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M. [BaHO-®DpaHKIBChK

Meta po0OTH: BUBUYCHHS TiCTEpPE3UCy (PepOMarHiTHUX MaTepiaiiB, pO3paxyHOK 1
rpadiuna moOy10Ba OCHOBHOI KPMBOI HAMArHIYEHHSI, PO3PaXyHOK
po0OTH NepeMarHiuyBaHHs 1 KOSPLUUTUBHOI CHUIIH.

3araJjbHi BiJIOMOCTI

Bci pedoBHHM BONOJIIOTH MATHITHUMHU BJIACTUBOCTSIMHU, TOOTO € MarHeTUKAMH.
MarsiTHi BJaCTHMBOCTI PEYOBHMH BH3HAYAIOTHCA BEJIMYMHOIO 1 OpPIEHTALIEIO
MarHiTHUX MOMEHTIB MOJIEKYJ, 10HIB Y4 aTOMiB. MarHiTHUA MOMEHT IUIOCKOTO
KOHTYpa IJIOMIEIO S, TI0 IKOMY Tede cTpyM |, Bu3HadaeThes 3a (hopmynoro

- -

p=I1Sn

Jle n- olMHUYHA HOPMaJlb, HAMPSM SIKOT BU3HAYAETHCS 33 MPABUIIOM IMPABOTO
rBuHTa. B MaruiTHOMy 1ot 3 1HAYKIN€I0 B Ha 3aMKHYTUA KOHTYp 13 CTPYMOM Jli€

MOMCHT CHUJI
M, =| pB|=pBsin(p,B)

> >
SKUH MparHe MoBEPHYTH KOHTYP Tak, 100 HanpsMm P 1 B cmiBmagamu. Kontyp i3

CTPYMOM CTBOPIOE TaKOXK BJIACHE MarHiTHE ToJIe 3 IHAYKIlI€ By, Mo criBmamae 3a

%
HAIPsIMOM 3 MarHiTHUM MOMEHTOM P koHTypa. Komu M), = 0, BexTop 1HIYKI]

- oS> o
pe3ynbTyrodoro noist B =B+ B, y Oyap-akiil Toulll NIOMMHU BCEPEANHI KOHTYpA

3aBXKIU O1IbIIE BEKTOpA 1HAYKII B 30BHINTHROrO Mar"HiTHOTO MOJsl. 301IbIICHHS
1HAyKLii B ycepenuHi KOHTypa 13 CTpyMOM B MarHiTHOMY MOJIi SKICHO MOSICHIOE

301IbIIEHHS 1HAYKIIT Y (hepOMarHeTuKy, HOMIIIEHOMY B 30BHILIHE MarHiTHE IOJIE.



HamarniueHHS peyOBHUHHM TMOSCHIOETHCS HASBHICTIO y CKIJIQJOBUX HOTO aTOMIB,

MOJIEKYJ, 10HIB MIKPOCKOMIYHHMX MAarHiTHUX MOMEHTIB:  €JIE€KTPOHHOTO

- - -
OpOITanbHOro P,, BJIACHOIO EJIEKTPOHHOIO (CIIHOBOrO) Py AIEPHOIO P, .

OpOiTanbHU MarHiTHUR MOMEHT Ma€ €JIeKTPOH, PyXalunuch HABKOJIO AApa aToMa

(puc.l).
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Takuil pyx €JeKTpoHa MOKHaA 3MOJEJIOBATH KOJIOBUM CTpyMoM | =ev, mo mae

MAar”HITHHIT MOMEHT:

- - -

p,=I1Sn=evar®n,

Jie e — 3apsij eJIEKTpOHa V - YacTtoTa oOepTaHHs, I' — pajalyC KpyroBHil OpOiTH.

%
HanpsiM MarHiTHOro MOMEHTY P, NPOTHUJIEKHUM HANpsIMy MEXaHIYHOIO MOMEHTY

- - - - -
immynscy L= rm,V | (puc.2) p, i L nos'a3ani criBBIIHOIIEHHAM

2m,



H
MarniTHui crliIHOBUM MOMEHT P, (puc.l) € HEBI'€MHOIO BIACTUBICTIO €IEKTPOHA.

