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tdm. CRBexkTpu HU3BKOTEMOEpPpaTypHOTI TIOMI HE C |
nxeHHsa nAwMiIiHecnednnii (Chexk2pnp EMAK:r bpc mom
nucaHl mnpu 30yagxeHHI cBiTmnom 3 A = 470
CnexTpu 30YyIXXKeHHH 3 amucadflil NI HNAXAMFHECTIHE
800 mwmM (xpumBa 2').

1) awvHi/JoHMHMeMI y U4 MM HOaHXpPOMAaTHUYHUM O0apBI
3,3'" -nu-y-cyabponponian-9%9-ertun-4,5,4",5"
ni egge Cl*Mmoansr Bp / wMons AgBr ;

2) xaTtd awrprwmw ywuumM OapBHUKOM — 3,3"'", 9.
60uiaHiHHiTpaJM3m531KMMmEHEgHMuNu®ﬂ£ AgBr

Ctrangaprtruuin mansasx 30yaxehdwEs 7Hu 3Kp) K 01THOGMM T
nii EMK AgBrl moansrae B omnpoMi HEHHI CBI
(CBII) EMK 3 n1O0OBXHUHOK XBHUII A= 450-470
CmHeKTpalbHO-CeHCHO1T130BaHUX abo aHI1I OHH
)KellaTHuHHI , TagkKk |1 B IIBC, 3 ABIAKTHBCSHIS OO 04
MiHecumeHTHHUMHU npomnecamy:> THORHURAIWOKD HIl @ I
Kyaapui ¢opwmu/- bppdmraxu )3,Bama agcopoOyIwOT®sHC
bopMyWOTBH AOOXTAaTEKOBI MeHTpHU NTOoOKamMii3aimii €
3BOASTHh OO BUHHUKHEHHS CMYTHWU TOTJIHUHAQaHHSEH

Ilpu 30ynxeuwnuni Taxux EMK cBiTtTnowm 3 CBI
Mi HEe ¢ I epHaA 95 330 A570 HM Ta cnmnabOKO BHDPpAXKXEH
HM, OOyMOBINEeHI HasSBHICTIO JIO0MI IIKOBHX HOJ
71i4yHOT TpaTku (puc. 2, KpuBa 1). B mon
EThCSAI SAK «OazoBHHU», mMO CAYXKHUTH OCHOBOI
HIi 1, BUKIHUKAaHOI 1 HMUMHU BapiliaHTaAaMHU 3 0Vy]
riudaduamiperartris bp (ITABp) , 1 Ha PpHUCYHKAa
IThCSA KPHUBHUMHU 3 3 aJTHUBKDOI.

O6bunBa KaHaAaiaTuMw MawWThbh CTOKCIB XapakTe®e?p;

HeHUNlIi Ompu UbOMY MOXe OyTH ODHUCAaHO CXE€N
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tdMm. GnexkTpu 30yagxKeHHST I BUTONpoOoMI HwoBaHHA (
1 HT € HCHUBHOCTI ITHMI He cIme HI1 1 EMK- bp. Mo M e 1
kKoBoro I Y BunmnpomMi HIOBaHHS MNO3HAa4YeHI CTDPpPI1 JEK
( A) CnmekTpu 1HTEHCHUBHOCTI ToMi e c4ide0H uH M
(kpuBa= 160)90u am (kKkpuBa 2); cHnexKktp FOFJAkeHH
HM (xkpusa 1');
(B) KimeTukumw HapoCTaHHS 1 HTEHCHBHOCTI1 JHDM
cBitTnoMmM (a, ¢) A = 470 HM, CTOKCOBAa JWOMI H
KCOBAa IJTIMI HecIOoeHII A Kimertuxkun (a, b ) 3 a IV
(C) KimHeTuKkHW HaAapoOCTaHHS 1 HTEHCHUBHOCTI 1OV
citTanoMmM (f) 3 A = 450 =M 1 (g) p A = 690
- B MOMEHT YyYyBIMKHEHHSA nagoagatTkoBoro I U B
tTuku (a) —- (e) nAuUHaAaMIKa JTHOMIHeECIEeHII
XeHHsAM («raciHHSM») 1HTEHCHUBHOCTI1 BI
NO3HAa4YeHOTO O Ha K.puBamxe M Hi)c T-b (Bee)a usiuku HI
ciumd B1 g mToBXHHHU XBHUII I Y- m1 ncB1 4yB
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- micnsgs BKIKWYEHHSN 30yanxXymwdyoro CcBIiTmTa 3
HOol 1 U ae MOHOTOHHO BI1 1O HYJXIS OO0 TE€BHDO
)HO B1 1O OTOBMXHUHMU XBHUII 30y 1XKYyWOU4O0Tro CB

- In1sf BHOHAaJIKy 30yaAXEeHHS MOHOXpPOMAaTHYHH
y MOMEeHT BEKITwueHHSsS | U-nmi1i gxcB1YyBaHHH
1 HT E HCHUABHOCT I JIOMI He cIe HII1 1 qI0 CTaiil
cmalilaXxoM. [Ipuy BUMHUKAEHHI I'Y cBi1iTaa 1
TOHHO MNMOBEpPTaeThcs OO MOYaTKOBOTO DPi

- nmpu 30yITXKeHHI MOHOXpPOMAaTHUYHHUM CBI1TIO
npoMi HIOBaHHSIS JnNTWMFHISOSNe aMI mOoOKXKaXye JTUII
XK€ HHSI 1 HTEHCHBHOCTI — «raciuaunsa» (Puc

IBecsotste] dzdz? tilopze s OISHH. 1 BOX O0OCHOBHIU?
HEHHS AaQHTHUCTOKCOBOTI TIOMI1 He ¢ H-eadrupi €ir, a Toyo yl
ypaXyBaHHSM OTpPHUMAaHHUX E€KCHOHEpPpUMEeHT aJdbHHH:?
nepeBaxXHUM € JABOKBAaHTOBO-CTYyYyNDlHYACTHUHU
bp n1o EMK. [fe## BUCHOBOK HO1ATPUMYETSHCST T
] ] HTEHCHUBH]I CTh AQHTHUCTOKCORBOT StdoMt HEQ e

