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[IpuBoasATCS apryMeHTHI B IOJIb3Y HEAEKTPOMArHUTHOW MPUPO/IBI CBETA U
aHaJIM3UpyeTCs cneurnuKa «paguanTHO» (JyuncToit) sHepruu. [lokaszano,
YTO JIyYHCThIH 3HEProoOMeH HOPOXKICH IIPOCTPAHCTBEHHOW HEOAHOPOIHOCTHIO
CKaJIIPHOTO MOJIs M3ydeHui. Halinena apmkymias cuia Jy4ucToro s3HeproooMena
U BBICKA3aHO MPEATNOI0KEHHE O HEM KaK HCTOYHHKE U30BITOUHOTO TETIOBBIACIICHUS

Ha cerogusimnmii 1eHb U3BECTHO y>K€ HEMAJIO YCTPONCTB, IPU pabOTe KOTOPHIX TEILIOBHI-
JIEJIEHNE HaMHOTO IIPEBBILIAECT 3aTPAUYEHHYI0 MEXAHUYECKYI0, JIEKTPUUECKYIO U T.I. YIOPAIO-
YEHHYIO0 PHepruro. Takoe «IpoAyLHpOBaHHE» TEIUIOBOI SHEPTruU HAONIONAETCs B KUCIOPOA —
BOJIOPOJIHBIX AJIEKTpOIM3epax Ha oObruHOM U Tspkenon Bonxe (H. Cayrunos, 1881 r., @. JlaTun-
HoB, 1888 1.; B. ®mymmMonenko, 1957 r.; P. Mumn3, 1986 r; C. Ilonc u M. ®mueitmman, 1989 r.;
C. Mbitep, 1991-1998 rr.), B anekTpuyeckux paspsaaaukax (A. Yepuerckuii, 1971; P. ABpamen-
ko, 1991), B mponieccax nepenonspu3alid HEIMHEHHBIX TUAICKTPUKOB U MarHeTukoB (H. 3aes,
1991 r.), B BuxpeBbix TermioreHeparopax (FO. Iloramos, 1992), mpu pexomMOWHAIMK BOAOPOIA
(V. Jlaiin, 1996; A. ®pomnos, 1998; XK. Hayaun, 1999), npu mia3MeHHOM | TJIa3MOXUMHUYECKOM
nuanuse (@. Kanapés, 2001), npu «conomomunecuenuun» (P. Tanespxan, 2002) u T.4. [Ipume-
PBI TAKMX YCTPOICTB, HA3BIBAEMBIX «CBEPXEIUHUUYHBIMUY, «T€HEPATOPAMH H30BITOUHOTO TETLIa
U T.1., IpuBeaeHsl B [1,2]. Tam ke BbICKa3aHO MHEHHE, YTO BCE 3TH YCTpOMCTBa pabOTalOT Ha
MPUHIUIIE TETUIOBOTO TpaHchopmaTopa, ajisi KoToporo koddduimeHt tpanchopmanuu (4acto
OIMOOYHO TTOHMMAEMBIN KaK «KIIJ»), KaK U3BECTHO, BCErja BhINIe equHUIBL. OHAKO aHAIu3
paboTHI 3THX YCTPOUCTB OB ObI HETIOJTHBIM 0€3 OTBETA HAa BOIPOC, KaKyio (OpMY SHEPTHUU OK-
py>Karomei cpeabl OHU HCIONb3YIOT. OYEeBHIIHO, 3TO HE MOXKET OBITh TEIIOBask SHEPTHs OKpY-
JKarouleil cpesbl, MOCKOJIbKY YCTaHOBKH, KaK MPaBWIIO, TEIIOM30JIMPOBAHBI, a UX TeMIlepaTrypa
HEPEJIKO IPEBBINIAET TEMIIEpATypy OKpy»karouiei cpeasl. Kpome Toro, moBepXHOCTh 3TUX YCT-
pPOMCTB HACTOJBKO Malia, YTO W NPU IOJOKUTENBHBIX MEpenagax TeMIEepaTyp TEII000MEHOM
BIIOJTHE MOKHO TpeHeOpeub. Jlanmee, 3TO HE MOXKET OBITh MOTOK 3JIEKTPOMArHUTHOM SHEPTHH,
MOCKOJIbKY BO MHOTHX CJIy4asiX YCTaHOBKH 3KPaHMPOBaHbBI OT TaKuX Bo3aeicTBuil. Hakonern, ot1-
CYTCTBHE TIOTOKAa HEUTPOHOB (KOTOPBIN CBUAETEIHCTBOBA OBl O MPOTEKAIOIIUX B paboueM Tene
TEPMOSICPHBIX PEaKIUsX ), JJIUTENbHAs pab0oTa 3aKPBIThIX CUCTEM (C HEU3MEHHBIM KOJINYECTBOM
paboyero Tena) Moj HATPy3KOM ¢ HEM3MEHHOU BBIXOJHOW MOIIHOCTBHIO, HEM3MEHHOCTh BBIXOZA
TETIa, HECMOTPSI HA MHOTOKPAaTHOE YMEHBIIECHHE KOJMYECTBA pabOYero Teja SIIEKTPOIH3EPOB
(OTKPBITBIX CHCTEM), a TAaK)K€ LB Pl IPYTUX OOCTOATEIHCTB UCKIIOYAIOT BO3MOXKHOCTH T10-
Jy4YEHHS TAKOTO KOJIMYECTBA N30BITOYHOIO TEIJIa B 3TUX YCTAaHOBKAX 3a BHYTPEHHEHN dHEPruu ux
pabounx Ten. Bee 3T0 BBIHYKaeT BHUMATEIbHEH OTHECTUCH K BOZMOXKHOCTH TMOJTYUYEHHS HE10C-
TAIOLIETO KOJIMYECTBA PHEPTUM U3 OKPYIKAIOIIEH CPE/Ibl U €Il pa3 BEPHYTHCA K CYIIECTBYIOIINUM
NPECTAaBICHUAM O (PU3NYECKON MPUPOJIE ITOM SHEPTHH.

Jlyuucrasi (paguaHTHas1) IHEPTruUs.

JpeBHsisl MATUTBICSYETIETHSIS TyX0oBHAas Tpaauius Munuu u 6onee 4yemM TpexThicsSUeneTHee
KyJIbTOBOE Haciienue Kuras, paBHO Kak W MyJeickas muctudeckas teocopus Kadbbamnwl, 3apo-
JUBIIAsACS OKOJIO 538 I. 10 HOBOM 3Pbl — BCE OHU YTBEPKAAIOT CYyIIECTBOBAHUE HEKOEH yHUBEP-
CaJlbHOW CpeJibl, SBJISIIOLICICS NCTOYHUKOM W OCHOBHOWM COCTaBJIAIOLIEH BCSAKOW ku3HHU. B MH-
MU ee Ha3bIBaloT npana, B Kurae — wu, B myaeickoit teocobuu - acmpanvuvim céemom. Benen
3a BocTOKOM MHOrHMe 3amaJHble HAyYHbIE MBICIUTEIIH TAKKE MPUIACPKUBAIUCH PEACTABICHHI
00 yHHBepCalbHOU cpefie, MPOHU3BIBAIOUICH BCIO MPUPOAY. DTa cpena, BOCIPUHUMAaeMas Kak



CBET, B 3alaJHON JIUTepaType ObuIa BIEpBBIC YIIOMAHYyTa nudaropeinamu okono 500 r. 10 HO-
BOU 3pBI.

DKcrepuMEHTANIbHBIE MCCIIEIOBAHUS BIMSHUS Ha YEJIOBEKA YIOMSHYTOW BbIIIE BCEIPOHU-
Karotei cpeapl npooaminck emie B 1800—x romax MecmepoM, ocHOBaTeneM cOOOIIecTBa MO
U3YYEHHUIO COUPUTU3MA. BBISICHUIIOCH, UTO KUBBIE U HEXKHUBBIE OOBEKTHI, «3aPSLKEHHBIE» 3TUM
¢droua0M, MOTYT BIHATH APYT Ha JApPYyra Ha PacCTOSHUHM MOJO0HO IEKTPOMAarHUTHOMY TOJIIO,
KoTopoe oTKpbl1 Papaneit u onucan Makcsen. B yacTHOCTH, 3TO 1oJie Takke ObLIO MOJISPU30-
BaHoO [3].

