MOHI'OJI YJICBIH UX CYPI'YVYJIb
HNINHKJIIX YXAAHBI CYPI'YVYJIb

MYMUC-nitH IpadM IIHHKUAITIIHUNA OMYIUr

OU3UK

Ne24 (468)

MYMUC IMPECC X2BJDJIUUH I'A3AP
2017 on



MVYUC-uiid spaem maekuir3suuil onanr, ®PU3UK catryyn 24 (468), 2017

Penaxnuitn

30BIOIUIH

[Mamyyna:
Jlox
Hp.
Jox
Mok
Hox
Jox
Jox
Mok
ok
10. Jlox
11. Jlox

© o N o g bk~ w DN PRF

30BJIOJI.

napra:

. IIpod. b.bypmaa
O.Yynyyn6aatap

. a npod. P.I'anbagpax

. o npod. XK.Banunuxyy
. apod. L. baarapuynyyn
. 131 npod. M.Ior6aapax
. I Anrannor

. K.HsamxkaB

. H.TeBxapran

. b.Menx6art

. [.Menx06aarap

Jlyraappir SMXTI3CIH:

Hp, pod. X.Ilooxyy
Momnron Yacein Ux Cypryyinb

Mouroun Vics Ux Cypryyinb
[MITHU, dybna, OXY
Monron Yacein Ux Cypryynb
Momnron Yicsin Ux Cypryynb
Mouroun Vicsa Ux Cypryyinb
Momnron Yicein Ux Cypryyib
HIumxnnx Yxaansl AkageMu
Momnron Yicsin Ux Cypryynb
Momnron Yicsin Ux Cypryynb
Mounron Yicen Ux Cypryyins
Momnroin Yiacein Ux Cypryyib

Penaxipia 3eBneMiiH HapuitH OMUTHiiH 1apra

MVYUC-uita HTY C-nitH OU3UKUAH TOHXUM,

Jok. I'.Opnsu3-Ounp

© MoHTO0 YICHIH UX CYPryYib,
Ux cypryynuitn rynamxk-1, Cyx6aatap ayypar,
VYnaan6aarap — 210646, Mouron ync, 2017

ISSN 2311-1097

Mouroun Ve Ux Cypryyib



MVYUC-uiid spaem maekuir3suuil onanr, ®PU3UK catryyn 24 (468), 2017

10.

11.

12.

13.

14.

15.

F'APYUI

Opranuk mnoguMep HapHbl 3JjeMeHTHHH A.Y.K-Mir caikpyyJaax
00JIOMKHITH cyfasraa
[[.Hsmaa, T.bonopipipr, H. Tesxapran, Anara, AnranOynar,

T JLABAACAMOYY ..vveuviiiiiiieiieiie sttt 1-6
Benchmark study of combustion model of premixed gas by using LBM
L.Khenmedek, Y.Obikane, E.Khatanbold .............ccccceeriiiiiie i, 7-12

DeMTOCEKYHIBIH JIa3epblH MYJbCIIP ATOMBIT HOHYWIOX MAaraJiajibIr
TOOI[00JI0X
Y. Angapmaa, JI.XOHMOIIIX, I.30PHUTT ..oovcviiiiiiiiiie e 13-16

Cynanraanpl PpeakTOPBII [PMKHUX YHIICHUH 11 OYyTIIA XMiCIH
YPbAYMJICAH YHIJITI)
I".IpbmOammaa, Bst.MeHX0aT, H.HOPOB .....cccvviiiiiiiiiiciiec e 17-23

BopooH 1axp MEKPOAOITHOHBI YHTPAJIBIH HIHHK TOPX
M.BatnypaB, K. HAMKAB ...oocviiiiiiiiiiicicc s 24-27

LPraH nedext Oyxuii ycaHO0JOPHIH 3JIEKTPOH OYTIHIIH cyaaJiraa
H.Tesxapraun, XK.[{aBaacamOyy, /[.baarapxyy, H.Llor6anpax ...........cc.cccovnee. 28-34

YTaaHbl MEXaHUK IIMHAK YaHAPBIT CYyAJIaxX Xs10ap apra
K.Banunnxyy, XK.daBaacamOyy, B.BaT-OpasH? .....cccvvvviiiiiiiiii 35-41

Yaaan06aarap XoT OpPYMBIH araap MAaHWJIbIH OOXMPMJIBIH ONTHK
napaMeTpyyaMir eBJMiiH yJupaja 00JIOH TYHWMpHiiH yTaaraii Oaiix
Xyramaas/J XapbuyyJaH CyJAaJICaH AYH

b.l'an6ar, [{.baatapuynyyH, T.Hapanrapas, b.Jlaapuiimaa ............c.cccceeeveenen. 42-48

Influence of raindrop size distribution variations on the rain specific
attenuation coefficients
Nyamjav.J, Batpurev.M, Jamiyan.S ...........cccccceviiiiiieiecie e 49-51

Yaaan6aaTap XoThIH araap Aaxb paJoHbl XOMKHJIT
B.Bynrancaiixat, H.HOPOB ......ccccoouiiiiiiiiiiiiicece e 52-54

Electric Dipole Transition of the First Excited State of °Be
M.Odsuren, K.Kato, G.Khuukhenkhuu, S.Davaa ...........cccccceevveeviieeiiieeniieenne, 55-59

(n,0) Reaction Cross Sections and Angular Distributions for Several
MeV Neutrons

Ts.Zolbadral, Ts.Bilguun, G.Khuukhenkhuu ...........c.cccovviiiiiiiiniineie e 60-64
Seasonal Variations of Surface Radio Refractive Index in Mongolia
Jamiyan.S, Battogtokh.J, Tsendayush.O, Nyamjav.J .......ccccccevveviniiveniennnnnn 65-69

Hapubl THTMHMIH IJa3M JaXb 3JEKTPOHbI HAITHII PAJAHO T'SI0aaHbI
AKUTIAITAAP TOAOPXOILT10X
H.Meunxmaunnaii, b. Tysmmmkaprai, b.bat6asp, UH.MeHXKaAPTaT ........cccvveeene 70-72

Creation of Ohmic contact on InGaAs/InAlAs quantum well detector
for broad range photon detection
Tamiraa Ganbold, Matias Antonelli, Ralf .H. Menk, Giorgio Biasiol .............. 73-76



Opranuk nosaumep HapHbI jgemeHTHiiH A.Y.K-uiir caii>kpyyJ/iax 60i0MKuitH
cyaaJjiraa

II.Hamaa', T.Bonoprpusr!, H.Tesxapran®™*, Amara?, Anran6ynar?, 2K./lasaacambyy’
! Monzoa Yacon Hx Cypeyyav, HTunowcadr yraans. cypayyiutin
Qusurutin manxum, Yaaanbaamap xrom 210646, Mownzoa yic
2 Dusuk, sNeRMPOHUK, MIOIINAUTH TNETHOMOZUTIH CYPLYYAD,
Osop monzoavn bazwuln ur cypeyysv, Xex xom, BHXAY

Buy sus axiaap PSHT /PCBM (poly(3-hexylthiophene)/1-(3-methoxycarbonyl) propyl-1-phenyl-
[6, 6]-methanofullerene) xonmmor mosmMmep Marepuas CyypPHJICAH OPTaHUK HAPHBI 3JI€MEHTHIH
ammrr yimmiia kodddunuent (A.Y.K) -miir caiixpyynax cymanraar TYVHHN WI9BXT maBxapra
P3HT/PCBM -miir TOrToOXK XaTaaX FOPUMOOC XaMaapyyJlaH CyJIaB. DHIIIC MIIBXT JABXApPTbIH
TIPJIUIH LIXHII3JIT, TaAaPryyH MOpP(OJIOrH, KPUCTAIKIIT Hb HIIBXT JaBXapra TOITOOX Xyraraa
60/10H [ysaaHbl OOJIOBCPYYJ/IAJITBIH IOPHMOOC XaMaapPaH XIPDXO9H eepwier[exk Oaiiraar y3yy/ids.
XaMruifa cafiH yp IyH Y3YVICOH I99XKYYIDD AllWIJIaH HAPHBI jeMeHT Xuiik TyyHuit A.Y.K-wiir
xaMzkuB. V9BXT ragapryyr 60ruHo xyramaass Cyy/arax Xxaraaraaj, Japaa Hb IIATAJICAH FOPHIMOOD
xXaJ1aax O0JIOBCPYYJ/ICAH MIIBXT JaBXapra OyXwil HAPHBI JIEMEHTHUHH YP AIlUT HYMITIIK Oairaar

Y3YV/I9B.

PACS numbers: 81.05.Fb, 78.66.Qn, 88.40.hj, 88.40.jr

I. VYaouprran

Quepruiin LITAHD YYCTYYD, TYYHHAT
XyBUprax, XxajraJjax Hb XU HUATUAH ©MHO
TYyATAMJICAH HITIH TOMOOXOH  acyyaaa 0ok
Oaiiraaraii  XOa0OOTONIOOp CYVIHMH KUYV
3PYUM XYYHHUHE CHUCTEM/] allurarijar MaTepuaJblH
cymasraa  spauMTdIit  xmitraak  Oalina. Bumnwnii
OHEOTHUIH aMbIPAJbIT IAXUITAAH IPUUM XYUTYHTIIP
Teceenmryit Owmmd. Omoormitn Gaiimmaap HYYpC,
Oadiranuiin XWif, Ta3PbIH TOC 33P3T VI HOXOH
CIPTIITIIX  IPUUM  XYUIHHI 3X  YYCTYYPYYAHHIT
TYAXYY ammriaxk Oailiraa 9 ONPBIH UPIAYIT
SAr9IPUAT  Oafiraab OPYUHI IIATIA  YYCIyypIIp
conmwx Imaapjgara Tyarapd baina. Y4Iup Hb AP
3PUYMM XYYHHUH 3X YYCTYYDPYVA HBb IMaBXarjgaxaac
TaJTHA, XYJIOMIKANH XWii, yTaa, OPUHBI OOXUP/ION 39PIT
ACYyIAIyya yycraxk Oaitua. MiiMa3c HOXOH CIPTIITIIX
3pYUM XYYHUM YYCIYYPT allurjarijar Marepuasbir
CAllKpyyJIax cyaajraar Xuilx rmaapiararail 6ok
Gaitna [1]. fuaHrysia HapHBI 3pYHUM XYUHHAT Yp
OyHT?# ammrnax, eHzep A.Y.K Oyxwmii HapHbI
3JIEMEHT TIapraH aBax CyJaJjlaaHbl axKWjl TYIXYY
xuiirmaxk Oaiina. MeH CyyauiiH KUayyI1 OpraHuk
MOJIMMED Xarac JaMzKyyJaard MarTepuasli CyypUJICaH
Y4H HapHBbl 3JE€MEHTHHr Trapral aBax, TYYHHAD
cajkpyynax OOJOMXKUIH Cymairaa Cy/IIaa<dIblH
COHUDXJIBIT WXIIXIH TaTaxk Oaliraa CcIM9B 1OM.
Mamnait OpHBI XYBbJ OPTOH YyyAaM HYyTar I3BCTIPT
HYYIRJIYUH axyiiraa JaraaJi TapxaH CYypPbUIICAH
Oyx ailm epxuir TOBUIH NAXWJITAAH SPUUM XYIHHUH
HICIOCOH CHCTEMZ XOJ00x  OomoMzKkryit,  Xamwit
uitM  OOJOBY HAPHBI [AXUITAAH SPIUM  XYIHMHI
YYCTCYYPHAD ammriaax 3aMaap acyyJJabll MIHHAK

*E-mail: tuvjargal@num.edu.mn

6aitra. ['9BY cyyauilH KUIYYIII MATIHMH UPTIIANH
XIPIMIIX  [AXUITAAH XIPITCHAUNH TOO HIMITIIK
IPUNUM XYUHUN X3IPITJIII ©COX XaHjrara Oaiiraaraii
X0JI000TOUTOOP WYY TOM TasibaliTail HapHbI caMbap
AlllUTIIaX XIPAIrdd rapy Oadina. DHI HH OBOP
XIMIKID UX, XIPOIIIIHUA TOPUMOOCOO TIATTTAATIAH
TOOAMHAOH CcaifH muimsa oum oM. X3p3B XM
TOCBOOD VSH XaTaH, Oar 06X, eHHep Yp AaIlurTai
HAPHBI YJIEMEHT XK 9aBAJ O/I0p TYTMbIH SHIUHH
X3poI93 (XyBUAC, LYHX, TI9BPUIH XIPIUCHL, 9P
OpOH TI.M) OOJIOH HYVIRJIUUH axyi 30XMICOH
TOXMPOMIKTON X3709p33p ammuriaax OOJOMIKTOMH.
O100r00p OJIOH TOPIUITH YIH XaTaH OPraHUK HAPHBI
9JIEMEHT raprai ap4 Oaiiraa Gosiopu ryyHuii AY.K
Gara Oaiiraa ydpaac TOAWIANIOH XIPITJIIFHI OYpP3IH
ryiiipn  BIBTpIxryi  Oadtma. CyynmitH Kuayyasa
OPraHUK MOJINMEp Xarac JAaMIKyyJaard MaTePUaJII
CYYPWJICAH HAPHBI 3JJEMEHTYYIUWiiH yp Aammruair
HIMITIYYIIX CyIaraa dSpUnMTIi xwink Oafiraa
Geree ] NAAINLIAAN TPAKTUK XIPITIIIIH AIMTUTIANK
boox XypTaa caiikpyyiacaap Oaitma. HHrxm»
OPTaHWK HAapHBI 3aifH WIIBXT TaTapryy OOJIroH
AIUTIaX MATEPUAJIBIH OOPUJIOX 3aMaap ypP AMTHUT
caiizkpyysiax Hb Wiyy yp JyHToi Gaiimar [2, 3.
P3HT/PCBM  xosumor  xarac  JamKyyJard
TTOJIUMED Hb OPTAHWK HAPHBI 3aiH WIIBXT TAIAPTYY
OOJITOH AIUIIAJAT OHINOW MATepuajl oM. DHI
PCBM  (1-(3-methoxycarbonyl) propyl-1-phenyl-
[6, 6]-methanofullerene) up 1990 oA CcuHTE3IH
raprax apcad [4], xopworoit Gycuitn epren 3.9 3B
JIEKTPOHBI AKIENTOP XArac JaMKyyaard MaTepuast
Gerees OpPraHWK HAPHBI JJEMEHT, YdIH 3JEKTPOH
roxeepeoMakyymda P3HT 0Ooson Oycam  moHOD
MOJINMEp  MaTepHaNIyyATail XOoCAYyJaH —Aalluriaxk
6aitna. PSHT (poly(3-hexylthiophene)) Hp xosumor
MOJINMEP XaraC JaMiKyyJaard Hb IPHAT 300T9uiiH
XOIJIOX UagBap CaiiH OOJIOH XOPWOTON OycuiiH eprox
1.9-2 3B OGaiimar Hb HAPHBI IJTEMEHTIIP AIIUTIAX
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XaraC JaMKyyJIarduiiH IIWH2K YaHAPBID Y3YYIRK
Gaitraa 1o [6]. OpraHuK HAPHBI 3JIEMEHTHIH W/IBXT
gasxapra xwitxag P3HT- wmitr gomop, PCBM-
uir axmenTop OOJTOH AIUIVIACAH HAPHBI 3aiTH
naxuraad opuHbr eepunex, P3HT/PCBM -wuiin
XOJIBITBIH KOHIEHTPAIWIH XaphIlaar eepuIex O0JIoH
JymaaH OOMOBCPYYIAAT XUUCHUN IYHI OZOOTO0P
A Y K-wmitr 3.5%-x1 xyprasz Gaiina[7].

Ousion  TepawmiiH Xuin x37a03p Oyxuii OpraHuk
HapHBI JeMeHTYY Oaiinar. YyHI: m1aH OOJOH OJIOH
JaBxapra OyTSIIT# HApPHBI JJIEMEHTYYH Oarrtmar
[10]. Buamwmii xwilx HapHBL 37€MeHT OO JOHOD
AKIIENTODP XOJUMOT JaBXapraac TOrTOX OJIOH VeT

J

wun +

AHOZ
(ITO)/ PEDOT:PSS

Mdsexum zadapayy
P3HT:PCBM

OHepru

KATO[ (Al)

X = P3HT
*. / \ *
PCBM S a )

Sypar 1:

(multilayer) 6yToursit HapHbl 31emenT oM. ypar.1-
T xeHreH naraan (Al) anoma, X00poHI00 (ha3bIH AITAA
6yxwuit monop aknenrop (P3HT O6yroy p- Tepuauiin
noHop Xarac gavxkyyiard, PCBM 6yioy n- tepmuiin
AKIIETITOP Xarac JaMKyyJaard ) UI9BXT JaBXapraTaii,
HYX3H  Jgamvixkyyranteir  maMxkux  PEDOT:PSS
(poly(3,4 ethylenedioxythiophene):poly(styrene
sulfonate) momumep nasxaprarait, ITO (Indium tin-
oxide) Oyxuii TyHTajar IUISH KaTOATAH OPraHUK
TIOJIMep HApHBI 3aiH OyTa1 OOJOH TIHI, TIPIUIAH
ITUHTIIIATIIP JOHOP, aKImenTop (aszyyablH Jaryy
JIEKTPOH OOJIOH HYX IMUIKHAX DHEPTUAH TOBIITHUI
JIMArPaMMBIT Y3YYJI9B.

LUMO OneKTpoH
LUMoO ,\'
HOMO KATOA
[oHop (AI)
P3HT HOMO
AkuenTtop
PCBM
Hyx AneKTpoH

Ouson daszapea Oyzruli opzanukx noaumep naprv, 3at: a) Bymuutin duazpamm, 9md 2apautin Wunzasnmasp

donop, axyenmop $asyyovr 0a2yy dAEKMPOH GOAOH HY'T WULHCUHI. b) Dnepeutin meoswnul duazpamm.

Bun susxyy akjaap OpraHukK HAPHBI YJIEMEHTHIH
umPBxT gasxapra xuiix marepwas P3HT/PCBM -
WiH TIPAUAH [IUHIIIIT, KPUCTAJDKUAT, TadapryyH
MOpP(hOSOru  33p3r  TYYHUUT TOTTOOX TOPHUMOOC
XaMaapyyJdaH CcyAjax 3aMaap HapHbI 3aifH ammnrT
yiuitH KO3 PUIUEHTHIT CafzKpyyaax OOTOMKHIT
CyJaJ/izK, OJIOH JaBxaprarafl IOJUMED HapHbL 33l
xutik Tyyarid A.Y.K xoMKUX 30pusroroi.

II. Typumwuar

P3HT/PCBM xosuMor 333K G3/TraX, TYYHMI
TOPIUAH  IMWHCIIAT,  ragapryyd  Mopdosord,
KPHUCTAJKUAT 39PTUAT Cy[JaX, HAPHBI JJIEMEHT
xutik A Y.K-ufir  XaMKuX  TYpIMITBIH Vi
aXKHUJIaraar Japaax Japaajiiaap IyHIITIaH. Y VHA:

- P3HT 6onon PCBM wsyurar 6omguceir 1:1

KUHIURH xapblaaTaii xonbxk  2ma o-DCB(1, 2
Dichlorobenzene ) yycrarumn xuiin glove box-1
120°C  Temmeparypr 3 1mar COpPOH30H XyTIYypT
XyTraaJ, Japaa Hb OPYHBI TeMueparypr 24 naruiin
TypII HIr3H Tepes Gosron xyrraxk P3HT/PCBM
XOJIMMOT yyCMaJl O3JITTICIH.

- ITO xontakT OYyXMii MWISH OIS IHBIPIITT
yyemanyyn — (Ethanol — absolute (CH3CH20H),
Isopropyl  alcohol  ((CH3)2CHOH),  Acetone
(CH3COCHS3))-4 xuiizk X3T ABUAHBL LIBIPJIILY
GOJIOH O30HBI OPYMHJ, XIT AraaH Tysdaraap IIapx
upBopsvHd. Ulunnuii ragapryy a39px GOXUPIJIbIT
OYypaH IPBIPAIK Oaiirad Hb TOOCHBI KHUXKHUT
MOXJIOTOOD JAMIKUH OOrMHO XOJ000 YYCIXK HAPHDBI
SJIEMEHT IBJPIXIIC CIPIHUMAJICIH.

- P3HT/PCBM wuzasBxT saBxapra TOIrTOOX: Spin
Coater ammriaH TIBIPJIICIH MIAIIH J19IPID OMHO
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6v1rracon PSHT/PCBM yycmasaa »kura rapaax
WIBXT JaBXapra TOrTOOHO. WHIIXM3 mapaax
rOpuUMyyaaap cyysiracan 60H0. YYH:

1. Spin  coater-r 600 o9pr/mMun  3proaruiin
xyparaiiraap 30cekynz, 60cekynz, 90cexkyHT
IPIYVIK a30ThiH opuuHI glove box-T 24 mar
XaTaaB.

2. DHY TypBaH [P9:KIC XaMTUHH CANH IMHHK
JaHap Y3YY/IC3H T'OPUMBIT COHTOXK JIAXUH XOED
993K O3JITT3B.

3. JlaxmK WIPBXT JaBxapra TOTTOOXK XaTaacaH
XOEp JI9IKID JlapaaxX T[OpUMOOD TyJlaaHbl
60JIOBCPYYIAITA OPYYIaB:

e Horuitr up myyn 150°C remmeparypr 20
MUHYT XaJ1aaraajl 3yIyyXaH XOpTeB.

e Horeor up marajcan ropumoop Oyioy
70°C —r 20 wmwmuayT — 110°C —T 20
MuayT —150°C —1 20 MUHYT Xajgaaraa/
aaxKyyXaH XOPTeB.

4. Nurssa epaniiH HOXIOJN, XaTAACAH, Yy
6OJIOH MIAT/IANTANR FOPEMOOD XA/IAa2K XATAACAH
TypBaH €6p 133K 037190 BOJTHO.

- Epmmitn  wexmes xaraacan, 1myya OOJIOH
IATIATTAR TrOPUEMOOP XasaaxkK XaTaacaH
J3KYYAUUH  IIPAURH IIMHIIITUALD X3T yJlaad
Tysa-y33ra3x  rapauniie  cnekrpomerp  (UV/VIS
spectrometer Lambda 35) -99p, TaJCTKUITHID
penrren audpaknuitn apraap (XRD), ramapryyn
MOPGOIOTMHAT aToMbIH XyuHuil Mukpockon (AFM)
AIATIIAH CYITIaB.

