Ode-
BUAHO, Baupsokenuii W fegopManui KPHN4, TAK KAK OHH B3aHMHO
yp4BHOBeNIeHH B OJHOR TOYKE.



Xy, NACT TOJAbKO CABAT cewends Ges 3aKPYYMBAHUA, TAK Kax pHa
IPOXONYT Hepcs LEHTD MKECTROCTH, a cHabl Qy u @, nanyr 3
ypBaliy1o napy Mup=Qy{xq — Xa).

Taxuy 0BPA3OM, NOHATHE LEATPA KECTKOCTH Kaer HaM BOFMOK-
HOCTb PASJAEJHTb HATPYXKEHHE [a: !

1} capur crit Q, =@y (E=0);

2) xpyueHHe MoMeHTOM Mgp— Qy{xq — X)) :

TTpu >TOM AJ% pacdeTa Ha CABHY He TpeOyeTcsd 3HAHHUA MOJOXKE-
HHSA LeRTPa KEeCTKOCTH, TaK KAK TOJBKO KPYTsALIHe MOMEHTH 3@BHCAT
or ero koopzauxarst. CleA0OBaTesIbEC, eclld MBI 3HAEM TOTEPedHYHo

. Qbi i 0;\

r W
- - o -

Z |
Lo |
Xa
A
gt LA

Puc, 244,

CUAy B CEYCHUH, MLl Cpasy MOXKeM NPOH3BOJMTH pacuer Ha CHABHE,
npeinoaaras, YTo cuja Qy naMu NepeHeceHa, KaK 3TO Mbl CREJanH
celdac, B LEHTD KeCTKOCTH cevedns. OT nomepedHod Harpysku Ha
KOHCTPYKRHIO KPHJ/IAa B CETeHHH OZHOBpeMeHHO Oyler JAeficTBOBATh
H3rHGAIOLEE MOMENT, BLHIBHBAKXIIUE HOpMajabHble HANPAMEHUA, B
rMonepeunas CHJa, BHSLIBAIOWIAS KAcaTelbHble HampsmeHns. Owe-
BUAHO, YTO T€ H APyrde HANPAMEHHs B OTASNBHLIX JIEMEHTAX KOH-
CTPYRIMM AQMKHBE OblTh B paBHOBCCHH. Vicmonbayem 37H YCTOBHS
paBHOBecHs N5 ONPEeRENEHHS KACATCNbHBIX HAMPSKENMA 10 Hak-
ACHHHIM paHee HOPMANLHBIM lanpiXeHsM Npu usrube.

[Tpr pemennn OygeM HCNOMb3OBATH NPHHATLIC paHee NPRANONC-
KEHHA,

I. KacareneHule HANPSKEHHs HO TOJIMHE OOIIMBKH M CTEHOK
JOHAKEPOHOB He MEHAIT CBoeH BEJAKYUAHBl H HANpAaBJICNH MO Kaca-
TeJbHOHl K KOHTYPY. 2TC N03BOAfAET BBECTH B PACCMOTPEHHE BMECTO
KacaTeAbHBbIX HANPAXKEHUH IOTOHHBIE KacaTe/bHbEe YCHUNHA ¢=Td.

2. O6IMHBKA H CTEHKH JOMHMEepOHOB HE BOCHPHHHMAIT HOpPMAadk;
HBIX Hanpsxenwni, [110ILafr ApHCOEIMHEBRHX I0J0C OOLIMBKH OT-
neceM K TJomanu pefep (CTPUHrepoB B NOJOK JIOHKEPOHOB).

3. Ccuerpe KOHCTPYRUHY Noka GyAeM CYMTAThL HEepeMeHHHIM IO
JIIHHE, HO YroJ HakaoHa ofpasyouled K OCH 2 MafblM, TaK 4TO
KOCUHYC YIa HAKJIOHA MOMKHO CUMTATHL PABHBIM €IHHHIE.

&

5.2, HesaMKuyTHH KOHTYp nonepeqHoro
ceyeHHn

accMoOTpeHMe HadHeM ¢ mOpocrefimedi TOHKOCTEHHQH GaakH,
EMelpIlell ceueHne B BHIE He3aMKHYTOTO KonTypa (pEc. 2.49).
Ha pwc. 2.45 npoHyMepoBaus! IO XOAY HACOBON CTPEJKH BCE
pe6pa, a rakxe NaHeNH OOWIMBRM, NpHIeM CTPHHICD H IpefiiecT-
BYIOIIAs €My NaHENb HMEIOT OXHH HOMep (B A2HHOM CIyiae NaHesb

z 4

Puc, 2.45.

Ne 1 orcyrcreyer). [lpencrasum cebe, 4TO KOECTPYKUHSA, H300pa-
KeHnHad Ha pHe. .45, HAXOAMTCA B HaNPAXKeHHOM COCTOSIHHH, ‘COOT-
BETCTBYIOINEM NONepeuHOMY H3rUOy Oe3 saxpyuusaHpsa. B asrtom
cay4uae saeMeHT 3TOH KOHCTPYKIEMH, OTCEYCHHHH IBYMS TMOINEPEYHE-
MM HOPMAJBHBIMH CEHCHHAMH HAa DACCTORHHH dZ APYT OT Npyra,
GyIer HArpyKeH HOPMaJbHHIMHM M -KacaTefbHBIMY HALIPSKEHHSMH,
JeHCTBYIOUIMMH B MecTax paspesa (puc. 2.46). Cunrast ofpamensoe
K HaM ceyende Ha pHe. 2,46 3a pacuerHoe, obosHawaeM Pp HOPMaJdb-
Hble K CeueHHID CHIBL, ASACTBYKIHME [0 IAGHANAM pacCedeHHbIX
pebep (¢ IpHcoenHHeHHOH OOLIMBKON) H paBuble GxFy (3a NMOJTOXH-
rTeJbHBE DPHEMEM PACTATHBAKIIKE CHJABI}, H ¢ — NOTOHHHE Kaca-
TENLHLIE CHJBL, AEHCTBYIOLIHE 10 TJIOWAAAM paccededHol oOWnBKA,
3a nonoXHTENLHOE HANPABJICHEE NPHHHMEEM NOTOK HO XOHY 9aco-
Bofi crpenxd. Ha pHeyHEe H3oOpalkeHbl NOJOXKHTEABHBIC NPOLOJE-
Anie H NOTOHHEE KAcareJbHble CHJBL .

CoorBeTcTBYIOILHEe BEJANYAHE HODMAaJBHLIX H FIOTOHHBIX Kaca-
TeABHBIX CHJA Ha BTOPOM TOPLUEBOM CeueHHH, O9eBHIHO, OyIyr
oTandathcAd OT Pyr M gr Ha benuduunl nmpupamenuit {dPr u dgp)
3THX BeJWYHH MO 2, 4 TaR KaK 3TO CEYeHHE COOTBETCTBYET MeHb-
nleMy 2, 4eM pacuerHoe, BPHpALCHHs MEI GepeM CO 3HAKOM MUHYC.

Crenyer 06paTuTh BHUMAHHE, 9TO MEXHY JABYMH CMEKHBEIMH
pefpamMHu BeJHUHHA ¢ IIOCTOSIHHA 10 Becef IUMPHHE NAaHHON MAHENH,
TAK KAK OOMHBKY MHl cuiTaeM CBOGONHON OT HOpMAJNBHBIX HANpA-
XKeHu#d (cM. monapobHee B IpefbIIYIIeM pasfede).

3azavell pacyera Ha CABMT HBJASETCS ONpeNeJeHHe MOTOHHOR
KACATENRHON CHIHL gy B J608 K- naHean obNI#BKH,
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Ry

Jlns OmMpeReNeHHst §x pacceueM k-1 naHeab cedeHreM 1o obp
sywoltlell (JurHs ab Ha pHC. 246). Taxkoe ceueHme pasodeer
CMATpHBAEMBIAl HAMH eMEHY KOHCTPYKLUM Ha ABe HaCTH. Pac
. CMOTpMM YCJOBHE DABHOBECHS OfHOM H3 HHX, XOTH Om Bepxden,

R AC A7 -‘;";
- g, i '
Wy, gy o 20 L% —
L s s 7 7
4
- s P s \
# P e
e —_— e
— % P
G P2 J J \
A, p
— /1 . b/ Y-
z pr Yy Py *

Puc. 2.46.

HPUWICHKHB, PASYMeercs, B MeCTe paspesd COOTBETCTBYIOLLYIO ROTOH-

HYIO KACaTeJBHYI0 CAAy (pHC. 2.47). _ i

. " Ha pacceueHHOH OOIIHBKE {ab wa puc. 2.47) OyleT ReHCTBOBATH
| OroHHAS KAcaTenbdas CWia ¢, 0 KOTODO# H3-33 DAPHOCTH Kaca-

-u.._._____ .

——
G
Puc. 247,

TeAbHMX HAUpSDKeHud W3BeCTHO, HTO B TOUKEe @ OHA DaBHA (x, 4 B
touke b ona Gymer ¢y — dqr. Tar Kag paccTosHHe MeXIy TOYKAMH
a u b mano {dz), 6ylemM CUHTATE, YTO OT 3HATEHHT g 1O 3RaueHnd
s — dgy NOTOHHAS CHAA MERSETCS JHHeRHO.
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3aiHileM YOJOBHE PaBHOBECHS 3JEMeHTd, H300pameudorc Ha
¢. 2.47, CTIpCEXTHPOBAR BCE CHALI HA OCH Z: :

k—1 =1

\ 'Epi—zwi—dpi)_uﬁwczz:o. (2.3
1 B

Tak KaKk wieH dgidz — BeJMSHES BTOPOTO TOPSTKA MAJOCTH,.
ypasrenue (2.33) moche QuUeBRJHHIX YNPOLIEHHH NPHMET BHA
' : ' b1
b
P _ _
Ho nopmansHOe HanpsKeHHe, a CAELOBATEAbHO, ® CHIH IDH
warube Mbl yXe Halllii, HOITOMY, NOJCTABHB B (QopMYydy (2.34)
3HaueHHe P; M3 pacyeTa Ha H3THO, NOTYYHM NOTOHHEi@ CHABL And
JA0G0R (k-#) naHeay oGmMUBKH. :
®opmyna (2.34) mosyueHa A5 OTKPHTOTO (HE3AMKHYTOro) ce-
uennst koucrpyruuu., O603HAUHM NOTOHHHE KACATENAbLHBE CHAR JAS
" 3TOro cavuyas gk, T.€. ‘

gr = (2.34)

Bl ’ <
==Y (2.35)
HJAH, MeHRf MECTaMHA 3HAX CYMMEl U 3HAK HpOHSBOﬂHOﬁ, .
d *Z :
Qow = — = Z}P,. (@236

Ttoacrasum reneps B opmyay (2.36) antpamenne NPOAOABHBIX
can P;, mosyueHHOe HAMA IIPH pacyeTeé Ha HOPMajbhblll H3THG.
Mut wmenn: :

My

T =@ Yis

J.‘I: np
rae Jymp — MOMEHT HHEpPUHH IPHBEAEHHOTO CEYCHHA OTHOCHTENLHO
' - FIAaBHOA HeHTPANLHOH OCH X CedeHHH;
#: — upAuHAaTa U, T. {-ro pefpa,
@i — peNyKIHOHHHT xo3ddiHEReHT i-r0 pebpa;
M. — marabaominil MOMEHT OTHOCKHTENIBHO OCH X,
OueBunso, 910

P;= Fjaj,

rie F; —nnomans ceueHns i-ro peGpa c mnpHcoelnneHHOH 06-.
HIHBKOMH, ! '
ChenosaTenbHO,

M.
P,=F® 7 Y-

X Hp



Ho Tak Kag Fip;=Fimp, Mbl MOMEM 3alHCATE!
Mx

_ Py = % on Fiup i (2-HH 7)
Moficrasasa (2.37) B gopmyay (2.36), noayunm /
4 M, k—l_F '
Qor = — - o Z .Anpb"z-

=1 _ .
Ho 2 FnpY) €CTh CTATHHECKHI MOMEHT OTHOCHTEJLHO OCH X BCEX
1

nmponagell pelyIHPOBAHHCTO CevCHHA paccMaTpPHBAEMOU YACTH KOH-
crpykunn. OB03HATRM CTATHICCKHH MOMEHT 6yKBOi Swmp, 4 HHIEKC,
[OKa3LIBAIOINING, KAKKE JIEMEHTH BXOIAT B Symp, OyAEM CTABHUTH

BBEpXY, TOrad
(' kEI ;
h d - op -~
Jor =~ - M, -

L2 Iy 3]

Pacnumenm Tenepb NPOH3BOJHYI0 NPOH3BEIEHE TAK:

kEI k—1
cnp dM, d ¢ TP’
Gog = — — M, — .
Jeuwp d2 dz \ Jyme
TTopcTaBnas
dM,
de == = Q)r’
OKOHUATEABHO NOAYIHM
Q ?.Sﬁl kgl
Gop = 255 M, A | 2xme (2.39)
Jene dz \ . Jynm

B dopmyse (2.38) Bce BeaHUNHEl HIM yXKe H3BECTHHEL, WJH MOTYT
GHTb BHUACAEHD, CJeLOBAaTelbHO, MOTYT OHTbL HAHZeHH W HOrOH-
Hbe KACATeJbHBE CW/H BO BCeX maHeasx cedesns. ITpaaa, BHIYHC-
JeHHe WIeHa ' )

=1
d Sx e

dz Jrup

(2.39)

IS KAKI0H TAHEaH OGIIHBKH GpesBHUafiEo TpyAoemko. OueBHIHO,
IO 5TOT WieH OTJHUEH OF HYJAS TOJMbKO B CAyYae MepeMeHuoro no
JJIMHE CETEeHHA, : _
B UpakTHYECKHX PacyeTax STHM WIEHOM HYACTO NMpeHeOperaior u .
Torza GopMyIa TIPEHUMACT Ouets YIOBHBIN A HCTIOMb3OBARKS BHIL:
0 o
¥ “wXIp .
Gop = ——— - (2.40)
o dame
84
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!
2$.3. MpuGanxennud yuer «KonycHocTn»,
KOBCTPYKIMHA

QrGpPOLICHHBIH HaMKk BTOPOR wieH [paBoll +acTH paBeHCTBA
(2.38) mosker GhITL BHUHMCIEH NPHOMHIKEHHC AJA KONCTPYKUHH €O
cnaB0 HIMEHAOILHMCH o Adine cedenueM. Jlas toro urolw IpH-
MeHHTb Gopmyay (2.38) B
pacyeTe Kakoro-HUOVIb K3
ceyeHuil KpBLIa 2=, HaM
ooeTaToMEG HMETH 3Haue-
Hue Tpou3poIHoit (2.39)
fIpH COOTBETCTBYIOLIENM Z.

Paccmorpum  HeHonb-
WOl JAHHEL OTCEK KpbLIAa,
cofep:xallHl 3To pacHer-
Hoe ceueHHe <=c¢ (puc.
2.48). I3 nmpeanax 3TOr0 OT-
CceKa MUl MOXeM TONONKATE

Fi ﬁp (Z) - 'lp]_ (2) F{ rlp; j . R . —.
g: (2= $ (2 4. - Puc. 348. '

N

3xechk Fip(2) ¥ y:(2) — Texylne 3HaUeHHs MPHBELEHHBIX [I0-
fajeil ceYCHHUH H OPAHHAT EX LEHTPOB THAKECTH;

Finp H f; — TO ¥e€ 451 PACHCTHOTO CeYeHHA!
Py (2) 1 Pp(2) — HEKOTOpLIE DYHKUHH 2. SSUS

Torga TeKyllHe 3HAYEHHS CTATHUECKOTC MOMEHTA Seafl/m MoO-
MeHTa HHEPLUUH CeYeHH:A Jomp(2) samHmyTCs Tak: '

f—1

k=1 _ E—1
Sew@=F 9 Fip @5 =h@ 0@ Sem

Tenp(d) = )j ¥1.2) Fi ng¥ @) 52 = 9 OV @ -

B srom cayvae Bhipaxende (2.39) npuHnmaer Gonee yIOOHHIH
LA NPAMeHCHHS BHJ -

h—1
S)C e d -
Jx p dz_ [

1 |
lp(z)] ' @41)

B npefenax Masnofl AAuEEL OTceKa (yRKUMIO $(2Z) AOMYCTHMO
CUuTATL AWHEHHOA.

Tlycte B TouKe O HA OCH 2 NEPECEKYTCH MBICJACHHC NPONOJKEN-
nele HaMu obpasyoiue ua puc. 2.48. Torma us momofus Tpeyroasn-
HHEKOR :

5@ ="y
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Chepoparte/bHO,

d [ 1 J L )
— = . . ?
dz L V(2 (L+C— 22 ;
B ceuyenuit 2=C 3Ta NPOU3BOAHAS IPHMET 3HAYEHHE B

_d_[ ! ] ~ L
dz | p(2) le=r L

Fenn 0603HAYUTH BHCOTY pPacueTHOro cedeHus Ba puc. 248
Gyksofi H, a yron MeXay XpaHHUMH o6pasylOUlEMH OTCeKa ¥, TO
TIpE MaJoM y : '

L

H=?L HaH

¥
CH
Torga pupaxkenne (2.41) npuHEMaer UPeNeabHO npocTOR BHA
E—1
Seme 3 -
Ji SR 2.42)
| o - es
OcTaeresa HONCTABATE NOAYYUEHHOE BLHIDANEHHE IJIA IPOHIRONHOR
(2.42) s dopamyay (2.38) .
Mo Nkl
(o)

don = JH . {243
_ emp - .

Mut NOAYYHAK, TAKHM 00pa3oM, OueHb npoctyio popmyny (2.43),
NO3BOAAIONYI0 YHUTHBATE <KOHYCHOCTEY KOHCTDYKUHMH MPH PACaete
Ha cuear. Ona ormmuaercs ot Gopmyant (2.40)} roapbko TeM, HTO
B3aMeH MOJNHON NONEPeYHON CHIL B CeueHMH NPHHEMAETCA YMEHL-
[IeHHAas 33 CUET «KOHYCHOCTH. : :

M .
Bennusnna Hﬁ BHIUMCISETCH B K2AKAOM CEUYSHHH AOCTAaTOIHO

N . 1
npocTo, Tax kKak H # y MOTYT OHTh CHATH IPAMO ¢ HepTexd.

2.54, JamxHyrnil KoHTYD NONEPETHOTO ceuenns

PaccMOTPEM TeNeph 3aMKHYTHH KOHTYP MONEPEUHOro CEHeHH:
{puc. 2.49), mo-mpexHeMy HCOBTHBAWIIEA HaTHO ¥ cxBur Oes sa-
kpyunsannst (§=0). [IpeanonaraeM, YTo NONEPEHHAn Cid HPOX0-
IHT uepe3 UEHTP XKECTKOCTH CeueHHd.

