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Teker Jexkuil
1. Kpy4ennsi. Kpyruuit MomenT. EnNlopu KpyrHuX MOMEHTIB.

VY HaiinpocTimioMy BHUNaAKy Aedopmallisi KPY4YeHHS BHUKJIMKAETHCS JIBOMaA

NPOTHJICKHO HANpsAMICHUMH MapaMu CHJI 3 MOMeHTamu e (iHzmekc € Bim external
(a”Hry.) - 30BHIMNIHIN), OO0 AIIOTH Y TUIOMIMHAX, MEPIICHIUKYIISIPHUX 10 OCl CTEPXKHS
(puc. 1, 6).
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Jlis BuU3HA4YeHHs BHYTPIMIHIX CHJI, IO BHHHUKAIOTH Yy TMOMNEPEYHUX TMepepizax
CTEpXHs, 3aCTOCYEMO METOJ mepepi3iB. lJis bOTO YSBHO PO3PI3AaEMO CTEPKEHb
CIYHOIO TUIOLIMHOIO, EPIEHIUKYIISIPHOIO 0 HOTO OCi, IKa PO3JLJIsSE CTEpKEHb Ha JBi
gactunu: [ 1 II (puc. 1, 6). Ogny 3 yactun, Hanpukian 11, BiakugaeMo 1 3aMiHIOEMO i1
mito Ha JyacTHUHy | MOMeHTOM BHYTpimHIX cui. Lled MOMEHT Ha3WBa€TbCA KPYyTHUM
MOMEHTOM 1 no3HavaeThes uepes T (puc. 1, B).

KpyTHHii MOMEHT 5BJIsIE COOOI0 MOMEHT CUCTEMHU CHJI, IO 3aMiHIOE B IaHOMY
HOIIEpEYHOMY Iepepisi 10 BIIKUHYTOT YaCTUHH CTEP>KHS Ha HOT0 3aHIlIeHy YacTUHY,
B3STUH BITHOCHO OCi CTEPIKHHI.

3 yMOBH pIBHOBarv Mi>k 30BHIIITHIMH 1 BHYTPIIIHIMU CHUJIAMH BUILTUBAE TIPABUIIO
JUI BUPA)XCHHA KPYTHOTO MOMEHTY 4epe3 MOMEHTH 30BHIIIHIX Map CHJI: KPYTHUH
MOMEHT Yy JOBUIBHOMY TIOTIEPEYHOMY TIE€pepi3i CTEp>KHS YHUCEIBHO JOPIBHIOE
anreOpaiyHiii cyMi MOMEHTIB BIIHOCHO OCI CTEp)KHsSI BCIX Map 30BHIIIHIX CHI,
PO3MIIIEHUX 3 OJHOro OOKY BIJ pO3MJIsiAyBaHOTO mepepidy. JlomatHumu Oynemo
BBa)KaTH MOMEHTH, 1110 00EpPTAIOTh MPOTHU XOAY CTPUIKU TOJWHHUKA, KOJTU TUBUTHUCS
B3I0BK 30BHIIIHLOT HOpMai JI0 Tiepepiy.

Ha puc 1, B, r noka3aHi J0AaTHI KPyTHI MOMEHTH TIpH BigkuaaH1 yacTuH I abdo 11
CTEPKHS.

['padik po3noaiay KpyTHHMX MOMEHTIB MO JOBXKHHI CTEP)KHS HA3MBAETHCS iX
entoporo. [lpukiang noOyAoBM emOpyd KPYTHHMX MOMEHTIB IMOKa3aHUM Ha puc. 2.
[lepepisu CTepkHS, 10 SKUX MPUKIAAAIOTBCS MOMEHTH 30BHINIHIX Tap CHJI,

PO3IUISIOTH MO0 Ha YOTHPH IIISHKH, IS IKUX 3HAXOJUMO: Ha JiIbHHUIN a = =0 Ha

mimpaum b T = Te =4 po i pam ep Te = Te e, = O pa inpmmmi d: Te =0,

3a ofep)KkaHUMH TAaHUMHU [T00YI0BaHA €Mtopa KPyTHUX MOMEHTIB.
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2. HanpykeHHA NPU KPYY€HHI CTEPaKHS KPYIJI0ro NMonepevHoro nepepisy.

