


«0 CKObKO HaM OMKPLIMUIL YYOHbIX
TI'omoeam npoceewenua /lyx

U onvim, coth ouud0K MpyoHuXx,

U zenuii, napaooxcoes opyz,

U cayuaii, 602 uzoopemamens...»

A. C. Iywkun

«Hcmuna — 3mo ne mo, 4mo mMoixicHo 00Ka3amo;
IMO Mo, ue2o Heab3A U30eHcanmv)
Anumyan 0e Cenm-Ix3ronepu



Ot aBTOpa t\‘

B oTo0ii kHHUre OyayT paccMOTpPEHbI HEOOBIYHBIE CBOMCTBA
DIIEKTPUYECTBA, KOTOPHIE OCHOBaHBI HAa TMPAKTHUYECKUX
UCCIICIOBAaHMUAX B 3TOM 00iacTu y4€HBIX W m3obOperareneil. B
npolecce JaHHBIX MCCIIEOBaHUI HAOMIOJAINCh HEOObIUHBIE
aHOMAJIbHBIE  SIBJICHMs, KOTOpble HE YKJIAJbIBAIOTCS B
IPUBBIUHBIA CTEPEOTUI MBILIUIEHUS] COBPEMEHHOT'O Y€JI0BEKa —
B OCOOeHHOCTH,  0Oe30macHoe  CONPHKOCHOBEHHE  C
AIIEKTPUYECKUM TOKOM JIIOJICH U KUBOTHBIX.

ABTOp KHUTH Ha MPOTSDKEHHUH MHOTHX JIET TPOBOIMII
COOCTBEHHBIE WCCJIEIOBAHUS OJTUX HEOOBIYHBIX CBOICTB
JJIEKTPUUECTBA, KOTOpPBhIE BOCHPUHUMAIOTCS COBPEMEHHBIM
MHUPOM C yJIUBJIEHUEM M, B KAKOH-TO CTENEHH, C HEJIOBEPHEM:
Bellb C JIETCTBAa HAC YYMJIM, YTO AJIEKTPUUYECTBO OMACHO, a
TaKkXKe 4TO HE CYILECTBYeT OOJjbllle MCTOYHMKOB MOIY4YEHUS
JJIEKTPUUYECTBA, MOMUMO pPO3E€TOK M OaTapeek. B kauecTBe
CPaBHEHHUS CO CBOMMH COOCTBEHHBIMH  HaOJIOJIEHUAMU
HEOOBIYHBIX  CBOMCTB  AJIGKTPHUYECTBA  aBTOPOM  OymyT
NpeJOCTaBIEHBl  BBJICP)KKH M IUTAaThl  YYEHBIX W
nu3zobOperaTeneil, KOTopble Hauboliee yJauHO PACKpPbUIU TEMY
CBOWCTB 3JeKkTpuuecTBa. Takum oOpa3oM, yuTareno Oyaer
npoIle MOHATh, 0 YEM BeeTcs peub. Ha mpoTsKeHMH MHOTHX
JeT HCCIEeOBAaHUN CBOMCTB dJJEKTpUYEeCTBA YUEHBIE H
u3o0peraTeNnn Jalud CBOM Ha3BaHUS STHUM SBJICHUSM, HO, B
npolecce PpackpbITHs JaHHOM TeMbl, YUTaTelb YBUAUT
OOIIHOCTh TOT0, 0 4YEM IOBOPUJIM MEPBOOTKPHIBATENM. 3ajada
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KHUTM COCTOUT B TOM, UTOOBI pPAacKpbITh OOLIHOCTH
OOHapyKEHHbIX SIBICHUA B OOJIACTH DJIEKTpUYECTBA — IS
3TOr0 aBTOp OMHMpaeTcss Ha (aKThl HCCIEAOBAHUN YYEHBIX U
n3o0peraTesieit, a TakKe Ha Pe3yNbTaThl COOCTBEHHBIX OIBITOB.

ABTOp KHUTH CMEJIO BBICKA3bIBAE€T CBOIO TOYKY 3PEHHS,
KOTOpasi HEOJTHOKPATHO ObUIAa MpOBEpeHa Ha MPAKTHKE, U HE
IpeciaeayeT LEIu ONpPOBEPraTh CYILECTBYIOIIME 3aKOHBI WM
ocrnapuBaTh MHEHHE YYEHBIX. JTa KHUTA — HCCIEIOBAaHUE U
paccyXJeHHue, YTO TMO3BOJAT PACKPBITH HEOOBIKHOBEHHBIE
CBOMCTBA 3JICKTPUUECTBA U AAaTh «IUILY AJI PA3MBIILJICHUSY, a
TaKKe pacCIIMPUTh PAMKHU YEJIOBEUYECKOT0 CO3HAHUA. DTa KHUTA
— CcOOpHMK 3HAaHUH W uAeH; 31ech OyAyT AaHbl KIIOYH K
MO3HAHUIO TallH AJIEKTPUUECTBA, KOTOPBIE OBUIA COOpPaHBI MO
KpyIuIlaM U3 pa3IndHbIX HICTOYHUKOB. Ecnu y unrtarens mocie
MPOYTEHUS] JAHHOM KHUTH BCTPEBOXKUTCA yM, WU Jaxe
MOSIBUTCSI HEJJOYMEHHUE, TO MOXXHO CYUTaTh, YTO 3aj]a4a aBTopa
pemena. [lopa pasymy mpocHyTbCSl OT AOATOW CHSYKH, UHAYE
He OyJeT MyTH Ui CO3/IaHUS HOBOTO U HEOOBIKHOBEHHOTO —
MIPOPBIBHBIX HAYYHBIX OTKPBITUI HE OY/AET, eCIM YeT0BEYECTBO
MIPOJIOIIKUT KUTh 10 IA0JIOHY.



BBenenue

Pa3HpiMH aBTOpamMH ObUIO HAMMCAHO JOCTATOYHO MHOIO
KHUT 00 3JIEKTPUUYECTBE, HO HEKOTOPBIE ACIIEKThl €0 CBOWCTB
ObLIM HE 1O KOHIIA PACKPBITHI [0 MPUYMHE HE3HAHWS WIN
HETPUHATHA HEKOTOPBIX THUIOTE3 W MPOBEPEHHBIX (PaKTOB,
IPEOCTaBICHHBIX YUEHBIMU U H300peTaTensmu. Kak nmpasuiio,
BCE HOBOE BOCIIPUHUMAETCSI C HEraTUBOM: JIIOJIU HE BEPAT, UTO
TAKO€ BO3MOJKHO, JaX€ HE CMOTpPs Ha IOATBEP)KIAIOIIME
nokasarenbcrBa. Tak, Hanpumep, Hukone Tecna Obli1o Heslerko
B CBOE€ BpEMs DACKpbITh M JIOKa3aTb IIOJE3HOCTb CBOMX
n300peTeHunil — 3aTo ceiyac MUP MOJIb3YeTCs HOYTH BCEMU €TI0
UJCSIMHU.

ABTOp KHHUTH, IIO-CBOEMY, HE Hapyulas OOIIENpPUHATHIX
CTEpEOTUNIOB B O0JIaCTU HAyKH, IIOCTapaercd IOMOYb
YUTATEI0 HEMHOTO MO-IPYrOMY B3TJISIHYTh Ha 3JIEKTPUYECTBO,
ONMpPAsCh HA HAy4dHblE TPYJbl 3HAMEHUTBHIX YUYEHBIX pPa3HbIX
BpeMEH. CBexuil B3rsil Ha  (U3MYECKHE  CBOMCTBA
JJIEKTPUUECTBA TIOMOXET MHOTMM YYEHBIM U M300peTaressm
NOJHATBCA  HA  CTYNEHbKY  D3BOJIOUMM W CO3/aTh
MPUHILIMIIAAIBLHO HOBBIE AJIEKTPOTEXHUYECKHE YCTPOIICTBA.

B knure 0yayTt packpbIThl CBOMCTBA 3apsKEHHBIX YaCTUII,
KOTOpBIE SIBIISIIOTCS HOCHUTENSIMU JJIEKTPUYECKUX 3apsloB, U
CHOCOObI  yNpaBi€HHUsT MMM JUIsl TOJY4YeHHUS TOJIE3HOU
MOIIHOCTU Mpu pabore 3nexTponorpedurens. Takxke B KHUTE
JUIs  O3HaKOMJIGHHMss ~ OyneT  MpejacTaBlieHa  IOJIe3Has
uHpopMalus, KOTOpas TOMOXET  HCCIEJOBaTeNIIM U
uzoOperatenssM  pasoOparbcss B crenupuke  paboThI
JNEKTPUUYECKUX TEHEpAaTOpOB [UIsl IOJIyYE€HUs IOJIE3HON
MourHocTH ¢ BeicokuM KII/I.



ABTOp aKIEHTHpPYeT BHUMaHHE Ha TO, YTOOBI MOCIE
NpOYTeHHs]  JaHHOW  KHUTM  YUTareldb  He  Jelain
CKOPONAIUTEIbHBIX BBHIBOJOB O TOM, YTO OH M TaK 3TO 3HAI.
OtBeT oueBuACH — eciau Obl 3HAN, TO JaBHO Obl CHAemall.
«3HaTh» — 3HAYUT COECUHUTHCS C TEM MPEIMETOM [IO3HAHUS, O
KOTOpPOM TroBopHuillb. OHO, KaK JbIXaHHE, OIIYIIAETCS U3HYTPHU.
He nyxHO oOmanbIBaThcs. [IpaBuibHel cka3arh — «I MMEIO
IIPUMEPHOE MPEICTABICHUE O TOM WJIM HHOM IIPEAMETE».

[lpumno BpeMs, Korgja MHUP TOTOB BOCHPUHUMATH
HEOOBbIUHBbIE OTKPBITUS, YTOOBI MEPEUTH HA OPYrod YpOBEHb
KU3HU COBPEMEHHOHN uuBUIM3anuu. Jjis 3Toro HeoOXoIuMo
pPacKpbpiTh HOBOE€ B TO3HAHWU  (U3HUECKUX  3aKOHOB
mupo3nanusa. Onupasch TOJIBKO HAa CTapble  3HAHMS,
YeIIOBEYECTBO OyJeT IerpajaupoBarh W HE OyIeT CIOCOOHO
CO3HU/IaTh U TBOPUTH YTO-TO HOBOE U HEOOBIKHOBEHHOE.



TI'JIABA 1. Ymo maxoe 3nekmpuyecmeo

C TOYKHM 3peHus COBPEMEHHOH HayKH, 3JEKTPUYECTBO —
9TO YHOPAAOYCHHOC JIBHXXCHHUC 3apsKCHHBIX YaCTULl WA
B3aMMOJICHCTBUE AJIEKTPUUYECKUX 3apsA0B MEXIy co0oil B
OKPY’KalOIeM HMX MPOCTPAHCTBE. 3a4aJUMCs BOIPOCAMU: UYTO
9TO 3a YacCTHILIbI, Kakue y HUX cBoicTBa? [Ipu kakux ycroBHsIX
OHU ce0sl akTHBHO MposBisioT? Kak 3apokaarorcs Te wWin
UHBIE NPOLECCHI, CBA3aHHBIE C AIEKTPUUECKUMH 3apsiiaMu, U
YTO SBJSIETCS AaKTUBHOM cpenoll ux obutanua? OTu u
MHO’KECTBO JPYTUX BONPOCOB OyAyT pPAaCKpbITHl B JIaHHOU
KHUTC.

DNEKTPUYECTBO JIaBHO BOLLIO B OOMXOJ HAIIEW XKU3HU, U
YeJI0OBEYECTBO YK€ HE  MBICIMT 0€3 HEro  CBOEro
CYIIECTBOBaHMSA. MHOMXECTBO 3JIEKTPOTEXHUUYECKUX W3AEIUN
BBIMOJIHSAIOT B OBITY CBOIO  OIpPENENIEHHYI0  (YHKIUIO, HO
JTAJIEKO HE BCE M3 HAC 3ayMbIBAIOTCA, IO KAKOMY 3aKOHY OHH
pabotatoT. YenoBek NPOCTO BKIIOYAET HIEKTPONpudbOp B
PO3ETKY U IMONB3YyETCSA UM B CBOUX IIEIIAX.

Kaxaplii U3 >KuByIIMX Ha 3emie JIOAEeH CTaJIKUBAJICA C
SABJICHUCM J3JICKTPOCTATHUKHU. HaanMep, MorjiaauB KOIIKY HWJIN
pacuecaB BOJIOCBI, MOKHO 3aMETHTbh, YTO IIECTh/BOJIOCHI, KAK
MarHuTOM,  TPUTATHBAIOTCA K pyKe/pacdyécke; WU
ABTOMOOMJIMCTBI YacCTO KAJTYIOTCS HA AIIEKTPUUYECKUE Pa3psiIbl
IIPU CONPUKOCHOBEHUM PYKH C KOPIIYCOM MAILMHBI.

OTO rOBOPUT O TOM, YTO OKPYKAOIlI€€ HAC IPOCTPAHCTBO,
a TaKkKe M IPEIMETHl, C KOTOPBIMH Mbl CTAJIKUBAEMCS B
MMOBCETHEBHOM JKM3HH, HUMEIOT AJIEKTPUYECKYIO MPUPOLY.
B€3I(e €CTh 3apsKCHHBIC 4YaCTUIBI, W KaK TOJIbKO OHH
CTAaHOBATCA AKTHBHBIMH, Mbl YYBCTBYEM Ha cebe HeﬁCTBHe
JIEKTPUUECTBA.



W3 sToro ciemyer, 4ro, €ciM B IMPOCTPAHCTBE MMEETCS
cHCTeMa 3apsHKCHHBIX YacTHI, TO B KaXAOH TOYKE 3TOTO
IPOCTPAaHCTBA CYIIECTBYET CHJIOBOE ODIIEKTPUYECKOE IIOJIE.
CBoiicTBA HWMEHHO JTOr0 MO W HCHOJB3YIOTCA HpHU
KOHCTPYKLIUSAX BCEBO3MOXKHBIX 3JIEKTPUYECKUX IMPHOOPOB WU
ycrpoiictB. OO0 »3ToM moxpoOHee OyneT yHOMSHYTO B
HOCJIEAYIOIUX ITIaBax.

C  toukum  3peHus  (yHOAMEHTAIBHOH  (U3HKH,

QJICKTPOCTATHUYCCKOC I10JIC — 9TO I10JIC, CO31aHHOC
HCIIOABHIKHBIMHA B IIPOCTPAHCTBC U HCU3MCHHBIMU BO BPEMCHU
QJICKTPUUYCCKUMU 3apsgaaaMu. QHCKTpI/I‘IeCKOG I10JIC

IpeJCTaBIsieT co00M O0coObI BUA MaTepuu, CBSA3aHHBIA C
AIIEKTPUYECKUMH 3apsiIaMH U TePeJaroInil JeHCTBUS 3aps/I0B
apyr Ha gnpyra. Ilpm »>TOM TakWe TMOHSTHS, KaK TOKH,
OTCYTCTBYIOT — €CTh TOJIbKO IMIOTCHIIHA 1 HAIIPSKEHHOCTb.
ABTOp He Oyaer MHOAPOOHO pacKphIBaTh BCIO TEOPUIO
JIEKTPUUECKUX 3apsJIOB, KOTOPYIO MOYKHO IpPOYMUTATh B
CMELUANN3UPOBAHON  JMTEpaType. OcraHoBuMcs ~ Ha
OTIENBHBIX (POPMYTUPOBKAX, T.K. OHU MPUHLIUIHAIBLHO BaXKHBI.
Onexmpuyeckuti  3apad0 —  3TO  CBOHCTBO  Tell,
HPOSIBIISIOINEECS, MPEXJE BCETo, B CIIOCOOHOCTH CO3/1aBaTh
BOKpYr ce0s DJIEeKTPHYECKoe II0Jie M IOCPEICTBOM HETO
OKa3bIBaTh BO3ACUCTBHE HA JpYyrue 3apsuiKeHHBIE (TO €CTh
oOyajarolue EKTPUIECKUM 3apsaoM) Tenla. DIeKTpUUecKue
3apsizibl paszensior Ha «TTOJIOKUTETHHBIE) "
«OTpHUIIATENIbHbIE», XOTSI Mbl IIOHUMAeM, 4TO B MPUPOJE HET
TaKUX TOHATHUH KaK «IUIIOC» U «MHUHYC». BpiOop, kakoi
MMEHHO  3aps]] Ha3BaTh  TOJOXHUTEIbHBIM, a  Kakou
OTPHILIATENIbHBIM, CUNTACTCS B HAYKE YHCTO YCIIOBHBIM, OJTHAKO
ATOT BBIOOP YK€ HMCTOPUYECKH CIIENIaH, W Terepb, XOTh W
YCIOBHO, 3@ KaXIbIM U3 3apsAfoB 3aKpEIUIEH BIIOJHE



ONpPENENCHHbI 3HAaK JUII  Kakoro-TO IOHUMaHHUs U
IIpECTaBJIEHUS, KOI/1a BEAETCS UCCIIEI0BaHNE 3TOM TeMbl. Tena,
UMEIIINE  3apsii  OQHOrO  3HaKa, OTTaJKWBAKOTCA, a
IIPOTUBOIIOJIOKHO 3apsDKEHHble — nOpuTsaruBatorca. [lpu
JBUKCHHUM 3apsDKCHHBIX TeJ, IEPEHOCAIUX JIIEKTPUYECKUI
TOK B IPOBOJHMKAX, BO3HMKAET 3JIEKTPOMArHUTHOE IIOJE, U,
TaKuM 00pa3oM, HUMEIOT MECTO SBJICHHUS, I03BOJISAIOLINE
YCTaHOBUTB POJCTBO DJIEKTPUUYECTBA U JIEKTpOMAarLerusma. B
CTPYKTYpE MaTEpHUH SJIEKTPUUECKHUH 3apsij, Kak CBOKWCTBO TeE,
BOCXOJIUT K  3apSHKEHHBIM  3JIEMEHTapHbIM  YaCTULIAM:
HallpuMep, DJJEKTPOH HMEET «OTPULATEIbHBIN» 3apsn, a
MPOTOH U NO3UTPOH — «I1OJOKUTEIbHBIIN.

B nmaHHOW KHUre aBTOp BBIHY)KIEH I10Jb30BAThCS
TEPMUHAMH «ITOJIOKUTEIBHBIN» M «OTPULATEIBHBINY», YTOOBI
MO’KHO OBLJIO MOHATH, 0 YEM BEIETCS PEUb, XOTS B IIPUPOJIE HE
CyIIECTBYET TIOJIOKUTENIBHBIX M OTPHULATEIBHBIX BEJIUYMH.
Ecte HampaBneHust BpamieHusi, JaBieHue u TpeHue. K
COJKAJICHHUIO, COBPEMEHHBII MHp HAyKM B TeX 3HaHUIX,
KOTOpbIE TPENOJHOCATCS B Y4YEOHBIX 3aBEJEHUAX (ILIKOJIBI,
TEXHUKYMBbI, HTHCTUTYTbI, YHUBEPCUTETHI U Jp.) COBPEMEHHBIM
TEXHUYECKUM CIELUATUCTaM, IIepeaaeT UMEHHO 3TH TEPMUHBI.
[TosTomy aBTOp, HCHONB3YSd MX, B JECHCTBUTEIBHOCTH
aKLIEHTUPYET BHUMaHHE Ha B3aUMOJEHCTBHE MeXIy coOOMu
MPOTUBOIIOJIOKHBIX BEIWYMH. B maHHOM ciydae, pedb UIET O
3apsUKEHHBIX YaCTHIAX, KOTOPBIE HAXOAATCS HE TOJIBKO Ha
3emne, HO ¥ BO BceenrenHoii.
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I'TABA 2. dnekmpon u no3umpon

OO0 snexTpoHe B Hay4yHOU cdepe HU3BECTHO IJOCTATOYHO
MHOTO; K  TOMYy  JK€,  TpaKkTUYeCKd  BCE€  BU/BI
AJIEKTPOTEXHUYECKUX M3ACIHi paboTaloT Ha 3JIEKTPOHHOU
SHEPruu. A BOT MO3UTPOH, KOTOPBIN SIBJIAETCS aHTUYACTHULIEH
AJIEKTPOHA, HE3aCHyXEHHO 3a0BbIT, XOTS 10 MHOTHM
rapaMeTpaM OH CXO0X C 3JIEKTPOHOM. B coBpeMeHHOM Mupe
MPAKTUYECKH HET OJJIEKTPOTEXHUYECKHX W3, KOTOphIE
pabortanu Obl Ha Mo3uTpoHHOU sHeprum. Ilopaccyxkmaem 06
3TOM.

THosumpon (om cnoéa  «NOAOACUMENbHBINY) — OTO
aHTHYacTUIa eKTpoHa. OTHOCUTCS K aHTUBELIECTBY, UMEET
aneKTpuueckuil 3apsan +1, cnun 1/2, nentoHHBIA 3apsg -1 u
Maccy, paBHyI0 Macce anekTpoHa (9,10938291(40)-1073" kr).
IIpy aHHWUTWIALMM TIO3UTPOHA C DIJIEKTPOHOM, HX Macca
IpeBpalaeTcs B SHEpruto B opme AByX (M ropasfo pexe —
Tpéx u Oonee) ramma-kBaHTOB. IlO3MTPOHBI BO3HUKAIOT B
OJTHOM W3 BHJOB pAJAMOAKTHBHOIO pacrajga (MO3UTPOHHAs
AMUCCHSI), a TAaKXKe MPH B3aUMOJICHCTBUHU (DOTOHOB C IHEpPruen
6onbme 1,022 M»sB ¢ BemectBom. [locnennuit mporecc
Ha3bIBACTCS «POXKICHUEM Mapy», U0O MpU €ro OCYUIECTBICHUU
($OTOH, B3aUMOJECHCTBYS C IJIEKTPOMArHUTHBIM TOJIEM SJIPa,
o0pa3yeT OJHOBPEMEHHO »JJEKTPOH U TO3UTPOH. Taxke
MO3UTPOHBI CHOCOOHBI BO3HHMKATh B IPOLIECCaX POXKICHUS
NIEKTPOHHO-TIO3UTPOHHBIX Iap B CUJIBHOM JJIEKTPUYECKOM
moyie. ABTOpPOM KHUTH OBUIO JI0Ka3aHO Ha TMpPaKTUKE H
3alaTeHTOBAaHO M300peTeHHe, TI/Ie MPOoIecC 3apOoXKACHUS
ANEKTPOHHO-TIO3UTPOHHBIX Map ObUT 3a()UKCUPOBAH B CUILHOM
BJIEKTPUYECKOM IOJIe. DTO MO3BOJMIIO CO3JaTh AJIEKTPOHHBIN
npudop ¢ DKOHOMHYECKUM d(PPeKkToM 10 MOTPeOIICHHIO
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MOIIHOCTH OT CETH MEePEeMEHHOro HampsbkeHus. B pesynbTare,
IpPU COBEPIICHUU paOOTHl BIEKTPONOTPEOUTENsT aKTHUBHO
YUaCTBYIOT 3apsKEHHBIE YACTHIIBI — 3JIEKTPOHBI U TO3UTPOHBI.

CymectBoBaHue MO3UTPOHA BIIEPBBIC ObLIO
npeanonoxeno B 1928 roay Ilonem Jdupakom. Teopust dupaka
ONMCHIBAIA HE TOJBKO DJEKTPOH C  OTPHULATEIbHBIM
JIEKTPUYECKUM 3apsioM, HO M aHAJOTUYHYIO YacTHIy C
IIOJIOKUTEIBHBIM 3apsAA0M — HO3UTPOH. OTCYTCTBUE TaKou
YacTUIIBI B TIPHUPOJIE pacCMATPUBAJIOCh Kak yKa3aHHe Ha
«JIMIIHKUE pelieHus» ypaBHeHHH Jlupaka. 3aTo OTKpBITHE
MO3UTPOHA SBWIOCH TpuyMpom teopun. I[lo3utpoH ObLI
OTKpHIT B 1932 romy amepukanckuM (pU3MKOM AHIEPCOHOM
npu HaOMIOJEHUM KOCMHYECKOIO M3JIY4EHHUsS C ITOMOLUIbIO
kaMmepsl Bunbcona, momeméHHod B MarHuTHoe mnoje. OH
chororpadupoBan  cleabl  YaCTUI, KOTOPbIE  OYEHb
HAallOMHUHAJIM CJeJbl JJIEKTPOHOB, HO HMEIU HU3rM0 Moj
JEMCTBUEM 3JIEKTPOMAarHUTHOTO TOJIsl, MPOTHUBOIOIOKHBIN

cJIcaamM 9JICKTPOHOB, qTo CBHUACTCIBCTBOBAIO 0
MMOJIOKUTCIIBHOM  DJICKTPUYCCKOM  3apsac O6H3py>KCHHBIX
YaCTHII. OTKpBITI/Ie Mno3uTpOHAa — 4YacTulbl, II0 CBOUM

XapaKTepUCTHUKAM HJEHTHUYHOM AJIEKTPOHY, 3a HCKIIOYEHHEM
3HaKa DJIEKTPUYECKOro 3apsga — ObUIO HCKIIOYUTENIBHO
BaOXHBIM coObiTHEM B ¢usuke. Emé B 1928 romy II. Jlmpak
OPEJUIOKWI  ypaBHEHUE ISl  ONHUCAHUS  PESITUBUCTCKOU
KBaHTOBOI MeXaHMKH 31eKTpoHa. OKa3ajloch, YTO ypaBHEHHE
Jlupaka uMeeT 1Ba peleHus, Kak C «II0JOKUTEIbHON», TaK U C
«oTpuLarenbHON» dHepruel. CocTosHUE C «OTPULATENBLHON
SHEPrueil ONUCHIBAET YACTHUIy, AaHAJIOTMYHYIO AIEKTPOHY, HO
MMEIOLIYIO MTOJIOKUTEIbHBIN AIeKTprudeckuil 3apsaa. [lozurpon
ObLT TepBOM OOHapy>KEHHOM wyacTHLeW U3 LEeNoro Kiacca
YyacTUll, KOTOpas TMOJy4yWsia Ha3BaHUE <«aHTHYacTUlb». Jlo
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OTKPBITHS MO3UTPOHA Ka3alach HEBEPOATHOM cama ujes TOoro,
YTO B MPUPOAE MOTYT OBIThb  «IIOJOXHUTEIbHBIE» U
«OTpULIATEIbHBIC» 3apsAJbl. JTOT MOMEHT OYEHb BaXXEH B
mpolecce MOHMMAaHHUS TOTrO, IOYEMY B 3JIEKTPOTEXHUKE
MOSIBHJTUCH «ILTIOCY U «MUHYC» KaK pa3HOUMEHHBIE 3apsibl.

HazBanue «o3utpon» npugyman cam AHAepcoH. OH xe
npenarail IepeuMEHOBaTh 3JIEKTPOHBI B «HETATPOHBI»: 3TOT
TCPMUH B OTHOMICHUHU 3JICKTPOHOB IMO-IIPCIKHEMY UCIIOJB3YIOT
B CJIyYasiX, KOTJia 3JIGKTPOHBI U MO3UTPOHBI PaCCMATPUBAIOTCA
COBMECTHO (N-P Iepexo/1); B 3TUX CIIydasiX TEPMUH <«QJIEKTPOH
4acTO OTHOCST K 00eMM YacTullaM — 3JIEKTPOHY (HEraTpoHy)
u no3utpony. CyllecTBOBaHHE aHTHYACTHUIIBI 3JEKTPOHA U
COOTBETCTBHE CYMMAapHBIX CBOWCTB (JIByX aHTHUYaCTHIY)
COOTBETCTBYET BBIBOJIaM Teopuu [[upaka, KoTopas Moriia ObITh
pacmpocTpaHeHa Ha Jpyrue dvactuubl. JlaHHas Teopus
yKa3blBaeT Ha BO3MOXKHOCTb TMAapHOM HOpHUpPOJBI  BCeX
9JIEMEHTApPHBIX YacTUI, Ha 4YTO ObUIM OPUEHTHPOBAHBI
nocienyoomnme Gu3ndeckue uccieaoBanus. Takas opueHTanus
OKa3aJlach HeoObIYaifHO MJIOJOTBOPHOM, U B HACTOsAIIEE BpeMs
napHasi TNpUpPOJa D3JIEMEHTapHBIX YaCTHULl SBISETCS TOYHO
YCTAaHOBJICHHBIM 3aKOHOM MPUPO/bI, 000CHOBAaHHBIM OOJILIINM
YHCJIOM OSKCIICPUMCHTAJIBHBIX q)aKTOB. Ho B I[aHHOﬁ KHUTI'C
AKICHT CACJIaH Ha MPUMEHCHUC B KOHCTPYKIUAX HMEHHO 3THX
JBYX YacTHI, T.K. B COBPEMEHHOM MHpE ObUIO H300peTEeHO
MHO>KECTBO AIEKTPOTEXHUYECKUX prudOpoB "
pasuo3JIeMEHTOB, TJle  DJIEKTPOH M  MO3UTPOH  Kak
AJIEKTPUUYECKHUE 3apsAbl AKTUBHO IPUMEHSIOTCSI.

