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B cmamuwe nokasano, umo xeanmogo-cmpykmypuwie snemenmol oonaxos (KCI0) popmupyrom 6
ammocghepe bonvuuue ancambau Hanokiacmepos (FPAHK), komopule cnocodmvl KapOuHaibHO
UBMEHSAMb XAPAKMEPUCTIUKY U3TyYeHuss ammocgepuvl 3emau u Opyaux nianem. [laemcs o6vschenue
VHUKAbHLIX cnocobnocmeti BAHK ghopmuposams nomoku 6biCOKOIHEPLeMUIEeCKUX Yacmuy,
AHMUYACUY U 2AMMA U3TYHeHUll (memHas Moanus) ¢ ammocghepe. Teopemuueckue uccne008amusl
HOOKpenienbl pe3yibmamamit ROIUSOHHBIX U 1AOOPAMOPHBIX IKCHEPUMEHMOE C KBAHNOBO-
cmpykmyproimu numsavu (KCH) [1 - 4].

Knioueswie crnosa: bonvuon ancamobib HaHOKIACMEPOS, OUCMAHYUOHHOE 30HOUPOBaHUe ammocghepbl,
K8AHMOBAs CMPYKMYPA, K6AHMOBO-CMPYKMYPHASL HUMb, KEAHMOB0-CMPYKMYPHbLE 1eMEHNbl
0671aK08, HAHOKAACHED.

The article shows that quantum-structural elements of clouds (OSEC) form large ensembles of
nanoclusters in the atmosphere (BANC), which are capable of radically changing the radiation
characteristics of the atmosphere of the Earth and other planets. An explanation of the BANK unique
abilities to form streams of high-energy particles, antiparticles and gamma rays (dark lightning) in the
atmosphere is given. Theoretical studies are supported by the results of field and laboratory
experiments with quantum-structured filaments (SCF) [ - 4].

Key words: large ensemble of nanoclusters, nanocluster, remote sensing of the atmosphere, quantum
structure, quantum structural elements of clouds, quantum structural filament.

1 KBaHTOBO-pa3mMepHbIe CBOIICTBA 00J1AKOB U UX 3JIEMEHTOB

Kak u3BecTHO, 3eMHBIC O0IaKa MPEACTaBISAIOT COO0W a3p030J1, KOTOphIe (hOPMUPYIOTCS
Bpe3yJbTaTe KOHACHCALIMM W KPUCTAUIM3AallUd TapoB BOJbI HAa MEJNbYANIINX AIpax
(3epHax).O0naka qpyrux miaHeT GOpPMUPYIOTCS U3 a3PO30JIeH IPYroro XuMHUIECKOTOCOCTaBa,
HO pPAcCMOTPEHHbIE HIKE MPOLECChl U COOTBETCTBYIOIIUME UM (PU3UKO-XUMUYECKUE
3 peKThIaHAIOTHYHBl 3€MHBIM. POCT wuacTHil a’po30jeil OOBIYHO NpEACTaBIseT COOOH
npoiiecc oopazoBanust U o0beauHeHus1 HaHokacTepoB (HK) [5 — 11]. YacTuiel, qocturinme
MaKpopa3MepoB, BHIMAIAIOT U3 00Jiaka B BHJIE MeTeoocakoB (Tabmuma 1) [7].

Taoauna 1. 'eomerpryeckne ceyeHnsikane b B 00J1aKaxX 3¢eMHOH aTMocdepbl

Kanan Paanyc kanjm min—max, M Cpeanuii paauyc Kanjim, M
Sapa KoHAEHCAITNH 10°-10° 10”7
OO0J1auHbIe YaCTHULIBI 10°-10* 107
Kamnu ocagkos 10 10
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[ToaTomy, Oonblmas 4YacTh OOJIAYHBIX AJIEMEHTOB TMPEICTABISAIOT COOOW KHUIKHAE U
KPUCTAJIMYECKHE HAHOKJIACTePhl, a OCAJIKH, BBIMABIINE H3 OOJAKOB, CYIIECTBEHHO
OTJIMYAIOTCSI OT OOJAYHBIX 3JIEMEHTOB. [IpHMHIMNHMATBHBIM OTIMYHMEM HAHOKIJIACTEPOB OT
MaKpPOCKOIIMYECKUX DJEMEHTOB SIBISETCS TMPOSBICHHE KBAaHTOBO-Pa3MEPHBIX J(PPEKTOB
(KPD),xkoTopeiemMoryT (hOpMUPOBATHCS Ha MOBEPXHOCTIX HAHOKIACTEPOB, BHYTPU CTPYKTYP
OJIMHOYHBIX M JIOKAJIBHBIX aHCAMOJIC HAHOKIIACTEPOB, a TAaKXKe B OONBIINX aHCAMOIIX
HAHOKJIACTEPOB.

