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HEPEIMOBA

Huctumnina TEIl BuB4Yae TeopeTHYHI OCHOBHM Ta METOJIU
PO3paxyHKy eeKTPOMAarHiTHUX TOJIIB Ta MPOIECIB B €IEKTPOTEXHIIT,
OI0 € OCHOBOI TOJAJbIIOTO 3aCBOEHHS HH3KH JAWUCHUILIIH
CJIICKTPOTEXHIYHOr0 mpo(diito, a TaKokK 3aCBOEHHS METO/IiB
pO3paxyHKy 0araTbOX €JIeKTPOTEXHIYHUX MPUCTPOIB.

OCHOBOIO HaBUYAJIBHOI AWUCIMIUIIHA € BUBYEHHS CTYACHTaMHU
JUCLUIUTIH BUIOI MaTeMaTHKH, IiHXeHepHoi rpadiku, Qi3ukwy,
TEOPETHUYHUX OCHOB eNeKTpoTexHikn, iH(popmaruku. I[logamsime
BUBYECHHS  TEOPETMUYHMX OCHOB Ta  METOHIB  PO3PaXxyHKY
CIIEKTPOMATHITHUX IOJIIB Ta TPOLECIB B  EIEKTPOTEXHili
3MIACHIOETHCS Ha JICKIIMHUX, MPAKTHYHUX 1 JJA0OPaTOPHUX 3aHATTAX,
a TaKOX MUITXOM CaMOCTIHHOI, TEOPETHYHOI Ta PO3PaxXyHKOBOI
poOOTH CTYEHTIB.

MerToro BUKJIaJaHHA TUCHUIUTIHYU, IO 3a3HA4YeHa € BUBUCHHS
CTYA€HTaMHU TEOPETUYHUX OCHOB Ta METOHIB  PO3PaXyHKY
€JIEKTPOMArHITHUX TIONIB Ta TMPOIECIB B EIEKTPOTEXHili, sKi
3aCTOCOBYIOTBCS MPU BUBYAHHI, PO3paxyHKaxX Ta MPH MPOCKTYBaHHI
0araTboX eNeKTPOTEXHIYHUX TPUCTPOIB.

3aBIaHHAMU IUCIMILTIHU €:

BHUBYCHHSI TEOPETUYHUX OCHOB PO3PaxXyHKY €JIEKTPOMArHiTHHX
MOJIIB; BUBYCHHS METOJ[IB PO3PaxXyHKY €JIEKTPOMATHITHHX TIONiB
PI3HUX €JEeMEHTIB eJNEeKTPOTEXHIUYHMX IPHUCTPOIB; 3aCBOEHHS
TEOPETUYHUX OCHOB Ta MPAKTUYHHX HABUYOK OTPHUMAaHHS HHU3KH
CJIEKTPOMATHITHUX TapaMeTpiB EJNEeKTPOTEXHIYHUX TPUCTPOIB Ha
OCHOBI PO3paxyHKy MarHiTHHUX IOJIiB.

B pesynbraTi BUBYEHHS TUCUMIUTIHU CTYIEHTH OBUHHI 3HATH:

TEOPETUYHI OCHOBH PO3PAaXyHKY €JIEKTPOMArHiTHUX TOJIB;
METOJM PO3PaxyHKY €JIEKTPOMArHITHUX TIONIB PIi3HUX €JIEeMEHTIB
CJIEKTPOTEXHIYHHUX MPUCTPOIB; TEOPETHYHI OCHOBH OTPUMAaHHS HU3KH
€JIEKTPOMATHITHUX TapaMeTpiB eJNEeKTPOTEXHIYHUX TIPUCTPOIB Ha
OCHOBI PO3paxyHKy MarHiTHHUX IOJIIB.



Po3spin 1

EJIEMEHTU BEKTOPHOIO AHAJNI3Y

§ 1.1. OCHOBHI TeoOpeTuyHiI BigOMOCTI

Jnst onvcy Qi3MIHUX MOJIIB NPUIHATO BUKOPUCTOBYBATH iXHI Ma-
TEMATHYHI MOJCTI — CKAISPHI i BEKTOPHI monsi. B oproroHanbHii
KPUBOJIHIHHIA CHCTEMI KOOPAMHAT (X}, X,, X3) CKAISIPHE MOJE () Ha-
OyBae BUrIsIay Aeskoi GyHKLIT @(X), X;, X3), IO HAOYBAE YUCCIBHUX
3HAYCHb — JIHCHUX YHM KOMIUICKCHHX. BexkTopHe mone A 3agaerbes
TPbOMA MPOCKLISIMU HA OAUHHYHI BEKTOPH (OpPTH) 00paHOi CHCTEMH
KOOPAMHAT:

A=A, (x1,x,%3), + A, (x1,%5,53), + A4, (x,%,%3)],,.

Jist XapakTePUCTHKH BCIMYUHH 1 HAMPSIMKY IOBHAKOCTI 3MIHH CKa-
JSIPHOTO TOJIS B TIPOCTOPI BBOASTH MPATIEHT L[BOTO OIS
1 acplﬂ 1 acpl 1 c(pl (L1)
h1 o h2 o, h3 ax °
e h, ha, 1 h;— xoedimientu Jlsime 3a koopAMHATAMH X, X, T X3, IO
€ Koe(blulemawn nponopumﬂocn MK audepeHLIANIAMH y3araibHe-
HHX KOOP/MHAT 1 HCCKIHUCHHO MajMMH peOpamMH CICMCHTAPHOTO
napanenenineaa B oOpaHiii ToULl mpocTopy.

Hasenemo 3HaueHHs koediuienTiB Jlsve nis HaWO1IbIn yKkuBa-
HUX KOOPAMHATHUX CHCTCM:

® CKApTOBA CHCTEMA KOOPAMHAT (X, Y, Z)

gradp=

h.=h,=h, =],
® IIIIHAPUYIHA CUCTEMA KOOPAHHAT (7, ¢, 2)
B =1 hq, =y, A=L
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e cdepruna cuctema koopauHar (7, 3, ¢)
h.=1, hg=r, hy=rsin3;

I'pagienT ckamsipHOi PyHKII € BEKTOPOM, IO BKA3y€ HAMPSIMOK
MaKCHMAJTbHOI IIBHAKOCTI 3MIHU wi€i QyHKLIi, a HOro JOBKHHA J0-
PIBHIOE IIBHAKOCTI 3MIHH 3raJaHoi QyHKLUil B LibOMY HanpsMky. ['eo-
METPHUYHE 300PaKCHHS CKAISIPHOTO IMOJISI BUKOHY €ThCSI HAHCCCHHSIM
JiHIH oxHakoBoro moteHiiany (miHii piBHS): @ = const. Bexrop
gradp HaNpsAMICHUN MO HOPMAi A0 MOBEPXHI @ = const. Yum mBu-
Jue BiAOYBaeThes 3MiHA (yHKUI @, TuM Olnbumid grade 1 TuMm Omau-
KY€ OJHA A0 OAHOI JiHIi ogHakoBoro moreHuiany. ['paaient obuunc-
JIFOIOTh Y TAKHH CIIOCIO:

® y JCKapTOBIM CHCTEMI KOOPIHHAT

grad =il +— 0 1, +£l,;
o oy oz”
® y LIIIHAPUYHIHA CHCTEMI Koop,:mHaT

0 0
] =2, 1,1,
or rop® oz °
e vy cepuuHiii CUCTEMI KOOPAUHAT

0 1o 1 0

grad =l b=y sl
or r 09 rsin g O

Onuc auepeHLiaTbHUX BIACTUBOCTCH BEKTOPHOTO MOJSI ACLIO
CKIaaHIIui. BexkTopHe mone A NpHHHATO XapaKTePU3YBATH CKaJSp-
HHUM TI0JIEM — JUBEPreHIiero div A Ta BEKTOPHUM TOJIEM — POTOPOM
rot A. 3Ha4YCHHS AMBCPreHLIl AOPIBHIOE TYCTHHI JKECPET PO3IISIHY-
TOTO TMOJISl B 33daHii Touwi mpoctopy. [lonstrs "potop" ocobnmso
HAOYHE TPH PO3IJISAL MO TIHIHHUAX MBHAKOCTCH YACTHHOK CYL/Ib-
HOTO CEPCAOBHLIA. 3PO3yMLIO, L0 TeUist PLAMHHU a00 razy MOXKE Ma-
TH O6epTaHHﬂ (3aBUXPEHHS), TOAI POTOP nom JIlHlHHOl I_I.[BI/I,IIKOCTI
HC JOPIBHIOE HYJIIO. 3BIATH 1 miuwia Ha3ea "potop", abo "uxop". V
AHIJIOMOBHIHM diTepaTypl 3a3BUYall BUKOPHCTOBYETHCSI MO3HAUCHHSI
"curl" (BuXOp) 3aMICTh Y)KMBAHOTO MO3HAYCHHS "TOt".

I'padiune 300parkeHHsT BEKTOPHOro mouist A(r) 3AIHCHIOETBCS 3a
JOTIOMOTOK0 CHIOBHX (a00 BekTOpHUX) miHIi. Bekrop A(ro) € BekTo-
POM JOTHYHOI 0 CHIOBOI miHii B Toutl ro. [Ipu mpomMy cuitoBi miHii




MPOBOJSTHCS TAKMM YHHOM, LIO iX IYCTHHA MPOMNOpLiiiHA abCcoIroT-
HOMY 3HAUCHHIO | A |

binpim popmanbHul MAXIA BEAC OO0 MOHATTS LUAPKYILII BEKTOPA
A 1o miHii L, mo 0OMeKy€e KOHTYP ILIOLICIO S

rzcﬁAc/r.

Jlerko mepeBipyTH, IO LUPKYJISLIS MOCTIMHOTO BEKTOPA 3aBiKIH
JIOPIBHIOE HYTHO. Tako)k MOKHA MOKA3aTH, IO BOHA "TIOPOIKYETHCS"
Ha noBepxHi S. HactynmHuii Kpok — rycTiHa "MOPOKEHHS" LIUPKY-
Js1ii, TOOTO WUPKYJISLIS, MO MOPOIKYETHCS AYIKE MATOKO IITHKOIO
MIOBCPXHI U CTOCYETHCS IO BCI€T AUTSHKH:

£:rotnA,
A

JC N BKa3y€ Ha T¢, IO OCPETHCS MPOCKIIsS POTOPA HA HOPMANb .
To6to Qopmyna BiAMOBIAAE LMPKY/SILII MO HECKIHYCHHO MaIOMy
KOHTYPY SIK OAMHHLI IUIOLII, SIKY OXOIUTIOE KOHTYD. 3BLACH BHILIH-
BA€, IO HANPSIMOK rot A B MPOCTOPI BUPAKCHHM SIK HAMPSIMOK HOP-
Maii 10 Ttakoi ainsuku, ae dl/dS wmaxcumanbhe. Lle BusHaucHHs

CXO0’KC 3 BU3HAUCHHSIM HAINPSMKY T'PaAi€HTa, HABCACHOrO BULIC. SK-
IO 3aJaTH CKIHUCHHY OPIEHTOBAHY MOBEPXHIO S 13 KOHTYpoM L, TO
OTPUMAEMO BAXKIIUBE PIBHIHHS

(ﬁAdr =protAdS , (12)
S
SIKE HA3UBAIOTh ([)opMyﬂmo Cmoxca.
JluBepreHuio BEKTOPHOTO MOt A OOUHCIIOITh HIIIXOM Aude-
PEHLIIOBAHHS HOTO MPOCKIIH 32 IEBHUMH MPABUIIAMH:
® v JCKApPTOBIH CHCTEMI KOOPAMHAT
q
divA = Oy + o + o4 x (1.3)
o&x oy Oz

® VY LHWTIHIPHYIHIN CHCTeMi KOOp,IlHHaT

e y chepuuHiii CHCTEMI KOOPIUHAT



; 1 0 0A
dlvA:—Z—(rzA,. L (smS 9) ,l —L: (13
e or rsing 09 rsind O¢p

® y JOBIUIbHIN OPTOrOHAJBHIN KPUBOMIHIHHIA CHCTEMI KOOpPAU-
Hat
P —(mhsa, ) + (hlthx )+ o —(hhA,)|. (16)
hyhy | Ox; 7o 0x3
[poexuii poTopa BEKTOPHOT'O MO MAIOTh TAKUH BHUIIISA:
® y ICKAPTOBIH CUCTEMI KOOPAMHAT.

0A,
(otA) == >
o0y oz
(rotA) 4, aAZ,
Yo 0z Ox
0A, &
(rotA). :E}_%; (1.7)
® v LWIIHAPUYHII CHCTEMI KOOPAUHAT
O A
(rotA)_le:i——q’,
" rop Oz
0A, O0A,
(rOtA)‘P_ 0z 6_}:’
0 0A, |
(rotA)_ r[g(rA(p)— a(p}’ (1.8)
e y chepuuHiii cHCTEMI KOOPIUHAT
1 0 CA
tA) =——| —(sin94, ) - —2
\rotAl, rsinS[@S(sm 2 an’
1| 1 eé4, o
tA A
(ro ) [smS op or (r ‘p)}’
1%} 0A,
A A =1 1.9
(rotA), = [6r(r 0)- as}' {2

PoTtop BekTOpHOrO mosst A B AOBUIBHIM CHCTEMI KOOPAMUHAT BH-
PaKarOTh uepe3 mpoeKLii BUXIAHOTO mos 1 koedimientn Jlame:
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rotA = L —0(h3Ax3) _ a(h2AXz )
hyhy 0x, 0x3
L o(na,) o(ma,) Ly [o(mA,) o(n4y)
hhy | ox ox hyh, Ox, ox,

(1.10)

Hubepenmanbhi onepauii 31 CKATSIPHAMHA H BEKTOPHUMH ITOJISIMH

3PYYHO 3aMHCYBATH 32 JOTIOMOTOK) CHMBOJIIYHOTO BEKTOPHOTO OTe-

paropaV , skuii Ha3uBaKOTH onepaTopoM "Habna", abo omeparopom

[amineToHa. Y ACKapTOBIM CHCTEMI KOOpAHMHAT oreparop I'aminbro-
HA 3aMHUCYE€ThCS TAKHM YHHOM:

Vsﬁlx+ily+£l,. (1.11)
ox oy oz ~
JloLiIpHICTh BBEACHHS L[bOTO CHMBOJIIYHOIO BEKTOpA IMOJISITAE B TO-
My, IO 3a HOrO JOMOMOTOI0 3PYYHO OTPUMYBATH 1 3aNMCYBATH Pi3HI
(hopMyITH BEKTOPHOTO aHATIZY .

Ha Bextop V MoxHa nepeHecTr O1TbLIICTh 3 OCHOBHUX AlH, Bi-
JOMHUX Ul 3BHYAHKMX BekTopiB. OAHAK CliJ MaTH Ha yBasi, LIO
AHAJIOTISI MK CHMBOIIIYHMM BEKTOpOM V 1 3BHYAHHUMH BEKTOPAMHU
HETOBHA. Y BHPa3ax, sIKI MICTSTh OAHY 3MIHHY, BEKTOPOM V MO»KHA
KOPUCTYBATHUCS TaK, SIK 1 3BHMAMHAM BEKTOPOM, & V BUpa3ax, sKi Mi-
CTITh AOOYTKH KiJbKOX 3MIHHHX, orepatop V 3acTOCOBYETHCS Bif-
NOBIAHO A0 mpaBwiIa JUGEPEeHLIIOBAHHI AOOYTKY. 30Kpema, SIKIIO
BIH Ji€ Ha ZOOYTOK JBOX BEJIHYHH, TO PE3YJIbTAT MOYKHA MPEACTABU-
TH SIK CYMY ABOX JOJAHKIB OJHOTO 1 TOTO CAaMOTO BUAY, V KOXKHOMY 3
skux Vi€ Ha OJMH 13 MHOXKHHKIB 1 HE i€ HA IHIIHUNA. 3aCTOCYBaHHS
omneparopa ['aMinbToHa A0 CyMH OYAb-SIKHX JOJAHKIB 3aBXKIU 3BO-
JUTBCS 0 3aCTOCYBaHHA V 10 KOJKHOTO i3 JOAAHKIB OKpemo. Bu-
KOPHCTOBYIOUH IICH omeparop, BiaoMi AudepeHLiaibHI OnepaTopu
MECPIIOTO MOPSIAKY MPEACTABISIOTh Y BUIVISAL

gradU = VU, divA = VA, rotA =[VA] (1.12)



I3 nudepeHIaIbHIX BEKTOPHHUX ONEPALi APYroro MmopsiAKy LIH-
POKE 3aCTOCYBaHHS B CICKTPOAMHAMILI 3HAXOAMTH omeparop V2,
3aKOH Aii SIKOTO Ha BEKTOPHE MOJIE A OMMCYETHCS CIiBBIAHOUICHHIM

V2A =grad div A —rot rot A . (1.13)

JudepeHuianpHa onepatis APyroro MOPSAKY, L0 A€ HA CKASIPHC
ToJIe, 3a1a€Thes oneparopom Jlamnaca

V2 = A=divgrad.
Omneparop Jlammaca B pi3HHX KOOPAHHATHUX CHCTEMaxX 3aIluCy-
€THCSI TAKUM YHHOM:
® y JCKAPTOBIH CUCTCMI KOOPAMHAT
U U U

ox? oy 0z

VU = (1.14)

® y LWIIHAPUYHIF CHCTEMI KOOPAUHAT

5( 8 52 2
Vg =22 [,08), 10U oU, (1.15)
ror\ or r? op® &2

e vy chepuuHiii cHCTEMI KOOPAUHAT

5
VU = 12 5( an+ 21. i(sin 5(/)+ 1 oU (1.16)
or or ) r“sin$ 09 39 ) r2sin9 ap?

§ 1.2. NMpuknaam po3B'a3aHHA TUNOBUX 3ajaY

¥ 9
1.1. s dyHkuii (I)=a—2+ PR XIJHY 32 HampsiM-

KOM  BHYTpIIIHBOI HOpMaml A0  LIIIHAPUYHOI  MOBCPXHI

2 +z22=a’+c? y touti Mo(a,b,c).

Posze'azanusa. Hexait f(x,yz)= x?+z%. Toxi 3a YMOBOIO
3a7a4l MOBEPXHs € MOBCPXHEIO PIBHS A7 f, sika MPOXOAUTH Kpi3b
Touky M. BianosiaHo rpaxient wiei ¢pyHKii B TouLi M, J0piBHIOE

grad(f‘(MO )) = (2a~ 07 Zc) .
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@yukuis /'y Touni M, HAMBUAIIE 3pDOCTAE B HANPSIMKY TPAAl€H-
Ta, TOOTO B HAMPSIMKY HOpPMaTl OO 3aJaHOl MOBEpXHI. I3 Burmsay
¢yHKUli  poOUMO BUCHOBOK, IO LI — HAMPSIMOK 30BHILIHBOI HOpMa-
ai. BianoBiaHO OJMHMYHMN BEKTOpP BHYTPIIIHBOI HOpPMAdl B TOHII
M, mae Burmsig

—d 0 —C
Ja? +cr ot +c?

Maemo VO = (2x 2} sz 3a BH3HAYCHHSIM TPaJI€HTa MOXKHA 3a-
a
MHCATH f( 97 My) =(1-V ). roni
6f(M0)_ —-a 2a é 2¢_ 4

ol _\/a2+c \/a +i¢ 02 - Va*+c? ‘
1.2. 3naiit potop Bektopuoro nonst a =yl +z1,, +xl. no oxpy-
JKHOCTI
C:{x2 2 +z% =R? /x+y+z:0},
JC 33JaHO HAMPSIMOK PYXY MPOTH FOAMHHHKOBOI CTPIIKH, SIKINO M-

BUTHUCH 3 J0JATHOTO HAMPSMKY oci Ox.
Posze'asannas.3adopmynoro Crokea (1.2) maemo

Iadr = _[JrotadS = -g(rota ‘n)dS,

ae S — xomo Ha mIomuHI x+y+z = 0, MEKEIO SIKOTO CIYTY€E OKPYXK-
. 1 1

HicTh C, n=| —,—,—

(\/5 3B

NPSMOK SKOI Y3TOKY€EThCS 3 HAMPSIMKOM OOBEACHHS 1O OKPYIKHOCTI

C 3a mpaBWIOM MpaBOro reuHTa. Po3paxyemo rota 3a ¢opmyaoro

(1.7):

) — OJMHHYHHN BEKTOp HOpMaT 10 S, Ha-

(rota), = F);"a_z) =-1

10



1.3. Jlna BexropHoro mons A = (Ax, Ay, A,) 13 apiui qudepenui-
HOBaHMMH KOMIIOHCHTaMHU po3paxysatu: a) div rotA; 6) rot rotA,
BHUKOPHCTOBYIOUHM ornepaTtop ['aminbToHa sk BEkTOp.

Po3e’s3anns: a) BUKOPUCTOBYIOUH KOJIOBY IICPECTAHOBKY
MHOKHHKIB Y 3MILIAHOMY JOOYTKY BEKTOPIB, MAEMO

div(rota) =(V-[V-a])=([V-V]-a)=0;

0) BUKOPHCTOBYIOUH TNPABUIIO OOYHMCICHHS MOJABIHHOTO BEKTOP-

Horo 10o0yTky Ta Bupas (1.13), orpumyemo
rot(rotA) =[V[V-A]]|=V(V-A) - (V:V)A =grad(divA) - AA
1.4. Pozpaxysary jarnaciad BEKTOPHOTO MOJIs

X y z

372 372>
(x2 +y? +22) (x2 +y? +zz) (x2 +y? +zz)

A= 32

Posze'azannsa. Sxmo mnomistu omeparopoM Jlammaca Ha
KOMITOHCHTH I10JIsI, TO OTPUMAEMO
x

Mt (x2 +32 +2° )3/2 -
M, =A y .
’ (x2 +y? +zz)3'2
z = - 77 =0

(x2 +92 4 zz)

10610 AA = (A4, A4y, AA:) = (0,0,0) — HYIBOBHIT BEKTOP.

11



§ 1.3. 3apaui Ana caMOCTINHOIro po3B'A3aHHA

1.5. Cxansipae mone ¢ 3a4aHO B JCKAPTOBIH CHCTEMI KOOPAWUHAT

BHPA30OM (P = 3x? ycosz+ 2z%. OGuucauTH BEKTOpHE ToJ1e grad o.
Bionogiow:

grad p=6xycosz 1, + 3x? cosz 1, +(22 —3x?ysin z) L.

1.6. BusHauuTu AUBEPIeHLIIO 1 POTOP BEKTOPHOTO MO A, LIO Xa-
PAKTEPU3YETHCSI TAKUMH CKJIAJOBUMH B LITIHAPUYHIM CHCTEMI KOOP-
qmmar; A, = 10/, A;=0,4,=0.

Bionogios: div A =-10/r, rot A = 0.

1.7. Bu3Hauuti AMBEPICHIIIO 1 POTOP BEKTOPHOro MO A, LIO Y
chepuuHii  CHCTEMI  KOOpPAMHAT  Ma€  €IMHY  CKIQJOBY
Ag =8rexp(-10r).

Bionogios: div A =0, rot A = 16(1 — 5r) exp(-=10r)1 ¢

1.8. V aexapToBiii CHCTEMI KOOPAMUHAT ACSKE CKATSIPHE TMOJC 3a1a-
HO TpHBnMipHHM iHTGI‘pa.TIOM dyp'e

( )2 [ j [ (k. kyoky ) 22452 i i iy

om

OOuncautu Ag.
Bionogiow:

= o )3I J [ F (ky ey ey ) € B5H42*552) g e, iy

ne 1«':—(/«, k] ).
1.9. 3o6pa3uTtu rpadivyHO KapTHHY CHIOBHX JiHIH BEKTOPHHX IO-

JiB, 331aHUX Y ACKAPTOBIH CHCTEMI KOOPAUHAT CBOIMH IPOCKLISIMH:
A, =y+10,4,=0,4, =0, B, =

TN NN - R S ]
\/x2+y2 ’ \/xz-l-y2 _

1.10. 3HaiiTi poTOp 1 AMBEPTEHINI0 BEKTOPHUX TOIB, 33JaHHX Y
JICKApPTOBIH CUCTEMI KOOPAHHAT:
A =cosayl, +sinax 1, +tgazl,, B=6x1,+5z1,+10y1,.

=1().
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Bionoeion: ot A = a(cos ax —sin ax) L., divA=a/ cos? az,
rotB=-5-1,, divB=6.

1.11. BuxopucroByroun npasuna aii 3 oneparopoM ['aminbroHa,
JIOBECTU TOTOXHICTb

rotf{ AB]=(BV)A — (AV)B + AdivB — Bdiv A.

1.12. Y mpocropi 3axaHo ABa BeKTOpHUX 101 A 1 B. 3Haiitu Bipa3
st nosist C = grad (AB).

Brasiexa: Bupasuru onepauiro grad uepes onepatop V 1 CKOpHC-
TATUCS NIPABUIOM AUPEPEHLIIOBAHHS 00V TKY .

Bionosios: C =[ArotB]+[Brot A]+(BV)A +(AV)B.

1.13. JloBecTH TOTOXKHOCTI BEKTOPHOro aHamizy (¢ 1 A — A0BIIbHI
audepeHLIHOBaHI CKaISIPHE Ta BEKTOPHE I10JIE):

divrotA =0,

rotgradep =0,

rot(pA) =[gradp- A]+ @rotA,

div (A ) = (4 - gradg) + pdivA,
grad (@, ) = igrade, + p,gradeg;.

13



Po3spin 2

PIBHAHHA MAKCBEJIJ1A

§ 2.1. OCHOBHI TeOpeTuYHiI BigOMOCTI

Knacuuna Teopis enexkTpoMarHeTu3My Oa3yeThCss Ha PIBHSHHSX
MaxkcBenna, mo OMUCYIOTh CYKYITHICTh EMITIPHYHHAX BIAOMOCTEH IPO
CJICKTPOMArHiTHe noje. [t Bakyymy BBOASITH JBA OCHOBHUX BEKTOP-
HHUX 00'€KTH — Hampyocenicmo enexmpuynozo noas E ta nanpyorce-
Hicmb maenimno2o noast H. OkpiM TOro, BU3HAYarOTh CKATSIPHE 1OIIE
00'eMHOT 2ycmunu enekmpuyHo2o 3apsioy p 1 BEKTOPHE MOJae 00 'cu-
HOT 2ycmunu enekmpuyHo2o cmpymy J., TOB'SI3aHOTO 31 CHPSIMOBA-
HHM PYXOM HOCIiB 3apsay B npoctopi. Cuctema piBHIHb MakcBenia
B AudepeHLianbHiil GopMmi AT BaKyyMy INOJAO 3raJaHUX BHIIC BC-
JIMYHH 3aIHCY €THCS TAKAM THHOM:

rotstoa:—E+Jc,
cH
rotE=—p,—, 2.1
Mo > (2.1
divE=p/sg,,

divH=0.
Lli piBHsHHS MicTaTh ABI (pyHIaMEHTanbHI (PI3MYHI KOHCTAHTH:
g0 =107 /(36m) ®/™m — exexmpuyna cmana Ta p = 4n- 107 Tr/m —
maznimna cmanda.
J10 OCHOBHUX NPHHLHUIIB CICKTPOIUHAMIKHA HAIC)KUTh TAKOXK 3a-

KOH 30CPCIKCHHSI CICKTPUYHOIO 3apsiay, L0 3HAXOAWTh CBOE BIIO-
Opa’keHHsI B PIBHSIHHI HETICPCPBHOCTI:

14



divJ, +0p/ot=0. 22)
[lepwe piBHsHHA cuctemu (2.1) sBise coboro audepeHuiansay do-
pPMy 3alUcy BIZOMOTO 3aKOHY AMICpa, AOTIOBHCHY BCKTOPOM 2y-
CIMUHU CIMPYMY 3MIUYeHHS:
E

J3M =g E

[HOAI 3pYyYHO BHALISATH TYCTHHY CHIOPOHHLO2O CICKTPUYIHOTO
ctpyMy Jere. CyMy CTpYyMyY 3MIIIECHHS, CTPYMY MPOBIIHOCTI, & TAKOX
CTOPOHHBOTO CTPYMY B CJICKTPOJHHAMILI HA3UBAIOTH HOGHUM CHIDY-
MOM.