Ha3zBanue «1o3uTpoH» NpUAYMaHO YUEHBIM AHIEPCEHOM,
HO TPOSIBJIEHHE CBOICTB MO3UTPOHHOW 3HEPTUM KaXAbIM U3
HepBOOTKpBIBaTeJ'IeI\/’I HOBBIX CBOICTB QJICKTPHUYECTBA Ha3bIBaJI
no-ceoemy. Hanpumep, Hukona Tecna u JJon Cmut ropopuiiu
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O paJdaHTHOM »dHepruM, OABUH [pell — 0 XOIOAHOM
anektpudyectBe, Jkon bemunun wu Tom bepaen 00
OoTpUIaTeNIbHON  3Hepruu, J[)KoH XaT4MHCOH — 00 JHEpPruu
HyneBor Touku, [[xon Yoppemn Kwim o «cuMmaTudeckom»
PHEPTUM M DHEPruM 3BYKOBBIX BHOpamumii, a Bukrop
[lay6eprep u Yontep Paccen — 06 sHepruu Buxpsi (TOPHAJO).
B coBpemMeHHOM MHpE TOBOPST O MOUCKE HEraTUBHOM WIIH
TEMHOM 3HEpPrMM — a 10 OTHOUIEHHIO K ueMy? Yto camoe
MHTEPECHOE, BCE 3TU 3HAMEHMUTHIE U300peTaTeNu CTapajiich B
CBOMX  KOHCTPYKIIUSX bunbTpoBaTh U pa3AeNATh
JNEKTpUYECKUE  3apsAbl € pa3HbIMU  (PU3MYECKUMHU
nposineHussMU. OJIHU HarpeBajii KOHCTPYKIHUIO, a JpyrHe,
HaoOopoT, oxyaxaanu. llpu wucrnonb3oBaHUM 3IEKTPOHHOU
SHEPruM  KOHCTPYKLUMH  BBIACNSIM  TEIO, a  Ipu
UCIIOJIb30BAaHUU TIO3UTPOHHOM 3HEPIHMM OXJAXKIAIUCh — IPU
3TOM TeMIIepaTypa KOHCTPYKIIMHM ObLIa MEHbIIE OKpYKaroIen
cpeapl. OTO OBUIO MHOTOKpPaTHO JIOKa3aHO Ha MPaKTUKE
BBHIIIEYIOMSHYTBIMU ~ H300peTaTensamu. Jlo cux mop wux
OTKPBITUSI HE A0 KOHLA MOHATHI MUPOM, T.K. YIOp HAET Ha
cTapble 3HaHUS B 00JIACTH HAYKH U HEXEJaHWe IPUHATH YTO-TO
HOBO€ U HeM3y4deHHOe. XOTsS B HACTOAILIEE BpPeMs H3BECTEH
a¢dexr IlenpThe.

Onemenm  Iletomve —  3TO  TEPMODIIEKTPUYECKHUI
npeoOpaszoBarenb, MPUHIMN JIEHCTBUS KOTOpOro Oazupyercs
Ha 3¢ dexte [lenpbThe — BOSHUKHOBEHUH PAa3HOCTU TEMIIEPATYP
IpU MPOTEKAHUM DJIEKTPUUYECKOTO TOKa. OiieMeHT llenbThe
COCTOUT M3 OJHOW wiauM  Oojee map  HEOONBIIMX
MOJIYITPOBOJJHUKOBBIX TMapajieNICNUIIeJOB — OJHOTO N-TUMa, U
OJIHOTO p-THMna. DneKTpUUECKU TOK IIPOTEKAET
Nocle/oBaTelbHO  4Yepe3  Bce  mapauienenunensl. B
3aBHCHUMOCTH OT HamlpaBlieHUS TOKa, BEPXHHE KOHTAKTHI
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OXJIOKJAIOTCS, a HIDKHUE HarpeBaroTCs — WIM HAoO0OpOT.
Takum o00pa3oM, 3JIEKTPUUYECKHI TOK MEPEHOCHT TEIUIO C
OJIHOM cTOpOHBI 37eMeHTa [lenbThe Ha MPOTUBOIMONIOKHYIO U
C03/1aéT Pa3HOCTh TEMIIEpaTyp.
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T'JIABA 3. Ceoitcmea noaynpoeooHuKos ¢ no3uyuu
I1eKMPOHHO-NOZUMPOHHO20 63AUMOOEIICH U

B coBpeMeHHOM MHpEe HH OJHO U3 JJIEKTPOHHBIX
YCTPOHCTB HE 00XOAHUTCS 0€3 MPUMEHEHHS TOTYIPOBOIHUKOB.
Ha xaxom >xe npuHuume onu pabdorator? B xauecTBe mpumepa
paccMOTpUM  CBOMCTBAa  IIOJYNPOBOAHUKOB, TaKUX  Kak
TPaH3UCTOPHI, TUOIBI, COTHEUHBIE OaTtapeu, (OTOIIEMEHTHI U
CBETOIMOABI C TOYKM 3pEHUS COBPEMEHHOM HAayKH U B
Ka4yecTBe pa3MblllieHUs: aBTopa KHUTH. D ekt [lenpTbe Obu1
IPEUIOKEH KaK IPUMEP TOro, 4TO IMOIJIOKKA € «P» TUIOM
IIPOBOAMMOCTH OXJIQXKIAETCs, @ C «N» TUIIOM HarpeBacTCs.
ABTOp NOAYEPKUBAET, UTO HE MPECIENYET LIEJU ONpPOBEPraTh,
a XO04yeT o0paTuTh BHHUMAHHWE 4YHUTATENIsl Ha HEKOTOphIE
HECOOTBETCTBUSI B TEPMHUHAX CBOWCTB IIOJYIIPOBOJIHHKOB,
TaKUX Kak B3aUMOJAEWCTBHE MEXIy COO0O0H 3IEKTPUUYECKUX
3aps10B.

Yro Takoe MONYIPOBOJHUK C IO3UIUU COBPEMEHHOMN
Hayku? [lolynmpoBOIZHMKM — 3TO BEIIECTBA, B KOTOPBIX
JNEKTPUUECKUIl TOK 00pa3zyercss IBMIKEHHUEM HIIEKTPOHOB, a
BEJIMYMHA YJEIbHOIO CONPOTHBIICHUS HAXOAUTCS B Mpelenax
MEXIY IIPOBOTHUKAMU u JTUDIIEKTPUKAMU.
[TomympoBOTHUKAMU SIBJISIIOTCST XUMUYECKHE dJIeMeHThl [V, V
u VI rpynn nepuonnueckon cucremsl .M. MenneneeBa —
rpadut, KpeMHHH, repMaHui, CeJieH U IpyTrue, a TaKkKe MHOTHE
OKHUCIBI M Jpyru€ COCIMHEHMS PpA3JIMYHBIX METAJUIOB.
Konunuectso IO BUYKHBIX HOCHUTEJIEH 3apsA10B B
HOJYIPOBOJHUKAX B OOBIYHBIX YCIOBHSX HEBEIHKO, OJHAKO
OHO BO3pacTaeT B COTHM M TBHICAYM pa3 IPU HEKOTOPBIX
BHEIIHUX BO3JCHCTBUAX (HarpeBaHue, JAeiiCTBHE CBETA U T.1.),
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a TaKKe INpU HAIMYUU B IOJYNPOBOJHHUKE OINPENECIEHHBIX
MpUMeceH.

[TonynpoBOHUKHN TOJPa3AENSAIOTCA Ha 3JIEKTPOHHBIE (n-
TUIA) U JBIPOYHBIE (p-THUIA) IMepexoabl. B momympoBoaHuke
TANIAa N B Ka4eCTBE HOCUTEJIEW 3apsl0B PpPacCMaTPUBAIOTCS
AJIEKTPOHBI, KOTOpPBIE MPU 0Opa30BaHMUU TOKA MEPEMEIIAI0TCS
110 BCEMY IOJIYIIPOBOJHHUKY, IO00HO CBOOOIHBIM 3JIEKTPOHAM
B MeTaJlIaX. B mosynpoBOIHUKE P-THUIIA B KAYECTBE HOCUTEIIEH
3aps/I0B paccMaTpUBAIOTCA TaK Ha3blBaeMble ABIPKU. [[pIpku
CUMTAIOTCA HKBUBAJEHTOM M HOCUTEIEM IOJIOKHUTEIHHOTO
3aps/ia, paBHOTO JIEKTPOHY. TepMUH «n-TUID» TPOUCXOAUT OT
clioBa «negative», 00O3HAYAIONIMKA OTPUIATENBHBIN 3apsij
OCHOBHBIX HOCHTENEH. TepMUH «P-TUI» IPOUCXOAUT OT CIOBA
«positive», 0003HAYAIONINN TIOJOKUTEIBHBIN 3apsi/l OCHOBHBIX
HocuTene.  BcmomHuMM  mcTOpuio, Koraa — AHJIIEPCOH
NPEMIOKWI  TEPEHUMEHOBATh JJIEKTPOH B HETaTpOH |
UCIOJb30BaTh NEPBYI0 OYKBY «N» — HO €My OTKa3alu; a
HOCUTEJIEM IIPOTHUBOIIOJIOKHOIO 3apsia IO OTHOUICHUIO K
3JIEKTPOHY Bcerja OblT MO3UTPOH, M K €ro 0003HaueHHUIO BCE-
Takd MPUMEHWIN MEepBYI0 OYKBY «P». JTa OyKBa 1O CHUX TOp
OCTaJIach, TOJBKO IOYEMY-TO IMPOTHUBOIOJIOKHYIO IO 3HAKY
3JIEKTPOHA YacTHUIy Ha3Baldu JbIPKOW. DBBIIO CKazaHO, 4TO
JBIpKa CYUTAETCS 3KBUBAJICHTOM HOCHTEIS IOJIOKUTEIBHOTO
3apsija, PaBHOTO BJIEKTPOHY, KOUM SIBJISIETCS MO3UTPOH (CM.
raBy 2). B kadectBe mpumepa paccMOTpuUM paboTy
IIOJIYIIPOBOXHUKOBOT'O CBETOAMO/IA.

B nocnegne roasl MBI CTald  CBUACTEISIMHU
CTPEMHTEIBHOTO Pa3BUTHSI 00JaCTH TEXHUKH, OCHOBAHHOW Ha
¢u3uKe MOTYNPOBOJHUKOB — ONTO3JIEKTpOHUKU. IIpexrne
BCETO, 3TO MIPOSIBUIIOCH B PEBOIFOLINOHHOM
COBEpIICHCTBOBaHWU cBeToanoAoB. Her HeoOxomumoctu
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pacKpblBaTh  HUCTOPUIO HX TMOSBICHHUS — 00 3TOM MOKHO
OpOYUTAaTh B HHTEPHETE WM B HAy4YHBIX KHHUTax. 3ajnada
aBTOpa — 0OpaTUTh BHUMAaHUE HA MOHUMAaHHUE B3aUMOJICHCTBUS
JJIEKTPOHOB U TO3UTPOHOB, YTO OYEHb XOPOLIO PACKPBHITO B
pabore cBetonuoaoB. TOJBKO 3/€Ch COBpPEMEHHAs Hayka
AaKIICHTUPYET BHUMAHME HAa AHHUTWISIIUUA  DJIEKTPOHHO-
JIBIPOYHOTO MEePEXoa ¢ BbIIeIeHHEM (JOTOHOB CBETA.

Ceemoouo0 — 9dTO TOJIYNPOBOAHUKOBBIA TPUOOp C
JNEKTPOHHO-IBIPOYHBIM  «pP-N»  TMEpPexXoAoM,  KOTOPBIi
reHepupyet ontuueckoe (Buaumoe, Y@, MK) uznyuenue npu
MPOXOXKIACHUU Yepe3 HEro AIEKTPUYECKOro TOKA.

HanomHio, 4To «p-N» mepexomq — 3TO «KUPIHUUYUK»
MOJTYTIPOBOTHUKOBOM ANEKTPOHHOM TEXHUKH,
MPEACTABISIIONIMN  COCIMHEHHBIE  BMECTE€  JBa  KycCKa
MOJIYITPOBOJTHHKA C Pa3HBIMU TUIIAMH TIPOBOJUMOCTH (OJIMH C
M30BITKOM D3JIEKTPOHOB — «N-TUI», BTOPOH C U30BITKOM
OBIPOK — «p-THM»). Ecam Kk «p-N» mepexony MNpUIOKUTH
«IpsSIMO€  CMEILEHHE», T.€.  MOJCOCANHUTh  UCTOYHUK
3JIEKTPUYECKOTO TOKa IUIIOCOM K p-4acTH, a MHHYCOM K N-
YacTH, TO Yepe3 HEro MOTEUET TOK.

Hac unTepecyeT, 4To MPOUCXOAUT TOCIE TOTO, KaK 4Yepe3
MpsIMO CMEIIEHHBIN «p-N» TMepexoa TOMIEN TOK, a UMEHHO
MOMEHT PEKOMOWHAIMU (COCTUHEHUE WM aHHUTHIISIIH)
HOCHUTEJIEH SJIEKTPUUYCCKOTO 3apsia — JJIEKTPOHOB U JBIPOK,
KOT/Ia UMEIOIINE OTPHUIATSIIbHBINA 3apsii JIEKTPOHBI «HAXOJIAT
NPUCTAHUIIE» B  TOJIOKHUTEIBHO  3apSKEHHBIX — HMOHaX
KPUCTAJUIMYECKOM PpEeLIeTKH MOoJynpoBoAHUKA. OKa3bIBaeTcs,
YTO Takas PEeKOMOHWHAIMS MOXET OBITh W3IydaTeNbHOH, Mpu
5TOM, B MOMEHT BCTPEYM BJEKTPOHA M JBIPKU, BBLACIAETCS
SHEPTHs B BUJIE U3TyUYeHUs KBaHTa CBeTa — (POTOHA.
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Ho ne Bcsikuii «p-n» mepexona uznydaer cBer. llouemy?
Bo-nepBbIX, muprHa 3ampenieHHoi 30Hbl B aKTUBHOM 001acTu
CBETOJMO/Ia JOJHKHA OBITh OJM3Ka K DHEPIMHM KBaHTOB CBETa
BUJIUMOTrO Juana3oHa. Bo-BTOPBIX, BEPOSTHOCTh H3ITYUECHHUS
Py PEKOMOWHAIMK (AaHHUTHIISAIAN) SJICKTPOHHO-IBIPOYHBIX
nap J0JKHa ObITh BBICOKOM.

Taxoke (M3 HAYYHBIX TPYJOB) AHHUTHIIALIMS Mapbl YacTUIIA-
aHTHYacTUIa (3JIEKTPOH-TIO3UTPOH) — ATO OJAMH U3 BUIOB
B3aMMOIIPEBPALICHUS  DJIEMEHTApHBIX YacTUIl. TepMUHOM

CQHHHUTHUJLILIU A IICPpBOHAYAIIBHO Ha3bIBAJICA
BHGKTpOMaFHI/ITHHﬁ IMpouecCC MpeBpalllCHUA JJICKTPOHA U €Iro
AHTUYaCTHUIbl — IIO3UTPOHA, IIpH HUX CTOJIKHOBCHHUH, B

NEKTPOMAarHuTHOE M3iIydyeHue (B (OTOHBI, WIM Tramma-
kBaHTbl). OAHAKO 3TOT TEPMHUH HEyJaueH, T.K. B Ipoleccax
QHHUTWIISIOUM ~ MaTepust HE  YHMUYTOXKaeTcs, a  JIMILb
MpeBpaIiaeTcst u3 OAHOU (HOPMBI B IPYTYIO.

Tenepp yBakaeMblil uYWTaTENIb W3 ONUCAHMS HAYYHBIX
TPYIAOB BUJIUT, YTO TEPMHH «IbIPKa» U «IO3UTPOH» BBITIISAAAT
Kak Opatba-6nmu3Hensl. Ho Te ke «abIpku», T.€. B HOpMaIbHOM
IIOHUMAaHUU TEPMUH «HUYTO», HE INPUMEHUIIb B CO3JIaHUHU
HOBOM DJIEKTPOHHOM TeXHUKH. Hamportus, cCyimecTBoBaHMe
MO3UTPOHA, KAk  HOCUTEN  JJIEKTPUYECKOro  3apsja,
packpblBaeT Imepeln u300peraTeNsMU U YYEHBIMH HOBBIE
MEPCTIEeKTUBBl ISl W3YYEHHS M TOJYYeHUS HOBBIX BHJIOB
SHEPTHUH.

I[lo Ttakomy ke mnpuHHMIY paOoTaloT W BCe
IIOJIYTIPOBOJIHUKOBBIE 3JIEMEHTBI, 33 MCKIIIOUEHUEM TOTO, YTO
MIPOLIECC AHHUTWIALIMM 3JEKTPOHHO-ABIPOYHOIO Iepexoa
(2NEKTPOHHO-TIO3UTPOHHOM ~ MMapbl) NPOUCXOAUT  BHYTPHU
MOJIYTIPOBOJIHUKA (IM0/1a, TPAH3UCTOPA) U MPOSBIISETCS B BUJIE

19



BblesieHus Teria. [loaTomy mns Gojee MOIIHBIX JUONIOB U
TPaH3UCTOPOB HEOOXOAUM TETIOOTBO UITU PaIraTop.

ConHeuHsle d3JIeMEHTH U (OTOdIEMEHTHI, HA00OPOT,
peoOpasyroT U3 (HOTOHOB CBETa Pa3HOCTh MOTEHIUAIOB WJIH,
TOYHEE TOBOPSA, AKTUBUPYIOT PA3HOMMEHHBIE DIIEKTPUYECKUE
3apsabpl  (MEKTPOHBI M MO3UTPOHBI). Takum 00pa3oMm, MbI
MMEEM Pa3HOCTh MTOTEHIIMAJIOB HA BBIXOJE COJHEYHbIX OaTapei
U (OTOIIEMEHTOB.
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I'/TABA 4. Hanpsascenue u mok

B npenpiaynux riiaBax MHOTOKPaTHO YIOMUHAIUCh TaKUE
TEPMUHBI, KaK <«QJICKTPUYECKUN 3apsAl» U «3apsKECHHbIE
YaCTULIBDY. C MOHATHEM AJIEKTpUYECTBA BCErza
[10/Ipa3yMEBAIOTCS JIB€ BEJIMYUHBI — HANpsbkeHUue u Tok. OHM
HEIOCPEACTBEHHO CBfA3aHbl C AJIEKTPUYECKUMH 3apsaMH.
Y IuBUTENIBHO, HO CpelHd Y4EHOIO MHMpa IO CHUX IIOp BELYTCS
CHOPBI O TOM, YTO TAKOE HAIPSHKEHHUE, a UTO TaKO€ TOK. ABTOP
Ha OCHOBAaHWHU IMPOBEJIEHHBIX HCCIECJOBAHUIA B 3TOH 00IacTH
pPacKpoeT CBOE BUAECHUE 3TUX TEPMUHOB.

Onexmpuueckoe nanpsixceHue — 3TO BEIMYMHA, YUCICHHO
paBHas paboTe MO NEPEMELICHUIO €AMHMIIBI AJIEKTPUUYECKOTO
3apsga  MEXAYy ~— JABYMsS  IPOU3BOJBHBIMM  TOYKaMH
anektpuueckoit  menu.  Hanpsokenme, kak u  DJIC
(anmexkTpoABMKYIAs cuiia), u3Mepsercs B BoibTax (B).
VYcTaHOBHBIIMECS 3HAYEHUS HaNpsDKEHUs 0003HadaroT OyKBOM
U. Ilo aHamormm ¢ TOKOM, pa3iu4aiOT IIOCTOSHHOE H
IIEpeMEHHOE HanpsbkeHus. IlocTossiHHOE HampsyKEHHE MOXKET
U3MEHATHCS 110 BEIMUMHE, HE U3MEHSS IIPU 9TOM CBOETO 3HAKA.
[lepemeHHOe HampsDKEHHE TEPUOJUYECKH  HU3MEHSIET |
BEJIMYMHY U 3HAK.

Ora  uHTepnperanus  (QOpPMYIMpPOBKH, UTO  TaKoe
HampspkeHue, HauOoliee MOHATHA, 110 CPABHEHUIO C JIPYTHMH,
0ojee CIOKHBIMM TE€PMUHAMH. 37e€Ch HANpPSAMYI CKa3aHO O
MIEPEMEILLIEHUHN  DJIEKTPUUECKOrO 3apsia WM 3apsHKEHHBIX
gacTull. B 3JIEeKTpOTEXHMKE BCEraa €cTh JBa MOTEHIMAala:
«UTIOC» M «MHHYC». BbIOOp, Kakol MMEHHO 3aps] Ha3BaTh
II0JIOKUTEIBHBIM, a KAKOM OTPHUIIATEIbHBIM, CUNTAETCS B HAYKE
YUCTO YCJIOBHBIM (BBIHYXJEHHas Mepa i yaoOcTBa
BOCHPUATHS TPOTHUBOIOJIOKHOCTH CBOWCTB yacTwil). Toraa
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YTO XK€ SIBJIAETCS NEePEeHOCYMKOM 3THX [JBYX 3apsJioB — HE
MEKTPOH 1M W no3utpoH? Eciaum B nemnm Oyner TONbKO
3JIEKTPOH, TO TOTJa Kysa OH OyAeT cTpeMuThesi? SIcHO, 4To He
K 2JIEKTPOHY, T.K. OAHOMMEHHBIE 3aps]bl OTTajIKuBaroTcs. OH
OyIeT CTpeMUTbCS K IPOTUBONOJIOXKHOMY 3apsdy, a
COBPEMEHHOM HayKe H3BECTHA TOJbKO OJHA AaHTHUYAacTULA
DJIEKTPOHA — MO3UTPOH. OJIEKTPOH M IIO3UTPOH BCeria
HaxomsaTcs psgoM (puc. 1), ynepkuBaschb Ha pacCTOSIHUM 3a
CcuéT TmTOoJed KpydyeHMs, MPOTHBOIOJOXKHBIX 110 CBOEMY
HaIlpaBJICHUIO (3JEKTPOMArHUTHBIM II0JIEM), U INPEICTABIISAIOT
coboit Bua TraHTenu. B ganpHelmeM aBTOp  BBIHYXJEH
H0JIb30BaThCS TEpPMUHAMHU «TIOJIOKUTETBHBIIN u
«OTpULIATENbHBIN», YTOOBI MOXXHO OBUIO MOHSTb, O YEM
BelleTCsl pedb. XOTs, Ha caMoOM Jiene, B IPUPOJAE HE
CYLIECTBYET MOJOXUTEJIbHbIX M OTPULATEIbHBIX BEJIUYMH.
Ectb HampaBieHus BpalleHus, JaBJI€HUE U TPEHHE.

/"'\V"\

3neKTpoH ¥
|

Sy,

>
\ N
8 Aw /S MarH. Moment

NO3UTPOH L
\ = /
Y

1\
l 7 N Mark. MoMeHT

Puc. 1

CyliecTByeT HHOE MOHATHE AJIEKTPOHA U MO3UTPOHA — 3TO
CHUH WY, TIO-APYroMy, HalpaBJIeHHE BPAIICHUS 3TUX YACTHUII
OTHOCHUTENIBHO JpYyr Jpyra. OIJEKTPOH BpalllaeTcs IPOTUB
YacOBOMU CTPEJIKH, a MO3UTPOH — IO YACOBOM CTpEIKE.

Torma TIOHSTHE AIEKTPUIECKOTO HaIpsHKEHUS
pUOOpETaeT UHON CMBICT, T.K. XapaKTePU3YETCsl KOIMYECTBOM
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«OTPULIATENBHBIX» U «IIOJOKHUTEIBHBIX» 3apsSHKCHHBIX YaCTHULL
C Pa3HbIM CIIMHOM BpalleHus. J[o cux Iop B Hay4YHBIX Kpyrax
HE MOT'YT OIIPEIEIUTHCS, KyAa T€UYET TOK: OT MUHYCA K IUIIOCY
w1 HaobopoT. Ho naxe He B 3TOM neno. BakHO MOHMMATh,
KaKhe 3apsDKEHHBIE YacTHIBl YYacTBYIOT B (DOPMHUPOBAHUH
HaIIpsDKEHUS U TOKA B 3JIEKTPUYECKOM 1ienu. Ecin y4€Hblii Mup
IIPUMET CYyILIECTBOBAHHE JBYX IIPOTUBOIIOJIOKHBIX
JJIEKTPUYECKUX 3apsA0B, HOCHUTEISIMH KOTODPBIX SIBIISIFOTCS
JIEKTPOH M MO3UTPOH B (popMupoBanuu HampsbkeHus «U» u
ToKa «I», To MHOrO€ B U3NYECKUX MpoLeccax CO3AaHHON MU
CO3/1aBa€MOM KOHCTPYKLUHU CTAHET IIOHATHBIM.

ABTOp mpemaraeT  pacCMOTPETb HHYIH  THMIIOTE3Y
B3aUMOJICHCTBUS MEXIY COOOM JJIEKTPUYECKUX 3apsOB B
JJEKTPUYECKON 1enu. BrosHe MOHATHO HEAOyMEHNEe Y4EHOTO
MHpa B CIIOpax O HANPABICHUU JBW)KCHHS JIJIEKTPHUYECKOIO
Toka. Ha camoM nene, HMKyna OH He WIET, HAIPOTHUB, €CTh
KJIACCUYECKOE B3aMMOJICHCTBUE PAa3HOMMEHHBIX 3aps’KEHHBIX
YacTHUI] MEXJy CO0OM, Ha3bIBaeMOe aHHUTWIIALUEH, KoTopas
oOpa3yeTcs B TOYKE COECIUHEHHs, T.€. B DIIEKTPUUYECKOU
Harpy3ke. MoskeT ImOKa3aTbCsA, 4YTO, C TOYKH 3pPEHHUS
MIPUBBIYHOTO BOCHPHSATHSI, 3TO 3BYUUT aOCYp/IHO; HO UCXOJS U3
IIOHUMAaHHUs, YTO DJJEKTPUYECKHE YACTHILBl BpPAIIAIOTCI —
KaxJaas B CBOEM HaNpaBIeHWHM — TO OHH, OYEBHJIHO,
B3aUMOJCHCTBYIOT €  TPAaBUTALIMOHHBIM  TOJEM,  TJe
(dbopMupyeTcsi 3JIEKTPOMArHUTHOE M0JIE BOKPYT 3apsKEHHBIX
yactull. B mpoTuBHOM cny4ae, BpauleHus Obl He Obuto. Toraa
BCE CTAHOBUTCS HAa CBOU MECTA.

JUia Tecta 3aMepa HaIlpaBJIEHUs DJIEKTPUUECKOIO TOKa
O0epéM CTaHIapTHBIC CTPENOYHBIE NMPUOOPHI A HU3MEPEHHUs
cuiibl Toka (puc. 2). PaGora crpenoynoro npubopa ocHOBaHa
Ha OTKJIOHEHUU CTPEJIKH 3a CYET B3aMMOJICHCTBHS Marura u
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JNEKTPUYECKOTO TOJIs, BOSHUKAIOIIETO B paMKe OTKJIOHSIOIIEH
cucTteMmbl npubdopa (KaTymke). 3HaUUT, BCE-TaKU pedb UIET O
MOJISIX B3aUMOJICHCTBUSL.

[Tosurpon
AK I Harpyzka
DNEKTPOH BONE

Puc. 2

Crpenounble MpUOOPHI CHEUUANIBHO BKIOYEHBI HMEHHO
TakK, KaK MOKa3aHo Ha pucyHKe 2. Y mpu TakoM BKJIFOUEHUU MBI
BHUJIUM, YTO CTPEJIKM OTKJIOHWINCH B pa3Hble CTOPOHBI. llo
«KJIaCCHKe» Tak M JOKHO ObITh. Harnmggno BuaHO
HalpaBlIeHHE TOKa; HO, paccMmarpuBass (U3MKYy C HWHOU
CTOPOHBI, MBI  BHJIMM, 4YTO B LENU  IPOUCXOAUT
B3aUMOJIEIICTBUE 3JIEKTpOHA (MHMHYC) M TO3UTPOHA (ILIIOC).
Tam rae «wiroc» — BpalleHUE 3apsDKEHHBIX — YacTHIL]
IIPOMCXOAMUT IO YacOBOW CTpeNnKe, a TaMm, TIe «MHHYC» —
IPOTUB 4YacoBOM CTpenku. Tak Kak CTpEeNOYHbI mpudop
MOJAUYMHSETCS 3aKOHAaM  JJEKTPOMAarHUTHBIX CHJII, TO H
OTKJIOHEHHE CTpEJIKM TOoXe OyAeT COOTBETCTBYHOIIMM. Bor
oyeMy CTpesiKa MpUOOpa MOKa3blBaeT 3HAUEHHE B Pa3HBIX
HaIlpaBJICHUSAX.

Ecnu He TOpONUTBCS € BBIBOJAMHU, TO JJIEKTPUYECTBO
MOXKHO paccMaTpuBaThb KakK B3aMMOJECHCTBHUE 3apsKEHHBIX
YacTHIl MEXJIy €000 B MarHMTHOM M 3JEKTPOMAarHUTHOM
MOJISIX; TaKXe HEeoOXOAMMO YYWUTHIBaTh TaKUEe IapaMeTpbl
IEKTPUUECKUX 3apsI0B, KaK HalpaBJIEHUE BpAIEHUs (CIUH).
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Tak 4TO MOJsA KPy4eHUS 3apsiKEHHBIX YacCTUIl B MAarHUTHOM M
AJICKTPOMArHUTHOM TIOJISIX MMEIOT OOJIBINOE 3HAYEHUE, U JaXKe
TaKue TMPOCTHIC OIBITHI CO CTPEIOYHBIMH MpHOOpaMU —
HArJIsIHOE TOMY OATBEPKIACHHUE.

OTtcrola MOXHO CHelaTh BBIBOJ: HanpsdiceHue — 3TO
o0Imiee KOJMYECTBO 3apsOKEHHBIX PAa3HOMMEHHBIX YacTHIl, a
MOK — CKOpPOCTh U IUIOTHOCTh IIOTOKA JTUX 3apSKEHHBIX
YaCTHUII, COSIMHCHHBIX B Harpy3ke aJekTpornorpedutens. Yem
OOJIbIlIE KOJUYECTBO M IUIOTHOCTh TIOTOKA 3apsKEHHBIX
YacTull, TeM OOoJblIe MOUIHOCTU «P» MBI MOJy4aeM Jis
COBEpIICHHUsT pabOTBhI  AJIEKTPUYECKOro mpubopa. 31ech
MpaBOMEPHO JeHCTBYeT (opMylia, HO C IPYIUM MOHHUMAaHHUEM
¢uzuku: P=U*I.

ABTOp CIIELIMATIBHO HE ONEPUPYET CI0KHBIMU HAYYHBIMHU
TepMUHAMH, a, HA00OPOT, CTAPAETCS MPOCTO HU3JIOKHUTH CYTh
(hbU3UYECKOTO TpoIecca — POJIM Pa3HOUMEHHBIX 3apsKEHHBIX
gacTull B (OPMHUPOBAHHUH DJICKTPUUYECKOTO HAMPSIKEHHUS U
Toka. KoHE4YHO ’ke, cuiia TOKa 3aBUCUT OT COINPOTHUBIECHUS
ANEKTPUYECKON HArpy3Kd U pacCcuUThIBaeTcs Mo GdopMmyIe:
I=U/R.