IHoBepxHocTHBIe 3¢ ¢eKThl HAHOKIACTEPOB.BCcE CHEXMHKM W TpagvHbl HMEIOT
HOPMAJIbHYIO JJIS JIb/1a KPUCTAJUIMYECKYIO CTPYKTYPY C JBYMSI T'€KCaroHaJbHBIMU TPaHSMU,
NEPICHIUKYIAPHBIMA K OCH TeKCArOHAIbHOW CHMMETPHH, U WIECTHIO MPSIMOYTOJBHBIMU
rpansMu. Poct kpuctamioB B o0jakax MpOMCXOJUT3ACUET MPUCOECTUHEHUS aTOMOB, MOJIEKYJI
U HaHOKJIACTepOB K KakoW-mnbOo W3 TpaHed, pebep WM BepmIuH (OPMUPYIOMIETOCST
Kpuctasa. B cooTrBercTBUM ¢ 3akoHOM Bynbga, CcKopocTh pocTa KpHCTaula 10
HATPaBICHUSIM TPOMOPIMOHATBHA CBOOOJHON SHEPTUU COOTBETCTBYIONIMX TpaHel, pedep,
BepiinH. B mpouecce pocta 00jauHbIX KPHUCTALUIOB, CBOOOJHAS HEPIUs H3MEHSAETCS B
COOTBETCTBUU C U3MEHEHUSIMHU B COCTABE U COCTOSIHUU PACTYIUX MOBEPXHOCTEU, HAIIpUMeEp,
3a CueT YaCTUYHOIO PpACIUIABIIEHUS PACTYIIMX TrpaHed, (opMHpOBaHUS HAa HUX HAHO- U
MUKPOCKOTIMYECKUX Je(deKToB W T.JA., 4YTO, W OIpeAenseT MHorooopasue ¢dopm
KPUCTAITU3YIOIIUXCSl CHEKUHOK U TPaJIUH.

Ucnons3ys nanseie [8 — 11] MoxHO crnemyromuM o0pa3oM HTPOKOMMEHTHPOBATH
JKCTIEpUMEHTANIBHYIO nuarpammy Haxkas (puc. 1).
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Puc. 1 - imarpamma Hakasi, ieMoHCTpUpYIOIIasi CBA3b MOP(OJIOTHH CHEKHHOK C YCJIOBHSIMHA
00pa3oBaHNs, H3MEHAIOIIHMMH CKOPOCTh POCTA KPHCTAJUINTOB JIbJA 110 IBYM THIIaM rpaHei.

IIpu Temneparypax Baiiie 0 °C u BBICOKOM MEePECHIIICHUH MapoB Ha 3€pHAX MPOUCXOIUT
KOHACHCAuA BOIbI.

B mmanazone temmeparyp or 0 mo -4 °C Bce rpaHd (POPMHUPYIOIIEHCS CHEKUHKH
IMOKPBITEL OYCHb TOHKHUM KBA3WKUAKHM CJIOCM PAaCIUIaBJICHHOTO JIbJd, IMO3TOMY CKOPOCTb
pocta Ha peOpax 3HAUUTEIBHO MPEBBIIMIAET CKOPOCTh pOCTa Ha TpaHsix. YTo MpUBOIUT K
PEUMYIIECTBEHHOMY 00pa30BaHUIO TUIOCKUX, TNIACTUHYATBHIX CTPYKTYP.

B nmamazone Ttemmepatyp ot -4 mo -10 OCHOBerHOCTI/I mecTupeOepHBIXTPaHEH,
UMEIOIIMEO0BITYIO TOBEPXHOCTHYIO YHEPTHUIO, IEPECTAIOT OBITh KHUIKUM.B pe3ynbrare yero
YCKOPSIETCS. POCT KPUCTAIUIUTOB BJOJb T€KCArOHAJbHOW OCH MO OTHOIIEHUIO K JAPYTrUM
HAIMpaBJICHUSIM POCTA,arpaJuHBI00PETAIOT BU]I YUIMHEHHBIX UTOJIOK WU TPU3M.
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B namanazone temmnepatyp ot -10 mo -20 °C o06a tuma rpaHell BBIMOPAKUBAIOTCS
JOCTaTOYHO OBICTPO, W MPEUMYIIECTBEHHBI POCT MPOMCXOAUT OT pedep Kpucramuia. B
cucteme (GOPMHUPYIOTCS CHEKUHKH B BHUJIE TUTACTUHOK.

[Ipn Temneparypax Huxe -20 °c KpUOT€HHAasi KPUCTAJUIN3ALMsl YCKOPSETCS HACTOJIBKO,
YTO MOBEPXHOCTU TpaHEl HE YCNEeBAIOT pPEeIaKCUpOBAaTh MEXaHWYECKUE MepeHANpsKEeHUus,
KOTOPBIC BBI3BIBAIOT HAaHOCKOMUYeckue nedekTrl. Tak kak CKOpOCTh 00pa3oBaHus AehEKTOB
Ha [IECTHUpPEOEpHBIX TPaHSIX BBIIE, YEM Ha YeThIpeXpeOepHbIX, MPEUMYIIECTBEHHBIH POCT
MPOUCXOJUT BIOJIh T'eKCAroHaIbHOU ocu KpucTamuia. COOTBETCTBEHHO CHEXHHKH OOpETaroT
BU/J| YUIMHEHHBIX UTOJIOK WUJIU MPU3M.

[IpoBeneHHBI aHaTM3 TOKA3bIBACT YTO, MOBEPXHOCTHBIE 3()PQPEKThI HAHOKIACTEPOB
CaMbIM CYILIECTBEHHBIM OOpa30oM BIIMSAIOT HAa HMX pa3Mepbl U CTPYKTypy, a 3HAUUT U Ha
KBaHTOBBIC cBolcTBa oTAeabHbIX HK u ux ancam6mneit [10, 11].

