"MHUC-PT"-2024 Coopuuk Ne 85-1 http://ikar.udm.ru/mis-rt.htm

Jon. Undo k Bed-cemunapy ot 31.01.24
IIpo6sieMa mapoBoOi MOJIHUM U €é CBA3b C MP00J1eMOi X0JI0IHOI0 CHHTE3a

O npupoae maposoi mosanuu. Karmnua I1. JI. ITAH CCCP 1955. Tom 101, Ne 2, ctp. 245-
248. https://ikar.udm.ru/sb/sb1-1.htm

dusuveckasa npupoaa mapooii moanuu. [lluponocoB B.I'. Tesucwl aoknaaos 4-i
Poccuiickoit YHuBepcuteTcko-Akanemuueckoid HayuHo-mpakTuyeckoil KoH(pepeHIuu
Y.7.01B.pen. B.A.)Kypasnes, C.C.Capunckuii. Mxesck: U3n-Bo Yam. yH-ta, 1999, c. 58
https://ikar.udm.ru/sb/sb15-9.htm

The physical processes determining the properties of ball lightning. Liudmila
Boldyreva. Journal of Atmospheric and Solar-Terrestrial Physics.
https://doi.org/10.1016/j.jastp.2022.105983

MIEPEBOJI - CM. CTP.2, OpUTrHHAI - cTp. 9-14.



https://ikar.udm.ru/sb/sb1-1.htm
https://ikar.udm.ru/sb/sb15-9.htm
https://doi.org/10.1016/j.jastp.2022.105983

bonnsipesa JL.b.

8. du3nyeckue NPouecchl, ONpeaessiioniue CBOCTBA APOBOH MOJHUHU
(Kys10HOBCKOE B3auMO/1eliCTBHE, IICEBIOMATHETU3M, CBEPXTEKY4Hil CHUHOBBIN TOK)

B kBaHTOBOW TeopuM 10N (UBMYECKHI BaKyyM B OTCYTCTBHE JJIEKTPHUYECKOTO H
MarHuTHOTO TmoJiei (0e3 yuéra TPaBHUTAIMOHHOTO TIOJISI) OMNpPEAeNseTCs HE Kak IyCcToe
IPOCTPAHCTBO, @ KaK OCHOBHOE CBOWCTBO II0JIsI, cocTosmiero u3 ocumuisitopos (Puthoff 1989).
OTH OCHWUISATOPBI HE UMEIOT OOLIEIPUHATOTO HAa3BAHUSA, B AHIJIOSA3BIYHOMN JIUTEpAType UX YacTo
Ha3bIBaroOT “‘quantum oscillators”, yro nepeBoANTCS Ha PyCCKH KakK “KBaHTOBBIE OCIMILIATOPHI”
(B manHOM paboTe ucnonb3yercs: abopesuarypa KO).

Tak xak KO sBis€TCS 2JIEKTPUYECKUM TUIIOJIEM MOXHO MPEeANnoiaokuTh, 4to KO cocTout u3
JBYX TPOTHBOIIOJIOKHO 3apsHKEHHBIX YacTHIl. B 3JEKTpUYECKHUX MOJIAX MOXKET UMETh MECTO
pacmiag KOoB Ha cocTaBIIONINE X 3apsDKEHHBIC YaCTHIIbI, B TANbHEHIIEM OyeM Ha3bIBaTh 3TH
3apsOKEHHBIE YaCTHUIIBL: “CBOOOJHBIMU BUPTYyaJbHBIMH dacTUIaMu’. CBOOOIHBIC OJHOUMEHHO
3apsHKEHHBIE BHPTYasbHbIE YAaCTUIBI MOTYT (DOPMUPOBATh KOMIUIEKC, B KOTOPOM JIBE CHIIBI,
paBHBIE 0 BEJIMYUHE, HO MPOTHBOIOIOXKHO HANpPAaBJIEHHBIE, ACHCTBYIOT Ha KaXAyl0 W3 ITUX
YaCTHUI[: KyJIOHOBCKAs CUJIa OTTAJIKUBAHHS U KOMIICHCUPYIOIIas € cria MPUTSIKECHHUS, CBSI3aHHAS
CO crmuMHaMu 3TUX 4YacTull. KommeHcupyromed Cuioid MoOKeT ObITh TCEBJAOMAarHuTHas CHUIIA.
Kpome sTuX cuni, cBepXTeKyuune CHHHOBBIE TOKHM MOTYT BO3HUKAaTh MEXIY CBOOOIHBIMH
BUPTYaJIbHBIMU YaCTHIIAMH; 3TH TOKH OPUEHTUPYIOT CIUHBI CBOOOIHBIX BUPTYaJIbHBIX YaCTHI] B
OJIHOM HAmNpaBICHUH M TaKUM 00pa3oM OOECTICUMBAIOT BBIMOJHEHHE YCIOBUS 3((HEKTUBHOTO
NEUCTBUS ICEBIOMAarHUTHOI'O B3MaUMOIEHCTBHUA.

PaccmoTtpum Oonee AeTanbHO CBOWMCTBA KOMIUIEKCA OJHOMMEHHO 3apsDKEHHBIX CBOOOIHBIX
BUPTYaJIbHBIX YaCTHUI[ U COTMIOCTABUM HX CO CBOWCTBaAMH LIAPOBON MOJIHUU.

8.1. Bo3HMKHOBeHHE KOMILJIEKCA OJJTHOUMEHHO 3apPSZKEHHbIX CBOOOTHBIX
BUPTYaAJbHBLIX YaCTHUII
Jnst kaxoit 3apsbKeHHOM YacTullbl, coctasisitomei KO, cremytomee cripaBeajiuBo:

(Fq)QO:—(FS)QO, (8.1)

rac (Fq )QO — DOJICKTpHUYCCKasA CHJIa TIPUTAKCHUA, (FS)QO — OTTaJIKUBaromiass cCHla,

KOMIICHCUPYIOIIasi 3JeKTpudeckyro cuiy. llog neicTBMEM BHEIIHEro BO3MYILIEHHS MOTYT
BO3HHUKHYTh JIONOJIHUTEIbHBIE CUJIBI. DTOT Clly4ail UMEET MEeCTO, HalpuMep, MpU MOMEIEHUN

KO B anexrpuueckoe mone Ep. Torma pesynpTupyromas cuia (Fr ) 00" JICUCTBYIOIIAsT Ha
KaKAYH0 U3 3apAKCHHBIX YaCTHUL, COCTABJIAIOIINX KO, OIPCACIINTCA B BUAC!:

(Fr)QO = (Fq )QO +(Fs )QO +(Fg )QO (82
rae (FE ) Qo ~cua, KOTOpOH 3neKkTpudeckoe noie Ep nelcTByeT Ha 3apsKEHHYIO YacTHILY.

Tak xak KO umeer anekTpuyeckuil TUNOIBHBII MOMEHT dQO’ B 3JleKTpHueckoM mnone Ep

MOMEHT MQO =dQ0 xEp nelictyer Ha KO. B pesynprare nedcTBuS 3TOr0O MOMEHTa JUIs

CHUTBI (FE ) QO CTPABEIHBO: (FE ) 00 ™ (FS ) Q0> 1 OHa onpejensercs (Tapcemt 1975) xax
(Fe )QO =400EB . (8.3)

rae goo — 3apajd 3apsKEHHOH 4YacTuipl, cocrapisiouern KO, ¢ yuérom 3uaka. Tornma wus

ypaBHenwuii (8.1)—(8.3) cienyer, uto (F,, ) Qo TBIACTCH OTTaJKUBAIOIIEHCS CUIION, TPUBOASIIECH



kK pacrmany KO, m Takum 00pa3oM BO3HHUKAIOT CBOOOJHBIC BHPTYyajdbHBIC YaCTHIIBL
[Ipenmonaraercs, uro npu pacnage KO ero cnuH nepenaércs o6erM BO3ZHUKIINM CBOOOIHBIM
BUPTYaJIbHBIM YaCTHIIAM, KaK 3TO UMEET MECTO | MPH pacmaje (oToHa Ha JIEKTPOH U TIO3UTPOH.

