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I1. JI. Kanuya (17 mas 1966 )

Mgl coobmaeM 00 YCHEIIHOM OJKCIEPHMEHTAlIbHOM CO3JaHHM IIApOBOH MOJIHHH B OT-
KpeITOM Bo3ayxe. OmmcaHme 3TOro Ipolecca OBIO OOHApPYyXKEHO B HENAaBHO OIyOIMKOBaH-
HEIX naboparopHbIX Terpaasx H. Tecasr 3a 1899 r. IlpencraBien ¢ororpaduueckuil Marepuan
U TPOBOAUTCS OOCYXJEHHEe OKCIIepUMEHTalbHOW TexHHKH. Ha ocHOBe aHammu3a pabor
b. M. CmupHoBa mo asporenbHOil (¢pakranbHOil) MoJenn MAapoBOH MOJIHHH CJEJaH BBIBOX,
YTO €ro TeopeTHdeckas MOJAENb IAaeT ONHCAHMUE, COIIacylolieecs C BUJIOM OTHEHHBIX ILIAPOB,
KOTOpBIe co3aBai Tecia 1 KOTopble MbI HaOII0qau.

BBenenmne. Touno cnenys BeicokoyacTOoTHOW MeTonuke Hukoner Tecisr,
OonMcaHHe KOTOPOH ObIIIO 0OHapy)XeHO B €ro 3amucsx, Mbl B aBrycte 1988 1.
HayaJlu co3]aBaTh B BO3JyX€ DJICKTPUUECKHE OTHEHHBIE IIapbl AUAMETPOM
~2 cm [1—5]. PaGora Tecnbl Oblna BeIMOJHEHa 89 rojgamMu paHee, JICTOM
1899 r. m, KaKk cienyeT M3 OTKPHITOW JUTEpaTypbl, HUKOTAA HE Oblia MOBTO-
peHa wiM npoBepeHa. XOTsS CO3JAaHHE OTHEHHBIX MIAPOB IMOBTOPSIOCH B Jabo-
patopuu, 3apuKCUpOBaHO OoNbmUM uyucioMm Qortorpaduii [6] U BUIECO3AMU-
CSMH, CKpBITas 3a UX oOpa3oBaHWeM M pa3BUTHEM (u3UKa OblIa IS Hac B TO
BpeMs HEJIOCTAaTOYHO sicHA. IMes BBICOKOBOJBTHYIO BBHICOKOYACTOTHYIO METO-
JMKY CO3JIaHUsl 3TOTO SBICHHS IO JKEJIAaHWIO, MBI HE MOTJIH YETKO OOBSICHUTH
npupony o0Opa3oBaHUs M IBOJIONUKM OTHEHHBIX IIAPOB, MOJYYEHHBIX OTUM
CII0cO00M.

B neranpHBIX, 3amMeuaTeNbHBIX HabOmwoneHusx Tecnsr B 1899 1. [7]
OBLIIO BBIIBUHYTO HECKOJIbKO TMIIOTE€3 O MPHUPOJE OTHEHHBIX IIApOB, HO MBI
OIYIIaJIM, YTO HY)XHO HEYTO OoJsblIEe JUIS SICHOTO IIOHUMAHUS SBICHHUS, YeM
npejacTaBieHUs (QU3MKU cTOJeTHeH naBHOCTH. JII0OOW mporpecc B TEXHHKE
MOJIyYCHUsI OTHCHHBIX IMIApOB TPeOyeT MOHUMAHUsS, BBIPAXKCHHOTO Ha S3BIKE
camoil coBpeMeHHOU ¢u3uku. HecMoTpss Ha TO, YTO MBI OBUIM XOpPOLIO 3HA-
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KOMBI C TpydaMHu Kanuner n OOJILIIUM YHCIOM Hy6HI/IKaHI/Iﬁ Imo H.IapOBOﬁ MOJI-
HUUW 3allaJHbIX YYCHBIX 3a MOCJICAHUC 150 JCeT, TEM HC MCHEC Mbl HC HCIIOJIb-
30BaJIM BO3MOXHOCTH MpOaHAJIU3UPOBATH MOCICAHUC AOCTUXKCHUA COBCTCKHX
I/ICCHCZ[OBaTeﬂeﬁ.

Mocaennne ycmexu cOBeTCKMX YYeHBIX. B MIOHEe 3TOro roja Ham cTayo
W3BECTHO O 3HAYMTENbHBIX yClleXaxX B CO3JaHHWHM TEOPHUHW IIapOBOW MOJHHM,
pe3yibTaThl KOTOPOW OBIIM ONyONMKOBAaHBI B COBETCKON Hay4YHOW IedaTH.
Bonpmas yacTh MOCIHENHUX COBETCKHX PabOT COAEPIKHUT TaKOE e YHCIO He-
YIOBJIETBOPUTENBHBIX M CTPAHHBIX a0CTPaKTHBIX TEOPETHU3UPOBAHMH MO mIa-
pOBO#l MOJHHWH, Kak W pabOTHl, MOSBIAIOMINECS B 3amaJHOW Hay4yHOUH NHTe-
parype. OHaKO cpelM HHUX €CTh psAJ MHTEPECHBIX MyOJNMKALHi, KOTOpBIE, Kak
MBI JlyMaeM, ONHUCBHIBAIOT MeToJ Tecnbl s co3laHusl MIapOBOW MOJHHHU C
JIOCTaTOYHOW OMPENEIEHHOCThI0. MBI MTOMECTHUIIM UX B CHUCOK JIUTEPaTypHl
nox Homepamu [8—28]. DToT mporpecc OB JOCTHTHYT B MEPBYIO ouepenb
onaromaps ycunusm b. M. CmupHoBa u ero komier u3 Mucruryra remnochbu-
3ukn CO AH CCCP B HoBocubupcke. C camoro Hauana CMHUPHOB OCO3HAI
TIIETHOCTHh BCEX MOJeJNeil MapoBOi MOJHHWH, KOTOpPbE HE BKJIIOYAIH B cels
BHYTPEHHUH MCTOYHUK XUMHUYECKOH sHepruu. OH TakKe SICHO NMPENCTaBIsI
KaKylo pOJIb MOTYT HUIpaTh a’po30JIM, adpOresid, HUTEBUIHBIE CTPYKTYpHI,
MJIa3MOXUMHS U TopeHue dacTul nputkn. C mosiBieHHeM NOHATUS (pakTana u
¢u3uku arperanuu, orpanudeHHod auddysueir [29—36], CMupHoB cMor ¢
koHna 70-x m g0 cepenuHbl 8§0-X roJOB CHJIBHO Pa3BUTh adpPOTEIbHYIO Teope-
THYECKYI0 MOJEJb, B KOTOPOH aKTHMBHOE BENIECTBO MIAPOBOI MOJHHU Mpel-
cTaBisieT co00H DIIEKTPHUECKH 3apsSKEHHYIO CTPYKTYPY, COCTOSAINYIO U3 Tepe-
MJIETEHHBIX CYOMHUKPOHHBIX HUTEH, T. €. MOPHUCTHIH QpaKTalnbHBIH KiacTep ¢
0onpIION XMMHYECKOW eMKocThbIO. [louTu Bech Kapkac TakoOW a’poTeiabHOM
CTPYKTYPBI 32HAT CBOOOIHBIMH TIOPAMH.