- Hapusr snement xuiix: Va3BXT 1aBXaprbiH MIMHK
YaHAPBIT CYAAJICHBI VHICIH J33D XaMTUiH caiiH yp
IYH Y3VY/ICIH JPKYY/II9D HAPHBI JTEMEHT XUUCIH.
I»3p aypacan ITO-13# mma 1m3BIpasx apraap 3
MIUPXIT MIAIAAT TPBIPIK G3aTracH. Spin coater-
T 2000 spr/mmH Xyparaifi 30cekyHn Xyraraasn
PEDOT:PSS-uitn ye maBxapra TOTTOOCHBI Japaa
mun  tyc Oypumiir 120°C-m 20 MuHYT XaTaaxk
TOTTOOCOH Yem#r 03x:kyymss. Jlapaa Hb MM TyC
Oypuiir maxuH spin coater-n xumiixx 54000-75000
MmostekysbiH  kuHT3  P3HT/PCBM  yycmanaa
aycaaxk 600 spr/mun xyparaii 30 CeKyHT 3pryyik
UIPBXT FaQAapryyr TOrTOOCOH 03711311 63J19H OOJTHO.

- OHIR3C 2 O3Auuir COHIMOH aBY HIMHUTr Hb
70°C —r 20 muayT — 110°C —1 20 MunyT —150°C
—r 20 MHHYT IIATAJCAaH TIOPUMOOP, HEreer Hb
150°C —wmiiH TeMIepaTypT MIyyi XajgaazK J1yJaaHbl
GOJIOBCPYYAANT XHHK OINTTIHI.

- WmesxT maBxapra cyyarax O37Trac3H 0311311
tyc Gypmitr 10 *Ila Bakyym OpHYHHI yypIIyylax
apraap XOHIOH IAraaH AHOMIBIH JABXAPra CyyJIrax
erue. Hapubr 3mement xwmitx Oyx Od1Traa 60710H

00JIOBCPYY/IAJIT Hb a30TbIH OpumH Oyxwmii glove
box- n xumiirncsn. MHrssg 3 eep ropuMoop UIIBXT
JaBXapra TOTTOOXK XWHCIH TYPBAH IMUPXIT HAPHBI
3ait 63s13H 60JI0B.

- Hapusbr 3ait Tyc Oypuiir HApHBI TIPJIUMH SPUUMTIH
TIHIYY 3punM Oyxwuii rapaa raprara XENON Lamp
controller (AM 1.5G Conditions) Garaxx ammrian
Taaraspuitn A.Y.K-wir Tomopxoiiicomn.

III. Yp ayH

Bun omon ye masxapra Oyxuit opramuk
HApHBI 3JEMEHTHHH HIIBXT JaBxapra 000X
P3HT/PCBM -niir ITO 6yxwuil mmisH ragapryy
33D TOITOOXK  JI9NKUIH  TIPIMUH  IIUHIIDIT,
ragapryys  Mopdosioru,  TAJCTHKHUAT — 3IPIHUHATD
cynancan. 9xman P3HT/PCBM massxr japxapra
Torroox xyramaar 30 cexkysa, 60 cexkynm, 90
cekyHn Oafixaap aBaaj epAWiH OPYMHI, XaTaaCaH
J332KYYIUiH XyBb/L rIpaniin IUHIIJITUAH
XIMKHUATUHH VP JYHT 3ypar.2 y3yyads.
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Bypar 2: Epdutin 2opumoop zamaacar P3SHT/PCBM
HI20AUUH V39209  29pAUlH  MYydc 0axb  29PpAUTH

WUH2IINMULH, cnexmp

Dumsc y39x31 30 CEeKyHIBIH XyTalaaH I WIIBXT
JaBXapra TOITOO0XK O3ITTICIH JI9NKYYAUNH Y3ITIIX
[IPAUAH MYKKJ, WYY CalH [IPAUNAH LIUHIIDIT
y3yyiacau Oaitrna. P3HT dasem xyesa 400-650
HM Y39T/9X TIPJAUUH MYKHAI TIPIJ  IMHHTIIIT
ermer 6on PCBM daszbin xyebn 300-350 HM x3T
JAraaH TYsSaHbl MYKHUI [9PJI HIMHIINIT OLIOr. JHD
Hb 393D MATEPUAJYYIbIH 3JIEKTPOH OyTIITIH
x01600TOH. MeH 333D M39:KyyIuitH TagapryyruiH
MOPGOJOrUiiT ATOMBIH XYIHIH MHUKPOCKOIT AITUTJIAH
JYPCIJICHUHNT 3ypar.3-T y3YVadB.

WmsexT ramapryya mopdoory Hb CAMHBI IV,
AT ap3rap, (a3 XOOPOHILIH ye siarapcan bap3rap
ramapryyrait 6aiiBas cafin. Y4up Hb JOHOP OOJIOH
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3ypar 3: Hosexm eadapeyy P3HT/PCBM -uiin
2adapeyyn mopdoaozu: a) 30 cexynd mozmoocon, b) 60
cexynd moemoocon, c) 90 cexynd moemoocon 0931cyy 0

Spumm

180

20 (rpagyc)

Bypar 4:  Epduiin zopumoop zamaacar PSHT/PCBM
HI20AUTH PEHMEZEH CNEKMpP.

aknenTop ba3plH aryy 3JeKTPOH OOJOH HYXHU
MWDKAJIT  gBargax  Tya  (GasyyablH TYraT Hb
JKUTH, TapXaldTTail Gaiix xoparTdit. DHAIC y39XII
UJPBXT JaBxaprbir 30 CeKyH 1 TOI'TOOCOH /JI99KUiTH
ramapryy aparap Oereem &asyyn HIMIH TOPOJ
XIMIKIITIN TapxaH cCyycaH OOJOX Hb XaparJax
Gaitaa. II9BXT ragapryy TOrTOOX XyTralaa HIMITIIX
TyTaM TaJapryy Hb reyirep, a3 Hb AJraraaxryit
xura 6ok Oaliraa Hb Xapargak OaitHa.

3ypar.4-T mI9KYYAUNH TAJCTKUJITHIH PEHTIEH
IuGPaAKIBIH apraap XIMKCIH Yp AVHT Y3YVI9B.
ITosiumep wmarepuas OOMOBCPYYIAITHIH TOPUMOOC
XaMaapaH TOAOPXOM XyBuiiH TayicT O0JO0H amopd
dazaac  Torrmor. @a3bpiH  Xaphbliaar — TyXalH
MATEPUAIBIH TAJICTKUJITUIH 33PII3D WIDPXUNAIIIT.

Tanct ¢daspiH pentren AudpPaKIBIH CIEKTP Hb
XypIl 3pY¥M OHIEePTIH Tuk erger 0601 amopd
¢da3piH pEHTreH CIeKTP CyJ, IIPUuM MyyTail
Gaitra. P3HT:PCBM xosmMor mnosumep HITAII
m3x PCBM-uiin xyBba 20 = 22° opuum epres,
IpUUM CyATall muK OyxXwil PEHTreH CIeKT Oraer
amopd mmmK uaHap Oyxuit marepuan 6os P3HT-
ulin XyBba 20 = 5.37° opuuMm KpucrajuiarpagbiH
(100) 49wmrsdam Xypu, OHAEP 3pYuM OyXuil HHK
Oyxuif pPEHTreH CIEeKT Oraer MaTepuag oM. JHI
auiiivman marepuang P3HT up Tancrkcan cymxcan
Mopdorn Oyxmit 3P@PEeKT Y3IYYIIH TOrTIOr OO
Tyyuuit 3aBcapaap PCBM amopd das xombooc
6oson cyycan 6yranraii 6aitgar(11]. Xaryy moaumep
MaTepuasy HUXIBUWIIH TyHTajar Owm Oaiimar 0o
TAJICTXKUJITUIH 39P3T Hb HIMIIIIX TYCAM TYHTAJAT
JaHap Hb calikupHa. 3ypar.d- 93¢ y39X3I UIIBXT
ragapryyr 30 cekyHJ TOTTOOXK XaTaacCaH JI33:KHUitH
rancr ¢daszan xapranszax nuk (20 = 5.37°) 6ycuaacaa
WIYY 9PUAM OHIOPTH Oairaa Hb WYY TAJCTKACAH
6OJIOXBIT XapyyJIzK OaifHa.

29pX XOMKUATHIH yp JAYVHTYYIIC y33x91 30
CEeKYHIUAH XYTallAaH[ HIIBXT TaJapryy TOITOOXK
XaTaacaH 93K WYY CaliH yp AyH y3yynK OaiiHa.
Witmasc 6um yr a3akuir conron apd myyn 150°C
TeMmnepaTypT 20 MHHYT Xajlaaraal aaxKyyXaH
xeprex BOJIoH TraTajacan ropumoop oywy 70°C —r 20
munyT — 110°C —1 20 munyr —150°C —r 20 MmuHyT
Xajgaaraasl aaxkKyyxXaH Xeprex 3amaap JyJaaHbl
OOJIOBCPYY/IAATA,  OPYYJIXK  IIKUUH  TIPJIUNAH
MIAHTIIIIT, T3JAPTyyH MOPGOIOTH, KPHUCTATKHUIT
3OPrUiir JTaxXWH XIMKUK Y3CIH.

08 . , ; : . ,

o
w
T
=

0.6

[9pnuiAH WKWHMRaMT, au

—=— lllyyn xaTtaacaH
1 —e— 150°C -T xanaax, xataacaH
—— lllaTnaH xanaax, xaTaacaH

0.0 . |
300 400

T T
500 600 700

[onrvoHbl ypT, HM

Bypar 5: Epoutin 20pumoop wyyd ramaacan, 150°C
memnepamypm 20 munym zasraezaad ramaacan, 70°C
-m 20 munym — 110°C -m 20 munym —150°C -m
20 MunYym WAMaAACAH 20PUMOOD TAAAG2000, TAMGLCAH
P3HT/PCBM mnszdauiin y32209% 2apautin myoic 0azo
29pAUTUH WUH2IINTUTLH CeKmD.

XUMACIH
XO9M2KCOH

Jynaansl 60JI0BCpY ynaaT
IPKYYAUUH — TOPJUNAH  [IUHTIIJITHNAT
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Sypar 6: Hosexm ezadapeyy PSHT/PCBM -uiin
2adapzyyn  mopposoeu: a) 150°C memnepamypm 20
MURYM Tasaazaad samaacan, b) 70°C —m 20 munym —
110°C -m 20 munym —150° C —m 20 munym wamancah
20PUMO0P TANGA2GA0 TAMAACAH 09HCYYO.

Yp AOYHD 3ypar.d -T V3YYI9B. IDHIIBC Y3IXIT
[IATAJICAH TOPUMOOD XajlaaK, XaTaacaH IKUNH
XYBBJ WYY CAMH TIP3 IMIHHIIIIT Y3YYICIH DafiHa.
Men ragapryyruiitn mopdodsiorunitn oyrumitn AFM
XIMKUITUIH Yp AyHT 3ypar.6-t y3yymas. [Harancan
TOPUMOOD  XajaarX XaTaacaH [9NKWHH XYBbI
rafapryy Hb ap3rap, GasyyablH XyBbJ HITIH JKUTT
TapxanaTTai Oaiiraa Hb Xapargaxk OaiiHa.

—e—lllyyn xaTtaacaH

—— 150°C -T xanaax, xaraacaH

500 —=— |llaTancax ropMMoOop Xaraax, xataacaH

450

400

Opuum

300

250

20(rpanyc) -

Bypar 7: Jyaaarv. 6040COPYYAAAMAHO OPYYACAH UIIESTM,
2adapeyy PSHT/PCBM -uiin penmaen cnexmp.

3ypar.7-T  aynaaHbl  OOJIOBCPYYJIAAT  XWUIACIH
JPKYYIUNH TAJICTKUIATHIAT PEeHTTeH TudpakiibH
apraap XdMxKCdH yp ayHr y3yyms. larancan
TOPUMOOD XaJIaazK O3ITTICIH 933K KPUCTATIZKUIIT
eHAepTaii Oajiraa Hb 20 = 5.37° -T Xapraia3ax TaJCT
(a3bIH MHKIIC Xaparmax Oaifma.
J»3pX TyPIIWITBIH YP JYHTYYA J99DP3 YHIICIIH
P3HT/PCBM wmeexT rajgapryyr 600 »spr/muH
spranTuiin  Xyparaiiraap 30 CceKyHJ TOITOOXK
xaraacan OOJOH XOEp ©6ep TOPUMOOp IyJIaaH

Bypar 8: Hdsexm zadapeyy PSHT/PCBM -0 cyypuacan
onon  dasrapza 6Gyrul, HapHuv, osemenm: Ond 1.
xamod (Al), 2. awod (ITO), 8. wudssxm zadapzyy
(PSHT/PCBM).

OOMOBCPYYAAIT  XHUIK ~ OIITIICOH
aIINIJIaK T[yPBaH ©6D HAPHBI
3arBapbIr 3ypar.8 -1 y3yy/IdB.

Epnuniia nHexmesn xaraacaH, mryy/a O0JIOH MaTIaaTain

TIKYYIID
3JIeMeHT XUHCIH

Yyp |dymaausr 60om0Bcpyynant | Epauita xaTaaar

Ne | Tyyx 150°C | Mlarancan 30 cekyHz

1 3.2 % 3.6% 2.4%

2 3.1% 3.4% 2.55%

3 2.6%
Xycuwarr I:  Hapubr  smementyymmita  A.Y.K-witn
XIMKWITUUH VP JYH.
ropuMoop XaJjaaXk XaTaaH WIIBXT JaBXapra

TOITOOCOH J99KYY/dD AMIWIJIAH XUICIH T'ypPBaH
HapHbI 3jieMeHT Tyc 6yputin A.Y.K -ufir usr napHoi
rapaa raprardy XENON Lamp controller (AM 1.5G
Conditions) 6arax ammriasn TOJOPXONHICOH YD JYHD
XYCHIIT.1-T y3YY/I9B.

XYCHITT3C V39X, OPTaHWK HAPHBI 3JTEeMEHTUITH
AYK -milir wmsBXT JgaBxapra TOITOOX TOPUMBIT
OOPWIOX 3aMaap CaMXKPYyymK OOJIOX Hb XaparJax
Oaiina.

IV. Oyrasiar

Bun su3 axjgaap OpraHuk mOJUMED MaTEPUAJI,
CYYDPWJICAH HADHBI IJIEMEHTHUH WIIBXT IaBXapra
P3HT/PCBM -uite ropauifH MIMHI3]IT, TaapryyH
Mopdosiorun 60JI0H TAJICTKUAT Hb JIaBXapTa TOTTOOX
ropuM OOJIOH Ty/MaaHbl OOJOBCPYYIAATAAC XIPXIH
XaMaapaH eepuNerie:k Oaiiraar y3yyIdB. DHIIIC
y33x31 30 CeKyHZ WHIIBXT rajapryy TOI'TOOCOH
TIKUITH TamapryyH mopdomoruith XyBba, (as3yymn
Hb WYY ap3rap, 2KUIT Tapxaurai, rIpauiin
MAHTIINT  Y3ITAIX  TIPJAWHH — MYKHUT — OHIOD,
TAJICTAKUJIT Hb CcaiiH Oaifma. MiiM3asc 3H3 139:K33
11y ya O0JI0H MIATAJICAH TOPUMOOD XAJIaaXK IyIaaHb
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O0JIOBCPYYJIaNTa ], OPYYJK CYAJIaxal IIaTaJICaH
TOPUMOOD Xajaax Hb WYY yp [JAYyHTIH 6osox
Hb TYPIIWJTBIH Yp JYHIIIC Xapargaxk OaifHa.
WasBxT ramapryyH TrIpJIuiH IMTUHTIINT, TaAapryyH
MOpPQOJIOTH, TAJCTKUJIT 3IP3T Hb AIMUrT YHAIuiH
KO3 DUIUEHTHIT CAll?KPYy/Iax roji Y3yyiar 60siox
Hb XYCHIIT.1-T Y3YV/ICIH XIMKUJITUNH YP JAYHTIIC
xapargax Oaitna.

TamapxaJj

DHIXYY AXKJIBIT TYHIPTIOXI, JIIMKIAD  Y3YYIK
cyypb  cymaiaraamer  SST 018/2015  Tecawuiir

cauxyyxkyyiacon IIYTC 6omon BCIHIYC -uitn
gam, MYWC 06omoH TypmuaT 60J0BCPYYIAITHIT
xufix Marepuaj OojioH 6araxk TOXeePEOMIKeep
XaHTaXK, YHITIH 36BI6ree erd TycamK Oaiican
BHXAY-uitn OMO30-uuit Barmmiin ux
cypryyauitn  DOyHKIMOHAT MaTepuUajbiH  (pU3UK
XUMUHH Ja0OPATOPUIH XaMT OJIOHJ, TYH TaJlapXaJl
WIIPXUANAIBE.
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Benchmark study of combustion model of premixed gas by using LBM

1 School of Applied Science, Mongolian University of Science and Technology, Ulaanbaatar, Mongolia

L. Khenmedekh!*, Y. Obikane? and E. Khatanbold?

2 Nagaoka University of Technology, Niigata, Japan

The propane gas combustion in a combustor was calculated using a two-dimensional LBM
method that used pressure, temperature, and the distribution function fp of chemical
components: fr, fcans, foz, fcoz, fnz, and frzo. WOLFRAM MATHEMATICA was used in
the calculation and three cases were calculated— Casel: one dimension combustion flame
of a uniform mixed gas (Re = 124) to obtain an average reaction rate omega; Case2: A two-
dimensional problem, without the influx, where ignition occurred in the center of the area;
and Case3: calculate the combustion of the air-fuel mixture from fuel jets ejected from both
upper and lower boundary. The flow field simulation area in the axial symmetry was 1/4.
The shape of the flame front consisted of a curved surface, and then a nearly horizontal flame
front was formed at the end of the simulation. For the one-dimensional case, the propagation
speed was 0.25m/sec, which was larger than the results reported by Huidan Yue [9]. The
flame propagation speed roughly matched that of the two-dimensional simulation by

Yamamoto [7].
Key Words: LBM, Combustion, Flame Front

Nomenclature

foq  : pressure distribution function
fro : temperature distribution function
fvia : Y'specy distribution function
v . relaxation time for variable
P v=p,T,Y’
® . density
Ccp  : reaction rate

. Specific heat coefficient for air
X . Cartesian coordinate
y : Cartesian coordinate
Subscripts
p . pressure
T : Temperature
Y . concentration of species
f . distribution

INTRODUCTION

There are several stages in the combustion process
in the engines. The problem of atomization of the
injected fuel and the problem of vaporization from
liquid particles to gas, the problem of mixing of
small particles and air, the problem of mixing of fuel
gas and air, ignition and detonation problem,
stabilization of flames. These are fluid dynamics
problems. For the combustion process there are very
complicated chemical reactions between interacting
species. Although the engine is tested at high
pressure (automobile, gas turbine) and low pressure
(ramjet engine), the conditions of combustion are
required for low NOXx generation and low fuel
consumption regarding the specification of the
engine. These are common requirements of design.
However, in practice a large number parameters of

* Electronic address: khenmed@must.edu.mn

thermo-aerodynamics parameters and chemical
reaction parameters are needed to be considered.
Although experience has precedence, it takes time
and great expense to develop a combustion system.
For this reason, in recent years, experiments and
numerical simulations of elementary processes are
conducted as much as possible; designers use the
results, and use high-speed parallel computers as
possible as they can.

The high speed simulation is used, not only for the
research on elementary process but also the entire
simulation of the actual machine. It is desired to
develop numerical simulators of fundamental
processes with higher accuracy.

Currently three methods are used as high precision
numerical simulations: Direct Compressible NS
equation, high precision LBM method, and particle
method which are performed with accuracy of
tertiary or higher order. NS is valid for Kudson
Number less than 0.1, and LBM method is valid for
less than 10, and can be used Ku, the particle method
is not limited.

1. The compressible NS was developed by TVD
method and high precision scheme, but the
boundary conditions are complicate, thus the code
becomes is extremely long.

The reason why LBM has attracted attention in
recent years is that it is being said that the simulation
algorithm is simple and it is suitable for parallel
programming. At the beginning of the development
of LBM was from LGA model like particle method
used for gas, it was too noisy, and then the
distribution function method from Boltzmann
equation is set as a basic equation. Most people have
used the BGK approximation. This method is
common LBM simulation method. Although there
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is no similarity in the form of the NS equation and
the Boltzmann equation, it is known that the Euler
equation and the NS equation are derived from the
Boltzmann equation. Therefore, the LBM
simulation must agree with NS for small Knudsen
number. The discretization of LBM has two
methods:
1) Qian & Zho (1998) streaming and collision
method [1],
2) Differential equation method Kataoka (2004) [2],
The Streaming-Collision method is often used in
low Mach approximation. The successful direct
simulations by He and Doolen [4] and Martin [5])
are known. For research on boundary conditions for
small Reynolds number, He and Zou showed
samples of boundary settings.
The problem of combustion has the following
problems;
1. Stability of combustion,
2. High Mach number computation [compressible
flow],
3. Computation of flow including variables of
various chemical substances (large capacity)
4. Mechanism of ignition
Most engineer compute averaged combustion
flames by using RANS with turbulent flow models,
but the mechanism of detonation accompanying
shock, are omitted, and it is used as post-diction of
experimental results.
Apart from the question of whether it is possible to
achieve the correct prediction by accumulate the
simplified benchmarks. There are many benchmark
computations for combustion:
LES[8] was carried out under simplified counter
flow combustion with a simpler shape and perfectly
premixed gas for verification [8] Legier, JP,
Poinsor, T., et al)
The most commonly used LBM in combustion
computation is a two dimensional model of low
Mach number approximation (incompressible).
There is a pioneer work by Yamamoto, He &
Doolen:. Their stable simulations were made with
this approximation even for thermal expansion and
intense change in density since the temperature
equation and velocity equations are uncoupled.

Under un-coupling condition, there were undershoot
and overshoot pointed by S. Chen et al [10]
Therefore, if we use un-coupling system, we need
careful consideration to evaluate benchmark
simulations. In the present work we use uncoupling
method, and will test three benchmark simulations,
The first test is one dimensional tube where we can
obtain the spreading speed of the flame-front. For
the first two-dimensional problem, the mean flow
velocity is zero, and the flame is spread
cylindrically. In the next two-dimensional problem,

the mixed gas ejects from the upper and lower
surfaces at the center of the blowout. Since it is a
laminar flow problem, it is expected that the flame
side will be steady, but in the experiment it becomes
unsteady. In this research, we may know the detail
mechanism of the combustion process with the
present computation by comparing with the
previous work.

