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librium vapor pressures above small clusters and nanoparticles, also known as the Kelvin (curvature) effect, which considerably restricts growth of
freshly nucleated nanoparticles. lons are capable, under certain conditions, of suppressing or even removing the barrier to nucleation in embryonic
molecular clusters of water. But results of the theories are very uncertain so far.

Results of the observations of the nucleation and particles formation as well as the special CLOUD experiment results are reviewed and ana-
lyzed in the article. The molecular clusters and nuclei can not be observed by remote sensing techniques like sun-photometers, lidars or satellite
instruments. The in-situ measurements of the nucleation concentration and particles growth rate are performed in the certain sites only. The obser-
vations and experiments revealed the important influence of the trace gases and organic molecules on the nucleation and particle growth rate.
Sulphuric acid, ammonia, amines, and oxidised organics play a crucial role in nanoparticle formation in the atmosphere competing with ion-
mediated mechanism. Saturation pressure of the sulphuric acid and organics vapors at the typical atmospheric conditions is much lower than for
water vapor and at typical atmospheric concentration they are capable of suppressing the nucleation barrier. Nucleation with ions started earlier
and run faster but the nucleus with sizes 2 3 nm more than 90 % of clusters are neutral. lon-mediated mechanism can dominate when sulphuric asid
and organic molecules concentration is low. But more observations in the different atmosphere layers and locations and experiments at different
conditions is required to better understanding the ion-mediated nucleation in the atmosphere.

Nucleation contribution to the aerosol content and properties in the terrestrial atmosphere is also simulated by the special modules included to
the regional and global models of the atmosphere and climate, e.g. GEOS-Chem and CAMS5. Comparison of the simulation and observations has
showed that in general the averaged model results are in good agreement with observational data at some sites but same biases were revealed at
some sites too. It requires the further analysis and models developments. Also ion-mediated mechanism contribution was also estimated by the
simulation not more than 10%.

Analysis of the observations and models results in the article showed that cosmic rays influencing the aerosol formation also influence the mi-
crophysical and optical properties of the particles. First of all particles size distribution is influenced by nucleation mechanism and relative content
of the Aitken nuclei increases. Also sulphuric acid can influence the particle refractive index increasing the single-scattering albedo of the aerosols.
Modern remote sense technique such as the AERONET sun-photometers can measure the spectral AOD and sky radiance with high accuracy and
the reliable size distribution, refractive index and single-scattering albedo averaged over atmosphere column can be determined from that observa-
tions, but the AERONET inversion algorithm has to be developed to obtain the particles size finer than 50 nm.

Key words: cosmic rays, the terrestrial atmosphere, ionization, nucleation, aerosols.
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®OPMA MIKPOJIIH3OBAHOI NIHII BIg AKPELLIMHOIO AUCKY
B MOAENI JNIIHIMHOI KAYCTUKM

®dopma cnekmpanbHux niHit muny ¢nyopecyeHmHoi Fe Ka e peHmaeHiecbKOMy eunpoMiHo8aHHi akmueHux si0ep 2anakmuk
(ASIlN) eidobpaxae xapakmepucmuKku yeHmpasabHUX YacmuH yux o6'ekmie. Lli ninii Mmoxxyms ¢hopmyeamucs e akpeuyiliHux ouc-
Kax HaeKkosi1o HaOMacueHux 4opHux Oip y uenmpax ASII. Slkujo x 3a3HayeHe ASII € OxepesioM sunpoMiH8aHHs y cknadi epasi-
mauyjitiHo-niH3080i cucmemu, Ge NpucymHi npoyecu MiKpoJliH3yeaHHs, mo npogins niHii Hece eaxnuey iHghopmMayito He minbKu
npo napamempu OUCKy, ane U npo napaMempu 2pasimauyiliHo-niH3oeol cucmemu. Y cmammi npoeedeHo Modes1to8aHHs1 MiKpOJli-
H308aHuXx npodinie cnekmpanbHUX fiHil, wjo popmyromscs 8 akpeuyiliHux duckax ASII. Po3paxyHKu 30ilicHeHO y HabnuXeHHi
niHitiHOT kKaycmuku. Yacoea 3anexHicmb npoghinto niHii eusHa4YaembCcsi KymoM Haxuisly kaycmuku 00 oci Qucky, ujo dae npuHyu-
nosy 3mMozay ouyiHuUmMu opieHmMayito Kaycmuku.

