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B 1831 r. Beynaromuiicss anriuiickuii sxcriepuMentaTop M. @apaneit caenan GyHIaMeHTalb-
HO€ OTKPBITHE — SBJIEHUE 3JIEKTPOMArHUTHOW UHAYKIMHU. Teopus 3IeKTPOMarHUTHOTO TOJIs, Hayallo
KoTopoii 3anmoxun dapajeit, MaTeMaTHYeCKH ObLIa 3aBepilieHa MakCBeIZIOM. MarHUTHBIE B3aUMO-
JEHCTBHS B TEXHUKE HAIUIN CYLIECTBEHHOE IPUMEHEHHE, IIPEKAE BCETO — ITO FEHEPATOPHI AIEKTPO-
CTaHLIMM{, MPEBPAIIAOIINX MEXaHNUECKYIO SHEPTHIO B SHEPTHIO MIEKTPUIECKOT0 TOKa. B mpupone xe
HX pOJIb, IO CPAaBHEHMIO C KYyJOHOBCKMMH, JOBOJBHO CKpoMHa. IIpupoaa ropazno sKOHOMHEE B HC-
MOJIb30BaHUM SJIEKTPOMArHUTHBIX CHJI, MO0 BO BCEX MOYTH CIIydYasX «IPEANOUIay CHIIBI AJIEKTpHYC-
ckue (KyJOHOBCKHE) Kak 0OoJyiee MOIIHBIE, CBEAS POJb MAarHUTHBIX CHJ A0 MUHHMYyMa. OJHAKoO B
Halllel JEeHCTBUTEINBHOCTH, 10 MEHBIIEH MEpPE, CO BpEMEH OTKpbITUs Dapazess HE MPOU3OILIO0 3aMET-
HBIX CABHUIOB B HANPaBJICHUU BBISBJICHHUS KAaKUX-THOO HOBBIX 3aKOHOMEPHOCTEH KyJIOHOBCKOTO B3aH-
MOJIEHCTBUS EKTPUUECKHUX 3apsAA0B, PaCIIUPSIOMINX YPOBEHb MO3HAHUS MPHUPOJIHBIX ABICHUH, CO-
310X BO3MOYKHOCTB UCIIOJIB30BAHNS ITHX CHJI B HAYKE U TEXHUKE.

JJis COBpEMEHHOTO YpOBHS IO3HAHUSI (U3UKH BOZHUKHOBEHHS SIEKTPHUECKUX TOKOB SIBIISICT-
Csl aKCUOMOW HEBO3MOXKHOCTh 00ECIICUeHHsI KYJIOHOBCKHAM JIIEKTPUYECKUM IoJieM (TI0Jie, co3aBac-
MO€ 3JIEKTPUYECKUMH 3apsAfaMH, DJIEKTPOCTATHUECKOE I0JI€) YCTOMUMBOTO 3JEKTPUYECKOTO TOKa B
npoBoaHUKe. [lepeHOC HOCHUTENEH B LENM MOCTOSHHOIO TOKAa BO3MOXKEH JIMIIL C ITOMOIIBIO CHI HE
IEKTPOCTATUIECKOTO MPOUCXOKIEHU. DTO, TaK Ha3blBacMbIE, CTOPOHHME CHibl. IIpupoga cTopoH-
HUX CHJI MOKET OBITh caMoil pa3HooOpa3zHoi. Hanpumep, B ABIXKyIIeMcsl MPOBOJHUKE 3TO cuia Jlo-
peHIla, IeHCTBYIONAs CO CTOPOHBI MarHUTHOTO TOJIS Ha AJIEKTPOHBI, B Te€HEepaTopax 3JIeKTpUYecTBa
CTOPOHHSS CHJIa MMEET MarHUTHYIO IMPUPOJY; B TaJbBAHHYECKOM JJIEMEHTE THIa 3JeMeHTa BombTa
NENCTBYIOT XMMHYECKHE CHIIBL. B 3JI€KTpOMarHUTHOW TEOPHUH CTOPOHHHUE CHIIBI OINPENEJICHBI CIETy-
IOLIMM ToJoKeHHeM: «JIro0ble cuiibl, AEHCTBYIOIINE HA 3JEKTPUUECKH 3apsHKEHHbBIE YacTHUIIbI, 33 MC-
KJIFOUEHHEM MOTEHIMAIBHBIX CHJI 3JEKTPOCTATUYECKOTO MPOUCXOXKACHUSA, T. €. KYJIOHOBCKUX, Ha3bl-
BalOT CTOPOHHUMU cunamm» [1,2].

OtmeTnM, 49TO crita JIopeHIia B 3IeKTPOMarHUTHOM MHIYKITNH, caMa o ce0e He MOXKeT odec-
MEYUTH MTOCTOSTHHOTO TOKa B MIPOBOJHUKE — JJII BOSHUKHOBEHHS TOKa HEOOXOIUMO OTHOCHTEIHHOE
MepeMenIeHre MarHUTHOTO TIOJISt ¥ IPOBOJAHMKA.

Bormpeku cyiecTByromeMy MOJOKEHUIO MOKAXKEM, YTO NMPU OTHOCUTEIIBLHOM IE€pPEMENIEHUH
KYJIOHOBCKOTO (3JIEKTPOCTATUYECKOr0) TOJS U MPOBOAHUKA B CHCTEME TAaKXKe MMEET MECTO IepeMe-
LIEHNE HOCHUTENIEN 3apsioB.