30y nxeHH1 c¢cBiTaoM 3 IIAbp) 3pocTae 31
TIhC1T1. BonHoyac 1 HTEHCHUBHI CTHh CTOKCOTB
IKe HH.I 3 CBII) 3a Tux caMUX YyYMOB 3 M€ H III
3a AKHUM €eITeKTpPpOHHU Ta A1 pKu, 30yagxeHI
i B3 AgHal, To B mproMy BHUNDAaAKy HaBDPSHAII
COBOKW Ta AaHTMHU-CTOEKCOBO I nakloeM 1584e0c—115¢7H011 1 HE
3MIi HI BMICTyY 1O0H1B c¢cpibma B eMyabcii
o1 HII1 CTOKCOBOTI T a AaHTUCTOKCOBOTI I M1
i H4acCTOlro ME€XaH13MyY a@aHTHUHCTOKCOBOI 110
bp cnmowaTky mepegaeTbcs A0 MNPOMIKHOTC
yTBOpPpEeHOIro aTtToMamMu abo 1 oHamMmMu Ag, 17
nse B 3II AgHal, a0o TyHeIBbBHO pekKoMOIi1 H
2 TemMmnepaTypHe «raciHHS» CTOKCOBOi Ta a
nO0OyBaeTbhcs NpPpaKTHUYHO OJIXHaAa&KoBO (pwuc. 4
1 TSHKHWU TeMOepaTypHOTO «raciHHAI» JTBOMI
30iraeTpbrcsda 3 eHeprieirw, He 00X1 nHOH x4
A4K1 ¥ 3ab6be3meuywTbhb «raciunasgs». Ille#n wmex
TYPHOTO «raciHHS» CTOKCOBOI Ta aHTHCT
AHTHUCTOKCOBAa JNTMI HEeCIOHEeHNDI1 9 3101 HACHWETH
CnmoywaTky €©IEKTPOH INTOKaadi3yeThbcs HAaAa MOp
3TamoBaunomMy B 33 EMK AgHal, a moTiwM B
bp 6esmocepenuHpbpo moTpannanswTb xgo0 B3. A
M1 HecIme HI1 1 BUXOIUTHU 3 Toro GaxkTy, 11 O
bp noTpanigsgwOTGb, B1 IIDTOBI1 JgJHO, B 3I1 T a ]
OIPOCTOPOBO po3ainenbyoparmmk ai xi BH€Hil p a -
— 2%punpuponHuo, noTpi OHAa eHeprisgs akKTHURB
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pyxy 1oH1B cpibmna. Y mprpoMy BHUODaAaAKYy TE€
TUCTOKCOBOTIO CBI1TI1HHS Mae€e XapaKTepusy
3 JlosBa nNWMI HECULQEFHOIOcmyMrmarok CBI1 a4YHMU
TYyODl1 HYaCTOTO ME€ XaH13My Qa@aQHTHUCTOKCOBOTI
I e HH4 B1 I bp nepenaetscC s H a EMK u9epc
OpupoOgTH, 3 eHeprisasmu B 33 EMK AgHal,
niag BOOIMUBOM TeMOnepaTypHu, YyTBOpPpIWWYHU CT
TWWTH CBITIHHS 3 A = 750 HM) ULEeEHTpPHU P
OT xe , S K BHUODIHUBAE¢E 3 BUHIE3a3Ha4Y€eHOT O,
€ETHhCSA MABOCTYyNI HYACTHUM MEeXaHI13MOM, 3 a A
EMK AgHal wuwepe3 mpoMi XH1I JOTOHOPHI 1ILI€eHTDPH
MlpupoaHO HNPUODYCTHUTHU, IO, m(in 14> H2N)p,U SEK IK I
nijg BOAIUBOM 30yIXIXyBalnlbHOTO CBI1TaIa BHAac]
H U TeMOoepaTypax, KOMOCNAXKMYDI P X IMGHIU |
IbOTO MNpPpHUNDYIEHHS , €T EeKTpPOHHO-I1PpPKOBI o
3 e e HeEeE CB1 TI1HHSA T@ax<€TO0OKQCQOB®R, CHROXHAEHHDP 8 )
THYHOIW CXeMoOw, 3o00paxeHOIW Ha pwuc. 6B, 1
nepexoailiB AIXS ABOX JTOBXHUH XBHUIB GOTO3O0Yy

epexonagiB (mo Oyage 3poO3yMIao 3 moagailb
1 1ae 3a nNwoOMIigge nrHGisoMm.mpu A

X

0

hi§

q

P

IIlpu 306ynxenwnHwi c¢cBiTanom CBII AgBrl 3 A =
BISKTbbCS BI1IABHUUU eNeKTpoOH 1 nag1pka B 3
nokxanisyerbcsas Ha IHHWIl i pexomM6Gi Hye 3 B ]
nepexoay 3 Ha cxemMli. TaxkgmM=uan4a0mM)7@Two!]
cyeTbhrcsas MexaHli3mMoM nwmoMi HecnmeHnnii e na
TeKTpPOH JNTOKanii3yeTbcs Ha cplOHOMY KIa
Tax [20,21], e TWUI, To TyHeNbHA pPeEKOM
I130BaHOKW HAa HﬁH, OPHU3BOAUFR=I165080MMH
pexiag S5 Ha c¢cxewMl, MEeEXaH13M JTIIOMI He CIl€H
3amnisgs mepexoay S5 He BHUKIKHUYAE MONKIHUBOC
BaHOTIo Ha c¢cpi1OHOMY KaacTeptl, 3 B1JdbHO
bBianpm TOTO, neuw mepexiag 4 e € IMHO MO A
Ha Ccpi1OHOMY KnacTepil, nopyd 13 SKHUM H
[Ipu 30ynanxeHHI CBl1 TnoM 31 cmyru ITABp (
ITBOKBAaHTOBO-CTynNi  HYaCTHUM MeXaHI3MOM a
moMy eTamni BI1agO0OyBaeTbhbcs mnmepegaBaHHS €
(S ) =30ydxerapoerroa Ty bp @m0 c¢cyci g b oireop ecxp
8, puc. 6B) Ta Herollddinm, BRIE®MHMIC BIOT JAg
MuM cpioOonum kj2&2dt1@R2dM AgekTpoH 30yaXy
pexi g acc)perat bp B1I AHOBIWETSHC A, OE p e n:
1o B3 AgHal. JJoxaniszaunui g a1 pkwu 3 B3 H
6iHauniga 3 enexkTtTpoHOM 13 3l guapudsdidsdo 7
HM (nmepexinag 3 Ha cxewMmMl). PexomMOiIHami
ctrepo’™ Ag na1ipxwm 3 B3 ab6o ngipkum, UnTOKaIi
pekxkomMOi1 Hami i, MoO3HAa4YeHI Ha CcXxeMi me p e
i
B
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Temep po3rnsHeMO 1 HTEepHOnpeTamnmiw e€KCHOeEp
THUKHU Ta BOIHUBY aAaogaTkoBoro [ Y-cBiTnma Ha
30y D1XeHHI cBitTanoMmM sk 3 CBII EMK AgHal,
IXe€e HHI CB1 TIOM 3 CBIl Bunmnus Il Y- cB1 T 1 a I
JIOMI1 HecIHme HI{1 1 T a 3pOCTAaHHS JTWOMI HEe CI€HI ]
He 3a6es3nmedye 30yakKeHBI nNepicXWU0 MI £ HE X IT
meurtrpiB go 3II. (B tTakxomMy BHUDaagky c¢ai g ¢
N1 AcCUIEeHHI 3€eaeH”HOoIl CMYyTru DJnTMOMIHecCcIHmeH HmIi i
HM) . ToMy npupoaHo npunycTtTutua, Pdauwe H Up 1 ¥
3B1AbPHSKWYHU 3 HHUX A1 pKH 3 mepexongom y B3
3 BOOIMUTDH 1OTO0 3 MeHIIeEe HHSA 1 HTEHCHBHOCTI mep ¢
HocT1 mepexony 4. 1Ille nmae migcTaBy BBaXa
3 A = 750 M € mepexing 4. 3BiAcHWu BHUINDIHBR
IbHHUM.

