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YK 539.3
NEPEXIJIHI ITPOILTECH B UJIIHAPAX ABO JUCKAX, IO
OBEPTAIOTBCHA
O.K. I'peBues’

CTapIIHil HAYKOBHII CIIIBPOOITHUK

H.IO. CeniBanoBa’
CTaplLInil BUKJIaaa4

1 .
Heporcasne nionpuememso
«Heporcasrutl 00porcHitl Hayko6o-0ocaionutl incmumym im. MLI1. lynveinay

2 . . Lo
Hamonaﬂbnuu mpaHCnopmHuu yHieepcumeni

Po3risiHyTO NUHAMIUHY NOBEIIHKY, Sk HE € YCTAaJeHHM IIPOLEcOM, MEXaHIYHOI CHCTeMHU
(umtieapa abo Aucka, o 00epTaEThCs HaBKOJIO HEPYXOMOI Oci) IPH IMIYJIbCHUX HaBaHTAXKCHHSX.
IToxazaHo, 110 HepexiiHi IPONecH CIPUINHSIOTH NOSBY TEIUIOBHX e()eKTiB, sSKi BAHHKAIOTh IPH Jii
30BHIIIHIX HABaHTaXXEHb Ha LWIHAP abo 1uck, 1o obepraerbes. OTpuMaHi pPO3B’SA3KU
nudepeHniifHOro piBHSAHHA TEIUIONPOBIAHOCTI TimepOOJIIYHOrO THUILYy, SKe He JOIIycKae
HECKIHYEHHOI IIBHJKOCTI PO3MOBCIODKEHHS TEMIIEpaTypHHX 30ypeHb, Ha BiIMiHy BiX
nudepeHniiiHoro piBHAHHA TEILIONPOBiAHOCTI mapabomiuHoro Tumy ®@yp’e. Po3s’szawni
nudepeHnianbHi piBHIHHS 0OepTaHHs HIIIHAPa a0 AUCKa HAaBKOJIO HepyxoMoi oci. [Toka3aHo, mo
PIBHSHHS PyXY 1 PIBHSHHS TEIUIOIPOBIJHOCTI HEMPSMO OB s3aHi.

KoiouoBi ciioBa: i30TpomHe Hpy)KHE CepefoBHINE, HMEepexXifHHil Ipolec, TepMOIHMHAMIYHO
o0epHEeHHI POLIec, JOLEHTPOBA CHIIa, MOMEHT 00epTaHHs, KyTOBa IIBUKICTh,9ac peslaKcamnil.

JluHamiuHa TOBEiHKA MEXaHIYHHUX CHCTEM YacTillle pO3TIISIA€ThCs SIK
YCTaJICHUH TIPOIEC, SKUH HE JO3BOJSAE JOCTIIUTH 3MiHY iX JUHAMIYHHX
XapaxkTepucTuk. [Ipy BUBUEHHI MEepexiHUX NPOLECIB, HANPHUKIA, IPH 00ep-
TaHHI MEXaHIYHUX CHCTEM, MOXKE OYTH JOCHIPKEHa 3MiHa KyTOBOI IIBHJIKOCTI
3a 4acoM i BU3HAYCHA 1i BEJIMYWHA IICJIsI TOTO, KOJM B MEXaHi3Mi BiIOyIocs
30ypeHHs. 3a3BUYaii MEXaHI4HI CHCTEMHU 3HAXOAATHCS I AI€I0 PI3HOMAHITHIX
3MIHHHX Ta IMIYJIbCHUX IMpoIeciB. TOMY BayXJIMBO MEPEBIPUTH MOBEAIHKY X
CHUCTEM TIpU IMITYTbCHUX HABAHTA)XKCHHSX, SKI BiPi3HSIIOTHCSA BiJ| YCTAJICHOTO
mporecy. OKpiM TOro, MepexiaHi MPOIECH Jal0Th 3MOT'Y ITEPEKOHATHCS Y MOSIBI
nedopmariiii Ta TeroBux e(ekTiB, sKi 00yMOBJICHI JIi€l0 30BHINIHIX HABaH-
TaxkeHb. bynp-ska nedopmaris, y TOMy YMCIl W TPYXKHA, CYNPOBOKYETHCS
TEIJIOBUMH e(eKTaMH, TOMY HaMaraHHs OMKCATH TOBEIIHKY CYIIIFHOTO cepe-
JIOBUILIA TUIBKA 33 MEXaHIYHOI0 CXEMOI0, ITHOPYIOUM TEepMOMEXaHiuHi
B3aEMOJIiT BCEpEICHI cepeloBHINa, 3a3Ha€ TPYIHOIIIB [1].

