MeTtoauueckoe mocoome K BHINMOJTHEHUI0 3aganusa Ne 1

Paccmotpum Ne 00.
Cxema I [ano: a=1,0mb=15mc=1,8M,d=12 M,
q=20kH/wm, P=8kH,
[c]=160 MIla.E =2,1-10° Mila.
1. Omnpenenenuie peakiiMy BO BHEIIHUX U BHYTPEHHUX CBA3SX KOHCTPYKIIHH.
- BHYTpPEHHHUE yCHUJIUS B CTEpXKHsX 1 1 2.
N306pa3um cuctemy B MaclITade U MOKaXKeM Peaklui B OMOPHBIX YCTPOMUCTBAX, KaK
3TO MPHUHSTO B "TEOPETUUECKON MEXAHUKE".
Cuctema uMeeT 3 ONOpHI (BHewlHUe CEA3U):
A - IIapHUPHO-TIOJIBHXKHAS,
B u E — mapaupHO-HENIOABUKHBIE.
[Iprmem 0003HaYEHUST PEAKIIMIA:
H — ropuzonrtansnas (Horisontale),
V — BeprukanbHas (Verticale).

g onopsl E moka3zanel TOpu30H-
TaJIbHAsI, BEPTUKAJIbHASI COCTABJISIO-
A€ PEAKLINH U MOJIHAS PE3YIIbTHU-
pyromas peakuus Rg.

N3BecTHO, 4TO, eciu cmepoicens umeem wapHupHovle ONopsbl U HAZPYIHCEH CU-
JIAMU, HANPABIEHHBIMU 800]Ib €20 OCU, MO PeaKyuu 8 e20 ONopax 0eucmeayrom makaice
80osb ocu. [Toatomy cocrapistoniue Hg u Vg B ontope E MokHO He n300paxarts, J10-
CTAaTOYHO yKa3aTh MOJHYIO peakiuio Rg , Kak 3T0 moka3zaHo ajist onopsl B.
Peaxiiuu B cBs3s1X OOBIYHO ONPENEIAIOTCS U3 YCIOBUM paBHOBecHs. J[Jis mitoc-
KOM CUCTEMBI CHJI MOXHO 3allMCaTh TPU YPAaBHEHUS PABHOBECHSA:
2X=0,2Y=0,2M, =0.
UuTaroTcs OHM TaK:- CyMMa MPOEKIMH BCEX CUJI Ha OCh X paBHA HYIIIO,
- CyMMa MPOEKIHI BCEX CHJI Ha OCh Y paBHa HYJIIO,
- CyMMa MOMEHTOB BCE€X CHJI OTHOCUTEIBHO OCH Z paBHA HYJIIO.
OproronanbHbie ocu X, Y HaXOAATCS B INIOCKOCTH YEPTEkKA, OCh Z. IEPIICHAUKY-
nsipHa uM. Hadano koopIMHAT MOKET OBITh B JIFOOOH TOYKE IIIOCKOCTH, OCh X MOXKET
MMETh HalpaBJIEHUE HE 0053aTEIBLHO MO TOPU30HTAIN U TOJIBKO CJI€Ba HAIPaBO.
YpaBHEHHUS] MOXKHO TPAKTOBATH €IE, KAK OTCYTCTBUE JIMHEHHBIX JBHKEHUM
KOHCTPYKIIMH 110 HAIIpaBJIEHUIM ocel X, Y U €€ BpallleHUsI OTHOCUTEIIBHO OCH Z.
JI71s1 3aJaHHOM CUCTEMBI IIPU U3BECTHBIX BHEIIHUX CHJIAX 10 YPABHEHUSIM pPaB-
HOBECHS MOXKHO ONPEICIUTh PEAKIIUU B OMTOPHBIX YCTPOMCTBAX.
Brympennue ces3u - smo ycmpouicmea 01 cOeOUHEHUs 1eMeHmo8 00HOU
KOHCMPYKYUU MEHCOY COOOIL.




B Hameil KOHCTpYKIHUH UMEETCA TpU deMeEHTa 1, 2, 3 coeAMHEHHBIE IIapHUPAMU B
toukax C n A. B 3THX TOYKaX OAMH 3JIEMEHT IO OTHOLWIEHHUIO K IPYTOMY MOXHO pac-
CMaTpUBaTh KaKk OMOpHbIA. COOTBETCTBYIOIINE IAPHUPHI IIPU 3TOM MPEACTABIISIOT
co00¥ IIApHUPHO-HEMOABUKHBIE OMOPHI.
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[TokazaTh peakIuu B HUX MOXHO, HO,
TaK Kak '"Qeticmeue pagHo npomuso-
Oeticmauio ", 370 OyIyT ABE paBHbIE
CHJIBI, TIPUJIO’KCHHBIE B OJTHON TOUKE,
MIPOTHUBOITOJIOKHOTO HAPABJICHHS.
[Ipomie Oyzaet, eciau n300pa3uTh KOH-
CTPYKIIHIO, Pa3beIHHHUB €€ SJIEMCHTHI.
B 3TOM M300pakeHUU peakIuy BHEIII-
HUX ¥ BHYTPEHHUX CBS3CH UMCIOT
HaTJISTHOE TIPEJICTABJICHUE U OUCBH-
JICH aJITOPUTM UX OTPEICIICHUS.
JI10b601i snemenm KoHCmpyKyuu Haxo-
oumcs 8 pasnogecuu u 0Jisi onpeoeiie-
HUsL HeU3B8ECMHbBIX CUJL, OCUCMBYIOUUX
HA He20, MOJHCHO 3anuUcamsp OJisl Kadic-
0020 YpasHeHUs pa8HOBECUS.