Ha kKxopuwucTp BHMmMECKa3aHOTO CBIiag4YaTh MO
tTnomM IITABp B emMynanpbpcii 3 MaluM BMICTOM C ]
THCTOKCOBOI 3€elNIeHOi CMYyTrud AEMOHCTDPYE «I
BOPUTH MNPO 1 CHYBAaHHS «NOBI1IABHMUX IHMEeHTDPpPI1 E
Bi AJmMOBIATalbHHUMK 3a «BTOMY» a@aHTHCTOKCOBOI
Mo TaKHUM TMNpoIilecddn rompperr a3ToiyBa s#bepH E1 e p € X 1 1
OIn15 BCTAaHOBIEHHSN CTallloOHAapPHOTO 3 HAaUYe HH
pemaxcaimii npomeciB 3 i 4 MawTbhb OyTH T
IOTbhCS 3arailtbHUM HNepexoagoM GoToO30yaTXeHOT
HOTro cuHrnef/uerpepasBy 0 sukeuHHT ppyo 3Arga mo B a
BepxHi EMK AgHal (mepexiag 8). IlepitJxi g ¢
arperarty bpynonmapwar piys Agrkum pl03 Halo BMD B )
Hi1 me, norTpeobOye O1JaIpbm TpHUBAaTOrLoO dYacy. C
TeMOHW 3pPOCTaHHSIS aHTHUCTOKCOBOI 3eaTeHOi I
yeHHsa (mepexigag 3), 1 JIOM1 He cIme HII1 1 Ha A

Ak yxe 3TranyBamnxocsda, S KIMO JIMI HE CI[ € HI I
AgHal, nis I Y-BunpomMi HOWOBaHHS TNpPHU3BOJJHUTE
me HI1i 1 T a 301 Ib II€ HHHA CTOKCOBOTI JI1IMI1 HE C
3 01 HCHKOWETHCSA 31 cmyru ITABbp, To [ Y- o1 mgeci
3a3HadYeHux cMyr (puc. 5, xiwmetuxwun (b, d
HKHM MOXe OyTHWU aAOmDTaTKOBHHU KaHad Hepaglarl
cepenuabro B bp miag BmauBowm [ UYU-cBiTana, Ha
HUX 1 monimMonexkynspuux ¢dopm bp [23]. I1
METOM JaHOTO HOTOCHIAXEHHSAI 1 mnmoTpeodOye O0KT

ldmMkzso€@dnoBHI BHUCHOBKHU POOOTH MNMONTSAT alo
OOTpyYyHTYyBaHHI €©JIEKTPOHHO-A1 pKOBHMUX TMpOIE
3 bKOTeMOnepaTtTypHoi mnioMi Hecuneununii EMK-Dbp.
11 O aHTHuCcTOKcoOoBal FovMdWe ST OH mWiMs E MKJ- b p ]
arperatiB bp (A = 670-700 BHM) peanii3yer
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3 MO M, 3T1O0HO 3 aKHWM, J-kaorjapue rcariotm™i ob pI, o resiue
3 yeThcCcsS Ha cpibHOMY KIabpirlmwo B JAkgeBrrslc, 1 am p
3 ami i nipku y HHUIl wepes B3 AgBrl abo T
norTpannse B 3 mpwmw moranumHaHHI CBIiTITa Co7p
3 I1pEKOI, noxkaniszoBaunotwo Ha IHUII, abo pe
pe3ynTprTaTi KOXHOTO 3 INHX MNpPpOIMeciB T ¢€HE,]
M1 HecIme HI1 1 .

KpimMm TOoro, BCcTaHOBIEHO, mImMO pekKoMO1l HaIN
HOMY KnacTepi, 3 BlabHOI aA1pkow y B3 EN
A = 750 M (mepexinag 4 ®HaAa pwuC. 6 B) . ITe p
mi HHOI pexomMOi Hami 1, S KUWU BHUKIUKAaAE « C I ¢

TOKCOBOI 3emeHOIi1 1 ioMU-HaercpreernanriiiBs nbppu. 3 0 y 1

ABTOpPH BHUCIOBIWIWTG, NoOoOASKYy HamioHanxTbHO
i ATPpPUMKY B paMkKkax mnpoexty N 2025.07/700
HUX ONTHUUYHUX MNON1B Yy MHmoaspu3ani HHO-1HTE
TEnNTeKOMYHI Kani i 1tTa O0O1oMeaIUUUHH
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Mechani sm of the anti-Stokes | umines
mi crocrystals

Summary
Spectral and kinetic characteristics of t
for investigation of the atomic-molecular s
nation processes Iinvolving free and captur ¢

i s attracted to | uminescence properties of
which find a [ ot of existent and potential
tion and processing. In this work, t he [ ow-
dye-sensitized AgBrl EMC (EMC-Dye) are st ud
excited by [light from the absorption band
Il umi nescence bands appear in the after-glov
and the anti-Stokes nwog®xe2@a0) dhmmi Besednon wl
sults t he two-quantum step-wise mechanism
tiated and clariified. According to this mec
dy e, is transferred to AgBrl through the s
persion (AMDD) : at the first step, an el ect
t he second step it is re-excited into the ¢
Stokes [l uminescence of EMC-Dye is caused by
t romns excited into the AgBrl conduction ba
ized on paired iodine centers in the AgBrl
el ectrons, l ocalized at the AMDD silver cert
ters, is responsible for the Stokes | umimnes
tion of the same el ectrons with free holes
which causebumhaesftpt’ator ppheganti-Stokes [ u
Keyworsdisl:ver - halide microcrystals, dye- s er
anti-Stokes | uminescence, [l ocal charge-car:

combinati on.
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Unsteady heat transfer in an aerodisp
i n a soil regenerator channe

The paper investigates the space-time evol

system fAairidense gravel bedd realized in t
Aerodi sperse systems with dense granul ar | a
ative heat exchangers, and seasonal ther mal
heat transfer between the gas flow and a f
Special attention is paid to the sequenti al
action between the ther mal front in the sol

which are characteristic features of aer od

storage units.
The aim of this study is to analyze the te
with a dense gravel bed considered as an a
transfer between the gas and solid phases
formul ated as a two-component quasi-homogen
granul ar | ayer are treated as interacting ¢c
equations include the heat transfer equatio
tivity and a convective energy equation for
term describing the energy exchange bet ween
i mpl ementation is performed in Matlab using
the channel is calculated sequentially in
obtained by an implicit time-stepping schen
The calculations employ thermophysical proc
with dense granul ar packing, including por
ductivity, and specific particle surface ar
perature fields T(x,t) and Tg(x,t), temper a
characteristic times, and time dependences
nounced heating front I's formed in the dai
gradually propagates from the inlet region
and heat accumul ation in the granular | ayer
insight into heat transfer in aerodisperse
mi ze geometric and operating parameters of
changers with granul ar beds.
Keywordas f1l ow, dense granul ar bed, grave
transfer, two-component model, Matl ab.
l ntroduction. PErnoebr|l geym esftfaitceineenntt .heat i
tural greenhouses remain a pressing eng

E | . ) Mu_“[IIV, 202
This is an open access d und
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I fi cant diurnal temperature fluct.
und) regenerator 1T a channel fille
ma | energy during daylight hours b
ed | ayer and releases this heat to
of such a device is an aerodisper
l onary dense | ayer of granular part
and solid phases determines the cha
Despite the apparent simplicity o
of the temperature field in the c¢ch
t along the granular bed T requires
gy equations of Dboth phases.
rmul ation ofDéspi aetibéepsogress de
ed results for soil regenerators ai
oaches or analytical solutions that
nel i an assumption that <conceal s
i ng in the flow direction and the
S The aim of this article I s to I
aerodi sperse system "air 1T dense gr
t wo-component numeri cal mo d e | t ha
es, and to demonstrate the formatic
g the packed-bed channel
alysis of recent Bha dheast atnrda rpufbd i ¢
with a gas flow has been studied
: who proposed a one-di mensi onal t
retical basis for most contemporary
c al devel opments confirmed that th
thermocline behaviour in packed-bec
onent heat transfer is correctly p
storage systems highlight that t he
e of the thermal front is the intei
i ng fluid and the granul ar packing
crushed stone and gravel packing s
W/ ( m|] LK) under typical greenhouse
i ns sufficiently smal/l to Jjustify t
: Mat hemati cal model |l ing of the hea
nstrated that the analytical t empe.r
sfactorily with experimental dat a
ma | conductivity, and specific par:i
5] . Devel opment of the soil regen
r area Sshowed that five 5.75 m chal
gh heat during a six-hour charging
ely 2.6 hours after sunset under a
t her mal conductivity of granul ar |
e shape, packing fraction, and the
ted as an independent model par ame:t
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author's earlier dissertation work syst
and mass transfer i n dense granular | a
sign calculations of soil regenerators
i ng the empirical dependences for the
fying the model against pilot-plant mee

Il n addition to classical one-di mensi
refining the description of | ocal thernm
detailed numerical approaches such as
resolve the gas flow and temperature f
bed. These studies confirm that, for e
moder ate Reynolds numbers and with rel e
type two-equation macroscopic model re
t her mal response, provided that the ef"
transfer coefficient are carefully <cal
same time, the advanced numeri cal resul
tur e, particle shape and size distribut
the spatial heterogeneity of the temper
designing compact regenerators with | ir
tivity of the ther mal front propagati o
of the airfl ow.

