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BBELE HAE

Ipn o6TexaHWMy TeJ NPOBOAFWMM NOTOKOM CIIOWHOH Cpezw, HAXo-
AAuefics BO BHEWHEM MAIHUTHOM IIONE, HOABAANICH HOBHE 3(Q)EKTH, Ka-
YESCTBEHHO OTJUYANWNAE MArHUTO-TUAPOLKHAMAYECKOE OOCTEKaHHE Tell OT
OGHYHOTO runponmnammqecxoro. B cBA3M C 9TUM NpeACTaBIAET OOJAbUOI
TEOpPEeTUYECKN M NMPaKTUYECKUA MHTEPEC KPyIr' 3azayd, PACKDPLBAOUMUX HO-
BHE (DU3NYECKUE FBJICHUA M OCOCEHHOCTU MAIHATOI'MAPOAMHAMUYECKUX
TeUCHuUI. ' ‘ -

B HacTosuel ZuCCEeprauMoHKOl padoTe pacCMaTpUBAaNTCH HEKOT OPH
CTaUXOHapHHE M HECTAUMOHADHHE 3aZA8YM O ABAKEHAM BA3KOH Hecmu-
MaeMoit nmpoBOZAlell CHIOWHOA CpezH, a TaxmekBonpoca TENI000MEHA
n CBOGOHHOﬁ:ROHBGKHMM’B MBTHUTHOM TUAPOAMHAMIKE. B 4aCTHOCTH,
I3y4anTcsi OCOCEHHOCTH Marﬂmmormnpoznuammqecxnx NOrpaHUYHHX CJHIOEB
Ha [JOCKOM nogyéécxoneqﬂoﬁ [IOPMCT O niacTuHe.

‘PaGoTa COCTOUT U3 BBELCHMUS, YETHpPEX IJIaB U SaKINYEHWf.

B I rsaBe KpaTKO K3JaranTcCf OCHOBHHE ypaBHeHmn MarHuTHOH
TUZPOAVHAMUKM, TeOpufd TEIJIOBHX M AVHAMAYECKHUX IIOI'DAHUYHEX CJOEB
INf BABKON HecuuMaeMoli ciaGonpoBoAfuei Cpexs.

Bo Il riaBe Ha OCHOBE METOZA IOCJIEZOBATENBHHX IPMOIMEEHUE
pelanTca HeCTAUMOHAPHHE YDABHEHMA AMHAMAYECKOI'O NOIDaHMYHOIO
CJIOfl ¥ CTaLUOHAapHOE ypaBﬂeﬁue ABUKEGHUST JAIAA NEPEeMEeHHONPOBOLANEIO
I10TOKA CILIOWHO{ Cpeix: B deBMHAYHuMbHHOM NPUCIMKEHUA.

B Il raase msyQaeTca HECTALLXOHADHHA TENnJa0BO#l IIOI'DAHMYHHIH
CIoft Ha IJIOCKO}{ NOPUCTO NiacTiHE ¢ yqéTOM IxOylIeBa Tenia ¥ BA3-
...HOﬁ ICCUNauAu. B zanHO# fnaBe TAKXe paccMaTpuBaeTCH cwaumonap—
Had TeNJjonepezava B NEDPEMEHHOIDOBOZANEM ITOTOKE Cnnomﬁoﬁ CpeJH,

- AMHAMUKA KOTOpoO# uasyyanach BoO I[I ruase.



B IY riase LaeTCH pElleHNEe CTaLMOHAPHHX ypaBHeHMﬁ‘CBOGOHHOﬁ
KOHBEKIYN y Harperoil BEPTUKANBHOL NUACTHUHH METOZOM MOCIEZOBATEIE-
HHX NpUOAUXEHH U paccMaTpPuBaeTCA XapaKTep CBOCOAHO KOHBEKLNM
B IIepEMEHHONPOBOJsiLe# cpese.

B 9Toi me raaBe usydyaeTcA MArHUTHHHA norpaHuyHuii cxuoif I poza,
BOSHMKADUM{ B BHCOKOMPOBOZAWEH cpeze.