METHOD

We use the distribution function f, of the pressure,
though most researchers use the distribution
function f, of the velocity. The representative length
is less than 1cm, where the flow is stable from
convection by gravity. The functions of temperature
frand chemical components, feans, foz, feoz, Tz, frzo
were used. We use MATHMATICA for checking
the equations and performing simulations. Three
cases are selected: Casel: The computational
domain is in a one-dimensional channel, and
initially it is filled with a uniform gas mixture (lean)
and the inlet also has a uniform flow of the mixture
shown in Fig.1l. We calculate the propagation
velocity of flame in the region, the peak flame
temperature, and the average reaction rate. Case2:
The flame is ignited at the center of the domain, and
the domain is two-dimensional without the inflow,
as shown in Fig. 2. Case3: The configuration is that
used in [6],[7]. We use the same parameters of [7].
The mixed gas is ejected from both upper and lower
boundaries to the central line, and the air-fuel
mixture starts to burn at the center of the domain,
spreading horizontally and attaining steady
combustion. We compute the ignition to the steady
state to determine the overall rate of combustion woey
shown in Fig.3.

The geometry shown in Fig.1 is similar to [7]. The
mesh size is Nx=500 and Ny=3. The computer code
was written for two dimensional problems. The
initial flow velocity and the concentrations of
chemicals are uniform. We expect that the flame
surfaces move in the flow-wise direction since the
combustion propagation speed is smaller than the
speed of flow. So, we will find both front and back
of the flame body in the flow wise direction. Figure
2 shows two dimension problem without the mean
flow velocity, thus there is no convection U=0 at
initial and on boundaries. The frame will spread in
radial direction, thus the propagation speed will be
slower than one of the plane wave in one
dimensional case. Figure 3 shows the configuration
of the typical benchmark computations. The mixed
fuel springs from both top and bottom, and merges
near the center line. The ignition point is at the
center of the domain. Though the size is 10mm, it is
not clear the gravity effect will be counted or not if
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we compare with the high temperature experimental
data. The flow is symmetric in x axis and also y axis,
thus we need only quarter of the domain. The mixed
gas is impinged slow velocity u=0.1m/sec.
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Figure 1. Schematic of 1D simulation.
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Figure 2. Schematic of 2D simulation.
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Figure 3. Schematic of symmetric burner flow, Mesh (80x48).

GOVERNING EQUATION FOR D2Q9

The governing equation is based on D2Q9 Lattice
Boltzmann model [1]. Flow field equation for
distribution function:

fpva(x+ea&,t+ét)— fp,a (x,1) :—Ti

u

[f,.xt)—f7 (x0]
1)
Temperature field equation:
o (e, ) — fr, (60) =~ [ 000 — 1% (0] + W, Qy
T
2)
Species equations are:

f (x+e,dt+d) -1, (x0)= —ri[fY.va(x,t) — 15 (01w, Q,

u

@)
Wq, Qr is the reaction rate and heat energy by
combustion.
The pressure p, temperature T and the species
fractions Yi can be found by summation of the
corresponding distribution functions on a.

p:Zafp’a 1T :Za fT,a,Yi :Za in,Dt (4)
The overall chemical reaction rate depends on

species fractions and gas density, is defined as
follows;

E
C3Hg Yoz e_ﬁ

a)OV = kovp2
M CyHg M o, (5)
The source term due to heat production is given as
Q&
Q = a)ov
ST (6)

where To=300K is the reference temperature unit.
The heat source terms due to chemical reactions are

QYi =g Mi& Wy
P

()

where To =300K is the reference temperature unit.
The heat source terms due to chemical reactions are
Qv'. The stoichiometric coefficients are: acang = -1,
ao2= -5. It’s worth noting that, the reaction product
of species does not give contributions to simulation,
so their field equations may be dropped for reducing
CPU time.

BENCHMARK COMPUTATION RESULTS

For the casel, one dimensional uniform mixed gas
flow problem is following. We set the equilibrium
distribution with the given velocity up, on the
boundary conditions for both the inlet and the outlet,
and also set periodic conditions on the sidewalls
boundary shown in Fig.1. The results in Fig.4 shows
that the spike of the flame is shown at t=7, and the
spike split in to two at t=200 since the flame spread
out from the ignition point to both the upstream and
downstream directions with the burning velocity.
The inlet velocity of a propane/air mixture is Ug =1
m/s, the temperature T,=300K and the equivalence
ratio is 0.6. The length L=16.7 mm and the Reynolds
number Re=124 as same as one of [7]. The present
simulation yields the front speed of the combustion
flame, the resultant burning velocity is 0.25 m/s that
is greater than the result of [7].

@
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Figure 4. (a) The combustion rate and the temperature at the
moment of ignition one dim problem. l.e. 7 times iteration.
Combustion rate, at t=7. (b) The combustion rate and the
temperature at the moment of ignition one dim problem. l.e. 7
times iteration. Temperature at t=7.

For the case2, two dimensional uniform mixed gas
problem with no inlet is following. We took Nx=60,
Ny=60 in 2D case. The physical parameters are the
same as the 1D case. It is clear that the flame has a
circular front, and propagates with the burning
velocity S = 0.1 m/s that agrees with [7] in Fig.5.

@)

1000

800 -

600 -

400 |

200 -

0 100 200 300 400 500

(b)

0
0 100 200 300 400 500

Figure.5. (a) The combustion rate at t = 2000 (one dim
problem). (b) Temperature at t = 2000 (one dim problem).

We used Cartesian coordinate, so the solution does
not depend on the geometry. It is not clear there is a
similarity law of the combustion. The speed of
propagation will depend on the ignition point and
distance from the ignition point.

@)

Figure 6. (a) The combustion rate at t = 1000 for case 2. (b)
The temperature at t = 1000 for case 2.

For the case3, two dimensional uniform symmetry
mixed gas combustor problem is following. The
configuration is shown in Fig.3. The computational
results show the detail flame propagation process
clearly. It started from the center of the domain, and
first formed an oblong around the center and was
getting flat flame front in Fig.6, and formed nearly
two dimensional flame body. The reaction rate
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became zero near the center line (y=0), and the
temperature remained constant around the
centerline. The remained oxygen was 11% that is
slightly larger than 9% of [7]. The temperature on
the centerline was about 1990K that is larger than
1910K of [7]. The present computation results
almost agree with [7] within CFD errors.

@)

4

Figure 8. (a) Converged reaction rate. (b) Converged
temperature.
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Figure 7. Converged Velocity vectors (a) and Streamline (b).
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Figure 9. Reaction rate (a), Temperature (b), and Oxygen (c).
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In the summary of the computational results, first
regarding physical point of view we found the clear
movements of two flame fronts in one dimensional
case. The results are different from the results from
7) and 10) that has single flame front. In the second
simulation when the gas is at rest and the flame
forms a ring in the radial direction like a spherical
wave: the cross section has two peaks like one
dimensional case. From this computation we
estimated the burning velocity correctly which to the
close to the experiment [10]. Third case, counter
flow combustion problem, as the extension of the
second computation since the ignition point is fixed,
so it reduces to the second problem at initial time
where the blowing velocity is zero. The results show
that it had also a ring at the initial stage. When the
flow was stationary, the velocity at the combustion
line was 0.25m/sec at the line where vertical
velocity is 0.25m/sec as the same flame velocity of
the one dimensional case (U=0.25m/sec). Regarding
software we used WOLFRAM MATHEMATICA,
miscalculations would be small.

Regarding the numerical simulation, the overall
computations were steady with this set of
parameters. However, a negative reaction rate was
observed in the early stage of the computation and
the small oscillation of the solutions remained until
the end of the computation. More challenging
attempt was done: used 1) larger Reynolds number,
and used 2) a coupled-viscosity to temperature and
found these attempts always caused instability
problems.

CONCLUSION

We obtained a similar combustion flame speed to
the results to [9], but obtained two combustion flame
fronts which are different from [7] and [10]. We
need to develop compressible LBM method that is
stable at higher Reynolds number and stronger
detonation and shockwave.
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Y. Amnapmaa’®, JI. Xoumamax, I'. Sopurr

LIYTUC, Xopaenvonuti unscnox Yxaaner Cypeyyns, Quaukutin moHxXum

DOHOXYY @XWwia (EeMTOCEKYHIBIH Ja3epblH IIyJIbC, aTOMTal XapwilaH YHIWIIMAT
xyramaanaac xamaapcad llpeauHrepuiiH TArmuTrmsp wWHpXuiink KynoHsl nuckper
XyBbCarduifH apraap MuiIcoH. YHICOH TOJIOBT Oaiiraa yCcToperyniiH aToM XY4TAH J1a3epbiH
MYJIBCHIH YHTUWIANA3pP HOHWIOTA0X Maralai cyrapaH rapax 31eKTPOHbI KHHETHK HEPTHAC
XIPX3H Xxamaapax xamaapJsir Toornoosnk, Alexei N. Grum-Grzhimailo HapsiH axuit 60JI0H
Xyutaii opHbl oiponuoonon, Kymon BonkossiH oifponioosnon apryymaap OOICOH Yp
JYHT3H XapbllyyJlaH AYH IUHXWIT) XUHI0.

PACS number: 67.63.Gh, 67.80.Fh, 67.25.dt, 42.60Rn, 31.55ee

I. OPLINJI

JlazepbrH OOTHHO XYUTAH MyNBCHHUT TYATYYyp OOJOH
TEXHOJIOTHIHH CyAalraaH]i opreH Xdparidxk OaiHa.
ATOM, MOJIEKYJIZ sIBaX Y33IAJ XyBHpal Hb acap
O0ormHO (heMTo OOJIOH aTTOCEKYHJBIH 3pPAMOATIMH
Oyroy Xyramaaua YprapKwur. Wima XuMuaidH
YPBAIBIH ©PHOJI XYBHUPJBIH TPOLECCHIH IIHHK
YaHAPBIT JIa3ePbIH OOTMHO IIyIbCI3P TaHAAH CyAIax
Hb aTOM MOJIEKYJbIH CyJanraaHbl IIHHD YHIJII
6omoon Oaitna [1,2]. Jla3epblH MyJIbCHIH YPTHIT
X3IX3H  aTTOCEKYHIBIH  XOMXDJ3HJI  XYPTAI
OOTMHOCTOXX dYajBaJl MOJEKYT TOIUUTYH, aTrom
JIOTOp sBargax MpOLECCHIH JOpPBOH X3MXK3ICT
OYPCIRIMUAT  raprad  aBaxX OOJIOMIXKTOW OOJIHO.
Xyraiaanaac XamaapcaH [Ipeaunrepuitn
TATIIUTTAIMAT TOOH apraap IIMIIIX 3aMaap jasep
QTOMBIH XapWILaH YWIWIIMHr 3yH  TOI'TJIBIC
WIPXUIIDX Hb OHOJBIH TYATYYyp apra oM.
XyrauaaHnaac XamMmaapcaH [Ipenunrepuiin
TATMIUTTAIMAT OpPYMH Yell XOMKWXK Oyl TypBaH
XIMIKIICT TOPHIH apra, 6ac 6aa3 (QyHKIPIP 3a1ax
apraap 0omox OaitHa. Baa3 QyHKUBIT COHTOXI00
Jlexxauapeis ojtor TurnyyHT [ 3] 9cBam BOJIKOBHIH
[4] dynkn Gonon Oycan [5,6] dyHKUBIr ammrian
XyralaaHaac XxamaapcaH xoépIyraap 3p3MOHUIH
muddepeHpan TATMUTIA rapral a4, yr pajadal
CUCTEM TOTHIHUTIAIUAH MIUUIANAT TOOIOOJIIBIH
apraap Tomopxoilpk Oaitna. TopeiH apraap
6omox 00 Tercrener surasap [7,8] Toon 6azuc [9],
tercresior 3iemenT [10], B-crumaitmeir [11]
alllirIaH TOOIIOOT XUHCAH OaiiHa. DHAXYY KM
(heMTOCEKYHIIBIH JIa3ephIH IYNbCIZP, YCTOPOTUYUIH
aTOMBIIT  MOHWIOX  TIPOLIECCHIT  XyralaaHaac
XaMmaapcaH Hpeaunrepuitn TATLIMTIAI33D
WHRPXUIWDK, yr Tormmtrams Kymowsr Jluckper
XyBbCarduiiH apraap WUHAC3H. TOOHO00J0IBIH YP
OyHr Xydtmd#  opHBl  oiponmoonon, Kymon

* Electronic address: aldaraa2004@yahoo.com
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BoJsikoBbIH  0iponI00 apryynaap ONpOJIOOIIK
007ICOH Yp IYHTIH XapbIlyyiaB.

Xyutdit  mazepblH OpoHnI Oaiiraa aTOMBIH
31EeKTPOHBI XyBbJ IllpeauHrepuilH TATMUTIIUNAT

omusoa [12]:

; QW)
at

OHOJI

[H, + VE D]|P @ 0) (1)

W (7, t)-aTOMBIH 3JIEKTPOHBI JOJNTHOH (GyHKI, H-
aTOMBIH TaMUIbTaHUOH, V(7,t) -7masep aToMbIH
XapwiuaH yiurmi.  Jlazep-aTOMBIH — XapWILaH

YITWIBIMAT JUOOJUNAH OWPOILOOTION YPTBIH
TOXUPYYJITaap COHTOH aBOai:
V(#t) = -7 E(t)

2)

E(t) -maszepblH Uaxwiraad opoH. JlasepwiH

[Haxwiraal OPHBIT CHHYC KBaApar XYpIdTIUrasp
conroH aB6an [13].

E(t) = Eosin(a)~t+¢0)sin(£tj 3)

T
E, -masepsin wuaxwiraan opHel janmaiin, 7 -
MyJIBCUIH YPIDKIDX XYTanaa, @ - JaBTaMiK.

A. IMCKPET XYBbCATYBIH APTA (JIXA)

lpeauarepuitn  TATIIUTIAAAC  XyrauaaHel ¢
ATIMIUHAAC t + At TMIMHA AOJITHOH QPYHKIBIT 01001
[14]:
W(#,t + At) = e {(AotPE0)A @7 1)

(4)
DOHPXYY  WTepauuiiH  anxamyyAaap  JOJTHOH
(YHKIIBIH XyTanaaHbl Xamaapani TOJA0PXOUIOTI0HO.
TyxallH anxXMbIT TYHIPTrX3 At XyranaaHsl anxam
Oara yem xyramaar xyBaax CTpaHTHHAH aprbIT
XIPAMMX OOJOMKTOM 1OM. XyTalaar XyBaax aprbIT
alllMTJIaH XyraljaaHaac xamaapcan 0a xamaapaaryi
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OIepaTopyyIbIl cairan 6eM0esor KOOpAUHATHIH
CHCTEM/T IOJITHOH (DYHKIBIT Tomopxoitmoon [3]:

Y(r,0,p,t+ At) =
~ At —~
exp (—iV(r, 0,p,t+ At) 7) x exp(iH,At)

x exp (~i0(r,6,0,0)5) W(r,6,,0)
®)

Jonrnon QyHKUbIr OeMOeser KOOpAWHATHIH
CHCTEMJl KOOPAMHATYYABIT IUCKPETUYWIdH cdep
rapMOHUK QYHKIBIH Oaa3aap 3a/u1aH OM4YBAII

W(71,6), pp, t) =
S Xt Rim (s )Y m (01, 6;)  (6)

Yim (@ 6;) chep rapmonn, R(r;, t) pamman
byski.  Dwaxyy ¢yHkmd (1) TOrmwmrrang
opiayyiaban OemOesier KOOPIAMHATBIH CHCTEM
OHIITMIH 0a pajJa TITIHTIITYYA O0JIOH 3aJapHa.
OHITHIH TOTIHTIIMIH XyBbA L 2 omepaTophiH
XyBHIH QyHKUYYD Hb Y (@, 9) chep rapmonuk
0a xyBuiiH yrryya Hb [(l + 1) 6oxno [15]. Pagnan
TOTIIUTIT Hb XyralnaaHaac xamaapax 0a 3eBXeH
pamuan QyHKOWHAT TomopXoimHo. Pamwan ¢ynkn
Oyroy TONTHOH (QYHKIBIH chep QYHKIPIP 3a1a1can
3a/1apraaHbl KO3 QUITUECHTHIT OHIITUIH
MHTETpaaap TOOLOOJIOH raprax 0a SH HHTETPaIbIl
KBaJpaTyp allurian OMYBIII:

le(rirt) =
kaax Jmaxlp(rl, ],gok,t)Y,m(gok,G )Wk w; )

Wi, wj oarop Hb Cumnconsr  0a  Tayce-
JlexaHIphlH  KUHTYYA jmax 6 eHIruiH
3aHI'HJIaaHbl TOO, KMaX @ OHIHitH 3aHTUIIaaHbl TOO
6omr0. KynoHs! (yHKI] COHTOH A3Tryypyylaap Hb
pamuan 3aHTWIAaHbl IPTYYIUUT — aBy  pajaual
(GYHKUBIT KapAuHAT (QYHKIYYAIP HIIPXUIICOH
HHTEPIIOJISLBIH (G yHKUBIT rapras aBbsl.
Wntepnionsaupid  QyHKUBIT  pagWan TATIIATIAIN
opiyynaH  TooumoonHo.  Kynousl  QyHKUbIr
Rym(ri,t) —
F'(r)
@ j TOB3 aTOMBIH NaMHJIbTAHUOHTAN CTAaIllHOHAP
TATIIATIANIAC Hb Japaax IIyraMmaH TA3TUTTJINIT
raprax OOJIHO.

1
5 Dij +Vi(1)8:j1Pk,j = excPr,i
i=1...N ®)

F(r) tyyamit ymavxnansir F'(r) 1oox

N
j=1l=

OHI: ¢y ; XyBuitH GyHKUBIH (K-p CHeKTpuiiH j-p)
yTra, &, XyBuiiH yrtra (K-p CHOEKTpUAH >HEpPTH)
D; j XoopmuHATBIH ~ 2-p 3P3MOMIAH  yIaMIKJIAIIbIr
TOJOPXOMJIOX MATPHIL

9)

E onekTpoHbl KHHETHK »JHeprd, Z1 KyJOHBI

¢ynkup wHor, V(1) KOOpMHAaTaaC XamaapcaH
(1+1)  Z

2 .
27']- 7‘]

IIOTEHITNAIL. Vl(rj) = , | - opOUTHIH KBAaHT

T00. (8) Hb HIyramMaH TATIIUTIIIUAH CHCTEM YYCIIX
yunp |-H yrtra Oypa xapram3ax TITIIMTIIIHAH
CHUCTEMHUUT 000K, paauall 3aHTUIaaHbBl TOOTOM
TOHI[YY TOOHBI XYBHHH yTra ©0a XyBUHH
BEKTOPYYBIT OJIHO. DHIXYY XYBHHH BEKTOPYYA Hb
TICEBIOCTIEKTPY YD Xaprai3ax OypaH 06aa3z 00HO.
XyralaaHaac xamaapcaH JIOJTHMOH  (DYHKIIBIH
pamuan  (QYHKIBIT KOOPIMHATHIH  TOJIOeIIeec
MCeBJIOCTICKTpHan 0aa3 1P3p 3aiax  Oymy
SHEPTUIH TOJIOOJIOI]T uKyyman - Hy
OIepaTopoop YHIUIIX3I 3ajapraaHbl THIIYYH
OYpHiiH XyBBJl Xapraji3ax XyBHHH yTra yp>KUTI9H
rapax 0Oa Oymaax KOOPIMHATBIH TOJOOJe]I
MIWDKAX YHIARJ Hb TOT'TMOJ YTTaTail XyBBCIIBIH
Marpuiaap yimauicoHTait amqun 6omHo. Uitz (5)
TormuTramiie - Hy  omepaTophlH  YHTWMAIHIAT
TOOI00JIOXT00 JIOJITHOH (hyHKIIC (6)
WIDPXUIIP  paguan  (QYHKUBIH — YTTYYABIT
togopxoition (10) mmpxuitnamsp ryfmTrx  6a
S;j() Xxysuitn yTryymaap TOIOPXOMIOTIOX
XYBBCAIIBIH MAaTPHIL OOITHO.

exp(—iHlOAt) Rl_m(rj, t)]i =
Z?’=1Sij(l)Rl,m(r}') t)' (10)

XyBbCaJblH MaTPHILL Hb:

Sij(D) = Lk Pr,j (Dbri (Dexp(—iee (1) At) (11)
Xki XyBuiiH QyHKubH (K-p CIIeKTpHiiH J-p) yTra, &
XyBuiiH ytra (K-p COeKTpHUiiH SHEPTH).

B. XYUT3H1 OPHbI OMPOJIII00.JI0JI (XO0)

[emuitH yycdX MHaxwiraaH OpPOH Hb  JIa3epblH

z
Haxuiiraad OpPHOOC OJIOH jAaxwH Oara yen |;| <
|77 -E (t)| Kynonsl notenuuansir (1) Tarmmrrang
TOOIOXTYH OpXmK 60iHO [16]. DHY TArMIKTIAI HE
Ja3epblH XYYTIH OpOH Aaxb 4eneeT 0eeMHiiH
IpeauArepuitH TATHATIAI 06TO61 TATIIUTTIIHAH

BAR050501050% 00 BonkoBeiH  oNTHOH  (PYHKIIP
WIBPXUNAIDK 00JTHO. BOJIKOBBIH JOJTHOH (DYHKII:

(1Y sl (12
‘Pf(r,t)_(g) exp{ [k+A(t)J r—|-S(k,t)} (12)
K - »nexrpons ummymse, S(K,t) -thas

S(K,t) = %idt’[ﬁ + A(t')]2 = .

?2+_:|;dt’(lz A(v)+ YY)
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k2
E =—- SHCKTpOHH KHNHCTUK 3Hepr1/1,
2

a(K,7) - MOHUJIONBIH aMILTUTYL
a(k,z) = —(27z)-~°”2jdt SOIC AN
0

(14)
(14) —r Oaiiraa MaTpHIBIH YJIEMEHTHIT 0OTOXBIH

Tynng @Oypbe XyBUPTANTHIT ammrias. OXHAN
TOIIOBUIH JOITUOH (PYHKIBIH Dyphbe nyp Hb:
¥, (p)= - 22 (15)

1 - .(r
@t ey

MarpunplH 31eMEHTHIr 3HAXYY Pypbe IypuiiH
yJaMKiIanaap WIdPXUHIDK O00JIHO.

d
2 3—‘1’
e g

(15)-aac p xyBbcaryaap ynaamxiiai aBoa:

|.|'e'p“ ¥.ddr (16)

a(IZ,r)=;TWi(§)= _4("*A(t))22‘/§3_ 17)
P n((IZ+A(t)) +1)
WIBPXUIIAI rapHa. DHJ
dp —Zk‘a(k r)‘
dEdQ (18)

B. KYJOH-BOJIKOBBIH  OWPOJILIOOJIO]
(KBO)

IleMuiiH yycrax LAXWIraaH OpPOH Hb JIa3epbIH
LaXUIraad OPOHTOH OMPOIII00 | | |r E (t)|Yez[

(1) mormmrranmitn mmwmiaunir - KymnoH-BoikoBeiH
JOJNTHOH (YHKIPIp WIPXUDK OoiHo. Kyson-
BosikoBbiH nonruoH GyHKIL [17].