Experi ment al setupThmrdepipleot meagahern g
carried out wusing a pilot soil regener
a dedicated | aboratory channel desi gne
beds under controlled conditions. The
of 100 mm and a working | ength of 1 m,;
a particle size fraction of 40760 mm a
ensure thermal contact with the surrour
with 12 mm milled rubber, which corres|
ok=2.34 W (m]J] LK) during the pause perio

Air flow through the channel was pr o\
105 mj/ h, yielding a filtration veloci
During the daytime charging phase, warr
of the greenhouse and bl own through t he
tion was reversed and the accumul ated h
tomatic insulated shutters were instal/]l
tive heat | oss during the pause period

Temperature measurements were perfor
pl es positioned along the channel axi s
the inlet, plus additional sensors at t
ment ; data were | ogged at 3-second int
couple arrangement all owed the fulll ax i

t o

be monitored continuously throughout
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F(‘—Gg
i

Fi g Llaayout diagram of the ground reg

1 7T granul ated material, 2 1T heat-exchan
sulation, 6 1 soil in the gre
TabTher mophysi cal properties
Par ameter Val ue
Solid Hensity, 1500 kg/ mj
Speci fe,c heat, 860 J/ ( kglkK)
Effective theama ©Q r2bu W/ i (vmLtKy),
Porof€i ty, 0.40 I
Specific pa&piticle SBLOOf ace] / mj
l ntercomponent &nhe adt. 8tirlebn\g7f(en] LKg e f

The thermophysical properties of the
| ati ons are I|isted in Table 1, and ar e
earlier study.

Physical and maiThemaein cdil spmerdee . syst e
d

bed" is modell e as a two-component quée
component (aitr) and a solid component
stationary and the flow is xon€&hdr mahse«
rioum between the two components is not
the T¢k8s and t heT(xd)olarde pdeatseer mi ned i ndep
through the intercomponent heat transfe
The energy equation for the solid (gr
efcf = ffxf tag T, - pex ¢L, t> (1)

Wheree:f(;llsU)s; the effective density of
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The energy equation for the gas phas
form, accounting for the heat exchange

rgcg\% -ad, (T , - 0¢x ¢ I (2)

g

Whewei s t he fiItratd—anZngdg]b@'nﬁ)(DyJ/o¢kgilL

the density and specific heat of air.
Il ni ti al and boundary conditions ar e:
T(x,0)  T,(ot= )T K =—ﬂ 9 (3)
lJXx:O = L
The i nitial | ayoe2Ctemperhbeuial swas air
Tq, 7n32€, 1 n accordance with the experi men
Numerical i mpl emdimteatmiadmeimat Matall almo d e
pl emented numerically in the Matl ab env
channel b=f1 Imengdadh di Nxrletli seequailntopat i
(glL/NXx 1)), and the time donNati7m2 1] Ostt G060 ]
At each time step the computation pr
perature T st si balticohated by integratir
spati al coordinate from the i1 nlet bounc
-I-g(i):-E]-i( 1)%?_( gT(ll'T i=2, . (4)
Second, wusing thEBggacso mpurtped aitru rteh & ife
tion (1) is solved for the solid-phase
(backward- Eul er) finite-difference sch
tridiagonal system of | inear equations
01 6 Tn
T B 3 roHgSRT -MT= 4 5
|1%§ 9$1 Dt ( )

wher=e.br¢ g®) &We/itg) . The adiabatic wall
enforced using on=el- sesNddled di fferences at

Results andhdi sompsted. t wo-di mad(rtsi on:
of the gravel bed is show@tim Fig. 3, &
exhibit a pronounced diagonal thexbpl f
toward tx¥dp asttieme(increases.

The physical mechanism is as foll ows:
incoming air at 36 AC gives up heat pr
where the bedigas temperature differenc
gas arrives at deeper cross-sections w
force, so these sections begin to heat
i n Fi g. 1. This sequenti al | ayer -by-1a
experimental observations reported in t

perature discontinuities were detected
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Fig Temperature prFoifg Temeofevoheti on of

gravel bed along teempehanuonele at sel ec
ti mes.

The axial temperature profiles of the
sented Iin Fig. 4. After 60 s of heating
fined to the first 0.2 m of the channel
0.5 m; and at 3600 s a nearly wuniform
established along the full channel | enc

The time evolution of the bed temper e
5. The ikE@tl smctreaclies near-equil i bri
whereas t he x=00ut9l ent) sdeocetsi omot( attain the
3600 s, reflecting the I imited heat <car

The mean cross-sectE360&Is omdd att empe f & («
ponent mo d e | equal s approximately 3171 3
value of 32 AC measured in the pilot te
agreement validates the physical adeqgu:
rectness of the adopted thermophysical
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coef fle@i ®Wh({m]J] LK), used in the present ¢
tally determined range of 3.87115.7 W/ (r
of 0.12 m/s and an inlet air temperatur

The computed gas-phase profiles (Fig
noticeably along the channel T from 36
at the outlet T confirming that the as
woul d be physically incorrect for this
temperature difference between gas and
di enftgfdfatt ens progressively, as observe

Concl usi ons

l1Based on the analysis of ' iterature
mat hemati cal model of the aerodisperse
erator channel has been devel oped, whi
the gas and solid phases and their inte

2The numerical i mplementation of the
di fference scheme for the solid phase :
ture along the channel , made i1t possib
T(xt) ampat) with a clearly pronounced heat
towards the outl et.

3I't has been shown that, for paramet ¢
soil regenerator (porosity, effective t
Il ntercomponent heat transfer coefficier
tial section of the channel, while down
a significant time delay, forming a nor

4 Comparison of the cross-section-aver
the two-component model with experi ment
satisfactory agreement, with an error
guacy of the adopted thermophysical p a
range of the intercomponent heat transf

5The obtained results can be used fo
soi | regenerators with dense granul ar
|l ength, particle size and type, airfl ow
as for further devel opment of heat trar
particle | ayers.
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Ef fect of microwave dehydration on th
Summary

The study presents new experimental data
of A-type zeolites (3A, 4 A, 5A) during mic
operation of thermochemical heat storage s
highest drying rate (6.55110 s 1), heat i
(0.56), which is attributed to its | arger g
fusion. At the same ti me, it i s shown that
by a decrease in the specific heat of sorpt
of the granules after the first desorptioni
of this materi al under <cyclic operation co
strates the highest specific heat of sorpt
explained by the spatial confinement effect
the pore structure. 1t is shown that increa
ing a temperature of about 400 AC leads to
indicating deeper activation of the adsorbe
zeolites on the efficiency of microwave ene
tion kinetics has been analyzed. It is prov
in thermochemical heat storage systems due
5A is more suitable for processes where dry
mi crowave regeneration modes and i mproving
troducing gas flow through the | ayer) to en
i's substantiated.