OrtcezeM OT KOHCTPYKUUE, H3oOpaikeHHOH Ha pHC. 2.49, nByMs
ROPMaJIbHBIMH  CeYeHMIMH 2 M Z—dZ OTCeX KOHCTDYKIIKH
(prc. 2.50) H BPEAOKAM B MECTaX Pa3pesd COOTBETCTRYIOLIHE CHJABL
Jlas onpefeeHnus gn CHOBA BOCTOMLAYEMCS YCAOBHAMH PAaBHOBECHS
oTHeabHHX YacTell Bhpeaamroro orceka. Io cpaBHennio ¢ 3apauei
06 OTKpHITOM KOHTYDe MEl HMeeM 3feCh HEKOTOpOe YCIOXKHERRE, TAK
KaK, JKeJaas OTLEJUTh 1aCTh OTCEKA, H300paxKeHHoro Ha pHC. 2.50,"
MBi IOMKHE CAGHATH VKe [Ba ceueHHst no ofpasyomefi. Oxuo u3
ceueHnfl MO-TpeXEeMy cieflaeM B JIOGOR & maHenn (ab) (cM.
puc. 2.50), a Apyroe-—B nasesH I {cd). Ha puc. 251 naobpaxena
oTneneHHAad YacTh pacCMarTpnBaeMoro OTCEKd. :




TforoHnylo xacaTemblyi CHAY B HOBOH, O CPaBHCHKIO C MpeH-
Ayiei sagavell, nageau Mbl JOVKHEL, OYeBHAHO, 0c00O3HAYHTE 41, TaK
K4k 3T0 oTHocHTCA K Neppoil granenu. Ilns yaoOcrsa sanHch ypas-
HeHuil B faabHelinrem ofosHaunM ee g1 B Meerax paspesa oOIIMBRH
a—>b u ¢c—d NPUIOKEM TaKXe TNOTOHHBIE KaCATeJbHEIE CHILL 1
H gy, OPUTABAST UM HANDABJIEHHe B COOTBETCTBHH C 3aKOHOM map-
HOCTH KACATENBHEIX HanpsKeHull, Y4HTHBAThL NPHpalleHHe IIOTOH-
HHIX K4CATeNbHLIX CHA dg 30ech W B jpanbhefimlem He Oynew, Tak
‘KAK N3 MPeIHIYIIEro 3HaeM, YTO OHH- LAIOT YIeHH YPABHEHHHA BTO-
poro Mopaika MaJOCTH H BCe PABHO BHINAMAKT.

JanrlieM ypasHeHVe PABHOBECHA™ OTHOCHTENBHO OCH Z:

h—1i o k=l
213,- — Z}(Pi—de) +qxdz — g dz = 0,
OTKYV1A

qy =— 2 & -} g (2'44)

CpaBsnM Tenepp QopMyny (2.44) c¢ dopmynoi (2.35). [lepeni
yjeH OpaBoH YacTH ypaBHenus (2.44) paBeH, OYeBHAHO, {ou, T.E.
MOrOHHOMY YCHIHIO, KOTOpOE MMeno Ohl MECTO B LAHHOM CcedeHuu
npu oreyteTsuu sampikaromel manean f. CnepopartensHo,

Gr = Gor 1 ¢ (245)

T.e. HOZOHHOR KaCaTeibHas cura & awbotl naneaun npuy cdsuze
BAMKNYTOZ0 KOHTYPO pPABHO ROZOHHOL KACATEAbROL Cuae 8 TOM e
HEBAMKRYTON KOHTYPE NAOC NOZOHAAR KACATEALRAS CUAL 8 3aMbL-
Karowel naneau.

HaM viKe H3BeCTeH Crocob BLIYHCTEHUS gon (dopmyna (2.40)
pan (2.43)], caegomartesbno, Agag onpelcacHUs g Do GdopMmyae
(2.45) HaM HeoOXOOHMO HpPHBJIEY:L enle OAHCG VpaBHerue. Tarum
ypaBHeHnem MOLJO Ob OLITh YpaBHeHAe MOMEHTOB OTHOCHTENbHO
OCH Z, HO MLl He MOMXeM B AaHHOM CJyuae HM BOCHOJIL30BAThCS, TaK
KAK He 3HacM a0cHHCCH TOYKE TPUJOXEHHA CHiBl (. ME OTHecrH
ee B LUCHTP XKECTKOCTH, A NONOXKCHUE €r0 HAM HEH3BeCTED. ¥YpaBHe-
HHA paBHOBECHH CHJT B BCeM CEYCHHHM TaKXKe Hedr3f HCOOAL3OBATh,
TAK XAK OHH BLIOOAHAIOTCH TORAecTBeHHod, [losToMy npHBIeueM
1151 3TOH uean yoaosHe 38MK1‘[YTOCTH KOHTYpPa

n -
_ % = 9@ ’
ad G E

CuemenseM cHAH {y B UEHTP MCCTKOCTH MHE HCKJAWYHIH EPY-
yeyHe (E=0), CJeNOBATEJBbHO, YCJAOBHE 3aMKHYTOCTH KOHTYpa AacT
HaM Ccpasy AOHOJHUTENLHYIO 3aBHCHMOCTb MeXKIY IOrOHHsIMHU Ka-
CATCNBHEMH CHIAMH B CEUeHHH

28

%%
T Gy N

FofcTaBUM Ci0la SHAYEHKE ¢; U3 ypaBHEHUS (2?«():

2 {q0i +491) % -0
T ahy
9 Z Gﬁ;

Kosddunpenrsl svoro ypaBHeHHﬂ BCEI‘JIa Mmoryr OB1b BEYHCJE-
HE, TaK KAK goi ONMpeleJserca I0 Popmynam (2.40) unn (2.43).
Toma w3 ypasuennfi (2.46) MOXKHO HARETH g1, a N0 dopuyre (2.4D)
gy Aaa N000H Namead H KacaTe/bHble HANPSIKEHAS

&
LT
C.J!E’,'I.{OBaTe.TIbHO, HOCTABJACHHAS 3414174 HaMH pelleHa, ,D,.TIH npu-

ZaHus ypapHeurio (2.46) Gonee yaoOHoro pupa BeefeM oGosHa-
YeHHs:

Orciona

‘?ms:. . (2.46)

Ty =

n
_ 0iS;

Qg = .
U Gf 10 n G;b;

Torza ypasrenne (2. 46) a5 ONpefeJeHHA 3aMBIKAIOIel NOToHHOH
KacaTeJbHOA cHMIbl npuMer QOpMY KaHOHHYECKOIo ypaBHEHHH '

ang; -+ ay, = 0.

Ilo cyliectBy 216 YpaBHEHHE U SIBJIRETCS KAHOHHISCKHUM YPAaB-
HenreM gedopmaunii
Kak BuAHM, MPH TAKOM [YTH peileHHH 3ajaya onpenejdeHus
NOTOHHHX KacATeNbHEIX CHJ B OXHO3AMKHYTOM KOHType Opuobpeda
00aHK cTarHUYecKH HeolpeledBMOH. IJT0 BO3HHKJIO NOTOMY, 4TO,
FKenas OTAERUTh CJBHT OT-KPYYEHHH; MBl BBEJIM B PACUET JHHIHIONW
HEH3BECTHYIO —— KOODAMHATY UeHTpAa MHecTKocTH. Pacuer mor 6u
OLITL HpoBefeH (e3 OTHeJeHNs U3THOA OT KPYJYeHHS W TOTIAA 3aMBI-
Kamas NOroHHAA KacareabHad CHJA ONPelefHAach Obl H3 BTOPOTO
YPaBHEHHH DABHOBECHH — YPaBHeHH MOMEHTOB OTHOCHTENBHO IpO-
H3BOJLHOA TOUKH B CeUeHUH; B KOTOPDOM BHELIHAM MOMEHTOM Obla
MOMEHNT CHAH Q.
.

2.5.5. MHOTOCBA3HNI KOHTYP TOMEPedHOro
CedMeHHsn

B sakaioyenne pacemorpuym Goaee ofumf BuA mOnepevHOro
CeueHHsl B BHAE TPOH3BOMLHOTO MHOFOCEA3HOrO KoHTypa (puc. 2.52).
DTO NO3BOJIKT HaM NOJIyYHTL 0Oliee pelieHne 3a1adl O CIOBHTE

§9



TOHKOCTEHHOIG Kpblla H JaTh MPOCThie NpPHEMb COCTaB/IenHs paa-
penialoIKX ypaBHeHHA. Tak Kak TPREMBl DEUIEHHH Mbl 6yaeM IpH-
MEHSITb T€ K&, UTO0 B B MpelgiyIiiX CIyYasX, BO H3OeXKaHHe, H3-
JARIIHMX HOBropenudl moapofHo Gymem oCBellaTh TOJABKO TO, 4TO
ABJSETCH HOBHIM [0 CPABHEHHIO C paHee CKA3AHHBIM,

¢ B

AIFL

Puc. 2.53. ' |

BLipeXeM CHOBA H3 B3ATONM KOHCTPYKIEH OTCEK anmaod dz, Ha.

prc. 2.53 #306paXKeHHl MCKOMBIE MOTOHHHE KACATCJLHEE CHJLI. [To-
MOXKHTENbHOE WX HalpaBleHde 3ajafiM Tax, YrOOH  HX UOTOKH
WLMH 10 XOZY 4acoBO CTPEJIKH OTHOCHTERbHO Hadaja KOOPAHHAT,
KOTOpOoe MEH NMOMECTHM B CaMOM BpaBoM KoHType. B stoM caydae b
CTEHKAX JOHKEpOHA NONOXHTEAbHHM HamnpasjexueM Gyler Hanpas-
JeHHe CHHM3Y BBEpX. ' .

Tloronnbie KACATeAbHHE CHIW B CTeHKAX JOHXeporos obozma-
YHM g1 H ¢m1, KAK 3T0 [OK&3aHO Ha DHC. 2.53, a B neppoll NaHeau
no-mpexueMy ofosHaYHM g1 Herpyaso BHIETb, UTO OTLEN#TH OT
MHOTOCBASHOTO CEYeRHs ero uacTb JJis TPUMeHeHHs K Heli ycnoBuit
pABHOBECHA MOXHO NO-pasHoMy. Hampmmep, caenas paspesHl IO
06pasylomEM B HaHeNaX # M 2, MEl OTACHHM HOCOBYI) MaCTh KOH-
CTPYKHAR ¥ MOXKEM YXe PACCMATPHBATH YCJIOBHS ¢ DABHOBECH:.
3ech noTpeBoBaNOCh CeNATh TOABKG ABA pas3pesa.

Ecau Ke MH ClejaeM Pa3pesdl B NAHENH n M B nakeny 5, to
YBUJMM, 4TO 3TOTO OyJeT HELOCTATOuRo IJIA pasfleeHus OTcexa
Ha KBe CAMOCTOATENbHHE uacTH, B 3Tom cayuae notpefyorcs 10-
OMHATE bHHE pazpessl. Mu nofbemcs HEOGXONHMOFO OTAERCHHA
Y4CTH OTCeKa, paspesas NONOJIHWTENBHO, HAIPHMeD, CTEHKH NEpBOro

90

WIS OT Hocka mnpodHis Tak,

W BTOPOTO JIOHKEPOHOB, T.€. B 3TOM ciydae HaMm norpebyerca che-
Jarh ueTHpe paspesa. Takux komOuxauuii b obmem caydae Gylet,
QUEBUTTHO, HEMAJO.

B cBfiay ¢ 3THM Cpajy IOTOEOPHMCA O MOPHATKe DaIMelleBHI
paapeson. [lpemze Bcero, credaeM paspesbl T2k, y1oGhl NGIYYHTD
He3aaMKHYTHIA KOHTYD, KOTODHWH Hajee, K&K H3BECTHO, EEJHWTCH HA
ABE TACTH OZHUM DAspeésoM, ¥aoGHee BCEro PacKpLITh KOHTYD, pas-
PE3aB BCE [13HETH, KPOMe OJXHOI,

Eax 370 noKazaHo za puc: 2.54.
B 3toM caydde «3aMBIKalOLIH-
MES> JIOTOHHBMH KacaTelbHbMH
cuIaMH, oueruAHO, OyIOyT g1,
qn, dor '
QfpaTuM, KcTarH, BAEMaHHE gy
Ba TO, YTO Kaxiad <«3aMbIKaw- Puc. 2.54.
adA» IOTOEHAS -CuAa ABJRETCH -
x3aMBIKAIOWER» 1A% BOJHE ONpPEREJENEOr0 KOHTYpa, BKI04aI0Die-
r0 B £eB TOAHKN YACTh MAHENEH BCero ceyeHHN, Tax, ¢ «3ambixa-
er» kouryp ABCDEFA, nawean cretok AC w FD ocrawica Ble
TOTO AAMKHYTOTO KOHTypa. CHaa gp [pe3pallaer B 3aMKHVTBIR

xouryp ACDEFA. B atoT XQHTYp He BXO{AT MaHeaw Kocka ABC.

U, naronen, gin «3amnikaet® Kontyp FUEF.

Ecau coenath eluie OfMR paspes no obpasyioliefi, xora O B
TOIKE _k Ha puc. 2.64, To orcek pasfenurcs HA IBe 9ACTH H H3
YCAOBHH paBHOBECHA OTHeNuBIIefics ¥acTH OTCEKa ME VIErKO CMO-
KEM TNOJYYHTH BHpAMeHHWEe AJF NOTCHHCH KACATENBLHON CHAHR G,

Ha puc. 2.55 uzobpaxena BepXHSA 4YacTh OTCEKa W AEHCTBYIO-

IEe Ha Hee YCHJHN B MeCTax paspe3op. 3amHillem ypaBHeHue pae-
HOBECHS: - '

k—1

k=1 -
3 i 3 (Pem dP) + gz — (9 + 4) d2 = 0,

B



OTKYLa

1 .

¢alenoBaTebHo, qh=q0h+ql+ g11-

Fenn Takum Ke ofpasom CerxaTh paiapes no obpasyiolleli B
LPYTEX NAHEJASX KOHTYpa, TO HOJYYHM CCAYHOINIe BRIpAMKENHs 4K
g; Ha PA3NHUHEX YYacTKax CEueHH::

‘as nasHeneR Bupawenny LA ;0
na yaCTHE: G;= Gt 1+
: o Fi=Goitgr +iurt 4m
L] .
ABC s = gu gy )
CDu FA =g+ a1 1911 a Ai=8ot* 9 §im i+ 9w £
DEF 4 =4qoit ql"}“qlﬁ' Eh
Foar (24)
_]‘.I AT
AC ¢;=Jor 11 Gi=Goit 91+
FD gi=qoi+9
! i Puc. 2.56.

MNas crerox AC n FD snauenme go;=0. B dopmynax TalAULB
MBI BBEJM BCE Ke gg; B NOTOHHHIX KACATENBHBIX CHEAX CTCHOK AJf
COXpaHeH sl 0OWHOCTH GOPMY.L.

Ha puc. 2.56 BHIMMCAHLI MPSAMO DO KOHTYPY BLIPAMEHHSA INOTOH-
HLIX KACATelbHbIX CHJI UEepes3 «IAMBIKAWOIRNEE> H Go;.

Ananusupys NOyUeHHBIE DesyJbTarthl, JIErKO BHAETH, €WTO Ha
mo6oil makesH CeueHHs HOTOWHAS Kacare/lbHasd CHAa COCTOUT H3
CYMMLI:

a) TIOrOHHOM CHAB B 3TOH NaHendH, BO3HHKAWICH B He3aMKHY-
TOM KOUTYDE Goi; .

6) «3AMBIK2IOUEX> MOTOIMHLIX CHJI, NMPHYEM KaKaas <«3aMmbikaio-
nadg» nNoroHEas CHA& ,[LOGaB.HHETCﬂ K foi TOABKC Ha TCX naHensx,
KOTOPLIE ARJAKOTCA 2JEMelTOM KOHTYDPE, «3AMBIKASMOTO® €10, Ha-
npEMep, §1 «3aMHKAeT> BHEIIHUA KOHTYP ABCDEFA ceuenus, u
B0 BCeX IAHESJIAX 3TOTO KOHTYDPA ,I[OﬁaEJIﬁE‘.TCH q1.

TlorokHas KacaregbHas cuia grp A00OaBAAETC Ha TAHENAX KOH-
typa ACDEFA w g — Ha nasenfix KOHTYpa FDEF, 1.e. ramnas
HA CBOWX, «3AMBIKACMEIX» HME KOHTYpAax. '

Y¥e H3IBECTHO, uTo

i—1
Qy Synp

Jenp

*

Jo =~

92

cnenoBaTenbHo, uTolnl HAHTH BCe NMOTOHHBIE KacaTesibHblE CHIH §i,
HEOOGXONEMO HaBTH TOJABKO <3aMHIKalOWIHe® g1, g1, §ir.

. [IpHBaICIEM 1JIST 3TOTO YCJOBHS 3aMKHYTOCTE KOmTypa. Has Ha-
HIETO C/Iyuast MEL MOXKEM 3alHKCATh TPH TAKMX YCJOBHA. TaK Kak Mt
paccmarpnBaem cABHr Ges sakpyuuBauus (§=0}, 3TH YCHOBHA
OPHMYT BRI

%% _ o V9% _ - LI —
Gyl ' G:b; o Gibe 0
: K8 Y

%

 HUauaexcwr non cyMmoR (g1, gm. ¢iur) o603HaYaioT, 4T0 CYMMH-
PORANIME BefleTCA N0 3JEMEHTAM KOHTYpPR, 3AMEIKACMOTO COOTBET-
cTRyWOILeH MoroHHOH KacaresnbHOll cunof. PasofbeM MEpRYO cyMMY'

Ha 4acT¥ Tak:
' qsi gisg st
ERN R S
2 Gy y G5y G:5;
CD,FA " DEF

ABC
H TIOACTABEM BMECTO f; HX BLIPAMKeHHS COTJAcHo pnc. 2.06
(fi’uf + q;) 8t (Qoi + 91 + ‘?1]) St
a5 G +
ABC CD ., FA
T .E.(‘Iui—!‘ gr +an +am) S 0.
5 5; .

