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I'yasies B. I, 1-p TexH. Hayk,
Beaosa M. O, kaun. ¢i3.-mar. Hayk,
I'op6ynoBuu 1. B.

JIO PO3PAXYHKY CTIMKOCTI TA KOJUBAHb BYPUJIbHOI
KOJIOHHA

EdextuBHIM CcrOCOOOM TIPOXOAKH MIAXTOBHUX CTBOJIB 1 CBEPIJIOBUH
BEJIMKOTO JliaMeTpa € BUKOPUCTAHHS OypPHJIbHUX YCTAHOBOK POTOPHOTO THITY.
OCHOBHOIO YMOBOIO TiJBHIIECHHS SKOCTi MPOXOJKH CTBOJIB i CBEP/JIOBHH €
MpoBeJieHHST OYypiHHA 13 33aHOI0 PEHCOBOIO MBHUAKICTIO Ta 13 3a0e3MeUCHHIM
BEePTUKAIBHOCTI OCi CTBOJNA. HEBUKOHAHHS [UX BUMOT MPU3BOAMUTEH JIO
3BHYAIHUX yTpaT SHEPreTUYHUX pecypciB i1 yacy. Hampukian, mis OypoBux
YCTaHOBOK POTOPHOTO THITY MPH MPOXOIIi IAXTOBUX BEHTHWIALIHHIX CTBOIIB
BIJIXWJICHHS OCi CTBOJIA BiJl BEPTHKAJ HE IOBUHHO MepeBuryBaTa 1M Ha 10Qv
TJINOWHU.

Benmuki rnuOuHM OypiHHS, IO BH3HAYAIOTh 3HAYHI HABAHTAXKCHHS, Ta
e(DeKTUBHICTh TPOXOAKH CTBOJIB 1 CBEPJIOBHH BHKJIMKAIOTH HEOOXiTHICTH
MPOBEJICHHS PO3paxyHKiB HANpPyKEeHO-e(hOPMOBAHOTO CTaHy OypHIBLHOI
kononu (BK), sikuit Garato B 4oMy 3aI€KHUTh Bix pexumis Oypinus. KpiM Toro,
e(DeKTUBHICTh MPOXOJKH CTBOJIB 4YacTO 3aJeKHUTh Bil TUX TPAHUYHUX
peKHMIB, SKi MOXYTh PO3BHHYTH OYpOBI YCTAaHOBKH. YcC€ II€ BHMArae
BpaxyBaHHS JHWHAMIYHUX HABaHTAXCHb, SK HaWOUIBII  HEOE3MEYHHX
yCKIagHeHs y mpoiueci oypinuas [4, 7, 9]. lns uporo HEOOXiTHO TOCITiIUTH
HanpyxeHo-nedopMoBanuii craH BK mnpu JuHAMIYHUX HaBaHTa)KCHHSIX 1
YMOBHU BTPaTH i CTIMKOCTI, sIKa € OJHIEI0 3 OCHOBHHUX NMPHWYHMH BiIXHUJICHHS
OypiHHSA BiJ 3aJJaHOTO BEPTHKAIBHOTO HAMPSIMKY. [IpW JOCTIHKEHHI IHX
npoOJeM BUHHMKAIOTH TIEBHI TPYIHOIII, SKi Joci y Teopii po3paxyHky BK He
Oynmu mocTaTHRO BHBYEHi. Jl0 OCHOBHHX i3 HMX MOXHA BiTHECTH BHMYIICHI
KOJINBAHHS CHCTEM i3 PO3IOAITICHUMH 1 30CEPEIHKCHUMI MacaMH Ta BUBUCHHS
Ha 1X OCHOBI MPOIIECiB Y OYPOBHX yCTaHOBKAX, a TAKOX CTIMKOCTI KOJOHHU SIK
BarOMOTO CTEpPXHsI, II0 3a3HA€ PO3TATY-CTHCKY, NPH PI3HUX TPaHUIHHX
yMOBax i BeIWKUX MHOWHAX OypiHHsA. KpiM TOro, 3Ha4Ha 4acTHHA METOJiB
pO3B’sI3aHHS TPAKTHYHUX 3a7ad - [1¢ HAOMMKEHI METOAM, TOYHICTh SIKUX B
icHytouilt JiTepaTypi He ouiHeHO. ToMy po3poOka HOBUX MOENIEH TUHAMIYHUX
NpOLECiB, YTOYHEHHS PO3pPaxyHKIB Ha MIIHICT 1 cTilikicth BK Ta ominka
ICHYIOUMX HaONMKEHUX PO3B’S3KIB i3 BU3HAYCHHSM TPAHUILb 1X 3aCTOCYBaHHS,
IO CHPUAIOTH BCTAaHOBJICHHIO €(QEKTUBHUX PpEXUMIB OypiHHS, SKOCTI
NPOXOAKH CTBOJNIB 1 CBEp/UIOBHH, 3amoOiraHHIO aBapiiHMX CHTyalid, €
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aKTYaJIbHOIO 1 BXKJIIMBOIO TPOOJIEMOIO OYIiBETbHOI MEXaHIKM Ta MEXaHIKH
ne(hopMOBaHOTO TBEPOTO Tija.

