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JladopaTopis “EjJekTpuKu Ta MarHeTusmy
JlaGopaTopna po6ora Nel3

«TOCIHIZKEHHA MATHITHOTI'O I1OJISA MIK ITIOJIFOCAMUA
EJEKTPOMATHITY”

Meta po6oTu

Busnaunty 3a1eHICTh iHAYKIIT MarHiTHOTO MOJIA B 00JacTi MiX MOJTIOCAMH €JIEKTPOMArHiTy
B 3aJISKHOCTI BiJl CTpyMy, IIO MPOTIKAa€ B KOTYIIKAaX E€JIEKTPOMATHITYy, BIJICTaHI MDK IUTIOCAMH Ta
KUIBKOCT1 BUTKIB B OOMOTKAaX €JIEKTPOMArHiTy.

Beryn.

Jlis OTpUMaHHS MAarHiTHUX IIOJIiIB BHUKOPHCTOBYIOTHCS €JIEKTPOMArHiTH Ta CTajl MarHiTH.
EnextpomarniTamu € COJICHOIAM 3 (EPOMArHITHUM CEPIECYHUKOM. SIK MPaBUIIO, CEPACUHUK BUTHYTUI
TaK, 10 YTBOPIOE Maiike 3aMKHYTHI MarHiTONIPOBIJI, SIKUIl HA3UBAETHCS IPMOM, TakK, IO ICHYE JOCHTH
BY3bKUU MOBITPSHUN MMPOMIKOK MiX TIOJTFOCAMH €JIEKTPOMArHiTy.

Bektop MmarHitHOi iHmykmii B xapakTepusye cepeiHe MarHiTHe MONe, SIKE CTBOPIOETHCS
TOKaMH TMPOBIJHOCTI Ta TOKaMH HaMarHidyBaHHS. HasBHICTh MarHiTHHX 3apsiliB €KCIIEPUMEHTAIHHO
HE JIOBEJCHA, TOMY JIiHIi BEKTOpa MarHiTHOI 1HyKIIii B 3aMKHYTI, 1 Ha ME&X1 JBOX MarHeTUKiB BOHU
HerepepsHi. IIpu Maiil TOBIIMHI TOBITPSAHOTO MPOIIAPKY MiX MOJTIOCAMH eNeKTpOMAriTy miHii B
Opi€HTOBaHi TIPAKTHYHO TEPIIEHIMKYIAPHO MEXi CepAeUHUK-TIOBITPS, i ToMy TycTuHa TiHiii B B 060x
CepeIoBUINAX OJHAKOBA.

Ha BigmiHy BiZl IBOTO BEKTOp HAIPYXEHOCTI MAarHiTHOTO IOJII B 130TPOIHUX MAarHiTHUX
cepenosumax H = B/ gy, mae pisny rycruny niuiii B 3a1i3H0My cep/IeYHHKY €lEKTPOMArHITY Ta B

TMOBITpAHOMY HpoMikKy. JIinii BekTopa H moummaroThcs Ha TiBHiYHOMY TIOMIOCi MarHiTy, a

3aKiHYyIOThCS HA MiBICHHOMY, TOOTO BekTop H Mae mkepena Ha moiocax MarHiTy, e Mae Micie
HEOJHOPIIHICTh MarHiTHOI MPOHUKJIUBOCTI L .

Buxopamu mons H MoxyTs 6yTH MakpocTpyMH MpOBiZHOCTI Ta 3MiHHE B 4aci eleKTpHUHE
none. Buxopamu mons B e cTpymu nposigHOCTI Ta cTpyMH HaMarHidyBaHHS, 0 06YMOBIIEH] pyXoM
3apsIKEHUX YaCTUHOK, 110 BXOAATH /10 CKJIaAy aTOMIB MarHeTHKA.