KBanToBbie 3¢ ¢dekTbl OAMHOYHBIX M JOKAJIbHBLIX aHcaMOJieil HAHOKJIACTEPOB,
ONPENETSAIOTCS CTPYKTYpaMU KJIACTEPOB C pa3MEepaMH MEHbILIE KPUTHUYECKUX, TPU KOTOPHIX
MPOSIBIISIIOTCS  KBAaHTOBO-pa3MepHbie 3¢ dexTel. Hampumep, korma xoTs Obl OIWH W3
F€OMETPUUYECKUX PA3MEPOB CTAHOBHUTCS COU3MEPUMBIM C JUIMHOW BOJIHBI J¢ bpois
3JICKTPOHOB, B Kiactepe (MoJg00HO aromMaM) BO3HHMKAIOT JAUCKPETHBIC JHEPTETHUYCCKHE
ypoBHU. [[00aBneHNEe HOBBIX aTOMOB B KJIACTEP YBEIMYMBACT YMCIIO BAICHTHBIX AJIEKTPOHOB
CUCTEMBI, YTO BEJIET K MEPENOTHEHHUIO BBIPOXKICHHBIX SHEPT€TUYECKUX YPOBHENH WIUIIIHUE)
DJIGKTPOHBI TMEPEXOASIT Ha OoJiee BBICOKHE DJHEPreTUYECKHUE YPOBHU. 3arlOJHEHHbBIS
JJIEKTPOHHBIE O0O0OJOYKH CO3[AaI0T YCTOMYMBBIE KBAaHTOBBIE COCTOSHUS, I KOTOPBIX
XapaKkTepHbl KOHKPETHBIE 3HAYECHUs MOTEHIIMAJIa HOHU3ALMH, CPOJICTBA K AJIEKTPOHAM U T.II.
IMeHHO »TH XapaKTepHUCTUKH MEHSIOTCS CKAa4KOM MpH MEepexo/ie MEXIy 3JIeMEHTaMHu
nepuoandeckoit Tabmuisl J[.. Menneneesa. B Tom uuncrie, mo aHaJoOruM ¢ aTOMHBIM 3aKOHOM
I'. Mo3nu, BO3pacTaloT XapaKTEepUCTHUYECKHE YacTOThl HAHOKJIACTEPOB (CIENYeT O0KHUIATh
MPOSIBICHUS PAIUOAKTUBHOCTH).

Kpome Ttoro, cormacio [10 — 12],KPOBBI3bIBAIOT CYIIECTBEHHBIE HW3MEHEHUS
MEXaHUYECKUX, JIEKTPUUECKUX, ONTHYECKUX U MAarHUTHBIX XapaKTEPUCTUK HAHOKJIACTEPOB, a
Takke MX CHOUHOB. B OAMHOYHBIX KiIacTepax KBAaHTOBO-MeXaHWYeckue AP EKTs
MOJIJICP)KUBAIOTCS 33 CUET IMEPEKPBITUS JIIEKTPOHHBIX OpOUTANiell OTAETBHBIX aTOMOB, a
TaKK€ 3a CYET KOCBEHHBIX OOMEHHBIX, JUIOJBHBIX, HHAYKIUOHHBIX M JIPYIHX
KBa3MKOHTAKTHBIX B3aUMOJICHCTBUU.

KBanToBbie »3¢dexTbl 00abmux aHcamOJedl HaHoOkJgacTepoB. [lonroe Bpems
CUUTAJIOCh, YTO CMEIIAHHBIE CTPYKTYpPhl (KOMIIO3UTHBIE MaTepHasbl, KOJIOUIbI, a3P0O30Ji1)
COCTOSIIIIME U3 OTIEJIbHBIX HAaHOKJIACTEPOB, Pa3JEI€HHBIX MaKpOpa3MEpHbIMH MaTepHallaMH,
HE 00IajaloT TaKUMHM KOJUIEKTUBHBIMH KBAaHTOBBIMH CBOMCTBaMH, KakK: KBaHTOBas
CyMEepIIO3uIusi, KBAHTOBas KOTE€PEHTHOCTb, KBAHTOBas 3amyTaHHOCTb. OJHAKO, B Hauase
2000-x rT. pa3pabOTUYNKH KBAHTOBBIX KOMITBIOTEPHBIX CHCTEM BBISIBUJIM CBOMCTBA KBAHTOBOTO
TUCKOpPTa, OOECTIeYMBAIONINE KBAHTOBBIM Mapajuleiu3M B YIAJIEHHBIX Ha OOJbIINe
paccrosiHus HaHokiactepax [13 — 16]. Tak, yxe npoBeAeHbI YCIEIIHbIE YKCIEPUMEHTHI 11O
COXPAHEHHUIO KBAHTOBOM 3aIIyTAHHOCTH HA PACCTOSIHUSIX B HECKOJIBKO THICSY KUIIOMETPOB.

DTO TMO3BOJIIET TOBOPUTH O HAJUYMHM KBAaHTOBBIX 3(PPEKTOB B OONBIIMX aHCAMOJIX
HAHOKJIACTEPOB C pa3MepaMH B HECKOJIbKO COTEH KMJIIOMETPOB, a TAKXKE O MPOSIBJICHUU B HUX
B3aMMOJICHCTBHUII CO CBETOBBIMU M CBEPXCBETOBBIMU CKOPOCTSIMHM THIA: U3Iy4E€HUE — TIOJIE,
U3JIy4€HHE — BEIECTBO, TYHHEJIMPOBAaHUE, KBAHTOBAS 3aI1yTaHHOCTD.

