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1. OBIIME CBEAEHKS O BOJHOBBIX HPOUWECCAX

I.1. Bonsionoe ypanuenne

B FCOPHH BOJH <!5_\’H}i:l!\i€|i|'.::|.:u‘llt>t: JHAUEHHE UMEeT JIHHeHNoe YPaBHCHHC B
HACTHBIX HPOHSBOAHLIX BrOPOIo NOPSHIKA THHEPDOIHYECKOTD THITA;

(1.1)

rae S - kakoi-mbo ueenenyemuii MEpAMETp NPOTIECea, 3ABMCHINAI OT HPOCTpan-
CTBCHHBIX KOODIHHAT, OUPSACICMBIX BEKTOPOM 7 | ¥ Bpemenn 7, A - oneparop
Jannaca, ©- xoncrasra, XAPAKTEPUBYIOLAN CROHCTRA Cpe/Inl,

Vpasueuse (1.1) maswisactos soanoswin VPAGHEHIEM W ABIACTCH OJITHM U3
OCHORHBIX UPH M3YYCHHH BOJIHOBLIX upoueccon. Qo MOXKeT OBITE 3AITHCAHO HEe
TOJILKO JUIH CKANAPHOH BEHMUMILI (HANPAMCD, NPHDAIEHNE TUIOTHOCTS MK [4B
JICHHA B 3RYKOBOH BOJIHE), HO THIGKC W Jis BEKTOPHOH 1CpeMEHHOE (kanpuMep,
HAHPAKEHHOCTL dNekTpHueckoro £ u Marnutioro H mons BICKTPOMATHHTHO
BOJIHbLI).

Pom, ypasnenns (1.1) anasormana POIM YPABHEHNS FAPMOHHYECKOIO OCIINII-
JTOPA B TCOPHI Konehannil:

=+ @iy = U, (1.2)

MEHK, Q)

FAC X - kakoil-;mbo napaserp nponecca, SARHCHIME 0T By

(rimueckas) ocnumisyor
JONGHATH BREMELUHEM JOTONIH

Hopobue romy, wax ypasuenye ([.7) MOHCHO
NbHBIX WISHON, OTBETCTBEIHLIX
ocobentocTi AHATUIHPYEMOrO  HpoNecca (RaTyXanve, HenrHelHoe

Th, HATHYHE

BHCHIHUX CHUI H T.J1.), COOTBETCTRYIOINHE ODOOIIEHMA J1115 BOIY MO HO CHAENATE HAa

OCHoBe ypasyenns (1.1).
Tax, » MPUCYTCTRHY §

TOUHHKOB ML BHCITHIX CH.I, n{_!(.\i{t_‘i.‘('. i‘.i_l'ifi‘,"ﬂc.-'ltiflliﬁi
1P |¥|_I:Zl(,"1'pfil|t‘-IlI!>i BOIH {‘_'}",'LL‘-'l' OIECBIBA T LCH mm(on;mr].!.-a.r1: RONHOEELM VG
Hiead;

'{J"_!}, (1.3)

rAc Qyukimg _;’”(r‘.f_'i OHUCHIBACT PACHDEACHCHHES BHENEIO BOZJEHCTBMAL
Breaenue JOIOIHRTENLIOI0 IMHCHHOrO wicHa B ( 1.1} nossoascr YHCCTh Ta
KHC SBICOMS, KUK HEDenaTa MEPPAN CPeie (Onccunayus) U 3aBUCHMOCI D CKOpO-
CTH PacHpPOCTPAHEHHA BOHNS O HACTO b -'_s}fr:"!:{.‘pr"f.'r.'I. 3 arom Cliydae BOJHOBOE
Ypasuenue npuobperaer su;
"9
1 ey

t .‘{\1) =} (1.4)




e BUJI JIHHCHHOrQ OINeparopa L(S) oupenensiercs KOHKPETHLIMH YCIOBHAMY
sajaqd. Beegenuce JIONOSHHTETIbHBIX HeHHEHHBIX (OTHOCHTEILHO S) unenon n
BOJHOBOE YPABHCHHE TMO3BOIISICT OIHCATL Pa3NHUHBIC penuHehnsie 3¢ggexTsl pu
PACHPOCTPAHCHUH BOJH B CPE/IC. B HeAMHCHHBIX 3a/a4aX Hapylaercs Npuiiun
CYHEpNO3NIIHH: BO3HUKACT BIAUMOLEHCTBHE BOTH Pa3iH4libiX HacToT. Henuuei-
bie aherTs HabOAAIOTCd Py B030VKICHUH B CPEJIC CHIBHBIX noneit. 3anavn
TAKOTO THIIA BOUMKAIOT B HCJIMHEHHOH aKyCTHKE M ONTHKE.

Jlns pemrennst ypapnesus (1.1) v ero oGobmennit (1.3) 1 (L.4) neobxoammo
HATMYHE HAYAIBHLIX W 1I'PAHHYHBIX YCIHORME, OTBCHAROIIMX thHaM4ECcKOH nocTa
HOBEE 3a/1aH

BeiiepHBeICHHBIC YPABHEHHA OLHCBIBAIOT BOITHOBLIE TPOLECCHL B OJIHO-
POAHBIX M M30TPOTHBIX CPE/Iax. OHAKO B IPUPOAE BCTPCHAKTCH CPE/ibl, Yy KOTO-
pHIX CBOWCTBA 3aBUCHT OT HalIPAR/IEHHA PACTIPOCTPAHCHHS BOIbI (HanpuMep, Che-
rOBLIE BOMHLI B KPHCTALIAX, YHPYTHE BOJIHBEL B AHH3OTPOIHBIX TBEPABIX Teaax,
INEKTPOMATHHTHEIE BOTHDLI B MJ1A3ME W (eppHTe, HAXOALIMECS BO BHEUIHEM Mar-
HITHOM M1071€, ¥ T.j.). 13 3TOM ciiyuae upoiece Moxer OLITh ONUCal Ha OCHOBE IH-
;1c[_\f_)();:L1'iccunx _\-‘p{m!i(‘m]ﬁ Oonee BRICOKOTO (HANpHMED, YeTBEPTOrQ) opaika,
KOTOPRIC NPHBOJIATCH K YPABHCHMAM BTOPOTO MOpsKa TOILKO [PH CHEIHAILHOM
IIPEINIOIOKEHHH O XapaKTepe BOHbL.

Eciii cpejia HeoiHopoiHa, T. . ¢ CBOICTRA 3aRHCAT 0T KOOPMHHAT, TO YpaR-
HEHWE, OIHCHIBAIOUICC BOJIHOBOH TIPOLECC, byact uMmerTh noxowui ¢ (1.1) wim
(1.3) s, omHAKO napameTp U Hyer IpH ITOM YK€ HE NOCTOSHHBIM, 8 SBJIATLCH
dyuKIel KoopIuHaT. Ecii BAobaBoK NApaMeTpsl Cpeinsl MOTYT H3MCHATBCA BO
BPCMEHH, TO 10/ HOBOH [potece OYNCT ONUCHBATLCA YPABHECUHCM CIAeIYIONEro
BHA:

AS —— l —‘—_) S =0. (1.5)
pe(r.,t) ot~

BoJbLI0E SHAYEHHE B TEOPHH BONTH HMEIOT 2aPMOHUNECKHE NPOYECCHL. B atom
coayuac (hYHKIHS, ONHCHIBAIOUIAA TAKYIO BOJHY, MOKET ObITh TIpEACTABICHA B BU-
ne:

(7., . o]
vy - i S P W T )
S(7,1) = U(F)e ™ +U*(F )™ |, (1.6)
rae U(F) - xOMILIEKCHAA BEIHMHHA (KOMAAEKCHUA amMuaumyvoa), * - 03Hawae
3HAK KOMILICKCIIOTO CONpkents. B DT0M Cilyqae NoACTanoBka (1.6) B ypasHeHHE
(1.1) mo3BOAACT NOIYUHTE CACAYIOICE YPABICHIE:

AU +k°U =0, (1.7

yfi
“fv* . Ypapueune (1.7) HA3LIBACTCH VPAGHEHUEM [ enbmzonbya Wi

rne k- =

?.'l.’ftr‘.'.'f't.]L'.'.'.'qr'aéH BOSTHOBBLM \'.,"'-'-’-"\'U(‘HN'"H, ]\'i\'.'iﬁl'h'-l.‘- OnHCKBACT ['J:i'\.','.f]‘h.-L.‘I'D"_i!L'.lII‘.L1

vibi, BEoaw (L0} MOJCTABHTE B {4 L), TO OHATS MO YW ¥Das-

!'-'1]‘!?\1('”Ill‘h.;;:-l.k]-'. B

HEHME F1A KOMILISKOHOH aMIumiTyIibl, auanariiHoc | 1.7). HO B 3TOM CIyHae BCilk




UHIIA k? Oyiier bonee cnomimim 00pa30M 33aBHCCTL OT YACTOTH M, B obuiem ciry-
Hae, OYICT ABISTLEA KOMILICKCHOI BeHYHHOL.

B nenom mobag sapava s FCOPHH BOIHOBEBIX POLECCOB, KAK NPABHIIO, pClia-
ered B pa orana. CHavana Ha 0CHORE HEXOMHbIX YPABHEHWI, ONMCBIBAKONITHX npo-
uece B cpene (Hanpumep, ypasuenus Makcseina JUTA DNCKTPOMAIHHTHBIX BOJIH),
IYTEM psijia. yIpOILEHWH, OUPEJIEISCMBIX KOHKPETHBIMY YCIOBHAMM, HOJy4acTes
BOJHOBOC YPABHCHHC OALOI0 M3 BLILEHPHUBEICHHBIX THIOB M thopmyaupytoTes
HAYATBLHLIC 1 IDAHHYHRIC YCIOBUA. 3aTCM pemaercs MOJIYYEHHOE YpaBHEHHe ¢ 3a-
HAHHBLIMA YCIIOBHAMH M NIPOBOJIHTCA ANANNS NMOJYHEHHBIX PEIVIILTATOR,

1.2. 3ByKOBEIe BONMBI B 1azsax o KWOCTsX

Jnst penienus OCHOBMBIX THIIOB 3a7a4, CBOAANXCH K HAXONCICHHIO oipe-
JENCHHIO IJE.lI.'!il.\"IC'I'P()R ﬂ]’\')"lﬁTH'—]L’CI{l'IX BOJIH B KHAKOCTHX M razax, lf(.'-lfU.'“.;'j)"U'l'Uﬂ
HOJAs CHCTCMA YPABHEHMIT THIIPOJITHAMMKH, CBI3LIBAIOIAS TAKHE XapakrepH-
CTHKH CPEJIbl, KAK PACHPEUEICHNC CKOPOCTH YacTHIL V(f,f)\ masienunss p(7,1) u
THNIOTHOCTH ;L'J'(J:, f),

B obumem cnyvae ona sanucesacres CHCYIONMM obpasom:

] J : :

]/,\fﬂ._ = f = -Vp,

’ dt
B, it

L L4 V(oV)=0, (1.8)
of

F(p,p,T)=0,

rae V- cumBonnueckan sanuck Auepenuuansoro oneparopa nabua (onepa-
rop Namunbrona), F' - (ynkums, onmesmaomas cocrosmme cpesnt, T — Tepmo-
JAHHAMHYeCKasn '!'L’-MTI(‘;)['I Typa.

IMeproe ypasheHHe U3 TOH CHCTEMBI - vpaeneuue asuxkenus (Diiepa). Mo
CYTH, OHO BRIDAWKACT Bropoii sakon MHeiotona jus ssementa ciotmsoii Cpe/ibl.
T.K. KOOPUMHATBI YACTHIT 3ABHCAT O BpCMeENn 1, 1o

d"nf; B i)}/ g U_'l"- _:'J.,x_ : vV dy 5 E}'n;;_ dz ( ) 7 _r_)‘/.

e 2 T ()
dr  dt ox ot Jdy o 9z ot or
H YPaBHCHHE LIPCOOPAsYETCA K CHIC/YIOIEMy BHAY:
Ve st [
o) _(_,}___,_(\,-f \"'J‘l-”J FVp =0. (L.9)
di

H'}'El[‘{){: YPABHEHHC CHCTCMBI €CTh YpaBpHeHHe ucnpcpuunrn:_"m cpelbl. .V[)."ll’.-
HEIHE COCTOSHMI CRI3LIBACT CKOPOCTE YACTHL, IVIOTHOCTh n gasiacHue, B AKYCTH-




K& NAOTHOCTL l_?,:'“ll)'ﬁl.'-t‘lﬂl'} CR3aHA C ILABIICHHUEM, ||l]"’.‘3f\'!_\' THETHE _\‘"[)E.'.“”L\-”HG MO-
ser OBITH 1IPEJICTABICHO B BHJIC!

p=p(p). (1.10)

[Tojtas CHCTeMa YpaBHEHWHA MMAPOHHAMHKH OINHCHIBACT mobuie JIBUK

AHUNKOCTH WK T

[ToaroMy OHM CHPABCAIUBBI H JUIA 3BYKOBLIX BOJIH, PACIIPO
CTPANSIONIHXCA B HAX OfHAKO AKYCTHKA H3YUaeT TOIBKO MAJbIC konebanus cpe-
Jibl, BCJIE/ICTBY

ero HCX0aHag CHOTEME MOWKET ORITE yIIpOLIIEHA l'ak, fpH O4YeHb
MOTITHOM 3BYKC, BOCIIPHATHC KOTOPOI 0 COMPOBOMIASTCH BOMCBBIMH OLIYIICHHUAMH,
CMEICHME HacTHIl CPCObl JIOCTHIAcT pemHariel ~ 0,1 MM, 49T0 CYLICCTBEHHO
MEHLUIC JIMHHL] CBO

GoHOTO 1pofera MOJIEKYJIb B BOZ1YXC. [Tycrh HAYAIBHOE CO
(= +) y for ) : 7L ) '
cToSHME ONHCHIBAETCH B BHge: O\, T)= 0y, plr.t)= py. V(r,t)=0. Ionaras,
Yy CMEeNeHEA MATEL, MOMIIO CUHTAThL, YT0 H BHOCHMbBIC !i\.}.’|i[[’!i|‘ '{:)’iMj.'!II._L'H'I'.h
JABICHAS, TIOTHOCTH H CKOPOCTH MaJlbl. Torja CGCTONHRE CHCTEMbI MOXCHO 1IPEJI-

CTABWTE B BHJE:

), p = Po+ P(F.L), p=pot+ P (F1), (L1D)

.”.‘.-'l P .\[;I.,-’J"(‘ = ¥ << ] . (1.1}

rae (¢ - Mainiit napaMerp (AaKyCTHHECKOe CIHATHE).

Q

JTreapa3yeM HCXOJIEYIO CHCTCMY (1.8), noncrasue B nee (1.1 1) u ocTaBisd

yiicHBl TIEPROTD [OpAjKa 0o . B pesynbral HBIM HAYLIb

I8 cpenbl G TTGETO.

HBIM NaBjieHHueM Nojty4yy “HMI:

i ABYX TCPBRIX YpaBsk:

W
Po——+Vp =0, (1.13)
ot
P’

‘_!” ..!.)(}!.}{"_a’\_f y = (J. (1.14)

ot

PaccMoTpuM TPEThE YPaBHEHHE. PacnpOCTPAHEHHE SBYKOBOH BONUbI BRI3bI
ne CHaTHA W paspemcHiA, CONPOROA ACMBbIC
parTyj

SEE.T‘,'-"H.‘li)!ﬁli'.il(‘- FeMIIeparyphbl HOC _\-'('.HL‘H'-_

BaeT B cpe

MIMEHEHHAMH { MOKAILHBI-

MH) TEMNE

1, Dauako 3ror apote

AeTCs HACTOILKO Obl

po, HuTo
v [EPOHACHTH, TOATOMY IPOLSCChI CKATHA

W PacTH
I

HMS MOMII0 C

HTATH {!i‘si?- \THMBIMHA H OIHHCBIBATL I\."I":.l'!"!]l.'!:!'l\'i\rl Eil."_I'I-'.'P-lH I'kl.

OMY YPABIEHHME COCTORIIA (1.10) Mo%HO 3a0HC

OLEM BHIE

r.".-;;"_—,- e (1.15)
Pl L const , {1.13)

J - i pesa 9To OTHOMIEHKE TEeNROEMKOCTCI CPO/ibl IIPH NOCTOAHI ]

LUICHHH M

obbene. Ypanuenue (1.15) juut xn erel

KTI0 DACCMATDHBAT KaK HCKOTO

pog SMITHpHHEC

ypapHenue (' v4eTOM HAHIBHLIX YCIOBHIH (1.15) moxHO

TABMTH Kk




I s

7 \ S '
| + f I = [J”(J +y 0 //’:J_)'
\ 1{.’[] J

B pL‘-’i}".lI-'Iil F'e YPABHCHHE COCTORIIS NPpHBEUMACT B

Pot+p'= Py

+_Po s

P Y. (1.16)

,('.J“
Hostyuenurie ypasncuus (1.13, 1.14, 1.16) Moxuo0 ceecry OJIHOMY, KoTOpLE
OIHCHIBACT NPOUECC PACHIPOCTPAHCHHS AKYCTUYCCKOH BOIHLL. Hpomudpepenim-
pyem (1.14) ypasneune no 1, roraa

a '}p' 5 av

——t PV = (). (1.17)
dt= il ot
MNoacranoska (1.16) 8 (1.1 3) naer
1% 0 &
g i'-‘.' + },_{_n Vp'=0. (1.18)
ot 2y

lorna cosmecTHoe HCIOIB30RAHUE [TOCHENHHX ABYX BBIDAKCHMH [O3BOJLST 110~
YHHTH YPABHEHHE JUIs [LIOTHOCT I (naniacHun) CNEYIOMEro Byuaa:

Apreo g
wo or

CpasHerME ero ¢ ypasHennen ( L1} nokaswisact, yro wimeicnme 1I0THOCTH (JlaR-
ACHUS) TIPH PACHpoCTpaHeHum IBYKA B TA3¢ M MHAKOCTH HOCHT BOIORBOM Xapak-
Y€, 4 KOHCTAaTa onpejeisercy HAPAMETPAME C NOMOIELIO CHCAYIOWICH 3aBHCH-
MOCTH:

(1.19)

- Po/
Py

v° (1.20)

Ecim sexropiio ymnosur, ypasuenue (1.18) va V u swimonsuts, npeofipasopa-
HHS, TO MOMHO HONYUHTH ClIenyIomee:

[VxV]=0. (1.21)

W3 manuoro PABCHCTBA CIIE/IYEY, 4TO IBYKOBOC HOC B AHIKOCTAX M ra3ax Hoten-
iansuo. Hpuuupa sroro — HPOLOILHKIT XAPAKTCD BOMIL T.C. 3BYKOBAN BOJHA B

ITHX CPEEX NPCACTABASET NOKAIBELIE CHaTH 1 PUIPCHCHUS BIOML HATTPABIICH U
pacipocTpancHs.

Ho cux nop PACCMATPHBANACL 301448 AKYCTHUCCKUX BOJIN B HJICATLHBIX cpe-
Jax. Jid peannusix cHryanuii HCOOXOMMO yuuTHIBATE LHOTEPH SHEPIHH, CBN3AaN
HEIC € BAIROCTBIO M TEIIOUPOROIHOCTLIC, Bojee ACTATLIBIH YUeT crieud(puky 3a-

Javit Baxcen s )l(ll,'l!(t?(f'?'(ffi, KOT1a TPEHEE OTHCHBILIX CJIOCR CPenn JPYT O npyra

Haubojee cyutecerreHo




1.3. IpyKkeBbie BOJIEL B TBCPIBIN TCAAX

EIHHCTREHHOH BEIWIIHON, Xapak TepH3YIoIIeH  HanpoKenHoe COCToAHNe
cpe/ibi B JKMAKOCTH, ABIACTCH JABICHHC, Y TBEpALIX Tel, BCACACTBAE HX GCODCH

HEKAIOT CHBHTOBHIC YIIPYI'ME HADIKCHI, B PE3YIILTATE HE

HOCTH CTPYKTYPHI, 1BC
o MOryT OG!'I:" IOBRIBATHCE HE TO/BEO n||)~_s_
nepreH/in

JILHBIC, HO U 0O1SPeHHLIC BOJHLI, B

(APHO HANPaBICHHIO PacipoCcTpaHe:

KOTOPBIX HaCTHIbL Konelim !
w1 BOMHEL KAPTHIA HANPSUKCHHOIO COCTOAHMS CPEJIbl B TREP/IOM TEIIC
GPOB J@ABIEHKA P W KAt 0 Ha/0 BBOIMTL TCH3OPAL -

SIOAHES,

mo3ToMYy BMCCTO CHA

CHHH.

FBCPIOM rejie BO3HHKACT B TOM Chay+ac

thopmatiii W Hanps
1

¢ TEeUYCHHCM

Hanpsoxenue

i'.!i:‘l‘“"!".-‘ MEHACTCH pi‘u‘.l."l'll}l‘i':-tc MEXRY TOHKaMK TClda. pemMda [ po-

o w3 tous M (7, ) B TOUKY M (r ). Ouno onpe

M30ILUTO CMEeNieHHe HacTHkhL 1

H3IMEHCHHE Padt TOHHHA

TEHEeTCE BCKTOPOM CME

MOKHO XaDagTenH30BATI npoussoHeH dit {dx . no KOOpIMHATAM NRAMOYTONb-

HAT { X, . Xq, Xa ). QUIBHAKO NOA00HLIC HIPOHMIBOAHEIC HE XapaK

HOWH CHCTEMb! KOOT

rEPH3YIOT nehopMAalMIo, T.K. B HIL RXOJAT CMET [eHHA Teli Kax Uenoro.

/s

Puc 151 sadaut npyd @03BVICIEnUU IEYH060U GOLHEL & MBEIN JOM meie
) B TEOPHHA YIIPY i, TIPH M3YHCHHM Teli. Me-
€Ll KOOPAMHATEL, B OTCPHIX BCE PyriK-

MH3YIOT Jlarpat
KOOPAMHATR), A BpeMeHu 1 W

TIHAME HE iql‘i'f‘.-il'l-in I ¥ K( l'ﬁ}'i.-'ll‘.\t.".‘ A (3K

TOHO#WOHMA HaCTHILH .-‘j. B HAYATBHGIH MOMCHT BpPEMCHH. OuesdHO, 9TO0 B TGH

! OHE PAVINTAITCA # YDABL

noapas | o§ac

CHl

ARMOKEHUS TREPUDTO Tea Salmiies

HJIF B TCH3ODHELX G SHAMCHMAAX




= = i (1.224)

rae ouna [ HPCACTABIEHA KAK IPAAHCHT reniopa HanpsmkeHwid. B ornnune of
HPEABIYUWIETO PAena, 1ue TeH3op HATIPSIKEHHH CBAZAH TONABLKO © AUBICHHEM
G = f-’f) jlo B YUPYTOM TENC, PCArHpYIOCM Ha AehopManio cinra, BhIpa-

PREHME JUI Tensopa wanpsoreri Oyner Gonee chomunm. s ¢ro onpeencims

]..1&!(;‘('.":10!'_1}I'.'I\'1 MBC TOYKH, KOOPAHHATHL KC

PRI pasitruaiores qa dy .
!
Hycth B HAQUQIRHOM COCTONHMM NMONOKEHUE TOUEK OMPeic/sIoch pajuyc
5 3
MMn Xy My Hdrg, e diy =3 d)

e

bl

= KBANPAT PACCTORHHS MSAKLY THAMH.
!
B nedopMupopagHoM  cocTosnuM  oHW NPUMYT  vonomenue 7, 4w
ho tiu+diy +da, nosromy paccrosume MCHJTY  3TMMHM  TOUKamn  Oyjter
LY

dr” = dry +di)". Jins mamuix snaverwii dx i» T.€. DIM3KUX TOUEK, MOXKHO 110-
\ i !

TOWHT L

{1.23)

Torna

(1.24)

Pasbue sropoil wicw nwa jea nepeodosnaus nHue

CCBI, THONTYYHM BhipaikeHue,
KOTOPOE OMUCLIBACT WIMEHEHKHE 1112 CCTOAHEH MOIY TOUKAMM [IOCHC .-{iJf;)UP"oTi'H{-'fH'

3.3
ar® —dry =2 % iy dx,dx; , (1.25)
i=1k=)

ric M_ﬂ, = TCH30D BTOPOGYO paHla, m:'i'ﬂph}ii HAILIRACTCH MenzoposM (3(.*r/10p-m;qmt.

I( t-_."'zi,:

2 | dx

kY

(1.26)
4
Ou aeficrenrenbio xapas ICPH3YE
€ro KOMIOHCHT PACCTOMIHE MK

| ACIOPMAIHIO, T.K. 1IPH DABCHCTRE HVILIO BCeX
¥ HACTHIAMM TCIIA HE MEHUETCH # OO ARIKETCS
KaK eaunoe jeinoe. B cnyinae manpix Jedopmansii BRIpaxenie (1.20) Moxuo mn
HEeAPUZORATh, t':’l'!’npuc'af!! TPCTLE CTANAEMOC,

CRash MOKEY HANPAYCHHEM | Hedopmanien mosmer Gurrn pas "~

HMYHa. |

CMOTPHM 1

CHO C NHHERIOR YIPYTOCTLIG, fng KOTOPOTe 214 CBA3L CIHCLIBASTCH

FOKCHOM

10




e A u M koagpuyuenmvt Jame (MOJVIIH YIPYIOCTH)

B arom cltydae ypasleHue JIRIDKCHRA FBCPJIOTO TCME MOXKHO TIPCACTABHTE Kak:

y 0 \‘,d!f_i

+ i2) (1.28)

ld ™y
ox; j=10x;
a . f A
TTycTh CMELIEHHE 3ABHCHT TOIBKO O CJIHON KoOpJMHarsl M = HlX,, ! ‘} roriua

yPABHCHHS IBHMKEIHS [T KOMITOHEHT DYIYT WMETH BHJL

7 .!}'}.
”inrl (1+24) i

!

- (1.29)
y e
Fcnu grecti obolBauenms
NO——
oy = A+2u)/p, (1.
Uy =AJHP, (1.21)

TO DOHYMIM BOTHORbIE YPABHCHHS JLIB KOMIIOHCHT CMEDICHM3L

e

(1.33)

[TonyueHHBIE PEINCHHA CBUIEC reNLCTBVIOT O

YHH B TBCPUOM T

JONbHEX. TAK W RONEPEUHbIX GORH, KOTODLIC HMCIOT DASHLIC CKOPOCTH
1.4, Fliockse BOJTHD

3

B obuem c B MOTY JTHUHRIE BB W CABHCHMOCTh OT

nanat). P

SMOTDHM CHaMA-

BPEMEHHOR i ITPOCTPAHCTBEIHBIX HEPEMEL

A qacTHLIL ciryyall oIHOMEepHOH BOJHBL 1.6 BO apakTepH

CTHKH 3aDBHL

T OT BpEMeEnH U ONHOH KOOPIHHATR




[ycrs nexoropan CKalApHas (pusnueckas peamunHa S XAPAKTCPH3YIOIas
BOILY, SABHCHT OT BPEMEHH [ M OIHOMH KOODJMHATH 7 (e {APTOBA CHCTEMA KOOp-
JIMHAT);

S=5lzt) (1.34)

2r1a (hpopMa anucy CBHACTCIALCTBYET O TOM, 4710 BeMMduna S B 000 MOMEHT
BPCMEHN [ HPHHAMACT OJMHAKOBBIC 3HAYCHHS HA CHOTEME HapamIensHbIX 1110C-
Kocrei (2 = const), HpHYEM 2HaYenHs S Ha PAIHBIX 1Hi0cKoCTaX DyiayT, Boobue
FOBOPA, Ppa3jiHdHBl 1 ¢ TEUSHHEM BPEMCHH OHH HsMensiores. Eenu SABHCHMOCTE
S or z upeucrasnser coGoii (PYHKIMIO C NICPHOUMYECKH HAMENSIONMMUCH MaK-
L"-IIM_\’I\I&!J\ri]‘. H MHHHUMYMaMH, PAacioyiokeHue i(f_]'!ﬂph].\ PaziiviuHO B PASIHYHEIC MO
MEHTBL BPEMEHH, TO npoviece (1.34) ssisiercn BoanoBLIM, a dynkuus S Haszsipaet-
CH II0CKOU ROMHOL
PacomoTpum wacrusiit cnyuaii wiockoii BOJIMEBL, KOTJIQ HCPEMCHHBIE BXOINT
Hepes THHCHHYIO KOMOMHAIHIO
S = S(kz-ax), (1.35)

rae K, - wekoropwic NPOU3ZBONBIHLIE KOHCTAHNTLL.

PaceMoTpHM NPOCTPANICTEEHHbI npodmrs sosseL Ilyers | = Ty, rorna

S = Skz~aty) = S(k(z—vr,)), (1.36)
rue v '—-f«r)fk . Eenmowe t = ‘!O AL, 10
S = S(k(z — vty — vAr)). (137)

Ha puc.1.2 npencrasnens sapucumocTu (1.35) m (1.36). Ouy ovnmuasores Apyr or
Apyra mmins cMelennem Brapaso na Az = pAr. Oueswino, gto napamerp U xa-
PAKTEPH3YCT CKOpOCTL BONHLL Takum o6pazom, dopmyna (1.35) coorserernyer
BOJIIE, PACUPOCTPAHMIONICHCS BAOIL OCH 7 B C TOPOHY NOJIOKHTENBLILIX SHAUCH I
CO CKOpOCTHIO 1),

Paccmorpim rpemenoii npodimie. Hyets z = z4, Torya

§ = S(kzg —aot) = S~ w(t - 7, /v)). (1.38)
Ecnun e z = Zg + Az, 1o
W S'(— (_f}(_f ~25/0 -;’\:5;'"3;)‘), (1.39)

s| =ty tstAt

Puc. 1.2. Hpocmpancmeennoni npodhune somer
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(1.38) Touno

pocnpouIBoT (1.

o
L™

T
!
!
r
?
|

LS Bpemenrou

M MOWHO YOCUHTRES, YTO BLIPA

OlHCEIBA HOCH B 0

3 1 (1.40) aspipaK

Hb! (1

GCKIEMIU BOJTHAMITE

TEOPHH BOJTH :‘t'ui?v__vif'-‘ pois WP ZAPMOHUMECKIE GO, T.€. TIEPHO/H-

1A HCHM

TH THIIAL

OBE-T

MAKCHM:

C .-h,-’l_\- ]

Whdd Conoantl

QL) 1a3F

{HC

¥oONEYMS COCCHHHMIT M

LIBACTCH AEf M

v, 1o

Yy BMOCTO DepHoia BOIHY XK

I TPaMH:

{TORHHEA
GLHPECacHa HeXo,

hiots e 1




e sadKeHpoBaTL thazy B MmomeHT BPEMENH § Ha paceTOAHNUN 2 OT HAYAla
KOOpHar, 10 2a spemMs Al rouka ¢ oroit asoii HEPEMECTHTCA HA PACCTONHIE
Az. Torga us pasencrna has

kz —at = k(z + Az) — cw(t + Ar)

cienyer, aro
v=Az/A1 = wfk. (1.45)

Takum obpazom, ckopocts Bosmm U, KOTOpas BXOJMT B BOTHOBOE ypaBHCHIE, Xa-
PAKTCPHIYET CKOPOCTE PachpocTpancums MOBCPXHOCTH PABHBLIX {]:;l'i H NO3TOMY
HA3KIBAECTCH haz0eoll cropocmbio,

Pacemorpum Tpexmepumiit ciywaii. [lyern pouma pacnpocrpansieres B -
TPABICHHH, KOTOPOE XAPAKTCPURIYVETCH ElHNHYHBIM BEKTOpOM m (cM. puc. 1.4).
Torpa no avanorum ¢ dopmyitoi (1.34) ruockag Bonia MoseT OuITh NpesicTapnena
CHEJIYIONHIM BhIPAKCHHEM:

S=8(&7), (1.46)
rae & --(i-’ n-}) =mxtm,y+m,z.

B cnyuae nwmmeiinoi, usorponmoii, OMHOPOANOH, Ne BOIIOIMANEH Cpepl
6es pucnepenn sonosoe ypasricine (1.1) npuivmaer g

s

e B iy
e —5=0. (1.47)
e e
Berpawcenne (1.47) semieres opquoi u3 HBYX KaHOHHYCCKHX OPM  BONHOBOIO
YPaBHEIHS JUIS (IOCKOR RoNHEL BEoim o1 MEPEMENHEBIX & ¥ T {ICpeHTH K LHOBLIM
HEPEMUHHBIM
=¢-ut, ¢c=¢+ut, (1.48)
IO BIOpast KAHONMUECKDH POPMA ROIIIOBOTO YPARHSHHA IPHHBMACT Bit/:
V2 ¢
a7
—={). (1.49)
FYe ),

Pemenne nocneabero ypasucuha (n coorsercrsenno (1.47)) MoxHo sanucats
KaK:

S(E.1)=5()+8,(5) = 8, (¢ =¢/v)+ 8,(t+&/v). (1.50)

3aees S; u 8y npoussonsubie Gynxipmm
Pacemorpum neproe perenne, T.c. hyuxitme 8. B moboii hHkCHPOBAHHKIH
MOMEHT BPEMCHH 5] (IPHHUMECT HOCTOAMIBIC 3HAYCHUS 3 IICOKOCTH, KOTOPAs

ONPEJCHSCTCH COOTITOMGHICM:

.() ;;}1" & = const. (1.51)
LY / ;




Pue. 1.4, OQonopoouas RAOCKAs 6ORHA
Jra NOECpXHOCThL (paBhbIX (az) riepeMeacici B HAMPABICHWH, ONpCAcaaeMOoM

eNMBMUYHBIM BEKTOPOM 1, CO CKODOCTEIO u. ‘-{h'-po;_: pCiICHHC B BLIPAKCHHIM

(1.50) — pyHKIMA Dy, ONHCHIBACT pacHpocipaicHuc IJIOCKOH BOJHEL CO CKOROC

CTEH ¥, HO B IPOT HRBOTTOITOMKHOM Hll UICHHMH, T.C. BJIONL |

Thiocikie BOMHBL, OLHCHIBAEMBIC ITPOH3BOJIBILIMA {

Motivaeckux wond. Jlng aroro

MO i3

re yaofHo paccMarpHBaTh Kak CYICPIIO

» B B/

1eoOX0AHMO, YTO = unrerpaios Qypue:

“Fdm, (1.52)

- P o E gy ik
i.:..”"l)-:;" | Fs:___wit_f_f,f?(’” di .
27T

anoBka (1.52) nogsoiiget 0T BOJHOBOTO YPABHEHHY (1.47) uepeiitH k ypas

m} \ ‘._,_,.':

d
U, (1.53)

Ty
i

NOCHeJHETO YpasHCenH MOMHO TPeIACTABHTL B BIiIc,

ks
;"‘.1 Aane )

Taknpsm  ofpason,  QYHKUIWH

{101 WHTE PaJIGy SLIBAL: FApMOHHHYCCKHC IOCKHE

'.i!lil\‘-.._r‘.':"[’-‘.(‘i".i's! JIOCKOH BOJHB




k(Fm)—an = k¥ — (1.54)
rae K = ki . Jlns neHCTBHTENLHOrO BONHOBOIO BEKTOPA K ypanacHUe TORepXHO-
cru pasnuiX (as k¥ = const, cosnaaer ¢ HOBCPXHOCTRIO PABUBIX aMiutnTy . Ta-
KA 80NN HAZBIBACTCH ANOCKOU 0OHOPOOHOTE Goanol. ONHAKO MOMKHO MOKA3aTE,
HTO IIpH ONPESICICHIBIX YCHOBMAX HOBEPXHOCTH PABILIX (has mMoryr we cosnamars,
C HOBEPXUOCTAMM paBHbIX amiiHTY L. Takne BomHbI HA3LIBAKYT MAOCKUMU HeoONo-
;)ur}.fmf,!-ﬂ.‘ GOTAHIMN. OIIH BOSHHUEKAOT B PEAC a3 OTITHEY H [}i-!ﬂllmf::r;mm_

Hoxauem NpUHIHIMANLNYIO BOSMOKHOCTE CYLWECTBOBAHHS 1LIOCKHX HEOI-
HOpoJtHLIX Bom. Tlyers cpena e obnagaer normomcumenm. a Gyuknuy S| 5 yion-
AETBOPMOT ypasuceHuo (1.53), B 1oM uucie v n ClTyHae, Korjia BOJIHOBOH BCKTOD
KOMIICKCCH, T.€.