[pumycTuMo, IO CTPYMH TNPOBIAHOCTI BifCyTHi, Tomi BekTop iHmykmii B cTBOproeThes
CTpyMaMyd HaMarHiuyBaHHs, IO MpPOTIKAIOTh B aToMax MarHeTuka. IIpm omHOpimHOMY
HaMarHigyyBaHHI Il MIKPOCTPYMH BCEpEIWHI MarHeTHKa MPaKTHUYHO KOMIICHCYIOTh OJWH OJIHOTO 1
JMIIE Ha TOBEPXHI CTBOPIOIOTH MAKPOCKOMIUYHUI MOBEpXHEBMHM cTpyM HamarHideHHs. [lin uac
mepexony uepe3 OidHy MOBEPXHIO CepACYHMKA MATHITY TaHTCHIliabHA CKJIajoBa BekTopa B
3MEHIIYEThCS 10 JAy’Ke MAaloi BelTMYMHH, TOMY TIPAKTMYHO BCe Mar”iTHe moixe B posramosame B
CepICYHHUKY eNIEKTpOMarHiTa. ¥ MpOMiKKY MK IMOJIIOCAMH €JIEKTPOMArHiTy I'yCTHHA CHUJIOBUX JIIHIN
MaiiKe Taka X, gK 1 B cepiedHuKy. HeBenuke 3MeHIIeHHs i 00yMOBJIEHO MaJluM BUKPUBJICHHSM JIIHIN
IHIYKIIT y TTOBITPI, SIKE 3pOCTa€ MpH 30UIBIICHH] TIOBXUHHU TMOBITPSHOTO TIPOMIKKY.

Bexrop H 3a BizcyTHOCTI MakpoCTpyMiB IIPOBiAHOCTI Ta 3MiHHOTO B 4aci eEKTPUIHOTO MO
HE Ma€ BUXOPIB, aJie y HBOTO € JDKEpea, IO pO3TalloBaHI HA MEeXI MarHeTUK-BakyyM. JIiHIT BekTopa
H nouunaroThcs Ha MiBHIYHOMY MOJIOCI MarHiTy, a 3aKiHUyIOThCA Ha TiBAEHHOMY HOmfoci. Y
cepreunuky Bektopu B Ta H Hanparneni HasycTpiu omuH oHOMY. Y MOBITPSHOMY HPOMIXKKY BOHH
MaIOTh OJJHAKOBUI HAMPSIM.
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SIKmo mo KOTyIIKax, IO HAaMOTaHI Ha CEPJICYHUK, NMPOMYCTHTH EICKTPUYHHUH CTPyM, TO
noBesinka Bektopa H crae icToTHO 3amexHO0 Bim cTpyMy. Y BHIAAKy, KOJH HAIpsAM TIOMS, AKE
CTBOPIOETHCS. MAKpOCTPYMOM, HE CHIBHANA€ 3 HAMPSIMOM IO MIKPOCTPYMIB MAarHiTy, TOIi TpHU

3pOCTaHHI CHIM ENEeKTPMYHOTO CTPyMy BCEpEIMHi 3ali3HOro cepiedynuka Bektop H  cmepmry
3MEHIIUTHCS 10 HYJIS, a TOTIM, MOMIHSBIIM HANpsM, MMOYMHAE 301IbLIyBaTUCS. TakuM YHHOM, TIpU

JIOCHTB BEJIMKUX 3HAYCHHAX CHJIM eIeKTPHYHOTO CTPYMY depe3 KOTYIIKH eJIeKTpoMarHira, exkrop H
B 3a1i3HOMY CEpIEUHHUKY OyJie Opi€HTOBaHMIA B3IOBK iHmyKIii B .
JIns 3HAaXOWKeHH B B mpoMikKy Mi MOTIOCAMH €JIEKTPOMATHITY, CKOPUCTAEMOCS 3aKOHOM
TIpo IUpKyJIAIiio BekTopa H :
fHAI =31, ()
1

ne [I; - MakpocTpyMH, fKi NEpeTHHAIOTH ILIOILY, OoOMexeHy KoHTypoM L. Skmo Lgp, ta L,

BIJIOBITHO JOBKHWHU 3alli3HOTO CEpPACYHMKA Ta TOBITPSHOTO MPOMIKKY MIXK TMOIIOCAMHU, TO 3
piBHAHHA (1) oTpumaemo:

Hgyl,+HpLy, =NI, (2)
ne N - KUIbKICThP BHUTKIB KOTYIIKH €JIGKTpOMAarHita. BHKOPHUCTOBYIOUM  CITIBBIIHOIICHHS,
H=B/ ML) OTPUMAEMO MATHITHY 1HAYKIIiIO B 3aJ1i3HOMY CEpACYHHUKY €JIEKTPOMArHiTy