B cepenune XIX Beka Hemenkuil yuenbiil K. Pelixen06ax oOHapy»usl CylieCTBOBAaHUE B
3(upe HEKOETO CUIIOBOTO MOJISI, OTIIMYHOTO OT 3JIEKTPUIECKOro U MarHUTHOTO. OH B TeueHue 30
JIET KCIEPUMEHTAIbHO U3yYall CUJTy 3TOTO MOJIsl, KOTOPYIO OH Ha3blBall «OJINYECKOI». BhIsicHU-
JI0Ch, YTO MPU BO3HUKHOBEHUM OJUYECKOMN CHJIbI MPUTATUBAIOTCS HE MPOTHUBOMOJIOXKHBIE MOJIIO-
ca, KaK B 2JIEKTPOMAarHeTU3Me, a OJMHAKOBBIC TOJIIOCA, T.€. H000OHOe Npumseusaemcs noooo-
HbIM. DTON YHUKAIHHOU MOJSIPHOCTHIO 0071a1alii U OOBEKTHI, HAPUMEP KPUCTAJLIbI, HE SBISIO-
muecst MarHeTukaMu. OHU MOJII0Ca OIUYECKOTO CHIIOBOTO TOJIS TPU HAOIIOAEHUH UX CEHCUTH-
BaMU (PKCTpaceHcaMu, OMOPHEProioramMu), BUJCINUCh KaK «TOpsSYHe, KpAaCHbIC, HEMPUSTHBIC),
Jpyrue — KaKk «roiyOble, MpoxyaaHble U NpusATHbIE». Kpome Toro, oH oOHapy:Xuil, 4To AeHCTBHE
OJIMYECKOTO TOJIsI MOXHO TepeaaTh MO MPOBOJIOKE, MPU 3TOM CKOPOCTH MPOBOAMMOCTH OyneT
OUYeHb HU3KOH (TpuMepHO 4 M/C) | 3aBUCSINEH OOJBINE OT yIEIBHOTO Beca MaTepualia, HeXKeIH
OT €ro AJNEKTPONPOBOAUMOCTH. OOBEKTHl MOTYT OBITH 3apsKEHBI «OJUYECKOW» SHEpruer mo-
TOOHO 3apsily IEKTPUUECKOTO IMOoJisl. J[pyrre SKCIepUMEHTHI MMOKa3aJd, YTO YacThb ATOTO OIS
MOJKET OBITh CPOKyCHpOBaHA Yepe3 JIMH3BI, TOJ00HO CBETY, TOT/Ia KaK Jpyras 4acTh OyAeT Oru-
0aTh JIMH3BI, KaK TUIaMsi CBEYM OTMOAET Teja, pacloJIOKEHHbBIE Ha ero myTH. Eciu 3Ty mpenom-
JICHHYIO 4acTh (PU3MUYECKOTO TMOJISl TIOMECTUTH B BO3AYIIHBIC TOTOKU, OHA TOXKE OTpearupyer mo-
NOOHO TUTAaMEHH CBEYH, U3 YETO MOXKHO TPEATOJIOKUTH, YTO ATOT COCTaB CXOJEH C razoodpas-
HeIM (prronom. Ha ocHOBE ATOTrO AKCIEPUMEHTAIbHOTO MaTepHalia OH OMPEIeNUi JIEBYIO CTO-
POHY Teja KaK OTPULIATENIbHBIN MOJIIOC, U IPaBYIO KaK IOJOKUTENbHBIN MOJIIOC, YTO COOTBETCT-
BOBAJIO IPEBHEKUTANCKUM MPUHLIMIIAM UHb—H [3].

B 1906 rony npodeccop H. I1. MeiikuH, B cBOei ctaThe «/[BUXKeHHE Tea B TOTOKE JIy9H-
CTOM 3Heprum» B XypHaie «Pycckoro gpusnko-xuMu4eckoro o0IIecTBa» JOJIOKUI O COBEPIICH-
HO HEOOBSCHUMOM IIOBEICHUN TOHKOT'O CIIOASHOTO JMCKa, MOABEIICHHOIO HAa TOHYAMIIEH IJa-
TUHOBOM HUTU BHYTPHU TEIUIOU30JMPOBAHHOTO MEJHOTO SKPAaHMPOBAHHOIO CBETOHEIPOHMIIAC-
Moii Gymaroii cocyna. JIuck 3akpyuuBasl HUTh, pearupys Ha CBET CBEUH, NIEpEeMEIleHHUE JII0eH 1
HEOJIyIIEBJICHHBIX MMPEJAMETOB OTHOCUTEIBHO HETo, a MHOT/a M BooOIIe 0e3 BUAMMON MpUYNHBI
[4].

B nanpHelineM MHOTHe Hay4yHbIE LIKOJIbI JOTOJIHHWIN 3THU UCCIEIOBAHMS HAOIIOACHUIMU
Ha Oonee BbICOKOM (pu3maeckoM ypoBHe. B 40-50 roapl mpomuioro cronetust oktop Peiix, mcu-
xuatp n komiera @peliga, 3aMHTEPECOBABIINCH 3TUMM IOJISIMU, MHOTO 3KCHEPUMEHTHPOBAI C
HUMH, UCIIOJIb3YsI HOBEHIIIKE 110 TOMY BPEMEHH JIEKTPOHHbIE MeIuIMHCKHE npuodopel. C moMo-
HIbI0 CHEIUAIBHO CKOHCTPYHPOBAHHOTO BBICOKOUYBCTBUTEIHHOIO MHMKPOCKONA OH HaOIrodal
NyJIbCAllUM HEKOEW SHEPrHH, HA3BaHHOW UM «OPrOHOM», B HeOE M BOKPYT BCEX OPraHMYECKUX U
HEOpraHWYECKNX 00BEKTOB. Pelix pa3paboTan MHOTO PU3HUECKUX MPUOOPOB ISl U3YUCHHS TIOJIS
9TO# sHeprun. Cpeau HUX ObLT «aKKyMYJISITOP», KOTOPBI MOT' KOHIIEHTPUPOBATh SHEPTHIO Op-
TOHA W ObUT UCTIOB30BAaH UM JIJISl KITOJ3APSIKI JTIOJIEH ITOU SHEpPTHEH [5].

B 1889 r. H. Tecna npu nonsiTke BocrpousBecTr onbIThl ['epria (1887 r.) oOHapy)wui cy-
IIECTBOBaHUE CIEHU(PUIECKUX «yAAPHBIX» BOJH, KOTOPbIE BOSHUKAIOT MPH AJIEKTPUUECKOM pa3-
psize M MEepeHOCATCs B MPOCTPAHCTBE 0€3 MaTepUANbHBIX MOCPEAHUKOB. VX m3myyeHue ObLIO
HEUTpaIbHBIMU MO OTHOIICHUIO K 3JEKTPUYECKUM 3apsiiaM U MarHutaM M 00JiaJjajio OrpoMHON
NPOHMKAIOIIEH CrOCOOHOCTHIO. [IpH UIMTENBHOCTH MMITYJIBCOB B CTO M MEHEe MUKPOCEKYH]I
9TH BOJIHBI BBI3BIBAIM NepeMelieHne (GU3nueckux Tei U B3pbIB (UCIapeHHe) TOHKUX MMPOBOJHU-
KOB U OIIyIIeHue OOJHM y oneparopa, OTACIEHHOTO OT MCTOYHHMKA MPO3PAYHON TUAIIEKTpUYE-
CKoMl meperopoakoil. Tecina Ha3BaJl T BOJHBI «PaJUaHTHBIM 3JIEKTpUuecTBOM». [lomecTuB BU-



TOK TIPOBOJIa HAJ OJHOCIOWMHOW KaTyIIKOW u3 0ojiee TOHKOrO MPOBOJA M TMOACOCIUHUB €ro K
paspAIHUKY, OH OOHApYX M 3((eKT HeOKUIaHHON U JJocese HEeM3BEeCTHOM TpaHchopMaluy Ha-
NpsOKEHHS, Ha TOPSIKK TpeBbImaBmield koddduuueHT TpanchopManuu B OOBIYHBIX 3JIEKTPO-
MarHUTHBIX MOBBIIIAIOIUX TpaHcpopmaropax. Hanpsokenue Boszpactano Ha 10 ThIc. BOJBT Ha
KK JIOMM JUTMHBI KaTyIIKU. Eciin B MarHuTHOM pa3psiIHMKE MpOCKaKuBaja UCKpa B JiBa C
MOJIOBUHOW CaHTHUMETpA, JUIMHA CTEKAIOIIUX C KaTYLIKU pa3psAaoB Obljia CpaBHUMA C pa3MepaMu
camoit karymku. Korma Takoe ycTpoiicTBO (Ha3BaHHOE BIIOCIIECTBUM TpaHchopmaTopom Tecia)
ObUIO HACTPOEHO B «PE30HAHC» MyTEM U3MEHEHHUs 3a30pa B Pa3psAHUKE, BJOJIb KaTYLIKH (TI01e-
peK BUTKaM) BO3HMKaJl MOTOK ra3onoJ00HOro CBETSILErocs 0esnoro o0iaka, CKOJB3SIIEro Mo
MOBEPXHOCTHU KaTYLIKH, HE IPOHHKAs BIIyOb IPOBOJHUKOB, U CPBIBASCH C TOPIIA KaTyIIKU B BU-
ne OenbIXx MepUarIuX pa3psaoB. [Ipyu 3TOM HMITYJIbCHI CIIOKOMHO TEKJIM Yepe3 CUCTEMY, IO-
no6Ho ra3y B TpyOe. Tecna Ha3Ban 3To crieu@uUHOe siBIeHUE «CKUH-3QdexTom». [Ipu npume-
HEHMH KOHYCOOOpa3HBIX KaTylIeK Oejoe IuraMsi yIaBajoCh KOHLEHTPUPOBATh M HAIPABISTH.
Byayun oueHb MOXOXKHMM Ha CBET, 3TO M3Iy4deHUE 00J1aAajg0 CBOWCTBAMH, KOTOPHIX OOBIYHBIE
MOTIEPEYHbIE AIEKTPOMArHUTHBIE Kosie0aHUsI HEe UMeNnu. B 4acTHOCTH, «pajuaHTHBIE» H3IIyde-
HUs He (hoTorpadupoBauCh (TOJIBKO NMPH OYEHb JJIUTEIbHBIX SKCIIO3UIMAX MOABISUIUCH HAMEKU
Ha YTO-TO MOJ00HOE MOTOKY). OHU PacCpOCTPAHSINCH CO CBEPXCBETOBBIMH CKOPOCTSIMHU M 00-
Jajand OrpoOMHON IpOHMKaromed crocoOHocThio. [Ipu mepenade sHEpruM OT OCTPUS TpPaHC-
¢dopmaTopa Tecibl K MEAHBIM IUIACTUHAM B HUX MOSBIISUICS 3aps]l, PABHO3HAYHBIA CUIBHOMY TO-
Ky. OfIHaKo MpH 3TOM HHU B IPOBOJAX KaTyIIKH, HU B MPOCTPAHCTBE MEXIY HEW M IUIaCTUHAMU
TOK HE yJIaBJIMBAJICS.