Knroyoei cnoea: epagimayitiHe MikposiH3yeaHHsI, peiimugicmcbKi npogini cnekmpanbHuUx niHit, akmueHi s0pa 2anakmuk.

BcTyn. PeHTreHiBCbke BUMPOMIHIOBAHHSA akTMBHUX faep ranaktuk (AAN) ine Big UeHTpanbHOI YacTUHWU, HAnBNMXKYoi 0o
"LUEeHTpanbHOI MalLNHK" — TaK y NiTepaTypi YacTo Ha3MBalTb 30HY, HANONMXYY OO LeHTpanbHOI YopHoi gipn AAl, oe pos-
TalwoBaHi akpeuinHuiA auck i ra3o-nMnoBuii Top. Hag aouckom Moxe po3MilllyBaTUCA rapsida KOpoHa, BUMPOMIHIOBAHHSA SIKOT
BiAbvBaeTbCA BiA OUCKY Ta TOpy i, 30KpeMa, nopoaxye nyopecLeHTHi MiHil. Akwo 3a3HaveHe AAl HenexwuTb OO rpasiTa-
LinHO-NiH30BOI cuctemmn [1-3], Oe MpUCYTHI Npouecu MIKpOniH3yBaHHA, TO Ui MiHii TakoX 3a3HaloTb NOro BRNUBY, SKUIA
y LbOMY BUMAAKy BUsiBNSAe cebe y CMOTBOPEHHI ixHix npodinis [1].

JTromiHecueHTHI niHii 3aniza (Fe K) Ta iHWKX enemMeHTiB (Hanpuknag kobanbTy abo HiKento) y CrocTepexXyBaHMUX CMNeKT-
pax 3ycTpiyaloTbCs sIK BY3bKi, TaK i LWUMPOKi, abo HaBiTb y koMbiHauisx. "By3bkuiA" BapiaHT 3a3BuMYan Mae LLUMPUHY NOpPSOKY
COTeHb KM/c, npuHanMHi, o 1000 km/c. By3bki NiHii BUHUKaOTL 4OCUMTb OANEKO B LEHTpanbHOi 30HM, Y ra3o-nunoBoMy
TOpi (3MiHHICTb TakMX MiHiA NoBiNbHa), abo B Aaneknx Bif LEHTPY AiNsHKax akpeuinHoro aucky. JliHii, o BUHMKAOTL Y BHY-
TPILWHIX AiNsHKaX akpeuinHoro AUCKY, 3aBAsKM CYTTEBOMY BNNMBY sK edpekTy [onnepa, Tak i rpasiTauiiHOro 4YepBOHOro
3MILLEHHS Yy rpaBiTauiiHOMy Moni LEeHTpanbHOi YOPHOI Aipy, MakTb CUMBbHO HECUMETPUYHMI MPOodinb, BUTATHYTUN Y Bik
MEHLUMX YacToT i BinbLu Nonormn i3 Luboro 60ky. 3 60Ky BinbLUMX YacTOT NPodinb MiHiT PisKilWA Ta IHTEHCUBHIWNNA [4].

Ha napameTpu cnocTepexxyBaHOi NiHii BMMBaKOTb CMiH YOPHOI Aipy Ta Haxun akpeuinHoro AMCKY, WO Hadae 3Mory Bu-
3Ha4YaTU XapaKTEPUCTUKM Ljiei cucTtemun. [Insa uboro HeobXiAHO MaTM JOCUTL YiTKi Npodoini NiHiN, Wo He 3aBXau Mae Micue.
HeobxigHO TakoX 3ayBaXkuTw, L0 Npoleaypa po3B's3aHHs 06epHeEHOT 3adadi Bu3HavyeHHs xapakrepuctuk AAl cnvpaetbest
Ha NeBHi MOAENbHI YABNEHHS Woa0 hopMu ANCKY, METPYKM NPOCTOPY Yacy, a TakoX LWOoA0 po3nodiny SCKpaBoCTi MO AMCKY.
Binbw noBHe Ta ToYHe BU3HaYeHHs NoTpebye gonaTkosoi iHpopmalLlii.