IToka Bcé mormdueckn moHATHO. HeMHOrO octraHoBHMMCS Ha
TEPMHUHOJIOTUSX MEPEMEHHOTO W MOCTOSHHOTO HAINPSIKEHUS U
TOKa. DOTH TEPMHUHBI MPUIYMAHbl Uil MPOCTOTO MOHUMAaHHUS
CBOWCTB D3JEKTPUYECKOrO0 CHUTHAjda, HO B ONPEICICHHOM
CMBICJIE CJIOBAa — OHM B KOpPHE HE BEpHbI, T.K. HE
COOTBETCTBYIOT  (DU3UYECKHM  SIBICHUSM  IPOUCXOJISIINX
npoueccoB. Bo3pbMEM I NIpuMepa TEPMHUH IIEPEMEHHOIO
HANPSHKEHUS.
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Ha puc. 3 nmokasana smiopa HanpsHKEHUS! ¢ TOUKH 3PSHUS
coBpeMeHHON ¢u3uku. Bce npubopsr (ocimuiorpadsi),
PETUCTPUPYIOIIME  BHU3YaJdbHO OTH  [OKa3aHUs, TaKxkKe
MOKA3bIBAIOT TaKyl »dmwopy. B geiicTBuTensHOCTH, 3TU
MOKA3aHWsl TIOJIOBHHYATBIC, M OTOOpaXarOT KapTUHY B
IUTOCKOCTH, HE TOBOPSI O TOM, YTO TEPMHUH «IIEPEMCHHBIIN» B
KOpPHE HE BEpeH. Bo-NepBBIX, 3/1eCh YMECTHO YyKa3aTh, YTO
TEPMHH «IIEPEMEHHBII» HE0OX0IMMO TIepEeMMEHOBATh Ha
TEPMHH «3HAKONEPEMEHHbII». Bemp Ha dIeKTpHUUECKUX
MPOBOJHMKAX MEHSETCS TMOJOXKEHHE 3HAKOB  «IUTIOC» |
«MHHYC». BO-BTOpBIX, 37€Ch TMIJIABHO MEHSIETCS HOMHUHAI
HANpPsDKEHUS. DTO MOXKHO CPaBHUTH C TEM, YTO BBl IUIABHO
MEHSIETe Ha BBIXOJIC HAIPSDKEHHUE OT MCTOYHHKA TIOCTOSTHHOTO
TOKa.

ABTOp CHENHAILHO aKIICHTUPYET BHUMAaHHE Ha TEPMHHBI
«IepEeMEHHBI» W «IOCTOSHHBIM»,  T.K.,  HCIOJB3Ys
HENPABWILHYI0 TEPMHHOJIOTHIO, HEBO3MOXHO TPAaBUILHO
MOHUMATh (PU3NYECKHe 3aKOHBI. UenoBek cam ceOs 3aBOJUT B
TYylIUK, HE TOBOPS O TOM, YTO, B TakoOM cllydae, Majia
BEPOSATHOCTH «3aCTaBHUTHY paboTath coOpaHHYIO
KOHCTPYKIIHIO.

Ha mepBblii B3MIs7 KaXeTcs, YTO BCE HJIEMEHTApHO, U
CHEIHUAIUCT B O0JIACTU PaJMOTEXHUKH CKaXeT, YTO €My BCE
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9TO HW3BECTHO, W YTO JaHHas WHGoOpMaIus — I IEPBOTO
kiacca. Kak Ob1 TO HM OBLIO, HO KMEHHO 371€Ch KPOETCSI TOHKHI
oOMaH B TOHMMaHUU (PU3UKH YIPABJICHHUS 3apsDKCHHBIMU
yactuiiamu. He mnoHMMas W WrHopupys OSTH 3HaAHUA,
HEBO3MOXXHO 4TO-mHO0 wu300peTath. B »TOM 1eme He
CYILIECTBYET MeJOoYed, M TOrJa NMPUXOJUTCS MHOTHE 3HAHUSA
repecMaTpuBaTh 3aHOBO. TEPMHUH <«IIOCTOSHHBIN» TOK WIIU
HampspDKeHWE € TOYKM  3peHUs  (U3NYECKUX  3aKOHOB
MHUpPO3/IaHUsl TOXE HE BepHBL. Bce 3T TepMmMuHbl, Oyab TO
IOCTOSTHHBINY»  WJIM  «IIEPEMEHHBIN» — 0000IIeHbI, |
MOKAa3bIBAIOT YCIOBHOE 00O03HaueHue. B mupe HeT HUUYEro
MMOCTOSIHHOTO, U TO, YTO BO BpeMs 3amepa OCIUuIorpagoMm B
Ka4eCTBE  IOCTOSSHHOW  COCTAaBJIAIOLIECH  AJIEKTPUYECKOTO
CUTHAJIa MBI BHJIUM TPSIMYIO JIMHUIO, TOBOPUT O TOM, YTO Ha
BBIXOJIC MCTOYHUKA IHUTAHUS HE MCHSIIOTCS 3HAKU «ILIIOC» U
«MUHYC». BaxHO TOHMUMAaTh, YTO TOK WJIM HANpsHKEHUE HE
MOTYT OBITh TIOCTOSIHHBIMHU. 3apsDKEHHBIE YaCTHIIBI BCETAa
HAXOJAITCS B JABM)KCHUHU, HHAU€ Mbl Obl HE CMOTJIH 3aMepATh
3HAQUYE€HHE U BEIMYMHY TOKA, IPOXOJAIIETO MO 3JIEKTPUUECKUM
npoBoaHukaM. Ha camom gene, Mbl 3amepsieM IUIOTHOCTh
MOTOKa  3apsDKCHHBIX  YaCTHUIl,  IEpPEeMEHIAloNuXcs B
JJEKTPUYECKUX MPOBOJHUKAX. A  HANpsHKEHHE — 3TO
KOJIMYECTBO 3apsDKCHHBIX YACTHUIl, HAXOISAIIMXCS B OTOM
notoke. Mcmonp3ysi 3TO MOHWMAHUE CBOWMCTB HAINPSDKEHUS U
TOKa, MO-APYroMy HauMHACIIh MOHUMATh (U3HUYECKHE 3aKOHBI
MHUPO3JAHUS.
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I'TABA 5. IIpooonwsusie u nonepeunvie 60Hbl

Bce MBI XOpomo 3HaKOMBI € IIPWJIAraTeIIbHBIMU
«IIPOJIOJIBHBIN» M «IIONEPEUHBIN»; U HE NPOCTO 3HAKOMBI, a
AKTUBHO MCIIOJIb3YEM HMX B IOBCEIHEBHOW Xu3HHM. HO korna
peyb 3aXOJUT O BOJHAX, HEBAXHO KAKUX — B JKHUJIKOCTH,
BO3JlyX€, TBEPAOW MAaTE€pPUU WIH HIEKTPOMATHUTHBIX IOJIAX —
TO YacTO BO3HMKAET psija BorpocoB. OOBYHO, CHBIIA CIOBA
«TIONEPEYHBIE» M «IIPOAOJIBbHBIE»  BOJHBI, TEXHUYECKU
IPaMOTHBIN YEJI0BEK IIPECTaBIISET CHUHYCOMJY.
JlelicTBUTENbHO, KOJIeOaTEeNbHBIE BO3MYILIEHUS Ha BOJE
MMEHHO TaK M BBIIJIAAT, NO3TOMY JKU3HEHHBIH OINBIT JAeT
TaKkyl0 nojcka3ky. Ha camom neme, mup Oosiee CIOXEH H
pazHooOpa3eH: B HEM CYIIECTBYIOT KaK IPOJOJbHBIE BOJHBI,
Tak W mnornepeunsle. Ecom B kakoif-nubo cpene (mose, ras,
KUJKOCTb, TBEpJas MaTepusi) BO3HHUKAIOT  KoyieOaHuS,
NEPEHOCAIIIME DHEPTHI0 OT OJHOM TOYKH K JPYroW Co
CKOPOCTBIO, 3aBHUCAILEH OT CBOWCTB CaMOW CpENbl, TO OHHU
Ha3bIBAIOTCS BOJIHAMM.

Puc. 4

Ha puc. 4 B 00béMe moka3aHO, YTO HA CaAMOM JIEJI€ MBI
JOJIPKHBI YBUICTD, T.K. HeO6XOJII/IMO YUUTBCA BUICTH
¢bu3rYecKue CBOMCTBA HE TOJBKO B IIJIOCKOCTH, HO B 00bEME.
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He cekper, 4To 3apsikeHHbIE YAaCTUIBI IE€PEMEIIAI0TCS
BOJIHOOOPa3HO, ¥ BOJIHBI OBIBAIOT MPOJOJIbHBIE U TOTIEPEUHBIE.
Ocmwnorpad He YBUIUT 3TOro, €Cid BO BpEeMs 3aMEpOB
MCIOJIb30BaTh TOJIBKO BXOABI KoopArHAT X U Y.

Puc. 5 Puc. 6

Ha puc. 5 u puc. 6 mnoka3zansl BekTOphl (YMoOBa-
[loiiHTHHra) IJIOTHOCTU IMOTOKA 3JIEKTPOMArHUTHOW 3HEPrUU
(IpOIONBbHBIX U NONEPEUHBIX BOJIH).

[IpononpHblE  BOJIHBI ~ XapakTEpHbl  TOJIBKO  JUIS
ra3o00pa3HbIX U JKUJIKUX CPEl, a BOT MOMNEpPEUHbIE — TaAKXKE U
g 1BepAblx Ten. CylnecTByromass Ha JaHHBI MOMEHT
KJaccu(uKanus JeIUT Bce KojeOaTelabHble BO3MYILEHHUS Ha
TpU TPYNIBL: 3JIEKTPOMATHUTHBIC, >KUIKOCTHBIE W YIIPYTHE.
ITocnenHue, Kak MOXHO JOTajaTbCs U3 Ha3BaHUSA, NPUCYILH
yOpyruMm (TBEpAbIM) cpeiaM, MO3TOMY MX WHOTJAa Ha3bIBAIOT
MEXaHUYECKUMH.

[IpononbHBIE BOJIHBI BO3HUKAKOT TOTJA, KOI/A YaCTHIIBI
cpelnpl  KOJeONMIoTCsA,  OpUEHTHPYSICh  BAOJIL  BEKTOpa
pacnpocTpaHeHus BO3MyLleHusA. [IpuMepoM MOXKET CIIyKUTh
yiap 1O TOpLY METAIUIMYECKOTO CTEpPXKHSA  IUIOTHBIM
MaCCHUBHBIM IIPEAMETOM. ITonepeunsie BOJIHBI
pacIpoCTpaHsIOTCs B NEPHEHIUKYIIIPHOM BEKTOPY
BO3JICHCTBUS HAIPaBJIECHUU. 3aKOHOMEPHBIM BOIIPOC: «IIOYEMY
K€ B rasax M KUIKAX CpeJax MOIryT BO3HHMKATh TOJIBKO
IpOAOJIbHbEIE BOJIHBI»? OOBACHEHHE NMPOCTOE: MPUYMHA 3TOrO
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3aKJIFOYAEeTCd B TOM, YTO YaCTHUIBI, COCTABIIAIOIINE JaHHEIC
Cpenpl, MOTYT CBOOOJHO IMEpeMelaThCs, TaK KaK JKECTKO He
3a(UKCHPOBAHBI, B OTJIMYUE OT TBEP/bIX TeJ. COOTBETCTBEHHO,
MomNepeyYHble  KoieOaHWs TMPUHIMIHAIBHO  HEBO3MOJKHBI.
BelmeckazanHoe MOXHO C(HOpPMYIHpPOBAaTH HEMHOTO HHAYE:
ecmu B cpene nedopmanus, BbI3BaHHAS BO3MYIICHHEM,
MPOSIBJISIETCS. B BUJIE CIBUTA, PACTSKEHUS U CXKATUSI, TO PEYb
UaET O TBEPAOM Tejie, Ui KOTOPOro BO3MOXKHBI Kak
MPOJIOJIbHBIC, TaK W TONepeuyHbie BOJHBI (puc. 7). Ecim xe
MOSIBJICHWE CJBUTAa HEBO3MOXKHO, TO Cpeda MOXKET ObITh
JIF000IA.

Oco0brit HMHTEPEC MPEJCTaBIISIIOT MIPOJIOJIbHBIC
anekTpomarHuTHele  BoiHbl  (II9B). Xota Teopernuecku
HAYEro HE MeIIaeT BO3HMKHOBEHHIO TaKUX KOJIEOaHUM,
opurmanbHas Hayka OTPHIIAaeT WX CYOICCTBOBAHHE B
ecTecTBeHHOU cpeze. [Ipuunna, kak Bcerna ObIBaeT, MpocTa:
COBpPEMEHHAsl JJIEKTPOJMHAMUKA HMCXOAMUT W3 MPUHLUIIA, YTO
9IEKTPOMArHUTHBIE BOJTHBI MOTYT OBITH TOJBKO MOMEPEUHBIMH.

Hanpasnexue HanpaeneHue
pacnpocTpaHeHus PacnpocTpaHeHus
BONHBI BOMHb!
gt > 2
VYO ~ Ty —~ da
VY ROV YT 2 N\
! . | 4 /! \
Vi e K/ 3
Hanpaanexue
cme&aenun Hanpaeneue
acTUL cpeas: cMeLeHus
vacTMy cpeas!
1. MponontHbie BonHbI 2. MonepeyHble BONHLI
Puc. 7

Otka3 oT mofg0OHOr0 MHPOBO33PEHUsI MOBJIEUET 3a COOOM
HEOOXO/MMOCTh  IepecMoTpa MHOTUX  (DyHIaMEHTAJIbHBIX
yoexnenuii. HecMoTps Ha 3TO, CyIIECTBYeT MHOIO
nyOonuKanuil  pe3yslbTaTOB  SKCIEPHUMEHTOB, IPAKTUYECKU
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JOKa3blBarOIMX  cymiectBoBanue [I9B, 4To KOCBEHHO
O3HayaeT OOHapyXeHHE el OJHOTO COCTOSHUS MaTepuu, IpU
KOTOPOM, COOCTBEHHO, BO3MOXKHa TIeHepalysl JaHHOIO THIa
BOJIH.

IIpy  CTOJNKHOBEHMM  DBJIEKTPOHOB U IO3UTPOHOB
IIPOUCXOJUT UX AHHUTWIISLMS U BBIIEJICHUE SHEPIrUU B MHOM
BUJEC — B BHUAE NPOJAOJBHBIX BOJH (TUHEP3BYK, (OHOHBI,
IIPOJIOJIbHO-BOJIHOBBIE COJIMTOHBI) M B BUAE KBaHTOB OM
U3Iy4eHus, uiau (GoToHOB. POHOHBI UMEIOT TAKUE MAapaMeTphl,
KaK JUINTENBHOCTh W 4acTOTY CJIENOBaHUA. AHAJIOIMYHO K€ U
¢oronbl. JlnurenbHOCTh  (QOHOHA  (IPOJIOJILHOBOJIHOBOIO
COJIMTOHA) 3aBHCUT OT SHEPIUU YCKOPEHHOTO 3JIEKTpOHA U
no3utpoHa. [IpM aHHUTWIAIUU  DIIEKTPOHHO-TIO3UTPOHHOM
napbl BBICOKOM PHEPrUM HM3Jy4aeTcsl raMma KBaHT + THUIep-
(oHOH (B IMara3oHe yIbTPa3ByKa).

doto 1

O1oT 3(PPeKT aHHUTUISAIMU XOPOIIO BUIEH BO BpeMs
TOpHA/0, Kak mMokazaHo Ha ¢oto 1. Kak mpaBuio, BCHBIIIKA
MOJIHUM € TpPOSBIEHUEM DIEKTPUYECKOrO paspsaa H
cBeueHHEeM ((OTOHBI) BCerga CONPOBOXKAAETCS TPOMOM
(mposiBnenne ¢GoHOHOB). CHapyXu TOPHAAO MPOSBISAETCS
MpUPO/Aa DJIEKTPOHOB, a BHYTPHM — IO3UTPOHOB. B Takom
Cllyyae CTAaHOBMTCS SICHO, IOYEMY BHYTPH TOPHA/I0 XOJIOIHO, U
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BBINANAIOT OCaJAKU B BHUAE KyckoB Jbna. Iloxoxke, dytO
HO3UTPOHBI YCTPEMIIAIOTCS B BUXpE B LEHTP
(ueHTpocTpeMHTENbHAs CHUJIa), a DJJIEKTPOHbI — HAPYXKY
(eHTpOoOeKHAas).

Taxke OCOOCHHO MOKa3aTeIbHBIM B 3TOM OTHOLICHUH
SIBJISIETCS. AaHHUTWIISLINAS YacTHL] (WJIM pOXKJIEHUS Iapbl YacTHUIL),
KOrja JB€  YacTHIbl  OJAMHAKOBOM  Macchl, HO ¢C
IIPOTUBOINOJIOXKHBIMUA 3apsaMH, CTaJIKUBAIOTCI, U HX Macca
IIPEBpPALIACTCd B OJHEPrUI0 3JIEKTPOMATHUTHOIO W3JIYy4YCHHUS.
WHbIMM cnoBaMM, B COOTBETCTBUU C 3aKOHOM COXPaHCHMS
SHEPruu B3aUMOJACHUCTBYIOIIMX YacTHL], SHEPIUs Iepela B
TAKO€ KOJIMYECTBO HHEPIUM 3JIEKTPOMArHUTHOIO HU3IIy4YECHMS,
KOTOpOE€ MMEET MacCy, paBHYI0 Macce CTaJIKUBAIOLIUXCS
YaCTHIL.

[IpononpHas nossgpuzanus NO3UTPOHOB ONPENEISIETCS IPU
M3y4EeHUU OCOOCHHOCTEH MPOIIECCOB aHHUTWIALINU (HAIpuMep,
3aBUCHUMOCTH CBOMCTB aHHUTWISALIUU OT B3aUMHON OpUEHTALNH
CIMHOB IIO3UTPOHA M DJJIEKTPOHA). AHaNIM3 IPOBEAECHHBIX
ONBITOB TPUBOJUT K 3aKJIIOYEHHUIO, YTO DJEKTPOHBI U
NO3UTPOHBI P-pacnaza MMET NPOIOJIBHYIO MOJISIPU3ALHUIO.
ONEeKTpPOH, Kak M MO3UTPOH, COCTOUT M3 JABYX CIHpayen
(oHeprernyeckux moTokoB). OpHa chnupaib — Majuoro
IUameTpa, BTOpas chnupaib — OojbIIoro auamerpa. Mamas
CIUPAJb SBJISETCS MPOJOJKEHHEM OOJIBIION CIUpPAU, TOHKAas
COUpajdb  HaxoauTcss  BHyTpu  Oombmoil.  Ilpumephnoe
n300pakeHue Mmoka3aHo Ha puc. 8.

Puc. 8
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[103UTPOH U 3IEKTPOH OTIMYAIOTCS MEXAY COOOH TOJIBKO
HalpaBJICHUEM CIHPAJBHOIO IOTOKA (MpaBas WU JieBas
cnupain). BHyTpeHHsAs Manasi cnupaib, BO3MOXKHO, OTBEYAET
32 DJHEPrur0 JJEKTPUYECKOW KOMIIOHEHTBI JJIEKTpOHA U
no3uTpoHa. B 0ObBIYHOM CBOOOJHOM M HE YCKOPEHHOM
AJIEKTPOHE ATa KOMIIOHEHTA sBiisieTcs npeodnanaromeii. [lpu
IIOMEILEHUU DJIEKTPOHOB WM IO3UTPOHOB B 3JIEKTPUUYECKOE
[I0JIE TPOUCXOAUT YCKOPEHUE HBTUX YaCTUL; HMX DHEPIrUs
nepepacupenensercss  BHYTPM  MEXAY  MarHUTHOM  u
IEKTPUUYECKOW KOMIIOHEHTOM TakuM o0pa3oMm, 4YTO Y
JIEKTpOHA M TO3UTPOHA TMOsBIsETCs 0Oojiee  CHIbHOE
JIEKTPOMArHUTHOE I0JI€ — II03TOMY TaKUE YCKOPEHHBIE
YaCTUILIbI yKe B3aUMO/JICHCTBYIOT c BHEIIHUM
AJIEKTPOMArHUTHBIM I1OJIEM.

CpaBHe}me XApPaKTEPUCTUK IJICKTPOHA U MMO3UTPOHA

Ceoiicmea Inekmpon Io3umpon
ITOBEJAEHME ITPU
CTOJIKHOBEHUH OTTAJIKUBAETCA IMMPUJINITAET
3AKPYYEHHOCTbH OCHU JIEBOCTOPOHHA IMPABOCTOPOHHA
TEMIIEPATYPHOE
[IPOSIBJIEHUE ITOBBIITAET TTOHWMXAET
BOJIHOBOE
[POSIBJIEHUE DOOTOH DOOHOH
YCKOPEHUE ITPU
BPAIEHNN LHEHTPOBEXXHOE HEHTPOCTPEMUTEJIbHOE
IMMPOSABJIEHUE B MOHH%SXEE)HHMM 'POM, OBbIYHBIN
ATMOC®EPE AHTHIUKIIOH TOPHAIO, IUKJIOH
IMMPOSABJIEHUE B
MATHUTHOM TIOJE B CUJIbBHOM B CJIABOM

B mpomecce wuccimenoBaHUN  CBOMCTB  DJIEKTPOHOB U
MO3UTPOHOB OBUTM PACKPBITHI Jpyrue OCOOEHHOCTH (CM.
Tabmuiyy  «CpaBHEHHME  XapaKTEPUCTHK  JJIGKTpOHA U
MO3UTPOHA»), KOTOPbIE MOKA3alli, YTO OHU MPOTHBOIOJIOKHBI
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HE TOJIBKO I10 3HAaKy, HO W 10 ApyruM napamerpam. [Ipumep c
TOpPHA0 YOEAUTENbHO MOKA3bIBAET 3TU IPOTUBOIOIO0KHOCTH.

B cnenyrommx rmaBax OygeT pacKkpbiTa BaKHOCTh
npeoOpa30BaHus NMPOJOIbHBIX U MONEPEYHbIX BOJIH, 0COOEHHO
IPOJOJIBHONW, T.K. UMEHHO ¢ €€ MnpeoOpa3oBaHHMEM MHOIME
n3zo0perarenu HaOMIOJATM TPOSBICHUS HEOOBIKHOBEHHBIX
CBOWCTB 3JIEKTpUYECTBA. ABTOpP IIOCTENEHHO pPacKpbhIBAET
3HaYMMOCTh B MPHPOJIE AJIEKTPOHOB M MO3UTPOHOB JJISi TOTO,
YToObl IPU  H3TOTOBJIEHHMM TI'EHEPaTOpPOB  HaNpsOHKEHUS
MaKCHUMaJbHO YYUTHIBAIUCh 3TU 3HaHUA. B sToM ciydae
KOHCTpPYKIUHU OyayT pabotats ¢ BeicokuM KIIJ] (koaddunment
HOJIE3HOTO JACHCTBUS).

[lepen TeM, Kak NOJONTH K OOBSCHEHUIO PEOOPa30OBaAHMS
IIPOJIOJIHBIX BOJH B T€HEpATOpax HaNpsHKeHUs, CHavaia OyayT
paccMOTpEeHBl pa3IMYHbIE METOJIbl HAKOIUIGHHWS M ChEMa
ANEKTPUUECKUX 3apsiioB. OHU OCHOBAHBI HE TOJIBKO HA JIMYHBIX
UCCIIIOBAaHMUSAX aBTOPA, HO U Ha MpUMepe paboT 3HAMEHUTHIX
u3zoOperaTeneil B 3TOi 001acTu.

Crioco6bl 3G (EKTUBHOTO HAKOIUIEHHS U yIpaBJICHUS
NIEKTPUUECKUMHU 3apsAAaMu CIeyIOIIue:

1. [lpumeHeHHE UMITYJIBCHOM TEXHOJIOTUY;

2. Hcnonp3oBaHue pe3oHaHCA B TIOCIEIOBATEIHHOM H

napajieIbHOM KOHTYpax CBSI3H,

3. Hcnonp3oBaHue peakTHBHOMN SHEPTHUH,

4. Vcnonp30BaHME pa3elIeHUs dJICKTPOMAarHUTHBIX MOJICH
MEXy KOHTYpaMHU CBSI3M B KOHCTPYKIHSX FeHepaTopa
HaINpsOKSHUS;

5. Hcnonb3oBaHue KOHTYPOB CBSI3H, KOTOpbIe OOpa3yroT
pasHble TUIOTHOCTH BBICOKOTO M HHU3KOTO JaBJICHHS B
OKpY’KaloIIeM IPOCTPAHCTBE;
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6. Vcnonp3oBaHME ACCUMETPHUHBIX TpaHC(HOPMATOPOB
CBSI3U.

ABTOp BBIIENWI Hauboyiee UHTEPECHBIE HJEH, KOTOpbIE
ObUIM HEOJHOKPaTHO IPOBEPEHbl Ha IPAKTUKE MHOIMMHU
UCCIEeOBaTesIMU B O0JACTH YNPABICHUS 3JIEKTPHUUECKUX
3aps/ioB JUISl TOJy4YeHUs OOJIBIIMX MOIIHOCTEH Ha BBIXOC
ANEKTPOTEXHUYECKOTO U3/1EIHs (TEHEPATOPOB HAMPSKEHHUS ).
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I'JIABA 6. Umnynscrhas mexuonozusn

VmnynbcHas TEXHOJOTHs, IMOXKaIyH, 3aHUMaeT IO IpaBy
nepBoe Mecto B cnucke. He 3ps Hukona Tecna nocsitun stoit
TEMe MOYTH BCIO CBOIO XKM3Hb. HemMHOro mcropum o pabortax
Hukoner Tecabl B 3TOH 00JaCTH OCBEXHUT HaMSITh, T.K. DTO
HEOOXOMMO Ui JAbHEHIIEr0 PAcCKPHITHS BaKHOW pPOJIH
UMIYJIbCHOW TEXHOJIOTMH B KOHCTPYUPOBAHUHU IEKTPUUYECKUX
npubopoB. Taxxke OyayT omucaHbl Mepbl 0€30MaCHOCTH IpU
paboTe C HMIYJbCHBIMH TEHEpaTOpaMy HaNpsKeHUs, T.K.
HEKOTOpbIe KOHCTPYKIIMU OYEHb OMACHBI JUIS JKU3HU JIIOJCH U
KHUBOTHBIX. He 3Hasg 53TUX MpPeaoCTOPOKHOCTEH, UEIOBEK
IIOJIBEPIaeT OMACHOCTH BCE KUBOE.

Hecmortps Ha To, uro Tecna caenan 3To oTkpeiTHe B 1889
., TIpeABAPUTEIbHBIN 0030p dddexra ObLT OMyOIMKOBAH
TOJIBKO TIOCJ€ MPOJOJDKUTEIBbHOM CepUM HKCHEPHUMEHTOB.
"PaccessHue jeKTpuuecTBa' CTAJl0 IOBOPOTHOM CTaThEN
Tecnsl. IMEHHO ¢ 3TOro MOMEHTa OH IOJIHOCTBIO 3a0pocuil
UCCIIEJOBAHMSI TIEPEMEHHBIX TOKOB  BBICOKOM  YacCTOTHI.
[TomHOCTBIO OTOMASL OT HccienoBaHMs nois, Tecia Havan
ONMCHIBATh yapHbIE BOJIHBI U Ipyrue 3¢dekTsl uMiyibcon. C
NOMOIIbI0 yaYHOI'O 3KCIEPUMEHTAIBHOTO 000pyaA0BaHUs
Tecma OTKpPBIT HECKOIBKO (DAKTOB, KacaIOIMIMXCS 00pa30BaHUS
storo a>¢dexra. Bo-mepBrix, mpuumHa ero, 0e3 COMHEHWUS,
3aKiIrovanach B MpepbIBaHUM ToKa. VIMEHHO Ipu 3aMbIKaHUH
BBIKJIIOYATENS,, B MOMEHT €ro <«3aMblKaHHMs M pa3pblBay,
3¢ exT npopsIBaics B OKpyxaroliee mpocTpancTBo. OH ObuI
OJIHO3HAYHO TNpUBA3aH KO BPEMEHM UIMTEIBLHOCTU HMMITYJIbCA.
OH oOHapyXui, 4YTO PEe3KO «3apsuKEHHBIE» IMPOBOAA B €ro
9KCIIEPUMEHTAX MPOU3BOJAIT CTPAaHHbIE ra3000pa3HbIE MOTOKH.
B nanpHeiimem, mpoBeAs UCCIEIOBaHUS C KaTyIIKaMUd 0CO00M
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KOHCTPYKLMH, OH TMOJy4aJl Ha KOHIAX OJTOW KaTYyUIKU
SHEpreTHYecKue BCIOJIOXU cepebdpucro-OenoBoro 1Bera. B
JaJbHEUIIEeM 3T KOHCTPYKIMM Ha3BaJM — KaTymkol Tecna

(boto 2).

doro 2

Pesynbrar cepum skcrnepuMeHTOB nopoaua y Tecibl
HOBYIO KoHIeniuioo. OH, KOHEYHO, OOHApYXWI, 4YTO OBLIO
MPUYACTHO K €r0 TAWHCTBEHHOMY 3P EKTy YAApHOIO IO —
3TO OBUIO PaJUMaHTHOE 3JIEKTpHUUYecTBO. Tecna jkemain, yTOOBI
€ro OTKPBITUSMHU IOJB30BAINCH BO BCEM MHpe. PanmanTHOE
JIEKTPUYECTBO ~ HMMEJIO  OCOOCHHBIE  XapaKTEpUCTHKH,
HEU3BECTHbIE MHUPOBON Hayke. Pabortas ¢ mnpocTeiM, HO
MOIIIHBIM BOIUJIOLIEHUEM CBOEro amnmnapara, Teciaa oOHapy»Kui,
YTO PaJMAHTHOE JIEKTPHUUECTBO MOXKET MPOU3BOIUTH MOIIHBIE
anekTpuyeckue 3PQPeKTsl Ha paccTOSIHUM. OTU AP(PEKThl He
OB YepEeAYIOIMMUMHUCS, HE OBLUTH OOBIYHBIMHU TIOTEPECUYHBIMHU
BOJIHAMH. OTO OBUIM MPOAOJIbHBIE BOJIHBL, COCTOSIIME U3
MIOCJIEOBATENbHBIX yAapHBIX BOJNH. lIpoxoxneHue kaxaou
YIApHON BOJHBI C TOCIEAYIOIIEW KOPOTKOW HEUTPAIbHOMN
30HOM MOPOXKAATIO PaJUAHTHOE T10JI€. BEKTOpHBIE KOMIIOHEHTHI
9TUX YyIapHbIX BOJH OBUIM BCErja OJHOHANPABICHHBIMHU.
[IpeprwiBHUCTHIC yIapHbIE  BOJIHBI OBLTH CITOCOOHBI
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BO3/ICHCTBOBaTh HA 3apsiibl B HAIPaBICHUU  CBOETO
pacrpocTpaHeHusi. OTo Oblla HOBasl d3JEKTpPUUYECKas Cuia.
Tecna cuibHee, yeM Korjga Obl TO HHU ObUIO, TMOHSJI, YTO
HAXOJUTCS HAa HEU3y4eHHOU Tepputropuu. ToT (akT, 4TO 3TH
paZMaHTHBIE CHJIBI PAaCIPOCTPAHSINCH MOAOOHO Jy4aM CBETa,
OTJIMYAJIO UX OT 3JIEKTPOMAarHUTHBIX BOJIH Makcsema. Pabora
BEJIMKOTO HEMEIKOTO (pH3MKa CTajla OTPOMHBIM CTUMYIIOM ISt
COBPEMEHHBIX HCCIIEIOBAHUN 3JIEKTPUYECTBA, HO OHA TaKXKeE
CWJIBHO Tapajiv30Bajla YMbl Y4Y€HBIX, a IOTOMY Melana
HE3aBUCUMOMY HccaefoBaHuio. Kaxaoe HOBOE OTKpBITOE
SBJICHHE BrOHSJIOCh B PaMKHU T€OPHUH, a IOTOMY, OYE€Hb YaCTO,
npasja Oecco3HaTenbHO UCKaxanach. O4eBUIHO, uTO Tecna He
ObL11 cornaceH ¢ paboramu ['enbMronsua, I'epiia 1 Makceemia.
Jns Tex yurarenei, KTo He 3HAaKOM C 3aCiyraMy 3TUX TOCIOJ,
HaroMHIO, 4to ['epman ¢on ['enpmronbr; paboranm Hax
HMCTOKaMU TOr0, 4YTO celvac Ha3biBaloT IlepBbIM 3aKOHOM
TEPMOJMHAMUKH, U KOTOPBIM YTBEPIKIAET, YTO SHEPTUS MOXKET
HEepeXOoAUTh U3 OJHON (OPMBI B JAPYr'yl0, HO HE MOXET OBbITh
HU CO3/l1aHa, HU YHMUYTOXeHa. YpaBHeHus Jlxelimca Knepka-
Makcsemna ABIIAIOTCA ¢byHIaMEeHTOM COBPEMEHHOMU
3JIEKTPOMarHUTHOM TEOpHH, a npeJnoiaraeMoe
MOATBEpKJeHNEe paboT MakcBemna, caenanHoe ['eHpuxom
['epuem, cuuTalloch HACTOJNBKO BaXKHBIM, YTO B €ro 4YecTb
Ha3BallM €IMHMILY M3MepeHus yactoTel. Ho, Kak Mbl BUAMM,
Tecna oTMEN UX TPyHAbl KaK HE OTBEYAIOIIME MOJyYEHHBIM UM
caMuUM pe3yibTaraMm. JlpyrumMu cioBaMu, €ClId Mbl XOTHUM
NIOCJIEA0BATh BCJIEN 3a HUM U N3Yy4aTh CBOMCTBA OKPYKAIOILErO
HacC TMPOCTPAHCTBA, MbI JOJDKHBI 3a0bITh 00 wHOesIX U
OTpaHUYEHUSIX, YCTaHOBJIEHHBIX NIEPBBIM 3aKOHOM
TEPMOJMHAMUKA ¥ ypaBHeHHsIMH MakcBemna. Mer Oyaem
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paboTtaTh 3a mpeAenaMu TpaHMIl ACHCTBHUS STUX MHpPaBHI U
JBUTATbCS B @0COJIIOTHO MHOE LIaPCTBO HAYKH.

