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KWUPUII (pan noxTopu (DSC) nuccepranusicn aHHOTAIHSCH)

Juccepranms MaB3yCHHHUHT 10/13ap0auru Ba 3apypartu. JKaxon Mukécuaa
om0 Oopunaérran Kymiad wiMHR-aManuid TaAKUKOTIApJa dJICKTPOMArHUT
MalJIOHH, POTAlMs, WCCUKIUK MalgoHH, (OTOTEPMHUK, SPUMYTKA3TUUJIap,
OYyUUTMKIap KabOu TypJd >Kapa€HJIIAPHUHT TYJIKUH TapKaJuIIura TabCUPUHU
bTHOOPTa OJYBUM TEPMOIJIACTUK Macanajapra, aWHHUKca KaWTapuiyBuH,
y3arunyBun (refraction) sa Peneii, Ctoynnu Ba JIsiB kabu CUPT TYJIKHHIAPUHU
TaIKUK ITHUINTA KarTa YbTHOOP KapaTwiMmokaa. FOkopuma 3ukp 3THITaH TYJIKWH
TapKAJIUII MacajaJlapyuHU €UUIll MYXaHAHMCIUK, Teo(u3nka, MaTepHaIITyHOCTUK
Ba TIeoJioTUS coxalapu YyuyyH kyaa wMyxumaup. Iy ca6abmu Oypamnuii,
ANIEKTPOMATHUT MAaW0H, OOIUIAHFUY Ky4dJaHUII, (QOTOTEPMHUK Kabu Taliku
TabCUPJIADHU XUCOOTAa OJITaH XOJJa TYJKUH TapKAJIUII >KapaéHIApUHUHT
XOCCaJIapUHU YpraHull aMajiuil MaTeMaThKa COXAaCMHMHI MYXUM Basu(anapaaH
Oupu 6yIMO KOIMOKAA.

XO03Upru KyHJa >KaXOHJa MYXaHAMCIMK MacajlaJJapuHUHT MaTeMaTHK
MOJEJIJIAPUHM SIPaTHILTa Ba YIAPHUHT cU(]aT XOCCalapuHU TAJIKUK KWJIMILTa KaTTa
bTHOOP KapaTwiMokaa. JKymiiagaH, KaWTyBUM Ba y3aTUIYBYM TYIKWHJIAPHUHT
TapKaJMII Macajach, KaWTyBUM Ba Y3aTWIYBUM TYJIKUHJIAP aMIUIUTYAACUHH,
KaUTUIl Ba CUHUII KO3(P(UIMEHTIAPUHU TOMUII, TYJIKUHIAD XaB()CUIUTUHU
aHUKJIAI, POTAIUs, HIEKTPOMArHUT Mal0H, OVIIUIMKIap, OONUIAHFUY Ky4JIAHUIII
Ba TYJIKUHJIAp TapKauiu nud@y3usicu kabu Tamku (HakTOpIapHUHT KAUTHUII Ba
cuHUI KodhdUIIMEHTIapUura WKoOu ¢Exku candbuil TabCUPWHU AHUKJIAILI,
rpaBUTAIMs, SJIEKTPOMArHUT MaWIoHM, poTtauus, Auddy3us Ba OYUUIUK Kadu
TalllKU TabCUPJIAPHUHT KHUCM 3appajlapUHUHT KYUUIIN Ba TEMIIEpATypacura y3apo
TabCUPU MacaJlaCUHU €UUILL; “‘CUPT TYJIKUHIApH , alHUKCA, 3UJI3UJa Ba BYJIKOHJIAP
Xxamaa Kyln Karjamiad MyXHUTJIAap XYCYCHUATIAPUHUHT CUPT TYJIKUHIApU
TapKAJIMIINTa TAbCUPUHU  YpraHuil MaKCaJld WIMUH  TaaKUKOTJIApAaH
XUCcOoOJIaHa M.

Mucp Ba V36ekucton Pecriy6iukacuia pyHaaMenTan (GpaHIapHUAHT HIMH Ba
amManuii TagOuKWra sra OYNraH MarHUTO-TEPMODJACTHKIMK Ha3apusACH, TyTall
MyXUTJIap MEXaHUKacH, sSpuUMyTKazruwiap ¢u3Mkacu Kabu coxajapiaru
HOCTAI[MOHApP MacaJlaJJapUHUHI COHJIM €YU YCYJUIAPUHM SPATUILIHHUHT J10J13ap0
HyHanunuiapura ajgoxyja OHbTUOOp KydaWTupuiaau. by HyHamumga rokopu
AHUKJIMKKA 3ra COHJIM €YU YCYJJIApHU KypHII Ba yJapHU TaKOMHUJUIAIITHPUINTa
OarvIlUIaHTaH KaTop WIMHM TaAKUKOTIApHM amajra OILIMPHINIA CAIMOKIIHU
HaTwkanapra ospumdnan. JuddepeHnuuan TeHrnama Ba MaTeMaTUK (U3HKa,
JUHAMUK TH3UMJIAp Ha3apusCH Ba MAaTEMATUK MOJEUIAIITUPUII KaOu (haHTapHUHT
yCTYyBOp HVHanmunuiapu Oyiimdya Xxajakapo CTaHAapTap Japaxkacuaa WIMUN
TaJAKUKOTJIap 0O OOpHII amanuii MaTeMaTHKa (paHUHUHT acocuid Ba3udanapu Ba
daomuaT yHamuuuiapu 3tHO Oenrmnanau'. Kapop WXpOocWHHM TabMHHIIAIIIA
Oypanuii, 53JIEKTPOMarHUT MaujaoH, OVnumk, auddys3us kabu TabCUpPJIApHU

! ¥36exucron Pecniybnukacu Basupiap Maxkxamacununr 2017 iini 18 maiinaru “Y36exucron PecryOiaukacu
®dannap akaJleMUCHHUHT SIHTHIAH TalIKWI 3TWITaH WIMHH-TQIKMKOT Myaccacajaapy (aousiTHHY TAIKUIT STHII
TyFpucuaa’ T 292-coH KapopH.



XHCcOOTa OJlraH XOJjjaa TEPMO3JACTHKIMK Ha3apHsCHHHU PUBOXIAHTUPUII MYXUM
axaMuATra sra.

V36ekucron Pecry6nukacu Ipesupentununr 2017 iinn 7 despanmaru ITK-
4947 «V36exucTon PecnyGnukacunu siHaja pUBOXKIIAHTUPHUIN OYida xapakatiap
crpaterusicu Tyrpucuaanru; 2017 #un 17 despanmarn [1K-2789 «Dannap
akaneMusc GpaosvaTH, UIMUN-TAAKUKOT UIUTAPUHUA TAIKHWII 3TUI, OOIIKApUII Ba
MOJIMSUTAIUITUPUIIHYA SHAJa TAKOMUIIAIITUPUII YOpa-TaAOUpIapyu TYFPUCUIANTH;
2017 #wmn 20 anpenmaru  IIK-2909 «Onuit  TabauM THU3UMHHU  SHAJa
PUBOXUIIAHTHPHUIIT 4YOpa 4Yopa-tagoupiapu Tyrpucugaytu Ba 2018 #mn 27
anpengaru I1K-3682 «/HHOBaUMOH Fosjap, TEXHOJIOTHSJIAP Ba JIOWHXAJApHU
aManuETTa >KOPUi KIJINII TU3UMUHU STHA/Ia TAKOMUJUTAIITUPHUIIT YOpa-Taa0upiapu
TYFPUCUIA»TU  KapopJiapu, V36exucTon Peciyomukacu  Ilpesupentn .M.
Mup3uéesuunr 2019 iiun 24 maii kyHn Y36exkucToH MUILIMH yHHBEPCHTETHAA
TapIUM Ba WIM-(aH coXacu Bakwiapu OujlaH OynuO YyTraH ydpamryBUAarud
Mabpy3acu, MucprauHr 2030 iunraya puBOKIJIAHUII KOHLEMIMUACHA XaMa Ma3Kyp
(daonusaTra TeruuuM OONIKa HOPMATHUB-XYKYKHUH XyXKaTiapja OenruiaHraHl
Bazu(anapHu amaira OlIMpHIa YmOy [auccepTauus TaAKUKOTH MyalsH
Japakajaa Xu3MaT KHJIaau.

TaagkMKOTHUHT pecnmy0jMKa (paH Ba TEXHOJIOTMSJIAPH PUBOKJIAHUIIU-
HHUHI YCTYBOP HyHAIMILIAPUIra OOFIMKJIMIUA. Ma3kyp TaJKUKOT peciyOsnKa
dan Ba TexHONOTHsUIAp pUBOXKIAHUIMIMHUHT [V. «Marematuka, MexaHHKa Ba
uHpopMaTuKa» ycTyBop iyHanmumu Ba Mucpuunr 2030 iunraya pUBOKIIAHHIL
KOHIIENIUACUHUHT 3-KOMHOHEHTH ‘“‘@DaH, WHHOBalMS Ba WIMHUN TagKUKOTIAp”
noupacua baxkapuiras.

Juccepranus MaB3ycHu Oyilu4a XOpHKHI HWIMHIA-TAAKMKOTIAP mapxnz.
Marauro-TepMo3JacTUK YMYMHI Ha3apUsICH MacajalapuHH €4HIl OYHuYa MiIMHA
U3JIAHUIIUIAD JKaXOHHUHI €TaKYd OJIMM TabJIMM Myaccacallapy Ba WJIMHUU
Mapkasiapu, xymiaaaan, Cambridge, Manchester, Liverpool, Oxford University of
Charleston, Edinburgh, Chester yuusepcurernapu (bytok bputanwus), Orlando Ba
Florida yauBepcutetnapu (AKIL), BAA ynusepcutetu (an-Aitn), Cynton Kobyc
yauBepcuteTd (YMMmoH), Martin Loter ynusepcuteru (I'epmanusi), South Valley,
Al-Azhar Ba Assuit ynuBepcuternapu (Mwucp), Taif University (Caynus
Apabuctonu), Aegean, Karlovassi Ba Samos yHuBepcurernapu (I'peums),
Amsterdam University (Hunepmanmus), Melbourne, Queensland Universities
(ABctpamus), Russian Institute of Computational Mathematics, Perm Scientific
Center of Ural Branch of Russian Academy of Sciences (Poccus), Institute of
Cybernetics (Ykpauna), Institute of Integrated Informatics Problems of the
National Academy of Sciences of Belarus (Benopyccus), Y36exucron Mummii
yHUBepcuTeTH, Mexanuka uHCTUTYTH, Ceiimonoruss nuuctutyt, byxopo [laBmar
yHuBepcuteTd, CamapkaHj JaBjaaT YHUBEPCUTETH, YpreHd JaBiaT YHUBEPUTETH,

2 Jlucceprammsi ~ MaB3ycH  OYiiM4a  XOPIKMH  WIMHHA-TagKHKoTnap  mapxd  hitp://www.eriez.com/,

http://docs.lib.purdue.edu/, https://www.ihs.com/, http://www.cargocaresolutions.com/,
http://www.sciencedirect.com/, http://link.springer.com/, http://www.iccm-central.org/, http://www.university-
directory.eu, http://www.digitimes.com/, www.webofknowledge.com, www.scholar.google.com Ba Gomika
MaH6anap acocuaa nnaad YUKHJITaH.
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TomkeHT TYKMMaYMIMK Ba €HTUJI CAHOAT MHCTUTYTIIApUIA OJTU0 OOPHIMOKIA.

MarnuTo-TepMo3JIaCTUK YMYMHUIM Ha3apuscH MacajallapuHy €uullra OW]l
KaxoHJa oJuO OopwiiraH TaJAKUKOTIAp HATHXKAcHa KAaTop WIMHMKA HaTuxKajiap
OJIMHTaH, KyMJIaJlaH: TYJIKUHIAPHU aKC TTUPUII, Y3aTUII, CUPT TYIKUHIAPUHUHT
TapKAJIWIIMHU Ba TabCUpWHHU, ailHukca, Paneir , Croneneit Ba JloB
TYJIKUHIAPUHUHT (PU3UK MAbHOCHHU Ba TAbCUPUHU KYpCAaTUII YYyH MaTEMaTHK
MOJCIIAIITHPUII TCHIJIaMaJlApUHUA KypHINTa KapaTWiraH MYyXHM HaTwkKajaap
onunran (Oxford University of Charleston, BAA ynuepcureru, Taif University,
Amsterdam University), MyXaHIUCJIHK, aCTPOHOMHUSI, aKyCTUKa, reou3nka, HeT
Ka3u0 onuil KaOu Typiid coxajlapjaa Kyl KyJUlaHWJIaJuraH Macca y3aTull, TYJIKUH
TE3NMUTH Ba cycavnmm koedpdunmentinapu Vypranunrad (Russian Institute of
Computational Mathematics, Perm Scientific Center of Ural Branch of Russian
Academy of Sciences, Martin Loter yuuBepcurern).

Jlynéna  TEpMODJIACTHKIMK  HA3apUSCUHUHT  OUp  Katop  yCTYBOp
WyHamuuuiapuaa WIMUKM — TaAKAKOT UOUIapu  oJubO OOpUIMOKIA, >KyMJIaJaH:
AHATMTHK KecMa TYJIKWHJIAQPWHWHT TapKaJIWIl TE3JIUTH TapKAJIWII WYHAIHIINTA,
AHU30TPONUATA, MArHUT MAaWJOHWTra, aWJIAHWIITra, TPABUTALMOH MAWMJOHTA,
MYXUTHUHI OMp KMHCCU3JIUTHUIa Ba OOLUIaHFUY 3apOara OOFIMKJIMIMHUA aCOCIIAL;
KECHIIl TYJIKWHJIAPWHWHT TE3JIMTHHA AHWKJIOBYM YacTOTa TEHTJIAMACHHH CUMIIL;
TEPMODJIACTUKIIMK Ha3apHsCH MacajlajJapd y4dyH camapajid COHJIM CXeMaJjapHU
unuiad YUKWl Ba acociiall Xamja XucoOiaml SKCIepUMEHTIapH YTKa3uIra
MYJDKaJIJIAHTaH TaCcTypUM BOCUTAJAp SPATHILL.

MyaMMOHHMHT YPraHWIraHJIMK Japamacu. TepMOodJIaCTUKIMK Ha3zapusiiapu
¢daH, TEXHOJOTHUS, aCTPOHOMHUSI, T€OJIOTHs, HEPT Ka3uO OJIMII Ba aKyCTHKa KaOW
TypJau coxXajlapAa KEHr KYJUIaHWiIaad. T[epMOdJIaCTUKIMK  Ha3apuscHia
nedopmalisl TE3UTU TYIIYHYACH KUPUTWITaH OYiand, y Dypbe HMCCUKIMK
VYTKa3yBUAaHIIMK TEHTJamacu opkaim udonananaan. luHaMuk OOFJIaHTaH KIIACCUK
Hazapus dca M.A.Biot Tomonumman xuputwiaran. H.W. Lord, Y.Shulman,
A.E.Green Ba K.A.Lindsay map TOMOHHJaH TE€PMOAIACTUKIMKHUHT yMyMJIAIITaH
dopmacu Takmud TEITaH 0YIMO, KATTHK KUCMJIApAa UCCUKINK TYJIKAHIAPUHUHT
YeKIM TE3NMKAa TapKaiu wucOoTinanrad. Tepman OOCHMHHHT yMyMJIAlITraH
MarHUTO-TEPMOIJIACTUK TYIKUHIapra Tabcupu M.A.Ezzat, M.I.A.Othman, A.S.EI-
Karamany map TtomoHugaH ypraHwirad. Akcapusar XoJulapAa KIACCHUK EKU
TEPMODJIACTUK KapaHJapHU VpraHuil ydyyH LameHMHr nmoTeHuHan (yHKUIUACU
keHr Kkymutanwiand. bupox L.Y.Bahar, R.Hetnarski, H.Sherief TomMonuman
NoTeHIHal (YHKIMSUIAPHUHT KYJUTAHWIMIIKA BY>KYATra KeJlaJuraH KaM4YmInKiIap
oun6 O6epunrad. H.Sherief, M.Anwar, H.M.Youssef, A.A.El-Bary, K.Elsibai kadu
OJIMMJIap TOMOHMJIAH 4YerapajlaHMaraH MWIMHIAPAA UKKU YI4aMid yMyMilalliraH
TEPMOIJIACTUK MACAJIACH €YHJITaH.

YMymnamran TepMO3JIACTUKIMKHUHT TypJIu Ha3apusyiapu HyKTau Ha3zapuaaH
OONUTAaHFUY  KYWIAHWIN  [IAPOUTHIA  YHM3UKIA  TEPMODJIACTUKIMKIATH
gyerapajaHMaral HM30TPOMHUK MYXUTAA SICCH TYJIKWHJIAPHUHT KAWTUI Ba CHHMIII
xomucanapu  A.Chattopadhyay, S.Bose, = M.Chakraborty, = A.Montanaro,
M.l.A.Othman, Y.Song, B.Singh, P.J.Chen, M.E.Gurtin, H.M.Youssef, E.A.Al-

Lehaibi, M.Schoenberg, D.Censor kabu onumiap TOMOHHUIAH YpraHWJITaH.
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Alinanma XxapakaT KWIyBYM MyXUTJIApHUHT TEPMOAIACTUKIUK Macananapu P.Puri,
S.K.Roy Choudhuri, L.Debnath, A.E.Abouelregal, K.Lotfy, S.Banerjee, A.M.Abd-
Alla, A.J.Algarni, F.Alshaikh, D.Del Vescovo, M.Spagnuolo, F.S.Alzahraninap
TOMOHHJaH, ymymiamran myxuriap yuyH F.dell’Isola, U.Andreaus, L.Placidi,
P.Seppecher, A.Madeo, G.Sciarra, O.Coussy, D.Steigmann, A.Romanomnap
TOMOHHUJIaH;, IOKopu rpamueHtiu xohga J.J.Alibert, P.Seppecher, C.Pideri Ba
F.dell’Isolanap TomMoHmzaH; coHium Ba skcrepumeHTan ycyiaga A.Berezovski,
I.Giorgio, A.Della Corte, U.Andreaus, L.Galantucci, A.M.Hamdan, D.Del
Vescovo, M.Laudato, L.Manzari, E.Barchiesi, F.Di Cosmo, P.Go6ransson,
E.Barchiesi, M.Laudato kabu onumiap TOMOHHIaH TaJAKUK STHJITaH.

Typnu Hazapusnapra acociaHraH TYJKUH Tapkaiaum macamanapu S.Kundu,
P.Alam, S.Gupta, S.R.Mahmoud, A.M.Zenkour, S.Kundu, P.Alam, N.Das, S.De,
N.Sarkar, M.Othman, Y.Song, X.A.Paxmarynun, T.bypues, b.MapnoHos,
M.MupcannoB, K.CynTtoHoB Ba Oomikaniap WIMHN H3JIaHUIUIApUJIa MYHTa3aM
TaAKUK KWIMHAETraH Oyicaga, Typaud MyXUTJIapAa TYJIKUH TapKAIALIITHUHT
TEPMODJIACTUKIIMK ~ Hazapusicu Oyiinya MaBxkyln EHIOLIYyBIAp acocuiaru
Hazapusijap Ba yHUHT aMaauérra TaA0MKU X03Up/ia y3 eYHMMUHU TOTIMAaraH.

TagKUKOTHHUHI MAaKcaaM — MYXaHJIUCIUK, Treodu3uka, OHOJIOTHS,
MaTepUANIIIYHOCIUK Ba He(PT Ka3uO oMl coXajlapu Y4YyH TEPMODJIACTUKIIUK
HazapusiCu acocuja TYJIKWMHJIAPHUHT KAWTHIN, y3aTUIIl Ba TapKaJUWIl >KapaéHiiapu
MaTeMaTHK Ba COHJIM MOJIEUIAIITUPHUIIL, TAIIKA TAbCUPJIAP OCTHIA TYIKUHIAPHUHT
TapKAJIUII TE3JIUTU, aMIUTUTYIaci Ba CYHUII KOA(D(GUIMESHTIAPUHU aHUKJIAIIIaH
ubopar.

Juccepranuss MAaB3yCHHUHT JAUCCEPTANMS 0AKAPUITAH WIMHIA-TAAKUKOT
MYacCcacaCMHMHTI MIMHUI-TAIKUKOT HILJIAPH OnJIaH 0oFaMKJInru. {uccepramms
tagkukot South Valley Ba Assuit (Mucp) yHuBepcUTeTIapUHHUHT ‘“‘Marnuro-
TEPMODJIACTUKIIMK Ha3apusCHM MacajlaJapuHU €4MIl” MaB3yCHJAard HWIMHN
TaJKUKOT UIIJIApU PeXKacu Joupacuaa OaxxapuiiraH.

TaagKUKOTHUHT Basudajapu:

AJIEKTPOMArHuT TYJIKWUH, Oypanuil, OYmuukK Ba Aud@y3us kabu Taliku
TabCUPJIAPHU XHUCOOTa OJITAaH XO0J1/1a TEPMOIJIACTUKIIMK Ha3apusICUIA SHTU TUIIArH
TYJIKUHIAPHU TaKJIA(] 3TUII Ba aCOCIIALL;

XapakaT TeHIJamMalapy, WCCHUKJIMK TapKalduil TeHrnamMacu, auddysus
TEeHIJIaMacu Ba OYNIIMKIap TEHrJIaMallapuiaH TallKWi TONraH MaTeMaTHK
MOJICIITIAPHH KyPHIIT;

XapakaT, WCCUKIWK Tapkanuii, nuddys3us Ba OYNUIMK TEHrJIamaiapu
CUCTEMACHHU €UHIIl MOJICIUIAPUHU UIILIA0 YUKUIII,

TalIKU TabCUPJIAP OCTUA TYTKUHIAPHUHT TAPKAJIUII TE3JIUTH, AMIUIUTYAACH
Ba CYHUII KO3(PGUIIUCHTIAPUHN aHUKJIAIIL,

Xapakar, HMCCHUKJIUK Tapkauuil, auddy3us Ba OYUUIMK TEHIJIamMalapu
CUCTEMAaCUHU COHJIM €UUII, TapKaJIuII >KapaHJapyd y4yH aMIUIUTyjAa, Xapopar,
0oCcHUM Ba TalllyBYM 3UWINTUHUA XHUCOOIAIT SKCIIEPUMEHTIIAPUHN YTKA3HIIL.

TanKuKOTHHHT 00beKTH - TepModacTHKIMK Hazapuscu Ba Lord-Shulman,
Green-Linsay, Tzou, Green-Nagdhi (I, II Ba III turmiap) Hazapusuiapu, SHEpPrus
TapKaJIULI, 3JEKTPOMArHuT Maiiionnapu, Augdy3ust xapaénnapuad noopar.



TaagKMKOTHUHI TpeAMeTH TEPMOAIACTUKIMK Ha3apusjaapd y4YyH COHJIU
MOJEJUIAIITAPHUIL  YCYJUIAPUHM, aITOPUTMIIApUM Ba JACTypUil MakKMyallapHU
spaTulIad uoopar.

TagKuKOTHUHI ycyJ/uiapu. Jluccepranusga HWIIAIA TEPMOAJIACTUKINK
Hazapusutap: kiaccuk awHamuka (CD), Lord-Shulman, Green-Lindsey, T3oy
Hazapusicu, Green-Nagdhi (I, I Ba IIl Typnapu), mMaTeMaTuK MOJEIIAIITHPUILI,
COHJIM  euumn  ycyjuiapb, JlaMeHuHr moTeHIMamwiap  QyHKUUsIIApUIAH
doitnananunra.

OnuHraH KOMNOHEHTAp OYiinYa UCCUKJIMK OKUMUHHUHT aiJIAHUII Ba CYHUIITU
yayH (apkiap rpaduk TacBUpIIapAa XOCUT KUJIHHTaH.

TagKUKOTHUHI HJIMHI SHTUJINTH:

yMyMJalllaH MAarHAT-TEPMOAJIACTUK HA3apHsICU  JIOMpacuja Ky4JIaHUII
(shock), Tepman Tamku Kydjgap octuia OYiIraH UKKA YITYOBIU SPUM TEKUCITUKIA
portaumsi, Oyuumakmap, auddysus, QoroTepmal, sSpuUMyTKazruuiap Kadu
(dakTopyiapHd XucoOra ojiraH XoJjja “‘OONUIaHFUY KyWwIaHWUII® Ba HUKKU
[apaMeTpiay TEMIIEpAaTypalapHU Y3 HMUYAra OJITAaH TEPMOAIACTHUK MOJEIuIap
ApaTUJIITaH;

TEPMO3JIACTUK MoAeiiap yuyH JlsMe norteHmuamiap ycyiau €paamuaa Oup
penaKcalMoH BaKTJIM Ba TYJIKUH TE3JUTMHUHI YEKCU3JIUTMHM HHOOATra OJy4u
Lord-Shulman mMacanacu euniran;

HMKKH pejakcalioH Bakrra Oormuk xoama Green-Lindsay, Green-Nagdhi,
Dual-Phase-Lag, Three-Phase-Lag TepMosnacTHKIMK Hazapusjiapu Ioupacuia
YEKJIA TYJIKUH TE3JUTMHU aHUKJIAIl Macajacy €UuiraH;

OOLITAaHFUY ~ KyWIAHUIIIAp TabCUPHUAA TEPMODIACTUK TYIKWHIAPUHUHT
MarHuTIaHraH KAaTTHK-CYIOK JKHCMIJIAp dYerapacuja KaWTUII Ba YTKa3yBUAHJIHMK
(cuHMII) Macananapy e4uiIraH;

tepmodniacTUKIMKHUHT  GL  Ba CT Hazapusutapu Joupacujga MarHUT
MaiJJOHHUHT, TalIKu MCCUKJIUK MaHOAJTaPUHUHT Ba OornuIaHFuy
KywIaHuImapHuHar p, T Ba SV TYJKUHIApDHUHT TapKaJMILWAra TabCHPU
AHUKJIAHTaH;

AIIEKTPOMATrHUT MalJI0H, POTOTEPMUK, SIPUMYTKA3THY, TPABUTALIMOH MaiIOH,
poTanusi Ba OONUIAHFMY KywIaHWII KaOu QaxTopiap Tabcupuia OHp >KUHCIH
OyamaraH aHU30TPON CHUKUIMAWAMraH MyXUTAa KYHAAJaHT TYIKAHJIAPHUHT
TapKaJINII MAacalacy €4UIIraH;

COHJIM XMCOOJall SKCIEPUMEHTH HaTWXKAJTApPUHUHT TaxXJWJUIapyd acocuja
KYHIQJIAHT TYJIKUHJIAPUHUHT TapKaJWIl TE3JIMTA TapKaJIWIl WYHAJIMIIUTa,
KUCMHUHI aHU30TPOIUIMK XOCCACUra, MArHUT MalWJIOHUTa, POTALIMOH allaHUIITa,
IPaBUTAIIMOH MAaNJOHra, MYXUTHUHT OWMPXWHJIM SMACiIUIrura Ba OOILIaHFUY
KyWIaHUIIapra OOFIMKINTU KYpCaTUIITaH;

KYHJAJaHT TYJIKWHJIAPUHUHT TE3JIMIMHA AHUKJIOBYM YacTOTa TEHIJIAMACH
OJIMHFaH Ba MKKM TYWIyBYM p Ba SV TYIKHHJIAD Y4yH KalTapyBYaHJIMK
K03 (UIIMEHTIapU TOMUIITaH;

METaJulap Yy4YyH TYJKHH TAapKAJIMIOM Macajajlapd COHJIM €YWIraH Ba
HaTWXanap rpa@uk KYpUHUIIIA TaKAUM STUJTaH.



TagKMKOTHUHI amMaJuii  HaTWKajgapu. MyXaHIWCIMK,  AaKyCTHKa,
acTpoHOMMS, Teo(U3uKa, caHOaT Ba OMOJIOTHUSl COXAJApU YUyH TYJIKUH TapKaIMILI
Kapa€HIapUHU COHJIM MOJAEIUIAIITUPUIN YCYJUTApU UILIA0 YUKWITaH, COHJIA €4MIILI
aNrOpUTMIIAPH Ba NACTYpJIApU SAPATUIITaH.

TagKuKoT HATWKAJAPDUHMHI MINOHWIWIMIK. ONUHraH HaTwxanap,
TacouKJIap Ba MaTeMaTUK MyJoxasajap KaTbUil MCOOTJIIaHTaH Ba COHJIU
TAQJIKUKOTIAp HaTWXaidapu OwiaH TacaukjiaHraH. COHJIM HaTHXKajdap MaBXKy[
HKCIIEPUMEHT HaTHXaTapy OMJIaH TaKKOCIaHTaH.

TagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMaJidii axamMusATH. TaJIKUKOT
HaTIWKAJIAPUHUHT WIMUNA axaMUSITH TEPMODJIACTUKIMK Ha3apusiCh y4yH SIHTU
TUMJArd  MaTEMaTHK  MOJe/Ulap  KYpPWITaHJWIH, YMYMIJIAITaH  MarHuT-
TEPMODJIACTUK HazapusicH jgouwpacuia Kywianuin (shock), Tepman tamku kydiaap
ocTHjia OYJIraH UKKH YIYOBIU SIPUM TEKUCITUKA poTanus, Oyuuukiap, nuddysus,
dbortoTepmain, sApUMYTKasrhujaap KabOW OMWIUIApHU XHcoOra oOJraH XoJijaa
“OOLUTaHFUY KYWIAHMII Ba UKKH MMapaMETPIJIM TEMIIEpaTypallapHu ¥3 UUKra OJIraH
TEPMOAJIACTUK MOJIeIIIap SPaTUITaHIUTY OWJIaH U30XJIaHAIH.

TagkUKOT HATHXKAJAPUHUHT aMajiuii axaMUSITH MYXaHJAUCIIHMK, aCTPOHOMHMS,
akycTtuka, reodusuka, HePpT Ka3zuMO oaMIl KaOW COXaJapHUHT aMaliui
MacaJlaJlapuHU €UUIITa XU3MaT KUJIaIu.

TaagKUKOT HATW/KAJIAPUHUHI  KOPMH KWIMHHIOKA. MyXaHIUCIHK,
reousnka, OUOIOTHs, MaTEPUAIIIYHOCIUK Ba HE(PT Ka3ubd ONMIl coXanapu y4yH
TEPMOAJIACTUKIIMK HA3apHsICH acOCUJA TYJIKUHJIAPHUHT KaWTHIL, Yy3aTHUIl Ba
TapKaJIHII kapacHIapy MaTeMaTUK Ba COHJIM MOJAEJUIAIITUPHUII, TAllIKU TabCUpIIap
oCTUAAa TYJKUHJIAPHUHT TapKajdull TE3JUrd, AaMIUIMTyJacd Ba  CYHHUII
K03 (UIIMEHTIapUHY aHUKJIAIIIa OJIMHTaH HaTHXKajlap acoCHa:

UKKH peJakcaloH Bakrra Oornmuk xomma Green-Lindsay, Green-Nagdhi,
Dual-Phase-Lag, Three-Phase-Lag TepMosiacTUKINK Ha3apHsUlapy JOoMpacuaa
YEKJIA TYJKAH TE3JIMTMHU AaHUKJIAIl MAacajlaCMHU €YUl YCYJUIApUIAH XOPHKUN
wimMuii sxypHasiapaa (Optics & Laser Technology, Volume 97, 1 December 2017,
Pages 198-208; Chaos, Solitons & Fractals, Volume 99, June 2017, Pages 233-
242; Applied Mathematics and Mechanics volume 39, 2018, pages783-796)
chepuk OYIUIMKKA 3ra TEPMODJIACTUK YEKCU3 MYXUTAA OUp YIHOBIM TYJIKUH
TapKaJull — MacajacuHu  euunyga  ¢oipananunrad. Mnmuil  HaTHXaHUHT
KYJUTaHWIAIK ~ (DOTOTEPMHUK SKapaéHiap OpKaJM OJJIACTHKINK Ba HCCHKIIUK
TYJIKMHUHU XUCOOra OJIraH XoJja TYJIKUH TapKaJlulll MacalaCUHU €YUl UMKOHUHU
OepraH.