PosrssHEMO nMHAMIYHY TOBENIHKY Bajla a00 IJTIHApA CYHUIBHOTO YH 3
LEHTPAJILHUM OTBOPOM KIHIIEBOI JIOBXKWHH, B TOMY YHCIi 1 KPYrOBHH MIHCK
TIOCTIHHOI TOBIMHY. P0O3B’s13aHHS 33124 AMHAMIKY TaKWX T MOXKHA 00'e€/THATH 3a
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paxyHOK 3acCTOCYBaHHS TOYHOIO pO3B’SI3KY pIBHSHb TeOpii MpYKHOCTI,
OTPHIMAHOT'0 Ha OCHOBI PO3PO0JICHOTO OZIHAM 3 aBTOpiB Meroza [9].

Binomo 3 mitepatypu [2, 3], mo BiAcyTHIA TOYHUI pO3B’A30K 3aj7adi Teopii
MPY)XHOCTI HaBiTH Il JUCKa MOCTIHHOI TOBIIMHH, SKAH 00epTaeTscs 3i
crajoro mBHAKICTIO. Ll 3amaua po3B’sI3yeThCs HA OCHOBI TiNOTE3 ILUIOCKO-
HaIpy»XeHoro ctany [3].

[Mpunycrumo, 1o o0’eMHI CHIIM Ta TEIIOBUH MOTIK, KU 3'SBISETHCS Bif
i1 30BHINIHIX CHJI Ha TUJIO, HOBUILHO 3MIiHIOIOTHCSA 3a 4yacoM. Tomi MO’KHA
3HEXTYBaTH 1HEPLUIHHUMH WICHAMH B PIBHSHHAX PyXY 1 pO3INISIATH PYX, SK
JIesIKy TOCIIZIOBHICTh CTaHIiB piBHOBard. Lleil minxin mo po3B’si3aHHS 3a1ad
JIUHAMIYHOI ~ Teopii NPYXKHOCTI  Ha3WBAaeThcs  KBasictartmuHuM. Ilpum
KBa3iCTATUYHOMY PO3TJIIIaHHI HEYCTaJICHUX HANpYXEHb Yac { € MapaMmeTpoM
[1,4,7] i ToMy BUKOPHCTOBYIOTH PO3B’SI30K Bi/IIOBITHUX CTalliOHAPHUX 3a/ad.

Bume Oymno 3a3HaueHo, mo Jedopmariis  CYIIJIBHOTO MPYKHOTO
cepeIoBHINA HE 3aBXK/IU € CYyTO MEXaHIYHUM SIBUILEM, 00 3MiHa TEMIEPaTypH B
TiJIi MOXE BiIOYBATHCS SIK B PE3YyJIBTATI CAaMOro mporiecy AehopMyBaHHs, TakK i
3a CTOPOHHIX NMpHYHH [5].

PosrisiHeMo B paMKkax Teopil NpyXHOCTI 3MiHY TeMIepaTypH B Tilli Bix Iii
30BHINIHIX CWI. 30Kpema, Uis IWIiHApa abo IUCKa, SKHA 00epTaeThC
HaBKOJIO HEPYXOMOI 0Ci, 30BHIIIHI 00’€MHI CHIIM MOXXYTh OyTH TIpe/CTaBIIEH]
paaiagbHOIO0 JOLEHTPOBOIO CUIIOH:

F, =po’t, (1
Jie p — WUIBHICTH MaTepiany, 7 — pajiajJbHa KOOpAuHaTa, ® = (f) — 3MiHa 3a
4acoM KyTOBa IIBUJIKICTb TiJia.

