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MoHorpachuss nocesilleHa TaK HasbiBaeMbiM wWapoBbiM  MonHuaM (LUM),
HabnoaanWMMCca B eCTECTBEHHbIX YCNOBUAX B BO3AyXe U UCKYCcCTBEHHbIM LLUM
WNU TaK Ha3biBaeMbIM AONrOXUBYWUM cBeTAwmMMcAa obpasoBaHuam (ACO), kak
npaBuno, nonyvYaembiMm B nabopaTtopusix akcnepumeHtanbHo. CoBMecCTHOe
paccMoTpeHne UCKYCCTBEHHbIX U npupoaHbix LM nogyepkuBaeT He06X0AUMOCTL
KOMNNEKCHOro aHanu3a TakuxX CroXHbIX 00bekToB. AMEeHHO onucaHue n3yveHus
csoucTB uckycctseHHbIx LLIM 1 [ICO B 20 1 21 Bekax NO3BONAET YMTATENHO Nyulle
MOHATb, YTO M KaK MOXHO 3KCNEePUMEHTaNIbHO MOAENMPOBaTh.

Mpobnema LM n3BectHa A0BONLHO AaBHO. He ogHO pecATMneTWe OHa
Bbi3blBaeT XUBOW  UHTepec. [lpakTMyeckMd  WHTepec  MNpeAcTaBnAT
uccnegosaHua naodopatopHbix LM, NOCKONbKY OHM CTUMYNMPYHOT co3daHue
HOBbIX, MNEPCNEKTUBHbIX METOAOB U YCTPOWUCTB M3Y4YEeHMS U NONyYeHus
HW3KOTeMnepaTypHOU NNa3mMbl, U Pas3fMYHbIX MaTepuanbHbIX 06pasoBaHUN.



OcTaHoBMUMCS Ha coaepXaHuu MoHorpadum.

fmaBal. Hocut wuctopuyeckun xapaktep. OHa nocBsAleHa BKNagy OCHOBHbIX
nccgepoparenei LM, kak oTe4eCTBEHHbLIX, TaK U MHOCTPaHHbLIX. VI3 Hee MOXHO y3HaTb
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o ponu M.B. JlomoHocoBa, M. ®apapes, ®. Aparo, H. Tecnsbi, .Jl. Kanuubi, A.U.
®peHkensa n gp. B ctaHoBneHun uccnegosannn no WM n mogenuposanuio [1CO. B Hen
NPMBOAATCA AaHHbIe O rpynnax cOBpeMeHHbIX uccrneposaTenen Kak B Poccuu, Tak 1 3a
pyoexom.

§1.1. OTeyecTBeHHbIE UccnegoBaTenu

§1.2. UHoCTpaHHbIe y4eHble B 06n1acTi hu3nkKu WapoBon MOSTHUUIO

naBa 2. MNocBsweHa n3noxeHn HadbnpgaTenbHbIX AaHHbIX O COOLITUAX, CBA3AHHbIX
c wapoBoun monHuen. MpueeaeHb! AaHHblIe 00 3Hepruu n BHeWHMX ocodbeHHocTax LM -
eeé pasmepe, usete u copme. OnucbiBaroTca 3nekTpuyeckne csouctsa LM, ee
B3auMOAENCTBME C pasnuyHbiMM o6bekTamu. Onucanbl BeTpeun LM ¢ camonetamu,
npuBeaeHbl AaHHble 0 HabmwoaeHuu LM Ha mMope, npu reoTeKTOHUYECKUX CODLITUSAX.
MpuBoaatca aaHHbie o WM B fAnoHun, 06 aptedhaktax u cnegax WM. O6cyxpatoTtcs
aHoManbHble cBoucTBa LM 1 nx cBfisb ¢ NnosiBNEeHNEM KpyroB Ha NONAX WU rnyb6oKux
otBepctuii B 3emne. lpuBogutca obcyxaeHue cotorpadmi U BMAEO Matepuanos
HabntogeHus LLM.



InmaBa 2. HaOaromaresbHble JaHHBIE 0 COOBITHSIX, CBA3AHHBIX C IIAPOBOH
MOJIHUEN

B

§2.1. Sneprus wapoBoii MOJIHHH
§2.2. IlosiBJjIeHHE IAPOBOM MOJIHUU
§2.3. BHemiHMe 0COOEHHOCTH HIAPOBOM MOJIHUHU
§2.3.1. Pazmep, uBer u (popmMa 1mapoBoil MOJIHUH
§2.3.2. Ci10:xHbBIE CTPYKTYPHI.
§2.3.3. lllapoBasi MmosiHuS B GOopMe HUTKH MJIH KIYTA