B pamkax Hactosiei craTbi Hac, MPEXIe Bcero, nurepecytoT armocdepusie BAHK — a
UMEHHO atMmoc(epHble obiaka. Bmecre ¢ Tem, aHcamMOIM HaHOKJIACTEPOB KUIOMETPOBBIX
pa3MepoB HEe MOTYT OBITh BOCCO3/1aHbl B OTPAaHUYEHHBIX MPOCTPAHCTBAX JIAOOPATOPHIA.
[ToaToMy ucciemoBaHUS KBAaHTOBBIX MPOIIECCOB, MPOUCXOMSIINX B aTMOC(EpHBIX oOIaKax,
1eJ1eco000pa3HO MPOBOJIUTH B MOJMIOHHBIX YCJIOBHUSX C IOMOIIBI0 KBAaHTOBO-CTPYKTYPHBIX
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auterr (KCH), mnpencraBnstommx coO0W OYECHb MJIWHHBIE HHUTH C HAaHOKIIACTEPHBIMHU
nokpeiTusiMu [1 — 4]. Heckonbpko pazpo3HeHHbIX dkcriepuMenToB ¢ KCH 6bu10 mpoBeaeHo B
nepuof ¢ 2004 o 2011 rr. moa pykoBOJCTBOM aBTOpA.

2 DKcnepuMeHTAIbHbIE HCCIE0BAHUS

HcnpiTanuss Ha PXEBCKOM TMOJUTOHE TMOATBEPAMIM TUIOTE3bl 00 YHUKAJIbHBIX
cnocobHocTsx KCH 1o MHOrokpaTHOMY HHHMLIMHUPOBAHHIO T'PO30BBIX paspsioB, U UX
CIIOCOOHOCTH WHUIMUPOBATh MOJHHMM HE TOJBKO B TPO30BBIX O0JaKkax, HO M B YCJIOBHUAX
xopomreid noroasl. Tak B skcrepumente 2005 r. 3aduxcupoBana 1 TpurrepHas MOJHHS B
rPO30BOM 0O0JIaKe MOIITHOCTHIO 11 KM, 1 emé 7 pa3psaaoB B TOM ke siUEHKe MPU €€ JIerpaialin
1o 2,7 kM. ['po3oBas akTUBHOCTH NOCT-TPO30BOM stueiiku, copepkarneid KCH, nabmonanach
6omee 20 MUHYT.

B 2009 r. ¢ momompio KCH Obima MHUIMHMpOBaHA TPUITEPHAs MOJHHUS B oOOJake
MoOIIDHOCTEIO 6 kM. ITo mokasaumam cucremsl AJIBEC 310 Opula €quHCTBEHHAsT MOJHHUS 3a
CyTKHU B paauyce 6osee 500 KM OT MOJIUTOHA.

B nmpyrom skcnepumente 2009 r. (mpu CIIOMCTON 007a4HOCTH) OBLIM 3apUKCHPOBAHBI
OJTHOBPEMEHHBIE COOM BCEX BOCBMH 3JIEKTPOHHBIX MPUOOPOB, 0OECIIEYNBAIOIINX U3MEPEHUS
U HaOJIIOZeHUsI MIPU MPOBEICHUU SKCIEPUMEHTOB. B ToMm uuciie, mpousomien TpeXMUHYTHbBIN
c6oil paboThl crenuasbHO MPEJHA3HAYCHHBIX s HAONIOJEHWA B YCIOBUSAX MOIIHON
rpO30BOM aKTHBHOCTH Meteopojornueckor PJIC MPJI-5 (wma ymamenun 10 kM) u
¢mokcmerpa ¢upmel Vaisala (Ha yganenun 3 xm). HeoOxoaumo oOpaTtuTh BHHMaHHE, YTO
OJIHOBPEMEHHO BBIILUIM U3 CTposi 8 mpuOOpOB, ammapaTypa KOTOPBIX Oblga 3alluilieHa
METAJIMYECKMMH M IIJIaCTHMKOBBIMU Koprnycamu. OTO o3HauaeT, uro KCH crenepupoBanu
W3JIYYCHHUS TIPOHUKAIONMX YpOBHEHW, To ectb Oosee 100 k9B, Ha ymamenunm 10 kM oT
uctouyHuka usnydenuss [17, 18]. CnemoBarenbHO, C y4eTOM HOHM3ALMOHHBIX IOTEPh B
atMocdepe, SHEPrui0 MEePBUYHBIX YaCTHI[ MOKHO OIICHHTH Ha ypoBHE mopsiaka 10 MaB u
Oosiee. DTOT BBIBOJ MOJTBEPKAACTCS pe3ysibTaTaMU 3apyOeXHbIX uccieaoBanuii. Hampumep,
B aMEPHUKAHCKUX IKCIEPUMEHTAaX MO TPUTTEPHOMY HHULIMHUPOBAHUIO 3a()MKCUPOBAHbI YPOBHU
u3IydeHuit 10 8 MaB, a Takxke MOTOKM OBICTPBIX AJIEKTPOHOB U O3UTPOHOB [19].

W3nyyeHus: Takux BBICOKHX YpOBHEH (OPMHUPYIOTCS 3a CUET COUYETAaHUS B KOHCTPYKLIUU
KCH pa3mepHbIx 3(p(peKToB, 3amycKaromux BHICOKOIHEPTETHUECKUE STICKTPOHHBIC U SIIEPHbIC
peakuuu. Tak, wucnbITaHUS Ha aTMOC(HEpPHO-ONTUYECKOM CTeHae VHCTUTyTa ONTUKH
atMocdepsl uMm. 3yeBa CO PAH (puc. 2) mo3Bonuiu BbISIBUTH KOMNITOHOBCKOE M aHTH-
KoMnToHOBCKOE yIIMpEHUs] CHEKTpa JIa3€pHOTO H3Iy4eHUs C JiIuHOW BodHBI 800 HM,
BO3HUKAIOIIME IIpU MOBbIMIeHUH 3nekrpudeckoro noreHnuasa KCH. B skcnepumente
WCIIOJIb30BAJIMCh HUTH JUIMHOIO 10 M, a HanpsKeHUE BapbUPOBAIOCH B Iipeaenax + 25 kB, uro
COOTBETCTBYET MaKCHUMAaJIbHOW HAIpPsKEHHOCTH oSt 2,5 kKB/M. DTo TOBOpUT 00 yCHICHUH
MHTCHCUBHOCTH TYHHEJIBHOM 3MHCCHH DJIEKTPOHOB C OCTPBIX KpPacB KBAHTOBBIX CTPYKTYP
KCH npu TmOBBIIEHUH AJIEKTPUYECKOW HANPSDKEHHOCTH B Tpeaenax aTMOC(EepHBIX
BapUaLUN.