VY 3araJlbHOMy BHMNAJKy KPYYEHHS CTEp>KHsS JOBUIBHOIO IEpepi3y MONEpeyHi
nepepi3u CTEP)KHS MEPEecTaroTh OyTU IJIOCKUMHU, CKPUBIIOIOTHCS. LI CKpUBIEHHS
HA3MBAIOTHCS JIETJIAHALIIMU MONEPEYHUX nepepi3iB. JIuiie mpu KpydeHi CTEp>KHIB
Kpyrioro abo KUIbIIEBOrO Mepepi3y AeTIaHallli HeMae.

Konu nennananii olHaKoBl B yCIX IMOINEPEUYHHUX MEpepi3ax CTEPKHS 1 MOXKYThb
BUIbHO B1AOyBaTHca a00 KOJM iX 30BCIM Hemae (Kpyriaui mepepis), TOAl Kpy4yeHHs
HA3MBAETHCS YHUCTHUM.

BincyTHicTh nensaHaiii J03BOJIsI€ PO3B’SI3aTH 3a/lady BH3HAUYEHHSI HAIPY>KEHb
IpU KPYYEHHI KPYIJIOro CTEp>KHS €JIEMEHTApHUM METOJOM, L0 HEMOXIIMBO IS
CTEpP>KHIB 1HIIIHUX TIEPEPi3iB.

3HaiiIeMO Hampy>XeHHS y TIOMEePEeYyHOMY Tepepi3l KPYTHOTO CTEpPIKHA,
3aKpy4YeHOTro JBOMa rapamu cui 3 MmomeHTamu Te (puc. 3, a).

YMOBHO po3pi3aeMO CTEp>KE€Hb Ha JIBl YACTUHH, BIAKUIAEMO TPaBy YaCTUHY 1
3aMIHIOEMO 11 JIII0 HA 3aJIMIIEHY JIIBY YacTUHY KpyTHMM MoMeHToM T (puc. 3, 0).
KpyTthuit MmomeHT T siBiisie coO0r0 cyMapHUIl MOMEHT €JIEMEHTApHUX Map BHYTPIIIHIX
3yCUJIb, JOTUYHUX JI0 IUIOIIMHHU Mepepizy:

T £prpdA, (1)
1€ Tp — IOTUYHE HANPY>KEeHHS, SIKe BUHUKA€E Ha TutonuHl dA Ha BifCTaHi p Bijg oci
cTepkHs (puc. 3, B).

Bupa3s (1) nae iHTerpanbHy 3ajeXHICTh MK KPYTHUM MOMEHTOM 1 JOTUYHUMU
HaIpPY>KEHHAMHU Yy Mepepi3i CTePHkKHs, AKa MOKE 3aJJOBOJIbHATHUCS TIPU PI3HUX 3aKOHAX
PO3IOITY HaNpyXeHb. KU 13 IMX 3aKOHIB A1MCHO Ma€ MiCIle TPU Kpy4yeHi, MOKHA
BCTAHOBUTH Ha OCHOBI JOCIIIHUX JaHUX.
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Puc.3

ExcriepuMeHTanpHe BUBYEHHS KPYUYCHHS CTEPXKHS KPYTJIOTO IOMEPEYHOTO
nepepizy Ja€ Takli pe3yibTaTu: 1) momepedHi mepepi3u CTEPXKHS, 3aIUIIAl0UYMCh
IJIOCKUMU 1 IEPIIEHIUKYISIPHUMHU JI0 HOT0 OC1, OBEPTAIOTHCS OAUH BIZHOCHO OJTHOTO
Ha TIEBHUH KYT, 110 HA3UBAETHCA KYTOM 3aKpydyBaHHS @; 2) BiACTaH1 MiX IepepizaMu
HE 3MIHIOIOTBCS; 3) pajiycH, MPOBEACHI Yy TMOMEPEUHUX TMepepizax CTep>KHA,
3IUIIAIOTHCS TPSIMUMHU.

Ha ocHOBI 1HMX eKCHEpUMEHTAIbHUX JaHUX MOXHA CKJIACTH PIBHSHHSA
nepeMilieHb NPy KPy4eH1 CTEPIKHS KPYTIIOro mepepizy.

