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PosrisiHyTa pocTopoBa 3aada Teopii TEPMOIPYKHOCTI Ta €IeKTPOMArHITONPYKHOCTI TS Tija
obepTaHHs, 30KpeMa Uil IIOPOXKHUCTOrO JMCKAa 3MIHHOT TOBILIMHH, HABAHTA)XEHOTO OCECHMETPHYHO
TEMIIEPATYPHUM T[0JIeM 1 00’€MHHMH CHJIaMH: CHJIaMH TSDKiHHS, [TOHICPOMOTOPHUMH CHJIAMH
(MexaHiuHi CHJH, sIKI IiI0Th 3 OOKy €JIEKTPOMArHiTHOrO MOJs Ha OJUHHULIO 00'eMy IPOBIIHOIO
cepefoBHIIA) i cuiiaMu iHepuii. B pesynpraTi mocmimkens Oynu oTpiuMaHi qudepeHLiaabHi piBHIHHS
UL 3HAXOKEHHS TEPEeMIllieHb 1 PIBHSHHS BEPTHUKAJILHOTO PYXY PO3TJSHYTOrO Tila OOEpTaHHS.
BusHaueHi yMOBH pyXy HOPOXXHHCTOTO J¥CKa IiJ AI€I0 BIACHOTO €IEKTPOMArHiTHOrO iMITYJIbCHOTO
nois. llpoBemeHi MOCTIIKEHHS MPYKHBOrO CTAaHY pO3MISIHYTOro Tina obepraHus. [Ipu umpomy
II0Ka3aHo, LI[0 JOTHYHI, OCBOBI 1 pajiaibHi HAPY)XEHH B TiJi IIOPOXKHUCTOTO AMUCKA BiZCYTHI, TOOTO
JIOpPIBHIOIOTh HyMIO. €IMHE HANPYXCHHs, SKE HE MOPIBHIOE HYJIO, € OKPY)KHE HAIpPyXKCHHS.
IlokazaHo, 110 TEMIEpaTypHE TM0Jie 3’SIBISIETbCS IPM BUHHUKHEHHI IIOHICPOMOTOPHHX CHII,
CIPUYMHEHHX eJNCKTPOMArHiTHUM 1oieM 1 € pesyabratoM Jedopmamii Tina oOepraHHS
HOPO)KHUCTOT'O JIMCKA.

KutiouoBi cjioBa: TepMONPY)KHICTh, €IEKTPOMATHITONPYKHICTb, €ICKTPOMArHITHE IMITYJIbCHE
0Jie, OCECHMETPHYHE HABAHTAXECHHS, OCECHMeTpH4HAa Aedopmanis, cuiaa iHepuil, CHJI TSDKIHHSI
(rpaBiraii), MOHAEPOMOTOPHI CHJIM, TEMIIEPATYpPHE M0JIe, PEJITHBICTCHKA Maca.

Beryn. Bimomo [4,8], mo B miTepaTypi HE HaBEACHO TOYHHUX METOJIB
PO3B’s3aHHS 3a/Maui Teopil MPYKHOCTI IS Tl OOSPTaHHS 3MIHHOI TOBIIMHHL
Hanpuknan, 171s TOHKOro JcKa 3MiHHOI TOBIIUHHY, 1[0 00EpPTAETHCS], PUITYCKAIOTh,
IO Hampyra € IUIOCKOI0, TPaHMYHMMH YMOBaMHM Ha KPHBOJIHIMHIA TTOBEpXHi
HEXTYIOTb B CIITY MaJioi TOBIMHH [4]. JIi1st MOpOXKHUCTOrO MCKa 3MiHHOI TOBIIMHH
3 OCECUMETPUYHHUM HABAHT)KCHHSIM TEMIIEPATypHHM IIOJIEM 1 00’ €MHHMH CUIIAMH:
CHJIAM{ TSDKIHHS, TIOHAEPOMOTODHMMH CWJIaMH 1 CHWJIaMH IHepIii — HeMae
aHAIITHYHOTO METOJTy PO3B’sI3aHHS 3a/1a4i 3 TOUYKU 30py TEOpii TEPMOIPYKHOCTI Ta
€JIEKTPOMATHITONPY)KHOCTI. A JIOCIIDKEHHS PyXY TiJla 00epTaHHS — IIOPOKHUCTOTO
JICKa — i JI€F0 BUILICHA3BAHMX 00 €MHHX CHJT B3araji He MPOBOIMIHCS.

OcHoBHa 4acTHHA. Y 3alpoloHOBaHId pOOOTI PO3IJISIHYyTa MPOCTOPOBA
3ajada Teopii MPYKHOCTI B IWIIHAPHYHUX KOOpAWHATAX s Tia oOepTaHHS,
30KpeMa Uil TOPOXKHHCTOrO JIMCKa 3MIHHOI TOBIIMHH, HAaBaHTa)KEHOTO
OCECHMETPHYHO TEMITEpaTypHUM TOJIEM i 00'€eMHMMHU cuiiaMu 0O€3 CHpOIIEHHX
rimore3, KpiM 3arajbHUX TiNOTE3 JIHIWHOI Teopil MPYKHOCTI  JUIs
OoCecHUMeTpHYHOI edopmartii.