Jpyre piBHsHH cucTeMu (2.1) omucye 3aKOH €1EKTPOMArHiTHOL
iaaykuii @apazges. Tpere piBusHHS cuctemu (2.1) cTBEpIKYE, IO
JUKCPEIIOM CTATHYHOTO CJACKTPUYHOrO MOJS € 3apsiad. 3 LbOTO BH-
IUIMBAE, IO CHUJIOBI JiHII €ICKTPUUHOTO MO MOXKYTh HOYMHATUCH 1
3aKIHYYBATUCS TIIBKU HA €JICKTPHYHMX 3apsiaax. UeTBepTe piBHIHHS
BKa3ye Ha T¢, IO HE ICHYIOTh MOHOMO/IbHI MarHiTHi 3apsau. Biano-
BIJHO CHJIOBI JIIHII MardiTHOTO IOJIS 3aBXKIH 3aMKHCHI.

3a HasBHOCTI MaTcpianbHUX CEPEAOBHIN Teopiss Maxceeana mae
OyTH JOTIOBHCHOIO ACSKUMH JOJATKOBUMH VSIBICHHIMH, SIKI BPaxo-
BYIOTb MIKPOCKOMIUHY CTPYKTYpy peuosunu. [lix aiero npuknaaeHo-
ro exexrpuuHoro nomns E B cepenoBuil BUHUKAE cmpym npoGioHo-
cmi 3 00'€MHOIO TYCTHHOIO

J. =oE, (2.3)
J¢ G — mutoMa 00'eMHA MPOBIAHICTE peuoBUHH. CITiBBIIHOIICHHS
(2.3) € nudepenuianprorO (opmoro 3amucy 3akoHy Oma; mpomop-
wiiHICTh MK J. 1 E B CHIBHUX €IEKTPUYHHX NOJSIX MOXKE MOPYIIY-
BaTucs. Monekynu abo aToMH PEUOBHHH B €ICKTPHYHOMY IO TMO-
JSIPU3YIOTBCSI, IO B1AOOPAKAETHCS B TCOPIi BBCACHHSIM BEKTOPHOTO
noJs eaexmpuunoi noaapusayii P. Lle#t BekTop y KOXKHINM ToULI Xa-
paKkTEepU3y€E AWUTMOJIBHUH MOMEHT OJIMHHLI 00'eMy pedoBHHH. SKIno
CJCKTPOMATHITHE IMOJIC 3MIHIOETHCSI B YacCl, TO B CCPCAOBHILI BUHHU-
Ka€ CICKTPUIHHUN CTPYM mosrsipusauii 3 00'€eMHOIO T'YCTHHOO

Jnon = 0P/ 2p

VY kOKHIH TOYLI CCPSAOBMINA NMPUHHATO BBOJUTH BEKTOP CICKTPHUY-
HOTO 3MIIICHHS (1HAYKIIi)

D=¢,E+P. 24

15



V pesyabtati nepuie piBHsHHESI MakcBeia HaOyA¢ BUTTBITY
rotH=0D/ot+cE+J .. (2.35)

MarHeTnsm MaTepiaTbHIX CCPEAOBHUIN MA€ KBAHTOBY MPUpPOAY. Y
MEXaxX KIACHYHUX VSBICHb BH3HAYAIOTH 6CKMOP HAMASHIYeHOCMI
M, mo € MarHiTHUM MOMEHTOM OJHMHHILI 00'eMY PEUOBHHH, 1 BEKTOD
marHiTHOI iHAYKuUii B, nos's3anwuii i3 H Ta M criiBBiJHOLICHHSIM

B=y,(H+M).

Jpyre piBHssHHS MakcBenna B MaTepialbHOMY CEPEIOBHIII MAE BU-
T

rotE=-0B/ or. (2.6)

Tpere 1 ueTBepTe piBHsIHH MakcBeaIa 3aMUCYIOThCS TaK:
divD=p, 2.7
divB=0. (2.8)

V' niHifiHOMY HAOMMKCHHI MOMSPU3ALIS 1 HAMArHIYCHICTh MOB'S-
3aHl 3 HANPY>KEHOCTSIMH TOJIIB CITiBBIIHOLICHHSIMH:
P=gyX e E- M=7%,H. (2.9)

A€ Y pien» Xu — AETEKTPUYHA i MArHITHA CIPHHHATIMBOCTI PEYOBH-

uu. Ha wiif miacrasi MaTepianbHi PIBHSHHS CICKTPOMATHITHOTO OIS
MOJKHA 3aITHCATH Y BUIIISIAL
D=¢,;E, B=p,H (2.10)
KoedirientamMmu mpomopuiiHOCTI MK HANPYKEHOCTSIMHU Ta 1HAYKIIi-
AMH € abconiomna OieleKmpuyHa NPOHUKHICMb €,5 1 abconomua
MA2HIMHA NPOHUKHICMb W, . Y PO3paxyHKax 3a3BHYail BUKOPHCTO-
BYIOTb 8IOHOCHI NPOHUKHOCI:
E=845/80, H=Hys/Ho. (2.11)
CniBBigHowmeHHs BUay (2.10) cnpaBmKyrOThCs JTHIIC 33 YMOBH,
SIKIO B3aEMO/IsSI TOJISI 1 PEUOBHHU B1IOYBAETHCSI Maibke Oe3iHEpILIiii-
Ho. Y HBY Ta ontnuHOMYy aiama3oHax JOBOIUTHCS BPaXOBYBATH
e(exTH, o MOB'SA3aH] 3 KIHIEBUM YacOM CTAHOBJICHHS CTaHY PEYO-
BuHH. [Ipu mpoMy MOkHA Ka3aTH HpO AICIEKTPUYHY W MAarHITHY
MPOHUKHOCTI, IO 3aJIC/KaTh BiJ YaCTOTH.
Yetsepre piBHsaHHsS Makcsemna divB =0 cBiguuTts mmpo T¢, 10 B
npupoAl He icHye MarHiTHUX 3apsiaiB. [Ipore iHoal OyBae 3pyuHO
CKOpHCTATHCST (POPMATBHAM YSIBICHHSIM TIPO CHIOPOHHIT MACHIMHUIL
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CMpYM, TYCTHHY SIKOTO J;  BBOAATH V MPaBY YaCTHUHY APYTOTO PiB-
HsiHHS Makcesemia. OcTaTouHO OaCpKY€EMO:
e piBHsHHI MakcBenna B qudepeHuianbHii hopmi
rotH=70D /o0t +cE+J

rotE=-0B/0t—J .,
_ ' (2.12)
divD =p,
divB =0;
e piBHsAHHI MakcBea B IHTErpasbHii Gopmi
$Hd1=[(oD/ ot +oE+ I, )dS,
L N
$EA =—[(oB/ bt +J,,,)dS,
L s

CT.€>

A (2.13)
S Vv

$BdS =0.
S
3a3Buuall PO3IISLAAOTh TAPMOHIYHI CICKTPOMATHITHI MO, IO

3MIHIOFOTBCS B 4aci 3a 3aKkoHoM €'’ i3 wacToToro . [pH HOMY piB-

HSIHHS MakcBeana 3anucyroTh MOAO KOMAIEKCHUX aMAaimyo nouie
TaKUM YHHOM:

I‘Ot H = i())é E‘+' JCT.e s
rotE=—iofi H-Jcru,
B (2.14)
divD =p,
divB =0;
L1i piBHSHHS MICTATh KOMILICKCHI JICTCKTPHUHY €,5 1 MArHITHY [l
HPOHHKHOCTI:
g€ =¢' —ig", [ =p —ip".
HasiBHICTh ySBHHX YaCTHH NMPOHHKHOCTI BKA3y€ HA HE3BOPOTHE

MEPETBOPCHHS YaCTHHU CHEPrii CICKTPOMArHITHOrO MOJISL HA CHEP-
rii0 TCIUIOBOTO pyXy. Buainenns temna Moxe BigOyBaTUCH SIK 3a pa-
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XYHOK CTPYMIB MPOBIIHOCTI, TaK 1 32 paXYHOK BHYTPILIHBOTO TEPTS,
IO CYMPOBOKYE MPOLECCH MOJsipu3aiii Ta nepeMartiayBanHs. k-
IO BTPAaTH B CEPEIOBHIII MOB'S3aHI TUIBKH 3 HASBHICTIO CTPYMIB
MPOBIAHOCTI, TO € =€ —ic/®, =L
VY TexHiml pi3Hi PSUYOBHHHU MPHUHHATO XapaKTCPH3YBATH 3a JOIO-
MOTOI0 MAH2EHCI8 KYMi6 QieNeKMPUYHUX 1 MASHIMHUX 6MPAM.
tgd ., =" /€', tgd,=p"/pn" . (2.15)
Ha mexi moainy ABOX MarepianbHUX CEPEAOBUIN 13 PI3HUMH €IICK-
TPUYHUMH NApaMETPaMH BEKTOPH IOJSI MAIOTh 3aJOBOJIBHATH BH-
3HaueHl rpaHuyHi ymoBH. Koxknuii 13 Bextopis (Hamp., E) y Touwi
MEKI MPUHHATO PO3KIaAaTH HA HOPMAIbHY 1 TaHTCHLUATBHY (ZO-

tuny) ckaagosi E=FE 1 +FE1 . ae 1,, 1. — optu HOpMambHOTO 1

ien

T
TAHTCHILIIATHHOTO HAMPSIMKIB, BIAMOBIAHO).
HopmanbHi ck1agoBl IHAYKIIN 1 TAHIGHLIATBHI CKIQJ0BI HANPYy-

YKCHOCTCH HEMEPEPBHI B KOXKHIN TOULI MEXI MOALTY:

Dln = DZna EI': = EZT;

Bln :B2n= Hl'r. :HZT,'
SAxmo oaHe 13 CCPEAOBHUII — 1ACATBHO MPOBIIHUI META, AJISI SIKOTO
G — 00, TOAl TAHTCHLIATbHA CKIAJOBA €ICKTPUYHOTO BEKTOpA HA
HOBCPXHI BIACYTHSL

(2.16)

E. =0. (2.17)
Ha noBepxHi MeTany HasBHHH CICKTPHYHHN CTPYM 3 NOGepXHe-
6010 2YCMUHOIO

n=[1,H]. (2.18)
EnextpomarsiTHe nmone € Hociem eHeprii. O0'eMHa rycTuHa eHeprii B
Oy ab-sIKiH TOYLI TPOCTOPY

W :%(ED+HB). (2.19)

3aKkoH 30epeIKCHHSI CHEPril 3HAXOANUTH CBOE BIJOOPAKCHHS B 1M€0-
pemi [oiinminea:

—div[EH]:Ta l(ED+HB) +oE*+J. E+J. H. (2.20)
ot 2

CT.¢ CT.M™™*

Bexrop [NoiinTiHra
I=[EH]| (2.21)
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XapaKTePHU3Y€E I'yCTUHY MOTOKY CHEPTii 3a CCKYHAY .
Jist momiB, IO 3MIHIOKOTHCS B 4YacCl 32 TApPMOHIYHHAM 3aKOHOM,
MPUHAHSTO BBOAUTH KOMILICKCHUH BekTop [loiiHTiHra

. .« *
= % EH | (2.22)
JificHa yacTHHA LIbOTO BEKTOPa
1 2 *
I, = ERe EH (2.23)

JOPIBHIOE CEPEeIHBOMY 3a IEPIOA MOTOKY eHeprii. Skmo BcepeauHi
NICBHOI 001aCTI HEMAE BTPAT 1 €ICKTPOMArHITHA CHEPTIS 3a/UIIAETh-
Csl CTANIO0, TO TAKMH MOTIK CHEPrii KPi3b MOBCPXHIO, IO OTOYYE LIO
0071acTh, € CEPEAHIM MMOTOKOM HOTYKHOCTI BHIIPOMIHIOBAHHSL.

I3 piBHaHb MaxcBemna BUIUTUBAE pPsi AOJATKOBHX CIIBBIAHO-
LICHb, SIKUM MAIOTh 33J0BOJIBHATH CICKTPOMAarHiTHI noms. Hampu-

KJIaJ, SIKIIO CHCTEMA CTOPOHHIX JKEPE Josste 30YKY€ B IPOCTOPI
CJCKTPOMArHITHHH TMPOLIEC El, H1 V TOW Yac SK CHCTEMI jn_ze
BIJMOBINAIOTH OIS Ez, H 2. TO CIIPABEIJIMBA PIBHICTD

div| EtHz |~div| E2 Hi [=E2Jerie—EiJorze,  (224)

SIKy Ha3UBAIOTh s1emoio Jlopenya.

§ 2.2. NMpuknaau po3B'a3aHHA TUNOBUX 3ajaY

2.1. YV BakyyMmi ICHY€ €ICKTPOMArHITHE MOJIE, IO FAPMOHIYHO 3Mi-
HIOETBCST B uacl. Y  JACAKIH  TO4ll  MPOCTOPY  BEKTOP
E =130cos2r-10'1 . - BH3HAUUTH TYCTHHY CTPyMY 3MILICHHS B Ja-
HIH TOYII,

Po36'a3anns. 3a BUBHAYCHHIM CTPYM 3MILICHHS

OE .
3o =€ (a_r =—0,556sin 271011,
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3ayBakuMo, L0 B IMPOCTOP1 CTPYM 3CYBY 1 HAMPY’KCHICTb CICK-
TPUYHOTO OIS MapaselibHI, OAHAK CTPYM BHIEpEIKae 3a (azor
Hanpy>kKeHicTh ot Ha 90°.

2.2. lokazaru, mwo 3 piBHIHb MakcBe/1a A1l BAKyyMy BHILIHBA-
FOTh BLIOMI X6UIb06i Pi6HSHHS

~2
vE-—L 9 f:
Soko O (2.25)
~2 ’
’H
VH-¢ u 0—=0.
00 612

Pos3e’'s3anns. Bunumemo cucteMy 3 IBOX MEPLINX PIBHIHB
Makcgemna, CrpaBeIMBUX JUIE BAKYYMY 32 BIACYTHOCTI CTOPOHHIX
JUKEepe

,,
rotH:so(:—E,
@ (2.26)
rotE=— 6_H
=My Py

1 3aCTOCYEMO OTEPALIiIo T0t A0 APYroro piBHAHHS cuctemH (2.25):
rotrot E = graddivE — V?E = —My %(rot H).

[Mpunyckaroun, mo B wid 0O0macTi MPOCTOPYy HEMAaE 3apsaiB
(div E =0) 1 xopuctyounuces nepmunmM piBHSHHIM (2.26), 0ACpKUMO
XBHJIBOBE PIBHSHHS (2.25) amst BEeKTOpa €ICKTPUIHOro mosi. Pis-
HSIHHS [IO10 BEKTOPA MArHITHOTO MOJIsI 3HAXOAATh AHAJIOTIYHO.

2.3. MarepianbHe CEpeIOBHLIC XapaKTCPHU3YEThCs aOCOTIOTHUMHU
npoHuKHOCTIMU £=&(X,y,z), p=const. Busectn audepeHuianshe

PIBHSIHHS APYTOTO MOPSAKY, SIKOMY MA€ 33J0BOJIBHSATH BCKTOPHE MOJIC
H y TakoMy HEOAHOPIAHOMY CEpPEAOBHILI, SIKIIO €ICKTPOMATHITHUI
NPOLIEC TAPMOHIYHO 3MIHIOETHCS B YaCl 3 YACTOTOO (.
Posze’'sszanns. PosrmsHemo apa mepumux piBHsHHS Maxc-
BCJI/IA BIAHOCHO KOMILICKCHHX aMILTITYA!
rotH =ineE
’ (2.27)
rotE =—iopH
1 32aCTOCY€EMO omepario rot 10 nepmoro piBHsIHHS (2.27):
20



rotrot H = graddivH- ViH=io rot(a E]
MarsiTHa NPOHHUKHICTH CEPEIOBMINA HE3MIHHA B MIPOCTOPL, TOMY

divH =0, okpim Toro:
rot [s Ej = [grads E} +erotE.
Bextop E moxxna Bupasutu uepes Bekrop H 13 nepiuoro piBHSIHHs
5 - .
E=—TrotH.
0E
SIKIIO BBECTH MO3HAYCHHS Kk~ =®’EWL . TO OACPKYEMO OCTATOUHHIA
BHIJISI IIYKAHOTO PIBHSHHS
grade

V2 H+ k2 ﬁ+ {—rotl:l} =0.
€

2.4. Tokazary, WO PIBHSHHSA HEMICPEPBHOCTI CTPYMY BHILIMBAE 3
HEPIIOro 1 TPEeThOro piBHsIHL Makcsema (2.1).

Posze'azannsa. Bapro B3TH OO yBar" BIJOMY TOTOXKHICTb
BEKTOPHOTO aHAMI3Y 1 3amMcaTh

divrotH =¢, %div E+divJ, =0,
0

a MOTIM CKOPHCTATUCS TPETIM piBHsHHAM Makcsemna (2.1). Takum
YUHOM, IPUXOAUMO 10 piBHsHHA HenepepsHOcTi divJ, +0p /0 = 0.

§ 2.3. 3apaui Ans CaMOCTiIUHOIro poO3B'A3aHHA

2.5. Iokasatu, 1m0 13 4ETBEPTOrO piBHSIHHI MakcBeIa B HCOTHO-
PIAHOMY CEPEAOBHILI, MArHITHA MPOHHKHICTB SIKOTO € (YHKLIEO MPo-
CTOPOBUX KOOPAMHAT, BUILUIMBAE TAKE PIBHSAHHS AL BEKTOPA HAIpy-
JKCHOCTI MArHITHOTO TMOJIS:

divH = —L(ngad Bas )-
Hag

21



2.6. [ToxazaTu, WO CICKTPOMATHITHE MOJIC, SIKE 3MIHIOETHCS Y Yaci
3a TApMOHIYHHUM 3aKOHOM 13 YaCTOTOIO () B 00IACTI MPOCTOPY, BIIBHOI
BLJ JDKEPET, 3aJ0BOJIBHSIE OJHOPLAHI PIBHSHHA | embMronbis

V2E+ 0)2836}.La6 E= 0,

V2 H+ e)zsaGp.aﬁ H=0.

2.7. Bekrop HanpyskeHOCTI enekrpudHoro mojsi E B aexaprosiit
CUCTEMI KOOPAMHAT MA€ €AUHY, BIAMIHHY BiA HyJs, ckianoBy E,. [o-
Kazaty, o npu 1poMy Bektop IloliHTiHra He MOKe MaTH CKIag0BOI
B3J0BIXK OCI X.

2.8. YV (ikcoBaniii TOYLI MPOCTOPY BLAOMI MUTTEBI 3HAYCHHS BCK-
TOPIB MOJIS

E:Eocos(cor+(p1),
H=H,cos(or+q¢,),
ne E¢i Hy — cram Bexropu.

IMoxaszaru, mo MutTeBe 3HauUCHHs BekTopa [loiHTIHra CKITa1a€eTh-
€5 3 HE3MIHHOTO B 4acl CEPEAHBOrO 3HAUCHHS

1
Hcep =E[EOHO]C‘OS(([)I _(p'Z)
1 3MIHHOI YaCTUHH
I, =%[E0H0]cos(2wr +@ +9;y),

1[0 3MIHIOETHCSI B YaCl 3 MOABOEHOK) YaCTOTOIO.

2.9. llpu (peHOMEHOIOrIYHOMY OMHCI YAaCTOTHUX BIACTHBOCTCH
HOJISIPHUX TICTCKTPUKIB BUKOPHUCTOBYIOTh MATEMATHYHY MOJC/b, L0
YHOAIOHIOE MONCKYJIIPHI JUIONL JO VSIBHUX TBEPAMUX YACTHHOK, ILIO
BIIIYBAIOTh IPH CBOEMY PYCI B'SI3KHI OMip HABKOJIHMIIHBOTO CEPEIO-
puma. [Ipu mpoMy 3B'130K MiK BeKTOpoM mossipusarii P 1 BekTropom
HaNpy’KeHOCTl enexTpudHoro moisit E BcTaHOBMIOETHCS AudepeHLi-
QITBHUM PIBHSIHHIM

il + - P =aE,

d T
J¢ a — KoHCTaHTa, 1 — 4ac penaxcauii cepeaosuina. Busectu 3amex-
HICTh KOMIUICKCHOI a0COMIOTHOI JICICKTPUUYHOI MPOHUKHOCTI BIX
YaCTOTH.
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1+iol"

2.10. BuxopucToByroun yYMOBH NONEPEAHBOI 3aaadi, BUBECTH (o-
PMyJTy TaHT€HCA KyTa JICJCKTPUYHUX BTPaT.

anT?

gy +T(a +a2e,T) '

2.11. Poss'szatu 3amxauy 2.9 qist BUNAAKY, KOJU JHHAMIKA TPOLIECY
HOJISIPU3ALI ONHCY €THCS PIBHSIHHIM

2
d—P+££+m§P =bE,
di* T dt

€ () — BIAaCHA YacTOTa MOJCKYJLIPHOTO AMIOJS, b — KOHCTaHTA.
Taxe piBHSIHHS BHHHKAE, SKIIO 33 MOJACTb JAUITOJS TPHHHAITH OCLIU-
astop 13 TepTam. [poananmizyBaTu rpadiku YaCTOTHUX 3aJICKHOCTCH
JIHCHOI Ta ySBHOI YaCTHUH JICICKTPUUHOI MPOHUKHOCTI.
bT

(032 —032)T+z'2co

2.12. KoMnieKcHI aMILTITY AW BEKTOPIB €ICKTPOMATHITHOTO TIOJISI B
JESIKIH TOULI POCTOPY 3aJA0THCS BUpa3aMHu

Bionogiov: €,5 =€ +

Bionogiow: 186 ;. =

nien

Bionoeiow: €,5 =€, +

E=0,85¢01, ~1,3¢7%71,, H=4,2-10"¢"21,

Busnauntn kommiaekcHuii Bektop [loiiHTiHra 1 #oro cepeane 3Ha-
YCHHSL.
Bionogiow:

M=-2,73-10"¢*1,-1,785-107¢" 1,

Meep =-2,396-101, +0,406-107°1 .

23



Po3spin 3

NJIOCKI EJIEKTPOMAIHITHI XBUJI

§ 3.1. OCcHOBHI TeOpeTU4Hi BiAOMOCTi

[Tn0ocKl €neKTpOMarHiTHI XBHII ICHYIOTh B OJHOPIAHOMY HEOO-
MEKCHOMY CEPCAOBHILI. Y BUIAAKY OB, IO 3MIHIOKOTHECS 13 4a-
COM 32 TapPMOHIYHHM 3aKOHOM, KoMraekcHi ammiityan E ta H 3a-
JOBOJIBHSIFOTD PiBHSIHHS [ ¢1bMrombLst

V’E+k*E=0, a.1)
VH +A*H =0,
ae k=048, =B—io. — KOMIIEKCHUI KOediLieHT TOMmHUpEHHS,
B — xoediuient dasu, abo XBHIBOBE YHCIO, O — KoedilieHT ocrad-
neHHs. OCkibKY BUXIJHI PIBHSHHSA MakcBe1Ia Jal0Th OJHO3HAYHUI
3B"s130k Mk E ta H, T0 1ocTaTHhO 3HANTH PO3B'SI30K JMIIEC OAHOTO 13
LIUX PIBHSHb.
Oxpemuii po3s'si30k piBHSHHA [€IBMroabLsi ONUCYE OAHOPIAHY
IUIOCKY XBHJIIO. SIKIO OCTaHHS MOLIMPIOETHCS B3JOBXK OCIL Z ACKap-
TOBOI CHCTEMH KOOPAHMHAT, TOJl BKA3aHHI PO3B'SI30K M€ BHITIS

E(z) = E,(0)e "+ E,(0)e*. (3.2)

[Nepmuii 1oAaHOK BIANOBIAAE OpsMIM (Takid, 1O Magae) XBUII, IIO
HNOUIMPIOETHCS B HANPSIMKY JOJATHUX 3HAUCHb z. SIKIIO BEITHMYHHU

€,5 1 [, BLOOMI, TO B 1 0L MOKHA 3HAMTH 32 JOMIOMOTOIO BUPA3y IS
KOPEHS KBAIPATHOTO 3 KOMILIEKCHOIO YHCIa
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Jatib=+ ,V;aii fr;a ,

xe r=+a® +bh? — MOAYIb KOMIUICKCHOTO YHCIA, KBAAPATHI KOPEHi

NJr+a 5 \/r —d Cﬂiﬂ BBAKATHU JOOATHHUMH.

Ha BHCOKMX YacTOTaxX MarHiTHI BIACTHBOCTI OLIBLIOCTI CEpeao-
BHILI TIPOSIBJIIFOTHCS C1a0K0. ToMy 3 ZOCTaTHIM AJISl TMIPAKTHYHKX Lii-
7IeH CTYNICHEM TOYHOCTI MOYKHA BBAXKATH [L,s = L.

: ~ ol et _ e «

Ockinbku €5 =€,5 — i€, = €€ (1 zthAieﬂ), TO KOMILICKCHHUM
KOC(ILIEHT MOIIUPCHHS

B ; —
k=P zoc—c)\/poaaG Jl 4 1L . (33)

Koediuient daszu B xapakrepusye 3miHy (azu rapMOHIYHHX KOJIH-
BaHb MPHU NOMMPCHHI XBU. Bigcrane, Ha skiii ¢aza 3MIHIOETHCSI HA
21 paj, HaA3UBAKOTh Q0GICUHOIO X6UNi, =27/ .

[Mnomuny oanakoBuX (a3 HAZMBAKOTE PA30EUM PPOHMOM X6UNT,
a MBUAKICT MICPEMIIICHHS L€l MIOMUHHE — ()A308010 ULEUOKICIO:

Vy=0/p. (3.4)

Koediuient ¢asu i xoedimieHT OcCaabICHHS MOKHA IMPCACTABHTH
TakuMu popmynamu:

1/2
o 27[\/; 1+\/l +tg28,uien (3 5)

p= 2 . ,
1/2
. 27';\/; \”+tg26ﬂ.ien -1 (3 6)
o }\'0 2 . .

OTmxKe, MIbK HUMH ICHY€ CTIBBIJHOIICHHS O = [3tg (68 / 2).

®da3oBa MBUAKICTD

; V2c

Wy = 3.7)

z°
\/;(l+ ,,l+ thSHien )
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V22,

1/2°
\/E(l+,/l+tg2 Sﬂien)

Y dopmynax (3.5) — (3.8) BUKOPHCTAHO BIIOME CITiBBIAHOLICHHSI

A= (3.8)

_ -2
Hglp =@
BigHomenHs $a30BOi LIBHAKOCTI B CEPEIOBHINI A0 IIBHIAKOCTI
CBIT/Ia HA3HBAKOTH KOCQHIYIEHMOM 3ANOMICHHS N = \JELL.

I3 piBHsHD MaxcBenia BHUILTMBAE, IO Y BHMAAKY IUIOCKOI XBHII
koMruiekcHl amrutityqu BekropiB E ta H mos's3ani uepes xapaxme-
pucmuynuii onip cepedosua Z

E=ZH, ne Z = “/ . (3.9)
XapakTepUCTHYHMI OTIIP A7ISl HOMATHITHUX CEPESAOBHIN ( L,5 = K ):
1 1 ozue:l
~ _120m =

Z, = |20 q-itgs,,

£g, Jien ) \/‘

AprymeHT HaOyBae 3HAUCHb BiA Hys (JICNEKTPHKH O€3 BTpaT) A0
7/4 (1acanbHUR METa).
XapakTepHUCTHYHUH OTIIpP Al BAKYYMY CTAHOBHUTH

Zy = 1o /€9 =120m =376,991 [Om],

C (1 t me.n) 4 c .

BekrtopHi piBHsiHHS (3.1) BKa3yroTh Ha T€, IO OYIb-SIKHH KOOP-
JUHATHAW KOMIIOHCHT BCKTOPIB TMOJIsi 3aJ0BOJIBHSIE PIBHSHHS

V2U + kU = 0, poss's3koM sKOro B ACKAPTOBIH CHCTEMI KOOP/MHAT €
U = Cexp[-ik(€,x + £k +E,2)]. (3.10)
Tyr C - xoncranta; &, &, §, — KOMIUICKCHI CTal, WO 32A0BOJb-
HSIIOTb YMOBY
2 2 B
C i, e =l (3.11)
SAxwo &, &, §. — aiiici uncna, Toai Bupas (3.10) onwcye oa-

HOPIAHY TUIOCKY XBHJIIO, IO MOLIHPIOETHCS B AOBIIBHOMY BIIHOCHO
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BHXIJHOI CHCTEMH KOOpAHHAT HampsiMky. L{ro xBumo 3py4sO mpea-
ctaButd GopMyI0I0

U = Cexp[-iy(§r)]. (3.12)
Yncma &, §,, §. MaKOTh 3MiCT HANPSIMHUX KOCHHYCIB, SIKi (ikcy-
IOTh HAIMPSIMOK IMOUIHPCHHS XBHII, a I' € PaalyC-BEKTOPOM TOYKH
(x, ¥, z). Axmo xoua 6 oxne 13 uncen &, & 2 €. KOMILIEKCHE, TOAI

Bupas (3.10) Oyae onucyBatu #eo0HOPiOHY NIOCKY XGUIIO:
U=

= Coxp{~iRe[k(§,x +&,y +&.2)| - Im[k(E,x +£,y +E.2)]},
y Kol (a3oBuil GPOHT 331a€THCS PIBHAHHIM
Re[k(&, x+ Ev,yy +&.2)] = const,
a IUIOLIMHA PIBHUX aMIUTITYJ — PIBHSIHHSIM
Im[£(§,x+&,y+E&, 2)] =const.

