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CucrtemaTtnyeckme uccneaoBaHWs MpoLeccoB B3aMMOAEUCTBUS MOLLHOMO
KB paanounsnyyeHus ¢ noHochepon Havanm NpoBOAMTLCSA € Havana 70-X
rogos B CLUA B lMnatTteBunne (onopago) u Apecmbo (IMyspto-Puko), a
Takke B CCCP (cteHg «Sctpeb», HUPOWU Hwuxeropoackas obnactb).
MHnupnaTtopoM Hadana 3Tux mccneposaHunm B HUPOW T, . I'eTMaHueB.
Y)X€ B MEPBbIX 3KCNepuMeHTax Obln OBbHapyXXeH Uuenbii psii HOBbIX
aBneHnn. K 3TMM 9BNeHnsIM, B 4YaCTHOCTM, OTHOCATCS BO36yXxaeHue
NCKYCCTBEHHOU TYpOYyNeHTHOCTM B 06/1aCTM NNa3MEHHOrO0 pe30HaHCa B
noHocdhepe wn KpynHomacwtabHoe paccnoeHne MOHOCHEPHOU MNa3Mbl.
XOoTenocb 6bl OTMETUTb 3HAYUTENBLHBLIWM BKa4 B UCCNeaoBaHUsa Npobnemsi
B3aMMOAENCTBNSA MOLLHbIX PaAMOBOJIH C MOHOCHEPOM YILEALINX UX KU3HU
npeacTaBUTENEN HayyHou wWkonbl B.J1. TvH36ypra, ee MOCKOBCKOU U
HMKeropoackon Beteen: B.lHO. TpaxteHrepua w B. B. BacbkoBa B
06/1aCTM NOCTPOEHUS TEOPETMYECKON KapTuHbl, J1.M. EpyxumoBa u H.A.
MutakoBa (HUIP®W) B 06nactn akcnepMMeHTasibHbIX UCCNEeA0BaHUMN.
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. BBegeHue. CyluecTBytowme 3KCNepUMeHTasbHbIE YCTaHOBKM.

sBneHuns B F-obnactn noHocdepbl B6/M3M TOUKK
OTpaX>XeHUs1 MOLHOW 0ObIKHOBEHHOW BOJIHbI.

CTpUKLMOHHas napamMeTpuyeckass HeyCTOMUYMBOCTb
TennoBas napaMeTpuyeckass HeyCTOMYMBOCTb
IckyccTBeHHOe paamonsnyyeHne noHocdeps! (MPN)

MexaHu3m reHepaummn NPU B obnactn BepxHero rmubpmnaHoro
pe30HaHCca

3aBucnMocCTb Buaa cnektpos VIPU oT cooTHoweHuns £, and
Mice,

KOHKYPEHLINSA «CTPUKLMOHHOW» N «BepxHermbpuaHon» AT
YCKopeHue 3neKTpoHOB

[ eHepaumsa NCKYCCTBEHHOIO ONTUYECKOro CBeYeHUs

10. lononHUTENbHas MOHM3aUMSA MOHOCHEPHON M/1a3Mbl.



\ckyccTBEHHas1 MOHOCdepHas TypbyneHTHOCTb B F-obnactu
MoHocdepbl B6IM3U TOUYKN OTPaKeHNs! 0ObIKHOBEHHOM
BOJTHbI.
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Heating
facility

«Cypa»
EISCAT

HAARP

Arecibo

Frequency ERP(MW) GM  field Number of

range inclination
Wilghd)
4.3-95 150 - 270 71.5°
4.0-8.0 300 (4.0 — 5.4 MHz) 78°
1200 (5.4 —8.0 MHz)
2.8-10.0 400 — 3600 76°
3.5,51,7.8 <150 45 °

working  hours
per year

100 — 150
~ 200

~ 2000



NUT BO36YyxxaaeTcs B 0bnacTtu, rae MoryT oqHOBPEMEHHO pacrpo-
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2. Ponderomotive parametric instability (PPI)
near the PW reflection point. 7~0.5-5ms <

n-oV /ot = -NVaoEd ¥

and ‘]-_nj ‘3 contains the term | DAY DE SRR
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- the Miller force TG e

