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BBEJAEHHUE

VYyebHas nporpamma «TexHuueckas MEXaHUKa» IMPETyCMaTPUBAET H3Y-
YeHue OOIIMX 3aKOHOB JBHKEHHSI M PAaBHOBECUS MaTEPHAIbHBIX TEJl, OCHOB
pacyera 3J€MEHTOB KOHCTPYKIIUU HA MPOYHOCTh, KECTKOCTh U YCTOMYMUBOCTb,
OCHOB MPOEKTUPOBAHUA AeTane U COOPOUYHBIX €AUHUI] MAIIUH U COCTOUT U3 3
OCHOBHBIX Pa3/IEJIOB: TEOPETUUECKON MEXAHHUKHU, COITPOTUBIICHUS MAaTEPUAIIOB U
JIeTaJICh MaIlIUH.

Teopernueckass MexaHUKa HapsAy C MaTeMaTUKOW U (DU3UKOM MMEEeT
OonpiIoe 001Ie00pa3oBaTeIbHOE 3HAYEHUE, SIBIIAACH HAydyHOM 0a3oi coBpe-
MEHHOW TEXHUKH, OCHOBOW JPYTrMX YYEOHBIX TUCLUUILIAH, HEOOXOIUMBIX MH-
KEHEpaM.

I'maBHast 3ajaya pasjena TEOPETUYECKOW MEXaHUKU — OOydeHue HamOo-
jee OOIIKUM MPHUHIMIIAM PABHOBECHS U JBUKECHUSI MEXaHUYECKUX CHUCTEM, 00Y-
YEHHUE METO/IAM U aHAIIN3y WHXKEHEPHO-TEXHUYECKUX 3a/1a4.

Kak onHa u3 BaxHeHMnX (pU3NKO-MEXaHUYECKUX JUCIUILIMH TEOpEeTuYe-
CKasi MEXaHWKa UTPAET CYIIECTBEHHYIO POJIb B MOJATOTOBKE MHKEHEPOB JHOOBIX
crienranbHOCTEM. Ha OCHOBHBIX 3aKOHax M NMPUHIMIAX TEOPETUYECKOU MeXa-
HUKU O0a3upyrOTCsi MHOTME OOIIEHHXXEHEPHbIE TUCUUIUIMHBI: CONPOTUBICHUE
MaTepHaloB, CTPOUTENIbHAS MEXaHUKA, TUAPABIIMKA, IETAIU MAIlUH U JIp.

ComnporuBieHrne MarepuaioB — HAyKa, 3aHUMAIOIIASICA BOIPOCAMU IPOY-
HOCTH, JKECTKOCTH U YCTOWYHUBOCTH YaCTEW PA3IMYHBIX COOPYKEHUN U MAIIIVH,
BXOJSIIAsi COCTAaBHOW YacThl0 B HAyYHYIO AUCUHUIUIMHY «MexaHuka aedop-
MHPYEMOT'O TBEPAOTO Tenay. [Ipu MpoeKTHpOBaHWUM PaA3IMYHBIX WHKEHEPHBIX
COOPYKEHHU ITPUXOJUTCS OIPENEIATH Pa3MEPBI OTIAEIbHBIX AJIEMEHTOB KOHCT-
pyKIMH. OTa 3a7a4a pelaeTcs Ha OCHOBE PACYETOB, LIEIb KOTOPBIX — CO3/IaHUE
JOJITOBEYHOTO M1 DKOHOMHYHOTO COOPYKEHHS.

OCHOBHBIE IOHATHS CONPOTUBJIEHUS MAaTEPUATIOB OMUPAIOTCS HA 3aKOHBI
Y TEOPEMBI TEOPETUUECKOW MEXAHUKH U B IIEPBYIO OYEPEb HA 3aKOHBI CTAaTUKH,
0e3 3HaHUS KOTOPBIX M3YyUYEHHE JIAaHHOTIO MPEAMETa CTAHOBUTCS MPAKTUYECKU
HEBO3MOKHBIM.

B ornumume OT TEOpPETMYECKOW MEXAHHWKW CONPOTHBIIEHUE MAaTEPHUAIIOB
paccMaTpuBaeT 3a/Jaud, IJie HauboJiee CYIIECTBEHHBIMU SIBIISIIOTCS CBOMCTBA
nedopMUpyeMbIX TeJl, a 3aKOHbI JBHKEHHS Tejla KaK >KECTKOTrO LEJIOr0 He
TOJBKO OTCTYNAKOT HAa BTOPOM IUIAH, HO B PSAE CIIy4acB SIBISIIOTCS MOIMPOCTY
HECYIIECTBEHHBIMH.

ComnporuBieHrne MaTEpUAIIOB UMEET LEBI0 CO3aTh IPAKTUYECKH ITPUEM-
JIEMBIE TIPOCTHIE MMPUEMBI PacueTa TUITUYHBIX, HAU0O0JIEEe YaCTO BCTPEUYAIOIIUXCS
AJIEMEHTOB KOHCTpYKIMi. HE00X0IMMOCTh JOBECTH PEIICHUE KaXA0M MPAKTHU-
YECKOM 3aJ1auyr JO0 HEKOTOPOTO YMCIIOBOTO PE3YyJbTATa 3aCTABISET B PANE CIIy-
yaeB npuderaTh K ynpouaroyM r'MrnoTe3am — IpeArnoa0KeHUsIM, KOTOPbIE OIl-
PaBABIBAIOTCS B NJAIBHEHNIIEM ITYTEM CONOCTABIIEHUS PACUETHBIX JAHHBIX C JKC-
IIEPUMEHTOM.



KoHcTpykius cuutaercs IpoYHOM, €Clii pa3Mephl KaKJ0ro €ro 3JIeMEeHTa
BBIOpAHBI TaK, YTO CIIOCOOHBI BOCHPUHUMAThH 33/IaHHYIO Harpy3Ky, HE paspy-
1I1a5ICh C Y4€TOM HOPMAaTUBHOIO BpeMeHHU. KEeCTKOCTh KOHCTPYKIIMM 00ecTeun-
BaeTCsl, €CJIM MOJ ACHCTBUEM 3aJaHHOW BHEUIHEW Harpy3kud neopManuud He
MIPEBBIMIAIOT IOMYCTUMBIE TTpUAebl. KOHCTpYKIMS cUUTaeTcs YCTOMYMBOM, ec-
JIM OHA COXPAaHSET MEePBOHAYAIBHYIO (JOPMY YIIPYTOro paBHOBECHS MPHU ACHUCT-
BUM BHEIIHUX HArpy3oK. B OCHOBY METOAOB pacueToB Ha MPOYHOCTb, KECT-
KOCTb U YCTOMYMBOCTH IOJOKEH TJIABHBIM METOJl CONPOTUBIICHUS] MaTepua-
JIOB — METOJ| CEYECHU.

OBIIUE TPEBOBAHUSA BBIIIOJTHEHUA KOHTPOJILHON
PABOTbI

B mponecce wm3yuenus kypca ‘““TexHnmueckas MeEXaHMKA CTYACHTHI-
3a0YHHUKH BBINOJHAIOT OJIHY KOHTPOJIbHYIO paboTy. Homepa 3a1ay, Bxoasuue B
KOKIYI0 KOHTPOJIbHYIO palOOTy MO CHEIUAIbHOCTSIM, ONPEAEIsIeT MPernoaBa-
Tenb. IcXoaHble JaHHbIE 1S BBIMOJHEHUS KaXKI0M 3a7a4M CTYICHThI BEIOMpA-
IOT B COOTBETCTBHM CO CBOMM yueOHbIM mmmdppom. udpom cuurtarorcs tpm
nocJjieqHue ero uudpsl, Harpumep, ecau mwudp 1056, To yueOHbIM HIPpOM
oyner 056. Eciu mudp aBy3HauHbld, Harpumep 32, To ciaeayeT 32 3amucaThb
nBax bl (3232) u B3ATh Tpu nociiequue uudpsl 232. Kaxnas Tadbiniia BapuaH-
TOB pa3jieieHa Ha TpU 4YacTH. J[Ji moydeHus: UCXOJIHBIX JIaHHBIX HAJ0 BBIIU-
caTh M3 TaOJMLBI TPU CTPOYKHU: OJHY, OTBEUAIOIIYIO MEpBOM HuUdppe mudpa;
BTOPYIO, OTBEUAIOIIYIO BTOPOM (cpeaHeit) mudpe, U TpeThlo, OTBEUAOIIYIO MO-
cinegHen — Tperbe mudpe mudpa. Padornl, BHINOJIHEHHbIE ¢ HAPYIIEHUEM
3THUX YKa3aHMii, He 3aYMTHIBAKTCH M BO3BPALIAIOTCA 0e3 paccCMOTPEHMUSsI.
Hanpuwmep, B 3anaue 1 no mudpy 056 crnexyer B3saTh 11 pacuera cxemy VI,
Besmunny ycunusa Py = 10 kH, yeunus P, = 34 xH.

Howmepa 3amad, BXOJAIMX B COCTaB KOHTPOJIBLHON PadOTHI JJIsl CTY/I€HTOB
3a04HOI (hOpMBbI 00YUEHUS NIPUBEICHBI B TAOIUIIE.

HOMepa 3agdav 1Jisl CTYI€HTOB cnenuaJIbHOCTEH

M AM T,9, K
Bce kpome 3, 12 1-12 1,4,5,6,8,9,10

He cnenyer npuctynarh K BBIIOJHEHUIO KOHTPOJIBHBIX 33/IaHUM, HE U3Y-
YUB COOTBETCTBYIOIIErO paszfena Kypca. HecamoCTOATENIbHO BBINOJIHEHHBIE
KOHTPOJIbHBIE pa0OThI HE TAIOT BO3MOXKHOCTH MPENO/1aBaTENI0-PELIEH3EHTY BO-
BpEMs 3aMETUTh HEJOCTATKU B pabOTe CTylIEeHTa-3a04HUKA. B pe3ynbrare cry-
JEHT HE MpUOOpeTaeT HEOOXOIUMBIX 3HAHUN M OKa3bIBAETCS HEMOJArOTOBJICH-



HBIM K 7K3aMeHy. Bce KOHTpOJIbHBbIE pa00ThI 00513aTEJIBLHO MOAJIEKAT 3ALU-
Te B YCTAHOBJICHHOM IOPSIAKe.

B 3arosioBke KOHTPOJBbHON pabOThI JOHKHBI OBITh YETKO HAIMCAHBI: HO-
Mep KOHTPOJIBHON padOoThl, HA3BAHUE TUCLUUILIMHBI, (paMuiIns, UM U OTYECTBO
cTyjAeHTa (ITOJTHOCThIO), Ha3BaHUE CIIEMATIbHOCTH, YU€OHBIN U Q.

KouTpoJibHbIe padoThl, BHINOJHEHHbIE HE B COOTBETCTBUM C JAHHbI-
MU METOAUYECKNMU YKA3aHUSIMH, NIpenoJaBaTesieM He peleH3UuPYyOTCS.

Kaxnyro KOHTpoJibHYIO paboTy cieayeT ohopMisiTh B 0COOOM TeTpaau
WM Ha Juctax (popmarta A4, noMmelieHHbIX B o0muil ¢aitn. Tekct paboThl BbI-
MOJIHSIETCSL YEPHUJIAMU WM MMAaCTOM YEPHOTO, CHHETO WJIU (POJIETOBOIO IIBETOB
YETKUM IIOYEPKOM, C MOJISIMUA 5 CM Ul 3aME€YaHui peleH3eHTa. Pacnmeyarka
TEKCTA KOHTPOJIbHOM padoThl HA IPUHTEPE He A0y CKAETCS.

[lepen pemeHreM 3agaun HEOOXOIUMO MOJHOCTHIO 3aIIUCATh €€ YCIOBUE
Y YHCIICHHbIC 3HAYECHUSI UCXOAHBIX AaHHBIX. [lepen kaxmoi pacueTHol omepa-
el HeoOXOJMMO JaTh KPAaTKOE IMOSCHEHHE CMBICIIA W IMOCJIEA0BATEIIbHOCTU
BBINIOJIHEHMST JAHHOrO 3Tamna pacuera. IlpucTynas K BBIINOJHEHUIO KaxKIOTO
IIyHKTA pacyera, CaeAyeT UMETh B BUY, YTO HEKOTOpbIe OyKBEHHbIE 0003Haue-
HUS BBEJICHBI JIUIIb KaK UCXOAHBIE TaHHbIE. Bce pacuersl TOMKHBI BBITOIHSATh-
Csl ¢ COOJIFOICHUEM TTPaBUJI TPUOJIMKEHHBIX BBIUACIECHUN C TOYHOCTBIO JI0 JIBYX
uudp nocie 3ansaTo, kpome 0cod0 OroBopeHHBIX ciydaeB. [Ipu odopmieHun
KOHTPOJILHOU paboThl B 00SI3aTE€ILHOM MOPSJIKE HEOOXOIUMO YKa3bIBaTh pas-
MEPHOCTh BCEX BEJIMYMH.

Yeprexxku B paboTe AOIKHBI OBITH BBITIOJHEHBI AKKYPaTHO, KapaHIalloM
WJIM YEpHOM PYUYKOM, B BBIOPAHHOM MaciiTade, ¢ MOMOIIbI0 YEPTEHKHBIX UHCT-
PYMEHTOB. XapaKkTepHbIE OPJIMHATHI SMIOP U TPAPUKOB, OCH U JPYrUe€ BEIUUU-
HbI PEKOMEH]IYETCS BBIJIEATh LIBETOM, OTJIMYHBIM OT OCHOBHOr0. Ha ueprexax
CJeyeT MPOCTaBIATh KaKk OyKBEHHBIE, TaK M YHUCIICHHbIE 3HAYEHUS] Pa3MEpOB,
HAarpy30K U peakiyu omnop.

[To moxyyeHnH MPOBEPEHHOM KOHTPOJIBHOW paOOThI CTYAEHT JOJIKEH MC-
MIPaBUTh B HEMl BCE OTMEUYEHHBIE OIIMOKM W BBIMOJHHUTH BCE CHCIAHHBIE €MY
ykazaHud. [Ipy ucnpaB/ieHUN KOHTPOJIbHOW pPadoThl He pa3pemiaercs CTH-
pPaTh BONPOCHI U 3aMeYaHUsl, cleJIaHHbIe npenogaBarejseM. OTAebHO OT
padoThl HCHIPABJIEHUS He paccMaTpuBaloTcs. VcripaBiieHHbIE KOHTPOJIbHbBIE
paboThl OTCHUIAIOTCA ISl IOBTOPHOTO peleH3upoBanus. [loiHOCThIO HCTIpaB-
JIEHHBIE pa0OThI TIOMYCKAIOTCS K 3aIlIUTE.



3agaua 1.

Crepxxuu AB u CB coenuHeHsl mapHupoM B, Ha oCh KOTOPOro JEWCTBYIOT
nBe Harpy3ku P; u P,, kak noka3ano Ha pucyHke 1. Kpennenuns crep:xkHeil B Toukax A
u C mwapaupHbie. OnpenenuTh YCUIUs B CTEPKHAX U MOJ00paTh MONEPEUHOE ceue-
HUE B CTEPXKHSAX B BUJE JBYX paBHOOOKHX yroskoB mo 'OCT 8509-72 u3 ycnoBus
IIPOYHOCTH TPU PACTSKEHUH-CKATUU. CXEMBbl HAarpy»XEHHUU CTEp)KHEW B 3ajayax U
quclioBble 3HaueHus cui Py u P, 11t cBoero BapuanTta B3sTh U3 TaOIUIIBI 1.
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Pucynok 1. CxemsI k 3amaue 1



Tabmuna 1. MUcxoaarle nanuble K 3agaue 1.

IlepBas nugpa Bropas ungpa Tperbs uugpa
Ne cTpoku mugppa mugppa mnppa
P, (xH) P, (xH) Homep cxembl
0 10 14 10
1 20 16 1
2 30 18 2
3 25 22 3
4 35 23 4
5 15 34 5
6 23 27 6
7 34 32 7
8 26 40 8
9 28 36 9
3apaua 2

MexanuaMm cocTOHT H3 CTyneHYaThiX Kosec /—3, HAXOASIIMXCA B 3a-
LEeMnJeHHH HJH CBA3aHHLIX peMeHHOH nepepauel, aybuaroil peiku 4 u rpy-
3a 5, NpHBS3AHHOTO K KOHILY HHTH, HAaMOTaHHOH Ha OJHO H3 KOJec
{puc. 2 , Tabn. 2). PagnycH cryneHefi Konec paBHbl COOTBET-
CTBEHHO: y Kojleca [ —ri=2 cM, Ri=4 cM, ¥y Koaeca 2 —ra =6 cm,
Rz=8 cM, y Koneca 8—r3=12 cM, R;= 16 cm. Ha o6onbax
KoJlec pacnojomedn Touk A, B u C.

B croa6bue «llaHo» TaGAHIN YKa3aH 3aKOH /IBHIKEHHS HJIH 32KOH H3Me-
HEHHAI CKODOCTH BEAYILEro 3B€Ha MeXaHH3Mma, rae ¢,(f) — 3aKoH BpallleHHA
Koneca I, s54f) — 3akoH nBHKeHHA pefiku 4, wyf) — 3aKOH H3MEeHEeHH:
Yri0BOH CKOpPOCTH Kojieca 2, vus(f) — 3aKOH H3MEHEeHHs CKOPOCTH rpysa &
H T.4. (Beafe ¢ BbIpaXeHO B paaMaHax, § — B CaHTHMeTpax, { — B ce-
KyHaax). [lonoxuresbHoe HanpapjieHHe AJIS ¢ M @ [POTHB XOJa YacoBOH
CTPENKH, ANHA Sy, S5 H Us, Us — BHH3,

Onpenenute B MOMEHT BpeMeHH [y = 2 ¢ ykasaHHele B Tabauue
B cronibuax «HaiTh» ckopoctd (v — JAHHEHHHE, @ — YIJIOBLIE) H YCKOPEHHS
(@ — suHelinble, & — yrJaOBble) COOTBETCTBYIOUIMX TOYEK HJAH Ten (vs —
CKOpPOCTb Ipy3a & u T. 4.). '



Pucynok 2. Cxemsl k 3a1aue 2.
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Tabmuna 2. McxoaHple TaHHBIE K 3a1a4e 2.

MMepras nudpa mudpa Bropas nudpa mudpa ;12;1;:
nmdpa
e
Hafttu
Jauo Homep
CHEME
CKOPOCTH YCKOpPEeHHs
1] 53 = 4(';‘;f—t2) vg Ucr €2, A4, as 0
I Uﬁzﬂ(é —3) Uy, U g3, Qp, Q4 I
2 1 = 2*—9 Uy, W3 €2, dc, Qs 9
3 | e2=Tt—3¢ Us, @3 €2, Ga, Qs 3
4 Pa=3l—1 ) U, O €1, s, as 4
5 o 512_21 Us, Us g2, Q¢, Q4 5
6 q}gﬁﬂ{g —-3:} e, @ ey, Qc, Qs 6
7 vy = 3{2 —8 Vs ©3 en a5 a 7
8 §5 = 2f —512 Us, ©o £l Qo a 8
| 9 w3 = 8 — 3¢ Us, Up g2, QA ay 9
3agaua 3.

Mexanunyeckaa cHcTeMa COCTOMT M3 rpysos [ H 2, crynesyaroro
WwKHsa J ¢ paguycaMH cryneHed Ra= 03 M, ra=10,1 M H paanycom
HHePUHH OTHOCHTENLHO OCH BpameHua p; = 0,2 M, Gaoka 4 paguyca

R¢=02 ™M wu xatka (uaM nomBmxuoro OGaoka) 5 (puc. 3,
Taba. 3 ); Teao 5 CUMTaTh CRMOWIHBIM OAHOPOAHLIM LHIHHIPOM,
a maccy 6J0Ka 4 — paBHOMEPHO pacnpeneleHHol Mo o6ony. Kosppuuuenr
TPpeHHdA rpy3os o naockocts [ = 0,1. Teaa cucrembl coeiHHeHb APYT ¢ opy-
roM HHTAMM, NEpPeKHHYTHIMH uepe3 O/IOKH H HAMOTAHHBIMH Ha WIKHB J
(HIH Ha WKHB H KAaTOK); Y4acTKM HuTeil mapaifelbHbl COOTBETCTEYIOHLHM
niocKocTsM. K 0QHOMY M3 Tea mpHKpenJeHa NpyKHHAa ¢ Ko3dPHUHEHTOM
MECTKOCTH C.
Mox neficrauem cunbi F = f(s), saBucsiuleil OT nepeMellenns s TOUKH
€€ TNPHAOXKEHHA, CHCTeMa MNPHXOAHT B [ABHIKEHHE H3 COCTOSHHA TMOKOS;
Ae(opMalHs NPYMHHL B MOMEHT Hauana ABHKeHHs] PaBHA uymio. I'lpu nBu-

MEHMN Ha IKUB J AeHCTBYeT NOCTOSHHbLIA MOMeHT M CHa COmpoOTHB/AeHUs

(oT TpeHHA B MORIIHMHHKAX).
Onpeneauth 3HAUCHHE HCKOMOH BEJHYHHbLI B TOT MOMEHT BpeMCHH,

KOrda NepeMelleHHe s cTaHeT pasHbM s; = 0,2 M. Hcekomad BeqIHUHHA
ykazaHa B cronbue «HalTu» TaGAHLE, rae 0603Ha4YeHo: Uy, Uz, Ugs — CKO-
poctH rpysos [, 2 ¥ ueHTpa macc TeJa 5 COOTBETCTBEHHO, w3 H @y —

YIJIOBble CKOPOCTH Teld § H 4.
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Bee xaTkKu, BKJAlO4afd H KaTkH, OOMOTaHHbie HHTAMH (KaK, HamphHMmep,
KaToK & Ha PUC. 2), KATATCA MO MJAOCKOCTAM §€3 CKOMbXKEHHS.

Ha Bcex pucyHKax He H306paxaTb Cpy3 2, eCaH g = (); ocTajbHble
Tesa AOMKHB M306paKarbesl H TOMAAd, KOrjia HX mMacca pasHa HYJIO.