© I'pesues O.K., Cenianosa H.1O.
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Hexaii Tito obepTaHHs nepeOyBae M Ti€r0 00 €MHHUX CHJI: CHIIM TpaBiTamii
(cunm TspkiHHA) P(f); MOHIEPOMOTOPHHUX CHII f’(ﬁr,l_’z) i TemIepaTrypHOro
nonst O(r,z,¢), a Takok cun iHepuii (Pus,),, MiFOYMX Yy HANpsAMKy Oci
obeprannsa OZ, [1], TyT u; — TepeMillleHHS B OChOBOMY HAmNpsMKy, P —

IIUTBHICTh PENATIBICTCHKOI MacH Tija. SIKIIO TINO BiNBHE BiJi MEXaHIYHHX
3B'I3KiB, TO I JI€I0 BHUIICHA3BAaHUX CHJI, BOHO Oy/e 3HAXOMUTHCS B PIBHOBa3i
(HEeBaroMocTi), KOJIH IIi CHUJTU 3pIBHOBRXKYIOTHCS, 200 pyXaTHCS.

3amauya BH3HAYEHHS pIBHOBaru abo0 pyXy CYLUIBHOIO OOMEXKEHOro
cepeoBHUINA € KOMIUIEKCHOI 3aaueto. J[is ii pimeHHs HeoOXiHO po3B’si3aTh
PIBHSIHHS ~MEXaHIKM CYI[UIBHOTO CEepeOBUINA CYMICHO 3  PIBHSHHSAMHU
eNeKTpoAnHaMIKK [2] 1 BpaxOBYIOUM TEPMOMEXaHIUHY B3aEMOJII0 BCEpeAuHi
cepenoBuina BHacHinok medopmarii [3]. IIpu gocmimpkeHHI TPYKHBOIO CTaHY
€JIEKTPOIPOBITHOTO TiJIa y €JIEKTPOMArHITHOMY TIOJi MPHUITYCKAETHCS, MO TiIO
nepe0yBa€e y MarHiTHOMY ITOJIi, SIK€ YTBOPIOETHCS €JIEKTPUYHUM TOKOM Y CAMOMY
TiJ, Jie Teue eIeKTPUIHUN CTPYM 1 YTBOPIOIOThCS eleKTpU4Hi 3apsau. [lin aiero
BJIACHOTO EJIEKTPOMATrHITHOTO IMIYJIBCHOTO MOJS TUIO TOBHHHO PYyXaTHCS
caMmocTiiiHO. Y JaHIory, B SIKOMY Tede 3MIHHHHA CTPyM 3a BEJIUYHHOIO 1
MOCTIHHMIA 3a HampaBleHHsAM, 3akoH HbIOTOHAa He BUKOHYETbCs (HE
BUKOHYIOTHCS YMOBH pIBHOBard IOHAEPOMOTOpPHUX cwi). LI cwm i
CIPUYMHATHUMYTh PYX Tija 00epTaHHS — JAUCKA.

Po3risiHeMo npysKHIH CTaH 1 PIBHSHHS BEPTUKAIBHOTO PYXy HOPOXKHHCTOTO
mucka. JudepeHiianbHi piBHAHHS PIBHOBAardM B IMJIIHIPUYHUX KOOpIHMHATAX
(7,z ) MaroTh Takuil BUrIAA [6]:

B ITEPEMITIICHHIX

11 1 (1+V) 1
: 2(1 ) (1)
1 +v 1
Au3 + 1_ 2v e,3 (1 2 ) 6,} [PT P + (1/[ p3 t)’t ]
1 HaNpy>KEeHHX
011 =02 )
O11,1 T 013, +—r +h =0 2

1 _
O333+O133+ O13—Fr + . ~(pus, ), =0

VY piBusHHAX (1) 1 (2) iHOEKC Iicas KOMHU O3HAYa€ YaCTHHHY MOXiTHY 3a
BiIMOBIZIHOIO KOOpAWHATOW 7 ab0 z; u; 1 u3 — BIANOBIAHO KOMIIOHEHTH

pamianbHOro i 0OChOBOI0 IepeMilienb; Au - omepartop Jlamiaca Bijg nepeMimieHb
: . _ 1 ) |

u (i=13); Au;=u;, U R Ay =g+t 011,02,033,013 -

Bi/IMIOBiTHO KOMIIOHEHTH PaJiajibHOI, OKPY)KHOI, OCHOBOI 1 JOTHYHOI HAIIPYXKECHb;

P. 1 P, — KOMIIOHEHTH IOHJEPOMOTOpHOI cuu P (P,., P, ) y HanpsMKy ocel
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_E
2(1+v)

npyxHocTi); 0 =6(r,z,t) =0,(r,t)+0,(z,¢) — TemuepaTypHe I0e.

OR 1 0Z; 137 - cwia TsokiHHA, G = — MOIynb 3cyBY (E — Momynb

KoMmmoneHnTu HampykeHb BU3HAYAIOThCs 3a 3akoHOM ['yka [4]:

1+ .
Gij =2G e +ﬁe§ij—ﬁa98ij , 7=1,2,3; (3)

TIPY BIJIOMHUX 3QJIEKHOCTSX MiXk AeOopMaIlisiMH 1 TIepeMillleHHIMH:
- _1 . — -
e = e = Cy, €33 =3 2e3 =u 3ty (4)
Tyr ©; — cumson KpoHekepa; o i v - KOGQILI€HTH TEILIOBOrO JIHIHHOIO

posmmpenHs i [IyaccoHa e = e + ey, + €33 - 00’ €MHE PO3LIUPEHHS.

Jli1s 3aMHMKaHHS CHCTEMU piBHSIHB piBHOBary (1) HEoOXiAHO AoNATH PiBHSHHS
TEIUTONPOBiaHOCTI [6]:

1y
A9+XW—0, 5)

ne W - KiNbKICTh Temia, sIKe YTBOPIOEThCS a00 MOTJIMHAETHCSA OIMHHIICIO
o0’ema Tima mpu #oro nmedopmarii; A - KOE]IIiCHT TEIUIONPOBITHOCTI;

Ae = 9,11 +%9,1 +9,33 .

