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OCHOBHbIE TEPMUHbI N KOHLIEMLINK

Pe3ynbTaTbl HabnoaeHWn rnaBHOU ctagun B
HaTYPHbIX U NTabopPaTOPHLIX YCIOBUAX

CTaTtucTmka NMKoBbIX TOKOB NEPBON U
nocregyroLmx KOMNOHEHT OTpUlaTenbHOW
MOJTHNEBOW BCMbILLKKU

MoaenupoBaHue BO3BpaTHOro yaapa c
MCMonb30BaHMEM YpaBHEHNIN ra3ognHaMUKN U
ypaBHEHUN ONUHHOW NIMHUN

HekoTopble HepeLLEHHbIE NPOOIEMbI
(3 NnuTEpaTypHbIX Nay3bl)



MonHus: dpusnka n adpdeKTbl

OPU3UKA MOJHUHU

KIIMMATOJIOI'UsA MOJIHUU

MOJHHUE3AIIINTA




Pa3psabl o6nako-semnsa n BHyTpuobnayHble

pa3pagbl
I




MexaHu3ambl Mpo6os BO3QYLLUHOro MPOMEXyTKa

pd < 200 Top-cm: naBuUHHEINA MexaHu3M (TayHcenn)

pd > 103 Top-cM: CTPUMEPHBII MEXaHU3M



JlaBuWHBI, CTPMMEpBI, CTEMBI, NMNAEPHI. ..

» Avalanches

» Streamers

» Stems,

» Leaders:
e positive/negative
o first/subsequent
o direct/recoll

» Return stroke (spark)

Moy Hypn 1010 CM-3
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Negative leader steps. Space stem

6
V=42-10 cmfcen

V=2 Nf »":m;‘, 2K
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CrexkonpaukoB U1.C., lllkunes A.B.,
JTAH CCCP, 1962

T'opun b.H., llIkunes A.B.,
OnexkTpudecTBo, 1976

Rees et al., J. Phys. D, 1995
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Streak photograph and sketch showing the development of a laboratory positive discharge (10 meter gap,
Im = 500 18 Vimax = 5 I'l'l—"pr]



CTyneHH oTpUIATEIBHOIO JIHAEPA

JInumenvnocmu 40 mxc. Bvioeporcka kaopoe — 1 mkc, medxcoy kaopamu — 5
MKc. 3aoepoicka co epemenu cpavamoieanuas 'HH — 45 mkce. Co epemenu
nepeoil 6CRbIUKU CHPUMEPHOU KOPOHBL 00 nepeozo Kaopa 20 mkc.
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[lpupoga ctyneHeu nuaepa

primary leader channel P '\{ | ‘F' leader
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Biagi et al., JGR, 2010
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V. A. Rakov, The Physics of Lightning,
Surveys in Geophysics, 2013 ;f;f:’“ef
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Mustration of the development of negative stepped leader in a long laboratory spark, based on a
description given by Gorin et al. (1976). It schematically shows a snap-shot (lefr) and a time-resolved optical
picture (upper right) including an initial impulsive corona from the negative high-voltage electrode and the
first two steps, along with the corresponding current through the gap (lower right). Adapted from Biagi et al.

(2010)

20 m

The bottom 20 m of the downward-extending leader channel of a triggered-lightning flash (Camp
Blanding, Florida) in the nine high-speed video frames (240 kifps, 4.17 ps per frame). Each image shows
about 20 m x 20 m. The white arrows point to the luminous segments (space stems or leaders), 1-4 m in
length, that formed separately from and 1-10 m below the downward-extending leader channel. The leader
traveled about 100 m from frame 1 to frame 9 where it was about 30 m above its termination point. The

return stroke began during frame 10. Adapted from Biagi et al. (2010)




OTpuuaTtenbHblU pa3psan obsiaKko-3emrsis

“Lightning: Physics and
Effects” (V.A. Rakov and
M.A. Uman, 2003,
Cambridge University
Press)
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[TapameTpbl OTpuLIaTENbHBIX BCMbILLEK