Ykazauua. 3ajgaua 3 — Ha NpHMeHeHHe Teopembl 00 H3MEHeHHH
KHHETHUecKof 3Heprud cucrembl. Ilpn pewrenun 3ajaud y4ecTh, HTO KHHETH-
yeckana aHeprua T CHCTeMbl papHa CyMMe KHHETHUECKHX 3Heprui Beex
BXOLALIMX B CHCTEMY TeJ; 9Ty YHEPrHio HYXKHO BHIpa3uTh Uepes Ty CKOpOCTbH
(AHHEHHYI0 WK YIJOBYIO), KOTOpPYIO B 3ajaue Hal0 ONPEeAeTHTh. Mpu BLI-
ypcsenud T AAS YCTaHOBJEHHS 3aBHCHMOCTH MEMHKIY CKOPOCTAMH TOUEK
Tefa, JABHMKYUErocs NJOCKONapaielbHo, HAH MEeXaYy €ero yrA0BOH CKO-
POCTERID H CKOPOCTLIO WEeHTPa MACC BOCNONL3IOBATHLCA MTHOBEHHBIM LEHTDOM
ckopocteil (kuHemaTtHka). [Ipy BhIYHCICHHH pafoTbl Haf0 BCE NepeMelleHHsA
BBIPA3HTh YEpe3 3a4aHHOe MepeMelleHne s, yuTs, 4To 3aBHCHMOCTb MEXLY
nepeMeleHHAMH 3ech GyleT Takoli ke, KaK MEXAy COOTBETCTBYIOUIHMH
CKOPOCTAMH,

Tab6auma 3. Ucxoaublie JaHHBIE K 3a1a4e 3.

Ilepeas widpa umdpa Bropas mipa umdpa Tperea mudpa

Ao Mz, i, ms, . Hontep

my, Kr\ Kr | ma, K[| Kr xr |c,H/m|M,H-M F=f(s), H [Hadru| ..
0 0 6 4 0 ] 200 1,2 80(4 + os w3 0
| 8 0 0 4 6 320 | 0,8 | 50(8+43s v 1
2 0 4 6 0 5 240 | 1,4 | 60(645s) |} v2 2
3 0 b 0 ! 4 300 1,8 | 80(5 - 6s) (4 3
4 ) 0 4 0 6 240 1,2 | 40(94 4s) vy 4
5 0 5 0 6 4 200 {,6 50(7 + 8s) Ucs 5
6 3 0 ) 0 6 280 | 0,8 40(8 + 9s) w3 6
>l ol a |l o 6] 5 [300]15]60(8+5) | 02 | 7
8 4 0 0 5 6 320 i.4 50(9 4 2s) W4 8
g9 0 5] 6 0 4 280 1,6 80(6 - 7s) Ucs 9

11
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Pucynok 3. Cxemsl Kk 3agaue 3.
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3anava 4

K cTanpHOMY Basly IpUJIOKEHBI TPU U3BECTHBIX MOMeHTa: M; M, Mj; (pucy-
HOK 4). Tpebyercs:

1) YcTraHOBUTH IIPU KakoM 3HAUYEHHMM MOMEHTa X Yyroj MOBOPOTa IMPaBOro
KOHIIEBOTO CEUEHHUS Bajla paBeH HYIIIO;

2) Jlns HaiiieHHOTo 3HaUeHUsI X TOCTPOUTH JIIOPY KPYTAIIUX MOMEHTOB;

3) [lpu 3amanHOM 3HAYEHUU [T] OMpEeACNIHTH NUAMETP Baja M3 pacueTa Ha
MIPOYHOCTb M OKPYTJUTh €T0 BEJIMUYMHY J10 ONvKkanield OoibIneil, COOTBETCTBEHHO
pasnoit: 30, 35, 40, 50, 60, 70, 80, 90, 100 mwm;

4) TlocTpouTh AMIOPY YIIIOB 3aKPyUHBAHUS;

5) Haiitu HanGoabIINi OTHOCUTEIBHBIN YTOJ 3aKpyurBaHus (Ha 1 MeTp).

JlaHHbIE B3STh U3 TaOJIUIIBI 4.

A Mgy Mg Mg Xy '
I ;._._(\. ._.{i _._(.\-._._(\- VI ] Mi(% MZC Mf{/ X(
z /C; 2 ; CZX ; a\N o\ ¢\ a \
A "y "eq "5y 1)
7 M M, , M X
II A= F —F=—=F = -1t VII ;_1{ _.2{7_{_.:/{{_._._(
4-«N o N ¢ a A 12 ) c N @
III A My My Mg X4 A4 M4 My My, X,
ettt =—1{ VIl 444
A aN o N ¢\ « A« O N _¢c N _«
v Ay Mes Mg X4 x Al Mo Moy Xy
/._._(. ._.(_ _._(._._._(_ /._._( _._.(_ _._(. ._._(
4 a\ o\ ¢\ « A e o\ ¢\ ¢ N
A S o e S e
[— . r— - s o s - - - /'—' Ll S ] — . ——
j aN o\ ¢ \] a N 4« oY ¢ q

Pucynok 4. Cxemsl k 3a1aue 4

Taomuna 4. Vicxoausle faHHbIe K 3a7a4de 4.

IlepBast uudpa mm¢pa | Bropas uuppa mudpa | Tperbs uug-
pa mudpa
Ne a,m | M, 6, M oM | M,, T, M;, | Homep
kHwm kHm | MITa | kHm | ™
1 1.1 1,1 1,1 L1 | 1,1 35 1,1 I
2 1.2 1.2 1.2 12 | 1.2 40 1.2 1
3 1,3 1,3 1,3 1,3 1,3 45 1,3 111
4 1.4 1,4 1,4 1.4 | 1,4 50 1,4 v
S 1,5 1,5 1,5 1,5 1,5 55 1,5 \%
6 1,6 1,6 1,6 1,6 1,6 60 1,6 VI
7 1,7 1,7 1,7 1,7 1,7 65 1,7 VII
8 1,8 1,8 1,8 1,8 1,8 70 1,8 VIII
9 1,9 1,9 1,9 1,9 1,9 75 1,9 IX
0 2,0 2,0 2,0 2,0 2,0 80 2,0 X

13



3agaua 5

JIns 3alaHHOTO NONEPEYHOI'0 CEYEHMs, COCTOSALIETO U3 LIBEJIepa, AByaTBpa
WJIU PaBHOOOKOTO yTojiKa (PUCYHOK 5)

Tpebdyercs:

1) ompenenuTs NOJIOKEHUE LIEHTPA TAKECTH;

2) HATM BEIUYMHBI OCEBBIX M IEHTPOOEKHOTO MOMEHTOB HWHEPIUU
OTHOCUTEINIBHO Ocedl Xc U Y ¢, IPOXOIAIINX Yepe3 LEHTP TAKECTH;

3) ompenenuTh HampaBieHHE IIaBHBIX HEHTpaldbHbIX oceit; U u V;

4) HallT®  BEIMYMHBl MOMEHTOB HHEPUUU  OTHOCHUTEIBbHO  TJIABHBIX
LEHTPAaJbHBIX OCEH;

5) BblUepTUTH cedyeHHe B Maciutabe 1:2 u yka3aThb Ha HEM BCE pa3Mephbl B
YUCIIaxX U BCE OCH.

JlanHbie B3STh U3 TaOIUIIBI 5.

IIpumeyanme: mpu pacyere Bce HEOOXOIUMBbIE JIaHHBIE cleAyeT OpaTb U3
TaOJIMI] COPTAMEHTa CTAJIbHOT'O MPOKAaTa, pa3ouBasi CI0KHOE CEYEHHE Ha TPOKATHBIE
npoduiii (HU B KOEM Cily4yae He 3aMEHSTh YacTh MOopuiIeH NpMOyTroabHUKAMH).
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Pucynok 5. Cxemsl k 3a1aue 5.
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Tabmma 5

ITepBas Bropas - | Tpetss
PaBHODOKHHA : Tun
mudpa | lIsexrep | mudpa | ougpa | deyTasp
VTOJI0K cedeHns
mHbpa mudpa | mHppa
1 14 1 80x80x=8 1 24 1
2 16 2 80x80x6 2 20a 2
3 18 3 90x90x8 3 18 3
4 20 4 90x90x7 4 16 4
5 22 5 90x90x6 5 14 5
6 24 6 100x100x8 6 24a 6
7 2] 7 100x100x10 7 22 7
8 30 8 100x100x12| 8 20 8
9 33 9 125x125x10| 9 22a 9
0 36 0 125x125x12| 0O 12 0
3ATTAYA 6

CTansHOMH cTepxeHb (pHC. f ) HAXOAHTCA NOX AeHCTBHEM [IPOIOIBHBIX CHIL
Moayis yrpyrocTd ctamd E = 2.10° MITa. PacueTHoe CONPOTHBICHHE CTAIH TIPH
pacTKeHHH H CKaTHH R =R =160 MIIa [l1g 3aJaHHOTO CTATHYECKH OIpele-

JTHMOTO CTYIIEHIATOTO CTEPEKHS TPeOyeTcd:

1)
2)

3)

4)

Hexomusle TaHHBIE 1719 PEIIEHHT 3a04"9H B3ATh H3 TAOTHIIH &.

IOCTPOHTE SMFOPY MPOJOIBHBIX CHI,

H3 YCIOBHA NPOYHOCTH NOJODPATh ILIOMANH NONepedHEIX CedeHHH

CTEePAHA,

IOCTPOHTE MDY HOPMalIbHBIX HHH']JH.EEEI—HEI B IMOIepedHbIX CEeHeHHTX

CTEePAHA,

IOCTPOHTE 3MOPY NepeMeeHHH.

15



O

®

©

<

i s s L — UL § gz
| A | | |
| | | |
A [ A [ A
41 : L 3 3F 3 3F 0 i 3 I
Rd I I
| I |
£ : Y Y ) _I y |
'y | X 24 &
| e oF
2F i i
[ ' 3F
1 I A 1 | !
o b o Fi % .} 2E! o i o i
2A o F
l 3F 1,54 FI 154
¥ Y Y -
i i i i
[ I ,.ﬁ. i | EA
I | | |
® 4 . | 6 of [3Fg | o |
L ML5A |
' 1,54 | | I A L |2
) Y L T
' oF E ! 2F
i L R PR S P, .)!%Z"”f/" 2 I DR ) 5 A, /K‘Q/J’/ﬁ%
| 4 ' i | |
FI A I Fl A | A
8] // Q 3F © : 3 3 2F b |~
~ E P
L Y "2A 4 ' 1 1,54 Y
} 4 i ' ' v 4 i
o I 2F 1A |
3 3F g : % % I % !
I I i
F 1 3 |
I i 5 I /A T ; i Trh
o ! ey ] o !
3 ; N 3 | S S |%F
T e B e e T S s
= | | 1,5A l | 2a
® | o | a I wl | 25 o i
| L N1.5A v AN I
! ' N1 54 L o A
: Y Y Y
2F = E ! F

PucyHok 6. PacuetHbie cxeMsbl K 3a1a4e 6.
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Tab6auma 6. Ucxonnble JaHHBIE K 3a1a4€e 6

IlepBas _ Bropasa TpeTha

nHdgpa ™ mudpa 2 il mudpa - Cxema

mHdpa (1) mHudpa (1) ) mHugppa )
1 2l 1 2. 80 1 LA 1
2 2.2 2 2:2 90 2 1.2 2
3 2.3 3 2.3 100 3 1.3 3
4 2.4 4 2.4 110 4 1.4 4
5 2.3 5 2.5 120 5 i3 5
6 2.6 6 2.6 130 6 1.6 6
7 2.7 7 2.7 140 7 1.7 7
8 2.8 8 2.8 70 8 1.8 8
9 2.9 9 2.9 60 9 1.9 9
0 3.0 0 3.0 50 0 2.0 0

3agaua Ne 7

AOGCOIOTHO KECTKUN Opyc OnmupaeTcss Ha MIAPHUPHO HEMOJBIXKHYIO OMOPY U
MPUKPETUICH K ABYM CTEP>KHSIM C MIOMOIIBIO ApHUPOB. Tpedyercs: 1) HallTH ycunus
Y HaNpsOKEHUS B CTEPXKHSX, BBIPAa3UB UX yepe3 cuity (J; 2) HalTH JOMyCcKaeMyro Ha-
rpy3Ky Qson, TPUPABHAB OOJIbIIIEE U3 HANPSKEHUI B IBYX CTEPXKHSIX JOMYCKAEMOMY
HanpspkeHuto [o | = 160 Mlla; 3) HaliTu npeAenbHyI0 TPy30M0AbEMHOCTh CUCTEMBI
0O, n ponyckaemyto Harpy3ky Qyon, €CHU Tpeaen TeKyuyecTu o, = 240 Mlla u 3amac
npoyHocTH k = 1,5; 4) cpaBHUTH BeNUUUHBI (y,, MOJYYEHHBIE IIPHU pacyeTe Mo Jo-

MyCKAaE€MbIM HaNPsDKEHUSIM (CM. 1. 2) U IOMyCKaeMbIM Harpy3kam (cm. 1. 3).

Tabmuna 7. UcxonHple TaHHBIE K 3a1a4e 7.

[lepBasa ) Bropaza Tperpa

mHppa 5 mudpa b i mHdpa ¢ ‘{3 Cxema

mHdpa () madpa Lyl (<) mudpa (2a) o)
1 2.1 1 7. 80 1 1.3 11 1
2 2.2 2 2.2 90 2 1.2 12 3
3 2.3 3 2.3 100 3 1.3 13 3
4 2.4 4 2.4 110 4 1.4 14 4
5 25 5 2.5 120 5 1.3 15 5
6 2.6 6 2.6 130 6 1.6 16 6
[ 2.5 7 2.7 140 ¥ 17 17 7
8 2.8 8 2.8 70 8 1.8 18 8
9 2.9 9 2.9 60 9 1,9 19 9
0 3.0 0 3.0 50 0 2.0 20 0
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Pucynox 7. PacuetHbie cxeMbl K 3a1a4e 7.
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3agaya — 8

s Ganku, u300paxeHHOU Ha pUc. a, TpedyeTcs:
1) MOCTPOHTH SMIOPHI MOMEPEYHBIX CUll (Jy | U3THOAIOIINX MOMEHTOB My,

Hailtu M ;™ ;

2) nono6path npsMoyroiibHoe (A b =2), xkonbueBoe (dpyyrp:depenn = 0,8) U ABY-
TaBpOBOE MonepeyHoe ceueHue npu [6] = 160 MlIla ;

3) BeIOpaTh HamboJiee pallMOHAIIBHOE CEUYEHHUE MO0 Pacxo/ly MaTepuaa.

Jl1s nepeBsiHHON OaliKu KpYIJIOro MONEepevyHoro ceuyeHus (puc. 6) tpedyercs:
1) moctpouts smopsl O, u My , HaliTh M ™ ;

2) nopobpath Auamertp ceuenus npu [c]= 8 Mlla;
3) HOCTPONTH >MI0pY nporu6os mpu E = 1,2°10* MIla.

¢
a) M 6) F Ez.lF
v Ar/’ \A IYVY YVYVY 1
N a1 \ % /. £
_ a, N < a. > :a1 >
- 'L =10a [,=10a |
a) M q d F
\ 6) y Y YYVVVYYVYY 2
Y a [f | a - P
=10 f, ., Ae 3
L 4 q (;=10a
a) M g 6) J,F q
/ YYVVYVY VYVVVY 3
N a1\ a2 7 7A
- a3 a1 ag
[=10a L10a
a
a) 2 . 6) q
M |
NVvvev vy 12122222222 4
N d; M T 7. 24
L;=10a Flas 4
|.2=10a
a) q F q
\ \\ 6) YYVVYVYY
YV V VY '\Y Y VV 5
= a, / M 7/5 %/, %
a ds a,
[=10a ,=10a
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T - a /L/' a < ?%aa
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//4 a, _ - a, "
= L [ An | P
- 1,=10a N o 'l=t0a T~
AF q q - q
2 YYYY n > : J 8
//‘ a, a,
S R e I e g g e 4
-« 1:=10a Jg 0 | 1.=10a N
q F q
v M
Wy YYVYYYYYTY >
T 9
; — a2 R / /7 a2 i 4‘( aa -
L I,=10a_ " - =102 [
q F q
’g VYV VYYY Y 2 > \ y 0
. g%
B - F | a1, M a, ?%
- L=w0a | = | L=toa __ ~
Pucynok 8. Cxemsl k 3a1aue 8
Tab6auma 8. Ucxoauble JaHHBIE K 3a1a4e 8
ol | o [l o | 4 | w oo a0 ] @ |
mHdpa g |(xEha) mmudpa e () |(xH) madpa a | (v) (xH/)
1 1 10 1 9 1.1 10 1 1 6 10 1
2 2 20 2 S L2 | 26 2 2 7 20 2
3 3 3 3 13 1.3 3 3 3 3 3 3
4 4 | 4 4 6 | 1.4 4 4 |ala| 4 4
5 5 5 5 5 1.5 5 5 5 5 5 5
6 ) ) 6 ) 1.6 | 6 6 1 6 6 6
7 73 P 7 P 1.7 7 7 2 7 T 7
8 8 8 S 8 1.8 8 8 3 8 8 8
0 Q Q 9 Q 1.9 9 9 4 9 9 9
{0 10 10 0 10 | 2.0 10 0 5 10 10 0
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3agaya 9
YyryHHBII KOPOTKUN CTEP)KEHb, MOMEPEUHOE CEUEHHE KOTOPOIro M300pa’keHO
Ha PUCYHKE 9, CKUMAETCS MTPOJOIBHON Cuinoil F, NMPUIOKEHHOU K TOUKE A.
Tpebdyercs:
1)  BBIUMCIUTH HAUOOJIBIIKE PACTATUBAIOLIUE U CKUMAIOLIUE HANIPSIKEHUS B
IIOIIEPEYHOM CEYEHUHM, BBIPA3UB UX yepe3 F U pa3Mepsl ceueHus,
2)  HalTu Jomyckaemyro Harpy3ky F mpu 3aJlaHHBIX pa3Mepax CeueHUs U
JIOITyCKAa€MBIX HAIIPSUKEHUAX JUIA YyT'yHa Ha CKaThe [o/. M pacTskeHue [of),.
JlaHHBIC B3SITh U3 TaOIUIIBI 9.

A A
Y ¢ A A
.Q" -Q" 'Qv
A -QA -QA
o)
1) ~| 2) ~ 3 N
4 v 4
_Q“ -QA -QA
v v A A
A lalala alala .a j.a,
A X
A 0
v
_Q A
N 6 o)
4) ) A =
v M
A
-Qv -Q"
ajala 4,383,
yy A A
A -Q}[ ©
v
5) g 8) ] 9 ¥
w[ A o
A i , v
ENZEEEN al.a, a | a_

Pucynok 9. Pacuetnbie cxeMsl k 3a1a4e 9.
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Tab6auma 9. Ucxonnble faHHBIE K 3a1a4€e 9

No IlepBas nugpa mmdppa Bropast nuppa mudpa Tperbsn
a | b [ol | [ol, | Homep
oM MTla CXEMBI
1 5 5 150 35 1
2 4 4 140 30 2
3 3 3 130 28 3
4 2 2 120 26 4
5 3 3 110 24 5
6 4 4 120 27 6
7 3 3 110 25 7
8 2 2 100 24 8
9 5 5 130 28 9
0 6 6 140 30 10
3anauya 10.

CranpHO# cTepkeHb JiuHOU [ cxxumaercs cuiioit F. Tpebyercsa: 1) Haiitu
pa3Mepshl MONEPEYHOI0 CEUECHUs MPU JOITYCKAeMOM HAIIPSIKEHUU Ha IIPOCTOE CHKATHUE
[c] = 160 MIla, 2) HailTh 3HaUeHHE KPUTUUECKON CHIIbI U KO3 UIIMEHT 3amaca yc-
ToitunBocTU. VIcX0/IHbIE TaHHbBIE JJIsI pelIeHUs 3aauu B3ATh U3 Tabauusl 10.

3agaua 11

[IIxuB ¢ quameTpom D; U C YIJIOM HaKJOHA BETBEW peMHs K TOPU3OHTY O Bpa-
1aeTcs ¢ yriloBOM CKOpPOCThIO ® U mepeaaeT MoImHocTh N kBT (pucynok 11, Tabnu-
na 11). ¥V aByx apyrux mKUBOB OJIMHAKOBBIN TuaMeTp D, W OJMHAKOBBIC YIJIbl Ha-
KJIOHA BETBEH PEMHS K TOPU3OHTY 0, M KAXIBIM M3 HUX MepeaacT MOIIHOCTh N/2.
Tpebdyercs:
1) ompeaenuTh MOMEHTBI, NMPWJIOXKEHHBIE K IIKUBaM, I10 3aJaHHBIM N U );
2) MOCTPOUTH AIOPY KPYTAIIUX MOMEHTOB M,;
3) ompenenuTh OKPY>KHbIC YCUIIUS ¢; U ¢, , NEUCTBYIOUIME HA IIKUBBI, IO HaWJICH-
HBIM MOMEHTAaM U JUaMeTpaM MKUBOB D; u Dy;
4) ompenenuTh AaBJICHUE HA BaJl, IPUHSB UX PABHBIMU TPEM OKPY>KHBIM YCUJIUSIM;
5) ompenenuTh CUJIbI, N3rM0aroIIKe Bajl B TOPU30HTAIBHON U BEPTUKAIBHOM TIOCKO-
cTsax (0e3 yuera CHIbI TSKECTU IKUBOB U BaJla);
6) TOCTPOUTH SMIOPHI UTUOAIOIINX MOMEHTOB OT TOPU30HTAIBHBIX CUI M 1 BEepTH-
KaJIbHBIX cull Ma;
7) TOCTPOUTH BMIOPY CyMMapHBIX M3rHOAIOIMIMX MOMEHTOB, UCIIOIB30BaB (PopMyTy

M., =M} +Mjz;

8) HaWTH ONAacCHOE CEYCHHUE W ONPEACIUTh BEIIMYUHY MAaKCUMaJIbHOTO PAacuyeTHOTO
MOMeHTa (I10 TPEThEH TEOPHH MPOYHOCTH);

9) monmob6pats quametp Basia d nipu [6] = 70MIla u okpyriuTh ero a0 OJMKaNUIIero
6omnbiero o 'OCT.
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Taomuna 10. Ucxoausle nanueie K 3agade 10

Vicpmas : Sropas I Cxema Tpenn DopMa NIONEpPEeUHOTO
undpa R, mubpa . . uudpa .
(xH) (M) CTOHKH CEUECHHA CTOHKN
mudpa mudpa mudpa
E 7
1 100 1 2,1 ' 1 ’ %%
- | v //2%/
a
2 200 2 2.2 ! 2
y
3 300 3 23 | vUE | 3
4 400 4 2.4 v 4
F
5 500 5 25 - 5
- I E
ol b K 0.2a
6 600 6 2.6 6 ! H
! a
|

T ?{:}{:’ T : 7 -Ir T fz}ﬂz}zf:f:flf}%

8 800 8 2.8 8

9 900 9 2,9 9

0 1000 0 3.0 0
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Tab6auma 11. Ucxogusle nanuble k 3amaue 11.