AL, /5 L e N positive feedback
O, /Ot + vl o koo VG and, therefore, an

instability, (e'}/ )

Instability threshold:
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Caricature of HFIL spectra (left)
and HFPL+ spectra (right) versus
height (ordinate) 10-20 ms after
HF turn-on in a smooth, stratified,
stable plasma. The dashed green
lines correspond to the radar
frequency plus £, (HFPL+) and the
radar center frequency (HFIL). The
HFPL— spectrum is not shown .The
black dotted line connecting the
HFPL free mode frequencies at the
baselines represents the LW
dispersion curve in the plasma. SLT
with caviton formation occurs near
the critical altitude (purple bar),
and the PDI is detected near the
matching altitude (white bar). The
magenta bar indicates the region
where the PDI and SLT coexist.
Adopted from F. T. Djuth, D. F.
DuBois, Earth Moon Planets, 2015,
DOI 10.1007/s11038-015-9458-x



4. UckyccTBeHHOe paauounsny4vyeHue noHocdepsl (MPU) nunn
Stimulated Electromagnetic Emission (SEE) is known as a
structured, wide-band secondary radiation escaping the PW-plasma

Interaction region.

SEE related torponderomotive parametric Instability:

SEE spectrogram for first 200
ms of pumping. Black line shows
the temporal evolution of PW
reflected signal (PSA). f, = 6778
kHz = 5f.. Pump power ~ 180
MW.
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A succession of SEE
spectra obtained ar the
different time after PW
turn on.
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3. Thermal parametric instability (TPI) in the

ionosphere causes excitation of UH waves with k,1L B and small-
scale striations elongated along geomagnetic field (process: EM — UH+

N, matching conditions =k, £, 0,=w). 7< (OV,)'~0.5-5 s.

862)1;6 =V (%VTe) +Q — ove(Te —T),

Q = (2/3Ng) (E&cij*) - Joule heating, again beating and

positive feedback
%
— — VD, Vn — kr -

Lli. ]_I'- -TE; l]

i

VD.NT. =0

Instability threshold:




PerynspHas HeoAHOPOAHOCTb Cpeabl CYLWEeCcTBEeHHa AN
TMNH: pa3mep obnactn B3aMMOAENCTBUS BOJSIHbI HAKauKu,
nna3MeHHbIX BoJIH U MMH , oka3biBaeTcsa ManbiM Mo
CpaBHEHWIO C NPOAO/IbHLIM pa3MepoM MMH u ¢
XapaKTepPHOM AIMHOW 3aTyXaHWs N1a3MEeHHOWN BOJHbI A,
[<</[, L BennunHa /[ onpenenseTcs AIMHOW CUHXPOHMU3Ma
MNJ1a3MeHHbIX BOMH M BH, L XapakTepHOW NpoaosibHOW
BOJIHOW TennonpoBoaHocTH, (Il
BepTUKaNbHad KOMMNOHEHTa rpyrnnoBOM CKOPOCTU
Nna3MeHHbIX BO/H. DPPEKTUBHOCTb NCTOYHNKA Harpesa npu
pa3suTuKn TIH yMeHbLlIaeTcs, TakuM 06pasom, no
CpaBHEHWIO C ogHopoaHou cpepon B ([2/L L) i= Lrw/Lv,
pa3, L — nokasnbHbIM MacwTab rpagneHTa KOHUEHTpaunm
nna3mbl B obnactn TIMNH. CooTBeTCTBEHHBLIM 06pa3oM

nosbllaeTcs nopor TMH B HeogHopoaHoU cpeae. B
pesyniare (R




Kak nccneayetcs TINH (MMH wn Bl' BonHbI) B aKCnepuMeHTe?