First return stroke

Peak current, kA

Maximum current rate of rise, kA us—1
Current risetime (10-90 percent), us
Current duration to half-peak value, us
Charge transfer, C

Propagation speed, m s—1

Channel radius, cm

Channel temperature, K

Overall flash

Duration, ms

Number of strokes per flash
Interstroke interval, ms
Charge transfer, C

Energy, J

30
>10-20

5

70-80

5

(1-2) x 10°8
~1-2

~ 30 000

200-300
3-5

60

20
10"9—-10710
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OTanbl pa3BUTUA rinaBHOW CTaaun U
dopmupoBaHue ee Toka (bl'J1, 1978)
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[narHoctnyeckue MHCTPYMEHTDI

CropocmHuas onmuueckas Cropocmuas UK-kamepa
kamepa 4 PicoS FLIR CS7700 M

Apoanem TenPoint TurboXLTII

C NOOBUNHCHOU CIMAHUHOIL 014
kpennenus LeadSledDFT
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OKCNepUMEHTbI C UCKYCCTBEHHbIM 061aKOM

stea

RV

1 — napozenepamop, 2 — 6b1COK0601bMHBLIL UCHMOYHUK RUMAHUA, 3 —
3apasxcennoe aapo3onvnoe oonako, 4 — CBY zenepamop, 5 —
usnyuarowuil pynop, 6 — aunszwt, 7 - CBY nyuok, 8 — oemexkmop, 9 —
ocyuanozpagut, 10 — uzmepumenvuotit ueynm, 11 — uckpoeoit pazpso
oonako-3emnsn




R,
BcTpeya Hucxopsillero oTpulaTenbHoro

nugepa v socxoasdawero nosioxXutesibHoro
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CkBo3Has (a3a

1 — ompuyamenvhulit Hucxo0aAWUIL U3 001aKa auodep, 2 — UHMEHCUBHOE
g3aumooericmeue CmpUMepHsIX 30H, 3 — 80CX00AWUIL ¢ MOKONPpUEMHUKA (apuka)
_nonoxcumensvhstii 1uoep. Buioeprcka kaopa | — 100 ns, 11 — 50 ns. Bpemsa mesxncoy

Kaopamu — 2 MKc.



Downward and upward leaders;
lightning attachment

Bazelyan et al. (1978) Kostinsky etal., JGR (2016)
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Two 4Picos frames showing the break-through phase (I) and later return-stroke stage (11) of a negative discharge
to ground generated by the cloud of artificially-charged water droplets. The exposure time for each frame is 100
ns and the time interval between frames is 2 ps. Labeled are the electrodeless downward negative leader 1,
upward positive leader 2, and the common streamer zone 3. Image (I1) was considerably fainter than image (I)

and was contrast-enhanced more than image (1), to improve its visualization. AGP stands for “above the
grounded plane”
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ToK rmaBHOU cTaguu
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Horizontal E-field

Return stroke

Miki et al. (2002)

Return stroke current at the channel base and (b)
corresponding horizontal (radial) electric field 0.1
m from the triggered lightning channel core

Maslowsky and Rakov (2006)
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[lepBas n nocneayoie KOMNOHEHTHI
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MHOrokoMrnoHeHTHas BCnbILLKA

Current
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30510TON BEK

B oywHom Bo3gyxa MosiYaHbe,
Kak npegyyBscTBUE rpo3shl,
Kapue po3 bnaroyxaHbe,
Pes4e rofioc cTpekossl...

Uy! 3a 6enon, obIMHON Ty4en
[1TyXO NpoKaTusics rpom;
Hebo MmonHnen netyden
Onosicanockb Kpyrom...

CKBO3b PECHULIbI LLENKOBLIE
[MpocTynunu age cnesbil... OfHW 3apHULIbI OTHEBbIE,

Vinb 10 Ka””'f' AOXAEBbIC BocnnameHasach Yepenowu,
3adnHatoLwemn rposbl?..
Kak 0eMOHbI FyXOHEMbIE,
BegyT 6eceny mex cobou.

