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NNPEANCIIOBUE

Hacrosiuuii c6OpHMK 3a1a4 COCTaBJIeH B COOTBETCTBUU C
[IpOrpaMMoOi HHMCIHMIINUHBI «TexHudyecKass MeXaHHKa», VT-
BEpXKIEHHOM YIpaBjeHUeM KaXpoB M YYeOHBIX 3aBeNeHMIA
Tocerpost Poccuiickoit @enepanuu u NpegHa3HAYCHHOM ISt
peanusauyn I'ocymapcTBeHHBIX 00pa3oBaTENBHBIX CTaHAAP-
TOB cpefHero NMpodeccHOHATEHOTO 00pa30BaHMs IO CTIEIU-
anpHocTaM 2900 rpynmer Kiraccuduxaropa crnernmaixbHOCTEN
«CTpOUTEIBCTBO M APXUTEKTYPa».

COOpHHMK COAEPKWT 22 HWHIMBUAYATBHBIX 3alaHus UL
KOHTPOJBHBIX (AayIUTOPHBIX) M pacyeTHO-rpaduyeckux (no-
MALIHKX) paboT TI0 TPHUILIATH TEMaM TeopeTHIeCcKoil MexaHH-
K{, CONPOTHRJICHUSI MAaTepHaioB U CTATHKW COOPYXEHWUM.
O61eM U copepKaHHue pacueTHO-IpadrUIecKX U KOHTPOJIbHBIX
(caMOCTOATEIBHBIX) paboT pazpaboTaHbl B COOTBETCTBHM C pe-
KOMEHIYeMBIM TIepeYyHeM pacyeTHo-rpaduyeckux pabor u
TPUMEPHOM TEMATHUKOM KOHTPOJIBHBIX paboT, MpEeryCMOTPEH-
ubix IIporpammoit. Kaxmnoe 3ananue comepxur 36 BapuaHTOB,
YTO HeJIaeT ero MCKLIOYHTEIHHO WHIMBUIOYANBHBIM M HaIISI-
HBIM.

ConepxaHue M IOCTPOEHUE COOpHUKA MMEIOT CBOU OCO-
GEHHOCTH. ,

Bo-mepBrIX, BCE 3amaHUA M 3alayd MaKCHMaJIbHO OpHEH-
TUPOBaHB! Ha CTPOUTENbHBIE CTIELIUATBHOCTU ¥ TIPEXIE BCETO
Ha M3y4YeHUE CHENHAJIBHON TUCIHHMIUTMHEL «CTpOUTENbHBIE
KOHCTPYKUHH».

PacueTHbIe cXeMBI OajloK, paMm, depM, apox U T.H., ToIe-
pEeYHBIE CEUEHUS] MX 3JIEMEHTOB, BUIBl BHEIIHUX HArpy30kK
Hanbosiee XapaxkTepPHBI IUIST KOHCTPYKLUMI M COOPYXKEHMH,
BCTPEYAIOLINXCS B CTPOMUTENLCTBE. B TO Xe BpeMs, OHH BIIOJI-
He BIHCBIBAIOTCS B paMKH OOLUENIPODECCHOHATBHOM TUCITUTI-
JuHB «TeXHIIecKass MeXaHHKa»,

B cOopHuKe caenaHa IOIBITKA HOATOTOBUTH CTYIEHTOB K
BBITIOJIHEHHIO PaciYeToB ¢ yyeToM CTpOUTENIBHBIX HOPM M TIpa-
sl (CHulloB), 4To mpeaycMOTpeHO MporpaMMon.

Bo-BTOpEIX, 110 KaXAOH TeMe 3aaHUs COCTaBJICHBI IBYX-
YPOBHEBOI CJOXHOCT: KOHTDOJBHBIE WM CaAMOCTOSITENb-
Hble — 0GOJee IIPOCTHIE, a pacyeTHO-Tpaduyeckue — Gonee’
cnoxHele. IToaToMy K pacdyerHo-rpadmueckoil pabore pexo-
MEHIyeTCsl MPUCTYNATh IOCE BBIIOMHEHMS CaMOCTOSITEINIb-



HOit paboTH MO TOMH ke TeMe. KaxaoMy 3amaHUIO MpenurecT-
BYEeT ONHMCAaHWE MOPSINKA PELICHUS 3ana4y ¢ KPaTKUMH METO-
ImyeckuMy ykazaHugmu. COOpPHUK comepXuT 38 IpuMeposB
pelueHMsI 33134, OJU3KUX IO COMEPXKAHUIO K 3aladaM pacueT-
HBIX 1 KOHTPOJIBHBIX padorT.

CaMocrosarenbHble pabOTHl TNPEAHA3HAYEHBI HE TOJBKO
I KOHTPOJS, HO M IS o0yueHus. st aToro, 1Mo yecMoTpe-
HUIO TPENomaBaTesiss, OHM MOTYT OBITh TIEPEerpyIIupOBaHbI
VT COKpPAIIEHBI.

B HpUIOXEHUSX HPUBCICH CHpaBO‘{HHI/I MaTCpI/IaJI HeoO-
XOIMMBII ISl pEIIEHUS 3a0aY.

§



PA3AEN 1
CAMOCTOATEJIBHBIE I KOHTPOJIbHBIE PABOTEI

I'TTIABA 1
TEOPETUYECKAAL MEXAHWKA. CTATI/IKA

1.1. Onpenenenve peakuuii neaibHBIX CBA3eEi
' AHAJIATHYECKMM CHOCO00M

1. Ykazvisarom mouxy, pasHogetue KOMOPOU pacCMAmpueaemcs.
B 3amayax IJIsi CaMOCTOSTENbHOMN pabGoThl TAKOM TOYKOM SBIsiETCH
LUEHTP TKECTH Tella WA TOUKA MEPeCeYeHMs BCex CTEpXXHEH W HU-
TeH. _ .
2. Hlpuxaadeigaiom Kk paccmampugaemol mouyke aKmMUBHbIe CUAbL.
B 3amayax mist caMOCTOATEIbHONU PabOTHI aKTUBHBIMM CUJIAMH SBJIA-
IOTCS COOCTBEHHBIN BeC Telia WIM BeC IPy3a, KOTODPblE HAIIPABISHEI
BHM3 (TIpaBUIIbHEE — K LEHTPY TSXKecTH 3eMiM). [lpu Haauuymu 610-
Ka BEC Ipy3a NEeWCTBYeT HA PACCMATPUBAEMYIO TOYKY BIOJL HUTH.
Hampasnenne geificTBUA 9TOW CHUJIBI YCTAHABIMBAETCH M3 qepTexa
Bec Tena npunaTo o6o3HavaTh OyKBOil G.

3. Muicnenno ombpaceieaiom cé43u, 3amMeHsIA uUx delicmeaue peaxuuﬂ—
Mu cessei. B mpensiaraeMbIX 3aqadax UCMOJIL3YIOTCS TPU BUOA CBsI-
3eMl — MIeaNbHO IMANKas IJIOCKOCTh, HUACAIBHO XKECTKHE IIPSIMOIH-
HEITHBIC CTEPXHM U MOcalbHO TMOKUE HUTH, -~ B JaTbHEWIIEM HMe-
HyeMble COOTBETCTBEHHO IUIOCKOCTBIO, CTEPKHEM UM HUTBIO.

Ilpu 3aMere CBA3El MX peakIMAMY ClaeayeT IOMHUTH, YTO peak-
LM IJIOCKOCTH HaIIpapJieHa 1o HopMany (MIepeHAuKyIsapy) K Heil B
TOYKE KOHTAKTa (COMPUKOCHOBEHMA), & PEAKLIUU CTEPXKHSI U HUTH —
no ux ocsiM. Ilpu 3ToM peakums IUIOCKOCTH HaIlpaBjieHa OT Hee U
TIPOXOIUT Yepe3 IEHTP TSXKECTH TeNa, a peakuusi HUTH — OT pac-
CMaTpuBaeMoif TOUKM WY TeNla (HUTh BCErHA MCIIBITBIBAET PACTKE-
Hue). HampaBiaeHue peaklMy CTEPXKHSI 3apaHee HEWM3BECTHO, IIOITO-
My OHO MOXET OBITh IIPpUHATO NPOM3BONBHO. Eciu HampasieHue pe-
AKIMY CTEPXKHSI TPYAHO ONPENEeNHUTh M3 CXEMBI, TO €r0 HNPUHUMAIOT
DPACTSHYTBIM, M PEAKLHIO HATIPABIIIOT OT PaccMaTpMBAeMOM TOYKH.
UctnaHOe Hampasnenme OyIET YCTAHOBJIEHO IIOCTE PEIUCHHUS YpaB-
HEeHUH.



Peakiyum HUTU W CTepXKHs NPUHSTO Ha3bIBaTh ycunusamu. Peak-
UMIO TUIOCKOCTH 0003Ha4yaroT OykBoil R, a ycuiide B HATH U CTEpXK-
He — Summ N. B naneHeiiem, eciid He YKa3hIBa€TCs BUA CBA3M WIK
TOBOPHTICSI O Pa3HBIX CBA3SIX, TO OYIET IMPUMEHSTBCA TEPMHUH «peak-
LIS,

K paccmatpuBaeMoli TOUKE MPUKIAZBIBAIOT peakuy cBs3ei. JIyu-
IIe CHeNATh 3TO Ha OTACIBHOM YEpTexXe, BBRIIONTHEHHOM CXeMaTHye-
CKU, TIPUIEPKUBASICh MaciuTaba Ipu u3obpaxeHUu YriaoB. B pe3yib-
TaTe MOJYYAIOT CUCTEMY TPEX CXOISIIUXCS CHI. AKTWBHAs cwna (Tpy3
WM COOCTBEHHEIN BEC Teja) M3BECTHA,.a peaklMy CBs3el (MX 1Be) He-
WU3BCCTHBL.

4. Boibupaiom nonodcenue npAMOY20AbHOU CUCMEMbl KOOPOUHAM.
Havano koopauHaT COBMEUIAIOT C TOUKOM, paBHOBECHUE KOTOPOH pac-
cMmarpuBaercs. [lomoxeHue ocell MoXeT OHITh BHIOPaHO TIPOU3BOJIb-
HO YW Ha KOHEYHOM pe3yibTaTe IpH IPaBWILHOM pEIIeHUHM 5TO He
oTpaxaetcs. OOBIYHO HUCTIONB3YIOT OMMH M3 ABYX MPUEMOB IS BBIOO-
pa Hampasienusa oceit KoopauHaT. lepsbrit: ofiHy U3 ocell (Jrr06yI0)
HANpPaBJSIIOT TaK, YTOObl OHA COBIIAJIA C HATIPABICHUEM OXHOM U3 He-
M3BECTHBIX PEAKIIMM, a Apyras NpH 3TOM COCTaB/sUIa OBl C TIEpBOIL
yrozi 90°. BTopoii: och y HAIIPABIAIOT BEPTUKATLHO, & OCh X — TOPU-
30HTAIBHO. B YaCTHOM ClIydae BO3MOXKEH e€llle ONWH TIpUEM JUId pac-
TIOJIOXKEHMSI OCeli: eCIy CUCTEMAa CHII UMeEeT OCh CUMMETPHH, TO OIHY
N3 KOOPAUHATHEIX OCEW COBMEIAIOT C HEH.

Bo Bcex cnyvasx ciemyeT OonpeneIUTs YIJIbI MEXIY PeakIusMu 1
KOOPIMHATHEIMU OCSIMHU M YKa3aTh UX Ha YepTexe.

5. Cocmaensom ypasHerus pasrosecus euoa:

DYX=0; 2))Y-=0.

HamomuuM, 4T0 NpoeKIMeil CHIBI Ha OCh SBISETCS IIPOM3BEACHME
MOy (BETMYMHEL) 3TOM CHIIBI Ha KOCHHYC yIvia MEXITY HAIIPaBICHUS-
MU JeHCTBUSI CWIBI M OCH. ECIIM yroJ MEXAy HalpaBIeHUSIMU CIIBI U
OCH OCTpbBI, TO Iepel BEeIWYMHON ITPOEKIIMU CTABUTCS 3HAK <«ILTOCH,
T.€. CWJIa M OCh HAIIpaBJIEHbI B OIHY CTOPOHY, €C/IM OHW HarlpaBjieHsl B
TIPOTHBOMOJIOXHEIE CTOPOHBI, TO CTABUTLCS 3HAK «MHHYC».

Pemaior cucteMy IBYX ypaBHEHMII ¢ IByMsI HEM3BeCTHRIMM. IIpu
5TOM €CJIM OZHA M3 OCEM COBHAIACT C HEM3BECTHOM pEaKUMEN, TO
OOHO M3 JABYX YpaBHEHWIH COAEPKUT TOJBKO OJHO HEM3BECTHOE, YTO
YIPOINAET pellleHUe CHCTEMEL.

Ecnm oTset moayyuTcst co 3HAKOM «MHHYC», TO 3TO O3HA4YaeT, YyTo
HampaBJieHMe peakuuH Ha depTexke ObUIO BHIOpaHO HEBEPHO, T.€.
€CIY IO COCTABIICHHS YpPaBHEHUN paBHOBECHS CTCPXEHB MPEATNONa-
rajicsi paCTSHYTBIM, TO B JEMCTBUTEILHOCTH OH OylIeT CXAaThiM, X Ha~
obopor. Takoif OTBeT He SBIAECTCA OIMMOKOM pellicHHsS (eClIy OHO
BBLIIIOJHEHO BEPHO), TAK KaK YEePTeXX M OTBET BMECTE JalOT BO3MOXK-
HOCTh yKa3aTh MCTHHHOE HallpaBJAeHUe peakiliy. '
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6. Butnoaustom npogepky peuienus. QOOBIYHO OHA HesaeTcst rpadu-
YeCKUM WIM JPYTUMU Crocob0amMu, HO MOXET OBITh BBIMIOJIHEHA U
AHAJTUTHYECKU. [[JIT 3TOTO CIEeNyeT M3MEHMUTD ITOJIOKEHUE OCEH KO-
OpAMHAT M PEIIMTh 3ala4y B HOBOH cucteMe. OTBETH JOJKHEI OBITh
OMMHAKOBBIMHU. :

Hpumep 1. Onpenenurs BEIUYMHY M HarlpaBjieHHE pPEaKIIHi CBS-
‘3¢l )L cXeMbl, TIPUBEAEHHON Ha puc. 1, a mox nmeiicrBHeM rpysa
G = 30 xH. IIpoBepuTh NPABWIBHOCTD OTIPEAETECHUS peaKUHii.

