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Abstract

During the introduction of direct currents intbe superconductive colil is
observed their electrization, which consists in faet that the static potential
appears on these coils. This potential can be meadsuoth with the galvanic
connection of electrometer to the coils and with tonnection of electrometer to
the metal screens, which surround such coils. Hmeseffect is observed also
during the introduction of current into the supemoctive tori. Not one of the
existing theories, including the theory of relayyithis behavior of coils and tori
explain can. In the work it is shown that this ptvaenon finds explanation within
the framework the concept of the scalar-vector mi@k which assumes the
dependence of the scalar potential of charge @pésd.

Keywords: electrodynamics, electric field, scalatgmtial, magnetic field, scalar -
vector potential.

| ntroduction

Works [1-4] give the results of the expesntal studies, which indicate that
with the introduction of direct current into thepguconductive coils and the tori at
them the static electric potential, which has gaadrdependence on the current
strength, appears. The appearance of this potexttedts to the fact that the static
charge appears at the coils. But none of the agistineories, which obtained
official acknowledgement, including the theory efativity, to explain the results
of these experiments does not can. The resultgpdranents on the electrization
of the superconductive coils and tori, carried loytauthor [4-6] and it is shown



that the obtained results can find their explamatiothe concept of scalar-vector
potential, developed by author [5-10].

1. Results of experimental a study of the electrization of the
super conductive coilsand tori and their theoretical

substantiation.

The diagram of experiment on potential measent of the superconductive
bifilar coil is depicted in Fig. 1. This coil hasw inductance and does not create
magnetic field in the surrounding space, but, tleated by it magnetic field, to be
found between the conductors, as it takes plateeitong lines.

Fig. 1. Diagram of experiment on the electrizatwdthe superconductive coil.

For the introduction of direct current inteetwinding was used the cooled to
helium temperatures transformer with the iron cdfes made possible to introduce
current into the winding by induction method witlhalie use of galvanic contacts.
In the transformer was used ring-shaped core mhttarsformer steel with a cross
section 9 cm. The primary and secondary windings of transformere wound by
niobium-titanium wire with the copper coating wighdiameter of 0.25 mm, and
they contained 150 and 10 turns respectively. Boersdary winding of transformer
iIs connected in series from bifilar of coil by tdeuble winding, which contains
2448 turns of the same wire. The overall lengthwot is 910 m. The ends of
bifilar of coil of double winding, and the secongawindings of transformer are
welded with the aid of the laser welding. Bifilapilcis wound on the body from
polyfluoroethylene resin. To the midpoint of cal ¢connected the wire of coaxial



cable, cryostat outgoing outside, the same coaaiale is connected to the screen of
solenoid. Construction of bifilar coil it is shavin Fig. 2.
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Fig. 2. Construction of bifilar coil. .

By numbers in the figure are designated the folhgnelements: 1- aluminum body,
is 2nd polyfluoroethylene bushing, 3- polyfluorogéme disk, 4- clamp, is 5th
counter, 6- bolt, 7- copper screen, polyfluoroethg body is eighth. Winding
(bifilar of coil) is wound on the body from polythwoethylene resin 8, which is
located on aluminum body 1. Outside winding (brfitd coil) it is surrounded by
copper screen 7, which together with body 1 isdtreen of winding. To body 1
with the aid of bolt 6 and polyfluoroethylene bushi 2 is fastened
polyfluoroethylene disk 3, on which is installedrlp 4. The turns of the secondary
winding of transformer cover clamp 4, through whishpassed the transformer
core. Entire construction is attached to the tramsér with the aid of counters 5.

For potential measurement of screen 7 was usedibrating reed electrometer
with the high input resistance with the sensitivit mV. Electrometer was
connected directly to the coaxial cable, connedtedcreen 7. Bifilar coil was
grounded.

Current into the primary winding of transf@nwas introduced from the source
of direct current, indication of electrometer instltase they did not depend on
direction of flow. With the strengths of introducedirrent ~9 A occurred the
discharge of the indications of electrometer. Timeans that the current in the
winding of solenoid reached its critical value, anthding converted to normal
state. lron core in this case seized magnetic o, with the decrease of the
current introduced into the solenoid, the curvehaf dependence of the measured



potential on the current was repeated, and potertahed its maximum value with

current zero.

The obtained experimental dependence of the unedgotential difference is

given in Fig. 3.
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Experimental data are given in the taléel.

Table No 1
1(A) 1 ]2 |3 1[4 [5 [6 |7 |38
1.(A) 15 |30 |45 |60 | 75 | 90 | 105 120
A

H(—jﬂo“

101 |3.82 |5.73 |7.64 |955 [11.5 |14.6 | 153
U, (mB)| - 2 6 10 | 15 | 21 | 27 | 35
—U,(mB) |- 7 20 |34 |50 | 71 | 90 | 117
1,204 )| 1.75 |2.22 |2.13 [2.00 |1.94 |1.84 |1.83




In the first graph of table are given theueabf current, introduced into the
primary winding of transformet . In the second graph are given the values of the

currentl, in the coil, calculated on the basis of the valfithe transformation ratio

of equal to 15. In the third graph are given thki@sa of magnetic pour on on the
surface of the superconductive wires of coil. le flourth graph are given the
indications of electrometer. In the fifth graple ajiven the effective values of a
potential difference, which would be between thkesoid and the screen to the
connection to the latter of the total capacitanicecaxial and electrometer. In the