[lonnepoMoTOpHI CcHiIM - 1€ MEXaHiYHI CWIHM, SKI JdiloTh 3 OOKYy
€JIEKTPOMATHITHOTO IOJIs Ha YACTKH (OMUHHMII 00’€MY) MPOBIAHOCTI CEpEIOBHIIIA.
Konn Ha TijIo He HaKNIa/leHi MeXaHi4HI 3B'A3KH, SIKI IIEPEIIKO/IKAIOTh HOTO PYXY,
TO TiJI €0 MTOH/IEPOMOTOPHHX CHJI BOHO Oy/ie 3HaXOMUTHUCS Y PYCi IIPH YMOBax
P. # P, 1B piBHOBa3i (HeBaroMicth Tina) npu P. = P, .

B cuny 3akona TspkiHHS HproTona [S] Tino, sike 3HAXOMUTHCS HA PiBHI MOps,
MIPUTATYETHCS 10 3eMITi 3 CHIIOI0 (00epTaHHAM 3eMITi 3HEBaKAEMO):

Mm
P (0)=mogo =Y —5* . YM = &R, (6)

ge M i R - maca i pagiyc 3emii; m, - Maca Tila y CTaHi CHOKOKW; g, -
MIPUCKOPEHHS BIJIBHOTO TaJ[iHHS Tija Ha PiBHI MOpsI.
[pu BignaneHHi BiJ moBepxHi 3eMili MaeEMO
2
R
P()=m
T 080 ’
Z%(0)
R2
b
Z%(r)

ne Z(t) - BiAcTaHb BiJ IIEHTpa 3eMJyii JO MOYaTKy KOOPAMHAT CUCTEMH ( 7,z ),

g8(H)=go (7

sKa 3B’s3aHa 3 TIIOM O0OEPTaHHS - MOJKM TUCKOM. 3 3eMiIcto 3B's3aHa CHCTEMa
koopauHat (#’,z") (puc. 1).

3 ¢opmynu (7) 6auMmo, IO CHIAa TSDKIHHA FPp 1 NPUCKOPEHHS BLIBHOIO
HafiHHA g, 3MIiHIOETbCA 3 BucOTO. CHly TSKIHHA MOXHA 3allHCaTH I
OIUHMII 00’€Ma OHOPITHOTO TiJia OOCPTAHHS y HACTYITHOMY BHIJISII:
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® £
Br)=pogo—5 >
\ Z°(1)
R2

E() =Vopog ; (®)
| SO0 22
[5 ne Pr()=VoFi (1), my=poy (Vo -
Py 00’€eM Tiza B CTaHi CIOKOIO).
Z(1) V mouatkoBuii MoMeHT yacy ¢ =0,
IIMCK 3HAXOAWTHCS y MOBepxHi 3emi,
to6T0 Z(0)=R. Tom PFr(0)=pyg,

3 F;(0)=Vypogog =mpgy 1 cuna TsOKiHHA

z(z")
P, A

Puc. 1 JOpiBHIOE HOro Basi.
Hexait nuck pyxaeTbcsi BEpTHKAIbHO
Bropy y HampsMKy oci obepranHs OZ 1 He YMHUTH PyX B T'OPHU3OHTAJIbHIM
wronmuai  OR, T1o6T0 gotyHo g0 3emui. BeprukaabHa —CKiIamoBa
HOHJEPOMOTOPHOI cuiu P, Oyze 3HaiineHa 3 piBHsIHb Maxcsena [7].
[Mpunycrumo, 10 y NPUPOJHOMY CTaHi, KOJIW Ie HeMae aedopMarii i
HaIpyXeHb, Ma€ MiCIIe PiBHSHHS PIBHOBAry CHIL:
P T~ Pz = 07
TobT0 nonaepoMopHa cuiia P, ypiBHOBa)Kye CHIIY TSDKIHHA JIMCKa Ha OJUHHIIIO
o0’eMa Pr A4 KOXKHOI TOUKH Tijla. AJie 3a IUX YMOB, Yy 3B’A3Ky 3 IOSIBOIO
HOHJEpOMOTOpHOI cumu P (P.;P,), Moxe 3'ABUTHCA TeMIlepaTypHe Ioie

O(r,z,t) 1 TOpU3OHTAIBHA CKJIaIOBa IMOHICPOMOpPHOI cwid P., sKi

¥
BUKIMKATUMYTh HANPY)KEHHH CTaH Tina OOepTaHHA - JWCKa i B yMOBax
piBHOBaru.

PosrisinemMo akcianmpHe TINNO 00EpTaHHS, 30KpeMa MOPOXKHHCTHH JUCK
3MIHHOI TOBIIMHU CUMETPHUYHKI BigHOCHO tronwH Z =0 i R=0 mia cuctemu
KOOpAWHAT TOB'sI3aHOI 3 JUCKOoM. UBepTh JucKa (Yepe3 OChbOBY CHMETPIIO)
MOKa3aHa Ha puc. 2.

Tyr P, - BepTHKaJbHa CKJIaJ0Ba MOHISPOMOTOPHOI cuiy; Fr - cuia TsDKiHHS;

1(z) i l,(2) - piBHSHHS BHYTPILIHBOI Ta 30BHIIIHBOI IOBEPXOHb JUCKY; hy(r)/2

i Mhy(r)/2 - BHyrpimHs i 30BHiWHS
z JIOBXKMHA ITOPOKHUHHU JINCKA.