Pemenne. 1. B 3amaue paccmaTpuBaeTcsi paBHOBECUE Tesa, OIU-
paoLIErocd Ha IJIOCKOCTh U MOABEIICHHOTO Ha HUTH. 3amenum meao
mouxoli 0, cosnadaroweii ¢ yeHmpom maxcecmu.

2. Hpunoxcum x mouxe O axmuenyro cuny, KOTOPOH SBIAETCS COO-
cTBeHHBIN Bec Tena G. HampasuMm ee BHU3 (puc. 1, 6).

3. Mbicrenno ombpocum cés3u — RAOCKOCMb U HUMb. 3aMEHUM X
nelictere Ha TOuKy 0 peakumsaMu cesizeil. Peakuus mnockoctu (060-
3HayuM ee R) IPOXOAUT IO HOPMaIM K IJIOCKOCTH B TO4YKe A, a pe-
aKUMS WIM YCWIHE B HUTH (0603HAUUM €€ S ) — IO HUTU OT TOYKH.
O6e peakuuy U BeC TeNla WU JUHUM UX JEMCTBHS IOJDKHBI Iepece-
KaTbecs B Touke 0.

U306pa3um - neficTByOINEe CUJIBL B BUAE CHCTEMBI TPeX CXOJsI-
LIUXCH CHJI Ha OTHEJIBHOM uepTexe (puc. 1, 8).




4. Boifepem noaoxcenue cucmems: koopdunam. Havano xoopauHar
coBMelnaeM ¢ Toykoi 0. Och x coBMelliaeM ¢ HampaBlicHUEM JIMHMU
IecTBHSL peakuMy R, a oCh y HalpaBUM MNePIeHIUKYISAPHO OCH X
(puc. 1, &). OnpegeauM yrisl MEXIY OCIMH KOOPIWMHAT U PEaKIMAMHI
Ru S. O6wrudo puc. 1, 6 1 1, 6 He BHIIOIHSIOT OTHEIBHO, a Cpa3y OT
puc. 1, a niepexomdr K puc. 1, & MoxXHO 6bUIO OCh ¥ COBMECTUTD C
ycuiaueM S, ¥ 0Ch X HampaBHTh TI0 yriaom 90°, Torna pelneHue ObLIO
OBI OPYIUM. ’

5. Cocmasgum cymmy upoexyul ecex cus Ha 0CU KOOPOUHAM:

Y X =R+8cos60°— Gcos 40°=0;
2)YY =S cos30°- Gcos50°=0.
PemmM cucreMy ypaBHeHuit. M3 BTOporo ypaBHeHUs HAXOAUM
Gcos50°  30-0643
S = =
cos30° 0,866
M3 nepBoro ypaBHeHUs HAXOIUM ‘
R =G cos40°-S cos60°=30-0,766 — 22,27 -0,5=11,84 xH.

6. Ilposepum pewenue, NI 4ETO PACIHONOXKUM OCH KOODAMHAT,
Kak mokasano Ha puc. 1, 9. CocraBUM ypaBHEHHUST PABHOBECUS IS
BHOBB IIPHHSITBIX OCEH:

)Y X = Rcos50°— S cos70°=0; ;
2)Y.Y =Rcos40°+ .8 c0s20°~ G =0.

PemuM cucremy ypaBHeHHH crmocoO0OM MOACTAHOBKM.
W3 nepBoro ypaBHeHud HalneM R

=2227 xH.

R =g 08 70°
cos50°
[MoxcraBuM 3T0 BEIpaXKEeHUE BO BTOPOE YpaBHEHUE:
ST 05 40° + 8 c0s20° - G =0,
cos5
OTKyIa .
S— G — 30 ~2227xH.
—C-Os—g cos40°+ cos20° 2220766 + 0,94
cos 50 0,643
Teneps Halimem K:
. R=2227%3%2 _ 11 84xm
0,643



Puc. 2

OueBMIHO, YTO IIpHM pPACIONOXKCHHMM oOceif, KaK TOKa3aHO Ha
puc. 1, d, BHIYKUCIEHUS OKa3aIUCh 00JIee CIIOXKHBIMU.

Omeem: R = 11,84 xH; S=22,27 xkH.

IIpumep 2. OnpeaenuTp yCHIIMS B HUTH M CTEPXKHE KpPOHINTEHHA,
IMOKa3aHHOIO Ha puc. 2, a, ecmn G=20 xH.

Pemenue. 1. Paccmompum pasuosecue mouxu A (Miau y3na A), B
KOTOPOM CXOHATCS BCE CTEPKHY ¥ HUTH.

2. Axmuenou cunou sensemcs eec epyza G, HAIIPABICHHBIN BHH3
(puc. 2, 6).

3. Ombpocum ceA3u; CmepiceHd Y Humb., YCUIUe B HUTU O0OO3HA-
yuM .5, ¥ HalpaBuUM OT TOYKH A, TaK KaK HUTh MOXET UCIIBITLIBATD
TOJBLKO pacTsoKeHHe. YCHiue B CTepKHe 0003HaYuM S, U TOXe Ha-
IIpaBUM OT TOYKH A, mpeamonaras 4To crepXeHb AC pacTaHyT
(puc. 2, 6).

BI)II'IOJIHI/IM Ha OTHEJBHOM YePTEXe CXeMy NeHCTBUS CUTT B TOYKE A
(puc. 2, g). )

4. Bbl5€p€M 10A0MCEHUEe CUCMeMb xoopauﬂam Haqano KOOopam-
HAT coBMeliaeM ¢ TOuKo# 4 (puc. 2, 2). Och x coBMeniaeM ¢ JIUHM-
el gewcTBMSA yCcUIHA S|, 2 OChb y pacnojaraeMm NepreHAMKYIIpHO
ocH x. YKaxeM YIibl MEXIY OCSAMM KOODAWHAT U YCWIHSIMHU )
n S2 ~



5. Cocmasum ypasHenus. pagHOBECUSL:
DY X =-8, -8, cos40°~ G cos70°= 0;
2)Y Y = -8, cos50° - G cos20° = 0.

W3 BTOPOro ypaBHEHHS HAXOAUM

c0os20° __20- 0,94
cos 50° 0,643

S, =-G =~ 2924xH.

I/I3 NIEPBOTO YPAaBHCHUSA HAaXOIHUM
S, =-5, cos40°—- Gcos70° =
=2924.0,766 — 20- 0,342 =15,56 kH.

3HaK «MHUHYC» IEPEN .S, CBMAETEILCTBYET O TOM, YTO cTepkKeHb AC
HE PAaCTAHYT, KaK IIPEAIIoNarajioch, a cxar.

6. [lposepky peurenus TIpEIUIaraeM BBITONHUTH caMocmﬁ'reano
DACIIONOXHB OCH KOOPIMHAT Tak, KaK ITOKA3aHO Ha puc. 2, 0.

Omeem: S; = 15,56 xH, S, = 29,24 xH (11py npuHSTOM Ha qepTe—‘
Xe HaripaBlIeHUH ycmmn)

BenMuMHa yCMJMiA 3aBUCHMT OT YIJIOB HAKJIOHA CTEPXHS M HHUTH.
Hanpumep, ecnu Ha puc. 2, a yron 70° 3ameHuTs Ha 60°, cOXpaHus
yrox 30°, To ycumms GymyT paBubel: S; = 20 xH, S, = -34,64 xH.
A nipu yrie 50° S} = 29,26 xH, S, = -44,8 xH. O6a ycunus pactyr u
CTAHOBATCS OOJBIIE BEca rpysa.

Hpumep 3. Kax usMeHaTCa yCWINS B CTepXHE W HUTH, €CJIH TPY3
OymeT mepeKHHYT yepe3 OJIOK, Kak MOKa3aHo Ha puc. 3, a?

Ocranpuble JaHHBIE — B IpuMepe 2. :

fo/Ic; 3
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Pemenue. 1. Paccmampusaemoii mouxoli ocmaemcs mouxa A.

2. Axmuenas cuna (eec epy3a G) delicmeyem Ha MOUKY 20DU30H-
MUALHO CAe8a HANPABO; TaK KAK IPY3 MepeKHMHYT depe3 OJIOK.

3. Yeunusn S u S, npuxnadvieaem x mouxe A, xkak 6 npumepe 2.

4. Bwibupaem cucmemy xoopdunam, Kax ROKA3aHO Ha puc. 3, 6.

5. Cocmasasem u pewiaem ypasHeHUs DAGHOBECUSL: .

)Y X =Gcos30°- 5, cos50°=0;
2))Y = Gcos60° - S, - S, cos40°=0.
17K TIEBOTO YPABHEHYIA HAXOMIM

§, = G030 _ 200866 _ r60axh

cos 50° 0,643
V3 BTOpOro ypaBHEHUSI HAXOIUM
S, =Gcos60° - S, cos40°=20-0,5-2694- 0766 = -10,64xH.

Omeem: S, = 26,94 xH; S, = —10,64 xH 11py IpUHSITOM Harpasie-
HUM YCWINH Ha yepTexe. Ycuiue S; YBEIUYMIOCh, S — YMEHBIIU~
JIOCh, a 3HAKY HE M3MCHWWIKCE. '

3apanue pis camocrosTensHoil pabotet 1. Omnpepenute BEIMYMHY U Ha-
1IPABICHHE PCAKIMIA CBA3CH 110 JAHHEIM OXHOTO M3 BADHAHTOB, IMOKA3aH-
lILIX Ha puc. 4.

® S

20°

G=50H

Puc. 4
11



Puc. 4. TIpomomxenue



Puc. 4. IlpogomkeHue
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7/
G=20xH
Puc. 4. IIponomxenue



G=150H

Puc. 4. Oxonuauue

1.2. Onpenenenne OMOPHBIX PeaKIMil DAJKH HA JIBYX ONOpax
Hpy AeHCTBHN BEPTHKAIBHBIX HATPY30K

1. 3amensawom pacnpedenennyro Hazpysky ee pasHoleiicmeyroujell,
KOTOpast ABISETCS COCPENOTOYEHHOM cwioi. [Iisi paBHOMepHO pac-
lIpEeNeNeHHOl Harpy3kKu paBHONEWUCTBYIOUIAS pPaBHA INPOU3BEICHHIO
WHTEHCHBHOCTH HArpy3KM ¢ Ha z[m/my y4actka /;, Ha KOTOpOM OHa
newcrsyer: F, = gl (puc. 3).

B 3apavax [yisi CaMOCTOATENBHOM PabOTHl BO3MOXHEL CJIEIYIOIIHE
OCHOBHBIE CITyYau OeWCTBHS pacIlpeie/IeHHON HAarpy3Ku B 3aBUCHMO-
CTH OT €€ TIOJOXEHUSI OTHOCUTEILHO OIop:

a) Harpyska AeHCTByeT Ha BCEM y4YacTKe OaJiKm MeXNIy OrnopaMu
(puc. 5, a);

0) Harpyska IeMCTBYeT Ha YacTH OaiKy MeEXIy ornopaMu (puc. 5, 6);

B) Harpy3ka aeiicTBYeT Ha Bcell [UIMHE OIHO- WJIM XBYXKOHCOJIb-
HoIf Ganku (puc. 5, 6, 2); :

I) Harpy3ka AEHMCTBYET Ha KOHCOJIBHOM YacTH M YYACTKe MEXIY
onopamu (puc. 5, d);

II) Harpyska OeHCTBYeT CHMMETPMYHO OTHOCHTENBHO ONHON u3
onop (puc. 5, e).

B 3agayax BO3MOXHBI U Ipyrue ciaydau HeiCTBUS HArpy3Ku, Majio
OTNIMYarlIyecs OT NPUBEACHHBIX Ha puc. 5. Ilepen pemrenmem 3amay
pPEKOMEHIYETCsl YACHUTh W 3aKPEeluTh IMOPSIOK HAXOXICHUS pPaBHO-
IEUCTBYIOLIEN M OIpeleieHus] PacCTOsIHUM oT Hee jao omop. Ilpu ot-
CYTCTBMM HABBIKOB PEIIIEHMS TaKMX 3a/la4 HeOOXOIMMO YKa3BbIBaTh HO-
JIOKECHUE PAaBHOMEHCTBYIONIEH OTHOCHTENLHO oIop. B mampHelmem
3TOT0 MOXHO HeE JIe/NaTh.

2. Obozuauarom onopel. OBLENPUHATQ UX 0603HaYaTh OyKBaMM A
u B. TIpocras Gajka MMEET ONHY IIAPHMPHO-HEMOABUXHYIO M BTO-
PYIO WIApHUPHO-TIOABIKHYIO omopy. IlogpoGHee o6 omopax MOXKHO
y3HaTh B pabore [4, c. 15].

3. Oceoboxcoaromes om onop u samensrom ux oelicmeue Ha 6aiKy pe-
axyuamu. B 3amavax mist caMoOCTOSTENPHOM paboTh HAa OanKy HeHCTRY-
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172 2 l/2 L/2+b ,
q /q
/ quZ‘Ill /] A qu:qll /]
=1 a b
/
a ‘ 6
L=l+a L=a+1+b
L/2 L/2-a ‘ L/2—a L/2~b
ad /7
ARBEXE : v 1
F,=ql l ‘
“ q 1 ’ 7] /]
F =ql
1. a a |, ;T b
A
8 2
L=a+b
l,=2a
L/2—a }L/2+c . R a+b
ol /!
v l Fl] =qll ;;EZ’ A %/
a b c F2ghy b
/ /
J e
- Puc. 5

10T TOJNBKO BEPTHKAJBHBEIE HAIpPy3KHd M COCPEIOTOYEHHBIE MOMEHTHL
Peaxumu omop 1ipm. Takoit Harpy3ke OyayT TOJBKO BEPTHUKAILHBIMHU.
OOBIYHO HX HAUPABMSIOT BBEPX (IIPOTHUB JNEHCTBUS OCHOBHOM HATpys-
K1) ¥ 0003HAYAIOT peakImio omnopel 4 — V,, a onopst B — V3.