IlepBas nudpa mmdppa Bropast unppa mudpa Tperbs uugpa mmppa
Ne N ) a b | ¢ | D, | D, o o Howmep
kBT | pan/c M CXEMBbI
1 50 30 0,5 | 1,1 1,1 1,1 | 0,6 10 10 I
2 40 28 06 | 1,2 | 1,2 | 1,2 | 0,7 | 20 20 11
3 30 26 0,7 11,3 1 1,3 ] 13|08 ] 30 30 111
4 20 25 08 | 1,4 |14 | 14 | 09 | 40 40 1\Y
5 60 35 09 | 1,5 | I,5 | 1,5 10| 50 50 \Y
6 50 34 1,0 | 1,6 | 1,6 | 0,6 | 1,1 | 60 60 VI
7 40 32 1,1 | 1,7 | 1,7 10,7 | 1,2 | 70 70 VII
8 30 30 12 18 | 1,8 ] 08 | 1,3 | 80 80 VIII
9 20 28 1,3 119 119109 | 14 | 90 90 IX
0 10 25 14 ] 1,0 1,0 | 1,0 | 1,5 0 0 X
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Ooil nepepaun

3agaya 12 Onpepeantp OCHOBHLIE PAIMEPLl LICCTEPHH M KOJECA MDPSIMO3Y-
LHIHHADHYECKOr0 pPeayKTopa

NPHBOAS  ABTOMATHYECKOH JNHHHIF

(pHC. 12 ) M NPOBEPUTL MPOYHOCTL Mepelladil Had BLIHOCAHEOCT [0 KOHTAKTHBEM

2
_‘?.J___-,___
J
Z.? 9
=
Ly
*’T T
o] = i
1
X L X
T
l ..
z? b; H
Pucymor 12

PHD

™

I — naockopemennan nepegawa; 2 — pe-

AYKTOp;

— ABTOMATHYEeCKad JHHUA

HATIPAMEHNAM, €eCcAH  H3BEeCTHO: MOWHOCTL Ha
BEeAVINEM Baay pedviropa N, 1npn yraosoit
CKOPOCTH &y M YIJAOBa# CKOPOCTH BeLOMOT O
Bala w, Peavkrop upepsaznaues JAd  AAH-
Teabnoit padote. [lepenaua — uepepepcupnag,
Harpyska — Oau3kas K noctosannoi. Janbie

CBOEro BAPHAHTA NIPHHATL 1o Tadn.12 .

Tabauuma 12

Bapuantu
Hannsre aam
pacyera 0 1 2 3 4 5 g 7 g g
nepEad UHdpa
wrdpa Ni.xkBr. . . 7,0 7,5 5,5 5,2] 4,6 4,2 40| 48| 3,0 3,5
ETepad DHpa wy, paifc . 110 100 96 92 |95 80 72 90 |86 112
mngpa wp papfc . . |30 | 22 | 27 | 31 |20 | 72 | M |25 |2 29
Mapka cranu;
P | wecrepun. |45 | 40X | 40X |40xhilss | 35X |40xH| 35X 15 | 30xrC
Kolleca 45 | 40X | 35X | 40XH[45 | 35X | 40XH| 50 |40 | 30XI'C
[Tpumeuanne Marepuan mectepHs Yayulueu, K01eca — HOPMAIH3OBAH.
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METOJUUYECKHUE YKA3AHHUS U IIPUMEPBI PELIEHUS 3AJAY
KOHTPOJIBHOM PABOTHI

3ATAYA 1

Kpouwreiin ABC cocTtoHT H3
ABYX CTaJbHBIX CTepXKHeil Kpyrjoro ceueiHss JAHaMeTpOM
dy=20 mm, dy=25 mm. Kpennenna crepmHeil wapHHpHbIE.
Onpesenuts HaNpsXKeHHA B CTEPKHAX.

Pemenune. Ulapuupnl cuvraem HaeabHLIMH, T. €. Ta-
KUMH, TPEHHe B KOTOPBLIX OTCYTCTByeT. Kaxk H3BecTHO H3 CTa-
THKH TBEpPAOro Tena, peakUuHH B wapuupax OGyayTr Hampas-
Jetbl BAOMbL oceii crep:kHed. Cnenosaresbio, B nonepevyHbix
CeYeHHAX cTepxHeH BO3HHKAIOT TONBKO MNpPONOJbHBIE CHJbI.
Buipexem y3en B H B MecTax pa3pe3a cTepXHeH NMPHIOKHM
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npoaoabibie cuabl Ny u Np, npeamonaras mx pacrarusaio-

iumH (puc. 13, 6).
CocraBHM ypaBHeHHs paBHOBeCHS AJisl OTCeYeHHON 4acTH

CHCTEeMBI:

EZ= —N,—N,cosa=0, (1
LY = —N,sina— P=0. (2)
M3 ypasuenus (2)

3HaK «MHHYC» NOKa3biBaeT, 4TO cTepxeHlb paboraer Ha

cHKaTHe.
M3 ypasuenns (1) nveem

—NI—NEEDEBUG-T-D;
040V 3
N,=—N,c0s30°=40 ——==34,6 xn (pacTsKenue).
2
3Has aHaMeTpbl cTep:KHeH, BLIYHCJAHM MJOLLAJAH HX TMO-
nepeyHbIX ceyelnmi:

mdi  3,14.90

F,n= = =314 mm?:
AB™ 4 4 3

d; .95
FB-I':: “42 — 3'1‘:202 =491 J‘f.ﬂv?.

Crepxeub AB paGoraer Ha pacrsKenne. HopmanabHoe
HampsAXKeHHe

Ny 34,6-109
Fag 314

Crepxenb BC pabGoraer Ha cxkartne. HopmanbHoe Ha-
npsaxKeHHe

=110 n/mm2,

Ny _—40-100 — 81,5 1/ un.
Fac 491

MQ
|'
|
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IIo 3aJTaHHOMY YPaBHCHHIO HpHMOHHHeﬁHOFO MOCTYIIATCIIbHOTO ABUKCHUA

X = f(t) rpy3a | onpenenuTb CKOPOCTh, a TAK)KE HOPMATILHOE, KacaTeIbHOE U TIOJTHOE

YCKOPCHUC TOYKHU M mexaHu3Ma B MOMEHT BPCMCHH, KOTI'ld IIYTh, HpOﬁIICHHBIﬁ rpy-

30M, PaBCH S.

3AJIAUA 2

PaIII/IYCBI IITKHUBOB, CM 3aKOH ABUXKCHUA rpy3a: S, M
R, T2 R; X= f{f), c™m
100 | 60 75 18 + 70t2 0,2

Pemenue.

N3o0paxaem B Maciitabe cxemy mexanusma (puc.13)

2

Pucynok 13.
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Omnpenenum BpeMs t, 32 KOTOPOE TPy3 OMYCTUTCS HA BBICOTY 4
18+ 70t = 200

200—-18 —

\JJ 70 =,26=161c

Omnpenenum ckopocTs rpysa 1

V, = d_x = i(18 + 70t%) = 140t
dt dt
CxopocTb TOUkH A
V, =V, =140t
VYrioBas ckopocTh O0ka 2
W =£=14_Ut= 2,333t, paodfc
R 60

VrioBbie CKOpPOCTH ABYX CIHCIUICHHBIX KOJICC, O6paTHO MMPOMMOPHUOHAJIBHBI UX pPa-

auycam
w; R,
w, R,

YrioBas CKOPOCTHB KOJICCa 3
@, *R, 140t 100
R, 60 75

= 3,111t pao/c

g =

VrioBoe YCKOPCHHEC KOJICCA 3

do, _d (40t) 3,111, pad/c?
g4 =——=—|—=t) = 3,111,pad/c?
*TTar  de\3 P

CxopocTb Touku M

Vi = @; * Ry = 3,111t- 75 = 233,33t cu/c

Jlist MoMeHTa BpeMenu t = 1,61 ¢

Vi =233,33-1,61= 376,24 cnt/c

HopmanwsHoe yckopenue Touku M

ay = w3+ R; =(3,111t)* - 75 = 725,93t% cn/c?
Jlist MoMeHTa BpeMeHu t = 3,16 ¢

al, = 72593-1,61% = 1881,67 cu/c?
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TaHreHuuanbHOE YCKOpEeHUE TOUKU M

_dVy
Codt

[TomHO€E yckopeHue Touku M

T
Oy

d ,
= E(er’:ﬂt} = 140 cu/c”

(y = wr"a;:f +a%,? = 1881 2 + 1407 = 1886,2 cn/c?

[Tony4yeHHbIE CKOPOCTH U YCKOPEHUS n300pakaeM Ha puc 13.

3AJIAYA 3

MexaHudeckasi cucTeMa COCTOUT M3 Ipy3a 1 Maccolt m;, CTYNeHYaToro mK1Ba
2 maccoil mp ¢ paguycamu Ry, 1, 1 paguycoM MHEpLUU P,, MIKUBA 3 ¢ paanycoMm R; u
pacnpeniefieHHOM Mo 000ay Maccoil ms, M CIUIOIIHOTO Katka 4 maccoit my. Tena co-
eauHeHbl HUThIO. K oHOMY W3 Ten mpucoennHeHa npyskuHa ¢ xectkocThio C. Ilpu
JBUKEHUU Ha IIKUB 2 IEUCTBYET MOMEHT CONpOTUBIEHus Mc, Ha Teno 1 — cuna Tpe-

HUSA Ep. Koaddumment tpenus =0,1.

Cuctema U3 COCTOSHUS TOKOSI MPUXOAUT B JABMIXKEHMS MOJI JECHCTBUEM CHUIIBI
F =1(t), mpunoxxenHoui k rpy3y 1.

MCTOIII/ILIeCKI/Ie YKa3aHus

PaccmatpuBaemas 3ajaua Ha omnpejieiieHHe KUHEMAaTHYECKUX XapaKTEPUCTUK Me-
XaHUYECKON CUCTEMBI IIPU JACHCTBUU HA HEE CHCTEMBbI BHEIIHUX CHJI U 3aJIaHHOM Tiepe-
MEIIEHUH UX CHCTeMBbI. [ pemieHus 3amaduu 1eaecooOpa3Ho MPUMEHUTH OJHY U3 00-
IIMX TEOpEeM JIUHAMUKU — T€OpeMy 00 M3MEHEHMH KHHETHYECKON SHEPTHM MeXaHuue-
CKOM CHUCTEMBI.

_ e
T-T, = ZA(FK )
eoe: T(), T — kunemuueckas JHepcUsl cucmemsvl 86 HA4aAJl1bHOM U KOHEYHOM COCNMOAHUU,

EA(ES ) - cymma pabom 8HEeUHUX CUJL

Ilocneoosamenvrocmo peuerus 3a0avu

1. I/I306pa3I/ITB CXEMY MEXaHMYECKOM CHUCTEMBI, ITIOKA3aTh )IGP’ICTBYIOH_[PIG Ha HEE€ BHCEII-
HHC CUJIbI 1 HAITPABJICHHUC CKOpOCTeﬁ TECII.

2. 3amucaTh MaTeMaTHYSCKOE BBIPAXKCHHUE TCOPEMBI 00 U3MEHEHHH KHHETHYECKOU
OHCPIrun MeXaHNYEeCKOM CHCTEMBI.

3. Beraucaurh KHHECTHYCCKYIO OHCPIrul0 CUCTEMbI B HAYAJIbHOM B KOHCYHOM COCTOSAHHU-
AaX.

4. BplUuCcINUTH CyMMYy pa60T BHCIIHUX CUJI IIPpHU NCPEMEIIICHUN CUCTCMEIL.
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5. HOI[CTaBI/ITB Haﬁ)ICHHBIC 3HAUYCHUSI KUHETHUYECKOM OHCPIruu " pa6OTBI CHJI B UCXO/-
HOC BBIpaXXCHUC. BerauciauTh 3Ha4eHUE HCKOMOM KHMHEMaTHYSCKOM XapaKTCPUCTHUKH.

Ne my, my, ms, my, C, Mc, F=f(S), H | Haiitu
YCIIOB. | KT KT KT KT H/m Hwm
d9 5 4 3 4 280 1,6 80(6+7S) | Vcd

R,=0,3 M, 1,=0,1 M, p,=0,2 M, R3=0,2 M, S; =0,1 m
Kpamxue ceedenus

Kunerndeckas sHeprusi CUCTEMbl paBHA CyMME KHHETHUYECKHUX HHEPrUi BCEX
ee gacten T=2Tk

eoe: T[( — KUHemu4ecKas dHepcusl K-moti vacmu cucmemuol

Kunetnueckas sHeprusi TBEPIX TE OMpeaAesieTCs 1Mo GopMyiam:

T= E mV 2 - IIPpU MOCTYNATCIIBHOM ABMXXCHHUU TCJIA,

T= 5 Io? - MIPU BPAILIATEILHOM JIBUKEHUU TEA,
[ — MOMEHT uHepIMHY Tena OTHOCUTENIBHO OCH BpAILICHHUS,

2 2 .
T= E mV¢ + E [c®” - npu mIockonapauieIbHOM ABUKEHUHU TeEJIa, TIE:

V¢ — CKOpOCTh LIEHTpa Macc Tena,
Ic — MOMEHT uHEPIIMU TeNa OTHOCUTENBHO 1eHTpa C.

Pa6oTa CHIBI BBIYMCIIACTCS 110 QOPMYIIaM:
A(ﬁ) = j(s) Fds, npn F = Var;
A(F)=F*S*cosa, npu F = const,

20e o - yeoi Me:)fcdy HanpaejleHuem eeKkmopa Cujbl Fu HanpaejleHuem nepemeuieHusd
MOUYKU NPUTOHCEHUA CUTIbL.

IIpu pewenuu 3a0ayu:

v/ JIMHEHHBIE M YIIIOBBIE CKOPOCTH, BXOAAIIME B (YOPMYJIbl KHHETHYECKON DHEPIUHU,
BBIPA3UTE Yepe3 HCKOMYIO CKOPOCTh;

v MNEPCMCIICHUA TCJI BbIPA3UTC UCPEC3 3aJTAHHOC YCJIOBHUCM 3a/1a49U IICPCMCIICHUC.
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IIpumep pewenus 3a0auu

Mexanuueckasi cucteMa (cM. puc. 14) cOCTOUT M3 CIUIONIHOTO KaTka 1 Maccoit

m;, CTyIIEHYaTOro IIKKUBa 2 Maccoi m, ¢ paguycaMu Ry, 1, 1 pagnycoM HHEPLHH Py,
rpy3a 3 maccoit m3 u 6s10k0oB 4,5. K O5oky 5 mpucoeauHeHa npyxuHa ¢ ko3¢ duiu-
eHToM xectkoct C. CHCTEMa IPHXOMHUT B IBUKEHHUH IO ASHCTBHEM CHIbl F , IpH-
noxkeHHoU K katky 1. Ilpu 3TOM Kpome CHJl TSHKECTH U YIPYTrOCTH MPY>KUHBI AEHCT-
BYIOT CUJIa TPEHUS Tpy3a 3 Ep (ko3 duruent Tperust f) ¥ MOMEHT COMPOTHUBICHUS
BpalleHuIo mKuBa 2 — M.
Omnpenenuth ckopocTh 1eHTpa (C) KaTKa Mpu MepeMeIeHHH ero Ha PacCTOSHUE S
Jlano: m;=1 xr, my,=3 kr, m;=4 kr, R,=0,4 M,

1,=0,2 M, p,=0,3 M, M=1,2 Hwm, =0,1.

S=0,1 m, C=100 H/m, F=50 (4+5S) H
Onpeoenumvw: V;

Pewenue:

1. M3o6pa3um cxeMy MEXaHUYECKOW CHUCTEMBbl M TOKaXXeM BCE JEHCTBYIOIIUE Ha
Hee BHEIIHUE Uikl (puc. 14)

Pucynok 14
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F —akTuBHas cuna, F,, - cuna tpenus,

TP
E’Hp - CWJIa YIIPYTOCTH MPYKUHBI, N;,N,,N;,N, - peakuuu,
P, P,,P; - cunbl TskecTH Tel, M¢ — MOMEHT CONPOTUBIICHUS

2. I[JISI peuicHus 3a4a4 IIPUMCHHUM TCOPCMY 00 M3MEHEHUHM KHMHETHYECKOU OHCP-
TN CUCTCMBI.

T-To =X A(Fy) (1)
3. OnpenenuM KMHETUYECKYIO SHEPTUIO CUCTEMBI
[TokaxeM Ha cXeme JIMHEWHBIE U YTII0BbIE CKOPOCTH TEII:

Vcr1,01,02, V3, Vi
Ty=0, T.K. B HAUaJIbHBI MOMEHT CHCTEMa HaXOJWJIach B MOKOE:
T=T1+T2+T3 )

eoe T, T, Ts — kunemuueckas snepeuss men 1,2,3 coomeemcmeerHo.

Teno 1 ABHIKCTCS IIOCKOIIAPAJICIIBHO!
1 1 1

T, =—m V& +-Lo!,me 1, =-—mR>
2 2 2

Teno 2 umeet BpaliaTeIbHOE IBUKECHHUE:

1
T, :512@59 rae 1, =m,p;

Teno 3 ABYOKCTCS IMOCTYIATCIIBHO!

1 2
T3:5m3V3
BbIpasuM CKOPOCTH TEJI YEPE3 HCKOMYIO Vi:
Vi Vei 19)
W =——;0y) =——; V3 =01, =——V
1 R, 2 R, 3 3Y) R, Cl
1 |
Vy =-V, =-—2
ET5 Vs 2R, cl
C y4eTOM HalIEHHBIX COOTHOLIEHUIA:
T=tmvz b pe Ly Lo bye (11 o
5 a5 1R12 cl 2P2 g Cl 3R2 cl
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1 | ; 1 2] 2

2 e dim, P L T 3 L 03T 1 027 e
4 27 ?R2 2 °R? 4 2 04> 2 04

4. BeruncnuM paboTy BHENIHUX CHJI (CHIJIBI TTOKa3aHbI Ha cxeme). [IpenBaputenbHO

BbIpasuM ICPCMCIICHUA TCJI HYCPC3 3aJaHHOC S]_ queM, 4TO COOTHOIICHHA MCIKOY
NEPCMCIICHUAMM TCJI TAKHUC JKC, KAK MCIKAY COOTBCTCTBYIOIIMMU CKOPOCTAMU.

1 1 7"2 1 7"2
=—8,;,0,=—358,;8,=—=8,;)S,=—~=8
@ I 19> R, 193 R, 1'OF 2R, )i

A(F)= [ Fds = [}150(4 + 58 )ds = (2005 +1258° )‘ o1 =
200*0,1+125%0,17=21,25 JIx

NG

A(E)zPIS1 sin45°=m,gS, sin45°=1*g* (0 * - = 0,711

1 1
AM,)=-M 0, =-M oS = L2 0l =-03]Tx
2 B

— r
A(P,)=-P,S, sin45° = —m g * S, sind5e = 141
2

F )
A(FTp): —Fpp *S3 = —fN3S3 = —P; cos45 R_zsl = —0,14/Tx

2
lr
Cc)x2 CS2 (2stlj
A(Fynp):— = — E = — 2 =
2 2 2

2
IOO(1 0.2 O,lj

20,4
=— 02’ = 0,03/

AN )= AN, )= A(N;)= AN, )=0

Touku npuoxenus cui Ny, N,, N5, N, He nepemerarorcs

Ha ocHoBaHuM HaliIeHHBIX 3HAYEHUH padOT
YAk =21,25+0,71-0,3-1,41-0,41 - 0,03 =19,8 [
5. IloacraBum Haiinennsie 3HaueHus T u 2 Ay B ypaBHeHue (1)

2»1V(2:1 =19,8, oTkyna

19,8
— >~ —_2IM
Ver =, X —3%

. —3M
Omeem: Vi —3%
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SATTAYTA Ned
KPYUEHHE BAJIA KPYIJIOT O ITIOIIEPEUHOI' O CEYEHIHA

1. HCXOIHEIE JAHHBIE H YCIIOBHE 3ATAYH

K cTanpHOMY Baly OPHIOKEHBI TPH H3IBECTHRIX MoMeHTa M), M> u M;.

Tpebyerca:

1) ycTaHOBHTBH, IPH KakoM 3HaUeHHH MoOMeHTa X yTol IoBOpOTa NpaBoro
KOHIIEBOTO CeUeHHA BATA PABeH HYIIO;

2) A14 HaAOeHHOTO 3HAYeHHI MOMEeHTAa .\ IOCTPOHTE PPV KPVIAIIHE MO-
MeHTOB;

3) DpH 3aJaHHOM 3HAa4eHMH R, oIpelelHTh AHAMETP Bala H3 pacdeTa Ha

IPOYHOCTE H OKPYTIHTE 70 A0 OMHEkafimero donsmero, pasHoro 30, 35,
40, 45, 50, 60, 70, 80, 90, 100 M
4) HNOCTPOHTE 3IIOPY YIJI0B 3aKpYIHBAHHA,
5) HaHTH HAaHOOIBINHH OTHOCHTENIBHBIH YTOT 3aKPYYHBAHHA (Ha 1 M ITHHEI).
HcxonHele JaHHBIE JI4 PelIeHHA 3aJavH. cXeMa Bala MOKasaHa Ha pHC. 5,
THHeHHBIe pasMepsl Bada — a=2,0 M; b=1,0 M; ¢=1,3 M, 3HAUSHHA BHEITHHX MO-
MeHTOB — M;=2000 Hm; M,=600 HuM, M;=1300 HwM; pacueTHOe COIPOTHEBISHHE
cpesy R =45 MIla.