Lito HecTady iHdopMaLii NEBHOIO MipPOK0 MOXHa KOMMNEHCYBATU, AKLWO [Kepeno MiHii € YneHoM rpasitauiiHo-niH30BO1
cuctemu. Takmx o6'ekTiB HebaraTto, ane BoHM €. Hanpuknag, npouecy MikponiHdyBaHHSA crnoctepiranvcsa B AAlN PKS 1830-211
[5], B0218+357 [6], RX J1131-1231 i HE1104-1805 [7], Q2237+0305 [8] Ta iH. paBiTauinHo-niH30Ba cuctema € NPUPOLAHNM
Teneckomnom, Lo o3sornse "po3gmButuca” ApidHi getani gxepena. Lle HemMoXnmeo 3pobutn iHWKMMKM MeTodamMm Ha cyvac-
HOMY PiBHI pO3A4iNbHOI 34aTHOCTi ONTUYHMX TENECKONIB.

Y cTaTTi MM MOAEeNtEMO eeKT CNOTBOPEHHS NPOMINO EMICINHUX NiHIM i3 PpensTUBICTCbKMM NpodhinemM BHaACNiAOK BNM-
BY rpaBiTaLiiHOro MiKpPOMiH3yBaHHA, ANSA Pi3HUX MOMOXEHb KayCTUKU rpaBsiTauiiHOT MIKPOMiH3W LWOAO akpeuinHOro AUCKY,
i3 BUKOPUCTaHHAM HabNUXKEHHS NiHINHOT KayCTUKN.
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MocTaHoBKa 3agadyi. KaycTuku MikponiH3yBaHHS NiACUMIOITL NEBHI eneMeHTy AUCKY, Wo 3aBasaku edekty [onnepa Ta
Pi3HOMY HanpsAMKY LUBMOKOCTEN NPUBOANTL A0 HEOAHOPIAHOrO NiACUMEHHS Pi3HWX OiNAHOK cnekTpy. 3aBaskv Takum aedo-
pmadism, ski 6yayTb 3MiHHUMK B Yaci BHAcNigOK BiQHOCHOrO pyxXy Axepena Ta NiH3u, MOXHa oTpumaTy A0AAaTKOBI AaHi LLo-
00 PO3noainy scKpaBoCTi MO AWCKY 1 OpieHTaLii KayCTUKM WO, akpeLiiHOro AUCKY.

Po3rnsHemo moaenb TOHKOro akpeLinHOro ANCKY, KON TPaeKTopIs eNneMeHTy ANCKY — Lie KorioBa opbiTa y NoLLMHiI ANCKY.

Ha puc. 1 nokasaHo NOpiBHAHHA pOpMM MiHii B MoAeni TOHKOro akpeuinHOro AMCKY, po3paxoBaHoi ANA BUNaAKy rpasi-
TauiviHoro nong Lsapuwunbaa 3 ypaxyBaHHSAM edekTiB 3aranbHoi Teopii BIGHOCHOCTI, Ta 3 ypaxyBaHHAM nuvLle cneujianb-
HO-penATMBICTCUX edekTiB. Ak BUAHO, yXe ANs He AyXe Aanekux Big LeHTpy opbiT Ha BigcTaHi kinbkox pagiycis LLsapum-

nbaa 7, BNNuB eddekTiB 3aranbHoi Teopil BiAHOCHOCTi € JoCUTL cnabkum. 3 ornsay Ha ue, Sk NepLUnii KpoK, ANs CrpoLLeH-

