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1 Cratuyecku onpeeiuMble MHOT ONIPOJIETHbIE 0AJIKH

1.1 OOmasi Teopum JTUHMI BJIMSAHUS

1.1.1 Ilonamue o nunuax enuanun

IIpu pacueTre MOCTOB, KPaHOB M APYIUX MHKEHEPHBIX COOPYXKEHHUI 4acTo MpU-
XOJIUTCSL UMETH JIETIO C MOABMKHOM HArpy3Kou paszaudHoro Buja. OObBIYHO TOJIBHXK-
Has Harpy3ka COCTOUT U3 CUCTEMBI MapajuIeIbHBIX IPYT APYTY (4Yalle BEPTUKAIbHBIX)
IPY30B, MEXIY KOTOPBIMU COXPAHSAETCS] HEU3MEHHOE nojiokeHue. [Ilpumepamu takoit
Harpy3Ku SIBJISIFOTCS MO€3], IEPEMEIIAIOIIMNICS MO KEJIE3HOIOPOKHOMY MOCTY, KpaH,
JBYDKYIITANCS TI0 TIOJIKPaHOBOM OaJike, U JIp.

VYcunust B TOM WM MHOM 3JIEMEHTE COOpYKeHUs (a Takxke ero aedopmaluu) 3a-
BUCSIT OT TOJIOXKEHUSI MOJIBHXKHOW HAarpy3ku. st onpenieneHrst pacueTHBIX BEIMYUH
YCHJIMHA HEOOXOAMMO U3 BCEX BO3MOXKHBIX IMOJIOKEHHUM HArpy3KH BbIOpaTh Takoe, IpH
KOTOPOM DPAaCCUUTHIBAEMBIN AJIEMEHT OYAeT HaXOAUThCs B Hanbosiee HEOJaronpusiT-
HBIX YCJIOBUAX. Takoe MOJOXKEHHWE HAarpy3KH Ha3bIBACTCS HEBbl2OOHeUWUM, WU
ONACHBIM.

VYkazaHHbI€ BBILLIE 3314 MMO3BOJISIOT peliaTh AuHuy e1usHus(ia. B.). Jlunus Binu-
STHUSI 9TO TpauK, BRIPAKAIOIMINN U3MEHEHUE TON WM WHOM BETUYUHBI (OMTOPHOM pe-
aKlUM, BHYTPEHHETO YCUJIUS, MEPEMEIICHUS B 3aIaHHOM CEYEHUH U T. I1.) OT IMOJIO-

JKCHUS ABUIKYIICTOCA IO COOPYKCHUIO CAMHUYHOIO I'py3a IHOCTOAHHOI'O HalIpaBJIC-

HUSL.
Ha puc. 1. 1 nns npumepa nokaszaHa ju- pP=1
HUS BIUSIHUS IPOTM0a B CEYEHUU «C» MPH Tie- X
\
peMerieHnH cuiibl P = 1 1o coopyXEeHUIO. : c N
JIuHUIO BIMSHMS HEOOXOAMMO OTIMYATh ! A | A8
OT 3MIOPbL. DTO NIPOTHUBOMOJIOKHBIE APYT JIPY- Byc/
ry TOHATUA. JIEWCTBUTENBHO, OPAWHATHI Puc. 1.1

SMIOPBI XapaKTEepU3YIOT pacmlpeesieHue udydaeMoro ¢akropa (Harmpumep u3rudaro-

IIEr0 MOMEHTA) MO PA3JIMYHBIM CEYEHUAM OAJIKU NIPHU HEMOJBUKHON Harpyske; opau-



HaThl JIUHUU BJIUSHUS, HA00OPOT, XapaKTepHU3yIOT HM3MeHeHHe (akTopa (Hampumep
TOr0 K€ MOMEHTA), BOSHUKAIOIIETO B OJHOM OIIPE/ICICHHOM CEUEHHUH IIpU IEepEeM e-
IIaromecs mo JinHe 0aaku cuisl P = 1.

3Has JIMHHIO BIMSHUS KaKON-IMOO MCKOMOM BEJIMYMHBI HETPYIHO ONPEISTUTD €€
3HAQUEHUE TPU JIEUCTBUU CHUCTEMBI COCPEJIOTOYEHHBIX TPY30B, paCHpeICICHHOU

Harpy3Ky Wi COCPEAOTOYEHHOIO MOMEHTA.

P, P, P, a) Bausnue cucmemul cocpedomoueH-
\L \L \L \L Huix 2py3o6 (puc. 1. 2). Ilycts umeem cu-
Vi Vs CTEMY COCPEIOTOYCHHBIX TpYy30B P1,
N.B. Z P,,.... P,. TpeOyercs onpenenuTs Bius-

w HUE DTOH HArpy3Kd Ha BEIUYUHY Z, IS

Puc. 1.2 KOTOPO! M3BECTHA JIMHUS BIMSHHSA. Bim-

SIHHUC K&)I(I[Oﬁ N3 CHJI BBIPpAXKACTCA ITPOU3BCACHUCM Pi'yi. HOJ'IB?»y}ICI: IMPUHOUIIOM HC-

3aBUCHMMOCTH I[GﬁCTBI/IH CHJI MOXKCM 3aIluCaTrb

Z=Pryi+Pxy,+...... + Poyn =Y Py..

0) Brusinue cocpedomouennozo momernma M (puc. 1. 3). JIto00it MOMEHT MOKHO
3aMEHHMTb TapOW CHJI, pacloIOKeHHBIX Ha Tuiede h. Toraa ero BiIMsHUE MOXHO OIle-
HUTB TI0 Cclieayromen Gpopmyre

Z = M(Yues — Yup)/ N., nmu Z = M-tgo,
I7Ie (@ — YTOJI HaKJIOHA KacaTeIbHON K TMHUY BIUSHUSA Z B TOUKE MPUIIOKEHUS M.

B)  Bausnue pacnpedenennolii

M
@ P L dx _q(X) nazpysku (puc. 1. 3). DnemeHnTapHas
h \l/j’ AR cnina (-0X Oyaer BBI3BIBATH HJIEMEH-
ynean P o 1.B. Z tapaoe ycuwie dZ = g-dx-y. Torma
% ® NOJIHOE yCHiIne Z ONpeAeIuTcs Kak
- 0 X2
Z=|q-ydx
Puc. 1.3 ;[ Gy

B cnydae paBHOMEpHOUM Harpy3Ku Ipu = const



Z =qxfyd><=qw,

Xy

r7ie ® — IUIOMIAb JUHUY BIUSHUA Z IO/ pacipeeleHHOW Harpy3Koi J.

1.1.2 Ilocmpoenue nunuit 1usnus 6 NPOCMOI danke

Ilocmpoenue nunuti 8IUAHUSL ONOPHBIX PEAKYUU.

P=1 JIsi TIOCTPOCHMST JTMHUM BIUSHUS
X
A v B KaKoro-11b0 MmapameTpa HEOOXOAUMO
@ 3 HOJYyYUTh POpMYIy (BBIpAKEHHUE) TO-
\
Ra | Re ro mapamerpa.
1 = 3anuiieM BBIpaOKEHUE Ui peak-
.B.R
Hl B A i Ra
+
1. B. Rp SMs=0. Ral—P(I-x)=0.
Puc. 1.4 | —x
R, =P wm
| —x
7. B. RA—I— : (1.1)

npux=0 Ra=1,npux=1 Ra=0.
JInnus BnusiHug peakunu Ra mokasana Ha puc. 1.4.

JIns mocTpoeHus J1.B. Rp 3amnuiiieM BbIpaKEHHE 3TOW PEaKIUU.

SMs=0. Rsl—P-x=0. RB:P)I(, i

.B.R_ =
. B.R,

>|‘ . (1.2)
IMIpu x =0 Rz =0, npu x = | Rp = 1. Jlunus BausHus peakuuu Rp mokazana Ha

puc. 1.4.

Ilocmpoenue nunuii 6IUAHUS BHYMPEHHUX YCUTUUL.
[Toctpoenue nmunwmii Biusaus Qc.
[lycth enmuHMYHAs cuia HaxoauTcs cmpaBa oT cedeHust «C» (puc. 1.5). Torna,

paccMaTpuBasi JEBYIO OT CEYEHHUS YacTh OAJIKU, MOkeM 3anucath Q¢ = Ra, nmm



1. B. Qc = 1. B. Ra, (1.3)
NOJyYWJIA YpaBHEHHE MPaBoi BETBU J1. B. Qc, TO ecTh, Korjga P = 1 nepemeniaercs o
Oanke Ha oTpe3ke C - B IMHUA BIUSHUSA MONEPEYHON CHIIbI IOBTOPSET JIMHUIO BIIU SI-

HUS peakiuu Ry.

p=1 Tenepp P = 1 nepememaercs
Ra X Rs cineBa oT ceueHuss «Cy». PaccmoTpum
A Y B
o C | 2 PaBYIO YacTh OaJKH.
a D Qc =- Rs, umm
IIpaBas BCTBb
1 ‘ 1. B. Qc=(-1) n. B. Ra. 1.4)
+ | T
| &B Qc [Moayunnu ypaBHEHHE JIE€BOH BET-
JieBasi BETBb 1
JeBast BETB BU. B cooTBeTCTBUU C MOIYy4YEHHBIMU
ab/I b
u ypaBHeHusimu (1.3) u (1.4) crpoum
+
1. B. M. nmuuto Bausaus Qc (puc. 1.5).

Puc. 1.5 JIJ1si TOCTpOCHUST TUHUU BIIUSTHUS
U3ru0aromero MOMEHTa B CEYEHUU
«C» UCTIONB3yeM Ty ke METOJIUKY, YTO U MPHU MOCTPOSHUH JI. B. Qc.
IIycte P = | nepememaercs cnpaBa ot cedueHus «Cy». PaccMOTpuM JIEBYIO 4acTh
Oanku. M3rubaromuii MOMEHT B ceueHun «C» Oyaer
M. = Rava, nmmn
1. B. Mc = (1. B. Rp) a, (1.5)
Takum 06pa3om, mpaBasi BETBb JJUHUM BIUSHUS TIOBTOPSET JTUHUIO BIUSHUS Ra,
¢ MHOXHTENEM «a» (puc. 1.5).
Teneps P = 1 mepemeniaercs ciieBa oT ceueHus «C». PaccMoTpum mpaByro 9acThb
OajKu, Toraa
M = Rg'b, wimn
1. B. M = (1. B. Rg) b, (1.6)
npux =0 Rp=0, Mc=0,npux=a M:= (1 B.Rg) ‘b= (x/l)’b=abll.

Jlunus Bousinua M. npuBeneHa Ha puc. 1.5.



OTMGTI/IM, 4TO IIPpH ITOCTPOCHHUU JIMHUN BIIMSHUS MOJOXKUTECIbHBIC OpAUHATLI OT-
KJIaAbIBAIOT BBIIIC OCH OpJAHHAT. JIMHUM BIUSHUS peaKuHﬁ " IIOIICPCUHBIX CHIJI 0e3-
pa3sMCEpPHLBI, ITOCKOJIbKY BCJIMYMHA GHHHHqHOﬁ CHJIbI 6e3pa3MepHa, JIMHUHW BIIMAHUA

MOMCHTOB UMCIOT Pa3SMCPHOCTb «MCTP».

JIunuu e1usaHus 0151 KOHCONIbHOU OANIKU

a) P=1 JIvuaus BIusHUS peakiuu Ra
M, RA I X
C (s \7 B N3 ypaBHeHusi paBHOBecus 2~y =0, mo-
A | ki a ayauM Ra=P=1,T. e.
6) TR TTT] 1B R, B Rs=1(cm. puc. 16 (6)).
1 JluHust BIUSAHUS TIONEPEYHOM CHUJIBI B
B) @ | 1.8 Q¢  cedennn «k» Qx.
1 Enuanunas cuna P = 1 HaxoauTcs cripaBa
T) © 1. B. M
a or ceueHus «k». PaccMoTpuMm mpaByro
Puc. 1.6 4acTh OaJIKH.

Qk=P=1.
Hanee, P = 1 cneBa ot ceueHus «k». PaccMoTpuM OnsiTh MpaByl0 HEHArPY:KEHHYIO
4acTh OAJIKH.
Qx=0.
JluHus BIvstHUA U3rndaromero MoMerTa B ceueHun «k» M.
[Tycts P =1 cnpaBa ot ceuenus «k». PaccMorpum mnpaByro yacth Oajku.
My =P-x.
[Ipux =0, Mk=0,npux =a, M= 1-a=a.
Terrepp P = 1 cneBa ot cedeHus «k». PaccMoTpum omsTh mpaByto HEHarpyKeH-
HYIO 9acCTh OaJIKH.
My = 0.

Jluanu Businus Qx u My npuBenens! Ha puc. 1. 6 (B, ).



Ipumep 1.1. IlocTpouts nuHUYN BIMSHUS peakiiuii 1 Qx u My B IIapHUPHO OmNep-
Tol Oanke ¢ KoHcoysmu (puc. 1.7.).

Pewenue. Ecnu BbIOpaTh Ha4aio KOOPAWHAT HA JIEBOM OMope B TOYKE A, TO MO-
Jy4EHHBIC BBIIIE BBIPAKEHUS IS JTUHUN BIUSIHUS B MPOCTON Oalike CIpaBeJINBhI U
B JJaHHOM citydae. [Ipu 3ToM, KoopanHaTa x Oyaer MeHsAThes oT — ¢ jo | + d.

JloTOMHUTENEHO HEOOXOAMMO IOCTPOUTD JIMHUU BIIMSIHUS TTONEPEYHON CUITBI JJIsI

JIBYX COCEJTHUX CEUCHHUI — OJTHO CJIEBa OT OMOPBI A, IPYroe CIpapa OT TOM JKE OIOPHI.

y P=1
:-x RA +X ! RB
v A Y /]\B
‘ [
c a b d |
/‘
Wﬁ@"ﬂw | LBRa
\ﬂli\
Wm H.B.Qk
! el
bl 1
= - e H.B.Mk
T8I 1 2.5, 0
1
ST || 5. Q"
Puc. 1.7

1.1.3 Ilocmpoenue nunuii 61uanus npu y31060i nepeoaye Hazpy3Ku.

Yacto Harpy3ka nepenaercs Ha KOHCTPYKIIMIO HE HEMOCPEICTBEHHO, a Yepe3 CH-
CTEMY CTaTHUYECKU ompeaenumbix O0anok (HactuioB) (puc. 1.8). Korna enuHu4HBIN
rpy3 HaXOJUTCS B Hayaje (T. M) WM B KOHIIE OaJIKH (T. N) TO OH MOJHOCTHIO TIepeaa-

€TCSI Ha OCHOBHYIO KOHCTPYKIMIO U BbI3BIBAECT YCUIINS WIH Ym, WU Y.



[Ipu nBY>KEHUM €TMHUYHOW CUJIbI BHYTPU BCIIOMOTATEIbHOM Oanku ee AeiicTBHe
Ha KOHCTPYKIIUIO OCYILECTBIISIETCS uepe3 OMopHbIe peakiuu Rm u Rn. Obmiee Bius-

HHC B 3TOM CJIy4yac MOXXHO 3al1MCaTh KakK:

P=1 Zk = Rmym + Rayn.
r . vX . . B cBOIO OYepenh CAMU PEAKIUH PABHEI
‘@( n% ik \:/1 2 (oHU ompeneNsoTCs Kak B 0OBIYHON Oajike)
m n d—x X
R, = , R,=-.Torna
R | o ‘ i
i d—x X 1
JI. B. Zk Zk:7ym+7yn:7[(d_x)ym+x'yn] -
. d d d
Ym Yn
noJiyunsin ypasHenue npsmou. IIpu x = 0
Puc. 1.8

Zx = Ym, iprt X = d Zx = yn. [Ipsimas, coenu-
HSOILAs OPIUHATHI Ym U Yn HA3bIBAETCS nEPeOamoyHas Npsamasl.
B xauectBe npumepa Ha puc. 1.9 mokaszaHbl JIMHUU BIUSHUS TPU y3J0BOU Tepe-

Jlaye Harpy3Ku B MPOJIETHOM CTPOEHUU MOCTA.

\LP: 1
I T T . 1 s
AV K 3B
a b
1 I
‘—rTﬂ/’H ‘ ‘ ‘ WW‘ e el R 1. B. R4
bl
ke T ( T e e 1. B. M,
|
SRR = It = P aRa s oo JI. B. Qk
\LU\\aII
Puc. 1.9

10



1.1.4 Kunemamuueckuit Memoo nocmpoeHus TuHUI 61UAHUA

[Ipu pacueTe MHOTONIPOJIETHBIX OAJIOK aHATUTUYECKUI METO TTOCTPOCHUS JIH-
HUUW BIUSHUS IOCTATOYHO IPOMO3/I0K. B Takux ciydasx Haubosiee ynobeH KuHema-
mu4ecKut Memood, OCHOBAaHHBIN Ha IPUHIIUAIIE BO3MOXXHBIX MEPEMEICHUN - eciu cu-
cmema Haxooumcsi 8 COCMOSIHUU PABHOBECUS, THO CYMMA B03MONCHBIX pabom cex
BHEWHUX U GHYMPEHHUX CUT HA 8CAKOM B03MONCHOM OECKOHEUHO MAIOM U3MEHEeHUU
nepemeweHuli pasxa Hyio.

a) P=1 Ha ocHoBanuu 3T0ro I[MpuHOUIIA

Rap X ARz MO>KHO 3anucath (puc. 1.10, 6)

- X'Sxx + 1'6px - O, X - pr/ 8xx.

Oxx — TTIOCTOSTHHASI BEJIMYHHA,
Opx — TIEpEMEHHas, 3aBUCHUT OT X,
!1.B.R A
c/l CIIEI0OBATENLHO
JI. B. X= (H. B. 6px)/ 6xx.
(c+D/l
1. B. Rp Spx = xtga, = I-tga., Torma

X o
X == , T. €. JIMHUS BIIUAHUSA JICBOU PC-

akiuu R4 MoBTOpsET AMI0pY Niepemelrie-

HUW OaJIKU TIPU CMEIIIEHUH JICBOW OTIOPHI HAa €TMHUILY.

AHanornyHo noiyyaeM JinHuio Biusinus Rp (puc. 1.10, ) mytem BepTUKalib-
HOTO CMEIICHHsI OTOphI B Ha enuHMITY.

[Ipu noctpoenun nuuuii BausiHug Q u M HeoOXonuMo yopaTh CBsI3U, BOCIIPH-

HHUMAIOMKUEC COOTBCTCTBCHHO IIOIICPCUHYIO CHUIIY U HU3-

2 1
rubaromuii MOMeHT. MI3BeCTHO, YTO ISl COCAMHCHUS B ' :
HETIOJBIKHYIO CHCTEMY JIBYX JIUCKOB (CTEP)KHEH) J10-
cratoyHo Tpex cBs3ed (puc.l.11). Ecom yOpath 2-10 | 3 l
CBs3b, TO JAHHOE CEUCHHE HE OyAeT BOCIPUHHMATH

Puc. 1.11

MOMEPEYHYIO CHIIY, @ BEpPTUKAJIbHBbIE KPOMKH (TOPILIbI)

11



JIEBOT'O M MPABOI'0 CTEPIKHEH OyAyT CMENIaThCsl MapaJlIeIbHO APYT IPYTY.

a)
R,

I b
C |
9) 2
v
STA77
1
6) —Of——— P~
/—‘2% TTATT
all
2) mk(\ﬂ My
Psil,
9) 2
ﬁ{:'%;

P=1

Puc. 1.12

ﬂf[ﬂ IIOCTPOCHUA JIMHUW BIIMSAHHUA IIOIIC-

peuHodl cmibl B ceueHun K Qx JBYXOHOpHOIA
Oanku (puc. 1.12) youpaem 2—10 CBs3b U JaeM
TOpLAM B3aMMHOE BEPTHKAJIbHOE CMEILECHHUE Ha
€AVHUILY, MPUJIOKHUB B pallOHE TOPLIOB Majbie
MOJIOKUTENbHBIE TTonepeyunble cuibl (puc. 1.12,
0). OTMeTHM, YTO €CJIM NPH B3aUMHOM CMeIIIe-
HUU TOPLBI CTEPKHEN MapajuieabHbl, TO Mapa-
JIENbHBI APYT IPYTy JEBbIA U MpPaBblil CTEPKHU
nennkoMm. Ha puc. 1.12, ¢ mokazan BUI JTMHHUH

BausiHus Q.