BricBOOOXI€HNE DHEPrHM M3 XHMHUYECKU 3apsKEHHOr0 (paxkTalbHOTO
KJacTepa MOXET OBITh ONHCAaHO MHOTOCTYIEHYAThIM MPOLECCOM TOpEHUS.
B kauecTBe mpumepa takoro mponecca CMUPHOB HpemyiaraeT MHOTOCTYIeHYa-
TO€ ropeHue (paxKTaIbHOI'0 KJacTepa M3 JIPEeBECHO-YrOJbHOW NBIIM B 030HE,
MOMIONIEHHOM CaMHUM KJIacTepOM, KaK MOJEJbHBIH Mpolecc B IapoBOW MOJ-
HUH:

C+ 0;—~X%Y~2.8Co,, CO, (1)

rae 0 u B — KOHCTAHTHI CKOpPOCTEell Hamboliee MEIIECHHBIX CTaJHi mpolecca
3aBUCAT OT TEMIEpaTyphbl, MPU KOTOPOM MPOUCXOJUT HACHIIIEHUE YT 030HOM
A, COTJIACHO €ro pacyeTaM, XapakTEepHbIE€ 3HAUYE€HHUsS BPEMEHU JOCTATOYHO
Beauku. ['opeHHe APEBECHOTO YT B aJIcOpOMPOBAHHOM 030HE OJJHOBPEMCH-
HO — WUHTEHCHUBHBI U MEIJECHHBIH Mpollecc TemaoBbAeaeHus. [Ipenckazanueie
TeMIepaTypbl U BpPEMEHa JKHU3HU COTIACYIOTCS C HAaOJIOJCHHUSIMHU MIApOBOI
MOJHHUHU. B 3TOW Monaenu 1BET W CBEYEHHE IIAPOBOM MOJHHUHU CO3AAIOTCS MY-
TeM, MOJOOHBIM TOMY, KaK 3TO MPOUCXOJUT B MUPOTECXHUKE Ojaromaps HpH-
CYTCTBHIO CBETSIIIUXCSI KOMIIOHEHTOB COCTaBa. YKa3aHHas TeopeTudeckKas
Mojnesnbr CMHUpPHOBA CIIOCOOHA YAOBIETBOPUTEIBHO OOBSICHHUTH Pa3HBIC CBOMCT-
Ba [IAPOBOM MOJIHHUHU.

@pakTajbHble SIBJEHUS M NePBONPUYMHA IAPOBOH MOJHHHU. «XUMUYE-
CKasi UCTOPHUS CBEYU» OBIIa MCTOYHHUKOM YJIHMBICHHSA U BOCXHIICHUS C TOTO
BpeMeHH, koraa B cepenune XIX B. @apaneit BpicTynuia ¢ PoxaecTBEHCKUMU
nekusaiMu B KoponeBckoMm mHCTUTYTe. ETO M3BeCTHBIC Oecenbl SBISIOTCS Be-
JINKOJIETIHBIM BBEIEHUEM B OCHOBHBIC MPUHIUNBI TOPEHUS U JTOCTYNHBI B COB-
pemenHbiX uznanusx [37]. Umenno ®Papaneit ykazan Ha TJIaBHYIO poJib Hac-
THI] Ca)KH U YIJIEPOA B CBEUCHUU TUIAMEHH.

CoBpeMeHHOE pa3BUTHE HAYKH O KiIacTepax yriIyOWIIO Halle MOHUMaHHE
MpoOIecCCOB 00pa3oBaHUS MBUIH, CaXH, KOJUIOUJOB U KOHJICHCUPOBAHHBIX
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asposoiieit. M3yuenue pocrta (ppaxTansoB MO3BOJHIO MO HOBOMY B3TJSHYTh Ha
pPOCT CaXXu MpU A0OABIEHUHU YaCTHUI[ yriepoja B Mpolecce XaoTHUYECKOH Ko-
aryJsym.

WHTepecHONH BO MHOTHX OTHONIECHHSX W, MOXET OBITh, Jake MOJIOXHBIIEH
HayaJlo HOBOMY HallpaBJICHUIO, CBS3BIBAIOIIEMY (QpaKTajbl M JObIM, OblIa my0-
JIUKalUs pe3yNbTaTOB 3aMedaTelIbHOr0 IKCHEPHUMEHTaIbHOTO HCCIIeIOBaAHUS,
nponenanHoro ®oppectom u Yurrenom [30]. OHM HaOmOIaTH CBEPXBBICOKO-
JMCTIEPCHBIE YacTHIB AbiMa (fuameTpoM mopsjaka 80 A) u o6uapyskuiu, 4to
YacTHUIBl MPWIMNAKT APYT K APYTy M 00pa3yloT mernouyedyHble arperartsl. Mx
nabopaTopHble YKCHEPUMEHTHI MMOKa3aild, 4YTO (pakTajdbHbBIE CTPYKTYpPHI Jeii-
CTBUTEJIBHO 00pa3yloTcsi B T€UCHHE HECKOJBKUX JIECATKOB MUJUIUCEKYH] MOC-
JIe TETJIOBOTO B3PbIBa MaTepHaoB.