NI
Bre= 1y Ly, ®
=B | “Fe
Hp  HFe
MarHiTHa IPOHUKHICTB MOBITPSI g = I 1 TOMY 3 piBHAHHS (3) OTPHMAEMO:
1

B
TakuM YMHOM, iHAYKIis MariTHOTo Tons B B TOBITPIHOMY TpPOMIXKKY eTeKTpoMarHira
OpomopuLiHa CWJII CTpyMy B OOMOTKax eJeKTPOMAarHiTy Ta 4YHCIy BHUTKIB OOMOTKH, a TaKOX
3MEHIIYEThCSA NPU 301IbIICHHI TOBXHWHH INOBITPSHOTO NMpoMiXKy Lp. Ha mpakrtumi 3a momomororo

eNEKTPOMATHITY 3 3alli3HUM CepACYHUKOM MOXKHA OTPUMATU MATHITHI MOJA 3 iHAyKuiclo B Gmu3bko
4
1Tn (107 I'c).

JIns 3HAaXOMKeHHs BenMuMHM B ckopucTaeMocss BHMIpIOBATbHOIO KOTYIIKOI, KA MOXKE
BUJIBHO PYXaTHUCS B MOBITPSHOMY MPOMDKKY €IEKTpOMAarHitTa. 3a 3aKOHOM €JIEKTPOMArHiTHOI 1HIyKIIT
eJIEKTPOpPYIIiifHA CHUJIA, SIKA 3'SBJSIETBCS Yy BHMIPIOBAIBHIA KOTYIINI MPH HIBUAKOMY BHWMaHHI 3
00J1aCTI MarHiTHOTO TOJIS, IOPIBHIOE:

dB
e=-N,S, —, ()
dt
ne S, i N, =51 - BiinoBimHO mioma Ta KiIbKICTh BUTKIB BUMIipIOBANBHOI KOTYHIKH. SIKIIO 10
BUMIPIOBAJILHOT KOTYIIKH MIAKIIOYUTH OaTICTUYHUN TAIbBAHOMETD, TO Y€pPe3 HbOTO MOTEYE CTPYM.

Banictuunmii ranpBaHOMETp AO3BOJISIE BUMIPIOBATH KIIBKICTh 3apsdy, fKa MPOWIIIAa 4Yepes3
HBOTO 3a Yac npoTtikauus ctpymy [ . Ockimeku, dQ =1dt, [ =&/ R, ne R - cymapuuii omip xona
raJibBaHOMETpa, TO

dQ=-S,N,dB/R. (6)
Binxunenns 0anicTUYHOrO TaibBaHOMeETpa do TPONOPIiiHE 3apsay, 110 MPOMIIOB MO KONy 3a 4ac
NPOTIKaHHs IHIYKIIHHOTO cTpymMy, ToOTo dQ = —CQda. Koedirient mpomopiiiiHoCTI CQ -

Ha3UBAEThCS OACTHYHOIO CTANOK rambBaHoMeTpa. Takum uwmHOM, dB = CQRda /S,N, . pn
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HE3MIHHOMY OIIOpy KoJia rajibBaHoMeTpa R ; BeiawunHa Cq, :CQR HA3WBAETHCS OaTICTUIHOIO

CTAJIOI0 yCTAHOBKHM. BoHa BHM3HAuae 3B'I30K MDK BIOXWICHHSAM d@ 3aiiuMka rajibpBaHOMETpa Ta
HIOTOKOM IHAYKINT d @ uepe3 KOTYIIKY:

C¢=CQR:d@ =S”N” dB :
da da nOOLIKY

sebep

(7)

3Harouu C¢, HEBA)XKO 3HANTH HampyxXKeHicTb MarHiTHoro nonst H = B/ uuyy. ns nositps pp = 1

TOMY:

C
Brx-dB=—""da. (8)
u-'u
TakuM yuHOM, JUIsI BU3HAYCHHS 1HAYKLII MarHiTHOTO MOJSI MK IOJIIOCAMH €JIEKTPOMAarHitTy
HEOOXIJTHO MIBUJIKO BHMHATH 3 OOJIACTI MPOCTOPY MK MOJIOCAMM €JIEKTPOMATHITYy, /1€ € MarHiTHe
T0JIe, BUMIpIOBaJIbHY KOTYIIKY 3 BiJOMUM YHCJIOM BUTKiB NV, Ta muiomero S, . SIKIIo miacTaBUTH

OTpUMaHEe IPU IIbOMY BiIXWIICHHS raibBaHoMerpa da y dopmyny (8), TO mpu BiToMOMY 3HAYCHHI
C (> MOXHA BU3HAYHTH BEIMYNHY MArHITHOIo 1ons B.