PakypcHoe paccedHne KB m YKB Ha MMH. BHuM3y - cxema
SKCNEepPUMEHTA W TpPaAEKTOPUU pPacnpoCcTpaHeHUs paauoBOIH Ha

Tpacce UBMUPAH - «Cypa» - PoctoB-Ha [oHy. [B.MN. Ypsgos, T.I.
BepTtorpaagos u ap. M3B. By3oB Pagnodusnka, 2009, 1. 52, N94.]

na YKB —
NPSAMOSIMHENHOE
PacrpoCTpaHeHue.

Troitsk
(IZMIRAN)

Ana KB cyuwiecTBeHHa

pedpakums B
noHocdepe (cM. puc.)
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From this relation an altitude
dependence of plasma (upper hybrid)
wave energy density can be
obtained. Essential consequence:
near the maximum the threshold of
PPI is exceeded, and e.g. induced
scattering or 3-wave decay provide a
wide frequency spectrum of UH
waves(!!)
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4. Most prominent SEE
spectral features for Iong
umping ("upper hybrid”
eatures”) related to the
thermal parametric
instabilyty.

Downshifted maximum (DM), is
situated at the frequency shifts
Afpy<0, [Afpy[> 1

DM
desappears at ?DMznfC ~
fuh
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PeXXuMbl U3n1y4eHns BOJTHbI Hakayvku (7)) v
ONArHOCTUYECKOW BOJHbI (/5) AN uccneaoBaHum
MCKYCCTBEHHOM TYpOyNneHTHOCTU ¢ noMoLubio UPU,
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4. UckyccTBeHHOe paauounsny4vyeHue noHocdepsl (MPU) nunn
Stimulated Electromagnetic Emission (SEE) is known as a
structured, wide-band secondary radiation escaping the PW-plasma

Interaction region.

SEE related torponderomotive parametric Instability:

SEE spectrogram for first 200
ms of pumping. Black line shows
the temporal evolution of PW
reflected signal (PSA). f, = 6778
kHz = 5f.. Pump power ~ 180
MW.
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A succession of SEE
spectra obtained ar the
different time after PW
turn on.
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f, = 5360 Kru ” f, = 5360 KTuf
i NC

B DM )

H | ;

Af, xI'g Af, kHz

SEE spectra at the initial (“Langmuir”, left) and steady state
(“Upper Hybrid”) stages) at f,~4f. (5360 < f,< 5440 kHz). There is
no dependence on f,on the left panel.




Cnenyowmin cnana: BblITECHEHUE MIa3Mbl U3
obnacten reHepaLumm nMaa3MeHHbIX BOSH
(nccnegoBaHme C MOMOLLbO MHOMOYacTOTHOMO
NOMNM/IEPOBCKOro 30HAMPOBAHMSA) U NapanenbHas
AVHAMKUKa UCKYCCTBEHHOIO paanoun3nyvyeHuns

MOHOCMEPbI Adopted from Sergeey, E. N., A. V. Shindin, S. M. Grach,
G. M. Milikh, E. V. Mishin, P. A. Bernhardt, C. L. Siefring, S. J. Briczinski,
and M. J. McCarrick (2016), Exploring HF-induced ionospheric turbulence
by Doppler sounding and stimulated electromagnetic emissions at the

High Frequency Active Auroral Research Program heating facility, Radio
Sci., 51, 1118-1130, doi:10.1002/2015RS005936.



BBepxy: 3aBUCMMOCTb CKOPOCTM
ABMXEHNSA TOUYKN OTPaXKeHUs
NPOOHLIX BOMH I, OT BpeMeHu
nocne Ha4vana Harpesa u
yacTtoThl, 1/>0 cooTBETCTBYET
OBVXEHUIO BHU3.

BHU3y: cnekTporpamma VIPU gn4
TOro XXe ceaHca Harpesa.
OTMeyeHbl cnekTpasibHble
koMmnoHeHTbl: NC, DM un BC.