Ecnm yOpate B paccMaTpHBacMOM cede-

HuH (puc. 1.11) 1-to uiam 3-10 CBSI3b, TO KECTKOEC

COCANMHCHHUC IIPCBPATUTCA B wWapHupHoe, I110-

CKOJIBKY B 3TOM dCiIydac TOpObl MOI'YT CBO6OI[HO IMOBOPAYUBATBCSA OTHOCHUTCIIBHO

Opyr apyra. Takoe cedyeHue HE BOCIIpUHUMAET M3rudaronivii MoMeHT. Bpesas B ce-

a)

Puc. 1.13

yenun K rtmapaup (puc. 1.12, 2) u 3a1aB eau-
HUYHOE YIJIOBOE CMEIICHHE, TPUIOKUB Majibie
MOJIOKUTEIbHBIE MOMEHTBI, MOXEM 3aIucaTh
paboTy cHJ1 Ha BOBMOKHBIX MTEPEMEIICHUSX

- Py ox + my(a+ B) =0,

Tak kak o wuf3 Madbl, MOXEM 3aluCaTh:

a:tga:i'l‘, ﬂ:tgﬂ:i‘.

Oy oyab
m, = = .
K“a+p 5. (a+h)

IMpu X =b & =&, mx = abll.

Takum o00pa3om, 3MIOPHI  BO3MOXKHBIX
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nepeMEICHHM, Jaf0T BU JUHUHU Biusaus My (puc. 1.12, 0).
JI1s KOHCONMBbHOM OaNIKM JIMHUU BIUSHUS, TIOJYICHHBIC KHHEMATHYECKUM CITO-

co0OM, IMEIOT BH/I, TTOKa3aHHbBIN Ha puc 1.13.

1.2 Pacuem cmamuuecKku onpeoeaumvix MHOZONPOJIEMHbIX OAI0K HA

HENOOBUINCHYIO U NOOBGUINCHYIO HAZPY3KU

MHoromnponaeTHple CTaTUYECKH ONpeAeTuMbie 0alKy MPEACTaBIAIOT COO0H Mpo-
TSOKEHHBIE OAJIOYHBIC KOHCTPYKITUH, TTEPEKPHIBAIOIINE HECKOIBKO MPOJIETOB U COCTO-
SAIIME U3 IPOCTHIX 0ATOK, COSMHEHHBIX MEX Ty 000 mapuupamu (puc. 1.14).

a) P
| Iy I 13 L a
I | | !

q\ lP
vV VYV V¥ Vv

-

| |, >

II
I
Puc. 1.14

Oco0eHHOCTh pacyeTa MOJOOHBIX CTEP)KHEBBIX KOHCTPYKIIMH 3aKIIOYaeTCs B
pacuJicCHEHUHW MHOTOIPOJICTHON Oallki B IIAPHUPHBIX COCAMHEHUSX HA OTACIIHHBIC
MPOCThIE OANKHU, pacyeT KOTOPBIX OCYIIECTBIISIETCS MO METO/IaM CONPOTUBIICHUS Ma-
TEPUAJIOB.

B atom ciryyae cocTaBisieTcs noamadcHasa cxema 0aaKu, B KOTOPOW ONpPENes-
I0TCS OCHOBHAs (Hecyllasi) U BCIIOMOTaTeNbHbIe OAJIKK, ONUPAIOIIUECS HAa HECYILYIO

OaKy, UMEIOIIYIO TPU CBSI3U C 3eMJICH.
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e .
& L 1 1k,

Puc. 1.15

Ha puc. 1.15, @ noka3aHa mosTa)kHasi cxeMa MHOT'OIPOJICTHOW OaiKu, IpUBE/ICH-
Hoii Ha puc. 1.14, a. Hecymelt 6ankoii 3nech siBnsiercst 6anka AC, KOTopast OcTaeTcs
HETIOJIBMKHOMW TIPH yIAJICHUH IPYTUX BcrioMoraTtenbHbix 6amok CE u EF.

Cratudeckuii pacder (pacdeT Ha HEMOABIKHYIO Harpy3ky) HAUMHAETCS C BEpX-
Hell Oanku. Crnenyromias BcroMorartesibHas Oajka paccMaTpUBaeTcs IOJ BO3JEH-

CTBHEM CBOEM BHEIIHEW HArPy3KU U PEAKIIMU B ONIOPHOM LIAPHUPE U T. A.

\LP

A B C !D E F
& &, L 3
a a l a l a I 2a I a l
1/ D ; s o= —— 1.B.R,
R S A S Vs
, > @ | 1L B. Q)
<& G S 1 ENos
a 0,5a

Puc. 1.16
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Bepxusas 6anka EF HarpykeHa akTuBHOM cwioi P, cienyromas Oainka CE
Harpy>keHa TOJbKO peakuuen R., Bo3Hukaromei B mapHupe E. AHaIOru4yHO, Oanka
AC Oynet HarpyXeHa TOJIbKO peakiuei R..

[Ipu pacyeTe Ha MOABMIKHYIO HArPY3Ky HanbOosee yA00HBIM CIIOCOOOM MOCTPOE-
HUSI JIMHUI BIUSIHUS B MHOT'OTIPOJIETHBIX OaKax SBJISIETCS KHHEMATHYECKUM CIoco0.
B kauectBe winmocTparuu Ha puc. 1.16 nmpuBeaeHbI TMHUYU BIAUSHUS peakiuu Ry, mo-

IEPEYHBIX CUJI U MOMCHTOB B CCUCHHMH «I» CIIpaBa OT OIIOPbI D.

Ipumep 1. 2. JIns 3a1aHHOM CTATUYECKU OMPEAEIUMON MHOTOMPOJIETHONU OalKu
(puc. 1.17, a) HeoOX0AMMO, HCIIOIB3Ys MOATAXKHYIO CXeMY OajKH, MOCTPOUTH AITIO-
pbl BHYTpeHHUX ycuiui. [locTpouTs MTUHWUN BIUSHES peakiuii Ra u Re, muHNYM Bius-
Hust M u Q B ceyeHusix N (ciueBa oT onopbl B) u B cedeHUH M. BBIMUCIUTE IO HUM

BHYTPCHHUC YCHIINA W CPABHUTL CO 3HAYCHUAMM, ITOJIYYCHHBIMHU IIPpU IIOCTPOCHHUU

STIIOP.
a) q =10 xH/m
B VIV VIVIVI IV
Ale, N, c m iD
‘ 2M‘ ZM\IM‘ZM ‘IM
\ ! \ | i
o)
/%7 i C 77 /D
13.3
8) 10
On. Q
13,3 \LLL 16.7
2) 26,7/
5
/ On. M
.89

Puc. 1.17
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Pewenue. 1. JIns moCTpOEHUsI MOATAXKHON CXEMBl MHOTOIPOJIETHOM OalKu Mpo-
BOAUM aHaJIU3 33JaHHOM CTEPKHEBOM CHCTEMBI., KOTOpasi COCTOUT UX JIBYX IMPOCTHIX
oasiok AC u CD. banka AC, umeromasi Tpu CBSI3U C 3eMJICH, SBISIETCS OCHOBHOM (He-
cymeit), a 6anku CD — BcromorareiibHas. B COOTBETCTBHM ¢ 3TUM U CTPOUM I10-
TaxHylo cxemy (puc. 1.17, 0).

2. JIJis CTaTUYECKOro pacuera — MOCTPOCHUS S0P BHYTPEHHUX YCUIIUN — pac-
CMOTpUM Kaxayto O6anky. Haunnaem pacder ¢ BepxHeil BcriomorarenbHou 6anku CD
(puc. 1.18). OnpenensieM ONMOPHBIE PEAKITUU.

2mp=0, —-Q41-Rc3=0,

RCA /\Rd
E&Lﬁ_{\b&\b\b\b\b\b Rc=40/3 xH.
7777 X9 M D X1 Ymc=0, -Rd'3+q‘4'2:O.
M, 2mMm 1wMm
133 | 3.33 10 Rp = 80/3 xH.
- h Om. Q
- 3 16,7 ' [Tporepka: 2y = 0.
8,89 Rp—q-4 + Rc=80/3 -40 +40/3 =0.
On. M
N i Bprumcisiem no ygacTkaM BHYTPEH-
HUE YCUIIHS.
Puc. 1.18. 1-f ygactok. 0 < X1< 1 M.

Q1= g'x1 Qx0=0, Qw=1= 10 kH.
Mi=-g-x1%2, Mx=0=0, My=1=5 xH-m,
My=05=1.25 xH-m
2-1 ygactok. 0<xp<3 M.
Q2=Rc-QgX2, Qx=0=13.3 kH, Qx=3=-16,7 kH, Qm= Qx=1= 3.33 kH;
M2=R:X2- qX2%2, M=0=0, My=3= -5 xH-Mm.
Ha yuactke CD monepeunas cuina Q menset 3Hak. Q2= Rc - -Xo= 0,
x0=RJ/qg=133Mm u
Mi=133=13,3-1,33 - 10-1,33-0,67 = 8,89 kH-m.
Mn= My=1=13,3-1-10-1-0,5=8,3 kH-™m

[To mony4eHHbIM 3HAYCHHUSIM CTpOMM S1Iopbl M u Q mist 6anku DE (puc. 1.18).

16



RA RB RC:1313 kH
av 1 C
/7%74)(4. %7 X3
2M 2M
13,3
13,3 @[] 2m.Q
L
26,7 >
‘ On. M
Puc. 1.19.

cratudeckuit pacuer 6amku AC.

OrnpenensieM ONOPHBIE PEAKIIUH.

Xma=0. Rp2—-Rc4=0.

Paccmorpum  Tenmepr Oanky AC
(puc. 1.19), xotopas HaxOIUTCA TOJ
BO3/ICHICTBUEM PEAaKIIUA CO CTOPOHBI
oanku CD R¢. Peakmust Re nmoimxaa
ObITh HampaBlieHA B CTOPOHY, oOpat-
HYIO HaNpaBJICHUIO 3TOM K€ PEeaKiluu,
npuwioxkeHHor k Oanke CD, mockomb-
Ky IpU COBMEIICHUU OAJIOK B IIapHU-
pe C oTu peakiuu J0KHBI OBITH B3a-
UMHO

ypaBHOBeweHbl.  [IpoBogum

Rs=80/3 =26.7 xH.

>Mg=0. —Rc2+Ry2=0.

R4= 13.3 xH.

[TpoBepka peakiuit. Xy=0.

— R4+ Rg—Rc=-13.3 + 26,7 -13.3=0.

Brraucnsem 1o ydqaCTKaM BHYTPCHHUC YCUJIUA.

3-i yyactok. 0 <X3<2 M.

Q3= Rc 13.3 kH.

M3z = — ReXa.

4-i1 ygactok. 0 <X4<2 m.

Mx:O: O, Mx:Z: - 26,7 KH'M.

Q4= - R4 =-13.3 kH.

Mz = — R4Xa,

Mi=0=0, M=2=-26,7 kH-M.

[To moay4eHHBIM 3HAYCHHUSM CTpOUM 31topbl Q u M B nipocToii 6anke (puc. 1.19).

CoBMECTMM BCE NOCTPOEHHBIE SMIOPHl BHYTPEHHUX YCHUJIMN BJIOJb MHOTOIIPOJIET-

17

HOM Oanmku B eauHOM MaciiTtabe (puc. 1.17, 6, 2) u mpoBeieM OKOHYATEIbHYIO MPO-

BEPKY Ha COOTBETCTBUE UX 3aJJaHHOIN Harpyske.



3. CTpouMm JIMHUM BIUSIHUA JBYX peakiuil Ry u Rc 1 monepeyHoil Cuiibl U U3ru-
Oaroriero MoMeHTa Juid ceueHuid m u n. Iloctpoenue auHuit BAUsSHUSA OyaeM MPOBO-
JUTh KHHEMAaTU4YeCKUM criocobom (puc. 1.20).

Tak, npu MOCTPOCHUM JTUHUU BIUSHUS peakinu Ry youpaem cBsi3b, IPEMSITCTBY-
IOLYI0 BEPTHKAJIbHOMY CMEUIEHUIO OMOpbl, M JaeM E€IUHUYHOE CMEIIEHHE STOM
OIOpBI MO HampaBlieHUI0 R4. DTO eIMHUYHOE NepeMelleHre MPUBEIET K MOBOPOTY
KoHcosibHOM Oanku AC Bokpyr omnopsl B. lapuup C onmycTUTCS BHHU3 U MOBEPHET
6anky CD Bokpyr omopsl D [lonydennast B pe3yibpTaTe cxema MepeMelieHuid U aaeT
BU/JI JJUHUU BIUSHUSA 3TOM peakiuu. AHAJIOIMYHO IMOJIydeHa JTUHUS BIusHus Rc my-

TEM BCPTUKAIIBHOI'O CMCIIICHUS OIMOPhI C BBCPX Ha CAMHUILY.

q
Y VIV I VI VIV Y

AL 19,‘;57 C m
] I1.B. Ry
1/3
2/3
4 I1.B. Rp
1/3 n.8. Q,
> »
23—, | 1B.Qn
T S B ST S s Vi
. 2 213
&G e
) N 1. B. Mp,
&&R b A N 173

Puc. 1.20

[Tpu noctpoenuu nuHUi BaustHUS Q 1 M HEeoOXoauMO yOpaTh CBSI3H, BOCIIPHHU-
Marolie MONePevHyIo CUIy M U3rubaroniuii MomeHT. To ecTh, ISl MOCTPOCHUS JIH-

HHHU BJIHUAHUA Q B CCUCHUU N HAM HCO6XOIII/IMO B 9TOM CCUCHHMHU JaTb TOpHaM B3aNM-
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HOE BEPTUKAIBbHOE CMEIICHHE Ha eAUHUIYy. OTMETHM, YTO €CJIM TOPIIbI CTePIKHEH ma-
paJuIesIbHbI, TO MapauICAbHBI IPYT IPYTY JICBBIH U MPaBbIi CTEPKHH IICTUKOM. AHa-
JIOTMYHO TOCTYIAeM U C CEYCHHEM M IpH IMOCTPOSHUH JTUHUH BIUSHHUSI Qm.

Bpes3aB moouepeHo B ceueHHUSX N U M IIAPHUPBI U 3a]1aB CIUHHUYHOE YIIOBOEC
CMEIICHHUE TIOJTyYaeM DITIOPBI BO3MOKHBIX IIEPEMEIICHNIN, JAOIINX BUI JIUHUN BJIM-
sHust Mm 1 My (puc. 1.20).

4. TlomcunTaeM 3HAUYEHUSI BHYTPEHHUX YCHJIMH B 3aJaHHBIX CEUCHHSIX 10 JTHHHUAM
BMsiHUA. 71 9TOro HaM HEOOXOMMO MHTEHCHBHOCTD PacIpee/ICHHON HAarpy3Kku (
YMHOXHTh Ha IUJIOIIA/b, OYSPUCHHYIO JMHUCH BIMSHUS 1O Harpyskoit. Ilpu mepe-
MHOXXCHHH HCIIOJIb3YEeM CIICAYIOIINE IMpaBHia 3HAKOB: HArpy3KH, HalpaBICHHBIC
BHHM3 M OPJIUHATHI JUHUN BIMSHUS U IUTOIIAIH, PACIIOI0KEHHBIE BBIIIC OCEBOM JIH-
HUH — [OJOKHUTEIbHBI.

Q= g-(- 0,5-1-1/3 +0,5-2:2/3) = 10-(-1/6 + 2/3)= 3.33 kH,

M,=q-(-0,52-3+0.5:1-2/3) = 10-(-3 + 1/3)= — 26.7 kH-m.

Qn=¢(-0,5-1-3+0,5-1-1/3) = 10-(-3/2 + 1/6)= - 13.3 kH,

Mmn=¢-(0,5-2/3-3-0.5-1-1/3) = 10-(1 - 1/6)= 8.3 xH-m.

3Ha4YCHHS BHYTPEHHUX YCUJIMA, TOJYYCHHBIC 110 JTMHUSAM BJIMSHUS, COBIAJAIOT CO

3HAYEHUSIMH pacueTa Ha MOCTOSHHYIO Harpy3Ky.

Ipumep 1.3. [ 3a7aHHON CTAaTUYECKH OMPEICTUMON MHOTOMPOJIETHON OanKu
(puc. 1.21, a) HEOOXOAMMO, HCIOJIB3YS MOATAKHYIO CXEMY OaJKH, TTIOCTPOUTH DITIO-
pbl BHYTPEHHUX yCUIMH. [IoCcTpOnTh IMHUM BIUSHUS JBYX ONOPHBIX PEAKUUNA U JTH-
HUW BIUsHUAA M u Q B cedeHUsx M u N. BEMUCIUTE IO HUM BHYTPEHHUE YCUIIUS U
CPaBHUTH CO 3HAUYECHUSIMH, MTOJYYE€HHBIMU IIPHU MMOCTPOCHHHU 3MI0p. B pacuerax mnpu-
wate d=1,5wm, P=45xH, g=6 xkH/m.

Pewenue. 1. JIas mOCTpOEHUS MOATAXKHON CXEMbl MHOTOIPOJIETHOM OalKu Mpo-
BOJAUM aHAJIU3 33JaHHON CTEPKHEBOW CUCTEMBI, KOTOpPasi COCTOUT MX TPEX MPOCTHIX
oasiok AB, BD u DE . Tlpu 5TOM BUAHO, YTO KOHCOJbHas Oanika AB, uMeroniasi Tpu

CBSI3H C 3€MJICH, SBJISICTCS OCHOBHOM (HecyIei), a 6anku BD u DE — BcioMorareb-
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HbIMU. B COOTBETCTBHU C 3TUM U CTPOUM MOATAKHYIO CXEMY, MpEICTaBUB Oanky AB

Kak onopHyto (puc. 1.8, 0).

a) q ‘LP
VIV VY Y YV IIV VY C ; E
A m A D s
2d | 2d 2d | d| 2d |d |
\ | | | |
6) ¢P
. = =l
wwwviwvwwo'% /7;7 7
A m B
6)
28,5 10,5 15
? ’ﬁm\\ll T T On. Q
LL 111 éP
75 30
2)
63
4,5 22,5
LD Hle S M
45
Puc. 1.21

2. JIns CTaTUYECKOro pacyeTa — MOCTPOCHUS 3MIOP BHYTPEHHUX YCHIIMA — pac-

CMOTpPUM KaXIyl0 OanKky oTaenbHo. HaumHaem pacueT ¢ BepxHell BCoMOraTelibHON

oanku DE (puc. 1.22). OnpenensieM OnopHbIE PEaKIIHH.

Re
iN=

X 17;7

2d } d
[TTTTTT . Q
Q- 30xH
| oun. M
45 xH-m

Puc. 1.22

>mp=0, — P-2d+Rg3d =0, Rg=30xH.
>me=0, -Rp-3d+ P-d =0. Rp=15 kH.
ITpoBepka:

2y =0.Rp—P+Re=15-45+30=0.
Brraucnsiem no yyactkam BHYTPEHHUE YCUIIHS.
1-ii yyactok. 0 < x1< 1,5 m.
Qi=-R., Qx=0= Qx=15=—30 xH.
M1=ReX1, Mx=0=0, Mx=15= 45 xH-m.
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2-11 ygacTok. 0 <X2<3 M.
Q2=Rp, Qx=0= Qx=3= 15 kH;
M2= RgX2, My=0=0, M,=3=45 xH-m.
I[To mony4eHHbIM 3HAYCHHUSIM CTpOMM 1Iopbl M 1 Q s 6anku DE (puc. 1.22).
PacemoTrpum Teneps 6anky BD (puc. 1.23), koTopast HAXOIUTCS O] BO3ICHCTBH-
eM peaknuu co ctopoHsl 0ankum DE Rp. Peakmus Rp momkHa OBITH HampaBlieHA B
CTOPOHY, OOpaTHYIO HAINpAaBJICHUIO 3TOW K€ peakiuu, MPUIOKEHHOU K Oanke DE,
MOCKOJIbKY TPU COBMEMICHUH OasloK B mapHupe D 3Tu peakumu 10DKHBI OBITH B3a-
UMHO ypaBHOBelIeHbl. [IpoBoaum cratnyeckuii pacuet Oanku BD.
Xmg=0. Rc2d-Rp3d=0.
Rc= 22,5 xH.
Emc=0. —Rp2d—-Rpd=0.
Re=-7,5 kH.
3HaK MUHYC y peakiuu Rp 03HaYaeT, 4TO OHA HAIpaBJeHA B 0OPATHYIO CTOPOHY.
HampaBum ee BHM3, 3a4epKHYB MEPBOHAUATHLHO BHIOPAHHOE HAMpPAaBIEHHWE U B Jalb-
HEUIMX pacueTax 3HadeHUe peakiuu R OyeM MpUHUMATH MTOJIO0KHUTEIbHBIM.
[TpoBepka peakiuit. Xy=0.
—Rg+Rc—Rp=-7,5+225-15=0.