(3.13)

V 3aranbHOMY BHNaAky (azoBuii (POHT i IUIOMIMHA PIBHUX aMII-
AITYA yTBOPIOKOTh A0BinbHUH KyT. Ockinbku piBHsAHHA Makcseaia
AiHINHI, TO Oyap-sika KoMOIHaMis X PO3B'SI3KIB TaKOXK OyAe pO3B'si3-

= . - ] '. = .
koM. 30kpema, sikmo £ 1, 1 £l — po3B'a3ku BHXIAHHX DiBHSHD,

TOl

E:Exlx+Eyl), (3.14)
TaKOXK € PO3B'A3KOM pIBHSAHb MakcBe/l1a W ONMUCY€E MOIIUPECHHS Y
pocTOpl ACsSKOl XBWII. 3A/IC)KHO BiJ CHIBBITHOIICHHS MiXK (hazamu
Ta ammTiTYAAMH £, i Ey y KOKHIH TOYLI MPOCTOPY KIHELb BEKTOPA
E Gyae pyxaTtuce no €incy 3 pi3HUM BiJHOLICHHSM Ta OPIEHTALUE0
fioro miBoceit. Taky XBHIIO HA3UBAIOTh XGUICI0 3 eNINMUYHOIO N0~
pusayiero. 3a AOBITPHUX 3HaueHb aMrumity] 1 a3 y supasi (3.14)
LIJISIXOM MOBOPOTY OCEH AOBKONA OCI Z 3aBXKAM MOYKHA BBECTH HOBY
cucremy koopauHar (x',y'.z"), v sxiii 3cyB a3z MK KOOpAMHATHHU-

MH KOMIOHCHTaMH OyA¢ CTAaHOBHTH +90” | a miBoci eminca — 36ira-
THCS 3 HAPSAMKOM ocel cuctemu. KyT moBopory, skuii 3a0€3neuuTh
Take MEPETBOPCHHSI CHCTEMH KOOPAMHAT, OyAC BU3HAUYATH OpPI€HTA-
0 ocel emrmca B cuctemi (X, Yy, z). BiaHomeHHS BEIHKOI MiBOCI
enirca A0 Masiol HA3UBAKOTh KOCPiYiEHMOM eTiNMUYHOCI key,.
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JliHiliHO MOJsIpU30BaHA XBUIIS SIBJSIE COOOK0 OAMH 13 TPAHUYHHX
BUMAJKIB CIINTHYHO MOISIPU30BaHOl XBuil. Jlpyruil rpaHuIHUN BU-
MaJ0K BUKOHYETHCS 32 PIBHOCTI aMILTITYJ BUXIAHUX TOJIB Ta 3CYBI
a3 mix mumu, mo gopisuoe 90°. Tyt kinens Bektopa E pyxaerses
0 KOJy, 1 TOMY XBH/IIO HA3UBAIOTh XGUICIO i3 KPY20BOI NOAAPU3A-
yiero. [Tone Takoi XBHIII MOJKHA TIPEACTABHUTH BUPA30M

E, =E(, £i,). (3.15)

3Hak "MiHyc" BIAMOBIAAE XBUITI 3 MPABOIO KPYTOBOIO MOJISIPH3ALIEIO,
y sxoi BexkTop E 0OepraeThcs 3a rOIMHHMKOBOIO CTPLIKOKO (3a Ha-
OPSMKOM MOLIMPEHHS), a 3HAK "IUTIOC" — XBUL 3 JIIBOKO KPYTOBOIO
MOJBIPU3ALIEI0 (HAMPSIMOK OOCpTaHHs 3BOPOTHUIT). By ap-siky xBHIIO
3 JHIHHOO MOSPU3ALIEI0 MOXKHA TPEACTABUTH CYMOIO ABOX XBHIIb
13 KPYTOBOIO MOJSPH3ALIEF0, HATPUKIA!

E=E 1 =E, +E_, (3.16)
ae

E+:7*(1x+:l),), E :TX(lx—zl),,). (3.17)

[Tnocka XBHIIS TEPEHOCHTH CHEPTiI0 B HANPSIMKY IOLIMPEHHS.
Jlns rapMOHIYHUX OB LEH NPOLEC OMUCYEThCS CCPEAHIM 3HAYCH-
HsaM Bektopa [lolinTiHra:

1 o
.., =—Re|EH |. 3.18
cep = Re[ EH ] (3.18)
3a3Buuai Hcep 3pYYHO BHPAKATH JIHIIC YCPE3 HAMPYIKCHICTh
CJICKTPHUIHOI'O YU Mal“HiTHOl"O 1OJIsL
<12 212
n —ER L —ﬂR (z) (3.19)
cep — 2 ¢ z B ¢ e )z s

C

VY cepenosumax 6e3 Brpar Il HE 3aleKHTh BiJ KOOPAMHATH Z.

cep
SIKmo x cepeOBHIIA 3a3HAOTH BTPAT, TOAl I'VCTHHA MOTOKY MOTYXK-
HOCTI IUIOCKOI €JICKTPOMArHITHOI XBUJI CHAJa€ MPHU MOLIMPCHHI 3a
©KCIOHCHLIATBHUM 3aKOHOM

L., = I, (0)exp(—2az). (3.20)

cep

BenuuuHy BTpar y CEpeAOBHLII XapAKTCPUIYIOTh NUMOMUM 320-
canuam A | gbM]:
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A=20lg & =10lg T .
E(1) [1(1)

SKC TOB'SI3aHC 3 KOC(ILIEHTOM OCIAOICHHS O CIIBBIJHOLICHHIM
A=8,69x .

dazoBa MBHUAKICTh IUIOCKOI €IEKTPOMATHITHOI XBHII Y CEPEaO-
BHILI 13 3QIC)KHUMH B 4acToTH mapameTpamu €' 1 €” Takox € pyHk-
LI€I0 4acTOTH. Take SBHIIC HA3UBAIOTH OUCNEPCIEI0 (Pa30601 uL6lo-
xocmi. Tlpu MOMMPEHHI CKIAJIHUX CHTHAMIB Y I[bOMY BHIAAKY OV-
Ay Th MOPYLICHI BUXIJHI aMIUTITYAHI Ta (pa30Bi CIIBBIJHOIICHHS MK
OKPEMHMH KOMITIOHCHTAMH CIICKTPA Ta, SIK HACTIAO0K, Oyae 3MiHIOBa-
Tucs GopmMa CHrHAIY B MPOLEC] Horo nommpeHHs. st BU3HAUCHHS
BUIJISIAY CHTHATY HEOOXIZAHO KOPHCTYBATUCH CIICKTPATbHHM YH OTIC-
paropHuM MetozoM. Hanpuknan, npumyckarodu, mo

o0
S(o)= I s(t)e " dt
—o
€ yp'e-nepeTBOPCHHSAM CUrHANY y IUtomuHI z = (), MOJKHA 3HAMTH
CHUTHAJI AJIsd I[OBi,"leHX SHAUCHDb Z, BUKOPHUCTOBYHKOUIH 3BOPOTHC MNCPC-
TBOPCHHS

5(t.2) :2% [ S@)e e do. (3.21)

HexTyioun BTpaTaMu B CEPEIOBHUINI | MPUITYCKAKOUH, IO CIEKTP
curHany s(#, z) ZOCUTb By3bKHH (TOOTO BIZHOCHA IIMPHUHA HOTO CMYTH
Ao /©y <<1), MOKXHA OTPHMATH, IO MAKCHMyM HOro oOBiIHOI B
CEPEAOBHINAX 13 JUCTIEPCIEI0 NOMUPIOBATUMETBCS 3 2PYHOBOIO ULBUO-
Kicmio

=== (3.22)

Skmo yMoOBa BYy3bKOCMYTOBOCTI CHTHATY HE BHKOHYETHCS, TOAL
MOHSTTSI TPYHOBOI LIBUAKOCTI MEPECTAE BIAMOBIAATH OMUCY TPAHC-
(dbopmarrii GopMH TAKOTO CHTHATY.
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§ 3.2. NMpuknaam po3B'a3aHHA TUNOBUX 3ajaY

. . Q
3.1. ITnocka enexTpoMarHiTHa XBuis 13 yactororo 10° ' momu-
=107},

p=1. BusHauutu (azoBy MBUAKICTb, JOBXKUHY XBHII Ta KOC(ILIEHT

PIOETbCA B CepeaOBUIN 3 mapameTpamu € =24, tgd ..,

ocnalbneHHs.

Posze'saszanna. Bpaxyemo, mo tgd, <<l1, 1 po3kiagemMo Bu-
pa3 (3.3) y crencueBuii psa. OOMEKYIOUHCH TPHOMA TEPLIMMH YJIC-
HAMH, OTPUMAEMO

tgd

2
’ P 7 : tg )
k :“)\/P-oeaﬁ \/1—1tg5meﬂ zc-J\/uosaﬁ 1—i Z’I‘e” + :

Juen

Takum guHOM, TSI AICACKTPUKA 3 MATUMH BTPATaMH KOCQILIEHT
¢azu Ta xoediuieHT ocnabacHHT HAOIMKCHO AOPIBHIOOTE OJUH OJ-

HOMY:
Brfhges (140.125t878 4, ).
o O,Sm,/pos;ﬁ .

BukopucroByroun cmiBBigHoueHHs (3.4), 3Haiizemo (azoBy
IIBUAKICTH XBHIII

Vy=—on <
TR Ve(1+0.125t¢%5 )

OTtpumaHuii pe3ynbTaTr CBIAYUTDH MPO TE, IO HASBHICTH BTPAT Y CE-
PCIOBHILI NPUBOAUTH A0 3MIHH BEIUUUHH (Pa3oBoi mBuaKoCTI. Js

120 ien = 107" monpaska cranosuts 0,125 %, TO6TO MOKHA TIOKIAC-
TH, 10
Vi v /e =1,94-10° [w/e].

Ha ocHoBI Bigomoi BeanumHM (ha30BOi MBHAKOCTI 3HAMAEMO JOB-
JKUHY XBHIL A= Vq, / f=0,194 m. TlincraHoBka BUXIHHX JAHHX B
otpumany popmyay gae o =1,622 M.

3.2. OGunciutu (GazoBy MWIBHAKICTb, KOCQILIEHT OCTAOICHHS Ta

IIMOMHY MPOHUKHEHHS OIS TS TUIOCKOI €NIEKTPOMArHITHOI XBHII 13
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gactoToro 10 MI'i, mo mnoOmuproeTsCst B MeTam 3 mapaMeTpaMu
6=5-107 Cm/m, p=1.
Posze'sszanns. Y pearpHHX METanax ryCTHHA CTPYMIB MpO-

BIAHOCTI 3HAYHO OLTbIIA T'YCTHHH CTPYMIB 3MiIICHHsS. Tomy BHpa3
MO’KHA HAOJTMIKEHO 3aMUCaTH Y BUIVIAIL

k~o uo(—ig] = \/%(1 —i).
0} 2

Koediuient pasu Ta xoediuieHT 0cnabIeHHS B CEPEIOBHILI, 1O PO3-
IISAAETHCS, YUCCTBHO JOPIBHIOIOTH OJHE OTHOMY

B=a=.Joou,/2=44,43-10° [u"'].

Ha ocHoBi Bizomoi BeanuuHH 3 MOkHA oOuHcauTH (pa3oBy MIBHI-

KicTb Vj, = 1.414-10% m/c. 3a rIuOUHY NMPOHMKHEHHS TMOJS B METal
§ mpuMarOTh BIACTAHb, HA SIKIH HOTO aMILIITYAa 3MCHLIVETHCS B €
paziB. OQueBuano, mo d=1/a=22.5- 10 M= 22,5 mxm.

3.3. Tlnocka enekTpomarsiTHa XBujs i3 actotoro 10° I'i momm-
PIOETBCS B CEpeoBHIN 3 mapameTpamu € = 2,25, tgd, =0,01, n=1.
AmrutiTyJa eneKTpuIHOro nosts v miomuHi z = 0 gopisaioe 100 B/
Bu3HauUTH CEPEAHIO I'YCTHHY MOTOKY MOTYIKHOCTI Y IUIOMKHI z = | M.

Poze'szannsa. I'ycTHHA MOTOKY MOTYIKHOCTI ITOCKOI €71€K-
TPOMArHITHOI XBH/II BU3HAYAETHCS BUPA3OM

- i2
|E’ 1 20z
II.. (z)=—Re| — |e "
cep .
2 Z
HeoOxiano obuucint koedilieHT 0CIabneHHs Ta XapaKTePUCTHY-
Huit omip. Jiroun Tak camo, sk 1 B 3aga4i 3.1, morkHa 3uaiiTu o. [Tig-
CTaHOBKA BUXIJIHHUX JaHuX fAae o= 0,162 ML,

[Ipu BU3HAYCHHI XapaKTCPUCTUUHOrO onopy ams tgd, <<1 Mox-
Ha BHKOPHCTATH HAOMWKCHUI BHPA3 Ul KBAAPATHOTO KOPECHS, IO
Bxoauts 10 ¢popmyau (3.10). Toxi

1 1207 1
zZ, = |r -

ggy 1-0,51tg8 5, e 1-0,51tg8,,
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3BiaKHU
& v
2 120m

a00 micis HeoOX1aHuX oduncieHs I1

20z
2

M., (2)=

cep(z=1)=14,38 Br/n’.

3.4. [lesiki peuoBuHU (HANp., BOAHHH PO3YMH LYKPY) MAOTh PI3HY
MIBUJKICTD MOIIMPEHHS A1 XBHIIb 3 JIIBOIO Ta MPABOKO KPYTOBOKO TO-
nspusawiero. Lle cnpuunHie NOBOPOT IIIOMMHK MOJPH3ALI] IIOCKO]
XBUJII 3 JIIHIHHOK MOISIPHU3ALIER0 B mMporec il nomupeHHs. Taky Biac-
THUBICTh PEUYOBHH HA3UBAIOTb ONMUYHON axmuenicmio. Bsaxkaroun,
IO 3Ha4YeHHs (Pa3oBHX MBHAKOCTEH Mt miBoi V), Ta mpasoi V, kpy-
roBOI mossipu3anii 3a4aHi, BUBECTH (GOpMYITy, sIKa BU3HAYAE KYT TOBO-
POTY TUIOLIMHM MOSPHU3ALIT XBUI HA MPOMDKKY LIJISIXY JOBXKHUHOO L
JUTSL €CKTPOMATHITHOI XBUII 13 33A2HOK0 YaCTOTOIO 0.

Pos3e’'sazanns. JIHIHHO NMOXSIPU30BaHY XBHIIIO, IO Y ILIO-
i z=0 mae Burasa E=FEj 1., MOKHA MPEACTABUTH SK CyMy
JBOX XBHIIb 13 KPYTOBOFO MOJISIPH3ALIIEFO:

. F, . F
Ox . Ox :
E,= (e k) By =—={ls =il
2 2
XBuUIs 13 MPaBOK KPYTOBOIO MOMSPH3ALIEI0 MPU MOLIUPCHHI B Ha-
NPSIMKY OCi z Oy 1€ OTMUCYBATUCS BUPA30M
- o
EH(Z):EOH —IV—Z »
n

a 3 IBOIO — BUPA3OM

. L ®
E (2)=Ey,| —i—z
Va
VY noBinbHi# miomumHl z #(0 cyma KX XBUIIb SBISATHME COOOKO XBH-
IO 3 NiHIMHOKO nossipu3aieto. KoopanHaTHi KOMIOHEHTH L€l XBHII
JIOP1BHIOIOTh

B ()=t 2 S R ]

E, (@) =ifox . ( ’f’n~—e"'ﬁn~").
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Cymaphuii Bektop E yTBOprOE ACSIKHIT KYT (p 13 BICCIO X KOOPAUHAT-
HOI CUCTEeMH (X, Y, Z), SIKUH 3aJICIKHUTh BiJ z. TAHICHC LIbOTO KyTa

tg(p—Ey—tg 0z 1 |
E, 2\¥V. ¥,
Takum 4MHOM, KYT NOBOPOTY IUIOIIHWHM MOJSAPH3ALIT HA BIAPI3KY
LIISIXY JOBXKUHOIO L BU3HAYAETHCS (HOPMYIO0
oL(V, -V
2\

3a3Buyail BIAMIHHICTH LIBUAKOCTEH momwmpenHs V, ta V,, mana.

Tomy HaOIHIKEHO
oLV, -V, L
r—-2—L=g—38V,
V)4 A
ae V' — cepeaHe 3Ha4UCHHS WBHAKOCTI, 8} — BIJHOCHA PI3HHULI IIBH-
JKOCTCH mowmupeHHs; A=V / f — 1oBXKHUHA XBUIT B CCPCAOBHILI.

§ 3.3. 3apgaui gna caMOCTiHOro po3B'A3aHHA

3.5. BuzHaunTu 10BXkHHY Ta (a3oBY MIBHAKICTb CICKTPOMArHITHOI
XBHJII, IO MOITHPIOETHCS B CEPESAOBHIII O¢3 BTPAT 3 BIAHOCHUMH IPO-
HUKHOCTsIMH € = 1= 10, sKmo yacrtora XxBuii craHoButh 10 Ml

Bionogiow: 3 m, 3107 m/c.

3.6. XapaxtepucTraHui omip cepenosuma aopisHioe 1508 Owm, Bix-
HOCHA JICICKTPHYHA NMPOHUKHICTh € = |. Bu3HauuTH BIXHOCHY Mar-
HITHY NPOHHKHICTh CEPEIOBHLIA.

Bionogios: 16.

3.7. YV cepenosuini 3 mapametpamu € =4, u= 1, ¢ =0 mowmupro-
€THCS IUIOCKA €ICKTPOMArHITHA XBH/IS, KOMIUIEKCHA aMILTITYAd BEK-
TOpa HAMPYKCHOCTI CJACKTPOMArHITHOTO MO SIKO1 y rutomuHi z = ()
cranouts E =0,51_+0,21 y- BH3HAIUTH KOMIUICKCHY aMIUITYyAy

BCKTOPA HAIMPY KCHOCTI MArHITHOTO IOJISL, SIKLIO XBHJISI OLIMPIOETh-
Csl B HAMPSIMKY 3POCTAHHSI KOOPAMHATH Z.

Bionosios: H=(~1,0611,+2,651,)-107 A/,
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3.8. ITnocka eaekTpoMarHiTHa XBHIIS MOIIHPIOETHCS B HCMArHIT-
HOMY CEpEIOBHILI OE3 BTPAT 3 HEBIAOMHM 3HAYCHHAM JICICKTPHUHOI
MPOHUKHOCTI. BumiproBaHHS mokaszamy, mo Ha LUBIXY, SIKMH JOpIB-
uroe 10 cMm, xommBanHs 13 yactororo | [T HaGysae momarkosoro mo-
PIBHSIHO 3 BaKyyMOM 3cyBy 3a (hasoto B 40”. Busnauntu BigHOCHY 1i-
CNIEKTPUYHY NMPOHHUKHICTD 1 KOS(DILIEHT 3aTOMICHHS CEPEAOBHUINA.

Bionosgiov: € =16/9=1,78, n=4/3=1,33.

3.9. Hesxmii mienextpuk Ha uactoti 10 [T mae mapamerpu:
=38, n=1, tg 84, = 10, Busnauntn g0BKHMHY XBHIT, KOe]irlieHT
0CIabICHHS Ta XapPaKTCPUCTHYHHUI OMip CCPCAOBULIA.

Bionoeion: 1,54 cm, 2,04-107 M, 193exp(i0,5-10*) Owm.

3.10. Kepawmixa turanaty Oapiro (BaTiO;) na wactoti 10 [T xa-
pakTepusyeTbes mapametpamu: € =144, tg6,;., =0,6, p=1. Bu-
3HAYWTH JOBXKUHY XBUI, KOC(ILIEHT 0CIabICHHS Ta XapaKTCPUCTHY-
HHH ONip LbOTO CEPEIOBHUILA.

Bionoeion: 0,24 cm, 758 M, 29 exp (10,28) Om.

3.11. V ckinpkH paziB 3MEHIIUTBCS aMILTITY A IIOCKOI €IEKTpOMa-
THITHOI XBHJI 13 4acToTOr0 2 MI'Il mpH motMpeHHi B CCPEeAOBHIII 3 Ta-
pameTpamMu G = 16 Cm/M, e=2, p=1 Ha muIxy JOBKHHOIKO 1 M?

Bionogiown: y 1,083 paza.

3.12. BuzHauutH TOBLIMHY MIAHOTO CKpaHa, SIKUM 3abe3mneuye
ocnabNeHH s aMIUTITY M eeKTpoMarsiTsoro nosst B 10* pasie Ha uac-
torax 50 I'mta 50 Ml

Bionogion: 9,271 cm, 29,374 Mrm.

3.13. BuzHauuTu TOBIOMHY CKpaHA, sIKUi 3a0e3metuye OCnabICHHS
aMrIiTy U enekrpomarsitHoro nosst 8 10° pasie ma wacrori 50 I'iy, sik-
10 BIH BUKOHAHMH 13 Marepiary 3 6=15- 107 Cv/m Ta n =900 . Io-
PIBHSATH OTPHMAHHIA PE3YJIbTAT 13 BIATIOBIAIIO JO MMOTICPESAHBOI 3a.0a4i.

Bionoeiow: 3,09 m.

3.14. [uroma mpoBigHicTh MOPCHKOi Boau aopiBHoe | Cm/M. Bu-
3HAUUTH, V CKUIBKH Pa3iB 3MCHIIUTHCS aMILNITYAA CICKTPOMArHITHOI
xBu1i 3 yactoroo f= 10°c™ Ha rou6uHi 10 M. Mopchky BOIy MOXHA
BBA)KATH TMPOBLIHAM CCPEIOBHUILCM.

Bionoeios: amrmiTyna XBHII 3MCHIIUTHCS MPUOIU3HO B 2764
pasu.
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3.15. ¥V cepenopuini 3 mapamerpamu € =225, u=1, o =0 nowwu-
PIOETHCS TIJIOCKA €ICKTPOMATHITHA XBHW/ISL 3 aMILIITYJOK0 HANPYKEHO-
cti enextpuudoro noast 100 B/m. BuzHauuti ryCTHHY NOTOKY HOTYK-
HOCTI, SIKy TICPEHOCHTb XBHJISI B HAMPSIMKY TOIIHPEHHS.

Bionosios: 10,894 Br/v’.

3.16. AMrutiTyaa Hampy>KEHOCTI MArHITHOTO TOJISI TIIIOCKOI €ICK-
TPOMArHITHOI XBHJII, IO MOLIMPIOETHCS B CCPEAOBHIII 3 MapaMETPaMHU
e=3.8,nu=106=210" Cw/m, y mromusi z = 0 gopisrioe 1 A/m. Bu-
3HAQUUTU TYCTHHY IOTOKY MOTYXKHOCTI CICKTPOMArHITHOI XBHJII Ha
BIICTaHI Z, IO AOPIBHIOE | M BiJ MOYATKY KOOPAHHAT.

Bionogion: 94,844 Bt/y>.

3.17. Cepeane 3HaueHHs Bekropa IToiHTIHra MIOCKOI eneKTpoMar-
HITHOI XBHJII B MPOLEC] NOMUPEHHS 3MeHIyeThes Ha 10 % Ha mutsixy
JIOBKHHOIO 2 M. BusHaunT koedimieHT 0CIabIeHHS XBHIII.

Bionogios: 0,025 M.

3.18. Jlesiki cydacHi Ja3epy MArOTh IMITYJIbCHY HMOTY’KHICTb TOPSIA-
ky 10° Br. BU3HAUHTH MUI01Iy TIOMEPEUHOTO Mepepisy Myuka, 3a KOTO
BIAOYBA€EThCS CACKTPUUHKUN mpoOdiii mosiTps. [lpu pospaxyHkax Big-
MIHHICTIO €JICKTPUYHHX BIACTHBOCTCH MOBITPSI TAa BAKYYMY 3HEXTYBa-
TH, HANPYKCHICTh CACKTPHUYHOTO MMOJI, SIKe 3a0e3mneuye mpodii, mok-
JacTH Takoro, mo gopisHioe 30 kB/cm.

Bionogiow: 0,838 cm’.

3.19. Y cepenoBuii 13 3a1€KHAM BiJ YaCTOTH MOKA3HHUKOM 3aJI0M-
JICHHSI TIOUIMPIOIOTHCS ABA BY3bKOCMYTOBHX PAIIOIMIYJIbCH 3 HECY-
yuvu yactotamu 10 1 20 [T, BuzHauuTH pi3HULIO HacCiB 3armi3HIO-
BaHH! IMIybCiB Ha BiacTani 100 kM Bix TOUKH, ¢ BOHH 30ITTHCS 3a
YacoM, SIKIIO 3aKOH 3MIHM MOKA3HUKA 3aJOMIICHHS 3aIHCY€EThCS Y BH-
rowsiai 7= n(w) = 10" o,

Bionoeiows: immynbc 13 Hecyuoro uactotoro 10 I'Tu O6yae Bumnepe-
JUKaTH ApYTHH iMnynbe Ha 4,18 mc.

3.20. ITnocka XBUIISI IOMIUPIOETHCS B3AOBXK OCl Z Y MONICTAPOIT 3
€, =255, npu mpoMy ii €ICKTPHYHE MOJEC OMUCYETHCS (YHKLIEIO

E, =Ejcos(of—kz). Yacrora f=241ITu, FE,=30B/M. 3uaiitu:
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a) avIUTITYAy 1 HAMpsSIMOK MarHiTHOro mojst; ©O) (pa30By LIBHAKICTS,
B) kochimienT ¢a3m; r)3cyB (asu Mk mozmmisMu z;=0,1wM 1
z,=0,15 m.

Bionogiow: a) H, =-0,127cos(wf —kz) ; ©) v, =188 108 M/C;

B) k=802 M"; r)Ap=114°.

3.21. Hlryunuii aHI30TPOIHUH MICICKTPHIHUN Marepiall Ma€e TCH-
30p AICACKTPUIHOI MPOHHUKHOCTI

1 3 0
(e)=¢g¢|-3i 2 O0f.
0 0 4

VY feskil TouLl LBOro MaTepiaty €IeKTPUUHE MOJe OMUCYEThCS Pi-
BHAHHAM E =2X+3y+3z. Skux 3HaueHp v i Toumi HAOYBAIOTh

KOMITOHCHTH BekTopa D ?

D, 2—6i
Bionogion: D= (g)E, Dy =|9+4i|.
D 16

z

36



Po3pnin 4

XBUJIEBOAMN

§ 4.1. OcHOBHI TeopeTnuHi BigoOMOCTI

XBuUICBIA SBIIsIE COOOI0 MOPOXKHIO METAJICBY TPyOy MOBIIBHOTO
nepepizy, ycepeauHl sSKOi MOLIMPIOIOTHCS CICKTPOMATHITHI XBHIIL.
3a3Buuaii 3aCTOCOBYIOTh XBHIICBOAH NPSAMOKYTHOTO (puc. 4.1) 1 kpy-
rioro (puc. 4.2) mepepisiB, a 1HOAI — XBHJICBOAM OLTbLI CKIIATHOTO
nepepidy, Hanpukiaax, /7-nmoxioHi tTa H-moxiOHI.

¥ z

r-—--

4 %

X L

Puc. 4.1 Puc. 4.2

VYV XBHICBOAAX 3 1I€aIPHO MPOBIAHHMHU CTIHKAMH M OJHOPIA-
HHUM 3allOBHCHHAM MOXYTb INOIIHPHOBATUCS XBI/IHi CICKTPHUYIHOTO

tany (F), v IKuX H: =0, a E_,, #0 (HampsMoK oci z 30iraerbes 3
NO3J0B)KHBOIO BICCIO XBHIIEBOAY ), 1 XBHIII MarHiTHoro THny (H), ¥
axux [, =0,a H, #0.