DEF

PackpHBasi CKOOKH H IDYNNUPYS YJEHH C OJHHAKOBBIMH MOTOH~
HEIMH CUJIAMH, TOJyYHM

5¢. | & St JoiS;
q1§{—+4112:-—-+q —L Y B =0
0 d G5 111 . ]
ABCDEFA W cORfa DEF G_‘ai ABC_?DEFAGiS‘
BBegeM 0G03HAGEHHS:

— h L _ S, 5
g = ;g — : — .
u 2 ok E a5 ' Gy |

ABCDEFA . LhEFA . DEF

o 1 _GoiSi
Oyp == .
&

G;
ABCDEFA

Torna ycnoBBa 3aMKHYTOCTH NEPBOTO H aHAJOTHUHO BTOPOrO W
TPETHEro KOETYPA 3aNHLIYTCA B KAHOHHTecKo# dopme

allq[. + lf“tlzqn + alsqln + aln = 0! .
AnG; -+ Oy -+ Faafyyy T Gao = 0; (2.48)

Carff; & By yy F Q3391 T+ Ba = 0.
) 93



Bee xoad@uiHeatH npu k=0 UMei0T BUA

i :.E "55: | | - (2.49)

a RoshpuUEeHTH

n= § S 2.50

aw= Y] oot @5

n pasamune MEXAY CYMMaMmy KaxJOH rpymnnbi TOABKO B npegenax
CYMMBPOBaHKS. . "

[Iponece o6pasoBaBkA ITHX KO3 QULAEHTOB TO3BOJSET CPA3Y

orfpeflenuTh HpefleNhl CyMMHPOBAHRI JAR KAKILOT0 rkoabduireHTa,

JleficTBHTeAbHO, DEpBOE YpapHenHe eCTb —YCIOBHE - 3AMKHYTOCTH

KOHTYPA, KOTOPHl «32MEIKACTCHY NOTOHHOH CHJ0H g1, CELOBATEAD-

1O, 03B (MUINEHTH 3TOTO YPABHERUs MOTYT COCTOATb W3 CYMM, pac-

: : NpoCTPAHAWLINXCA TOAbBKO MO

e b : ITOMY nepeosy KoHTypy. Bo-

; obnie Bee KopPHUAEHTH  dmn,.

y KOTOPHIX MepBblHl HHAEKC pa-

BEH eAMBUie, 06pazylorcs H3

CyMMHpOBaHHS BenudYdH, OTHO-

cAmEXCH K BHELIHEMY KOHTYPY

A 3 - "ABCDEFA (puc. 2.57).

Puc. 257, Ianee mbl coGupanu WICHH,

‘ colepxallne KaKylO-RuOYyAb Of-

: _ Hy DOTOEHYK), KacaTelbHYyi CH-

ay (grngm, gra MaH Goi). CNéACBATENLHO, NIPH NOrOHHCH CHIe ¢,

HampEMep, cyMMa OyeT COMepXaTb yKe He BCe NaHeIH IepBOTo

KOHTYpd, a TOJABKO Te, Ha KOTOPBX eCTh M §iL Wnave xospduinedT

arp Gyner nodyueH CyMMHPOBaHHEM IO TEM 371eMEHTAM IEePBOro

" xourypa (Koutypa gi), Ha KOTOPbIX OJHOBPEMEHHO eCTh: M [OCOH-

Had CHA& Gr.
D10 NaeT BOZMOKHOCTb CQOPMyJHPOBaTH ofliee HPaBHAO CO-
craBaeHUS BceX XK03hQHHHEHTOB ypaBHenudl (Z.48), ABJIAIOUIHXCH

No CyIIeCTBY KAHOHMYECKHMH YPABHEHHAMH COBMECTROCTH zedop- 3

MatHii.

Kos(bQUUReHT an, TpE n3-0 onpesensercst GopMyiod (2.49),

npu n=0— dopmyaof (2.50). 1 B TOM, H B JpYrOM cayunae CYMME
pacnpocTpanAoOTCS Ha Te Yd4acTk# KOHTYpa, [Je OINOBPEMEHHO
HMEIOT MeCTO TIOTOHHBIE CHIAH §m H Gnl '

Taxum o6pasom, GTOGH COCTABHTL KAROHWHECKHC YPABHEHHA
CBHFa, AOCTATOYHO pPACIHHCATL AOTOHHBIE KacareAbible CHIN NG
KOHTYDY, KaK 3T0 CIeAaH0 HA PHC. 2.56, H 3aTeM, BEUUCANE CYMMHs
pyoOUIHeCT —m H oL
Giby Gib;

NPOM3BECTH HX CAOMEHRE B Npeaetax
OJHOBPEMEHHOIC AEHCTBASA HBYX MOTCHHEX CHI gm H n. '

Us tpex ypamuenudt (2.48) Moxmo mafita 3aMblkaioliue. 4y, gm, %

iy, 8 CAENOBATENbEU, H MOTOHHYK CHIY 47 B mobof naHeslw KOH-
o1 - .

1ypa 1ic opMyaam (2.47). Kacarenbiile HanPAXREHAR TOTAA onpe-
Aenaresa no opMyde : :

Ty = "'qL .
_ &

JleTko BHAETH, UTO pAHEe PACCMOTPeHALIE CAyudaH pacyera He-
3AMKHYTOFO M 3aMKHYTOIO KOHTYDOB SIBJIAIOTCHA ACTHEIME CAYYasiMH
MHOTOCBSISHOTO KOHTYpa E NONYHUeHHOE HAMH pellleHue fBNSETCH,
TakuM 0Gpason, OBLIEM AJAA pacuera KOHTYPHHIX cedeHHHi Ha CABHT
6e3 xpydeHus. ' : :

Jo cux nop zamum paccMmarpupancs casur cuaofi , Covep-
LIEHHO AHAJOCHYHO MOMKHO HPOBRCTH H PACUET CedeHHA OT CHabl Q.
Bee paccysjenns ¥ GopM§an coxpHAT npexH#ll BHA ¢ COOTBET-
cTBYIOnIeR 3aMeHOR KOOPARHAT W MHIEKCOB X HA ¥ M y Ha x. Opua-

RO HM3-38 MaAocTE @ H GoAbWIOH MeCFKOCTH KDELIA B IUIOCKOCTH
XOpZA pacuer Ha JoGOBOH CABHI AexaerTcs O0BIUHO NPUMHTHBHO. .

2.6. ONPESEAEHHE HEHTPA JXECTKOCTH
CEYEHHS

Ao cux mop Mbl pacCMaTpHBAJH MaupsXeHus u gedopMmaunm
Kpuiia, npeinonaras, 9T0 PaBHOZEHCTBYIONAsA BHEIIHYX CHA NPOXO-
HAAT wepe3 UeHTp KecTKocTh cevenns. Ho Mu elie He 3maeM, rae
HAXOMHMTCH TAKag ToURA. BHNosHeHHHA Builje pacuer CeyewHsi Ha
C/LBHT IA€T BO3MOKHOUTD OTBETUTH HA 3TOT BOSIPOC.

ot
Puc. 2.58.

HeficTeuTenbHC, TPR pacuere H& CABHT MBl [IPeANOJAraNH, UTO
kpysenne orcyrersyer (E=0), caemoBaTensHo, BHemHsns cuna {Qy
BAH Q) NPOXONHT yepes LeHTp Mecrxkoctd. Ho ecan rax, 1o paB-
HOLEACTBYIONAst BHYTPEHHHX KACATEABHBIX CHJ R, omemnmHo, TOXe
npoHAET 9epes UeHTD KecToeTH (pHe, 258 u 2.59);

TaxuM o06pazoM, LUEHTP JKeCTKOCTH MOXHO HaBTH KaK TOUKY
nepeceyenna JMKAE NeHCTBHA PABHOXEHACTRYIONINX BHYTDEHHUX YCH-
JHH [pH ciBHre OT ¢l Qy # Q.. B peaspHBX KpPHALAX LeHTp
HKECTKOCTH GOBIYHO BeCbMa OJIM3CK K XOpAE KpWJa A NPUOAHKEHHO
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CUHTAIOT Yu=~0, ONpemessii PACUETOM TOJBKO OANY KOOPAMHATY
LEHTPA MECTKOCTH Xz KAK-KOOPAKHATY paBROIEHCTBYIONlell NOTOH-
HBIX KACATEJBHBIX CHJI CIBYra Ry.

%
g, “’]

><1'

e e e — G — - = T

Puc. 2.59.

Puc. 2.60.

Vicnonpays TeopeMy MeXaHMKH, UTO MOMEHT paBHONCHCTRYIOUIEH
paBer CyMMe MOMEHTOB CHJ COCTAB/AAWILNX, SamyileM (puc. 2.60)

RyXu = [ rqds.

31ece r--JIJKHa I[epneHInKyJAspa, ONVILEHHOTO W®3 Havdali.

KOOPAMHAT Ha HANPABJECHHE KacareJbHOH B LaHIOH TOUKE, HHTer-
pan Geperci NG BCCM YYAaCTKAM KOUWTYPa, BEJOYAs BCe CTEHKH
JIOH¥K EPOHOB. :

Pazofinem Teleph WHTErpaq 110 BCEMY KOHTYPY HA CYMMY HHTE-
TPaJOB Mo OTACHALUHM MAHENAM

i
Ry, = Z { rgds.
=1

Ho B KaxXIoH OaHeJH ¢§ HMeerT MOCTOAHHOE 3HAYEHKEEe ¢4 CJe-
MOBATENLHO,

i
Ryxu =30 j rds.

i—1

06

Ho

I

5 rds = 2:0;,

=1 :
The ©@; — [JIOWaAb CeK10pa, COOTBETCTBYIOmMero ayre i—1, { (Ha-
AOMHEM, 4uTo w@;>>0, KOrza miomaibr o6pasyeTcs BpalleHweM pa-

* IAYCa-BEKTOPA [ XOAY 94COBOM CTPENKH). : :
Takum o0pa3om, MOMEHT LIOTOHHHX KACATENbHHX CHI KOHTYpa

JANUIHETCH TaK:

L M,=2%qm. @51)°
OLBOBPEMEHHO HIBECTHO, 4T0 Ry=Qy, cle10BaTeNbRo:
. I3 P
Xy e DL (2.52)
Qy

Wcnoas3ys NodyueHHBe H3 pacueta HA CABHF cHiaol Q, AOTOH-
Hble KacaTeabHBe CHIb ¢;, To Qopmyae {2.52) aerxo onpelenutsh
KCOPIHHATY UEHTPa MECTKOCTH.

CopepliieHHO AHANOTHUHO HeTPYLHO MOJYUHTh:

23] 1,
ymﬁ_%_ @5y

3neck ¢; — HOrOHHBIE KacaTeasHbie YCHAHA OT CABHTZ  CH-
qgoit Q.. - '

A =i G 'y

=Gt 41 Gi= %001+ 9a* Um
8 /‘?{"%&*QJ .Q{ =i +m .
A . G0ty

Pue. 261 g

dopuyan (252) 1 (2.533) Moxeo mnpec6pasoBaTh, YUMTbIBAR,
YTO §; CKAAKHBAETCS U3 §o; M 3aMBIKAIOUMX MOTFORHEIX YCHJHH.
TipeobpasyeMm ¢opmyay (2.52) Ans cayd9as TPEXKOHTYPHOTO cCeue-
uug (puc. 2.61) . _

3annlleM NpAMO Ha KOHTYPe BHPAaXKeHEE §; Yepe3 foi W 3aMH-
KAIQUIHEe MOTOHHBIE CHALL, NCAb3YACH H3/0KEHHHIM BHIIE [IPABH-
gom. PasoBbeM cymmy ¢opMyauw (2.52) Ha pal CYMM H BHECEM
TYA@ 3RAuEHHs §; ¢ pHC. 2.61: :

E‘?iffft =A§C (90: + qg) ‘IED%A(%E +a +9u) w‘__+

4 Zax 15 97.



LA S A

+D2;|F (Goi + 91+ gy + qyp) @i + Az\_; (‘?ut +qy) @+
. _I"I%(QOE + qln) w;. .
CobepeM Tenepb noncOHbIe YICHBL:

Wy = > > W - w; +
2 g 1\ 5tBEra '+q”Ac:%:"m y ql”ngﬁ !

+ > ol

NG BCeM MaHesam

Jlerko BHAeTh, YTO HEpPBbie TPH CYMMEHl (C y4eTOM 3HAKa w;)

- HangyT CQOTBETCTBEHHO w1, i, ®mr, T-€. IJIoWAAH, OrpadHYeHHLIE

NepBLIM, BTOPEIM H TPeTbHM KouTypamH. $opmyna (2.52) npumer
TeNephb BHJ:

1
Xy = a [24, @ + 24, o) -+ 2g,; 0y, + 25q,w,] . (2.54)
Gopmyna {2.54) Gosee ynoOHa 478 BHUHCICHHA KOODAKHATH
Xm, ueM (opmyaa (2.52), nmecmorTps Ha 70, 4TO BHIARAKT OoJee
cnoxuoli, IIpu BEUHCIeHUU TO 3TOH OPMyJe YMeHBUIAIOTCH BO3-
MOKHOCTE oluMOHTbCa B 3Hakax w. Kpome rtoro, ¢opmyna (2.54)
norpefyerTca B ZajLHeHIeM, :
CoBepHleHHC aHAJNOTHYHC MOKHO 3aldcath GOpMyay, onpene-
JIAONLYI) KOOPAHHATY LEeHTPa MECTKOCTH M. :
Buipaxenns (2.52) m (2.54), onperensiolllie NMoj0KeHRe HEHTPA
JKECTKOCTH, CONEPHKAT CHAY (@, TAK 9TO MOMET CO3LAThCH HElpa-
BHIBHOE NPEICTABJelHe 0 3aBHCHMOCTH KOODAUHAT LeHTPa HKECTKO-
CTH OT JeHCTEYWIUHX B CedeHHH CHJI. B ZeHCTBHTEIBbEOCTH, 3TO He
tax. Bennuwsnl g5, g, gm, e UponopumoHAnbHM Q, W, ecau
3aTHCATh HX B AIBHOM BRJle uepes (,, MOCHeTHAR COKPATHTCH.

27. PACYET HA KPYYEHHE

2.7.1. Onpepenenne KPyTALIETr0 MOMEHTA -

Hoeckonpry B KaMNOM CEYEHHH KpPLLTA MBE HMEEM BO3MOMHOCTD
ONPeNesHTh HEHTP #ECTKOCTH, CTAHOBHTCA BO3MOKNEIM YCTAHOBHTH
H BENUUHITY KPYTSAHIETO MOMENTA, AeHCTRYIOIErD B CEUEHHH.

Ilpr nocTpoeHHy 3MIOP MH YCJAOBHO NepeHeCHHM BCe HMATpysKy HA
IEKOTOPYI® OCh 2. Jind Mo6oro ceueHES XpHJIAa MB MOXKeM, CJefo-
BATENBHO, MOJAYYHTE €70 HATPY3KY (Qy, Q. u M.}. Taxum obpasom,
cegeHue xpuina B olmlem cAayusae OyneT HArpyxeHO TakK, Kak 310
noxa3aHo Ha puc. 2.62. (Ha ReM MBI cpasy MOAOKEAH, YTO CHAa'
Qx TPOXONAT Yepes LUCHTP KECTKOCTH, KaK 3T0 OOLIMHO JedqacTcs
H3-3a MajocTH . ¥ ee nyjeua),

Hawm usBecTHo, uto ecinm cuja (HJAM PABHOIEHCTBYIOINAS CMA B -

CCueHHH) NPOXOAHT Yepe3d LEHTP KECTKOCTH, TC CedeHHe He 3aKpy-
o8 :

unBaerca (§=0). [IpHIOKUM B HEHTPe MKECTKOCTH JBE CHAM: Q, H
Qy TaK, Uuro Qyz——-Qy=Qy. Ilpraoixennem 3THX CHI MH, Oué-
BHIHO, HE H3MEHHM HAIPYXKeHHR KOHCTPYKUHH, TAK Ka¥ CHJBI
Q{; HQ, B32aUMHO ypaBHOBellleHH B Touke (puc. 2.63). Torpa cuna
Q, :Qy" AacT HaM CHBHT, KOTOPHH HaMM yXKe pacCMOTpeH, a4 CHIH
Qu B Q= —Qy conMecTHO ¢ MoMentToM M, fagyT sakpyuMBaHHe
Kpbijia, npHdeM '
My =M, —Qx,. (2.59)
Ot ReficTBUSA KPYTAIETO MOMEHTZ B KOHCTPYKIHH BOSHUKHYT B

o0HIeM carydae KaK KacaredbEble, TAR H HOPMAXbHLIC HAMPIMEHHSN
{vs u 0;). 3amaya ¥X onpejiescHUA ABASETCH MHOTOKPATHO CTaTH-

N

Pue. 262,

Puc, 2.635.

YEeCKH HEONPeAEIHMON, TAK KaK HEH3BECTHBIX MHOIO, a CTATHKA NaeT
HaM TOMbKO IIECTE YPABHEHHH DABHOBeCHN ceueHMS. OTHOCHTENELHO
MPOCTHE pelleHHst ITOH CJAOKHOW 3aRaud GLUIH TONYIEHBI ¢ IO-
MOIIEI} HCROTOPLIX THIIOTE3, IIPEAJNOKEHERIX U BBEJEHHHX B pacuer-
Hyw npaktaky B, H. Benseprin.

AHANUSHPYSR METONB pacueTa WHAKEHEpHBIX COODYREHEH Ha Kpy-
UeHHE, @ TAKKE HIY4adA HKCHEPHMEHTANDBIO SABIEHHE KDPYYeHHS Kphi-
Jaa, B. H. Dessiep npuiuesl k BBIBOMY, YTO pacueT HA KPyueHHWe TOH-
KOCTEHHOH KOHCTPYKUFMH MOXHO HPOUSBOAHTL HAa OCHOBAHHH TeX e
THIIOTE3, 4TO K pacuer Ha cxsur. Kpome Toro, mM 6niso ycrasos-
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JIeHO, UTO Ha GoJAbliedl 3aCTH Kpblaa HOpMAaJbHEE HallpAXKeHHN, BO3-
HHKAWUIKE B PE3YALTATE KPYYEHHA, HE3HAUHTENbHBI H NPH pelleHHd
3324 HMH MOMXHO npeHebBpeus. C NOMOWEBID 5TON THHOTE3B! uit
CO3RaN YAOOHHH Al NPaKTHYECKOTO NPHMEHEHHs Meroj pacyera,

2.7.2, Crofonnoe {HecrecHenroe) KpyucuHe

KpyueHue KOHCTPYKLWH, B Pe3yAbTate KOTOPOLQ B ee HODPMAJTb-
HOM CEUeHHH BO3HHKAIOT TOJBKO KacaTelbHbie HATIPSKEHHA, HAa3sl-
Baercs cBOGOAHBIM KpyueHHeM. B jxanmbuefimem Mul noACHHM, yro
03Havy4eT TaKkoe Ha3BaHHe.