' "t A e

k=k"+ik", (1.55)
HO HO-NPEIKHCEMY €I0 KBAJPAT ONPEIENIeTCs CoOTHONCHNEM MEIK/LY YACTOTOH M
(asosoii ckopocTsio,

k* =k -2 40k %" = m*"/DZ‘J :

l'orjpa
e “#? 2/ 1 ) s
ke =k" =m* ”1?' ulkh”l=0. (1.56)
/ \
Pewienne ronnosoro YPABHEHHL HMCCT BH/I;
e M TR
" kT —¢ ] e
8o = ATk (1.57)

.\‘!P(lUHLﬂH'H‘ IJI’.)H\':'.I)?:“U(_'-'I H {)illi]llxl,‘-( [{)il'j HMeeT BI'U].:
e
k'F =const
a IOBEPXHOCTH PABHBIX AMILIHTY L

)
k'F =const .

+ HOBEPXIIOCTD PUBHBIX aMILTHTY/L HE COBNALACT C OBCPXHOCTHIO PaBHLIX (has.
C yuerom coornomenuii (1.56) — ouu HEPHCHIHKYAAPHBL Apyr apyTy. Boiuua, on
peacinemas sbipaxennem (1.57), onmcrisaer wiockyio HEOUHOPOLHYIO BOIHY.

L.5. Chepuueckue Boiun

Bouttosomy  ypasnenuio MOIYT YAOBICTBOPSTE BOAHBI PASTMUHBIX TUNOR,
Pasnoobpasssic pesxumsl BO3OYMAEH A, RIMAHHE Ha NPOHECCHT paclpocTpaueHus
BCEBOSMOIKHEIX DPCHATCTBHMIL — BCE DTH ABICHHUA HPHBOJAIT K TOMY, 4TO (JpomT
BOMHBI MOACT CYUICCTBEINIO OTJIHYATECS OT IOCKOIO,

s uenoro psyia sanau HEAECO0BPasHO HCHOMBIOBATE TAK HASHIBAEMEIC | ‘e
PUHEEKNE 6OMBL (KIACCHIBCKAN 3011844 ~ TOUCYHBIIE MCTOUIMK), ITpu ux onmcamy

-

VI0DHO HCIoNs, W0OBATL © YIO CHCTCMY KOO IHHarT. B oM cliyuae soIpa-

WEHHE 1R <'r||r'p;: ropa IT¢ LTACa HMeer BHJL:
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|

b I
P2 or\

YEM BT mapaMeTp HE 3dBHCHT (41

PaccMOTPHM HACTHEIA CIIYyYaH, KOTia HCCIE,
11 cumMMeTpust). Clenaem saMeHy NepeMennbixX

. Ulre) i}
S(r.f)y=———~=+, (1.58)

VITIORLIX KOOPJMHAT (cthepruee

¥
; i
Toraa noayaum ypasuenne s {
a°l I o7l o o
8 —= =1 (1.59)
ar” )" ot
Cpaguenue ero ¢ supakentem (1.47) mosronser ABUTL JACTHOC PEIICHHE B
BHJIC

{/ -'-U(f

[Toyromy pemienne juis S B COOTBETCTBHE ¢ (1.58) 3aiMIueTCs Kak:

C Ult—=rfv) -
R et Sl s, (1.60)
-

VpaBHCHKE TTOBEPXHOCTH PABLBIX thas

const => r=w1—1y) (1.61)

Yo co0TBETCTBYET cihepe, Koropad paciipsc CHHEM BPEMCHM CO CKOPO-
J ¢ 3 |

CTLIO 1), AMIIKUTYIA 5O

Y- HOREPXHOCTh Pa

a

LIHTYL CORHAAGET C HOEBED

[Tpocreimag capmont 10 AUNAJIOTHH € TTOCKOH
13 .

L]
iy

BOJHOH MOKET ORI

(1.62)

BOJIHLL MO0 1TOJTY-

Oon

YHThH W3 BOIUOR0I0 YPABHCHMA METOILOM P!

BhIDdZ

BHM 210 ‘I)'._‘!|I<‘|.I~'\_'- B BHIC

S =S(r.0.¢,1)= R{r O(0)P(@)e (1.63)

Toria W3 BOJHOBOTO YPABHEIH: MOKUO OIYMHTh VpaHenue [elsMromnsia

BHIA




Ono AOIGKHO  BRITOJNHATLC S HPH BCECX 3naveHHax HNEPEMENHEIX, IIU")['{)MY €ro

MOMHO PASACITHTL Ha TRa YPaBHCHHA, HPpEIBEapUTEIhHO YMHOMHB Ha !'.. .

)6 | 9’®
_-—-I- - J (.S‘Im’)(; '-)]4-——---1 ( - ZH.(rH I), (1.65)
OSind 00 ; Jdfd | DSin-g do~
l. ) ! - , { T gl ;
_r { [, ! FAre =—n(n+ I). (1.66)
R or ar

FAE 1 -HEKOTOpas Npon3BOALHA (1ie/as, KAK OKasbiRaeTed B JANTBHEHLIEM) KOH
CTaHTa.

Pacemorpus nepsoe n3 nux, MNockonsky, kax u B sppakeHun (1.64), nepe
MEHHbBIE B (DYHKITHH, 3aBUCAINNG OT HHX, pasnensiores, (1.65) MoxHO npeicTasuth
HBYMS YPABHCHHAMH:

[ 0°® )
Sy m=., ”(I?)
[4h} {)w“
Sin o 00" SR
! ”.?_(___'J_ ,3‘.:';;{}1_ J n(n+1)Sin0 = m?, (1.68)
® J60 do

rAc M- POM3BONLHAS KOHCTARTA,
Yacrnoe penrenue ypasuenns (1.67) ecis

D, =a,Cos(m@)+b, Sin(me). (1.69)

m

Tax xaxk ®, (@) =D, (@ +27), 10 M - uenoe uncno.
Hacrnoe pemenne yparncnus (1.68) Mmoo NPEACTABHTL MEPC3 NPHCOE/IH-
Hennbie dycims Jenapa:

m
2\o dP (u
0, ()= (] ----;r)-“ —”(‘t ) (1.70)
du”™
rne i = Cos8,a P, (1) - muorounen Jexauypa wenodi crencan n .

Pemienne ypasHenus (1.66) Moxio BLIPA3UTE vepes bynkunn Beccens:

R, =c,j,kr)+d h, (kr) (1.71)

riae j,(x) u h,(X) - cheprycexue (rynkin Beceens u avkerns.
Ofice pemenue Torna uMeer BU,I:
i 1Ny 3 AT o1 1 - i P
S =22 CoR, (kr)®, ()P, (¢)e ™ (1.72)
n m

H.\'lb‘lﬂllLi!t B HEro KoHeramn ( ‘”I_” ONPCACHAOTCH U3 COOi RETCTBYIOUIMX I'Pasuvy-

HBIX YCIOBMIT,




1.6. Lnannapryeckie BOTHEL

bl (HarpuMep,

JLis psiga 3aad TONEIH0 UCIONB30BATE YWIHOpUUECKue
supedieit nerounuk). Tpy HX OMHCAHHH [EnccoobpasHe IEPeHTH K IMIMHIPH-

yeckoil crcTeMe KoopuHar. B atoM cnyuae oneparop Jlamnaca npHIHMACT BRI

Lo d Y 1 9 d
e I £ b P — .‘._|. .
0 dp\ :‘]J:) ) pTade J

loraa penicHUe BOUHOBOTO YpaBHCHWA B CI MMAC TADMOHUYECKOH BOJIHLI MOIKHO
I I

ero B Buje:

HATH TAIOKE METOIOM PAaZIeBUOLIMXCS iepeMeHHbIX. L

i
o {1.93)

§ = R(p)(p)e

apgenue NesMronsiEa B 310M CIIyHae MOKHO 3aMTHCATE KdK.

1 o ORD)) 1 *(RD) - )
= K | b —~ 4+ k"RP =0
0 o g ) p° de”

&
=
ot

{aK M TIPH paceMOTPeHUH CHCDHHCCKHX BOH, BhIp@KCHHE (1
pH | I

JEIEHHe ere Ha isa yp

1.75)

a | K
2 )3’{. {) (1.76)

dpol !
rac M - Ipou3B0JibHAx KOHCTAHTA.
YacrHbie peruenus (1.75) v (1.76) uMeior Bux
®, =a,Cos(mp)+b,Sin(me), (1.77)
r (2) \ i1

R, =c, 0)+d,H,’ (kp), (L78)

(i I o e ]
rne H ) (x) w H 7 (x) - yusuyn 1 ankess nepsoro i BTOporo polia.

[anKes

TAKORO, YTO 1IPH D05
- Ltk
GOBLIM MUHOEHTCTh HMEET BHL [

ACHMIITOTHYECKOE TOBEICHHE (PYHKLL

&AM

YCHHMAX apry i ponop

. TR D Obwee pelicHue, KaK 1 i cryyas ¢

COHYCCKON BOJIHBL

Sl

HAOHANLIG

HbiX.

THIHHAPITHCCKYIO BOJIHY [peicrasi

()=




Qi y1oBIETBOPIET BONHOROMY YpasHeHuo wpi 0 >> 1, Tosepxuocru PABHAIX
f!}ii'i H paBHEIX AMIVIHTY D COBIIAAAI0T W HMCHT BHJL Ii'OI{llCII'I'pI{'I(,‘.[.‘.Ii‘HK HHIMHIADOB

¢ ockio 07, npuucs semiriuma AMILINTYALT YORIBACT C PACCTOMHUEM Kak |fx;'r;.

Bonpocst s camoxonrponn

. Hanmumre weoanopoanoe ypasnernue Feapmronwua. Toscuure ero thun
HECKHIT CMBbICI.

2. Moayunre w3 BOAHOBOMO YpaBHeHus ypapdenue IensMronasua jum HeoHo-
POIHOM Cpen.

3. Kaxoif cMeIcn uMeer oTHomenue npoctpancrsenHoro A u spementioro T
NEPHOJOB FAPMOHKYECKON BOIIRL.

4. Hamammre onworoe ypasueune juis HHIAHHAPUYCCKON BOIHBL, OlTMCHIBAE-
MOH coorTnomenuem (1.79).

5. Oupepnesnure, kax cooTHOCHTCH IIOBEPXHOCTH PABHBIX AMILTHTY/ W [OBEPX-
HOCTH paBubIX a3z g wockoi HEOJHOPOHOH BOINK B TOTTONIAIIICH
cpeste. CpasHure ¢o Chymacsm cpejibi H¢3 morIOmeH .

2. JJAEKTPOMATHUTHBIE BOJTHBI B OJIHOP( YIHLIX
H3O0TPOIHBLIX THHEWHBLIX CPEAAX

2.1. Ypanuenus Maxcrenna

Jhobuie snekrpomarnuTabie sprenms OIHCHIRAIOTCS CHCTEMON  Ypapiermii
Makceemna. Cornacuo ocHoRibIM NOTOACHHAM MAKPOCKOMHYECKON S1eKTPO/TH-
HAMHKH JICKTPOMATHHTLOE HOJe B 0G0H CPee B KaRION TouKe IPOCTPAHCTEA B
Kb MOMEHT BPEMCHH ONpEACTSCTCH CHCAYIONHMH YCTBIPEMS BEJHYHHAMIL:

E u H - wanpsxennocts WIEKTPHUECKOTO B MaruMTHoro roneit; D u B - nex-
TOPbL INCKTPHUCCKON M MAPHHTHON HILYKIHH, Kpome 1oro, nago rrecry mwioro-
CTH TOKOB | H SIEKTPHYCCKHX 2aPsIon 0 1 cpeje.

ACXONTHON CHeTeMOTT SIRNSOTeS Ypasueuns Maxkceenna, B cucreme CHMH NI
CH onn umeror By

f e & R

| rotH = 'i‘-’—--+ I

Il gt

| . 0/

< rotF =-— [._.._;._ (2.1
i ot

r divD = p,

divB = 0.

B a71oii cuereme orpasmennl ocnopHLie SAKOHBI sneKTpoMarneTnssa. Ilepsoe
HHX ecrh auddepernmansas opmynuporka 3akona o nommom TOKe, BTOpoe
JAKOH DIEKTPOMATHMTHON HHTYKITH Y fi":!p.'i,.';c I'eTrhe MATEMATHYCCKOE BRIpA-

TUHA OTCYTCTBRHN CBOOOIHBIX Mar

ACIHHE 3aK0Ha li.‘_\;'i[-'.:ii.'_t_ HETREPTOE — KOHC
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HUTHRIX 3aps0B, CHOTEMA [O/LKHA OHITH JIONOIHCHA YyPABHCHUEM HCTPEPhIEHO-

CTH:
ap .
£ + divj =0. (2.2)

ot

Mopmyna (2.2) BEIpaKaer TOT (GaKt, YTO TOK POBOAHMOCTH 00YCIOBIEH JABHIKE-
uHeM cBOOO/IHBIX 3aPAIOE.

Cucrenma (2.1) HeNouia, T.K. COASPHKHT JIBA BEKTOPHBIX M 2 CKAIAPHLIX ypaB
%
HO OMOIUATL CHCTEMOH MATe

HeHusd, mpHiYcM Irpetbe YPABHCHNE €CTh CHCACTREHE NEPBOIC H YpaBHeHRA {2+

YETBEPTOE — CIACACTRHE BIOPOIO. IMosromy ee Hyw
]'![i,l'jl»!l].l_\' }-'fhlli]!i_‘.‘ll—.‘i‘i, B '.’Cll!L)i')l;!.\' _‘-f"!EI!I-]]]-'l'."i cd BITHAHHE :']‘IL,'U;I Hd !I]!(_".'l_'rséll"’_][!-lt‘

ABITCHIHA:

CACYIONMN BHJL

MEC MATCPHAILIBIC YPABHCHHA K

D =&k,

(2.4)

FAEKI I E HeH NOCMOANHAH,

.'r |I
MOSHURTIER  AOCMOIHRAR, © = ll,f W Ho€p

Hy =410
CKOPOCb caema B BAKYyMe.

B obmiemM ciryuae cBash B (2.3) 3aBHCHT OT XapaKT
TROM H MOMKET MMETh BCCHMA CIOMKHBIN XapakTep.

P2 BIAUMOSCHCTEHA INCK-

LG C©

TpoOMal HHT!

Ona Moxer OuTs HeIMHEHUOH,
> ICTREHHLIC CBOHCTBA (MIAMSATEL) CPC

IHTHIBATE AHMIOTDOINIG, HeQIHOPOIHOCTh, HE

1. Jlanece paccMOTpHM

TOKANBHOCTE M HEC)
1, KOrga CBA3E JIOKAIbHA H auPeRna, 1.e.

CIy4s

re £, {4, HazeBaoTes abCoMOTHBIMI ATCKTPHHECKOH H MArdMTHOH NpoiMuae

MOCTBIO, @ O - HPOBOJMMOCTHIO cpejinl. st w301 POIHOR ¥ OAHOPOAHON CPCIbI

KTEPHCTH

M CPeabl BEOJAL OTHOCHTCIIEHEIE JTH-

OHH NOCTOAHHBL. HacTo s Xaj

CIPHYECKHE B MATHHTHEE HHDOHULD SMOCTH

/ / ;
i - [ =t | s
E=E, 1€y, | Ay . (2.0)

4




(_J":'!w:.'l‘nm, YTO Ja cpedn o0uanaoinei HPOBOAUMOCTBIO (T 0) us TPEThE-
PO ypasuenus u3 cueremsl Makenenna ¢ yuerom MATCPHANTBHLIX ypasHeHui (2.5)
HMMCEM:

Ve, E)=e,(VE)=p
YPasHCHue HEIpepsIBIOCTY LPH 3TOM npuobperaet suj;

r)p

o(VE)=0.

5 r)_[)
+(Voti)= s

{

(‘PAIIHI’III%E’HI ATH JIBA TTOCHE MK YPaABHCHUS, TIOJIYIHM:

do  op
: ." 4 _’{ {)
ot g,
PC]HL‘]IIIL‘ Cr'o HMCCT BHIIL;
P = pyexp(—(a/e ). 2.7

M3 moiyueHHoro pemenus BHimo, 90 B cpene, obnaparomei nporoMo
CTBIO, ILIOTHOCTE CBOGOMIBIX 3aPSIOR YMEHBILACTCH CO spemenem. TTosromy ya-
Jlee paceMOTpUM  0DIACTE, B KOTOPOH OTCYTCTBYIOT CBOGOIHbIC 3APSIBL, T.C.
£ =0, a Taxe Gynem HHTECPECOBATLEA YCTALIOBHEIIMMHCH npolieccamMu. B atom
vitytae cuerema ypansnennid Makcsessa ¢ yuerom (2.5) upuanMact su:

lrotH = " H + of,
dar
H

— )
divE = (),
divl =0

% rotl = (2.8)

Moo uz (2.8), |ia|_|p1-mcp mﬁ-vcmp H | iist wero wropoe ypasuenve BEKTOPHO
YMHOMKHM Ha oneparop V. 3 PE3YNRTATC NOCHE BEKTOPHAIX npeobpazosaHuii 1o-
UM CIEAYIONIee ypaBHenie U1 RekTopa k-

~ 2 =5 - - 4

i d°FE di . s

AE—p €, ~—~p c—=0, (2.9)

[XE) . J ~a .

or* ot

Hycrs 0 =10 (cpena umnersii AUBNEKTPHK), TONIA NOIYIHM BOINOBOC YPARB-
HCHHE:
1 3238
> i (} !r'.
= AR ———— =0, (2.10)
ne ogit”

i
rae = |r“'r \f"-'.'l'._i'” WORAT CKOPOCTD BOJIHEL,
) 1




'I:H'\i'.".]'\_f AHE BOJHOBOMY YPaBHCHHH)Y ",-"l('rP.fI(']}i[)l'r';l(‘.l H l'.i'k‘i'l‘i'} }{ CUTMEeTHM, YTo
IC ABAAIOTCH HC3ABHCHMBIMH

pemenns Tux ypasnenwit g L w IT
2.2, ILnockHe WIEKTPOMATHHTHEIE BOJHBI B OITHOPOHON HI0TPONMHOH cpejie

CHNPOCTPAHEHHA THTOC KO '].”l’ii"‘l_i’lﬂ-'ﬂllH”!iili.l'} BOJIHbI,

PaccMoTpHM cliydai |

1.¢. BOJIMBL, 3aBucauied or ¢ u .

P S
c=\mr}),

rie - nopMalib K

B srom coryuae v

ArIHTIHRIE BOJILL, pacipocrpa

Pewenue ero e Dervinue nIoCKHe 3IeKTp
HAMOHUINECA B HAMMpaBICIiMu 1 co« KOPOCTLIO U=c/ \
- iy
E=E1x=| (2.12)
\ )

AHATOHYMHO MOKCOT UBITE NPCACTABACHO BRIPAWCHHC JUIM MAHWTHON COCTAB-

ARIOWCH o,
"

OnpepenyM CTPYKTYPY ITHX BOJIH, MOTPHM BONHY, DCTYIIYI B 1GIOMH-

T¢/IEHOM 'Illll:.li‘.l:.l'.'!lil.L[. r" ITOM CIIYHAC
f it
d|mkb \,’

divE !:‘T'f) — L
bl dg

rotE =! VxE

(2.14)




M3 ABYX NOCHICAHHX CACAYCT, 4TO Js lI}'.‘UL'.‘I{L]'IIH BCKTOPOB

(}!",.: ()f'[__: .
St =)

g&  dg

DT 03UAYACT, UTO HPOCKIMH €CHH K HE PARIBI HYIIO, TO MOTYT JIHIIE 3aBHCETH O1

BpeMen. 1o ecint yMIOMmHTL 1B NEPBLIC YpasHenus (2.14) CKLAPLO Ha M, TO
Oy IHM:

dE: OH;
S I paieiia N
di ot

Hociesmee o3nauaer, wro s powosoro npouecca 1 Lm w E L m, 1.e. soima
HOCHT nonepeunsit xapaxmep. Bekroper B ow M nesar s nnockocrn dpoirra
BOJIIBI

Haiigem cussbh MeHy BCKrOpPaMH HMEKIPUYECKOIO H MAIHHTHOTO MOJICH.
Beenem kooprwnary T =1 —g’ffi). CHASAHHYIO ¢ BOJIHOH. Torma

d = g9 1 d

o dz 9f wpodr
[oaromy nepeoe ypasucume 1 (2.14) npuauMact st
f’ : | | -
—— I—] mx H J +&e.E
Jr | v!

,,”JJH BOJIHOBOT'O NPOLECea M1 NoCIeaero yYpapieHua Clenyer, 4o

E=—|fxi|= ;/,;_[ H i
e vl B

A

{2.15)
Hi= £,0| mx El=—|mxE |,
j “B
e ZH = \/j.{_:/("u HMiedane N 804HOB0E CORPOMUBHEHUE CPEJILI. Ona onpe-

ACIATT KOMHICCTBCHNYIO CBASH MCKITY HANPIKCHHOCTAMM TOJICH B 2JIEKTpOMAar
HHTHOH BOJIHE,
Jlas paryyma

Zg =2y =1t [8, =1207 0m. (2.16)

Pacomorpum ICHCPh PACHPOCTPAHCHUE TIOCKOH BOIHGL B CPele ¢ 1POBOIH-
MocTeio { 0 # 0). B 2rom cayqac cuereMa ypasHeHuit Makcseluia uMeer 8i




L dra =7 i
{=—|MXL |=—H{, —
| aF ! ] RS 7
5 _ 2.17)
. d /A
i . {MI:.} 0,
' d& /
5 dfa-n
i ‘_{a*.'a!f. j =3
dé

T.C. € TEHYEHHEM BPEMEHH 3HAUCHHUC NPOCKIHH NICKTPHHECKOTO [MOAA Ha Harpae-

ICHHE paciipocTpd ICHHUSA BOJIHBL YMEHLINASTCH ."1I_II\’. Cpelibl C HPORBOARMOCTBIO CO-

CTABIZIONIHC .r‘ H !f co }ﬂ"t’ff\-‘.'.‘l]’(’k’l i

AHOBATCH Pasibl HYIHO, HOITOMY, KAK M

g cliyydasn 0 = ), BOTHA HOCHT H[‘.iiL'.pC'HH.If-f XapaxTr

LiDH :liiL‘IiEH‘i_’.". ]T::-ri.lii'i!l ANCK '!'_"l.‘i\lll['”l.‘Eill.ix BOJTH :.j)lH—:i!_'.{}\"I:_l-l_\ Cf

M3MEHCHHA (POPMET MOFYT | [POCTIPAHSTHLCS TOJUEKO [IDMUOIHUSCKIE BO

CMOT

v THTOCKYH) vape HOHHUYCCKYIO BOJIHY:

E = E(S)exp(—iwr)

4 KOMIUICKCHOM

Uz ypasuenus (2.9) nonmywum ypasuenue lensmroibla

AMILUTHTY /b

cE=0. (2.18)

[rs

Eciw HETIPOROIINEH, TO ypasHeHue [enbMrofilia

PEHICHHE KOTOPOIoe

E=Ap,e (2.19)
/) Y /) I e
e r}\ = - "_"f.
i [N
Noaromy i coydas £{) o aHaforim | umeer Bug (2.19),

KOMTITJIICKCHO

HC HPH 3TOM BOJIHOROC qy@ch




Ly BT
k= e 4,0 + iop,0 = e 10", (2.20)

H BBCICHA "{..Lr.r = KOMRACKCHAHA rj!'.").-‘?{"k'?}.l‘}”.."-f’(’n‘"lfuﬂ aponryaeMocms

b1y =€, +iZ =€ +ie" =¢,(1+i-1g0 22
Epp =€y H1i—=E,+1-E, =€\l +1 1g¢ ) (2.21)
[e2]
"o} o < s
rje I_g’t& =&, /{_.N = T, - MAHSEHC Yaid nOmepb.
MOMHO BBECTH OTHOCHTCHLUYIO KOMEJICKCHYIO JIHJEKTPHYCCKYIO [POHHIAC-
MOCTL &),

Ecin sonrosoe yueno (2.20) ONPEJICHHTE KAk
W, !
k="—(n+ix), (2.22)

(N

rne 1 1Kk HEXKOTOPLIE HONOWKHTCABHBIC BCIHYHHBL, TOTJIA PEHICHHE BOTHOBOIO
YPapHCHH:A B BHJIC BYX (PL‘-T'_YEILI!X THIOCKHX FAPMOHHYCCKHX BOJH B HOrIOIAIONIeH
Cpeae MOWKIO 3anHcaTh

AL G r\ : nos
E(S,1)= A exp| ——k¢ |exp| —iw(t——&) |+
/ \, (.

)

i Bk sl B a0 X
| — (1 L.';)11 (2.23)

s

f{
+ A, lepI K& |exp
\ ¢ L &
T.e. B BU/C IBYX BOJIH, Y KOTOPBIX aMILINTY/IB YOLIBAIOT 110 MEpPE pacnpocTpane
HuA. Beapumia X HaseiBaercs ROKAZAMEFCM NOJNMYEHRA W XAPAK FCPHIYET CKO
pPoCTis _\'GbIHHUHH dAMILIHTY b Benuunna n HARLIBACTCH AOXa3ameitcm RpeERoMiae
HUA W OTIPCJICTACT !'1#.'1"{013)"!0 CROPOCTL BOJIHEB! & cpele.
M3 seipaxcennii (2.20) u (2.22) neTpynio OfpeieniTs, 910 MoKa3aTelu npe-
JTOMJTCHHS W [IOUTTOHICHTHA CBA3AHL C napaMeTpasmu cpeibl CHEOYIOHMHMHM 3aBHUCH
MOCTHMM

n= [‘I?(\;'rl +ig” 7 (2.24)

'__i,r — = i
K= JU: \\.h +1g%6 - ']~ (2:29)

.f'q\}:il.llﬂl'll'llli", KAK g cpelibl GLI'} MPOBOJAHMOCTH, MOMXHO OIpPEACINHTE
XAPAKTEPHCTHEH BOJIHEL B leiﬂlfl,’lilli[ﬁ‘.ii cpene. (hasopas CKOPOCTE:

v=—= {2.26)

JUTHHG BOJIHLL

26




=, (2.27)

BOIIHOBOC COMPOTHRICHHC!

(2.28)

OTMETHM. 4YTO BOJTHOBOC CONpoTH OJIMMOCTHBRY KOM

IUIEKCHO, Yo o3nar g0 MOeR PHYCCKOIo H MUATHHTHOLTO

IORBIF CJIBHL, 2.1, mpeacTasneH g

npocYpaneT-

H .'i'ﬂ}ﬂ e TUTOCKOH BOJR,

BITOUTE OCH

Puc. 2.1. Hpocmpancmeennoii ngognits 62Km

1K IMPOMID,

HIRO2O RO

cpede ¢ nPosedUMOCIbID

PaceMOTpHM

ATOMY




||‘””II(| ig o ) [ -1go [l e \I i
KR o |1 g TH SNHE TS E (2.30)
\ i F4 ),' L (,}‘_” )

T.e. nokasarenb NpEeOMIICHHS HE 3aBHCHT 01 Y4CTOThI, @ HOKA3ATE/ b HOTTIONICHHS
ApageTesa ApHOH PylKuued qacToThl.
Dasosas CKOPOCTH, UIMHA BOIMNE H BOJHOBOC CONPOTUBICHHE UMEIOT BIL:

ey LYS s .
¢ L C . . Ji 542 T8 | 1
VR, A : 4 !/:,,-,-| = Ly \; | = 1207, (-, @y =0,
N HE fue Ve 2 Ve
(2.31)
2. posoduur: 1gd >> 1
Jis nporojimka, [IOCKOJBKY
[ T a { ], HE T
vit+1g70 =1gd| |1+ —— |=1gd]| 1+ ———
A L 1 dpnd
1Oy HM
(2.32)
(2.33
T.€. HOKAZATENH NPEAGMICHHA B HOMIOMCHIS SABHCIT ARITO OT YACTO UbL.
joesipn
[ HE O
n=K- __Iif'_
\ 2 (e,
Pazosas CKOPOCTL U IUHNA BOJNEL
[ p [}
1= = A A (2.34)
(ue o e
N igo /4l = tgo
v | A

Eciy snavenne fed ouenn BoLuIoe, TO BOJHA OHICTPO 3AryXact, T.C. WICKTPO-
MAUHUTHOC HOJMC HPOHMKAST TOILKO B TORKHIT CHOI NPOROAHMK, Hockoneky 1a
Fyxanue uponopnHoHatLuo l'.X].‘: -{_:’{J{.-"("}f\'l_"j"], TO OUPCNCTHE TIYOHHY NPOHMK-
HOBCHHA, HAIDUMED, 1O CUALy 2 € a3, MOMXHD OUEUUTE €€ yncicHno. Tak, s

0,2mm, anng [ =101Ty - 0,66

mejut na wacrore f = 100x!y ona coctannse:

MEM.

!';!J_-lil'i.‘:;l_‘\' COIMPOTHBACHME JLI18 ¢ AYHAS HPOBOOHMED MOXKHO 1Dt JICTARHTL KakK




2.3. ToToK Ineprun WK TPOMATHHTHOTG MO

PaccmoTpum cnyuaii pac

pocTpatenHa EKTPOMArHHTHON BOTHBE B CPEeJE,
He obnajaouen NPoBOANMOCTEIO. (JUERK/IHO, YTO IHCPIHs MO B 9TOM Cilydae
0IBKHE CO

IHATLCH. -.";ll'\l'lii COXpPaHCHHA B HHT l_\i}JZ,U“,HI'EHI {“('Ir]'\;;_' HMECT B
pwir ¢ )dr = const (2.36)

Wi B aksHBaieH THON audvbepenimansioi gopume

oaw g e
—+divl] =0, (2.37)
ot

e w LeMHuast ioTHoeTs aueprun; [ - notox

mepri. Halinem aBHbIR B

arux Beindun. M3 cucremsr (2.14), ymuoncas nepsoc Ha F.arronoe -ua H u

L
BBIYIHTAA HX LDYE W3 JIDpYTA, NOJYHMMI

l‘:}!{ I ") f n y
=l e B e p H?)=
dt 2 dt :

t o, 1

Vx H 1 H l\-‘ f;}- '{ﬁl‘]_{? X ”’]

IO HOIBOMNMET MTEPENUCATE €0 B BMC:

7 H |~ H{V x E|=~div|Fx i |

W H
1 1]
1 . o
V= — £ at L )II‘ ¥ 4 ha)
20t )

. | — i
M= |ExH]|

Bripaxenne (2.39) uaseisactes eexniopom Ymoea-1lo

. Bro Mo

NPFABICHHC XADQKTCPHIYIOT BCJIMYHMHY M HANPABICHHC [IOTOKA #3571

eHin. Coxpa-
CTO B JIOCTATOUHO GONBIHOH 0GIIACTH, HA IPAHN
. KOTOPOH NOTOK 3HCPTHH PABCH 11
[IEPEHOC

HEHHE 10JIHOH : HEPIHi HMEST M

Y. BHYTPH .

ANOH €8 HacTH B JPYIYI0,

COYCIORISHHYIO PACIIPOCT]

HHCM ICKTPOMArHHTHLIX BOJIH.

fvere £ 1 H usMeusioncs 1o rapMOHHYCCKC

oMYy 3akony. OueBH]

MBICT MMEIOT CDEOHHE 2HaMCHHA : ' B

DSACCH




(£Y 1 (£ ] e
E ol N T
H ‘-LH,- T MR

{)im‘

.I.U]',-'l'c! CpeJiiee 34 Nepro/i 3HAYCHHS BEKTOpa I I MOMHO NIPEACTABNUTEL B BHIE!

(2.40)
JLitst 110CKOH BOJHET
e g [ ([ i (8 s |2 A
[]:= 5 I-Zhl I!L‘ Cos(gp,)m= -é|}f,fril!!| Cos(g,ym. (2.41)

Eenm Cpejla (}i‘}J[i-lr-'l'Hf;'l' |Ipl)T{l)}l_l’TM(![:'l'l;!ﬂ\ TO MOXKHO IIOJIYYUHTH ('..'IL'.,:‘{I\_«"IUIIL(_'.C
i'ﬂ;Tpii}l\'t‘liHC JUIS 3aKona CUXPQII]C“H}IT

dw : e 1

A +divll+Q =0, (2.42)
ol

- s 2 :
rne ()= ki, E=0E" - Jxoyneso Terio (1ow CPH AUEPTHH 1A HATPEBAHNC cpesing)
2.4. Bexropunie sonanl. Houaspuzanus

INeKTpoMArHHTHRIC BOJNHLI HMCIOT BEXTOPHLIA xapaxtep. Kpome ammamry-
Abl, vacroThl W (hazsl Hajlo 3uare nanpasicHue sexropos Fouw . B ofuiem ciy-
HAC, CCIM NIPCJUTONONHTH, YT0 HEKOTOPas BEKTOPHAS BCIHYMHE S HIMEHACTCA B
IIPOCTPAHCTRE H BPEMELH [0 32K0NY

§=Ské-an), (2.43)

TO OUEBAIAHO, YTO OHa OIHCBIBACT INIOCKYH) BCKTOPHYI) BOJIHY, PACHpOCTpaHAO-
INYHCA B HANPABICHHH ONPC/ICAIEMBIM C/IHHKYHEIM BEKTOPOM H}. Ixfli'-t",M(TT'[)'li\'l

potpoc of opuenTaigin pexropa S . SlcHo, UTO MMeeT SMLICT TOBOPHTDL O NONApPH
QUMK AL NS HONEPCUHbLIX BOJH.