Keyworzdeso:l it es 3A, 4 A, 5A; mi crowave dryir
efficiency,; experi ment ; moi sture content ; t
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ma | conduction to cold current -
t and mass tr r terminates
n of the wire ts cenmterohné.
k of quasi-st state conduct
ent process.
I I Tustrates fact that it i
t hat causes hysteresis of
(gr0) monotonic heating (curve 2) 1s ob
. 4 presents the critical condi ti c
of the dependence of the critical I gni t
al er C
e
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a e
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t he
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The ¢ cul ations were p formed for
from th conductor: convection, radi at
as wel | as I n the absence of radiative
that the experiment al data fit wel/l Wi
mechani sms. The analysis shows that for
natur al convection and radiation can be
l ncorporating natur al convection is ne
100 Om it I's also essenti al to account
emati cal mo d e |
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Concl usiDensail ed physical and mat he ma
ransfer processes and oxidation kinet]i
n air has been perfor med. It I s shown
xide | ayer can be neglected in steady-
f the critical current iIintensity that
eratures above 1500s oxide evaporation
endritic tungsten trioxide structures
The influence of radiative heat | osse€e
essel wall s on the steady-state and ¢
xtinction has been analyzed. | t IS pr
adiative heat | osses to the walls of
00 Om incorporating radiative heat | o:
eads to an increase (iat twki chihighit en
l on processes occur .

The significant influence of natur al
egi mes of a tungsten wire has been de
Il shed that the enhancement of heat tr
esults in a 20% increase in the critidc
It is shown that the calculations ba
ccounting for heat | osses via convect.i
acts agree well with the experiment al
hich the tungsten wire ignites and tr a
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Vi sualization of | ightning in dus
The visualization of processes in a dust -
' ightning discharges is considered. An anal
processes required for the formation of t he
carried out. An algorithm is developed for
ages of lightning discharges. An attempt i s
ysis and contr ol in solving inverse problen
objects under study.
Keyworldsgsht ning spectroscopy; reconstruct.
tions; binary detector; CsPbBr semiconduct

a condensed .di spersed phase

l ntrodHcghesapeed relaxation processe:

i n atmospheric pl asma. Il nitially, an u
current discharge. Il n [ 1-3], It was th
field, el ectron velocities become rel af
energy |l osses in thunderclouds. Let t he
current impulse from an accelerated el
denotfed Wes Hiaimde ratio ofothbemeahat:Ht
| o cU gty Te|8—n;n/s pTs. For most atmospher
excitation time of electron shells at
I s constrained by the Heisenberg uncer
range of 20071600 eV,f.st e pcdBaTThaect @mli st &
ment al evidence for the relativistic na
detection of hard X-ray and soft gamma
sion Lightning channels exhibit cascac
abrupt changes in the trajectory of the
associated with an avalanche-Ili ke ampl.i
taneous energy dissipation.

The observation of hard radiation du
about the | ocal parameters of the | ow-t

E D. Doikov, _ikov,
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phase (non-equilibrium thermodynamic p
CDP) formed within the I ightning currer

SourtTlkkes.source of seed secondary el ec
mary i1 onization caused by cosmic radiat
sufficiently high concentrations of sol
|l ectrons emitted from their surfaces 1| S
el ectrons are accelerated to relativi st
becomes dominant, exhibiting an unstabl
and the number of electrons increase,
relativistic regi me. Within the cascad
mul tiplication devel ops, accompani ed by
cul es.

Hard Radi atilwmonSpreecaahai.ng rel ativisti

become significant i n the form of br em
|l i ghtning conditions, the deceleration
up to ~200 keV to emitted photons. The
be attributed to interactions involvir
t hrough hydrogen i onization. The theor:
reach hundreds of MeV. As shown in [5],
nucl el produce gamma radiation in the ¢
firmation of the proton contribution 1i:
el ectronipositron pairs, generated by
MeV in the nuclear field. The next evol
relative contributions of radiative | 0c¢
the surrounding medi um.

Il n plumes, the partial or compl ete de
of vacancies in the K and L shell s, re.
ultaneously, due to the presence of vac
recombination | ines are expected, ari si
i nfrared spectra, this manifests as pl
burst. Such plumes are explained as a
production of gamma photons with energ
charges | eads to the formation of el ect
pheric atoms. Positron spectroscopy, a
combined with computed tomography (PET/
the detection of structural Il nhomogenei
the same approach is proposed here for
of thunderclouds, I n terms of the fract
or liquid particles). The foll owing sec
Il toring spectrographs for hard radiatic

The dynamine xstp esdterpa tios esti mate of t he
dynamic spectra. The study of | ocal pr c
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feasi ble without the registration of he
zation front f;pecamadaet iecn i mamed using t

casc m

Ioc()i(;;t]‘syhockreI 5 — igo p®wUnder realistic
ditions and geometric parameters withimr
tion significantly increasestthg dewvaer,
orders of magnitude. Thus, the pgharact e
TshockPp T8 I't foll ows that the dynamic spe
about the full set of characteristic ti
cesses in the plasma.

The optical spectra in lust centurie
about Iightning discharges during fl ast
gamma-ray flashes of |lightning typical!/
timescales. The growth of the | ow-energ
the current-carrying channel 1 s associ a
i nside the channel. I n other words, ult
optical emi ssion and induce a rapid th
also contribute to this process. | n pr e
atmosphere were analyzed, and spectral
from the current | ayer of an atmospher
were found at energies above approxi mat
vi ol et photons remain effectively confi
sorption; their energy i1s efficiently
mately reaching the observer iIin the for
waves.

Hi gh- Speed Spectrograpihhefarnvdarnd gRa d

nami c and geometric structure of | ightn
and acquisition interfaces operating or
i n computed tomography (CT) [ 6]. Foll o
i nterfacing principles. However, instea
ent concept of I nformation acqui sition
gamma quanta i s based on semiconductor
(high-2) el ements. The dead time of suc
to microseconds. At present, cost | i mit
terfaces have | argely been eliminated,
availabl e. Il n works [4, 5], codes were
erating in photon-counting mode. Thus,
utilize a single monocrystalline detec
proxi mately 1 c¢m. Spectr al reconstruct
pul se generated by each detected photon
ard radioactive I sotopes, whose emissic
The choice of monocrystalline semiconddt
of heavy el ements in CsPbBr , which ens
l nci dent photons interacting within the
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vol ume between crystal faceg2,D pafiprmo¥iss wh
applied. As a resul t, I nstantaneous sp
struction with such spectrographs cannc
ur ati on. Spati al vi suali zation of | igh;
set of basi s measurements obtained fron
figuration implies the deployment of d
| ocati ons. Data acquired within such a
synchroni zed, mi crosecond-scal e dynami c
ferent spectral bands. A similar appr o:
those operated by the Odessa Astronomic
extraterrestrial objects entering the I
one component of the tomographic syster
sis), whil e the second componentdthe o
evolving. The formation of instantaneou
a binary detector for optical and hard
[ 7] . Reconstruction of planar dynamic i
the structure of the current-carrying
i ng a sequence of images describing the
terminati on.