YcranoBka @oppecra u YuTTeHa cocTosisia U3 BOJb()pPaMOBOW HUTH C Ha-
HECCHHBIM Ha Hee TajJbBaHUYECKHM CIIOCOOOM JKele30M WM HUHKOM. HuTh
OBICTPO HarpeBajach NMpPH MPOXOXKACHHHU IO HEH KOPOTKOI'O CUIBHOTOYHOTO
UMIyJIbca, HAHECEHHBIN MaTepuaj UCIapsJics ¢ HUTH U 00pa3oBBIBAJ IJIOT-
HBIM ra3 (MeTalnu4yecKkuil map), pacnpoCTpaHEHHE KOTOPOr0 B OKPY’KAIONIIYIO
atMocdepy Obu10 orpaHnueHo aupdysueit. [lmoTHbINA Ta3 cocTosn u3 Oonee—
MeHee OJHOPOJHBIX cepuueckux yacTull. ['opsyme dacTULbl, OBICTPO JBUTaB-
muecs OT HarpeToW HUTH, OCTaHABIMBAJIKNChH M3-32 CTOJKHOBEHHH B OKpYyXKalo-
mel cpene u QGopmupoBainu cPepuUECKHil Opeos Ha PacCTOSHUHM MOpSAKa
1 cM ot HuTH. Ha 3TOM paccTOSHMUM 4YacTHIBl HaYMHAJIW KOHIEHCHUPOBATHCS
W ciaunarbes, GOpMHpYs arperarsl THUIA LENOYEK, KOTOpbIE 3aTeM OcCelallh Ha
MpEeAMETHOM CTEKJe JJIEKTPOHHOTO MuKpockoma. [locienyromee u3ydenue
KOHJEHCUPOBaHHOW (ha3pl IOKa3ano, 4YTO OHa oOnagaeT (pakTaabHBIMHU
cBoiicTBamMu. (AHalM3upys DTO HaNpaBICHUE HCCIENOBaHHUS, HEOOXOAMMO
OTMETUTH M paHHIOW pabory beifmepa, KoTopbIid Mokaszayi, 4TO ABIM OKHCH
MarHusi B JIYTOBOM pa3psi/ie COAEPXKUT IEMOYEYHbIE arperatrsl, B TO BpeMs
Kak B JbIME NPH OTCYTCTBHUU AYTH U3 CBEPXBBICOKOJIUCIIEPCHBIX YacTHIl 00pa-
3yeTcsi MPOCTO TUIOTHEIHN adspo3oib [38].)

I'my6okas mpoHunuarenpHocTh CMHUpPHOBA COCTOsJIa B TOM, 4YTOOBI 0CO3-
HaTh, 4YTO 3TOT (paKTaJbHBIA KJIAcCTep MOXXHO MNPHBIEYb I OOBSCHEHUS
CTPYKTYpPBl U CBOMCTB mapoBoil MONHUU. OIIENOMISIIONUM MOATBEPKICHUEM
npeacraBieHnii CMUPHOBA M €ro KOJUIET SIBJISIOTCS CJIIOBa M3 €ro HeJaBHEH
pab6oter [21]: «MBl OyaeM HCXOAWUTH M3 TOTO, YTO MIApOBas MOJIHUS HMeEET
CTPYKTYpy ¢pakraipHOTO KiacTepa». HeT comHeHM#l B TOM, 4TO riayOoKue
ucciaenoBanuss CMHUpHOBaA W €r0 aHalM3 JalOT Hamiyumee (uzndeckoe 00b-
SICHEHHUE [IapOBOH MOJHUH N3 UMEIOIMXCSI B COBPEMEHHON HayKe.

BricokoyacToTHAsl YCTAHOBKA /IS CO3MaHHUS MIAPOBBIX MoJHMIL. CymiecT-
BYET MHOTO paboT, MOCBSIMICHHBIX OMUCAHWIO M aHAIU3y reHeparopa Tecibi»
HadyMHas ¢ Kjaccudyecko pabotTel ObepbOeka, Beimenmeit B 1895 r. [39]. On-
HaKO, MO HAlIeMy MHEHHIO, BCC M3 3TUX ONHCAHUN OCHOBAHBI Ha OMIMOOYHOM
TCOPETHUYCCKON MOJCIU U OCTAaBJISAIOT XKEJATh JYUYIIETO ¢ TEXHUUYECKON TOUYKH
3penus. (Tak, oHH paccMaTpHUBalOT YCTAaHOBKY KaK COCPEIOTOYEHHYIO IEMNb
U YyIOYCKamwT W3 BUJAa TOT (PakT, 4YTO paclpelncieHUEe TOKa Ha CTaJIUH Pe30-
HATOpa SBJACTCS YETBCPTHBOIHOBOW CUHYCOMHAOU C [po(Viin) BHH3Y H
Iin(Vinex) HaBepxy.) [o Tex mop, moka MBI HE BOCIHOJB30BAJUCh KOHIICH-
nuel «yCpeIHEHHOr0 XapaKTEepHCTHYECKOTo compoTuBicHus» lllenkyHoBa u
HE MPUMCHHJIN K pe3oHatopaMm Tecibl JUHECHHYIO TCOPUIO PACIpPOCTPAaHCHUS
MEIJICHHBIX BOJIH, MBI HEC MOIJIM TOYHO MPEJCKa3aTh NCHCTBUE BHICOKOBOJBT-
HOTO0, BBICOKOYACTOTHOTO TeHepaTopa U, COOTBETCTBEHHO, CO3/1aBaTh OTHEH-
Hble mapbl. Hama Moaenb HOCTATOYHO HAaJC)KHA MPU HCIOJB30BAHUM €€ IS
aHaM3a JaHHBIX JJabopaTopHBIX TeTpanei Tecnsl 3a 1899 .

OcHOBHasl 4acTh YCTAHOBKHM TecCHbl IS CO3JaHUS OTHCHHBIX IIApOB CO-
CTOUT M3 YETBEPTHBOJHOBOTO CNHUPAJBLHOTO pe30oHATOpa 3aMeAJsionledl BOJ-
HBI, PACMOJ0XKEHHOTO HaJ MPOBOJsAIIEH, 3a3€MIEHHON MIocKoCcThi0. Ham pe-
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30HATOP MArHUTHO CBSI3aH C HMCKPOBBIM pa3psJHBIM TCHEPATOPOM BBICOKOM
NUKOBOW MomHocTH (npumepHo 70 xBrt), paboraromum c¢ gacrtoroir 67 kl.
dakTuyeckas CpeJHSIS MOMHOCTH, MOCTYyIAIIas Ha BHICOKOBOJBTHBIN DJICK-
Tpon, Obuta mopsiaka 3,2 kBt (mpu 3Tom co3gasancs 7,5-m BY paspsan). Uc-
nonb3yeMast Tecnoit MOMIHOCTH Oblna, KoHe4HO, B 100 pa3 Gonpuie TOU, KO-
TOPYIO MOTPEONANM MBI Ha HaIeM JOCTATOYHO CKPOMHOM OOOPYJAOBAaHWH.

