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OBPUCTUYECKOE ObCYXAEHHNE ITPOBJIEMbBI IIOUCKA
HOBBIX JAJIbBHOAENCTBHUHU. EGS-KOHIEITIAHN.

Ha nporsizkeHuM mocjeqHUX JecATWIeTH! B (uU3MKe CJI0KWIACH CHTyanusi, Koraa B
TEOPEeTHYECKUX M IKCINEPUMEHTATbHBIX PadoTax MccieaoBaTesieil pa3HbIX CTPaH, NMPeaCTABISIOIINX
pa3Hble MNpo(ecCHOHANBbHBbIE HHTEpechbl, ObLIM YKa3aHbl Ha0J0JaeMble WJIH TEOPEeTHYECKHU
npeackasanibie  3(Q@exThl, 3HAYNTENbHAs YAaCcTh KOTOPBIX paccMaTpuBaiach Jub0 Kak
(¢enomenosorus, Ju00 cocrapiisja NMpodjaeMbl, He HAXOAMBIIUE O0bSICHEHUS] HA YPOBHE MPOLECCOB.
Caeayer OTMETHTH, 4YTO 3HAYMTEJbHAS 4YacTh Takux 3(¢ekToB OblIa CBSI3aHA C MOBeJEHUEM
00beKTOB, 00/12JA0IHUX CIIHHOM WJIH YIJIOBBIM MOMEHTOM BpallleHHUs.

Buanmo, BiepBbie He0ObIYHOE NOBECHHE CIUHUPYIOINX 00beKTOB 0b110 oTMe4deHo Y. Oxkcinu u3
PoyecTepckoro ynusepcureTra Ha IpuMepe aHOMAJIBLHOI0 Pa3IM4YUs B PACCESTHMU HEHTPOHOB Ha OPTO-
n mnapasopopozae [I]. DxcnmepuMeHTBI MNOKa3ajJM, YTO paccesiHHe HEHTPOHOB HAa MOJIeKyJIax
napasojaopoaa (cuHrijierHoe cocrosinue) B 30 pa3 cuibHee, 4eM Ha MOJIEKYJax OPTOBOA0POAA
(TpUIIETHOE COCTOSTHHE).

B 80-e roapl ObLIO OOHApY:KeHO, 4YTO CIUHOBAsl TMOJAPHU3alUA aTOMAPHOI0 BOJAOPOAA
NPensATCTBYET ero 00beANHEHUI0 B MOJIEKYJIbI [2].

B mnociaeanne roabl B bBpykxeBeHCKOH W AparoHckoil JadopaTopusix ObLIM BbINOJHEHbI
JKCIHEPUMEHThI, B KOTOPHIX TMOKa3aHO, 4YTO NPOTOHbI, CIHHUHbBI KOTOPbIX OPHEHTHPOBAHBI
NMPOTUBOIOJIOKHO CINIMHAM NPOTOHHOW MNOJISIPU30BAHHOW MHUILIEHH, MO OOPAa3HOMY BbIPA’KEHHIO A
Kpuma, npoxoasiT cKkBo3b NPOTOHBI MHIIEHM Kak OyaTo Oe3 B3ammopeiictusa [3, 148, 149]. Ilpu
OMHAKOBOW OPMEHTALMU CIIMHOB NMPOTOHOB B IYYKe M MHMIIEHH paccessHHE NMPOMCXOAUT B Y/AOBJIET-
BOPHTEJBHOM COOTBETCTBMH C TeOpeTHYeCKMMH mpeactraBjieHusiMu. HeoObiuHoe mnoBegeHune
CIIMHUPYOIIMX YACTUI HAOJII0AA/IM HA MHOTHX YCKOPUTEJIAX B PA3JIMYHBIX IKcniepuMeHTax [175].

IkcnepumenTaabHo B. I'. bapeimesckum 1 M. H. Iloaropenkum 0bbI0 YCTAHOBJIEHO, YTO NPH
MPOXO0KICHUN HEWTPOHOB 4Yepe3 CIHMHOBO MOJAPH30BAHHYI0 MHUIIEHb BO3HMKAaeT Ipeueccus
HeHTpPOoHOB. IIpyu 3TOM BeJMYHHA NpeHecCHH TAKOBA, KaK ecjau Obl 1oJie, BbI3bIBaIOLIee MPeneccHIo,
ObLJIO0 HA HECKOJIBKO MOPAAKOB 00J1bIIe BeJIHYMHBI MATHUTHOIO MOJIsl, CO31aBaeMOro siAipaMyu MUIICHHU
[4]. B 3kcnepuMenTax ¢ e moka3aHa 3aBHCHMOCTD TEIVIONPOBOJHOCTH IeJIusl OT COCTOSIHUSA S/IePHBIX
cnuHoB [7, 8], TeopeTnyecku npeacKkasaHHas paHee 1s ra3oB [9—10], a mo3aHee—JIsl TBEPABIX TeJl
[11].

Ha ycranoBke aiasi u3mepenusi JemOoBckoro casura FO. JI. CokoJI0BBIM YCTAHOBJIEHBI
HeoObIYHbIe 3P deKkThI B HHTepdepeHIIH BOA0Poaa B cocTossHuAX 2S1/2 u 2P1/2 [12—14], koTopble He
yYAAJI0Ch 00bSICHUTH TPAAULUOHHBIMH NPEICTABICHUSIMH.

Caenyer yka3aTh Ha TaKHe NPAKTHYECKHM Ba:KHbIe 00J1aCTH, KaK siiepHbIe CIIMHOBBIE BOJIHBI [15,
16] u nceBnomarnerusm [17, 18], rae npuzHaeTcss CHUHOBAsi MPUPOAA HAOI0AAeMbIX SIBJICHUI, OTHAKO
He y/JaeTcs MOCTPOUTH HCYEPNbIBAKOIIEE UX ONMCAHNE B PAMKAX JJIEKTPOAUHAMMKH, 32 HCKJII0YEeHUEM
YACTHBIX CJIy4YaeB WM (PEHOMEHOJIOIMYEeCKOro Mmoaxoaa.

HakoHnen, oTMeTHM IIMPOKMH KPYI 3KCNEPUMEHTOB, B TOM YHCJI€ MbICJIEHHBIX, CBA3aHHBIX C
npooJieMoii KBAHTOBOM HEJOKAJbLHOCTH, Hanpumep, 3¢pdext AapoHoBa-boma, mapagokc JiiHIITEH-
Ha—Ilomoabckoro—Po3ena [19], koTopbie XO0TA M MMEOT KBAHTOBO-MEXaHMYeCKOe 00bsICHEHHE, HO
NMPOJOJIKAKT OCTABATHCHA IMpPeIMeTOM HEeYTHXAKINUX ChnopoB (cm., Hampumep, [20—22]). duas
paccMaTpMBaeMoOro Kpyra siBjJeHMH CyIIeCTBEHHO TO, YTO 00beKTaMHM KBAHTOBOH HEJ0KAJbLHOCTH
AIBJISIIOTCS 00bEKThI, 00J1aa101Ie CITHHOM.

CoBMeCTHOE pacCMOTpPeHHE YACTH W3 YKa3aHHBIX JIKCIHEPUMEHTAJIBHBIX Pe3yJbTaTOB, KaK
NposiBJIeHHEe CIUHOBOW ()eHOMEHO0JIOTHH, ObLIIO OcylIecTBJIeHO [S1].

Hapsay ¢ 3xkcnepuMeHTaMH ¢ MUKPOCKONMUYECKMMH 00beKTaMH, B psiie CIy4aeB Ha0JII0JATUCH
aajgbHoAedcTBYOIKE 3PPeKThI MM ABJIEHUS HA MAKPOCKOIIMYECKOM YPOBHe.
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NMmOepT 00HApPYKWJI, YTO MOJASIPU30BAHHAS MO KPYIy JIEKTPOMATHHUTHAS BOJHA HCHBITHIBACT
CHOC M3 IUIOCKOCTM mnajgeHusi [23], mpum KOTOPOM HAMpaBJeHHE CHOCA oOmpeaeasieTcsl 3HAKOM
CIIMPAJIbLHOCTH.

A. K. Tam u B. Xannep Ha0/1101a,11 OTTAJIKMBAHHUE U MPUTSKEHUE UPKYJISIPHO NOJSIPU30BAHHBIX
JIa3epHBIX Jy4del [24]. DTH IKCHIEPUMEHTHI JIOTMYHbI B Py paccCMaTPpUBaeMbIX, €CJIH Y4eCTh CBS3b
MOJISIPU30BAHHBIX 110 KPYTr'y BEKTOPHBIX MO/ CO CITHHOM [25].

CamocTosITe/IbHBI  MHTEpPEeC  MPEACTABJISIT  JKCIEPUMEHTbI, [JeMOHCTPHpYIOIIHE  TakK
Ha3bIBaeMbIil “IrMpoCKONUYeCKUH 3pdekr”, [26—29], oCIapuBaeMbli HEKOTOPbIMH
ucciaenoareasivu [30, 31]. ITH IKCEePUMEHTHI MOT'YT CBHAETEJbCTBOBATh, CieaAys [27], 0 HAIMYNM
B3aMMO/IeliCTBYIOIIUX CIIMHUPYIOIIUX TeJl.

B 1966 r. K. H. Ilepebdeiinocom M apyrumu ObLIa NMPOAEMOHCTPUPOBAHA JIKCIEPUMEHTAIbHAS
CHCTeMa mepeaavd MH(OPMANHMHN CKBO3b MACCHMBHBIE JKPaHbl, B KOTOPOH MepelaTyuK U NPHEMHHK
OBLIIM CO3/1aHbI HA OCHOBE MEeXaHMYEeCKHUX BPALIAIOIIUXCH cucTem [32].

B acTrpodusuxe 3¢ ¢peKTnl, CBA3aHHDbIE ¢ TAKHMH 00bEKTAMH KAaK, HAIIpUMeP, 3Be3/Ibl WIN YepHbIe
AbIPbI, 00BIYHO pPAacCMAaTPUBAIOTCA B cucTeMe nmapamerpoB MQJ—macca, 3apsii, MOMEHT BpalleHUs
[33, 34]. B yacTHocTH, P. M. Basbaom 0b1110 TOKa3aHO, YTO YePHBbIE AbIPBI C MOMEHTOM BpamieHus 6J
B3aMMO/IEHCTBYIOT ¢ YACTHLAMHU CO CIIMHOM § TaK, 4T0 6J=6s. [Ipuyem 6=1, ec.iu MOMEHT BpalleHUs U
CIIMH OTHOHAMNPABJIEHBbI, YTO COOTBETCTBYET OTTAIKMBAHMUIO, M 0==-1, €CJI1 MOMEHT BpalllcHUsI U CIIHH
MPOTHBOIOJIOKHBI, YTO COOTBETCTBYET NPUTSHKEHUIO.

HN3BecTHBI MOAXO0AbI, B KOTOPBIX SIBJE€HHUSI, OOBIYHO CBSI3bIBaeMble €O “CKpbITOIl Maccoil”
BcesieHHOI, 00BSICHAIOTCS Yepe3 B3auMO/IeliCTBH e, OTIpeesisieMoe BpallleHueM rajaKkTHK.

B pesyabrare mHorosiethnx Hadmoaenuii C. J. lInoas u ap. [355], nokazana koppeasiuusa ¢opm
MOJIMMOJAJIBbHBIX THCTOIPAMM Pa3/IMYHBIX M0 MPHPO/E NMPOLECCOB AaKe MPH UX 00JIbIIOM NPOCTPAH-
CTBEHHOM Pa3HECeHHH.

Eme pa3 orMeTuM, 4TO NMpH BCeil BHeEHIHEl Pa3sHOPOJHOCTH PACCMOTPEHHBIX NMPUMEPOB, B HUX
ecTb HeuyTo o0mee. Kak yske orMeuyanoch, BO Becex ciaydasix 00beKThl B Ha0JII01aeMbIX Nponeccax u
JKCIEPUMEHTAaX MM B SIBJCHHMSAX NPHUPOALI 00JIaJaI0T CIIMHOM, MMesi B BHAY KJIACCHYECKHH CIHMH
[36—41], nam yriioBbIM MOMEHTOM BpalleHHS.

DopMaIbHO NPUBEACHHbIC IPUMEPHI IEPBOHAYATBHO BHI3bIBAIOT OLNYLIIEHHE HCKYCCTBEHHOCTH U
NPOU3BOJBLHOCTH MX COBMECTHOI0 paccMoTpeHusi. OQHAKO cjieqyeT HAMOMHHMTB: TOXe Ka3aJ0Ch Obl
Pa3HOPOAHBIE MpoUecChl M SBJICHHUS, HANPUMEP, KYJIOHOBCKOE paccesiHHe 3apsiZKeHHBIX YaCTHI[ HA
3apsaax, Iuppakuue cBeta, 3¢Q(PeKThl TYHHEJINPOBAHMS, PAAMOCBA3b, JJIEKTPOABUTATEH M T. .
00beIMHAIT QyHIAMEHTAJbHbIE CBOHCTBA YJIeKTpoMarHeru3mMa. Eciin npusHath KiaccuyecKuid CliMH
(pyHaaMeHTAIbHBIM TPOSIBJIEHHMEM NPHPOJbI, HAPSIAY C 3apsJoM W MAaCCOH, TO 3MOIHMOHAJIbHBbIE
NPOTHBOPEYHUs M NMCUX0JOrHYeCcKOoe HeNPUATHE CHUMAKTCH J0CTATOYHO IPOCTO.

IIpuBeeHHbIe BbIlIe Pe3yJbTAThl, MPH HX COBMECTHOM aHaJIW3e, MO3BOJSIIOT C JOCTATOYHBIM
OCHOBAHHEM IPeaNnoJaratb Hajuuyve crnenuuyUecKuX B3aUMOMEHCTBHH H T0JIel, MOPOKIAEMbIX
KJIACCMYEeCKUMH CNIMHAMHU WM YIJIOBBIMH MOMEHTAMHU BpamleHnu. X cBOMCTBA, KaK 3TO BbITEKAeT
U3 NMPHUBEJACHHBIX NMPUMEPOB, CBUAETEJIbCTBYIOT, YTO, €CJIM 3TH IOJIA CYLIECTBYHT, TO OHHU [10JIKHbI
SIBJATHCSI TAKMMH JK€ YHHBEPCAJIbHBIMH, KAaK JJIeKTPOMATHUTHbIE M TIPaBUTALIMOHHbBIE,
NPOSABJISIOIIMECH U HA MUKPO- M1 HA MAKPOCKOIIMYECKOM YPOBHE.

Bceaen 3a pa6oramu I'. Terpone, A. /I. ®oxkepa u 5. U. ®penkeas [42—45] B 20-e roasbl, a TaK xe
padoramu Ix. A. Yuiaepa u P. Il. ®@eiinmana [46, 47] B 40-e roabl, B mocjeanue AecATHIETHS
NPOBOJMJINCH PadoOThI MO0 MOMCKY HOBBIX JAaJIbHOAEHCTBHI (cM., Hanpumep, [48—51]). OTMeuanocs,
YTO CAEeJAHHBbIE 10 CHX IOP ONBITHI OCTABJSAIT elle J0BOJbHO MHOro 0eibIX NATEH Ha KapTte
AATbHOAEHCTBHI. YKa3bIBAJOCh TAaK:Ke, YTO HeJIb3fl CYNTATh MCKJIKYEHHMEM H CyLIeCTBOBaHHUE
HealeJIeBbIX AaJbHOAeCTBHIL [52].

B pycie padoT mo moucKy HOBBIX (PYHIAMEHTAJBHBIX MOJIeil HAXOAATCH PadoThI MO CKAJISIPHBIM
noJusm II. Hopaana u 5. P. @aijipu [53, 54], npuBeamne K cKaJsspHO-TeH30pHO# Teopun Moprana—
Bpanca—/luxe [55, 56]. [IpeacraBisier nHTepec KOHUEeNUMs TeH30pHbIX moJieii B. U. Mapycska [57].

Hapsiny ¢ 3TuM, BBICKa3bIBAJNChL B KaTeropuyeckoii ¢opmMe MHeHHSI O HEBO3MOKHOCTH
CYLIeCTBOBAHMS AAJIbHONAEHCTBHI KpoMe JIEKTPOMATHeTH3Ma W IpaBHTanuM (cM., Hampumep, [S58,
59)).

BeposiTHO mepBBIM NpPAMBIM  YKa3aHHEM Ha CylleCTBOBaHHEe B Ipupoae 0codoro
AAJIbHOAEHCTBYIONIEr0 MOJISA, MOPOKIAAEMOr0 Kpy4eHneM, ObLIa J0rajka, BbICKa3aHHas B Havajge XX



Beka J. Kapranom o cymecTBOBaHUM MOJIeil, MOPOXKIAAeMbIX IJIOTHOCTHIO YIJIOBOIO MOMEHTA
BpallleHUsl.

B 1ot xe mepuoxn Bpemenu B Poccum BHe Besikoi cBsizu ¢ padoramu J. Kaprana npodeccopom
Pycckoro ¢pusnko-xumudeckoro odmecrsa H. II. MbIIIKHHBIM ObIN NPOBEIECHBI IKCIEPUMEHTAJIb-
Hbl¢ HCCJEJI0BAHMS C KPYTHJIbHBIMH NPUOOpPaMH, KOTOpbIe, IO CYLIECTBY, SIBUWJIMCb OTKPBITHEM
€CTECTBEHHOI0 MPOSIBJIEHUS JAJbHOAEHCTBYIOIINX MoJieli, CBA3AHHBIX ¢ Kpyuenuem [60, 61]. B 70-e
roabl moao0Hble IKcnepuMeHThbl BbINOJHMI B. C. beasieB. PaGorsi H. II. MpblmikuHa, BUIUMO,
NPeABOCXUTHIM HA MHOIO JeCATHJeTHH O0OHapy:KeHHe TAaK Ha3biBaeMoill “maroi cuiabl” [62, 63].
Ipupona “naAToil cuibl”’, cBsA3bIBaeMass 00LIYHO ¢ 0APMOHHBIM 3apPsi/IOM, BOCXOAMT K padore Jlu u
Anra, 1955 r. [64]. OnHako naxke TeopeTHYeckd OapHOHHOe MOJie JaeT B3auMojelicTBHe ciadee
rPaBUTALMOHHOIO B 10° pa3 [59], uTo ucK/I0YaET BO3MOKHOCTh €ro HA0IK01eHHs.

Padotrel J. Kaprana m A DJiiHmreiiHa B 20-e roabl 3a/j0KWJIM OCHOBBI TEOPHH, KOTOpasi B
nocJjeaHue aecsaTuiieTus Oblia Ha3BaHa Teopueit Jitnmreiina—Kaprana: TOK (cM., Hanpumep, [65—
67]), xoTopasi cocTaB/sieT YacTh OOIIMPHON TEOPUH TOPCHOHHBIX MoJel (Mosell Kpy4eHus).

B mnpounuioM BBICKA3BIBAJIUCH MNPEANOJIOKEeHUsI, YTO “HMCTHHHBbIE” MOJsA (HEKOMMYTATHBHbIE
KATHOpPOBOYHBbIC IOJSI MM NOJS “IepBOro kJjacca” B TepMHHOJOrMH P. YTHsIMBI) CBSI3aHBI €
duznyeckuMm Bakyymom [68, 69]. C 3TuX nmo3uumii npeacTaBisjioch 1eJ1ec000Pa3HbIM MONbITATHCA
NMOHATHh MEXAaHHU3M B3aHMOJEHCTBHH, CBSI3AHHBIX € KJIACCHYECKMM CIHHOM, XOTA ObI Ha YpPOBHe
YIPOIUEHHBIX MO eJIel.