2 PEIIIEHHE 3ATAYH

Vron 3aKkpyuIHBaHHA Ha KaKIOM IPY30BOM Y9acTKe Bala ompelengeTcd Mo
clegyroomeH dopMyie

@ =—2", (1)

rae M, — KpyTAIIHE MOMEHT Ha  —M IPY30BOM Y4acTKe;
[, — ITHHA | —T0 TPY30BOr0 YIacTKa,
G — MOIynb CIBHTA MAaTepHAIA Bajla,
J, — monapHBIi MOMeHT HHepIITHH Baja KpYII0To INolepedHoro cedeHH .

3amHImeM BEIpAXKeHHA NI8 KPYTAINHX MOMeHTOB Ha KaXIOM IPY3IOBOM yda-
CTKe Yepes BemHdHHbs M) M> M; m X :

My =X, My, =X+M;:M_,=X+M-M,; M, =X+M,-M,+M,.

IToacTaBHB MOTVYEHHBIS BeIHYHHEI B BEIpaxeHHe (1) H HCIIONB3YE VCIOBHE
JaOa9H, IIOTYYHM CIeIVHINese SHaUeHHe HeH3IBeCTHOI'D MOMEeHTA, IIPHIOEeHHOI O
K IIpaBOMY KOHITY Baja:

(X +M,-M,+M,)-a Y (X +M, —M}_}-b_l_ (X +M,)c . o
GJ GJ GJ GJ

Pl ] o o

X(2a+b+c)+Ma+b+c)-Ma+b)+ Ma=0;

{}.

)
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— ~Mila+b+c)+ M (a+b)-Ma _
2a+b+c
 —1300-(2.0+16+1,3)+600-(2,0+1,6)—2000-2,0

2-20+16+13

=—1189 86HM.

Henoab3ya BRIPAKESHHS IT9 KPYTANTHX MOMEHTOB HA KAKIOM TPY30BOM VIa-
CTKE H IIOTyYYeHHOE 3HAYeHHe MOMeHTAa X , BRIYHCIHM BeIHYHHBI KPYTAIIHX MO-
MeHTOB Ha IPaHHIAX YIACTKOB:

M, =X=-118986HM; M,_,= X + M, =—-1189,86+1300=110,14 Hwm;
M, = X +M,— M, =-1189,86+1300— 600 = —489,86 Hy;

M X+M,+M,—-M, =-1189386+1300—-600+2000=1510,14 Hn.

Pl =

IIo momy4eHHBIM JAHHBIM CTPOHM 3IHOPY M,
3amHmeM yeIoBHe IPOYHOCTH Balla IIPH KPY9eHHH:

M
R ik st 4 2
—=—T=<R @

=
rae M. — MAKCHMAIBHOE 3HAYeHHe KPYTAMETo MOMEHTA;
W ,— IOLPHEIA MOMEHT COIPOTHBIICHHA CeYeHH Bala.
[MonapHEIH MOMEHT COMPOTHENCHHA KPYITION0 NONEPETHOIO CEMeHRA ONpeIeIieTca mo

tbopaye:

: 3

30eck d — IHAMETD Bala.
Toraa, Hemoms3y4 BeIpakeHHS (2) H (3), momydaeM
16-Myu _[16-151014

d::3l ~ 4l 5
\ 7-R V3.14-45-10

=0,0555m.

OKOHIATETEHO IPHHHMASM JHAMETP BaTa d = 60 MM
HaxoguMm 3HaueHHe MOMAPHOTO MOMEHTA HHEPIOHH MONepedHOro CceueHH:
Baa o popMyIe

S _m’_314-(6-107)
=73 32

Henomesya ¢opmyay (1) H IpHHAMAS BeTHIHHY MOIYISL COBHIA CTATH PaB-
Hofi G =8-10°MIla, BEIIHCIIEM BeIHYHHY YIJIOB 3aKpYVUHBAHHA HA KAXIOM I'pPy-
30BOM Y4acTKe

—1271-10°M*
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—1189.86-2.,0

= =—23404-107 pax;

2 8-10.1271-10°° B
11014-13 3

4= — =1408-10" pax;

s 5:10":1271-10° pes
—489.86-1,6 P

p = _7.708-10" pan;

BTt 1271100 .
1510,14-2.0 ;

@, > —29704-10 " pax.

~8.10° 1271107

OmnpenenseM opIHHATEL 3MIOPE] YII0B 3aKPyIHBAHHL

@, =@ =29,707-107 pax;

Pra=HTP, =

(29,707 —7.708)-107 = 21,996 -107 pan;

7 M;=20 M-=06 Me=1 3 el X
2 F ol ra F ol
i
i e P e i S s
— ® T ® Tt ©® 1
a=2.0mnm b=106m c=13m a=20m
15101
oy
114! . My
[T 450 5 M (H)
© a
\._.l'
m 1189 8
20 704 4
m 21,006 S0y
. @-10°
{pad)
PHCYHOK 5

@3 =@ +@ +@;=(29,707—7,708 +1,408)-10" = 23,404 107 pax;

37



@, =0 +@,+o,+@, =(29,707-7,708 +1,408—23,404)-10° =0,
IO COOTBETCTIBYET YVCIOBHED 3ada™H.
Ilo momy4eHHBIM 3HAYeHHAM CTPOHM 3IIOPY VITIOB 3aKpyYHBAHHA BAIA (0.

Hcexonq B3 NOCTPOSHHOH 3IIOPHI (7 , OIpeendeM HAHOOIBIIHE OTHOCHTEIb-
HBIH YTOT 3aKpYVIHBAHHA Ha 1 M ero JTIHHBI

@ 29.704-107
I 20

w= =14,852-107 pan/m.

SATTATA Ne 5
TEOMETPHUYECKHE XAPAKTEPHCTHKH IUTOCKHX CEYEHHM
1. HCXOJHLIE JAHHEIE H VCIIOBHE 3ATAYH

J714 3agaHHOTO NONepedHOro cedeHHd, COCTOMIIerc H3 MBellepa H pPaBHO-
DOKOTO VTOIKa, HIH H3 JBYTABPa H PAaBHOOOKOTO YIOIKA, HIH H3 MBellepa H JBY-
TaBpa, TpebdyeTcH:

1) onpenenHTh NONOMKEHHe IeHTpa TLKECTH,;

2) HaHTH OCceBble H IeHTPODeKHBIH MOMEHTH HHEpPIIHH OTHOCHTeIBHO CIY-

9aHHBIX ocell, IPOXOIIITHX Yepe3 NeHTP TOKECTH cedeHHd (2, H Y,);

3) ompenenHTh HATIPABIeHHe ITIABHBIX HeHTPAIBHEIX oceH (1 H V);

4) HafiTH MOMeHTHI HHepIJHH OTHOCHTeIbHO ITIaBHBIX IeHTPAaIbHBIX Oceii;

5) BrIUepTHTE cedeHHe B MAcINTA0e H VKa3aTb HAa HeM Bce pasMephl B THC-

Jax H BCe OCH.

HcxoqHele JaHHBIEe 114 pellleHHd 3aJdaud. COCTABHOE CedeHHe COCTOHT H3

mBexIepa Ne 16; paBHoOOKoro yroaka 90x90x6. CedeHHe IIOKa3aHO Ha PHC.

2. PENIEHHE 3ATAUH

PaccMOTpHM [epBbIi 37IeMeHT cedeHHd mBemiep Ne 16 (TOCT 8240-72).
ILtomane momepedHoro cedeHHs .4; = 18.1 cn’. Bemmumna CMEIMeHHE TIABHBIX
OCeH 31IeMeHTa OT BHEIIHeH IpaHH HOIKH Xg =180 cM. OceBble MOMEHTBI HHEp-
IIHH OepBOTO 3]IEMEeHTa paBHBI. J,; = 747 e’ Jyi= 63,3 em’. ITeHTpOOEXKHEIH
MoOMeHT: [y, = 0.

PaccMOTpHM BTOpPOH 37IeMeHT CedeHHS pPABHODOKMI Vromok 90x90x6
(TOCT 8509-72). TInomane cedeHHd BTOpOro 3meMeHTa 4:=10,6 ex’. MoMeHTEI
HHEPOHH 3TOT0 IeMeHTA OTHOCHTEIbHO ILEeHTPAIbHBIX OCeH B COOTBEICTBHH C
COpPTaMeHTOM I[POKAaTHOH CTalH pasHBL J» = J» = 821 o’  Jmax = 130 CM4;
Tin = 34 cM’. Beawumsa CMelleHHd ITIaBHBIX OCeH 3IeMeHTa OT BHeIIHHX IpaHeH
TIOTKH Xg; =V =2.43 oM. lleHTpoOekKHBIH MOMeHT HHepIIHH pPaBHONOIOYHOTD
YTOMIKA:

F A= 2 130-34 __
D =MSEHZ€=TSIH{—E-4S‘]=—4BCM4.

iyl 7
BBIEHPEEM BCOOMOTaTeJIBHYE) CHCTeMy IIPAMOYVIQIBHBIX JeRaAPTOBBIX
KOOpPIHHAT, [IpOBOOA OCH § H 1} 4epes OeHTP TAOHSCTH OOHOTO H3 3IeMHTOB
CEeHeHHA TakHM DEIPRB!]&I, YTOORl OHH OBLIH mapajlne/]IbHbl OCAM }; H X On-
pederaeM EKOOpAHHATHI OeHTPOB TAWECTH 3IMIeMEHTOB CeUcHHA B HOBOH CHC-

TeMe £- 7
m=0; =0;
7,=(2-90-243)-16/2=75T cn; &, =-180-243=-4723 cMm.
BrramciageM KOOPIHHATH IONO/KEHHA [EHTPAa TOKECTH COCTABHOTO CEeYeHHS

(N} i3

f=y
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T
28 24 0x181+7,57%x106

- 181+10.6
24 ‘

=280 cM;

L[=

A5 0x181+(-423)x106
181+10.6

£
4

=—156 cm.

I=
by

Yepes Touky C, HMeIOIIYIO KOOPAHHATE &, = —156 cMm H 177.=2.80 cM, mpo-
BOJOHM IleHTpadbHBle OoCcH ¥ H X COCTABHOIO CedeHHA NapaLIelbHO OCHM ero
3MTEMEHTOB V; H X; JIId DIpoBepKH MNPaBHIBHOCTH ONpedeleHHd NOIOKeHHS
LeHTpa TEOKECTH COCTABHOIO CeYeHHA BOCHONB3yeMCA CBOHCTBOM ULeHTPalb-
HBIX OCEH, KOTOpOe IIACHT, 9T0 CTATHYSCKHH MOMEHI OTHOCHTEIbHO YKa3aH-
HBIX OcCeHl paBHBl HYIHO. IIpenBapHTelbHO BBIYHCIAEM KOOPIHHATHI IEHTPOB
TAXKECTH 3JIEMEHTOB CeYeHHHZ B CHCTeMe [eHTpalbHBIX oceH ¥ H AT

b=5—-£=0-(-156)=1,56 cu; a,=1m,-1.=0-2.80=-280 cu;

1 PR

by=&-& =(-423)-(-156)=-2,67 cM; a,=1,-7,=7,57-2,80=4,77 cu;

HaxonguM BeIHYHHBI CTaTHYeCKHX MOMEHTOE OTHOCHTEIBHO MNeHTpPaib-
HEIX oceli V' u X

S, = Aa, + Aa, =181x(—2,80)+10,6x4.77 = —50,68+ 50,562 = 0,118 crr.

0118
50.68

Sy = Ab, + Ab, =181x156+10,6 % (—2.67)= 28,236 — 28,302 = —0,066 crr.

ITorpelmHOCTE BRIYHCIIEHHA x100% =0,23%.

0,066

ITorpemmHOCTE BBIYHCIIEHHH x100% =0,23% . IlorpelmHOCTE B ODOHX

CIIyIadx He IIPpeBBIMIAST 5% , CIeMOBATETEHO, IIONMOEEeHHE IIeHTpa THOHECTH
COCTAaBHOTO CedYeHHA HAHISHO BEPHO.

OceBble MOMEHTEI HHeEPOHH COCTABHOID IIOIEpPedHOIO CedeHHA Olpeldeld-
HTCH IO q)OIJMV.'IHM YHIHTEIBAOIMHM ILTOCKO-IIAPATeNBEHOE CMelleHHe - ITeH-
TpalIbHBIX OCeH ero 3IeMeHTOB OTHOCHTEIRHD OeHTPATIRHEIX CeYeHHA B IET0OM

Ty =S (T +bi A4 ) =(J  +b{ 4 )+ (T, +b54, )=
i=l

=633+156" x181+821+(-2,67) x10,6 = 265,01 cm*

"‘II = Er "'r:j + af'Ai )= {/J.ﬂ T I:-'Ildl":{l '}_:'_r.'j.r} * ﬂ'i.’i: "J =

i=1

=747+(—2.8)' x181+821+4.77° x10,6 =1212,18 cm".
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IleHTpOOeKHEIH MOMEHT HHepPOHH COCTABHOIO ceueHHS OTHOCHTeIbHO
ocei ¥ B X ¢ y4eToM CMeINeHHA OCeH ero 3JIeMeHTOB OTHOCHTEIBHO IIeH-
TPadbHBEIX OCeH COCTABHOIO CedUeHHHI paBeH

Dy, = E(ﬂ}m +ab, 4 )= ;’D}_lxl +a,b, 4 ,'i+1"JEJ'J_3:\;2 +a,b,4,)=
=1

=0+156x(—2,8)x181—48+(—2,67)x 4,77 x10,6 =—262,06 cu".

g ompenereHHS MOJOKeHHA ITABHBIX MeHTPANbHBIX oOcell HHepIHH
cedeHHS BOCTIONB3yeMcd claemyiomefi (opmymoH

- 2x(-262,06) ]
265,01-1212.18

=14 48"

¥

2D
a=05 m'r:‘rg[—“] = 05 arc?rg(

; "‘rf:' ""TI /

Yron moBopoTa LEHTPAIBHBIX ocedl I’ H X 10 momoXeHHd IIaBHBIX
HeHTPATbHEIX oced V H U HMeeT MNOIOKHTeIBHBIH 3HAK, ClIeJOBATelIbHO, IO-
BOPOT OCeH OCYIIEeCTBIAeTCH MPOTHE YACOBOH CTPelIKH.

Haxonmm BeIHYHHY TI7IaBHBIX MeHTPATBHBIX MOMEHTOB HHEpIHH CO-
CTABHOIO cedeHHS, HCHONb3YE cAeIyIOmyIo (opMydy

_Jy+dy

max
nEn 2

- 1 | 7 7

_ 265,01+121218

1 4 :
I =J, - +51,'(255,01—121113}‘ +4x(—262,06)" =
—738.60+541.26=1279 86 cm™*;
265,01+121218 1 | : :
B SO I i 5 - =J(26501-1212,18)" + 4x(-262,06)" =

=738,60—-54126=197 34 en”.

HDBEPHEM [IPABHIEHOCTE BEIMHCIIEHHA INIABHBIX MOMEHTOE HHEPHOHH Ceve-
HHA. HEPB-‘E’LE OTpoBepEA OCHOBAHA HA CBOHACTEE HHEBAPHAHTHOCTH CYMMEI OCEBBIX
MOMEHTOE HHEPIOHH, KOTOpOe INIaCHT, IT0 CYMMa OCeBBIX MOMeHTOB HHEPITHH IIPH
IOBOPOTE NEHTPATEHBIX OCeH He H3MeHSeTCqd:

e vl
265,01+1212.18 = 1279,86 + 197, 34;
1477.19 cM”* ~ 1477,20 em”.

BTopad npoBepka OCHOBaHA Ha cIedyloIDeM CBOHCTBe ITIABHBIX IeH-
TPAIbHBEIX Oced HHEepOHH cedeHHS: HeHTPoOe:KHBIH MOMEHT HHEPIHH OTHOCH-
TelIbHO ITIABHBIX NEeHTPAIbHEIX OCeH paBeH:

40



JI’ Jl- -
D =——smla+ D, cosla=

B 1212 18-26501
N 7

.

x Sin 28,96° +(—262,06) x Co528.96° =

=22931-22929=0,02 M~ 0,
CIeJOBaTelIbHO, Be/IHYHHA ITIaBHBIX HeHTPATBHBIX MOMEHTOB HHEpPIHH CEedYeHHA
oIlpeneleHa BepHO.

S|
N
3

&
N
3

.
A
N
3

AR

bh=10()
=757
|
u:_h;‘:l'!
Ll
i
i
|
| L
R
I
i
i
|
I
B
| b=
N
|
]
| [+
| <
I
|
|
P

¥ t%;, 2 I I 1"\
Il 3 *, i ¥
L ':il I-:J : o —
=
1
= !
& i ,
i 1
| i
¥ i
i L}
| Il
by=20,7 | by;=136
. el o
Muacwumao MI:2 ! . i
i I &=156
&=4.23 |
| i
Pucynok 15.
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3AJIAYA 6
Pacuer Ha MMPOYHOCTDb CTATUYCCKHU OIIPCACIIUMOIO CTYIICHYATOT'O CTCPIKHA
IO AOITYCKACMBbIM HAIIPAKCHUAM

JUI 3aaHHOTO CTATUYECKH OIIPENEIMMOIO CTYIIEHYaTOIO CTPEXKHS:
1.1. ITocTpouTs 3110py NPOAOJIBHBIX CHJL.

1.2. U3 ycrnoBus mOpoYHOCTH NON0OpaTh IUIOUIAAM TOMEPEYHBIX CEUECHUMU

CTEP>KHEM, YUNUTHIBASI 3a]ITaHHOE COOTHOIIEHUE TIJIOIIAIEH.

1.3. HOCTpOI/ITB OIIIOPY HOPMAJIBHBIX HaHpH)KeHI/Iﬁ B MOIICPCYHBIX CCUCHUAX

CTEPHKHS.
1.4. TTocTpouTs 3MI0PYy NEPEMEIICHUM.

Hcxonuble naHHbIE AJ1s1 pacyera:
CrepxkeHb MeaHbIH, Ec, = 1,1-10° MIla, [0'] o = 15 Mlla.

Pemenue:
n::ﬁ' qul 6 160 BE=—4 J6,36 p——
y 1 1,14 ' _ 0,178
i ’ 60 B)1464 & IJE
‘ J 154 4 s H 10 ‘%
¥ i — 070
J60 K 3
¥ | oy xH 308 >0 8275
i‘;‘ g I\’H : =1 75 :(;): —
¥ 0480
-~ | ., A
¥ ! 1 a2.480
| m. N (KH) . o (MiITa) 3. A ()

Pucynok 16. Cratndecku onpeaenumsblil CTyIIEeHYaTbli CTEPKEHD

a) PaccmaTtprBaeMblil cTep:keHb COCTOHUT U3 6 y4aCTKOB, TPAHUIIAMU KOTOPBIX
SIBIISIFOTCSL CEUCHMsI, TJI€ MPHIJIOKEHBI BHEIIHHWE CHJIBI U MECTa M3MEHEHHUs pa3MepoB
MOTIEPEYHOTO ceueHus. [IpoBo/si MPOU3BOIBHBIE CEUCHHUS B TpEesiax KaXI0To yda-
CTKa CTEpXHS M paccMaTpHBasi €ro HIKHIOIO YacTh (0TOpachiBasi YacTh C 3aJ1€7KOM),

HaXOoIuM IIPOAOJIbHBIC CUJIBI HAa KaXKXKIOM YYACTKEC CTCPIKHA, OAHOBPCMCHHO CTPOA
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AIIOPY NMPOoAOAbHBIX culdl N (pucyHok 16). ITo smope N MOXHO, ONpeneauTh Mpo-
JIOJIBHYIO CHITY B 3aJi€JIKe, KoTopasi paBHa -160 kH.

0) Jlnst onpeenieHuu OMacHOTO CEUEeHUsI HaXO UM HOpMaJlbHbIE

HaIIPSKCHUA HA KAXKIOM YUACTKE CTCPIKHA: O = g .

o, =—=0;
A]
N, =300
02 :—:—;
A, A

N, =300 -300 —200

U4 kA 154 A

b

40
O, :j,
54,55
O; = 5
A
—145,45
Og=—"""".
A

W3 ycioBuii mpOYHOCTH [JIsl OMACHOTO (BTOPOr0) ydacTKa MpU PacTSHKEHUH-
CKATHUU:

=o,|= % <[o], =75 Mlla, orcrona

o

3
A:300_300 10° H

—s = 75.10° 10 =410 u* =40cm”.
. a

Jlajiee MOXKHO OIPEIEIUTH IUIONIAAb MTONEPEYHOrO CEYEHUS KaXKI0T0 y4acTKa
CTEPKHS.
B) [locTpoenue 3mropbl HOPMAJIBHBIX HAMPSKEHUIA.

HOpMaJIBHBIC HaIllPSAKCHUSA B IIOIICPCUYHBIX CCUCHUAX YUACTKOB PABHBI:

o,=0;
f— f— . 3
o,= 200 _ ~309 130 =—75-10° =—75Mlla;
A 4-10
3
o= 220010 oz
4-10
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o,=10MIla;
o, =13,64Mlla;
o, =-36,36 MIla.
[To mony4yeHHBIM 3HAYEHUSIM CTPOUM SITIOPY HOPMaJIbHBIX HanpsikeHui (puc.16).
r) [locTpoenue 3MopsI epeMeIIeHU MOTIEPEYHBIX CEYEHUN BJIOTIb OCH.
JI1s1 MOCTpOEHUST SMIOPHI OTHOCUTEIBHBIX TMEPEMEIICHUN HCIOIb3YEeM 3aKOH
. NI /
I'yka niist abCOMOTHBIX yNIMHEHUN: Al = a = O'E.