PaccMOTPHM CHAYasa KPYUeHHe KOHCTPYKIHH ¢ HEZAMKHYTHIM
KOHTYPGM IONepeqHoro cedeHus (puc. 2.64). Ha stom pucyrke nzo-
Gpaxen orcex KOHCTPYKUHH NAHHOA dZ ¢ ZefCTBYIOWAMH 1o Cede-
HHEI0 NOrOHHEIMH KACATeNbHBIMH CHAAMH ¢x. Tak Kax mMwm paccmar:
pHBaeM cBOGOJHOe KpydYeHHe, HODMAaAbHLE HANPAKERHA B CEyeHHH
OTCYTCTBYIOT. '

Paccekas orcek no moGoit obpasyoilell & Hanean £ u paccuart-
PHBAR PABHOBECHE OTCedeHHON uwacth (puc. 2.65), noayunm q,dz=0,
‘e =0 -

- Takum 00pasoM, B HE3aAMKHYTOM KOHTYPE KacaTelibHHE HATpPA-
&EHHA HE MOTYT CYNIECTBOBATH 6e3 ONHOBPEMEHHOTO HNPHCYTCTBHSA
HOPMaNbHHX HampsxeHnfl. I'umoresa <CBOGOMHOTD KDYUYEHHA>» He
NpUMEHHMa K HE3AMKHYTOMY TOHKOCTEHHOMY XOHTYpY. Pacuer n
3TOM caydae HeoOXOIHMo TPOH3BOLHTL HHAUE,

Paccmorpum tenepn saMKHYTHIA xoHTYp (pHc. 2.66). Taxoe ce-

" YEHHE OTHHTAETCH OT NPEABIAYHIEr0 HAJHYMEM 3AMBIKAIOIICH Tane-
A4 I, a cAENOBATEABHO, H 34MBKAMOmE OrOHHON KacaTenbHoH
CHAHL g1. :

Crenaem teneps aBa paspesa no o6pasyiouled, 0XHO B TaHeaU 1,
a J1pyroe B JoGofi (k-it) naness. ITpoeRTHPYR Ha OCh 2 CHaM, pel-
CTBYIOllLHE HA OTCEYRHHYIO WacTb, Cpasy nonysum (puc. 2.67):

qe=4qp»

T-€. B 3TOM CJyuae NOTOHHAS KACATENbHASA CHIA OCTAETCS MOCTOAH-
HOlt 10 BCeMy 3aMKHYTOMY KOHTYDY.

Hns Onpemenennst ee Wcnogbayem ypapHenue PaBHOBECHR cege-

HHY: MOMEHT IIOTOHHBEIX KAcATedbHbIX ¢ux (2.51) NIpHPARHACM BHEW-
HEMY MOMEHTY e

quiw; = M“p,

T4K KaK §; B 3TOM CJyUae IMOCTOAHHO 1O KOHTYDY ¢i=¢, a Sw;=
=@, Tle © — HI0aAb, OPPAHHYCHHAN KOHTYPOM
q — MKP
20
I1a npocras Gopmyna Obiaa H3BECTHA B TeXHEKe Kax hopmyna
Bpenra. : ' '
100

(2.56)

.y

2.65.

Puc.

Pue. 264,

Puc. 2.67.._

Puc, 2.66._
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Herpyano rteneps momyuurs topmyay nas onpexenenns yraa
3akpyynBanus, Hemombayem paa sroro ycaoske 3aMKHYTOCTH XKOH-

Typa
Fisy
I 9pg.
‘ 2 Gyt s
HNoacrasnas cioza g; us (2.56), NOJIYIHM :
__ M 5
g2 2 - (2.57)

B rom cayuae, xorma G;8; mocTosHHO N0 KoHTYpy, (opMyna
{2.57) npuobperaer elne Gosdee NPoCTOl BH:

MgpS
§=_KP KOHT ,

4GS
e Syony —— NEPUMETD KOHTYpa,

PaccuoTpum Temeps Ha mpusepe TPEXKOHTYPHOIO CEYeHHS CRO-
60RHOE KDYYeHHe MHOTOCBSZHOTO kourypa (puc. 2.68). Jlerxo Bu-
ACTh, UTO B 9TOM CJydae, T2K XK€ Kak H B CAyYde CABHM2 MEOLO-
CBASHOTO KOHTYPHOTO CEUEHHs, PEIIeHHE MOXeT ObTb NOMYUeHO ¢

C i 0 -
- ]
AW IR
. ———
A F
z
Puc, 268, Puc, 2.69,

TOMOIEbIO PasiuyHOR KOMGHHANHAH paspesor koutypa. aa moay-
YCHHS eQHHOOOPA3HEIX H YNCOHBIX B IpakTHke pa3peHIIoWnux
YPaBHEHHII C/IeNaeM Pa3pessl KOHTYPA CeUeHHs Tax, KAK 3TO GBI
CAeNaHo B 3alaue O CHABMUTE, _

Paapexxem no oGpasyomes Bce namemu KOHTYDA, 8a HCKJAIOUE-
HUEM HoCHeHell, HAS N0 XOpie KPHJa cresa Hanpapo. Takum o6-
pPasoM MHOFOCBA3HHIE KOHTYP MEI HPEBPATHM B NIPOCTOH HeaaMKHY-
T, B Mecrax paspesa ngmomnm HEH3BECTHHIE [OKA «3AMBIKAKD-
Mye» NoroHrele KacaTevibHSle CHALI §1, Qu ¥ 4nr {puc. 2.69). 3a
NOTOXRHTE/IBHOE HAaNpaBJIeHHe ¢ CHOBR GYIEeM CUNTaTh HanpaBJeHHe
IpH OGXORe KOHTYpa MO XOAY 4acOBOW CTpefixk N0 OTHOLIGHHIO
Haqaja KOOPAHHAT, B3ATOrO T4K, K4K 3TO IOKA3aHO Ha pHe. 2.68.

Hs pacueTa Ha CABHr HAM YXKe W3BECTHO, §TO «3aMBIKAMOIIHEX
TIOrOHRLIE KacatelbHBEE CHAL AefiCTBYIOT TOABKO Ha TeX NWAHEJSX
CEHeHMs], KOTODEIe BXOXAT B 3aMBIKaeMbi HMH KOHTYD. JTC faer
HaM BOSMOXHOCTh CPasy 3auHMcaTh BhIpaXKeHHe NI ¢; Ha awbom
Y44CTRe KOHTYpa Yepes «aambikaouae» (taba. 2).

102

-TONBRKO  OHO YpaBHEnHe CTa-

Taxum  ofipasoM, 3amaua Tabauye 2
OH]J_E,I[EJTE'I,-IHH KacaATeJJbHRIX HAa- Vaserox BHpé}KEHHe g, %epes
nps:eHHH OpH CBOGOAHOM Kpy- XoHTYDa oMK oS
YeHRHH TPEXKOHTYPHOTQ CEUeHHHA

< ¢M3BECTHbIE
COIepAT TPH H : ABC .
«3aMEIKAOIHes TOTOHHBIE CHJIBL D, Fa S
g1, g 4 gm. Oad ux ompernene- ’ gi==q17911
HHSL MBI MOJKEM HCNOJb30BATH DEF §i=q1 G

THKH!
23q00; — Mg, (2.58)

B kauecTBe AONONHHTEIBHBIX }’paBHeHHI:I ynoéno CHOBA BDCI}OJIB-
30BATHCH YCAOBUAMH 3aMKHYTOCTH KOHTYDOB. Tagnx YPpaBIIelHH Mbl
MOMeM COCTABATL TPH!

q;-S; — . ) q‘isf — 2 o) ; E_ﬂ = 2§OJ N (2.59)
E Gi&; 220[.’ E G o Giby . .

L : 1 T1ix

Kak BumuM, yC/I0BHS 3aMKHYTOCTH KONTYPOB COJEPHKAT elle
OAHY HEH3BECTHYI0 BeHYMHY §— OTHOCHTE/IbHBIA YIoJ 3aKpy4HBa-
Hus, CrenoBaTelbHo, AAA OBDEASTEOHHA YeTHPEX HEH3BECTHHX g1,
gm, gmr M § MB  UMEeM JOCTATOYHOE KOJHYCCTBO YpaBHeHHH
(ueTnipe), : .

Ypasuenuam (2.58) u (2.59) moxuo upuaoate Goaee yooOHEI
BHA. Paccmorpum cuayagaa ypabmenwe paBuobecusa (2.58). Cyuma

B 3ITOM YP4BHEHHH DaCHDOCTPAHACTCA Ha BCe IIAHCAH CeHeHES.

PaszoGrem ee na otiaenbHEe CyMMB Tax, 4rofbl B KawIoH cymme
4; OK233/10Ch HeH3MeRHEM (cM, pHC. 2.68):

22qu0; = 2A§: (9w + 2 cigm (6 + )@+

-+ 2.0%;-* (9, + '?1_1_ + ) @ “"2/128‘711 w; -+ Q%QIIIE‘UP

Buinecem Temeps 3a 3HAK KakIOH CYMMEI NOCTOSHHBIE OOTOH-
HLIC 3aMEIKAKLWHE CHIAL H cobepeM norobrble UJIeHn

23, = 2q, Aacgém w; + 2q,; CDE Cw, -+ QQI”;:%;D w;. (2.60)

EF.A4

Jlerko BuAeTh, YTO KaXAAS K3 TPeX CYMM B sbipaxenus (2.60)
Raer MAOMAAR, OrpaHHYeHHbie COOTBETCTBYIOIIMMH 3AMKHYTHIMH
KOHTYDAMH, T. €.

22gw; = 2q, 0, + 29,0, 4 2q,, 0, .

CrenoparenvHo, ypasHenue paBruopecds (2.58) c¢ vucrom (2.55)

HPHMET BHI .

29,011 29, 0 T 29, e, =M, —Qx,. (2.61)
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4 .
Ilpeo6pasoBas ypasHenns (2.59), kax' 310 M menanw npH
pacuere Ha CABHT, NONYYAM : '

a]lQ‘[ +alsqu +a13q1“ == 2501;
amql + Aualpy -+ Aoz = 2%")” ’ . (262)

@a14; - Qg1 + Basyyy = 280, .

Kosppunuentsr a;x coorsercreenno pPaBHE  xos(dHUHEHTAM
KaHOHHYECKHX YDABHeHHA CJBHIra, NMONYUCHHEIM HAMH paHee, _

Ypagnenns (2.61) u (2.62) ra0T BOSMOKHOCTL BCErZA HANTH
HEN3BECTHHE ¢1, g1, g1m ¥ &, @ e 0BATENIbHO, H KACATEJbHME Ha
OPAREHHA T,

HNoasaysco Taba. 2, xas moboro Y12acTKa MOMKHO HaATH §; 4epes

«3AMBIKAIOUIHEY, 4 110 ¢; OHPEAEAHTD T; H3 COOTHOWLEHHS
' ' g

BTy

Hocaensum sranom pacuera ceuenHs AOAKHO GHTH CYMMHPOB&-
HHE HOPMAJIBHLIX H KACATE/LHBIX HANDAXMEHHN, NONY4CHHEX H3 pac-
JETOB HA OTAeAbHHE BMAM Harpymeuuil, Tak, HopMaabHHE Hanps-
HCRAT MN HONYYHAH H3 PACYLTZ KPH/A HA HOPMANBHKI W 1060BOR
‘M3ruGnl. JTH HanpsKeHus caefyeT CAGKHTH anrebpanuecks. Touno
TAK e CA0KATCA M KacaTe/bHHE HANPSKEHHs, MONydeHfble K3
pacueToB Ha CABHT H KpYUEHHe. :

2.7.3. Pacuer ua CABHI —KpYYeiHe

Hanomennnt BWIle Merof oIpeneNesys KACATENbHBIX Hanpa-
MeHU B TOHKOCTEHHOM KpBLTE, npepnoxennwii B. H. Bensiennm,
TOCTPOCH € HOMOILIO PA3JAOXKEHHH CAOKHOR AedopMamHH Ha 3de-
MEHTADHHE — CABAT H Kpynexume. Jas ocymecTsienus raxoro paa-
JOMEHHS GO BBENEHO NOHATHE LEHTPA KECTKOCTH CedeHHS,

Pacuer no 310#f cxeme BecbMa METORHYEH, TaK KAK OH BCKpHIBAET
MeXaHusM Ae@OpMANMH CeUEHHS, MaeT HEHHOe NI% WHIKeHepa Io-
HATHE O NEHTPE KECTKOCTH, 3HAKOMHT ¢ NpPHEMAMH OHpefedeHHs
LEHTPA MECTKOCTH CEYCHHA, NO3BOJAET JECKO, NPOCTHM IIePecyeToM,
HONYYHTL KACATENbHBIE HATIPAXEHHA B TO¥ Xe KOHCTPYKHHE NPH
BHOM Harpyxeuud. [lousrie meHTpa wkecTrocTH, HakoHen, HeofXo-
AUMO NJii BCKDHITHS MeXaHusma (JlaTrepa Kphlia M pacyeTa Ha
Gaarrep. OAHAKO Mbt CYKTAEM HENECOOOPAIHHM 03HAKOMHTD UMTA-
TENd C pacueToM CeUeHHs W HAa CACKHYID AedopMauuio CHABUT —
Kpyuetne Ges NPHBIEHEHHMA NOHATHA O LEHTPE JKECTKOCTH. IIpH Ta-
KOM Ppacqere 3RauMTe/IbHO COKPAUIAETCE BBITHCAHTENBHAS palora,
TAK K3K 01Ta/1aeT HeoBXOANMOCTE ONpelessTE HEHTP KeCTKOCTH H
PEIIATL ABAKNLI CHCTEMhl aArefpanyeckux NHHeHHHX YpaBweHHH ¢
ONHHAKOBLIMH JIEBHIMH SACTAMH.. o

B cBasn ¢ Tem, uro mosywemHmimM panee PAZPEMAIIUM YpaR-
HEHHAM CABHCA H KPYJEHHS MBI YMBILNEHHO NPHAANH ONHY U TY
104

2ke (opMy, peleHHe NMOCTABAEHHON 3a/auM JOCTHIAETCS BecHEMa
npocro. '

ITycib ceuenne xpmaa, H3oGpamenHoe Ha puc. 2.70, aarpymxeHo
cunoil Q, u M, PaccuuthiBas 3T ceuenwe HA CABHT [Io paHee

%

¥

Pye. 2.70.

H3JOXKCHHOMY METOMY, COCTABHM paspemawliye ypaBHEHHH Rl ¥ §

i ONpeseseHHA «3aMBIKAIOMHX» NOCOHABIX CHJ H YpaBHEHHE IR OI-
f. pexeleHHs KOODIHHATH HEHTPA KECTKOCTH:

1) 511‘?_1 -+ amc?" -+ ﬂlsfi][ + =0

2 aﬂq_rl + a,,}?n + Qagfyy, - go = 0

3) ‘13131_ -+ ain‘?u + as&ELIl o gg = 05 . .
4) 20, q; + 20, §,; + 20, §yq + 2o, = Qyc:

/" Bee «3aMBIKZIOIMHE> MOTOMHHE CHIL MH 3ANMACATH C UEPTOYKON
'Hapepxy, 4TOGH OTAMSHTD HX OT COOTBETCTBYIOHIMX IOTOHHEIX CHJL
fIpH _KDYUeHHH, KOTOpHE MHl 3amHIIeM C ABYMd dYeprouxaMy, Pas-
peawiiae ypaBHeHHA N8 CBOGOJHOr0 XPydeHus GYLYT HMeTh BHA:

1 au% + a1y ‘-i'—n + 812 ‘?_m = 28w,
2) aﬂl‘?{ + ‘122611 + aﬂﬂ&—m = 2‘3"]11';
3) “n";': +ay ‘?n + aﬂs&m = 2k, ;

4) 2‘”1 EI + 2"’11 ‘-?—u + 2"’111 ‘3’_111 =M, — Qy*x.

Jlerko BHAETb, YTO STH JHHEHRBIE YpDaBHEHHA KMEIOT OJHHAKO-
Buie KO3()QUUHeHTH NPH HeH3BECTHHX. CyMMHpys HX TNoTapyo

i> 0003HAUaA CyMMAapHHE <¢3aMBIKAIOMIIe» NOrOHHBE CHABI 6yKBOH ¢

fe3 uepTover, UOJYTHM
' 1) ay iy + dy q” -+ Oy d + g == QE‘DI ;

2) g ‘?; + 2258 q” + “za.qm "!_ azo_ = 2;‘”;; y
3) ay G+ Cngy +Ganqgy; + = 2§wm ;
1) 20,4, + 20,y + 20, ¢y -+ 225Gy = M,
1G5
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My monyunng paspellalollive YpABHEHHWS OIS 3aJaud O CIZBH-
Te — KPYUSHHH, [pHYeM 3TH YDPABHEHHsS VKe HE COILepHAT KOOpAH-
HATBl HEHTPA KeCTEOCTH, [ATpY30UIIEIMA UJEHAMH 370Ch ABJAAKTCSH:
MoMeHT M. OTHOCHTENBHO NPOU3BONBHOM OCH (HOPMANbLHON K ce-
UENHIO) H UACHH, cofepxalnue Qy(ai, ds, gz, 2Xgo;w;). Haxong
W3 3THX YpaBHeHHil CPas3y CyMMapHBE §1, §o W guy, JErKO Halmem
TOTCHHBIE KacarefbHEEe YCHAWA B JN000H nanejd, 3HAf, 9TO <«34-
MBIKAIOIIHe» NOTOHHBIE CHAM A0HABATCA HA TeX NAHENAX CEedeHH:A,
KOTOPHE COJEpPKATCA B KOHTYDe, 3aMBIKAeMOM J[AHHOH HOTOHHOM
canof. CiaemoBaTeabHO, B KaXKAOH MaHenu ¢; GyNeT pABHA CyMMe
NOTOHHBIX KACATEJBIBX CHJ B OTKPLITOM KOHTYPE ¢p; H COOTBETCT-
BYIOIIHX «3aMEIKAIOLUIHX».

28, BBIYHCNEHHE DEMJAHAHUA
NPH CABHFE — KPY'-IEHHH

B ofimem caydae marpy:KeHHA KacaTeJbHBIC Hanpsxedds OYIyT
BO3HWUKATh B KOHCTPYKUHH OT CABHrAa M KpyueHHA., TakuMm o6pasoM,
TEPMHHOM «CABHI — KpyuYeHHE» MBI HA3LIBAeM 31ech COCTOAHHE
KOUCTPYKIHH TPH [POH3BOJLHOR HArPYaKRe.

Panee MpL moayunan QopMyay ZAS onpefeneHus AeTIaHalluit
CEUeHHH KOHCTPYKLHH N0 ee KacarteNbHBIM HATNDAXKEHHAM u jmedop-
MalHAM.

(2.63%

. —
=1 Gi§;

Onnako rcnosbsosark a1y dOpMYay A7 BEYACAEHHS AeNJIaHa-
HA MOBOJIBHO CNOKHO, TAK K2K B Hee BXOQNAT TAKHE BEJIMUHHL, KaK

N0 AAH CeKTOPOB Woq¢ C BEPUINIOH B MTHOBEHHOM NeHTpe Aedop-
mauHd. Koopagearsl mochaelHero Xo, o #am OGBIYHO HEH3IBECTHHI, U

cﬂpeﬂe.neHHe HX ABJAAETCA B ofiem caydae JOBOABHO CNOIKHOH 3a-

Aaveit.