Takoit TpanchopmaTop He OblT OOBIYHBIM 3JEKTPOMArHUTHBIM YCTPOUCTBOM. DPPEKT oT
BO3JICUCTBUS PaAMAHTHOW 3HEPrUU BO3PACTANl CO BPEMEHEM IIPHU TOW K€ 3KCIO3ULHH, T.€. KaK
OBl «aKKyMyJIupoBaycs». bemnblit miaMsano o0HbIH pa3psia OblI MATKAM U 0€30HaCHBIM TOTOKOM.
W3meneHneM HampspKeHHsT M TUTEITFHOCTH MMITYJIBCOB TpaHchopmaropa Teciia MOKHO OBLIO
1100 HarpeBaTh KOMHATY, JIM00 oxiaxaatk e€. [Ipu 3ToM GoJiee KOPOTKHE UMITYJIbChI ITOPOXKIa-
JIM TEYEHUs1, HAIIOJHABIINE KOMHATY MPOXJIaJHBIMH MIOTOKaMH, U CONIPOBOXAAIUCH MOSIBICHUEM
OLIYILIIEHUS TPEBOTU U OECIIOKONCTBA.

OpHolt U3 0COOCHHOCTEH paJuaHTHON SHEPruM OBUIO TaK Ha3biBaeMoe «(PaKIMOHUPO-
BaHHUE»: B NApaJUIEIbHOM LENH, COCTOSABLIEH U3 LIETTOYKH JIaMII HAaKaJIUBAHUSA, IIYHTUPOBAHHBIX
TOJICTOM MEIHOM IIMHOMW, 3JEKTPOHBI ABUTAJIUCH 10 ITyTH HAUMEHBILErO CONPOTUBIEHUS (Uepe3
IIYHT), a PaJANAHTHBIA TOK — HAIIPOTHB, MPEIMOYUTAI HAMOOIbIIIEEe COTPOTHRICHHE (J1aMIibl). To
e HaOJroAanock U B Karymkax TpaHchopmaropa Tecnbl. Jlpyras ocoOeHHOCTh paJuaHTHOTO
TOKa COCTOsJIa B TOM, YTO OH IepelaBajics 110 OJHOMY IIPOBOJY, BbI3bIBasi IIPU 3TOM B OOBIYHBIX
JaMIiax HaKaJHBaHUs CBEUYCHHUE, IMOJ00HOE IO SIPKOCTHU AyroBoil mamme. OZHAKO BHEIIHE 3TOT
TOK MMEJ BUJ «XOJIOAHBIX TyMaHHBIX O€NbIX IMOTOKOB, IPOHUKAIOUIMX Ha SIPJ B OKpPYy Karollee
IpOCTPaHCTBO». B031yX BOKPYT MPOBOAOB CBETHJICS O€JNBIM IIBETOM, YBEIWYHMBAACH B OOBEME.
ITpu 3TOM MpoOBOAA, NOJKIIOUEHHBIE HA BBIXOJ KaTYLIKHU (3apsKEHHBIE) NMPHU MOTPYKEHUU BeEp-
THUKAJIBHO B MAcJIO BBI3BIBAJIM JIBUKEHUE Macja U 00pa30BBIBAJIM HE €r0 MOBEPXHOCTU MOJIOCTh
rryOuHo#t 10 5 cM. Takum 0Opa3om, paaraHTHBIC TOKK 00Jaaii CBOMCTBAMH, HE TIPUCYIIIUMH
OOBIYHBIM TMOMEPEYHBIM AJIEKTPOMArHUTHBIM KojeOaHusM. Hu oluMH M3 3THX 3HEPreTHYecKuX
3¢ (deKTOoB eMy HE yAaBaJOCh MOJIYYHUTh MPHU MOMOIIM FApMOHUYECKHX AJIEKTPOMArHUTHBIX KO-
neGaHMi BRICOKOH 4yacTOThl. By iyun oueHb moxoxel Ha CBEeT (JIy4HUCTYIO SHEPIHI0), paaraHTHas
9Heprus o0saana CBOUCTBAMH, KOTOPHIX OOBIYHBIEC ITOIIEPEUHBIE AIEKTPOMArHUTHbBIE KOJIeOaHHsI
HE UMEIOT. B "acTHOCTH, 3TH JTyuyu NPOHUKAIU 4Yepe3 METAJUIMUECKHUE DKPaHbl, HENPO3payHbIe
11t OMB. D10 ObUIO OTKPHITHE COBEPIICHHO HOBOTO BU/IA YHEPTUU U U3ITYUCHHUSI.

Bynyun yOexIeHHBIM B HEAJIEKTPOMArHUTHOHN MpHpoOJIe «paauaHTHBIX» TokoB, H.Tecna
B 1889 r. moceTrmn I'.I'epria 1 Ha OCHOBaHHMH CBOMX ONBITOB YOEIHJI €ro B ONIMOOYHOCTH TpaK-
TOBKH OTKPHITHIX TeM B 1887-1888 rr. konebaHmil kak 3JeKTpOMarHUTHEIX BoH (OMB), cyme-
CTBOBAaHME KOTOPBIX OBUIO TeopeTudecku mpeackazano J[x. Makceemnom B 1862-1864 rr. U3
MaKCBEJIJIOBCKON Mojeu 3hupa U MOTyuYeHHBIX UM YPABHEHHUH 3JIEKTPOMArHUTHOTO TOJS Cie-
JIOBAJIO MPEJICTABIEHUE O TOM, YTO 3TU BOJHBI — DSl MOCIEA0BATENBHO BO30YKAAIOMMUXCS B



aupe IMEKTPUUECKUX BOIMYLICHHUH (BEChbMa MaJIbIX 3JEKTPUYECKHUX TOKOB). OCHOBaHHEM K€
JUTSI 3aKITFOUEHUS, YTO CBET SBIISCTCS JCKTPOMArHUTHOMN BOJHOM B 3(upe, SBUIUCH ABa (hakTa -
COBIIA/ICHHC BEIMYMHBI BBEACHHON MaKCBEIIIOM TOCTOSIHHOM (£oflo) ", MMeBIIei B cucteme CU
pa3MepHOCTh CKOPOCTH, CO CKOPOCTBIO CBETA B IyCTOTE, HAHICHHO etre panee du3o (~3,15-10°
M/C), W TIOJSApHU3AIHs dJIEKTPOMArHUTHBIX BOJIH, XapaKTepHas Ul TONEPEYHBIX BOJH cBeTa (B
cooTBeTcTBUU C onbITamu FOHTa). K Tomy e u onbIThl ['epria mokazanu, 4To OTKPHIThIE UM BOJI-
HBI 00JIa1al0T CBOMCTBAMH CBETOBBIX BOJIH, T.€. CIIOCOOHOCTBIO K OTPa)KEHHIO, TIPETIOMIICHUIO U
uHTep(DEepeHITNH.

OnHako, CTPOTO TOBOPS, 3TU OIBITHI JOKAa3bIBATH TOJIBKO TO, YTO BOZHUKHOBEHHE DJIEK-
TPOMarHUTHBIX KoJiebanuii B BuOpatope ['epra (aHTeHHE) TPUBOIMIO K BOSHUKHOBEHHIO aHAJIO-
TUYHBIX KoJiebaHuil B pe3oHaTope (nerekrope). OTcrona eni€é He Ciie10Bajio, 4To KoJaeOaHus pac-
MPOCTPAHSAIOTCS C MIOMOIIBIO TOTO K€ MEXaHU3Ma, UTO U KoJiebaHus B BUOpaTtope u pe3oHarope!
Benp mu1st ocymiecTBiIeHUs iepeIaun AIEKTPOMAarHUTHBIX BOJIH HEOOX0IMMa cpenia, ooJasatomniast
ANEKTPUYECKUMU U MAarHUTHBIMH CBOWCTBaMU. D(up, Kak U3BECTHO, TAKUMHU CBOICTBaAMH HE 00-
namaer [6]. HampoTus, BCe TOBOPHIIO O TOM, YTO PacIpOCTPaHCHHUE KOJIeOaHuid B dpupe ocyIie-
CTBJISIOCH IMEHHO CBETOBBIMHU BOJIHAMH, a B BHOpaTope ['epia u neTekTope MpoUCXOAUT Tpe-
o0pa3oBaHUe HIIEKTPOMArHUTHOM HEPTUHU B JIYYUCTYIO U Ha000poT. Jlerko cebe MmpencTaBuTh u
BBITEKAIOIee U3 TeOpur MakcBesia BOBHUKHOBEHHUE B JIETEKTOPE CHIIbI, BOCHIPUHUMAEMOM Kak
JlaBJIeHUE cBeTa. B pamMKu 3TOH KOHIETIIMY JIETKO MPECKA3bIBACTCS HATMUNE YACTH JTYIHCTOU
SHEPTUH, HE TMOTJIOIMIEHHON 00Iy4aeMbIM TElOM (T.€. HE MPEeBpPaLICHHON B 3JEKTPOMArHUTHYIO
DHEPTUIO), €€ HEeTEKTPOMArHUTHAsI TIPUPO/Ia, HEOObIYaliHas IPOHHUKAIOIIAS CIIOCOOHOCTB, TTOJISI-
pU3yeMOCTh U T.II.