CrnenoBarenbHO, 3JEKTPUYECKOE MoJie aTMOc(epbl CIIOCOOHO BbI3BATh HHTEHCHUBHYIO
AMHCCHIO 3J1EKTpoHOB ¢ noBepxHocT KCH B nmorpanuuHslil cioil Bo3nyxa. B oTHocuTenbHO
pa3pexeHHOH (10 CpaBHEHHUIO C BOJHOW W TBEPAOTEILHOW CPEOi) BO3AYIITHOW 000JI0UYKE
OSMHUTHUPOBAHHBIC SJIEKTPOHBI CHOCOOHBI YCKOPSTHCS BHEIIHUM JJIEKTPHUECKUM TIOJIEM [0
pPEeNSATUBUCTCKUX CKOpocTei. IloTOKM OBICTPHIX 3JIEKTPOHOB MOTYT OTKJIOHSTHCS B
atMocdepy, GopMHpPYS HOHM3MPYIOUIME W3IY4YEeHUS IMpPOHUKamero yposHs. Ilpu
CTOJIKHOBEHUHU TMOTOKOB ¢ aroMamu KCH, onu OynyT B0o30yXkaaTh BHYTPEHHHE OOOJOUYKH
KBaHTOBBIX CTPYKTYp HUTEH.

HNonuzanusi BHYTPEeHHHX OOOJIOYEK MPUBOAUT K (HOPMHPOBAHUIO PEHTIE€HOBCKOIO
XapaKTEepUCTHUECKOro u3nydeHus. llpm 3ToM HeoOXOAMMO YydecTb, YTO B pE3ylbTaTe
nposiBiieHUs: 3akoHa [.Mo3mu u »sddekra marmueckux ducea (PocT KOJIUYECTBA
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KPUCTAJIUTOB B 0CO00 YCTOWYHMBBIX KBAHTOBBIX COCTOSIHUAX C 3aMKHYTBIMU OOOJIOUKAMH),
DHEPIUsl XapaKTePUCTUYECKOTO u3nydeHus KuwiomeTpoBbix KCH MoxeT MHOrokpatHo
MPEBBICUTh JHEPTUI0 XAPAKTEPUCTUYECKUX H3IYyYEHHH OJMHOYHBIX M MajbIX aHcamOmei
HAHOKJIACTEPOB.

Cnenyer ormetuth, uTo H.JKu3ran — pykoBoautenb skcnepumenta bemma 1997 r. nmo
nepegaye KBAaHTOBOM 3allyTaHHOCTH Ha paccrtosiHue 10 kM B OKpecTHOCTSX JKeHeBBI, - U1
o0bsacHeHus A dexra mpeodpa3zoBaHMUsS YACTOTHI M3IYYCHUS Jla3epa Ha KBAHTOBOM KPHCTAILIE
UCIIOJIb30BaJl IOHSATHE <«HENMHEWHbI Kpuctaiu[l6].Takas anasorus ¢ TEpMHHOM
KJaccuueckor paanodusuku He MeHee ymecTHa U B cutyanuu ¢ KCH, kotopsie camu 1o cebde
SBIISIIOTCSL TIPE0Opa30BaTEISIMM 4acTOThl 00Ty4aromux (OTOHOB, U TOJOOHO HETMHEHHOMY
3JIEMEHTY CMECHUTENSl T€TePOTreHHOr0 MPUEMHHUKA, CO3/al0T OWMEHHUs 4acTOT OOIydaromiux
¢$OTOHOB.
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Puc. 2. UccnenoBaHusi KBAHTOBO-CTPYKTYPHBIX HUTell Ha aTMOC()epHO-ONITHYECKOM CTeH e
HNuctnTyTa ontukn arMocdepsl uMm. 3yesa CO PAH. YepHsblii rpaduk — 10 mogaqu
HanpsizkeHns Ha KCH cnekTp oTpakeHHOro jgy4a ¢eMTOCeKYHIHOTIO jJa3epa He
mMeHsiercsa. KpacHblii u cunuiirpaguxu — nocjae nogaun HanpsikeHusi Ha KCH, ayyq
B3aUMOJeiCTBYeT €O CBOOOTHBIMH 3JIEKTPOHAMH BBICOKHMX JHEPIHii, YTO NPUBOAUT K
KomnToHoBckoMy 1 aHTH-KOMIITOHOBCKOMY YIIMPEHHIO CIEKTPA OTPasKeHHOT0 CUTHAJIA.