BelunciseM 10 y4acTKaM BHYTPEHHHE YCH- Re Re Ry = 15 H
T B CT | ‘1’D
3-i ygactok. 0<x3<l,5 m. /7%7 X42d ’J”\%
Q3:=Rp, Qx=0=Qx=15=15kH. 15
Ms= - Roxs, Meo=0, Mes= —22.5 xHar,  1O—Lrrrrrrr) ob 9m.Q
4-i1 ygactok. 0 <Xxs<3 m. 22,5
Qs=—Rs,  Quw0=Qx=3=-21,5 xH. - On. M

Ms=—ReXs,  M=0=0, My=3=—22,5 kH-m. Puc. 1.23

[1Io mosy4yeHHBIM 3HAYEHUSM CTPOUM SIIOPBI

Q u M B0 BTOpOI TIpocTOoi Oanke (puc. 1.23).
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KonconpHas 6anka AB HarpyXeHa pacipeeiecHHON Harpy3koi u peakuueid Rg co
cTOpoHbl Oanku BD, HanpasieHHON BBepx (puc. 1.24). B nanHoMm cimy4yae npu BbI-
YUCJIEHUH BHYTPEHHHX YCWJIMM MOXHO OOOMTHCH O€3 OIpeiesieHHs] peakuui, pac-
cMaTpuBasi MPaBYIO YacTh OAJIKU.

5-if yuactok. 0 < X5< 6 Mm.

g
ATV VIV I III IR Qs= 4% R,
7 Xs IRg
4d Qx:O = — 7, 5 KH, sz6= 28,5 KH,
28,5 Ms= Rgx5— C]'XZ/Z,
Mx:O=0, M:S:_4,5 KH’M,

\ On. Q _ .
E 7’5 Mx:6— 63 KH M.

63~ | Xo [Tockonbky Q Ha 5-M y4acTKke MCHSET

45 | On. M . ..

: 3HAaK, HalJIeM KOOPJIUHATY Xo, TPH KOTOPOH:

4.7 Qs= g-Xo— Re=0,
Puc. 1.24 torma xo=7,5/6 =1,25 m.
Mi=125= 4,7 kH-m.

Omropsl M 1 Q 1y1st OCHOBHOM OajKy MoKa3aHbl Ha puc. 1.24.

CoBMeCTHM Bce MOCTPOCHHBIE AMIOPHI BHYTPEHHUX YCUIUH BIIOJH MHOTOIPOJICT-
HOM Oanku B equHOM Maciitade (puc. 1.21, 6, 2) u npoBegeM OKOHYATEILHYIO TPO-
BEPKY Ha COOTBETCTBUE WX 3aJJaHHOMN HArpys3Ke.

3. CTpouMm JIMHUM BIUSIHUA JBYX peakiuil Ra 1 Rc ¥ monepeyHoil cuiibl U U3ru-
Oarorero MomMeHTa Jiis cedenuid m u N (puc. 1 25). IMocTpoeHue TMHAN BIUSHUS OY-
JIEM TIPOBOAUTH KUHEMATHUYECKUM CIIOCOOOM.

Tak, mpu MOCTPOCHWHM JHWHWM BIUSHUS DPEAKIIMU BepTUKaNbHOW R, yOupaem
CBSI3b, MPEMATCTBYIONIYI0 BEPTUKAILHOMY CMEILEHUIO OMOPhI, U JaeM €IUHUYHOE
CMEIIeHHE 3TOi ornopkl no HampasiaeHuto Ry. Ilockonbky onopa A4 — 3aaenka, KOTo-
pasi mpu BO3JICHCTBUM MaJIOW MOMEPEUYHOM CHIIBI HE TMEepeMenaeTcsi, TO €IMHUYHOE
NepeMeIleHUE MPUBEIET K MEPEMENICHUI0 KOHCOIbHON Oanku AB mapanieiabHo ca-

Moii cebe. [lomyueHHast B pe3ysbTaTe cxema MepeMeeHnid 1 JaeT B JUHUM BIIH sI-
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HUS 3TOM peakuuu Ry. AHaIOrM4YHO MoOJy4yeHa JUHUS BIUSHUS Rc myTeM BepTUKalIb-
HOTro cMmerienus onopsl C Ha equuuiy (puc. 1.25,B).

[Tpu noctpoenuu nuHU BaustHUS Q 1 M HE0OX0AUMO yOpaTh CBSI3H, BOCIIPHHU-
MarolLie MOMNEPEeYHYI0 CHITy M u3rudaroimuii MoMeHT. To ecTh ISl MOCTPOSHUS JIH-
HUY BIUsiHUS Q B cedeHnHr M HaM HEOOXOIWMO B 3TOM CEYEHUH JIaTh TOpIaM B3anM-
HO€ BEpPTHKAJIbHOE CMelleHue Ha eauHuIly (puc. 1.25, r). OTMeTuM, 4TO €CIM TOPIIhI
CTepXHEH TNapaJiebHbl, TO MapajulesibHbl APYT OPYry JIEBBIM M MpPaBblid CTEP>KHU
LETMKOM. AHAJIOIMYHO IMOCTYIAEM U C CEYEHUEM N MPU MOCTPOEHUU JIMHUN BIUSHHUS
Qn (puc. 1.25, ¢)

q P
a) TV VIV VIV Ivy ¢ . l' E

Puc. 1.25

BpeszaB moodepelHO B CeUEHUSAX M W N IMAPHHUPHI M 33J1aB IUHUYHOE YIIIOBOE
CMEIIIEHUE TIOIy9aeM DIIOPHl BO3MOXHBIX MEPEMEIICHNUN, TAIOMUX BU JTHHUHA BIIH-
ssHust Mm v My (puc. 1.25, 1, x).

4(]. TomcunTaeM 3HAYCHUS BHYTPEHHUX YCWJIMH B 33JaHHBIX CEUCHUSX 110 JIMHH-
sM BiHstHESL. J[J11 9TOro HaM HEoOXoIUMO CHITy P yMHOXaTh Ha OPJIIMHATHI COOTBET-

CTBYIOIIIUX JIMHUH BJIHNAHHSA, 4 THTCHCUBHOCTbD pacnpe)leneHHoﬁ Harpysku ( Ha 1J1o-
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a7b, OYEPUCHHYIO JMHHUEW BIHMSHUS 1MOJA Harpy3koil (. Ilpum mepemHOXeHUU ucC-
NOJIb3YEM CIICAYIOIIME MpaBUila 3HAKOB: HAarpy3Kd, HallpaBJICHHbIE BHU3, OpAMHATHI
JMHUHA BIUSHUS U TUIONIAAH, PACIIONI0KEHHBIE BBIIIIE OCEBOM JIMHUU — MOJOXKHUTEIh-
HBL.

Qm=-P0,167 +¢-12d =-7,5+ 18 = 10,5 xH,

Mn= P-d/3 —q(0,5-2d-2d) = 22,5 - 27 = - 4,5 kH-m.

Qn=—P-2/3 = - 30 xkH (Cuna P HaxomuTCs CJIeBa OT CeYeHUs N, MOITOMY YMHO-
KHJIM €€ Ha JICBYIO OpIuHATY JI.B. Qn).

Mn=P-2d/3 =45 xH-m.

3HaueHus! BHYTPEHHUX YCUJIHMM, MOTy4YE€HHBIE MO JTMHUSAM BIUSAHUS, COBIIATAIOT CO

SHAUCHUAMMU PaACUCTa HA ITIOCTOAHHYIO HAI'PY3KY.

24



2 CTaTu4ecKkHu omnpeaeaumMbie pepMbl

@Depmoti Ha3bIBAECTCA CTEP)KHEBAsi CHCTEMA, OCTAOIIAsAC T€OMETPUYECKHA HEU3-
MEHSIEMOM TOCIIE YCJIOBHOM 3aMEHBbI €€ JKECTKHX Y3JIOB IIapHUPHBIMHU. [Ipm 3TOM
Harpyska K ¢epMe npuiaraercsi B y3jax, a B CTEPXKHIX BO3HUKAIOT TOJIBKO MPOA0Jb-
Hble ycuus N.

@depma, Kak MPaBUIIO, COCTOUT U3 HECKOJIBKUX OJHOTHUIIHBIX DJIEMEHTOB — IIa-

HEJIeH, TIPU ATOM CTePKHH (PepMbl UMEIOT CBOM Ha3BaHus (puc. 2.1):
BEPXHUH MO5IC
. / . \

CTOMKA packoc MIAHEJb | HWKHUU MOSIC

Puc. 2.1

®epmbl KIIACCU(ULIUPYIOTCSA M0 CIECAYIOMINM IPU3HAKAM:

1.1. ITo Tuny peuieTku:

VAVAVAN >

TpeyronpHas PackocHas [TomypackocHas
PomOuueckas JIByxpemeruaras CnoxHas
(mrmpeHrenbHast)

1.2. ITo ouepranuio:
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C mapanneabHbIMU

L\'\N M nosicamu

C nmonuroHajabHBIMU
IHossCcaMu

TpeyronsHOTO
ouepTaHus

1.3. ITo Tuny onupanus: 6anodHbIe, KOHCOJIbHBIE, KOHCOJIbHO-OaI0UHBIE;
1.4. TTo Ha3HAYEHUIO: CTPOINWIbHBIC, OAllIEHHBIE, KPAaHOBBIE, MOCTOBBIE C €3/101

TIOHU3Y U TIOBEPXY, U JP.

2.1 Pacuem npocmeituiux pepm Ha HenooBUIHCHYIO HAZPY3KY

®depmbl, 00pa3oBaHHBIC W3 MIAPHUPHBIX TPEYTOJBHHKOB IOCICAOBATEILHBIM
PUCOETMHEHUEM Y3JI0B, HA3bIBAIOTCS npocmetiwiumu. OHU CTATUYECKU OMPEACTUMBI
Y TEOMETPUIECKU HEU3MEHSIEMBI.

B 3amauax pacdera cTaTH4eCKH ONMPEACTUMBIX (hepM B MOJHON Mepe MPUXOIUT-
Csl MCTIONIh30BaTh YPaBHEHHUS PABHOBECHsSI KAK CXONSIICHCS CUCTEMBI cui (TIpHU pac-
CMOTPEHUHU PAaBHOBECHS y37a), TaK U MPOU3BOJIBHON crucTeMbl cril. Heobxommmo ot-
METHUTh, YTO BCE METOJIbI ONPEACICHUS YCHINH B CTEPXKHAX (EepPMbI peau3yoT OC-
HOBHOM METOJT MEXaHUKH J1ehOPMUPYEMOTO TBEPOTO Tejla — Memoo ceueHuti. [lpu-
HATO pa3udaTh TPU OCHOBHBIX CIIOCO0A ONPECIICHUS YCUIIUN B CTEPXKHAX (pepM:

1) memoo momenmmuoi mouku WMCIOJB3YETCsA, KOrJa B IMOMEPECYHOM CEUYCHUHU
OKa3bIBAETCSl HE O0Jiee TPeX HEM3BECTHBIX YCUIIMN B CTEPIKHAX; MPU STOM JBa U3 HUX

NepPeCceKaroTcs B TOUKE, MOJIOKEHUE KOTOPOM JIETKO OIpeaeNuTh. B cyMMy MOMEHTOB
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BCEX CHWJI, MPUIOKEHHBIX K paccMaTpuBaeMoil 4acTh (pepMbl OTHOCUTEIBHO STOU
TOYKH, KOTOpask Ha3bIBA€TCA MOMEHTHOM, BOMAET TOJIBKO OJTHO HEU3BECTHOE, KOTOPOE
U3 3TOT0 ypaBHEHHUsI U OyZIeT HalI€HO;

2) memoo npoexyuii. B 3TOM cllydae 3alMChIBAIOT CyMMY TPOCKIIMI BCEX CHIL,
MPUIOKEHHBIX K paccMaTpuBaeMoi 4acTH (pepMbl Ha OCh X WJIM Y WIH JIPYT'YyIO Mpo-
U3BOJILHO OPUEHTUPOBAHHYIO OCh. OCh MPOEKIMH BBIOUPAETCS TaK, YTOOBI B ypaBHe-
HUE€ PAaBHOBECHS BXOJIMIIO OJTHO HEM3BECTHOE YCUIIME;

3) memoo evipezanus y3106 TPUMEHSETCS Ul ONPEICICHHs] YCHIIMH, KOrna B
y3JI€ CXOAUTCS HE 0ojiee IBYX CTEPHEN C HEN3BECTHBIMU YCUITUSIMU.

IIpumep 2. 1. Onpenenuts HyleBbIE CTEPKHU 3aJaHHOW KOHCOJBHOU (PepMBbI
(puc. 2.2).

Pewenue. Bpipexxem y3zen 9 u
paccMOTpUM €ro paBHOBecHue (puc.

2.3). Y3en He HarpykeH, U B HEM CXO-

JATCSL IBA CTEPIKHS.

N3 ypaBHEeHUs paBHOBECHUS

2V = 0 monyyum:
y e Puc. 2.2
Ng7Sina = 0, otkyma Ng7 = 0.
3amnuiieM BTOPOe ypaBHEHUE PAaBHOBECHSI:
>x =0, — Ng7cosa — Ngg= 0, Torma Nog= 0.

Takum o0Opazom, oba ycunus, cxodawuecs 8 08YXCMEPHCHEBOM HEHAZDYIHCEH-

HOM Y3J]1€e, H)Jleable.
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PaccMoTpum paBHOBecue 8-ro y3ma (puc. 2.4). DTo Tak Ha3bIBaAEMbIA mpex-
CMePIHCHEBOU Y3el ¢ eOUHCMBEHHO 8bIX00AWUM cmepicHem. VIM ABII€TCS CTEPIKEHb
8-7. 3ammcaB cymMmy npoeknuii Xy = 0, HETPyAHO yOSIUThCS, 9TO CTeP)KeHb 8—7 —
HYyJIeBOH, a u3 ypaBHeHus 2x = 0 ciaemyeT, uTo Nog = Nas.

MpiicineHHo BeipekeM y3ea 7. C ydeToM Toro, 4To CTepKEeHb 7—8 HyJIeBOH, 7-i
y3el MOXXHO pacCMaTpuBaTh KaK TPEXCTEPKHEBOM C E€IUHCTBEHHO BBIXOJSIIUM
CTepXKHEM 7—6, KOTOpBI TOKe OyZeT HyneBbIM. OCTabHBIC Y3JIbl INOO HATPYKEHBI,
aM00 HE MOT'YT PacCMaTpPUBATHCS KaK TPEXCTEPIKHEBBIE, U B OCTAIBHBIX CTEPXKHSIX
perieTky OyayT BOSHUKATH MPOIOJIBLHBIE YCHITHL.

Ipumep 2. 2 BeauciuTh yCUius B OTMEUEHHBIX CTEPKHAX (hepMbl (puc. 2.5).

HameTrum nyth pewenus 3anaumn. Ycunue B cTepkHe 3—4 ymo0HO UCKaTh, pac-
CMOTpEB paBHOBECHE y3Iia 3; YCUIIME B CTEP>KHE 5—06 Mpolile HAMTH METOJOM BbIpe3a-
HUS y371a 6, a ycuiaue B packoce 4—5 ynoOHee HaXOauTh, UCIOJIb3YSl METOJI MPOECK-
1. J{J1s 3Toro He0OX0IMMO HANTH peaKIK OIop U MpoBecTH ceuenue .

*m1=0. P6-Ryp12=0, Ryp=Ry=PI2.

s onpeneneHust yCHIHsS B CTEPKHE 3—5 MOXKHO BOCITOJIB30BaThCA METOJ0M

MOMEHTHOW TOYKH, KOTOpasi HAXOAUTCA B MECTE MEPECEUCHUS JIBYX APYIUX YCUIIUU,

okazaBiuxcsi B cedeHuu |-lI. MomentHol Toukoi mins Nss ciayxurt ysen 4 (puc.
2.5,0).
0)
2 4 ; A
o
Ns
1 %N35

I[&J'IBHCI\/'IHIGC PEIICHUC 3aga4r NpeaIaracTca nMpoBECTU CTyYACHTaAM CaMOCTOS-

TenbHO. Beipe3aB y3en 3, momyuuM Nas = 0; BbIpe3aB y3en 6, HETPYAHO yOeIUThCH,
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yTO croiika 5—6 cxkara ycunmueM P (Nss = — P), a CipOeKTHpPOBaB BCE CHIIBI, IIPHIIO-
JKCHHBIC K JIEBOM MJIM MpaBod 4acTsaM (pepMbl Ha BEPTHKAIBHYIO OCh, IIOJIYUYUM yCH-
aue B packoce Nss= R,/cosa = 0,5P/0,8 = = 0,625P. 3anucaB ypaBHCHHE MOMCHTOB

JUTS JIeBOM yacTh (hepMbl OTHOCUTENBHO y37a 4, HaineM Nis= R,3/4 = 0,375P.

Ipumep 2. 3. OnpeaenuTs yCUIMsS B CTEPKHSIX TPEThed MaHENU 3aJaHHOU

dbepmsl (puc. 2.6, a). Ilpu pacuerax NpuHATH:

d=3,6m,h=3m h1=0,4h=1,2Mmu P=80xH.

Pewenue. VITak, HaM HEOOXOAMMO ONPEIEINUTh YCUIIUS B MATU CTEPXKHAX (ep-
MBI: B CTEPKHSIX BEPXHET0 U HUXKHETo nosca 5—7 u 4—6, B packoce 4—7, B neBo 4—5
U [IpaBoOil 6—7 CTOMKaX TPEThEW MaHeu.

[IpenBapUTENbHO BBIUHUCIUM PsiJi TE€OMETPUYECKUX MapaMeTpoB 3aJaHHOM

depMbl, 0003HauuB pazmep h — hi= hy,

l,, =+/d? +(h, /2)? =/3,62 + 0,92 =3,71m;
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l,, =~/d?+(h +h,/2) =+/362 +21% =417wm;
cosa = d/ls7= 3,6/3,71 = 0,97, sina = (ha/2)/ls7= 0,9/3,71 = 0,242;
tgo. = 0,9/3,6 = 0,25, ¢ = hi/tga = 1,2/0,25 = 4,8 u;
cosB = d/la7= 3,6/4,17 = 0,863;
sinB = (ha+ h2/2)/ls7= 2,1/4,17 = 0,504.

1. OnpenensemM onopHbIE PEAKIINH.

Xma=0.—-Pd—P2d - P-3d - P-4d + Rp-4d = 0; Rzp=200 xH.

B cuny cummerpuu R4 = Rz= 200 xH.

2. Jlns onpenenenust ycuiuid B cTepkHsIX 4—6, 4—7 u 5—7 paspexeM TpeThio
naHenb cedeHueM I-1 u paccMoTpuM paBHOBECHE OJHOW M3 YacTed GepMbl MO IeH-
CTBHEM BHEIIHMX U BHYTpPEHHUX cuil (puc. 2.6, 6). PaccMarpuBas mpaBylO 4acTh
dbepmbl, BUANM, 4TO 175 onpeneneHuss Nss yqoOHO 3amucaTh ypaBHEHHME MOMEHTOB
OTHOCUTENBHO MomenmHou moyku 7 (y3na 7), B KOTOPOH MepeceKaroTcs ABa APYrux
HensBecTHbIX yeusust Naz 1 Nsy.