OONUTAaHFUY KYyWIAHHIIAP TabCUPHUAA TEPMODJIACTUK TYIKAHIAPUHUHT
MarHUTJIaHTaH KATTUK-CYIOK >KHCMJAp uerapacuja KaWTWIll Ba YTKa3yBUaHIIUK
(cuHUII) Macajlajapu edYnMIIApUAaH XOPWXKui wiamuil xypHamiapaa (Applied
Mathematical Modelling, Volume 78, February 2020, Pages 148-168; J. Heat
Transfer. Jul 2019, 141(7): 072002, 7 pages; Journal of Thermal Stresses, Volume
43, - Issue 6, 2020, Pages 667-686) cupT TYIKUHIApU acoCUlia THIPOCTATUK
OOLIUTAaHFUY ~ Ky4WJAHUIITa dra HWKKA Xapoparid yMyMJaliraH MarHUTO-
TEPMODJIACTUKIIMK  TEHrjJamaidapuHu  euunga  Godpgananwirad.  Mnvuid

HAaTWOKAQHUHT  KYJmaHwivimu — Pane  Tunmupgard  TYJIKMHIAP YYYyH — 4YacToTa
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TEHIJIAMAaCUHU XOCWJI KWIHIL, TYJIKAH TapKaJIWIl TE3JIMTH Ba  FOTUJIMII
KOd(pPUIIMEHTHU XUCOOJIalll UMKOHUHU OepraH.

TagKuKOT HATHKAJTAPUHUHT anpodauusicu. TankukoT HaTwxkanapu 40 nan
OPTHK XaJIKapO WIMHI-aMajiuii aH)KyMaHJlapAa MyXoKaMaJlaH YTKa3uJraH.

TagKuKOT HATHKAJAPMHUHI JBJOH KWIMHraHjgauru. Jluccepranus
MaB3ycu OViinua V36ekucron Pecniy6nukacu Onuii Attectanus KoMucCusiCUHUHT
JOKTOPJIMK AUCCEPTAlMsIapd aCOCUM WIMHMN HaTHXKaJapWHU YOIl 3TUII TaBCUS
STWIraH nimMui Hampaapaa 100 Tagad OpTUK WIMUE Makoja HALIP 3THIITaH.

JuccepranMsHUHI TY3WJIMIIM Ba XaKkMM. Vnmuii Mabpysa wmakauaarua
nucceprtanus 98 caxudanan ndbopar.

JIUCCEPTAIIMSIHUHT ACOCUM MASMYHH

TepmosnacTUKIUK Hazapusicu (aH, MYXaHIUCIHK, aKyCTHUKA, aCTPOHOMUS,
Ty3WIMasiap, HeT Ka3ub oJuIl Ba OOIIKa TYpJIu coxXanap/ia KynpoK KyJIaHUIaIu.
by epna xabap KwiIMHraH nuccepTanusi UIIUAa AacTiald 3JaCTUKIUK, UCCUKIUK
MaiJI0HH, JIEKTPOMArHUT MaiI0H, aillaHuIll, OOLUIaHFUY KyWIaHMIL, OYIUTUKIIAp,
doToTepMUK, ApUMYTKa3rud Ba nuddys3us opacuaaru Oup KaHya OOFIaHUIILIAP
acocnab OepuiraH. AWIaHUII TabCUPH, JJICKTOMAarHUT MaWIoH, OYIUIUKIap,
b dy3us, SIpUMYTKa3ruwiap Ba UCCUKIMK pellakcalusl BaKTU TYJIKWHJIAPHUHT
TapKaaumura (SbHU, TYJKUHIAPDHUHT TapKalumura "akc Ba/€ku cUHHIIU" EKU
cupt Croneneit, JloBe Ba Paiineurx TYJIKWHIApU YpraHuiraH. YMyMIIalliraH
MAarHeTo-TEPMOAIACTUKIMK KOHTEKCTUIA XapakaT TEHIJIaMacH, HWCCHKIIUK
TEHTJIaMacH Ba BOWJ TEHIJIAMAaCHHUHT wiamuin Tydaitmm Oy coxana Oaxkapuiran
unuiap adCycKkd, COH KUXATHaH dYerapanaHran. JlyHn€Buil TeHrama Oyitnua,
CroHeneil TYJKUHIIAPU TE3JUTH Ba MAarHUT MaW0HM, ailllaHuIl, OYNIUIMKIAp Ba
penakcauus ~ BakTh  cudatuga  TallKA ~ [apaMeTpiap  CyCaWTUPHIIH
ko3 unrenTapura Tabcup Kwiaau. OJMHIaH KOMIOHEHTIap OVinYa MCCUKITUK
OKMMUHMHI aWlJlaHWII Ba CYHUIIM y4yH (apkiap rpaduk TacBUpIapa XOCHII
KWIMHIY.

Maruut MaiJI0HH, OyuuIMKIap rapameTpiapu, (boTOTEPMUK,
APUMYTKA3TU4jIap, NacTIaOKy 3YpPUKHII Ba TEPMHUK pelaKcalus BaKTJIAPUHUHT
TabCUPU AKCIAHTUPHUIN EKu/Ba pedpakcus Xamaa CHPT TYJIKWHIAPUHUHT
TapKaJUIl XOoAUcCAapuaa Kyaa Kyn HaMo€H OViaau, AeraH xyJjiocara KeJauHaraH.
OnuHran HaTwXanap MYXAHAUCIHK, Ty3WIMalap, akKyCTHUKa, acTPOHOMUS,
reogusuka, HepT Ka3uO ONMIN, TApMOKJAp Ba OMOJIOTHS COXaJlapu YUYyH XKyJla
doliany 3KaHJIUTH MabyM OYJIraH.

Ymby nuccepranusga TEPMOTACTUKIMK HA3apHsICH Ba TalIKW MapaMmeTplap,
TYJKAHIAD €KW CHUPT TYJIKUHJIAPWUHUHT  TapKaJWIIM TaxMUHHATA  Kypa
TEPMOZJIACTUKIIMK Ba MAarHeTO-TEPMOSJACTUKIMK OYyilmua Oab3u MyaMmoJap
MaBXy/Jl: AJIEKTPOMArHUT MaWJOHM, UCCHUKIMK MaiIOHH, OOLUTaHFUY KyWIAHUIII,
oyuumKiap, GOTOTEPMHUK, SIPUM YTKA3rud, ailnanum Ba quddys3us.

lyan Tapkumjiam Kepakkw, ymoly JuUCCepTamusl WM KyWujaaru
MyaMMOJIapHUA MaTEMATUK MOJICIUIAIITUPUIITHY KaMpal OJraH:
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* Maraur MaiIoHM Ba THUAPOCTATUK Oomnutanrud Kydianum P Ba SV
TYJIKUHIAPUHUHT YMYMIIAIITUPWITAH TEPMODJIACTUK KATTUK SIPUM IIAPHUHT aKC
ETTUPHUIL XO/IMCATIAPUTa TABCUPH.

* P Ba SV TYaKuHIApUHUHT MarHUT Mal0H Ba THUAPOCTATHK OOIIAHFUY
KYWIaHHUII TabCUPU OCTUAA KYWIAHMILICHU3 CHUPT DJJIACTUK SPUM OYIUIMKIaH
SHEPrus TAPKATUIIMCU3 aKC ITUILIH.

e Cdepuk OVIUIMK OWaH yerapajiaHMaraH >KHUCMa dHEprusi TapKajaMacaaH
y3rapyBuaH Xapopar TabCcHpuja OYIraH MarHeTO-TEPMO-BHUCKODIACTUKINKHUHT
TabCUPH.

* AlnaHum, MarHuT MaWJAOHM Ba KATTHKIMK TabCUPHU dYerapacu
HOMYTaHOCHUO OYynraH Tepmo-anacTuk Auddysus spuM ¢aszona Taaurad dIacTHK
KaTjiaMJia CUPT TYIKWHIAPUHUHT TapKAJUIINTa TAhCUPH.

e Maraut MaifioH7a Ba OOINITAaHFUY KYyWIAHWII Ba HCCUKJIUK MaHOamapu
MapOUTHIA HWKKUTAa KATTUK-CYIOKIMK MYXHTHHHHT ¥y3apo alloKacuaa p-
TYJIKUHIAPHU TAPKATUIIA YIYH UKKH TEPMaJl PeTaKcallis BAKTHHUHT TabCUPH.

e CroHJM TYJAKUHJIAPUHUHT  MarHUTO-TEPMOAJIACTUK  MaTepuaiapaa
OYIUIMKIap Ba UKKU MapTa OYIIalinill BAKTA OUJIaH TapKaJIUIIIH.

* DJIEKTPOMarHuT MaiJOH, alJaHUIICU3 Ba TOPTHUIIMII Ky4Hd, OONLIaHFUY
KYWIAHHII TAbCUPU OCTHJIA OUp KUHCIU OYIMaraH aHU30TPOIHUK CHUKUJIMAiuraH
Myxutaa C-TYIKWHIAPUHA TAPKATAITUHUHT STHTH XyCYCUSATIIAPH.

* bymummknap, ailaHUII Ba OJEKTPOMArHUT MAaWJIOHra 23ra IOKOpPHU
Japakagard — Tojajap OwiiaH =~ MycCTaxKaMJIaHTaH  aHU30TPONMHUK  YMYMHUU
BHCKODJIACTUK MYXHT/Iard CUPT TYJIKUHIAPU TAPKATHUIIIH.

* Hccukyuk 3apbacu Ba OOUUTAHFUY KYWIAHHWII TabCHUPU OCTUJA HKKHU
XapopaTiii yMYMIIAIITUPWITAH MAarHeTO-TePMOIJIACTUK  TYJIKUHJIAPHUHT — aKC
ATUIIIH.

* MarauTianraH WKKATa KATTUK CYIOKJIWK MYXUTHHUHT HCCHUKJIUK
MaHOaapy Ba JaCTIA0KW CUKWJIMIILUTApY OWJIaH Ba TepMajl BaKTJIapy OWjaH y3apo
anokama Oyniras p-, T-, Ba SV TYIKUHIAPUHUHT aKC THUIIN Ba CHHHUIIIY.

* TmapocTatuk OONUTAHFUY KYy4WIAHWII IMAPOUTHIA TEpPMal KyWIAHMII
OwraH aljaHaJWTraH MYXHAT yYY9yH MKKH XapopaTid YMyMIAMITHPWITaH MarHeTo-
TEPMODJIACTUK (POPMYIIACH.

* GN (i) Momenmun KOHTEKCTHIA AWITAHWIIHUHT WYKIUTH cabab
TEPMODIJIACTUK MATHUTJIAHTaH ApUM OYIIIIIMK Macajiacu.

* AlinanMa XapakaT OCTHJAa IWIMHIApPAA YMyMJIAITaH TEPMO-3TaCTHKIMK
MacajacHuHU XaJl KUJIUII YUyH YEKJIM AJIEMEHTIIap YCYIIH.

JAuccepranust yH Oup 0001aH TAIIKKWJ TONTaH 0Yan0, y KyduaarujiapaaH
uoopar:

Bbupunun 60012 SryBYaHINK Ha3apUsJiapyd Ba MarHeTO-TEPMOIJIACTUKIIUK
HazapusUiapu Oyiinya TaAKUKOTIAPHH, IIYHUHTICK, AUccepTalus oObeKTH OuiaH
OOFHK 0ab3u TyIIyHYAIap Ba MapaMeTPJIapHU JICKTPOMATHUT MaiI0H, ailJIaHMIII,
OOLUIaHFUY Ky4WwIaHMII, OYynummkiap, auddysus, Gororepman Ba SpuUMYyTKa3rud
KaOu TaIKUKOTIIAPHU Y3 MUUTA OJITAaH KUPHUII KUCMHU TaKJIUM STHIJITaH.

HNxxunum 6060a Vkku YiryoBnu sipum azoia TepMail KyuIaHHI, JacTIa0Ku

Ky4WIaHUII Ba MKKHA XapopaTr MIAPOUTHAA TEPMOIIACTUKIMK MacajajJapyuHU
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CUUITHUHT YMyMHH  MAarHUTO-TEPMORJIACTUKJIMK  Ha3apUsICHHM  OaxoJarll.
boukapys Tenrnamanapu Jlsime noteHTcuamiapu ycyiu €paamuaa (SD) knaccuk
muHamuk Ba (LS) Jlopa-Illyaman Hazapusjiapy KOHTEKCTHJA eumsianu. Yerapa
mapmiapu: (1) derapagaru yMyMUH HOpMald KydJlaHUILIAp OONUIaHFUY
Ky4JIaHuIITa TeHr; (i1) YpuHMa KydJaHUIIap derapajaa mykonaau; Ba (iil) TyIIHII
yerapacu TepMall M30Jsus KuiuHraH. Kaltuim kodguuueHTiapyu HKKUATa
xoauca p- Ba SV-TYJIKuHIap y4yH oJvHTaH. KalTuin TYJIKWHIIApU YYyH OJIMHTaH
HaTWXKajap TETUIUIM MeTayjaH (oliganaHrad Xoi1a COHIM Xuco0jad YMKUITaH
Ba Tpaduk Tapsna Oepwiran. OIMHraH HaTWwKajgap OWIAH MarHUT MaWJOHH Ba
JacCTIa0KM KYWIAHHUITHUHT HWYKIUTH XOJUlapu OwiaH OujiaH TaKKOCalap
YTKa3UJIraH.

MacajlaHMHT Ky UM,

MyxuT Mykammana DSJeKTp YTKa3Tud OHKaHJIUTHHH 3bTHOOpra oyl Ba
y3rapyBuaH TOKHHUHT (SI) UYKIMrUHM XucoOra oyind, 3JIEKTPOMAarHUT MailJOHHU
OolKapyBUMCcH cudaTuaa YU3UKIu MakcBel1 TeHrIaMajJapuHy OJaMus3.

curlh=J
curl E=— 4, ul
ot 1)
divh =0, divE=0
h=curl(@xH,), H=H.+h(xy,t)
VYH/a UCCUKIUK YTKa3yBYAHIUTH TEHTJIaMacu KyWuaaru KypuHuiga O0yinaam

0 0’
Ko, = (E"‘To ?)(PCET +7/Toui,j) (2)
bormaanm Tenrnmamacu cudaruma
o =Aeo; +2u € _7/T5ij_P(5ij + w; (3)

onuHanu. by epna
1 1
& :E(ui,j +uj,i) 1 W :E(uj,i _ui,j)

XapaKaT TCHI'JIaMaCHu
plu. =0, . +F . (4)

1,]
kypununia 6ynamgu. By epra F=JxB, B=u H,
Hccuknuk yTKka3yBUYaHIUK Ba AMHAMHMK UCCUKJIMK Opacuaru MyHocabaT
p-T = a-¢,ii ) (5)
OyHna a >0 MKKU Xapopar napameTpH.

Wznanunuap HaTwKacula pejakcaluss BaKTH, OOLUIAaHFUY KyWJIaHWII,
MarHuT MaWJOHHM, UKKU XapopaT, MCCUKIMK KyWIaHUII, Ba TyLIMII Oypuaru,
MeTajap, Ty3uiIMalap, CaHOATAa, MYXaHAMCIUKIA MyXUM axaMusaTra sra akc
TYJIKUHIJIAp XOJAMcCalap KE3MUIIWra MyXUM TabCcupHu Oop, €0 XyJoca KHJIMH/IH.
Karruk xucmiapna tepmosnacTuk Macanacu yuyH I'JI Hasapusicn KOHTEKCTHIA
AHAIUTUK e4umiiap ojuHrad. TymyBuu SV-TYIKUHM y4yH (akaT penakcaius
BAaKTH Ba MAarHUT MalJIOHW aKC ITTUPUITaH Ba T-TYJIKUH KaTTaJUIWra TabCup
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, IIYHUHTJEK, Y SV-TYIKUH

KHIIMIIN aHUKIaHraH. P-Tynkus yuayH |Z;|<|Z,|<|Z,

yayH |Z,|<|Z,|<|Z,| sxanmuru kypcaruiran.

1 I I 6
(b)
—
.—.4 / / - ‘l.
< < 7 7 \A
~ 05 = 4 \
- << ;! \\
= 7.7 .
I
7. \
/-
(a) | | | |
0 0
0 30 al) 90 0 in w ] a0
3] 0
0.6
(c)
-y
04 — —
<
Hﬁ""_
o)
02— —
0 | |
0 30 60 90
a

1-pacm. bounanFud Ky4wIaHUITHUHT CYHYBYH TYIKUH KOY(DPUITMEHTIAPUHNA aKCIaHTUPYBYU P=
10", 6ynrannarn tascupu HO =10°, 7, =7, =0.057=1__ ,n=12-—n=13——-

Yunnumn 6001a MarHUT MaiiioHu 3¢ ¢deKkTu Ba OOLUUIAHFUY KyYIaHUIITHUHT
p-, T-, Ba SV-TYIKUHJIApHUHI  TapKAIMIIMIA TAabCUPH  YPraHUJITaH.
Marnutianran KaTTUK-CYIOK HHTepdelicuga AacTiabKu KywIaHUII MaBXKYy[
Oyiranga TEpMOIIACTUK TYJIKUHIAPHUA KaWTapuIl Ba CHHUII MyaMMOCH YpraHuo
yukkuinrad. KT (xmaccuk Hazapusi) Ba GL (I'peen Jlunpacail Hazapusicu)
KOHTEKCTH/Ia TEPMOAJIACTUKIUK HYKTaW Ha3apuJlaH, MyaMMO XaJl KWJIMHTaH.
bynna

(1) y3nukcu3 cuipkuil, (11) TaHTeHCHal CWDKUIIHUHT Hojra, (ii1) Hopmal
KYYHUHT OOIIJIAaHFUY XapOup coxa OUPJIUIY YUyH Y3JIUKCU3JIUTU (1V) TaHTEHIIHAI
KYYHUHT OOIUIaHFUY cOXa OMPJIUTH YUYH HOJbI'Aa MHTUIMIIM Ba (V) XapOpPaTHUHT
Y3IUKCU3IUTH, Xapoup p-, T Ba SV- TynKHHIap YYyH aMIUIMTyAa MyHOcabaTu
bTHOOpra OJMHraH. TyIIyBUM TYJIKHHIAD Ba TACBHP TYJIKUHJIApAAH XOCHII
Oynanuran kosd¢uueHTIap OOLUIAHTNY KyWJIaHUII Ba MAaTHUT MaloHU 3PPeKTn

TaCupuaa COHJIM TaXJINJI KUJIWHT aH.
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1) JlopeHn Ky4u MaBXyAJUTMHHU XMCOOTa OJIraH XOJJa MCCUKIUK MaHOau
Hykauruaa OONUIaHFUY KYWIAHMIN IIAPOUTHAA TEKUCITUKIArd KyWIAHHI Y4YyH
aliJJTaHMa XapakKaTHUHT IUHAMUK TEHIJIaMalapy

2
5311_'_5312 P 6w+|: pgt_lél

S, | 85 o <y (6)
a t5 —Pesit+tF, =p5%

Oy epna, é)z%(gN—x—gy—U), @, Ba @; MOC paBUIIJA PABUIILA X BA Yy UyHAJIMIIJIArU

MarHAT MaiJIOHHUHT TapKUOUN KHCMIIapH.
2) opru® OopyBYM  HW3OTpOmUs  OWIaH  KywlaHHWII-Aedopmarus
MyHocabatnapu 1e6 6epunran

Sy=(A+2u+P)e, +(A+P)e, —y(T +7,9)

S,, =1e,, +(ﬂ.+2y)eyy —y(T +z'1%) 7)

512 =28 Xy
3) opTTpMa Aeopmalus -KOMIIOHEHTap cudatuga Oepuirad
o O v (8u av]
XX ox ! vy ay ! Xy 8y OX (8)

4) Moz[H(pHKauHﬂnaHraH HCCUKJIMK YTKA3UIl TEHIJIaMACH

0 0 0 \[ou ov
KVT = 1+ T +T 1+7,0, — || —+—
=C, ( z'oa j 07/a ( To9j at](ax ayJ 9)

5) okuMH WYKIUTHHM XHCOOra OJraH XOJjjAa, MyKammall OJJIEKTp
VTKa3yBYaHJIMKKA 3ra OYNraH CEeKHMH XapakaTlaHyBUM KaTTHK MYXUT Y4YyH
AJIEKTPOMArHuT MaiIoHIapHHU OOIIKAPYBYM YM3UKJIM MakcBes1 TeHIIamMaliapu

Fo3 = oh
curlh=1J, CurlE = —p, —
o (10)
divh =0, divE =0
Oy epaa ﬁzcurl(ﬁxﬁo'),

bynna xyitunarunan dhoigananuim

—_—

H=H,+h(xzt), H,=(0,0H)

2
ST 8u2+ ov
oX° oXxoy

CyHIpa

(11)

? v
Fy = /ueH Ja + ¢ 2
oxoy oy
MakcBEeIUTHUHT ~ Ky4WIaHWII TEHITIAMACHMHUA  KyHWJaruda KYpUHHIIIA
Oepwiiran
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BaYy

]

o 2
Ty =Ty = t,H

ra Kamasau
GL Ba KT Hazapusutapym HyKTau Ha3apHJaH MyKaMMaJl dyerapa mapouTHaa
TEKHC CYIOKJIUK HUHTepdeiicuIa TEKUCTUK TYIKUHIAPUHUHT AaKCJIAHUIIN Ba
CUHUIIM OOILJTaHFUY KYy4YJaHWUII Ba MAarHUTJIAHTAHJIMKHUHT TabCUPU AHUK
OYNUIIM aHUKJAHTaH. bolTaHFUY Ky4JlaHUII Ba TabCUPJIAHUIL Oypyard MarHuT
MaiJIOHU OYNraH TYJIKUHJIAPHUHT aMIUIMTyAa HUCOATH COHJIM VpraHujirad Ba
rpaduknap takaum etuirad GL Ba ST mojemiapy yuyH OJIMHTaH.

z >0 (Vacuum)

zy = [Hh; +Hh —H,h5; |

ou

ov

x oy

, 7, =0.

Apor By

B,

2-pacM. MacaiianuHT cxemaBui ndogacu.

(12)

15

1A2/B, |

30 60
Angle ofincidence o

90

IB4/Bg |

1.1

0.6

| I

30 &0
Angle of incidence @

a0

Pacwm 3. bonutanfuy Ky4JaHUITHUHT CYHYBYHM TYIKUH KO3 UIMEHTIAPHUHA
aKCIaHTUPYBYH SV TYJIKHHIapra TabCUpH, OyHIA, Ho=10°,

....... ,P=10"

n=1 h=3, P=10"P =5x10"
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Typrunumn 60042 TEPMOIIACTUK TYJIKUHIAPUHUHI MarHUTJIAHTaH KaTTHUK-
CYIOK MHTepdecaa ake STUIIM Ba CHHUILIA MyaMMOCHHHU OOIUIAaHFUY Ky4JIaHUII
MaBxKymauruaa tekmmpuiarad. Tepmosnactukiaukauar Gl Ba CT wHazapusnapu
KOHTEKCTH/Ia MyaMMO XaJl KWJIMHTaH Ba MArHUT MaiJIOHHHHT, TAIIKU HUCCUKJIHK
MaHOaJlapyHUHT TabCUpPU Ba p-, [-Ba SV-TYJIKUHIAPHUHT TapKaJWIIUTa
OOLIUTAaHFUY ~ Ky4JaHUII Taxiwi KuiauHrad. Kyuum  goumwuitnuru  yuyH
uHTepdeicaarn yerapaBuil maptiap, TaHTEHIUAA KYYUIIHU WYKOTHUII, HOpMal
Ky4 JOUMHWINIH, TAHTCHIMAJ Ky4Y Ba XAPOPATHUHI JTOMMHUMNIIUTU KYJUIAHWJITaH.
Xomuca p-, T-, Ba SV-TYIKWHIApUHUHT aMIUIUTyJla HUCOATIApU OJIMHTaH.
Xoauca TYIKUHIAPU YUyH JACTIA0KHU 3YPHUKHUII, UCCUKINK MaHOAIapy Ba MarHuT
MaWJJOHMHUHT aKC JTUIIU Ba y3aTWJIAaIurad KoeQpduIueHTIapra TabCUPU TaXJIAI
KUJIMHTaH.

1. Uccuknuk wmanbGau Oynamaranjga ngacTiaOKu KyWIAHMII [IAPOUTHIA
TEKUCJIMKJIArd Ky4JIaHUII YYyH ailllaHaJUrad JOUpajard XapakaTHUHT JUHAMUK
TEHIJIaMallapy Kyhdujaaruda Oepuiiras:

8511+5512_P85+F=p@
X oy oy 8’(2&
0S, , 08y 0@ :pa_zv (13)
X oy ox Ut
o =4 22
2\ Ox oy

2. bocknunum wm3oTponus OwusiaH OOIJIMK Ky4wlIaHUII MyHocabatiapu
Kyuuaarnya

Syu=(A+2u+P)e, +(1+P)e, —y(T +71%j

oT
322=/19xx+(/1+2/~1)eyy—7(1_ ”15j (14)

S12 = 2:uexy

3. S"cquH Ky4WIaHUII TapKUOWM KUCMJIapH IIaKIn/1a Oepuiran
ou oV 1({ou ov
oy OX

= Ty TR
4. SlHruiiaHraH UCCUKJIUK YTKa3UIl TEHIIaMacu
2 2
KV’T = pC, £+Tog +Tyr ol v +T056_2 M N (16)
ot ot ot ox oy ot°\ ox oy

5. V3rapyBuaH TOK HYKIMIMHM XHMCOOTa OJTaH XOJAA, MyKaMMas dJIEKTp
YTKa3yBYaHJIMKHUHT CEKUH XapaKaTJIAHYBYM KATTUK MYXWUTH y4yH DJIEKTPOMATHUT
MalJOHHU OOIIKAPYBYM YM3HKIAIITHPUITaH MakcBeT TEeHIJIaManapu Kyhuaaru
KYPUHHUIIA OJIMTaH:

(15)
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curlh=J, curlE=—pu %? divh=0, divE=0 (17)

6yepz:aﬁ=curl(ﬁ><H_o'), H=H,+h(x,zt), H,=(0,0,H)
KypuHHIIAA (oiganaHuIIM Ba Kyiiuaarura sra 0ynamus:
2 2 2 2
Fo=uH?| QU OV e[ 2 OV (18)
oX>  Oxoy y oxoy oy

MaxkcBEeUTHUHT Ky4YJaHHII TEHTJaMacHHM KyWuJard KYpUHHUIAA Oepuinn
MYMKHH

7y = | Hihy + H b —H,h 5 |

VYHU Kyluaara KypuHuiga €3uo oaMus:

ou ov
TllzrzzzﬂeHz(&"'E]’ 7,,=0 (19)

(14)-(18) Tenrnamanap épaamuaa (13) makira sra 0yaamu3

2

o’u P o°v
A+2u+P+puH?)—+| A+—+pu+puH?
(A+2u+P+y, )ax2 ( S U, jaxéy

+

(20)
e PY2u_ ou for o
P oy =P T ok T M
P o P ;) O°U 2\ OV
—— |+ A+=+pu+pH +2u+ A+ puH* ) — =
(u zjaxz ( S U A, jaxay (2u+A+uH?) .

SN KICh T i
P ot /4 oy 18)/511

JlebopMansTHUHT IUJATAIMOH Ba aljlaHMa KOMITOHEHTJIADWHU aXKPATHIII
Y4yH KyWnaara MyHocabariap OWIaH aHWKJIAHTaH KY4HIN MOTeHIuauiapu @ Ba
Y HU KHUpUTaAMH3:

u—aﬁ—a—qj, V:ag+a_\l" ¥ =(0,0,-P) (22)

X oy oy o
(22), (20) Tenrnamanapaan ¢omgananuO, KyWuaaru TEHIJIMKIapra osra
Oy namus:

1 R oT
Vi = T+7,— 23
(/1+2,u+P+,ueH2){p ot +7/( +Tlatﬂ (23)
oy
vy =_P { 2}. (24)
(”+F2)j ot

(9) Tenrnama Oy mIakiTra Keaaau

2
VO = P - 6(? + 4 - (T +71£) (25)
(ﬂ,+2y+,ueH ) ot (ﬂ,+2,u+,ueH ) ot
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O*Y
vig—_F 26
( Pj{atz} (%)
-
Ba (16) yuyH
oT 0T ) )
KVT=pC.| —+7.— |+Ty—|1+t.0— |V®D
p‘{at T"atzj Oyét( 0 8t)
0° 0*
oyepma V2> = — + ——.
Y epa NG 8y2

Gl moges éprammnaa equin.

GL nasapuscuna : 7, 27, >0,B8a §=0,

ST Moaes épaamuaa e4uiil.

ST nazapuscuna: 7, =7,=0 Ba 6 =0.

bu3 GonutanFud KywIaHWIT TAhCUPUHU MOJACIIIAIITHPAMU3 Ba TEKUC 4erapa
[IAPOUTHJIA TEKUC CYIOKJIMK TYJIKUHIApUHUHT TacBupu Ba cuuummra Gl Ba KT
Hasapusjgapy HYKTad Has3apulaH MyKamMMall dYerapa MapouTuaa. bonuianrud
KyWIAHHUII Ba TAbCUPJIAHUIL Oypyaru MarHuT MaidJJoHU OYJraH TYJIKUH aMIUTUTY1a
HUCOATH pakamiau YpraHuiaraH Ba Tpadukaga Ttakaum ertunradn Gl Ba ST
MOJEJUIApA JOUpPACHIA OJIMHTaH. TacBHUp Ba CHHMII aMIUIATyZaldapy TYIIMII
Oypuaru, OOIIJIaHFUY KY4YJIaHHUI Ba MarHUT MaiioHra OOFJINK, Oy OOFTUKJIMKHUHT
TabuaTu TYpAU-TYMaH aKC eTTHpUITaH TYJIKUHIAp Y4YyH @apkK KuJagu.
bomnanrny KydiaHWIl Ba MarHUTJIAHTAaH MYXUT MYXUM pPOJI YHHAWIM Ba aKcC
STTUPWITAH Ba Yy3aTUJAQUraH TYJIKUHIAP YYyH TECKapu TEHJEHTUHsTra Jra.
Uccuknmmk ManOanapu CHMHTAaH p- Ba T-TYJIKUHIAPHUHT aMIUIMTYJIapura Kyw€id
TAbCUP KWJIAAW, aMMO OOoIlKa TYJKWHJIAPHUHT aMIUIUTydajapuaa Oupos
y3rapuiiap MaBXKyUINTH AaHUKJIAHTaH.

Ba HuxosT, akc eTTHpUII Ba CHHUII KOIPOUIMEHTH Kyda Ky
KYJUIAaHWIAJUraH XOJAWCAIapia, AaWHHUKCA CEUCMUK TYJIKUHIAp, 3WI3WJIalap,
BYJIKOHJIAp Ba aKyCTHKaJa Ky4JIl HAMOEH OYIa€TraHIuru KYypuHaIu.

0996

0994




4-pacM. MarHuT MalJOH TabCHpUIA paanuyC
Oyiinya Ky4dml Ba  XapopaT  aOCOJIIOT
KMMMaTIapuHUHr  y3rapumm: Ho = 10°
(yanykens umsnk), Ho = 2x10° (y3yk 4usuk),
Ho = 3x10° (HyKTaIu 9u3HK).