Takum 06pa3oM, MHEHHUE, YTO KoJieOaHMs B MPOBOJHUKE WK BuOpaTope ['epiia 10KHO U B
OKpYyXaroleM ux 3pupe BbI3BaTh COOTBETCTBYIONINE, OBICTPO MEHSIOIINECS B CBOEM HaIlpaBJie-
HUH SJIEKTPUUECKUE BO3MYIICHUS, B JEHCTBUTEIIFHOCTH HU Ha Ye€M HE OCHOBaHO. boiee Toro,
MaKCBEJUUIOBCKAsl MHTEPIIPETAIlHsI CBeTa KaK €AMHON 3JIEKTPOMAarHUTHON BOJHBI MPOTHBOPEUMIIA
CaMHMM €TI0 MCXOJHBIM ypaBHEHHSIM, KOTOPbIE MCXOIWIN U3 WU COXPAHCHHS SHEPTHH IpH e
B3aMMHOM TIPEBPAIICHUH U3 MICKTPUIECCKON B MAarHUTHYIO (M Ha000poT). OCOOEHHO OYEBHIHBIM
CTaHOBUTCA 3TO NPHU BBIBOJIEC YpaBHEHUN MakcBesula U3 MEPBBIX MPUHIUIIOB TEPMOAUHAMUKY .
TepMmoanHaMuka, Kak M3BECTHO, MPEACTABISET 3aKOH COXpPAHEHHs! YHEPTHH B BUJIE ypaBHEHUS
OanmaHca MEXIy U3MEHEHUSMHU BHYTPEHHEH SHEpruu cucTeMbl U u e€ MOCTYIUICHHSIMH Yepe3 rpa-
HHIBI CUCTEMBI B (hopme Tertotsl Q wiu padoTel W. [l M30JMPOBAHHOM CUCTEMBI, COCTOSIIEN U3
AIIEKTPUYECKOTO KOHTYpa C TOKOM, KOTOPBIH OXBAaThIBA€T 3aMKHYTHI MAarHUTOIPOBOJ U BKIIIO-
yaeT B ce0s OKpY’KAIOIIKE UX 3JIEKTPUUECKUE U MAarHUTHBIE MOJIsl, OCHOBHOE YPaBHEHHE TEPMO-
JUHAMUKHA OOPaTUMBIX MTPOIIECCOB UMEET BH [2]:

dU, =E-dD + H-dB =0, (1)

rae Uy — sHeprus eauHuIbl oobema paccmarpuBaemoit cucteMsl; E, H — BekTOopbI HampsKeH-
HOCTHU DJIEKTPUYECKOI0 U MAarHUTHOro mnosei; D, B — BEKTOpBI 3JIE€KTPUYECKOM U MAarHUTHOU
WHIYKIUU B MaTepuaie 3JeKTPUYECKOr0 U MarHUTHOTO KOHTYPOB.

UsneHsl MpaBoi 4aCTH 3TOTO BBIPAKEHUS XapaKTEPU3YIOT COOTBETCTBEHHO AJIEMEHTAPHYIO pa-
6oty nossipuzanuu dWe, = E-dD n namaranunBanus dW,, = H-dB cOOTBETCTBYIOIIMX KOHTYPOB JIJIsI
00I1Iero ciyvasi HaTM4Usl B HUX AUDJIEKTPUUECKUX U MATHUTHBIX CBOMCTB. Vcmonb3ys nuddepeHim-
aJIbHBIE ONEPaTOPbl BEKTOPHBIX (DYHKIMI 1oJisl ypaBHEHUIO (1) MOXKHO npuaath GopMy nepBoro u
BTOpOro ypaBHeHuii Makcsemna [1,3]:

rot E = — (0B/6Y), )
rot H = j. + (OD/a1) , 3)

TJI€ je— TUIOTHOCTH TOKA MPOBOJIUMOCTH; ¢ — BPEMSI.



TepmoannaMuueckuil BbIBOJ| ypaBHEHHH (2,3) sSIBHBIM 00pa3oM IOKa3bIBAaeT, YTO YPABHEHUS
MakcBemia oTpaxaroT Mpolece oOpaTHMOrO  B3aWMOIPEBPAILCHHS] YHEPTUU DICKTPUYECKOTO U
MarHUTHOTO TMOJIEH B M30JMPOBAHHOM CHCTEME M HE IMPETLyCMaTpPUBAIOT HE TOJIBKO OOMEH 3JIEK-
TPOMArHUTHOM 3HEPTUEH C OKpY KaIoIIel CpeIoi, HO U JUCCUTIATHUBHBIC TIOTEPU YHEPTUU B CaMOi
cucreMe. Benb u3 BOJIHOBOrO penieHus ypaBHeHui Makcpeia ciienoBaio, 4yto Bektopsl E u H B
MOTOKE JIEKTPOMarHUTHON sHepruu (BekTope [loitHTHHra) cCuH(Aa3HbI, T.€. YJHEPTUS dIIEKTPUYE-
CKOTO M MarHUTHOTO MMOJISI B cpejie e€ pacmpocTpaneHus (3¢upe Wi GU3NIECKOM BaKyyMe) OJ1-
HOBPEMEHHO TMPOXOJAT 4Yepe3 MaKCUMyM M Hyinb. ClemoBaTelnbHO, CyMMapHasi SHEprus dJeK-
TPOMAarHUTHOTO TOJISI B BOJNIHE E, = g B2 + p0H2/2 HE OCTaeTcsi MOocTosHHOM (dE, = g,E-dE +
poHdH > 0) Bompeku ocHOBomojararomieil ujaee MakcBensia O B3aMMHOM MpeoOpa3oBaHUU
AJIEKTPUYECKOTO0 M MAarHUTHOTO TOJIs, 3aJI0KEHHOM B ero ypaBHeHusax. Ilocnennee nporuBope-
4yHhe ¢ 3NMEKTPOJUHAMHUKOM MakcBelna, He YCTpaHEHHOE 10 CHX IOp, CHUMAETCs, €CJIM CBET He
OTOXIECTBIATH ¢ OMB.

Tem Bpemenem siicopus oT ycrnemHoro oObsiCHEHUS Teopueld MakcBenia psjga onTude-
CKUX U 3JIEKTPOMAarHUTHBIX SIBJICHUM y HccieloBaTeNell TOro BpeMeHHU Oblila CTOJIb BEJIHMKA, YTO
OHM OCTaBWJIM 0€3 BHUMAHUS HE TOJBKO OMBITHI Tecia U MEXaHUCTUYECKUE TPECTaBICHUs 00
adupe camoro MakcBesuia, HO U OTMEYCHHOE BBIIIEC HApyIICHUE 3aKOHA COXpaHEHUs s ddupa.
C nosBnenueM xe CTO 00 adupe BooOmie 3a0butn. Tak B Hayke MPOYHO YKPENWIOCh MHEHHUE,
YTO MPOLECC PaCcPOCTPaHEHMsI JyUyell CBeTa KaYeCTBEHHO OJMHAKOB C IPOLIECCOM paclpocTpa-
HEHUS DIIEKTPOMATrHUTHBIX KOJeOaHUil, a BCe 3aKOHBI, OTHOCAIINECS K CBETOBBIM JTydaM, BIIOJIHE
MPUMEHUMBI K JTydaM «3JIEKTPOMArHUTHBIM.

JInmpb MHOTO MO3e CTalld U3BECTHBIMU HOBBIE (DAKTHI, CBUIETENHCTBYIOIINE O CYIIECTBOBA-
HUUW U3TyYEeHUs] HEJIEKTpOMarauTHou npuposl. B 1948 r. actpodusuk H.Ko3sipeB mytem ¢o-
TorpadupoBaHus 3Be3]] Uepe3 3aKPHIThIl METAIUTMUECKON IITOPKOW OOBEKTHUB TeJecKomna oOHa-
PYKHII CyIIeCTBOBaHUE BO BcelleHHOU crienuduueckoro BUIa MPOHUKAIOMIETO H3ITydeHHsI, IBU-
JKYILEroCs CO CKOPOCTHIO, MPEBBIIMIAIONICH CKOPOCTh PACIPOCTPaHEHHsI CBETa B Bakyyme [7].
OTH OMBITHI BIIOCIIECTBUH ObLITN TIOTBEPKICHBI U «KOHBEHIIMOHAIBHBIMIY (hr3ukamu [24].

Eme B 1966 1. bacos H.I'. ¢ corpyaaukamMu BriepBbie cooOumim 00 3¢ heKTe, KOTOPBIHA 10
CHX TIOp HE UMEET HEITPOTUBOPEUUBOTO OOBSICHEHUS B paMKaX TPAJUIIMOHHBIX (PU3NIECKUX
KOHIEMIIHI: UMITyJIbC PyOMHOBOIO Ja3epa MPOXOIUI CKBO3b PyOMHOBBIE YCHIIUTEIbHBIE CTEPK-
HU ObICTpee, yeM B BakyyMme [22]. Mbl He BCTpedasy B JIUTEPATYype Pa3yMHOTO OOBSCHEHUS ITHX
pe3ybTaTOB B paMKaX OPTOJIOKCANbHBIX HAyUYHbIX KOHIENIHi. B Gonee mo3nHux paborax 3T
pe3yIbTaThl 0OBIYHO U3JIATAIOTCS ¢ MOMOILBIO OTPHIIATEIILHOTO IPYMIIOBOTO MOKa3aTeIs mpe-
JIOMJICHUS; IBH)KEHUEM UMITYJIbCa B slY€HKe BCTIATh BO BPEMEHH, U T.J. « CBEpXMTHOBEHHOE»
JBUKEHUE UMITYJIbCa TPOTUBOPEUUT HE TobKo CTO, HO ¥ MPUHLIMITY IPUYUHHOCTH, a, 3HAYUT,
U DJIEMEHTAPHBIM MOHATHAM O ABM)KCHUU.