JeiicTBue ycTaHOBKH. VICKPOBOW pa3psAHBIA TeHEPATOpP HPOU3BOIHUI
800 uMNOynbCOB B CEKYHIY, a NPOAOKUTEIBHOCTh HUCKPBI COCTaBlsia
100 mxc. BTopuuHass oOMOTKa BBICOKOYACTOTHOI'O pPE30HATOpPa MMENa H3Me-
pEHHOE BpeMs KOTEPEHTHOCTH 72 MKC. DTO 03HayaeT, YTO MHAYIMPOBAHHBIC
HCKOTCPCHTHBIC MOJUXPOMATHUCCKHUE KOJeOaHMUsT 3aHMUMAIOT 72 MKC JIJs TOTO,
4TOOBI CO3/1aTh CTOSAYYIO BOJHY U 00Opa30BaTh BHICOKOC HAINMPSIKCHUE B BEPX-
Heil yacTu pe3oHaTopa:

Vmax =S Vmin, (2)

rne S—ko3¢puuueHT 3aMeaIeHusl crnupailbpHoro pe3zoHaropa. Cxema Cwmura
MOXET OBITh WCIIOJIb30BaHA ISl YOOOHOW NeMOHCTpamMu pabdOThl BHICOKO-
BOJIETHOW ceKuuu ycTaHoBKHU. (Teopus paboThl yCTaHOBKH AETajlbHO pa3BHUTa
B [40—42]. Pabora [43] mpencTaBiseT co00il pyKOBOJICTBO C HMCIOJb30BAHU-
€M KOMIIBIOTEpa. )

VYcranoBku Teciabl UMEIOT HECKOJIBKO BaXXHBIX NMPEUMYHIECTB Mepesd ApPY-
TUMU BBICOKOBOJBTHBIMU YCTpoOHCTBaMu (TaKMMHU, KaK TeHEpaTOpbl BaH Je
I'padba m Mapkca). B HUX He TOJNBKO JOCTUTraeTCs BBICOKas dSHEPTHUs, HO TaK-
e pa3pelleHbl IUKJIBl B HANpPSKEHHBIX pEeXHUMaX, T. €. BBICOKHE YaCTOTHI
MOBTOpPEHUS U paboTa ¢ BBICOKOW CpeHEd MOIIHOCTHhI. COTIIaCHO MHCTPYK-
nusM Tecasl KOPOTKHM KyCOK TOJCTOTO MEJHOTO NPOBOJAA UM YTOJbHBIH
9MEKTPOA BBIXOJHUT M3 OOKOBOW 4YacTH BBICOKOBOJIBTHOTO 3jiekTpona. Korma
yKa3aHHBIA 3JIEKTpoxa pas3psikaercs, BU pe3oHarop BbIIENSET SHEPTHIO OBICT-
po, umnynascoM. (Tecnma oTMedas BO MHOTHX MecTax 3asuced, 4yTo JJs IoO-
SBIICHUS OTHEHHBIX IIapoB TpeOyercs co3naHue «OBICTPBIX U MOLIHBIX» pa3-
panoB.) Bcemieck BhIeIEHHOW HEPrHM MPOSABISETCS B BUJE chepuueckoro
mapa MJIM TOTO 00pa3oBaHHUs, KOTOPOE MOXET OBITh (QpPaKTaIbHBIM «ITY3bI-
peM». DTOT METOJA CO3JaHUs OTHEHHBIX ILIapOB OINpeJenseTcs penakcanuei
HWCIapeHHOro MeTajja MJIM YacTHIl yIus, NpuyeM oOpa3zyeMmble KiIacTepbl He
OTIAMYAIOTCS OT MOSIBISIOUIUXCS B pe3ylbTaTe arperamuu, OTpaHUUYEHHOH
nudpodysueit @oppecra u Yurrena. [lone3HbIMH ABISIIOTCS yKa3zaHus Tecisl
10 UCIIOJb30BAaHUIO MOKPBITOTO PE3MHON KOHYMKA Kabeis WM MEJIHOTO Mpo-
BOJIa IJIs1 TOTO, YTOOBI «OOJErdyuTh 3a)kUranue UCKpb» [7]. Mbl nmpeamnosna-
raeM, 4To quQPy3MOHHO-OTpaHUUYEHHAs arperanus Npoxoausaa JuOo B mapax
Menu, Au00 B mapax yrist (B pe3yibraTe HCIapeHus Jubo mpoBoja, 1ubo ero
n3onsauun). Kak u B caywgae ¢ SiO,, nmpu Takux yCIOBUSX KOHJAEHCHUPOBaH-
Heii CuO, Toxe MoXkeT oOpa3oBeIBaTh a’poreib. OOpa3zoBaHWEe (paxTanb-
HOTO IIapa He CHUJIBHO OTJIMYAeTcs OT Toro, 4ro HabOmiomanu doppect u Yur-
TeH (32 MCKIIYEHHEM TOTO, YTO OH 3apsikaJicsi BHICOKOBOJBTHBIM 3JIEKTPO-
noM). Mexay mpouuM, pe3mHOBas HM30JIHUs CTaporo odpas3na MOKpBIBaJach
caxxen.

Ho, xak yka3zsiBaeT CMHPHOB, NMpocToe 00pa3oBaHHE MOPHUCTOro Qpak-
TaJbHOTO KJIacTepa elie He OyneT JOCTaTOYHBIM YCJIOBHEM [Js IMOSBICHUS
IapOBO MOJIHMU C BPEMEHEM J>KM3HU OOJIBIIUM HECKOJIBKHX MHUIIIIMCEKYH]I.
OpakTanbHOe 00pa3zoBaHHE MOJNYy4YaJIOCh M3 caxu eme B cBedax Dapanes,
HO JUIs 00pa3oBaHUs IIapOBOW MOJIHWUHM, )KUBYIIEH HECKOJBKO CEKYHI U 00-
jJee, HEOOXOAMMBI M Jpyrue cocraBisgionue. [loquepkHeM, 4YTO YCTaHOBKa
Tecnsl ABAsIETCd MCTOYHUKOM 030HAa U JPYTHUX XMMUUECKU aKTHUBHBIX YaCTHII.
MBI mosaraeM, 4TO 3TH, @ MOXET, U APYTHE YacCTULBI OBICTPO MOINIOINAIOTCS
3aps)KEHHBIM MOPUCTHIM (pakTalbHBEIM KilacTepoM. TemmepaTypa miaa3Mbl B
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paiioHe paspsaa, rae GOpMHPYETCs CTPYKTypa, JOCTATOYHA IS TOTO, YTOOBI
BBI3BAaTh MHOTOCTYIIEHYATHIN MTPOIIECC TOPEHUSL.