§2.4. JjaexkTpuyecKue NPOSIBJICHUS HIAPOBOM MOJHUU

§2.5. B3anumMogencTBE IIAPOBOMA MOJIHUH C PA3JIHYHBIMHA 00beKTAMM

§2.6. B3aumojgeiicTBre IIAPOBO MOJHHUH CO CTEKJIOM

§2.7. PaneHuss m cMmepTh HaO/0AATEN e U KUBOTHBIX IPH BO3AEHCTBUU
HIAPOBO MOJHUU



§2.8. Ilepemennenne nmpeaMeToB MPHU BO3IEUCTBUH IAPOBO MOJITHUU
§2.9. BcTpeua mapoBoid MOJIHMM C CAMOJIETAMMU
§WTpeanHapOBoﬁ MOJIHMHU C caMoJieTamMu (HaOIrOACHMS )

§2.9.2. Berpeua mapoBoil MOJIHMY € camosieTamu (00paboTka HAOIIOCHUI )
§2.10. llIapoBbie MOJTHMM B MOpe

§2.11. IIIM u reoTeKTOHM4YECKHUE COOBITUA

§2.11.1.CpeTrsimuecs oOpa3oBaHus, MTOPOXKICHHbBIE T€OTEKTOHUYECKOM
AKTHBHOCTBIO

§2.11.2. lllapoBbeie MOTHMYU B ANIOHUN

§2.12. ApredakThl M pa3jMvHbIe CJeAbl OT IIAPOBBIX MOJHUMI
§2.13. I'eopuznyeckue ABJICHUA U HIAPOBASI MOJIHUS

§2.13.1. AHOMaJIbHBIE CBOWCTBA IAPOBOW MOJIHUAU

§2.13.2. OtBepcTHs B 3eMJie M HAOJIOACHHUS IAPOBOM MOJTHUM
§2.13.3. [llapoBasi MOTHHS, KPYTHd HA MOJISIX U HA TOBEPXHOCTHU 3eMJIIA

§2.13.4. lllapoBuaHBIC KOHKPELIUHU
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§2.14. CeTrsilnuecs 00beKThbI XeccaajaeHa

§2.15. JlokabHbIA HArpeB 00bEKTOB

§2.16. I'esieno00HbBIC MeTEOPHI M MOA00HbIE SIBJICHUSA
§2.16.1. JlonmomHeHHE K pa3aeiry

§2.17. @010 M BHAEO C HIAPOBOU MOJITHHEH

§2.17.1. lllapoBas monHus y UepHoro Mops

§2.17.2. lllapoBas MoaHusA B JloJronpyaHom

§2.17.3. lllapoBas moiHNS B MUTHHO

§2.18. O docdenax, oOpazywuxcs B pe3yJbTrare JHEPreTu4eCKoro
U3J1YYEeHUS BCHbINIEK JUHEHHbBIX MOJHUU



BL observations MSU
e

Pudovkin. UFN 1996,
V.166, P. 1253-1254.

S. Singer Physical nature of
ball lightning.



BL observations MSU

W. R. Corliss Unusual Natural Phenomena. Gramsey books. NY. 1!!!
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Balllightning tith a curious ribbon attached

Dmitriev ZTF
1981. V.51. N. 12. P. 2567-2572.

Energy estimate 10° J Khabarovsk 1978. 24 August 23.20
h. Strong rain without lightning. A
ball of 1.5 m in a diameter.

Trace: 1.5 m in a diameter and
depth 20-25 cm - the soil hecame
charred and melted.



Observations MSU
Evdokimov 2006. Likhosherstnykh1983

Belokon 2006 Timoshuk1990
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Collection and analysis of observations MSU

Analysis of photos and modeling of shooting
conditions. A.l. Nikitin.

Sochi, Russia, 1960
A.l. Nikitin 2013

S. Singer Physical
nature of ball lightning.

A.l. Nikitin 2010



Collection and analysis of observations MSU
S

LLlapoBas MmonHus, nexawas Ha cHery. CHUMOK caenaH
B bypanewrTe 6 suBapsa 2011 roga undposon
kamepon KENOX S760 dmpmbl SAMSUNG co
BCnbiwkon. PokycHoe pacctosiHne 10 mm,
pnadparma 3.4, sbigepxka 1/50 c. QuameTp wapa 50
cM. Ha noBTOpHOM CHMMKe, caenaHHOM Yepe3 15 ¢,
wapa Her.



Collection and analysis of observations MSU

Observer N.Babaeva, Physicist, Ph.D.. lowa
3.08.2007.