W (F ) =0 (N, (K1) 9)

Y, (IZ, F,t) - BoJKOBBIH JOATHOHBI  (DYHKII,
@ () -KysoHbl YpKUTIPXYYH

@, (F) = NkF(——,l,—ikr—ilZ-Fj (20)

N, = (27[)_3/2 exp (%] r (1 + IEJ HOPMHJIONBIH

koddPuument. Kynon — BonkoBeiH oifporioonona
MOHWIOJIBIH aMITIUTY:

a® (t) =-iN, Nijdt exp{i(,sf —&)t+ ij'dt’lz . A(t’)}E(t) @

T v Tl A I,
Jd3r e7'F kAU E [—E,l,—lkr—lk . rj
1 . .
N; = 7 OxHuii TONIOBUHH  HOPMWIOJBIH
ko3 duimenT. MaTpuiplH 3JIEMEHT3 opxkK Oyi

KOOp/IMHATBIH HHTETPal Hb
(K, =[ drelAOra g F(—E,l,—ikr—iIZ-F] (22)
(22)-1 mapaax uHTErpanbIr ammuriasai: [18]

e (iay Lipr —ipF) F (iay;Lip,r —ip,F) =

2 . g.a‘ o V" By —as
ae %(y] [oﬁ—ﬂ] [|a1 ia,;1; a +ﬂ)J (23)

13px unTerpan b & =0 yen rapy upHo.

KO:jd3r-%

L iroir e s 2t a )® By —ad
Ky =|d% =" F (iay;Lip,r — == 0;ia,;1; 24
o I e (iay;Lip,r —ip,F) a[aJr/i’J [ ia,, Yo~ ﬁ)] (24)
S

1

1 .
DHp 0t=5(q2+/12)’ B=p0-14p,, &=

x| -

1 ia,
JI( : jz e o) (25)
o \a+p (a7 +27) | S(a7+47)+ pa-izp,

(25)-bIr (22)- Tait xapbiryyaoa:

— 0°K
I (K,t)=— (26)
o(k, ) === Joa
OomHO.  Daradp  ymampkiaaneir  aBd  (21)-T

opiyyinaxan KynoH-BonkoBbIH 0HpPOII00107I00D
aMIUTUTY:
HMOHYJIOJBIH

32z(2iR(i+R)2+2(l+iR) K)A(t)

+(-4+2-K) A1) - 2A(1)')

a®(k,t) = .
(i+K-A(t)) (2K +2K- At)+A(t)’

@n

1. YP IYH

Atombir [ = 1015 Br/cM? spuumtoi, 4uuknmoii,
0.3 am nmaBramkrail  2.026 ¢GeMTOCeKyHIBIH
JIa3ephIH MyJbCI3P HOHUWIOX mporecchlr KymoHs!
ONTHOH ~ (YHKIPIp 0aa3 XWHCOH  AHMCKpET
XyBbcaruaap WIPXUIIdX apraap XyramaaHaac
xamaapcad lIpenuHrepuiiH TASrMUTIANIANT TypBaH
X3MXKI3CT MaTtemaTuka nporpamaap TOOI00JI0X0.
Jlapaax yp rapiaa. Yp AyHI?3c¢ xapaxan Jluckper
XYBbCarduuiiH apra Hb Malll CailH yp AYH 6IrceH
Oytoy [13] axieiH yp HOYHTIH ToXuwpu OaifHa.
Xyuraii opasl 0a Kynon- BoikoBeIH 0HpoIo0s1on
Oara SHEpPrHWH MYXHUA 30pYyTd# rapcad. J[33px
TYpBaH apra HX SHEPTMHH MYXH] IeXeJT caiitaid
OaiiHa.
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6 T T T

1= 1015E 4 MKN
vl ,

0.3 a.H,2.026 ¢pcek

MaragnanbiH HATT (a.H)

0.8
9neKTPOHbI 3HeprH (a.H)

3ypaz 1. Honunonvin macaonanvli Hsa2m SJIEKMPOHbL DHEP2UIC
xamaapax xamaapan (wynyyn-XXO, macapxait wyeam-KBO,
yoe-[IXA).

MeHn  ma3epblH  MyJIbCBIH  YPTHIT 6 JaxuH
HAMITAYYICoH 12.05 deMToceKyHABIH MyIbCIdp
YCTOPOTrYMiH aTOMBIH YHJC3H TOJOBUWI MOHUIIOX
MaraJUiajblH HATTBIT XY4Tdi opHel Oa KymoH-
BonkoBbIH 0#ip0III00100p OOACOH Yp TYHTYYAHNAT
XapbllyyJlaxaJ UX DSHEPrUTAIH 3JIEKTPOH CyrapaH
rapax yea J33pX OWpOJI00IoNyya ToXupyu OaliHa.

of 1 \ \

BT
I =8.810%3 —, 20 MK,
os I cM B

|
0.855 a.H, 12,05 dcek
010

oy

020

MaragnanbiH HArT (a.H)

o2l
0
3NeKTPOoHbI 3Hepru(a.H)

3ypae 2. Howunonvin Ma2adnansli HAZM SAEKMPOHbI IHEPSUIC
xamaapax (XXO, KBO).

XXO 6a KBO apryynaap TOOIIOOJICOH HOHUIIOJIBIH
MarajjajgblH HATTBIT TOOLOOJCOH Yp AYHIYYZAMIT
Xappllyynaxaja OJIOH (OTOHBI  39p3r IMUHIIIX
Marajjan Hb XKHrA OyypanTrail OaiiHa.

IV. IYTHDJIT

JlazepblH IyJIBCI3P aTOMBIT HOHWIOX OOAJIOrox
Kynous! nonruon ¢yHKIpIp 6aa3 XUicIH AUCKpET
XyBbcardaap WDPXHUWIDX apraap XyramaaHaac
xamaapcad lllpequHrepuiiH TASrMUTIIMAT TypBaH
X3MXK3ICT  Toxwmosgong  Oommoo.  [luckper
XyBbCarimiiH apra Hb  Oycax  apryynarai
xapbeiyynaxan UlpenuHrepuitH TATIATTAI 0010X
Hapuitunan caiitaii apra Oosox Hb Xaparasaa.
Bumnunit Toommoo Alexei N. Grum-Grzhimailo [13]
HapblH MAaTpHUI-UTEpalblH apraap OOJCOH Yp
IYHTOH XapbIlyylaxaa TOXHpd OaifHa. XydTdit
opHbl 0a Kynon-BonkoBblH OHpoNII00 apryyn Hb

WX DHEPTUTIH MYXKHUJ TOOIIOOJION XUHX3]
TOXUPOMKTOM OaitHa.
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Cynaaraanbl peakTOPBIT IPMKUX YHAICHUI 131 OYTUI XMHCIH YPHAYHJICAH
YHDJIT33

I'.Ilbm63amaa’*, ba.Menx6at'?, H.Hopos'?

Yomuiin uzuruiin cyoaneaanst mes, Monzon yicviH ux cypeyyib
2 Xapo2n99HULE WUHIICTIX YXAAHbL UHIICCHEPUNITULH Cyp2yYib, MOH20M YICbIH UX Cypeyyib

OH) cyganraaHbl aKJIbH 30pmwiro Hb ONOH YIICEIH ATOMBIH DHEPTUitH ATEHTIATHiH apra
3yiin Tynryypian MOHIONBIH OMHIHH aHXHBI CyJalraaHbl PEeaKTOPBIH TOCIHUT JDMKHX
YHISCHUH HOMHUIH A34 OYTHMIH 3apUM acyyIala eepuilH YHII33r Xuik, OnoH YIiceH
ATOMBIH DHepruilH ATeHTIaruiH maapanaryyiarail XapblyyialT XUk Haalu] XUArInX
H1aapularaTaid axiyyzablH Tajaap 3apuM JyTHYITYYAUNT rapracaH.

. OPLINJI

Momnron VYicelH Tepeec LOMUIH »HEpru, uanpar
WIPBXUT AIIUIT MalTMaj amuriax Tanaap
OapuMTiax TepuitH Oomnoro OojoH ILlemwuiiH
sHepruiiH xyymuir 2009 onn YUX-aap coé€pxon
Oarancan.[1,2]. OHdxyy Tepeec OapumTiax
00/110T0, XOTONIOOPYYID I UPIDTYHH 6COH HIMITIIX
9pPUMM XYYUHT XaHTrax 3X YYCBIPYYIUHH HAT Hb
LIOMUHH 3pUnM XY4 6aliX OOJIHO I3k 3aacaH. DAr3p
Hb LIOMUNH SHEPTUMI allluIyiax »3pX 3YWH YHAIC
0ok OaliHa. LleMHitH SHEPTH aIIUTIaX 3XJBX K
Oaifraa yicaj TynrapJar TOMOOXOH aCyyIJIbIH HAT
O0on xyHuil HeelwiH acyyaan Oaiimar. Wxouxu
OPHBI TypIIlIaraac XxapaxaJi eMUMH 3pUnUM XYIHUN
XYHHH HOOIMHT O03XXKYY/dX TON apra 3aM Hb
CyJairaaHbl peakTop Oapex Oaliryymax iowm.
YyccaH Hex1en O0aiaang TyIryypiaH cyJairaaHbl
peakTopTaii 600X Iaapiara rapd UpcoH. Y YHIIC
rajgHa 3pyysl M3HI, X106 ax axyd rax MdaT Oycan
cadapT XIPIrIRIAT OYX Iarpar UIBXUT H30TOIIOO
HUMIIOPTOOP aBJar MaHai yJICBIH XYBb]| CyJalraaHbl
peaKTop 3Ar33p M30TOIyyAaa 66pTee YHIABIPIIX
OomomMk OypadX oM. DAr»3p XdIPITLI3HYYAIDD
TYIACyypJlaH MaHail yJC CyAajlraaHbl pPEakTOPTOU
00JI0X Teces AXIYYIIXIIP TONeBIeXk OaitHa. DH)
TOCIHUIH 30pWIT0 Hb M30TOMBIH JTOTOOJ X3P3TIR3T
XaHTaX, [OMUNH MIHHXIDX yXaaH 0a TEXHOIOTUHH
YHASCHUN 4aJaMXUNT HAIMAIAYYJI9X MOH YHACHUN
XYHUH HOOIMIH XOTKUIII IDMIKIIAT Y3YYJDX FOM.

Cynanraansl peakTOpPBIH TOCOI Hb XYyYJIb 3pX 3YHH
TOTTOJIIO0, XSHANTBHIH TOTTOJIIO0, XYHHHA HOeIl
YHIOCHUM Oomioro TOX MOIT ULOMUHH DA
OYTIYYZ23p YHADCHUM XOMXOIIHA  JIMKHUTIHX
écroif. CypanraaHel pEaKTOPbIH IPA OYTUMIAH
OJIOOTHIAH TeIIeB Oaiinan 6a xer kit OoH Y IICHH
AtompiH OHepruiin  Arenmiar (OYADA)-uiin
rapracaH 3aMblH 3yparflaliblH Aaryy 3 ye IIartaj
xyBaax 0a ye mar oypxa 19 acyyansir HapuiiBUIIaH
xmmyer[3,4].  Tecnuiir  AXIIYYIdX33C  OMHO
OJIOOTHIH HexmeJs Oaimiaa yHIK, OYADA-uitH

* Electronic address: tsembelmaa2005@gmail.com
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€pOHXUH IaapAIaryyaTai XapbLyysnK TIA33pUitH
XOOpPOH/IBIH 36pYYT TOITOOH L@AIINA JyTarAanTan
Oaliraa acyymiyyaaa ToJOpX0oi O0JIroor.

OHoxyy axisaap MOHroix aHxXHBl CyAairaaHsl
PEAaKTOPBIH TOCON 3XJIYYJIX3J 30pUyJaH J3]
OYTUMHH 3apuM acyyaJblH ©epHHH YHAII33T
OYADA-mifH rapracan apra 3yHH Jaryy
00JI0BCpyyJICaH Yp IYHT Y3YYIHI. YP OYHA 3aMbIH
3yparjaibiH 1-p ye maTr Jax OJOOTUHH epeHXUN
Hoxmesa Oaiigam Oa Iaamma aHxaapajijaa aBax
3apUM TYTHAUITYYAUNAT rapras.

1. APTA3YH

A. Cypaiaraanbl peakTOpPbIH
maT 0a 3aMbIH 3yparJaj

TOCJIUIAH Ye

Cynairaanbl  peakTOpPTOH  OOJICHOOp — LIOMHIH
AKX yXxaaH 0a TEeXHOJNOTHIH XOrKHI
TOMOOXOH axul Tapax O0oxHo. [DBU aHXHBI
CyJanraaHpl peakTop TAHWIIYYJIaXbIH Ty Oapbx
Oaiiryymnax, yin axuiaraa siByyJiax, alluriairaac
raprax YeWiHH armoyirydl axwiiaraa, xamraajaniT,
aroynryi Oaiinan 6a OCIBIH 03J3H Oalijan 33pruir
TyCracaH TEXHUKHHH OpreH canxdaphIr Oararrax
YHIDCHUIT OOJIOH OJIOH yJIcaj XYJI39X YYP3r, [3pasr
xamMpax A OyTnuidH acyymiaa Maml —caiH
muiaBpmex xoparmi. OYADA-aac 2012 ong “
Cynanraansl peakTOPBIH TOCIUIH 3aMbIH 3ypariai
0a Tycral acyymiayyn® ~ LOMHUHH  3HEPTHiH
myBpaneiH NP-T-5.1 xoBmu rapracad[3]. Tyc
XIBIDJIMAT Cy/alTaaHbl PEaKTOPBIH XOIKIMWH Ye
HIaThII XyralaaHsl MHTEpBanaap Y3YYJICOH 3aMbIH
3ypariaj XuiX3]] TapblH aBjiara OOJITOH alllvTJIaHa.
DHIXYY XIBJIAI Hb 131 OYTUHIH acyy UIbIH mWaT Oyp
DX XYIIrAK Oyl yp AOYHTHAH HapWUHABYMICAH
TONOPXOMIOATHIT  Oarraacas. I-p 3ypart
CylanraaHbl  pPEaKTOPHIH  3aMBIl  3yparJiajbIr
Xapyy/ok OaiiHa. XerkiuiH sBL Oa OuemsnTin
YHRJIT? XUWXK JapaaruidH Iar pyy HIIHDKUX
IIMAABIP Tapraxajg 30pHyJicaH I[ar OypuiiH
TYHIPTIJIMAT  Tycrail 3yparjaiaap TIMIRTISHA.
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Cynanraanbl peakTOpbIH TocnuidiH 3 mar Oa
THArIPT Xapran3ax acyymIyyabll 1-p XyCHIIT3A
OYPCII3H Xapyysuiaa.

Jon 6yTInGiH 3aMbIH Jon 6y saMbmH Jon 5mﬂ'ﬂ‘i 33MBIH Cynanraans:
Cypanraans! || Cynanraans: || 3yparnamm 1-p ye 3yparambiH 2-p ye sypariambiH 3-p ye peaxTopeIr
€3aKTOPBIT €3aKTOpPBIH J
l:m YSBI; p'rm: P CynamraaHs! peakTops Cynanraans: Cynarraans!
Concanos Y ITe CIVIIT LITIIESPISXI] PeaKTOpBIH TeHA3PT PEAKIOPEI
basrrox Gomrsx AKITTYY7Iaxag 63mrag
= lpye 2pye 3pye Yitn asarmaraa AByymax
YpemuouicaH Tecen ot n Tecen xsp3 [TTSITT -
g pemamIc; Tecmiit Gonoscpyynamt PRAAYY JIop 6y \
g 1 Tacpamryit
o 1 \ CalDRpPyYIax, TYILIHIT
# » CypanraaHs! peakTopbIH lmxmui ¥ SR
= 1 TGtESp rapcHs! napa 16T XIPITAY YIS YHIITS /
E g 1 CYOaNraaHe! peaxTop
B B CypanraaHs! peaKTOpBIH baprman sopiyncas
E‘I é_ TOCTIIT X3P3TKY YK Gamrran axam /
LGB rapaxaac eMHe
aBY XIIMLSX aCYYATYVA
=]
©
(3]
O
% E v v A 4
i § Textx smain Tengapuitn Aunnmnanrasg Aunnmnanraac
E & cTpatern I oo OpYyTIax L3 raprax mLeHs
. YH3II33
[ TEJISEIIOres
3ypae 1. Cyoaneaanvt peakmopuii 3aMbiH 3ypaziai.
XYCHOI'T 1. llemuiin m31 OYTIUIAH XOTKIHNHH aCyyUTyy I
3aMbIH 3aMbIH 3aMbIH
Jopa 6yTumiin acyyamyyn 3yparjajblH 3yparjajbiH 3ypariain
| ye Il ye 11 ye
YHIacHUHA Oaiip cyyph . .
LemuiiH atoynryil axxusuiaraa 8 s =
S £ % E
MeHexkeMeHT B £ s =
xR =
XepeHre opyynait 06a CaHXYY ; g_ - 3 E E
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Baiirane opuHbl Xamraanan 2=z o3 = g
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B. Oepuiin YHIIr3HUIA aprayiai

OepuiiH YH3IT?3 Hb I1OMUNHH 131 OYTIMIH
XOTKIMIH TapaaruifH ye mat pyy MIHIDKAXA]T 03JI9H
JCOXMWT TOTTOOX aHXHBI anxaMm Oomox 0Oa
[aanTmIoan YHI aXuiaraaraa Oaitara
caibkpyynaxaJ dyxaj yypar ryHmpTrans. OVADA-
aac“lllmH»  cynmanraanbl  peakTop  TOCIHWT
IOMKUXDJ] 30pUYJICAaH YHAICHUA UOMHUH O3]
OYTIHIH YHAIT?’[5] T9COH HAp OYX Uit IIMHD TapbIH
apiara raprax Oaiiraa. DH3XYy TapblH aBjiara Hb
YHA3CHHUM IOMUIH 13,1 OYTIMIH ©HOOTHIH HOXIIOJ
OalANbIr epeHXMH MIaapIaryyAarail XapblyyilaH
TAATIIPTIA Y HUUIPX 30pYYT TOTTOOXK MAANTIABIH
YT aKUJUIaraaHbl YUTTIAIMUT TOZOPXOMIHO.

Yuoness xuiix ()apaaﬂa/z

DHAXYY ©6PHIH YHAIITIITIdP HOMUNH 131 Oy THHHH
3apUM acyy JIbIT aBY XAJI3JIIPH 6HEOTHilH CTaTyChIH
3yparnan 0a YHASCHUH a3 OYTIHMHH XOrXITHHH
SIBIBIT XapyyJax 007HO. OepuilH YHINIrI3r X3333 4
XUk Oosox Oa 6w 9H yaaa 1-p ye 3Ximn yeuidH
YHIIT XUIX39P TOJIOBIOCOH.

1. 1-p maTHEl HOXUENYYIWHH Jaryy
CyJalraaHbl PEeaKTOPBIH I3 OYTUHIH
XOIKIIMHH CTaTYCHIT YHAIIIX,

2. Haarmwn aHxaapan XaHAyyJIax
maapyara oyxwuit ePOHXMI
maapajiaryyaraii ya HUHLIPX 36pyyr
TOJIOPXOMJIIOX,

3. Epenxuii maapjnaryyaradl  HHHIDRX

CcaHall 36BJIOMIXK raprax

Ynonessnuii a6y

Jon OyTiMiiH acyyman Oyp HATr 0a TYYHI3C 3311
HOXIONYYIIC Oypadx 0a »Ar’dp HeXUeNyyl Hb
TOXHPOX HOTIOX OapumTyynmaap OaTiarmaHa.
Hotnox Gapumtyyaan Xyyiib, 3apiur, ajadaH rapao,
TaiiNan, yyn3alThlH TOMAITIRI, Xapuiaa Xoi0o0o,
spua 0a WITI3JI, Xypan OpOJIIOX, 30BEJree,
OalryyirslH  0a @KJIbIH TOJOPXOMIION  33p3r
OartaHa. Yp AyH Hb O31 OYTUMIH acyyaan OypuiiH
HOXUOJI MANTYYPUHT XaHTraxX eepUilH YHIJIMIHUN
Yyp IayH Oa TainOaphll HATTIACOH XYCHATTIAP
WIBPXUNWIBIBHA. 2-p XYCHIIT3J YHAIIII XHHX
3aaBpPBIH HKHIIIT Xapyyiaa. Hotmox
0apuUMTYyaa YHIICI?H Yp OYHT Taprax, Iaaiiuj
apra X3MK33 aBax Xdp3rTid ACOXUUT TOTTOOHO.

XYCHOI'T 2.0epwuiin YHAIT?? XUiix 3arBap

YHOpcHUHA Gaiip cyypb |

I-Ye mart

CPTXK 6a YMTEF yycran Oaiiryynarnacan, 6me OypanadXYYHTIH, 3pX MIIRATIH, CaHXYYKHITTIH Oaiix

YHOIr3HUN YHIRCIAI

HoTtomaroo Ackuritant

YIIT aXnyTaraalbl TOJOPXOH ap XypaIdTait OaitHa.

CynanraaHbl peakKTOPUIH XOTOIIOOPUHT TYYyIITal X3p3rKYYJIDXUHH Ty
HIMAIBIP rapraxtai xoia000Tol OYX aCyyJIbIT HOTIOOP Hb YHAJIK JTYTHAX

TOOHBI KWJITAH, MIPIIKHUITHIIC OYpIcIH OaiiHa.

30XUX XOMKIDHUN CAaHXYYKHITTIM (Iraapaararaii 0oJI raaHsl
MOPIrMKUITIH] 30PUYIICAH HIMAIT CAHXYY KIITBIT OartaacaH), TOJ0OPXOi

YHpar3:

YMTB-Ynsn233, mapxemune, mociuiin 6az

CPTXK-Cyoaneaanvl peakmopvii MOCOL XIPI2AHCY YIIX KOMUCC

HOCT- Homuiin ¢pusuxuiin cyoaneaanvl mes
L[OK- L{emutin snepauiin komucc

YHonrasHuH — epeHxuii  sB  0a  TOOOPXOM
YUTTDAYYAR 30pUyliaH HeXmen OypuiH cTaryc
Japaax Oaiiaap WIBPXUIIATIAIHA. DAr33p Hb:

- Mam ux yiin axusuiaraa maapjjaratai

- bara 3»3pruitn yiin axxusuiaraa maapiaratai

- Yiin axwuiaraa maapjjararyi

I1l.  MOHIOJIbBIH ILOMUHUH 3]
BYTOUHMH O©OPUHH YHDJIIOHUM YP
JOYH

A. YHaacHmii 6aiip cyypb

Cynanraansl peakTopA ypT XyrauaaHbl YHIICHUR
0a 0JIOH YJICHIH YYpAT Xapuylpjiara ImaapjaraTai.

