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BBEAEHWE

ConpoTMBEHNE MAaTePUAsIoB - €CTb HayKa O pacyeTe 3N1EMEHTOB KOHCTPYKLMIA
Ha NPOYHOCTb, XXECTKOCTb U YCTOAYMBOCTb.

OCHOBHbIMU 33/1la4amun CONPOTUBNEHUS MaTePUaNoB ABNSAKOTCA:

1) BbIGOP PACUETHOM CXEMbI KOHCTPYKLINU;

2) NO BHELLHWM Harpyskam, eCTBYOLLMM Ha KOHCTPYKLIMIO, ONpeaenstoTcs
BHYTPEHHUE YCUNKS;

3) NO BHYTPEHHUM YCWU/MSIM NOAOMPAOTCS NoNepeyHble pasMepbl 31eMeHTa
KOHCTPYKLMMW UK, HA060pOT, NPOBEPSIKOT MPOYHOCTb 3afaHHbIX Pa3MepOoB 3/e-
MEHTOB KOHCTPYKLMW.

8 1. OCHOBHbIle NOHATUA, ONpefesieHNA U AONYLLEeHNS

ConpoTMBNEHNE MAaTEPUANIOB B CBOMX UCC/EA0BAHMAX UCMNOMb3YeT 3aKOHbI 1
TeOopeMbl TEOPETUYECKOI MEXAHUKK, U, B NMEPBYHO 0Yepeb, 3aKOHbI CTAaTUKK, a
TaKKe aKCNeprMeHTasbHble AaHHble, MoyYaeMble NPU UCTIbITAHUAX MaTepuana.

B T0 >Xe Bpemsl UMEKTCSt OT/IMUNS OT TEOPETUYECKOI MEXaHUKM:

1) TeopeTMyecKas MexaHMKa paccMaTpMBaeT abCOMOTHO XKeCTKMe Tena; Conpo-
TUBNEHWE MaTepPUaoB - eopMupyeMble Tena,;

2) B TEOPETUYECKOI MexaHWKe CUY MOXKHO NEPeHOCUTb MO SIMHWN ee AelicT-

BWSI, YEro Henb3s caenatb B

2
. A PACTAAKEHHe ConpoTuBneHNN MaTepunasioB, T.K.
nepeHoc CUbl MOXET NUSMEHUTb
[ ] HesarpykeH — XdPaKTEP Harpy>XeHus (CM. pnc.
1);
' —p ) N
CAATHE 3) B TEOPETUYECKON MeXaHWKe

cucTeMy napansiefibHbIX CUI
Puc.I MOXHO 3aMeHUTb paB-
HOZENCTBYIOLLEN; B
COMPOTUB/IEHNI MaTEPUaoB 3TOr0 CAeNaTh Henb3st NPU onpeaeeHnn nNpornbos
(cMm. punc. 2a un 26).
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Kaxkapbli pacyeT Ha4YMHAETCA C BbIOOPa pacHeTHOM CXeMbl. BbIOOP Takol CXeMbI
3aK/H0YaeTCs B CXematm3aumm paccmaTpruBaeMoro 06beKTa nyTem oTépacbiBaHNA
HeCYLLIeCTBEHHbIX (DaKTOPOB.

Bce Tena npmBoaaTcs K cxeme bpyca, Ni1acTUHKK nnv 060104KKN. bpycom Ha-
3bIBAKOT TENI0, OAHO U3 U3MEPEHNIA KOTOPOro MHOIO 60/bLUe ABYX APYruX. bpyc



MOXET UMeTb CeYeHNe MOCTOSAHHOE UM MePeMEHHOE BAOb OCU. Bpyc, nMetoLmii
NPAMOSIMHENHYIO 0Cb, Ha3blBaeTCs cTepkHeM. CTep)KeHb, paboTatoLLMiA rNaBHbIM
06pa3oM Ha 13runb, HasblBaeTCs 6asIKoi, Ha KpyYeHMe - BalloM.

Mof NIaCTUHKOW NOHUMAKOT TeNOo, Y KOTOPOro 04HO U3 n3MepeHuii (Ton-
LLIHA) MHOTO MeHbLUe ABYX ApYruX. VICKpMBIeHHas NnacTMHKa B O4HOM WK
[BYX Hanpas/IeHNAX Ha3blBaeTCA 060/104KON.

BHeLLHWe cusibl, MO CBOEMY XapaKTepy MPUIOXKEHUS, NOAPa3LeNstoTCa Ha
MOBEPXHOCTHbIE, AEeCTBYHOLLME NO MOBEPXHOCTN TeNna, U 0O6bLEMHbIE, AENCT-
BYHOLLIME MO BCEMY 06bEMY Tena.

[MoBEPXHOCTHbIE CU/Ibl AENATCA Ha COCPeO0TOYeHHbIE 1 pacnpeseneHHble. Co-
CpefloTOYEHHbIE CU/TbI AEMCTBYHOT Ha BECbMa MasibIX M/OLLAAAX MOBEPXHOCTU
Tena. PacnpefeneHHas Harpyska npunoXeHa HenpepbIBHO Ha NPOTSXEHUN HEKO-
TOPOI Nnowaay uan AnvHbl Tena. BenmumHa pacnpegeneHHoM Harpysku, npuxo-
AALLAACA Ha eAMHMLY NAOWaan Un ANNHbI TeNa, HasblBaeTCA MHTEHCUBHOCTbIO
Harpy3ku n 0603Havaetcs q. Mpu JecTBUM Harpy3kn Ha KOHCTPYKLMIO BO3HUKAET
NPOTMBOENCTBME B BUAE PeakLMiA CBsi3eid. Harpysku BMecTe ¢ peakumsamu co-
CTaBNAOT BHeLUHMe cubl. M0 XapakTepy AeNCTBUSA Harpy3kun ObIBalOT cTaTnye-
CKMe, KOTOpble NPUKIaAbIBAtOTCA OT HYNS L0 ONpPefe/IeHHOro 3HaYeHns U 3aTem
He MEHSIOT CBOel Be/IMUMHbI, U AUHAMWYECKME, [eCTBYIOLME B O4EHb KOPOTKME
MPOMEXYTKM BPEMEHW; KOTa B 3/1EMEHTaX KOHCTPYKLUM BO3HUKAKOT 3HAYNTESb-
Hble YCKOpPEeHuUs.

Mo Ae/icTBMEM BHELLIHMX CU BCE TBEPAbIE Tena U3MEHSOT CBOLO (hopMy U
pasMepbl. Takoe M3MeHeHMe Ha3bIBaeTCsA AeopMaLmei.

PaznunyatoT fedopmanmio abCoMtoTHYO U OTHOCUTENbHYHO. [dehopmarus,
XapaKTepu3yoLLast M3MEHEHWE NIMHEHbIX pa3MepoB Tena, Ha3bIBAeTCS NUHEN-
HOW, a degopmaums, cBsizaHHas ¢ M3MeHeHMeM (DOPMbI, Ha3blBaeTCS YI/I0BOW.

B conpoTuBneHn MaTepuanoB, B OCHOBHOM, pacCcMaTpuBaroTCsa ynpyrue
fedopmMann, KOTopble SBNAKOTCS BeCbMa MasibIMU MO CPaBHEHUIO C pa3Mepa-
MU Tena.

OcTaHOBMMCSA Ternepb Ha OnpefesieHN BHYTPEHHUX CU/1 B JIIO60M CeYeHUN Te-
na. Ansa onpegeneHns BHYTPEHHWUX CU B IIOO0M CEYEHMN TeNla CNYXXUT MeTo[ ce-
4yeHuin. CyLLHOCTb 3TOro MeTo/a 3akn4aeTcsa B cnegytouiem. (Cm. puc. 3).

MbIC/IEHHO [leN1aeTcs CeveHve B Tefle, B pe3ysibTaTe Yero Teslo paccekaeTcs Ha
ABe Yactn. OTbpackiBaeM OfHY U3 YacTei, Hanpumep, NeByto. s Toro 4tobbl Oc-
TaBLUasica (NpaBas) YacTb HaxoAMIacb B paBHOBECUM, MO BCEMY CEYEHUIO NpUKa-
AbIBAaEM CWU/Ibl, paBHble CU/1aM B3aMMO/ENCTBIMS /IEBOI YacTW Ha NpaByto. 3Have-
HUS 3TUX CUT ONPEeAENstoTCS N3 YpaBHEHWI CTATUKK, COCTaB/EHHbIX A4/15 NPaBoi
4acTW. AHaIOTNYHbIA Pe3ynbTaT MNoyUnM, eciivi OTOPOCUM MpaByHo YacTb U OY-
[ieM paccmaTtpmBaTh NeByt0. Cuibl B CeUEHUN, BYLYUN BHELLHUMW CUamu, Ans
BblAENEHHOM YacTu, ABNSAKTCA BHYTPEHHUMMW CUNaMK NS LeNoro Tena.

MeToz ceyeHuin JaeT BO3MOXHOCTb OMNpeAenTb TOIbKO CYMMY BHYTPEHHUX
CWUN B KAKOM-HUOYb ceyeHnn. CornacHo 3akoHam TeOPeTUYECKOW MeXaHUKIK BCe

CWIbl B CEYEHMI MOXKHO NPUBECTU K FNaBHOMY BEKTOPY R 1 rnaBHOMY MOMEHTY

M . PacknagbiBass R n M no koopguHaTHbIM ocsiMm X, Y 1 Z C HayaioMm



KOOPAMHAT B LeHTPe TAXKECTU CeYEHMA, NONYYUM TPU COCTaBNAIOLLME TNAaBHOIO
BekTopa N, Qy, Q, 1 TpK cocTaBnaloLme rnaBHoro MomeHTa My, My n M,. Bee
LLIECTb COCTABNAKLLUMNX NPUHATO Ha3blBaTb BHYTPEHHVWMMW CUI0BLIMU (PaKTOpamu.
Kaxkabli1 13 LecTy CnoBbIX (DaKTOPOB MMEET CBOE Ha3BaHMe.

N, - HOCUT Ha3BaHWe NPOAOLHOW CUsibl; Qy, Qy - NonepeyHble cusbl; My, M, -
n3rndatoLLme MOMeHTbI; M, - KpYTALLNIA MOMEHT.

nntocTpaums metoa CeHYeHUiA U NPUBEAEHNE BHYTPEHHUX CUT B CEYEHWUN K
rNaBHOMY BEKTOPY M FMaBHOMY MOMEHTY M UX COCTaB/IAKOLLNE, NPUBOANTCA Ha
pnc.36, 38, 3r, 34, 3e.

"

Puec.3a _
PaCCMOTpI/IM cevyeHmne HeKOToporo Tesna, puc. 4a.
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Pac.4
3a cpefHee HanpshXeHWe Ha aneMeHTapHoW nnowaake AF npuHUMaeTcs OTHO-

AR
LLIeHNe: F = Pcp , AR - BHYTpPEHHAA cuna B npegenax nnowanku AF.

AR _ dR

B . . = P ’
npeaene NoAy4YnM |AIFI:n0 = T

rae P - NonHoe HanpsXeHWe B TOUKe paccMaTprBaeMoro CeveHus.
BekTopHas BennumnHa P - eCTb NOJTHOE HAaMPsKeHWE B TOUKe.

MonHOoe HanpshXeHe P MOXET ObITb Pas3/ioXKeHO Ha CocTaB/soLWme, puc. 46.
[MpoeKums BEKTOPA MOMIHOIO HaNpPsHXKeHNA Ha HOPMa/lb Ha3blBAeTCA HOPMaslb-
HbIM HanpsxeHneM 1 0603Ha4aeTca Yepes 0, a COCTaB/AOLWas, KoTopas pac-
MOJI0XKEHA B MN/IOCKOCTM CEYEHMS, Ha3bIBAETCA KacaTe/lbHbIM Harps>XeHNeM u
0603Ha4vaeTca yepes T.




PACTAXEHUNE N COXKATUE
§ 2. BHYTpPeHHWe CU/bl U HANPSHKEHNS

oA pacTsKeHMeM (CxXaTmem) NOHMMAETCA Takov BUA Aedhopmauiium, Korga npu
Harpy>eH1n B rnornepeyHbIX CeYeHnsX bpyca BO3HMKAOT TO/IbKO HOPMaJibHble Ha-
MPsSXKEHNS.

MprYIMEPOM PaCTSXKEHNA MOXKET C/TYXXUTb OPYC, pacTArMBaemblii cuiamu, Npu-
NOXXEHHbIMU K €r0 KOHL,aM.

[na onpefeneHna BHYTPEHHUX CUN U HANPSXKEHUA AN Nprmepa pacCMOTpUM
CTepXKeHb C MOCTOAHHOV M/IOLLA/bI0 MOMEPEYHOro ceueHns F cM?, KOTopblii nog-
BepraeTca pacTaXeHuo cunamum P, puc. 5. Ipn aToM npegnonaraeTcs, 4YTo nso-

CKME CeyeHuns, HopMmasibHble K OCK
q} { CTepPXXHs 40 Aehopmaiimun, 0CcTaroTCA
P P 1 nocne
- Aehopmanm naoCKUMn m
HOPMa/IbHbIMW K ero ocu. 31a
rmnoTesa HasbIBaeTCA rMNOTE30M
. { MI0CKUX CeneHn. BHyTpeHHMe
5} CWUJIbl N HaMpPsXXeHWs B FO60M Ceye-
P . ‘}6’ A HWUK BpyCca oMnpeaenstoTcs ¢

M——--———v—-—-—-—-—-—--—-d

—— MOMOLLIbIO METOA CEYEHUI.
[1noCKoCThIO,
Puc.5 nepneHANKYNSPHOR K ocn bpyca
MbIC/IEHHO Pa3peXxxeM ero ro
[AaHHOMY CEYEHWNIO 1 0TOPOCUM OfIHY M3 NOJYYEHHbIX ABYX YacTei, Hanpumep,
npasyto. [ns o6ecnevyeHnst paBHOBECUSA OCTaBLLEWCS YacTy NPUIOXKMM MO BCEMY
CEYEHMIO B KaXKAOWM ero TOUKe BHYTPEHHWUE CU/bl, KOTOPbIE A0/MKHbI 3aMEHUTb
[eNCTBNE OTOPOLLIEHHOW YacTW Ha OCTaBLLYHOCA YacTb bpyca.
PaBHOeNCTBYOLLLAA BHYTPeHHMX ¢l N Ierko onpeaenseTcs U3 ycnoBms pas-

HOBECWS C NMOMOLLIbIO YPaBHEHUS CTATUKM: 2 X =N -P =0 orkyga
N=P.

EC/M CYMTATb, YTO BHYTPEHHME CUMbl PABHOMEPHO PacrpefiefieHbl Mo ceve-
HUI0, TO HOPMa/TbHbIE HAMPSHKEHMS BO BCEX TOUKAX CEYEHS BYAyT OMHAKOBLIMY
1 MOTYT ObITb ONpeAeneHsbl Mo opmyne:

N P

¢ =7 (2.1)

rae F — nnowlaab NonepeyHoro ceveHms.

8 3. MNpofonbHble 1 NonepeyHble gedopmaninmn. KosdpduumeHT NyaccoHa.
3akoH lNyka.

Mpu AeicTBMM pacTAryBatoLLMX CUM NO OCK Gpyca ANHA ero YBeNMUNBaeTCs, a
nornepeyHble pasmepbl yMeHbLUIAKTCS. Mpu AeNCTBUM CXKMMAIOLLMX YCUWIA Npo-



ncxoauT obpatHoe ABNeHMe. Ha puc. 6 nokasaH 6pyc, pacTarveBaeMblii AByMS CU-
namu P. B pe3ynbTtare pacTsXeHns 6pyc yANMMHUACA Ha BennyuuHy Al, koTopas Ha-

3blBaeTCS abCOMOTHBLIM YASIMHEHMEM, W MOYy4YMM abCONKOTHOE MOoMnepeyHoe Cyxe-
Hue Aa.

OTHOLLIEHVE BeNNYUHbI

P ==~ - _m+__ 0 abCONKOTHOrO YA/IMHEHNS 1
- A _“}_ #=  YKOPOYEHMS K MepBOHAYaIbHOM
Z B [/IMHE UMK LLINpUHe Bpyca
A-pa e Ha3bIBAETCSH OTHOCUTE/IbHOM
L +a € . nethopmauyeit. B faHHOM crydae
o OTHOCUTENbHAs AedopmaLius
& = I_ Ha3bIBaeTCsA NPOAOLHOWA
, A a
nedopmaument, a ¢ = a_ - OTHOCUTE/IbHOWN Nnonepe4YHon aecdopmatmein. OT-
HOLLEHME OTHOCUTENbHOM NOMepeyHoin AetopMaLm K OTHOCUTENbHON NPOAO/b-
1
&

HOW Aeopmaunn HasblBaeTCst KOadumumeHToM NyaccoHa: H“o= g— (3.1)

KoathpmumeHT MyaccoHa AN1s KKA0ro MaTepuasna Kak yrnpyrasi KOHCTaHTa ornpe-
[1eNSIeTcs ONbITHLIM NyTeM 1 Haxoautcs B npeaenax: # = 0 = 0,5 ; ana ctanm
u =0,3,

B npegenax ynpyrux aeopmMaupii yCTaHOBMEHO, YTO HOPMaslbHOE Harpsi-

KEHMe NPAMO NPONOPLIMOHANbHO OTHOCUTENBbHOI NPOA0NbHONM AedhopMauun. ITa
3aBMCKMOCTb Ha3bIBaeTCS 3aKOHOM ["yKa:

o = E e | (3.2)
rae E - koahhmumeHT NponopLUMOoHaIbHOCTH, Ha3bIBaEMbIA MOLYEM HOPMaJIbHOM
YNpyrocTy.

Al
ECIv Mbil B hopmyny saKoHa I'yKa NOACTABUM Bblpaxerye & = —— 1
P
7 = .70 nonyuum hopmyny A5 ONPEAENeHIs YATMHEHNS A YKOPOUeHNS
NpPn pacTHKEHNN N COKaTUN.
_ P
E OF (3:3)

rae npousseneHne EF Ha3biBaeTCA XKECTKOCTLIO MPU PaCTHKEHUN, CXATUN.

8§ 4. NoHATMe 0 fonycKaeMOoM HanpskeHUW. KoaghurumneHT 3anaca
MPOYHOCTMW.

BbiLle yKa3bIBa/l0Cb, YTO A/19 06ecrneyeHns HaleXHon paboTbl N0b6Oro co-
OPY)XeHWS 1 ero A0/roBeYHOCTM HE0O6X0AMMO, YTOObI KaXKaas ero coctaBHas
4acCTb (3/1eMEHT KOHCTPYKLMW) Oblna NPOYHON, T.€. UTOObI OHa Oblna rapaHTMpPO-



BaHa OT pa3pyLUeHus 3a BCe BPeMs aKcnyatauun. Moatomy LencTBUTENbHbIE Ha-
MPSYKEHNSA BO BCEX YaCTAX COOPYXKEHWUA HE LO/MKHbI NPEBbLILATL ONpPeAeIeHHOro
npegena 4ns Toro Uam MHOro martepuana, a UMeHHO, OHU [O/KHbI ObITb 3HAYU-
Te/lbHO MeHbLLIE TaK Ha3bIBaEMbIX OMacHbIX (NPeaenbHbIX) HaNPSXKEHNIA, KOTOPbI-
MW ABNAKOTCA Npegen NPOYHOCTU O - ANS XPYNKUX MaTepUasioB U Npeaen Tekyye-
CTVW 05 - AN NNACTUYHBIX MaTepunasios.

HanborsbLuee Hanps»keHWe, NPy KOTOPOM 0b6ecreynsaeTca AnnTenbHas pabo-
Ta KOHCTPYKUUK 6€3 puCKa ee paspyLLEHNS Ha3blBAETCA 4OMYCKaeMbIM Hanpshke-
HueM. OHO 0603Ha4aeTcs TOI Xe OYKBOW, YTO N AENCTBUTENIbHOE HaNPSXKEHWE, HO
3aK/IHOUYEHHO B KBafpaTHble CKOOKM [a].

Takum 06pa3om, BeNIMUYMHA AOMYCKAeMOro HOPMasibHOro HanpskeHus [o]
[0/HKHA COCTaB/IATL HEKOTOPYHO YacTb OT Nnpefena NPoYHOCTU O AW npegena Te-
KydecTu 0. Yncno, nokasbiBatoLLee, BO CKOMbKO pa3 [oMyCKaeMoe HarpsKeHne
MeHbLLIE Npefena NPOYHOCTM UK Npeaena TeKyyecTu, HasbIBaeTCa KoaghhuumeH-
TOM 3araca NpPoYHOCTN 1 0603HaYaeTcs 6ykBoi K.

CnepoBaTe/nbHO, BENIMUMHA LOMYCKaeMOro HanpskKeHus Ans Xpynkux Ma-
TepranoB MOXET ObITb BblpaXkeHa (hopMYy/IOoi:

_ 0.
[o]= (4.0

[Ns NnacTWYHbIX MaTepuanoB, KOTOPble MOFYT MosyyaTb 3HAYUTENbHble
0CTaTOYHble AedopMauun nepef paspyLLeHMeM, 3a OMacHOe HanpshkeHue npu-
HUMaeTCs Npefen TeKy4yecTu d;. Tak Kak BeNM4mnHa npeaena TeKy4vecTy npum pac-
TSXKEHUM W CXKATUK Y NNaCTUYHbIX MaTepuasioB MOYTU OAHA W Ta Xe, TO U f0-
MycKaemble HanpsXXKeHWS 471 HUX NPU PaCTSHKEHUM U CKaTUM YacTo Ha3HauatoT-
Csl 0IMHAKOBbLIMMU, T.€.

- O-T
[o]= % (42)

Mpy BbIGOPe AOMYCKAaeMOro HarpskeHWs, YTo SBMAETCA KpaliHe OTBETCT-
BEHHOW 3aayel, HEO6XO4MMO YUUTLIBATb MHOIME (haKTOpbl, BAMSIOLLME HA €ero
BeNMYMHY. OYeHb BaXKHOE 3HaYeHNEe UMEET, HanpuMep, pPos NPUMEHAEMOro Ma-
Tepyana. Xpynkue Martepuasbl, MOYTU He Aatolime OCTaTOuYHbIX AethopMauni,
paspyLlatoTcA BHe3arHo, a NosToMy KO3@ULUMEHT 3anaca NPOYHOCTU ANA HUX
Ha3Ha4aeTcsa 60/bLUe, YeM 4S8 NIACTUYHBIX MaTepPUanoB, UMEOLMX MIoLLaaKYy
TEKYYECTH.

[na nnacTMyHbIX MaTepuanoB KO3 guUuUneHT 3anaca npoyHoctn "K" npu-
HUMaeTca paBHbIM 1,5 ... 2,0, Ana xpynkux — 3 ... 4.

8 5. PacyeTbl Ha MPOYHOCTb NPU PacTAKEHNN N CXKaTUN

Moa pacyeTOM 3/1eMeHTa KOHCTPYKUMKM GyaemM MOHMMAaTb COBOKYMHOCTb
NeACTBUIA, B pe3y/bTaTe KOTOPbIX MOXHO MOMY4YUTb OTBET Ha BOMPOC, Y/OB/E-
TBOPSIET /I KOHCTPYKLIMS UMW €€ 3M1IEMEHT TPeBOBaHWSIM HaAXHOCTM U A0Nr0-
BEYHOCTW, KOTOPbIE BblN CHOPMY/IMPOBaHbI B CAMOM Hauasne U3M0XeHWs Npej-
MeTa. HanomMHUM, 4To AN AOCTUXKEHMUS MOMHON rapaHTUM HaleXXHOCTU 1 0NTO-
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BEYHOCTW COOPYXXEHMUSI HEOOXOAMMO, YTOObI BCE €ro 3/1EMEHTbI OblM MPOYHbI,
YKECTKM 1 YCTONYMBBI.

PaccmoTpyM CHavyasia BOMPOC pacyeTa 3/1leMeHTa KOHCTPYKLMMW Ha Npou-
HOCTb NPV PaCTHKEHWUN U CKATUN:

metoTca aBa MeToAa pacyeTa Ha MPOYHOCTb;

1) meToA pacyeTa no 40MnycKaeMbIM HanpsXKeHUsM,

2) MeTof pacyeTta no npeaesibHbIM COCTOAHMAM (LOMYCKaeMbIM Harpy3kam).

MepBbIii MeToA4 (MO AONYCKaeMbIM HaNPSHKEHMSAM) MPUMEHSETCA 418 pacyeTa
3/1EMEHTOB KOHCTPYKLMiIA, B KOTOPbIX MO YC/IOBUAM 3KCMyaTaumm AONyCTUMBI,
KaK npasu/io, NMMLLUb BeCbMa Masible yrnpyrue gedopmaumm, Hanpuvep, Ans geta-
neii MalviH 1 MexaHW3MOB.

BTopoii meTog (Mo AonycKaembIM Harpy3kam) NPpUHAT A4J18 pacyeTa a/ieMeH-
TOB KOHCTPYKUMIA rpaXKAaHCKUX 1 MPOMBILLIEHHbIX 34aHWIA, a Takke 419 pacyeTa
OnpeAeneHHbIX MHXEHEPHbIX COOPYXXeHUI 1 KOHCTPYKLWIA, U3TOTOB/SIEMbIX U3
NNacTUYHbIX MaTepuanos.

CyLIHOCTb MeTo/a pacyeTa Mno JonycKaeMbIM HanpsXXeHWUsM CBOAMTCA K Tpe-
60BaHNI0, YTOObI EMCTBUTE/NIbLHOE HAaNPSHXKEHNE B TOUKAX H0OOro NonepevyHoro
CeYeHUs afleMeHTa KOHCTPYKLMIA He NPeBbILWan0 A0MYyCKaeMoro HanpshKeHns ais
[AaHHOro marepuana. Noatomy ycrioBue NPOYHOCTU A4/ PaCTArMBAEMOIO UK
CXKMMaeMoro 6pyca MOXHO Bblpa3vTh ClefyHoLLeit pacyeTHON (POPMYyoi:

JZN—S[U] 5.1
- (5.)