JI71s1 1100 BUALIMMO 13 CTEPKHS MWJIIHAPUYHUN eJIeMEHT JI0BXXUHO0 dz (puc. 4,
a, B). IIpu Bkazanux Bume ymoBax Oyzab siki ABi TBipHI AB 1 CD, mpoBeneHi Ha
MOBEPXHI IIHAPUYHOTO €JIEMEHTa, epeayTh y nosioxkeHHs A1B, 1 C1D,, a enemenT
ABCD 3a3naBatuMe nedopmaiiii YUCTOTO 3CYBY.

Bupaxaroun nyry BiB, ogun pa3 uepe3 kyT 3CcyBy /r , a apyruid — yepes

elleMeHTapHUi KyT 3akpydyBanHs 49 onepixyemo

y.dz=rde,
do

=—"r.
7[’ dZ

[Toznaunmo depe3 7y, KyT 3CyBy Ha LWIHIPWYHIA IIOBEpXHI pazaiyca p,

MPOBEJIEHIN B cepelivHi enemMeHTa (puc. 4, r). 3 piBHOCTI BIHOIIEHb 7»7r =P T 13
OCTaHHbBOI (POPMYJI 3HAXOAUMO
_Jdo
Yo =4

BuxopucroBytoun opmyiy 3akony ['yka mpu 3cyBi, MOXKEMO TENep 3alucatu
JTOTUYHE HANPYKEHHS *» 4epe3 KyT 3CyBy /7!
do
——p
dz (2)
[Ticnst miaCTaHOBKHM OCTAaHHLOTO BUpa3y y popmyiy (6.1) ogepkumo

7,Gy,=G6



692 p20n=T,
dz »
3BiJCH

_ Tdz
Gl, (3)
I, =[p%dA

e A

do

- MOJISIPHUM MOMEHT 1HEPIli MOMEPEYHOTO TIEPEPi3y CTEPIKHSL.

a) 0)
I
A [ x| b= Bof, 4, = B
______ IP ] \(_ /
.:{1 T BN B pmama
v e

8) g

Puc.4

®opmynoro (3) BUpaXaeTbCsl BIAHOCHUN KYT 3aKpydyBaHHS JBOX Mepepi3iB
CTep>kHs Ha BifctaHi dz oauH Bix ogHoro. [Ipu noBxkuHi ctepxHs | KyT 3akpyuyBaHHs

() OJTHOTO KIHIIEBOTO MEpPepi3y BIAHOCHO APYTroro oJepKUMo, iHTerpyroun Bupas (13)
10 J0BXHHI

Tl

p=—
Gl,

(4)

OcranHio (QopMysly MOXHA PO3TJSIaTH TAKOXK SK BUpa3 3akoHy ['yka mpu

kpydeHi. Bennunna Glp Ha3uBa€ThCs KOPCTKICTIO TIPU KPYUEHI CTEPIKHS KPYTJIOTO
MIOIIEPEYHOTO TIepepizy.
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Hapewri, 3 dopmyn (2) 1 (3) omepxyemo
dopMyny ansi  IOTHYHOTO HANPYXKXEHHS MPH
KPYYEHHI CTep KHSI KPYTJIOTO Iepepizy:

7,=Tpll, (5)

Emntopa 1OTHYHUX HANPYXKEHb ‘» IMOKa3aHa Ha
- ~'7 puc. 5.
MaxkcuMmanbHe AOTHYHE HANpPY>KEHHS BHHUKAE
01711 KOHTYPY Tepepizy IpH Pmax=I" 1 JOPIBHIOE
Toax =101 1,

abo

Trax =T 1W,,, (6)
e W, =1, Prax =1, 17 - reoMeTprYHA

XApPaKTCPUCTHKA, IO HA3UBACTLCA IOJLIPHUM MOMCHTOM OIIOPY Hepepi:;y CTCPIKH:I.

3. Po3paxyHku Ha MIIIHICTB i 2KOPCTKiCTh NPH KPY4YeHHI.

Minnicte Opyca, 10 Mpaloe HAa KPYUEHHS, BBAXalOTh 3a0€3MEUEHOI0, SKIIO
HaNOUIBIII JOTUYHI HAMPY>KEHHS y HOTr0 HeOe3euHOMY Nepepisi, He MepeBEpUIYIOTh
JOIYCTHMI:

Trex < Tadm

Sk B1IOMO 3 MOMEPEAHBOTO, 111 HAMOUTBII HANIPY>KEHHS BUHUKAIOTH Y HaWOLTBII
BIIJTAJIGHUX TOYKAX ITOMEPEYHOIOo Mepepidy 1 BHUPAXOBYIOThCA 3a (opMmyioro (6).
TakuM 9MHOM, OJICPKUMO CIIyI0Yy YMOBY MIITHOCTI:

Trax =1 /W, < 7o (7)
st popmysia Cy>KUTh AJI MEPEBIPOUYHOTO PO3PAXyHKY HA MILHICTb.