Jlnst  Bu3HaueHHs OamictiuHoi cramoi ycraHoBku C, HEOOXiTHO MOPOrpagyrOBaTé

4
TaJIbBAHOMETP 3a JIOTIOMOTOIO0 ETAJIOHHOI KOTYIIKH, B SIKOCTI SIKOi BHKOPUCTOBYETHCS JIOBTHMA
COJICHOIZl, B CEpEIHIM YacTWHI SKOTr0 HaMOTaHa BTOPHMHHA OOMOTKa, CIOJIyd€Ha IIOCHTIJIOBHO 3
raJIbBAHOMETPOM 1 BUMIPIOBAILHOI KOTYIIKOO.

MarsiTHe 1moJie B €TaJIOHHOMY COJICHOI/li JOPIBHIOE:

B=u)IN, /L, ©)
ne [ - crpym uepes etanoHHy KoTymky, N, = /800 - uucno BUTKIB €TalOHHOT KOTYIIKH.
MarHiTHHIA TOTIK Yepe3 BUTKU BTOPUHHOI KOTYIIIKH JTOPIBHIOE

d® = BN,S,, (10)
ne N, =250 -4ucno BUTKIB BTOPUHHOT KOTYIIKH.
[TincTaBnstoun neit Bupas y popmyiny (7), orpumaemo

C(/, — BSeNZ — /uO]SeNeN2 )

da Lda

Bmukaroun a60 BUMHKAIOUM CTPYM B KOJIi OaJICTUYHOTO rajlbBAHOMETPA, MOXKHA BHU3HAUUTH

Oamictuuny crany ycraHoBku C (o @ TOTIM, BUKOPHCTOBYIOYH L0 BEIHYHMHY, BUMIPIOBATH MarHiTHe

(11)

0JIe B MIPOMDKKY MIXK IOJTIOCAMH €JIEKTPOMarHiTy. BakiauBo, 1110 B mporieci BUMIpIOBaHHS HEOOXiTHO
3a0e3MeyuTH HE3MIHHICTh OMOPY KOJja rajJbBaHOMETPa, OCKUIBKU TITbKU B IbOMY BHUMAJKY OanicTHYHA
crana ycraHoBku C,, MO 3aJ€KUTh BiJ I[OTO OMOpPY, TAKOXK HE 3MiHIOBaTHMEThCs. LIsi ymoBa

BUKOHYBAaTUMETHCS, SKIIO B TPOILECi BHUMIPIOBaHHA OaliCTUYHUN TadbBAaHOMETP TMIPH BCIX
BUMIPIOBAHHAX MAarHITHOTO TIOJISI TIOCTIZIOBHO CIOJYYeHHH 3 BTOPUHHOK OOMOTKOIO JIOBIOTO
€TaJIOHHOTO COJICHOI/Ia 1 BUMIPIOBAIILHOO KOTYIIIKOIO.

Onuc ekcnepuMeHTAJIbHOI VCTAHOBKH.

[IpuHIMTIOBA €NEeKTpUYHA CXEMa yCTAaHOBKHM ITOKa3aHa Ha
puc. 1.

[TapameTpu KOTYILIOK:
1) BumiproBanbHa KoTymka: jiamerp BuTkiB D, =18 mm,

KUIbKicTh BUTKIB N, = 51.

Puc. 1
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2) IlepuHHa OOMOTKAa ETAIOHHOTO COJeHoina: miameTrp BHTKIB D, =28 MM, KiTbKICTh BHTKIB
N, =1800, nopxuna korymku L, =55.6 cm.

3) BropnHHa 0OOMOTKA €TaJOHHOTO COJNICHOia: aiamMerp BUTKIB D, =32 MM, KUIbKICTh BHTKIB
N, =250, nosxwuna KoTymku L, = 30.0 mm .