Cytb 3ddekTa 3aKaodaeTcss B TOM, YTO MPHU B3aMMOJICHCTBUH aTOMOB KPUCTAIITUIECKOM
PEIIETKH U CBOOOTHBIX AJIEKTPOHOB C OOIyJarOmUMH (POTOHAMH, YaCTOTHI TIEPEU3ITYUECHHBIX
(OTOHOB TOJKHBI COOTBETCTBOBAThH 3aKOHY COXPAHEHUS UMITylibca. BaXKHO HaIOMHUTB, 4TO
yactoTa (pOoTOHA CBf3aHA C BEIMYMHOW €ro MMIMY/bca JUHEHHBIM cooTHomeHueM [laymm.
CnenoBarenbHO, YacCTOTHBIM CHEKTp (OTOHOB, NEPEU3NTYUYEHHBIX OT TSKENbIX aTOMOB
KPUCTANTMYECKON pemeTku, OyJeT COOTBETCTBOBATH CIEKTPY OHEHHMH Ha HEIMHEHHOM
JJIeMeHTe  Kiaccudyeckod paauodusuku. Ilpm  B3aummomedcTBUM CcO  CBOOOJHBIMHU
3IIEKTPOHAMH, CIIEKTP MEePEU3TYUCHHBIX (POTOHOB CHUKAETCSI B HU3KOYACTOTHYIO 00JacThIIpu
B3aMMOJICCTBUU C YOCTAIOMIMMHU JJIEKTpoHaMH (3akoH KomnToHa), W mMOBBIIIAETCS B
BBICOKOYACTOTHYIO OOJIAaCTh NPU B3aUMOJEHCTBUM C HAOETraloIMMH 3JEKTPOHAMHU (3aKOH
antu-Kommnrona). Kpome toro, kak nmokazaim pabotsl rpynmnsl H.JKusrana, nmpeodpazoBanue
4acTOThI HA KPUCTAJUIAX OPOKIAET KBAHTOBYIO 3aIlyTAHHOCTD M CYNEPIIO3ULINIO, 110 KpaiHeH
Mepe, AJIs OTHOBPEMEHHO Mepen3ydaeMbIX (JOTOHOB.

B pamkax Hacrosimeit craTbi Hac,B IIEPBYIO ouepeib, HHTepecytoT cnocoonoctu KCH no
(GOpMUPOBAHUIO BBICOKOOHEPIe€TUYECKUX M3IydeHHH. MOXXHO KOHCTaTHUpoBaTh, YTO B
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MaKkCHMajJbHOM CIy4a€ HUMIIYJIbC MEpPeu3IydeHHOro (oroHa OyneT MpeBOCXOIUTh
CYMMapHyI0 BEIWYHHY UMIYJIbCOB BCEX (DOTOHOB MOCTYMHMBIIUX OJHOBPEMEHHO (C y4eTOM
NpUHIMIIA HeomnpeaeneHHocTn [ eiizenOepra). CoOOTBETCTBEHHO, €ro 4Yactora Oyner
IPEBOCXOJIUTh CYMMY YacTOT 00Jy4Jaromux (poTOHOB.

Kaxk cnenyet u3 puc. 3 [20], BBICOKOSHEPTreTUUECKUE U3TYYEHUSI KBAHTOBO-CTPYKTYPHBIX
KJIACTEPOB CIIOCOOHBI 3alycKaTh eme OoJjiee HSHEepruyHble KBaHTOBBIE peakiuu. Ilpu
MOBBIIEHUM SHepruu 4dactul] Beimie 10 M»sB 3amyckaroTcs simepHble peakiyu, BKIOYas
peakimu sigepHoro cuare3a (oomacts 11 Ha puc.3).
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Puc. 3. CxemaTnyeckoe npeacrapjieHue cedeHus GoTonoraoumeHns: poToHoB aTOMHBIMH
siApaMu B o0s1actu 3Hepruii goronos 10 Ey = 1 I'3B [20].

3 BbicoKoIHepreTHYecKHe U3JIy4eHUs] KBAHTOBO-CTPYKTYPHBIX 3JIEMEHTOB 00J1aK0OB

CnocoO6HOCTh aTMOC(EPHBIX 00JIAKOB MPOSBIATh KBAaHTOBBIC d(PPEKTHI, C HEJOCTYITHO
BBICOKMMH TSI OTACIBHBIX U HEOONBIINX aHcaMOJiel HAaHOKIIACTEPOB, YPOBHIMH JHEPTH,
MOXXHO TPOWITIOCTPUPOBaTh Ha mpuMepe TeMHbIX MosHMiA (Dark Lightning — DL). Takoe
HazBanne HACA mpHCBOMIO HUCXOMSIIMM W3 3€MHOH aTtMocdepbl MMydKkaM IO3HTPOHOB,
3JIEKTPOHOB W (OTOHOB BBICOKOUW sHepruu (10 20 M»B), oOnapyxkenHeiMm B 2006 T.
opoutaneHOil  obcepBaTopueit Fermy. Ilo cooOmenussm HannoHanbHON — Hay4dHOI
nabopatopun Apmenuu (ropa Aparair) 3adpuxcupoansl DL ¢ sneprueii wactur 100 MaB. B
paHHUX NTyONUKauusXx 00 aTMOC(EpHBIX HOHUBUPYIOUIMX HW3IYYCHUSX MPOHHUKAIOIIEro
YPOBHSI WX HMEHOBaIM <«3eMHBbIE BcIuieckn ramma-usnydenus» (Terrestrial Gamma-ray
Flashes - TGF).