[pemMaT packaTtbl Monodble,

BoT noxxauk 6pbI3Hyn, Nbifb NETUT,
[ToBucnn nepnbl goXaesble,
 conHue HUTU 30MoTUT.



[po3a HagBuranacb. Bnepeaun orpomHas nunoas Tyya MeaneHHo
noAHMUManacb 13-3a neca; Hago MHOK U MHE HaBCTPeYdy HECNUCH
AONVHHbIE cepble 0bnaka; pakuTbl TPEBOXHO LLUEBENUNUCH U
nenetanu. [yLWHbIA ap BHE3ANHO CMEHUICS BRaXXHbIM XOMNOA40M;

TEeHWU ObICTPO rycTenmu.
25



«Bce JIydIIHUC ITPOU3BCACHNUA MO ITMCAHBbI MHOIO JIJISI KAKOI'O-
HI/I6YI[B CUJIBHOI'O TaJIaHTA U 1104 BJIMAHHUCM 2TOI'O TaJIaHTa»
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Kyiaurun. Bor xorb 0bI Tenepb T0 BO3bMEM: Y HAC IPO3bI YaCThIe, a2 HEe 3aBeeM
MBI TPOMOBBIX OTBO/I0B.

Juxou. /{a rpo3a-To 4To Takoe mo-reoemy, a? Hy, rosopu!

KyJurus. Jj1eKTpu4ecTBo.

Jukoii (TomnyB Horoi). Kakoe eme tam esecrpuuectBo! Hy, kak ke Tbl He
pa30oiinuk! I'po3a-To HaM B HaKa3aHHE NOCHLIACTCSH, YTOOBI MbI YyBCTBOBAJIH. ..

Kynueun. Hy ueco ébt 0oumecs, ckaxcume na munocms! Karxcoaa menepv mpaska,
Kaxcowlil Y6emoK padyemcs, a Movl npauemcsa, 00uUMcs, moyHo Hanacmu Kaxoi!
I'po3a yovem! He 2po3a smo, a o6nazooams! /la, onazooams! ... Hy cmompen 6l 0a
aroosancal A evl doumecsv u 632NAHYMb-MO HA HeE00, Opoixcy eac Oepem! H30
6cez0-mo 6vl cebe ny2an naoenanu. 3x, Hapoo! A eom ne dorce. 28



Pacuem leKkmpudecKux napamnempoe
Cuexcnan kpyna ( 0,4-4 mm )

* ygcmuuybl, nepeHocaAuLUe
% JMovounku ( 10-100 mxm )

* 0e3bIHOYKUUOHHBLI MEXAHUZM 3APAOKU*

* HIOMHOCIMb  3apPA006 HA  YACHMUUAX  CHEMHCHOU  KPynbl
NPONOPUUOHAbHA UX MACCE 6 COUHUUHOM 00Beme 6030yXa
® 6 HUJICHEU Yacmu 2p0306020 001aKa HA 1bOUHKAX
OMPUUAMENbHbLU 3P0, A HA CHENHCHOU Kpyhe — nOﬂoofcumeJlebm, )
6 6epXHeu yacmu 001aKa 3HAKU 3aPA006 oé A S

* 3apA0 HA CHEICHOU Kpyhe: Gt
oQ e
g Wy s
:V(Qo—i_ﬁE_}/Qg) (?g {panica 3\ colision
ot q15°cq - ; ‘
2Clive Saunders. Charge separation e - ey T
mechanisms in clouds. Space Science R S
REVieW. V. 137, p 335'353 2008 er:i:a

Mansell, E. R., D. R. MacGorman, C. L. Ziegler, and J. M. Straka. Charge structure and lightning
sensitivity in a simulated multicell thunderstorm, J. Geophys. Res., 110, D12101. 2005.