Bi nary Detectori Spectrograph Tther cOmt-
struction of Ilightning spectra has trac
i nfrared ranges, I .e., within the at mos
such radiation are formed as a result
and atoms in the atmosphere. However,
scribing the conversion of relativistioc
a hard radiation spectrograph i nto suct
synchroni zed el ectronic interface, was
ul ar form bel ow. During a lightning di g
of relativistic electrons with atmosph
can be divided into the ti me et ,weered tph
characteristic atdmi Nudietr eéxail t etsttd Mmat ie

. 2D p® This i mplies thap#tie poolploirsii oom

photon production rate. Il n guantum col

electron with an atom is gove+nediiby t
t

rel

p T fwheim gs the momentum of he relati vi

to sequenti al il oni zation and recombi na:
sustaining a heterogeneous plasma st at e
tions ¢§@@bcasr in C, N, and O atoms. H
marily undergo ionization foll owed by <c
bination processes require | ess probab
tions, this radiation manifests as pl ul

that despite the presence of atmospher



A LSO OjsHdmyjemddr mMdmisjdk. 2026. I1df. 64.

l traviol et radiation emitted by C, N,
Ithin and in the vicinity of the | ight
ith mechanical energy transfer from e
er mal i Zatiiroandita tmev ef, jJjped mck ags h @k t wanee

ck !t was also demonstrated that, tog
gamma radiGampakewWnt heaaobrghesdet e
e coverage and synchronization o
I ng di scharges are only possible

ographs for gamma and optical rad
oton fluxes incident on picemidet e
all ows operation without detector

~ ~— —

s TS0 +T = sC
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e

|l i zation of Atmospheric Pl asma (
c allheBaisniist.i al data are obtained
work. Let the array wwf amet & hteo
shape andas tTehtee agfp Itihcea tl
y met hods has proven ef
h
u

o<

a
i

_.mc

| aboratory and field ¢
ch configurations requl
Nt s ohwhit BEaalli dest e@tcd 0 ris s
em and i§ Mbeswiepdd hiom 8¢
tor system forms both a
constitutes the main ot
ncBasins zation of spectrog
To htning diagnostics using
tio mu s t satisfied:
1 The format of the acquired and recol
subsequent visualization. Il n this wc
used I n tomographic I maging.
1T A  synchronization unit discretizes t
ond resolution.
71 Data recording in DICOM format must
I fying the time of measurement and t
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l T ghtning
channel Wi
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ransfer TEMes aga ome tfroirc | ona ref
harge I s formed by radiat
a given region of space.
il cal for computed tomogr apg
renti al form i s given by:
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Here we have:
. ‘ ‘“i's the total attenuation coef fi
7 ‘is the scattering coefficient (Comp
1 N nP mis the KIleiniNishina scattering
iy
Om 100Q . 0 mQ TR —1Q — (2)
Her e:
17 iis the path from the source to the
17 iis the path from the scattering poi
17 +s the scattering angl e,
1 Qivbs the volume el ement (within the h
Il n Ilightning dischar lescan hlee fapmsn o xl
unity, since the origin of scattering
|l T ghtning il luminates fragment Q ode-t he
scribes the attenuation of i1ts radiatioc

KI'eini Ni shina Compton Scé&bremphu® oRha
pokieVngww), the Kleini Nishina differen
gl-es given by:

n — —— — — — OE¥+h DO (3)

Her,e, s the total (integrated) KIleini
detectors positionedwpatthe senetgyi matE
— <« —h — mn8c¢umhhi ch—ymnm8kdgnd [1-6], it
t hat I n thundercloud aerosol s, t he con
the structure of the detected spectr a
approximately 30 keV. Characteristic X-
absent at any distance from the | ightni
within the current-carrying cylinder dt

Il n the energy range from 30 keV to 9C
gous to continuous optical spectra X-r
sity along the photon pat h, I .e., on tF
sition along the | ine of sight. Di f fere
aerosols along the propagation path ence
tion of the condensed phase.

The detection of gamma quanta during
by gamma detectors at the Fukushi ma nu
Gamma Ray Observatory and | NTEGRAL sat
bution of hard radiation shifts toward
power. Therefore, | ocal pl asma charact e
by sensitive detectors. The Dbinary det e

Mnac
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|l T ghtning diagnostics. Uncertainty in t
of lightning |l eads to a | arge number of
choose reconstruction and visualizatior
eters. We aim to reconstruct quantities
within the atmospheric transparency Wi
the growth and decay of energy-related
Main Reconstrudbteohi gppnoaghchannel i
of small el efhedn.t akayc s eggmeemtt scorresponds
channel emitting an ®l e Dk t@eeqghigsnteetri sc  tphuil
ti mp: 0 —h whérse the speed of Ilight. Th
bet ween detectors are given by:
. . . 0 I e T e
30r, O 0f —38 (4)
This fundament al equation i s referre
( TDOA) formul ation and is presented 1In
(2D) reconstruction, a minimum of threc¢
sional (3D) reconstruction, at | east f
guantiti eswhhrmelunknewn: four parameters
and the emission ti me. Dn vpaprhcitnece , | ii dl
has a complex structur e, Il nvol ves noi s
mul tiple branching channel s.
Geometric ReconstructFon trom EmMDttIr
or di naa rees determi ned by mi ni.mlihz i ng t
%P9 —- Ror, in the TDOA formulation
The minimum of this functional vyields

sour ce.

" \ N S R I
2 3PS —— — (5

Reconstruction of AUfitgeht npirnogc eGesd met ray
pul ses, a cloud’h 8hod entt.s Ttsi 0 bitsaimae dl: o
but a spatio-tempor al st r'lwcBhwer € od fl otwh en
are then perfor med:

g filtering of noise points;

9 clustering in time and space;

9 extraction of t he main branch;

9 i dentification of secondary branches
9 construction of a 3D lightning curve
1T smoothing using splines or a graph-»>
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As a result, lightning 0s i pweesrat\ee
ti ccesrrespond to reconstriOcéepdeseansscon

bet ween consecutive segments of the <c¢h
processes together with their geometri
construction i1Itself constitutes the fu
objects, or their cross-sections, from

For lightning studies, It I S essent.i
i nformation about | ocal properties of
reconstruction of integral energy parat
Il n particular, one can estimate the tot
and its partition into plasma formati or

Matrix Formul ation d&fsitnige theveamnsat P
Secti n |, we construct a matri x equat
guantity. Il n the present case, this col
di ati n Let

r
0
[
0
7w w 'Be the unknown parameters (voxe
w "™PPe the measured dat a.

They are related through a discretized
w DO 0 ( 6]

Her e:
7 0is the system matrix encoding both
di scharge and the detector configura

7 Os the statistical measurement model
Using MLEM rtoobnsobtltucngomn he probl ems
contributing stochastic parameter s, an
hood Expectation Maximization (MLEM) i s

Maxi mi zhbowlomads to the MLEM iterative u

0w A 8 (7

0P o f— 8 (8,

After specific features of the Lightn

i ng of the conventilbmatcocomapst edi tlomolyi
approach employs a rel atQ we)l,y ssurmadIlle nmeun
a time series of measurements. The | i mi
a Poisson statistical model during dat a
rates a short-focus mirror for recordin
tor i s positioned as close as possible
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axis of the telescope sys

tem. This conf
tial region occupied by the

t hundercl ol

Dynami c Recamgthtwmethigorvol ves over ti
mensi onal Sstructure is reconstructed u
O Rlo h 8l hwhi ch all ows recovery of the |
ti on, branching events, return strokes,

of brightness/ power. The v()ele'—c—i“'—By of tF

Il n case of the dynamic spectrum estir
i gin@! From this signal, ™"®speéictHadgr am
Q Qf h whérfedois a short-time window fu
sing of corresponds to the Short-Ti me
i | ds a two-di menstiidmeael. ,matph eo fd yfnraeng uce r
i ng.

oS Ccom

i
e
n

y DependentRaDheramithhaBpeotnrsu
t each detector, we associ at «
T

O T

~

iy SEhasnef or each segment of

ooowm
>3 o

o
:T:T:Tjjg—.—rm

ODDDDDp — = —~
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d 5T

bl e to deter mi ne:

I | ocation of the channel,
on ti me,

ncy range,

d power ,

al and spati al evolution o
onds to a fowdd- dbh mensieqmal

-+ ® "0 Ww
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S
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u
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Thi s p

| e nYdhiohiQ 8A practical i mplementation of
described below in the form of Table 1.