B nononnenue xo Bcemy, Tecia OTKpbUI YAMBUTEIBHOE
SIBJICHUE, KOTOPOE PA3pelIMI0 BCE COMHEHHs KacaTellbHO
IIPpUPOJBI IEPEHOCYMKOB JSHEPIMM B €ro amnmapare. Tecna
yCTaHOBUJI oO4eHb Tsokényto U-o0pa3Hyro MEAHYIO NIMHY,
MOJICOCIMHUB 00€ €€ HOTM HETOCPEACTBEHHO K pa3psIHUKY.
Mexny wHor U-00pa3Hoii MmUHBI OBUIM  PaCHONIOKEHBI
HECKOJIbKO  JIaMn ~ HakanuBaHus. WX  pacnosioxeHue
00pa30BBIBATI0O KOPOTKO3aMKHYTYIO Iemb. Jlammbl CBETHIIHCH
CBEPKAIOIINM XOJOJHBIM O€JIbIM CBETOM, B TO BpeMs KaK caMu
ObUIM 3aKOPOYEHBI TOJCTBIM MEIHBIM IIYHTOM (pHc. 9). OTO
OBUIO HEXapaKTEepPHO ISl OOBIYHOTO DJIEKTPUYECTBA; SPKO
CBETAILLMECA, HO NPHU ITOM XOJOJHBIE JaMIbl IOKA3aJId, YTO
yepe3 «KOPOTKO3aMKHYTYIO» Ielb MpoOeraer Ipyroil BuUA
JHEPTHH.

Puc. 9
HaGmromaBiine 3TOT SKCHEPUMEHT JIFOAM OKUIATH, YTO

IIPY €0 BBIITOJIHEHUM 1IENb IPEPHIBATENS, @ TO U CaMO JUHAMO,
cropat. Bwmecto »3Ttoro, oHu yBugenun uygo. Jlammsl
3aCBETUJINCh C HEOOBIKHOBEHHOH SpPKOCThIO. DTa MpocTas
JeMOHCTpanus ObUIa JIMIIb JOKAa3aTeIbCTBOM IIPABOTHI TEOPUI
Tecnpl. OneKTpOHHBIE 3apspl NPEINOYUTAIOT KOHTYp C
MEHBIIUM COINPOTHBIEHUEM, M JODKHBI OrHOATh JIaMIIBI
HaKaJIMBaHUSA 110 MEJHOMY LIYHTY. PaavaHTHBIN K€ TOK B 9TOU
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CUTyallul  Mpeanodé€n  MPOTHUBOMOJOXKHBIA  MPUHIIMIL.
BeposatHo, Tak oHO u ObUIO, Beab TOKM He ObulK
JNEKTPUYECKUMHU  (dJIEKTPOHHBIMHM).  Tecia  MOCTOSIHHO
UCIONB30BA 3Ty  JEMOHCTpalMio, 4YTOOBl  MOKa3aTh
«pa3zielieHne» TOKOB JJEKTPOHHBIX OT TOKOB HEUTpPaJIbHBIX
(MO3UTPOHHBIX). ITO OBUIO CBHIETEIBCTBOM TOTO, YTO
IIEKTPUYECKUE paspsabl ONpeENIEHHO COCTOSUIH
OJTHOBPEMEHHO M3 HECKOJBKHX MOJBI)KHBIX dacTull. Ilo Tomy
BPEMEHH HE OBLJIO TEPMHUHOJIOTUI pa3HOMMEHHBIX 3aPsKEHHBIX
yacTull, T.K. Tecna ux oOHapy>KUJl OMBITHBIM IyTeM M Ha3Bal
M0-CBOEMY — paJMaHTHOE 3JeKTpudecTBO. U3 mccrnenoBanuii
H. Tecna oOHapyuBaeM Takue TEPMHHBI KaK «IIPOJOJIbHBIC
BOJIHB» M «pa3JieJIeHHE  DJIEKTPUUYECKUX  3apsiioBy.
W3menenneM HampsoKeHHsT H - JUTUTEIBHOCTH — HMMITYJIBCOB
tpancopmaropa Tecma MOXHO ITMOO HarpeBaTb KOMHATY,
6o oxyaxnaath e€. [Ipu sTom Oojee KOPOTKHE HMITYJbCHI
HOPOX/aIM TEUEHUs, HAMOJHABIINE KOMHATY IMpPOXJIaJHBIMU
HOTOKaMHM (XOJIOZl OTHOCUTCSI K CBOMCTBY IO3UTPOHHOM
sHeprun). O TOM, 4YTO paJAMaHTHOE U3IydyeHUe 00J1aaaIo
CBOWCTBaMH, KOTOPBIX OOBIYHBIE norepeyHble
JJIEKTPOMAarHUTHbIE KOJeOaHUsI HE UMEIOT, CBUIETEIhCTBOBA
uensiii psia dakroB. CremyeT 0cob0 MOTYEPKHYTh, YTO HU
tpanchopmatop Tecna He ObUT OOBIYHBIM JIEKTPOMArHUTHBIM
ycrpoiictBoM.  TpaHcopmanusi  HampsokeHHUST B HEM
IIPOMCXOAWIIA UHAYE, YEM JUIS JIEKTPOMArHUTHOM SHepruu. B
KaTymkax TpaHcopmaropa Tecna, kak ¥ B IIYHTHPOBAHHOU
LEMOYKe JaMmIl HaKaJIUBaHUS, Ha0J1r01a710Ch
«(ppakMOHUPOBAaHHE»  TIOTOKAa  DHEPTUU: 3JIEKTPOHBI
JBUTAINCh TPEUMYIIECTBEHHO 4Yepe3 UIYHT (MeHbliee
COTIPOTUBIIEHUE), & «PAJUAHTHBI» TOTOK JHEPTrUU — Yepes
nammbl  (HauOoJbIlIee COMPOTHBIICHHUE). PaguaHTHBIN MOTOK
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SHEPruu He OBbUT 3JIEKTPOMArHUTHBIM, MOCKOJbKY OH ObLI
HEUTpAJIbHBIM IO OTHOLIEHHUIO K 3apsJaM MU MAarHUTHOMY
nomo, kak mnomuepkuBan cam H. Tecma. W onsath
MOATBEPKJICHUE, KOTOPOE 03BYUMJ M YCTAaHOBWJI B IIpoliecce
CBOUX HCCJeI0BaHMM paananTHou suepruu [xon benunu. On
ropopuil: «Tam rae mosBIsAIOCH CUIIBHOE MarHUTHOE ToJie —
CBOMCTBA PaJIMAaHTHOM DHEPIUMU HCUE3AIION.

Taxxe paccmarpuBasi paboty karymku Tecna, U3BECTHBIN
nzobperatensy Jlxon bemunHu ykazan, YTO OSHeprus u3s
OKPY’KaloILIEr0 MPOCTPAHCTBA BXOAUT B KaTyIIKy, a He
HCXOJUT U3 HEE, UTO TOBOPUT O COBEPIIECHHO APYrou MPUpPOIE
ANEKTPUYECTBA M0 OTHOLICHUIO K OOUICTPUHSATHIM JOTMaTaM.
Ecot Obl  2T0 OBLI  OOBIKHOBEHHBIN  IOBBIIIAFOLINIA
TpaHchopmarop, pabOTAIOUIN HA SIEKTPOHHOW SHEPTHH, TO
He ObUTO OBl Takoro 3¢ ¢eKTa B BUIE BCIIOJIOXOB OENoro 1Bera
OKOJIO KaTymiku (cM. ¢oto 2, katymika Tecrna).

Jlns mpumepa, aBTOpoM Oblla TPOBEpPEeHa JaHHAs
TUIIOTE3a, M DSKCHEPUMEHT MOATBEPAWI OTIMYHME IPUPOJIbI
JJIEKTPOHHOW WM TO3UTPOHHOM dHepruu. B kaudectse
WHIUKaTOpa OBLIM HCIIONB30BaHBI KOJOBI OT TIJIa3MEHHOTO
mapa, KyAa OBUIM TOJKIIOYEHBl pa3Hble KOHCTPYKIIHH
TE€HEPATOPOB HAMPSIKEHHUS.

b B

®oro 3
CBolicTBa AJEKTPUUECKUX 3apSAJ0B C HCIOJIb30BAHUEM
IJIa3MEHHOTO Iapa TokaszaHel Ha ¢oro 3. B omHom mape
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HCIIOJIb30BaICS MOBBILIAOIIHHA Tpancpopmarop Ha
dbeppuroBoMm cepaeunuke tuma TBC (poro 3A), a Ha apyrom
BO3NYIIHBIA — cxema kadepa bposuna (dporo 3b m 3B). Ha
¢doto 3A MBI BUAUM, KaK SJIEKTPOHHBIC YACTHIIBI PA3JIETAIOTCS
B pa3HbIE CTOPOHBI, HA OCTAIBHBIX (OTO, HAOOOPOT, CTPEMSTCS
K IIEHTPY, U CTYCTOK SHEPIHH UMEET cepeOpucTo-Oelblii IBET.
B naHHOM »SKCIEpUMEHTE TMPOCIECKUBACTCS AHANOTUSA C
onbiTaMu H. Tecnapl — mONydMioCh BU3YaIM3UPOBATH 3TOT
OpOLEecC M CO3JaTh OJJIEKTPOHHBIA MpubOp (MHIUKATOP),
KOTOPBI JIOKa3bIBa€T, 4YTO B CBOWCTBaX JIJIEKTPUYECTBA
coBepIaloT padOTy [BE MPOTHUBOIOJIOXKHBIE IO <«3HAKY»
yacTulbl. Pe3ynbpTar roBopuT cam 3a ceOsi U MOATBEp)KIaeT
CBE/ICHUS, YKa3aHHbIE B TaOJMIE CBOWCTB DJEKTPOHA U
MO3UTPOHA, O TOM, YTO MO3UTPOH CTPEMHUTCS K IEHTPY, a
AJIEKTPOH HA00OPOT (LIEHTPOCTPEMHUTEIHHOE M LIEHTPOOEIKHOE
CBOMCTBO).

Kaxnplif 13 ncciegoBateneil moJo0O0HBIX TEM caM MOXET B
9TOM yOeauThes. Jiast 3Toro B Mara3uHe HEOOXOJUMO KYIHTh
IUTa3MEHHBIN map. B 3aBOICKOM HUCTIOTHEHUU MBI YBUIUM, KaK
YaCTUIIbl Pa3JIeTAlOTCS B Pa3HbIE CTOPOHBI. JTO INPOSBICHHE
JIEKTPOHHOW 3HEpruu. 3aTeM HEeOOXOJUMO BCKPBITh KOPOOKY
IUTa3MEHHOTO Imapa, yOpaTb OTTyna IUIaTy CO CXEeMOi, W B
IEHTP TUTa3MEHHOTO IIapa MOMECTUTh KOHCTPYKIIUIO 10 CXeMe
kauepa bposuna (puc. 10).
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OYeHb MHTEPECHAA CXEMA C HEODBACHUMbBIMU 3hdeKTamn

KAYEP P

220 But. - 0,5 MM

+U 128

P

==
0.1x400v

400 HM - 6mm
cepaeuHIK

Dr1

SC5200

Dr1 oT ¢eTesoro umn. 610K3 MMTaHAA TRNEBN30Pa

Puc. 10

[Tocne storo BeIxOAHOW KOHTYp B Buae crupainu L (5-6
BUTKOB IpOoBOJa | MM) MOMECTUTh B ILIEHTP KOJOBI WIapa.
[IpaBunbHO coOpaHHOM cxeme oTiiaaka He Tpedyetcs (poto 4).
L2 nHamoTaHa Ha Kpyrubli kapkac auamerpoM 20 MM u
conepxkut 220 BUTKOB MeaHoro nposozaa ceueHueM 0,5 mm. C
TOpLIa JaHHOM KOHCTPYKLMHU, moBepX L2, HamoTaH MHIYKTOp
L1. Paccrossnue mexay AByMsl KaTymkamu npuMepHo 10 mw.
Wunykrop L1 comepxut 8 BUTKOB MeIHOW TpYOKHU (IuaMeTp
TpyOkn 2 wMM). HanpsbkeHue OT HMCTOYHMKA UTAHUS
MOJKJIIOYEHO Ha BTOPOM BUTOK OT TOpLA KOHCTPYKIMH.
Crnenyer oOpaTuTh BHUMaHME€ Ha TO, YTO HalpaBJeHUE
oomMorok L1 wm L2 orHocuTenmpHO  sApyr  jApyra
npotuBonoioxHo. Ecimu L2 moraTh OoT Kpas Kapkaca IO
yacoBoil crpenke, To L1 — mnpoTtuB yacoBoil cTpenku. ITo
OYeHb BaXHO. B TNpPOTUBHOM cilydae KOHCTPYKIUS HE
3apaboraer. B meHTpe kapkaca mnomemaercs (eppUTOBBIA
CTepKEHb ¢ MarHuTHOM nponuraeMocteio 400 HH, Tonmuuon
6 MM.
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doro 4

Tenepp  MOHATHO, TMOYEeMY HMEHHO  HUMITYJIbCHOM
TEXHOJIOTHH MPAKTHYECKU BCE UCCIIEOBATENIN U U300peTaTenu
orBojuiu  Oombmie  Bcero  BpemeHu. OHa  sBisieTcs
MPAPOIUTEIEM IIOYTH BCEX IMPOLECCOB B KOHCTPYKIIHSIX
T€HEPATOPOB JHEPIUU, KOTOPBIE IMOTOM, C MOMOIIBI APYTUX
OpUTrHHaJIbHBIX CXEMHBIX pemeHHﬁ, KOHBCPTHPOBAJIN
BBIJICTICHHYIO JHEPTUI0 U3 OKPYKAIOIIEr0 IPOCTPAHCTBA B
MOJIE3HYIO MOIITHOCTb WJIM aKTUBHYIO SHEPTHUIO.

B  ummynbcHOW — TeXHONOTMM  HE  00s3aTENbHO
UCIIONb30BaTh KaTymku Tecna wnm kauep bposuna. Ectb
MHOTO JIPYTHX CXEMHBIX PEIIeHUH, HO SICHO OJHO: HEOOXOIMMO
HCIIOJIB30BAaTh B KOHCTPYKIMHN MOIITHBIC KOPOTKHUE UMITYJIbCHI.

B mnpouecce uccnenoBanuii paboThl Karyiiek Teciaa u
kauepa bpoBuHa OBLIO 3aMEUYEHO, YTO JIAHHBIC KOHCTPYKIIAU
00pa3yloT BOKpPYr ce0s CHIIBHOE W3Iy4eHHE, KOTOpOoe B
OOJIBIIIOM KOJIMYECTBE MOXET HABPEAUTH 3I0POBBIO, 0COOEHHO
KOTJla MCCIE0BaTENb KENAeT MOTYYUTh OONBIINE MOIIHOCTU
OT DJTOH KOHCTPYKIIMU. Bo Bpems MpOBEpOK MOSBISUINCH
TOJIOBHBIE 0OJHM, TOIIHOTAa © OBbICTpas yTOMIISIEMOCTb.
Heb6e3omacHo paboTaTh ¢ OYeHb BBICOKMMHU MOTEHIIMATIAMH
BOIN3HU J'IIO}IGI71 N JKHUBOTHBIX, HC HMCA MPCACTABIICHHA, C
KakuMHA (U3HYECKUMHU  SIBJICHUSIMH COBepIiaercs paboTa.
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ITosTOMy naHHbBIE KOHCTPYKLIMH JOJKHBI 3KCILTyaTUPOBAaThCS
BJAJIM OT JIIOJIEH U JKUBOTHBIX, M JJI TOTO, 4TOOBI M30eXkaThb
po0JIeM CO 3JI0POBbEM, CIEAYET paboTaTh ¢ KOHCTPYKLMAMU
MaJIOM U CPETHEN MOIIHOCTH.

Kak yxe ObLJIO YNOMSIHYTO, €CThb M Jpyrue HE MEHee
UHTEPECHbIE  CHOCOOBI  HAKOIUICHWS W YIPABJICHUSA
AJIEKTPUUYECKUMH 3apsAJaMH TPU UCIIOIBb30BaHUU UMITYJIbCHOU
TEeXHOJIOTUH. DPPeKT paboThl NAaHHBIX KOHCTPYKIMHA OYEHb
BBICOKUH, U OHM aOCOJIOTHO O€3BpelHBl /ISl OKPYKAIOIIEro
mupa. X MOXXHO NPUYHMCIUTh K MHUPHBIM M O€30MacHBIM
TEXHOJIOTUSIM.
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I'JIABA 7. Hcnonv3oseanue pe3onanca 8 nocie008ameibHom
U napanienbHoOM KOHmypax

O pe3oHaHce, Kak IOCIEAOBATEIbHOM, TaK U
[apajuleJIbHOM, HalMCaHO MHOIO JIMTEpaTypbl, HO €CThb
OCOOEHHOCTH HCHOJb30BaHUSl PE30HAHCHBIX KOHTYPOB B
KOHCTPYKLUSAX, TJ€ HeoOXOOUMO MpPaBUIbHO YIPABIATH
JIEKTpUYECKUMU 3apsiiaMu. HenocTaroyHo 3HaTh, 4TO Takoe
pPE30HAHCHBIN KOHTYp. HyXHO mOHMMAaTh, rie B KOHCTPYKIIMH
M KakoOl KOHTYp IPaBWJIBHO HCIIOJIB30BaTh. ABTOpP XOYET
OTMETHTh, YTO HET HHU OJHOro u300peTeHuss B 00JacTu
IeHEpPaTOPOB SHEPrUH, I7le He NMPUMEHSINCh Obl PE30HAHCHBIE
cucteMbl. OHM SBJIFIOTCS HEOTHEMJIEMOW 4YacTblO BCEX
KOHCTpykuui. Tak B 4éM ke UX NpeJHa3HAYEHHE, U M0YEMY
TaK BaKHO XOpOILIO ITOHMMATh CBOICTBa pe3oHaHca? HemHoro
BCIIOMHMM CBOICTBa NapajuleJbHBIX U TOCIEI0BATEIbHBIX
KOHTYPOB.

Konebamenonwiti  xonmyp  —  3TO  OCLMIUIATOP,
NPECTaBISAIOMNNA COOON EKTPUUECKYIO 1IETb, COJEPIKALIYIO
COCAMHEHHBIE MEXIYy COOOH KaTylKy HWHAYKTUBHOCTH U
KOHJeHcaTop. B Takoil nenu MoryTt Bo30yxnaTbcsi KoneOaHus
Toka (u HampsbkeHus). KoneOarenbHbIE  KOHTYp ——
npocTeiiias  cuctemMa, B KOTOPOW MOTYT MPOMCXOAUTH
CBOOOJHBIE JJIEKTPOMAarHuTHble KoyieOaHus. Pe3zoHaHCHast
yacToTa KOHTypa OIpelessieTcsl Tak Ha3blBaeMOW (QopMysioi
TomcoHa:

1

fo= 5 7F
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Ilocneoosamenvhulil u napaiiebHulil Pe30HAHCHbIE KOHMYPbl
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F =Fgycospt
6 i

I=lgcospt Ai R

F=Fycospt

Puc. 11

Ha puc. 11 nmnokazaHa  »KBUBajJ€HTHas  cXxema
pE30HaHCHBIX KOHTYpOB. IlocnmenoBaTenbHbIN KOIeOATEIbHBIN
KOHTYp SIBJISICTCSI MPOCTEUIICH pe3oHaHCHOU (Koyie0aTebHOM)
uenpto. OH COCTOMT W3 MOCIEAO0BATENbHO MOAKIOYEHHBIX
MeXx1y co00l KaTyIIKH WHIYKTUBHOCTH U KOHJeHcaTopa. [lpu
BO3/ICWCTBUYU HAa TAKYIO II€Tlb EPEMEHHOT0 (FrapMOHUYECKOTO)
HanpsDKeHUs, Yepe3 KaTylIKy U KOHJeHcaTop OyaeT npoTeKkarhb
IIEPEMEHHBII TOK, BEJIMYMHA KOTOPOTO BBIUUCIAETCA IIO
3akoHy Oma: I = U / XZ, rne XX — cymMMa peakTHBHBIX
COINPOTHBIIEHUI MOCIEA0BATENbHO BKIOYEHHBIX KaTyUIKH U
KOHJIEHCATOpa (MCOIb3yEeTCS MOAYIb CYMMBI).

X2 =XL-XC; XL = w L, XC = l/wC, 20e w = 2xf

Ha pe3oHaHCHOI yacTOTe, KOrJa BEJIWYUHBI PEAKTUBHBIX
conportusieHuil karymku XL = oL u kongencaropa XC =
1/0wC paBHBI IO MOJYNIO, BeIMYMHA XX oOpamaercs B HOJb
(cmenoBarenbHO, COMPOTUBIIEHUE LIENM YUCTO aKTUBHOE), a TOK
B LEMNH ONPENEIATCS OTHOLIEHWEM aMIUIUTYIbl HalpsHKEHUS
reHeparopa K CONPOTHBICHHIO oMuyeckux motepb: I = U/R.
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[Ipu sTOM Ha KaTyllke M Ha KOHJEHCAaTOpEe, B KOTOPBIX
3araceHa PpEeaKkTHBHAs JJIEKTPUYECKas DHEPIus, IajacT
oaunakoBoe Hanpsbkenne UL = UC = IXL = [XC.

Ha mo0o#i npyroit 4yactore, OTIMYHONW OT PE30HAHCHOM,
HaAIPsDKEHUS Ha KaTYLIKE U KOHAEHCATOpe HEOJMHAKOBBI — OHU
ONpEACNAIOTCA aMIUIMTYAOW TOKa B LENUW W BEIMYUHAMU
Monysel peakTuBHbIX comnporusieHuit XL u XC. IToaromy
pPE30HAHC B TMOCIEAOBATEILHOM KOJIEOATEeIbHOM KOHTYpE
IIPUHATO Ha3bIBaTh PE30HAHCOM HaNpspKeHUM. Pe3oHaHCHOU
4acTOTOM KOHTypa Ha3bIBaIOT TaKyl 4YacTOTy, Ha KOTOpPOU
CONPOTHUBIIEHWE  KOHTypa  HMMEET  4YHMCTO  AKTUBHBIU
(pe3uCTUBHBIN) XapakTep. YCIOBHE pe30HaHCa — 3TO
PaBEHCTBO BEJIMYMH PEAKTUBHBIX COMNPOTHUBIIEHUN KATYILKH
UHAYKTHBHOCTH M &MKocTH. [Ipu sTOoM Habmomaercs ¢ dext
CBEpXIIPOBOJMMOCTH, T.K. PEAKTUBHBIE  CONPOTHUBIICHUS
MHAYKTUBHOCTH U €MKOCTH CKOMIIEHCHUPOBAJIM JAPYT JIpyra H,
MHA4e TOBOPs, IPEBPATWINCH» B NPOBOJHUKU C KOPOTKHM
3aMBIKAHHEM.

Jpyroii MHTEPECHOW PpE30HAHCHOW CXEMOHW SABIISECTCS
napanjenbHbli KonebaTenbHbIi KOHTYp. B HEM KOHAeHcaTop U
KaTylllka MHAYKTUBHOCTH COEIMHEHbl napajuieapHo. YTo
OPOU3OHAET, €clii K MapauleJbHOMY  KO0JIeOaTeIbHOMY
KOHTYpY NPWIOXKHUTH MEPEMEHHOE HAINpPSKEHHE pPEe30HAHCHOU
yacToThl? HampsbkeHne Ha KOHType, BO3HMKAKOIIEE 3a CYET
COOCTBEHHBIX KoJeOaHud, OyneT paBHO HaIPsHKEHHUIO,
NOJBOAMMOMY H3BHE, TaK 4YTO TOK 4Yepe3 ILenb M[ojadu
NEPEMEHHOT0 HamNpsDKeHHs NpoTekath He OyneT. MoxHO
CUNTaTh, YTO HA ITOW YACTOTE MapajlIeNIbHBIA KoJeOaTeNbHbIN
KOHTYp HuMeeT OeckoHeuHoe conpoTuBieHue. CkazaHHOe
BEPHO I UACAIBHOIO Cilydasi, KOI/la MOTEpU OTCYTCTBYIOT.
Ecnu ywectp moTepu, TO HEKOTOPBIA TOK OT HMCTOYHHKA
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CUHYCOUJIaJIbHOTO CUTHaJIa Oyzner IPOXOAUTh u
KOMIIEHCUPOBATh 3TH MOTEPU, HO BCE pPAaBHO PEAKTUBHOE
COINPOTHUBIICHUE TapalIeIbHOr0 KoJehaTeIbHOr0 KOHTYypa Ha
PE30HAHCHOM YacToTe Oy/IeT BHICOKUM. 3a CYET 3TOTO B CXEMax
C MapajulelIbHbIM PE30HAHCHBIM KOHTYpOM TOTpeOiieHue
MOIIHOCTH HEBEJIUKO.

3HAYMMOCTh paboThI MOCJIeI0BATEILHOTO u
MapajuieJbHOTO ~ pE30HaHCAa  IO-HACTOAIIEMY  OLICHUTh
HEBO3MOKHO, T.K. /10 KOHIA HE HM3Yy4YE€HO €ro CBOMCTBO, U
Jaleko He BC€ NPOBEPEHO Ha MpakTUKe. ABTOPOM ObUIH
MPOBEACHBl  ONBITBI C  NPUMEHEHUEM  OPUTMHAIBHBIX
KOHCTPYKLUUI C  NOpPUMEHEHHWEM  NapajyieIbHOrO |
IIOCJIEI0BATEILHOTO PE30HAHCHBIX KOHTYpPOB. IlapaienbHblil
PE30HAHCHBIH KOHTYp OBLI NMPHMEHEH BO BXOJHOHM IemH, a
MOCJICIOBATENBHBIN 10 BBIXOAY KOHCTPYKIMH, NOpUYEM, B
KOHCTPYKIIMA HE MpUMEHsUUCh ¢deppomarHeTuku. Korga Bes
KOHCTpPYKIIMsI ObLTa HACTPOECHA HAa PE30HAHC, TO MOTpediseMas
BXOJHAas MOIIHOCTh cocTtaBimsa 220 Bt, a peakTuBHas
MOILIHOCTh B IOCIENOBaTeNbHOM pe3oHance — 360 000 Br.
Takke BO BpeMsl HCHOBITAHUW TIPOBOJ CEYeHHEM | MM
pacruiaBuics  depe3 1 CeKyHAYy  TOCNIE€  BKIIIOUYEHUS
KOHCTPYKIIMA K HWCTOYHHKY TMHUTAHUS. ODTOT TIPOBOJ OBLI
MOJIKJIIOUEH MOCJIeI0BATEILHO c BBIXOJTHBIM
MOCJIeIOBATEILHBIM KOHTYPOM. A Teneph MPOBEPHTE, MOXKET
JX TIPOBOJI C TaKUM CEUYCHHEM PACIJIaBUTHCS MPU MOIIHOCTH
220 Br?