: [IportoHoBaHMiA  MeTOx  pilIEHHS
o] o cucrteM piBHAHb piBHOBaru (1) 1 (2)
kS IS A Ez 3aCHOBAaHO Ha MOCTYNaJIbHUX
S HaONWKEHHAX PO3B’S3aHHS MpPU  TPU
nld TAERA 3aJI0BIILHEH] TPAaHMYHEX  YMOB ).

i | Joknmagno weronm pimeHHS audepeH-
0 y P r LWiaIbHUX ~ PIBHSAHb  OCECUMETPUYHOL

3a/1adi Teopii MPY)KHOCTI OyB HaBEICHHIMA
y crartax [9, 10, 11,12]. 3uaiineni

Puc. 2
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pamiambHi mepemimeHHs  u(r,z,t) 1 OCbOBI TepeMilleHHs  u3(7,z,t)
nepeMilleHHs, SKi IIepEeTBOPIOIOTh CUCTEMY PiBHSHB (1) HAa TOTOXKHOCTI 1 MalOTh
TaKUi BUTIIA

ul(r z t)—u(r t)—i[EPV(r,t)+(l+v)OL9U],

3
wlrz) =) )y 2

z ©)
|:2GA1P +(1+v)ocA]9H}+—oc'[6 r,z,t)dz,

ne u(r,t) - pamianbHe MepeMillleHHs: TOYOK B cepequuHii mronmHi z=0, z(¢) -

(GyHKIST IHTErpyBaHHs, SKa XapaKTepu3ye BIJCTaHb BiA IEeHTpa 3emili 10
TUTOIUHH ucka z =0, K aOCOIFOTHO HKOPCTKOTO Tia (TOUKH).

Po3B’s13anHs audepeHIialbHUX PIBHSAHB TOKAa3ajo, II0 OChOBI Ta JOTHYHI
HaNpY)XEHHS Yy TiIi JUCKa BCIOAM JIOPiBHIOWOTH Hymto. [Ipu npomy Oynm
OTpHMaHI  TU(EpeHIialbHi  PIBHAHHA JUISI  BU3HAYCHHSA  pajliajbHOTO
nepemimenssa u(r,t), TemuneparypHoro mons ©,(r,t), panxiaiabHOI CKIaX0BOI

HOHJEPOMOTOPHOI cunu P.(r,t) , a TAKOX PIBHAHHA PYXY:
Pr(t)— P, (t)+ (pu3 ),y = 0.
PanianbHy cki1aioBy MOHAEPOMOTOPHOI CHIIM TIPENICTABUMO Y BUTIISIL:
B.(r,t)=R,(r,t) = Ryd)r, (10)
sKa TOYHO 3aJ10BiTIbHAE PiBHIHHA (A[R), =0
Po3p’s3yroun piBHsAHHA (A;0)),, =0, orpuMaeMo TemmepaTypHe IoOjle Y
paniabHOMY HaNpSIMKY:

0,(r,t)=B, - ) +lenr+B3, (11)

ne By,B, 1 B; - IOBiNbHI cTali iHTErpYBaHHSL.

3HaX0AUMO pajiiajibHe TiepeMinieHns u(7,¢) TOUOK IIoMUHN z = () 3 piBHIHHS:

L |a=ava0,0:00-L2 8,00,

3Bigcu u(r,t) DOPiBHIOE:

3
u(r,t)=(1+v)|: 16+B2 1nr—1)—1‘—vpo(t)r—+Alg+A2ﬂ, (12)

4] 2G 8

ne 4 i A, - NOBiNbHI cTali IHTErpYBaHHS.
PiBHAHHA pyXy MOXke OyTHU 3allUCaHO y TAKOMY BUIVIAI:
(Pus, )y = B (- E(0),
a00, 3 ypaxyBaHHSIM BHpPa3y CHJIH TSDKIHHS Ha OIUHUINKO 00’ eMa (8):

R
(Pu3 1) = P00 Z(t) - P (0. (13)
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Jns  po3B’s3aHHS LBOro pIiBHSAHHSA Tpeda 3HATH BEIWYMHY OCHOBOTO
nepemMinieHHs u(r,f) 1 3Ha4YEHHs BEPTHKAJIbHOI CKJIAJOBOI MOHIEPOMOTOPHOI
cumu P.(¢) .

Hexaii B HauanpHUIT MOMEHT 4acy ¢=0 muck nepeOyBae y CTaHi piBHOBaru
Ha moBepxHi 3emii. Y mpoMy pasi Biactanb Z(f) Bix meHTpa 3emili TOPIBHIOE
Z(0)=R. Omxe, cmma Tokines omuauii o6’ema Tima Pr(0)=pyg,
YPIBHOB@XKYETBCS ~ IIJEMHOI0  CHWJIOD -  BEPTHKAIBHOIO  CKIIAJIOBOIO
noraepomMoropHoi cunu P, (0) . TakuMm 4MHOM MaeMO yMOBY HEBaroMOCTi JUCKa:

Pr(0)-F£(0)=0.
Jlns panianbHUX HalpyKeHb G;; i3 3akoHy I'yka (3) 3 ypaxysanuam (10),
(11) i Bupasy 0(r,z,t) =0,(r,t)+06,(z,t) orpumaemo:

o =—12_Gv{(1+v)oc[31 31+6"+Bz(1;"lnr+ 1;")}— 12_G"P0 3;" 244 1;"—

2

I'pannyHi yMOBH IJ1s1 MOPOXKHUCTHUX TiJ1 00epTaHHs OyayTh Takumu [8]:
P, =0y cos; +0y3sinQ;,

42— v)(x—z ~(1+v)a {B
1 14

I"

. i=12, (15)
P_=0y3c080; +0338InQ;,
ge P, 1 P, — mpoekuii iHTEHCUBHOCTi MOBEPXHEBUX HABaHTAXKEHb Ha

BIJIMIOBITHI HATTPSIMKH
f;’ 1 l 3 —
cOs @, ZW’ sin @; _H [nl(fll,fﬁﬂ

Tyt n;— HOpMaip 10 MOBEPXOHb Tina O0OEpTaHHA, (; — KyT MiX HOPMAJIIO 1
HanpsIMKaMH KOODAMHATHHX oOcel, f; - HesBHe DIBHSAHHA JiHIK mpodimro
T'PaHUYHUX TIOBEPXOHB IMIOPOKHUCTOTO JAUCKA.