5-pacm: UYactora Tabcupupa paamycra
HUCOATaH KY4YHWII Ba XapOPATHUHT
abCoIOT KHHMATIAPUHUHT Y3TapUIIn:
= 0.2 (y3nykcu3 ums3uk), ® = 0.3 (y3yk
yn3uk), ® = 0.4 (HyKTaJid YHU3HK).

bemna4yun 0001a >71E€KTPOMArHuT MaiI0H, TOPTUILMII MaiI0HH, alJIaHUII Ba
AacTIa0Ku KyWIAHUIUTM MYXUT TabCUpUIA OMp JKUHCIM OYiIMaraH aHU30TPOIHUK
CUKWIMAauJuraH MyXUTAa COYMa TYJIKWHJIAPUHHUHT TAPKAIMIIM YPraHWIIW.
AHaJIUTHK TaxJIWJ IIYHH KYpcaTaJWKH, TEOpaHUII TYJIKUHJIAPUHUHT TapKaJIHIll
TE3JUIM TapKaJUIl MNYHAIWIINIA, AHWU30TPOIHMS, MArHUT MAaWJIOH, aWJIaHull,
TOPTUIIMII MalJOHU, MyXUTHUHT OWp XMJI €MaciIMId Ba JACTJIAOKU KywWIaHUIITa
0ofruK. CouMill TYJIKUHIAPUHUHT TE3TUTUHU aHUKIaWIUraH 4acToTa TeHIJIaMacu
OJIMHTaH. /lucriepcuoH TeHrIamaliap OJIMHTaH Ba TypJid XWJI XoJaTiap Oyinua
TaJIKUK KWIMHTaH. Aciuaa, Oy TEHrjamajgap Ypra H30Tpon OyiaraHuja MocC
KeJlaJuraH KJIACCUK HaTwKajap OWIaH MOC Tyllaulu Kypcatuiarad. OnuHran
HaTWXanap TaxJIWJI KAJUMHTaH Ba rpaduk MIAaKJIWIa TakauM eTtuirad. Hatwxanap
IIYHU KypcaTaguk, TOPTUILMII MAaWAOHMU, JACTIA0KM Ky4dJaHUII, MAarHut
MaWJIOHH, JIEKTP MAWJIOHA aHU30TPOIMCH BA AWIAHUII TABCUPH JKYJa AHUK.

Moc paBumna X—,y— HyHamuuap 0yinad naciaOku KywiaHuOuiap S, Ba
S,, OCTUJA derapajaHMaraH HOKOOWJI aHM30TPOIl JKUCMHU  KYpUO YUKaMU3.
Myxur Oupo3 Oysunaranga (U,v) OpPTTHMpPMa KyWwIaHMILIAp S, S, Ba S, HILIA0

YUKWJIaAW Ba OPTTHPMaA X0JaTAaru Xxapakar TCHIJIaMallapru

By e p W, —,09@+ Fo=p U+(5X5xa) +(25xaj ) (28)
8)( ay ay 8X L X X
08y +6822 —P8W3+pga—u+F =p V+(ix6xﬁj +(26x6j (29)
OX ay OX OX y i y y
Oy epna
Fi = (3)( gj .
1(ov ou
Oynna, ®y Ba @®; Moc paBuiia, OOLUIAHFUY KYWIAHUII W, =3 8__5 ' PZ-
X

YyKku Oyinab ainmanui Kucmiapura P =s,, —S, ypTaua 3uwinkau udoaanaiiam, g

-TOPTHIIHAII Te3TuTH, (U,V) nedopmarmsra sra, Ba 0 Oypwnwui Oypuarm.

CexkuH XapakaTJlaHyBUM MYXHT  YYyH MarHuT MalJIOHM Ba DJJIEKTP
MaWJIOHMHUHT Y3rapuiii MakcBeul TeHIrlamMacu Oyiuda KyWujaaru Iakiija
OepuiraH:

> > - : > e

curlh =J+¢, E, curlE =—g h, divh =0, divE =0,
- B - - - (30)
E=—ue| UxH | h =curl(uxH,)

Oy epna
20



- > —
H=H,+h(Xyt), H,=(H,0,0)

- - -
Oy epia B MarHuT MHAYKLUUSA BEKTOPH, E - DJEKTP MHTEHCUBIHMK BEKTOpHU, F -

%
_)

JIOpEHIIHUHT JKHCM Kydjlapd BEKTOpPH, U -TE€3JIMK BEKTOPH, h -MarHuT manjoH
—> -
BEKTOpH, H -MarHWT MaiifoH BekTopu, Ho-Gupmamum moummuii MarHuT MaiinoH

N

BEKTOpHU, H,-aOCOMIOT MarHUT MaiifoH, J -3JIEKTp TOK 3UWINTH BEKTOPHU Ba Lip-
MarHuT yTKa3yBYAHIIUK, &,-3JIEKTP YTKa3yBUaHIIUK.

Cuku0® OynMaiiiuran MyXuT Y4yH KyWIAHHWIIHWUHT Ky4aWTUPYBYH
MyHocabatu cudatuaa KaOysl KUITUHUIIA MyMKUH
s, =2Ne, +s, s, =2Ne +s and s, =2Qe, (31)

S,.,S y o
Oy epna, s=%, e; TapkuOumii Kucmiapian ubopar, Ba N Ba Q yprauya

dapaxalaru KaTTUKJIUKIIap.
MakcBeTb Ky4JIaHHWIO TCHIJIaMacHu

7y = i Hih, + H b —H.h s, ] (32)
CukuiMaiiurad Xonar yuyH e, +e, =0
u:—%, v:%. (33)
oy OX

(30) Ba (31) rtenrmamamapunu (28) Ba (29) TeHramanapra KyHcak,
KyWlHaarura sra 6}"/HaMH3

B NP OlgT T4 i
X ox20y 6’y x> oy 26y oyt

(34)

{ 600 oo ZQa%ﬁ}
X2 oy oxot
%, 90, _¢_ _E _¢ 09
ay oy a ox® 2\ ox®  oxoy?
(_¢ e jp % P9 00 maq
x> oxoy? oxot? Gxay oxot OX oyot
(35)
bup >xuncan 6ynMaran xomnaa,
Q=Q(+ay),
N =N, (@+by), (36)

p=py(L+cy)
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WVelociby ™
Velseity =

04 na 12 LG

Engle 6 Engle @

6-pacm. C1 TE3WKHUHT aiyaHui Oypyard 6 HHM MHOOATra oiraH Xonga OypHIIHILICH3, OOLIITaHFY

Kywianuuicus Maraut maiionna (a) N and (b) g napamerpiap Tabcupuna y3rapumm.

Velocity C,

Bypuanwcus,

7-pacm. C, tesukuunr (6,0) marseruk Oyprimin Ba GOLUIAHFUY KyWIAHHIITA GOFIIHK Ba OOFINK

OyIMaraH MIakiaa y3rapHiiy.

AHamMTUK Ba COHJIM rpaduK KYPUHMINIA OJIMHTAH HAaTHXalapJaH KyHuaard
XyJiocanap KAJaMu3:
- TYJIKUH TapKaJull y3yHJIura b, tynkunnap tesnuru C, ra mxoOuil Tabcup

KWIA/IH;

- Tymuil Oypyaru 6 BaKTU-BaKTHU OWJIaH TE3TMKHUHT OIIMIIY Ba MacaluIIura
TabCUP KUJIA/IH;

- MarHWUT MaigoHn H Ba TOPTUIIMII Ky4H ( TYIKHHIAP TE3IUIUra XalakuT

oepanu;
22



- TynkuHnap Te3nuru C, Oypyak aillaHuIl Te3IUTrWiaH, Oypyar alMHUIIN

OonmaraHfard HaTWXKalap y4YyBUM ammapaTiapia Ba caMmoJieTiiapAa HaMOEH
Oynaau, NyHWHTJEK yJiap YTUJETap KuxXariapu reodusunka, reoorus, Onoiaorus,
aKyCTHKa, Ij1a3Ma Ba OouIKaizapja HaMoEH Oynaau;

- Oapua mapameTpiap TYJIKMHIAp Te3nudrura ¢ gaH  Oomka Oapua
napaMeTpiiapra TabCUp KWIHMIIKM KypcaTwira, 1y Owian Oupra C, KuilMatu

Oupo3 macasiiy.

Oarnnun 600ma: I'peen Jlunpacait (GL) monenn koHtekctuaa CtoHecH
TYNKUHJIAPUHUHT MAarHUTO-TEPMORJIACTUK MaTepHayiapia OVIUIMKIap OwiaH
TapKAJIUIIIMHA Ba MKKUTa TEPMaJl pelaKCHAIlMsl BAaKTUHU YpPraHUIl ydyH 0axo
Oepunrad. Acocuii OOMIKapyB TEHTJIAMAJIAPU X,Z TEKUCIUTHA MAKIIAHTUPUITAH
Ba MAarHUT MaWJOHM TYJIKWH TapKaJuIIUra MNepneHAuKyyisp Oynran Yy - Ykuna
KypuO yukuiraH. MyaMMOHM Xainl KWl ydyH JlaMe MOTeHTHHMan yCyIHHH
KymaHwirad. KydlmapHUHT  y3dyKCH3MMTH Ba MAaKCBEJUTHUHT — Ky4JIaHHII
KOMITOHEHTJIapH, JKOW aJMaIluIl KOMIOHEHTIapH, UCCUKIUK OKHUMH, XapopaT Ba
XakM (Qpaktouscu coxanapu CToHened TYIKMHIAPUHUHT MYXUTHAAQ YacToTa
TEHTJIAMacHHU OJIUII YIyH UKKHUTa OMp-OupHra yxmamaiauran spuM OYIUIHKIIap
opacunaru uHTep(deiiciapaa TacBupiaHrad. IbpTHOOpP OepMmaiiguran Oabn3u Oup
Maxcyc xonarnap: (i) MarHUT Makgonu Ba (i1) TepMmasn pejakcanus BaKTU
nmapaMeTpijapu ymoy TaaKUKOTAAH alloXyjaa XoJjariap cudaTuga YuKapuiuo,
COHJIM HaTWXanap rpadukaga KypcaTuiaiu.

GL Hazapusicu Ba MaWJOHJIApUHU (MCCUKJIMK, MarHuT, OYIUIMKIAp Ba
AIACTUKIIMK) XHCOOra OJITaH XOJIJIa H30TPONHUK, OUp XMJI 3JACTUK KATTHKJIUK
OWwIaH yMyMUN TEPMOAIACTUKINK Ba TEKAMKOPJIUK Xapopatu T TaBcus ITHITaH
Xapopar TeHrjiamanapu 0yiinya OolIKapyBUYM TEHIJIaMajap Kyiujaaruya Oepuiras.

op :(lekk —,8(1+ 11§j®+bcbj§ij +2ue;, (37)
4 + 7 q. =Ko, (38)
S, =ad,, (39)
on = pe, +ao0®+mo, (40)
g =-be, — &0 +mO, (41)
Pl 77 =0 (42)
L L 43
€ :E(ui.j"‘uj,i)’ W; :E(uj.i_ui,j)' ( )
MakcBeJUTHUHT QJICKTPOMArouT Ky4JaHUII TCH30PpH Tij
7y = 4 (Hih, + H b —(H, h)3;). (44)
XapaKaT TCHI'JIaMaCH
o +F =pui (45)

Ba
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pu; g+ (A+ )y, ,B(l+z‘1§]®'i+bd)vi+ﬁ —pui.  (46)

I'JI monienu GYyitndya MCCUKIIMK YTKa3yBYAHIUK TEHIJIaMacH

pce(é+ 70 é)+ﬂT0ﬁk,k+ mTo(<i>+ 70 ®) = KO i (47)
a® ; —bu, , — SO +mO = Py (48)

by epna
F = (jx §j . (49)

MyxuT MykaMman 3JeKTp YTKasrud Jaed XucoOyiaHaau, YpUH alIMallTHPHUII
TokH (SI) HUHT UYKJIUTUHHU XEcoOTra 0JIM0 AIEKTPOMArHUT MaiIOHHU OOIIKApYyBYH
Yu3UK M MaKkCcBeJUT TeHIIaMaiapura ara 0yiamus

N

- o — oh
curlh=1J, CUrlE = -, —,
e ot (50)
divh =0, divE =0
Oy epna
h = curl ( Ux I—To) (51)
H=H+h(xzt), H,=(0,H,0).  (52)

Wkku YI40BaIM XapakaT yuyH XZ — TEKUCIHKAA, (46) - (48) cudaruga é3unran

2 2
(}t+2y+yeH2)auzl+(}t+y+yeH2)au3
OX oXoz (53)
o’u, 00 00 du
T i 2 L
o P T o P =P e
2 2
(l+2y+yeH2)au23+(/1+,u+yeH2)au1
oz oXoz (54)
6u3 00  ob o4
.
Mo PT g 0 =P e
2 2
oC, T08® “ BT, o°u 8u3
8X8’[ ozot
(55)
8CD 0’0 0°0
T —+— |
ot x> oz
*d D ou,  ou oD
+ b| L+—=2|-&D+mO=py— 56
[ax 8zzj (6x 62) @ P2 (56)

Oy epna
=1+TOE, t=l+7,—
ot

U, Ba U, KY4YuIl KOMIIOHEHTJApU CKaJIAp Ba BEKTOpP MOTEHIMAT (PyHKCHUsIAp
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Oyiinya ¢ Ba Y KYpUHHILA KyWnaarnya E3uInimy MyMKIH
ulza—(p—a—l//, u3=8—¢+a—w. (57)
oX 0z 0z  OX

Maruut MaWJOHUMHI Ba HWCCHUKJIMK pellakcauusi BakTUHUHT CrToHenen
TYJIKWHUTA Ba OYIIUIMKKA dra OYyiraH MarHUTOTEPMOIUIACTHK MaTepuaiiapnaa Oy
TYJIKWHJIAD KUUMATIAPUHHUHT OIUMINM HOKM KaMalulIM MAarHuT MauJOHUHT
MaWJJOHUHT KUWMATH OIIWIIN Ba WUCCUKIUK DPEJIAaKCAIUSICH BAKTUTA TahCUPH Oy
TYJIKUHIAPHUHT KUMMATUHUHT OIIMILNTA OJTMO KEJaaH.

YMyMITalTupuiral MarHeTo-TEPMOIIIACTUKIINK Ha3apusCcu Y4YH
OOIIKapyBYM TEHTJIAMAJIADHUHT MypakkaOauru tydaiiinm, ymoy coxaaa KUJIUMHTaH
uniap, adCcycku, COHM 4YeKJaHraH. Ym0y HIjga KYJJIaHWiIraH ycyln OyHian
MyaMMOJIapHU XaJl KWJIWIIAa >kyga myBaddakustiu épaam Oepamu. Y Kypud
YUKAJIAETraH MYaMMOHUHI OOIIKapyBUM TEHIVIaMalapuja Maino Oynaauran
XaKUKUH QU3HUK KaTTaTUKIAPHU XeU KaHIall YEKIJIOBIapCU3 DJIACTUK MYXUTAA aHUK
eUMMIIApUHU Oepajiu.

XoaucanapHUHT MyXUMITUTH KyHHIara XyjaocanapaaH Keiaubd YuKau.

- CroHeneil TYIKWHJIAPWHUHT TE3JIUTH Ba Macauui kodddurmentiapu H
AYKIUTHAa TETUIUIM KuiMaTiap OWiiaH TaKKOCIaHAJWTaH MAarHUT MaloH
MaBXKYJIJIMTUA KUUUK KUIMATIapHU OJIAJIN.

-CToHeNeW TYJIKUHIAPUHUHT TE3NIUTH OYIIAlldIl BaKTMHHUHT KyHaluIIn
Ownan H MaBXyqura ¢€xkd WYKIMTA OWjaH oOpTajad, aKCMHYa Macauwuiil
Kod(ppuLMeHTIapH YUYH.

-CToHenen TYJIKUHIIAPU TE3JUTM MATHUT MaWJOHM H Ba Tepman BakTIapH
OpTUIIX OWUJIaH KaMasiJIh, aKkCHHYa Macauin koddpuimenTura.

Yoy oynuMaa KEJIITUPUIITAH HaTWXKaJap MaTEepUAIITYHOCIIHK
TaJKUKOTUMIIAPH, STHTM MaTepuasuiap Iu3aiiHepiapH, MacT XapopaTiu (pusukiap,
IIYHUHTJEK  TUMEPOOIUK  TEPMOAIACTUKAHWUHT  TUMEPOOTMK  TapKAJIHII
HA3apUsICMHM HIUIA0 4YMKYyBUMJIap y4uyyH (oipanu OynumuM kepak. bymammmm
BaKTH Ba OYIUIMKIAp aTOM pEaKTOpJapu/iaH KeluOd YHKAIUTaH Ba YJIapHHUHT
WYuJard MyXuT OWjaH aJMallMHyBH YJIAQpPHWHT WIUTANIATA TabCHpP KUIJIAJIH.
bymamwum BakTH Ba MarHUT MaiaoH (EHOMEHWHU YpPraHUIl MOWHU OJIMII
IAPOUTIIAPUHM  SIXIIWJIAIl YYyH XaMm KYJUIlaHwiaau. Ba HUX0AT, MarHur
MaiJJOHHUHT TabCUPH, OYVUUIMKIAp MapamMeTpiiapy Ba HWCCUKIMUK OYIIAIIMII
BaKTJIapy CHUPT TYJKUHJIAPUHUHI TApKAIHII XOAMCATApUIA KyJa aHUKIWAD JIeTaH
XyJiocara KeJIHIIIN.

Errunun 6001a: N-taptubiu 1OKOpU TapTHONM Oup >KUHCH3 OYyiIMaraH
alJJaHyBYM TOJAIM-MYCTaXKaMJIAHTaH BUCKOAJIACTUK aHU30TPONUK MYXHUTIA CHPT
TYJIKUHJIAPUHUHT TapKaJUII TE3JIUTHHU, My XymiaJaH TOPTUIIUII BaKTUHUHT
TapKATMIIMHU  YPrauu® YUKWIOU. YMYMHUH CHPT TYJKUHJIAPUHUHT TE3JIUTU
AWJIAHUIIHUHT CUPT TYJIKMHJIADUTA TabCUPUHU YpPraHull yYyH OJMHAOM.
Croneneit, JloBe Ba Palinenrx TYJIKWHIIApU YUyH aJIOXUJa XOJjaTiaap YpraHwiJIu.
Nmpa onuHran Hatwkanap yMyMHUpOK OYnIuO, wirapu Hamp KWIMHTaH Oab3u
HaTWXKajlap Maxcyc xoJsarinap cudaruaa OWU3HHHT HATHXKAMU3IaH OJIMHAJIU.
N3nanuim HaTwKacuaa Oup Xuil MyXUT YUyH HaTWKaJapUHU aHUKJIAIl MYMKHH.

Honnxun TapTI/I6JIPI Y4YyH OM3HHUHT HaTHKaJIapUMHK3 TOJIAJIM MaTCpHaJlIapra AXIIHU
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moc kenaau. lllyHuHriek, MycTaxkamiaHTaH 3JIacTUK MapameTpiaapHu 3bTHOOpra
OoJIMacak, HaTwXajlap MablIyM OYyiraH H30TPONUK MyXHUTrada KeJITHUPUJIAIH.
HlyHMHrAeK, cUpT TYJIKUHJIApU Te3 aljJaHyBUM MYyXUTIA TapKaJnO KEeTMaciIuru
Ky3aTwirad. Moaauii MyXUTHHHI TOJIaJM-MyCTaXKamJIaHTaH IapaMeTpiiapyu Ba
WVKIUTY, aljaHWIl MaBXYJJIMTH Ba WVKJIWTHUA OJIMHTAaH HaTWxkaidap OusiaH
TakKocnam amanra omupunad. COHIM HaTwkajnap rpaukiapia OepuiraH Ba
tacBupianrad. ONMHTaH HaTWXalap HIYHH KypcaTaJuKH, MaTepUATHHHT TOJa
OuslaH MycTaxkamJIaHraH ainaHui 3¢p(GeKTy Ba mapaMmeTpiiapy Ky/1a aHUK.

Vpra nkkura Gup XM GYIMaraH aHM3OTPOIMK TOJNAIH MYCTaXKaMJIAHTaH
SApUM YEKCH3 3JIACTHK KAaTTUK MyXuT M; Ba M, nman ubopar 6ynubd, Typiau Xuiu
STUIyBYAH Ba MYCTaXKamJIOBUM MapaMmeTrpiapra sra. MaTepuaaHUHT Oup Xui
smaciurd (a3oBuii y3rapyBunra 00fiuK. bup xun 6yamaraniavk acta-ceKuH Ycud
Oopanu €xku macasad €0 TaXMUH KWIMHATU. YHHUHT YCUIl EKU TMapyajaHHIl
TE3JIUTH YIlIa BaKT/aru KuiiMaTura MyTaHOCUOUp, SIbHH.

3_/1 =al; Oyepna A d7acTUK Imapamerp.
XZ
By 1ryHu anriaraau

d—/l =mA,

dx,

Oy epaa m JOMMHUI dMac, y HOMYTAaHOCUOIMKHUHT YCUIIM YYYH M>KOOUU Ba
EMUPWINIL Y4yH MaH(UH.

KOxopuaru TeHrnama KyiuaarujiapHy aHTjiaTaau

A=

m=0 yuyn A=/1,. lllynaaii kunu0, m=0 yuyyH MyxuT Oup xuj Oynaau.

Nkkana myxut camon€r mHTepdeiicuaa MykaMmas Tap3jia MaiiBaH]JIaHTaH.
Oproronan Kapre3uan yknapunu onailnuk OXx X,X, Keaud yukumu omian O. Ox,
Yypra M(x,> 0) ra BepTUKaj paBHIIa IOKOpUra Kapaiau. Xap oup M; (x,> 0) Ba
M, (x,< 0) x,= 0 ra 6ymunamu. Mkkana MyxuT xam ¥3 Yku arpoduia aiiaHaau.

Tynkuunap X;-YKUHUHT WKOOWHN MyHanumu OYilnad xapakatiaHaau Ba Xap
KaHmal jax3ama Oapua 3appamap Ox3 Ta mapauien paBula Xap KaHmau
HyHanmuIia TEHT JKOW alMallMiuiapura 3ra aed TaXxMuH KWIMHAAW. YOy
TaxMUHJAQpPHU XHCOOra oJiIraH XoJia, TYJKUHJIAPDHUHT TapKajJuIIM X3 JaH
MYyCTaKWI OYiaau.

Kuuuk s5mactuk Oy3uMIUIApHUHT TapKAJIUII TEHTJIaMallapy Kyiuaaruya:

.. 2 .

7. = U +Qu,Q; - QY — 26, QU },

Oyuna &y Jleu-Cuuta teHzopumup, Tjj , 7; -Oy KywIaHHIIHMHI TapKUOMM

KUCMJIapHu, p-Macca 3UJInTHU, U; d5Ca -KOM aJIMalITUPHUII BCKTOPHU. IOKOpI/I,IIaFI/I

HyKTa BakIra Ba Bepryjira HucOaTaH BaKT XOCHJIAHU OWJITUPAIU, CYHTpAa HHJIEKC

KOOp/MHaTara HucOaTaH KUCMaH XOCHJIaHM KypcaTaau. TaHa Oypuyakiu 4yacToTa

Q span Q =Q(0,0,1) 6mnan z-yku arpoduaa aitnanaau, ae0 TaXMUH KUITUHAIU.
KomnoneHT makinga xapakar TeHIJIaMacu Kyuujaarnda OJIMHAIN
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.. 2 .
Ty T Tt T3 = U, — Qu, —2Qu,},
.. 2 .
Ty1 T To0 T T033= p{l, —Q°u, +2Qu, }, (58)
Ta11 T Tapp T 7533 = PU;.
Tonanu MycTaxKaMIaHTaH YM3HKJIH DJIACTUK aHU30TPOIl MyXUT Y9YH YMyMUI
TEeHTIJIamMa a=(a,8,,a) WYHAINIIY KyWUaaruya.

7; =D,846; +2D, &; + D, (8,8,6,0; + &4 @

i 2(D, -D, Naae; +aae4)+

i)+
+D,(a,a,&,33,),
—1
by epma xywranum TeHsopu &; =3(u,;+u;;)Ba D, D, - onacruk
napamerpiap. D,, DyBa (D, —D, )iokopu Ttaprubmard MyCTaxKamJaHTaH
L T

AHU30TPONHUK BUCKOIITACTUK MApaMETPIAPAHD.

Ymby myammosa 6u3 Oup Xy OyaMaraH MaTepuaTHU SKCIIOHEHTa cudartuma
napyajaHUIIIHA KypuO unkamm3. JlemMak, 3HWIMK, JJIACTUKIUK MOJIYJIU Ba
DJIACTHK MapaMeTpIapHU KyWHIary IaKiijia OJUIl MyMKHH.

p=pe"

Y m Y m
Df”’k(aj ° Dﬂ:“k[a) ‘
o\ o)
D,=a | —|e™ D, = | =—|e™
: “k[atj . ”Lk(atj

0\ 0\
o-a(zfenoon(3es
k=0,12...s.

byHna takpopuil MHAEKCHap y4yH ODHHIITEHH WMFUHIMCHA KOHBEHLHSCHIAH
dhornananuIagm.

Tomanmu #uynamummaun  a =(1,0,0), cudaruna TaHIacak, Ky4dJIaHUIIHUHT
TapKUOMI KHUCMIIapu Kyruaaruda Oyiaan
7,,=(D,+2D, +4D, -2D, + Dﬁ)g11 +(D,+D,)¢, +(D,+D,)ée,,

7,=(D,+D,)e, +(D,+ 2DﬂT )ex + D, &4,
753,=(D,+D,)s, +D,&,, +(D,+ 2DﬂT )Ea3
73 =2D, &,
) :2D/1L‘912’
Ty :2DﬂT323.

Kyunanum tenzopuaan ¢oiinananu0, OKOpUAard TEHIJIaManap Ba Oapdya
XOCHJIAJIAPHU OJIUII X,HOJITA TCHT.

(58) xapakar TeHIrIIamManapu Kyiujaru makiHu oJiaJIu.
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(D,+2D, +4D/‘L —2DﬂT + Dﬂ)um+(Da+ D, + D#L MUp o1 + D#Luly22

~mD, (uy 5 + Uy, ) = p{ti, - Q%u, - 2Qu,},

(59a)
(D,+D, +D,)u,;, +D,u,,, +(D, +2D, U, », — m(D,+D,)u,

—m(D/1 +2D,, )uzv2 = p{l, - Q%u, +2Qu,},

(59b)

DyL Uy + DﬂT U, —M D,uT Us, = pUs,

(59c¢)

Xynau myHpaau, ous M, ypra napaxacuna p, D,,D,, Dy , Dy Ba Dﬁ ouian

T

anMamtupamus p', DD, D#,L, D#, Ba Dﬁ,.
T

Fibre-reinforced medium with voids

Fibre-reinforced medium
with voids

- -

H. € y

8-pacm. MacanaHuHr auarpamMma KypuHuImmaara udoaacu.

Kyiingaru xyJjiocajnap ypuHJIu:
e0Oup XuJ OyiMaraH, aHU30TPONUK, TOJATU-MYCTaXKaMJIAHTaH BUCKOAJIACTUK
KaTTUK MYXUTJla ailJlaHWIl OCTHUJ]Ia Ba H- Japakalid TapTuOJa IOKOpPU TapTUOHa,
Iy KyMJIaJaH TOPTHUIIMIN BaKTUHUHT TE3JIUTH YpraHwiraH. BuckosmacTuk cupt
TYNKUHJIAPUHUHT aiJIaHWIINATa, OWp XWUINTUTA, YacTOTacura Ba CHKUJIHII
napaMeTpJIApUHUHT BaKT TE3JIUTUTA TabCUP KYpCaTHINM Ky3aTWiagu. Yoy
napamMeTpiiap TYJIKAH  TE3JUIWra MaTepUAIHUHT  XapaKTepUCTHUKACH  Ba
EMUIIKOKIUTH OWJIaH MOC KellaauraH KoHcTaHTtajapra Oornuk. Lllynmait xummoO,
yml0y TaxJaui HaTKajlapu ymlOy TabCUpAapHU 3BTUOOPCHU3  KOJIUPHO
Oynmaiiauran xonamiapnaa Qoimanu Oymaau. Ym0y Te3nukiap Tojanap OusiaH
MycTaxkKamyaHraH ©0ab3u TmapaMerpiapura Oornuk OYynub, Oy TYIKUHIAp
MYXHTHHHT aiiJIaHUIIATA TAhCUP KWIHIIWHA TaCIUKJIANIH,
28



eOup xui OyIMaraH MyXHTIa CEBIH TYJIKWHU; Oynapra ¢akar €MUIIKOKIUK,
allllaHuII, YaCTOTa, AHUK TAPTUOHMHT FOKOPHU Japa)xacH, 1y *KyMJIaJaH TOPTUILIHII
TE3JIUTU, MyXUTHUHT YaCTOTAaCH Ba KAJIMHJIUTU TabCcUp Kuiaau. bapua maligonnap
TabCUpHU OyiMarasjia, JUCHEpCUsl TEHIJaMacu MOC KeJIaJuraH KJIacCUK HaTHhKara
TYJIMK MOC KEJIaJIH;

® IOKOpU TapTuOAaru Oup Xuja OyiamaraH, yMyMUH BHCKO3JACTUK KATTHK
MYXUTIAru p3JIeW TYJIKUHIApW, LIy >KyMJIaJaH INTaMM Y3rapuild BaKTUHHUHT
TE3JUTH, TYJIKUH TE3JIUTU TEHIJIaMacu ailllaHuIl, YacToTa, HOMYTaHOCHOJUK
MaBXyJUIUTH ca0abiid TYJIKWHJIAPHUHT allIaHWII Ba YacTOTajap *XKUHCH3JIMK Ba
€nuIKOKIUIY  Typainu mnaigo Oonaau. Hartwxamap ©Oapua MaidgoHnap
OynMaraHja TeTUIUIM KJIACCUK HaTHKajnap OujiaH TYJIUK MOC KeJlaju,

®CTOHEJEH TYJIKUHIAPUHUHT TYJIKUH TE3JIMTU KIACCUK MOCHAIIYBYAHIUK
Hasapuscura MOC KeJaJuraH Macajlara »KyJaa yXIarl. TynKuHIapHUHT
TapKaIWIIY, ailaHumu, ¢asagap TE3JUI'H, YacToTa Ba KAaTTUK JKUCMHUHT
énukokury Ownan Oofnuk. LlyHuHrnek, ymoOy yMyMHUIIAIITHUPUITaH CHPT
TYJIKUHJIAPUHUHT TYJIKAH TE3JIUTH TEHTJaMacu Oapua Maiinonnap Oyiamaranna
TErUIUIN KJIACCUK HATHIKAra TYJMK MOC KeJlaau.