Hexaii y HenepopmMoBaHOMY 1 HEHANpY)KEHOMY CTaHI IWIIHAP Mae
Temnepatypy 1, Hanmpukiaaj, Hyab. BHaciok Aii 101eHTpoBoi cuiy iHepuil
(1) umninap nedopmyeTbes, a Woro Temmeparypa 3MIHIOETBCS. Bimomo, 1o
3MiHa TEMIIEpaTypHu B TiJli XapaKTepPH3YEThCS TEMIEPATypHOIO 3MIHHOIO, SIKa
O00YHCITIOETHCS 32 (HOPMYIIO0

0=T-T,,
ne T —abconroTHa TeMIepaTypa TOUKH Tilla.

Bynemo BBakary, 110 TemriepaTypHa 3MiHHa O(r,z,f) Maia i 11e He BUKIMKAE
3MiH iCHYIOUHX (Di3MKO-MEXaHIYHIX XapaKTepUCTHK MaTtepiaiy Tina [4].

Omxke, mig wac nedopmaiii 3MIHIOETBCS TeMIlepaTypa TOYKH Tijla i B
pe3yabTaTi MOXKE BifOYBAaTUCS MOTIMHAHHS a00 BHIUICHHS TeIDIa MPYKHUM
HEI30JJbOBAHUM TIJIOM IPU HOTO B3a€MOJIiT 3 HABKOJHIIHIM cepenoBHIeM [8].
Sxmo nedopmamii Tima Mami, TO mpW 3ynuHOI Aii 00’eMHHMX cui (TOOTO
F = pwz‘c) Tito (mwimiHAp abo MCK) TOBEPTAEThCS Y MOYATKOBHH
HenedopmoBanuii cran. Taxi gedopmarii HasMBalOThCA TNPYXKHUMHU. [lpu
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EOMY TIporec JaeOopMyBaHHS Tila BiIOYBA€ThCA MOy)KE TOBIIBHO 1 €
TEPMOIUHAMIYHO OOepHEeHUM [5].

Y poboti [9] HaBemeHO PO3B’SA30K 3amavi OOCPTAaHHS KPYTOBOTO ITOJIOTO
MWIIHApPA KIHIEBOI JOBXWHU a00 JHWCKa TOCTIHOI TOBIIMHU HABKOJO
HEpYXOMOI oci 0e3 ypaxyBaHHsS SKHX-HEOYIb CICI[albHUX TiloTe3, KpiM
3arajJbHUX Tirmore3 JiHIMHOI Teopii npyxkHocti. [lokasano, mo mpu mii
JoleHTpoBol cuity (1) croctepiraeTbes 3MiHa TEMIIEPaTYpHOTO OJIS TiJia, MPH
OMY 3MiHHA 0(z) 3aJeXHTh BiJ IBUAKOCTI oOepTanHs Tija. Po3B’ 30k Oyno

OTPUMAHO JUIA YCTAJCHOro mporecy nedpopMyBaHHS Tija, TOOTO 0€3
ypaxyBaHHs 4acy (cramioHapHa 3amgada). Y ¢dopmyni (1) xyroBa MIBHAKICTH
TiJa ® IpUAMAJAch CTAJIOK BEIHYHHOIO, TOOTO HE 3aJIeKuiIa Bijl 4acy.
Otpumani (opMynmu Ui HalPYKEHb, M0 30IraloThCS 3 HANPYKCHHIMH,
3HAWJICHUMH Ha OCHOBI TiIOTE3 IIOCKO-HANPY)KEHOTO CTaHY, MAIOTh BUIJISI

2.2
oo
oy :3+—me (af +05 ——52=r?),
2
3+v 070 _1+3v 2
=g +

On po’ (o +o3 — 2 3Itv r),

Gj3 =033 =0. )
TemneparypHa 3minHa 6(z) ):[OpiBHIoe

0(z) = Zpw?. (3)