Yepes piBHICT HyII0 HalpyXKeHb G;3 1 O33 TIpaHudHi ymoBu (15)
CIIPOIIYIOTBCSA i, B Pa3i BiICYTHOCTI MTOBEPXHEBUX HaBaHTaxeHb P,.= P, =0 Ha
KPHUBOJIIHIHUX BHYTPIIIHIN Ta 30BHIIIHIX
TIOBEPXHSIX MTOPOYKHUCTOTO JIACKa,
HaOyBalOTh Takoro BUrIny (puc. 3)
6;;,=0 mpu r=5L(z) i o,;=0 mnpu
r=10(z), ne L(z), l,(z) — piBHAHHA

npoigr0 BHYTPINIHBOI Ta 30BHILIHBOI

TIOBEPXOHBITOPOYKHUCTOTO JINCKA.

r Bukonylooun TrpaHHYHYy YMOBY JUIs
30BHIIIHBOI IOBEPXHI TUCKa, OTPUMAEMO:

(1+v)a| B, 31+6"122+B2 1;"lnlz+1z" 2GPO3+"12+A Iy
3
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2 2 2
2N Z 1 1 v(l+vy) 2 z
—(1—v )(X?[B]E—le—zj— e TP()_V(1+V)G‘B17_

—(1+v)a] B (3 [4)+ ByInby + By +0,(z, t):|:| (16)

Oynkuiss 0(z,f) moxe Oyru orpumana 3 piBHsHHA (16). Bukmrouarouum 3
dbopmynu 11 HanpyxeHs (14) 1o GpyHKII0 3a gomomororo (16), oTpumMaemMo:

LR 36 -~

611=2—Gv{(1+v) [313”( +12)+ By t

- 2 ZJ 26

2 2
_Az(l—v)[r%—l%jﬂl—vz)OLBzérz—lzz()—(Hv)(x[Bl 41 +len—J} (17)
2

Sk 6aunmo 3 (17), ipu 7 =1, HapPYXEHHS G;; JOPiBHIOIOTH HYIIO.
BuKOHYeMO rpaHUYHY YMOBY Ha TIOBEPXHi IOPOXKHUHY AUCKA 1 OTPUMAEMO:

3+v(p, 2 1+v,. Ak _1-vp 3+" - e
(1+v)o{B1 T (l1 +12)+B2 lnlj Te (11 12) Ay(1 V)[112 122]+

2 2
2 21 1 -1 I
+(l—v )ocB2—2 [—112 ——122]—(1+ v)a [Bl 7 tBn N =0. (18)

Ie piBHAHHS MOXXJIMBE, SKIIO TIOKITACTH

Jnsa B, orpumaemo 3 (18):
3+v K
= 20
' " 1+v Ga (20)

[MincraBnsroun B piBHsaHHA (17) 3HauenHs (19) i (20), orpumaemo Te, 1O
G, =0 BCIOJM Y TUJIi TOPOXKHUCTOTO JIUCKA.

3naxomumo 0,(z,t) 3 (16) 3 ypaxyBanHsM 3HadeHb (19) Tta (20) i
NoKIagaroud By =0
3HO) 2 A0
0 +——.
2(50=3Gq 2a
Jnst remneparypHoro nons 0(r,z,t) oTpuUMaeMo:

Po(f)( 34v.2 g ) A0 22)

21)

2
0(r.2.0)=0, (r.1)+0,(2.0)= By - +0, ()= = -1

[MixcraBnsroun 3HaueHHs (22) y piBHSIHHS TEIUIONPOBITHOCTI (5), 3HAXOAUMO
MOTY)KHICTh CTOKY TeIUIa OAWHHIIEI0 00'eMY Tija JAnCKa:
_3-v ABy (1)
1+v 2Ga”’
AKUN 3HUKAE IpU By = 0, TOOTO Micis NPUNMHEHHS il MOHIEPOMOTOPHOI CUITH.

(23),

3HaxX0AMMO pajianbHe nepeMinieHHs u(r,t) Touok mionmun Z =0 3 piBHAHHA
(12), BpaxoBytoun popmynu (19) i (20),
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P 2
u(r,t)z—z—g)r3+Al%. (24)

Jani 3HaXomMMO 3HAuYeHHA mepeMimeHs u(r,z,t) 1 wz3(r,z,t) 3 (9),
ypaxoBytoun Bupasu (10), (11), (20), (22), (24), a TakoX 3aI€KHOCTI

: 3+v By
AP =2PyiA8, :_1+5@'
KO

u (r, z,t) = a0 3rz? —r3)+ 4 %, (25)

K(©)
Uz (r,z,t) =z(t)+ X_G(Z3 —3r2z)+ A4 %

3BijicK BU3HAYa€EMO KOMIIOHEHTH NIEpeMillleHb Y KOOPJUHATHIN TUTOMIMHI Tina
obepraHHs — MOpoKHUCTOro aucka Z =0

4G
Uz (r,o, t) =z(1),

ne Z(t) - Bigcranb Bij mouatky koopauHat cucremu (0°,7,z), 1mOB’sA3aHON0 3

u (r,0,t) = +A1%,

(26)