3aBMCMMOCTb OTHOCUTE/TbHbIX BapuaLnii SN1EKTPOHHOM
KoHueHTpauuu [N(t)-N0)]/NL0) oT BbICOTbI B MOMEHT
BpeMeHU 2.4 ¢ (NpaBble BEpXHUE NaHenm) u

30 c (oCcHOBHbIE NMaHenn) nocse Havasa Harpesa.

Z W Z; - BblCOTbl OTpaxeHus n BI'P pe3oHaHca BH.

BuaHo, 4to NC, pa3BrBaeTcs O4HOBPEMEHHO C
BbITECHEHMEM M/1a3Mbl U3 06/1aCTK oTpaXkeHns BH;
DM n BC — ogHOBpeMeHHO C BbITECHEHUEM MN1a3Mbl
n3 obnactu BI'P BOMIHbI HAKa4KW.



Cneaytowme cnanabl: AMHaMKKa cnekTpoB IPU, cBS3aHHbIX

* CO CTPUKLMOHHOM NapaMeTpUYecKon HEyCTOMUYMBOCTbIO

 C TENJIOBOW NapaMeTPUYECKON HEYCTONYNBOCTbIO
(MenkoMacLTabHbIMM MAarHUTOOPUEHTUPOBAHHBIMMU
HeogHopoaHocTaMn, MMH)

Habniogaemas aAnHaMumka (pacluMpeHne n nepeMeLleHmne
crnekTpa B 0bnactb 60n1ee HU3KMX YacToT) CBA3SIHA C
nepekavykon 3HePrum nnasMeHHbIX BOMH NO CMEKTPY.



SEE related to ponderomotive parametric instability:

CrnektoporpamMmma WPW ang rnepBbix 200 Mc
BO34AEVICTBUS. YHepHasd JINHNS —
OCUWIIorpPaMmMa OTPaXXEHHOIO CYFHasIa
BOJIHbI Hakaukun. f, = 6778 kHz = 5f.. P~

&l =—11 kHz

L1 =-21k
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OcuunnorpaMMbl BOSHbI HaKauky (YEpHbIE
loc/ienoBaresbHOCTL NMHUK) M UPU Ha pa3nnyHbIX OTCTpOMKax Ans
cnexTpos VP niocie anuTenbHocTen nMnynsca BH 5, 15 u 50 Mc.
BKI/ItOYEHNS BH. CreHa HAARP. £ = 5420 kTu. P~1,8 I'Br.



FeHepauuna NPU nMnynbCoM AMarHOCTUYECKON BOSHbI C £,=4740 Ky
anvtenbHocTbio 30 Mc. MMH co3aaHbl BONTHOM Hakayku ¢ f;= 5650 kIy

OvHaMuka UPU B uMnynbce onpeaensieTcs nepekavykon sHeprm
MS1a3MEHHbIX BOJIH MO CNEKTPY.
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MexaHu3M reHepaunn UPU B obnactn BepxHero
rmbpuaHOro pe3oHaHca:

4 )
EM—UH+N
N J
4 ' Y ( UH-UH+LH ) [ ' )
UH—-UH+ Pi (for DM and 2DM), ?7?7?
(for BC) UH+LH—-UH’ (for BUM and BUS)
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Pe3y/ibTatbl CONOCTaBieHNa BPEMEHHORO X04a aMmntyasl VIPYV
(BC-KOMMOHEHTHI) Ha OTCcrpovkax |Af= 27, 42, 55, 81 klu. B

IKCHNEPMERTE U B PESYJIBTATE YACIIEHHOIO MOAE/INPOBAHWA .