HccnenoBanns mo M3ydeHUIO B3aUMOJEHCTBHS 3apsI0B MPOBOJHUKA U KYJTOHOBCKOTO ITOJIS
MIPH X OTHOCUTEIHFHOM IepeMeIeHud [3], IpoBOIMINCh Ha pa3pabOTaHHBIX W W3TOTOBJICHHBIX, HE
MMEIONINX aHaJIOTOB, AKCHEPUMEHTAIBHBIX MOJENSX C HCIIOIB30BAaHHUEM IPOBOJHHUKOB DPA3INIHON
¢dopmsbl (chepudeckne, IOCKKUE U Ap.), C SACKTPOHHOH U HOHHOHM MPOBOAUMOCTBIO. Y CTAHOBKHM OBLTH
CHa0XXEHBl WM HEOHOBOHM JIAMIIOYKOM, 3aropaHue KOTOPOW CIIYy>KWJIO MHAWKATOPOM HaJM4Hs TOKa,
WM UCTIONB30BATINCH CTaHAAPTHBIE MPUOOPHI (3JEKTPOMETP, rabBAaHOMETP), KOTOPBIE (puKcHpoBaIn
HaJIM4ue TOKA, €70 BEIMYMHY U HAIPaBJICHHUE.
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B naHHOM W3I0XEHUU MPUBOAMTCS OMKMCAHUE OJHOTO U3 HKCIIEPHMEHTOB, HanboJiee MpocTo
JIEMOHCTPHUPYIOIIEM CYTh MOJTYUYCHHBIX Pe3yJbTaToB. MI3BeCTHO, YTO €CIIM TOKOIPOBOASAIIHUI 1Iap BHE-
e, CTH B MOTEHIMAIBHOE DJIEKTPOCTATHYECKOE MOJie, TO B HEM IMpPO-
M30MJIET Tiepepacipe/ieNicHie 3apsioB M0 3aKOHY JIEKTPOCTaTHYC-
ckoit mHIyKIun (puc. 1). B Hammx ’KcneprMeHTax mapy mpuaain
BpallleHHe, 4TO paHee HUKEM HEe PacCMaTpUBAaJOCh.

B npouecce BpalieHus nepepacnpeaeiaeHHbIe 3apsabl, 0

JeicTBUEM BHELIHEro MoJjisi OyIyT ocTaBaThCs HAa CTOpPOHE, o0pa-
LICHHOW K BHEIIHEMY NOJI0. B ITaHHOM ciydae 3apsiapl OCTalOTCS
Ha MecTe, a TPOBOJHHUK, KOTOPOMY TPUHAIJICKAT DTU 3apsiibl,
JBIDKETCS. B mape Bo30y»aeTcs TOK.
Puc. 1. DxcnepuMeHTAJIbHAA Jnst memoHcTparnuu BO30YKIEHUS B IIape TOKa IOBEPX-
Mojeab BO30Y:KI€HHSl WH-| HOCTh IIapa, M3TOTOBIEHHOIO M3 AMAJIEKTPHKa, OblIa OOKIeeHa
AYKIMOHHOI0 TOKA B TOKO-| MoiychepaMu U3 allOMUHHEBOH (oabru ¢ 3a30poM 3 MM M IpouU3-
NPOBOSIIIIEM IHIAPe. BE/ICHO MX COCJMHEHHE Yepe3 HEOHOBYIO JIAMIIOUKY, KOTOpas sB-
JSUTACh HHIUKATOPOM TOKA.

[Ipu Bpalenun mapa samnoyka ropur!

HetpynHo npencTaBuTh, 4TO PU BPAIMICHUN UCTOYHUKA KYJIOHOBCKOTO MOJISI BOKPYT TPOBO/I-
HUKa (IIapa) JTaMIoYKa Takxke OyJeT ropeTb. B 3ToM cilyyae MCTOYHHK BHEIIHETO TOJISI «TSHET» 3a
co0oii cBOOOIHBIE 3aps/Ibl TPOBOTHHUKA.

I[JIH OIMpeaAcJICHNUA KOIMYCCTBCHHBIX XAPAKTCPUCTUK MHAYKIIMOHHOI'O TOKa B ITPOBOJAHHUKE HU3-
TOTOBHJIM MOJOOHYIO0 YCTAHOBKY, B KOTOPON WHIYLIMPOBAHHBIC KYJIOHOBCKUAM TOJIEM 3apsibl epeMe-
HIAJKCh 110 3aMKHYTOMY KOHTYpY 4epe3 raiabBaHoMetp [4]. [Ipu 5TOM H3MEHSITH CKOPOCTh BPALICHUS
nrapa ¥ HampspDKEHHOCTD 3JICKTPOCTATHIECKOTO TOJIsl. Pe3ynbTaThl SKCIIEPUMEHTOB MMOKA3alIHd, YTO Be-
JMYUHA BO3HUKAIOUIETO JIEKTPHYECKOTO TOKA MPSMO MPOMOPIMOHATIbHA YacTOTE BpaIllleHHs IPOBO/I-
HUKA U pacTET C YBECINYCHUCM HAIIPAKECHHOCTU KYJIOHOBCKOTO ITOJIA. ODTHM CBOKWCTBaM YAOBJICTBOPACT

dN/dt, T.e. cKOpOCTh M3MEHEHHsS IIOTOKA BEKTOpa E , MPOHM3BIBAOIIErO MOBEPXHOCTH MPOBOIHUKA
(puxcupoBannoro cermenra). [Ipu atom
N="ll(Ecos®)ds, (1)
(Sc)

rac SC — IuIomaab IMOBEPXHOCTHU CEIMEHTA, O — YI'OJI MEXKAY HAIIpaBJICHUEM BEKTOpa Eu HOpMAJIbIO
K paCCManHBaeMOﬁ MMOBCPXHOCTH.

JleCTBUTEIBHO!
0 _
dN_d E,dS = ] _aE_”ds+ H(V,VEn)dS, )
t(se) (S b (so)
rane E, = E-cosa.
%

I n= 0 , 3
PH CTAIlMOHAPHOM KYJIOHOBCKOM TIOJIE e (3)
I03TOMY aN - 1 (v,VE,)dS. 4

(Sc)

OT0 BhIpa)XKEHHE JTOKA3bIBAET XapPaKTEPHOCTH BBIACIECHHBIX CBOWCTB /I BenmuuHbl N 1 crpa-
BEJUIMBO JUIsl TPOU3BOJIBHOTO MTPOBOIHMKA, KOTOPBIA IBMKETCS BO BHEIIHEM KYJIOHOBCKOM moiie. Ec-
JIM IPOBOJHMK C(EepUIECKUi U BpallaeTcsi ¢ MOCTOSHHOM 4acToToM, To U3 (4) cienyer:

dN =
= 9RO Q 1V
o R Iq2,.71,VE,)ds (5)
(Sc)
3mech ® — YacToTa BpalleHus cerMeHTa (IpoBoaHuKa), R — pamguyc cdepsi, QO — €IMHUYHBIN BEK-
TOP YIJIOBOM CKOPOCTH BpallleHus, Iy — €JMHUYHBIN PajinyCc-BEKTOP TOUEK OBEPXHOCTH Cepsl.