Ha »kBHUBaJIeHTHOW CXe€M€ pE30HAHCHBIX KOHTYPOB
MPEKPACHO MOKA3aHbl UX CBOMCTBA MO aHAJIOTUU C MEXAHUKOM.
Oco0eHHO XOYeTcsi OTMETHTh paboTy TOCIeA0BATEIHHOIO
PE30HAHCHOTO KOHTYypa, T.K. 3[€Chb IpPOCIEKuBaeTcs padoTa
KMHETUYECKOM DSHEPruu IO AaHAJIOTMU C MEXaHU4eCKOM
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paboroii kauened. Benp KMHETHUECKYIO JHEPTHIO CUHTAIOT
YUCTO MEXaHWYECKOM, a, OKA3bIBACTCS, KHHETUYECKAsl SHEPTUs
MOXKET ce0si TpOSBUTH M B  DJIEKTPUYECKUX  LEMAX
MOCJIeI0BATEIHLHOIO PE30HAHCA.

OTO TOXE OJHO U3 HHTEPECHBIX CBOICTB pE30HAHCa,
KOTOpOE€ JJa)kK€ B COBPEMEHHOI HayKe HE BCEMM IIPUHUMAETCS;
U a0COJIOTHO HE MPaBWIBHO MHEHHE, YTO C PEaKTUBHOIO
KOHTYpa HEJNb3sS MOJYyYUTHh OOJBIIYI0 AKTHBHYIO MOIIHOCTD.
[IpocTo wuMeeTcss HEAOCTATOYHO 3HAHUNA MO YIPABICHUIO
ANEKTPUYECKUMU 3apsiIaMU, YTOOBI 3TO BOILIOTUTb.

Texnuueckue Xxapakmepucmuky 6blX0OHO20
(nocnedosamenbHo20) KOHMYPA

PeaktuBnbie conpotusienus XL = 15 Om u XC = 14 Owm,
Ha yactote 52 kl'u. AxktuBHOe comportusienue R = 0,05 Owm.
Hanpsokenue B konType 600 B. PaccunTthiBaeM TOK B KOHTYpE.

|I= U/Z = 600/N(R*+X5?) = 600/1 = 6004

[TonHoe compoTuBieHHE (WMIMENAHC) TaKoW  IEMNH
onpenensiercs: Z = \/(R2+X22), rae XX =o L-1/oC.

Z =7(0.05*+1%) =1, 20e XX = XL —XC=15- 14 =1 Om

PeakTuBHasi MOIIHOCTh KOHTYpa: P = IR wmm P = U*I.
Ortcrona P = 600 * 600 = 360000 (360 xBr).

Bwieoo: Harpyxas KoJieOaTeIbHBIN KOHTYp
HEMOCPEJCTBEHHO AaKTUBHOW Harpy3kod, Mbl HHKOIJa He
HOJYyYMM TakoW MOLIHOCTH. JTOT TIOKa3aTeNnb SBISETCS
OPOMEXYTOUHBIM, M €ro HEeoOXOIMMO COIJIACOBHIBATH C
JPYTUMH KOHTYpaMHU CBS3HM, 4YTOOBl HE HApYUIMTh paboTy
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pe3oHaHca. W naxe eciau Mbl CHUMEM aKTHBHYIO MOLIHOCTH B
npegenax 1%, To Mbl BCE paBHO IOJIyYUM Ha BBIXOJE
OOJIBIIYI0 MOILHOCTh, MPEBBILIAIOIIYI0 MOYTH B 15 pa3
notpelisieMyto 1o Bxoxy (Ha npumepe 1%-ro pacuéra — BXoA
220 BT, Beixoa 3600 Br).

Ot npumMepsl (pacd€ToB U TMOJYYEHHBIX PE3YJbTATOB)
OBUTH TIPEICTaBICHBI ISl TOTO, YTOOBI OBLIO MOHSITHO, YTO B
HACTOsILEE BPeMs HE 10 KOHIa U3yUYEHbI CBOIICTBA pe30HaHCA.

Tonbko oOpuUTHMHAIBHOE KOHCTPYKTOPCKOE M CXEMHOE
pellieHHe TO3BOJIMJIO TMOJIyYUTh Takue pe3ynbraTel. OHO
KapIMHAJIBHO OTJIMYAETCsl 1O CBOEH CYTH M COJAEP)KAaHUIO OT
CYIIECTBYIOIIMX KOHCTPYKTOPCKHUX IPOTOTUIIOB (ONHUCAHUE
n300peTeHus Oy/IeT OCBEIIECHO B IMMOCIICIYIOIINX TIaBax).

ABTOp HE 3a0bul YNOMSHYTH CBOMCTBA JJIEKTPOHHO-
MIO3UTPOHHOMN Maphl B pE30HAHCE AJIEKTPOMATHUTHBIX BOJH. 1o
naHHbiM - yuéHbix MIY um. M.B. JlomoHOocoBa Haykou
paccMaTpuBaeTCsl PE30HAHCHOE B3aUMOJIEHCTBUE AIEKTPOHHO-
MO3UTPOHHBIX ~ IAap B 337adax  IaMMa-’JIEKTPOHMKH,
MIOCBSIIEHHBIX MCCIEA0BAHNUIO B3aMMOAECHCTBHSI JIEKTPOHHBIX
U TO3UTPOHHBIX IOTOKOB C JIEKTPOMAarHUTHBIMM IIOJISIMH B
yCTpoiicTBax  y-AMana3oHa JJIMH  BOJIH.  Pe30HaHCHbIE
KOJUIEKTUBHBIE MPOIIECCH] CUHXPOHU3YIOT KOJIEOaHUSI U BOJIHBI
B O0JbIIMX 00bEeMax aKTUBHOM 3JIEKTPOHHO-TIOZUTPOHHOM
cpensl. Ilpouecc camoopraHuzanuu B YCIOBHSIX pE30HAHCA
OTJIMYAeTCsl COJNIMKEHUEM BOJHOBBIX (YHKIMI 3JIEKTPOHOB U
MIO3UTPOHOB, MPUBOISALINM K MaKpOCKOITNYECKOU
KOMIIEHCAIUH KYJIOHOBCKUX MOJEH. DIEKTPOHHO-TIO3UTPOHHAS
napa nposiBisger ce0s B (opmax BelIeCTBa, MOJS U SHEPTUU
qyacTul] (OYeHb Ba)XHOE BbIpaxkeHue). Pernenue ypaBHeHUH
[penunrepa, [lyaccona 1 MakcBeiia no3BOJISET UCCIEN0BATH
KJIAaCCUYECKHE M KBAaHTOBbIE aHAJIOIM YCTPOMCTB paauou3uKu
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U DJIEKTPOHMKH, B TOM YHUCJIE CBEPXMOUIHBIX PEIATUBUCTCKUX
MMITYJIbCHBIX T€HEPATOPOB.

CamMoopranusanus akTUBHOIO 3JIEKTPOHHO-IIO3UTPOHHOTO
BELIECTBA B ramMma-3J1eKTPOHUKE OTJIMYAETCS oT
COOTBETCTBYIOILIUX IMPOLECCOB B KIACCHUUECKON 3JIEKTPOHMKE,
YTO CBS3aHO C MPOOJEeMOH HCHOJB30BAHUS  OOJBIION
3allaCEHHOM  SHEpPruu  3JIEKTPOHHO-NIO3UTPOHHBIX  Map.
Bo3moxHBI [1Ba BapuaHTa IIOCTPOEHHUs YCTPOWCTB Tramma-
JNEKTPOHUKHU:

— ycrpoiictBa ¢ A(QQEKTHUBHBIM  B3aMMOJEHCTBUEM,
HaIpPaBJICHHbIE HA YMEHBIICHNE BPEMEHU aHHUTWIISILINY;

— YCTPOMCTBA C UCIIOJIB30BAHUEM 3aMENJICHHON KOJUIEKTUBHON
AHHUTUJISILUH.

B ramma-snexkTpoHUKE  CYIIECTBEHHBl  PE30HAHCHBIE
IPOLIECCHI, MPOUCXOANINE MPU KOJUIEKTUBHOW aHHUTHIIALIUU
JJIEKTPOHOB M TMO3UTPOHOB. Pe3oHaHCHl HaONIOAAIOTCS Ha
4acTOTe, COOTBETCTBYOIEH sHeprum wactun 0,511 M»3B.
Takyro ke PHEpru0 UMEIOT MPOLIECCHI POXKACHUS dIEKTPOHHO-
HNO3UTPOHHBIX Map. YUET 0OpaTHON CBSA3M MO3BOJISET MOTYIUTh
pEeKMMBI T€HEpallud Ha 4YacToTe pe3oHaHca. IIpoBeneHo
COIIOCTaBJIEHUE  IMPOLIECCOB  PE30HAHCHOIO  00pa3oBaHUs
JJIEKTPOHHBIX U MO3UTPOHHBIX Map METOAAMHU KJIACCHUUECKOH U
KBaHTOBOW Teopuil. [Ipn HavanbHOM 3ajaHUU LEHTPOB 3apPsII0B
pa3HOro 3HaKa U ONTHUMAJbHOM 3HAUYEHHWU MapaMmerpa
IIPOCTPAHCTBEHHOTO 3apsna BO3HUKAIOT MIPOLIECCHI
PE30HAHCHOM  CaMOOPTaHU3allUd  3JIEKTPOHHO-TIO3UTPOHHOMN
CpEBL.

ABTOpOM crienuagbHO ObLIa B3siTa HEOOJbINAS BBIIEPIKKA
U3 HAy4YHBIX TPYAOB, YTOOBI YMUTATEIh CMOI MOHSTH, YTO 00
9TUX YacTHUIAX M3BECTHO MHOIOE€, B TOM YHCIE O CBOMCTBax
3JIEKTPOHHO-TIO3UTPOHHOM Maphl B pe30HaHCHBIX cuctemax. Ho
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KaK TOJIBKO BOIIPOC KacaeTcsi CBOMCTB 3JIEKTPHUYECTBA, TO O
B3aMMOJICHCTBUSAX ATHX YACTHUI[ HE TOBOPUTCS HHYETrO, Kak
OyAaTo ux He cyulecTByeT. /[ymaro, 3TO HE CHpaBeIMBO IO
OTHOIICHHUIO K UCCIIEI0OBATENISAM U U300peTaTelsiM.
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I'/TABA 8. Peakxmuenasn ynepzus

OTOT paszien KHUTHU OYEHb BAXEH, T.K. 3aTParuBaeT TaKoe
NOHATHE KaK JHeprus. Mbl O4YeHb YacTO CIBILIMM TAaKHE
BBIPAXKEHMS, KaK «3HEPrus 371echy», «3Heprus tam». Ha camom
Jienie, PHEPrusi UMEEeT CBOIO (POPMYIHMPOBKY, U OHA HE MOXKET
ObITh OOmmIel i Bcex (usmueckux BenuuuH. Hampumep: «51
noiy4un sHepruto». Kakyro snepruto? B uém u xak oHa cebs
nposiBwiia? M MHOTO Apyrux BOIPOCOB 0053aTENbHO MOSBUTCS.
[Ipy  KOHCTpyMpOBaHMM TI€HEpPATOpPOB  HANpSDKEHUS €
UCIIOJB30BAaHUEM  YIPABISAEMBIX  3apsDKCHHBIX  YacTHII,
HEOO0XO/MMO TNOHMMaTh, KaK HAy4YMTbCS HaKalUlUBaThb U
nepepaBatb Ty WM uHYHO  (QopMy  SHeprum K
anekTponorpeduTento. Takum o6pa3oM, Mbl MOKEM HAayUUThCS
YIpaBJIATh TOH Wi MHOW (hopmoil sHepruu. Ho kakoe Mbl
MOKEM JlaTh OIpe/eJeHHe TOro, YTO TaKOE€ HSHEprus, Bellb
Pa3sHOBUJHOCTEH CBOWMCTB HEPTUil MHOTO?

OmuH w3 ¢u3ukoB Jjgan HauOojee MOAXOIALIYIO
(bOpMyYIHPOBKY SHEPTHUU.

OHepeus — OTO KOJIMYECTBEHHOE MPHUPALICHUE WM
yObIBaHHME TIOKa3zaTelield 3amylIeHHBIX TpoieccoB. C TOUKH
3peHuss (QyHIaMEHTaNbHOM (U3UKU dSHeprus (JIehcTBUE,
NEeSTeNIbHOCTh, CHJIa, MOIb) — CKalsgpHas (Qu3nyeckas
BEITMYMHA, SBISIONMIASCS E€AMHOM MEpOod pasnuvHbIX (Hopm
JIBUKEHHUS] W B3aMMOJCICTBUS MaTepuu, Mepod mepexoia
JBYDKEHUS MaTepuu U3 oJHUX (opM B apyrue. B mpensiaymieit
rmaBe  ObUIO  YNOMSHYTO — cienymomee:  «JIeKTPOHHO-
NO3UTPOHHAs Mapa MposBisieT ceds B popMax BElECTBa, MOJIS
U DHEpPruM 4YacTul». BemecTBo, mMmosie M 4YacTHIBI BCErAa
IJIOTHO B3aMMOJICMCTBOBAIIM ¢ MaTepuen. BemiecTtBo u mose
TOK€ MMEIOT DJHEPruro. Takke HUX DHHEPruu IUIOTHO
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B3aUMOJCHCTBYIOT  Mexay coboil. Kak ™Mbl 3Haewm,
OKpY’KaloIUi HaC MHP MHOrooOpa3eH u MarepuaieH. M eciu
MBI OyZIeM paccMaTpuBaTh KaKOW-TO MPOLIECC B TOM WIJIM MHOM
KOHCTPYKIIUU JJICKTPUYECKOT0 TeHepaTopa, TO HEOOXOIUMO
MMOHUMATh, C KaKUM MCTOYHUKOM M BHJIOM DSHEPIHH MbI
pabortaem. Jlyis MOHMMaHUS TEPEUYUCIUM O0JIACTH, TAC SBHO
MPOCIICKUBACTCS Tpajallds HUCIOJIb30BAHUSA Pa3HBIX BHUIOB

SHEpPrUu:

1. XuMunueckue 31€MEeHThl — MOTEHIHAIbHAs SHEPIUs;

2. MexaHuka — MeXaHHWYeCKas SHEpPrusi W KHHETHYecKas
SHEpIus;

3. DneKTpoTexXHuKa - JIEKTPUUECKast SHEprus,

ANIEKTPOMAarHuTHas JHEpPIusi, aKTHUBHAasT M peaKkTUBHas
SHEprus;
4. ®uszuka — DHHEpPrusl INOJs, SHEPIUs BELIECTBA, SHEPIUs
YacTHUll, SiAepHasi JHEPTHsl U SHEPTUS B3PhIBA;
5. Ilpupona — rpaBUTalIMOHHAs SHEPIUs, BHYTPEHHSISI SHEPTUs
KUBOT'O OPraHM3Ma, TETUIOBasl U CBETOBAs DHEPIHsL.
3nech  mepeuMciIeHbl  BUABI  OHEPrui,  IMOHSTHbBIE
COBPEMEHHOMY YeNIOBEeKY, M 00iacTu ux npuMmeHeHus. Ho Hac
MHTEPECYIOT BUbI SHEPTUi, KOTOPbIE YYaCTBYIOT B (DYHKIIMSIX
peo0pa3oBaHus AJIEKTPUUYECKOM MOIIHOCTH B KOHEYHOM
norpedburene. B KOHCTpykuMHM TreHepatopa MOXeT cels
MpOSABIATh HE OAHA ¢opMmMa HHEPruu U3 TeX, 4YTO ObUIH
nepeuyuciensl Bbie. [loaTomy HeoOxonuMo 3HaTh, Ilie U B
KaKOM MeECT€ JJIEKTPUYECKOTrO y3ja MNpOsBISET ceds Ta WiIn
uHas ¢opma 3Hepruu. B mpoTHBHOM cilyyae, KaK M3TOTOBHUTH
reHepaTop, HE UMes IIPEJCTABJICHUS O CBOUX JIEHCTBUAX?
JlaHHas T7aBa pacCMaTpPUBAET KOHKPETHBIN BUJ SHEPTUH —
peakTuBHyt0. HemMHOrO packpoem 3ty Temy.
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PeakTuBHast sHeprus nposiBiIseTcss OOBIYHO TaM, IA€ B
KOHCTPYKLIUM HCIOJIb3YIOTCS HMHIYKTMBHOCTH U EMKOCTH.
Yarie Bcero, 3T0 aCMHXPOHHBIE JIBUTATENH U DJICKTPUYECKHE
KOHTYpbl CBsi3u. UTO Ke Takoe peakTHUBHas dHeprus’?
Peaxmusnas suepeuss — 310 SHEprus, KOTOpas HaIpaBjicHA Ha
CO3JIaHHe AJIEKTPHUYECKOTO (xoHIEHCATOD) WIN
AIIEKTPOMArHUTHOTO (KaTyIIKa WHAYKTUBHOCTH) TIOJSA, U
KOTOpasi HEe MPOM3BOIUT MoJe3HOM pabotsl. Ilpome rosops,
CHayaJla KOHJICHCATOp WM KaTyllka OepyT SHEpPIru0 U3 CEeTH
JUIs CO3JJaHMs TOJIA, a MOTOM, IOCJ€ MaJeHHs HAINpsDKEHUs,
OTHAIOT 3Ty OHHEpPrur0 oO0paTHO B ceTb. Bce KaTymiku
UHAYKTUBHOCTH  SIBJSIIOTCA ~ HOTPEOMTENSIMM ~ PEAKTUBHOU
MOIITHOCTH, a KOHJCHCATOpbl — TeHepaTopaMu pPEaKTUBHOU
MOIITHOCTH.

B coBpeMeHHOM MHUpE pEaKTHBHAs HYHEPTUs CUUTAETCS
BPEIHBIM TPOSIBICHUEM, T.K. AJIEKTPOCTAHIIMU BBIHYXJICHBI
OpOTUBOCTOATH oOpaTtHOMYy 3ddexry OIAC (obpaTHOM
NEKTPOJBIDKYILEH CHIIBI) 3JIEKTPOTEXHUYECKUX H3ACTUH U
COBEpIIaTh JIOMOJIHUTENBHYIO paboTy IO KOMIIEHCAllMM U
CTa0WIIN3aLMU HAIMPSDKEHUS] B DJIEKTPOCETH. 3HAYUTEIbHYIO
4acTh  OJEKTPOOOOPYAOBaHHS  JFOOOTO  TPEIIPHUSTHS
COCTABJISIIOT YCTpOMCTBa, 00513aTEIIbHBIM yCIIOBHEM
HOPMaJTbHOW pabOTBl KOTOPBIX SIBIISIETCSI CO3/IaHUE B HUX
AJNIEKTPOMArHUTHBIX TIOJNIEH, a WMEHHO: TpPaHC(POPMATOPHI,
ACHHXPOHHBIC IBUTATENM, WHAYKIMOHHBIE IE€YH W IPOYHe
YCTPOMCTBA, KOTOPBIE MOXHO OOOOIIEHHO OXapakTephU30BaTh
KaK «MHIYKTHUBHAs Harpy3Kay.

Ho na camom pene peakTHBHas SHEPrusi MOXET OBITh
nojesHa W He BpEeIuTh DJIEKTPOCETH. ABTOpOM ObuIH
NIPOBE/ICHBI OIBITHI, TJIe OBLIA TOyYeHA PEaKTHBHAS YHEPTHUS
OOJIBIIION MOIMHOCTH (CM. TJIaBy 7), ¥ TPH ITOM HHKAaKOTO
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BIIUSIHUSL Ha AJIEKTPOCEeTh He Obulo. Besl peakTuBHAs 3HEprus
ObU1a «chOKycHUpOBaHa» Ha BBIXOJE I'EHEPaTOpa HAIPSIKEHHUS.
Kommiencanum peakTUBHON MOIIHOCTH HE TpeOOBalOCh, T.K.
cos¢ Obl1 paBeH 1 (emunuie). [ns cBemeHws: cosgp — 3TO
BennunHa K03 dunuenta momuoctu. [lorepu Ha peakTHBHYIO
COCTAaBJISIOUIYI0 B CETU HANPSMYIO CBSI3aHbl C BEJIMYMHOMN
PaCCMOTPEHHOTO BHIIMIE KOAPPUIIMEHTA MOIIHOCTH, T.€. YeM
BBIIIE COS(Q TMOTpedUTeNs, TEM MEHbIIe OyayT NOoTepu
MOIIHOCTH B JIMHMM U JemeBie o0oiaércs mnepemava
ANEeKTpodHeprun norpedutento. Takum 00pazomM, HUMEHHO
KO3 (ULMEHT MOIIHOCTH YKa3blBa€T HaM Ha TO, HACKOJIBKO
3¢ (HEeKTUBHO HCMONB3yeTCs paboyas MOIIHOCTh HMCTOYHHKA
3JeKTpodHepruu. Ha mepBbld B3MISA  KaXercs, 4YTO 3TO
HEBO3MOXXKHO. A rTne mnorepu? M kak ynoanoce yHpaBisTh
peaKTUBHOU 3Hepruel 0e3 mocieAcTBuii? OTBET OYCBHJICH —
3HAHWE MPUPOJBI U YIIPABICHUS IEKTPUUECKUMU 3apsIaMu, O
4éM B IJIaBax BBIIIE HEOAHOKPATHO yNoMuHaIoCch. W emé
OYeHb B@XKHBIM MOMEHT, HeMHOro 3aleras BHepén —
PEaKTHBHYI0 MOILIHOCTb B OOJBIIOM KOJWYECTBE MOKHO
NOJyYUTh, HE NPUMEHSS (EeppPOMArHeTUKOB M HEOOJIbIINX
HOMHMHAJIOB KaTyIIeK HWHAYKTUBHOCTH U €EMKOCTH. Takxke
ocTajicsl BOIIPOC: KAKUM 00pa30oM MOKHO MOIY4YUTh aKTHUBHYIO
MOIIIHOCTb, U NPU 3TOM MaKCHMaJbHO HE MOBJIMITH HA paboOTy
PE30HAaHCHOTO KOHTYypa, TI/e ObUla IMOJIydeHa peaKTHBHAas
sHeprust? OOuH U3 MPOCTBIX MPUMEPOB — TO UCHOJIB30BAHUE
TpaHchopmaropa Toka.

Ha puc. 12 wm puc. 13 1nokazaHO KIacCHUECKOE
MOJIKJIIOUYEHHUE K TOCIIEI0BATEIBHOMY PE30HAHCHOMY KOHTYPY
Tpancpopmaropa Toka. Ho HeoOXOAMMO MOMHUTb, YTO
TpaHcpopMaTOp TOKAa HAJ0 COIJIACOBBIBATH C KOJIEOATENbHBIM
KOHTYPOM 10 HOMUHAITY UHAYKTUBHOCTH.
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Puc. 12 Puc. 13

UeM MeHbIIE MHIYKTHBHOCTH TpaHCOpmaropa TOKa IO
OTHOIIEHHUIO K MHIYKTUBHOCTH KOJeOaTeNIbHOrO KOHTYpa, TEM
ayquie Oyner orOop akTUBHOM 3Hepruu. [Ipyroit mpumep —
3TO  WCHOJB30BAHWE  ACCHUMETPUYHBIX  CHUCTEM,  TIJIie
UCIOJB3YIOTCSl  ACCUMETpPUYHBbIE  TpaHC(hOpMATOpbl WU
KOHTYpBl C KaTyLIKaMH CBSI3HM, I/I€ MHIYKTMBHOCTb JOJDKHA
ObITh paBHAa «0» WM, MO KpailHell Mepe, HUMETb OYEHb
MaJleHbKU HoMuHasl. OCHOBHAs 3aJauya — KaK MOYXHO MEHbIIIe
OCYLIECTBUTh BIIMSHUE BBIXOJHOTO KOHTypa CBSA3M IO
OTHOLIEHHUIO K BXOJHOMY KOHTypy. MHaue Oynyr Oonbiine
noTepu B paboTe TeHepaTopa, U CHIKaeTcs 3PHEeKTUBHOCTH O
VIIPABJICHUIO DIIEKTPHUYSCKHUMH  3apsgaMd W TOJYYCHHUs
MOJIE3HON MOIIHOCTU JUIsl pabOThI C  AJIEKTPONOTPEOUTEIEM.
Ho 00 »ToM B ipyrux riapax.

Jpyroii BapuaHT HCIOJIB30BaHMUS PEAKTHUBHON HHEPTUU
IPEJIO’KEH CMOJIEHCKUMH U300peTaTelsiMu.

58



Pezonancuviii mpancgopmamop

2 J
1

Cens ~~ 220V

c3 .
InexTponaum
.
= t
)
Cxema B036YHACHNA UCTONHUKA TOKA Ha 6a3ze 0BbINHOro TpaHchopMaTopa
Puc. 14

OHM  WCHOJIB30BAIM  TPHUHIMIT  OMHMCAHHOW  BBIIIIC
KOHJICHCAaTOpHOH ycTaHoBKHU. [IpumepHas cxema ycTpoiicTBa
npuBeneHa Ha puc. 14. 3mech Takke OT HUCTOYHMKA
KoJieOaTeIbHOW  DHEpruM  mojaércs  TOK  HA  TpH
rocJeioBaTenbHo coenuuéHuble konuencaropa Cl, C2, C3.
3apsa UX TUIACTHH KOJICOJIETCS B TaKT MCTOYHUKA PACKAYKU
Kxonebanuii, Ho C2 BKIIOYEH CXEMOH B IIENb BHICOKOBOJLTHOM
00OMOTKH OBITOBOTO TpaHCopMaTopa B BHJIE KOJeOATEIHHOTO
koHTypa. EctectBeHHO, KonebaTtenbHbli KOHTYp C2 ¢
OOMOTKOM  TpaHcopmaTopa BOCHPHUHHMAET «MaJleHbKHE
MOPIMKY» packauykd, W YyKEe caM Cco0Oi, B pe3ysbTare
pe30HaHCca, HAYMHAET BBIJIAaBaTh HEOOXOIUMYIO MOIIHOCTH BO
BTOPHUYHYIO OOMOTKY Ha TIOJIE3HYIO HArpysky. 37ech
CpPaBHUTEIHHO HEOOJBIION pPAaCKAaYKW HMCTOYHUKA KOJICOAHUM
BIIOJIHE XBaTaeT MJsi PE30HAHCHOTO BO30YXICHHS CHIIOBBIX
KojeOaHui TOKa B JAHHOM KOHTYpE, a C BTOPUYHOU OOMOTKH
Tpancdopmaropa MOKHO CIIOKOIMHO CHMMATh
TpaHC(HOPMHUPOBAHHBIM TOK Ha JIOOYIO TIOJE3HYIO HArpy3Ky.
ens — wucmonms3ys €MKOCTH U HWHAYKTHBHOCTH, TOJIYYHUTH
MOJIE3HYI0 MOIIHOCTh C TIOMOIIBI0 PEAKTUBHON MOIIHOCTH,
MMOMCKAMH  KOTOPOM  3aHATHI  CIEIHAIUCTBI  BO  BCEM
TEXHUYECKOM MUPE.

59



B Oyaymem BUIUTCS MpeaenbHO MPOCTOM TeHepaTop Toka
JUIS JTFOOBIX MOIITHOCTEH. DTO TpaHchopMarop HpHeMIIeMOn
MOIIIHOCTH, TIE€pBUYHAS OOMOTKAa KOTOPOTO MOJACOEAUHSAETCS
yepe3 pacCUMTaHHBIM KOHAEHCATOp (C COOTBETCTBYIOIICH
PEaKTUBHON MOIIHOCTBbIO) K MCTOYHHUKY 3JIEKTPUUECKOMN
packadku CPaBHUTEIILHO HEeOO0JIBIION MOLIHOCTH,
paboTarouiero IMpu 3alycke OT akKymyssitopa. Bropuunas
o0MOTKa TpaHcopMmaropa 4Yepe3 BBIIPSIMUTENb M HHBEPTOP
BbIIaéT B PACXOJHYI CETh HEOOXOIUMYI0 MOIIHOCTH IS
norpedureneit u OJIHOBPEMEHHO MIUTAET, MUHYS
AKKyMYJIATOPBI, CXEMY pacKauku, TouHee, caMm cels (puc. 14).
Celiuac 3TO Ka)KeTCsl HEpEaJbHbIM B CHIIY 3aKOHA COXPaHEHUs
PHEpruu (3aKOH COXpaHEHUs OajaHca B MPHUPOJE), TOCKOIBKY
HE Y4YMUTBIBACTCS ACUCTBUE PA3HOBUIHOCTEH SHEPIUM, KOTOPBIE
BCEr/la HaXoJITCsl B OKpYyXkarolieMm npoctpaHcTBe. OHAaKO B
OnmxkaiiimeM OynylieM Takue YCTAaHOBKM OyIyT IIHPOKO
pacrpoCTpaHEHHBIMM B OBITY M Ha  INPOU3BOJACTBAX.
PeakTuBHast MOLTHOCTH J0JKHA U OyneT paboTaTh Ha Jrojieil B
IIOJIHOM Mepe, Kak 3To npeackaseiBal Hukona Tecna.
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I'JIABA 9. Ynpasnenue r3nekmpomazHumHusimMu noaamu

B »sT0li rnmaBe OynyT packKpbIThl CHOCOOBI YIpaBJIEHUS
UIEKTPUYECKUMU 3apsAaMH U DHEPrUAMH 1nosied. MHoro pas
ObUIO TIOKAa3aHO, 4YTO OJJIEKTPOMAarHUTHOE Toje obsagaer
SHEpruei. 910 3HAYUT, 4TO pacnpocTpaHeHue
JIEKTPOMAarHUTHBIX BOJIH CBSI3aHO C IIEPEHOCOM JHEPIHH,
[I0JI0O0OHO TOMY, KaK paclpoCTpaHEHHE YIPYIruX BOJH B
BELIECTBE CBA3aHO C IEPEHOCOM MeXaHU4ecKoH 3Heprun. Cama
BO3MOXKHOCTh OOHapyxeHuss OMB yka3piBaeT Ha TO, YTO
BOJIHBI IIEPEHOCAT dHEpruto. PasneneHue 371eKTpOMAarHUTHBIX
HoJIe — 3TO CrOco0 YNpaBiIeHUs STUMHU MOJSAMH, OCOOEHHO ¢
HCIOJIb30BAaHUEM KOHTYPOB CBSI3U, U IIPH 3TOM B3aUMOBIIUSHUE
9TUX  NoJieW  yMeHbwaerca. llpm  KOHCTpyMpoBaHuuU
TCHEPATOPOB HANPSDKEHUS C  BBICOKHM KO3 (OUIIMEHTOM
neperayv  dJIEKTPUYECKOM HSHEPruM, BaKHBIM  aCIEKTOM
spisgercs OnokupoBka ODJIC (oOpaTHOM 3MEKTPOIBHIKYIIEH
CHJIBI), TOUHEE, NepeHaIpaBIeHHe 3TOW CHIIbI Ha COBEpIIECHUE
paboTbl 3nekrpornorpedutens. Han 3Toif Temoit paboTatoT yxe
MHOTO JECATUJIETUH yu€Hble U M300peTaTeay MHOTHX CTpaH.
Benp, pasramaB 3Ty «3araiky», 4eIOBEYECTBO NEPEUNET Ha
COBEpIICHHbII HOBBII ypOBEHb TEXHOJIOTUH B o0nactu
AJEKTPUYECTBA.