Cakku3uHun 0001a  TEpPMOZJIACTUKIMKIATA  y4yTa  MOJENI  YYyH
ANIEKTPOMATrHUT MaWJIOH Ba JacTNa0Kd KydlaHUII Tabcupu octuga SV
TYIKUHIQPUHUHT TapKaIumuHu Ypranwirad; xypraukiaap (CD) Ba ['peen-
JIuancaii (G-L) Hazapusnapu, MIyHUHTIEK, UKKU (a3anm yar Hazapuscu (DPL).
DNEeKTpOMarHuT MaiJOHJIap Ba OOLIJIAHFUY KYyYJAHUII MaBXKyJ OyiraHia KaTTHK-
CylOK uHTepdeiicia TEepMOdJaCTUK TYJIKUHIAPHU aKC OSTTUPUII Ba Y3aTHIL
MyaMMOCH MabJIlyM uerapa IIapOUTIapU TabCUpUAa YpraHwirad. TylryBud
Tynkurnap (SV-TYIKWHIAp) YY9yH aMIUTUTyAa MyHOCa0aTJIapuHH TOIHII YYyH
terunuid udonanap onuurad. TacBup coaup OynraH SV-TYIKUHIAp YUYyH TaCBUP
Ba y3aTUII KO3(PQPUIHUEHTIAPU COHJIM XHUCOOJIAHTaH. DJEKTp MalJOHHU, MArHuT
MaiiIoHn Ba OOLUIAaHFUY KYWJIAHUIIHUHI TabCUpPU TrpaduKiIapia KypcaTHJITaH.
OnuHran HaTHXajnap OuiaH KypuO YMKWITaH HapaMeTplIapHUHT MaBXKyIJIUTH EKU
UyKury OujlaH TakKKOC/Ialll amalira OUIMpWUiraH Ba rpadukiapaa HaMONMII
sriirad. ONMHraH HaTWKajap IIyHU KYpcaTaguKy, 3JEKTp MailJloHH, MarHut
MaiiioHu Ba SV TYJIKUHIAPUHUHT TabCUPHU KATTUK XUCMHMHI OYJIMII yerapacuia
CEe3MJIapIIH.

1) JlopeHil Kyuyn MaBXy/UIMTMHU XHUCOOra OJraH XoJijla MCCUKJIMK MaHOau
UYyKauruaa OONUIAHFUY Ky4YJAaHUII IIAPOMTHAA TEKUCIMKIArW KyWIAHWII YYyH
aliylaHMa XapaKaTHUHT JUHAMUK TEHIVIaMallapy KyHuaarnya.

— 2
Sy By 0o, o _ 0
ox  dy  ox ot (60)
— 2
By, Bn _p0s o _ O
ox oy ox 7 T ot
_ 1l{ov ou .
OyHIna = > 8__5 , F.Ba F, Moc paBumya X Ba Y HyHanuuuiapaa
X

AIIEKTPOMArHUT MalIOHHUHT TapKUOUN KUCMIIapH.
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2) bockuunmm wm3oTpornus OuiaH OOFNMHMK 3a0a-Maki ajdoKaiapyu Kyhuaaruda
Oepuiras:

Sy=(A+2u+P)e,+(A+P)e, —y/(T +11§Tj

S,, :/1exx+(i+2y)eyy—;/[T +71%Tj (61)
SlZ = 2:uexy

3) Kyunanuir nqedopManuscu TapkuOuil OYFUHIAp TOMOHHAH OepuiIral
_au . N 1 (au avj

e, =—, , e +—
* o Yooy voo2lox oy
4) MoauduiupIaHrad UCCUKINK YTKa3yBYAHIINTY TCHIJIAMACH

2 2
K(l+r®g]V2T=,oCe £+102 +Tyr ofu, v +ro5ija—2 M N (63)
ot ot ot at\ ox oy ot ox oy
Oy opma, C, Oy Oupiuk Maccacura Xoc HCCHKIHK, €; KyWIaHHII

KOMIIOHEHTHapHd, K UCCHUKIMK YTKa3yBUAaHJIWTH, P OoONUIaHFUY KydJIaHWII,
$,1,S,,S,, KYWIAaHHUIHUHI KyyasJurad TapkuOuil kucmiapu, A Ba u - Jlame

(62)

novmuiinapu, T, - Oy MyXUTHUHT Tabumii Xxapopatu, &; KponeCkep menracu, T
MYXUTHHUHT MYTJIAK XapopaTH, 7, Ba 7; TepMall OYIIalMII AAaBpH, @, YU3UKIH
TepMajnekcus Kod(hQUIMEHTH, U -)KOM aIMallTHPUII BEKTOPUHUHT TapKHOUii
KUCMHU, @ Oy Maxajiuil alJJaHUIIHUHT KaTTalWTH, 7, XapopaTr I'paJlueHTHUHUHT

(hazaBuii yerapacu.

5) VYuupum oOKMUMH HYKIUTHHA XUCOOTa OJicaKk, MyKaMmaa 3JICKTp
VTKa3yBUaHJIUTUTA 3rd, CEKUH XapakaTlaHaguraH KaTTUK MYXUT YYyH
ANEKTPOMATHUT MaJOHJIAPHU OOIITKAPYBYH YM3UKIN MaKCBeIUT TeHTIIaMaapu

- - 0E oh —— s
curlh=J+gog, —yeE:curlE, divh=0, divE=0,

B oo ) o B o (64)
E :—y{Ex HOJ’ h=curl(uxHo), F =x(IxHo),
OyHma
H =Ho+h(x,y,t), Ho=(0,0,H).
(64) nan dorinanaHuO KyHHIaruHu OJIaMU3:
e o2
Fo=uHY| =g, —
X :ue _ax goﬂe 8t2 :|
| de 0%
Fy = :ueH ? 5_ Eo ke ?} (65)
F, =0

— —

- By epna, E »snextp 3uunuru Bektopu, F JlopeHTHHMHT TaHamaru Ky4

— e

BEKTOpU, h MarHut MaijoH BEKTOpHM, H MarHUT MalJiIoH BEKTOpHU, Ho- moumuii
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MarHuT MaiJOH BEKTOpH, J DIEKTp TOKMHHUHI 3UWIATH BEKTOPH, 4, MAarHuT
YTKa3yBUAHIIUK , &£,JIEKTP YTKa3yBUAHIIUIH.

6) MakCBeIUTHUHT Ky4WwIaHMII (KyWJIAHWII) TEHIJaMacH Kyhuaarudya Oepuiuilig
MYMKHUH

Tjj :ﬂe[Hihj+Hjhi_(H—k-Wk)é}j]’ 1,j=12,3 (662)
OyHn1a, 7; MaKCBEJUIHUHT Ky4IaHHII TeH30PHAMD, Oy dca Kamasiiu
ou ov
Ty =Ty = HH ? (&"‘5} 7, =0. (67b)

Kyiiugarm yuyra TypJu Ha3apusiiap Y4yH IOKOpHMAard acocui
TeHIJIaMAJIAPHU YPraHUJITaH:

(i)Knaccuk Ba quHaMuK ouprkma Hazapuscu (1956) (CD)

5ij =0,7,=0,7,=0,7,=0

(if) I'peen Ba JIunacaii nHazapusicu (1972) (GL)

0;=0,7,27,>0,7,=0

(ill) Mxku daszamu Lagtheory (DPL)

6;=117,>0,7,=0,0<7, <7,

(CD), (GL) Ba (DPL) Mopmennap KOHTEKCTHIA, OOIUIAHFUY KYy4JIAHMIII,
AIIEKTPOMArHUT MAWIOHHUHI 3yp dYerapa IIApOUTHIA KATTHUK CYIOK MYXHUT
Vpracugaru uHTepdencaaru Ky3ry Ba peppakiusra TabCUpu TaxXJIHI KAJIMHAIH.

Kyitngaru myJioxasajapra KeJuHAU:

eK¥3ma TyTmiran amrumMTyaanap Tymum Oypyard, OONUUIaHFUY Ky4JIaHUII,
AJIEKTPOMATrHUT MAlJIOH Ba TepMall OYIIAIIMII BaKTIapura OOFIIUK;

ebONUIAHFUY  KYWIAHMIIJA OSJEKTPOMATHUT MAaWJOH CEe3WIapid  poJ
VyiHaiau, Oy akc HTTUPWITaH Ba Yy3aTWIQJAWTaH TYJIKUHIAP Y4YyH TeCKapu
TOMOHTa OypuiIau.

eYyTa TEpPMOANACTHK Ha3apusulapJa TAacBUP Ba CHHHUII XOAHCAIapura
TOMOHJIAP TAbCHP KHUJIAIH.

eDPL wmoxemuna |Z,|<|Z,|<|Zs|<|Z,|<|Z;| oHr kwumx |Z| ra Tabcup

KWIaJIUTaH KYpUHAIW, aMMO DHT KaTTacu |Z3| ra TabCUp KUJaju,

eK¥y3ratum kodpuuumentn Kyna Kyn KyJUIaHWIQJAWraH XoJucaiap/a,
allHUKCa CEeMCMUK TYJIKUHIAp, 3WI3Wjanap, BYJIKOHJIAp Ba aKyCTHKaJa Ky4wIH
HaAMOEH OYJIMIIM Ky3aTHJITaH.

oVmiby OynmuMaa KeITHUPWITaH HaTWKajdap MaTePUAIIIYHOCIUK OujaH
IIYFyJJIAaHYBYM  TaAKAKOTUWIIAp, SIHTU MaTepuajiap Jau3aiiHepiiapu, TMacT
xapopatiu (u3MKa, UIYHHUHTJEK TUNEpOONHK TapKaJIWIl HA3apUsSCUHU WILIA0
YUKyBUWIAp YYyH XKyna (ovmanu OYmanmu. AWIaHUIN, MarHAT MaW0H Ba
mubdy3us peHoMeHrHH YpraHuil HE(Th OJUII MIAPOUTIAPUHHU SIXIIUJIAII YYyH
XaM KYJUIAaHWJIAIN.

TYykku3nHYM 0004a: MarHUT MaWJOHUM Ba AAcCTIa0KW Ky4IaHUII MaBXKY
Oynranga KaTTUK-CYIOK HHTepdeicaa TepMOIIACTUK TYIKUHHUHT KaTapHIHILIN
Ba CHUHHUIIM MyaMMOCH Vpranuiaau. Myammo y4d ¢azajiu Jiar TepMOAIACTUKIUK
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MOJIEIM HYKTaW Ha3zapuJaH xal KWwinHad. P-tynkunnap tapkamumu, CV
TYJIKUHIApU Ba TepMall TYJIKUHJIAD TapKaJIUIIMHUHT Oapya y4 XOJIaTh YYYyH
aMIUIMTyJa HHUCOATIApUHM TOMNMIN YYYyH TErHIUIM TYIIMII XOJaTH HWIU1a0
YUKUAJITaH. AMMO aKC 3TTUPWITAH Ba CHUHTaH TYJIKUHIAP aMIUITUTYJIapUHUHT
TYIIYBYM TYJKUHWUTA HUCOATH EPHUHT KOOWK-CYB MHTepdelcu ydyH, dakar p-
TYJIKUH TYIIYIIA Y9yH XUCO0Ja0 YMKWITaH, OONUIaHFUY KY4YJIaHUIIHU, CUKUIIHH,
XaM CHUKWJIUIIMHYU 3THOOpra oyiraH Xoiaa. OJuHTaH HaTvkaimap ¢asaiap, MarHuT
MaWI0OHN Ba JACTVIA0KM KYyWIAHUIUIAPHUHT TAhCUPUHH KYpPCATHUIN Y4yH Tpaduk
Taps3/ia TaKIUM STHIITaH.

Kartuk sipum OYIIIMK, OUp KUHCIM, W30TPONHUK, NIACTHK Marepuan Ba T,

OOLIITaHFUY XapopaTu OYJraH CylOK MYXHMT Ba z HYHaJIMII[a XapakaT KUIyBYH
MarHuT MalJoH YpTacujard TEKUCIUK MHTepdeiicuHu kypub uukuiarad. Mkkana
MyXHTaa XaM H Marsut Mainonu >pQexTu z HyHanuIIa Xapakar Kuaaad, aMMO
KaTTUK Oonuianruy M ¢akaTt Oonutanrud KywiaHum P xomatuaa Oynaau. p-, T-
€ku SV- tynkunnap uHTepdenc Tekucauruaara ypra M na comup Oynanu. P-
TYIKUH (IUaaTalduoH TYJIKWUH), SV-TYNKUH (aljaHUIl TYJIKWHHA) Ba HCCHUKJIUK
TVakuau. Konran tynkunnap 6omka ypra M' 1a, ciHraHuaaH KeuH, p-TYJIKUH Ba
MCCHUK TYJKUHU KaOHu 1aBOM 3TaJIu.

y=0 rtexucnukna xenu0® umkumu “0” O6ynran Kapresman koopauHartanzapu
TU3UMHUHUA KaOyn Kuiamu3. VKK VI4OBIM MyaMMOHH KYpHO UYHMKKaHUMU3
cababnu, OU3 TaxJIMIMMHU3HU OXY-TEKKUCIMKAA Mapajiiesl paBUIIa TEKUCIUKIAru
KyWwIaHUII ~MyaMMocH OujaH dekiaiimu3. Jlemak, MalgoHHUHT Oapua
y3rapyBunnapu ¢gakar X, y Ba t BakTiapura OOFJIuK.

®oligananunl Kylalaura yuyH Ou3 Kyluaard KeJaullyBra puosi Kuiamus: M
MyXUTIAru O6apuya OuKIOpJap TYJIAUPUIMACIAH TaKAUM ITHIIAIW, 11y OUJIaH MOC
KelaauraH Mukaop (OouuiaHFud KydjJaHWIl OYHJIaH MYCTacHO) e€pJiaHTaH
cudatuaa TaKIuM dTHIIAIUIO.

KywnanuiHuHr O0LUTaHFUY TapKUOUN KUCMIIapu YpTa M ra Tabcup Kuilaau,
Oy spla 6 - TEKUCIUK TYJIKUHUHUHI TyIIUII Oypuaru; €, Ba 6, akc STTHUpUITaH
TYJIKUHJIAPHUHT Oypuakiapu; 6, Ba 6, y3aTuiaaurad TYJIKUHIAp Oypyard.

H - z-iiyHanminga xapakaT KWJIyBY4d MarHWT MaigoH BekTopu; A, A, Ba A
XOIUCa TYJIKWHIIAPDUHUHT aMIiumrtyminapu; A,, A, Ba A, - akC OJTTUPWITaH
TYJIKUHJIAQPHUHT aMIUmMTyganapy; A, Ba A, - Oy T-Ba SV -TYJIKUHIApHUHT
aMIUTUTYJ1apy, Moc paBuiaa (pakar ypra M'-na MKKkWTa y3aTUIaAUraH TYJIKUH
MaBXy/).

dapa3 KUIaWINK, KaTTUK SIpUM OYIUIMK, OMp KUHCIIM, U30TPOINHUK, 3JIACTUK
MaTepual Ba OOLUIaHFUY XapopaTH T, OYiaraH CyoK MyXMT Ba HYyHanumaa
XapakaT KWIyBYM MAarHUT MalJoH YpTacujaru TEKUCITUKHU KYpUO YMKAUIHUK.
Ukkana MyxuTaa xam H MareutT Maiigonn >ddexktd z-—iyHanuimga Xxapakar
KWJIaau, aMMO KaTTHUK MyXuT M dakaT OolUIaHFUY KyWIaHWII [IApOUTH[A
oynanu. P-TynkuH (qunatanuoH TYIKuH), SV-TYNIKUH (aljgaHuml TYJIKWHUA) Ba T
WCCUKJIUK TYJIKUHU. Koarad TYIKUH p-TYJIKUH Ba TepMasl TYJIKUH KaOW CUHMIIJIaH
KeluH Oomika ypra M’ 6Yiliald rOpUIITHY JaBOM dTTUPAIM.
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3. Acocuii TeHIIaMaJIap:

XapakamHuunz OUHAMUK MEH2NamManapu:

JlopeHll KyYHMHUHT MaBXYJUIUTMHM XMCOOTa OJiraH XOJja UCCUKIUK MaHOau
UyKauruga AactiadKkd KyWwIaHMII IIapOUTHAA TEKHUCIWK YYyH XapaKaTHUHT
JMHAMUK TEHIJIaMallapu Kyhuiaruya:

By By _plB ¢ _

o

ox oy oy * Tat
ov
0

By By _p8 ¢ _

ox oy ox '’ (68)

_ 1jov ou oo o
OyHaa @ = 2 8__5 , F,BaF, Moc paBumia HyHaTUIIIArd MarHUT MauIOHHUHT
X

TapKUOU KHCMIIapH.
Kyunanuw degpopmayus mynocabamnapu:
bocknunm U30TpONus Ouan OOFIIHUK KyWIaHHII-AedopMalus
MyHOcabaTnapu Kyiugarnya Oepuiirad
Sy=(A+2u+P)e,+(A+P)e, —yT
Sp=Aey +(A+2u)e, —yT (69)
S12 = 2:uexy
chelm Kyuanuuw mapKuouii Kucmaapu:
VYcyBuM Ky4dJaHUII TAPKUOMM KUCMIIapH Kyﬁnz[amqa Oepuiran
eXX = a_u' eyy = @’ exy au av (70)
OX oy 8y ax
Yu pazanu naz uccuknux ymkasyguannucu menznamacu:

2 A2
K 1+Tt§jv2T'+K* tir, v 2|14, Lo B O et oy, [ ML Y| (70)
ot ot Tt 2 at ox oy

Oy ospaa K WCCHKIMK YTKasyBuamnurd, K~ Oy HasapusHUHI MaTepHaigard
JOUMUIN XapaKTEpUCTUKACH, p- Macca 3UWiIMru, C, -IOMMUH 3YpUKUIIIArU y3ura

XO0C HCCHKJIHK. Ty T T, MOC paBHIIga HCCHUKJIMK OKHUMH, XapopaT IrpaJuCHTHU Ba

UCCUKJIMK aJIMAIMHUII TPAAUEHTUHUHT (pa3aBuil y3WINLILIAPUANDP.

Makceennnunz Yu3uUKIU MEH2NAMANAPU:

CHDKMII KOMIIOHEHTUHUHT HYKJIUTMHU XUCOOra OJICaK, MYyKaMMall 3JIEKTp
YTKa3yBUaHJIUTUIA O3ra CEKWMH XapaKaTIaHyBUM MYXUT YYyH DJIEKTPOMArHUT
MaliJJOHJIapHU OOILIKApaauTraH YM3UKIM MaKkcBell TeHrlaMagapyu MaBxyJIl.

curlh=J, curlE=—y Z—h divh =0, divE=0 (72)
t

e

Kyitnnarunapaan doigananamus
H=H,+h, H,=(0,0,H), h=(0,0,h)
cyHrpa JIopeHTI| TaHa Ky4JIapUHUHT TapKUOUM KUCMITapy KyWuaarnia
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OJIMHAIN:

2 2 2 2
Fo= | e | = e[ S O (73)
ox2 oxdy X0y oxoy oy
MaxkcBeaJIHUHT Ky4JIaHUII TCHIJIaMaCHU
7y =, (Hih; +H b —H, h,5;) (74)

KyWuJarura KeaTupuiIaan

VY4 ¢azanu Jlar monenu HyKTaum HazapuJaH MyKaMmall yerapa IapouTHa
TEKUC CYIOKIUK HHTep(deicuna TEKUCIUK TYJIKUHJIAPUHUHT TAaCBUPJIAIIMIIU Ba
CUHUILMHUHT OOLUTAHFUY 3ap0OH Ba MArHUTJIAHUII TAbCUPUHU KYPaMH3.

Haszapuii Ba coHnm Ttaxyyiapaad KyWuaaru XyJiocajap YUKapWINAILLNA
MYMKHH: |Zl|, |ZZ|, |Z4|Ba |ZS| yIapHUHT MakcuMal Kuiimatnapuaad 6 =90° Honra

Kenranjga OolTaHaau, JIEKUH |ZS| 0=90°1a OMpIAMKKA KeJdaad Ba MAarHUT

MaWJOHHUHT Y3rapilid Ba OOIUIAaHFUY KyWIAHWII OWJIaH O3TMHA Y3rapuiljiap
MaBxXyJ Oyianu. 6 =90° na |Zl|, |ZZ|, |Z4| Ba |ZS|H0J1ra TEHr OyJraH MakcuMmas

KuiiMaTiapaad OoIuIaHa Iy, JIEKHH |Z3| oupmikka 6 =90°ra kenagu Ba (azaBuii

JArJIApHUHT Y3Trapuilid OujiaH 03ruHa y3rapuuuiap Oyiaau.

Vuunun 60671a: JTopa-IllynMan Ha3apuscu TOMPAcHIa HOPMAT PEXKUM YCYIIH
épaMmia AMACTHK SPUM OYUIUIMKAArd, OWp MKUHCIM Ba MU30TPOINUK UKKH SPUM
XapopaTiu MarHuT MauJIOH Ba MCCUKJIMK MAaWJOHUHHUHI y3ap0O TabCUPU TepMmai
KYWQIAHWII Ba aiinaHum OMIaH Kapalamd. YpTa TEKUC Oypdyak TE3NMIrH OWiIaH
aillaHagy Ba y SITOHA MarHUT MalJOH Ba THAPOCTATUK OONUIAHFUY KyYJIaHHIII
opkanu yragu ne6 xucoOnananu. buz onran ymymuii eduuMm aHuk OMp Myammora
HucOaTaH Kyutanuinaau. ['opuzonTan macoda 6yinad xapopar, TMHAMUK Xapopar,
KYWIAHWII Ba KYyWIAHUII TAaKCUMOTJIAPU TETUIUIM COHJIM MHUCOJN EpaaMua
X1co01a0 YMKWITaH Ba TpaduK MIaKInaa KypcaTuiraH.

[ysgait kUMb, MYXWTHU OSHI MyKaMMall »dJEKTp YTKasrud 7ed
xucoOnaitMu3, MakcBell TEHTJIaMallapH, Yy3rapyBYaH TOK HYKJIMTHHUA XHUCOOTa
onu6 (SI) Kyliugaruya makiiaHa u:

curlh=J

curl E _—yeah

ot (75)
divh=0, divE=0
where h=curl(GxH,) , H=H,+h(x,y,t)
Hccuknuk yTKka3yBYaHINTHA TEHIVIAMACH KyHUIaruda OJIMHAIN:
0 0°
Ko, = (E"‘To ?)(PCET +7Tou; ;) (76)

Ky4aanuin 3ypruKUAIIMHAHT MyHOCa0aTH Kyiugarnda:
o :Aeé‘ij +2u € _7T5ij _P(é‘ij +a)ij) (77)
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1 1
OyHJa, &; :E(u” +U;;), o :E(uj,i —U;;)-

Vpra Q=Qn O6ypuyak Te3nmurd OwWiaH OUp TEKHCIA AailTaHASTTAHINIH
cababnm, n- aWjgaHuIl YKUHUHT HYHAIMIIWHA HGOJATOBYM OHMPIUK BEKTOPHU.
Alinanaguran WyHaNIMIIIA XapakaTjJaHyBYM XapakKaTJaHUII TeHrjiamacu ¢akar
KylIMM4Ya BakIra ora, YyHKH BaKT y3rapumm Tydamun Qx(Qxu)
MapKaznamTupyBuu TesnairyB Ba Copuonuc Tesnmammmu 2Qxu, Oy spaa u
JUHAMUK KO aJMalllvIl BEKTOPUAUD.

Xapakat TeHr;inamacu Oy KypUHHIIIA OJIMHAIH.

plu +H{Qx(Qxu)} +(2Qxu); =0y ; + F (78)
6ynma, F=JxB, B=u H,

Tenrnama  Kyiimparuuya  €3wiraH  JWHAMUK  HCCHUKJIMK Ba  MCCHKJIHK
YTKa3yBYaHJIUTH YpTacuaarud OOFIuK:

p-T = a¢,ii ' (79)
OyHna a > 0 UKKM XapopaTiii MapaMeTpHu OUIITUpPa/IU.
OnacTuK Oup Xui SApuM OYNUIMKHU X >0ne0 TaxMuH Kuiauml Q Oypyak

—

Te3nuru OwiaH, X Yku Oyinad wynantupuiran H, maraut maiinonu Ba (75)-(77)

TEHIJIaMallapra puosl KWIraH XoJjja JacTiaOKu CHUKUIIHM P MaBxKyaauruaa
ainma"naau. 2D MyXUT y4yH XKOW aJIMalITUPHUII KOMIIOHEHTJApU KyHUIaru
KYpHHMUILTA 3ra.
u =u(x,y,t), u,=v(xyt), u,=0. (80)
Hccuknuk yTKa3yBUYaHIINTY TEHIJIaMacH Kyiujgaruia oJIMHaIu
2 2 2 2
K(%+%) =[g+roa—2ijET +7T, [g+708_2j[8_u+@j (81)
ox- oy ot ot ot ot” )L ox oy
Vu Gupunun 606ma: Ymoby GOOGHMHT acocwii MaKCajy TOPTHINMII Ky4H,
OOIITaHFUY KY4YIaHUII Ba Oy3WJIraH MarHUT MaiIOH MIAPOUTHIA UKKHU YITHOBHUHT
ApUM KOCMUK MYaMMOCHHHU XaJI KWJIHII YYyH YMyMJIAIITUPYBYM INAKJIIA WUKKH
Xapopariii TEPMOAJIACTUKIMKHYU ypranumaup. Acocuil teHrinamanap Jlopa-
[ynaman (LS), I'peen-Harnu (GN type III) Ba suru dazanu (3PHL) Teopemanap,
KYWIaHMII TapKUOWWA KUCMIIAPU Ba XApPOPATHUHI TaKCUMJIAHWUILIWHU YPraHMII
Oyiinya STHrM MaTeMaTUK METOJJIapHU XUCOoOTa OJiraH XO0Jij1a Xal KWIMHIU. YuTa
Hazapusi, spHu (LS), (GN type III) Ba (3PHL), TopTummm ky4u, MarauT MaiaoH
Ba JaCTIa0KM KYWIAHWUITHUHT WYKJIUTH Ba MaBXYyIJUTHHU XUcoOra OJiraH X0Jija
OJIMHTAH HAaTWXKajap TakkociaHau. Hartwxkamap connm Xxuco0i1ad YMKUITaH Ba
XOJMCAaHUHI JKHUCMOHUW MabHOCHM Ba TallKUM MapaMETPIApHUHT TabCUPUHU
HaAMOMWUII ATUII YIyH TpauK paBHINIa HAMOWHUII HTHIITaH. fI}"/KnHer[a OJIMHTaH
HaTWKajdap Ba TAIIKU KYpUO YMKWITAH MapaMeTpIapHUHT MaBXyIJIUTH Ba OOIIKA
TAQAKUKOTUYMUIIAD TOMOHMJAH WITapu OJIMHTaH HaTKajlap OujaH TaKKOCall
amaJira OIMUPUIIIH.
N3oTpon sipum 4ekcu3 21acTUK KaTTUKJIMKHU XucoOra oncak, Oxyz 1-pacmaa
Kypcartwiranjiek, Kapresuan opToroHan KoopAvHaTagap TU3UMH, TEKUCIUKHUHT
yerapaCUHUHI Xap KaHmail O Hykracu Ba Oy macTiaH BEPTHUKAJ WyHAIMINIA
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nactra.

A  Magnetic field H;

.T & A

Gravity g o > X

FA

9-pacM. MyaMMOHUHT MIAKJUTAHUIINA KYPCATHITaH.

bu3z MmyaMMOHHHT (yHIaMEHTa TEHTJIaMAaCUHU KyWHIarnda Ty3aMu3:
() Bonulanfu4 Ky4IaHWIIHU XUCOOTa OJraH KOHCTHUTYIIMOH TEHTJIaMa
(KywIaHUII-Ky4IaHUIT HUCOATH) KyHUIard IaKJIHU OJIaIu:

1
01 =01 TP)G, +2pe =Py, W= ()=, ) (82)

(i)  Yuyra  TepMO3JIACTHK  HA3apUsUIADHU  OJIAAUTAaH  HMCCUKIIUK
YTKa3yBYaHJIWTMHHAHT TEHIJIaMacH Kyuujgarnda

72 A2
* a a 2 8 a * * (83)
(K +7, atJrKTT(th Jv p= 1y o +fi | PCT+7TE | 7;=K+K',

(ili) Tana ky4un Ba MUCCHKJIMK MaHOAW WYKJIWTM OWJIaH XapakaT TEHIJIaMacu
KyWUJary MaKiIHu OJau.

o J+F pU., (1,]=123) (84)

(iv) CymepyTkazyBumiaap Ba TEPMOJIMHAMHK XAPOPATHUHT y3ap0 OOFITUKIUTH
IIAKJUTAHAIH.

p-T=aVp (85)

Vunpum — okuMM  HYKINTMHM — XMCOOTa  ONHMHT; MyKaMMal — 3JIEKT]

YTKa3yBUaHJIUTUTa Ara KATTHK, CEKWH XapakaTlaHaJUTraH MarHuT MaiJoHHU
OOILIKAPYBYM YU3UKIN MakcBell1 TeHTJIaManapy Kyiuaarnya €3uaniny MyMKUH:

curlh =J - g,E, (86a)

curlE = —, 2N (86h)
- :ue at

divh =0, (86¢)

divE =0, (86d)

E-u (%“H j (86)

E =curl(uxH,), (86f)

F = (IxHp), (869)

TCHSOpI/I najiarTraiHMmu3
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H=H,+h(x,y,t), H,=(0,0,H).
(86) Tenrnamanan oiganannd, KyluaarmwiapHU OJaMH3:

F = i

OX

oe
F=uH?=— 87
z e Oaz ( )
F =

MakcBeJJTHUHT MarHuT MalJOHWAaH XOCHJI OYJIraH Ky4JIaHWII bIyHHaaruya
MIaKJIJIAaHUITA MYMKHH.