U
sixth graph is indicated the coefficiekit= —"’Zd’. The coefficientk,composed value

3.35, it was calculated, on the basis of the flaat the capacity between screen and
solenoidC, = 45 pF, and the total capacitanCe, connected to the capaci€y, and

which consists of the capacity of coaxial and capaxt electrometer, was equal to
111 pF. The root-mean-square relative deflectionthaf coefficient k from its
average value equal to 1.93 composes 0.13, whiads gelative root-mean-square
error 7%. Thus, the obtained dependence betweerutrent and the measured
value of potential is very close to the quadradie.lIt is also evident from the table
that with the values of current in the conductdrsalenoid on the order of 120 A,
the field strength on their surface reaches itgical value, which for the utilized
superconductor composes ‘118’ A/m, with which and is connected the discharge
of the indications of electrometer with reachingtbése currents. Experimental
results indicate that the value of potential ontheding depends on the speed of
the motion of charges.

In the diagram of experiment the direct gale connection of electrometer to
the superconductive winding occurs. This can caysestions, but are not the
reason for the appearance of a potential differdveteveen the solenoid and the
screen some contact phenomena in the place of dh&aat, which connects
electrometer with the winding. The experiments wiita superconductive niobium
torus were carried out for the answer to this qoest

The diagram of experiment is shown in Fig. 4.

If we inside the conducting screen arrange #®oisd conducting screen, and
between them let us connect electrometer, thergehahen will appear inside the
internal screen, a potential difference will appleatween the internal and external
screen. In the experiment, as external screenelydke of transformer, made from
transformer steel, was used. On the central rgabké was located primary winding



with 2, wound by niobium-titanium wire and whichntains 1860 turns. Torus-
shaped metal screen 3, made from copper, was tboatehe same rod. Torus 4,
made from niobium, was located inside this scre€nhe outer diameter of niobium
torus was 76 mm, and internal 49 mm. Transformex placed in the tank of helium
cryostat and was cooled to the helium temperaturethis case the yoke of
transformer and helium tank were grounded. Directent was induced during the
introduction of direct current into the primary wing of transformer in the
superconductive torus, and electrometer fixed fphpearance between screen 3 and
yoke of transformer a potential differentk. This means that the niobium torus,
located inside screen 3 during the introduction ihiof direct current ceases to be
electrically neutral. The constant value currentha superconductive torus 1860
times exceeds the current, introduced into the gmyrwinding of transformer.
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Fig. 4. Diagram of experiment with the superconphactorus.

The dependence of a potential differebdceon the current , introduced into the
primary winding of transformer, it is shown in F.

The measured values of a potential difference ommarison with the case of the
superconductive winding, proved to be considerabhgller, this is connected with
the fact that the surface of torus considerably tean the surface of winding. The
form of the dependence of a potential differencetlom introduced current also
strongly differs. Quadratic section is observedyanlthe very small initial section
up to the values of the currents ~2 of amperesthEuithis dependence becomes
rectilinear with small angle of inclination with ggect to the X-axis. It was not
observed moreover of the discharge of the indioatmf electrometer.
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Fig. 5. Dependence of a potential difference boontby screen 3 by the yoke of
transformer 1 on the current, introduced into then@ary winding of transformer.

With which are connected such differenoceshe behavior of a potential
difference in comparison with the winding, madenfrevire? In the case of the
winding, made from wire, the current is evenly dlsited over its surface and
reaches its critical value in all its sections diameously, with which and is
connected the simultaneous passage of the entmding of solenoid into the
normal state, with the reaching in the wire oficail current.

In the case of torus the process of esfaibly the superconductive current on
its surface occurs differently. That introduced ointthe direct current
superconducting torus is very unevenly distributedr its surface. The maximum
value of current density it reaches on the intesaiface of torus, and on the
periphery they considerably less. With this is @wtad the fact that the internal
surfaces of torus begin to convert to normal statier than external. The process
of passing the torus into the normal state ocauich a way that with an increase
of the current in the torus into the normal staasspthe first interior and with an
increase in the current normal phase begins to tweedhfrom the interior to the
external. Process must it lasts until entire tqgrasses into the normal state. But
why in this case up to the moment of passing thestmto the normal state does not
occur the discharge of current as in the windingdenfrom wire? This niobium is
connected with the fact that the superconductdhefsecond kind, and he has the
sufficiently significant region of magnetic pour,onith which it is in the mixed
state. This region is characterized by penetratio the superconductor of
Abrikosov vortices. Consequently, the circumstantbat the indications of



electrometer do not have a discharge of indicatioams indicates that the
superconductive torus is in the mixed state, batubrtex structures, which also
bear the superconductive currents; also they leaaghtincrease in the potential of
torus. From this it is possible to draw the coniclnghat Abrikosov vortices bear on
themselves not only magnetic-flux quanta, but alsatric charges.

If we change direction of flow in the pringawinding, then the dependence,
similar to that depicted in Fig. 5, is repeatedwéweer, it is observed strong
hysteresis. This is connected with the fact thatwbrtices, which penetrated into
the depths of the superconductor, they are attaohethe stacking faults, falling
into potential wells, that also leads to hysteresis

Thus, the results of the carried out expents also indicate the dependence of
the scalar potential of charges on their speed¢chwhvas predicted still in work [7]
and it is experimentally confirmed in works [4-6].