Jlag Toro, 9robbl oxapakTepH3oBathL HONAPH3ALHIO BOJHBI, BBOJAT IOHSTHE
HAOCKOCINY ROAAPUIAYUL, T.2. TIIOCKOCTH, B KOTOPOH JIGiKaT BeKTopsl S W M.
OuenustHO, wro JUls IIPOJIONILIBIX BOIN CC BBECTH HCBOZMOMKHO, T.K. OHA BRPON/IA-
ered B npamyr. Beibepem och 7 B nanpasichun Bektopa 7. Torja pasinokus
TAOCKYIO FAPMOHMICCKYIO (HONCPENIYIO) BOJNHY HA JABE OPTOTOHAIBHBIE COCTAR-
JHOMAE, [Ty YHM:

- i % ( H o
.\_J a ( fl.\'{j.’r}." -kz—a, )= Rela, exp(—t (o7 + ¢, 0 (2.44)
S, =a,Cos\ax ~kz—@, j=Rela, exp(-i(wt+@,))) e
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~ b ! 3 ) r " £ . e
kjw)z=t—2z/v,a a,.a, .@..¢, - (0CTOAHHIE ALHCTBATCILHBIC

aBAAIOMHX BeKropa 5. M
(2.44) BpeMemion MHGKUTENb, HOTYTHM YPARHCHHC, KOTOPOE OLHCRIBACT COCTON-

AMDTATY B W iha

ODTOFOHAIBHBIX  GOn

HOYHME H3

HHE TOJIADHU3ALHY BOIHLL

“n

—X .2 i( osA = Sin’ A, (2.45)

3

s

\

~

y

YnasHes

ypasuenye angunca. T

A€ Ik

a o
CTPANSHMH BOJTHBLI KOHCH BCKTOpPd O JIBMIKETCH 10 HNUIHNTHYECKOH i)

i. PHC, £

Hpu OCU UKL

~d COBIIanaiyy © OCAMH KOO

TPORIACTCH B L'JE\EJ'\-)J\IIK"L'-\':.-. l—; ATHX (.'.'[I\«"‘:':"'

[} '-",-'i't'."ul“i"‘ I'Hf-i:ﬂ[‘-i-'.'ii‘.'.ﬁl‘..“: B ¢

THITHYSCKOH \BOH DOISPH3ALNKE BEKIOD
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L

I =const 7

Puc.2.3. Toaoscenue eexmopa npne Kpy2oeo ROJAPpUIaYUT
Ha puc. 2.4 npe/ictasiieHo BPEMEHIIoe TOREICHHAT BEKTOPA .S PN PasiliiiLIX
cooTnomentax pasioctn Gas A b onockocrH $asosoro (JpoiTa BOJHEL

4 ‘1\ Z=const

Pue. 2.4. Bpemennwe mpaeimopuy sexmopa S

Cocrosnue HOMIPHIAIHA MOKHO KAPAKTEPHIOBATE € HOMOIIBIO MHOMKHTEN
nosspusaiyu (pasopa): &
5 a
- L A /
P=—f=p (2.46)
Dl g

HMpu kommnexcnom P nonspusanus sumnrigec m P - aucto My

MOC, TO OCH 3JTHIICA k_i}\u'ii!.".“-i 110

COBHAIAIOT ¢ O
A

MM KOGOpAm

SH3AUHH CO

otrercreyet P = i (onmxnTeasibi 3Hak JL Boif, A OTPHHATENLIILI — JJ1d




neBoil nonapuzaimu). JIMHEHROH NONAPH3ALMH COOTBETCTBYCT UNEHCTBHTEILHBIC

suaucHud P.
[Ipusenennoe v (2.44) pasnoxenue npejcrapaser cobol paznoxenue B Jin

(.:J ) Moskno Basitk B KauccTee Dasmca

HEHHOM HOJNAPHIATHOHHOM basuce (f;l:

KPYrosoi ("’.«'1"’: ) KOTOPBLIA CBA3AH C JIHHCHHBIM COOTHOUICHHEM:

2 [ 2 &
e =—=¢ tie,
h ﬁ( | ) (2.47)

rae unjexc R coorTsercTByeT npasoi uojspusauuu, a L - neso#t nonspuzaimy.
Torpa nobas noagpuzoBanuas BOJIHA MOKCT OBITh LPE/ICTABICHA B BHAC Cynep-
MO3HLMHK 2-X BOJIH C KPYIOBOH MM JTHHEHHON nojsipuUsanmeit:

S=S6+8 .6, =Sey+S,€,. (2.48)

PACCMOTPHM  HErapMouudcckne BonHel, B orom  ciywae  napamerpb

il_. s v l?j‘ ‘(ﬂr B BBIPAHRCHHH ‘:? 44) ne (1_\.-','[)’1' MOCTOAHHBIMHE BO BPCMCHH H TOBE-

JACHHC BCKTOPA .K; B IJI.‘IILE[)‘."IIi()i"I HANIPABIICHUK) PACTIPOCTPAHEHHS BOJIILI ILIOCKO-
STOAHNHC NOAPH3IALHH A HEMOHOXPO

CTH OYIAeT HMCTEL CAoKUBI xapakrep. Cc
MATHUYCCKOH BONHBI (TAK e Kak ¥ IapMOHHYCCKOH) MOXHO XapaKTCpH30BaTh pas

JIHYHBIM ut'mp:t'_mm. ”Zl]llr‘.llll\‘]c]", C HOMOUIBIO MATPHUBI KONCDCHTHOCTH!

| 5,5 §.3;
J =] ' i (2.49)
S5 5.8,

rae Hepra CBepXy O3HavaeT yepeIHeHHE 110 BDEMEHH.
Il MATPHILB! PABCH HHTEHCHBHOCTH BOJIIIbI f’:

O4eBHIHO, 4TO C
SpJ=S$.S.+ 8,8, =1I.
s nondocrsi 0oAAPH3OBRAHHOH (FAPMOHHYECKOH) BOJIHE
v |I1' 1 &l ¥
S8, =887

H O3 TOMY

detJ =0

JList TTO/IHOCTEIO HEHOSIPH30BAHHO BOJIHA]




- TYp—. 2 n _2 lf
5.8, =0,[8,]" =ls,|" =1/2.
TToaromy B 3TOM Cliyuac

detJ =1%/4.

,ll l_llﬂ HACTHYHO I1().:IH|’![{'i{)ﬁﬂlll]ﬂﬁ BOJIHEIZ

0<detJ <I*/4. (2.50)
OUEBHJIHO, YTO B paMKax HPHHATEIX 0bo3Havenni
P _| a; a,a, exp(id) s 251)
L@ a, exp(—iA) rz_s

Ouenk 4aCTO BMCCTO MATPHILLI KONEPEUTHOCTH MCH0IL3YIOT napamerpul C1o-
KCd, KOTOPHIE ONPENICHsoTes ciaesyommum obpaszom:

o
Ly
+2

U =2a.a ‘,C ‘0sA,
V =2a,a SinA .

Musnueckuii cmbien koMmnovent: [ - nonHas waTencHBHOCTE Bonnel, () pas-
HOCTE MCHLY MUTCHCHBHOCTAMH BOJIH C HBYMA JTHHEHHBIMH OpTOroHATBHBLIMH 110-
nspuzatsmi, U - pasnocts MY MHTCHCHBUOCTIAMH NPH HOBOPOTE CHCTCMBI
xoopaunar Ha 45 n 135", V - passocrs MeAY HHTCHCHBHOCTSMH COCTABJISIONIMX
C HpaBroil v JCBOH NoNspH3IamMe.

OueruiBHo, 4To

_I{M() U+iVv
U=V I=0.)

,.”J[)l HOJTHOCTEHY FICl]U.;I}IPIl'{l}llkliII!{)i’} BOJTHEI
] 9 b)
0" =U*=v?=0,
a s nmoaHnocThio IIf?_'l}l}]lri'.!(lli;llll|l."]"i

) o]

=040 ey,

Crenens HOJAPH3ALHN BOJILL MOMKHO XapaKTCpH30BATE KAK:

i4




CTCIL

CTEIl

Puw = ! (2.54)
CHb JIMHCHHOHN JIONAPH3ALMAS
Pr- : 2.55)

€Hb KpYyro BOH 110151 pH3ALIHH:

p.=V/I. (2.56)

Torna HHTCHCHBHOCTE nonﬂpl-rmna|iﬂm‘-’1 YACTH BOMHBI MOYKHO 1IPEJICTABHTE KAK:

fn - pu"! %

a HenoJspy IOBAHHOH

peje

I,=(-p,).

C noMoumsio napamMeTpos Crokca wiu MATPHIBI KOIEpEHTHOCTH MOXKIO or-
JAHTh MONAPHIALIHIG moDOH BOJIHBI, B TOM YHCIE H NpH CYTICPIIOZMIIHH HE

ckonpkux o, Tapamerpsl CTOKCa pesyibTHPYIOMICH BOMIHBT Oyayr onpeaenars-

CH KaxK CyMMa 11apaMerpos Crokca oTHENBHBIX BOJH. AHATOIMYHOE HMEET MCECTO M

A MATPHIE l{l"li't"p('il'l'}ltJC'l'l-I.

3l

Bonpocs! [L1s cAMOKOHTPOJIA
. 3anucarh KOMILIEKCHBIE AMIUIMTYIbl BCKTOPOB IOJA IJIOCKOH OJIHOPOJIHOIT
BOJIHDE, PACTIPOCTPAHSAIONIEHES a) 10 OCH X, B) mo ock Y.
Hamuuyre ypapHCHHS JUTH CPETHETO 3HAYCHHA IUIOTHOCTH T0TOKA MOIIHO-
CTH FapMONHYCCKON BOJHBI B cpejic 0e3 IPOBOAMMOCTH H € TPOBOAMMO-
CTRIO.
Onpegenure MpejeabHblil CIBHT (has Mexy BEKTOpPaMM JIEKTPHYECKOIO H
MATHHTHOTO MOJeH MA0CKoH BOJIHBL JUis JTHHEHHOH OJIHOPOIAHOH H30TPOII-
HOMH Cpesibl.
Mosicuure (usiueckuii cmbici Bektopa Ymosa — Iloiituira. Kakosa ero
pazMepHocTh?
Kakoii 110pH3aliii COOTBEICTBYET BOIHA, IPHBE/IEHHAA Ha PHC. 2.k
Wso6pasnTe BpeMeniloe Paclipe/Ie/eHHE HANPLKCHHOCTH HEKTPHIECKONO M
MATHHTIIONO TONEH IUIOCKOH BOJIHLI, PACTPOCTPANAIONICHCA B [IOTIIOLIAI0-
meit cpeac A Kpyrosoil. CpaBHMTE CO CITYHAeM HICAILIONO AHIICKTPHKA.
[TonyuuTe COOTHOUICHHA MEKIY CAMHHTHBIMK BCKTOpaMH B JIMHCHHOM |

KpYroBOM TIOJISPH3aLHOIHOM DajHce.
Hansumre, Kak cpssadnl napamerpsl CTokca [t IBYX TDIOCKHX BOJIH CIH
HUYNOH HHTEHCHBHOCTH, OJIHA H3 KOTOPLIX ABJSACTCH ITOJHOCTBIO MOIAPH30-

BAHHOM, 4 BTOpas — NOAHOCTBIO HENOIAPHI0BAHHOH.




3. OTPAWEHUE M LIPE
P/

NOMJIEHME BOJH HA I'PAHWIE
3AEJAA CPEJI

|’21(:{‘.|\,-‘.\)'I]1".1:”:\&' B NPeAbPIYIUHX PA3ICax BOJTHOBLIE HPOHCCCH! OTHOCHTCR K
CIymam cped © HOCTOXNHHLIMH HAPaMCTPaMu f),']illl]’\'il Ha MNPAaETHRE NPUXCIHTCES

HMETH JBII0 ¢ HCONHOPOAHLIME cpeyiaMu. Hpocreiiuiag 2angaua — s3aumoiciicreue
Takas cuTyanma na upakTHKES BoTpe-
M, KOTO-

Haw-

M3IyYEHI C TPAHNIICH pasjiend IBYX cpe

HACTCH NOCTATOMHO 9acTO, BCIHENCTRHE Yero H3yUeHue BAKOHOMEDHOCT!

PRI HMEIOT MeCTo B HOA0DHRIX Citydasx, npejgcianiger Oonkniol wuTepec.
DoJice CIOWNIAg 344aUa8 R3AMMONCHCTERS BOSHL! C Ipadnie pazjieina Cpejl BO3HM-
CMOTPEH CITY

RAeT j11 BEKTOPHBIX BOJIH, 1O YTOMY B NAHHOM Pl ieiie nocobng na

Yal JUEKTPOMAITHTHOH BOIHEL

3.1 Ofmpe 3aK0HOMCPHOCTH B3ANMOJCHCTBHS HI0CKOH MIERTPOMArHITHOH
BONHE! C WIOCKOH rpadniei patena

PaceMoTpHM NPOCTYIO 331034y MAJCHUS 1LIOCKOH MOHOXPOMATHYCCKOGH BOJIHLI

Ha IIOCKYHO I'Paluily pasiena Inpyx cpen Kax HIBECTHO, HpH 5TOM BOZHHKAKOT
HPperoMIeHHas (I'IE'T{'!IIIC)!!I!L!'-[) H OTPAKCHBAN BOJIHBI,

H\-’C'IJ- rpadudia pasiena jinyx cpell ¢ HOCTOIHHBIMH HapaMeTpaMu copnajacT

MOIe-

¢ nnockocteio 7 = (). Obosnaynm vanpagienne nagaiomeit miockoii raj

CKOI SMICICTPOMATHUTHON BONIG! CANHHUHLIM BEKTOPOM M, & OTPAKEHHON 1 1pe-

JOMACHHOH - ML, M N1, CO

TBETCTRENHO. [ockoems soderust, COICKAliVIO /7

PeoMerpus s

KOCTRIO

OCh 7, COBMCUCTHUM C {LIC I TP 12Ha HHXKC Ha

I; 'u‘ i




awa il\.-'[\_\] i‘}t'-’”-‘l'[']-‘\\ﬂ B MTHHCHHOM ii.;'E_l[";I]|1;"\;_-::|'|H]‘ T.¢. H4CTOTEL Nalaid-
WeH, OTPAKEHIOR M IIPOIIEINICH BOMME — OJMHAKOEBL. Takoe MpenoioKenme
Ci'![T-"N’-L\-,"\J:i'”".r‘- JUITH MTHHCHHEIX cpell. .I.l'”'_.'“'l COOTHOMIEHHA A BOJIHOBLIX BEKTOPOB
MOMHO NPCIACTABHTE B BHIC

ko = kit = \J € M, @ My,

p——

‘(.'I ,{\‘!}‘_}I = [ Er b @ 'f;:tl‘ (3.1)

Ky B \/(",-,, WM O ALy
Eyp T10, [, Bl It eTphl CPEL.

MOTCH B 3

ST

| Mg X £y
d

I/-,rn

AT OTPKEHHOU BOJIHL!

i s BOJHOBBIC COHPOTHBJICHHS CPCIIL.

Ha rpaiwie pasn JOIERHBL BRITOJL Jl?(li‘.f‘-".l!.’-al\_‘ yénosus - Henpe

‘0 noud. Jlis

PRIBHOCTE TAHTCHUHANRHBIX COCTABIANILIEX PHOIO BOAHO

MICK :'.'!H"L"CI-.'(‘I‘] H MArHHTHOH KOMIIOHEHT:
Iz S b lels w1 |
| £ g i | | e A i |2=07
L L (1.5
r |2 T
| » - 8 {1‘ 1 .r
| s |71 %z i |

VIKHBL BRIIONHATBCS JUIA MODOLIX TOYEK B

IYET yOIoBMC pa Crea (paz Ha rpasHie pas

s PRSP ”
B ey OUCHHHO




| €, %| é, X1 1] .0 =€, ((_.f ) } . | pep =7
u3 (3.6) caeiyer, uro
5 5 Ty 1o e Rt e
i\'!‘ g X €, ’ | 0T K| xe, ]F i g = k| 1y X€E, I E q- (3.7)
- |- - L !

H3 [H00yueHinoro suino, YTe Nagaroimini, O1pameHHBIR | e
aexar B OHHOH niockoct. s nepeoro pagencrea cueiayer, uro

Sin0, = Sint), (3.8)

MITCHHBIT JTy4H

a M3 BTOPOTO - 2axkon Chewiuyca:
r{;;-};jf.’(.f{\_ —nf )_“,_.f'.ﬂ f}1 5 ("'._‘:))

OTMCTHM, 4TO :]r;"pM)'JII,I (B.R) M (7-.‘)) CIPABE/IIHEELL 1% THODBIX cpesi, B TOM THCTe
H JUIA Ciydas, Korpa NHWIGKTpHYSCKas ¥ (8 00mem CJYHAL) MarHETHAas HPOHH-
LACMOCTH KOMITICKCHL

Hocrosbky nobas monnpusaning MOKeL GbIThH LPEUCTABISHA B BHIE PA3IO-
HEHNS 110 OPTOTOHAIILHLIM COCTABIBUOLIMM, J@1CC PACCMOTPUM CIYYaH NepiicH-
JUKYIEPHOA ¥ napannenpioil OTHOCHTENLIO 1WIOCKOCTH Haie s OpUEeHTAIINK
NOAAPHIANHE N2 0ILEH BOJHBL

Hepnenduryisphas noanpusayqiu.

L paceMaTpuBaCMOTO CYHAS BCKTOD HATSUKCHHOCTH 110778 MCPICHIHKY-
JAPEL IAOCKOCTH TACHHS B HMEET TOILKO OJHY COCTABIAIOILYIO

OO MOTRONALT 3ANUCATS IPAHbe veaonns (3.5) ¢ yaerom (3.0) B crenyionem
BIIC

Z o \ECosy ~ E,Cos8, )= Z 3 E,Cos0,.

Pemas ux cosMecTao, HAIUICM TAK HA2LIBACMEIS

watpduneHTh Ppencnd, craibi-

BAIOIHEC AMIUTHTYABLI OTPRKEHNGH H MPEIOM.
UICH BOJIHLL

HHON BOJII ¢ AMILIM Y0

E. %;;3('0.\'(),_} -7 5 Cos r?.._,_ IF

Ey  Zp,CosOy+Zy cos e
N 27 4, Cos0, i
(i | = — & . E 3.11)

Ey, ZyCos6+ ZmCost,

17 OISR RER ROASPHTLY A,

B aroM cayuae yaofiueit npon

AUTE GHAT UM MAardaTHON cocTanmarome

HHJIA, T.K. OHa H2DTICTLIMKY

BipHa NAOCKOCTH IMEACHKT ¥ MMEST O4IIY HU DABHVIO

HYIIO KOMIUIOHSHTY




I'panuuneie ycirosus (3.5) rorga upruoOpeTaT BUIL
Zy (HyCos8y — H,Cos8,)=Zy,H,Cos8,,
Hy+ H;=H,.

KoadduumenTs! orpaxcHus U npenomienns Dperemnst MOryr ObITL OUpEIEIeHs]

KAK:
H, ZyCos6y—Zy,Cos0, i PR
!” = 1. Bl U\ ' ” U\ ?f” (312]
H, Zm( 056y + Z g, C L‘JL\'()’Q
H, 27 4, Cos0 i
f=—2=——"Bl-70 Tile ™, (3.13)
H, m( ‘056, + /81( 056,

Ormerum, uro koaduumentul Dpeneis (3.10 — 3.13) nonyueHs! npu npons-
BOMBHBIX 3HAMEIMAX TapaMeTpos cpel. Ilpu nopmansuom nanenuu (G =0) ume-
€T MECTO PaBCHCTBO:

R = -R",

OTMeTHM, TTO TIPH 3TOM

3.2. OcobenHOCTH R3AHMOJICHCTBHS BOJIHEI ¢ IPaHKIICH
"NNNeKTPHK - JANIEKTPHK"

Paccmorpum ciyuai, korza o0c cpeasl SBIAIOTCA JUMIEKTPUKAMH, T.C.
0, =0, = 0. [Tycts ans npocrors My = i, = [, TOTAA MEeKTPOJMHAMHYCCKHE

XAPAKTCPHCTHRH CpPCI t’)}";l\f HMETE BHO:
"(".k:.'l i {"ul ’ {.‘A'ﬁf. e “':r; 2
Zy =Zo /€, Zgy =Zya 1], .
B srom cuyqae juia koaduupentor orpakenus Ppeuens umeem:
(U\()n .\/.‘ (mz") Sm(()“ 4, )

\f = — : (3.14)
\,z Cos B, + ff,(um Sin(6, + 0;)

R,

(3.15)

T.e. koadpuimenTs OTPAKCHHS JICHCTBHTENLHBI U HOYTOMY C/IBHT (a3 MeXay 1a-
patoineit n orpaxenoi rojamu mubdo 0, mbo 7.
Paccmorpum yactueie cayuan. [lycte Bropas cpena Gyuer "onruvecku” 60-

aec fAoTHOH, T.¢. £, > £ B stom cnyuac w3 3akoHa CHeMyca cieiayer, 4ro

U: <t u ()” - ()'._\ FE_;"".Z‘ f}[] +{?_] <7. Torpga ws (3.14) caenyer, 4o jus nep-
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HEHTHKYIAPHOI TIoNgpusaimn Pg, =7 W NOBEJCHHC MOAYII HOCHT MOHOTOHHO
BO3PACTAKMNI XapaKrep.

Jlna seprukansuoi nonspusanym nosegenue koadpunpenta orpaxenns 60-
nee cnoxvoc. Ilpn 6, + &, = ;a‘i'-;'“-l o obpaiacTcs 8 HOIb. Y10l 1IPH KOTOPOM
nabmiogacres 3107 adepexr, Haspsacres verom bpiocmepa O wim yenom nosnou
nospuzayuu. 1ocneanee CRA3aHO € TEM, YTO NPH NAJICHHH BOIHE C JLIMITHYE-
ckoii nonsipusanmed o yriom 0, = @5 B oTpaxeunoii Boime He OyieT BEPTH-

Kansroil coctasnmomeif. Ma zakona Crennyca (3.9) cnejyer, 4to

Sin@; = \/f 2
\ &

1 \/ &
0, = e

arclg ——=. (3.16)

Cos0O,

H MO3ITOMY HOJITYUACM:

T.e. yron bpiocrepa onpenensercss TomeKo napamerpamu cpea. B ocnyuae

; 3 | o
0=6, <0g Moiyrs XOIPPUIHEHTA OTPAKCHHS [Rﬂ‘ yorgaer go 0, mpu yrom
qflk]l =0. Ilpn 0 >0y mosxyne Monoronto sospacraer 1o 1, a dasa ckayxom

npu Ull = OH viaMensercs 10 . COOTBETCTBYIOUIME KPUBLIE s MOAYIIA U a3kl

KO3(DPUIHEHTOR OTPAKCHMA NPHBEACHL] Ha puc, 3.2 ¥ puc. 3.3,

0,

Puc. 3.2, Modvae kosghghiyi, i aNCents O NAPELebHON
Puc. 3.2. Modvae kosghghuyuenma ompasicenus 0ist RapasLeibHon u
H(’[)H(.‘Hf)”ﬁ‘_l’.l'lﬂf)”()ﬁ ROAAPTUIAYHN

40
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Puc. 3.3. Daza xosghghuyuenma ompadic

HLA OIS RAPAUIERLHOE | hepRenduryiap-

HOU RO TAPUIAYUN

CMOTPHUM ciydail £ > &,. Torna w3 3akona CHeummy

T, 4TO

-(}'(, H BO3MOMK

CHTYAIMS, KOUga npeioMieHiast BOIHa EP'J' IET pacnpocTpa-

iena. Apnenpe o

HATRCA HAPAICILHO I'DAHHIE pas IVHHIO HAGBAHHEC AOAH020

GHYMPEHRRE20 M

PANCERUST, A CODTBCTCTBYIONHHA yroia nalicHusn Vel NOJAHOZ0

<O OMPAasicc: r 1 FIMCTHM, 9T0O OO OO 3aBHCHT O1 I LM GeLi [
o - By P ———— anenws 8 > 8
3 HHA. IWsIECHHM CETYWRT \rl v TTOJLE 1TDH YTTaX maJlerin o = #f‘:,.

W3 sakona Crenniyea (3.9) ¢

) = H
TIGB (1 SHHA 1P &= !J” WMEET Bl




Y ESInG) — &,
|Ri|=1, @, =—2arctg ¥ —— = (3.20)
i : A€ Cost,

!!“l;‘ =1, g, =—2arctg ~
" il

Pacemorpum npenoMacunyio somnty. Hockonsky

ko = kySin0,x + kyCos,)z| = k,xSinBy + ik (&, /£, )Sin*Fy —1,

1O IOJXYHACM:

. . { "
E = E,expli(k,r - u}f))-—

r Y
'I(‘ .;} : ;.\m (}A 1+ i(kl_\'.'\'m &, — ar }}

4

HH,-'[IHL qT0 MOBEPXHOCTH PDADHLIX aMIDIMTY H PAaBILIX (']1-’!'_1 He CORMAIANOT.
DT0 OBHAYALT, YTO BONLA SBISCICH HEOHOPOTHOH,

3.5 OcobennocTH B3AUMOCACTRHA BOIHBI C FPAHUILEH
"HINeR TPHE - MpoBoanER""

PaccMoTpIM Maflenie Boiis 12 JJHUISKTPHKA ta nposoynuk. byaem cuurarn
JUIL IIPOCTOTRL, UT0 M) = Uy =1, &, =1, oy =0nu £, =€, :‘ozl.-’m, B arom

CHYUAC, HCTIONLRVE 3aKOH L ‘][L!_'I.lll-lf >d, HMCCM

: f 5
kotr = Ky X+ ky 2 = kixSinOy + kazafl = Sin“6, =

P Y
=kxSmOy + k&, — Sin 0, .

Torpa, ceiin ssecrd obo3HAYCHNUA

|
I Oq 0/
o= %J(fq Sin” (}{,) $-| —=- | Cos+, (3.22)
g &g ) 2

.\.'o - j
p=1 (.f'_? - Sin ()r.T J .ﬁ'rr;f/-, (3.23)

\ E—T..m

¥]

, (o)
fgg= i -.‘_. 5 } (3.24)
EgNE, — St "Gy |
NOITY THM IS LHPEITOMICHITON BOTHLI
. . (= A A Fd v y e
.*Jr"-'r = ".__: t')(}?;[\u’:-ﬁr' --r'.f}f)“ 1’, (‘}\;\.i\' .-'-_',E '{; )L xi){fu’ L\IH( Z *(P {3.25)




M3 MONYICHHOD BRIPDAWCHHA CIICHYCT, 4TO BOIIHA HECOUHOPOHAA IlﬂiiC]’}.\ll()Lﬁ'l b

pasupix haz onmceisaerca ypasuenuwem Sind, - X + oz = consi, a NOBEPXHOCTE

a1 ~ . T o i A ;i =
PaBHLIX OMILIHTYI - )/):r = const. Eciim seecTy HOPMaJIL K NOBEPXHOCTH PABHBIX

IIJ}H TO yrad fr"" .\-H’.',-K,',E'\," HCH) ¥ OChIO 2 ONDCOCIACTCHA Kak:

" - (T P f faa Bn . 8 R
Siny = Sinby [/Sin"Oy +a” , Cosy =af JSin0y+a’ . (3.26)

\

Puc. 3.4, Baaumodelcmene DekmpoMasiiinior0 U HeRus ¢ 2paiinyer: pazoeid
IEKMPUK — APOSCALUK"
UrMeTiM, ITo AUt MeTanna |& ;”i'_.'-‘ I u g O >>1. Hosro “ABUCHMO OT
¥ria o ICHHA BOJIHA B MCTAILAC IE‘;LE'IJ')( c ih-'l!.rh_‘-lL'}i HOPMILIENG K CIO MTOBCPXEG-
CTH, & aMITHIY A e¢ yORIBAeT oueHs ORICTPO TO MEpPe DPCHIKHOBCHMA B CIIOH,
Bonpockl 118 CaMOKOHTPO.IR
1. HapucyiTe B3aMMHOC DACHIOMOKCHHC BEKTOPOB MICKTPHYCCKMX M MarHut
HbiX NONCH Najaiowei, OTPaKEHIOH M UPCHOMIACHHNOH BOIH JUI CITY
B3AHMOLCHCTRHA ¢ MPANHUCH PA3fena THHA "HICKTPHK — JIHINEKTPHK .
i 2. OOBACHUTE, 1OYEMY B CAYYae HOPMAILHOIO rasickus KodthhuuMenTsl or-

PAKCHHA JL BOOH C i'li‘.[)i‘..fl.'lc.:lbijt)ili M epne: 'lii!\:\'.il.‘lpi’\!!i IVIOCKOCTH T4

ACHHA TOMAPH3ALNH OTHHYAWTCA 3HAKOM, a i':l}:'!f‘”‘.ilili'!!'!'-_"!;'l\i HpeIoMIICHHA
\NPONYCKALIMA) - HC PABHBLL IPYT IPYTY.
JAYHWTIC BbIPAKCHHA JJIA hf\’-ltillj. HHCHTOB OoTpRkCHEA ATE MPalylel pas

JHDANCKTPHK — MeTamur”

3. Tl

Ta THild

Hamuumre Buipaxende wi yria bprocrepa jums ae

THTHLIME CHOHU 1M, CCJTH HX LIPORO

AHBL BCY i Y MOBH



4. PACITPOCTPAHEHUE BOJIH B JUCIHHEPIHPYIOIIMX CPEJAX

PacemarpuBalouimiics pance cliywaid ana cpefvl, obiiajaolied npoBoIuMo-
CTBIO, NOKAZMI, YT0 CHAZL MCHKAY BOJAHOBLIM YHCIIOM M HaCTOTOH MOMKET OTJIH-
YATHCA OT JIMHCHHOH 3aBHCHMOCTH, DTA CBAZL MMECT BHIL:

k2= (m'“ Je* };f(ef +iof(wey)). (“4.1)

]

B dosnee ofnieM ciyyae €6 MOYKHO 11pe

k(w) = k'(w)+ik"(w). (4.2)

ClapyTh B BHIC

[pu orom federeutensnasn dacth & () xapakrepusyer 3aBHCHMOCTE (hazoBoii
1.7 o
CKOpOGTH OT HacTorh (VU = @/ k(@) ), a mumnmas k(@) - 3aBHCHMOCTS OT YaCTO-
THI 3ATYXAHUS BOJIHBL
MNospaeure NMCIEPCH NPUBOAHT K M3MEHEHHIO 38KOHOMEPHOCTEH PACIIpo-
CTPRLESHMI HIEMOHOXPOMATHICCKHX oL B 9T0M cirydae pasHbie CUCKTPAILIIBIC
KOMIOHECH B PACITpOCTREIAIOICH [0-PAZHOMY:

S(w, &) = Aexpliké —an)) = Aexpl-k"(@)& +i(k'(@)E ~ax)].  (43)

B cuny

HeHepeHi (hazorol CKOPOCTH B NPOULCCE PACHPOCTPARCHHUA M3MEHSIOTCS

(pazoBLIE COOTHOLICHMS MENJIY CHEKIPATBHEIMK COCTABIMIOLIHMH, TTODTOMY HC
” Y

kaxcaercs opma umnyinea. Jucnepens k(@) npusojvr k TpauchopManui Hac-

il
& et

TOTHOTO CIICKTPE BOJHLI l._:(.’:)‘g )| H JOHOMHATCITEHO HOKAMACT CHI A,

M4 omnrrvkn w IBECTHO, YTO 3aBHCHMOCTE NOKA3ATCHH NPCHOMICHHS (HIH
CKTPHICCKOR HPOHHITACMOCTH ) OT 9aCTOTh Haudoliee CYHMCCTREHHD CKRaskIiBaeT
¢ ROAM3K PE3OHANCHBIX 4acToT (), , CCOTBETCTBYIOLIHMX NCPEXOAAM MEHCLY

piri ) f : Z
KBAHTOBBIMK yporHaMK. BOunsn 2 ,,,; BO3DACTACT M 3aTYXAHHE (TEMHBIC HOAOCKI
B CHCKTpe norgonierns aromos). Takum oOpasom, vacrorHan aucuepeus &£(@)
nandoNce cyuecTBenya npy o = ff?},,(,-,.- BB oBnact 3THK 4acTOT OTKIHK CPS/IBI HA
H3MELIEUNE BHCLIHEIO 104 3anasiblBact, T.6. B CPC/IC MMEIOTCH XapaKIepHbIe
BHYTPCHHUC OPOLIECCH], BPCMA [IPOTCKAHMSA KOTOPDRIX (l’-pf’-M)f ")CJJ':'[I{L‘-&HLHII) cpan-
MO C TICPHOJOM H3MCHCHHA BHEUTHETO 1TOJIH. B raknx CHTYalMax cpena UGJH‘U[{!
T ITaMATEID M HMEET MECTO wWacmomnas rji.‘(.‘Hl’])f'If}?.

Crazaimoe puuue B [}&Il‘l[t)“ MCPC OTHOCHTCH K PACIPOCTPAHCHHIK BOJIH B
cpenax, HMCHIIIMX KapakTepHblil LpocTpanctsedubii napamerp. Hanpumep, s
HId3Mbl = 310 JICO2EBCKMA PaJMyc, U HCOHOPOJHEIX €hejl — PasMep HeoaHo-
:TO.-"[ITUL'J'E’-H, AJIM 3BYKOBLIX BOJIH B TBCPDUBIX TC14X ~ [NCPHOA PCIHCTEM, B arom
CHYYAC HOHe B KaKO§- .-JHG‘I TOUKE CPEHIBI 3aBHCHT OT 3HAYEHMA 10 B COCC/IHHX
TOMK - CBASL BIIYITPCHHETO H HPHIOMKCHHOIO BHCIHHCIO TOJA ABIACTCH HCTO-

KaihHon. lakas HAHCHEDUHA HAILIBACTCH }'iﬁt"f'HIJ?‘I?‘1'.'1".‘”3(‘1‘1"!”(.r)1'} r;f.ff{'f.-'f'l{.‘n wen

2y Jise pAUEieL 0BycIomiensr GUIMIeckoll Tpupooit epobl pacnp

neris. Boobiie rogopd, auciepeus MoxeT OhiTh CBE3AH2 HE TOIRKO ¢ HapaMer-
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PAMI PasMEPHOCTH BPCMCHH B UIMHGL, OTPAKAIOUIHMHA BHYTPEHHHE CBOHCTEA Cpe-
Apl. CywecTByioT CHTYAIUH, KOLAa JMCHEPCHS Onp TCH MCKYCCTBCHHBIMH

PaMCTRaIMHM. ”Z!.’[I}I‘ll\dl‘.ll_:l. JHCIEPCHE B BOMHOBOJIC ONPENeaerca [onepeyiibim

I1d

PasMepoM BOJTHOBOJIA. i'E']{‘!I'[JI'IL"i PAHCHHE BOJNHOBOIO IIYYKA — TOMXKE CBOECID pojia

JHUCIIEPCHSL.
Hanee Dyjier paceMarpuBaThes iucriepons, ofycnoBacHHas TOIbKo DH3HYE:
CKHMH CBOHCTBAMM MATCPHAIILHOK CPEJiblL.

4.1. ¥Ypannenne Maxkcnessia 8 cpe/ie ¢ AHCHCPCHEH B aHH30TPONHEH

Ypasueuus Maxkce

I1a B JIMI
OCTATCH TC C, MCHAIOTCA JHUTh MATCPHANTEHBIC YPABHCHHA. C yyeroM namsmy

Cf

Hoepeje ¢ AHCITCPCUEH M aHH30TPOIIHCH

SALI L HETOKAIbHOCTH MAaTCPHAILIILIE YPABHCHHA MOMKHO HPC/ICTABHTD B BHJIC:

D/(t.7)= [d[dF T &, (t.t.F.F)E (', F),

) (4.4)

VI
cucrema — nawbonee obwaa dopMs nas THREAHON cpefit ©
HHCHEPCHEH 1 AHH30TPOMICH.
iCTBA BO BI
PHAIL CPHCTHKR  cpenbt €, 4, 5 sagdedy IMie or T =1 — ,‘"}1
r\-, ’.' L f'.