HSl po3paxyHkiB OyaeMo BpaxoByBaTW fuLIE crewianbHO-pensaTmBiCTChKi edpekTn. Bnnue rpasitauii y LboMy HabnMKeHHi
BuABMse cebe nuile Yyepes po3nodin WBMAKOCTEN KONOBKX Op6IT.
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Puc. 1. NopiBHAHHA cneyianbHO-pensTUBICTCLKOro (MyHKTUP) Ta 3aranbHO-pensiTMBICTCbKOro (CyLinbHa niHis) aechopmoBaHoro
npochins TOHKOI fiHii 3 OAHOPIAHNUM PO3NOAINIOM IHTEHCUBHOCTI MO KOy i3 BHYTPilWHIM paaiycom R

.. =20r,, MPaBOPYY — R =10r,, R, =100r, -

m

Ta 30BHilWHIM R _ . JliBOpyY “R,. =51 R

PosrnsHemo cuctemy KOOpAvHaT, nos'a3aHy 3 auckom, 3 optamu e, =(1,0,0), e =(0,1,0) Ta e, =(0,0,1) — Hanpsamok

oci aucka. BekTop KOMNoBoi WBMAKOCTI HaNpsIMIeHWn no oci annikat Q =f(r)e,, npuyomy Gyaemo BBaxaTu, WO PyHKLiSA

2
V(r)=rf(r) — MOHOTOHHO cnagHa, r — paiyc y uMniHgpu4Hnx koopamHatax. LUBMAKiCTb YaCcTMHKM Ha BigCTaHi r Big OCi
-1.2

obepranHa V, =[Qxr] =f(r)[e,xr]; yotupuwsugkicte U} = [1—(Vp /c)z} {1,Vp /c}.

[ani BBaxaemo, WO BCi YaCTUHKM OUCKY, 30CepeXeHi B NIoWwuHi z =0, BUNPOMIHIOTb Y HECKIHYEHHO TOHKY iHit0
3 uvactotoo )y (y BnacHin cucTemi). Hexalm HanpsMoK Ha criocTepirava, WO PO3MILLEHWA Ha HECKIHYeHHOCTI,
€e_= (sin Y, O, cosﬁ) , O— KyT MiX HanpsiMKOM Ha crnocTepirada Ta Bicclo 06epTaHHs. AKLOo B CUCTEMI ENEMEHTY cepe-

aoBulla 3 MNMoOJIOXKEeHHAM r =I‘(COS(p, Sin(p,O) BiacHa 4acTtoTa BMI'IpOMiH}OBaHHﬂ € Vv, , TO YacTtoTa BI/IFIpOMiH}OBaHHH, o

npunmae crnocTepirad y HanpsiMky e_ i3 yotmpuwsuakictio Ut = {1, 0,0, O} , byne

Vv =V,A(r), (1)
1-(V(r)/c)’

- Wije) @)
+V(r)singsintd/c

Posnoain iHTEHCUBHOCTI BUNPOMIHIOBAHHSA B fOKarbHi CUCTEMi eneMeHTa AUCKY BBaXKaemo i30TPOMHWUM; Le MnpupoaHe
NPUNYLLEHHS, SKLWLO HEMAaE iHLINX NOSiB, AKi MOXYTb BNAMBATN Ha XapakTep BUNPOMiHIOBaHHS. Y1cno oToHiB, BUNPOMIHe-

A(r)= A(r, o)

HMUX OAMHWUYHKM 06'eMOM 3a oauHULEO Yacy F,,(r) , € iHBapiaHTOM, LLO 3a NPUNYLLEHHAM 3anexuTb nuLle Bif Biac-

_dN

dtaV
TaHi r Bi,Cl, LEeHTPY; BOHO BU3HA4Ya€ETbCA JTOKallbHUMN yMmOBaMu BVII'IpOMiHIOBaHHH, TakKnMu, AK nokaribHa ryctmHa BVII'IpOMi-
H}OBaLIiB, TeMmnepartypa ToLlO. |_|pl/| nepepaxyHKy KyToBoro posnoniny B cuctemy CI'IOCTepiFa‘-Ia CJ'Ii,EI, ypaxyBaTtu cneu,iaano-

pendaTuBicTCbke PoKycyBaHHS (relativistic beaming) dQ'/dQ = (v /v')2 , @ TaKoX 3CyB YacToTu 3rigHo i3 (1). BHacnigok ubo-

ro NOTiK YyMcna hOTOHIB Bif YCiX €NeMeHTIB AMCKY, IO AalTb BHECOK Y IiHil0 HAa 4acToTi (OF BUMIpPIOBaHy crioctepiradyem,
NPOMOpLiNHAA BenuunHi MN(v) = Idr qu) 3[V—voA(r, 9)] G(r)(A(r,(p))2 e G(r)=rF(r)/4r.