Pacuér CICAYCT HAYMHATL C TOT'O 3JICMCHTA, I'IC OIIPCACITIAICMBIC CUJIBI MOKHO
BBIUMCIUTH. B Halem 3alaHUH TaKOBBIM ABJIACTCA 3-1i1 DJICMEHT.
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3aMeTuM, YTO HU3HAYaJbHO MBI HE
3Ha€M HaIpaBJICHUS peakuuil (Kyaa
HarnpaBuTh cTpenku?). Panee, ucxons
M3 KOHCTPYKTHUBHBIX OCOOCHHOCTEH
OTNIOPHBIX YCTPOWCTB, Mbl ONpPEACIH-
T TOJBKO TOYKHW MPUIIOKEHUS U JIH-
HuM peuctBus cwi. lloatomy yka-
3aHHBIC HAMNPaBJICHUS CHJI SIBIIAIOTCS
MPOU3BOJIBHBIMM,  JEUCTBUTEIILHBIE
HaIlpaBJICHUs YCTAaHABIIMBAIOTCS pac-
yétoM. B ypaBHEHMSIX paBHOBECHS
CUJIbI UMEIOT HAIPaBIICHUS, KOTOPHIE
M300paKEeHbI Ha CXEME.

JIiist ynporieHust pacuéra mpH 3aricy ypaBHEHUH paBHOBECHS CIICTYET IPH-
JePKUBATHCS OYCBUIHON PeKOMEHIAMU: 3aNUCHI8AMb MO YPABHEHUe, U3 KOMOPO2O
HeNnocpeoCmeeHHO MOICHO Onpedeums Kaky-iubo peaxyuro. Kaxcooe ypasnenue
00JI2HCHO coOepaicamb 00HO HeuzgecmHoe. [Ipedycmompems ypasneHue 015 NPoBePKU
NONYYEeHHO20 PeuleHUs.

XaoTHYHAs 3aIUCh YPABHCHUI OOBIYHO PUBOJIUT K HEOOXOIUMOCTH peliaTh
CUCTEMY YpaBHEHUH, TIPH 3TOM OOBIYHO 3a0bIBAETCS O MpoBepke e pemreHus. [Ipu
HEBEPHO OIPEACIEHHBIX PEaKIMIX JaTbHEHIIINI pacuéT HE UMEET CMBICTIA.



DTON pEKOMEHAAIMU HECIIOKHO CIIEI0BATh, €CJIU ONPEIEIATh PEAKIUU U3
ypaBHeHust X M , =0, 3anuchIBasi €ro OTHOCUTEIBHO TOYKH, T/1€ IEPECEKAOTCS JIH-

HUM JIEUCTBUS JBYX JPYTUX PEAKTUBHBIX CHIL.
Tak, momelasi och Z B TOUKY A, TTOJIy4aeM ypaBHEHHUE:

XM =R, -b-sina—q-(a+b)-a+b=0.

Ilpu 3anucu ypaenenuu pasrnosecus ne ciedyem cmewueams "aneedpy ¢ apugmemu-
Kou", m.e. 8 ypagueHusx yuciamu mMo2ym Ovlms moavko be3pasmeprvie Kodgpduyu-
eHmbl.

N3 cxembl koHCTpyKUIMH (TpeyroibHuk EDC):

d_____ 12 _i9es.
Va2 +d* 12 41,22

Peaums R = (a +.b)2 _20-(1+15)°
2:b-sma 2-1,5-0,768
PeKOMEHl[aIII/lﬂ; npu 6blI4YUCTIEHUAX 6 OKOHUYAMETIbHOM pe3ylbmanie ydepofcueamb He
bonee mpex 3sHavauwux yugppovl ¢ okpyarenuem, Kak 3T0 OKa3aHo MPH ONpeIeIeHUN
peakuuu Re.
AHaJIOTUYHBIM 06pa30M, ImomMceIiias oCb /B TOYKY C, 34l CbIBACM YPABHCHHUC!

M- =R, -b+q-(a+b)-(a;rb—aj:0.

R, :_q.(a+b).(a+b_aj:_ZO.(l,0+l,5).(1,0+1,5_1,()):_8’33](]_1‘
b 2 1,5 2

3Hak (-) B pe3yibTaTe 03HayaeT, yTo peakius Ry B AEHCTBUTEIIBHOCTH UMEET MIPOTH-
BOIIOJIO’KHOE HaIpaBJICHUE.

Pacuétbl MOHO MPOBEPUTH, CIPOCKTUPOBAB BCE CUJIbI HA BEPTUKAIBHYIO OCh:
YV =R, -sina—R, —q-(a+b)=543-0,768 + 8,33 — 20 - (1,0 + 1,5) = —0,0324.
He cnenyeT HagesThes, 4TO MPOBEPOUHOE ypaBHEHUE OYACT COBEPIICHHO BBITIOJI-
HATbCS. [Tonmyuninm aGCOMIOTHYIO MOTPEIIHOCTh U3-32 OKPYTIJICHUS PE3yJIbTaTOB BhI-
YUCIICHUM, @ OHH HEH30CIKHEI.