The hole appeared after a flash of a linear
lightning

The glass pieces have not been analyzed yet (2007-
2010)



Collection and analysis of observations SU

Traces left by BL indicate possibility of thermal and electric impact of BL. New accent in
these investigations is more detailed analysis of residuals and traces, which allows
estimating BL energy, electrical and mechanical properties. In this connection it is
necessary to mark new investigations of a joint team A. Nikitin et. al. that analyzed window
glass properties after it was impacted by BL.

To the right is a hole
in the glass, to the left
is the disc that had
fallen out the hole.
Disc (hole) axes sizes
are 8.2 and 7.6 cm.



maBa 3. AHanu3 HabntoaeHuun LLUM. Moceswena ctatucTmyeckoMy aHanusy HabnoaeHun LM,
O6cyxpaeTcs CTaTUCTUYECKMIA aHANU3 HabNAEHUA NPOCTEULLMMN MaTeMaTUYECKUMN METOAAMMU.
O6 eyRIaOTCHRCOBPEMEHHBIE"METOLI cTaTUuCcTUYecKoro aHanu3sa LLIM. MpueopsaTca npumeps!
KOPPenaunoHHOro U gucnepcuoHHoro aHanusa. lNpueeaeH aHanus 3aBUCMMOCTU BPEMEHU XKU3HU
LLIM oT eé anameTpa, a Takke BMAHMA rPo30BbIX aTMOChepHbIX ycrnoBun Ha ceouctaa LLIM.

§3.1. Coop HaOm0onaTEIbHBIX JAHHbIX.

§3.2. AHayiu3 HAOII0eHUH POCTEHIIUMH MEeTOAAMH

§3.3. CoBpemMeHHbIE€ METOAbI CTATHCTHUYECKOr0 aHaau3a HHIM

§3.3.1. Craructuueckue uccieaoBanus nsera 1M

§3.3.2. JIucnepcronnbii ananus. [Iponeaypa o0pabOTKM JaHHBIX

§3.3.3. Pe3ynbraThl AUCIIEPCUOHHOTO aHaIu3 s ¢akTopa sera [1IM

§3.3.4. Koppemanuonnbiv ananu3 pacupenencauu [1IM no uperam

§3.3.5. dakTopskl BIUSIONIKE HA HaOMronaemble mapameTpsl [IHIM
§3.3.5.1. lucnepcuoHHbIi aHanu3 115 paxkropa Mmecra HabmoaeHus [1IM
BHE Y BHYTPU NTOMEIICHUS

§3.3.5.2. 3HauumMocTh (haKTOPOB, ONPEACTAOMMX CrIoco0 rudenu [IM.
JIUCIIEpCUOHHBIN aHAIU3.

§3.3.5.3. 3naunmocts auametpa [LIM st e€ BpeMeHu KU3HH.
Pe3ynbrarsl IUCIEPCUOHHOTO aHAJIN3A.

§3.3.5.4. 3aBucumocts BpeMenu xu3nHu [[IM ot e€ quamerpa.

§3.3.5.5. BiausnHue rpo30BbIX aTMOC(hEpHBIX yCI0BUM Ha cBoMcTBa [IIM.



BL energy MSU

3, 9 and 17 estimates of
W, 107 - observations with water
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1- (Grigor'ev 1990); 2-5- (Egely 1987), 6-( Stenhoff 1999);. 7-(Singer 1971; Kozlov 1978); 8-
(Dmitriev et al 1981); 9-(Goodlet case, Barry 1980);10-13 -(Stakhanov1979); 14,17 -(Imianitov &
Tikhii 1980); 15-( Barry 1980; Singer 1971); 16-( Wittman 1971); 18 -(Barry 1980); 19 - (Bychkov et
al 1996); Nikitin states that W~1049 MJ/m*3



Collection and analysis of observations MSU
J. Pace VanDevender (USA) [2008, Kaliningrad] : results of field researche—

on August, 6th, 1868 in County Donegal in Ireland.

Witness Michael Fitzgerald during walk has noticed a red fiery sphere about 60 cm in diameter, slowly moving in air. “After
passing the crown of the ridge ... it descended gradually into the valley, keeping all the way about the same distance from
the surface of the land, until it reached the stream” (coast) in 90 meters from a place where an observer was standing. “ It
then struck the land and reappeared in about a minute, drifted along the surface for about 60 m and again disappeared into
the boggy soil, reappearing about 100 m further down the stream; again it moved along the surface, and again sunk, this
time into the brow of the stream, which it flew across and finally lodged in the opposite brow, leaving a hole in the peat
bank, where it buried itself...l... found a hole about 6 m, where it first touched the land, with the only pure peat turned out
on the lea as if it had been cut out with a huge knife. This was one minutes work...It next made a drain about 100 m in
length and 1.2 m deep, afterwards ploughing up the surface about 30 cm deep, and again tearing away the bank of the
stream about 25 m in length and 1.5 m deep, and then hurling the immense mass into the bed of the stream, it flew into the
opposite peaty brink. From its first appearance till it buried itself could not have been more than 20 minutes ... It appeared
at first to be a bright red globular ball of fire, about 60 cm in diameter, but its bulk became rapidly less, particularly after
each dip in the soil, so that it appeared not more than 8 cm in diameter when it finally disappeared”.