TuiiMd3c  yHASCHUMI Oailp CcyypuwiiH acyynan
CylanraaHbl PEAKTOPBIH TOCOT XIPATKYYIIXI
Mmam yyxan. CPTXK 6aYMTb-uiir3acruitHra3peia
JIPMKIDITINrIp  Oaliryymax  &€ctoir.  Omooroop
monrong CPTXK 6aYMTDB 6Gaiiryynargaaryit
OOJIOBY TyC @)KIIBIH XICTYYIUUT Oaiiryynmax caHai
JPBIIMTAK XOJIAJIIPX IIaTaHgaa sBXK Oaiiraa
0OJIOXBIT 3-p XYCHATTIAC Xaparaax OaifHa.
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XYCHOI'T 3. YunacHuii Gaiip cyypb

Hexueayya YH3ar3suuii ASKHMT AT Maammua anxaapiaa
cTaryc XaHayyJaax
1.1. CPTXK 6aYMTB yycran Mamr ux yin CPTXK 6a YMTBb-niir CP-nitn Tecen
Oaifryynaracan, Oue axuiuiaraa Gaiiryymnax canansir LHOCT-eec XIPOATKYYIIX 6a
OYpIIIIXYYHTIH, 3pX maap/uiaratail. | LIEK-g rapracasn. YHAJIT33, MAapKETHHT,

MBIRITIMU, CAaHXYYKUITTIN

TOCIHHH Garuir yycrax

Oaiix Oalryymax
1.2. Aroynryii axuiaraa, Bara 3apruitn LemuiiH 3HEPTHITH XYYIIb Xonbormox
aroyaryi Gaiinai, yiln axxuiuiaraa | 0amiarjcad. 3apuM OJIOH YJCHIH Oalryynaryyaan

xamraaiai 6a yi
JIIATIPYYIIIX MCIH
OUITONTYYABIT 3aCTUNH
ra3pblH IOMYY TYYHHH
areHTJaryyablH TYBIIUH/
XYII93H 36BIIOOPCOH Oaiix

maapJyiaraTai.

I3p33, KOHBEHII3/ HATJICIH.
Cynanraassl 6a 9puuM XYIHUH
39X M3T LIOMUMH
TOXOOPOMKYYATIH X0I000TOM
aloynTy# Oaifan cranaaprT,
IYPOM KypaMbIl TOCIHHH
XyTanaaH XerKyyJIdX XOparTi.

AIOYIATYH aXuiaraa,
aroynryi Oaiman,
Xamraanall 39pTruiiH
coén Oa
MEHEXEMEHTUNH
TOJIOBIIYYIIX OOTOTO
0a cTpaTeru TeJIeBJIOree

1.3. Onon yncen Lemuitn
Aroynryit baitmea
JIPrBsMUIT TaHBXK OWJITOH,
TYYH[ OPOJIIOX0]
TaBUTAAX MAapAIaryyn

Bara 33pruitn
YiI akusuiaraa
maap/yiaraTai.

CynanraaHsl peakTOPBIH al0yATYH
OalTBIH IYPMUHNT OaTIyymax
caHaJl I9BIIMTACIH.

ITaapanararait oi0H
VIICBIH T3P33
KOHBEHLyyZAa/ uar
TyXailJ Hb HATJIPX

1.4. CP-uitH Tecen
00JI0BCpyYIaxan
YPBIUMIICAH CTPATETH
TeJIeBJIOree L1aapiaraTai
0a maapmaraax yypar
JlaaraBpbIl OMIATOCOH Oaix

Mam ux yin
aXuiiaraa
maapJyiaraTai.

CP-wuita Tecen 6omoBcpyynax
YpBAYMIICAH CTpaTeTn
TOIIOBIIOTO6 OOIOBCPYyIaXal
HEK-uiiH AoMXKII9r Main qyxai.

OYAEA-nitn
30BOJITOOHUN Jaryy
CyIanraaHbl PeaKTOPBIH
YPBAYUIICAH CTPATETU
TOJIOBJIOTOO 0a
YHIRCIITUUT
00JIOBCpYyyIIax

1.5. 3acruiis ra3ap X0OpOHIBIH
nraapiararail rapa?
X3JIILAPYYA TOJOPXOH
0oncoH Oaiix.

Bara 3apruiin
YT axkusuiaraa
maap/ularaTaiu.

IHEK 6a POCATOM-uiin
XOOPOH/I CylaiTaaHbl PEaKTOPBIH
TOCIUITH Talaapx aHXHbI CAHAMIK
OMYNT XUWUTICOH.

Cynanraansl peaktop 0a
XYHHH HoeU T
X0J1000TOM T332 Oa
caHaM>)K OUYTHiT
TOJIOPXO0#i OONroK,
XIPIMKHUIATIH]L aHXaapax

B. Xyyab 3px 3yiiH TOI'TOJILI00

Xyyib apx 3YHH

Oaliryymnnaryynrai

TOTTOJIOOT
[1aapAiaryyAsIl 3aMbIH 3ypariajisiH 1-p ye maraj
3aCTHHH Ta3zap, areHriaryyn 6a xomoormox Oycan
TOXHUPOIIIOX
XOpIr™id. MOHTOI OMOOTHIH Oalijraap marpar
UI3BXUT YYCTYYPUHH XSHAITHIH XYYJIb 3pX 3YHH
TOTTOJNIIOO MIaapjularaTaié  TYBIIMHZA OYpACOH.

XIJIBIIIXK

Xa”Hrax

WitmMa neMuiiH TOHOT TOXOOPOMKTIN X0JI000TOMH

3apUM ©OPWIONTHHT XUIX 1IaapjiaraTau.
4-p XYCHATTH XYyJIb 3pX 3YHH TOTTOJIIOOT YHAJICOH
YHOJT33HUN TOBY Yp JYHT XapyyJuiaa. Yp JIyHI33C

Xapaxaa HWIB3A X3JPH OJIOH YJICBIH TI9pPI3j,

XYCHOI'T 4. Xyysb 3pX 3yHH TOITOILI00

KOHBEHIM, AYPAM JKypMYyyZA X INIPX I[IAaTaHAAa
aBk OaiiHa. Byx yin axxuinaraa ueMuiiH HEpPruiiH
XYyyJlIHap 30XULlyyJaraax €CTou.

TAAr33PUNT 3aCTUNH
razapTail 3eBILUJILIOXK,
TOJIOBIIOH JJaTaK MOpPAex

3aCTUITH Ta3paap X3JI3JIIRX
TYBIIMHJ SIBX Oaiiraa.
Cynanraanbl peakTOpPBIH
AIOYATYH OalUTBIH Ty PMUHAT
barnyynaxaap LIEK-n
XYCOJIT Tapraca.

Hexuenyyan YH3,1r39Huit AsKMriaanT Maamma anxaapJaa xaHayyJaax
CTATYC

2.1. CPTXKuitn Bara 33pruiin yitn | Mxsuxu maapanaratai Hapaax Onuur 6apuMTyyabIr

TOTTOOCOH OJIOH YJICHIH aXuaraa I3p33 KOHBEHIYyAal GaTiryynaxaz aHxaapiaa

9pX 3YHH OapuMmT OMuMr, | Iaapjaiararai. HOI'/ICOH 0a 3apuM Hb xangyynax: llemuiin aroyaryi

Oaiinan, amuriacad TYJIIIHAN
0O0JIOH HaIpar UI3BXUT XasTIIbIH
MEHEXEMEHTBIH ar0yNryi
Oaliman, eMHIH MaTepUATBIH
OMeT XaMraaJaiThH Tyxan
KOHBEHIIH, 0ara X3M>KI9HHN
LOMUITH MaTepHalIbIH
LIMH3WI3CIH IPOTOKOJI.
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2.2. 3acruiiH ra3pblH

LIOMUIH TyXall Xyyib
TOTTOOM>KHHT OaTiian
raprax TeJIeBlIeree.

Bara 33pruiin yitn
aXuuiaraa
aapjyiaraTai.

ILEK xon6ormox
Galryymiaryynrai XxaMTpaH
LOMUIH 3HEPrUiH XyyIuir
Oarmyyncan 6a OMUNH
0O0JIOH HAaIparuifH aryIryn
Oaliiaj, XxaMraajaajaThiH
6outoro Oa TypMEIAT
0oJ0BCpYYIDK Oaiiraa.

Haammpn 6o0BCpyynax
OGapuMT OMUTYYI/I9D IOMUNH
TOXOOPOMKHUIH Tanaapx
3aaTYYABIT TOAOPXOU OPYYIIK
orex.

2.3. Onooruiia Xyyib
TOITOOMIKHJT HOMDJIT
©OPWIONT OpyyJiax
3acruifH ra3pelH
TOJIOBIIOIOO.

Bara 33pruiin yitn
aXuiaraa
maap/iaraTai.

O/100THiH XYYJIb, IYPIM
KYPMYyJ MX3BWISH Lanpar
WJIPBXUT AIIUTT ManTMai 0a
nagpar UaA3BXUT U30TOIIO]
YHTJIICIH XaHAIaraTai
Oaiiraa Tys 3apuM HIMOAJT
©OpUWIeT IIaapaaaraTai.

TecnuitH aXXITUUT IXITYYIIIX33¢
©MHO 30XHMX HAIMIT
©OPWIONITUIT XUIX XIPIrTail.

2.4. Xyyib 3pX 3yHH
XYPI9HUH Tanaap
OpPOJILIOTY TaJlyyATan
30BIIOIIIOX.

Mam ux yin
aXuuiaraa
aapJyiaraTai.

Opomory Tanyyabr
SIPCIIPH MIMHPATYH Oaliraa
6a TOIHTIH XyyIb 3px
3YHH XYpIsHUIl Tanaap
anban €coop 3eBrIeNaeeryi
Oaiiraa.

OpoIory TanyyablH 3px
YYPTHUHT XyyIHHH XYPI3HT
TOJIOPXO0¥ OONTOX.

C. XHAJTBIH TOITOJIL00

XSHAJITBIH TOT TOJIHOOHBI YHZICOH X3CAI' Hb TyCraap,

IOM. 5-p XYCHAITT3J XSHAITBHIH TOTTOJIOOHBI YP

IYHT XapyyJuiaa.

epcesizioX 4aaBap OYxXuil XSHaITBIH OalryyJsuiara

XYCHDOI'T 5. XgHaNnThIH TOITOII00

Hexuenyyn YH31r33Huit ASKHMTIAJT Maammn aHxaapJaa
cTaTyc XaHayyJaax
3.1. CPTXK-pH | Bara 33pruiin Opnooroop TEXHUKUHH | XSHAITHIH Oaiiryysuiaraac rajHa
XSHAITBIH ~ TOTTOJILOOHBI | YIUI axuiiaraa 36BJI6X Oalryynra Oalxryd, | TEXHUKHHH Tamaac JIMXKHTY
X3pIripR? IaapAanara | maapjsaraTtai. MOH 36BIIeepesl OoiroX, | Oadryymiara Gaitryymax
6omo01 Xampax Xypasr XSHaJIT IIaaraiT, JAypaM | lnaapjararap. XSAHANTBIH
CyIJIaXK Xapraji3aH Tycrai Kypam XIPIrKYYIdX | OalryynrelHXaa XyddH —dajail
TOJIOBIIOTOO 0apuUMT OWYTYYAd[ LIOMHIH | OOIOMK 6011011100, yitn
00JI0BCPYyIax X3parTau. TOXOOPOMKUIH TyXal 3aalT | aKUJUIaraaHbl YUTIIAIL,

Gapar opoory#.

XapUYIUIarbIl TOJOPXO¥ 000k
XY9HH dYaJiaa HAMAITIYYIRX3
aHxaapax.

D. CynaaraaHnl peakTOpPbIH AIIUIJIAJT OyayyBd Oarimiaap rapracad 00JTOBY
HApUIBUWIICAH  XOPAIJPIHMH  Jkarcaant  Oa
6-p XYCHOITAL CyZairaaHbl PEaKTOpBIH N N N
. OPOJILIOTYABIT SICHIH Oaiiimaap TOrTOOryH 00J0X
AlIUTIIANTBIH YHAJIMIAT Xapyyiiaa. MaHail yJacelH o
Hb Xaparjax OaiiHa.
XyBbJl CyJajlraaHbl PEaKkTOpPbIH  allUIJanTaa
XYCHOI'T 6. Cynanraansl peakTOPBIH aIlIUTIIaNT
Hexmeayya YH3ar3suuii AsKATIIANT Maammuma anxaapiaa
cTaTyc XaHJayyjaax
4.1. Opoutiory Tanyyabir Bara 39pruiH | Oposory Tanyy/apH [Haamm oposmory Tamyyasir
TOI'TOOX, 30BIIMJIIOX. yin axunnaraa | TOWMIIOH rapracat SIACIAH MIUHUARXK, THIAPHTIN
Wwaapgnaratan. | 6010BY HapHBYIACAH anbaH €coop 36BIIMIIOX.

’KarcaajiT rapaaryi.

XIPITIIIHUHN 1ap Xypasr
cyniacaH Gaiix.

4.2. Cynanraanbl peakTOPbIH

Bara 33pruiin
YW axusuiaraa
maapjajaraTai.

OnooruiiH maap/yiaraaaa
YHIICIOH OOJIOMKHUT
X3PATIAT YpbAYHICaH
Oaiymaap TOJOPXOMIICOH.

CynanraaHbl peakTOPbIH
XIPITIPATII XaHTaX OOTOMIKHT
yajanaa yHJIr3d Xumx.
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4.3. CymanraaHsl peakTOPBIH
alUTIAITaH/T OPOJIOTrY
TaNyyIblH OaifHTbIH
OPOJILIOOT TOJOPXOMIIOX.

Mam ux yin
a)kKHMJuIaraa

mlaapjajaraTai.

DHA Tayiaap 0J00T00p
36BJIONIeeTYH OaifHa.

4.3. CynanraaHbl peakKTOPBIH
AIIUTIIAITAH OPOJILIOTY
TanyyablH OalfHT'BIH OPOJIIIOOT
TOJOPXOMIIOX.

4.4. bycuitH HyTTHIH 00JIOH
OJIOH YJICBIH XaMTbIH
aXUJuIaraar a4 y39x

Mam ux yin
akusularaa

maapajaraTai.

Opoorwuiin Gaiiiaap
Oycaz ync opHyyaTai
AIUTIIAJITBIH acyyiaap
XUICOH TOJAOPXOM I3pad
XJIIIIP OaliXryH.

[Maammn cymanraansl peakTOPbIH
aIINTIIaNThIH Tanaap Oyc
HYTTHIH 06a OJIOH YJICHIH
TYBIIMHUI OOJOMKHT
OpOJILIOTYJBIT CY/IaX.

4.5, YpbauuiicaH TOCIHIH

Mam ux yin

Ypbauuicas yH3JI33

CPTXK-wmiir napyixan

yHanr3Hu# Tainadr (PPAR) | axmuiaraa 0oJoBCpyyIDK Oaiiraa u Oaliryynax maapiaraTtai.
CPTXK-n Tanuniyynax. maapjajaraTan CPTXKxapaaxan

Oalryynarmaaryi Oaiiraa.
4.6. Cymanraansl peaktop 6a | Mamr ux yin Jaramnmax OPpOJIOTYABIH X3PATTAT TYCTax
TYYHHH faranigax aXuaraa TOXOOPOMKYYIUIT X9PATTH 62 XIPAruar
TOXOOPOMKYYIMIH YHIICII | Iaapajararai. X3PATI3H] YHIICISH 3LACIICHUM 1apaa TOAr33pUuiH

Hb CPTXK-o00p xyma3H
30BILOOPOIIOX

CyuIax OaifHa. TEXHUKUUH Y3YYIIATHIT

TOHOPXOH OOJITOX XIPIrTail.

30pUYJICaH ypbIUUICaH
CTpaTery TOJIOBIOTOOH
(PSP) tycraiinan 3aax

4.7. TOTTBOPTOH alTUTIAITHIH
Tajaap CyJalraaHbl peakTopT

Mam ux yin
aXMJularaa

maapjajiaratai

Omooroop TOAOPXOii aBY
Y3C3H 3YIII OalXTyid.
Ypbauuicad cTpaTteru
TOJIOBIIOT 06 HBTOHOT
TexeepeMK 0a Garax
X3PATCaJ1, MAPIAUICIH
00JIOBCOH XYUHH, 33PTUHAT
OarraacaH OaiiHa.

TexeepeMKUIH TOrTBOPTOH
aXWJUIaraaHbl Tauaap
YPBAYMIICAH CTPATEeTn
TOIIOBIIOTOOH]] 3aaBaJl aBY Y33X
XIPIrTil.

E. XyHuii Hoen

7-p XYCHITTA XYHUI HOOIINIHH XOTKIMHH YP TYHT
xapyyiutaa. MYUNC-uiiH cyprantelH XeTen0epuiiH
Jaryy eMUHH HHXIHEPWININHH OakIaBp MarucTp
JOKTOPBIH TYBIIHUHA M3PTKUIATIHYY IUHAT KUl Oyp
OanTraxk Oaitna. Men OXY, Slmon, CojoHTOC 33paT
OpHYyZAaJ TOJOPXOH TOOHBI M3PIIKUIHYYAUNT

OanTrak OaiiHa. Yp IyHr?3C Xapaxaj MIPIrIIICOH
00JIOBCOH XYYHHH YaaBXUHUT CaibKpyynax yICHIH
X3MKIOHUM 1OTI[ OOJUIOT0 Iaapjyiarataii  Hb
xaparnax OaifHa.

Opmoo  yin  axwuiaraa  sByy/DK — Oailiraa
Oaifryymuraryyn Tyc OYpIaP? ©epcauitH  XyHHUH
HOOIUITH 00JTOTOTON X3TUi Y XOOPOHIBIH HAT/ICOH
0omoro OYyXuii XaMTBIH aXXuJuiaraa cyi OaiHa.

XYCHOI'T 7. XyHuii HOOI] XOTKHI

Hexmeayya

YHaar»unii
craTyc

AKMIIanT Haamma anxaapiaa XaHayyjaax

5.1. YHa3cHHI XOMKIDH
maapjarjaax XyHui
HOOIUIAT XOIKYYIIX
TOJIOBJIOrOOTIH OaiiX.

bara 39pruiin
Y
aKuiaraa
maapJyiaraTaiu.

Opooruiin Oaimaap
YIICBIH XOM>K39HUN
HOAT/ICOH 00Ju10T0 OalXTYi
LIOMUIH YUTIIIRID Yilll
@XWaraa sByysijaar
Oairyyiaryyn Tyc
Tycllaa @epCAUNH XYHUI
Heell J33p TyAryypJax
axmax OalHa.

HOCT nemMuitH HHXUHEPUIIUIH
MOPIKUITHYYAI? MAPIAOIYYJIdX Tad
JP3PX aHXaapy LOrL CyprajThlH
XOTeJIOOPHUHT X3P3rKYYIIdX, MOH
L@AIN] X3P3rI33 HIMAII3HD
T3ATUIT aHXaapax.

5.2. CP-b1H TOCOIT
JIOMOXKJIIAT Y3YYIIXA]1
maapaarjaax YHIICHUN
XAOMXKIIHUHN MAIUIAT, Yp
yaasapsir YMTh-aac
torroox, CPTXK- 33p
XYJI99H 36BILIOOPYYIICIH
Oanx.

Mam ux yin
axujularaa
maapjsjaraTan.

Opoo yitn axxniaraa
SABYYJDK Oaliraa
OalryyJuraryyasiHxaa
XYHUH HOOLO XUICOH
HAI/ICOH YHAJIIDD XUilX.

Ye mat Oypa mraapmargax XyHui
HOOIUITH YHIII?3r raprax,
OpoJIory Oalryysuiaryyarairaa
XaMTpPaH YJICBIH X3MKI3HJ HATICOH
00/1710r00p XYHHUIl HOOIIIOe aHXaap4,
Oopiyynard Tantai xamMTpacaH
CYprajt XeTej0ep 30XHOH
Oalryymnax.
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IV. AYTHIJIT

Cypanraanbl peakTOPBIH TOCON  X3PATKYYJIIX
YHISCHUI Oaifp cyypuiir Owmii OOITOX 30pHITOOP
CPTXK 6aYMTb-uiir yycran Oaiiryymnax aHXHBI
caHanbr Monros YiacelH Ux CypryynuiiH xapbsa
H®dCT-eec IDK-1 rapracas.

MoHnron VYicelH LIEeMHHH 3HEPIUiH TyXail XyyJb
0OJIOH YpAM XKYPMYY.l TOJYIIOH Ialpar UAIBXUT
amurT MaiaTMan 0a mampar HWAPBXUT H30TOIBIH
30XMIyyJaNTaHa 3opuyjiarican Oaita. Uiimg
MaHail  yIC [eMHUIH  TeXeepeMX  Oapbx
OaiiryyiaxbIH Ty LUOMUNH XyYJIb 3pX3YHH OPYHOO
CADKPYYIDK, TOXHPOX HAIMDIIT ©0PUIONTYYIHHT
XUUX 1Iaapangaratau.

Manait  yiachlH [OMHUHH 0O0JIOH  IHalparduiiH
XSHaNTBhIH Torroiuoo 2015 oHO eepunernex,
YHICOH XSHAITHIH OalTyyJjulara Hb MIPIIXKIHIH
XSHANTBIH €POHXUH Ta3pblH Xaphsia MOMUIH 0a
HAIParkifH M3PTIKIIMIH XSTHAITBIH X3JIT3C O0JICOH.
LHemuitH 6a manpardiiH MIPTIHKIANAH XSHAITHIH
XIIT3C  Hb  LAlpar  HIPBXUT  YYCTYYPHIH
36BIIOOPOIT, XSHAJT, TYPIM XKypaM OOJOBCpyyIIax
XOPACKYYIdX 33p3r VI aXuiuiaraar TYHIPTIK
Oaitra. OmOOTOOp MaHal yiIcaa TEXHUKHUIH 30BJIOX
Oaliryynnara Oaiixryd, MeH 3©BILEOpeOT OJToX,
XSHANT WIANTAIAT XUUX, TyP3M KypaM X3pArKyYIdX
0apuMT OMUTYYIIP/1 IIOMHUITH TOXOOPOMKUIH TyXal
3aaNT Oopooryi Oaiiraa 0a Iaamvm 3apuM HIMDJIT
0OpWIONT XUUXIP? HSHY Tajl [dd3p aHxaapax
XIPArTOH.