B pamkax xopormio pa3paboTaHHOW ()U3WMKH BBICOKMX DHEPTrUH MHE HE yAaJOCh HANTH
oO0bsicHeHU#, Kak aTMmocdepHble obOnaka MoryT (OpMHUpPOBaTb TEMHBIE MOJIHUH,
MPEJICTaBISIONIME COOOM MOTOKM BBICOKOOHEPIeTUYECKUX YACTHI], AHTHYACTUI[ U Tramma
U3Ty4eHUi. 3aT0 ynanoch BBISBUTH CYIIECTBEHHBIE MOMOOMS B CTPYKTYypax CHEXHBIX U
rpo3oBbix o0makoB ¢ KCH. Bo-mepBbiX, OHM TpeACTaBIAIOT CcO0O0M OoJbIIue aHcamOIu
HaHOKJIAacTepoB. Bo-Bropeix, Hanokmactepsl KCH, Takke Kak W CHEKUHKH W TPaJIUHBI,
UMEIOT B CBOEH CTPYKType OO0JIbIIOE KOJUYECTBO OJHOMEPHBIX HAHOPA3MEPHBIX JIEMEHTOB.
Kak wm3BectHo [10 — 12], ogHOMepHBIE HaHOpa3MEpHBIE 3JIEMEHTHI O0JIAZAI0T BBICOKON
CIIOCOOHOCTBIO K TYHHEJIBHON 3MHUCCUU MPU MAJIBIX HANPSIKEHHOCTAX AJIEKTPUUYECKOTO MOJIA.
B pesynbraTre TYyHHENBHOH SMHCCHU IUIOTHOCTH CBOOOJHBIX SJIEKTPOHOB B CHEXHBIX H
IPO30BBIX O0JIaKax BO3pPACTaeT, COOTBETCTBEHHO BO3pPACTAlOT W MAarHUTHbIE MOMEHTBI
MOHM3UPOBAHHBIX KPUCTAJUIOB. B-TpeThUX,lIpU HU3KUX TEMIEparypax (HIKE TemIepaTyp
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Kropu u Heenst cooTBETCTBYIOIINX HAHOKJIACTEPOB) BO3pACTAET CIUHOBAsI KOT€PEHTHOCTh U
3aIyTaHHOCTh HE TOJIKO 3JIEKTPOHOB, HO M HAaHOKPHUCTAIOB. B pe3ynbTare 3amyTaHHOCTD U
KOT€pEHTHOCTh KBAHTOBBIX XapaKTEPUCTUK B O0OJaKkax MNpUOIMKAETCS K aHaJOTUYHBIM
cBoictBam KCH. Yro mo3Boisier roBoputh O cocoOHOCTH Hu3koTemreparypHsix BAHK
(cHexxHple  oOjaka,  TpagoBble  00JacTH  TPO30BBIX  00JakoB)  (OpPMHPOBATH
BBICOKOHEPTeTUYECKHE NOHU3UPYIOLINE U3TYUCHUS.

B rpo3oBeix oOnakax HOHU3HUPYIOIIME H3Iy4YeHUsT O00eCreyrBalOT MOHU3AIMOHHBIN
NPUHYIUTENbHBIA Tpo0oil Bo3aymHBIX Macc [21]. B cHexHbIX o0siakax H3-3a HHU3KHX
HaIPSHKEHHOCTEH AJIEKTPUYECKOTO TI0JIsl, MOHM3AIMOHHBIA MPOOOW HE COMPOBOXKIACTCS
AIIEKTPUUYECKUM MTPOOOEM, BCIIBIIIKU MOJHUU HE IPOUCXOIUT.

[TpennoxeHHast runoTe3a KOCBEHHO MOATBEPKIAeTCsl MPOBEIEHHBIMU SKCIIEPUMEHTAMHU C
KBAaHTOBO-CTPYKTYPHBIMH HUTSAMH U OTCYTCTBHEM KOHKYPEHTHBIX OOBSICHEHUH TaKHUX
MPUPOJHBIX SBJIECHUH, KaK:

- HU3KHE HANpPSDKEHHOCTH 3JIEKTPUYECKOTO IOJIsA, MPU KOTOPHIX BO3HHKAIOT MOJIHUU
(Tpebyetcst mist camocTosTenbHOro paspsiaa 3000 kB/m, a mpupoaabie MOTHUU (HOPMHUPYIOTCS
Py HaMPsHKEHHOCTSX 2 — 40 kB/M, 4TO BO3MOKHO TOJBKO MPU HOHU3ALMOHHOM pa3psizie);

- BO3HUKHOBEHHE MOJHHUH B SICHYIO morony (Oosbmias jiMHa CBOOOJHOTrO mpodera
MOHM3UPYIONINX YaCTHI] B CYXOM BO3JlyX€ NMPUBOAWUT K WHUIIUUPOBAHUIO MOJTHHUHA BIAIUA OT
MCTOYHUKOB MOHU3HUPYIOIIETO U3ITyUEHUS );

- (¢opMHpOBaHHE MPUPOIHBIX TEMHBIX MOIHUHN (OONbIINE aHCAMOIM HAHOKPHCTAJIOB
CIOCOOHBI (POPMUPOBATH MOTOKM BBICOKOAHEPIeTHUECKHUX YACTHUI], aHTUYACTUI[ U ramma
U3ITy4yeHu);

- TOBBIIEHHOE KOJIMYECTBO TMOBPEXKJEHUN U aBapuil CaMOJIETOB, CBSI3aHHBIX C
BO3/ICUCTBHEM aTMOC(HEPHOTO 3JIEKTPUUECTBA B CHEXHYIO TOTOAYIPU OTCYTCTBUHM T'PO30BOU
AKTUBHOCTH.