I'paguent Bemuuuss! £, T. €. VE n » BO3pacTaer, Kak U3BECTHO, IpH yBenuueHnu E. Urak:
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dN
D.7.C~1~—. 6
i\ ™ (6)
dN _
W3 Beipakenus (5) cnexyet, uto . 1. C., I Y YBEIUYUBAIOTCS P pocTe |V | — Momyns

CKOPOCTH OTHOCUTEITFHOTO MEePEMEIICHHSI TPOBOJHUKA U HCTOYHUKA KYJIOHOBCKOTO ITOJISI.

C yyeToMm BceX MPOBENICHHBIX 3KCIIEPUMEHTANBHBIX UCCIIEIOBAaHUN cHOpMyTHpPOBAHO OCHOB-
HOE TOJIOKEHHE: «IJEKTPOABIDKYIIasl CHJia, BO3HHMKAIOUIas B KOHTYpE, MPSIMO MPONOPLHOHANbHA
CKOPOCTH HM3MEHEHHsI TIOTOKa HAMpPsHKEHHOCTH BJIEKTPOCTATHMYECKOTO MONS uepe3 J00YI0 MOBEpX-
HOCTB, ONMPAIOILYIOCS HA JaHHBINA KOHTYD. [Ipr BO30yKIeHHH TOKA CYIIECTBEHHO JIUIIb OTHOCHTEIb-
HOE TIepeMeIICHUE TPOBOTHUKA U SJICKTPHUECKOTO TIOJIS KyJIOHOBCKOM TPHPOIBI.

B oxTs6pe 2000 . MexayHapomHO# Accoruanueid aBTOpOB HAyYHBIX OTKPHITHH (T. MOCKBa)
Ha OCHOBAaHWH PE3yJLTATOB 3KCIIEPTU3bI 3asBKU HAa OTKPHITHE BbyIaH AurioM Ne 149 Ha OTKpbITHE
«Aenenue 6030yrcoenun INEKMPULECKO20 MOKA 6 NPOBOOHUKE, QBUNCYULEMCA 8 INEKMPOCMAmU-
yeckom nojie». ABTOpbI HayuyHOTro OTKphITUs Jtoaxun JI. A. u [5].

Takum 00pa3oM, B HACTOAIIEE BPEMSI MOXKHO CUUATATh TBEPJIO YCTAHOBICHHBIM, YTO JJIEKTPH-
YEeCKHI TOK B MPOBOJHUKAX MOXKET BO3HUKATH HE TOJILKO MO/ JCHCTBHEM MAarHUTHOTO IOJIS, HO | MO
JCHCTBUEM CHII DIICKTPUYCCKOTO TOJS KYJIOHOBCKOW TPUPOJIBI, TIPU YCIIOBHH OTHOCHUTEIHHOTO Mepe-
MCIICHH MOJIA X IIPOBOJHHUKA.

[Tpu 5TOM BO30YKIIEHHE TOKA B IPOBOJHUKE MPOUCXOAMUT BCICICTBHE DJICKTPHUECKOTO B3au-
MOﬂCﬁCTBHH CBO6OI[HI>IX 3apsA10B IMPOBOJHHUKA U UCTOYHUKA KYJIOHOBCKOTO IIOJIA B JUHAMHKE UX OT-
HOCHUTEITLHOTO TMepeMeleHrs 0e3 y4acTHss MarHUTHOW COCTAaBJISIIONICH. 3/1eCh HANPaBICHHE BO3SHHUKA-
IOIIEro TOKAa B CHCTEME OTCUETa, TECHO CBSI3AHHOW C MPOBOJHUKOM, COBIMANACT C HANPABICHUEM JIBH-
JKCHUS NICTOYHHUKA KYTIOHOBCKOTO TOKA.

CootHorenue (6) 1o ¢hopMe aHATOIMYHO YPAaBHEHUIO IS 3. JI. C. JJIEKTPOMArHUTHOW MHITYK-

y @ y N
IIMH, BO3HUKAIOIIEH IIPHU HCHYJICBOM 3HAUYCHHUU E , TJ€ @ — MarHUTHBIN MOTOK, IMPOHU3BIBAIOIIINU

MOBEPXHOCTH, OMUPAIOIIYIOCS Ha KOHTYP MPOBOJHUKA P = IBcos®dS, rue B — WHIYKIHS MarHWT-

HOTO TOJI.

Opnaxo, paccMaTpuBaeMoe SIBJIEHHE TI0 CBOEH Mpupoje (MEXaHW3M W MPABUJIO ONPEAeTIeHHS
HaTpaBJICHUs] TOKA) OTIMYHO OT AIIEKTPOMAarHUTHOW MHAYKUMH. Ero muddepennnan (Manas dacts,
3JIEMEHT) MOXKET XapaKTepU30BaThCs KaK SIBIEHUE DJIEKTPOCTaTHYeCKOW MHIYKIUH. CyTh HOBH3HBI
SIBJICHHSI B CIIOCOOHOCTH BJIEKTPUYECKOTO I0JII UCTOUYHMKA «YAEP>KUBAaTh» CBOOOAHBIEC 3apsabl Ipo-
BOJHHKA MPU UX OTHOCHUTEIBHOM IepeMeleHnu. [Ipu 3ToM nosBisieTcs KacaTelbHash COCTaBIISIOMAs

E, BexTopa E (puc. 2). CoBepIlieHHO OYEBHJTHO, YTO 3Ta CIIOCOOHOCTH COXPAHSIETCS M ITPH IBUKEHUH
HUCTOYHUKA, KOTZIAa €ro I0JIE U3 BJIEKTPOCTa-
/ THYECKOTO TPaHCHOPMUPYETCS B INEKTPH-
YeCKOE M0JIe IBMKYILEToCcs HCTOUHHKA.

C Hamieil TOUYKH 3peHus], 3TOT HOBBIN
3 BUJI UHIYKLUUM TOKa B MPOBOJHUKE, UMEIO-
el 3IIEKTPOAMHAMHUYECKYI0 INPUPOLY, B
OTJIMYHME OT WHAYKLHH 3JIEKTPOMAarHUTHOH,
v 1esecoo0pa3Ho KIacCU()UIUPOBATh KaK HH-
OYKLHUIO 3JIEKTPOJUHAMUYECKYIO.

I/ITaK, MOXHO KOHCTaTHpPOBATb, YTO
Puc. 2. Cxema HampaBjieHUsI JEHCTBYIOIIHUX CHJI| HMMEETCS JBa OCHOBHBIX BHJA MHIAYKIMH TO-

NP OTHOCHTEJIbHOM IepeMelleHM: Mpo-| Ka B IPOBOJHMKE: DIEKTPOMAHUTHASA M

BOJHUKA H MOJIS. 3NIEKTPOANHAMHYECKAs, ITOCTIEIHSS U3 KOTO-
PBIX TPU OTCYTCTBHH OTHOCHUTENBHOTO Iie-
peMelIeHns] IPOBOAHMKA U MCTOYHHMKA BHEIIHETO JIEKTPUUECKOTO MOJISl BHIPOXKIAETCS B MHIYKIIHIO
JIEKTPOCTATHUECKYIO.