[MonyyeHHas (opmMysa YMTaeTcs Tak: HOPMa/lbHOE HarpsXKeHUe B KaXKA0M
TOYKe Nt06Oro NonepeyHoOro ceveHns bpyca He LO/MKHO NPeBbLILATL LOMYCKaeMo-
ro Hanps»xeHUa marepuana.

[MpaKTMyecKune pacyeTbl Ha PacTsXKEHWE 1 CXKaTne CBOAATCA K ONpeseneHnto
OJHOM N3 HEM3BECTHbIX BEIMUMH, BXOAALWMX B 3Ty (DOPMY/Y MO ABYM M3BECTHbIM
WNN NTETKO onpefensieMbiM U3 YCNoBUiA 3aaay (BennymHa [0] 06bIYHO 13BECTHA).
MprMeHeHWe pacyeTHOM (hopMy/ibl NO3BOSET PELLNTL TPU Poja 3ajay Ha pacTs-
YeHue, cxaTue.

1. [aHbl pa3mepbl NONePeyHOro ceyeHns CTepXKHa (Mnm ero nniowans F) u
BE/IMYMHA NPOAO/LHON cunbl N (M UMEKOTCA BCE laHHble A/15 ee onpeaeneHuns).
TpebyeTcsa onpefennTb BEMMUNHY HAMOO/bLLIEr0 HANPSHKEHNS B CEUYEHNMN CTEPXK-
Hs1. [lns JaHHOT0 Cny4as Npy peLleHnn 3a4aqm cneayeT nosb3oBaTbes GOPMYON:

0'=F—S[a]_

B pe3ynbTate peLleHns MOXKET 0Ka3aTbCs, YTO BeIMUYNHA AeNCTBUTENIbHOIO Ha-
NPSYKEHNS B CEYEHUM O MPEBbILLIAET J0MYyCKaemMoe HanpshkeHune [o], Torga Heob6xo-
AMMO U YBENIUUYUTB NOLLAAL MOMEPeYHOro CeYeHUs, UK, eCivi 3T0 BO3MOXHO,
YMEHbLUNTb HarpysKy.

Pa3speLuaeTcsi NPEBbILLEHNE UIN NMOHUXKEHWE AEeWCTBUTENbHbLIX HaMPSXKeHWIA
MO CPaBHEHMIO C flonycKaemMbiM [0 + 5%.



2. 13BecTHa v MOXeT ObITb ONpegenieHa U3 yCcnoBuA 3afavn BenymHa
NPOAOLHOM cubl N B CeYeHMM U [OMNyCKaemoe HarnpshkeHve MaTtepuana [o];
TpebyeTcs onpefennMTb HeobXOoAMMYHKO nowadb F nornepeyHoro ceyeHus
CTEPXKHA U/IN, KaK roBOPsAT, Nofobpath ero ceveHvie. B aToMm cnydae 3afaya pe-
LLIAeTCs No hopmyIe:

N

[0

F 2

(5.2)

3. [laHbl pa3mepbl NMOMEPEYHOr0 CeYEHNS, a TaKXKe [OMYyCKaeMOe HanpshKeHne
maTtepuana; TpebyeTcs onpeaenunTb 3Ha4YeHe Haubo bLLel Harpy3Ku Ha cTep-
YeHb.

3 popmynbl (5.1) nony4yaem:

N =[c|OF . (5.3)
caBnrr 1 KPYYEHUME
8 6. NoHATKe 0 caBure (cpese)

Mon caBMrom NoHMMAaeTcs yrnosas fehopManms, KoTopas YMCNEHHO paBHa
N3MEHEHMIO BENIMUNHBI NMepBOHAYa/lbHO NPSMOrO Yria B pagnaHax 1 0603HavaeTcs
Y.

[ns AeMOHCTpaUMmM SBNEHUS CBMTa PACCMOTPUM 3/1eEMEHTaPHbIA NPSMO-
yronsHuk ABDC, puc.7.

Mocne aethopMaLmm NPSMOYTrONbHUK
_a a ABDC nipeBpalLiaeTcsa B napaisienorpamm
L ¢ DTS ABD'C' Benmumna CC'=a, Ha KoTopyio
A ceveHne CD caBUHYNOCb OTHOCUTENIbHO
cocefiHero ceveHusa AB, Ha3bIBaeTCA
§ « abCONOTHLIM CABUIOM.
Yrony, Ha KOTOpbIA U3MEHW/ICS Npsi-

7 4 MO yron napannenenunena, HasblBaeTcs
,,’i,/,//rfﬁ/:_///////ﬁ/ﬁ OTHOCWTE/bHbIM CABUTOM 11 SB/IAETCA

P3c.7? Mepou casura. B obnactu ynpyrmx
Aedopmaumii 3TOT Yron 04eHb Man u

MOXKEeT ObITb onpep,eneH KakK:
cc' a

=t =
A C " g7 =7

3[ech B Cyy ManocTyh yrnia TaHreHC ero MOXKHO 3aMeHsSITb CaMUM yriom. M3
(hopmynbl BUAHO, YTO OTHOCUTENbHBIV CABMT - €CTb OTHOLLIEHNE aBGCOMOTHOIO
CABWTra K pacCTOSHMIO MeX/y pacCMaTpUBaeMbiMM CABUIaeMbIMU CEYEHNUSIMU.

[nsa onpefeneHns BHYTPEHHMX CUN B CEYEHUM CTEPXKHS, MEXAY ABYMS Cpe-
3bIBAOLLMMU cnamy P NpUMEHM MeTo/ CeYeHWiA. 115 3TOro 0T6pocuM ofiHy
YacTb Tena OTHOCUTENIbHO MHTEPECYHOLLLErO HaC CeYeHus, a IeCTBME OTOPOLLIEH-
HOIA YaCTV Ha OCTaBLLYHCS 3aMEHUM BHYTPEHHUMW CnaMu, puc.8.




pnnﬂlh—c-n-u“‘
Sy
b
il
-
e
i

pfin 2

Pac.B

CornacHo puc. 86 BHYTPeHHWe CWMbl 0MKHbI BbI3bIBaTb KacaTe/lbHble Ha-
MPSKEHMS, KOTOPbIE MPW YCNOBUI PaBHOMEPHOIO UX pacnpeeneHns Mo CeueHuto

MO>XHO OlMPEOENNTD:

P
T=—, 6.1
= (6.1)
rae F - nnowaab NonepeyHoro ceveHus:;

P - copurarowas (cpesbiBarowas) cuna.
JKcneprMeHTa/IbHO NOATBEPXKAEH ANA CNy4yas CABuUra 3akoH Nyka:

P [h
G OF
1
rae 5 - KO3(hpMLIMEHT NPONOPLIMOHANBHOCTM, 3aBUCSLLIMIA OT NPUPOAbI MaTe-
puana.

a P
3Has, uTo My =7 n T = T MOXeM NepeiTy K creaytoLLEMY BUAY 3aKO-
Ha 'yKa:
r =G Oy, (6.2)
roe G — ecTb MOAYNb CABWIa UM MOAY b YNPYrocTy BTOPOro poja.

Mogynb caBura 06bI4HO COCTaB/ISET HEKOTOPYHO YacTb OT MOAYNSA HOP-
MasnbHOI ynpyrocTu E:

G 00,40 (6.3)
d TO4YHas 3aBUCUMOCTb MeXAY YNpyrmmMmm noCTOAHHbIMI:
E
G =
2001+ 4) (6.4)

rage p - KoauumneHT MNyaccoHa.

Moaynb cagura gnsictaim G = 8 [10° kr/cm?.
PacueTHOe ypaBHeHWe Npu CABUTE:
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r:P—S[r] 6.5
- , (6.5)

rae [T ] - IOMYCKAaeMOe KacaTe/lbHOe HanpshKeHue.,

YMCTbIM CABUIOM Ha3blBaeTCA TaKoi Cyyaii NI0CKOro Hanps»KeHHOro co-
CTOSIHMS, MPX KOTOPOM MO [1BYM B3aMMHO-NEPNeHANKYNSPHbIM NOLaAKam Aeii-
CTBYIOT NMLLIb KacaTe/lbHble HanpsiKeHUs, a HOPMasibHble HANPSYKEHWSI paBHbI HY-
0.

§ 7. KpyyeHue

oA KpyYeHMeM NOHMMAKOT Takor BUA Aeopmalmmn, Korga B nonepeyHbIX
CeYeHMAX 6pyca BOHUKAIOT KPYTSALLME MOMEHTbI.

Pe3ynbTaTbl OMNbITOB Haf KPy4YeHMEM KPYyrnoro épyca nos3sofvnm NpUHATbL
CneayroT A0NYLLEHMS NPU N3YUYeHUN TeOpUn KpyUeHus:

1) NiocKue norepeyHble CeYeHNa KPyraoro épyca octaroTcs MaoCKUMU U

nocne geopMauunm (rmnoTesa NIoCKUX CeHeHUIn);

2) paauycbl, NPOBEAEHHbIE B MOMEPEYHbIX CEYEHUsX, Mocne Aeopmaumm
COXPaHSHT CBOKO A/INHY;

3) yrnibl NOBOpPOTa CeYeHUSA TeM 60/bLUE, YeM Aasible CeYeHMe OTCTOUT OT
MeCT 3aKperneHus:;

4) obpasyloLime CTePXKHA MpeBpaLLatoTCs B BUHTOBbIE JIMHWM, T.€. NPOUC-
XOAWUT CABUT YacTuL, U B NOMEPEYHbIX CEUYEHMSX BO3HUKAKOT KacaTeslb-
Hble HanpPsHXKeHNs;

5) npuMHUMaeTcs 3akoH MyKa, T.e. cob604aeTcs NPonopLUMOHaIbHOCTL Me-
XY KPYTALWMM MOMEHTOM W YI/IOM 3aKpy4MBaHUA B Npefenax ynpyrmx
aedopmaumil.

[ns onpefeneHnst KacaTebHbIX HaNPSHXKEHWIA NPUMEHUM METOZ, CEUEHWA.
MbICNEHHO BbIPEXeM 13 KPYr/ioro bpyca afneMeHT paguycom r v ANNMHON dz
(pnc.9a), U3 KOTOPOro B CBOKO OYepefb, BbIPeXXeM APYroil 3/1eMEHT NPOU3BO/bHO-
ro paguyca p (puc. 96).

a

) 5.) p [1010>KMM, YTO Pa3HOCTb MOJIHbIX
L h_qy  CABUTOB ABYX CeYeHMin Ha 6ECKOHEYHO

2 MaJiIoM paccTosHum dz 6yaeT nny, Torga

' nn,

\ - OTHOCUTENbHbIV caBur 7 = 47 )

7 az Ecnn 0603Ha4nTL BeCbMa Masyto

L——- ' Pa3HOCTb MOJHbIX YT/I0B 3aKPyyMBaHUA

Puc.S Ha A/IMHe dz yepe3 d@ MOXHO HanucaTb
nn, = p lp

Torga BblpaeHne 419 OTHOCUTE/IbHOIO CABUra NnpeacTaBuTCA B BULE:

11



dz “ dz
Mcnonb3yem 3akoH M'yka npu caure 7 = G Uy . MopgcTasms B aTy dhopmy-
ny
Bblpa>KeHNE A9 OTHOCUTENIBHOIO CABWUra, Nojay4YnMm noka eLle He OKOH4aTe1b-
HY0 JOpMYyny KacaTe/lbHOro HanpshkeHus B NPOU3BO/IbHOM TOYKe paccMaTpu-
BaemMoro ceyeHu4.

7:nn1_ Dd¢

do
r =G Op , (7.1)
dz
rfe p - pacCcTosiHME OT 3TOW TOYKM [0 OCK Bpyca.
BennunHa anemeHTapHON BHYTPEHHEW KacaTeflbHOW CW/bl B MPOM3BOJIbHOWA

Touke ceyeHus paBHa 7 Ud F; MOMEHT 3Toil cunbl, AeiCTBYOLLEl MO NnoLagKe

dF oTHocuTensHo ocn Bpyca d M = 7 Od F Op

[MONHbIN MOMEHT BHYTPEHHUX KacaTe/bHbIX CUJT OTHOCUTE/IbHO OCK Bpyca
OyneT paBeH:

K

M = !Z‘ Dp 0d F ’ (7.2)

_ d g
d TaK KaK [ G Dp d 7 , TO MO>XHO Halnucatb

Mo, = IG Op Ddd—¢Dp 0d F
Z

dg
mm M =G DWDIPZDdF (7.3)
Ho vHTerpan l p OIF =1, NpefcTaB/AeT Co60i NONAPHbIA MOMEHT MHEP-
L NIOLLAAN CEYEHUS, MO3TOMY
d g
M, =G I—II
K 47 b (7.4)
dp _ M,
0TKyAa dz G o, (7.5)

rae do - anemMeHTapHbI Yron 3aKpyumBaHUsa Ha A/nHe dz.

MoNHbI Yron 3aKpy4nBaHus:
|

I I
o[do - IGMmk 7 = GMDIk [ dz - 2" E|DI
0 0 p p 0 p
_ M O
NN OKOHYaTe/IbHO ¢ = G 0l (7.6)

p

12



Mpoussegenne G Ul | HasblBatoT eCTKOCTLIO ceueHns 6pyca npu Kpyye-
nm.

3 nony4yeHHon hopmynbl (7.6) cneqyeT, YTO Be/IMYMHA Yr/ia 3aKpyUMBaHUS
@ NPSMO MPOMopLUMOoHa/ibHa KpYyTALLeMy MOMeHTY My 1 anvHe 6pyca | n obpar-

HO MPOMOPLMOHA/bHA YKECTKOCTM cedeHnst npn kpyueHnn G 01

BenununHa yrna 3akpyunBaHus @ n3mepseTcs B paguaHax. Utoobl nogyuntb @
B rpagycax, He06X0AMMO NPUMEHATb HOPMYy:

M, O D1800
G dr, T

MoacTaensas B BblpaxkeHe (7.1) 3HaveHue (7.5), nonyymm opmMyny 4ns or-
pefeneHns KacaTeNbHbIX HanpsXKeHWi:

GOpM, M,

¢ = (7.7)

= = []
G O, 7
_ M,
OKOHYaTE/bHO - ¢ o= | Up (7.8)
p
My
B dopmyne (7.8) BenmumnHa I NMOCTOAHHAA 4N1A paccMaTpuBaemMoro ce-

p
YeHWs, CNeaoBaTeNbHO, KacaTe/lbHble HarpsXXeHUs U3MEHSATCSA NPSAMONpPonop-
LIMOHA/IbHO PAcCTOSIHUIO .
Han6onbluee 3HaueHWe BENUMNHbI KacaTe/lbHbIX HANPsPKEHWI Oy aeT B Kpaii-

HUX TOYKAX CEUeHUs Bpyca, T.e. Npu £ = 0 nay = T
M M M
= 0 - S k
T g W (79)

max | max |
p _r
r

|
BennunHa Wp =" Ha3blBaeTCA NONAPHLIM MOMEHTOM COMNPOTUB/IEHNA CeYe-

r
HKsa bpyca.

§ 8. MoNAPHbI MOMEHT COMPOTUBIEHNST Kpyra U KO/bLia, pacyeT Kpyr-
NbIX 6PYCbEB Ha MPOYHOCTb M XXECTKOCTb NMPU KPy4eHnM

BenuunHa NonspHOro MOMeHTa MHepLMM NOLWAaAN Kpyra:

7 0d*
| = ——pgo,10d* ‘
7 ( ) (8.1)

p

Bbipa3uB BeNMYMHY NONASPHOr0 MOMEHTA COMPOTUBNEHNS TOXE Uepes3
AVaMeTp, NoNyUnMm:

13



3 |
Dj—: LA R PN

I, 7 0d° 1)
16 (8.2)

' d 32
2
3 opmyrnibl (7.8) cnefyeT, UTO KacaTte/lbHble HanpsXXeHWs B TOUKaX CeYeHWs,
ONN3KUX K LUEHTPY, T.e. NPU MasibIX P, HE3HAUNTE/IbHbI. 3HAYUT, KPYTALLMIA MOMEHT
06YyC/0B/IEH, INaBHbIM 06Pa30M, HaMPSHXKEHUAMK, AeCTBYHOLLMMU B YacTu ceYe-
HWA, Hanbonee yaaneHHON OT LEHTPa, a MaTepuan LieHTpasibHO YacTn 6pyca (Ba-
na) ncnosb3yeTca Mano. MoaTomy ¢ Lenbio 06/1eryeHns Bana HepeaKo N3roTos-
NAKT UX NoMbIMK (KosbLeBoro ceveHmns) (puc. 10). [nda pacyeta gnameTpa Takoro
' D BaJs1a HY>XHO YMETb OMNpeAaesisiTb Be/IMYMHY
d - MONAPHOr0 MOMEHTa COMPOTUB/IEHUS €ro

/ ceyeHusA.

O603HauMM HapyXXHbI anameTp D, a
) / BHYTPEHHEr0 KpPYTrOB:

BHYTPeHHWIA d. Toraa NonspHbIli MOMEHT
VHEPLMMN KONbLIEBOTO CEYEHNS
ONpeaennTCca Kak pasHOCTb MOJSPHbIX
MOMEHTOB VUHEPLII BHELLIHETO W

4 4 444
| _ # 1D _or d :/Z'D(D d)D0,1D(D4-d4)

' 32 32 32
[MoNAPHLIA MOMEHT COMPOTUB/IEHUSA KOJbLEBOr0 CEYEHMS:
| 4 _ 4 4 4
W, = p:/zD(D d)DO,ZDD d
£y 16 0D
d _
3aaBLUMCb OTHOLLEHEM AMaMETPOB D C wmd =C 0D , nosny-
4MM (HOPMY/bl:
7 D .
I, = 3—2(1 - ), (8.3)
sz OD° »
W = —— - "), (8.4)

Ecnv n3BecTHa Be/IMUMHA NONSPHOr0 MOMEHTA COMPOTUB/IEHNS CEUEHNS,
MOXXHO OMpPeAe/IUTb HaMbO bLLEE 3HAYEHUE KAacaTeIbHOTO HaMpshKeHUs No op-
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Myne (7.9); Npv 3TOM, MO YC/I0BMIO MPOUYHOCTU OHO HE [JO/MKHO BbiTh 60/bLLE f10-
MycKaemoro, T.e.

o T s ] o5
max W ; . ( ' )
[Mony4yeHHOe ypaBHeHMe (8.5) ABNseTCA pacYeTHbIM YpaBHEHMEM NPU Kpyue-

HuK. MoaGop AvaMeTpa Bana U3 YCNoBMS NMPOYHOCTY NPOM3BOASAT No hopMyre:

W =
p [r] : (8.6)
MoacTaBuB B 3TY (hOPMY/y 3HaUYeHKe NOASPHON0 MOMEHTa CONPOTUB/IEHUS
oz od’ r0d® M,
W, = 1p o nonyumm: T - [r]

go EIM, oM

oTKYAR r -] Ao2dr] 8.7
M

1,72D3/Mk_ (8.8)

Mo opmyse (8.5) MOXHO TakxKe onpeaeMTs HaMbOMbLLNIA KPYTALLMIA MO-
MEHT:

nnn d

Mo o=w s, (8.9)
Kpome ycnoBust NpoOYHOCTA, K Bany NpeabsBnstoT TpeboBaHME XKeCTKOCTH.
OHO cocTOUT B TOM, L-ITO6bI erﬂ 3apr‘-IVIBaHl/Iﬂ BaJ/la Ha e,ﬂ,VIHl/ILI,e ero O/TNHbI He
MpeBbILLIAN ONPeAeneHHONM, Hanepes 3aaaHHO BenMUMHbI. Mpy pacyeTe AIMHHbIX
Ba/10B YC/IOBME XKECTKOCTM NPeAbsBASETCS B NEPBYO 0Uepe/b.
PacueTHOe ypaBHEHMEe W3 YC/IOBUS XKECTKOCTU OY/eT:
M, O
G O,

rae [¢] - Lonyckaemblil yron 3akpyumBaHus.
[Mepeinaem K yrny 3akpyymBaHua Ha 4sivHe OHOro MeTpa Bana:

, M, 100 180"
4 G o, 7 (8.11)
rlO,U'CTaBﬂﬂﬂ B 3TO ypaBHEHWNE BblpaKEHNE A1 NOAAPHOIo0 MOMEHTA NHEPL NN
» 0d*
e
32
Nna N3 yCnoBus XXeCTKOCTW:

_ [320OM o080’ _ ,Mk
d = 4\/ c DﬂZD[(o] = 15,3 04 m (lmor.m).  (8.12)

[lns nonbix BaoB pacyeTHasa hopmyna 6yaeT MMeTb BUL,

g = <le] (8.10)

, MONy4MM pacyeTHYyto hopmMyny Ans onpeaeneHns amameTpa Ba-
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M-y

D =15 , 3 4 8.13
(1-c¢9de] (8.13)
rae D - BHeLWHWii quaveTp Bana;
d
C = D - OTHOLLEHUE BHYTDEHHEO U BHELUHETO AVaMeTPOB

BaJla.
HATMNPA>XXEHHOE COCTOAHUE

§ 9. HanpsiXXeHns1 B HAKNOHHbIX CEYEHUSIX MPU OIHOOCHOM PACTSHKEHUN
(cxaTun). 3aKoH NapHOCTM KacaTe/lbHbIX HAMPsSHYKeHWNIA

Bce ckazaHHOE 10 CMX NOP O HaNPSHKEHUAX, BOHUKAIOLLMX B CEYEHUSX pac-
TAHYTOrO0 (CXaToro) 6pyca, 0THOCWUIOCH K MOMepeyHbIM CeYeHNAM, KOTopble nep-
NeHAMKYNSAPHbI K 0cn Bpyca. Tenepb pacCMOTPUM HanpPsXKeHNS, BOSHUKAKOLLIME
MPY OCEBOM PACTSHXKEHWNM N CXKATUWN B HAKTOHHbIX (KOCbIX) CeYeHUAX. ITO MNO3BO-
NIAT BbISICHWUTb 06LLYH KapTUHY HanpsiXXeHWI, BO3HKAOLWMX B pa3/IMyHbIX ceye-
HUSAX, NOMYYMTb 3aBUCUMOCTM NS ONPefeNieHNa HarnpPSXKeHNS, BOSHMKAIOLLErO MO
n060i NnoLwagKe, N ONpeaennTb, NOA Kakum YriioM pacrnofiaratoTcsi Te CEUeHWs, B
KOTOPbIX HaMpsXKeHMs 4OCTUIalT HanbO/bLLIMX 3HAYEHWIA.

BosbmeM npsiMoit 6pyc (puc. 11a), pactarmBaemblin cunoit N, 1 onpegenvim
HaNpPsHKEHNS B HEM MO HaKNOHHOMY CeYeHMH, COCTaBNSAOLLEMY C NONepeYHbIM
CEeYEHNEM Yron a.

a) L

.N¢ 7 Pmel Il ' N

BHeLLHSA HOPMa/b COCTaBUT C OCbIO Gpyca Takxke Yron o, mpuyeM, nocnes-
HUA OTCYUTHLIBAETCA B HanpasneHNN NPOTUB ABMXXEHUA 4yacoBOn CTPENIKM OT NNn-
HW ,quZCTBI/IFl cunbl N [0 HOPpMa/In K MJIOCKOCTU HaK/IOHHOIo cevyeHud (p|/|C.
116).

PacceyeM MbIC/IEHHO GPYC CEYEHMEM 2-2, 0TGPOCUM BEPXHIOK YaCTb ero i
3aMeEHUM AEMCTBMG OT6pOL|JeHHO|7| 4aCTh Ha HMXKHIOKO BHYTPEHHUMW CUTaMU, Na-

pannefbHbIMK 0cK Bpyca 1 pacrnpeseneHHbIMYM PaBHOMEPHO MO BCEMY CEYEHUIO.
PaBHOENCTBYIOLLIAA 3TUX CUN BYEeT paBHa pacTarmsatoLleit cune N.
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Ecnu yepe3 F 0603HaUNTb N10LWAAbL NONEPEYHOro ceueHns 1 — 1, To nnowlaab
F

HaK/IOHHOI O ceveHns 2 - 2 - F a Cosg ' a NOJIHOE Hanpsa>XeHne B CEHEeHNI:

N -NDCOW-JDCOW _ N
— p— — O'__
F F , rae £ -

a

BennunHa P, cnefoBaTesibHO, 3aBUCUT OT yr/ia O: YeM MeHbLLUe Yros o, Tem
60/bLUe HanpskeHue P.
Mpn a = 0 ceyeHne 2-2 coBnagaeTt ¢ ceyeHmem 1-1, Cos o =1, Torga

N

p = IS = 0 | T.e.B3TOM CNy4yae NOSHOE HanpsXKeHne OyaeT paBHO HOp-

Ma/IbHOMY OCEBOMY HarnpsXXeHuo.

Mpwn yBenuyeHuu yrna o go 90°, Cosa = 0 1, ctano 6bITb p = 0; T.€. NO No-
LazKam, napansiesibHbIM 0cy 6pyca, NMosIHOe HanpsXKeHue, a 3Ha4UT, U HOp-
Ma/IbHOe HarnpsKeHVe paBHO HYJIO.

Pa3noXum Hanps»keHne p Ha CoCTaBNAoLLMEe B NMIOCKOCTY 2-2 U NepneHan-
KyNspHO K Heil (puc. 11B). CocTaBnsitoLasn, HopMasibHas K nnowaike 2-2, npea-
CTaBNseT cob0i HOPMas/ibHOE HaNpPSHXKEHME NO HAKMOHHOWM NOLLaKe, a Co-
CTaBnsiloLLas, AeACTBYIOLWAS B CaMOW NoLaake 2-2 - KacaTe/lbHOe Hanps)KeHue.