4. Cocmaensiiom YpagHeHUs pasHogecus 6ula;

DY M =0; 2)Y M,=0.

HanmomHuM, 4T0 MOMEHTOM CHJIBI OTHOCHTEIBHO TOYKH HAa3biBa-
eTCs MPOM3BEACHHUE 3TOM CHJIBI Ha TUIEYO — KpaTryaiilliee pacCTOSTHUe
OT 5TO# TOUKH MPWIOXKEHHS cUIbl (B O0IEM ciydyae A0 JTMHUU Aei-
CTBUS CHIIHL).

Ecny cuna crpeMurcs OBepHYTh OaIKy OTHOCHUTENBHO paccMaT-
PMBAaEMOM TOYKHM TIO YAaCOBOM CTpeJiKe, TO Oy/leM CUUTATh ee MOMEHT
TIOJIOKUTENBHBIM, a €CJIM TIPOTUB — OTpHIaTeabHuIM. Cocpemnoro-
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"[eHIILIM MOMEHT HEe YMHOXKAETCSI Ha PACCTOSIHME JIO OTIOPHI, 4 IpaBu-
10 3HAKOB OCTAeTCs TEM XK€, YTO AJIsT MOMEHTA CWJIBL.

PeiraioT ypaBHEHNS U HAXOMSIT peakuuu Vyu Vj.

5. Butnoangiom npoeepky peuierus. JIJIs1 TOr0 COCTaBASIOT YPaBHe-
Hnue pasuopecus: » ¥ =0.

Ecima OHO VIOBAETBOPEHO, TG peaklUMH HallieHbl GPaBHIBHO, &
£CJIN HEeT, TO B PEUISHUU OMYIeHA OlIMOKa.

ITpumep 4. OnpenenuTs ONOPHBIE peakumMM OalKy, M300paxeH-
110ii Ha puc. 6, a.

Pemenne. 1. 3amensem pacnpedeseHHYI0 HAPY3KY paeuoaeucmeyio—
weni. Ha Ganky aeficTBYIOT HArpy3KH Pa3HON MHTEHCUBHOCTH, IIO3TO-
MY JUTSL KQXKAOH U3 HUX HAWAEM PAaBHOLCWCTBYIOIIYIO:

F, =g, =20-45=90kH; F, =q,l, =15-3= 45xH,

q

me y=a+b=1+35=45w; [,=d+d=15+15=3m
yKa)KeM pacCTOSHUS OT 3TI/IX CHJI 10 KaxImow u3 orop (puc. 6, 6).
2. Obozuauum onopwet A u B.
3. Yxaowcem onopuvie peaxyuu Vy u Vi O6BI4HO pUC. 6, a U § cO-
BMCILAIOT B OTHOM.

9, 20xH/M | qz=15KH/M M=25kH -™m
AT, (i,
4 B

’ F=30xH W

b=35m | al’/:l,SM d=1,51\|,4
a;IM NZ‘ZIIIIVI 7‘
I=b+c+d=6wm
P -
=a+b 1,=2d

h/2—a /2 +c+d

l =
g™ 9 | =255k -

9 ‘ g, i

A _ 3 v
- F=30kH  hnarannu e
7  PRRRIBNAL MeMreKSTT N
a=lm p=35mM c=IM 4= 1ﬂ,’51§1}’i37wm&:4x yHuBepowyeri

a i

I=b+ctd=6m dZ15u | KITANXAHACK!
’ e 28308

Puc. 6
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4. Cocmasnsem ypasnenus pasHogecus. llepBoe ypaBHenue g
HALeH 3aayu NPUMET BUII

F (12 ~a)~ F(b+¢)+ F, I -Vyl ~ M =0,
OTKyJa
Vy =1F, (I,/2~a)- F(b+¢)+ F, [ - MY/l =
_90(45/2~1) -~ 30(35 + 1) + 456 - 25
6

Bropoe ypaBHEHUE NPUMET BUIT
Vil ~ F,(d+c+1,/2)+ Fd - M =0,

=371xH.

OTKyZIa
Vy=F,(d+c+1/2)- Fd + M}/l =

_90d5+1+45/2)-30-15+25
: 6

5. Bwuinoanum npoeepky, UCTIONB3Yst ypaBHeHne EY = 0, KOTOpOEe

=679kH.

NPUMET BH/I
V,-F, +F+Vy~F, =0
58)951 .
67,9~ 90 +30 + 37,1 —45 =0, orkyma 135 135=0.

Peaxmmy onpeneneHsl IIPaBUJIbHO.
Omeem: V,; =679 xH; Vy=137,1 xH.
3ananme AN caMocToATeNnbHOM padorsl 2. OrpeXeNuTh OMOPHBIE peak-

UMM BaIKM Ha JaBYX oropax IO JNaHHBIM OJHOIO M3 BapHMaHTOB, IIOKa3aH-
HBIX Ha puC. 7. ‘HpoBepI/ITb NpaBUJIbHOCTE MX OIPCACICHIIA.

ONS ©)

F=25xH|g=30xH/m M=20kH M M=1SxH -m ,-o5H/m

la=1m| b=3m  |c=05u la=1u
1 i 7 A

F=20xH

g il
c=1M

Puc. 7
18



©)

M=10kH M

¢=30kH/M M=20xH -m F=2xH M=15xH m

Mo=10xkH-m F=15kH

- g<20xH/™m

NN TN

g =20kH/m

TR

a=4M

7

b=2M[’

9%2

71

c=1,5M

M=25xH - -M

F=20kH
g=30xH/u

\

/]

c;QSM

a=lM b=5wm [ V=2M
A—F 4 7
c=1M
F=20kH
g =25xH/Mm *
| b=d4m  |e=1u
g Ed
a=1M :
F=10xH
q=15KH/M M=5xH -M
B ,c;l&uglm
15 kH M=10kH ™
g, =20 xH/m
b=3m |
.
c=1,5m
<:> F=15xH

q=25xH/M M=20xH M

/]

b=L5Ml b=5wMm k=lM
1 i

Puc. 7. TIponomxenne
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®)

F=10xH M=15kH M Fy=5xH M=20xH-m F,=10xH

g <20 xH/m g=15xH/M
y * T TIT
2M | b [

a= =06M [ | b=7m
7 7 7
c=1,5M a=25M c=2M
= F=25xH F=20xH
=2 . = .
M=20xH Mq=30KH/M M=15xH M 4 =25 XH
\
b=3Im L=LM |, c=3M
1 1
a=1M K0,5M a=1,5§rb=2M d=1m
F=15xH M=10xH-n F1=10KH RS B
g =20xH/m g =20 kH/M 1 g=15xH/m
TG Y b i
a=2M| . c=5M [ J, ’lb=5m i 17
b=1%1 dﬁzrlﬁM a=2,5m c=2M d=2wMm
.= H- F=20xH @
ML F=15xH M=10xH - m

g = 10xH/M ¢,=25kH/M

g, =20 xH/™m 3= 5kH/M
@@mwmmmm Y Ty

®
©
]
l
3
k<

' F=10xH
M=5kH: M ¢=15kH/M K F=15KH | o 117y

/
\AALAAALAAALAARARAAARAAAALE
c=2M

»a=2ML b=6M le=1wMm - a=15m b=4Mm
7

A 1 .

)

Puc. 7. [IponomkeHue
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F=25xH

FE20KH et M=15kH M M=20xH-u g=30xH/n
*H%HHHH YYYYYYYIYY ~
a=1u| ’ b=4m c=l% a=0% c=2M 4=1M[ o

hb=1wMm

#==10kH =
M=5xH M q/=151<H/M F=15xH

| 7wy v
|ﬂ=2M c=6M b=5Mm c=1,1i\,4

| | |
b=1m a=1,5m

@ F=20xH M=15kH M

M=20xH-m ¢=30xH/M [F=25kH

g =25xH/ ;
SWH WHHHE?@ \LLAAARAAAAAARALI

la=1mlb=2M c=3M i, |  ¢=3m d=1mM
1
a=05m b=0,5M

.
@ . ¢, =20 kH/um F=20xH

g =20xH/M M=10kH M

=

F:15 H . = . = .
ql/‘;SKH/M M 'IOKH M M=15xH Mql =._\301<H/M g,= 10 kH/x
\AAAAAARAARRRARAALLN,
a=1MI b=4wm C=2M’I|/ L b=25M | c=2,5M
aZ15m '
F=10xH =15 KH/MM(=iIiH? M leSKIi/M\:IO xH - M q}_-20 kH/M
H*HHHHH}};HV \ \AARAARRAAAAAALAAALY
LI b=TMm [’. ) ]’l b=6m [’
a=2M ,.C=2’5M a=1,5u c=2m

Puc. 7. IIpogomxenne
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@ | , F,=15kH

- F=20xH

- . F,=15xH M=20xH -
M=15xH NiqzstHﬁw 1 g = 30 KH /M KM - M
@Eﬁﬁ% VT )

l |  b=5m | | p=am |
4 3 i i A
a=1m c=15m a=0,5m c=1M

o F=15xH
F=10xH —SKH- _
g =15xH/m M=5kH M =20 kH/M M=10kH ™M

Pl N
YYVYYYYYVYY YYYYYVYVYVYYY
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c=5wm | b=4m
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I
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c=2M d=15m
Puc. 7. Oxonyauue

1.3. OnpeJesieHre TMOJIOKEHHS NEHTPA THKECTH CeYeHUs

1. Pasbusarom ceuenue na npocmoie gueypsl. B 3agavax st camo-
CTOSTENbHOM paboThl TaKUMHU (UIypaMu SBISIOTCA CTaHIapTHEBIE
npoduIn mpoKara, pa3Mepbl KOTOPBIX npuBeneHsl B rpui. [. OOwrg-
HO TIpOoGU/IM TPOKATHOM cTajy, 00pa3yolnue cedeHue, 0603HAYAOT
undpamu 1, 2, 3, ... .

2. Ykasviearom uenmpor maocecmu kaxcdozo npoguas (gueypst) u obo-
suauarom ux Cy, G, ..., C,, ucrionssysa Tadmmisl 'OCTos (cm. 1pun. 1).

3. Buibuparom cucmemy Koopounamiusix oceid. B 3agavax minst camo-
CTOATENILHON paboThl BCE CEYEHHUsI UMEIOT OIHY OChb CUMMETPHM, TO-
3TOMY DPEKOMEHAYETCs ONHY W3 KOOPAWHATHBIX Oceif COBMELIATh C
Heil. BTopyio och KOOpAWHAT HAIIPABIAIOT HEPIEHAUKYISIPHO NEPBOM
TaK, 4YTOOBl OHa MEPeceKia MEHTPH! TSLKECTH OMHOM MM HECKOIBKHX
duryp. Ilpy 3TOM Hayaso KOOPAMHAT MOXET COBHANaTh (MId HE COB-
Majath) ¢ HEHTPOM TSDKECTH ONHOM M3 guryp. BTopyio och MOXHO
HAMpPaBUTh TaK, YTOOBI OHA TIPOILIA YEPE3 HIDKHIOKW (KPalHIOW) TOY-
Ky ceyeHus1. B nmepBoM ciyuae BEMMCICHUS OyayT 0ojiee TIPOCTHIMAL.

4. Cocmasaarom gopmyanst 045 onpedenenuss KOOPOUHAM UeHMPa M-
JHcecmy ceveHus; :

Axy + Ayxy +.+ A,

Dxe = ;

)xe A+ A+ .+ 4,

)y = Ay, + Ay, +. .+ Ay,
¢ A+ Ay +..+ 4,

22



[Tons3ysace tabnnuamu 'OCTor (cMm. mpui. 1), onpenensiioT o~
nwv mpoduneit npoxkata A, A,, ..., A,, KOOPIUHATH UX UEHTPOB TSI-
WKCCTH Xi, X9, ...n X, U V1, V9, ..., ¥, OTHOCHTEIBHO BEIOPAHHBIX OcCei
KoopouHaT, YUcno craraeMpeIX B YHCAMTENE M 3HaMeHaTene (HopMyIn
JABUCHUT OT YMCIA NMPOdUIeii, U3 KOTOPHIX COCTOUT cevyeHue. Ilomy-
YeHHbIe BEJIMUMHB] ITOJCTABIAIOT B (DOPMYIY M HAXOIAT X U Y.

CrenyeT TOMHUTB, YTO €CJIM OCh X COBMEHIEHA C OCBhIO CHMMET-
puM, TO KOOpAUHATA y¢ = (), a ecu och y COBMEUIEHA C OChIO CHUM-
MeTpnd, To x¢ = 0.

5. Ykasviearom nonoxcenue yenmpa msycecmu Ha pucynke, pUIep-
MUMBAsSICh OTIpeeSIeHHOro MachItaba, W TI0Ka3blBalOT PAaCCTOSHUE OT
ILCHTPa TSKECTU N0 KOOPAMHATHBIX OCEH.

6. Botnoauawm npogepxy npaguabHOCMy pelenus, IS 4ero MOXHO
M3MEHHUTH TTOJIOKEHME KOOPAMHATHBIX Oceil (VUIM OJHOM ocM) U Hali-
M KOOP/IMHATHL LIEHTPA TSKECTU OTHOCUTENBHO HOBBIX oceil. Ilono-
KCHHME 1IEHTPA TSXKECTH He 3aBMCUT OT TOTO, KaK BHIOpaHa cucrema
KOOPAMHATHBIX OCEH.