Onropy nepeMenieHuil cienyeT CTpouTh, HauMHas OT 3a/IeJIKH, IepeMelleHne

CCUCHUS B KOTOpOﬁ PaBHO HYIITO. yI[J'II/IHCHI/ISI Y4aCTKOB COOTBCTCTBCHHO pPAaBHbI:

Al =0;
—75-10%I1a -
Al =, 2 PO A030 4 6602055 = 0,205
E 1,1-10°-10" I1a
—-50-10°-0.4
[, = >0 05 0’65=—0,205Mﬂ4;
1,1-10°-10

Al, = 0,04 1mm;
Al; =0,067 mm;
Al, =—0,178mm;

OpauHaThI SMIOPHI IEPEMENICHNIN TPAHUL] y4aCTKOB OYAYT:
Ve = Al =—0,178mm;
Vs =Alg + Al =-0,178+0,067 = —0,11 Ly
v, = Al + Al + Al =-0,070mm;

6
V= ZAZI. =—0,275mm;
3

v, =—=0,480mm;
v, ==0,480mm.
[To mony4YeHHBIM MEPEMEIICHUSIM CEUCHUN CTPOUM JMIOPY MepeMEeIIeHU (PUCYHOK

16).
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SATTAYA Ne 7
PACYET CTATMYECKH HEOIIPEJEIHNMOM CTEPKHEBOMH CTCTEMEI
1. HCXOIHLIE JAHHLIE H VCIIOBHE 3JATAUH

ADCOMIOTHO #ecTKHH Opyc oNHpaeTcd Ha MAapHHPHO HelOABHAHYVIO ONODY
H IIPHKPeILTeH K ABYM CTep:KHAM ¢ NOMOMIBI0 MapHAPOB. Tpedyercd:

6) HAaHTH YCHIHA H HAIPSAKEHAS B CTEpPIKHIX, BRIPA3HB HX depe3 cHIy O,

7) HAHTH JoMycKaeMylo Harpy3ky Oi,, IPHpPaBHAB Ooibllee H3 Halpame-
HHH B JBYX CTEPKHAX pacueTHOMY compoTHBIeHHIO R =160MIIa;

8) HAHTH OpedelbHVIO IPY30I0IbeMHOCTD CHCTEME! ), H JOMyCKaeMy0 Ha-
IPY3KY O,y eCIH Opeded TeKydecTH o, =240MIla H xo3dQHIHEHT 3a-
maca mpouHOCTH k=15

9) cpaBHHTL BeMHIHHBI (;,, NOTyUeHHBIe H3 pacdeTa [0 JOMycKaeMBIM Ha-
NpASHHAM H JOIYCKAaeMBIM HArPy3KaM.

HexogHele maHHBIe IIM pellleHHA 3aJa9H. CXeMa crep:&ﬂ:lemﬁ CHCTEMBI II0-

Ka3aHa Ha pHC. 4; IIoIDanb NONepPeuHOro cedeHHd — 4 =17 ¢M™; THHeHHBIe pa3Me-
pu—a=22m b=25M c=17M,

2. PEILIEHHE 3ATAYH

[IpH JeficTBHH Ha CTep:KHEBYIO CHCTeMy BHeIIHeH CHIBI () aOCOMIOTHO Ke-
CTKHII Opyc IoBepHeTCd 110 9ac0oBOH CTpelKe OTHOCHTEIBHO TOYKH 4, 9T0 BBI30BET
) yIauHeHHe cTepikHed | u 2. [le-

] opManHg cTepXHeH IPHBOOHT K
BO3HHKHOBEHHI0) B HHX IIpPOJOIE-
HBIX YCHIHH N; H N; IloMuMO
ITHX VCHIHH K CHCTeMe MpHIOKe-
HBI JBE OIOPHBIE PeakITHH, BO3HH-
KAalOIHe B IMAPHHPHO HEIOJBHIEK-
HOH onope 4. Ha IIITOCKOCTH MOXK-
HO COCTABHTE TOJBKO TPH He3aBH-

CHMBIX YPABHCHHA CTATHEH. Cre-
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I0BaTedbHO, 0DINee THCIO HeH3BeCTHBIX VCHIHH HAa eIHHHITY NpPeBhINasT KOIHIe-
CTBO YpaBHEHHI CTATHKH H CHCTeMA SBIAeTCH CTATHUECKH HeolpeIeTHMOMH.

J14 onpeeleHHd YCHIHH B CTePXKHIX 3aJaHHOH CHCTEMEI pacCMOTPHM TPH
CTOPOHEI 33Ja9H. CTATHIECKYI0, FTeOMeTpHIeCKYI0 H (PH3HIECKYIO.

1) CratHdeckad cTopoHa 3adagd. CocTaBHM ypaBHeHHe CYyMMBI MOMEHTOB
BCeX CHII, JeHCTBYIOIIHX Ha CHCTEMY, OTHOCHTeIbHO HeIOABHKHOH TOIKH 4

>m,=0; N,-Sina-c+N,-(b+c)-Q-a=0.

[ToTydeHHOe ypaBHeHHe COJepiKHT JBa HeH3BeCTHBIX NPOJOIbHBIX VCHIHA, BO3-
HHKAIOITHX B CTeP/KHAX CHCTeMel, V; H NV, .

2) TeoMeTpHUecKad CTOPOHA 3aJadH. PaccMOTpHM JedopMHpOBaHHOE CO-
CTOSHHe CHCTeMBI, KaK [I0Ka3aHo Ha pHcyHKe. ITog geficTBHeM cHABI (0 aDCOIROT-

HO JKecTKHH Opyc 3aHHMaeT HoBoe nonoxende 4C ° CTepxHH [ H 2 IOTyYaT yI-
maHeHHS Al, B Al, cooTBeTCcTBeHHO. 3alHINEM YpaBHeHHe, CBA3bIBAOIISe ITH Be-

THYHHEL. B cooTBeTcTBHH ¢ uepTexoM BB" = Al B CC' = Al, V3 npaMOyTOIBHO
TpeyroasHEKa ABB'B" momygaem, uto BB'= Al / Sina . 31ecs yron a =45
M3 mogodus TpeyroabHukoB A4BB' 0 A4CC cnemyet
BE" e Al Al
——=—— HIH = S T
AB AC c-Sina (b+c)

3) <H3HUecKad CTOPOHA 3aJadH. Bocmolb3oBaBIIHCH 3aKoHOM ['yKa, 3a-
[HIIeM BRIpakeHHA 114 YITHHeHHH cTepkHed Al © Al :

N,-L,  N-b

_N,-l, N,-b
E-4 E-A-Sna

H Al = ;
E-A, E-24

2

Al =

1

IlogcraBnas 31TH BRIPAAKEHHA B YVPABHCHHE FEGMEIPIHECKDfI CTOPOHEI 33a04-
UH, IIOJIYTAEM

Nb  N,b
E-A-c-Sinfa E-24-(b+¢)

Torma
N,-c-Sin‘a N, -17-0,7071
N'l = = — =
2-(b+c¢) 2-(2,541.7)

=0,1012N,.

HD,ZLCTHEJIEE HGJI}"IEHHDE COOTHOINIEHHE B }’PHBHEH]‘IE‘ CTAaTHKH, HMEeeM:
0,1012N,-0,7071-1,7+N, -(2,5+17)-Q 2.2=0;

41322 -N,—22-0=0.

22.0
N; = 4’325 =0509Q0 B N,=01012N, =01012.0,5090 =0,05150 .
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BrranciageM HOPMATLHEBIS HATIPTHSHNA B CTEPEHAY CHCTEMBI

N, 005150 005150
A4 A 17-107*

30,300 ;

1:

N, 05090 024450 025450
4 24 A 17-107*

=149.710.

-
-

HaxomaMm momyckaeMylo HAarpy3Ky Ha CHCTeMYy, [IpHpPaBHHBad OoIIblIee H3
IBYX MMOIVYSHHBIX HAlpPLKeHHH B CTePXKHIX BeIHYHHE PacdeTHOID COIPOTHBIIE-
HHA R =160MIIa. H3 ycroBHS NPOYHOCTH ClIeayeT

Oy =0, =149.710 = R =160 MIIa.
OTtxyma

R 160-10°

O = =
14971 14971

Zdomn —

=1068,76-10°H=1068,76 xkH.

OmnpenensM Hecymyl CIOCODHOCTE CHCTEMBI (J, H3 pacdeTa OO paspy-

IMarOIIHM Harpy3kam. IlpenensHoe cOCTOAHHE CTepKHeBOH CHCTeMBI OyIeT Joc-
THTHYTO TOTZAa, KOTJAa HAaNpskKeHHA B 00OHX ee CTepiKHAX JOCTHTHYT IIpeena Te-
Ky4ecTH MaTepHana ¢, = 240 MllIa. Torma, H3 cTaTHYeCKOH CTOPOHEI 330aYH IIO-

TygaeM
o,-F -Sina-c+0,-F,-(b+c)-0-a=0,

o,-F-Sina-c+o,-2F-(b+c)-0Q-a=0,

o, -Flc-Sina+2(b+c)) 240.10°.17-10* .(1,7-0,7071+2-(2.5+17))
a L

=17807475H=1780,75 xH.

IIpH 3anaHHOH BelH4YHHe Ko3()(HIHEeHTA 3amaca NPOYHOCTH JOMycKaeMad
Harpys3ka OyaeT paBHa
O, 178075
k

r -
O, = =118717xH.
CreJoBaTelsHO, BeTHYHHA JONYCKAeMOHA HATpy3kH () . HOIYISHHOH H3
pacdeTa mo pa3pyIIANINHM HATPYy3KaM, OOIbINe BeMHYHHBI (J, . MOIVIeHHOH H3
pacdeTa o JONVCKaeMBIM HANPOKeHHAM B

O _ 18717 1111
Q,. 106876
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3AJIAYA 8

Jl1s1 3aiaHHBIX Oaok TpedyeTes:

1. OnpenenuTs OOPHBIE PEAKITUU.

2. TlocTpouTb 3MIOpbl BHYTPEHHUX CUIOBBIX (DaKTOPOB.

3. IlomoGparb momepedHble CEYEHHs] M3 YCIOBUM MPOYHOCTH — KPYIJIble U

MNpAMOYTOJIBHBIC ICPCBAHHBIC, CTAJIBHOC U3 IByTaBpa.

Ra=48,417

INPUMEP 1

3 KH/M g

Rb =

3,917

QP Qo 0|
g) AN NN N NN
| A e
3 g .
F=25kH| m=45kHm e
F1=130kH
2 2 1,5 2 2
25
@ 2,083
@‘ g T BRI
; 3917 |9n. Q, kH
23,417 2787
95 s\\
\
\'\
50 48,166 .
10,39
3.66 7.834
T e | 3n. M, kHm

Pucynok 17 - Ilpumep 1 — Ganka Ha ABYX omopax
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1) HaXOIII/IM pe€akuuun O11op. I[J'IH 9TOT'0 COCTABJIICM YPABHCHUA PABHOBCCHA.

>Ms=0;
25-2+45+3-3,5-3,75-30-3,5-7,5Rg=0;
7,5 Rg =29,375;

Ry, = 3,917 «H.

>Mg = 0;
30:4-3-35-3,75+45-7,5R,+25°-9,5=0;
7,5RA = 363,125;

R = 48.417 «H.

[Tposepka: Yy =0;
25-48,417-3-3,5+30+3,917=0;
0=0.

2) IlocTpouM 3MIOphl BHYTPEHHUX CUIIOBBIX (pakTopoB Q 1 M 1o XapakTepHbIM
TOYKaM. XapakmepHviMy TOYKaAaMU HA3BIBAIOTCA TOYKHU MPHUIIOKEHHS COCPEIOTOUYECH-
HBIX CHWJI, TPaHULbl MPUIIOKECHUS PABHOMEPHO PACIPEICICHHBIX HArpy3oK, TOUYKHU
MPUIIOKEHUSI MOMEHTOB, IIAPHUPHI, Y3JIbl, 3aJCTIKH.

IToctpoenue smropsi Q.

1. ITIpoBeném ceuenue I-I B Touke 1 1 paccMOTPUM y4dacTOK CJIEBA OT CEYEHUS.
B nero Bomwia cuna F = 25 xH, peiictByroiast BBeEpX, Mo3TOMY Ha 3mope Q oTkia-
nbIBaeM 3HaueHue 25 kH BBepx OT HyJIEBOM JIUHUMU.

2. IlpoBoauM cevyeHure B TOUKE 2 PACIOI0KEHHOMU JieBee mapHupa A Ha Oecko-
HEYHO MAajioM PAacCTOSTHUM, M paccMaTpUBaeM JIEBYIO 4acTh Oanku. B Hero Ttakxke
Bouwia ToJabko cuna F = 25 kH, nmostoMy B Touke 2 Takxke oTknaasiBaeM 25 kKH BBepx
OT HYJICBOM JINHUMU.

3. IIpoBoauM ceyeHHe B TOUKE 3, pacCCMOTPUM JIEBYIO 4acTh. B Hero Bomuia
cuna F = 25 xH, neiictByromas BBepx u cuiia Ry = 48,417 kH, aelictByroiias BHU3.
ITosToMy Ha 3mtope B Touke 3 oTkiaabiBaeMm 25 — 48,417 = — 23,417 xH. B Touke A
o0OpasyeTcsi CKauOK Ha BEJTUYMHY peakiuu Ra.

4. B Touke 4 Hu4uero He 700AaBUIIOCH, HA AIIOPE OTKIIAIbIBaeM 3HadeHue 23,417
kH.

5. IIpoBoauM ceyeHHE B TOUKE 5. AHAJIOTUYHO MPEABIAYIIUM pacueTam MoJry-
yaeMm: 25 —-48,417-3 - 1,5=-27,917 kH.

6. [lanee ang ynoOctBa HaUHEM pacyeT ¢ IpaBoii ctopoHsl. [IpoBeaem ceuenue
B TOUKE &8, pacCMOTpPUM IIpaBylo dacTh. B He€ Bomna tonbko cuia Rg = 3,917 kH,
JNEUCTBYIOIIAs BBEpX. Tak Kak pacyeT BEJEM C MPaBOM CTOPOHBI, HA AMIOPE OTKIIAIbI-
BAE€M €€ 3HAUYCHUE BHU3.

7. B Touke 7 HU4YEro He M3MEHUJIOCH, HA BIIOPE B TOUKE 7 OTKJIaabIiBaem 3,917
kH BHHU3.

8. [IpoBenem ceueHue B TOUke 6, pacCCMOTPUM MpaByIo yacTh. JloOaBisieTcst Ha-
rpy3ka q, = 3 kH/m, nefictByromas BHu3. Ha smtope otknanpiBaem: — 3,917 +3 - 2 =
= 2,083 kH.

B Touke npuiioxkeHus: CHIbI MOJy4aeM CKadoK, paBHbIi ee BennunHe 30 kH.
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[lony4yeHHbIE TOYKHM HEOOXOAMMO MOCJIEA0BATEIBHO COCAUHUTD MPSIMBIMU OT-
pe3KaMu, PacCTaBUTh 3HAKH («+» — JJI1 YYaCTKOB, PACIOJIOKEHHBIX BBIIIE HYJIEBOM
JIMHHUM, «—» — HUKE HYJIEBOU JMHHMMU. Bce yd4aCTKHM 3alITPUXOBBIBAIOTCS aKKYpaTHO
BEPTUKAIBHON IITPUXOBKOM.

IToctpoenue smropsl M.

Onropa MOMEHTOB M CTPOUTCS Ha C:KaTOM BOJIOKHE.

bynem cuutath MOMEHT M MOJOXKUTEIBHBIM, €CIIM MPUIOKEHHBIE CHIIBI CHKU-
MarOT BEpXHHE BOJIOKHA OaJIKW, OTPUIIATEIILHBIM — €CJIU HUXKHUE. DMI0pa MOMEHTOB
M cTpouTCs 10 TEM K€ XapaKTEPHBIM TOUKAM, YTO M 3IIOpa onepeyHbIx cui Q.

1. IlpoBoguM aHAIOTMYHO CEYEHHUS B TOYKAX, € XOTUM HalWTH MOMEHT. B
TOuke 1, B MecTe mpuioxkeHus cuiibl F — paccmaTpuBaeM JIEBYIO YacTh, B HEE BOIILIA
tolbko cuia F = 25 xkH, T.k. 3Ta cuja He MMEET Iieya OTHOCUTEIBHO TOYKU 1, MO-
MeHT paBeH 0.

2. TlpoBenem cedyeHue Ha OECKOHEYHO MAJIOM PACCTOSHUM CIeBa OT TOUKH A,
B TOYKE 2 M pacCMOTPHUM JIeBYIO 4acTb. B Hee Bonuia cuna F = 25 kH ¢ muiedom 2 m
OTHOCHUTEJIBHO TOYKHU 2, CJIEIOBAaTEIbHO B TOYKE 2 MOMEHT paBeH 25 * 2 = 50 xHwm.
Cuna ckuMaeT BEpXHUE BOJOKHA, MO3TOMY 3HAYEHHUE OTKJIAJbIBACTCS BEPX OT HYyJIe-
BOM JINHUM.

3. IlpoBenem ceueHne Ha OECKOHEUYHO MajiOM PACCTOSHHUM MpaBee TOUKU A, B
touke 3. PaccmoTpuM JieByto yacth. B Hee Bouwia cuna F = 25 kHM ¢ nieuom 2 M
OTHOCHUTEIBHO TOUKM 3, MOMeHT m = 45 kHwMm u cuna Ry = 48,417 xkHwMm ¢ miedom 0 m
OTHOCUTEJIBHO TOYKHM 3. MOMEHT Takke Kak U cujia F cxuMaeT BEpXHHUE BOJIOKHA,
CJI€IOBATEIIbHO, YUYUTHIBAETCA B PACUETe TaKXKE CO 3HAKOM «+»: 25 -2 + 50 = 95
kHM. B Touke A mpou3olien ckauyoK Ha BEIMYMHY MPUI0KEHHOTO MOMEHTA.

4. AHaIOrMYHO HaXOJWM 3HAYEHUS MOMEHTOB B OCTAJIbHBIX TOUKAX.

B Touke 4: 254 +45—-48,417 - 2 =48,166 kHwm.

B touke 5:25°-55+45-48417-3,5-3-1,5-0,75=9,668 xHwm.

5. Jlna yno6cTBa pacyeToB MPOJOKUM pacdeT ¢ IMpaBoil CTOPOHBI Oanku. B
TOYKe 8 MOMEHT paseH 0.

6. B touke 7: 3,917 - 2 = 7,834 xHwm (cxuMaeT BepXHHE BOJIOKHA, OTKJIaIbIBa-
€M BBEpX).

7. Bo3Bpaiaemcsi B TOUKY IPUII0KEHUS CUlbl F:

3917 -4—-3 -2 -1=9,668 xkHm. B 3T0i1 Touke Habt01aeTCA U3IOM B CTOPOHY JI€ii-
CTBHS CUJIBI.

3HayeHHUsT B TOYKAaX MPU MOCTPOEHUU BMIOP C JEBOM M C MPaBOW CTOPOHBI
JOJ>KHBI COBIACT.

HaiineHHble TOYKH COCIUHSIOT NPSIMBIMH, a TPAHUIIBl YYACTKOB C PABHOMEPHO
pacrpeie]IeHHON Harpy3ku — napabosiol, BBITYKIOCTHIO B CTOPOHY OOpaTHYIO JcH-
CTBHIO Harpy3KH.

Heo6xoauMo oTMeTHTh, 4TO Ha 3Mtope M Mo cpaBHEHUIO ¢ AMIOpor Q mopsIoK
JIMHUI yBEJIWYMBAECTCS HA €JUHHUILY, T.€. €CIIU Ha 3mope Q ropu3oHTANIbHAS MpsiMasl,
TO Ha 3Mmope M — HakJIOHHAs, €ciiu Ha smope Q HakJIOHHAas, TO Ha smope M — napa-
0oJia W T.1I.
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OnpeneneHne skcTpeMyMma.
OKCTpeMyM pacloiaraercs Ha J3IIIOpe MOMEHTOB IIOJ TOYKOW IEpPECCUYCHUS
31opbl Q ¢ HyJIEBOH JTMHUEH.

2
2
DKCcTpeMyM ompenesum 1o Gopmyne: M. = M, £ = rne
2q
M, — 3HaueHne MOMEHTA Ha JIF0OOM U3 IPaHUI] COOTBETCTBYIOIIETO y4acTKa.
Qy — 3HaueHue Q Ha COOTBETCTBYIOLIEH I'PAHULIE YUACTKA.

2
Torna M,,,.= 9,668 + %= 10,39 kHwm.

3) [TogOGupaem monepevyHbie CEUCHUS JaHHON OaJIKU.
[Tonoepem nepessunoe ([0] = 10 MIla) npsAMOyroibHOE CEUYEHUE C COOTHO-

menueM ctopon /1 =2b.
VenoBue NPOYHOCTH NPH  M3TUOE 10  MaKCHMAalbHBIM

y
HOPMaJILHBIM HAIIPSIKCHUAM:
M
o :|ﬂ£[a]:10MHa,
- max
7K W,
rie [0 ] = 10 MIla — pacueTHOE CONMPOTHBIICHUE JIEPEBA,;

W, — MOMEHT CONTPOTUBIICHUS OATTKH.

bh*  b(2b) b-4p> 21
Jlns npsiMoyronbHOTO ceueHus: W= = = :

6 6 6 3

M| _ 95-10"H
Y [o]  10-10°Ma

=9,5-107 M =9500 e,

b=31,5W =3/1,5-9500 = 24,24 cw.
[Tpumem b = 24,5 cm, Torna h = 2b =49 cwm.

INPUMEP 2

Jlnst 6anku ¢ KECTKOM 3aeIKOM HET HEOOXOIUMOCTH HaXOJIUTh OIOPHBIE pe-
aKIIMM, TOT/Ia TIOCTPOCHHUE JITIOP BCEra HEOOXOIUMMO HAYWHATH CO CBOOOIHOTO KOH-
1a OaJIKM.

1. TToctpoenue amropsl Q.

Pacuer Begem c jeBoro xKoHia Oaiku, MPOBOJIUM ceueHHe B Touke 1. B otce-
YEHHYI0 4acCTh HE MONAJI0 HUKAKUX CHWJI, CJIEJ0BATEIIbHO, B Hayaje 3TOTO y4yacTKa
Q=0.