BaraTopiuamii mocBia ekcruryaTarii OypHJIbHHUX YCTAaHOBOK CBiTYHTH, IO
Bil cTaTMYHOTO HaBaHTaxeHHs BK pylHyroThes pimko. binpmicts aBapiit Ha
OypoBUX yCTaHOBKAaX BIJIOYBA€ThCsl BiJ AWHAMIYHUX HaBaHTaXEHb, SKi
00yMOBJIIOIOTH MPOIIECH PYHHYBaHHS KOHCTPYKIIH YCTAHOBOK.

I3 ypaxyBaHHsIM TexHoJOTiUHNX TpoueciB Oypinus Ha BK mpu poropHomy
croco0i OypiHHS JiFOTh Pi3HOMAaHITHI BUITM HABAaHTAXKCHB, OCHOBHUMM 3 SIKHIX €:

- pO3TAT Ha BEPXHiH IUISHII KOJOHHU BiJl BITACHOI BarW KOJIOHH Ta Baru
00BaXKHIOBAYIB 13 IOJOTOM,

- CTHCHEHHS Ha HIDKHIM IUISHIN KOJIOHH,

- 3IUH HA HIDKHIA OUISTHII KOJIOHH,

- JIOAAaTKOBI JWHAMIYHI HaBaHTaXEHHS, M0 BHHUKAIOTH TPH OOEpTaHHI

KOJIOHH, TIPH YIapPHUX MPOIecax | BUMYIICHUX KOJIMBAHHSIX;

- KpPYTHWJIBHWA MOMEHT, HEOOXiMHUU Al oOepTaHHS KOJOHW 1 pyHHYBaHHS

MOPOAH;

- HaBaHTaXEHH:S, 00YMOBJICHI HasIBHICTIO TEPTs 3 OOKY IPOMHUBHOT PiTUHHU.

Y mnporeci poropHOro OypiHHS BHHHUKAIOTH CTAaTHYHI Ta JUHAMIYHI
HABaHTaXXCHHA. SIKIIO BpaxyBaHHsS CTaTUYHUX HABAHTA)XCHb, SK MPABHIIO,
0COONMBUX TPYOHOINIB HE 3aBJa€, TO pPO3PaXyHOK Ha JUHAMIYHI
HABAaHTAXXCHHS BHMAara€ 3HAHHS TICBHUX 3aKOHIB KOJHBAaHb, IO BUKJIHUKAE
YCKJIATHCHHS Y TIPOBEIICHHI PO3PaXyHKIB.

Hexaii OypwibHa KOJIOHA OOEpPTAETHCS 3 KYTOBOIO INBUAKICTIO . Jlist
noOyzoBH piBHSHG i1 pyXy BBeleMo iHepIiiHy cuctemy koopamHat OXYZ 3
ITOYaTKOM Y TOYIIl MiABICY 1 OB’ si3aHY 3 KOJIOHOIO cucTeMy koopanHat OXxyz