CyMMapHas IIOTHOCTh TOKA, B 00IIEM CTydae eCTh:
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e — s + rg
J 1o " Jowm (7)
rae j3a— IJIOTHOCTH TOKa, O6YCJ'IOBJ'I6HHa$I 3HCKTpO,I[I/IHaMI/I‘{CCKOﬁ I/IH,E[YKHI/Ieﬁ, j3M — IIJIOTHOCTH TO-

Ka, O6yCHOBJ’IeHHaH I/IHI[yKHI/IGﬁ SHCKTpOMaFHI/ITHOﬁ.
B paCCManHBaeMOﬁ CUCTCMC IIPpU ABUIKCHHNU CTYCTKaA «YACPKNBACMBIX» CBO6OI[HI>IX 3apsA10B

T @ o
IPOBOJHMKA CO CKOPOCTHbIO MUCTOYHHKA J,, ~— O, T. K. ©BMCHCHUA E B 3TOM 00JaCTH HE MMpoOUCXo-

JUT, BOS6y>KIICHI/Ie TOKa O6yCJ'IOBJ'ICHO KYJOHOBCKUM B3aHMMOJCHCTBUEM 3apsa0B IpHU OTHOCUTCIILHOM
MEPEMCUICHNHU MMPOBOAHNKA U UCTOYHUKA T10JIA.

Bocmonp3oBaBmmch BBIPpAXKCHHUEM JJI INIOTHOCTHU J TOKa, BOZHUKAKOMIETO IIPpHU IEPEMECIIC-
HUMU 3apsa 00BEMHOI TIIIOTHOCTH p CO CKOPOCTBIO v MOJIy4YuM:

j=Pv (8)
C Y4eTOM TPEATI0KEHHOT0 MEXaHN3Ma MOYKHO 3aIiucaTth (U p = Po).
17 (P 7PV, 9)

rae p — TEKylada MmMIOTHOCTb CBO6OI[HI)IX 3apsAA0B IMMPOBOJHHKA,; Pg — HUX IJNIOTHOCTH B OTCYTCTBUEC HC-
TOYHHMKA KYJIOHOBCKOTI'O IIOJIA, T. €. HCBO3MYIICHHOC 3HAYCHUC P, vV — CKOpPOCThb CBO6OILHI>IX 3apA10B

MIPOBOJIHUKA B 00J1aCTH P >py.

Bosznukaromuii TOk ecTh MpoIecc nepeMelieHnss OTHOCUTENFHO TTPOBOJIHUKA CIYCTKa «yAep-
KMBAaEMbIX» CBOOOJHBIX JIEKTPOHOB CO CKOPOCTHIO MCTOYHUKA BHEIIHEr0 KyJIOHOBCKOTO mois. [1pu
3TOM CPEJHECTATUCTHYECKOE 3HaYeHne V Ul P >pg paBHO V|, (CKOPOCTb CI'yCTKa Kak IIEJ10T0).

Bo3pacranue BeIMYMHBI TOKA B IPOBOJHUKE MPU YBEIHMUYEHUU MOAYJSI CKOPOCTH OTHOCHUTEIb-
HOT'O NIEPEMEILICHHS] UCTOYHUKA U MTPOBOAHUKA B COOTBETCTBUM C MPEIOKEHHBIM MEXAHU3MOM SIBJIE-
HUSl OOBSCHSCTCS CJCIYIOIIMM: KYJOHOBCKOE TOJIE «YACPKHBACT» CBOOOIHBIC 3apsjbl MPOBOIHHKA
MIpU €T0 ABUKEHUU U TEM CaMbIM NIEPEMEMIAET UX OTHOCUTEIBHO €ro. [Ipu 3TOM eCcTECTBEHHO, UTO OT-
HOCHTEJbHOE TIEpEeMEICHNE 3apsHKCHHBIX YacTHIl OyneT TeM Oojbllle, 4eM OBICTpee ABIIKETCS Mpo-
BOJIHUK (WJTM UCTOYHHWK BHEUTHETO TOJISl OTHOCUTEIHHO HEIIOJIBIYKHOTO B WHEPIIUAIBHON CUCTEME OT-
cyeTa MPOBOIHUKA).

Bospacranue Toka mpu yBeIUUESHUN HAMIPSKEHHOCTH BHEITHETO MOJIsI 00YCIIOBIIEHO yBEIHUYe-
HUEM KOJIMYECTBA CBOOOHBIX 3apsJI0B, MPEOIOJICBIINX BIMSHUE OTHOCUTEIBHOIO CIEIICHUS C JIBH-
JKYIUMCS TIPOBOTHUKOM. DTO 00CTOSATEIILCTBO M IMIPUBOIUT K BO3PACTAHHUIO BEJIMYMHBI SJICKTPUYECKO-
ro TOKa.

Ecnu cBOOOHBIE AIEKTPOHBI METAILTHYECKOTO TIPOBOIHUKA H 3aps/Ibl, (OPMUPYIONIME BHEIII-
Hee T0JIe MCTOYHHMKA PAa3HOMMEHHBI, TO B COCTOSHHUHM PaBHOBECHS BOJIM3M HMCTOYHHKA PEATH3YETCs
MaKCHUMaJIbHasl TUIOTHOCTh CBOOOHBIX 3apsjI0B MPOBOJHUKA, KOTOPAas YMEHBIIIAETCS 110 Mepe yalie-
HUS UICTOYHHUKA. B 3TOM cilydae COOCTBEHHOE 10Jie CBOOOAHBIX 3apsiI0B IIPOBOIHUKA, YPAaBHOBEIIIUBAs
BHEIIIHEE T10JIe, HE J]aeT 3THM YacTHI[aM, BCJICICTBUE B3aMMHOI'O OTTAJIKMBAHUS, B OOJIbIICH CTEIICHU
CTYIIAThCS BOJIM3M UCTOYHUKA TOJIs1. ICTOYHHK BHEITHETO OIS TIPU CBOEM JBMYKCHHUU TSHETY 32 CO-
0oli cBOOOIHEIE 3apsi/Ibl MPOBOAHUKA. ECIN ke BHENTHEE IT0JIe CO3/1aeTCs 3apsilaMu IPYroro 3Haka, TO
«HMCTOYHUK» TOHUT CBOOOIHBIC 3aps]Ibl IPOBOTHUKA BIIEPEIH CeOsl IPU JBUKCHUHA OTHOCUTEILHO TI0-
CJIEJIHETO B CUCTEME OTCUETA, KECTKO C HUM CBSI3aHHOI.