Tounocmb npousee0EHHO20 paciéma XapaKmepusyemcs OMHOCUMENbHOU NO-
2PeUHOCMbIO 8 NPOYEHMAX.

OmnpenensieTcs OHa CIEIYIOUIUM 00pa3oM.
3amMeTuM, 4To aOCOJIFOTHAS MTOTPEIIHOCTh €CTh PA3HOCTD JIBYX CYMM:
nonoxkurenbHot A =54,3-0,768 + 8,33 =50,0324 u orpuniatensuoit B =50,0.

A_B-IOO% WK ‘4_3-100%=M

sina =

= 54,25347..(54,3) xH.

[TorpemHoCTh -100 = 0,065% .

MO>KHO yIOBIETBOPUTCS TAKON NOTPEIIHOCTHIO BBIYMCIEHUN U HECKOIBKO
OoJblIEH, yIUTBIBAsL, YTO IIPU IPOBEPKE COOTBETCTBUS MEXKAY TEOPUEH U PeaIbHO-
CTBIO U IIPU SKCIIEPUMEHTAIBHOM OIPEIEICHUN MEXaHUUYECKUX XapaKTEPUCTHUK Ma-
TepHANoB TIOTPENTHOCTH (3 + 5)% CUMTAETCA YAOBIETBOPUTEIBHOM.



[Tpu mpoBEpEHHBIX 3HAUCHUSAX ABYX OMPEACIEHHBIX PEAKIIUi, TPEThs ONpe/Ic-
JSIETCS U3 MPOCTOTO YPABHEHUS, TJI€ OIIMOUTHCS TPYIHO:
a 1,0

Ja? +d* 107 +122

2X=H,—-R;-cosa=0, cosa = =0,640.

H ,=543-0,640=34,75kH.

Paccmotpum snementsl 1 u 2.
3amMeTuM, 4TO B JAJIbHEHUITUX pacyéTax 11eaecoo0pa3Ho ONnepupoBaTh peasb-
HBIMH HaIlPaBJICHUSMU CHJI.

3nech Ry nmeeT n3MeHEHHOE HAIIPABICHUE U €€
sbR*':'* 3HaueHue +8,33 kH., R¢c umeeT npexxHee Harpas-
JIEHUE, MTOCKOJIbKY pacu€TOM MOATBEPKIAEHA €TO
@ HUCTUHHOCTb.
N3 ypaBHeHul paBHOBecus crepxkHen 2 X =0, rae

OCh HaIpaBJieHa BJOJIb CTEPIKHS,
TRB XX, =Rp+P-R-=0, ZX,=Rz-R,=0,
HaXOJUM
R, =-80+543=463kH, Rz =833kH.
[locne BbIYMCIIEHHS BCEX CUJI, BHEITHUX 10 OTHOUIEHUIO K 3JIEMEHTaM, MOKHO
MPUCTYIUTD K ONPEACIICHUIO BHYTPEHHUX YCUIIUNA B HUX (OHU HA3bIBAIOTCS TAKKeE
BHYTPEHHUMH CHJIOBBIMU (haKTOpamHu).
3-1i 371eMeHT (TOPU30HTATIbHBIN CTepKEHb) cCOnpoTuBisiercs n3rudy. Ero pac-
Y4ET MOXKET OBITh OCYIIIECTBJIEH TOCHE U3ydeHuUs "Teopun u3ruoda'.
B sTom 3a1anuu cuntaem ero Hene@opMupyeMbIM (aOCOTIOTHO KECTKUM).

2. OHDCIICHCHI/IC BHYTPCHHUX YCHUJINH B CTEPIKHIX

BHYTpeHHI/Ie YCUIINA B CTCPIKHAX O6YCJ'IOBJICHBI BHCIIHHUMHU CUJIaMH U OIIPCacC-
JISIFOTCS TAKXKC U3 ypaBHeHI/Iﬁ PaBHOBECH:A, aHAJIOTUYIHO TOMY, KaK OIIPCACIIAIUCH PC-
AKIIM1 BO BHYTPCHHUX CBA3AX, COCANHAIOINX 3JICMCHTBI KOHCTPYKINU MCKAY CO-
OOH. CTCp)KCHB MOXHO IPCACTABUTH KaK COBOKYITHOCTD qaCTeﬁ, OTPAaHUYCHHBIX
ABYMs IMONICPCUYHBIMU CCUCHUAMM, YACPKHUBACMBIX CUJIAMH MCKATOMHOT'O B3aUMO-
IICﬁCTBHH OT B3aMMHOI'O CMCIICHUA IIPU ﬂeﬁCTBHH BHCIIHHNX CHIJI.
B 11060M IMONICPCYHOM CCUCHUU ITH CUJIBI MOJKHO I/I306p3,31/IT]':; " BBIYUCIIUTD, pacC-
CMaTpuBas PaBHOBCCHUC BBIHCHCHHOﬁ qacCTH.