3 opramu i, j,K, sxa o0epraerbcss pasoM 3 Hew. Y  BUXIZHOMY

HenedopmoBaHomy ctani oci OZ i Oz chiBnagaoTh i3 NOB3JOBXHBOIO BICCIO
KOJIOHU. ByJaemMo mocCHmimKyBaTH CTIMKICTh KOJIOHH 1 11 KOJHMBaHb y CHUCTEMI
koopauHaT OXyz, mo obepraerbes. [lpuitmemo, 1Mo Mpy»kHI MepeMileHHs ii

eneMeHTiB B310BxkK oceil OX 1 Oy ckimamaioTh U 1 V, IepeMillleHHIMH B3JI0BXK

oci Oz 3HEXTyeMO.
JlnHamiuHa piBHOBara KOJIOHM OIHUCYETLCS PIBHAHHSAMH 3THHY OanKku B
wionrHax XOz 1 yOZz BimnoBigHO

d’m d2M
—> =0, ——>=0y. (1)
dz dz

Tyr M, M - BHYTpillIHi MOMEHTH B PO3IJISIHYTOMY Iepepisi Oaiku, sKi

JIOTh BiTHOCHO OCEH, IO MPOXOAATh Yepe3 MEHTP Mepepizy mapajielbHO OCsIM
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Ox i Oy; gy i gy - IHTCHCHBHOCTI 30BHILIHIX HABAHT@XCHb, HANPAMICHUX
napaJieIbHO BiJTIOBITHUM OCEH.
[lizkpecaumo, MmO y BUIAAKY, SKHH pO3Tisnaerscs, M QyHKUin M, ,
M crannaprHi piBHOCTI
d?v d?u
M,=El—, M, =El —
x 2 y 2
dz dz
€ HCMPUHHATHI, OCKIJIBKM OajKka TONCpPEIHbO HAMPYXKECHA MOB3JI0BKHBOIO
cwioro 7 1 30BHIMIHIM KPYTHJIBHUM MOMEHTOM M ,, 10 BUKIIUKAE JOAATKOBI

3THHAI0OYI MOMEHTH y Oaiii npH ii geopmysanni [6, 8]. ToMy [yist 3rHHAIOYKX
MOMEHTIB BUKOPHUCTOBYIOThCS (POpMYITH

2
M= 9V vem,
dz? dz
)
2
My:EIE—Tu+Mzﬂ,
dz? dz

B SIKUX JIPYTi JIOJAHKH B NpPaBMX YaCTHHAX BU3HAYAIOThH JOJATKOBI 3rHHAIOYH
MOMEHTH, 00YMOBIICHI €KCIICHTPUCHTETOM MOB3/I0BXKHBOT CHJIH po3Tary T mpu
nedopMyBaHHI OanmkwW, a TpeTi TOJaHKH TMPEACTaBISAIOTh JO0aBKH [0
3THHAIOYUX  MOMEHTIB,  CIPUYMHEHI  MPOEKTYBaHHSAM  30BHIIIHHOTO
KpyTHiIbHOro MoMeHTy M, Ha oci OXx 1 Oy Ipu CKpHBIEHHI OCHOBOI JIiHIT
Oaku.

Hnst oGuncieH sl CKIAIoBUX Oy 1 0, MOB3LOBXHBOTO PO3MOAUICHOTO
HABaHTAXXCHHS Ha OaJKy HEOOXiIHO BpaxoByBaTH, mo B Mexax 0<z<L, me L -
JMOBXKMHA Oallkv, HAa Hel He [iI0Th HisfAKI aKTHBHI CWJIW 1 pONb LUX CHII
BUKOHYIOTh CHJIM 1HEpIii, BUKJIMKaHI oOepTaHHSAM Oanku Ta ii NPYKHUMH
KONMUBAaHHSMUA. ToMy BeKkTop (] [BOrO HABAaHTAXXEHHS 3HAXOAUTHCS 3a

JIOTIOMOTOI0 PiBHOCTI
4=-pFa, (3)

JIe O - rycThHa marepiaiy Ganku, F - mioma il momepeyHoro mepepidy, a -
abCOJIIOTHE MPUCKOPESHHS €IIEMEHTA, I110 PO3IIISAAETHCS. SHAXOAIIH BEKTOp (,

ypaxyemo, MO0 MEXaHIYHa TMOBEIIHKA OalKh pO3TJSINAETECS B CHUCTEMI
koopauHaT OXyz, sika 00epTaEThCS; ¥ 3B’ A3Ky 3 UM PYX KOXKHOTO €JICMEHTA €
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CKIaZHUM. Y IIbOMY BHIAAKY HOr0o abCONIOTHE MPHCKOPEHHS 8 OOYHCIIOI0TH
3a opmynoro Kopiomica [2]
a=a%+a" +a°, 4)

ne a°, a", a°- pexkTopu MEPEHOCHOrO, BiJHOCHOrO Ta KOPiOTiCOBOTO

MIPUCKOPEHHS BiATIOBITHO.

c

BeKTop MepeHOCHOro MPUCKOPEHHs a° 3HaXO0JATh 3a (OPMYIION0
a® = wx(wxr), (5)

me T =ui +Vj +2zk - paxiyc-BekTOp eneMeHTa Galku B CHCTEMi KOODIMHAT
Oxyz.