All experiments indicated were carried outthe beginning of the 90's in
Scientific Research Institute of the cryogenic nmstent manufacture FTILT NAS
of the Ukraine.

We already said that none of the existingcadfly acknowledged theories offers
explanation of the obtained results, but they fexglanation in the concept of
scalar- vector potential, represented in works(Qh-The concept, obtained by the
way of writing of the equations of induction in tlkemplete derived within the
framework conversions of Galileo assumes the deppa®lof the scalar potential of
charge on his speed.

In this concept scalar of potential, creatgdhe moving charge, is determined
from the relationship

Vv
ech—=

§(r Vo) =S = p(r)ch-2, @

where € - electron chargeV, - electron velocity, normal to the vector, which

connects the moving electron with the observatiomtp C - speed of lightg -
dielectric constant.

Using relationship (1), we find the electrield of the long conductor, along
which move the electrons:



E™(r,v,) =——==Ech-2, 2)

whereg - linear charge.
Electrons move in fixed crystal lattice, which de=sathe electric field
E*(r)=-E (3)

Summarizing relationships (2) and (3), we obtam shmmary value of the electric
field

E, = E(chv—m—lj
C

Decomposing hyperbolic cosine in a number and tgkito account only quadratic
terms of expansion, we obtain

2

E,==E

N =
0N| <

This is the electric field, which is observed arduhe superconductive conductors,
along which flows the current. It is evident thag sign of this field on the direction
of charge rate does not depend.

If we employing the proposed procedure dateu electric field near the
superconductive niobium-titanium conductor, alortgoh flows the current close to
the critical, then at a distance 1 cm from the cmtal we will obtain the tension of
the electric field ~0.4 V/m. If we take the sam@alsconductor, along which flows
the current 100 A, then at the same distance ftoenconductor the value of the
tension of electric field will compose ~1®/m.
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DJNEKTPU3ALUSA CBEPXIPOBOAALIUX OOMOTOK U TOPOB

Menne ©. O.

[Ipy BBeACHWHM TOCTOSHHBIX TOKOB B  CBEPXMPOBOJAIINE OOMOTKH
HaOMOaeTCsl WX DJICKTpHU3aIlysl, KOTOpas 3akildaeTcs B TOM, YTO Ha JTHX
00MOTKaX BO3HUKAET CTATHYECKUIN MOTEHIIMA. DTOT MOTCHIIMAT MOKHO H3MEPHUTH
KaK MpH TaJbBAaHMYECKOM IOAKIIOYCHUN DJIEKTPOMETpa K 0OMOTKaM, TaK U TpU
MOJIKJIFOUEHUH DJIEKTPOMETPa K METAUIMYECKUM JKpaHaM, OKPYKAIOIIUM TaKHe
oomotku. Totr ke »addexr HaOmOmAaeTCST W NPU  BBEJACHUHM TOKa B
CBEPXMPOBOAAIIME TOPhl. HU OHAa M3 CyIMIECTBYIOMIUX TEOPU, B TOM YHUCIE U
TEOpHsl OTHOCUTEIHLHOCTH, TaKOE IMOBEJECHUE OOMOTOK M TOPOB OOBSCHUTH HE
MOXeT. B paboTe mokazaHO, 4TO 3TO SBJICHHE HAXOIUT OOBSICHEHHWE B paMKax
KOHIICTIIIUA ~ CKAJSIPHO-BEKTOPHOTO  TIOTCHIMANA, KOTOPBIA  Mpearojaraer
3aBHCHMOCTH CKaJISIPHOTO MOTEHIIMAJA 3apsiia OT €ro CKOPOCTH.

BBenenue

B pa6orax [1-4] mpuBeneHbl pe3ysbTaThl 3KCIIEPUMEHTAIBHBIX UCCICIOBAHUH,
KOTOpbIC YKa3bIBAIOT HAa TO, YTO TMpPHU BBOJC [OCTOSHHOIO TOKa B
CBEPXIPOBOIAIIUAE OOMOTKM U TOPHl HAa HHX MOSBISETCS CTATUYCCKHUIA
JNICKTPUYCCKUI TMOTEHIMAN, KOTOPBI HMMEET KBAJPATUYHYIO 3aBHCUMOCTH OT
BEJIMYMHBI TOKA. [losIBIICHHE TaKOTo MOTEHIIMANA CBHICTEIBCTBYET O TOM, YTO HA
0o0OMOTKaX MOSBISIETCS cTaTHyeckuid 3apsa. Ho HUM ogHAa W3 CyNIECTBYOIIMX
TEOpUi, KOTOPBIC MOJIYYMIH O(QHUIMATBHOE MPHU3HAHUE, B TOM YHUCIE U TEOPHS
OTHOCHUTEIIBHOCTH, OOBSCHHUTH PE3YJIbTAThI ITUX IKCIIEPUMEHTOB He MOxkeT. Hike
IPUBEJCHBI PE3yJIbTaThl JKCIIEPUMEHTOB IO SJICKTPU3ALUK CBEPXIIPOBOISIINX
0OMOTOK U TOpOB, MPOBEJICHHBIX aBTOPOM [4-6] © MOKa3aHO, YTO MOJYYCHHbIC
pe3yJIbTaThl MOTYT HAWTH CBOE OOBSICHEHHE B KOHICHIIMU CKAISIPHO-BEKTOPHOIO
NOTEHIIMaNa, pa3paboTaHHol aBTopoMm [5-10].