Em7=0. — P-d + Rp'd — Nss(h1t+h2/2) = 0.

Nss = (- 80-3,6 + 200-3,6)/2,1 = 206 kH.

VYceunue Ngg HarpaBieHO Ha YepTexe OT y3ja U MOJYYHIOCH MOJOKUTEIbHBIM,
CJIENOBATENBHO, CTEPKEHD 4—0 pacTsIHYT.

Jnst onpenenenust ycunus Ns7 Takke y1oOHO MUCIIOJIb30BaTh METOI MOMEHTHOM
ToukH (y3ein 4). PaccMoTpum paBHOBECHE JIEBOW YaCTU (EPMBI.

*my=0. —Rg2d+ P-2d + P-d — (Ns;cosa)h = 0.

Ns7 = (- 200-7,2 + 80-7,2 + 80-3,6)/(0,97-3) = — 198 kH.

3HaK «—» y ycunusi Ns7 TOBOPHT, UTO CTEPKEHb S—7 CKarT.
Yeunue Ng7 MOXKHO HaWTH JTMOO METOJOM MPOEKIUNA HAa OCh ) BCEX CHUJI, MPH-

JIOKEHHBIX K OTHOW M3 yacTeil (hepMbl, JIMOO METOIOM MOMEHTHOI TOUKH. B nanHOM
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ciydae 3To OyzeT Touka M, Jeaiasi crpasa oT ornopsl B (puc. 2.6). Bocmonb3yemcs
MemoooM npoeKyull, pacCCMOTPEB paBHOBECHE JieBOM yacTu Gpepmsl (puc. 2.6, 0).
Xy =0. R4—P —P —P — Nsssina + Ngzsinf3 = 0.
N7 = [- 200 + 80 + 80 + 80 + (- 198) 0,242]/0,504 = — 15,7 kH

(cTepskeHb CKar).

p Jns BBIUMCIICHUS] YCUJIMSI B CTEpXKHE

N671\ N7g S~4 8 6—7 nposenem ceuenne II-1l (puc. 3.32, a) u
N46<— Bom pPacCMOTpPUM paBHOBECHE MPABOM yvacTu Qep-
. d 'R ¢ Mol (puc. 2.7). Bocromb3yemcst METOI0M MO-

MEHTHON TOuku: mjsi ycuiust Ne7 MOMEHTHOM
TOYKOM OymeT TOYka M, B KOTOPOH IepeceKa-

10TcA 1Ba Apyrux ycuiaus Nas u N7s.

XMn=0, —Ne7(d+c)+Pc-Ryc=0.
Ne7 = (80-4,8 — 200-4,8)/8,4 = — 69 kH,
(cTepkeHb 6—7 cxar).

B croiike 5—6 ycuname Oynem ompenessTh Memooom
P ebipe3aHus Y3108, Beipe3aB y3ena 5 (puc. 2.8). Cnpoernupyem

Yo ioc X Bce ycuius, CXOAsSIIMecs B y3ie, Ha och V. B cuity cummer-
N3s Nas

N puu GepMbl U BHEIIHEW HArpy3Kd YCWIHE B CTepxkHE 3—5
54

IpYMEM PaBHBIM YCHIIMIO B CTEp)KHE 5—7.
Puc. 2.8 : :
2y = 0. — P — Nss— Ns7sina. — Nsssino = 0;
Nas = — 80 —2(-198) 0,242 = 15,8 kH, Crolika 4 - 5 pacTsHyTa.
Jlis IpoBepKH TOMYYEHHBIX YCHJIMKA MOXKHO 3aIUcaTh YpaBHEHHE MPOCKITUN
BCEX CHJI, MPHJIOKEHHBIX K JICBOW WJIM MPaBOM 4acTsM Gepmbl (puc. 2.6, 6) Ha 0OCh X.
>x =0. Ns7cosa + Na7C0OSP + Nas= 0;
(- 198) -0,97 + (-15,7) -0,863 + 206 = — 205,6 + 206 = 0.

[TorpemHoOCTh O, MOMyYEHHAs B pe3yibTaTe MPOBEPKU, PaBHA:

d = (206 — 205,6) -100%/205,6 = 0,2%,
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P JOIMYCTUMOM (pa3peleHHon) JUIsl JaHHOTO TUIa 3aaa4 3—5%.

2.2 Pacuem ¢hepm Ha nooGuiIICHYIO HAZPY3KY
Pacuer epM Ha MOABMKHYIO Harpy3Ky CBOJUTCS K MOCTPOCHUIO JIMHUN BIUSHUSA
npu AeCTBUU Ha (hepMy MOABUKHON €AMHUYHOW CHIIBI, MEpEMEIIAIONIecs Mo Ol-
HOMY U3 IOSICOB.
[Topsaiok mocTpoeHust IMHUKM BIMSAHUS B (pepMax paccMOTpuUM Ha npumepe. Pac-
cMOTpUM MocTpoeHue JTuHuM BiusgHus yeuiauit Nas, Nas, Nas, u Ne7 1151 pepmbl, mo-

Ka3aHHOI Ha puc. 2. 9.

4/3cosal, 1. B. N3s
/ o
2lcosa;l N / 4lcosay
nepeaaToyHas mp
1/3sinay
— 2/9sinal,
_\J\LJ‘/rlllllllllllllllll .TI.B.N34
\ -
7/18sina,
~ 1/9
7/18 /H/ﬁ 77(]\\( [IepeaaTOYHbIe NPSMbIE TPU
IT"\II||||I--- 1_I-B-N45
I

1
“~L1\|\L_ UII,L*\ 7. B. Ng7

Puc. 2.9
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JI71st moCcTpOeHUS IMHUU BIUSHUA (2 3TO rpaduk) ycuius B cTepxHe 3-5 HeoOxo-
JAMO TIOJIYYUTh BBIPAXKECHUE I 3TOrO YCUJIMSA B 3aBUCUMOCTH OT IIOJIOKEHUS €1U-
HAYHOU cWiibl. B cBOIO ouepenb, equHnYHas cuiia P = | mepeMenaerca no HuKHEMY
MOsICY — 9TO OTMEYEHO Ha depMe MyHKTUPHOU JuHUEH. [[ns onmpeneneHus: ycumus
N3s paspexeM BTOpyro naHenb cedeHueM |-l u Bocnonb3zyemcsi METOJJOM MOMEHTHOMN
TOYKM. MOMEHTHOM TOUYKOM SIBIsieTCS y3el 4.

[lycTh equHMYHAs cuja MEepeMEIIaeTCs CrpaBa OT pa3pe3aHHON NaHenu Mexnay 4
u 12 y3mamu. PaccmoTpuM paBHOBECHE JI€BOM 4acTh (hepMBI.

*ms=0, R42d+ Nszsri =0. (ri=hcosay)

2d
Ngs=——R

TOr1a YPpaBHCHUC npaBoﬁ BCTBU NIPUMCET BU JIMHUW BJIMAHUA PC-
r-l

a’

aKIuu Ra, yMHO)KEHHOM Ha MHOXKHTEH 20/r1:

2 (s R)= -
il

(JI. B. RA) =- 2

. B. Ngs = — e
3-Cosay cosay

(1. B. Ry).

JI1st mocTpoeHus paBoil BETBU JTUHUM BIUSHUA N3s OTI0XKUM Ha JIEBOM OMOPHOU
BepTUKaM opauHatry 1-2/cosou. [ToCKONIbKY MHHUS BIAMSHUS UMEET 3HAK MUHYC, yKa-
3aHHYIO OpJAMHATy OTKJaabiBaeM BHU3. lIpaBas BeTBb OyneT mpoxoauTh oT 12 no 4
y371a.

P =1 Haxomutcs cneBa oT pazpe3aHHON naHenu mMexnay 1 u 2 yznamu. Pacemot-
pUM paBHOBECHE MPABOW YacTH (PEepMBI.

>ms=0, Rp4d+ Nssr; =0.
ITo ananoruun

—L(H. B.Ry) = - 4 (1. B. R4).
3-Cosey cosay

ﬂ(JI. B. RB) =
n

JI. B. N35: —

OTtkJiagpiBasi Ha MPaBOW OMOPHOM BepTUKaIU opauHary 1-4/C0Saz, cTpoum Jie-
BYIO BETBb JIMHUM BIUAHMS N3s oT 1 110 2 y31a.

JIBI>KEHUE €AMHUYHON CWIIbl MEXIYy 2 U 4 y3JaMU MOXHO OCYILIECTBUTH IO
HacTully. B aTOM ciydae OyAeT UMETh MECTO Y3JI0Basi mepejada Harpy3ku, a JUHUs
BIUSIHUSA Oy/leT ouepueHa nepedamoyHoll npsmoti (IyHKTUPHOW JIMHUEH), COCIUHSI-

IOLLIEH JIEBYIO U IIPaByIO B€TBU. OTMETHUM, UTO J1€6as U npasas 6emeu nepecekaromcs
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HOO MOMEHMHOU MOYKOU. ITO CBOMCTBO JIMHUN BIMSIHUS MOXHO HCIOJIb30BaTh s
IIPOBEPKHU.

[TocTponm, UCIIONB3ysI TPUBEACHHYIO BBIIIE METOJINUKY, JIMHUIO BIMSHUS YCUIIHS
N3s. MOMeHTHas TOYKa Ui 3TOrO YCUJIMSI HAXOJUTCS B TOUKE «K», B TOUKE Iepece-
YeHUsl MpOoJOJDKEeHUs1 crepykHer 2-4 u 3-5. M3 mopoOusi TpeyroJbHUKOB HAXOIHM,
uro a = d =3 M, iedo y ycwiusi N34 OTHOCUTEITbHO MOMEHTHOM TOUKH COCTABUT I2 =
3d-sina.

P =1 cnpaBa ot pa3pe3aHHOI1 TaHETH.

2Mx=0, Rsa-Nzr =0.

(1. B.Ry) = L (1. B. Ry).

1. B. Nas = i(JI. B. Ry) = 3sing
2

r, 9-sina,

CTtporM TpaByIO BETBb, OTJIOKUB Ha JICBOW OMOPHOM BepTukamu 1/3sina. Opan-
Haty noJ 4 y3iom (2/9Sinolz) HaxoauM U3 MOI00US TPEYrOJIbHUKOB.

P =1 cneBa ot pa3zpe3aHHOI aHEH.

>*my=0, Rp7d+ Nasro =0.

1. B. Nas = —E(n. B. Rp) = —_L
r, 3-SII’I0{2

(7. B. R3).

CTpouM JIeBYIO BETBb, OTJIOKHUB BHU3 Ha TMPaBOW OMOPHOH BepTrKanmu 7/3Sinow. B
paiioHe BTOPOro y3J1a opanHaTa coctaBuT 1/6 ot 7/3sino.

[lepenatouHoii mpsiMOI coemMHsIEM JIEBYIO W MpaBylo BeTBU. He TpymHO yOe-
JIUTHCS, YTO OHU NIEPECEKAIOTCS IO MOMEHTHOW TOYKOM.

st onpenenenust ycrwunst Nas 1 TOCTPOEHUS €0 JIMHUM BIMSHHS MOXKHO TaK )Ke
BOCTIOJIb30BAThCSl METOJOM MOMEHTHOM TOYKH (TOUKA «K») WJIM METOJIOM BbIpE3aHUs
y3710B. JlelicTBuTENsHO, BeIpe3aB y3ea 4 (puc. 2.10) MOXHO yBUIETh YTO B ypaBHE-
Hue Xy = 0 Bxoaut oaHo HeusBecTHOE Nss. JIunusa BnusHust yeunusi Nas Hamu mony-
yeHa. PaccmoTpuM paBHOBecue 4 y3ia.

EyZ 0. NazsSinowz + Nas = 0. Nugs = - N34sina2, I

1. B. Nas = - (J1. B. Nas)-Sinow
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P=1
N34 Nys N34 \N45
O~/ Nag o Nag Ns7 / N7g
N24 4 X N24 4 X
yP=1 N67
y
Puc. 2.10 Puc. 2.11 Puc. 2.12

Bripesas y3en 4, HaM OpUIIIOCH pa3pe3aTh BTOPYIO U YETBEPTYIO MaHENH, T. €.
JIeBasi BETBb JIMHUM BJIMSIHUS MPOXOAUT OT 1 10 2 y3:1a, a mpaBas oT 6 no 12 yzia.
CTpouM 3TH BETBH.

B kauecTBe MpOMEKyTOYHOr0 OYET MOJI0KEHUE €AMHUYHON CUJIbI B 4 y371€e (puc.

2.11). B atom ciyqae

>y=0. NasSinoz + Nas— P =0. Nass=- NassSinoo+1=- L
9sina,

sinaz+1= !
9

OtknagsiBaeM B paiione 4 y3na 7/9 u npoBoauM ABe nepenarodnbie npsmele. I1o-
ayuwin guHUio BIusHUSA Nis. HeoOxonumo oOpatuth BHUMaHHUE TI€ MEPECEKAIOTCA
JieBasi ¥ IpaBasi BETBU JTUHUU BIUSHUS Nas.

Ilpu e30e nonuzy ycunme B CTEpKHE 6-7 paBHO HYIIO — CTEPKEHBb 6-7 HYJIEBOH .
B 10 ke Bpemsi, npu e30e nogepxy NnpH IBMXKEHUHN €IMHUYHON CUIIBI MeXAy S 1 9 y3-
JaMH B CTOMKe 6-7 OyneT BO3HUKaTh Harpyska. [Ipu qBuKEeHHH MO OCTaJbHOM 4acTH
BEPXHEro Mosica CTePKEHb 6-7 OCTAETCsl HYJIEBBIM, ClIe0BaTeNbHO JeBas (oT 1 10 5
y31a) u npasas (oT 9 1o 12 y3na) BeTBU JTMHUM BIUsHUS ycuiansl Ne7 TOXE HyJIEBBIE.
Bocnone3yeMcst METOIOM BBIPE3aHMs Y3JI0B, Korga cwia P = 1 Haxogutcs B 7 y3ie
(puc. 2. 12).

>y=0. —Ne7—P=0. . Ne=-1.

OTtknanpiBaeM OopAMHATY «— 1» OT mpoekiuu 7 y3ia, MPOBOAUM IepelaTOYHbIE

npsiMble U nonydaem JuHuio BIussHUS Nez (cM. puc. 2.9).
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3 TpexmapHUpPHbIE APKU

Apounbimu Ha3bIBAIOTCS CHCTEMBl KPUBOJIMHEHHOTO WM JIOMAaHOTO OYepTaHUs,
B OMOpax KOTOPBHIX OT BEPTUKAIBHOM HArpy3Kd BO3HHUKAIOT HAKJIOHHBIC PEaKIINH,
HaIpaBJICHHBIC, KaK MPAaBUJIO, BHYTPh MpoJjeTa. | opu3oHTanbHas COCTABIISIONIAS Ta-
KOW HaKJIOHHOW PEaKIMH Ha3bIBACTCS pacnopom. ApOoUHbBIe CUCTEMBl B CPAaBHCHHH C
0aJI0YHBIMH OKAa3bIBAIOTCS DKOHOMHYECKH 00Jie€ BBITOJHBIMH 3a CYET MEHBIINX, YEM
B Oajkax, M3ru0aroInX MOMEHTOB.

KiroueBout mapuup
Ocb apku /
Crpena nogbsema
apku

£

} | — mposter apku }

JIByxmapHupHas apka be3mapHupHas apka

Puc. 3.1

JIByximapHUpHBIE U O€3MIapHUPHBIC ApKH SIBISIFOTCS CTaTUYECKH HEOIpeae-
JUMBIMH ¥ OyIYT pacCMaTPUBATHCSI B COOTBETCTBYIOIIEM pa3Jele.

TpexmapHupHas apka sBISETCS CUCTEMOW T€OMETPHUYECKH HEH3MEHSIEMOU |
cTaTudecku onpeaenuMoin. [IpunsaTeie 0003HaUYeHMs B apKax MOKa3aHbl Ha puc. 3.1.

B mpakTuke BcTpeyaroTcsi pa3MyHbIC 10 GopMe W BUAY apkd. B Tom ciydae,
KOTJIa KayK7asi TOJIOBUHA TPEXIIAPHUPHOMN apKH MpeAcTaBsieT co0oil CruiomHoi Opyc
KPUBOJIMHEMHOT'O OYEPTaHMs, €€ Ha3bIBAIOT apKol co CchiowHou cmenkou (puc. 3.1).
[Tpu nOMaHOM OUEPTaHUU OCH COOPYKEHHE OOBIYHO HA3BIBAIOT MPEXUAPHUPHOL pa-
mou (puc. 3.2, a, 6). Cuctema, nzo0pakeHHast Ha puc. 3.2, 8, HOCUT Ha3BaHUE Mpex-

WAPHUPHOU apKU C 3aMAACKOU.
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0) 2) o

Puc. 3.2

B mpaxTHke BCTpedaroTcsi apku, oOpa3oBaHHBIE U3 ABYX (hepM, cOoenMHEHHBIX
Mexay co0oil oommm mapHupoM (puc. 3.2,2). Takue cucTeMbl Ha3bIBAIOTCS mpex-

WAPHUPHBIMU (hepMaMmu.

3.1 Ananumuueckuii pacuem mpexuiapHupHoil apKu

Onpeodenenue onopHvix peaxyuil

[Ipu IIEUCTBUN BHEIIHEH
Harpy3ku Ha TPEXIIAPHUPHYIO apKy

(puc. 3.3) B KaX/101 €€ Orope BO3HU-

KacT IO JABC pCaKIMH. BCCFO, TaKHUM

o0pa3oM, UMEeTCsl YEThIPE HEM3BECT-

HbIC pEaKIMu — JIBE BEPTHUKAJIbHBIC
Ra, Re u aBe ropuzonTanbubie Ha U

R P P
/XI\ 1‘1/ (C 2‘1’ £B Hg. Jlna pacyera TpexmiapHUPHOU

apKu KpoMe TpeX ypaBHEHUW paBHO-

N BECHS, KOTOpbIC JaeT CTaTUKa s

CHCTCMBI CHUII, pacnononceHHoﬁ B OO-
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HOM TJIOCKOCTH, MOXHO COCTaBUTh YETBEPTOE ypaBHEHHME, OCHOBAHHOE Ha TOM, YTO
CyMMa MOMEHTOB BCEX CHJI, PUJIOAKEHHBIX MO OJJHY CTOPOHY OT KIIFOUEBOTO IIapHUPA
C, paBHa HyJO0. J[efICTBUTENILHO, 3TO YpaBHEHHE ISl U3TUOAIOIIEr0 MOMEHTA B TIOME-
PEYHOM CEUYEHUH, a B IIAPHUPE MOMEHT OTCYTCTBYET.

Jnst TpexmapHupHoi apku (puc. 3.3) mpu onpeaereHun peakiuuii OyayT 3amu-

CaHbl CIEAYIOLINE YPABHEHUS:

>mg= 0, — Ral + P1(I —ay) + P,a2=0, (a)
Ra=[P1(l — a1) + P.az]/l.
>ma=0, Rel — Pia1— Po(l — a2) =0, (0)

Re = [Pia1+ P2(l — a2)]/l.
VYpaHenus (a) u (6) AJi1 BEIYUCICHUS BEPTUKAIBHBIX PEAKIIMA UMEIOT TOT JKE
BUJI, UTO U YpaBHEHHUs B OalouHOM cucreme. JIJIsi BBIYMCICHUS pacropa 3amuiieM
CJIETYIOIINE YPABHECHMUSI:

>x=0, Ha—Hs=0, Ha=Hs=H.

>mc™ =0, Rl — P2(l2 — a2) — Hef =0, (B)
He=H = [Rsl2 — P2(l2 — a2)}/f, wmm:
M 6an
H=—" (3.1)

B Beipaxenuu (3.1) Mc® npencrasiser coboil M3ruOaroIuii MOMEHT B Cede-
Huu C B Oanke, MEPEKPHIBAIOIICH TOT e MPOJET U BOCIPUHUMAIONICH 3a/laHHYIO Ha
TPEXIIAPHUPHYIO apKy BEPTUKaIbHYIO0 Harpysky (puc. 3.3). U3 dopmynsr (3.1) cie-

JyeT, 4TO BeJIMYMHA pacriopa H o0paTHO MpOonopIroHAlIbHA CTPEJie MoabemMa apkH f.