AHani3yroTh XBWII Y XBHICBOAAX 32 JOMOMOTOIO PO3B'SI3aHHS PIB-
HsHHs [enpMronbis ams ckaagoBux [, uu H, 3a PiBHOCTI HyIHO
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TAHICHLIATbHOI CKJIaJ0BOI BEKTOPA CACKTPHYHOTO IOJIs HA CTIHKAX
XBUJIEBOAY.

[TpumycTiMo, o XBHICBI 3aIIOBHCHUH JICICKTPHKOM 13 BIJHO-
CHOIO JICJICKTPUYHOIO MPOHHUKHICTIO € 1 MArHITHOK MPOHHKHICTIO
p = 1. KoxxHuil KOHKPETHUM TUI XBUI Y XBUICBOAI MOJKE MOLIUPIO-
BATUCS B TOMY BHIAJKY, SIKIIO

Ao /& <Ay, “.1)
J€ ho — JOBKHHA XBHJI TC€HEPaATOpa; kkp — KPUTHYHA JOBKHHA XBH-

Ji, 0 BU3HAYAETHCSA PO3MIpaMH 1 (GOPMOIO TOTIEPEUHOTO TEPEPisy
XBHJICBOAY .
Jost xBuns tuny £, 1 H,,, y IPSIMOKYTHOMY XBHJICBOI

y - 4.2)

K >
Jn/a) +(n/b)
Ie a, b — po3MipH NMOMICPEUHOTo Iepepi3y xBuiaesoay (puc. 4.1).
Jast xeunb Tuny E,,, v KpyrioMy XBUieBoal

Mo =2malv,,, 4.3)

A€ a — PaalyC XBUICBOAY Vu, — M-1i KOPiHb piBHHHA J, ()) = 0,
J(x) — dysakuis beccenst. st xpune tany H,, v KPyTriioMmy XBHIIC-
BOI1

Ay =2malp,,, 4.4)
J€ Wn — M-H KOPiHB piBHSHHS J', (%) = 0, J',(X) — moxigHa B GyHKIi
beccemns.

da3oBa MBUAKICTD XBUIl Y XBUICBOAl BU3HAYAETHCS BEIHUHHOIO
N03006IHCHBLO2O XEUTLOBO2O HUCIA

k, = ,/st ~k2, (4.5)

ae B =2n/ky; k, — nonepeune (cross) XBUIbOBE YHUCIO, SIKE MAE Ta-
KHH 3B'130K 3 KPUTHIHOIO (critical) AOBKUHOIO XBUIL: k, = 21/,
Sxmo BukoHyeThest yMosa (4.1), To P’e > k., 3HaueHHs k. milicHe
1 JaHUH THTT XBUJII TIOIHPIOETHCA. SIKino ymoBa (4.1) HE BUKOHY€ETH-
csl, TO st <kc2 , BHAYCHHS k. VSIBHC 1 JaHWH THI XBHII 3raca€ He

MNOLIMPIOIOUNCH. Y IbOMY BUIAAKY (opmyna (4.5) 103Bomsie BU3Ha-
YUTH KOCILIEHT OCIA0ICHHS XBUIL.
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Jis1 BuzHaueHHS (ha30BOi MBUAKOCTI Ta JOBKHHU XBHIL Y XBHIIC-

BOJI MOKHA CKOPHCTATHCS CITiBBI AHOIICHHSIM

k, =21/ Ay =0/V,

(4.6)

ae A, — AoBxkHMHA XBHII y XBUiaeBodl. I3 (4.6) ozepikyemo pospa-

XYHKOBI (hopmynu amst (a30BOi MBHUAKOCTI, JOBKHHU XBHIIl Ta TPY-

MOBOI IIBUAKOCTI.

®dazosa H.IBI/I,E[KiCTb CTaHOBUTb

1( A

| - 8

€ ?\Kp

JloBxkuHA XBUITI Y XBHJICBOI

Ao =

XB

I'pynoBa mBUAKICTE

c
7
R

c/\/g

Ao /e

4.7)

(4.8)

(4.9)

A€ ¢ — MIBUAKICTH CBITIA Y BUIBHOMY MPOCTOPI.

OCHOBHMM THIOM XBWJII B MPSIMOKYTHOMY XBHJICBOAIL 32 d > b €
XBUIA Mo, AMs AKOi Ay = 2a; HAHOMMKYMMH BHIIMMH THIIAMH €
xBum Hyy, Hy, Hy. KapTuay cumoBuX TiHIA MOJS HAWMPOCTILIMX
XBHJIb MATHITHOTO THITy 300pa>kCHO Ha puc. 4.3.

Hyo Hy, Hyy
bl LA SRR =X>
EN N PSS TR
- i 5 sl \ H/' £ !y
-4- -> > <-- Ul U S
—-_ - - > - m “?\--K
Puc. 4.3
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[Mpaxruune 3HAUCHHS Mae XBuiss Tuny H, y NpPsSIMOKYTHOMY
xBueBoal. CknaaoBl BEKTOPIB MOJIS L€l XBUII OMUCYIOTHCS PiB-
HSTHHSIMH:

B, =, =H, =0,

: ; . (Y s
E, = —IZOmHO(Zﬂ X)\/ u/e sm(;je wR,

; 4.10)
: . 2 X | —ik.z (
H, =;H0(2ak),/1—(%a) s1n(7Je ez
H.=H, cosLE)e"k::.
a
Xapaxmepucmuunum onopom Z, XBUICBOAY HA3HBAIOTh BIJHO-

ILICHHSI TIOTICPEYHUX CKIAT0BUX BEKTOPIB £ Ta H.
J71s1 XBUIb CICKTPUUHOTO THITY

(4.11)

J1ns1 XBUJIb MArHITHOTO THITY

m _
Z; = 4.12)

ae Zy — XapaKTePUCTHYHHUH OMip TUIOCKOI XBHUIII V BITBHOMY IPO-
CTOpI.

[ToTy>kHICTB, IO MEPEHOCHTHCS XBHICIO OV Ab-5IKOrO THITY V XBH-
JICBOJI, BH3HAYAIOTh IHTErpyBaHHAM BekTopa [loliHTiHra 32 monepey-
HHM NIEPEPI30M XBUICBOAY:

| o
R, =5ch I.|EH |dS}. (4.13)
S

[MiacraBasroun Bupas (4.10) anst ckmagoBUX BEKTOPIB MO Y BU-
pa3 (4.13), ozeprkumo opMyny IS pO3paxyHKY IMOTYKHOCTI, SIKa
MICPCHOCUTBCS XBIJICIO TUITY H ) V IPSIMOKYTHOMY XBHJICBOI:
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[ 2
abaf1-|A, / (2a)
P= [ | EZ, (4.14)
4Z,
ae £y — MakcuMaibHA aMILIITy Aa HAMPYKEHOCT] CICKTPUYHOTO IO
V XBHJICBOI.

AHanoriuHo BHBOAUTBCS (OPMYJIA ATl PO3PAXYHKY MOTYIKHOCTI,
IO NICPCHOCHTBCSL XBHJICIO THITY M1 y KPYTIIIOMY XBHICBOI

(4.15)

MaxkcuManbHa MOTYKHICTB, SIKAa TIEPEHOCUTBCS Y XBHICBOAI, BH-
3HAYAETHCS MAKCHMAIBHOIO JOMYCTHMOIO (MPOOHBHOIO) HAIPYIKEHI-
CTIO CJICKTPUYHOTO MOJISI Y XBUICBOAL. Jlyisi CYXOro moBiTps 3a aTMO-
cheproro tucky L. =30 kB/cM. 3racaHHs XBUIb Y XBHICBOJAX
3a7ICKUTh BIA BTPAT Y METAICBUX CTIHKAX 1 B MaTepiani, Mo 3aroB-
HIOE XBUNIEB1A. Pe3ynpTyrounii koehilieHT 0c1abneHHs XBUII Y XBH-
JICBOI JOPIBHIOE CyMi KOC(DILIEHTIB OCIA0ICHHS, BUKIIMKAHUX BTPa-
TaMU B METANCBUX CTIHKAX 1 B AICTCKTPHKY Oy, = OLy + 0L .

Koeiwient ocnabneHHsT BHACIIAOK BTPAT V METANCBHX CTIHKAX
Ju1s1 Oy Ab-5IKOi XBUII Y XBHJICBOAL JOBLTBHOTO HEPEPi3y AOPIBHIOE

Ry [Jf1,[ ar
L

Ay =

T (4.16)
j Re| EH |dS
S

TYT Rg = A+® — eKBiBaNCHTHHII IOBEPXHEBHIT OMp METATy, AE BE-
auuuHa A 3aMCKUTh HE TUTBKH BlA BIACTHBOCTCH KOHKPETHOIO ME-

Tay, ane # BiA skocTi 00podku Horo nmosepxHi; H, — ckmagosa ma-

THITHOTO MOJIsI, TAHICHIUAIbHA JO MOBEPXHI MeTany. [HTerpan y uu-
cenpbHUKY BHpasy (4.16) OepyTh 3a KOHTYPOM MEpepi3y XBHICBOAY,
IHTETpan y 3HAMCHHHKY — 3 HOro nmonepevynumM nepepizom. IMiacras-
JSIIOYM CHIBBIIHOLICHHS A1 CKIQJOBUX BCKTOPIB MO B 3araibHUI
Bupas (4.16), oxepxumo po3paxyHkoBi (popmyan st Koe]iuieHTIB
0C1a0ICHHS KOHKPETHUX THITIB XBH/Ib Y XBHICBOJAX.
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Jast xBuib Tuny M) y IpSIMOKYTHOMY XBHJICBOI

5
Rq l+(hj 2
2a ) a

a, = : (4.17)
by 2
Zyb 1—(2—")

a

§ 4.2. Npuknaau po3B'a3aHHA TUNOBUX 3ajaY

4.1. SIxi TUMH XBHJIb MOXKYTb TOIIHPIOBATHCS B KPYIJIIOMY XBHJIC-
BOJAI JIaMETPOM 3 CM, 3arlOBHCHOMY JICIICKTPHKOM 13 BIIHOCHOKO
nponukHIcTIO € = 3,27 YactoTa komusasb 10 [T

Posze'sas3annsa. Y TakoMy XBHIECBOJI MOXYTh MOLUIHPIOBATH-
Csl TMINE TiI THUMH XBHIb, ATS SKUX BHKOHYETBCS YMOBA A< Ay, 1€

A=Ay / Je=c/ (f Je ) — JOBXXHHA XBWJIl B OJHOPIZHOMY OC3MEXK-

HOMY MICACKTpHKY. Y Hamomy Bumagky A= 1,675 cm. Kpuruuna
JIOB)KHHA XBHJIl B KPYTJIOMY XBHJICBOI AOPIBHIOE 2T/, TSI XBHIIB
tany E,, 1 210/ Wy, 81 XBUAb TUNY H 0. OTOKE, TS0 TUITIB XBUITB, IO
NOIIUPIOIOTBCS,  MAIOTh  BHKOHYBATHCS ~ YMOBH  V, < 27d/A,
Won < 2ma/d, 2malk=5,627, Akl 3aJ0BOJIBHSIOTH Takl THIH XBHIIb!
Eo, Eoz, En, En, Ho, Hyy, Hyp, H, Hy), Hy.

4.2. YV nmpsMOKYTHOMY XBHJICBOJI, IO Mae mepepi3 4 x 3 cM, mo-
IIUPIOETHCS XBIIS TUMY /1. XBUICBIJ 3aNOBHCHUIN MIHOMOIICTHPO-
JOM 13 JICTCKTPUYHOK TpoHHKHICTIO €= 1,15. YacTota KommBaHb
8 I'T'. BusnaunTu ¢a3oBy MWBHAKICTS 1 JOBKHHY XBHII Y XBHJICBOI.

Posze'azannsa. 3HaWAEMO KPUTHUHY JOBXKHHY XBHI IS
KOJIMBAHHS THITY /) y IPSIMOKYTHOMY XBHJICBOJI

M = = =48 cm.

JA/a)? +(1/b)?

JomxkuHa XBWI reHepaTtopa iy = c/f = 3,75 cm. daszoBa mBHIKICTH
XBHIII Y XBHJICBOI
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=4,084-10% m/c.

JloBxkKMHA XBUII Y XBHJICBOI

Ao /e

A = =5,105 cm.

XB

4.3. 3a sKoro glaMeTpa Kpyrioro XBHICBOAY B HOMY MOJKE MOLIHPFO-
BAaTUCS TUTBKH OJUH OCHOBHHI THIT XBHJT 32 4acTOTH KOyuBaub 10 [Ti?

Posze'azannsa. CrnoyaTky 3HAMIEMO JOBKHHY XBHII TCHE-
paropa k= ¢/f = 3 cM. OCHOBHHUM THIIOM XBHIII KPYTJIOrO XBHICBO-
ay € xewiast Hiy. li xputuuHa goBKHHA KKP =27na/1,841=3,413a,

3BIZIKM OTPUMYEMO YMOBY ICHYBAHHsI XBHIIL TUIY H);:
a>hr/3,41 =879 mm.
HaiGmmKkanM BUIMM THIIOM XBHJII B KPYTJIOMY XBHICBOAI € XBHIIS
Ey. i KPUTHYHA JOBXKHHA A = 2ma/2,405 =2,613a. 106 xBuis
Tuny £y HEe MOIJIa MOLIUPIOBATUCS, MAE BUKOHYBATHCS YMOBA
a<iy/2,61 =1148 mm.
Omxe, AlaMeTp XBHICBOAY Ma€e OYTH B MEKax
17,58 mm<a <22,96 mm.

4.4. IpsvoxyTHuUI xBUACBLA niepepizoMm 23 x 10 Mm caykuth At
nepesadl HaJABUCOKOYACTOTHHX IMITYJIBCIB 13 NMPSIMOKYTHOIO OOBIX-
HO1O. TpuBamicTe iMIyabCiB T =6 HC, Hecyya uactota fo = 10 [T
Howxuna minil /=50 M. OLIHNTH SIKICHO BEIMYHHY CIIOTBOPCHB 1M-
TyJTbCIB, BUKJIMKAHUX JUCTIEPCIEI0 XBUICBOAY.

Pos3e’'sa3amnuns. 3a3HauuMo, IO B MPSIMOKYTHOMY XBHJICBOII
nepepizom 23 x 10 mm 3a wactotu 10 I'Tu Moke momuproBaTHCs
aume XBWIsL tHIY Hig. i KPUTHYHA JOBXKHHA A =2a =46 cM, a
KPHTHYHA YacCTOTA fi, = ¢/Ag, = 6,52 I'Tu. CriotBOpenHs dopmu iM-
NyJIbCIB Y XBUICBIAHIA NiHII Mepeaadl BUKIUKAHI PI3HUM YacoM
IPYIOBOTO 3aMi3HIOBAHHS TSl PI3HHX CKJIAJOBHUX CICKTPA CHUTHAIY.
CnekTp mpsSMOKYTHOTO BHCOKOYACTOTHOTO IMITYJIbCY B 001acTi J0-
JATHUX YaCTOT OMHCYEThCS (POPMY IO
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. (0—0p)T
smi( o)

v by
b(co)—? (0—agy)T

2
1 Mae BUIIILA, 300paXkeHuit Ha puc. 4.4.

[S()|

r Ll Ll

01 Oy O2 (1')
Puc. 4.4

[Mpunycrumo, mo MmMUPHHA CHEKTPA AOPIBHIOE IIHPUHI HOTO ro-
JIOBHOTO MECIOCTKA. 1041 KpaiHI YacTOTH CICKTPa JOPIBHIOBATH-
myTh fi =fo— 1/1=9,8331Tn, £ =/ + 1/1=10,167 [Tu. Pizuuus
IPYIIOBOTO Yacy 3arti3HIOBAHHSI

F ¢ (4.18)

= : =
Vrp (fl) le (fZ)
Bukopucrosyrouu piBHsHHS (4.9), oxepKuMo

/ 1 B 1

t:: 2 2
VU1 1) 1=( 1 12)

A =5.4 He.

§ 4.3. 3apaui Ana cCaMOCTIMHOIro po3B'A3aHHA

4.5. SIxi THIMU XBHJIb MOXKYTh MOLIMPIOBATHCS B 3aIIOBHCHOMY ITO-
BITPSIM NPSIMOKYTHOMY XBHJICBOAI mepepizom 10 x 4 cm 3a wactotu
f=5TTu?

Bionoeiow: Hyo, Hy, H3o, Hor, Hy1, Hy, By, Egy
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4.6. Sxi TMIIH XBUJIb MOXKYTb MOLIMPIOBATUCS Y KBAAPATHOMY XBH-
aesoai 31 croponoro 1 cm 3a wacroru 10 I'Tu? Xsunesin 3anoBHeHMI
JIENIEKTPUKOM 3 BIJHOCHOIO IPOHHKHICTIO € = 2.6.

Bionoeion: HlO, HEO, H()], ]’I()g, H11, E“.

4.7. SIxi TN XBHIb MOXKYTh MOUIMPIOBATHCS B 3aIIOBHCHOMY IIO-
BITPSIM KPYTJIOMY XBHIICBO1 aiameTpoM 6 cm 3a wactotu 7.5 [Tu?

Bionogios: Em, E1 i Ho], H] B H31, Hg].

4.8. TlpsmoxyTHui xBuaeBia mepepizoM 23 x 10 MM 3amoBHEHHMI
JIEIEKTPUKOM 3 BIAHOCHOIO NPOHHKHICTIO € =2.25. Yacrora komm-
Banb 8.4 I'Tu. Buznauntu BenuunHu Vq, 1Nz

Bionosgiow: 2,34-10° m/c, 2,78 cMm.

4.9. BU3HAUUTH KPUTHYHY JOBXKHHY XBHIII, KPHTHYHY YacTOTY i
JOBXKUHY XBHJII B MPSIMOKYTHOMY XBHIICBOAI AJst XBHL Tumy £y;. Pos-
mipH nonepeyHoro nepepizy 4 x 3 cm. Hacrora xommsanp 10 I'Tx.

Bionoegion: 4,8 cm, 6,25 I'T, 3,84 cm.

4.10. BuzHauuTy KpUTHYHY 4acTOTy 1 ()a3oBY IHIBUAKICTb XBUIIL B
KPYTJIOMY XBHJICBOAI aiametpoM 5 e 3a yactotu 5 [T,

Bionoeios: 3,516 T, 4,219-10° m/c.

4.11. BusnaunTi miaras3oH 4acToT, Y MEKax SIKOrO B KPYTITIOMY XBHIIC-
BOZ1 AIaMeTPOM 4 CM MOKE NOLIHMPIOBATHCS TLIBKM OCHOBHHH THIT XBUJII.

Bionosiown: 4,395-5.740 I'Tu.

4.12. Buznauntu glaMeTp KPYIJioro XBUICBOAY, SKUIO (a3oBa MIBHAI-
KicTb XBHT THITY [, 32 wactoTn oyt 10 T gopiseroe 5-10° m/c.

Bionogion: 14,34 mm.

4.13. JloBxuHa XBUI Y XBHJICBOAl MPH POOOTI HA OCHOBHOMY THITI
XBWI CTaHOBUTH 4,5 cM. Po3Mipu monepedHoro nepepizy XBHICBOIY
2,6 x 1,3 cm. 3HaiTH YaCTOTY KOJHMBAaHb, 110 MEPESAAOTHCSL.

Bionogios: 8,82 I'T11.

4.14. dazoBa WBHAKICTh XBUIT THITY H1o Y TPSIMOKYTHOMY XBHIICBOI
JIOPIBHIOE ¢, A€ ¢ — MBUAKICTH CBITIA. BuzHauuTH po3mMipu XBHICBOAY,
SIKIIO JOBYKMHA XBUJII Y BLTBHOMY TIPOCTOpI fOpiBHIOE 10 cMm.

Bionogion: a = 5,1 cm; po3Mmip b 3 yMOBH 331a4i BUSHAYMTH HE-
MOKITHBO.

4.15. 3HaiiTH TPYNOBY IBHAKICTh XBUJI TUIMY /) Y IPSIMOKYTHO-
My XBHJICBOAI IiepepizoM 72 x 34 MM 3a yactotu mostst 3 [T

Bionosios: 2,16-10° m/c.
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4.16. Y xpyrioMy XBHJICBOAI MOIIUPIOEThCS XBIIs THIY £, Yac-
tora nonst 10 T, moexuua xBumi y xBunesoal 4 cm. OOuncnutu
IPYIIOBY IIBHIKICTb.

Bionosiow: 2,25-10° m/c.

4.17. Y XBUNICBOII, 3alIOBHCHOMY MICICKTPHUKOM 13 BILIHOCHOIO
MPOHUKHICTIO € = 2,25, MOLIMPIOETHCS XBUITA 13 (DA30BOIO MIBUAKICTIO
3-10° M/c. BU3HAYHTH IPYIIOBY IIBHAKICTb.

Bionogiow: 1,333-10% m/c.

4.18. Bu3HauuTH XapaKTepPUCTHYHUI OMIp XBHI THIY H)) Y IpsMO-
KyTHOMY XBHIICBOZ1 TIEpepizoM 72 x 34 mm 3a yactotn kKoamBane 3 [T,

Bionoeion: 5239 Om.

4.19. BusHauuty XapakTCPUCTHYHUI Omip XBUI TUIY Fy Y KPyrio-
MY XBHJICBOAI aiameTpoM 30 MM 3a JOBXKHUHH XBHJII reHepaTopa 3.2 ¢M.

Bionogion: 217,7 Om.

4.20. V xpyrioMy XBHJICBOAl JIaMETPOM 5 CM, 3alOBHCHOMY Aic-
JICKTPUKOM, TIOLIUPIOETHCS XBIIA TUIY M. Yactota xonuBans 3 [T
Bu3HauuTH AICNEKTPUYHY NPOHUKHICTh PEUYOBHHH, IO 3aMOBHIOE
XBHWICBLA, KO (pa3oBa LIBUAKICTH XBUII JOPIBHIOE MIBUIKOCTI CBIT-
Jay BUJTBHOMY IPOCTOPI.

Bionoeiows: € =2,37.

4.21. Ilpuctpiii A BUMIPIOBAHHS JICICKTPUYHOI HPOHUKHOCTI
pEUOBHHH SIBIIE COOOK MPSIMOKYTHHH  XBHJCBIA —MEpepizom
23 x 10 MM, 3aroBHCHHI AICICKTPUKOM. JlJIsi BUMIPIOBAHHST IOBKHHH
XBHII Y XBHJICBOZI MO CEPEAMHI HOTO MIMPOKOI CTIHKH MPOpi3aHa mo3-
JOBXHS LIUTHHA, Y3A0BXK SIKOI MEPEMILYEThCS 30HA 13 JCTCKTOPOM.
XBUIICBIA TPALIFOE HA OCHOBHOMY THITI XBWI. BU3HauuTH AleneKTpH-
YHY MPOHHUKHICTH JOCITIPKYBAHOI PEYOBHUHH, SKIIO 32 YACTOTH CHUTHA-
ay 10 I'Ty gosxuHA XBII Y XBHJICBOI AOPIBHIOE 22,6 MM.

Bionogion: € =2.19.

4.22. Bu3Ha4ynTy 3racaHHs XBWI TUIY Ho HA BIAPI3KY MPSIMOKYTHOTO
XBUIIeBOAY miepepizom 23 x 10 mm 1 goeskuHOKO 10 oM 3a yactotr 6 [T

Bionogiow: 46,4 nb.

4.23. Slxy MaxcUMaibHYy TOTY)KHICTb MOJKHA MEPEIAATH YEPe3 Mpsi-
MOKYTHHH XBHJICBIA nepepizom 23 x 10 MM, o mpamoe 3a 4acToTH
10 I'Tu? XBunesia 3amoBHCHUI MOBITPSIM, TPAHUYHE JAOIYCTHME 3HA-
YCHHSI HAMIPY KCHOCTI enekTpuunoro nosst 30 kB/om.

Bionogios: 1,04 MBT.

46



4.24. Y xpyrioMy XBHJICBOJI PaJlyCOM ¢ TIOIIHPIOETHCS XBUIS TH-
ny Hy,. Ha sixiii Bigcrasi BiJ OCI XBUICBOAY HAINPYIKEHICTD CICKTPHY-
HOTO MOJISI MA€ MAKCUMAJIbHC 3HAUCHHS

Bionoegiow: 0,48a.

4.25. Yepe3s nmiHir0 nepeaadi, Mo sBIs€ COO0K MPSIMOKYTHHH XBH-
aeBig iepepizoM 72 x 34 M 1 JOBKHHOIO 50 M, IEPEAArOTHCS HAABH-
COKOYACTOTHI IMITYJIbCH 3 HPSIMOKYTHOXO 00BigHOIO. TpuBamcrs iM-
nyibciB | Mxc, Hecyua wactota 3 [Tu. Buznauntu uac 3amizHOBaHHS
CUTHAJY MPHU MPOXOHKCHHI YePE3 MIHIO.

Bionogiow: 0,23 Mxc.

4.26. XBunEBIJHA JTiHISL CITYKHTh TS TIEPEAadi HAJBHCOKOYACTOT-
HHX IMITYJIbCIB, PHUOMY BHACTIAOK JUCTICPCli BIAOYBAIOTHCS CIIOTBO-
pernst Gopmu immyabciB. CioTBOpeHHS (GopMH IMITYIBCIB TPHHHSITO
BBA)KATH HCTPHITYCTUMO BEIMKUMH, SIKLIO PI3HHULIL Yacy 3aImi3HIOBAH-
HS U151 KpaHIX CKIQJOBUX CIEKTPA CHTHANY MEPEBHINYE TPUBATICTD
iMmyecy. BuzHaunTi MakcuManeHy JOBXKHHY XBHUICBIAHOI JiHI Te-
peaadl nepepizom 28.5 x 12,6 mm, uepes 5Ky MOXKyTh OyTH nepeaaHi
BHCOKOYACTOTHI iMmysbcH TpuBadicTio 0,02 MKC i3 HECYHOIO 4acTo-
Tor0 9380 MI'y 3a yMOBH, 110 CIIOTBOPCHHSI (POPMH IMITYJIbCIB HE OY-
JYTh BUXOJHUTH 32 AOTYCTHMI MEXKI.

Brasziexa: xpaifHIMH 9aCTOTAMH CIICKTPA MPSMOKYTHOTO IMITYJIb-
Cy BBAXKaTH Kpai HOro TOJIOBHOTO METIOCTKA.

Bionogiow: 1014 m.

4.27. BuzHauutu 3racaHHsl XBWIl Tury /), HA OJUHHUILI LUBIXY B
NPSIMOKYTHOMY XBHJICBOAI mepepizoM 72 x 34 MM 3a 4acTOTH MOJS
3 I'Tu. Matepian CTIHOK XBUIICBOAY — MiJb.

Bionogiow: 0,02 nb/m.

4.28. Jlns aanekoro XBHIJICBLAHOTO 3B'SI3KY OY/I0 3ampONOHOBAHO
BHUKOPUCTOBYBATH KPYIJ XBHJICBOAM, IO MPALIOIOTh HA XBUII THILY
Hy. Buznauutu sracanust xswi tumy Hy y XBUICBOAL 3 MIAHUMH
crinkamu AiametpoM 50 MM 3a JOBXKHHH XBHII FeHepaTopa 8 Mm.

Bionogiow: 1,82 nb/xm.

4.29. Miguuii XBUIEB1T TOBKUHOK 10 cM 3aroBHEHHMH JICICKTPH-
KOM 3 €, =255 1 tgd ., =0,0015 Bpaxarouu, mo po6ouya yactora

f=20TITn, 3HaliTi 3aranpHli BTPATH NMPU MPOXOIKCHHI XBHJI Kpi3b
XBUIICBIA,
Bionosios: »_a., =0,711B.
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Po3pnin 5

AIENEKTPUYHI XBUJIEBOAWN

§ 5.1. OcHOBHI TeoOpeTHUYHiI BiAOMOCTI

Togepxnesumit xeuismy HA3UBAKOTD TaKl XBUIII, IO MOUIHPIOOTHCS
B3JOBXK TaK 3BAHUX CHOBLIbHIOGANbHUX cmpykmyp (JMHIA nepenadl).
®dazoBa MBUAKICTD LUX XBHJIb MCHIIA 32 IIBUAKICTH CBITIA. ICHYE
BCJIHMKA KIJIbKICTh PI3HOMAHITHUX BUIB JIHIN MEpeaadi MOBEPXHCBHX
XBWiIb. HaliOinpin NOMIHMPCHUMH € JICACKTpUYHA IUIacThHa, H-
noiOHa METan-JICACKTpUYHA JiHI nepeaadl, JICACKTPUUHHNA CTpH-
JKCHB, TpebiHYAcTa CTPYKTYpa, AladparMoBaHui XBUICBIT 1 CIPATb.