ITporecchI 3JCKTPpU3 Al

%:Zji =47Z(J — Jog — jdif)

j — MOK 3apﬂ51<u, Joq — MOK RP0OGOOUMOCHIU, | 4is — MOK OUdpy3uu

Jo, =(QNU, ) =(Q;NU) +(QNU }=J"+J"

g %

d_Q:_AQ.VQ_ViQ.Q Q:_775qV_Q r 2

J dt | > r V.=V, +7 Vq+7/2(—j Vo
dg 1% R
d_:AQ'Vq_ViQ'q q=n75q—

 dt %

r

r2
3apso, nepeoasaemulit 3a coyoapenue: AQ = 77{&1 + YZQE - Q}

g + : o0 o0 2 _ 2 2 _2 2 _ 2 2
o - g <uf>:Ajda)jdkw exp (-3’ / 2k O'V).47zk exp(—k* /k2)

11/6
v v-v; ~o 0 (1+ 074(“ 072J ko, (k> +Kk; )
dt - + g! Vl V2

Tsto







Cloud electrical environment

An isolated thundercloud in central New Mexico, with
a rudimentary indication of how electric charge is
thought to be distributed inside and around the
thundercloud, as inferred from the remote and in situ
observations. Adapted from Krehbiel (1986).
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A vertical tripole representing the idealized
gross charge structure of a thundercloud such
as that shown in the left panel; the negative
screening layer charges at the cloud top is

ignored here.
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Conceptual model of the electrical structure in mature, mid-latitude convection. Four
main charge regions (with red + for positive charge, blue — for negative charge) are typically
found in soundings through updrafts, while soundings outside updrafts have at least six charge
regions in common. Representative electric field (E) and electrostatic potential (V) profiles in
the nonupdraft (left) and updraft (right) of the convective region are also shown; the altitudes
in these soundings do not correspond exactly to the conceptual model. Schematic
representations of an intracloud flash (in green) and a cloud-to-ground flash (in purple) are
shown as they might appear in lightning mapping data (Stolzenburg and Marshall, 2009)
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VHF mapping: LMA

VHF sources af triggered flash, T Aogust 2070 at 20:42:09 LITC
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BAnssHNE HMKXHeEro C/104 NoJ1I0XKUTEeNTbHOro 3apsiaa B
rpPo3osoMm obnake Ha TUNMOJZIOrUIO U ANHaMUKy

MOJIHUEBOro pa3psaaa
L

B paMkax HOBOW TpPEXMEPHOW MOAENU Pa3BUTUS MOJSIHUKM, BKIOYAOWEN ABYHANpPaB/IEHHOE
pacrnpocTpaHeHne pa3psaa, ero AMHAMUYecKoe BEPOSTHOCTHOE BETBSIEHME M BO3MOXHOCTb
OJHOBPEMEHHOIO poCTa W/unn pacnaga nepudepumHbiX BETBEW, a TaKXe BrepBble
YUMUTbIBAIOLLEN 3SBONIOLMIO MPOBOAMMOCTU, MPOAONBHOIO 3/IEKTPUYECKOro Mons M TOKa
pa3psaHbIX KaHanoB, NPOAEMOHCTPUPOBAHO AOMUHUPYIOLLEE BAUSIHME HA TUMOAOIUID W
AVNHAaMUKY MOJIHMEBOrO pa3psiia HWXKHEro Cnos MOMOXUTENbHOrO 3apsiia B PO30BOM
obnake. OO6HapyXeHO, 4YTO 3TOT CNOW CrnOCOBCTBYET 3apOXAEHUIO OTPULLATENBHOIO
HUCXOASIWLEro nuaepa, HO B Cly4Yae U3ObITOYHOM MOLLHOCTM C/I0S MNpeaoTBpallaeT
BO3HMKHOBEHME OTPULIATENBHOIO pa3psiaa Tvna ob6nako — 3eMns, 6noKMpys HUCXOAALLMN
nmaep. 3HauuTeNbHOE YMEHbLUEHNE MU OTCYTCTBUE HUXKHErO C/I0S NMONOXKUTENBbHOrO 3apsaa
B rpo30BOM 0Obnake TaKXe WMCK/IOYAET OTpuuaTesNbHbIA pa3psia Ha 3eMN0 U NPUBOAUT K
pa3BUTUIO BHYTpPMOONaA4yHOro pa3psaa HOpMasibHOM MOASpHOCTU. [peackasaHus Moaenun wm
pe3ynbTaTbl €€ YNC/IEHHbIX PeaNn3aumin COOTBETCTBYHOT 3KCNEPUMEHTANbHbLIM AAaHHbIM.