[Ipn mpoekTHOMY pO3paxyHKYy 1 MpHU BHUBYCHI JOMYCTHMOTO HaBaHTaKEHHS
(MoMmenTy) 3 hopmyu (7) BiamosiaHo 3HaxoasaTh Wp abo [T]:

W, 2T/ 754m; (8)
[T]<W, zagm: (9)

KpyTtauit moment T, skuii BXOJIWTHb y HaBEIEHI PO3paxyHKOBI (opmyinu, 3a
JIOTIOMOTOI0  METOAa Tepepi3iB TOBMHEH OyTH BHUPaKEHUW Yepe3 30BHIIIHI
(ckpyuyBajbH1) MOMEHTH.

Po3paxyHok BeneThcs i1 HeOe3neuHoro nepepizy. s Opyca crajioro aiaMmerpa
HeOe3neyHuM Oyzie TOH mepepi3, y SIKOMY BUHUKA€ HAWOUIbIIMK KPyTHUII MOMEHT.
Axmo niamerp Opyca He cTanuii, Moxke cratuca Tak. Lo HailOIbLII HAPY>KEHHSA
BUHHUKAIOTh HE TaM, Ji¢ KPyTHUH MOMEHT MakcHUMalbHHiA. OTXe, B IIbOMY BHITQJIKY
MUATAHHS TPO HEOE3NMEeYHUM Tepepi3 MOBUHEH OyTH JOCIIIKEHUNU T0AaTKOBO (IUB.
HIDKYE TIPUKIIAN).
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JlomycTrMe HampyXEHHS Tadm I TUIACTUYHUX MaTepialdiB Ha3HA4YarOTh B
3aJIeKHOCTI BiJ X TpaHUIll TEKY4OCTi IPpH KpydeHi (Tpu 3CyBi) Ty, TOOTO

Tadm =Ty /[ny], (10)
a JUISI KPUXKUX — Y 3QJIKHOCTI1 BIJl TPAHMII MIITHOCTI
Tagm = 7y /[Ny ]- (11)

BpaxoByrouu, 10 3a €KCIIEPUMEHTAILHUMH JAHHMH TPAHUIS TEKY4OCTi IpH
KpYYeHHi 3B’ s3aHa 3 FPaHULIEIO TEKy4OCTi U po3Ts3i 3anexuicTio Ty=(0,55---0,60)

Oy, IPUAMAIOTh I CTaji Taom = (0.55..0.60)00n ; 1 yaByHKY Zaam = (1.0-.1.2)05qn.

VY neskux BUMaIKax € HEOOX1IHICTh KPIM PO3PaxyHKY Ha MILIHICTh, 3pOOUTH III€
pPO3paxyHOK Bajla Ha >KOPCTKICThb. [lepeBipka >XOPCTKOCTI MOJSTae y MOPIBHSHHI
MaKCUMAaJIbHOTO KyTa 3aKpY4YyBaHHS Qmax, BIIHECEHOTO /10 OJUHMUIII JJOBKMHH BaJa, 3
JOIyCTUMHUM KYTOM 3aKpy4yyBaHHS [@]:

Prex <[] (12)

OCKIIbKH JOTIYCTUMI KyTH 3aKpy4yyBaHHs 3aJat0ThCsl 3BUUAHO B Ipajycax Ha
1M, a'y BUpa3i KyT OOYHMCIIIOEThCA B pajiiaHax, TO 1iei Bupa3 Tpeda 11e MOMHOXKHUTH Ha
180/n. Toxi yMOBa OpPCTKOCTI HAOEpe BUTIISLY

180T
ﬂG—IS[¢]'
p (13)

HaiiGinpmr mommpeHMMHd Ha TPaKTUIl 3HAYCHHSIMHU JIOMYCTUMHUX KYTIB
3akpyuyBaHHs € [¢]=(0,25...1,0)rpag/m.