AienekTpnyHa nnacTuHa. HeckiHueHHA AICICKTPUYHA TLIAC-
TtuHa (puc. 5.1) € HAUMPOCTIIIO CHOBIIBHIOBATIBHOK CTPYKTYPOIO,
V3A0BXK sIKOi MOXKyTh noumprosarucs xsuwil tumis E 1 H.

Puc. 5.1

IMone xBum tuny E ommcyerscs piBustHHaM [ensmromnbua. s
CKJIaJ0BHX BCKTOPIB MO/ CIIPABKYIOTHCS TaKl PIBHOCTI:
e no03a miacTuHoxo (x| > a):
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H)1 _lcoso'c('e Caacal

E, =ik, wCe ™ e ™,

B, =12Ce ™7

Hxl :Hzl :Eyl :O’
J€ T — MNOMCPECUHE XBHIIBOBE YUCIIO B MOBITPI (€), MPHIOMY

2 2 2 2
T =k —-weE/c; 5.2)
e ycepeanni mwactunH (x| < a):

k,(Asink,x— Bcosk, x)e’ 2

3.1

H, =ioe

E_, =ik k,(Asink,x - Bcosk,x)e™
E_, =k (Acosk,x + Bsink x)e ™%
HxZ = sz — Ey2 = 09

Ae k, — MomepevHe XBUIbOBE YHCIO B AICTICKTPHKY:

b =wea it - (5.4)
(& — AICTEKTPHUYHA IPOHUKHICTD TTACTHHH).
Ha mexi moainy mOBITPS—JICICKTPHK X = @ Ta X = —d TaHTCHIA-
JbHI CKJIAJOBI TOJISI MAOTh 3aJOBOIbHITH TPAHUYHI YMOBH
E_1 —E_z. H HyZ' (5.5)

V¢l THU XBHIb AICACKTPUIHOI ITACTHHH MOYKHA PO30OHTH Ha ABI
rpynu: 1) mapui xBum E, Es, E,..., qis skux 4 =0, B# 0, a nomne-
PEUHI CKIaJO0BI OIS ONMUCYIOTHCS MAPHUMHU (PYHKIISIMU KOOPIHHATH
x; 2) HemapHi xBul F,, Fy, E...., ans sxux A #0, B =0 1 monepeuni
CKJIaJ0B1 OIS OMUCYIOTHCSI HEMAPHUMH (PYHKLISIMUA KOOPAMHATH X.

[MiacraBasroun Bupasu (5.1) 1 (5.3) y rpanuuni ymosu (5.5), oxe-
PIKAMO XapaKTCPHUCTHYHI PIBHSHHSL

® IS MApHUX XBUITb

a =lkcatgkca; (5.6)
€

a-c

(5.3)

® 11 HCIAPHHUX XBUJIb

1
a=——k.actgk,a, (5.7)
€
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A€ € — BIAHOCHA JAICICKTPUYHA MPOHHUKHICTh miacTHHU. OKpiM TOrO,
XBHJIBOBI YHCIA T 1 Kk, 3a70BOJIBHSIOTH PIBHSHHS

(1a)* + (k,a)* = Ba)* (e - ). (5.8)
XBum tuny H aHami3yoTh aHAToriuHO. Po3B'sa3yroun piBHSHHS
[enpMroneua A1t CKnanoBoi H,, OJCPKHUMO PIBHSHHSI IS CKIIAXO-
BHX BCKTOPIB MOJIS:
® 11032 IUIACTHHOKO
-ik.z

>

E , =—iop,tCe™e

Vv

H , =ik, 1Ce™™ ™,

. | (5.9)
Hzl — 2(1c-txc-1kzz i
Exl = E:l = H)vr-l = 0;
®  YCEPEaHHI IIACTHHH
Ey2 =io “’ach(_A sin kcx + BCOSkcx)e_ik-"z 5
H,, =ik_k (Asink,x - Beosk x)e ™, o

H_, =k (Acosk,x + Bsink,x)e™%?,
Ex2 = E:Z =Hy2 =0.
IMiacranoska piBHsHb (5.9) 1 (5.10) v rpanuuni ymosu (5.5) mae
XaPaKTCPUCTHYHI PIBHIHHS:
ta = k,atgk.a — nns napaux xsune (H,, Hs,...); (5.11)
1a =—k,actgk,a — ans HenmapHux Xsuab (H,, Hs,...). (5.12)
3a3Buuail XapakTEPUCTHYUHI PIBHSHHSA PO3B'A3VIOTH TrpadivHo.
[lykani 3Ha4eHHA Ta Ta k,q, HANPUKIAA, A0S NAPHUX XBHIIb THITY

H 3HaxodTh SIK KOOPAMHATH TOUKH MEPETHHY KPUBOI, 3a1aHOI PiB-
wsiHHSM (5.11), 3 komom, mo 3axaerscs piBHsHHSIM (5.8) (puc. 5.2).
XapakTepUCTUYHI PIBHSIHHSI MOYKHA PO3B'SI3yBATH 1 YHCCIbHUMHU ME-
TOoAaMH (HAIMp., METOAOM MOJIOBHHHOTO ALICHHS).

[Ticns BiAmyKaHHS PO3B'A3KY XapaKTCPUCTHYHOTO PIBHSHHS 32
JormoMororo pisHocteit (5.2) uu (5.4) MOKHA BU3HAYUTH MO3I0BIKHE
XBHJIBOBEC YHCIO k., @ MOTIM (pa30By IIBUAKICTD 1 JOBXKHHY XBH/I B

minii. MoaudikamissMy po3risHYTOI CIIOBIIBHIOBATIBHOI CTPYKTYPH €
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JIeTeKTpUYHA TUIACTHHA Ha MertaneBid miakiaagmi (puc. 5.3) 1 H-
noAi0Ha MeTaI-AICIEKTPUYHA JiHis niepeaadi (puc. 5.4).

Td !
Hs

|

|
Bt
/

/1 L)

0 2, 4 6 ka
Puc. 5.2

X

d L7,
a f

0 >

}7

—a

—d

Puc. 5.3 Puc. 5.4

[Tone B gieaeKTpUYHIH MIACTHHI HA METAICBIN MIAKIAALI Ma€ 3a-
JOBOJIbHATH TPAaHHU4YHI yMOBH Ha mosepxHi metamy. Cepen XBuib
tuny £ B Takiil CTPYKTYpl MOKYTh ICHYBATH JIMIIE MAapHI XBHII, a
cepea xBuiab Tumy /H Tineku HemapHi. H-moxibHa  metan-
JICICKTpUYHA JiHig nepenadi (puc. 5.4) sBuse coOO0 AICTCKTPHIHY
ITACTUHY, OOMCKCHY 3 ABOX OOKIB MCTAJICBUMH ILIOIIHHAMU. TyT
MOJIC Ma€ 33T0BOJIBHATH TPAHWYHI YMOBH HA MOBEPXHI MCTANCBHX
TUIACTHH:

E |y=0=0, E_|y0=0. (5.13)
y=b y=b
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OcHoBHOO XBUNCIO H-noAI0HOI MiHIl epeaayl € XBUIS MATHITHOTO
tuny Hyo, Bexrop E sikoi Mae eauHy CKIaaoBy, MPHYOMY BCI CKJIQJ0BI
BEKTOPIB TOJISI HE 3a1eKarh BiA KoopAuHATH V. LIs XBHIS KoM aHa-
JOTIYHA OCHOBHIM XBHIII MAarHITHOTO THUIY MICJICKTPHYHOI IUIACTHHH.
Bona mae Taky camy (a3oBy IIBHAKICTb, K 1 XBHII THIY H( JieIeK-
TPUYHOI TUIACTHHHU. YCI IHII THMM XBHIb H-moaiOHOI MiHIl mepemadi
MarOTh OJHY YHM JACKUIbKA Bapiallii y3A0BK OCl ). XapaKTCpUCTHUHI
PIBHSIHHSI IJIsI LX THITB XBH/Ib BUSIB/SIFOTHCS O1/IbLI CKIIQTHHMH.

§ 5.2. Npuknaaun po3B'a3aHHA TUNOBUX 3aAay

5.1. 3naiitu (a30By MWBHAKICTH ABOX HIDKYMX XBHJIb MArHITHOTO
THIY, IO MOUIUPIOETHCS B3AOBXK JIEICKTPUIHOI MJIACTHHH TOBLIMHOIO
2 CM 3 BIAHOCHOKO MPOHHKHICTIO € = 2.9. JIoBXKHMHA XBH/II T€HEPATOPA
3.2 cm. IlobyayBatu rpadiku po3noaity NONEpeuHHUX CKIAIOBUX BEK-
TOpIB NOJISI B HANPSIMKY , ICPICHUKYIPHOMY TLIACTHHI.

Poze'a3anns. BusHaunmo (az0By IMIBHAKICTE XBHJI THITY
H,. 1ns1 uporo poss'spkeMo xapaktepuctidse piBHsHH (5.11) pasom

13 (5.8). OBuncnumo Ba\/a =2,706. 3aCTOCOBYIOYH METOJ IHTEp-
noJsiLi, 3HaMaemMo 3HaueHHs Ta=2456 1 ka=1,137, 3Blaku
1 =2456M", k,=113,7m". 3a nonmomororo popmymm (5.2) Bu3HA-
YHMO MOJOBKHE XBHUIbOBEC YHCIIO K.

k, :,/;32 +12=3144m7",

a TakoXX 3Haiiaemo (a30By MIBUAKICTb XBUI TUITY H;:
Vy=0/k =1874-10° m/c.
AHaNOriYHO BU3HAYNUMO MAPaMETPH XBHIL THIY H:
o= 1582, ka=2.195, v=1583 v,
ke=219,5m", k, =252,15m", ¥, =2,336:10° m/c.

[Nepeiiaemo 10 moOya0BH rpadikiB PO3MOALTY MOMECPECIHNUX CKIIa-
JIOBUX BEKTOPIB moJist. PO3moin mons B3A0BK OCI X OMUCYEThCS PiB-
HsaHEIMH (5.9) Ta (5.10). dua mapuoi xsum tumy Hy y (5.10) caix
noknacTi A = 0. Cripoinyoum 3amuc BUPasiB JIs CKIAA0BUX OIS K
OTTyCKAKOUM MHOXKHHK € ' 2 °, A7ist XBUI THITY H| 0JEpPIKHMO:
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E, = Ce™ —mo3a MIacTHHOIO,
(5.14)

E, = Bcosk,x — ycepeauH IIACTHHH.
Koeoiientu C 1 B XxapakTepu3yoTh aMILTITYAy HANPY»KEHOCTI nosist. Bo-
HH TOB's13aHI OJWH 3 OXHUM IPAHIYIHAMI YMOBaMH (3.5), 3B1IKH MaeMo

Ce™™ = Bcosk,a (5.15)

[MToxnanemo st BuzHaueHocti C = 1, 3Haiinemo B 3 ymoBu (5.15)
1, MACTaBISIFOUYM OOYHUCICHI PaHIMIC 3HAYCHHS T 1 k. mOOYyayeMo
BIANOBIAHO A0 piBHAHHA (5.14) rpadik posnoxiny ckaagoBoi £,
(puc. 5.5). Cxknanosa H, Mae Takuil caMuii XapakTep PO3MOILTY.

E)'/Ey max

AR
o 1o ol /AN 7
A VIR

<2

A
/|

~
g
5

\“NO ()
'
g

vl /]

-1

i
L~
N

\

\/

Puc. 5.5

[ToOyxoBa po3moainy CKIaJOBUX BEKTOPIB HOMs XBWII TUINY H,
BUKOHY€ThCsI aHanoriuHo. CHpoinyrouu piBHSHHSI Uil CKIQIOBUX
noJist 1 mokagarour B (5.10) B = 0, ogepxumo

E,=C e”™ —mo3a MIaCTHHOIO, ;
: . (5.16)
E, = Bsink,x — ycepeAuHI IIaCTHHA.
[pu upomy koehiuienta C u A 3310BOJIBHAIOTE YMOBY
Ce ¥ =Asinka. (5.17)

I'padix posmoainy cknazosoi F,, moOyaoBaHMH Ha OCHOBI piB-
HsHb (5.16) 1 (5.17), HaBeaeHo Ha puc. 5.5.

53



5.2. BusnauuTy 3HaucHHs (Ha30BOi IIBUAKOCTI XBH/Ib CICKTPHYHO-
ro THILY, SIKI MOXKYTb TNOLIMPIOBATHCS B JICJICKTPUYHIN IUIACTHHI HA
MeTaneBi maknaani (puc. 5.3). ToBmuHa mmactuau a = 15 MM, BiI-
HOCHA JICICKTPHYHA MPOHUKHICTH € = 2,25. YactoTta mosst 10 [T,

Posze’'aszannsa. ¥V QleneKTpHUHINA NIIACTHHI HA METAICBIH Mmia-
KJIaal MOKYTh IOLIHPIOBATUCS TIIBKH TApPHI XBHII CICKTPHYHOTO
tuny £y, Fs,..., y SKAX KPUTHYHA YaCTOTA MCHIIA BiA YACTOTH MOJISL.

lle MOXIMBO 3a BHKOHaHHS yMOBH Pa Ve—1 >(n-1)n/2
(puc. 5.2), ne n — iHACKC XBUWI. 3BIACH

P (n—-1De
P 4ae-1

[MiacraBnsiroun 4HCENbHI JaHl, 3HAHACMO 3HAUCHHS KPUTHUHHUX
YACTOT AJIsi OCHOBHHUX THITIB XBUJIb:

ang xsum Ey: f, =0, TOOTO XBHIS MOMKE MOLIMPIOBATUCS 32
Oy Ib-5IKO1 YaCTOTH MOJIS;

amst xBumi 5 fi, = 8,944 I'T'n, TOOTO XBHIISE MOKE MOLIHPIOBATH-
Cs1 3a 33aHUX YMOB;

ams xsum Es: fi, = 17,89 I'T'n (kpuTHYHA 9acTOTa BHINA YaCTOTH
T0JI51), & OTIKE, XBH/ISI HC MOJKE TIOLIMPIOBATHUCS.

Buznaunmo (azoBi mBHAKOCTI XBUIb F) 1 £, po3B'sI3yIOUH Xapak-
TepucTHYHE PiBHIHH (5.6) pasom 13 (5.8). Po3p's3yroun 1 piBHSIHHSL,
OJICPIKYEMO:

s xsum By ka =1,3827, ta=3,2288,

st xeui Fs: ka =3,4722, 1a=0,5296.

3a monomoror Gopmy.au (5.2) BU3HAYAEMO MO3A0BKHE XBUITbOBE

4uCIo K, :\/[32 +1% i 3Haxomumo (ha3oBy WIBHAKICTE Vo =0/k,.
[TigcTaBsiodMu YHCEIbHI JaH1, OACPIKY EMO:
At xBum By Vy = 2,092:10° m/c,

ans xsumi Es: Vi, =2,958:10° m/c.

5.3. V pienexTpuuHii MIACTHHI TOBLIMHOKO 3 MM XBHIIA THITY H) 3a
yactotu nomt 12 I'Tu mae ¢azopy mBuakicts 0,7 ¢c. Busnauutu Bix-
HOCHY JAICTICKTPUYHY MPOHUKHICTh MaTepiay IUIACTHHH.
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Posze’'s3amnus. 3HailneMo MO3I0BKHE XBHIBOBEC YUCIO
k.=0/Vy=349,06 m”".
3a 1omomMororo piBHAHHS (5.2) BUSHAYMMO 3HAYCHHS MapaMeTpa T d:
ta=0,9686.

BuxopucroByroun MeTOA IHTCPHOSLli, BU3HAYAEMO, IO TAKOMY

3HAYEHHIO T a Bianosigae R =Pae—1=1,289. 3siacu

2
e=1+ Lty =2,644.
Ba

§ 5.3. 3apaui gna caMOCTIMHOro po3B'a3aHHSA

5.4. SIxi TMITH XBHITb MOYKYTh MOIIHPIOBATHCS B3AOBXK JICICKTPHY-
HOI TUIacTUHU TOBIIMHOK 12 MM 3a wactoru momst 10 I'Tu? Mienex-
TPUYHA MPOHUKHICTh MAaTEpiaNy IIIACTHHU € = 3.

Bionoeios: H,, H», E,, E>.

5.5. 3a sk0i TOBLIMHH TIACTHUHH 13 TIOJICTHPOJIY B3AOBK HEi MOXKE
TIOLIMPIOBATHCS TIIBKHA OCHOBHA XBHIISI MarditHoro tury H,? Jlosxu-
Ha XBHJI reHeparopa 4,5 oM.

Bionogios: 2a < 1,80 cm.

5.6. Y sixomy aiamazoHl YacTOT Y3AOBXK AICICKTPHUIHOI ILIACTHHU
TOBINUHOIO 2a = 20 MM 13 BIZHOCHOI MPOHHKHICTIO € = 3,2 MOXYTb
OJHOYACHO MOLIMUPIOBATHCS XBUIL £ 1 L5, a XBUIs F3 MOLIMPIOBATHCS
HE Moxe”?

Bionogios: 5,056 TTu << 10,11 I'Tu.

5.7. BusnauuTs (pa3oBy MBHAKICT XBHII THUIY /), IO NMOLIHPFO-
€THCSI B3AOBXK AICTACKTPHUUYHOI IIIACTUHH TOBILIMHOKO 5 MM 3 BITHOCHOO
npoHUKHICTIO € = 2.9. Jlo)kuHa XBHII reHeparopa 16 Mm.

Bionogiow: 2,065-10° m/c.
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5.8. Buznauutu azoBy MBUAKICTb XBWII THUIy £, IO MOLIMPIO-
€TBCA B JAICICKTPUYHINA TUIACTHHI TOBIIUHOK 12 MM 13 BIIHOCHOIO
MPOHUKHICTIO € = 2,21 3a wactoru mosst § [Ty,

Bionoeiow: 2,726-10% m/c.

5.9. Y310Bxk mOMICTHPOIIOBOI IIIACTHHU TOBIIUHOK 18 MM momm-
proetbes xBust Tuny M. Yacrora nonst 6 [T, V ckinbku pasiB 3MEH-
IIATHCS HATPY KEHICTH OIS IIPH BLAJANICHHI BiA rutacTiHU Ha 20 Mm?

Bionosiow: y 11,4 paza.

5.10. 3HaiiTi BiZHOCHY NMPOHUKHICTD JICACKTPHIHOI IUIACTHHH, V3-
JIOBIK SIKOi TIOMIMPIOETCs XBUs Ty K, 3i mBuakictio 2-10° m/c 3a
vacroty nosst 9380 MI.

Bionosgion: € = 3,96.

5.11. Y nmonicTHponoBid MIAacTUHI TOBIIMHOK 20 MM MOIIUPIOETH-
cst xBumst tuny H,. 3a sKo0i 4acTOTH HANPY KCHICTh CACKTPUYHOTO MO-
715 Ha TIOBEPXHI TUIACTHHU OYA€ B TPU Pa3u MEHINA, HIXK Y LCHTP1?

Bionogion: 14,1 I'T.
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Po3spin 6

NIHII NEPEOAMI
I3 XBUNISAMU T-TUNY

§ 6.1. OCHOBHI TeOpeTnUHi BiAOMOCTi

EnexTpoMarHiTHi XBHJII, BEKTOPU HANPY>KCHOCTI CICKTPUUHUX 1
MArHITHHUX TOJIB SKHX JIC)KaTh y IUVIOLIMHI, IO MCPICHINKYISIPHA
HANpPSMKY TOIIUPEHHS, HA3HUBAIOTh HNONEPeYHUMIU eJeKMPOMACHIM-
HuMu Xeunsimu, ado XBunamu 7-tuny . Xsuas Tuny 7, Ha BIAMIHY Bif
XBHIb THMIB H 1 E, mowmuproeTsesi B MiHII 32 Oyap-SK0i 4acTOTH
(= 0), mo BaXIMBO 3 MPAKTUYHHUX MipKyBaHb. [l xBuab tamy 7'
HONEPEYHE XBUIILOBE YUCIO k, = 0, TOMY NMO3J0BKHE XBHIBOBE YHC-
10 k. BUSIBISETBCSI TAKUM CaMUM, SK 1 Y BHNAAKY OJHOPIAHOI IIOC-

kol xBui. st miHii 63 BTpaT

k: =B=0)V8a6ua6 ? (61)

3BiAKH
1
V, = ——— (6.2)
b 5
‘\’ €a6Mas
Axs = L. (6.3)

TyT A — ZOBXKHHA OZHOPITHOI TIOCKOI XBHII B JICNCKTPHKY 3 Mapa-
METPAMH &5, Ha -

XapakrepucTuyHui onip XBuil tuny /' B miHII 6€3 BTpar, WO Mo-
3HAYAETHCS ZCT 1 JOpIBHIOE BIJHOLICHHIO IOICPEYHOI CKIAA0BOI
HAMPY>KCHOCTI CJACKTPUYHOTO MOJsL A0 MOMECPEYHOI CKIAJOBOI Ha-
NPY>KEHOCTI MATHITHOTO MO OLKy4Oi XBHII, 30IracThCsi 3 aHao-
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TIYHOI0, BEIMYHHOI, OOUHCIICHOO ISl OAHOPLAHOI MIOCKOI XBHII B
HCOOMEIKEHOMY TIPOCTOPI:

7l =2z, =J”%6 . (6.4)

Jlinii mepeaadul 13 XBHICKO TUMy /' XapaKTCPU3YIOTbCS XBHIbOBHUM
OTIOPOM Zy;, SIKHH JOPIBHIOE BIAHOIICHHI) KOMITICKCHHX aMILIITY
HAMPYTH Ta CTPYMY B PEXKHUMI ODKYYHX XBH/Ib 1 BUPAKAETHCS UCPE3
nuToMi indykmuenicms Ly ta emnicme C) niHIl B Takui CHOCIO:

= afly VES - (6.5)

dazoBa mBHAKICTH y TiHII nepeaadl 13 XBuacto Tuny 7

1
Vy =—/—. (6.6)
¢
JEC,
[ToTy>XHICTB, IO IEPEHOCUTHCS XBUIICIO YEPE3 JTIHIIO Nepeaayl
P:ljRe EH (S, (6.7)
25
abo
1 [e . 12
P=— |- ||E[ dS, 6.8
2B s, (638)

a6 S

JI¢ IHTCTPYBAHHS BUKOHY€EMO 3a MOTICPEIHHUM TIEPEPI30M JIiHII.
Koediwient ocnabieHHsI o XBHII B JIHII IIepeaadi CKIaJaeTbes 13
KocQILIEHTA 0, II0 BPAXOBYE BTPATH B AICICKTPHKY, 1 KoedimieHTa
0Ly, IO OITHUCYE BTPATH B METAIL!
0= 0y + Oy, M. (6.9)

1
Oy :Em,[saﬁuaf; g9, . (6.10)
s 1@
Ry §

H, | dl

0, =%’—* (6.11)
_“ Re[EH|dS
S

Tyt

J€ Rs— MOBEPXHEBUH OITIP METAITY.
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[HTerpyBaHHs B YHCEIBHUKY BHKOHYEMO 32 KOHTYPOM MEpEpisy
JiHI1, Y 3HAMCHHHUKY — 34 TOTICPCYHUM TICPCPI30M JTiHIi.

KoakcianbHi niHii nepepaui. Koakcianpbua nminis nepegadi sis-
1s€ COOOK0 CHCTEMY 13 ABOX CHIBBICHHUX MCTAJICBUX LITIHAPIB 3 Jia-
meTpamu d 1 D, pO3AINCHNX WapoM AIEIEKTPHUKA 3 TPOHUKHOCTAMH
€5 1 Mas (puc. 6.1)

KomrmiexkcHa ammityaa Bek-
Topa E Oixyuoi XxBuii B Koakci-
ampHIN mHI nepeaadl 6¢3 BTpaT

. U 1 .

E=—— ~¢™1, (6.12)

In(D/d)r
ge U — KOMIUIEKCHA aMILTiTyAa
Hampyru (pi3HULI MOTCHIIAIB)
D MDK BHYTPIIOHIM 1 30BHIIIHIM
yIp
| MPOBIAHMKAMHU Y 3p13i z = 0.

Jia minii 6e3 BTpar

Z.= s/ € =120mfiu /e [Om]. (6.13)

[MapameTpu koakciaapHOI JiHII IEpeaatl Ha OAUHHLIO TOBKHHH:

Ly = ws/(2m) In (D/d), Tu/m, (6.14)
2
= ea . [Diu], (6.15)
In(D/d)
XBUIBOBHH OIIP KOAKCIATBHOI JiHIT Tepesadl
By = B0 B 2J=138\/E1g(2j [OMm]. (6.16)
’ € d € d
[Tory:xHICTB
2
p= B 1 g (6.17)
120\ pIn(D/ d)
Ockinpku
U:Emaxgln(D/d) [B], (6.18)

TO piBHAHHA (6.17) MOXKHA PEACTABUTH Y BUIJISIAL
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2 .42
E..d° |e
pP=—"%— I—In(D/d) [Br]. (6.19)
480 \p
Koediuient ocnadnennst xsumi tuny 7'y KoakciaabHOI MiHIL me-
peaadi, mo BPaXOBY€E BTPATH B AICICKTPUKY, BU3HAYAETHCS 3a (op-
mynoro (6.10). Koedimienr ocnabiaeHHs, 0OYMOBICHHI BTpaTtaMHu B
METa:

e Re /d+Rg /D
oy, =, ]—— — [M ], (6.20)
p 120rin(D/d)

Ae Rg 1 Rg - MOBEPXHEBI ONIOPH METATY BHYTPILIHBOTO 1 30BHIII-

HBOTO LIHTIHAPIB, BIAMOBIIHO.

V koaxkcianbHii TiHIl nepeaadl XBUIl CICKTPUIHOTO Ta MArHITHO-
ro THIB € BHLIMMH THUIAMH XBHIIb. 3a3BHYAH iX HE BHKOPHUCTOBY-
I0ThCS UTSl TIEpEeadl, MPOTE BOHHU MOXYTh BHHUKATH SIK MAPa3HUTHI.
JInst MPUTHIYCHHS XBU/Ib BHIIUX THITB JOCHTH, OO YacTOTa KOJIH-
BaHb 33J0BOJIbHSIA HCPIBHICTD

2¢
e 6.21

T (6.21)

Cwmy:xxoBi JqiHii nepeaayi. Y texnimi HBY mupoko 3actocosy-
I0Th CHCTEMH, IO CKEPOBYIOTb, iX HA3UBAIOTh CMY KKOBHUMH JIHISIMH
nepenadi. BoHn 0coGmuBO 3pydHI B APYKOBAHHX Ta IHTECTPATbHHX
cxemax HBY. Ha puc. 6.2 300paskeHi cCMy>KKOBI JiHII miepenadi He-
CHUMETPUIHOTO Ta cumeTpudHoro Tumis. Li miHii abo 3anoBHEHI NO-
BITPsIM, 200 MAIOTh OCHOBY 13 TBEPAOTO AICICKTPHKA.

Puc. 6.2

IToBHa TeOpisi CMY’KKOBHX JIIHIH JOCHUTH CKIaJHA. Tak 3BaHA KBa-
3i-XBWIs THIY /'y LMX JIHISIX MOXKE ICHYBATH, SIKIIO [IHPHHA CTPY-
MOHECYYOro MpPOBIAHUKA Ta BIACTAHb MIXK HHM 1 3a3€MJICHOIO ILIac-
THHOK) MCHIII MOJOBHUHH AOBXHMHH XBWIl B JiHil mepeaadwi. [Ipu
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L[BOMY CJICKTPUYHC 1 MArHITHEC TOJSI 30CCPCIKCHI B OCHOBHOMY B
MPOCTOPI MK MPOBLIHUKOM 1 3a3¢MJICHOKO IIACTHHOK. Enekrpudne
T0JIC B TIOTICPEYHIH MJIOMKHI MOYKHA onvcaTy piBHIHHIM Jlannaca.