IIpoBoaUM ceueHue B TOUke 2. B 0TCeUE€HHYIO YacTh BXOAUT HArpy3ka qp, A€i-
CTBYIOIIAs BHU3, IOATOMY Ha 3MIOPE OTKIaabiBaeM: — 3 * 2 =— 6 kH — BHU3 OT HyJle-
BOU 1uHMH. B Touke 3 — aHaI0ru4HO.
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m = 45 kHM
q2 = 3 KH/M é.@ Q F1=30H \
[ Yy V VY VY y N
Hinm | © @ N
G)/ 7 q1=4KkiM §
2M 1,9m 2m
I—
2 an. Q, kH
30 30
|w rrrerre——y anl M, KHM
6
o1 \"‘-.
55,:5\“%.“
N 1155

Pucynok 18 - IIpumep 2 — Oanka ¢ KeCTKOU 3a€eNIKOM

ITIpoBoauM cedueHue B Touke 4. B OTCEUEHHYIO YacTh BXOMST JIBE€ HATPY3KHU: (>,
JNEUCTBYIOILIAs BHU3, U (], IEUCTBYIOIIas BBEPX. Ha amrope oTknagpiBaeMm:
-3:-2+4-1,5=0.

IIpoBoMM cedyeHue B TOUKE 5, pacCMaTpUBaeM JIeBYIO 4acTb. [lomuMo Harpy-
30k B He€ BxoauT cwia F; = 30 kH, aelictBytomas Buu3. Ha smrope oTkaapiBaeM:
-3-2+4-1,5-30=-30«kH.

B Touke 6 — aHAJIOTHYHO.

CoenuHseM MOTYyUYECHHBIE TOYKH OTPE3KaMU MPSMBbIX.
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2. Iloctpoenue smropsl M.

Haunnaem moctpoeHue Takxke co CBOOOIHOr0 KoHIAa Oanku. B ydacTok cieBa
OT TOUKHU | HE BXOISIT MOMEHTHI, TO3TOMY 371ech M = 0.

[IpoBOMM ceueHHME B TOUKE 2 UM paccMaTpUBAEM JIEBYIO 4acTh. B He€ BXoauT
Harpyska (;, CKMMAloIasi HKHUE BOJIOKHA. MOMEHT B 3TOM TOUYKE PaBEH:
—3-2-1=6xHwm.

ITIpoBoaMM ceueHune B TOUKE 3, pacCMaTpUBaeM JIeBYIO 4yacTh. [loMmuMo Harpys-
KM B HE€ BXOAUT MOMEHT m = 45 xkH, cxxumaronuii Takke HI>KHUE BOJIOKHA. Ha
smope oTkianapBaeMm: —3 -2 - 1 —45=-351 xHwm.

Jlanee Bce MOCTPOCHUS BBIMOJHAIOTCA aHAJIOTUYHO. MOMEHT B TOUKE 4 paBeH:
-3:2-1-45+4-1,5-0,75=-55,5 xHwm.

B Touke 5 nobGaBmnack cuia Fi, HO, T.K. €€ TIe40 paBHO HYIIO, HA SIIOPE 3Ha-
YEHUE MOMEHTa HE MEHSETCHI.

B Touke 6 MOMEHT paBeH:

-3:-2-1-45+4-1,5-2,75-30-2=-115,5 xkHwm.

[Tony4yeHHbBIE TOUKHA COECIUHSIEM OTPE3KaMU MPSIMBIX, a MOJ HArpy3Koil — mapa-
007101, BBIITYKJIOCTHIO B CTOPOHY OOpaTHYIO JEHCTBUIO HATPY3KH.

[To mOCTPOEHHBIM 3MIOpPaM MOXHO ONPEACIUTH OMOPHBIE PEAKIIMU B 3a]ICIIKE
nannou Oanku: Q = 30 xH, Hanpasnena Beepx, M = 115,5 kHM, cxxumaer HUXHHE
BOJIOKHA Oajikul (HampaBJICH MO YaCOBOW CTPEIIKE).

3. Ilon6op ceuenwmii.

Beimonaum HO)I60p KpYrJjoro AepCeBAHHOI0 CCUHCHUA

M M
O = |ﬂ <lo]=10Mlla, orxkyna W_= M,
W, o]
rae = 10 MIla — pacueTHOE CONMPOTUBIEHHE JepeBa; W, — MOMEHT
nd’
CONPOTUBIICHNUS KPYTJIOro cedeHus Oanku: W= ETR

Torma TpeOyembiii auaMeTp KPYrJoro IOMEPEYHOTrO CEUYCHUS
32-|M .| [32-115,5-10°
w-[o] 3,14-10-10°

Beimonaaum HOII60p CTAJIBHOT'O ABYTAaBPOBOI'O CCUHCHUA

Oanku paseH d > 3 = 0,49 wm. ITpunumaem d = 50 cm.

“ |Mmax
7 C...=———=<[o]=160MIIa,
W,
_.%_.ﬁ
115,5-10° Hu
S| Ten % W, = - = 0,722 107 M =722 e’
160-10° I1a
b [To copramenty npokarnoit cranu (I'OCT 8239-89) mnon-

6upaem mBytaBp Ne 36 ¢ W, =743 cm’.
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3ATTAYA Ne O
PACUYET KOPOTKOI' O CTEPAHA HA BHELIEHTPEHHOE CIKATHE
1. HCXOJTHBIE JAHHBIE H YCIIOBHE 3ATAUH

UyIyHHBIA KOPOTKHIl cTepikeHb, HoNlepedHOe cedeHHe KOTOPOIro H300pake-
HO Ha pHC. CKHMaeTCH NPOIoILHOH CHIOH F | IPHIOKeHHOH B TouKe 4. Tpe-
OyeTcA BEITHCIIHTE:

a) HaHOOIbIlee PACTATHBAOINee H HAHOOIbIIee CKUMAIOIIee HANPTKeHAe B
[IOIepedHOM CeYeHHH, BEIPa3HB 5TH HAIPAKeHHA Yepes F, H pasMephl CedeHH,

0) HalTH JOMyCKaeMVI0 Harpy3Ky [F] TIPH 3aJaHHBIX pasMepax ceueHHd H
pac4eTHBIX CONPOTHBICHHSX [UIA YyIVHA HA CXKaTHe R, H Ha pacTsakeHHe R, .

HexonHele JaHHBIe 704 pelleHHA 3agja4dd: R, =140MIla; R, =24 Mlla;
a=4cum; b=4cm.

2 PENIEHHE 3ATTAUH

OHPE,ZLEIEEEM reoMeTpHUIECKHe XaPaKTePHCTHEH CetTeHHA. BHﬁHPﬂE‘M BCIIO-
MOTATeIBHYHY CHCTEMY KOOPIHHAT é,:IrI 1}, HallpaeIdd 3TH OCH, KAK TTOKA3AHO HA

PHCYVHEES. CegeHne pE’iZ}ﬁHB?iEM Ha ABa 3neMeHTa. IlmomanH 30eMeHTOB CedcHHA
PABHBIL:

lr's-*l‘?? iy by,

£=133

l\}\r.' i :
1 M
T 1 '
\
\ . =
ay=1.05cm \ ¢ | b
—1—,—|-—u: '.I 5
. \
‘ | A
1"“; : i &
\E : |
Z : \
8 :
Cy Ii C : C EXe o
____________ O ._O_..____cl_;._._._ mimemag
t : \ i Xx s
= E
- 1\ .
5 L
| o\
e T
i A .
\ 3
| i ; 3 : _hlc
\ Loy
. i
B i ! : T
5 P [
! ; i i
by=133cai b,=2 67cm
&=dcu :
et
a=4 cum a=4cm J

Pucynox 19.
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A =4b-a=4.4.4=64 cr’; 4,=2b-a=2-4-4=32 om".
KDDP,IIHHE[TBI OeHTPOB TAHRECTH 3IeMeHTOR CeUeHHA:

m=0.m=0cM;, &5=0;&=4c

Haxoaum Ko OpPOIHHATHI HeHTPA TAKeCTH CeUeHHA B ISJIOM:

S 47, _64-0+32-0

.= =0 oM;
oA 64+32
> 4& 64-0+32-4
;;:r = —'11 — = =1,33 CM.
> A, 64 +32

Hepes momydeHHYI0 TOYKY LeHTpa TEEKECTH CeUeHHA [OPOBOIHM IeHT-
panpHBIle ocH X H Y. KoopaHHaTHl HEHTPOB TLKECTH 3IEMEHTOB B CHCTEMe IIIAB-
HEBIX OCeH:

a=m—17.=0c™M a=rn,—1 =0cM
b =6—E=0-133="133c B=5-"=4-"133=26Tcn
BrruHcages oCceBRIE MOMEHTEI HHEP]J,'HHZ

(4bY a-(2b) 16°.4 8.4
_a-(a)  a-(2b) :

ok, ¥ordwd, vaid = =1536¢M
RS e 12 12 7 12
J,=J, +B4 +J, +b4,= @ +B A, +ﬂ+ b A, =

i

it +(~1,33) .64+—4_%B +2.67-32=46933cm".

8 .

BrIuHcIgeM KBagpaThl INIABHBIX PagHyCOB HHEPITHH!

s J, 1536 s 2 J. 46933
p=—t=——=16¢cM; i;=—"L= :
A 96 A 96
Tlo yepTexy OompenendeM KOOPIHHATHI MPHIMKEHAS CHKHMAKMEH CHIb P B
CHCTEME TTIABHEIX [IEHTPATBHBIX Ocell

Xp=467cM;, FYo=4cM

=489 oM.

Jl1a ompegeneHHd MOIOXKEHHA OMNACHBIX TOYSK MONePedHOro ceueHHd Haxo-
IHM DOI0kKeHHe HeHTpaTbHOH JTHHHH. BRUHCIZeM BeIHIHHY OTPe3KOB, OTCeKae-
MBIX 3TOH THHHEH OT IIABHBIX IIeHTPAIBHEIX OceH HHePITHH CedyeHHd !
ii 489 i .16

X

g s o =—105eM; a, =——=——=—4cM
R TR YT Ve 4

OnacHble TOUkH 4 H B (HaHOolee yIaldeHHble OT HeHTpalbHOH ITHHHH)
HMEHT CJIeIyIIIHe KOOpOHHATH: X, =467 cM; y,=4 oM, xp;=-333 cM;

¥z = —8 cM. B TouKe 4 3aJaHHOIO CedeHHY BOZHHKAKT MAKCHMAIIBHBI® CAKHMAIO-

IMHe HATPpAHEHHI, 4 B TOTKE B — MakcHMaIbHEI® PACTATHBAIONTHE HAIIPAHCHIT.
Haxomum HAMIpAXEeHHd B OITACHBIX TOUKAX.
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o =_£ 1+I{I.a+.]’rf_l}"_4. oy F g 1+4ﬂ{5?-4‘67+4-4 _
A 96-10 489 16

=67291P< R, =140MIIa;

g=_£{1+xpfrﬂ+;-l,fvﬂ}=_ F [1+4,5?-{—3__33}+4-{—3]}=

™ i2 i 96-10~ 4.89 16

¥

=43544P < R, = 24 MI1a;

Hs YVCIOBHA TIPOYHOCTH B OITACHBIX TOYKAX CeUeHHA ITOTVHAEM:

F{HD-lD"" F{Eﬂl-l{}ﬁ
~ 67291 43544

= 208,05 xH; =5512xH.
B xagecTBe JoImyckaeMoH Harpy3kH clIedyeT B3ATh HAHMeHBINee H3 OBYX 3HA-
geHHH. CleJoBaTellbHO, JOMYcKaeMad HAarpy3Ka paBHa: [F]= 5512xH.

3AJTAYA No 10
PACUET CKATOH CTOHKH HA VCTONUYHUBOCTE
1. HCXOTHEIE TAHHEBIE H YCIIOBHE 3ATAYH

Tpebyetes:

a) HalTH pasMepsl NONepedHOIo CedeHHd IPH JOIyCcKaeMOM Halpsg-
JKeHHH Ha mpocToe cxkaTHe R =160 MIlla (pacuer OpoH3BOOHTE IIO-
clIeOBATeIbHBIMH MNPHOTHAEHHAMH, IpelBapHTIeIbHO 3aIJaBIIHCh
K03 QHIHeHTOM NpoJoIbHOr0 H3rHOa @ =0,5);

0) HAHTH 3HAYeHHe KPHTHYecKOH CHIBI H Ko3(QQHIHEHT 3amaca yc-
TOHYHBOCTH.

Hexoanple nanHble nnd pemeHHs 3agadn: F =400xH; /=2 4Mm;
—{*& cXeMa IomepedHOro cedeHHd M3oBpakeHa

£ CtanpHof cTepXkeHb LTHHOMH [ ciKHMaeTcd cHIOH F .
J4
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2 PEIIEHHE 3ATTAYH

¥ i BriuHc/IgeM TreoMeTpHUecKHe XapaKTepHCTHKH
I 3a0aHHOTO [MONEePeuyHOro CedeHHd CKATOro
! CTepKHA.
[ ¥  Ilnomaze cedeHus paBHA:
"CS B i ] -h-"'.::--—-.-
™ 2
, x-d )
t A=2d-2d — =3.215d4 "
! i 4
2d HaxoguM MHHHMAIBHBIA A OCeBOH  MOMEHT
HHEPIHH 33JaHHOT0 MOIepedHOro CeueHHA:
4 4
2d T-d
Jow =T =J; i _J ~ =1284d".
12 64

DIIPE‘,Z[EIEEM BeTHIHHY MHHHMATRHOTO PalHyCa HHEPITHH CeHUeHHA.

e = [T / A =+/1.284d* /(3.215d") = 0,632d .

HaxomsyM pasMepsl NONepeuHoro cedeHHd CTOHKH H3 YCIIOBHA YCTOHYHBOCTH.
Ileppag monwiTka. IIpuaEMaeM ¢, =05 Toraa H3 yCIoBHA YCTOHIHBOCTH

HaliaeM TpeOyeMyI0 [LIOMIAIh NONepedHOTO CedeHHd CTePKHA:

F
o=—=x
A g&R

_F _ 400-10°
" @R 05-160-10°

=50-107 "= 50 en’.

&

YunTBIBad paHee NIOMyUeHHEIe BRIpaKeHH 1M BeIHIHH 4 H i, . AMeeM:

i >

d=4/4/3215=4./50/3215=394cmM, i =0632-3.94=249¢cM.
BrramcIgeM THOKOCTS CTEPKHS 1o Gopmye:

54 _10-240
i 2 49

omn
rae x=10 — Ko3dPHIHeHT NpHBeNeHHOHA JTHHBI, BEIDHpaeMBIH B 3aBHCHMOCTH
OT YCIOBHH 3aKpeIlIeHHA KOHIIOB CTEPKHL.
TabmHaHOe 3HaUeHHe KO3(QHIHeHTa NMPOJOIBHOIO H3THOA 14 cTepkHeH
H3 cTamH Mapkd CT 3 0pH THOKOCTH A = 96,29 HaXoIHTCH HHTepIOIAIHEH

0,665—0,599
@ =0,665—— = .6.29=10,623.

~96.29

@ +9| 05+0,623
2 2

Bropas momsITKa: @, = =0,562.
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o X 200-19° 4448102 = 4248 o

" @R 0,562-160-10°

d=:/4/3215=./4448/3215=372¢cM, i, =0632-372=235cm

A _10-240
TR T 3

omn

~102.09.

0,599 —-0.537

@ =0,599 - 2.09=0,586.

@, +@,  0562+0,586
St et .

=0,574.

TpeTes MONMBITKA: (@,

F 400-10°

A, =—= _=4355-10"M =43,55 cvr’.
" @R 0574-160-10

= ﬁ“.l'_,:{ /3,215 =+/4355/3215=368cMm, i, =0,632-368=233¢cMm.

@ 10-240
i 233

A= =103.18.

0,599-0,537 318=0579.

@ =0,599 —

DHPE‘,.ELEEEHEM BE]THUHHY PACHETHRIX HEHPH}HE'HH:E B CEUEHHH CTePHEHA:

F 400-10°
O—=—2= — =158,64MIIa < R =160 MIIa.
@4 0,579-4355-10
160—158.64

-100% = 0,85% < 5%, 4TO JOMVCTHMO.

Hemorpyska cocTaBiIsaeT:
i 160

Haxomum 3Ha4YeHHe KpPHTHYeCKOH CHIBL PacdeTHas THOKOCTH CTep:KHA
A=10318, 910 OOmBINe HmpedelbHOr0 3HadeHHA A =100. CremoBaTelsHO, IIPH

onpefeneHHH KPHTHIECKOH CHIIBI HeoDX0JHMO OTb30BAThCd (popMyIoH Diinepa:

_7'E | 314°-2-10"

F,=o,A=——A4 — 4355-107 =806,65-10°H= 806,65 xH.
' A 103,18°

Ko3¢ddunnenT 3anaca ycTOHUIHBOCTH paBeH:

F. 80665
Sl B i S B i
YT F 400
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3ATIAYA 11

CranpHOW BaJl KpYrOBOrO MOMNEPEYHOrO0 CEUYECHHUS] HArpy»EH COTJIACHO 3aJ1aH-
HOU cxembl. OTIpeIeNInTh:

1. JInameTpsl BAJIOB CIUIOIIHOIO CEYEHUS U MOJIOr0 C OTHOIIEHUEM BHYTPEHHE-
ro JuameTpa K Hapy>kHoMy d/D=0,8;

2. Tlo oTHOMIEHMIO TUIOLIAAEH ceueHUl MOoAOOpaHHBIX BAJIOB YCTAaHOBUTH Pa3-
HUIY B pacxojie MaTepuaia Ha UX U3rOTOBJICHUE;

3. IIpoBepHUTH KECTKOCTH BAJIOB.

Pucynok 20 - ITpumep pacuera Bana
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Tabmuma 13. McxonHple JaHHBIE TIpUMEpa

N | N; 0 0, D | D; | D, a o b 1)
kBt | kBr | H H M M M M | rpajn | rpan | paa/c
18 7 |600{400] 0,8 | 04 102 ] 02| 45 | 30 | 25

1. OnpenesieHne pac4eTHBIX HATPY30K M COCTABJICHHE PACYETHOM CXeMbl BaJia

1.1 PacnpeaesieHre MOIIHOCTH 110 BAJIY

[IpuanMaem mkuB quamerpa D — BEAyIIUM, IKKMBbI WM IIECTEPHU TUAMETPOB
D; u D, — BeAOMBIMH;

MOIIHOCTh N Ha BeAylleM mKkuBe nuamerpa D: N = 18 kBr;

MOIIIHOCTh N; Ha BeAOMOU 1iecTepHe nuamerpa D;: N; =7 kBr;

MOIIHOCTh N, Ha BeJloMOu miectepHe auametrpa D,: N;= N-N;= 18-7=11 kBrT.

1.2 OnpenesieHne BeJJMYUH BHEIIHUX MOMEHTOB, ICHCTBYIOIIIMX HA BAJI

N 18-10°
MomMmeHT Ha BeayueM wkuse D: M =—= s = 720 H-Mm.
®

7-10°

MowmeHT Ha BeioMon mectepue D;: M, = = 5 =280 H-m.

MowmeHT Ha BegoMou mectepue Dy: M, =

Ny
(0]

3
Ny 107 o How,
0] 25

IIpoepka: M=M; + M,=280+440=720 H-m.

1.3 Onpenesienne ycuauii, 1eCTBYIOIIUX HA BAJ

MomMmeHT Ha BCAYIICM IIKUBC B CCHCHUN C, COSHaBaCMBIﬁ HaTAXCHUCM IIJIOCKO-

2M  2-720

ro peMHs, paBeH (puc. 2 a): M = 2t§—t§, OTKyJa tzj =1800 H.

2

VYcunue ¢ mapauienbHO OCH .
MoMeHT Ha 1iecTepHe B ceUeHuu F, Co3/1aBaeMblil OKPY>KHBIM ycuiaueM £, pa-

2M, 2-280
D

=1400 H.

D
BEH: M, :F171, oTKyza F, =

1 D
Yeunue F coctaBisieT yroi o = 45° ¢ ochlo Xx.
PanuanbHoe ycunue B ceueHuu £ paBHO:

F,, = Ftg20°=1400-0,364 = 510 H.
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a=02m 1,5a=03m a=0,2m a=0,2m
A Egd- ° C B K : br
- S — Q) o Fi [
s za) = 777771 o \
— N
L t
CXEMA CUN1 B BEPTUKAJIbHOW MIOCKOCTH
V,=3989H V,=175H A~3086H
A E C B K
6) Y g
*F1V=1750H YFV=6000H
’ 1469
798 17
B) | | Onwopa M,, (Hm)
CXEMA CUJ1 B TOPU3OHTANILHOM MIOCKOCTH
F,=628H H,=3690 H
Al E C B 1K
r) ’h’
H,=1306 H F,=3010H
Aa) Oniopa M,, (Hm)
2616
4656
802
1541 ‘
2
8398
e) Onwpa M, (Hm)
CXEMA MOMEHTOB,JEVNCTBYIOIWMNX HA BAN
M,=280 Hu M=720 Hu M,=440 Ly
)K)Aua C Bl \ K
g +/ vy -
440 440
3) Onwpa M,, (Hm)
280 280
Pucynok 21




F Q F 3t

r

Pucynok 22 — O6mas cxema cuj, ICHCTBYIOIINUX Ha Ball

Yceunue Fj, L F] u cocraBiser yroa a=45° ¢ OCbIO x;.

MomMeHT Ha MECTCPHC B CCUHCHUU R, COSI[&B&CMBIIZ OKPY’KHBIM YCUIINCM Fg, pa-

2M, 2-440
D

BeH: M, = Fz%, OTKyHa F, = = 4400 H.

2 D
Ycunue F; coctaBisier yroa B = 30° ¢ ocklo X.

PanunansHoe yeunue F, = F,tg20°=4400-0,364 = 1600 H.

Ycunue F,, L F, u coctasinser f=30° ¢ ocblo ).

2. ITocTpoenue 3MIOPHI H3rHOAIMX MOMEHTOB B BEPTHKAJIbHOMN INIOCKOCTH
2.1 BHeniH#Me cHIbI, JEHCTBYOIIME HA BAJI B BEPTHKAJIBHOM IIOCKOCTH
PyKOBOACTBYSICH PUCYHKaMM, COCTABJISIEM CXEMY CWJI, JEUCTBYIOIIMX HA BaJl B

BCpTI/IKaHBHOﬁ IUIOCKOCTH U CTPOUM IIIIOPY I/ISFI/I6aIOH_II/IX MOMEHTOB. BHemHue cu-
JIbI, HeﬁCTBYIOHlHe B BepTHKaHBHOﬁ IJIOCKOCTH, paBHBI:
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B ceuennn E: F;, = Fsin45° + F,_sin45" + O, =1400-0,707 + 510-0,707 + 400 = 1750 H;
B ceuenuu C:  F, =3¢+ =3-1800+ 600 = 6000 H;

B ceuennn K:  F,, = Fysin30° + F,, cos30° + O, = 4400-0,5+1600- 0,866 = 3586 H.