Mpyn MiKpOniH3yBaHHI CUCTEMOK TOYKOBUX Mac, sika MOAESE PO3MoAin 3ipokK ranakTUKu-MiH3K, MiHil y NNoLwWmHI oxepe-
na, Ae niacuneHHs TOYKOBOro AXXepera € HECKIHYEHHUM, YTBOPIOOTb CITKY KayCTUK. [1ns NpoTsKHOro Axepena nigcuneHHs
OyZe CKiIHYEHHUM, ane MOXe cAratu 3HavyHoi BENUYMHM. TUMnoBa CiTka KayCTUK MICTUTb Tak 3BaHi NiHil 36ipkn (perynspHi
NiHiT KayCcTUK) Ta TOYKM KacniB. HaniMOBIpHILLMMK B peanbHUX rpaBiTauiiHO-MIH30BUX CUCTEMAaX € Mogil, Konu Axepeno ne-
peTuHae niHii 306ipkun. Mpn LBOMY BYHMKAE Napa Tak 3BaHUX KPUTUYHMX 300paxeHb, SICKPaBICTb SAKUX HECKiHYeHa B MOMEHT
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nepeTuHy. AKWO AXepeno pyxaeTbcsi B 06epHeHOMY HanpsiMKy, TO SICKPaBICTb KPUTUYHUX 300paxeHb 3pocTae A0 HECKiH-
YEHHOCTI, i nicna nepeTuHy 36ipkn BOHW 3HMKaKOTb. 3 AKOro GOKY KayCTUKM BUHWUKAKOTb KPUTUYHI 300paXKeHHA — 3anexuTb
Bif TOro, Kyau HanpsMieHa KpvBMHa KaycTuku. Ha HeBenukmx AinsHkax KayCTWKM 3aCTOCYeEMO Tak 3BaHe HabnvxeHHs

NiHIAHOT KayCTUKW, ANs SIKOTrO NIACUNEHHS! KPUTUYHMX 306paxeHb TouykoBoro mxepena € K =A6(ed )/ /ed, , ne 8(x) —
dyHKuUia Xesicanga, d, BiAcTaHb Bif [xepena A0 KayCTUKW Ha MIOLWWVHI [Kepena, KOHCTaHTy A HasuBaloTb CUIIOI0 Kayc-

TUKKW, € =11 3anexHo Bif HaNPsIMKY KPUBKUHMU KayCTUKM.
Bubepemo HOBY cUCTEMY KOOpPAMHAT, 3 OpTaMu

e,.=e_=(sind,0,cosv), e, = (0,1,0)= e, e, = (-cos®,0,sin).

TyT e, HanpsiMneHui Ha criocTepiraya, e ., e, YTBOPIOKOTH MIOWWHY [XXepena, Wo OpToroHasnbHa 40 NPOMeHst 30py.

Ha nnowwmHi opxepena y'=rsing, z'= r(—cos (pcosﬁ) . BigctaHb 0o kaycTukM Big NpoOeKLii TOYKM OMCKY HA NIOLLMHY
Axepena napameTpu3yemo 3a JOMOMOTO0 KyTa O, TakMM YMHOM, LLO

d, =r¥(ev0)-Vit, ¥(e90)=cospcosvdsino—sinpcosa, (3)