PaCHpCHCHCHI/IC BHYTPCHHHUX YCI/IJ'II/Iﬁ IO JJIMHC CTCPIKHA ITOKAa3bIBACTCA 1A~

@
@45,3 *Rﬂ R, @




rpamMmMmamu. M3o00paxeHus: AuarpaMM Ha3bIBaIOT €€ AMIOPaMU - 3aMMCTBOBAHHE U3
dbpaniysckoro s3bika (L'épure —ueptéx, nuarpamma).

J1J1st MOCTpOEHUS UX MePBOHAYATBHO MOTY4Yal0T aHATMTUYECKOE BhIPAKEHHUE.
Tak, 115 nonydeHus GpyHKIMOHAIBHOM 3aBUcUMOCTH N = f(X), U3 ypaBHEHUs

paBHOBeCHs yacTu cTepkHs 1 oT Touku E 110 ceueHus ¢ koopauHaton X, HaX0AUM
BuyTtpenHee ycunue siBAsS€TCS MOCTOSHHOM BEITMYMHOM (HE 3aBUCUT OT TEKYIIIEH KO-
OpAMHATHI) U AEUCTBUTENBHO B Ipeaenax u3Menenus x or 0 no 0,57,.

AHanorn4yHa nporeaypa onpeaeicHus BHyTPSHHUX YCHIUN TSl APYTUX TOMEPEIHBIX
CEUYCHMU CTEPIKHS.

Pexomenaamusi: mpyu onpeaeIeHn BHYTPEHHUX YCWIINN B CTEP)KHE HA Yep-
TEXE BBIICIIEHHOW YaCTH €ro WX CJIeyeT H300pakaTh MOJI0KUTEIbHBIMH, YIUTHIBAS
MPUHATOE COTJIAIICHHUE O 3HaKaX. HopmanbHas 6HYMPEeHHAS CUNA CUUMAemcsi NOJLO-
AHCUMENbHOU, K020a OHA HANPAGIeHa Om ceyeHus. ITOo corjaiieHue (IpaBuso) HeoO-
XOJMMO JJIsI OIICHKH COMPOTHUBJICHHS MaTepuaia ctepxHs. [lonoxuTenbHas cuia BbI-
3BIBACT PACTSDKCHUE CTEPIKHS, OTPHIIATEIbHAS CBUICTEIBCTBYET O CHKATHH.

3. OnupeneauTh IUIOMAIN ITOMEPEYHBIX CEUCHMIA.
B o6mieit hopMynupoBke yCIOBUE TPOYHOCTH OTPAHUYMBACT BEIIMUUHY MaKCUMAJIb-
HBIX HalpshKeHUM B cTepKHAX. [Ipy pacTshkeHUH U C)KaTUU OHO UMEET B/

N
ngé[a].

B 3apaHnu yka3zaHo, YTO MaTepHall CTepxKHEN — ctaib. CTanu NpakTUYECKH OJIMHA-
KOBO COIIPOTUBJISIOTCS PACTSKEHUIO U CKATHUIO, I0O3TOMY HA3HAYAETCS OJHO 3Have-
HUE TOITyCKAaeMOT0 HANPSIKEHUS I PACTSHKEHUS U CKATHS.

CornacHo ycnoBHIO IPOYHOCTH, IJIOMIAIHA MOMEPEYHBIX CEUEHUHN CTEPKHEN
ONPEIEIIAIOTCS BBIPAXKEHUEM:

4z

[o]
U3 AuarpaMm BHYTPCHHHX YCI/IJ]I/Iﬁ B CTCPIKHAX CIICAYIOT UX paC‘léTH]':»Ie 3HAYCHUAA:
N1 = 54,3 kH, N2 =- 8,33 kH.
IIpumeuanue: 1-p1i CTCPIKCHb UMCCT PA3HbIC 3HAYCHHA YCI/IJ]I/Iﬁ o juiiHe. B pacqéT
MNPpUHUMACM MAKCHUMAJIBHOC 3HAYUCHUC, ITPOCKTUPYS CTCPIKCHD C ITIOCTOAHHBIM CCUC-
HHCM II0 AJINHC. (MO)KHO CIIPOCKTHUPOBATH CTYHC‘I&TBIIZ CTCPIKCHb, CCJIN COIJIACUTCA
C YCJIIO)KHCHHUEM TCXHOJIOTHUHU €CT'O I/IBFOTOBHCHI/IH.).

N,  543-10°H

A >t = - -=339-10"" ® = 34cn”,
o] 160-10° B/ m
N -10°

Ay > 2 833107 550107402,
[c] 160-10°

4. OnpenenuTb NTOBOPOT TOPU3OHTAIBHOTO CTEPKHS U MEPEMEIICHUE TOYKH D.
Cucrema uckaxaercsi B pe3yJibTaTe U3MEHEHHUS JJIMH CTepkHeH 1 u 2.




OO611ee u3MeHeHre JUIMHBI 1-ro cTep KHs ONpeetsieTcs CyMMOW U3MEHEHUS JJIMH
€ro JIByX 4acTeil C pa3IuYHbIMU BHYTPEHHUMH CUJIAMMU:

0 =va? +d* =1,0* +1,22 = 1,56 m

N,-04(, Ny -0,6( 0 ;
A, = 2L L 2l T -(N1-0,4+N1-0,6),

E‘Al E‘Al E‘Al

1

Al = 11956 ; (46,3-10% 10,4 +543-10% - 0,6)=11.2-10" 1.