JKcmepuMeHTAaJbHBbIE HaOMI0AeHUs1. Vcnonb3ysi yCTaHOBKY, cXeMa KOTO-
poii mpencraBiaeHa Ha puc. 1, Mbl HaOIOAanW OOJBIIOE YUCIO OTHEHHBIX MIa-
POB IHMAaMETPOM OT HECKOJbKHUX MHUJIJIUMETPOB JO HECKOJBKHUX CAHTHMETPOB.
BpeMena XM3HM OTHEHHBIX HIAPOB THIWUYHO MPOJOJDKAIHCH OT IOJOBHUHBI 0
HECKOJIbKUX CEKYHJl, UX IIBET M3MEHSUICS OT TEMHO-KPAacCHOTro a0 sIpKo-0elno-
ro. Mcue3HoBeHNE HEKOTOPHIX M3 OTHEHHBIX HIAPOB CONPOBOXKAAIOCH T'POM-
KHM 3BYKOM, B TO BpeMsl KaK JIpyTHe MOSBISUIMCH U 3aTyXaJu.

WHorna mpoM3BOAWTH 3amuch SBJICHHUS Ha (OTOIUIEHKY Ha JOCTYIHOMU
HaM TEXHHKE OBLIO CI0XHO. B HEKOTOPHIX cllydasiX BHAE03aMHCh OKa3bIBa-
nack nmpexpacHoi. [IpogomKuUTenbHOCTh MOTJIa OBITh OLIEHEHA IO CKOPOCTH
KaApoB Bujaeoanmaparypsl. Ho nus cranmapTHBIX

(UIBMOB KaK CKOPOCTb KaJIpOB, TaK W BBIJCPIKKA, c O
Ol caumKoM MemieHHbIMU. OgHako ¢oTorpa- ik

¢un "acTo moJlydaJuch aJeKBaTHBIMU M300paxke- @
Hulo. B 3aMeuarenbHOl mocnegoBaTrenbHOCTH (o- LZ\\L
Torpaduil MOXXHO HaOJIOAATH MOSBICHHE OTHEH- ]

HBIX IIapoB C HpOTHBOHOHO)KHOﬁ CTOPOHBI OKOH- 4

HOTO cTekna [2, 5]. / R 7
/

Ha dotorpaduu-puc. 2 BUIHO, KaK OTHCH- R ~—_
HBIM IIap NJIaBHO CKOJB3UT CHpaBa HAJIEBO U i
BBepx. (Ha camom jerne, orHeHHBIH IIap cHavaia T
chopMHUpOBAJICS, a 3aTEM B HEr0 YyIAapHui CTPH- E/
Mep. B pesynbrare .mosBuUiIoCh U300paxkeHUe, Ha Yo =

KOTOPOM OTHEHHBIH HIap MPOHHU3aH CTPHUMEPOM.) _‘c'i I" I i\i
7

Benblii orHeHHBIH map UMEN JHaMeTp MOopsaKa {:}
2 cM. DneKTpoJ U3roTOBJIEH M3 MEAHOIO MPOBOAA, T
IpU ChEMKe HCIO0Jb30BaHa BhIIepxkka 1/125 c.
Jnuna ctpuMmepa npessimana 1,5 m. [Ipyrue cse-
TAKMecs 00JacTH M APKHE TOYKH BHUIHBI ¢J1abo. Puc. 1. Veranoska — Tecner,
IIpu cwvemke dororpaduum puc. 3 ObUIO BHUA- Herolb3opantai MpH MomyHe-

Huu Qororpaduii. Ha pucyn-
HO HCBOOPYKCHHBIM TIJIa30M MHOTO OTHCHHBIX IIIa- Ke IpeiCcTaBleHa cxema Jeii-

POB, HO JHIIb OJUH U3 HUX ObUI Mo¥MaH (oToKa- CTBHS OTKPBHITOTO  CIHPalb-
Mepoi. BuaHo, kak OH MOAHMMAaeTCs cleBa Ha- HOTO Pe30HATOpa 3aMeJIsIo-
MIpaBO MO OTHOIIEHHUIO K LIEHTPalIbHOU YacCTH CTPH- el BOTHEL

Mepa. OOpaTuTe BHUMaHHE Ha SIPKUE U TEMHBIC

obnactu ctpumepa. [lmamerp orHeHHOro mapa ObIT OKOJO 2 CM, a JJHHA
cTpuMepa, clpaBa, HpeBbllIaia 2 M. DJIEKTPOJAOM CIYXHUI MEIHBII IPOBOI»
ucnonb3oBaHa Beigepxka 1/125 c. Ha d¢otorpadum puc. 4 HaxomstTcs aBa
OTHCHHBIX Iapa, obpa3oBaBmiuecs OJM3ko APYr oT apyra. Ckoyib3s BIPaBo,.
OHU CTOJIKHYJIUCH C pa3HBIMH CTpUMepaMH. Mcnonb3oBana Beijepkka 1/4 c.

Ha ¢ororpaduu puc. 5 BuAHO NATh OONBIINX OTHEHHBIX IIapoB (0OKOJO
2 wiu 3 ¢cM B JAMaMeTpe), HECKOJBKO CBETSAIUXCS TOYEK U SIPKO CBETAIIHICS
y4acToKk cTpuMmepa aiuHoi okono 30 cm. Mcmonp3oBana Bwlmepxka 1/4 c.
(KpacHoe cBeyeHHME B HHXKHEM JICBOM yriay ¢ororpadum BO3HHUKIO 0OJiaro-
Jlapsi ”HTCHCUBHOMY HarpeBy y OCHOBaHUS JyTH.)