B 1973 r. B Poccun ObLT OTKPBIT aKyCTO-MarHeTo3J1eKTpuaeckuit 3 dexr, qokazapumii cy-
[IECTBOBAaHNE B3aUMOJCHCTBHSI 3JIEKTPOHOB C YJIbTPa3ByKOBOM BOJHON C YBETMUEHUEM YHEPTUU
B ThICAYM pa3 [8]. DTo NpUHIMNHAIBEHO IPOTUBOPEUNT TEOpUH MakcBeilia, KoTopas 3alpeiaer
mo100HbIC (P PEKTHI.

B 1994 roxy cranu u3BeCTHBI pe3yJbTaThl HAOIIOJECHHUNA I'PYMIIbI ACTPOHOMOB, KOTOPBIE C
MOMOIUIBIO TEJIECKOMOB OOHAPY KU HEOOBIYHOE KOCMUYECKOE U3ITyUEHHUE, OXapaKTepHU30BaHHOE
UMHU Kak HednekTpomarautHoe [18]. B 2000 r. mpu uccinenoBaHuM 3IEKTPUUYECKOTO B3pbIBA
Goybr U3 0CO000 YHCTHIX MAaTEpPUAJIOB B BOJE TaKKe OBLIO 3aPETHCTPHUPOBAHO «CTPAHHOE HM3ITY-
YEeHHE», KOTOPBIM COIIPOBOKIaNAch TpaHchopmars xumudeckux siaemMenTos [19]. B 2005 roxy
Jpyras TpyIa POCCUHUCKHX HCCIEIOBATENICH M3rOTOBWIA W HCIbBITada OCOOBIM TeHepaTop Ha
AIIEKTPOMArHUTHON OCHOBE, KOTOPBIA ObUT MOJHOCTBIO SKPAHUPOBAH OT BBIXOZA 3JIEKTpOMAr-
HUTHBIX Tojiel. TeM He MeHee 3TOT TeHepaTop MOPOXKAall IMOJe HEM3BECTHOW MPHUPOABI, 00JIa-
Jaromiee KOJIOCCAbHOM MPOHUKAIOIEH CIIOCOOHOCTHIO U OKa3bIBarolee IryOnHHOE U 00BEMHOE
BIIMSIHUE Ha PACIUIaBbl M pacTBOPHI paznudHbIx BemiecTs [20]. B 2010 rogy Obutn omyOIuKOBaHbBI
pe3yNbTaThl 3KCIEPUMEHTOB C UCIIOJIb30BAHUEM TEXHUUYECKUX JETEKTOPOB, KOTOPHIE, KaK U JaH-



HBIE JIA3ePHOH Teparuu, CBUICTEILCTBYIOT O TOM, O HAJTMYUH B IPHPOJIE HEKOTOPOTO U3ITYUCHUS
HEAJIEKTPOMArHUTHOM nipupoasl [21].

B mocnennee Bpems HaIM4Ke W3ITydeHHsI HEAJIEKTPOMArHUTHOU TPHPOJIBI, CXOXKETO TI0 CBO-
UM CBOMCTBaM C 3KCTPACEHCOPHO-OMO’HEPTreTHUECKUM BO3/ecTBHEM, ObLIO OOHAPYKEHO B U3-
JYy4YEHUH ONTHYECKOr0 KBaHTOBOI'O T'eéHepaTopa HeOOoJbIION MOUTHOCTH [9]. DTa cocTaBistomast
oOHapy’keHa M B COCTaBe M3Iy4eHUH NpuOOpOB OBITOBON M MPOM3BOJICTBEHHOM 3JEKTPOHHOM
TexHUKH. [Ipn 3TOM Takke NOATBEPAUIOCH, UTO 3TO U3lydeHue nosspusonano [10]. Ha Heanek-
TPOMAarHUTHON NPHUPOIE MEXKKIETOYHBIX CBSI3€ Ha OCHOBAaHMM MHOTHX 3KCIEPHUMEHTAIbHBIX
TAHHBIX HACTaWBACT TaKKe HccienoBarenbckas rpynmna B.I1.Kasnaueesa [11]. Crennduka Jry-
YHCTOM 3HEPruM (JyaausM BoJHa-yacTula, MHTepdepeHuus GoToHa ¢ camum coboil u T.11.) cra-
HeT OoJiee MOHATHOM, €CIM aHTapPMOHUYECKYIO BOJHY MPEICTaBUTh KaK IMOCIEIOBATEIHHOCTD
COJIMTOHOB (CTPYKTYPHO YCTOWYMBBIX YaCTULENOAOOHBIX OJIMHOYHBIX BOJH) C SHEPTUEH, B ® pa3
MenbInei suepruu Gorona [1]. XoTs ¢pusmueckast mpupoaa 3pUpHBIX BOJH U3yUeHA €IIe HeT0CTa-
TOYHO, U Pa3IUyYHbIEe MCCIENI0BATEIN AAl0T UM Pa3JIMYHble Ha3BaHUs, MHOTHE SKCIIEPUMEHTATO-
PBI OTMEUAIOT MX OOIIMEe CBOWCTBA, B YHCJIE KOTOPHIX CIIOCOOHOCTH MX MPOXOAUTH 0€3 CyIIecT-
BEHHOI'0 OCJa0JIeHUsI CKBO3b BOJY M JUCCOLMUPOBAHHBIE BOJHBIE PACTBOPBI, KHUJIKUE METAJIbI
(HampuMep, aIOMUHHINA, PTYTh, PACIUIaBbl CBUHIIA, 0JI0BA) U MOHOKPHUCTAJUIBI, «HETPO3PAYHBIC)
JUISL 3JIEKTPOMArHUTHBIX BOJIH (Takue, Kak KpeMHUH WM TeépMaHuil), BBI3bIBaTh OCTaTOYHbIE, 110~
CTETIEHHO WCYE3arolle M3MEHEHHUsS B cpelax MX pacrnpocrpaHeHus. DakToB, CBUIACTEIbCTBYIO-
IIMX O CYIIECTBOBAHUU TAKOTO POJA HEINEKTPOMArHUTHBIX M3JIy4YEHUH, CTOJIb MHOTO, YTO B Ha-
CTOsIIIIEe BpeMsi, BBIpaXKasch cloBaMH akanemMuka B.A.Tpame3HHKoBa «OTMaxWBAaThCS OT HUX
HENb3sl, He PUCKYs noryouTh Hayky» (M3Bectus. 12.09.87). IlonagoOutcs, TeM HE MeHee, HeMa-
J0e BpeMs, MPEkKIe YeM HAKOIHTCS «KPUTHYECKas Macca» JKCIIEPUMEHTAIBHBIX NaHHBIX, 3a-
CTaBJIAIOUINX MEPECMOTPETh YCTAaHOBUBIIMECS B3IJIAbI HA IPUPOAY «PaJUaHTHOT0» (JIy4uCTO-
ro) sHeprooomena. OJTHO U3 TEOPETHUECKUX COOOPAKEHUN HA ATOT CUET U3JI0KEHO HUKE.

JBHKYIIAsl CHJIA JIyYHCTOr0 JHEeproooMeHa.