The brigade of researchers has found out, what even later 137
years after the incident on the earth have remained traces of
the ditches made by BL. Authors estimated the work spent by
BL in 4-1077 J and considered that the ditch has been pressed
through in the earth by a microscopic black hole in weight from
21074 to 1076 kg, which “magnetically levitated by a large
electromagnetic field”.



Collection and analysis of observations

MSU
B

Average BL parameters over investigations of 20-th Century (B.M. Smirnov).

Parameter Value Comment
Spherical form 89% Why not 100%?
robability
Diameter 26-32 cm
Lifetime 9-16s
Velocity 3-5 mls Wind velocity?
Energy density 1,6- 20 Jicm? Why data up to 1046 Jicm®?
Color white (24+2%), yellow (24+2%), red
(18+2%), orange (14+2%), blue-
violet (12+2%), etc.
orrelation with other 70+10% BL appear during Middle of a day in Europe
henomena thunderstorms
eason 80% BL appear in Summer Europe and Northern America,
60%- explosion, 30% going out,

‘Elimination

11% decay, etc.

Observation frequency

10-9-10-8 km-2-min-"1

A.Keul 5,4-10-8 km-2-min-!

New statistical analysis did not give new features



Theories and analysis of observations

MSU

e
Author BL feature Energy Temperature Form
Frenkel Substance low T=300- 400 K Bubble-vortex
mixture
Kapitsa MW discharge | >0,5-1,5 J/ cm?® T=1000-3000 K Spherical
discharge
Dmitriev Hot plasma up 10J/cm® | T=3000- 10000 K sphere
Egeli up 106 J/ cmd Sphere-tape
Stakhanov Water cluster ~30 J/icm? T=400- 600 K sphere
structure
IStepanov Aerosol plasma | Up 10°J/ cm? sphere
Smirnov Aerosol fractal >30 J/cmd T=300- 400 K sphere
aggregate
Saranin melt >30 J/cmd T=1000-2000 K bubble
Norman, Manykin [Non-ideal plasma| ~30 J/cm3 T=400- 600 K sphere
Nikitin Dynamic up 10 J/ cm? T=300- 400 K sphere
capacitor
Grigor’ev melt up 10 J/ cm? T=1000-2000 K [Sphere or bubble
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T'maBa 4. NocBswWweHa aHanu3y U onnMcaHuio 3KkcnepumeHTanobHoro mogenuposanus WM u [CO.
OnucaHbl paHHue 3kcnepumeHTbl 19 M 20 BB. No ueneHanpaBneHHoMy co3panuio LLUM.
O0g)iaacicAmnCoBpEMEHHOS .-MOAeNnMpoBaHe WM un [OCO, a umMeHHO, npu nomoLwwm
BLICOKOYACTOTHBIX pa3psaoB B BO3AyXe, B INeKTpopaspAAHbIX yenosusax. OnmcaHo nony4yeHue
MCKYCCTBEHHbIX MNa3MOAMHAMUYeCKUX obOpa3zoBaHMM M UCKycCTBEHHbIX LLUM B 3p03MOHHbLIX
paspsagax MpueoasaTca faHHbIe 00 IKCnepUMEHTaNnLHOM MopenupoBaHun B3aumopenctemsa LM

CO CTeKnamu.

IxcnepumenTaabHoe moaeauposanue LM u JICO §4.1. Beenenue

§4.2. Pannue 3xcnepumenTsbl 19 u 20 BB. 10 HeaeHanpaBjieHHoMY co3aanuio HIM.
§4. 3 BoicokoYacCTOTHBIE Pa3psiibl B BO3AyXe

§4.4. IxcnepumenTsbl 10 mojrydyeHuo [HIM u ICO B 3jieKTpOpa3psiAHbIX YCJA0BHAX
§4.5. Ilnasmonunamuuyeckune oopasopanusa u JJCO

§4.6. Jpo3MOHHBIN pa3psa

§4.6.1. UMy IbCHBIN JICKTPUUYECKUN pPa3psal B KaHAJIE ¢ UCTIAPAKIIMMUCHA CTEHKAMM
§4.6.2. OnbITHI C 3PO3UBHBIM PAa3PHAI0OM € KANMWLJISAPOM U3 BOCKA

§4.6.3. IKCNIEPUMEHTHI € IPO3MOHHBIM pa3paaoM ¢ kKanuuisipom u3 [IMMA

§4.6.4. OnbITHI C NOJUMEPHBIMU MATEPUATAMM.