JloBKMHA TOBITPSTHOTO TPOMDKKY PETYJIIOEThCS 3a JOTIOMOTOI0 CHeliaJbHUX TBUHTIB. Cuia
€JIEKTPUYHOIO CTPyMYy B KOTYIIKax €JIEKTPOMArHiTy pETYJIOETbCA JDKEPEIIOM CTajoro CTpyMy.
KinpkicTh BUTKIB OOMOTKH €JIEKTPOMArHITy 3MIHIOETHCS LUISXOM BKJIIOYEHHS B €JIEKTPUYHOTO KOJIA
€JIEKTPOMAarHiTy HasiBHUX B HbOMY OOMOTOK.

Buxkonanusg poodoru.

1. 3i6patu cxeMy, OKa3aHy Ha puc. 1.
2. BuzHauuTu OanmiCTUYHY CTally YCTaHOBKHU C¢,. JU1st boro 3aMKHYTH INepeMukad K; Ha Kiemu

eranoHHoi KoTymku Ta BcraHoBuTH cTpyM [ =(0,2 A. PosimkHytr nmepemukad K; i 3anmcatn

3HaueHHs BiIXuieHHS d TaabBaHOMETpa. IIOBTOPHTH Il KibKa pasiB Ta 3alMCATH CEPETHE
3Ha4YeHHs Bigxunenns do . [liacraBnsioun cepenHe 3Ha4YeHHS dQ , BU3HAYMTH CTaly YCTAHOBKH
C¢,.

3. BU3HAUWTH 3aJEKHICTh BEJUYMHH IHAYKIiI MarHiTHOro moisi B B MOBITPIHOMY MPOMIKKY
eJIEKTPOMArHiTy Bim cuwim crpymy [ B KoTyiikax. BUMiproBaHHS TPOBECTH Uil TPHOX 3HAYEHb
JOBKUHU TIOBITpSHOTO NpoMiKKYy Lp. Ilpu koxHOMY 3Ha4deHHI cTpyMy [ IIBHAKO BHIMatu

KOTYIIKY, TIOMIYalo4un BiJIXWJIEHHs TaabBaHOMeTpa. [ToTiM MOBEPHYTH KOTYIIKY B OGJIACTh MiXk
MarHiTaMu i BCTAHOBUTHU HOBe 3HaueHHs cTpymy. Ctpym [ 3minroBatu 3 intepsaniom 0,05 A Bin

0 no 0,4 A, cnigkyroun 3a Tum, mo6 “3aiiuMk’ rajlbBaHOMETPA 3HAXOIMBCI B MEXKAX LIKAIH B

miarmasoHi “x1”.

4. BU3HAYUTH 3aJCKHICTh BEJIWYMHU IHAYKIIi MarHiTHOTO TOJs BiJ 4Yuclia BUTKIB N KOTYIIOK
cosneHoina. s uporo npu QikcoBaHiil JOBXKHMHI HOBITPSIHOTO MPOMIXKKY L, Ta 3HaY€HHI CTPyMy
BUMIpSITH MarHiTHe mosie B y BUMajaKy, KOJIM B KOJIO €JIEKTPOMArHiTy BKJIIOUCHA CII0YaTKy OJIHA, a
MOTIM JIBI KOTYIIIKH.

5. HamamoBaTu 3ajeXKHICTh MArHITHOrO moJsl Big cwin crpymy B =B(l) ta 3anexHicts

B=B( L_BI ) Bix BemMuuHH, 0OEPHEHOT 10 JOBKHUHHU TTOBITPSHOTO MIPOMIKKY.

KoHTpoJLHi NUTAHHS.

1) Harmcatu piBHsuEsS MakcBena a1s Bektopis B ta H .
2) CdopmymroBaTy 3aKOH €IEKTPOMArHiTHOI 1HAYKLIi B TpakTyBaHH1 Papanes Ta Makcsena.