BBuay HE0IHO3HAYHOCTH TPAKTOBOK MPHPOJBI JYUYUCTOTO IHEPrOOOMEHA IMPE/CTaBISET
HMHTEPEC PACCMOTPETh 3TOT BOMPOC C TOUKU 3PEHUSI SHEProJAMHAMUKH [ 1], KOTOpO# 4yKIbl MO-
JenbHble npeacTasiaeHus. CorlacHO SHEProAMHaAMUYECKOMY MPUHIUIY Pa3IMUYUMOCTH IPOLEC-
COB, CyMMa H3JI0KEHHBIX BbIIIE (AKTOB CBUAETEILCTBYET O CYIIECTBOBAHUHU MO KpaiHel mepe
emeé ogHON (OpMBI IIEpeHOCa SHEPTHH B «ITYCTOM)» MPOCTPAHCTBE, OTIMYHON OT OOBIYHBIX IMO-
MEPEYHBIX MEKTPOMATHUTHBIX BOJH (MM MOTOKA (POTOHOB). DTO SBISIETCS JOCTATOYHBIM OCHO-
BaHUEM IS TIOMCKA CIEU(PUUECKUX MapaMeTpoOB, XapaKTepU3YIOUINX 3Ty (HopMy 3HEprooome-
Ha 1MoJj00HO paboTte pacmupenus pd) nnm termnooomeny 7dS, rie abcoaoTHOE NaBiIeHUE p WK
abcomoTHas Temrieparypa I’ paccMaTpUBAIOTCS KaK Pa3HOBUIAHOCTH 0OOOIIEHHOTO MOTEHIIHANA,
TpaJueHT WIH Tepernaj KOTOPbhIX O0OYCIOBIMBAaET BO3HMKHOBEHHE STOr0 BHIA HHEProoOMeHa
(ABNISIETCS €ro NBHXKYLIEH crioi). J1o HacTOAIIEero BpeMEHH TaKoTro poja mapaMmeTphl s JTydu-
CTOr0 3HEpProoOMeHa OCTalOTCS HEU3BECTHBHIMU. JIMIIb /Ui Tak HAa3bIBAEMOI'O TEIIOBOTO H3IY-
YEeHHUs, 3aHUMAIOIIET0 OYeHb HEOOIBIIYIO YaCTh CIEKTpa U3Iy4YEeHUs ¢ JUIMHOW BOJHBI OoT 0,4 110
4 MK, KOTOpas MpH MOTJIOIIEHUH TeJIaMHU BOCIIPUHUMAETCS TeJlaMU KaK TeIuioTa (paccenBaercs),
POJIb TAaKOro MOTEHIMANa Urpaer TemmnepaTrypa adcomoTHo yepHoro Tena (AYUT) B yerBeproii
cTerieHH. boublas e 4acTh CHEKTpa dJIEKTPOMAarHUTHOTO M3JIyYEeHUs, OTBETCTBEHHAs 3a SIBJIe-
HUs (hoTocuHTe3a, PoTorddekT, hoTonoHM3aIMIO, (HOTONIOMUHECIICHIINIO, (OTOAKYCTHYECKHE
ABJIeHUs, (OTOSAJEPHbIE peaKUU U T.II., MPEACTaBIAET co00M yNnopsiioueHHy0 GopMy IBUXKe-
HUSI 1 HUKOUM 00pa3oM He cBoauMa K Teruiore. K coxxanenuto, pusuku, HauuHas ¢ b. ['onuubi-
Ha, BOIIPEKH PE3KUM Bo3paxkeHUsIM A. CTOJIETOBa O CUX MOP MPUIHUCHIBAIOT U3IyYEHHUIO B TIO-
noctu AUT temmepatypy camoro AUT Ha TOM OCHOBaHUM, YTO OHH SIKOOBI HAXOISTCS B «TEI-
JIOBOM» paBHOBECHU. MeXIy TeM paBHOBECHE MEXKIY BEIIECTBOM U M3ITyYEHHEM B OOILEM CITy-
yae He sBJISeTCS TEIUIOBBIM. boiee 3Toro, B moiapisiomeM OOJIbIIMHCTBE CIyYaeB O TAKOM PaB-
HOBECHM HE MOXKET MITH U peuu. Benp Terosas ¢opMa IBHXKEHUSI CBOMCTBEHHA TOJIBKO BEllle-



CTBeHHOH (opme marepuu. Kak moka3zaHO B SHEProJHMHAMHUKE, TEIIOTa Kak (opma sHepruu
IpeCTaBisieT co00i CUHTE3 KUHETUYECKONW U MOTEHIMAIbHON SHEPTUU MUKPOYACTHIL. DTO MOA-
TBEPI)KAAETCS 3aBUCHMOCTBIO BHYTpEHHEH sHepruu BemecTBa U Kak OT TeMiieparypsl 7, Tak U OT
oobema V, t.e. U= U(T, V). D10 03Ha4yaeT, 4yTO TEIUIOBAas SHEPIHsl KaK TAKOBas MOXKET BBIPOXK-
JaTbCsl ABAKIBL: TP OECKOHEYHO OOJIBIIOM C)KaTHH, KOT/Ia BBIPOXKIACTCS KMHETUYECKas YHEp-
I'usl Bcex BUOB ABWXeHUs yactul, U1 U = U(V), u npu 0€CKOHEYHOM pacIIMpPEHUHU BEIecTBa,
KOI'Jla BBIPOXKJAeTCs MOTEHIMabHas 3Heprus B3aumoencteus yactu, u U = U(T). O0a 3tux
cilydasi, IO—BUIUMOMY, peayln3yloTcsi BO BceneHHOI: nepBblii — mpu Kojiarnce, BTOPO — mpu
B3pBIBE CBEPXHOBOHM M IPEBpAIlEHUH BEIIECTBa B M3iMydeHue. Kcratu cka3arh, «HEYHHUTOKH-
MOCTB» TEIUIOBOW (POpMBbI 3Hepruu Obula OBl PaBHOCHIIbHA YTBEP)KIACHUIO O CYLIECTBOBaHUU
Co3pmarenst, COTBOPUBIIETO ATy (OPMY JBIKECHHS «pa3 M HABCETay.

OO0 oTCyTCTBUHM TEIUIOBOTO paBHOBeCHs BO BceleHHONH KpacHOpEYHBO TOBOPUT pPa3HMLA
TEMIIepaTyp 3BE3JHBIX 00pa30BaHMN M TaK Ha3bIBAEMOTO «PEIMKTOBOTO» MU3Iy4YeHHUS (KOTOPOMY
00OBIYHO IpHUIHUCHIBaeTCs TemnepaTtypa 2,73 K), koTopas nocTuraeT MMUIMOHOB IpajaycoB. B
ITHX CIIydasX COBEPUICHHO HESICHO, KaKyI0 TEMIIEpaTypy MpPHUIIUCATh H3IIyYEHHUIO «ITyCTOTHD)
(kax Obl OHa HM Ha3bIBajach — A3pUpoM win GusnueckuM Bakyymom). CyiectBoBanue Bo Bee-
JICHHOM TOJICUCTEM, HE 00JIaJaronX TEIUIOBOW (POPMOIl JABMKEHHS, NCKIIOYAET BO3MOXKHOCTD
NPUMEHEHHUs] K HUM 3aKOHOB TEPMOJANHAMUKH U TEOPUHU TETJI0O0OMEHa.

B cBsI3u C BBINIEH3II0KEHHBIM BO3HUKAET 3a/a4a OTBICKAHUS IBIIKYIIEH CHIIBI X, = -
grady, npouecca oOMeHa JIy4uCTON 3HEPrueil, onpenesnseMoil, Kak U Bce Ipyrue CHIIbl B 3HEp-
TOJMHAMUKE, OTPUIIATEIILHBIM TPATUCHTOM MTOTEHITUAIIA TIOJIS U3IYUYCHHUS Y, U TIOPOXKIAIOIIEH e€
IOTOK TakK >kK€, KaK pa3HOCTb WJIM I'PaJHUEHT TeMIleparyp, JaBJIE€HUH, CKOPOCTEH, XUMHUECKUX,
AIIEKTPUYECKUX U JIp. TIOTCHIUAIOB 00YCIOBIMBAET COOTBETCTBEHHO MOTOKH TEIUIA, KHIKOCTH
WIN Ta3a, UMITYJIbCA, MAaCChl k- IO BEILECTBA, 3apsiia U T.I1.

C no3unuit SHEProJMHAMUKYU JBIKYIIIAs CUJjla JJI000Tro Tmpoiiecca (B JaHHOM CiIydae - Mmpo-
1[ecca JIy4ucTOro 3HeproooMeHa X;) onpenessiercss Mpou3BOJHON OT IHEPIHU CHCTEMBI (B JaH-
HOM CJIy4ae sHepruu Oeryiueil Bosubl F,) IO MOMEHTY pacrpeaeneHus Z, HOCUTENs JaHHO# (op-
MbI SHepruu [1]:

Xy = - (OE/0Zy), 3)

rae Z, - MOMEHT pacipeeieHuss HOCUTENsl COOTBETCTBYIOMIEH (POpMBI JBUKEHHSI IO CUCTEME,
XapaKTEepPU3YIOLIMKA B TaHHOM KOHKPETHOM CIlydae MPOCTPAHCTBEHHYIO HEOJAHOPOJHOCThH pac-
npeeeHus 10 JUTMHE BOJHBI WK Jy4ya aMIUITUTYAbl KoJeOaHuli. DTOT HIKCTEHCUBHBIN MapamMeTp
MPOCTPAHCTBEHHON HEOJHOPOAHOCTH CHCTEMBI OTPEIENSICTCS €AMHBIM ISl BCeX (GOpM dHEPTUU
BBIpaKEHUEM

Zi: Zirid@)i. (4)

311ech r; — painyc-BeKTOp 3JeMeHTa d®; Kakoii-1100 HepaBHOMEPHO pacIipe/IeIeHHON BeTNYHUHEI ( B 1aH-
HOM CJIy4ae aMIUIUTY bl BOJHBI 4).

¥ JU1si BBISICHEHHsI CMbICIa MOMEHTa pacrnpenesieHus Z, B HalleM KOH-

1A KPETHOM CiIydae TPEACTaBUM MPOU3BOJIBHYIO OCTYIIYIO BOIHY B BHJC

HEMPEPLIBHON MOCIIEN0BATENLHOCTH OJAUHOYHBIX BOJIH C JauHON A. Ha

pUCYHKe n300paxkeHa JUisi MPOCTOTHI MOJOBUHA TAKOH OJMHOYHOW BOJI-

|<—r’ HBI C aMIUIMTYIOH A, IUTaBHO M3MEHSIOIIeica OT 3HaueHus: —4 10 +A.
/ “
< [« - > YTOOBI OLIEHUTH CTENEHb HEOJHOPOIHOCTH PACIPEIETICHUS 3TOH aM-
- >
X BN IUTUTY B B TIPOCTPAHCTBE, Pa300beM BOJIHY Ha JBA YETBEPTHBOIHOBBIX
N [<24 > y4acTka MpOTsHKEHHOCThI0 A/4. O6osnaunm uepes A’ u A" cpenuue

3HAYECHUS! aMIUTUTYAbl BOJHBI B K)KJIOW YETBEPTH INEPUOJA, PABHOBE-
JUKOE TIO IIOMAIH JIF000H U3 3aIITPUXOBAHHBIX IIOMAI0K. DTH TIIO-
MIaJKK B IaHHOM CIIy4ae U MPEJCTaBIsET 3JeMEHTHI d®; B BEIpaKEHUH
(4). Ecriu Teneps 0003HAa4YMTE uepes r', ' U r,’, r," MOJOXKEHNE IIeHTpa

-y



KaKI0H M3 JIBYX 3aIITPUXOBAHHBIX IUIOIMIAMOK B TEKYIIIEM COCTOSIHUH M COCTOSIHUH C OJJHOPOJHBIM pac-
npenenenuemM, Gpopmyna (4) npuMeT BU:

Zy=(r'A'+1'4"), (5)

ITockonpky A’ = - A", BeIpaxkeHue (5) MOXKHO TPEJCTABUTh B TOM XK€ BHJIC, YTO U JUITOIBHBII MOMEHT
TADJICKTPHUKA WITA MarHETHKA!