BennyvHa HopmasibHOro HanpsXXeHus:

c = pOCosag =0 OCoseg OCo0se = o OC0s’a

a

a BE/INYNHa KacaTe/IbHOIo HanpsHXeHnA:

a

r = pOSing =0 OCose OSina = UZ—DSinZa

NN OKOHYATE/bHO:
c,=0 0Cos’a (9.1)

a H

a

o .
r = —[SIn2a
) : (9.2)

3 nonyyeHHbIx hopmyn (9.1) u (9.2) cneayet, 4To 06a BMAa HanpsXXeHWi no
HaK/IOHHOMY CEeYEHMIO 3aBUCAT OT BE/IMUYUHBI yr/ia a. Yem MeHbLUe Yros d, Tem
60nbLUe 6yAeT HOPMa/ibHOE Hanps>KeHKe.

Mpn o = 0 OHO paBHO 0CEBOMY HOPMa/IbHOMY HanpsXXeHUH0, NMOCKO/IbKY

Cos?0 =1,

C yBenMyeHmeM yrna o HopMasibHOe HanpsXKeHWe 0, YobIBaeT 1 npu o = 90°;
o, =0 Takkak C0590°" = 0 .Mpu a=45° HopManbHOE HaMPSKEHNE B
HaKNOHHOM CeYeHUMN:

a

[
6 =0 Co0s’ae =0 0C0s%45° = ¢ Ig—pg =
"2 -

KacartenbHoe Hanps»keHune ¢ n3meHeHnem yrna a ot 0 go 90° cHavana BO3-
pacTtaeT oT Hyna (npn o = 0) 40 HanbOo bLLEro CBOEro 3HaveHus (Npu a = 45°):
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o

- UZ—DSinZD45° - 2—DSin90° -2

Tmax

a 3aTeM C yBe/NMyeHneM yrna ot 45° KacaTe/lbHOe HanpspKeHue YObIBaeT v Npu
0=90° cTaHOBUTCSA pPaBHLIM HY/HO:

o : o :
T :2—D8|n2D900:2—DS|n1800:0_

max

Taknum 06pa3om, Hanbo bLLNE HOPMa/IbHbIE HAMPSHYKEHMS BO3HMKAIOT MO
nnoLwaakam, NepneHAnKYNSpHbIM K 0c1 6pyca, a HanbonbLUNe KacaTe/lbHble Ha-
NPsKeHNs - N0 NOLLAAKaM, PacnosioXeHHbIM nog yrnom 45° K ocu bpyca 1 pas-
o
i

Hbl NO/10BNHE OCEBOI0 HOPMaJ/TIbHOT O HAlpPsHKeHUA, T. €. Tmoax

Mo nnoLwagkam e, napasanenbHbIM ocn 6pyca (npu a =90°),
o, =1, =0 T1e BnpogonbHbIX NIOCKOCTAX Bpyca He BOHUKAET HU HOp-
Ma/lbHbIX, HU KacaTe/bHbIX Hanps>keHWA. OTclofa crefyeT, UTo MexXxay npoao/ib-
HbIMW BOJIOKHaMW PacTAHYTOro (CXaToro) 6pyca He BO3HMKaET HM B3aMMHOIO Ha-
XaTus, H1 OTpbIBa.

B nto6om Hak/I0HHOM ceveHun bpyca byayT BO3HUKATb OHOBPEMEHHO 06a
BUA HANPSHXKEHMIA: HOPMa/ibHbIe U KacaTe/bHble.

Tenepb onpeaennm HanpsXKeHNs No ceveHnto 3-3, NepneHANKYNSpHOMY K
ceveHmto 2-2 (puc. 12a, 6). Hopmanb K nnowaake 3-3 COCTaBUT C OCbHO bpyca
yron o, =270%+ a.

4 3

<y =270

N wt

[ns onpefeneHns HOPMasibHOr0 M KacaTe/lbHOro HanpsXXeHuin Mo nioLLazixe
3-3 npumeHnm gopmynel (9.1) 1 (9.2). MNoacTaBuB B HUX 3HAYEHUe yrna
@, =270°+ @  nonyunm:
c,,=0c0C0s’a =¢ IC0s° (270" +a) =0 0Sin‘a
KacaTenbHble Hanps>KeHns:

[y, = Z—DSinZD(270°+a):

Puc.I2

0Sin2a

I\qu

CpasHusas hopmysbl (9.1) 1 (9.2) ¢ nofy4eHHbIMIU, MOXHO cenaTtb Che-
AYHOLLME BbIBOAbI:
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a) BE/IMYMHbI HOPMarbHbIX HANPSXKEHWUIA N0 ABYM NHOOLIM B3aMMHO MNepreH-
OVKYNSIPHBIM CEYEHUSM Pa3/IMyHbl, HO CYMMa VX NOCTOSIHHA 1 paBHa OCEBOMY
HOPMa/IbHOMY HanpPsHKEHUIO, T.€.:

c,,+0,,=0[o0s’a +0 Sin‘a =c OCos’a +Sin‘a)=o0

6) KacaTeNlbHble HaNPSYKEHWS MO ABYM NHOObIM B3aVMHO NepreHANKYNSpHbIM
CEYEHMAM pPaBHbI MO BENNYMHE, HO MPOTUBOMONOXHbI MO 3HAKY:

T2-27T3-3

CnepfoBarefibHO, eCvi NPeACTaBnUTL Cebe bpyc paspesaHHbIM CEKYLLMMM MJ10-
waakamm 2-2 n 3-3 (puc. 12B), To KacaTe/lbHble HaNPSXXeHNS N0 HUM UK CXOAAT-
CA K BEPLUMHE NPAMOro yrna, Ui pacxofdarcsa oT Hee. ITO NOMIOXKEHME, CnpaBes-
NINBOE He TONbKO B C/yYasax pacTHKeHUs UK CXKaTus, HO U Ana Apyrux gedopma-
LM, MPU KOTOPbIX BO3HMKAKOT KacaTe/lbHble HanpsKeHWs, Ha3blBAaeTCH 3aKOHOM
MapHOCTW KacaTe/lbHbIX HanpskeHnin. OH YMTaeTCs Tak: KacaTe/lbHble Hanpsxe-
HWA, AeACTBYIOLME MO 4BYM B3aMMHO MepreHANKYNAPHbIM NoLagkam v nep-
NeHANKYNAPHbIE K MX 00LLeMy pebpy nepeceyeHmnss, YNCIEHHO pPaBHbI MeXay Co-
60i1 1 HanpaBneHbl 06a NMM60 K pebpy, NMbo oT pebpa (06paTHbLI MO 3HAKY).

8 10. Hanps»keHMs1 B HAK/TIOHHbIX CeYEHMNAX MPU MJI0OCKOM HanpsXXeHHOM
COCTOAHUM

13 Hanpsi>keHHOr o Tena BblAeNNM 3/1eMeHTapPHbIA 06beM B BUAE TPEYro/ibHOM
MpU3Mbl 1 paccCMOTPUM ee paBHoBecwKe (puc.13).

Bynem cuntatb, YTO rOpU3oHTa/IbHaA U BEPTUKA/IbHAA TPaHN NPU3Mbl ABNS-
HOTCA UCXOAHBIMM NIOLWaAKaMK, N0 KOTOPLIM LeACTBYIOT 3alaHHble HamnpsKeHUs
Tyy U Tyx-

OnpefenMm HopMasibHble U KacaTe/lbHble
HanpskeHust 0, U Ty, AEACTBYIOLLME B Ha-
K/TIOHHOW nowaake. [1ns 3TOro CrpoekTrpyem
BCe CWU/Ibl, AeCTBYIOLLME Ha NPU3MY, Ha Ha-
npas/ieHne ag:

Puc.I3

oc,[AC-o, [ABD[Cosa -
-o, [BC [b[Sina -7, [AB [b [Sina -
-7, [BCIb[Cosa =0
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Ecnu BbipasunM BCe CTOPOHbI MPU3MbI Yepe3 OfIHY CTOPOHY AB 1 yMHOXMNM

Z'Xy

BCe uneHbl Ha Cosa, Nony4mMm npu = |T y X

o, =0'Xm052a+0'y[8in2a+fyx[5in2a , (10.1)
ATy thopmyny MOXKHO NpeobpasoBaTb, y4YUTbIBadA, YTO
: 1-Cos?2 1+ Cos2
Sin‘a = %; Coslq = —— =224
NTak, nonyymm:
o,to, o0,-0, :
o, = > + 5 [Cos2a + 7, 5in2a  (10.2)

Tenepb CMPOEKTUPYeM BCe CUMbI Ha HampaBeHwe Tq:
7, ACb -0, AB b [Sing +o [BCCosa +

7, AB b Cosa -7, [BC b (Bina =0

[enas aHanornyHble npeobpasoBaHns, Kak 1 npu Beisogde hopmysbi (10.2),
oynem VMeTb:

_o,~0, .
r _TEBInZa—TXyECOSZOz. (10.3)

a

§ 11. 'NaBHble NOWALKN U FNTaBHble HANPSXeHUS.
O606LeHHbI 3aK0H NyKa.

["NaBHLIMM NM/10WAAKaMW Ha3bIBakOTCA TaKMe B3aMMHO NepPrneHaAnKynapHble
nnowanku, no KOTopbIiM ,CI|eI7ICTByPOT HanbonbLUNe N HaMEHbLLINE HOPMaJIbHbIE
Hanps»KeHWs, a KacaTe/lbHble HanNPAXXeHNA paBHbI HYH. HanpskeHns, ,quICT-
BYHOLLME NO 3TUM NnowaakaM Ha3biBakOTCA IMaBHbIMMN.

[na HaxoXaeHns yrna Hak/oHa MaBHbIX MAoWagoK HY>XHO HaTK MaKCMyM

N MUHUMYM HOPMaJ/IbHbIX HANPSHXXEHWA. [1ns 3TOro BO3bMeM MepBY NPOU3BOL-
HY0 OT BblpaxkeHns (10.1) 1 npupaBHAeM ee K HY/IKO:

dd"“ = 2[, [Cosa [Bina + 2 (&, [Sina [Cosa +2[F,, [Cos2a =0 (1,
a
1)
49, - (4 - )IBin2e +2F, [Cos2a =0
da - (Gx O-y) INca Xy 0Sca =V, (112)
Mocne geneHns Kaxaoro uneHa ypaBHeHUs Ha Cos2a MOJYUUM:
do
da”‘ =—-(o,-0,)d92a + 201, =0 (11.3)
o o 20
o= ——
oTKyfa 9 o -0, (11.4)

YuunTbiBas, UTo 7,y = ~ 7y, NONYUNUM:
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20,
920 = —~———, (11.5)
o, ~ O'y

MonyyeHHble popmynbi(11.5), (11.4) aaroT BO3MOXKHOCTb OMpeaesinuTb yron
HaK/1I0Ha rnaBHbIX NIOLAL0K — .

Ecnv o nony4mTcs NonoXnTebHbIM, ero cnefyeTt OT/0XKUTb NPOTUB YaCOBOW
CTPESIKM; 1 HA060POT, eC/iv O OTPULATENbHBIN - MO YaCOBOW CTPESIKe.

Tak Kak yron 2 otan4aeTcs oT Apyroro 3HadeHus Ha 180°, 1o a 6ygeT oTiu-
yatbca Ha 90°. OTcroga cnefyeT, UTo rnaBHbIe NIOLAAKN B3aUMHO NMepreHanKy-
NAPHBI.

MopacTasuB BbipaxkeHue (11.4) B (10.1), 6yaem nMeTb hopMyny Ans onpege-
NEHUSA BENMMUNHBI FNaBHbIX HANPSYXeHUI:

_o,to,
max 2 +_|:L/(O- -0 ) +4B— . (11.6)
min

Kak ncxoHble HOpMasibHble HAaMPsXKeHUs Oy, Oy, TaK U INaBHble CYUTAKOTCS
MOMIOXUTENbHLIMU, €C/TN OHU PACcTArMBAKOLLIME U, HA0OOPOT, OTPULATE/TbHBIMMU,
€C/IN OHU ABNAKOTCA CKXUMaOLWMMNA.

3a NoNoXNTENbHOE KacaTe/lbHoe HanpsXeHne Ty, NPUHMMAETCA TaKoe, KOTO-
pOe MOXKET OCYLLIeCTBMTb BpaLLleHWe Mo 4YacoBOM CTPesike, 1, HA060POT, NPOTUB
4aCOBOW CTPE/IKM - CUNTAETCA OTPULLATE/NbHBIM.

JoKaxkeM, 4YTO B rNaBHbIX N/0WaAKaxX KacaTelbHble HANPAXEHUA paBHbI HY-

1

nto. [1ns 3T0ro YMHOXMM BCe YneHbl ypaBHeHMs (11.2) Ha ~ PR

o

o,~ 0O )
TVESmZa +7,[C0s2a =0

MonyyeHHOE BbIpaXKeHWe 419 KacaTe/lbHbIX HaNPSHXKEHNA PaBHO HYJHO, YTO U
TpeboBsanock fokasatb (cm. 10.3).

PasnuyatoT Tpy BUAa HanpsXXeHHbIX COCTOAHWIA

1. O6beMHOE - KOrfia BCE TPU INaBHbIX HAMPSXKEHUS OT/IMYHBI OT HY/IA
(puc.148).

2. [10cKoe - Korga OfHO M3 rNaBHbIX HAMPSXKEHWIA paBHO HYNHO (puc. 146).

3. JIHeilHoe - Koraa ABa rnaBHbIX HaMpsHKeHWs paBHbl HY/O (puc. 14a).

[ naBHble HaNpPsHKeHMst 0603HaYaloT Yepes 01, 0,, 03. Paccmarpueas nx

B Nnopsake y6biBaHUS, 6yeM UMETb. O, 2 0, 2 O 5 . [pn IMHEAHOM HanPsXKeH-

HOM COCTOSIHUW €JMHCTBEHHOE OT/IMYHOE OT HYNS FNMaBHOe Hanps»keHne 0603Ha-
4ynTCA MO0 Yepes a1, eCIM OHO MOMOXMUTENLbHO (Toraa 0,=0; 0;=0), 60 Yepes O3,
eC/In OHO oTpuuatensHo (Torga 0;=0; 0,=0). Npx NJIOCKOM HanpsXXeHHOM CO-
CTOSHWUM ABa OT/INYHbIX OT HY/IS FNaBHbIX HaNPsHXKeHMs 0603HaYaroTCA MO0 Yepes
01 W 0y, ecnn 06a nonoxnTtenbHbl (03=0), Nnbo Yepes 0, U 03, €CIN 06a OTpULLa-
TenbHbl (0,=0), NnM6O Yepe3 a; 1 O3, ECIN OHW pa3HO3HauYHbI (0,=0).
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(}y 052&";’6’6‘2

) mocege. HATEGKERHDE
P TR
@ aurea HGe f 63 62 "f}

d 7 6 GJf Gl;f ’6..( . - & ’
D ; ) /,

7—52 gj_//_T

Puc.I4

Jedopmaumm B HanpaBieHNN rNasHbIX HAMPSXXEHWIA - rNaBHble AeopMauni
B laHHOI TOYKe - ONpeaenstoTcs Ha OCHOBE 0606LLEHHOr0 3aKoHa MyKa:

1

i :Efﬂﬁl-ﬂﬁ(% toy)], (11.7)
1

&, :E[ﬂaz_ﬂq03+01)], (11.8)
1

&3 :E[ﬂas_ﬂugl'}'o_z)], (11.9)

rae g - KoauumeHT MNyaccoHa.
B yacTHbIX C/iyyasix npuBeaeHHbIe hopMy/bl ynpowaroTes. Tak, ansd NMMHen-

HOro HanpPsXXeHHOro cocToAHNs ¢ 0,>0; 0,= 03=0:
o
&= 6, 7¢ 3:_,Ugﬁ
E E
B cny4ae, Korga Hanps»keHHOe COCTOSAHME BO BCEX TOYKax Tefa OA4MHaAKOBO,

TaKoe Hanps»keHHOe COCTOSHWNE Ha3bIBAETCA OAHOPOAHbIM.
O606LLEHHbIN 3aKOH MyKa OTHOCMTE/IbHO FNTaBHbIX HANPSHXKEHWIA, ANs Noc-

KOIro Hanps>XeHHOro COCToAHNA NUMEET BUA.
_E _E
0, - zqgl-l-/uD?Z);O-Z_ gqu"'ﬂl}l)
1-u 1-u
OTHOCUTENbHAA 06BbEMHAS AethopMaLMs BbIYUCASETCA MO OAHON M3 hopMY:
&y =& tée, t ey,

1-2
&, = TDUE(% to,+0,), (11.10)

Hanps»keHnst Ha HAKNOHHbIX NOLLAAKaX BbIYMCASKOTCA Mo hopMynam:
MPW NIOCKOM HamnpsiKeHHOM COCTOSHUM:

2 2
Oy —G [dos 05+0'2 [[in

Ty = 2[@01 )@mZa

(11.11)
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npu IMHENHOM HanpsAXXeHHOM COCTOAHUNN:
O. .
— 2 — 1
o, =c, [0’ z, —?BIHZa, (11.12)

roe G, T, - COOTBETCTBEHHO HOPMa/IbHOE 1 KacaTe/lbHOe HanpsiKeHVe B HaK/OH-
HOIA NnoLaake, NPOBEAEHHON Mo Yr/IoM a.

FEOMETPUYECKUE XAPAKTEPUCTUKW MTOCKUX CEYEHNI

FEOMETpVI‘-IeCKVIMI/I XapPaKTePUCTNKaMu M10CKNX CEeYEeHWn SBNAKOTCS NNOo-
wafb, CTaTU4ECKNE MOMEHTBI NMTOCKUX CeYeHU, MOMEHTbI NHEPLNNA.

§ 12. CTaTnyecKne MOMEHTbI U LEHTPbI TSAXXECTU NMIOCKNUX CEYEHNIA

CTaTnyYeCKMM MOMEHTOM M10CKOr0 CeYEHMS OTHOCUTENIbHO OCK, NEXalLen B
NIOCKOCTN CeYEHMS, Ha3blBaeTCA B3ATasd N0 BCEM NoWaamn ceveHns cymMmma rnpouns-
BeZIEHWUA MNOLaAein 3neMeHTapHbIX NIOWAA0K Ha MX PacCTOAHWA A0 3TOR ocu
(punc.15).

y‘ Ecnn n3BeCTHbI KOOPAMHATLI LIEHTPa
TSDKECTU CEYEHWs, TO CTaTUUECKNE MOMEHTbI
OnpeaenstoT no gopmynam:
SX :F@'C; Sy :Fﬂc
roe F - nnowaas ceveHuns.

CTaTnyecKmne MOMEHTbI NIOCKUX CEYEHWIA
MOTYT 6bITb NONOXKUTENbHLIMW, OTPULIA-
TeNbHbIMU W PaBHbIMU KYTIHO.

CTaTnyecKne MOMEHTbI CEYEHUS PaBHbI
HY/0 OTHOCUTENBHO LIEHTPasbHbIX 0celd. Mpu
NPaKTUYECKMX pacyeTax peaKo NPUXOANTCS BbIYUCATL CTATUYECKME MOMEHTBI
nyTeM MHTerpupoBaHms. CNoXHble CEYEHUSI MOXHO pa3buTb Ha MPOCTENMLLME Yac-
T, ANA KaXKO0MN N3 KOTOPbIX M3BECTHbI NOLLAAL Y KOOPAMHATbI LIEHTPa TSHXKECTH,
T.e. CTaTuyecKne MOMeHTbl. CTaTUUYECKNIA MOMEHT C/IOXKHOTO CEYEHUSI PaBEH CYM-
Me CTaTUYeCKMX MOMEHTOB COCTaBNAIOLLMX YaCTeN:

Sx :F1|§yl+|:2 WZ +"'+|:n Wn,

S, =R +RE % +.+F Y,

roe  Fi, Fo,..., Fy - nnowanm otaenbHbIX YacTel CeveHns, Ha KOTopble pa3onTo
CNOXKHOE CeYeHue;
X1, X2,+.+, Xn - KOOPANHATbI X LLEHTPOB TAXKECTUN OTHOCUTE/bHO BblIOPaHHbIX
Y1, Y2,..., Yo OCEMN.
3HasA CTaTUYeCKNUEe MOMEHTLI MIOCKOI0 CeYEHNS, MOXHO BbIYUCIUTL KOOPAM-
HaTbl LeHTPa TSXKECTU CeYEHUSI OTHOCUTENIbHO BblBPaHHbIX OCENA:

S,_RR+FRR+.+RE,  _S,_KEH+KI,+.+R(,
F E+E+.+F ' F E+FE+.+F

+ r
Puc. 15 2

x =

23



8 13. MOMEHTbI MHEPLUWN, MOMEHTbI CONPOTUBIIEHUS N PaanyCbl MHEPLINK
MJIOCKUX CeYEHUIN

OceBbIM MOMEHTOM NHEPLIMKN NNOCKOro cevyeHmnsa OTHOCUTENIbHO ,U,aHHOVI ocn
Ha3blBaeTCA B3siTas M0 BCE naowann ce4eHnsd CyMmma I'IpOI/I3Be,£I|6HI/II7I I'I]'IOLLI,&,EI,GVI
INEMEHTAPHbIX M/IOWaAoK Ha KBagpaTbl NX paCCTOFIHI/II7I Ao 3TOWN OCW:

, =T:[y2 [dF (v, (13.1)
l, :!XZ [dF (o). (13.2)

OceBble MOMEHTbI HEPLIMI BCEra NONOXKMTENbHbI Y HE MOTYT ObITb PaBHbI
HYNIO.

LIeHTPOGEXHbIM MOMEHTOM WHEPLIAM NIOCKOT0 CeYeHUS Ha3bIBAaeTCA B3sATas
Mo BCell Naowaan ceueHns Cymma npou3BeieHnin NNoLaaein aneMeHTapHbIX NJio-
LLIaA0K Ha MX PacCTOSHMA A0 ABYX B3aMMHO NepneHANKYNSPHbIX OCei:

Ly :!X@'E": (cm?). (13.3)

LIeHTPO6EXXHbI MOMEHT MHEPLIMN MOXET BbITb MONOXKMUTENbHBIM, OTpULA-
Te/bHbIM 1 PaBHbIM HY/HO.

OceBble 1 LEHTPO6EXHbIE MOMEHTbI MHEPLIMW NIOCKOTO CEYEHNs OTHOCH-
TeNbHO 0Celd, NapannesbHbIX LIEHTPaNbHbIM OCAM, ONpPeAeNnsitoT No hopMynam:

|, =1, +a [F, (13.4)
|, =1, +b° [F, (13.5)
l, =1, +ablF, (13.6)

roe lél/l ké - 0CEBbIE MOMEHTbI HEPUWN OTHOCUTENTBbHO LEHTPA/IbHbIX ocCel;

L, - LLeHTPOBEXHbI/ MOMEHT NHEPLMM OTHOCUTENLHO LIEHTPAbHBIX OCei;

a, b - paccTosHMS MeXy BbIOPaHHLIMU OCSIMU 11 NapanieNbHbIMK UM LiEHT-
PaNbHbLIMU OCAMMW.
[pn NOBOPOTE OCEN Ha YroN o MOMEHTbI MHepLMI ONpeaenstoT no gopmy-
nam:

l, =1, [Cos"a+1, [Sinfa—1,, [Sin2e, (13.7)

|, =1, [@os’a+], Sinfa+l,, G2, (13.8)
-1,

., = 5 Y [Sin2oc+1,, [Cos2or, (13.9)

Korga 3HayeHue yrna noBopoTa 0Cei JOCTUTHET Be/IMYMHbI, ONpeaenseMoi
(hopmynomn:
2,

g20=——"- (13.10)

— ’
-1,
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TOrja oceBble MOMEHTLI MHEPLMN AOCTUTaOT CBOENT0 MaKCMMyMa U MUHUMYMa, a
LIEHTPOGEXHbIA MOMEHT MHEPLMM CTAHOBMTCS PaBHbIM Hyto. Ocu, 3aHMatoLLIme
TaKOe NonoXeHne, Ha3blBakoTCA MTaBHbIMW OCAMU MHEPLNK, a COOTBETCTBYHOLLIME
IKCTPEMaJ/IbHbIE OCEBbIE MOMEHTbLI MHEPLUN - NaBHbIMW MOMEHTAMW UHEPLINNA.
["naBHbIE OCU NHepunn, npoxogdLlmne 4epes LeHTP TAXKECTN NNOCKOIro Ce4eHnA,
Ha3bIBAOTCA IM1aBHbIMW LLEHTPA/IbHbIMW OCAMW MHEPLIUA.
BefMUMHY rnaBHbIX MOMEHTOB MHEPLMM ONPeaenstoT no hopMmyne:
L+, 1
lex = X2 yiEQV(lx—ly)z +AL, (13.11)

mn

MOMEHTOM COMPOTMBAEHNS CEYEHUS HA3bIBAETCA OTHOLLIEHWE OCEBOIO MO-
MeHTa MHEPLMM K PacCTOAHMIO OT HEMTPasIbHOM OCK 10 Hanbonee yaaneHHoM Tou-
KW CeyeHus:

|

W =—= (cm®), (13.12)
|

W :ﬂi (cm®). (13.13)

Pagnycom MHepuum ceYeHmsa 0THOCUTETbHO OCU Ha3bIBAeTCA BeIMYMHa, On-

peaensiemas no opmyne:
i I,
I =\E (cm), (13.14)

T
i, = Ey (cm). (13.15)

§ 14. BbiBog hopMy/1 3aBUCUMOCTM MeXXIy MOMEHTaMWN MHEPLUN
Npv NapasiieslbHOM NepeHOCce 1 NMOBOPOTE OCEeN

[MyCTb Y Kakoro-Hnbyab ceveHuns nnowagsto F (puc. 16) ocb X 6yaeT ueH-
: ' Tpa/bHOM, & 0Cb X; - NapasnensHas
eil Ha paccTosHUK a. Bblgenum B
CeYeHNN 3/IEMEHTAPHYIO NIoLLAaAKY
X dF Ha paccTosHUK y OT OCU X, TOr4a
paccTosHue nnowankun dF ot ocu
o X, 0yneTty, =y +a.
‘ HanuLuem BbipaxeHe
A1 Xs  MomeHTa MHepLMK nnowam
Prc. 16 CeYyeHnst OTHOCUTENBbHO OCU Xy

l, :!yf [dF = 7[ (y-+a)* [dF = !(y2 +2[@y+ad) = !yz [ﬂ:+2lﬁ|1'y|ﬂ:+az [!d:
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B nony4yeHHOM BbIpaXXeHUW MEePBbIA MHTErpan NpeacTaBnseT coboi 0CeBON
MOMEHT UHEPLMI OTHOCUTENIbHO OCK X, MPOXOAALLEN Yepes LIEHTP TSHKECTH, T.€.