B 3aBHCUMOCTH OT CKOPOCTH pelaKCallMOHHBIX MPOIECCOB YKa3aHHBI MAaKCUMYM IJIOTHOCTH
CBOOOHBIX 3apsIOB OyaeT B OOJNbIICH MM MEHbIIIEH CTEIIEHU pa3MbIT. [Ipu odeHb BBICOKOM (Teope-
TUYECKH OECKOHEYHOW) CKOPOCTH pellaKCalliyl WM B ClIydae JOCTATOYHO MEUICHHOTO JABW)KCHUS HC-
TOYHUKA M TMPOBOJHUKA (TEOPETHUYECKH OECKOHEUYHO MaJIOH OTHOCUTEIHHOW CKOPOCTH JBUIKCHUS)
pacnpezenieHle TUIOTHOCTH CBOOOIHBIX 3apsiIoB MPOBOJHUKA B KaX/IbIii MOMEHT BPEMEHH COOTBET-
CTBYET PAaBHOBECHOMY.

[Ipu nBMXKEHUU TPOBOJHUKA OTHOCHUTEIBHO MCTOYHUKA MPOUCXOIUT HEIPEPhIBHOE OOHOBJIC-
HUE CBOOOJHBIX 3apsI0OB CTYCTKAa — 3aXBaT BHEIIHUM ITOJIEM OJHUX YACTHUI[ COMPOBOXKIAETCS MOTE-
peit Ipyrux, T. €. CTAaTUYEeCKOEe PAaBHOBECHE MTPH AJIEKTPOCTATHISCKON HHIYKIMH TpaHCHOpMUPYETCS B
JHHAMUYECKOE.
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B 06IH6M CjIydac, UCIOJIb30BAHUC YPaBHCHUA (9) JAaHHOI'O SBJICHHA MpEAnoJaracTt onpeacic-

HUE TeKyIeH MIIOTHOCTH P CBOOOIHBIX 3apsAI0B MPOBOJHUKA B o0mactu p >pg. C 3TOH menpio Oyaem
WCXOIWThH U3 ypaBHEHUS HETIPEPHIBHOCTH, SBIISIONIETOCS (hOpMOil 3aK0Ha COXpaHeHUs 3apsaa [6]:

p
5 v e) =0, (10)
nockonsky div (PV) = Pdivv + (v, VP), To u3 coorsomenus (10) crexyer, ato mpu divy=0
op B
aﬂxwvm—o. (11)

Ypaeaenue (11) xapakTepu3yeT 3aKOH COXPaHEHUS 3apsa MPUMEHUTEIHLHO K paccMaTpuBac-
MOMY SIBJICHHIO U JIOJDKHO PacCMaTpPUBAThCS COBMECTHO C (9), U, HAKOHEII, TPEThUM YpaBHEHUEM, JIO-
nonasttoruM (9) u (11) sBasiercs ypaBHeHre MakcBemia, KOTOPOE XapaKTepU3yeT SBICHHUE AIIEKTPO-
CTaTUYECKOW MHAYKINH (PAaBHOBECHBIN CITyJai):

- —/ —
divE = 47P, (12)
pelIeHrne KOTOporo HeOOXOAUMO IS OTIPeIeICHUS TTOCTOSSTHHBIX HHTETPUPOBAHUS YpaBHEHUS HEIIpe-

— !

peiBHOCTH. [Ipu 3TOM BHENIHEE AJIEKTpOCTaTHUECKOE Mmojie E cBs3aHO C mojem E CcBOGOIHBIX 3apsi-
0B HpOBOILHI/IKa B YCJ'IOBI/IHX paBHOBCCI/ISI COOTHOILLICHUEM :
E=-E. (13)
CrnenoBaTenbHO, OKOHYATEIbHO UMEEM CIEAYIOUIYI0 CUCTEMY YPAaBHEHUH Ui OMUCAHMS SIB-
JICHUSA BO36y>K,Z[6HI/I$I AJICKTPUYECCKOTO TOKa B IMPOBOJAHUKE, NBWKYIIEMCA OTHOCHUTCIBHO MCTOYHHKA

3IIEKTPOCTATHYECKOTO TI0IIs (P > Po):
1= (P~ Po)V;
op
3 T@.YP)=o;
divE = 47P,
Heo6X0MMO OTMETHTb, UTO €CIH TIONOKHTh V V, B [IEPBOM M BTOPOM YPaBHEHHSX CHCTE-

MBI, TO 3TO COOTBETCTBYET CIIydaro, KOT/ia Bce CBOOOIHBIE 3apsiibl CTyCTKa (P > o) UMEIOT OJMHAKO-
BYIO CKOPOCTB, paBHyt0 V, . DTOT citydail pean3yeTcst Ui CHCTEMBI C BBICOKON CKOPOCTBIO penakca-

uun. Ilpu 3TOM pelieHne TPeThero ypaBHEHHs CHCTEMbI JaeT paclpeelieHHe CBOOOAHBIX 3apsiioB
MPOBOJJHUKA B CTaTHKE. AHAJIOTUYHOE MO (OpMe pacrpelieieHHe UMEET MECTO B KaXKIbli MOMEHT
BPEMEHHU B IMHAMUKE, ONPEAEIIIEMOE PELLIECHUEM BTOPOr0 YPABHEHHUS JUJISl CUCTEMBI C BBICOKOM CKOPO-
CTBIO PENAKCALNN.