CnenaeM psig npeaBapuTebHbIX 3aMedannil. bynem paccmarpuBars ®@usnyecknii Bakyym kak
MaTepPHAJIBHYI0 CpeAy, H30TPOIHO 3AINOJIHAIIIYI0 BCe MPOCTPAHCTBO (M CBOOOAHOE MPOCTPAHCTBO U
BellleCTBO), HMEINYI) KBAHTOBYI0 CTPYKTYPy M HeHalJofaeMyl0 (B cpelHeM) B HEBO3MYIIEHHOM
coctosinuu. Takoid Bakyym omnuchiBaercsi omeparopom <0] [70]. Pa3nble BakyyMHble COCTOSIHUSA
BO3HHMKAIOT NIPM HAPYLICHUMH CUMMETPHH M HHBapHaHTHOCcTH Bakyyma [71]. B yacTHBIX ciay4dasix npu
paccMOTpeHUM Ppa3HbIX (U3MYECKUX TMPOLECCOB M SIBJEeHUI Ha0a04aTeJb OOBIYHO cO31aeT
aJeKBaTHbIe TeM Ipoueccam M siBjieHUsIM Moaenn Pusnyeckoro Baxkyyma. Mcnonb3oBanne pasHbIX
Moaeneil dusnueckoro Bakyyma xapakTepHO [Uisi COBPeMEHHOHl acTpoQu3MKH, B KOTOPOM
HCHOJb3YKOTCSI B KayecTBe KOHCTPYKTHBHBIX Mojesieil, Hanpumep, O—BakyyMm, Bakyym YpHY,
BakyyM byiabBapa, BakyyMm XaptTias—XOKKHMHra, Bakyym Punasepa u 1. 1.

B coBpemenHoii nHTepnperanun Pusnyeckuii Bakyym mpeacraBiasercs CI0KHBIM KBAHTOBBIM
AMHAMHYECKHM 00BEKTOM, KOTOPbIA NMposiBjseT cedsi yepe3 duiykryaunu. TeopeTHuyecKuili moaxon
crpoutcs Ha koHuenuusax C. BaiinOepra, A. Canama u I11. I'nemoy.

OnHako, Kak 3T0 OyJeT SICHO M3 JajIibHeHIIero aHajau3a, ObLI0 NMPU3HAHO 1eJecO00Pa3HbIM
BEPHYThCH K JJIEKTPOHHO-NO3UTPOHHON Moaean dusuyeckoro Bakyyma II. /lupaka, B HeCKOJIbKO
U3MEHEHHOW UHTepnperauuu 3Toii mogeau. Bo3zspar k mogeasim I1. /Iupaka, HecMOTps1 Ha U3BECTHBIE
HEJOCTATKH U NMPOTHBOPEYHs ITOH MO/IeJIN, MOKHO OyleT CYMTATh ONPABJAAHHBIM, 2 CAMH MOJeJIN He
HCYEPNABIIMMH CBOEro KOHCTPYKTHBHOIO MOTEHUHMAJIA, €CJH OHM MNOMOryT cgopmyaupoBaThb
BBIBO/IbI, HENIOCPEACTBEHHO He BhITEKAIOIHMe U3 COBPEMEHHBIX Mo/ee.

B 10 xe BpeMs, yuuThiBasi, 4T0 Bakyym omnpejaesisierci Kak coCTOsiHUE 0e3 YacTHll, U, UCXOAs U3
MOJIeJIM KJACCHYECKOro CNMHA KaK KOJbLEBOr0 BOJHOBOro makera [39] (ciaexysi TepMHHOJIOTHHM
beanndante [41]—uMpKyIMpyl0mero noToka 3Heprum), Oyaem paccMmarpuBath Bakyym kak cucremy
M3 KOJbLEBBIX BOJHOBBIX NAKETOB JJIEKTPOHOB M IO3UTPOHOB, a He COOCTBEHHO JJEKTPOHHO-
MO3UTPOHHBIX HAap.

IIpu  openeHHBIX  NPeANOJOKEHHUSX  HETPYAHO BHAETb, YTO YCJOBHI0  HCTHHHOH
3JIEKTPOHEUTPAJIBbHOCTH 3JIEKTPOHHO -NMO3UTPOHHOr0o Bakyyma Oyaer oTBe4YaTh COCTOSIHME, KOIJAa
KOJIbIIeBble¢ BOJIHOBBIC NMAKETHI 3JeKTPOHA M MO3UTPOHA OyAyT BJIOKeHbI Apyr B apyra. Ecam npm
3TOM CIHHMHBbI 3THX BJIOKEHHBIX KOJbLEBBIX MAKETOB IPOTHBOIOJIOKHBI, TO TaKasd cucTemMa Oyaer
CaMOCKOMIICHCHPOBaHAa He TOJbKO IO 3apsiiaM, HO M MO0 KJIACCMYECKOMY CIIMHY M MArHHUTHOM
MOMeHTY. Takylo cucTeMy M3 BJIOKEHHBIX KOJIbIEBbIX BOJTHOBBIX TAKETOB 0yJ1eM Ha3bIBaTh _
(puc. 1).

IlnoTtHass ymakoBka (UTOHOB [72] Oymer paccMaTpMBATBLCH KakK YIHPOIIEHHAasi Mojelib
®usnyeckoro Bakyyma (puc. 1).

Iosie3H0 0OTMETHTD, UTO B 3KcnepuMenTax A. Kpuma [3] naoaogaemplie 3¢ GeKTbl PABHOCHIbHBI
AEMOHCTPAIMM BO3MOKHOCTH peajM3allu¥ NMYCTb W JUHAMHYECKHX, HO BJIOKCHHBIX COCTOSIHUH B
CHCTEMAaX ¢ NMPOTHUBONMOJOKHBIMU CIMHAMH, KAK W B MpeamnojaraeMoi mMoaegu (UTOHA. YKaKeM
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TaKKe Ha elle OJHO Ba:KHOe 00CTOATEIbCTBO, NMOATBEPAKAAIOLIEe, 10 KpailHeill Mepe, T0IyCTUMOCTh
¢puroH-HON ™Monesn. B coorBerctBUM ¢ Mozeanio JI. Bbepkena [73—75], MOXKHO NOCTPOMTH
3JIEKTPOAUHAMHUKY, He npuderass K NOHATHIO (GUTOHOB, 0a3UPYACH TOJbKO HA B3aUMOACHCTBYIOIIEM
3JIEKTPOHHO-NIO3UTPOHHOM ToJie (MoaeJib /I. BrepkeHna He aumena psaga Tpyanocreii). [IpeacraBienue
0 KBAHTAaX KaK 3JIEKTPOHHO-MO3UTPOHHBIX Mapax 0bLI10 HCNoJb30BaHo bpoiino [76], nezaBucumo ot /1.
Bboepkena. Torna ke 5. b. 3eabaoBuu nmokaszan [08], 4To NP HAJTUYNM 3JTEKTPOMATHUTHOIO MOJISI B
Bakyyme mpoucxoaMT poKIeHHe 3JIeKTPOHHO-NMO3MTPOHHBIX map. B pe3yibTrare 3TOr0 nosiBJsieTcs
OTJMYHAsi OT HYJs 3Heprus Bakyyma, koropas paccMaTpuBaeTrcss Kak JHeprusi moJs. CBa3b
jiekTpomMarHeTudma M ¢Quykryanuii Bakyyma ormerusn JI. A PuBiaun [166]. Panee aHanoruvynbie
ujeH, HO J1JIsl TPABUTAlMOHHOIO 110JIs1 011N chopmympoBaHnsl A. /I. CaxapoBbim

®opMaJIbHO TNPH CHHUHOBOH CKOMIICHCHPOBAHHOCTH (MTOHOB HX B3aMMHAas OpPHEHTALMS B
ancam0jie—B Pusuveckom Bakyyme, kazajoch 0bl, MOkKeT ObITH MPOU3BOJIbHA. OJHAKO HHTYUTHBHO
npeocmagnsemcs, 4To Bakyym oOpa3yer ynopsiioUeHHYKH CTPYKTYPY C JIMHEHHOH YNaKOBKOH, KaK
310 M300paxeHo Ha puc. 1. Unes ymnopsinouenHoctn Bakyyma, Buaumo, npuHamie:xkut A. /I
Kupxkauny n A. /. Jlunge. bplio 0bl HAaMBHO yCMATPHUBATh B INOCTPOEHHOH MOJAeIH HCTHHHYIO
cTpYKTYpYy ®Pu3nveckoro Bakyyma. 310 03Ha4an0 O6b1
TPe0dOBATH OT MOJIesIU 00JIbIIe, YeM Ha TO CIIOCOOHA NCKYCCTBEHHAs cXeMa.

PaccMoTpuM HauOoJiee Ba)KHbIE B IPAKTHYECKOM OTHOLIEHUH C/Iy4aH BO3MYLleHHd PU3H4YecKoro
Bakyyma pasHbIMH BHECIIHHMH HCTOYHHKAMH. JTO, BO3MOKHO, IIOMOKEeT OLECHUTHh PeaIMCTUHYHOCTH
Pa3BHUTOIO MOAXO0JA.

1. IIycTh HMCTOYHHKOM BO3MYLUIeHHMsI siBjasieTcsi 3apsii—a. Eciam Bakyym uMeer (UTOHHYIO
CTPYKTYPY, TO JeiicTBHE 3apsaa OyAeT BbIPaKeHO B 3apsA0Boi noaspuzannu Pusndeckoro Bakyyma,
KaK JTO YCJOBHO H300pa:keHO Ha PpHC. 2. IJTOT cjaydyaili XOpoumio H3BeCTeH B KBaHTOBOii
jekTpoauHamuke [77]. B uyactHOCTH, JI39MOOBCKMI CABHI TPAAMUMOHHO OOBSCHACTCH 4epe3
3apAA0BYI0 MOJISIPU3ALMIO JJIEKTPOHHO-TIO3UTPOHHOr0 du3nuyeckoro Bakyyma [I].

Ecim ydecth yxe ynomsHyryo moneiab /I. boepkena, npeacraBinenus 5. b. 3eabnosuya [08], a
Takxke [73], TO cocrosiHue 3apsinoBoli mogaspusauuu Pusuyeckoro Bakyyma moxker OBITH
HHTEPNPETHPOBAHO KAK JJIEKTPOMarHuTHoe noJjae (E—moue).

2. [IycTh MCTOYHUKOM BO3MYIIEeHHsI SIBJIsAETC Macca—T. B oT/imumMe oT mpeabIayliero ciay4as,
KOI/1a MbI CTOJIKHYJHCh € OOLIECH3BECTHOW CcUTyaluei, 31ech OydeT BBICKA3aHO THIOTETHYECKOe
npeanosoxenne. Bo3mymenue ®@usnueckoro Bakyyma wMaccoiik m OyaeT BbIpaxKaTbcs B
CHMMETPHUYHBIX KO0JeOAHUAX 3J1eMEHTOB (UTOHOB BI0JIb OCH HA LEHTP 00bEKTAa BO3MYUICHHS, KAK
3TO YCJ0BHO u300pa:xkeHo Ha puc. 3. Takoe cocrosinne ¢usnveckoro Bakyyma moxer ObITH
0XapaKTEePH30BAHO, KaK rpaBuTtanuoHHoe moJse (G— moae). Kak yxke ormedanocn, A. /I. Caxapos
BBeJI MPe/CTABJIEHHE O
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Puc. 4. S-none Puc. 1—4. [lnarpaMMB NMONAPH3ALHOHHHX COCTOSHMIA
®uamyeckoro Bakyyma,

rPaBUTALMOHHOM I0JIe Kak cocTossHnu Puznueckoro Bakyyma [69], uTo cooTBeTcTBYeT M3/105KeHHOM
Mojeau rpaputanun. [oasspusanuii OHHbIE COCTOSIHUS IPABUTAIIMM 00CyKAAIUCH B [S9].

JAuHamMu4veckasi TNPOAOJbHAsI MOJSIPH3ALMA COOTBETCTBYET CBOWCTBY HEIKPAHMPYEMOCTH
rpaBuUTAMOHHOrO mojsi. B. A. Bynun [78], a nmo3:xke B. A. JlyopoBckuii [79], He paccmaTpuBas
MeXaHU3M IpaBUTALMH, HO NpeAnojaras, 4YTo rpaBUTALMOHHBIC BOJHBI ABJISIOTCH MPOA0JIbHBIMH
BOJIHAMM B ynpyrom ®usunueckom Bakyyme, moka3aam, 4TO CKOPOCTb TAKHX BOJIH OyaeT MMeThb
nopsiaok 10° ¢. (Ha 3Ty nmpobaeMy ecTh M APyrHe TOUKH 3peHus [79]).



OO0bIYHO B uU3MKe He PACCMATPUBAIOTCS TEOPHH, CBA3aHHbIE CO CBEPXCBETOBHIMM CKOPOCTSIMH.
JTO CBSI3aHO € TeM, 4YTO B JITOM CJy4yae MHOrHe MBICJCHHbIC JKCIEPUMEHTbl NPHBOAAT K
HAPYLIECHHUIO PHYMHHO-CJIEICTBEHHBIX CBsA3ell. OIHAKO BO3MOMKHO, YTO HA 00J/iee BLICOKOM yPOBHeE
3HAHUH ‘“cBepxcBeTOBasi KaracTpoga” Oyaer mpeoaoJieHa, TaK JKe Kak OblLla NpeogosieHa
“yabTpaduosieToBasi kKaracrtpoda”.

IIpennaraemplii MOAX0A K HHTEPNpPeTAllMM MeXaHHW3Ma TIPaBUTALMM He SIBJISETCH 4YeM-TO
3K30THYHBIM. B  Teopusix uHAynupoBaHHoW rpaButauuu [80] rpaBuTanMOHHOE mOJIE
paccMaTpuBaeTcsi Kak cJjelcTBHe JeKkoMieHcauumu Bakyyma, koTropas BO3HHUKaeT NpPH ero IoJi-
sipu3anuu [68, 69, 81].\

B paGorax byropuna [82, 83], a Tak:xke bepmanckoro u Mexeabkuna [84, 85], nosryueHbl oueHkn
4acTOThl KOJIeOaHMii, XapaKTepHOH 1Js1 rpaBuTanuu. OQHaKo pa3dopoc ITHX OLECHOK OYeHb BEIUK U
cocrapasier or 10° 10 10*" T'u. Ecth ocHoBaHMe mpeamojarath, 4To GoJjee peajHCTHYHA 00.1aCTh
gacror 10 - 10 T 1.

Ecam MexaHHM3M rpaBUTALMM JefiCTBUTEJbHO CBSI3aH C MPOJOJIbLHONH CIUHOBON MoJsipu3anmeit
®usuyeckoro Bakyyma, T0 B 3TOM ciy4yae NPHAETCS NPHU3HATH, YTO NMPHPOAA TPABHTALMH TAKOBa,
YTO AHTUTPABUTALMH He CylIeCTBYeT.

3. IlycTh HCTOYHMKOM BO3MYILIEHHS ABJISCTCH KIaccuueckuii cnni—s. bynem npeanosarars, 4o
AelicTBHe KjIaccMyeckoro cnmuHa Ha ®usuyeckuii Bakyym Oyner 3akiaouarbesi B ciaeaywomeM. Eciaun
HCTOYHHK MMeeT CIIHH, OPMEHTHPOBAHHBIN KAaK yYKa3aHO Ha puc. 4, TO CIMHbI (PUTOHOB, KOTOpbIE
COBNA/JAIOT C OPHEHTalMelH CMMHA MCTOYHUKA, COXPAHAIOT CBOKW opHeHTanu. Te cnuubl GuTOHOB,
KOTOpbI¢ NPOTHBOIOJI0KHbI CIIHHY MCTOYHHMKA, IO/ JAeHCTBHEM HCTOYHHKA HCNBITAI0T HHBepcuio. B
pesyiabtate Pusnueckn Bakyym mnepeiiier B cOCTOSIHHE NMONeEpPevYHONl CINHMHOBOW INOJSIpU3aLMHU, ITO
NMOJISIPU3AIMOHHOE COCTOSIHHE MOKHO HMHTEPIPEeTHPOBATh KaK CIHMHOBOE MoJe (S—rmoJje)—imoJe,
nopo:kaaemMoe KjiaaccuieckumM cnuHoM. ChopmyIupoBaHHBINH MOAXO0J CO3BY4YeH INpeICTABJIEHUSIM O
MOJISIX KPy4eHHsl, KaK KOHJeHcaTe nap ¢pepmuoHos [150].

I[Honsipu3aumoHHbIe CHUHOBBIE cocTOsAHMA Sg u S* mnporuBopeuar 3ampery I[layau. Onnako
coriiacHo kKoHuenmuumu M. A. MapkoBa [86] nmpu NJIOTHOCTSIX MOPSAAKA IVIAHKOBCKHX[S9, 87]
(yHaaMeHTaA/IbHBIE (PU3HYECKHE 3aKOHbI MOIYT MMeTh [PYroi, OTJMYHBIH OT H3BECTHBIX BH/.
Otka3 or 3amnpera Ilayau ans takoi cnenuduyeckod MaTepuaJabHOl cpeabl, kKak PHU3HYECKHI
Bakyym nonycTum, BeposiTHO, He B MeHbIIIeil Mepe, 4eM B KOHIeNIMU KBAPKOB.

B cooTrBeTCcTBMH € M3JIOKEHHBIM MOJXOJ0M MOKHO I'OBOPHUTH, YTO eIMHas cpena—PHU3nYeCKHuil
Bakyym MokeT HaxoaMTbesl B pa3HbIX (a30BbIX, TOYHee, MOJAPU3ALUOHHBIX cOCTOSIHUSIX—EGS
COCTOSIHMAX. JTa CcpeAa B COCTOSSHMH 3aps0BOM  MOJSAPHU3AllMM  NPOSIBJsACT ceds Kak
nexkTpomarHuTHoe moJie (E). JDTa ke cpexa B COCTOSSHMM CIMHOBOI NPOAOJIBbHON INOJSIPU3ALMHU
nposiBisier ceds kak rpasuranuonHoe noje (G). Hakonen, Ta xe cpena—®Pusuveckuii Bakyym B
COCTOSIHMM CIIMHOBON IOINepevYHOol MOJSIpU3alMU NMPOsiBJsAET cedsl Kak cnuHoBoe moJie (S). Takum
odpazom EGS— mnoasipm3anuoHHbIM cocTossHusIM Pusnyeckoro Bakyyma coorBerctBylorT EGS—
noJisl.

Bce Tpm moas, mopoxkaaeMble He3aBHCHMbIMM KHHEMATHYECKHMH IapaMeTpaMu SBJISIIOTCH
YHHUBepCAJbHBIMH, UJIH NOJSIMHU MEPBOro KJjacca B TepMuHOI0rHU P. YTHAMA; 3TH M0JIS1 NPOSBJSIIOT
ced0s1 1 HAa MHKPO- M HAa MHKPOCKONHMYECKOM YypOBHe. 31ech YMECTHO BCHOMHHMTHL ciaosa 5. H.
Ilomepanuyka: “Best ¢puzmka—iTo ¢usuka Baxyyma”. PasBurble mpeactabiieHUsl TO3BOJSIIOT €
HEKOTOPBIX O0IIMX MO3MUMH MOAOWTH K mpolJieme, MO KpaiHeidl Mepe, YHHBepPCAJbHbIX moJei. B
npeajaraeMoii MojeJu poJib eAWHOro mnojas urpaer Pusnmuyeckmii Bakyym, nousipuzanmoHHbIe
(¢pasoBbIe) cocTOSIHUSI KOTOPOro mnposBisioTcs Kak EGS—mnoas. CoBpemenHasi mpupoaa He
HyXk1aeTcs B “o0bequHenusix”’. B Ilpupone ectsb aumb Bakyym M ero moJjsipu3zauMoHHbIe COCTOSTHUS.
A “o0beHeHHs” JINIIb OTPAXKAKT CTEeNeHb HAIer0 MOHUMAHNUS B3aMMOCBSI3H MOJIEH.