OIUHUIICI0 MarHITHOT'O MOMCHTY € MarucToH Bopa:
_eh _ =24 A a2
/,15—2—%—9.27'10 ,A M

ne h - crana [Tnanka.

%
SnepHuii MarHiTHUM MOMEHT P, a00 piBHUI HYJI0, a00 Ha TPU — YOTUPU MOPAIKU

MEHIIUN f/; 1 WOro BIUVIMBOM MOXXHA HEXTYBAaTHU. 3a BIACYTHOCTI 30BHIIIHBOTO

IIO0JIA MOJXHA BBaKaTu, 10 MarHiTHHH MOMEHT aTOMa
- Z - -
paT :prl +zp5i

i=1 z

ne Z - 4ACIIO0 eNEKTPOHIB B aTOMI.

MarsiTHu MOMEHT MOJIEKYJIH

- N —

pMO]Z = Z paTk
k=1
ne N - yucno atomiB B MoJieKyidil. B 30BHIIIHBOMY MarHiTHOMY IOJII Ha €J1EKTPOH
aToMa, SIK Ha 3aMKHYTHI KOHTYp 13 CTPyMOM, Jii€e MOMEHT cuii M (nuB. puc. 2). [1in

JI€0 1IBOTO MOMEHTY CHJI €JIEKTPOH, MOJI0HO TIPOCKOIy Mae€ Mpelecito, mpu

- -
IbOMY BEKTOpPH P 1 L OmucyroTh KOHYC HaBKOJIO HANpsIMy MOJS 3 MOCTIHHOIO

KyTOBOIO MIBUAKICTIO. Lleil mogaTkoBuUl pyX €lIeKTpOHA MPUBOIAUTH AO MOSBU Y

_)
HbOI'O MAarHiTHOIO MOMEHTa mpeuecii P, NpoTu MarHiTHoro nosid. lle sBuie

HOCUTh Ha3By JlaMarHiTHOro e(exTy. 3a HasBHOCTI 30BHINIHHROTO MAarHITHOTO

I10JIS1 MAarHITHUHA MOMEHT aTtoMa

— Z - Z - Z -
Par =2 Py + 2P, + 2. Py
i=1 Z i=1
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H
Hamarniuenicte M piBHa MarHiTHOMy MOMEHTY OJMHMIII 00'€eMy MarHeTuKa:

N -
M — szwJ
AV
) - . . .
ne AV - mammii 00'eM MarHeTdka, . p,, — CyMa MarHiTHUX MOMEHTIB BCIX
_)

Mosiekyn B 00'emi AV. Hamaruiyenicts M moB'si3aHa 3 HalpyXEHICTIO MarHITHOTO

ITIOJIA:

M=yH

e y - Koedlli€eHT IPOMOPIIHHOCTI, 3BSA3aHUN MATrHITHOK CHPUHHSATIUBICTIO
pedoBHHH. MarHiTHI BIACTUBOCTI PEYOBHHH XapaKTEPU3YIOThCS TAKOK MATHITHOIO

MPOHUKHICTIO i . ¥ 14 TIOB'sI3aH1 CIIBBIHOIICHHSAM

p=1+y

3ajie’)kHO BiJ 3HAKYy 1 BEJIMYMHU MArHITHOI CHPUHHSATIMBOCTI BCl pPEYOBUHU
JUISTHCS HA TPU TPYIIU:

JliaMarHeTuku - pevyoBMHU (HANpHKIaA, 1HEPTHI Ta3u), B SIKUX 3a BIJICYTHOCTI

- -
30BHIIIHBOIO MarHiTHOIO IOJIsl OpOiTanbHl P, 1 CIIHOBI Py MOMEHTH aTOMIB YH

MOJIEKYJT KOMIIEHCYIOThCS. B 30BHINIHBOMY MAarHiTHOMY TOJI B pe3yJbTaTi

ﬁ
nperiecii 3'ABISIFOTBCS {HAYKOBAaHI MarHiTHi MOMEHTH P,r = P, HalpasieHi

IIPOTH MOJIs, 4 MATHITHA CIIPHIHATIMBICTD Bin emua y =—(107°...107°)

IlapamMarHeTHKH - PEYOBHHH, B SIKHX 32 BIJCYTHOCTI 30BHIIIHBOrO moisi B p #0

abo p #0,a M =0 BHacHiIOK XaOTUYHOI Opi€HTAIlii MarHITHUX MOMEHTIB. B
MO

30BHIUIHBOMY MAarHiTHOMY TMOJI MiA [I€0 00epTaldoro MOMEHTY cuil My

MaritHi MomeHtd (P 260 P ) PEUOBMHHM NPATHYTh OOEPHYTHCS y HANpsMi
a MO

noJist, BHacHinok woro M >0 iy >0, y =10%..10°°.