B cBasn ¢ stHM mpeobpasyem popuyity (2.63), sameuds BxO-
JAlIHe TYEa NJOWANT Wos ¢ BEPLIHHOH B MTHOBEHHOM LEHTPe NJIO-
MA/LMHU CEKTOPOB, BEPUIMHOM KOTOPHIX ByAEeT Haua o NPOH3BOJBHOM

“CHCTEMBI KOOPIHHAT X, ¥.

IIpocymmupyem (2. 63) B npene.nax or | no k

. .
9% E @y

I - HiS;
E: vy —0, )= E:
( i x—-l) Gib;
'Tak xak crpuurepy 1 Hpe;LmeCTByer CTpHH[‘ep 7, TO

1
_Gi8i _9
2 2 .

* CM. menjaHanuu cevenuil Opu CABHTE — KPYHSHHH.
106

0, —0, = (2.64)

3aMeHUM Teneps wu, Ha Wi C UEHTPOM B Hauajde KOOPAHHAT.
- Hanomanm, 4to

i
chu — j. rods,

i—1

(2.65)

| TAe ro— HEPNEHIMKYJADP, ONYIUSHHMA H3 MTHOBEHHOTO LEHTPA Xq

o Yo Ha KAcaTeabHYIO K KCoHTYpPY (puc. 2.71).

- TIpoekrupysa MOMAHYI0

CBOAOO Ha HanpapkeHue ry No-

if TYYHM BLIDaXeWHe [oC/e/IHero

| 4epes 7 -— JIIMHY [eDHeHZHKY-
o JIApa, ONYHICHHOTO M3 Hadana

I3

i KOODAHHAT HA KacaTeJbHYID K 5 A
KOHTYPY: ;
Fo =1 — %, sinv 4 g, cosp, |
| (2.66) Yo
rije Y —yroa FKacaTelbHOH K Ny
KOHTYPY € OCBIO X. 3”
(']

Honcraraas (2.66) s (2.65),

3anHmIeM Puc. 271

i . ' :
2o = [ (r —x,5inp -y, cos ) ds.
g |
Ho rax xax

{
J- rds = 2w,;

i—1

dssin - dy,
dscosp == dx,
noJyIHM : ' -
2wy = 2w, — x, (yz — Y )+ Yo (% — xs——l) .

H, nakonen,

2?_,%, = 2?_,% — % (yk —-y,,) + Yo (hp — %,). (2.67)

B

Toacrasass (2.67) B (2 64) u rpynnnpyﬁ tmem:r HOMYYHM

B E b —% 2 @y 3 %otYs — Yob¥s + (v, = %oS T HoEx,).
1

BreneM ofcsHavenns

xB == gxup

4

a = — Ey,; Y == Ug—EXoy, -+ EoX,. (2.68)
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Jlerko BHieTh, 410 o By — KOHCTAHTH B HAHHOM ceUCHHH.
k & ' : s
f . )
v = E:-g‘_—;ﬁ_ﬂa 2:“’“ + axy, -+ By -+ ¥ (2.69)
5, .
L | 1

Qopuyaa (2.69) ana peuncaerHs AenuaHaumit Gosee yaobua,
ueM (opmyna (2.64). Ilrowmagn cexkTopoB @; TeNeph JeLKO B3fTb
NpAMO ¢ Yeprexa, a TPeXWIeH uXx -+ Pyr+Yy onpeneiser HeKOTOPYIO
NeoPMALHIO BCETO CeUeHHd 110 3aKOHY MAOCKOCTH. s

Taxum ofpasoMm, BHYHCASS JeNJaHALHH ¢ [HOMOUIBI TOJBKO
IBYX DepBuiX 49JgeHos gopmyast (2.69}), MW onpededum. mx Xapak-
Tep u OyaeM 3HaTh, UTO JeHCTBHTENbHEE NlepeMellleHds GYAYT OTIH-
waThCsd OT HAHZEHHLIX TOJIBKO HEKOTOPOH «Haockofi gedopmauned»
BCerQ cevennA. JledopManuw no 3aKOHY MJIOCKOCTH Xz +Ryr-+y B
PA3THUHBIX YACTHHIX cyyuastX o6GBITHO OMpeeJRIOTCA JeTKO H3 HHBIX
YCAOBHMR 3a7a4H. ' ‘ B

AENJAHALHA CEMEHHA NPH CBOBOAHOM KFY‘]EHHH

B kauectme WpuMepa pacCMOTPHM 3ajayy  olpeie/eHus RenJa-
Hauuil #py cBOOONHOM KpPYYEHHH TOHKOCTeHHOR Gaaku wpoecroro
3aMxRyTOro ceuenns (puc. 2.72). Hapecruo, uto

[

hY

-— __ Mip . X 45
A 2 Gy o

' AR

, 3nech nepsas dopmynia ects
dopmyna Bpeara,.a Bropas —
. VCOBHE 3AMKHYTOCTH KOHTYpa.
Ha Bropoit dopMysnl monyunm

F: ] .
=4 Q¥ _ ¥

Hoacrasum g U E'B (IJOPM)’-’T.Y '
Puc. 272. - (269). e

' & d .n . & ’
_ s 4 5 .
Uy d -—mﬁgﬁg o 2 b z w; + ax, 4- Py, + Y-

Hnu unave, : - :
o603Hauas NOCTOSHHYIO BeIHUHHY B Ceuenny

n
4 ed G5
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NOJyYHM

— &
.14 E
E G ch
i
Vp == A M - ©

5
2 G:d;
1

Aoy 4 Bye 4+ 4. (2.70)

Popmyaa (2.70) mosBoJfeT JNeTKO BBIYACAHTL AEIUIARALNH Ce-
qenuii NPH cBOGONHOM KPYueRMH WPOCTOro KOuTypa. Heompesenmeu-
‘HOf noKa OCTaercsl HeKOTopas «IJocKaa Aed)opMauvisi» BCero cede-
ang. Jiam onpefenenus o, B, y HeOOXOAMMBI AOTO/HHTENbHBIE YC-
JOBHSA. . :

B JACTHOCTH, JETEO BHJAETH, YTQ eCJH BHDAXKEHHE B KBaleaTHHX_
CKODKaX PaBHO HYJIO, TO MNPH CBOGOAHOM KDyu€HHH CEYEHHE He
JemAamMpyer W oOcraHeTcd [NockHM. 1locMOTpHM, KoOTAa 370
. ﬁyw

k

G @
__2 ~0. @.71)
a_. »

S

Giby

Kak BuawO, 3TO NPOU3OHIET TONBKO B OYeHbh YaCTHHIX Cay-

qaAsax. :
Jla KOHTYPA € NOCTOAHHOM TOJLIHHON OGIIMBKR B HOCTOAHEbLIM
' io koutypy G topmyna (2.71) npumer Buz

&
RN
WOHT

8

&

Wi
= 0,
W \

rae Syonr — HEPUMETP KOHTYPA.

TakeMy yCJAOBHK YEOBJAETBOPANT NPABHJBHEE MHOTOYIOJBIHKH
H OXpPyRHOCTD. - o _

Taxknm oBpa3oM, CEYEHHS TOHKOCTCHHLIX OanoK, BHUIOJHEHHLIE
B (hopMe NMpandAbHHX MHOFOYTOALHEKOB HJAH OKPYXHOCTH C HOCTO-
SHEON 10 KOHTYPY TOJIHHHOM OOIIHBKH, He AEMIAHHDPYIOT fpH CBO-
BonnoM KpyueHHH. B’ ofuieM ke caydae ceueHufi GaJoK NpH KpY-
YyeHuH SEenJaHHPYIOT ¥ TeM (oJblue, yeM 3HavyATeAbHee OTAHYHE KOH-
Typa CeUEHHH OT MPaBAJBHHX MHOroyroasnuxos, B wacrioctd, ce-
yeHHe THNA Xpslaa NelNaHUpyeT HpH CBOGOAHOM KpYyYeHHH 3HAUH-
_TEALHO N 3TO CJgAyeT UMerh B BUAYE ;
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C meabio MOKa3aTo 370, paccMOTPHM ele GoJIee YACTHBIM npH-

I CceueHus
onoxuM G;=G W DHUMCIHM HenOXONHMDBIE ILIO-

mep: cBoOofHOE KpyueHwe OalKem mpa
(pue. 2.73). pPAMOYTONBHOTQ

nanu:
N =, = —7 =_sﬁ_,__£_- 1 o
1 g = Wy = W, 4 g’ wa—ws—?slsz=—4—’
0]:28182,
a TaKxe .
n
Mty
1'6‘- B &y ’
. 2 7 .
7 N P

K
|
|

L

Puc. 2.75.

OTﬁpacmsgﬂ B qopmyne (270) Tpexumen axy-+fyn-+y Kak ne-
CYIIECTBEHHLIH NpH BHIYHCACHHH ,U,EHJT&H&IIHI:I, Jalumem

=S 2 5
oAl td_Aal e T |
43, 23, 8 8 %, Sz 5
61 62 61 62
St S S 2y
Uy = 61 ﬁ"! —_ i — _i &2 B 61
CUENECE B Y
6‘ 63 ¥ v Up + 7
B &
% &, 1
o, =— _— 2 =
N 43, 28, 2 0
: 51_ [P

Iipoaomxas Tak, noayuum

Uy=0s=0;, &= —0v,=0,=—v,—A,
119

Takum o€pazowM, celenne OyAET NEMIAHUPOBATE TaK, Kak 3TO
TIOKa3aHo HA puc. 2.74,

Takoro e THna JIennaHanus Gyiet HaOAOIATBCA H NPH CBO-
GoAHOM KPyueHHH KPELI&, TaK KAK ceUellRe MeXKyHOHKePOHHOH

Pue. 2.74.

»
yacts nockesHero GIW3Ko K MPAMOYIONBHAKY, 4 COOTHOLICHHA TO.T-
IRH OOLHBKK M CTEHOK JOHMKEPOHOB TAKOBH, HTQ ABJACHIC JAelaa-
HalHH YCHAUBASTCH. )

29, CTECHEHHOE KPYYEHWE TOHKOCTEHHBIX
KOHCTPYKUUA OTKPLITOIO CEYEHHSA. METOMA
B. 3. BJIACOBA

2.9.1, Pacuer Hanpsxennii © gedopMauuii -

[Ipu paccMOTpeHBH BOIpoca O CBOGOLHOM Kpy4eHdd TOHKOCTCH-
KOO KpHa Mbl YOEIMANCH, UTO HE3AMKHYTO® (OTKPBITOE) CeueHHe
He cNoco0HO BOCIPHHATh KPYTAILHA MOMEHT, €C/TH OJHOBpeMeHdHO
¢ KdacaTeMbHEIMY HeT HOPMaJbHHIX HANpsikeHdwi. Pentenne, HCX0XA-
Eee ¥2 TPeINOJIOKEHUs, UTO B CEUeHHH BO3RHKAWT H KacaTelbHbLC
H HOpMaJbHble HaNpPsXenus, OyleT B 3TOM ¢Jyuae NpocTeANINM.
Hasorem Takoe Kpyuenue crecaernsis. Ero He clemyer oToXject-
BJATE ¢ POACTBEHHDIM SIBJ€HHEeM B 3AMKHYTBIX CeUeHHHAX, rjie HOp-
MaJbHEE HATPHIKEHHs] ABAAKTCA CJAeJCTRYEM HECOBMECTHOCTH f16-
¢popmannil. . B nanHOW 3ajaite ¥ KacaTeJdbHEE W HOpMadbALe HA-
TPAMKEHHS CTaTHUECKH HeOOXOTHMBI,

MpumedaRye 3560k CAeAyeT OTGEOPHTLOA, UTO fIPH PacHeTe TOHKOCTEH-
HEIX KONCTPYKIUMH 3aMENYTOTO # HR3aMKHYTOTO CeYeHRR Mbl npeHeSperaem cal-
CTBEIHOH KecTKOoCTei? OOUIMBEM Ha KPYUSHHE, CUHTAS HANPAXEHHA NOCTOAHHbIMH
G0 e TOJLEHHE.

Honycrum, uto ToHkOcTeHEas Gafika MPOH3BOARHOTC, HO IOCTO-
STHHOTO MO JJTHHE CCYSHHS] HATPYIKeHa KpyTsium Momentom My (2)
{puc. 2.75). Tpebyercd HaWTH HanmpfKeHus H AepOPMALMH KOHCT-
PYKIUHH. ) "
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OceBbie CMelieHHSt TOYEK CeveHHs (aensTaHawun) onpegeirea
bopmyao ' ' '
&

. k ’
.Uk =;"‘é%_2§ 22 wi'i*@‘k Py tv. . (272

Tak Kak nanenw | B xosn-
CTPYKIUHHY HET, CyMMHApOBaHHe
HayHHaeM ¢ [adeny 2.

0 HHYTOKHOCTH AedopManui
CABHTA B TaHeasx (rurore-
58 OTCYTCTBHA AedopMaIHi
CABHTA), T. €. '

Puc. 2.75. _ ‘ G Gib;

Toraa dopmyna (2.72) npumer Goaee NpPOCTON BHA
U= —E {2 — Xy — Bodfz - Vo)- (2.73)
3,Elec;:. ay, ﬁu, Yo — HOBLIe KoncraH-rbi; ' _ '
2, =2 Z‘:w; — CRKTOPHAJIBHAS KoOpAHHarTa pefpa £, oTCUuTHBae-

. Mag ot «xpasi» cevennn (o1 Touku ! ka puc. 2.75).
‘Ho ecan sanucashl oceBble CMeINeHHS, NErKo 3aUHCATH OTHOCH-
TeJbHEE YAAUHEHHS pebep H oceBble CHAM B HUX

d v . .
& = _dff- = — £ {8 ~— agty, — Boyts — 7o)
Gy == Ea;, = — EE’_'(Q;, gk ﬁuyk ~ Vi
Py =FEF,8, — - E} (F 3y — g F gy PPty — Yo i)}
Hockoabky Bremnel HAPY3KOH CedeHMs HBIAETCS TOJABKD Kpy-

TAUHEA MOMEHT, BHYTPEHHHE WCHINS KOMCTPYKIHH J0JKHH yAoBIeT-
BOPATE CACAYIOHAM YPaEHEHHAM DABHOBECHA: C

DIPn=0 4 RNaln—x,)=0

2) ipkyk = 0.; 35) éqk (¥ — Y ) =0; (2.75)

n 1 .
3) x‘Pﬁ = 0; 6) 22 qkwok =Mxp'
F

2 .

BocrioreayeMcs Ipu pewe-
HHH runoresoit B, 3. Bnacosa .

(2.74) |

31ech Wop — NACIAAL CEXTOPOB € BEPIIHHGH B LEHTPE KeCT-

KOCTH.
Honcrasum Py u3 (2.74) B mepseie Tpu ypaphennsa (2.75). IMoc-~

Je cokpallesus Ha £ u & moayuuM:

. ' n i1 it .
— ‘”5_,‘ Frtel + 2 2_‘, Fexulty + Bo ) Fabl + Yo 2P =0 (2.76)
1 i

n ;] - n T
—Z}ank +%2Fkxk + ﬁQEFkyk + ?“2Fk = 0.
Ecau 3a ocH B3ATh [MABHLE LEHTPAJLHBIE OCH CEUeHHS, TO

a 7 n
Fooy =N F, = YV gy, = O
.ka 2!{#: 2‘, 1Y

iFkxg = J i?wi:.!x; f]F,:F*.

Torna ns ypasdenult (2.76) cpasy omEpefenswoTca o, fo, Yoo

" : n-
2“] Faas }; Fan - Z FyQy
= —— By = ——: 'PG:_T' 2.77)
Baegem obosHavenne: _
Los = Qp — %%y — Bofs — Yor : (2.78)
Toraa ' _ '
P, = — EE'F S, P _ 2.79
o= —Ei. (3] (2.80)

BennusnHa Q. Ba3blBaeTCHd TIABHOH CEKTOPHANLHON KOOpDIHHA-

ToH pebpa k. ]
Hpu kpyserusu TOHKOCTERAOL GAAKU OTKPLITOEO KOHTYPHO20 Cé-

HEHUR HOPMOALHLIC HANPANCEHUR RPOROPUHOHAABREI ZAAGHLIM COK-

TOPULALHBIM KOOPOUHATOM.
s dopmya (2.79) # (2.75)} caexyeT, 4To T/aBHble. CEKTOPHAAD-

Hbl€ KbOpJIHHaTbl YEOBJAETBOPAIOT COOTHOIHEHHRM:
T L2
DAt =0 RFuOu =0 DFle=0. (28D

Kpome rtoro, MoXKHO ACKa23aTh, UTO HEHTPOM TJNABHBIX CEKTOPH-
.aAbHBIX TAoWajel GyaeT LeHTp MecPkocrH cedenns. LleHtp xpyue-

HHA COBOAJAET ¢ LEHTPOM HECTKOCTH.
3 ' 113



PacemoTpum noroHHbie KacaresbHeie YyCHJIHA, §e3 KOTOPHX Ie-
BOSMOXKHO BBbIOJIHeHHEe YPaBHeHHA crartuku. MasecrHo, uto B 071-
KpBHITOM KOHTYpe:

B
dP;
Gy = — 21 gl (2.82)
T. €. :
1
qr = Eg” z] FiQof: (283)

TPHEEM §y AOAKHO YAOBJCTBOPATH TPEM YPABHEHUAM pPaBHOBECHS
(2.75). - :

flepBbie 1Ba ypaBHeHHS ynOBAeTBOPAIOTES ToKgecTBenno. He
TIPUMEHAST MAJIOH3BECTHON QOPMYJE «CyMMHPOBaHUA 10 qacTsam»,
B 5TOM MOKHO YOe[HTbCS C MOMOLIBIO OUEBHAHHIX MPeC6pasoBaHui
CYMM. - -

HMoncramoska g, n3 (2.82) B derseproe w msitoe ypasre-
#ud (2.75) HPHBOAMT HAC K PABEHCTBAM:

id Z h—1
e Z} [(xk_xk—-l) 2 Ps] =0;
d Z ( —1 P 0
— Yre—Yy =U.
w3 o—uaFa]=0 |
ITpeobpasyem cymmer
L] k-1
; l(xk‘*xk—i-)g Pa] =
" =1 p "
= X . Pi— x
PRI
. P k=1 & n
=3 (3 P3P —uPir e =

'z—ixkpk"k‘?nﬁlpi;
g[(yk‘—yk_l)kglpf]'z - . -=M$yk1’k+g;$1’g-

INoayqeninsie Hamn CYMMBbl B CHAy DepBRIX TpeXx YypasHeHHH
cHeTeMB! (2.75) ofipamgarorca B HYilb, CJICAOBATENBHO, YpaBHe-
Hug (2.84) cyTh TOKIECTRA. §