B Hamux nmaGopaTOpHBIX IKCHEpPUMEHTaX OTHEHHBbIE Hapbl 00bIYHO (op-
MHPOBAJIUCH OKOJIO BBICOKOBOJBTHOTO pe30HAaTOpa W MNPOHOCHINCH CHa-
pyXu oT cTpumepa aubo Bbimie, TU00 HUXKE €ro. DTO NMPEICTaBISIETCS YIOB-
nerBopsomuM HazBaHuio «Kugelblitzy—mapoBas monuus. (B mporuBomno-
JIO)KHOCTh eMy ueTouHass MoiHus uinu «Perlschnurblitzy nmpencraBuser coboii
Takoe SIBIICHHWE, KOT/a pa3psIHBI KaHall pa3pblBaeTcs Ha HECKOJbKO KOPOT-
KUX CBETAIUXCs (pParMEeHTOB, HE CBS3aHHBIX MEXJAYy C000MH, KOTOpBIE MPOJO0JI-
KAT CyNIECTBOBAThH AOJIbIIE, YEM pa3psaHBIA KaHal. SICHO, 4TO uYeTouHas
MOJIHUS HE TO SIBIICHHE, KOTOPOE Mbl HaOIIOAANN.)
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Pac. 2

Puc. 3
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Bupeo3anucu 3BOJIONHMYE OTHEHHBIX IIApOB YKa3bIBAIOT HAa TO, YTO OTHEH-
Hbl€ IIapbl BO3HUKAIOT BONM3HM 3JEKTPOJA, a 3aT€M B HHUX YHAapsIOT CTPUMEPHI.
[TepBoHauanbHO OHM OBIBAIOT BEJMYUHOHN co chepy B 6 MM, KOTOpas 3arem
HayMHaeT pacTH. Kaxkercs, 4To mapuK 3acThUl, IUIaBas B o0beMe, a CTpUMEpP
TeM BpPEMEHEM racHeT. 3aTeM B ILIABAIOIIMN MmIap yaapseT HOBBIA CTpuMep,
W OH CTaHOBHUTCS Ooybinme. Mpl HaOnronanu, Kak B OJWH IIap MOCIEI0BATEIb-
HO TOTAaju IIEeCTh Pa3psloB, MPU 3TOM OH KaXJAbIH pa3 yBenudupascs. Ha-
Oyiromancsi OTHEHHBIM IIapUK, KOTOPBIM BBIPOC W3 IMEPBOHAYAIbHOH 6 MM
chepsl B OTHEHHO-KpAacHYI0 INIoOyiny amameTpoMm 5 cM 3a Bpems B 1 c. MHorna
OBLIO BUJHO, KaK BPAIAaOTCs HEKOTOPHIE MIAphl C JIBUIKYLIIMMUCS MATHAMH
(kak maTHa Ha cojHIe). HekoTophle OTHEHHBIE MIApPbl KaXyTCs MPO3padyHbI-
MH DPSIIOM C paspsifaMu, MPOHMU3BIBAIOIIMUMU HX. MBI HaOllfofadn HECKOJIbKO
CBETAIMXCS 00pa3oBaHUil, KOTOpbIE B TEYECHUE DBOJIONMU HU3MEHSIJIM IIBET U
B KOHII€ KOHIIOB B3pBIBAJINCh Kak cBepxHoBas. [Ipu 3TOM B COOTBETCTBHU C
yKa3aHHBIM paHee MPEAIOJIOKEHHEM ITOMEIleHHEe BOCKOBONH CBEYM Ha BBICOKO-
BOJIBTHBIN PE30HATOP YCHIIMBAET TIOSIBJICHNE OTHEHHBIX ITapPOB.

®dororpadus puc. 6 yBeiauueHa s TOTO, 4TOOBI MOKa3aTh IIOOYIBHYIO
CTPYKTYPY OJMHOYHOTO OOJBIIOr0 SPKOTO M30JHPOBAHHOTO JIJIEKTPUUECKOTO
OTHEHHOTO mapa. B nelicTBUTENbHOCTH OTHEHHBIH HIap OBUT IHaMETPOM MHpH-
OonusurenbHo B 1 cM. OTHEHHBIE MIapbl UMEIOT CPEPHUUYECKYIO CTPYKTYpY, U
5TO HaBOJAMT Ha MBICIIb, YTO ITOBEPXHOCTHOE HATSDKEHHE MOJDKHO MIPAaTh Ka-
KYIO-TO pOJb B 3BOJIOIMHU IIapOBOH MoOJHHH. Jlerkoe, HO 3aMeTHOE MOTEMHE-
HHe nuMOa M MOYTH TBepJoe M300pakeHHWe YKa3blBalOT Ha TO, YTO HIapoBas
MOJHHS ONTHYECKH IJIOTHA. DJIEKTPOJOM CIYXHUJ IPOBOJ, HAMOTAHHBIH Ha
BOCKOBYIO CBEUY, UCIIOJIb30BaHa BhIEpKKa 1/4 c.

®ororpadus puc. 7 Oblna caellaHa NpU BHACOCHEMKE 00pa3oBaHUS OT-
HEHHOTO Iapa BOJM3M BBICOKOBOJIBTHOTO 3JieKTpoaa. Ilocie copTUpPOBKHU Kal-
poB Ha aucree Obu1 nmepedoTorpadupoBaH OTAENBbHBIM Kagp Ha IBETHOM MO-
HHUTODE.

I[MocnenoBaTeNbHOCTh COOBITHH ObITA BechbMa mpumeuareinbHa. CHa-
Yyajja KaXKeTcs, YTO OTHEHHBIM MIap MOsABHUIICS M3 «HUYEro» (Tak Kak ero He
ObTO Ha mpenpAymieM Kajipe). Ha ciaenymomux kxaapax cTpUMep yXOAUT U
ncye3aeT, OCTaBJAS IIAPOBYI0 MOJIHMIO HECKOJIBKO yBEJIMYEHHOW B pa3Mepe U
Oonee ropsuci, Kak 3TO MokazaHo Ha ¢ororpaduum puc. 7. (HabnrwogeHue 3a
CTpUMEpaMH TOXE OYapOBBIBAIOIIEE 3aHATHE—CTPUMEPBHl YacTO MOSBISIOT-
csi TaKUMH, OyJITO OHU COCTOAT M3 SPKOTO KUJKOTO BEN[ECTBAa, KOTOPOE BHU[I-
HO KaK BIPBICKMBAETCS M JBYMKETCS B MUX HANpaBIICHUH. DTO BEU[ECTBO, OYe-
BUJHO, D00aBIseTCS K BEIIECTBY MIapOBOW MOJHUW M yBEIUYHUBAET €€ pas-
Mep.)