Ecnu orrankusaromas cuia (FS ) 00 B ypaBHEHHUH (8.2) sABIsAETCS IICEBIOMArHUTHOW CUIIOH,

TO JJIsI OMHOMMEHHO 3apsDKEHHBIX YAaCTHIl IIPU OPUEHTALMU UX CIIMHOB B OJHOM HAIPAaBIICHUU
oHa Oyaer cwioi TUpUTSHKeHUs. TakuM 00pa3oM, MHOMKECTBO OJHOMMEHHO 3apsHKEHHBIX
CBOOOJIHBIX BUPTYaJbHBIX YaCTHUI] MOTYT 00pa3oBaTh €IUHBIH KOMIUIEKC, B KOTOPOM MEXIY
yacTHLIAaMHU OyJeT JeHCTBOBATh KYJIOHOBCKas CWJIa OTTAJKWBAaHWSA U IICEBJOMAarHuTHas CHIIa
IPUTSKCHUA. Y CII0BUE ONPEAEIEHHON OPUEHTALMU CIIMHOB MOYKET BBIIIOJIHATHCSA B KOMIUIEKCE
OJIHOMMEHHO 3apsDKEHHBIX CBOOOJHBIX BUPTYaJbHBIX YacTHIl BCJIEACTBUE ACUCTBUS MEXKAY
HUMH CBEPXTEKYYEro CIIMHOBOI'O TOKA.

8.2. Kondurypauus KoMimjieKkca 0O JHOUMEHHO 3aPSI’KEeHHbIX CBOOOTHBIX
BHPTYAJIbHBIX YaCTHII

Bapuantel koH(UTypanuu KomIuiekca npuBeAeHbl Ha Puc. 8.1; opmeHtanmum cnmnHa S fip (

S fp =SQ0/2) CBOOO/IHBIX BUPTYaJbHBIX YACTHIl TOKa3aHbl CTpelkamMu. B Bapuante (a)

OJIHOMMEHHO 3apsDKEHHbIE CBOOOAHBIE BUPTYallbHbIE YacTHULIBI 00pa3yloT MPSAMYIO JIMHUIO; B
BapuanTte (D) cBOOOHBIC BUPTYaIbHBIC YaCTUIIBI 00PA3YIOT KOJIBIIO.

Jluneitnast koH(urypanuss MeHee cTaOWbHA, YeM KOJbIEBas KOHPUTYypalus, TaKk Kak B
BapHaHTe (8) mepBasi ¥ MOCTEIHSSI YaCTUIIBI 00Jiee MOABEPKEHBI BOSMYIIAOIIUM BO3ICHCTBUSM,
YeM OCTallbHbIe YacTHIBI B Komiuiekce. OmHako KpyroBas KoHbwuryparmus Ha Puc. 8.1b
BO3MOJKHA, €CIIH PACCTOSIHUE 7 MKy CBOOOJIHBIMU BUPTYaIbHBIMH YaCTULIAMHA MHOTO MEHbIIIE
auamerpa D, , TO eCTh, eciiu

r<<D,. (8.4)

Tonbko mpu ycioBuu (8.4) CIUHBI ABYX COCEAHHUX CBOOOJHBIX BHPTYaJIbHBIX YACTUI[ MOTYT
paccMaTpuUBaThCsl KaK OPHEHTHUPOBAHHbIE B OJHOM HaNpaBiIeHHUU. OTOT (DAKT M JAeHCTBHE
CBEPXTEKy4ero TOKa MOTyT 00ecrneurMBaTh  BBIIOJHEHHE  YCJIOBUS  CYLIECTBOBAHMSA
IICEBJOMAarHUTHON CUJIBI IPUTSKCHHUS.

Puc. 8.1. Bapuants (2) u (b) koH(bUTYpaIMU KOMIUIEKCA OJTHOUMEHHO
3apsDKEHHBIX CBOOOIHBIX BUPTYQIBHBIX YacThl, (TIpsMasl JIMHHS U

KOJ'H:IIO) . CTpCHKI/I MOKAa3bIBAKOT  OPUCHTALIUIO CIIMHOB S fi}p

CBOOOJIHBIX BHUPTYAIBHBIX YACTHII. Dc — JMaMeTp Kojpua, » —

pacCTOSIHEE  MEXAY COCEIHUMH  CBOOOAHBIMH  BHUPTYaJTbLHBIMH
JacTuuamu, r << D..

Kommekcwsr Thmna, mokaszanHoro Ha Puc. 8.1, moryTt dopmupoBaTh OONBIINE KOMILIECKCHI.
Kondurypanusmu, od6ecreunBaoMMU BHICOKYIO CTAOMIBHOCTD TaKUX OOJBIIMX KOMIUIEKCOB,
SBJISTFOTCS KOJIbLIEOOpa3HbIe CTPYKTYPBI: KOJIBIIO, IMIIHHIID, IIap.



PaCCMOTpI/IM TaKUC XapaKTCPUCTHUKHU OONBIINX KOMIIIEKCOB OJHOMMCHHO 3aps’KCHHBIX
CBO6OI[HI>IX BUPTYAJIbHBIX Y4CTHUI, KaK MaccCa, DHCPIusa U CHUJIbI, ﬂeﬁCTBYIOIHHe Ha KOMILJIICKC B
(1)I/ISI/I‘~I€CKOM BaKyyM¢€, COCTOAIIECM U3 KBAHTOBBLIX OCHUIIJIATOPOB.

8.3. XapaKTepHCTﬂKﬂ KOMILJICKCA OTHOMUMCHHO 3apPAKCHHBIX CBOﬁOI[HBIX
BUPTYAJIbHBLIX YaCTHII
[IpuMeM, 4TO MOJIHBIN IIEKTPUUYECKU 3apsay KoMIuiekca paBeH (.. KoanuecTBo # 0JHOMMEHHO
3apsKEHHBIX BUPTYaJIbHBIX YaCTHUL, COCTABJISIOIIMX ATOT KOMIUIEKC, ONPEAEIINTCS BBIPAXKEHUEM:
n=0, /qQO , (8.5)
e QO — 3apsj BUPTYalbHOH YacCTHIIBI, BBEAEHHON B ypaBHeHHH (8.3). Ecin mpuHSATH, 4TO
MEXIY 3apsJIOM ¢ BUPTYalbHOH YaCTHIbI M €€ MACCOM, PaBHOM g0 /2, cymiecTByeT Takoe
’K€ COOTHOILIECHHE, KaK MEXIy 3apsAJoM M MacCcod BHUPTYyaJIbHOM 4YacTHUI[bl, COCTaBIIAIOLICH
¢oToH; Torzma, UCTONB3ys BBIpaXKEHHE /Ul MarHeToHa bopa up =eh/ (Zmec), MBI I10JIy4aeM
AL 400 .
900 = up-c-moo 1. (8.6)
DKcIepuMEeHTHI TIOKa3bIBAIOT, YTO NPHU pacmaae (oToHa (B YaCTHOCTH, HA AJIEKTPOH U MO3UTPOH)
Macchl BO3HMKAIOUIMX YacCTHIl PaBHBI APYT IPYry, M HMX IIOJHAs Macca paBHA KUHETUYECKOU

macce ¢orona. ITonmaraem, uro To xe cBoiicTBO crpasemmuBo i KOoB 1 Macca cBOOOIHBIX
BUPTYalbHBIX YaCTHIl M fy,,, OOpasyrommxcs mnpu pacmage KO, omnpepemsercs Kak:

mfyy =mpo | 2 nnn as:

M fiy = 7QOhQQ0 /(402) . (8.7)
Ucnonwiys ypaBuenus (8.6) u (8.7) B (8.5), monyuaem BoIpakxeHUE AT 7.
- 200 (8.8)
“BY00200

Macca kxomnaexca
Hcnone3ys ypaBHenns (8.7)—(8.8), MOXKHO TNOJNy4YdTh MOJIHYI Maccy M, KoMIuIekca

SJICKTPUYCCKHN OJHOMMCHHO 3apAKCHHBIX CBO60I[HI)IX BUPTYAJbHBIX YaCTUIl C ITOJHBIM 3apsAJ0M

Oc:

M, =1C (8.9)
2cpp

OHnepeus komniexca
Iomnas sneprus W, KOMIUIEKCA PaBHAETCS:

We =Wk +Way+Wo +Wp, (8.10)
rae Wy — kuHeTndeckas dHeprus; Wq — dHEprus, CBA3aHHas C 4aCTOTON QQOJ WQ — DHEPIUs
KOMILJIEKCa KaK DJJICKTPUYECKH 3apsHKEHHOH Cdepsl; Wf — DHeprus, cBs3aHHas ¢ (opMmoii

xomruiekca. C yuéroM ypaBHeHus (8.8) sHeprus W), onpenensercs ypaBHEHUEM:

h-
W = le (2 (8.11)
deup

TJe Y, — CKOPOCTb KOMIUIEKCA.



Ouneprus KO, cBsi3aHHas ¢ 4acToTOM QQO' paBHsETCS VQOhQQO /2. Torma, BClIenCTBHE

3aKOHOB COXpPAHEHMs SHEPrusi CBOOOJHOW BHUPTYAJbHOM YACTHIIBI OIpENeNseTcss Kak:
700"200 / 4 . Takum obpasom, sHeprust Wgy ¢ yuérom ypaBHeHus (8.18) onpenensercs kak:

o =11 Qe (8.12)
2-up

CornacHo ompeneneHuto sHepruu 3apsokerHoi cdepsr (ITapcen 1975) Wo B cucreme CT'C

OMnpeacIsICTCs B BUAC!

Wo=021D,. (8.13)

8.4. B3aumopgeiicTBHe KOMILUIEKCA CBOOOTHBIX JIEKTPUYECKHU
OJJTHOMMEHHO 3aPSZKeHHbIX BUPTYAJbHBIX YaCTHL ¢ (PM3UYECKUM
BaKyyMmoM, coctosimem u3 KOos

H3nyyenue anekmpomazHUmMHbIX KONeOAHULl KOMNIEKCOM.

DneKTpuuecKkoe Moje 3apsyKeHHOro Komiuiekca aeictByeT Ha KO kak Ha 3ieKTpUyecKui
qunons.  CrnenoBarenbHO, NpPU  ABWKEHMM  IIApOBOM  MOJHUM  (DU3MUYECKHM  BakyyM
xapaktepusyercsi HepaBeHcTBOM OE /0t #0 (E - smextpuueckoe mone, cozaaBaemoe KO kak
NEKTPUUECKUMH  JMIIONSAMH), M,  CIEIOBAaTEIbHO,  AJIEKTPOMArHUTHBIE  OCLMJUIALIUH
“CONPOBOXKAAIOT” IIAPOBYIO MOJIHUIO B (PU3UYECKOM BaKyyMe.

Tak xak cBOOOJHBIE BUPTYaJIbHBIC YACTHUILbI, KOTOPHIE COCTABISIOT KOMIUIEKC, UMEIOT CIIUH,
CBEPXTEKY4HMI CIIMHOBBIN TOK MOKET BO3HUKHYTh MexAy KomiuiekcoM u KO, cocrasisromumu
¢u3nueckuii BakyyM. Tak Kak CBEpXTEKy4YHMH CIIMHOBBIM TOK JOEHCTBYeT Ha XapaKTEPUCTHUKU
cnuHoB KOOB TO 351€eKTpOMarHuTHbIE OCUMJUISILIMM MOTYT BO3HUKATh U B Pe3yJIbTaTe AEUCTBUS
CBEPXTEKY4ero CIIMHOBOTO TOKA.

Heticmeue komniexca na opyaue 00bekmvl NOCPeOCMBOM CEEPXMEKYUE20 CHUHOB020 MOKA.
CBepxTeKyuuil CHMHOBBIM TOK MOYKET BO3HUKATh HE TOJIbKO Mexay komiiekcom u KO,
COCTaBJIAIOIUMH (PU3HUECKUI BaKyyM, HO M MEXAY KOMIJIEKCOM U OKPY’KAIOLIMMHU €ro TeJaMH.
B pesynbrare nelicTBHs CBEPXTEKYYEro CIIMHOBOIO TOKA M3MEHSIOTCS XapaKTEPUCTHKHU CIIMHOB
BUPTyalbHBIX (OTOHOB (CIIMHOBBIX BHXpEW), CO3/1aBaeMbIX KBAHTOBBIMH OOBEKTaMH,
COCTaBJISIOLIMMU OKpY>KarollKe Tena. XapaKTepUCTUKHU CIIMHOB CIMHOBBIX BUXPEH ONpeaensioT,
B CBOIO OYepellb, XapaKTEPUCTHUKH KBAHTOBBIX OOBEKTOB, CO3JAIOLIMX ITH CIIUHOBBIE BUXPH.
Hampumep, XapakTepUCTUKM CHUHOB  CIIMHOBBIX BHUXpEH, C€O34aBacMbIX AaTOMHBIMHU
JIEKTPOHAMHU, ONPEAEISIOT CIUH-OPOUTAIbHOE B3aUMOJCHCTBUE AJIEKTPOHA M 3JIEKTPUUECKOE
JUIOJIb-TUIIOJBHOE B3aUMOJICHCTBUE AaTOMHBIX JJIEKTPOHOB. Takum o0pas3oM, ciexyromue
SIBJICHUS MOTYT HaOJII0/1aThCsl B pe3yJIbTaTe AEHCTBHSI CBEPXTEKYUYEro CIIMHOBOIO TOKa:

— HaMarHM4MBaHHWE METAJUIMYECKUX TEJI BCIECICTBUE OPHUEHTALMU CIHUHOB JJIEKTPOHOB,
COCTaBJISIOLIUX 3TO TENO;

— TpaHc(opMalusi XUMHUUYECKUX 3JIEMEHTOB BCIIEJCTBME MOHHU3ALMM aTOMa WM aHHUTHIISALUH
aTOMHOI'O D3JIEKTPOHA C MPOTOHOM $Jpa; BO3MOXKHA AHHUTWISILMSL W BCEr0 XUMHYECKOIO
JJIEMEHTA.

Cuna, oeticmeyrowas Ha KOMNIEKC 8 2NeKMPUYECKOM NoJe.
B kauecTBe npumepa paccMOTpuM cuibl, AeiicTByronue Ha IIIM ¢ anextpuueckum 3apsaom O,

B anekrpudeckom none 3emin (E,). Takumu cunamu gBasiorcs: KysnoHoBckas cuna Q.E, u
cuia (FQO) , CBS3aHHAas C JEHCTBUEM CIMHOB OJHOMMEHHO 3apsyKEHHBIX CBOOOJHBIX
c

BUPTYaJIbHBIX YacTHILl, cocTaBistomux [[IM, Ha CHHUHOBYIO U 3JEKTPUUYECKYIO MOJSIPU3ALUN
¢du3nUecKkoro Bakyyma B Mecte Haxoxaenus [1IM.