PemaeTcd HECTAUWOHAPHOE YPaBHEHWE MAPHUTHON MHIYKLUM METO-
ZiOM nocnenoaawenzxmx npuoauKeHuit 1 HaXOLATCHA AHAIUTUYECKOE BHpA-

Kenue niasa TOJNUMHE MarHATHOI'O IIOTPDAHMYHOI'O CJOf.



TJABA I

§ I. OcHOBHHE YDABHEHNWS MAIHUTHON TIMAPOZMHAMMUKU

- Marﬁnmﬂaﬁ.runponxﬁamuxa - Hayka o anmeHmﬁ 2JIE KT POIPOBO-
IAne KUZKOCTA B MarHUTHOM NOJNE - BOBEMKJIA H& CTHKE ABYX AUC-
IAOANH — JAHAMUKA EUAKOCTH M 3JMEKTPOMArHuTHO# Teopuu. OCHOB-
HOIl ZJfi Hee ABIACTCg NpPEACTAaBJCHUE O XUAKOCTU MJIM rase, Kak
0 NpPOBOAAUEH CIJIOWHOA cpene, NOZUMHADWEHCA TaKKe 3aKOHAM Max-
POCKONUYECKO! Iraso— N 3JICKTPOJAUHAMUKA., BCIEACTBHE ITOr'0 MOAB-
JNAETCH BO3MOXHOCTH msyqeéuﬂ KOMIJIeKCa 3azad O B3aUMOCBA3M JU-
HAMUUECKNX 1 3NCKTPOMATHMTHHX CBOHCTB CIJOWHO} CpejH. JYpaBHe-
HUSl KIACCMYECKOH SIEeKTDOXMHAMUKKA K MORMPMUKDPOBAHHHE C YUETOM
CBA3M MEEILYy MADHMTHHM IOJNEM ¥ 3JICKTPONDPOBOAHON{ cpezoli ypaBHEe-
HUA ZBUECHMUA CIJOWHOA Cpezrl, CO3ZaKNT NMPOYHYM MATEMaTUUECKYW
OCHOBY MarHMTHOM runponmaamnku /I-10/. ,

yuyeT BIUAHUA ZBUXKCHUA CIJIOWHOH{ SIEeKTPONpOBOAAlEit CpezH
Ha SJEKTPOMATrHUTHOE [I0Je, CKBO3b KOTOpPOE ZBURETCH 3Ta cpeja,
OCHOBHB&ETCH Ha ABJICHNY BO3HNKHOBEHUA TOKA MHAYKUMU, KOTOPDHIL
YUUTHBAETCHA B ypaBHeHuAX MakcBenna. MArHUTHOE NOJE ZelicTByeT
HA TORM B NpPOBOAANE]l Cpeze ZOMOAHUTENBHON 06*eMHON saexTpo-
MarHUTHO# cuiOfi, KOTOpas YyYATHBEETCA B YPaBHEHUAX TUZPOZMHA-
MUKM. |

lipn peueHuy IOZABAANNEIO COJBULMHCTBA KOHKPETHHX 3azay
MarHUTHO! T'MZAPOAMHAMUKM, 38 MCKINYCHIEM, GHTBVMOKGQ, €e acr-
po@mauqecxuk NPUNOKEHNY, IZEe BAXKHH PEAATUBUCTCKUS SPEKTH, |
MOXHO CUMTaTh, UTO CKOPOCTH nnnméﬂnﬁ CIIOWHO! CpexH BHAYNTEND-
HO MEHBUII® CKOPOCTU CBETA U TEM CaMuM MJIf onncaanﬂ"anexmpomar-

HUTHOTO MOJA B ZAHHOH CpezZe NpUMEHMTH CHCTEMy ypaBHexui Maxc-



4,

Bela, SaNiCAHHyN B BUZAS YyPAaBHEHU{ SACKTDOZAMHAMUKA MEIJIEHHO
OBUEYIMXCH Ccpexi. OZHOBPEMEHHO B STUX yDaBHEHWAX NPOU3BOAATCH
yUpOLeHNs Ha OCHOBE CACAYLIMX AONylEHMI:

1) npeneOperawT TOKOM CMEWEHMS NPU PaCCMOTPEHUM HECTaLuo-
HApHHX SABICHUN,;

2) HEe YYATHBAWT BKJIAZ KOHBEKTUBHOI'O TOKA B BEIWYUHY I0J-
HOI'O TOKa.