2.2 OnpenesneHue OMOPHBIX peaKIMi

CocraBisieM ypaBHCHHE CTATHKH:

YM,=0, Fy-a+F,-a+Fy-25a-V,-35a=0;
dYM,=0, Fy-45a—F,-25a-F, -a+Vy-35a=0; u3HUX:
Fy-a+F,-a+Fy-25a 3586-0,2+6000-0,2+1750-2,5-0,2

V,= =3989 H;
3,561 335 ' 032
-Fy-45a+F,-25a+F;-25a -35864,5-0,2+600025-0,2+17500,2
3,561 375 : 072
IIpoBepka:

YY=0, V,+Vy=F,+F, —Fy;
3989+175=1750+6000-3586;
4164 = 4164.

2.3 [locTpoeHue 3MIOPHI U3rH0AIIIMX MOMEHTOB B BEPTHKAJbHOM MJI0CKOCTH
(cM. puc. 21, 0, B)

3HadyeHUs1 U3THOAIONUX MOMEHTOB B XapaKTEPHBIX CEUEHUAX CIETYIONINE:
CneBa: M,, =0;
M, =V, -a=3989-0,2=798 H-Mm;
My-=V,-2,5a-F,-1,54=3989-2,5-0,2-1750-1,5-0,2=1469 H-m.
Cnpasa: M, =0;
M,y =F,,-a=3586-0,2=717 H-m.
[To aTum 3HaueHUsIM cTouMm 3mropy My (puc. 21, B).

3. IlocTpoeHne 3MIOPHI U3rM0AIMX MOMEHTOB B TOPU30HTAJIBLHOM MJIOCKOCTH
3.1 BHemiHue CHJIbL, ACHCTBYIOLIUE HA BaJl, B TOPU30HTAJIBLHOM IJIOCKOCTH

PYKOBOIICTBYSICB PUCYHKaMH, COCTABIIsICM CUCTCMY CHIJI, ﬂCﬁCTBYIOHlHX Ha BaJl B
FOpHBOHTaHBHOﬁ IIJIOCKOCTH.

Buemnue CHJIbI, I[CﬁCTBYIO].HI/IC Ha BaJl B FOpHBOHTaHBHOﬁ IIJIIOCKOCTH, PABHBI:
B ceuennn E:  F, = F cos45’ + F, cos45° = —1400-0,707 + 510-0,707 = -628 H;
B ceueHnu C: Fy =0;
B ceuennn K:  F,,, = F, cos30° — F, . sin 30° = 4400 - 0,866 —1600- 0,5 = 3010 H.
HaHpaBJICHI/IC CUJI YKAa3daHO Ha CXEMC.
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3.2 OnpeaesieHue ONOPHBIX peaKU Uit

CocTaBiisieM ypaBHEHHE CTATHKH:
S M, =0, —Fy-a—F,-25+H,-35a=0;

YM,=0, —Fy-45a+F,;-a+Hg-352=0; u3HUX:
Fyy-a+Fy, 250 3010-02+628-2,5-02

H, = =1308H;
3,5a 3,5-0,2
H, = FE,y-45a—-F, -a _ 3010-4,5-0,2-628-0,2 3690 L
3,5a 3,5-0,2
IIposepka:
2X=0, —H,+Hy=—-Fy+Fy;
3690 — 1308 = 3010 — 628;
2382 = 2382.

3.3 IlocTpoeHne 3MIOPbI U3rHOAIIMX MOMEHTOB B FOPU30HTAIbHON MJIOCKOCTH
(cMm. puc. 21, )

3HadyeHUs1 U3THOAIONUX MOMEHTOB B XapaKTEPHBIX CEUEHUAX CIETYIONINE:
ciaesa: M, =0;
M,, =-H, -a=-1308-02=-261,6 Hwm;
My-=-H,-25a+F 1,54 =-1308-2,5-0,2+628-1,5-0,2=—-465,6 H-™m.
Cnpasa: M,, =0;
Mg =—F,; -a=-3010-0,2=-602 H-m.
[To aTuM 3HaUYeHUsIM cTOUM 3MmI0py My (puc. 21, n).

3.4 IlocTpoeHne 3MIOPbI CYMMAPHbIX U3rH0AIIUX MOMEHTOB
N3rubaromniuit MOMEHT B JIIOOOM CEYEHUHU PABEH r€OMETPUUYECKON CyMME U3THU-

0arolrX MOMEHTOB, JIEUCTBYIOIIUX B BEPTUKAILHON U TOPU30HTAIBHOM TUIOCKOCTSIX:
Ms,=0;

Mg =[MJy + M}y =+/798% +261,6> =839, 8 H-m;

Mye =[M}e + Mbe =1469% +465,6% =1541 H-m;

Mg = Mpy + Mby =\717% +602* =936,2 H-m;
M-ZK :O-

Dmnropa, TOCTPOSHHAsI TI0 3TUM JIaHHBIM, U300pakeHa Ha puc. 21, e.
3.5 IlocTpoeHue IMOPHI KPYTALIMX MOMEHTOB
B cootBeTcTBUM ¢ 001IeH cXeMoi Cuil, JeHCTBYIOMMX Ha Bai (puc. 22), coCcTaB-

JsieM cXeMy paboThl Bajla Ha KpydeHue (puc. 21, €) u CTpouM 3MIpy KPYTALIUX MO-
MEHTOB.
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Kpyrsamuii momeHT Ha yuactke AE: M,=0;

Ha yuactke EC: M,=M;=-280 H-Mm;

Ha yuactke CK: M, =M,=-280+720=440 H-m.

Omnropa KpyTAIIMX MOMEHTOB IIPEACTaBIeHA Ha puc. 21,3.

3.6 OnpenesieHne IMAMETPOB CIJIONIHOIO BAJIa M MOJIOT0 BaJia C OTHO-
IIeHMeM BHYTPEHHEro JuaMeTpa K Hapys:kHomy 0,8

B onacnom ceuenuu C aeiictByer uzrudaromuii MoMeHT M==154 H-M u kpy-

T MmoMeHT M, =440 H-m.
\/M +0,25- ([G]j M’
_ [T] [ ]
= <lo].

/4

X

YcnoBue NpOYHOCTU UMEET BUIL: O,

BBI6CpCM JJIs1 U3TrOTOBJICHUA BaJla CTAJIb 45 B HOPpMAJIN30BAHHOM COCTOAHUU.
OTa cTajab UMEET CICAYIOIINC MCXAaHNYCCKUC CBOMCTBA.

o,, Mlla o,, Mlla 7,, MIla o, Mlla 7_,, MIIa

700 360 180 280 220

[Tpy CHMMETPHYHOM ITUKJIE JOIYCKaeMbIe HAIIPSKCHUS PABHBI:
(o}
[U]: -,
n
rjae n — ko dunueHT 3anaca npoyHoctH. [Ilpuaumaem n = 2,2.

I[OHYCK&CMOC HOPMAJIbBHOC HAIIPAKCHUC PABHO!

o] =22 = 280 _ 125 M.
n 22

2
I[OHYCK&CMOC KaCaTCJIbHOC HAIIPSIKCHUC (C TCM KC K03(1)(1)I/II_II/ICHTOM 3anaca) PaBHO!

[[]=2 = 222;) =100 MITa.
n

2

JlnameTp CIUIONIHOTO Bajia ONpeAeianmM 1o Gopmyre:

) \/M2+025 ([[j]]j M? \/15412 0,25- Gﬁg] 440?

= =5 10_2 M.
0,1-[o] 0,1-125
Hapy>xHblli 1ramMeTp MoJ0ro Bajia paBeH:
o
\/M2+025 ([[ ]]j M} \/15412 0,25- Géé] -440°
T 3
d = ~6-107° M.

! 0,1(1-a*)[o] 0,1-(1-0,8%)-125
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3.7 OnpenesieHre IKOHOMHUYHOCTH MOAO0PAHHBIX CeYEeHUI

PaSHI/IHy B pacXxoJCc MaTcpHrajla Ha U3TrOTOBJICHHUC BAJIOB OLICHUBACM OTHOIICHUN-
M HJIOI_HaI[CI\/'I CILJIOIIHOTO Bana A K momaau 1mycroTejioro Bajia A]:
A md? 4 d? 52

A 4 mi(-a’) d(-ab) 6°(1-08%)

1,93.

Takum 00pa3zom, J1st U3roTOBJIEHUS Bajla CIUIOIIHOTO CEUEHUs MOTpedyeTcs
MOYTH B 2 pa3za OoJbllle MaTepuasa, YeM JUIsl U3rOTOBJICHHS TIOJIOT0 Baja, HECYIIETO
TaKylo K€ Harpy3Ky.

3.8 IIpoBepka BaJIOB HA KeCTKOCTD

VcioBue KeCTKOCTH IIpU KPYUYCHUU UMCCT BHUI:

M. -1
0 :&.@g [9]’
GJ T
P
rae 6 . = qo% — YroJ1 3aKpy4YHBaHUA HA OJIUH METD;

M max — MAKCUMAJIbHBIN KPYTSIIIAN MOMEHT;

GJ, — )KECTKOCTb IPU KPYYEHUHU;

[@] — nonmyckaeMblid yroy 3aKpy4MBaHUs B Ipajaycax Ha OJIMH METP.
JIJ1s1 CIUIOIIHOTO BaJja:

ad®  314(5-10
32 32

_ 4401 180 _
810061107 314

)4
J, = =61-10" Mm%

0,5°/m;

0,5°/m>[0]=0,25/m.

I[JISI HYCTOTCJIOFO BaJia.
4 2 ¢

, :%.(1_054):M.(1_0’84): 76,5-10 M4;

32 32

440-1 180
= : = 034 0 J
™10 .76.5-10° 314 [

0.4°/x>[0]=025°/m.

J

3.9 3akiouenue

I[I/IaMeTpBI BaJIOB, HOI[O6paHH]'::Ie MO YCJIIOBHIO IMPOYHOCTHU, HC YIOBJICTBOPAIOT
YCIIOBHUIO KCCTKOCTHU.

Takum o6pa30M, PasMCEPhI IOIICPCUHBIX CEUYCHMU BaJIOB OIIpCaACIIsICM U3 yCJ'IOBI/Iﬁ
KCCTKOCTH.

66



Mo 130 19).

GJP T
180
Jist crmomsoro Bana: J, = —m . ——
G[O] =«
32M  -180 . .
d oM 180 [ 32440180 o 0
GlO]r 8-10'.0,25-3,14
Jl1st mojoro Bana:
32M_ 180 24401
P - 4 2 =1 10 . 0 804 > :6,8'10_2M.
GIO1(1-a*)r 8-10"-0,25-(1-0,8")-3,14

[Mpunumaem o 'OCT 6636-69: d=6-10" M. d,=7-10"M.

3AJAYA Ne 12
Paccuurath koco3yOyro 3y0uatyro nepeaady (ObICTPOXOIHYIO CTYIEHb) KOPOO-

KM CKOPOCTEH MPHBOJa K BUHTOBOMY TOJKATENIO MPHU YCIOBUHU, YTO MOIIHOCThH Ha
BesioMoM Baity P3=3,5 kBT u yrioBasi CKOpoCTbh BpaIllEHHs 3TOTO Bajla MaKCUMaJIbHasl
(IpU XOJIOCTOM XOJI€ BHUHTA) M3max=9 Pajl/c U MUHHMAaJbHas (pu padoueM Xoje)
®3min=3 paxn/c. Cpok ciyx0sl 3ydouatsix kojec 35 000 u. [TyckoBas Harpy3ka 130%
OT HOMUHAJIbHOM.

Pemenmue.

[TpyHUMaeM 4acTOTy BpalllCHHS
1 anexTpoaBuratens 750 06/MuH umu

®1=3,14-750/30=78,5 pan/c.
[lepenaroyHoe 4uCIO peayKTopa
Ha xonoctom xony

i/—" W U= 01/ ©3=78,5/9=8,72

= Ha paboueM Xomay

J‘ U= o1/ 03=78,5/3=26,1
[IpyHMMaeM nepenaToyHoe OTHO-

nieHne Ha OBICTPOXOIHOM CTyNeHn

ug=6,3

[lepenaroyHoe OTHOILIEHUE JIsl TUXOXOIHOM Mepeaul Ha XOJIOCTOM X011y

U= Uy Ug=8,72/6,3=1,38

[lepenaroyHoe OTHOILIEHUE JIsl TUXOXOAHOM Mepeaul Ha XOJIOCTOM X011y

Upp= UpUs=26,1/6,3=4,15

Omnpenenum obmmit KITJ[ nmpuBoaa

n=n M,

KIIJ] unnunapuyeckoit 3youaroit 3akpbeitToit nepenaun, 1,=0,97; KIIJ] MmydTsi,

12=0,99; KII/] yunTsIBaromnii moTepy napsl NOAMMUIHUKOB, 13=0,99.
n=0,97*-0,99%-0,99* = 0,83

-
X X
L

L

i
i

LT Ix]
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CKOpOCTh BpAIICHUS 110 CTYIICHSIM COCTaBUT
Ha xonoctoM xomy
Tuxoxomusi Baa ni,=9-30/3,14=85,98 06/Muu
[TpoMe)yTOUHBIN BaJl Nyy= Ny Ux =85,98-1,38=118,94 06/MuH
BricTpoXOHBIN Ball N3x= Ny Ug=118,94-6,3=750 06/mMuH
Ha pabGouem xony
Tuxoxonusii Ban ny,=3-30/3,14=28,6 06/Mun
ITpoMeKyTOUHBIN Ball Nyp= Njp Uy =28,66-4,15=118,94 06/Mun
BBICTpOXOAHBIN Bl N3p= Ny, Us=118,94-6,3=750 06/Mun
OnpenenuM yrioByK CKOPOCTh BpaIleHUS
_ TN pan

730 A
[IpomesxkyTouHbIil Ban m,=3,14-118,94/30=12,45 pan/c
MOIIIHOCTB Ha OBICTPOXOJTHOM Bally.
P=1,3-P3/m=1,3-3,5/0,83=5,35 kBt

OnpenenuM Bpaaronumii MOMEHT Ha ObICTPOXOAHOM Baly

P
T=—-m, =@-0,99=67,5H~M
78,5

, ,
PacueT ObICTPOXOIHOM CTYTICHH.

Bri6upaem marepuan asns 3youarsix kosec. s mecrepuu ctanb 40X, repmoobpa-
0oTka — ynydiienue, TBepaoctb HB=270; nns koneca crans 40X TepmooOpaboTka —
yIy4llleHre, TBEPAOCTh
Onpenenum J0MMycKkaeMoe KOHTAaKTHOE HaIPSKEHUE

[CHH] _ O Hulimb 'KHL MIla,
[Su]
JUTSL KOoJleca Oy jim b—2HB+70 — npeien KoHTakTHOM BEIHOCIMBOCTH IIPU 0a30BOM
qucie MUKI0B; Nyo — 6a30Boe 4ucio MUKI0B; Nyg- Cpok cinyx0b1; Kyp - koaduru-
€HT JOJITOBEYHOCTH; [ Sy]|-Ko3pduiieHT 6€301macHOCTH.
Ipu HB 200-500 Nyo=6-10".
ITpu peBepcuBHOCTH NpuBoaa Nyg=30nt, rje n- yacToTa BpalieHus, t- CpoK CIyxX-
OBl
Nz, =30-750-35000 = 787,5-10°

Nz, =30-118,94-35000 = 124,9-10°

T.K. Ny <Ny Ky =K, =1
[s,]=11
o, ]=045-(o, [+]o, IMita,
rae [oy],[ouz]-A0nyckaeMoe KOHTAKTHOE HANPSIKEHUE ISl LIECTEPHU U KoJieca.

(2-270+70)-1
ENE = 554,4MIa,

b

HE >

(o, ] (2:245+70)-1 _ S0OMITa.

9
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[0,,]=0,45-[(554,5)+(509) | = 478,5MITa.
[o4]<1.23-[ o, ]

478,5<626- yci0BUE BBIIOJIHEHO.

[Ipy HeCUMMETPUYHOM PACIIOIIOKEHUHU 3y0UaTOro Kojeca OTHOCUTEIHHO OMOPHI

k03 dunment Kyp=1,15
KoaddunmenT mmpunsl BeHIa 115 3y6a Yp,=0.25

OnpenenuM MeKOCEBOE PACCTOSIHHE

T-K
aw:Ka-(U+1)§/ =

a— MM,
[GH] Uy,

rae K,=43-nms npsamo3yboro koieca.

. 3.
aW:43-(6.3+1)i/ 075 10 -L1>

(478,5)"-6.3%-0,25
[Tpumewm a,=125 mm.

=101,8mm.

OHDCIICJII/IM MOAVYJIb 3alICIIJICHUA
m, =(0,01+0,02)-a, mm,
m, =(0,01+0,02)-125=1,25+2,5mm.
mo 'OCT 9563-60 m=1,25 mm.

Onpenenum 4nciio 3yObeB IIeCTepHU
2a, -cosa
zZ, =——,
(U,+1)-m,
_ 2-125-cosl15°
(6,3+1)-1,25
npuHuMaem z;=27. Tormaz, =z,-U, =27-6,3=170,1=171

26,4

Z

YTo4HUM 3HAUEHUS yTila HaKJIOHA 3yOheB

cosp = (z,+2,) m,
2a, ’
(27 +171)-1,25
cosP = =0,99.
2-125
yroia =8,1°.

OmnpenenuM OCHOBHBIC pa3MEphl MISCTEPHHU M Kojeca
a) ACIUTCIIBHBIC TUAMCTPbI:
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d, = i “Z,MM,
cosf

d, = 1,25 27 =34mm.
cos8,1°

n

d, = m “Z,MM,
cosf

d, = 1,25 -171=216Mmm.
cos8,1°

(4, +d,) _(34+216)
2

=125mmMm.

ITpoBepuM Mex)0ceBOE PACCTOSIHUE: a,, =

0) TuaMeTpsl BepIleH 3yObeB:
da] =d, +2mMm,
da] =34+2-1,25=36,5mm.
da2] =d, +2mmm,
d, =246+2-1,25=248 Smm.
B) IIMpPWHA KOJeca U IEeCTePHU:
b, =y,,a, MM,
b, =0,25-125 = 30Mm.
b, =b, +5mmMm,
b, =30+5=35mm.
) KOOQPUIMEHT MUPUHBI IECTEPHU 110 JUAMETPY:

v o
bd d]’

30

=2 =0.88
Vg 34

OHpeI[eJII/IM OKPY)KHYIO CKOpOCTB KOJIECC
_ o 'dl M
PR Ve

78,5-34
1% - M
L= > 10° —1,33%.

T.K. V<10 M/c cTeneHb TOYHOCTU NMPUHUMAEM PABHYIO 8.

Onpenenum kKodhhUIIMERT HATPYIKH

KH = KH,B .KHa .KHa'
npu Ype=1,8,1Bepaoctu HB<350 u HeCUMMETPUYHOM PACHOI0KEHUH KOJIeC KO3(-
¢uument Kyp=1,03.
ipu v=1,33 M/c u 8-ii crenenu TouHOCTH KOd3PhunmeHT Ky,=1,07.

JUTSL KOCO3YOBIX KoJiec npu ckopoctu 1,33m/c koaddunment Ky,=1,0.

K, =1,03-1,07-1,00=1,1
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HpOBCpI/IM KOHTAKTHOC HAIIPsAKCHUSA

Oy Ml]a,

270 |T,-K, (U, +1)°
a b, U’

w

=321MlIla.

5 270 .\/67.5-103 1,1(6.3+1)
"125 30-6.37

op<[On]- yCIOBUS MPOYHOCTH BBIIIOJIHEHO.

OnpenenumM CUJIBI ASUCTBYIONINE B 3allCIICHUHN

a) OKpY>KHas:

po2hy
d2
3
F :2 67.5-10 _ 62511
216
0) paguanbHas:
E=E'tg—a )
cosf3
F =625 _30m,
cos8.1°

[TpoBepka 3yObeB Ha BEHIHOCIMBOCTD

_Ft'KF'YF
b-m,

o, MITa.

rne Koadpdumment narpysku K, =K, K

Fo»
npu Yp,q=0,5,1Bepaoctu HB<350 u HEeCUMMETPUYHOM PACHOJI0KEHUH KOJIeC KO3(-
¢unument Kg,=1,25.
Kg=1,1.
K,=12511=137.

Koaddunment, yunrsiBaromumii popmy 3y0a, Y 3aBUCUT OT ynciia 3y0beB Y =3,7,
Yr=3,6

Jlonyckaemoe HamnpsiKeHUe Npy MPOBEPKU Ha U3THO

[0, ]= ZEme Afi7a,

- [s]
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it ctanu 40X yIydieHHON TPUAE BBIHOCIUBOCTH MPU OTHYJIEBOM IIUKJIE U3ruda
6 Flim v=1,8HB MI1a,

JUI EeCTEpHU o, , =1,8-270 = 486 MlIla,

IUIs Kojieca oy, , =1,8-245 =441 Mlla.

Koaddunment 6e3onacuoctu [Sg]=[Sg] [Sk]”’
[Sk]'=1,75 nns crapu 40X ynyumienHo, koddduruenT [Sg] =1 1151 TOKOBOK U
IIITAMITOBOK.
[$.]=1,75-1=1,75
JlomyckaeMble HaNpsHKCHHUS

JUIA IIECTEPHU[O ] = % =277,7 Mlla,

2

441
]:_

114 Koneca [o ., $- 252 MITa.

T.K. PEBEpPCUBHOCTb MPUBOJA [Gf;| yMeHblaem Ha 20%, [op,]=201,6 MlI]a.
[TpoBepky Ha U3THO clieIyeT MPOBOIUTH JIJIA 3y0UaToro KoJieca, ik KOTOPOro OT-
HotieHue [or]/ Y MEHBIIIE.