ABTOp He OyJeT OCTaHaBIMBATbCS Ha Pa3HBIX BapHaHTax,
M3YYEHHBIX MHOTMMH HCCJEIOBaTeIsIMU B 3TOM 00JsacTu.
BaxHO MOHATH (PU3HKY TOrO SBJIEHUS U KaK CAMOCTOSITENIEHO
PELIUTH BOIIPOC ¢ MIPUMEHEHUEM CBOMX COOCTBEHHBIX CXEMHBIX
pemennii. Haubonee MHTEPECHBIM CXEMHBIM pelICHHEM
SBJIAETCS MCIIOJIb30BAaHME ACCHUMETPUYHBIX CHCTEM, U aBTOP
BBIIETUT HECKOJbKO BApUAHTOB, HambOoOsee NPAKTHUYHBIX U
IIPOBEPEHHBIX OIBITOM.
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Ha »kBuBanmentHoit cxeme (puc. 15) abcomroTHO
IOPaBWIbHO II0KAa3aHO, 4YTO B KOHCTPYKIMM MBI CO3/1aeM
CUMYJIALUIO OoibIIoi auctaHiuu. ONbIT IOKa3al, 4yTo JJIs
3¢ (}EeKTUBHOIO B3aUMOAEHUCTBUS KOJI€OaTeIbHBIX KOHTYPOB
MEXy COOO0M, MEPBUYHBIN KOHTYP HEOOXOJMMO PAaCHOI0KHUTh
HEaJIeKO OT BTOPHYHOIO, MPH 3TOM HCIIOJIB3YEeTCS TOJIBKO
BO3/YIIHAS MPOCIOHKA U HE UCIONB3YIOTCS (PeppOMarHeTHKH.
[lepBas karymka (BapuaHT 1) HcCHoib3yeTcs B KadecTBe
nepeAaTyuka 3JIeKTPOMArHUTHOW SHEPruM, a BTOpas KaTyllKa
— KaK NpUEMHHK 3TOW SHEPIUu.

JKBUBANEHTHbIE CXeMbl

I'IpuBMHuK
MepepaTunk

Lg C

CyvmMynaumA GoNbILIOH OMCTAHLMKA

[OnA npnémHnka

R L,
E
~
G o G

("
T T

Ons nepepaTimka
R

SR

f\
("v)

Puc. 15

DTO OYEHb MOXOXKE Ha paJuOBEUIaHWE, TIe MPUEMHUK
pacIoIOKEeH JajeKo OT TepenaTduka M HEe UMEeT OOpaTHOMU
cBs3u. [lepBas karymika paboTaeT B mapajljieIbHOM pPe30HaHCE,
a BTOpas Karyllka — B TOCJEJOBATEIbHOM PE30HAHCE (XOTs
MPUHIIUITAATBHBIE CXEMBI IOX0XH JIPYT Ha APYyTa).
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Bapuant 2 Bapuant 3

B BapuanTe 2 mokaszaH acCUMETPUYHBIM TpaHchoOpMarTop,
/1€ KOHTYPbI CBS3HM PacloyaraloTcsi OTHOCUTEIBHO JIPYT Apyra
nmox 90 rpamycoB. OTO TO3BOJSAET HUCKIIOYUTH BIMSHHE
BTOPUYHOIO KOHTYpa CBSI3M Ha NepBUYHBIN, a 3HauuT OD/[C
OJIOKHpYeTCsl M KOHIIGHTPUPYETCS Ha BBIXOAE BTOPUYHOIO
KOHTYpa CBSI3H.

B BapuanTe 3 mokazaHO OPUTMHAIIBHOE KOHCTPYKTOPCKOE
pelieHre pas3eNeHusl 3JIeKTPOMarHuTHBIX nojei, rae O9/1C
4aCTUYHO OJOKHpYETCs, HO KOHCTPYKIMS BCE paBHO OCTaeTcs
SHeprodG(PEeKTUBHOW MO  MOTPEOJEHHUIO  MOIIMHOCTH  OT
ANEKTPOCETH.
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KaTyLKu
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Bapuant 4

B Bapuante 4 mnokasaH crnoco0 acUMMeETpuu, TIIe B
KayecTBE IEPBUYHOIO KOHTYpa MCIIOJIb30BaHa IUIOCKas
KaTylllka, a B KAayeCTBE BTOPUYHOIO KOHTypa — COJIECHOUJ.
Bv1600: BTOPUUHBIN KOHTYp HE BIMSIET HAa IEPBUYHBIA KOHTYP,
a 3auuT OD/IC GokupyeTcss M KOHIIEHTPUPYETCST Ha BBIXOJIE
BTOPUYHOIO KOHTypa CBsA3M. BcCE€ 3aBUCHT OT HacTpoek
KOHTYpPOB CBSI3M M pe30HaHca. Bce KOHCTpyKLIHH, KpoMme
BapuaHta 3, Oyayr pa0OoTaTe TOJBKO C MNPUMEHEHHEM
UMIyJbCHOW TEXHOJOTMHM, T.K. PEeUb HUIET O BBIICICHUU
IIPOJIOJIBHOM ~ COCTABIIAKOIIEH  AJIEKTPOMATHUTHOTO  IOJIS.
BapuanT 3 pabotaer ¢ n1100bIMu (popMaMH 3JIEKTPOMATHUTHBIX
BOJIH, OyAb TO CHHYC, MEaHJAp WU KOPOTKUH HMIIYJIbC
BBICOKOI'O HaIIPSIKEHUS.

K BXOZHOMY KOHTYypy HOJKIIOYAEM  3JIEKTPOHHBIN
npepbBaTeNlb  MUMIIYJbCOB Ui TOrO, YTOOBI MOJIYYHUTH
IIPOJOJIBHBIE JIEKTPOMArHUTHbBIE BOJHBL. MIMEHHO KOPOTKHMHU
UMIyJbCaMU MBI II€PBOHAYaJIbHO 3allyckaeMm mporecc. B
OpeabAyIInX 1aBax o0 3ToM ObUIO MHOTO cka3aHo. Hama
3ajmaya  paboTarb ¢  pa3lelNeHHEM B [POCTPAHCTBE
Pa3HOMMEHHBIX  AJIEKTPUYECKUX 3apsiioB  (SJIEKTPOHOB U
no3uTpoHOB). KOHTYpBI JKenaTenbHO HCIONB30BaTh 0e€3
CepACUYHMKOB M (EppOMarHeTHKOB,  T.K. CHJIBHOE
AJIEKTPOMArHUTHOE I10JI€ 3HAYUTEIBHO YCHWIMBAET IPUTOK
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JIEKTPOHOB, U BO3HHMKAE€T PHCK TOT0, YTO INEPBOHAYAIBLHOU
nesan Mbl He jpocturieM. Creayromuil mar — opraHu3oBaTh
OPUEHTAllMI0  MAarHUTHBIX W JJIEKTPUYECKUX  IOJIEH,
HEOOXOAUMBIX JUISl YCHUJIEHHS OHHEpPruu (Kak 53TO OIMCAHO
BbIlIe). CyliecTByeT METOA ISl ATOr0 — IUIOCKas KaTyllKa, e
MarHMTHOE U JIEKTPUYECKOE I0JIS PACIOJI0KEHbl B TOUHOCTU
TaK, KaK HEOOXOMMO JIJIsl YCUIICHHSI SHEPTUH.

Bua cnepegwn Bup cGory

) I B

AnexkTpnyeckoe
none

MaruuTHoe
none

3"EKTPDMEI'H WTHaRA KaTywka

Puc. 16

H. Tecna roBopui, 4TO NEPHEHIUKYISAPHO MOBEPXHOCTH
M000Tr0 TMPOBOJHUKA HCXOAWT HEKas paJuaHTHAs DSHEPTHs
(mo3uTpOHHAs), co3daBaeMasi CKaJSIPHBIM SJIEKTPOMArHUTHBIM
MoJIeM, MOPO’KAast MPH 3TOM MPOJIOIbHBIE 3JIEKTPOMAarHUTHBIE
BoJHBL [lnockas OubmmsipHas karymka Tecma (puc. 16)
SBIISICTCS YHUBEPCAIbHOM KOHCTPYKLHMEH, T.K. OHa CIOCOOHa
nepefaBaTb M INPUHUMATh MPOJOJbHbIE U  IONEpEYHbIe
JJIEKTPUYECKHE BOJIHBL. ECTh €mE OOUH KPUTEPUH YCIEHNIHON
paboTHI TeHepaTopa — 3TO BBIOOP MaTEpHAIIOB, U3 KOTOPBIX OH
Oyner coOpaH. ABTOp akLEHTHUPYET BHUMaHHE Ha H3Yy4YEeHHE
CBOMCTB MaTepuasnoB, T.K. 3TO 3aJOr YCIEWHON paboThl
KOHCTPYKLIMU B 1esIoM. IrHOpHUpys 3TH 3HaHUs, H300peTareb
Bcerja OyJieT HaXOAUThCSA B TYMHKOBOM CHUTYyallMd M3-3a TOTO,
YTO KOHCTPYKIHMS He paloTaeT, Kak Hajo. B ciemyrommx
rJlaBax aBTOpPOM OyneT OOBSICHEHO, I0YeMYy 3HAHHUS TIO
MaTepHaIOBEICHUIO OYEHb Ba)KHBI.
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I'JIABA 10. nexmpomacnummnsie ceoiicmea mamepuaios

B  Hacrosmee BpeMs B KauecTBe IPOBOJHUKOB

UIEKTPUUECKUX 3apsAJI0B HCIIOJIb3YyeTCs MeIb U aTloMUHUNA. B
peAKUX CiydasXx — CIJIaBbl METAJIOB. YYEHBIMU OBLIO
BBISIBJIEHO, YTO CYILIECTBYIOT XMMHYECKHE IEMEHThI, KOTOpbIE
«TIO0ST» DMEKTPOHBI (CPOJACTBO K 3JIEKTPOHAM), U HA0OOPOT
(cpozcTBO K IO3UTPOHAM).
BcnomHuM p-n mepexonsl B MOJYNPOBOJHUKAX. B onxHoi
00J1aCTH UCMOJIb30BaHBbl CILIABBI XMMUYECKHX 3JIEMEHTOB, I'Jle
€CTb CPOJICTBO K 3JIEKTPOHAM, a B IpYroil o01actu, HaIpOTHUB,
K [103UuTpoHaM. Bot emé onun npumep cBOHCTBa MPUPO/IBL, I1€
HPOSIBIISIOT ceds pa3HOMMEHHbIE 3apsbl B
PaAMOKOHCTPYKLHUSX.

Taba 1.-CPOACTBO K 3JIEKTPOHY ATOMOB B OCHOBHOM
COCTOSIHMM (2B)

H 0,754 Mn <0 In 03(2)

He <0 Fe 0,163 Sn 1,233(3)

Li 0,168 Co 0,661 Sb 1,07(5)

Be <0 Ni 1,156 Te 1,971

B 0,277(10) Cu 1,228 I 3,059

C 1,263 Zn <0 Xe <0

N - 0,07(2) Ga 030(15) Cs 0472

O 1,461 Ge 1,112 Ba <0

F 3,399 As  081(3) La 0,5(3)

Ne <0 Se 2,021 Hf ~0

Na 0,548 Br 3,365 Ta 0,322

Mg <0 Kr <0 w 0,815

Al 0,441 Rb 0,486 Re 0,15(15)

Si 1,385 Sr <0 Os 1,1(2)

P 0,746 Y 0,307 Jr 1,565

S 20771 Zr 0,426 Pt 2,128

Cl 3617 Nb 0893 Au 2,309

Ar <0 Mo 0,746 Hg <0

K 0,502 Te  0,55(20) Ti 0,2(2)

Ca <0 Ru 1,05(15) Pb 0,364(8)

Sc 0,188 Rh 1,137 Bi 0,946(10)

Ti 0,079 Pd 0,557 Po 1,9(3)

\: 0,525 Ag 1,307 At 2,8(2)

Cr 0,666 Cd <0 Rn <0
Tabmuma 1

Ucnone3ys nanHble Tabmuipl 1 (CpoCTBO XMMHUYECKUX
9JIEMEHTOB K OJJICKTPOHAM), MOXHO OyJIeT Yy3HaTh, Kak
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KaueCTBEHHO YIPABIATH IEKTPUUECKUMU 3apsaMu, pa3aensis
Y NIEpEHANpAaBIIsIs UX B ONPENEICHHBIN Y4aCTOK KOHCTPYKIIMH.
Buxrop Illaybeprep mnpuMeHsu1 JTaHHBIH METOJ B CBOHMX
n300peTeHusix, mnpuuéM, BechbMa YCHEMIHO (CM. KHHUTY
«OHeprust BOJbD»).

Takxe HE0OXOIUMO MOHMMATH CBOWMCTBA MaTEepUaloOB, a
TOYHEE, DSJICKTPOMAarHMTHBIX CBOMCTB BellecTBa. be3 3Tux
3HaHUI HEBO3MOXXHO Oyzmer coOpare pabouuii BapHaHT
3JIEKTPOHHOW KOHCTPYKLIMM, HE TOBOpsA O TEHepaTope C
BeicokuM KII/[. HemHoro Teopumu.

Mar Ba e ren

MAIMHETUK
> -

CNABOMATHHTHBIE CHNBbHOMAHHTHbIE

BEWECTBA BEWECTBA
_— \J
MAPAMATHETHIH ~ OEPPOMATHETHKM
Asom Meneso
Boxdyx Huwens
Kucnopod KoGanem
36oHuUM
Anossun
Bonegpam
Kamowmas cons Mnamuwa
Bucmym
Mpacpumn
u<gl u>l u>1

L1 - ManeaTHan NDOMALIOMOCTS BOUWOCTES
/

Puc. 17

Ha puc. 17 mokasaHsl MarHMTHBIE CBOWCTBA BEILECTBA.
[Tpu pazpaboTke KOHCTPYKIIUH, CBI3aHHON C DJIEKTPUUECTBOM,
HE0OXO0JIMMO 3HATh «IIOBEJEHHE» HCIOJIb3yeMOro MaTepuala,
0COOEHHO B PE30HAHCHBIX KOHTYPAX, TaK KaK OJIHM MaTepHabl
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UMEIOT OOJIBIIYI0 MarHUTHYIO IPOHULAEMOCTb, a JIPYTHe HeT.
OTO OYEeHb BaXKHO IPU YNPABICHUM DJICKTPUUYECKUMU
3apsgaMM B KOHCTPYKLMHM. [Haue MOKHO HE YCKOpATH, a
TOPMO3UThH IPOLECCHl, HE HAKAIUIMBATh JHEPIUI0 YacTHL, a
pacceuBars.

@paHny3ckuid  y4éHbsli Amnep YCTaHOBMJ IPUYMHY,
CJIEICTBUEM KOTOPOM sIBIIsIETCA 00JIajaHie TelaMU MarHUTHbBIX
CBOMCTB. B runorese Amiiepa roBopurcs 0 TOM, 4YTO BHYTPH
BELIECTBA MMEIOTCA MUKPOCKOIIMYECKHUE DIEKTPUYECKHE TOKU
(97EKTPOH W TO3UTPOH HMMEET COOCTBEHHBIH MAarHUTHBIN
MOMEHT, MMEIOLIMM KBaHTOBYIO HPUPOAY, OpOUTAIBHOE
JIBYDKEHUE). Hmenno MU u OIIPEACIAIOTCS
AJIEKTPOMATrHUTHBIE CBOMCTBA BELIECTBA. ECIM TOKM HMMEIOT
HEYNOPSAA0YCHHBIC HAIIPABIICHUS, TO 3JIEKTPOMArHUTHBIE I10JIH,
KOTOpPBIE OHHM IOPOXKAAKT, KOMIIEHCUPYIOT ApPYr apyra. Teno
OKa3bIBACTCSI HE HAaMarHM4eHO. BHeIIHee 3JIeKTpOMarHuTHOE
II0JIE YIIOPAIOYMBAET 3TU TOKU. Beiencreue 310ro, B BEIIECTBE
BO3HMKAaeT COOCTBEHHOE MAarHWTHOe Ioje. OJTO U ecThb
HaMarHM4eHHOCTh BellecTBa. FIMEHHO IO peakiuu BElecTB Ha
BHEIIHEE MArHUTHOE IIOJIE M II0 YHOPSAAOYEHHOCTH HX
BHYTPEHHEN CTPYKTYpPBl OINPENEISIIOT  3JIEKTPOMATHUTHBIE
CBOMCTBA BEILIECTBA.

B cooTBeTcTBMHM € 3TMMH MapaMeTpamH, UX JEJSIT Ha
TaKue TPYIIIbL:

1. TNapamarneTtuku;

JlnaMarHeTuku;
DeppoOMarHeTHKy;
AHTH()EppPOMarHETHKH;
JIMDIEeKTPUKY.

ok~ wbd

ﬂuamaeHemuKu u napamacHemuku. BCHIGCTBa, KOTOPBIC
HMCIOT OTPHULIATCIIBHYI0O MArHuTHYIO BOCIIPHUMYHUBOCTH, HE
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3aBUCALLYI0  OT  HANpsDKEHHOCTHM ~ MAarHUTHOIO  MOJ,
Ha3bIBAIOTCS JauMaMarHeTuku. JlaBaiite paszOepemcs, Kakue
MarHuTHbIE CBOMCTBA BEILECTBA HA3bIBAIOTCS OTPULIATEIBHOMN
MarHuTHOM BOCHPUUMYMBOCTBIO. Eciaum moaHecTw K Teily
MarHuT, TO OHO IPU O3TOM OTTOJKHETCA OT HEro, a He
nputsHerca. K auaMarHeTMkaM OTHOCATCS: MHEPTHBIE Ta3bl,
BOAOpOJd, (ocdop, MUHK, a TAKXKE 30JI0TO, a30T, KPEMHHMH,
BUCMYT, Meab U cepeOpo. To ecTb 3TO BemecTBa, KOTOPHIE
HaxoJsiTCsl B CBEPXIPOBOJAILEM COCTOSSHUU, WM HUMEIOLINE
KOBAJICHTHBIE CBS3H.

llapamacnemukuy. Y  3THX  BELIECTB  MarHUTHasd
BOCIIPUMMYHUBOCT TOXE HE 3aBUCUT OT TOrO, Kakas
HalpsDKEHHOCTh  moyig  cymiectByer. OHa  [pu  3TOM
MOJIOKUTENbHAsA. TO €CTh Ipu CONMKEHUH TapamMarHeTHKa c
[IOCTOSIHHO ~ JICMCTBYIOIIMM MAarHUTOM, BO3HHMKAaeT cuia
nputsaruBanus. Crola MOKHO OTHECTH aJIOMUHUH, BOJb(dpawm,
IUIATHHY, a30T, KUCIOPOJ,.

@eppomacnemuxu. BelecrtBa, y KOTOpPBIX BBICOKas
MIOJIOKUTEIbHASI MAarHUTHAas BOCIIPUUMMYHMBOCTB, HAa3bIBAIOTCS
deppoMarHeTukamMu. Y O3THUX BEIIECTB, B OTIMYHE OT
JMaMarHeTUKOB u IapaMarHeTHKOB, MarHuTHas
BOCIPUUMYHUBOCTD 3aBHCUT oT TEMIEPATYpPbI u
HaNpsDKEHHOCTH MAarHUTHOTO TOJIsI, MPUYEM B 3HAYUTEIBHOMN
Mepe. K HUM OTHOCATCS KpuCTaibl >Kene3a, HUKeNIs U
KoOaJpTa.

Aumugheppomacnemuxu u geppumacnemuxu. Bemectsa, y
KOTOpBIX BO BpeMs HarpeBaHHus coBepiaercs (ha3oBbId
IIEPEXO0JI, CONPOBOXKAAIOIINNCSA MOSIBICHUEM INapaMarHUTHBIX
CBOWCTB,  Ha3bIBalOTCA  aHTU(eppomarHeTHkamu.  Ecnum
TEMIIEpaTypa CTAHOBUTCS HHUKE OIPEICIICHHOW, 3TH CBOMCTBA
y BemiecTBa Habmoaarees He OyayT. K antudeppomarnernkam
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OTHOCSITCS MapraHery, M XpOM. deppuMarHeTuku
XapaKTEepU3YIOTCS MIPUCYTCTBUEM B HUX
HEKOMIICHCHPOBAaHHOTO aHTH(eppoMarHeTu3ma. Nx
MarHuTHas BOCHPUUMYHUBOCTb TOXKE 3aBUCHUT OT TeMIIepaTyphl
¥ HampsDKEeHHOCTH MarHuTHOro mnois. Ho ornwums y HuUX Bcé
ke, ecTb. K 3TMM BemecTBaM MOXHO OTHECTH pPa3JIMYHbIC
OKCH/IBI.

Ectp emé oaHO CBOWCTBO MaTepuajoB, KOTOPOE HE
BCTpEUaeTcsi B MPUPOAEC — 3TO HCKYCCTBEHHOE H3MEHEHHE
cBOiicTB BemiecTBa. Peub WAET 00 WM3MEHEHWHM MArHUTHBIX
CBOMCTB HEMarHuTHbIX MatepuaynioB (mateHT RU 2123736
C1).

®opmyna n300pereHus OIHCHIBACT croco0
HAMarHU4YMBaHUS HEMArHUTHBIX MAaTEpPUAIOB, MPH KOTOPOM
NOCJIEIHME PpACIojiaraloT B MarHMTHOM I10JI€ UICTOYHUKA. B
KaueCTBE YKa3aHHOTO HCTOYHUKA HCHOJb3YIOT CHUCTEMY
TOKOIPOBOISALINX moJjoc, PacTONOKEHHBIX Ha
IUDIIEKTPUYECKON MOMANOXKKE, CBEPHYTOM U (OpMe JICHTHI
Mébuyca (puc. 18). IlpoBoasuie mOIOCHI CHAaOXKEHBI
BBIXOJHBIMH KJIEMMaMH, PACTOJIOXEHHBIMA C BHYTPEHHEU U
BHEITHEW CTOPOHBI MOBEPXHOCTH JICHTHI MEOMyca HAMpOTHB
IpyT Apyra, MpU 3TOM BpeMsi HaMarHHYMBAHUS OOpPATHO
IPONOPLUOHAIIEHO MIPOU3BEACHUIO TOJIIUHBI
HaMarHMYMBAEMOT0 MaTepuala Ha yAeIbHBIH Bec.

\Q4 |

N
AN
\\Q

(

Puc. 18
B ocHOBe mpemioXkKeHHOro crmocoda U JICKUT

B3aUMOJIENICTBUE noJen OIIPENEIIEHHOT O HCTOYHHKA,
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COCTOSIIIMX M3 MArHUTHBIX MOHONOJIEH, ¢ HEMarHUTHHIM
marepuasioM. Ilpeanonaraercs, 4TO MarHUTHBIE MOHOIIOJH,
U3JydyaeMble HCTOYHUKOM, 3acTPEBAalOT B BELIECTBE, U
BELIECTBO u3 JMaMarHeTuka IpeBpalaeTcs B
napaMarHeTUK Ui  ¢eppoMarHeTuk. B mabopaTopHBIX
YCIOBUAX OBUIM TPOBEIAEHBI padOTHl MO HaMarHMYMWBAHUIO
HEMarHUTHBIX MaTepHAaJIOB.

B KauyeCcTBE HaMarHUYMBaeMbIX 00pasioB
UCIMOJIb30BAIUCH 00pa3Lbl U3 MIIACTUYECKUX MAaTEpUAJIOB THUIIA
MOJMMETUIIMETaKpUIIaTa, MOJINATUIICHA, dropormnacra,
SMOKCUIHBIX  CMOJI,  IOJMYPETAaHOB,  MOJIMKapOOHATOB,
KayuyykoB, ctekon tuna C-52; N 23; II-15; C-5, kepamuku
22xC, anynnoB. Pe3ynpTaThl aHaNM30B PUBEIEHBI B TAOINIIC
2.

Tabnuna 2
HUcxonnas MarnuTtHast MarnutHast
HaumeHnoBanue MarHuTHast NPOHULAEMOCTH NPOHULIAEMOCTH
MPOHHIIAEMOCTh | MOCJIe HCIBITAHMI yepe3 rojg
TonMMeTHIMETaKpHITAT -0.9 +11,0 +10,0
®ropormact O-4 -0,5 +6,0 +5,0
Crexio C-52 -0,45 +19,0 +18,5
OKHCh AMOMUHUS /aTyHzy/ -0,36 +21,0 +21,0

B npouecce n3ydenust BO3aeHCTBUASI MArHUTHOTO TOJISI HA
MarHuTHBIE  MApaMeTpbl  BEIIECTB, YCTAHOBJIEHO,  4YTO
HauOoJIbIlIasi HaBEJEHHAs MAarHUTHas BOCIPHUMYUBOCTH
Ha0IIoAaeTcsl y TeX BEIeCTB, KOTOpPbIE HMEIOT B CBOEM
COCTaBe HauOOIbIIee KOJIMYECTBO aTOMOB KHCIOPOJa,
KOTOpbIM TapaMarHuTeH. B mpouecce uHCnbITaHUU Ha
JOJITOBEYHOCTh OBUIO YCTAaHOBIIEHO, YTO HaMarHUYEHHOCTb
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o0pa3loB HE Mcue3aeT, MO0 KpailiHell Mmepe, B TeueHHE roja
IIpU XpaHEHUM IIpU KOMHATHOW TeMIiepaType.

TpyaHO NepeoleHUTh MOJE3HOCTh JAHHOTO H300pEeTeHus,
T.K. B KOHCTPYKLHMSIX TEHeparopa HalpsDKeHUsT B KadecTBe
CEpJICYHUKOB MOXKHO HCIOJIb30BaTh HE (peppuThl M JKenes3o, a
CTEKJIO, QTIOMUHHHA WM (QTOPOIUIACT. ITO NPOTUBOPEUUT
copMHpOBaHHBIM 3HAaHMSM O CBOWCTBaX BemiecTBa. B
U3MEHECHHBIX CBOWCTBAaX HEMAarHUTHBIX MAaTE€PUaJiOB MOTYT
HPOUCXOAUTH AaHOMAJIbHBIE SIBJICHUSI IPU pabOTe IEKTPUIECKOTO
reHepaTtopa. OJTO OTKPbhIBA€T IEPCHEKTUBBI B  IOSBICHUU
HPUHLMITHATIBHO HOBBIX TEXHOJIOTUM OyIy1iero.

Ha camom pene cBoiicTBa AMAIEKTPUKOB HE JO KOHIA
m3ydyeHsl. B kuure mpodeccopa ILA. DrnopeHckoro
«JIMPNEKTPUKN U UX TEXHUYECKOE NPHMEHEHHEY, HAIIMCAHHOW B
1924 romy, moapoOHO OMMCAHBI OOIINE CBOKWCTBA JAUIICKTPHKOB H
UX  TEXHWYECKOe  IpUMEHEHHe. ABTOp  HACTOSTEIHHO
PEKOMEHJyeT O3HaKOMHMTbCS C OSTUMU Tpyaamu. llpuBeny
HECKOJIBKO BBIJIEPIKEK, KOTOPbIM OyIyT JlaHbl KOMMeHTapuu. B
BBIZIEPXKKE | M3 3TON KHUIW HAIJISIHO MMOKA3aHO, YTO CBOWCTBAMHU
MaTepualioB KakK MPOBOJHUKOB JJIEKTPUYECKUX 3apsoB B
ANIEKTPUIECKOM TIOJIE 3aHUMAJIICh OYeHBb CEPhE3HO YK€ TaBHO, U
HaM ObUIO OCTaBJICHO BeIMKoe Hacaeaue. OmuboYHo JymMarth, YTo
NpONUIble  3HAHWS ~ yCTapelnd. ABTOp  CHEUHANbHO, IS
O3HAaKOMJICHUS, TIOKa3bIBACT HECKOJBHKO BBIIEP)KEK W3 KHHUTH,
Na0bl YnTaTellb CMOT OIEHUTH TPYH YYEHBIX TOW 3IOXH, KOT/a
TEXHUYECKUH TPOrpecc CTOsUT Ha IMyTH CBOETO PasBUTHSA, U B
KBAaHTOBOW (pM3MKE €II€ MHOroe ObUIO HEW3BECTHO. 3aTO ObLIO
NPOBEICHO HEMAIO MCCIEOBAHUM CBOMCTB MaTepUalioB, Kak
NPOBOJJHUKOB, TaK M JUANIEKTPUKOB. [10700HBIE 3HAHHMSA MOTYT
MOMOYb TOHSTH (PU3UUECKUE SIBICHUS, KOTOpPhIE OOpa3zyloTcs B
npouecce pabOThl AIEKTPOHHBIX Y3JIOB T'€HEpaTopa SHEPrHH.
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3HaHMs 3TUX MPOLIECCOB MOMOTYT MOHSTH, MOYEMY HEKOTOpBIE
KOHCTPYKILIMU pabOTaloT, a Apyrue HeT. B uém npuumHa oTkasza B
pabore? BO03MOXHO, YTO CHJIOBOE DJICKTPOMAarHUTHOE TIOJE
MEHSET CBOMCTBAa JUAJIEKTPUKOB, a  HCCIEOBaTeNb U
n300peTarens 10 TOro BpeMEHH He JiyMajl M He TI0/I03PEBall, UTO
TaKO€ BO3MOYXKHO.