VYppauuiican cypajiraaHaac xapaxaj MaHal yncan
CyJalraaHbl peakTOpPbIT CypraiT CyAairaa, 3pyys
MAHJ, XOlIee aX axyd IdX MIT candapyynaan
X3PATIX TOOLI00 raprax OpOJIIIOTY
OaliryyaryyApIl TOTTOOX X XHHUT/K Oaliraa
0a SLPCIRH WMUHIATARAITYH OaliHa. 3apuM TOIOpXOH
00JICOH opoimordy Oairyymnaryyn TAAr39pHidH
X3PATIIH] YHIIICIIPH Jaranjgax
TOXOOPOMXKYVIUNH Cymaiaraa XUWra»k OaifHa.
Yppauuncan cTpareru TOJIOBIIOTOOT
0OJIOBCpyyJlax1aa TOHOT TeXxeepemk 0a oOarax
X3PATCAN, MIPIIIICOH OOJOBCOH XYYHH, TOCIHIH
XOPATKUITUIH SIBI] 39pTUAT Oarraacad TOIrTBOPTOH
QKUIJIaraaHbl  acyyJAJbIl  3aaBajl  aB4  Y33X
X3PATTIH.

TAJTAPXAJI

OmIxyy axwn Hb COJOHTOC IOMHUHH amyiaryd
Oaiiuiets - wHCTHTYT (KINS) 6a  ConoHrockx
HIMHKIIPX  yXaaH, TEXHOJOTMHAH  JBIIMITI]
uHetutyT (KAIST)-mitH xaMTapcaH MarucTpuiiH
XOTOJNIOOPHUITH XYPIdHI XUHTAC3H O00JHO. DHIXYY
@KJIBIT TYHIPTIOX3A OyX Tanaap Tyclak ASMXKHUH
cyAanraaHsl axJielr yaupiacan CoOJIOHroc HOMUITH
aroynryd  OalllulblH  MHCTUTYTBIH  PEaKTOPBIH

JHMLEH3UIH canbapblH CcylalraaHbl PeakTop Oapux
TecnuitH MeHexep Aokrop Cyamwxdit Kum-n ryn
Tanapxajil WIBPXUNIIbeE.
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BopooH 1axb MUKPOI0OJITHOHBI YHTPAJIBIH HIHHK TOPX

M. Batnypas?, K. Hamxkap?*

YDuzuruiin mouxum, Ilunoicnsx Yxaano:r Cypeyyns, Monzon Yacwin Hx Cypeyyns, Yraanbaamap,
Moneon ¥Vac
2DnexmpoHuK, X01600HbL UHIICCHEPYUNITULIH MIHXUM, XIPI2IdHUL WUHIHCIIX yXaaH, Mnicenepundnuiin
cypeyyab, Moneon Yacvin ux Cypeyyas, Yaaanbaamap, Moueon Yic

CancapblH OOJIOH Ta3pblH XOJOOOHBI CHCTEMJ AaIIUIIaXK Oaiiraa MHKPOXOITHOHBIT
YHTpaaar ceper XY4HH 3YHICHIH HAT Hb 60poo oM. bopoo Hb MuKpogonrnons! XyBsa 0.1-
93¢ 7 XYpPTPIX MM IHaMeTpT3H, OpoH 3aiiq TapxaH OaiipiacaH yCHBI IYCIyyI FOM.
MHUKpPOIOITHOHBI MYXXH TOITHOHBI YPT Hb OOPOOHBI AYCIIBIH XOMIKIITIH JKULIUXYHI 60K
upmer 6ereen 30 MM 0ONOH TYYH?3¢ Oara JONTHOHBI YPTTal MUKPOZOITHOHBI YHTPAJIT

MOIPIIDXYHL  UX,

eepeep X303  XOIOOOHEI

CHUCTEMUIH aAXWiaraalHsy Myyraap

Heneesexyil 6onnor. bux mukponoiruons ypreiH 3-30 MM (naBramkuita 10-100 I'Ti)
MYKHJI MHKPOJOJITHOHBI YHTPAJBIl YYCr»K Oaiiraa GOpOOHBI OYCIBIH CapHHI OOJIOH
IIMHTIITHAT TyCITBIH X3MK33 OOJIOH JOJTHOHBI ypTaac X3pX3H Xamaapy Oaifraar Muruiin

OHOJIBIH XYP39H]I TOOII00 XHUIDK CyaJaB.

. OPLINJI

MUKpPOJOJITHOH caaJbll TOWPOH TapXax 4aBap Myy
yuydp TYYHMHT amuriagar paguo  XOJOOOHBI
CTaHUYyIOsll  myyn ©Oume ©Oues  xapaxaap
Oaiipmryynmar Oereel dH® TOXHOJONA Paauo
X0J000HBI TaCPaNTIYi HaliBapTail axxuiaraa mac,
00poo, MaHaH, MEHAEP, OTI'eH YY/ILIMIT, HIOPOOH
LIyypra rax M3T Lar araapblH Y33IJI93C MX33X3H
xamaapjaar. bopooHBI Iyclyyna IIWHTIH, AYCIbIH
X3MX33 Hb MHUKpPOJOJTHOHBI YPTTail >KUIINXYHII
Tyl Oycaj mar araapblH Y33TADTAH Xapbllyyilaxasl
MUKpOJOJITHOHBIT WYY YyHTpaagar [1]. Wiimg
MHUKPOJOITHOHBI PaZH0 XOJOOOHBI CHCTEMHIH
HallBapTail TacpalTrydl axuwiiaraar XaHraxblH
TYJA MHUKPOJOITUOH OOPOOHBI YYCT3X YHTPAJIBIT
(maarmm GOPOOHBI YHTPAJ TIH?) 3aWIIITYH TOOIOX
maapjuiarataii ~ 6omgor. UxoHXM  cyamaayun
MHUKPOAOJITHOHBI OOpOOHBI YHTPAJIBIH OHOJIBIH
TOOI00 XUIXA23 capHUI OOJOH HIMHTAIAIT XOEPHIH
HUMI03P33p WIBPXUAISTAAST  YHTPAIBIT IIYYyX
0oncon Oaiimar [1]. MitMn Ouj MHKpPOJOJTHOHBI
YHTpaJbIH IIWHX TOPXUUr yjIaM ToApyyJax
YYZH3C TYYHHI OYPAYYAdrd X3¢ar 6010X G0POOHBI
IOYCJIBIH CapHIJI OOJIOH IIMHI33JIMUT Tyc Tycai Hb
MuruitH 0HOI00p 060105 OOPOOHBI TYCIIBIH XIMKII
0O0JIOH MHKPOIOJITHOHBI YpPTaac X3pPXdH Xamaapy
Oaiiraar cy/Jias.

1. MUKPOJAOJI'MOHBI TAPXAJITAH/L
BOPOOHBI AYCAJI HOJIOOJI0X Hb

Bopoo Hb paano MONTHOHBI XYBbJ araapT TapxXaH
Oaiipmacat 0.1-335¢ 7 MM XYPTIIIX TUAMETPTIH YCHBI
yHax Oaliraa ayciyya oM. YHax Oaifraa Tyn
araapbelH 3CIPTYYLUIMHH YJIMaac IYCHIbIH X3MX33
UXCOX TycaM X3JI03p Hb 0OemMOepLereec TaximK
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X2BT33 3y#BaH Oonmor. YYHI3C TagHa Iycayyn
Jycall XOOpPOHJBIH MOpPrejeeH OOJIOH CaIXHHBI
HeJIeereep X3J103J139X XeJeNreeH ] OpIOoT TYJ HAT
WOKA 333JIXYYHT?H OOpOOHBI NyCIyyA eep eep
X2J03pTIH 60mm0T [3]. MUKPOIONTHOHE OOPOOHBI
YHTpalJ Mall OJIOH TOOHBI OOPOOHBI AYCIYYI
OopoaIIor Tyn OOpOOHBI HII' AYCIBIH YYCI3X
YHTPAJIBII TOOLIOOJOXA00 HAT WHXKHUI 333JIXYYHTIH
JTyCITBIH TyHIAaX XAJI0IPUHUT aBY Y33Xd/ XaHTaITTal
Oeree 5H? X3J103p Hb OeMOepLerT oiipxoH Oalimar
[4]. BopoOHBI HUHAT YHTpa OOPOOHKI Tycall Oy pHitH
yHTpaj 6a OOPOOHBI AYCIBIH XAIMKIIHUM TYTITIIC
xamaapaar. bunm 5H3 a@xIBIH XYpIdHI 360BX6H
OOPOOHBI AYCIBIH YHTPAIBIT aBd Y37133. BopooHs!
JIyCIBIH YYCT9X MHUKPOIOJITHOHBI YHTPAJIBIH IIMHK
TOPXUIT cyanaxjgaa OOPOOHBI AycIbsr Oembeprier
X2703pTOH T Y39H MHTHIH OHOJBIT AllurjiaB.
BopooHsl Iyciyya MHMKpPOIOJITHOHBIT TapXalThIH
YUTIAI33C Hb ©6p 3YIT CapHUYJaXblH 33pPATLRd
06pTee IIMHIIK YHTPal YYCraadr. JlonrumoHsl
CapHUJIBIH OHOJIJ] HAT AYCIIBIH YHTPAJIBIT YHTPAJIbIH
OTTJION TOA3T X3MXKMITIDXYYHIIP HIIPXUAIIAT
0ereeJl ’H? Hb HOT IYCIbIH YHTpaacaH 4YaJIbil
TYYHA TyccaH MOOITHOHBI 3PUYUM]l XapblyyJCaH
XapbliaaTaidl TOHLYY OaliHa. Har mycnbiH yHTpassiH
OTTJIOJNBIT JAYCIBIH TE€OMETP XOHIJIOH OTTIONBIH
TaI0aii]] XyBaacHBIT AyCJIbIH YHTpaax 4afBap 0T,
Sr yyHT?# agumaap AyCbIH CapHUYIIax 0a IIIHTIIX
YaaBapell  TOAOPXOMIAOr 0eree;  3Ar33pHiH
HUAIO9p yHTpaax daaBapTail THHIYY Oaitna. [1,2]

111. BOPOOHBI 1YCJIbIH CAPHNJI

BopooHbl ycan MHUKPOAOITHOHBIT 3yT OYpT
TapaaH capHUylIax 0a 3H3 Hb O CapHUIIBIH
OHIIEreec XIPXdH XaMaapd Oairaar capHUIIbIH
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nuarpammaap  wopxuiiger. CapHWIBIH
JMarpaMMBIT CapHHJIBIH XaBTra (CapHHIIBIH
OHIOTUIAT aryyJicaH) 00J10H TYYHA
MEPICHANKYIISIP XaBTra mdd3p Oalryysmar
0ereeji SHA Hb CAPHWIBIH JaJaiIbIH (YHKII
K HAPIrIaT Sz(6) 6a S1(6)—witH kBaapartaap
XapraizaH WIBPXUIIATIPHA. DAradp CapHUIIBIH
¢byHKI] 1apaax X3n03pTaii OaitHa [2]

5,(0)= $ (@n+]) {an Pns(icnfzsé()ﬁ)) by dPn(ggS(ﬁ))} (@8]

n= n(n+1)
% (2n+1) a dP,(cos(#)) Pn(cos(@))
n sin(6)

nn(n+1) +bn

9HA 6 capHuibiH eHuer. Pn— Jlexxanapuiin
©PreTrecoH OJIOH THIIYYHT 0a an, bn—Murmiin
koedpumment Oereen yynuiir Matlab opumsz
nporpaMyiaxaj 1eXeMTdi, MaTpuIl Oaiiaap

Fﬂ ame“(q) —m(q)} ot 2)

Ay Ay ¢a(@) -4, a+m§n a"‘a

3K Omumx OosHO. DHA wn Oa (n— Xaprajizan
Pukkaru-beccenuitn  6a Pukkaru-HelimaHb
(GyHKII, M- YCHBI XyrapiblH WITrAr4, g=nD/A —
OOpOOHBI AYCIBIH XOMXKI2HHUI mapametp, D—

OOpOOHBI  AYCHBIH  JOuamerp Oa -
MHKPOJOITHUOHBI  YPpT,  En=wn'(mq)/wn(MQ)
60JIHO.

MUKpPOJOITHOHBI MYXXHI YCHBI XYyrapiiblH

WITIOTYUAT WIDPXUAIAST X3 XOJPH 3arBap
Oailimar Oereen Owjx Peliruitn  3arBapeir
amurias [5].
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Bun 60poOHBI TyCIBIH CApHUIIBIH JUATr PAMMBIT

3-30 mm (100-10 I'T'y maBTaM>KHITH) TOJITHOHBI
YPTHIH Myxua Oomox 3ypar 1-1 xapyynas.

CapHwiblH ~ XaBTraf  JI99pX  CapHHWIBIH
JUarpaMMbIT yJlaaH OHIeep, TYYHZ
MEPHeUKyIap XaBTraid J39pX CapHUIBIH

JMarpaMMBbIT X6X OHI'eep Xapyysas.
CapHUJIBIH XaBTrail X3BT33 HANMBIH TOOTOU
TOCTAU TYYHJ NEPIECHINUKYIAP XaBTTalJ Ayryu
X2JIOAPTIN CapHUIIBIH JUarpamMm Hb Peneitn
OyI0y JUTIOJIUIH CapHUI OOJOXBIT XapyyJiar.
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3ypae 1. BopooHvl OyCvlH capHunbli ouazpamm.

3ypar 1-33¢ xapaxajm IyCIbIH X3MK?33 JOJITHOHBI
ypTaac onoH gaxuH Oara (D< 1 MM) My>Xuz 119B3p
nunonuitH Oyroy Peneitn capuun 0ok Oaiiraa Hb
xapargax OaitHa. Jlonruonsr ypTeiH 15< A <30 MM
MYXHJ AYCJIBIH X3MX33 TOMPOX TyCaM CapHWJIBIH
JMarpaMM 3XJI33A THAP3T YU  (TapXalThIH
3CPAT HYMIVIAIA) Japaa Hb LIYyX YWUITRIAN WIYY
MyJIxuik  OaiitHa. [DApar Yurmamg  MyJIXuicIH
X3COIT  JUINIEKTPUK  PE30HAHCHHMH  LIMHI33IT
axuriaraax Oaiiraa Hb Iy CJIBIH IIWHIIAX YaJBapbIH
TOOLIOOHOOC XaparjcaH 00nHO. XapuH JOJITHOHBI
YPT YYH93¢ Laam Oara 6omox 10> A>3 MM MyKun
JyCABIH XOMX33 TOMpPOX TycaM TyccaH JOJITHOH
LIYYA YUIIIII33 CapHUX Hb HXC)K yamaap Xo&p
XaBTrail J33pX IOJTHOHBI CApHWI aAWMiIXaH OOJDK
OaiiHa. Y YHUUT MUTHITH y33T 131 T33K HIPIIAT.

Capuunbin  eHueruitn 0° (myym) Oomon 180°
(r3PAT) YUTIISI A9X JAYCIIbIH CAPHUYJIAX YaBaPbIT
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TOMBEOTOOp 0010k 3ypar 2 6a 3-11 XxapyyJiaB.

) Qfscat

D[mm]
3ypaz 2. Bopoowvl 0ycan MuKpoOOIUOHbIe WyyO Hu2idio
capHuynax 4aoeap.

Almm]

OHIPIC Xapaxasl 00pOOHBI AYCIBIH MIYY I YHTIII
capHHyJax 4aJBap JOJTHOHBI ypT Oara Oaix Tycam
IyCABIH  X3MXKIOHIIC Xamaap4 XypAaH ecd
TOTTBOPKCOH yTrajiaa 6ara 33par x3J03J139H 10Xk
OatiHa.
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Qbscat

D[mm]
3ypae 3. Bopoouvt 0ycan MukpooOoscuoHble 230p3e Huendno
capruynax waosap.

Almm]

XapuH OOpOOHBI Aycall MUKPOJOITHOHBIT TIP3T
YUTTAJI CapHUYINaX YajaBap JOJTHOHBI ypT Oara
0alix Tycam AyCIIBIH XOMMKI9HIIC Xamaapd Marll
XypAaH ©cee]l 3pradi XypAaH Oyypd XdI0dI33kK
OaiiHa. Oepeep X31103J1 OOPOOHBI TIIAPAT CAPHHUI
OOPOOHBI JTyCIBIT XAMIKIAT COHTOXK ‘Xapnar’ OaiHa.
Witma  pamapblH  M3A33JU13C OOPOOHBI  JAYCIIBIH
X3MJKIAT YHIIPXIP? YYHHHUr 3allmryd TOOIOX
aapjJjiaratam.

1V. BOPOOHBI 1YCJIbIH IIUHII3JIT

BopooHBl myCABIH MHKPOJOJATHOHBIT  IIMHIIZX
YaJBaphIl’ yHTPaax 4yaiBapaac CapHUyJIax 4yaJBapbir
xacaxk oJbk 601Ho.[2] JlycnblH yHTpaax 4agBapbir

2 )

nym = 72 (2n +1) Re(a‘n + bn) (5)
q n=1

lemz = Qy/-tm - Qcap/-t

BOpOOHI)I AYCJIbIH MHUKPOJOJITHUOHBII IHNHUHID3X

ganBaper 3-30 MM (100-10 I'T maBTamkuiiH)
JIOJITMOHBI YPTBIH MYXKHUJA JYCIBIH X3MXKIIHIIC
xamaapyyinan 6o10x 3ypar 4-1 xapyyJas.

~Qabsor

Almm] "~ bmm

3ypae 4. bopoonwi dycan MuKpoOoa2UOHbI2 WUHEIIX YA08ap.

Oun gonruonbl ypThiH (15-30) MM Oyroy ycHBI
XYTapJIbIH WITTATYUIH OOJIUT X3CAT UX 0aliX MYy»KHU]T
JOVRJIEKTPUK PE30OHAHCHIH MIMHTIAIIT WIpY OaiHa.
OHd Mykua O0OPOOHEI Aycall JOTOPXH T0TOOI OYpIH
OMJITHIH KOA(PUIUEHT UX 00K yaMaap g-Re{m}=r
Oytoy D=NmRe{m} HOXIIMIAT XaHTaX AUAMETPTIN
IOYCIIBIH JOTOP MUKPOZIOJITHOHBI 30TCOHTY IOJITHOH
YYCOX  HexXmen  OypidkK  Jaycalj  JIOJTHOH

LIMHTIATAZHA. XOP3B XYrapiblH WITIAIY  IPBIP
00T 00T 30TCOHTH JIOJITHOH OTT YHTPaXTYH Mar
XYYT3# PE30HAHCBIH IIHUHIA3AT YYCr3AdT. XapHuH
YCHBI XyBBJ] TYYHHH JaMiKyyJutaac (XyrapIiblH
WITTATYUIH XyypMar Xd3criaac) OODK 30TCOHTH
JIONTHOH ~ YHTapcaHaap pPE30HAHCBIH IMUHTIAIT
Xyuymdsii  Omm  wmpu  OaitHa.  EpeHxwuiimd?
MHUKPOJOJTHOHBI ypT ©Oaracax TycaMm MOyCIIbIH
XOMJ)KIOHIIC XaMaapaH XyplIaH ©cCd XaMTHHH HX
yTrajaa Xyp3dsa OyypaH Oara 33par Xdi0d13331
TOT'TBOPXKMK OaifHa.

V. BOPOOHBI JYCJIBIH YHTPAJI

BopooHBI  yCNBIH MHKPOJOITHOHBIT  YHTpaax
YyaaBap IWIyyJ CapHUYJax Oa MIMHIISX 4YaIBapblH
HUUIOIPTI# TOHITYY Oaitmar 6ereen TyyHHIAT 3ypar
5-1 xapyynas.

Qext

© D[mm]
3ypae 5. Bopoonsi 0ycan MukpoOoa2uonsie YHmpaax yaoeap.

Bopoonsl yuTpan Oara Oaliraa myxupa Peneitn
capaun (g<<l), xapuH yHTpal HX O0aliX MYXUJ]
IMoiirenc-Kupxrodeia nudpaxumitn capuui (4>>1)
aXuriargax OaiiHa. YHTpan ecd Oairaa 3aBCpBIH
MyXuJ1 Muruiin capaun OaiiHa. J{oJTHOHBI YPTHIH
3-30 mMm Oyroy maBramskuiin 10-100 I'T'n rapaas
OOpOOHBI AYCIBIH XOMKI3HH mapamerp ( Hb 0.02-
7.33 X00poH[ 0aiiX ydup paguoI0iaTrHoH 00OpOOHBI
aycrmaac capHux Oomnoreir (4, 5) ToMBEOroop
0010X00C ©6p apraryii oM. DHd HUIIO3p XyrapJibiH
WITTATYTIH KOMIUIEKC Oailx TOXHMONIZONI yHaaH
HUIUIIPT yuup YYHHAT 00M0XI00 SOaX ( XYPTIIIX
APIMOUiTH TUITYYI39D HUIIO3D aBax
maapanararait [1,2]. bug 20 rumyyH3p HUAI03p
aBcaH 0OJITHO.

VI. JYTHDJIT

Bopoons! mycain MUKpOIONTHOHBI YHTPABIT YYCTIX
YHJICOH TypBaH MEXaHHM3M aXUIJarjax OanHa.
Yysna:

1. 0<0.25 OGaiixaq HUHAT YyHTpal 30BX6OH
HIMHIIRJITIIC YYCIX 0a NOJITHOHBI ypTaac
Oapar xamaapaxryii Oara OaiiHa. OHD
MyxuI Muruitd ko3¢hGuIreHT?a¢ a3 0yry
Haxuiraad  JUMNOJMHH  HauaprajiThiH
JNANAWIBIT  WDPXAAIRT  KOIPPHUIHEHT
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XaMTMAH MX yTrataii 0ok  yHTpaax
Yya/BaphIl JaHTaapaa WIRPXUAIAT OalHa.
OH3 Hb PesieiH capHUIUH MyX FOM.
0.25<0<0.5 Oaiixag capHWIMHH HOJIOO
UXCK  Oaliraa  0OJOBY  TUDIICKTPUK
PE30HAHCHIH IIUHIIAJIT JaBaMraiiiik OarHa.
Ond Myxun MurniiH ko3ddunmeHTssc by
Oyl0y COpPOH30H IMIIONHHH MalapraiThbH
MATAWIBIT  WDRPXAWIIRT K03 dUItueHt
XaMIMiH MX yTrataid OOJDK  yHTpaax
YaJBaphIl JlaHraapaa WDPXUAIAST. OHD
MYyXHJ  MeH  JUAJEKTPUK  PE3OHAHC
KWTJIar1aHa.