Onpedenenue HympeHHUX YCUIUll 8 apke
Om 8ePMUKANLHOU HAZPY3KU
[Ipu neficTBUU Ha apKy TOJIbKO BEPTUKAJIBHBIX HArpy3ok (puc. 3.4, a) usruda-
IOLIMI1 MOMEHT B CEUEHUU C aOCIIUCCOM X paBeH:
My = Rax — P1(X — a1) — P2(X - 3-2) — Hy,

nin:
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M= M®* — H-y, (3.2)
rae M.%* — usrubaromuii MoMeHT B Oanke (puc. 3.4, 6) OT TOii XkKe Harpy3KH B cede-
HUU c abcuuccoi x (Tak Ha3piBaeMbli OanmouHblid MOMEHT). Dopmynoit (3.2) ynobHo
T0JIb30BAThLCS [IPU TIOCTPOEHUH JITIOPEI MOMEHTOB B apke. 3HaueHus M,%" Henocpen-
CTBEHHO O€pyT M3 S0Pl MOMEHTOB, TTOCTPOCHHOU i Oanku. BenmuuuHy pacropa
HaxoasT 1o popmyne (3.1).

[Tomyuennas hopmyna mist M, HaTJISAIHO TIOKAa3bIBACT YMEHBIIICHUE U3TUOAIOIIETO
MOMEHTA B apKe M0 CPAaBHEHUIO C OAJIKOW, YTO MOJATBEPIKIa€T IKOHOMHUYHOCTh apOy-
HOW KOHCTPYKIIMH IO CPaBHEHHIO ¢ 0amoyHOW. DTO BUIHO M3 MOCTPOCHUI Ha PHC.
3.4,2, TIie MOKa3aHO COBMEINIeHUE OaJOoYyHOM 3MIOPHl MOMEHTOB U KPUBOM, COOTBET-
cTByromien cimaraemomy H-y B popmyne (3.1). Ha puc. 3.4, 0 mokazad BHJ SIIOPHI

MOMEHTOB M, B apke.
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Ananornysbie GOpMYIIbI MOKHO TOTYYUTh JJIs TToiepedHoil Qx U MpooIbHOM
Nx cun. s aTOro crpoenupyeM Bce MPUIIOKEHHBIE CIIeBa OT CEUEHHUS N — N CHUJIBI
(puc. 3. 4, 8) cHauana Ha HOpMaJlb K OCH apKHU B CEUYEHHUH C aOCIUCCOM X, a 3aTeM Ha

KacaTeJIbHYIO K HEH:

Qx= (Ra— P1— P2)cosqx— Hsingy,
Nx=+ (Ra— P1— P2)sinpy + Hcosox.
HeTrpynHo yOemuThes, 9TO BEIMYMHA, CTOSIIAS B KPYTJIbIX CKOOKaX B 3allMCaH-
HBIX BBIIIE BBIPAKCHUSAX, MPEACTABISACT COOOM BETUYMHY MOMEPEYHON CHIIBI B Oaike
B CEYEHUH C TOM ke abcuuccol x; Toraa 3Tu GopMyJibl IPUMYT BU/L:
Qx= Q% cosqx— Hsingy, (3.3)
Ny = Qx% singx + HCos@s. (3.4)
OtMmeTruM, 4yTO B apke npuHsaTo cuutath N > 0 npu cxaTuu.
Payuonanvuas oco apxu
N3 dopmynel (3.2) caeayeT, 9To B TOM Ciiydae, KOrja Oo4epTaHHUE OCH apKu
COBIIAJAET C OYEPTAHMSIMHU OAJOYHON DIIOPbI MOMEHTOB MY, Ha3bIBAEMON KPUBOM

JaBJICHUA, T. €. €CIIA

6an

M
y(x)—T, (3.5)
q
a) P P P R )

J

0)
N 7
\\ /
KpuBas (MHOTOYTQJILHUK)
JABJICHUS
” m m



TO B TaKOW apke uarudarommii MmomeHt M, = 0.
VYpasuenue (3.5) Ha3bIBAIOT ypaBHEHUEM payuoHaibHot ocu apku. Ha puc. 3. 5, 6
MPUBEJICHBI OUEPTAHUS apOK C PAllMOHAIILHOW OCBHIO JJI Pa3JIMUHBIX CIIY4aeB HArpy-

KCHUA.

Ipumep 3.1 /I 3a1aHHON TPEXIIAPHUPHON apKH C pa3MepaMHu, OKa3aHHbIMU
Ha puc. 3. 6, BBIYUCIUTh 3HAUYCHUSI BHYTPEHHUX yCWIMH B cedueHusix M u N. Iloctpo-
UTh DIIOPhl BHYTPEHHUX YCUIUH. YpaBHEHHE OCH apKH — KBajpaTHas mapabdoia c

Ha4ajIoM KOOPAMHAT B TOUKe A:
4f
y=|—2(l—x)x, rel=12wm, f=4m.

Pewenue.
1. OnpenensieM ONOPHBIE PEAKLINH:
>ma=(06-3+P9-Rgl2=0. Rg=6kH.
Ymg=06-9+P-3-Ral2=0. Ra=10xH.
H = Mc%/f = (Rg6 — P-3)/4 = 6 kH.
2. Crpoum smropbl Q% u M, %,
3. ITo popmyne (3.2) BeruuciseMm 3HaueHUs: M,, OIYy4UB MPEABAPUTEIHLHO OP-

JTMHATHI 3aJJaHHBIX CEYEHUU M U N

4.4
"o12?

y (12-3)3=3m=y,

M =M% —-Hy =21-6-3=
=3kH-m.
M, = Mfa” —-Hy, =18-6-3=0.
4. BeraucnsieM Qm u Qn, ucronssys hopmyiy (3.3)
Qn=Qmn’*'cosem— Hsinpm
JI1sl BBIYUCIICHHS] TPUTOHOMETPHUECKUX (DYHKIIMHM BOCITOIB3YEMCS CIICTYIOIH-

MH MAaTCMAaTHYCCKMMH COOTHOILICHUAMM:

41



19

singp =

222222 SR KE 1
i I Cos(p=—"—
m N \Ksaxparuas 1+tg%o
Ym 4m napabosa f
o=y =—(1-2x),
| 3m p 3Mm 6m Re 12
Toraa
RA/\ P> Rs

4.4
oMmst o we-ble2a-oe
2 6 4.4
M tgp, = — (12—2-9) = 0,667,
12
18
21 24 sino. - 0667 0667 0,555,
3 o lroeer: 36
e (W)
1 1
C0SQ,, = ————— = = =0832.
1,2 2 1,66 @ 140,667 \
T A AHaJIOrM4HO:
RS 2 |
sinpn = — 0,555, cosen=0,832.
116 722161 833 84 IToxcunraem 3Havenus Q B 3a-
\Hﬂw Wf ( @ JTAHHBIX CCUCHUSIX:

Qmn = Qm®'coSem — Hsingm= 4-0,832 —
6-0,555 =0.

Puc. 3.6

B ceuyenun n smopa Q% uMmeeT pa3phiB, aHAIOTUYHO OYAET PasphiB U B IIIOPE
NOTMepeyHbIX cuil apku. [loaToMy HEOOXOAMMO MOJACUUTATH MOMEPEUHYIO CHITY CIIeBa

nu cnpaBa OT CCUCHMUI.
Q! =(-2)-0,832-6-(-0,555) =1,658 kH,

Q™ =(-6)-0,832—6-(~0,555) = —1,686 kH.

OJIHOBpPEMEHHO HalJIeM MONEPEYHBIE CUJTbI B OITOPHBIX CEUCHUSIX 4 U B.
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sinp, =—sing, =

COS¢, = COSQ, =

tgp, =—tgp, = 11'2;?12 =1,333;

1,333
\1+1,333
1

J1+1,333? )

Qa=10-0,6-6:08=12«H; Qs=-6:0,6-6(-0,8) =1,2 kH.

Qc=-21=-2xH

=0,8;

0,6.

5. Beaucnsem npojonbHbie yeumus 1o gopmyne (3.4):

Ny"= (=2)-(- 0,555) + 60,832 = 6,108 kH,
Ny = (- 6)-(— 0,555) + 60,832 = 8,328kH,

B onopHbIX ceueHusX:

Na=10-0,8 +6-0,6 = 11,6 xH,

Ns= (-6)-(~0,8) + 6:0,6 = 8,4 kH.

Nm = Qm®®'singm + Hcosqm = 4-0,555 + 6-0,832 = 7,218 xH,

Tabmuua 1.
Ne X 6. H- 6. H-
ced. | (M) (i//l) ‘g |sine |cosp | M H 1M Q° cfsq) sing Q s?nq) COS(Q \
1 2 3 4 5 6 7 1819 110 | 12 13 15 11 | 14 | 16
A 0 | 0 (1333 08 |06 |0 |6 0 |10]| 6 48 | 1.2 8 3.6 |11.6
m 3 3 0667 | 0555 083 |21 |6 |3 | 4 |333 (333 | 0 |[222 |499 |7.22
C 6 | 4 0 0 1 24 16 |0 | -2 | -2 0 -2 0 6 6
nGr | 9 3 |-0.667 |-0555 [0.83 |18 |6 |0 | -2 |-1.66 [-3.33 |1.66 |-1.11 [4.99 |6.11
n(mp) | 9 3 |-0.667 |-0555 [0.83 |18 |6 |0 | -6 |-4.99 [-3.33 |-1.69 |-3.33 |4.99 |8.33
B 12 | 0 [-1333 | 08 |06 | O |6 |0 |6 -36 -48 |12 |48 |36 |84

6. CBoauM MoJy4eHHbIE 3HaU€HUs B TaOMMIY 1 U CTpOUM 3MIOPHI BHYTPEHHUX

ycunuii B apke (puc. 3. 6).
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Ipumep 3.2
JIist 3a7aHHOM TpEXIApHUPHON pambl C pa3MepaMH M Harpy3Kou, MoKa3aHHBIMU

Ha puc. 3. 7,a, TIOCTPOUTH MIOPHI BHYTPEHHUX YCHUIIAM.

Pewenue.
1. OnpenernseM OMOPHBIE PEAKIUNU:
Yma=-012:18 - P-3+Re24 =0. Rp=10,25 xH.
Xmg=012:6 + P-21 —Ra24=0. R,=11,75 xH.
H = Mc%/f = (R4-12 — P-9)/6 = 8.5 kH.
2. Ctpoum smropst Q% u M,° (puc. 3. 7, 6).
3. ITo dopmynam (3.2), (3.3), (3.4) BeuKCHsAEM 3HAYCHHUS] BHYTPCHHUX YCHJIHAM,

HCIIONB3Ys TaOINIHYIO (hopMy.

Mk:MEan_H'yk' (3.2)
Qx=Qx%'cospk — Hsingxk (3.3)
Nk = Qie'singk + Hcos gk (3.4)

B Tabnuiy 2 3aHocum omnopHble TOUYkH A U B, TOUKH NpUIOXKEHHUS COCPENOTO-
YEHHOM CHJIbI, Hayala M KOHLA pacIpeAciCcHHOW HAarpy3Ky M y3Jbl paMmbl M u N. B
TOYKAX MPUIOKEHHSI COCPETOTOYCHHBIX CHJI B y3JaX HEOOXOAMMO HaXOAWUTh MO JBa
ycuius (CleBa U CIpaBa OT CEYEHMs), TOCKOJIbKY B TOUKAX MPUIIOKEHHS COCPENOTO-
YEHHBIX CHJI CKauKOOOpa3HO MEHSETCs MOIepevHasl CHJia, a B y3JIax CJIeBa U CIIpaBa

paBJII/I‘{HHﬁ YI'oJI HaKJIOHA IMOICPCYHOro CCYCHUA.
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P=10H

|

g=1xH/™m

3m, nA

viv vy vwvy
S m

Yd

f=6m

1175 [T 175 4.25 @)
0)
3525 405 51 46.5 ()
Puc. 3.7
Tabmuua 2.
Q H

x |y Q° H Q°
Ne ceu. singo | coso | M | H | M | Q° cos | N

(M) | (m) COS® | sing sing

¢
1 2 3 4 5 6 7 8 9 10 11 12 13 | 14 | 15
6.0 |14.3
A 0 0 |0.707 | 0.707 | O |85 0 ([11.75]8.31 |6.01 | 23 |8.31 ) )
31.2 14.3
k(i) 3 3 0.707 | 0.707 . 85 | 5.7 |11.75 831 |601 | 23 |831 |6.01 )
k(rp) 31.2

3 3 0.707 0.707 . 85 | 57 |1.75 |1.24 |6.01 |-4.77 |1.24 |6.01|7.25
n() 6 6 0.707 | 0.707 |40.5 |85 [-10.5 [1.75 |1.75 |6.01 |-4.77 |1.24 | 6.01 |7.25
n(mp) 6 6 0 1 405 (85 |-105 |1.75 | 1.75 0 175 | O 8.5 |85
C 12 | 6 0 1 51 |85 0 1.75 | 1.75 0 175 | 0 |85 |85
m(or) | 18 | 6 0 1 465 (85 | 45 |-4.25 |-4.25 |-3.33 |-092 | O |85 |85
m(p) | 18 | 6 |-0707 | 0707 465 |85 | -45 [-4.25 [-3.0 [-601 [3.01 [3.0 |6.0119.01
B 24 0 | -0.707 0707 | O 8.5 0 -10.2 |-7.25 |-6.01 |-1.24 [7.25 | 6.01 |13.3
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Ucnionwiys ganubie 8, 12 u 15 cTonb11oB TabIUIlBl 2 CTPOUM SITIOPHI BHYTPEH-

HUX YCUJIMI B TpexXiapHUpHoi pame (puc. 3.8).

10.5
\

57 i @

1.75 3.01
N\ > N
S e\ @
7
2.3 477 1.24
8.5
A | 9.01®
13.26
Puc. 3.8
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3.2 Pacuem apok Ha noo08UsCHYI0 HAZPY3KY

Jlunuu ruanus onopHvix peaxyuu

X p=1 s onpenenenuss Buaa Jid-
| —

I— HUM BIUSIHUS peakuuu Ry co-
TaBUM CJI aBHEHU

R, f R, c cleAylollee ypaBHEHHUE

paBHOBecust Xmg = 0,

! Hh | it Rs1—P(—x) =0.

| Torma nuHUS BIMSIHUS JIEBOU pe-

aKI[HU

I1.B. R, | —x

1 IB Ri=—=. (3.6)
m/ !
1. B.Rp

BBIpa)KeHI/IC JJ1 JIMHUKW BJIIMSHUWA

H/paB. BETBb JIEB. BETBb PEAKIIMIO Rz OTIpe/IEIIM 3
I/N ¥ I, /f ypaBHeHUs XMa = 0,
1.B. H _
Pic. 3.8 Rerl —P-x=0.
B pesynprare:
1B Rg= IX (3.7)

JInnuu Bnusinug peakuid Ry u Rpmokaszansl Ha puc. 3.8.
OTmeTHM, 4TO JTMHUM BJIVSIHUS BEPTHKAIBHBIX pEakluid B apKe TE XKe, 4TO U B
OJTHOTIPOJIETHOM Oaiike U B (hepme.

[TockonbKy BhIpaK€HUE TOPU3OHTATBHONM peaklnu (pacropa) CBSI3aHO CO 3Haye-

o

M
HHEM OaJIOYHOTO I/IBFI/I68,IOH_ICI‘O MoMeHTa B Touke C H ITC, Cro JIMHUA BJIMSAHHA

OyZIeT UMETh JIBE BETBH.
Cuna P =1 cnpaBa ot Touku C. PaccMOTpuM paBHOBECHE JIEBOM YaCTH ApKH.

>m¢ =0, Rslh—-Hf=0. Orkyna

|
1BH = T]'JI.B.R A (3.8)
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[Tonyunnu ypaBHEHHE MMPaBOM BETBU JIMHUU BIusiHUs H.
AHAJIOTMYHO TMOJYyYUM YpaBHEHUE JIEBOU BeTBU - cujia P = 1 cieBa ot Touku C.

>mZ? =0, Rpl2-Hf=0. Torna

I
n1.B.H = f2JI.B.RB : (3.8)

Jlunus Bnusinus H mokasana Ha puc. (3.8).

Ilocmpoenue nunuu erusHUs uzeUOArOUE20 MOMEHMa

Bocnonbs3yemcst BeIpakeHUeM J1Jis U3ru0aroiero MOMEHTa B apKe

M, = M° — H-yy.

OueBHUIHO, YTO CHPABEMIUBO CICAYIONIEE YTBEPKICHUE
1.B. M = 1.B. M,? — (11.B. H)yx,

TO €CTh JIMHUIO BIUSHUSA MOMEHTA B aPKE MOKHO ITOCTPOUTH MEHO00M HAIOHCCHUA
ABYX nuHMM BiausiHus - M’ 1 H+y. TlocTymaeM caeayromumm o6pasoM.

1. Beepx ot ocu cTpouM ImHuI0 BausEus M.’ (Ha prc. 3.9 mokasaHa CIUIOIIHOM
JIUHUEH ).

2. Ha Toi1 ke ocu OTKJIaiblBA€M OPAWHATHI JIUHUU BIUSHUS [, YMHOKEHHBIEC Ha
KOOPJIMHATY TOUYKHU «K» Vi (MYHKTUPHAs JWHUSA). {75 3TOro A0CTaTOYHO MOCTPOUTH
JICBYIO BETBb JIMHUUW BIUSHUS H, yMHOXUB €€ OpJMHATHI Ha Vi, [IpaBas BETBb OyaeT
IpeJiCTaBlieHa MPSIMOM, COeIUHSIIONIEH KOHell JieBoi BeTBHU (mpoekius T. C) ¢ Hyle-
BOI TOYKOM Ha IIPAaBOM OMOPHOM BEpTHKANH (ITpoekuus T. B).

3. B pe3ynbTaTe moiy4aeM pasHOCTH OpAMHAT IuHMU Bmusaus M.’ u H-y, (3a-
HITPUXOBaHHAs 00JIacTh Ha puc. 3.9 u npeacTaBisieT coO00H JIMHUIO BIUsHUS M,).
Touka F' — nynesas mouxa nuauu BussHuAsS M.

[Tonoxxenne HyneBOH TOYKM F' MOXHO HalWTH rpadUuecKUM MOCTPOECHUEM Ha
yeprexe apku (rpaduyecku). HyneBoe 3HaueHue M. monydaercs mpu MOJOKEHHUH
€IUHUYHON CUJIBI B MHTEPBAJIC MEXIY CEUYCHHEM K U KIt0ueBbIM mapHupom C. Tak

KaK €JMHUYHAs CUJIa MPUIJIOKEHA K JIEBOMY JINCKY apKa, JIMHUSA JEHUCTBUS IIPAaBOU pe-
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AKIIUH B JOJDKHA IIPOXOOUTHh YCPC3 HCHTP KIHYCBOI'O IIAapHHUpPA, ITOCKOJIbBKY
>m? =0.
HOCKOHBKy CANHNYHAasA cHJia

ImpaBeC CCUCHHUA «K», TO IJI BBI-

noJIHeHUs ycnoBus, uto M, = 0, pe-

aknua A noJDKHaA JIEMCTBOBAThH 11O

muHun Ax. llpoBoguM mHUM AK 1

BC, nox TOYyKOW mMepeceyeHust KO-

TOPBIX W HAXOJUTCA HYJICBasd TOYKaA

AN 6 '
neB. BeTBbLB{ M =

K
1-a TBb -7 /(IZ/f)yK JIns mocTpoeHusi JIMHUW BIUS-

' Husa M. cnocobom nyneeoit mouxku

OTKJIAJIIBAEM Ha JIEBOM OMOPHOMN
1-a, ~BETBb

~ 7.B. M, BepTUKanu opauHary l-a., npanee

l-?[ IIpaB. BCTBb F, 2-5[ IIpaB. BCTBb o o
p P COEJIMHSIEM €€ C HyJeBoU Toukou F’

Puc. 3.9 - moiy4yaeM |-t0 TpaBylO BETBb.
[IpoBoasi BepTHKaAIb Yepe3 IIAPHUP
C nony4yaeM rpaHuily 1-il u 2-i npaBbIX BETBEH (TO €CTh MpaBasi BETBb MPEACTABISET
coO0l JIOMaHyI0 JIMHUIO).
JleByro BETBb HaxoauM 10 |-l mpaBOM BETBH, COEIMHSS €€ Hayalo C JIEBOM
OTNOPHOM TOYKOM.
OpauHaTy HyJI€BOW TOYKM MOYKHO OIpenenuTh aHamThyecku. OHa paBHa (0e3

BBIBO/IA)

u=fl % (3.9)

HocmpoeHue JUHUU 6TTUAHUA nonepelmoﬁ CUJlbl.