MdepoMarHeTHKY - 1€ PEYOBHHH, B IKMX MarHiTHI MOMEHTH OKpemuX ioHiB p, # 0.

VY ¢depuriB enemMeHTapHI KOMIPKH KpHUCTaJla YTBOPIOIOTh 10HU PI3HOTO THITY, Yy
dbepomMarseTukiB - ogHOrO TUIy. Sk Tokazanu gociiau ElnmreiHa 1 ae ['aasa, a
takox gocmimy H.®. Modde i ILJI. Kaminu, MarHiTHHH MOMEHT iOHA
dbepomarseTrka 0OyMOBJICHHH BIIOPSAIKOBAHOIO OPIEHTAIIE0 MAarHITHUX MOMEHTIB
cuiniB. YactuHa QepomarHeTuka, B sAKiii BCl MarHiTHi MOMEHTH 3a BIJCYTHOCTI
30BHINTHKOTO TIOJISI BCTAHOBIIOIOTHCS B OJHOMY HAmpsMi 3a paxyHOK OOMIHHOI

B3a€MO/Iii, HA3UBAETHCS JTOMEHOM (pHcC.3,a), IOMEH BOJIOJII€ MAarHITHUM MOMEHTOM

Py . Po3Mipu 1OMEHIB CKJIaJal0Th 10°...10%u.
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puc. 3

3a  BIACYTHOCTI  30BHIIIHBOIO  MAarHITHOIO  TIOJSl ~ MarHiTHUH  MOMEHT

dbepomarmeTrka

Mix momenamu A i B € mepexigmi mapu mmpmaoro 10°...70°m. Vcepemuui
MEPEeXiIHOTO IMIapy Mar”iTHI MOMEHTH CITIHIB 10HIB MOBEPTAIOTHCSA O TUX IIip,
NOKM HE MPUUMYTh TOTPIOHOTO HampsMy. B 30BHIIIHBOMY MAarHiTHOMY MOJi
nepexiHl  mapu pyHHYyIOTbCA. MarHiTHI MOMEHTHM OKpPEeMHUX JIOMEHIB

MOBEPTAIOTHCA 3a HAITPSIMOM MarHiTHOTO ToJist (puc.3, B).



3anexHICTh HaMarHiueHocTi M MarHeTHKiB BiJ HAmpy>KeHOCTI H 30BHIIIHBOTO

MarHiTHOTO TOJIsl 300pakeHa Ha puc.4.

| 4 eppoMarHeTHE

1]
| naparmardeTur

AHaEMarHeTHE

puc. 4

Heniniiina obnacte | BimoOpaxae mporec opieHTallli JOMEHIB y pepoMarHeTukax
y HampsMi 30BHILIHBOTO IMOJISI IPH 3pOCTaHHS HAINPY>KEHOCT1 H. B CHIIBHUX MOISIX
(ob6nacts Il) HacTymae marHiTHe HAcHYeHHS, 1 HAMarHi4€HICTb MPAKTUYHO HE
3aJeXHTh Bix HampyxkeHocti oyt H. KpuBa M = f(H) HocuTh Ha3By OCHOBHOI
KpUBOi HamarHiueHHs. J[ins mapa- 1 aiamarHetwkiB 3anexHicte M = f(H)
miHidHA. Y depomarHeTukiB 1 (epUTIB Ma€ MICIle MATHITHUN T1CTEPE3NC, B IKOMY
BUSIBISIETBCSL  3aJICKHICTh HAMar"HiueHocTl BiJl TmomnepenHboro crany. llpu
[UKIIIYHUX 3MIHaX BEJIMYMHU 1 HANPsIMY HAIPYXEHOCT1 30BHINIHBOTO mojs H 1s