a) Af =27 kI
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Dependence of the SEE spectra on the relation between £ and nf,
data collected during 1996 — 2000 at the SURA facility. Electron
cyclotron harmonics (17, n=4-7) are shown on the top of the figure.
Af=fee — 1. (figure of Frolov et al., Geophys. Res. Lett., 2001, V. 28, N.
16, p. 3101-3104)
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First experiments: SURA, September 1998, Carozzi et al., JGR, V. 107, NO.
A9, 1253, do0i:10.1029/2001JA005082, 2002 SURA, September 1998
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Pump frequency sweep around 4th gyroharmonic. The stack of five plots
showing SEE spectra for the five different pump frequencies marked on the
vertical axis in the middle of the figure. The standard SEE spectral features
and the pump are labeled. These spectra are cross sections of the pump
relative spectra versus pump frequency two-dimensional plot in the panel b).
The position of the cross sections are marked with dashed, magenta lines.
The estimated range of the local fourth gyroharmonic is shown as a hatched
region on on the pump frequency axis.



SEE spectra with pump wave frequency stepping by 10 kHz at f,
sweeping near 4f_,, 5360= f, < 5500 kl'y (19.05.2004, left), and near
5f.., 6710= f, = 6900 k'Y (15.09.2004, right). The spectra with f, nfce
are shown by bold line. Each next spectrum is shifted by 10 dB along
the ordinate axes for clarity.
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At f, sweeping through nf, (n = 4, 5) the SEE spectral features
UM, NC, and DM achieve their minima successively for pump
frequencies foym ®fomin —A fym < fonc ®fomin = (2 — 3) kHz < fopw=
fomin =0 75, but at the same their own frequencies coinciding with
a pump frequency, at which total SEE intensity achieves a
minimum value f(imln. f6m|n~ ﬁJM ~ ﬁ\lcz f[.)M f(imin N nft-)e (de)r at
the double resonance, where fi=n#=fj,=(f>+h?)Y?



[MpnbnmxeHHoe AncnepcnoHHOE ypaBHEeHWE NonepeyHbIX niasmMeHHbIX BOSH
B obnacTtn 4BOMHOMO pe3oHaHca, rae , W,,—NW,,

2 I:,I -luln—ll.

pl-'

W, W

2

uh

Nwee)

2

Schematic plot clarifying the
disappearance of HF
plasma waves near the
double resonance in the
lonosphere.

Solid line: w,,*(z), dashed
line: nw,2(z), z is an
altitude. Plasma waves can
exist if w>w,;,, and w>nw,,
or w<w,, and w<n w,. If
w:wd:wuh(zd):nwce(zd)1
such conditions cannot be
fulfilled.



9. YckopeHue 3neKTpoHoB A0 3Heprun E~30-50 eV npoucxoauTt npu
B3aWMOAENCTBUM 3MEKTPOHOB C MNSIa3MEHHbIMW BOJTHAMMU
(NEeHrMiopOBCKMMU U/ BEpXHErMbpuaHbIMM) Ha YepeHKOBCKOM

@ = kv W UMKNOTPOHHOM (@ =N, + K V) PE30HaHCe.
2P dEeKTMBHOE YCKOPEHUE NMPOUCXOAUT, Koraa:
* M1a3MeHHbIE BOJIHbI I0CTAaTOYHO MHTEHCUBHBI;

® OHM 3aHUMAIOT AOCTAaTOYHO 60sbLY0 06/1aCTb BbICOT (MHAYe
3/1EKTPOHbI MOKMAAT 06/1aCTb YCKOpeHUsl, He ycrneB HabpaTtb
SHEpruio)

® OHM AO/MKHbI BbITb pacnpeaeneHbl B A-NPOCTPAHCTBE
KBA3UM30TPOMNHO (TOraa 3M1EeKTPOHbl  «3aMnyTbIBAOTCS» B M1a3MeHHbIX
BOJIHaxX U BPEMS UX XW3HW B YCKOPSIOLEM CIOE YBENNUNBAETCS).