Ilonsaitue d¢a3zoBoro cocrossHusas Pusnyeckoro Bakyyma M NOJSAPU3ALNMOHHBIX COCTOSTHUIA
dusnueckoro Bakyyma B 001meii ¢popme ncnoib30Ba10ch BO MHOTMX padoTax (cM. HanpuMmep, [33]). B
NPOLJIOM HEOJHOKPATHO OTMeYaJioch, YTO KJaccH4yeckoe II0Jie MOKHO pacCMaTpUBATh KakK
cocrosinne Bakyyma [68, 69]. OnHako moasipu3anMoOHHBIM cocTossHMAM Pusnyeckoro Bakyyma He
NpUIABAJIOCH TOH (yHAAaMEHTAJBHOH PpOJH, KOTOPY0 OHHM B JeiicTBUTeJbHOCTH wurpawTt. Kak
NMPaBWJIO, He 00CYKAAJI0Ch, KaKue nmoaspusanuu Bakyyma umerorcst B Buay. B nsinoxkennom nmoaxone
noasipusanus Bakyyma mo 5. b. 3eabnoBuuy [68] mHTepnpernpyercst Kak 3apsioBasi MOJIAPU3aLUs
(3JIeKTpOMarHuTHoe moJie); mojasipusanusi Bakyyma mo A. JI. CaxapoBy [69] naTepnperupyercsi Kak



CIIMHOBAs NMPOJOJIbHAS MOJsipu3anus (IPaBUTALMOHHOE I10JIe); a MOJSAPU3aNUs I TOPCHOHHBIX
noJieil HHTepIpeTHpyeTcs KaK CHHHOBAs MoNepeYHast NoJIsipu3anus.

HN3n0xkeHHbIEe B3IJISIAbI COOTBETCTBYIOT KOHUENUUM “UHPOpMANMOHHBIX A—rmogei” P. YTusamsl,
COIVIACHO KOTOPOH KaKAOMY HEe3aBHCHMOMY INapaMeTpy 4acTull a, (eme pa3 yTOYHHM—KHHeMa-
THYECKOMY IapaMeTpy, Ha 4TOo chnpaBemiuBo ykaszaa JI. A. JlagameB) COOTBEeTCTBYeT CBOe
MaTepuajJibHOe TMoje A7, 4yepe3 KOTOpoe OCYLIECTBJISIETCS B3aHMOJEHCTBHE MexkAy 4YacTHLAMH,
COOTBETCTBYHOIIECEe JaHHOMY mapaMerpy. B orim4yme oT moJieii BTOPOro KJjacca, CBA3AHHBIX €
CHMMETPHUSIMH TNPOCTPAHCTBA, MOJS IEpPBOro kJjacca (KaJauOpoBOYHBIE MOJIsA), Kak oTMeudana P.
YTusima, HMEKT CBfA3b € YaCTHUAMM—MCTOYHHUKAMHM MO0Js. EGS—kKkoHuenuusi naer ujaerw ImoJ-
SIPM3AIMOHHBIX cOCcTOSIHNI Pu3nyeckoro Bakyyma B kadecTBe 0011ero npuHIMmna.

ITockobKY HeJIb3l YTBEPKAATh, YTO HEBO3MOKHBI APpyrue NoJsipu3allMOHHbIC COCTOSIHUA, KpoMe
PaccMOTPEHHBIX TPeX, TO HeT MPUHUMNHAIBHBIX NPUYHMH, YTOObI APHOPHU OTPULATH BO3MOKHOCTH
Apyrux gajapHoaeiicTBuili. He HCKI0OYeHa BO3MOKHOCTH, 4YTO KOHUeNUMst A—imoJjeil u
NMOJISIPU3AIHOHHBIX cocTOsIHUI Pu3nyeckoro Bakyyma (¢paszoBbix cocrossnuii @uznyeckoro Bakyyma)
MOJIOKUT HAYAJIO MPOPbIBA B 00J1aCTh HOBBIX JAAJIbHO/IECTBHI.

YHuBepcanbHble  MO0JIsI, MOpPOkKAaeMble  KJIACCHYECKHM  CIIMHOM, MOXHO Obl  ObLIO
HHTEPNPETHPOBATh KAK JAJbHOJAEHCTBYWOINNE CHUHOPHbIe mojsi [72]. Teopernyeckum CHUHOPHOE
AATbHOAEHCTBHE PacCMAaTPHBAJIOCH ucciaenoBareaavu mkoabl /I, JI. UBanenko [67]. HauGoJiee
U3BECTHBIMU PadoTaMH MO0 CIMHOPHOMY AHAJIM3Y M CIMHOPHBLIM NOJAM sBJsAOTCH [88—94]. Takasn
HHTEpPNpeTanusl He NMPOTHBOPEYHT Npeablayleil ToUKe 3peHusl, ecJM y4ecTb, YTO TOPCHOHHOE IoJe
MOKeT ObITh BBIPA’KEHO ¢ MOMOIIbIO NMAPbl CIUHOPHBIX MoJieid. Bompoc 0 Tom, Kakasi TOUKA 3peHUs
0oJiee MpaBWIIbHAsL, He siBJsieTcs NMpocTbiM. Tak, M. A. MapkoB oTmeuas, 4T0 “C caMOoro Ha4aja
NosiBJICHUs B U3UKe CIIMHOPOB BO3HHMKJIA M KMBeT uAes QyHAAMEHTAIbHOCTH HMEHHO CIIMHOPHBIX
noJjieil, KOTopble, BO3MOKHO, ONPede/siliOT CTPYKTYPHO U Bee aApyrue nmouas” [95]. Ilone3Ho B cBsi3m ¢
uaesmu M. A. MapkoBa HaOMHUTH MbICIbL K. A. Yuiepa, 4yro pusudeckoe cCyneprnpocTpaHcTBO
JOJIKHO JIOTIOJIHUTEJIbHO BKJIKYATH B ce0sl mapaMeTpbl CIMHOBOM CTPYKTYPHI [87], UTO M MoKa3aHo B
JaHHOM padoTe.

B psine ocHoBomosIaralomux padoT MOCJAeAHUX JIeT NPSAMO YKa3bIBAJIOCh HA CIIHHOBYIO NPHPOILY
[96—100] TopconHbIX moJieil. Kak y:ke 0TMe4asi0Ch, MOHATHE TOPCUOHHBIX MO0JIed BOCXOAUT K HAeIM
J. Kaprana u A. JifHIITeiiHa, a B MOCJeAHNe JecaATHWIeTHs K ucciaenopanuaM Ku6o.a [65] u Ilumbl
[66]. Pa3BuTHE KOHIENMUIMHU TOPCUOHHBIX MOJeH MOAPOOHO U3JI0KEHO B aHAIUTH4YeckoM 0030pe A II.
EdpemoBa [167]. B nomojiHeHHe K 3TOMY MOKHO pexkoMmeHaoBaTh 003opbl [101,102]. BBenenue
TOPCHOHHBIX MoJiell ¢ momomblo Teopuu Pusunveckoro Bakyyma ocymecrBiaeno I' U. IllunoBbimM
[103].

BepHeMcs kK MoesIsiM NMOJISIPU3AIMOHHBIX cocTosHM Pu3nyeckoro Bakyyma. Cienyer oOpaTturh
BHHMAaHHE Ha TOT ()AKT, YTO B paMKaX IOCTPOCHHBIX Mo/e/ell M TPAaBUTAIIMOHHOE 110JIe 1 TOPCHOHHOE
1oJie CBSA3BIBACTCH CO CIHMHOBBIMH MOJAPHU3ALMOHHBIMH COCTOAHMAMH. ['paBuTanmoHHoe moJe
CBSA3BIBAETCH ¢ MPOJ0JILHON CIIMHOBOM MOJIApHU3aLHel, a TOPCHOHHOe—C NoINepeYHoi. B cBsA3H ¢ 3TUM
YMECTHO HANIOMHHMTBH, YTO OJHMM M3 HANPABJECHUI B IPaBUTAlUM ObLIM KOHUENIUH, B KOTOPBIX
NpHUpoJa IrPaBUTALMHU CBA3bIBAJAch c0 cnuHOM. Ilo3:ke kpydyeHne (TOPpCHOHHOe I0JIe) paccMaTpH-
BAJIOCHh KaK CAMOCTOAITEJIbHAsA (u3HYecKasi peajbHOCTh, MOPOKAaeMas KJIACCHYECKUM CIIHHOM (CM.
Hanpumep, [150]). B pamMkax npe:XKHHUX NpeACTABJICHHMI CBA3b CIHMHA C FPAaBUTalMeldl M KpPy4YeHHeM
co3/1aBajia IPOTHUBOPEYUBYI0 CUTyanu0. B pazBuBaemMbIX MoaXoAax 3TO NPOTHBOPeYHEe YCTPAHACTCS,
T. K. TPaBUTALMS M KpPYyYeHHe CBA3BIBAIOTCA ¢ Pa3sHbIMU CHHHOBBIMHM MOJIAPU3ANMOHHBIMHU
COCTOSITHUSIMH.

B 10 ke BpeMs 0JM30CTh MOJAPU3ALNOHHBIX COCTOSIHMN IPABUTALMH M KPYYeHHs IO3BOJIsIeT
NPEeaNoJOXKUTh  BO3MOKHOCTH  CYLIeCTBOBAHMA  OJM3KHX  MJIHM  COBINAJAKOIIUX  CBONMCTB
TPAaBUTALMOHHBIX U TOPCHOHHBIX I10JIel M MX CyIIeCTBEHHOE OT/INYHeE OT 3JIeKTPOMATHUTHBIX MOJIEH.
Kak ormeuasiocs B psige padoT TOPCHOHHBIE IOJISI He IKPAHUPYHOTCH NMPHPOAHBIMHU CpPeaMH KaK H
rPaBUTALMOHHBIE MOJIsl, TPAB/A, 10 Pa3HbIM NpUYUHaAM. Ecim cjieqoBaTh NOCTPOEHHBIM MO/EJSIM, TO
rPABUTALMOHHOE I10JIe He IKPAHUPYeTCs, T. K. OHO PacCMaTPUBAaeTCsl KaK MPOJ0JbHbIe KOJIe0aHus B
PusznyeckoM Bakyyme. TopcuoHHOe moJ1e He IKPAHUPYETCH B CHIY clielU(UKU CIUHOBBIX 3¢ (eKToB,
CBSI3AHHBIX ¢ KJaccnyeckuMm cnuHoMm. (ITonodHasi cutyanus Oblia paccmorpena JI. b. Okynem [52,
crp. 122]). Ognako, kak OyaeT NMOKa3aHO B JajbHellleM, 3HAas, YTO TOPCHOHHOE II0JIe CBSA3aHO €
MOoNepeyHoil CNUHOBOW MoOJIsIpU3anMed O0Ka3ajJo0Ch JA0CTATOYHO MPOCTO CO31aTh JHKPAHbI JIA



TOPCHOHHBIX H3Jay4YeHnH. K 3TOMYy 00CTOSITEILCTBY MBI e€llle BepHeMCH YYTh MO3:Ke. 31ech Ke
OTMETHM, 4YTO NMOHMMaHUe (U3MYECKHX NPHHIUIOB KPAHMPOBAHHUSA TOPCHOHHBIX H3JIYYEHUH U
yMeHHe [1eJIaTh TOPCHOHHbIE IKPAHbI CHITPAJIO KJIIOYEBYI0 POJib AJs pelieHusl 00JbIIOr0 4ucJia
NPUHIMIHAJIBHBIX BOMIPOCOB.

OTmMeTHM ewe psifi CBOMCTB TOPCHOHHBIX MOJIei—BAaKHbBIX VISl JaJIbHEHIIIEr0 aHAIu3a.

B oTiaMuMe 0T MCTOYHMKOB JIEKTPOMATHUTHBIX U TPABUTALMOHHBIX IOJIel, CO3IAKMIMUX MOJS C
HEHTPAJbHOH CHUMMeTpPHel, HCTOYHUMKH TOPCHOHHOIO MOJI—CO31aI0T MOJIS ¢ 0CeBOM CHUMMeTpHei,
KaK 3T0 H300pakeH0 Ha puc. 5. CnuHupywmui 00beKT €031aeT B ABYX NPOCTPAHCTBEHHBIX KOHYCaX
NOJISIPU3AIHI0, KOTOPAasi B 0OJJHOM HAINPAaBJIEHHH COOTBETCTBYET JI€BOMY TOPCHOHHOMY MOJI0—S”, a B
APYroM NMpaBoMYy TOPCHOHHOMY Nojil0—S”. Ha akcua/jibHbI XapakTep NOJsipu3allid TOPCHOHHBIMHU
HCTOYHMKAMH, BUAMMO, BliepBble O0bL10 YKa3aHo Tapyrmanom u Konmunnckum [99, 100].
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Puc. 5. [InarpaMma HarmpapieHHOCTH CTATHYECKOIO TOPCHOHHOIO MOJS
00BbEKTa CO CITHHOM.

H3BecTHBIe B HacTosiiee BpeMsl JKCIEPHMEHTHI TOBOPAT O TOM, YTO TOPCHOHHbIE I0JIA
NMOPOKIAIOTCHA HE TOJBKO CIIMHOM, HO H BpameHueM TeJl. [lociieqHee HUKaK He ciIexyeT U3 M3BEeCTHBIX
TOPCHOHHBIX TEOPHii, HO MOATBEP KAaeT NPABUIBLHOCTD Haei J. Kaprana.

Ecyin Bpamenne, BKJII0OYas KJIACCHYECKHUH CIIHH, CTAIMOHAPHO (He M3MEHSeTCsl YIJI0Basi 4acToTa,
BpalalIasics Macca pacipeiejieHa paBHOMEPHO OTHOCHUTEJIBLHO OCH BpAallleHHs, HET Ipeleccuu,
HYTAIMH M T. 1.), TO B 3TOM CJy4ae HMCTOYHHK CO3JaeT CTaTHYeCKoe TOpPcHOHHOoe mogae. Eciam
BpallleHHe HECTALMOHAPHO, TO TAKO! UCTOYHMK. IIOPOKIAET BOJHOBOE M3JIy4YeHHe.

IIpenBapurtenbHble IKCIEPHMEHTATbHbIC HCCJICNOBAHMSA CBHACTEJILCTBYIOT, YTO CTATHYECKOE
TOPCHOHHOE IO0JIe CYLIeCTBYeT Ha (PMKCHPOBAHHOM MHTEpBajie 0T MCTOYHHMKA U HA 3TOM MHTepBaJie
HHTEHCHMBHOCTD I0JIsI MCIBITHIBACT JIMIIb €J1a0ble BADHALMM C PACCTOSIHHEM, KOTOPbIe MOI'YT ObITH
0XapPaKTEePH30BAHbI KAK HAJM4YHe IMPOCTPAHCTBEHHBIX 4YacToT (puc. 6). [ TOPCHMOHHBIX BOJIH
HAJIMYHEe TPAHHI, KAK y CTATHYECKOI0 TOPCHOHHOIO MOJs, He OoOHapy:xkeHOo. OxHako Bompoc 00
U3MEHEHUH TOPCHOHHOIO MOJISl ¢ PACCTOSIHHEM 0CTAETCH MOKA OTKPBITHIM.

B »3xcnmepumeHTax ¢ TOPCHOHHBIMH BOJHAMH HeT II0Ka OJHO3HAYHBIX pe3yJbTaTOB o
3aBMCUMOCTH MHTEHCHMBHOCTH mojas OT paccrogHus. IlonyyeHue BbBIBOAAa O 3aBHCHMMOCTH
HHTCHCMBHOCTH TOPCHOHHBIX H3JIy4YeHHHl OT PACCTOSTHUS MOKET OBITH OCJI0KHEHO TeM, 4YTO
TOPCHOHHBIE BO3ACHCTBHS BO3MOKHO HOCAT WH(POPMALMOHHBIN, 2 He JHEPreTHYEeCKUil xapakrep. B
ITOM CJy4ae TPYAHO CKAa3aTh, I0YeMY HA PA3HBIX PACCTOSTHUSIX He HA0JII01aeTCsl pa3jiudue B BO3/eH-
CTBHH: TO JIM U3-32 OTCYTCTBHS 3aBHCHUMOCTH MOJISI OT PACCTOSIHUSA, TO JIU B CHJIYy MCYe3alolie MaJIbIX
3aTpaT 3HEpPruM Ha JOCTH:KEHHE TOr0 WJIM HMHOI0 Pe3y/ibTaTa TOPCHOHHOIO BO3JCHCTBHS, TO JH B
CHJIY TOT0, YTO BO3/IeificTBHE HOCUT XapaKTep “crnycKOBOro MexaHuzma”.

Y4unThiBasi, 4YTO TOPCHOHHOE I10JI€ MIOPOAKAACTCH KIACCHYESCKHMM CIIMHOM HJIM YIJIOBBIM MOMEHTOM
BpallleHHs1, TOPCHOHHOE MoJe Oy/leT BO3/1eiiCTBOBATh HA 00bEKThI CO CIMHOM MJIM YIJIOBBIM MOMEH-
TOM BpaIlleHHUsl.

OO0menpuHATON TOYKOW 3peHusi ABJsEeTCH yTBepxaeHue, yTo Pusuyeckuii Bakyym Bener ceds
KaK CBepXTeKy4asi ;kuaAKocTb. Hapsiay ¢ 3Tum psig ucciegoBarteseil NpUACPKUBAJNCH TOYKH 3pPeHUs,
KOTOpasi cyniecTBoBaja Ha 3¢pup Bo BpeMeHa HbroToHa, uTo ®usnveckuii Bakyym Bener cedsi kak
TBepaoe (ympyroe) tejo. B TpagunmoHHOM NOAXOJe 3TH TOYKH 3PEHHMS MCKJIOYAKOT APYr apyra. B



COOTBETCTBUM € IPEACTABJICHHUAMH O MOJSAPHU3ALNMOHHBIX cocToAHMAX Pusuyeckoro Bakyyma
CBOMCTBA CBEPXTEKY4YeCTH COOTBETCTBYIOT €ro 3apsiaoBoil mouaspusauuu. EcTh ocHoBaHue
NMPeANoJaraTb, YTo0 B COCTOSIHUU CIIMHOBOM nmoJssipuzanuu @uznyecknii Bakyym nposiisier cBoiicTBa
YIPYIOH Cpeabl.

Takum o0pa3omM yka3aHHble TOYKH 3pEHUsI He SBJIAKTCH MPOTHBOPEYUBBIMHM, — OHH
COOTBETCTBYHT Pa3HbIM MOJSPU3ALNUOHHBIM cOocTOAHUAM Pu3nyeckoro Bakyyma. C 3TuX nmo3uumii
BbIBOAbI B. A. bynuna [78] u B. A. /lyOpoBckoro [79] He BOCHIPHUHMMAIOTCH KaK a0COJIOTHO
NPOTHBOECTECTBEHHBIE.

Y4ureiBasi, 4YTO TOPCHOHHBIM IIOJSIM COOTBETCTBYKOT COCTOSIHHSI TONEPEYHON CIIMHOBOM
nojsipusanun Pusuyeckoro Bakyyma, T. e. cocTosiHUAM, Koraa ®Pusnyeckuit Bakyym mnposiBisier
ce0sl Kak cpela ¢ UIEAJbHOH YNPYrocTbi0, €CTECTBEHHO NMPEANO0J0KUTh, YTO TOPCHOHHBIH CHTHAJ
OyzeT pacnpocTpaHATHCS CO CKOPOCTHIO 3HAYMTE/BLHO BbIlIe CKOPOCTH CBeTa. JKCIEePUMEHTAIbHBIM
CBH/IETEJIBCTBOM B MO0JIB3Y 3TOro sijasitorcs padorsl H. A. KosbipeBa [104, 109] nmo perucrpanuu
3Be3] B MX MCTHHHOM I0JIO)keHUM Ha HeOe. IlpyHumMasi BO BHMMAaHHe Psii O0COOEHHOCTEH ITHX
JIKCIIEPHUMEHTOB, MOKHO MPEANOJI0KUTh, YTO B HUX PErHCTPUPOBAIOCH TOPCHOHHOE M3JIyYeHHe 3Be3l.
Psax oueBnaHbIX c1a0bix cTOpoH B 3kcnepumentax H. A. Ko3bipeBa, KoTOpble 0TMe4asa U OH caMm,
BO3MOSKHO, 3aTPYAHWIN Obl CCHLIIKY HA HUX, HO 3TH JKCIIEPUMEHTHI Ha 0oJiee CTPOroii 0CHOBE ObLIH
ycnemrHo nosropedsl rpynnoii . A. Eranosoi nmox pykosoacrsom akagemuka M. M. JlappeHTbeBa
[105]. B 1991 r. OblIM MOJIy4YeHbI MOJIOKUTEIbHBIE pe3ybTaThl A. @. Ilyrauem B 'AO AH YCCP
[106]. DT0, KOHEUYHO, ellle He OKOHYATEJIbHOE I0KA3aTeJbCTBO, HO yiKe JOCTATOYHO BeCKOe OCHOBaHHe,
YT00bI OTHECTHCH K NPodJIeMe € J0ZKHBIM BHUMAHHEM.