AIMHILYTCHA B GITHOM KiK

e Y= EArl B85 (= BV | .
{!_,{.-.u—_f..fri:fl._-_g,r”(z,,._ i —7.7 (4.5)
0 j
okaM o G u
Gt r)= (4.6}
Lir)= |\ je trlk (4.7)
Forg ¢ MOJICTaHC X 1 (4.5) Hoiy4dHM B CHICKTDE TN




0, {m\ k } 2.1y (.”" f(’)l";l (g.:.a k ) (4.8)
riae

v § 5 ) 7 [ 3] 'r.{' i 4 \] 3 ;
nilw.k )= [dr[n,(r, R)e ¥R 4R, 4.9)
0 :
S HOCGICHHETO GICAYeT, 4TO TeHI0p -"{’“ AdBHCHT OT YacToThl '%J[CKI'}'lﬂI\-f.'il'llﬂ'l'”(lii

BOJIHAL (HACTOTHA JIMCHEPCHA) B BOIHOBOTO BCKTOPA (HPOCTPAHCTBEHHAA THCTIED-
CH ).
4.2. /IMcnepcHonHoe ypasHenune

Paccmorpum pacipocTpaHcHHe TUIOCKOH FapMOBHICCKON BOJHEL
l‘,I'. = !“'. HkE—wr)
: e

g ik E-wt)
H = '\,

i

(4.10)

Byjem cuprars Als pocToTs, 410 cpeaa ne marimrnag (g4 = 1), Torna uea nep-

BLIX ypapuenus Maxersenna npuobperaior _RuL:

|- . .
[k x HJ = —,

L ; (4.11)
[ X £ = .
Y MHO% A Btfkl'l:]lllt} BTOPROC K3 HHX HA r;\ y FHMTY MM
k\k E)~k"E+@° uyD =0, (4.12)
KOTOROC B TCHIOPHBIX 0BOIHAYEHMIX HMEET BHIL
.
Y i i . i 7 R i'f o
! ; { it N L . Ten v y - c - A "4
k L:ﬁgfﬁ 2k E _1 ek )E; =0. (4.13)
J i C i
”‘.](‘J’]t:,‘Lllt‘-C PABEHCTRO MOKCT 1:_‘!\1 I'b HREACTABICHO HNOKOMITOHCHTHO
T 4 3
p2e e R S e
2K~k ——5(w.k) |E; =0, i=1+3. (4.14)
j=1 c

YeioBHe COBMECTHOCTH HOJIYYCHHOH cHcTembl (4.14) - onpenenwrent J
Db pasen 0.

r “
| k28, ik,
I

|

-:r,(n';, A-‘)_i iz O} (4.15)
; |
= |

det

ilonyueiiioe ypasucume nasnactes ducnepcuonisim. OO YyCTAHABIHMBAST CRIALE

2nbl. Hatpum

@ w & s cOBCTREHHBIX HICKTPOMATTIHYILIX KoreDaunii ¢f Jura
3 y A
@ A e

T f__?r._,, rorma K = w [

BaKyyma &
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Yacrornasy JHCNePCHA ,-'ll"}.’l{‘li"!‘pli'll‘(‘lt‘{)ﬂ NPOHUIIACMOCTH

SlsneHue HIEKTPHYCCKON NOJMPH3AIME, CBI3AHHOE C TeM, 4T0 MoJ JeHCTBiH-
CM BHEHTHCTD MIEKTPHIECKOID MOMA MOISKYILI B AHINIEKTPHKE 001aJal0T HeKOTO-
PLIM JIEKTPHYCCKMM MOMEHTOM [, KOJHUCCTBCHHO XapAKTCPHIYETCH 8eKmopont
ssuexmputeckon nowspusayun P = :‘ P; - DU3NUCCKH BEKTOD MEKTPHYECKOR 110-
JSIPU3AITHYE TIOKA3BIBACT, HACKONBKO MIEKTPUYCCKAT HHIYKIIMS CPEARl OTHNYASTCH
OT MILIYKI[HH BaK)

Y= e - ("‘” h =f 0 !",(\‘ i )= f'i\Jf/'IJ (4.16)

= £ |- o VICKMpUYECKARS GOCRUUMTHBOCTID. Oua srii CITCH BCOT A BEJIM-

YyHHOH TonoKATEIBHoN. Takum o0paiom, eKTPHYCCKAN MILIYKIMS MokeT OLITh
JATTHCANA Kak:

D=¢c,E+P= -Y)E. @17

FT0 MO3BONIST NpejJCTaBNTh NePROE MATCPHATRHOS YPABRHCHHIE W3 (4.4}

P.(t,7) = [dr[dRey Y. (1, R)E (t —7,F ~ R) (4.18)
0 i

Torna A TEH30Pa AHICKT :']l!‘n'_'.t'.li'(\i"f OpOHHUNACMOCTH MOJTYUHM:

f'{k K-mr] == |

7. R)e dR |. (4.19)

~\
& {.I’r}.f\' =

OyeHs yacTo HPOCTDAHCTBCHHO

mucnepemio. Kj

p! I!L‘I['.'_[.‘L‘,IIL"!' MOWKHO pCi

PHM TOIBKO YACTOTH TOro, BYACM CHUTAT

Tponka. B atoM cnydae s

D(w,7)=¢,(w)E(@m,7), (4.20)
rjie B COOTRETCTBHH ¢ (4.19)

I oo \I
AT J { ad ) i g PN
f‘,:_m\:-'a‘ﬂ]; 1+ _i,:{ll')(' dr (4.21)

\ 1] /

Mockonbky

e lw)=Ree,(w)+ilme, (). (4.22)

TO COMOCTARIAA C BhipakeHuem (4.21), nonydmm




Bee CHATAHIOC CHpaBeaIBO M i CHCKTPAILHBIX KOMIIDHEHT HTPOBOUHMOCTH
Cpeibl, T.C.0

o{w)=Reo(w)+ilmo(w). (4.23)

Heaw b weneneprupyiomiedi cpejie AHaICKIPHICCKan NPOHHIAEMOCTE — YHC-
TO PEAKTHBHBIH 1APAMETD, & NPOBOJAMMOCTL — YHCTO AKTHBHBIH, TO B CPE/IC ¢ AHC-
Hepened 510 orayuue yrpaunsacres, IIpy opubmKeHun Yactorel K coOCTREHHOI
HACTOTC CPC/Ibl PABTHYNHC MCHJTY NPOBOJAHHKOM W JUICKTPHKOM [PONajaer.
DAEKTPUYCCKME CBOHCTEA B 3TOM CITYY2¢ MOXHO XapaKTEPH30BATL O/HON BeiH-
YHHOH — KOMIUICKCHO JIH3TEKTPHYCCKOH HPOHHLAEMOCTLIO:!

&yl (u}) =&, () +io(w)/w, (4.24) -
e
Imolw
£,()=Ree, (w)— 5 @) : (4.252)
7]
O'{w) =Ime, (m)m + Rco‘(m}. (4.256)
QueBnane, 4ro
[t i i
g (w)= {'(,L}-i { x(x)e' {f'i’j! L o(r)e'dr, (4.26)
al_ iy W

npuaem }(7) n o(7) - peiiciwurentiuie Gyuximuu o1 7. OHM KOHEUHB! W 1TpH
moboM T —3 o2 erpemares k 0. Jleransunii i X 3aRucHT OT KOHKPCTHBIX (-
JHYECKMX MEXAUM3MOB, OTHCTCTBEHHBIX 3a POUCCCRI YCTAHOBICUHS NOIAPH3AILAHN
8 cpejie. Mireppan 7, npu xortopom Z(7) u O(7) otauuuw ot 0, ¢

CThH BPEMSL 110
PAJIKa BCHMYMHBI PCAAKCAIMM, X4PAKTEPH2VIOLEI0 CKOPOCTL MPOTCKAHUS HTHX
TIPOICCCOB.

Hurerpuporannc & (4.26) o1 0 10 + e - ecThb clleactsne npuiyuna RPUNUH-
nocmu. B COOTBCTCTBHH € HHM, HHTCIPUPOBAHKE B MaTCPHATTLHRIX YpaBHeHHax
(4.4) npomaBouuTCd 110 Bpemeny, upemuecTeyromemy qannomy . Oxaseizaercs,
YTO CHNCICTBHEM 3TOr0 ABAACTCS HANMYHE CBU3H MGN\'}[)‘ ﬂCFiCTB“']‘C.‘!l-Il(}ii H MHH
MOH HACTAMU KOMITICKCHON JIHOIICKTPHYCCKON HPONMLAEMOCTH.

Ecny specru Gyuximo Xepucaiaa

0.7r<0
) -
({T) {].T;’.U' 2
JUIH HaCTOTHBIX CHEKTPOR (DYHKILT UMeem:
oo L o o i R i
Hlw)= [6(z)x(7)e'“"dr = j0lw - @) y(0)de’ (4.27a)

27T

o(w)= [0(z)o(r)e® ' Jo(w)da (4.276)




PITE

r ..
- - - I ==+ T
O(w)= [6(r)e'”"dr = [""dr = lim [e Te'”"dT = lim ——n|7
0 70 2 hiw
T
L.
—+iw g
= lim —— = lim-L——= 7S (w)+—,
T 300 : T | 2 ' )
—i@ S t@
2

a 0(w) - penvra Qynxuus dupaka, Torua

zlw) é J' 5w - )y )de +- J' PG ),f“'b" L. f 2w ),dm’.
3 27 L0 — @ T 00—

3aeck U nanee HHTEIpan 6L‘|)L“T{I$I B CMBIC/IE TJIABHOTO 3HAYCHHA.

(4.28a)
AHAJIOTHYHO JUTA IPOBOAHMOCTH:

;o ’
I ala ’
o(w)=- | ( ), da'. (4.286)
T -
[Mockoneky 13 (4.26) cnejuyer, 9410

"";-,,(il'?) =&, + & ,-1/(.«':;) | ,:'"T.t“_’.__)‘

@

To

v lr‘ N— 1
)

e xo)=¢,(@)-¢,- 'ﬁ(c’-]-),

)

£ s 1
W ')"'L}H‘IU e
w T_ ., wW—aq

v (o) olw) i [ & (@)- ol@’) ,
‘Li-u(m 7 o vl — = ~dw' .

T _. W (m w }
|"|p\'1't3{r.l|)il'!ytll\-l B lltl,fllxlli'l'i.'l'|)LIJH;HUM f.{hl['}il'}l{t‘-l[}lll I‘}'I't)p(?['() ClardcMornro I][lilHl!i‘i HacC-
TH JIpo0L, Kak:

1

!’ r
w+a —a

1 1
- = — =
o'lo-0) wolw-0) oo olw-o)
Torna
o0 ! oo . ! ) ca # , N
LT ,(Z(—L-}) —da) = : —-{j{-})/ dw + -l- J -q(-?f—)rf{{) = ll/ O‘((r)) - O-(U)
;r_,\,m(ru e w) T ':_,.'f)((if_! - m] i

T . W
U 1I0JIyHaeM

@ [47]
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. ;ﬁ(”’) _ 1T ale)-2

&alw)— & =— [ ke "] 0 g0 o0) +i olo)
w Tl =0 W a
HITH
.":! (frj)— £y + H': (fr)] & j 'ffx (ﬁ)) :"‘1'] e — I_ [ _‘_{_?u (.ﬁf) 20!(9’ +i 0—(0)
T . W—@ T w—w 7]
B nrore umeem
’ e (w)-g,=- . | --ﬂ!—f}{?dﬂ)'
| T —
IR 1 (4.29)
P 1 i A £ g+ a(0) :
T, O-@ @

Iojryyennoe seipaskenue ecrs popmyara Kpamepea-Kponuza. Ona yeraHag-
HUBACT CRATL MENY JCHCTBUTETLHOH H MUMMOIT UacTsaMHU JIHMIEKTPHYUCCKOI 1Tpo-
HHIECMOCTH. JIUCHEPrHpYIOIIAs Cpe/id ARIASTCH MPUHIMITHATBHO HOTTIONAIOILEH.

4.5. JIMcricpenst JIeKTPOMATHETHBIX BOJIH B /ITHYICKTPHKAX.
By nokazareneii nmpesoMaeHus M morJao e s

At naxonIcnns 3aKoHa JIMCIICPCHN, T.C. 2aBRCHMOCTH {-‘(ﬂ'i), HEoOX0HMO
PCIOHTE 3a0a%yY O B3aMMOACHCTBHN .'-]jl(_'l(”['pl'lMi'll'I!H'I‘Ilﬂﬂ BOJIHBI ¢ UMEHONIHMHUCH 3a-
PHAAMM, Bee COBPEMCHHBIC 'I'{:{)plﬂ{ ,'111'(‘.{1(!|'ICHH YHHTRIBAIOT Mf’!_TICH}‘jI!‘[[)H(‘FC crpoe
HHE Beuecrsa H paceMarpuBaloT MOJICKYJIL! KaK JTHHAMHYCCKHC CHCTCMBI, obia-
JaIONniMe l:i]t‘“k‘.'l BEHHBIMH PESOHAHCHBIMH YACTOTAMH. “(Z']‘L!L‘-TBL‘-IIIIO, H9TO MOJIEKYIIBL,
KaK 3JIEMEHTEI MHKPOMHPA, IICtJGX{h‘lI-lMt] paccMarpUBaTh B COOTBETCIBHH C 3aKO-
HAM# KBAHTOBOH MEXAHHKH, (),’llii!l{li PE3YIILTATHI KNACCHYECKOR TCOPHH JTHCTICD-
CHH BO MHOIMX CNYYasX HUPHBOJNT K KAYCCTBCHUO HPABHILHOMY BLIPAXKEHHIO JUIs
(YHKIMOHANLHON JABHCHMOCTH 1IOKA3aTCICH [PeOMIEHHS M TIOINIOWEHHA OT
ACTOTHL.

B OJNHOPOJHBIX Jll-]i‘}J[CK'IpIIKEl?{ 1NOJAC BOJIHEI BRIZBIBACT HOJAPH3ALKIO MOJIe-
KYJl Cpelbl. l.lp(?‘.,"l‘ii}i MOJCIE AUAICKTPHKA — 9T0 COBOKYIIHIOCTE I[t‘.ii'['}?il.lf}.l[lal}{ MO-
Jekya. o JCACTBUEM 10N TPOHCXOAHT CMEILEHNE HIEKTPOHOB M Kakuas Moje-
KyJIa HOTSPU3YETCs, 1.¢. NPHOOPCTACT JIMIIONBHbI MOMCHT p = ¢r . lloaromy js
OHOPOUIIOrO JTHIEKTPHEK] BCKTOP NOJIAPHIAIHM CHHHHLL] ofheMa MOMHO IIPCI{-
CTABHTh Kadk:

P=¢iN, (4.30)

rje N = KOHHCHTPpaumus 1acritl.

Js onpenenchua P owago penmrh ypaBuenuc JBHIKENHS DICKTPOHA MOJ
JACHCTBHEM BHEWIHETO N0 B Kiaccuicekolt Teopun Henols3yetes modeis Jpyoe
- Mlopenya, cornacho KOTOpo# OTASILEAS MOJCKYIA HPEOCTABILCTCA B BU/IC OJHO-
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ro {(WilM HECKOMBKHX) FAPMOHHYUECKOrY OCIMITATOPA. V[’!ﬂﬂHCHH(‘. JIH OCIHIUTATO-
pd BO BHCIUHEM TTOJIC MOMHO 3AIIHCATDL B BHILE!

dt” dt
rje Hi- Macca 2N€K1TpoHa, V- 9acToTa CTONKHOBENHH, (UU- cobcTBeHHAS YacToTa

¢ dr L 5 i
m tmV—+mawyr = ek o (4.31)

OCLHILIATOPA, FI, - IeHcTBYIOINEE none.

Hampsoicensiocts nojs B ipaieKkTpuke oOyCcloBnena nmojiemM BOTHEL, & TaKKe
€10 K€ BRIIBALILOH 1ONApHIALMEit cpe/ibl. B 0MHOPOAHOM MHANCKTPUKE OHO Olpe-
JIENSercs Kak:

ST
E,=E+-—0P, (4.32)
= 3&,

riac fr":— BHCUIHEE ANCKTPHYCCKOC NOJC BOJIHBIL, .‘U - [oJgpUsanms. ']'i)f',-'{él HOCHE
ymuoxkenus va N ypasuenve (4.31) npuumMaet BH:

d*P  dP .- Ne*(- 1 .)
—tV—t @y P =- Fp—— P, (4.33)
dt* dt m \ 3¢y )
Obo3HauHM
> f\'rt_’_)' cy =
Wy =—o, {(4.34)
Egm

IlyeTs nosie BodHE! HOCHT rapmonuveckuii xapakrep. Torna uz (4.33) umeem:

P F',w:;.- E
- —iwv+ ((u(',' — Wy ]

[Tockoneky B IMCIIEPIHPYIOIIEH Cpenie
T T .o
D=gE+P=¢,E,
I € YUCTOM BhIPDUAKCHHUA AT TOJIAPHU3alHH TOJTYYHM

2
Wy

£, =1+ s (4.35)

2 - s}

- — 1Vt ay

P 2 [
e Wy =Wy — Wy /3.

Jlst HH3KHX yacror (@) << (Tfjt'}') HMCCM BBIPKEHHE JUTA CTATHHCCKOH IH-
AEKTPUYECKOH TPOHHLIAEMOCTH

o] I} )
e(0)=1+wy /@y .

‘ g | e
JIns razor 00BIYHO IIOTHOCTL MOJICKYTT HEBEIMKA ((0y << (t)y, )y = )y} H

MOMKHO CUYHTATE, Y4TO JHMICKTPHYECCKAs HIPOHHIAEMOCTH MANIO OTITHYACTCA OT L.




I |(Y_)l'(l,‘\1)" ¢ MOKHO TPCACTABHTL B BHIE!

2{ 2 2
Joats 1,y (."”“_' - )___ . 1
)

hnl
S L

e
i 2\ 92 9 2 2 2
@y —° | +wy “\wj —w
Hockoasky npu 1 = |

2:
F ‘v
Je=n+ix,
TO
1 ot (m"' ~ (r.f")
n= 1 fo e N0 e - (426)
1 L= )
2 (m!',' -w°) +wv”
| WV -
= i A (4.37)
“ (m{'} ru') + v

Oupeyiennm, Kak 3aBHCAT IOKA3ATCAM NPCIOMICHIS Y HOTIOHICHHS OT 4ac
Torel. Hpu @, pacnonokeHHOR JOCTaToMno  Jaleko oT (Mg, T.C. Korjaa
2 2 2 2
Wy —@ | >>ve, n=1, k=0, llpn @ <@

. MOKA3ATCIB

NPEeNOMICHIS
- 2 2
Gospiue 1 1 pacrer ¢ yBeaMueunen HacToTsl, a ipn 07 > @y - n <1 u ¢ ysenn-

HEHUEM YacTOTRI OH crpeMuTes K 1. BOiusu pesonanca

_‘ 5

Wy — ﬂ)“‘ = V(1) 1NoKa3a-
- 5

TCHBL PCIOMIICHHS YMCHRBIACTCA ¢ poctom uactore. llpuw @™ =@y n

1

K= .ﬁ“mx . Ha PHE. 4.1, HPCACTARICHA KAYCCTRCHHAR KApPTHHA NMOBEeHHA [I0OKa3a-
TeaeH NPCHOMIICHHA W ITOTJIOMEHH B OKpPCCTHOCTH |'IC'50IIEHJL'-HUﬁ HYACTOTLI.




Jpanazou, rie nokasatens npenoMiIeHus yOLIBAeT ¢ pOCTOM YacTOThl, HAZLIBAETCH
0bnacTer) aHOMANKLHON JircnepeHn (Ha puc. 4.1. aro obnacte or @) no @,). B

ATOM JIHATA30He NMOTTIOECHAC MAKCHMAIILHO.

4.5. Pacnpocrpasenie BOJHOBONO NAKCTA B IMCHCPIHPYIOLIEH cpejte.
JIuHelHOoe B KBAAPATHYHOE NPHOIMMKEHN e JIHCHEPCHM

Peanbio cTporo MOHOXpOMATHIECKHX CHTHAJIOB (BOJIH) B MPHPO/IEC HE CYILE-
crayer. i roro 4ol nepesars HEGOPMALMIO TOCPEACTBOM BOJTH, HAI0 KAKHM-
nmubo obpazoM NpoOMOAYIMPOBATE BOJIHY. B nHHeiinoM npudimkeHun Takas BoJa
MosceT ObITh TIPE/ICTARIEHA B BMAC CYNEPIIOIUITHH TapPMOTHYECKHX IIIOCKHX BOTTH.
B cpese Oes qucnepcuy (a ciefoBaTenbHo, H 03 JHCCHIIALAKM) CKOPOCTH Pa3iing-
HbIX COCTABNAIOIIMX TAKOr0 cHrHana OyyT OIMHAKOBbLI H [I0ITOMY OH HC H3MEHHT
cBoCi (hopMBIL.

B aHcHeprupyronieit cpelie CKOpoCcTH pasiiniuHbiX COCTABIBNIOUIHX PASTHIHEI,
u 1roaromy Byer Habmogareed nekaxkenuwe curnana, Housarie ckopocty curnana
B 3TOM CJIyYae JIOJIKHO OBITh YTOUHEHO, T.K. OHO OT/IHYACTCH 0T (pa30Boi cKOpo
CTH PA3ITHYHLIX KOMIIOHEHT.

Pacemorpam rpanmunyto 3ajagy. Ilycrs B cpene pactipocrpansercst Bjofh
OCH Z IJJOCKAasM HeMOHOXpOMATHueckas soina. [ npocrorel Oynem anaiusupo-
BATH CKAISPHYIO 34/144Y.

S(t.z=0)=5,(t). (4.38)

Jucneprapyromas cpeja 3anuMaer nonynpoctpancreo Z = 0. Iockonsky B
selpasceniny (4.38) GyHKUNA KOLIeYlas, TO HMCET MECTO PA3I0KEHHE (10 rApMOIH-
YECKHM COCTARIAIOIIHM

So(t)= | S(w)e “*dw, (4.39)
rie .
S(w)= I [ Sy (t)e' ™ dt. (4.40)
7 s

Kaskjias 4actoTHas COCTaBIAUad B CPC/IC PACTPOCTPAHACTCA KaK IUIOCKas
BOJIHA, [I0TOMY JUIS THHEHHOH cpelbl ClIpaBeINBa CYIEPIIO3HIIHA:

e TP s T L %3 3 o(t—t' )+ ik(w)z Foor
S(z.t)= | S(w)e ™t dw = Ey. [ [Sole)e™ RO dodr’ | @a1)
27 "y o

rie k(m], T.K. KaX/1as COCTaB/IAIONIAs HMEET CBOC BOJIHOBOE YNCIIO
HaunGosbimid HIpakTHYECKHH MITCPEC NPCACTABILIIOT 60A/06bIE NAKENbI, T.C.

i\'l“\(’l'_‘l.IMl]I]l'l_\pl‘M.'I'I'I-T'IL"CHHC CHI'HAJIBI C Y3IKHM YaCTOTHRIM CHEKTPOM, T.€.

So ':‘r } = Ag(t)e ™™,

53




rje @y - Hecynas vacrora, a Ay [f] - orubaroiag, KOTopas XapaKrepuayer Moy

HAMTTHD, _-"1{1 (f) MEJLTEHNO MeHAuLaiacs (1o CPABHCHMI © AKCITOHEHTOH ) d)}’IIKILI[}!.

Tor Ma

I %% £y =ilw-an Ne=1") ik i ’
|‘5(.‘.I) - _} J I f'll-} U }(, [ ’n?(f }{)J\{ ) o oyt (f(!kff . (44’2]
27T S

e : " :
. K. curnan YIKONOMIOCHBIH, PAsiomem ;{' (l'{;! B pad OKOJO HECYUICH rfJ‘-_\l'.

; v K'ew \3
k l,_r.';) = K (m”) tk (o, New — Wy )+ - ( @)+ (4.43)
Torna (4.42) MOXKIO UPCACTARM TS B BIJIC
v 4 ikt Jo=copt ]
S(z,t)= A(_:.!.)r"“" 02~ E0H (4.44)
rie
L o T, ]
; 1 e i TR O iz &' ey 1 '}f\ {:{)” New—eog )"+ ... h
Alt,z)==— [ [A()e N Tig | : \daxit’.

2

(4.45)

Tounocin HOIIYHUCHHOrO PEIUSHEA ONPCEICITHCTCA KOJBYECTBOM “ISHOB B pPas-

JHOMCCHHM f\{m}. PacemoTtpun aunetinoe npubnusceniie. B 9T0M CIydac peluense

HMECT BHI

[ &8 ek amomidonenel o8l S
5 A= i i 7 Vo (=t oz (o W ew Wyl g0 b
Alt,z) ok [ Aol )e daxdi
= .""‘t” (! - "_'!(:(fr-'.n :) e _4.'..‘{; ;'I'."!H-"'-' ), ;1!(,}
b e 4
T.K | e “da = r)f_..‘(‘).
29T ‘

Mopcranorka (4.46) B (4.44) noxaswipaer, Wro B 2TOM CIyYae BOJNOBCH NAKeT
pacnipocrpanseres Oes uexakenuii GopMer, NpHYeM cro orubalolas pacnpocTpa-
HACTCH CO CKOPOCTRIO

Upp = dk/dw),, i - (4.47)
KOTOPAad HAZhBACTCH .“U__‘-'ﬁ?fl"-'{,'{h'} CROPOCMLIO. O1a MMECT CMBICH TOIBKO JIAA ,lu_fi"i'
CTBHTCHLHEIX BEJIHYUMH, 1.€. TaM, 1JiC MOKHD ril}(‘.l-l(;{')pi*.‘ll. HOFVIOLICHUEM
()’I(‘I'-El,ii!h), 4TO B PACCMATPHBICMOM i|n|16””}i\'ﬂ”1'[” KOMITNCKCHAA aMILTHTY LA
YIOBICTROPHET YPABHEHITIG:
JA 13dg.a%
: St aD

48)

Ecin YMEEAHTE CI'O Hi i1 I CHOMKHTE C KOMILNIERKCHD CONPIENCHITBIM YPaBHEHH

EM, HOIYHIM




[MockobKy |\ | XapaKrepuIycT YHEPIHIC, 10 Dpp XAPAKTEPH3YCT CKOPOCTH
MEPEHOCA IHCPIMH BOITHBI.
PaceMOTpHM JII9 TpUMEpa CIIYIad, KOrfd CnekTp orubaonei BoMororo na-
I

1ax y3IKOH nomno

kera Ag(f) npeacrasmier coboil MOCTOMHHYIO BEAWYHIY B T

eul 2A0 << @)y (em. puc. 4.2), T.¢.

S Wy~ AW <m, + Aw

0, w<ay-Aw,0>a0;+Aw




Torza w3 (4.46) HETPYJIHO NONYUHTh, 4T0 B THHEHHOM NPHOJIFACHIH JIHCIIEPCHU
il (g Je-agr) Si((K'(@y)z — DA®)

S(z,t)=2S,Awe" S
(f\. (f.l')“}.': _IJA(_U

Yrolul OHATE XapakTep PACHpocTPAHERHA BOIIHOBOTO NAKETaA, oDpaTHMES K IPO-
crpaHeTseHHOMY npodmine (om. puc. 4.2.). Haxousiascs piyrpu orabajoieri
MOJTYTHPOBAIIHAS ROTHA MEPCMENaeTes BIOML 0cH Z ¢ ofbunoil (azoroil ckopo-
ereio U=y [ k{@y). Yro xacagres orubaroiyeil, 10 ycaosHeM JOKAIM3auH ee
MAKCHMYMA SBISCTCS PABCHCTRO HYI apryMenta y cunyca, OHeBHAHO, 970 T8
PU3HBIX MOMCHTOB BPEMCHH YCIOBHE BLIIONHACTCH MUK PASAHYBLIX I, T.6. OId-

DaouEan CMEIACTCT CO CKOPOCTRI0 U pp = (I(fk/rff{})m_ g

Herpyano noayudrh CBisnL MEAUY IPYIIIOBOM M (a30ROH CKOPOCTAMA.
d(kv) dv dv \ i
Vpp = ——+=D+k—=0-A—=cln(wy) + f,r)(a!'.r;rfc!w)|“ * |, (4.49)
dk dk dA i
B ofnucti aHOMANLIOR JIHCACPCHH, Tie rb‘.tffh'u{ﬂ. nonysaeres, uto k-
KOMIUIEKCHO M TPYIIOBas cKOpocth (popMaibiio Moxer 6uith BONLINC CKOPOCTH
cpera, Ho npu pasiokeHnd Mul HPHHHMATH, YT0 & - REIECTRCHHO H TIOT/IOIICHH-
e npedcOperanm. Tousrue sBeJCHION PYIITOBOH CKOPOCTH CHPABCIUINBO JTHIIL
JUISL CPEsl, 1Jie JTMCCHITANHID MOMKHO He YUMTLIBaTL. B 9ToM cliyyae npoussojHas
1 > ATOMY 1) rors < O
rfn/rz'(.} >0 uuosromy Upp <«
PaceMmorTpuM xeadpamuioe npubiusicenue OUCHepeuu, T.e. YUTeM BTOpoii
wicH B pasinoxcHuy (4.43). B aroM ciyuae seipakenne (4.45) nmeer s

NI

; '} HJ‘ wr {H“ J\ {l ‘,}fw (rl(“

;“\(f. J’ { 3(.(1’ rJ g M1 fJ i

‘daxdt’.

Ero PemcHue MOAHO HOITYYHTE Ha OCHORE HHTETpaa “_\’ﬂii’.{'(l]l?!'.

Ba

[P dy=Ar.

Bryienmns nongsi KBaIpaT B NokalaTene HKCHOHEHTH H cienak npeobpaso-
BETTHA, HOJYYIIM:

1 1(—!)'.,

A(( z)= [ ‘sﬁ( L}\[J| dr, (4.50)
\f )fp k" | 2zk"
rie 7=t—zk' =t~ z/vp
r-.’!ﬂ',\]('l-.'.t) MOKEIATT [TOJICT '.!H'Oliju}ii, HTO B YPOM CHIYYAC aMIUING viIa YIOBICTBO-

PAET CHCAYIOUIEMY YPaBUCHIO Hapaloauucerore Tuna;




9A DA _
i), (4.51)
dz 2 ot”

- :':'r | :

e D=~k =—i koadpuunent puddysnn. Beneacrsue Muumo-

Tl i |
dw\ Vpp
cru ) KpPOME H3MCHEHHY A(z.1)l uMeeT MecTo NOARICHHE [apa3HTHOH 1‘!1;1‘;0;1(3“
MOAYIIHLHH.

Paccmor MM TEeUEPs paciipocTpaHCHMe HAYATBHOIO BOIMYICHHSA B JHCTIep-
rupyiomei cpeae. [lyets cpena sanuMaet DOJBLIIOE HPOCTPAHCTRO U IUE-T0 BHYT-

. [ .

PH Cro B MOMCHT BPEMELH = ) COZLACTCA HAYANIBHOE BOIMYLIEHHE

S(t =0,2) = Ag(2)e. (4.52)

Ecmi Beect# CHEKTP B HPpOCTPAHCTEE BOJMHOBBIX YHCCT

_ = -
Stky=— |S(t=0,2)e"%dz =-
e h ¢y

b
O | -i(k—kg) o
— | Ay(2)e ™" 0 de, (4.53)

e T _

TOIJIa MO aHWIOTHN ¢ OIHCAHVCM PACIPOCTPAHCHH BOMHOBOTO NAKETA PElcHHE

MOZKHO NPEICTaBnTh, Kak (4.44) u (4.45), B By)ic:

4 \ Al o\ Epz—@(kyt) -
Slz.4) 5.8 221 e R, (4.54)
[ ) g B gpe w ,
L ¢ \r o e (kg Wk kg H o kg Rk kg |4
. A ilk—kp X z- . 2 L ’
[ [Ay(z)e! " 0N ‘dkdz
(4.55)

Paccmarpupas B THHEHHOM MPUOIHAECHHH, MOAYYHM PacrpocTpaHeHHe Oes
HCKAKCIMH [IPH CKOPOCTH DACHPOCTPAHEHHS AMILINTY/IL, PABHOH 1'PYNNOBOM
4.47). Has xsajiparuasoro npuOTHKeHuA:

(4.47). ] MTHA fl

, 1 = | _
Alz,t)= ——=——e x‘lt,(: Jexp| (4.50;
N 2mita |
. ¥ d'w‘
rae g =Z2—Uppl, O =——-
dk” |, _
k""(h

4.6. JHeprug JICKTPOMATHHTHOH BOJIMBL B INCHEpPrdpyioieii cpee

ITHOTHOCTS NOTOKA HAEKTPOMAIHNTHOH JHEPIHM ONPCACTACT BEXTOP Y MOBa
iy W3

JCHH MOMHO 1\i'i‘-ff-.!-_"h. i

[Mosituura (2.39). [Toaron ICHEHHE HEPUHN B CAMHHIE 00bEMA B CJIMHHILY

BATh KaK




o . el 200N Wil =

divitli = FE -rotH —H rotkl = F —+ H —. (4.57)
ot ot

Ecnu cpejia ne obnagaer aucrepcueit, To £ W M JICHCTBHTEILHBL H HE 3aBUCAT OT

uyactorel. B oToM ciyuae

o= 1o a1’ | ow
—divll = — ((:'f — 4 U, _(_._._. = (H
2| at 5] S O

B HOITOMY 38K0H COXPpAleHHa DUEePrdd HMCET BHJL
Ow/ot + divil = 0. (4.58)
Jucneprupyiomas cpeyia Beerja obilajlaet nonIoImeHHCM, NOITOMY 3aK0H
COXpancins HMECT BH/TL

/ot + divIT+Q =0, (4.59)

rae (0 - auepreTHycCKHC MOTEPH B eguiMie obbeMa. 3afaua 3aKouaeTcs B on-
pesenennn Wu .

PaccMOTpHM PACTIPOCTPAHCHME Y3KOUOIOCHOIO curaana. [Ipejcranum koM
HOHEHTEI MICKTPOMATHHTHOTO TOJIA B BHAE:

[V*"ﬁ“m' (E()

i
f{ W) 1 l ” (r] S i KOMR.CONPAINC. ! {4.60)
D(t) | 2|} D(t ‘

) )
wo) a0

L \

me E(t), H(@), D(1), B(f) - Mennento Meustonmuecs dynxuun. Torsa s

HEPBOTQ CHAracMoro s (45 7) HOCHE YCPCAHCHHS (10 BpeMelnH, 1moayunmM

;;_i;_j i I P oD’
ot of

g f——+iwaED + E - i D, (4.61)
a4 ' '

JList BTOporo CiaraeMoro HMeer MecTo nogaobuoe spipaxceune 1omko ¢ H u B
B coydae jmenepeun cormacHo (4.11) nmecm:

D=¢egE+P=¢gyE+e, | 7()E(t —7)d7.
0
Torpa

D=g,E + &, | Y(0)E(t - 7)™ dr (4.62)
0

.I. N\
llockonnky If.{.‘ ) - MesIenno MeHsIonancs (hyHKis BpeMenn, To




e = d .\
E(t-1)=E(t) : ) T+...
ot

Ocrapngd IHUIL JIBA HEPBLIX ClIAracMbIxX, MMECM

B=roF + 2 E0)] e dr— e 20 o) v
(} 1 {\

Tk £,(0) =&, +& [ 2(r)e'"dT, orna

0
3 sEpn OEBE,
D=¢,(wy)E(t)+i——2 . (4.63)
or dw
I"I'f'-'-n‘l'h
[’;t‘..lti)lﬁi'l'lln(' y'ilfl!‘.I(}II’i!ClI(Ji‘.'!'H CHIrdajia

oD OF bits
= =& T s (4.6¢
ot @ ot

B pesyaerare nopcranonku (4.63) u (4.64) B (4.61) MOKHO HOIYHHTH BRIPAKEHHE
JU1 KOMITOHEHTHI JIMBEPICHITHA BeKTOpa YMosa - Lofiruira, craszanuoii ¢ anck
IPHUCCKHM NONEM:

D o|E| ) o2 ; ' Al

Hf.)._) 1 I. | we, ), .| F . MNewe, )! 3 _z i ru ]Il

ot (Z] at f-'(f} 2] - dw |, dt ot JJ
(4.65)

e .'l|1fhi]lf:“pmilmpﬁmli!l_ic. HPOBBBOAHTCN HPH (1) = (.

H{)lll)rﬂ[ll(, BBIPAWEHHEC MOMET OLITh 3AITHCANO H A MArHHTHOH KOMITOHEH
rbl. OTMeErum, UTo B JAHHOM CHYYAae HENs3d paiyJIe/IHTh B #BHOM BHC H3MCHCHME
'.IIIUJ'\'I'IJU.'H(H'i[Il']'lll_H'-JI e 1

EPrUU U TCNJIOBBIC NOTEPH eHHUILL 00BeMA. D10 BOIMOK-
HO CHENATH TOILKO B WEKOTOPBIX YACTHLIX CHYYastx.

Bonpocsl 4as caMOKOHTROIR

1. HpuseauTe npuMepsl Cpeil ¢ gucrepeucii.

2. B gem zaxnoyaercd GU3IHMECKAil CMEICT JTHCNIEPCHOHHOIO ypasuenus?

3. Jaiire uznaccroe obbscuenne coornoticHnii Kpamepca — Kponwra.

4. Kauecrsenno oObicHHTe, KaK Ae(OPMUPYCTCH CIEKTP BOIHOBOIO NMAaKeTa,
MMCIOIHH EPBOHAYATLHO PABHOMEPHBIH CUEKIP B TPC/CIEX YIKOTO JHa
1a30Ha MACTOT, €CJN OH PACTIPOCTPAHAETCH B Cpele, BUIL [I0KazaTeaeH npe-
JOMICHMS W HOTIIOEHHA KOTOPLIX HpHBeAcH Ha puc. 4.1, B 3aBHCUMOCTH
OT PACTIONOKEHUS HECYIICH OTHOCHTENLHO PDC30OHAHCHON YacTOThI,

IK CRABAHEBI TPYHIIORAS M -'i]:l JORAA CKOPOCTH B JIMCICPTHPYIOUICH cpejie, B

W

K

paKyyme”?