— 33 —
BHPABHHBATH YCTANOBIEHMHYI B HeM pA3HOCTh WoTeHuHanoB. C ofenx
3THX TOYeK 3PeHHA Bce Teqd o6pasyoT OJHEH pAR H He IPENCTABIALT
NPRIUENIATBHEY Pasanintt mexnxy cobon. Ho Bece neno B ToM, Kakoe
YCTRHABJIBACTCS 110JI€ 1l CKOJbKO BPeMeHH OHO JepsxHTCA. EcaH B clo-
CoGHOCTII PACTIPOCTPAHATH ToJ€e 3JeKTPHYECKHX CHJ BIJETh UPH3HAR -
3NeKTPHKA, TO BCJA K Oe TeJo ecTh AN IeKTpEK. Mano Toro, Boja—Jyumnm
 IMONEKTPHK, HeXesdl Bo3JyX HJIH CTEKJNO: OHA JydIIe pacnpocTpaHser
ciay saeKTpHueckoro moad. Ilo HE 0HO TeNo HE eCTh AHONCKTPHK, eClH
OpH3HAKOM [M3JIEKTPHKA YKA3ATH CNOCOGHOCTh TeJa JEp:HKATh 3TeRTpo-
CHIO0BOE ToJe. JTa MYTAHHIA BO3HIKACT OT CMeIIeHHA ABYX (QyHwumii
pelnecTBa, B OpsiAKe ()eHOMCHONOMIYECKOll YCTAHOBRE NOHATHM, He HMe-
OUX MEYEro oGIMEro Mekay CoG0l: uHGYKMUSHOCMY W NPOCOTUMOCHIY.
JlorEdeckE MOENO 006pa3oBAThL JiBe APYr OT APYTR LE3ABNCHMIE
mapu IPOTEBOIOJNOMKEHHN:

1ll3.ICKTpIiKI|—UUAE)]UNT[)IIZ\'“

HERPOBOAMHRU—HPOBOANKKM,

Jitoraa GHBAKT CRAONHH OTOMAECTBHTH 062 HTH IIPOTEBOMOJOMEHIA I,
CJICNOBATENLHO, 130erast TePMHHOB ¢ OTDHUAHHEM, B3ATh IPOTHBONO-
NOMEHHA 3THX ABYX HAp JHATOHMIBHO, BCIEJCTBHE ero 06pasyioTcs [Be
9KBHBAJIEHTHHE APYT APYTY HApH:

ARIACKTPUEN—NPOBOABNKH
. HCOPOROAHHEM — HCAHIACKTPRKRN.

Boiaepikka 1

EARHATD ¢ KaMANM U3 HOHATHI Apyroft mapu. [INaNeRTpEKE MoryT GHTH
H 1POBONHNKAMII W HCNPOBOAHEKAMIL, KAK LCHMEKTPHKN MOIYT GMTh
TO®E H HPOBOAHIKAME W HelpoBoauukamy. llnate romops, mpouece pac-
UpOCTPAHeHHA BrcKTpH'eckoli AedopMALBN cpeal, XapakTepuayeMol mu-
AYETHBIOCTBIO, H NIONECC HArNARIBANAA 3ToH JedopMaun, 1. ¢, mpeBpas
IMCHHE €e B MUHC DEAH PHEPIHH, IPCHMYIIECTDENHO TenJonof, XapaxTe-
PE3YeMOHl 'IPOROIANMOCTLIO, — 3TIf Jina mporecea HenoMeHoaoriCekn 1o
HMET MeXRAY coliobh Hu'ero o6lLero.

Boiaepxka 2
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B BeIIEpKKE 2 TIPEACTABICHO OYEHb JIFOOOMBITHOE |
HEMPUBBIYHOE  JUIA  HAIIETO  BOCHPHUATHS  HAOJIOJICHHE.
Hwanextpuk?! la u emé amekrponpoBogHUK?! A 00 3TOM 3HAIA

YK€ B IIPOLIBbIE CTONETHSI!

Iiponece, BasHBaeMH{l IPOXOk[eHHEM 3JIeKTPHYECROI0 TOKA, Cla-
raeTcA N3 JBYX: BO Ile DPBH X, H3 HATAREHHS CHJIOBHX BOJOKOH TOKAMH
CMEmEeHBA, 06yCJOoBleHHHMA HBEAYKTBRBHOCTHIO Cpe, H BO BTOPHX —
H3 YHHYTOXEHES STHX BOJOKOH TOKAMH IIPOBOJHMOCTH, NOCNejfHHE CBA-
3aHH ¢ TlepeHocoM ajneRTpEYecKEX Mace. Hocmrenenm anerTpEIeckol
SHeprHH [oNdg OPBXOAHTCA NpPH3HATH NPEHMYIIECTBEHHO OKpy:EaImee
3JIEKTPONPOBOA HPOCTPAHCTBO, I TJABHWM 06pa3oM H BOBHHKAOT TOKH
CMeIMEeHH; HANDOTHB, MEeCTOM ITpeoGpasoBaHNud 3TON 3HePrHH B TEILIOBYIO
GHBaeT IPeEMYIIECTBEHHO CAMHY IPOBOJ, Hecymu#A TOKH IPOBOJEMOCTH,
Ho sToT mponecc IepeHoca B OpoBOje SJEKTPHIECKHX MACC, T. €. TOK
IIPOBOJEMOCTH, MOKeT GHTh MHCIHM JalleKo He eJEH0006pasHo. B 3aBu-
CHMOCTH OT cHO0coGa ero coBeplIeHHs, H NPOBORXEMOCTH IOJy9Yaer pas-
JEYHHE Xapakrep.

23. BHAB 3M6KTPONPOBOAHOCTH. DeMEHTAPHbE BIEKTPHIECKHEE MACCH
CaMH 10 cefe BCerna OJHHAKOBH, H 0YeBHIHO—He B HMX NPHYHHA pas-
JHY9EA CYIMECTBYOmMHEX BHA0B HPOBOAHMOCTH. OTY NPHYAHY HAINERHT
HCKATE B XapaKTepe rpynm, CBA3aHEHX C JaHHEHM sJleMEHTADHHM 3apd-
noM. Ho Bo BceX clygaax Bo3HHKAET JeKTPHIECKHE TOK.

OnexTpHYECKEN TORK €CTh NEpeHoc JIeKTPHIECRHX 3APANOB — OTHO-
CHTEJIPHO HEKOTOPHX MATEPHAJBHENX TeJ. JTOT MePeHOC BO3MOMEEH B CHIY
Guenepcnocmu MATEPHAILHOR CpefiH, T. €. ee PACUIeHeHHs Ha OTAeJbHHE
HaCTH, C pe3k0 H3MEHSOIMEMHCH HA IpaHHNe (H3MISCKEMH CBONCTBAMM.

Beoiepxka 3

Bee 3TE mpoueccd o6paTHMH: NPHHUANBEMIBPHO TOBODPA, OHE
MOCYT MpON3BORHTHCA KAK BHEMIHAMA MEXaHUIeCKEMH CHJIAMH (Torja
MEeXAHUYeCKEe CHJIN UPDONZBOJAAT TOK), TAK H JIEeKTPHYCCKHMHE CHIAMHE
woNs (TOrNA TOK IPOM3BONHT MeXaHHYeCKYH paboTy); 3JeKTPOHHHE Be-
Tep, NOALIMAEMH{l B NPOBOJHIIKE TOLO RJIH JAPYroro BIAA, o6JajaeT onpe-
JIeJIeHHOK KITHETHICCROK aueprHEe# JBNIREeHILA.

Brinepxka 4
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©cHJIe, KOTOPHM OHpe/le/sieTcs BeqidiiHa Iepedecenoro B eANHNLY Bpe-
MEHH 3ApATA [Pl ONpeleIHHNX TeO0MEeTPITYeCKIIX YCJAOBIHAX RPOBO-
JAUIEH cpedid, To aT& NMPOBOINMOCTH OKameTes QyHriHew AelicTpyomelk
CHIH 1t MUOCHX APYCux (hakTopoB, B PA3HHX CAYYAAX BECbMA paaIHy-
HHX. Bun srofi Gpyaruinr onpelendgercd cTeneHbd RICHEPCHOCTH CpeaH.

HauGosee Bamuux crymeuedt awcmepcHocTH I3BecTHO TP, Mu
sHaeM KoHeJHME TeNa, MOJNEKYJH M aToMH. IIpoAykTH paspy-
ImeHus 9TUX TPOAKNX 0060co6IeHHEX YacTel MaTeplH OGCHYRHBAKT TPi
OCHOBHHX Biaa nposojnxocri. CeoGojHEe 3apARH MOTYT OHTH LEepeHo-
CHMH MEeXAHHYPCKI YACTHIAMH BecoMoil MaTepmm (MoAsuond), X B-
MHEYEC K —JACTAMH MOJEKYN (uoNbt) B COGCTBEHHO B3I EKTPHYECKH
—9acTAMH aToMoB (9sexmponst). Coo6pasHO STHM TpeM BOaMOMHOCTSIM
JOMBHE OWTh Pasiryaes 1 TPH BHAA UPOBOJEMOCTI KOHBE K ¥ O H-
Had (Ky/la BRINYAOTCA pOJNIHHLOBCKIe TOKN, d3leKTpodopes
H3JNERTPOCMOC), S3NEKTPONMTHYCCKAS ¥ METANJAHYECKAL
MeraiionpoBojRMOCTh HA3HBAETCA TAKKE NpPOBOAMMOCTHI 1 pona,
JIERTPONHTONPOBOANMOCThb—I pOBOAEMOoCTh®W 1l poxa, & upoRo-
AUMOCTh KoBBeKUHoHHas—nposoanMocThio [II popa.

IIpenen npoGnesus BewgecrBa—aneKTpouH, Ecam 6 OO TBEPAHJIOCH
CYWIeCTBOBAKHE €Y032.16KMmpPon0s, TO BePOATHO BOHHK OH W BOUPOC O APO-
Gnesws 3JeKTPOHOB 1 0 Meperoce cy6LileKTPOHOB BAEKTPOHAMH, T. €. eIlle
O HOBOM BHiae npoBoguxocti. Ho B HacTodmiee BpeMs HeT OCHOBaHEI
CINTATH 3/ICKTPOHNH PAITOMIMEMI, H MOITOMY IOCTABJNEHHHE BOIPOCH —
BHE Kpyrosopa coBpeMeHHOM (u3mkw.

Beiepixkka 5

B Boiiepkkax 3 u 4 nana (GopMyaHpoBKa 3IEKTPUYECKOTO

TOKa, a TaKKe BIHMSHUS Cpelbl Ha MPOBOAHUK. W, 4TO camoe
WHTEPECHOE — JTO OTHOIICHHWE KHUHETUYEeCKOW DSHEPruu K
ANEKTpUUECTBY (TOCTenoBaTeNbHbI pe30HaHC, ThaBa §). B
COBPEMEHHON HAayKe KHHETHYECKYK) SHEPIHIO IPUITMCHIBAIOT
TOJIBKO K MEXAHMKE, a B TIPOIIOM YUYEHBIE HE PA3JIENSIN CBOMCTB
KHUHCT I/I‘-ICCKOf/i 3Hepm1/1 oT 3J'IeKTpI/I‘—IeCTBa U MCXAaHUKHU.
KI/IHCTI/I‘-IeCKaSI 3Hepr1/151 — 3TO 3Hepr1/m JOBHUXKCHUS.

duznyeckas BEIUYUHA, paBHAS MOJOBUHE MPOU3BEACHUS
Macchl Tela Ha KBaApaT €ro CKOPOCTH, Ha3bIBaeTCs
KUHemu4eckou 3Hepeueti meid. 3apsHKeHHbBIE YaCTUIBI IMEIOT
Maccy, a B IIOCJICIOBATEILHOM PE30HAHCE CKOPOCTh JITHUX
YaCTHI] OYE€Hb OOJIbIIIAS.
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B BbIziepKKE 5 TOBOPUTCSI O TOM, YTO YUEHBIEC TOM SIOXHU yXKE
NOJIO3PEBAIM O CYHIECTBOBAHMU OJIEKTPUUYECKUX HOCUTEIICH,
HOMHMMO 53JIEKTPOHOB, M HAa3BAIM HX CYOBIJIEKTPOH — a 3TO
AQHTUYAaCTHLA HJIEKTPOHA IIO3UTPOH.

CpoiicTBa KBapla Kak JUAIEKTPUKA JABHO M3BECTHO B
Hay4HbIX Kpyrax, HO IIOYEMY-TO OH HE IPUMEHSETCS B
KOHCTPYKIHMSIX  TeHepatopoB  sHepruu. O  CmocoOHOCTH
HaKalUIMBaTh AJIEKTPUUYECKUM 3apsii B KBaplle HUIJE HeE
HOBECTBYETCA. YUEHbIMH ObUIM IPOBEJCHBI OMbITHI, IJIE
UCIIOJIb30BAINCH [IBA LIJIMHAPA U3 MeIu (OIBIT C JICHIEHCKOM
Oankoii). BHyTpm 5STUX IMIMHAPOB TIOMENIAM KOJIOY W3
KBapLEBOro crexia. Jlamee ¢ MOMOILBIO 3JIEKTPOCTATUYECKOIO
reHeparopa BbICOKOrO HampsbkeHust (puc. 19) 3apspkanu
LHeHTpalbHbl umHAp. llociie 3Toro, OTKIOYMB reHeparop,
3aMBIKAJI MEXITy cO00H 00a MEIHBIX IMIMHIPA. MeXTy IByMs
WIMHApaMu  oOpa3oBayicsi MOLIHBIN paspsia. Ilpu moBropHOM
OIIBITE, TIOCJIE OTKJIFOYEHUSI NIEKTPOCTATUUECKOTO TeHepaTopa OT
LEHTPAJIbHOTO MEIHOTO IWIMHIPA, LIIMHAPBI MEeXIy coOOi He
3aMBIKAIACh, @ U3 CEPEIMHBI M3BIEKAJIOCh KBApLEBOE CTEKJIO.
3ateM ObUIM 3aKOpOYEHBI MEXTy OO0 MeqHbIe HMIHHAPHL. UTo
caMoe yIMBHTENILHOE — pa3psaa He ObLIO, T.K. MEIHbIE LIMIUH/IPbI
B JIaHHOM KOHCTPYKLIMH SBJSIIOTCS TOJBKO TMPOBOJHUKAMHU
JNIeKTpUYecKoro 3apsina. Ho Kkak TONBKO KBapleBOE CTEKIIO
MOMEIIAJIOCh 00paTHO MEXIy MEIHBIMU IWIMHApPaMU, TO TpPHU
KOPOTKOM 3aMbIKAHUM 53TUX LWJIMHIPOB OISATh MPOUCXOIHIT
MOIIHBII pa3psia. BeiBoj HanpammBaeTcs caM — 3TO CIIOCOOHOCTb
KBaplla HAKalUIMBaTh JJIEKTPOCTATUYECKWH 3aps] B CBOEH
KPUCTAJUIMYECKOM  CTPYKType. A caM  KBapl  SBISETCS
JDIIEKTPUKOM.
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Puc. 19. DnekTpocraTrueckuii renepaTop

ABTOp  cHenMaTbHO  AKUEHTHpPOBAI  BHMMAaHHWE  Ha
HEM3YYEHHbIE  CBOMCTBAa  JIMDJIEKTPUKOB, T.K.  HCIOJb3Ys
JMANIEKTPUKU B Pa3HbIX KOHCTPYKLUSX TE€HEPaTOpOB SHEPrHu,
OHM MOTYT MEHSTh CBOM CBOWCTBA, OCOOEHHO C NPHMEHEHHEM
UMITYyJIbCHOM TEXHOJIOTUHM, M, TEM CaMbIM, YIYYIIUTh WM
YXYALIUTh TapameTpsl paboTbl m3zmenus. M3oOperarens, Tem
BpEMEHEM, Tepsercss B JOrajkax, M0 Kakod IpHYHHE
KOHCTpYKIMsi He pabortaer? Heobxomumo TOHATH, YTO BCE
yIUpaeTcss B HE3HAHHE MaTepUAIOBECHUS U SKCILTyaTalluy 3THX
MaTepralioB B pa3HbIX cpeax.

[enaem npeaBapuTte/bHOe 3aK/JII0YeHHeE:

1. 3akoH CcOXpaHEHHs SHEpruu SBIAETCS CIEJICTBUEM (HE
IIPUYMHOM)  CHMMETPUYHOIO  B3aWMOJEHUCTBUA.  3aKOH
COXpPAHEHMsI SHEPTHMU HE MOXKET ObITh HapyIIeH, T.e. 00JIaCTH,
OXBAaTbIBAEMbIE JTHUM 3aKOHOM, IIPAaBOMEPHBI TOJBKO IS
CUMMETPUYHBIX B3aMMOJICHCTBHIA;

2. Camblif TpoOCTONW C€HOCOO YHUYTOXHUTH CHMMETPUUYHBIE
B3aUMOJICHCTBUSL  —  HCIIOJIb30BAaTh  3JIEKTPOMArHUTHYIO
0o0paTHYIO CBS3b IO TOJIIO;

3. Bce acuMMeTpHUUHBIE CHUCTEMBI HAXOJATCS 3a IpEleIaMu
o0J1acTH, yKa3aHHOH B 3aKOHE COXpPaHEHUs SHEPTUH;

4. KauecTBO ynpaBieHUs JIEKTPUUYECKUMH 3apsiiaMy 3aBUCUT
HE TOJNBKO OT BBIOOpa KOHCTPYKLIUU AaCCUMETPHUYHOTO
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TpaHcopmaropa, HO U OT CBOICTB MarHUTHOTO BEUIECTBA,
HCIIOJI3YEMOr0 MaTepHalla B KOHCTPYKLIUH;

5. UtoObl ynpaBiaTh U pa3AeisaTh pa3HOMMEHHbIC 3apslbl B
KOHCTPYKIIMH, HEOOXOIMMO 3HAaThb HUX BOCIPUUMYHBOCTH
CBOMCTBAM XMMHYECKUX JJIEMEHTOB, M3 KOTOPBIX COCTOSIT
MaTepHalibl U PaIuOIIEMEHTHI;

6. [IpopbIBHBIE TEXHOJOTMU MOTYT TOSBUTHCA TOJIBKO
Onarogapst OTKPBITUSIM B O0JIACTH HOBBIX CBOWMCTB BEIIECTBA U
CBOMCTB MaTe€pHUasoB.
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I'TIABA 11. Hcnoav3zoseanue ceoiicmea niommnocmu
6bICOK020 U HU3KO020 0A6/ICHUA Mamepuu 0711 noJly4eHus
INNEKMPUYECKOIl IHepZUU

B oroii rmmaBe, KoTopas ABISETCS  IIPOJOJIKEHHEM
HOpeablayIiel, Takke OyIyT pacKpbhIThl HOBBIE TNPHHIIMIIBI
YIOPABICHUS  JIEKTPUYECKUMHU  3apsaamMM, U yKas3aHa
B3aMIMOCBSI3b ITHX 3apsAI0OB ¢ dHeprueil matepuu. Takxe Oyaer
JaH OTBET Ha O4YeHb BaXHBIM Bompoc: «Otkyna Oepércs
JOTOJHUTEIbHAS ~ JHEprus U3 OKpYXalolllero  Hac
MIPOCTPAHCTBA? .

Jlononnumenvuas suepausi — 3TO JBUKEHHUE HSHEPrUi B
MaTepuu, KOTOPbIE B3aUMOJICHCTBYIOT C OKPYKAIOIUM MUPOM
IIpY  ONpPENENEHHBIX YCIOBUAX. B mpenpaymux riaaBax
pacCMaTpuBaIuCh BUIbBl JHEPrUH, KOTOpPBIE HE TOJIBKO
B3alMOCBS3aHbl MEXIY COOOH, HO U SBISAIOTCA YacCThIO
Marepuud. MHorue wu3 ucciaeAoBaTelied Has3bIBalOT  JTO
sHepruei «ddupa» Wi 3Heprueil Bakyyma. ABTOp He Oyzaer
3a0CTpATh BHHUMaHHE Ha <«AQupe», MOTOMY 4YTO 3TO HE
IMPUHLMIIAAIBHO BakHO. HUKTO He 3HaeT mo-HacToAIEMY
CBOMCTB «3(upay, a 0 CBOMCTBAX dHEPrui, TAKUX KaK SHEPTUs
IIOJIsl, DHEPrHsl BEIIeCTBA M DJHEPrUs 4YacTULl, 3HAHUU
MIPEAOCTATOYHO. Oco0eHHo MHTEPECHBI CBOMCTBA
IPABUTALMOHHOTO TOJIs, KOTOPBIM ITPOHM3aHa Bca BceenenHas.
B nmanmHOM cnydae HeoOXomuMo paboTaTh C  TOJIE3HBIM
MaTEpUAJIOM M CEPbE3HO €ro M3ydaTb. 31E€Chb HET IpHU3bIBa
OBITh MAaTEPUAIUCTOM — JJISI TOTO, YTOOBI MOHATH (PU3NUYECKHE
3aKOHBI, HEOOXOIUMO OTTAJIKUBAThCA OT TOTO, YTO U3YYEHO U
IIPOBEPEHO Ha MpakTHKe. He cTouT urHOpHpoBaTh TPYZAbI
y4€HBIX U u300peTaTeneil, XOTs HEKOTOpble WX TEOPHUU, U
npaBaa, ycrapenu. brnaromapst sTomy (QyHIaAMEHTY MOXHO
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JIBUTAThCS AaJIbIle, a Mbl IO4ac CUJIbHO 3a0eraem BIEepEn, He
JI0 KOHLIa U3Yy4YUB IIPEABIAYIINE 3HAHHUS.

Korzma-To anekTpoavHaMuKa TOJIBKO-TOJIBKO BCTaBajga Ha
HOTM W oOpacrajga pa3HOro pojJa 3aKOHaMM, KOTOpbIE
OTKpPBIBAIMCh B PE3YyJbTaTe IMPOBOJAUMBIX 3KCIIEPUMEHTOB
BeNMKHUX (Gu3UKOB npouuioro — Papazes, Ipcrena, Ammepa u
ap. OnuH U3 3aKk0HOB OTKpbUl AHApe Mapu Amnep. 3HaueHue
3TOr0 3aKOHA BBIXOAMT JAJIEKO 3a IpeleNnbl  caMou
JNEKTPOAVHAMUKH, TaK KakK 3TOT 3aKOH OTpakaeT CBOMCTBa
OKpYKarolllel Hac Cpelbl — SJHEPTUU B MAaTEPHUHU.

Jleno B TOM, uYTO B OKOHYaTeNbHOH (opMynupoBke
JAHHOTO 3aKOHa B KAauecTBE OJHOW U3 IEPEMEHHBIX
Gurypupyer >3J€KTpOMarHUTHas MHAYKLUWSA; M KOIJA MbI
paccmaTpuBaeM MpOSIBICHHE 3aKOHAa AMIlepa B OTHOLLEHUU
JIByX MapajuleJbHbIX MPOBOAHUKOB C TOKaMH, TO, Bpoje Obl,
HapyIlIeHUs 3aKOHOB (U3UKU HEe oTMmeuaeTcs. Ho xorga stor
K€ 3aKOH IMpOSABIIAECTCA P  B3aUMOACHUCTBHHM  JIBYX
IIPOBOJHMKOB C TOKOM, PAaCIOJIOKEHHBIX MOJ YIJIOM, a TEM
Oosiee OJHOTO IMPOBOJHUKA, HO H30THYTOTO IOJ YIJIOM, TO
BBISCHSIIOTCS CTpaHHbIE BEIIM, 4YTO, $KOObI, NPOBOJAHUKU
OTTAJIKMBAIOTCS OT IYCTOI'O MPOCTPAHCTBA, YETO COBPEMEHHAS
¢u3rKa He IpU3HAET.

K HacTosmemy BpeMeHM MHOTMMHU (PU3MKAMHU JTOKa3aHO
HaJUM4Me pa3HbIX BHUJOB DSHEPrMH KaK CBOWCTB MaTepUH
(9HEpruu YacTHll, YHEPTUH BEILIECTBA U SHEPTUU TOJIs). ABTOP
CIEMAIbHO aKLEHTUPOBAJI BHUMaHHE HAa CBOWCTBAaX MaTepuu
U SHEpPIruid YacTHll, OJs U BEIIECTBA I TOTO, YTOOBI TEPMUH
«3¢hup» ObUT BOCIPUHSAT B JlabHEHIIIEM MTPaBUIBHO, T.K. OH HE
Jla€T HOPMAJIBHOTO OTpENIeIeHus Il TOHUMaHUs (PU3UIECKUX
SBJICHU.
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Tenepb paccMOTpUM B3aUMOJIECTBUE MPOBOJIHUKOB APYT
C JIpyroM, B 3aBUCHMOCTH OT HalpaBJICHUs JBH)KCHHUS TOKa B
HUX. B 1aHHOM ciydae mpOBOJHUKUA MOTYT MPUTATUBATHCSA WU
oTtankuBaTbes. Ha puc. 20 mokazaHo, YTO MPOBOJHUKH, B
KOTOPBIX HAMpaBJICHHE TOKOB OJIMHAKOBO, «IIPUTATHUBAOTCS»
JIpYT K JIpYry, a MPOBOJHUKHU, B KOTOPHIX HAIPABJICHHE TOKOB
MIPOTUBOMONIOKHOE, «OTTAJTKUBAIOTCS». OTO OQUIIUATBHBII
NEKTpoAMHAMUYeCKui 3akoH Awmmepa. Ho ¢ nosunmit
a¢upHOl Teopuu OTH (HAKTBI HMEIOT HECKOJbKO HWHOE
oObsacHenne. Ha puc. 21 mokaszaHbl CIOCOOBI IMOIKIIOYCHHUS
MIPOBOJIHUKOB K UCTOYHHUKY IMUTAHMUS.

|-— R

Puc. 20

Jleno B TOM, 4uTO Jto0asl cuila, KOTopas JeHCTBYeT Ha
BEIIECTBEHHOE TEI0 — 93TO pe3yiabTaT JIOKAIBHOTO WU
rJ100aTbHOTO BO3/CUCTBUS Ha HEro HHEPruil MaTepuu U3
OKpY’KaloIllero nmpocTpaHcTBa. Jlaxke xorja B3aMMOAECHCTBYIOT
7IBa MaTepPHAJIbHBIX TeJa, TO BHAYaJIe OJJHO TEJIO BO3JCHCTBYET
Ha MaTepHIo, a PHEPTUsl U3 MaTepUH BO3JIECHCTBYET Ha BTOPOE
Teno. 3nmeck peub uaAET o0 sHepruu nois. Ha moboe teno Ha
99% wu Gornee AEHCTBYIOT HECKOJBKO PAa3HOBUAHOCTEH Moyen
(rpaBUTallMOHHOE M AJIeKTpoMarHuTHoe). W eciam  Bapyr
HaOIIto1aeTCsl, Tak Ha3bIBaeMoe, OE30MOpHOE JBIKEHUE, TO B
3TOM Ciy4yae MMEET MECTO BO3JCHCTBHE Teja Ha MaTepHio, a
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Matepuu — Ha Teno. 3akoH HplOTOHA O paBeHCTBE CHII
JNCHCTBUSL M TPOTHBOACUCTBHUS OCTAaeTCSI BEPHBIM B JIFOOOM
cilydae — Kak MpH B3aUMOJCWUCTBUM JIBYX TeJ JAPYT Ha JIpyra,
TaK ¥ MPH B3aMMOJICHCTBHH Tella C MAaTEPHEH B OKPYKAIOIIEM
npoctpancTtBe. Tonmbko MaTepus HE CrmocoOHAa HHYETro
MPUTITUBATH, HO B OKPY)KAIOIIIEM HAaC MPOCTPAHCTBE MAaTEPHs,
HAXOJSCh TIOJ] BBICOKUM JIaBIIEHHUEM, CIIOCOOHA TOJIBKO
«IaBUTh» B HANpPaBIEHUU OT OOJIACTH C  «BBICOKUM)
JABJICHUEM K OOJIaCTH C «HU3KHM» JaBiieHHeM. [loaTomy
3aKOH AwMrepa ¢ TO3HWIMKA COBPEMEHHOW (U3UKH 3BYYHUT
HEMHOTO To-ApyroMy. Korza B IByX MpOBOJHUKAX TOKU TEKYT
B 0JIHOM HampasieHuu (Oudmissp Tecia), TO MarHUTHBIC OIS
BOKPYT' MPOBOJHUKOB B3aMMOJICHCTBYIOT APYT C JAPYrOM Tak,
YTO MEXKIY TMPOBOJHUKAMH OTH JJIEKTPOMATHUTHBIC ITOJIS
(meficTBUE PHEPTWH TOJs) HANPABJICHBI B Pa3HbIC CTOPOHHI.
OTO MNPUBOJUT K TOMY, YTO JIaBJIICHUE MATCPUU MEKITY
MPOBOJAHUKAMH CHIJKAETCS TO CPaBHEHUIO C JaBJICHHEM B
Ipyrux o0jacTsax. ITo BEIET K TOMY, UTO JIaBICHUEM MaTepHH,
C TIOMOIIbIO SHEPTUU OIS, MPOBOAHHUKHU «BJIABIMBAIOTCS» B
0o0JacTh ¢ TOHIKEHHBIM JaBJIIEHHWEM, UYTO BOCIPHHHMAETCS
npuOOpaMy M YEJIOBEKOM KaK MPUTSHKEHUE TTPOBOIHUKOB JPYT
K apyry. Ecnm ke TOKM B TPOBOJHHMKAX TEKYyT B pa3HBIC
CTOPOHBI, TO  MEKIy  NPOBOAHUKAMH  HAIPABJICHHE
ANIEKTPOMArHUTHBIX TOJIEH (JIeHCTBUE SHEPTHUH TIOJIs) TAaKOBO,
YTO JIaBJICHUE MaTEPUU MEKIY MPOBOJHUKAMH YBEITUIHBACTCS
M0 CPaBHEHUIO C Apyrumu oOmactsamu. [loaToMy mnaBieHue
MaTepUH, C IOMOIILI0 PHEPTHH TOJIA, MEXKAY MPOBOJIHUKAMH,
HAXOJSAIIUXCS TOJ OoJiee BBICOKUM JABJICHHEM, OTTAIKUBAET
MPOBOJAHUKH IPYT OT APYTa, YTO BOCIIPUHUMAETCS MprOOpaMu
Y YeJIOBEKOM KaK OTTAIKHUBAHUE IIPOBOIHUKOB JAPYT OT JIPyTa.
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W3 nByx BapMaHTOB B3aMMOJEWUCTBUS TOKOB BaXKEH TOT,
IIPU KOTOPOM TOKH TE€KYT B IPOTUBOIOIOKHBIX HAIIPABICHUSX.
C nmo3uuuu  CBOKMCTB DSHEPrUM TMOJSI, MEXAY TaKUMU
MPOBOAHUKAMHU  BO3HHMKAaeT 00JacTb €  TOBBIIIEHHBIM
JaBJICHWEM MaTepuy, a B Karymkax Kymnepa HarpaBieHus Toka
B JBYX JIOOBIX  COCEIHHMX  NPOBOJHHKAX  BCEr/a
IIPOTUBONOJOXKHBEI (puc. 22). DTO O03HAYaeT, 4YTO MEXIY
TaKUMHU HIPOBOJAHMKAMM, a 3HAUUT M B KaTyUIKE B LIEJIOM,
BO3HHMKA€T  MHOXECTBO  oOjacteidi  NpPOCTpaHCTBA  C
MOBBILIEHHBIM J1aBlieHueM matepuu. [Ipuuém B 3THX oOmacTsax
JaBJI€HUE MAaTepuu BCErJa TOBBIIIEHO, HE3aBUCHUMO OT
HampaBlieHUsl TOKa. M ecnu fa)ke Ha Takue KaTyIIKH [0/1aBaTh
MEPEMEHHBII TOK, TO B 3THX OOJAcTAX JIaBlICHHE MaTepHUu
Oy/leT HM3MEHATHCS OT YCIOBHOTO HYNS A0 OINpPEaesIEHHOTO
YCIIOBHOTO MakcuMmyMma. M ecnu pa3HOCTb AaBlIEHUS MaTepuu
BO3HHKAET, TO, HE3aBUCUMO OT IIPUYMHBI BOZHUKHOBEHUS 3TOU
Pa3HOCTH, NOSIBUTCSI CHJla, paBHas NPOM3BEICHUIO Iepernana
JABJIICHHUs Ha IUIOLAJb CEYEHMS TeENa; a €CIM TEJIO Ha4yHeT
IIepeEMEIaThCsl, TO DHEPrHs IOJsA, KAaK CBOMCTBO MAaTEpHH,
COBEPILIUT HaJl TE€JIOM paboTy, paBHYIO IPOU3BEICHHUIO CHUJIbI HA
JUIMHY IIYTH, KOTOPOE MPOIIET 3TO BEIIECTBEHHOE TEJIO.