IlosiesHo ykaszaTh B CBSI3M € 3TMM Ha HeoObIuHoe mnoBeneHue odbexkta 3C395, korophlii mo
HMENUMCS OLEHKAM [IBHXKETCH CO CKOPOCTbIO Ooubmieid ckopoctu cBera [107], xorsas wm
NPeINnPUHUMAKTCH NONBITKUA 00bSICHUTHh HA0II0/ICHUSI He BBIXO/IA 32 Mpe/eJibl CTAHAAPTHBIX TEOPHId.

OTMeTHM ele OJHY BaKHYI0 OCOOEHHOCTh TOPCHOHHBIX moJieid. Ilo aHajsormm ¢ Tem, Kak Ha
YPOBHe  BellecTBAa  BO3/eiCTBME MarHuTa co3gaeT Ha  (eppoMarHeTHKe OCTATOYHYIO
HAMATHUYEHHOCTb, BO31eHCTBHE TOPCHOHHOI0 MCTOYHHMKA CO3aeT “OCTATOYHYIO” MOJSIPU3ALMIO 110
KJIACCHYECKOMY CIIMHY KaK Ha YpPOBHe BelecrBa, Tak U B dusudyeckom Baxkyyme. Ilpu 3Tom
CIIMHOBbIC MOJSIPU3ALHOHHBIE COCTOSIHUA SIBJISIOTCH MeTACTA0WIBHBIMU. C MOMOIIBI0 TOPCHOHHBIX
reHepaTopoB (MCTOYHMKOB) HA BellleCTBe M Ha YpoBHe Pu3nyeckoro Bakyyma moxeTt ObITH 3alIHCAHO
TOPCHOHHOE 10JIe 32IaHHOI MPOCTPAHCTBEHHOM CTPYKTYPBbI.

YunTsiBasi, 4TO Bce TeJa 00J1a1aI0T HeHYJIeBOH CIIMHOBOI yNOPAI0YEeHHOCTHIO, IPHYHHA KOTOPOH
AOCTATOYHO OYEBHM/IHA, TO BCE TeJIa MMET COOCTBEHHOE TOPCHOHHOE I0JIe, KOTOpOe B HEKOTOPOM
OKPEeCTHOCTH TeJl CO3JaeT MOJSIPU3ALHI0 CBOOOHOI0 NMPOCTPAHCTBA, B pe3yJbTaTe 4ero BOZHHUKAKT
TOPCHOHHBbIE (paHTOMBI (3TH (PAHTOMBI MOIYT PerHCTPUPOBATHCH HAa OocHOBe MerToauku Kupauan
[108], mongudunupoBannoii H. B. benomectHbix. UHTepecHble TeXHHYeCKHE PeLIEHHS HAWIEeHBI
ucciaenoareasimu u3 Jloc-Anmxkeseca. /Ipyrue rexaudeckue pemieHus 0Oblm npeniioxkenst B CCCP P.
@®. ABpamMeHKO).

IIpu onpene/ieHHBIX YCJIOBUSIX HABeAeHHOE (MHIYIIUPOBAHHOE) TOPCHOHHOE T0J1e PUKCHUPYeTCs Ha
ypoBHe BeulecTBa. ECTh 0OCHOBaHMe CUMTATH, YTO COOCTBEHHbIE TOPCHOHHBbIE MOJIA (PMKCUPYIOTCH U HA
00bIYHBbIX ¢oTorpadusax OJgaroxaps cnuHaAM BemecTBa 3MyJdabcud. HeoObluHOe TOBeaeHHE
¢ororpaduii (poronjieHok), BEpOATHO, BIIEPBbIe HCI0Jb30BAaT B CBOMX padorax 0osee S0 et Hazaxg
Aopawme [ 109], a no3anee I'. Uepouumyc. K. Anron, B. Knyt, le Jla Bopp u ap.

CylecTByIOT BeCbMa BeCKHe, B TOM YHCJe U IKCNEPUMEHTAIbHbIE, 0OCHOBAHUS CYUTATh, YTO TAK
Ha3biBaeMas “namMsiTb BOAbI” peasusyercs 0jaroaaps moJsipu3aluy BoJbl M0 KJIACCHYECKOMY CIIMHY
COOCTBEHHBIM TOPCHOHHBIM IOJIEM MOJIEKYJ pacTBOPeHHOro Bemectsa [110] (B aeiicTBHTEJBLHOCTH
NMpouecc BO3BHUKHOBEHNSI NAMATH BOJAbI 00Jiee CJI0KeH, YeM ITO U3JI0:KeHO 31ech [176]).

Teoperudeckn NpM aHaIU3e YACTHOIO CJAy4Yasi CTPYKTYPHMPOBaHHMA BOoAbl Ouomosumepamu H. A
By/ibeHKOBBIM BBEI€HO NMOHATHE “AMCIUPAIMOHHOrO MoayJasa” Boabl [111], T. e. ¢ppakTana BoAbI,
KOTOPBIii NOBTOPsieT CTPYKTYPY Ouonosmmepa. B Topcuonnoi moaenn “moayJib ByibeHkoBa” 310 He
a0cTrpakTHasi ppaKTajbHasi KONusi OMOMOJMMepPa, a BOAHbIN KjIacTep, MPOCTPAHCTBEHHAS] CIIMHOBASA
NMOJISIPU3AIUsl KOTOPOIro NMOBTOPSieT NMPOCTPAHCTBEHHYI0 CIIHHOBYI0 CTPYKTYPY 3TOro 0uomoJmMmepa.
Takue cnMHOBBIE KJacTepbl BOAbI 00pa3ylTCs NPH JeliCTBMH HA BOAY MOJIeil TaKHX MOJIEKYJI,
coOCTBEHHOE TOPCHOHHOE IO0JI¢ KOTOPBIX MHTEHCHBHee TOPCHOHHOIO MOJs MOJIeKyJa Boabl. UMeHHO
Mo3TOMy He Yyaaercss HaOmoaath 3p@PekT naMATH BOABI VIS MHOIMX HHM3KOMOJIEKYJISPHBIX



COeIMHEHUI.

¢ dexkT mamMATH MOKHO HAOJIHOIATH HEe TOJbKO B BojAe. Ero MoxkHo Ha0/1100aTh He TOJBKO NPH
PACcTBOPEHHMH BeleCTB B BOJe, HO M JUCTAHUMOHHO, KAaK, HAIIpUMep, NPHU Nepe3anucu JeKapcTB 1o
Meroauke PoJLst.

Moaenb moasipu3alMOHHBIX COCTOSIHUI Du3nyeckoro Bakyyma mo3Bo/injia yCTaHOBHTH BeCbMa
BajKHOE 00CTOSITEILCTBO. YiKe 0TMe4asl0Ch, YTO TOPCHOHHOE MOJe (PMKCHPYeTCsl B CJIy4asix, KOraa
duznyeckuii BakyyMm nepexoaur B cOCTOSIHME CIIMHOBOW monepeyHoi mojasipusanuu. OQHaAK0 MOKHO
copmyaupoBaTh 0o0Jiee 00IIMIT MOAX01, ONUPASCh HA KPUTEPHHM CHHepreTuku. bynem cuurarhb, 4To
TOPCHOHHOE ToJie (uKkcupyercs Bceraa, korga dDusuueckuid Bakyym Haxoaurcsi B CIIHHOBO
HEPABHOBECHOM COCTOSIHHH.

B cBsi3u ¢ 3TUM emle pa3 BepHeMcsl K puc. 2. HeTpyaHo BuaeTh, 4TO NP 3apsiIOBOM MOJISIPU3AIUU
®usuveckoro Bakyyma 3apsizoBoe pacuieniieHue (pMTOHOB NPUBOAUT M K CHHHOBOMY IPOCTPAHCTBEH-
HOMY paculeivieHn0. B pesyiabTrare CHHHBI OKa3bIBAIOTCS HECKOMIICHCHPOBAHHBIMHM, 4YTO OyjAer
PABHOCH/JILHO TMOSIBJCHHI0 TOPCHOHHOW KOMIIOHEHTBI B JJIEKTPOMArHMTHOM moJse. Ecan
rPaBUTALMOHHbIE 1 TOPCHOHHBbIE TOJIS NMPOSIBJASIIOTCH B “4MCTOM BHJIE”, TO 3JIeKTPOMATrHUTHbIE TMOJIA
BCerja COAepPKAT TOPCHOHHYK) KOMIIOHEHTY, YTO SIBJISIETCS BA:KHBIM (pyHIaMEHTAJIbHBIM (PAKTOM.
TopcuonHoe moJie OyaeT HA0MIOAATHCHA KAK B 3JIEKTPOCTATHYECKOM I10JIe, TAK M B 3JIEKTPOMATHUTHOM
U3J1y4eHHUH.

HenmonnMaHue 3TOro o00CTOAATEJBCTBA YaCTO MNPHUBOAWIO K TOMY, YTO MHOIrHe SIBJICHUS,
NopoxjaaeMble  JJIEKTPOMATHUTHBIMM  HMCTOYHHKAMH, 0Oe3yCHelIHO MNbITAJNCH O0BICHHUTH
3JIEKTPOMATHUTHBIMM fIBJIEHUSIMU. B ¢BsI3M ¢ 3THM HeoOxoaumMo oTMeTUTh padoThl B.Il.KaznaueeBa |
112], I3enp Kanbukensi, Xuneo Yuuga | 113,114] u ap. Tak, B sxcnepuMenTax Xuaeo Yumnjaa 0bL10
YCTAHOBJICHO, 4YTO pa3pad0TaHHOEe HM YCTPOMCTBO PearupoBaji0 HAa BKJIIOYEHHE IeHepaTopa Ha
yactore 13,0 I'T'ny npu 3KkpaHupoBKe perucrparopa M NpH MeTAIMYECKOH 3ariylike Ha BbIXOJe
BOJIHOBO/AA. O0BACHUTHL Ha0/MI0JaeMoOe SIBJIEHHE MOKHO, 3HAsl, YTO JJICKTPOMATHMTHBIN CHIHAJI B
BOJIHOBO/Ie BO30Y:K1aeT TOPCHOHHBII CHTHAJI HA TOM 7Ke 4acToTe, KOTOPbIH He JKPaHUPYeTCs.

YMeCTHO OTMETHTBH TAaKKe, YTO peaKUusi ONepaTopoB OHOJOKALMM HA 3JIEKTPOMATHHUTHOE
uziayyenue [172, 173], Buaumo, cBsi3aHa C YKa3aHHBIM CBOHCTBOM 3JIEKTPOMATHUTHOIO MOJS
NOPOKAATH TOPCHOHHYI0 KOMIIOHEHTY.

Boabmoe koau4ecTBO HccJHegoBaTesNeil, padoTAIMIUX € JJIEKTPOCTATHYECKHMH CHCTEMAaMH
(Kuensm, Haiimep wm ap. [115,116]) He cMoruiM aaTth [J0CTATOYHO YOeAUTEJbLHOr0 00bSICHEHUSA
HA0JII01aeMbIX MMM SIBJIEHHMI M3-32 OTCYTCTBHMS MOHUMAHHUSA POJIH CIUHOBBIX SIBJIEHMH M UX CBSI3H €
3JICKTPOMATHUTHBIMM SIBJICHUSIMH.

C mnposiBIeHMeM pa3JIMYHBIX CBOWCTB TOPCHOHHBIX moJeil Hayka XX BeKa CTaJIKHBAJIACH
A0BOJIbLHO 4acTo. IIpm 3TOM OTCyTCTBHME NOHMMaHUSI y HcCcCJIeg0BaTe/ieil CIMHOBOW NPHUPOALI
Ha0/1I01aeMbIX MPOLECCOB U SIBJICHUH MPUBOAMJIO K TOMY, YTO KAKAbIi aBTOP JaBaJ CBOe Ha3BaHHeE
MOJISIM U M3JIyYeHHUSIM, KOTOpPbIe MOIJIH ObITh OTBETCTBEHHBI 32 HalJ/I0/laeMble MPOLECCH] U SIBJICHHUS
(psax aBTOpPOB PadoTaH TOrAa, KOIJa CIHH eme He ObLI 0TKPBIT). Cloa, BeposiTHO, cJiefyeT OTHeCTH:
ncepaomarderusm [17, 18]; “naryo cmiay” [62]; “mycrble BOJHBLI” [163]; 3HAYMTEIBLHYH) 4YaCTh
¢penomenonornn H. Tecna; “snepruro m3nydenus” I'enpu Mypa, “TaxuoHHble nouas” Peiindepra,
“cBoOoanyro 3Hepru” /. A. Kewin, “sHepruro rpaButaumoHHoro mojasi” A. Haiinepa, “sHepruio
npocrpancrea” P. Illag-¢ppanke u . Xappuca [115]; “enmnoe mone” Maxapumu-Xereauna [117];
“3xnepruro mycrorbl” Peiixenbaxa; ‘“;kuBoii Marnetusm” ®@. Meccmepa; “OHMOKOCMHUYECKYI0 JHEPIruI0”’
I'. Ueponnmyca; X— cuiay Umena; N—mu3aydyenue baonano [118]; “nonpepmoropusie cuabr” H. II.
MbimkuHa [60, 61]; “ayuucryro sHepruro” Aopamca [155]; O—mu3ayuyenue uiam opron Paiixa [159];
M—noae (mopdorenerndyeckoe moJse) Illangpeiika u Xaiika [158[; Z—ayuun A. JI. UnmxkeBckoro;
“paamacTre3nyeckoe usiaydenue” u “popmonoe” noJie [119]; 1)”-moas niam uznyuenus [120]; X—areHt
Mopuama [121]; “Omnonsipubie moas” B. Kpomma [161]; “OmodnexTpomarHutHbie moJs” II.
JIuakypa3za; [—mnoJjie A.A./leeBa; OCHOBHYI0 KOMIIOHEHTY “MHUTOreHeTH4ecKuXx Jjydei” A. A. I'ypBuua
[122]; rnaBHbIi akTOp B “3epkanbHoM nmuronartudeckom 3¢gdexre” B.II. Kaznayeesa [112]. JToT
nepe4YeHb MOKHO CYIIeCTBEHHO paclIupuTth. /loraaka o npucyrcTBuM Kakoi-Tto oduei ¢gusmyeckoi
CYIIHOCTH B Pa3HOO00pa3HOil (EHOMEHOJIOTMH BBICKa3bIBAJACh paHee Pa3HbBIMH aBTOPaMH, B
YaCcTHOCTH, B HauOoJ1ee motHoi popme AuTBopToMm Hlumoii B 1989 r.

MHoroo0pa3ue noaxoA0B K MOCTPOCHHIO TEOPHH TOPCHOHHBIX noJjei (cm. 0030op A. II. E¢pemoBa
[167]) roBOopUT 0 TOM, UTO TeOpHs elle He 00pesia KOHTYPbI J0CTATOYHOro coBepiieHcTtBa. Tem He



MeHee, ee MOLIb IIPOAEMOHCTPHPOBAHA HA Psi/ie BAKHBIX HANIPABJICHUI.

BeposiTHO nepBBIM cepbe3HBIM YCIIEXOM TOPCHOHHBIX TeopHil ObLI0 NMOJTy4eHHe TOYHBIX PelIeHuH
AJIS HECTALMOHAPHBIX KOCMOJIOTHYECKHX MoJeed, M3 KOTOPbIX BBITEKAJO0, YTO Y4YeT CIIHH-
TOPCHOHHBIX B3aUMOJEHCTBHI NMPUBOJNT K YCTPAHEHHIO CHHTYJasApHOcTH [99, 100].

bbL10 1aHO TeopeTn4yeckoe O00OCHOBAHUE YNOMHHABIIEroOCsl B Hayajle HeOOBIYHOI0 Xapakrepa
B3aUMO/IeHCTBHS MOJISIPU30BAHHBIX N0 CIIMHAM NPOTOHOB Iy4YKa U mMumeHu [123]. Cnennanucram no
(usznke 3JIeMEHTAPHBIX YACTHL M3BECTHO /[JOCTATOYHO MHOI0 JKCIIEPUMEHTOB, B KOTOPBIX
Ha0J01aeTcsl HeoObIYHOE IMOBeleHHe CIHMHOBO OPHMEHTHPOBAaHHBIX dYacTul. OOBIYHO B TaKHX
curyanusix peHOMEeHOJI0rH4ecKy BBOJAUTCH MOTEHUHAJ, KOTOPBIA M03BOJIAET MOJYYUTh Pe3yJbTaThl,
corsacylommecss ¢ J3KcnepuMeHTOM. Takme »JKcnepuMeHTbI TpeOyHT, Kak M B Cly4ae
NOJISIPU30BAHHBIX  NPOTOHOB, OLEHKH ¢ MO3MUMHA  CIHMH-TOPCHOHHBIX  B3aMMOJAEHCTBHIA
(B3amMopeiicTBMIi MO0 KJaccH4eckomMy cnuHy). Teopusi TOPCHMOHHBIX mOJed MO3BOJIWJIA JaTh
00bsiCHeHUE (PAKTY NPUTAKEHUSA U OTTAJIKMBAHMS JIa3epHbIX Jy4dell B 3kcnepumenTax A. K. Tama u
B. Xanmepa [124—126], yero He ynaBajoch caejaTb ¢ MOMOIILI TPAJAMIHOHHBIX NPeACTABJICHHUN.
HoctarouHo 3¢eKTUBHBIM O0KA3aJICA MOAXO0J K MHTEPHpPETANMM TAaK HA3bIBaeMOil “mATON CHJIbI”,
KaK TMPOSIBJCHHS CIUH-TOPCHOHHBIX B3aummoneicTBuil [127]. Yka3aHHble 3KCIHepHMEHTBHI ObLIM
paccmoTpenbl B [S51] kak A0Ka3aTebCTBO PeajibHOr0 NMPOSIBJICHUS CIHMHOBOIO JAJbHOAEHCTBUSA B
pPaMKax KOHLENIUH TOPCHOHHBIX MOJIeil.

B. ®.“IlanoBbimM, FO. T. ChITOBBIM OBLIO NMOKAa3aHO, YTO Ha0/I0daeMyl0 aHu3oTponui bepra
MOSKHO 00BSICHUTH KOCMOJIOTHYECKHM BpamienueM [164].