6. Mowmer a4 .;3';!'{-'::'\;1._5! CROPOCTR DEITH DONLING CROPOCTH CBLTA




5. BOJIHbBE B AHU3OTPOITHBLIX CPEAX

Anuzomponnsie cpedsl — 370 cpeibl, PUIMICCKHC CBORCTBA KOTOPLIX B KaX

JIOH TOUKE 3aBHCST OF HATIPABICHHA. DT0 O3HAYACT, YTO HANPARIEHHME NPHIOKEH

HOTO 1011 HE COBUANACT € HaupamicudeM OTKIuKa cpenel. Ecim sasucHMocTs
CBOFCTB OT 1ANPABJIEHHA B PANIMUHLIX TOYKAX CPEJIbl OJIMHAKOBA, TO TAKAS AHII0-
TPOITHA HasbiBaeTesd oauopojanoil. Ilpu pacaopocTpadcHuy B Takoil cpejie, Hanpu-
MEDP, M3HAYANLHO cepryeckol pounnl, dopma GazoBoro {PoHTa HCKamacics.
ANM30TpoIsS MOMeT OBITE CBAZAHA CO CTPYKTYPOH Cpeisl (TaK HARLIBAEMLIE e¢
MECMGENNO-AKMUGHBIE CPedbl) BIH MOMKET COBMABATLCH HATOKCHHEM BHENIHHUX
HONEH — JIEKTPHUECKOTO, MAITHTIONO, (10J8 YIPYIruX jgedopMaiiui ¥ T.51. (Tax Ha-
IBIBACMBIC CCMECMBEHHO-HEAKIMUBHDIE CPedbL).

5.1. Obmpe 320HOMEPHOCTH BOIHOBELIX POHCCCOR
B anu30TPONHLIX Cpeiax

OcoDeHHOCTH paclpoCTpaleHus HMCKTPOMATHHTHRIX BOJH B FaKMX Ccpejax
onpejensored eneimpraceroit GopmMoll MaTeprHaibuLIR ypanueHuit. Pacemorpim
cpey et norepn. Martepuankusie ypannenus B oDIIEM criyaac IMerOT BHIL

i (5.1

3neew £, u fi, - rensope.
UMHAMM, T.C. A1H-

O6uiano ambo £, amdo fI, SBASIOTCS CKEAPIBIME BEH
JOTPONHA MMCCT MECTO TONLKO 1O WICKTPHHCCKHM MM MArHHTHLIM CBOMCTRAM,
HO HE OJHOBPEMOCITTG,

TPHYECKUM CROHCTBAM, T.€. M, - CKanap.

1. Cpena annsorponsa no %
Ypasuenus Maikceenna 418 MI0CKOH rapMGHHYECKOH BOJIHBI

rf.- X rf} | r !'.’Jj.

Exk l @it H iig
Ik - f)}_ 0. (5.2)
(k-H)=0.

W3 cueremn (5.2) cueayer, wro sexkropei £, D, H wp3aunmuo e

11 B OJHOH IHIOCKO-

ITOMY BEKTODLI k.D.E e

nsiprnt. Kpome roro, HIE.

i, Ho [} He kompmdeapen B ponefctRie MaTepraihiiono ypasuenus (5.3). B




IIOCKOCTH BOJIHOBOIO (poirra (k ‘;‘): const nexar sekropel D, H | wo ve E.
[Mockonexy BextTop YMmona - IloiiTunra

i1=ExH],
ro EI}lIi[JilHJlCHI'!L‘ I’]Cl'l(:ll()(:ﬂ '“[C[\l'”” HC COBIIagacT C HAIIPABIICHHCM [epeMCIIcHH A

BonHoBoro ¢pouta. Bexropst &k, D, E, I1 - komitianapus. @azosas u rpymnnosas
CKOPOCTH HE COBLAJAIOT 110 HANPABJICHHIO.

klj.

Puc. 5.1, Baaumuoe pacnoioicenue sexmopos 3exmpomMasHumHo
BONHBL 6 GHUSOMPONHOU NO OUINEKMPUHECKUM CROUCIEaM cpede
2. Cpecaa aHH30TPOITHA 110 MATTHTHLIM CBOHCTBAM.
SI"P.'(HSHCITHH Makceenna B 5ToM CAayHac HMCIOT BHD
kxXH |=-we,E,
kxE|=mB,
k-E)=0,
=
k-B)=0,

(5.4)

a MATCpHAallIbHBIC YPABHCHMA 3aITHCBIBAKITCH KAK:

D=¢,E

= (5.5)
B = ji f

B atom cayuae sexropst &k, H ., B, 1] xomuauapuss, a sexrop E 1eplieHaHkys-
) : I [ I 3
[)[III HM. K-(U.i' H LA H[Tl.‘..'ll'.l,‘l_\-'lflt.‘l (%] ClyHas l']‘_\"ll!lf]f'ﬂl}ar H il)il"-(”iﬂﬂ L".L'l‘]'lﬂl._"l'” HC COB-

6l




MIAI0T 10 NANPABICHUIO. DTO 011a W3 OCHOBHLIX 0CODENHOCTEH pacipocrpaHe
HIS BOI B AHM30TPONHOR cpejie.

e

/

Puc. 5.2. Bzaumnoe pacnoiodcenie 6eKmopos ImekmpomaeHumuon
GOAMBE 6 AHUIOMPORNOU BO MAZHUMHBIM CEOUCMEAM Cpede

,j l]l}"] ast 0CODEHHOCTL BOJIH B AHH3O0TPOLHBIX CPEIAX — 3ABMCHMOCTE CKOPOCTH
pacnpocrpadelya 0T HAnpPaBACHH H HOJAPHSALHK. B AHH301T pl’)lli[l‘}i‘i cpeiaec Hel
CMBICIHI PUSIACHATL BOJIHBLL Ha HPOJOJIBHBIC M HONCPCYHBLIC, T.K. HOKA3a1C/lL Hpe
JOMIIEHHS 3ABHCHUT OT BRIDPAHHOIO HAMPARIEHHS!, T.C. €0 MOYKHO OIHCATL BEKTO-
poM H‘ , H I'PYIIOBAA CKOPOCTE HE COBIIAJIACT C HALIPABIICHUCM PACIIDOCTPaAHCHHS
posbl. Bemu paccMaTpuBarh cpeay 0e3 NMPOBOAMMOCTH, TO BOJIOBOH BEKTOP
MOGHO HPEJCTABHTE B BHIC

i
k=kn=—n. (5.6)
C
Torpa nuenepenonnoe ypasuenue (4.15)

Yo fI)P' 3
dc.ll( k°8; —kik; ——€;(w)|=0
L X t‘a.
MOAHO HPEJICTABHTE KAK:
dcl[n')'b"”- —nn; =€y (m))— 0. (5.7

3 HDONYHEHHOTOo YPABHCHHA CIe/yer, 1To OTHOCHTEINLIO IMOKaA3aTCeTa npenomMie-
HHA 9TO YPABLCHHE HCTBCPTOrO nopaika, T.c. KoMy HalpaBIeHH) cOOTBeTCT-

BYET J(BC BOJHBL DTH JIBE BOJIHLI HMEIOT OPTOrOHATLHY HOIAPH3AIMIO.




5.2. BoaHel B kpucraiax. YpapHenue @perens. OGnIKHOBEHULIE H

HeOOLIKHOBEHHBIE BOJAWL

B KPHCTAIITAX HMEeT MECTO aHM30TPONHA (0 VICKTPHYCCKHM CBn’.‘l‘fiL‘l‘:Sf_ll‘ﬂ,

HPpHYEM TCH30D f‘:., CHMMUCTPHYCH, T.€.
.-"_,,(r'f}}— €. {m). (5.8)

Ecian MmowHo il'[TL:ilL‘.iip-:'l.. NOCAQIICHUCM (Cpeiia Tpo3payiia), To Bee KOMITO-

HEHTLI £ {.-{):] BEUISCTBEHIBL. Kaxk H3BeCTio, CHMMETPHYHLIA BCIICCYBCHHLINM
TEHZ0D HOBOPOTOM QCEH MOMHO CBECTH K JIMAIo ATLHOMY BMIY, T.C.:
‘6, 0 0

6 €, 0/ (5.9)

0 0

wary

CMOTPHM PACTIPOCTPAHCHHE B KPHCTANNE ILIOCKOH rapMONHYECKOl BOJI-
uni. flyers m= !(‘,fk CAHHHYHBIA RCKIOD HOPMAIN K (DA30ROMY (PPOHTY BOJHEL

Torja nepseie nBa ypapneuns Makceseiia UpHIHMAKOT BUIL;

;.s:.'z..\'.!,"' ! fJf)\ (5.10)
L !

OueBudaHO, 4T0

tf=E=vw, | mxH |
! -

ITockon:

TO B JCKAPTOBOM CHCTCMC KOODIMHAT, OCH E-'U'i'L‘pUH

COBNIaMa0OT C rliae

IMH OCsiMH TeH3opa £

> ypaBnexne (5.12) moxuo npenacra-

BHTE KAK

L {”}HJ {I """‘,"‘*'11,”"};"“'”' ,I f.o=0,...i=1+3. (5.13)

[Tyers serop £ HanpasieH no oci X,

1 (5.13) npuig-

MaeT BHI:
yi
\l— ° pg lEE




r.¢. pasia Gpazoroil cKOpOCTH ROJHK B M30TPONHON CPCJIE © [HUAIIEKTPHICCKON

NPOHHIACMOCTLIO E. o AuanorHunne PERVILTATLI NONYYAIOTCH, €CIHH BCKTOP il_’,I

A
Hanpapien sronn apyrux oceil. Takum obpazom, nonyuaemeie daioBbie CKOPOCTH
€CTh CKOPOCTH PAacupoCTpanetns Npu opucHTauuu rexropa £ BAoNL 1MaBubix
oceit Tenzopa. (HH Ha3LBAIOTCA 2AAEHBIMU CKOPOCHAMIL.

r

v, = c,': VHE
v, =¢f .\,-',z_f{_\__}, ; (5.16)
U;‘. e {I/\'III}'J‘P?,:' .
}.'.'1['-('.’»‘1[}'!'})!-1'\-1 ].l-'\l:-lI]H.‘L"Ipillit‘-llllk_'- BOJIHEBL B |J1!i_l]1'.SI\LUI’IsIrl:M IMII[?.‘!U:IL‘HI-!I']. (}”C-
BHHO, UTO YpaBHEIHs (5.13) MOMHO 3aITHCATS KaK:

m (r;".i - !'f) - (I —U—\J E: =0, (5.17)

! B b
[Mociae ymuomKenus ua m; il — D7/ V7 ] W cnomenns BCCX TPEX paBeHCTs, MoJy-
¥ il \ | t ¥

HHM:

bt =0, (5.18)

OHO uOsBOIRCT QHPCHCIHT L i;li‘.'i!l}{_\,’;n CKOpOCTH U n HPOHBBOALIIOM HANMPARIC
HHH, 34aBACMOM BERTODOM .f'-:}. O'JL‘:HIU.UII), HTO OHO KBaUPATHYHO OTHOCHTEILHO

'-U?'. FT0 3HAYUT, UTO KanJ0MY HANPABICHHIO m COOTBETCTRYCT JIBC fb:i'mrtm:
CKOPOCTH, T.¢. JBC BOJNHBL. MOMXIIO MOKA3aTh, 910 OHM AMHCHIIO LOJAPH30BAHbLL B
ABYX HCPHCHIHKYJUIPHBIX TUIOCKOCTHX. B ormanue ot H30TPOIIEIX cpcit, B KOTO-
PHIX MOryT ]'5.'3(‘.“]'\0&'-'] DAATBCA BOJIHLL I[}i'.‘lfi'!]!-t).lll.rlIOf-L HOJSIPH3ALNENR, B Iiplh."}'ﬂ..l]iﬂ.\;
BOJIH € KPYTOBOH M 3iMOTHYCCKON NOMApH3ancii He cymecrsyer. Jiwdan sonna
PACINCIUTACTCH ifd [ABC BOJXHBL ¢ .|J}{iI{5IL5]iEl;iN{I-l I'!L!J[Hp”’iﬁuifHMH, [iﬂ(_'l!p{‘rL'Ij‘rilI!Hlf‘lll[H—
MHCH C Pa3SHEIMH (3!2.11-1{.‘?5!;]?\“[ CKOPOCTAMM,

B napHCcHMOCTH OT CTPYRTYPBI KPHCTATHYCCKHX Cpeld K CHMMCTPHHI TCH30PA
,’LI-I'UICI\'I[.‘I!*!L}C‘Ii‘(\f'i’ APOHHUACMOCTH HX MOMIIO PAZJICNINTD HA TPH I'PYIITILL

L. KyOuveckue xpucmanser: & . =€, = £ . HanparncHuwe riapupx ocei

£y vy
HPOHIBOJNLNO W KDHCTLIUIL OHTHHCCKH H30TPOTIILL
L

2. Odnoocnie kpucmais: E =&, F E__. Onna 13 riasieix ocei copna-
JAACT € OCHI0 CHMMETPHM KPHCTAMIA — ONTHYECKOH OCLI, JIBC APYIME KOMIIOHCHTh

paBHel Mexay coboil;

(4




3. Hevocusie kpucmannet: £, cFE L FE, Bce TpH KOMITOHEHTHI PaziHgHbI.

PaceMoTpumM pacnpocTpaHenne B OJIHOOCHOM kKpHeTaie. Beeigem obosnate-

HIA:
"‘ - (f.' o f
KX WY A = 1
By o (3:19)
|}
v =v, =c/Jue, =v
=0, =cf\JHE, Ty : 2
= (5.20)
=¢/ . JlE = .
U, =¢fJuEp =)
Torua ypastienne @penens (5.18) upuobperacr wus
2 2\ 2 2 2 2, 2 7! o 2\
V" —v] Am‘ VT -y )-i— m\v oy )I m_\v” — v )|=0.
[Tycrs BEKTOP A1 cOCTABIACT ¢ ochlo Z yron & . Torna
2 ) 2, 2 2 "2
m; =Cos 0, m;, +m; = Sin"0,
N . i\ i " :
(r:'- - U !{_U" n"'J%m.'(} f [.“" .r;_‘_')('n_\-"(}I. 0 (5.21)
Kopuu nocneaHero ypasieims:
2 ) 1 A - )
U =0, 0y = Sin" @+ v Cos 6. (5.22)

l'akum \'uﬁp;l'_;{jm!_ f[_\.“. 30BAM NOBCPXHOCTL PACTIATACTCS HA JIBC: Hl)t:p\‘ € PaaHyCcoOM
Ul H JUIHNCOW BpaneHus. Clenosarensio, B J000Mm HAlLIPARICHHH pacupo-

CTPAHAIOTCA d6e 60IHbL: ODPIKHOGENNAA C NOCTOSHHON (Da30BOKH CKOPOCTLIO 1)), HE

"'.liclwslll.lci] O1T Haipapieums, 1 HEOOBIKHOBEHHARA © (!l:!’mlh"r! CKOPOCTLIO 'UE, KOT0-
past 3aBHCHT OT HAMpaBicHus pacnpoctpanenns. M3 (5.22) suymo, uto ckopocts
YTUX EOIIH OIMHAKOBBI, CCIIH BOITHA PACIPOCTPAHSCTCS BJONL ONTHIECKOH OCH.
[lpu v, > Uy 2ILIMIICOMJT JICKUT BHYTPH chepsl. B 3toM ciiydae obniknoBen-
Has BOJIHA pacHpocTpaiseTcs OpcTpee HEoDLIKHOBCHHON (oM. puc. 5.3). Kpuerai-
Jibl C TAKUMH CBOWCTRAMM HAZLIBAIOTCA NOMCNCHMETLHBIMU 0OHOOCHHLMU KpuCmii-
tamu. Hpumep raxol cpeust - keapi. [pu 0 < 1}, Haobopor, 1HeobkIKIHOBEH A
BOJIHA pacnpoctpansercs Onctpee odnKHoBeHodH (cM. puc. 5.4). Kpucr
SLIBAIOTCH OmMpHyamerbibimi oonoochumu kpucmaniamu. Hpuamep rakoii cpejs

bl Had-

HCITAHJICKHH 11naT

Ananornsio (pazoBoH CKOPOCTH B KPHCTALTAX KaX/IOMY HATIDABIEHHIO COOT-
BETCTBYIOT JIBE IPYIIOBLIC CKOPOCTH, WPHYeM Uil OOLIKHOBCHHOW BOJHBI Ha-
npag/ieims PazoB0i W rPYHNHO20I CKOPOCTEH COBIAAAIOT, 2 11 HCODBIKHOBEHHOH
He COrRnajaryT. PaccMorpum 310 noapobuce. [oJiGKEM AN HPOCTOTH, YTO BCK

TOP Ml JICHNET B IUIOCKOCTH

A20BOH

={). Torna BrpamcHue JUIS

“KOPOCTH HEOBLIKHOBEHNOH BOJIIL npeobpasye
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Pue. 5.3. Bud dhazoeoit nogepxnocmu 0t NOAONCUMEABHOZO
OOHOOCHG20 KPUCIMAART

=,

B

H:}"‘-____

Puc. 5.4. Bud ghazosou nogepxnocmu ousi ompuyamensio2o
OOHOOCHOZO KPHCMALI
[Toaromy

2 _ Sa@iacan gl :
@ =ck, [pe ek [ uE, . (5.23)

¥ a’ A1, ’ -~
Yron MEHY HAITPABJIEHHCM IPYHIIOBOH CKOPOCTH (BEKTOPOM 1) # oceio KpH-
craia (oCho Z ) MOMWHO OHPeNCIINThE KAK:
, Upps, A/ ok ;
1gt) = = L.
Vypr,  dw/ok

s (5.23) cneyer, uio

60




% g ops
y _ ¢ kSin€
Upps, o
T wEM e 1

W |

. c*kCosO

Uppy, =—
L wE U e | ji

C y4erom nocie/IHux BeIpakeHMil (5.24) npunumaet Bujg

( 5
186 =196 L. (5.25)

‘I
[ocaeuice BHIPAKCHUE TOKAZLIBACT, MTO OT/IMAHE HALPABICHHIT TPYNNOROIT H tha-
HMANEKTPHYCCKIX ITPOHNIIAe-

3J0BOH CKOPOCTH BOITHBI ONPEIEIAETCH OTHOIEHHEN
MOCTCH CpeIBL.

[Tpu tajtennm BOHLL Ha PPANKILY pasjena "BaKyyM — 0JHOOCHBIH KpuCTaLL"
0fpazyloTea JIBe NPEJIOMICHHBIE BOMIbL, T.K. NOKA3ATENb HPEAOMICHMS /U8 OOBIK-
HOBEHHOW W HCOORIKHOBEHHOM BOJH, Kax ciegyer 3 (5.22), pasnurien. Ssicuue
HABBIBAETCH GGONUNBIM AYNERPENOMIEHILEM.

Paccmorpum  aByocHsie  kprcraun  Tlyets €, <E, <E,, n0ITOMY

¥

U, >0, >0 . Ypaeueune Opedens (5.18) MoKHO 3anucath B CHEVIONIEM BUIE:

- ) Ay A ) +f 9 I Y a2y
f m_"'_(u’ =il XU‘ u_j_‘)+ m, (_'.':' =, ){J -v, }=0.

(5.260)

HroGsl nosryunts srjt Gasosol 1HOBEPXHOCTH, HEACCO0GPATHO PACCMOTPETSH
ee ceucHna Tpems miockocramu X =0, y=0,7=0, 1e. m, = 0. m, =0,
m. =0. B ToM ciryyae HONYHAIOTCH COOTBETCTRYIONIHE KPHBLIE, KOTOpPBIE NpH-

BEJICHBI Ha pHC.5.5.

3. Bud ghazosbix noee DXHOCHIEU Ol QBVOCHO20 KEUCRIWLIA 6 Pl iRti st X

FLIGCKOCH

X
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v,
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Puc. 5.60. Qbveamuntil 6ud azoenix ROGEPXHOCMEN 6 G8Y0CHOM KPUCIAILTE
Obnemuprit Buj (HazoBOM TIOBEPXHOCTH JUII X = 0, y 20,z=20 rpejcTar-
aen wa puc. 5.6 . Kpupnie nepecevcHus uMeior gerpipe obume Toukn. Jpe Jjmimm,

COCHHHMIOIHE NPOTHBOHOJIOMHIILIEC o0HIMe TOYKH H 1IaYalo KOOPARHAT, HAa3LIBA
H0TCA MITHYCCKHMHA OCHMH WITH (il'll-!()pM'LUI)IMI'I Kpueraiia,

5.3. JNCKTPOMATHMTHBIC BOJHBI B MAIHHTOAKTHBHBIX Cpejiax.
Ten3op AHUICKTPRYICCKON NPOHKIASMOCTH IL1a3MBI

[Trazma — CHCTEMA IEKTPOHOB, HOHOB M HEHTPAIBHBIX MOMCKY, HAXO[Is-
HIHXCH BO BHEHIHCM MAariirtHoM roje (Hanpumep, monocdepa 3eMiu, cojueqdmas
kopona). OHa OTHOCHTCA K €CTECTBCHHO HEAKTHBHBLIM CPE/IaM, T.K. CBOIO aHH30-
TpOLHIO OTHOCHTC/IILHO ,-'il'[f'HL'L‘Kl'p]-i‘lk‘-CHUl‘i HPOHHLACMOCTH MPOABIACT TOJBKO 1IPH
HATHYHHE MATHHTHOTO 1O, (‘p(‘.}ll»l, KOTOPLIC MPHHHMAIOT aHH30TPONHBIC CROMCT
S Gt ,'lL'-;iC!'HIfl:M BHCUIHEIO MAIHMTHOIO ITOH, HASLIBAKTCH MASHUMOAKIMUEHBI-
mi. Beni aHU30TPONHAS UPOABISCTCA TIO BIEKTPUYECKMM CBOMCTBAM, 10 Takue
CPe/ibl HASKIBAIOTCA SUPGIAEKMPUYECKUMIL

Paccmorpum npudimokennstit MeTos pewienus, T.K. obiiee pemenne jocra-
TOYHO CIIOIKHOC, ||E‘U!FT'THC NOCTOAHHOIC MArHHTHOTO HOIA [!(] HPHUBOIMT K Bpa

HEATCNLHOMY MRHKCHHIO 3ApKeHBIX TacTHIL IO MOKHO XAPAKTEPHIOBATE TAK
HAZBIBAEMBIMH MMPOCKOTTMYCCKUMH HACTOTAMH!

wy = (Uge/m)H,,

. 3.27)
Q= e/ my, )”n'

¢ € - 3ApAA ANEKTPOHA, - €10 MACC4, Hfhf - Macca HoHa.




PaccMOTpHM NPAKTHYECKH BaXKHBI Cy4al, KOIda 1acToTa BHCIIHEIO 2eK
TPOMArHHTHOTO noy (0 >> &3 . B 910M Clyyie MOKHO CHHTAThL, YT0 HOHBI He-
HOJIBUACHBI M [L1a3Ma — 3T0 JICKTPOHHBIH ras ¢ kounenrpanueil N siexrponos b
eananie obhema. Kpome 7oro, Oyjiem nmomarath, 4ro [M0JE BOIIL JIOCTATOUHO
caaboe 110 CpaBHEHHIO C HOCTOAHHLIM MArHHTHBIM 1omeM, T.e. [, >> H . B srom

CIYYAac YPABHCHHE IBHMCHMA CRODOTONO JCKTPOHA MOKHO TPC/ACTABHTE B BHJE:

d°F dr . | dF .
M=+ mv-—=eF ‘uﬂw{ < Hy (5.28)
/

dt” et

¢
rac V- adexruBHaAn HaCTOTA COYAGPCHIIT HMIEKTPONOR, a MOCIEAIes CIAracMOe B
paroi yacr - cuita Jlopenia,

Brifepem cucremy koopaunat tak, wro Hy = Hae, . Torsa nocie yMHOKCHUS

(5.28) na eN wu yuera, wro P =erN | nonyunm:

(5.29)

2
rie @y =

mé&g
[penmonaras rapMOHHHECKHI XapakTep ROIHLI, TOCTE JudipepenmpoBatns ume
eM:
W P—iwvP —iww, | e XP f = WyEE (5.30)

HIIH R ,"[C}\'ilp!'l’ll’-ﬂl\i CHCTCME KOOUDTHHAT

~@"P ~ P, +iww, P, = oy&E,

2 ) i B o=mte R e
WP, 1P, — 10wy P, = Oy &E, . (5.31)
W P —-iwP, = w;

o)
Mz

Pemenne cucremnl (5.31) no3poiser HOAYYHTL B ABHOM BHJIC CBH3h KOMIIOHEHT

BEKTOPA NOUIADHIALMYM © ToJTeM BOJHEL Hockonmbky
D=¢E=¢gE+P,

'O BRIPpAKCHHE UL TeH30pa UH3JICK l'jiii'lt"..‘-l\'l‘i.l NPOHHLACMOCTH [Lia3Mbl BO BHCII

HEM MAFHHTHOM TTOJIC HMOCT

il \
[ €5 € ] 1

“:J ‘:.I'll !.a; “ l) 'i‘ (5.32)
| !
L0 0 )

rjac
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/ ‘ ’
(wr+iv)wy Wy,
o= FW S Bt e o O I | - sty
w((w +iv) —rf;‘;l',] " +iwy
oy, (U'z.
(“MI — .’_":‘\_ — ] H ";\‘ o {513)
: ' m((cu Fiv)” -m_;f]

Cpe/isl ¢ TAKMM KOCOCUMMETPHYHBIM TCH30pOM (5.32) Ha3bBaloTCa 2upo
mponusimu. O obnamaT pajgom crnenuduuecknx csoiicts. Ecan upencbpeus
coyjaapeHuamu (IuccHiiaiueit sueprumn), to u3 (5.33) cuenyer, 4To B 3TOM ciyuae
BCE PABHO TCH3OP £ KOMILICKCCH, T.€. LOIIOMICHHE JHEPIHH BCC PABHO CYLIECT
pyer. Kpome Toro, pu @) — (0 HMMECT MECTO AGICHNE PUPOMAZHUIMROZ0 Pe3o-
naica, KOU/IA NONIOMEHHE CTaHOBHTCA 0uch GOIBITHM.

HeobxouMo OTMETHTE CIHE 01y 0COOCHIIOCTL MATHHTOAKTHBHON cpefkr. B
HANPARACHHM OcH Z wsekrophl ) u F napassensup. B omnockocrn x0y

$aif — (e Tie MF +iF Tak kak BLIDAKEHHe €. TIE T
B ._JD_‘, (&, FIE 5 YE, X1 ). Tak xak suipaxennc &, F 1€, , KaK i

ayer u3 (5.33), semecrsenno, 10 vekropst D on £ napauiensust Tonpko ans
BOJH, HMEIONHX Kpyropyio nonspuzaiio. Hosromy g nmasme mobas sojiHa pac-
UIETISICTCS Ha JIBE BOJHBI C KPYIOBOH HONAPHIAIHEN, KOTOPRIE PACHPOCTPAHSIOT-
cs1 ¢ pasHoi GaszoBoit CKOPOCTHIO.

5.4 DpexrpoMAarnHTHLIC BOIHB B THPOMANHETHLIX Cpelax

Deppumer — 0 NEKTHDOMATHHTHBIE 101 VIPOBCHHIKH M JIMIICKIPHKH, 00pa-
J0BAHHLIC CIHCKAHHCM OKHCCH KEe1e3a M COSJHHEHNHI JIBYXBANCHTHOTO MeTamia.
Obpnas XMMHYCCKAs r.]n':pmy.-m ﬂ*fr’(')f"ral(ﬂ_l, tyie Me - JBYXBaJICHTHBIH METAIL
{maprasci, uniK, Gapuil ¥ T1). AHH3GTPOIMA CO3UACTCH, KAK M B 1ia3Me, TOCTO
SHHEIM HIIH MCANCHHO MEHAIOIUNWMCH MArHHTHRIM TTOICM HU- Ipu orcyrereun
MArHMToro nong ¢geppur ne obragaeT auM3OTPONKER (33 HCKIIOUYendeM He3Ha-
YUTCABHON KPUCTALTHYCCKOA aHu30Tpoiinm). Upeiibl, KOTOpLIC 000aia10rT daiHH30-
TPOIHKEH 110 MATHUTHBLIM CROHCTBAM, HA3LIBAIOTCH SUPOMUASHURHbIMU.

Keanrosas Teopus (heppoMarierniMa ocnopana na toM haxre, 9To mocnes
it JieKTpoi B 000N0YKe MOHA JBYXBAIEHTHOIO MeTaia obnajact cobcrsen-
HBIM MAUHHTHEIM H MeXanuueckuyM MoMenToM. COBOKYITHOCTE ITHX JIBYX CBOHCTR
HAXOJHT BHIPAKCHME B KRAHTOBO - MEXAHUYECKOM NOHSTHH CHUHA ANCKTPOHA.
Cupn — Takoe xKe HeOTHCMISMOES CROHCTBO MICKTpOHa, Kak 3apsi, Macca. Onnako
CIIHH — 9TQ HE BPAIAIOMMACH MICKTPOH, Kak npeiioharany 8 navaie. M see xe,
YHCTO KAYCCTBEHHO DACCMATPHBAN JBHIKCHHE H]EKTPOHA B ATOME M Cr0 CIHN Kak
KPYTOROM TOK, KOTOPLIA NPOSIRISCTCS K
HEPTax MPABUILHO ONHCATEL IKCHEPHMEHTANLHEIE HAIHEIC,

ITockoun

¢ MAHHTHBIHI JHHONL, MOXKUHO B obumx

Y 2JIEMCE

APHOMY 3AMKHYTOMY TOKY COOTBETCIBYCT MalHHTHBIHA

MOMCHT !:"H." o HpH l‘-i"'%,‘]_(tﬁl"!'lillIl BHEITHErD MarHuTHoro 1o IEU ITOT BHTOK

T0




CTPEMUTCS HOBEPHYTHCH TAK, YTOOLI BEKTOPHI NOJS B MOMEHTA GLITH HAPANNICTb-
HBI H 3Heprda Gputa MuaumManbHol. MoKUo 1oKasarh, 410 MOMEHT CHIILL, JIgiicT-

nymll[Hi-T Ha CHCTEMY € MartHHTHbBIM MOMEHTOM Jr}m , PaBex:
. {
K =u,\p,. % Hgl. (5.34)
C JPYTOH CTOPOHEL, MOMCHT CHITBI JLIs JABMIKYICHCH YACTHIS] CRA3AH C W3
MCHCHHEM MOMSHTA KOJIHYCCTBA JIBHKEHWSA "'-'.- = !!" xXm fjl 3ABHCHMOCTRIO:
- ['”.., o
K=— (5.35)
dt

Eenu pacemarpusars jiBHKEHHE 3MCKTPOHA N0 0pOUTE ¢ HO3HIIKI K1acCHYC-
I | b
CKOH MCXAHHKH, TO

~10 |
re ¥ =1,76-10" Kafre - rupomaruuriioe ornowesnmue.

C YHCTOM NOCIACHHCTO YPABHCHHE JIBHKENIWA MArHHTHOIO MOMCHTA ACETPO-
Ha B MArdwTHOM [TOJI¢ HMCCT BHO:

dp _ |
— ¥\ Py % ;';f} | (5.36)
dt
Bribepem cucremy koopaubar tak, wro Hy = Hye,. Torma (3.36) moxuo npex
CTABHTD NOKOOPAHHATHO K
X Ad r
+ oty p,,, =0,
o A N o e
” ,{l-ru'{-‘lﬁ Pz & (5.37)
| i
| ,'}.P
EI‘ P mz — ().
| di

M3 cucresibi (5.37) HECITOKHO NOAYUHTH, 4TO

PCIICHHC KOTOpOro HMeeT Bu/L:




Py = ACos(Q1 4 o).

rie £ = _HOJ/HO - yacrora GepPOMArHHTHOIO PC30HAHCA.

AHATOrHYHO MOMKHO HOAYYHTE PCIHCHHE JII li']'{}p()ﬁ KOMIICHICHTE]

Py = ASin(SE’.! B 1}")).

my

“pl-ll'{t‘jlﬂl!l!!;‘.t PEUICHHA TTOKASLIBAIOT, YTO BEKTOD P}n IMPELCCCHPYET BOKPYTD ."f.[}
¢ uacrotoi €.

Crpykrypa deppura TakoBa, YTo OTASILHBIC MAMTMTIEIC MOMEITH MOJICKYJI
OCTAKTCH HC CKOMIICHCHPOBAHLI H SJHHH A obnema l.ll‘b!il,'!_ﬂt':!' HEKOTOPLIM HC pas
HbIM HYIHO MATHHTHBIM MOMEHTOM a"lfft, s ]3WN. Ecim ymuoxus (5.36) na kou-
HCHTPALMIO YACTHL, TO LONYYHM ypaerenue Janday — Judhwya:

daM | . . |
g ;/;:{-]{M‘, ><HU|:U_ (5.38)
I

[)iiCCM()'F'I}HM PACHPOCTPAHCHHE AIEKIPOMAIHHT HOH BOJIHBLI B TAKOM CpeJic.

[Tycrs BexTop HaNpsKeHHOCTH Majaomei ronnw 1 cosmagaer ¢ ockio Z. ['eo

MCTPHs 3aja4u Lpusedena na puc. 5.7, Hpeucrapum sekropel B ypasnenuu Jian-
nay — Jiudmua B BHjE:

H =H,+H,
M,=My,+M,

rae A"l‘fﬂ - LOCTOALNAAE HAMAIHHYEHITOCTL, KOTOPAM coBUaJacT ¢ !‘IU' B arom Clly-

vae (5.38) npunumaer B
g |M{(’hl £ | + il I(M o+ M )x(y+H)|=0.

Byjem cumrars, uro H << ”()~ M << !'Mff]_ Torua

am
dt

|'|_§.-'LL'I'I- BOJIHE FAapMOHHMCCKAN, B 2TOM CIIYYAC U3 NOCICIHCTO PARCHCTREA HME-

+ UM x H |+ [M x i, |}=0.

CM
—ioM | +yuy(-MoH , + M Hy)=0,
—iM |+ yao(MoH , ~ M Hy)=0, (5.39)
-iwM . =0.

Peliesve mocacaneit CHCTEMBI I03BOINET NOAYYHTL ABUBIL BHI BekTopa M . Tlo-

CKOIIBKY W3 MAOTCPHAILHBLIX YPUBHEHN




4

-
X
Puc, 5.7. Pacnonodicenue 6eKmopos & 3a0aue packpocpaneius 60anbt 6
heppume

- e — [ wer ) .. \
B=ji,H =u,(H+M)
TO TEN30p MATHHTHON MPOLMUACMOCTH (JCPPUTA MMCCT BHIL

(i, H, 0

| XY |
a2, = ,H{,i My, M, Oy (5.4
Lo 0 . )
rje
2y,M LM oy, : !
-u.u' 'uh T 2 = 1“1 ’4“.\'\' - ? i "f"{iu ‘/u. Z = I * {“14 L)
0 { "

T.e. Ten3op MaruuTHOH MPOHHIIACMOCTH MMCET TAKOH e BU/I, KaK U TEH30p
JIMIEKTPHYCCKON IPOHHUAEMOCTH t1asmbl. 1To310My npH pacupocTpaHeHny &
theppure MEKTPOMATHHTHLIX BOJH HMEIOT MECTO aHalornunbie dhgexror, uTo 0
SIS 1

SMbl.
5.5. Pacnpocrpasense BoaH B Boiroro/ie ¢ geppurom. Ipgext Mapajen

BOALIHHCTBO (DEPPUTORBIX VCTPOICTB, OpeMenscMbiXx B rexudke CBY,
(PeJCTaRILHOT CO00IT ROMUHOBO/LI MM PE3OHATOPE], COACPKANHE HAMATHHYCHHDIC

t]?{| IPHTOREIC [II"'L J1ibl. |||"il PACHPOCTPAHCHHY HM3NYHEHHA B BONHOBOAX BOJIHLI

YHKC I 35 CUNTATH WIOCKEMU. T09TOMY PaccMOTPHM MAPMOHHHECKYIO BOJILY, HO
HE ITTOCKYIO BOIHY.