Ae v, — WBNIKICTb PyXy KayCTUKU OpTOroHansHo cobi. LA wemakicTs Hesigoma, ToMy aani, sk ue 3assuyan pobnsats npu
po3rnagi noain MikponiHdyBaHHs!, NOKNaaemo v, =1, TOBTO pesynbTyloua 3anexHicTb Bif Yacy byne Bu3HaYeHa 3 TOUHICTIO
[0 Aeskoro koedilieHTa po3TarHeHHs. Jani po3rnsHeMo Bunagok €=—1.Y nigcymMmKy MaeMo piBHSHHSI

M,(v,6) = A[ o [ do 8[v ~voA(r,0)] G(r) (A(r, ) % : (4)

Ae ¥(¢,v,0) NogaHo dopmynoto (10), a a(r,¢) NogaHo (2).
PyHKLisA m,(v) NPSMO MOB'A3aHa 3 HAAMULIKOM 4ucra (OOTOHIB y CMOCTEepPeXyBaHOMY CMEKTPi Mig Yac MIKponiH-

3yBaHHs. Jlerko nepenuncaTtn BCi hopmynu, nepepaxyBasLUM YACHO POTOHIB Ha IXHIO eHeprito. HaanuLkoBy YaCcTUHy CnekT-
Py MOXHa BU3HAYNTM 3 NOPIBHSAHHSA CNOCTEPEXeHb Nif Yac NoAii MiKpOniH3yBaHHSA Ta no3a Hei.

Puc. 2. lliBopy4 — 3aranbHe NOnoOXeHHA NPOEKLii AUCKY Ha NNOWWUHY 306paxeHb LWOAO0 KayCTUKM (KUpPHa NiHis),
CTpinka nokasye HanpsAMOK pyxy kaycTuku. [linsaHka nonepeay (no pyxy) KayCTUKN He Ma€ KpUTUYHUX 306paxeHb,
L0 BUHUKAIOTb NO3aay KaycTUKKU. Y LIeHTPi Ta NpaBopyYy — No4aToK NoAii MikponiH3yBaHHS;

TOHKi CTPiNKM NOKa3yTb HanNnpsiIMOK 06epTaHHA ANCKY

YucenbHe MmoaentoBaHHA. 3anexHicTb (4) 6yno npoMoaenboBaHO ANs Pi3HWUX PO3nopinis ACKPaBoCTi F, , (r) MO AWCKY,
LLIO 3310BOMNbHATL YMOBaM F, (R )=F, (R, .)=0. Burnaa doyHKuii Ti(v,t) CUNbHO 3anexuTb Bif KyTa o Haxumy KayCTuKu

00 npoekuUii oci gucka Ha nroLmHy 306paxeHb. Lle npointoctpoBaHo Ha puc. 3 Anst rpaHUYHNX BUMNAAKIB, KOMW KaycTuKa
nepneHanKynspHa Ao NpoekLii OCi aucka Ha nnowwmHy 306paxeHb (puc. 3, NiBopyY, o=m/2), i KON BOHa NapanensHa go

Hel (puc. 3, npaBopy4, o=0). MapameTpn Mogeni, Wo BiANOBIAaTL pUC. 3, BUGPAHO TakMM YUHOM: V(r)=0.1/r (c=1,
BIACTaHI B OAVHULAX 1, ), Fuu (r)=(r =R, )(r—=Ry,)/r’, R, =5, R,, =20, Cunakayctnkm A=1.