W3 mocienoBaTeibHOCTH BHJIEO3alMCEH CTAHOBUTCS MOHSTHBIM, YTO CHU-
MOK MOXET JaTh HENpaBWIbHOE NpEeACTaBiIeHUE, 0O OTHEHHBbIE INapbl BBHITINA-
AT BMECTE CO CTpHUMEpPaMH KaK MSIYUKHU JUIg rojbda, HaHM3aHHbIE Ha INMary.
B neiicTBuTenbHOCTH Xe ycTaHOBKa (genaromas 800 mpepsiBaHUM B CEKYyH-
Jy) MPOU3BOJAUT B CEKYHIY OYEHBb OOJBIIOE YHUCIO pa3psagoB. DTHU pa3psibl
MOMajaaloT B OTHEHHBIE MIapbl JOCTATOYHO YAacTO 3a BPEeMs BBIACPKKH U JAIOT
Ha QoTorpadusx mzobpaxeHne oOpa3oBaHUS MIAPOBOW MOJHHHU B CTPUMEpE.
Ha camom pmene cTpuMepbl NpHITAIOT OT LHIAPOBOI MOJHHM K IIApOBOIM MOJ-
HHUH, OCIICNIUTENbHO BbICBeuHBasich. Ha ¢ororpadusax B mHpakpacHoM cBeTe
OTHEHHBIE IIAapbl 3HAYMTENBHO SIpU€ CTPUMEPOB. JTO O3HAYAET, YTO OHU 3HA-
YHUTEIBLHO TOpsUeii, YeM CTPUMEPHI.

BuneocHuMKHM fgaloT eme OJHY BO3MOXHOCTb—HAaONI0JaTh cliabble Ba-
pUanuu pacupejelieHrs] CBEYEHHUs NOIEepeK Jucka NapoBoi MoiaHWU. B on-
HOM YacTHOM clIydae InapoBasi MOJHUS Oblla AEHCTBUTEIBHO OKpPYyXKEHa CBe-
Tsameiics 00o0MoukoW aHaimoru4Ho 3Be3ne M-52 (konbia HeOynbl B co3Bes-
auu Jluper). YcuiieHHe pe3ynbTUPYIOIETO CUT'Hajla OTKPBIBAeT OOJBINOE HC-
TUHHOC CBEYCHHUE chepHUIecKoi 000JIOYKHU IMIapoBON MOJHHHU. B acTpodmu3suke
TaKOE CIIy4aeTcsl TOJIBKO ¢ 0c000 ropsiummy 3Be3namu Tuna O u B.
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dotorpadus (puc. 8) MoxkeT BbI3BaTh BOJNHeHHE. M300paxeHue conuep-
KUT JIOKUHY OONBIINX CHEpUUYECKHUX TI00YJI, HAXOASAMIUXCSA B OAHOM pAAY U
Ha pa3HBIX CTAAUIX Pa3BUTHUSA, KOIJAAa B HUX IONajgaeT OJUH U TOT XK€ CTPHU-
Mep. OTHEHHBIE HIapbl, HAYMHAS C KPACHBIX KApJIUKOB, MNPOXOAAT COCTOSHHSA
C pa3sNMYHBIMU IIBETaMH W pa3MepaMH K TMIaHTCKON Oeno-rony0oi cranui.
KaxeTcsi, 4To HEKOTOpBIE U3 HHUX B30PBYTCSH KaKk CBEpXHOBas, TOrJa Kak
JIpyTHE OXJaJIsATCs, KaK KpacHble TUraHThl. Beinepxkka 1/4 c. Ulteips u3 npe-
BECHOIO YTIJIsl MCHOJB30BAH BMECTO MOKPBITOTO PE3UHOW MEIHOro MpOBOJA
JUISL «3aXUTaHUd HUCKpb» Tecnabl. BBICOKOBONBTHBIM 3JIEKTPOA IUAMETPOM
30 cM BHJEH cleBa.

Puc. 8

B pabotax [2, 3 u 5] Mbl doTorpadpuyecku MOATBEPKIAEM «IPOXOKIE-
HHE IIapOBBIX MOJHUU 4Yepe3 OKOHHOE CTEKJIO» B HallMX Ja0OpaTOpPHBIX JKC-
nepuMeHTax. Mbl Takxke coobmiaeM 00 allbTEepPHATUBHBIX DJIEKTPUUYECKUX yC-
TPOMCTBaX IS MOJTyUEHHS TEX XKe Pe3yJIbTaToB.

BeiBoabI. AHaNU3UPYs MOJNyYEHHBIE PE3yNbTaThl, Mbl CUUTAEM, YTO, KaK U
B yctanoBke doppecta u YUTTE€Ha, B pacCMaTpUBAaeMOM ClIydyae CHJIbHOTOYHBIE
UMIYIbCHI, UCXOSAIINE U3 MEAHOrO NPOBOAA U APEBECHO-YTOJIBHBIX AIEKTPO-
JIOB Ha BBICOKOBOJBTHOM DJIEKTPOJAE, MOTYT CO31aBaTh (ppakTalibHbIE CTyCT-
KM, KOTOpble OBICTPO aJCOPOUPYIOT 030H M JIPyTHE XUMHUYECKH AKTHBHBIE KOM-
MOHEHTHl W3 MNPHUIIEKTpOoAHON obOmactu. OOpaszyemble AJIEKTPHUECKH 3aps-
XKEHHBIE a’pOrelbHBIE CTPYKTYpPHl MPOSABIAIOT XapaKTepHBIE CBOMCTBA mIapo-
BBIX MOJHHH. OTa (¢pakrainbpHas NPUPOAA DIEKTPOXUMHUYECKUX MIAPOBBIX
MOJHUH ObIIa BHEpBBIE NpPEAJIOXKEHAa U TEOPETHYECKHM HCCIEeJ0BaHA COBET-
ckuM yueHbIM b. M. CmupHoBbIM. HeT HUKakoro COMHEHHUS B aHAJOTUYHOCTHU
9TUX OTHEHHBIX IIApOB, MOJYYEHHBIX B BHICOKOBOJBTHOM IeHepaTope, U Ila-
POBBIX MOJIHUH, MOSBISIONIUXCS €CTECTBEHHBIM MyTEM B aTMOC(EPHBIX JJIEK-
TPUUYECKUX Tpo3ax.
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MBI Tak)ke OTMeYaeM, UYTO 3TH PE3YyJbTAThl TIHIATCIBHO MOATBEPKIAIOT
HCTOPUYCCKUEC IKCIEPUMEHTH Tecnbl Mo co3JaHuI0 mapoBoil MomHuu. He mo-
XKeT U OBITh cediuac BOmMpoca O JOCTOBEpPHOCTH ero 3ammcei 1899 r. u mpapau-
BOCTH €r0 HAOIIOJCHUH MAapOBO MOTHHH.