!yz [dF= L, BTOPOI MHTErpan BblpaXXaeT COO0M CTaTUYECKNIA MOMEHT BCe

nnowaan ce4eHnd OTHOCUTENTIbHO OCH, I'IpOXO,D,FlLLI,er/'I yepes LEHTP TAXKECTU CeYye-

HWSI, W, CNel0BaTeNbHO, PABHbINA HY/IO, T.€. ZBI_nyF:O_

MocneaHWA nHTerpan !CF BbIpa)kaeT cO60i noLaab Bcero ceveHus F. Ta-

KM o6pa30|v|, MOMEHT NHEPLUNN CeEHEHNA OTHOCUTE/IbHO OCU Xy
— 2
l, =1, +a" [F, (14.1)

MonyyeHHas opmyna UATaeTCs Tak: MOMEHT MHEPLMM M/OWAaN CeYeHNS
OTHOCUTENbHO M0G0 OCU paBeH MOMEHTY MHEPLIMN OTHOCUTE/IbHO OCW, eil Na-
pannenbHON 1 NPOXOAALLEN Yepe3 LIEHTP TSXKECTM CeYeHUs, NKOC NPOon3BeaeHne
nAowWaay ceyeHnst Ha KBaapaT PaccTosHUA MeXXay ocsimu. Mpy NOMOLLM 3TOlA
(hopMy bl MOXHO BbIYMC/IUTb MOMEHTbI MHEPLLW 0600 CI0XKHOMO CEUYEHNSI.

AHaNOrMYHO 3anucbiBatoTcs (HOPMY/bl Nepexoaa s 0CeBoro Iy N LEeH-

1
Tpo6exHoro |y, MomeHToB MHepLWN:
l, =1, +b*F, (14.2)

Y1

l,, =1, +alBF. (14.3)

XY

B opmynax (14.1) n (14.3) BennumnHa a - pacCTosHUe OT LeHTpasIbHONn OCU
NHepumMn X Ao ocu Xi, a Be/iMumMHa b - pacCTosiHME OT LeHTPasIbHOM OCY MHEPLIN
y 0 OCU Y.

[ns onpefeneHnss MOMeHTa MHEPLMN CIOXHOI0 CeYeHNs ero pasbnsaroT Ha
3MIeMeHTapHbIe ceveHuns (MPAMOYTroNbHUKMW, TPEYTo/IbHUKN U T.4.), 3aTeM BblUnC-
NAT MOMEHTbI MHEPLMW 3/1eMEHTapPHbIX CEYeHWIn OTHOCUTENIbHO LieHTPasIbHOM
OCM C/IOXKHOTO CEYEHUS Y CYMMUPYIOT UX.

MpuBesem 6e3 fokas3aTenbcTBa (hOPMY/ibl Nepexosa 4719 MOMEHTOB UHepLMn
NPy NOBOPOTE OCEI Ha HEKOTOPLIN Yros a. INpeanosioxknm, 4To Kakoe-H1byap ce-

YeHMe UMEeeT MOMEHTbI MHEPLUN L k ly OTHOCMTENbHO OCeil koopanHaT X ,Y

(puc.17). TpebyeTcs onpeaennTb MOMEHTbI MHEPLIMW TOTO XKe CeYEHNS OTHOCK-

TeNbHO OCell X; Y1, NOBEPHYTLIX HA HEKOTOPbIN yrosn a (puc.17).

MOMEHTbI MHEepPLMK CeYeHUs OTHOCUTE/IbHO HOBOTO MOJIOXEHMWS OCeld onpeaens-
\y ' % HOTCA MO hopMynam:
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|, =1, [Cos’a+1, [Sin‘a—I,, ($in2cz (14.4)

— 2 ) :
I, =1, [Cos"a+I, Bin“a+1,, [8in2c (14.5)

X Y1

I —1
| —%BinZaﬂwmosZcx (14.6)

§ 15. NaBHble 0CY MHePLUMN U FN1aBHble LeHTPa/IbHble MOMEHTbI
NHepuumn (BbIBOA hopmyn)

BennumHbl MOMEHTOB MHEPLN le : Iy1 n ley1 OTHOCWTENbHO MOBEPHY-

TbIX OCEI 3aBUCAT OT yrna d.
[paKTNYeCKn o4eHb BaXKHO 3HATb TaKOe MoJIoXKeHue ocent Xy Yy, Mnpn KOTO-

POM OCEBbIE MOMEHTbI MHEPLN | X, 1 | y, OYAYT UMETb 3KCTPEMa/IbHOE 3HAYEHME,

T.€. OAVH N3 HUX OYAeT UMETb HaMboNbLLEe, a APYroM - HaMMeEHbLLIEe 3HaYeHMe.
Ecnny ceyeHms ocb CMMMETPUM NMPUHATA 38 OCb X UK OCb Y, TO LIEHTPOOEX-
HbI1 MOMEHT UHEPLUN paBeH HY/HO, TaK Kak B 3TOM C/ly4ae KaXaoMy 3/1eMeHTY
dF C N0MIOXKNTeNbHbIM Y COOTBETCTBYET PaBHbIA M CUMMETPUYHO Pacmno/OXeH-
HbIli aneMeHT dF’ ¢ oTpuuaTeNnbHbIM Y. neMeHTapHble npounsseaeHns XyIdF

B3aMMHO yHuuTOXatoTcs v unterpan [XOIA- o6pawaetcs B Hy/b.

[MoKaxkeMm, 4YTO A/151 OO0 TOUKM MPOU3BO/IBHOIO MI0CKON0 CeYEHUS MOXHO
HalTV TakKue [iBe B3aMMHO MepreHANKYISpHbIE OCU, OTHOCUTENIbHO KOTOPbIX LieH-
TPOGEXHbI MOMEHT MHepLMKN ByaeT paBeH HyNH0. INyCTb 419 NPOU3BO/BHONO Ce-
YEHWNA KOOPAMHATHbIE OCM X U Y NMOBEPHYTLI NPOTUB ABUXKEHNS YACOBOMN CTPE/KM
BOKPYT Hauana KoopauHat Ha 90° 1 3aHsnn nonoxenue X' u Y* (puc. 18).

Ecnu Tenepb BbIpa3nTb HOBbIE KOOPAMHATLI

Hiy yepes cTapble, NoMyunm: X =+y; y =—x
gt Torga LeHTPOOEXHbIA MOMEHT MHEPLIAK
aF OTHOCUTE/TIbHO HOBbIX OCEIA:
k .
)
tf {0 b)_ +X
Pre.18

Ly

IX,y,:!x'Dy'[UF = —!’ny[UF = -

T.€. MONYYaeTCsl, YTO NPX NOBOPOTE KOOPANHATHBIX 0Ceit Ha 90°, LIeHTPOOEXHBbIi
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MOMEHT MHepLMI MeHSeT 3HakK. [o3aToMy Bceraa 6yaeT 1 Takoe NOMoXKeHWe OCel,
0"HOCUTENbHO KOTOPbIX BENNYMHA LIEHTPOOEXHOIO MOMEHTA MHEPLW PaBHA HY-
k0.

Ocw, 0THOCMTENBHO KOTOPbIX LIeHTPOBEXHbBIA MOMEHT MHEPLM NIOCKOTO
CEYEeHMS paBeH Ny, Ha3bIBAOT [NaBHLIMU OCAMU UHEPLIMK. Ecnn Havano Koop-
[VHAT COBMafaeT C LLEHTPOM TSHKECTU CEYEeHUs, TO COOTBETCTBYHOLLME FNaBHble
0CV Ha3blBaKOTCA [NaBHLIMU LIEHTPA/IbHbIMW OCSMW UHEPLMM, @ MOMEHTbI MHEPLIM
OTHOCUTENbHO NaBHbIX 0CEl Ha3bIBAOTCS rNaBHbIMMW LIEHTPA/IbHLIMU MOMEHTaMU

MHEPLUN.
["NaBHble MOMEHTbI UHEPLIMN UMELOT NpefenbHble (IKCTPeMasbHbIE) 3HaYe-

HUA. OANH N3 HNX | max , d ,D,pyFOVI | min -

OcK CMMMETPUM NHO6Or0 CeYeHnsa ABNAKOTCA FNaBHbIMU OCAMU UHEPLUN. Y
TaKMX CeYeHWi1, KaK TaBp, WBeep n T.4., 0Cb CUMMETPUMN SABNSAETCA FNaBHOM
OCbtO MHepuun. [pyroi rnaBHoM LeHTPasibHOM OCbO MHepUUKn 6yaeT neprneHam-
KyNsipHas K Held 0Cb, NPOXOAALLAs Yepes LeHTP TSXKECTU CeYeHuS.

YTob6bl onpeaenvTb NONOXKEHMe rNaBHbIX OCEl CEeYEHWS!, He VMEIOLLLEro OCeit
CUMMETPUN, HEOBXOAMMO HaTV BEIMYMHY YINa, Ha KOTOPbIA HY)XHO MOBEPHYTb
nepBOHaYasibHble OcK. BbiBefem hopmMyny Ans onpeaeneHus atoro yrna. ono-

XXUM, YTO Ham M3BECTHbI MOMEHTbLI NHepLUN | X s Iy : | xy Kakoro-nnéo ceve-
HWUA OTHOCUTENbHO NPOU3BO/bHBLIX 0Ce X U Y. LIeHTPOGEXHbI MOMEHT NHEPLINN
CeYeHUs OTHOCUTE/IbHO APYrMX KOOPAMHATHBIX OCer X; U Y1 C TEM XKe Havyaiom
KOOPAMHAT, HO MOBEPHYTLIX OTHOCUTENIbHO 0Ce X 1M Y Ha yron a, noayymmM no
(opmyne (14.6):

Y1

| -1
| =% Y [Bin2a+1. [Cos2a
2 Xy

[ns onpeaeneHns yrna, Ha KoTopbliA HYXXHO MOBEPHYTL NepBOHaYaslbHble
ocy, 4T06bI CAenaTb UX FMaBHbIMK, HEOOX0AUMO NPUPABHATb K HY/HO LIEHTPOGEX-

I —
o X Y re; —
HbI MOMEHT UHEPLMN I X,y - 5 [Sin2¢ + Ixy [Cos2a =0

2[|]W 2|:|l(y
0TKyAa tha—I Lo (15.1)
y  'x x ly

[MoacTasuB B NonydeHHYr hopmyny (15.1) 3HaveHus | X Iy : | xy , Hal-

[eM N5 yrna 20 ABa 3HayeHus, oTimyaroLmxca Ha 180°; camm »e yrnbl 6yayT OT-
nn4yatbea Apyr ot gpyra Ha 90°. No3Tomy rnaBHble ocu ByayT nepneHANKYNSPHbI

APYT K ApyTy.
Ecnu npv nssecTHbIx | | Iy, Ixy sennumnbl Sin‘a,Cos’a, Sin2a

B (hopmynax (14.4) n (14.5) BbipasuTb yepes 1 200 onpegensemMblii No hopmyne
(15.1), To nonyunm cregyroLLyo hopmyny Ana onpeaeneHns rnaBHbIX MOMEHTOB
NHepLun:
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L+, ol -1, d
lpax = ——— ¢ 7 0+l (15.2)

X 2
ny Imgx = y * _\/ y +40 x2y . (153)

§ 16. OnpeaeneHne MOMEHTOB UHEPLIMN NPOCTENLLMX CEHEHNA
OceBO MOMEHT MHEPLMN MPSMOYTO/IbHUKA

Pa36uB NPsSIMOYTO/IbHWK C OCHOBAHUEM b 1

4! 1% ) o
i _i N BbICOTOM h (pnc.19) Ha 6eCKOHEYHO Y3Kue
’”’;Z;‘f””’” rOPU30HTa/IbHbIE MOSIOCKN, BO3bMEM OfHY M3 HUX Ha
paccTosiHUM y OT ocu z. LLlmpuHa 3Toi nonocku b,
=l 1 L" e BbicoTa dy. MOMEHT MHEPLMMN ee OTHOCUTENLHO OCK
?_ = X 6yfeT paBeH NPoM3BeAEHNIO NAOLLAAM NOMOCKM
o
N bldy na KBafpaT paccTosHus Y:
| 4 Y
- K _ 2
] dl, =bdy [y
MOMEHT MHepLMX NPSIMOYTO/bHMKA
Piic.I9 PLyR IpAMOY

OTHOCUTEJIbHO OCHOBaHUA BblPa3nTCA CyMMOVI
MOMEHTOB MHEPL NI BCEX 6eCKOHeYHOo Y3KUX Monoc.

MpumeHssa gopmyny (13.1), nony4ymm:

h 3|h 3
.2 .2 4yl _Dbih
0 0

cnonb3ysa hopmyny (14.1), HaiieM MOMEHT UHePLMM OTHOCUTENBHO LIEH-
TPa/IbHON OCK X!

| Z| gt DO b _ b

Xo X 3 4 - 12 ) (16.2)
g=n
rae 3=
OLleBVI,U'HO, UTO MOMEHT NHEPLNN NPAMOYTO/IbHNKa OTHOCUTENTBHO OCKU Yo.
b
Yo 12 (163)

[MpnHsaB b=h=a, nonyynm opmyny Ana onpeseneHns MoMeHTa Hep-
MM KBAAPaTHOrO CeYeHMsi CO CTOPOHOM a.

Ix0 = Iy0 - (16.4)

29



MOMEHT UHepUMK Kpyra

CHayvasia onpesenm nosspHbIA MOMEHT UHePLUMK Kpyra. [ns aToro 6epem
Kpyr paguyca r (puc.20) 1 pa3brBaem ero Ha 6eCKOHEYHO MaJlble KOHLIEHTpUYE-
Y, CKMWe Konblia WmpuHoin dp. B3ss ogHO 13

- KOJeL, pasnycoMm p, Onpeaennm ero no-
NAPHBIA MOMEHT MHEPLNN:

Pu0.20

dl, =2 pEpH? =2 P [Mp.

[lns onpefeneHns NonsPHOro MOMeHTa MHePLIMK NoLLAAN Kpyra HeobXxoau-
MO NPOCYMMMPOBaTb MOMEHTbI MHEPLIMW BCEX 3/IEMEHTAPHbIX KOMEL,, HauMHas ¢
KO/bLI, Y KOTOPOro p=0, 1 KOHYast KONbLIOM C p=T, T.€.

y i Tl
=Bt oL =
P d 4, 4 2
_ o
NN OKOHYaTe/IbHO Ip - 2 (16.5)
Bbipaxkas MONAPHbIA MOMEHT MHEPLUK MOWaaM Kpyra Yepes AvameTp, no-
NYyYnM:
T
. %%H_nm4
P 2 - 3P (16-6)
_zd* _ 4
NN OKOHYaTe/IbHO Ip - 0 =0,10d (em?).  (16.7)

BBuay CMMETPUM Kpyra 0THOCUTENbHO N060r0 AMaMeTpa, 0CeBble MOMEH-
Thl MHEPLMM OTHOCUTE/NIBHO OObIX OCE, MPOXOAALLMX Yepe3 LEHTP Kpyra, PaBHbI

mexay co6oit, noatomy I, =1, =1 atakkax 1, =1, *1,, 10 Bennunna oceso-
ro (3KBaTOPMaIbHOI0) MOMEHTA MHEPLWW MAIOLLAAM KpPyra OTHOCUTENIbHO NH0GOM
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OCW, NMPOXO/SLLEN Yepe3 LiEHTP Kpyra, paBHa NoJIOBMHE NONSPHOIO MOMEHTA UHEP-
Lunn, T.e.

4
|:|:ﬂ

T T e =0,050d* (cm?). (16.8)

OceBO MOMEHT MHEPLIMN KPYToBOro KosibLa

OceBOI MOMEHT MHepL MK
KpYroBoro KosbLa onpegensercs
KaK pa3HOCTb OCEBbIX MOMEHTOB
MHEepL MM 60/bLLOT0 Kpyra
avameTpomM D 1 manoro kpyra
Anametpom d (puc. 21):

¥
Puc.20

I, =1,00,05D" -d*) (16.9)

OceBoli MOMEHT NHEPLMM TPeYrosibHMKa

Pa3bvBaeM nowaib TPeYrosibHMKa Ha 6eCKOHEYHO Y3KMe NMONOCKM LUMPUHOIA
dy 1 BblAeNMM OAHY U3 HUX, HAXOAALLYHOCSA Ha PacCTOAHUM Y OT ocK X, (puc. 22).
3 nogobus TpeyronsHnkos ABC 1 aBc onpefenseM pacCTosHUe X:

x_b ,=b
y h h -
by
Mnowaa anementapHoii nonocku: dF = X [dly = n Ldy |

OceBOIi MOMEHT MHepLMM NNOLIAAN TPeYroNbHMKa OTHOCUTENBHO OCK X
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h 4 4 3
b b h
2m|: M Zm 3 - y - —
b =Y f vy - n YT TR T
b
OKOHyYaTe bHOo: X, T (16.10)

Je *

Takke NyTeM UHTErPUPOBaHNSA HAXOAAT MOMEHTbI UHEPLMW TPEYTo/ibHMKA
OTHOCUTENBHO 0CK X,, COBMaatoLLEN C OCHOBaHMEM, Y OTHOCUTENbHO LieHTpaslb-
Hoi ocu X no ¢opmyne (14.1):

Pre.22

b (h*
I, = ETH (16.11)
b
l, = 25 - (16.12)
N3rE

§ 17. OCHOBHbIE NOHATUSA U ONpesesieHns

Jedopmanms nsrnba xapakTepnsyeTcs TeM, YTO B NMOMEPEYHbIX CeveHusax ban-
KV BO3HWKAIOT N3rnbaroLie MOMEHTbI U 4acTo, O4HOBPEMEHHO C NOCeAHUMN, -
rnornepeyHble CU/bl.

N3rnb HasblBatOT YACTLIM, EC/IN B CEUEHUAX Ba/IKM BO3HUKAIOT TOJIbKO M3rK-
baroLme MOMeHTbI. Ecnin e Hapsaay € M3rnbatroLumy MOMeHTaMU B CEYEHNAX
0asIKv BO3HMKAIOT W NOmnepeyHble CUbl, U3rnb HasblBatOT NOMNEpeYHbIM.

Jedopmaums nsrnba nMeeT MecTo B pe3y/ibTaTe 4eNCTBUA BHELLHMX CUJ1, NMPK-
NOXEHHbIX NeprneHANKYISPHO K 0CK 6anku, a Takxke OT nap CUA, MI0CKOCTb AeCT-
B1A KOTOPbIX MPOXOANT Yepes ee OCb.
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[10CKOCTW, B KOTOPbIX /IEXAT rNaBHble LieHTPa/IbHbIE OCU MHEPLMMX Nonepey-
HbIX CEYEHWNIA, HA3bIBAOT [/1TaBHbIMW NJIOCKOCTSIMUN GaNKu.

Ecnv nnockocTb AeNCTBUS CUN (CKUI0Bas MIOCKOCTb) NPOXOAMT Yepes OfHY 13
rNaBHbIX NIOCKOCTEN 6asikn U OCb ee aeopMmpyeTcs (UICKPUBSIETCA) B 3TOM e
NIOCKOCTN, N3rnb HasbIBaKOT NJOCKUM U MPAMbIM,

Ecnu e cmnoBasi NIOCKOCTb HE COBMaAaeT HW C OAHOI 13 rNaBHbIX NI0CKO-
CTelr 6anku, U3rmb HasblBatOT KOCbIM.

JINHWA nepeceveHns CMNOBOI MIOCKOCTM C MNIOCKOCTHIO MOMePeYHOro ceye-
HMA 6asIKN Ha3bIBAeTCA CUN0BOIN MHMER (puc. 23).

— - BHeLLHMe Cu/bl, NPUIOXKEHHbIE K
6anke, 06bIYHO NMPeACTaBNAKOT COOOW
pe3y/nbTaT BO3JeNCTBUA OTAE/bHbIX

YacTei KOHCTPYKL MK, ONMpatoLLmXcs

Ha Hee. MIX MOXXHO CBECTU K

COCPEeAOTOYEHHBLIM CUMaMm,

PaBHOMEPHO W1/ HEPaBHOMEPHO pac-

. NpeaeneHHbIM Mo AnnHe 6ankun Ha-
B rpy3kam 1 K napam cuin.
PacrnipefieneHHble Harpy3ku MoryT

NencTBOBaTb Ha 6anKy paBHOMEPHO

WNN HepaBHOMEPHO MO BCeW ee AJ/IMHe.

3MepstoT NX BEMYMHON HarpysKu,

NPUXOAALLEIACSH Ha eAVHULY A/IVHBI
Ra GanKu 1 BblpaXxaroLencsa B T/M, Kr/cm.

ATy BEIMYMHY MOrOHHOW Harpy3Kku Ha
6asiKy 0603Ha4aroT ( 1 Ha3bIBAKOT UHTEHCUBHOCTBLIO pacrpeseneHHON Harpysku
(puc. 24a).

Pue,23

%) z
yd
o
| 4 i r 4 y i 4 k *
:“"--p—-_.,_____.________.-"f‘
l‘ e i ""-— —— o m—

Frnc.24

Mpy HepaBHOMEPHO pacnpefeneHHON Harpy3ke MHTEHCUMBHOCTb ee MEHSeTCH
no A4/MHe 6asikn. B aToM cny4vae ee 0603HaYalOT (, - MHTEHCUBHOCTbL pacrpeje-
NEHHOW Harpysku i cevyeHns 6aikm Ha paccTosHMM OT onopsbl. Hanpuwep, aas-
NeHne BOAbl Ha CTOMKY NIOTUHBI B CEYEHUM Ha A/IMHE OT onopbl A (puc. 246) unm
[aBfieHVe 3eM/IN Ha MOLAMNOPHYHO CTEHKY.
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Mpy n3yyeHnmn n3rnba bygem paccmaTpmBaTh NLLL Takue 6aiku, CeYEHUs KO-
TOPbIX UMEIT OAHY UK ABEe OCM CUMMETPUN, a AENCTBYIOLLME BHELLIHWNE CUbI Ne-
KaT B O[IHOW U3 NSIOCKOCTEN CUMMETPUMN.
Mpwv onpegeneHnn ONOPHbIX peakLmin 6ankm 6ygem nonb30BaTbCa ypaBHe-
HUSIMW CTaTWKM, BbIpaXXatoLLMMN YCNOBUS PABHOBECKS BCEX BHELUHMX CWA, NPUIIO-
YKEHHbIX K Held (B TOM YmnC/ie U peakumii). Takux ypaBHEHWIA AN CUN, NeXalmnx B
MNOCKOCTW, MOXXHO HanwucaTtb Tpu. CnefoBaTenbHO, B Cllyvae HaMuns Tpex Heus-
BECTHbIX pPeaKLyii MX MOXHO ONpeaennThb NPy NOMOLLM YPaBHEHWI CTaTUKK. Mo-
3TOMY 6GasiKn, B ONopax KOTOPbIX BO3HMKAET He 60/bLUe TPeX peakLuii, Ha3blBakOT-
CA CTaTMYeCcKM onpeaenvMbIMK. banku, Ans onpeaeneHns onopHbIX peakumin KoTo-

PbIX ypaBHeHMVI CTaTUKN HEAOCTATOYHO, Ha3blBalOTCA CTATUYECKN HEOMpeaeINMbl-

MU

8§ 18. INMonepeyHasa cnna Q v nsrubdarowmin MomeHT M. INpaBuna 3HakoB Q 1

g g
R

M.

[MycTb 6anka AB, cBOGOAHO NeXalllas Ha IByX onopax, HaxoauTcsa nog AencT-
BMEM ABYX cun Py 1 P,, pacnonoXXeHHbIX B MIOCKOCTU ee CUMMeTpun (puc. 25a).

a

4,'% At

A

Puc.25

paBHbl, HO MPOTUBOMNO/I0XXHbI MO Hanpas/AEHUIO.

OT6pocKB ONOpPbLI U 3aMEHMB UX
OMNOPHbIMU peakunsaMn Ra 1 Rg,
Oynem paccmaTpumBath 6asiKy Kak
HaxoAsLLytoCca Mof AeCTBMEM
BHELWHUX cun Py, P, Ra  Rg. 3TU
CWU/Ibl BbI3bIBAKOT B CEUYEHUAX OasIKn
BHYTPEHHWe CUbl YNPYrocTu, Ko-
TOpble Onpeaen M rnpu NOMoLLM
MeTOo/a CeYeHWUiA.

CeyeHueMm I-1 Ha paccToaHUN Z
OT /1eBOV OMOPbI pacceyem b6anky
Ha AiBe YacTu 1, 0TOPOCUB MPaByto
4acTb, pacCMOTPUM YCNOBUA
paBHOBECKS OCTaBLUECA YacTu
(puc. 256). OueBnAHO, YTO
OCTaBLUasACs YacTb basiku bygeT
HaxoAMTbCA B paBHOBECUM NOJ
NENCTBUEM BHELLIHMX CUN Ra, P11
BHYTPEHHMX cUN no ceveHuto I-1,
9KBMBAIEHTHbIX AENCTBUIO 0TOPO-
LLIEHHOI YacTu 6asikn Ha oc-
TaBLlytocs. 10 ycnoBuio paBHoOBe-
CWNS BHYTPEeHHWe CWbl B pac-
CMaTpu1BaeMoM, CEHYEHUN 06enx
yacTei banku 6yayT YNCNEHHO
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3amMeHMM AencTBre OTOPOLLIEHHONM NPaBOM YaCcTW Ha OCTaBLUYHOCA BHYTPEHHN-
MW CuUnaMu, paBHOAENCTBYHOLLLAA KOTOPbIX A0/MKHA 6bITb PacnonoXeHa B Na0CKo-
CTW AEeACTBUS BHELLUHUX 1 Ra 1 P;. OB03HaYMB NPOEKLMI0 3TOM paBHOAENCT-
BYIOLLIE/ Ha OCb Yy Yepe3 Q,, & ee MOMEHT OTHOCUTE/IbHO LiEHTPa THXKECTH paccMaT-

prnBaemoro ceveHuns 0-Z yepes My, COCTaBUM YpaBHEHMA PaBHOBECKA Z Y =0y
Z M =0 (Tak Kak cusibl Ra 1 Py nepneHanKynapHbl K ocu Z, ypaBHEHWE paBHO-

BeCVIs Z Z =0 oppawaercs B ToxaecTso suaa 0=0).
YY=R,-P-Q,=0, Y M=R,2-Rdz-2)-M, =0,
otkyaa Q) =Ry —R: M, =R, Z-FR [{z-a).