Takum o6paszom, pesynpTupytomas cuna F,., 1eficTByromas Ha KOMIUIEKC B JIEKTPUIECKOM

nose E,, onpenensercss BEIpaKEHUEM:

Fe=(Foo) +0cEc.  (8.14)

8.5. CpaBHenue cBoiicTB maposoii moauuu (IIIM) co cBoiicTBamMu
KOMILIEKCA OJJHOUMEHHO 3aPsi>KeHHbIX CBOOOIHBIX BUPTYAJbHBIX
YacTHIl

CormocraBiM dKCIIEpUMEHTaNbHO Habromaemble cBoricTa LIIM (Bychkov u ap. 2016, Berukos u
3aiiieB 2019) co cBoiicTBaMHM KOMIUIEKCA JIEKTPUYECKU OJHOUMEHHO 3apsHKEHHBIX CBOOOIHBIX
BUPTYaJbHBIX YaCTHILI, 0Opa3ytouuxcs npu pacnaae KOos.

1) [IIM dopmupyeTcst B KaHaJIe paspsa JUHEHHOW MOJHUU U OKOJIO TOKOHECYIIUX MPOBOIOB.
OTmeTHM, YTO DJJEKTPUYECKOE II0JIE CYLIECTBYET OKOJIO TOKOHECYIMX IIPOBOJIOB
(37eKTpHUUECKOE TOJIE CO3AaETCS ANEKTPUUECKUMHU AUTIOIBHBIMU MOMEHTAMHU CITMHOBBIX BUXpEH,
CO3/1aBaEMbIX JBIDKYIIUMHUCS AJIEKTpUYECKUMHU 3apsamu). Takum obpasom, I1IM oGpasyetcs B
3JIEKTPUYECKUX TOJIAX.

Kak mnokazano B Pasmene 8.1, paccmarpuBaeMblii KOMIUIEKC Takke (QOpMHpYyeTcsi B
AIIEKTPUYECKOM IIO0JIE.

2) I1LIM umeeT 351eKTpUIeCKHui 3apsi.

PaCCManI/IBaeMHﬁ KOMIIJIEKC COCTOUT M3 DOJICKTPUYCCKU OAHOMMCHHO 3apsKCHHBIX
CBOGOIIHI:IX BUPTYaAJIbHBIX YaCTHII.

3) IIM moxeT “IpuIUnHyTh K 3JEKTPUUECKUM ITPOBOAAM, UM MOXKET JBUTAThCS BJIOJIb HUX.

CornacHo ypaBHeHHIO (8.14) cuna JeilcTByeT Ha KOMIUIEKC B AJIEKTPUYECKOM IIOJIE
TOKOHECYIIHX ITPOBOJIOB.

4) IIIM n3my4aer CBET.

B Pazgene 8.4 mokazaHo, 4tro B pe3yibTare B3aumojencTBus komruiekca u KOos,
COCTABJISIONUX (PU3NICCKUN BAaKyyM, BOSHUKAET 3JICKTPOMAarHUTHOE U3JTyUCHHUE.

5) BemtectBo IIIM cocrtaBnsieT oTAenbHYO0 a3y B IPOCTPAHCTBE.

Kommuiekc cocTouT M3 yacTul, Bo3HHMKaromux npu pacnane KOoB. XapakTepuCTHKH 3THX
yacTtul (pa3mep, Mmacca, 3apsji) OTIMYAKTCS OT AHAJOTMYHBIX XapaKTepPUCTUK H3BECTHBIX
peanbHbIX YacThil. To eCTh, KOMILIEKC SBIsIETCS 0c000i (a3oif B MpOCTpaHCTBE.

6) ®opma IIIM MoxeT OBIT, B YAaCTHOCTH, CIEAYIOMIEH: CPEPUIECKOH, AITHIICOUTATBHOM,
KOJIbIIe0Opa3Ho# (auck wiu nunuHap). HabmroaeHus nokassiBaroT, uTo 3apsa [1IM moxer ObITh
JIOKQJIN30BaH Ha €€ IOBEPXHOCTHU.

B paccmarpuBaeMoM KOMIUIEKCE 3aMKHYTBIC THITBI €r0 (POpMBI 00ECTICUNBAIOT HAUOOJIBIIYIO
CTaOWIBHOCTh TpHU BHIMIONHEHUH YycnoBusi (8.4); cm. Pasmensr 8.1-8.2). VYcnosue (8.4)
BBITOJIHSICTCS, B YACTHOCTH, €CJIM CBOOOJHBIC BHPTYaJIbHbIC YACTHIIBI PACIIOJOXKCHBI Ha
HIOBEPXHOCTH KoMIuiekca, Puc. (8.1).

7) Coepuueckas ¢popma IIIM MoxeT BoccTaHAaBIUBATbCA MOCIE 3HAYUTEIBHOM AedopMarui,
BO3HMKAIOIEH ITPU IPOXOKICHUHA MOJITHUH Y€pe3 Y3KOE€ OTBEPCTHE.

OpnHOpPOIHO 3apspKEHHbIE CBOOOJHBIE BHPTYalbHbIE YaCTHIBI, COCTABISAIOLINE KOMIIIEKC,
HaxXOJsATCSI Ha TIOBEPXHOCTH KOMIUIEKCa M Hpu yciaoBuu (8.4) BO3MOXkHa JedopManus
KoMmIulekca. CyIecTBOBaHME CBEPXTEKYYEro CIIMHOBOIO TOKA, 3aBUCSIIET0 OT B3aMMHOU
OpHUEHTAIMK CIIMHOB CBOOOIHBIX BUPTYaJIbHBIX YACTHUI] U CTPEMSIILETOCS BHIPOBHATH CIIUHBI ATHX
YacTUI[ B OJHOM HAIPaBJICHUH, OOECleYMBAET BOCCTAHOBJIECHUE (OPMBI KOMIUIEKCA MOCie
3HAYUTENBHBIX JedopMaIuil.



8) LLIM mo’keT HaMarHM4MBaTh MeTauIMueckue Tena. B padote (Jleonos 1965) npuBenén daxr
HaMarHWYMBaHHS XUPYPrUYECKUX HHCTPYMEHTOB Ipu mponére Mumo Hux I1IM, HamarHndeHnue
AJIWJIOCh OAHM CYTKH. 3aM€TI/IM, 4YTO HaMarHnmdumBaHHUC MCTAJUVIMYCCKUX TCJI ABIACTCA
CIJIC/ICTBHEM CIIMHOBOW OPHEHTAIINH ‘‘CBOOOIHBIX” DIICKTPOHOB, COCTABIISIONINX TH Tela.

B Paznene 8.4 paccmarpuBaeTcsi CIOCOOHOCTh KOMIUIEKCA CBOOOIHBIX BUPTYaJIbHBIX YaCTHUI]
HaMarHW4MBaTh OKPYJKAIOIIMEe METAIMYecKHe Tena Ojarojapsi ISHCTBUIO CBEPXTEKYdYero
CIIMHOBOT'O TOKA, BO3HUKAIOLICTO MCKAY O3TUMHU BUPTYAJIbHBIMHW YaCTHLIAMU W BUPTYaJIbHBIMHU
¢oTOHaMH, CO3/1aBaCMbIMU KBAaHTOBBIMH OOBEKTaMH, COCTABISIOIIMMU METAJUIMYECKUE Tea.
ITocne MMPCKpalCHuA I[ef/'ICTBI/ISI CBCPXTCKYUUX CIIMHOBBIX TOKOB MCXOAHAsA OPUCHTALUSA CIIMHOB
KBAaHTOBBIX 00BEKTOB, COCTABIISIFOLIMX METAJUINIECKOE TEJI0, MOKET OBITh BOCCTAHOBJICHA.