2,1-107" -3,4-10"
N3MeHenune IJIUHbI 2-T0 CTEPHKHA: ly=c=18m,

N, -t ~8,33-10° -1
AL, = 2 "2 _ 8,33-10° -18 =—13,7-10_4M.(YKOpO‘{eHI/IC)

E-4, 21-10".052-107
N306pa3um cucremy B 1eopMUPOBAHHOM BU/JIE, IPUHUMAsi BO BHUMaHUE BBIUMC-
JICHHBIC 3HAYCHUS U3MEHECHUH JIJINH €€ CTEPIKHEN.
3aMeTuM, 4TO B PEAILHOCTH CUCTEMA
AN E HE MMEET TaKUX OOJIBIINX HCKAKECHUM, TaK
@ Kak M3MEHEHHE JJIMH CTep>KHEH BechbMa Ma-
70 (MuwutuMeTpsl). Jing ux BuU3yanu3aluu
Ha CXEME€ HCIIOIB3YIOT pa3HbIe MacCHITaOBI
I JJIMH CTEP>KHEW W WM3MEHEHMH JJIWH,
TPACKTOPUU JBUXKEHHS TOYEK IO Jyre
OKPYKHOCTU 3aMEHAIOT JIMHUAMHU KacaTellb-
HBIMHU K JIyT€.
HenocpenacTBeHHO W3 T€OMETPUHM HAXOAUM
MMOBOPOT TOPU3OHTAIIBHOTO CTEPIKHS
CC'-AA4'" Al /sina—Al,
b
31ech U3MEHEHUs IJIUH MPU BBIYUCIICHUH OepyTCs 10 a0COIIOTHOMY 3HAYEHUIO, 3Ha-
KM X YUTEHBI B cXeMe (pacTsikeHue 1-ro U yKopodeHue 2-ro):
“’2/0’;658 “137 107 20,589 107 pao.

b

tgl =

b

tgl =

Jlnist manbix yraoB tg6 =6 .  Yron B rpaaycax:

0=0,589-10"* -% =33,7-107%.

b

I[JISI OIIPCACICHUS IMCPCMCIICHUA TOYKHU D na cxeme IMpOBCACHA OT TOUYKH A'
AOIIOJJTHUTCIIbHAA JIMHUA ITapaJlVICIIbHAA IICPBOHAYAIIBHOMY IMOJIOKCHHUIO TOPHU30H-
TAJIbHOI'O CTCPIKHA. U3 HOI[O6I/I$I TPCYTI'OJIbHUKOB, 06p330BaHHBIX IIpHu 5TOM, HAXOIUM

'_AA'
cc __b o DD'=Ap =P (At sina - ALy )+ AL,

DD'-AA4' a+b’
1,0 +1,5 4 4 4
20T (11,270,768 - 13,7)-107* +13,7-107 =15,2-10 % .

D

b



Kak MOXHO 3aMeTUTh, TEOMETPUUECKHE UCKAKEHHSI KOHCTPYKIIMH HE CYIIECTBEHHBI
Y BBOJIUMBIC YIIPOILICHUS ISl OLICHKU UCKAXKCHHM €€ SBIISIOTCS ONpPaBIaHHBIMH.
Cxema Il

Cxema Il obpa3zoBaHna 13 cxemsbl | BKIIOUEHHEM B KOHCTPYKIIUIO €11€ 0HOTO aedop-

MHPYEMOTO CTEPKHS.

TpebGyercs:

1. Onpenenuth BHYTPEHHUE YCUIIUS B CTEPIKHSX.

2. TlomoGpaTh 1I0IIa AN MOTIEPEUHBIX CEUCHUN CTEPKHEMN, YIOBICTBOPUB YCIOBHE
MPOYHOCTH U 3aJJTaHHOE COOTHOIIEHUE uomanei: A :Ax:A;=2:1:1,5.

Ha cxeMe mokazaH npennoyTUTeIbHbIN BapUaHT U300paKCHUS PeaKinii B
onope B. [losHas peaknys Rp pasnokeHa Ha ABE 110 OCAM IPUMBIKAOIIUX CTEPKHEM,
mapHup B sBiIseTCSI ABOMHBIM.

Cucrema HaxXOAUTCS B PABHOBECUM M MOKHO 3aMKCaTh TPU YPABHEHHS PaBHO-

D“wic

BECHS, B KOTOPBIE BOWIYT YEThIPE HEU3BECTHBIC PEAKIINH.

Nuorpa nomyckatot onmmoKy, moJiarasi, 4To MOXKHO 3aMucaTh YeThIPE ypaBHE-
HUS [T ONIPEIECIICHUS YETBIPEX PEAKIMM: IPOECKIMU CUJI HA ocu X, Y U JIBa ypaBHE-
HHSI MOMEHTOB OTHOCUTEIILHO Pa3HbIX TOUECK.

He cnenyeT 3a0b1BatTh, UTO 0151 NIOCKOU CUCHEMbL CUL 8 TH0OOM cliyuae 6yoem
MOJLKO MPU TUHEUHO He3a8UucuMblx ypasHerus. 1Ipyu 3anucu 4eTbIpéX ypaBHEHUN
OJIHO U3 HUX OyAeT TMHEHHON KOMOMHAIMEN APYTHX.