AsTtopsbl: A.N. NyauH, B.A. Pakos, E.A. Mapees, A.A. CoicoeB, C.C. JaBbigeHko (UMN® PAH), ®.4. NyanH
(HHIY)

My6nukaumn: ludin,D.1., V.A.Rakov, E.A.Mareev, F. D. ludin, A. A. Syssoev, and S. S. Davydenko (2017),
Advanced numerical model of lightning development: Application to studying the role of LPCR in
determining lightning type, J. Geophys. Res. Atmos., 122, 6416-6430, doi:10.1002/2016JD026261.

ludin D.1., ED. ludin, and M. Hayakawa, Modeling of the intracloud lightning discharge radio emission,
Radiophysics and Quantum Electronics, Vol.58, No0.03, August, 2015 (Russian Original Vol. 58, No. 03,
March, 2015), doi:10.1007/s11141-015-9591-4.



Pa3BuTue MOJIHUM NPU pPa3sINYHbIX
aumsixX C/1I0eB 3apsaaa B obsake

Canfiguratian #1
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MonHus - koHel XIX B.

KomHaTa 1 cag ye NOTOHYNM B TEMHOTE OT Tyd, B cafly, 3a OTKPbITbIMU
OKHaMu, BCe LWIYyMeno, Tpernetano, U MeHsl BCe Yalle U apye 03apssno
ObICTPbIM U B TY XK€ CEKYHAY MCYE3aloLWNM 3eNEeHO-ronybbIM niamMmeHem.
BbicTpoTa n cuna atoro 6€3rpoMHOro cBeTa BCe yBeNMYnBanuch, NoToMm
KOMHaTa o3apunacbh BApYyr 40 HenpasaonogobHOW BUANMOCTN, HA MEHS
MOHECIIO CBEXUM BETPOM N TAKUM LLYMOM caga, TOMHO ero oxXBaTun yxac:
BOT OHO, 3aropaeTtcs 3emna u Hebo! A Bckouun, ¢ Tpyaom 3aTBOPUIT O4HO
3a ApYyrMm OKHa, NTOBSA UX paMmbl, NpeoaonieBas TpenasLni MEHS BETEP, U
Ha UblnoYvkax nobexan no TEMHbIM KOpUaopam B CTOMOBYIO: MHE,
Ka3anocb Obl, ObINO B TOT Yac HE 40 PACKPbITbIX OKOH B CTONTIOBOWN U
roCTUHOW, rae 6ypsa morna nepebuTtb cTekna, HO S BCe-Taku nobexarn u
aaxe c 6bonbwon 03abo4eHHOCTbI. BCe OkHa B CTONTOBOM U FOCTUHOW
OKasanucb 3aKpbITbl — S yBMAAMN 3TO NPy TOM 3€NeHO-ronybom o3apeHnu,
B LUBETE, SPKOCTU KOTOPOro ObINo NMOUCTUHE YTO-TO HE3EMHOE, Cpasy
packpblBaBLUEECS BClOAY, TOYHO BbICTPLIE MNasa, U Agenaswee orpoMHbIMU
N BUAUMbIMU 0O NOCMEeOHEro nepenneTa BCe pambl, a 3aTeM TOTYacC Xe
3aTonnsiBLUEECS NYCTbIM MPaKoOM, Ha CEKyHAY OCTaBIIsIBLLEE B OCMEMNLLEM
3peHnn cnep Yero-To XeCTAHOro, KpacHoro.