0,8 ——A ]
1,2 - — =B \
2 . v 061 ' A8
* L la
g 0,8 | g
L) \ S
3 \ S 0.4
= \ é
041 \ 0,2
0,0 ; r T ‘ ; 0.0 7 T T r -
0,96 0,98 1.00 1,02 1,04 096 098 1,00 1,02 1,04
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Puc. 3. CnoTBopeHHsA npodinto niHil Ha no4aTKy noAii MikponiH3yBaHHs, KONKM KaycTUKa e He 4OXOAUTb
A0 LEeHTPY 300paxeHHs; BiAcTaHi Bia kaycTuku go ueHTpy R (A) =5, R(B)=2, R(C) =0;
kpuBa D BignoBiaae HecnoTBopeHiN NiHii Ha 060x pucyHkax. PucyHok niBopyy Bignosigae cepeAHbOMY puc. 2,
KONM KayCTUKa pyXaeTbCsl 3ropu; NpaBopyy — BiaNnoBiAHOMY pUC. 2, KOJNIU KayCTUKa PyXa€eTbCA CrnpaBa HaniBo
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Ha cepegHboMy puc. 2, WO BignoBigae nisi naHeni Ha puc. 3, KaycTuka pyxaeTbCsa 3ropu i NOYMHaE nigcuniosaTu ce-
penHi OinsHKM NiHii, Wo BignoBiaaTb AINAHLI AMCKY, WO PYXaeTbCA NEPNeHOUKYNApHO A0 npomeHs 3opy. [pu upbomy of-
HaKOBO MiACUMIOITLCA AINAHKN OUCKY NiBOPYY Ta NpaBopyy Bi LEHTPY i NiHiA € cuMmeTpuyHo. Ha puc. 2 npaBopyy Kayctu-
Ka pPyXaeTbCs cnpaea i NOYMHaE MNigCcUoBaT BUNPOMIHIOBAHHSA Bif AiNSIHOK NpaBopyd, L0 PyXalTbCA Ha crnocTepiraya,

To6TO 3 BiNbLUOK YacTOTO Ha NpasBoMy rpadpiky puc. 3, Todi AK AiNAHKK NiHii 3 V <V, 3anuwalTbcs He30ypeHUMn. Takum

YMHOM, 3'ABNAETLCHA NMPUHLIMINIOBA MOXMMBICTb OLiHIOBATW OPIEHTALI0 KayCTUKM BiHOCHO AWCKY B MOAIAX MiKPOMiH3yBaHHS.
AK NoKasylTb YNCENbHI EKCNEPUMEHTU, BIOMIHHICTL MPOMINIB 3aneXHo Bifg Pi3HMX OPIEHTAUiA KayCTMKNU OCOBNNBO CUSIBHO
BUsIBNSiE cebe B NepLuilt NoNoBMHI NoOAii MiKPOMiH3yBaHHS, KON KayCTUKa e He NepeTHyna LeHTP OUCKY; Npu4omy us o6-
CTaBVHa € TUMOBOIO [N Pi3HNX 3aneXHOCTen F,, (r).

BucHoBku. Y poboTi NpoBeaeHO YmcenbHe MOAENBaAHHA MiKpPOMiH30BaHMX NPOIiniB cnekTpanbHUX MiHii, wo dopmy-
I0TbCS B akpeLiiHnx anckax AAI HaBKONO LEHTPanbHOi YOPHOI Aipy, 3a Takux npunyleHs: a) AAl € oxxepenom rpasiTawii-
HO-NIH30BOI CUCTEMM | Ma€e CnekTparnbHy NiHito, SiKa € BY3bKOK Y BNacHi cuctemi; 6) niHia gopmyeTbca y TOHKOMY akpeLin-
HOMY AMCKY AOCUTb Oaneko Bif LeHTpanbHOI Macu, TOMy cnocTepexyBaHa bopma niHii B cuctemi cnoctepirada moxe 6ytn
po3paxoBaHa y Crnabko-pensATMBICTCbKOMY BMMaaKy 6e3 ypaxyBaHHsi edpeKTiB 3aranbHoi Teopii BiGHOCHOCTI; B) y cucTeMmi
MalTb MiCLie NMPOLLECH MIKPONiH3YBaHHS, sIKi MOXHa onucaty B HabnvkeHHi NiHIMHOT KaycTukM. Hammn nokasaHo, Lo 4YacoBa
3anexHicTb NPOoInto NiHii y npoLeci MiKponiH3yBaHHS! CYTTEBO BU3HAYaETLCA KYTOM Haxumy kaycTuku Ao aucky. Lis obera-
BMHa Mae Micle Ans pisHMX po3noginiB ACKpaBOCTi MiHiT N0 AUCKY i LINKOM 3po3yMina 3 SKiCHUX MipKyBaHb. Y BMNagaKy Ao-
CTaTHLOI TOYHOCTI Y MePCNeKTMBI Lie AacTb MPVHLUMMOBY 3MOrY BU3HAYaTU OpieHTaLilo KayCTUKK.
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FORM OF A MICROLENSED LINE FROM ACCRETION DISK IN THE LINEAR CAUSTIC APPROXIMATION