Cuctema craTuuecku Heonpeaenuma (peakiiui Hellb3sl ONPEACIUTh U3 YpaB-
HEHUM paBHOBecCHs). Pa3HOCTh MEX/1y YMCIIOM HEU3BECTHBIX YCUIIUNA U YHUCIIOM
YPABHEHUN XapaKTEPU3YET CTENEHb CTATUYECKON HeonpeaeanmMoctu. OHa MOXKET
ObITh M0OOM. Eciu B cuctemy 100aBUTH €lIE OIMH CTEP’KEHb, OHA CTAHET JIBa pa3a
CTaTUYECKU HEOMNPEAEITUMOMN U T.]I.

s pacuéma cmamuuecku HeonpeodeuMvlx cucmem Heobxo0umo, NOMUMO
VPaeHeHUll pagHo8ecUsl, COCMAasAms 0ONOJHUMENbHble YPAGHEHUS 8 KOTUYECmEe
PABHOM CMEneHU CMamuiecKol Heonpeoeaumocmu. B cymme ypaeneruti 00axicHO
ObIMb CMONBLKO, CKOJILKO HeU38eCMHbIX YCUTUL.




I[JISI pacqéTa BaHaHHOﬁ CXCMBI HCO6XOI[I/IMO OAHO AOIMOJIHUTECIBbHOC YpaBHC-

HUE, OHA OJIUH pa3 CTATHYECKH HEOMpeaeInMa.

JIOTIOTHUTENBHBIE YPaBHEHHS SIBIITIOTCS 2e0MeMmpUutecKumMy 1 OHU yCTaHABIH-
BAIOTCS U3 OUEBHIHOTO COOOpakeHUs: cucTema jiepopmupyercs (McKakaercs) B
TOYHOM COOTBETCTBUU C HAIOKCHHBIMH Ha He¢ cBsI3sMu. Ha3bIBaroT UX_ ypasuenusmu
nepemeujenuti I ypagHeHusaMu coemecmuocmu degpopmayuu. VIX Bcerma MOKHO
3aIMrcaTh CTOJIBKO, CKOJBKO pa3 CUCTEMa CTATUIECKH HEONPEIeTHMA.

B 3a1aHHON KOHCTPYKITUU T€OMETPHS UCKaKCHUI 00YCIOBIICHa H3MCHECHUSIMHA
JUTHH CTEP)KHEH, KOTOPBIE 10 3aKOHY | 'yka CBsI3aHbI C BHYTPEHHUMH YCUJIMSIMU B HUX
1 KOTOpBIC, B CBOIO OUEPE/Ib, CBSI3aHBI C PEAKITUSIMU B CBSI3X (BHEITHUX U BHYTPCH-
HUX). B OOJNBIIMHCTBE clTydaeB CUCTEMY B J1Ie()OPMUPOBAHHOM BH/IE HECIOKHO M300-
pa3uth. lHOT1a 3TO OyIeT HEeKOTOpasi THUIIOTETHYECKast (popma, KoTopass B KOHCUHOM
UTOTE TI0 pe3yIbTaTaM pacuéra MOKET ObITh HE MOATBEPIKICHA, HO TI0 KOTOPBIM BCE-
r71a MOJKHO H300pa3uTh PEANTbHYIO CXeMY UCKAKCHHIA.

Pacu€r OyzneT BepeH u Mpu THNOTETHICCKON hopme 1epopMUpOBaHUS, CCITH
co0JI01aTh OUEBUIHOE MPABUIIO: npednoiazaemoe usmeHenue OJUH CmepicHell
OO0JIIICHO COOMBEMCMBOBAMb HANPABLEHUIO 6HYMPEHHUX YCUTULL 8 HUX (COomeEen -
cmaue 0BUNCEHUL 0elicm8YIoWUM CULAM,).

OOpatuM BHEMaHHUE Ha GOPMYITMPOBKY 3a/1aui: ONMPeaeJuTh BHYyTPEHHHE
ycuinsi B cTep:kHAX. O peakiusax HIYEero He CKa3aHo U, CJIeI0BaTeIbHO, UX OIpe-
JeNsITh He OyneM. Peakiiny u BHYTpEHHHE YCHIIHS B CTEPIKHSAX CBS3aHBI ITOCPE/I-
CTBOM YpaBHCHHI PaBHOBECHS BBIJICIICHHBIX YaCcTEH U TIPH M3BECTHBIX BHYTPEHHUX
YCHJIUSX HECJTIOKHO OIPEICIIUTh PEaKIINH.
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1. OnpenenieHne BHYTPEHHUX YCUIUN B CTEPYKHIX KOHCTPYKIIMH.

N300pa3um CUIIOBYIO CXEMY CUCTEMBI U COOTBETCTBYIOIIYIO €1 cxemy nedop-
MUPOBaHUsI, YIOBIETBOPSS TpeOyeMoe COOTBETCTBUE HANIPABICHUM CHII U U3MEHE-
HUU JJIMH CTEPKHEN.