Takum 06pa3om, BHYTPeHHME CU/bl B pacCMaTprBaeMOM CEYEeHMM OKas3a/InCh
npvBeaeHHbIMU K cune Qy 1 nape cun ¢ MOMeHTOM M.

MpoeKuns paBHOLENCTBYIOLLE BHYTPEHHUX CU/ B CEYEHMM Ha OCb, NepreH-
AVKYNAPHYIO K OCY 6a1KK, Ha3bIBAETCA NONepevyHor C1Io0 B paccMaTprBaeMoM
ceyeHnsa 1 06o3Hayaetca Q, m Q..

MOMEHT paBHOAEWNCTBYHOLLEN BHYTPEHHUX CU/T OTHOCUTE/IBHO LiEHTPa TSXXe-
CTW paccMaTpMBaEMOroO CeYeHWUs HasblBaeTCH U3rnbaroLM MOMEHTOM 1 0603Ha-
yaetca M, nnn M.

3 paBHOBeCKA NMpaBoil YacTu 6anku (puc. 256) MOXKHO 3aK/TKUNUTb, YTO MO-
nepeyHas cuna Q, usrnbarowmnini MOMeHT My B ceveHUn ByLyT UMEeTb Te Xe 3Ha-
YEHWA, YTO 1 A4N11 NIEBOI YaCTW, HO HamnpaB/ieHns NX ByAyT NPOTUBOMOJIOXHbI.

[MonepeyHas cuna B pacCMaTprBaeMOM CeYeHMMN Basiknm YNCIEHHO paBHa asl-
rebpanyeckort CyMMe NpPoeKLniA BCEX CU/, AENCTBYHOLMX NO OfHY CTOPOHY ceye-
HWA Ha OCb, NEPreHANKYNAPHYIO K OCU BasiKu.

N3rnbaroLmin MOMeHT B pacCcMaTprBaeMOM CeYEHUN 6akn YNCNEHHO pPaBeH
airebpanyeckor Cymme MOMEHTOB BCEX BHELLHWX CW, AEACTBYHOLMX MO OAHY
CTOPOHY CeyeHUs, OTHOCUTE/bHO ero LieHTpa TAXXKECTW.

YT06bI MOMYy4YMTL B OAHOM U1 TOM Xe CeyeHUs 6K OAMH 1 TOT Xe 3HaK 41

no

MEPEYHO CUbl NN N3rMbatoLLLEro MOMEHTa He3aBMCUMO OT TOr0, Kakas YacCTb

6anku (neBas UM Npa.as) PpacCMaTPUBAETCS MPU BbIYNCIEHUSX, MPUHATDLI Clie-

AytoLLme npasmia 3HaKoB:

1) nonepeyHas cuna B NLOOGOM CEYEHUM CHMTAETCS MONOXUTENBHOW, €C/IN PaBHO-
[EVCTBYHOLLASA IEBbIX BHELLHUX CWU/ HanpaB/ieHa CH3Y BBEPX, a NpaBbIX -
CBepXy BHU3 (puc. 26a). B npoTMBHOM clyyae, nonepeyHas cuna byget otpu-
LaTenbHoi (puc. 266);
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2) n3rnbaroLLmMii MOMEHT B /II0O60OM CeYeHnn Ganku, HanprmMep, B Ce4eHNN a-B
(pnc.26B) cuMTaeTCs NOMOXUTENIbHBIM, €C/IN PE3Y/IbTUPYIOLLMIA MOMEHT OT
[ECTBUA BCEX, IEBbIX BHELLHUX CUJT HarnpaB/ieH Mo 4acoBOMW CTPesIKe, a OT
MpaBbIX BHELLUHWX CUN - NPOTWUB YacOBOW CTPE/KW; B MPOTUBHOM C/y4ae (puc.
26r), N3rnéaroLmMin MOMEHT CUMTAETCH OTPULLATE/IbHBIM.

Ha ocHoBaHMKM prc. 26 MOXXHO MOy4YnUTb Hanboee NPOCTOe NPaBMIO 3HAKOB

ANA U3rnbaroLLmMx MOMEHTOB, CBA3aHHOE C XapaKTepoM Aedopmauun 6anku, a

MMEHHO: N3rMbaroLLmMin MOMEHT MOJSIOXKUTESNEH, eCin Basika N3rnbaeTcsa BbIMyK/1o0-

CTbO BHU3; €C/NN Xe b6asika N3rnbaetcs BbiMyKNOCTbHO BBEPX, U3rnMbatoLwnii Mo-

MEHT OTpuLaTesEeH.

§ 19. 3aBUCUMOCTM MeXay U3rnéaroLLMmM MOMEHTOM, MNOMepPevHO CUO0i
N NHTEHCUBHOCTbIO pacrpeaeneHHon Harpysku (Teopema . W. XKypaBcKoro)

Ecnu nsrnbaemas 6asika HaxoAMUTCS B paBHOBECUU, TO U NHOOON 3NEMEHT,
MbIC/IeHHO BbIPe3aHHbI U3 Hee, JO/MKEH TaKXKe HaXOAUTLCA B PaBHOBECUM,

MpeanonioXum, 4To 13 bankn AB, HaxoasLlencsa nog AeACTBUEM NPON3BOSIb-
HOI Harpysku, Bbipe3aH a/IeMeHT 6eCKOHeYHO Manor AnunHbl dz (puc. 27a). Ha-
rPY3Ky Ha 3TOT 3/1eMeHT, BC/leAICTBME BECKOHEYHO MasION ero AIMHbI, MOXKHO CUK-
TaTb paBHOMEPHO pacnpeseneHHON MHTEHCMBHOCTLIO  (puc. 276).

LleincTBMe NeBOI YacTK BanKn Ha 3/1EMEHT 3aMeHVM NOoMNepeyHoin cnnon Q u
n3rndatoLLMmM MoOMeHTOM M. Tak Kak Ha 3TOT 3/IEMEHT AelCTBYET TO/IbKO PaBHO-
MepHO pacnpegeneHHas Harpyska, To Ha yyacTke dz nonepeyHas cuna Q u usru-
GaroLwmii MOMeHT M ABNIAKOTCS HernpepbIBHbIMU DYHKUMAMY 0T z. CriefoBaTesbHo,
B CEYEHMM Ha paccTosHUM (z+dz) nonepeyvHas cuna v U3rnbaroLmMii MOMEHT Mo-
nyyat 6eCKOHEYHO Masible NpUpaLLEeHns 1 6yayT COOTBETCTBEHHO PaBHbI:
(Q+dQ), (M+dM). CocTaBMM ypaBHEHME paBHOBECUS CWJI, IEMCTBYHOLLMX Ha 3e-

MEHT:
S Y =Q+qlz-(Q+dQ)=0
dQ _
OTKyAa Nonyynm: E =q (19.1)
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@+da)

\
Pnc,27 (3’

T.€. MPOVN3BOAHAA OT MOMEPEYHON CW/bl MO abCLIMCCE CEYEHNS paBHA MHTEHCMBHO-
CTMW CNIOLHOW HAarpy3Ku B TOM XE CEYEHUN.

Tenepb COCTaBMM YpaBHEHNE MOMEHTOB BCEX CUT OTHOCUTENILHO LIEHTPA TS-
XKECTW NPaBoro cevyeHus anemeHTa (Toukm C):

ZMC =M +sz+qmzadz—z—(M +dM) =0

nnn

2
sz+qG‘|§—:dM1

0TKy/a, NpeHebperas Manoi BeNNYMHOA BTOPOro NOpsAKa, Nomyymm:

M
& Q, (19.2)

T.e. MPOM3BOAHAA OT M3rnbatoLLEero MoMeHTa Nno abeuumcce ceveHNs paBHa norne-
PEYHOI CMNa B TOM XKe CEYEHMMN.
3 npeablaywmnx gopmyn nosyvyaem 3aBMCUMOCTb:
2
d°’™M _ q
2 = 19.3
dx (19.3)
[Mony4yeHHble AuddepeHUnabHbIe 3aBUCUMOCTM MeXAY U3rMbaroLLMmM MOMEH-

TOM M, nonepeyHo cunoi Q N MHTEHCUBHOCTbLIO HAarpy3Ku q, Ha3blBaKOTCA Teope-
moi1 [. N. XKypaBsckoro.

§ 20. NocTpoeHne antop NonepeyHbIX CU N N3rbaroLMx MOMEHTOB

pahvKm, BbipaXKaroLLye 3aKOH M3MEHEHMS NONEPEYHbIX CUM UKW N3rnbato-
LLIMX MOMEHTOB MO ANVHe 6anku, HasbiBatoTCs anopamu Q nnm M.

MocTpoeHWe aMtop NPOM3BOAUTCS CNEAYIOLLMM 06pa3oM: IMHWIO, Napanenb-
HYI0 OCK Ga/IK1, MPUHKMMALOT 3a 0Cb abcLMCC, OT KOTOPOIA B MPOM3BONIbHOM Mac-
lTabe OTKNaAbIBAHOT OPAMHATbI, COOTBETCTBYIOLLME 3HAUYeHMAM Q nnm M, geiicT-
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BYIOLLMM B Pa3/INyHbIX ceveHnsx 6akn. CoeamnHAS KOHLbI OT/IOXKEHHbIX OpAUHAT,
nonyyaem anopy Q nam M.

OpAnHaTbl, BblpaXatoLLve BEIMYUHbLI NOM0XUTENNbHbIX MONepeyHbIX cui, npu-
HATO OTKNaAblBaTb BBEPX OT OCW, a OTpULATeNbHbIX - BHM3. OpAnHaThl, Bblpaxalo-
LLMe MOMOXKNTENbHbIE N3rnbatoLLMe MOMEHTbI, OTK/IaAbIBAOT BBEPX, T.6. B CTOPOHY
CXKaToro BOJIOKHA 6asiKu.

LLTpnxosaTb antopbl Q U M cnefyeT TONbKO BEPTUKA/IbHBIMU IMHUAMMN, TO-
CKOJIbKY KaXX[ast IMHUS LUTPUXOBKKU B NMPUHATOM MacluTabe BblpaXkaeT BeNMYMHY Q
nn M B ;aHHOM CEeYEHUMN.

MocTpoum antopbl Q n M ans 6anku nponeTom |, Harpy>eHHo cocpefoTo-
YeHHoM cunon P (puc. 28).

Onpefennm BeNMYUHBLI OMOPHbIX peakunii Ra 1 Rg:

P[a
ZMA=P@—RB|]:0; RB:I—-

_ P
ZMB=RA|]]—P[H)=O; RA—I—_

[ToCTPOEHME 3MHOPbLI.
Bo3bMmeM ceyeHme b6anikm Ha

Ra y, a ip_ é 4 Rs  paccTosHum z oT neBoii onopb! 1
A A I ; onpesesiMm B HEM MOMEePEYHYHo cuny
' 8 Q v msrnbarowmii momeHT M. CreBa
7 1 OT CeYeHus JeCTBYET TOMbKO OAHA
P | | cuna - ornopHasa peakuus Ra.
~ oz ! CrnepoBate/nibHO, MO ONpeAeneHnto

— | MOMnepeyHon Cusbl NPOEKLUMS Ha
BepPTUKa/IbHYHO OCb OMOPHON peak-
LMW OYLEeT BblpaXaTb MOMNepeyHyo
cuny Q B CEYEHUN, T.€.

P
%R

OnopHasa peakunsa Ra Hanpas-
NeHa BBepx, c/iefoBaresibHo, nore-
peyHas cuna OyLeT NoOXUTESNbHA,
MO3TOMY OT/I0XWUM OPAMHATY, Bbipa-
XaloLLYy0 ee BENMYMHY B MPOU3-
BO/IbHOM MacLUTabe, BBEPX. YpaBHe-

P [

HUWe Qz1 T | TpescTaBnseT co-

601 ypaBHEHWe NPSIMOA, napasine/ib-
HOI ocu abcuucce, cneaoBaTesibHo,
antopa Q Ha NeBOM y4yacTKe 6yaeT MMeTb B NPSMOYTO/NbHUKA.
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[na nocTpoeHus antopbl Q Ha BTOPOM y4acTKe 6a/iky BO3bMEM MPOU3BOSIb-
HOe CeyeHmne Ha PacCTOSHWNU Z, OT /1eBOM onopbl. CrieBa OT 3TOr0 CeYeHNs AenCT-
BYIOT [jBE CW/Ibl: OMOPHas peakums Ra 1 cuna P; cnpasa - 0gHa OrnopHas peakums
Rg. 14 onpegeneHns nonepevyHorn bl B CEYEHNN Z, MOXKHO BOCMO/1b30BATLCH
cunamu,
PacrosioKeHHbIMM C/ieBa UK cripaea OT cedeHuns. MokakeMm, 4YTo BenmymHa Q B
o0boux cny4vaax byaet ofHa 1 Ta Te.

MonepeyHas cuna B ceueHnn Q oT NEBbIX CUN: sz =R,~P=Rg or npa-

Boix cun: - Q;, = ~Rg,

Antopa norepeyHbIx cun B Touke C MMeeT CKavok, npuyemM abCcontoTHas Be-
NINYNHA CKaYyKa paBHa BeIMYMHE MPUIOXEHHO B 3TOM CEYEHMIN COCPe0TOUEHHOM
cunbl P.

[MocTpoeHure anopbl M.

CocTaBMM BblpaXKeHMe M3rnbaroLero MOMeHTa B CEHeHUM Z;3, KOTOPbIA paBeH
asirebpanyeckor CyMmMe MOMEHTOB BCeX JIEBbIX U/ MPaBbIX CUM OTHOCUTENbHO
3TOro ceyeHwus. 0 NeBYIO CTOPOHY Z3, AENCTBYET TO/IbKO OMOPHas peakums Ry,
KOTOpas CTPEMUTCS BpaLlaTb SIEBYHO YaCTb Oasikv Mo ABUXKEHMIO 4aCOBOW CTPESIKU
NI N30THYTb €€ BbIMYK/I0CTbI0 BHU3 (CXKaTble BOSIOKHA CBEPXY), C/Ief0BaTe/bHO,
N3rndatoLLMin MOMeHT M OyAeT NONOXKUTENbHbLIM:

|\/IZ :RA Ij1:|:)|—|:ﬂ)|jl

[Mony4eHHOE BbIpaXkeHWe npeacTaBseT co60i ypaBHEHUE MPAMOIA TMHNN,
cnefoBaTe/ilbHO, U3rnbaroLLmMii MOMEHT U3MEHSETCA MO 3aKOHY MPSIMOMA.
BennunHy z; MoXHO 6paTh B npegenax ot z;=0 Jo z; = a:

npnz;=0 MA:O;
P&
|

OTKnafblBas Nony4yeHHoe 3Ha4YeHne M B NPUHSATOM MacluTabe BBEpPX U CO-
eIMHAN KOHeL, OpAMHaTbI NPSMON C TOUKOM Az, NOMYUYUM NEBYHO YaCTb 3MOpbl M.

[N NOCTPOEHMS NPaBoi YacTy 3MOPbI N3rMGatoLLIMX MOMEHTOB MOXHO pac-
CMaTpmBaTb /IEBYIO UM NPaBY OTCEYEHHbIe YacTn 6asikn. B gaHHOM criyyae Bbl-
paXkeHWe N3rnodaroLLero MOMEHTa B CEHEHUN Z, NPOLLE COCTaBUTbL OT NPasbIX CU,
T.e. OT OJJHOW OMOPHOW peakummn Rg:

M22 :RB Eﬂ"Zz)
P (&b
| ;

M. =R, [@&=

npnz;=a

M. =R; [{l —a) =

npuz,=a

npn z, = | MB:RBml_I):O
CoeVHMB MPAMOI IMHNEN KOHeL, OpAMNHaTbLI C TOUKoW By, rae Mg= 0, nony-
YMM MNpaByto YacTb antopbl M ans 6ankun. Kak BugHo 13 antopbl M, rno Bcen AnnHe
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OaKN N3rnbatoLLMini MOMEHT NOMIOXXUTENEH U AOCTUraeT Hanbo/bLUEro 3HaYeHUs B
Touke C, T.e. nog rpysom P.

_Prab

max I

M
B yacTHOM cnydae, Koraa cocpeioTOUEHHbIV rpy3 pacrofioXeH B cepeanHe
a=bh=

nposeta 6anku, T.e. Korga E , HaMbOo/bLLIee 3HaYeHMe U3rnbaroLLero

\ :P@m:P%DV:Pm
e | | 4

MOMEHTa B CEYEHUN:

§ 21. HopmanbHble HanpsiXXeHWUst Npy U3rmnoe

Cnoi1 BOMIOKOH M-Nn, pacnosioXeHHbIn B CepefMHe BbICOTbI 6aku (puc. 29a)
He MeHSIeT CBOei ANMHbI (He pacTArMBaeTCA N He CXKMMAETCA), a TO/IbKO UCKPUB-
nsetcs. Takoi cAo Ha3bIBaeTCS HEUTPa/ibHbIM C/IOEM.

BosiokHa, fexallye fanblie 0T HEUTPasbHOro CNos, YAAMHAKOTCA UK YKopa-
YMBaKOTCA O0/IbLLE, YEM BOJIOKHA, PACMOOXeHHbIe 6/1vKe K Hemy. A 13 3TOro, Co-
rnacHo 3akoHy 'yKa, cnefyeT, YTo Be/IMUMHa HanpsHKeHWA NO BbICOTE MOMEPeYHOro
CeYeHNsa M3MEHSAETCA MPOMOPLNOHA/IbHO YAMHEHWIO BOJIOKOH, T.€. HanpsiXKeHNns
HapacTatoT C yAa/IeHNeM OT HeTPasIbHOrO C/10A.

Pro .29

CnepnyeT 3aMeTUTb, YTO B J]aHHOM C/lyYae HeTpasbHbIA C/IOM HaXoAMUTCS Mo-
CepefiMHe BbICOTbI CEYEHNSA NOTOMY, YTO H6anka MMeeT fiBe 0CK cuMMeTpun. Mpu
ApYyroi hopme NonepeyHoro CeveHns HeMTPasbHbI CMI0N MOXET N1eXaTb HUXKE
WNW BbllLe CepefrHbl CEYEHNS.

JInHMS NepeceveHNs HeTPaIbHOMO C0SA C NIOCKOCTbLIO NMOMNEPEYHOro ceye-
HMA 6aIKN Ha3bIBAeTCA HENTPabHOW NNHWNEN UK OCbHO. OHa, KakK 1 HEUTPasIbHbIN
C/IOW, MPOXOANT Yepes LIEHTP TSXKECTM CeYEeHMs U NepreHANKYNApHa K NIOCKOCTK
CUMMETPUN 6anKK, T.€. K NIOCKOCTN AeACTBUS CUN.
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Mepeligem Tenepb K ONpefenieHN0 HOPMa/ibHbIX HanpsXXeHWA B NONepeyHbIX
ceyeHusAxX 6ankm npu YNCToM n3rmnoe.
[MycTb K 6anke AB NpunoXeHbl Be paBHble COCPeA0TOUYEHHbIE CU/Ibl P Ha
0[IMHaKOBOM paccTosiHny oT onop (puc. 30). Kak B1aHo 13 antopbl Q, cpeaHui
y4yacTok 6anku CD ucnbITbiBaeT
Ra=P * a P fa J£a-r AedopMaumio YicToro nsrnba, Tak
M P 23* - KaK NomepeyHas cuna Bo BCeX
NonepeyYHbIX CeYeHNAX bankn Ha
A o7 8 3TOM Y4acTKe paBHa HY/I0.
7§; 77 [BYyMS nornepeyHsIMU
ceyeHnamu 1-1 n 2-2 BbIpeXem u3
, BasIKv 3TOro y4yacTka 3/ieMeHT
4 (1117 [/MHOA dz 1 NpeaCcTaByUM ero B 6onee
20 IS KpYMHOM MacLuTabe (puc. 29a).
TN Mocne n3rmba TopLbl 6ankm
HECKO/IbKO HaK/IOHATCA, 06pa3ys yron
M ] i l ' de. O603Hual-ll/IM pagnyc KpMBU3HbI
Prc. 20 - N30rHYTOW OCK BaIku p, a 4JIMHY
OAHOr0 13 NPOLO/IbHbIX BO/IOKOH,
nexawnx B HeMTpasbHOM C/I0e, MN; TaK Kak 3TV BOJIOKHA HE U3MEHSKOT CBOE
AJIVHbI NpY M3rnbe, MOXHO Hanucarb:

mn=dz =pldéd
J1to60e fpyroe BONOKHO BbILLIE UM HXKE HEWTPa/IbHOI 0 C/I0S1 USMEHUT CBOKO
ANIMHY. PacCMOTPMM BOMTOKHO MyNy, NeXalllee B pacTAHYTO 30He Ha PacCTOAHUN Y
OT HEMTPasIbHOr O CM0K, U CNefoBaTeNlbHO, YA/IMHSIOLLEECH NPU N3rnoe.
[nsa onpeneneHns BeMUYUHbI YATMHEHUS ero NpoBeseM Yepes TOUKY N n-
HWIO, NapasnesibHyt0 mm;y, 40 NepeceyeHmns ¢ BOSIOKHOM m;n; B TOYKe n,. Torga

MOXXHO cuMTaTb M;N,= MN, a 0TPE30K NiN, ByAeM NPUHUMATL Kak abCOMOTHOE
YI/IMHEHWE BONOKHA MyN, WU/K, YTO TO XKe camoe, BOSIOKHa mn. OTPe3oK NN,

MOYXHO MPUWHSATb 3a Ayry Kpyra paguyca Y, Tora abcontoTHoe yaIMHeHne

nn, =YL&  aornocuTensHoe yanuHerme Toro xe BonokHa myn, 6yaeT:

g_nmz_yme
mn pldd
e=t
1, cokpalaa Ha de: Px T.e. OTHOCUTE/IbHOE YA/IMHEHWE BO/IOKHA NPAMO

MPOMNOPLMOHANILHO PACCTOSIHUIO OT HETO [0 HEMTPaNbHOW NMHMK (0CK) BasKW.
Tak KaK BO/IOKHa 6a/ikv Npy YNCTOM U3rMbe UCMbITbIBAKOT TOMBLKO PacTsKe-
HWE UK CXKaTune, MO3ITOMY A1 OnpeAeneHNs HOPMasibHOIO HaNPSXKEHUS B pac-

CMaTp1BaeMOM BO/IOKHE MOXHO BOCTO/b30BaThCS 3akoHOM [yka: 0 = E [
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E =

[MoacTaBMB CrOZa BbipadKeHne OTHOCUTE/NIbHOI O YANTMHEHUA NPON3-

Yo,
BOJ/IbHOIO BOJIOKHaA 6aJ'IKI/I, noay4ynm BEJIMUNHY HaNpPAXeHUA B HEM.

a:ED;:E% oL

T.. HOPMa/IbHbIE HAMPSHKEHWUS N3MEHAIOTCS MPSAMO NPOMOPLUMOHa/IbHO paccTos-
HUIO OT HEUTPasibHOM OCK 6asikK, a B TOYKax, HaXOAALWMXCS Ha CaMOl HETpasib-
HOI OCK, OHW PaBHbI HY/ILO.

Tenepb NOMYYUM 3aKOH pacrnpefenieHns HOpMasibHbIX HarpsXKeHW Mo BbICO-
Te MOMNepPeyYHOro ceveHns 6ankm Npyu YNCTOM M3rnde B 3aBUCMMOCTU OT BENUUNHDI
N3rnbaroLero MOMeHTa.

[nsi 3TOro BbIAENNM Ha MonepeyHom ceveHnn (puc. 296) NPon3Bo/bHYHO 3e-
MEeHTapHYyto nnowaaky dF Ha paccTosHUM Y OT HeMTpasibHOW ocu. BennumnHa ane-
MEHTApPHOW CW/bl, KOTOpas BO3HUKAET Ha M/oLajKe:

o lF = E—IX []
Jo,
Tenepb paccCMOTPVM PaBHOBECHIE IEBOVi OTCEUYEHHOI YacTy 6anku, 3aMeHMB
OTOPOLLEHHYIO YaCTb CUMaMM, ANA YEro HamuLLEM YpaBHEHUS PaBHOBECHS:

$2=0,3M=0

YpaBHeHMe pPaBHOBECHS ZY =0 o6pawaercss B ToxkaecTBo Buga 0=0.

CyM|\/|a I'IpOGKLLI/IVI BCEX 3/IEMEHTAPHbLIX CUN Ha ocb Z 6y,£|,eT BbIPpaXEHa NHTErpa-
JIOM, pacnpocTpaHeHHbIM Ha BCIO Maowanb CE4YEHUA, T.€.

> 2= [olF :%E!ymF -0

BennuvHa moayns ynpyroct E He paBHa Hynto, a pafnyc KPWBW3HbI p -
BE/IMUYMHA KOHeYHas!, T.e. E#0; p #0, CNeJ0BaTe/bHO:

!yIIHF =5,=0

[Mony4YeHHbIN NHTErpan NpeacTaBnseT coboM CTaTUHECKUIA MOMEHT MN/IOLWAaaN
CeYeHNst OTHOCUTENbHO HeMTpanbHOM ocn. OTcroda CneayeT, YTO HeTpasibHas OCb
MPOXOANT Yepe3s LIEHTP TSXKECTM MOMEPEYHOro CeYeHUs, NOTOMY YTO TO/bKO B
3TOM C/ly4ae CTaTUUECKMIA MOMEHT paBeH HY/o.