3QJICKHICTh XapaKTEPU3YETHCSI KPUBOIO, 3BAHOKO METJICI TicTepe3ucy (puc.o,

KpuBi 1, 2, 3).
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Sxmo ¢depomarneTuk OyB crmouaTky posmarHiuenuir (B=0, H=0), To iioro
HaMarHiueHHs BiI0yBa€TbCA MO OCHOBHIN KpuBii HamarHideHHs OA. B Toumi A
HanpyXeHicTb H 1 iHayKIis B, BIANOBIIaIOTh CTaHAM MAarHiTHOTO HACHUYCHHS.
Horo posmardiuyBaHHs BinOyBaeThcs mo kpwmBiit |. Ilpy H = (0 HamarHiYeHicTH
dbepomarnetnka He 3HuMkae B=B, Ileli craH Ha3uBaeTbCAd 3AITHUILIKOBUM
HaMmarHiueHHsM. Hanpyxenicts  (-H;), mnpum skiii 3HHKae  3aJIMIIKOBa
HamarHideHicts (B=0, H=H,), npuiinaro Ha3uBaTu KOEPIUTUBHOIO CUJIOK0. SIKIIIO
IPY MUKJITIYHOMY HaMarHideHHI Hma>H,, TO MU 0JepKyeMO MaKCUMaIbHY TETITIO
ricrepesucy |. Kpusi 2 i 3 ne okpemi mukiu, konu Hp<H,. Makcumymu B 1 H
NPUBATHUX IMKIIB JIeKaTh HAa OCHOBHIM KpuBiii HamarHiueHHs OA. YMOBHO
OPUIHATO BBaXaTH (PEpOMarHETUKHU KOPCTKUMH, akmo H, 1004/m. Sxuo
H.<1004/m dbepomarHeTUkn BBaXXAarOThCS M'SIKUMH. MarHiTHa COpUMHSITIUBICTD U

dbepomarueTrka 3ajeKUTh Bl HAMPY>KEHOCTI MarHiTHOTO ToJist H (puc.6).

Puc. 6

MarHiTHa TpOHUKHICTh K = B/ 11y H nocsirae MakcuMyMy, KOJIM HanpyXeHicts H

30BHIIIHBOIO MO CTAE€ PIBHOIO HANIPYXKEHOCTI H, IpH SIK1A TOMEHU MAaKCUMAaJIbHO
OpPIEHTYIOTBCA 3a HAmpsAMOM MOJs (IuB. puC.3, B), NPHU I[OMY JIOCSATAETHCS

MarHiTHE HacW4yeHHs 3pa3ka. B Tabn. 1 mpuBeneH] XapaKTEPUCTUKU JESKHX

dbepomMarHeTukiB 1 GEepuTiB. Tabmus 1.
PeuoBuna Uniaxe H, A/m B, Tn B, Tn
3aizo 5000 80 0.05 2.1
TEXHIYHE
Cynepmanioi 1000000 0.16 - 0.79




depuT HiKeNb-

. 7500 4 - 0.2
IIUHKOBUI

MeTOoa BUMIPIOBAHHSA

[IpuHnoBa cxema yCTaHOBKH MpUBEJCHA Ha puc.l. TOCHiIKyBaHUN 3pa30K
BUKOHAHUHN y BUIJISAI TOpOiganbHOro Tpancdopmaropa 7, MepBHUHHA OOMOTKa

AKOTO MICTUTH N; BUTKIB, @ BTOprHHA - Ny BUTKIB.

T R,

PQ
%
E]m PO

puc. 1
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Hanpyra Ha nepBuHHYy 00MOTKY TpaHcdopmaropa momaerbes Bin reHepatopa PQ
yepe3 omip R;. BropunHa oOmoTka TpaHchopMaropa MOCHIIOBHO CIOJy4Y€Ha 3
ormopoM R, 1 koHnencaropom C. 3a momomororo omopy R; Ha BXija MiacHIIOBaya
TOPU30HTANBHOI  po3ropTku  ocuuiorpaga PO momaerbest Hampyra U,
MpOTOpIliiiHa HaIpykeHocTi MarHiTHoro moist H. Ha Bxig "Y" ocmunorpada 3
xongeHcatopa C nonaerscst Hanpyra Uy, nponopuiiiHa 1HAYKIII MarHITHOTO MO
B. Tlpn paniyci BUTKa OOMOTKM [, <<[I, pajlyCy TOpoifja HampyxXeHICTb [ B
TOPOIl
H=g21, ®