Hpumep 5. OnpelenuTh KOOPAMHATEI LIEHTpa TsDKECTH CEYEHUSH, I10-
KA3aHHOTO Ha puc. 8, a. CeueHne COCTOUT U3 ABYX YIOJNKOB (£) 56x4 u
tperviepa ([) Ne 18, BBITTOMHHATD IPOBEPKY MPaBUWILHOCTH OIIPENSTICHUS
HOJIOKEHMS] LIEHTPa TSLKECTU. YKA3aTh eT0 INONOXKEeHME Ha CEYEHUM.

Pemenmue. |. Pazobsem ceverue Ha npoguau npokama. 1iBa yronka 56 x 4
u mwseyviep Ne 18. O6o3aauum mx 1, 2, 3 (cM. puc. §, a).

2. Ykaxcem uenmpol maycecmu KaXnoro npocblxum ucnonws3ys mabn. 1
u 4 npua. 1, u obosunauum ux C, G, G,

3. Bbz6epeM cucmemy koopouramubix oceii. OCb y COBMECTHM C OCBIO
CUMMETPHUH, & OCh X TIPOBEIAEM Yepe3 HEHTPHI TSLKCCTH YTOJIKOB.

4. Onpedenum koopOunHamovl yeHmpa msaxcecmu ecezo cevenusa. Tax
K4K OCh } COBIANAET C OCBIO CHMMMETPUH, TO OHA IIPOXOJUT Yepe3
UCHTP TSDKECTH CeYEHMSI, MOITOMY X¢ = O Koopuunary yc ompene-
JiuM 110 hopMyIie

_ Ay Ay, + A5y,

Ye T T A v 4,

THonwaysick 1a6n. 1 w1 4 npwun. I, onpenenuM IUIoIaA¥ KaxIgoro
npoduisa ¥ KOOPAUHBATH LUEHTPOB TSKECTH!

A =438 cm? ¥, =0; A4, =438 cm?, y, =0;
A3 = 20,7 CMZ, Y3 = Zogr) + Lo@ume) = 1,52 + 1,94 = 3,46 CM.

KoopauHatsl y; U y; paBHBI HYIIO, TaK 'KaK OCh X IIPOXOJUT Uepes
LEHTPHl TSOKECTH Yroskos. IloACTaBUM NOJyyeHHbIE 3HAUEHUSI B
dbopMyny Ui ONpeieiIeHus yc:
438-0+438-0+207-346 71,62
Ye = =2,43 cM
438 + 438 + 20,7 29,46
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Y

Puc. 8

5. Ykaxncem yenmp msancecmu cewenus Ha puc. 8, a 1 0003HAYUM
ero oykBo# C. TlokaxkeM paccTostHUE yo = 2,43 CM OT OCH X 1O TOY-
ku C.

T1OCKONBKY YrojK¥ CUMMETPHYHO PACITONOXEHBI, UMEIOT O/UHA-
KOBYIO TUIOLaNb M KOOPAWHATHL, TO A4, = A, y; = y5. IloatoMy ¢op-
MyJa JJisL OTIpefeNIeHUs. ¥ MOXeT OBITh YIpolleHa:

o = 24y, + Asy,
€ 24,14,
6. Buinoanum npogepky. st 3TOr0 oCch X IPOBEAEM IO HIKHEMY

Kpaio MOJKH yroika (puc. 8, 6). Ock y oCTaBUM, KaK B MMEPBOM pe-
weHun. POpMyIiBL VTSl OTIPENENCHUS X¢ U Ve He U3MEHSIOTCS:

_ 24,y + A3y,

:0,
Te =T Ve T a4,

Tinoniamu npodwieil OCTAHYICS TAKUMH XK€, 2 KOODIMHATHL LIEHTPOB
TSDKECTEH YTOJIKOB M IIBeJUTepa MU3MEeHSTCA. BromuieM ux:

A =4, =4,38 cM?; yy + ¥, = by ~ 2oy = 5,6 — 1,52 = 4,08 cmM;
A3 =20,7 cM?; y3 = by + Zoqumy = 5,6 + 1,94 = 7,54 em.
HaxonsM KOOpAMHATY IEHTPA TSOKECTH:
_2-438-408 +20,7-7,54
Ye =TT T438 1 007

=651 cm.
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» 0 GIN
cN ¢ ¢ “4 1= \
\
K [(Ne 24 a 3
x,=5,75¢em
INe 24 XC=6,IICM .
L xc= 11,86 cm
x=12,58 cm x; = 18,33 cm
a 0 :

Puc. 9

[To HaiineHHBIM KOOPIMHATAM X M Yo HAHOCHUM HA PHICYHOK TOY-
ky C. HalizenBoe aByMsi croco0aMM IOJOXEHHME IEHTpa TSOKECTH
HAXOIMTCS B OMHOM U TOM Xe Touke. IIpoBepuM 3To. PazHuua mexnay
KOOpAMHATAMH Yc, HAaWOEeHHBIMM TIpH HEPBOM U BTOPOM PCILCHUM,
coctapisier: 6,51 ~ 2,43 = 4,08 cm.

DTO paBHO PaCCTOSHUIO MEXIY OCIMU X IPU TIEPBOM M BTOPOM
pewenmd: 5,6 — 1,52 = 4,08 cm.

Omeem: yc = 2,43 cM, €CIM OCh X IPOXOAUT Yepe3 LIEHTPH! TLKE-
CTM YTOJKOB, WIH Yo = 6,51 ¢M, ecii OCh X IIPOXOIUT TIO HIDKHEMY
KPAaro MOJKHM YTOJIKA.

IIpumMep 6. OrnpeneluTs KOOPAMHATHL LIEHTPA TSDKECTH CEUYEHMS,
1306pakenHoro Ha puc. 9, a. Ceyenne cocront u3 asyraspa (I) Ne 24
i 1wBesmiepa Ne 24a. TlokaszaThk IONIOXEHME 1IEHTPA TSDKECTH Ha cede-
HUU.

Pemenne. 1. Paszobvem ceuenue na npoghuau npoxama: IBYTaBp U
inpemwiep. O6o3naynM ux uudpamu 1 1 2.

2. Yxawcem yenmpor msxcecmu Kawcoozo npogpuas C, u G, MC-
nons3yst Tabn. 3 u 4 npun. L. »

3. Buibepem cucmemy oceli koopouram. OChb X COBMECTUM C OCBIO
CMMMETPMH, a OCh y IIPOBEIEM Uepe3 LIEHTP TSDKECTH IBYTaBpa.

4. Onpedeaum KoopOunambt yenmpa mancecmu cevenus. KoopnuHa-

ra yc = 0, Tak KaK OCb X COBNAAET C OChI0 CUMMETDHH. KOOpIII/IHaTy
Xc OTIpeneanM no (hopmyse

X = Ax, + Ayx,
A+ A4,
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ITo Ta6ba. 3 u 4 mpui. I U cxemMe ceyeHHs ONpeAE/INM

A =348 cm?; x, =0,
11,5
2
IToactaBuM 4YHCIOBBIE 3HAYEHHS B (OPMYJY M IONYYUM

L. - 348-0+329-12,58
¢ 348 + 329

A, =329 cm?; xy=by 2+ by = Ty = +95-2,67=12,58 cm.

=611 cMm.

5. Hanecem mouxy C (yenmp msaxcecmu cederus) NO HaWAEHHBIM
3HAYEHUAM X U Yc (CM. puc. 9, a).

6. Ilposepky peutenus HeobX00UMO GbIHOAHUMb CAMOCMOAMEALHO
TIPY TIOOXEHHU Oceil, KaK nokas3aHo Ha puc. 9, 6. B pesyabrarte pe-
HIEHHUA TONyYuM X¢ = 11,86 cMm. PasHuua Mexay 3HaYEHUSIMU X TIPH
NEpBOM M BTOPOM peliieHun pasxa 11,86 — 6,11 = 5,75 cM, uto paBHO
PACCTOSHUIO MEX]Y OCSAMHM y MPH TEX XK€ pelleHusiX by, /2 =15,75 cMm.

Omeem: xc = 6,11 ¢M, €CM OCh ¥ NPOXOANT Yepe3 LIEHTD TAXECTH
aByTaBpa; xc = 11,86 cM, ecnu och y IpOXOAUT uepe3 JIeBble KpaitHuhe
TOYKM JBYTaBpa.

3ananne ana camocrosTenbHOH padorel 3. OnpelennTh KOOPAMHATH LEH-
Tpa TAXECTH CEYEHHMS] MO JaHHBIM OJHOTO M3 BapMaHTOB, MOKAa3aHHEIX Ha
puc. 10. IToka3atb MONOXEHHE LEHTPA TAXECTH HA CEYEHUM.

@

90%5
Ne 30 |
|
!
Ne 27a 905 42 Ne 30
250
@ @ Ne 33a
70%45x5 5~ gy 806
70x45x5 .
|
I
o 24 _—_gg/wxs
300

Puc. 10
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180%110%10

180x110%x10

®

63%40x%5

63%x40%5

* Ne 20a

180%110x10

180X110X10

Ne 24a

/]

Puc. 10. Ilpononxenue
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Ne 24

160x100%10

K

160x100x 10

1000

|
|
I
|
]
|
}
|
I

8sta,a 806
| !

@

Ne 30a

/; Ne 27
,,;,’,{/,',’::,,A
Ne 30
90x56%6
90%x 56%6
Puc.
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63%x40x5

200%125x10" |

125%10

———— 3

125%10

140%10
"IIIIE ://,/1 'II,,//" ;/'1”
140%10~ Y

Ne 33

Ne27

Ne 33

A\ e rTTTes

‘mﬁ, 100x8

100%8
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250

Ne 36 110x70%8

160x 100% 12
110x70%8

160%x100x12

iimNtz 40
:
180x110x12
180x110x12 hrg)
@ ;\\\\\\ t\\\\\‘ @ 7 7
i 1ox70%8 Ne 22
!
0
0
3\ A
110x70%8
No 27 250

90
™

3 90x8
Ne 10 j

300 Ne 10

g~ TEsy

Ne 18

Puc. 10. ITpogosixeHue
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I''TABA 2
COIIPOTUBJEHUE MATEPHAJIOB

2.1. llonGop cevenmii cTepxuei U3 pacyeTa
' HA JPOYHOCTH

1. Mboicaenno omfpacsiearom cés3u u 3ameHsiom ux Oeticmeue Ha Opyc
peakyusmu. B 3ama4ax st CaMOCTOSTENLHON paBoThl a0COMOTHO XeCT-
KUt Gpyc ymepXuBaeTCs B PABHOBECHUH ITADHUPHO-HETIOABIDKHOM OTI0-
PO X OMMHOYHBLIM CTepXXHEM (TIOXBECKOM MM KOTOHHOM).

ITo ycnoBwio 3amauu. TpeOyeTcsl pacCUMTaTh TONBKO CTEPXEHb,
II09TOMY PEKOMEHIYETCs T0Ka3aTh YCWINE B CTepxXHe /N M He IMoKa-
3bIBATh PEeAKINil OIOpHI, OIPENEICHUE KOTOPHIX BBIXOOUT 33 PAMKH
CaMOCTOSITETBHOM pabOTHI.

Hamnpasnenue HEM3BECTHOTO YCHIUSL MOXHO IIPUHSTH IIPOU3-
BOJILHO, HO MOXHO DYKOBONCTBOBATBECS M 00Jiee KOHKPETHOH pEKo-
MEHIaueil: yeuMe HalpasieHo MO OCY CTePKHS B CTOPOHY, MPOTH-
BOITOJIOXHYIO JeHCTBMIO Harpy3ku. [IpuBeneHHBIe CX€Mbl Harpy3okK
JIAIOT BO3MOXHOCTb 0e301UMO0YHO ONpPEAeINTh HalpaBleHWe HeHCT-
BUSL YCUITUS. ,

2. Onpedeasiom eeaununy ycuaus N 6 cmepocre. JIJisg 3TOr0 COCTaB-
JISTIOT BCETO OJHO YPAaBHEHWE PABHOBECUS] — CyMMa MOMEHTOB BCEX
CHJT OTHOCHTENBHO HENOIBIKHOM OMOPHI MOJDKHA OBITH paBHA HYJIO:
>, M) =0. Hemozprokuast onopa B OHUX 33TAHUAX MOXET OBITH

obozHaueHa 4, B Apyrux — B.

IIpoBepka pelleHUs He BBITIONHSETCH, TaK KAK HE OIpPEACIsIUCh
OITOPHEIEC PeaKUUK HEIIOJBIKHON OIOPHI.

3. Onpedeasirom mpebyemyio naowads NONEPeUHO20 CeHeHUs Cmepic-
/51 U3 YCIOOBUS MPOYHOCTH 11O PopMyne

4, = N/R, (a)

rne N — ycwive B crepxHe; R — pacyeTHOe COIPOTUBIICHME Mate-
puana noasecku o mpwr. VIIIL

Cienyer o6paTuTh BHUMaHye Ha TO, 4T0 B orinuyre or CHulla,
B pacuetHoil dopmyne Ko3bbuIMEHT yCHoBHSI pabOTH Y, NPUHAT
pPaBHBIM | M UCKIIIOYEH M3 3HAMeHaTeslsd, a TAKKe BMECTO R, IpUHA-
TO R. ’

DTO cHeaaHo u3-3a OTCYTCTBMS CBeleHUIl O HAa3sHAUYESHUM BIeMeH-
TOB CTaJbHBIX KOHCTPYKIMH M U1 NOJIYJEHHsI eAMHOOOpasHbIX Gop-
MYJ IIpH pacyeTe KOHCTPYKHUH M3 pa3HBIX MaTepuajioB (CTaiy Ipo-
KaTHOW (hacOHHOM, CTalyd apMaTYpPHOI, aJlOMUHUS).
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[TonGop ceyeHHs CXATOrO CTEPXKHS IIPemIaracTcs BBITTOJTHUTD
TOJIBKO M3 pacyeTa Ha MPOYHOCTL 0e3 ydueTa MOTePH YCTONINBOCTH.