B  oTHomleHMH  psiia  JKCIHEPUMEHTOB  MOABWIACH  BO3MOKHOCTH  OTKa3aTbCd  OT
(peHOMEHOI0TrHYECKOr0 ONHMCAHHUA M MOAOMTH K HX HHTepHperalud Ha YypoBHe mpouecca. B
YACTHOCTH, MOSABMJIACH NPUHUMIHMAJIBHAA BO3MOXKHOCTH C(OpPMYIMPOBATH HOBBIH MOAXO0A K
HHTEPNpPeTAlUN y:Ke YIIOMUHABIIMXCS IKCIEPUMEHTOB, NpuBoAsmux k napaaoxcy JIIP [128]. IIycTs
NMpouecc AHATMJISINUM Napbl € ~ NMPOMCXOAUT IO cXeMe, B KOTOPOH M3 TOYKH, Ie peajudyercs
AHHUTWJISINS, BBLICTAIOT B NMPOTHBOIOJIOKHOM HanpaB/jeHuu ABa jf—kBanTa (npm AByX(OTOHHOI
aHHUrwiIsuun). O0a1as CIUHOM JITH KBAHThI C03/1aeT B HEKOTOPOil 0—OKPECTHOCTH CIHUHOBYIO
nojsipusanuio Pusnyeckoro Bakyyma. B nponecce n1BH:KeHHS KBAHTOB OHHM OCTABJIAIOT BJ0Jb CBOeil
TPAEKTOPUHM CIIMHOBO MOJSAPU30BAHHBIN LIHYP. DTOT HWIHYP OyaeT NMpeacTaBJsATh CO00H HaeaJbHbII
TOPCHOHHBII KaHAJ CBSA3H MEKAY pasjieTal0IUMHUCH KBaHTaMu. Toraa usMeHeHue yria noJsipu3anuu
Y OJHOI'0 M3 KBAHTOB C03[2€T TOPCHOHHOE BO3MYIIEHHE, KOTOPOe M0 TOPCHOHHOMY KaHAJy, CHHHOBO
noasipusoanHomy Pusudeckomy Bakyymy (S—kanairy), Oyaer nmepeaaBaTb BO3JAelCTBHE OT OJHOIO
KBaHTa K apyromy [129]. JT0 Bo3aeiicTBHe OydeT peajbHO, €CJM NPABWJIBHO NPeaNnoJoKeHue o
CKOPOCTH PACIPOCTPAHEHUS] TOPCHOHHBIX CHIrHa/I0B. TakuMm o00pa3oM, NMOSIBHJIACH BO3MOKHOCTh
paccMoTpeThb KBAHTOBYKH) HEJIOKAJBLHOCTH KaK MPOSIBJeHHE “CKPBITHIX NapaMeTpoB” [22], poJb
KOTOPBIX BBINOJIHSIET TOPCHOHHOE 110J1€.

Kak u nmomoGaer .11000H cepbe3HON TeOpUM, TEOPUS TOPCHOHHBIX MOJIeil MPOAEeMOHCTPHPOBAJIA
AOCTATOYHO 00JIBIIYIO NpeacKa3aTeJbHYI0 cuiy. Bce mosydyeHHble K MOMEHTY BbIXO/la HACTOSIIIErO
U3IaHUSl JKCIEPHMMEHTAJIbHbIC Pe3yJbTaThl ObLIM CHAa4Yajla TeOpPeTHYeCKH Npeackasanbl. Yacrtb
JKCIIEPUMEHTOB, B OCHOBHOM (yHJIaMEHTAJbHBIX, IVIAHUPYeETCS peajJn3oBaTrh (cM. Hanpumep, (101,
102}).

OObIYHBIM BO3pa’keHHEM IPOTHB PACCMOTPEHHS JIO0OBIX JIKCIEPHMEHTAIbHBIX Pe3yabTaTOB,
KOTOpbIe MOIJHM Obl CBHAETEJbCTBOBATH B I0JIb3Y IPOSIBJICHHUS TOPCHOHHBIX IOJed M CIHMH-
TOPCHOHHBIX B3aUMOJCHCTBUH, fABJIAECTCH YTBEPHKAEHHE, YTO TOPCHOHHBLIC J((deKTHl He MOryT
HA0JII0AATHCH, T. K. KOHCTAHTA CIIUH-TOPCHUOHHBIX B3aUMO/IeCTBUII MMeeT MOPSII0K 10'A—10"™,

Ho B 3TOM yTBep:KIeHMH CYIIeCTBYeT XOPOILIO H3BeCTHAsl CIEHHAJMCTAM HEKOPPEKTHOCTb.
Yka3zaHHasi 4Ype3BbIYAHHO MaJas KOHCTAHTA ABTOMATHYECKHM BO3HHKaeT TOJBKO B TEOPHH
Jiinmreiina—Kaprana (TJOK). T. e. B TOpcHOHHOII Teopuu 0e3 pacnpoCTPaHEHHs] KPy4YeHHsI, KOI1a
JJIS MOJIeil TATOTeHUS M KPYyYeHUsl MCIO0JIb3yeTCsl eUHbIN JIAarpaHKUAH ¢ eJMHOIl KOHCTAHTOM CBSI3H,
KOTOPAasi JIsl CIIHH-TOPCHOHHBIX B3aMMOJCHCTBHII 0Ka3bIBAETCSl PONOPILHOHATBHON He TOJbKO G, HO
U h, 4T0 M ompeneIieT MaJIOCTh KOHCTAHTHI.

Oanako npu mnepexoge or TOK k TeopusiM ¢ pacnpocTpaHeHMeM KpPYyYeHHMsl B JIAarPpaHKHAH
noMuMo0 G BXOAMT MHOKECTBO TOPCHOHHBIX KOHCTAHT CBSI3H M CCHUIKA NPH 3TOM HA KOHCTAHTY M3
TIK siBisieTcss aKTOM Npou3BoJa. B paMkax Teopuu KpyyeHHs ¢ pacnpocTpaHeHHEM TeopeTHYecKHe
KOHCTAHTHI CIIHH-TOPCHOHHBIX B3aMMOJCHCTBHII OTJIMYAKTCH Yy Pa3HBIX aBTOPOB Ha [eCATKH



nopsiakoB. TakuMm oOpa3om, cieayeT NPU3HATh, YTO B TOPCHOHHBIX TEOPUAX C HMCTOYHHUKAMH C
H3J1y4eHHeM BOINPOC O KOHCTAHTE CIIMH-TOPCHOHHBIX B3aMMOJEHCTBHH OCTaeTcsl OTKPBITBIM, a
o0cy:kneHne TOPpcMOHHBIX 3¢ PekToB (3¢deKkTOB KpydeHHsi) He TOJHLKO He JIUIIEHO OCHOBAHUI, HO
SIBJISIETC BeCbMa aKTYaJbHO#l mpodJiemoii. boJsiee TOro, MMEHHO 3KCIIEPHMEHT MOKeT IO3BOJIMTH
MOJIYYHTh peajibHOEe 3HAaYeHHe KOHCTAHTHI CIIMH-TOPCHOHHBIX B3aUMO/1efiCTBHUIA.

HekoTopsble 3kcniepuMeHTHI, YKa3aHHbIC B HAYaJle HACTOSALIEeH padoThl, MOTYT OBITH PACCMOTPEHbBI
KAaK 3KCIIePUMEHThI, NOATBEPKAAI0IIHE peaibHOEe NPOsIBJIeHHE TOPCHOHHBIX MOJIeH W CIIMH-TOPCUOH-
HBIX B3auMoJeicTBuil. K 3TuM 3xcnnepuMeHTaM ciieayer OTHeCTH:
pa3jimune B paccesiHUM HelTPOHOB HA OPTO- M mapasoaopoje [I], aHoMalbHAs BeJUYUHA MPeneccuu
HEHTPOHOB NPH NMPOXOKICHUH Yepe3 CIIMHOBO NMOJISIPM30BaHHYI0 MHIIIEHDb [4], HeOObIYHOE M3MEHECHHE
UHTEHCUBHOCTH UHTepdepeHun Boaopoaa B cocrosHum 2S1/2 wm 2P1//2, | 12—14], cHoc
NMOJISIPU30BAHHON 1O KPYIry 3J1eKTPOMATHUTHOH BOJHBI M3 INIOCKOCTH NMAJeHUs B 3aBHCHMOCTH OT
3HAKA CHU-PAJTBHOCTH [23], U3MeHeHHe Beca T'MPOCKONA IMPH HECTANHMOHAPHOM (HEPABHOBECHOM)
cocTosiHnu [26—29], actpodusnyeckue 3¢PeKThl, CBA3aHHBIE CO “CKPBITO Maccoi”, psii IBJICHUH B
AUHAMHMKE COJIHEYHON CHCTEMbl, B TOM YHCJE, B COJHEYHO-3¢eMHBIX CBS3iX M T. A. OgHako B
OTHOILIECHMHU 3THX IKCNEPHUMEHTAJIbHBIX Pe3yJ1bTATOB M NMPHPOAHBIX ABJICHHMII HEO0XOAMMO NMPOBECTH
TeopeTHYeCKHEe MCCJIeJ0BAHUA, KAK 3TO ObLIO CIeJaHO, HANPUMep, AJs J3KcrnepumMeHToB Tama u
Xanmepa ¢ B3auMojelicTBHeM Ja3epHbIX Jydell cHavyaaa Haiikom u Ilpanxanom [124], a 3atem 1O. H.
O0yxoBbiMm, I1. U. IIponunsim u U. B. SAkymmusim [125, 126].

AHaJM3, NMPOBeJeHHbIN BbIlIe, MO3BOJMJ Hapsily C YNOMSHYTHIMM YacTHBIMHM CJIeJCTBHSAMH,
C/ICJIAHHBIMH 110 X0y M3JIOKEHUsI, CAeJIATh PAJ NPUHIHUIHNAIBHBIX BbIBOI0B.

Bo-nepBbIX, MOSIBMJIOCH OCHOBAHME BBICKA3aTh MPEIINOJIOKEHHe, KAaK YxKe 0TMe4aJloCh, 4TO
pa3HopoaHas (eHOMEHOJIOTUsl, CBS3aHHASA CO CIIMHUPYIIIUMH 00bEeKTAMH, PACCMOTPEHHAs B HavyaJjie
HAcTOsIIe  padoThbl, BO3MOKHO ompejejsiercd  crnenuGUUYECKHMH  JaJTbHOACHCTBYOIMMH
B3aMMO/EHCTBUSIMM CIIMHOBOI NPHPOJAbI, B KOTOPBIX POJIb MAaTEePHAJIBHON CpeAbl—IIePeHOCYHKA
B3aMMO/AeHCTBUI BbINOJHACT DPusnyecknii Bakyym co ciHHOBO# NonepeYHoi noJsipu3anueit.

Bo-BTOpBIX, ObLJIO BHICKA3aHO NMPEAINOJI0KEHNE, YTO MOCTPOeHHass Moae/ib Pusndeckoro Bakyyma
CO CNHMHOBOI MONEpPeYHOH mNoJsApu3anuel, HWHTEPNPETHPOBAHHAS KaK S—IoJjie, MOXeT ObITh
OTOK/IECTBJICHA C TOPCHOHHBIMH NMOJAMH. CBHIETEJBCTBOM B MOJb3Yy 3TOr0 ObLI, B YACTHOCTH, TOT
(pynaamMeHTaNBbHBIH (PAKT, YTO CHMHOBAasg MmomepedyHas mnoJsApu3anusa Ddusuyeckoro Bakyyma
MOPOKAATACH CIIMHOM; B TO ’Ke BpeMs, KaK ysKe 0TMe4aJI0Ch, MHOI'HME HCC/IeA0BATEeIH CYUTAIH, YTO
NPHUPOJa TOPCHOHHBIX I10JIeH TAKKe CBA3aHA C KJIACCHYeCKHUM CITHHOM.

B-TpeTbuX, BaKHBIM CJIEACTBHEM IOCTPOCHHBLIX MoJeJieil SIBHJIOCH IOHMMaHHE NPHHIUIIOB
CO31aHMS TOPCHOHHBIX FeHEPATOPOB (TOPCHOHHBIX HCTOYHHUKOB). MOKHO yKa3aTh Ha YeThbIpe Kjacca
TaKHUX F'eHepPaTopoB.

1. Tak e Kak B 3JIeKTpHYeCTBe NEPBUYHBIMHM HCTOYHUKAMH I10JISI SIBJSIIOTCS 3apsbl 3J1eMEHTAPHbBIX
YACTHL, TOYHO TAK K€ NMEPBHUYHBIMM MCTOYHUKAMHM TOPCHOHHOIO IOJIA (A5 KOPPEKTHOCTH MOKHO

A00aBUTh, — KAaK NPaBHJIO0) SIBJSIOTCS CIMHBI 3J1eMeHTapHbIX YacTul. Oropopka “kak mpasmjo”
CBSI3aHA C TeM, YTO MNEPBHYHBIM MCTOYHHKOM TOPCHOHHOIO TNOJSA HAPSAAY € 3JIeMEHTAPHBIMH
YACTHIAMH SIBJISIIOTCH, HampuMep, — KBaHTbl. HyikHO eme pa3 HanoMHUTHL BO3MOXKHOCTH

CYIIeCTBOBAHMS TOPCUOHHOIO MOJISA M B OTCYTCTBHU CIIMHUPYIOIIHUX 00HEKTOB.

Tak :Ke Kak B JJIeKTPUYECTBE YACTO TMNPUXOAUTCH HMETh [eJI0 ¢ KOJUIEKTUBHBIMH
3JIeKTPUYECKUMHU MOJISAMH, TMOPOXKIaeMbIMM CHCTeMaM JJIeKTPUYECKUX 3apsiioB (sApa, aTOMBbl,
3apsiKeHHble TejJa W T. [1.), TAK U B KPYYEHHH MPHUXOAUTCH HMETh AeJ0 € KOJJIEKTHBHBIM
TOPCHOHHBIM T0JIeM OT CIIMHOBOIO YNOpPsifo4YeHHbIX cucTeM. Hanpumep, i100as siiepHasi CHUHOBAsA
MHIIEHb SIBJISIETCH MCTOYHMKOM TOPCHOHHOrO moJis. IIpocTpaHcTBeHHasi CTPYKTypa TOPCHOHHOIO
MOJIsl ITUX UCTOYHUKOB MpeACcTABJIEeHA HA puc. 7.

Takoe ke TOpCHOHHOe moJie OyleT HUMeThb TeJo, o0Jagawinee J000 CIUHOBOH
YIOPAI0YEHHOCTBI0 — SIIEPHOI, aTOMHO#, MO-



Puc. 7. [lnarpamMma HanpasieHHOCTH KOJLIEKTHBHOIO TOPCHOHHOTO TTONA
CNIHHOBO NOJITPH3IOBAHHOIO TeJIa.
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Puc. 8. /luarpamma HanpaBJIcHHOCTH KOJUICKTHBHOTO TOPCHOHHOTO TOJist
MarHHTa B CPABHEHHH C MarHHTHHIM TOJIEM.

JIEKYJISAPHOM. IIpu HAMATHUYUBAHUH (deppomarneruxa NPOUCXOIUT ynopsijioueHue
NMPOCTPAHCTBEHHOI OPHEHTALMM MOJIEKYJIAPHBIX TOKOB, CO3JAI0LIHUX NMepBUYHbIe MATHUTHBIE MOJIS.
JTO ynopsiioueHHe TPHUBOAUT K TOSBJICHUI0 KOJUIEKTUBHOIO MAarHuTHOro mnojas. OpHako
yHnopsiioueHne OpHeHTAIUH MATHUTHBIX MOMEHTOB aBTOMATHYECKH YNOPSAA0YMBAET U KJIacCHYeCKHe
CIIMHBI, MOPOKAAaeMble JIBHKEHHEM 3JIEKTPOHOB B KOJIbLIEBBIX MOJIEKYJSIPHbIX ToKax. B pe3yiabtarte
BO3HHKAaeT KOJUIEKTUBHOe TOPCHOHHOe moJie. TakuM o00pa3oM, j11000i MOCTOSHHbIA MATHUT MOMHMMO
MArHMTHOIO 10JIs 00J1a1aeT TOPCHOHHBIM MoJeM (puc. 8).

He npulerasi Kk NOHATHIO TOPCHOHHOI'O MOJIsl, HO, HCXO/AS U3 MOHUMAHMS HEOOBIYHOCTH 00BEKTOB
co cniuHoOM, A. Ilepec yka3aa Ha cienM(PMYHOCTH MOCTOSIHHBIX MATHUTOB, KAK MOJISIPU30BAHHBIX MaK-
pockonu4yeckux tea [175].

IMocaennue 0OCTOATEJBCTBO JaeT BO3MOKHOCTH OOBSICHMTH SIBJIeHHE, H3BECTHOE KakK
“OoMarHMYHMBaHUe BOAbI”, KOTOPOE 3aKJIHYAeTCsl B N3MEHEHNH OMOJIOrMYeCKOil AKTUBHOCTH BOJbI, B
TOM 4HcJIe W JUCTHIIATA, Mocjde BO3AelcTBHS HA Hee MarHUTOM. C TPaguLIMOHHOW TOYKH 3peHHUS
AeficTBOBATb MAarHMTOM Ha JUCTHJLISAT, SIBJSIOLIUICS IHAMATHETHKOM, He MMeeT cMmbicjaa. OqHako
3¢pdexT HabII01aETCHA YCTOHYMBO M MOKeT ObITh NPUOOPHO 3apeructpuposan. Ecan npu 3Tom yuyectn
HAJIMYHe Y MArHUTA TOPCHOHHOIO MOJIsA, KOTOpPOe YNOpPsiA0YMBAeT CIMHOBYIO CTPYKTYPY BOIbl, TO
XapakTep ABJEeHHUSA CTAHOBUTCS MOHATHBIM. I3MeHeHMe CBOMCTB BOJAbI IPH AelCTBHH HA Hee MarHUTa
MPOMCXOIHUT 32 CYeT AeiiCTBHS He MATHUTHOI0, 3 TOPCHOHHOT'O MOJISl.

Yka3aHHoe CBOICTBO MarHMTHOIO MOJISI NMOPOKIATH TOPCHOHHOE MOJie, M0 BCeil BepOSATHOCTH,
SIBJIsieTCS OJHMM H3 BajKHeHIUX (PAKTOPOB peaKkUHuH ONepaTopoB OHOJIOKAIMM pearupoBaTh Ha
MarHutHoe moJie [168—171]. Oneparop OuosioKanuu, BUAMMO, B O0JiblIel Mepe pearupyer Ha
TOPCHOHHYI0 KOMIIOHEHTY MAarHMTHOIO 10151, 2 He COOCTBEHHO MAarHUTHOE 1oJIe.

2. Panee yxe 0TMe4aJI0Ch, YTO JIEKTPOMATHUTHOE I110JIe MOPOKIaeT TOpcMOHHOe moJje. OTcroaa
cpasy cjeayeT, YTO NOJABJIAOLIAA YacTh NMPHOOPOB JIEKTPO- U PAAMOTEXHUKH, PAAN03JIeKTPOHUKHU
SIBJISIETCH MCTOYHHMKOM TOPCHOHHBIX M3JIyYeHHH M MOIYT ObITh HMCIOJb30BAaHbI KaK TOPCHOHHbIE
reieparopbl. EcrecTBeHHO, 4YTO 0c00eHHO 3¢ ¢deKTUBHBIMM OyayT YCTPOHCTBa, CO3Jal0LIHeE
BBICOKOBOJIbTHBIE NMOTEHUHAJIbI, KOTOpPbIe NMPUBOAAT K BO3HUKHOBEHHI0 HHTEHCHMBHBIX CTATHYECKUX
noJieil. BpIcokoil 3 (PeKTHBHOCTHIO 00/12JAK0T PAAMOTEXHHMYECKHE YCTPOHMCTBA, TIAe HMEKTCH
OpPraHM30BaHHbIEe KOJIbIeBble HJIM CHHPAJbHBbIE JJIeKTPOMATHUTHbIE Mpolecchl, HAYHUHaAsA OT
KATyIIKH ¢ TokoM 10 JIBB u marnerponos. CymecTByer 00/1b110€¢ pa3HOOOpa3ne paiuoTeXHUYECKUX
U PaaMO0IEeKTPOHHBIX NPHOOPOB, NPUIOAHBIX /sl HCHOJB30BAHMA B KadyecTBe IeHEpPaTOpoOB
TOPCHOHHBIX M3JydeHuil. OaHako TpedyeTcsl siCHOe NOHMMaHHe TOro, YTO TFeHEPUPYIOT TaKue
HCTOYHUKH: CTAaTHYeCKOe WJIM BOJIHOBOE H3JIyYeHHe; KAaKOBa INMPOCTPAHCTBEHHAsl CTPYKTypa 3THX
noJieil MJIM M3JIy4YeHHMil; KAKOB CIEKTP 4acToT (BOJHOBBIX M NPOCTPAHCTBEHHbIX) U T.A. B psge



cJiyyaeB YAOOHBIM MCTOYHHMKOM TOPCHOHHBIX H3Jy4YeHMd MOryT ObIThb TpaHcdopmaropsl Teciaa
(BO3MOKHO 31ech KpoeTcst pasraaka ciaos Tecabl, “...omu0aw0TCa TE, KTO AyMaeT, YTO B MOei cucreMe
nepeaaeTcs JJIeKTPoIHeprus’™).