4Goc
Takok BH3HaU€Ha TMOTYKHICTh IIOTOKY TeIla Ha OCHOBI PIBHSHHS
terionpoBigHocTi  Dypbe 3 ypaXyBaHHSIM ~ HE3aJEXKHOCTI BiJ dYacy
TeMIIepaTypHOi 3MiHHOI O(z) :
_VA_
=20a 5o PO’ 4)
BpaxoBytoun BuILle HaBe/eHe, PO3IIITHEMO 3a1a4y PO IMEPEXiHi MpOIecH B
IutiHApax abo JAucKax, 1o 00epTaloThCs HABKOIO HepyxoMoi oci. Temmeparypa B
Oy/Ib-sIKii TOUIIl Tila B IWIIHAPUYHMX KOOPAWHATAX B MOMEHT Yacy ¢ OIHCYETHCS
PIBHSIHHAM TertonposigHocTi Dypre B yacTHHHUX MOXiAHUX [10]

1 1
AT —=T, +-W = 5
o ”+lW 0, )

1€ 0L =A/cp — TeMIepaTypONpOBiHICTh, A — KOe]il[ieHT TEIIONpPOBi AHOCTI,
¢ — TIUTOMA TEIUIOEMHICTb, P — IMUIBHICTH Tida, W — KIJIBKICTH TeIlIa, sIKe

BHUJIUISETHCS 200 TOTIIMHAETHCS OUHUIICIO 00’ €MY Tijla 32 OJJUHUITIO Yacy.
VY BHNazaKy, KOIM TemnepaTypHa 3MiHHa O(r,z,t) Mae Burnsan 0=7-T,,
PIBHSIHHS TeruIonpoBiaHOCTI (5) Oyne MaTH BUI

1 1
Ae—ae’,+xW:O. (6)
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OCHOBHUM HEJIOTIKOM KJIACHYHOI TeOpii TerromnpoBigHocTi Dypre, € Te,
10 PO3MOBCIO/IKEHHSI TEIIa B TiJi OMUCYEThCs AU(EPEHIIIaIbHUM PiBHSIHHSIM
mapabomigHoro tumy (6), fAKe JIONMyCKae HECKIHYCHHY  IIBHIKICTh
posnoBcromkerns Temia [10]. Ile HecymicHe 3 (hi3HYHOO CYTTIO MPOIECY, IO
pO3IIISAAETEC. [HIIMM HanpsSIMKOM pPO3BUTKY Teopii TEIJIONPOBITHOCTI €
pi3HOMaHITHI y3arajbHeHHS KiacHyHoi Teopii. Tak, B poboti [10] musxom
BBEICHHS XapaKTEPUCTHKM MHIBUAKOCTI TEIJIOBOI €Heprii, oTpuMaHo OinbiI
3arajbHe PiBHSHHS TEIUIONPOBIIHOCTI TiMepOOIiYHOrO THITY, SIKE HE JIOITyCKaE
HECKIHYEHHY IIBWJKICTh  DPO3IOBCIOJDKEHHS  TEMIIEpaTypHHX  30ypeHb.
OCKIUIBKM ~ TEIJIOBMHM  TOTIK ¢  BCTaHOBIIIOETBCS HE  MHUTTEBO, a

XapaKTepU3yeThCs KIHLIEBAM 4acoM penakcamii Makceena T/2, To

y3araJbHEHWH 3aKOH  TEIUIONPOBIAHOCTI B 130TPOHHOMY TNPYXHOMY
cepenoBuILi 3anucyeTbest y Burisii [10]

q+5q, =—hgrad®. (7)

Komn t=0, Bekrop TeEIIOBOro MOTOKY BHM3HAYAETHCS 3a 3BUYAWHUM
3akoHOM Dypbe, TOOTO:

g =-\grad® . 8)
PiBHSHHS HENEPEPBHOCTI IS IIEPEHOCY TEIIa MAE BUIJIS
pcd, =—divg +W . 9)