7y = s Hh +H b —(HR)S, | i,j=123 (882)
ou  ov

7 =uH? —=+=1 r_ =0. 88b

Txx Tzz :ue 0 ( GX + azj sz ( )

Tenrnama (83) Oy Kyiunarwiapaan ¢oijataHuill MyMKUH OYiIraH yMyMHiA
TEPMOAJIACTUK KATTUK TEHIJIaMa MaiiIOHU:

i. (LS) dapas: K =7, =7, =7, =0,7,>0

ii. (GN type II) dapas: 7, =7, =7, =0

ii. (3PHL) dapas: 7, <z, <7,>0

Vr4oBcns y3rapyBumnap 6y MAKIHA OJIa/H:

14 14 14 14 14 ! ! ! 4 h

(X, z',u'v)=C n(x,z,u,v), (t ,rT,ru,rq):an(t,rT,rU,rq), h :H—

0
(gf’gor):(-r’(ﬁ)_-ro’ (Gi’j’ri" ):M, g'zi (89)

T, C,2 c?
0 P Lo o7l
OyH1Ia n:,OCe c2-H Ba C2:/1+2,U.
K ' 2 0
P P

(89) rtenrmamaman anmamTdp Hatwkacuga (83)-(85) maH KyWuagaruHu
OJIaMU3:

2 T2 62 ), ..
Ck+CUa+CTa2 V20— 14T 6+q52 @G+ 7-& ©O)
ot ot dot 2 ot pC

p—0=p Vip (91)
C K" C T: C = Kzrng

e

©pcct Y opccd T pC,
ByHma xapakat €HIanlyBHHUHT TEHIIaMasIapH:
a'vVau-+a o%e_, 59+98W:ﬁu (92)

2ox Yox OX
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de_, 96_ ou

“Vew+a, — g—=LW (93)
A ‘oz ‘oz T ox
6yHna
« 2u—P _  22+2u+P+2u H? dl soMHS |
C A= s 2 = flE
P 2pC; 2pC; pC§ P
IT Ba |/ cxansap moTeHUMal Ba BEKTOP NMOTEHUMAN (QyHKIUAIApHHH (apa3s
KUJTHIIL
u:aﬂ_al’ W:@7H+871//. (94)
oX 0z o0z  OX
Tenrnamanu (94) Tenrnamara anMamtupu6. (92) Ba (93) Hu onamus,
2
Vz—ﬂ*az -a a‘//_aog 0 (95)
ot
0° an
V2 g +a, =0 (96)
# oz |75 o
OyHna
RE' e — ﬂ a’ = a0 a3_ a :g ﬂ**:ﬂi*

pC2 | 1+R,i © 0 14R2 1+ RE| Yoa a,

[y wuinga, moTeHuandra acocjaHraH aHAJMTUK €YUMHHU TaKIUM 3TIUK Ba
KAaTTUK MYXUTAArd TEPMOAJIACTUK MYaMMOHHM HOpPMall PEKUM TEXHUKACH WIILIA0
YUKWAJTaH Ba rpadukiap OopKaidu TakkociaHraH. ['peen-Harau HazapusicHHUHT
(GN) kyunu tawcupu Jlopa-lllynman (LS) Ba yu dazanu nar (3PHL) moxemnapu
ypTracumaru SHTWI Tabcupra HucOataH. PU3MK MUKAOpIAp Z Maco(pacUHUHT
OIIUINK Ba KypuO YWKWIAETraH dYerapa IapTIapuHU KOHIUPHIN OWiaH HOJra
aitmanamu. JKucMHUHT nedopmaruscu KyJUIaHWIAJWTAH Tallkd Ky4YJIapHUHT
Tabuatura (3JIEKTPOMArHUT MalJ0H, UKKH XapopaTiv, OONIaHFUY Ky4JAHUII Ba
TOPTUIIUII Ky4H), ITYHUHTIEK TEPMODIJIACTUK Ha3apHsUIAPHUHT Typura Ba yerapa
mapoutiapura OOFnuMK. BakT mapamerpu, IIyHUHTIIEK, peJlakcalusi BaKTH,
TOPTHUIIUII Ky4Yd Ba AJIEKTPOMATHUT MAJOH KyWInd Tabcupra sra 0ynul0, onuHraH
Oapya )KUCMOHUI MUKAOpJIap/aa KyWwIaHHIILIAP, )KOW aJIMallIuill KOMIIOHEHTIapHu Ba
xapopar mnacas€Tran €ku ToOopa OpTHO Oopaaurad gapaxaga MYXHM poJl
Vinaiau. llyauar yayH ymly Mojenia 31eKTpo-MarHuT, TOPTUIIUII Ky49H, UKKH
Xapopariy, OONUIaHFUY Ky4YIaHWII Ba peJlakcalys BaKTU MaiJIOHWHUHT
MaBXKYyJUJIMTH KaTTa axamustra sra. Kypub® uyukwiran ycyn xKyjaa KU3WK Ba
TEPMOJIMHAMHUKA, TEPMOAIACTUKINK Ba MarHUTO-TEPMODJACTUKIMKIArd KYTaad
xoaucajgapra  TErMUUIH. OJIEKTPOMarHuT MAaWJOHH  y3rapyBUMJIAPUHUHT
BAKTUHYAJIUK XaTTU-XapaKaTiapu Oaradcun Ypranunuo, Mai10H
y3rapyBUMCHJIaTH Y3rapyBUaHIMKIAPHUHT OUp-OWpiapura TabCUpPU YpraHUJITaH.
Myngat kuaub, ynap ymlOy Taxpuba MaWIoHWAA TYJIKUH TapKaJIMIINAIA
UIUTAMIUTAaH aMajuil oJuMIIap: TEXHOJIOTJAp, TaJKUKOTYMIIAp, CceilcMmolioriap,
MyXaHaucnap yuyH Qoiianu MabaymoT Oepaau. Ymly 000/1a TOPTUIIMII Ky4H,
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OOIUTAaHFUY KYWIAHUIN, SJCKTPOMATHUT MalJOH Ba WMKKWATA Xapopar Yy3rapuiinu
TapkuOWi KuUCMJapura, xapopalra Ba KYWIaHMII TapKUOWM KucMIlapura
OOFIMKJIUIU KypcaTwiraH, Oy ylapra ce3wiapid Tabcup KypcaTmMokaa. Ba
HUXOSIT, HATWXalap MarHUTO-UCCHUKJIMK BJEKTp YTKazyBYaH MaTepualapuHu
SAHTM  KYJUIAHWJIAJAWTaH  3JIEKTPO-MAarHeTO-UCCUKIMK  3JIEKTpoJjapu  CUHOU
cudatuga YpraHumiura MyXHUM TYypTKH Oepaau Ba  MaTepUAIIIYHOCIHK
TaAKAKOTYUIIAPH, SIHTU MaTephaiap au3aiHepiapu, ¢GU3MKIap, MyxXaHAauciap
Ba Oomkamap yuyyH Qodganu  OYynummM  Kepak.  DJIEKTPO-MarHero-
TEPMODJIACTUKIIMKHUHT PUBOXJIAHWINKA Ba aMalvdid Ba3usATiIap/a, ailHUKca
r€OMAarHuT, Teou3nka, aKyCcTHUKa, ONTHKA Ba HE(PT KUAUPYB UILIAPUIA.

o VH MKKMHYM 6001a: KaCpPIM SKCIOHEHTAIMOH (GYHKIMS YCYIH SpAaMuia
Kacp TapTUOHM XucOOra OJraH XoJijla JJICKTPOMAarHuT Ba  TOPTHIIMIII
MaWJOHJIAPUHUHT TabCUpHUIA KATTHUK OJIACTUK SApUM OYIUTMKIaH Oyiiinama
TapMOHUK TYJIKWHJIIADHUHT aKCHHHM YpraHwIraH. AKC aMIUIUTyJa HUCOATH Y9yH
3apyp OynraH TymyHTHpUOUiap (SbHH, aKC STTUPWITAH TYJIKUHIAP aMIUIATYa
HUCOATH TYIIYBYH TYJKWHUHUHT aMIUIMTyaacura HucOatn). ONMHTaH HaTHKajaap
aHAIUTUK YCYJ/Ia XUco01a0 YMKUITaH Ba XOJUCAHUHT (PU3UK MAbHOCUHH TaXJIHIN
rpadukimap opkanu kypcartunrad. Kacpnu Ba OyTyH COHJIapHH XOCWJIajapu
¥pTacuma TakKocCHall amMajra OmUpWIAUA. Ym0y OOOHUHT HaTwkaiapu Kypuo
YUKUJIAETraH KacpJid TEXHUKAHUHT KAaThUWJIUTH Ba camMapaJOpiIUTHHU HAMOMMIII
ATajH.

Kacp taptubnu nuddepeniman teariamanap OunaH OOFIMK XUCOOJAITHUHT
0ab3u TyITyHYAJIApH Ba XYCYCUSTIIAPUHU KyHH]Ia KEITUPaAMU3.

2.1 Tabpu¢ Pumann-JlyuBunHuHr @ >0 TapTUOIM Kacpiau HHTErpal
onepatopu f € Cu, u<-1 byHKIUACH Kylugaruya:

1 X
JF(X)=——| (x-t)“*f(t)dt, x>0, a>0
(0= e =071 o)
J°f(x)= f(t)
2.2 Xycycusitaapu. feCuyu<-1 «,f>0,6ay<-lyuyn J* omeparop

YUyH, Kyduaarujiaap YpuHIu:
1.J°37F(x) =37 £ (x)

2.3°37F(x)=373°f(x) (98)
3. Jax;/ — r(}/—l_l) Xa+y
I'y+a+l)
2. 3 Tabpud: f(x) wmmar Kamyro MabHOCHAAru Kacpiud XOCHJIACH,

KyWujarnia aHuKJIaHaau:

1
D*f(x)=J""D"f(X)=———
(¥) R e
m-l<a<mmeN,x>0
2.4 Tabpud: o >0 tapTubununr Kamyrto xacp xocumanapu:

X __\m-a-1 ¢ (m)
jo(x YL £ (M (1), (99)
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#J.t(t—r)g_lwdr, m-l<a<m
o“f(x,t) JI'(m-a)?o ot”

ot” o“ f (x,t)

o*

2.5 a>0raptuouaarn Kanyro kacp xocunanapuHuHr D® omeparopu
XyCyCHMATJIAPH,

D f (x,t) = (100)

a=meN

Deyr - L(r+1)
I'y—-a+l)

[c'e] tn
D=ty ——
z rn—a+l)

n=0
Menuana kypcatuiraH z-yKd OwinaH (xyz) KapTe3uan KoopauHaTamap
TU3UMUJATH TEPMO MHUKPOCTPETYHHHT (DyHIAMEHTana TeHIJaManapu Kypuo
YUKWITaH. bupnaMun MarHut ManWJIOH UHTCHCUBIMIU y YKWATa TYFPU Kelaau

y—a

(101)

(spHH, H =(0,H,,0)). Cekun-acta XapakaTiiaHyBYU MYXUTHUHT
ANEKTPOJIMHAMUKACUHUHT YU3UKJIM TEHIJIaMaJapuHU XUcoOra ojgamus,
aﬁ
J =curl h_SOWE’ (102)
oF
curl Ez_luoat_ﬂh’ (103)
oF
Ez_ﬂo(WUXH)’ (104)
V.h=0. (105)
MarsuT MaiiioH Ba TOPTUILMII Ky4d MaBXyJ] OYIrania xapakaT TeHIJIaMacu:
o +F+G = p%ui’ (106)
ow ou
F = (i) G, = py(r, 0, -2, (107)
OX OX

AHaJIMTHK Ba rpapuK YycCyJjAa OJUHIAH HATWKaJapAaH Kyduaaru
XyJ1ocara KeJUH/IM.

- 6 =90° mapaxanaru |zl| =1 ammuTtyaa HucOatu SV TYJIKUHUHM KypcaTajy,
aMMOo |z,| - |z5| Hoxra TeHr.

- Toptummm mMaigoHU |Zl|—|z3| akc Kod(hduIMeHTIapura Ky4id TabCup
KUJIaj|, aMMo |Z,|Ba|z;| ycTumarn akc STTUpHII KMAMATIapUHA GHpPO3 Y3rapuim

Ky3aTUIa/Iu.

- DIeKTp Ba MAarHUT MaWJIOHJIAPHUHT TabCHUPH XOJAMcCaJapra Kyw€wid TabCHP
Kypcaraguran akc ko puuueHTIapuaa aesipiau Oup Xuil XyCycHusiTra ara.

- Arap MarHuT MaifoH OYyiMaca, MOCIMTH OWJIaH COJMIITHPraHjia MarHUT
MailIOHHUHT MaBXY/UIUTH KY4IU TabCUP KUIaIH.

VH ukkupum 60612 Xaqkaid HM30TPON HMIMHAP YYyH OUTTa TEPMHK
penakcanysi BakKTMHM Ba TeMIIEPAaTypaHUHI YEKCU3 TapblalUIINHU  (U3KK
xoccanapra OOFJIMK OYiraH ymMyMmilalraH TEPMOIIACTUKIMK MOJEINra aiIaHuIl
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XapakatuHu Oaxonaiimu3. by xoauca rpaduk miakina OJMHTaH KOMITOHEHTIIap
Oyiinua aitnanuil 3QQGEeKTUBIUTM Ba CIIHYBYM HMCCUKJIMK OKUMHU OCTHIA YEKHII
aitupmanap ycynuaan ¢oigananu® connu euywnand. CoHnaM eyumiap Typiu
napamMeTpJlapHUHI  TabCUPUHM  OYMIN  y4YyH  TacBUpJiaHTaH.  SIHruU
napameTpiiapebTuOopra oJuHMaca, OOIIKaniap TOMOHUIAH OJIMHTAH OJJAUHTU
HaTWKaJap OWIaH TaKKOCIall MyMKHH OY1aiu.

MacajaHMHI KY UMJIUIIH

Temneparypa XUCMHUHT XoOccajlapura OOFIHMK OYyJiraH H30TPON BJIACTHK
MaTepuaiian uoopaT YEKCHU3 Y3YHJIMKKA dTra OYIraH XaJKaCUMMOH IWJIMHAPHU
Kypub uukamus. (I, @, Z)-UUIMHAPHK KOOPIAMHATAIAPHH KypcaTaMus, MapKasu
ca UWIMHAPUK KyTO KOOpJMHATajgap CUCTEMacuJaH OJUHTaH. by xoaucana
UIUIATUTIAAUIaH KUCM Xoccallapra Oofnuk Oyniran Oapya (U3MK Y3rapyBUHIap
paauan KOOpAMHATA I Ba BaKT t ra OOFIMK QyHKUUSIIApAUP.

Kyunanui Ba 3ypukuin ypracuaaru MyHoca0at Kyiuaaru maxiaa udoaataHaau:

oy =28 + (/1A - yT)é‘ij (108)
oyuma T=T-T,
M30Tpon MyXUT y4yH Ky4IaHHUII-KY4YHUII MyHOcabaTu Kyiinaarnia

e =%(u” +uj’i). (109)

ij
XapaKaTHUHT aCOCUM TEHIJIAMAJIApU Kyruuaarnya €3uiiaan
= p| G +(Gx0xi) +(268xd) | (110)

ij, j , i

Arapja UCCUKJIUK MaHOau MaBxyJ] Oyiica y XoJaa UCCUKIUK YTKa3yBUAHIUK
TEHIJIaMacH Kyiuaaru maxiga 0ymanu

2 2
(KT'i )’i =§[§+ro%jT+Toy[§+ro%JA (111)
bynpaa »ucMHUHT X0occanapu Kyiunaruda udonanananu ae0 dapa3 Kuaamu3

A=A T, wu=p (D), K=K, 1(T), 7=y (D),
byepna 4,,u,,K, 6ay, xoHcranta, xamaa f(T) -MCCHKIMKHMHI YI4OBCHU3

(yHKITUSACH.
bomka Oup xomma xapopaT OOFIMK OyiaMaraH >KHCM XOcCcalapu Y4yH

f(T), Ba A=Ay, u=py, K=K;, y=7,.
(108)-(111) Tenrnamanapaan Kyduaaruiapra sra OyiaMus

oy =| 2ue; +(AA—7,T)8; | £(T) (112)
p(lj-i_QZU - zmj =[2ue;+ (AOA—%T)@JJ F(T)+[ 20y +(AA-7,T)5; |(F(T), (113)

- K, f(T)( 0 0% \= 0 0’
(K, f(T)TYi)’i ZOT(E%-TO?JT%- 7, F(DT [E-I-TO? A (114)

Copnanamtupuir yayH f(T)uu f(T)=1-aT KypuHMIIMAAQ anOpOKLMMAIUs

KWiaMu3, OyHIaq -)KUCM TnapameTpu, myHna (112) TeHriamamgaH KycCIIaHUII
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KOMIIOHEHTJIAPH YUyH KyHMHUJIaruHHA XOCUJ KUJIAMH3

ou u =
:{(zo +2,uo)a—+/10——7/0T}(1—aT) (115)
o {(1 c2) e 4 2y, }(1 o) (116)
[{MIHHIPUK IAK/IIa XapaKaT TeHIITaMaCHHU Kyiuaarnda €3amus
oo, 1 _|ou ) ou
7+F(O'rr—0'¢(p)—p|:at -QUu-2Q at:| (117)
Hatwkana (115)-(117) nan KyWHIaruHl 0JIaMU3:
(o +2u)| S0 22U g oy {(zﬁz VLT }+ (1-a1)| L
) o T ar 1 ol Ty T [T or
2
| oY o°u _oty—20%M ou
ot’ ot
(118)

(114) nan doitnananuod, CoaIaIUK YUyH YIHYOBIUK OUPIUKIAP @ KECUKUIII
OKCIIOHEHTACUHU KUPUTAMH3.

o= — —\ 2 2 2
T, 10T o [oT) 1[0, O |3, lo(0, 0O (@Uﬂj (119)
or: ror) l1-oT\ or K\ ot ot K,lat “ot> \or r

MacajldaHuHT eYuMH
Xapopar TapKaIMIIM Ba KYWIaHUII  KOMIIOHEHTAJAPUHUHT  COHJIU
CUYMMJIAPUHU TOMHUII Y4YyH 4YEKJIM alupmanap TeXHHKacuaaH ¢oigataHauk.

Euumiiap coxacu {(r,t):Re[A,B],te[O,r]} HyKTaJuap Tymajlamuaad ubopar Typ

(r,.t,)Onnan anmamrrupry. ByHna TannmadraH coxa r, = A+mh;m=0,1,..,NBa
t =nk;n=0,1,...,P,0ynaknapra axparunaau, h= ( B-— A)/ N -keHrJuK  Oyiinya,
k=7/P -BakT OVitmua Kamamiap opkaau Kypwiaad. LIIyHUHTIEK 7 BaKTHHT
OXUPIryd KUMMATH.
MycTakun y3rapyBuniiap r Ba tra Moc KucMaH auddepeniuan koegduireHTiap
YUYH OIIKOP COHJIM alpMaIi CXeMacH Ba KylH1aruda KeJITHPUJITaH:

ou _ Up, —Up

_ 2 n n n
m+1 m—l+o(h2)’ 0 ';I :um+l zuzm—i_uml_|_0(h2 ’
a 2h or h (120)
ou ut—utt )
QU ()
ot 2k

Omwkop COHJM aliupMaliap TeHIIaMalnapuaad Goigananud, KyHnJIaruHu 0JIaMu3:

[1—ﬁ(9;+1)]{( ha—2unup )+ %(u;ﬂ—urﬁl_l)—?—zur?}

2
m

h n rrr]1+1 m-1 :1 n
_E{al[l—ﬂ(wm +1)]+[)’(—hu+ﬂ,ll:—m)}(9m+l 6.,)

(121)

u™ =Tu’ —utt + v,

42



4rot9n?+(k—22’0)<9”m1+2v{(¢9,:+1 205 + 65, )+ 2h (0.~ eml)}

azk n+1l n-1 n+1 n-1 2h n+1 n-1
- 2h {(umﬂ “Upg Uy um—l) +r_(um —Up )

m

O a| e [ e )
0]  %atp
h +2h( nH_oyn +u)

r

m

P ___(on.-00.)

21-p(00+1)]

(122)
Kyunannmmap Kynngarnya
n up., —Uur un
=11-8(6; +1) || ™t—Ly ) M —a6n 123
[O'rr]m |: ﬁ( m )]|: 2h )ll rm al mj| ( )
(o, ] =[1-B(6; +1)]{—+/11 LSS aﬂ“} (124)
Omkop aiimpManu cxemaniap Ba OOIIJTaHFUY IIAPTIAp acoCH I
0 1,1 0 1 1
Oy, _ Uy —Uy, _o, 06, _ 0 =6 0 (125)
ot 2k ot 2k

(125) marm u_'Ba €," yuyn (121) Ba (122) Tenrnamanapaan ¢oinananu6 u sa 6,
OPKaIM KAHOATIAHTUPWJIAJWIAH TEHIJIAMAIapHM KypaMu3, YHHMHI OMPUHYH
KaTJIaMK KyWuaarnya
N
_r(um+l - um—l) _r_u

-t 3] (8- 20 ) o 0
{ [ p(200+1) |+ [§+12hur?11+,1 r:J}(e,gﬂ—egl)

- {9n3+1_290+(90 ) 2h (9n3+1 en?—l)}

[
o

u =y +% (126)

m m _E m+1

0:=0°+ 2{(2um+1—2u° —2ut  +2u )+4—h(u ur‘;)} (127)

pv 0
- 0m+ e -
82'0|:1—ﬁ((9n?+1):|< o)
r = Aja yerapaBuii mapTtiapaas Qoiigananuo,
L =0 ma G =€t (128)
2h I

u’, e (128) man (121) tenrnamara anmamTupu6, U, Ounan udomamaHaguran

r = AyuyH (m =0 Katinama), KyHuJIaruHd XOCHII KUJIaMu3
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2 uf—u3+hllu—°—alh00"j
n ro
1 1 [1- (65 +1) ] . N b
Up " =TUy —Uy +v +—[a190” _Alu—OJ——Zug (129)
Iy 0 0
h

3leliptr ) s

21,2
6yia Fl:—(2k+Q k?) 2

Vi= o
1+Qk h? (1+ k)
(119)naru yerapasuii maptinapaan Goigananno, (123)ma r = BOynranma
uN+1_uN4+,1lu—"‘—9,[11 =0 Ba 6 =0 (130)
2h r

n

ra sra Oymammu3. U°, HH (130) man (121) tenrnmamara anmamrtupu®, U; Ouan
udponananaaurad (m = N Kataamaa), KyHUIaruHd XOCHIT KUJIaMu3

ZLURH—U,T‘ + hﬂll:—N+a1h93]

N

[1_'8(93 +1):| h2 n h2
uyt =Tun —unt + v +—[a19,3 —ﬂlu—N]——U,ﬂ (131)

2
rN rN rN

Da[sla e -an-a)

IOxopunaru renrnamanap(121)-(131) euum coxacuaunr A<r<B, 0<t<7 Typau

HyKTaJlapua KY4uIll, XapopaT Ba KywIaHUIUIAp KUMMAaTIapuHy Oenruiam y4yyH
XO3UPrd MacajaHUHI YEKIM auupMald CXEeMacu MOJCIHMHM TAaCBUPIANIU

AmNmpokiusmMaluss XaToCu BakT Ba Macodara HucOaTaH O(k2+h2)aa UKKUHYU

TapTuOan . 0y 3ca kK — 0 6ah — 0 HOJIra SKMHJIAIIATH.

0.5 2.5 3

10-pacm. Yernammin U HUHT aifTaHUII MaBXyJ] €KM MaBXKyJ OyIMaraniar y3rapuiiu.
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1.2 T

0.5 1 1.5 2 2.5 3

11-pacm. Aiianuin MaBxKya €K MaBxXy OYIMaranaru Xxapopar y3rapuiin.
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\// ------ Q=0.5
-10 v 0=0.9

12 ‘
05 1 15 2 25 3 35 4

r

12-pacwm. Paguan KywiaHUITHUHAT aliIaHUIT TabCUPHUIA Y3TapHUIIIH.

Xo3upru Kypub UMKWIraH TexHUKa Oy TypJaard Myammoliap OuiiaH
HIyFyJUIaHUIIIA yIIKaH MyBadpakusaTaiapHu TabMUHIIANWTH.

Kypub wyukuiran TeXHUKA TEPMODJIACTUK MYXHUTIAa MAacCalaHUHT KypuoO
YUKWITaH OOIKapyB TEHIVIaMalapyujia Tnaigo OViaran Qusuk Mukgopiapra
HUCcOAaTaH Xeu KaHaal YeKyam HyKIuruaa COHJIM euuMIiapHu Oepau.

HIyHUHTACK KyIITUMYa MIAPOUTIIAPUHH SIXIITIIAIN YIYH UCCUKTNK OKUMUHUHT
IOTWIWIIY  Ba AWIAHWINIAHUHT JKCIOHEHTIM XOJWCACHHM TEKIIUPHUII XaM

dbormamuaup.
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XVJ0CA

Nnmuit umnutapaard OJWHTaH HaTKalapAadn kenud uukkan xonjga (CD)
Knaccuk Huuamuk, (LS) Jlopa-Illynman, (GL) I'peen-Jlunacaii, Wkku dazanm-
gar (DPL), Ammn - Haragm (GN type III) Ba VYu dazamu nar (TPL)
TEPMODJIACTUKIIMK  Hazapusuiapy  (Kymjajgap  y3WIMO — KOJUIIM  Kepak).
MarHutianran KaTTHK CYIOK CYIOKJIMK HWHTepdeiicuaa aacTiabku 3YpUKHII
Oyarranna TEpMODIACTUK TYJIKUHJIAPHU KAaWTapuIl Ba CHHUII MYyaMMOCHHHU
Vpranwiau. Tepnactuknuk Hazapusich GL Ba CT HykTan HazapujaH, MyaMMoO Xai
KWIMHAM Ba MarHAT MaWJIOHM, TaIlIKU HCCHUKJIMK MaHOamapu Ba p-, T- Ba SV
TYJIKUHIAPUHUHT TAPKAJIUIINTA TAbCUPU KYyPCATUIITAH.

DNEeKTPOMAarHUT MAaWJOH, IUIOTOTEpMall,  SPUMYTKA3ru4,  TOPTHUILUII
MaWIOHW, alIaHWIl Ba JACTVIA0KM KYWIAHWIIIM MYXHT TabCUpUIa Oup Xuil
OyiMaraH aHM30TPONMK CHUKWIMAWIUraH MyXHUTAQ Kusi  TYJIKAHJIAPHUHT
TapKaJIHIIH YPraHUJIIH.

AHQIUTUK TaxJIWil IIyYHH KypcaTaJauKuh, TeOpaHUII TYJIKWUHJIAPUHUHT
TAPKAJMII TE3JIMTH TapKadull WyHAIWIIWra, aHWU30TPOINMS, MATrHUT MauJoH,
alJIaHuWII, TOPTUILMII MAWAOHM, MYXUTHHHT OUp XWJI SMaciUTd Ba JacTiIaOKu
Ky4JaHUIITa OOFJIHUK,.

Counil TYIKMHIAPUHUHT TE3JIMTMHUA aHUKJIAWJIWTaH YacTOTa TEHIJIaMacu
OJIMH/IM Ba YHU XYCYCHUATIIApU YPTraHUIIJIH.

JlucniepcroH TeHIJIaMaliap OJIMHTaH Ba y TypJId XUJ Xojariaap Oyiinya TaaKuk
KwinHrad. TeOpanumn Oypuyard, 5SJE€KTPO-MarHUT MalJIOHW Ba TOPTUIIUII Ky4d
aKc HATTUPUII KOA(DPUIIMEHTIIAPUHUHT aMIUTUTyAajlapura Cce3ujiapiii  TabCup
KypcaTaawiving Ba Oy MyXaHAMCIUK, Teo(U3uKa, caMOJIETCO3NHUK, aCTPOHOMHUS,
He(T Ka3ub oNuII Ba XO0Ka30Jap/a TaKpruOa CHHOB acocu/1a Ky KYJUIaHUJITaH.

Kypub umkuiran connu aitmpmanap TEXHHKACH yIIOy TypJaru MyammoJiap
OwIaH mIyFyJuUTaHAIIIA KaTTa MyBaddaKkusTIapHA TABMUHIAWINA Ba TEPMOITIACTHK
MYXHT/Ia COHJIM €UYMMJIapHU Oepanu, YyHKH Oy MacaJaHuHT KYpuO YHMKUITaH
acocMil TeHrjaamanapuaa naigo Oynaran ¢Gu3MK MHUKAOpJIapra HucbaraH Xed
KaHJal 4eKJIOBIap KyHUIMaraH.
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INTRODUCTION (abstract of the DSc thesis)

Actuality and demand of the theme of dissertation. In recent decades,
further attention has been paid to the thermoelastic problems, taking into account
the influence of different factors, such as electromagnetic field, rotation, thermal
field, photothermal, semiconducting, voids, etc. on wave propagations, especially,
reflection, refraction (transmission) or surface waves, including the Rayleigh,
Stoneley, and Love waves. The aforementioned problems are important for the
technical applications related to the wave propagation phenomenon, especially in
engineering, geophysics, material sciences, and geology.

The present thesis is devoted to the construction of mathematical modeling
equations for the actual and important engineering problems. It consists of the
following items: (i) The propagation of waves (reflection or reflection and
transmission) related to several scientific and engineering branches due to
determining the waves amplitudes for the reflection or refraction (transmission)
ratios that has an important role in determining the dangers of waves; (ii) The
effect of external parameters, e.g., rotation, electromagnetic field, voids, initial
stress, and diffusion on wave propagation to determine whether these parameters
make a positive or a negative role in the reflection or refraction coefficients; (iii)
Relaxation times and the thermoelasticity theories considered here allow to
remove the paradox of infinite speed due to the thermal field to correspond with
the practical results; (iv) Interactions between the displacement and temperature
with the external fields, such as gravity, electromagnetic field, rotation, diffusion,
and voids; (v)The surface waves that have a lot of applications, especially in
earthquakes and volcanos and the multilayered properties effect on the surface
wave propagation.

Finally, some phenomena were numerically solved considering the finite
difference technique under the effectiveness of rotation and decayed heat flux on
the obtained components that were graphically drawn. The numerical results were
portrayed to unravel the influence of various parameters.

Under the Low of the President of the Republic of Uzbekistan dated February
17, 2017 "On Measures for Further Improvement of the Academy of Sciences,
Management and Finance of Research Work, the low published February 8, 2017
with No. PF-4947 and the version of King doom in 2030 and other normative-legal
36 documents relating to these activities, this dissertation research will serve to a
certain degree to accomplish the tasks.

Dependence of research to priority directions of development of science
and technologies of the Republic. This study was conducted 2010/96 "Actual
Sciences" in Egypt and on Scientific-technical programs "Mathematics, Mechanics
and Informatics" in the Republic of Uzbekistan.

Review of overseas scientific investigations on topic of thesis. This
scientific investigation significantly covers both aspects of the generalized theory
of magneto-thermoelasticity, such as the construction the mathematical modeling
equations and numerical simulation with some two dimensional half-space
problems under the different factors, e.g., thermal shock, rotation, voids, diffusion,
photothermal, semiconducting, and initial stress and two temperatures. The thesis
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problems have more applications in thermoelasticity and magneto-thermoelasticity
theory. The thesis corresponds to the highly important investigations that are going
on in the leading higher education institutions and research centers, including
Cambridge, Manchester, Liverpool, Oxford University of Charleston, Edinburgh,
Chester Universities (UK), Orlando, Florida, Universities (USA), University of
BAA (Al-Ayn), Sultan Qobus University (Oman), Martin Loter University
(Germany), American University of Sharjah (UAE) Yildiz Technical University
(Turkey), South Valley University (Egypt), Assuit University (Egypt), Saudi
Arabia University (Taif University), Al-Azhar university (Egypt), Aegean,
Karlovassi, Samos (Greece), Amsterdam University (Netherlands), Melbourne,
Queensland Universities (Australia), Russian Institute of Computational
Mathematics (Moscow), Institute of Cybernetics (Ukraine), Perm Scientific Center
of Ural Branch of Russian Academy of Sciences (Perm), Institute of Integrated
Informatics Problems of the National Academy of Sciences of Belarus (Minsk),
National University of Uzbekistan, Institute of Mechanics, Institute of Seysmology
Academy of Sciences of Uzbekistan, Urgench State University, Samarkand State
University, Bukhara State University (Uzbekistan), and Tashkent textile Institute.

There is a considerable international research effort on the construction of
mathematical modeling equations for describing surface wave reflection,
transmission, and propagation to show the physical meaning and effects of wave
propagation and surface waves, especially the Rayleigh, Stoneley, and Love waves
accounting the different external parameters, e.g., rotation, electromagnetic,
rotation, initial stress, voids, photothermal, semiconducting. This effort also aims
at finding the amplitudes of the reflection and transmission coefficients, as well as
the displacement, temperature, stresses, mass transfer, wave speed, and attenuation
coefficients that have many applications in diverse fields, such as science,
engineering, astronomy, acoustics, geophysics, and petroleum extracting. We
consider the new thermoelasticity models, such as the LS, GL, GN (1, I, I1I), DPL,
and TPL.

The analytical results reveal that the velocity of the propagation of the shear
waves depends upon the direction of propagation, anisotropy, magnetic field,
rotation, gravity field, non-homogeneity of the medium, and initial stress. The
frequency equation that determines the velocity of the shear waves was obtained.
The dispersion equations were obtained and investigated for different cases. The
boundary conditions that: (i)The total normal stresses in the boundary equals the
initial stress; (ii) The shear stresses vanish at the boundary; and (iii)The incidence
boundary is thermal insulated. The reflection coefficients were obtained for two
incident p- and SV-waves. The results obtained for the incident waves were
calculated numerically using appropriate metal and were presented graphically.
Comparisons were made with the results obtained in the presence and absence of
magnetic field, rotation, voids, diffusion, and initial stress.