VY CMY’KKOBHUX JHISX OEpeaadl 3 AICACKTPUIHOK OCHOBOK XBHII
Tuny /' He MOXYTb MOUIMPIOBATUCS B YUCTOMY BHIVISIAL UCpPe3 HEOA-
HOpiAHICT AienekTpuka. OQHAK TEopis 1 OCBIA MOKA3yKOTh, IO IMO-
JI51 1 TIOTIK TIOTY>KHOCTI 30CEPEAKYIOThCS TOJIOBHUM YHHOM Y AICTICK-
TPUKY MK CTPYMOHECYUHM IMPOBIAHHUKOM 1 3a3¢MJICHOKO IUIACTH-
HOW0. ToMy MO’X/IMBE NMPUMYINCHHS PO OAHOPIAHICTD JICICKTPHKA,
IO 3ATOBHIOE BCIO JIHIIO MEPEaai.

KapTunu cuioBux miHIH €IEKTPOMArHITHOTO TOJSI B CMYIKKOBHX
JHISX TIepeaadl HaBeaeHO Ha puc. 6.3. Jlnsi mpakTHYHHUX PO3PaXyH-
KIB 3PY4YHI Taki HAONMIKCHI CITIBBIIHOIICHHS, SIKI JOOpPE Y3romIKy-
IOThCS 3 CKCTICPUMCHTATBHUMH JAHUMH.

a) 0)
Puc. 6.3

ITuroMi €eMHOCTI [T HECUMETPHUYHOI CMY>KKOBIH JiHII mepeaadi
(puc. 6.2, a) po3paxoByOTh 3a (hopMynamMu:

C,=1,06:10" & (1 + b/d), (t/d << 1, bld > 0.6), (6.22)
C1=1,06-10'”a(1+b/d);, (bld < 2), (6.23)
1-t/a
T b( 1
C,=1,0610" g |1+—| —— ||, (b/d>?2). (6.24)
d\1-t/a

XBUIBOBI OMOPH 3 ypaxXyBaHHIM TOBIIMHH CTPYMOHECYHUOTO
MPOBILAHUKA U1 HECHMETPHUYHOI MiHII Mepeaadl po3paxoBYIOTh 3a
bopmynamu:
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n 314
A L 1-t/d), bld < 2); 6.25
xB \/;1+b/a’( 18 ( ): (6.25)

Z, =3 14\/E+ (bld>?2). (6.26)
€

LB 1
d(l—r/dj

XBupoBI onopu 0e3 ypaxyBaHHs TOBLIMHH IPOBIAHHKA BH3HA-
YAKOTHCS CITIBBIJHOIICHHIMHU:
JUTSL HECCUMETPUYHOI JTHIT iepeaadi

’p. 314
I : 6.27
= el+b/d 0
JUTSE CHMETPUYHOI JTiHIT niepeaadi
Z, = JE L (6.28)
] el+b/d

UYepe3 HECUMETPUUHY CMYIKKOBY JIHIKO HEpejadl NEepeIacThes
MOTYKHICTh

P=844-10"* \/gEgdz n’E [Br], (6.29)
u 4
ae E, — ammityaa Hanpy:keHoCTI nossi B ueHtpl miHil [B/v]. 3Ha-
YCHHS KOC(ILIEHTIB 7, 1 7, 3aJICKHO B BIXHOILICHHS b/d BU3HAYAIOThH
3a Tabmuusivu B aoa. 1. 3a b/d > 1y dopmymi (6.29) moxHa npuryc-
THUTH, 110

InZ ~rp,, (6.30)
Ty

y PE3yJIbTaTI YOTO BOHA CIPOINYETHCS 10
P =8,44-107* fe/uE2d*ry [Br). (6.31)

Koeoimient ocnabneHus, oOyMOBICHHI BTpaTaMH B MPOBIIHUX
MJIACTHHAX HecnmeTthmoi' CMY’KKOBOI JTiHIi iepeadi, J0piBHIOE

o - & |In(ryky /2)| —
120nd w| InGy /1) |

TyT KoeI€eHT ky BU3HAYAIOTH 32 POPMY IO

t t
k zz‘/2—+4—, 6.33
H 7T (6.33)
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a 3HAYCHHA F, 1 , 3a TabmunsaMu B 7oA. 1. Koediuient ocnabneHns,
0oOyMOBICHHM BTpaTaMHd B MPOBLAHHX IUIACTHHAX CHMETPHUHOL
CMY>KKOBOI miHIi nepexaul (3a t/d < 0,3, b/d > 1),

o ——ts |8 T-50t/dibld o g3y
Y 120md e 3,2(0,1+1/d)(4+b/d) ' ’

VY dopmynax (6.32), (6.34) Ry — mOBEpXHCBHIA O METATY.

Koediuient ocnabnenns xsum tumy /'y CMY’>KKOBIH JiHIi mepe-
Jadi 32 paxyHOK BTPAT y AICICKTPHUKY BU3HAUAETHCS CITIBBIIHOLICH-
HsiM (6.10).

§ 6.2. NMpuknaam po3B'a3aHHA TUNOBUX 3ajauy

6.1. 3HaliTH BIJHOIICHHS MDK 30BHILIHIM 1 BHYTPILIHIM JlaMeTpa-
MU KOaKClaJpHOI JiHIl mepeadl 13 XBuicto tumy 7, mpu sikomy Oyzae
MIHIMaJIbHE 3racaHHs, BBAXKAIOYH, IO BTPATH B AICICKTPUKY BIACYTHI.
BHyTpiwHii 1 30BHIMIHIF HHTIHAPH BUKOHAHI 3 OXHOTO Marepiay.

Posze’'szannsa. Bimnosiano mo piBusHHA (6.10) o =a,,
o, =0, Koeoimient ocnabnenns o, y KoakciaabHIH miHI mepemadi
BU3HA4aeMo  BLAMOBIAHO 10  dopmyan  (6.20).  Ockinbku
Rs1 = Rgy = Ry, 10 13 popmynu (6.20) 3HAX01UMO

€ Ry 1/d+1/D
oy =.]— :
u120m In(D/d)
[TepeTBOpHMO OCTAHHE PIBHSIHHS TaK, 0O A0 HHOTO BXOAMJIO B SIB-
HOMY BUIJISLAI BigHOWeHHs D/d:

o = g Rg (D/d+l)
“ A w120nD In(D/d)

,ls/uRS_A D L+x

IMo3nayuBIN =A, —=x, 3anumemo o = A4 ;
120nD d Inx
JI1s BiALIyKaHHS €KCTPEMYMY HEOOXITHO PO3B'SI3aTH PIBHSIHHS
1 I1+x
do a 1+x
4% 4% 0 wniny=1tE
dx In“ x b
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Otpumane piBHSHHS TpaHCUCHACHTHE. [3 rpadiunnx nmodya0B OTpH-
MY€MO KOpiHb x = 3.6, 3Biaku D/d = 3,6. Takum 4HMHOM, MiHIMATIbHE
3racaHHs XBHII THITYy 7' B KOakciaiabHOI MiHII mepeadl BiAOyBaeThCs
nipu BigHoweHH1 D/d = 3,6.

6.2. Po3paxyBaTi XBHJIBOBHH OMIP, TUTOMI €MHICTb Ta IHAYKTHB-
HICTh, @ TaKOX TPAHHYHY MEPEHAHY IMOTY)KHICTh Y HECHMETPHUHIH
CMY’KKOBIH JTiHII miepeadl 3 TMOBITPSHEM 3anoBHEHHsM. [lapamerpu
JiHI: MUpUHA TPOBIAHUKA b =5 MM, BIACTaHb MIXK MPOBIIHHKOM 1
3a3¢MJICHOI0  IUIACTHHOK d =1 MM, TOBIIMHa  NPOBIAHHKA
1 = 0,025 MM (puc. 6.2, a), rpaHUYHE JONMYCTUME 3HAYCHHS HAIpPYIKe-
HOCTI €JICKTPUYHOTO Mo B MoBiTpi £, = 30 kB/em.

Po3e'a3annsa. XBANbOBUH OMP HECUMCTPHIHOI CMY’KKOBOL
JiHII Iepeaadl BU3HAYAETHCS PIBHIHHAMHE (6.25) abo (6.26) 3ane:xHO
BiJ BIAHOLICHHS b/d. Y Hamomy Bunaixy b/d > 2, Tomy

ZXB=314\/—E l+é(;J OwMm.
€ d\1-¢t/d

CMy>KKOBa JTiHIS TIEPEAadvi 3arMOBHEHA TMOBITPSIM, A SIKOTO € = 1,
w=1. Toxi

z,=314/|1+2 — L ||=5124 om.
: 1L1-0,025/1

XBUIBOBHUH OMip MOXKHA BU3HAUUTH 1 32 (opmyoro (6.27), Tomy
IO B PO3MIITHYTOMY BUMAAKY //d = 0,025 << 1:
. :\/E ol = s =52,333 Om.
‘ el+b/d 1+5/1
IToxubka npu upomy He nepesumye 2.5 %. [Tutomy emHicTh 3HAXO-
IuMo 3a hopmyoro
C;=1,06-10"e(1+b/d)=10610" (1+5/1) = 63,6 nd/u,

a mutoMy iHgykTuBHiCTE 3a Qopmynowo Z, =./L; /(). 3Bigku
I, = Z2,C,, abo micst urcenbHux macTaHoBok I = 0,173 x 107 Tu/m.

I'paHnuHe 3HAUCHHS MEPEeAAHOl MOTY>KHOCTI B HECUMETPUUHIM CMYXK-
KOBIH JIiHIi repeaadi 00UUCTIOEThCS 32 POPMY IO

4 [€ 2 2
P, =16,88-10 \/gErpd Zry [Br].
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IMpu BigHOWEHHSIX b/d=5 1 t/d = 0,025 3a Tabmuusmu noa. 1 3Haxo-
auMo, o #p = 14,56. Toai P, = 5,53 xBr.

§ 6.3. 3apaui Ana caMOCTIMHOro po3B'A3aHHA

6.3. PospaxyBaru muToMi mapaMeTpu Ta XBUIBOBHH OMIP KOAKCi-
anpHoro kabdemo mapku PK-75-9-12. IMapamerpu kabemro: miamertp
BHYTPIIIHBbOrO mpoBoay 1,35 MM, aiamMeTp 30BHIIIHBOTO MPOBIAHHKA
9,0 MM, BIAHOCHA IPOHUKHICTb AICICKTPUKA € = 2,2,

Bionogiow: Ly = 0,379 mxI'u/m, C; = 64.4 nd/m, Z,, = 76,7 Om.

6.4. Po3paxyBari XBHJIbOBHH OITp, MOTOHHI 1HAYKTHBHICTD 1 €M-
HICTh HECHMCTPHUYHOI CMY>KKOBOI JIIHIi TIepeaadl, 3aOBHCHOI AICICK-
TpuxoMm. [TapameTpu miHii: mWHpHHA CTPYMOHECYUOI CMYKKH b = 1 MM,
BIACTaHb MDK CTPYMOHECYYOIO CMYIKKOKO 1 3a3¢MIICHOIO IUIACTHHOIO
d = 1 MM, TOBIMHA CTPYMOHECY40r0 cMyxkkH ¢ = 0,05 Mum (puc. 6.2, a).
Hienexrpuk — ¢roporutact. Brparamu B mHii 3HEXTYBaTH.

Bionogiown: 26 Om, 0,126 mxI'a/m, 186,3 nd/m.

6.5. BuszHaunuTH XBHJIBOBHIA OITP HECHMETPHYHOI CMYIKKOBOI JIiHIi
nepeadl, SKIO BiAOMO, LIO K AICICKTPHK BUKOPHCTOBYETHCS MaTe-
piai 13 BIJHOCHOIO AICICKTPHYHOKO MPOHUKHICTIO € = 2,55, a muroma
emHicTs JiHil 60 md/m.

Bionoeiows: 88,7 Om.

6.6. Jlnst xoakcianpHOI JTHIT TIepeaadi 3 po3MipaMH IMOTICPEIHOTO
niepepizy d = 5 mm, D = 11 mm (puc. 6.1) oOuucauti 4acToTy, A0 SIKOI
XBWI BUINMX THUITB HE MOIIHPIOIOTECA. JlienekTpuk — moBiTps. Sk
3MIHUTBCSl 3HAUCHHS YACTOTH, SIKIO KOAKCIAIbHY JIHIKO 3aMOBHUTH
JIETEKTPUKOM 13 € = 2,17

Bionogiow: = 11,94 I'Tu, smeHmuTecs B 1,45 pasa.

6.7. Tlo xoakciampHI¥ JiHII Epeaadi 3 Po3MipamMH TMOTCPEIHOTO
nepepizy d = 12 mm, D =28 mm (puc. 6.1) Ha xBum tuny 7' nepena-
erbcst moTyxHicTe 100 kBT, [lienexrpuk — nositps. Busnauutu am-
IVIITY Ay CTPYMY B JIiHII.

Bionoeios: 62,72 A.

6.8. To xoakcianbHIH JiHII Eepesayl, JlaMeTp BHYTPILIHBOTO M-
miHApa skoi d =2 MM, Ha XBHI THIY | TMEPEHAETHCS TMOTYIKHICTh
10 Br. XBunposwii omip iHil ctanoButh 60 OM. BigHOoCHA MPOHHK-
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HICTh AleJCKTpUKA € = 2,2, 3HANTH MAKCHMAJIbHI 3HAYCHHS HAIPYIKE-
HOCTCH EICKTPHYIHOTO M MarHIiTHOTO MOJIB Y JIHII.

Bionogiov: E, yax = 23,36 kBM, Hy max = 91,93 A/M.

6.9. Y xoakcianpHii miHIi nepeaadi 3 po3MipaMH MOMEPEIHOrO Tie-
pepizy d =9 mm, D =21 mm (puc. 6.1) noumproersest XBuiast Tumy 7.
BusHauuTH rpaHHYHY MEPEAaHy MOTYKHICTB, SIKINO TPOOii BiaOyBa-
€TBCS 3 HANPYKEHOCTI enekTpuuHoro noms 30 kB/em. Jlienextpuk —
TOBITPSL.

Bionogios: 1,287-10° Br.

6.10. Sx miHii mepeaaul BHKOPHCTOBYETHCS KOAKCIATBHHUH KaOeb
mapku PK-75-4-11 nosxxunoro 10 M 3 po3amipaMu MOMEPEYHOTO mepe-
pizy d=0,72 mm, D = 4.8 mm. KabGens Burorosneuuii 3 miai. Jlienek-
TPHK Mae mapaMeTpu € = 2.2, tg 3y, = 510, Yacrora mepeanmx ko-
muBadb 3 I'Tu. BuzHauny k.k. 4. cucteMu. Sk 3MIHUTBCA K.K. ., SKIIO
YaCTOTY MEPEJAHUX KOIUBAHb 301IbLINTH B 4 pasu.

Bionogiows: 90 %, 79%.

6.11. Tlo xoakcianpHii KaOeIbHIN JiHII 13 XBHIBOBHM OIIOPOM

75 Om mporikae crpym  I(£,z) =1,2-107 cos(1,5-10'%7 —80,32) A.

BusHaunTy yactoty, (a3oBy MIBHAKICT, JOBXXUHY XBHII Ta BIJHOC-
HY JIEICKTPHYHY NPOHUKHICTS.

Bionosiow: f=24TT, Vy =188-10% M/, 1.=0,0782m, €, =2,55.

66



Pospin 7

OB'€EMHI PESOHATOPU

§ 7.1. OCHOBHI TeopeTnuHi BigOMOCTi

O0'emnuii pezonamop sBISE€ COOO0K 3aMKHEHY ITOPOKHHHY, 00-
MEXKCHY METAICBUMH CTIHKAMH, YCEPEAMHI SKOI ICHYIOTh CICKTPO-
marHiTHI koiuBaHHs. Kondirypauis 06'eMHOro pezoHaTopa MOxe
OyTH MJOBIITBHOIO, OAHAK HAMOIMBII MOLWMPEHHH y 3aCTOCYBAaHHI
npssMokyTHUH (puc. 7.1), wuwmivapuuHuid (puc. 7.2), KoakcCiaTbHHN
(puc. 7.3) 1 xBasicrauioHapHuii TopomoAiOHui (puc. 7.4) o0'emHi
pe3oHaTopHu. YC1 BOHH, KPIM OCTAHHBOTO, € BJIACHE KaKy4H 3aKOPO-
YCHUMM HA KIHLSX BIAPI3KAMHU XBUJICBOAIB. Y TaKHX PE30HATOPAX
MOXYTb ICHYBaTH KoauBaHHs tuny kK, y sikux H, =0, 1 KoIuBaHHS
tuny H, y sxkux £, = 0. AHaTI3yI0Th MO B PE30HATOPAX LIISIXOM
po3B's3aHHs piBHsSHHA [enpMronbus s ckiaaxosux F, 1 H, 3a pis-
HOCTI HYJIIO TAaHICHLIAIbHOI CKIa10BO1 CICKTPHYHOTO MOt HA CTIH-
KaxX pe3oHaTopa. VY pesyasrati OTpUMYEMO PIBHSIHHS U151 PE30HAHC-
HOI YaCTOTH 1 VTS CKJIAQJOBUX BEKTOPIB IMOJISI B PE30HATOPI.

VA ' /

= m——————
N

Puc. 7.1 Puc. 7.2
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Puc. 7.3 Puc. 7.4

MpsMOKYTHUI 06'€eMHMIT pe3oHaTop. PesonancHa uacrora
KOJIHMBaHb THITY H Ul Eyyp-

& - 2 " 2 » 2
fmnp —2\/; [;J +(;) +(7) > (71)

ae a, b, [ — reomeTpuuHi po3Mipu pesoHaropa (puc. 7.1).

OCHOBHUM munom Koauéans y TMPSIMOKYTHOMY PE30HATOpI, LIO
Ma€e MiHIMaJIbHY PE30HAHCHY YaCcTOTY, 3aJC)KHO BiJ CITIBBIAHOIICHHS
po3mipiB a, b ta [ Moyt Oyt Hig1, Hyyy un £y. Harpuknag, 3a
b < aTta b </ OCHOBHMM THITIOM KOJIMBaHb € Ho, KAPTHHY CHIIOBHX
JIHIH MO SIKOTO 300pakE€HO HA pHC. 7.5, a CKIaA0B1 BEKTOPIB MO
OTHCYIOTHCS PIBHSIHHSIMH

E,. =0,
E}, =~i® uaﬁCESin (Ej sin(EJ,
a a [

E, =0,

; 2 72
Hy= —Cn—sin (chos(z} @2)

al a [

H, =

v )

() con( ()

Kapruna cunosux miHii mosst komusanb Hyp ta L1 BIAPI3HIETH-
cs1 nuuIe opieHTtauiero BekropiB. Hanpuxnaa, sextop E y xonuBanss
Hyy opieHTOBaHMI Y HAMpPSMKY OCI X, a B KonuBaHHs F)p — Y Ha-
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mpsIMKY oci z. Y pe3oHaropi KyOiuHOI GopMH PE30HAHCHI YaCTOTH
[[UX TPbOX THIIB KOJUBAHb 301rar0ThCs (SIBUIIEC BUPOIIKCHHSI).

z

At

%»ffi

E S g K

i

Puc. 7.5

\

’
e
’

LUuningpnuHnit 06'eMHMi pe3oHaTop. PcsonancHa uacrora
KOJTMBAHb THITY H !

2 2
¢ Mmn p
= L N P < 73
j;nnp P /_SM [ o j (/j (7.3)

A€ €, W — BIAHOCHI JICACKTPUYHI MPOHUKHOCTI PCUOBHMHH, IO 3arOB-
HIOE PE30OHATOP; Ly, — M-H KOPIHD PIBHSHHS J,,,(x) = 0. Imaexc p, mo
BHM3HAUAE KUMbKICTh Baplamii mos B3JOBXK ocl z, HaOyBae LiIUX, He-
HYJIbOBHUX 3HAUCHb.

OCHOBHMM KOMUBAHHAM TUIY H y LUIIHAPUIHOMY PE30HATOPI €
H\ 11, xapTHHY CHIIOBHX JTIHIH TOJIS SIKOTO 300pakeHO Ha puc. 7.6.

Puc. 7.6 Puc. 7.7
Pe3onancHa yacToTa KOJIMBAHb TUIY £7,,,,)!
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2 2
¢ Vinn V4
=——J 2 | 4[Z], 7.4
fmnp P ,_8}1 ( - j (l ) ( )

€ Vn — M- KOpiHb piBHSHHS J,(x) = 0. Ha BigmMiHy Bl KOJIHBaHB
Tuny H IHACKC p TYT MOKe HaOyBaTH HYJIbOBOTO 3HAYCHHSI.
OCHOBHHM KOJIMBAHHSM THIY £ Y [ITIHAPHIHOMY PE30HATOPI €

Eoo, XapTHHY CHIIOBHX JIHIH MO SKOro 300paskeHo Ha puc. 7.7.
OcobnHBICTIO LIBOTO KOIHUBAHHS € TE, IO HOTO PE30HAHCHA YaCTOTa
. ¢ 2,405
Joro =—7= (7.5)
guw ma

HC 3a5ICKUTH BIJ JOBXKHHH PE30HATOPA.

V' 3aranpHOMY BHNAJAKY, KOJH PE30OHATOP SIBISIE COOOKO 3aKOPO-
YeHHH 3 000X KIHLIB BIAPI3OK JAOBITBHOTO XBHJICBOAY, PE30OHAHCHY
JIOB)KUHY XBH/II BU3HAYAIOTh 3 YMOBH

A
= piss 76
P, (7.6)

I p — iIe 9uCio (MTO3J0BXKHIHM 1HACKC): Ay, — JOBXKHHA XBHII y XBH-
aesoai (miHii mepeaaui). I3 piBHsHHA BummuBae GopMyaa A pe3o-
HAHCHOI 4aCTOTH:
)24
f ==L, 17
2]

Ae Vy — dasosa wBMAKICTb XBUI B MiHii nepeaadi, Ha 6asi sikoi Bu-

KOHAHUH pe30HaTOp. 30KpeMa, AJisi OCHOBHOTO KOJUBAHHS THIY 7)
00'eMHOTO 3aKOPOUCHOrO 3 000X KIHIIB BIAPI3KOM KOAKCIAIbHOI JIi-
Hii mepeaadi pesonaropa (puc. 7.3)

¢

fiz——. (7.8)
2\ Jep
Jlobpomuicms 06'emnoco pe3onamopa BU3HAYAKOTH SIK BIJHO-
IICHHSI CHEPrii €JICKTPOMArHITHOTO MOJsI, 3amacCHOi B PE30HATOPI,
JI0 €HEprii, O BTPAYAETHCS 3a MEPIO] BAACHUX KOTHBAHb:

fmnp J.uaG |H|2 av
v

B (7.9)
Rs§[H[* ds

S
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§ 7.2. Npuknaam po3B'a3aHHA TUNOBUX 3ajauY

7.1. IlpsmokyTHuHi 0O0'€eMHHMH pE30HATOP Mae Taki PO3MIPH:
a=20mm, b =25wmm, /=30 mm. BusHauutu pe3oHAHCHY AOBXKUHY
XBHITI JBOX HIDKYUX THUIIB KOJIMBaHb. K BOHU MMO3HAYAKOTHCA?

Poze'szanns. Y NpIMOKYTHOMY PE30OHATOP] HIDKUYUMH MO-
XKyTb OyTH KONMUBaHHS TUMIB Hyo1, Ho1y 1 E110, V SIKHX OAMH 3 IHACKCIB
JOPIBHIOE HYNIO, a JABA IHIIMX OJWHHLI. Bu3Haummo pe3oHaHCHY
JIOBXKUHY XBW/II LIUX THITB KOJHUBaHb. 3amumeMo Gopmyny s pe-
30HAHCHOI JOBXKHHH XBHIIL:

)"mnp =C/.f;nnp= (710)

e ¢=1/nye, — mBuakicts ceitaa. Iliacrapasroun B (7.10) pis-
wstHus (7.1), 1 o, = 2nf, oaep:kuMo
B 2
" \/(m/ar)2 +(n/ b)2 +(p/ 1)2
[TiacTaBsIrOuM YHMCEbHI AaH1, 3HAHACMO PE30HAHCHI JOBXKUHH XBH/Ib
JUTS 3a3HAYCHHUX THUIIIB KOJIHBAHb:
Hio 7\.]0] = 3,328 CM,
Hoii o = 3,841 oM,
E]]() )\v]lO = 3‘123 CM.
TakuM YUHOM, OCHOBHUM € KOMHMBAHHS Hj;, V SIKOTO 3HAYCHHS

anp HaAHOLIbINE, 32 HUM CITIY€ KOITUBAaHHS Ho;.

A (7.11)

7.2. Bu3HauuTH rpaHUYHY CHEPTIIO, IO MOXKE OYTH HAKOIHUYCHA B
KoakcianbHOMy pesoHaropi (puc. 7.3) 3 posmipamu d = 10 mm,
D =40 mm, /=80 MM Ha OCHOBHOMY THIN KOJIHMBaHb. MakCHMaIbHO
JOIyCTHMA HANPY>KCHICTD eneKTpuaHoro nous 30 kB/om.

Pos3e’'s3anunsa. EnckTpuuHe mojae OCHOBHOI XBH/II B KOAKCI-
AJIBHOMY PE30HATOP] MA€ TIIBKH PaJialibHy CKIIAJ0BY

B =240 (E) (7.12)
7 /

ne A — nesixuii koediuient. [Tincransroun piBusiHas (7.12) v (6.17),
3HAIAEMO CHEPTIIO, 3aMacCHy B PE30HATOPI
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w :gsaﬁAzllng. (7.13)
MaxcumanpHa HAPYKEHICTh €ACKTPUIHOTO NoJst 3riaHo 3 (7.12)

ICHY€E BCEPEANHI PE30HATOPA HA TMOBEPXHI BHYTPILIHBOTO MPOBIIHU-

: : 24
Ka, T00TO 3a r = d/2. li 3HaueHHns nopiBHIOE L == 3B1IKH
d
A= EEmaX. (7.14)

[TiacraBmsiroun (7.14) y (7.13), oaeprxumo dhopmyay AJist pO3paxyHKY
3aI1aceHoi eHeprii

max

T 2 2 D
W=—g E- d“lln—, 7.15
3 ab d’ ( )

YU IICIIST YUCCIBHHX M ICTAHOBOK W = 0,3466-10_3 JIKk.

§ 7.3. 3apaui ana caMOCTiHHOIro po3B'A3aHHA

7.3. BuzHaunTH pe30HAHCHI YaCTOTH KOJIHUBAHb THIIB Foio 1 Hipy v
LITIHAPHYHOMY PE30HATOPI, JlaMeTp 1 JOBXKHMHA SIKOTO OJHAKOBI Ta
JOPIBHIOKOTH 5 CM.

Bionogion: 4,593 14,622 I'Tu, BIATOBIAHO.

7.4. Slxuii THIT KOTMBAHb € OCHOBHUM Y TPSIMOKYTHOMY PE30HATOPI
3 posmipamMu @ =2 cm, b =4 cm, [ =3 cM? BusHauuTH HOro pe3oHaHc-
Hy 4acToTy. SIkuii TUIT KOUBaHb € HAHOMIKUNM BUIMM? 3HANTH HO-
IO PE30HAHCHY YacTOTYy.

Bionogios: Hyy, 6,25 T'Tu; Eyyo, 8.38 T'Tw.

7.5. Pezonatop, 1m0 MEpealITOBY€EThCS, YTBOPCHHUI BILAPI3KOM IMpsi-
MOKYTHOTO XBHICBOAY mepepizom 23 x 10 MM, ycepeauHi sSKoro mepe-
MILIYEThCS TIOPIICHB (puc. 7.8). BU3HAYHTH MEKI MIEPEMIILCHHS TTOPLIHS
Jutst iepedy 1oBu pe3oHaropa B Mexkax 8—12 I'T'u. Tum xormBanss Ho;.

Bionogions:
14.89 mm < / < 32.37 mm.

Puc. 7.8

72



7.6. 3a SKOro BIAHOIICHHS JOBKHHH LWTIHAPUYIHOTO 00'€MHOTO
pe3oHaTopa 4O HOro paiyca PE30HAHCHI YaCTOTH KOJHMBAHb THIIB
Eoo1 Hyyy 6yayTe oqHaKOBUME?

Bionoeiow: [/ a = 2,03.

7.7. JNoBxHHA UATIHAPHIHOTO 00'€MHOTO Pe30HaTOpa BABIYI OlTbIa
Horo miamerpa. Pe3oHaHCHaA yacToTa KOMUBAHHS THITY Fyi; HOPIBHIOE
6 ['Tu. BuzHauntu aiametp pe3oHaropa.

Bionogion: 4,026 cm.

7.8. BuzHauuty po3MipH NPSIMOKYTHOTO 00'€MHOTrO pe30HATOpAa,
TPH HIDKYI PE30HAHCHI 4acTOTH sikoro AopiBHiO0TH 10, 11 ta 12 I'T',

Bionogion: 24,2 x 19, 1 x 16,5 mMm.