3) BuBecTu rpaHMYHi yMOBH s BekTopis B Ta H

4) 3anmcaTy TeopeMy IIpo IHPKYJIALio BekTopis B ta H .
5) SIxi MeToau BUMIpIOBaHHS HAIMPY>KEHOCTI, 1HAYKIIIi MAarHITHOTO TOJISI Ta MIOTOKY BU 3HA€TE?
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MAKCBEJI HQxeiimc-Knepk (Maxwell) (13.6.1831, EninOypr, - 5.11.1879, Kembpinx) -
aHrTMCbKUN (i3UMK, TBOpEIb KIACHMYHOI €JEKTPOAMHAMIKU, OJMH 3 3aCHOBHHUKIB
craructTyHOi Qizuku. 3 1871 poxy mpodecop KemOpimKCEKOTO yHIBEpCHUTETY.
Tam BiH 3acHyBaB mepmy y BenmukoOpuTanii crieniaibHO 00JagHaHy (i3UYHY
nabopatopiro - KaBenaimcbky jaéopaTopito, 1TupekTopoM sikoi BiH OyB 3 1871
poky. Po3BuTOK (i3WKM TMOKa3aB, IO HOCIEM EJIEKTPOMArHiTHUX B3a€MOMIN €
€JIGKTPOMArHiTHE I0JIe, KIIACHYHY TEOPil0 AKOro crBopuB Makcsen. VY miid Teopii
BiH y3arajbHHB BCi BiJOMi Ha TOI 4ac (pakTh MaKpOCKOMIYHOI eIeKTPOJUHAMIKH 1
BIEpIIE BBIB YSBICHHA NP0 CTPyM 3MilleHHA. MakcBen 3ammcaB 3aKOHU
€JeKTPOMArHiTHOTO MOJS y BUMIISAAI cucteMu 4 AudepeHIialbHUX PIBHSIHb B
yacTKoBHX MoxigHux (MakcBeJia piBHAHHS). Ix anamiz 103BONUB nependavyuTy 6araTo HEBIIOMUX IO
TOTO SIBUII Ta 3aKOHOMIPHOCTEH: ICHYBAaHHS €JIEKTPOMArHiTHUX XBWJIb, 3T0OJIOM €KCIIEPUMEHTAIHHO
Binkputux P. Depuem. Jlocmimkyroun i piBHAHHS, MakcBeJd TPHUHIIOB 0 BHCHOBKY PO
€JICeKTPOMarHiTHy mnpupoay cBiTiaa (1865) 1 moka3aB, IO MBHIAKICTE OyAb-SIKUX IHIIAX
€JIGKTPOMArHiTHUX XBWJIb Y BaKyyMi JOPIBHIOE IIBUJKOCTI CBiTia. 3 Teopii MakcBen BUTIKaNO, 110
€JIGKTPOMArHITHI XBMJII YMHATH THUCK, 11O 1 OyJlOo eKcrmepuMeHTalbHO BcTaHoBieHO B 1899 II.H.
JlebeneBum. Teopist enmexkTpoMarHeTm3sMy MakcBeiia OTpuMaia IOBHE CKCIEPUMCHTAIBHE
MiITBEPIKCHHS 1 CTaJIa 3arajlbHOBU3HAHOIO KJIACHYHOIO OCHOBOIO CYy4YacHO1 (hi3UKH.

®APAJIEM Maiika (Michael Faraday) (22.IX 1791 - 25.VIII 1867) -
aHITIMCbKUN  (PI3MK, OCHOBOIIOJIO)KHUK BYEHHS TPO EJIEKTPOMArHiTHE IIOJIE.
BusiBUB XiMiuHY IO €EKTPUYHOTO CTPYMY, B3a€EMO3B'SI30K MK €JIEKTPHKOIO 1
MarHeTU3MOM, MarHeTusmMoM 1 cBiTiioM. Binkpus (1831) emexTpoMarHiTHY
IHAYKIIIO — SIBUIIIE, SIKE JISITJIO B OCHOBY eNeKTpoTexHiku, Beranosus (1833-34)
3aKOHHU eNEKTPOJIi3y, Ha3BaHi HOro im'sM, BIIKPHB Mmapa- 1 JiaMarHETU3M,
oOepTaHHs TUTOIIMHY NOJISpU3allii cBiTia B MarHiTHOMY moti (edext Dapazes).
BBiB MOHATTA €IEKTPUYHOTO 1 MATHITHOTO IIOJIS, BUCJIIOBHB 10 ICHYBaHHS
€JIEKTPOMATHITHUX XBUJIb.