OGpatumca Tenepn K NOCIeHEMY YDABHEHHIO CHCTEMH (2.75)

"
2};q'gwuk=M.<p._ - ~(289)

(2.84)

k-1 n £—1

Xy i‘ Pi—_gxk_lg P =

P, —=x,P, + x, E}P‘. =

T :

b=

D=

114

Ho 2wg . MoHO 3aIHCATE TaK:
2wy = op — $20 31 -

CuenoBaredbHO, HOCHe NOACTZHOBKH ¢ u3 (2.83) B (2.85) mo-
X JYIHAM:

n h—1
| EE” Z} (Qpp — Qo ,1—1) Z} Fily = Myp.
Orcwaa '

v = s : (2.86)

n =i
E 2 Qe — g 1) D Fiu
2 1

3 [MpecGpazyem cymmy B 3HaMeHaTeNe TAK, Kak 5TO MEl T€JaJH
' B popmyae (2.84)

n . — " E—l
SO —Q0a) S Fiy = 00 S F i —
2 1 2 1

’ -“Z:‘,Qﬂ,k—l kz_:l Fifdy; = gﬁunzl Figui'—'ﬁgukif‘igui_
b1

— QL F + 9, i.FEQ,,i = iﬂm [2 Fif2y; —if'igui] —

" i 123
—FQ% + Qon):,FiQui = —25}95& + Q, 2]1”;'9-0::-

¥ - BTopas u3 moayueHHHX CyMM paBEa Hyaw B cuay (2.81), cne-
i - AOBATEJBHO, .

nosroMy $popmyaa {2.86) nprunmaer B

” Myp
E == Elg ' (287}

rie ofo3naleno
n
2
Jo, = E FQus -

3t1a BeJHMYMHA HA3BIBAETCH [VIABHHIM CEeKTOPHAJDHBIM MOMEHTOM
¥/ HHepUHH ceyeHHs. Popmyna (2.87) naer BOIMOMKHOCTL JIErKO BHI-
" uHCIMTh QyHKIHIo £ B ganee
E! . _.FMupd2+C1
Elg
O6o3HaunMm ’
M=jMy,dz{G. |
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Ira BenAWYMHA Ha3blpaercd OHUMOMeHTOM. Torga, npueUMa® BO
p :
BHUMaHue, 9t0 E= %,'HOJIY‘IHM

.r____ "o M B _. jﬂ)la'z—i—-Cg
V=0'=—g5 S=—"TF
Qopnmylia IAA ONpeleAcHUst HOPMAJLHBIX Hanpsxkenufd (2.80)
APHMeT Telleph OYeHL NPOCTOH BHA:
M

Jy =— -
& Jﬂa

Qﬁk'

Koucrautnt € u Cp; HahAyTcsl W3 KpaeBhIX YCIOBHE 3ajaud,
aus (2.79) u (2.83) onpenensarcs Py ¥ ¢,

Hennapansun cevennfi, HaKOHeN, MOMKHO HalTH, HCIOJL-
5yA (2.73) n npunAs Bo BHAMaHxe (2.78). Moayuum .
D ol — . (2.88)

Henaanaiguu Ceuekutl npOROPYLORAAbHbL 2AQBHON CEXTOPUAAL-
WOl Koopdunare.

[Moacrasum tenepp £ B {(2.83) n3 (2.87)

Myp o= '
Gy = — JQ 2 F.Egﬂi' (2.89)
Obo3uaunM '
Bl k]
Sq, = 3 Fif%;— 3Ty BeJuuuHY HA30BEM CEKTOPHANLHEIM CTATH-
1 . : ' .
qeCKHM MOMEHTOM nioianei Fj,
Toraa popmyaa (2.89) sanmuueres tax:
Mlcp k-1 o
Qk = Sﬂo - (2'90)
JQ»

-

2.9.2. AHasorus ¢ 3agauel o nonepeudoM n3ruie

OTMeTHM HHTEpecHYi0 analorui GopMyn, paspeHaioOUHX 3a-
JBAUR 0 pacueTe TORKOCTEHHOH 6aJKH He3aMKHYTOTO CeueHHST Ha
CTecHeHHOe KpyYeHHe H Ha NOMEPeYHbll H3rnb. 3Ty aHaAOTHIO JeTKO
mpocneanTs B Tada. 3 {(cnegyer HMeTh B BHAY, 4TO B O6OHMX Cay-
uagx fepopMalugMU OT CIBHTA npeHedperany).

Kax supus, Bce BopMyasl cobepllendo asanornunu, Pacxox-
JAeHHe Koe-T[e HMeeTCHA TOJNRKO B 3HaKax, HO K erg MoxHO Obiji0 G
YCTPAHHTE COCTBETCTBYIOHIEM BHIGOPOM MONOMHTENBHLIX HANpAaBJe-
Bufl. Takan anasorHa He TOJIBKO YNpoHlaeT 3anomMaHauue (GOPMYJ,
HO MOXeT ObiTk ¢ YCNeXOM NDHMEHeHA NPE PelleHdH KOHKPETHBIX
2anay.

B nanpreflileM MBl BCTPETHMCSl C PACYUETOM Ha CTECHEHHOE KpPY-
yeHne TOHKOCTeRHOH Gank#, n3obpaskeruoi Ha puc, 2.76. O6a Topua
3TOH KOHCTPYKLMH 3aje/anbl B aBCOMIOTHO MECTKMe MAMTH U HOTO-
118

Tabauya 3

HauMeHOBAHES

CTecHeHII0e KPY9IeHAe
CTKRW T TOHKOCTEHHOrO
Haa

Tlonepeynpift #srEs

1 sioHlt MoryT GbiTh 3a7AnLE

R FHL

ThasEsle KOOPARHATHL

XapaKTepHCTHRH
.

Harpysouneie  QaxTophl,

[ HOPOK AIOHIHE:

4) KacaTeNbHue YCHIHA

6) HOpNATHEBEC Hamps-
AMerua

Pacuernnie dopmyda:

a) ans
yCHAMH

6} ZJs SOPMAILHEX Ha-
nprmenui
'Hepeuemei-mﬂ H HX mpoH3-
BOAHKIE

B xauecTse KpaeRnx yc-
a) marpysouHLe daxcro-

) nepeMelnEHHd

{ B) aenmamamum, BIH
- HHa%e TIEpBHE HPOH3-
BORHEE, NPOTOPIMO-
HAALHLRE ReTITaHany-
a2

KACATEBHEX

n
Jue, = 2] FiyQy =10
-1 f—1
SQn = 2 FiQy;
n n
SQB = 2)7,;90; =0

Mscp:j"uiz—FCl
,%=jM|<t:dz+Cs

Mgy 2—1
Joa= """, Saﬂ
Q, .
pil's

Op == Jﬂe Dop

(¢ — YrOA 3aKPYUNBAHES

¥ =~ E,
¢=[¢dz+ Cy

Mz, T
¢

r

¢

'fxgu = 2 F;.\:;.Qo; = 0,‘

¢ =t=]¢'ds+Cs

He

n .
Jx=2Fiy;2
i

"
Jey _—‘¥Fixiy£=0

Qy =Jtdz -Gy
My=[Qydz+ Cy

Qy &—1
ok =T~ S5,

M
Uks_}'fyk

F — spornb

T __ Mx

fr= £,

_f'ﬂjf"dz—{—C,
f=[Fdz+Ca
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f
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My HE MOryT B nponecce Aedopmanuii menzaHnPORATS. Harpyska -—
TOCTOARHLIN [0 AJAHHE KPYTALLHI MOMEHT. '
AHanorHuHoR 3amaued o HONePeYHOM H3THOe SyaeT, ouenHIHO,
Gajka TOTO Ke MNOMEPRYHOTO CeYeHHs, CXeEMa KOTOPOH NpPHBeAeHA
na puc. 2.77. J1ag Hee peuicade OOINEH3BECTHO H MOXKET BHITh

[™

LRyt
LA T

S

z
Becs Mﬂ‘éfﬂ‘ﬂh’@g b
RECTWUE Tt ¥ ARLMT i
Puc. 276. " Puc. 277

3amucawo cpady. 3aHecem ero b aesmfl croaen tabx. 4. Coorser-

CTBYIOI(HE pacueTHBIE POPMYJNIbI /IS CTECHEHHOTO KPYUeHHST 3amHca-
Hbl 110 aHAJOTHH B TOH XKe TabiMile cipasa,

Ilpu pacHere Kpbita B 30He Bbipesa Mbk HCIIORB3YEM JaHubie
3T0H TabaHnH.

Tabauya <

HanmeroBakne . lNonepeaplf narEG CrecHenHO: KPYTeHde
Harpyao_tuime (haxTope Tlonepesmas cuna @y Kpyramuii Momenr My,
Harubaiompri MomeHT Brmoment
@y! . Ml
Me=—5— "=
Qy £—1 My 21
Kacareneume yewmis ok = J’: Sy For = — J;:J SQe 1-
HopmasbEERe Banpaxenns Qylys (0)., = Meplfap
npu 2=i : (Ok) ey = 27 Rlg=p == 2,
TepememeHus B CEYERHE Qyf* _ Mol
HpR 7=1 f1 = 1%, = 12E7g,

2.9.3. Mpumepm:

L. Koucombpnaa roHKocTeHHas GalKa QTEPHTCIO IPAMOYIOJBHONO
cedednd (puc. 2.78) 3aKPYUYHBaeTCAd MOMEHTOM Myp, NpPHIQMKEHHBIM
Ha ceofogHom koxile. TpeGyercs Hafith manpsikeHus H AedopMa-
LMH KOHCTPYKIEH. [l aHo:

Fi=F,=F;=F,=F; Sy = 34,

Tnapnple lLieHTpaJbHBIE OCH X, Y CCUEHHAS 3JeCh OUEeBHIHHI:
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F¥ = 4F; J, = Fsi;
Sa 33 . P
=2 Hg == —-; Xg=
x]_ 2) 3 9 3
8a . Sz .
!;'12?2! 92:_?2’ Ya

Puc. 2.78.

2
Jy_Ij"s ;
—’53 — S3
; X — T
2 * 2
Sz 8
_'_2_! y-1= 9
P fevenue s
-~ 7 -
LA e 4b
P
// \"\.
F y 4

CBK‘I'OpH’dJIbe!e KOOpAHIIATH HAXOAHM OTHOCHTEJBHO TOYKH O,

sagnnan oTcuer yraa or ayua O—1:

L 25589 | sy
g21 = 0; Qz == ;‘221 ’ 93 = 2 N £ = 9 '
1 Ss Ny 1 Sa S5 _ Sp 2SS S 35,
%= g [( 2 ) 0+ 3 2 2 2 2
3 .
8 =_!_ Sy 0— 55 SaBs Sy 28,55 T S 35484
0T 2\ 2 2 2 2 2 2 2
2
_ss (1 2 3y e
0 4 ( 2 + 2 + 2 P
538, . 3858, _ 828y
Q=5 s 4
- $a82 $955 35255 SaSy .
Qﬂ! + — L]
2 2 4 4
2545, 5453 38,85 _ SaS3 |
gﬂﬂ - 9 g - 4 4 »
' 2 .2
Q 35255 SgSg 35983 _ S5 . Jo — Fs5 85
04 2 2 4 4 i 4

]=—Sg;
]:0;
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Mgz, Moz M, .28 _
gﬂ [ EJ':‘ : E" = — E.}‘; + Cl; E = — "QE,—?E;- + Clz +‘ Cz-
v . o a

Kpaesbie ycnosus (
mpn 2=0 v, =0, orkyna £=0; C,=0;
npu 2=/ 0,=0, otkyna £'=0, C; = 2.4}"’1 ;
0T a

e A ve—fE e

Pim—P=Py= —Pi=—E[~ Fe-e— ] (~22);

Sa5y
== e (B o
' o, 4 5985

. JIerko BHIeTb, UTO B 3TOM C/y4ae KPYUeRHe BOCNPHHHMALTCH
nomepeuHsM HarnGom momkeponos. Kaawit nowmmepon paboraer
b
Sy )

KaK KOHCOJBHAR §ANKA C HArpyskod ua KoHue cmiofl Q=

2. Paccmorpum Ty e 3agauy c ApyrHMH KPAeBHMH YCJIOBHSIMH.
Pesynbrate, noayyesutie 3jech, HOZBOXAT CAENATH HEKGTOpble Bhi-
: BOALL, ReoGXOoJAMMBIE HaM B
AadbHEH IeM,
[Tycrs TOoT ®e camui

3aMERYTOr0 Cced4eHHA Oyaer
BAKPYYEH MEXKAY ABYX Mect-
KHX MAaCCHBHLIX TJHT, HCK/IO-
YAKMIHX AeHJaHaUHH TepLe-
BEL( CeyenHil (pue. 2.79).

[ipepe ayiiee pewende oc-
TAETCH, 04EBHIHO CIpaBe/IE-
BBHIM 10 MOMEHTa ofpeieqe-
HHUA KOHCTAHT .

kpZe ’.
§=—2Lm‘;‘+clz+c‘

Puc. 279,

Kpaesre ycaosus B stom Cay4ae MOXHC 3aNHCATh TakK;
npu 2=0 v,=0, orkyna &=0, C,=0,
apH =1 vp =0, oTkyna &=0.
[Moayunm :
- M, 12
! 2E7g,

+ Cl.l :0‘
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NMDAMOYIOABLAEA KeccoH He-

OTcona

Myl
C, ===
. 1 ZEJQo ]
CAegoBaTeNIBHO,
M
. ¥P . L %2 (] — 22);
E‘— 25190 (tz Z)' E‘ %Jﬂ. ( )’

My SaSg

_P1=_P2=P3=—P4:-——EFEE:—({—22)(“— 1 );

M ! .
Plz—-szpa"‘_‘_Piz Sz:: (?_z)’

My éﬂ

Ig, "

fa=qu——

) Mep Fszsg \ _ Mo
Go=1(4= — Ja, (—" 1 = e
I'I_o.;riyqeuﬁblﬁ pesyJbTaT MOKA3LBAET, UTQ H B 3TOM Chy4ae Kpy-
TAMIH MOMEHT HArpy:KaeT JOHMEePOHBl  MapoH fONMePeYHLIX CHJ
Myn
5

Q=% =

{puc. 2.80). : o : o
Ho B otauuie OT NpeAbIRYIISH 3a1au 3TH CHJABI  pocnpud
MAIOTCA JOHKepoHaMA KakK 6alKaMu C 3afle/X0of Ha 0BoHX TOpHaX
{puc. 2.81). D10 NPOHCXOHAHT AOTOMY, YTO KECTKHE TOPUEBLIE IAHTH

. _ 0

, | . ﬂmmuu%

Puc. 2.80. Puc. 241,

He ZONYCKAWT AEIIAHALME NPHMBIKAIOUEX K HAM cededuil. Jlerxo
NOYYHTE H3rHOAOIHE MOMEHT ANA TAKOA CXeMbl Gaiky H3 3aeMen-

TAPHHX cooHpaXenHi

M= Q4 —2) = ex (£ 2.

s SS

2t



CaenoBaTeblio,
P — Py Pym — P, = Mo E(L_ )

S S48y 2

Takum o6paszom, AJIA CTOJL NPOCTOrO CEUENHA 3afaua O Kpyde-

HAN OTKPBITOTO KOHTYpPa MOeT ObiThb pelleHa 3JeMeNTapHO. JTOoro
H CNEIOBAN0 QXKHAaTh. JleAcTBUTENbHO, N3 cooﬁpamennﬁ paBHOBe-

CHfl CeYeHHSl OTHOCHTENLHO ocH X caeayer @s;=0. Ho Toraa
M
Qy = Q= 5=
. 55
(pue. 2.82). '

ru coo0Opaenns NPUBEAYT HAC K OHCTPOMY PeMIeHHIO § Go-
niee CJI0KHOH 3aJauH O prqemm TPANELHEBHANOTO KeCCOHa, H3O-
GpaxenHoro Ha puc. 2.83 u 2.84.

Myp
gz X aé
¥
7 . 4
Pue, 282, Pue. 283
N3 yenormit paBHOBecHs! cpasy moayuaeM
M
QG=0; Q—Q— e,
CuregoBaTeabHo,
_ Myz . _ My .
©=h o BT g (2.91)

IockoabKy JI0mXeponb 37eéh CHOBA MMCIOT 321elKy Ha O00HX

KOHIax, .
! M i
My :Q(E‘—z) =‘—”§£' (—2 ‘—2) '

H OCeéBHe CHJIH

P —p— M Mo (_’_ﬁz);
Sa Bs, 2
N _ (2.92)
Pom — Py — Masr  Mep /T A
$ 4 Sy 834 T Z} -
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Onpenenas Tenepb yroJl 3akpyuABaH#s KOHCTpyKuHU. HJs aTo-

TO HpHAGKHM K Hel M,
GynyT roraa

4 m3rufaromyue MOMEHTH B JICHKEPOHAX

F

M= (5—2)-
B\2

¥roa sakpyunsaHua naiizem mo Gopmyne

E |l T

J2

P i '

S'Mner’dz —_. Myp j(z_ _l__)i’dz — Mii,

. 2 B'E 12
5 ;

DopMyanL - (2.91),
(2.92), (2.93) noHanob6aT-
Cg BaM B JalsnHelllieM.

3. Paccmotpum 3TOT
e  TNpHUMEp, TNpHMeHRds
TEOPHIO HITHOHOrO  Kpy-
YCHUA.

JpyXNoHKepoHHAs TOH-
KocTeHHas 6aldka IOCTOSH-
HOrQ . He3aMKHYTOro Cceye-
HHS, 3aZellAHHAS TOPUAMH
B abCOMIOTHO KECTKHE IJTH-
Tl A; 1" As, 3aKpyuUHBaETCH
MOMEHTOM Mg {cM.
puc. 2.84). Tpebyerca nai-
TH HaNpaXeHHs o pedop-
MALKK KOHCTPYKIHK, faHo:

Fy=Fy Fy=F.

15 !
MyM'dz S'MHSFM’dz[ 1 1 ]
4]

.

=1. Ilomepeunnle CHJAL B JOHMKEPORAX

(2.93)

123



K(}Op,U,HHaTbI ueﬂ'rpa TAXECTH
e = FB - | 5 F:B

’ o.T — P
Fy4Fq FpdFy '
xapamepucmxﬂ CeHeHHH

1 . S
F=2(Fy-+ F) Jp=-—(Fs}+ Fasj)s Jyzm.