OueBUAHO, TPUHUMAS MPEATIOJIOKEHUE O HAMPABICHUH YCWINH B CTEPXKHSX,
HEJIb35 IOMYCTUTh UX BCE PacTATUBAIOMIUMH, apHupsl D, C, A 10J>KHBI HAXOIUTh-
Cs Ha OJTHOM IpsIMOM JIMHUU. MaloBEpOSITHO TaK)KE, YTO )KECTKUN CTEPKEHb Tepe-
MelaeTcs napajiebHo caMomy cede. Bee npyrue npeanoiokeHus BO3MOMXKHBI.




MO’KHO JAOIYCTUTh, 4TO 3-Ui CTEPIKEHD PACTATUBACTCS U N300Pa3uTh COOTBETCTBY-

IOIYIO cXeMy Je(opMUPOBHUSI.

Bce BapuaHTHI 1aayT OJTHO pEIICHHE, €CIIH COOTIOCHO COOTBETCTBUE IBYX CXEM.
3anuiemM BHaYajae reOMETPUIEeCcKOe YpaBHEHHE, KOTOPOE ClIeyeT U3 oao0us

TPEYTOJILHUKOB, OJTHA CTOPOHA KOTOPBIX MyHKTUPHAS JTUHUS:

CC'-44' b Aly/sina—Al, b
DD'-AA' a+b’ Aly/sinB—Al, a+b
3aMeHUM B HEM M3MCHEHHUSA IJIMH WX BBIPAXKCHUAMHU I10 3dKOHY FyKa:
N 1° 4 1 N 2 4 2

E-A4 -sma E-4, b
Ny £, Ny-ly a+b’
E-A4;-snf - E- 4,
IIpeoOpasyeM, onpeenuB AIHHbI CTEPXKHEH Yepe3 UCXOAHBIE JaHHBIE!
t,=d/sma, [(,=c, [l3=c/sinp.

Nl‘d _ N3‘C b +N2‘C 1 b
A -sin*a Ay -sin? B oa+b 4, a+b)’
4 a2 4 i 2
N1=N3-—1-CSIH a b N | ¢c-sin“a a ()

Ay d-sin® B a+b 24, d a+b’

[Tonmyuwin ypaBHeHue (1), TOMOHATETBHOE K YPABHCHUSAM PaBHOBECHS.

Kak MOXHO 3aMETHTbh, YpaBHECHHUE BKIIOYACT OT IUIOIIAIH ITONIEPEUHBIX ceUe-
HUH CTEp)KHEH (TOYHEee OT UX COOTHOIIICHS ), KOTOPBIE B MTPOCKTHOM pacy&Te HE MO-
T'YT OBITh U3BECTHBI. DTO SABIISICTCS OCOOCHHOCTHIO CTATUYECKH HEONPEICITUMBIX CH-
cteM. [lorTomMy npu npoexkmuom pacuéme Heob6x00umo npuHUMAaAmMsb(3a0asams) co-
OMHOUEHUSA MeAHCOY NAOULAOAMU NONEPEYHBIX CeYeHULl CepiicHell. ITUM CaMbIM
MO>KHO yTPAaBIIATh 3HAUCHUSAMHU BHYTPCHHUX YCHIIMHA B CTEPIKHAX U IMTOAOOPOM €Tro
MO>KHO TTOJIY4aTh ONTUMAJIbHBIC CUCTEMBI.

[ToncraBum B ypaBHEeHHE (1) 3a1aHHBIC COOTHOIICHUS TUTONIAACH M YNCICHHBIC
3HAYCHUS TCOMETPUUYECKHUX TTaPaMETPOB CHCTEMBI:

A4 2 A 2

A, 157 4, 1

c _ 1,8
\/02 +(a +b)2 \/1,82 +2,5°

PCKOMCHIIYCTCH He npueodumb NPOMENCYMOUHbIE 3HAUCHUA BCNOMOCAME/IbHbLX
6bll{uC]l€HuT/7, HCO6XOIII/IMO 6YKBCHHBIC 0603HaquI/ISI 3daMCHHUTDb YHUCIIaMH U YKA3bIBATb
TOJIBKO HOqueHHBIﬁ pe3yiibTarT. HpI/I TAKOM ITOPAAKEC BECACHUA BBIUMCIIEHUU B ciaydac
KaKoM-11u00 OMIMOKHU pacuéT BCEr/ia HECI0KHO MTPOBEPHUTb.

2 2
2 1,8-0,768 1,5 N 2 1,8-0,768 1
i : L= :
L5 12-04% 25 1 1,2 2,5

sinc = 0,768, sin = =04.
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N, =N, -4424+ N, -0,708. (1)
Tenepb 34lIMIICM YPABHCHHA PABHOBCCHA.

He cnenyeT ux 3amuchiBaTh B TOM MOPsIAKE, KaK OHU OOBIYHO YUTaroTcs. Tak, ypas-
HeHue X X =0 He Oymem 3amuchiBaTh, OHO HEOOXOAMMO TOJBKO JJIsl OTIPEACIICHUS

peakiuu Ry. YpaBHenne X ¥V = 0 ucnosb3yem Uil IpoBepku pemenus. Ocraéres
ypaBHenue XM , =0.