BukoHaBIIM BiIIOBIIHI BEKTOPHI omepartii, 1icTaHEMO

e __ e = _of e_
al = a)zu' ay V. a;=0 ©)

CkJ1a10Bi BEKTOpa BiJTHOCHOTO IPHUCKOPEHHS B HAIpsIMax oceil KOOpIuHAT
Oxyz BU3HA4aI0ThCS PIBHOCTSIMU

d?u d?v
a;:—z, a;,:—z, a;:O. (7)
dt dt
BeKTop KOpioJNicOBOro MPUCKOPEHHs &° elleMeHTa Galku 00UHCITIOEThCS
3a (hopMyII0I0
a® =2wxVv", (8)
e V' - BEKTOP BIJIHOCHOT IIBUIKOCTI €JIEMEHTA 31 CKJIaJIOBUMHU

:du Vr:dv

V==, —, V!I=0. 9

S Yoot z ©
Bpaxosyrouu piBrocTi (7), (8),mictaemo
dv du

a=-w—, a'=w—, ac=0. 10

X dt Yo dt z (10)

[TigcTaBissroun 3HalIEH] 3HAYEHHST KOMITOHEHT mpuckopens (6), (7), (10)s
(4), a motim y (3), OTpUMaEMO CKIIa0Bi BEKTOpA CHII IHEPILT

dv d%
= - oF (—afu - 20—+ —),
O = —pF(aru “ dtz)
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du  d’v
y = —PF (V- 20 r7 ) (11)
ITlicns mepexomy Big 3BUYAWHWUX TOXITHUX JO YaCTHHHHX Ha OCHOBI
cuiBBigHomens (1), (2), (11) OyayroTe pIBHAHHA KOJMBaHb OAalKH, SKa
obepTaeThes 1 HaMpyKeHa MO3IOBXKHBOIO CHIIOK T 1 KPYyTWIBHAUM MOMEHTOM

M

z

4 2
Ea——i(T@j—a—( j PFafu - 2pFa)—t+pF

9z* 0z\ 9z) o872 0t2 =0

a“ d(_ov) o2 9% 5
T |+— WV+2 w—+ — =

A A L) WAt

3a 10moOMOTOI0 L€l CHCTEMH MOXKHA OCIIKYBATH AMHAMIYHY MTOBEIIHKY 1
CTIMKICTh OYpHIBHOI KOJOHU. PoJb MOB3MOBXHBOI cuid T B IIbOMY BUTIAJIKY
BUKOHYE BHYTPIIIHSA CHJA, IO BHUKIUKAETHCSA JI€I0 pPEakiiii Ha BEPXHHOMY
KIiHITl 3aKpilJICHHS 1 HAa HIKHBOMY KiHIII CIIMPAHHS PIKYYOTro iHCTPYMEHTa, a
TaKOX CHJIaMHU Baru camoi kojoHH. KpyrwimpHuit Mmoment M,, mo i€ Ha

KOJIOHY CIPHYMHEHO CHJIaMH OIOpY pi3aHHIO Ha HIDKHBOMY KIHII Ta
NPUBOAHUM KPYTHIBHHM MOMEHTOM Ha BEPXHBOMY KiHII. Y 3B'SI3Ky 3 UM
3BHYalfHO BBaXKalOTh, M0 BeJWYMHA [ JIHIAHO 3MIHIOETBCS B3JOBXK
KOOpAUHATHU Z, a M, 3aiuIIaeThes CTaNUM.