9) NmeroTcst CBUIETENECTBA 00 MCUYE3HOBEHHH HEKOTOPHIX TeJ (B OCHOBHOM, METAJTHIECKUX )
okouio IIIM (JIuxomepctrbix 1983).

B Paznene 8.4 nokazaHo, 4TO IeHCTBUE CBEPXTEKYUYETO CIMHOBOIO TOKAa MEXKIY KOMILIEKCOM
CBOOOJHBIX  BUPTYJbHBIX YACTHLl M XUMHUYECKUMH D3JEMEHTaMH MOXET BBI3BATh
TpaHchHOpMAaIUIO U AHHUTHWIISIITUIO SJIEMEHTOB.

10) IIIM mo’keT ABUTAThCS Ha MOCTOSHHOM BBICOTE Haa 3eMIIEH (Tak Ha3bpIBacMas ‘‘JIeBUTAIUs
[IM).

Kak cnenyer u3 ypaBHenus (8.14), cuna F,. Oyner nelicTBoBaTh Ha KOMILIEKC CBOOOJHBIX

BUPTYaJIbHBIX YaCTHIl B 31eKTpudyeckoM noiue 3emnn. Ecou cymma F,.. u neiictyromeit va [IIM

TPaBUTALlMOHHOW CHIIbI, paBHa HYJIO, TO PACCTOSHHUE MEXIy TIOBEPXHOCThIO 3eMIH U
KOMIUIEKCOM OYJIET ITOCTOSTHHBIM.

11) Moxer umeTs MecTo ucmapeHue BemectBa U3 [IIM. DTo BerecTBo MpoOSBISET CBONCTBA
METaJIJIOB (B YaCTHOCTH, (DeppHTOB).

OZHOMMEHHO 3apsHKeHHbIE CBOOOIHbBIE BHUPTYaJbHbIE YACTHIBI B KOMIUIEKCE HMEIOT
OpUEHTUPOBaHHBIE CIIUHBL, cM. Puc. 8.1. OpueHTanusi CnuHOB (B YaCTHOCTH, IEKTPOHOB) UMEET
MECTO B JJOMEHaX, cocTaBisonux (Gepputsl. CienoBaTeiabHO, BEIIECTBO, KOTOPOE UCHApseTCs
U3 KOMILJIEKCA, MOYKET UMETh CBOICTBA (DEPPHUTOB.

12) VnenvHnast sneprust Wp; , 3anacénnas B 11IM, numeromei cpeaHue XapakTepUCTUKH (AUaMETP
D.=0,25 M, snextpuueckuil 3apan Q. = 5.10~7 K, cxopocts y.=10m/c), uMeeT HOpAIOK
110° Z[)K/Mg.

Bbruncnum ynenpHyl0 3HEPIHI0 KOMIUIEKCa CBOOOJHBIX BUPTYAJIbHBIX YacTHL, WUMEIOILIETO
yKa3aHHble Bblle cpenHue xapaktepuctuku IIIM. Cornacho ypaBHenusM (8.11)—(8.13) umeem:

Wy, ~10722 ok, Wo z2-10_1I[>1<, Wo z9-10_3ﬂ>1<. CornacHo ypaHenuio (8.10) momHas

yaenbHas »JHEpPrus KomIulekca Oe3 yuéra OSHEpruu Wf OIIPENENAETCS BBIPAXKECHUEM:
, 3
(WC - Wf)/V rae V- o0bém komiutekca, V =z Dy /6. Ilpu npunsateix 3Hayenusx D., O., u

Yo TOIydaem: (WC —Wf)/VI] 25]x/M°.  Duepruss  (GOpMBI  OIpeseNsercs  AeiicTBHEM

CBEPXTEKYYero CIIMHOBOIO TOKAa M, KakK CIIEAyeT W3 IaTeHTa YelICKoro ucciemosarens K.
Jp6ana (Drbal 1952), ona cmocoOHa OCYIIECTBHTH [dake 3aTOUYKY JIe3BUS OpUTBBL. Takum

00pasom, yder sHeprun Wy MOXKET 3HAYMTENBHO yMCHBIIMTH PasHUI MEKIY HNPHBEAEHHOM

BbIIIE, HAOMIOZaeMOM B OSKCIEPHUMEHTAaX BEIMYMHOW Wp; M TEOpEeTHYECKH IOIy4aeMoil
BEJIMYMHOM U3 ypaBHeHus (8.10).

13) IIIM sBiisiercst HecTaOMWIBHBIM 00BbekTOM. [IIM MOXKET MCUe3HyTh, HApUMEp, BCIICICTBUE
JTUCCHUMAIIMK PHEPTHH U HCIIAPEHHs BEUIECTBA, a TAaKKe B pPE3ysbTare B3pbIBa, HAOIIOAAEMOTO



KaK MpH TPOXOKICHUH KPAaTKOBPEMEHHOTO AJIEKTPUYECKOr0 UMITyJibca Toka uepe3 [IIM, Ttak u B
€ro OTCYTCTBUH.

Komruiekc 3apssKeHHBIX CBOOOJHBIX BUPTYaJbHBIX YaCTHUIl MOYKET MCUE3HYTh B pE3yJIbTaTe
CJIEIYIOUIMX NPUYHH: 1) B pe3ysibTaTe BHEIIHUX BO3MYILIEHUNA MOKET YMEHBIIATHCS KOJIUUYECTBO
CBOOOJHBIX BUPTYAJIbHBIX YACTHUL], COCTABISAIOIINX KOMIUIEKC; 2) UMes 3JIEKTPUUYECKUN 3apsi,
KOMIIJIEKC B3aMMOJEHUCTBYET C BHEIIHHUM DJIIEKTPUYECKHUM IIOJIEM, U, CJIEIOBATEIBHO, MOMKET
B30pBATHCS IIPHU IIPOXOKICHUH Yepe3 HETO KPATKOBPEMEHHOTO AIEKTPUIECKOTO UMITYJIbCA TOKA;
3) cBepXTEeKy4YHMil CIHMHOBBIN TOK, BOSHHUKAIOLIMH MEXIY KOMIUIEKCOM U APYTUMH CIIMHOBBIMHU
CUCTEMaMH, MOXKET HM3MEHUTh B3aUMHYI0 OPHEHTALMI0 CIMHOB CBOOOJHBIX BHPTYaJIbHBIX

JacTul, COCTaBJIAIOIIHNX KOMIUICKC, U B PC3yJibTaTC CHJIA B3aI/IMO,Z[eI\/JICTBI/I$I (FS )QO MCKOY

CBOOOJIHBIMU BUPTYaJbHBIMH YacTuliaMu (cM. Paznen 8.1) nmpeBpaTuThCs U3 CUIIBI IPUTSKEHUS B
cuiay oTTramkuBaHusA. B stom ciywae IHIM MokeT He MpOCTO mepecTarh CylecTBOBAaTh, a
B30PBaThCSl.

Takum oOpa3oM, OCHOBHBIC HaOI0aeMble cBOMCTBa mapoBoi MonHUH (I1IM) cormacyrorcs
CO CBOWMCTBaMHU KOMIDIEKCa CBOOOJHBIX BUPTYaJbHBIX YacTHI], BOSHUKAIOUIMX TPU pacrajae B
ANEKTPUUYECKUX MOJISX KBAaHTOBBIX ocImIATOpoB (KOOB), cocTaBisiromunx GU3ndecKuii BaKyyM.
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ABSTRACT

The aim of this work is to prove that the main properties of Ball Lightning (BL) may be explained by the action of
the following physical processes. (1) Coulomb repulsive force between like charges constituting BL; (2) the
pseudomagnetic force between like charges constituting BL, the character of pseudomagnetic force (attractive or
repulsive) being dependent on the mutual orientation of spins of their charges; (3) the spin supercurrent
emerging both between spins of charges constituting BL and between these spins and spins of the quantum
objects of neighboring bodies, it transfers the angular momentum associated with spins. The investigations of
spin supercurrent were conducted by M. Vuorio, A. Borovic-Romanov and other scientists from 1976.