3ﬂ€M€‘HTapHaﬂ HOpMasibHas ChUna paBHa O [dF , €€ MOMEHT OTHOCUTENBbHO

HeWTpanbHON ocK dM = o ldF LY . yro6m ornpeaennTb NOMHbIA MOMEHT, He-

06X0AVMO CYMMMPOBATL 3/1EMEHTapHbIe MOMEHTbI, PacpoCTPaHNB CYMMY Ha BCHO
MAoLaAb NONepeyYyHoro ceveHns Ganku, T.e.
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MX=!GEHFEy,
O'ZE[-IX

nnn, 3aMeHNB O PaBHbIM EMY BbIPaO>KEHNEM , MONTYHNM:

o
E
_ 2
=— [!y [dF
o
B nony4yeHHOM BbIpaXKeHUWN UHTErpas ABISETCA MOMEHTOM UHEPLUN CeveHNs
2 —
OTHOCMUTE/IbHO HeNTpasIbHOW Ocu, T.€. !y [aF = »
C L == (21.2)
nefoBaTeNibHO, MOXKHO Hanucarb: , N :
P p EL,

rae p - KpUBM3HA M30rHyTOM ocu 6anku; npoussegerve E L1, Hasbisaetcs sect-

KOCTbHO CeYeHUU 6asiku NN XKECTKOCTbIO CeveHuns npu n3rnde. OHo xapakTepusy-
eT CTeneHb COMPOTUBIAEMOCTM 6K UCKPUBEHMIO OCY NpY 13runbe.
[MonyyeHHoe paBeHCTBO (21.2) unTaeTcs Tak: KPpUBM3HA U30rHYTON OCKU Banku
MPSIMO NPOMNOPLMOHa/IbHA U3rMbatoLLeMy MOMEHTY U 06paTHO NMPOMOPLMOHa/IbHA
YKECTKOCTU ceyeHunst 6anku.
[MopacTaBmB 3TO BblpakeHue (21.2) B qaoplvlyny (21.1) nonyunm:

_ME

—_ X
OKOHYaTeNbHO o = | ly (21.3)

Mony4yeHHas opmyna cnpasesvea 41 1060 PopMbl MOMepeyHoro ceye-
HWS, HO MPY YCNOBUW, €C/A CeYeHre NMEET OCb CUMMETPUN, B MIOCKOCTA KOTO-
POV AeCTBYIOT U3rmbatoLme 6asnky napbl cusl.

dopmyna (21.3) ABNSETCA ypaBHEHWEM MNPSIMOK, CnefoBaTeNlbHO, HOpMasib-
Hble HanpsXKeHWs MO BbICOTE CEYEHUSI 3MEHSKOTCS MO 3aKOHY NpsMoi. Hanbonb-
LLNe HanPsHXKeHNa 6yayT B Hanbonee yaaneHHbIX OT HEMTPasIbHOM OCK BOSTOKHAX.

N —\W

BennunHa X Ha3blBaeTCA MOMEHTOM COMPOTUBAEHNA CEYEHUA WU

ymax

SIBNSIETCA FeOMETPUYECKON XapaKTEPUCTUKOM MPOYHOCTU MOMEPEYHOr0 CEYEHMS
6anku.

X

ymax

npoTueneHust W, Nony4ynmM oKOHYaTeNbHY OPMYY ANN Ojax:

[MoacTaBMB B NocneaHee BblpaXKeHne BMECTO BEMYMNHY MOMEHTaA CO-
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M

- X
Omax —

(21.4)

X

MOMEHT COMpOTUBAEHMS N3MEPSIOT B M°, cM°,

dopmyna (21.6) BbiBefeHa 414 cny4vas YACTOro u3rnba, mpu KOTopom norie-
peyHble ceyeHmst 6askn oCTatoTCA NIOCKMMK 1 nocne gedopmaumun. B cnyyae no-
MepevyHoro n3rnba cevyeHms UCMbITbIBAKOT CABUT, 00YC/IOB/IEHHbIA HA/IMYMEM B HUX
MOMNepeyHon CUbl, U UCKPUB/IAKOTCA. 3HAYUT, B 3TOM C/y4vae AONyLeHns, nono-
YKeHHble B OCHOBY BbIBOAA (opMy/ibl (21.3), OKaxXyTCa Hecnpasea mebiMu. OfHa-
KO, UCKPUB/IEHME CeYeHNIA N HafaBBaHWe BO/IOKOH APYr Ha Apyra HacTo/bKO
He3HaunTeNlbHbl, YTO OHN He MEHAIOT CYLLECTBEHHO YCTaHOB/IEHHOIO BbILLIE 3aKO-
Ha pacrnipefeneHus gecopmauuii BONOKoH. Moatomy dopmyna (21.4) MOXeT 6bITb
NPUMeHUMa 1 419 Clyyas NJ0CKOro nonepevyHoro n3rnba 6anku.

BbiBegemM (opMy/nibl MOMEHTOB COMPOTUBNEHUS 415 3/IEMEHTAPHbIX MI0CKUX
CeYeHui.

[MpsAMOYronbHUK o CTopoHamu b 1 h (cm. puc. 31a)

v =

b [h°
- 2
W, = I, _ 12 _bih
ymax % 6 (21'5)
b* [h
- 2
W, = l, _ 12 _b'[h
KBagpart co cTopoHoi a (cm. puc. 316)
a4
W =W = E = 3._3
X y % 6 (21.7)
Kpyr (cm. puc. 31B):
7
64 _xd’

9/_ d, 32 =010 1

Kpyrosoe kosbLo (cM. puc. 31r):

W, =W, =

ZOD* —d*)
I 64 7ZQD4 —-d*) [_E
W, =W = = =0,1
=W, =5 D (21.9)
7, 7, 2D
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d

Ecnu 3agaanmca OTHOLLEHMEM AMaMeTPOB B =C wm d =C D 1o NoTyUYnM:
7 [D*
| =1, =—mq-C*
vy Il | )
7 [D®
W, =W, ===~ )=010°@- ) (21.10)

Puo, 31

§ 22. KacaTe/ibHble Hanps»XeHus rnpu naruoe

KacaTenbHble HanpshKeHUs, Npu M3rnbe onpeaenstoTcs no opmyne:

_QL,
T (22.1)

X

roe: T - KacaTeNlbHOe HanpshKeHne Ha niowazike, napannefibHow, HeUTpaibHOMY
C/I0K0 U B MOMEPeYHOM CEYEHUN;
Q - nonepeyHas cuna B paccMaTpMBaeMOM CEYEHWUN Banku;
I, - MOMEHT MHEPLNN OTHOCUTENIbHO HEMTPa/IbHOM OCK BCErO NOMepevyHoro ceve-
HUS BaNKu;
Sy - CTaTUYECKMIA MOMEHT OTHOCUTE/IbHO HEWTPA/IbHOW OCKU TOK YacTu nore-
PEYHOr0 CeYEHUs, KOTopast IEXKUT BHE U HXKE pacCMaTpUBaeMOi NIOLLAAKN;
b - lWWMpMHa ceyeHnsa Ha YPOBHe M/OLWaaKKM, Mo KOTOPOW ONpeaenstoTcsa KacaTe/b-
Hble HanpPsXKeHUs.

dopmyna (22.1) Ha3biBaeTcs opmynoit . U. XKypaBcKoro ans onpegeneHuns
KacaTe/IbHbIX HanpshKeHWI Npu n3ruoe.

§ 23. OnpepgeneHne KacaTe/lbHbIX HAMPsXXeHW B 6asikax NPsMOoYrosib-
HOro ceyeHus

MoacTasnsas B oopmyny (22.1) 3Ha4eHUsa Sy A4Na pasINyHbIX 3HAYEHUI Y,
MOXHO YCTaHOBUTb 3aKOH M3MEHEHUS BENMUYNHBI KacaTe/lbHbIX HanpsXXeHWii Mno
BbICOTe MPSAMOYTO/bHOro ceyveHns (puc. 32).
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_ Pmc.B2
,ﬂ,ﬂﬂ 3TOro Bblae/ MM Ha PaCCTOAHUN y oT HEI7ITp8J'IbHOI7I OCK HaCTb NMNPAMOYToJ/1bHO-

h F=b h [
ro CeYeHUs! BbICOTOM (E A ),nnowaas Kotoporo: ' -y E

a PacCTOsHME OT LIEHTPA TSHKECTM 3TOW naoLaam Ao ocn X:

e = n l% YH——%WE

CTaTnyecKuUin MOMEHT 3TOW YacTu CeYEeHUSI OTHOCUTENBHO Hel‘/'lTpaanoﬁ ocu:

0 C
S, —Fﬂfc—b% yﬁi%wﬁ—a y yzE

MoacTaBmB 3HaYeHWe Sy B qoopl\/lyny (22.1), nonyqlmvl'

Sy

EEJZD4

370 - ypaBHEHME KBaJpaTUUHOI Napabosbl, 13 KOTOPOro CNeAyeT, UTo Kaca-
Te/lbHOe HamnpsXeHve T UMeeT HambosbLLee 3HAUYeHUE B TOUKAX Ha HEMTPanbHOM
ocu

(npny =0):

= Q b
max I |:I] 8

X
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MoacTaBMB BMECTO |y BbipaXKeHMe MOMEHTa MHEPLMK AN NPSMOYroNbHOro

_bm®
ceyeHmsa “"x ? nony4ynm:
2

Z-max Q3 [ﬂ] - E Eli = § @

b [h 8 2 bh 2 F,
12

3R
rope F =b 00 uam okonuatensHo: T max ~o5F (23.1)

o =4 —
B KpanHUX Xe BEPXHNX N HUXKHUX TOYKaX CEYEHUA, T.€. MNMPKU y - 2 Ben-

UYMHA KacaTe/lbHbIX HanpsXXeHWI paBHa HyHO.
ntopa KacaTte/bHbIX HaNPSPKEHWIA NO BbICOTE CeYeHUs NnokasaHa Ha puc. 320.

§ 24. MoTeHUManbHasn aHeprvsa geopmaummn Npu n3rnbe

PaboTa BHeLLIHero MomeHTa (napbl CU/), Kak M3BECTHO U3 TEOPETMUYECKON Me-
XaHWKW, paBHa NPON3BEAEHNIO MOMEHTa Ha COOTBETCTBYHOLLMIA Yron nosopota. B
LaHHOM >Xe C/lyyae napa Cu/ NPuioXKeHa CTaTUYecKu, T.e. BO3PACTAeT OT HyNA [0
KOHEYHOro CBOero 3HauyeHus, crefoBaTe/ibHO, paboTy BHELLHEr0 MOMeHTA onpese-
NSieM Kak MosI0BUHY NpPou3BeAeHNs BEeIMUMHbI MOMEHTA Ha Yros noBopoTa ceve-
HUS:

duz%[l}\/l W0

Ho n3 puc. 33 BUaHo, UTo

dé)zdz

; , & TaK KaK corfiacHo

thopmyne ; " E[ - TO Ccnefosa-

Puc. 33 - 21 E Dx

Tak Kak npu 4ncTom mn3ruoe
N3rnbaroLLMii MOMEHT - Be/IMYMHA NOCTOAHHAsA, TO NoNHas paboTa BHYTPEHHWUX CUJ
YMC/IEHHO paBHa NOTEHLNaIbHON 3HePrumn Ha y4acTke 4MHOM |
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M2
o EO 5l (24.1)

Mpu nonepeyHOM M3rmbe, Kak U3BECTHO, B CEUYEHMSX GaslKn BOHMKAIOT eLLe
nonepeyHble CUbl, OAHAKO, UMU MOXHO NPeHebpeydb, Tak Kak OHM MOYTU He BNNS-
tOT Ha paboTy, NPON3BEAEHHYIO U3TrMOAtOLLIMM MOMEHTOM.

§ 25. JIHelHble 1 Yr0Bble NepeMeLLIEHNS Npu n3rmnbe

Mbl 3HaeM, UTO Npu U3rmbe ocb GanKn UCKPUBNSETCS U, Ce0BaTeNbHO, TOY-
KW, NeXallye Ha Held, NonyyaroT HeKOTopble NepeMeLLiEHNS, KOTOPble, 01HAKO, Ha-
CTOMbKO Masibl MO CPaBHEHMIO C ANMHOW 6anKu, YTO HanpaBNeHMS UX MOXHO CYU-
TaTb NepneHANKYNAPHbIMK NepBOHaYa/IbHOMY MOMOXKEHUIO OCU GanKn. ITu nepe-
MELLLEeHMA Ha3bIBatOTCS MPornbamu.

KpuBas, B KOTOPYtO 06paLlaeTcsi NepBOHaYasibHas 0Cb 6anku Noj AencTBrEM
BHELLIHMX CW/1, Ha3bIBAETCS U30THYTOM OCbO Gasik1 MIN YNPYToi nHuei (puc. 34).

Mporun6bl B pasHbIX CEYEHUAX Pa3/IMYHbI U 3aBUCAT OT PacCTOSHUSA Z OT Npu-
HATOro Hauana KoopAMHaT, Hanpumep, COBNaatoLLEro C TOUKOW A, T.e.

I

Y, = f (Z) .Mpnz=0,y=0, anpu Z= E OH A0CTMraeT HanbOoNbLLIErO CBOErO

3HaueHus, T.e. Ymax — f , rae T — HambonbLWiA NpormM6 nnm ctTpena nporuoba.

Ocun KoopauHat
» T4 yC/oBUMCS pacronaratb cre-
L2 ,,—! AYHOLLMM 06Pa30oM.
: . Hauano koopauHar
,.f' NPMMeM Ha 1leBOM KOHLie

i1 rtyttifla 6asikn, OCb Z - Hanpasum
y i £ BMpaBo Mo ocu 6asikn, a ocb

eco cics Yy - BBEpX. Takoe
4 pacnonoXeHue ocein
s KOOpAMHaT [acT BO3-
Puc.34 __ MOXHOCTb CUMTATb MPOrnodbI
| " 6anku BHM3 OT-
puuatenbHbIMK, @ MPOrnobl BBEPX — MOMOXUTESIbHBLIMU.

Yron, cocTaB/ieHHbIN KacaTe/ibHOW K 10601 Touke K M30rHYTOM OCK C NepBo-
Haya/IbHbIM ee MOJIOKEHNEM, YCNOBUMCSA 0603HaUNTb 6. Ha 0OCHOBaHMM TMNOTE3bI
MNOCKMX CeYeHUI, NpeHebperas UCKPUBIEHWEM CeYeHNM 6K NpY NONepevyHOM
n3rnbe, byaem cunTaTb, YTO NOMEPEYHOe ceyeHmne 6anku, NPoBeLeHHOe Yepes Npo-
N3BOJIbHYHO TOUKY "K' rnepBoHavasibHOM OcK, NoBOpaUnBaeTcs Npu n3rnée 6anku
Ha TOT e yron 6. CnefosaresibHO, Yros 6 BblpaXXaeT Yri0Boe NnepemeLleHne rnore-
PEYHOro ceyeHus 6ankm Npu n3rnbe 1 HasbIBaeTCA YI/IOM NOBOPOTA CeYeHus 6asi-
Kn. OH paBeH MepBoii NPou3BOAHOM MO Z OT Npornéa B 3TOM CEYEHUN, T.€.
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0 = y' =2
dz
[ns onpefeneHns B1aa U30rHyTom ocu 6asiku HeobX0AMMO COCTaBUTbL ee
ypaBHEeHWE, T.€. BbIpasnTb OpAnHaThI (MPOrmobbl 6asikn) B (OYHKLUUKN OT NOMOXKEHUS

TOYEK M0 A/IMHE Basku, ApyrvMu cnosamu, Haiitn 3asucumocts Y = T (Z) . Uto6i
HalTWL 3Ty 3aBUCUMOCTb, MCMO/b3YyeM PaBeHCTBO (21.2), Nony4YeHHOe NPpU BbIBOAE

1 M

_— X
(hopMy bl HOPMa/IbHbIX HANPSYKEHWUIA NPy N3rnoe: P " E[] " BblpaxaoLee
X

CBSI3b KPMBW3HbI 6a/IKM C M3rMbatoLLMM MOMEHTOM 1 MOMEePeYHOI ECTKOCTbIO Ce-
YeHUS.
dopMyna KpMBK3HbI, MOMyYaemas 13 anddepeHLmanbHOM reoMeTpum, Bbipa-

I n ()
KAeT ee CBSA3b C MPOU3BOAHbIMKM Y 1 Y OT opanHaT KpUBOIA.

1 y"

+
- P 251
PRy E @

3aBNCUMOCTb 3TY MOXKHO YNPOCTUTb, UMeS B BUAY, YTO NPOrnbbl 6anoK oUeHb
Ma/ibl MO CPABHEHWIO C A/IMHON 6anku, a yribl NOBOPOTA TakXKe He COCTaB/NSIOT Be-
NINYMHBI, 60NbLLER 1°. B 3HameHaTeNb e NPaBoii YacTu 3TO hopMy bl BXOAUT

2 o o o
(y ) - TaHreHC yrsa HaK/oHa B KBaaparte, ABIAIWnnca Mmasion BeM4YNHONU MO
CpPaBHEHWIO C 1, BXOASLLEl B ABYY/IEH 3HAMEHATENS, a NO3ITOMY ee 0TOPAChIBAIOT, B
pe3ynibTaTte Yero popmyna NPUHUMaeT BUA
2

1 d

— Ozy" [ Z/ (25.2)

o, dx

T.e. KpUBKU3HA 6asikm NpUGMXKeHHO paBHa BTOPOI MPOM3BOAHON OT npornba. Te-

1 M

—_— X
nepb hopmyny ; " E[] MOXHO NpeAcTaBuTh Tak:
X

' =gp ww  EOIEM, (252)

HanoMHMM 13 MaTeMaTUKK, YTO 3HAK BTOPOIA NPOV3BOAHON 3aBUCUT OT Ha-

NpaBNeHNs 0Ceil KOOPAMHAT, @ UMEHHO: OHa OYAET MMETb NMONOXMTE/NbHOE 3HaYe-
HWe, eCIM BOTHYTOCTb KpK-
n 5} BOW Hanpa./ieHa B CTOPOHY

3]_‘. MONOXXUTENLHON OcK, 1,

g 4l Hao6opOT, 6YAeT OTpU-

| -M oM LlaTesIbHO, €C/ B CTOPOHY

tM +M p——— MOJIOXMNTENBHO OCK Ha-
( } MpaB/eHa BbIMYKNOCTb KpW-

Bou (puc. 35).
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N3rnbaroLwmii MOMeHT, Kak Mbl YCNIOBUACh, B MEPBOM Cyyae 6yaeT nono-
KNTENIeH, BO BTOPOM - OTpuLaTeNeH. Takum 06pa3om, Npuy HanpaBneHnn ocun 'y

BBEPX B YpPaBHEHWUU ty' =——o
EO,

HY>KHO OCTaBWUTb 3HaK "natoc”, a Npu HanpasneHUM 0CU BHU3 - 3HaK "MUHYC".

B panbHeliwem 6ygem HanpasnsTh OCb Y BCerga Beepx, Torga aughepeHum-
a/lbHOe ypaBHEeHVE NPUMET BUL;:

n M
y

—_ X

" EQ (25.4)

X
Mony4yeHHOe ypaBHeHUe (25.4) Ha3blBaeTCa AnddepeHLmanbHbIM YpaBHeH!-
€M M30rHYTOIN 0CK Baskw.
CyLLecTBYeT HECKO/IbKO MEeTO/Z0B PeLLEHMNs 3TOM0 YpaBHEHUS.
AHa/IMTUYECKNIA METOS, peLLieHNs COCTOUT B ABYKPATHOM MHTErpMpoBaHum
AndhhepeHUManbLHOro ypaBHeHus (25.4), B pesynbTarte Yero rnepBoe MHTErPUPOBa-
HVe [aeT ypaBHeHWe yrioB NoBOpPOTa:

EO LY :J'I\/IX [dz +C
a BTOpOe UHTerpMupoBaHme - ypaBHeHWe Nporn6os:
EQ, Ey:IdZIMX [dz+C[2+D

[Mocne Kaxaoro MHTerpyMpoBaHus nosy4vatoT NOCTOAHHYO MHTErpupoBaHus.
TakuM 0bpa3om, Ana N60ro yvacTka 6asku B pesy nbTaTe [ABYKPaTHOro MHTErpu-
POBaHWA YpaBHEHWNA M30rHYTO OCU MOYYatoT fiBe NOCTOAHHbIE MHTErPUPOBaHMS.
CnepoBatesibHO, MPY HAIMUYNA HECKO/IbKMX YYaCTKOB aHa/IMTUYECKUIA MEeTOZ, Npu-
BOAMT K PELLEHNIO CUCTEMbI YPaBHEHWI C 60bLUMM YMC/TIOM HEU3BECTHBIX NOCTO-
SHHbIX MHTErpupoBaHuns. MoCTOAHHbIE NHTErPMPOBAHUSA ONPEAENAIOT 13 YC/I0BUIA
3aKpensieHuns 6anku (rpaHNYHbIX YC/I0BWIA), a TaKXKe M3 YCNOBUI Ha rpaHuLax
CMEXHbIX Y4aCTKOB. pun aTOM: a) Kaxkaas HernoABMXXHAA U NOABUXKHAA ornopa
[laeT OAHO YC/OBWe - PaBeHCTBO HY/HO Nporunba B ceyeHnn 6askn Ha onope; 6) oT
Ka>K[0M YKeCTKOW 3aenKu (3aLLeM/IeHNs) MOXHO NONYyYUTb [Ba YC/IOBUSA - paBeH-
CTBE HY/K0 Npormba 1 yrna noBopoTa B CEYEHUN 3ae/IKW; B) OT KaXKAON rpaHnLibl
[BYX CMEXHbIX Y4aCTKOB MoJly4aeM [iBa YC/I0BUSA - PaBEHCTBO MeX Ay CO60i npo-
rméoB 1 YrnoB NOBOpOTa OBLLUMX CEYEHUIA Ha FpaHMLEe 060MX YHaCTKOB.

8 26. MHTerpan Mopa n cnocob BepewarvHa

[MycTb TpebyeTcs onpefennTb BepTUKa/IbHOE NepemMeLleHne ToUku "A™ banku
(puc. 36a). O603HaYMB AENCTBUTENIbHOE COCTOAHME Bankn P, a PUKTUBHOE CO-
CTOSIHVE €€ - i, MPUIOXKNM K Held eIMHCTBEHHYHO BHELLHIOK CUJTY, PaBHYHO, eAn-
HuLLe, NO HanpaB/IEHMIO MCKOMOTO nepemelleHmns (puc. 360).

PaboTa BHELLHMX CU/1 paBHa NPOMN3BEAEHNIO eAMHNYHOW CU/Ibl HA UICKOMOE

nepemeLeHve; A, = 1LY,
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|
PaboTa BHYTPEeHHUX CUJI: U =U, :I [0z
0

Ho ecnu fedopmaLimm Tena coBepLIEHHO ynpyrme, TO paboTa BHELLHWX CUN

YMCMEHHO paBHa paboTe BHYTPEHHMX CUJl, T.€. Aip =U ip -

| p CnefoBaTebHO:
a) % ‘M, M,
. ERINERYIN I EO. Lz (26.1)
_._______,.-w—t'-!}': 7 dopmyna (26.1) Ha3biBaeTcA

thopmynoit (nHTerpanom) Mopa u
MO3BOJIAET ONpPefeUTbL NepemeLleHme

{ M0G0 IHEHO fethopMUpyemoli
(5) j cuctembl (Mnun 6ankm) ot 16O Ha-
. ' rpy3Kku. MoauHTerpanbHoe
A} .?,im BbIP&)KEHWE B 3TON hopmysie creayet
Pho. 56 CUMTATb MOMOXUTENbHbIM, €C/IN 06a

M3rnbaroLLMxX MOMeHTa BXOAAT B
(hopmyy € OAMHAKOBLIMI 3HAKAMW WK, YTO TO XKe, MNPkl UX PacrosioXKeHbI Mo
OflHY CTOPOHY OCU 6asiKu.

BbluncneHve nepemelLieHnia no gopmyie Mopa BecbMa ynpoLlaeTcs, eciu
O/Ha 13 3ntop NPSMONNHENHA, a XECTKOCTb 6a/iki NOCTOsiHHA. Torfda npu onpege-
NEeHNN nepemeLeHns nHTerpan Mopa BblYMCASOT rpag)oaHaIMTUYECKM Mo Croco-
oy A.H.BepewjarmHa.

OCHOBHOE MPenMyLLeCcTBO 3TOr0 cnocoba COCTOUT B TOM, YTO NPM €ro nomo-
L MOXKHO 060MTUCL Be3 COCTaBNEHMS ypaBHEHNS MOMEHTOB 1 6e3 HTErpupoBa-
HUSA UX NPOM3BEAEHNIA. DTN TPYAOEMKIME OnepaLn 3aMeHSHTCA NPOCTENLLMMMA
reoMeTPUYECKMMM BbIYMCNIEHNAMM, 3aK/THOYAKOLLMMMCS B "MEPEMHOXEHMN 3ntop™
N3rndatoLLMX MOMEHTOB OT AENCTBUTENbHON U (PUKTUBHOM (EANHUYHOI) Harpy-
30K.