IIpn nonp3oBanmu Gopmysioil (a) cieayeT MOMHHTh, YTO YCH-
aue N mmeer pasmepHocTh KH, pacyeTHoe comnportusieHHe R —
Mlla, a Tpebyemylo miomains A,, U3MEPAIOT B cM? 4 ynoOCTBa
MOJIL30BaHUs Tpwi. I, mo3ToMy HeoOXONMMBI NPeOOPA30BAHUS B
pasMmepHocTax. OHu O6yAyT nokaszaHbl B IipuMepe 7.

4. ITo waiineHHOM IUIOWIATW onpedeasiom mpeGyemuill npoduiy
NPOKAMHOU cany uay ouamemp apmamypHozo CHEPICHS COTIIACHO 3a-
JTaHUIO. ' .

TpebyeMblil ipoduiib MPOKATHON CTAIN ONPEASIISIOT IO TJIoNIa-
o A, ucmonb3ys npui. I, a dmamerp CTEPXHS MOXHO Haith mo

dopmyne :
dy = J34, /. ' (6)

IIpy HasHaueHUM OMaMeTpa CTePKHsS IOAYYCHHBIH DPE3YJbTAT B
dopmyae (6) peKoMeHIyeTCsl OKPYIJTIUTh 4O pasMepa, KpaTHOTo 2 MM
B OOJIBUIIYIO CTOPOHY.

5. Buinoansaom npoeepky npoHHOCINU NPUHAMOZ20 cedenus 1o dop-
MyJie

NJ/A<R, ' (8)

rie A — TpuHATas IDIOINanhb IOIEPEeYHOro ceueHusi crepxkHs. OHa
He paBHa TpeOyeMoil TUIOLIAAM, MOJYYeHHOH 1o ¢dopMmyie (a), Tak
KaK 3a pPedKWM HCKIIOYEHMEeM IUIOUIaIb CeYeHUs, NPHUBEIACHHAs B
npun. I, He coBmazaeT ¢ TpebyeMoi, KpoMe TOTO, NMPUHATHIN 1ua-
METP, KaK MpaBuio, OKPYINSAETCS WM INPUHUMAETCH OOJBIIUM, YEM
TpeOyeMBIN.

1—1

L

g=60kH/M F=30kH

Puc. 11
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TIpOYHOCT CTEPXHS CUMTAETCS OOECIICUeHHOMH, eCiii yeaoBue (B)
YJIOBJICTBOPEHO, W HEOOECIIEYEHHOMH, €CJIM OHO HE YNOBJIETBOPEHO.

Ipumep 7. [lomoGpaTh ceueHMe cTepKHsI (NOABECKU), TIOAASPXU-
paromiero Opyc AB, Kak noxazaHo Ha puc. 11. Marepuan — crais
mapkm C-235.
~ Pemenue. 1. Mucaenno ombpacvisaem cmepocens, 3amenss e2o Oeli-
cmeue na Opyc ycuauem N. Hampasum ero BBepx, Iojarasi, 4ro OH
YPaBHOBEIIMBAET HArPy3Ky, HANIPaBICHHYIO BHU3.

2. Onpedeaum geauuuny ycuaua N, COCTaBUB ypaBHEHHE DaBHOBE-
CHsA Z M =0, xoTopoe st 3aaHHOM CXeMbl IPUMET BUL

Nh—q(l+a)([+a

2

rne h=1cosl15°=7.0,966=6,76 M. .
IMocite MOACTAaHOBKN M3BECTHBIX BEIMYHMH TIONYIUM

N-6,76-60-8-3+30-1=0,

—aj+Fa:O,

OTKyJa
_60-8-3-30-1 _1410

6,76 676
3. Onpedenum mpebyemyio nAouadt NONEPEUHO20 CeueHUs CMEePIICHS
o dopmyne (a):
_ 2086xH 208610 MH
230 MIla 230MIla

N = 2086 xH.

=0,907 -107 M2 =907 cm?,

rxe R = 230 MIla g cram Mapku C-235 (em. npur. VIII).

4. Tlo HalineHHON WOWATN onpedeium mpebyembiii npogurs (Ho-
Mmep) pasHononounozo yeoska. Ha mea yromka tpebyerca 9,07 cm?, Ha
onuH — A; = 4,535 ¢m2 1o tabn. 1 npun. I moabupaem yromok 50x5
nmromansio 4,80 cm?. Ha xea yronka mowans A = 9,6 cM2.

5. BoinoaHum npogepKy npouHOCMU APUHAMO20 CeyeHus IO (hopMy-
ne (B):

2086xH 208610~ MH
9.6 cm? 96-107* m?

% ~2173MIMa < 230MIla,

yuuteiBas, uro 1 MH/m?2 = 1 MIla. IIpouHocTh crep:xxHS obecnede-
Ha, TaK KaK ycloBue (B) yAOBIETBOPEHO.

Omeem: JINst CTepXHI NPUHSATO CeYyeHUe U3 IBYX yroJakoB 50X 5.

AHAJIOTMYHO BejieTcsl pacyeT Ha MOAGOp CEYEHMI KOJNOHHBI U3
IIBETEPOB, KOTOphIE NMPUBEASHLI B 3aJaHUM IS CaMOCTOSTENbHOMI
paGoTEL. ‘

Ipumep 8. Ilo ycnoeuio mpuMepa 7 nogo6GpaTh JUAMETP CTEPXK-
HSI-TIOABECKU U3 apMaTypHOU cTanu kmacca A-11.

2 B. M. CVETKOB . 33



Pewenue. 1, 2. Ycuiue N = 208,6 xH ocraerca 6e3 MU3MeHEHHS,
KaK M B npuMepe 7, TaK Kak He U3MEHMIACh CXeMa M Harpy3ka Ha
opyc.

3. Onpedesum mpebyemyro niouwsadeo ceverus cmepicHa 1o ¢opmy-
ae (a):

N _2086kH 208610~ MH

A= =
™ R 280MIla 280MIla

rae R = 280 MIla nna apMaTypHO#l ropsuyekaTaHOW CTand Kiacca
A-II (cm. npun. VIII).
4. Onpedenum mpebyemuili duamemp cmepxcus 1o hopmyne (6):

d = \/4ATP /m=/4-7,45/314 cm = 3,07 cm = 30,7 mm.

=0,745-107 M? = 7,45cMm?,

Oxpyrsis MOJMYYEHHBIN pe3yibTaT A0 pasMepa, KpaTrHOro 2 MM, B
GONbIIYIO CTOPOHY, NOJYYMM [OUAMETp CTepXHs d=32 MM wuau
3,2 cMm.

5. BblnoaHuM nposepky npoYHOCMU ceveHUs cmepicHa 1o GopMy-
ne (B):

-3
N _2086kH _2086-10"MH _ 000 imyo < 280MMa,
A 804cm?  804-107* M2
2 .392
rae A - nj = 3,1443’2 CM2 = 8,04 CMZ.

IIpouHocTs cTepXHs obecrieyeHa, TaK Kak ycloBue (B) yHoOBje-
TBOPEHO.

3ananne ans camocrosTeabHol padotsl 4. IlogoOparTe cedeHMe cTepxk-
HA-MOABECKU (MIM KONOHHEI), MOAAepXuBawowlero 6pyc AB no agaHHBIM
OMHOTrO M3 BapMaHTOB, NpPHMBEIEHHBIX Ha puc. 12. MaTepuan crepxXHs U
daconnsix npodwuneit — mnpokarHas cTane C-245, mnna kpyrioro cedve-
HHMA — CTAIb apMarypHast ropsdyekartaHas kiacca A-L

@

F=160xH 4

g =50kH/M 30° JLF=200 kH 4= 30 KH/m

7 d 70°

L 2wm 2M Ml, 4u_ " ;;ML

A A
Puc. 12
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Fs50kH 4 20°
g =60 xH/m]
I, 2M aM
@ F=300kH
q =150 xH/Mm
——
J CIfi5°
-
I M M
; I'm
F=200xH
K g =300 kH/m
7,
=
20° £l
1ML1M aM /
@ F=50kH .
q =100 kH/™m
g / s0° |L
b au lu}
q=180xH/M F=120kH
LYl1s°
SM ‘1lm
A A

g¢=200kH/M F=50kxH
600 .

1 o
b b M J-“—‘Jr

AL 55
F=80kH Zq =30 kH/m
XV TIITTTITTITIRNIMN
' 27,
Im 3IM Imi
F=40kH ,
3,
L =60 KkH/m
IRITIIITIITIIRII!
J IM 4Mm Im L
F=40kH
q =200 kH/M

25° F=300xH

q=40xH/m

]ML im 1M
A d

<

Puc. 12. Mpogomxenue
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g =150 xH/m F=200H Z \‘é\ 7,5 30xH/M  g,=20kH/M

®
T 20° L] o : | 7597’
} SM ,!' 1M
L 2m 4m L ,

F=60kH 30°4
g =40xH/M d g=150xkH/Mm F=30xH

7,
%1M 3m M
f

‘ &? 20°
F=30xH
q 5 80 xH/Mm 0

|

- F=800xH
. g=40xH/™M

,/
7 7%7
7 150 j ol
4M 1M lM‘ 4M 1M, 1M
F=100 xH sz Fy =900 xH =30xH
: q=80xH/m |3 - ‘ fm 3
nnmmm
C1 o ]
20 l,
1L5m| 2w L1.5mL15m k3 ML Lowm
. 20 F=200¥<Hq=4OKH/M g =50 kH/m C F=250xH ¢
B - gfm G
2,5m 2.5M j], 1M”L 5M !, 1M

Puc. 12. ITpomomxeHne
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g =300 xH/m

]M[ 5M

-

F =400 kH ‘ 302,46 F=90 xH
g =150 xH/m 9530xH/m
m STIITIAIIIIRIITITZATIITIE

2\ [ =
4™

Iml  4m ’ 1M

Kl A

@ o r 20°

g=400xH/m FT200xH g=80xHm X 0K

I
&

Y
[32’25" [ [ g 7&
Z1 M IMilM IMI' M
d

im
&l F=60xH F=50xH
AL e X g =100 xH/m g =200 xH/M
. 5 25°
1M SM ﬁ[, )
LlMm 6M M
A 1
@ @ F=400xH
F=150xH g =200 xH/m g =50 xH/m 30°

Puc. 12. IIpomomxkeHue
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F=250xH g =150 xH/m ¢,=30KH/M g,=40xH/M ’é"}/
N} 15° “ 7&% ]
IM ,, 4Mm
/4 1 |
Im SM Im
d —
s, /20 F=80kH _
g=30xH/M F=40xH g =200xH/M
[ZEIT) Y SRITRTIIRY 30
: 5 T
IM 4M IM’I lM,IL 2M 4M ] 7

Puc. 12. Oxonuanue

2.2. Onpenenenne rJIaBHBIX HEHTPAIbHBIX MOMEHTOB
AHEPINH CeYeHus

1. Onpedensirtom nonoxcenue uenmpa msascecmu ceveHus: (CM. 10ps-
JOK PEILEHUS 3a1a4M JUIs CaMOCTOATENBHOM paGoThl 3).

2. [posodsm uenmpanvHsie ocu JUISE KaXAOTO TPOGHIS IIpoKaTta
WJIM IIPOCTOM TreOMeTpUYeCKOM (GHUrypri. DTH OCH Ha3bIBAIOTCA LEHT-
paIbHBIMH ocsIMU. JIns nepBoM (UTyphl TIPOBOASIT OCH X; U Y, Als
BTIOPON — X; U ¥, U T. 1.

3. Ilpogodam ecaaeuvte yemmpanvheie ocu. OHU TIPOXOAST YEPE3
HEHTP TSCXECTH Bcero ceyeHus. OmHy U3 ocell COBMEINAIOT € OChIO
CHUMMETpUM (B 3aJaHUM BCE CEYEHHS MMEIOT TaKylo OCh), a BTOPYIO
TIPOBOAYT Yepe3 HEHTP TSDKECTH CEYCHMS NepTeHIUKYIISIPHO NIEPBO.
BeprukanbHas och 0003HAaYaeTCsl v, 4 TOPU3OHTANbHAST — .

4. Haxodam momeHmbl UHEPUUU CeUeHUs OMHOCUMENLHO 2AABHbIX
uenmpanvkbix oceli. B o0iem BUAEe MOMEHTH MHEPLMHM CEYEHUS OIl-
pexnensioT 1o hopmynam:

OTHOCUTEJIBHO OCU U

J,=J v T+ Tl

OTHOCHUTEJIBHO OCH V
J,=J e TN T
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tne J, 1 J, — MOMEHTH WHepUUY CEYECHUST OTHOCUTEIBLHO TIaBHBIX
LUEHTPaIbHbIX Ocedl ¥ W v (TJIaBHBIE IIEHTPajibHBIE MOMEHTHI MHep-

wan); J,,J), ..., J) — MomenTs nHepuuu mpocteix ¢uryp (1, 2,

.., 1) OTHOCHTENHHO INIaBHOM LeHTpanbHoit ocu u; JL JIU .. JI —
TO Xe, OTHOCUTEJILHO OCH V.