0>0.5 My»XWJ CapHUIIMIH YHTpaJI opyyJax
XYBb HAMIp HXCXK (=1 opuump capHHI
LIMHI3IT XOEp TOHLUK HMPI3J TYYHIIC
[aaIn capHWI JaBamraiinax 0ok OaifHa.
OH3? My>XHJ YHTpaJIbIH Or'TJIONI MHUTHIH
o931  OpoIMOMiH K03 HUIHMEHTYYIbIH
opyyllax XyBb HIMApP HXCIX YUYHpP 3HD
MUWUrHiiH cCapHHUIIBIH MY3K OO0JTHO.
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Iprau gedekT Oyxuii ycaHOOJOPBIH JIEKTPOH OYTIUIiH Cy/aJiraa

H.Tesxapran’*, K. JIasaacambyy!, JI.Baarapxyy?, H.Illor6ampax!
! Moneoa Yacwn Hx Cypeyyav, HTunowcasr yraans. cypayysutin
Ppusurutin monrum, Yaaanbaamap xom 210646, Mownzoa yac
2 Monzon Yacon Hz Cypeyyasutin Lomuiin dusuxuin cydanrzaans, mee, Monzor yac

HAu3 6ypuita yHIT 0OJIOH Xarac YHIT Uy/IyyHBI OHTUHAT @OPUM/IK XYCCIH OHI® XIJI03PT OpyyIax
acyymaJl YPraJK CyQUIaadus] TOAUUTYI XIPITUISraauilH COHUPXJIBIT TaTax Oalimar. Baiirammiin xarac
YHIT 4yIyy 060/10X yCaHOOIOPHIT TaMMa TTAIfparaap mapaxa/i Iampar 00/ MChIH XapUJITIaH YHTAI/IMITH
IYHI TYYVHZ OJIOH TOOHBI /1eeKT YYCCIHIIC MATEPHUATIBIH ONTHUK IHHK JYaHAD O0PUIOTI6K OHIOHIIT
XYBUPAJIZT OPAOT. DHY OHTOHUN €OPUIONTHAT ATOMBIH TOBIIWHI Taia0apsaX Hb MIUHKIIDX YXaaH
GOJIOH TEXHOIOTU, Tyxan a4 xonbormonToil. Wiimz 6um sm3 axsmaap ycambomop (SiOz)-T ramma
MAIPArwitH VHTU/II99P YYC33K 000X IRMH gedekTyya 600X HelTpaa XYUUITOPOrdmiiH HyX,
OpenkeuitH X0 AedeKT 3IPTUHAT YYCIIK TYYHUN 3JIEKTPOH OYTIIRI XIPXIH HOIOeJOXUUr ab-initio
kBanT Mexanukuiin apraap CRYSTAL14 nporpamm amwurnas cymias.

PACS numbers: 42.70.Ce, 61.80.-x, 61.72.J-, 31.15.A-

I. VYaguptran

Baiiragmitn ~ yusr  6GosoH  xarac = YHIT
YYJYYHYYIBII TOE YUMB3IJIN, axyiH 30puyaajaTaap
OPIreH X3PATJIIIAT. 3apuM OadrajumilH xXarac YHIT
qyayyHyyABpll Tamma () uauparaap miapaxaji
THArIP Hb OHTOHWH XyBupasm opaor[l]. v marpar
XaTyy OMersit XapuimaH YIHTGIaX91 TIH AP ATHiH
sHeprmac xamaapan Kowmmrombr capunia, ¢oro-
HAXUITaaH 3P@PEKT, IMEKTPOH MO3UTPOHBI XOC YYCIX
X MIT Y3ITMIVYI SBATIAX OOJOMIKTONW. DATIIP
V3ITMAVYAUAT  JarajiiaH  sBargak Oaiiraa OJIOH
MIPOIIECCYYABIH AVHI JKUNAH OHIe XyBUpU Oaiiraa
60mHO. DHA YyycIxk Oaliraa OHIOHHIN XyBUPJIBIH
YYCOI ITAITraaHbIl  Tailmbapiax Hb dYyxaja ad
xoJ100ormoToi. UitM @HrOHMIT XyBUPAJIIT OPIOT Xarac
yHIT Uynyy 6omox 6Gomop HBH 6afiranb I33p ycaH
6osiop, yraar 0osiop, CyyH OOJOD 'K HIPIITIIX
X3M09PYYIPIP 03T TOXUOMIIOT.  YCaHOOIOD
(SiO2) -bm yHAcIH OGyrar, B Si0O4  TITPeaap
oM [2]. Tarpeanp Hb JepBOH TI'YPBAKUH Tajaac
TOI'TOX OJIOH Tajnr 0ereejs T3Ar3%p Hb rypas
rypBaapaa Opodroopoo XoabOrIoHO. DHI JOPBOH
XYYIUATOPOIIUNH aTOM Hb HIT HITIIPID TITPEAIPHIH
opoitHyya 133p baiipiax 6ereenm HAT MAXUYPHIH aTOM
ToTPEaApbiH  ToBJ, Oaiipiana. SiOy TOTpeaspuiin
OyTiuiir 3ypar.1-m y3yyiss.

LlaxuypelH ATOMBIH 3JIEKTPOH OyT3I, Hb sSpt
opbuTan m93p Oafiprmax BajgeHTHIH 4 3IEKTPOHTOM
Gereen 3p opburan x010600CT OPCOH ATOMYYAAAC
JOPBOH 3JIEKTPOHBIT XYBAAJIMAXK aBaal Tagaa
OYpXYya Hb OYpIH [yypIax OOJOMIKTOH OOTHO.
X3p9B HIM MAXUYPBIH aTOMBIH 9PIIH  TOWPOH/I
JOPBOH XydmyITeperduiin arom Oafipsaxk OaitBas
XYYUATOPOrYuitH aroM Oyp ramaan Oypxyy/idiiH
HIT  9JEKTPOHOO  [AXUYPBIH  aTOMJZ  AJJIAal
XYIUATOPOrduiH Taaaaa Oypxyya OypsH Aayypd
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Bypar 1: IIs69p ycanboropun (Si02)-utin  eypean
Tamorcasem 6ymay. Bymay no dapaar napamempyydssp
modopzotinozdono. Yynd Si-O zoaboocww. ypm (d),
mampeadpun  onyez (Y), mompeadpyydun domood
zoaboochv, enyez (o), ToaboocHv MYPUTAMBH OHUOZ

(61, 02)[3].

TOTTBOPTOH  OYT3II  yyeax  OosoMxkToi. Y yHMit
yp  ayen  SittO5 2 CHNWKATBIH  KPHCTAJLI
OyTaIL  OYPIIOIAT. Xyauareperduiti  XyBbI
rajgaas  OypXYYJa  YIJACOH HAIT  9JIEKTPOH  Hb
eep TIAXUYPBIH aroMmyyaTail xonbormon Oycan

TITPEAAPYYIAbIT  YYCIIHI. Tarpeanpyyn  Hb
XOOPOHT00 XYYUITOPOrIuiit aToMyyaaap
XoOOTIOHO.  X3P3B  TITPEAJAPYYA  XOOPOHI00

xojbormooryit  Tyc Tycmaa oOpHiuH OadiBaj  3H3
TOPJUIH MaTEPUAJIbID HE30CUJIUKATE TIIIT. XIPIB
XOEp  TOTPEAap XOOPOHIOO IIyyHd, — XOJOOTICOH
OaiiBajl CcOpacHIMKATe MaTepuayj IIHI. XIPIB
6yx TaTpeanpyya Oymaan Oue Owmersiirss Ouryy
Iarupar YyCraH XoJI00rIcoH OaiBal MUKIOCUIAKATE
marepuas 6osmo. SiOo —uite x071600¢ 60 KOMILIEKC
mmEk daHapraii. Si-O xon6oocuiin suepru (4.535B)
Si-Si xon6oocuiin suepru (2.39B) —T3ii Xapbily yuaxa,l
mamt ux 6a uitmaac Si-O xonbooc #b 50:50 xyBUitH
uoHbl 68 KOBAJEHT XOCOJCOH IuHKT[4]. Mxsux
Toxunosmona Si0y TaTpeanp 6o marmt xaryy 6ar 6ex
6yTar Oaiimar.

VcaubonopeIr y-ranparaap mapaxaj TYYHUN eHre
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©OPUIOrIOH yTaaT 6010p 6OJII0T Hb HAapar 60 uChIH
XapUJIIaH  VIATUI9IuidH  IyHI KPUCTAJIJ  OJIOH
SAH3BIH yPBaJ TPOIECCYYH SBATICAHBI TYVHI YYCIX
addexkTyyardit xombooroit. Iaravp addexTyyauiin
HIT Hb MH nedext oM [5]. Iaron nedertyyn Hb
yycrak Oaiiraa mMaaTraaHaacad Xamaapaal OJIOH
au3 Oaix 6omomxkToit. I3ran medeKTyya Hb 3737
TOPJI, ATOMBIH TIAJKUIT YYCIX, ATOMYYIbIH X0a1600C
Tacpax OOJIOH TAIHBIH 0P XOJBIIBIH ATOMYYI OPK
WPCHIIC IIAJTrAaaJaH ATOMBIH OYTI3I  TaXKUJIT
yycramar  [6]. Larsu  nedexryyauiir  moarsspuiin
JIEKTPOHBI KOH(MUTYPAIIU, Hb YHIICIIH XOCJIOOTYH
9JIEKTPOHYYIaaC TOTTOXK OaifBail  napacopon3on
nedekT, Oycam TOXUOJIIYYABIT Hb  OUGCOPOH3OH
JedeKT rak aHruIIar.

II. VYcau 6o/iopbIH XyBUiiH AedeKTYYa

Ycanbonopr yyca:xk Oaifiraa gedexTyya Hb
TYyyHUE OyTII, MAXWIraan OOJOH ONTHK IIMHHIK
FaHAPYYIAJ, WIIPXUN ©ODUAOITYYAUNAT V3YYIIIT.
Yitnapapasauiin  mporiece, NANPAruiiH  YHITGIA,
MEXaHUK XY4JI9T, TeMmreparyp OOJOH HapasiThiH
©OPUJIONT, XOJBIL 39PII3C MIATITrAATAH MAIl OJIOH
AH3bIH fedeKT yycax OomomxkToi. ['9BY HEATIIT
TOXUOAAONA, mAedeKT Hb I[PIIH, IIIyraMaH OO0JIOH
xaprrait gedexr Gaitnar[7]. srsn pedexryyuuiir
xysufin (intrinsic) 6osjon ragubl (extrinsic) Ik
aHrmigar. XyBuiia 13198 1edeKT Hb 30BXOH OOPUNH
VHZCIH aTOMYYIBIH OPOJIIO0TONT00D YYCIIT 06peep
X3109)1 HYX yycdx (VHICIH aToM Cyrapd HYX YYCIX,
Schotky defect acsasn Fremkel xoc yycax) 6GosoH
eepuiin 3aBcap cyyx (0epuilH HIMIJIT aTOM 3aBCPbIH
Gaiipsiany cyyx) 39par 6oano. Tagubr 1pran gedekr
Hb TyXaifiH KPHUCTAJIJIBIH VHICIH aTOMYYIaac eep
aToOM TaJHAaC XOoJbI[ X3JI03P3dP CyyxXad YyCax
6omHO. IIPB3p yCAaHOOMOPBIH XyBbI XYIHITOPOIrd
OOJIOH MAXUYPBIH HYX YYCIX, TIATIIPHUIH ATOMYY/I
eepuiin 3aBcap cyyx Ooson Si-Si 6a O-O xombooc
Tacpax 33par gedeKT Yycdx OOoJOMIKTOH.  Si-
O xonboocuiin smepru ux (4.5¢V) ryn xumwuiia
erepuius GOJIOH 33BPATHI TICBIPTOHH Gaiinar(8].
Tyyawn xaryy (Mohs’ hardness 7), xaBpar 60106
Mai eHAep xaiiaax temuneparyprait ( 1710°C)
Gaiinar[9]. Dueprumiin xopuoroil 6GycuiiH eprex
9e¢V opuun Oaiinar TyJ ONTHK INIWHXK YaHAPBIH
XyBbJl, TYHTQJAr, [AXWITAAH JAMKYYIAIT MYy
Gaiinar[10]. Epenxwuiigee, Si-Si 6a 0-O xonboo Hb
IAXUITaaH caapmar 60J0BY X0JI000C Tacpax yend
9epaIr [PHAT Gapurd HYXHYYH YYCIX GOTHO. DArasp
XapbUAHTYUA Y6IOOT3 IPHATYYI Hb JUACOPOH30H
GOJIOH TTapacopoH30H AedeKTYYAuir yycramd. byx
TOITBOPTON TMapacopoH30H AedeKTYya Hb OINTHK
TTUHTIIIATHIH OYCI/T HOOOIOX yUIpaac TIATIIP Xarac
JYYPC3H SHEPrHTIH TOJOeBYY BaJEHTBIH OYCHIT
MUK YYIIX  OOJOH 3JIEKTPOHBIT  TaMKY YIATTHIH
OYCyT MKV YIIIX 3937 aIb b Hb OOJOMZKTOIA.

Lsran gedekryya

Xysuitn 13r9H  AedeKTyya Hb  YYCrakK
Galiraa IIajTraaHaacaa XaMaapaaJ OJIOH  SIH3
6aiix 6GomomvkToit. IIdrsm gedekTYyyIuiiH KHUIIII
[9BJI: HYX YYCIX (TODBIH 3aHIWJIAd LT ATOM
anra  00JI0X), 3aBCPbIH (TOPBIH 3aHTUIAA O
3aBcapT aroM Oaiipsax) 600 Basentbin (Si — O
xonbooc 9Bapax) aedekrTyyd Gonno. Ycanbonopr
YYCIX 13MIH aeeKTYyd Hb Japaax X3JI09Pyyardit

Gaita. YyHA: HeWTpas XYIUATOPOrYUiiH HYX
[11]: O = Si — Si = O, nepokcu TYypIH:
O = Si—-—0-0-58i = O, ryypsa 6um

xyumareperyur: O = Si—O®, rypBaH KOOpAUHATTAM
naxuypan: O = Si* (wxaswmr E' TeB a9k
HIPJIBIIL.), XOEPJIOCOH KOODAMHATTAA IAXUYDAH:
O = Si*. Qnr’p nedeKTYya Hb JEKTPOH
9CBIJT HYXUUT Oapux 3apyuM SHEPTUIH TOJIOBYYIWHT
YYCT3ATMHT TOMIAITIIIX XIPATTIH., DHI €-33D X0JI000C
Hb 9BJIIPCIH XOCTOOTYH TEKTPOHBIT AYPCIIB. Laran
gedexTuiin yHACOH OOJOH ©IO6TICOH IJIEKTPOHDI
TOJOBYYZ, Hb yCAHOOJODPBIH XaajrTTait Oycwuiin
sHeprusc Oara sHepruitn 3apcaprail Oaiina. Mitmaac
O = Si— O0® 6onon O = Si* gedexryyamiir
BaJIeHTHIH OOJIOH HAMMKYYJIAITHIH OYCHHAH XOOPOH/I
Gaiipax TeMeBYYATIH  x0nb00TON  yycadr Ty
9BIIPCIH  XONOOOCOH  TOJOB  I'NK  HIPJIIIIT.
[Maxuaraan  COPOH30H — JOJTHOHBI  YHITUIIIDP
YYyCaK Oaiiraa 3JeKTPOHBI TOJIOBHIH IMHIKAITTIHN
X0aA000TOH nedeKTY ATy XaiH MaTEePHUAJILIH
IMAHTIINTUNRH ~ OOJJOH — HANAPrajThiH  OycuiiH
9HEPrUfiH 3aBCAPBIl EOPUJIOrJeX 0ereej 95Hd Hb
TyXafiH MATepUAJbIH TYHIAJIAl YaHAP ©OPUIOrIOX
manrraan ooamor. dum SiOg-wiiH mapacopoH30H
nedbexTuiin war Gojox K’ —TeBuiir 37eKTpPOHBI
napacopouson pesonancbin  (JIIP)  cnekrpomerp
aIuraad TPT33 50 rapan KUJIWHH OMHO X3MIKCIH
Gaitnar[12]. STIP cmekTp?3p X3T HapuiiH GyTIwitH
cymanraafnaac E’ —TeB ramar Hb o Hb MAXUYPLIH
aroM Oaiipacan TITPAdAPUMH OPOHHYYI 93P
CYyCaH XYYUITOPOTYUIH aTOMYVABIH TypaB Hb Si
—T3#f  XOM000CTOH HAT Hb TAaCAPCAH XOCJOOTYiA

MEKTPOHOOC  OypAdT  OOMOXBIr  MIIIX  OWIId
[13]. E’ —reB medekruiitn eponxuii x3,103puilr
3ypar.2-T y3yyisB. O3 gedektuiir = Si® raxk

THIMIATIIMIT OOreen 3HI Hapajjienb IIyraMmyy.l
Hb [axXWyprail XousbOr[COH Xyduwiareperdniin 3
X0JI000CHIT MIIPXUHIK Haiiraa 601 13T Hb XOCJIO0TY i
JMEKTPOHBIT  wpxuities.  IIIP  cymamraamaac

.
.

L\
2.6
e S|O

3ypar 2: E’ —mes defexmudin 3az6ap .
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y33x91 manparuiin  yirawmag opcorn  SiOg  -miiH
xyBbJ F’ -TeBUMHH X1 X33H siaraarail x3a6spyy
yycmar[14]. Darssp E’ —rveByya Hb manparuiid
VHTWISAUAH — TOPHUM, JOyJAaaHBI  OOTOBCPYYJIAJIT,
TyxXaflH MaTepUasl 19X YCHBI aryyjaaMzK 33praac
xamMaapaas, eep eep OaifHa. YHICIHIZD JIOPBOH

Tepamitn  E’  -TeB OGaitimar TOrTOOCOH 0OOree
|
(0]
O ..
® © $oe

° ‘§L (0] ° ﬁ o

(0} (0]

Bypar 3: Isesp SiO2-m E’y mes yycor cxem. Cymmai

wyaamaap myyrul opbumaautiz y3yyaas.

3ypar.3 —n y3YVIACIH XYUUITOPOrd-XyIuITeperd
(peroxy =Si-0-0) x0s1600¢ XapblAHIyil TOITBOPTOI
TeNOB OOJIOXBIT OHOJBIH  CyJajraaraap yY3yy/ICaH
Gaitnar[17][18]. Dux *O — Si = raK TIMPIIIBTACIH
Hb TYYp3H OWII XYIUATOPOrduitH HYXIH TOB
(NBOHC) 6Gereen DIIP cynasiraanaac y39x3i 3HI
TOPAUHH JedeKT NAuparuiii yiTaIsasp MeOH
yycax GomomikToit. UiiMaac Oupm ramMma IaIparuitia
YHITOI9199p yCaHOOIOPT YYCIX 3apPUM XYBHUHH IITIH
JedeKTYYIuiir yyCrask TYYHUI 3JIEKTPOH OyTaIl,
XOPUOTOM OYCUITH OPreHJI XIPXIH HOJOOJTOXUNr ab-
initio kBanT wMexanwkwiin apraap CRYSTALI14
nporpam[19] amuraan cyyax 30pUITOTOI.

ITI. Toouoous! mporpamMm 60JIOH apra

CRYSTAL «xom HbL 3JIEKTPOHBI JIOJITHOHBI
GbYHKI, VHIACIH TEOJOBUUH IHEPIHW, IHEPIUUH
rpaguenT OOJIOH  INWHXK  YaHApPBIH  ab-initio
KBAaHT MEXaHUKWUIH  TOOMOOJUIBII  [YHIRTIIIAST
6ereen  Xaprpe-PoK  3CBII Koxu-ITamuiin
TaMeTbTOHUAHYYABIT  X3PITJIIAT. YT  TPOrpaMm
Hb KPUCTAJUIBIH OYyX CHMMETPUAH XyBbJ KBAHT
MEXaHUKHUHH TOOIMOOr XWIK XyBHHH yTra O0JIO0H
XyBUUWH (DYHKIIUHT OJICOHOOP mapaax (pU3WK ITHHIK

YaHAPYY/JbIl  OHOJOOD  TOOIOOJIOX  OOJOMIKHIHT
onromor. YYHI MaTepPHUaJbIH 3JEKTPOH OyTIII,
gedeKr, COpOH30H OOJIOH MJUIJEKTPUK  IIIHHK

qaHap, XIM0M33 Uit 1aBTaMK, (HOHOHBI TUCITEDC,
XapuMxai, Mhe301axuaraan 6070H (HOTONAXUITAAH
MWHYK YaHAP T3X MIT OJIOH IMWHYK YaHAPYYIbIT

myarpuiir By, E'g, By, E’g rox momasrasasr[15].
F’o x3m03puith  nedekT HBb TaMMa ANPATAAH
YATWI9193D ABArAaxX paJUoOUTHK TPOIECCUITH TyH/T
= 51— 0 — 57 = x0a600C 13X XYYUITOPOrduiii aToM
O/I0OT 106 TOAOPXOH SHEPruTIH OGOJCHOOD XUMUITH
x0a600¢ TacapcHbl ayHI yycaHs[16]. Sypar.3-r E’,
IedEKT YYCIX TPOIECCHIT Y3YYIIIB.

WYAYYHAAD TOCA002YT INEKMPOHDd. cnuk b6a macapral

TOOITOOJIOX OOMOMKTOM. WHrIXWIH TyAm TyXaiH
CyIJIaX CHCTEMHHH TreoMeTp OOJOH CHUMMEeTpuiin
OTermeIYYI MOH TYYHI OpK Oaiiraa aToOMYyIbiH
6a3uc OJIOHJIOIYYJl, TOOH TOOIOOHBLI HAPUNBUIAI
3IPIUHT aryyJacaH OPONTHIH (PARIBIT OIIIIK Orex
aap/jararai.

Xaryy Oweunitn bU3NKUHH Cynajraani HUXIBUIIH
XOEp ©00p TOPIUMHH ab-initio YeIdX TaMuJIbTOHUAHBI
paKILy yIabIr XOPIrasaar. Ju3 Hb Xaprpe-Dok 6o10H
Hsarrem dyukmnuita apryysd oM. Harrea dyskIunitn
apraj, JIEKTPOH 3JEKTPOHBL XapWIAaH YHIT4IIuiH
X3CATT KOPPEJSILIH GOMOH CONUIIONBIH SHEPTHIAT
OMPOJIIIOOIOX apraap TOOmo:K Oommor 6om Xaprpe-
@okuitH apraj 3JEeKTPOHBI COJIUJIIOJNBIH IHEPTUAT
TOOIAOT HOJOBY KOPPEISAIBIH XICTUHAT VI TOOIIOT.
Bun sus axknbir marrein ynkuuitn apra (DET)
AIlIUTJIAH TOOMOOJCOH OOJI aTOMBIH oOpbuTasaap
GTO (Gaussian type functions) aBcan 0a 3H> Hb
6omuT xaryy Omewitn cdep rapmoHukuiir laycchin
GbYHKIPIP  YPKRYYICIH GyHKD oM. TyyHWIH
ramusnbronuanaap B3LYP (Becke -wiin rypsan-
napaMerpT comuanonbiH GyHKI[20] 6os0H yraMan

6umm  Lee-Yang-Parr  koppensinpiH — dbyHki[21])
-UAT  X3P3TJII3CIH. ToormooHbl  HAPUHABWIAIBIT
CAMKPYY/MaXblH TYAL 2x2r2 XIMKIICT CyIep
TOP J33P TOOIOOT TYHUIITIIB.
IV. ToomooHs! yp AYH
Merat  Owit  MaTepuasyyln Hb  TYYHUHR
JEKTPOH OYTI¥IC XaMaapaH VY330I9X T[IPJIANH
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MYZKHJ WXIBWIdH TyHrajgar Oaiimar. TyyH<isH,
rIpauitH  OiiIT,  IMMHrI’AT, Xyrapaa  OoJoH
HIBTDIJATHUT aBY Y33X XIPITTIA. DJIEKTPOHBI 30HBI
OyT311 OOJIOH TONOBUHH HATT Hb MATEPHAIIBIH OMTUK
IIWHZK YaHAPbIl TOAOPXOMIOX YHJCIH OHJITOITYY],
oM[22].