71,7

JUIA IIECTCPHU 2 = 75,05 Mlla,

2

U1 KoJieca % =70 MlIla.

2
[IpoBepky Ha U3rub MPOBOAMM AJIA KoJieca

_625-1,37-3,6
30-1.25

= 83MIla.

GFZ

Or2 < [OF2] - yCJIOBUE MPOYHOCTH BBITIOJIHEHO.
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KOHTPOJIBHBIE BOIIPOCHI JJIA TIOATI'OTOBKHU K ATTECTALIMHU

l.
2.

OcHOBHEIC eI, 3a1a41 U pa3aciabl TEXHUYECKOM MEXaHUKHU.
OcHOBHEBIC U OOIIOJJHHUTCIIBHBIC TCOMCTPHUYCCKHUC XaPAKTCPUCTUKU B KYPCC CO-

MMPOTUBJICHUA MATCPUAJIOB, UX CMBICJI, 0603Ha‘ICHI/Ie, CANHUIIBI UBMCPCHUA.

3.

IlonsTue OCHTpA TAXKCCTU, HCHTPAJIBHBIX OCCﬁ, T'JIaBHBIX OCCﬁ, I'JIaBHBIX IICH-

TPaJIbHBIX OCEM.

4. OmnpeneneHne NOJOKEHUS LIEHTPA TAXKECTH 3aJTaHHOTO CEUEHUS.

5. BbluucneHue riaBHbIX HEHTPAIbHBIX MOMEHTOB UHEPLIUHA CEUYCHHH.

6. I'eoMeTpuyueckue XapaKTepUCTUKH MPOCTEHIINX GUryp.

7. BuyTpeHnHue cuioBbie paKkTOphl B Opyce.

8. Yactusie cmydau neictus BCO (mpocTeie BUABI COMPOTUBICHUS CTEPIKHA ).

9. Ilnockwuii monepevyHbId U3ruo.

10. Dmropbl BHYTPEHHUX CHUJIOBBIX (PaKkTOpoB. MeToabl MOCTPOEHUs, KOHTPOJIb
MIPaBUJIBHOCTH.

11. YcnoBue npo4yHOCTH IPH IIOCKOM U3rHOe.

12. IlpuHimn u MeToaMkKa noadopa MOMepeyHOro ceYeHus OanKu Mo 3aJaHHOM Ha-

Ipy3Ke U3 YCIOBUS IPOYHOCTH.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.

34

VYcnoBue NpOYHOCTH CTEPKHEN, pabOTaIOIUX HAa PACTSKEHUE WM CIKaTHE.
OceBoe pacTsKEHHE NI CHKATHE.

Koaddumment Ilyaccona.

Monyns ynpyrocTtu npu pactsbkenuu 1 pona (moayns FOnra).

3akoH ['yka ju1st abCOMIOTHBIX YITTMHEHUH.

HcnblTanne maTepralioB Ha pacTsKEHUE-CoKaTHUE.

JuarpamMma pacTspKeHUs 00paslia U3 MajoyriepoauCTON CTalH.
Hanpsixenus npu nonepednom usrubde, popmyna XKypasckoro.
Crartnyecku ONpeAenuMbIE U CTATUYECKH HEOIPEIEINMbIE CUCTEMBI.
BreuenTpeHHoe pacTsKeHHe-CKaTHE.

IToHATHSA HEUTPATIBHOW JIMHUY, SIAPA CEYEHUS.

[IpononbHBIN U3TKMO, YCTOMYMBOCTD CHKATHIX CTEPIKHEH.

Kputudeckas cuna, ee OlnpeaciIeHue.

Ornpenenenne KpUTUUECKOTO HATIPSKEHUS.

Kocoii n3ru6.

Kpydenue, u3rud ¢ KpyueHUEM.

[IpononbHO-TIONIEPEYHBIN U3THO.

Kaxkoe teno Ha3piBaeTcsi HeCBOOOHBIM? UTO Takoe CBSI3U U peakiuu CBA3ei?
VYcioBue paBHOBecHs J1I000H CUCTEMBI CHJL.

YTto Takoe npoeKnus cuiibl Ha 0ch? Kak OHa BBIYUCISAETCS AHAIMTHYECKU?
UYrto HazpiBaeTcsa napoi cui? Kak BeIUMCIsETCS MOMEHT Mapbl CUI?

YT0 Ha3bIBAETCS MOMEHTOM CHJIBI OTHOCUTENBHO TOUKM? Kak ycTaHaBinBaeT-

¢S 3HaK 3TOTO MOMEHTa?

35.
36.

Kaxkas Touka Ha3pIBaeTCs HCHTPOM TAKCCTHU Tena?
YTto Ha3bIBaCTCS 3aKOHOM JABHWXXCHUA TOYKH I10 ):[aHHOfI TpaeKTOpI/II/I?
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37. Yro Takoe ckopocTh? Kak OHa BBIYMCISIETCS IPU €CTECTBEHHOM U KOOPJAMHAT-
HOM crioco0ax 3a/laHusl IBM>KCHUSI TOUKU?

38. Uro Takoe yckopeHne Touku? Kak OHO BBIUHCIIAETCS MPU ECTECTBEHHOM H KO-
OpAMHATHOM CIOc00ax 3a/1aHusl IBHIKEHUS TOUKU?

39. Kakoe nBueHue TOUYKU Ha3bIBAIOT CIOXHBIM? [IpounTaiite Teopembl 06 abco-
JIOTHOM CKOPOCTHU U aOCOMIOTHOM yckopeHuu. Y ckopenue Kopuonuca.

40. Kakoe nBm»XEHUE TBEPAOro Tejla Ha3bIBaeTCs NocTynareibHbiM? Kak BbIumc-
JSFOT CKOPOCTh U YCKOPEHUE Tea IPU TAKOM JIBHKCHUU ?

41. Kakoe nBryKeHHE TBEPAOTO TEJIa HA3bIBAETCS BpamareapHbIM? KakuM 3akoHOM
OHO 3aj1aeTcs?

42. Kak BBIUHCIISIIOTCS: YII0Basi CKOPOCTh, YIIOBOE YCKOPEHUE Tela MpH Bpalla-
TEJIbHOM JBUKEHUH €07

43. Kak BBIYUCHSAIOTCS CKOPOCTh U YCKOPEHUE KAXKJIOM TOYKH BpAILAIOIIETOCs Te-
na?

44. Kakoe NIBM>KEHHE TBEPJOIO Tejla Has3blBaeTCs IUIOCKomapauieabHbIM? [IpuBe-
IUTE MIPUMEPBI U3 MPAKTHKH.

45. Yto Takoe MTHOBEHHBIN LIEHTp BpauleHus (ckopoctei)? Kak onpenenuts ero
MIOJIOKEHHE?

46. Mammna. Knaccudpukanust mamud. OCHOBHBIE TpeOOBaHUSI K MallMHAM U UX
JeTaJIsIM, OCHOBHBIE KPUTEPUHU UX pabOTOCIIOCOOHOCTH.

47. Ha3HaueHne MEXaHUUYECKUX MEpeaay.

48. Bunsl coefMHEHUS IeTaJIEH.

CIHHPABOYHBIE ITPUJIOKEHUSA

Tabnuma 14. 3nauenue kodrppuireHTa npooIHLHOTr0 U3ruda s pa3IuyHbIX clyda-
€B 3aKPEIUICHUS CTeP)KHEH MpH pacyeTe Ha YCTOMYNBOCTD

My un o r}
=

Cxema a Cxema 0 Cxesa 6 Cxema 2
U= u=0,7 u=0,5 u=>2
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y
d COPTAMEHT ITPOKATHOM CTAJIA
Tabnauma 15
= C I
- JIBYTABPOBBIE BAJIKU TIO I'OCT 8239-89
] (BLIBOPKA)
b
Pasmepsl, MM ['eomeTpruueckue XapakKTepUCTUKH E

Aa Jxa Van ixa Sxa ']ya VVya iya
(em?) | (em™) | (em®) | (em) | (em?) | (em™) | (em) | (em)

Ne podust

10| 100| 50 {4,5| 7,2 |12,2| 198 | 39,7 | 4,06 | 23,0 | 17,9 | 6,49 | 1,22| 9,46

121 120] 64 [4,8| 7,3 | 14,7 | 350 | 58,4 | 4,88 | 33,7 | 27,9 | 8,72 | 1,38 | 11,5

14140 73 {4975 |17,4| 572 | 81,7 | 5,73 | 46,8 | 41,9 | 11,5 | 1,55| 13,7

16 | 160| 81 5,0 7,8 20,2 | 873 109 | 6,57 | 62,3 | 58,6 | 14,5 | 1,70 | 15,9

18 | 180 90 |5,1] 8,1 (23,4 1290 | 143 | 7,42 | 81,4 | 82,6 | 18,4 | 1,88 | 18,4

18a| 180 | 100 [ 5,1 | 8,3 | 25,4 | 1430 | 159 | 7,51 | 89,8 | 114 | 22,8 |2,12| 19,9

20 [ 200|100 |5,2| 8,4 26,8 | 1840 | 184 | 828 | 104 | 115 | 23,1 (2,07 | 21,0

20a| 200|110 | 5,2 8,6 | 28,9 | 2030 | 203 | 8,37 | 114 | 155 | 28,2 | 2,32 | 22,7

22 1220|110 |5,4| 8,7 | 30,6 | 2550 | 232 | 9,13 | 131 | 157 | 28,6 | 2,27 | 24,0

22a| 220|120 | 5,4 8,9 | 32,8 | 2790 | 254 | 9,22 | 143 | 206 | 34,3 | 2,50 | 25,8

241 240| 115(5,6| 9,5 | 34,8 | 3460 | 289 | 9,97 | 163 | 198 | 34,5 |2,37| 27,3

24a| 240 125|5,6| 9,8 | 37,5 | 3800 | 317 |[10,10| 178 | 260 | 41,6 | 2,63 | 29,4

27 1270(125]6,0| 9,8 [ 40,2 | 5010 | 371 (11,20 210 | 260 | 41,5 |2,54| 31,5

27a| 270 135]6,0(10,2| 43,2 | 5500 | 407 |[11,30| 229 | 337 | 50,0 | 2,80 | 33,9

30 | 300 | 135 |6,5(10,2]| 46,5 | 7080 | 472 |12,30| 268 | 337 | 49,9 | 2,69 | 36,5

30a| 300 | 145|6,5|10,7(49,9 | 7780 | 518 [12,50| 282 | 436 | 60,1 |2,95| 39,2

33 1330|140 (7,0(11,2]| 53,8 | 9840 | 597 | 13,50 | 339 | 419 | 59,9 |2,79| 42,2

36 | 360|145 (7,5(12,3| 61,9 | 13380 | 743 | 14,70 | 423 | 516 | 71,1 | 2,89 | 48,6

40 | 400 | 155 (8,3 (13,0 72,6 | 19062 | 953 |16,20| 545 | 667 | 86,1 | 3,03 | 57,0

451 450|160 {9,0 [ 14,2 84,7 | 27696 | 1231 | 18,10 708 | 808 | 101 |3,09| 66,5

50 | 500 | 170 {10,0{15,21100,0| 39727 | 1589 | 19,90 | 919 | 1043 | 123 | 3,23 | 78,5

55550180 ({11,0{16,5|118,0| 55962 | 2035 | 21,80 | 1181 | 1356 | 151 |3,39| 92,6

60 | 600 | 190 (12,0{17,8138,0| 76806 | 2560 | 23,60 | 1491 | 1725 | 182 | 3,54 |108,0
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¥
R
d -
C Tabnunma 16
x
IIIBEJIJIEPHI I1O I'OCT 8240-97
4 (BBIBOPKA)
Z
“lp
5 Pasmepsl, MM ['eomeTprueckue XapakKTepUCTUKH ~
5 52
2 A T | W | i | Se | e | W | i | 2 |22
5 X X5 X5 X9 Vs Vs Vs 05 .
; hlbldlt (em?) | (em®) [(em) | (em) | (em?) | (em™) |(em?) | (em) | (em =
5150 (32144|70|6,16| 22,8 | 9,1 [ 1,92 5,59 | 5,61 |2,75]0,95|1,16|4,84

6,565 (364472751 48,6 | 15,0 2,54 9,00 | 870 |3,68|1,08]|1,24|5,90

8 [ 80 [ 40 |45| 74898 | 89,4 | 22,4 3,16 13,30| 12,8 |4,75|1,19|1,31|7,05

10 [100| 46 |4,5| 7,6 | 10,9 | 174 | 34,8 | 3,99 [20,40| 20,4 | 6,46 |1,37|1,44 (8,59

12 (120 52 |4,8| 7,8 | 13,3 | 304 | 50,6 | 4,78 [29,60| 31,2 | 8,52 |1,53|1,54(10,4

14 (140 58 |4,9| 8,1 | 15,6 | 491 | 70,2 | 5,60 | 40,80 | 45,4 | 11,0 {1,70|1,67 12,3

14a|140| 62 | 49| 8,7 | 17,0 | 545 | 77,8 | 5,66 |45,10| 57,5 | 13,3 |1,84|1,87|13,3

16 [160| 64 |5,0| 8,4 | 18,1 | 747 | 93,4 | 6,42 |54,10| 63,3 | 13,8 |1,87|1,80(14,2

16a|160| 68 |5,019,0 | 19,5| 823 | 103 | 6,49 |59,40| 78,8 | 16,4 |2,01|2,00|15,3

18 (180 70 | 5,1 | 8,7 | 20,7 | 1090 | 121 | 7,24 | 69,80 | 86,0 | 17,0 {2,04|1,94|16,3

18a|180| 74 [ 5,1 9,3 22,2 | 1190 | 132 | 7,32 | 76,10 | 105,0| 20,0 | 2,18 {2,13|17.,4

20 [200| 76 {5,2]9,0 | 23,4 | 1520 | 152 | 8,07 |87,80|113,0|20,5|2,20|2,07 (18,4

20a|200| 80 [5,2|9,7|25,4| 1670 | 167 | 8,15 95,90 (139,0| 24,2 (2,35|2,28|19,8

22 1220 82 |54(9,5|26,7| 2110 | 192 | 8,89 |110,0|151,0| 25,1 {2,37|2,21(21,0

22a|220| 87 |5,410,2| 28,8 | 2330 | 212 | 8,99 | 121,0 | 187,0 | 30,0 |2,55|2,46|22,6

24 (240|190 | 5,6 10,0( 30,6 | 2900 | 242 | 9,73 |139,0|208,0| 31,6 |2,60|2,42 (24,0

24a|240| 95 |5,6 [10,7| 32,9 | 3180 | 265 | 9,84 | 151,0 (254,0| 37,2 2,78 2,67|25,8

27 [270( 95 {6,010,5( 35,2 | 4160 | 308 {10,90|178,0|262,0|37,3|2,73|2,47 (27,7
30 [300(100{6,5(11,0] 40,5 | 5810 | 387 (12,00(224,0|327,0| 43,6 |2,84|2,52 (31,8
33 [330(105{7,0|11,7| 46,5 | 7980 | 484 |13,10|281,0|410,0| 51,8 {2,97(2,5936,5
36 [360(110(7,5(12,6| 53,4 | 10820 | 601 [14,20(350,0|513,0| 61,7 {3,10(2,68|41,9
40 [400(115|8,0|13,8| 61,5 [15220| 761 [15,70|444,0|642,0| 73,4 |3,23|2,75|48,3
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e %
= Tab6auma 17.
Q / ~ YT'OJIOK PABHOITIOJIOYHBIM
- ; 10 TOCT 8509-72 (BLIBOPKA)
= p

['eomeTpruueckue XapakKTepUCTUKH S g
Mpodums | A, | g | i | o [ i [ Sy [ |y |z |2
() | (emh) | (em) | (em™) | (em) | (emh) | (em) | (em®) | (em) | T2
50x50x%3 2,96 7,11 1,55 11,27 1,95 | 2,95 1,00 | 12,38 | 1,33 | 2,32
50x50x4 3,89 9,21 1,54 14,63 1,94 | 3,80 |0,99 | 16,61 | 1,38 | 3,05
56x56x4 4,38 13,10 1,73 | 20,79 | 2,18 | 5,41 1,11 | 23,28 | 1,52 | 3,44
56x56x5 5,41 15,97 1,72 | 25,36 | 2,16 | 6,59 1,10 | 29.25 | 1,57 | 4,25
63x63x4 4,96 18.86 1,95 29,9 245 | 7,81 1,25 | 33,06 | 1,69 | 3,90
63x63x5 6,13 23,10 1,94 36,6 2,44 |1 9,52 1,25 | 41,50 | 1,74 | 4,81
63%x63x6 7,28 | 27,06 1,93 | 4294 | 243 | 11,18 | 1,24 | 50,04 | 1,78 | 5,72
T5x75%5 7,39 | 39,53 | 2,31 62,65 | 291 | 16,41 | 1,49 | 69,62 | 2,02 | 5,80
75x75%x6 8,78 | 46,57 | 2,30 | 73,87 | 2,90 | 19,28 | 1,48 | 83,92 | 2,06 | 6,89
75x75x7 | 10,15| 53,34 | 2,29 | 84,61 2,89 | 22,07 | 1,47 | 98,29 | 2,10 | 7,96
80x80x6 9,38 | 56,97 | 247 | 90,40 | 3,11 | 23,54 | 1,58 | 101,80 2,19 | 7,36
80x80x7 [10,85| 65,31 2,45 | 103,66 | 3,09 | 26,97 | 1,58 | 119,20 | 2,23 | 8,51
80x80x8 12,30 73,36 | 2,44 | 116,39 | 3,08 | 30,32 | 1,57 | 136,70 | 2,27 | 9,65
90x90x6 |10,61| 82,10 | 2,78 | 130,22 | 3,50 | 33,97 | 1,79 | 144,70 | 2,43 | 8,33
90x90x7 | 12,28 | 94,30 | 2,77 | 149,67 | 3,49 | 38,94 | 1,78 [ 169,40 | 2,47 | 9,64
90x90x8 | 13,93 | 106,11 | 2,76 | 168,42 | 3,48 | 43,80 | 1,77 | 194,20 | 2,51 | 10,93
100x100x7 | 13,75| 130,59 | 3,08 | 207,01 | 3,88 | 54,16 | 1,98 | 231,30| 2,71 | 10,79
100x100x8 | 15,60 | 147,19 | 3,07 | 233,46 | 3,87 | 60,92 | 1,98 [265,20| 2,75 | 12,25
125x125%x8 | 19,69 | 294,36 | 3,87 | 466,76 | 4,87 | 121,96 | 2,49 | 516,40 | 3,36 | 15,46
125%x125%x9 22,00 | 327,48 | 3,86 | 520,00 | 4,86 | 135,38 | 2,48 | 582,00 3,40 | 17,30
140x140x9 | 24,72 | 465,72 | 4,34 | 739,42 | 5,47 [ 192,03 | 2,79 | 818,20 | 3,78 | 19,41
140x140x10|27,33 | 512,29 | 4,33 | 813,62 | 5,46 (210,96 | 2,78 { 910,90 | 3,82 |21.,45
160x160x10|31,43 | 774,20 | 4,96 | 1229,10| 6,25 319,38 | 3,19 | 1356,0 | 4,30 |24,67
160x160x11|34,42 | 844,20 | 4,95 | 1340,70 | 6,24 |347,77 | 3,18 | 1494,0| 4,35 27,02
180x180x11 (38,80 1216,40| 5,60 | 1933,10| 7,06 499,78 | 3,59 |2128,0| 4,85 |30,47
180x180x12 142,19 1316,60 | 5,59 | 2092,80 | 7,04 | 540,45 | 3,58 |2325,0| 4,89 |33,12
200x200x12 47,10 | 1822.80 | 6,22 | 2896,20 | 7,84 | 749,40 | 3,99 | 3182,0| 5,37 |36,97
200x200x14 | 54,60 | 2097,00 | 6,20 | 3333,00 | 7,81 [ 861,00 | 3,97 | 3722,0| 5,46 |42,80
250x250x16 | 78,40 | 4717,10 | 7,76 | 7492,10 | 9,78 | 1942,1 | 4,98 | 8286,0 | 6,75 | 61,55
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Tao0nauna 18. Tabnuna ko3pHULHEHTOB IS pacyeTa CHKAaThIX CTEPIKHEH
Ha YCTOMYHUBOCTh

3HaueHHne KOC—)(I)(I)I/ILII/IeHTOB @ AJA 3JICMCHTOB U3

A CTaJIM C pacyeTHBIM conpotusieHueM R, MIla
YyyryHa | jJepeBa
160 200 240 280 400

0 1,00 1,000 1,000 1,000 1,000 1,00 1,00
10 0,99 0,988 0,987 0,985 0,982 0,97 0,99
20 0,96 0,967 0,962 0,959 0,949 0,91 0,97
30 0,94 0,939 0,931 0,924 0,905 0,81 0,93
40 0,92 0,906 | 0,894 0,833 0,854 0,69 0,87
50 0,89 0,869 0,852 0,836 0,796 0,57 0,80
60 0,86 0,827 0,805 0,785 0,721 0,44 0,71
70 0,81 0,782 0,754 0,724 0,623 0,34 0,60
80 0,75 0,734 | 0,686 0,641 0,532 0,26 0,48
90 0,69 0,665 0,612 0,565 0,447 0,20 0,38
100 0,60 0,599 0,542 0,493 0,369 0,16 0,31
110 0,52 0,537 0,478 0,427 0,306 0 0,25
120 0,45 0,479 0,419 0,366 0,260 — 0,22
130 0,40 0,425 0,364 0,313 0,223 — 0,18
140 0,36 0,376 | 0,315 0,272 0,195 — 0,16
150 0,32 0,328 0,276 0,239 0,171 — 0,14
160 0,29 0,290 | 0,244 0,212 0,152 — 0,12
170 0,26 0,259 0,218 0,189 0,136 — 0,11
180 0,23 0,233 0,196 0,170 0,123 — 0,10
190 0,21 0,210 | 0,177 0,154 0,111 — 0,09
200 0,19 0,191 0,161 0,140 0,101 — 0,08
210 0,17 0,174 | 0,147 0,128 0,093 — 0,07
220 0,16 0,160 | 0,135 0,118 0,086 — 0,06
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