1. Pe3yJbTaThl 3KCHEPUMEHTAIBLHOIO0 HCCJIEI0BAHUE
IJIeKTPU3ALMU CBEPXIPOBOASIINX 00MOTOK ¥ TOPOB M UX
TeopeTHYecKoe 000CHOBAHMUE.

CxeMa »JKCIEpUMEHTa 10 W3MEPEHUI0 TMOTCHINAIA CBEPXIPOBOISIICH
oudunapHorn oOMOTKM H3o0pakeHa Ha puc. 1. Takas oOMOTKa HMMEET HU3KYIO
WHAYKTUBHOCTh U HE CO3AaéT MAarHUTHOE TIOJIE B OKPY)KAIOIIEeM MPOCTPAHCTBE, a,
CO3/1aBacMO€ €0 MarHUTHOE T0JI€, HAXOAWTHCA MEXKIY MPOBOJHUKAMH, KaK 3TO
UMEET MECTO B JUTMHHBIX JTUHUSX.

Puc. 1.Cxema 3KkcriepuMeHTa 10 3JIEKTPU3ALUU CBEPXIPOBOAAIIUX OOMOTOK.

JI71st BBeJIeHUs MOCTOSIHHOTO TOKa B OOMOTKY OBLIT MCIOJIB30BaH OXJIAXKIAEMBIN 10
TeJIMEBBIX TEMIIEpaTyp TpaHCHOpPMATOpP C JKEIE3HBIM CEPACYHHKOM. DTO JaJio
BO3MOXXHOCTh BBOJUTh TOK B OOMOTKY WHAYKIIMOHHBIM crmocoboMm 0e3
WCIIOJIb30BAHUSI TAJIbBAHMYECKUX KOHTAKTOB. B TpaHchopmaTope ucmonb3oBaics
KOJIbIEOOpa3HbId CEepACUHUK U3 TpaHC(HOPMATOPHOM CTalnM C MONEPEYHBIM
ceucreM 9 cm®. IlepBuuHas W BTOpHYHAS OOMOTKH TpaHcdopmaropa ObuIH
HaMOTaHbl HUOOWI-TUTAHOBBIM TIPOBOJIOM C MEIHBIM MOKphITHEM AuameTrpom 0.25
MM, u coaepxkamd 150 m 10 BUTKOB COOTBETCTBEHHO. BTOopuuHas oOMoTKa
TpaHchopMaTopa CoeIUHEHA TOCIICOBATENBHO ¢ OMPMISIpHONH 0OMOTKOM, KOTOpas
comepxut 2448 BUTKOB Takoro xe mpoBoga. OOmias JyiMHA MPOBOAA COCTABISET
910 M. Komnier 6udunspHoit 0OMOTKH, W BTOPUYHOW OOMOTKH TpaHchopmaropa
CBapeHbl MPHU IOMOIINM JIa3epHOW cBapku. budwmispHas oOMoTka HaMOTaHa Ha
kKapkace u3 ¢ropomacta. K cpemHeld Touke OOMOTKH TOIKIIOYEH MPOBOJ
KOaKCHaJIBHOTO Kabells, BRIXOSIIETO HApY)Ky KPHOCTaTa, TAKOU jK€ KOAKCHAIbHBIHI



Ka0enb MOAKIIOYEH K dKpaHy cosneHouaa. KoHcTpykius OMpuisipHOil 0OMOTKH
HoKa3aHa Ha puc. 2.
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Puc. 2. Koncrpykius oudunsipaoit 0OMOTKH.

[Muppamu Ha pucCyHKe O00O3HAUEHBI CIEAYIOLIUE 3JIEMEHTHL: 1 - amoMHUHHEBbII
Kapkac, 2 - ¢pToporiacToBas BTylKa, 3 - (pToporiacToBelii quck, 4 - ckoba, 5 -
CTOWKH, 6 - Oont, 7/ - MemHBI 3KpaH, 8 - ¢TopomnacToBbiii Kapkac. OOMOTKa
HaAMOTaHa Ha Kapkace u3 ¢roporuiacta 8, KOTOPbIA PacHoIOKEH Ha alFOMUHHAEBOM
kapkace 1.CHapyxu 0OMOTKa OKpYy’KE€Ha MEAHBIM DKPAaHOM [, KOTOPbIII COBMECTHO
¢ kapkacoMm 1 sBisiercs skpanoMm obmotku. K kapkacy 1 npu nmomomum 6onta 6 u
(TOpOMmIaCTOBOM BTYJIKM 2 KpEHmuTcs (PTOPOIIACTOBBIM AMCK 3, HA KOTOPOM
CMOHTHpOBaHa ckoba 4. Butku BTOpmMuHOW 00MOTKH TpaHchopmaropa
OXBAaTBIBAIOT CKOOY 4, uepe3 KOTOPYIO MPOXOAUT CepAeUHUK TpaHchopmaropa. Bes
KOHCTPYKLUS KPENUTCSI K TpaHCHOPMATOPy MPH MOMOIIU CTOEK 5.