Cneacreus yCKOpPEHUs 3NEKTPOHOB:

9. N'eHepauns NCKYCCTBEHHOro ONMTUYEeCcKoro
CBEeYEeHUs, ToHYHEee BANSHUE U3NYYEeHUS! BOJIHbI
HaKa4ykM Ha APKOCTb ONTUYECKOro cBeveHus
HOYHOro Heba.

10. JononHuTenbHas MOHU3aLUMSA MOHOCHEPHON
NAa3Mmbl.



OnTnyeckoe cBeYeHne MoHocdepbl B KPaCHOM IMHUM C AZIMHOW BOJIHbI
A=630 HM CB$I3aHO C U3ny4YeHneM BO36Yy>XAEHHbIX aTOMOB KMUC/0poAa
O(1D). Bo3byxxaeHHble aTOMbl BO3HMKAIOT B pe3ynbTaTe ABYX NPUYMH: &)
ANCCOLIMAaTUBHOWN PEKOMOMHALIMK C Y4aCTUEM SNEKTPOHOB Y MOHOB
MOJIEKYIIPHOIro KNcropoaa u 6) Bo3by>xaeHns aToMOB KMUC/10pOoAa,
HaxoAsLWMXCcs B OCHOBHOM COCTOSIHMM, MPWU CTONKHOBEHUSAX C
(YCKOpEHHbIMM) 3N1EKTPOHAMMN C 3Hepruen 6onbluen, YEM SHEPrus
BO36y>kaeHns ypoBHS O(1D) (¢>7=1,96 3B). No3TOMYy HarpeB 3/71€KTPOHOB
MNpy BO3AENCTBUN MOLLIHbIX PaAMOBO/IH Ha AC/OM MOHOCGhEpPbI OKa3biBaET
[BOSIKOE BNUSIHNE Ha SAPKOCTb CBeYEHUS. YMeHbLUeHME Ko duLmMeHTa
peKoMbMHaLUMM C poCTOM TeMnepaTypbl NPUBOANT K YMEHbLLIEHNE
KOHUEHTpaumn Bo36yxaeHHbIX aTtoMoB [O(1D)] n, cooTBETCTBEHHO,
YMEHbLLEHUIO SIPKOCTU, TOrAa KaK YBENNYeHue Yncna 3N1eKTPOHOB C £>1
nNpwn HarpeBe (yckopeHun) — K yBenunyenuto [O(10)] n apkocTn ceeyeHus.
OnTnyeckoe ceeveHne npu Bo3byxaeHUn MOHOCEPHBLIX aTOMOB U MOHOB
YCKOPEHHbIMU 3NEKTPOHaMN Habntoaanock Takxe B nHUsAX O(1D)
(A=557,7 um, 7=4,17 3B, 3eneHas NIMHNS aTOMApHOro KUCnopoaa),
N,*(B,2,*) (1=427,8 UM, /= 19 3B, CMHASA NMNHUA MOHA MONEKYNAPHOro
a3oTa). NocneaHee cBMAETENLCTBYET 06 MOHM3ALMN MONIEKYIAPHOIO a30Ta
npv BO3AENCTBUMN.



HekoTopble adpdekTbl, HabnogarLWmMecs B KPaCHOW NMMHUA
aToOMapHOro Kucnopoaa

KpynHomacLutabHble CTPYKTYpbl, BbITAHYTbIE BOOSb
reoMarHUTHOro nong (BepTukanbHOEe BO3OeNCTBueE)




D deKT MarHUTHOro 3eHnTa. HaknoHHoe Bo3aencTene, Ha 12° n 16° k

tory (K HanpaB/EHMUIO MAarHUTHOrO Mons).
21:32:31, 08.09.10 22:27:45,10.09.10

22:56:47,08.09.10
= :1321 [logaBneHne 9pKocTu dDOHOUBOFO
) BCNeACTBME TEMNEPATYPHOU
. 3aBUCMMOCTY KO3 PULMEHTa
ANCCOLINATMBHON

pekoMbuHauuu.