PaccMoTpuM npmiio)keHHE HM3JI0KEHHBIX MOJIOXKEHHH K KOHKPETHOMY CIIydaro, UCCIIEIOBaH-
HOMY aBTOPAaMHU 3KCIIEPUMEHTAIBHO — K BO30YXKIEHHIO 3JIEKTPUYECKOr0 TOKA B JTMHEHHOM IPOBOJ-
HUKE O BIMSHUEM IBIKYLIEHCS BIOJb HEro 3apsHKeHHOU mtacThHbl (puc. 3). Ilpu aTom miockoctu
MIPOBOIHYKA W IJIACTHUHBI MAPAJUIETbHBL. 37eCh: | — TUHEeHHbII NTpOBOIHNK; [/ — WCTOYHHUK KYJIOHOB-

CKOTO noJis (3apshKeHHas iactuHa); (xoy) u (E0M) — cucTeMbl KOOPAHMHAT, CBSI3aHHBIE C MTPOBOIHH-
KOM M HCTOYHHKOM COOTBETCTBEHHO. By/ieM cunTath, 4TO IpH JBIKCHUH MTPOBOJIHUKA BIOJIb OCH OX '
aE; >> aE;/ ' ’

o Y Kpome Toro, mockoneky BepTHKanbHas cocTaBistomas E , 1. e. E;, He okasbiBaer
BIUSTHUS HAa JIBIKEHHE CBOOOIHBIX 3JIEKTPOHOB B TUIOCKOCTH (X0)), TO W3 MPHUBEIEHHBIX BBIIIE COOT-
HOIIIEHUH Oy/1eM UMETh:

_ 1 dE,
P(x) = ——%. 14
(x) L (14)
HpI/I 9TOM B paBHOBeCHOM COCTOSAHHUU CUCTEMBI paCCManI/IBaeMBIX 3ap$I)KeHHBIX HJaCTHI]
E, = E,. (15)

Haiinem Benmmumnny E,.
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z [Mycte Q — cymmapHsblil mo-
7 JIOKUTENBHBIA 3apA] HCTOYHMKA. Be-
Wl - JIMYMHA 3apsi/ia B BBIJCIEHHOM 3JIEMEH-
)4

NI //@‘ y te d& dn (cm. puc. 3) mpu ero paBHO-
7 ) MEpPHOM pacHpeeNIeHUH M0 MOBEPXHO-

3q Q
p crM ucrounuka pasHa | —— |dSd",

P \ 4ab

x
/ 0 rae a, b — monyuimHa U moaymMpuHa
L IJTACTHHBI.

Puc. 3. Cxema JIWHEHHOr0 NMPOBOAHUKA M HMCTOYHUKA HanpspxkenHocTs BHELIHETO
KYJOHOBCKOIO I0JIA B BHJE 3apsiZKEHHOH IIa-| TIONS B TOYKE JMHEWHOTO MPOBOJIHHUKA
CTHHBI C KOOpPAMHATOM X Ompenensercs BbIpa-

HKEHUEM:
f_k dsdn
42, = XQ. (16)

4ab [H2+(x+E)2+n?2)’

rae H — pacCTosiHAE MEXIy IUIOCKOCTSMH MCTOYHUKA M METAJUIMYECKOro MpoBOJHUKA; K = 1/4nese —
MOCTOSIHHASL B 3aKoHEe KynoHa.
[IponnTerprpoBas ABaXAbl, IOIY4aEM:

P(x) = %_ﬁF(x,g)‘d&», (17)

E_} =_ X+E—’ o+ 2 + +E_’2. b
F(x,%) [H2+(x+§)2]2 btyH (xT%)“ "arctg —\/m . (18)

Bennunna «YACPKUBACMOI'0» KYJIOHOBCKHUM II0JICM IIJIACTUHBI 3apdaa JIMHEHHOT O IIpOBOJAHH-
Ka paBHa:

X
Qo =P J[P(x) ~Poldx, (19)
Xn
rae P — IUIomans MOINepeyHoro CeYeHus JIMHERHOrO MPOBOHMKA, MEPIEHIUKYIAPHOTO ocH 0X ,
(xx — x,) — obyacTh AEHCTBUSI KCTOYHUKA KYJIOHOBCKOTO IOJISI; Py — HEBO3MYIIEHHAS MOJIEM 00beM-
Hasl TUIOTHOCTh CBOOOJTHBIX 3apsiI0B MpoBoaHUKA. [Ipu aToM p(x) onpenensiercs: cooTHomeHus MU (17)
u (18).
JlJis BeWUUHBL P, B Cliydae, KOTJa JIMHEHHBIA MPOBOJHMK COCTOMT M3 YHUCTOrO METajlla W
CBOOOHBIMH 3apsIaMHU SBJISTIOTCS BAJICHTHBIE 3JICKTPOHBI, HMEEM:
_ eNgPpeN
= e Me'VA
Me
r7ie e — 3aps]l OJTHOTO IeKTpoHa; Ny — YHCIIO 37IEKTPOHOB Ha BHENIHEH opOute atoma; Ny — drcio
ABorazpo; pye — IUIOTHOCTh METAIIA; [ye — €T0 aToMHas macca. Materpan (19) peanmsyercs dwc-
JIEHHBIM METOZIOM Tpaneruii Ha 9BM [7].

[Ipu npoBeneHNH MapaMEeTPUUYECKOTO MUCCIICIOBAaHUS TPOIECcCa C YIETOM H3JI0KEHHBIX BBIIIE
aCIEKTOB C MOMOIIBIO pa3paboTaHHOH mporpaMMbl pacuera Ha OBM B KauecTBe MCXOIHBIX NAaHHBIX
BBIOUpANKCH Cleayromue 3HaueHus napamerpos: a = 0,1 m; b = 0,05 m; d = 0,01 m; L = 0,05 wm;
Pme = 7,0-10° kr/n; Wae ~ 56 kr/kmonb; € = 1; N = 2. Kpome Toro, B mporpammy pacuera Ha IBM 3a-

12 1 2 2.
KIaabIBAJIMCh  CIEAYION[Me  3HAueHHs  (OU3WYECKHX  KOHCTaHT: €y = 8,85-10° Ku“/(H-m");
Na = 6,023-10%1/M% e = -1,6-10 *° K.

Kak cnenyer u3 puc. 4 u 5, pacupeneneHue MIOTHOCTH 3apsA0B BIIOJIb TMHEWHOTO MPOBOTHU-
Ka B PaBHOBECHOM CJIy4ae CHUMMETPUYHO OTHOCHTEILHO cepenuHbl (x=0) 3apsyKCHHON IUTaCTHHBI-
uctouHuka. [Ipu 3ToM g x = 0 IUIOTHOCTH 3apsiioB IMPHUONIMIKACTCS K HYJIIO, T. K. paBHA HYJIIO Ha-
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MNPAKECHHOCTh BHCHIHETO KYJIOHOBCKOI'O ITOJIA. DTO CBSI3aHO C TEM, UYTO I[efICTBHﬂ 00eux MOJIOBUH 3a-
pH)I(eHHOﬁ IIaCTUHBI Ha CBO6OI[HI>IC 3apAabl JIMHEHHOTO MIPOBOJHUKA PaBHBI IO BCJIWYHUHC U IIPOTHU-

BOIIOJIOXHBEI 110 3HAKY.