7.9. IpsivoxyTHHI 00'eMHUI PE30HATOP 13 PE3OHAHCHOIO JAOBXKHU-
HOIO 3 CM IPH KOJIMBAHHI TUITY H(2, YTBOPEHHH BIAPI3ZKOM CTaHAAPT-
HOTO MpPSIMOKYTHOTO XBHIIEBOAY mepepizoM 23 x 10 mv. BuznauuTu
JOBXKHHY PE30HATOPA.

Bionogiown: 3,957 cm.

7.10. BusHauuT pe30HAHCHY YacTOTY OCHOBHOI'O THITY KOJIMBAHb
KOAKCIaJIbBHOTO PE30HATOPA, MOTICPECIHUI TIEPEPI3 SIKOrO HABEACHO HA
puc. 7.3. Hano: D =20 mm, d = 12 mm, [ = 60 mm.

Bionogion: 2,5 T'T1.

7.11. He3anoBHeHwMi pe3oHATOp Mae pe3oHaHcHY wactoty 6 [T
Ska Oyae pe3oHAHCHA 4YacTOTA, SIKIIO PEC30HATOP 3AMOBHUTH TICIICK-
TPUKOM 13 BITHOCHOIO TIPOHUKHICTIO € = 2,77

Bionosgiows: 3,65 I'T.

7.12. YV unmHAPHIHOMY 00'€éMHOMY PE30HATOPI 30Y/KYETHCS KO-
JUBaHHS THITY Foiy. s A0CTIIKCHHS KAPTHHH CHJIOBHX JIIHIN OIS Y
CTIHKaX pPE30HATOpa HEOOXIAHO MPOPI3aTH BY3bKI LIIJIHHH. YKa3aTH
PO3TALIYBAHHSI IIJMH, SIKI ICTOTHO HE BIUIMBAIOTh HA MOJE LBOTO KO-
JUBAHHSL.

Bionogios: mo3n0BXKHI IITHHA HA OlYHIN CTIHLI 1 paianbHI -
JMHH HAa TOPLEBUX CTIHKAX.
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7.13. BuzHauuTH Pe30HAHCHY YacTOTY 1 JOOPOTHICTh LITIHAPHY-
HOro 00'€eMHOTrO pe30oHaropa, L0 MPALOE HA KOJHMBaHHI THNY Hoi.
JiameTtp 1 fOBXKHMHA pPe30HATOpPA 5 €M, NPOBLAHICTD MaTepiady CTIHOK
6,1-10" Cm/m.

Bionogiow: f,,,=7.93 I'Tu, Q =37 450.

7.14. IpssMoxyTHHI 00'€MHHI PE30HATOP BHTOTOBJICHO 3 QlIIOMi-
Hi€BOro XBHICBOAY mepepizoM 23x10 mv’, goBxkuHOK0 20 MM, 3am0-
BHCHOTO TOBITPSIM. 3HAHTH PE30HAHCHY YacTOTY Ta AOOpPOTHICTH ()
Mo Hyor, Hion.

Bionogios: fio1 = 4,802 ITu, fio= 7.075 I'Tu, Q1o = 7,521,
Q102 =9,119.

7.15. Buznauntu 100poTHICTE () MOAU £ MIPSIMOKYTHOTO 00'eM-
HOTO PE30HATOPA, HEXTYIOUM MPOBIJHICTIO CTIHOK 1 BTpaTaMH B Ai-
CIICKTPHKY .

ke abd(a* +b%)

Bionogion: O = 3 7 7 T
4Ry a’d +b°d +a’b +ab
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Po3spnin 8

3bYAXXEHHA 3AMKHEHUX
ENEKTPOANMHAMIMHUX CACTEM

§ 8.1. OCHOBHI TeOpeTU4HI BigOMOCTI

36ymxeHHs xsunesofiB. Hexail y HECKIHUCHHOMY XBUICBOAI
JUKEpena ToJs, MO MICTAThCS B 00'eMi V., 0OMEIKEHOMY 1HTEPBAIOM

21 <z < z, (puc. 8.1), 3anani pynxuwisvu J ., Ta Iy -

-
4

. Jc*r.cn '

1
T
1
1
i
1

JC]‘.M:

Puc. 8.1

BBaxkaTuMeMO, IO CTIHKH XBHJICBOJAY 1JCaIbHO MPOBIAHI, a Ji-
CJCKTPHK, LIO 3aMOBHIOE XBWICBIA, HE Mae Brpar. [lone moza 00'e-
MOM V mpeacTaBiIeHO Y BUINIAL CYKYITHOCTI XBHIIb €ICKTPHYHOTO U

MAar”iTHOI'O THIIIB:
oo

ZC’_HE_n (z<z), C_H_, (z<z),

E-= n=1 H-= 17%1 (81)
Z(ZnEH (z>zy), ZC+nH+n (z>2,),
n=1 n=1

J€ 1 — HOMEP TUIY XBH/Il Y XBHJICBOAl (SIKIIO MiJ # PO3yMITH JIBa
IHICKCH, TO MiACYMOBYBAHHS PsAIB MPOBOAATH 32 00OMa iHACKCA-
mu); C., — koehiuientu 30yxenns; E.,, H ., — KOMIIekcHI aMrii-
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TYAW BEKTOPIB MOJISI #-TO THITy. 3HAaK "MiHyC" BKa3ye€ Ha TC, O XBH-
JIS1 TIOLIUPIOETHCS Y BIA'€MHOMY HAIPSIMKY OCI Z.

3azava mossrae y BU3HaueHHI Koe(dimieHTiB 30ypkeHHSI. Brmy-
mene mosie (7.10) 3axoBosbHSIE HEOAHOPIAHI piBHAHHI Makcsesia.
Jlast Toro, mo6 po3B'a3aTH 3a4ady MPO BUMYIICHI KOJIUBAHHS Y XBH-
JICBO1, HCOOXIAHO BOJIOITH PO3B'SI3KOM O1NIBII MPOCTOI 3a4adi MPo
BIJIBHI NOJISL, IO 33J0BOJIBHSIOTH OJHOPIAHI PIBHSIHHS MaxkcBemia.

3acrocoByroun nemy JlopeHa A0 €ICKTPOMArHITHOTO IOJIsE
(7.10) B 00'emi V' 1 BUKOPHUCTOBYIOUH SIK JOTIOMIXKHE TTOJIC E.. H.,.
k-TO THIy XBHIIb, KOMIICKCHI aMIUTITYAH SKOTO HEOOXIZTHO BH3HA-
YHUTH, 3HAXOAUMO BUPA3HU I KOC]ILIEHTIB 30y KCHHS

Cik:NL (Ferenbrp ~IopnHr )V, 8.2)
ky

pi (&
Ny = [{[ BBy ][ B HL, J}1dS (8.3)
S

— HopMma k-1 enacnorl xeui.
30ymKyBaHa HKEPEIOM k-Ta XBWIISL MCPCHOCHTH HCPE3 KOKHHM
MOTICPEYHUH Mepepi3 aKTUBHY IOTYKHICTb

P = |Ck| —|V,- (8.4)

36ymureHHs 06'eMHMX pe3oHaTopiB. Skuo 00'eMHuil pe3oHa-
TOpP OOMEKCHHI 3aMKHCHOKO 1€aJIbHO MPOBIJHOO MOBEPXHEIO S, TO
PO3B's130K piBHIHD MaKcCBeIIa Ma€ 3aA0BOJIBHATH IPAHUYHY YMOBY

[lnE]:o. (8.5)

Byaemo BBaxkatH, 10 BIIbHI KOJIMBAHHS PE30HATOpA B1IOMI, TOO-

TO 3HANACHI MOBHA cuctema BekTophux Qynkwii E . H , 1 BracHi
vactotn ®, TyT iHACKC p O3HAYAE HOMED THIY KOJMBaHb B 00'€M-

HOMY pe3oHaTopi. BiacHi konmuBaHHs B 00'eMHOMY PE30HATOPI 3310~
BOJIbHSIFOTh YMOBY OPTOTOHAIBHOCTI:

[EEav=0. [HHAGV =0 (p=g) (8.6)
174 174
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(BBaKAETHCSI, IO BJIACHI YACTOTH BCIX THUIIB KOJUBAHb Pi3HI, TOOTO B
PE30HATOPI BIACYTHE BUPOIKCHHSI THUITIB KOJIMBAHB).
Hopwma enaciozo konueanis

Np = _“SaGEde = I“aﬁ
v 7

Hg|dV. (8.7)

EnexTpoMarHiTHe mosie, 30YIKEHE B PE30HATOPI, BIAMIYKYIOTh V BH-
i p;{,:liB1
. 20 . . o 0 . .
E=) AE H=)BH,. (8.8)
g=1 q=1

AmmuiTy a1 Koe(DILIEHTH A1 KOTHBAHb THITY p OOUHCIIOIOTH 32
dbopMmyamu:

. 1 L L
p =i [(0dereak, — 0, d o H )V, (8.9)
(0" —0y)N,
o 1 . . .
B,= TN [(0 e, —0de JH, )V, (8.10)
p pV

Skimo pe3oHaTop HE Ma€ BTPAT, TO BIACHA YaCTOTA (), AlMCHA, a 32
4acTOTH 30yUKCHHS O = ), KoeiuieHTn A, , B, 1 3yMOB/ICHI HUIMH

OISl IPSIMYIOTh 10 HECKIHUEHHOCTI. [{nmst peanbHOro 00'eMHOTO peso-

Haropa, o Ma€ BTPATH, BJIaCHA 4aCTOTa ©® P KOMILIEKCHA. 32 BEIMKHX

3HA4CHB 100POTHOCTI (), 06'€MHOrO pe30HATOPa BIIACHA YaCTOTA
i F (8.11)
0, X0, +i S 3
p p 2Qp

Ae¢ O, — AOOPOTHICTB p-ro TUIY KOJIMBaHb. 3 OIIIAAY HA TC, WO 3HA-

ucHHS (), BENMKC, A MPAKTHYHUX PO3PAXYHKIB Y UHCCIBHHKY

MPUIMAIOTh © , = O o Toxi

p

! HacmpaBni. y Wi psaM CTi 0ATH YICHH, MO ONMKCYIOTh CTATHYHI 1O-
151 mKepen. OaHak MPaKTHYHO IXHIH BHECOK Y MOJIe, 30yKCHE B PE30HATO-
Ppi, HCBCIMKHUIA.
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c)_[ JCT_OJEpdV = mprCT_MdeV
I/

A =it !

P (0)2 _c)i —i(s)f7 /Qp)Np (8.12)
ijjcr.enEpdV _mJ‘JctMHPdV
B =7 V L4
5 B 2 -
(0" ~0,—io, /Q,)N,

3a ® = o, koediuieaTn A4 .y T B 5 JOPIBHIOIOTh OJIUH OJHOMY.

Teopis 30ypeHp A03BOJSIE PO3pPaXyBaTH 3MIHY BIACHOI YaCTOTH
o0'emHOTO pesonaropa npu achopmaii fioro odononku. Ll aedop-
Malis MOXE 3AIHCHIOBATHCS, HANMPHKIAA, 3aHYPCHHIM METAICBOTO
Tina 3 00'emMoM V' y pesonarop. Brachi wactoru co'p 30y, 1KEHOTO pe-

30HATOPA MOKHA PO3PaXyBaTH 33 BIIOMHMH YACTOTAMU O, 1 BIAC-

HuMH BekTopHuMH QyHKuisivu E,, H, He30ypenoro pesonaropa:

J'“a(’—HprdV_ J‘MO]V
oo, b2 2 g
i[saG ;:p av
Y :
Tyt J‘@dV , J‘ﬂdV — MakCHMajbHA MAarHiTHa ¥

o 3
CJICKTPUYHA CHEPrii KoauBaHHS B 00'eMi V' 10 BBEACHHS CICMCHTY,

)
€a6 }E p| i ;
o 30y1KVE, j—dV — MOBHA EJIEKTPOMArHITHA €HEPris KO-
A
JWBaHb P-TUIY B PC30HATOPI A0 BBEACHHS 30YPCHHS.

§ 8.2. Npuknaau po3s'a3aHHA TUNOBUX 3ajaY
8.1. IpsmokyTHHIT pe3oHaTOp 13 po3mipamu a, b, [ 30yKy€EThCS

CICMCHTApHHUM II_Ii.]II/IHHI/IM BI/IlTpOMiHIOBaHeM AOBKHMHOXO Zm Ha pC30-
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HAHCHIN 4acTOTI KomuBaHb THIY H)p. LllinuHa po3ramosana Ha me-
PEaHIi CTIHLI pe30HaTopa mapaneiapHo Horo ocHosi (puc. 8.2). Koop-
JUHATH IITHHHA (X, 1y, 0). KoMmiexcna amrutiTya Hanpyra Mix kpa-
sivut iian Uy . JoGpoTHICTS 06'eMHOTO pe3oHaTopa Op,,, BBAKATH

BiIOMOrO0. BH3HAYHTH KOMIUICKCHI aMIUITYAH EICKTPOMArHITHOTO
I0JIS1 B PE30HATOPI.

»
T Z
A
b » /r\ l
X Xi 2
Puc. 8.2

Posze'sazannsn. KoediumieHtn 30VKCHHS 3riJHO 3 BHPA30M
(8.12) BU3HAUAKOTHCS SIK

QH](“ I JCT.MHfllOl av
I

Az =8s = ‘ , (8.14)
101 101 C)HJOINHIOI
i
H, =iZsinZrcos>zl, —icos—xsin—zl, (8.15)
w I a / a L *
(auB. po3zx. 7).
BnacHa wactora xomuBaHHS THITY H) o)
: 1
f. =—— (8.16)
= 2 €a6Ma6

OCKUTBPKH IMITMHHUHA BUIPOMIHIOBAY CKBIBATCHTHHUH MAarHITHOMY
JMIIONIO 3 TIOBEPXHEBOIO INUIBHICTIO CTPYMY T\, ,,» TO B YHCETBHHKY
piBusiHHS (8.14) iHTerpan 3a 06'eMoM Tpeda 3aMIHMTH IHTETPATIOM 32
MOBEPXHCIO LIITHHA Sy

jjcr.xiHHIOIdV = J‘T‘]CT-MI;I}"IOIdS~
14 S,

jiig
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A OCKITBbKH IUIOIIA IIUTHHH Mana (BUIPOMIHIOBAY CICMCHTAPHHM),
10 BekTOpHE note H Hyp, MOYKHA BBAXKATH MOCTIHHMM 1 BU3HAYCHUM
y Touy (X1, y1, 0).

3 ormsiay Ha TC, IO AU OAHOOIYHOTO LILTHHHOTO BHIPOMIHIOBA-
yal, = U = U,, 0aepKUMO

I nCT MHHmldS nCTMAlIII xHHlo‘ =

S (8.17)
.7 a. m e s B B
il il TSm;xl =iUply TSm;xl.

Hopwma xonusanns tuny Hiop:

lba
NHml :juaGH%Iml Hfuaﬁ 2 —-sin ;xc0527z+
' o : (8.18)
2T a abl 2 . ab
+cos? =xsin? =z |dxdydz = —+1|—= a“ +17)—.

[TiacraBsiroun pisusiaast (8.17) 1 (8.18) v (8.14), oaeprxumo

40H Ul sin— x1
a

Ay =By =
Hyo, ~ PHyg = mllmlpaG(a +12)b

KoMrmiekcHl aMImumiTyau MOMIB BUMYLICHOTO KOJHBAHHS THILY
Ho:

40y Ul

; s B T
E=- —zsm—xlsm—xsm—zly,
n(a® +1%)b a a /
: 4QH10]Uolma .M. T T
H=- 5 Sin—x;sin—xcos—zI, +
O Mas (@ +I7)bL a a
40u,,, Yol » T .m
+ > 5 -sin—x;cos—xsin—zI.
oy, M@ +19)b @ a l
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§ 8.3. 3apaui gna caMOCTIMHOro po3B'a3aHHSA

8.2. Ha puc. 8.3 300pakeHO NPSIMOKYTHHI XBHUJICBLA, y SKOMY
npopi3aHi By3bKl LIIMHH. 3a JOMOMOTOKO SIKHX IIUTMH TIPH OIPOMI-
HCHHI iXHIM 30BHILIHIM TOJIEM MOXHA 30YAWTH XBHIO THITY H)o (TS
came ¥ U1 XBUITI EU)?

Bionogios: xsumo tuny H

/ MOXHA 30yAUTH 32 JONOMOTOIO
= u uieH 1, 2, 4, a xBumo tany £y
3 3a JOTMOMOTORO IIIIHH 2, 3.

Puc. 8.3

8.3. ¥V mmpoxiii CTiHII HAMIBHECKIHYCHHOTO MPSIMOKYTHOTO XBH-
JICBOAY TpOpi3aHa monepeyHa minuHa (puc. 8.4), mo ONpOMIHIOETbCS
30BHILIHIM TOJIEM 3 JOBXKHHOK XBHII Ao JIOBXKHHA miauHU /[y << ),
aMILTTYy 12 HANPYTH B3IOBK IIITHHU NOCTiiHA 1 gopisHIoE U, Koop-
JUHATH LICHTPA WILTHHHA (X1, b, z;). BUSHAUNTH KOMITIEKCHY aMILTITY Ay
Ha.npvxceﬂocn CIICKTPHYHOTO TOJISI Bcepe,amn XBHJICBOJY HA BIACTaHI
BIJ LILTMHU 32 YMOBH, L0 Ao/2 <a < kg, b < ho/2. XBUICBIA 3aNOBHE-
HHU TOBITPSIM.

. 22Uyl . & B
Bionosios: E =—""sin—x, cosPz, sin—xe ¥
/ X 2
m_ X e k. :_g=
: Y
2z = A 10
J 4 o Ao
[ Mg =
12
X ¢ a 2a

Puc. 8.4

8.4. Y HamiBHECKIHUCHHHMH KPYIVIMH METAJICBUH XBHJICBLA JAlaMeT-
poM 6 CM YBEACHHH TOHKHUH INTHP AOBXKHHOIO 3 MM, SIK MOKA3aHO HA
puc. 8.5. Y310BK WITHPS MPOTIKAE 3MIHHHUN CICKTPUIHHUH CTPYM, aM-
IUTITYAA SIKOTO MOCTIMHA 33 JOBXHMHOK 1 gopiBHIOE | A. Yacrora ko-
musaHb 3,75 I'Tu. Pospaxysaru nepegany mo XBHICBOAY MOTYKHICTb
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32 YMOBH OINTHMAJIBHOTO PO3TAIIYBAHHS LITUPs 30YKCHHS. SKOrO
pu 1bOMY Mae OyTH BIACTAHb MDX IITHPEM 1 3aKOPOUYIOUOIO CTIH-
KO10?

g %P al2
- e i it -—- _,»‘hl/-«r -------- I
tIF Q\ Sf S5
2 1 l z
Puc. 8.5 Puc. 8.6

Bionogion: 0,8483 Br, 3,18 cm.
8.5. IpsaMokyTHHI pe3oHATOp 13 po3Mipamu a, b, [ 30y KYETBCS
TOHKHM IOTHPEM HA PE30HAHCHIN YacTOTI KOJAMBaHHA THIY K)o

(puc. 8.6). oOpoTHICTH pe3oHaTOpa Qf : Bizoma. JloBxxuHa mrupsi /,

KOOpAMHATH #oro miactasku (a/2, b/2, 0). Posnoain exekTpHIHOTO
CTPYMY IO LITHPIO BBAXKATH MOCTIHHEM (/,<<)o), aMILTITyJa CTPyMy
1. BU3HaYHUTH KOMITIEKCHY aMIUTITYAY HAMPYXKCHOCTI CICKTPHYHOTO
HOJISI B PE30HATOPI.
A0 n
Bionogio: E = —————sin—xsin—yl..
01086001 @ b
8.6. Bxazatu onTHManbHE PO3TalyBaHHA LITHPS s 30YAKCHHs
KOJUBAHHS TUMY H) gy ¥ TPSIMOKYTHOMY 00'€MHOMY PE30HATOPI JOB-
JKHHOTO /.
Bionoeiows: o cepeanHl BEpXHBOI UM HH)KHBOI CTIHKU HA BIACTaHI
[ Bi7 TOpILIS pe30HATOPA.
8.7. Bxazatu onTHManbHE PO3TAIIYBAHHS LITHPS AIs1 30V PKSHHS
KOJIMBAHHS THITY Fy1o V IATIHAPUIHOMY 00'€MHOMY PE30HATOPI.
Bionogiowb: y 1eHTp1 TOPLICBOI CTIHKH.
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Po3spin 9

NMOLWUNPEHHSA ENNIEKTPOMATIHITHUX
XBWUJ1b Y PI3BHUX CEPEAOBULLIAX

§ 9.1. OCHOBHI TeOpeTnUHi BiAOMOCTi

Oco0auBOCTI MOMIMPEHHS €IEKTPOMArHITHUX XBHIb Y NICBHOMY
CEpPEIOBHUINI BH3HAYAIOTHCS BIACTHBOCTSIMU JAHOTO CEpeaoBHINA. Y
CNEKTPOAMHAMILI A JTOKAJIBHOTO OMUCY BIACTHBOCTCH CEPEIOBH-
I1a BUKOPUCTOBYIOTh MAaTCpPiasibHI PiBHIHHSI

D=(g,5)E=¢gy(e)E,
B= (16) H= po(1)H,
J =(o)E.

Koedimientu (g,5), (Mis) Ta (G) v 3araJbHOMY BHIAAKY € TCH30-
paMM 1 MOXKYThb 3aJC)KAaTH BIA PsAy HapaMeTpiB. XapaKTcp TaKUX
3aNIC)KHOCTCH MOKIAJCHUI B OCHOBY Kiacuikamii pi3HHX cepeno-
Bul. Hanpuknaz, sKmo BIacTUBOCTI CEPEAOBHIIA 3aIC)KATh BLA Ha-
npsvky npukiaaaeHux noais E ta H, To Taki cepeaosuina Hazusa-
I0Th aHI30TPONMHUMHE. SIKI0 KoehiieHTH (€,5), (Ls) Ta (C) 3aICKaTh
Big abcomorHux BeauuuH E ta H, To moaiOHI cepeoBuima OyayTh
HeIiHIHHUMH. PO3pi3HAI0Th TaK0K HEOAHOPIAHI CCPEAOBULIA, V SIKHUX
BCIMYHHH (€,5) 1 (Mis) € QyHKIISIME 0OpaHOi KOOPAMHATH 1 TOYKH
CCPCAOBHINA, TA OXHOPIAHI CCPCAOBHUING, V SKHX LIS 3AJICKHICTD BiX-
cytHs. KoedinmieHTH (&,5). (Mas) 1 (G) MOXKYTB 3a1€KaTH 1 BIA 4aCTOTH
CIICKTPOMATHITHUX KOIMBAHb (). Y LBOMY BHMAJIKY CCPECAOBHILA JAMC-
TICPCHI.
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OpnHopigHi i3oTponHi iOHiI30BaHi cepepgoBuula. YHacmaok
BJIACTHBOCTECH 10HI30BAaHOTO ra3dy HOro 3a3suuail BIIOKPEMITIOIOTH SIK
cricuuivHE CCPEAOBHILE, SIKC HA3HBAKOTh MIA3MOI0. 3 CKIIQAOM Ta-
30Ba IU1a3Ma SIBSIE COOOK0 CyMIII HEHTpPATbHHUX, BIA'€MHO Ta A0JAT-
HO 3apsKCHUX YaCTHHOK. Y LIJIOMY IIa3Ma KBas3iHEHTpaibHA, TOO-
TO KOHLCHTpPALIS BII'€MHO 3apsIKCHHX YaCTHHOK (CICKTPOHIB) Yy
CEPEeaHBOMY JOPIBHIOE KOHLCHTpALIi JOJATHO 3apSIKCHHX YaCTH-
HOK (10HIB).

YacTuHKH, IO CKIAJAI0Th IIa3My, B3a€EMOAIIOTH SK 13 30BHIIIHI-
MH €JICKTPOMArHITHUMH TOJSIMH, TaK 1 MK co0or0. B3aemonis Mix
YACTHHKAMH TPUBOJUTH IO TMOSIBH Y IUIa3Ml PI3HOMAHITHHX KOJICK-
THUBHHUX PYXIB (KOJHMBAaHb), IO € XapaKTCPHOIO BIACTUBICTIO ILTA3MH
sk cepeaopuina. HaiO1mpmn mpocTi KOJAMBAHHS IUIA3MH TOB'SA3aHl 3
KYJIOHIBCBKOIO B3AEMOJIEI0 3aPS/PKCHUX YaCTHHOK. YacToTy Takux
KOJMBaHb HA3WBAIOTH IIA3MOBOIO YaCTOTOO (. JliIst €eKTPOHIB

JC e Ta m — 3apsij 1 Maca CICKTPOHA, BIAMOBIAHO, # — KOHLCHTPALIS
CJICKTPOHIB Y IIIa3MI.

AXT B3aeMOJii MIJK ABOMA YaCTUHKAMH Y TI1a3Mi Ha3UBAIOTh 3iMIK-
Hennam. barato mpouecis y miaa3mi BU3HAYAKOTBCs BEIMYMHOIO Vi —
KIJTBKICTIO 3ITKHCHB 3a | C 3apsHKeHO1 YaCTHHKH COPTY / 3 IHIIMMH
YaCTHHKAMH COPTY /. Y rasoBiil miasMi HAWOLTbLI BAXKIIHBOKO XapakK-
TCPUCTHUKOIO € YACTOTA 3ITKHCHb CICKTPOHIB 3 HCHTPAIBHUMHU MOJIC-
KYJIAMH Ta3Y Vey = V.

I3 MakpoCKOMIYHOI TOUKH 30py IUIa3Ma XapaKTCPU3YEThCS CICK-

TPOAMHAMIYHUMH MApPAMETpaMH €, W, 1 6. Brachuii marsetusm mias-
MH He3Ha‘IHHﬁ, 1 MO?KHa 3 BCJIMKUM CTYIICHCM TO‘lHOCTi BBAXKaTH, IO
p=1.