§4.6.4. OnbITHI ¢ NOJUMEPHBIMU MATEPUATAMH

§4.6.4.1. Bo3aeiicTBue MJ1a3Mbl IJIA3MATPOHA HA MOJUMEPHbIE MATEPHUAJIbI

§4 edsdeXeapaKTepUCTHKICTPYH IIA3MBI KAMJISIPHOTO JIA3MATPOHA

§4.6.4.3. Ilosnyyenue ceerssuuxcs mapos u J1CO

§4.6.4.4. Ilonyyenue JCO ¢ mommMepHOH CTPYKTYpPOi

§4.6.4.5. Temneparypa BCILILIBAKOIIUX IAPOB

84.6.4.6. Bosmoxnass mnpupona ACO, co3gaHHbIX NpPHM MOMOIIM KANUJJISIPHOIO

ITAa3MOTPOHA

§4.6.5.0kcriepuMeHTHl 10 B3aUMOJCHCTBUI0O CTPYH DJPO3HMOHHOIO paspsaa ¢
MeTAJJIHYECKUM 00pa3uom

§4.6.6. JKCHIEPUMEHTHI 10 IPO3UOHHOMY Pa3pAdy U3 LIEJIH

§4.6.7. JxcmepuMeHTbI 10 B3aMMOAEHCTBUI0 CTPYHM 3JPO3MOHHOIO pa3psiga co
CILIABOM

§4.6.8. PazBuTHe padoT 110 3PO3MOHHBIM Pa3psaaaM C JEKTPOAAMH M3 CILJIABa 0JI10BA.
§4.6.9. BoiBoabI K pasaeiy

§4.7. dnekTpuyeckunii pa3psja B Boae
§4.8. MUKpOCKONIMYECKAS IAPOBAA MOJTHUS

§4.9. IKkcnepuMeHTHI 10 MOAEJIUPOBAHUI0 0coOenHocTen IIIM



[
§4.10. Moneaupoanue B3aumoneicrsusa M co crexkiaamu

§4.10.1. Pe3yabTarhbl ecrecTBeHHOr0 B3aumoaeicreusi IIIM co crexkiaamu

§4.10.2. DxcnepuMeHTaJIbHOE MOAeupoBaHue B3aumoneuncreus LM co
CTeKJIaMM

§4.10.3. O0cy:kaeHue pe3yJbTaTOB MOAEJTMPOBAHUS
§4.10.4. CooObiTHE B lllekoBe

§4.10.5. CoObiTHE € 3epKaIOM

§4.10.6. O npoxoxaenuu LHIIM ckB03b CTEKJI0
§4.10.6.1. Pe3yabTarhl HCCJIACA0BAHUA CTEKJIA
§4.10.6.2. O0cy:k1eHHue pe3yIbTATOB

§4.10.6.3. KomMmeHTapui K pa3aeiy



JKCNEePUMEHTDI M S U

MONYYEHWE NNOTHOMN NNA3MbI METOIOM NEKTPUYECKOTO B3PbIBA TOPOUAIIbHO YCTAHOBIEHHbIX
MEQHbLIX CMUPANEW U CO3AAHUE CYBMUNNUCEKYHAHOIO FTEHEPATOPA C NMUKOBbIM TOKOM 10 400 KA

AH. m, A.B. MaHowkuH . 3BeHuropog 2015

B akcnepumeHTax ucnonb3oBanacb yctaHoBka «UHI MP-Mera-15» [1], npeactaBnstowas
cobon reHepaTop OANHOYHbIX CYyOMUNNMCEKYHAHBLIX MMNYNbCOB (A0 0,5 MC) ¢ NMKOBbIM
TOoKOoM A0 35 KA. lNpu anekTpoB3pbiBe 4-x cnupanen no 16 BUTKOB, YCTaHOBMEHHbIX
TopouaanbHo (pasmep 2 cM, puc. 1, a), hhopmupoBanca nnaameHHbIN crycTok (puc. 1, 6, B, r)
AnameTpoM okono 6 cm (puc. 1, r). TunuyHoe BpeMs XU3HN NOAOOHbLIX CryCTKOB COCTABMANO
0,5 ¢, Haunyywwumn pesynbtart — 1,6 c.