[Ipu x = + a Habmonaercss MmakcumyM p(x). [locnennee criemyer U3 TOro, 4TO B ITUX TOYKAX
MaKCUMaJlbHasl HANPsHKEHHOCTh BHEITHETO KYJIOHOBCKOTO TOJIS IS €€ YPaBHOBEIIMBAHUS HEOOXOAH-

Ma MaKCHUMaJibHas HANPs)KCHHOCTb COOCTBEHHOT0

TOJIs. CBOOOTHBIX 3aps/I0B IPOBOJHUKA. A 3TO pea-

JIN3YyCTCA IpU MaKCHUMAaJIbHOM IJIOTHOCTH 3THUX 3apA10B.

HpI/I YBEIIMYCHNUU 3apsaja IIaCTHUHBI, T. €.

CUJIBI €€ KYJIOHOBCKOI'O B3aHMOJICHCTBHS CO CBO-

OOIHBIMH 3apsiJaMH TIPOBOJHUKA, BEJIMYMHA MakcuMyMma p(x) yBennuuBaercs (puc. 4). C yBenu4yeHu-

€M pacCTOosAHHA MCEKIAY MNPOBOAHHMKOM H HUCTOYH

(puc. 5).
W3 puc. 6 u 7 cnemyer, 9TO MOIYJIh BEIHY

HWKOM 1OJIA BCJINMYMHA MAaKCUMyMa YMCHBLIIACTCS

HHBI «YAEPKUBACMOT'0» 3apsaa, a, CJIEA0BATCIIbHO,

" BCJIIMYMHA BOSGY)I(,Z[CHHOFO TOKa, YBECJINYMUBACTCA IIPU BO3paCTaHNUU 3apsaga UCTOYHHMKaA U YMCHBIIIC-

HUU paCCTOAHUA MCKAY UCTOYHUKOM U JIMHEHHBIM
3aMeTI/IM, 4TO C YBCIMYCHUCM 3apsaa UCT

IIPOBOJIHUKOM.
OYHHMKA U YMEHBIICHUEM €r0 PacCTOSHMS OT IPO-

BOAHHUKA BO3pPACTACT HAIIPAKCHHOCTHL IIOJISI MCTOYHHUKA. A BO3paCTaHUC BCIIMYMHBI BO36y)KI[CHHOFO
TOKa B JINHEHHOM IMPOBOJAHUKE C YBEJIMYCHUEM HAIIPAKECHHOCTHU BHEIIHETO IO — 3KCIIEPUMEHTAJIb-

HO JTOKa3aHHBIA HaMH (HaKT.

P

7
7
7 L P4PPR
P2 B Y s A (0 2 2
- ,/"' \
-02 -0f a1 02
N 4

Puc. 4. Pacnpenesienue ¢B00OOIHOI0 3apsiia JIMHe

",

HHOT0 MPOBOHUKA IO €ro JJHHEe B 3aBUCHMO-

CTH OT CHJIbI B3AUMO/ECTBHUS ¢ MCTOUYHUKOM KYJ0OHOBCKOro mojsi: 1 — Q =0,1 Ki;; 2 —

Q=03Kn3—Q=05KrH=0,1 m.

25 /)
20
/5
° 2
_/...-o" \\:
92 ~0f o Y, a2
XN

Puc. 5. Pacnipenesienue ¢cB00OOIHOT0 3apsiia JMHEITHOr0 MPOBOAHUKA MO €ro JJIMHEe B 3aBHUCUMO-
CTH OT PACCTOSIHMSI MeAYy IUIOCKOCTSMM JIMHEHHOr0 MPOBOAHMKA M HUCTOYHHMKA KYJIO-
HoBckoro mojsi: 1 — H=0,1 m; 2— H=0,005m; Q=0,5 Ku.
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Puc. 6. 3aBucumocts Benmuunsl Q, yaep:xusa- | Puc. 7. 3aBucumocts Beanmunnnr Q) yaep-
€MOro KYJIOHOBCKHM IIOJIEM 3apsiia OT JKHBAEMOT0 KYJOHOBCKHM TMOJIeM
paccTOsTHUST MEKAY TJIOCKOCTSIMM JIH- 3apsajaa oT CHJIbI B3aMMOAEHCTBHS
HEHHOro MPOBOJHMKA M MCTOYHHMKA KY- ¢ HCTOYHHKOM KYJIOHOBCKOIO IIO-
JoHoBckoro mojasi: Q = 0,5 Ki. asti: H=0,1m.

[TocKOIbKY «yIep KUBAEMBIiD» 3apsi]l ABHXKETCS OTHOCHTEIBHO IIPOBOIHUKA CO CKOPOCTHIO UC-
TOYHMKA, MOCTOJIbKY BEIMYMHA TOKA BO3PACTACT MPH YBEIWYCHUH ITOH CKOPOCTH, YTO TaKXKe MOJI-
TBEPIKAACTCS HATUMH KCIICPUMEHTATIbHBIMU HCCIICIOBAHHSIMU.

IIpu 3TOM, YTO TaKXKe COTNIACYETCS C SKCIICPUMEHTOM, PACUYETHBIM IyTeM OOHAPYKEHO, YTO
NPY I0CTaTOYHO OOJBIIOM YAaJeHUH MCTOYHHMKA OT MPOBOAHMKA M (MJIM) JOCTATOYHON MajOCTH 3a-
psiZa UCTOYHMKA BEIIMYMHA «YJCPIKUBAEMOT0)» 3apsijia MPUOJMKAETCA K HYJII0 U BO30YXICHUS TOKa
MPAKTHUYECKU HE MPOUCXOIMT.