T 2m

JAc

o
iy
o

_ hth _ — 22
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r
Ockinbku cnaa Hanpyru Ha onopi R; U, = || R;, To 3 BpaxyBauH:M (8)
OJIePKYEMO

Uy = 5§ H (9)

Ny




Uy BU3HAYa€eThCA 3a KOE(DIIEHTOM BIIXWUJICHHS €IEKTPOHHOTO MPOMEHS IO

TOPU30HTAIBHIH oci K, :

U, =k, X (10)

Bpaxosytroun (10) Bupas aas H Moxke OyTH 3arucaHe y BUTJISII

Nk,
H = 2;er): = oK, X (11)
3a 3akonom Dapanes EPC inaykiii y BTOpuHHINA 00MOTIII
g =-N, ®=-N, &S, (12)

ne @ - MOTIK BEKTOpa MAar”iTHOI IHAYKIII Yepe3 OJUH BHUTOK; Sp- IUIOIA
MOTIEPEYHOTO TIepepi3y Topoina.
3a 3akoHOM OMa /1711 BTOPUHHOI OOMOTKH OJIEPKYEMO

g =U +1,R, +L3 (13)
ne - U; - Hanpyra Ha KoHueHcaropi; |, - cTpyM y BTOpuHHIA oOmotmi; L, -
WHIYKTUBHOCTh BTOPUHHOI OOMOTKH.
Ockunbku Ly nyxe mane, a 1,R, >>U_, a piBasaana (13) moke OyTu 3anucaHo 3

BpaxyBaHHs (12) B HACTYITHOMY BUTJISIIL:

_Nz%sz = |2R2

3BIIKA

|, = T2 d8 (14)

Ry

Bpaxosyroun (14) snaiinemo nanpyry Uy, piBHy Hanpy3si Ha KOHIEHCATOPI

t
[ 120t ¢
U, =U,=2=0_ —_N%2qg__MNe%
2C0 2C

B (15)

y c C C R R

ne Q - 3apsa Ha KOHJIGHCATOPI.
SIximo BimoMui koeilieHT BIAXUIEHHA IpoMeHs Ky 1o BepTHKaii, TO

U, =k,y (16)

3 BupasiB (15) 1 (16) ogepxxyeMo

10



RiCU,  RyCk,

y
B=y5 =75 = AKyY 17)

[MogaBum ogHovacHo Hanpyrd Uy, 1 U, Ha BEepTHKaIbHO 1 TOPU30HTAILHO

BIIXWJTIOIOY1 TIJIACTHHHM, OJIEP)KMMO Ha €KpaHi ociruiorpada MneTito ricrepe3ucy.
3a momero MeTiii MOKHa 3HaWTH poOOTy MepeMarHiuyyBaHHs, OJUHHUII 00'eMy

. " . H?
MarHetrka. Maia 3MiHa 06'eMHOI TycTHHH eHeprii MarxiTHOro moms Wy, =4 —y

LUKJI IepeMardiuyBaHHs BU3HAYaeThes (POpMyInoro
dw,, = Hd (xu,H) =HdB (18)
PobGora dA BuTpadaeThcsi Ha 3MiHY BHYTPIIIHBOI €HEprii OAWHUIN 00'eMy
(depomarnerrka. 3a HOBHUH IIUKJI IEpEeMarHiyyBaHHs
A={HdB (19)

BpaxoBytouu (11) 1 (17), ogepkyemo

N3R,Ckyk,
2HRN,S, ©n

A= (20)

ne Sy, - IIoIIa MeTi TiCTepe3ucy;

n-n

IMopsiiok BUKOHAHHA POOOTH

3aBaanns 1. BusHa4YeHHsSI OCHOBHOI KPMBOI HAMATHIYCHHHA.