MoOMEeHTBl MHEPLMM TIPOCTHIX (DUTYD OTHOCHTENTBHO OCell u M v
onpenessoTes Mo GopMyIaM:

OTHOCHUTENLHO OCH U

Jo=Jy +ald; Il =T vaid,;
Ju =75, + a4,
OTHOCHTENBHO OCH ¥
Jy=J) +bA; T =T+ 64,

J JII

r o+ b4,

TIe J s x5 o5y — MOMEHTBI MHEPIMM NpoCTHIX buryp (1, 2,

- n) OTHOCI/ITCJILHO COOCTBEHHBIX LEHTPAIBHBIX OCEH Xi, X, ... x,,.
Onu onpexnensiores 1o Tabmuuam T'OCTos (em. npwn. 1) o mpodu-
JIeW TIPOKATHOM CTaJII/I u q)opmynaM IUIST TIPOCTBIX TeOMETpUYECKUX (Pu-
ryp (cm. mpwi. II); J yl’ yz, - Jy” — TO e, OTHOCHTENbHO OCEH Y,
V2 eees Vi Q15 @, ..., 4, — PACCTOSIHMIE OT IJIABHOM IIEHTPaJILHON OCH u
J10 IEHTPTHLHBIX ocel‘/’l Xy, Xy ey X3 Dy, By, .y by — TO Xe, OT OCH V IO
OCEH V1, Yoy -oer Vs A1, Ay, ...y A, — TUIOIIATN CEYEHUIM TIPOQMIEH TPO-
KaTHOM CTaJld WIN MPOCTHIX FreoMeTpUdecKuX GHUryp.

Ecau tnaBHasg 1eHTpajbHas OCh COBIamaer ¢ COOCTBEHHON LEH-
TPIBHOM OCBIO KAKOTO-HHUOYIbL NMpoduis uiand GUrypel, To MOMEHT
WHCPUMM €€ OTHOCUTEHABHO TIJaBHOM UEHTPaIbHOW OCH paBEH MO-
MEHTY MHEPLUH OTHOCUTENbHO COOCTBEHHOI OCM, TaK KaK PAacCTOSI-
HHUE MeXIy HAMM PaBHO HYJIO.

Ilpu ompeneneHUM reoOMeTPUYECKUX XApAKTEPUCTHK HEOOXOIHMO
YYUTHIBATh, YTO TNpodWiIN NpokaTa Ha 3aAaHHOM CEYCHUM MOTYT
OBITh OpMeHTHpOoBaHb mHaue, yeM B I'OCTax. Hanmpumep, septu-
kanpHast o 'OCTy och y Ha 3a1aHHOM CEYeHUM MOXKET OKa3aThCsl
TOPU3OHTAJIPHOM, a TOPU30HTAJIbHAS OCh X — BEpTUKanbHO. [losTo-
My HEOOXOIMMO BHMMATENBHO CIEIUTH 32 TEM, OTHOCHTENBHO KaKMX
ocelt cnenyeT 6paTh reoOMeTpUYecKHe XapakTepucTUku. Ha 310 6ynet
oOpaireHo 0coboe BHUMAHUME B pacCMaTpUBAEMBIX ITPUMEpaX.

Ipamep 9. OnpenenuTh TIaBHBIE MOMEHTHI MHEDUHH CEUEHUS,
nokasanHoro Ha puc. 13. Ceyenme COCTOUT M3 ABYX YrojKoB 56x4 u
msenepa Ne 18,
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Yipv =
Vi y (3;
Ne18 2 g S
Ml
1G % SRS
- A 7 U
sl | .
< Xy5 %,
'm“ £56%4 C; G, £56%4 =
I o
N e
b =152c¢m by=152cMm <|\|'
1
Puc. 13

Pemenne. 1. Onpedeium nonodcerue yewmpa msadcecmu Ce4eHus
(cMm. mpumep 5). KoopmuHaTsl eHTpa TsoKeCTH: X¢= 0; yo= 2,43 oM.

2. I[lposedem yenmpaabHvie OCU Xy, X;, X3 U OCH Y|, Vo, V3 Uepe3
HeHTpsl Txectn guryp 1, 2, 3.

3. IIposedem enasnbie yenmpanvhsie oci. OCh v COBMECTUM C OChIO
cUMMeTpHH y;. Ocb u TIpOBeAeM dYepe3 LeHTp TsKecTu cedeHus C
MePIIEHIUKYIAPHO ocu v. OCH v U 3 COBIIAJMN.

4. Onpedeaum 21a8HbLI MOMEHM UHEPUUU OMHOCUMEABHO OCU U:

_ gl i 11
J, =0, +J, +J,.
- M3 puc. 13 cremyeT, 9TO YroidKd OJMHAKOBBIE W PACIIONOXe-

HbI Ha OMUHAKOBOM pPAacCTOSIHUU OT OCH i, T.€.. Ay = A, K a; = a,.
[1osToMy dopMyny Is onpeneaeHus J, MOXHO 3aIlUCATh;

J, =27+ g »
e J, =J+alA=131+2,43%-438=3896 cm*; J,"=J ' +aj4,=86 +
+1,03%.20,7=107,96 cm*, rme J§ =131cm?;  a,=2,43cm; 4,=438 cm?;
JIM=86 cM*; a5 = Zoyr + Zogum ~ Y =1,52+1,95-2,43 =103 em; 4, =
=20,7 cm? (cm. Tabo. 4, npun. ).

Torma J, = 2-38,96 + 107,96 = 185,88 cm™.
Onpedenum 2na8HbIE MOMEHM UHEPUUU OMHOCUMENLHO OCU Vi

J,=Jh gt gm
‘B. atoit hopmyne
Ji=J, + b4 =131 +(-1,52)*- 438 =2322 cm?;

JU= TN £ p24, =131 +1,52%- 438 = 2322 em®;
T = g0 4 p24, =1090cm?,
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e J) =131em*; by=-z4,,=—152cm; Ye=6,11cm

A =438 I =3lonts by=—zo = M | 1Y g
=1,52 cm 4,=438 eM?; J}'=1090cm?; 1 2
by=0; A,=20,7 cm’ (cm. Tabn. 4 mpu- \\

noxexaus I).
Torma J, = 23,22 +23,22+ 1090 =

=1136,4 cm*. ‘ X%
Omeem: J,= 185,88 cm*; : c, C OIN  u

J, = 1136,4 cMm*.

Iipumep 10. Ompemnenurp MOMEHT
WHEPIIMM CeYeHMs, II0KA3aHHOro Ha
puc. 14, OTHOCHUTENBHO TJABHOM IeH- AN
TpajbHOMN OCH, He SABIIOUIEHCS OChIO
cumMeTpuu ceyeHus. CeyeHue cocTo-
nT u3 asytaBpa Ne 24 uw mBemiepa
Ne 24a.

Pemrerme. 1. LleHTp TsoKecTH cede-
Hus HaaeH B npumepe 7 (xqo= 6,11 em;
ye=10).

2. Iposedem yenmpansHeie ocu x|, X, U ¥y, 5. OCH x| U X, COBIAIMN.

3. IIposeneM rnaBHBIE ILIeHTpansHBle ocu. OCh u COBMEINaeM C
OCBIO CHMMETPHH, & OCh V IIPOBOOUM uepe3 LUeHTp Tsakecty C mep-
NEeHIUKYNSIpHO ocH #. OCH u, X| 1 X, COBIIATIH.

4. Onpedeaum MOMEHM UHEPUUU CEHeHUS OMHOCUMEAbHO OCU V, TaK
KaK [0 YCIIOBUIO TpeOyeTcs: HalTH MOMEHT WHEPIIMH TONBKO OTHO-
CHUTEJIBHO OCH, HE ABIAIONIIEHCS OChIO CUMMETpUH. 3anuiieM ¢op-
MYy

[(Ne24 g ) 5 [Ne24a
by=-6,1lcm by,=6,47cMm

Puc. 14

T, =J e Jn
B sToit hopmyne

JY =T + blA =198 + (-611)% - 348 = 1497 cm*;
T = ) + by A, =254 + (6,47)%- 32,9 =1631 em?,

rae 11 =198cm*; 4, = 348cem? (em. a6 3, npwr. 1); J =254cm*;
yl 1 y2

b
A, =329cm? (cm. Tabur. 4, npui. 1); b =-6l11cm; b, = ;B + by, —
~Zo(ms) = 112—’5— +95-611-2,67=647cMm (CM puc. 14 urtabn. 3 m 4,
opui, I).
Torma J,= 1497 + 1631 = 3128 cm?.
Omeem: J,= 3128 cm*.



3ananue Mg caMOCTOATENbHOM padorel 5. OnpemenuTs MOMECHT WHEPIUU
CeYeHMst OTHOCHUTE/ILHO TIABHON LIEHTPAILHOM OCHM, HE SBIAIOLUCHCS OCBHIO
CUMMETPUM, IO JaHHBIM OIHOIO M3 BapUaHTOB, MOKa3aHHBIX Ha puc. 10.

2.3. TlocTpoeHue 3MmiOp MONMEPEYHBIX CHI H M3rAOAr0IIX
MOMEHTOB il NPOCTOi 0aIKu

1. Onpedensiom onopuste peaxyuu 6asku (CM. TIOPSINOK DELIEHUS
3aaYl CaMOCTOATENbHOH paGoTHI 2).

2. Obosuauarom xapaxmepHsie cewenus (mouku) basxu. imu sBnsi-
I0TCSA KOHIICBHIE CeYeHUs OaJIK¥, OMOPHI, TOUKH IPHIOXKEHUS COCpe-
JOTOYEHHBIX CHNT U MOMEHTOB, HAYaJI0 M KOHEll paclpeneieHHON Ha-
IPY3KH.

3. Cmposam aniopy nonepeunvix cun Q.. IS 5TOTO ONpPeneisioT
3HAYEeHUS TIONEPCYHBIX CWI B XapaKTepHBIX Toykax. HarmoMHuM, 4To
[OIepevHasl CWia B CEYeHUM PaBHA CyMMe IMPOEKIMI BCEX CHJI, pac-
IOJIOKEHHBIX TOJIBKO CIeBa HIM TOMBKO CIpPaBa OT PacCMaTpUBAEMO-
ro ce4eHMs, Ha OCh, NEPICHANKYISIPHYIO . OCH dieMeHTa. Cuiy, pac-
TOJIOXKEHHYIO CcJieBa OT pacCMaTpUBacMOro0 CEUEHUs M Halpag-
JIEHHYIO BBEPX, CYUTAIOT HOJOXUTENBHOM (CO 3HAKOM «ILIIOC»), a Ha-
IPaBJIEHHYI0 BHU3 — OTPMUATENbHOH (CO 3HAKOM «MHHyC»). s
NpaBoil yacTu GaNky — HA06OpPOT.

B cedenusx, COOTBETCTBYIOMIMX TOYKAM MPUIOXCHUS COCPEAOTO-
YeHHBIX CHJI, B TOM YMCJIC B TOYKAX TPWIOXEHHS OMOPHBIX PEAKIIUiA,
HEOOXOMIMO ONPENCHUTS IBa 3HAUECHMS TIOTIEPEUHON CHIIBL YyTh Jie-
BEe paccMaTpMBaeMOM TOYKM M YyTh IIpaBee ee. IlomepeyHsle CUIBL B
3THX CeYeHMSIX 0003HAYAIOTCST COOTBETCTBEHHO (78 y (J mpas,

Haiinensble 3HaYeHNS TOMEPEYHBIX CHJI B XapaKTEPHbIX TOYKAX OT-
KJIaABLIBAIOTCS B HEKOTOPOM MaciiTabe OT HYyJECBOM JUHMH. DTH 3HAYe-
HIST COSOMHAIOTCS TPIMBIMU JTMHHSIMM TIO CJICAYIOIMM ITPaBHJIAM:

a) eClMU K y4acTKy OaJKu HeT pacrpelci]eHHON HArpy3Ku, TO IO
STHM YYACTKOM 3HAYCHHS IIONMEPEUHBIX CHJI COCIMHSIIOTCH IIPSIMOM
JIMHUEW, apaJuTeIbHON HYJICBOU JINHMU, _

0) ecnu Ha ydyacTKe OAIKK IPWIOXEHA paclpeleieHHass Harpys-
Ka, TO MOJ 3TUM YYACTKOM 3HAYCHHUS ITOMEPEUHBIX CUJI COEAUHSIOTCS
TIpSIMOY, HAKJIOHHOW K HyneBo# MMHUU. OHAa MOXET IepeceKaTb Win
He TepeceKaTh HYJEBYIO JUHHIO. -

CoeIMHHB BCE 3HAYCHUSI MOMEPEYHBIX CHJI II0 YKA3AaHHBIM MpaBH-
JlaM, HOMy4uM TpadyK M3MEHEHWS IONEPEUHBIX CWI 110 JUIUHE Gasni-
ku. Takoit rpacduk HazsBaeTcsa s1opoi O,.

4. Cmposm sniopy uzeubarouwux momenmos M,. Ing sToro onpene-
JISTIOT M3rubaroIIne MOMEHThI B XapaKTepPHBIX ceueHusIx. HarmoMHuM,
YTO M3TNOAONINHA MOMEHT B PACCMATPHBAEMOM CEUEHUM PABEH CyM-
Me MOMEHTOB BCeX CuJl (pacIpenesieHHBIX, COCPEAOTOYCHHBIX, B TOM
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YUCJIE M ONOPHBIX peakliMid, a TAaKXKe BHEUIHMX COCPEIOTOUYCHHBIX
MOMEHTOB), PACIOJOXEHHBIX TOJBKO CJIeBa WIM TOJBKO CIIpaBa OT
atoro ceveHus. Ecnu moboe M3 NMepeuyrucHeHHBIX CHIIOBBIX BO3AEICT-
BUi1 CTPEMMTCS IMOBEPHYTH JEBYIO YACTh OAJIKM IO YACOBOM CTpEIIKE,
TO OHO CUMTAETCS ITOJIOXUTENIBHBIM (CO 3HAKOM <«ILIIOC»), €ClU TIPO-
THB — OTPUIIATEIBHBIM (CO 3HAKOM «MHWHYC»), a Ui IIPaBOW YacTH
Haob0opoT.

B ceueHMsX, COOTBETCTBYIOIIMX TOYKAM MPIIIOKEHUS COCPEIOTO-
YEeHHBIX MOMEHTOB, HEOOXOZMMO OIIPEHCAUTh ABA 3HAYCHUS H3TH-
6alolllero MOMEHTA: YyTh JIeBee pacCMaTpHBAEMOil TOUKHU U YYTh ITpa-
Bee ee. Marubaroiupe MOMEHTHI B 3THUX TOYKAX 000O3HAYAIOTCS COOT-
BETCTBEHHO M "¢® u M ™28, B TOYKAX MPHIOKEHUS CHJI OTIPEACISIeTCS
ONHO 3Ha4YeHHE M3THOAIONIero MOMEHTA.