BigsHaunmo, mo cucrema (12), He 3BaXkarouu Ha ii JiHIAHICTE, Ma€ JTOCUTH
CKIQJHy  CTPYKTYpy,  OOYMOBJEHY  HAasBHICTIO  JOJAHKIB  BHUAY
02(M, @Bv/02)0z22, -0%(M,Bu/0z)oz?, -2pFwdv/ot, -2pFwdu/dt vy
HepIIoMy 1 JpyroMy piBHSHHAX. Tak, NMPUCYTHICTh NEPUIMX JIBOX JIOJIAHKIB
NPU3BOJNUTH 1O TOTO, IO CHCTEMa He JOIycKae po3B’s3Ky y ¢opmi rurockol
KpHBOi M OCHOBa JIiHIS 3IrHYTOI KOJIOHM MOXE OYTH TUIBKH TPUBHMIipHOIO
KpHuBOKW (y JAQHOMY BHIIQJKY - CIipajuio). HasBHiCTE IHIIMX ABOX JIOJaHKIB
MPU3BOANUTH JIO CKJIATHINIONO 3aKOHY 3MiHH (OpMH KOJHMBAaHb SK 34
IPOCTOPOBOIO, TaK 1 YaCOBOIO KOOPAMHATAMH, BUKIIOYAI0UYH MOXIIUBICTD PYXY
€JIEMEHTIB KOJIOHH 3 OJIHI€I0 CITIILHOIO (a30ro.

3a3HaueHe YyCKIamHEHHS (OpM KOJIMBAaHb MPHU3BOAUTH OO CYTTEBOTO
YCKIaHEHES i MeToauku mociimpkeHHA. OCKIJIbKH aHANITHYHI METOIH UL
pO3B’sI3aHHSI  Li€l CHUCTEMHM BHSABISIIOTBCS  HENPUHHATHUMH, TpU  iX
TEOPETHYHOMY MOJICIIIOBaHHI CJII OpIEHTYBAaTHUCS Ha YHCENBHI ITiAXOAH.
[Ipote # npum iX BHUKOpPHCTaHHI BHHUKAIOTH CYTTEBI TPYAHOLIl, MOB'sA3aHi 3
HEOOXiTHICTIO pO3MIIJaTH KOJIOHH BEJIHMKOI OBKMHU. Ha Benukux iHTepBanzax
interpyBanHs cuctema (12) waOyBae Tak 3BaHOI “OOYHCITIOBAIBHOI
JKOPCTKOCTI”, Y pe3yJIbTaTi 4YOTO CYTTEBO MOTIPIIYETHCS 301KHICTh YUCEIFHUX
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MeTOMiB ii iHTerpyBaHHs. Y HaHid poOOTI IS JOCHIHKEHHS CHUCTEMH
MPOTIOHYETHCS BUKOPUCTATH METO/I MOYATKOBHX TAPAMETPIB Pa3oM 3 METOJIOM
Pynre-KyTTa i nmpoueayporo opToronaiizarii 3a ['ogyHOBUM.

PosrisiHeMO anropuT™ 1moOymoBU po3B’sa3ky cuctemu (12) Ha mpukiami
3a7a4i Mpo CTIHKICTe OypHIBHOI KOJOHH. Y I[bOMY BHIAAKY piBHsSHHA (12)
3BOJIATHCS 10 BULY

EI%—%(T%) %—pszu 0
A (13)
EIM—i T, d——pFaJZv 0.

dz* dz\ dz

Hexaii na xiHmax Z=0 i Z=L koJoHy IIApHIPHO 3aKPIiIICHO i
peai3yloThes KpaiHoBi YMOBH

2 2
u(0) =v(0) =0, d—‘; d—‘z’ =0,
dz z=0 dz z=0 14
d?u d?v 4
U(L):V(L)ZO, Y =7 =0.
ral i dz°|__
z=L z=L

Bynemo BBaxaTu KyTOBY MIBHAKICTH (X MApaMeTpoM i PO3TISIHEMO 3a1a4y
PO BH3HAYEHHS WOTO 3HAYEHHS, MPH SIKOMY KOJIOHA BHUMUHAETHCA. Tomi st
cucremu (13), (14) motpibHO MOCTaBUTH 3aqady HA BiAacHi 3HaueHHS. JlJst
IHOTO 3aIUIIIEeMO 11 B BEKTOpHIN (hopmi

Y _rgyraty, (15)
dz*

Ay(0)=0, By(L)=0. (16)