[IpeznosaraeTcsa Takxe, YTO CHJIOWHAA SACKTPONPOBOAAuAA Cpe-
Za OXHOPOXHE ¥ W3OTPONHA4 4 €€ JINCKTPUYECKAs NMPOBOAMMOCTL B
OTJMYKE OT MI83MH, CU/TACTCH HE3aBUCKUMOH OT HaNpAXEHHOCTH Mar-
HUTHOI'O noXf. [loclezHee yciOBUME O3HAYaeT, YTO pajuyc JapMOpOBC-
KOl 0pOuTH 3HGKTDOHOB.3HHHMT6HBHO [IPEeBOCXOANT ZJKHY CBOCOXHO-
I'0 npooera. , :

JuntHBaf NMPUHATHE ynpouenusd, angdepennuanbunii 3axon Oua
nprMeT BHZX:

ai =6<€+[U —YS}) = (I.1)

rue & ~IJOTHOCTH TOKA, O =—KOIPPUIMEHT SIEKTDPONPOBOLHOCTH
CpernH, E? ~HANPAKEHHOCTE BIEKTPUYECKOTO IOAA, ﬁ; —-UHAYKUAA
M&THATHOTO TOMS.

"OnexkTpoMarHiTHas" qacm§ ypéBHeHMﬁ MaIrHATHO# I'MApOmMHa-

MUKM COCTOMT K3 ypaBHenua (I.I) u cuexypue#k CUCTEMH ypaBHeHuii:

ot h =/“°T | (I.2)
Tot £ = - 53 , (I.3)
QII‘(J'B ™ O | (I.Ll-)




o _
divE = ?;@ | "(1.5)
.

rpe Mo u £ o —COOTBETCTBEHHO MalHWTHafA M JMUIIEKTPUUECKAH
pOHALAEMOCTE BAKYyMa, % —00’euHafA MIOTHOCTD BIEKTPATECKOI'O
3apAza, M U £ CpexH npennonaramméﬁ PABHHMM eZUHUIE.

"Tuzpozunamuyecxad" yacTs ypazaénnﬁ MarHuTHO! TUApPOANHA-
MUKA CTPOMTCH = C YYETOM CUJIH B3aUMOAEHCTBUA SIECKTPUYECKOI'O
TOKa C MAUHUTHHM MOJNEM, KOTOpAas MNOCJe IpeHeOpexcHUd odgemaumm

SQIEKTPO— M MarHuTOCTATAYCeCKUMHU CPIJIBMMX,)

Ha OCHOBE BHUENpPHBE-
ZEHHHX COOOpaKcHUil, paBHA AIA eAUHAUN 00’eMa CIIOWHON CpezH
BHDAKEHUD:

(I.6)

- -y
g, =47 E]
ED)) /"40'-
Cuna (I.6) BXOZAT B KAYECTBE CJAraeMoro B IPaByl 4acTh
YPaBHEHUS COXPaHEHUA KOAUYECTBA JBUMEHMA ClHIOWHOR Cpezd,
And HeCkuMMacMolfi BASKOQ CHAOWHOR SJASKTPONPOBOAALEH CpEAH

B MAI'HATHOM IIOJIe 9T0 yp&BHEHMEe MMeeT BUI.

e
-

ol 2V f(;;gwol)i/']-_--gzqolpf Qp“\'/f{cF (1.7)

o/

t
§7'; cxopgfms.xaumenma CPEeZH, .Qo—nMHaMMHGCKMﬁ KOBPuIMEeHT BA3-
KOCTH, f -BosuomHNe 06°eMHEE CHAM HEBIEKTPUYECKOI'0 MPOMCXOK-
ZleHUs, KOTOPHE B Z3JbHEiueM IIPEeZNONOXMM DABHHMU HYJID, p -muor-
HOCTH CDEZH, P ~LaBICHAE B CDEZE.
K ypaéﬂeamm anmeHmﬂ (I.7) HEOGXOAMMO NOGABUTH ¥ ypaBHE-
HU€ HEeDASDHBHOCTN Aif HECHAMAEMO# BUZKOCTH:

X) T{EICT.B 3 HA’( TORACCTBEHHO paBHa HYJIR M3-38 NOCTOAHCTEBR /d

B o



divy =0 - (1.8)

Inf NonyueHus TOAHO CHGTEMH YpaBHEHU} MarHUTHOH ruzpo-
ZVHAMMAKY BHUEHaNUCaHHHE YpaBHEHNA HEOOXOAWMO LOINOJIHMTE ypas-
HEeHUAMI COCTORHUA CPEAH U Tepmozmnammﬁecxnun COOTHOWE HUAMUA
LN KO3QPUILMEHTOB MEPEeHOoCa, & TaKKe YPABHCHUEM TENaonepezaui.
B oduqndﬁ TUAPOZVMHAMUKE MEXaHM3MOM BHZEJEHUA Tenja B IBUXyuel-
CA CIJIONHOA CpeLe CAYHUT AUCCUNGLMA KUHETUYECKON 2HEepIruMm K3-3a
HaJaunyusag BASKOCTU. B MArBEUTHO-TAZPOAMHAMUYECKOM CIyyYae B ypaB-
HEGHMM TENJonepezavurl HeoOXOJZMMO TaKEe YyYECTh BEJAMUUMHY AKOYIEBa
Telna, BunenﬂmmePOCE'sa SAMHMLY BPEeMeHM B eJMHALE 00BEeMa CIIow-
HO cpezu.

In HecHuMaeHol SIICKTPOTIPOBOAANEH HUAKOCTY, ABUXYUCHCH
B MAUHUTHOM TONE, IpX HEGONBMINX IPAZNEHTAX TEMIEDPATYDPH | ,
KOrZa MOXHO IpecHeCpeud TEMICPATYDPHHMA WU3MEHESHMAMU KO3QPULUSH-
TOB BASKOCTH 0 1 TIIONPOBOZHOCTH A , a8 TaKKe TEelI0eMKOCTH

Cv , YPaBHEHUe Teljonepeaun OyAeT HuMeTh BLZ:.

i | ) = * Jz :
Pav(at"'ngOlOﬂT - ]L‘AT (P*' 6 (1.9)
_’é,(B_‘Y_L Vi \2 :
= 2 SXk | AX;

JpaBHEHIE TelIcnepesaud MOXHO NMcCaTh W B opMe YpaBHEeHNd
TEMIEPATYPONPOBOLHOCTA, IJIA Wero HaZo PasfeauTs o6e uacTi
(I.9) Ha MHORUTENH PLy szBecmn KOS(POUIMEHT TeMIepPaTyponpoBoL-
HOCTH K:_;ét . 4nen 4%5 B ypaBHeruM (I.9) eCTh ZKOyIEBO
TEIJI0, BHZCACHHOC B SZMHLLE OOHEMa 38 eAWHUIY BPEMEHM B M30T-
pOnHOii HpOBOﬂﬂmGﬁ cpene R [pOBOAUNOCT bR J4%, 7/ .

Ncxanyas A. u [E Y3 BHUWEDACCMOTPEHHNX YPaBHEHUH IIpU IIOMO-

my coorHomenmit (I.I) u (I.2), NOIyuMM CAEAYWIYR CUCTEMY ypaBHe-



HUif MaUrHUTHOA TUZPOAMHEMAKA JJNA Bf3KO# HECKMMAeMO!l IpoBoAfuei

ENZKOCTU
ypaBHCHUC ABMMCHUAS

ﬂ{+(7g‘zao4)-\7= %%ZGAP + VAV 4 -L [—’ ] t10)

ypaBHEHNE HEDA3DHBHOCTIH :
divyv =0 ' (I.II)

ypaBHEHUE TeMIepaTypOoNnpOBOLHOCTH
2.