B HenaBHem mnpoumwiom psaoM aBropoB B CCCP m B apyrux crpaHax pa3padoraH psij
TOPCHOHHBIX I'€HEPATOPOB, XOTH Pa3Hble Pa3pad0TYNKU HA3bIBAJIU CBOU I'€HEPATOPHI MO-APYyromMy, B
KOTOPBIX HCHOJB30BAJIHNCH YICKTPO- U PafHOTeXHHYeCKHe dJeMeHThl. OTMeTHM HEKOTOpble M3 HHX:
reHepatopbl A. A. bepuaze-CtaxoBckoro, MCroJib30BaBuIero 00beMHble Pe30HATOPbI M Pa3jiuYHbIE
KpHCTALIbl, reHepatopbl A. T. H. I'. A. CepreeBa, MCHo/jb30BaBIIero IUIOCKHEe W O00beMHBbIE
KOHJ/IEHCATOPbI CO CNEeHUAJbHBIMHA HANOJHUTEAAMU- reHepaTopbl H. E. ®@enopenko; reneparopsl A.
A JleeBa, reneparopsl E JI. Ilponunna, reneparopsl C. H. TapaxTus ¢ ucnoiab30BaHueM YCTPOHCTB
Tuna karywek I'eabmroabuna, reseparopsl B. H. KBupOauca, reneparopsl B. B. boobipsa. Yuciio
0Te4YeCTBEHHBIX Pa3padoTYNKOB MOKHO ObLJI0 Obl CYyIIeCTBEHHO PACHIUPHUTD.

3. 'enepatopsbl, cO31aHHbIE HA OCHOBE CIEHHMAJILHO OPraHU30BAHHOI0 CIIMHOBOI0 aHCAMOJIS MJIM
CIEeNMAJIBHO OPraHM30BAHHOI0 BPALleHUsI MaTepPHAJIbHOM cpeabl (1101 WM TeJsia). BeposAiTHO TakuMm
NMepBbLIMH TOPCHOHHBIMM HMcTOYHMKaMM ObliM reHeparopsl K. H. IlepeGeiinoca ¢ BpamawmuMucs
MaccaMd M 3anaTeHTOBaHHble re’eparopsl B. M. IOpoBuIKOro, KOTopblii MCHOJIb30BAJ B CBOEM
ycTpoiicTBe Bpamamwmieecs MariutHoe moJsie (B. M. IOpoBunkmnii nmepBbIM BbICKA3aJ MbICIAb O
HE0OXOUMOCTH MCIOJb30BAHUSI CIIMHOPHOIO AAJBHOAEHCTBHS A O0bSICHEHHMs Psifa (PU3HYECKUX
siBjieHuil). B HacTrosimee Bpemsi B Poccum paspadoraHo m mpou3BoAMTCH 00JiblIOE pPa3HOOOpasue
TOPCHOHHBIX TreHepaTopoB. Takue reHepaTopsl AONMYCKAKT INVIABHYK NEPeCTPOMKY TOPCHOHHBIX
YacTOT, BBEJACHHE PA3JIMYHbIX BHIOB MOAYJSILUH, BO3MOKHOCTH TIeHEpALlMM INPaBbIX H JIEBBIX
TOPCHOHHBIX M0JIeH, OCYIIEeCTBISIOT IJIABHYIO PeryJIHPOBKY BHIXOJHOM MOIIHOCTH H T. .

B pa3HbIX reHeparopax HMCHOJb3YITCH pa3Hble padouue cpelbl KaK 00bEKT BpallleHUsI: MOTOKH
3JIeKTPOHOB, IJIa3Ma, 0e3MaccoBbIe 10JIs U T. 1.

4. Oco0Oblii KJACC TOPCHOHHBIX TE€HEPATOPOB COCTABJSIOT YCTPOWCTBA, MCIOJb3YyIONIHE
pasjiMyHbIe TeoMeTpHYecKHe M Tomojornyeckue ¢opmpl. C MX NOMOIIBI0 JOCTHUIAIOTCA Te Ke
3¢ PeKThI UTO M ¢ UCMOJIb30BAHUEM JPYTUX UCTOYHUKOB TOPCHOHHBIX U3JydYeHUil. OJHAKO B paMKax
CYLIeCTBYIOIIMX TOPCHOHHBIX TeOpHil MOKa He yAaeTcsl O0BSICHUTH HX padoTy (B Hacrosinmiee Bpems
BeJAyTCH TeopeTH4eckue padoTbl B 3TOM HampasjieHuu). OaHaxko Ha GeHOMEHOJI0rH4YecKOM ypPOBHeE
MOKHO BBICKa3aTh PsiJ NPeanoJI0KeHHIl.

Kak yxke ormeuasoch panee, puronbl B ®Pusndyeckom Bakyyme, BeposiTHO, B3aUMOAEHCTBYIOT
MesKay co00ii, a X CIIMHOBbIE CBOMCTBA M AKCHAJIbHAS CHMMETPHUS IPUBOJAUT K TOMY, YTO (PMTOHHAS
cTpykrypa ®@usnyeckoro Bakyyma o0pa3yer 3BKJIHI0BO MPOCTPAHCTBO, B KOTOPOM (PMTOHBI HMEIOT
JIMHellHoe paccioeHue. BHeceHHe B Takoe NPOCTPAHCTBO HEJIHMHEHHOr0 IreOMETPHYECKOIo MU
TONOJIOTHYECKOro0 00beKTa J0JI’KHO IPUBHECTH B 3Ty JTUHEHHYIO CpeAy BO3MYUIEHHE FeOMeTPUYeCKOM
WIN TonoJorn4yeckoi npupoasl. HepaBHoBecHocTh (Bo3mymienue) B @usnveckom Bakyyme npuBoaur
K TOMY, YTO B HEKOTOPOHl OKPECTHOCTH YKa3aHHOI0 O00BbEKTa BO3HHUKAaeT IepepacnpeneieHue
TOPCHOHHBIX MOTEHUHAIO0B. B pe3yabTare 3Ta 00/1aCTH 10 OTHOIIEHHI0 K BHEIIHEMY NPOCTPAHCTBY
NMPOJOJIKAET OCTABAThCH CAMOCKOMIICHCMPOBAHHON (B JajIbHEHIIMX MCCICAOBAHUAX INPEACTOUT
BBISICHUTD, B CHJIYy KaKHX NPUYHH TONOJOrH4ecKkoe Bo3myuienne @usnveckoro Bakyyma npusoaur K
nepepacrnpee/;ieHHI0 TOPCHOHHBIX, 2 He JJIEKTPOMATHUTHBIX MJIH I'PABHTAIMOHHBIX MOTEHIHAJIOB).
CnuHOBBIC NOJSIPU3ANMOHHBICE COCTOSIHMS TONOJOTMYECKOH NPHPOABI MNPOSIBIAKT cedd Kak
TopcuoHHBbIe moJis. I[lodTomMy mesiecoo0pa3Ho paccMaTpuBaTh Teja PpasjudyHoll  GopMbl Kak
HCTOYHUKH CTATHYECKOI0 TOPCHOHHOIO moJs. IIpu 3ToM Ha10 0OTMETHTB, YTO 3TH TOPCHOHHBIE MOJIS
JAefCTBUTEJBbHO MOPOXKAANTCH Jullb (opMoii. Takue cnuHOBBLIE NOJASIPU3ALMOHHBIE COCTOSTHUS
(ctaTH4YecKHe TOPCHOHHBIE 0JI51) MOPOKAAIOTCH KAK MOHOJMTHBIM KOHYCOM, He 3aBHCHMO OT TOI'0 M3
KAaKOI'0 MaTepuaJia OH C/eJIaH, TAK M M0JbIM KOHYCOM CO CKOJIb YTOJJTHO TOHKMMH CTEHKaMH.

IIpumepsl KOH(pUrypannu TOPCHOHHBIX M0JIell B OKPECTHOCTH KOHYCOB ¥ LIUJIMH/APOB NPUBEAEHbI
COOTBETCTBEHHO Ha puc. 9 u puc. 10. HerpyaHo BuaeTh, 4TO TONOJOrHYeCKOe BO3MYIIeHUE PUBOIUT
K BO3HHMKHOBEHHIO NPOCTPAHCTBEHHO COAJIAHCHMPOBAHHBIX MO 3HAKy 81 M S TOPCHMOHHBIX MOJEH.
3HaK moJyisk MOKeT ObITh YCTAHOBJIEH MO BO3AelCTBUIO GUTYyp HA pa3jiMuHble 00bEKTHI: HAIPUMEpP, B
[130] mnoxa3aHo Bo3AelicTBHE TOPCHOHHOIO IO0JSI KOHYCA HAa KPHCTANLIM3ALUI0 MHIEJSIPHBIX
CTPYKTYP.

IKCHEPUMEHTAJIBHO OBbLIO YCTAHOBJICHO, YTO MAaKCHMYMBbI JI€BOIO0 TOPCHOHHOIO IOJSI BHYTPH
KOHYCA HAXOAMTCHl HA ero BbICOTE B TOYKAX, KOTOpPbIE ACJAT BbICOTY HA TPH PaBHbIe YaCTH (TOYKH



“B” m “c” Ha puc. 9). Takke IKCIEPUMEHTAJIBLHO ObLIO YCTAHOBJIEHO, YTO TOPUbI “IAJIMHHOrO”
muauaapa (D>H/2) co3paroT 30HBI NOJASIPM3aIMM C NMPaBbIM TOPCHOHHBIM IOJIEM, a “KOPOTKOro”
(D<H/2)—c JieBbIM TOPCHOHHBIM I10JIEM.

B orcyrcTBuM moHMMaHus (PU3HYECKOH NPHUPOABI 3P (PeKTOB, BOSHUKAIOIIUX B OKPECTHOCTH TeJl
pa3noii popmbl (3¢dekToB, KOTOPbIE He YIABAJOCH O0BACHUTH HA OCHOBE M3BECTHBIX (PM3MUYECKHX
npeacrapiaeHuii), 3TH  3¢PdexThl Ha3pIBATH  “POPMOBBIM  moJieM”  “u3iaydyeHuem (popm”,
“paamodcre3nuecknum usaydeHuem” Ilo 3Toii mpod/ieme nmeercsi OOLIMPHASE PA3HOPOIHAS JIUTEpaTypa
(cm Hampumep, [119,131,132]), Tak:ke0o0JiblIOE KOJHUYECTBO NATEHTOB, Hampumep, [133, 134]).
<""Hmmcm.,

BeposiTHO, mepBbIMM TOPCHOHHBIMHM TeHepaTopaMu, UCHOJB3YIOUWUMU 3¢ dexT dopm. ObLIM
nMpaMuabl Kak KyJbToBble 1. Hus B Erunre m apyrux crpaHax, a TakKe IINWJIH W KYINoJa
XPaMoOB NepBbIMHU NPHOOPAMH, HCTOYHMKAMM M3JIy4YeHH Ha oCHOBe 3P ek
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Puc. 9. Tnarpamma HAaNpaBNEeHHOCTH CTATHYECKOTO TOPCHOHHOTO IO
€O31aBaEMOTO KOHYCOM. ’
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Puc. 10. Tnarpamma HaNPaBNEHHOCTH CTATHYECKOTO TOPCHOHHOTO 11015
CO3NaBACMONO IIHTHHIPOM. ,

Ta (popM, ecJiM He 00palIaThCH K IPeBHOCTH, ObL1H reHepatopsl A. A. bepuaze—CraxoBckoro.

CdopmyaupoBaHHbI MOAX0A MO3BOJMJI HA (PU3MUYECKOM YPOBHE MOAOWTH K O0bSCHEHHUIO Psaa
SIBJICHH, B YaCTHOCTH, MOHATH 3(P(eKT NOJOCTHBIX M COTOBBIX CTPYKTYp, oOHapy:keHHbIii C. B.
I'pebennuxoBbiM [135, 136].

5. EcTrecTBeHHO, YTO OOIIMPHBIM KJIACCOM TOPCHOHHBIX I'€HEPaTOPOB SIBJIAIOTCH YCTPOICTBA,
CO3JaHHBbIC NyTeM KOMOMHAUMH NPHHLIMIIOB, JIGKAIUMX B OCHOBE NPEAbIAYIIUX 4YeTbIpeX KJacCoB
reseparopos. Conulemcsi JIMIIb Ha ABAa YAaCTHBIX NMPHMepa B KadyecTBe HAIVIAAHOM W/LIIOCTPALMH.
KOposunkum B. M., a mo3:xke boObipem B. B. OblIM npenioxkeHbl TOPCHOHHbIE Te€HEPATOPbHI €
HCII0JIb30BAHHEM MEeXaHH4eCKH BpallaeMbIX MATHUTOB.



B mnarente [137] ommcaHo YCTpPOiCTBO, Cyasi MO KOHCTPYKUMH, SIBJIAKIIEECH TOPCHOHHBIM
reHepaTopoM, B KOTOPOM BO30Yy:KIeHHe TOPCHOHHOIO MOJs JOCTHraercss OJaroaapsi KOMOMHALMU
TOMOJIOTH4ecKoro 3¢gdexra (kKjiacc 4 TOPCHOHHBIX T€HEPATOPOB) U IJIEKTPUYECKON MOJAPU3ANUMN
(kaacc 2 TopcnoHHBIX reHepaTropos). CorsiacHo 3TomMy nateHrty (puc. 11), B IIeCTHAAIATHYT0JIbHYIO
npsimyio npusmy (1), 4acTb CTOPOH KOTOPOIi BHINOJHEHA KakK JeHTa MeOuyca, BBeleHbI /IBe nmapbl (2)
OPTOTrOHAJILHO PAaCHOJIOKEHHBIX JJIeKTPoA0B ¢ HanpsikeHueM 10 300 xkB. Ha yactu cropon moryrt
ObITh pa3MellieHbl KOHyca ujau oBouaAbl (3). IlocTosTHHOE 3JIeKTPUYECKOe HANPSKEHUE MOPOKIAeT
NepBUYHOE TOPCHOHHOE I10JIe, KOTOPOe BO30Yy k/AaeT HHTEHCHBHOE TOPCHOHHOE 1oJIe 3a c4eT 3¢ dexrTa
¢opMm. CoriacHo yTBep:KIeHHIO ABTOPOB NMAaTeHTa NMPU padore TAaKOro reHeparopa B paauyce 10 m
Ha0aoaaanchy pasHooOpasHblie 3¢dexThl. Tak, Hanpumep, yBeJHMYHMBAJACh CBbINIE JBYX pa3
PacTBOPUMOCTb COJICH, YAABAJIOCH MPOBOAUTH XUMHUYECKHE PEAKIUH MPH YACTHYHO MJIHM MOJTHOCTHIO
YAAJEeHHOM KaTajau3aTope, ymMenbmagach A0 10% rpaButanmsa. Kak 310 M 10/uKHO OBITH mHpH
TOPCHOHHOM BO3JefiCTBHH, CO3aBaeMoOe CTATHYEeCKOe I0Jie NMPUBOJAUT K CIHMHOBON NOJSAPHU3ALMHU
®usuyeckoro Bakyyma, KoTopasi yaep:KMBaeTcsl KaK MeTACTA0M/IbHOE COCTOSIHHME, YTO 0TMe4aJioch
BbIllIe. JTO MO3BOJIWJIO IPH MCIOJb30BAHUM JAHHOI'O0 TOPCHOHHOIO I'eHepaTopa Hal0JI0AaTh MHOIHE
3¢ dexThI 10 YeThIpEX AHEH Mocje ero BbIKJIIYCHUS.

B narentax B. Kpomnmna [160] onmucan reHepaTtop, B KOTOPOM padoyee BelIeCTBO MOMEIIAJOCH
Me:XKIy NmoJirocamMu MaruuToB. Ilepnenanky/sipe CHJIOBBIM JIMHUSIM MATHUTA BBOJIWJIOCH 3JIeKTPOMAr-
HUTHOE U3JIy4YeHHe HAa pa3HbIX YacTtoTrax (mo marepuajam B. Kponna B qruanazone ot I'u g0 I'l'n) nus
BO3/1eliCTBHA HA padoune BelmecTBO. B Takoii KOMOMHAIIMM MATHUTHOTO MOJISI U 3JIEKTPOMATHUTHOTO
usiydyenusi reseparop B. Kponma Mo:ker ObITH HHTEPHPETHPOBAH KaK TOPCUHOHHBIA. PalGouee
BelleCTBO 3aTeM MCIOJIb30BAJIOCH B JIeYeOHBIX LeJAX HJIH UISi H3rOTOBJICHHSI JIEKAPCTBEHHBIX
NpenaparTos.

JIpyruM npuMepoM TOPCHOHHOI0 I'eHepaTopa ¢ UCNO0Jb30BaHHEeM KOMOMHAIIMOHHBK NPHHIUIIOB
SIBJISIETCSl YCTPOMCTBO, pa3padoranHoe L3ens Kanbuxenem (padora ycTpoiicTBa MHTEPIPETHPOBA-
Jacb aBTopoM kak “Ouo CBY cBsasp”). I'enepaTrop mnpeacraBiasiii co0oii 00beMHYI ¢urypy,
COCTABJICHHYIO U3 IJIOCKUX NATHY! 0J1bHUKOB (1) (ceueHue ycTpoiicTBa u3o0paxkeHo Ha puc. 12). Ha
YaCTH ITHUX NATHYTOJBLHUKOB pa3MelleHbl KOHYca (4). CHrHAJ ¢ 3TOro yCTpoiicTBa CHUMAETCS C
noMoubI Tpyook (5). Buyrpu o0bemoii ¢purypsl pasMelieH reHepaTop CTaHAAPTHBLIX CUTHAJIOB (2)
u o0bekT-MaTpuna (3). OobekT (3) moaBeprajcs Bo3IeiiCTBHIO TeHEPATOPA CTAHAAPTHBIX

+

Puc. 11. Cxema TOPCHOHHOI0 IreHePaTOpa ¢ 3JIeKTPOMArHUTHBIM BO30YKACHHEM U TONOJOTHYEeCKHM
Pe30HATOpPOM.
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Puc. 12. Topcronnmit reneparop [lsens KaHpwkeHs.

curnajoB—I'CC (2) na yacrore nmopsaka 11,0 I'Tu. TopcnoHHasi KOMIIOHEHTa JICKTPOMATHHUTHOIO
CHrHajIa BO30Yy:KJajla TOPCHOHHOE H3JIydeHHe 00beKkTa (3) Ha COOCTBEHHBIX XAPAKTEPHCTHYECKHX
TOPCHOHHBIX YaCTOTaX. JTO TOPCHOHHOE IOJie ycuauBaercsi 3a cder 3¢pdexra dpopm (1) u (4).
Topcuonnoe uznydenue (pokycupyercsi B BepIIMHAX KOHYCOB (4) M CHHUMaeTcCsl C NMOMOIUBIO MOJIBIX
BOJIHOBO/IOB (ABTOP, OIIMOOYHO MoJiarasi, YT0 padoTa ero yCTpoicTBa MMeeT 3JIeKTPOMATHUTHYIO
MPHPOAY, UCII0JIb30BaJI BOJIHOBO/bI.)

HeTpynHo NOHATH, YTO YMCJI0 BO3MOKHBIX BADHAHTOB TOPCHOHHBIX I'€HEPaTOPOB, KOTOPbIE MOT'YT
ObITh CO3aHbI HA OCHOBE KOMOMHAIIMOHHOI0 KPUTEPHs, O4eHb BeJIuKo. Co31aHue TOPCHOHHBIX TeHe-
PaTOPOB OTKPBLIO WIMPOKHE BO3MOKHOCTH TNpPOBedeHHS (PYHAAMEHTAJIbHBIX, NPHKJIAAHBIX H
TeXHOJIOTHYECKHUX  JKCIEPUMEHTAJIBHBIX HccjaefoBaHuii. OCHOBHbIE  HANpaBJIeHHUS  TAKHX
HCCJIeIOBAHNI pacCMaTPUBAJINCH B [72].