ITonyyeHnsie 3HAYEHUS OTKJIANBIBAIOTCA B HEKOTOPOM MaciiTabe
OT HYJICBOH JIMHUU. DTU 3HAUYCHUSI COSOUHSIIOTCA B COOTBETCTBHM CO
CIICAYIOIINMH TTPaBUJIAMU:

a) ecJIM Ha yyactke OATKU HeT paciipeacsIcHHON Harpy3Ku, TO TIOX
STUM Y4acTKOM OaJiKy IBa COCEIHMX 3HAYEHMs M3rnbaroluX MOMEH-
TOB COEINUHSIOTCS MPAMON JTMHUCIH;

0) ecay K yJacTKy OaJIKM TIPHUIOXEHA pacIipec/icHHAsT HArpys3Ka,
TO MO 3TUM YYaCTKOM 3HaYEHHMs HM3ruOarollMx MOMCHTOB IUJIS JIBYX
COCEIHUX TOYEK COSHMHSIOTCS 110 mapabore.

IlapaGona uMeeT BHITIYKIIOCTh B CTOPOHY JEHCTBUS HATPY3KY (TIpU
NEVCTBUM HArpy3ku cBepxy mapaboja oOpallleHa BBIYKIIOCTHIO BHU3).
IIpu sTOM, ecnu 3mopa ¢, HAa paccCMaTPHBAEMOM Y4YacTKe He Iepece-
KaeT HYJEBYIO JUHHIO, TO 3Imopa M, (0Ha sBisercst mapaboyoit) Mo-
KeT OBITH IOCTPOEHA 10 JIBYM TOYKAaM, TaK KakK BCE 3HAUCHMS HM3IH-
GaloIX MOMEHTOB B MPOMEXKYTOUHBIX TOUKAX HAaXOMSITCS MEXAY 3Ha-
YeHUAMH B XapakKTepHbIX ceuenmsx. Ecim amopa O, iepecekaer Hyse-
BYIO JIMHMIO, TO TIOH DTHUM CEUeHHEM 3miopa M, OymeT MMeTh 9KCTpe-
MaNbHOE (MAaKCUMATBHOC WIM MUHUMATLHOE) 3HAYCHHE MIH BEPLIMHY
mapabonsl. [lonoxeHue ATOH TOUKM HAXOHAT IO BIMIOPE M3 MOJ0OHS
TPeyronsHUKOB (cM. npuMepsl 11, 12). 3areM HaxomsaT 3HaYyeHWUE U3-
rU0aOLIEro MOMEHTA B 3TOM CEYEHMH U CTPOSIT 3MIOPY M, Ha y4acTke
C pacrnpenesieHHOUW Harpy3Ko# IO TpeM TOYKaM.

CoelMHUB BCEe 3HAYEHMST M3THOAIONINX MOMEHTOR IT0 YKa3aHHBEIM
MpaBwiaM, MONY4YaroT rpaduk M3MEHEeHUS HM3rH0aioNMX MOMEHTOB
no mmuHe 6anku. Takoi rpacdhuk HaseIBaeTCs 3MIOPoid M,.

IIpuBeneHHbIl cioco® mocTpoeHus amop O, u M, Ha30BEM CIIO-
COOOM IIOCTPOEHHS S0P 110 XAapaKTePHbIM cedeHusiM. Takoit cro-
c00 SABJISICTCSI YAaCTHBIM CllydaeM Gojiee OOLIEero, XoTs u 6oJiee Tpyao-
€MKOro croco6a, KOTOphIii Ha3bIBaeTCS CIIOCOOOM IOCTPOSHMUS DITIOP
no ydyactkaMm. Ilopsimox TocTpoeHusl SHIop IIpH 3TOM criocobe cie-
nyronmi. banky pazouBaloT Ha y4yacTKu. ['paHMIaMM Y4ACTKOB SIBJISI-
IOTCSL XapakTepHbIe ceueHus. s KaXXHoro ydyacTKa 3alHMCHIBACTCH
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3aKOH M3MeHeHUs ycunuit Q, u M, ¥ ONpenessiioTCsT UX BEJIMYUHBL
TIPU TpaHWYHBIX 3HayeHusx. llo HaﬁaeHHHM BEJIMYMHAM YCHIUHA
CTPOSIT COOTBETCTBYIOIIHE DITIOPHL.

CyuiecTByeT HECKOJBKO CITOCOO0B MPOBEPKH npaBnanocm no-
ctpoenus amop. Hanbosee mipocToil crioco® NMpoBepKH 3aKII0YaeTCs B
TOM, YTO CYMMBI MOMCHTOB BCEX JICBbIX M BCEX HIPABBIX CHII, B34THIE
OTIEIBHO, B 000 TOUKE OaJKM HODKHBI OBITH PABHEI MEXKAY COOOM.

Tlpumep 11. HoctpouTs smiopet O, 1 M, mnst 6anku, 1oKa3aHHOR
Ha puc. 15, a.

Pemenne. 1. Onpedeaum onopruie peaxyuu 6aaxu. COCTaBUM ypaB-
HEHMS:

DY M, =0; 23 M, =0.

W3 nepBoro ypagHeHMs HaiineM Vi

~F(a+b)+q(b+c)(b —b)—VB(Hd)—M:o,

78] 851
~15-2+20-6-2-V,-7-25=0,
~15-2+20-6-2 - 25

oTKyna V= o =26,4xH.

W3 proporo ypapHeHust Hadnem V:

—F(a+b+c+d)+ (c +d)- q(b+c)(b+c+d)—M:0
NJINn
~15-94V,-7-20-6-5-25=0,
otkyna V, = 5:9+20:6:5+25 _1064h.

7
BrimonsuM mpoBepKy:
2Y=VA+VB—F—q(b+c):O
A
108,6 +26,4 - 15-20-6 =0, orkyna 135 - 135=0.

2. Obosnavum xapaxmepnvie cevenust 6aaku C, D, A, E, B, K.
3. Cmpoum 3nwopy Q. OupelnenviM 3HaA4eHUA IMOTEPEYHDBIX CHUIL B
XapaKTePHbIX CEYEHMAX: :

Q. =-F=~15xH; Q, =-F=-15xH;
1% =-F -qb=-15-20-1=-35kH;
QF*® =-F-gb+V, =-15-20-1+1086=736«H;
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F=15xH g=20kH/M M=25kH-M

T TI I T I TN, o
D] & 4 T 7 {K
a=u1M1 c=5M d=2Mte=1,5bM
b=1m ¥, = 108,6 kH "V, =26,4xH
a
100 kH N>
73,6 xH
+
3n. 0, H R NN 0
15kH #
15kH
5] xosesw | 264KH  264xH

o
40xH-m )
15kH M
S M0 0
25xH M
S 25xH-M
N
MJJ\ ‘/L’ 78 xH-M
N05,4kH M
é
X3
3
x1x2 2 4 = X. '
il HWl g =20xH/M 542 'M=25kH M
=15k
| TTT VPR, | g/> |
2 Eé;: 3 4 35
Y'-I.Iqu ‘ Yu.II1 Y1V 77177 Vu Vi
’ T c=35M ld=2m te=1,5yM
St
a=1% b=Tmy, = 108,6 xH VB1=264KH

2

Puc. 15



0, =—F—qlb+c)+V, =-15-20-6 +1086 = ~26,4xH; -
0 =0, =-264kH;

TR Qe LY, = ~26,4+264=0; Qy=0.

CoenuHUM =~ TIONYYeHHBlE = 3HAYEHWS . MNPSIMBIMM  JIMHUSIMH
(puc. 15, 6) u momyyum smopy Q,. Dmopa Q, Ha yyacTke AF nepecekaer
HylieByio JuHuio. OnpenenyM TOOXeHHE TOUKM, B KOTOpOH armopa 0,
TiepecekacT HyJIeBYIO JIMHMIO. PaccMorpuM 1onpcebue TpeyrombsHUKOB - HRL
u HNS (cMm. puc. 15, 6), orkyna HR/HN = HL/HS, win x/5 =
= 73,6/100, orkyna '

xO = _7_:_3£_5 :3,68 M.
100

OTO CeUeHUE CUUTAETCS TAKXKE XapaKTepHBIM IS Smopsl O, u M,.
4, Cmpoum sniopy M,. Onpenenum U3ru0aioNe MOMEHTHI B Xa-
PaKTePHBIX TOYKAX:

M.=0, Mp=-Fa=-15-1=~15xkH- m;

. M, =-F(a+b)—(gb)(b/2)=-15-2-20-1-05=-40xH- m;
My=-Fla+b+c)+Viec —qb+c)b+0))2 =
=-15-7+1086-5-20-6-3=78xH- m;

M, =368=—F(a+b+xy)-qb+x,)(b+x,)/2 + VX =
=-15-568-20-468-2,34 +1086-3,68 =954xH- m;

M, = M =25xH- M (paccmoTpena npasas yacts 6anku BK);

My =M =25kH- M. '
5. Cmpoum sniopy M, Ha yuacmkax mesncdy XapaKmepHuiMU moyKa-
Mu.a) Ha yyactke CD Harpy3Ku HeT, IOTOMY amopa M, — upsamMas
JHus, coenunsomas sHadyennss M.=0u M,=-15 xH - m;

0) Ha yuactke DA nmeiicTByeT paclpeleieHHas HArpy3kKa, MmosToMy
smopa M, — mapabona. Tak xax smiopa ¢, Ha 5TOM yYacTKe He Iie-
peceKkaeT HYJIEBYIO JHHHIO, TO Mapaboja He HMeeT DKCTPEMaTbHOTO
3HAYEHHS, TOITOMY BEJIMYMHBI U3THOAIONINX MOMEHTOB B CEUEHMSIX
D u A coegMHUM KpHBOH, 3HAYECHUSI KOTOPOM HaXoIsurcs B
uHTepBaine ~15 kH - M ... =40 xH - m;

B) Ha yyactke AFE neilcTByeT paclipelencHHas Barpy3ka, ro3ToMy
smopa M, — napatona. Tak kak smiopa (., Ha 3TOM y4acTKe Iepece-
KaeT HyJIEBYIO TUHHMIO, TO Tapabojia uMeeT 3KCTpeMalhHOe 3HAYCHHE
(BEpILIHHY), HO3TOMY 31IOPY M, CTPOMM MO TpeM 3HAYEHHUSIM:

My =-40kH v; M, =954xH-m u M, =78xH- m;
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r) Ha yJyactke EB HET HarpysKu, MO3TOMy 3Imopa M, — MpsMasi, co-
eqnHsIomas 3Hauenus My =78 xkH -mu M, =25 xH - m;

I} Ha yyactke BK HeT Harpy3Ky, IO3TOMY 31opa M, — IpsiMast Jiv-
HUS, coeMHsomas 3Havenma My =25 kH -mu M, =25 xH -m.

Dmiopa M, noctpoena (puc. 15, 6).

B kaudecrse mMpoBepKH BO3bMEM CYMMY MOMEHTOB BCEX CWJI OTHO-
CUTENIPHO TOYKM, PACIIONOXEHHOM Ha PACCTOSHMH Xy OT JEBOW OMO-
pbl, HO PAaCCMOTPHUM IIPABYIO YacTh GaJKM:

M, =qlc~x)(c—x)/2 + Vy(c-xy +d)+ M =
=-20-1,32 0,66 + 26,4 3,32 + 25 = 953 kH.

Pa3znuia B 3HaucHUSIX M, NpU PACCMOTPEHHMH JICBBIX M MPaBBIX
CHJI BO3MOXHA U3-3a OKPYIJICHHU BEINYHH OITOPHLIX PeaklMil ¥ pac-
CTOSTHMSL X.

Ha Ttom xe npumepe nokaxem nocrtpoeHue smwop O, n M, npy-
r'aM criocoGoM, KOTOPBI Ha3bIBAETCSI «II0 yyacTKam». OIOpHEBIE pe-
akouu OajkKy onpelesieHbl. banky pas0fuBaeM Ha ISITh YYacCTKOB, B
KaXIOM M3 KOTOPHIX TpoBedeM ccueHus Oanku. [Ipu omnpeneneHumn
ycunui Ha yudactkax I, II m III O6ynem paccmarpuBaTh JIEBYIO 4acThb
Ganky, a Ha ydacTtkax IV u V — TpaByio 4acTh, Tak Kak B 9TOM CIy-
yae ypaBHEHMS IS ONpeneNeHUs ycunuidl 6ymyT mpoie (puc. 15, 2).

Crpoum smiopy Q.. [nst aToro onpenenuM 3aKOH H3MEHEHUS TIO-
TIePeYHON CUIIBl ISl KaXA0TO y4yacTKa.

Yyactox I IlpoBemem Ha 3TOM y4yacTKe ceueHue 1-—1 Ha pac-
CTOSTHMM X; OT JICBOH OIIOPHI, IMIPUYEM X; MOXET NPUHUMATH 3HaJye-
Husg ot 0 mo 1 M, 7.e. 0 < x; <1 m. [TonepeuHas cuia B cevenyn 1 —1

0, =-F.

Ha Bcem yvactke smiopa (O, — npsaMas JUHHS, [TapauieibHas OCH
a0ciyce, coBNajamwlleil ¢ ocblo Oanku. B 3ToM MOXHO ybenuThCs,
OTPENICTIUB MOTIEPEYHYIO CHUIY P IPAHWYHBIX 3HAUCHUSX:

npu x; =0 0,,-0 = ~15xH;
npu x, =1m Q,,-1 =-15kH.

Yuactoxk II. [Iposenem ceuenuve 2—2 Ha pacCTOSIHHUU X, OT Jie-
BOTO KOHIIA Ganku, npuueM 1 M < x, < 2 M. [TonepeyHas cuna B 3TOM
CEYECHUU

.Qx2 =-F -g(x, - 1).