[MpeanonoXum, 4To Ha yyacTke AB 6a/iku NOCTOAHHOW XeCcTKocTu (puc. 37)

antopa M npamosiMHeliHa 1 BblpaXXeHa ypaBHEHVEM M, =k[Z+b, BTOpast Xe
3rtopa ¢ Npou3BO/bHbIM oYepTaHueM My(z).
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J Mi=kz +§

r .
,23 k?u*f 147_
A | 5 A :
Puc.37 |w— 0,
[MoacTaBuB BbipaxkeHe M B nHTerpan Mopa, nonyymm:
BM m/l 1 B 1 D B B [
P dz=—-M_ [KEZ+b)dz=— M_[Z2[dz+b[JM_[dz
I = M L

OueBMAHO, UTO MeEPBbI MHTErpan NPeACTaBseT cOO0I CTaTUUYECKUIA MOMEHT

NaoLWaan  OTHOCUTENBHO OCY OPAMHAT, paBHbIA @ H0 , @ BTOPOM UHTerparn -

nnoLaab anopbl M, B npegenax ot A 1o B, cnepgosaTesibHO:
B

Mo = 1 M (K2 +bid) =L K, +b)
.[ED]X _ED]X[.! P CEO, %*0),

Ho mHoxutens KE, +b=17 - OpAMHaTa NPAMONMHeHONM antopbl M;, Haxo-

AALLAACA NPOTMB LiEHTPpa TSHXKeCTU nnowaan. MoaTomy OKOHYaTeIbHO MMEEM:
B M, M, & 1 B
_[ - : 26.2)
= E,

T.€. NepemeLLieHme 60 TOUKM NPAMOro Gpyca paBHO MPON3BEAEHUIO M10-
LazAmn anopbl M, (MPoV3BOILHOTO OYepTaHNUs) Ha PaCcMOIOKEHHYIO MPOTUB ee
LLeHTpa TSHXKECTU OpAnHaTy
NPSAMONNHEHON 3ntopbl M;,

a A P [€NIEHHOMY Ha YKECTKOCTb
g ceueHmns Ganku.
g £ z ' CneayeT UMeTb B BUAY,

F-3

yTO opaMHaTa N bepetca
TO/IbKO U3 NPSAMONUHENHOMN

3MNHOPbI.

Mpumep: onpeaennTb
BEPTUKANbHOE MepeMeLLieHne

(nporn6) n yron nosopoTta
KOHLLEBOIO CEYEHUS KOH-
CO/IbHOW 6a/IKM MOCTOAHHON

o { i
A 7 - /. : ¥ J4={ KeCTKOCTH (puc. 38a).
AR ;

Prc.38



PeLLeHMe: CTPOMM 3Ntopy U3rmbatoLmx MOMEHTOB A1 AeACTBUTENbHOIO CO-
CTOsIHUA 6anku (puc. 386). BbibrpaeM (OMKTUBHOE COCTOSAHME Bankm ¢ eAMHNUYHOWA
CWUOI B TOUKE MPUIOXEHNS HArpy3Kn 1 CTPOUM OT Hee 3Mopy U3rnbarowmx mo-
mMeHTOB (pnc.388B). OnpeaensemM BepTMKabHOE NepemeLLeHre no npasuy Bepe-
WwarmHa. NockonbKy 06e antopbl NPSAMONHENHBI Y UX rPaHULbI COBMajatoT, nso-
Lazb NPkl 1 OPAMHATY MOXKHO 6paTh 13 K60 3MopbI.

I —
Mnowaap rpy3osoii anmtopbl; @ ~ E (p
|

LIeHTp TSYKECTM 3TOI 3Mtopbl HAXOAMTCA B PaCCTOSHUM g OT 3a/1eNKW.

OpAvHaTa antopbl MOMEHTOB OT €AMHWUYHOI Harpy3Ku, pacnosioXeHHas nop,

2
LleHTPOM TSXKECTU rPY30BOi4 3MHOPbI PaBHa g W=n , MO3TOMY:
3
y=29-_ 1 dppdg- P
EQ0 EO 2 3 3[ED

Pe3ynbTat nepemeLLeHns snop NOMOXMUTENEH, NOCKO/bKY 06e 3ntopbl pacmno-
NOXeHbI M0 0AHY CTOPOHY OT OCK BasnKwm.

BennuuHy yrna noBopoTa ceyeHus onpegesvm, Bblopas (JMKTUBHOE COCTOSA-
Hve 6asikn, MPY KOTOPOM Ha ee KOHLe AelCTBYeT COCPef0TOUeHHas napa Cun ¢
MOMEHTOM, PaBHbIM eAVHULIE, 1 CTPOUM N8 3TOr0 Cy4as anopy U3rnbaroLLmx
MOMeHTOB (puc. 38r).

[MepeMHOXas aMopy W Ha NPy OT e4UHNUYHOTO MOMEHTA, MOJTYYUM Yrof
no
BOPOTa KOHLEBOIO CeYeHUs KOHCON:

p
2[E [

Tak e, KaK 1 B NepBOM C/ly4yae, 06e anopbl PacronoXeHbl N0 0HY CTOPOHY
ocu 6anku, cneaoBaTenibHO, Pe3yNbTaT NePeEMHOXEHNS 3O NONOXUTENEH, T.€.
KOHLIEBOE CeYeHe Gaskin NOBOPaYNBaETCs MO HanpaBeHNIO eUHNYHOTO MOMEH-
Ta.

1
0=—1 Grporn=-
EO 2Ep

§ 28. CnoxxHoe conpoTtmsneHne. Kocon n3rné

[10 cvx nop 6bINM PacCMOTPEHBI CTyYan, KOra 3N1eMeHTbl KOHCTPYKLIMIA, Noa-
BEPXKEHHbIE IECTBMIO BHELLIHWUX CU/, UCTIbITbIBA/IM TOMbKO OfHY M3 NPOCTbIX fe-
(hopmaLWii; 0CeBOE PacTsHKEHUE UK CXKaTUe, CABUT, U3rM6 U KpyyeHue. B aeiicT-
BUTENbHOCTM, BO MHOTMX CyYasX 3NeMeHTbl KOHCTPYKLWiIA Npy paboTe UCMbITbI-
BalOT OJJHOBPEMEHHO HE OfJHY M3 NepPeYnCIeHHbIX AethopMauuid, a aAse UM 60/b-
LLle.
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Hanpumep, Basibl MalLMH UCMNbITbIBAIOT OHOBPEMEHHO Aedopmauum Kpyye-
HUSA 1 U3rnba: KOMOHHbI U CTO/ObI, Harpy>KeHHble BHELLEHTPEHHO, UCTbITbIBAtOT,
KPOMe CXKaTus NN PacTsHKEHUA, eLLe 13runo.

AnemMeHTbl KOHCTPYKLUWIA, UCMNbITbIBaKOLLME OLHOBPEMEHHO MO ABe 1 6osee
AeopMaumii, HaXOAATCA B COCTOSHWUM CI0KHOTO CONPOTUB/IEHNS.

PaccMOTpUM HEKOTOpbIE C/lyYaun C/I0XKHOIo CONPOTUBIEHNSA, NPUYEM MPU Or-
pefieNleHNI HanpPsXXeHUA 1 fedopmaumii 6yLem rnosb3oBaTbCs MPUHLMUMNOM Hesa-
BUCUMOCTU AencTBus cun. OQHUM 13 BUAOB C/IOXKHOTO COMPOTUB/IEHUS SIBNSETCS
Kocow n3rné. Cnyyar nsrnba, Korga cuiosas njaockoCcTb He COBMagaeT HU C OAHOW
13 rNaBHbIX NJIOCKOCTEN bpyca, Ha3blBaeTCs KOCbIM U3rM60M.

3 onpeeneHns NOHATMS KOCOro U3rnba cnefyeT, 4To 6pycbs C KPYr/biM,
KBafpaTHbIM, PABHOCTOPOHHMM LLECTUYTO/bHbIM, BOCbMUYTO/bHBIM MU UM NOA06-
HbIM CEYEHMAMM, Y KOTOPbIX [BE /I06ble B3aMMHO NepneHANKYNSPHbIE LEHTPas1b-
Hble OCM AB/IAKOTCA [N1aBHbIMW, KOCOTO M3rnba UCnbliThlBaTh He ByayT.

Ha kocoit n3rn6 pabotatoT 6a1km ¢ HECUMMETPUYHBIM CceveHnemM. PaccmorT-
pUM gedopMaLio Kocoro n3rnba Ha cnegyrowlem npumepe. NycTb Ha KOHCO/b
[eCTBYeT COCPe0TOHeHHas Harpyska P, npunoxxeHHas Ha CBOGOAHOM KOHLie
nof yrnoMm o K rnasHoi nnockoctn YOZ (puc. 39a). TpebyeTca onpeaennTb Haum-
60/bLLME HaMPSAXKeHNS B MOMNEPeYHbIX CeYeHUsX bpyca, ero Npornosbl, a Takxke rno-
NOXeHWe HeTpasibHOM ocuy (HYNeBOW NMHKM) Y NOCTPOUTL 3NHOPY HOPMasbHbIX
Harnps>KeHWiA.

UT06bI NPOBEPUTL MPOYHOCTL BpYyCa NPY KOCOM U3rMbe, HY>KHO HalTh B
OMacHOM ero CeYeHMM TOYKY C HaMbO0MbLLUUM HOPMa/IbHbIM HanpshkeHWeM. [eincT-
BYIOLLYYIO NOJ Yr/IOM cuny P pa3noXunm Ha [iBe coctasnstowme Py 1 P, No Hanpas-
NEeHWAM rnaBHbIX ocer MHepuun 0,X 1 0,Y.

BennumHel cocTaBNAKOLLINX
PaBHbI: P =P Bina :

Py =P [Cosa

3amMeHuB cuny P ABymS
COCTaBNALWMUMN, Mbl NPUBENN
C/lyyain Kocoro u3rmba K gBym
NPAMbIM U3rnbam,
BblI3blBaEMbIM COBMECTHO CU-
namu Py n Py B ABYX FNaBHbIX
MI0CKOCTAX bpyca.
Lna onpeneneHus

2%, HanpsKeHWii B TOUYKax no-

Puc, 3% ™6 “L  nepeuHbIx ceueHuii bpyca npu

ero Kocom u3rnbe Heo6xoaMmMo

anirebpanyeckn CyMMmUpoBaTb HanpsXXeHUs, BO3HUKatoLLme OT cun Py u Py, T.€. OT
KabK0ro npsiMoro nsrunéa B oTaenbHOCTUW. MepemMelleHns (Mpornbbl) nonepeyHbIX
CeYeHN onpeaenstoTcs reOMeTPUUECKUM CIOXKEHUEM MX MEPEMELLIEHMIA, MpounC-
XOAALLMX B KAXKA0N 13 rNaBHbIX NJOCKOCTEN.
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PaccmMoTpyM MooYepesHO [eNCTBUE COCTABNAIOLLMX CU.

1. Cvna Py n3rnbaet 6pyc B NIOCKOCTW FNaBHON OCYU UHEPUMMN Y, HENTpa/ib-
HOM OCblO ceyveHns ByaeT ocb X (puc. 396). OT AENCTBMS 3TOIN CUIbl B CEYEHUSX
Opyca Bblle HeATPasIbHOW OCK OYAYT BO3HMKATb PaCTArMBAIOLLME HAMNPSHKEHNS, a
HUXe - OKumarowme. B gaHHOM cnydvae n3rmb 6yaet naocKMM U BeMYMHA HOp-

M

—_ X
MabHbIX HanpshKeHWii onpeaenseTcs no gopmyne; @ x~ | Ly :
X

2. Cuna P, n3rnbaet 6pyc B NI0CKOCTU APYroW rNaBHOM OCU MHEPUUN X; HEW-
TpanbHOI OCbIO ceveHns byaeT ock y (puc. 398), 3HakamMm Ha cTopoHax AB 1 CD
OTMeYeH XapakTep pacnpeaeneHunst HanpsXKeHWn: cneesa - CXKatue, cnpaea - pacTs-

_ My
seHue. HopmasbHble Hanpskerust ans atoro cayvas: © v~ | D(.

B nocnegHux asyx dopmynax M, =F, M= pdCoscx
M, = pSina
npeacTaBNaT coboi M3rnbaroLime MOMeHTbI B OMaCHOM CeYeHUn 6asku, T.e. B
nnockocTu 3agenkn ABCD.

[ns onpegeneHns NOMHOro HOPMaslbHOr0 HaMPSXKEHUA O OT AeNCTBUSA CUsibl P
anrebpanyeckn CyMMMpYemM Hanps>KeHns oy 1 Oy

My My

l, l,
roe ly, Iy - MOMEHTbI MHEPLUN CeYeHNA OTHOCUTENbHO raBHbIX ocer X, Y, MHO-
XUTENN X N'Y - KOOPAUHATBI TOUKM, AN KOTOPOW OMpefenseTcs Harnps>KeHne.

[MpumeHss opmyny (28.1), cnefyeTt pyKOBOACTBOBATLCA PaHEE NPUHATLIM
MpaBU/IOM 3HAKOB A/19 HarNpPsPKeHWs 0 B MPOM3BOJIbHON TOUKe ceveHus. B Toukax
CeYeHus, nexxaLmx Bbille ocn X, OyayT AelnCcTBOBaTb PacTArMBAtOLLME HaMpPsKe-
HUSA OT feincTBus My; 3HaUUT, nepes YieHoM, cogepxalumm My, Hafo NoCTaBUTb
3HaK "nntoc” (pacTaHyTasd 30Ha), a AN TOUYeK CeveHus, nexatumx Hmke ocn X -
3HaK "MUHYC" (CKaTas 30Ha). [J1s TOUeK ceveHuns, nexalmx cnpasa ot ocun Y, ne-
pes YneHoMm, cogepxxawum My, cnefyeT nocTaBuUTb 3HaK "natoc” (pacTaHyTas 30-
Ha), a 418 TOYeK, Nexxalynx cnesa OT Hee - 3HaK "MUHYC™ (CXaTas 30Ha).

HeiTpanbHas 0Cb UM HYNeBast IMHWSA, T.e. JIMHUSA, HA KOTOPO HOPMaslbHble
Hanps»KeHUs paBHbl HY/O, He ByAeT coBnafaTb HW C 0AHON 13 oceil X, Y. OHa He
OyZeT 1 NepneHANKYNAPHOW K NIOCKOCTN AeACTBUA HArpy3Ku.

OnpefennmM nosioXKeHne HyNeBOW NNHUK, 418 Yero BblpasM COCTaB/AOLLME
MOMeHTbI My 1 M, uepes pesynbTUPYLWNii MOMeHT M, AeACTBYIOLLMIA B CUI0BOM
NA0CKOCTHU:

o= (28.1)

M= 0 a; M, = 0«

X
MoacTtasms 3HaveHna My u My B hopmyny (28.1), nonyyum:
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[Cosa Sina

o=M %Tty —D(E

[na cocTaBneHNs YpaBHEHUS HYNIEBOW IMHUN HEOOXOAMMO NPUPaBHSATL 3TO
BbIPXXEHWE HY/IO; NPUYEM Caraemble B CKOOKax cneflyeTt B3siTb C 06paTHbIMY
3HaKamu, NOCKO/IbKY BO 2 1 4-M KBagpaHTax, rfie 40/MKHa NPOUTN HelTpasibHas
0Cb, KOOpAMHATLI X 1 Y UMEIOT pasHble 3Haku (cM. puc. 39r, Touky K); cnenosa-
TeNbHO, OyOeM VMETD:

[ Cosa Slna L
< I T A F=
A
Ho TaK Kak 13rnbaroLimii MoMeHT M = P He MOXeT ObITb PaBHbIM HY/HO, TO
OCTaeTCA NPUHATL paBHbIM HY/O BblPaXKEHNE B CKO6KaX, T.E.

C(I)sa - Sllna =0

X y

y _ Sina

WM v Cosa l,

O603HauMB Yepes 3 yron Hak/ioHa Hy/eBOM NMHUM K OcK X, NONYUYUM:

==/

Mocne Yero BblpaXkeHne Ans TaHreHca yrna HaknoHa HyneBol MMHUKM K ocu X npu-
MET BUA;

X

9/ =19a EP (28.2)

Kak BMAHO 13 thopmyibl (28.2), yrnbl a 1 B B 06LLEM CNyyae He paBHbI MeXAY
CO60M, T.e. HyNIeBast IMHUSA He NepreHANKYNApHa CUN0BOIA NNHUK, KaK 3TO UMENo
MecCTO B C/ly4yae Mn/ocKor n3rnba. B3anmHaa nepneHAMKyNapHOCTb UX byaet
TONIbKO B TeX cny4asx, korga l,=l,, T.e. 4na KBagpaTHbIX, KPYr/bIX U APYrux ceye-
HWIA, YO0BNETBOPSAIOLLMX YC/TOBUIO PaBeHCTBA MMaBHbIX LEeHTPa/lbHbIX MOMEHTOB
NHEPLWN CeveHus.

B pesynbTate BbiBOAa PopMysibl (28.2) oKaszanochk, YTO npasas vyacTb Moso-
YKUTENbHA, a 3TO 3HAYUT, YTO MPUHATLIA HAMM OTCYET Yria No ABUXKEHMIO YaCcoBOM
CTPEsIK/ 0Ka3zasicA npaBu/bHbIM, T.e. COBMaAaeT C Hanpae/ieHneM oTcyeTa yrna 3,
CLleNaHHOro TakXXe Mo HanpaB/eHNIO ABUXXEHWS YacOBOW CTPESIKN.

Tenepb, N0/b3YACH MPUHLMNOM HE3aBUCUMOCTU AeNCTBUSA CUJI, ONPeae/ UM
nepemeLLeHns npu Kocom nsrunée. Mpornbsl cBOGOAHOMO KOHLA 6a/ikM OT AeNCT-
BUA cun Py 1 Py MOTYT BbITb OnpezesieHbl l00biM 13 N3/10)KEeHHbIX BbiLLe CNoco-
60B. OHK NOMYyYatoTCA PaBHbLIMN:
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— I:)xl:l]3 — l:)yl:l]3
*3ED,: ¥ 3ED,:

npuyem, Nporné ot LeincTems cubl Py, HanpasieH no ocy X, a nporné ot geincT-
BUSA cusibl Py - no ocn Y. TlonHbIA nporn6 KoHua 6aiku BbIpasuTca reomeTpuye-

CKOWV CyMMOi 060MX NPOrmooB:
_ 2 2
f=f2+f?

HanpaBneHne NoHOro Npornba onpeaenseTcs 3Ha4eHNeM TaHreHca yrna ero
Hak/oHa K ocn Y:
gy = f, _P.0, _ PO, Bina
f Py [Iy P[Iy [Cosa

y

IX
nnm gy = 1 Hge (28.3).
y
ConocTasnsas opmynbl (28.2) 1 (28.3), HAXOAUM, YTO NpaBble UX YacTU paB-
Hbl, @ 3HAYMT, paBHbI U X NIEBble YacTw, T.e.

9y =9 wmy=p

OTKyfa CNnefyeT, YTo NO/HbIA NPOrMo HanpasieH NepneHanKyNApHO K HY/IeBOM
NIAHUK, T.€. NPOrn6 6asikM NPOUCXOAMT B NIOCKOCTU, NEPreHANKYNAPHOW KyNeBon
NNHNN.

®opmynbl (28.1), (28.2) 1 (28.3) 6bin BbiBeeHbI Ha NpUMepe 6pyca NpPAmo-
YrO/IbHOr0 CEeYEHNS, HO OHWN AeCTBUTENbHbI U AN APYTUX CEYEHWNIA, Y KOTOPbIX
ocn X 1Y ABNAKOTCA rNaBHbIM OCAMU MHEPUMW. HanbonbLume HanpsXXeHns B
OpYCbAX, CEUYEHUS KOTOPbIX UMEIOT [iBe OCY CUMMETPUN M OracHas ToYKa Makcu-
Ma/lbHO yasieHa 0T 06erx rnaBHbIX 0Cei (Hanpumep, NPSMOYTo/bHUK, ABYTaBp),
onpesensoT no opmyrne:

=+ M X + M y

O max W, _W—y (28.4)

3HaKu nepen KaXkabIM YIEHOM MpaBeit YacTu hopMysibl 6epyT B 3aBUCMMOCTH
OT NOJIOXKEHMA paccMaTpMBaemMon TOUKM B ceUYeHW. B Hallem cnydae, Harnpumep,
ana Toukm "C” (puc. 39r) Hago B3ATbL NAKOC, a A9 TOUKK "A" - MUHYC.
Takum 06pa3om, pacyeTHOe YpaBHEHWE Ha MPOYHOCTL MPKY KOCOM U3rnbe ans
6a/loK C ceYeHneM yKasaHHbIX TUNOB OyAeT UMETb BUL:
M X M y
o= —< [0']
W, W,

(28.5)
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§ 29. BHeLleHTpeHHOe cxxaTue (pacTsaxeHue)

Korpga cxumatoLas (pacTaruBatoLLas) cuia Uiy paBHOAeCTBYOLLAs He-
CKONbKMX CUN AECTBYET NapannenbHO ocK Bpyca, HO TOUKa NPUNOXKEHNS ee He
COBMaJaeT C LIEHTPOM TSHKECTM MOMEPEYHOro ceveHns bpyca, TO Takoe CxxaTue
UK pacTsXKeHNEe Ha3bIBAETCA BHELLEHTPEHHbIM.

PaccMoTpum CHavana cny4vai, Korga MMHUS AeACTBUS CKUMAtOLLER (pacTaru-
BatOLLLEI) CU/bl HAXOAUTCA B MIOCKOCTU, MPOXOAALLEN Yepes rMaBHY 0Cb MHEp-
LMW CeYeHNs Ha HEKOTOPOM PacCTOSHMM OT LieHTpa TsHKecTn cedeHns (puc. 40).
PaccTosiHMe | TOUKM NPUNOXKEeHNS CUJbl 40 LeHTpa

Py TSHKECTU CeYeHUs Ha3blBaeTCs IKCLEHTPUCUTETOM.
aj o #T [MycTb cnna P npunoxXeHa B Touke A.
1 MpuBeaem cuny P K LLEHTPY TAXECTU ceveHns, ana
File 4ero NPUIoXKMM B Hem (Touka 0) ABe CUsbl,
—;)—-—4-%_ paBHble M0 BeNMYnHe cuse P, Ho obpaTtHble Mo
HanpaBneHnto. B pe3ynbTate 3TOro Tenepb Ha
Opyc 6yayT AeincTBoBaTh TPU CUnbI: cuna P,
MPUIOXKEHHas B LIEHTPe TSXKECTU CeYeHUs, U [Be
cunbl P, cocTasnstoLwme napy ¢ MOMeEHTOM
i M =P (nepeuepkHyTble AByMS UepToUKamM).
: OueBunAHO, YTO cua P, NpUNoXeHHas B LEHTpe
| ceyeHus, 6yaeT paBHOMEPHO CXXMMaTb bpyc, a
;/ MOMEHT napbl 6yfeT ero n3rnbars. Takum
,/ 06pa3om, Cny4yait BHELIEHTPEHHOI O CXaTusa bpyca

Y
%’//
i )
L7 Pl
%/ /2 Mbl CBE/MN K LEHTPa/IbHOMY CXaTUO A VI3I'I/I6y.
3 Z M o
puMeHAa METO CEYEHNN, HaxXO04MM, YTO B

B

B

|
I
I
i
f

i F-

|
i

_ !

h_|
|
;
|

3

- &5(

A
- NHOOOM NnorepeyHoOM ceveHumn bpyca BO3HMUKaeT
R [iBa BHYTPEHHNX CU/IOBbIX (PaKTopa:
HC. — o
npogonbHas cuna N =— | uarubarowymii

moment M, =P il

CrepoBate/ibHO, B JaHHOM C/ly4ae MMeeT MeCTO CoYeTaHne YACTOro NPsAMoro
n3rnba ¢ LeHTPasibHbIM CXXaTneMm. NoCcKobKy CO6CTBEHHbIN BEC bpyca 3[ecChb He
YUUTbIBAEM, 3HaYEHNS BHYTPEHHMX CUJIOBbIX (hakTopoB OyayT OAMHAKOBbI BO BCEX

nonepeyHbIX CEHEHUAX.
BennymHa HopMasibHOro HanpPAXXeHWS, BO3HMKAIOLLIEro B NHO6OK TOUKe rnone-

PEYHOro ceveHus Gpyca, onpeaenseTcs Kak anreépanyeckas Cymma AByx Hanpsi-
KEHWIA: Oy - OT LIEHTPASIbHOTO CXaTUs U Gy, OT NPAMOro 13rn6a, T.e.

o =0, to,,
NN Ha OCHOBaHNA d)OpMyIIZ
N
o=—+—LX
E | (29.1)

y
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Mpy 3TOM KaXK[0e U3 cnaraeMbiX MOACTABMISETCA B 3TY (hOPMY/y CO CBOUM
3HaKOM MO xapakTepy aedopmaumm bpyca, T.e. B JaHHOM c/y4vae hopmyna byget
NMeTb BUA;

N M
G:_F+I_va( (29.2)
B cnyyae npunoxxeHns cunbl P B TOUke B:
= —E + M X
7T 3 (29.3)
HanbosbLuee HanpsXXeHe B CEYEHNN:
s =N M
o F W, (29.4)

[na onpefeneHns MakCMManbHOMO 3HaYeHUs HanpsXXeHNs (No rpaHn 1-3) ne-
pes BTOPbIM Y/IEHOM MPaBoil YacTu (POPMY/bl C/iefyeT NOCTaBUTb 3HAK «M/HOCY,
Torpa:

N M
o =—-—+—
maXx F Wy (29.5)

a ns onpeaeneHns MMHUMa/IbHOTO 3HaYeHMA HanpsXKeHUs (Mo rpaHn 2-4) — 3Hak
«MUHYC», TOrAa:
N M
o =——_
min F Wy (29.6)

Ecnn cnna P 6yaet npunoxkeHa B Touke B (puc. 4006), T.e. no ocn Y, To (hop-
mynbl (29.5) 1 (29.6) npumyT BUA;

CUNLM,
max = Wx (no rpaHu 1-2) (29.7)
o = _N_M,
min F W (no rpaHu 3-4) (29.8)
b [h?
MpuHse 408 npsMoyronibHoro ceuerns F =bh; W = T Vcaenas

npeobpaszoBaHus, npuagaamm gopmyne (29.4) apyroi sug, 6onee yao6HbIn ans He-
KOTOpPbIX UCCNef0BaHWIA:

N M N [ﬁ 6
O = ——t— = —— [+ ——
T FETW  F O hrb
_ N g, 60
WM OKOHYATENbHO: Gm?ﬁf = [ﬁ— n E (29.9)
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Pe3ynbTart nccnefosaHms opmyrbl (29.9), ¢ TOUKKU 3peHUSA BIMAHUA BeINYM-

Hbl 3KCLEHTPUCUTETA Ha 3HAK W BEIMYMHY HanpPsXKeHWUs, MOXHO CBECTU K Crie-
AYIOLLMM TPeM MooxXeHUam (cMm. puc. 41):
S 1) ecnim TouKa

9 T2 8 P 4 P MPUIOXKEHUS

L e<s v -2 | §.D%  pasHopeiicTByloLel]
P4 A A BCEX CW/1, MPUIOXKEHHbIX
K NPSIMOYT0/lbHOMY
! ‘ : CeuyeHmto bpyca, He
| BbIXOAUT W3 NPefesoB
, CPeaHen TPeTn ceveHns,
R G T e e T.€. 3KCLIEHTPUCUTET He
: %ﬂ 3 eg % o h
SIE .3 ™ © MpeBbILIAeT — , TO Ha-
SN TN 6
5 o E* - g3 e NPSYKEHNS B CRUEHMM BY-
- IR } 7 - ! 7! ] AyT OAHOrO 3HaKa, a
_ _7/7%4{} __,7%% y [Q HYNeBas NINHUS
| gL A | 7 i P 7 77 NPOXoaWT 3a Npefienamu
3 ARG | A 12 MR ceyeHus. O6nacTb, 13
f§‘ B ! A KOTOPOW He BbIXOAUT
gl Farecpey Y"GFM#” HEIZIREF] | ' paBHO,U,EVICTByI'OLU,aﬂ,
8 1 | : B, P Ha3bIBaeTCA A4POM ceve-
YT T o .
W J | / HUS
%‘ ! - ) I . o l /‘ —
> b o _ 2) ecv TouKa
| MPUIOXEHMS
Puc 4l PaBHOAEWCTBYHOLLEN

NEXMUT Ha rpaHn cpeaHeit
TPETW CeYeHNs, TO OAHO M3 KPaeBbIX HANPSXXEHWI paBHO HYNHO, a ApYroe - B [Ba
pasa 60/1bLUe HanPSXKeHNsA, BO3HNKAIOLLETO NPV LEHTPa/IbHOM CXaTuUK: HyeBas
NIVHWA NMPY 3TOM NMPOXOAUT MO rPaHn ceyeHns;

3) ecnvi TOUKa NPUOXKEHNA PaBHOLENCTBYIOLLE HaXoAMTCA 3a Npejenamu
CpefAHeln TPeTn, TO HanpsXXeHre B Ce4eHNN ByayT pasHbIX 3HAKOB, a Hy/eBas Nn-
HWA NEePECeKaeT CeUYeHme.