Judepenuitoroun Bupas (9) 3a yacoMm ¢ i poOIsIYM JesKi MaTeMaTHdHi
MEPETBOPEHHS, OTPUMAEMO Yy3araibHEHEe pIiBHSIHHS TEIUIONPOBIAHOCTI B
LWTHIPUYHUX KOOpJIUHATAX (7,2)

1 T 1 T
AG—E(G@+395ee)+x(W+EVI{,):0. (10)
Komn t© =0, piBasuns (10) Mae Burisi 3Bu4aiiHoro piBHAHHI Oyphe (6)
1 1
A —— + = =0. 11
006 +5 W =0 (1

Komn temneparypHa 3minHa ©=7 -7, He 3aleXuTh BiJ dYacy, TOAl

PIBHSIHHS TEIIONPOBIHOCTI HA0YBa€ BUIIISLY

A0+Lw =0, (12)
A
VY BHNajKy TeIIOi30JIb0BAaHOrO Tija, TOOTO KOJNH TiJO HE OOMIHIOETHCS
TEIUIOM 3 OTOYYIHOUUM CEPEIIOBHIIEM 1 BIICYTHE TEIUIO B caMoMy Tii (W =0),
piBustHHEA (10) npuiiMae BUxR

AB=0. (13)
B 3aranmpHOMy Bumanky y mpaBiii yactuHi piBHsHHS (10) Moxe crosTH
YJieH, SIKMH 3aIeKUTh Bill 30BHIIIHBOTO HABAHTAXKCHHS, HANPUKIAM, Bif
00’eMHOI JIOLEHTPOBOI cunu F,, 3a JOINOMOIOK fAKOI MOXYTb OyTH
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npencrabieHi  aedopmarii  Tima. Tomi MOKHA OTPUMATH  3aJCKHICTH
nedopmariiii Tina BiJ TeMIiepaTypHOI 3MiHHOI 6 , IIpU bOMY PiBHSHHS PYXY 1
PIBHSIHHS TEIIONPOBIAHOCTI OYAyTh HENPSIMO MOB’sI3aHi.
3aava po mepexiIHi MPOIECH B IMITIHAPaX a00 TUCKaX, 0 00epTaIOThCA,
notpedye po3B’si3aHHSA IUQEpeHIiaJbHUX PIBHSHb O00EPTaJBHOTO pPYXY
TBEPJIOro Tijla HABKOJO Hepyxomoi oci. [Ipu mii Ha mutiHgp abo quck Oymb-
SIKOro MOMeHTa oOepTanHs M (¢), nudepeHiianbHe piBHSIHHS 00€pPTaIBEHOTO
PyXY Tijla Ma€e BTSN
Jo@), =M, (14)
e J — MOMEHT iHepIii IiTiHIpa ado JucKa BiIHOCHO OCi 00epTaHHs Z,
o(t) —3MiHa KyTOBOI IIBUIKOCTI 32 YaCOM.
Hexaii mwmingp abo auck 3a3Hae Jil0 MOMEHTa OOEpTaHHS, SIKUM
3MIHIOETHCS 32 32KOHOM:
M ()= M, ~Bo(n). (15)
ne M, — cranuii MOMEHT 0OepTaHHs y MOYaTKOBMH MOMEHT dacy ¢ =0,
KyTOBa MIBUAKICTb (¢) =0 mpu 1 =0; M, i B — mesxi moxaTHi AOBLIBHI, SIKi

XapakTepu3yloTh pyX LwiIiHapa abo 1ucka, mo olepTaeThcs (HANpHKIaL,
poTopa TipocKoIa).
HeoOXiqHO BU3HAYUTH 3aKOHHM 3MiHM KYTOBOI IIBUAKOCTI () B mepiof

PO3roHy IMIIiHApa abo aKcKa, TOOTO NPY BMUKAaHHI MOMeHTa obepTaHHA M,
npu ¢ =0 inpu oro BUMHUKaHHi (¢ =t ). CHan TepTs BpaxoBaHi JOBiITbHUMI
M, taf.
Judepenuianpue piBHsIHHS 00epTanHs Tina (14) HaOyBae BUTIISITY
Jo(t), = M, —Bo(r)
abo

(1), +Lo(0) = Twy(0), (16)

ne T=J/B— uac penakcauii; ®, =M, /B.