aT -
+ VazadT = KAT P—GP PCVG (1.12)

3axkoH Oma:

E:—[VE] e F\:GFZ'O%B (I1.13)
ypaBsHeHue Maxcsenia

ﬁ-f(_t[-’g]+j_[3§ (I.14)

ét Lty v I“og Y

&
O‘“_’ At 1.15)
Pe_=' E_oOlIU[Vb] ( (I.I6)

Ll
‘;f—
(\l-’
2}

(1.17)

R
rze V= -§? -KNHEeMaTUYeCKU) KOOQ{UUMEHT BA3KOCTU. B ypaBHE-

Huax (I.I0....1.I2) nmpezmomaraeTcsi, YTO KOBQQUUMEHTH NEpeHoca

HE 33BUCAT OT | H ?



8.

CucTeéMa ypaBHeHWI MATHATHO!l TMZDOAMHAMUKMA COZEDHAT HEIM-
HefiHHe uJieHH TpeX TUNoB. K HeJuHellHOMy 4JeHy TUIa (i?gzad)§7,
@nrypmpymmemy ¥ B OCHYHOi IPMAPOLMHAMUKE, LOGABIAKNTCHA: -
201[?!§J—Hpencmasnﬂmmnﬁ SNIEKTPOMATHUTHYI WHAYKIUE H‘SHEHTPO-
MaTHUTHaA CUJa -}‘—o[; 6] . B oOuem ciuyyae U3-3a HAJMUNA HEIMHEH-
HHX YJEHOB pEueHUE yPaBHEHUH MArHATHOH TUAPOIZMHAMUKK HEBO3MOK-
HO.

MOXHO BHABKTL OCHOBHHE CBOJICTBA 38Z3Y O TEUCHMM BA3KOH
NpOBOZAWCH XUZKOCTH IIOCPEACTBOM BBEJEHUA HEKOTODPHX (Oe3pasMep—
HHX NapaMeTpoB, ABIAANIMXCH XapaKTEDPHHMA ANf AAHHHX TEeUEHU.
OTU NapaMeTpH Takxe CYWLEeCTBEHHO 00JeryanT 06paCOTKYy SKCIIEpH=
MEHTAJAbHHX ZaHHHX ¥ I[IOJyYCHUE YWUCJACHHHX PEe3yIbTATOB.

Hapszy ¢ BcTpevapuuMiucAd B OCHYHOK TUAPOAMHaMUKE IapaMer—
pamu, B MATHATHO{ THZDOZMHAMMEKE MNOABIAANTCA HOBHE NapaMeTpH,
AMeIUe QUSMYESCKU CMHCH TONBKO AJNA ABUXCHUA NMpPOBOAsfuSH muja-
KOCTH MIJ rasa B SJCKIPOMArHMTHOM nozie. OHM ZawT BO3MOKHOCTD
OLEHUTDH CTENEeHD: BJMAHWA MATHUTOTUZPOAMHAMUYECKNX 3()HEeKTOB Ha
TEUCHNE NPOBOZAWGH MUZKOCTM U DPACKPHBAKT X8PAKTEDP NEPEeXOZHHX
NPOLECCOB MEXZY ABUECHMEM HMZAKOCTH U SIEKTPOMATHATHEM IOJNEM
/I1-11,20/.

OnpeAenny HEKOTOPHE OCHOBHHE (©3PaMEHHHe NapaMeTpH, Hash-
BacMHe €le WUCAaMél MOz00UA, IIOCPEZCTBOM NPUBEAECHUS YDABHEHMIL
MATHUTHON THZPOJMHAMUKM K OespasMmMepHO#f gopme. B mepByl ouepens,
BO3bMeM ypasrenue zsuxeHus (I.I0), B KOTODOM 3aMeHuM ;;' ee

BupaxerseM u3 (I.I) u Bce, BXOZAWUE B yPABHEHNE, IEDEMEHHHE Be-
JAYMHH NpeodpasyeM Nno cxeme:
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