Dmopa O, Ha 3TOM YYacTKe — MpsMas JUHHS, HAKJIOHEHHas K
ocu abcumcc. Ee MOXHO NOCTpOUTh MO ABYM TOYKAM, COOTBETCTBYIO-
UMM TPAHHUYHBIM 3HAYEHUSIM X,:

Ipx X, = 1M Q,,-1 =-15-20(1 - 1) = ~15kH;
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mpu x, =2 0, _, =-15-202 - 1) = -35kH,

Yyactoxk III. Tiposenem ceuyenme 3 —3 Ha PaccTOSSHUM X3 OT
JIEBOTO KOHIa Oanku, mpudeM 2 M <Xx; <7 M. Ilomepeynas cuna B
3TOM CEUESHUH

0., =-F-q(x; -1 +V,.

Bmopa @, Ha 3TOM y4acTKe -— MpsiMas JuHusL. OnpeneauM 3Ha-
YeHHUS MOTNEPEYHON CHJIBI /i1l TPAHUYHBIX 3HAUCHMIA X;:

IpU X5 =2M Oypen =—15-202 - 1) + 1086 = 73,6 xH;
mpu Xy =7M Q. ., =-15-20(7-1) + 1086 = -26,4xH.

VYVuactok IV. IIposenem ceyeHue 4—4 Ha pacCTOSHMU X; OT
NIpaBoro KoHua Ganku, mpuyeM 1,5 M < x; < 3,5 m. [omnepeunasa cuna
B 9TOM CEUCHHUU o

i

0., =-Vs.

Omiopa @, — npaAMasd, napajueibHas ocu abcuuce. [lposepum
3T0, TIONCTARUB B BhIpaxeHue AN (J, TPaHUYHEBIE 3HAYCHUS:

upu x, =1,5M 0,,-15 = —264xH;
mpu x, =35M 0,,-35 = —264kH.

Yyacrtox V. Ilposenem ceueHMe 5—5 Ha paccTOSHHUM X5 OT
npaBoro KoHua Gankwu, npudeM 0 < x5 < 1,5 M. llonepeunas cuna B
sToM cevennn O, =0, ormiopa coBmajaer ¢ HyJICBOW JMHUEH TpU
x5 =.0. Benuyuna : :

Oye0 =05 mpux; =15m Q, ;5 =0.

ITo HalmeHHBIM 3HAYEHUSAM cTpoMM 31I0py O, (eM. puc. 15, 6).

Crpoum smopy M,. JIJis 3TOr0 ornpeaenuM 3aKOH U3MECHEHHMS W3-
rubaero MOMEeHTa Ha KaXIOM y4acTKe.

Yuactox [, ceyenme 1 -1, 0 <x < 1M M, =-Fx .

Dmopa M, Ha 5TOM y4acTKe — TIpSMasi TUHHSI, KOTOPYIO MOXKHO
TIOCTPOUTH 10 ABYM 3HAUCHUSIM:

opu x; =0 M, =-15.0=0;
npu x; =1 M M,  =-15-1=-15kH-m.
Yaactox II, ceuenne 2—2, 1 M < x, <2 M
M, =-F x5 -q(x, -1)* 2.
Dmopa M, Ha 5TOM y4acTKe IpeacTapisier coboil napabony.

Iloctpoum ee, TIOACTaBUB B BRIPaXeHUE I M, TpaHUYHbIE 3HA-
YeHHS X! »
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2001 - 1? _

Ipu X, =1M M, _ =-15-1- -15xH- m;

\ ‘ Y
IpH X, =2M Mx2=2 =-15.2 _M

=-40xkH- M.
ITockonbky smiopa O, Ha TOM Y4acTKE He IepeceKaeT HYJIEBYIO
JIMHUIO, TO 21iopa M, He Oymer UMETh SKCTPEMYMa U €€ MOXHO IIO-
CTPOMTE I10 ABYM TOYKAM.
VYVuactox I, ceuenue 3—3, 2 M < x; <7 M;

M, =-F x;-q(x; -D2/2 +V, (x, -2).

X

Omiopa M, Ha 3ToM yyacTKe IpeicTaBisieT coboir mapabomy. ITo-
CTPOMM €€, IOACTAaBUB TPAHWYHbIC 3HAYCHWS:

_ 1\2
Pk X, =2 M MXFZ=—15-2-30(2—2i+108,6(2-2)=,
=-40kH- m;
N2
apu x5 = 7M Mx3=7=—15-7—&%—-1)—+108,6(7—2):

=78kH- M.

ITockonbky amiopa (0, Ha DTOM Y4aCTKe NepeceKaeT HYNEBYIO JIM-
HUIO, TO 3Mmopa M, TOMKHA MMETh IKCTpeMyM. IS ompeneneHus
TIOJIOXKEHUST CCUeHUS TTPUPABHACM IEPBYIO TPOM3BOIHYIO 3aKOHa 13-
MeHeHus M, HymIo:

dx,

HIn
F-q(x, -1+ ¥, =0.
HOlICTaBI/IM YHUCIIOBBIC 3HAYCHUS.
~15-20(x, — 1)+ 1086 = 0,
OTKy/a

%, = ~15+ 22(z)+ 1086 _ 568,

T.€. 9TO CCUYCHUEC PACIIOJOXKEHO HA PACCTOSIHUUA .

X, =568 -2 =368 M or onopsl A
U3rubaroumuii MOMEHT B TOM CEYSHWH

20(5,68 —1)*
2

M, s =—15-568- +108,6(568 — 2) = 95,4 KH-m.
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Yyacrokx IV, ceuenne 4—4, 1,5 M < x, < 3,5 M
M, =M+Vy(x, -15).

- X4
Bmopa M?C Ha 3TOM y4acTKe — MpsAMast JUHUS:
npu x, =15m M amls = 25+264(1,5-1,5) =25xH- M;

X,

IpH x, =35M M, ;5 =25+264(35-15)=78xkH- M.

X,

~Vuacrtoxk V, ceyenne 5—35, 0 < x5 < 1,5 m; M, =M,

npu x; =0 M, _, =25kH- m;
npu x5 =1,5M M, s =25kH-m
Ilo HalineHHBIM 3HAYEHWAM CTpOMM 2mopy M, (cM. puc. 15, 6).
pumep 12. HoctpownTts smiopsl O, U M, mia Ganku, uzobpaxeH-
HOIi Ha puc. 16, a.
_ Pemenue. 1.  Onpedeaum onopHsie peaxyuy W3 ypaBHEHHUIA:

I)ZMA =0; 2)ZMB =0.
M3 nepporo ypasHeHusl Haxonum Vjp:

M+q2(c+d)(a+b+c+d)—VB(a+b+c)+F(g+b+c+d)=0

NI /
20+15-45-475-V, 6+5-7=0,

onpa v, < D15 A4S 475457 00y

6

W3 Broporo ypaBHEHMSI HAXOIUM

VA(a+b+c)—q]2a(c+b+a)+M—qz(c+d)(c+d~a’)+Fd:O
1501050

V,6-10-3-6+20-15-45.1,25+5-1=0,
orkyna ¥, _10-3.6-20+15-45-125-5-1 - 399 kH.

6
* BHITOJHUM IIPOBEPKY
NY=V, +Vy+q2a-q,(c+d)- F=0
176071 \
399+625-10-3-15-45-5=0,
otkyna 102,5 - 102,5=0.

2. Ob6osnauum xapaxmepuste mouxy 6asku C, A, D, E, B, K.
3. Onpedeaum nonepeunbvie Cunbl @ XAPAKMEPHHIX CEHEHUSX
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gy =10kH/M 3= 20kH - m g, = 15xkH/m

TR, Y
At E B

D

/2

a:l,Smta=1,5Mb=ly c=3,5M t d=1wm

] 4]

¥, = 62,6 xH

1

V,=39,9xH

24,9xH 20 xH
i 9,9 xkHjL
9,9 xH el
3. Q, 0 R K

e 48,03kH - m
8
Puc. 16
Qc = O’

Qi® =-gqa=-10-15=-15xH;
OP® =~-qa+V, =~15+399 =249«H;
0, = 0™ -q,a =249 ~15-3 = 99xH;

O =0, =99kH;
3 =0p —q,c=99-15-35=-42,6xH;

F=5xH

K .
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QI = QI 4V, = - 42,6+ 62,6 = 20xH;
QN g =20-15-1=5kH.

CoeiMHUM TIOyYEHHbIE 3HAYEHVST TIPSIMBIMM JIMHUSIMM (pHc. 16, 6)
¥ nonyauMm smopy Q.. Bmopa O, Ha yJacTke EB Tiepecekaer HyJIEBYIO
nuHmo. Onpene/ M IMOMOKEHHE TOYKHM, B KOTOPOl IIPOMCXOOUT 3TO Tie-
peceyeHue, u3 moxooust Tpeyronbuukos HRL n HNS

Xo/35 =99/52,5,

99-35

= 0,66 M.
52,5

OTKYAA X, =

DTO ceyenye CUUTACTCA TAKKE XapakTepHbiM s omop O, u M,.
4. Onpedenum uzzubaroujue MOMEHMbL 8 XAPAKMEPHLIX MOYKAX .

M. =0,

M, =~qaaf2 =-10-15-075=-1125kH M;
Mp® =-q2aa+V,a=-10-3-1,5+399-1,5=149xH m;

MP* = Mp™ + M =149 + 20 = 349kH- u;

My =-q2a(a+b)+V, (a+b)+M=-10-3-25+
+399-25+20=448xH- ™m;

M, =-g2a(a+b+x))+V, (a+b+xy)+ M—q,x.x,/2 -
=-10-3-316+399-316+20~15-066-033=4803kH- M;

M, =Fd ~q,dd]2 =-51-15-1-05=-125kH " M, paccMoTpeHa
nipaBasi 4acTb 6anku; M =0. '

Ilo Ha¥igeHHBIM 3HAYEHUSIM CTPOMM 3IIopy M, :

yuactok CA — amiopa M, npexncTtapisier co0oil mapabony, Tak
KaK 3TOM y4acTke HeWCTBYET pacrpenesieHHas Harpyska. Ho mapa--
0oma He MMeeT BKCcTpeMyMa (BeplIMHEL), TaK KaK smiopa (O, He Te-
PECCKAET HYJIERYIO JUHUIO MexXxay ToukamMu C u A;

y4yacToKk AD — T1OoxXe tapabosa, CoemmHAILAs 3HAYeHUsT M, =
=-11,25 xH -Mmu M}*"= 14,9 xH - v;

yyacTok DE — smiopa M, — npsmasi TUHUS, COSMUHIIONAst 3Ha-
yenua M ;P =349 xH -Mmu M, =44,8 xH - M;

yyactrok EB — smiopa M, — napa0Oona ¢ BEpIIIMHON Ha pacCTOSTHIH
Xy = 0,66 M or Toukn E. CtpouM ee no TpeM Toukam: M, = 44,8 xH - M,
0 E >

M, =48,03 kH M1 M, =-12,5 kH - m;
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yyacTox BK — smwopa M, — napabona, MOCTPOCHHAS MEXIy 3Ha-
ueHuaMu M, =-12,5kH -mMmu M, =0.

Crtpoum amopy M, (puc. 16, 8).
TIpoBepuM 3HaueHWe M, B TOUKE, PacIONOXCHHON HA Paccrosi-
uuy x; = 0,66 M npasee Touku E. PaceMoTpum mpaBylo 4acTh Ganku:
c—xy+d

Mx0 =—q,(c - x, +d)[ 5
+d)=-15-384-192 +62,6-2,84 - 5-384 =480kH " M.

)+VB(c—x0)—F(c—x0+

3aganue MIA caMOCTOATENBHOM padoThl 6. [Toctpouts smopel O, U My
No JaHHBIM OMHOTO M3 BapHaHTOB, IMOKAa3aHHBIX HAa pHC. 7.

2.4. Onpenenenue JMOMYCTAMOTO 3HAYEHUS
HEHTPANBHO-CKHUMAIOIEH CHIBI

1. Onpedeasrom geauuuny pacuemrnozo cONpPOMUGACHUS Mamepuald
Ha cxcamue R, XaK NpaBuiio, 110 CHPABOMHUKAM UM CTPOUTETHHBIM
HopMaM. [IJ1g peleHus 3amady cCaMOCTOSTeNIbHOR paboThl MOXHO BOC-
noab3oBaThest npua. VIIILL

2. Haxodsm naouwade nonepeunozo cevenus A cmouxu.

B 3amanuy o1st caMOCTOSTEILHOM paGoThl 3aMaHbl pa3Mephl ceye-
HUS WX THII M HOMep nOpoduiis MpoKaTa, MO KOTOPBIM Y HAXONST
HJIOIIAAb CeYyeHNs.

3. Onpedeasiom Koad)gbuuueum npoooasHO20 Uzeuba ¢ 6 credyroujem
nopaoke:

a) BHa4aje OIpelnesiioT paC‘{CTHY}O (o eKTUBHYIO) JIMHY
CTEPKHS

lef = l"llﬁ

roe u — xoadduienT IpUBEAeHUS JUIMHBI, KOTOPHIA 3aBUCUT OT
crocoba 3akperuieHust KOHIOB cTepXKa (cum. mpwr. I11); / — reomer-
puUecKas AJIMHA CTePXKHS;

0) MOTOM ONIpEAE/IAOT MOMEHTH MHepUMu cedyeHusd Jy u J, OTHO-
CHTEIBHO TJIABHBIX LEHTPAJIBHBIX oceil. (DOpMYIs! I OTIpeae/IeHHA
MOMEHTOB MHEPIHU IPOCTHIX TeOMeTPUYECKUX DUTYp OTHOCUTEIbHO
COOCTBEHHBIX OCei MpHBeAeHB B npuia. II. MOMEHTB MHEpUUH IIPO-
¢duneit mpokaTa npusenensl B TOCTax (cMm. mpui.