Ha puc. 41 Touka npunoXxeHusa cunbl P JaHa cnpaBa 0T OCY CeYeHUs; COOT-
BETCTBEHHO 3TOMY MOCTPOEHbI 1 3MHOPbl HOPMa/IbHbIX HAMPSXKEHWIA; B CNyyae
pacnonioXeHusa cusbl P cneBa 0T OCU CEYEHMSA COOTBETCTBEHHO U3MEHUTCA W 3MHO-
Pbl HOPMaJIbHbIX HAMPSXKEHWNIA, & TaKXKE 1 MOSIOXKEHNE HYIEBbIX IMHWUIA (CM. MYHK-
TMp Ha puc.4l).

Xpynkue maTepuasbl 04eHb NI0X0 CONMPOTUBAAKTCA PACTHXKEHWIO, fonyc-

KaeMble MX HaNpPsPKEHMS Ha PacTsHKeHue [0'] o OYEHb MaJibl. [03TOMY ANs HUX

Heo6XxoAMMO TaK NoAompaTb UX NonepeyHble pasMepbl, YTOObI TOUKA NPUIOXKEHWNS
PaBHO/ENCTBYIOLLIEN He BbIXOAMNA 3a Npefesbl CPpefiHen TpeTu ceveHns (sapa ce-
YeHKs), T.e. YTOObI 3MKOpa HaNPSYKEHNA COOTBETCTBOBA/IA 3Mtope No (puc. 4a)
UK, B KpainHeM cny4ae, - antope no (puc. 416).
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§ 30. KpyueHue ¢ n3rnbom

PaccMoTpum cnyyaii O,EI,HOBpeMeHHOI'O Kpy4eHus 1 nsrnba sana (puc. 42).
[MpMeHnB MeTO[ Cce-
a) 97 YeHWIA, HalldeM, 4To B
' t Yy ' MonepeyYHbIX CeYeHNAX
8 / Basla 0IHOBPEMEHHO
Gy L_(iﬂx BO3HMKAIOT KPYTALLMIA
' M 1 n3rméatoLLmii M,
o / {/f  MOMeHTbI. Bbigenus u3
i M2 6pyca 0Ko/10 TouKM "B"
s 3aNneMeHTapHbIi Ky6uK
Pue.42 1 PacCMOTPEB €ro
paBHOBeCKUe, Haaem,
YTO MO YETbIPEM €10 IPaHsAM BO3HMKAIOT KacaTe/lbHble HanpshKeHus, a no 4syM u3
HWX - eLle N HopMasbHble Hanps>keHus (puc. 426). CnefosaTeNibHO, KYOUK Haxo-
ANTCSA B MI0CKOM Hanps>KeHHOM COCTOSHUN.
Takum 06pa3om, B KaKL0W TOUKE MONepeyHoro ceyeHms 6pyca oqHOBpPEMEH-
HO BO3HMKaOT:
1) MakcuMmasbHble HOPMa/lbHble HAaMPSHXKEHNS OT N3rnoa:

2) KacaTe/lbHble HanpsHXKeHNs 0T U3rnba, KOTOPbIMU BBUAY UX HE3HAYUTESb-
HOCTW NpPeHebperaem;
3) KacaTeflbHoe HanpshKeHue 0T KpyyeHusi, AoCTuUratoLee HanbonbLLero 3Ha-
—_ M K
yeHms Tmax Wp BO BCEX TOUYKAX KOHTypa KPYraoro CeYeHns 1, B TOM

uncne, B ABYX Toukax A 1 B (onacHble TOYKM), B KOTOPbIX MMEEM MaKCW-

MaslbHOe 3Ha4yeHue. IpuHAB BO BHUMaHWe, 4YTo Wp =2 |ﬂ\/x , MOXXHO Ha-
nncatb.:

JTio60€e 13 NonyUeHHbIX HANPSHKEHUIA (O max U Tmax ), B3ATOE B OTAENBHOCTY,

MOXET OKa3aTbCA MEHbLLMM COOTBETCTBYHOLLEro eMy (Mo BMAYy ero gedopmaimm)
[0MYCKaeMoro HanpshkeHns, HO OAHOBPEMEHHO NX AeNACTBUE MOXKET BObITb onac-
HbIM 4719 6pyca.

["NaBHble HanpsXeHNa onpeaenatoTcs cornacHo gopmyne (11.6):

Do-ﬁ_l_z
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[MoacTaBMB BMECTO G U T X 3HAYEHNS, MONYYNM:

BbIHecs 3a CKOOKY 5 QY MONYUMM OKOHYATENbHYIO dhopmyny ans onpepe-
X

NeHnA rnaBHbIX H&I'Ipﬂ)KEHI/II7I Nnpn KpyvyeHnn C N3rnoom:

1

amax_m M +\/Mx2+Mk2). (30.1)

Tenepb MOXHO COCTaBUTL YC/I0BUS MPOYHOCTU Bpyca KPYrioro ceveHns A
Hanbo/ee HanpPsXXeHHOIN ero TOUKN Ha OCHOBaHWW TPETbEN U IHEPTeTUYECKOW TEO-
PUIA MPOYHOCTW.

1. Mo TpeTbei TEOPUN MNPOUHOCTU: O 4 = O ~— O3 S [G] nonb3ysacb op-
myno# (30.1), MOXHO HanucaTb:

1
GaKB:WEqu*'\/MXZJkaZ) ZEN M 2)S[‘f],

X

JMZ+M2 M

_ pacy

MmN O oxs = W W S [O'], (30.2)

X X
Mo =M+ M,
r,u,e pacy X k -
2. Mo 3HepreTN4ecKoi (4eTBEPTOI) TEOPUMN MPOYHOCTY:
_ 2, 2
= \/01 +o0, -0, b, S[a]
npowu3sess He06X0ANMbIE NOACTAHOBKM W npeo6pa308aHV|ﬂ NoNy4NM:
_ M +0,75M,
aKs W

X

rae M e =M, 2 +0,75IM 2

o pva[0] (30.3)

8§ 31. MNpofonbHbIA U3rno

[10 cux nop onpegeneHne pasmMepoB NonepeyHbIX CEYEHNI CTEPXKHENR Mbl
MPOM3BOANIN N3 YC/TOBUI MPOYHOCTM M XKECTKOCTU. HO npakTuKa paboTbl KOHCT-
PYKLMIA NMOKa3bIBaET, YTO pa3pyLUEHMe CXKATOro CTEPXKHA MOXKET NPOU30NTU He
TONbKO OT HapyLLEHWUS ero NPOYHOCTM, HO M OT MNOTEPU NPUAAHHON eMy NpPwW N3ro-
TOBNEHMMN (POPMbI PAaBHOBECUS.

[ns npyvepa BO3bMeM [ePEBSHHYHO YEPTEXHYHO NIMHENKY 1 NPUIOXUM K
Hell MPOAObHYIO CXXMMAIOLLLYHO Harpy3sKy. MocTeneHHo yBenmyMBas ee, 3aMeTUM,
YTO OCb /INHENKM CHaYasia 0CTaeTcs NoYTU NPSAMOIMHENHOM, a 3aTeM MPU HEKOTO-
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POV Harpyske, U3MeHSIOLLENCA B Aa/bHelLleM O4eHb Masio, OyaeT BeCcbMa ObICTPO
pacTu nNporune, n NMHerika nomaeTcs. Mpu 3TOM OKasblBaeTCA, YTO ec/in onpese-
NIACb HanpsXeHre B NOMepeyHoM CEHYEHUM NIMHENKN, KaK NMPU MPOCTOM CXaTum,
TONBKO OT CXKUMatOLLEN CUbI, TO OHO BYAET BO MHOIO pa3 MeHbLLUe npegena
MPOYHOCTM MaTepurasna, 3 KOTOpOro oHa bblna n3rotoseHa. OTclofa cnenyer,
YTO NPUYMHOI PasPYLLEHNS NIMHENKN ABNSETCA HE HapyLLEHWEe YCN0BUS MPOYHO-
CTW, a NOTepPsl NPUAAHHONM eil NPAMONNHEINHON (hOPMbl PaBHOBECHUS, T.€. NOTeps
YCTOMUMBOCTW, Bbl3BaBLLAS [AOMOMHUTE/bHbIE HAMPSHXKEHWS OT MNPOAOILHOIO U3rK-
ba.

3 N3N0XXEHHOI0 CTAaHOBMTCA OYEBUAHBIM, YTO A1 HaAEXKHON paboTbl KOH-
CTPYKLMKN, MOMUMO NMPOYHOCTM €€ 3/IEMEHTOB, HE06X0AMMO, YTOObI OHM ObIIN YC-
TOYMBbI. [103TOMY CXKaTble CTEPXKHU, KPOME MPOBEPKM UX Ha MPOYHOCTb A0/KHbI
ObITb NPOBEPEHbI N HA YCTONYMBOCTD.

Haunbosnbluas coxkumarowlas cuna, 40 KOTOPOi COXpaHSAeTcs YCTOMYMBOCTb
nepBoHaYa/ibHOM (hOPMbI PaBHOBECUS CTEPXKHS, Ha3bIBAETCA KPUTUYUECKOIN CUNOIN 1
0603HavaeTcs P,.

[eopMauys CTEPXKHA, BbIPaXKaKOLLAACA B UCKPUB/IEHUW ero nog, 4eincTBmem
CKUMAIOLLMX CUN, HarpaB/eHHbIX BLO/b €ro OCK, Ha3blBAeTCA NPOAO/IbHbLIM N3IU-
60Mm.

HanpspkeHne B CeHeHMM CXKaToro CTEPXKHS, Bbi3bIBAEMOE KPUTUYECKOW CUJION

Pk, Ha3blBaeTCA KPUTUYECKUM HaNpsXKeHNem U 0603HayaeTcs Oy.

CnefoBaTeNlbHO: Oy =— (31.1)

Tak Kak /11 ©KaToro CTePXHS KPUTUUECKUE HAMPSHXKEHNS SABNAKOTCA onac-
HbIMW, TO AN 06ecneyeHNs YCTONYMBOCTM NPSAMOJSIMHENHON (DOPMbI CTEPXKHS,
NOABEPXXEHHOIO CXXUMatoLLeRn cune P, cneayeT 406aBUTL K YCNOBUIO MPOYHOCTM
Ha CXKaTue eLle YCoBue yCTONUYNBOCTI:

P
c=C-<H,B (312)
rae ks, E - ONyCKaemoe HanpsXeHye Ha yCTOMYMBOCTb, PaBHOE KPUTUUYECKOMY

HaMpsHKEHMIO, ileNeHHOMY Ha KO3(h(ULMEHT 3anaca ycToiumsocTtu K, T.e.
o
K

7B (31.3)

y

8 32. dopmyna J1. Arinepa ana onpeneneHnst Be/IMUYMHbI KpUTUYECKON
cunbl. Bnnanme cnocoba 3akpenaeHns KOHLUOB CTePXXHS Ha BENUYNHY
KPUTUYECKON CUJIbI

[Mpun pacyeTe CTEPXKHEN Ha NPOAO/bHLIA U3rMb NHOrAa TpebyeTcs onpeae-
NATb BENIMUNHY KPUTNYECKOIN CUNbI Py KaK HAMMEHBLLYO OCEBYHO CXXMMALOLLYHO
CUny, NPX KOTOPOI MOXXHO COXPaHWUTbL paBHOBECKE UCKPUBIEHHOIO CXKaToro
CTepXXHS. BnepBsble aTa 3aga4a 6b11a pelleHa J1. Jinnepom:
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2
#°[EQ_.
—_ min
P = ¥ (32.1)
[Mony4eHHOE BbipaXkeHWe HasblBaeTCs hopmynoi J1. Jinnepa B cnyyvae cxxaTus
CTeP>KHA C LUAPHUPHO 3aKPEMN/IEHHbIMIN KOHLaMW.
[N apyrux cnocobos 3aKpenieHns KOHLOB CTEPXKHSA (hopMmyna U3MEHMNTCS.
dopmynbl, onpeaensatoLme BeIMUMHY KPUTUYECKOW CUJIbl A/151 BCEX YeTbIpex
C/ly4aeB, MOXHO 00beiHUTL B OfHY:
~?[ED,

<=0y ‘ (32.2)

B aToin opmyne KosPPULNEHT U Ha3blBaeTCA KOIMWMPULIMEHTOM NPUBEAEHNS
LNMHbI, KOTOPbIA 3aBUCUT OT CNOCcoba 3aKpenieHNs KOHLLOB CTEPXKHS 1 YMNCNEHHO

1
paBeH —, [ N - YAC/I0 NONYBO/H.

Mpu LWapPHUPHOM 3aKpernieHnn KoHuos 4 =1
Mnpyi 04HOM CBOGOAHOM U1 IPYrOM 3alLeMIEHHOM KOHUax 4 = 2 ;
npu 060MX 3aLLeMneHHbIX KoHuax 4 =0,5;

NPy O4HOM 3aLLEM/IEHHOE, U PYroM LuapHUpHOM KoHuax 4 = 0,7

BennunHa npon3seieHns Ko3ghguumeHTa NpMBeAeHNs ANIMHbI Ha AeACTBU-
TeNbHYH A/IMHY CTEPXXHS | Ha3bIBAeTCA NPUBEAEHHOM UMW PACUYETHOW ANMHON

CTepPXKHA M 0603HAYAETCH lpaey, T8 1paey = 4

§ 33. KputunuecKoe HarnpsXeHne. TMOKOCTb CTEPXKHSA.
Mpenenbl NpUMeHUMOCTY hopmy bl J1. Sitnepa

Popmyna ®. C. AcmHckoro. Jlonyckaemoe HanpsiXxeHWe npv NpPoAo/1IbHOM
n3runoée

[na onpefeneHnsa BENNUYMHBI KPUTUYECKOIO HaNMpsXXeHna o, cnepyeT Benu-

YMHY KPUTWUYECKOW cunbl P, pa3aennTb Ha Naowaab nonepeyHoro cedeHns F, T.e.
2
o = P, _z°[EO,,

“F  (uO)’CF
Ha ocHoBaHum topmyn (13.14) v (13.15) MoxHo Hanmcatb: |, =F[i,,, Torga:

- P, _ ﬂEEEF[ﬂnzm_iz EE[irf“n
“ F (u0)° [F (u0)°
MepeHecs BENMYNHY inzqin B 3HAMeHaTeNb, MONYYNM:
_ r’lE

o, =—7>
.00 (33
(-0
Olmin O
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OTHOLLEHWe pacyeTHOW (NPVBEAEHHOI) A/IMHLI CTEPXKHSA K HAMMEHbLLEMY pa-
ANYCY NHEePLUN Ha3blBAeTCA FMOKOCTLIO CTEPXKHA 1 0603HaYaeTCs 6YKBO A, T.e.

_uQ
A= . (33.2)
BBeas 0603Ha4eHne rmbKoCcTr CTePXKHA B hopmyny (33.1), nony4vmm:
_n’[E
Oy — 7 (33.3)

Moatomy, ecnn O < O, , thopMyna Jiinepa NPUMEHNMA, eClM Xe Oy = O,
TO HenpuMeHnma. OYeBMAHO, YTO rpaHnLLEN MPUMEHUMOCTM (hopMy bl diinepa by-
AT cnyyai, Korga o = 0, . [ind NpakTu4ecknx Lenei yaobHee BbIpasnTb rpe-
Ae/bl NPUMEHUMOCTI (DOPMY/bl Diinepa vepes rmoKoCTb A,

3ameHuM B dhopmyne (33.3) 0 Ha O, (Npefen NpPonopLnoHasIbHOCTH)

2
7°[E
Onp = /1—2 OTKyZa onpefennTcs 3HaueHne npeaenbHON rMOKOCTN CTEPXKHS:
7 [E
}L = |—
npeg o .

np

MpuHse ans ctam CT.3 0, = 2000 kr/em® n E = 210° kr/cm?, nonyuum:

2 6
}anenz\/3,14 200° /o
2000 ’

T.6. M rneKocTb cTepxkHs A4 =100 | To dhopmyna Jiinepa NpUMEHNMA, EC/IN XKe
A <100, To HenpumeHuma.

OnbITbl NOKa3bIBAKOT, YTO B TEX CNy4asX, KOrfa KpUTUYECKNE HaMPSXKeHNS
nosyyatoTcs 60/bLue Npesena NponopUMoHaIbHOCTK, TO AeNCTBUTE/IbHbIE KPUTK-
YeCKMe CW/bl OKa3bIBAKOTCSA HA MHOIO MeHbLLIE BbIYUC/IEHHBIX MO (hopMyne Jiinepa.
3ATa (hopmyna Ha NpakTNKe oKasanacb NPVMEHNMON TOMbKO ANS ONpeaesieHHON Ka-
TEropumn CTEPXKHEN - TMOKMX U AIMHHBIX, T.e. C 60/bLLIOoM rMOKoCTbio A. (Mpogosib-
HbI1 U3rM6 B Npegenax ynpyrux gegopmaumi).

Ha ocHoBe onbITHLIX AaHHbIX @. C. ACMHCKUM 6blna NpeaiodKeHa aMnmpuye-
cKas popmyna As1s onpefeneHns KpUTUYECKOro HanpsiXKeHNa B CEUYEHUSAX CTEPXKHEN
HEKOTOPbIX KOHCTPYKLMOHHbIX MaTepuaioB:

o, =A-BI1, (33.4)
roe A v B - KoapuumeHTbl, onpeaensemble OnbITHbIM MyTEM.
Ona cranm Ct1.3 hopmyna (33.4) nmeeT Bua;
o, =3100-11,40R (kr/cmd). (33.5)
Onpeaenve BeIMUNHY KPUTUYECKOTO HAMNPSHXKEHUS,, MOXHO BbIYUCIUTL KPU-
TUMYECKYH CUY MO hopmyre:

P.=oF. (33.6)
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®opmyna . C. ACMHCKOro NpuroiHa He nNpu BCeX 3Ha4YeHUsAX rmokocTn A. Ha
puc. 43 N306paXkeH rpagivk 3aBUCUMOCTU KPUTUYECKOTO HanpPsXXeHNs 0T rmbKoCTH
ana ctanm Cr.3.

f i
G 2
]
2400 Yo npsnas
- 2000 | Jexoeo
] N\
1600 .
200 - Qurepbana
N e
g 0| CUGT | Gy f-BA N\ Zreoa
400 1 - TEE ~
Anpeg. 7 22 .
‘-—? ‘ ).
a 2 49 60 g0 0 120 Ho o
Puc. 43

[na rmékocty ot 0 fo 40 KpUTMYECKOE Hanpsi>KeHne, MPUMEPHO, MOCTOAHHO;
MO3TOMY CTEPXXHMW PaCcCUMTBLIBAKOT He Ha YCTOMUMBOCTb, a Ha MPOYHOCTL MPK Oce-
BOM CXXaTumn. CTepyXXKHM CO cpefiHeit TMOKOCTbIO0, HaXoAALLEenCca B Npeenax
40 < 1 <100, paccuntbiBatoT no chopmyne ®. C. ACUHCKOro, TaK KaK Npo/o/ib-
HbIiA N3rnb Hab/1OAaeTCa B N1IaCTUYECKOM CTanm.

Mepeligem Tenepb K BOMPOCY O JOMYCKaeMOM Harps>XeHUU npu npoAoibHOM
13rmbe, KOTOPOE MOXKHO OnpeaennTb NpK 6obLKX rnokocTsx (4 =100 ) no
thopmyne (33.3), a npu cpeaHux rmbkoctax (40 < 4 <100) no popmynam (33.4)
1 (33.5), pa3aenvB HaifeHHOEe N0 HUM 3HaYeHNe KPUTUYECKOM CUfbl Ha KO3(h(u-
LneHT 3anaca K.

Koath(hmumeHT 3anaca yctoinumsoctu K, npuHumaroT: gisa ctaam ot 1,8 1o 3;
Ans gepesa ot 2,8 go 3,2.

CnepoBartesibHO, 419 KaXKA0ro 3Ha4eHs r’mbKoCcTU A, MOXHO OMNpeae/inTb CBOe
3HaYeHe JOMyCKaeMoro HamnpsyXeHus npv NPoLosIbHOM M3rnée:

7B (33.7)

§ 34. KoahhnMeHT yMeHbLUEHWS JOMYCKAEMOr0 HaNpshKeHNs Ha cxKaTue
Npv NPOA0/IbHOM U3rnoe.
PacueT cXXaTbIX CTepyKHel ¢ NOMOLLbO Tabnuly

BbIN0 YCTaHOB/NEHO, YTO CXaTble CTEPXKHY OMKHbI ObITb NPOBEPEHbI N0 ABYM
YC/IOBUSM:
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F)
a) M0 YCI0BUIO MPOYHOCTM - i <le], (34.1),

— Gﬂpeﬂ. _ —
raoe [G] - K (O-npe,q — 01 unn O-npe,q - O-B);
P _ o,
6) Mo YCNOBUIO YCTONYMBOCTM - o = = S, — (34.2)
6p y

B npeablayLiem naparpage ykasblBasiocb, YTO JOMYCKaeMoe HarnpsKeHre Ha
YCTOMUMBOCTb He ABNAETCA MOCTOAHHLIM [/19 O4HOr0 U TOr0 XKe MaTepuana, a 3aBu-
CUT OT FTMBKOCTU CTEPXKHSA A.

BbISICHNM, KaK CBA3aHbl A0MYCKaeMble HanpsXXeHs Ha YyCTOMNYMBOCTb C f0-
MyCKaeMbIMN HaMPSXKeHUAMW Ha NPOYHOCTb. [119 3TOro COCTaBUM MX OTHOLLIEHME:

%TYE_ o, K

[o] K, e

npen
o, K

oTkyaa Iy 5= W[ﬁa].
y

npes
O603HauMB BLIPDKEHNE, CTOSILLEE B NPaBOiA UYacTn paseHcTBa nepes [o] uepes

@ NONYYNM: BTy E: @ [ﬂa] :
—_ O-K EI(
roe ¢ —Ky b (34.3)

npeg
KoathpmumeHT @ Ha3blBaeTCAa KOIDPULMEHTOM YMEHbLLIEHNS OCHOBHOIO [0-
MycKaeMmoro Hanpsbkenust [o] npum npogonsHoM nsrnée (KoshhuLMeHTOM Npo-
[0NbHOr0 13rnba). BenvunHa ero Bcerja MeHbLUe eauHNLLbI.
Tenepb pacyeTHYHO (hOPMY/y Ha YCTOMYMBOCTb MOXHO MPeLCTaBUTb B Clie-
LyIOLLEM BUJE:

F)
o=—solo], (34.4)

rae [o] - ocHoBHOe foMyckaemoe HanpsiKeHUe NPK OCEBOM CXKATHN.

3agaun Ha NPOAO/bHbINA N3rMG MOXHO pasfenUTb Ha TPW rpynnbi:

1. OnpeaeneHne fOMYCTUMOI HAarpy3KM Ha CTEPXXEHb MPW M3BECTHOW A/INHE,
crnocob6e 3akpensieHUs KOHL0B, N/IoLWaau NonepeyHoro ceveHns 1 Buja ma-
Tepuana.

2. Mopbop ceveHUs CTEPXKHS MO 3aaHHOW ANMHE, CNocobe 3aKpenieHns KOH-
LLOB, BUAa MaTepuana n BENMUYMHE CXKMMAIOLLEN CUNbI.

3. TpoBepKa Ha yCTONUMBOCTb MPOAObHO-CXKATbIX CTEPXKHEN.
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