«=s

Di scusheonesults presented in Tabl es
i on met hods for fast-evolving physical
ossibilities for determining the fract
sols. Conventional approachesdsuch as
sing radiometers, magnetic field sen
ave | ong demonstrated | i mited capabi
| asma within |ightning discharges. Th
roposed by Mark Doi kov [4] has made it
Il on of hard radiation formation i n at
ealed through X-ray and gamma-ray map
sence of i mpurities in Iiquid or so
ent on matter density and contri but
Beyond | ightning diagnostics, th
tions, particularly 1in the design
S in non-equilibrium ther modynami
with CDP).

S
I
e

~0O0OO0DOTO<OUTUOTIoTCcOoODT
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Table 1. Structure and Description of
St ep |[Name Description
Define detectltolfificootdi satpes:f er abl e
not collinear or confined to|a s m:
1 Geometry .
triangle/ polygon on the ground plu
@above the plane formed by thje fir
Detectors must have precise [timin
synchronization; common clock gene
to tim ng bFor | ightning shape rec
2 Synchroni zaatioemn on the order of tens |of na
ti ming accuracy typically exdeeds
not significantly affect the |physi
ti mescales of |ightning processes.
Peaks are i dentejltjitsld; .i nMed shoohd|ss ii gnrc:
3 Pul se Detea@mplointude threshol ding, mat ched f
correlation, and peak clustening.
Pul se MaD ecthe rnngi ne whi ch peaks correspond t
Across Dettetioos:
I_DOA Recopgtr kkCach matched group of |peaks
i on
[E ¢ ¢ 2l jyieldi mdaia fe. |
6 Channel CoBehstdagtuicotn a graph (fal€@ heMétighd
include nearest-neighbor | nkin
ordered graph, DBSCAN/ HDBS|ICAN f
Kal man or particle filtering fo
7 Dynamic. SpEotr@ach detMedcttorAf tceormpeudrerfect i |
agatioinco'rc‘irelia(".y:I l the local |[sour
trum can Deéltotbt ai ned:
8 Spatially |l bDspgenaddendf considering only det
Dynamic Spepketd¥ma with recofMdtidtucTrus chan
for each | ightning segment| one
T spati al | ocation of the| chan
T emi ssion ti me
T frequency range
T emitted power
T spectral evolution along the
This corresponds ¢tlaldlea dDorr econs
equi vaYabuhiee y :
Step| No. Name Description
9 Ti ming accaehiratcgnce error
1 ¢s ~300 m
100 ns ~30 m
10 ns ~3 m
1 ns ~0.3 m
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Tabl e 2. Fi nal Data Structure for a

No. Par ametjer Descriptiijn

1 dicieo Spati al coorjdinates of
i channel segment

2 C Emi ssion ti me

3 0 Signal ampl i tjlude

4 Ceak Domi nant frequency

5 R Local spectrum

6 0 Propagation velocity

7 branch _ id Branch identifier

8 uncertainty Recophstruction e

Tabl e 3. Determination of t he 3D

No|Name Description
Lightning is model &di¢alsomg dtilsé¢ rd hau
Det eceopr ds:
o o R @
Source Signal ! O L0 o Q" ¢ o h
Mo de | whe®©dis the detector directivityl/ls
flects radiation gener atedd sbyjorn & mi.
I n practice, the signal i's approxi
(i mpul se sources)
Il nstead of simple peak detect|i on,
Event pi|l¥HiFng cross-correlation between de
for short bursts. The; resuddach sdat
Signals from the same channel segm
may. i nc Iude reflections, mul tji pl e
E\rgﬁntUncAesrﬁtwogcfl otydéj i nclude tliomé: wd nfdyo wH unmagt acrh-i
ian or greedy mat ching (HGM) | anc
(PDA) . |
Solve the m|nllnElzact,lcon—pEcEthean:ce-
??DOALolcaTlrégzitté Pnclude robust | oss funegtion
t ,Lyarainanceat i al regilcarijzati o

whe+r|es the covariance matrix (funcel

Poi nt cllattderY localizdlftiion,omt poned ahodudr

LightningaCBammeclt ured representjati on of the
Temporal [oder ipdg nCenmecté potinses Filf: -

and Linking i3t wherd®p m/s (typical | eader v
| Graph [Bodhsltruct alCyrwhmhrree noddy, (Go@ént s
Construcletidgres defined by temporal and| spat

Apply clustering and graph-bajsed n
Branch Exudidctimimi mum spanning tree MS T)

(
approaches (time-oriented). |
h

Resul t [ i fication of the main channel

loAnti-aIiaA

d
P smoothing techniques sujch as
final gectﬁ

nt

|y

g); U process regfle$idcitomherse nal
parameter along the channe

O30T |
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Table 4. Dynamics of Lightnin Ch
N o Name Description
1 Leader veloc¢c(itw k = \Vfracf{
2 Lightning phatsepped | eader; branching| r e
C Cc¢; branching tilnes ;grcohwa rhn er
3 Temporal topology
4 Energetics 696'; power distribution jalon
maxi mum di scharge
Table 5. Dynamic Spectra of I ndivi
N o Name Descriptiqn
ac h™ tée;t etchtiosr :r epresents| a m
! Spectrogram SOFF5 Il i ghtning chapnnel
2 Back-projectikbar tipoisfturtcaeu {i , k} = \Vfrac
3 Local signal %‘Lbme%Y? r{dcetBotlorcs wherre wei ght
, geometry) anal ogous o be
‘ Slc 34¢i ¢ ; alternatively wav e
4 Local spectrum. .
w U
Tabl e 6. Physical |l nterpretation
No. Segment Spectr gl Charact
1 Leader VHF, broadband emi s:
2 Return strloke LF/ VLE, hi gh-po
3 Branching Noi se-|li ke spectru
4 Channel i Nterruptions Hi gh-frequ
3 Leader VHF, broadband
Table 7. Uni fied Model and Con
N o Name Description
1 Unified modelDiscrete réprie&en ati emnti njuous
™ alatatets
2 (IMi mi ng a6 domi nant factor nan
K t zlatlon [ tuecnte@lr @Q\A)imdaerr“ybasel_int
ey practicnale G @?F t|on 3D Mohtti gat &t ied
0 reflections from ground/ clouds
Event d&ntsod ysparse | eads tg poo
complicates event associati pn.
3 Anal ogy with|E&Dmogrlaipdhyt i ggal saydetectorns VY
attenvVatiimem del ay; reconstruiuctio
i mage Y lightning channel [lri]
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Concl ulshheonvi suali zation and diagnost.
pl asma using high-speed hard-radiation
1 Devel opment of advanced instrumentat
evolving physical processes.
2 Adaptation of new testing methodol og
i ng inverse problems in aerosol phys
3.Control and suppression of wunstable
pl asma with a condensed dlspersed p h
4. Si multaneous reconstruction of i st a
l nvestigated object, demonstrated I N
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I HOOPMAA AJd ABTOPI B