[MonTBepxaeHue WM ONMPOBEP)KEHHE M YTOUYHEHHUE MPEATIOKEHHOM TMIOTe3bl TpeOyeT
poBeJeHNs Ooiee AeTalbHbIX UCCIIEJOBAHUM, B TOM YHCIIE:

- TIOJIMTOHHBIX, CTEHAOBBIX, M JJA0OPATOPHBIX AKCIEPHUMEHTOB IO M3YYEHUIO KBAaHTOBO-
MEXaHUYECKUX aTMOC(EPHBIX MTPOLIECCOB C MOMOIIBI0 KBAHTOBO-CTPYKTYPHBIX HUTEH;

- MUCTAHIIMOHHBIX (B TOM YHCJIE — KOCMHYECKHUX) 30HIMPOBAHUN CTPYKTYpP OOJIauHBIX
3JIEMEHTOB M BBI3BaHHBIX UMH 3JIE€KTPOMArHUTHBIX MTPOLIECCOB.

4 3ak0ueHne

OrnucaHHble MEXaHU3Mbl KOHACHCALMU W KPUCTAUTM3ALMK a3po30Jjeil, ¢ oOpa3oBaHueM
KUJKUX ¥ KPUCTATUINYECKUX (peke — aMOp(HBIX) HAHOKJIACTEPOB U BBITIAJCHUEM OCAJKOB U3
o0jaka Mo Mepe pocTa 4YacTUI[ JO MaKpOCKOIMHMYECKHUX pPa3MEpOB, SBISETCS OOMIMM JUIs
atMoc(ep pa3NUYHOTO XHUMHUYECKOro cocrtaBa. X HeoOXoauMo y4YUTHIBATH IPHU
JTUCTAHIIMOHHOM 30HIMPOBAHMM HE TOJBKO 3eMIIM, HO W JPYTHUX IUIAHET, a TaKXkKe Npu
U3ydeHHH uxX atMocdep M o06imakoB. B uacTHOCTH, ciegyeT OTKIOHMTH TaKWe MOJIENH,
KOTOpBIE JOMYCKAIOT MEPEMEIIMBAHUE B OJAHOM CJO0€ O0JIaka KPUCTAJIOB CO 3HAYUTEIHHO
OTJIMYAIOIIMMHUCS TemrepaTypamu kpucraminizauud. Crtpatudukanus (QU3NKO-XUMHUECKUX
CTPYKTYp CJO€B OOJauHBIX »JJIEMEHTOB NPOHMCXOOUT, TOJIBKO, B COOTBETCTBHU C
TEeMIIepaTypHOH cTpaTudUKaIueil aTMocQepsl.

Kpome Toro, mpum o0paboTke W aHaiM3e pe3yabTaTOB 30HAMPOBAHUS HEOOXOAUMO
YUUTHIBaTh, YTO OOBEAMHEHHE aTOMOB B HAHOKJIACTEPHI CMEIAET MX XapaKTepUCTUYECKUU
CHEKTp B BBICOKOYACTOTHYIO o00nacTb. COOTBETCTBYIOUIME W3MEHEHHMS YacCTOTHBIX
XapaKTepUCTUK CJEAyeT OXKHUIATh NPU 30HIUPOBAHUM CHEKHBIX U TPO30BBIX OOJIAKOB, a
TaKXe MPU 30HAUPOBAHUH OUEHb XOJIOTHBIX aTMOC(Ep APYTUX IUIAHET.

Takxe crnenyer y4uThIBaTh, YTO BBISIBISEMbIE MPH AUCTAHLUMOHHBIX 30HAMPOBAHHIX
MOTOKH BBICOKOOHEPTreTUYECKUX YACTHIl, aHTUYACTUI[ U TaMMa HW3Iy4€HUH, MOTYT HUMETh
aTMoc(epHyI0, a HE BHEIIHIOI KOCMUYECKYIO WJIM UHOIUIAHETHYIO MIPUPOY.
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B 3akiroueHne HeoOX0IMMO OTMETUTD, UTO HcIoas3oBanue KCH nmo3Bosnser:

1. KanuOpoBaTh pe3ynbTaThl AMCTAHIIMOHHBIX 30HAMPOBAHUN 3a CYET MOJIYHATYPHOTO
MOJCIIMPOBAHUS  XAPAKTEPUCTUYCCKUX M3JIYUCHHH OOJA4YHBIX JJIEMEHTOB, a TakXKe
aTMOC(l)epHI:IX IIOTOKOB BBICOKOE)HepFeTI/I‘-ICCKI/IX JyaCTul, aHTU4acTul, raMma I/I3Hy‘-IeHI/If/’I
(TemMHast MOJIHUSA ),

2. MHccnenoBarh KpynmHOMAacIITaOHBIE KBAHTOBBIE IMPOILECCHl — JAPYIHMX METOJIOB
KOHTPOJINPYEMOT'O0 BOCCO3/IaHHsI BBICOKOMHTEHCUBHBIX KBAaHTOBO-CTPYKTYPHBIX 3(hPeKkToB Ha
KI/IJ'IOMCTpOBI:IX 148 60JIBH_II/IX paCCTOSIHI/I}IX HCU3BCCTHO,

3. HccnemoBarh  HETPAAUIIMOHHBIE TEXHUYECKHE  HANPABJICHHS, TaKHE  Kak:
aNbTepHATUBHAS DSHEPreTHKA, 3allUIICHHOCTh O00pa3loB KOCMHUYECKOW U aBHUAIMOHHON
TEXHUKH OT BO3JACHCTBUS aTMOC(EPHBIX TOTOKOB BBICOKODHEPTETUYECKUX  YAaCTHIIL,
AHTUYAaCTUIl 1 TraMMa HSHYHCHHfI.
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