Fa-Fg.'
x1=i- Rpm —2B .y _—FB . — —FB .
Fo-Fy ' Fe+F, e Fo+Fy ' Fet Fy
h=g m=— = — 2 =
F,B s F.B
W =0; =ttt
o BT RYAR D T2 Ran |
© :__E_[se‘l“sl B_f_;z_. FeB. . F,B -‘= B (s¢F; 4- 8aF4) |
T2 2 2 Pyt F, 2 F,+F, 4(F, L Fy
8.y B, : SgFy + 5,F
Q=0 Qe-2fB o (” als )
* S RiFy (Fﬁm +5F
':___ B SoFz - 54F
“ <F2+F41[3*F_‘+S‘F’+' |-
Benomorarenasible Koag@gHNHeHTH
\F3+F¢ F4B 32F4B F.B
* T BF.F, ['+ N A Yy S
F +34F4 FnB B
X —————(8,F .:"‘_%J_.__)-—F 2
2 (F, -+ Fa) (Sz T ‘FotFa 2 FD
S2Fet+safa N1 s+t s,
><(s_zF4+s4F4+—_ : )]— Lo
4 5, saFyB 5 B
B =-——[0-F e AL U - N
" Fusi Fesd Y2 RE ARy 2 2(FatFY

(S2F4+ 32F2+34F4 ) _I__F‘_E;L B X

2 2(Fa-+ £y
By (5 )

F
X (52F4+54F2-}- 32F3+3‘F4-)] = :
_ (Fa + Fa) {Fas) + Fiesi)

2

1 . FaB B
= | 0+ F 24 F :
Ve (Fz-f-h)[ i T S Em -
32P2 — S;F; B Sng"I’S;F
x (SJ";-{— 2 -+ Fy TS (32F4+S4Fz+ -—):|—-
— F B (255 +54) )
2 (F, + Fo)
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. I'nappHe CeKTOpHAADBHLIE KOOpPIHHATHI

' 52 —s2
Q 2 0+sg—|—sd FuB S BF:F, 4 2
n= AT T R+ R 2 2Rt R Rt Fs)
. _FyB(25uf 80)
4(Fy+ Fa)
_ BsyFys3
Qu:_

2 (F25§ -{* F‘isi) ’

__ saF 4B Sa - 54 FiB
Q"’~2[2(Fa+m+ 4 F+F

BFF, (s} —s3)
2 (Fp- Fd) (F252 - ng.;)

Sy (251 82) FeB_ 1. Qe = Bs,f, ‘s‘:
2 4(F2+ Fa)

2 T o(Fsi+Fesd)

' . B 52+Sl F.B
%332[m(2«%ﬁ+sﬁg+3¢ﬂ)— __F.-LF., -+

BF,Fqy (si _ sg) $¢  FaB(28: 154 .

2(Fa+ Fo) 2(F-;sg_-|~F‘s_§} 4(Fa+ Fy)
BF25433

2{Fys5 + Fas})

Qp = —

R . P
L Q=2 ["“—'{3‘— (255F 1 + 28uF2 -+ 5,F2 + saFe) — s Rd_

4(Fy + Fa) 4 F,F,

2
leFle 53 -—Sg . .FiB (252 + 5‘) ] . BSgF332

$(Fy+F) FelF] 4+ FD 9 (Fys4Fesl)

CeKTOpPHEAJbHEE XaPAKTePUCTHKH CEUeHR:
] 8 BiFs2Fist +BrF sl Fist ] Bw)Fafssy
R, = = oy !
16 (F,s,, P2y 2 (Fa3 + Fas3)

BFsng4s4 .
wm Y re-
2 (Fzsg + F434)
4
Sop =0 S 2__-__‘?@2-_, So = 0.
oy 4 Q, o o Ll
2 (Fost + %)
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Onpenennnm teneps & ua ypasterus (2.87)

EF! R MKP
" Elg, -
ITpu nocrosuHoM My
LA MKPZ - _ Azfl(l’z2 1
£ = Elg, +-Cy E““‘jE—JQ‘— FCiz -G,

Ilpu xecTkoll 3anenKe 0BOHX TOPIOB AENI4RALEA cedeHHE 2=0
i 2=[ OTCYTCTBYET .
- npu 2=0 (Ur):~0=0, caenomarensho, u3 (2.88) E,.;=0,

npu 2={ (vs) =0, cremoBarenbuo, £,—;=0.

Tloayuaem ABa ypaBHenna ams onmpenedeHra C; u Cs:

|
Co=0; — ZEF—+ Gl G, —o.
Orciona .
Mgl e
€= 2Elg G = 0
CreaoBartentuo,
— Mﬂl’z " !_MKP._[_
S=g, U—a V= Elq, (2 "‘“z)'

Tenmepb MBI EMeeM Bce HeoOXOAMMBIE HaHHBlE A5 ONpeLedeHHS
BHYTPEHHHX YCHJIHH H ZeopMaLull KOHCTPYKIHH.
Ilo popmye (2.90)

. Mep Myp 2 (Fyss -+ Fus3) BFysoF o3
2= ——— g, =
To, o B2F;s3 Fys% 2 (Fzsg + F,,si)
Myr M
n == ; —1 0; — K .
Joz Bs, Yoz Toa Bs,

o dopuy.ae (2.79)

: BsgF,s?
Py~ — EFQuE = EFy——— " Mo (_‘_ _z);
_-1.2(ng2—[—£‘454) Q,

¥Tod sakpy4dBaHus

I
. 3
cp=j§dz=M‘“’i — + ).
: 6EB Fas) Fus2

Jlerko BuAeTb, 4TO Mbl NOAYYWIHM Pe3yabTaT, HAHNERHBIH HAMH
paHbllie A7 3TOU NPOCTeRIllell KOHCTPYKLUHH 3JAeMeRTaPHO,
126

. OVT Kak [IWIOXKHTEJbHbBIE, TaK H

2,10. PACYET TOHKOCTEHHOH BAJIKH
NPH TCPLEEBOM HATPY)KEHUHU

Ha puc., 2.80 u3obpaerna cBofoanas TOHKOCTeHHas Oanka
IPOHSBOALHOIO MONEPEYHOTO cedeHHS (3aMKHYTOTO HAH MROLOKOH-
typeoro). Ilo aanHe Gankm cevenue He H3mcHAercd, JJMHAa Ganku
CcueHb Besnka {6eckoreuna).

B ropuesom ceuenun ee 2=0 K pefpam XOIUCTPYKUHH TPHJIO-
MeHbl B3AMMHO yPABHOBEUICHHbie oCeBhle cmam Pyi. Ha puc, 2,85
H306paXess HX HOJOKHTEJbHLIE
nanpasaenus. Has ssauMHO# ypas-
HOBEIISHNOCTH OHH, Q4eBUAHO, OY-

orpunatesbibie. Tpebyerca olpe-
BeJUTh HOPMANbHbIE W KACATeMb-
Hble HZNps:KeHHs KOHCTPYKIHHR H
ee pedopManui. .

3ajaya TAaKoTO TdMla, Kax ¢aMo-
CTOATENBHEIH  pa3fied, BO3HUKaer
IpH peleHnH pajla BOIPOCOR IPOT- Puc. 285
HOCTH TOHKOCTEHHBIX KOHCTPYKITHH
THIIA KphZa, (loselsEa U ONepeHAsa caModera, B cBaA3M ¢ 3THM mMb
PACCMOTPHM ee [PeABAPUTENbEO, uTOOH TOJyueHHBIM pellelnneM
BOCTIONB30BAThCH B AaJbHeRILeM. oo
* Takr xak CHJBl, HArPYKAIONIHe KOHCTPYKIMIO, B3aHMHO YPABHO-
BeLICHBL, T. €,

EPD!' = 0, EPOfxi = 0, EPOiyf == 0,

MBIl MOKeM Ha ocHoBaHHu npuanuna Cex-BeHana yTeepxjpare, 470
BX BAHANWE He SyAeT paclupocrTpalATbea paneko. Hanpsakendoe co-

‘CTOAHAe KOHCTPYKIHH OyNeT JIOKaabHLIM, MeCTHRIM, (JCeBble CHJBL

B IPOAOABHEIX pelpax U KacaTejbHEEe HALPAKEHHA B OCIIHBKC H
CTEHKax JOHXepoHa OynyTt OBICTPC 3aTYXAWHMH (YHKUFAMU Z.

byseM mnoaarars, Kak aTo HeJANT0Ch H paHblie, YTo Ha HOp-
MAJBITEE HANpAXedna paboTamwr TOABKO IpofoabHble pebpa (¢ npu-
COEZHHEHHOK 00IABKOH), a HA KacaTeJbHbie — O0HIMBKA H CTEHKH.

Ilo xapakrepy HarpyxeHHs Jerko BHIETh, YTO MONepPeuHBIe ceve-
HUSl KOHCTPYKLHH, IJOCKHe N0 AedopmaliuH, 6VAYT N0J HArpy3KCHK
JeNJaHNPORATE, o

3aTtyxaHHe YCHJIHN N0 ANHHEE NPHMEM [0 32 KOHY

P; = Py (), (2.949)
rae ¢ (2} — nemssecTHas moKa cbyHKuHH z.

Kak u BO Bcex WpeibIIylinX pacuerax, (Gopyy cedenus Hylem
CUHTATEL HEH3MeHHOH B Tpouecce AedopMALHH, 3anmucaB OCEBYED
CHIly B JIO0OM CeyeHdH CcoOoTHoUlchMes (2.04), MBr 3HaKOMBIM yiKe
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HAM NPHEMOM HAAeM TNOTOHHbIE KACATENbHEE YCHIHS B -OOGLIHBKE -

u crenxax. JleficTBuTeNbHD, ANA HE3aMKHYTOIO KOHTYpPa
A1

. _ it
o1 = — ey T8 o= — (2')$ Pyy.

‘ ) L) L]
Ecap ®e ceyesue 3aMKHYTO HAHM MHOTOCBA3HO, TO K HaBneHHOH
NOTOHHOI CHJe go; J0GABIAIOTCH ellie HONOHHbIe KACATENbHBIE CHILI
3aMpKaomux naveael. s npocToro 3aMKHYTOrO KOHTYPa MOTOH-
Has KaCaTeqbHAs CHAa 32MBIK3WLIeH NaHenN ONpelenseTCs U3 yeao-
BHS OTCYTCTBHA KPYTAILEro MOMEHTA Ha KOHCTPYKIHH
23 (40 + )0 =0,
1
YTQ MPUBOUT & YPABHEHHIO
5 Egguwy
g ="
®

Tae w;— MIOUEAAL CEKTOPOB C NPOH3BOABHLIM UEHTPOM, COHHpPAIO-
LIMXCA Ha AYTY KOHTYpa &y, :
w — NROIlaAb, OTpaHH4YeHAT KOHTYPOM.
ycnomr_e 3aMKHYTOCTH KOHTYpPA
ang; +thy = Zo

JaeT HaM OTHOCUTENbLHBIA ¥roJdi 3aKpyuiuBanud, KOTOPH-I‘:{ B HaHROM

ciyuae, BogOlie TOBOPE, He Oyler paseH Hymo. Has npocroro sam-

KHYTOTO KOHTYpa

tmp S
) : 2o G[ﬁf
Ilpn nBYXKOHTYDHOM CedYeHHH MLI MMeGM TPH . ypaBHeH#d — yc-
JIOBH¢ DABEHCTBA HYJK KPYTSILETD MOMEHTA H ABA& YCROBHA 3aMK-
HyToCTH KoHTypa. H3 3THX ypaBRenkil olpede HiOTes TPH HEH3BeCT-
. Bble — 1Be 3aMBIK2I0IIHe MIOTOHHbIE CHAL §1 H Jir ¥ OTHOCHTEALHBIH
¥IoJ 3aKpyusBaHus &, '

B mo06oM caydae onpefedcHiae 3aMBIKAONIHX TOrOHHLX CHJ H
OTHOCHTEJIBHOTO YTJAA 3aKPYYHBAHHA E MO ¢p; CEOAHTCH X PEUICHHIO
JHHEHHBIX aareBpaKkuecKux ypaBHEHHE, colepPralluX fo; TaK¥e B
_nepsoit crenenn, CaesoBaTensHo, HIMEHAS Go¢ B M a3, MH U3Me-
IiHM BO CTOJIBKO Xe pas gi, 44, §. '

Bocnonm3ayemca 3THM M. OYAEM HCKaTk 3aMBIKAIHE ROTOHHbIE
CHABl H OTHOCHTEJBHEIH YroJ 3aKpPy4HBaHHA M0 HEKOTOPWM SHK-
THBHLIM CHJAAM:

i1

qagﬁxpuk»

nonoxne noka — g’ (2)=1. OHH, KaK BUINM, JAETKO BHHYUCISIOTCH.
Tlosyuennste TakuM 06pa3oM 3aMLIKAIOU[Ye MOTOEHbIE CHAHW ¢
(an ¢] W g); 1A ABYXKOHTYDROTO cedeRHs) HOOAaBHM HALIeKa
128

" muM 06pa3oM K TIOTOHHBIM CHJIaM §,; H MOJYWAM [OJHbe QHKTHB-
\ jHe TOTOHHBE Kacareblkie CUJH g} .

{  [lia mepexofa K MCTHINHEIM HAM OCTAeTcsl, OUeBUAHO, YMHOMKHTD
U nx Ha — ¢’ (2), T. e

| gi=—V @4 - (2.95)
JAllanorHubo ,

C i —y@E. (2.96)

TaxknM 00pa3soM, A/ PEUIEHHS TOCTaBJICHHOA 3ajiauu Heobxo-
mumMo HaliTH ToabKe dyHKWMo W{z), Tak Kak 7o dopmyiam (2.94),
(2.95) 1 (2.96) mosmyurM Bce METEpECYIOIlME HAC YCMAHS M OTHO-
CHTEBLHBIH YIOJ 3aKPYYHBAHKSI, : ' 3
;06 aroil $yHKUMA nam W3BecTHO, yTo mpn 2=0 $(0) =1 Jomt
% coorromenne (2.94)] u coraacrwo npununny Cen-Benawa mpu,z=oo
o \p(oo) =0, ) K N
Has onpegeneHus 3T0H QYHKUUH BOCHOAB3YEMCH yCAOBHEM MMH-
HAMYMA4 NOTEHUXAJALHON SHepruH GeCKOHeUHOH TOHKOCTeHHOH Banxn,
KOTOpasl B AAHBOM ciydae Oyjaer CKAaablBATBECA H3 MOTeRIHaJIbEON
sneprun pebep, HAXOAATUHXCH B COCTOSHHMHA PACTSXKEHUA — CHATHA,

U, =?V_P2;

' W mOTeHUHAJbHOA 3Heprus ofIUMBKH, HaX0AaMledcd B COCTOAHHA K-
CTOTO CHOBHRTA: . \

a

YYETHIBAS 34BHCHMOCTb P;, §:.0T HcKOMOH (yHKUHH $(2), He-
TPYAHO N0AYYHTh PYHKIIHOIIA '

o . P2‘_ S q*? s . ©® N
A= S’ [1‘;22(2) S E:;“ -+ ¥ 2(2) E é{ﬁ[_ ]dZ = '5 L) (113, P )dZ,
i _ .

. HeOOXOAMMBIM YCJAOBHCM MHHHMYMa KOTOpOTO OyAer ypasnenue
. Disepa '

W 4 0,
M@ dz OV (2)

) ‘BbIT-IHC.J'IH_M 3HauedHe BXOQAAMIRX Ccl0Ja NPpOH3BOIHBIX

3P P, i a0 Y s
‘azp"'(z')"=¢(z)2 PR O mwe =V ("‘)2 s

Torna ypasHeHHe Jinepa NPEMeT rraxgﬁ BHJ:

, W” (2) — H.21|J (Z) =‘0' .
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rae

) T
) Ve
2 __ EF, :
R (2.97)
2 6o -
VspecTno, 4ro uurerpas 310rc ypasHeHMs Moxer OBITh 3allH-
CaH TaK:

P ) = Cem* +-'Cgé"'-zl.,

Wcronbays ' Kpaesoe ycmosue npH z=oo q:(.oo) =0, noavumm
C2=9 H Aaaee npu 2=0 ${0} =, caeposarensuo, C;= 1 uan ¢ (2) =
=e— Z_H .

{2.98)

e % onpejensiercd o opmyae (2.97), a OTHOCHTENbHE yroa
3akpyussanus — no popmymre (2.96

§=E*ue=, -(2.99)

Vron sakpyuuBaHME JIETKO ONPEZENHTh, HHTETPHPYHA E Ho 2
ot 0 1o z:

) =f§dz= 's‘*"t[zf““’z: 9l) =& (1 —e]

Pi=Pyes, g;—q, xe,

. [cungaem, uro B TopueroM cedennu ¢(Q) =0]. :
Herpyano HafiTH TakMke ¥ OCeBHie CMelleHHs {Jensiayaunu) B

TOPUEBOM CeyeHHH KOHCTPYKUMH (2=0) npu AaHHOM HarpymXesuu.
Ornocatenshoe yAMunenne g1060r0 MpomnonsHOTo pebpa Gyxer,

OUEBUAHO, PABHO

Py

tOEF

»

W TaK KAaK 3aTyXalomHe CUan P; we Moryr BhI3BATH jJeramausit
Ha YA4JAeHHOM OT HAarpyXeHHOoro ceyeHsst Topue {2=oo), genaaHa-
LUH TOPUEBOTO CEHEHHS HAXOOATCA TEK: '

o
a'=j‘ Padz -
i

0

EF;

Ilogcrasans cwofa P; us (2.98), noayuum

A
wE:F;

"Ecau paccMarpupaeMblit 0Tcek fBJAeTcs CBOGONHBIM, TO oce-
Bble CMEIIEHHA CTAHOBATCH HeOfipefefleMHBLIMH, TaK Kak OHH MOLYT
H3IMEHATECH 34 CUET TlepeMellleHH 1 BCETO OTCEKAa Kak TBepAoro
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Tesa, B srom ¢Jy4de nOJaHbIE OCCBHIE CMeLeHHs TOPREBOro ceuc-
HUA MOKHO APeJCTABHTH B BUNE

= P4 ax+ By 2.10
| v; ﬁf‘+ax;+ﬁy¢+v' (2.100)
rAe @, B, Y — HEKOTOpble KOHCTAaWTH, X, y; — KOOPAHHaTH pedep

CeHeHns. _
Hamp paccmorpesa 3aiada 0 pacueTe TOHKOCTeHHOH Gaixd no-

CTOSHHOPO cedeHHMR H OeckoHeunofl Anmkb. OnHaKo NDOMyvEHHOE

peilleNHe MOXKeT OHTh DPAMCHEHO TAKME K pacuery CaMOJICTHHX

arperaToR THRA KPHLIA, OTICPEHNs M (Ioselsxa, XOTs 3/eCh Mbl

b’ BcTpeuaem GajKd KOHEUHOR IJAWHW W NEPEMEHHOrO NO JUIHHE ce-
YeHau. oo _

Kak yxe 6nio paHee OTMEWEHO, HaNpAXKeHHA NPH TAKOM -Ha-
TPYXEHHH OYeHb GLICTPO 3aTyXawT B GammaflleM K HArpyHeHHOMY
ceveHHo otceke, TakuM o6pasoM, GOABIHAA YacTh KOHCTPYKIHE,
* [OCTATOUHO YZAJEHHasd OT HATPYKEHHOTO CEUEHHA, MPakTHUECKH He
Y4acTByeT B paboTe H AJHHA €e CTAHOBHTCH HECYHIECTBeHHOMH: H3Me-
HEHHI e CEYeHHil B Mpejeaax CRHOTO 0FCeKa OhiBaOT OGBIYHO He-
£: apdupTeabHbl. [Ipu pacuerTe MOXHO NPHHATH CeUEHHE MNOCTOMHHBIM,
j TomecTBeRHEBIM C HATPYXEHHBIM TOPUEBLIM,

2.11. PACYET TOHKOCTEHHOR KOHCTPYKLHH
B 30HE Y3JIOB PAIBEMA

TouxocTedHast KOKCTPYKIHA THNA KPHAA HAH drodendiKa HMeET
pasvem B cedenun A—A (puc. 2.86). Hueno npomoasunix peGep 8
CeUeHHH 0G03HAUEM f, A UHCJIO «Hepaspe3aHHsiX» pefep (coeqanen-
HBX y3namu) m. Ouesnndo, 4T0 RZ=Mm. '

Puc. -2.86.