YpapueHust Makesema Jus rapMOHHYECKOR BOMIR UMCIOT BHJL




rotl = —iwe, E,

rotk =iwB,

; (5.42)
divk =0,
divB = 0.
Marepuanbhbie ypasueuns :
D=éh (5.43)

B=ji,H.

Mekiiounm u3 (5.42) nepemennyio H . V3 MarepualibHbIX ypaBHEHHUI ¢ yue-
ToM Bua Tensopa i, u3 (5.40) nosywim:

H =B, (5.44)

e Mgy 1007
=Ny Myy 0 | (5.45)
0 0 7

T SR S Ll O
i SO (/.r'f + l) £ 3 ,f-"u(!" T, +H {) St

Torna w3 nepeoro u Broporo ypasuenuii (5.42) caenyer:
il " i 5
wel= mt(r} . mr!:)_ (5.46)
PaccmoTpum pacnpocTpanenye B BOJIHOBOJE € OCHIO CHMMETPHH HallpaBiieH-
HOH BJIONR OCH Z TAK HA3KIBACMON MacHumHOll 80HbL, T.€. BOJIHBL, Y KOTOPOH 110
fnepeyHa KoMmiionernta siekrpuueckore nona 1 £, = 0. Ormersm, gto npu stom
MaruuTHOC MONe HE ABINETCH MONCPEUnbhiM, T.K. OHO HMEET HPOJAOIBLIYIO COCTAR

JTEHOTTYIO. Peluenne 6}',,'1L'-M HCKATL I BHJC!

!(\ Yit)= !_-':7(\1', y)e™ = (!;‘_‘r-‘_l ! .‘-'J'\,;E\,)rr’”". (5.47)

e h BhINOJIHAET |)[)..'Ih ROJTHOBOIO 4HCJIA.
B »rom cnyuae

roti’ 'i —thE e +thE e +
|
5\

[Tooromy




7i - rotE = i [ ihE 1, + Hf‘f.—",'_\.f}_...‘\ ]rr +( ihE 7. + ihE 1. )c +

;K oE, 9k | - | ihz
+| — - 1n.,€, |™
|

dr dy )

Torpa ypasdenne (5.46) MOFIO JUs KA 06 HPOCKIMH ITPEACTABITEL B BHUE:

1€

\
| et !"?z_;: G f-;"'{_ ";;F‘!“‘,"T}n ¥ ‘;hf:"nr:'fn )
| ay L ax f)_\’ /

|r } 7 )f. [ ;‘
v & e @ [0, 3B
we E e =] —|

ihE 1, +ihE 1, )— —\—ihE n. +ihE n., |
ay

Corracno 1petvemy ypasHennto Maxcseina (5.42) ans paccMaTpHBACMOIE

sAAY
22 el =)
dx dv

TOYTOMY W3 TTOCHEHETO yPABHCHKA CHCTeMbI (3.48) © yueTom crolicrn Tensopa 7

claenyer

JoF. OE,

¥

: —x (),
dx dy

IO NOIBOJACT OCTABINMECH JABA DaBeHcTsa B (5.48) NPELCTABHTE B BHIE:

|! D°E = h d'r«'l_\“.- JI‘_"_‘_ Fh ,J'"‘l}j“_,_. 0

. (5.49)
(A" En,, +{07E, ~h'n)E, =0
_'..I:UF COBMECTHOCTH CHCTCMEI 1:"\1{?{“‘.'(',11-“‘.-]&.'_ HTOUR! €€ OIpefeanTelh OB pascH
uymo. Mosyromy
T T )T R o e, ) - 07E; =0,

a

HITH C yHeTOM CBOHCTB TX H30pa ’j,' H3 BLIDAWECHIS

o ] | O
e, 1 |~ 2R @7 E .,

PelieHe oCACaHeTD VPEBHEHIA OTHOCHTY

T BHA:




w) Y CaVln

”'.‘- 2l P M ."r?_\'lr

i J'(t} {;‘[f(‘('-_ i 'f-u.\_v ]7

 w’e ?; rr) £,
iy =— s

My
2 2 2 2

Myt Byt

HITH
f ( i ) o
o -

Iy =Tko ey F ity ), (5.50)
rAc 3HaK + COOTBETCTBYET BOJIHE, t’icrymcii B NOJOWHTCIILHOM HaNpapiICHH OCH
2,4 U'I'[\I-JIltl'I'CJH;HMﬁ SHAK - B NPOTHROMONOMHOM HAIIPABICHITH.

PacemoTpum sonny, Oeryuiyio B nNoloxurensiom yanpapienund. B cooreel

creum ¢ Gopyynoii (5.50) uMeeM ABC TTONCPCYHBIC HTCKTPHYCCKUC BOJHB] ¢ Pa3-
HBIMH ti}il'.iUljbIMH CKOpOCTAMHK

t'r.l c -
Uy = -—T.-_ e = — (5.51)
"'*n\f(‘ L4 "/".-p) m 2
FIE TOKA3ATCHH HPCIOMICHHA {HEPLTJIL'JI.HIUIL‘)J aK:
ny 5 = u| Fil,, ] {(5.52)

OnpeyeniM  NOXAPHBAIHI0  3THX  BOMIL.  Tak MHOMKMTENL NMONAPHIAIHH

P= l:_._f f‘;‘.\, , TO U3 cHeTCMBI {5.49) noayanm:

(W'n, —w’c,)P=hn,,,

|
l(h /i ~o° .¢ i = h? .*;“
Orkyga cieayer, uro p? = =1, r.e. P =i, uro coorsercreyer kpyrosoii nons-
PHIAIHH BOJH.

Hooromy AuBEHHO TONSPH3OBAHHAA BOJIHA B UPOJOJIRHO HAMATHHYCHHOM
(heppuTe pacicnnacTCs Ha JIBC NOJBIPH3ORALIBIC 110 KPYTY BONHBI, CKOPOCTH pac-
HPOCTPAHEHHS KOTOPLIX 110 NPHMHHE PAZHBIX HOKA32TENeH 1IPeAOMIEHAs OTIHYA-
107CsH. BEreAcTBHE 9TOTO, PH NPOXOIKASIIHH HEKOTOPOTO PACCTOSHHUA TUIOCKOCTE
ITOISPH3ANMH HCXOINHOH BOJIIL] 1IOBOPAMHBACTCS HA YIOJ, KOTOPLIH IPONOPIHO-
HAJICH 3TOMY PACCTOANHIO. DTO SRIeNHC HarkiBacTes agghesmon Dapades. TToro-
POT IIOCKOCTH NOAAPHIAIIHE UMEET MECTO TAKKE i IPH PACHPOCTPalCHUY BOJH B
mrasMe. OrMeTum, uro yron HOBOPOTA HE 3aBHCHT 0T HaUPariICHHA PACHIPOCTpA-
HEHNs, 1OCKONLKEY B perenyit (5.50) corn ppe Oerynime B HPOTHBONIOAOKHBIX HA-
nparjaenusix Bojubl. Jannas 0coOCHHOCTE HCNOMB3YCTCH JINS NOCTPOCHHA pas

muneix Heszaumusix CBY yerpoiicrs.




[ycre nongpuszatop  Hponyckaer NHHeHHO-TOLIPHIORAHNHYIO BOJIHY, BEK-
rop HanpskeHuoctTH kotopoi [, nanpamnen no ocu ¥ (cm puc. 5.8). lipois
(eppuronsii obpaiell, BOJNHA H3MEHSET MONONKEHHE TUIOCKOCTH MOMAPHIALME HA

{4 5 ~
yroa 7/4 (wexrop F, na pucyiike) Homspusarop I ceoGomno uponyekaer us-

ST CO CTOPOHL! HONSPH3ATOPA l:)"
o Ha l)fi}!}i'it‘!l rnajgaeT Bojaua, y I'\'(Jll'[!(f'r'i HAMIPABICHHE BCKTOPA 3JIEK] PHYCCKOID

IyHeHuHe ITOM TOJAPHEALHY. Leim e BoiHA W)

MOJIA COBIIALACT © Haupap/IcHHeM BCKTOPA )'; Ha PHCYHKC 13 (lh)p]}}i'l'ﬂlil)l‘\1 k)‘.}[.‘-ii.’j—

BHIXO/IE H3 HEI'O CTaHOBUTCH HAIIPABIEHHRM B0 ocK X . Tlosromy HNONAPH3ATOP

n pektop £, ma

HE HPOHCXOMUT TIOBOPOT €€ IIOCKOCTH HOJAPH3AIHKW Ha 7

7 . .
i TAKYHK) BOJIHY HC iI‘I'I[\II_\'{'-'! HT M nmojde Ha BRIX0Je YCTPOHCTHE DYACT DABHATHCH

Hyimo. o nojobuomy npusnuiy yerpoeHst Takue nessaumisic CBY verpoiicsa,

KdK BEHTHITH H IHPEKYIEATODRL

/
| Honrpsamop |
v
|
f'!‘ #,
| =y
| /"
1 7
A 5

Puc. 5.8. K nocmpoernio negzaumusix yempoticnic v shchexme Dapades

Bonpockt Jns caMOKGHTPOIH
1. TIpMBEAHUTE OCHOBHLIC OCODEHHOCTH PACTIPOCTPAHCHHUA BOJII B aHHIOTPOR
HRIX Cpe,

HTe (manuec

ax.

0 HHTEpnpeTanuio dbopMyisl Open LA BOJH B KpH
Pof PM} I I

CTALIAX,
Hanummre sakon Cyeivmyca jans oOBKHOBEHHONH ¥ HEODLIKHOBEHHOH BOJI-

HLI IIPH 1AJACHHK BOJHEL H3 BAKYYMa HA aHH30TPO THBIH KPHCTAILT.
4. OnpeenuTe 32TVXaHHEe BOIH HPH FUpoMarnuiioM pesonance. O6nacHnTe

ITO ABICHHC ¢ PHIHHECKOH TOUKH BpeHHs.

BAHOLILCE

YEQN NOBOPOTE IHNMOCKOCTH Ii{,'il'-ii'}l-‘.

TYTHTEC BRIPAMKCHHT, CBA3

JANHH BOAHBL H UPOMICHHOE PAacCTOTHHE, CCIH HIBECCTIHR thazroBnie ¢ KOpO-

CTH YIS ROJIN C KPYTOBOH MONAPH3ANMEn U;. H L,

OMEHTA 11Dk HAJH

6. Hapwucviire THIY NPEHECCHH BCKTOPA MAHHTHOIO

YPHTC. Kax mpu 210M M3MCHUTCS Bl FEH30DA Mar

1

MM HOPNNOINCHHA B ';.IL'

HUTHOCH HPOHKIACM O]




6. JUDPAKIINWA BOJIH

Tlockas BONTHA — 3T0 AGCTPAKIEs, NOCKOIBKY OHA CYNICCTBYET B ORCKOHEY:

HOM [IPOCIPAHCTBE U HMEET HCOPAHHUCHUBLH TIIOCKHif (hpout. B peansHbix saja-
YaX PAIHOPHSHIH, ONTHKH, AKYCTHKH BOJHOBOH JIPOICCC BCEIJ Orpanutdct b
HPOCTPAHCTRE pasMepavi mpubopoB W anepTyp HIIYHaAIOMIBX CHCTCM. Bzaumo-

YIMT K TOMY, UTO ROINORBOI HPORT MO-

ICTBHE C PeaibllLIiMu ('rﬁ'f.{"F'! aMH HpHue
MITOCKOTO, “‘."‘IJ MPOXOXICHMH BOJII uepes ]')li"}-

JKET CYICCTRCHHO OTNHYaTRCR OT
AHMHBIC OTBCPCTHH raie TI';"1'3HL‘.\-’.-‘,'1-'1'I' Ii;'r('l(f'l'|':i‘|]l("l CHHOC OTPanyMcHAC BOMHOBO
2 TAKOH 1y

NOBeACHHE

ro npolecca. Taxoit NPoLECe HABLIBACTCH GOMHOEHIM HYYROM. Huc

HOK MOGKHO II[!Hﬁ"il‘T;l\'t']{II{‘P PACCMEATPHEATH K3 COROKYTTHOC
KOTODBIX ONHCKIBACTCA 3aKOHAMH I'(_'-UMC-I]Z}I-I'ii.;l.‘-}i{":-fl ouruku. Oanako 4acro pac-
NpOCTPAHCHHE PCANTBHBIX Y4YKOB OTIHYACTCH 0T HOBEJCHKA JTYTICH. ”}?H‘H’l![i] IS
KOTO HOBEHCHHA CRAIAHA ¢ ABICHMEM, KOTOPOE NOTYIHIIO HASBAHNC QUgpaiaqia.

B wipokoM eMbicne npakiiel HaseBacTed NORCISHNC BOJI B HEKOTOPO

i, I']'A\'Ii'll?!'l]i‘i{ rpausily c TCMH HIIH HIBIMH ceoicrramu. Korja ua yTH

obira

JCTPAHECHMA BOJHBL BOZHIKAST KAKOC-TO HPEIUATCTBHE, obpazyercs paccesy-
HOE 10716, 3aaua TCOPHH JM(PAKIHY COCTOUT B ONPEHSIICHYH HOJIA BOKPYI™ 1IPe
NATCTRIA, 0OPASOBAHIOIO B PE3YILTATE BAWMOJCHCTEMUN MHMAIOMEH H PAcCesH-
HOI BOTILL.

(. MATCMATHYCCKOM TOYKT 3PCHUA TCOpWs IHPPaKuMK, COCTOMAA B PCIIIC-

HHM JMHEHHLIX JH(PepeHUMMBHLIX YPABHEHHI 8 MACTI
HCHHBIMM KPACBLIMM YCTOBHAM I HACTONBKO CHOMHR, "I

X MPOHZROANLIX C M-
0 HacTOALLCT( BPCMEHH

HMECTCS CTPOIOC PeIneHie JIHIIL A HEeDOTLIOND YN Moaromy nepro

cTenn a.

ETAIT NPHOIKCHHBIE

0C SHaAYCHHWE

OB
6.1. Merej Kupxioga

“}.‘if PCIICHMH  MPHKNaAHLIX 3nay OHITHKK, aK)

HKH, )_-’l(.‘.It”I'j‘!(!,'Il-EIIHMiFi-ZH
OUEHDL MACTO HCIIONBAYIOT TaK BassipaeMulil memod Kupczoga. Fro enie naspsaior
MeToaoM usiueckoil onTHks. Meroj Kupxroda ¢

OCTOHT B HCHOLIOBAHHE HH-
'|u‘rp;|_l'|!.+rm': TEOPEMbI, COTIACHO KOTOPOIT JHAYEHHE (PYHKIIM, ABAMIONCHCH Pe-
IEHUEM 1IPHE

SHIOTO BOJHOBOIO YpasHCHU: (]

LIBMIOJIBIE), B HPOM3BONLION

TOYKE, Haxoa81u efcs BHYTPH 3aMKL Y1TOUD 0D bLEM: sLIpavacTos Hepes CC IHAYTHMA

H 3HAYCHIHY !It‘llll{)!‘! I!‘][}‘lf"l“{‘],:"‘r.\f!.! Ha IIOBCPXHOCTH, OIp

obbeM

IHYHBAIOLICH NAHHBIA

Meron Kuparoda seiseres MareMaTHucckum 0000IEHHEM HPMHIHIA 1ioit-

reHca \{i'r!"_sé_'llt',J!s‘_‘. COTHACHO KOTOPOMY OIS OF MOTOTHUKA B HOKOTOPSM TOUKC Ha-

TOYHHKAMH, PACHOIOMKSHELIMM Ha HEKOTOPOi
FOMHMKOM ¥ TOMKOW H 1OHEHN R,

Paccrorpum Merosn Kupxroga g cxaispuoi

HPOCTO:

iM i'E}]H A0




Hideckyo romay U (F)exp(—iot) . OucBHHO, YTO ¢e KOMIIEKSHAS AMITINI y 4

YUOBICTRODACT YPARH w0 T esmmro;

AU+ kU =0. (6.1)

Cormaciio Teopeme Dpuna sns xomrurexcunix pynxuuit U w G umetommx
HCHPEPLIBULIC TIEPRBIC M BTOPLIC YACTHLIC MIPOHIBOHEIC KAK BHYIPH HEKOTOPO
obmacti V', 1ak u va nosepxuocry S, orpadnunranonieil oToT obheM, HMeeT Me-
CTO PaBCHCTBO:

N (o
._\.(!jr_'f'r'r - j’| & I

o\ o

(6.2)

e - BHCIITHAR HOD

XHOCTH

1
1
I
i
1
1

feasseonsya

POPMYBL K

HEKIHK G (BYHKUHIO, KOTOPAs YJI0BIICTBOPHCT Y]

HEHHE CIICIVIOHICTD BHIA:

AG +k*G =-4n5(R - R, ). (6.3)

e ~ 3 ,
n YC-BCKTOD TOYKH HALIIKYIEHMA, & f\’l O TCEVIEeH T4
rr o 1 S 1Y Bass ™A DT and (6 3 upirageTe ]
KH OUbeMd V (CM. DHC. 0.1). SQKHLIM PCICHHEM (0.0} SBIACTCS QY HKIHS
Jikr
7
vr
r

PHYCCEYHY BOJHY CUMHMYH




Hosromy w3 suipasesivd (6.2) cieayer

: R R, [ 0G ) .
olf)s -4 65 -4 55 1. (6.5)
: 4\ on dn }

Propmyna (6
Honpsysce e,
paciy

5) HaswBaeTea wnmezpansion meopemon Kupxeogha — 1 eromzoibya,

MOKHO DEATH (DYHKIMN {/ » :moboii Touke odLeMa 1O 3A0AHHOMY
LHHYH

Se1ed CrporuM  MareMari4yeCcKHM obobmeHeMm

enenmo gynmy {f Woce IPOM3BONHON 110 HOBEPXHOCTH, Orp:
Ona s
: Ppexens

PaccMOTPHM B KaueCTBE MPHMEPA NCTTONL30BANKS (hopmynk (6.5) onpenene-
HMC MOXA BOJHLYL, KOT/IA TPCTATCTRACM IBISCTCH HENPO3PAdHbid 9KpaH ¢ vrpep

BAIOLE yror 0d

crien. [eoMerpust 3aaui NpUBEACHA Ha pue. 6.2, Boana nagaer Ha npengayeTeme
ClIeRna. '|‘!“IL‘{;}-'('.Tr.'.ﬂ QIIPCACAHTE THXJIC B III'HH-I'{i-:-'LIis}l\}i-i FTOYKC 38 DKPLHOM, !'{l.'('}\_\.’({}

JMMO BHIOpaTE MUBCPXHOCTL nurerpuposanys i (6.5). Ilpencrasim ee B BANE 1110

ckoit nopepxuocru Y, . coptianaloneil ¢ mWIocKoeThIo 3xpana, u chepuucckoil no

BEPXHOCTH 5, C LEHTPOM # TOMKE HADMOACHUA, ONHPAIOINEHCS Ha e

Koets §).

—~ b
v
| %
3 N
g . __‘
{0, \
3 \
1i \
a7 ‘f
p—-c— 4 -
b
[ r f
. Y
+ - ¥
1 bt /
1 ’
{] /\‘\ ”
3| P .
i e - u,

Fuc, 0.2 Boibop nosepxuocmei uume2puposanus npu dugpaxynii i

GMBCHCMUN 6 IKPARE

PacemMoTpyM HITerpail jiis IOBCPXHOCTH 5, . [ToCKoNBKY B 9TOM cliyuae Ha-

HPABIeHue HopMaii i'.a; COBLIAST ¢ HANPABIeHyeM ¥, 1o




NMYHEHHOM BRIDAXKEHHN B1OpOe ciaaracmoe Oyner mano. IloaTo-

(. oU G e o \ il 1) Y 3
fle=—-U T las = [ | -k las = [ € 2% _iw 240
§, dn on ) g, F A\ dr . g T\ or )

rae L2 - Tenecusiit yron ¢ nedatpom B Touke HaGnoacHus. M3 uznueckux cooh-

pasKeuMHu ciie; 4TO CCIM pajiHyc chepn S, 830Th Jocratouno GonkinuM, To

MHTCTPAI VLK ITOH HOBEPXHOCTH DYUET HaBaTh MAILHI BKJIAL B HIONE B TOUKE Ha-
OmoacHus. OJHAKO WIS TapMOHHYECKUX 1Tonell obpaiuenie pirerpana 1o S, B

nylik l‘-\}-’_-]{_"i BRITTOIMTHATRCA JIHLLDL B Cay4ac, cCllH Ha [:Jy]’llfl:l‘-n‘- ('I HEUIOMHTE OTIpe
£

JCIACHHBIC YCITOBHA, OHPeJSIAIHIHG CC [TORCICHHE HpH r
CAH, CCITH

}TO BRITIOJIHAET

iy (all S 'L. ;
lim r| kU |=0. {6.6)
rowo \ OF )

Hn‘)_ﬁ_\-"it’.r!h:ll" YCJIOBHE HASBIBACTCH  Veios

usiywenun Iommepihenvda. Fmy

ry e /
yvuosiaersopser dyuximms {J = r-‘,\'lflt_rr"\f' )/, KOTOpas onpe

aqeT PACXOIAILYHOCH

cthepudeckyio soiny. QOsrtio yenosue (6.6) BRIMONHACTCH, T.K. BOIMYLICHHE,

HMJIYIICC OT OTBEPCTHA B DKpale, HPeJCTaBiseT cotol KoMOMHaMK chepiiceKiy

BOJIL, LIO2TOMY B BRIDAHCHHH (6.5) ocraercs JTHINL HHTErpall 1o HOBEPXHOCTH :‘_ =

OaHako Ui HaxoHaeHns 1o B TOUKe Habmonenys neobxoaumMo 3HaTh 110Be;
nue hyukunn U o ee npoussom

1 Ha BUVI pl.‘lé?]\‘-i‘i‘ cropode 9

103, BEIIIOMAaA U

HOBeMeHKE B npejenax orseperun. [losromy Hes gononuuTennHoi HHGOPMATTHH

Jadadd MOIKCT ObiTh PCHICHA ML 7||'5[T;'J.
3H
HA3LIBACMBIC .'J’}(U."!."’F.‘ihf I Vi

DKEHIO HPH OUPEHCHCHHBIX TIPE/ITIONO-
avennsx U w nponssonuoit. Kupxrody npunss c;

HWEHHAEX O

IEAVIOHIHE HPEJI0

ITOACHTIEA

noeuamu Kupxeoga,

1) B OTBEPCTHH pacripesieIeHue Lo i €0 HPOUIBOLHON HMEIOT T04HO Ta

KHC #KC 3HAYSHWA, KAKMC OHH HMEIIM DRI B O1 CY

TBHH 3Kpana;
rHeH CTOPOHE HOBCPXHOCTH 3KpaHa PACHPCACTIEHHE [10JI1 U €ro

2) Ha BHYTPC

16

llp{!“il!&t‘_'.‘]li'!l‘i TOMACCTBCHIG PABHEI HYILO

B MaTreMarHiueCcKoM BHIC I'PAHHYHBIC YCIIOBHA I":i![:.\.'!.l'.'f?'.’: MOMKHO 3aliMCaTsE KAk

ROCTH

ICUKAH Hul

em

roha ceizana ¢ ol

[HOBDEM




TAK W €€ NPOH3BOMII0N 110 HOPMaIH K HOBEPXHOCTH 1ld TCHEBOH CTOPOHC HKpatia.
(HX FPAHHYHDLIX YCIIOBHHX I(_:I » YAOBIETROPHIONAA _\_"{‘I:-IHHL.'!!HI(} enbMrosib-

[pw ra
ua, Joisna obpamarses By B Hyib 3a oxpanom. [looromy Py U, Bei-
quciennas 1o gopmyne (6.5) ¢ rpaHngHBIME yeaopuamu (6.7), crporo roBops, 1e
OIMMHCLIBACT 110J1¢ pONH3N aKkpaHa 1 B IUIOCKOCTH OTBEPCTH. OnHako NOCKOABKY
SHAYCHHA l]J_\"IiI\IlIHi l'.'f H e III'!OI-T";I!.U,,'IIIUF! Ha TCHCBOH CTOpPOHE JKpana OveHbL Ma-
LI H MOI'Y OnITL H3MEPEILI TONTBKO B IKCiIOC[)E}{L"-TR(_‘IiII'()i;"J GIHZ0CTH O1 OTBEPCTHS,
ro pacuers no gopmyie (6.5) ¢ yenopuamu (6.7) JaioT XOpOILyH TOMIOCTH, MPH
HEM, 4CM OoNLLE pasMep OTBEPCTHS 1o Cl‘!{!l“ﬂl(?-!lﬂl('! C ,-‘UI']-II-I()IIi BOJIHBL, TEM DM YO
JIOBHS BRITIOJITHAKTCH Oonce CTporo.

PacemorpumM nageHne KBA3HIUIOCKOH BOIMEI Ha skpad. [eoMerpus sajiaud
npecrapiena na puc. 6.3. [pencranum HoJe Ha/ioeH BOIbI B BUJIC!
U, =Uy(x,y,2)e™ =U,(x, _.\-"Z)ed‘;“w yy+eye) T{x; v, ;-'_)e"{'g"'“'m“""""""ﬂ k)

rue /}’ = YIOJD MEHY HANpasiclnemM pacipocTpatcng '!'IH,'LEH(}I‘II\\!E"I Ha 3Kpa BOJI-

Hbl H 0cBI0 7. 3 reomel PHRE 3271441 CIEIYCT!

2. B i

o 9z
adG; oG : 1) * 7
‘_ . — '{T"" -- _{ ”'( RS ] ( )
on az L Fold 3
dt/ g i
; 2 g (x, v,0)ike™ CosB = ~U,(x, y,0)ikCosf3,
i

#

e g \.’,' TEKYIIHE KOODIHHATH B [LIOCKOCTH QOTBEPCTHA.

| R S S =W

Prc. 6.3 Hughpaiyun n1ockotl 80161 Ha HERPOIPAYHOM NAOCKOM

AIKPANE ¢ GIBETN ‘mueM

K2




B sosmonoii sone (kr >> 1)
- il
0G ol
— =—jk—Cosc
on r
1 MIOYTOMY BLIDAsKEHHE (6.5) ¢ yueroM rpaHHunLIX YCIoBHIL (6.7) npyHMMacT BH;

){ ) ’f;‘\‘: i . .
U = A’;f{ | 5 - U (&,n.0XCosax — (.‘u.x‘[f)d.;‘d?}. (6.8)

Honyuennas Gopmyina nospoaser onpeiennTh Mole 3a JKPaiom, HCXos 13
uHopMalIMK O TIANA0NIeH IIOCKOR Boane B obiacru OTBEPCTHA.

MaremaTHaeckyto HecTporocTk MeTo1a Kupxrogha MoskHO ycrpanuTs, HHade
onpefenns gyukumo Ipuna. Drot Merop npepiokun Sommepdensn. Wues sa-
kmoyaerced B soibope senomorartensuoit (pyukuuy G . Beibepem dyukuuro lpuna
crenyomuy obpasoM, 4ToBB 0N NO-MPEKHEMY SBIBUIACH PEIICHHEM YPABHEHUS
(6.3), YAOBAETBOPSUIA YCIOBUIO H3TYYEHHMS, & HA IPAHHIIE

Gy, =0. (6.9)

8
B ATOM CAOYHac B HHTCTIpaie f(‘li) OCTacTCH OJITHO ClTaracMoe M JUTH ero PelCcHHA H3
{(’J‘?) IlL‘.()ﬁx&'),-'l!il\-m 341aBATE JIHIIE I"pill{il‘llll)k‘ YCIIOBHE JLIA pE].L.‘[Ip(.‘,’lL’.,lL‘HIi)i oJrs
1o wiockocta S| . B atom ciydae dynxims () waswisaeres ¢hvuxyuei 1 puna.

Tax, B cnyuae nmockoro sxpana B kauecrse ¢yuxumn 'puna MOXHO B34ThH
pil'ill!‘k‘.l'!, nose JABYX TOYUEYHBIX MCTOYHHKOR: I"L‘Ili'ﬂ»]l('!l'(l HCTOMHHEA W HCTOYLIM-
Ka, ABIAIONETOCH 3L‘pK;l_lll.ll|\IM U'I'U6|J1UI&CHHL’-I\1 PEANBEHOIO HCTOYHHEA B IUIOCKOCTH
JKpana.

Jikr Jikn
(_‘;' -('_" {
r !'I

V+(y=n)+(z=¢F n=y(x=&P +(y-n) +(z+¢),

-
C| - XapakTepH3yCeT CMEHICHHE OTHOCHTEIRHO JKpana. Paciionomene ToUKH Ha-

X f'(- .
rie ! =-\,'\.l el

t-FJlIU,-'il:}TIISI H €€ 3CPKaAILHOTO [H'i'lhpii)l((fl!!%il IPUBCIICHO Ha PUC. 6.4,
()‘It'liii,-‘ll-!l}, Yt JUIH 'ill,.'l{llil[i)i"i FEOMCTPHH 331391 IpH { s ” HMECM

v - kr g 1.9}
_ oG ~ag fo ]r” Z
G =0, —L=-2— Aip—= |-
an ad r r)oror
Torja B BOJNHOBOH 30HE M3 ypagHCHUA (6.5) caepyer:
Ir_Ia’u
C——d&dn. (6.10)




O/(SURY)
——— M(xy,2)

Y Mi(x.y.-z)

Puc. 6.4. K onpedenenwio hyuryun lpuna dwi noaynpoempancmsa 2 > 0

Moo UPCATIOKUTE JAPYTOC TPAHHYHOE YCIOBHE JJBI BCIOMOTATE/ILIIOH
pyHkIIn (7. A umenno:

=0, (6.11)

B yToM ciiyuae, juis HaXOMmICHHS MO Kak ciueayer u3 (6.5), Heodxoauma urichop-
. b

MAIHA TOJIBKO O PACHPCACICHHH TIPOH3BOLHON 110 HOPMAIIH (N.J"J,"(]H B TIJIOCKOCTH

JKpatia. DyiKuus (J': QUPENCIEHHIL TUKHM UGanl’_m, HA3LIBACTCH Xapdakmepu

cmuyeckon gynryuei Hetvana. Jlna cinydad [Iockoro 3xKpaHa ¢ BhIPaKEHHE

HMECT CICJYIOIWHH BHJL

CH.-;' (,fk'r
(_‘;_} - fe
2 g "
Mpu =0
f}(;j '“{r
—2=0, G, =2°
on ?

W IoJI¢ B TOYKES ][i‘li“,".”li'b'lﬁl“lil BOJNHEL OTPEICAACTCH KAK

- f] )."-{'r
U= | Jﬁdf.!_,-(na,r;_t_l)c

dédn . (6.12)
2ry  oOn Foli

Ormerum ocHorHoe ornnaue Gopmyn (6.10) u (6.12) or reipaxenus (6.8).
Ileperie aBa NOJAYUYCHBE 1IPH NPOU3BOILHBIX XAPAKTEPHCTHKAX BOIHOBOTO (PpoHTa
nagarmed BouHsl, a (6.8) - s qacTHoro ciryyasi, NajJCHU [UIOCKOH BOJIHEIL.

Focrpoenne dpynkipii I'puia, yAoBICTBOPMIONEX TPAHHUALIM  YCHOBHAM
{6.9) 1 (6.11), H3IBECTIIO NMILEL JULH 30/184 C JOCTATOMHO (IPOCTOH reoMerpueit (o
ayrpocrpanctso, cdepa M T..). Bujg QyHKIHE onpenenseTcs. BUJIOM NOBEPXHOCTH
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M CBOHCTBAMM CpClbl H HE 3ABMCHT OT NMOJIMKCHHS HCTOYHHEKA H3JIYHCHHA W OT No-
Jist, CO30aBacMOT0O HM Ha IKpanc.

6.2. YriioBoi CHEKTp MIOCKHX BOJIH.
Pazioxenue chepuaeckoil BOAHBI 110 IJIOCKHM BOJIIAM

[Tpn pewennn 3ajau JIHOPAKIMH YacTo HCHOUIB3YETCA METOM PABIOKCHHA
OJIA 1O MIOCKHM  BOJIHAM.

[Mycrs, Kax 1 paHee, HA OTBEPCTHE B HEIPO3PAYHOM IKPAHE, PACHOIOKEHHOM
B niockoctu 2 = (), magaer o uanpasienun ocu 7 rapmMoHMtcckas goaua. Tpehy-
CTCA ONPEIRIMTL [10J1E B HPOH3BONBHOH TOUKE 3u dKpanoM. [ToCKONMbKY B 1I0CKo-
CTH SKpana komiuekcnasn Gynkims U (x, y,0) aensercs orpanmucumoii, o npeji-
C

LBHM €€ 'iepes (JiBymepHoe) upu)ﬁp;i'is'm;il|1|-," (li_ypm::

U(x,y,0)= [ A (i.' ik ‘,l('“'ﬁ G J;.f)('lfﬁ\ (6.13)

e .
( | 5 : —al'-si'..\‘l
Aglk, .k, )= = (0(x, y.0)o sty hixdy, 6:1d)
2EY S

DyHKIHA A“(_f'\"_‘!\'u] HA3BIBACTCH 106LIM  (RPOCIPANCMEeHHbIM) CREKMPOM

Gywxumn U (x, »,0) 8 nnockoctu z=0 [MoARHTErPANEHOC BRIPAKCHHE B TIpC-
obpazopaumn (6.13) MpeICTARACT cOO0H KOMILIEKCHYIO AMILTHTYRY IUIOCKOH
PFAPMOHHMYECKONH RBOJHLIL € KOMINOHCHTAMH  BOJIHIOBOIO BEKTOpa k_.‘kv H
)(’ —K L] H AMIUIMTYAOH r'\UH_'i\.‘_.r{,’ ), saBHcswmien or HAlPaBIEs

p.’l(:i'l]_‘lOCI'p;-\llcnml. HalIpaBJIHHIIIHE iﬁ‘()l’.‘l‘]”_\_«"\‘hl K(‘r'[{\p“!'l} OUPCHCIHIOTCH KAk
v . / ~ 9 ) ‘1.
Cosa=kfk,,Cosp=klk,, Cosy=kfk,.

Eciin BBECTH HOBLIE TIEPEMENILIE
fo=k2n. f, =k, |2x,

KOTOPLIE HASKIBAKITCH APOCINPANCMBENILIMU YACTROMAMIL, TO B TUX BLIPASKEHHAX
(6.13) u (6.14) npurumMalor su1;

: N7 ‘_.-;-'r F i -"I_]-.:l : .
Ul y0)= [Alfe £, " Y araf,,  @a15)

(6.16)

‘I\rl(.-“‘.‘-_ ' f‘ ¥ ) = j:"'" (1 ""(]){J !I‘ﬁ{ Ll




Ecun Obl yrioBod cnexrp OBIT M3BECTCH B IIPOM3BOJIBHOA ILIOCKOCTH
7= CONSL, BBIPAKCHUE JUIS 10Js onpeensuiochk npeodpasosaniem thna (6.14),
T.e.

Ulx,y,z)= J N )e"{;‘ 50y -""'Ja’k_\.d’k A (6.17)

==

Hockonbxy yukiwmst U ynosuernopser ypapuenmo 'enbMroibia, To noacrasii
ato  Baipaxedwe B (6.1), nponysum Jind@epeHinaiLHOC  ypaBHEHHC  JUIA

Ak, k,,2):
AA(ky ky, z)+ (k2 k2 = kA, Ky, 2)=0.