Po3B’s130k piBHstHHS (16) BigHOCHO M(¢f) Mae BHA
M, _t
m(t):TO(l—e ), (17)
Lle piBHSHHS € 3aKOHOM 3MiHH KyTOBOI IIBUKOCTI 33 4aCOM.

lpn = ®,, =M)/B=0q; (x)(t)|t:0 =0. KyroBa MBHIKICTh

mwTiHgpa abo JMcKa MOHOTOHHO 30UTBLIYEThCS JO CBOTO TI'PaHUYHOTO
3HAYEHHS, SIKE BIJIOBIAE YCTAICHOMY IIPOLECY O, = M .

Taxkum yuHOM
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(1) = 0y (1-e 7). (18)

[Ipoumec posrony nBuryHa nwiiHgpa abo 1gUcKa, OI0 O00EpPTAETHCs,

Ha3WBAIOTh MepexiHUM mpouecoM. [lepexigHuii mporec st OUIBIIOCTI

CIICKTPOJIBUTYHIB € CKIHYCHHUM, KOJIHM KyTOBa IIBUAKICTE  mocsrae 0,95

CBOrO0 TPaHUYHOrO 3HAYCHHS. TPHUBANICTH MEPEXiJHOTO Mpolecy ado yac
PO3TOHY JIETKO 3HaiTH 3 Bupazy (18)

t=—tin(1-L), 1=2L,
(-9, =4

Tpn ®/w, = 0,95 uac ¢ =1, . 3siacu
lyep. =TIN20=31.

MowmeHT inepiii poropa abo Kibig J Ta I0BUIBHY [3 MMiAOHPArOTh 3 TAKKX

YMOB, 32 SKMX 4ac MEPEXiIHOro MpOLECY 3HAXOAMBCS B 3aJaHUX TPAHMILIX
tuep. =2 =3¢, T06TO J/B=1.

n

[Ipunuremo mir0 mocTifiHOoro MoMeHTa obepramHs M, npu [ =1/,
(M, =0) BUMHKaIOUH JABUI'YH u)(t)‘ 1=ty = ®¢ - B iboMy BHnazky 3 (16) maemo

Jo(1), =—po(t)
abo
o(t), = —%co(t). (19)

OcTtaTouHO OTpUMaEMO po3B’s130K piBHIHHS (19) micns 3ynuHKM ABUTYHA Y
BUTJISIL
o

o()=0 e © . (20)
3 dopmynu (20) npu ¢ =1, MaEMO W=, , IpU t >0, ® —> 0.
I'padixu nepexinHUX MpomueciB mokaszaxi Ha puc. 1, 2.

)

5 B (=] t
Puc. 1
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Posrnsinemo temneparypHy 3miHHy (3) 3 ypaxyBaHHsM piBHsHHA (18),
TOOTO TIPU PO3TOHI IBUTYHA IUITIHApa a00 JHcKa

_ \% 2 _ —t/t
_ = 1- 21
== 40P T = a0 s P =) @0
PiBusiaHs (16) HaOyBae BUTIISLY
1 1
W+ 0="0. (22)
MHOXXMMO OCTaHHE HA — 4g zzp i, BpaxoByroun Bupas (21), orpumaemo
T
- 2
20, +6 = woy( 4G 2%p). (23)
Hudepenmiroemo (23) 3a yacom ¢
Td0)_ D 90
—. 24
a;(‘”za;) 20 ot @49
[epemuoxaroun (24) Ha — 1/a i momaroum Bupas a0+ k(W+ ; athV) 0,

OTPUMAEMO 3arajibHe PIBHSHHS TEIUIONPOBIIHOCTI TiMEpOOIIYHOrO THITYy TpH il
noneHTpoBoi cviti (1) Ha mTiHAp abo JWCK, 110 00epTa€eThCs, IPY PO3TOHI JIBUTYHA

00 , 19°0 ( raW) 19 90
20- (a;*za,) AU IS T @3)