OTKpBITHE MPUHIUITHAIEHBIM 00pa30M H3MEHSIET paHee W3BECTHBIC MPEACTABICHHS B TEOPHH
BIIEKTPUYECTBA 00 WHIYKIIMU TOKOB. VX0 U3 MPOBEACHHBIX SKCIICPUMEHTABHBIX U TEOPETHUECKUX
WCCIIeIOBAHNHM, MOYKHO KOHCTATUPOBATh, UYTO MHIYKIUOHHBINA TOK (B ONMPECICHHBIX CIyYasX — 3TO
TOK HpOBOI[I/IMOCTI/I) MOJXET BO3BHUKATH U 663 HaJIn4usi, B K3BCCTHOM IIOHMMAaHHH, SaMKHYTOﬁ Oernu, 1
0e3 HaJMuus NMPUBBIYHBIX HCTOYHUKOB TOKA (TaJbBaHMUECKHUX AJIEMEHTOB, aKKyMYJIATOPOB U T. I1.). B
HpeI[CTaBHeHHLIX 3KCHepI/IMeHTaX, KaK 6])1.]'[0 IIOKa3aHo, JJId BO3HHKHOBCHUA I/IHILyKHI/IOHHOFO TOKa
CYIIECTBEHHO JIMIIb OTHOCHTEJILHOE TIEPEMEIICHUE HCTOYHUKA 3JICKTPHUESCKOTO TOJIST ¥ TPOBOTHHKA.

Ha co3nanHO# HayYHO! OCHOBE 11€7e6CO00pPa3HO MPOBECTH TEOPETHUECKYIO TPOPabOTKYy HOBO-
TO pa3jieNia TEOPHHU DIICKTPUISCTBA, PACCMATPHUBAIOIIECTO 3aKOHOMEPHOCTH JEKTPOANHAMUYCCKON MH-
JYKIHAH.

B xopme npoBeneHwus ucCieI0BaHN OBLTH 0OHAPYKCHBI U APYTHE, paHEe HE M3BECTHRIC, 3aKO0-
HOMEPHOCTH.

DKCIepUMEHTAIbHBIM MOJISIIMPOBAHUEM OBLIIO BBISBICHO HMHBEPCHOHHOE B3aMO/ICHCTBHE 3a-
PSOKEHHBIX Ten. Tena, 3apsKeHHBIE OJJTHOMMEHHBIM 3apsOM MOTYT HE TOJBKO OTTAJIKHUBATHCS, HO W
MIPUTATHUBATHCS.

BI)I.HO TaKXEC 06Hapy>1<eH0, qTo HpI/I OHpe}IeHeHHLIX YCJ'IOBI/ISIX, B pe3ynLTaTe OTHOCHUTECJIBHOT' O
HepeMemeHHs{ JIBYX HecoanKaca}omec;I HpOBOHHI/IKOB, NMCHOIIINX HCCKOMHCHCI/IpOBaHHBIe 3ap$[)11)1,
TAaKXC BO3HHUKACT HH)IyKHHOHHBIﬁ TOK.

Hayunbie pe3ynbTaThl UIMEIOT U NMPHUKIIAHOE 3HaUeHHe. Hampumep, pa3paboTaHbl HOBBIE CITO-
COOBI AMEKTPOPHU3NIESCKOTO BO3JCHCTBHS Ha JIBWKYIIMICS METAIUTMYECKUH paciuiaB. OTKpPBIBAIOTCS
HOBBIE BO3MOXKHOCTHU CO3/IaHUS TEHEPATOPOB AJIEKTPUIECKOr0 TOKa Ha OCHOBE AJIEKTPOAUHAMUYECKOH
UHAYKUIMU. B mpupoje Takoi reHepaTrop CyIIECTBYET — 3JICKTPONPOBOIHAS 3eMiis BpaIllaeTcs B
MOIIIHOM 3JICKTPOCTATHUECKOM I10JI€ HOHOCHEPHI.

OO0 5TOM OTAENBLHOE COOOIIECHHE.
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Dyudkin D. A.
Scientific discovery — electrodynamic induction

The experimental and theoretical evidences of a new electric current excitation class — an electrodynamic in-
duction — are presented according to the scientific discovery, diploma No. 149 of 02.10.2000, «The phenome-
non of an electric current excitation in the conductor, moving in an electrostatic field». The directions of scien-
tific and practical utilization of the obtained results are substantiated.

Key words: electromagnetic induction, electric field, conductor, electric interaction charges, relative displace-
ment field and conductor, electrodynamic induction.

06 aBsmope:

JIOAKHWH Imutpuii AjsekcaHapoBu4, npodeccop, JOKTOp TeXHUYECKuX Hayk, Jlaypeat ['ocyxap-
CTBEHHOH NpeMHUH YKpauHbI B 00IaCTH HAYKU M TEXHHUKH.

nOHpaBKM n AonoJyiHeHus

IHonpaBkm k cratbe nmpod. B. I1. Onelinnka «IIpodaema cBepXcBeTOBON KOMMYHHKAIUM:
CBEpPXCBETOBbIE CUTHAJIBI B 3JIEKTPOMATHUTHOM MoJie M uX pusudeckuii Hocuteab» B Ne 1/2003

B cBsI31 ¢ TeXHUYECKUM COOEM ITPH TIEYaTH CTATHH ITPOU3OILTN OIINOKH.

B o0603Hauenus snextpomarautHoro noist (EL, B), a Takke B cnenyromux GgopMyiiax BMECTO
OpsIMBIX CKOOOK | | crmemyeT umrath Kpyribie ckoOku ( ): dopmyisr (6), (8), (11), (14), (15), (21),
(39) u (43), Texct mexay Gopmyiaamu (44) u (45), popmyina (47), crpoka nocie (50), mexay (51) u
(54), ua ctp. 42 B 3-i1 cTpoke cBepxy, Mexay (61) u (63), mepexn (64), mexay (69) u (71), popmyisr
(72), (73), na ctp. 46, nepen (82), Ha ctp. 49, B hopmyie (88).

BmecTo mpsiMbIx cKOOOK | | cremyeT untaTh KBaapaTHbie ckoOku [ ] B hopmymnax (11), (14),
(15), B Texcte mexny popmymnamu (35) u (36), B popmymnax (57), (71), (88).

Penaxius npuHOCUT U3BUHEHUS aBTOPY U YUTATEIISIM.

B GonbmMHCTBE KYpHAIOB, HANIPABICHHBIX YHTATEISIM, ONIMOKM OBLTH HCIPAaBJICHBI, OJTHAKO
HEKOTOPBIE IK3EMIUIAPHI MOTJIN OCTAThCS HEMCHPABICHHBIMH. Peakiys, BIpodyem, HaieeTcs], 4TO YH-
TaTeNy >KypHajla AOCTaTOYHO KBaIM(UIMPOBAaHBL, YTOOBI HE MPHHATH TEXHUYECKYIO OIIMOKY 3a
omuOKy aBTOpa.
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