Z,=A"Ar, (6)

rae Ar = r" - r’' — weuo pumnond. JIerko BUAETh, YTO MOSIBICHUE MOMEHTa pacnpeeneHus Z; BbI3BAHO
HEPABHOMEPHBIM pacHpeaeIICHUEM aMILTUTYIBI 110 JJTUHE OJUHOYHON BOJIHBI, YTO CBSI3aHO CO CMeIlle-
HueM (r’- r'y) u (r"- r'",) meHTpa e€ pacnpeaeneHus. XapakTepHO TaKKe, YTO 3TH CMEICHHS HEe KOMIICH-
CHPYIOTCSl, @ CYMMHPYIOTCSL.

Bocnone3yemcst Tenepb M3BECTHBIM BBIPAXECHUEM HEPIHM Oeryliel BOJHBI, €IUHBIM U BOJIH
J000# PUPOBI (aKYCTHYECKHUX, THAPOINHAMHYECKUX, IEKTPOMAarHUTHBIX U T.11.) [12]:

E,=pA’0’/2, (7)

I/ie p — IJIOTHOCTh CUCTEMBI, (® — YIJIOBasi YaCTOTa BOJIHBI.

OTO BBIpaXXEHUE CIPABEIINBO JUJIS BeCcbMa OOIIEro Ciiydasi, KOTaa SHeprusi BOIHbI E, HMeeT Ku-
HETUYECKYI0 E* 1 moTeHmuansHyo ' cocTaBisionlyto, a cMenieHne e€ gpoHTa MOKeT ObITh BBIpa-
JKEHO B (DYHKIMHU HE3aBHCHUMBIX POCTPAHCTBEHHBIX KOOPAMHAT X (WJIN PaJUyC-BEKTOpa I') U BPEMEHH /.
B TakoMm ciy4ae IBMKYIIasi CUIIa MPOIIECcca JIyYHCTOro sHeprooomMeHa X, MPUHUMAET BUJL:

X, = - pAw (QA/OZy). (8)

[Tockonbky cormacHo (6) dZ,= - A'dr, T0 (CA®w/0Zy) = (0Aw/Or)/A'= (A/A") grad © + (/A4 ")grad A.
Takum 00pa3oM, OKOHUATEIILHO MOJTydaeM:

X =- (2 E,/A™)( grad4/4 + grado/m). )

Kax Bunum, st 11000 MOHOXPOMATHUECKOM BOJIHBI ABHXKYINAS CHJIA TMPOIEcca MePeHo-
ca JIyYUCTOM SHEPrHM ONPEAEseTCs OTHOCUTENILHONW BEIMYMHON IPaJUeHTOB aMIUIUTYIbI BOJI-
Hbl grad4/4 n e€ yactothl gradw/m. DTO 03HAYAET, YTO MOHOXpOMATHUYECKasi BOJIHA ( = const)
pacnpocTpaHsieTcsl B HalpaBJIeHUU YObIBaHUS €€ aMIUIUTYbI, a €€ SHEPrus meperacTcs Telam,
MMEIOUIIM MEHBUIYI0 aMIUIUTYAY M3Iy4eHHs Ha 3TOi yactoTe. B ciydae ke pa3nuuus criekTpa
U3JTy4YeHUsl SHeprus OyneT mepeaaBaThbcsi OCHMIUIATOPaM, MMEIOLIMM MEHBILIYI0 YacTOTY KoJje-
Oanuii. IMEHHO 3TO M MPOUCXOIUT B IpOLIECCe MEePEeU3TyUeHus, COMPOBOXKIAIOIIETOCS YaCTHY-
HBIM paccestHueM Jyuuctoil sHepruu. O0a 3TH (pakTopa XapaKTepu3yloT «KpPYTHU3HY» (pOHTa
BOJIHBI, YOBIBAIOIYIO MO Mepe €€ paclHpOoCTpPaHEHHs B IMOTJIOMIAONIEH WK Mepeu3iydaromen
cpene (T.e. «pacryiacThIBaHUsD» BOJMHBI). OHUM U3 CIEICTBUI ATOTO pacCceuBaHMs SBISETCS I10-
HIDKEHHME YacTOTHI Jiyya [0 Mepe ero pacnpocTpaHeHus Bo BceeneHHoil. B menom ke jyuucras
SHEPTHUs MepeaeTcs TeiaM, oOJaJarolluM NpU MPOYMX PABHBIX YCIOBHAX MEHbBIICH 4acTOTOU
CcOOCTBEHHOTO M3NyuYeHUs (MM CIEKTPOM YacTOT, CIBUHYTHIM B HaIlpaBJICHUU MEHbILIEH 4acTo-
Tbl). TakuM 00pa3oM, JIy4HUCTBI PHEPrOOOMEH MPOTEKAeT CaMOIIPOM3BOJILHO B HAIPABICHUH
BBIPAaBHUBAHMS aMIUIUTY/Abl U YaCTOTHl KOJEOAHUMN, YTO MPOJIMBAECT HOBBIA CBET HAa MEXaHU3M
«CHHXPOHHU3ALUN» BOJIH, U3Ty4aeMbIX JIa3epaMH U Ma3epaMH.

Cormacto (9), HEOTHOPOAHOCTh CKASIPHOTO TOJIS U3TyYSHHH MOPOXKIAET CHUITY, KOTOpas
00yCTIOBIMBAET BO3HUKHOBEHHE JYYHCTOTO HHEPrOOOMEHa MEXAy HUMH. DTOT IHEProoOMeH
MPOSIBIISICTCS B U3MEHEHUU COCTOSIHHS B3aUMOJICHCTBYIOIIMUX TEJ, B TOM YHCIIE MOJSIPU3ALNIO0 U
HaMarHMYMBaHHUE TeJ, 00JIAAAIOMUX 3JIEKTPUUIECKON M MarHUTHOM CTENEHbI0 CBOOOMABI. DTO U
JieNlaeT Takue Tela JeTeKTOpaMU CHUJIOBOTO IMOJIS, TPAJAULMOHHO HA3bIBAEMOTO 3JIEKTPOMArHUT-
HBIM.



B paBHOBecuu Tena Ha aH000W YacToTe OOMEHMBAIOTCA JIYYHCTOM SHEprued B paBHBIX
KOJIMYECTBAX, YTO 00ECIIEUYNBAET HEM3MEHHOCTD UX COCTOSHHUS, B TOM YHCJIE IOCTOSHCTBO B HUX
BEKTOPOB HAIPSHKEHHOCTH 3JiekTpuueckoro U MarHutHoro noss E u H. Onnako 310 paBHOBe-
CHe, KaK U3BECTHO, OTHIOJb HE BCEI/Ia XapAaKTEPU3yeTCs] PAaBEHCTBOM HANPS)KEHHOCTEN BHEIIHE-
TO ITOJISz COOTBGTCTBYIOHII/IM 1501 BCKTOpaM HUHAYKIOUA BHGKTpH‘IGCKOFO U MAarHuTHOTI'O I10JIAA B Ca-
Mux tenax D u B. Jlo cux mop ocTaroTcs HEM3BECTHBIMU IMOTEHUUAIIBI, PABEHCTBO KOTOPBIX SIB-
JICTCA H€06XOI[I/IMI)IM U JOCTATOYHBIM HpI/I3HaKOM TaKOI o paBHOBCCI/IfL I[J'ISI BECbMa 4YaCTHOI'O
Ciyyas TEIUIOBOIO M3JIyYEHHUS! COCTOSIHUE JIyYUCTOTO PABHOBECHS MEXIY MOJEM HM3IyYEHHUs U
BEIICCTBOM MOXET OBITh OXapaKTEPU30BAHO TEMIIEPATYPO BOOOpa)KaeMOro «abCOIIOTHO Yep-
Horo» Tena (AUT) B ueTBepToii creneHu. B o01ieM ke ciyyae MpUMHUCHIBATH TEMIIEPATYPY BOJI-
HOBOU (hopme IBHUKEHHS HET HUKAKUX OCHOBaHMN. CKopee HamnmpoTuB, caM (DaKT CyIleCTBOBAaHUS
COCTOSTHUSI PaBHOBECHUSI MEX[Y IOJIEM U3TY4YEHHUS M BEUIECTBOM, OOJAJAOIUM MIMPOYANIIIUM
CHEKTPOM 3JIEKTPOMATrHUTHBIX KOJIeOaHUH, CBHIETEILCTBYET O TOM, YTO M dPHP KaK BCEIPOHH-
Kalollas cpefia TakKe pacroyiaraeT aHaJOTUYHBIM CIIEKTPOM KOJeOaHMiA, XOTS U WHOM, HEIIeK-
TpOMaFHI/ITHOfI HpHpOI{I)I. 3T0 O6CTO$IT€J'H)CTBO 158 cnez[yeT y‘II/ITI)IBaTI) HpI/I OIICHKE BO3MOXHOCTHU
BO3HUKHOBEHHUSI SHEProoOMEeHa MEXKIy BEIIECTBOM M TOJEM H3IyYeHHUs B OTCYTCTBHE B OKpPY-
JKAIOIIEH Cpelie CHIIOBOTO AJIEKTPOMArHUTHOTO MOJs. XapaKTepHO, yTo U A.DWHIITEHH B KOHIIE
KOHIIOB MIPHU3HAN, 4TO 0e3 MOHATHS 3(upa HEBO3MOXKHO MOCTPOCHHE CKOJIb-HUOYIh pa3yMHOU
TCOpI/II/I TATOTCHUA.