The degree of the scrutiny of the problem. Theories of thermoelasticity
have more applications in diverse fields, such as science, technology, astronomy,
geology, petroleum extracting, and acoustics. A numerical simulation was

considered concerning the mathematical modeling of the models: (CD) Classical
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Dynamical (1952) that considered the coupled theory, (LS) Lord-Shulman (1967)
assuming one relaxation time to determine an infinite speed of thermal signals,
(GL) Green-Lindsay (1972) with two thermal relaxation times to determine the
origin time for the worth time for wave speed, (GN) Green-Nagdhi (I, I, and I1I
types) [(1991)-(1993)], Dual-Phase-Lag (DPL) (2007), and Three-Phase-Lag
(TPL) (2007) theories of thermoelasticity that are much useful in the problems of
nuclear boiling, exothermic catalytic reactions, phonon-electron interactions,
phonon-scattering, etc., where the time delay. We considered these theories to
make numerical simulations with external parameters, such as rotation, voids,
photothermal, semiconducting, initial stress, thermal shock, temperature-
dependence, diffusion, and electromagnetic field and to show their impact on the
wave propagation phenomena. These results will help the researchers to show the
results worth for the reflection and transmission and surface waves' propagation
and their applications, especially in industries, geophysics, structures, and
petroleum extracting. They also help decrease the cost of producing some products
that depend on the external effect and release the impact of the parameters,
including electromagnetic, initial stress, etc. We considered the finite difference
technique under the effectiveness of rotation and decayed heat flux on the obtained
components, which was graphically drawn.

The connection of the topic of the thesis with research work of the higher
educational institution, in which the thesis is carried out. The dissertation
research is carried out by the National University of Uzbekistan "on a
thermoelastic magnetized half-space problem in presence and absence of rotation
in the context of GN (I1) model” (2019-2020), South Valley University, Assuit
University, Faculty of Science, Mathematics Department "Solutions of some
problems in magneto-thermoelastic theories™ (2005-2010).

The aim of the research. The main aim of this work is to model a
mathematical technique and make a numerical simulation on wave reflection, and
transmission, and propagation, as well as surface waves' propagation, which have a
wide range of delay on some phenomenon related with engineering, geophysics,
biology, material science, and petroleum extracting for determining its amplitudes,
velocities, and attenuation coefficients due to the external parameters. All results
were considered under thermoelastic theories, e.g., the (CT), (LS), (GL), (GN
types I, Il, I11), (DPL), and (TPHL).

Tasks of the research work:

To introduce some new types of thermoelasticity theories considering new
parameters, such as rotation, electromagnetic, voids, diffusion, etc.

To make mathematical models to solve the system of motion equations,
temperature equation, diffusion equation, and voids equation.

To obtain the waves' propagation amplitudes (reflection or reflection and
transmission), the amplitudes ratios (reflection or reflection and refraction
coefficients) that will be investigated (ii) Concerns the propagation of surface
waves, the frequency equation, surface waves velocity, and attenuation coefficients
(iii) Respect to the two-time dependence, thermal shock problems considering the
normal mode method, displacement components, temperature distribution, stress

51



components, friction due to the voids, and diffusion due to the mass transfer will
be pointed out.

To make a numerical simulation for solving the governing equation and to
obtain the amplitudes and the physical quantities, such as displacements,
temperature, stress, volume fraction, and carrier density.

The research object. Based on the thermoelasticity theory and Lord-
Shulman, Green-Linsay, Tzou Theory, Green-Nagdhi (Types I, Il and I11) theories
and taking into account the external factors and objects, such as energy dissipation,
electromagnetic field, diffusion, voids, Dual-Phase-Lag, Three-Phase-Lag, volume
friction, photothermal, semiconducting, reflection, refraction, and surface waves,
the mathematical models and the numerical simulation methods will be
investigated.

The research subject. The study is a generation of a numerical simulation,
considering mathematical modeling for thermoelasticity theories and making a
comparison with their results and applications in sciences and techniques.

Research Methods. In the thesis, we make a numerical simulation and
mathematical modeling in the context of thermoelasticity theories: Classical
Dynamical, Lord-Shulman, Green-Linsay, Tzou Theory, Green-Nagdhi (Types I, Il
and I11), (DPL), and (THPL). We used Lame's potential, Harmonic, and Normal
mode techniques to solve and make simulations for the thesis problem. The finite
difference technique under the effectiveness of the rotation and the decayed heat
flux on the obtained components was graphically drawn.

The scientific novelty of the research is as follows:

Our research significance covers both aspects of the theory of generalized
magneto-thermoelasticity to make mathematical modeling for some problems of
two-dimensional half-space under thermal shock, rotation, voids, diffusion,
photothermal, semiconducting, initial stress, and two temperatures. The governing
equations are solved using the Lame's potentials method in the context of the (CD)
Classical Dynamical (1952) that considered the coupled theory, the (LS) Lord-
Shulman (1967) assuming one relaxation time to determine an infinite speed of
thermal signals, the (GL) Green-Lindsay (1972) with two thermal relaxation times
to determine the origin time for the worth time for wave speed, the (GN) Green-
Nagdhi (1, I and Il types) [(1991)-(1993)], the Dual-Phase-Lag (DPL) (2007) and
the Three-Phase-Lag (TPL) (2007) therories of thermoelasticity that are very much
useful in the problems of nuclear boiling, exothermic catalytic reactions, phonon-
electron interactions, phonon-scattering, etc. The time delay z, captures the
thermal wave behavior (a small scale response in time), the phase lag z, captures
the effect of phonon-electron interactions (a microscopic response in time), and the
other time delay z, is effective. In the three-phase-lag model, the thermal
displacement gradient is considered as a constitutive variable, whereas in the
conventional thermoelasticity, it is considered as a constitutive variable. We
investigate the problem of the reflection and refraction of thermoelastic waves at a

magnetized solid-liquid interface in the presence of initial stress. In the context of
GL and CT theories of thermoelasticity, the problem was solved and the effect of
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magnetic field, external heat sources, and initial stress on p-, T-, and SV-waves
propagation were discussed. Shear waves' propagation in a non-homogeneous
anisotropic incompressible medium under the influence of the electromagnetic
field, photothermal, semiconducting, gravity field, rotation and initially stressed
medium was studied. The analytical results reveal that the velocity of the
propagation of the shear waves depends upon the direction of propagation,
anisotropy, magnetic field, rotation, gravity field, non-homogeneity of the medium,
and initial stress. The frequency equation that determines the velocity of the shear
waves was obtained. Moreover, the dispersion equations were obtained and
investigated for different cases. The boundary conditions that: (i)The total normal
stresses in the boundary condition is equivalent to the initial stress; (ii) The shear
stresses vanish at the boundary; and (iii)The incidence boundary is thermal
insulated. The reflection coefficients were obtained for two incident p- and SV-
waves. The results obtained for the incident waves were calculated numerically
using appropriate metal and were presented graphically. Comparisons were made
with the results obtained in the presence and absence of the magnetic field,
rotation, voids, diffusion, and initial stress. We considered the finite difference
technique under the effectiveness of rotation and the decayed heat flux on the
obtained components, which was graphically drawn.

Practical results of the research. The results obtained are very useful for
engineering, structures, acoustics, astronomy, geophysics, industries, and biology.
Also, they contribute to petroleum extracting to decrease the extracting cost,
industries, acoustics, and technology.

The reliability of the results of the research. Theoretical results are
presented within the framework of the theories and are proven accurately. The
conditions are taken consistent with reality to make simulation during
mathematical modeling. They have more applications in science, engineering,
technology, industries, and technology. Therefore, the theoretical part is linked to
the process through the results, and the applied part is compared to the theory to
obtain the best results assuming numerical simulation.

The scientific and practical significance of the results of the research. The
main focus of this thesis is to make mathematical modeling for waves' reflection
and transmission, as well as propagation of surface waves and to show the physical
meaning and effects of waves' propagation and surface waves, especially the
Rayleigh, Stoneley, and Love waves considering the effects of external parameters,
such as rotation, electromagnetic, rotation, initial stress, voids, photothermal,
semiconducting, etc. They also help find the amplitudes of the reflection and
transmission coefficients, displacement, temperature, stresses, mass transfer, wave
speed, and attenuation coefficients that have many applications in diverse fields,
e.g. science, engineering, astronomy, acoustics, geophysics, and petroleum
extracting. We will consider the new thermoelasticity models, such as the LS, GL,
GN (I, I1, 111), DPL, and TPL.

Implementations of the research results. As part of the dissertation
research, more than 100scientific articles were published according to the high

imperative factor of Scopus and Web of Science database, which made Hirsch
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index 29 by Scopus database and more 2500 references to scientific articles: from
the methods of solving the problem of determining the finite wave velocity in the
framework of the thermoelastic theories Green-Lindsay, Green-Nagdhi, Dual-
Phase-Lag, Three-Phase-Lag in relation to the two relaxation times in foreign
scientific journals Optics & Laser Technology, Volume 97, 1 December 2017,
Pages 198-208; Chaos, Solitons & Fractals, Volume 99, June 2017, Pages 233-
242; Applied Mathematics and Mechanics volume 39, 2018, pages783-796) used
to solve the problem of one-dimensional wave propagation in a thermoelastic
infinite medium with a spherical space. The application of the scientific result
made it possible to solve the problem of wave propagation by photothermal
processes, taking into account the elasticity and heat wave.

From the solutions of problems of return and refraction of thermoelastic
waves at the boundaries of magnetic solid-liquid bodies under the influence of
initial stresses in foreign scientific journals (Applied Mathematical Modelling,
Volume 78, February 2020, Pages 148-168; J. Heat Transfer. Jul 2019, 141(7):
072002, 7 pages; Journal of Thermal Stresses, Volume 43, - Issue 6, 2020, Pages
667-686) used to solve two temperature generalized magneto-thermoelasticity
equations with hydrostatic initial stress based on surface waves. The application of
the scientific result made it possible to form a frequency equation for relay-type
waves, to calculate the speed of wave propagation and the absorption coefficient.

Approbation of the research results. The results of the research have been
discussed at more than 40 international scientific conferences.

Volume and structure of thesis. The dissertation is prepared in the form of
English scientific lectures and consists of 98 pages.

MAIN CONTENT OF THE DISSERTATION

The thermoelasticity theory has more applications in diverse fields, such as
science, engineering, acoustics, astronomy, structures, petroleum extracting, etc.
The dissertation work reported here is originally motivated by several connections
between elasticity, thermal field, electromagnetic field, rotation, initial stress,
voids, photothermal, semiconducting, and diffusion. The effect of rotation,
electromagnetic field, voids, diffusion, semiconducting, and thermal relaxation
time will be studied on the waves' propagation (i.e., either waves' propagation
"reflection and/or refraction” or "surface waves: Stoneley, Love, and Rayleigh™).
Due to the coupling of the equation of motion, heat equation, and void equation in
the context of generalized magneto-thermoelasticity, the work done in this field is
unfortunately limited in number. The secular equation, Stoneley waves' velocity
and attenuation coefficients are affected by the external parameters, such as the
magnetic field, rotation, voids, and relaxation time. The finite difference technique
under the effectiveness of rotation and decayed heat flux on the obtained
components was graphically drawn.

It is concluded that the influence of the magnetic field, voids parameters,
photothermal, semiconducting, initial stress, and thermal relaxation times is very
pronounced in the reflection or/and refraction and also surface waves' propagation
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phenomena. The results obtained are very useful for engineering, structures,
acoustics, astronomy, geophysics, petroleum extracting, industries, and biology.

In this thesis, we will introduce some problems on thermoelasticity and
magneto-thermoelasticity under the assumption of waves or surface waves'
propagation in the context of thermoelasticity theory and external parameters, such
as the electromagnetic field, thermal field, initial stress, voids, photothermal,
semiconducting, rotation, and diffusion.

Some points should be noted, that this thesis is devoted to a numerical
simulation of considering mathematical modeling equations for the following
problems:

eInfluence of magnetic field and hydrostatic initial stress on reflection
phenomena of P and SV waves from a generalized thermoelastic solid half-space.

eReflection of P and SV waves from stress-free surface elastic half-space
under influence of magnetic field and hydrostatic initial stress without energy
dissipation.

eEffect of magneto-thermo-viscoelasticity in an unbounded body with a
spherical cavity subjected to a harmonically varying temperature without energy
dissipation.

eRotation, magnetic field and stiffness effect on propagation of surface waves
in an elastic layer lying over a generalized thermo-elasticdiffusive half-space with
imperfect boundary.

¢On magnetic field and two thermal relaxation times for p-waves propagation
at interface between two solid liquid media under initial stress and heat sources.

ePropagation of Stoneley waves in magneto-thermoelastic materials with
voids and two relaxation times.

eNew features on S-waves propagation in a non-homogeneous anisotropic
incompressible medium under influences of gravity field and initial stress with and
without electromagnetic field and rotation.

eSurface waves in fibre-reinforced anisotropic general viscoelastic media of
higher orders with voids, rotation and electromagnetic field.

eReflection of generalized magneto-thermoelastic waves with two
temperatures under influence of thermal shock and initial stress.

eReflection and refraction of incident p-, T- and SV-waves at interface
between magnetized two solid-liquid media with heat sources and initial stress
with and without thermal relaxations times.

oA two-temperature generalized magneto-thermoelastic formulation for a
rotating medium with thermal shock under hydrostatic initial stress.

eOn a thermoelastic magnetized half-space problem in presence and absence
of rotation in the context of GN (I1) model.

eFinite difference technique to solve a problem of generalized
thermoelasticity on an annular cylinder under the effect of rotation.

The thesis consists of twelve chapters. It is presented, as follows:

eIn chapter (One), we give an introduction, which covers a survey of the
earlier studies of elasticity theories and magneto-thermoelasticity. It also covers
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some concepts and parameters related to the thesis object, such as the
electromagnetic field, rotation, initial stress, voids, diffusion, photothermal, and
semiconducting.

eIn chapter (Two), we provide an estimation of the theory of generalized
magneto-thermoelasticity to solve the thermoelasticity problems for two-
dimensional half-space under thermal shock, initial stress, and two temperatures.
The governing equations are solved using the Lame's potentials method in the
context of the (CD) Classical Dynamical and (LS) Lord-Shulman theories. The
boundary conditions that: (i)The total normal stresses in the boundary equal the
initial stress; (ii) The shear stresses vanish at the boundary; and (iii)The incidence
boundary is thermal insulated. The reflection coefficients are obtained for two
incident p- and SV-waves. The results obtained for the incident waves are
calculated numerically using appropriate metal and are presented graphically.
Comparisons are made with the results obtained in the presence and absence of the
magnetic field and initial stress.

Formulation of the problem
Let us consider that the medium is a perfect electric conductor. We take the
linearized Maxwell's equations governing the electromagnetic field, taking into
account the absence of the displacement current (SI)
curlh=J
curlE = —p, o
ot (1)
divh =0, divE=0
h=curl(@xH,), H=Hz+h(xy,t)
The heat conduction equation takes the form

0 0°
K¢, = (E"‘To ?)(PCET +7Tol; ;) (2)
The constitutive equation takes the form
O = ﬂ“eé‘ij +2u € _7T5ij - P(é}j + @ (3)

where e, :%(ui,j +U;) . o :%(uj’i—ui,j)
The equation of motion takes the form
pl,=oc; ;+F . (4)
where F=JxB , B=g H,
The relation between the heat conduction and the dynamical heat takes the
form

¢ -T= a¢,ii ) (5)
where a >0 tWO—temperature parameter.
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Figure 1. Effect of the initial stress on reflection coefficients for the incident P wave when P= 1012,
Ho=10% 7,=17,=0.05n=1__ ,n=12-—-n=13-—-

We conclude that the relaxation time, initial stress, magnetic field, two
temperatures, thermal shock, and angle of incidence have significant effects on the
reflection waves' phenomena that have an important role in the engineering of
metals, structures, industries, etc. Analytical solutions in the context of GL theory
for thermoelastic problem in solids are obtained. For the incidence SV-wave, the
relaxation time and magnetic field affect only the magnitude of the reflected T-
wave. |Z,|<|Z,|<|z,| for incidence p-wave. Furthermore, it is shown that

|Z5| <|Z,| <|Z,| for incidence SV-wave.

eIn chapter (Three), we study the effects of the magnetic field and initial
stress on p-, T-, and SV-waves' propagation. We investigate the problem of
reflection and refraction of thermoelastic waves at a magnetized solid-liquid
interface in the presence of the initial stress. In the context of the CT (Classical
theory) and GL (Green Lindsay theory) of thermoelasticity, the problem is solved.
The boundary conditions applied at the interface are (i) The displacements'
continuity, (i) Vanishing the tangential displacement, (iii) The continuity of the
normal force per unit initial area, (iv) Vanishing the tangential force per unit initial
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area, and (v) The continuity of temperature. The amplitudes ratios for the incident
p-, T-, and SV- waves have been obtained. The reflection and transmission
coefficients from the incident waves are computed numerically considering the
initial stress and magnetic field effect, and the results obtained are presented
graphically.

1) The dynamical equations of motion and the rotating frame of reference for
a plane strain under initial stress in the absence of heat source, taking into account
the presence of the Lorentz force, are

5511 4+ 2 3512 P aa) + F ,O

(6)
as12_|_5522 P 6a)+|: _pat_
where a)——(———) Fx and F, are the components of the magnetic field in x
andy directions, respectively.
2) The stress-strain relations with incremental isotropy are given as
Sy=(A+2u+P)e, +(A+P)e, —7(T +7,%)
Sy =48, +(ﬂ,+2,u)e j/(T +Tl at ) (7)
S12 = 2:uexy
3) The incremental strain- components are given as
o U v _lfou ov (8)
“ax Y ooy Y 2ley ox
4) The modified heat conduction equation is
0 0 0 \[ou ov
KVT =,C, (1+fo &jT +T07/E(l+z'0§ij EJ(a_x+Ej 9

5) Taking into account the absence of the displacement current, the linearized
Maxwell equations governing the electromagnetic fields for a slowly moving solid
medium having perfect electrical conductivity are

. _ oh
curlh=1J, CUrlE = —p, —
He ot (10)
divh =0, divE =0
where ﬁ:curl(a HO)
We use H=H,+h(xzt), H,=(0,0,H)
Then,
ou  ov
F=uH?
R P Y,
(11)
ou  oN
F =uH?
y ﬂe axay+ay2

Again, the Maxwell's stress equation can be given in the form of
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which reduces to

zy = [Hh; +Hh —H,h5; |

ov

2
Ty =Ty = M H [_X—i_—

We observe the effect of the initial stress and magnetized on the reflection

oy

J’ 73, =0

(12)

and refraction of plane waves at a solid-liquid interface under perfect boundary

conditions in the context of GL and CT theories. The waves' amplitudes ratios with

initial stress and magnetic field with the angle of incidence are obtained in the
framework of the GL and CT models investigated numerically and presented

graphically.
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eIln chapter (Four), we investigate the problem of the reflection and
refraction of thermoelastic waves at a magnetized solid-liquid interface in the
presence of initial stress. In the context of the GL and CT theories of
thermoelasticity, the problem is solved, and the effect of the magnetic field,
external heat sources, as well as initial stress on p-, T-, and SV-waves' propagation
Is discussed. The boundary conditions at the interface for displacement continuity,
vanishing the tangential displacement, continuity of normal force, tangential force
and continuity of temperature are applied. The amplitude ratios of the incident p-,
T-, and SV-waves are obtained. The effect of the initial stress, heat sources, and
magnetic field on the reflection and transmitted coefficients for the incident waves
Is discussed.

1. The dynamical equations of motion in the rotating frame for a plane strain
under initial stress in the absence of the heat source can be given as:

— 2
6811+8812 _P8w+F1:p8_lzj
ox oy oy ot

0S,, 0OS ow o%v (13)
12_|_ 22_P a)+F2:p_2
OX oy OX ot
_ 1f{ov ou
where o =—| ———|.
2\ ox oy
2. The stress—strain relations with incremental isotropy are given as
Sy=(A+2u+P)e,+(A+P)e, —;/(T +Tl%j
oT
S,, :ﬂ,exx+(/1+2y)eyy—;/[T —H-lEj (14)
S12 = 2:uexy

3. The incremental strain components are given in the form of
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eXX:a_u’ e, =, e, _fou, o (15)
ox Y oy 2oy ox
4. The modified heat conduction equation is
2 2
KV’T = pC, ﬂ+rog +Tyy ofu, v +rO§a—2 M N
ot ot atl ox oy a2l ox oy
(16)

5. The linearized Maxwell equations governing the electromagnetic field for a
slowly moving solid medium of perfect electrical conductivity, taking into account
the absence of displacement current, are:

curlh=1J, curIE:—ye%T, divh=0, divE =0 (17)
where h=curl(uxH,).
We use ﬁ:m+ﬁ(x,z,t), WO:(O,O,H)
Then,
2 2 2 2
S R A R [ il (18)
OX"~  oxoy oxoy oy

Again, the Maxwell’s stress equation can be given in the form of
7y = | Hihy + H b —H,h 5 |
This reduces to
ou ov
TllzfzzzﬂeHz[&'Fa} 7, =0 (19)
with the help of Eqgs. (14)-(18), Eq. (13) has the form of

2

2
(/1+2y+P+yeH2)a—l;+(/1+E+,u+yeH2j o,
OX 2 Oxoy (20)
{ +Ej@_ ou, for o7
P oy =P T ok T M
P o P 2 O°U 2\ OV
—— |+ A+—=—+u+pH | —+(2u+ A+ puH ) —=
(u Zjaxz ( S U A, )axay (204 2+ uH) = o

_ o L84y T 0T
P ot /4 oy 18)/511

To separate the dilatational and rotational components of strain, we introduce
displacement potentials ® and ¥ defined by the following relations:

u—ag—a—lp, v=a£+6—qj, ¥ =(0,0,-¥) (22)

S oXx oy oy  ox
Using Eq. (22), Eq. (20) reduces to the following equations

1 o°D ( ETJ
Vi = +y| T+7,— 23
(l+2,u+P+,ueH2){p o ot } (23)
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Mt

VZ‘P—( ppj{a;tﬂ' (24)
2

Similarly, Eq. (21) takes the form of

2
VD = P 0 g) + /4 (T +71£) (25)
(ﬂ,+2,u+,ueH2) ot (ﬂ,+2,u+,ueH2) ot
. P o’y 5
V‘P—( Pj{atz} (26)
“2
and Eq. (16) reduces to
or _ oT 0 0
KVZT :pCe [E-FTO WJ-FTO]/a(l-FtOé‘a)VZ(D (27)
2 2
where v’ =a—2+8—2.
ox~ oy

Solution using the GL model
In the Green-Lindsay theory: 7, >z, >0,and 6 =0,
Solution using the CT theory
In the CT theory: 7, =7,=0 and 6 =0.

We model the effect of initial stress and magnetized on reflection and refraction of
plane waves at a solid-liquid interface under the perfect boundary conditions in the
context of the GL and CT theories. The wave amplitudes' ratios with initial stress
and magnetic field with the angle of incidence are obtained in the framework of the
GL and CT models investigated numerically and presented graphically. The
reflected and refracted amplitudes depend on the angle of incidence, initial stress,
and magnetic field. The nature of this dependence is different for diverse reflected
waves. The initial stress and magnetized media play a significant role and have the
inverse trend for the reflected and transmitted waves. The heat sources affect
strongly the amplitudes of the refracted p- and T-waves, but there is a slight change
in the amplitudes of other waves.

Finally, it appears that the reflection and refraction coefficients strongly
appear in the phenomena with many applications, especially in seismic waves,
earthquakes, volcanoes, and acoustics.

In chapter (Five), shear waves' propagation in a non-homogeneous
anisotropic incompressible medium under the influence of the electromagnetic field,
gravity field, rotation, and initially stressed medium are studied. Analytical analysis
reveal that the velocity of the propagation of the shear waves depends upon the
direction of propagation, anisotropy, magnetic field, rotation, gravity field, non-
homogeneity of the medium, and initial stress. The frequency equation that
determines the velocity of the shear waves is obtained. The dispersion equations is
obtained and investigated for different cases. In fact, these equations are in
agreement with the corresponding classical results when the medium is isotropic.
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The results obtained are discussed and presented graphically. The results indicate
that the effects of the gravity field, initial stress, magnetic field, electric field
anisotropy, and rotation are very pronounced.

o
=
j+]

IT]

0994
b R

w
o
=
=]
8

Fig. 4: Variations of the absolute values of the
displacement and temperature respect to radius with
the influences of magnetic field: Ho = 10° (solid line),

Ho = 2X10° (dashed line), Ho = 3X10° (dotted line).

Fig. 5: Variations of the absolute values of the
displacement and temperature respect to radius
with the influences of frequency: w = 0.2
(solid line), w = 0.3 (dashed line), w = 0.4

(dotted line).
We consider an unbounded incompressible anisotropic medium under initial
stresses s, and s,, along the x—,y—directions, respectively. When the medium is

slightly disturbuted (u,v), the incremental stresses s,, s,and s,, are developed, and
the equations of motion in incremental state become

asll+aSlZ - 8W3—,09@+ F=p m(éxéxﬁ) +(2§3ij , (28)
OX 6y (9y OX L X x
08y + Oz _ P W, +pga—u+ F=p v+ (E)x Ox Jj +(2§3x Jj (29)
OX OX OX i y y
where

F :(jx Ej .

o where F, and F, are the components of the magnetic field in x and y
directions, respectively. The initial stress P =s,, —s,;, the rotational components

about z- axis, w, =£(@—a—u], p represent the density of the medium. g is the

2\ ox oy

acceleration due to gravity, (u,v) are incremental deformation, and Q is the

angular rotation.
e For a slowly moving medium, the variations of the magnetic field and
electric field are given by the Maxwell's equation in the following form:
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ﬁ

- - . - . > o
curlh =J+¢,E, curl E=—g h, divh =0, divE =0,
- > — — - - (30)
E=—ue| UuxH |, h =curl(uxH,)
where
%

- - —
H=H,+ h(XY,t), H, =(H,,0,0)

where B is a magnetic induction vector, E is an electric intensity vector, Fis the
_)

. —>
Lorentz’s body forces vector, u is the velocity vector h is perturbed magnetic

—> -
field vector, H is magnetic field vector, Ho is a primary constant magnetic field

vector, H,is the absolute magnetic field,3 IS an electric current density vector,
and e is the magnetic permeability, ¢, is the electric permeability.

The incremental stress-strain relations for an incompressible medium may be
taken as
s, =2Ne, +s, s, =2Ne, +s and s, =2Qe,, (31)

S : :
where s=%, e, are incremental strain components, and N and Q are the

rigidities of the medium.
The Maxwell's stress equation

7y =, Hihy + Hh —Hhs; | (32)
The incompressibility condition e, +e, =0 is satisfied by
u=—%, v:%. (33)
oy OX
Substituting from Egs. (30) and (31) into Eqgs. (28) and (29), we get

s 2Na¢ Qaz¢az_¢ P& a¢ 2’9
X 8x26y oy oy’ || 2 ay| ox? ay2

(34)
_ p{ _0% e, aq
X ayat ay oxot
o, 9,y _¢_
oy oy 8Xay ox° ax axay
. H( 6,5, ¢j { 9, 0 229 _pq aq
ox® axay oxot? 8x8y oxot OX oyot

(35)
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Assuming non- homogeneities as

Q= Qo (1+ ay)’
N = N,(1+by), (36)
P =py(L+cy)
2 T T T
Fig. 192 N=2253
[?, 12 7 iT:
2 b
= 5
] B
= -
15 7
H=0 :."‘*:" -
. P=05H=010=03___ . l T 2=0.10305
B 04 08 12 L6 B | 04 08 12 16
Bngle 8 Engle &

Figure 6: Variation of velocity C_1 with respect to the angle 0: without rotation, without initial

stress and magnetic field, and in the presence of all parameters: (a) N and (b) 6

“elocity E{

Figure 7. Variation of velocity 61 with respect to (9,5) with and without magnetic, rotation, and initial stress.

We concluded from the results obtained analytically and displaying the
numerical results graphically, we conclude the following remarks:
- The depth baffects positively the waves' velocity C, .
- The angle of incidence ¢ affects periodically as increasing and decreasing

on the velocity.

-The magnetic field H and gravity gcause interruption on the waves'
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velocity.
- The waves' velocity C, is affected strongly by the angular velocity (rotation)

when compared with the results obtained in the absence of the rotation that indicate
that the influence of rotation in aircrafts and planes has utilitarian aspects in
geophysics, eeology, biology, acoustics,..., and plasma.

- All parameters affect strongly on the waves' velocity, expect for ¢ that
decreases slightly on C, .

eIn chapter (Six), an estimation is made to study the propagation of the
Stoneley waves in magneto-thermoelastic materials with voids and two thermal
relaxation times in the context of the Green Lindsay (GL) model. The basic
governing equations are formulated in the xz-plane and the magnetic field are
considered in y-axis that acts perpendicular to the wave propagation. We applied
the Lame's potential method to solve the problem. The boundary conditions that
the continuity of the forces stresses and Maxwell's stresses components,
displacement components, heat flux, temperature, and volume fraction field are
illustrated at the interfaces between two dissimilar half-spaces to obtain the
frequency equation of the Stoneley waves in the media. Some special cases with
neglecting: (i) the magnetic field and (ii) the thermal relaxation times parameters
are deduced as special cases from this study. Moreover, the numerical results are
displayed graphically.

The governing equations for an isotropic, homogeneous elastic solid with
generalized thermoelasticity with voids and incremental heat flux at the reference
temperature To taking into our account the GL theory and the fields (thermal,
magnetic, voids, and elastic) are given, as follows:

Ojj = (lekk - ﬂ(“ (21 %}® + bq)j@,- +2ue;, (37)

g +7, q. =Ko, (38)
S =ad;, (39)
on = pe, +a0®+mo, (40)
g =-be, — &0 +mO, (41)
T, 77 =0 (42)
L L 43
& :E(ui-i +Uj)s W :E(ui-i ~Ui;)- (43)
The Maxwell's electromagnetic stress tensor z; is given by
7y =t (Hih; + Hh = (H, h,)3;). (44)
The equation of motion
o, +F =pui (45)

which tends to

U+ (A+ U _ﬂ(l—'_z-l%j@,i +b®d, +F =pui.  (46)
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The equation of heat conduction under the GL model

pCe(0+ 70 é)+ﬂT0ﬁk,k+ mTo(ci)+ 70 ®) = KO i (47)
a® ; —buy —§(I)+m®:p;(® (48)
where

Consider that the medium is a perfect electric conductor, we take the
linearized Maxwell's equations governing the electromagnetic field, taking into
account the absence of the displacement current (SI), as shown in the following
form

-

> > - oh
curlh=1J, CUrlE = —u, —,
e ot (50)
divh =0, divE =0
where
ﬁzcurl(ax I—To) (51)

where we used
H=H,+h(xzt), H,=(0,H,0). (52)
For two-dimensional motion in the xz-plane, Egs. (46)-(48) are written as

o°u o°u
(/1+2y+yeH2) 21+(/1+,u+yeH2)—3
OX oXoz (53)
i 62u1_ﬂrla_®+ba£_ ﬂ
e x ox P
2 2
(/1+2,u+,ueH2)6uz3+(/1+y+yeH2)au1
0z oXoz (54)
8u 00 . ob o%u
Hoe BT b =
2 2
oC, TOGG) “BT, o°u (’)u3
8X8t 828t
) ) (55)
o~ OD 0°® 00
e =K e T )
R OIGE ) ou, au oD
+ bl —2+—=2|-&D+mO=py— 56
[8x azzj (ax 82)5(1) PE 5 (56)

where

T° :1+10£, t=1+7,—.
ot ot
The displacement components u; and uz may be written in terms of the
scalar and the vector potential functions, ¢ and v, respectively, as shown in the
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following form:

Yox ooz Y oz ox
The previous results show that the effect of the magnetic field and
thermal relaxation time on the velocity of the Stoneley waves and attenuation
coefficient in magneto-thermoplastic materials with voids. We have the values of
these waves increased or decreased with the increasing of the values of the
magnetic field and thermal relaxation time.