Bocnonb3yemcst BeipaskenreM (3.3) s ONEepeYHON CUITBI B apKe

Q« = Q. cosp— H Singy. (3.3)
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[TockobKyY JUIsS 33IaHHOTO CCUCHHSI BEIMYMHBI COSQ« | SINQ, TOCTOSHHBI, CIpa-
BEJUTMBO CIIEAYIOIIEE YTBEPKICHHE
1.B. Qx = (11.B. Q% )cos@x — (1.8, H) singy.

To ecThb I MOCTPOCHMS JTMHUIO BIMSHUS TTOTIEPEUYHON CHJIBI B apKE€ MOYKHO BOC-
TI0JIb30BaTHCS METOIOM HANOKeHUs IUHUM Bimsaus Q,° u H, yMHOKEHHBIX Ha 3Ha-
YCHHUSI COOTBETCTBYIONIUX TPUTOHOMETpHUeckuX GyHkIui. [TocTymaem ciemyronmm
obpaszom (puc. 3.10).

1. CtpouM NUHUIO BIUSAHUA QK6COS(pK JIJISI CEUCHHUS «K.

2. BBepx OT oCH OTKJIQJbIBa€M OpAMHATHI JIMHUA BIUSHUS H SINQ,, KOTOpPBIEC MOTy4Ya-

eM I10 JIEBOI BETBH, OpAMHATA KOTOPOH Ha mpaBoii orope pasHa (l2/f) singy.

3. OtMeuaeM (IITpUXyeM) OpJMHATHI, COOTBETCTBYIOIINE BhIpaxeHuto (3.3).
OTMeTHM, 9TO B TICPECCUCHUH JICBOM BETBH JI. B. H SINQ, C TIPaBOil BETBHIO JI. B.

Q«°CcOSpx HaxomuTca HyJeBas TOYKa Fi1', MONOXkKeHHE KOTOPOH MOKHO YCTAHOBHTH

rpaduyecku Mo 4yepTexy apku. JleicTBuTenbHO, eciu cuina P = 1 HaXoAuTCs MEXIy

ToukamMu k 1 C, TO ClIeBa OT TOYKHU «K» Oy/IeT AeHCTBOBATh TOJBKO PEAKIU A U IS

P=1 TOr0, YTOOBI B CEUECHHHM «K»

n .
BBINIOJIHAJIOCH yciioBue 2.n=0,
Ra Rg peakiusi A0 KHA OBITH Tapali-
A B .
H H<\B JielbHA KacaTeJIbHOM K OCH ap-
gié%( I, I, KU B CCUCHUU «K).
u o
L | B 10 xe Bpems, nuHus 1eu-
neB. peTBb (JI.B. H)sing,( cTBUSI  peakiuu B Oyxer
1-cosp, | By I,/f)sin .
(PK\ W< X 2A)singy HanpasJieHa BoJb npsmon BC.
=1
=7
\\\ , 1-cos@, Ha mepecedyeHnn 3TUX MPSMBIX
HaxOJIUTCS HyJIeBas Touka Fi.
1-coso, 1-s1 paB.| BETBb
o 7 JUis  TOCTpOEHHSI  JIMHUU
/ 1.B. Qs BJIMSIHUSI TIOMEPEYHON CHUJIBI B
JICB. BETBb 2'$I ImpaB. BETBb
apKe METOJIOM HYJIEBOW TOYKH
Puc. 3.10

JOCTAaTOYHO B CCUCHHH «K»
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MIPOBECTU KACATEJIbHYIO K OCH apKH HANPAaBUTh PEAKLIHIO A IO 3TOW KacaTeJIbHOU 10
nepeceyeHust ¢ NpsAMoin , coenuHsronel mapHupsl C 1 B ¥ MoyduTh MONOKEHUE
HYyJIEBOU TOYKH. Jlasiee, OTIIOKUTh Ha JIEBOM OMOPHOM BEPTUKAIN OpPAHHATY COSQ« U
npoBecTH 1-10 mpaByro BeTBb uepe3 Touky Fi'. IIpoBoast BepTukans uepes mapaup C
MOJIy4aeM rpaHully 1-id U 2-il mpaBbIX BETBEM. 3aTEM MPOBOAUM JIEBYIO BETBb, KOTO-
past nmapajuiesibHa 1-ii npaBoi BeTBU (puc. 3.10).

Ionoxenue Hy.HGBOﬁ TOYKH F1 MOKHO OIIPEACIINTG aHAJIUTUYCCKHU
f-l

1 f+1,t9¢

Ilocmpoenue nunuu 61usAHUSL NPOOOILHOU CUTBL.

[lo aHanorum ¢ MOCTPOEHUEM JIMHUM BIUSHUSA MOMEPEYHON CUJIBL, AJI1 TOCTPOe-
HUS JIMHUW BIUSHUS TTPOJIOTBHON CHIIBI MOKHO IPUMEHUTHh METOJ HAJIOXKEHUS U Me-
TOJI HYJIEBOW TOYKHU.

Jlnst MeTosia HajdoXKeHUs HEOOXOAMMO BOCIOJIb30BATHCS BBIPAKEHUEM ISl MPO-
JIOJIbHOM CHJIBI B apKe

N, = — Qx° singx— H COSQy, (3.4)
TOr/a:
1.B. N = (11.B. Q.7 )singx + (11.8. H) cOSQx.
34€Ch MBI YUJIU, YTO C)KUMAIOIAsl CUJIA B APKE CUUTAETCS MOJIOK UTEIBHOM.

Bocnonb3yemcst Mmetogom HastoxkeHus (puc. 3.11).

1. Crpoum nuamio Bausgaus Q. Singy.

2. OT ocu BHU3 CTPOUM JIMHUIO BIUSHUS H COSQ, 1O JIEBOM BETBU (IIYHKTHpHAas
JIUHUA).

3. CkiaipiBaeM OpAMHATHI NOCTPOEHHBIX JIMHUI BIUSTHUSL.

Ecnu nmpomomkuTh rmpasyo BeTBb (1.B. H) COS@x u neByro BetBb (11.B. Q.2 ) Sing, mo-

JyquM Touky F2'. Eciu npeamnonoxxuth HaAIMYUe KOHCOIM — OTBETBICHUS OT y4acTKa
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ApKHu KC, 110 KOTOpOI?I MepeMeacTCsA CAMHUYHAA CUJIa, TO CJIICBA OTCCUCHUA «KK» neﬁ-

CTBYCT TOJIBKO pCaKIIUA A. Eciiu oHa HaIIpaBJICHA BAOJIb OCH N, TO N = O, T. €.

R
f <
H <
P

F,? —y—— ° ___ 13ing,
i
JIEB. BETBb ~ (Io/f)cos,

(71.B. H)sing, T~

1-s mpaB. BeTBb

=

2-5 IpaB. BETBb

1%inQ,

il

JIEB. BETBh 1. B. N,

TI
N
~

Puc. 3.11

HyJIeBasi TOUKa HAaXOJUTCs Ha mepecedyeHur npsmelx BC U TUHUM AEUCTBUSA pe-
akuuu A.

Jlig moctpoeHus JIMHU BIUAHUS N METOJOM HYJEBOM TOYKU JAOCTATOYHO HANTH
nojoxenue 1. F2', 3aTeM OTIOXHUTH OT JIEBOM OMOPHI OPAMHATY SINQ, U COSAHHUTH
MOJTy4eHHBIE TOUYKHU 10 KOOpAUHATHI mapHupa C — noiayyum 1-1o mpaByro BeTBb. [la-
jee CTpOUM 2-10 MPaBYIO BETBb, IPOBOAS NPSIMYIO OT KOHLa 1-ii mpaBoi BETBH 10
IpaBoi onopel. JIeBas BETBb NapauienbHa |- mpaBoil BETBH.

KoopauHara HyneBol TOUKM paBHA
f-l

u,=————. (3.11)
2 lctgp — f
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Ipumep 3.3. TlocTpouTh TWHUU BIUSHUS OMOPHBIX PEAKIUN W BHYTPECHHHX
YCWINNA B CEYEHUU «K» JUIS apKH Mmapabojimyeckoro ouepranus. Pasmepsl apku yka-
3aHbI Ha YEPTEXKE.

Pewenue. TlocTpoeHnue IuHUM BIUSHUS OMOPHBIX peakiuit Ra, Rs u pacnopa H

OAHOTHUITHO IS TPECXIIAPHUPHBIX CHUCTEM, TAK KAaK HC 3aBUCUT OT OUCPTAHHA aAPKH

(puc. 3.12).

N
IL.B. Ra
1
1. B.Rg
1/4f=3/4
1.B. H

Puc. 3.12

I[J'I}I IMOCTPOCHUA JIMHUN BIIMSHUSA BHYTPCHHHUX YCI/IJ]I/Iﬁ BBIYUCIIMM KOOPAHWHATBI

CEUCHUS «K» U TPUTOHOMETPUUECKUE QYHKITUH YTIIa Q.

4.8

41

_—(I—x)x o4, 24x(24 X) =
T 243 3X(|_X)

e T 36(24 6) = 6.u,

ok = 33,6°, sinpk = 0.554, cospk = 0.836.
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HOCTpOGHI/IC YKa3aHHbIX JIMHUW BIIMSHUS IIPOBCACM Memooom HyﬂeGOﬁ mouKku

i f= 8w
P
xK:6 /;;%
L—W LB, MK
COSQy -~ [T=mr__
TT T .
Sin(pK B
e I 1 ‘
_ JI.B. NK
Puc. 3.13
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Ipumep 3.4. [TocTpoUTh JTUHUK BIMSHUS BHYTPCHHUX YCUJIMIA B CEUCHUAX «K» U
«» B TpEeXIIapHUPHOH pame. PasMepsl paMbl yka3aHbl Ha uepTexe (puc. 3.14).
Pewenue. J171s TOCTPOCHUS TUMHUH BIMSHUS BHYTPSHHUX YCHUJIMI BBIYUCIIAM KO-
OpIMHATHI CEYCHUN «K» U «0» U TPUrOHOMETpHUYECKUE PYHKIIUU YTIIOB @k H (.
Xk =3 M, X4 =6 M.
ok = 45°, sinpk = 0.707, cosok = 0.707,.
¢@d = 0°, singpqd = 0, cospq = 1.

ITocTpoeHne yka3aHHBIX JIMHUM BIUSHUS IPOBOJUM MEMOOOM HY1€601 MOYKU

(puc. 3.14, 3.15).

| x |
n , F1
e e
K d
/I\ Y yd RB,]\ f =6Mm
A &&H H «&B
X=
XqF6 6 12
xX=3 s
/(f 1.B. M,
~([[[ =
cos@, = 0,707 [~~~
[ [T 1. B.Q;
sing, = 0,707 B
————————————— < T

71.B. N,
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1,0

/V/V}\ JL.B. Md
~([[[T=
- 1. B.Qq
e
J.B. Ny

Puc. 3.15
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4. PacyeT HA MPOYHOCTH M KECTKOCTh JIOMAHBIX CTePKHeMH

4.1 Ilocmpoenue 3niop HympeHHuUX ycuiuil 6 pame.
Pamoit Ha3pIBaeTCs JTOMaHbI CTEPKEHD, COCTOSALINN CTOEK U PUTEJIeH, COCINHEH-

HBIX KECTKUMH WM HIAPHUPHBIMU y351aMu (puc. 4.1).

a) 0)
3e71 pUTeIb
q o
S CTOMKa
9
id P
9 ~
7
9
9
9_ H
7\7‘ /7 Yo 4
Puc. 4.1

B miockux pamax, B OTJIMYMM OT 0aJOK, BOZHUKAIOT TpU BHYTPEHHUX ycuuus: M
— uarubaronuit MomMeHT, Q — momepeunas ciwia 1 N — mpomonbHas Cuila, KOTOPhIe
OTIPEICIISIOTCS METOJIOM cedeHui. HamoMHuM, 4T0 M3rubaroiuii MOMEHT B CEUCHHHU
paBeH CyMME MOMEHTOB BCEX CHJI, MPUJIOKEHHBIX K OCTABIICHCS YacTH, OTHOCH-
TEJNBbHO LIEHTpPa TSHKECTH paccMaTpuBaeMoro cedeHus. [lomepeunast cuna paBHa cyMm-
M€ TMPOEKITUH TeX K€ CUJI Ha TOMEPEYHYI0 OCh CTEp)KHS, a MPOJOJbHAs CHUJIa PaBHA
CyMMe TIPOEKITUH ITHX K€ CHJI Ha MPOJOIBHYIO OCh CTEPIKHSL.

[Topsa ok MOCTPOEHHUS MIOP:

1. OnpenensitoTcsi ONOpPHBIE peakiuu (s KOHCOJBHBIX cTepxkHer (puc. 4.1,0)
MOXXHO O0OUTHUCH O€3 OTpEICIICHUS PEaKITHii).

2. Pama pa3zOuBaercst Ha y4acTKu. ['paHHIIaMU Y4acTKOB CIY>KAaT TOYKH IPHIIO-
KEHHUSI COCPEAOTOYEHHBIX CHJI MJIK MOMEHTOB, HAa4all0 W KOHEI[ paclpeaeeHHON
HArpy3KH, Y3JIbl paMbl.

3. JIyia KaXa0ro ydacTKa 3alMCHIBAIOTCS BBIPAKCHUS I BHYTPEHHUX YCHIIHM,
MIPOM3BOJIUTCS BHIYUCIICHHE dTUX YCUIIUH B TIpe/iesiaX y4acTKa.

4. BeiOupaetcss macmitad >MOp TakuM 00pa3oM, 4ToObl HauOOJbIIash OpAUHATA HE
npesbimana 1/3 + 1/4 rabapura pamsl, u crpostes smopel M, Q, N. Dmopsr Q, N

CTPOSITCSl B OJTHOM MaciiTabe.
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5. I{CJ’I&CTCH IMPOBCPKA ITOCTPOCHHLIX SITIOP HA COOTBCTCTBHUC HpI/IJIO}KeHHOﬁ

Harpy3KH 1 I10 paBHOBCCHUIO Y3JIOB paMbl, paMbl B IICJIOM.

IIpumep 4.1 [TocTpouTs 3MIOPHI BHYTPEHHUX YCWIHI B TPEXIIAPHUPHOU paMe

(puc. 4.2). g=3 xku/M
L .C .
q =3 KH/M >
o — >
9
i I 5m
> 5M >
> >4 H, Hz || B
Z %)( <7 —
20 7Sy 2M | 4m T
| 2M | 4wm | Ra Rg
| Puc. 4.3
Puc. 4.2

1. O00o3HayuM B COOTBETCTBMU C BUJOM OIIOp ONOpPHbIE peakuuu (puc. 4.3) u
OIIpEAEIIIEM X 3HAYECHHE, UCIIONb3Ysl YPABHEHUS PABHOBECHS.
>ma=0, -0--52.5+Rs6=0. Rg=06.25«kH.
Xmp=0, -0525-Rs6=0. Ry=-6.25«kH. Mensiem HanpaBiieHue peakiuu Ry u
cuntaeMm ee nonoxutenbHon (Ry = 6,25xH) u HanpaBieHHOI B HU3.
VYyuTtsiBas, uto B mapHupe C U3rudaromnii MOMEHT OTCYTCTBYET, MOXHO 3aIlCaTh:
Xmc” =0. Rg'4-Hs:5=0, Hs=5kH.
Emc™=0. Ry-2+0525-Ha5=0, Ha=10xH.

q=3 Kkn/m [IpoBepka.
2 C - >x=0. qg5-Ha-Hg=0.
> *2 = - =
I 2y=0. -Ra+Rg=0.
=
121 3 3 5S5m
X1| > X3
_;A A H, H |B 2. O6o3Hauaem yuactku (puc. 4.4). B xaue-
7 CTBE «OCTaBILEHCS YaCTH» OCTAaBJISEM TY 4YacTh
R 2 | 4u R paMbl, K KOTOPOM MPUIIOAKEHO MEHBIIIE YCUIIHM.
A B
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Ilpasuna 3nakos, npumensemvie nPU NOCMPO EHUU INIOP GHYMPEHHUX YCUTIUIL

N N ITpononbhas cuna > 0
<1 —> N>0 npU pacmsdiceHuu.
QT . . Ionepeynas cuna > 0
Q>0  npu epawenuu snemenma
Q 10 4acoeou cmpelike.

N3rubaromuii MOMEHT
M Cw M M>0 B Oanke u purene > 0 npu
PACMAINCEHUU HUNHCHUX BOJIOKOH.

/N

M JIJ1st cTOeK OOIIEPUHSTOTO
MpaBHJia 3HAKOB HE CYIIECTBYET.
M>0 Ilycth m3rubaromnimii MOMEHT B
B cToiike > 0, eciu pacmsanymoi
Jlegvle BONOKHA.

M T Iniopul uzzudarOWUX MOMEHM 08
CMpoaAmcsa Ha pACMAHYMBIX 6010KHAX!

Puc.45

3. 3anuceiBacM BRIPpAKCHUS JJISI BHYTPCHHUX YCHITHM.

1-i yuactok, 0 <x1<5Mm.

N: = Ra= 6.25 xH.

Qi=Ha-gX;, Q=0=Ha=10kH, Qx=s=Ha=10-3-5=-5kH.

M1 = - Ha'xy + Q-Xe'X1/2. Tlonyaninu ypaBHEHHE KBaApaTHOU mapaboisl. [1is ee
MOCTPOCHUST HEOOXOIUMO BBIUUCIUTE TP 3HAYCHHSI MOMEHTA.

My-0=0, My-5=-10-5+3-52/2 =- 12,5 xHwm,

My —25=-10-2,5+3-(2,5)%/2 = - 15,6 kHwm.

2-1 yuacTok, 0 <x2 <6 m.

N:=-Hg=-5kH.

Q:1=-Rs=-6.25kH.

Mi1= -Hg5+ReXo. My-0=-25kH™m, M,-6=-25+6,256=12,5 kHm,
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2-1 yuacTok, 0 <x3<5m.

N1 =-Rs=-6.25kH.

Q1= Hg = 5kH.

M1 = -HgXs. Mi=0=0, My=5="-25 xHm,
4. Ctpoum smtopsl (puc. 4.6)

5 5 625 125 25
HERS ™ \:llT@IIII— /y/\/r
3w = 5 o 156 @

H n I |
77625 & 10 e 7

Puc. 4.6

5. IlpoBepsieM paBHOBecHE Y3JI0B. BbBIpexkeM MNOOYEpPEIHO Y3JIbl paMbl C JIEU-
CTBYIOIIIMMHM B UX 3JIEMEHTAX BHYTPEHHUMH YCUJIMSIMHU, U 3aIUIIEM JJIs1 HUX ypaBHE-
Hus paBHoBecus (puc. 4.7). IIpu mpoBepke MOMEHTOB IMyHKTUPOM OTMEUYEHBI PacTsi-

HYTbI€ BOJIOKHA.

Q,=6.25 Q,=6.25

Jﬁ\lt?S Np =5 ﬁiﬁ[

Que=5 < Qn.c. =5
N,. =6,25 =06,25

jM =125 M, = 25gﬁ[

12 5 = ZSM

Puc. 4.6

Ha pucynke 4.7 BUIHO, 4TO BCe ypaBHEHUs paBHOBecus (Xx =0, Xy =0, ¥m = 0)

JJIA Y3JIOB BBIITOJIHATOTCA.