HanpsikeHue 3apspa kongeHcaTtopHou OaTtapen 450 B kak npu 35 kA, Tak u npu 400 kA. Mpu
aTom npu 35 KA éMKOCTb KOHAEHCAaTOpPHOM baTapen 6aTapeun coctasnsana 0,25 &, a npu 400

KA - 1,12 @ (aTa mogudpukaumsa ewe B npoiecce AopaboTKm).
E~450*35*1000%5/10000= 80 Mx

oy



ABTOHOMHOE OONTOXMBYLLEE NiTasMeHHOe 06pa3oBaHue BO BpeMsi (hopMMpOBaHUA nocre
NpeKpaleHnsl NoaBOAAa INEKTPUYECKOW IHEPrUM U BbIXoae U3 06nacTi nnasmeHHON

I1¥I.I.IKVI.
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Experiments on BL analogues modeling MSU

Accent was made on
processes of combustion
of a material with complex
features appearing in gas
discharge plasma at its
interaction with a material
S. E. Emelin, S-Petersburg University of electrodes, erosion
o material and some inserts.

4

Here were obtained
fireballs (FB) with size of ~
10 cm and visual time of

é several fractions of a
. . second

Volumetric discharge with carbon electrodes accompanied with combustion and
its afterglow




Experiments on BL analogues modeling MSU

New scientific direction which appeared in works of G.D. Shabanov team in Nuclear physics institute,
Gatchina (Leningrad district) “Gatchinskyi discharge”. Spherical object with a lifetime of 1 s , and sizes 12-
14 cm. Experiments are also undertaken by S. Emelin and A. Nikitin teams in Russia and by Fussman team
in Germany.

Plantee, 1890
G. Shabanov. 2002
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Figurel - Block-scheme of experimental set-up



Experiments on BL analogues modeling MSU
-

Emelin 2005
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t~2 s, R~2 cm




BL Abrahamson theory MSU
.

Abrahamson J., Dennis J. Nature 2000, 403, 519-521



Experiments on BL analogues modeling MSU
B

Abrahamson J. Phil. trans. Roy.
Soc.2002. P.61-88



Experiments on BL analogues modeling MSU
B

Lazarouk S. K., Dolbik A. V., Labunov V. A., and Borisenko V. E. Spherical Plasmoids
Formed upon the Combustion and Explosion of Nanostructured Hydrated Silicon.
JETP Letters, 2006, Vol. 84, No. 11, pp. 581-584.

Ball lightning produced by
thermal ignition of
100 um thick 1 cm in
diameter porous silicon
filled with KNOa:

a) as formed,

b) 0.1 s after formation,
c) 0.3 s after formation,
d) 0.5 s after formation,
e) 0.7 s after formation,

f) 1 s after formation.



Experiments on BL analogues modeling MSU

—— B
(movakbbe)
Transfomer [ A. Pavao and G. Paiva, Brazil,
=T 1 obtained long lived fire balls
3 o-a6vac  basa secrode by locating of doped silicon
N— O— %ﬁ’“”“ siicon wafer samples 0.3 mm thick
Ceot 3 7 R between electrodes. At
= Insuick departing of electrodes there
ground was realized an electric arc
,OTSS TThEEEE _. from which luminescent ball

of 3-4 cm size and 5 s
lifetime appeared..

FIG. 1. (a) Experimental arrangement showing the power sup-
ply, electrode geometry and the Si wafer. (b) The top electrode is
lowered until it touches the Si piece and closes the circuit.
(c) The top electrode is raised up to a distance of 1 to 2 mm,
approximately. An electrical arc is formed during this upraising
movement. Hot-glowing fragments and, eventually, ball-light-
ning-like luminous balls fly away in all directions.



Experiments on BL analogues modeling MSU
B

FIG. 4 (color online). Successive video frames showing a
luminous ball leaving spiraling smoke trails above it. Time

interval between the frames is 80 ms. See also supplementary
video 4 [19].

In structures Si+ H, Si + O --- oxidizing with release of energy is analogous to
explosives

Fe203+2AI=AI203+2Fe+198 ccal



Experiments With Condensed
Materials M S U
B

As a discharger is used a gap between end faces of the rod electrodes filled with tested
substance. Electrodes are located axially and placed in a piece of a polymeric pipe.

Electrodes with the polymeric pipe

A metal bandage

The pipe is located in the metal bandage which had a short lateral hole of a small diameter for release of
the discharge products into the atmosphere or into a chamber for further processing.
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Bua kanunnapHoro paspsiga npyv B3aumogencTtBum ¢ onosoM u cneabl ACO Ha

AVIRAATA NRASRAAN FA 2 Rana



BL analogues modeling

Meetings of BL with aircrafts says

that Al and duralumin can be
candidates for materials of BL
4Al +30, — 2Al,0,

4AI(D) + AL O, (1) — 3A1,0(g)
Al(1)+ AlLO, (1) - 3AI0(g)

2Al +6H,0 — 2AI(OH), +3H,

2Al+6H,0 - 2Al,0; +3H,

MIY

Experiments with alumina and other metallic
powders S. Emelin 2010




Experiments with basalt threads S. Emelin, V. Bychkov 2011
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YacTb BelecTBa nocne paspsga octaetcs B paspsaHoii kamepe. Ha puc.
npeAcTaBeHO M300paXeHHne Kycka aToro BellecTBa, 3acTpsBLIero nepea
BbIXOAHbIM OTBEPCTHEM.