O0cyxaeHue pe3yjibTaToB.

Kak cnemyer u3 u3n0KEHHOT0, CyHIECTBYET CKAJSIPHOE MOJI€ M3IYyUYEeHUU, MO KOTOPHIM
CJIelyeT MOHMMAaTh COBOKYITHOCTh CTOSYUX M OETyIIMX CBETOBBIX BOJH 3(pHUpa pa3inyHOMN yacTo-
ThI U PA3JIMYHOrO HarpasieHus. [IpocTpaHCTBEHHAss HEOAHOPOIHOCTh 3TOTO MOJI MOPOKAAET B
CHCTEME B3aUMOJCHCTBYIOIIMX TE€J PE3YyJbTUPYIOIIYIO CHIIy TOYHO TaK K€, KaK M CKaJspHbIC
MOJIsL TEMIIEPATYP, JABJICHUHN, JIEKTPUICCKIX, XUMUYECKUX H JIIOOBIX APYTUX MOTEHIIHAIOB. JTa
YHOPSAIOYEHHAs! 4acTh IMOJSA U3IyYEHHM XapaKTepU3yeTcs CpeAHEH BEIMYMHOW IMPOU3BEIICHUS
XyZy JUTsL pa3NUYHBIX JJIMH BOJIH, BCJIEACTBUE YETO0 HEOJAHOPOIHOE CKAJISPHOE MOJIE U3TyUECHUM
CTaHOBUTCS YAaCTUYHO «CHUJIOBBIM» (BEKTOPHBIM) TOYHO TakK K€, KaK CTaJld BEKTOPHBIMH OIS
IPaBUTALMOHHBIX U AIEKTPUUECKUX MOTEHIIHANOB [1].

Pa3Buroe B 3TO CTaThe YHEPrOAMHAMUYECKOE MPEICTABICHUE O JBWKYIINX CUJIaX Jy4u-
CTOT'0 SHEProoOMeHa He 3aBUCUT OT MOJICTBHBIX MPECTABICHUN 0 PU3NIECKON MPUPOE BOTHO-
BOIl (OpMBI ABM)KEHUS U B PaBHOW Mepe MPUMEHUMO K aKyCTHMYECKHUM, THIPABINYECKUM DIICK-
TPOMAarHWTHBIM, PAJMAHTHBIM U T.NI. BOJHAM. JTO MO3BOJISIET KIACCHU(PHUIIMPOBATH TyYUCTHIN
SHEProoOMeH Kak 0coOyro (hopmy mepenadn SHePruM, He CBOJUMYIO B OOIIEM CiIydae HH K Tell-
JT000MeHy, HH K 3JIEKTPOMAarHUTHOW BoiHE. COrIacHO BRIpAXXECHHIO (3), HE TOJIBKO AJIEKTpUYe-
CKO€ M MarHUTHOE CWJIOBOE MOJI€, HO U CHJIOBOE I0JI€ U3IIy4eHUN X, BOZHUKAET KaK CIEICTBUE
HEOJHOPOJIHOIO PacHpe/ieICHUsI B IPOCTPAHCTBE COOTBETCTBEHHO 3apsJIOB, TOKOB U IJIOTHOCTHU
3¢upa, a He KaK CIIEJICTBUE CYLIECTBOBAHUS UX caMUX. ECTEeCTBEHHO, UTO KOJIeOaHUsI 3TUX CHIIO-
BBIX TOJIeH B3aMMOCBs3aHbl. Ho 3TO ele He 03Ha4aeT, YTO CBS3aHBI MEXIy COOOW W CaMU 3TU
MaTepHualbHbIE CYIIHOCTH.

B cooTBeTCTBHM C H3JI0KEHHBIM, BOBHUKHOBEHUE YHEPrOOOMEHa MEX /Ty BEUIECTBOM H I10-
JeM M3JIy4eHus (B TOM 4YHClie HapylIeHHE JIyYHCTOTO PaBHOBECHUS MEXy pabO4YUM TEJIOM Tel-
JIOTeHepaTopa U OKPYIKAIOIIEH cpeioii) MOKET OBITh BBI3BAHO COBEPIICHHUEM HaJ HUM PaOOTHI
IIPOTUB PAaBHOBECHS, HANPUMEp, SIEKTPUUECKUM DPa3psioM, TypOyiuzauuei, yabTpa3ByKoM U
T.I. DTO BO3JCHCTBUE MOXET BBI3BaTh CMEIIEHUE YaCTOTHI WJIM U3MEHEHHE aMIUIUTYIbI COOCT-
BEHHOT'O W3JIydeHHUs paboyero Tena, YTo M MPOUCXOIUT, MO-BUJUMOMY, B YIOMSHYTHIX BBIIIE
mporeccax «M30BITOYHOTO TETIOBBIICIICHUS», 00YCIOBIUBas MOAMUTKY padoyero Tena JIydu-
CTOM 2Hepruei u3BHe. B TakoM ciydae BeCh BOMPOC 3aKITFOYACTCS B TOA00PE TAKOTO YaCTOTHOTO
JUara3oHa BO3ACUCTBUS HA pabouee Telo, Al KOTOPOTO MPUMEHEHHBIN KOHCTPYKTOPOM TETLIO-
reHepaTopa MaTepHall ero KopIyca Wi U30Js1Us He SBISIOTCS CYIIECTBEHHBIM MPENSATCTBUEM



JUTSI IPOHUKHOBEHUS JIYYHCTON SHEPTUU U3BHE. B 3TOM OTHOIICHWH «Te€HEPATOPhI H30BITOYHON
TEIUIOThD» OTIMYAIOTCA OT OOBIYHBIX TEIUIOBBIX TPaHC(HOPMATOPOB JHIIb TEM, YTO HUCHOIB3YIOT
HE TEIUIOBYIO, a TaKXK€ HEYMOPSAOUYEHHYIO («PacCesTHHYIO») YacTh JYUYHUCTON SHEPTHH OKpPY-
JKaromel cpepl. DTa paccessHHas YHEPrUsl B COOTBETCTBUU CO 2-M HAyajioOM TEPMOJUHAMUKHU HE
MOET COBEpIIATh IMOJIE3HON pabOThl TOYHO TaK K€, KaK M PACCETHHOE TEIIO OKpY >Karolen
Cpenbl B TEIUIOBBIX MamuHax. [logoOHO TemnoBeiM TpaHchopmaTopaM, paboTaIONIMM MO 00pat-
HBIM IIUKJIaM U TTOBBIIIAIONTUM MOTEHIMAN TETUIa, TAKHE «TETUIOTEHEPATOPHD) UCTIONB3YIOT YHEP-
THIO «aKTHBAIMM» (MEKTPUUECKHU paspsi, TypOylu3aluio, MIa3MEHHBIA ANEKTPONIU3 U T.II.)
JUTSL YIQJICHHUS] CUCTEMBI OT PAaBHOBECHS, M JUISl HUX OTHOIICHUE KOJMYECTBA TEIUIa HA BBIXOJAC K
3aTpavyeHHOI paboTe B MPUHIIUIIE BBIIIE €AUHUIIBI, HE UMEs] HUYEro OOIIEeTo ¢ MOHITHEM KIIJI.
[ToBbImas MOTEHIIMAT HEYTIOPSIOYCHHON ()OPMBI YJHEPTHH, OHU HE HAPYIIAIOT HUKAKHX 3aKOHOB
TEPMOJMHAMUKHU U SHEPTOAUHAMUKH [1].

Kak BuguM, 00bsCHEHUE SBICHUSIM H30BITOYHOTO TEILIOBBIACICHHUS MOKHO JaTh HA OC-
HOBAHHMH TPEJCTABICHUN O CYIIECTBOBAHUU CKAJSIPHOTO TOJSI «PACCESTHHOTO» U3IYUYEHHS, OT-
JUYHOTO OT BEKTOPHOTO (YMOPSAIOUYEHHOT0) SJIEKTPOMArHUTHOTO T0JisA. [[71s1 3TOro HaM He ToHa-
I00UI0Ch MpUOeraTh K KaKuM-IM00 MOJETBHBIM MPEICTABICHUSIM O CTPYKType dupa uiu Gpu-
3MYECKOTO BaKyyma, KOTOpbIE MHOTHE WCCIIEIOBATEIN CIPABEIJIUBO HA3bIBAIOT «v00doo
science» (kongoBckoi Haykoif) [13].
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