OcymiecTBUM IIPOBEPKY paBHOBECHS paMbl B 11esioM (puc. 4.8). Jliis aToro BoccTa-

HOBHMM 3HAUYEHHS PEAKIMIA, UCIIOJIb3YS SIIOPbl BHYTPEHHUX YCUIIUM.
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B Touke 4 BepTHKanbHas peakius Oynaer

gq=3 ka/m
\) C HaIpaBJIeHa BHU3, MOCKOJbKY JieBas CTOMKa
> pacTsiHyTa, a mpaBas peakius (T. B) Hampas-
9
: 5M JieHa BBEpX, T. K. TpaBasi CTOMKa CKara.
2 06
€ TOPU3OHTAILHBIC PEaKIMM B OMOpax
2 H=10 |8 Hy = SkH P P P
757 77 o ‘A m B Oynyr HampaBleHbI BJIEBO, MOCKOJb-
2 | 4m Ky T0 3HaKy 3mtopsl Q (3HAK «+») OHM JOJIXK-
RA :6,25 RB:6,25 kH
HBI BpaIliaTh JJIEMEHT 110 YaCOBOM CTPEJIKE.
Puc. 4.8

3anuceIBaeM ypaBHEHHUs pAaBHOBECHUS:
2x=0. q-5-Ha-Hg=35-10-5=0.
Yy=0. -Ra+Rg=-6,25+6,25=0.
Xma=0,-0q-525+Rse6=3525-6.256=
=-375+375=0.

4.2 Onpedenenue nepemeuieHuil 8 CIMePIHCHEBLIX CUCHEMAX

Mmemooom Mopa

DTO YHUBEPCAIBHBINA METOM, KOTOPBIM 3aKIIFOYAETCA B UCIOJIb30BAHUN U3BECTHOU
TeopeMbl Mopa 0 paBeHCTBE BO3MOXHOU paOOThl BHEITHUX M BHYTPEHHUX CHJI U HC-
NOJIb3YeTCA JJI ONpEeeIeHUs IMHEHHBIX TIEpEeMEILEHUI U YIJIOB TTOBOPOTa B JIFOOOM
CTEP)KHEBOM CHCTEME OT MPOU3BOJIBHOM HArpy3ku. MeToa MIHUPOKO NMPUMEHSETCS U
IIPY PacyeTe CTAaTUYECKU HEOIIPEIEIUMBIX CUCTEM.

[Tycts 1-e (Tpy30BO€) COCTOSIHHE TPEICTABISIET COOOM Harpy)KEHHYIO CTEpIKHE-
BYIO CUCTEMY 3a/IaHHOM Harpy3koM, a 2-¢ (€AMHUYHOE) COCTOSHUE BBI3BAHO €UHUY-
HOM Harpy3kon P = 1, geicTByIOIIEN B HAIPaBICHUH UCKOMOTO mepeMemeHus. 1o-
I1a B COOTBETCTBUU C YKa3aHHOM BBIIIE TEOPEMOW ITOJIYYaEM BBIPAKEHHE, KOTOPOE

Ha3bIBaIOT HHTETpajiom Mopa (13)
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1-A= zj z dx+z (4.1)

rae: A — uckomoe nepemenienue; My, Qp, Np — BHYTpEeHHUE YCUJIMS B CTEPKHEBOU
crcTeMe, BBI3BAaHHBIC 3aJlaHHOW BHEIIHEeW Harpys3koit; M1, Qi, N1 — BHyTpeHHHE
YCUJIMSA B CTEPKHEBOW CHUCTEME, BBI3BAHHBIE €AMHUYHON HArpy3KOH, MPUI0KEHHOU
10 HaIIPaBJICHUIO UCKOMOTO MEPEMEIIEHUS B TOM TOUKE (CEUEHHUH), TJ€ ONpeneseT-
csi mepeMelieHue (Mpyu HaXOXACHUU JIMHEWHOTrO MNepeMEelIeHUs MPUKIAIbIBAETCS
eAMHUYHas cwia P = 1, mpy BBIUKMCICHUH YIJIa MOBOPOTA MPUKJIIABIBACTCS €IMHUY-
Helii MomeHT M = 1); El, EA, GA — kecTKOCTH Tpu M3rude, pacTsHKeHUU (CIKATHH)
U CIIBUT€ COOTBETCTBEHHO; // — TOMPABOYHBIA KOIPPUIMEHT, YUUTHIBAIOIINMA pac-
npeeNicHne KacaTeIbHBIX HANPSHKCHUN B TIONIEPEYHOM cedeHuu; | — mmHa ydacTka.
CymMupoBaHUE NPOU3BOJUTCS MO BCEM y4acTKaM CTEP)KHEBOW KOHCTPYKLHUU.
[Ipu pacuere 6anok cpeaHel U OONBIION JJIMHBI U PaMHBIX KOHCTPYKLIMM BIIU S-
HUEM TPOJIOIBHOM ¥ TIONEPEYHOM CHIT (BTOPBIM M TPEThbUM uiieHaMu (hopm yisl (4,1))
MOXXHO TIpeHeOpedh B CHIIy UX MaJIoro BIUsSHUA Ha nedopmaruu msruda. B stom

cilydae uHTerpai Mopa npumer BU/I:

LM M
A:Z!#dx (4.2)

[Ipu pacuere crepxHel, padOTaIOIMIUX TOJBKO Ha pacTsoKeHHe (cxarue), u dhepm

B (4,1) ocTaHnercs TOIBKO BTOPOUM MHTErpall.

~dx (4.3)

B KOHCTPYKIUAX, HCIBITBIBAIOINX 3HAYUTCIIbHBIC ITOIICPCUYHBLIC CHUJIbI (Hanpn-

MCP, B KOPOTKHX 6am<ax), H€O6XOI[I/IMO YUYUTHBIBATH BJIMAHWC ITOIICPECHHBIX CHIIL.
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Ipumep 4.2. Bpauciute nporud u q 1 Xy

yroJl MOBOPOTa CBOOOJTHOTO KOHIIA KOH-

v T ey I'py3oBoe
comu (1. B) (puc. 4.9) ot nmeiicTBus pac- A 1 B cocTosiHue

IIPEAECTIEHHON HArpy3KH. ! |

Pewenue. 1. B nanHol 3amade oauH 1 P=1

y4acTOK. 3aIuIieM JJIsi HErO BhIpaKEHHE 0) 1-e enuHuaHOE

1 X COCTOSTHHUE
U3ru0aroIIEr0o MOMEHTA B IPY30BOM CO-

crosiauu (puc. 4.9, a): 1, m=1
, 8) ; ' J2-e eIMHUYHOE
M, = _q;l. I x| COCTOSIHHE
Puc. 4.9

2. JIns BeIYUCIICHUS TTporuda cBOOOIHOTO
KoHIIa (T. B) npukiaasiBaeM B 3TOM TOUKE €MUHUYHYIO cuiny P = 1, T. e. co3gaem 1-e
eauHuYHOE cocTosiHue (puc. 4.9, 6) u 3anucbiBaeM BBIpOXXEHUE ISl €IUHHUYHOT'O MO-

MCHTa

3. 3amuchiBacM M BhIUKCIIIEM UHTErpan Mopa, ucrnonb3ys Beipakenue (4.2):

Ay, :'IME:VHdX:j(—qxf/Z)(—Lxl)dX: ox* 1 _ql

El 8EI' ° 8EI

o

0
3HaK «+» y A TOBOPUT O TOM, YTO MEPEMEIICHUE MTPOUCXOIUT MO HAIMPABICHUIO
eIUHUYHOM cuibl P=1.
4. Jlns BBIYUCIECHMS YIJla IOBOPOTA MPUKIIAAbIBAEM B 3aJaHHOM ceueHuu (T. B)
eIMHUYHBIA MOMEHT (puc. 4.9, 6) W 3amUCBHIBAEM BBIPAKECHHE I CAUHUYHOTO MO-

MeHTa M> Ha JaHHOM Y4aCTKC:

Mr=m=1.
5. Beruucnsaem HHTCI'pall Mopa IIpHu 2-M CANHNYHOM HArpy;XCHHUU!
IM M |(—qx2/2)-1 3 3
A:(PB:,[ P ZdX:J. ! dX:—qL:—L
) El 0 El 6EI  6El

3HaK «MHUHYC» TOBOPUT O TOM, UTO mepemernieHue (moBopot ceuenus C) mpowuc-

XOOUT NPOTHUB HAIIPABJICHUS CAMHUYHOIO MOMEHTA M = 1, T. €. 10 YaCOBOM CTPCIIKC.
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a) P=6xH P P
N l4 V6
I,5m
1 o 5
£53 ° 37
R/ oM 2 m TRy
|
0)
2 4 6
1,5m
1 o 5
2
5 [ rer &
R/ 2w | 2w MRy
Puc. 4.10

B cuny cummerpun:

Ipumep 4.3. Omnpenenuthb
BEPTUKAIBHOE TMEpeMenieHue 3
y3na ¢depMbl OT  3aJaHHOMN
Harpysku (puc. 4.10). XKecr-
KOCTb CcTepHen £4 = const.

Pewenue. Jlna onpenenenus
IIEPEMELICHUN B JAHHOU CTEpXK-
HEBOM cucTteMe HEeoO0XO0AUMO
BOCIIOJIb30BATHCS dbopmynoi
Mopa B BuzE:

NN,
AzZ! Ll (5.3)

1. Ompenensiem ycunus B
crepxHsAxX ¢epmbl Np OT 3a1aH-
HoW Harpy3ku. (puc. 4.10,a).

Bravane onpenenum peakiuu.

Ra=Rs=15P=9kH.

Bripesas y3en 1 1 y3en 5 MOXKHO YBUAETh, YTO
Ni2=Nsg=- 1.5 P=-9kH,
N13 = N35 =0.

Beipesas y3en 4 nomyunm Nzs = P.

P
2 N4

(if
a
1 Nas

N12

Puc. 4.11

Janee, BeipexkeM y3ei 2 (puc. 5.3).

(sina. = 0.6, cosa = 0.8)

2y =0,
-P—Nip— N23Sin0L =0.
~P-1.5P
N. = =%
23 sina

N2s+ Na2scosa = 0. Nas=-5-0.8 =-4 xH.

=b5kH Xx =0

B cuity cummerpun Nzs= N2z =5 kH, Nag= Nz4 = - 4 xH.
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2. OnpenensieM ycuius B CTEpKHIX GpepMbl N; OT €IMHUYHOW HArpy3KH, JeH-
CTBYIOIICH B HarpaBieHUH rckomoro mnepemernienus (puc 4.10,6). Onpenensem
PEaKITIH.

Ra=Rsg=0.5P=0,5.

Bripesas yzen 1 u y3en S nonydyum

Ni2 = Nss = 0,5, Niz = Ns5 =0.

Broipesas y3en 4 nonyuum Nzg = 0.

2 N,z PaccmoTpum paBHOBecue y3ia 2 (puc. 5.4).

ﬂ! E\ a 2y =0, —Nz2— Nassina = 0.
l Nas 05 5

Ni» N, =-—"=-=, 2X =0, No2s+ Nascoso = 0.

sinx 6
Puc. 4.
uc. 4.12 Nps - P08 4
6 6

B cuny cummerpun Nzs= Nz =5 kH, Nas= N4 = - 4 xH.
Jlnst Beraucienus mo ¢opmysie (4.3) ymoOHO MoTydeHHbIC 3HAYCHHS YCHITHI CBe-

CTH B TaOJIHUILY.

No Np - -
CTEPKHS (xH) " " N Nih

1-2 -9 -0,5 1.5 6,75
1-3 0 0 2 0
2-3 ) 5/6 2.5 10.42
2-4 -4 - 4/6 2 5.33
3-4 -6 0 1.5 0
3-5 0 0 2 0
3-6 5 5/6 2.5 10.42
4-6 -4 - 4/6 2 5.33
5-6 -9 -0,5 1.5 6,75
)y 45.01

Taxum oOpa3omM, y3en 3 omyckaercsi BHH3 Ha BenmruuHy Az = 45.01/EA.
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OOBIYHO, B 3aBUCUMOCTH OT HArpy3Kd M YCJIOBHUM ONMUpaHUs, CTEPKHEBYIO CH-
CTEMY MPUXOJUTCS pa30MBaTh Ha HECKOJBKO Y4aCTKOB, U MHTErpUpOBaHue 1o ¢hop-
myie (4.2) HEOOXOAMMO TIPOBOAWTH HA KaXKJIOM y4acTKe, YTO CTAHOBHUTCS BeChbMa
TpynoeMKuM. B aTom ciydae ynoOHO HCTONb30BaTh npasuio Bepewacuna nis Bbi-

qucieHus naTerpaia Mopa (4.4).

1| o
m M M, X= 2o (4,4)
0

OHo 3aKiro4aeTcs B CIEAYIOMIEM: €CIM TMOCTPOUTHh TPY30BYIO U €IUHUYHYIO
smropel M, u M1 (puc. 4,13), TO pe3ynbTaT UX «IEPEMHOKEHUS (BBIYUCIICHUS UHTE-
rpajga) Ha OTAEILHOM y4acTKe PaBEH MPOU3BEICHUIO IUIOMIAIU TPY30BOU SITIOPHI Mp
Ha OPJIMHATY CIUHUYHOU DIIOPHI Ve, B3ATYIO MO IICHTPOM TSDKECTH TUIOIIAIN TPY30-
BOI1 Amtopsl. [Ipu BeIBO/IE ATOM (OpMYIBI OBLIO YITEHO, YTO €IMHUYHAS IIIOPa BCe-
rjaa JMHEWHa.

HeiictBuTenbHo, ipu EI = const unterpan S MmoxxHo npeactaBuTh Kak (puc. 4.13)

I I
S= éM IOMldx:(j)ylyzdx.

do ®p

/f*\z_/ pr30Boe

N II. T. COCTOSIHUE
dx
I
Enuanunoe
O | V2 Ve @ COCTOSIHUE

x L
X0 ‘

Puc. 4.13
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OpnauHaty y2 MOXKHO BBIpa3uTh uepe3 abcuuccy x: )2 = x-tga,
TOra

I
S= jtga-x(yldx)..
0

VYyureiBas, 4To yldx = dw, MOXXHO 3amucarsb

I
S=1g[xdew.
0

HNuterpan Ijxda) - CTATUYECKU MOMEHT IUIOIIAIH 3MOPbI M), OTHOCUTEIIBHO
Touku O U paBeH MIIOIIAIN STOM SMIOPbI, YMHOKEHHOM Ha KOOPJIUHATY Xo, T. €.
S = tga-w,Xo. B cBoOIO 0uepenn, xotga = Ye. CiiemoBaTenbHO, MHTETPAI S paBEeH
S=wye
PaccMmoTpenHoe BhlIIIe MpaBUIIO IEPEMHOXKEHUS AITI0p ObUI0 1aHo A. Bepewazu-
Hoim B 1925 1.
B ToMm cnyuae, korzma 06e smopbl npsMorHerHbI (puc. 4.14) dopmyny (4.2)

MOHO IpEACTaBUTh B BUAC

I
Elleledx=6|E|(2ac+2bd +ad +bc). (4.5)
0

®dopmyna (4.5) nonydena emie B 1905 r. Mwnanepom-bpecnay.

T e ST

Puc. 4.14 Puc. 4.15

2 12
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B Tex ClIy4dadax, Koraa OIIPCACICHHUC IIOJOXCHHA HCHTPA TAXKCCTH W IIJIOIIAAN
pr30BOﬁ SIIIOPBI IIPUBOAUT K 'POMO3AKHM BBIYUCJIICHUAM, IIPOIIC TJIA «KIICPCMHOKC-

HUS» DIIOP BOCIONIB30BaThes ghopmynoi Cumncona (4.6):

|
—[M_M dx:li(ac+4ef+bd), (4.6)

31ech a, b, ¢, d — opauHaThl Ha rpy30BOM M SIMHUYHON SMIOpaX B Hayajae U KOHIIE

ydactka qunoi | (puc. 4,15); e, f— opauHaThl B cepeiuHe ydacTKa.

q o Ilpumep 4.4 JIns 3agaHHOMN
a) AL I IL IV LI ITIIIT I 6
— - anku  (puc. 4.16,a) BBUUCIUTH
X~deee C lx,_—
S L <
ye nporu6 B cedyenuu C u yroj moBo-
R. | Re=ql/2
pora ceuenus B. [Ipu onpenenenun
3ql%/32 ql’/8
0) nedopMaliiii BOCIOJIb30BaThCS Me-
ToaoM Mopa.
P]_:l P
: a-
0 /ha _1 /\Rb _ 1 euwieHue. J11s1 BBIYUCICHUS 3
J& TAHHBIX epopMalnii HeOOXOAUMO
~f
2) /8 1/4 MOCTPOUTH MIOPHI U3TUOAIOITUX
W @ MOMEHTOB B I'py30BoM M), u enu-
) /IN™=1 puunaex Miu Mo cocrosausx.
1. I'py30oBoe coctosiHue. 3anu-
1/2 1
¢) ___,_,—r—r‘r?‘ @ IIEM BBIp@XeHue 1y M,

Puc. 4.16 M ZRaX—qXZ :ilx_qx

2 2 2

_qI2 3q|‘2

Mizo=0. Myr2="g Mxara="35-

Omtopa M, nokazana Ha puc. 4.16, 6.
2. Co3gaeM 1-e enMHUYHOE COCTOSTHUE - MPUKJIaAbiBaeM B ceueHun C eTMHuY-

Hyto cwiy (puc. 4.16,6) 1 cTpouM MepByro eIMHUYHYIO 3mopy Mi (puc. 4.16,2).
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3. lnsg onpenenenus nmporuda B ceuenuu C nepemMHokaeM 31opbl M, u Mo
npasmty Cumrcona (4,6). [Tockonbky equHUYHAS SIIOpa UMEET JIBa y4acTKa mepe-
MHOEHHUE S0P MPOU3BOINM Ha KaXJIOM y4acTKe ( B CHIIy CUMMETPHH 3IIOP Pe-
3yJbTaT YMHOXKAEM Ha 2).

y _MpMy _1i2f,, 43q|2| ql? | o 5q14
C™ El 6 32 8" 8 4“7 384EI"

4. Co3naeMm 2-¢ €IMHUYHOE COCTOSIHUE - TPUKIAAbIBAEM B CEUEHUU B €IMHNY-
HbII MOMeHT (puc. 4.16,0) ¥ CTpOUM BTOPYIO €AMHUYHYIO 31mtopy Mo (puc. 4.16,¢).
5. IlepemHoxkaem smropsl M, u M-

M P M

24 3
_ 2 _ | ql __ql
BT E 6O+482 *O0l=—osEr

IIpy mepeMHOXKEHNH MOCTABIIEH 3HAK MUHYC, IOCKOJIBKY OPAMHATHI TPYy30BOU U
BTOPOW €IMHUYHOM 3IIOP OTJIOKEHBI B Pa3HbIE CTOPOHBL. MUHYC y IEpeMELIECHUs
O3HA4YaeT, YTO MMOBOPOT CEUEHHUS B MPOUCXOAUT B HANpPaBIEHUH, 0OpaTHOM Harpas-

JICHUIO CIMHUYHOI'O MOMCHTA, T. €. IIPOTHUB 4acoBOM CTPCIJIKH.

Ipumep 4.5 Jlnsa 3agannoit 6anku (puc. 4.17,a) BBIYUCIUTh TPOTUObI B CEYCHU-
ax C u D, nmokazate Buja u3orunyrod jauHuu. [lpu omnpenenenuu nedopmaiuii Boc-
MOJIb30BaThCs METOA0M Mopa.

Pewenue. JIna onpenenenus nedopmaiii B 3aIaHHBIX CEYEHUSIX HEOOXOAUMO
MIOCTPOUTH T'PY30BYIO 3MOpY M OT 3alaHHON HArpy3ku P u (], a TaKXKe €IUHUYHbIC
SMIOpbl M, TIOJIydeHHBIE OT BO3AEHCTBUS Ha OAlKy COOTBETCTBYIOIIMX €IUHUYHBIX
Harpy3ok Pi.