3Haxonsuu wieHn popMyiH (25), a HOTiM O3B’ A3yIOUYH PIBHSHHS BiJHOCHO
W, oTpuMaeMo NMOTYXXHICTb ITOTOKY TeIUIa IIPY PO3TOHI JIBUTYyHA IHUJIiHApa abo
JIUCKa, 110 00epTaEThCs

_ v 201 _g,-tt t/t -2t/t
=5 [1 4e7" + (27 +3)e ] (26)

Posrisinemo TemmniepaTypHy 3MiHHY (3) 3 ypaxyBaHHSAM piBHHHS (20) micis
BUMUKaHHS BUTyHA

2.2 z* 2 k)
9:—4ga pwgz :_:G(x pwgz T . (27)
3 piBHsHHS 00epTaHHs (16) oTprMaemMo
T aa—‘;) + 0=, (28)

PoOnsium  mepeTBOpeHHS, aHANOTIYHI HAaBEJEHUM BHIIE, OTPUMAEMO
3arajbHe pIBHSIHHS TEIUIONPOBITHOCTI TiNmepOOJNiYHOrO TUIY TpH Al
norieHTpoBoi cwtw (1) Ha 1UTiHAp a00 JMCK, MO 00ePTAETHCS, TPU 3YIHHII
JIBUT'YHA

1 1
A= (8, +70 )+ (W +2,)=0. (29)
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3HaxomumMo wieHn Gpopmyia (29), a mOTiM po3B’sI3yeEMO PIBHSHHS BiJHOCHO
W. B pe3ynbTaTi OTpUMAa€EMO TOTYXKHICTh ITOTOKY TeIlIa IpY 3yMHUHI HUITiHApa
abo aucka
=ty
AV war
20w pwy; . (30)
[MixcraBnsroun piBHsHHEA (18) y Qopmynu (2), orpumMaeMo 3HAYECHHS
HaINpy)XeHb PU PO3T'OHI IBUTYHA LIITiHIpa abo JAHcKa

W=

2.2

i oo

0”:—3 Y ol (1- e/) (o + 0k — —2—r2),
r

alaz _1+3v 2
2 34y ) GD

[pu 3ymuHI muTiHIpa abo TUCKa I HATPYKeHb (2), BpaXOBYIOYH BUPA3
(20), maemo

022:3+_VPC°0(1 e/) (OH +o 2

3+v

olo?
022:_Pw (e /) (OC1+0‘2 S 1 2)- (32)

2 34w

TakuM YMHOM, Ba)KJIMBE 3HAYEHHS JUIS 6araTLox MPaKTHYHUX 3aj]ad, B
TOMY 4YHCIIi B pO3paxyHKax [HCKIB TypOiH Ta BaJloOB MEXaHU3MIB, Mae
PO3B’si3aHHS 3aJavi MpO MEpexXiJHi TpoIecH B JHUCKAX 1 IWTHIPAx, M0
00epTaloThCS HABKOJO HEPYXOMOi OcCi, 3 BHU3HAYECHHSIM HANpYXKeHb Ta
TEIJIOBOTO IIOTOKY B HUX.
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Hrevtsev O.K., Selivanova N.Yu.
TRANSIENT PROCESSES IN ROTATING CYLINDERS OR DISKS

The mechanical system "Rotating disk or cylinder" is considered under intensive loads, which differ
from the steady-state process. The solutions tothe equations of the theory of elasticity for a steady-state
process are only part of the solution of the problem, because after some change of the system in time the
angular velocities do not cease instantly. The mechanical system under consideration is under the
influence of various variables and impulse processes. Therefore, in the proposed article, the behavior of
the considered mechanical system, in particular a rotating disk of constant thickness or a cylinder of finite
length with a pulsed load, which is different from the steady-state process, was checked. The assumption
of a slow change in time of the volumetric centrifugal force and heat flux, which appears under the action
of an external load, leads to the consideration of motion as a certain sequence of the equilibrium state.
Such an approach to solving problems of the dynamic theory of elasticity is called quasistatic. In
quasistatic analysis of unsteady stresses, time is a parameter and therefore solutions for the corresponding
stationary problems can be used.