For the achievement of the above mentioned aim in this work the following properties of BL are analyzed: the
formation in the streak of lightning channel; the placing of the electric charge on BL surface; the possibility of its
“clinging” to electric wires; radiation of light; spherical, ellipsoidal, or ring-like forms; the possibility of recov-
ering the spherical form of BL from significant deformations; the magnetizing of metallic bodies; the emergence
of force interaction between BL and magnetized bodies; the evaporation from BL of a substance exhibiting the
properties of ferrites; the disappearance of BL as a result of its explosions both in external electric pulse and in the

absence of the pulse.

1. Introduction

The two types of ball lightning (BL) are investigated by researchers at
present: Natural and Artificial BL. There are known many methods of
creating Artificial BL, for example: gas discharge in ionized plasma, the
using of chemical reactions, the creation of microwave radiation in a
camera with some substance (Dikhtyar and Jerby, 2006). In all the cases
of creation of Artificial BL, the substance constituting BL, in general, is a
molecular substance prepared by researcher.

In this work the hypothesis of emergence of Natural BL is considered:
that is, the BL may appear without participation of a researcher and the
substance constituting BL is a substance constituting the physical vac-
uum. The considered hypothesis of emergence of Natural BL is based on
a few concepts of modern physics: “zero-point” energy, virtual particles
(“virtual” photons), spin supercurrent, pseudomagnetic interaction. No
other hypothesis (based on the same concepts) of emergence of Natural
BL is known here. Let us analyze these concepts in detail.

1.1. The concept of "zero point energy"

In 1913, using the formula derived by M. Planck (1912) for the en-
ergy &, of the atomic oscillator vibrating with frequency v: ¢, = hv/ 2+

E-mail address: boldyrev-m@yandex.ru.

https://doi.org/10.1016/j.jastp.2022.105983

hv/(exp(hv /(kT)) — 1), Einstein and Stern (1913) published a paper in
which they classified hv/2 as “residual energy” (later, “residual energy”
was called zero-point energy) that all atomic oscillators have at absolute
zero. In quantum field theory, a physical vacuum free from magnetic and
electric fields (without regard to gravitational energy) became defined
not as an empty space but as the ground state of a field that consists of
some oscillators with zero-point energy (Puthoff, 1989). Essentially, M.
Planck, A. Einstein, and O. Stern made the first step towards the physical
vacuum having intrinsic degrees of freedom.

Oscillators with zero-point energy introduced by these scientists
have no generally accepted name, but in this work they are called
quantum oscillators (from now on the abbreviation QO will be used). Let
us consider the characteristics of these quantum oscillators.

1) Energy.

By definition (Einstein and Stern, 1913) the energy W, of QO equals
zero-point energy that is defined as

Woo =184, /2 6h)

where £, is the circle frequency of the oscillations.
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2) Mass.

According to Eq. (1), and connection of energy with mass, QO mass,
mgo, equals:

My, = \un/c2 2

3) Spin.

The physical effects exist which are impossible to explain without
ascribing an intrinsic degree of freedom to the physical vacuum, namely
the spin. For example, a photon has a spin angular momentum and so-
called orbital angular momentum (Barnett, 2010; Kidd et al., 1989).
At the same time, in the photon’s emission by an atom only the orbital
angular momentum is transferred to the photon in most atomic transi-
tions. Another example, in the photon’s emission by a free-moving
electron at the speed higher than the speed of light (the effect by
Cherenkov [1937]), the electron conserves its own spin angular mo-
mentum. The principle of conservation of angular momentum holds in
the considered phenomena if QOs constituting the physical vacuum
have spin S, that is:

Seo #0 )

and according to considered examples, photon’s spin consists of spins of
QOs which constitute the photon, that is:

S = (Su0) 1 o)

4) Electric dipole moment.

The existence of the electric polarization of a physical vacuum in an
electric field (Dirac, 1931) suggests that QO is an electric dipole in
electric field and, consequently, electric dipole moment of QO, dy,, may
be introduced, that is:

dg, #0 (5)
1.2. The concept of virtual particles ("virtual photons")

In 1949, R. Feynman (1949) was awarded a Nobel Prize for intro-
ducing virtual particles created by quantum objects, for the denotation
of force fields in his diagrams. The properties of the virtual particles
depended on the interaction in which they were involved. For example,
a quantum object which is a singularity in electric or magnetic fields
(electric charge or/and magnetic dipole) creates a pair of oppositely
charged electric particles, the so-called a virtual photon since it is like a
photon transfers electric and magnetic interactions. Like a photon which
in pure state has transversely precessing spin (Weber and Lynn, 2000),
the virtual photon has a precessing (with frequency ®,) spin S,.

From the physical point of view the creation of virtual particle by a
quantum object may be a consequence of interaction of the quantum
object’s spin with the physical vacuum, which is analogous to Barnett’s
effect (Barnett S.J., 1935). Then the orientation of precession frequency
®, of virtual photon’s spin S, is associated with the orientation of spin S
of the quantum object creating this virtual photon as:

®, 118, (6)

If the speed of quantum object is much less than the speed of light,
then (Boldyreva, 2021):

S 1S, (7)

The spin S, of the virtual photon consists of the spins of QOs which
constitute the virtual photon: that is,

S, = (Sqo) (8)

v

From Eq. (8) it follows that mass my of the virtual photon has to consist
of the mass of QOs which constitute the virtual photon: that is,

m, = (m,), 9

According to Feynman’s model, the virtual photon is an electric
dipole and, as shown in (Boldyreva, 2021), its electric dipole moment d,
is oriented along its spin:

d, 11S, (10)

1.3. The concept of action of spin supercurrent between virtual photons

The spin supercurrent is a process of transfer of angular momentum.
The first works introducing the process of transfer of angular momentum
in descriptions of physical phenomena were works by J. C. Maxwell
describing a model of luminiferous ether in 1861-1873 (Maxwell,
1861). In hundred years, the investigation of the process of transfer of
angular momentum was continued (with taking into account the
quantum object characteristic opened in the 20th century - spin) by M.
Vuorio (1976), (Borovic-Romanov et al., 1989), Yu. Bunkov (2009),
(Dmitriev and Fomin, 2009). In these investigations the process of
transfer of angular momentum is called a “spin supercurrent”. The value
of a spin supercurrent is determined by the characteristics of the pre-
cession of spins of the spin structures between which the supercurrent
arises. The example of orientation (along axis z) of a spin supercurrent
(Is), emerging between virtual photons with the precession frequencies
@y, spins S,, electric dipole moments d,, precession angles (a; and ay),
deflection angles (f; and f,) is given in Fig. 1. The virtual photons are
created by quantum objects with spin S, oriented according to Eq. (6).

(Ls), is determined as:

(Iss)z= —bl(aZ—al)_bZ(ﬂz_ﬂl) (11)

where b; and b, are coefficients depending on the properties of virtual
photons. The action of spin supercurrent may result in equalizing of
values respectively of precession angles (phases), and deflection angles
of interacting virtual photons.

1.4. The concept of pseudomagnetic interaction

The pseudomagnetic interaction depends on the mutual orientation
of the spins of interacting spin structures. The character of a pseudo-
magnetic interaction is, in many aspects, analogous to that of magnetic
interaction, which is why the interaction is called “pseudomagnetic”.
However, the energy of this interaction is a thousand times greater than
the energy of a magnetic interaction and the magnetic field does not
influence it. To determine the main features of pseudomagnetic inter-
action let us consider experimentally observed examples of its action.