He octanaBnmBasch Ha MOPSAAKE MOCTPOCHUS TPY30BBIX AMM0p M u Q, mokakem
UX B OKOHYaTenbHOM Buje (puc. 4.17,6). JIas nocTpoeHus: AMHUYHBIX SIIOP CO37a-
€M eJIMHUYHBIC COCTOSIHUSA (3aJjaHHasi 0ajka HarpyXaeTcs TOJIbKO COOTBETCTBYIOLIEH
CIUHUYHON CUJIOM, MPUJIO)KEHHOW B TOM CE€UYECHUH, B KOTOPOM OIPEIECISIETCS Tepe-
MelleHne). B cooTBeTCTBUM ¢ TIpaBUIaMU CTPOUM S0Pl M1 oT cuiibl P1=1, mpuio-

»eHHo B Touke C, u M> ot cunbl P,=1, npunoxennoi B Touke D. Ha pucynke enu-
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HUYHBIE COCTOSHHUS M COOTBETCTBYIOIIHE EAMHHYHBIE SIIOPHI COBMEIIEHBI (pHC.
4.17,6u 2).

[lepeMHOMX€EHHE SMTIOP TPOU3BOAUM M0 ITpaBuiy CUMIICOHA:!

80

—_— 1 4 —_— . . .
Ve _EI[(O 10-4-15-1+3-2)+ SET

: 43.244. 351+o)}

6

[Ipu BBIUKCIEHUH )¢ IEPEMHOKEHHE AMIOp Ha ydyactke DA mpousBoaum 1o mpa-

Buity Bepemaruna (4.4), Ha yuactke 4B — no popmyine Cumrcona (4.6).

Yy = 1{ 102 §2+2(102 4.31+ o)} é‘é‘:

P=5 xH
2 g=1xkH/™m 1 |

Q) | B
DY : W\J/\L\I/\U\I/\I/\J/\l/\l/\l/\l/\lxwl/\b\l/\b
C

ngRA 4Mm 41\:/1L ,N‘RB

Xo = 11/4

21/4
\W\

5L 11/4

©
()
()

Puc. 4.17
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Ha pucynke puc. 4.17,0 nokazaHa U30raytas Ocb OaJK{, COOTBETCTBYIOIIAs BbI-

YUCJICHHBIM TIEPEMEIICHUSIM U d1tope M),

IIpumep 4.6 BoruncnuTh TOpU30HTAILHOE TIepeMelieHre y3ia D B Tpexmap-

HUPHOW paMe TIOCTOSTHHOM kecTkocTH (puc. 4.18,a). Bocnons3zyemcst MmeTomom Mopa.

a) P=10kH C D 0) 20 5 171710
- O /
I'py3oBoe =
R COCTOSIHUE

M

*A77‘7#HA B77—7#HB
| 2Mm [ 1mA
R ¥ R

Puc. 4.18

Pewenue. 1. Ctpoum rpy30Byi0 3110py M, I TPy30BOTO COCTOSHUSI(PHC.
4.18,6). BHauaye He0OXOAMMO OINPEICIUTh OMOPHBIC PEAKIIUH, JIJIS Yero 3aliChIBacM

COOTBETCTBYIOIIIME YPABHEHUSI PABHOBECHS.
*ma =0, -P3+Rg3=0, Re=10xkH.
>mc® =0, -Hp3+Rel=0, Hg=10/3 kH.
Xmp =0, -P3+Rs3=0, Ry=10xkH.
m** =0, -Hs3+R4p2=0, Hs=20/3 xH.
[TpoBepka: 2x =0.

[Tpu noctpoenuu smropsl M, UCHIOIB3YyEM METOAUKY MOCTPOEHUS S0P B JIOMa-

HOM CTEpIKHE

2. CTpouM €MHUYHYIO S0Py MOMEHTOB M1 OT JE€UCTBUSI TOPU3OHTAIIBHOM €1-

HUYHOM CHJIBI, TPHIIOXKeHHOM B y3i1¢e D (puc. 4.19,a).
>ma =0, -P3+Rg3=0, Rg=1.
>mc™® =0, -Hp3+Rp1=0, Hs=1/3 xkH.
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>mg =0, -P3+R4;3=0, Ry=1xkH.
xmc™ =0, -H43+R42=0, Hs=2/3xH.

Omropa M1 nokaszana Ha puc. 5.11,6.

a) C

Ennuny. -
RBY COCT. :
1 HB

- Aps—H
| 2m 1M A
RA‘V [ lRB

O
o
I
[EEN

6) 2 05 -1
Ny

|

Puc. 4.19

B cBs13u ¢ mpocThIM ouepTanueM 310p My, u M1 neEpeMHOKEHUE DITIOP HA CTOMKAX

IIPOU3BOAUM IIO ITPpABUITY BepemaFHHa, d B pUICIIC I10 IIpaBHUIIYy CumMmmncona

M,
Mp 101 2 1 2.7 80
D= g EI{ 20.3.22+2 (20 2+4-5-05+10-1+10-3-21|= 2

3
2 3 2 3 cHM?®.

Ecnu npuHATH, 94TO ®KECTKOCTH pUTEs OONBIIE KECTKOCTH CTOCK

(mycts El, = 4El.), TO:

. (120 3. 22} 3 (20.244.5.05+10-1)+ -

L -1 1 (1,4 5 2.)_575
D ElI (2 6(4El)

El. 210335t =

YBennueHue )KeCTKOCTH pUTens B 4 pa3a MpUBEJIO K YMEHBIIICHUIO IEPEMEI CHHS
y3na D na 28,3%.

[IpencraBieHHbIEC BBIIIE MPUMEPHI TIOKA3BIBAIOT, YTO METOT Mopa 10cTaTOuHO
MIPOCT JJIS ONPEICTICHUS TTEPEMENICHUH B 3aJaHHBIX CEUCHHSIX B JIFOOBIX CTEPIKHEBBIX

CHUCTCMax.
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Ipunoxenus

OBIIHME YKA3AHUA O IIOPAJKE BBIIIOJIHEHWA
PACYHETHO-TPAOUYECKUX PABOT

[lepedensp pacueTHO-TpagUIECKUX padOT U KOHTPOJIbHAs paboTa 1Mo pacyeTy pam
YCTaHOBJIEHBI paboueii mporpammoit kypca «CTpouTenbHas MEXaHUKaY.

Hcxonubie maHHbIE IS BHITIOJIHEHUS pa0O0T BEIOMPAIOTCS CTYJICHTOM U3 TaOJIUIl B
COOTBETCTBUU C €0 JIMYHBIM MU(GPOM (HOMEPOM 3aueTHON KHIKKH). [lndpom cuu-
TAIOTCS TP MOCJIeIHUE [UPBI, HAIPUMED, €CJIM HOMEp 3a4eTHOM KHkKHU 2071256,
To mudp 11 BeIOOpa BapuaHTa 256. PaboThI, BRITOIHEHHBIE HE TI0 U(PY U HE B
COOTBETCTBUU C TAaOJIMIIAMH, HE 3aIIUTHIBAIOTCS M BO3BpAIIaloTCs 0€3 paCCMOTPEHUS.

Kaxxnas paboTa 10KHA BBITOIHATHCS HA OJTHOM CTOpOHE JiucTta (hopmara A4
(210x297), ¢ pa3MelieHnEeM Ha HUX BCEX YEPTEkel U HeOOXOIMMBIX PaCUeTOB C yKa-
3aHHUEM TOPSIIKA BBITIOJHEHUS 3aJaHUS.

[lepen pemenneM KaxJoi 3a1a4l HEOOXOIUMO BBIYEPTUTH PACUETHYIO CXEMY U
yKa3aTh Ha HEW BCce pa3Mepbl U Harpy3Kku B unuciax. Bce pacuemmnsie cxemol, Iniopul
U TUHUU GTTUAHUA OO0NHCHBL ObIMb BLINOJIHEHBL 8 MACUimade ¢ yKa3aHuem 6cex xXa-
PAKMEPHBIX OPOUHAM U PAZMEPHOCHEIl.

[lepen cnaueit paboThl 0GOPMIISIETCS TUTYIBHBIN JTUCT B COOTBETCTBHH C MTPUHSI-
THIMU TPeOOBaHUSIMU, Ha KOTOPOM YKa3bIBAETCSl HA3BaHUE BYy3a, kKadenpsl, paboThI,
®. U. O. crynenTa, mudp yueOHON TpynIbl U GaMUIns TPUHUMAIOIIETO MPEnoiaBa-

TCILA.
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PI'P Nel
CraTnyecku onpeaeMMasi MHOIOIIPOJIeTHAA OajIka

B 3aganHoll MHOromposeTHou 6aike (puc. 1) HeoOX0aUMO:

" T 2 P
|

O | O 1 | | \ 17
9 e
111 | | | | |
\ ! o) w o] i O i
ey A A A
N | | | | | |
v
N \ \ \ o) \ \ !
£ A
v —— — .
Y4 /% /J/:/é% 797
| | | | |
VIl ¢ \ ‘ O 1 | 0 1
ny s s Jee
VIl - } 1 | | ; ig
A A g
IX | 1 — —
A A ’

Puc. 1

1) ucronp3ysi MOATAKHYIO CXeMY, OCTpOUTh »miopsl Q u M. Harpysku, aei-
CTBYIOIIIME HAa MHOTOIPOJIETHYIO OaJIKy, MPUHATh B COOTBETCTBUU C pHUC. 2 (CHIIBI,
IPUXOJSIINECS Ha OTOPbI OAJIKU, UCKITFOUUTD).

2) IlocTpouTh JMHUU BIUSHMS IJIs1 JBYX OMOPHBIX peakuuid (Mo BeIOOpPY CTY-

nenTa) v st M u Q B 3a1aHHOM TIPETOJaBaTEIeM CEUCHUH «K.
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3) Ilo nuHuAM BIMAHMS BBIMUCIUTD My U Q« OT 3alaHHON HAarpy3Ku U cpaB-
HUTH CO 3HAUEHUSIMU, MIOJTYYEHHBIMH MPU MOCTPOCHUU SITIOP.
HcxonHble faHHbIE IS 337]a4d B3SITh MO Tabauile 1 mo mocieqHuM TpeM mu -

paM 3a4ETHOW KHHUXKKH.

| ipl ¢fzr¢¢3¢¢¢ Psl ¢P4
I A e L e
s B A = =
N = M S 2 A

d,d d,d. d d d d,d d

Puc. 2

Tab0muma 1

HOMEP HOMEpP HOMEP Pi q
BAPHUAHTA | CXEMbl | HArPY3KH (kH (xH/M)

1 I I 60 8

2 1 Il 50 S

3 1 11 40 6

4 A\ \Y/ 30 8

5 V I 32 S

6 VI Il 36 6

7 WAl Il 46 4

8 VI \Y/ 40 6

9 IX I 50 S

0 X Il 56 8

udpa

;H(E)I;a [Tocnennsist uudpa | Bropas uudpa E;I&)B;;
mudpa mudpa mdpa
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PI'P Ne2.
Pacuer npocToi IJI0CKO#N CTATUYECKHU ONpeaeuMon ¢pepMbl.

3aoanue. [Ins pepmsl (puc. 1) ¢ BeIOpaHHBIMU 110 K PPY U3 Tadbiubl 1 pas-

MepaMu U Harpy3kou Tpedyercs:

@ \1/P/2 \LP \LP \LP \LP \LP \LP/2

77



78



Puc. 1

a) onpenenuTh (AHATMTUYECKH ) YCHIIUS B CTEPXKHSX 33JaHHON MMaHeNt, BKITIO-
yasi IPaByIo | JIEBYIO CTONKHU (5 CTepKHEH);

0) MOCTPOUTH JIMHUU BIUSTHUS B TEX )K€ CTEPIKHSAX;

B) 110 JJMHUSIM BIIMSIHHS TIOJICUMTATh 3HAUEHUS YCUIIMI OT 33JaHHOI Harpy3Ku

H CPABHHUTH UX CO 3HAUYCHUAMU, ITIOJTYICHHBIMU aHAJIUTUYICCKHU.

Tabmumna 1

ITocnennss Ne | =6d P Bropas J\fegi_

;P;I(gg 2 CXEeMBI | (M) (xH) ;ﬁﬁgﬁ (cuuTas h (M)
CJIEBA)

1 1 30 1,8 1 2 3,0

2 2 28 1,5 2 3 3,2

3 3 27 1,2 3 4 3,4

4 4 24 1,9 4 3) 3,6

3) 5 21 1,0 5 2 3,8

6 6 18 2,0 6 3 4,0

7 7 32 1,1 7 4 4,2

8 8 30 1,3 8 5 4.4

9 9 28 1,4 9 2 4,6

0 0 24 1,6 0 3 4,8
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MeTtoandeckue yka3aHus K BbIloaHeHH0 PI'P Ne2.

VYeunme B KaxIIOM CTEp)KHE CIEAYET OIpPENesITh HEMOCPEACTBEHHO uepes
Harpy3Ky U OINOpHBIE PEaKIMH, a HE OJHO uepe3 Apyroe. T.e. M KaXI0ro ycuiaus
HaJI0 HATU CBOM CIOCOO U3 TpeX M3BECTHBIX (MOMEHTHOM TOYKH, MPOEKIINH, BhIpe-
3aHUS Y3JIOB).

[Ipu onpenenenuu ycuiauii HEOOXOAUMO MOKA3bIBATh HUCIIOIL3yEeMbIC CEUCHUS,
MPUBOAUTH COOTBETCTBYIOUIME YpPAaBHEHHUS, a BCE BEIMYWHBI, BXOMSIIME B HHUX,
JOJDKHBI OBITh yKa3aHbl Ha uepTexke. HeoOXxomumbie reoMeTpuyeckue XapakTepu-
CTHKHU U pa3Mephl HAJI0 ONPEISISTh aHATUTHIECKH, a He OpaTh 1o MacmTaly.

[TocTpoenue nUHUN BIMSAHUS JOJKHO COMPOBOXKIATHCS HEOOXOJAMMBIMH pac-
4eTHBIMH (QopmynamMu. JIMHUM BIUSHUS CTPOSATCA TOM CXeMOW ¢epMmbl; Ha HHUX
JOJKHBI OBITH TMPOCTABJICHBI YKCIIOBBIE 3HAUYECHMSI OPAMHAT IOJ BCEMH Y3JIAMHU.
HalineHHble 3HaYeHUS! YCUJIMHM 1O JIMHUSM BIIMSAHUS HAJI0 CPaBHUTH C pE3ybTaTaMH

AHAIIUTHYCCKOI'O OIMPCACIICHUS.
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PI'P Ne 3

Pacuyer 3-x miapHupHOii apKu

Jljig TpexiapHUpHOM apku (paMbl) 3aJaHHOTO TUIIA__ € pa3MepaMu, orpeessie-
MBIMU IO CTpOKE __ Tabmuubl 1 U Harpy3Koil, onpeaenseMon CTpOKOn TaOJIHILIBI
2 HeobXoauMo:

1. CoctaBuTh TaOIUILy UCXOIHBIX IAHHBIX IO (hopMe

Tum apku | f a b C d q Pi | P2

2. Ioctpouts smropel M, Q, N;
3. OnpenenuTh HANPSHKEHUS B «OMTACHOMY» CEUCHHUH, CUUTAsI, YTO MOMEPEUHOE Ce-

YCHHE — MPAMOYTOJbHHUK ¢ BeIcoTOM h 1 mmpunoi b = 0,5h. Beicory h ipussThH B

I I
Impeaciiax h= % + 4—0 CpaBHHTB X C HAIIPAKCHHUAMHU, BO3SHUKAIOIMUMHA B Oanke

TOI'O XK€ CSUCHUA
y y =y(x)

Tun apxu (pamwt)

4f
1. IMapadoma y=—x(l —x),
P y=qex=x) | 2 R |

2. Cunycoupa y = f sin 7:)(

2
3. KpyroBas y = Rz—(lz—xj +f-R,

rIe: R—i+i sin _ =2 cos _Y+R-T
C T e NPT p Y |

4. Onmuntudeckas y =2 f )I((l— )I()
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5. TpexmapHupHas pama

6. TpexuiapuupHas pama

7. TpexumapaupHas pa-

Ma

8. TpexmapHupHasi pama

45°

1/2

O

112

\

30°
/3

"

112

O

/2

30°

0.3l

1/2

©

112

O

45°

112
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Cxema nHazpy3ku

| a=oyl P.=mgl q P, = nql

C:B1| b:(X2|
d = p) |

[Ipu BeIUKCIEHUU BHYTPEHHUX YCUIIMI B BHIOPAHHBIX ceUeHUsIX (He MeHee 6 ce-

YEHHUI KPOME OMOPHBIX) BOCIOIb30BATHCS TAOJIMUHBIM CIIOCOOOM.

Tabnuma 1
Crpena
[Mponer |
Ctpoka noabema f
(M)
(M)
I 20 6
I 20 7
Il 24 6
v 24 7
\Y 24 8
VI 30 8
VI 30 10
Vil 32 10
IX 36 10
X 36 12
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TabOmuma 2

CTpOKa o1 oL Bl Bz q m n
(xH/m)
I 0.2 0.4 0.0 0.5 20 0.2 0.5
Il 0.2 0.3 0.5 1.0 20 0.4 0.4
1 0.4 0.2 0.0 0.5 30 0.4 0.5
\Y/ 0.4 0.3 0.3 0.8 25 0.3 0.5
\Y 0.3 0.2 0.3 0.7 20 0.5 0.4
VI 0.5 0.2 0.0 0.4 20 0.2 0.3
\Al 0.2 0.5 0.5 0.9 20 0.4 0.2
VIII 0.3 0.3 0.1 0.5 30 0.3 0.3
Buwibop sapuanmos:
Homep | Tumapku | I'eomerpus Howmep
BapHaH- (pambr) apKu Harpy3Ku
Ta (Tabmn. 1) (Tabm. 2)
1 | I |
2 Il Il I
3 1 Il Il
4 \Y/ A\ A\
3) \Y \Y \Y
6 VI VI |
7 VII* VI VI
8 VIII VIII WAl
9 | IX 1
0 V X VI
mudppa | [ocnenuss Bropas [Tocnennss
mudpa rdpa dpa nuudpa
mudpa mudpa mudpa

*) Jluis 7 BapraHTa paMbl cTpeia noabema f onpenessercs mo ueprexy.
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CxeMbI K KOHTPOJIbHOI padoTe 1Mo onpeaeeHUuI0 nepeMenieHuil
B CTATHYECKH ONpenenMoil pame.

C\Z . W
;> P |h/2 P
il <— V1 3
> h/2 I
9
9 bd
> 7777 . C
Tz w2 w7
1 V.
q P 2
~ ) a
> P
> h2 j
2t ™ 1 3 ]
9
> h/2
9m L _|
N &~ A 2
2y 2 U4 — |
V. V1.
q hi2 P <
1V VY VYV Vs | | <
A7 b
h/2 bl
5 - - i
S g7
\ [
VII VIIL.
25 - 2
h/2
| A& q P
1 @ 1
q h/2 {é&
AV VYV VY Pl >
77§7‘ >3
| L #7112
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IX.

¢

Buwibop eapuanmos:

IAARAAA

h/2

h/2

A

h/2

h/2

Howmep
BapUaHTa

| (v)

g (xH/m)

P (m)

h (m)

No ceuenus

Bun nepe-
MEILEHUSA

1,2

Vron
MTOBOPOTA

1,4

Vron
MTOBOPOTA

1,6

Vron
MOBOPOTA

1,8

Yron
TIOBOPOTA

2,0

Yron
TIOBOPOTA

2,2

I'opus.
IepeMell.

2,4

VI

I'opus.
TepeMell.

2,6

VIl

T'opus.
HepeMell.

2,8

00| N O &~ O] O N 0] ©

IX

T'opus.
HepeMell.

O| ©| O N| o O & W] N|

U1 O | 00| ©| o N o o &>

3,0

=
o

00| N o O b~ ©f 00 O] O N

| W N P W DN W N

X

T'opus.
HepeMell.

Wl W | N P DN W DN

N P W P N W P W PPN

[lepBas nudpa
mmdpa

Bropas mudpa

mmdpa

mdpa

[Tocnennss uudpa
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