3aech ke 1ea1eco00pa3HO OCTAHOBUTHLCS TOJIBKO HA NMPHHIMIHAIBHBIX Bonpocax. Bee co3nannblie
TeHEePATOPbI COACPKAJIM IKPAHHPOBKY OT FICKTPOMATHUTHBIX M3JIy4YeHHH, YTOOBI HCKIIOYUTH BO3-
MOKHOCTh B Ipolecce JIKCIEPHMEHTOB OIIMOO0YHO NPHHATH BO3JEHCTBUS 3JIEKTPOMATHMTHOIO
NPOUCXO0KICHHS 32 TOPCHOHHBIE.

Kpome 3T10ro, ecrecrBeHHo, TpedoBal0Ch [0 JKCIEPHMMEHTOB Ha OOBLIYHOH MeETPOJIOrHYecKOi
anmaparype NoATBepPIMTb OTCYTCTBHE 3JIeKTPOMATHUTHBIX M3JYYCHHH OT TAKOI0 IKPAHMPOBAHHOIO
reLeparopa.

Bo-BTOpPBK, BBHIOMPAJINCH IKCIEPHUMEHTbI, B KOTOPBIX 0KMAAJOCHh MOsIBJICHHE TaKUX 3P (PeKToB,
KOTOpbIe ObLJI0 ObI HEBO3MOKHO MOJYYUTH TPAAMLIMOHHBIMH, B TOM YHCJIe 3JIeKTPOMATHUTHBIMH BO3-
JelCTBUSIMM.

B-TpeTbux, He00X0AMMO ObLJI0, XOTS ObI B IPeABAPUTEIBHOM ILJIaHE, NOJIYYHTH
IKCNEPHUMEHTATbHOE MOATBEP:KICHHEe CIHHOBOM (B KJIACCHYE€CKOM IIOHMMAHUHU CIIMHA) IPHPOABI
U3JIy4YeHHsl pa3padoTaHHBIX reHepaTopos. [luist 3THX 1esleil OblIa MPeIIoKeHA H pealn30BaHA
cjaeayomas ujaes 3xkcnepumMenToB. Topcuonnsiii renepartop (1) (puc. 13A) co3paer TOpCcHOHHOE
u3jaydeHue 871 B y3koil AnarpamMMe HanpasJieHHOCTH. [1o u3MeHeHHI0 XapaKTepuCcTHK 00beKTa
BO3/1eiicTBHA (4) IPH BKJIKYEHNH TOPCHOHHOIO reHepaTopa (1) u onpeaensiercss HaJIu4He
Bo3/eiicTBHsA. 3aTeM BbIOMpaeTcss MATEPHAaJI CO CTPYKTYPOIi CIMHOBO YNOPSAA0YEeHHBIX MoJIeKy.1. B
pe3yJbTaTe IVIACTHHA M3 TAKOr0 MaTeprajia HMeeT OPUEHTHPOBAHHOE TOPCHOHHOE T0J1e, KAK
KOJIVIEKTHBHOE 110JIe MOJIEKY/ISPHBIX CIIHHOB. B cienyromeii ¢gase 3xcnepuMeHTa Jiyd 0T TOPCHOHHOIO
reHepaTopa NepeKpbIBAeTCs ABYMS TAKHMH MOJICKYJISIPHBIMH IVIACTHHAMH € OJJTHOHAIIPABJICHHOM
opHeHTanuel UX cOOCTBEHHBIX TOPCHOHHBIX NoJei (puc. 13B). Ilpu 3Tom pukcupyercs Takoii :xe
pe3yJIbTaT BO3JeHCTBHSI TOPCHOHHOI0 TeHEPATOPA, YTO M B NMPeAbIAYLIEeM c1y4ae B OTCYTCTBHH
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2 3 1. TeHepaTOp TOPCHOHHBIX H3AYYeHHiA.

2,3. CrniHHOpHKRIe MOAAPH3ATOPHI.
4. OOBeKT BO3ASHCTRHA.

Puc. 13. Cxema sxcnepumenta ¢ TOPCHOHHHMH IOJIPH3ATOPaMH.

1. TeHepaToOp TOPCHOHHAIX H3AYYEHH .
2,3. CiHHOpHEIE NOAPH3aTOpEL.
4. OGBeKT BO3AeHCTBUA

Puc. 14. PasBurue cxemnt sxcnepumenTa Ha puc. 13.

miactud nojasipuzaropoB. Hakonen (puc. 13C), Jay4 OT TOPCHOHHOIO TeHepaTopa MepeKpbIBaeTcs
ABYMSl MOJSAPHU30BAHHBIMH IUIACTUMHAMHM C OPTOIrOHAJIBHOW OpHEHTaAlWed MX COOCTBEHHBIX
TOPCHOHHBIX NoJieil. B 3TOM ciryyae He Ha0a0aaeTCA HUKAKUX 3((PeKTOB TOPCHOHHOTO BO3/1eliCTBHUS.
Takasi cutyauusi Mo:KeT ObITH TOJILKO B Cjy4yae CIIMHOBOW NMPHUPOABLI C MONEPEeYHOH MoJsipu3aume
H3JIy4YeHHsl, CO3AaBaeMOro TOPCHOHHbIM reHepatopoM. Ilpum 3ToM HalOmozaemsblii 3¢dekT
ompeaeJsiercsi B3aMMOJACHCTBHEM INONEPEYHO IMOJISIPU30BAHHOIO0 CIIMHOBOIO (TOPCHOHHOIO) MOJS €
OPTOrOHAJILHO CKPEIIEHHbIMH MOJAMHM IUIACTHH TOJAPHU3aTOPOB (BIEpBbIe CKPelleHHbIe
MOJIAPU3aTOPbI UCIOJIb30BAJ A. A. J/leeB B KauecTBe 3aTBOPA OJJHOI'0 U3 CBOMX I'eHEPATOPOB).

Yro0bl oONnTHYECKHE AHAJOTM He [0BJIeJIM NPH HHTEPNpPETANMH Pe3yJbTAaTOB, B KadecTBe
TOPCHOHHBIX MOJSIPU3ATOPOB MOKHO HCIOJIb30BATh, HANPUMEP, PACTAHYTYI0 MOJHITHICHOBYIO
IUICHKY, CepHi{HO BBINYCKAEMYK NPOMBINLICHHOCTHI0. TeXHOJIOrHsi M3IrOTOBJICHHMS JTOH IUICHKH
TaKOBa, 4YTO  MOJMMEpPbl  00pa3ylOT  yHOPSAOYECHHYI)  OJHOHANPABJIEHHYI0  CTPYKTYpY.
OaHOHANPaBJIEHHOCTHh MOJHMMEPOB C€031aeT MOJIEKYJISPHYK CIHMHOBYI0 YHOPSJA0YEHHOCTb. JTO, B
CBOI0 oO4Yepedb, NMPUBOAUT K TOMY, YTO B ILIOCKOCTH IUICHKH B HAINPaBJCHUU YNOPSAA0YEHHS
OpPHEHTALlMH IMOJUMMEPOB BO3HHUKaeT KOJJIECKTHBHOe TOPCHOHHOe ToJje. JIBe CKpeleHHble 10
OPHEHTALMH IOJMMEPOB MOJMITHICHOBbIC INICHKH NMPO3pPavHbl AJs cBeTa (M paguonpo3payHbl s
00JIBIIMHCTBA AWANA30HOB), HO 3(Q(PEeKTHBHO IKPAHMPYIOT H3JyYeHHE TOPCHOHHOIO TIeHepaTopa.
CpaBHeHHe YKA3aHHOI0 MeTO/Ia ¢ MHOIOYMCJICHHBIMH NMATEHTAMH 3aNAAHBIX CTPAH, NPeAJaraBIuMu
pa3iuYHbIe CIOCOOBI 1Sl YMEHbIIIEHUs] BJMSHUS TAK HA3bIBA€MbIX Ie0NATOT€HHBIX 30H, MOKA3bIBAET,
4YTO MHOTHE U3 ITHX IMOAXOJ0B COAEPKAJM NMPABUWIbHbIC J0TaJAKH, HANIPUMeEP, UCIOJIb30BAHHE MAaTe-
PHAJIOB ¢ JTUHEHHOH CTPYKTYpOii [156], HO OTCyTCTBHE NOHMMAHMSA CIIHHOBOM NPHUPOABI H3JTyYeHHI He
M03BOJINJI0O HUKOMY CeJIaTh PellAIMi IAr—HuCnoJb30BaTh CKpPelleHHbIe JIMHEeHbIe CTPYKTYPbI.
(IlpenBapuTenbHasi JKCIEPUMEHTAJIbLHASI TPOBEPKA JSKPAHHUPYIOLIEro [eiicTBUS MOJMITHIOBBIX
IUVIEHOK ObL1a ocymecTBiaeHa A. B. CamoxuHbIM B padore mo HU3YyYeHHIO BJIMSIHUST TOPCHOHHBIX



U3JIyYeHHUI HA CKOPOCTh oceaaHusi 3puTpouuToB B 1989 r. CucreMaruyeckue UCC/IeI0BAHUS BJIMSHUSA
TOPCHOHHBIX H3Jy4eHMIi Ha MeMOpaHbI KJIETOK 3PUTPOUMTOB W JUMGOUHWTOB, B TOM 4HCIE H €
HCIOJIb30BAHNEM IKPAHUPYIOIIUX MJIEHOK, ObLJIM BbINOJHEHbI B 1990 r. rpynmoii moa pykoBoacTBoM
B. B. Ana6osckoro npu yyactuu 1O. @. [Ieposa).

IJKCIEepUMEHTbI, PAacCMOTPEHHbIe BbIlIE, MOKHO Ppeajn30BaTb HAa OCHOBe 0oJiee CTPOrou
METOAUKH, BBINOJHHUB HMX N0 cxeme puc. 14. /las mcciaenoBaHusi MCHOJBb3YyeTCsl TOPCHOHHBINM
reseparop (1) ¢ CMMMeTPUYHBIM TOPCHOHHBIM H3JYYeHHEM B IPOTHBOIOJIOKHbIE CTOPOHBI OT
reseparopa. B oriinuue ot puc. 13C, 00bekThI Bo3eiicTBus (4) pa3MenIalOTCs CHMMETPUYHO CJIeBa U
cpaBa OT TOPCHOHHOIO reHepatopa. B mpocTpaHcTBe MeXIy TIeHEPATOPOM H 00bEeKTaMH
Bo3JeiicTBuA (4) pasMelIalOTCsl TOPCHOHHBbIE MOJISPH3AaTOPBI (2, 3) Tak, YTOOBI OHM NepeKpPbIBAJIN
KOHYC TOPCHOHHOro wu3iaydenusi. Ilpum ITMX yCJOBHAX, €CJIM  MOJSAPU3ATOPbBI  HUMEKOT
OJHOHATIPABJICHHYI0 OPHEHTAIlMI0 TOPCHOHHBIX MoJeHd, TO Habawaaerca 3¢@dexkT Bo3nelicTBHA HA
00beKT, KaKk ecju Obl MoJApU3aTopoB He ObLI10. Ecim opueHTanmio J000ro U3 mnoJsipu3aTopoB
NepeBecTH B OPTOrOHAJBHOE MOJI0KEHHE 110 OTHOLIECHHUIO K APYroil IVI1aCcTHHE, TO 3(PPeKT Bo3AeHCTBUA
ucye3aer B 000ux 00beKTax,—cjJeBa U clpaBa (MPOBEPKY TAKOW cXeMbl IKCIEPUMEHTAa BIepBbIe
BbINOJHWI B. JI. [Iponnn).

Takum o0pa3om, Ha0/MKOaAETCH SIBJIEHME, KOTOPOe MOKHO HWHTEPNPETHPOBATH KaK 3allUpaHue
CIIMHOBO MOJISIPU30BAHHOI0 NMPOCTPAHCTBA MexkAy IIacTuHaMu (2) u (3), kak eciu ObI 3TO NPOCTPAH-
CTBO BeJIO ce0sl KaK TBepAoe TeJIo.

BaxHble (QyHAaMeHTAJIbHBbIC JKCIHEPHMEHTHI KACAJINCHh ONpedeJeHHsl XapaKkTepa H3JIy4YeHHs
TOPCHOHHBIX HCTOYHUKOB. EcTecTBeHHBIE MCTOYHUKH TOPCHOHHOIO II0JIsI, KAaK, Hampumep,
KPHCTAIbI C TOJSIPU30BAHHBIMHM SIICPHBIMH CIHHAMH, OOBIYHO HCIOJb3yeMble KaK siACPHbIE
MulieHu (puc. 7), uaMm (eppoMArHeTMKH, HMeEKIIHe TOPCHOHHYK COCTABJAIIIYI 3a cYeT
YHOPSAI0YEHHS MOJIEKYJISPHBIX TOKOB 110 3aMKHYThIM KOHTYpaMm (puc. 8), 00pa3yloT NpocTpaHCTBEH-
HYK0 CTPYKTYPY KOJ/UICKTMBHOIO TOPCHOHHOIO TIOJIsl, YIOBJETBOPAKINYK TPAAULHUOHHBIM
npeacrapjieHuAM. CIIHHBI, KAK HCTOYHHUKH TOPCHOHHOIO MOJISl, OPOAKAAIOT JBA KOHYCAa AHATPAMMBbI
HANPABJIECHHOCTH TOPCHOHHOIO MoJsA S5a M S”, ucxoasiliue B INPOTHBOIOJIOKHbIE CTOPOHBI, YTO
COOTBETCTBYeET NPeACTABJICHUAM 0 KJIACCHYECKOM CITHHe.

AHAJIOTUYHO OOCTOMT /1€J10 M € TAK HAa3bIBA€MbIMU NACCUBHBIMH TOPCHOHHBIMHU I'e€HEpPaTOPaMH,
HCNOJB3YIOIHMHE “IpdexT dpopmbl” (puc. 9, 10). Apyras kapTtuna Ha0/aogaercs, KOraa B KayecTse
TOPCHOHHBIX I'€HEPATOPOB HCIOJIB3YIOTCH AKTHBHbIC TOPCHOHHBbIE I'C€HEPATOPbI, B KOTOPBIX MOMEHT
BpallleHUsl CO3JaeTCsl ¢ MCHOJb30BAHMEM BHEIIHEr0 HMCTOYHHKA JHepruu. B 3aBucumocTuH oT
OpPraHM3alMd MOMEHTAa BpalleHMss B TOPCHOHHOM TreHepaTope B /[BYX HPOTHBOIOJIOKHBIX
HANPABJICHUSAX OTHOCHTEJHbHO TOPCHOHHOIO0 IeHEepaTopa BO3HHMKAaeT JIM0OO TOJBKO NPABOBHHTOBOE,
JIN00 TOJHLKO JIEBOBUHTOBOE TOPCHOHHOE I10J1e, KAK YKAa3aHO Ha puc. 15.

Takasa nuarpamMma IoJisi He MOKeT ObITh CO3JaHA KJACCHYECKHMM CIMUHOM. MICTOYHHMKOM IOJisl B
3TOM cJIydyae MOXKeT ObITh TOJBKO CIHHPAJIBHOCTb. JKCIEPUMEHTbI, PACCMOTPEHHbIC B JAHHOM
cOOpHHKe, CBHETEJbCTBYOT, 4YTO “CNHHOBBIE” W “cHUpajbHble” HNCTOYHUKH (TeHepaTopbl)
AEMOHCTPUPYIOT, YTO HAOJIIOAaeMble NPU UX BO3AEHCTBUM SIBJCHUS MIACHTHYHbI. OAHAKO HAJIM4YMe
“CHMHOBBIX” M “CHHPAJIBbHBIX” HCTOYHHKOB CO3MA0T B TEOPETHYECKOM ILIaHe HETPUBHAIBLHYIO
curyanuio. MHTYyH1usl oACKa3bIBaeT, YTO TOPCHOHHbIE MOJS B AeHCTBUTEJIBHOCTH MOTYT OKa3aThCs
KOJIJIEKTUBHBIM NPOsIBJICHHEM OJIM3KHX, HO He TOKIeCTBEHHbIX CYLIHOCTEi.

Co3naHue TOPCHOHHBIX T'€HEPATOPOB M BBINMYCK HX B KayecTBe IPOMBINLIEHHBIX 00pa3unoB
NMO3BOJIMJIM NPHUCTYNIUTH K pealn3allid HIHPOKOMACIITAOHBIX HCCICJOBAHMI C eJIbI0 ONpeae/eHUs
BO3MOKHOCTH ¥ 3(PPEeKTUBHOCTH NPUMEHEHUS] TOPCHOHHBIX METOAOB M TOPCHOHHBIX CPEACTB B
Pa3HBIX 00JIACTSX: CO3JaHHME HOBBIX MCTOYHHMKOB JHEPruM, TPAHCIIOPTa, MAaTEPHAJOB € HOBBIMH
CBOMCTBaMM, nepeaayu uHGopMauu, OHOTEXHOJIOTUH, MeULIMHE, CeJIbCKOM X03sliicTBe U T. 1. bblia
NMOCTABJICHA 3aJa4Ya CO3JAaHUSI CYMMBbI TeXHOJOTMH Ha HOBBIX (HM3HYECKHX NPHHOMIAX —
TOPCHOHHBIX TEXHOJOTMH (S—TeXHOJIOruil), KOTOpPble MOIJM Obl CO31aTh MATEPHAJILHYI) OCHOBY
HoBoii muBuan3anuu XXI Beka.

Hapsiny ¢ »3tum Oblia paspaboraHa nporpaMMa (yHIAMEHTAJbHBIX TeOpPeTHYECKHX U
NPHUKJIAAHBIX (AKCIIEPUMEHTAJIbHBIX) HCCJIECAOBAHMI B 001aCTH TOPCHOHHBIX NOJICH.

HNmeer cmbica o0paTuTh 0c000€¢ BHMMAaHHE HA [BA BAaKHBIX CAMOCTOSITEIbHBIX HaIpPaBJICHUS
HCCJIeOBAHMI. JTO NMPUHLIMIBI CHHTE3a TOPCHOHHBIX BBIYMCAUTENbHbIX MamuH (BM) n onodusn-
YyeCcKHUe CJIeICTBUS TOPCHOHHOM Mapagurmbl.



B nocsienHue roabl BO MHOTHX HMCCJIEIOBAHUSX AHAJIU3MPOBAJINCH NMEPCHeKTHUBLI pa3BuTtus JBM.
IIpu 3TOM MOCTOSTHHO 0TMEYAJIACH OJIU30CTH JOCTHXKEHUS (PU3MUYECKHUX MPe/IeI0B COBEPIIEHCTBO-

Puc. 15. Bua iuarpaMmMbl HANPaBJIeHHOCTH TOPCHOHHOIO T0JIS1, CO31aBA€MOI0 TOPCHOHHBIM
TeHEepaToOpPoM.