Pa3HOCTh NOTEHIIMANIOB — 3TO PA3HOCTh JECHCTBUIA SHEPTUI
YaCcTHII, BEIIECTBA M TOJISI MexAy coboil. Emé pa3 manmomHro,
YTO DJHEPrusi — OJTO KOJIMYECTBEHHOE MpHpAIICHUE WIH
yObIBaHUE TOKa3aTesnel 3amylleHHbIX MporeccoB. C TOYKH
3peHuss QyHIAMEHTAIbHOU (QU3MKH, OdHEprus (aeicTBue,
NesTeNbHOCTh, CHJIA, MOIb) — 3TO CKaJisipHas (u3nvecKas
BEIMYMHA, SBIIOMASACS €IMHONH Mepod paszauyHbIX (hopm
JIBUKEHMSI M B3aUMOJCICTBUS MaTepuUu, MEpoW Iepexoja
JIBUKEHUS] MaTepuu U3 OJHUX (opMm B Jpyrue. A marepus
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HEIMMOCPCACTBCHHO B3aHMOHeﬁCTByeT C DJHEPrusdMu 4YacCTHull,
I10JIA U BEUICCTBA.

BudmnapHan katywka Kynepa @
\HB )

\ \\ \ (@ ‘7’.;.::;._'_":..‘7 :
= = | —

EudnanpHan katyiska Tecas:
Puc. 22

Cnupanbayto katymky Kymepa MOXKHO HCIIONB30BaTh B
kayecTBe A (GEKTUBHOW IMepenarolieil aHTEHHBI, TaK Kak
U3ITy4eHUE SJIEKTPOMArHUTHBIX BOJIH OT 30H C MOBBIIICHHBIM
(mynbcUpylOIIMM)  JABJICHUEM  MaTepuu  (BILUIOTH  JO
(GOpMUPOBAHUS YAAPHBIX BOJIH) B OKPYKAIOIIEM IIPOCTPAHCTBE
Oyner mpoucxoauth ¢ Oonee BboicokuM KIIJI. Jlns mpunsTus
TaKMX BOJH HEOO0XOJMMa aHTEHHA, B KOTOPOM CO3/IaI0TCS
o0yacTu ¢ TOHMKEHHBIM JaBjeHHeM Mmarepuu. [[ns Takoi
Opu€MHONM  aHTEHHBI  TPEKpAacCHbBIM  BapHaHTOM  Oyjer
oudunspuas karymka Huxonsl Tecnbl, B KOTOpOH BO Bcex
BUTKAaX HallpaBJeHHE TokKa oJauWHakoBo (puc. 22). Eé&
KOHCTPYKITUSI TAKOBA, YTO BHAYAJIE TOK HUAET IO OJTHUM BHTKAM
(uepe3 BUTOK), a 3aT€M BHOBb BO3BpAIIaeTCs B IEHTP KaTYIIKU
U TIPOJIOJDKAST JBIDKEHUE, HO YK€ IO JIPYrMM BHTKaMm. B
pe3ysibTaTe BEPOSTHOCTh MEKBHUTKOBOTO TPOOOS B KaTyIIKE
Tecna MHUHHMManbHA, a WHAYKTUBHOCTH MakcumainbHa. [lo
CPaBHEHHUIO C TAKOH k€ KaTyIIKOW, HO HAMOTaHHOU B OOBIYHOM
NopsiIKe, WHAYKTUBHOCTH B 3-5 pa3 Oonblle, 4YTO yKe
HEOJTHOKPATHO  MPOBEPEHO  HAa  TPAKTHKE  Pa3HBIMU
UCCIIEJIOBATENSIMU U M300peTaTensiMi. A UHAYKTUBHOCTbD, KaK
MOKA3bIBACT AaHAJU3, 3TO CIOCOOHOCTh KATYIIKH CO3/1aBaTh
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BOKpPYI ce0si WIM MeXAy CBOMMU BHTKaMU 00JacTu ¢
NOHWXEHHbIM  JIaBJIGHHEM  MaTepuM, 4YTO  IO3BOJISET
IpeBpaliaTh TAaKHE KaTylIKd B 3(QUPHbIE SHEPreTU4YecKHue
CTOKHU M aKKyMYJISITOPBI SHEPTUU.

Hcnone3ys karymky Kymepa B kadecTBe IE€pBHUYHOMU
o6mMoTkH, MOXHO mMOBBICUTH KIIJ[ u cTrabuiabHOCTH paboOTHI
3TOr0 ycrpoiictBa (puc. 22). Takas KOHCTPYKIHUS MEPBUYHOMN
OOMOTKH TIO3BOJIUT MPEBPATHTh €€ B H3Iy4yareib YIapHBIX
3JIEKTPOMArHUTHBIX BOJH. M3mydaTensMu 3TUX yJapHBIX BOJIH
OyayT Kak pa3 o00JacTM MPOCTPAHCTBA MEXKJIY BHUTKaMHU
karymku Kymepa, B KOTOphIX, IO 3akoHy Awmmnepa, OyayT
dopmupoBaTbcss  00JaCTM € TOBBIILICHHBIM  JaBJICHUEM
Marepuu. Ilpyu€émM B TakoW KaTylmIKe HET YCIOBUM JUIS
dbopmupoBaHus 00MacTeii ¢  TMOHIKEHHBIM  JIaBICHHEM
MaTepuH. 3HAYUT, YIapHbIE 3JCKTPOMArHUTHBIC BOJHBI OyIyT
CTPOr0 OJHOU TOJISIPHOCTH. B KadecTBe BTOpUUHON OOMOTKHU
TpaHchopMaTopa  HYKHO  00s3aTelnbHO  MCIIOJIB30BaTh
oudunsapuyro karymky Tecnbl, KoTopas OyAeT C BBICOKOH
3¢ deKTUBHOCTRIO  (OPMUPOBATH M3 BOJH, HAYIIUX OT
NEpBUYHOM OOMOTKH, CTOsuyl0 BoyiHy. IlepBuuHas oOMoOTKa
Oyzner paboTaTh UCKJIIOUUTEIBHO HA U3TyYEHHE, a BTOpUYHAs —
Ha IpUEM dHEpruu U GOpMUPOBAHUE CTOSIUEH BOJIHBI, SHEPTHUIO
KOTOpOl MOXHO OyleT YacTSMU HamnpapisTh B HYXHOM
MOTPEOUTENI0 HAMpPaBICHUH — JUOO B HArpysky, Ju0O0 B
aKKyMYJITOp Ipo3arac.

IIpeaBapuTebHbIl BBHIBOJ: B3auMoJIeiicTBUE obnacTeit
MOBBIIIEHHOTO U MIOHW)KEHHOTO JAABJIEHUS B KOHTYpax CO3/1at0T
CKOPOCTb TIOTOKA JJIEKTPUYECKUX 3aps0B, C IOMOIIBIO
3G (GEKTUBHOTO B3aUMOJCHCTBUS MEXIy COO0OW »Hepruit
yacTull, MOJs U BemiectBa. B koHType oOpasyercs OMB
(a;mekTpoMarauTHas BojHa). DOMB sBisieTCs TEepeHOCUYUKOM
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anektpudeckoit sHeprun (YmoB — IloitHTHHT). CKOpOCTH
MOTOKA 3apsDKEHHBIX YacTHUI] 4Yepe3 MPOBOAHHK CO3JaET B
npoponuuke OJIC. UYem Oosblie CKOPOCTh TIOTOKA H
KOJIMYECTBO 3TUX YACTHI] (DJEKTPOHOB M IMO3UTPOHOB), TEM
0oJIbIlIE MOXKHO TMOJYYUTH MOJIE3HYI0 MOIIHOCTh Ha BBIXOJE
YCTPOMCTBA.
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I'TABA 12. Cnocoowl noayuenus snekmpuueckou Inepeuu

B nanHOll rnaBe ecTh HEOOXOAMMOCTb ONMCATh, Kak
HOpOSIBISIIOT  ce0s  DHEPrMUM U CBOHCTBA MaTepuM U3
OKPY’KaIOILIEro MPOCTPAHCTBA, KOTJa IMPOUCXOJUT aKTHUBALUS
paboTBl ANEKTPUUECKONW CXEMBbl TIeHepaTopa HampsHKEHUs.
NHorma 3T0  Ha3blBAIOT  «OTKJIMKOM)»  SHEPrud W3
OKpy»Karolero npocrpascrsa. Tecia rosopuin: «Bceé, Besne u
BOKPYT HAaC — €CTb SHEPTU».

OnavH U3 MPOCTBIX M MPAKTHUYHBIX CIOCOOOB IMOJIyYEHUS
«OTKJIMKa» OT OKpPYXKaroLIero IPOCTPAHCTBA C IOJIYyYEHHUEM
JIOTIOJIHATEIBHON DJIEKTPUYECKONM JHEPrMH — 3TO KaryllKa
Tecna u kauep bpoBuna. Ho mo mpuunHe ux HeOe3omacHOM
paboThI JJIsi 37I0POBbS YEJIOBEKa, aBTOpP HE OyaeT MmoapoOHO
paccMarpuBarh X paboty. Jpyroit cmocod — 3TO KaTyIIKH,
paboTatoniye Kak JUIMHHAs JIMHUA. DTOT CNOCO0 TMOTY4YeHUs
SHEPI'UU U3 OKPYXKAIOIEro MPOCTPAHCTBA, CaMblii 0€30IaCHBIH.
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Puc. 23

Ha puc. 23 noka3aHa >KBUBaJICHTHasi cxema, ¢ MOMOUIBIO
KOTOPOI MOKHO 3aUKCHPOBAaTh pabOTy KaTylmIKu ¢ 3 dexTom
«JUTMHHOM JIMHUMW». B TaHHOW cXeMe UCIoNb3yeTCsl HE IPOoCcTas
KaTyllKa MHIYKTUBHOCTH, a U3TOTOBJIEHHAs MO CIEUHUaIbHOU
KOHCTPYKITUU — 0€3 Cep/IeYHuKA.
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JUIMHHasg JMHMSA — O3TO MOJENb JIMHHUU IIepejayd,
IPOJOJIBHBIA pa3Mep (JUIMHA) KOTOPOH IPEBBILACT AJIUHY
BOJIHBI, paclpocTpaHstolelcs B Hel (aubo cpaBHHUMA C
JUIMHOW BOJIHBI), a IIONEpeYHble pa3Mepbl (Hampumep,
paccTosiHe MEXIy HPOBOJHHKAMH, OOpa3yIOUUMH JIMHUIO)
3HAUUTENIBHO MEHbILE JJIUHBI BOJIHBL. C TOYKU 3pEHUS TEOPUU
NIEKTPUYECKUX LENeH, MJMHHAsA JIMHUSA OTHOCHUTCA K
YETHIPEXIIONOCHUKAM. XapaKTepHOU OCOOCHHOCTBHIO JUTMHHOU
JVHUU SIBJIITCSL NPOsIBIEHUE HHTepGEepeHIMH JABYX BOJIH,
pacnpoCTpaHAOIUXC HaBCTpedy Apyr npyry. OnHa u3 atux
BOJIH CO3/1a€TCs MOAKIYECHHBIM K BXOJy JIMHUM F€HEPATOPOM
JIEKTPOMArHUTHBIX KOJIeOaHWH, M Ha3bIBaeTCs MaJAroLICH.
[pyras BoJHA Ha3pIBACTCS OTPAXKEHHOM, M BO3HUKACT H3-3a
YaCTUYHOIO OTPaKEHUs MaJarolled BOJHBI OT HArpyskH,
MOJKJIIOUEHHOW K BBIXOAY (IPOTUBOMOJIOKHOMY I'€HEpaTopy
KOHIly) JauHuU. Bc€ pasHooOpasme KonebaTenbHBIX U
BOJIHOBBIX IIPOLIECCOB, NPOUCXOASIINX B JUIMHHON JIMHUM,
OTIpeieNIeTCsl COOTHOUICHUSMHU aMIUIMTY/] U (a3 majaromei u
OTPa)XCHHOM BOJH. AHaIM3 MPOLECCOB YIPOUIAETCA, €CIIU
JUIMHHAsl JIMHHSA SIBISIETCSl PETYJSAPHOM, TO €CThb TakoH, y
KOTOPOM B MPOJI0JIbHOM HAINpaBJICHUHU HEU3MEHHBI MOMIEPEUHOE
CEYEHME U DJICKTPOMArHUTHBIE CBOMCTBA 3AITOJIHSIOLIUX CPE.

JlnuHHasg nuHUS npeactaBiseT co00il TUMUYHBIN mpuMep
CUCTEMBl C pacHpeleleHHbIMH napaMmerpamu. Kaxnas
€AMHMIIAa JUIMHBI TPOBOJA JIMHUKM 0O0JajaeT HEKOTOpOou
MHAYKTUBHOCTBIO. KpoMe TOro, mpOTHMBONOJIOKHBIE yYaCTKH
IPOBOJIOB, PAa3JENICHHBIX JMIIEKTPUKOM, 00pa3yloT CBOEro
poZia KOHJIEHCATOphl, 00JajarolIie HEKOTOPOH EMKOCTBIO.
WunyktuBnocts L1 u  émxocts Cl, npuxopsmuecs Ha
€AVHMIY  JUIMHBl  JIMHWW,  HAa3bIBAIOTCS  MOTOHHBIMU
UHIYKTUBHOCTSIMU U EMKOCTSIMU. Pa30UB yCIOBHO BCIO JIMHUIO
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Ha DJJIeMEHTapHble Y4YacTKH, MOXKHO HU300pa3uth €&
SKBUBAJICHTHYIO ANEKTPUUECKYIO cXemy B BUJIE
IIOCJIEIOBATEIbHO COECIMHEHHOM LEMOYKU SYEEK, COCTOSALIUX
U3 MHAYKTUBHOCTEW L1 W BKIIOYEHHBIX MEXKIYy HPOBOIAMU
émkocrert Cl (puc. 24). Dta >KBUBaJICHTHAsI CXeMa MO3BOJISET
BBISICHUTH IIENBIA PSII BAXHBIX CBOWCTB M OCOOCHHOCTEU
paboter nuHUMI. [lpu pacmpocTpaHeHHH BIOJb JIMHUU
AJIEKTPOMArHUTHOM BOJIHBI U3MEHSIETCS 3arac 3JIEKTPUUYECKOM
Y MarHUTHOM 3HEPruu B €€ OTJEIbHBIX Y4aCTKaX.

Peansroe
INEKTPHUYECTBO

I Papnanr

HarnaanansHan cxema

YT
— LTI

MNpuuunnNnansHan cxema

Puc. 24

Uro camoe mnopa3uTenbHoe, 3PQPEKT IIMHHON JHUHUU
IIPOCJIC)KUBAETCSI B MHOTOCJIONHOM COJICHOUZE, TAe TaKxke
IIPUCYTCTBYIOT HWHAYKTUBHOCTH U MEKBUTKOBas EMKOCTD.
[IpuéM BO3zEHCTBYSI Ha KaTyIIKy KOPOTKHMMH HMITYJIbCaMH,
MBI TIOJIy4a€M «BBIOPOC» TOMEPEYHBIX BOJH, KaK OTBETHOE
IIPOTUBOAEHCTBHE N3BHE. YTO TakOe OTBETHAs PEAKIMA?

BceneHckuil  3aKOH  COXpaHEHUsT DJHEPIMH H  €ro
MPaBWIbHOE  BOCIPHUATHE  PACKPBIBAIOT HAM  CIIOCOOBI
MOJIyYEHUs1 4YacTH DSHEPruu y npupoasl. B mnpuponme Bcé
HaxOJWUTCS B JBIWKEHUH, TpHUEM CcOATaHCUPOBAHHOM, U
npupoja 3TOT OalaHC TMOAACPKUBAET B COOTBETCTBHM CO
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CBOMMHU JHMHAMUYECKMMHU Xapakrtepuctukamu. Korgma Ber
CO31aéTe B KOHCTPYKLUHU DJHEPreTUYECKUN BUXPb, B HEM
MOSIBJISIETCSA JBa BUAA CHUJI: IPOJOJIbHBIE M monepeunbie. Ha
KOMIIGHCALIMK0 ~ NPOJOJIBHBIX  CHJI  IPHUPOAA  BBIACIUT
JIOTIOJIHUTEIbHYIO JHEPrui0, W 3Ta DSHEPrusi SBISETCA TEM
CaMbIM «OTKJIMKOM», KOTOPBI HEOOXOAWM MJII TOTO, YTOOBI
npeoOpa3oBaTh BBLICICHHYIO JHEPIHI0 U3 OKPYKAIOIIETro
MIPOCTPAHCTBA B MOJIE3HYI0 MOLTHOCTh. Eciu mpomanaer BUXpb,
TO MPONAJACT U 3Ta AONOJIHUTENbHAs 3Heprusi! Beixoaut, uro
«3hup» pazbamaHCUpOBaH, M Ha KOMIICHCAIIMIO O3TOU
pa30alaHCUPOBKH OKPY>KAIOIIas Cpe/ia BBIACISIET YHEPTHIO.

Crosuass BoJHA SBJISIETCS HA CaMOM Jelie MPOJ0JIbHOU
BOJIHOM, M OHAa MOJKET B3aUMOJCHCTBOBaTbH CO CPENOU B
OTKPBITOM TMpOCTpaHCcTBe. Ecinu «HakauuBarhy» Oerymumu
BOJIHAMU TOJICTBIM MEJHBIM MHOTIOKMJIBHBIM KaOenb, TO Ha
BCEM y4acTKe UIET pPACCIOCHUE U HAIIOXKEHUE BOJIH.
Otpaxx€HHas TpOAOJbHAs BOJIHA MOXET MEHATh a3y,
MO3TOMY HMHOT/Ia TOSIBISIETCS CIIOHTaHHAs MHTephEepeHlus B
JUIMHHBIX JUHUSX U Kabemsx. [loaTomMy B KOHCTPYKIIHMH
COJICHOMJA HCIOJb3YETCA TOJCTBHIM MPOBOJA, M JOCTATOYHO
OOJIBIIION ITTUHBI.

OTKJIMK OKpYXalolleid Cpeapl paBHO JEUCTBYET M Ha
KOHCTPYKIIUU, TJE COBMECTHO MEXIYy COOOM TMOAKIIOYEHBI
karymka Kymepa u miockas katymka Tecna (cm. riaBy 12).
EnuHcTBEHHOE, B JTaHHOM CilydYae, HapauieldbHO ¢ U3ITy4eHHEM
MPOJIOJTBHBIX u MOTIEPEYHBIX BOJIH MPOUCXOIUT
B3aMMOJICHCTBHE O0OJACTel MOBBIIMIEHHOTO W TOHIKEHHOTO
JMaBJICHUS B KOHTYpax. OTO TOJNbKO ycuiuBaeT 3(hdext
MOJIYYeHHUsS] TIOJIE3HOM MOIIHOCTH Ha BBIXOJE TE€HepaTopa
HaIpsDKEHUs, T.K. W3 (U3UYECKUX 3aKOHOB HM3BECTHO, UTO
CKOPOCTb  MOTOKAa  3apsDKEHHBIX ~ YaCTHUI  OINpPEAEIsieT
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KOJIMYECTBEHHBIN 10Ka3aTeab TOKa — a OTCI0Ja U KOJIMYECTBO
BBIJICJIIEMOM SHEpruu i IpeoOpa3oBaHUs €€ B IOJIE3HYIO
MOIIHOCTb JUIsl MUTaHUA SJIEKTPOIOTPEOUTEEH.

Kak 0bU10 CcKka3aHO B MpeablIyLIUX IJaBax, MPOJOJIbHbIE
BOJIHBI M3JIy4aeT ¥ MPUHUMAET IUIocKas OuduisipHas Karymka
Tecnma. OH €€ CKOHCTpyMpOBaJl, BIIEPBBIE PACKPBLI MUDPY
CBOWCTBA TMPOJOJBHBIX BOJH, W Ha3Bal 3TOT 3p¢dexr —
pasvaHTHas PHEPIUs, KaK IPOSBICHUE TIO3UTPOHHOM SHEPTUU.

Cnenyer OTMETUTB, 4YTO 3€MJS SBISAETCS HOCUTEIEM
«OTPULIATENBHOIO 3apsiaa» (JIEKTPOHOB), a BEpPXHUE CIIOU
aTMoC(epbl — «IOJOKHUTEIBHOIO 3apsaaa» (mo3utpousl). Cioi
aTMocQepsl, KOTOPBI MBI Ha3bIBAcM BO3/YX,
MIPEUMYIIECTBEHHO COCTOMT W3 a30Ta M KHUCJIOPOJAa, KOTOphIE
cuurtaroTca napamarsetrukamu. Ho cam Bo3yx B HOpMaibHOM
COCTOSIHUM D3JIEKTPUUECKH HEUTpaJeH, W €ero MarHuTHas
MPOHUIIAEMOCTh YyTh OOJIbIIE HOJMSI (CBOMCTBO JUAJICKTPHUKA),
T.K. cOaJaHCUPOBAHO OOIIee KOJIMYECTBO MPOTHBOIOJIOKHBIX
3apsOKEHHBIX YacTHUI] DJEKTPOHOB W NO3UTpoHOB. Ho Kak
TOJIKO 3TOT OallaHC HapyllIaeTcs, TO CBOMCTBO AMANEKTPHKA
UCYE3aE€T, U, B 3aBUCUMOCTH OT YCIIOBUM BO3JCHCTBUS Ha
BO3/yX, DJIEKTPUYECKH WM MEeXaHU4Yecku (Karyiika Tecna wnu
TpyOka PaMmke), NpOUCXOAMT pas3JelieHne | aKTUBAIUs
AJNIEKTPOHOB W TMO3UTPOHOB. Bo  Bpems  pazneneHus
ANEKTPUYECKUX 3aps0B Mbl MOXKEM IOJIy4aTh 3JIEKTPUUECTBO.
Hamnpumep, npu ucnonbs3oBaHnn Karymku Tecna win Kadepa
bpoBuHa B D2IEKTPUYECKOM LENM YacTO  HCIOJIB3YIOT
3a3emsieHue. Benp Ui akTHBaLMU 3JIEKTPOHOB MCIONb3YETCS
3eMJIs, a JUIsl aKTUBALlMM MO3UTPOHOB — caMa KaTymka Tecna
WIM KaTylka B kayepe (poto 5). B npenpinynux riaBax Obl1o
pacckazaHo, YTO B KOHCTPYKIHMIO KaTylmiku Tecia u kauepa
bpoBuHa Heprus BXOIUT U3 OKPYKAIOIIEro IPOCTPAHCTBA, U,
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pu OOJIBIIION KOHIICHTPAIIMKM BXOMSIICH dHEPTUH, B BEPXHEH
4yacTH Karymiek Tecna u kauepa bpoBuHa MOKHO BHIETH SIPKHE
cepeOpUCThIE  BCHOJOXH. OTO  NPOSBICHHE  MOITHOM
KOHIICHTpAIlMK TO3UTPOHOB. B »TOM 3akitodaeTcss MpUHIIMIT
pasfeneHus  JJEKTPUYECKUMX  3apsanoB. Emé  oaHum
MOKAa3aTeJieM B3aUMOJACUCTBUS MEXIy COOOW Pa3HOMMEHHBIX
3apsDKEHHBIX YacTHII siBJsieTcst TopHano (doto 6).

doro 5

B ycimoBuAX TOpHaZO MPOUCXOOUT B3aUMOJEHUCTBUE
SJIEKTPOHOB M TIO3UTPOHOB B BHUJEC AHHUTHWIAIIMA C MOITHBIM
BbIJIeJICHHEM dHEepruu (OTOHOB U (HOHOHOB, OTCIO/Ia MOJIHUU U
rpo3bl. A pa3psa MOJHMM — 3TO BJIEKTPUYECTBO OIPOMHOM
MOIIIHOCTH.

ABTOpOM OBUT TpOBENEH OJKCHEPUMEHT, TAEe TMpHU
WCIIOJIb30BAaHUU  HMMITYJIbCHOW ~ TEXHOJOTHH  MPUMEHSIIACh
KaTyIIKA ~ COJIGHOMAHOrOo Tuma. Hampsbkenne mnuTaHwus,
nojaBaeMoro Ha cxemy (puc. 25) cocrasisuto 24 B. Ha 3atBop
nosieBoro tpansucropa (MOSFET) Obur moman Meanap co
CKBOXHOCTBIO 25%. UTO camMoe uWHTEpecHOe, TMpU 3amepe
BBIXOJIHOTO CHTHaNa ocuuuiorpadgoM, Ha KaTyIIKe CBS3U
BBIXOAHON uMmynbe qocturan 700 B u Obln o4eHb y3KHid, Kak
urna. C TOYKH 3peHUs] 3HAHUH MO0 paguodJIEKTPOHHUKE — 3TO
aHOMaJMs, T.K. XapaKTEePUCTUKU CHUTHAjJa HAa BXOJE JOJIKHBI
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ObITh TaKkHe ke, KaK U Ha BbIXOJe (110 CKBa)KHOCTH). M Henb3s
3a0bIBaTh, UYTO HANpsDKEHHE NHUTaHUS CXeMbl Bcero 24 B.
Bo3Huukaer Bompoc — OTKyAa CTOJbKO 3Hepruu? OTBeT
OUYEBHUJICH — ATO «OTKIHUK» U3 OKPYXKAIOIIEro MpOCTPAHCTBA, a
B JIAHHOM CIIy4ya€ — BBIJEJIIEHUE DJIEKTPUUYECKHUX 3apsiioB, T.€.
MO3UTPOHOB. M3 mpakTuku m3obOperarencii ObUIO BBISBICHO,
YTO TO3UTPOHBI <JTO0AT» WHIYKTUBHYIO Harpysky. I[loaromy
JUISL  CETIapUpOBAaHUS TO3UTPOHHOM HHEPTUM B TMOJE3HYIO
MOIIIHOCTb, MHOTHE nu3zobperaTenu UCIIOJIb30BAIH
JIOTIOJIHUTEJIbHBIE TIEPEXO/IHbIe TpaHchopMaTophl. B kakux-to
KOHCTPYKUHUSX UCTOJIb30BAINUCH CEPICYHUKH, B KAKHX-TO HET —
Ka)KJasi KOHCTPYKLUS MHAMBHAyallbHA. ABTOP MOJYEPKHUBAET,
YTO €ro 3a7aya — MaKCHUMaJIbHO pACKPBITh (UBHKY
MPOUCXOIANIETO M JaTh KIIOYM K TMO3HaHWio. Torma cam
ucclieioBaTeNlb OyneT 3HaTh, Kak coOpaTh KOHCTPYKIHIO.
[Ipocto mojackazath, Kak coOpaTh KOHCTPYKIIHIO, M HE
MMOHUMATh, KaK OHA pabOTaeT — ATO TYMUKOBHIH MyTh.

Jlanee mapamuiensHO K BXOJTHOMY KOHTYPY «HAKauyKu» ObLT
noakioueH mocnenoBatenbHbli LC  koHTyp. B KadectBe
WHIYKTUBHOCTH HCIOJIB30BaJICs TpaHchopmarop Toka. Tak kak
B CXEME TPOSBIAIOT Cc€OS M DJIEKTPOHBI M TMO3UTPOHBI, TO
TpaHcopMaTOp TOKa CTal CMECHUTENeM 3TuxX 3apsuoB. Ha
BBIXOJT TpaHc(hopMaTopa TOKa ObUI TOJKIIIOYEH BBITPSIMUTENb
n éMmkocTd. B KadecTBe 3JIEKTpUYECKOW HArpy3ku ObUIH
KCTOJIb30BaHbl CBETOJUOJHBIE MaTPUIbl MOIIHOCTHhIO 10 BT.
Oomiee komuuecTBO MaTpull 6610 14 mTyk. Bo Bpems paboTs
AJIEKTPOHHOTO YCTPOWCTBA HAa KaXIOM U3 CBETOJUOJHBIX
Matpull 010 Hampspkenue 9,5 B (mo ma