It is shown that transient processes cause the appearance of thermal effects that arise under the action
of external loads. The action of external loads leads to the appearance of deformation and a change in
temperature in the body under investigation. Any deformation, including elastic, is accompanied by
thermal effects and therefore an attempt to describe the behavior of a continuous medium only by a
mechanical scheme, ignoring the thermomechanical interaction inside the medium is difficult. Thus,
during the deformation, the temperature of the body point changes, and as a result, absorption or release
of heat by an elastic isolated body can occur, as it interacts with the surrounding medium. If the
deformation of the body is small, then upon termination of the action of the volume forces that cause
deformation, the body (cylinder or disk) returns to the initial undeformed state. The deformation process
is very slow, that is, it will be thermodynamically reversible.

The solutions given are obtained taking into account the differential equation of heat conduction of a
hyperbolic type that does not admit an infinite velocity of propagation of temperature perturbations, in
contrast to the differential equation of heat conductivity of a parabolic Fourier type.

The differential equations of rotation of a rigid body around a fixed axis are solved. It is shown that
the equation of motion and the heat equation are indirectly related.

Formulas of stresses for rotating disks or cylinders in transient processes are obtained for the first
time and are of great importance for the solution of many practical problems.

Keywords: angular velocity; thermodynamically reversible process; centrifugal force; relaxation
time; isotropic elastic medium; moment of rotation.
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Ipesyes A.K., Cenusanoea H.1O.
MNEPEXOJHBIT MIPOLHECCS BO BPAIIAIOIIUXCSA HUJINHAPAX WU JUCKAX
PaccMorpeHa MexaHudeckas cucTeMa (BPAIUAIOIIMICS IMIMHIAP WM JIUCK) TIPH HMITYJIbCHBIX
Harpy3kax, KOTOpbIe OTJIMYAIOTCS OT YCTOSBIIErocsi mporecca. [1okazaHo, 4To MepexoAHbIe MPOLEeCChl
MPUBOJIST K MOSIBJICHHUIO TEIUIOBBIX 3(D(HEKTOB, BOSHUKAIOIIMX MO/ ACHCTBHEM BHEIIHIX HArPY30K.
IpuBeIeHHbIC PEILICHHUS TIOJYYEHBI C yueToM JH(hepeHIHANTBHOr0 YPaBHEHHs TEIUIONPOBOIHOCTH
THNEPOOIMYECKOr0 THIIA, HE JIOMYCKAIOT OSCKOHEYHOW CKOPOCTH PACIpOCTPAHEHHS TEMITEpPaTypHBIX
BO3MYILICHHH, B OTIIMYKE OT IU((EpeHIMATBHOr0 YPaBHEHUS TEILIONPOBOJHOCTH MapaboiIecKoro
THna Oypee.
Perrensl muddepenimaibable ypaBHEHUs BPALICHHST TBEPIOrO Tejla BOKPYT HEMOIBIKHOW OCH.
IIpu 3TOM MMOKa3aHO, YTO YPaBHEHHSI JABMKCHHS U YPABHEHHUS TEILIONPOBOAHOCTH KOCBEHHO CBSI3aHBI.
KiioueBble cJI0Ba: YriioBasi CKOPOCTh; TEPMOIMHAMUYECKH OOPATUMBII MPOLECC; IIGHTPOOSIKHAS
CHJIa; BpeMsl pellaKcalii; W30TPOIHAS YIIpyrasi Cpejia; KPY TSI MOMEHT.
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Hrevtsev O.K., Selivanova N. Transient processes in rotating cylinders or disks / Strength of
Materials and Theory of Structures: Scientific and technical collected articles. - Kyiv: KNUBA,
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A mechanical system (a rotating cylinder or disk) is considered for pulsed loads, which differ from
the established process. It is shown that transient processes lead to the appearance of thermal
effects arising under the action of external loads.

Tabl. 0. Fig. 2. Bibliograph. 10 ref.
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