Due to the complicated nature of the governing equations for the
generalized magneto-thermoelasticity theory, the work done in this field is
unfortunately limited in number. The method used in this study is quite successful
in dealing with such problems. This method gives exact solutions in the elastic
medium without any assumed restrictions on the actual physical quantities that
appear in the governing equations of the problem considered.

The importance of the phenomena is observed from the following
conclusions:

-The Stoneley waves' velocity and attenuation coefficients take small values
with the presence of the magnetic field compared with the corresponding values in
the absence of H.

-The Stoneley waves' velocity increases with the increase of the relaxation
times in the presence and absence of H and vice versa for the attenuation
coefficients.

- The Stoneley waves' velocity decreases with the increase of the magnetic
field H with and without thermal relaxation times and vice versa for the attenuation
coefficient.

The results presented in this chapter should prove useful for researchers in
material science, designers of new materials, low-temperature physicists, and those
working on the development of the theory of hyperbolic propagation of hyperbolic
thermoelastic. Relaxation time and voids exchange with the environment arising
from and inside nuclear reactors influence their and operations. The study of the
phenomenon of the relaxation time and the magnetic field is also used to improve
the conditions of oil extractions. It is concluded that the influence of the magnetic
field, voids parameters, and thermal relaxation times are very pronounced in the
surface waves' propagation phenomena.

eIn chapter (Seven), we investigated the propagation of surface waves in a
nonhomogeneous rotating fibre-reinforced viscoelastic anisotropic media of
higher order of n-th order including the time rate of strain. The general surface
wave speed is derived to study the effect of rotation on surface waves. Particular
cases for the Stoneley, Love, and Rayleigh waves are discussed. The results
obtained in this investigation are more general in the sense that some earlier
published results are obtained from our result as special cases. Also, the results of
the homogeneous media can be deduced from this investigation. For order zero,
our results agreed with fibre-reinforced materials. By neglecting the reinforced
elastic parameters, the results reduce to well-known isotropic medium. It is also

o =22 v o 90 0V (57)
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observed that surface waves cannot propagate in a fast rotating medium. A
comparison is made with the results obtained in the presence and absence of
rotation and parameters for fibre-reinforced of the material medium. Numerical
results were given and illustrated graphically. The results indicate that the effect
of rotation and parameters for fibre-reinforced of the material are very
pronounced.

A medium consists of two non-homogeneous anisotropic fibre-reinforced
semi-infinite elastic solid media M1 and M2 with different elastic and
reinforcement parameters. The non-homogeneity of the material depends on the
space variable. It is assumed that non-homogeneity grows or decays slowly. Its
rate of growth or decay is proportional to its value at that point, i.e.,

3—’1 =a A; where A is an elastic parameter.
X2
This implies

d—/1= mA,

dx,

where m is a constant, which is positive for the inhomogeneity growth and
negative for decay.

The above equation implies

A=

For m=0, A=4, , Thus for m=0, the medium is homogeneous.

The two media are perfectly welded in contact at a plane interface. Let us
take orthogonal Cartesian axesOxx,x, with the origin atO.Ox,points vertically
upwards to the medium M(x,> 0). The media M1 (x,> 0) and M2 (x,< 0) are
separated at x,= 0. Both media rotate about an axis.

It is assumed that the waves travel in the positive direction of the x1-axis and
at any instant, all particles have equal displacements in any direction parallel to
Ox3. Given those assumptions, the propagation of waves is independent of x3.

The propagation equations of the small elastic disturbances are, as follows:

7.5 = p{U +Qu,Q; - Q%u, - 26, Q0. }, where &, is the Levi-Civita tensor, z;
are components of stress, p is the mass density, and u, is the displacement vector.
The upper suffix dot shows the time derivative with respect to time and comma
followed by an index that shows the partial derivative with respect to a coordinate.
It is assumed that the body rotates about z-axis with an angular frequency Q, i.e.,
Q=0(0,0,1)

In the component form, the equation of motion becomes

Tipq + T + 7155 = p{U - Qzul —2Qu,},

.. 2 .
Tyt Tt T3 = p{u, —Q%u, +2Qu,}, (58)
Taq+ T+ Ta33 = PUs.

The general equation for a fibre-reinforced linearly elastic anisotropic media

w.r.t. adirection a=(a,a,,a,) IS as
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T = Digkké‘ij +2D i+
Strain tensor is ¢ =3(u,;+u;;) and D,,D, are elastic parameters. D,, D, and
(D, -D, ) are reinforced anisotropic viscoelastic parameters of higher order , s

e € T D, (akamgkmé‘ij +é&ya;a

In the present problem, we consider exponentially decaying non-
homogeneous material. Hence, the density, elastic module, and elastic parameters
may be taken in the following form

p=p,e"

0\ 0\
o.=4(FJ e omu(F)e

o\ o)
D,=a | —|e™ D, =p | =—|e™
a2 =2

o) o)
D,=B|—=|e" D, =p || e™
ks (at] ”T ”T(atj
k=0,12..s.
An Einstein summation convention for repeated indices is used.

By choosing the fibre direction as a=(1,0,0), the components of stress
becomes
7, =(D,+2D, +4D, - 2Du + Dﬁ)g11 +(D,+D,)e,, +(D,+D,)es,,
7 =(D,+D,)é, +(D,+ ZD;,T )Ex + D, &4,
7 =(D,+D,)&, +D,&,, +(D,+ ZD/,T )Esss
73=2D, &,
T, = 2DﬂL512,
Ty = 2DﬂT Epg-
Using the strain tensor, the above equations and taking all derivatives w.r.t. x,

become zero.
The equations (58) of motion take the following form
(D,+2D, +4D, —2Dﬂ + Dﬂ)um+(Da+ D,+D, M, o + D# Uy 5
L ' | - o 59a
B mDﬂT (ul,z + u2,1) = p{U, _Qzul —2Qu,}, (5%2)
(D,+D, +D,)u;, +D,u,;, +(D, +2D, U, ,, — m(D, +D, )u,, (590)
-m(D, +2D, )u,, = p{i, - Qu, + 2Qu,},
DﬂL Uspy + D,,T U, —M DﬂT Us, = pUs, (59¢)
Similarly, we can get similar relations in medium M, with p, D,,D,, D, ,

D, and D,are replaced by o', D,.,D,.,D,, , D, andD,,.

T
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Fibre-reinforced medium with voids

Fibre-reinforced medium
with voids

- -
H. € y

Figure 7: Diagrammatic representation of the problem.

We conclude that

-The surface waves in non-homogeneous, anisotropic, fibre-reinforced
viscoelastic solid media under the rotation and higher order k of nth order
including the time rate of strain are investigated. It is observed that viscoelastic
surface waves are affected by the rotation, inhomogeneity, frequency, and time
rate of strain parameters. These parameters influence the wave velocity to an
extent depending on the corresponding constants characterizing and
viscoelasticity of the material. So, the results of this analysis become useful in
circumstances where these effects cannot be neglected. These velocities depend
upon the fibre-reinforced parameters ‘a’ confirming that these waves are affected
by the rotation of the media.

- The Love waves in non-homogeneous media are only affected by viscosity,
rotation, frequency, higher order k of net order, including time rate of strain,
frequency, and thickness of the medium. In the absence of all fields, the
dispersion equation is in complete agreement with the corresponding classical
result.

- Based on the Rayleigh waves in a non-homogeneous, general viscoelastic
solid medium of higher order, including the time rate of change of strain, we find
that the wave velocity equation proves that there is a dispersion of waves due to
the presence of rotation, frequency, inhomogeneity, and viscosity. The results are
in complete agreement with the corresponding classical results in the absence of
all fields.

- The wave velocity equation of the Stoneley waves is very similar to the
corresponding problem in the classical theory of elasticity. The dispersion of
waves is due to the presence of rotation, phase velocity, frequency, and viscosity
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of the solid. Furthermore, the wave velocity equation of this generalized type of
surface waves is in complete agreement with the corresponding classical result in
the absence of all fields.

eIn chapter (Eight), we study the propagation of the SV-waves under the
effect of the electromagnetic field and initial stress for three models in
thermoelasticity; The couple (CD), and Green-Lindsay (G-L) theories, as well as
the dual-phase-lag theory (DPL). The problem of the reflection and transmission of
thermoelastic waves at a solid-liquid interface in the presence of electromagnetic
fields and initial stress is investigated subjected to certain boundary conditions.
The appropriate expressions to find the amplitude ratios of the incident waves (SV-
waves) is obtained. The reflection and transmission coefficients for the incident
SV-waves are computed numerically. The effect of electric field, magnetic field,
and initial stress are illustrated graphically. Comparisons are made with the
obtained results in the presence and absence of the considered variables and
displayed graphically. The results indicate that the effect of the electric field,
magnetic field, and initial stress on the SV-waves incidence at the interface
between solid-liquid media are very pronounced.

1) The dynamical equations of motion and the rotating frame of reference for
a plane strain under initial stress in the absence of a heat source, taking into
account the presence of Lorentz's force, are

— 2

08y , 08, L0 F :pa_l:

ox oy OX ot (60)
— 2

08y , 08y L0 Zpa_\z/

ox oy ox Y T ot

_ 1l{ov ou e
where &=3 6——5 , F,and F, are components of the electromagnetic field
X

in X and y directions, respectively.
2) The stress-strain relations with incremental isotropy are given as

Sy=(A+2u+P)e,+(A1+P)e, —}/(T +11§Tj

S, =4, +(A+2u)e, —7/(T +r1§Tj (61)
812 = 2:uexy
3) The incremental strain-components are given by
eXX:a—u’ eyy:@’ Xy:1 a—u @ (62)
OX oy 2\ ox oy

4) The modified heat conduction equation is
2 2
K(1+rong2T:pCe ﬂ+rog + T,y ofau, v +r05ija—2 M N (63)
ot ot ot atl ox oy a2\ ox oy
where C, is specific heat per unit mass, ; is strain components, K is thermal
conductivity, Pis initial stress,S,,,S,,S,, are incremental stress components, 4and
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pare Lame's constants, T, is natural temperature of the medium, §; is Kronecker
delta, T is the absolute temperature of the medium, z, and , are thermal relaxation
times, ¢, is the coefficient of linear thermalexpansion, u;is the components of the
displacement vector, @ is magnitude of local rotation, andz, is the phase-lag of the

gradient of temperature.

5) Taking into account the absence of the displacement current, the linearized
Maxwell's equations governing the electromagnetic fields for a slowly moving
solid medium having a perfect electrical conductivity are

crlfi=T+5,%E, — 4 M _curlE, divh=0, divE=0,
ot ot

- (64)
E:_u{%xﬁo} o curl(@x o), F = (3 xFio)

where
H =Ho+h(x,y,t), Ho=(0,0,H).
Using Eq. (64), we obtain

I:x::ueHz Ay

e
_ax OlLle atz

IGE GaY
Fy = zueH ? 5 — &l ¥:| (65)

F, =0
-Where E is an electric intensity vector, F is the Lorentz’s body force

vector, h is the perturbed magnetic field vector, H is the magnetic field vector,

Ho is the primary constant magnetic field vector, J is the electric current density
vector, w is the magnetic permeability, and ¢, is the electric permeability.

6) The Maxwell's stress equation can be given in the following form

Tjj :ﬂe[Hihj+Hjhi_(H—k-Wk)é}j]’ 1,j=12,3 (662)
where i is the Maxwell’s stress tensor, which reduces to
ou ov
T, =7, =y, H 2 (&—FE} 7, =0. (67b)

We study the above basic equations for the following three different

theories:
(iv)Classical and Dynamical coupled theory (1956) (CD)
5ij =0,7,=0,7,=0,7,=0
(v) Green and Lindsay's theory (1972) (GL)
é‘ij =0,7,27,>0,7,=0

(vi) Dual phase-Lag theory (DPL)

6;=117,>0,7,=0,0<7, <7,
- In the context of the (CD), (G-L) and (DPL) models, the effect of the initial
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stress and electromagnetic field on the reflection and refraction at the interface
between solid-liquid media under perfect boundary conditions are discussed.

We conclude the following remarks:

- The reflected amplitudes depend on the angle of incidence, initial stress,
electromagnetic field, and thermal relaxation times.

- The initial stress and the electromagnetic field play a significant role that
has the inverse trend for the reflected and transmitted waves.

-The three thermoelastic theories have effects on the reflection and
refraction phenomena.

-In the DPL model, it appears that |Z,|<|Z,|<|Z|<|Z,|<|Z;| the smallest

affects |Z,|, but the largest affects |Z,|.

-1t is observed that the reflection coefficient strongly appears in the
phenomena that have several applications, especially in seismic waves,
earthquakes, volcanoes, and acoustics.

- The results presented in this chapter are very helpful for researchers
concerned with material science, designers of new materials, low-temperature
physicists, and those working on the development of a theory of hyperbolic
propagation. Studying the phenomenon of rotation, the magnetic field and
diffusion are also used to improve the conditions of oil extractions.

eIln chapter (Nine), the problem of the reflection and refraction of the
thermoelastic wave at a solid-liquid interface in the presence of the magnetic field
and initial stress is investigated. The problem is solved in the context of the three-
phase-lag model of thermoelasticity. The appropriate expressions to find the
amplitude ratios for all the three cases of p-wave incidence, SV-wave incidence,
and thermal wave incidence are developed. However, the ratios of the amplitudes
of the reflected and refracted waves to that of the incident waves are computed
numerically for earth’s crust-water interface, for incident p-wave only, considering
the initial stress to be tensile as well as compressional both. The obtained results
are presented graphically to show the effect of phase lags, magnetic field, and
initial stress.

Let us consider a plane interface between solid half-space, homogeneous,
isotropic, elastic material, and liquid medium with a primary temperature T,and

magnetic field acting in the z-direction. The magnetic field effect Hin both
media acts in the z —direction, but the solid medium M is only under initial stress
P. The plane p-, T-, or SV- wave is incident in the medium M on the interface
plane, which reflects the p-wave (dilatational wave), SV-wave(rotational wave),
and thermal wave (dilatational wave). The rest of the waves continues to travel in
the other medium M after refraction, as p-wave and thermal wave.

We assume a Cartesian coordinate system oxyz with the origin ‘o’ on the
planey =0. Because we consider a two-dimensional problem, we restrict our
analysis to the plane strain problem parallel to the oxy-plane. Hence, all field
variables depend only on x, yand time t.

For easy reference, we follow a convention: All quantities in the medium M
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are presented unprimed, whereas the corresponding quantities (except for initial
stress) in the medium M' are represented as primed.

The initial stress components affect the medium M, where & is the angle of
incidence for plane wave; 6,and 6, are the angles of the reflected waves; ' and 6,

are the angles of the transmitted waves; H is the magnetic field vector acting in the
z—direction; A, A, and A are the amplitudes of the incident waves; A,, A, and A,

are the amplitudes of the reflected waves; A, and A; are the amplitudes of the

transmitted T-and SV-waves, respectively (there are two transmitted waves only in
the medium M").

Let us consider a plane interface between solid half-space, homogeneous,
isotropic, elastic material, and liquid medium with a primary temperature T,and

magnetic field acting in the z-direction. The magnetic field effect Hin both
media acts in the z—direction, but the solid medium M is only under initial stress
P. The plane p-, T-, or SV- wave is incident in the medium M on the interface
plane, which reflects the p-wave (dilatational wave), SV-wave (rotational wave),
and thermal wave (dilatational wave). The rest of the waves continues to travel in
the other medium M ' after refraction, as p-wave and thermal wave.

We assume a Cartesian coordinate system oxyz with the origin ‘o’ on the
planey=0. Because we consider a two-dimensional problem, we restrict our
analysis to the plane strain problem parallel to the oxy-plane. Hence, all the field
variables depend only on x,yand time t.

For easy reference, we follow a convention: All quantities in the medium M
are presented unprimed, whereas the corresponding quantities (except for initial
stress) in the medium M'are represented as primed.

The initial stress components affect the medium M, where @ is the angle of
incidence for plane wave; 6,and 6, are the angles of the reflected waves; &' and 6,

are the angles of the transmitted waves; H is the magnetic field vector acting in the
z—direction; A, A,and A are the amplitudes of the incident waves; A,, A,and A

are the amplitudes of the reflected waves; Ajand Ajare the amplitudes of the

transmitted T-and SV-waves, respectively (there are two transmitted waves only in
the medium M").

3. Basic equations:

Dynamical equations of motion:

Dynamical equations of motion for plane under initial stress in the absence of
a heat source, taking into account the presence of Lorentz force, are

— 2
08y , 05y _Paa)+Fx :pa u
X oy oy ot
— 2
08y, 08y 00 - =p6\2/ (69)
oX oy ox '’ ot
_ 1ljov ou ety -
wherea):E 6__5 , F.and F, are the components of the magnetic field in the x
X

and ydirections, respectively.
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Stress-strain relations:
The stress-strain relations with incremental isotropy are given as
Sy=(A+2u+P)e, +(A+P)e, —yT
Sy =Ae, +(A+2u)e, —yT (69)
S12 = 2:uexy
Incremental stress components:
The incremental stress components are given as

8u av 1 au av
e, =—,€ —, e, =
'Y eyt 2ley T

Three-phase-lag heat conduction equation:

2 2 ..
K(1+rt§jV2T+K*£1+rV§JV2T=£1+rq§ TZ ; J{pCT+ T (2—+%ﬂ (71)
X

where K is the thermal conductivity, K" is the material constant characteristic
of the theory, pis the mass density, C, is the specific heat at constant strain. z,,z,,z,

are the phase lags of heat flux, temperature gradient, and thermal displacement
gradient, respectively.

Linearized Maxwell equations:

Taking into account the absence of the displacement component, the
linearized Maxwell equations governing the electromagnetic fields for a slowly
moving medium having perfect electrical conductivity are

(70)

- . oh - -
curlh =17, curIE:—yeE, divh =0, divE =0 (72)
Weuse H=H,+h, H,=(0,0,H), h=(0,0,h)
Then, the components of the Lorentz’s body forces are obtained as
sz,ueHz[a—zl:+ aZVJ,FyzyeH (82 avj (73)
oX"~  oxoy oxoy oy’
The Maxwell’s stress equation can be obtained as
7y = (Hih +Hh —H hs)) (74)

which reduces to
Ty =Ty =M, H (au"'a\/j =0
oX oy

We present the effect of initial stress and magnetization of reflection and
refraction of plane waves at a solid-liquid interface under perfect boundary
conditions in the context of the three-phase-lag model.

From the theoretical and numerical discussion, the followings concluding
remarks can be drawn:

Z.|,|Z,|.|Z,|and |Z;|start from their maximum values arriving at zero at

6 =90°but |Z3| arrive at unity at 8 =90°. There is a slight change in the variation of
the magnetic field and initial stress. |Z,],|Z,|, |Z,|and |Z,|start from their maximum
values arriving at zero at & = 90°but |Z3| arrives at unity at 6 =90°. Moreover, there
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Is a slight change in the variation of the phase-lags.

In chapter (Ten), the interaction between the magnetic field and the thermal
field in an elastic half-space, homogeneous, and isotropic under two temperature
and initial stress are investigated using a normal mode method in the framework of
the Lord-S hulman theory, with thermal shock and rotation. The medium rotates
with a uniform angular velocity. It is considered to be permeated by a uniform
magnetic field and hydrostatic initial stress. The general solution we obtain is
finally applied to a specific problem. The variations in temperature, the dynamical
temperature, the stress, and the strain distributions through the horizontal distance
are calculated by an appropriate numerical example. They are also graphically
illustrated.

In the following section, we consider that the medium is a perfect electric
conductor. We also consider that the Maxwell equations, taking into account the
absence of the displacement current (Sl), take the form:

curlh=J
curl E = -4, oh
ot (75)
divh=0, divE=0
where h=curl(GxH,) , H=H,+h(x,y,t)
The heat conduction equation takes the form

0 0?
K¢, = (E"‘To ?)(/)CET +7Tou; ;) (76)
The stress strain relation are as follows:
o =Aeo;+2ue;—yTo; _P(é‘ij +a)ij) (77)

1 1
where g; =E(ui,j+u”), w; :E(u”_ui’j

1

The medium rotates uniformly with an angular velocity Q=Qn, where n is a

unit vector representing the direction of the axis of rotation. The displacement
equation of motion in the rotating frame of reference has two additional terms: The
centripetal acceleration Qx(Qxu) due to time-varying motion only and the

Coriolis acceleration2Qxu, where u is the dynamic displacement vector.
The equation of motion takes the form
plu +H{Qx(Qxu)} +(2Qxu)]=0; ; + F (78)
where F =JxB, B=yH,
The equation relates between the dynamical heat and heat conduction written as:
P—T = a¢,ii ' (79)
where a > 0 indicates the two-temperature parameter.
Assume that an elastic homogenous half-space x>0 rotates uniformly with

angular velocity Q, in the presence of the constant magnetic field H, directed
along the x-axis and of an initial compression P obeying to Egs. (75)-(77). The
displacement components for the 2D medium have the form
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u =u(x,yt), u =v(xyt), u,=0. (80)

The heat conduction equation takes the form

2 2 2 2
K(%+%—f)=(§+ro%}pCET +7/T0(§+ro%j[2—i+%j. (81)
In chapter (Eleven), we study two-temperature thermoelasticity in a
generalization form to solve the half-space problem of two dimensions under
gravity, initial stress, and perturbed magnetic field. The fundamental equations are
solved considering a new mathematical technique under the Lord-Shulman (LS),
Green-Naghdi (GN type Ill), and three-phase-lag (3PHL) theories to investigate
displacement, stress components, and temperature distribution. The results
obtained by the three theories, i.e. (LS), (GN type I1), and (3PHL) considering the
absence and the presence of gravity, magnetic field, and initial stress are compared.
The results are numerically calculated and graphically displayed to exhibit the
physical meaning of the phenomenon and the external parameters' effect. A
comparison is made between the results obtained in the absence and the presence
of the external considered parameters and with the previous results obtained by
other researchers.

Considering an isotropic semi-infinite elastic solid, Oxyz is a Cartesian
orthogonal coordinate system. Any point O of the boundary of the plane and Oy

are downward to the medium vertically, as displayed in Figure 1.
v

A  Magnetic field H;

.T & A

Gravity g p > X

¥4

Figure 8: Shows the problem formulation

We formulate the fundamental equation of the problem, as follows:

(i)The constitutive equation (stress-strain relation) considering initial stress
takes the following form:

1
= — — == — 82
Uij (16 yTP)é“ij+2yeij Pw,, w, 2(uj,i u ;) (82)
(i)The equation of heat conduction assuming three thermoelastic theories
forms is as follows

x %0 52 2 A2
(K +TV5+KTT a‘t?_]VZ(D:

0 Tq 0
4t —+ 0~
‘dat” 2 ot
(il)The motion equation with body force and heat source absent takes the
following form

|:pCe T'+7T0é'], r =K+K'z (83)
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o, +F=pt, (i,j=123 (84)

(iv)The relation of the conductive and the thermodynamic temperatures takes
the form

p-T=aVap (85)
Consider that the displacement current is absent, the equations of linearized

Maxwell's that govern the magnetic field for a solid slowly moving and having a
perfect electrical conductivity can be written as:

curlh=J-¢.E, (86a)
oh

|E =—u,—, 86b
cur Hes (86b)
divh =0, (86¢)
divE =0, (86d)

ou

= S, ), (86)
E =curl(uxH,), (86f)
Fo= (3 Ho), (869)

Where we use
H=H,+h(x,y,t), H,=(0,0,H).
Using Eqg. (86), we obtain

oe
F =uH =
X lue O@X
oe
F=uH.— 87
z lue 0 82 ( )
F,=0
The stress of the Maxwell produced from the magnetic field can be formed as
7y = Hy| Hihy+ Hih = (H )3, |, i, j=1,2.3 (88a)
which is reduced to
ou  ov
=7 =uHZ=+=|, 7, =0. 88b
Txx Tzz :ue 0 ( 8X + azj sz ( )

Equation (83) is the generalized thermoelastic solid equation field applicable
to the following:

i. (LS) theory: K" =7, =7, =77 =0,7,>0

il. (GN type Il) theory: 7z, =z, =7, =0

il. (3PHL) theory: 7, <7, <7, >0

The dimensionless variables take the form:

"2'u’ V' A A , h
(X 1Z yu ’V):CO n(xlzyuyv)j (t ,TT,TU,Tq):an(t,TT’TU’Tq)' h — HO
@0)-T9 (o). ):M g9 (89)
To o pC02 an
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where UZLCG’ szzﬂ and Cg:/1+2y.
K P p
When we substitute from equation (89) into Egs. (83)-(85), we get:
2 T 2
C,+C, a+C 8— VZ2p—| 14T 0, a0 6+ e) (80)
ot ot? dot 2 ot? pC
p—0=L Vp (91)

*

where ¢ _ K c = W C :KTTU
< pcc? v opcct T pC
Plep PLen Ploe
The equations of the motion approach

a1’°V2u+a2ae a0w+ ——=p1U (92)
OX oX  OX
Assuming the scalar potential and the vector potential functionsand
aVéw+a, e _ Em—galjzﬂw (93)
0z 0z  OX
where
e= Y a{kZZy—P,a2:2/1+2y+P+22,ueH§’ :7/T027ﬂ:1+50,ueH§,
pCq 2pCq 2pCg pCo P
u:aﬂ_al, W:57H+871//, (94)
OX 0z oz 0OX
Substituting Eq. (94) into Egs. (92) and (93), we obtain
2
(Vz_ﬂ*azj agal//_aog 0 (95)
ot
0° oIl
v2_pee O, e g (9)
( g &Z)W * ox
where
HZ .~ B ..  a g o B
R2 :ﬂe 01 = ' = ) = , a =0 =%
" pc? / 1+R2 % 1+R2 %= 1+R2 “a / a,

In this work, we provide an analytical solution based upon the Lame
potentials and the normal mode technique for the problem of thermoelastic in a
solid medium that is developed, utilized, and compared graphically. The strong
effect of the Green-Naghdi theory (GN) is compared with the slight effect between
the Lord—Shulman (LS) and the three-phase-lag model (3PHL). The physical
quantities converge to zero with an increasing of the distance z and continuously
satisfying the considered boundary conditions. The deformation of the body
depends on the nature of the external forces applied (the electromagnetic field,
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two-temperature, initial stress, and gravity), as well as the type of the thermoelastic
theories and boundary conditions. The time parameter, as well as relaxation time,
gravity, and electromagnetic field have a strong effect and play a strong significant
role in all the obtained physical quantities for the components of stresses,
displacement, and temperature decreasingly or increasingly. Therefore, the
presence of the field of electro-magnetic, gravity, two-temperature, initial stress,
and relaxation times in the present model is of significance. The considered
method is interesting and applicable to a wide range of phenomena in
thermodynamics, thermoelasticity, and magneto-thermoelasticity. The transient
behaviors of field variables are studied in detail, and the influences of variations in
field variables on each other are discussed. Thus, they provide useful information
for practical scientists/ technologists/ researchers/ seismologists/ engineers
working in this experimental field on wave propagation. The present chapter
introduces the effect of gravity, initial stress, electromagnetic field, and two
temperatures dependence on the displacement components, temperature, and
components of stress that indicate the significant effect on them. Finally, the
results provide significant motivation to study the magneto-thermoelectric
conducting materials as a new applicable class of electro-magneto-thermoelectric
solids. The results prove useful for researchers in material science, designers of
new materials, physicists, engineers, and those working on the electro-magneto-
thermoelasticity development of and in practical situations, especially in
geomagnetic, geophysics, acoustics, optics, and oil prospecting.

In chapter (Twelve), we discuss the longitudinal harmonic waves' reflection
from a solid elastic half-space with electromagnetic and gravity fields influence
considering a fractional order via fractional exponential function method. The
clarifications are required for the reflection amplitudes ratios (i.e., the ratios
between the reflected waves amplitude to the incident wave amplitude). The results
obtained are calculated analytically and displayed graphically to show the physical
meaning of the phenomenon. A comparison is made between the fractional and
integer derivatives. The results of this chapter demonstrate the rigor and
effectiveness of the considered fractional technique.

2. Mathematical preliminaries

We mention some concepts and properties of the calculus of fractional
differential equations, as follows:

2.1 Definition: The fractional integral operator of the Riemann—Liouville of
ordera >0, of a function f € Cu, u <-1is:

a 1 a-1
J9f(x) e jo (x—t)*tf(t)dt, x>0, a>0 ©7)
JOf(x) = f(t)

2.2 The properties of the operatorJ“ for f €C#u<-1 a,f>0.and y<-1 4.
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13737 (x) =397 £(x)
2.3937F(x)=3737F (x)
F(y+1D) o
I'y+a+l) (98)
2.3 Definition: The fractional derivative of f(x) for the Caputo sense is
defined as:

D f(x) = J™“D" f (x) =

3.J =

r(m-a) J e=met ey,

m-l<a<mmeN, x>0
2.4 Definition: It is the smallest integer that exceeds«, the Caputo fractional
derivatives of the order @ > Ois defined as:
1 J-t tor)t o°f (X't)dz',
a°f (x,t)_|T(m-a)~° ot
- 0t (x.t). meN
o’ (100)
2.5 The properties of the operator D“ of the Caputo fractional derivatives of
ordera >0 are

(99)

m-l<a<m

D*f (x,t)=

Daxy — F(y+1) y—a
I'y-a+1
M (101)
D% =t") ————
° nz_;‘l“(n—a+1)

The fundamental equations of thermo-microstretch in the Cartesian coordinate
system (x,y,z) with z-axis pointed into the media are considered. The primary
magnetic field intensity acts y-axis (i.e., H =(0,H,,0)). We take into account the

linearized equations of the electro-dynamics of the moving media slowly:

oF
J=culh-¢gy—F
at?

: (102)
oF
curl E = —p, at_ﬂh , (103)
__
E——ﬂo(ﬁt—ﬂUxH), (104)
V.h=0. (105)
The motion equation in the presence of the magnetic field and gravitational is:
O-fi,['l_Fi +Gi Zpaat—aui, (106)
ow ou
F=u(xH)i, G =pg(—,0,——).
i =1, (JXH )i, G, pg(ax 0 ax) (107)

From the results obtained analytically and graphically, we conclude that
- The amplitude ratio |z,|=1atd=90" indicates the SV wave, but |z,|-|z,| equal
zero.
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- The gravity field makes a strong influence on the reflection coefficients

12,|~|z,| but slight change in small values of gravity on/?¢/2"[2:|

- The effect of the electric and magnetic fields nearly has the same behavior
on the reflection coefficients that have a strong effect on the phenomena.

- The existence of the magnetic field affects strongly by comparing with the
correspondence if the magnetic field is absent.

In chapter (Twelve), we estimate the action of rotation on the generalized
thermoelasticity model containing one thermal relaxation time for an annular
isotropic cylinder and an infinitely long of temperature-dependent on physical
properties. This phenomenon is numerically solved considering the finite
difference technique under the effectiveness of the rotation and the decayed heat
flux on the obtained components that is graphically drawn. The numerical results
are portrayed to unravel the influence of various parameters. A comparison is
discussed with the previous results obtained by others if the new parameters are
neglected.

Formulation of the problem
We consider an annular cylinder with an infinitely long consisting of an
isotropic elastic material with a dependence on temperature material properties.

We show the cylindrical coordinates (r e Z), and the center is the origin of the
cylindrical polar coordinate system. All the physical variables, which depend on
material properties used in this phenomenon are functions of radial coordinate r
and timet .