ATMocdepHoe anektpuvyectso HB2018
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CepebpsiHbi BEK

Kenten, obnaka noxumpas, necok.
[Mpearposbe nrpano 6poBAMKU KyCTapHUKa,
N Hebo cnekanock, ynaB Ha KYyCOK
KpoBoocTaHaBnnBawLlen apHUKHA.

Tak npnbnuxaetcsa ygap

3a cnagkmm, U3-3a LUMPMbI NEHMU,
['po3a B BopoTax! Ha aBope! Bo BCceopyXbh MYTHbIX Yap
[Mpeobpaxasnch n gypes, [loBonbCTBa U OLENEHEHbS.
Bo TbMme, B packaTax, B cepebpe,
OHa 6eXuT no ranepee.

[1o necTtHUue. U Ha KpbinbLoO.

CTyneHb, CTYNeHb, CTyneHb. — oBA3Ky!
Y Bcex NATU 3epkKan nuuyo

[po3bl, ¢ cebsi copBaBLUEN MACKY.
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Berger et al. (1975) data for peak current

Peak current, kA
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Lightning PC — Berger’s Distributions

Lightning peak currents for first strokes vary by a factor of 50 or more,
from about 5 to 250 KA.

The probability of occurrence of a given value rapidly increases up to
25 kA or so and then slowly decreases.
Statistical distributions of this type are often assumed to be lognormal.

P(I) = ﬁ_l exp {— (nf ;crl;l Iﬂ)i} [(kA)=10.6 QD'T.

Cumulative statistical distributions of lightning peak currents, giving percent of
cases exceeding abscissa value, from direct measurements in Switzerland (Berger
et al. 1975). The distributions are assumed to be lognormal and given for (1)
negative first strokes (N=101), (2) positive first strokes (N=26), and (3) negative
subsequent strokes (N=135).
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Summary of Lightning peak current values

The median (50%) and severe (1%) lightning currents at
ground appear to be:

30 kA and 150 kA for negative first strokes,

10-15 kA and 50 kA for negative subsequent strokes, 35 kA
and 500 KA for positive first strokes (as follows from
lognormal distributions)
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Conceptual model of the electrical structure in mature, mid-latitude convection. Four
main charge regions (with red + for positive charge, blue — for negative charge) are typically
found in soundings through updrafts, while soundings outside updrafts have at least six charge
regions in common. Representative electric field (E) and electrostatic potential (V) profiles in
the nonupdraft (left) and updraft (right) of the convective region are also shown; the altitudes
in these soundings do not correspond exactly to the conceptual model. Schematic
representations of an intracloud flash (in green) and a cloud-to-ground flash (in purple) are
shown as they might appear in lightning mapping data (Stolzenburg and Marshall, 2009)
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Peak current distribution and its genesis
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Statistical distributions of lightning peak currents:
Why do they appear to be lognormal?
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A==
Histograms derived from Berger et al. (1975)
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BbiBOOb!

I
» The CIGRE Broshure #549 (2013) recommends the use of

direct current measurements.

» The median (50%) and severe (1%) lightning currents at
ground appear to be:
» 30 kA and 150 kA for negative first strokes,
* 10-15 kA and 50 kA for negative subsequent strokes,
« 35 kA and 500 kA for positive first strokes (as follows from
lognormal distributions)
» The maximum directly measured peak current to date is
about 300 kA, and it is for positive lightning.

» For negative lightning, the maximum directly measured
peak current is about 200 kA.
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Pre-return-siroke channel
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Sources of the secondary cosmic rays detected on

the Earth's surface SChiIingarian, JASTP, 2014)
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Lightning Detection Technologies '
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GOES-R

Solar Ultraviolet
Imager (SUVI)

Geostationary Lightning
Mapper (GLM)

Extreme Ultraviolet

and X-Ray Irradiance
Sensor (EXIS)

Space Environment
In Situ Suite (SEISS)