The line profiles like that of the fluorescent Fe K or Co K lines in the X-ray spectra of the active galactic nuclei (AGN) reflect characteristics of
the central regions of these objects. These lines can be formed in the accretion disks around central supermassive black holes and their shapes are
connected with the central black hole spin and the accretion disk inclination angle to the line-of-the-sight. If an AGN is a source of a gravitational
lens system with microlensing events, one can get an additional important information about both the accretion disk parameters and gravitational
lens parameters as well. Microlensing processes were observed in such gravitational lens systems, as PKS 1830-211, B0218+357, RX J1131-1231
i HE1104-1805, Q2237+0305 and we can suspect to observe there also the spectral appearances of microlensing.

Here we performed the numerical simulations of the microlensed relativistic spectral line profiles formed in the AGN accretion disks. Using the
linear caustic model we show that the time dependence of the profile is determined essentially by the angle between to the disk axis and the caus-
tic. This gives us an opportunity to assess this orientation.

Microlens caustics magnify some parts of the accretion disk more prominently than others. Due to the Doppler effects and differences in the rota-
tion direction this leads to the frequency-dependent magnification which distorts the profile of a relativistic spectral line. Such deformations are variable
with time due to relative motions of the source and the microlens, and they can give us possibility to obtain some additional information about the disk
brightness profile and caustic orientation relatively to the disk.

Here we consider the thin disk model, Schwarzschild black hole, and the linear caustic approximation as well. The numerical simulations of the
relativistic emission line profiles distorted by strong gravitational microlensing effect were performed for several different orientations of the linear
caustic relatively to the disk, as well as several inclinations of the disk to the line-of-the-sight. Basic presumptions for the numerical modeling were
the following: (a) AGN is a source in the gravitational lens system and it its inner parts the luminescent emission lines with relativistic profiles are
being emitted; (b) this line is formed in the thin accretion disk quite far away from the central black hole and can be calculated with no taking into
account the relativistic effects; (c) the caustic can be considered as a linear one.

We show that the relative orientation of the caustic and the disk can be determined from emission lines profiles. Our numerical simulations demon-
strate that the difference between profiles corresponding to different caustic orientations appears to be more prominent during the first half of the
strong microlensing event, namely, before the crossing the disk center, and this dependence is irrespective to the accretion disk brightness profile.

We show that for the spectral accuracy level high enough we have a perspective to determine the caustic orientation from the observational data.

Keywords: gravitational microlensing, relativistic emission line profiles, active galactic nuclei.
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AcTpoHomuyeckasi o6cepBaTopusi KneBckoro HauMoHanbHoro yHuBepcurteta uMm. Tapaca LLleByeHko, KueB

®OPMA MUKPOJIUH3UPOBAHHOW JINHUU OT AKKPELIMOHHOIO AUCKA B MOAENU NUHEWHOM KAYCTUKMU

@Popma cnekmpasnbHbIX TUHUU muna ¢hriyopecyeHmHol Fe Ka 8 peHm2eHo8CKOM u3Jly4eHUU akmueHbix si0ep 2anakmuk (ASII) ompaxaem xapak-
mepucmuku yeHmparnbsHbix o6nacmeii amux o6bekmos. Takue JIUHUU MO2Yym €03HUKamb 6 aKKpeUyUOHHbIX OUCKaX 80KPY2 C8EePXMAacCUBHbLIX YEPHbIX
ObIp 8 yenmpax ASII. Ecnu xe daHHoe ASIIT sienissemcsi UCMOYHUKOM U3JTy4eHUs1 8 cocmase 2pasumalyuoHHO-/TUH3080U cucmemsl, 20e npucymcm-
8yrom npoyecchbl MUKPOSIUH3UPOBaHUSsI, MPOGUIIL JIUHUU HECem 8aXHYH0 UHGhoOpMayulo He MoJibKo O napamempax Aucka, a u o napaMempax 2paeu-