Tyt Y(Z) BOCBMHUBHUMIpPHHI BEKTOp HeBiZoMmuX, F(2z) 3MiHHa MaTpHIls
KoedirienTiB po3mipy 8x8, 4, B - crani Marpuii po3mipy 4x8.
Po3e’s30k cuctemu (15) 6ynyemo y dopmi Komri [1]
¥(2=Y(2) [T, i1

ne Y(2) - marpuus Komi posmipy 8%8 poss'szkiB cuctemu (15) 3
[OYaTKOBHIMH YMOBaMHU
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10
01 ..
YO=. . . .|
00
C= (¢, C2,...,08)T - IyKaHWi cTanuit BeKTop. F0ro KOMIOHEHTH 3HAXOIATHCS

13 CHCTeMHM JiHIMHUX anreOpaldHuX pPIiBHSAHB, sKa OyIYETHCS ITiJCTAHOBKOIO
npasoi yactuan (17) y miBi yactuaun ymoBu (16). 3nauenns & B (15), npu
SKOMY BH3HauHHMK MaTpHlli KoeQilieHTIB Ii€i cCHCTEeMH IOPIBHIOE HYJIO, €
kputuyHuM. [Ipy 1bOMYy 3HAYEHHI KyTOBOT HIBHIKOCTI OypWiibHAa KOJOHA
BTpadae CTidkicTb. Dopma BTpaTH CTIHKOCTI OyIyeThCs 3a JOMOMOTOIO0

piBrocTi (17) mimcraHOBKOIO B ii mpaBy 4YacTHUHYy 3HaiimeHoro BekTtopa C.
AHaNoriYHO pO3B'A3y€ThCs 3ajaya Mpo BUIBHI KOJMBAHHSA KOJIOHH Y 4Yaci B
(bopMi rapMoHiK 3 HIykaHow 4yactoToro. Cuctema piBHSIHB(12) 3 YaCTUHHUMHE
MOXIJTHUMH 3BOIATHCS IO CUCTEMH 3BHYaWHUX AU(EPEeHIIAIbHAX PIBHIHB, sIKa
MOTIM aHaI3YETHCS 32 HABEACHUM BUILE AITOPUTMOM.

BigsHaunMo, o0 B OKpeMHX BHIaakax piBHsAHHA (13), 110 ONHUCYIOTH
CTifiKicTh OYpHILHOI KOJIOHH, MAIOTh aHANITHYHI PO3B’A3KH, Ki MOXKYTh OyTH
BUKOPHUCTAHUMH JIJIsl TECTYBaHHSI PO3TIISIHYTOT METOAMKH. TaK, SKII0 KpyUIeHHs
i oOepTaHHA KOJOHW BiJICYTHI 1 BOHA 3HAXOIUTHCS Il JI€I0 TOB3JIOBXKHBOI
CTHCKYI04Oi cunn P, npukinageHoi Ha kpasx Z=0 i Z= L, piBuaaus (13)
CIIPONIYIOTHCS 1 PO3MANAIOTHCS HA JIBA HE3B' sI3HI PIBHIHHS

du  d? dv  d%
El —-p— =0, El —+p—5=0.
dz* dz? dz* = dz?

Bonu Bu3Havaioth EitnepoBy kputiuny cuiy [5]

_n’El
_?.

3ajaya JOMyCKae MpocTe PO3B s3aHHS 1 y BUManaky Oanku, skmo 7 =0,

M, = 0.Toxi cuctema TakoXK PO3IaAAETHCA

9

d4U ) d4V 2
El — - oFwu =0, El — - pFwv=0.
dz* dz*

I3 HEel MOKHA 3HAWTH KPUTUYHY INBUAKICTE [2, 3]

:n2 El

W, =— . [—.
P2\ o
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ITpote npu HaBaHTaXEHHI CUCTEMH KPYTHIBHUM MOMEHTOM M, piBHSHHA

(13) € 3B's3aHUMH, 1 3a7ava BHU3HAYCHHS KPUTHYHUX MapaMeTpiB CHCTEMHU
ycknIagHoeTbea. Y Bumaaky « =0, T=-P=const i M, =const, ii
PO3B’ I3aHHS HaBEAEHO B po0OoTi [6]

M =+JEI O/P, +P.

Sxmo Tpu pakTOpu HABaHTAKCHHS CTEPXKHS MPHUCYTHI OJHOYACHO i CHIIA
T # const, To 3agada CTIHKOCTI HE Mae aHANITUIHOTO PO3B s3Ky. st #oro
moOyTOBH B IIbOMY BHIAJKY 3PYYHO 3aCTOCYBATH ONMUCAHHUNA BUIIE TTiIXI1]I.
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