Jlng wu3MepeHusi TOTEHLHMana dKpaHa [  HUCHOJb30BAICS BHOPAIIMOHHBIN
AIIEKTPOMETP € BBICOKUM BXOJHBIM CONPOTUBJIEHUEM C UyBCTBUTEIBLHOCTHIO ~1 MB.
DONEeKTpOMEeTp TMOJKIIOYANICS HEMOCPEICTBEHHO K KOaKCHalIbHOMY Kalenro,
HOJIKJIFOUEHHOMY K 3KpaHy /. buduispHas oOMOTKa 3a3eMIIs1aCh.

Tok B mepBHUHYIO OOMOTKY TpaHchopMaropa BBOAWICS OT HMCTOYHHKA
IIOCTOSTHHOT'O TOKa,  IIOKa3aHWs JJIEKTPOMETPA NPU ITOM HE 3aBUCEIU OT
HanpasyieHus: Toka. Ilpu BennumHax BBogMMOro toka ~9 A mpoucxoaun cOpoc
NOKa3aHUH 3JEKTPOMETpa. ITO 03HAYAET, YTO TOK B OOMOTKE COJIEHOUA JOCTUTAT
CBOET0 KPUTHUECKOIO 3HAUEHUs, 1 0OMOTKA NEpPEeXoiuia B HOPMaIbHOE COCTOSIHUE.
JKenesHpll cepIeYHHK NPU OTOM 3aXBaTblBaJl MAarHUTHBIM IIOTOK W IIpU
YMEHBIIEHUN BBOJAMMOTO B COJICHOHWJ TOKa, KpUBas 3aBUCHMOCTH H3MEPSIEMOIO



MoTCHOMaJIa OT TOKa IOBTOPsJIACH, a4 IMOTCHOHUAI JOCTUT Al CBOCTO MAKCHUMAJIBHOTO
3HAYCHM I[P HYJICBOM 3HAYCHNH TOKA.

[lonmydyeHHass OKCHEPUMEHTANBHAS 3aBUCUMOCTb  M3MEpPAEMOM  pPa3HOCTH
NOTEHLMAJIOB [IPUBEICHA Ha pUC. 3.
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Puc. 3. 3aBucMMOCTh pa3HOCTH MOTEHIMAIOB MeXIy dSkpaHom wu Difilar coil
ondusipHON 0OMOTKON OT TOKA B MIEPBUYHON 0OMOTKE TpaHChopMaTopa.

DKCcrnepUMeHTAIbHBIE TaHHBIC TPUBEACHBI B Ta0mIe No 1.

Taomurma Ne 1

(A 1 2 [3 [4 [5 [6 [7 |8
|1(A) 15 30 45 60 75 90 105 120
H (ﬁj 10"
m 191 (382 |[573 (764 |955 |115 /146 |15.3
U, (mB)|- |2 |6 |10 |15 | 2L | 27 | 35
—Ul(mB) - 7 20 34 50 71 90 117

1,204 ). 175 222 |2.13 |2.00 |1.94 |1.84 |1.83




B mepBoii rpade Tabnuipl mpuBEAEHBI 3HAYCHUSI TOKA, BBOJUMOTO B MEPBUUYHYIO
o6MoTKy Tpanchomaropa | . Bo Bropoit rpade nausl 3HaueHns Toka |, B oOMoTKe

COJICHOW[Ia, PACCUUTAHHBIC MCXOMAS M3 3HaueHUs kod3]duirenta TpanchopManuu
paBHoro 15.B Tpetheit rpade qaHBl 3HAUCHHUS] MATHUTHBIX TOJIEH HA MMOBEPXHOCTH
CBEPXIIPOBOAIINX MPOBOIOB OOMOTKH. B uerBepTOi - mpHUBEACHBI MOKa3aHUS
anekTpoMerpa. B maroi - mpuBeneHbl 3(PQEeKTUBHbIE 3HAYEHUS PA3HOCTH
MOTEHIMAJIOB, KOTOPbIE ObUIH OBl MEXK]IY COJICHOMJIOM U SKPAHOM JI0 MOJKIIOUYECHHUS
K MMOCJIEIHEMY CYMMapHOM €MKOCTH Koakcuaia M 3JekTpomerpa. B mecroit rpade

ykazan kodpdumuent K :I—aqu. Koadpunment k1000TaBI/IJI BennuuHy 3.35, oH

BBIYHCIIAJICA, UCXOOA U3 TOT'O, UYTO €EMKOCTh MCXKAY 3KpPaHOM U COJICHOUAOM C1= 45

n®, a cymmapnas emrocts C,, moxkimouaemas k emxkoctn C, ® cocrosimas u3

E€MKOCTH  KOakcuaja U EeMKOCTH DdJieKTpomeTpa, paBHa 111 1.
CpenHeKBapaTHYHOE OTHOCHTENbHOE OTKIOHeHHe Koddguuuenta Kor cBoero
cpeanero 3HaueHusi paBHO 1.93 um cocraBmser 0.13, yTo gaeT OTHOCHUTENIBHYIO
CpPEIHEKBAIPATHUHYIO TOTPEITHOCTh 7%. Takum o0pazoM, TOTydeHHAs
3aBHCHUMOCTh MEXy TOKOM M U3MEpsSEeMbIM 3HAYCHHEM TMOTEHIIMaaa OYeHb OJIM3Ka
K KBaJIpaTUYHOMY 3aKOHY. M3 TaOnHIlpl Takke BUIHO, YTO NP 3HAYEHUAX TOKA B
MPOBOJHUKAX coyieHouaa mopsaka 120 A, HampsoKeHHOCTh IO Ha WX
MOBEPXHOCTH JIOCTUTAET CBOETO KPUTUYECKOTO 3HAYCHUS, KOTOpOE s
HCIIOJIB3yEMOTO CBEPXIPOBOHHMKA cocTaBmsier 1.510° A/M, ¢ 4eM u cBsi3aH cOPOC
MOKa3aHWUU DIIEKTPOMETpPa TPU JOCTHKEHHH 3THUX TOKOB. OJKCIEPUMEHTAIbHBIC
pE3yNbTaThl YKA3bIBAIOT HA TO, YTO BEJIMYMHA MOTEHIIMAIa HAa OOMOTKE 3aBHCHUT OT
CKOPOCTH JIBIYKEHUS 3aPsI/I0B.