1. O3HailOMUTHCA 3 ONTUCOM YCTAHOBKH 1 METOJIOM BUMIPIOBAHHSI.

2. BcTaHOBUTH pErynisTop aMILIITyI CUHYCOiganbHOi Hanpyru Ha kaceti OIIE
Ha MIHIMaJIbHE 3HA4Y€HHs (00EpTaHHS PYUYKH MPOTHU TOAUHHUKOBOI CTPIJIKU 0
ynopy). 3amyctutu nporpamy OIIE. Bxmtountu xuienns kacetu OIIE. Ha
€KpaHi BIpTyaJIbHOTO ocliiiorpada noBuHHa cnocrepiratucs ¢irypa Jliccaxy.

BcraHOBUTH MakcHUMallbHY TETJIIO TICTEPE3UCy B MEKax eKpaHy, BIAMOBIIHY

MarHiTHOMy HAaCHYEHHIO 3pa3ka. 3MEHIIYIOYM BEJIMYMHY BHUXIJHOT HaIpyTH,

11
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oJlepKaTH CIMEMCTBO TMeTeNb TicTepesuca (quB. puc.4) - He MeHIe 5 nerenb. J{ms
KOJKHOI IeTJ1 3HATH KoopauHatu "X 1 "y" ii BepiuuH, BU3HaunTH 3Ha4eHHs Uy 1 U,

1 3aI1McaTH X B TaOIULIIO.

% [x|y]| U | U H, A/M B, Tn 7

n/n

gl B W N -

3. 3a popmynamu (11) u (17) 0OUMCIUTH 3HAYCHHS HAMPYKEHOCTI H 1 IHAYKIIii
B BepmmH KOXHOi TETJIl TICTepe3ucy 1 3amucatv iX B TaOnuio. 3HAYEHHS
HEOOXITHUX MapaMeTpiB BKazaHi B macnopTi kacetu OIIE.

4. Po3paxyBaTu 3HaUY€HHS MarHiTHOI IPOHUKHOCTI 1O (hOpMyJTi

7 1H
H= e A pig =4r 107

5. Tlobynysatu rpadiku 3anexunocti B=f(H) u 4= f(H).

6. OuinuTu MoXuOKy BU3HAYEHHS 3HaUYeHb H 1 B.

3aBaanng 2. Ouidka poOOTH nepeMarHidyyBaHHs A 3a OJIUH MOBHUN LIUKIL.

1. OnepxaTu Ha €KpaHi BIPTyaJIbHOrO ocuujiorpada MakCUMalbHY TMETIIIO
ricTepesucy.

2. Po3npykyBaBUIM Ha MPUHTEPI a00 3amMaliOBaTh Ha MUIIMETPOBOMY Marepi
JTaHy KPUBY, BUSHAYUTH 11 ILJIOLLLY.

3. Po3paxyBaTu po0OOTy mepeMarHidyBaHHS 3a OAMH LIUKJI BUKOPHUCTOBYIOUHU
bopmymy (20).

N.:=N,=100; S,=12,5 MM =5 mm; r,=8 mm; R1=20 Om; R,=680 Om;
C=4,7ux®d

3aBaanns 3. BusHaueHHsI KOEPIIUTUBHOI CHUJIU.
12
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1. Ilo MakcumalbHIA TETNI TICTEPe3uCy 3HAUTU KOOPAMHATY X, BIIMOBIAHY
KOSPIUTUBHIN cuii H,.

2. 3a popmynoro (9) pospaxysaru H..

3. Busnauntu rpyny gepomaraeruka (MarHiTOM'sIKUi a0 MarHiTOXOPCTKUH).

OuiHuTH MOXUOKY BUMIPIOBaHHS KOCPUUTHUBHOI CUJIH.

KOHTPOJIBHI IIMTAHHA

1. SIxk MOBOAUTHCA KOHTYP 13 CTPYMOM B MarHiTHOMY TOJi?

2. SIx1 BIacTUBOCTI apaMarHeTHKIB, laMarHEeTUKIB, (PEpOMarHETUKIB?

3. SIKi IpUYMHM CTIOHTAHHOT HAMArHiYeHOCT] JJOMEHIB y (pepomMarHeTukax?
4. Sk moBOAATHCSA JOMEHHM MPU 30LIBIIEHH] HAIPYKEHOCT] 30BHIITHBOTO
marHiTHoro nojs? 11lo o3nauae HacuueHHs (epOMarHeTUKIB?

5. Y yoMy noJisirae sIBUIIE MarHiTHOTO TicTepe3ncy?

13