KO ENCKTPUYHE MOJIC BIACYTHE, TO BIJHOCHA AICICKTPHUYHA
HPOHHKHICTD 1 MMPOBIAHICTH MJIA3MH BIAMOBLAHO JOPIBHIOIOTH:
2
0} O4VE
Ty P— c=—1"2. 9.1)
0°+v




Sxmo v <o, to popmymu (9.1) cipoinyroTbes

2 2
6} OyVe

szl——g, czo—zo 9.2)
® ®

[ToHATTS M1a3MU MOYKHA TOLIMPHUTH HA CJICKTPOHHO-AIPKOBHIA ra3
y HamiBnpoBiaAHUKAX. EnexrpoauHaMivuHi mapamMeTpu HEBHPOIKEHO-
r0O HamiBMPOBIAHUKA 3 JBOMA THIIAMH €ICKTPONPOBIAHOCTI, AUISl SIKO-
ro ¢()CKTUBHI YaCTOTH 3ITKHCHb CJICKTPOHIB 1 AIPOK BIAIMOBITHO V,, 1

v,.a JIEIEKTPUYHA MPOHUKHICTD IPATKH — €, , MOYKHA MPEACTABUTH

p?
dbopmynamu
) 2
- 1— Don (DOP
H=5p Dol iz |°
o +v, o7 +vy
9.3
| S (93)
_00,VaEE,  O),Y pEE,
- )
ol+v?2 o’ +v)
02}’1 2 *
ac 0y, = |[——. wop:,/e p/myggE, - IIasMOBI 4aCTOTH
mM,€yE ,

CNEKTPOHIB 1 AIPOK, BIAMOBIAHO; # 1 p — KOHLEHTPALIi €ICKTPOHIB 1
*

p
SKmwo B HAMIBOPOBIJHHKY ICHYIOTh ACKLTbKA COPTIB YAaCTHHOK 3

“ * . .
JIpoK; m, Ta m, - €(PEKTHBHI MACH CICKTPOHA Ta AIPKH.
PI3HUMH C(PCKTUBHUMH MacaMH, TOAl LIe Ma€e OYTH BIJOOPaKEHO Bia-
noBiAHUMH uineHaMu y (opmym (9.3). YzaraabHEHOIO e€neKkTposu-

HAMIYHOKIO XapaKTEPHCTHKOK CEPEIOBHINA € KOMIUIEKCHA IENeK-
TPUYHA MPOHUKHICTD
o

E=g—i—. 9.4)
®

KoediwieHT nommpeHHs mIocKoi MOHOXPOMATHYHOI XBUIII B CE-

: O [z :
peaoBuInl k£ = &= B—ia, mpuuomy
c
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o [e % c
sl
c\2 2 20¢,,

2 2
o | € € c
a=—, -+, =| +
& 2 (ZJ 20¢,

SKmo akTHUBHI BTPATH y IUIa3Mi HE3HAYHI 1 BUKOHYETHCS yMOBA

c ' .
—— <&, Toai Bupasu (9.5) HaOyBarOTh BUTIIAAY
[0}
0

[3:9\/;’ et ¥ (9.6)
c

c 20)80\/; ‘

IHoai xoediuienTH B 1 0. BUpaKarOTh YEpe3 AlICHY Ta VSBHY YaCTHHH
Koc(iLi€HTa 3ATOMICHHS 71 = JE=n'-in"

[Tpu npoxoaKeHH1 IIOCKOI €ICKTPOMATHITHOI XBHIII 4epe3 OAHO-
PIAHMH 1HAP TUIA3MH TOBLIMHOK /. CKJIAJ0BI BEKTOPIB CICKTPOMArHiT-
HOTO MOJIs MOCTA0MIOI0TECS HA BEIUUHHY

L
A=8,686 j adz [aB]. 9.7)
0

[Tpu mpomy mogaTtkoBuii 3cyB (pasu, BUKIMKAHHN HASBHICTIO ILIa3-
MU, BU3HAYAETHCS (HOPMYIIOIO

L
o= j Bdz [aB]. 9.8)
0

OpHopiaHi aHi3oTponHi cepenoBMLya. Y aHI3OTPOITHHUX Cepe-
JOBUILNAX HAMPSIMOK MPUKIAACHOTO MO HE 30IraeThCsl 3 HAPSIMKOM
BHUK/IMKAHOTO LM MoJjeM Biaryky. Hampuxman, icHyrOTh cepeaoBu-
ma, y skux Bexktop E 1 BekTop enexTpuuHoi noisipuzoBHocTi P, sixmit
BHUHHKAE T HOTO BILUTUBOM, HC 30IrarOThCsl 32 HAMPSIMKOM. ICHYIOTH
TAKOK CEPEAOBHIIA, YV SKUX BEKTOP HAMPY>KCHOCTI MArHITHOTO IMOJIS
H 1 Bexrop HamarHiueHocTi M BIAPI3HSIOTHCS CBOIMH HAIPSIMKAMH.
B o0ox Bumaakax mapu Bekropis D 1 E ta B 1 H nos's3ani Mix co-
000 TCH30paMH JPYTOro PaHry.
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FiporponHi cepeaoBua. YactkoBuM BUMAIKOM aHI30TPOITHUX
CEPEIOBHIL € TIPOTPOTIHI CEPEAOBULIA, TS SIKUX X04a O OJHH 13 TCH-
30piB (g) Ta (J1) Ma€ BUTTISLT

€xx —ig xy 0 My = HA}' 0
(&)=|igy, &y 0| (W=|ipy My O
0 0 €2 0 0 Kz

lNpomarHiTHI BIaCTHBOCTI BUSIBJISIFOTH ACSAKI CCPEAOBHUINA, PO3-

MileHl B moctiiiHomy MmarHitTHomy nosi. Hanpukiaa, ams rasosoi

IIa3MH 32 HAsSBHOCTI moOCTiiHOro MarsitHoro moas H,=H L.

CKJIAJ0BI TCH30pA AICICKTPUUHOI MPOHUKHOCTI 3aIUCYIOTh Y BHIVISLAL
0g O—-0 O+

20 (m—mH)2 +v? (o +(DH)2 +v?

. :co_g o-0oy  o+toy 9.9)
" 9n 2, .2 2,20 '
(0-0y) +v° (o+oy) +v
2
o
82221_2_05_’
o +v

e
ae Oy =g %HO =yHy=2,21- 10°H ¢ — YacToTa IapMOpPIBCHKOI

nperecii. Y i popmyni BeauunHa Hy Mae po3mipHicTb [A/M].
3 ypaxyBaHHsIM 3ITKHCHb CKIIJ0BI TCH30pa KOMIUICKCHOI J1CICK-
TPUYHOI MPOHUKHOCTI Ia30BOi IIA3MH MAaTUMYTh BUIISL]
_— of (0 —iv) . 0oy
€. =il =

XX

m[(w—iv)z—mz]’ ’\y_m[(co—iv)z—m%,]’ 9.10)

2
& ®
g, =1-—2—.
o(o—-iv)

[IpukaagoM ripoOMarHiTHOrO CEpeaoBHIIA 3 TCH30poM (W) € depur,
poamiuieHui y nocriiiHoMy marsitHomy nosi Hy. Cximagosi Tensopa
KOMITIEKCHOI MarHiTHOi mpoHukHOCTI deputy 3a H, = H 1, 3amm-

CYKOTb TAKUM YHHOM!
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gﬂzl_&’ i __Oy(@-iv) fi_=1. (9.11)

A xy : >
(oa—zv)2 Y ? (0)—1v)2 —m%{
ae oy =yHy: o, =yM, (M, - HamMarHIYeHICT HACHUCHHS QEPUTY).
CkmazoBl TEH30pa KOMIUICKCHOI MArHITHOI TMPOHHKHOCTI, LIO
onucyrThcs Bupasamu (8.11), y 3aranbHOMY BHUNAAKY MICTSAThH Aii-
CHY Ta YSIBHY YaCTHHHU!

Froe =i~ Fiyy = Wy~

Sxmo BrpatH y GepuTi BIACYTHI, TO
Mo :“;:x :l_%’ My :M:\'y :%r Ko = l. (9.12)
0 -0y 0 -0y

3a1eKHICTh Bl YaCTOTH KOMIIOHCHTIB XX Ta Yy TCH30PIB TipOTPOII-
HHUX CEPCIOBHIN MAa€ PE30HAHCHHM xapakrep. Pezonancha uacrora
MPONOpLiHA HANPYKEHOCTI MArHiTHOro noms H,, a mHUpHHA PE30-
HAHCHOI KPUBOI BU3HAYAETHCS IAPAMETPOM V.

3aranpHUH PO3IJIs MOMIMPCHHS CICKTPOMArHITHOI XBHIIL B Tipo-
TPOITHOMY CEPEIOBHINI 3PYYHO 3BECTH JO ABOX I'DAHUYHHX BHUIMAI-
KiB — MOIIMPCHHS XBHJI B3JOBX MEBHOI OCI (3a3BHYail y3J0BXK Ha-
HPSIMKY MOCTIHHOTO MarHITHOTO MOJIsT) 1 BIIONEPEK A0 HeEi.

ITpu mommpeHHI MIOCKOT XBHIII B3AOBK MOCTIHHOTO I AMArHIqy-
BAJILHOTO TOJIsI CIIOCTEPIraeThCst egpexm Papades - 0OCPTAHHS MI0-
LWHY ToJsIpy3anii JiHIHHO nossipusoBanoi xeuml. Leit edexr mos's-
3aHHH 3 THM, IO TIPH MOB3A0BXHBOMY (Y3I0BIXK MiAMArHIuyBaIbHOTO
10JI1s1) MOLIMPCHHI XBHWIl 3 MPABOK KPYTOBOK MOJSPH3ALIEID MOBO-
JITh ce0C Tak camo, sIK 1 XBHJII, L0 TOLIHPIOIOTHCS B CCPCAOBHILI 3

MapamMeTpaMH €, = \[€ . €y » My :,/uxx —Hyy » @ XBAJL 3 JIBOKO

NOIPU3ALIEI0 — SK XBHII B CEPCIOBUIIl 3 IapaMeTpamu
B Eali +8y 5, Py = Ji +1,, . Koedimientn nommpenns A

TAKWX XBUJIb PI3HI:

0] ©
ky, S [URC- U ::,/p.nsﬂ. (9.13)

[peacraBisiroun TiHIHHO MOMAPU30BAHY XBHITKO Y BHUTIISAI FEOME-
TPUYHOI CYMH ABOX BCKTOPIB 3 OJHAKOBUMH JOBXXHHAMH, SIKI 00Cp-
TAKTHCS B HpOTI/IHC)KHHX HalpsMKax, MO>XHa 3HAUTH KYT IIOBOPOTY
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IIOLHUHY TOJISIPU3AL JJIsI CICKTPOMArHITHOI XBHJIL, IO IPOXOUTE.
SIKIo XBHUISL MPOWILIA BIACTaHb Zp Y CCPEAOBHIII, IO OMHCYETHCS

J

criBBigHOLEHHIMH (9.13), TOA1 LEH KyT JOPIBHIOE

q>=%°(kH —kﬂ)z%’(,/enun ~ ety ). (9.14)

§ 9.2. Npuknaau po3B'a3aHHA TUNOBUX 3ajauY

9.1. BuxkopucToByouH piBHSIHHS HCTICPEPBHOCTI, OTPUMATH BHPA3
JUTSL TIIA3MOBOI YaCTOTH €JICKTPOHIB V I1a3mi 0e3 3iTKHEeHb. BBaxkaTH,
IO CTPYM Y IIA3MI NCPCHOCUTBCS TIIBKU CICKTPOHAMU 13 3apsiAOM e
Ta Macoro m. KoHueHTpaltist eleKTPOHIB AOPIBHIOE /1.

Posze'azannsa. Hexaii p— o0'eMHa rycTuHa 3apsay y mias-
mi. I'yctuna ctpyMy mpoBiaHocTi Jr moB's3aHa 31 3MIHOKO 00'€MHOI
T'YCTHUHH 3apsiiy PIBHSIHHIM HenepepBHOCTi

JI71st ZOCUTh MIBHAKHX MPOLECIB, HAMPUKIAA, ISl PO3TJISLAY BAHUX,
MO’KHA BBQ)KATH, IO CTPYM MEPEHOCHUTHCS TITbKH HAHOIIBII JICTKH-
MH YaCTHHKAMH — CICKTPOHAaMH. TOMy TYCTHHA CTPyMy B ILIa3Mi
Jp=envy,. A¢ V., - CCPCAHs WBHAKICTb CICKTPOHIB. PIBHSHHA

pyxy "cepeaHporo" eneKTpoHa v miasmi 0e3 3ITKHCHb MA€ BHIJISLT

dv
m— =—¢E.
dt
3 ypaxyBaHHsIM BHPa3y ISl TYCTHHU CTPYMY MPOBLAHOCTI PIBHSHHS
MO’KHA MIEPETIUCATH TAKUM YHHOM:
2
aJ __€ nE
ot m
ITpoaudepeHuioBaBIIy PIBHSIHHSI HENEPEPBHOCTI 32 / 1 BUKOPHUCTAB-
iy Bupas (9.15) aist oqHOPIAHOI IIa3MH, OTPUMAEMO

(9.15)

iy e gyt T F0
ot m or?
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BpaxoByroun 3akon [aycca, 3HaXOAMMO pIBHSIHHS BUIBHHUX KOJIH-

G P 2 _ |e?n
BaHb 00'€MHOI TyCTHHH 3apsay —+ogp=0, 16 oy =,/— -
ot me

IIa3MOBA YacTOTA.
9.2. Y 3pa3ky KpeMHIO p-TUIY ICHYIOTh AIPKH ABOX copTiB. Edek-

*

THUBHA MaCa BAXKKHX ﬂipOK m[m

=0,49m (m — maca eneKTpOHa), Jer-

#*

KuX - M, =0,16m . KinbkicTb 3ITKHCHB 3a | ¢ BAKKHX 1 JCTKUX Al-

POK 3 IHWMMHM YacTHHKAMH CTaHOBHTH V,, =9.2- 10? ¢! a
" 13 -1
Vo =2,6-107 £,

Poze'azannsa. QOCKiIbKH JaHUKA HAMIBIPOBIJHUK MICTHTh
JBa THIIM HOCIIB 3apsay, TO BIAHOCHA AICJICKTPHYHA NPOHHUKHICTH
KPEMHIIO

2 2

® ®

0ps Opn
e=¢g,|1- 2 14

p 2 2 2 2
0] +VpB 0] +va1

a MPOBIAHICTh

2 2

o O0psY €08 p i 00 pnV pn€o€ p

- 2,2 02 iv:
O + Vo O+ Vi,

Aac

2
2 _ e Py 25 -2
coopB—*—_S,SS-lO (o
mpng()sp

2

A S 95 oD

o)opn—*——z,SO-lO ¢
€0€ )

- KBaJpaT IJIa3MOBOI YaCTOTH BAXKKHX Ta JETKUX JIPOK, BIANOBIIHO;

M,

c ¥ ; ;
0= an =1,88-10" ¢! - wacrora curHany. [TiacTaBmsiroun 4ucioBi

JaHi y BUPa3u Al € Ta G, otpumMaeMo € = 9,90; o = 194 Cv/m.
9.3. Imocka eneKTpOMAarHiTHa XBHJISI TTOLUIMPIOETHCS B OJHOPIAHIH
130TpOMHIN ra3oBid miazmi. BU3HAUUTH BIJHOCHY AICICKTPHYHY TPO-
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HHKHICTb 1 IPOBIAHICTD IJIA3MH, SIKIO KOC(ILIEHT MOLIMPCHHS XBUIL
#a uacrori 0,48 ' gopisioe (5 —i2) M .

Posze’'sazanns. Buxopucrosyrwounu dpopmyry (9.5), npeacra-
BHUMO [JIHMCHY # YSIBHY YaCTHHH KOC(ILIEHTA 3aTOMICHHS Yepe3 Koe-
¢iuient ¢asu B Ta koehimieHT 0CTA0ICHHS 0.

€ e\’ o Be
n=,—+ (—) + =,

2 2 20¢, o}
5 2
- € € c oc
n'=,0——=+. =1+ =—.
2 (2] 20¢, ®

[TigHeceMo mepiuuii 1 Apyrui BUPa3H A0 KBaApaTa M BIZHIMEMO BiJ
MEPLIOTO OTPHUMAHOTO CITiBBIAHOIICHHS APYTE:

2
n?-n"=¢ :(ij (B2 —az) . (9.16)
®
O6uucmumMo 100y TOK
2
nn'=—2 = Lij af
20g, \o

1 BUKOPHUCTAEMO LICH BUPA3 AJsl BIAIIYKAHHS POBLIHOCTI

\2
5:2(1] aBos, . (9.17)

6}
3a ymoBoro 3amaui =35, a=2. [ligcTaBasro4u i 3HAYCHHS IO BH-
paziB (9.16) Ta (9.17), orpumaemo € = 0,2078, 6 = 5,28:10° Cwm/m.

9.4. 3HaliTu 3HAUCHHS YACTOTH CHUTHANY NPOHICHOI XBWI, IpU
sIKifi y razosiii mrasmi 3 mapametpamu o, =210 ¢’ Tav=10°¢ ' ry-
CTHHA CTPYMY IPOBIIHOCTI JOPIBHIOE I'YCTHHI CTPYMY 3MIIICHHS.

Posze’'szanusa. I'yctuHa cTpyMy NPOBLAHOCTI Y IIA3Mi

2
Jop=0E=—2"0F
0 +v

['ycruHa cTpyMy 3MIIICHHS Y I11a3M1

oF
° +yA

Joy=0gggE=0|1- goF.
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3icTaB/IsIF0YM 3HAYCHHS TYCTHHH CTPYMy MPOBIJHOCTI Ta I'yCTHHH 3Mi-
IICHHSI, OTPUMAEMO KyOIYHE PIBHSHHS BIIHOCHO YaCTOTH CUTHAITY

o +c)(v2 —m%)—oa(z)v:o.

V kaHOHiuHii GOpMI Lie PIBHSHHS Ma€ BUrIL ©° +3po +2¢ =0, ae

vi-of

2
=Y B0 10, g=2
B

g=20Y_ _5.10%,
5

Jlerko mepeBipuTH, WO AINCHUH KOPIHB OCTAHHBOTO PIBHSHHS
0, =u+v, ae

=\3/—q+\/q2+p3 =1,55-10%, v:\3/—q—\/q2+p3 =0,64-10%.

3BiACH 3HAXOAMMO 3HAYCHHS YaCTOTH CUTHAIY, 32 SIKOTO Jyp, = Joy, -
o=(1,55+0,64)'10°=2,19'10° ¢

9.5. JIBi mI0CKI JIHIHHO nompmoBaHi XBHIIL MOUIHPIOIOTCS B HA-
IPSIMKY OCL X MOHOKpHCTam candipa (Al,O;), TeHzop BiAHOCHOI Ai-
CICKTPUYHOI MPOHUKHOCTI SIKOTO

g, 0 0
(e)=| 0 gy O
0 0 &,

BusHaunTu pisHumio ¢a3 mux XBHIb, IO OpOHIM y camndipl Bia-
cTanp y | cM, SKIIO mepima XBHISL MOJSIPU30BAHA B3IOBXK OCL Y, a
apyra y3aoBxk oci z. YacToTu KO/IHMBaHb OJHAKOBI U JOPIBHIOKOTH
10 I'Tu. Ha miif yacToTi €. =€y, = 13,2, €., = 11.4.

Poze'sszannsa. XBUIL, IO XapaKTCPU3YETBCS BEKTOPOM
E, =E1, L1, 6yae 3suuaiinoro 3 koedinientom dasn

2 2
=L = ?”,/13,2 = 7,609 pax / cm.
0

XBHIIs, IO XapakTepusyeTbes Bektopom E, = F1_||1., Oyzae He3pu-
YaiHO 3 Koe(hiieHTOM (bazn

B, = i" ,/11 =7,071 pax/ cm.
0
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Pizaui a3 mpu mpoxoMXKEHHI 3BUYAMHOIO Ta HE3BUYANHHOKO XBU-
JISIMH BIICTaHI CTAHOBHUTH

Ap=(By —B. )z =30.8".

§ 9.3. 3apaui gna CaMOCTIMHOro po3B'A3aHHSA

9.6. KoHueHTpaisi €ICKTPOHIB Y Tra3oBiii IasMi JOPIBHIOE
10" e, a wacToTa 3iTKHCHB €MEKTPOHIB 3 Mosekyaamu 10° ¢, Bu-
3HAYUTH BIAHOCHY AICICKTPUUHY MPOHHUKHICTD 1 MPOBIAHICTH IUIA3MH.
Po3paxyHOK MpOBECTH AT ABOX wacToT curHany: £, = 10° I'u Ta
£=10"Tu.

Bionoegiow:

g, =218 &=00992 &= 0202 Cuwm, ©,=719%10"° Culs.

9.7. MakciManbHa KOHLICHTpALisi CJACKTPOHIB y 1oHOChep 3emm
nopisHIoe 10° cM°, YaCTOTA 3iTKHEHB CIEKTPOHIB 3 YACTHHKAMH T3y —
10" ¢!, Busnauutu MOTY>KHICTh, IO MOTJIMHAETHCS B OAMHULI 00'eMy
10HOC(EpHOI MIa3MH, SKINO AMILTITYAA HAIMpPY>KCHOCTI CJICKTPHYHOTO
TOJIsI TUTOCKOI XBHJTI cTaHOBUTH | B/M, a moexkuna xeumi 10 M.

Bionoeiow: 3,96 MkBT/v’.

9.8. V nanmiBnposigHuky antuMoHiay ramio (GaSb) koHueHTpars
enexTpoHiB  craHosuth 7,7°10"cM”°, a  koHmeHTpamis  Aipok
2,5:10" cm . EdexruBri Macu enekTpoHa i Aipku 10pisH0r0TH0,05m
ta 0,5 m, BianoBiaHo. EQekTHBHA KIIBKICTH 3ITKHCHb CJICKTPOHIB 3
IHIIUMH YaCTHHKAMHU JOPIBHIOE 1,710 ¢, a JIPOK 3,810 ¢ Jst
BUIIPOMIHIOBaHHS 3 JOBXHHOK XBHII | MM BH3HAUYMUTH JIHCHY Ta
VSBHY YaCTHHH KOMIUICKCHOI JICJICKTPUYHOI MPOHUKHOCTI HAIIBIPO-
BiAHUKA. BigHOCHA AieNEKTpHYHA MPOHUKHICTH IPATKH AHTHMOHIAY
ramio €, = 12,5 (aus. Bupa3s (9.3)).

Bionogion: € =4,81-i7,04.

9.9. Ilpu 30HAYBaHHI OJHOPIAHOI 130TPOMHOI ra30BOi IUIA3MHU
IJIOCKOIO €JICKTPOMArHITHOK XBH/ICIO 3 JIIHIHHOK MOJISPH3ALIEI0 BH-
MipsiHO muTome 3racanHs 8,68 nb/m 1 momatkoBwmii 3cyB (a3 Ha oqu-
Huul gosxuHA 10 pan/m. BusHauuTi KOHIGHTpaWilo €JICKTPOHIB Ta
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¢(eKTHBHY 4YacTOTYy 3ITKHCHb CJICKTPOHIB 3 IHIIMMH YaCTHHKAMH
IJIA3MH, SIKIIO JOBXKMHA XBHII 30HAYIOUOro curuaty 30 cm.
Bionosion: 9,59510° em ™, 3,70-10° ¢
9.10. ITnocka eaEeKTPOMArHiTHa XBHIIS NMAJA€ B3AOBXK HOpMAT 3
BakyyMmy Ha kpuctan candipy (AlLOs) 3 TeH30pOM IICICKTPUIHOL
MPOHUKHOCTI

£ O 0
=0 s, 0
0 0 e.

Meska moaity MOBITPS—IICICKTPHK Mapaie/ibHa OCl KpucTana (BiCh
z). 3Haiitu xoe(ilieHTH BIAOUTTS 3BHYAMHOI Ta HEC3BUYANHHOI XBUIIb
Ha vactoti 10 I'Tw, Ha skii €., =¢,, =13,2 Ta e, = 11.4.

Bionogion: —0,567, -0,557.

9.11. I3 moBiTpst HA MIJHY TJIACTHHY B3JOBX HOPMAJI MaJa€ XBHIS
13 gactororo /= 100 MI'u. Hampyskenicte nons Hy = 1 A/m. Buznaun-
TH TIOJIC HA MEK1 TUIACTHHH 1 MOTYKHICTb, SIKA MOTTTHHAETHCS IIACTH-
HOO (BigHOCHO 1 M° 1 mommi).

Bionoeios: HanpykeHicTs MarHiTHOro nomst H. = 2H, = 2 A/m;

HANPYXKEHICT e1ekTprasoro nmoms £, = 7,4:10 exp(i 45”) B/m;

noryxHicts P = RgH.|> = 10,4 MBt/™m".

9.12. depur Mae HAMArHIYCHICTh HACHUCHHS M) = 3,6:10° A/m y
moni miaMarHiuyBaHHs 3 Hanpyxkenictio 9-10° A/M Ta BiaHOCHOMO
JIETEKTPUIHOKO NPOHUKHICTIO € = 10. BusHauutu ToBIMAY (epuro-
BOi MIacTUHKH L, 3a sK0i (a3oBHil 3CYB MIXK 3BHYAIHOIO 1 HE3BH-
YaWHOK XBH/ISIMH HAa BUXO/I 3 INTACTUHKHU J0piBHIOE 90°.

Bionogiow: L = 0,034 m.

9.13. Otpuvaru BHpa3 TEH30pa JiCTEKTPHYHOI MPOHUKHOCTI &;
A mIasMu 3 MarHiTHEM nonem B=Byl.. y mozem xoroonoi

naazmu (HEMae 31TKHCHb, TCIUTOBI MIBHAKOCTI BCIX YaCTHHOK JOPiB-
HIOIOTh HYJIIO).
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dn .
Bionoegiow: g = 8,-/- + j 0, AC o — OAMHUYHUI TCH30D, O;; —

TEH30p TMPOBIAHOCTI. Bi,IlMiHHi Bi1 HyIs KOMIIOHCHTH TEH30pa &
MarOTh BUTTISI

2

" e, =H, Z (DLa e __Z 07,2 .

xx\_ i 3y S = T i 5
Qz ) ~ (D((Dz_Qz

)
2
[0)
ep =1-2 ¢
S B
Pewra KOMIOHCHTIB TCH30pa €;; AOPIBHIOE Hym0. ¥ 1uX (opmymax

), — mapMOpiBChKA YACTOTA YACTHHOK IUIA3MHU COPTY O, ®; , — JCHT-
MIOPIBChKA YACTOTA YACTHHOK IUIA3MH COPTY 0.

9.14. Jlocniautu 30y PKCHHSI BUCOKOYACTOTHUX XBHIIb Y HAIMIBOO-
MEKEHIH 130TPOTHIN TMIa3Mi MOHOCHEPTCTUYHHM HEPEISTHBICTCHKAM
CIICKTPOHHHUM IYYKOM 13 KOHILICHTpaui€ro N, 1O JCTUTh HAX il mo-
BEPXHEIO 31 IBHAKICTIO V) .

Bionogiou: criekTp 4acTOT MOBEPXHEBHUX XBHIb, IO 30YKYIOTb-

cs (3a @), >>V, - YaCTOTH 3ITKHEHB): O = —725 ~ k_V}, ; IHKpEMEHT

Qg
V2
HapocTaHHA (O — o +i0 ):

)

2N, 2

o=

o, 0>v,).
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JOOATKHU
1. 3navenns: koedimieHTiB I i Iz 15 pisHuX BinHomens b/d i
t/d, ski BMKOPHUCTOBYIOTH NPH PO3PAXYHKY HeCHMeTPHYHOI
CMY2KKOBOI JiHil mepenayi

Taonuus 1.1. 3navenns koedimieHTis ra i rb 3a t/d = 0,025

bla Iz r4

1 5,1289 1,0365- 10t
15 6,4321 4,5160- 1072
2 7,6705 2,0195- 102
2,5 8,8691 9,1289- 103
3 10,0405 4,1461- 103
3,5 11,1919 1,8871- 103
4 12,3280 8,5969- 104
4,5 13,4520 3,9182- 10
5 14,5661 1,7862- 10*

55 15,6719 8,1432- 10°

Taonuys 1.2. 3uavyenns xoedirientis ra i rb 3a t/d = 0,06

bla s ra

1 5,8905 1,3372- 101
15 7,3660 4,9481- 1072
2 8,7697 2,2142- 10
25 10,1290 1,0012- 102
3 11,4578 4,5479- 103
3,5 12,7643 2,0700- 103
4 14,0536 9,4308- 10*
4,5 15,3293 4,2984- 104
5 16,5938 1,9595- 10

55 17,8490 8,9333-10°
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2. Kopeni ¢ynkuiii beccesst Ta ix moxiiHux

Tabnuysa 2.1. 3nauenns xopenis Gynkuiit Beccens m( )X

n
m
1 2 3 4

0 | 2405 | 5520 8,654 | 11,792
1 | 3,832 | 7,016 10,173 | 13,324
2 | 5136 | 8417 11,620 | 14,796
3 | 638 | 9,761 13,015 | 16,223
4 | 7588 | 11,065 14,373 | 17,616

Tabnuya 2.2. 3naueHHs KOPEHIB MOX1THUX QYHKIIIH

Beccens '’ ()X

n
m
1 2 3

0 3,832 7,016 10,174
1 1,841 5,331 8,536
2 3,054 6,705 9,965
3 4,200 8,017 11,403
4 5,317 9,284 12,626
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3. EaexkTpoauHaMiuHi mapamMeTpu aesiIKUX MaTepiaiB, 110
BHKOPHUCTOBYIOThCs B TexHini HBY

Taobnuysn 3.1. IlapameTpn BHCOKOYACTOTHUX MiCTEKTPHUKIB

Marepian
ITapamer
p Homietna | Hoaictup | ®@Toponua | Ilnasien
eH 0J1 cT Uil KBapu
& 2,25 2,56 2,08 3,80
tg dmien 2-104 2-10-4 2,5-10* 3-10-5

Taéauus 3.2. 3HaueHHS MPOBiTHOCTI METAJIIB

Marepian
MposinnicTsh Cpib.io Minb Jlatynn Hunk
6, CM/M 6,1-10” | 5,7-10" | 1,4- 107 1,7-10
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TEOPIA EJIEKTPOMAT'HITHOI'O ITIOJIAA

METOJNYHI BKA3IBKU 1O BUKOHAHHA
[MPAKTUYHUX POBIT

JUIS CTYACHTIB crenianbHoCcTi 163 «biomenuuHa iHXeHepis» Ta
cnemianeHocTi 141 «EnexTpoeHepreTuka, eNEKTPOTEXHIKa Ta
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a00 3a049HOi (popMH HABYAHHS

Vxnanaui: Kocynina H. I'., Kopmrynos K.C., Yopaa M. O., Cyxiu B.
B.
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