1![](1“1\{' ]_}L‘-H[C]II‘K’- I'Fl'lll}""icliil(ﬂ'('r )’]'}[!BHCI\F-III c HAYAIBHBIMH YCIHOBRHAMYH
Atk k,,

HANPABRICHAHK OCKH £, HMCCT BH/I

) = /\U{f\'\ ,k‘,) JUIA BOJHEL, PACHPOCTPAHSIONIEHCS B NOJTOKHTEILHOM

S
"'-I:Ja'.'" ky —ky 3
A{k_‘,f\'.\_.;’_)'--- A[I(ka‘k_\' )l’ L (6.18)
Hl‘l_l}“l(‘-””ﬂc _\,u"['ﬂiﬂlllL'.l'{llL'. OIHCHIBACT HIMEHECHHC YTIIOBOI'O C-liL'-K"f']]'d 110 MC])L’-
o 2 P
pacnpocrparenns sosanl. M3 (6.18) cnepyer, uro nmpy f(_._ +k o k* upowncxomur

JIHIIE U3MeHedHe CaBira E!):l'{ MCHAY pazjiMuHBIMHA CHEKTPATBHBIMHN KOMITOHEeHTa-
MH (MNOCKHMH BOJTHAMH, ]']El(‘-'lI!}'IL)C'I'DE.II]}l!t\llll1[\-I'I--Il'.bl MO} pa3sHbiMH Y1UIAMHA K OCH Z )
y 2 2 2 w -
Benu k; +k, > k", kpanparusiit kopeun 8 ypapuennn Gyjer Muumbiv. Torya
OUeEBH/IHO, YTO ((1.]2‘;) QIMCKLIBACT HCONHOPOIHEBIC THIOCKHE BOJIHBL, aMILIHTY)(A KO-
TOpbIX yOBIBACT 110 MeEpe yHauelnus 0T IUIOCKOCTH [ = 0. lipcacneHbid cay4aii

) T Ll
ki +k; =k" coorpercTmyeT BOJMAM, PACTIPOCTPAHAIONINMCH LICPIICHHKY/IAPHO

OCH 7, KOTOPLIC HE HEPEHOCAT IHEPIHA.
Buipaxeime (6.18) mosponsier npepctarnts B oflemM BHJIC 10JIE B NIPOH3-
poubLuOH Touke npu 7 >0

U (-1.1 y, ?) ” [ ;\UU\' ¥ k 3 )(’.f.'. J!\ Ty —k ;{’f{_ﬁ’ Xtk }.):'H\' ‘(.‘:k.\ . (6.19)

Paznoacenue ('(f’{“ﬂl'{‘l(’('f(.‘}."—f GOJTRBL RO BTOCKRM 80JTHAM.

Pllt:i.‘\ﬂ!'l'p!!.l\ﬂ JUBE HpHMCPa pEI'E.’Il})I(t‘IlIIL’ l‘.[]}(_’[}ll‘lﬂl_'l('ﬂﬁ BOJIHBL TTO MUIOCKHM
BOJHaM. | IUL‘-!{L‘JJJI;IC_\" HPOCT cHLee BBIPAWCHHE 1A ](&_l\-ill.llt'.l\'killl)i*i AMILIHUTY /AL TI0MA
HMCCT BH

ke
ey

r

TO YT MOBOH CTICKTP B IHIOCKOCTH & = ” MOWHO HIPEHCTABHTDL KaK

nb




[Tepeiiiem K IOJLIPHBIM KOOPIHIATAM, KAK B ILIOCKOCTH XY, Tak U B k k ¥
(v=pCosp [ke=aCosb [ o TT57 | q=JHTE
\‘_ y = pSing ] k, =qSing ‘ ]go = qrcig ('\_,';’_r}. ](0 = :‘.'."‘f_".";;‘(1{_L /k' )

Ioaromy
| 27T oo

,\”(',q_.__,{-\_)—.(.}? [ [elreinme os( Vipdp.
L) o0
[Tockonbky
l S rtt"m'(((-i ,’f:l ¢
2 da=1J :
Y ‘{‘ []( ")

rne Jo(x) - wanmnapuueckas dyukipa Beccens Hyiaeroro nopsika, To BBIPANE-

HHA JUIA YTII0BOIO CHEKTPA IPHHUMAKT i‘.,ll(ﬁ;‘l.:y'l'.‘lllliﬁ BH/I

j

L5 ikp
A”(}".\"‘f" \-_)'_ o Je . Jolog)dp = 5 \Xa(
7 g 27k

:‘\[k Ky

B pesymurare pasnokenue cepHueckoH BOJHBI 110 IUIOCKHM BOJIHAM MOYKHO
IPEACTABUTE KaK:

r ]' l[ AJ.\ Ik Y {_\‘IIII{.'-Z‘ i_‘ : :1 [ .
,i»(’r —) g - (ﬁu\d’i’x w1 L 0
e _ ) w2k,
r o arklr‘.ﬁ'j,\' \,-'rk“' k2-k%z)
j '_,7?2 e’ :dk\dk‘f‘ :’&:(]‘

9 9 5

Hannuie B pasiiokeHHH HEOJHOPOABIX TUIOCKKX BOAH (pr K, + A > k™)

obecneursaet noAsnenuHe o0cobennocTH (DeCKOHEUHOI0 3HAYEHMA) Y 1O TIPH
r=0.

}I]'lif,,‘J'C']".'lI{.lTC‘.IH'[C KOMIJIEKCHOR i'lI\uHI.II’JT}",-‘[]\l MoIs B BUIC I]ﬂ'i.ll.‘}l\'(}lll-!ﬂ o miao-

ckum posnam (6.19) nossonser ayviie noHsaTh (pH3MKy npoueccos audpaxipm

BOJIH HA TIPEIATCTBHAX. Plli_’t‘.!\‘l{!i‘}]ill\l, KAaKHM l!lzll’r.l'}{!".i OTBEPCTHE B DKPAHE BIMHACT




ia yraoroit crekrp. [ atoro Gyuem xapaxkrepusosars Skpan Gynkipei npomnyc-
xanns g(x, y). [t HenpospayHoro skpama

(1, (x,y)eZ

BRN=0 el

Ii ATOM L?Jl_\_r"‘llll_'- oJIe I[CIIOCDL‘-J.LC':'BCIIIlO 3 ')I(PR'IH(_'IM R}ll’]!i.‘.,n‘[(‘._'l}lt."l'c}l KAk
Ug(x, y.0)=U,(x. y)g(x,y). {6.20)

TToyromy YIioRoii CHEKTp, Coracio TEOPEME 0 CBEPTKE, MOXIIO NPE/ICTABHTE BhI-
PAdKCHHEM:

= (D J - — i / 2 34 L -4 - A Al R4 P
Aglky k)= Ak k)* Dk, k)= [A K KOk, — k. k, -k} )dk.dk,

oo
(6.21)

e A;(k k) - yrnosoit cnekrp nagaouteii gormbi, a Pk k) - cnekrp
¢yHKimu nporyexanud sKkpana. s uacTHoro ciryyas mockoi BOJIHbI CLMHHTHOH
AMINTHTY L, Iit)pM:UlF»II() lII’Uli‘lii_)lIlL‘ﬁ Ha OTBEPCTHE, CHEKTP UMEeT BHIL

Ak

X*

k)= [ I g ke =5(k,)-8(k,),
y 2}{ 2 X by X ¥

g0 NOC/HE nojcTaHoBKu B (6.21) nact
Agk, k) =Dk, .k,).

Takum 00pazom, CIIeKTp 3a CUET NPOXMKACHNS YCPE3 OTBCPCTHE YILHPACTCA.

PPaceMOTpHM PACIIMPENHE CHEKTPa Ha rnpumMepe JUTMHHON Y3KOW 1IN [NpH-
HOH @, IPOPE3aHNOil B HENPO3PauiOM Kpale napaiiensio ocn V. B otom ciy-
yac

_ Sin (k. a /2 )

I af2 i
Dk, ) = | & dx
* —af2

L \'_‘.
OueHuM NIHpHHY cliekTpa 110 seswunne K, npu kotopoii dyikuun (k) 06-
paugaercs B Hy/b. M3 yenosus
Sinlx
Sinx) _
X :
CHE} L_\"L.‘ r, HTO

k, = 27t/a wm Sinf = /l/u.

rpe @ - yron Haxnona BOJNHOBOTO BCKTOPA k ornocurensuo ocn 7. Taxum obpa-
30M, THPUHA YITIOBOTO CHEKTPa ONPEAeNsIeTcs OTHOEHNEM AHHBI BOJIHBI K I1H-
puite menn. Yem 9o OTHOMICHHE MEHBLIC, TCM YIKC YIJIOBOH CHEKTp. B npesens
HOM Cllydae, Korja @ —> o2 {(KiH A =5 ()), oTsepeTie He OKa3bIBACT BIHAHMA HA
Nagatoniyro BOY.

B




Ecnn miockas sonxa NMAJTACT Ha WIETh 1101 YT10M {)i} KOCH Z,TO

1 .f),-’;.: . Si ‘1 1 -'2
Dk,)=— [ e okl - ‘sm{(_k_._ k)4, )
2w _ L 7k, k)

all

H IOITOMY IIMPHHA YITIOBOTO criekrpa nyyka npu z = 0 Moxker GuiTh onenena us

YCIHOBHS
X _ | < o .
‘;i:: Sin@ ~ Sin0y) = kaCos((0 + 6,)/2)Sin((6 - 6,)/2) = 7.

YuuTsisas, 4ro B Clydac JOCTATOMHO MIMPOKOI 1H1CiH pasuocrs yrios 0 — 6,
JAOCTATOMHO MaJld, 10JHY4HM
06y = A/(aCosb,).

I.c. yrnoBast IMPHHA CIEKTPA H3MYUEHUS 3 OTBEPCTHS IKPAHA 3aBUCHT HE TOJIb-
K0 o1 orHomenus A/a . o n o1 HANPABICHAN PACTIPOCTPAHEHMS NAJIAIONIEH BOI-
HEL. B TOuHOi Teopuu HdpaKiM BBOAWTCS OrpaHHYeHHe Ha YTOJ NAJCHHA BOI-
Hel Gy wa mens. TpubmokenuniMu rpanuaibivMm yenosuamn Kupxroda Mmoo
HOJIL3OBATBCS. TONBLKO JUL HE cituikom Gosibuinx 6. TOCKOIBKY B IPOTHBHOM

CiyHac none u ero npousBojiHas He OyayT paBHBI HYNIO Ha BHYTPEHHEH CTOpOHE
IKpana, ocobenno BOIMIN Kpas oTBepCTU,

6.3. Meron craunonapuoii gpaser. [ndparins DMpenens n Opayuropepa

Pacemorpum npubiinkennpie METOUbl pacyera AU(PPArHpOBAHHOrO MOJA C
nomome0 Merosa Kupxroda. Iyers mrockoets akpana COBIAIAET ¢ MI0CKOCTHLIO
z ={0. leomerpus 3anauu fpuBeiela Ha pue. 6.5. BocnonbsyeMes muterpaiom
(6.10) juis oupejenenus 11018 BOMBY, NPOLIE,IIHi] HENPO3PAYHBII 9Kpalt ¢ OTREp-
CTHEM [IPOH3BOILHOI (POPMEL

Yy

Pue. 0.5. leomempun 3adauu st pacuema oupazuposanozo noia ¢
nomowsio Memooa Kupxeopa

9




ikr
Ulx,y dédn,
’

[ A
e r = \.f(x' = c:) & b ( ?j) o 4, H TOYKA HabImoIeHus pPACIIO/IoXKEHa B BOII-

HOROH 30ne, 1.¢. kr >> 1.

[IycTh B UPENEHAX OTBEPCTHA OAC MCHSCTCH JIOCTATOYHO MAJO, TOTAA B 110
ABIHTCIPAIBHOM YPABHCHHYM MOMNHO BBUICTHTE COMHOIKHMTEINH, KOTOPHIC HIMCHH-
FOTCH MC/UICHHO TIPH HEBOILIIOM IIEPEMEILCHIE TOYKH B ILIOCKOCTH JKPaa M KO-
TOPBIE HCILITLIBAIOT GLICTPHIC octmsiny. [103TOMY JUIS OLECHKH HHTEIPAId MO-

HET OBITH HCTOMR30BAH MEmod crnayuonaphot gasol.

Huest meropa craunoHapuoi (hasel 2agmovaeTcs B CleaylomeM: ObicTphie
OCHMILIA LMK IIPUBOIAT K TOMY, YT0 OCHOBHOH BIUIAJ B MTCIPall BHOCHT 061acTh,
PIE MOKA3ATCHb KCIIOHEHTEI HIMCET CTAHOHAPHOE 3HAUCHHE, T.C. HE HAMEHACTCS B
AEPROM MOPAJKE MIMEHCHHST CBOCTO apryMenTa. MeaieHno Mensomancs Qymx-
LM BEIHOCHTCS 338 HHTCTPAT MPH 3HAYCHHU APTYMCHTA, KOTOPOC COOTBCTCTBYCT
ITOH TOMKe CTAMOHAPHOCTH. OCTaBlIMICA MHTErpall CBOAMICH K HHTEIpaiam
MDpeHens.

Haiiiem Touky, rae dasa |;‘1l = kr cratponapia. O4eBHAHO, YTO B TOUKE CTA
LIHOHAPHOCTH

0 6.9 5
o0& an

l,lll."ISI |)£ll.‘.[.'-?\1i"l'| PHBACM o reOMCTPHHE 3a1a"H

M KOOPJIHHATE] TOMKH CTAIMOHADHOCTH OLPENEIIOTes Kak: X = ¢ ; ¥ =1, Pas-
JOMMM B Pl a3y B OKPECTHOCTH ITOH TOUKH:

1) - 3N
o 1) : (6.22)

V=

£k

||U,‘ll'-'|'i|.15l|?\1 AT BLIPAKCHHE B H('.\l],’ll“-]i‘! I'Jill'i‘-]])il_lf H BLILIeCEeM H3-10J HHTC-
rpana MeICHHO MEHFHOLYROCH (;)_\"!II'\'II.HIU. B PEIYALTATE 1TOJIYHHM

. k Ulx, \"()} W R 2
Ulx,y,2)=— | ‘d&dn . (6.23)

27 T
Haiinem s niockocrn z = (0 rpanuuel obnacreit, ric ¢asa B [OKA3aTENE IKCHO-
HEHTB] HOJBIHTCIPANLHOIO BbIPaMKeHs (6.23) usmenaerca na . OuUeBHIHO, 4TO

HX MOMBHO NPCJACTABHTE KaK:

90




AZ
e m=123,.... [lociiejtaee papeHCTBO ONMpEAENseT CeMeiCTRO KOHLEHTpHYe-

CKHMX OKPYXHOCTEH ¢ ueHTpoM B Touxe & = X, 1] = ¥ W paguycamu R, = Jmaz .
Taxum 00pazom, MIOCKOCTL OTBEPCTHS pasbHBAETCH OKPYKHOCTAMM Ha KOHIICH-
TPHUECKHE KOJIbIA, KOTOPbIE HasbIBalOTCH 30namu Ppenens. Ilpu nepexone ot of-
HOH 30HBI K Jpyroii (asa MCHACTCA Ha IPOTHBOTIONMKHYIO, UOITOMY HHTCIpa
MOIKIIO [PCJICTABATEL B BHJIE 3HAKONICPCMCHHOIO Psiia, M-bIil Yiel KOTOPOro ofn-
peaesacT Briiaja M -ou 3086 Openens. Paj 6rictpo cxomures. dusvaccku ato 03-
HAYAET, 110 MOKHO BELICIHTL 00NACTh Ha [OBEPXHOCTH IKPAHA, KOTOPAA BHOCHT
HanBollee CyIMECTREHNBIH BKIa/| B (JOPMUPOBALME MO B TOYKE 11puemMa. J1a 06-
7acTh IPHMEPHO COBMANAeT ¢ Neproii 30H0H Ppeuers.

JIeHeTRIE KpaHa MOMKHO XapakTepH30BATh TAK HAZLIBAEMBIM 60AHOGHIM NA-
pamempon W . MakcHMAIbHOE 3HAYCHHE [ICPEMCHHBIX  WHTCIPHPOBAHMS

Smax » Tmax - KOTOPHIE ONPENENAIOTCA PAIMEPAMY OTBEPCTHS, €CTH BEAMMMHA [1O-
psiika @ . I1oj1 BOTHOBBIM APaMETPOM MONUMAIOT HE3pasMepHyIO BE/IIHYHHY, KO-
TOpas XapaKTepHIYETCA OTHOLIEHHEM ILIOA/H TIEPROH 30 DPeHENs K Benrun-
HE anepTypbl OTBEPCTHA
W S (6.24)
Ja
Ecitn Touka cTaluoOHAPHOCTH NCKHT B 0DiacTH orBepeTus (Touka Habmone
HUA HAXOAMT BOIHIN OCH Z) M HCCKOJILKO NEPRLIX 30H (Dpenens Tawke HAX0ITes
B NpEJenax OTBEPCTHY, TO

iy

T e
~ @ >>NAZ My ~ A>>Az

u nosromy W <<l. B atom cayuae nurerpan (6.23) ¢ KoHEUHBIMH npejienaMu
MOMKHO 3aMCHUTL HHTCTPATIOM C DCCKOHEUHBIMHM npeleiraMH

£ U(00)

|
Ulx,y.z)= ‘d&dn.

2 il Z

”(}C.lt.!,i[_lll‘.lﬁ HHTEIPAT MOMHO CBECTH K QJIHOMY W3 HITTCIPAIOR ‘DINIHL‘._ZIH ¢ Decko-
HEYHBIMH 1TPE/IeIAMH HHTEeIPHPOBAHHA

TOYIHM
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I i :‘7:("3.“_,2.)/.{3 .
Ulx,y,2)=—U(x,7,0)e™ [ e2 j--a’udt' =U(x, y,0)e™. (6.25)
1Az i y

Takum (."6[)&['501\1, CClIH ITPpOCKUINA 1 OUKH lliiﬁ,'liﬁ,-'ll‘.lll'{ﬂ Ha MHOCKOCTD DKpaHa JIEHKHT
BHYIPH OTBCPCTHH M CYIHCCTBCHHAA obnacrh d)f)le’lp(Jli-’lllHﬂ le{ll[)ﬁKlLHOI'[HOT‘O
HoJid, coplajaloulas ¢ ﬂcpllﬁﬁ 30HOH '-]Jp('ITC.'Tﬂ, HE NIepeCCRACT Kpad 01 BCPCTHA, TO
TIoJIC B TOYKC II'rll’)JIHJ,Ij'CHHH OKa3LBaCTCH HCBO3MYIICHHBIM. Taxmm O()|1(I'i(!M, Hpu
VV <.‘~':_I IKPdaH HE BIIHACT Ha BEJIHYHMHY 1TOJIA, ()JL!IE]I{O NPy YBEJIHICHUH X A _1]"
FOYKa CTaHOHADHOCTH Ha'HHACT nepeMelnaTLes K Kpak o1 BEPCTHA H CYILECT-
peniasn obnacte OyieT nepececkars cro kpai. B aToM cuydae saMena Npesenos ui
TCIpHpOBaN A Ha OECKOHEYHBIE CTAOBHTCH HL‘-l[]}{ll‘-OMCpII(\ﬁ H I!CU(!XO,-'IHMU HC-
ITOJIB30BATE HHTETPATH! (bp(_‘,lll.‘.:'l}[ C KOHEYHBIMH TIPCIEIAMH.

[Monstue 00acTH, UFPAIOIIEH CYICCTBEHIIYIO POTLH B (JOPMHPOBAHHME BOJI-
HOBOT'O 1IPOLIECCa, HMeeT DOJIBLIOE BHAYCHHE 1HE TOABKO B 3aja4ax JudpaKimm, Ho
M B BONPOCAX PACHPOCTPAHEHHS BOH, M3ITYYaEMBIX HCTOYHMKAMH KOHEYHOH
ayeprypet. Ilycrs, nanpumep, MCTOUMAWKOM SJIEKTPOMATHUTHBIX BOJIH ABIACTCH
MEMEHTAPHRIH JIMIONE, HAIYYaonHii chepuyeckylo Bojry exp(ikr‘)/:h H pac-

CTOSHHC JIO TOUMKH IpHEMa d (cm. puc. 6.6).

Puc. 6.0. K onpederenno 3on Ppenens npu pacnpocmpaneni 6
caobodnom npocmpancmee
Torna, B npoM3BONALHOH IUIOCKOCTH, PACIONOKEHHOH NEPeHAHKYISPHO JIMHHH,
COEMMIBLIOIIEH TOUKY TPHEMA H (EPSatH, MOMKKO TOCTPOHTE 300 (dpeneis, pa-
JMYCHL KOTOPBIX OHPEACIHOTCH KK

& {...*H/?.(fl(f." v d,)
i v !.'II L

IICPL‘MCI][L:HHC THIOCKOCTH HO3BOMACT HOCTPOHTE B NPOCTPAHCTBE JJIH KaX-
JJ‘(‘lf‘[ H3 30H ()!'IJGE.I!U]’H\«"H]. KOTOpasd 6_\"_.‘]0']' HMCThH B JJLUIHIICOMIA BpallCHHA C ll]U-
KYCaMH B TOUYKAX IpHcMa W Ieperaav, : VLTHIICOHIBI, COOTBETCTBYHOIIHME HAH-

R

MCHBLUIHM HOMCPAM SOH (D|‘-C-iiL'.JI}I. QHPpCACIAIY] obuacrb NpocrpaHcrea, HIparo-
1Y naumbonee CYHICCTBECITY IO |‘l'.'_l_|li- BB fl]l'-!'l.\'ll'li'!{ﬂ‘-ﬂlil'lI1 MOJIH B TOYKE LIpUcMa. [To-
ITOMY, CCIM HPCNATCTBHE, KOTOPOC MOMCT HAXOOHTLCA HCIHICKO O 3T0H 0bJac
TH, HC NCPECEKACT 3TY CYNIECTBCHIYIO U(_J_IIHC'I'I». TO €ro BJIMAHHCM MOMHO III’\L}I‘.L‘,F’!-
pPeYUb H CHHTATE, WHO PACTPOCTPAHCHHE HTPOHCXOHT B CI;(’!(;UJL]IUM NpOCTPaHCTBE.
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Pacemorpum npouece GOPMHPOBAHMSA MONS OTBEPCTHEM NpH YIANCHUH TOY-
ki Habiuoyenus o1 10cKkocTH sKpana. B atom cayyac pasmep rnepsoi 3ot Ope-
HCJIA CTAHOBHTCH COHM3MCDPHM C pasMCcpoM OTBEPCTHIL., B srom Cly4ac MeTo)] cra-
imoHapnoi (hasbt cranosutes Henpumenum, T.k. W ~ 1 npeanonoxkenue o men-
nennocrn wamenenus Gynkias U (E,77) we swmoansercs. Ha Kpaio OTBEPCTHA,
COTJIACHO rpaHHHlbIM yciousm Kupxroga, ona pesko majiact o1 KOHEYHOI0 3Ha-
HCHMHA 1O HYJIs. Pﬂt:(‘.M(‘l'lpI‘Il\d NOBCICHHE 1TOJA B Cliyyac, CCiTH TOYKa imﬁ.‘lll)_‘lﬁ]!l”l

HaXonures BGI[H'SI{ OCH I, T.C.
=g, -l

<< ], ceiie].{ <4

Pasiioxum MoJlynb pajHyca-BeKTopa B pa

ny

”

Ny

2 = 2 7

J} ) sl (x=¢)°  1(v-n)

Torna Belpasxenne s ons B TOUKE NMPHEMaA NPHHUMAET BHL
[.rr 42 4 (y=1 "}
ek a\x=) (-1,
S = )
Ulx,y,2)=——[U(£n)e dédn.
A7 v

ECJIH BBIHCCTH H3 HOJYMCHHOIO pfﬂ_ﬂl‘-llu B YWICHKI, HE 3aBHMCHINME O1 NEPEMEHHLIX
|ﬂi'rt‘.rpl'{pﬁl’;iiilllil, TO

e ol y?) 2] (e
; X e ik~ ! = ik o ik =)
Ulx,y.z)=—e 22 [Ulnle 2 e \ * dédn. (626)

”3 |)l'|l‘.l‘-1'(}5]l||‘l}l“i, A1 KOTOPBIX 3HAYEHHA BOJIHOBOIO lIEIp‘d.M(_"['p'd H{; e l no-
e onpenenaercs uutTerpasom (0.26). Dra obnacrs HazwmBaeTes ofiacmuio Ou
ppakyuu Dpenens. Ecin Bectr 0603HAYCHIS

fe=x{Az, f,=y/k,

ro 13 (6.26) MOTyInuM BhIpaKeiHe

) )
I 2 r..’.fa"l\_.f ot f \-J'F}

2 ik il o,
Ulx,y,z2)="—e 22 [UEm)e 2 e 'd&dn

KOTOPOC ~ COBMAJACT € MPE/ICTABICHHUEM  YIIOBOTO  CHEKTPA  (DYHKUMH
g fe2 7Y/ g ol
UAE n)explik \&™ + 17 )/ 22) wia npocrpancisenimix Yacror N
r & N =) ! F xSy
Ecinm pansure oroseurate touky wabmonenus, to upy W >> | nokasarens
NEPBOrO IKCHOHEHIMAILHOTO MHOKHUTEIS B (0.20) Gy/IeT IPHHIMATE MAaIME 3HA-

HCHHH




kL b 1
2z W 2z W

H ”U')'l'ol\'l}"
c.xp(ff'((r"" + y'z)/zg_],—-_' 1

B srom ciiyvae seipaxenue (6.26) npauumaer s

R 2+52) [ & ’?"J
Ux,y,2)==—e 2 [U(En)e dédn
idz ¥
HITH
(Jut,._ il (‘“‘ _'J-.?') =
Ulx,y,z)= e 22 (2m)° Ag(2rf,\27f,), (6.27)

e Ag(27f 27 ) - yraosoii cuekrp dynxim Ué.n).

Obnacre snauennit W >> | naseisacres ofracmuio dudpparyuun Cpayreoghe-
pa. Pacupeienenue HHTCHCHBHOCTH 11051 BOJIHBI B 9T0H 30HE ONPEJEISeTCs Knal-
PATOM MOJIYIIS YTIIOBOTO CITEKTPA HANYUCHHS B INIOCKOCTH IKpPaHA

D 2 ~|2
1 =|uf? .-_[f‘r-] Au{ i jf ]I : (6.28)
' Az Az Az )|

JInsi (IeKOTOPRIX IPOCTEHIINX BUAOB OTBEPCTHH YINIOBOH CIEKTP MOKET OLITH
Hailien analTHYecku. Hanpumep, JUist OTBEPCTHA TIPAMOYTOILHOH (POPMBI € pas-
Mepamu @ u b:

oy g a2 b2 Lk ; :
/\n[-‘-'-"--"--.-‘-z."{‘---y--- o ] ] exp| ik ‘5-}:“)[ ik 27 }h_;‘}!n-..—
A Az ) (2z) _ap-ip2 L 4 !

ab  Sin(mxa f-"'/lz) Sin(zyb/Az)

LZ

(21'? );I' Hr”a';,;{'a mlbr'l:l /1"'?

MurencuBHocTn nons TIPH 3TOM

3

I = ( ab ]T Sin(mxafAz) JI ' Sin(zyb| Az) :

\ Az, mxaf Az nyb/Az

,lll.'lil KpYUaoero oTecpecTHi palHyca a BRIPAKCHHC HJIH YIUIOBOIO ClIEKYPa
MOKHO NOJTYYHTD, IIL.‘[](.‘.‘;‘UU[, KaKk H NpH PpasjiomcHiH C{flLﬂ[}li'lLﬁLﬁl{fIii BOJHBL HO TUIO-
CEHM BOJUIAM B HPeAblIYILEM Pasgciic, K HOJAPHBIM KOOPDJANHATAM

=

[;ﬁ = Cos@ ‘ k,=qCos¢ ‘ ol \,‘Q 4 N ‘ q= \I.'II:Q_.:_‘_-J k :
L= psing" {k, =qSing” | = arcig(n)&) |9 =arciglk, /k,)

04




Iloatomy

2ma

: I ingCos{@—¢)

= ,~ioqCos\p—¢) g - .

,\,1((;_ g‘)] S [ J-,‘)f l’f,(»\f."t?)
(27) oo

¥ BHIPAKCHAE [UI YITOBOTO CHEKTPA MOKHO 3alMCATH KAK:

P 1
Au(q) = 5:?:} J(ag),

oo

1
51 1o(pakip.

e J‘,(.I'J.J,(.\;_} - uHMHEIpHueckHe QyHKun beccens HyneBoro u epeoro no-
pAOKa.

[ora BRIpAKEHHS UM YIJIOBOIO CIICKTPA M PACHPE/ICICHHS HITEHCHBHOCTH
NOJA OPH JTM(PPAKLUKM HA KPYIUIOM OTBEPCTHH IPHHHMAKT BHJL

" a’ J,(2npa/z) - [Q_fm J,(2mpa A
Y 1/Az \ Az 2npajAz )

Panee mMbi onpeaenain AHQPaKiHOHHOE NONE, KOTOPOE BOZHUKACT B PE3YIib-
TATE B3AHUMOJICHCTBHA BONIHBI ¢ OTBEPCTHEM B HENpO3pavyHoMm 3kpaie. B rcopuu
Jupakiuy DONBINOE 3HAHCHAEC UMEET Apuxyun babure, KOTOPRI yeTaHABIHBAET
CBSI3b MCIKAY aMIUMTYAaMy W aszaMy poun, JHQPArdpoBaBUIMMKM HA JONOIHK
TeAbHBIX KpaHax. JIOMONHMTENbHBIMK HA3LIBAKOICH 3KPAHLL, ¥ KOTOPLIX OTBCp-
CTHS QIHOTO TOMHO COBNAJAIOT © HENpo3pautbiMu actamu apyroro. Ecnm U,
[/, - koMitexcHbie (hyHKIMH, XapakTepu3yionee Tone BOIHb 1PH NPOXOXKIeHHH

'iL'pL".i OJIHH U3 Z!K[.‘RIHU}J. TO 1A TONOJAHHTENbBHBIX ':Jl(pill]uli
U,(F) + U, (F) =U(F), (6.29)

rae {/ - vesosmywensoe mone. M3 (6.29) mMoxuo Halth JudpakiMoHHoe Hoje
[IPH B3AHMOJIEHCTBHH HA HENPO3PAYHOM 5SKPAHC KOHEUHLIX PasMCpOB uepes JiH-
(hpakiMooe none Ui HENPO3pavHoro 3KpaHa ¢ 0TBEPCTHEM, PAIMEDPBI KOTOPOIo
TOYHO COBNAAAIOT C pa3MepaMH MepBoro dKpaHa.

6.4. [lapaGoanueckoe ypapHeHne B TCOPHE ANPPaAKIHK

Pfl\_'l_".\{i'rl'p]dl\:‘.l pacupOCTPAHCHHE BOJIHOBOTO IMYUKA € Y3KHM YTIIOBBIM ClIEK-
TPOM, T.C. IYYKa, HATIPABJIAONIHE KOCHHYCHBI ¥ KOTOPOIo Malibl. Tk B 'Jﬁl.f.lk‘.l\} CiIy-
Ha€ €ro MOMKHO OHHCATL ¢ HOMOUIBIO PAIOMCHHA MO TUIOCKHM BONHaM, TO i
Cay4das pacnpocrpabHcinid B/10i1b OCH I MMCCM:

\ e { .l'r X \'] £z Il.t 2 f\"_‘ fi':".
Ul y.z)= [Aglk ok, ety Y dk dk (6.30)

rue
itk x+k,, v)

| S \
_\! s _I_U( x, y.0)e dxdy (6.31)
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Ipeanonoxnm, 4ro yr1oBoil CIeKTp 3aMeTHO OTJIMYACTCS OT HYJIA JHIND 1IPH

. k
% <c1,72 <41,

k

HOATOMY CIPABCAITHBO PAIIOKEHHE B Py

T (o0 i e IR e
\/}\ k2 k2 =k 1(] S5 e ) SO0 |y o g M
' \ k k { ks
10 1HO3BONSCT npeactasuTs (6.30) B Bijie:
- K24x2

y (.'“( - T -"if.{' (x k(v \-‘t]]' iz '1', . ; ] ikz

Ulx, y,2) = — fU (_x' My .()_]a.? e W Pte 2k d dk dvdy’ = Ae™
(22’1’)"' 2

(6.32)
”{}l’.‘i'{{'?lll.l(_\-’ B NOCITEIHCM BI-I]JH)?{E‘JTHH J[CPCM(‘IT]II:I(‘.‘- |‘3"i,JlCJl$EI(‘I'LZH, l'lil(_'(.'h-it_!'l'[)lll\d
HHTEIPIT o 'IEL‘]'IL:ML‘,HHOF{ ;\'A. (_)H MOWET lTIE-]Tb BEIYUCHEN aHATWTHYCCKH ‘ICI)LB

HHTEeTrpan '-U['PC.IIC_I[S[, BLJICTHE B IMOKAZATENS IKCHOHCHTEH TTOJHIBIH KBalpar. K]

iy | : ar
A e = el ,j;r'__ v 2 ' 2 e A S i ;l___J
k (x—x)—k? e (ce, + BY + B, « v A= o ;
TO
oo r‘I k., [\ .A'} K," z i 7 242
[f 2 '|dk"_ —(’Jﬂ Jt.‘ Nkt B ke =

B .
gt | T S i gt | 7 ;
=P \sz J(a ' dyi=¢ f \rgr;r'{(l_!)-

]f()'-l'l('rl\‘.l_‘,’ Hoaoe BBIPAMCHHE /1114 KOMILIEKCHOH AMILNINTYAbL 1IIPHHEMACT BHJLZ

1 R, o\ F /) Ly ’ & ! =k Tk ey
A=—us | U(x', ¥',0)exp !_(_x r) (} ‘)— ( if)7 dx'dy. (6.33)
Q) “« 2z/k ; z
Fenn BBecTn nepemMennpie
: , 2zfk > 4Dz
D= i i {,‘(_\" \l) = t_._. ; — .( 2=f EE A
2k 2miz/k 47Dz
Tora seipaxenne (0.33) MOWKIIO (PeUCTaBHTE KAK:
A= [A(X, ¥ 0)G(x—x,y— y)adxdy. (6.34)
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ABajiv3 NONYYEHHOrO YPABHEHMA MOKA3LIBAET, 9T0 3TO BLIPAMKEHHE COBHALA-
€T ¢ pelueHneM napabo/Myeckoro ypasueHus ¢ MHHMbIM Kod(duiuneHTomM au
tysuu D

0A
‘,;k} A A=0, (6.35)

rie ."\ L DI]C])(I'I'U[) _l.IEIII'JIG.!CF.l 1O IIO]]L:}'JC'EHLIM I\'lll!l‘]_-'l}ﬂl&l’l'ﬂ\l X H _1'. d {; [I]y”K-
uust [puna. Kak crenyer u3 (6.35), no Mepe pacipoCTpaHenus Hy4YKa OH BCHEICT-
BHE ,'_Lll(bl]ill{lLllli [\‘JHCIIEH[}}IU!'L‘.H [L‘I'U JIMHI[HT}";‘H] H3-3a ,.'{H‘I![j}y}}l" B ﬂl'!l'[{.:pt_‘-'llll]M
HAIMPABIEHUH yMeHbinaerca). JaHHelil 1polece aHAIIOIHYCH JNHCTIEPCHOHHOMY
_\I-'IIIH[)L_TIH'II{J BO Ii[)t.'ML.'HPI BOJIHOBOTO TIAKETA.