B cxeme »skcmepuMeHTa HMMEET MECTO HEMOCPEICTBEHHOE TajlbBaHUYECKOE
MOJIKJTFOUEHUE DJICKTPOMETPa K CBEPXIIPOBOJAIICH 0OMOTKE. DTO MOXKET BBI3BATh
BOTIPOCHI, @ HE SIBISIFOTCS JIM TPUYMHOW BO3HUKHOBEHHSI PAa3HOCTH IMOTCHIIMAJIOB
MEXIy COJICHOUJOM M SKPAaHOM KaKHEe-TO KOHTAKTHBIC SIBICHHS B MECTE KOHTAKTa,
COCIMHSIIONIETO 3JIEKTPOMETP ¢ OOMOTKOHM. [lnsi oTBeTa Ha ATOT BOMPOC OBLIN
IIPOBEICHBI DKCIIEPUMEHTHI CO CBEPXIIPOBOISAIINM HUOOUEBBHIM TOPOM.

CxeMa sKcriepuMeHTa oKa3aHa Ha puc. 4.

Ecnu BHYTpH npOBOIAIIETO SKpaHA PACIOJIOKUTH BTOPOH NMPOBOAAIIMN dKPaH, U
MEXKIy HUMH IIOJKIIOYMM OJJIEKTPOMETP, TO B TOM Ciy4yae, KOrjga BHYTPH
BHYTPEHHETO 3KpaHa MOSBUTCS 3apsll, MEKAY BHYTPEHHHM M HAPYKHBIM 3KPaHOM



MOSIBUTCS Pa3HOCTh MOTCHIIMAJIOB. B sKcmiepuMeHTe, B KaueCTBE HAPYKHOTO dKpaHa
1, uconBp30BANIOCH PMO TpaHc(hopMaTopa, BEITIOTHEHHOE U3 TpaHCPOpPMATOPHOH
ctani. Ha 1ieHTpanpHOM CTEp)KHE spMma pacroyiarajach MepBUYHAs OOMOTKa 2,
HaMOTaHHasi HUOOWI-TUTAHOBBIM TIPOBOJAOM U cozepkarias 1860 ButkoB. Ha stom
XKe CTePKHE PaCIoJiaraics TOpooOpa3HbId METALTUIECKAN dKpaH 3, BHITIOJTHCHHBIN
u3 Meau. BHyTpu 3TOro 3KpaHa ObUT pacroiokeH TOp 4, BHITOJTHEHHBIA U3 HUOOUS.
HapyxHsbiii guamerp HHOOMEBOrO TOpa COCTaBISAA (6 MM, a BHYTpeHHHH 49 MM.
Tpanchopmarop pasmemiancs B 0ake TrelMeBOro KpPHUOCTaTa M OXJIAXAAJCS [0
TeITMEBON TeMIepaTypbl, NpHU OSTOM SAPMO TpaHcpopMmaTopa M TEIHEBBIA Oak
3a3eMILTUCh.  [Ipu  BBEJACHWHM TMOCTOSHHOTO TOKa B TIEPBUYHYID OOMOTKY
TparchopmaTopa B CBEPXIPOBOMASAIIEM TOPE WHIYIIMPOBAICS MOCTOSHHBIN TOK, W
NIEKTpOMETp (UKCHPOBA TIOSBICHHE MEXKITY 9KpaHoM 3 U SIPMOM
TpaHchopmaTopa pazHocTs notennuanos U . D1o o3Hauaer, uTo HMOOMEBBI TOD,
PacToNIOKEHHBI BHYTPU JKpaHa 3 MPHU BBEJACHUM B HETO TOCTOSHHOTO TOKa
nepectaéT OBITh DIIEKTPOHEUTpPAIBHBIM. BenuumHa TOCTOSHHOTO TOKa B
cBepxmpoBoasiieM Tope B 1860 pa3 mpeBbIliaeT TOK, BBOJAWMBIA B MEPBUYHYIO
00MOTKY TpaHcpopMaTopa.
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Puc. 4.Cxema 3kcriepuMeHTa CO CBEPXIIPOBOISIIIUM TOPOM.

3aBucuMoCTh pasHoctd noteHmmanos U or toka |, BBogMMOro B mepBHUHYIO
00MOTKY TpaHchopmMaropa, mokazaHa Ha puc. 5.
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Puc. 5. 3aBucuMOCTh pa3HOCTM TMOTEHIMAIOB MEXY 3KpaHOM 3 U SPMOM
TpaHcdopmaropa 1 oT Toka, BBOIMMOIO B IEPBUUHYI0 0OMOTKY TpaHchopmaropa.