Additional ionization (artificial ionospheric layers) at the
HAARP facility

QCP

IH\IH\IH\IH\I\I\I\IHIH\IH\I\HI %

Low duty cycle (D): 7,=20ms, IPP,=1s
High duty cycle (QCP): 7,= 160 ms, IPP,=200 ms
Sounding wave (S) 7, = 100 ps, IPP, = 200 ms, 7y,
= 180 ms



10 dB/div

28.03.2011,
P.=1,8T1T8

[encrByrowme
BbICOTbI OTPaXXEHMUS
ONArHOCTUYECKNX
(S) 100 MKC
UMMNYNbCOB  MpW
BEPTMKAIbHOM U
HAK/IOHHOM (B
MarHUTHbIA 3E€HUT)
BO3AENCTBUM.
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MHTEHCMBHOCTb Nn1a3MeHHoOW nnHuu paaapa MUIR B
3aBMCUMOCTWU OT paccTtosiHuns / = A/cos(14.2°) BoO Bpems
3KcnepuMeHTa 28.03.11




20 dB/div

DM f0=5850 kHz
| [TocnepoBaTenbHOCTb
cnektpoB PN B TeueHue
1 MUHYTBI
KBa3WHENpPEpPbIBHOIO
BO3AENCTBUSA B MAarHUTHbIN

3eHUT npu ,=5850 KI'u.

MZ

5730 kHz
5760 kHz
5790 kHz
5820 kHz
5850 kHz
5880 kHz
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1. Bce Tpu acpdekTa: npubnmxkenme BUM K
BOJTHE HaKauku, CHMXXEHNE AENCTBYIOLLEN
BbICOTbl OTPAXXEHUSA U «BbICOTbI NM/IA3MEHHOU
NIMHUW» NPOUCXOAAT OAHOBPEMEHHO!

2. CnyckaroLwmmcs Cnon NCKYCCTBEHHOM
MOHW3aLMKN BO3HMKAET TOMbKO Npu f,>nf. npu
BO34ENCTBMU B MarHUTHbIN 3€HUT!

3. «OCcTaHOBKa» Cnost MCKYCCTBEHHOW MOHU3NLIMK
MPOUCXOAUT Npw fy= 4f., UIN, COrNacHo
TeopeTnyeckuM npeacTtaBieHnsM, npu

MMy = Fn(hy)=(£7+12)Y?



boicTpoe (5 Klu/c)
nowlaroesoe
N3MEeHeHne
(cBunmnpoBaHue)
yacTtoTbl BH B
ananasoHe
5930—-5730—-5930
Kl L.

BepxHaa naHensb:
CcneKkTporpamMmma
UPW, HUXHASA
NaHesNb: BbICOTHO-
BPEMEHHOMU X0A
curHana lJ1. benagd
nuHus:  f=1(h),
KpacHas NIMHuS:
f,=4£(h), YepHbIV
NYHKTUP: 4YacToTa
BH, npu koTopow
MWHUMasbHa
MHTEHCUBHOCTbL DM.







i el g | ) A o E. H. Ceprees,
- IV g | ‘is_ =] C'M' rpaq’
ok} y/" «>...  E.B.MuwwmH

‘1\\\}:‘;1’ /

4 2 ;}’.\,'
%: §
¥
I |




bonee noapobHO ¢ MaTepuanoM Nekunm MOXXHO
0o3HakoMuTbCS B 0630pe C.M. 'pay, E.H. Ceprees,

E.B. MnwuH, A.B. lLUnHAWH «[InHaMn4yeckue
XapaKTEPUCTUKM MIa3MEHHOW TYpOYyEHTHOCTM MOHOCMDEPDI,
MHNLMMPOBAHHOW BO3AENCTBUEM MOLLIHOMO
KOPOTKOBOJIHOBOIro paanousnydyeHuns» , YOH, 186, 1189—-
1228 (2016)»

Cnacunbo 3a BHUMaHue!