Hpuknan. CryniHyacTUid CTalbHUM Opyc KpYyIJIOro IOMNEPEYHOro Mepepizy
KOPCTKO 3aKpPIIUICHU OJAHUM KIHLIEM 1 HaBaHTaXKEHMI, K MOKa3aHO Ha pHcC. 6,a.
[ToOynyBaTh emopu KPYTHHUX MOMEHTIB Ta JOTUYHUX HANpPyX E€Hb, 1 MEPEBIPUTHU
MILIHICTh Opyca MnpHu Taam=60MIIa.

Po3p’sa3anns. Eniopy KpyTHUX MOMEHTIB OyJy€MO, MOYMHAIOUU 3 BUIBHOTO
(J1iBOro) KiHIIS, IO J03BOJISIE HE BH3HAYATH PEAKTUBHUN MOMEHT Yy 3aTHCHEHI.
[TpoBiBiM noBiILHUE Tiepepi3 1-1 Ha guUAHII |3 1 CKIaBIIM AJ1s 3QJTMIICHOT YaCTUHU

(puc. 6,6) piBEsHES piBHOBarm >M:=0, omepyemo 't = Ve =M 3rigpo 3

NPUIAHATUM MPABUIOM 3HAKIB BBa)KaeMO MOMEHT T Bia’eMHMM. KpyTHUil MOMEHT
30epirae crasie 3HadeHHs (T1=-1kHwm) y Bcix nepepizax aunstaku |1, ko nmposememo
JOBUTbHUIA mepepi3 2-2 Ha mauisHii |, , TO MatuMemMo TO# ke pe3ynbTar, TOOTO
To=Tei=-1kHM. i pemtu AUISTHOK 3HAXOAMMO KPYTHI MOMEHTHU SK ajreOpaiuHy
CyMy 3O0BHIIIHIX CKPY4YyBaJbHUX MOMEHTIB, MPUKIAIHUX O OJHY CTOPOHY (y
HAIIOMY BHUIIQJKy — IO JIIBY) Bijl MPOBEACHUX Tepepi3iB. Binpizani 4aCTUHU OKpEeMO

HE 306pa>1(y€M0. OT)KG, T3 = _Tel +T92 = 1KHM, T4 = T3 = 1KHM, T5 = _Tel +T82 —Te3 = —3xHwm. 3a
OJIep>)KaHUMU JTaHUMHU OYIyeMO €mIopy KpyTHUX MOMEHTIB (puc. 6,B).
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Puc. 6
JInst  3HAXOKEHHS HEOC3IEYHOro Iepepizy OyIyeMO €miopy JAOTHYHHUX
HaIPYKCHb.
Ha mineaumd |q:
6
L= 1-10 = 23,6MIla,
W, 42390

W, = 7d;’ /16 =3.11-60° /16 = 42390 mm®

T, =
ne - IOJIAPHUN MOMEHT OTIOpY Mepepi3iB TUISTHKA
I, 3 giameTpom d;=60mm.

AHANOTYHO 3HaXOAMMO JOTUYHI HANpyXEHHS Ha PEIITI AUISTHOK 1 OyJIyemMo
entopy T (puc. 6,r) 3amMITUMO, 1110 3HAK JOTUYHOTO HANIPYKEHHS MPU PO3PAXyHKaX Ha
MIIHICTh HISIKOTO 3HAYEHHS HE Ma€, 1 NPUUHATUN HAmpsSIMOK OpJMHAT EMIopU T
YMOBHUM.

HeOe3neynnMy BUSBIWIIMCH TIONIEpeYHi miepepizu Ha auisHkax lo 1 ;. Takum
YUHOM, HEOE3MEYHMMH BHUSIBUIMCA HE TI NeEpepi3d, B SKUX KPYTHHUH MOMEHT
MaKCUMAaJIbHUH. YMOBa MIITHOCTI Tmax<Tadm BHUKOHY€TbcsS. OYEeBHIHO, IO MaTepial
Opyca BUKOpUCTaHUM 1pallioHaIbHO; HABITh Y HEOE3MEUHHX Mepepizax HaNPYyKEHHs Ha
32% wuwmxue pomyctumoro. [ominbHo Oyae BHOpaTH Takuil Martepiaj, JOMYyCTUME
Hanpy>KeHHs aKoro 0yio 6 6mu3pkum 10 40 Mlla.