HEHTPOM 3eMJIi JI0 MOYaTKy KOOpAuHAT cucteMu (0,7,z), TOB’SI3aHOI0 3 TiIOM
obepTaHHs. Y bOMY BHIAIKy 0a4MMO, 10 PyX JUCKa MOKHA PO3IJISIIATH SIK PyX
TOYKH - TIOYATKy KOOPIUHAT, TIOB’ s 3aHOM 3 TLIOM (aJie He 3 IIEHTPOM HOro Baru).
MiticHo npu:
r=0, z=0:
11(0,0,¢) =0, 27
u3(0,0,7) = z(¢).
3a mowarkoBuii wac (=0 TUpUHHATO Takuid CTaH Tijda, KOJIM BOHO
3HAXOJUTHCS Y HEBArOMOCTI Ha ITOBEPXHi 3eMili 1 HOro pyx BiJICYTHIl:
20y =R P (0)=P,(0)=0.
3a nmepeminieHHIMH (25) 3HaX0mUMO 13 3aKOHa [ 'yKka OKpy)KHE HanpyXeHHs
Gy, , SIKE €JJUHE HE JIOPiBHIOE HYIIO:

0 = By, (28)
OckilbKM  CKIIaJi0Ba pafialbHOI MOHAepoMoTopHOi cunu  P.(r,t) = Ryr
BUHUKA€ HE Yy IIOYaTKOBUM MOMEHT dyacy ¢=0, Konu IUCK HepedyBae y
HEBaroMOCTi Ha IMOBEpXHi 3eMili, ajie Ie HEe PYyXaeThCs, a paHille MpU IMOsABi
EJIEKTPUYHOTO TIOJSI Y CHJIOBOMY KiJIbIli Tijla 0OepTaHHA. Y LBOMY BHIIQJIKY
3’SIBIIAEThCS MOHAEPOMOTOPHA CHIIa, a Ie paHime, komu P =P, =0 1 Fy =0,
NpYXHIA craH Tina OyB BiACcyTHiM i Oynmo BiacyrHe mone (22) i Timo maio
HaYaNbHy Temieparypy: 0(r,z) = 4, /20., ypaxoByrouy, 1o A1=const(z200C).
Takum umHOM, OaumMmo, MO TemrepaTypHe mone O(r,z,f) 3'IBUIOCA SIK

HACJIiI0K BUHUKHEHHS [TOHAEPOMOTOPHOI CHJIM, BUKJIMKAHOI EIEKTPOMAarHiTHUM
mmoJieM, 1 € pe3yibTaTtoM AedopMariii Tiia o0epTaHHS —TIOPOKHUCTOTO TUCKA.



ISSN 2410-2547 117
Omip matepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2019. Ne 102

3i cnewjansHOI Teopii BigHOCHOCTI [13] BiZOMO, IO HIUIBHICTH PEISTUBICHKOL
MacH p TOB’sI3aHa 3 ILIIBHICTIO MACH , SIKa TTepeOyBa€ y CIOKOI P, 3aIEXKHICTIO!

Po
1-v? / ¢
1 (hOPMYJIOIO aHAJIOTIYHOIO TS MACH:
m
m=%, my =p0V0. (30)
1-v / c

Tyt m - Maca Tina y cucTeMi BiUTIKy , BiTHOCHO SIKOi BOHO IepebyBae y cTaHi
criokoro (7,z) . Llst BemMurHa HA3UBAETHCS BJIACHOIO Macoi0 a00 MAacoi0 CIIOKOIO.
Bennuuna m - € Maca TOro caMmoro Tijia y cuctemi Bimtiky (#7,z”), BiTHOCHO SIKOi
BOHO PYXa€TbCs 31 MBUAKICTIO v, . Llg BelIMUMHA HAa3UBAETHCS PENATUBICTHCKOIO
MAacolo, ¢ - MIBUAKICTB CBITIA ; V' - 00’eM Tijia y cTaHi CIIOKORO.

B cuiny ManoicToTHOCTI mepeMillleHb TOYOK CaMoro Tila oOepTaHHs
BIJIHOCHO KOODPJIMHATHOI CHCTEeMH (7,z), KA >KOPCTKO TMOB’si3aHa 3 TUIOM , JUIs
HOPMaJIbHOTO TIEPEMIIIEHHS 13 MA€EMO:

1 JUTS MIBUIKOCTI TiJIa OTPUMAEMO:
T/l3 = th (t) = I/Z

[MepeMHOXYIOUH PIBHSHHS PYXY JHCKa

Br(6) =L () +(P3,), =0
JUIsl ONUHUILI 00’ €Ma Ha 00’€M MOKOs V), , OTPUMAEMO :
2

V()(P"z);z:VoPZ (£)—mygo

20
31
Ve = PoVo  _ My _ G

Pro= 2/ 2 22
\/l—vz/c \/l—vz/c
1 pIBHSIHHSI BEPTUKAIBHOTO PYXY TiJla , IK TOUKH, HAOyBa€ BUTILLY:
R?

mv, ), =VoP.(t)—mygy ——. (32)

(mv. ), =VoP. OOZZ(t)

Konu Tino pyxaeTbes 31 MBUAKICTIO 3HAYHO MEHIIIO0, HIXk IIBUAKICTH CBITIIA
VO ¢ ,T0 m=m; i06ynemMo MaTH AN MPUCKOPEHHS:

"o R
a, =V, :_Pz(t)_mOgO . (33)

mg Z% ()
BucnoBku. PosrisHyro HanpyxeHo-IehOpMOBaHUN CTaH Ta piBHSHHS
BEPTUKAJIBHOTO PYXy Tijla OOepTaHHsS — MOPOKHUCTOIO JHCKa T €0