3akauuTeNbHbIe 3aMedaHusi. Y Teciibl He ObUIO ABOHCTBEHHOI'0 OTHO-
HIEHUs K HaONIOAEHHWIO W J1a0OpaTOPHOMY CO3JaHUIO JJIEKTPHUYECKUX IIapo-
BbIX MOJHUM. OnuceiBas uccienoBanus 1899r. mo mapoBOW MOJIHUH, OH TO-
BOopHI: «MHe ymalnoch ONpeAeluTh CIOcCO0 MX 00pa3oBaHUS M CO3AaTh HX
nckycctBeHHo» [44]. K HecuacTpio B TedeHHE XMU3HHM OH HE BBHIOpal MyTH
O03HAKOMJICHHS! MIMPOKOW Hay4YHOHW OONIECTBEHHOCTH CO CBOEH IKCIEPUMEH-
TaJIbHOW TexHHKOHW. HaM moBe3no, 4To oH ocTaBHJ mocie cebs Takyl moJapoo-
HYI0O MHTEpECHYI0 AoKyMeHTanuio. Kak pa3 HakaHyHe 3akpbITHS ero jabopa-
topunu B Komopano-Cnpunrc Tecna 3anucan B nqHeBHUKe: «Hannyumee usy-
YEHUE 3TOTO SIBJICHUS MOXET OBITh NMPOBEJEHO NPHU MPOJOJDKEHUH DKCIEpH-
MEHTOB C 00Jiee MOIIHBIMH yCTaHOBKaMH, KOTOPBIC B CYIIECTBEHHOW CTENEHH
pa3paboraHbl U OyqyT CKOHCTPYHUPOBAHBI, KaK TOJBKO BpEeMs M CpelcTBa MHE
no3possT» [7]. [lpuunHa 3amucu 3akipoyanach B TOM, YTO OH BO3BpaTHJICSH
B Hpro-Mopk, Hauam cTpouTh GONbIIYI Tepealomylo cTaHHuK Ha JIOHT-
Ajinenn, mpeciieoBajicsd KpeIUTOpaMH M mnorteprnesn GpuHaHCOBOE OaHKPOTCT-
BO IPEX/IE, YEM CMOT' 3aKOHUHUTH CO3/IaHHE armaparypsl.

Bpems mpomo, Temneps mapoBble MOJHHUHM MOTYT OBITH TIIATEIbHO H3-
y4eHbl B J1a0OpaTOpHOM KOHTpodupyemoil cpexe. Mbl nymaem, 4yto pabora,
kotopyto Tecna ocTaBMJ He3aBEepUIEHHOW, MOXET OBITh ceilvyac BO300OHOBIE-
Ha. C pa3BUTHEM TEXHHKH W KOHIENIIUH, JOCTYIHBIX COBPEMEHHBIM YYECHBIM,
OyZieT HETIPEMEHHO JIOCTUTHYT OBICTPBIN MPOTrpecc B 3TOM HaIlpaBJICHHH.

[urata B Hawasme paboThl B3sita M3 nokiana Kamunsl «BocnomuHaHus
o Jlopne Pesepdopne» Ha 3acemanuu Kopoaesckoro obmiectBa B 1966 T.
Kanunnma, xoTopslii caM HMHCIHPUPOBaJI MHOTO padOT MO HIApOBOW MOJIHUH,
npogomxkaer: «OCHOBHBIMH dYepTamMu MblnUIeHUss Pesepdopna Obutm 60b-
mas He3aBUCHUMOCTH M OOJNbIIas CMEIOCTh». JTH KauecTBa SBISIOTCS Xapak-
TEPUCTHUKAMH BCEX TEX, KTO XOTh YTO-TO BJIOXHJ B IOCTYIAaTEJIbHOE JIBUXKE-
Hue nuBuiansanuu. OgHaKo, Kak yka3piBajn Kamuna, HUTJE 3TO HE BBITNISIIUT
Tak KPUTHUYHO, KaKk B HaydyHBIX Bompocax. KoHEYHO, 3TH OTBaXHBIC YEPTHI
npucyTcTBoBasM W B ku3HM Hukonsl Tecnbl—d@dusuka-skcnepuMeHTaTopa,
WHXKEHEepa M n300peTaTes.

Ham xaxeTcss yMECTHBIM 3aKOHYUTH pabOTy COOCTBEHHBIMH MBICISIMHU
Tecnbl, mpUIIEAMUMH €My B MepBbie Yackl XX B. U 3allUCAHHBIMU B JTHEBHHK
BCEro 3a HECKOJbKO AHEH 10 oThesga B Helo-Mopk u3 ero maGopatopuu B
Konopano-CrnpuHrc, NOKpPBHITOH CHEroM W TPOHHM3aHHOW OJZMHOYECTBOM:
«3T1o0 sBasiercs (GpakToOM, YTO JAaHHOE SBICHHE MOXET OBITH Temepb UCKYCCT-
BEHHO CO3JaHO, W OyJeT HeTpyJHO y3HaThb Oojbmie o ero npupoxae» (H. Tec-
aa, 3 suBaps 1900 1.).

K HecyacTbhio sl COBpEMEHHOHN IMBUIN3AIMU ITH yNaJeHHBIE HCCIENO-
BaTelibCKue ycTpolicTBa Ha 3emiyie CkanuCTBIX [Oop OBLIM 3aKpBITH HaBCer-
na B sHBape 1900 r., u ajexTpuueckue udyaeca, NpojelaHHBIE B 3TUX CTEHaXx,
OCTaBaJIMCh TAHHOMW BILIOTH JI0 HAIIIETO MOKOJIECHHS.

(I1epesoo c amen. B. JI. Bviukosa)
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