BaHUSl XapPaKTEePUCTHK BbIYMCIUTEIbHBIX cpeacTs (cm. Hampumep, [138]). B T0 ke Bpems
HHTepIpeTanus TOPCHOHHBIX IMOJIeH KaK MeTACTA0OWJIbHBIX COCTOSIHUHM CIIMHOBO IOJISIPU30BAHHOIO
Pusnyeckoro Bakyyma mnospoisier cpopmyaupoBaTh NPUHUMIKAILHO HOBBIA MOAXO0JA K CO31aHUIO
KBAHTOBBIX (TOpcHOHHBIX) BM. DiieMenTsl @Pu3nueckoro Bakyyma — (UTOHBI HMEIOT MO MeHbIIEH
Mepe ABa MeTacTa0MJIBHBIX COCTOSIHUSI: SA M S”, T. e. MpPeaCTaBJIAT c000ii IBOHYHBIE JIEMEHTBI.
DUTOHBbI, BUIUMO, UMEIOT NMapaMeTpbl MOPAIKA IJIAHKOBCKHMX: BpeMsi mnepekiarwuyeHus—I10 " cek,
pasmep — 1 0 " cm. Co3nanne BM Ha 3j1eMeHTHOI 0a3e ¢ TAKMMH XapaKTePUCTHKAMM NPeICTABJISIIO
Obl co00W HeusMepuMo OoJiblie, YeM NpPopbIB B o0gacth BM HoBoro mnokosienusi. Ilpu Bceit
(paHTACTHYHOCTH TAKOro0 NPOEKTa OH B NPUHIMIE peaju3yeM, XOTsl, OYeBHIHO, W NOTpedyer
NMPeo0JIeHUsI TPOMAHOT0 YHCJIA HAYYHBIX M HH:KeHepHbIX mpodjem. B topcuonnbix BM (TBM)
MATepHAJIbHON cpefoil, U3 KOTOPOil OHa OyaeT KOHCTPYMPOBAThCS, siBjsieTcd Pusndeckuii Bakyym.
IIpu 3TOoM ABe mMpoodJieMbl OYAYT OCHOBOMOJIATAIOIIMMHU. Bo-mepBbIX, 3TO TaK 3alporpaMMHupoOBaTh
HEKOTOPbIH 00bEKT NMPOCTPAHCTBA, YTOOBI €r0 CTPYKTYpPa COOTBETCTBOBAIa cTPpyKTYpe BM (moaxoabt
K 3TOMY C pa3HbIX no3unuii mdydasjauch I[lopBunbiM JI. M. u He3aBucumMo ABpamMeHko P. ®. u
Huxouaaesoii B. H.). [IporpammupoBanne ®@usnveckoro Bakyyma MokeT 0CHOBBIBATHCS HA CTaTHYeC-
KO# CTPYKTYpe, HJIM HA TMHAMMYECKOH apXUTEKType, UM afanTuBHOM apxurekrype. [lociiennue 1Ba
BAPHAHTA NPAKTHYECKH He JOCTYNHBI 00bIYHBIM DBM. Bo-BTOpBIX, HEO0X0AUMO 3HATH NPUHIHUIBI U
HMeTh CPeACTBA OMAJora omeparopa (moJb30Baresisi) ¢ TaKOW BbIYMCJIUTEIbHOH CTPYKTYpPOil Ha
dusuvyeckoM Bakyyme.

IHocnennee 00CTOATEJHCTBO HMeEET HEMOCPEACTBEHHYI) CBfi3b €O BTOPBIM HAINPaBJIeHHEM
HCCJIeJOBAHNT—ONO(PU3NYECKUMHU CJIeACTBUAMH TOPcHOHHON nmapaaurmbl. C Tex mop kak Y. Jlurra
yKa3aj Ha aHAJOTMI0 MeK1Yy HEepPOHHBIMM CeTAMM M MArHMTHbIMH cuctemamu [139, 140], a [[x.
Xonguiag nokazaa 4To TaKue CeTH ¢ CHMMETPUYHBIMH CBSI3IMHM JKBHMBAJICHTHBI CIIMHOBBIM CTEKJIAM
[141, 142], BO3HUKJIa BO3MOKHOCTh CTPOUTHh KOHCTPYKTHBHbIE MOJe/JM MeXaHM3MOB Mo3ra. Ba:knoi
0Ka3ajlach aHAJIOTHS MEKAY TeM, YTO Ka:KIblii HelipOH CBSI3aH CO MHOTMMH JAPYTMMH HeHpPOHaMH, €
AAaJbHOAEHCTBHEM B CIIMHOBBIX CTEKJIAX, KOIA KAXKAbIH CIIMH CBA3AaH CPa3y CO MHOTMMH JAPYTrHMH
CIIMHAMH.

JTH TNPpeacTaBJIeHUS MO3BOJISIOT IOCTPOMTH HOBBIH MOAX0d, KaK TOJbKO YKa3bIBaeTcs
BO3MOKHOCTh OTKa3a OT NMOHMMAHHUSI CIIHHA KAK MAarHNTHOIO MOMEHTa, YTO B CBOI O4YepeAb AaeT
BO3MOKHOCTh PACCMOTPETh CIIMHOBOE CTEKJI0 KAK aHCaMO0JIb 00BEKTOB € KJIACCHYEeCKMMH cliuHaMu. B
3TOM cJiy4dae CIIMHOBOE CTEKJIO NPeICTABJSICTC CHCTeMOH, B KOTOPOH BO3MOKHBI IPOU3BOJIbLHbIE
NPOCTPAHCTBEHHbIEC CIIMHOBbIC KOH(pUIypauuu, mopoxaamiine TOPCHOHHOe moje. B 1o ke Bpems
BHEIIHEe TOPCHOHHOE IMOoJie MOXKeT (OPMHPOBATH IPOCTPAHCTBEHHbIC CIHHOBbIE CTPYKTYPHI B
CIIMHOBOM CTeKJIe.

IlocTpoenHass Mojeab MO3BOJSIET NMPEANOJOKHTb, YTO Ka/KAOMY aKTy CO3HAHHUS COOTBETCTBYET
CBOSl CIIMHOBAsl CTPYKTYpPa B MO3re, KOTOpasi IPUBOIMT K COOTBETCTBYIOIEMY XapaKTePHUCTHYECKOMY
TOPCHOHHOMY H3JIy4eHHI0. B To ke BpeMsi, IPH KasKA0M BHEIIHEM XapaKTepHUCTHYeCKOM TOPCHOHHOM
H3JIyYeHUH B Mo3re OyaeT ()OpMHUPOBATHCH CBOSI CIIMHOBAs CTPYKTYpa, KOTOpasi OyAeT COOTBETCTBO-
BaTh ONpeJeJIeHHOMY BocnpusaTHio B Co3HaHUM.

Orcroga MOXkHO caeJarb Ppsija  BbIBOAOB. Bo-mepBbIX, comocTtap/siai  (PeHOMEHOJOTHI0
NapancuxoJIOrMu M, B YaCTHOCTH, IKcTpaceHcopuku [120,143,144,145] co cBoiicTBaMH TOPCHOHHBIX
noJieil, HETPYAHO BHAETb, YTO KOHUENUHWS TOPCHOHHBIX I0Jiell mo3BojsieT cGopmMyIHpPOBaTH
3¢ ¢eKTHBHBIC MOAX0/AbI K 000CHOBAHUIO 3TON ()eHOMEHOJIOTHH Ha CTPOroi (pusuveckoii ocHose [145]



U HCHOJb30BATh €€ Ui IUIAHHPOBAHHMS JKCIEPUMEHTOB. B 3TOM Hampas/leHMH HWHTepecHbIe
ucciaenosanns BoinosaHenbl H. H. Jle6enenoii, H. H. JIiooumoBbim, B. b. Ctpesien, A H. XurykoBckum,
C. A. JIbITaeBbIM H Ip.

Bce BbIme cka3aHHoe TMO3BOJISIET € JOCTATOYHOH OMNpeNeJIeHHOCTbIO TOBOPHTb, 4TO
MApancuxoJ0rn4ecKkas (peHOMEHOJIOTHsSI OCHOBbIBAETCSH HA 3aKOHAX MUKPOMHPA U PyHAaMEHTAIbHBIX
B3aumojeiicTBusx. /i 00bsicCHeHUs 3TOil (DeHOMEHOJIOTMH He TpedyeTcsi BBeAeHNs crnenuuyeckoro
HavyaJjia B BuJe OuomnoJieil, paau3cre3n4ecKoro u3Jay4eHus u T. 1.

Bo-BTOpBIX, MOABHJIACH BO3MOKHOCTH cOOTHecTH Co3HaHMI0O U MBIIUICHHI0 UX MaTepHAJbHBIH
HOCHUTEJIb B BH/JE TOPCHOHHBIX MOJeH. BIM3KMMH B KOHLENTYAJbHOM OTHOLIEHMH K Pa3BHBaeMbIM
npencrapienusmM Obliu uaen JIx. Xerenuna [109, 146, 156], B koTopbIX NpaBUIbHOE MOHMMAHHE
posiu Enunoro Ioasi B npoueccax Co3HaHus He NMPOJABUHYJIOCH 10 oTOoxkAecTBJIeHus: Equnoro Ioss ¢
®uszuyeckum BaxkyymoMmM, M KOTOpble He ObLIM JOMOJHEHBbI HAesIMH (YyHIAMEHTAJIBbHOH POJIM
CIIMHOBBIX CHCTEM M TOPCHOHHBIX MMOJICH.

Cytb upgeii /I:x. XereqmHa gaer ero cxema, npeiacraBjieHHasi Ha puc. 16. Jlepasg yacTb 3TOH cXeMbl
0TpaKkaeT CyleCTBYKWIIMEe B3IJIAAbI B TeopeTHyecko (puzuke Ha mpoodsemy EnuHoil Teopum moJis.
HoBbiM B cxeme siBjsieTcsl paBasi 4acTh, KOTOpasi M0 CyLIecTBY O3Ha4daeT, 4To cepa Co3HaHuA U
MblvieHus1 MMeeT MaTepuajbHy0 ocHOBY B Buae Exunoro Iloas. Ilo3nas ¢pusuky Eaunoro Ilous,
MOKHO TOHATH (u3ndeckyrw mnpupony Co3nanusi, Mbpiienns, KouanektuBaoro Pasyma.
HMpunuunuaabHo moaxox /:xk. XerequHa He BbI3bIBaeT BO3PAaKEHUI, XOTSI HACTOPAKUBAET A0BOJIbHA
(opmanbHoe comocraBjieHHe Beanmuyeckux ImpeacTaBJeHMH ¢ TeopHedl CyNepCTPyH, KoTOopas
paccmarpuBaetrcs k. Xereannom kak ¢pusudeckass ocnosa Exunoro Ioas.

Ecau ke ydyecTh pasBHTBbIC NPEICTABJICHUA O POJIM TOPCHOHHBIX MOJIeH B (PM3HUYECKOl mpupoae
Co3nanus u Mpinuiennst, To cxema Jk. XereJuHa MorJia Obl IPUHATH BHU/I, NIPeICTABJIEHHbIN HA PHC.
17. Jtor BapuaHT cxeMbl mNoKasbiBaeT, 4T0 Co3Hanue, Mpiuuienne n KosulekTuBHbili Pazym
cooTtHocsATcss ¢ Enunbim Iloseit yepe3 topcu-oHHble moJisA. (KBaHTOBBIA MOAX0A K MeXaHHU3MaM
Co3nanus ucciaegoaics P. I'. lixxkanom u B. [lx. [Ilunnom [152]).

Buaumo, 0ojiee mpaBWIBLHBIM SIBJsSIeTCSl MpeacTaBjeHue 0 (uznyeckoil nmpupoae Co3HaHusl U
MbllIeHHs1 KaK CHMHOBBIX MOJSIPU3AIMOHHBLIX  CcOCTOsiHUSIX Pusnueckoro Bakyyma wu
oroxkaectBiaenun Enunoro Iloas ¢ ®Pusmueckum Bakyymom (EGS—koHuenumum). 3TH B3LJISABI
orpaxxaer MertacTpykrypa B3anMocBsi3u Ilpupoasi, 3nannsa u YenoBeka, npuBegeHHasi Ha puc. 18.
BBoauTh B 3Ty CTPYKTYpPY pa3/iMuHble TEOPUH O00beIMHEHUS NMPEACTABJIACTCH HU3JIHIIHUM, T. K. OHH
0TPaKkaloT JUIIb CTyNeH! B HameMm noHuManum IIpupoasi. B mocTpoeHHoM Mojeu Bee MOJIA MOTYT
ObITH IPSAMO

NnpeacTaBJIeHbI MOJSIPU3AHHMOHHBIMH COCTOAHUsAIME Pu3nyeckoro Bakyyma.

B cooTrBeTcTBUM ¢ U3J10:KeHHBIMHU B3rasaamu Co3Hanue u MpluieHue, a B npeaesae BecemupHbIi
Pa3ym npencrasiensl B @usndueckom Bakyyme (Exunom Ilosie) He abcTpakTHO, 2 Yepe3 KOHKPETHYIO
(pu3nyecKy0 CymIHOCTb—TOPCHOHHBIE M0JI, KAaK CIHHOBbIC MOJAPHU3ALMOHHBbIE COCTOSTHHUS
®usuyeckoro Bakyyma, T. H. TOPCHOHHBIMHM NOJAMH. MOXKHO O0OCHOBAHHO NPEINOJIOKUTb, YTO
Co3HaHne kak QyHKHUOHAJIbHASI CTPYKTYPa BKJIKYAET B ce0sl CIUHOBBIH OMOKOMINBIOTEP — MO3I
KaK CIIHMHOBOE CTEKJIO, W €ro BHEIIHIOI YaCThb— TOPCHOHHYI0 BBIYHCJIMTEJbHYH MamuHy (BM),
0XBaThIBAKIIYI0 CIIHHOBO NMOJIAPU3allMOHHBbIN Pu3nyecknii Bakyym B mpocTpaHCcTBE 0K0JI0 MO3ra.

CdopmyanpoBaHHbie MPeICTABJICHHS HAA0 PaccMATPUBATh JHIIb KAaK IMOCTAHOBKY 3aJayH,
TPeOyHINYI0 yIriy0JieHHO! NMPopadoTKH, 0COOCHHO €CJIM Y4eCTh U3BECTHYI0 OIPAHMYEHHOCTh MO
CIIMHOI BOI'0 CTEKJIAa VI ONMCAHUSI MEXaHU3MOB MO3rAa.

Eme ogna npooJiema, koTopasi BbITEKaeT U3 CAeJAHHBIX BbIBOJ0B, CBA3aHA € IK30TUYHON HaeeH
Bcesennoii kak CynepBM. Ecian He yriy0asiTbcsi B HCTOPHIO 3TO# HMeH, BOCXOASAIIECH, BEPOSITHO K
APEBHUM BeJHYECKMM 3HAHUSIM, U MMeBIIeill pa3BuTHe B 0oJiee NMO3JHME BpeMeHa (Hampumep, B
padorax ®., lllesuinnra), To Ha ypoBHe COBpeMEHHOH HayKH He00X0AMMO yKa3aTh HA MCCJe0BaHUe
C. Jlema [148] u 0Oosee mo3aniow padotry P. Ilenpoysza [149], a Takke NpUMbBIKAWIIHE K ITOH
npodjemMaTHKe HcCJaeJ0BaHus psiga aBTOpoB [150—154]. B pamkax TpaAMIMOHHBIX NpPeACTABJICHUI
paccMaTpuBaTh BceejleHHYH0 Kak HeYTO LEJO0CTHOe B3aMMOCBSI3AHHOE, BEPOATHO, He HMMea0 Obl
CMBIC/IA, €CJAH Y4YecTb, YTO B OOIICNPHUHATHIX TEOPUSIX BpeMsl B3aMMOACHCTBHA MEXKIY
NPOTHBOIIOJIOKHO PACIHOJI0KEHHBIMM 4YacTbiMU BceseHHo#l com3dmepumo ¢ ee Bo3pactom. OnHako,
€CJIM y4ecThb, YTO BcAd Bcenennasa nponusana cpenoii—®@usnyeckum BakyymoM, ydyecTh Takike, Kak
0TMe4Ya0ch paHee, 4To Pusuveckuii Bakyym coriaacuo B. K. AGsiexkoBy u ap. o01amaer cBoiicTBOM



roJIorpaMmbl, ¥ NPUHATHL BO BHUMaHHE €ro CBOMCTBAa KaK CIIMHOBOW cHCTeMbl (POJIM TOPCHOHHBIX
noJieil ¢ MX HeOOBIYHBIMM CBOMCTBAMH), TO CTAHOBUTCH BO3MOKHBIM paccMOTpeHHe BceneHHOM Kak
HEeJIOCTHOM CHUCTEMbI, a HJed MOoJeBbIX (TOPcHOHHbIX) BM mo3BOJIAIOT He a0CTPAKTHO, a BIIOJIHE
KOHKPETHO 00CYKIaTh KBaHTOBBIH moaxon k mpodJjeMe Bcenennoit kak CynmepBM (Ao6comrora),—
moaxo, KoTopsblii uckaj P. Ilenpoy3 [149] (AGCOIIOTY B TaHHOM KOHTEKCTE MOKHO COOTHECTH “MUP
ugeir” Ilnarona, “camopasBuBaromuiica ayx” [erensi, “KosuiektuBHoe Oecco3narenbHoe” HOHra,
“Aocoaor” HbloTOHA, “cemanTH4yeckyl0 Bcenennyrw” Hanumona, “Hoocdepy” BepHaackoro B ee
paclIiipeHHOM 0000IeHHOM TNMOHMMAHUN. KOHCTPYKTHBHOCTH COBMECTHOIO PACCMOTPEHHMS] 3THX
koHuenuuii ormeyaJ FO. Llepenenko).

Ecau npuHATH NpeAnosioxkeHne 0 TOPCMOHHOM (cnuHOBOI) ocHOBe 3T0ii CynepTBM (A0coaioTa),
U BCIIOMHUTH H3JI0)KEHHYK) BbIlll¢ KOHLIENUHWI TOPCHOHHOM mnpupoabl Co3HAHHMS, TO CTAHOBUTCS
oyeBHIHbIM, 4TO0 Co3HaHWe oka3biBaercsi opraHudeckoil yactbio CynepTBM (Bcesnennoii),
BCTPOECHHOH B Hee Hau0oJiee eCTECTBEHHBIM 00pPa3oM B CWJY OOIIHOCTH (U3MYECKMX NPUHUUIOB
(pyHKIHMOHMpPOBaHHUA.

dyH1aMeHTalIbHbIe, NMPHUKJIAJHbICe U TEXHOJOIHYecKHe HCC/Ie0BaHUA B 00JaCTH TOPCHOHHBIX
nojieil HaxoaATcs B HavaJie myTu. Kak u jir060e HOBoe HanpagpJieHHe B HAyKe U TeXHUKe, OHO YS3BUMO
A KPUTHKH, T. K. KOJINYECTBO BOZHHKAIOIIMX BONPOCOB ropa3io 6ojblle oTBeTOB Ha HUX. Kpome
3TOro, KaKk M B MNPOLLIble BeKa, TPYJAHOCTH CTAHOBJICHHSI HOBBIX NPEJACTABJICHHMI NOPOKAAIOTCSH
HHepuMeil M KOHcepBaTH3MOM MbllLIeHus. [IppuMepoB ToMy BO Bce BpeMeHa 4pe3BbIYaiiHO MHOIO.
JlocTaToO4HO BCIOMHHMTBL YNOpPHOe oTpunanue JlaByasbe cyliecTBOBAaHHUSI METEOPHUTOB, MJIM CJIOBA
ITaynu, Ha3BaBuIero uaer cnuHa B padorax YienOeka u I'yncmura “riynoi uaeeit”, 4ro, npasia, He
MOMEIIAJI0 €My HECKOJIbKO Imo3xke c(popMyIHpoBaTh OJUH H3 OCHOBONOJIATAIONIMX HPHHLIMIIOB
KBAHTOBOH MEXaHHMKHM, Ha3BaHHbI ero mMeHeM. OJHAKO Jake HMEKOUIASICH TeOPeTHYECKAs M
JKCNepUMeHTAIbHAs 0a3a mapagurMbl TOPCHOHHBIX MoJIedl, B TOM 4Hc/e MNpeJcTaBJIeHHAs B
HacTosileM cOOpHMKe, MO3BOJIsIeT PACCMATPHBATh TOPCHOHHBbIE MOJISI KAK TAKYIO Ke PealbHOCTh, KaK
3J1eKTPOMATHETH3M M TIPABUTALMA, a TaKKe BCeJIseT YBEPeHHOCTh B 0oJblIoe Oyayuiee 3TOro
HanpaBJIeHUs HAYKH.
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