XM =N, -(a+b)-sinﬁ+N1 -b-sina—q-(a+b)-(a+b)=0,
b sina a+b
ooy b0 (aen) >
a+b smp 2-sin 8
XMp=N, -(a+b)+N1 -a-sina—q-(a+b)-(a+b)=0.
N, =-N, -sina+q-(a+b). 3)
a+b 2
3amenuM B (2) u (3) OykBeHHbIE 0003HAYCHUS IMAPAMETPOB UX YUCITAMU:
L5 0,768 2,5 .
25 04 2-04
1 2
Ny, ==-Ny- 2’(; -0,768 + 20 - j =—N,; -0,3072 + 25. (3"

N3 (1') mpu moxacranoBke B Hero (2') u (3'):
N = (=N, - 1,152 + 62,5) - 4,424 + (= N, - 0,3072 + 25)-0,708..
3 62,5-4,424 +25-0,708
141,152 4,424 + 0,3072 - 0,708
N3 (2') u (3') cnenyer:

Ny, =-46,6-1152+625=882kH, N, =-46,6-0,3072+25=10,7kH .
IIpoBepka:
XY =N,-sinaa+N, +N;-sinfB—qg-(a+b)=

=46,6-0,768 +10,7 +8,82-0,4 —-20-2,5=50,017-50=0,017
0,017

| = 46,6 kH .

[TorpemHoCTh -100=0,034%.

IomoxuTebHBIC 3HAUCHUS OHpeI[eJ]éHHBIX BHYTPCHHHUX YCI/IJ'II/Iﬁ CBUACTCIILCTBYIOT O
KOPPCKTHOCTH HpCIIHOHO)I(CHHOﬁ CXCMBI I[e(i)OpMI/IpOBaHI/ISI.

2. IMoxGop miomajaei monepeynbiX CEUEHUN CTEPKHEN.
Heo6xoauMo yaoBIETBOPUTH YCJIOBUE TPOUYHOCTH U MPUHATOE COOTHOIICHUE MEKITY
TJTIOMIASIMU TIONIEPEUHBIX CEUYCHUIN CTEPKHEN:
A, 2 A 2
1

A, 157 4,
VYeunus B crepxuiax: Ny =46,6 kH, N, =-10,7kH, N;=-882kH.

ngé[a],
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(1-b1ii cTepKEeHb pacTATUBAETCS, 2-0i U 3-Hil COKUMAIOTCS)
VY 10BAETBOPUM YCIOBUE IPOYHOCTH JJIs1 BTOPOTO CTEPKHSL:

N 103
Ay, > 2= 10.7-107 _ 669-10* 3% = 0,699 cni?. Ipumem A, = 0,7 cm? .
[c] 160-10°

W3 cooTHOMIIEHNN MIIOIIAIEH

L5

A =2-4,=2-07=14cu*, A =2 A =15 4, =1,5-0,7=1,05cm>.

HaHpH)KCHI/IH B CTCPIKHAX!

N 103 N, -10,7-10°
oy =L 308N smrta, oy =22 20T sy,
4 14107 4,  0,7-10"
N, -882-10°
Oy =—>= 8.8 04 = -84 MTIla.
A3 1,05-10°

I[JISI HAaHHOT'O MaTcpuajia HAIIPSKCHUSA B I-oMm CTCPIKHC HCAOITYCTUMBI, IIO3TOMY YyIO0-
BJICTBOPUM JI1 HCT'O YCIIOBHUC IIPOYHOCTH, OIIPCACIINB HCO6XOI[I/IMYIO IJiomanb.

N 103
A > L= 46,6 106 =2,9125-10"* m? = 2,9 cm?.
[c] 160-10
CornacHo COOTHOILICHUIO TUIOMIAICH, TIIOMIAAN CEUEHUN JPYTUX CTEPIKHEM:
1 1
A, =05-4,=05-29=145cm*, 4= ’25-/11 = ’25-2,9=2,175m2.
HpI/I 9TOM HAIIPSKCHUS B CTCPIKHAX !
N, 46,6-10° N, -10,7-10°
o =—1= 0.6 04 =160,7 MIla, o,=—%= 0.7 04 ~ 738 Mlla,
4, 29-10° 4,  145-10°
Ny —882-10°
Oy =—>= 8.8 04 = —40,6 MI1a.
Ay 2175-10°

VYcnoBue NpoYHOCTH COOIIOJIEHO JIs BCEX CTEp>KHEH, MPEBBIIIATh JOIMyCKae-
MO€ HaIps)KEHHE MOKHO 10 5%. 2-i U 3-11 CTEP>KHU HEAOTPYKEHBL, HO C ’TUM HAJI0
MPUMHUPUTHCS U 3TO €CTh TAKKE OCOOEHHOCTh CTATUYECKH HEOMIPEACIUMbBIX CUCTEM.
Tonpko THIATENBHBIM TOI00POM COOTHOIICHHUS TUIOIIAeH MOYKHO TOOUTHCS JIydllie-
ro pe3yJbTara.

3aMeTHM, 4TO 3TOT PAaCYET KOHCTPYKIIMHU HE OKOHYATENbHBIN. JJIMHHBIE CKa-
ThI€ CTEPKHHU MOTYT UCKPHUBJIATHCS (TEPATh YCTOMYMBOCTH) U UX HAJIO €lI€ MpoBe-
PATH HA YCJIOBUE YCTOMYUBOCTH.