LnaBa 5. O Teopernueckux moaeaax LM lMocBsiweHa KpaTKoMy 00CYXAeHUIO
Teopetuyeckux mogenen LM, nossuBwmxca B nocnegHue pecatunetus. lMpuseneHsol
Marepranchbie moaenu n mogenu LM kak XuMUKo-TepMUYECKUX 00pa3oBaHUN.

§5.1. Hosble mogenu LLIM.

§5.2. MatepuansHbie mogenu. §5.2.1. lunonbHasa cuna

§5.2.2. AnekTpnyeckoe nosne CUNbHO 3apsxkeHHou LM

§5.2.2.1. BpeMAl X1U3HWU 3apPAKEHHOro Wapa OTHOCUTENbLHO HeUTpanusauum MOHaMu
BO34yxa. §5.2.2.2. BnuaHve nna3meHHOro crnos Ha ABWXeHue Wwapa

§5.2.3. LLIM A.1. HukutuHa

§5.2.4. Xumuko-tepmuyeckue mogenu LIM. §5.2.4.1. LM kak KoHpeHCUpoBaHHas
cTpyktypa. §5.2.4.2. Jueprus LLUM.

§5.2.4.3. [letann XUMUKO-TepMUY4ECKOU MOAENN.

§5.2.4.4. «<Kutanckasa LLIM»

§5.2.4.5. O cnocobHocTu LLIM ycTon4MBO NeBUTMPOBaTL Y NOBEPXHOCTU 3eMIM.

§5.3. AdmpHasa mopgens LIM. §5.3.1. MpocTtenwan acpupHaa mogens LLIM. TpakToBKa
aHOMarbHbIX CBOUCTB.

§5.4. UnTepnpetaumsa akcnepumentoB Tecna ¢ LLIM. Pe3oHaHCHbIN MexaHW3Mm
aHOManbHbIX ABNEHUN B ANEKTPOTEXHNYECKUX YCTPOMCTBAX



Model MY

recovery

Si0, +2C — Si+2CO
2A1,0; +3C — 4Al +3CO,

Si0, +2H, > Si+2H,0

Formation of oxide cover

Bychkov V. 2010

Formation of
plasma cover

& Appearance in air

Combustion and explosion
Si+CO,,H,0 — SiO, + products
Al +CO,,H,0 — Al,O; + products

SiO, (solid) + Si(solid) — 2SiO(gas)
Al,O; (liquid) +4Al (liquid) — 3Al,0 (gas)



06 ycToMYnBOCTU TPAEKTOPUM LIAPOBOW MOJTHUM B MSU

none 3emMnu

™1

E,B/m 3asucumocts E(x) gnarpynne 2 E,B/m 3asucumocts E(x) gna rpynnsi 2 E Theory
40 20
39 el
38 \ 38 \
37 \ 37 \
35 | AN 35 | .
34 | \ o E(x)=33,035+5,833e™5% | Syl \ . E(x)=33,035+5,833e169

L \*1-—-_____'_____—_ ~ F \1""“-.-.__ _
33 33 . =

0,0 0,5 1,0 1,5 2,0 25 xm 30 0,0 0.5 1,0 1,5 2,0 2,5 xm 30

YyTeM 3aBMCMMOCTb 3TOr0 NOMSA OT PACCTOAHMA OT NOBEPXHOCTU 3eMNU, INEKTPOAHBIN
adpekT, B BUAE B

XO
/
X, — X

E=E,

rae E0 anektpuuyeckoe none Ha BbicoTe X0, HauyMHas ¢ KOTOPOro MOXHO CYUTATbL Mone
MOCTOAHHbLIM (00bI4YHO 3TO BepHO Ao X0~ 6 km, ATMocdepa, cnpaBoYHUK, nog ped. CeayHosa.
fmapometeouspar. 1974 ), [(>0.