Example 1. In the motion of neutrons and protons in a substance with
the polarized spins of nuclei and in the motion of electrons in a substance
with the polarized spins of substance’s electrons, a precession of spins of
moving quantum objects relative to the direction of substance’s spin
polarization takes place (Pokazaniev and Skrotskii, 1979; Abragam and

Fig. 1. Schematic image of virtual photons created by quantum objects with
spins Sy. (), is spin supercurrent along of axis z; @, are of the precession
frequencies of the spins S,; d, are electric dipole moments; a; and ay are pre-
cession angles; f; and f, are deflection angles; r. 1. are reference lines.
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Goldman, 1983; Tsulaia, 2014).

Example 2. When passing light through a magnetized medium (that is,
through a medium with oriented electrons’ spins), light polarization
twisting may take place, the so-called Faraday effect (Richardson and
Riehl, 1977).

Two types of quantum objects are experimentally observable in the
above considered examples: with non-zero rest mass (protons, neutrons,
electrons in example 1) and with zero rest mass (photons in example 2).
The quantum object with non-zero rest mass creates a virtual photon
whose spin, according to Eq. (8), consists of spins of QOs constituting the
virtual photon. The quantum object’s spin with zero rest mass, that is
photon, according to Eq. (4), consists of spins of QOs as well. Conse-
quently, the results of all above considered experiments may be
explained by pseudomagnetic interaction between spins of QOs consti-
tuting both photons and virtual photons created by quantum objects
taking part in the experiments. In these experiments the pseudomagnetic
interaction shows the properties of moment; it cannot be excluded that,
in accordance with Eq. (11), spin supercurrent may create such a
moment.

According to Egs. (1), (2) and (9), the mass of virtual photon con-
sisting of QOs’ mass is not equal to zero. That the virtual photon, ac-
cording to Eq. (10), has an electric dipole moment means that the
creation of mass my of virtual photon is accompanied by a division of
QOs constituting the virtual photon into two parts: a positively charged
part and negatively charged part (according to Eq. (5) QO possesses an
electric dipole moment). Every part consists of like charged particles
constituting QOs (we shall call them “QO-particles™) and, consequently,
the force compensating repulsive Coulomb force acts between these like
charged particles inside every part. This force must depend on the
mutual orientation of spins of interacting “QO-particles” and their
charges (see Fig. 2). Thus, it may be suggested that the pseudomagnetic
interaction existing between spins of QOs includes not only a moment
but a force as well, acting between QOs.

In general, pseudomagnetic force Fy, is determined to be:

Fom :Kpm‘qspm(((sqﬂ/z)w (Sq0/2)2)7q17q2)| (12)

where @, ((((Sgo)1 /2)- ((Seo)2 /2)) 141 »42) is a function of the charac-
teristics of interacting QO-particles: of spins, respectively (Sq,/2);, and
(Sq0/2),, and of the electric charges, respectively, q, and g, with due
regard for their signs. The factor of proportionality K, is determined as:

Lif (Sg0/2),~—>(Sq/2), and q,q, >0

or (Sq0/2)1<——>(Sqn/2)2 and q,q, < 0;
—Lif (S40/2),==(Sq0/2), and q;q, <0

or (Squ/z)l(__)(sqo/z)z and 919, > 0

Kom = 13)

Fig. 2. The structure of virtual photon. mgy,, Sqo, qq, are respectively mass, spin,
charge of quantum oscillator; my, S,, d, are respectively mass, spin, electric
dipole moment of virtual photon; F¢y, is a Coulomb force; Fy, is a pseudo-
magnetic force. In cases of interaction of charged QO-particles inside every part
and in case of interaction of charged parts of virtual photon Fy, = — Fcg.

If Fp > 0, the force is attractive, if F,, < 0, the force is repulsive.

2. The emergence of a Complex of Like-charged free QO-
particles

According to Eq. (5), in electric field E not only electric polarization
of QOs is possible but their decay into charged particles with equal spins
Sq0/2 and masses my, /2 as well, analogous to the decay of the photons in
the eletrical field (Wichmann, 1971) into unlike-charged particles
(electron and positron) with equal spin /2 and masses my, /2 (mp, is a
kinetic mass of photon). We shall call the charged parts that emerge as a
result of the decay of QOs as “free QO-particles”.

As free QO-particles have spin (Sq,/2), the spin supercurrent may
emerge between them. As a result of the action of spin supercurrent, a
uniform orientation of spins of emerged free QO-particles is possible,
and due to Egs. (12) and (13) an attractive pseudomagnetic force be-
tween like charged free QO-particles may emerge. Thus like-charged
free QO-particles may form a Complex in which the two forces that
are equal in magnitude act between the free QO-particles: the repulsive
Coulomb force and the attractive pseudomagnetic force connected with
the spins of the particles (respectively the forces F¢y, and Fp, in Fig. 2).

The versions of the configurations of the Complexes are shown in
Fig. 3, the orientations of the spins of the free QO-particles, Sy,/2, are
shown by arrows. In version (a) the like-charged free QO-particles form
a straight line while, in version (b), the free QO-particles form a ring.
The linear configuration in version (a) is less stable than the ring
configuration because in it the first and last particles are more subject to
perturbation influences than the rest particles. However, the ring
configuration in Fig. 3(b) is only possible if distance r between the QO-
particles is much less than diameter D, that is, if

r<D, a4

Only in this case, the spins of the two adjacent virtual particles can be
considered to be oriented along the same straight line and, conse-
quently, Condition (13) can be used.

The types of Complexes shown in Fig. 3(b) may form large Com-
plexes. The configuration that ensures the highest stability of such large
Complexes is a ring-like one, such as circle, cylinder, or ball.

It will be shown in Section 3 that experimentally observed properties
related to BL coincide with the above considered properties of a Com-
plex of free QO-particles.

3. A comparison of ball lightning properties with those of a
complex of like-charged free QO-particles

1) The BL is formed in the streak lightning channel, or near the current-
carrying wires (according to investigations by (Boldyreva, 2021)
current-carrying wires possess an electric dipole moment).

As was shown in Section 2, the considered Complex may be created

Fig. 3. Versions (a) and (b) of the configuration of Complexes of like-charged
free QO-particles (straight line and ring). The arrows show the orientation of
the free QO-particles spins Sq,/2 (Sfvp); D, is the diameter of the ring; r is the
distance between the neighboring free QO-particles; and r<D..
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in electric fields.
2) BL has an electric charge (Bychkov, 2022).

The above considered Complex consists of charged particles (free
QO-particles).

3) The form of BL may be, in particular, as follows: sphere, ellipsoid or
ring-like (disk or cylinder). Observations show that the charge of BL
may be located at surface (Bychkov, 2022).

That is in accordance with the image of Complex of like-charged free
QO-particles in Fig. 3.

4) The spherical form of BL may recover from significant deformations
produced when passing through very narrow slots (Bychkov et al.,
2016).

The like-charged free QO-particles that constitute the Complex are
only placed on the surface of the Complex and under Condition (14) a
deformation of the Complex is possible. According to the definition of
spin supercurrent, Eq. (11), its action may result in aligning the spins of
free QO-particles of deformed Complex in one direction, then the force
determined by Egs. (12) and (13) performs the recovery of the Com-
plex’s form from significant deformations.

5) BL may magnetize metallic bodies (Bychkov, 2022).