Ecan m=n (XOHTYypHOe Kpenjenle), HeT OCROBAHBA OXUIATH
BHAYATEABHOrO Nepepacnpefeetns YCHIHA MeX 1y MeMeATaMHu Ce-
E uenuf s6ausu paswema. Ilpu m<n (cMm. puc. 2.86), naoGopor, Qakr
.. CYMIECTBEHHOIO BO3MYIIEHHS HANPSAMEHHOTO COCTOSHHA KOHCTPYK-
UHH B 3TOA 30He CTAHOBHTCH O4YeBHIHHIM. PacceuenHble pe6pa plau-
3u or cevennd A—A Bynyr c6pachiBaTty ¢ cebs HaTpy3Ky, IOrpy-
Xan «Hepaspesanapie> peGpa. : _ -
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Honyctam, uto B ceyerun A-—A pasbvema wer. Torma, npume-
HsAsl OGBIUHBIE METOXBI pacyera HA W3rHG W CIABHT, MH NOAYYAM 1O
BCeMy pasMaxy P:, g:— oceBble YCHAHA B pebpax M NOTOMHBIE Ka-
caTelbHble YCHJIus B NAHEASX NOPH OTCYTCTBHM pagbema. B ceue-
HEN A—A 3TH ycuiaus npuMyT 3Havyepnus Poy, g% fpuyeM mocaer-
Hie GYAYT YAOBACTBOPATD ypaBHEHHAM

E_PDE — 0, EE? (xi —_ )C[-.___.L) — Ql}x;
SPyx; = Myy; 2q¢ (i — i) = Qoys (2.101)

Epniyi = Mox; 229? wy= Muz- .
daecs Mox; Moy Moz Qox, Qoy—MOMEHTH M IODEpedHbie
cintil B cevennn A—A,
IlpaBas u JieBad 4acTH KpblJla OKaXXyTCH B 3TOM ¢/Jydae Harpy-
KEHNHIMY 10 cXeMe pue. 2.87. Ha pucyhke H30GpaXeHw! TOJBKO

t

I|i1 . | .' : Pm . 1

i

; _

[ !
- f { L J : I .
q; , '{’ . o ’ ‘
D gDt S
S Puc. 2.47.

Puc. 2.88.

HOIOKHUTENbRBIE HallpaBaeHns cHl. B peficTBHTENBHOCTE OHE GYAyT,
[asyMeeTcs, KaK MOJOMKHTEIbHLIMH, TaK H OTPHLATEALHBIMH,

HUeruHHoe HarpyeHue Npasoli U JieBOll yacTtel KOHCTPYKUKR
GyneT cyliecTBedHo oTaawabiM (pwc, 2.88), Ocepne ycwama H Io-
132 '

TOHABlE KacaTedbHble CHJbl, COOTBETCTBYIOWIHE AeNCTBUTENbHOR CXe-
Me Harpyxenns, obosnayuM Py, 4.
B ceucrnn A—A olu npuUMYT anauchus Py, ¢°, Taxxke yaoBjer-

BOPAKINHE YPaBrenusanm THna (2.101):
TPy =0 Z0(x,—x_ ) = Qs
' BPyx; = Mgy 247 (4 — ¥, y) = Qoys (2.102)
EPyl; = Myes  22q{w; = M,

QueBHAHO, 4TO TOJbKO B Tex pebpax, rae €cTb y3ael, Py 70, B
ocraabubx Py;=0. HeTpyifo ypegets, uto ceuenng A—dA Gyaer
NeniaHupoBaTh. . _

PaccMOTPHM Teneph TPEThe COCTOSHHE HATpy:KeHHdA NpaBoi u Jfe-
BOHl 4acTH KOHCTPYKUHH, B3SIB 3a Harpy3kH pasHOCTH HATPY30K B
ABYX pACCMOTPEHHBIX Caydasx. Jas TopueBbx cedennd A—A B
3TOM CJIyuae NOAYSHM

= o= - ot
Py =Py — Py, . Q?Zq‘?"tqgo o (2.108)

Ha noBepXHOCTH #e KPHJa HATPYSKH He GyIer.
Berunras (2.101) w3 (2.102), noayuunm

E_FSN = 05 2;? (xi—x,_)=0;
BPoxj=0; Eg? (Hi—y_)=0 (2.104)
Py = 0; 22?}?105 =0 7

‘Tpu ypaBHeHHsl BTCPOH Ko.oHKH cucrembl (2.104) moxassialor,
uTO TMOrOHHBE KacaTeNbHElE YCHJHS B3aHMHO ypasuoBemeHbi, OHH
NOTACATCS B3IAHMHCG HA OeCKOHETHO KEeCTKOH Hepslope H HE BHI3OBYT
B KOHCTPYKIHA HanPAKeHHH. : '

Takum ofipa3oM, B 3T0M TIOC/AEAHCM CAyyae Npapas B JeBad va-
CTH KOUCTPYKHHH OKABHIBAIOTCS WArpyKeHHBIMHE TOJBKO IPYNmoL

B3AHMHO yPaBHOBEIUEHHHIX 0CeBbIX cua Pos.
Q6o3raunM YyCHANA, BO3HHKAOM{Ue NPy 3TOM B KOHCTDPYKIHH,

Py g

Takum 06pa3oM, Mol YCTAHOBRJH, 4TO UCTHHHOE Harpykenue
KOHCTPYKIHA OTJIHYAETCA 0T HI€MEeHTapHOro TPYNNOH OCeBBIX R3a-
HMHO yPaBHOBELIEHHBIX CHI B TOPLEBbiX ceuennsax A—A (puc. 2.89).

Ecap onpefleUTs TeNeps 3Ty rpynny cHA Po; H Haftd BO3HH-
KalOI(He OT Hee YCHMIHS, TO HPOCTHM N0DABACHUEM TIOCTENHHX K CH-
CTEMe BHYTPEHHHX YCHAHA 3JeMEHTADHOTO COCTOARHA MBl NOJIyUHM
peliedye TOCTaBAeHHOH 3a1atn.

Hanpsweunoe cocTofiHMe KOHCTPYKMHHM B TperbeM cCayuae Ha-
vpyenua (cM. puc. 2.89) sBasercs JOKadbHLM (MecTHsIM). 3Ha-
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YHTEAbHbIe HAUPAMEHHA B HPUAEralolinX K padbeMy ceueHHAX Oy-
oyt OHICTPO 3aTyXaTh NPH YA&JeHHH OT Hero. 3TO AaeT HaM BpaBo
BMeCTO Ne#CTBHTeNBHOR KOHCTPYKUHH €O ¢Ra60 H3IMEHAOIHMHECH No
ANHEHE CeYeHHAMH PACCMATPHBATh KOHCTPYKIHIO NOCTOAHHOTO cede-
HuSl H AAUHY OOOHX QTCeKOB CUHTATh GeCKOHeuHOk,

B

-

 Puc. 2.89.

(- Torga MH NOAYYHM = CUMMETPHUHYI0 OTHOCHTEJBHO IAOCKO-
cra A-—A KOMCTPYKIHIO € CHMMETPHUHBIM HarpymeHHes (M.
prc. 2.83). CRenosarenbHo, TOMKH KOHCTPYKUHM, JeK&UHE B NJ0-
CKOCTH CUMMETPHH, He MOTYT HMEeTh OCEBLIX CMEIteHHl

P .
. e - axy By =0,
HAH

By=—aFu; _Epiyi —;Fx-

- 3aect @, B, y -~ HOBbIE KOHCTAHTLI, :
Takne ypasHeanss Mbl CMOXKeM 3aMHCATHL AAS BCEX COEAMHEHHBIX
yaaamn pebep. Beero ux Syzer m. . :
Ymmoaum tenepy (2.105) ma x; u chroum, 3aTeMm caedaeM To
e, YMHOKUB NPeABADHTONBHO Ha ¥i, W, HAKOHEN, NMPOCTO CAOKMM.
Hpunsz po nuuManme (2.103), Mbl NOJAYURM TPH YyPaBHEHRA:

TP — X Poix; + E§F£x§ +5~§ Fxy + Y5 Fx;=0;

. - . ] = . i _m
2 Poyi— B Poy + 0B Fixiyy +BIFW; +¥ 3 Fayr = 05§ (2.106)
;Pni "";poi- +E§Fix}3rl_5§ﬂy; +YSF=0.

HHgexke «m> MOX CyMMOHR yKa3niBaeT, 4TO CYMMHpOBaHye MNpo-
H3BOAUTCS - TOABKO N0 pebpam, mMelomwuy y3an. CyMMul Xe, 3amu-
camHble paHee (e3 HHAeKCa, PaclHPOCTPAHHAHCE Ha BCE JIEMEHTH
CEYCHHHA. :

Byaem cuntath, 4T0 KoOpAMHATH X;, ; BIATH B VIABHBIX LEHT-
134 . . -

(2.105)

'PANBHHX OCAX CeUeRHs, COCTORINCIO H3 MJOLXaJSH m Hepa3pe3an-
Hux pebep. Toraa :

2P, = Y Fy; = I Fxy; = 0;
m m . m
. v . Y *
SFxi=d; XFyi=Jd; XF;=F%
m ] m .
rre I, J, — MOMEHTH MHEPUMH [JOMA/eH CeueHHi Hepa3pesaHubiX
pefep B HX raBHBIX LIGHTPAABHEX 0CAX; F* — cyMMapHas niollalb
FTHX CeueHui.
Hs coorromenuit (2.102) _
ZPy=0; IPux;=My; 2Py — M. (2.108)
Hasectro, uto P40 ToAbKO B #t Hepaspesannnx pebpax, cae-
LOBATENBHO, AAA Py Cymma no M 3JeMeHT1aM CedeHMA paBHa CyM-

me o Beemy cevenuto. lloacrasusis (2.107) w8 (2.108) B (2.106),
MOJTYIHM

T Mo B e
o = « M == M = Z . -0)
: 7 B 7, v F*

. (210

. Beanunuw o, B, y Moryr Gbite HaBijiensl no dopmyaam {2.109),
Torna no ¢opmyne (2.105) smuucasiorcea Pp; ana Bcex m peGep,
.coeguHeHHBIX y3iamu. Jlas ocranbrux (n—nt) pebep Poi=0, cne-
- JOBATeNbHO, o GopMyae (2.103) Pyi=—D;.

d Takunm o6pasoM, HAM CTAJN0 H3BECTHO TOPUEBOE HATPYIKEHHE KOH-

CTPYKIHH B TPEThEM COCTOSHHH, _ _

- Tlpousasels pacyer sroro HarpyXKeHHs, HOJYYRM

=

P;=Pye™; g — g nee; E=Ene,

Hakowen, cymMmmupys P; B P, i u ¢i, & H £, OTpeAeiHM TOJHOS
HanpdAXeHHOE COCTONHHE

Pi=P;+Py qi=qi+4qs E=E+8
Penicune Oyner BMOJHE CTPOTHM TONbKO B (PUIMYECKH JdHeR-
"HOH MOCTaHOBKE. '

212, PACYHET HANPAKEHHA B 30HE BHIPE3A KPHWJA

PaccMOTpHEM TOHKOCTEHHOE KPBLIO ¢ GOJABIIEM NPAMOYTOJbHLIM
BBIPE3OM B MeXIYIOHMEPOHHON ¥acTH HuxKuel marean (puc. 2.90).
B srom cayuae orcexn [ u fII umeior oOnunoe, He HAPYLIEKHOS Bbi-
pesom cewenxe (puc. 2.91,2). Cevenre me orcexa I Oyger cozep-
XaTh IBa 3aMKHYTHX KOoHTypa (/ u 3} K OZHH OTKDPBITHIH KOHTYD. 2
(puc. 291, 6). _ .

- Tlpu sarpyXeHdu Takoii KOBCTPYKUH# B 30HE KOHTAKTa OTCeXOB f
H I, a rakme I u {If Byner naba0RaThen 3HAUNTENbHOE Nepepac-
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npefesieHHe BHYTPeRHUX ycusmii. Crpuurephl orceka f, nampumep,
he HMEeKlUlHe TPOAO/KEHHS B otcexe [/, 6yayr BOmu3u TpaHHUbL
cBpacsisarth ¢ cebs HarpysKy, Nepenasas ee Ha JIPYTHE NPOAOJbHLIE
PAEMCHTBI B HATPYKad o0MHBKY CABHTOM.

B orcexe {1/ mponecc Gyner obpatusiM. IIpu yaatenuu ot rpa-
Huilpl ¢ oTcekom JI Te e crpuHrepot G6yAyT MOCTENEHHO BKIK-
YaTeCl B pafoTy, CHHMas 4acTe HATPY3Ku C pebep, we nepeceyeH-
HBIX BRIP3OM.

R )
Pyc, 2.90. , Pyc. 2.91.

Crporoe pemenye 3afnaun 0 HANDSUKEHUAX U JebopMamusx Ta-
KOH KOHCTDYKHMHE BECBMAa CJO0XKHO. Mbl PaCCMOTPUM 34eCh .HIUDb
npuGAHKERHOe peillelle, NO3BOISIOMEE IPYD0 OUEHATh CTeNelb Ha-
TPYXEHHOCTH CHJIOBLIX 3lemedTos. [Ipu stom 6ynem cHoBa 1modm-
30BATRCS NPHHUHNIOM He3aBHCHMOCTH LeHCTBHS CHJ, clipaBe/JIHBbIM,
CTPOIO fOBOPA, TOJNBKO NpE AedopMalusxX, He BBXOAAUHX 3a ripe-
ZeNbl MPONOPUMOHAJBHOCTH,

Harpysku xpulia cunraeM 3aZ4aHHBMA B BHAC STIOD NOREPeURbIX
cra Qr, Q,, narnGawmux MoMentoB M., M, a rakKe MOMeH-
TOB M.. Bee OHH BHIMHCISIOTCA OBGEIYHBMMH TTPHEM aMH.

IIponspeneM Temepn pacyer Ha CABAT M u3ru6 B JBYX TMIOCKO-
CTAX M Iid KPYYEHHE BCeX TPeX OTCeKOB, (OPMaNbHO NPHMEHAS H3-

BeCTHbIC yiKe HaM MeTods:. [IpH 3ToM MLl OCTaBHM IoKa bGe3 BHH- -

MaEdHd MEeCTUEe HaNpaKeHHs, BuIIBAHHDIE PESKAM H3MEHEHHEM Ceue-
HHSl KOHCTPYKIHH Ha TPAHHI2X OTCEKOB (puc. 2.92), _

Takoll pacuer mepBOro M TPETHEro OTCEXCB O0COGHIX NOSCHEHHH
ue Tpefyer. JIna paga HaMeUEHHBIX pacueTHBHIX cedeHHH (B TOM
yucae ceveHdii A—A u B—B, HenocpelICTRrHHO NPAMBIKAOLINX KO
BTOPOMY OTCeKY) OH OYIeT cofepkaTh TaKue STalsl:

1) pacuer ma H3rHG B ABYX MIOCKOCTAX;

2) pacuer Ha CABHT B JBYX IAOCKOCTAX,

3) onpefedeHle KOOPARHATH TIEHTPa HKECTKOCTH!

4) pacuer Ha ceofioAHOe Kpyuelie;

3} CyMMHUPOBaHHE NOJYYEHHBIX YCHARI,
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O6o3nagnm; .

P; —cyMmapHBle  oceBble Cuaw B pebpax NEepBOTO H TPEThero
OTCEKOB;
i — CONYTCTBYIOLIME KM [OTOHHBIE KACATENbHBIE VCHIKA.
B ceuenusix A—A 1 B—B oHu OyiAyT uMeTh 3HZYEHHA

P, g, PP, gl

PaccmoTpnM aHa JorHyHEE pacier BTOPOro OTCEKa, B UHCAO pac-
UeTHHIX CEUYeHHSi KOTOPOTO HENPEeMeHHO ACMKHBL EOATH NpPHIpaHHY-
HBl¢ @—0a H b—5, :

& b a2, A
— . T__ 'r___
7 —
____.I T |
=] 1 g
ar ARV
Puc. 2.92. " Puc. 2.93.

Kakux-mmafio nosicuennii o pacuere Ha uzru6 me tpebyercs. Pace’

YeT Ha CABHI GyAeT COACPXKATh HEKOTOPble OCOGEHHOCTH, TaK Kak

CpeJIH¥H KOHTYD CeueHHW OTKDPHITHIA (puc. 2.93). Paspesw amech
ynoOHo pa3MeCTHTh, KaK MOKa3aHO Ha PUCYHKe, TOLMNa IOTOHHHE
KacaTesIbHBie CHNEI CIBHTA 110 YYACTKAM KOHTYpPa 3aNUIUYTCH Tak:

B
comtypa: Horomr
ABCA ‘;?ks ".}'ak-‘l‘:?[
DEFD é‘k=@0k+a1;
<p Gx=dok

[lorounas cmna gor Haxonmres mo ussecTHOH opMy.e

_ - : k—1 '
Qy Sz
e

Fat
Gop = ’
. Lt -

& g1 U g1 — W3 YCIOBUH 3aMKHYTOCTH KOHTYDOB: |

gt =0;  ang, “I“Iaso = {.
Koadpduuwments ajp=qq;=0.

"~

Hanee BHUHCJIAIOTCHA ¢r U MO HHM ONpefeatercs KoopaEHaTa
LEHTPA KEeCTKOCTH Ly, »

B oraenbumix cayuasnx, nanpumep, IPH pacueTe CEuEHHH IO BbI-
pe3y, MOXKET OKa3aThCAl CYIMECTBEHHOH M BTOpAas KOOPIHHATZ IEHT-
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