June 13, 2021 Chart 42

bychvi@gmail.com
Moapo6Ho achupHas Teopus LUM usnoxeHa Ha caite eth21.ru



Tesla Coil Experiments M S U
James and Kenneth Corum, Tesla Memorial Society of New York; Teslacoily

1899, Corum 1988, Kopeikin 2012



3aknyeHue

B gochneakiid.nepuoa, noaBuaoCL MHOrO KHUM U CTaTel, ONMCbIBAIOLWMX pa3Hble aHOManbHbIe
ABAEHWS, HenpeaB3ATbIA aHaNM3 KOTOPbIX NOKa3bIBAET, YTO GONbLWMHCTBO U3 HUX OTHOCUTCA K
LLIM B pa3HbIx rpo30BbIX, reorpauyeckux, MeTeoponornyeckux U reopmsnyeckux ycnoBusx.
O6beanHeHne HabnoaaTeNnbHbIX AaHHbIX U3 3TUX UCTOYHUKOB B OAHOW KHUre NOKa3bIBaeT, YTo

sasneHue LLIM He Takoe peakoe, Kak cCYATanoCb paHee.

. MosiBMNocbL MHOro ¢poto M BMAEO MaTepuanoB, noATBepxAarwWmMx peanbHocTb LM, npu
3TOM BbICBeTUNAcbL npobnemMa oTAeNeHUss [AOCTOBEPHbIX OOLEKTOB OT WNMNO3UA U
BbICOKOKa4eCTBEHHbIX NoAAeNoK

EcTb MHOro faHHbIX 00 06bekTax cxoxux no npossneHusam ¢ LM u 1CO, Ho oTHocAWMXCA K
apyrum usnyeckum heHoMeHaM, TMna OMONOrMYeCKUX M pasnMYHOro popa OrHen, KOTopble
TpeOyT AONONMHUTENBLHOr0 CTAaTUCTMYECKOro aHanu3a UM nabopaTOpPHOro MOAENMPOBaHMS.
MoABUNUCbL 3KCMEepUMEHTanbHble PaboTbl MO 3NEKTPUYECKUM paspaaaM Hap XUAKOCTbI M
NoYBOMN.

[pogenaHo orpoMHOe YMCIO 3KCMEPUMMEHTOB, B KOTOPbIX NMony4YyeHbl ucKyccTBeHHble LM c
cBOMCTBaMM NOAOOHbLIMM TeM, KOTopble HabnwopatwTca y npupoaHbix LUM. MapameTtpbl, no
KOTOPbIM MX MOXHO OTNMMYMUTL OT peanbHbix LM sBnsietrcs HeBbICOKME BENWYMHbI CpeaHeu
MAOTHOCTU 3HEPruy, BPEMEHM XWU3HU U CKPOMHble pasMepbl. Pa3BuTHe 3IKCMEPUMEHTOB
HaTaNlkKMBaeTCA Ha CNOXHOCTM CO3AaHWA BbICOKOMOLIHbIX UCTOMHUKOB HaMpsXXeHWs U ToKa
HeoOXxoaAUMbIX AN CO34aHUA TaKMX 00HLEKTOB, KaK C MHXEHEPHOM, Tak U (PUHAHCOBOW CTOPOHDI.



3aknyeHue
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B TeopeTnyeckux uccnepoBaHUsX nosBUnucb padoTtbl, onucbiBatowme LM, kak
BbICOKO3HepreTuyeckoe obpaszoBaHMe C OONbLIKM 3NIEKTPUYECKUM 3apsAaoM,
HeobfA3aTenbLHO C NIOTHOCTLIO BELECTBA KaK Yy OKpyXalLiero Bo3ayxa.

HabnoparTtca cnoxHoct onucanus LUM, kak obbekta, meHsiowero cgopmy u
obnagarowero aHoManbHbIMU 3NEKTPUYECKMMU M MarHUTHbIMU cBOMCTBamu. Ho B
LeNioM BUAHbI HanpaBrieHUsl, KOTOpPbleé MO3BOMAT NMPOABUHYTbL OMUCAHME TaKUX
CBOWCTB.

KHura HanucaHo KOHCNEKTUBHO, HO pAaeT Heobxogumyr WHdopmauu 00
uccneooBaHMAX, MNPOBEAEHHbIX B nocnegHne aecAtunetus. Matepuansl,
npeacTaBneHHble B MOHOrpadum oCTaToyHO MH(OPMATUBHBLI U HOBBI.

OHu HeoOXxoaQuMbI UccneaoBaTenam ang aHanusa cutyauuu B oonactu WM n [CO.
OHu bGyayT Takke nmone3Hbl CTyAeHTaMm, acnvMpaHTaMm U MONoAbIM paboTHWKaM B
obnactm (u3MKM HU3KOTEMMepaTypHOU nNas3Mbl, (PU3NYECKON INEKTPOHMKM,
ton3nkn atmocepbl U reopUsnKN.



MSU

THANK YOU FOR ATTENTION
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