TEMIepaTyPHOTO MOJIs Ta 00 eMHMX cril. Koy Ha Auck He HaKIaaeHI MeXaHiuHi
B's31, SIKi TEPEIIKO/DKAIOTh HOTO PyXY, TO MiJ Ai€0 TOHJEPOMOTOPHUX CHJ BiH
pyXaTHMEThCs, SKIIO CHJIa TSDKIHHS He JIOpiBHIOBATUME MOHIEPOMOTOPHIN CHIi 1
B piBHOBa3i (HEBaroMicTh TiJia), KOJHM BOHH OyAyTh piBHUMH. OTpUMaHi pillIeHHs
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CBiIYaTh TpPO Te, MO Jis TOHJEPOMOTOPHUX CHJI TPUBOAUTH N0 TMOSBU
TEMIIEPAaTYpHOTO TIOJIs, SIKE € Pe3yJbTaTOM [OCHIPKEHHS PO3TVITHYTOrO Tijia
obepTanHs. [l BU3HAYEHHS NPUCKOPEHHS 1 MIBUAKOCTI TOPOXKHUCTOTO JTUCKA,
KM pYyXaeTbcsi, HEOOXIJHO 3HATH KOHKPETHHWH BHWpa3 Uil BEPTHKAIbHOI
CKJIaJIOBOi TOHIEPOMOTOPHOI CHIIM, sika Oyze 3HalifieHa 3 pO3B'S3Ky piBHIHB
Maxkcgena i Oy/ie 3aIpoITOHOBaHa B HACTYITHOMY JIOCITiPKEHHI.
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Grevtsev O., Selivanova N.
STRESS-STRAIN STATE AND EQUATION OF THE VERTICAL MOVEMENT OF THE
CORED BODY OF ROTATION — DISC UNDER ELECTROMAGNETIC FIELDS

Investigeted the problem of the theory of thermoelasticity and electromagnetoelasticity for solid
of revolution, in particular a cored disk of variable thickness, loaded by an axisymmetric temperature
field and volume forces: gravity forces, ponderomotive forces (mechanical forces acting per unit
volume of the conducting medium) and inertia forces is considered.

The problem of determining the equilibrium or motion of a continuous bounded medium is a
complex problem. For solving it is necessary to first solve the equations mechanics of continue
together with the equations of electrodynamics into account the thermomechanical interaction of the
environment as a result the deformation. While investigating the stress state of an electrically
conductive body in an electromagnetic field, it is assumed that the body is in a magnetic field created
by an electric current in the body itself, where an electric current flows and electric charges are
generated. Under the influence of its own electromagnetic impulse field, the body must move
independently. In circuits in which an alternating current flows in magnitude and constant in
direction, Newton's law is not valid (the equilibrium condition of the ponderomotive forces the
mechanical forces acting on the body from the side of the electromagnetic field). These forces will
also cause the motion of the body of revolution.

As a result of the research, differential equations were obtained for the determination of
displacements and the equation for the vertical motion of a body of revolution of variable thickness.

The conditions for the movement of the cored disk under the action of its own electromagnetic
pulse field are determined. The stress state of the rotating body is investigated. It was shown that the
tangential, axial and radial stresses in the body of the cored disk are absent, that is they are equal to
zero. The only voltage other than zero is the circumferential tension. It is shown that the temperature
field appears when the ponderomotive forces caused by the electromagnetic field arise and is the
result of deformation of the body of rotation - a cored disc.

Key words: thermoelasticity, electromagnetoelasticity, electromagnetic impulse field,
axisymmetric stress, axisymmetric deformation, inertia force, gravity force, ponderomotive forces,
temperature field, relativistic mass.

I'pesyes A.K., Cenusanosa H.IO.

YIIPYT'O-AE®@OPMUPOBAHHOE COCTOSIHUE U YPABHEHUE BEPTUKAJIBHOI'O
JBUIKEHUS IOJIOIO TEJIA BPAILEHUS - JUCKA 1O JEHCTBUEM
SJEKTPOMATHUATHBIX MOJIEM

PaccmoTpena npocTpaHCTBEHHAs 3a/ja4a TEOPUU TEPMOYIIPYTOCTH M DIICKTPOMArHUTOYIIPYTOCTH
JUIS  TeJl BpalleHWs, B YaCTHOCTH IIOJIOFO JHMCKAa MEPEMEHHOW TOJIHMHBI, HArpyXEHHOI0
OCECUMMETPUYHO  TEMIIEPATypHBIM I[OJEM M  OOBEMHBIMM  CHJIAMH: CHJIAMH  TSDKECTH,
MOHJOPOMOTOPHBIMHU CHJIAMHU (MEXaHUYECKUE CHJIBI, ICHCTBYIOIINE CO CTOPOHBI AJIEKTPOMArHUTHOTO
NoJIs Ha eIUHHIy o0beMa HPOBOASIICH Cpelbl) U CHUJIAMU WHEepUuH. B pesynbrare MccienoBaHU
ObUTH MOJyYeHbl JUu(QepeHIrnalbHble YPABHEHUS IS ONpPEACICHUs MEPEMEICHU U ypaBHEHHUS
BEPTUKAJIBLHOrO JABIKeHUs. OrnpeaesieHbl yCIOBUS JIBHIKEGHHUS II0JIOTO JUCKAa IOJ JAeHCTBHEM
COOCTBEHHOr'0 3JIEKTPOMArHUTHOTO MMITYJIbCHOTO 1oJist. [IpoBeaeHO HCCleOBaHHE HANPSHKEHHOTIO
COCTOSIHUSI pacCMaTpUBAEMOro Tejia BpauieHus. [Ipy 3TOM INoka3aHoO, YTO KacaTelbHbIE, OCEBbIE U
paaualibHble HaNpsDKEHUSI B TeJIE MOJIOr0 JUCKA OTCYTCTBYIOT, T.C. paBHBI HYINIO. ENMHCTBEHHBIM
HaNpPsDKEHUEM, OTJIMYHBIM OT HYJIs, OyJeT okpykHoe HanpspkeHue. [1oka3aHo, 4To TemiepaTypHoe
MOJIC TOSBJISIETCSl IPU BO3HUKHOBEHUH ITOHIOPOMOTOPHBIX CHJI, BBI3BAHHBIX 3JIEKTPOMArHHUTHBIM
T0JIeM, H SIBIISIETCSI PE3yJIbTaTOM JAeh)OpMAaIHH Tejla BPALEHHs — [IOJIOr0 ANCKA.