M3MepeHHbIe 3HAYCHUs PAa3HOCTH MOTEHIMAJIOB, MO CPAaBHEHUIO CO CIIydaem
CBEPXITPOBOASAIICH OOMOTKH, OKA3aJHCh 3HAYMTEIHLHO MEHBITUMH, 3TO CBS3aHO C
TEM, YTO TMOBEPXHOCTh TOpPA 3HAYUTEIHLHO MEHBIIE, YeM IMOBEPXHOCTh OOMOTKH.
Bua 3aBMCHMMOCTH pPa3HOCTH TOTEHIIMAIOB OT BBOJUMOIO TOKa TAaKKE CHIIBHO
oranuaetcs. KBajapaTuyHplii ydyacTOK HaOIIOIAETCS TOJIBKO HA OYCHBb HEOOJIBIIOM
HavaJIbHOM y4acTKe BIUIOTH JIO 3HAUYCHUH TOKOB ~2 amrep. Jlajee 3Ta 3aBUCUMOCTb
CTAaHOBHUTCS TIPSIMOJIMHEWHOW C MajbIM YIJIOM HaKJOHA IO OTHOIICHHIO K OCH
abcmucc. K Tomy ke cOpoca mokazaHuii 2ieKTpoMeTpa He HaOJ01a10Ch.

C dyeMm cBsA3aHBl TakuWe OTIMYUS TIOBEIEHHUS PA3HOCTH MOTEHIMAJIOB IO
CPaBHEHHMIO C OOMOTKOM, BBIMOJIHEHHON W3 MpoBOJokH? B ciydae oOMOTKH,
BBIMIOJTHEHHON M3 MPOBOJIOKH, TOK PABHOMEPHO pacipeneéH mo e€ MOBEPXHOCTU U
JOCTUTaeT CBOEr0 KPUTHYECKOT0 3HAYEHMs Ha BCEX €€ yyacTKaxX OJIHOBPEMEHHO, C
YeM U CBA3aH OJHOBPEMEHHBIN MEpexoj] BCceil OOMOTKM COJICHOM/JAa B HOPMaJbHOE
COCTOSIHUE, TIPH TOCTUKEHUHU B MPOBOJIOKE KPUTUYECKOTO TOKA.

B cnyuae ToOpa mpouecc YCTaHOBJIEHHUSI CBEPXMIPOBOJIAILIETO TOKAa Ha €ro
MOBEPXHOCTH IMPOUCXOJIUT MO-APYyroMy. BBOAMMBII B CBEPXNPOBOIALIAN TOP
MIOCTOSIHHBI TOK OYEHb HEPABHOMEPHO pAacOpeAcsi€éH MO €ro IMOBEPXHOCTH.
MakcuMalbHOTO  3HA4Y€HUsT IUIOTHOCTH TOKA JOCTUTAae€T HAa  BHYTPEHHEHU
MOBEPXHOCTHU TOpPA, a Ha nepudepru OHU 3HAYUTETHHO MeHblIe. C 3TUM CBSA3aHO TO,
YTO BHYTPEHHHE [OBEPXHOCTH TOpAa HAYMHAKOT [EPEXOJUTh B HOPMAJIBHOE



COCTOSTHUE paHbllle, YeM Hapy>KHBIE. [Tponiecc mepexona Topa B HOPMAJIBHOE
COCTOSIHHE MPOUCXOIUT TaKUM OOpa3oM, YTO MPH YBEIHMYEHUH TOKAa B TOPE B
HOPMaJIbHOE COCTOSIHME TMEpexXOoJsiT CHayala BHYTpEHHHE O0O0JacTM M IpH
YBEITMUYEHUU TOKa HOpMajbHas (pa3a HauMHAET MEpeMEeIIaThCsi OT BHYTPEHHHUX
oOnacrteil k HapyxHbIM. [Ipolecc JOMmKEeH NIUTCS A0 TEX MOp, MOKa BECh TOP HE
nepeaeT B HopMaibHOE cocTosiHue. Ho moyemy mpu 3TOM K MOMEHTY Mepexoja
TOpa B HOPMA@JIBHOE COCTOSIHHE HE HPOMCXOIUT cOpOC TOKa, Kak B OOMOTKE,
BBITIOJTHEHHONW M3 TPOBOJIOKU? OTO CBSA3aHO C TEM, UYTO HUOOWUN SIBISETCS
CBEPXIPOBOJHUKOM BTOPOTO POAA, M Yy HEro MMeEETCs JOCTAaTOYHO 3HAuUTeNbHas
00J1aCTh MAarHUTHBIX MOJIEH, TIPU KOTOPBIX OH HAXOJIUTCS B CMEIIAHHOM COCTOSIHUU.
Orta o0jacTe XapakTepusyeTcsi NPOHUKHOBEHHEM B CBEPXIPOBOJHHUK BHUXpEil
AbpukocoBa. CrnenoBaTelbHO, TO OOCTOATEILCTBO, YTO MOKA3aHUS AJNEKTPOMETpa
HE HMMEIOT cOpoca MOKa3aHWW, yKa3bIBaeT Ha TO, YTO CBEPXIPOBOAALIUN TOP
HaXOAWTCS B CMEIIAHHOM COCTOSIHUHM, a BUXPEBBIE CTPYKTYpPBI, KOTOPBIE TaKkKe
HECYT CBEPXIIPOBOSIINE TOKH, TAKXKE MPUBOJAT K YBEIMUYCHHUIO MOTEHIIMAIA TOpa.
13 3TOro MOKHO clienaTth BBIBOJ, UTO BUXpU AOPHUKOCOBA HECYT Ha cebe He TOJIBKO
KBAaHTbhl MAarHUTHOTO TIOTOKA, HO U 3JIEKTPUYECKUE 3aPSIIbL.