As free QO-particles have spin, the spin supercurrent may emerge
between spins of free QO-particles constituting the considered Complex
and spins of QOs constituting virtual photons created by free ("metallic")
electrons of ambient metallic bodies. Due to Eq. (11) the action of spin
supercurrent may result in equalizing the orientation of interacting QOs’
spins. According to Egs. (7) and (8), the uniform orientation of inter-
acting QOs spins results in spin polarization of free electrons of ambient
metallic bodies; that means the magnetization of ambient metallic
bodies.

6) The force interaction between BL and magnetized bodies is observed.

The spin polarization of “magnetic” electrons takes place in
magnetized bodies. According to Egs. (6) and (7), spin polarization of
quantum objects means spin polarization of virtual photons created by
those quantum objects. According to Eq. (10), spin polarization of vir-
tual photons means the emergence of nonzero total electric dipole
moment of those virtual photons. Consequently, force F.; will act on the
charged Complex of free QO-particles in the electric field associated
with this electric dipole. The spin supercurrent emerging between the
Complex and magnetized body may influence the value of force F.;
because it influences the orientation of spins of virtual photons created
by quantum objects of the magnetized bodies and, consequently, ac-
cording to Eq. (10), the direction of electric dipole moment, connected
with those spins, relative to the Complex.

Note. The force F,; has the same nature as experimentally observed
force acting on BL near current carrying wires, as these wires possess the
electric dipole moment connected with virtual photons created by cur-
rent carriers in those wires (Boldyreva, 2021).

7) BL may move at a constant altitude above ground level (the so-called
levitation of BL).

At least three forces act on considered Complex of free QO-particles:
the gravitational F, = gm. (g is a gravitational constant, m. is a mass of
the Complex), Archimedes’ upward buoyant force Fa = gVcp,, (V. is the
volume of Complex, p,, is the density of physical vacuum) which is

exerted on a body immersed in a continuum (physical vacuum) (Russo,
2013), and the electric F. = Q_E. (Q. is the charge of Complex, E, is the
electric field strength created by the Earth at the location of Complex).
The condition of Complex’s levitation is the following: F, + F + F. =0.
For obtaining more concrete formula describing levitation of Complex it
is necessary to investigate the properties of physical vacuum in detail.

8) BL emits light.

The quantum oscillators are characterized by angular momentum.
Therefore, the charged free QO-particles emerging due to decay of
quantum oscillators must be characterized not only by mass and charge
but angular momentum. The oscillations taking place inside charged
free QO-particles may result in oscillation of electric field created by the
Complex of charged free QO-particles and, consequently, in emergence
of an electromagnetic radiation.

9) An evaporation of a substance from BL may take place. The substance
may exhibit the properties of metals (in particular, those of ferrites).

It should be noted that virtual photons created by electrons with like-
oriented spins in ferrites, according to Egs. (6)—(8), create QOs with like-
oriented spins in the physical vacuum.

The like-charged free QO-particles in a Complex have oriented spins
(see Fig. 3), as well. Therefore, the substance that evaporates from the
Complex of free QO-particles may have the properties of ferrites.

10) Energy of BL. The energy density stored in BL may vary in a wide
range and, in some cases, it is equal to 101°J/m?.

The total energy of a Complex, W, equals:

We=Wi +Wq +Wq + Wi 15)

where W, is the kinetic energy; W, is the electric energy of the Complex;
W, is the energy associated with frequency Q40 and Wi, is the energy
associated with the Complex’s form. Let us estimate the value of addends
of expression (15) for the case when the total charge of Complex equals
Q.. The number Ny, of free QO-particles in the Complex is determined
to be:

quo = Qc /qqo (16)

where q, is an electric charge of QO-particle. Based on the results of
experiments conducted by W. Kaufmann (1902) on the deflection of the
beta-rays emitted by radium, which showed that the mass of the electron
is purely of an electromagnetic nature, we assume that the specific
charge of the QO-particles is proportional to the specific electron charge:
that is, the following holds: q,, = emg,/(2m,), where e and m, are the
electric charge and mass of electron, respectively. Let us transform Eq.
(16) with taking into account Eq. (2), the above mentioned expression
for q,, and expression for Bohr magneton: up = ef/(2mec):

quo = 2C()c / (ﬂBQQO) (17)
Taking Egs. (2) and (17) for my, and Ny, respectively into account,
the energy W is determined to be:

th 2

Wi =NigoMgoYs, /4 = Top (18)
B

where y;. is the speed of the Complex. The energy W, with due regard
for Egs. (1) and (17) is determined to be:

heQ,

Wa=NgoWyo = 2
B

19

The electric energy W, of the Complex while taking into account that
the charged free QO-particles are placed on the surface of a sphere is
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determined as (Purcell, 1965):
Wo=0Q?/D. (20)

The approximate estimation of value of (W, —Wpm)/V. for the
Complex with characteristics equal to the average characteristics of BL
(diameter D, ~ 0.25m, electric charge Q. ~ 5-1077C, and speed of
translational motion of BL yj, ~ 10m/s), according to Egs. (15) and
(18)-(20) results in (W, — Weom)/Ve = 25]/m®. Let us consider energy
of Complex Wi, associated with the Complex’s form. According to
(Boldyreva, 2021), the energy Wi, of form is determined by spin su-
percurrents and, as shown in Parr’s (Parr, 1980-81) experiments, this
energy may be sufficiently great. For example, in 1952 Czech researcher
K. Drbal discovered the possibility of a pyramid “maintaining razor
blades and the shape of straight razors” without an auxiliary source of
energy. He was granted a patent for this discovery, (Drbal, 1959).
Consequently, Wy, may contain a considerable part of the Complex’s
energy.

11) BL may disappear as a result of passing through an explosion
caused by a short-term electric current pulse.

As the Complex of free QO-particles has an electric charge, it may
disappear (annihilates) in electric field.

12) Explosions of BL may take place in the absence of electric pulse.

At violation of uniform orientation of spins of like charged free QO-
particles constituting considered Complex (due to a disturbance) the
pseudomagnetic force F,, acting between the free QO-particles, ac-
cording to Egs. (12) and (13), may be transformed from an attractive
force into repulsive, and Complex may not be merely destroyed but
explodes.

13) In general, the BL’s lifetime depends on the size of BL. If BL’s size
does not exceed 1 m, the BL’s lifetime is directly proportional to
its size and usually does not exceed 1 min; if the size is greater
than 1 m, the proportionality is not direct and the BL’s lifetime
can be a few minutes (Bychkov, 2022).

The lifetime of a Complex of free QO-particles is proportional to its
size, since an increase in the Complex diameter (D.) increases the degree
of fulfilling of Condition (14) and, consequently. according to Eqgs. (12)
and (13), increases the attraction force between like charged free QO-
particles of the Complex.

4. Discussion

There is an experimental proof of validity of the above considered
theory of emergence of a Complex of like-charged free QO-particles
whose properties are analogous to the properties of BL. It is shown in
the experiments investigating the cold nuclear fusion that electrical
explosions of foils made of super-pure materials, that is the creation of a
strong electric field in the physical vacuum, is accompanied by emer-
gence of luminous objects having properties analogous to some prop-
erties of BL (Lewis, 2005; Lochak and Urutskoev, 2021).

5. Conclusion

It is shown that in the physical vacuum consisting (according to
theory by A. Einstein and O. Stern) of quantum oscillators (QO) those
oscillators in electric fields may decay into charged (positively and
negatively) particles called as free QO-particles. The like charged free
QO particles may form the Complex having spherical, ellipsoidal, or
ring-like forms. The repulsive Coulomb forces between like charged free
QO particles in the Complex are compensated by attractive

pseudomagnetic forces. In general, the character of pseudomagnetic
force (attractive or repulsive) between charged free QO-particles de-
pends on mutual orientation of spins of the particles and their charge’s
sign.

It is shown that the properties of a such Complexes of like-charged
free QO-particles are analogous to the properties of Ball Lightning.
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