Advanced Baseline Imager (ABI)
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Cemunap 3 mapma

eUynun J[.1., ®usrika u reOMETpUsi HEPAaBHOBECHBIX (Pa30BbIX MEPEXOI0B
WHIYIIUPOBAHHBIX IITYMOM

*Kytepun @.A., EBrymenko A.A., CironsieB H.H., O yncnennom
MOJICIMPOBAHUHN JTHEBHOTO M HOYHOTO CIpanuTa

/Inpun H.B., MamuHHoe 00y4eHue B 3aj1aduax MpOrHo3a MOJHUEBOM
AKTUBHOCTH

JlementbeBa C.O., MapeeB E.A., O posiu TypOyJI€HTHOCTH IIPH JIESKTPHU3ALINH B
JTUCTIEPCHBIX MHOTO(a3HBIX Cpeaax

ebynaroB A.A., Uynun [{.U., TpancnopTHass caMOOPraHu3yroIascss MOJIEIb
MHULIMALIUA MOJIHUH

Cmenoosas ceccus 2 mapma

*CricoeB A.A., Nynun JI.1., JaBeinenko C.C., PakoB B.A., MoaenupoBanue
JTVHAMUKHU PA3BUTHS OTPULIATEIIBHOIO CTYIIEHYATOIO JINAEPA MOJIHUAN
*CreunnkoBa E.K., Mapees E.A., MoaennpoBanue paspsaa ¢ peiasiTUBUCTCKON
OOpaTHOM CBS3BIO C MPUMEHEHUEM ISl OIIEHKH 3JIEKTPUYECKON CTPYKTYPhI

IrPO30BOro 00IaKa
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MoJaHus: pyHIaMeHTAJbHbIE IP00JIeMbI

I

> MOINHMA: Nnpobnema nHumnaymu;

» MOJTHUA: opMUpOBaHME nNnuaepa, Bo3BpaTHbIN yaap n M-
KOMMOHEHTA,;

» PEHTreHoBCKOe 1 ramma nsnyvyeHue; MOoLLHbIE BCMbILLKY
pagnounsnyvyeHuns;

> BbICOTHbIE pa3psiabl: TEOPETUYECKOE U rnabopaTopHoe
MoAdeNnnpoBaHue,

> (popmMupoBaHME ANEKTPUYECKON CTPYKTYpPbl 06Nakos n
Me30MacLUTabHbIX KOHBEKTUBHbLIX CUCTEM,;

» MOJIHUW C SKCTpEeMaribHbIMX NapameTpamu;

> rnobanbHasi anekTpuyeckas Lenb;

» aTMocdrepHOoe 3MeKTPUYEeCTBO U KNnmar.
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Bek XX

[TpoHecencs rpo300 MOJIOH BO3MYX.
Bce om0, Bce IBIIINT, KaKk B paro.

Bcem pocmmyCckoM KUCTEN JTAITOBOTPO3ABIX
CupeHb BOUPAET CBEKECTH CTPYIO.

Bce ’1BO epeMEHOO TTOTO/IHL.
Jlo’x11b 3aJIMBAET KPOBEJIb JKEJI00a,
Ho Bce cBeTiiee HEDOaA Mepexoipbl,
W BBICH 32 4YEpHOU Ty4eH roayoa.

Pyka Xyno)kHuKa elle BCeCUIIbHEN
Co BceX BEIIEW CMBIBAET I'PSI3b U MbUIb.
[IpeoOpakeHHEN U3 €T0 KpaCcUJIbHU

BrIXomsT K13HB, JEHCTBUTEIHLHOCTD U OBLIb.

BocnioMuHanue 0 noinyBeKe

[TpoHecencs rpo3oi yXOauT BCIISATh.

CToJeThe BBIIIO U3 €r0 ONEKH.
ITopa nopory Oyayuiemy 1arh.

He norpsiceHbs U 1epeBOPOTHI
JIJ1s1 HOBOW KU3HU OYUIAKOT Iy Th,
A OTKpOBEHBS, OypH U IIEIPOTHI

Jlyuie BoCTiaMeHEHHOW Ybei-HUOYIb.
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