KiroueBble  cJIOBa:  TEPMOYIPYroCTb,  JIEKTPOMArHUTOYHPYroCTb,  3JIEKTPOMArHUTHOE
UMITYJIbCHOE M0JIe, OCECUMMETPUYHAsI HArpy3ka, OCECHMMETpPUYHAs JAe(opMalius, Chjla HHEPLHH,
ciiii TsDKecTH (TpaBUTAlMHK), MOHICPOMOTOPHBIC CHJIbI, TEMIIEPATYPHOE TI0JIe, PENISITHBUCTCKAS
macca.
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YK 539.3
I'pesyes O.K., Cenisanosa H.FO. Hanpy:xeHo-1e)opMOBaHU CTaH i piBHSAHHS BePTHKAJIBHOIO
PYXYNIOPOKHHCTOTO Tijla 00epTaHHS — JUCKA Mix Ji€l0 eleKTpoMarHiTHuX moiiB // Omip
MaTepiaiB i Teopis cropya: Hayk.-TexH. 30ipH. — K.: KHYBA, 2019. — Bumn. 102. — C. 109-120.
Posznsinyma npocmopoea 3a0aua mepmonpyiIcHOCmi ma eiekmpoMazHimonpy#cHocmi 01 mina
obepmanns, 30Kkpema ONsi NON020 OUCKA 3MIHHOI MOBWUHU, HABAHMAICEHO2O OCECUMEMPUUHO
memnepamypHum noiem i 00 EMHUMU CUTAMU: CULAMU MSICIHHA, NOHOEPOMOMOPHUMU CUNAMU §
cunamu inepyii. Bynu ompumani OudepenyianoHi pieHAHHSL OJI5l 3HAXOONCEHHS NePEMIlYeHb | PIGHSIHHS
6EPMUKATILHO20 PYXY PO3IAHYMO20 MiNa 0b6epmanHa. Busnaveni ymosu pyxy noiozo oucka nio oieio
67IACHO20 eIeKMPOMASHIMHO20 IMRYIbCHO20 NoaA. IIposedeni O00CTIONCEHHA NPYHCHO20 CMAHY
PO32NAHYMO20 MINA 06epmanis.
Tabua. 0. L. 3. Bi6miorp. 13 Ha3s.

UDC 539.3
Hrevtsev O., Selivanova N. Stress-strain state and equation of the vertical movement of the cored
body of rotation — disc under electromagnetic fields // Strength of Materials and Theory of
Structures: Scientific and technical collected articles. - Kyiv: KNUBA, 2019. - Issue 102. - P. 109-
120. — Ukr.

The spatial problem of thermoelasticity and electromagnetic elasticity for a body of rotation is
considered, in particular for a hollow disk of variable thickness, loaded axially by a temperature
field and volumetric forces: gravity, ponderomotive forces and forces of inertia. Differential
equations were obtained for finding displacements and the equation of the vertical motion of the
considered body of rotation. The conditions of the motion of a hollow disk are determined under the
action of their own electromagnetic pulsed field. The study of the elastic state of the considered body
of rotation has been carried out.

Tabl. 0. Fig. 3. Ref. 13.

VK 539.3

I'pesyes A.K., Cenusanosa H.IO. HanpsikeHHO-1epopMHPOBAHHOE COCTOSIHHE W YpaBHEHHe
BEPTHKAIBHOIO {BH/KEHHSI M0JIOr0 TeJla BPALEHHsl - TUCKA 1O/ eiCTBHEM 3JIeKTPOMArHUTHBIX
noJeii // ConpoTHBIeHHE MaTEPHAIOB M TEOPHs COOPYXKEHHil: Hayd.-TexH. cOopH. - K.: KHYCA,
2019. - Bpm. 012. - C. 109-120.

Paccmompena npocmpancmeennas 3a0aya mepMOYynpy2ocmu u dAeKmpoMacHUMOYnpy20Cmu
0ns mena eépawjenus, 8 YAcmHOCMU Osl NONO20 OUCKA NEPEMEHHOU MONWUHbL, HASPYICEHHO20
0CeCUMMEMPUYHO — MEMNEPAMYPHbIM — NOAeM U OObeMHbIMU — CUNAMU:  CULAMU  MSIICECTU,
NOHOEPOMOMOPHLIMU CUNAMYU U culamu unepyuu. bviiu nonyuenvt oupgepenyuanvuvie ypasnenus
0151 HAXOACOEHUS NepeMeujeHUll U YPAGHEHUs] 6EPIMUKATLHO20 OBUIICEHUSI PACCMAMPUBAEMO20 MeNd
epawenus. Onpedenenvl YCa08Us OGUIICEHUS NON020 OUCKA NoO Oelicmeuem coO6CcmeeHno2o
INEKMPOMASHUMHO20 — UMNYTbCHO20  nos.  IIposedenvi  uccrnedosanusi ynpyeo2o — COCMOSHUSL
pacemampusaemozo mena epaueHus..

Tab6a. 0 Un. 3. buGuuorp. 13 Hass.
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