The relation between the stress and strain takes the following form:

Oy = Zlueij +(AA_7/T)5U (108)
where T=T-T,
The stress-displacement relation for the isotropic medium is defined by

1
& :E(ui’j ;). (109)
The governing equations of motion may be established as

o, :plilf+(§x§xa)_ +(2§XJ)J (110)

When the heat sources are absent, the equation of heat conduction is established

as
= Ko &% o &

(K T,i ),i Z;KE-FTOEJT-FTO]/(@T-FTO?)A (111)

In this study, we assume that the property of the material is characterized by
A=t (1), u=mt(T), K=K, (D), y=yf(),
where 4,, 4,,K, and y, are constants, and f(T) is a non-dimensional function of

temperature.
In another case of an independent on temperature material properties
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f(T), and A=A, u=p, K=Kg 7=7.
From equations (108)-(111), we get

oy =| 2 +(AA—7,T) 8, | (T) (112)

p(u'; —Qzu—ZQu) | 208, {407, T)3 ] f (Th] 208, H{AA—5T)5; [(f (1), (113)
-\ _KJfMfo &) o &

(K, f (T)Tyi)yi_ - EJrTo?JTﬂ/of (T)T [E+TOWJA (114)

For the simplicity, we approximate the function f (T)as f (T)=1-a T, Where «is a
material parameter. From Eq. (112), we get the stress components as

{(ﬂﬁzﬂo)_%_% }(1 ) (115)
{(%szﬂo) +%——70T}(1—aT) (116)
In the cylmdrlcal form, we put the equation of motion as
do, 1, N\ |du ., ou
a—r+r(0rr U(M))—p|:at Qu - ZQa :| (117)
From (115)-(117), we obtain:
ou 1ou u oT
(orzu) A2t ] 2t Thorteam)|
. quz Qzu_zga_“} (118)
ot ot
Equation (114) is
(82—¥+36—Tj— “ [8_TJ =£(ﬁ+roa—2jT+T°—y(ﬁ+ro il j(au +uj (119)
orc ror) 1-al\or K\ ot ot K, \ ot ot \or r

For simplicity, we introduce the non-dimensional quantities:
where @ is the exponent of decaying.

Solution of the problem

To find the numerical solutions of the temperature displacement, and stress
components, we use the finite difference technique. The domain of the solution

{(r.t)R€A,B],td0,z]}is changed by a grid described by the node points set (r,.t,).
The uniform mesh defined by r =A+mh;m=0,1,..,N and t =nk;n=0,1,...,P,where
h=(B-A)/N is taken as mess width, and k=z/P is considered to be the time step.

Furthermore, we suppose that ¢ is the final value of time. The explicit finite
difference scheme for the partial differential coefficients concerning the
independent variables rand t are presented, as follows:

ou ug.,-ur. ou _Upy — 2y Uy
o) Qi)
ou _upt-up™ )
= +o(k?)
o 2k

Using the equations of the explicit finite difference, we obtain:
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[1— 565 +1)] {( na—2un +un )+2L (u;+141n’11)—?—jun"1}

ult=rul —ul 4y

h n m1 U " _gn 121
—E{ai [1-p(20;+1) |+ 8 [%mi - j}(emﬂ o) (121)
I n n— n n n h n n |
47,07 +(k —210)49m1+2v{(9m+1 2600 +6h , J+ o —(On.— eml)}
e y?@rﬂrﬁ
n+ 1 n+ n+ -
lezm aZTO (um+]i 2um+1+um+1 l+2u m Ji) (122)
———1 2h
h n+l n n-1
. (up—2up +up)
ﬂv n n 2
— (0" -0
2|:—ﬂ(9n+1):|( m+1 m—1)
The stresses become
n n U:H _ur:f ur: n
[on ], =[1— B0 +1)J{#+Ala—aﬁm} (123)
o], ~[1-p(ez 1] 50 40 V5t (124
From the explicit finite difference scheme and the initial condition, we get
0 1 -1 0 1 1
o, _ Uy —Up, _0, 96, _ 6, 6, 0 (125)
ot 2k ot 2k

From equation (125), u'and 6.;* can be eliminated from equations (121) and (122)
and we get the equations satisfied by u, and g; for t(n =0), which is the first level
as the following form

h (0] 0] h2 0
20k ) {08028 w2 o -2 Tt} 126)

1 _,,0 ¥V
up =up +-=+ .

2 h 1 0—1 r?]
el a]s(Bntie S g

= {(9;11 200402} 3 (% en?_l)}
0

0L =0°+ i{(ml —2u?® —2u;1+2u,?11)+ﬂ(uﬁq—ur%)}

4 h m+1 m+1 ro

(127)

_ pv o \
| &g [1-8(60+1)] (na=tr-)

Using the boundary condition at r =A | we get

un —u n u n ) ) B
b B} - *lmir—z—eo =0 and @ =e N (128)
Substituting the expression for u", from equation (128) into equation (121), we get

the equation satisfied by u” for r = A (the levelm =0), as follows
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2(u1n —Ug +h21l“:’—g—a1h6g‘j
[1—ﬂ(490" +1)} °
n+l _ n n-1 2 n " h2 n 129
Uy =Dy —Uy +1 +E(6190 _ﬂi%j_l’o_zuo ( )
h n n n n
—E{a1 [1-5(4 +1)]} (~367 +49" -7 )
where _—(2K+<%k%)  k*
! 1+0k ' h?(1+0k)
Using the boundary condition in equation (119) and equation (123) at r =B
Dua v G AN _gro0 and 6 =0 (130)

2h Ny

Substituting u{™ from equation (130) into equation (121), we get the equation of
the level m=N as

Z(UQH—U,Q +hﬂ.lurN +a1h6’,3j
N

}_Diun (131)

[-5(6+1)]

n+l _ n n-1 h Uy
Uy =Tuy —uy +v +—(a1¢9N” —A
r

5 [l 0 (g a0z 01

The above equations (121)-(131) depict the model of finite difference scheme for
the present problem to set the values of displacement, temperature, and stresses at
different points of the solution domain A<r<B, 0<t<r. The local truncation

error is an accurate second-order in time and space O(k2+h2). It approaches zero as
k >0andh —»0.

3.5 T
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Figure 8: The displacement u variation with and without rotation
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Figure 10: The radial stress variation with and without rotation
Conclusion

The technique considered in the current paper provides tremendous success in
dealing with these types of problems. The considered technique gives numerical
solutions in the thermoelastic medium in the absence of any supposed restriction
on the physical quantities assumed that appear in the considered governing
equations of the problem. The survey of the exponent phenomenon of the heat flux
decayed and rotation is also useful for improving the oil extra conditions.

GENERAL CONCLUSION
Generally, from the results obtained in the thesis, it is concluded that in the
context of the (CD) Classical Dynamical, the (LS) Lord-Shulman, the (GL) Green-
Lindsay, the Dual-Phase-Lag (DPL), the Green-Naghdi (GN type Ill), and the

Three-Phase-Lag (TPL) theories of thermoelasticity (Sentence is interrupted
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should be continued).

We investigate the problem of reflection and refraction of thermoelastic
waves at a magnetized solid-liquid interface in the presence of initial stress. In the
context of the GL and CT theories of thermoelasticity, the problem was solved,
and the effect of magnetic field, external heat sources, and initial stress on p-, T-,
and SV-waves propagation were discussed.

Shear waves propagation in a non-homogeneous anisotropic incompressible
medium under the influence of the electromagnetic field, plotothermal,
semiconducting, gravity field, rotation, and initially stressed medium was studied.

Analytical analysis reveals that the velocity of the propagation of the shear
waves depends upon the direction of propagation, the anisotropy, magnetic field,
rotation, gravity field, non-homogeneity of the medium, and the initial stress.

The frequency equation that determines the velocity of the shear waves was
obtained.

The dispersion equations obtained and investigated for different cases angle
of incidence, electro-magnetic field, and gravity have a significant effect on the
amplitudes of reflection coefficients. This finding indicates their valuable effect on
the phenomena and have many experimental applications in engineering,
geophysics, aircrafts, astronomy, petroleum extracting, etc.

The finite difference technique considered provides tremendous success in
dealing with these types of problems and gives numerical solutions in the
thermoelastic medium in the absence of any supposed restrictions on the physical
quantities assumed that appear in the considered governing equations of the
problem.
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HAYYHBINA COBET DSC.03/30.12.2019.FM.01.02 ITO TPUCYKJIEHUIO
YUYEHBIX CTENEHEN NIPU HAIIMOHAJIBHOM YHUBEPCUTETE
Y3BEKHUCTAHA

YHUBEPCUTET IOKHASA JOJUHA ETHIITA

IJIbCAUA MYXAME/J ABO-JAXAB XEJIAPU
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BBEJAEHUE (anHoTauust 1okTopckoii auccepranuu (DSc))

AKTYaJIbHOCTh U BOCTPe0OOBAaHHOCTH TeMbl Auccepramuu. [lo mepe Bce
OOJIBIIEr0 BHEIPEHUSI COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHMH, B TEXHUKE U
€CTECTBO3HAHUM  OCOOYI0  aKTyaJbHOCTh HAuyajo MpUOOpeTaTb  METOJbI
MaTeMaTUYeCKOro MOJCIUPOBAHUSA, KOTOPBIM SIBISETCS YHUBEPCAIbHBIM IS
MCCIIEIOBaHMS CIOXKHBIX 3a7a4. B nociennue necsatunetus Bce 00ibllie BHUMAHUSA
yaensercss mpobiieMaM MarHUTO-TEPMOYIIPYTOCTH, TPUHUMAas BO BHHUMAaHUE
BIIUSIHUE PA3UYHBIX (PAKTOPOB, TAKUX KaK SJECKTPOMArHUTHOE TIOJIE, BPAIllCHUE,
TEIUIOBOE ToJie, (POTOTEPMHUUYECKUN, MOIYIPOBOJHUKOBBIN, MYCTOTHl U T. J., Ha
pacnpocTpaHEeHHE BOJIH, 0COOEHHO OTpakeHHE, MpesioMiIeHre (IPOMyCKaHHUe). WK
MMOBEPXHOCTHBIE BOJIHBI KakK: BOJIHBI Panes, Ctoynnu u JIroOBu. BeimeynomsinyTsie
MpoOJeMbl BaKHBI [IJII TEXHHUYECKUX TPUIIOKECHUM, CBS3aHHBIX C SBICHUEM
pacnpocTpaHeHUsT  BOJIH, OCOOCHHO B  MAUIMHOCTPOEHUH, T'eO(PU3HUKE,
MarepuaioBeleHUH U Treojoruu. Hacrosmas pabora MOCBSIIEHA
MaTEeMaTHYeCKOMY MOJCIMPOBAHUIO NI COBPEMEHHBIX M Ba)KHBIX WHKEHEPHBIX
3a/1a4 U COCTOMUT U3 CIEAYIONIMX MYHKTOB: (1) PacnpocTpanenue BoJiH (OTpakeHHE
WM OTpaXCHHWE W Tepeaada), CBSA3aHHBIX CO MHOTHMH HAyYHBIMH U
WHXEHEPHbIMH  00JIaCTAMM  M3-32  ONPEIEICHWE AaAMIUIMTYA  BOJH  JJIA
KO3 PUIIMEHTOB OTpaKeHUsI I MPENoMIIeHUs (IPOMYyCKaHUsl), KOTOPbIE UTPAOT
BOXHYIO POJb B ONPEJIEICHUU OMACHOCTH BOJH; (il) BIMSHHE BHEIIHUX
MapamMeTpoB, TAKUX KaK BpallleHUE, dJIEKTPOMArHUTHOE T0JI€, ITyCTOThI, HAYaJIbHOE
HarpsbkeHue u 1uddysusi, Ha pacIpOCTPAHSHUE BOJIH JJIS ONPEJEICHHS TOTO, YTO
ATU TapaMeTpbl OKa3bIBAIOT TOJIOKHUTEIbHOE WM OTPHUIATEIIbHOE BIMSHUE Ha
Koo PUuIMeHTsl OTpakeHuss uiau mpenomieHus; (iil) PaccMoTpeHHble 31ech
BpEMEHa peslaKcallid U TEOPUU TEPMOYIPYTOCTH MO3BOJISIOT YCTPAHUTD MApaIOKC
OCCKOHEUHOW CKOpPOCTHM H3-3a TEIUIOBOTO TMOJis, YTOObl COOTBETCTBOBATH
MPaKTUYECKUM pe3yJibTataMm; (iv) B3aUMOJEHCTBUE MEXKAY CMEIICHUEM U
TEMITepaTypOi ¢ BHEITHUMH TOJISIMU, TAKIMH KaK TPaBUTAIHS, JIEKTPOMAarHUTHOE
nonie, Bpamienue, nuddysus u myctotsr; (v) [loBepXHOCTHBIE BOJHBI, KOTOpHIE
MMEIOT MHOXXECTBO MPUMEHEHH, OCOOEHHO MPHU 3eMIIETPSICCHUSX U BYJIKaHAX, U
MHOT'OCJIOMHBIE CBOMCTBA BIUSAIOT HA PACIIPOCTPAHEHNE TOBEPXHOCTHBIX BOJIH.

JlaHHOE JHCCEPTALMOHHOE WCCIECIOBAHUE B OIPEICICHHONM CTENEHU
CIIY’KUT BBIOJHEHUIO 3ajady, MpeaycCMOTpeHHbIX Ykazamu Ilpesunenra
Pecnybnuku Y36ekuctan ot 7 depans 2017 roga «O cTpaTeruu ACHUCTBHMA 1O
najapHelieMy  pa3BuTuio  PecnyOnuku  Y36ekuctrany», IlocTtaHoBiIeHHSMU
IIpesuaenta Pecriyonuku Y30ekuctan NeIII1-1730 ot 21 mapra 2012 roga «O
Mepax Mo JaJibHEeIIeMy BHEPEHUIO U PA3BUTHIO COBPEMEHHBIX MH(OPMAIIMOHHO-
KOMMYHHUKAIIMOHHBIX TexHosoruiy, Nellll-1442 ot 15 mexabps 2010 roma «O
NPUOPUTETAX Pa3BUTHS MPOMBINUIEHHOCTH Pecrybnuku Y36ekucrtan B 2011-2015
rogax», Ne III1-2789 ot 17 depana 2017 roga «O Mmepax mo anbHEUIIEMY
COBEPILIEHCTBOBAHMIO JEATEIbHOCTH aKaJEMUN HAYK, OpPraHU3ally, YIPaBICHUS U
(buHaHCUpOBaHUS Hay4HO-UCCJIEI0BATEIbCKON TS TETHHOCTI u
[locranoBnennem KabGunera MunuctpoB PecnyOnmuku Y3b6exkucran Ne24 ot 1

deBpans 2012 rona «O Mepax Mo CO3/IaHUIO YCIIOBUM JIJIsl TaTbHEUIIETO Pa3BUTHS
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KOMITHIOTEPH3AlM ¥ HMHPOPMAIIMOHHO KOMMYHHKAIIMOHHBIX TEXHOJIOTHI Ha
MECTax», a TaKKe B JPYTMX HOPMATHUBHO-TIPABOBBIX JTOKYMEHTaX, MPHUHSTHIX B
JTaHHOU cepe.

OTO AMCCEPTALMOHHOE HUCCIEIOBAHUE B OINPEICICHHOW CTENEHU TMOCTYKUT
BBITIOJIHEHUIO MOCTABJICHHBIX 3a/1a4.

Heabio uccaenoBanuss OCHOBHAs 1edb AaHHOW pabOThI - CMOJEIUPOBATH
MaTeMaTUYeCKHe METO/Ibl U IPOBECTH YHCIEHHOE MOJEINPOBAHUE IO OTPAKEHUIO
M Tepenade M pacCHpOCTPAHEHHIO BOJH, a TaKKe pPacHpOCTPaHEHUIO
MMOBEPXHOCTHBIX BOJH, KOTOPHIE MMEIOT IIMPOKHA IWAMa30H MPUMEHEHHE, YTO
CBSI3aHO C HEKOTOPBHIMH SIBJICHUSIMH, CBSI3aHHBIMU C HWH)KEHEPHOU JEATEIHhHOCTHIO,
reousukoii, OuoJorHel, MaTepHalOBEAeHUEM U J00bYed HehTH  ais
OTIpENETICHUSI €T0 aMILIUTY, CKOpOCTed M KOA((PHUIIMEHTOB 3aTyxaHUs 3a CUET
BHEIIIHUX TapamMeTpoB. Bce 3amaum paccMaTpuBarTCs B paMKaxX TEPMOYNPYTHX
teopuii (CT), (LS), (GL), (GN tunos I, I1, IIT), (DPL) u (TPHL).

3axaum uccaeI0BaHuA

Pa3paboTaTh HEKOTOPYI0 HOBYK TEOPHUI0 TEPMOYIPYTOCTH C y4EeTOM
HOBbIX MapaMeTPOB, TAaKHUX KaK BpallleHHWe, 3JIEKTPOMAarHuT, IYCTOTHI,
nudodys3us U Tak gajee.

Co3aHve MaTeMaTHYeCKUX MoJesed [Jidl ypaBHEHUU [ BUKEHUS,
ypaBHEHUs] TeMIepaTypbl, ypaBHeHUsA AUPPYy3MHM W ypaBHEHUS MYCTOT.
YTo6bl MOJNYyYHUTh AMIIUTY[bl PacnpoOCTpaHeHUs BOJIH (OTpakeHUe WU
OTpaXeHHe M TMpOINyCKaHWe), UccAefoBaHbl (i) OTHOIIEHHUA AaAMIJIUTY[
(k03P dULIMEHTHI OTPAXKEHUS UJIM OTPaXKeHUS U npesioMseHus) (ii) kacaerca
pacnpoCTpaHEHUS IOBEPXHOCTHBIX BOJIH, YPaBHEHHS 4YaCTOThI, CKOPOCTHU
NOBEPXHOCTHBIX BOJH U K03(QOPULMEHTOB 3aTyxaHus (iii) OTHOCUTEJNILHO
3aBUCUMBIX OT BpeMEeHU IMpoOJieM TEeIJIOBOrO IIOKa, YYUTHIBAsA METOJ,
HOpMa/JIbHOM  MOJbI, OyAyT  yKa3aHbl KOMIIOHEHTbl  CMeIleHus,
pacnpejiesieHUe TeMIlepaTypbl, KOMIOHEHThl HaNpsh>KeHWH, TPEeHHe H3-3a
nycTtoT U AudpPy3us u3-3a MaccoobMeHa.

HayyHass HOBHM3Ha HCC/JeAO0OBaHUS COCTOUT B: oxBaTe 06a acmekTa
TEOPUU O0OO0OIIEHHOW MAarHUTO-TEPMOYNPYrOCTH [Jis pelleHus 3aJad B
JIBYMEPHOM  MOJIyIPOCTPAHCTBE NpPpU TEIJIOBOM yJape, Ha4daJbHOM
HaMNpsHKEHUHU U [IBYX TEMIIepaTypax.

KadyecTBeHHOM uccC/leJOBaHUE CBOWCTB MaTeMaTU4YeCKOU MOJeJu
peasiu30BaHHOM C UCMOJIb30BAHKMEM MeTO0/la MOTeHLMaIoB JlaMe B KOHTEKCTE
(CD)- Knaccuueckasa puHamuyeckas, (LS)- Jlopg-Shulman, (GL) -I'pun-
Jlunpcel, (GN) 'pun-Hargu (I, II v III TunoB), Dual-dasHo-snarossie (DPL) u
TpexdazHo-sarosble (TPL) TepMoasacTUKH.

M3ydeHue npobJsieMbl OTPaKEHUA U MpPeJIOMJIEHUsS TEPMOYNpPYyrUuxX BOJIH
Ha HaMarHM4eHHOW rpaHulle pa3zesia TBepJoe TeJ0-KUAKOCTb IPU HAaJIMYUHU
Ha4YaJIbHOTO HaMPSHKEHHUS.

B koHTekcTe Teopur Tepmoynpyroctu ['Jl u KT peunieHue npo6JieMbl
BJMSIHUS MArHUTHOTO IO0Ji, BHEIIHUX WCTOYHUKOB TeIlJla U HadaJbHbIX
HaNpsi>)KeHUM Ha pacnpocTtpaHeHue P-, T- u SV-BoJiH.
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UccnenoBaHue pacnpoCTpaHEHUE NONEPEYHBIX BOJH B HEOJHOPOJHOU
aHU30TPOIHOU HeCKMMaeMoM cpene o/, BO3/leICTBUEM
3JIEKTPOMAarHUTHOrO MOJisI, TPaBUTAlMOHHOTO TO0Jis, BpaUleHUss U
M3Ha4aJIbHO HaNpsXKEHHOU CpeJibl.

Ha ocHOBe aHa/UTUYECKOTO aHajiM3a YCTAaHOBJEHHWE 3aBUCUMOCTHU
CKOPOCTHM  pacnpoCTpaHeHUsI TONEPEYHbIX BOJIH OT  HalpaBJIeHUs
pacnpoCcTpaHeHUs, AHU3O0TPONMUH, MArHUTHOrO  TOJI,  BpallleHus,
rPaBUTALMOHHOTO0  MOJI, HEOJHOPOJHOCTHU CpeAbl M  Ha4aJbHOIO
HalpsHKeHUS.

PaspaboTka MaTeMaTH4YeCKOM MOJeJH, Jawlasd BO3MOXKHOCTb
onpejesieHre CKOPOCThb MONEePEeYHbIX BOJIH JJIs1 YACTOTHOTO YPaBHEHUSI.

[IpesyiokeHHOE JUCIIEPCUOHHOE YpaBHEHME /Il pa3HbIX CIy4aeB, KOrja
rpaHUYHbIE YCIOBUS:

(i) IlosnHble, HOpMa/ibHble HANpSPKEHUSI HAa TpPaHUIle SKBUBaAJIEHTHDI
Ha4YaJIbHOMY HalpPsHKeHUI0;

(ii) kacaTesibHbIE HANPsSXKEHUS UCYE3al0T HA TPAHULIE;

(iii) rpanuia najieHus TENJIOU30JHMPOBaHa.

BbIBOJLL.

U3 pe3ysibTaToB, MOJIyYEHHbIX B JUCCEPTALUU, CAEJAH BbIBOJ, YTO B
koHTekcTe (CD) Knaccuueckass auHamuyeckasi, (LS) Jlopg-ulhulman, (GL)
['pun-Jlunaced, Dual-Phase-Lag (DPL), I'pun- Teopuu TepMoynpyroctu
Hargu (GN type III) u Tpexdasnoro 3anasgbiBanus (TPL) uccienoBaHbI
NIOBEPXHOCTHbIE BOJIHbI B HEOJHOPOJAHBIX, aHU30TPOIHBIX, APMHUPOBAHHBIX
BOJIOKHAMH BSI3BKOYNPYrMX TBePAbIX Cpeflax MpU BpallleHWu U 6OoJiee
BBICOKOT0 N-T0 MOPsJKa, BK/IOYasi BpeMEeHHYI0 CKOPOCTb JiepopMalUH.

UccnepoBaHue BJMAHUA Ha BA3KOYINpPYTrue IOBEPXHOCTHbIE BOJIHBI
BpallleHUs, HEOJHOPOJHOCTH, YaCTOThl U CKOPOCTb U3MEHEHUS NMAPAMETPOB
AedopManuy. ITU NapaMeTphbl BJIUAKT HAa CKOPOCTb BOJIHBI B TOU UJIU UHOMU
CTENEHU B 3aBUCHMOCTH OT COOTBETCTBYIOIIMX KOHCTAHT, XapaKTEPHU3YIOIIUX
Y BSI3KOYINIPyrOCTH MaTepuaJa.

[loka3aHbl, YTO OTpaKeHHble AMIUIUTYJAbl 3aBUCAT OT yrJia NaJeHus,
HA4YaJIbHOTO HaNps>KEHUs], 3JIEKTPOMAarHMUTHOIO MOJII U BPEMEHU TENJIOBOU
peslaKcaluH.

- YcTaHOBJIEHO, YTO B HayaJIbHOM HaNpPSKEeHUH 3JIeKTPOMAarHUTHOE
1oJie UTPaeT 3HAYUTEJIbHYI0 POJib, KOTOpPasi UMeeT OOpaTHYH TEeHJEeHLUI0
JUIS1 OTPaXKEHHBIX U NPOLIEAIIMX BOJIH.

UccnenoBaHbl NOBEPXHOCTHbIE BOJIHBI B HEOJHOPO/IHBIX,
aHU3O0TPOIHBIX, APMUPOBAHHBIX BOJIOKHAMM BA3ZKOYINPYTUX TBEPABIX Cpefax
OpU BpallleHWM U 00Jiee BBICOKOM IMOpAZKe N-TO MNOPAJAKa, BKJOYas
BpPEMEHHYI0 CKOPOCTb JlepopMal .

YcTaHOBJIEHO, YTO HA BA3KOYINpPYrue MOBEPXHOCTHBIE BOJIHBI BJIUSIOT
BpallleHue, HEOJHOPOJHOCTb, YaCTOTAa U CKOPOCTh U3MEHEHHS MapaMeTpPOB
AedbopManuy. ITU NapaMeTphl BJAUSIOT HA CKOPOCTb BOJIHBI B TOW WJIM UHOU
CTEINEeHU B 3aBUCMMOCTH OT COOTBETCTBYIOIIMX KOHCTAHT, XapaKTePHU3YIOIIUX
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Y BSI3KOYNPYroCTH MaTepuaJsa. TakuM o6pa3oM, pe3yabTaThl 3TOr0 aHAJIU3a
CTAHOBSATCA TMOJIE3HBIMU B OOCTOAITE/NIbCTBAX, KOraa 3TUMU 3dPeKTamu
HeJib351 MpeHebperaTb. ITU CKOPOCTHU 3aBUCAT OT apMHUPOBAHHBIX BOJIOKHOM
napaMeTpoOB «a», NOATBEPXKAAIOIIMX, YTO HA 3THU BOJIHbI BJIUSET BpallleHHE
cpeJpbl.

[lolydyeHa ¥ mNOpoaHaJM3MpPOBaHA OLEHKA pelleHUus [ H3y4YeHUs
pacnpocTpaHeHusi BoJiH CTOYHJIM B MarHUTO-TEPMOYNPYrUX MaTepuasax C
NyCTOTAMU U BYMS BpeMeHaMU TellJIOBOM peJlaKCallii B KOHTEKCTE MO/ eJN
['puHa Jlungaces (GL) Ha ocHoBe mnoTeHIMa/JbHOro MeTozaa Jlame aJs
penieHus Npoo6JIEMBI.

3ak/jIroyeHue
OcHOBHOE BHMMaHHE B 3TOW paboTe ObLIO yAeJeHO MaTeMaTUYeCKOMY
MO/IEJIMPOBAHUIO NPOIECChI TEPMOYIPYTOCTH: pacnpocTpaHeHue

NnonepeyHbIX BOJH B HEOJAHOPOJAHOU aHU30TPOINHOU HECKHMMaeMOW cpeje
noJ, BO3JEWCTBUEM 3JIEKTPOMAarHUTHOTO 1MoJifl, ($OTOTEPMUYECKOTO,
NOJIYIIPOBOAHUKOBOI'O, TPAaBUTALlMOHHOTO IOJIl, BpallleHWsI U M3Ha4aJIbHO
Halps>KEeHHOM  CcpefJbl HAa  OCHOBE  M3YYEHHUI0 Ka4eCTBEHHbIX U
KOJIMYECTBEHHBIX  XapaKTepUCTUK  AudPepeHLMa/IbHbIX  ypaBHEHMUH,
OINUChIBAKOLIHE 3TU NPOLECCHL.

UccnepoBaHa mnpobGsieMa OTpaKeHUS W MpPeJOMJIEHHS TepMOYIPYTUX
BOJIH Ha HaMarHW4YeHHOW rpaHUlle pasjesa TBepAoe TeJIO-)KUJAKOCTb IpHU
HAJIMYUU HAa4aJIbHOTO HaNPSAKEeHUS.

B koHTeKcTe Teopui TepMoynpyroctu 6bi1a pemena ['JI u KT npo6siema,
M YCTAHOBJIEHO BJIMSIHME MAarHUTHOTO I0Jifl, BHEIIHUX UCTOYHUKOB TeIlja U
HavyaJ/IbHbIX HANPSKEeHUU Ha pacnpocTpaHeHue p-, T- u SV-BoJiH.

AHaMTUYECKMA U YUCJIEHHbIM aHaJM3 CKOPOCTU pacClpoCTPaHEeHHUs
NoNepeyHbIX BOJIH B 3aBUCUMOCTHM OT HalpaBJIEHHWS pPaCHpOCTpPaHEHUS,
aHU30TPOINMUN, MArHUTHOTO II0JISl, BpallleHUus, TPaBUTALUOHHOIO IOJI,
HEOJHOPOJAHOCTHU CpeAbl U HAYaJbHOTO HaNlPSXKEHUS.

[lolydyeHO  4acTOTHOe  ypaBHeHWe,  oOmpejesdwoliee  CKOPOCTb
NoInepevYHbIX BOJIH.

Bb/IM MoJIy4YeHbl AUMCIEePCUOHHbIE YPaBHEHUS U OHU UCCJe0BaHbl JJIs
pPa3JIMYHBIX CJy4YaeB B 3aBUCMMOCTH OT YIJI NaJeHUs, 3JIEKTPOMarHuTHOIO
NOJI1 ¥ CUJIA TSXKECTHU OKa3bIBAIOT CYLLECTBEHHOE BJIMSAHHE Ha aMIJIUTY/bI
K03(QPUILIMEHTOB OTPAKEHUs, YTO YKa3blBaeT Ha €ro IeHHOe BJHSHWE Ha
SIBJIEHUS, U HMEKT MHOXeCTBO 3KCIEepPUMEHTAJIbHbIX MPUMEHEHUH B
TEeXHUKe, reopU3UKe, CAMOJIETOCTPOEHUE ACTPOHOMUHM, HEPTENOOBIYU U AP.

M3ydyeHO pacnpocTpaHeHWe TMONEepPeYHbIX BOJH B HEOJHOPOAHOU
aHU30TPOIHOU HeCKMMaeMou cpene o/, BO3/leICTBUEM
3JIEKTPOMAarHUTHOTO  MOJI, TPAaBUTALMOHHOrO TOJis, BpallleHus |
M3Ha4aJIbHO HAaNPSXKEHHOU cpefbl. AHAJIMTUYECKUN aHaJIU3 [TOKa3bIBAEeT, YTO
CKOPOCTb pPaclpOCTPAHEHUS IMOMNepPedyHbIX BOJIH 3aBUCUT OT HallpaBJIEHUS
pacrnpoCcTpaHeHusi, aHU3OTPONUH, MACHATHOTO  MOJI,  BpallleHus,
rPaBUTALMOHHOIO0  MOJI, HEOJHOPOAHOCTH CpeAbl MW  Ha4aJbHOIO
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HaNps>KeHHUs.

[lonydyeHO  4YacTOTHOEe  ypaBHEHWe,  OIpejessiollee  CKOPOCTb
nornepeyHbIX BOJIH. [lucriepcHOHHbIE YPAaBHEHHUS MOJIyYeHbl U MCCJIe[0OBaHbI
JUli pa3HbIX cJjydaeB. [lokazaHo, 4YTO0 GaKTUYeCKU I3TH YpaBHEHHS
COTJIaCYyITCS C COOTBETCTBYIOIIMMH KJIACCHUYECKMMH pe3ysJbTaTaMM, Korja
cpejia U30TPOIIHA.

[loslydeHHble pe3yJibTaTbl MPEJCTABASIOTCS B BH3yaJU3MPOBAHHOE
dopme.  PedysbTaTbl  HCCAeJOBAaHUM  MOKas3ajad, 4YTO  3PPeKThl
IrPaBUTALIMOHHOTO TI0JISl, HA4YaJIbHOT'O HaMpsi>KeHWs, MarHUTHOTO I0Ji,
AHU3O0TPOIUHU 3JIEKTPUYECKOTO T0JISI U BpallleHUs CyIleCTBEHHO BJIUSHME Ha
pacnpcTpaHeHHu BOJIHH B pa3JIMUHbIX CpeJiax
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