3araanpbpHna iHbpopmMani u

[Iim wac mopgaHHS PpPYKOONDHUCY A0 BHUAAHHS aBT
H1iCTbh yC1M BCTAaHOBIEHHUM BHUMOTaM, BKa3aHUM
nograHnoi pob6oOoTHU UM BHUMOTramM peagakKkiIdis MOBEDPT
HHS .
NHNo 30ipHWUKaAa momxawTbhcs CTaTTIi, a1 K 1 paHi
0 po3rnsay pepakKkdODisasM 1 HMUAX BHUJTAHDEB

DPopma nodayKmwAI:MC U TNOJTawWTbcCcsIs aBTOpPaMHU IS4

9 HaagcumilaHHSH H a OOHY 3 €NnNeKTDPOHHH X

chernalex@ukr.net, svetor25wgmail . com

f3aBaHTaMXeHHH4 yepes3s OHONa#WH-CcHUCTEMY MNTOJIa

«llogaTtTu pyrxomuc» Ha cauwTi BuUgauwuuawa (HeoO:?

Mo é6u 6 uoayyxupraci HCcbKa Ta aHTI1 HCBHKa

Opz2ani 3auyi inidapuapmimuzx 61 pauk « dPi3zuka aep

CTATrye mnmia1aTy 3a MNoxaHHSIH, pemneH3yBaHHSH,
miciTaTTi1 y 3 010eH3MKOMIMOBEHA C T 10

OxmH aBTOpPp MOXe MATH JHMe OJXHY nyouanikart
HamuCaHY Yy cniBaBTOpPCTBIi).

DPanun nooamnmmoak yMe HToM y TMkcrToBofiyr appomidikyr
Ti mes New Romam cTaTT1l HabOupaetTrbcsas 14-wm po

IKOBUM 1 HTepBanom. Iloxs cTopiHOK: 1aTi1BEe, 0P
O6camammiBKI 0OYawWUYU PUCYHKIH, Tabmwumoi, a1
nepeBumyBaTtu |10 cTOpi HOK.
Yci i nrcTpamnii, rpadi xku, TaobOnmumi po3MI I

BOHM NDOBHMHHHI OyYTH 3a 3 MICTOM.
ObopMaeHHS PpPyYKoOomucy
MaTepian ¢cTaTTi NOBHUHEH OYTH BHKITAaITECHUH
1) i HEagekc YIK;
2 mpis3BHMUmMa Ta 1 HIUOUl1anilu aBTOpPI1 B;

3) Haj3Ba oOoOpramHaiszamni i (), mo MnHpeagcTasaIHs
Hi1 X OIHAaQ, nicasgs mnNpi3BHIOMAa KOXHOTO aBTOpa C1
BKa3ymWTbcCcs BCI oprasuiiszamnii, Ha3BHU MI1ICT, e
0006’ a3 kK06 ceORWUIZDh gisla H ®x ® XHOT O aBTODpa,;

4) Has3zBa CcTaTTIl ;

5) aHoOTa aQAIWIIl 1 ;

6) TexcT CTaTTI ;

7) #ni1iTepaTtTypa,;

8) aHoTaINlia HAa MOBI , B1 IMI HH1 W B1 3O MOBH
TaMu aBTOpPIB 1 HaAa3BOW CTaTTI
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AnHomauyii ma k alkeupoesni occaHo0BAH: U M T € KCTOM CT a
BOI CTaTTI oO0OcssroM HeE ME H IIE 1800 3Haxi1 B

KermaTb) . CnoBO «AHoOoTamni a» HE MNHMETHCSH. I
ImayoBi cnoBa (He MeHme 3, anxe He O01npme 8
[Iicnas mepenikxy nANiTepaTypHHUX AXKepea Ha7Ia
BU CTaTTIl: b1 QI AaHTJITOMOBHOTI CTaTTI — YK
rasi cbKOTIW. [To mewTpy psSsAKa XUPHUM WpuUPT
i1uyianum aBTOpPI1 B, PAAKOM HHXYECE — OPAIMHUM XKI
T J b 1 4. TexcTtT aHOTaMDmii IPYKYETHC A 12 ke
oTaini g abo Summar vy, B 3 al€e XKHOCT.]I B1 11 M O
KCT aHOTamnii pa3oM 3 KIKWYOBHUMHU CITOBAaMHU O

Cmpykmypa uUumammHa BI1JI0O0OBI1JIlaTu BHUMOTrawm M

KUX 9YacTHH:

Il Bctyn

T llocTaHnoBKa mnpobaeMu.

T AHani3 OCTaHHI X ITOoOCHiOTXeHBb Ta nyomikarmi
T opMynwBaHHS ©oiaxai cTartTTi

2Bukaiang OCHOBHOIO MaTepiany.

3 BucHoBKkH

4 Cnucok n1TepaTypH

Buknanaag ocHoOBHOTro MaTepiliany (3a OaxXaHHAM
HuU#HU (HampuwkKkm<Iarmg, ExcmepumMeHTanbHI qTOC 1 I:;
roBOpeHHS. . 1 Taxke 1 HIme ) .

Popmyaumwopmynu HabOupawrtbcsa 14 kKernanew, B U
aBOpPYY Yy JOYyXKKaKx. PosmMipu dopmMyn omxHAaEKOBI
1l HOAIEeKCcCiB 1 C¢cTymeHIB y CTyHOeHI1B. 3acToCOB
TaxKx gadiaxi. F'pens ki OyKkBH Ta MO3 HadYe HHI X
T-puIni HabOupartmu Hani BXUPHHUM IpsMAM mp 1
KOPUCTOBY-€THCSH) . Ilnnexcu (TaTHUHCSHKI A
H sl TCKKOOMp O 94 € H b cia11 B THODY min, ma X , e f f, a

unprlbpva MmumM mpudPromM HaOUpPAaWThCI TXTIOGXK 0Py HIO

oy o .

— =
)

Tadoadmioo u 1 HyMepywTb T1aAbKH sSKmo 1x 01
cns Hei — 2 1 HTepBamIu. 3a HeoO0OX1 THOCTI
Onmwuuogi BCTaAaBIAKWTHhCA SAK OKpPEMI 00’ exTu MS
lawecrpdmiocrpanii BUKOHYKOTBCSA 0HTO XO0OIAY BH

3rajagkKkum B TeKCT.I B pcx a0o0 1 HMOMY MNDOIIAUDPEHO:!
oB1I NIHUHU niagnuc. Hamwucu, mo yCcCKIagHKOOTSHb C I

BUMHU a0o0o OyYyKBEHHMMH TMNO3HAaUYEHHSMHI OODHAEDPAH
PUCYH-KOM. YVci mMoO3Ha4YeHHS HAa PUCYHKY TMOBIUE
Mepauni oW KPHUBHUX HAa PHUCYHKY BEeCTH 3BEepXYy BHEI
Oynw wMeHnme S50x50 MM 1 He Oi1inprpme 100x100 wmn

Ji Teparty¥lpgnans TexkKcTy CTaTTI yepes3 2 1 HTE
HUX JXepeamda (BiagmoBi1 A HO I 0 ACTY 8302:2015)
Haly PpPYKOMNHUCY. HazBu mpans y CHOHHUCKY IIiTep:
BaHHS B TeKCTI. [locunauusgs Ha JINTiTepaTypHI A
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