Ecaum u3MeHuTh HampaBiieHHE TOKa B MEPBUYHONW OOMOTKE, TO 3aBUCHUMOCTD,
noaoOHast U300paKEHHOM HA pUC. D, MTOBTOPSIETCS, OJTHAKO, HAOIIOAAETCS CUIBHBIN
TUCTEPE3UC. ITO CBSA3AHO C TEM, YTO BUXPH, MPOHUKIIIKME BIriIyOb CBEPXITPOBOIHHKA,
3aKpeIUIAIOTCA Ha  JeekTax KpUCTAUIMYECKOM  CTPYKTyphbl, Tomajas B
MOTEHIIUAJIBHBIC SIMbI, YTO U IPUBOJAUT K TUCTEPE3UCY.

Takum 00pa3oMm, pe3ysabTaThl MPOBEACHHBIX YKCIIEPUMEHTOB TAaKXKE YKa3bIBAIOT
Ha 3aBHCHUMOCTH CKAJISIPHOTO IOTEHIIMAja 3apsAoB OT WX CKOPOCTH, YTO OBLIO
npecKa3aHo eme B padboTe [/] U dKCIepUMEHTAILHO TOATBEPKIEHO B paborax [4-

6].

Bce ykazannbie sxkcniepuMeHTh ObITH MpoBeaeHbl B Hadaie 90x rogo B MI'TI
HUWU xpuorennoro npudopoctpoenuss ®TUHT HAH Ykpaunsi.

Msl yxe ckazaiay, YTO HM OJHA M3 CYUIECTBYIOIIUX O(UIMAIBHO MPU3HAHHBIX
Teopuil He HaET OOBSCHEHHS TMOJYyYEHHBIX pE3yJbTaTOB, HO OHU  HAXOJIAT
00BsICHEHHE B KOHIEMIMH CKaJSPHO-BEKTOPHOTO MOTEHIIMANA, MPEICTaBICHHON B
paborax [5-10]. Konuenmusi, mosydyeHHast MyTEM 3aliCH ypaBHEHHI WHAYKIUU B
NOJIHBIX NPOM3BOAHBIX B paMKax IIpeoOpa3oBaHuil ['amunesd u mnpeanosnaraet
3aBUCUMOCTB CKAJIIPHOIO IMOTEHIMAa 3apsAa OT €ro0 CKOPOCTH.

B 510l KOHIIENIMY CKAISIPHBINA MOTEHIIMAJIA, CO3/IaBa€MbIi JIBUKYIIUMCS 3apsIOM,
OTIPEICIISIETCS U3 COOTHOIIEHUS
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Wcnonp3yss cootHomienne (1), HaxoauM 3JIGKTPHYECKOE TOJIe  JIJTMHHOTO
MPOBOJHUKA, 10 KOTOPOMY JIBUKYTCS JIEKTPOHBI:
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E (r,vy)=
rae g - (linear chargeforonssiii 3aps.

ONEeKTPOHBI JBHXKYTCS B HENOJABUKHON KPHUCTAJUIMYECKOW pEIIETKE, KOTOpas
CO3J1a€T DIEKTPUUECKOE I10JIE

E"(r)=-E (3)

Cymmupyst cootHomeHuss (2) u (3), modydaemM CyMMapHOe 3HAuYCHHUE
SIIEKTPHUYECKOTO ITOJIS

E, =E[ch2-1
C

Pazmaras FI/IHCp6OJII/I‘ICCKI/Iﬁ KOCHMHYC B pAd W YUYHUTbIBasd TOJbKO KBaJApaTUYHLIC
YJICHBI Ppa3JIOKCHUA, I10JIydacM
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DOT0 W ecTb TO DJJIEKTPUYECKOe TIoye, KOTOpoe HaOIIomaeTcs BOKPYT
CBEPXIPOBOJSAIINX MMPOBOJHUKOB, IO KOTOPHIM TE€YET TOK. BHIHO, YTO 3HAK 3TOTO
HOJISL OT HAIIPABIIECHHSI CKOPOCTH 3apsi/10B HE 3aBHUCHUT.

Ecnu mo mpemyiaraeMoil METOJIMKE pacCUMTaTh AJIEKTPUUECKOE IOJe BOIM3U
CBEPXMPOBOAAIIET0 HUOOUN-TUTAHOBOTO NPOBOJHUKA, MO KOTOPOMY TEYET TOK
OJMM3KUNA K KPUTHYECKOMY, TO Ha PAcCTOSHUM 1 CM OT MPOBOJAHHMKA MOJIYYHM
HANPSHDKEHHOCTD AyiekTpudeckoro moist ~0.4 B/m. Ecniu B3sTh Tako# jke OOBIYHBIIM



MPOBOJTHUK, 1O KoTopomy Teuér Tok 100 A, To Ha TakOM K€ PacCCTOSTHUM OT
6
NPOBOIHUKA 3HAUCHUE HANIPSHKEHHOCTH JIEKTPHUUECKOTro moJist coctaBuT ~10° B/m.
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