Paccmorpum (pusmaeckuii cMBicH noaydcHHOrO pewcHus. 1lyerns upu z =10
HUMeeTCs TOYCYHBIH HeTodHHK. [Toaromy

y,0)=U(x’,y’,0)=C(x)5(y")

u 13 (6.34) cneayer

> 2 5 I
Ce 1Dz i s\ k.
A= : e - H (-’J(I‘ } E.) __{_____ =
471z 2mifk Z

e (_.‘ HEKOTOpas KOHCTauTa.
Tounoe PEHICHHE, COOTBCTCTRYIOLOCE L‘fIIl_‘.[lI-i'!CC.KUﬁ BOJIHC, HMCET BHL:

~7 _tkr |
U=Ce"/r

Ouesuano, uro pemenus Oyuyr coBnagats, eciid TOUKH nabmosgcHus HyayT pac-
noJjararhes BOMH3H OcH, IJ1e

¥t yjr el r= \/.\'3

Taxnm ofpazom, B npulnmKennn kBa3uonTuky chepuueckuil BoIHOBON (poHT
II[TII()J’[II'}KC!IIIU JAMCHACTCH !l}lpdﬁ()ﬂi’l"lCCJ{HM.

PaccMOTPHM B Ka4ecTBC IPHMEPA HCMOJIB30BAHMS NAPabOIHYECKOI0 ypasHe-
HWsl PACTIPOCTPAHEHHE TaYCCOBCKO0 BOMHOBOTO ityuka. [ycrs B niockoetu Z =0
OH HUMeeTr IUTOCKHHA {I!il’il}lil»lii (IFD{!I!'I' H TayccoBO paclpcieiCHHE aMILTATY/IBI B
MIIOCKOCTH ITOTIEPEMHOTO CeueHUs

A(z=0)= A(0)e *(pik (x*+y )fr: )-- /\(('))cxp(— p"}.-fu')), (6.36)

rae a - XxapakTepHas Ha4albHAA MHPHHA ITYHKE, onpe/ieiiemMan rno cnajialuie aM-

IUTHTY[bI B € pas.
M3 (6.34) cnenyer, uro




ACCMOTPHM MUTelrpal 1o X . Jlus ero BLIMHCICHNS BOCTIONL3YEMCH HIITErPAIOM
[Tyaccona (cM. pasjgen 4.5). Beyienum B rokasareie 3KCIOHEHTR HOANLIH KBajl-

par, T.c
¥~ ik IEer R Rerl LA M R ok
— T —(x—xY ==+ D)+ B+ —x",
2 s P o
il w#y et ey
C ikx
oy |'( =, B B R
Va* 2z 22:ll/a?)- (ik/22)
'IIUI','l_H HET L'l'l}'r.lil 10 ."! QUPCACIHCTCH AHELUIHTHICCKH Kak:
4 x'® ik R T L LN (R
[ exp| == +—(x—x)* dx'=—exp| f*+——
i AR o 2z
H BRIPMKCHHC JUIH aMILITY B MOMKET GT-TTI» IIPC,'IC'I':HIJNHIl! B BWIC:
kA(0) 7 ko*( k ;
Alp,z)= ) 5 €Xp| - L | o
?m o ; :'L? (1 a ——H'\“’ )
. sty
A0 0’
- ) exp e
N+iW a’ (I -HWJ

rme W =2 ;;‘,/f((f = /'1..';_/:'??!“' - BOJTHOBOH (1apamMeTp.
B nocieaHem BhIPaKe i MOKHO BLICIUTE JCHCTBHTENBHYIO aMImuTyly U dasy,
€. NPEJICTABHTL KakK:

A(p,z) = /‘\,,fr’w.

) )"JW
—f kg = b ) —arctgW .

— ] : F
JHW (1+W?) 2 (1+ W2

113 HOJAYHCHTHBLX lH.IPi!'}I{L‘.IIHi‘“{ CHEAYET, YTd 3aBHCHMOCTE aMIUITHTY 1Bl BOJIHBI
O paJHyca 1o Mepe pactpocTpaHcHus MydKa 1HO-rNpekHeMy HMEET BHJL rayccoH
MBI, HO IIIH]'!]IIT(-] !FY'IF({! }\:-11""&!1' G _\"I“.'.IJ!'l'i(flll]’f_‘\l |!}1I1H,?[elllii1l'11 I]ﬂCC'l'n}lHHH o

() =ad*1+W?).

o
AMIUIMTYIA BONHBL YMeHbuaeres nponopiponansuo 1/ A1+ W= . Tlpu pacnipo-
CIPAHCHHH LEPBOHAYANLHO (IoCKHH (aszosbii Ppour wexpusiserca. Kpususia

1
dazosoro qporira K MaMEHsETes © paccTogNEM Kak
L, L W

R a1+w 2
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Ha paccrosumsix W >> 1 nepponauaneio nnockas Bonua npespamaercs s che-
PHHECKH PACXOJLILLYIOCS; €€ amMILIMTyla yObiBaeT Kak Ay = ka” A(f_l)f'j;j , & HIH-
pHHA OyYKa Pacter no AMHeHHoOMY 3akony a(z) = 2:’_/&(.*. Ha puc 0.7 npexncrae-

JIEHB! 3ABUCHMOCTH OT PACCTOAHMS AMILIMTY/ThI BOJIHE HA OCH Iy4Ka {,f'\{,;","'.{(l) )

- ‘-\-—‘-‘M‘_‘“——H
ﬂw’mrﬁ“‘\

0 2 4 W

xapakreproil wupuib nyaxa (a(z)/a), dasosoro casura (—k@) u xpusu3bI
thponra ( r’xjrf\’ ).

Pue. 6.7. Hamenenue napamempos 2ayccosoeo Ryuka ¢ paccmoshuem

Bonpocs: 118 caMOKOHTPOJIS
I. ObbacuuTe, noyeMy HeoOXOAMMO BBOIMTE OIPDAHHYCHHSA HA VIO IAjIeHHA
[UIOCKOH BOJIHBI Ha 3KpaH, YTo0bl BOCHOIL30BATRCS NPH aHanuse audpak-
wan merojom Kupxroda?
2. Tlposeinre aHANOTHID MEKAY VYIVIOBRIM CHOCKTPOM  HpPOCTPAHCTBEHHO-
OTPAHHIEHHOIO BOJIHOBOIO BO3MYIICHHA H 44CTOTHLIM CHEKTPOM BPCMCH-
HOIO HMITYThCA KOHEYHOM JUTHTEILIOCTH.

LS

Onpejiesinre MHTCHCHBHOCTD B 30He AMppakitnn Dpayurodepa ans cinyvas

. HEIPO3PAYHOTO KOJIBIA MPH HOPMAJIBLIOM 11aJCHHH BOJIHEL,

4. Oupejlenure yrioBoe nojokenue, COOTBCTCTRYIONUIEE MEPBLIM HYIAM Il
TEHCHBHOCTH BOAHbL B 30HE Jupakimy Ppayurodepa s npsmMoyroiabHO-
O M KPYIIOIO OTBCPCTHIL.

5. I'papuueckn nzobpasure B MOMCPEIHOI TUIOCKOCTH PACUPENCHEHHE HHTEH-

CHBHOCTH (HOPMMPOBAHHOH) BOJIHB, JAM(PArHPOBARIIEH HA OTREPCTHH B

HEMpO3IpaunoM 3KpaHe, APH IUAYEHMAX BOJHOBOrC mapamerpa W <<l

W =1, W>>1
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7. PACIIPOCTPAHEHHE BOJIH B HEOQ/JHOPO/IHBIX CPEJAAX

OJIHOPOJHLIC CPE/IBl ABIAIOTCA YACTIBIM ClY4aeM, ITOCKOALKY WX CBOHCTRA
JIOIDKHEL OCTABATRCS HEMZMCHHBIMM B NPOCTpaHcrse u Bpemend. [IpH pemieHun
MHOTHX ITPAKTHYCCKH BAXKHEIX MPODICM NPUXOJUTCH HMETH JIENO C CUTYAILUAMMU,
KOI'JIa CBOMCTRA CPEABI PACHPOCIPAHCHUS M3MEHSAIOTCH OT TOYKH K TOYKE H BO
npemMend. K TakumM 3afladaM OTHOCATCS, HANPUMED, PaclpoCTPAHEHUE AIEKTPO-
MAHMTUBIX BOJL 4epes rponocdepy u nouocdepy 3eMin, COMNETNyYI0 KOpoly M
armoc(epsl [UIAHET, PACIIPOCTPAHCHHE AKYCTHYECKHX BOIH B OKCAHC W 3CMHOH
Kope M 1.1 Heoanopojusie cpejisl Moryr Ouirn perysipusiMi M cnyyaiineivu. B
caynae OTCYTCTRHS 3aBHCHMOCTH CROFCTE CPC/ILI OT BPCMCHHON NCPEMEHHOH, 3a-
Jlava 0 HAXOWJIEHHM 1104181 B HEOJHOPOIHON CPe/ic CBOJIMTCA, KAK HIPABHIIO, K pe-
meHHio ypaeienns I'ensMrossia suja:

AU+ k*(x, y,2)U =0, (1.1)

rae {J - ckaigpias sonnosas (pyHkuun. Takas 2ajgada JOCTATOMHO CIIOMKHA H HE
HMCEeT Oﬁillé‘-]'(} peenms. (}}F,IIHK(} JUE HEKOTODRIX YACTHLIX CITYUACH pkl'{[)il(\ll'!'ﬂll
HPOCTOH MareMaTHYeCKUH al@apar, No3BoIMIoNHi nonyunTs upubnekennoe, a
HHOI1d H TOYHOC PCHICHHE.

7.1. llpnbanacenne reoMeTpHIECKOl ONTHKH

”(),ll]i_\-"!i) I‘Hl‘tl(\rl!\-‘li‘l!ﬂllﬂ O BOJHE MOMNHO TTOJTYUYHTH, 3HAM €2 BOJIHOBYIO NO-
BEPXHOCTL. Meton I‘L'-UML'-||)H'IL‘CICUii ONTHKH npeaycMarpunaet BO3IMOKHOCTE
BMECTO 1MOCTPOCHHA BOJHOBBIX lIUHL‘pXHOU'I'L’.“ ONpeAcHarTb CeMEHCTBO .||.'|'ill|'iii, Hi-
ILIBACMBIX AYYaMI, BIO)E KOTOPBIX HANPABIEH CPEAHHI 110 BPEMENH MOTOK IHEP-
rui. DT0 BO3MONKHO B TOM CIIYHMAE, KOI'/A 3AMCTHBIC W3MCHCHHS aMILIHTY/IbL BOJI-
HBI IIPOHCXOMAT Ha PacCTOMIHAX !J MHOTO QONLINTHX JUIHHBE BOJIHBL /i B Taxmx
CHTYALMSX BOJILY MOXKHO pasjenurs na yuacrku { < L, B mpejenax KoTopeix ee
MOMKHO CYHTATH MIIOCKOH, & HANPABICHHC PACHPOCTPAHCHHA ONPEIEIHTh HOPMA-
LI K BOTHOBOMY (DPOHTY.

PacemoTpum ckaisphyio sanavy. Bynem uckars pemenuc yparuenns [ersm-
roasna (7.1) B Buje:

U(F) = A(F)explik, (7)), (72)

rie A(F) n @(7) - peitcreurencinie GyHiKumu Tekyneil Touku 7, ky - Bonmnosoe
uncio B csoboguom npocrpancrse. byjem upeinonarate, Y4T0 CBOHCTBA CPCibI
MO MCHAHTCH Ha PACCTORHHAX THOPHIKA JITHHLL BROJMHBEI, ”L"".)'I‘O!\'T}-" BCITHYHHBI
A(F) u @(7) cywecTsenno Mensiores ia paccroanusx L >> A, 1.e.
I
I\’).f"'lll -

}\u;ol =|gradg

gradA| << koA
: (7.3)
<< kop

[Mopcrasum (7.2) B (7.1), TO1rna noayyum
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AA +2ikgV VA + ik AN + k2 AR (7) ] k2 - fv'-fp)z]-_ 0.

;]_-l.:l}l OLUCHKH 3TOT0 YPABHCHHA HPCIACTABHM €TI0 B CJIIEYIONICM BHIE:

A P O i 20
_\_‘ri 4 ‘_' _\_’_q}\ o+ /\m E (Vq}]" A {:]
ko A koA ""[1 \ kg
H3 (7.3) caenyer, uro
|K-'T/1i 1 s
L, [V4]~ =, [V? 4 =|A4) -
£ L L

[Toaromy tepseiit unen ypasnenns (7.4) HMECT HOPANOK

=={)), (7.4)

A
! 2"

<3 1.
A" L7, Bropoii u rperwii

a4 . f -
- A}r 1";, MOCHCAHHH Y“WIcH OT /{I,r’ JJ HC 34BHCHT. (.!]L‘-,F[ORH'I‘CJIL]IO\ NEPBLIM Cilarae-

MbiM MOMKHO Ilif.‘L‘.lICt’IpLI'!I-. .llL.‘I')lii, NPpHPAaBHAB K HYJI OTUCIHBHO ,i'lCﬁC'[‘lﬂf']'t?.Hl.]IYJO

H MEEMY10 9acTH (7.4), nojnyuum
(Vo) =k*(7)/k] =
AAp +2V VA =0,

2
n°(x,y,z),

(7.5)

(7.6)

rae n(x, y,z) - nokasarens NPeTOMICHHS HEOMHOPOHON CPeIs!.

‘5-’[);nmt:lll[c (7.5), onmpeaenaomes (hu'l_\j (_:li'lKulmJ:J, HAShIBACTCH VPAGHEHUEM

auxonaid, a ypasenue (7.6), onpejensioniee aMIntHTy, Ly, -

VPASHCHUEM REPEHO-

i, (_}‘[CI'{I-I}EII{_}, HTO NONYHCHHBIC YPABHCHHA CHIPABC/JIMBL] IMPH BBHIOJIHEHHH CC

JAYHOIIHX | Ikil‘h'lHl‘.HLZ'l RB:

<< 2‘? PVA,

|AA| << kolAAQ).

(7.7)

Ypapnenus nepenoca ¥ aKonaa MOXKHO Noayuutb Gonee Koppekrao. by-
JICM HCKaTh PEINEHHC ypaBHCHWA 'CIIBMIoibLA B BHJIC PAIOKEHHS 110 CTCIEHAM

i
L/ k,

f
U(F) = ;fl({r)-i- '1(."14+ - Ay (F) + .. \
k K’ )

LY 0 0 /

explikyp(7)).

(7.8)

Torpa, nojerasnss (7.8) v (7.1) u upupapHuBas K 0O KO PHIMEHTEI HPH pas-

i crenensx 1/ kq , nomyaum cucremy ypasnenuit:

{
{

| (Vo) -
|

AANp +2VAV 9 =0
AAQ +2VAV @ = iAA,.
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Ileproe 1 BTOpOE ypasleuys cHCTeMBbi (7.9) coBnasalor ¢ ypasHeHHsMy aHKoHama
i nepenoca. Pemas ux, MOXKHO HalTH (0 1 Ay, a 3aTem onpejennrs A; ¥ 1.1 3a-
METHM, Y10 CCH @ U Ay - IeHCTBUTCILHBIE BEHNLL T A - MEMMAs BEJIHYH-
na. Qrmerum, uTo A B YPABHEHHM NCPCHOCA SBIAETCH AMILIMTYIOH BOJIMBI C TOY-
HOCTLIO /10 'UICHOB TOPSAKa |/f.'“. Ananornino, k@ ssiasercs asoil Bosubl
(7.5) ¢ TOUHOCTLIO J10 YWIEHOB NOPAIKA 1/&.{] ;

[TocTpormM BMECTO BOIHOBLIX MoBepxHOCTEH (X, Y, z) = const cemelcTBO

JEHI[I'T!"L HOPMAIBHBIX K HHM, TAK HA3BIBACMBIX fi_!“f{'f‘{‘, BAOL KOTOPBIX TIPOHCKOIHT
pacupoecrpanciie BOJIHBL. YMHOKUB YPaBHCHHC INKOHANA Ha l'_‘,"LH][H‘-iI!I,II'i BEKTOD

Iy (no Bospacranmio @, cM. puc. 7.1), nosryaum 1

Ion = ly|gradg|= gradg. (7.10)

Puc. 7.1. Feosempus nvua 6 neodnopodion cpede

BosbmeM rponssouiyio 10 [ or obeux vacteil spipaxenus (7.10). Toraa, ueions-
3YA M3BCCTHOC papelicrso

Jda S
Tl ({[,V)a,
MOILyauM
) s s o s ol 1s = [ iy .
(] (gradp)=(,V)V@ = & ({\\-"9{)}\7)\? @ = 1 V t\—?l — | 7 (px JV X 'V{f}” =
( " 7 2

l . n~ .
=V =Vn = grad(n).
o2
OTKy/1a cllelyer YpaBHCHHE ly4a:
o

; ]
_r__”””) = grad(n). (7.11)
dl

[1pu M3kcCTHOH 3aBHCHMOCTH n(F) MOMHO NOAYUHTH pewenue (7.11), 1.e. naittn

TPACKTOPHID IIYHa B I!E.‘-(J.?!.ll{)pl_'lf'l!H'l}"i Cpeniec.
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PacemotpumM, kak npeobpasyercs aMmInIMTYAa 1HOJS TPH PacipoCcTpaleHHy
BJOJIB JIYNA H3 TOYKH P, B TOYKY Pg. Jlia aToro npeobpasyem ypashenue nepeno-
ca (7.6}, ymuoxus ero Ha A. B pesyibrare nonyunm

AAp+2AVPVA=V(A V@) =0.
Torna, wenonesys (7.10), nmeem

V( .."l"{.r‘;}n) =0 umu div( A "'!;,n) = (), (7.12)

PaceMOTPUM HOBEPXHOCTE (7, = CONSI W BLIAGIAM Ha HEH MANYIO 1I01A/Tb rf(‘}'}.
OPaHHYCHHYIO TIYUKOM JTyyeif, 8 npejenax xkotopoii A = A,. HMposesem nyun jio
JIPYroH HOBEPXHOCTH @, = Const, Ha KOTOPOH MyHOK OrpaHH4H1 OPYTYH 1110

mwany d0,. Feomerpus 3a1aun npusesena na puc 7.2,

Puc. 7.2. K onpedenenuio nomoxa snepauu & ayieaoi mpybre

Cornacno teopeme Octporpajickoro — l'aycca, MOTOK BEKTOPA HEPE3 3aMKHYTYIO
IJL)I{[:DXIIUL‘-']'!: paBeH HHTEIpany o1 JHBCPredHudH 5Toro BEKTOPA 110 {\G'I.LYNI_Y, orpa-

HHYEHHOMY 3TOH NMOBEPXHOCTLIO. [loaTOMY

fﬁf} div( ,"12.-5}:1}{!1,’ = (I) nA 2;’;,,’&1’.\" =0,
v g

rjie Ml - eHHHYHELH BEKTOpP BHEMHeH HopMasn K posepxuocty S . T.k. Ha 6oko-

soit nosepxuoctu L, L m, To
mAdo, =n,Asdo, =nA"do = const .

T.k. Besmunna NA” NpoNOPIMOHANBHA TUIOTHOCTH HOTOKA 3ueprun, To NA“dG
COOTBCTCTBRYCT IHEPIHH, i'1L'|.‘rL'.!|i_!c;i1.\1'n§if BJIOML JI_\.."I(:P,nf'I l'pyﬁmr. Hameneuwe (f(T
BACIL Oy4a ONpCAC/ACTCA YpaBHCHHSM JIy9d, UnTeHCHBHOCTE ONPEACNACTCA U3

YPaBHEH S
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2 hdo,

A¥= A (7.13)

ndo

HonyHMeHHOE BBIPWKEIHE MOZRONAET ONPCUCHUTD AMILTHTYLY (MHTEHCHBHOCTE) B
HPOM3BONLHON TOYKE JIy4a, CCIM H3BCCTHO 3HAYEHHUC B TOMKE F . Pemenne ero
IIPH IIPOU3BONBIONH 3aBHCHMOCTH n(F) BO3MONKIIO JIHIIEL MHCTCHHBIMH METOJAMH.

Jlns OJ(HOPOJIHOM Cpejibl aMIUTYIA 10N B TOYKC %, oupeaensercsa cooT-
HOWIEHHEM

A, = AJdo, [do, .
Bripasnm (!'(J’l/(k}'z uepes pajinychl KpHBH3LBL O U [ (ppoHTa BOIKBI B TOYKE
R . Kax cnepyer w3 puc. 7.3,
do, = pdop,df.do, = (p, +s)dep, +s)dp

e § - paccrosmmue Medgty Toukamu F ou Py, dow df} - yruw B oproroHaib-

HBIX [LtockocTsx. Torua aMuanTyay nojd B TOUKe P, 0uiopoiioi cpejibl MOXKHO

I]])CJLC'}'ZHHI']'I. Kak:

V(o +5)(0;,+5)

Ay, = A

Puc. 7.3. Dnemennibl 600601 hocepxiocmu
M3 HonyucHHOrO PABEICTRA CIC/LYCT, YTO HPH YBCIHHYEHHH S H KOHEUHbIX O H

1 & 3
[ 10JIE YMEHLIIAETCS MPOMOPIHOHAIILHO § , KUK y chepuyccxon pomuut. Fomm

I

OJIMIL M3 PAUUYCOB DECKOHEUeH, ITOAC YMEHLIIACTCH NPONOPIHOHAILHO § 77, Kak
Y IMTHHAPHHCCKOR BONHBL TIpn 0 —> ©@ 1 fJy —F ©@ aMILIMTY/A N0 0CTaeTcs
HOCTOSHHOI, UTO CBIICTENLCTRYCT O HAUIMYMM TUjocKol romuel. B cnyuae, korja
P=0= 0, T. €. B UEHTPAX KPHBM3Ibl BOJHOBLIX NMOBEPXHOCTEH, aMILIMTYIA
obpawaercs B SeckoneunoeTs. Takue HOBCPXHOCTH HA3LIBAIOTCH KAYCIHUKAMU. 3
puc. 7.3. BHAHO, 9TO UEHTPB KPUBH3HLI BOJIHOBOH 1TOBEPXHOCTH PACTIONOKEHDI HA
nuanax 1 — 2 u 3 — 4. O6panieive aMILIETY b1 B HECKONEUHOCTh CBHACTEILCTRYET
O TOM, HTO MCTOM I'(_‘t)I\‘JC'I'}'}H'I['.CI{UH OINTHEH HE JaeT BO3IMOXHOCTH OLIPCICIIHTE
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110JI€ HA KayCTHKE, a Takke BONW3IM ee W HoYTOMY B 3TOM cayqae neobxoammMo
MOJIB30BATLCA TOMHLIM PEWUEHHEM BOIHOBOIO YPABHEHUS TS HEOJAHOPOAHOH cpe-
i

7.2. Ypapuenne 3KoHAIA /LIS JIEKTPOMATHHTHONO 105

s 3NeKTPOMAITTHTHRIX BOJNH YPABHEHHE HHKOHAIA MOMXKET OBITEH OJIYHEHO
HEeMOCPEACTBEHHO M3 ypaBHenud Makcseina. Ilpn rapmonmicckoil 3aBMcHMOCTH
HOJIA TICPBLIC JiBa YPaBHEHHA MMCIOT BHI:

roth = —iwe, E, )
iy i (7.14)

rotk =iwu, H.

Pemerue OysieM Hekath B BHJIC pajia 1o cremeny 1/k; :

=3 > [ . ikop(F) £ - 1 - iko@(F) y

E=|Ey+—E +...|e gl =| Hy+—H; 4. [°P,  (7.15)

\ kﬂ "!(u
IMojcrasiss >TH Bhipaxeuus B (7.14) u upupasnusan kK YO YIeHbl ¢ COOTBETCT-
BYIMITHMH CTENEHIMH iﬂ\"ﬂ. HMOIIYYHM CHCTEMY ypasHeHHH. Tak, juig Hynesoro

HPUOTIKEHHS HMCECM:

M0 -

[V"rpx Eyl= £

Hy, lW‘X Hn[: =

‘0 0

E,. (7.16)

13 nociieux pagencTs cieuyer, uro sekTops Ey, Hy u V@ panmuo nepren-

JHKYISPHBI, T.C.
(Voky)=0, (Vor,)=0.
MckmouuM 13 monys eHHbIX paBeHCTB ”(}‘ OuesujiHo, Yro

Ey.

]

[Vox [wxﬁ—n]]:;?u FoxH, |- - fata®’
0 (:l-

['13 TMOCHEIHETD pllliL‘.HCTHEl llC'lP_\-’:‘ll"_) I'[f).i'['\-"”l'l'l-
(Vﬁﬂ) Ey = &uk,
H I'J()"-'I'!'(}M)"
= \'.3 S f el 7
¥ — — , - “
(_\- r/JJ eu=k*lk; =n
ITociennee paBeHCTBO TOMHO COOTBCTCTBYET ypasHenMio sfikonaua (7.5). Ecin

BBCCTH CIMHHUILIN BekTOp HopMany [
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10 13 ypapuenwuii (7.16) nonyunm

TR ) R T
L’Jn a *"'n]'— A~ Ho =t Hy = |—=Hy,
kon N EU \ &,

Ii;r "( ”{}]: 7 “a Jt'-5;“'
Ll
M3 mocneanux ABYX pagencTs clie/yer, uro
H,= l_ ["’n Xk, l E,=~Z, l‘ru XH,
e ]
[Tosnyuennple papeHcTBa aHATOrHYHBD YPaBHCHHIM (2.15) st MIOCKHX BOJIH, T/C
BMECTO CJAMHMYHOID BEKTOPA }?r = k.(a/kn HCHOJBAYCTCA BEKTOP f;,. Takum obpa-
30M, B Ii[]l-[ﬁ_l“l‘){u‘]l]tll I'(.'()MB'I'DI{'[CCKUi‘I OUTHKH NOJYYACTCH peuielue B BHJIC 0~
KAILHO [WIOCKHX OJHOPOALBLIX BOIH. BEH'I’OPI.! f‘.(] H ‘I:ID NEKAT B NIOCKOCTH, Ka-

CATENBLHON K 1HOBEPXHOCTH (PPOHTA BOIHBI.
T:3: “[}IlﬁJll{)l\'(‘lll!e I'EI}ME:'I'[)H'H'.IJIQ{D“ ONTHRH I8 JOCKOCTOMCTEIX Cpejl

Peniennc ypapHennil 3KOHAIA H 1EPEHOCA MOKET OLITE TIONYHCHO TONBKO
IPH HIBECTHOM 3aBHCHMOCTH ITOKA3ATENS NPEIOMIICHHS OT KOOPJMHAT. Pacemor
PHM TIPHMELICHHE MCTOJIA IEOMETPHUECKOI OIITHKH HA TIPHMEpE IUTOCKOCIIOMCTOM

CPEbI.
[Tycth OCH CHCTEMBI KOOPAMIAT HAMPABICHbI TAK, YTO NOKA3ATCIb 1PEIOM-

NEHMS M3MCIICTCS BAONL OJIHOI M3 HUX, HAUPHMCD, BJIOIbL OCH 2, T.e. B =1(Z).
leomerpun sagaqn npueegena na puc. 7.4. Cpeiia 3aHMMact HOILylpOCTPalcIBo

250
ZA

4 X
()

Puc. 7.4. K onpedenenuio mpaexmopuu 1yia 6 RIOCKOCAOUCON cpede
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Pacemorpum ypasnenune ny4a (7.11). H3 rpex ckansapubix ypaBHeHHH Tpaek-
TOPHH JIOCTATOYHO PACCMOTPETh OJIHO

d.n  on

a ox

H HO3TOMY

nl, =m(2)Sin@(z) = nySind, = const. (7.17)

Mony4eunoe coorHoweHue orpaxacT 3akon CHeaIMyca ANd I[LIOCKOCIOHCTOH
CPEIIRL.
OueBHIHO, YTO TPACKTOPH J1y4a ONPEASIIETCA W3 YPABLEHUS

dx dISin@ nySin0,
dz diCos0 Jn’(2) —nSin*@,

' = —

Hacro yaobHee OMUCLIBATL TPACKTOPHIO Jiyda Apyrum ypasncuueM. [Tockonsky

d;j '\{Hj(z) - !I['I'SI-IIIOU

dx nySin0,
10, JGhEpeHIHPYS IO X, HOTYHIM:

dn* dz
d: e _l__—d? "{T = 2 - (_[."_I__ (7.19)
dx®  nySiné, 3_\}”—(_“—_} ~nySin’6, nySin"0, dz

M3 MOJIYICHHOTO DABCHCTRA CHEJIYET, UTQ YIoJl HAKIOHA Tyda K BEPTHKAIH (I'I(,‘Il
7 ) 110 MEpe pacnpocTpaHeHus BOTHBI H3MEUACTCA, T.C. JIyMH HCKPHBIIOTCH. 3T0
SABJIEHUC HABLIBACTCA pedhpakyuen.

I)ilﬁc_'\‘[l)'l']}lil\ri [NOBEJCHHE JYYa 1IPH HCKOTOPLIX YacTHBIX CJ
MOKa3zaTess MPemoMICHHL.

YHasx H3MEHCHHA

l. ]]_\-’C'I'h MOKA3ATCIIb [PEJIOMIICHHA MOHOTOHUHO Pacter © BbLICOTOH %y Ti;
Ii:rmf{n)} 0. Pacemorpum pacnipocrpaneHue syua w3 toukn M | paciionoxken-
HOH Ha BBICOTE Zy, Hajl IOBEPXHOCTLIO (CM. pHC. 7.5.).

[ToCKOABKY HOKA3ATCAL HPEIOMICHHS YBEIHIHBACTCA ¢ BLICOTOH, TO NPH Ha-
JalbHOM Yriie ()‘] < ??f?. TAHIeHC TEKYHIEro yria, Kak caeayer wi qopmyns
(7.18), yMeupluactea W uyq npubmmkaeres k peprHkanu (kpupas 1 wa puc. 7.5).
Ipu &, > ?I/'Z ayq Oyner HANpaB/Ien K IPaHKUEe Pasiela H MOKET HOCTHYD TOYKH
noeropotra = }E'.'/?. npu 1(z) = |Sin 0r)|”u (kpuBbie 3 u 4) WIH OTPA3NTCA OT 110-
IiL"[’I.‘(IIUL‘-JH {.K}]Hl‘i(lﬂ ll -l.(iIiI'CIIC 'I'CH}'I['LL‘-I‘('I YTIa OpH 9T0M CHaYdaTd YBCIIHYHBACT-
¢, A 3aTeM HAUMHACT YMEHLINATHLCA, M /Iy CHOBA cTpemMuTes K BepTHKAM. Oue-
BUIAHO, HTO B tll'.-iJ!LIL‘-'l'la. PllL’HlJ.llf)]l\'L'iITI}"I\] II|!?1I’.13-K;‘ l\'I)'r['l’.l'J“ fi!-, |I'I\«"'I IMOITACTE HC MOMKET.
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n(z)

Puc. 7.5. Tpaexkmopui ayneli € n10CKOCIOUCMON cpede npu
ROAOHCUMETLHOM 2PAOUEHME ROKAIAMEIA NPENoMTEH U

2. PaceMOTpHM CHTYaLNEO, KOIIA TOKA3aTCab IIPCIOMIICHHA YMCHBIIACTCA ©
Bricotoil, T.e. grad(n)<0. B srom cnydyae TaHTeHC Tekymero yria Gyuer yne-
JMYHBATECH € BbICOTOM, M 103TOMY Jjlyd OyJIeT OTKIOHATBCA K TOPH3OHTAIM M
0> 6,. Ha nekoropoii BeICOTE Zg TEKYUIHH Yroj CTAHCT PaBHBIM JTIQ H yq
HAYHET U3rHbaTBCA B HAIPABJICHUM K DNOBEpXHOCTH. TpaekTopus cro upuseiena
Ha pHc. 7.6. 11oBOPOT Jiyua IPOMCXOAUT NpH yeioru, koraa a(z) = Sindyn,.

Z A
Ll i s s i =
nz) |
:2:-/; |
-

Z;

/) (

;___
~
3

= N 2

k.

e

Puc. 7.6. Tpaexmopuu 1yueil 6 RA0CKOCIOUCINOU Cpede npu
OMPUYATMEALHOM ZPAOUENINE NOKA3AMENS NPEAOMICHUA
'ACCMOTPHUM, KaK M3MEHACTC aMiimTyaa v dasa syueil mpu pacrpocrpare-
HUW B IUIOCKOCIOHCTOH cpesie. byaem cuutars, UTO niepBoHayanbuas Boiga pac-
npoctpanseres noa yriaom Gy =0 k cioro. Toraa ypassenus sikonana 1 HepeHo-
ca MPHIHMAIOT RH:
2

dg d°g _dedA

—=(2), A—m+2———=0),

oz dz* dz dz
[oaromy
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dn(z) dA
A———=+2n(z}—=0
dz dz
M PECHAC 104 ﬂMiIJII!'I'}"JU\I MOMXHO 3a11MCATHL KAK:

' 21 dn 1 A
A=A exp| —— dz | =2,
e { 2 3{ ndz Vn

DHKOHAT B HTOM CITy4ae ONpe/IeeTes BhPaKeHueMm

=1 [n(z)dz.
20
Torna pemenne 11 MONA BONHEI, PACTIPOCTPAHAIOU(EHCA B IUIOCKOCAOHCTOMN Cpeje
mpu G = 0, B npuGAKEHHH FEOMETPHYECKOH OIITHKH HMEST BIT:

U= A‘ -exp| L ik, j-m\ )dz (7.20)
Jn

5 0
Haunoe pemienne oJHOMEPHOIO BOIHOBOTO ypaBueuus naswmiacrea BKbL - npu-
U;H:‘JH.L‘HIH M, D HAYATBHBIM [lyIuTh!M flhIMII THFH dBTOPOB, MOIMYUHBIIHX €r0 (I“L'HI
nens, Kpamepe, bpunmoen). OTMeTHM, YTO 3HAKH B MOKAZATCIC IKCTIOHEHTH! CO
OTBEICTBYIOT JIBYM BOJIHAM, OErymiMM B CTOPOHY BO3pACTAHHA (BBEpPX) M yObIBA-
HHS (BHN3) KOODAHLATE] 7.
B ciyuae maknownoro nagenus dopmyna BKE npubmmkerns: (7.20) nojryqa-

2 22 %
ereA MpocTo 3aMCHOH 1 Ha JJ?" ~ngSin“Gy w umeer caemyonmii B

A 5 3
0 ikgxSin6, + ik, | \/n‘ nﬂﬁrrf f){,d’—“ (7.21)

— pr
—nySin“6, |

Bonpoce: s camoxonrposis

Moscuure duanuecknii cmbici sitkonana. pusenre ero PA3MEPHOCTS.
Bounnosoit sekrop miockoii OAHOPOJHOH BONMBLI COCTABISET O/IHHAKOBRIC
YTIIBI CO BCCMM OCAMH JICKADTOBOH CHCTEMBI KOOP/IMHAT. 3anuunre Bhipa-
IKCHHC JITA SHKOHATA.
Hanuinyre BO0BOE YPaBHEHHE JUIS HEOHOPOINOI Cpeisl,
4. OOssicHHTe (pusnieckuii CMBICH YCIOBHH IPHMEHEHHS METOIA FeOMeTPHYC-

CKOH OINTHKH,
5. OnpeacauTe paccToAHME 0 OCH X, ¢ KOTOPOrO HAYHHACTCS 06iacTs e,

B b

")

HpH JMHEHHOM BO3PACTAHHH OKaszarTens HPEJIOMICHHA C© BRICOTOH, Kak
HpUBeIeHo ua puc. 7.5.

6. i.]i)[..‘l“‘,'l!—l e Ka4eCTBREHHOEC HCCIeNOBAIIHE NOBEISHNA Jy4da B IMIOCKOCITOH-
CTOH Cpene b ciay4ae, Korja HoKasares HPCITOMASHHS CHAaYana YMCHBITACT-

€3 € BBLICOTOH, @ 3aTEM € HEKOTOPOH BLICOTBI HAYHHAET PACTH,
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