Marepuanabi  3J€KTpOH  OyTUHATr  cymajcHaap
TYYyHHN ~ xaaarrait  OycuiiH = OpreH, IJIEKTPOH
OYTId aTOMYyIblH Y3YY/RK Oaiiraa HOIee 33pruiir
TOAOPXOiIoX GosoMzkTol. Marepuanbin T3IpaniiH
HAUPAruiiH  MIUHTIATI/]  JEKTPOHbI  TYHINIPAJT
0O0JIOH BaJEHTHIH OOJOH JaMIKYYJIAITHIH OyCHitH

ol RRRN
2
JlamKyynantelH
oyc

AE

DHepru
Xopuoroit
Oy

]

\

P00000000

BaneHTsIH
oyc

IuHr33¢c5H
dotoH

-
&

XOOPOHJ, 3JIEKTPOH IMHUJZKHAX TICIH VHJICIH XOED

MEXaHU3M HOJOOJAOT. YHICIHII MATEPUAJBIH
NMeKTpoH  OyTmdsc  xamaapHa.  Jlyypraracsu
BAJIEHTBIH OYC  JPX  JJEKTPOHYYI  TIOPJIUNH
GOTOHBI  ©mEEITeep  XOPHOTOH  Oycumir  maBxK

XOOCOH JAMIKYYIAITBIH OYCyL IMIHMIKAXIID TIP3
MIIAHTIII3T OOTee 1 IH MPOIECCHIH 3arBaphir 3ypar.4
-1 y3yymdB. YyHUR AyHI JaMIKYYIAITBIH OyCa
YOJIOOT IJIEKTPOH, BAJEHTBIH OYCII HYX YYCIAL.
Oneenruitn sHepru AFE Hb MMHT3CH  (DOTOHBI
napramzkrail AE = hv racsn xamaapaJraii.

o]
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Bypar 4: (a) Memaan Guw mamepuanrvi Gomons, WuHedsAmuln Mesarusm. Il 000020CoH IACKMPOH TOPUOTOT
bycutie dasaxad sasermu 6ycad wyx yycus. Ilunesacon gomonn snepeu AE wo wopuomot Oyculin snepeu Eg -39¢
ux Gatiz waapdaazamati. (b) Gdeeedcen meaoseoc Topuomotli byculiz 0a62C WUANHCCIN IAEKMPOH 29PAulin POMOH

UUAP2aHa.

DJIEKTPOHBIT oeeXK Oaliraa (GOTOHBI HEPTH Hb
xopuoroil Oycuitn sHepru F,; -39¢ nx 6aiix XaparToil.

hv > E,, (1)

OYI0y JOJITMOHBI ypTaap WIIIPXUI0aI,

hc
SN E,. (2)
Y39rm3x ropauiiH  XaMruiiH 0ara  JIOJATHOHBI  YPT
A(min) w6 0.4pum, rspmmtin xypn ¢ = 3 - 10%wm/c,
Ilnaskmits Torrmon h = 4.13 - 107 1%3B-c 6omoxbir
TOOIOH Y33TM9X [IPIANUT MHUHTIIK O0T0X XAMTUITH
ux xopuoro# 6yc Egy(max) -uir Too1ox G0I0MKTOM.

he

E,(mazx) = Nomin)

=3.1leV (3)

Gepeep x37163J1, METAILT OHUII MATEPUATBIH XOPHOTOM
oycuita smepru 3.1 3B -aac ux 00n y33049X TIPIT
MTAHTIIXTYH TICIH YT OOrees X3pIB HilM MaTepuas
OHIOP IPBIPIMATII OaiiBan eHrery#t TyHrazar
6aitra. MeH y33r19X MIPAniH XaMIHiH X JOJTHOHBI
ypr A(maz) #p 0.7uM GOJOXBIT TOOUOH Y33TI3X
TOPJIUUT MUHTIK 000X XamruitH 6ara XOpuoTOM
6yc Eg(min) -miir TooBOIIL,

he

Eg4(min) = Nmaz)

= 1.8eV. (4)
DHIIIC Y39X3I, XOPpHUOTOil Oycuitn suepru HH 1, 83B
-aac Oara 6afix xaracZaMrKyyaard MaTePHAJIYyIbIH
XyBbJlT BAJEHTBIH OYyCI3C JaMKYYJIAITBIH OyCy
MEKTPOH  IMUJIKUXAI OyX  y330A9X  TIPJAMT
MIUHTIIX OOTee ] IrI9P MATEPHATYYI Hb TYHTAJIAT
o6umm Oaiimar. Xopwmoroit Oycuitn Hepru HbH 1,83B
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-aac 3,19B -mitn xoopoH  Oaiix MaTepHaJyyIbIH
XYBbJ, V333X TIPJIUNH TONOPXOU CHEeKTpUiiH
MYXKUJ TIPJAMHAT IMUHTIIX Oereern sH3 Oypuilx
OHTOTIH Oafix HBOTOMKTOMN.

Bux sm3 axkmaap 1mBIp ycambosiop 600H raMma
Hanparuity N MEMENER]Y ycaub0I0pT YYCIX
00JIOMKTO HeUTpaJs XYUUITOPOTrYHitH HYX
(V3), Dpenrenuiin xoc gedeKT 39par  XyBHHH
mPrIH  3MPEeRTYYaAuHr YYCraK TYYHUHE SJIEKTPOH
OYT3II, OHIOHUI ©OPUIOITON, XIPXIH HOJOOJIOXUAT
CyJAJICaH.

®epMH TOBIIHUI OWPOJIOOX TOJOBUAH HATT Hb
MAaTEPUAJIBIH (DU3UK TMHHK YAHAPBIT Y3YYIIX TyXasl
X3CAT OM. JDHIPIC XOPHUOTON OycuitH 3sHEpTruir
TOMOPXOMTOX, TRMH IPPEKTYYINHH HOIOOTOep
JIEKTPOH OYTII XIPXIdH 6epUuUNeriex Oafiraar
xapyysaax OGomomk osromor. CRYSTAL  komwiu
XYBbJ, HUHT TOJNOBUHH HAIT piot(€) Hb ATOMBIH
pa(€) Gonon opburanuit p,,(€)-uiln HArTaap rapaax

OaiimaTail MIPXUMAIITIIIT.
pu = 2Vez) D D,
j v g

/ dkSy (B)ay; (k)ay; (k)e™ 5[ — ¢; (k)]
BZ

pa(e) = Z Pule)

nEA

prot(€) =Y pale) (5)
A

Cucremmiin Teniopuiin HsrT (DOS) Hb 3716KTPOH CyyX
60JIOMKTOM TOBIHH OYPUITH SHEPTUIH UHTEPBAJT 19X
TOJOBUUH TOOT WIISPXUNAIIIT.

Quartz

—— DOS projected to atoms: Si
= = DOS projected to atoms: O - =]
—— Total DOS

(a)

DOS
(arb. un.)

—— DOS projected to atoms: Si
== DOSprojected to atoms: O =
—— Total DOS

Frenkel defect

\
| = DOS projected to atoms: Si

| = = DOS projected to atoms: O _|
| = Total DOS

[

Bypar 5: Yeanboarop (SiO2 )-vin meaosuiin nazmuh 3ypaz. Ind: (a) Lseap ycanbosop, (b) Hetimpas ryuuimepezuuiin
nyzon dedexmmati ycanboaop, (c) Ppenxesutin zoc dedexmmati ycanborop, Eg zopuomot 6ycutin snepeu, Eq

aKyenmop meaesulin snepeu, Eq donop meaesutin snepau.

TOJIOBUIH
XOPHUOTOU

HATTHBIH
OyCcHiiH

3ypruir
OPTOHUNT

Cucremuiin
OaliryyacHaap

TOOITOOJIOX ~ OOJIOH  DJEKTPOH  OyTHmir  Xapax
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6omomvkTON.  Bum s mEBIp  ycambosop,
Openkenuiin  gedekT OOMOH — XYUIMITOPOrIUIH
HeHTpas HyX Oyxuil ycaHOOJIOPBIH TOIOBUITH HATTHIT
TOOIOOJICOH VP AYHT 3ypar.5 -T y3yyaaB. JHI9IC Oul
raMMa TaIpParuiii yHI9Ia99p yCeaHboI0pT yyCeIx
3apUM XyBHUUH IIM9H 1eEeKTUIH HOJIOOTOOD TYYHUIA
JIEGKTPOH OYT3II, XOpHUOTOil OYCHilH OpPreH X3pXIH
eepusernexuiir xapax GonomxkToi. 3ypar.5(a)-aac
IPBIP yCcaHOOJIOPBIH XOpuoTOo# Oycuittn epronumiir
8.735B 00n0XbIr Y3Yy/3B, 3H3 HE OyCaJ CyAaIraaHbl
Yp AYHT3# caiitn Toxmpu Oaiira. MitM3a3c 1m3BIp
KPUCTAII  ycaHDOJIOp Hb Tycraapjard —IIHHXK
JaHapTail, TyHrajar eHreTaii Gaiigar.

3ypar.5(b)-n meitrpan xyuunareperuniin Hyxsu(VE)
gedexr Oyxumit ycanGOIOPBIH TONOBUAH HITTHID
y3yyms. SiQ4 Terpasapein XyBba TeBja Hb Sit?
KaTHOH 6OJIOH OpoiHyy 199p HE O ™2 annon cyycan
Gaiimar. 9umesc war O -uilH aTOM CyrapaaJj, aHuOHbI
HefiTpan HyX yycsxsm karmon Sit? Gommo. Dmpa
MAXUYPBIH 3S TOJIOB JP3PX HIC IJIEKTPOH CyJgapd
YaIx 6ereen maMKyyaaIThIH OYCUITH OPYUM JTOHOD
TOJOB YYCr3H cyyHa. llaxuypbiH 38 TOJIOBT HIT
JIEKTPOHBI AyTarmajaTail Oo/K BaJEHTBHIH OyCHUITH
OpYMM aKIEITOP TOMOB YycdX OomHo. TyyHWIH
9HJ aKIeNnTop TejiepuitH 3Hepru F, = 1.363B,
IoHOp TeJjesuiin suepru Fy; = 1.633B Oailina. Dupy
TIPJAMIH VHIII3/I93D BaJEHTHIH OYCIIC AKIENTOP
TOJIOB PYY, JOHOD TOJOBOOC JIAMIKYYJIAITHIH TOJIOB
PYY 37€KTPOH MIMJIKUXK TIPJIUUT THHTI9HY. Men
313 3 dekTuiin HOOEreep yCaHOOJOPHIH XOPUOTOM
sHepruiin Oycuitn epren 3.23B 6ok Hapumiicax
GaitHa.

3ypar.5(c)-n  Ppenrenuiin  xoc gedexr Oyxwmit
yCaHOGOIOPBIH TOJIOBUNH HATTHID Y3YVJI3B.
OpenkennitH gedeKT Hb HEATPaT XYJIUITOPOrINiH
HYX OOJIOH Tanparuiia yHAI4Ia93p CyrapcaH
X0JT000CT OPOOTYH 3aBcCap CYyCaH XYUUITOPOTIHiH
aToMaac TOLTOHO. DHJ HeWTpal XYydUITOperduiin
HYX YYC3X OOJIOH 3JEKTPOH OYTIIT OpPOX ©OPUIONT
Hb 3ypar.5(b)-mait amua Gaiima. Xapws xom6ooCT
OpOOTYil 3aBcap CyyCaH XYYUJITOPOrYUilH ATOMBIH
XyBbZI 2p OpOUTAIb HIMIIL 2 3SJIEKTPOH CYyX
OOJIOM2KTON Tys BaJIEHTBIH OYCHIH OpOH OpYnM
aKIEenTop TeJioB yycHI. DOpeHKeTuiiH X0OC YYCIx
JedeKTuiiH  HOJeeTeep YCAHOOJODPBIH  XOPUOTOM
sHepruitH Oycmith epren 2.45B 6Oomxk wHapuiican

XaracaaMzKyyJaard HIUHK qaHapTai 601K
eopuwrernexx Oaitra. TyyHWIdH 3HI axIenTop
tesesuitn suepru F, = 1.363B, nonop Tenesuiin

swepru Ey = 2.173B 6aiima. Ha r3paniin
YHTUI9199D BAJIEHTHIH OYCI3C  AKIENTOD TOJIOB
PYY, JIOHOD TOJIOBOOC JaMKYyYIaIThIH TOJIOB PYY
EKTPOH MWK TIPJUUT IMHHTIIHI.  IDATIIP
gedekTuiin  TOXHOJOOMYYAAL  Y33TO9X  IPJIHIH
MY2KHJ TIPAUAr OYPIH IMHHIIIX HOXIOT OypmdxK
Gaiiraa Tyn TyHrajgar Owmn xap eHreTd# 6ok
xapargazx Oaiiraa 60JHO.
V. dyrHsar

Baijtranuiin xarac yHIT 4y1yy 600X yCaHOOTIOPHIT

ramMMa Ianparaap IMapCHbl  yp AOYHI  TYYHI,
OJIOH TOOHBI He(PEKT YYCCIHIIC MATEPHUABLIH
enre eepunermmer. MWitma Oum  9HY  axkJaap

ycaubosiop (SiO2)-T ramMmma nauparuiin yitardisissp
yycak ©Gosox xyBuitH 1arsH 3dderTyyn 6omox
HeiiTpan  xyuwiarteperuyuiin - uyxX, DOpenkennitan
xXoC gmedeKT 3I3Prufir YYCraxk TYYHHR 3SJIeKTPOH
OyT31, XOpmOTOil OycHuitH OpreH 33P3r XIPXIH
HOJIOONOXUHAT  CyJajaB. TOOMOOHBI yp JYHII3C
y39x31 OumHmit aB4d y3CIH IPMIH 3bdexTyyaniin
HOJIeereep XOpHoTaii OycuitH 3aBcapT JOHOP
00JIOH AKIEIITOp TOBIINH YYCCIHIIP yCAHOOIOPBIH
IEKTPOH OYT3I ©OpUIOrI0xK, XOPHOTOH SHEPrUH
OycuiiH epreH HapwuiiCaH XaracIaMmiKyyJaard IMAHIK
JaHapTaii 00K eepunermexk Oairaar y3yy/IdB.
Men 1mpran  medeKTHIH YyCcraK Oaiiraa JIOHOD
GOJIOH AKIENTODP TOJOBUIH 3JHEPIUMH TOBIIMHUN
HOJOereep TIPJWHT IMWHTINK TYHragar Owuii
eHroTdH OOk OaitHa. Ilaamma ramMma amparuita
VHATWI193p VYK 000X XyBuUitH OOJIOH TaIHBIH
meraH 3¢ dexkTyyn  ycaHOOJOPhIH ONTHUK — IMAHIK
YaHAPT XIPXIH HOJIOOJOXUNT HAPUUBUJIAH CYHJIax
60JTHO.
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YTaaHbl MeXaHUK IIMHK YAHAPBIT CyAJIaX XsJ0ap apra

K.Banunnxyy*, XK./laBaacamoyy, b.bat-Opaans

MYUC, LLIYC, Qusuxuiin mauxum

YTaansl 6eeMIEpUIH OIyraMaH XdMK33, TOOH HATT OyIOy KOHIIEHTpAlH, Xypa, OeemIiep
XOOPOHABIH 3al, yraaH Jaxb O©OMIOPHIH KOHIEHTpAamW 33p3T 3apHM MEAaHUK IIMHK
YJaHaPBIT XA710ap TOAOPXOMIOX GONOMXKHUT apra, aprawjaibil SH] CyAaaB. DHI AIBIIYYIDK
Oaifraa apreIr alIUIJIaH TAMXHMHBI yTaaHbl 3apUM MEXaHWK HIMHK YaHAPBIT TOTTOOX araap
MaHJQJI pyy OpX Oaifraa SMHUCCHHTI YHIIIB. AraapblH OOXHMpPUIBIH CyJajraaHbl aX<KHJII
TOXUPOMKTON OaiixX 3apuM MIMHA MapaMeTPYYIUHT J3BIIYYJISH rapracas.

PACS# 64.70.ps, 68.60.Bs

Yauprran

Tepen OypuitH TYJIIIHNHN IIaTaNTaac sUIrapaH rapax
yTaa Hb WIATAITHIH 3alIIITYH Yp JaraBpyyablH HAT
oM. lllatant B GU3WK XUMHIH OJIOH IIaTTai
MpOLIECCYY/IBIH ~ SIBLAJ TYJIIHUNA MaTepuanyya
XYYHWITOPOrdTdi ypBaam opox mporece om [1-3].
OH? MpOLECCHIH SABLAJ SIrapax 3HEpru Hb TyJlaaH
0a mamapraiaT = X3JI03p3dp XapuWH  YpBaIBIH
OYTISrIPXYYHYYZ Hb yTaa X3J03p33p TaJariiiink
Oaiimar. XapuH TYJIIUHI aryyjarmax yi Imarax
X3CTYYZ Hb YHC 0ok yanmar. Llatanraac surapu
Oaiiraa yTaa Hp TYJIIHUI XaxanT OOJIOH IIaTanaTaac
rapax XMHH OYTI3TAPXYYHYYZ, IIATAITHIH SIBLAL
Omii 00JICOH XaTyy OOJIOH IIMHTIH TOJOBT OPIINX
KIDKAT XACTYYIUUT aryymk Oaiimar [2]. Darasp
KIDKUAT X3CTYYAUNT HUWTIA Hb yTaaHbl OeemIlep
(smoke particulate) Tx HIpMAAAr. DArdp HB
rajaac rapaxjaa XapbLAHTyil OHIIeD
TeMnepaTypTaii Oaiimar Oereej yTaaTaili XaMT
rajaruuiax — sBIaa CcaafblH rajapryy J9ap
KOHZICHCAIUTAX TIHIDD CYyYX YIAIAT. YYHHUAT Onp
X060, HC HAPILII3P Hb MIIH?.

VYTaansl GeeMuepyyd TIpaJl CapHUYJIAr ydpaac
yTaa OMIHUN HYIPHJ TOJ Xaparaax ToAUNUTYH rapai
MVHII3PT  y4paac araap MaHAal JO0TOp HX
XIMIKIAIIIP XYyPUMTIIATJACAH YEA3D Y33I/A9X OPUHBI
XOMIKIIT Xs13Traapiax Oanmar. YyH?3C TaHa dArinp
Hb araap MaHIUIBI' OOXHUpAyyJard ToJl areHT IOM.
OarsspuiiH KOHIEHTpPALM, TyC OYpHHH X3MXKI9,
XOOpOHABIH 3ali, CYyJITBIH XypA Hb YyTaaHBbI

MEXaHUK  IIMHX  YaHapell  Y3YYIT IO
XIMKHUIIIXYYHYYZ IOM.
VYTaanel OeeMuepuiiH (H3HK [IMHX 4YaHap,

OyTimiir pertren nudpaxn, Paman crekTpockor,
Scanning Electron Microscopy with Energy
Dispersive X-Ray (SEM-EDX) 3spar apryymnaap
OJIOH TaJlaac Hb CyjajicaH Oaizaar [4-7]. XapuH sH3
OYpHifH TYJIIHAAC rapd Oaifraa yTaaHbl MEXaHUK
LIMHK JaHap Tyxannban OGeemIepHiiH
KOHIIEHTpany, OeeMIepHWHH MIyraMaH XdMXKd),

* Electronic address: j.vanchinkhuu@num.edu.mn
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TOOH HSTT, 00OMIOPUITH MaTEPUATIBIH HATT 39PTHHT
neHTphyrm™it  Macc aHammzatop, Differential
Mobility Spectrometer (DMS) Garaxkaap cyzancan
Oaiimar [8-10] Gereen yraaHsl 06OMIIOPHIAH OTITHK
IIMHXK YaHAPBIT 4 MOH aBY y3CoH Oaiiaar [11-12].

AraapblH OOXMPHOJIA YTAaaHbl MEXaHUK IIWHX
YaHap HOJIOOJUIMHH XyBb] 4yXall au X0JO00TA0ITON

Oaiimar. YTaaHpl MEXaHWK INHIK YaHAPBIT
MBJICOHI3p yTaaHaac YYADITIUIrIdp araapt Owuii
0OJICOH OOXHMpAyyJIard areHTYYIBIH XOMXK?II,

HOJIOeT TOTTOOX 0OJIOMXK OYpIIaT.

MaHaii yJiCBIH TOB CyypUH Tra3pyyZAblH araapblH
OOXMPIOA  MX3CCOHTIH  XOJIOOOTOMroop  3HD
qUTIIMAH  cydanraansl  axuin  2000-mam  oHBI
CYYJTI93C XMUTIIK 3XDICIH. ATaapblH OOXUPIIIBIH
MOHUTOPHHT XWX, IIaTanraac rapu Oaifraa araap
Ooxupayynard areHTyyIblI  CyQjaxjaa X
X3703pTOH OOXUPAYYNAaryAbll XWUHH aHAIW30TOP
aIIUIIIaH XOMXKIAT. XapuH OeeMuepuiir cyanaxaaa
LIYYX aprbil epreH amuriax Oaiina. LLyyx apraap
araap OOXHpAyyJard areHTyyAblH  X3MXKI3T
TOTTOXJIO0 yTaa, 3CBAI OOXHUPAOJITOW araapbir
COpyyJaH aB4 MEXaHHWK IIYYJITYYp AalUWIjaH
TYYHHH [IOTOpXH O©eMUIepYYAMHr IIYYX aBaaj
TYYHHHX33 MacChIT X3M>KIK 9H? MaCChIT COPYYJICaH
yTaaHbl A3BXYYHA  XapblyylaH OOXUPUIBIH
X3MKIIT MKT/M3 HOMKI9p WIDPXHIISH raprajar.
OH> 3apuuM 33D TYJATYypJlaH axwiiajgar
Tycraijcan Oaraxyyx 4 Oac Ouil. [oxmes wiim
OaraxxyyJaplH XOMXKHX Xs3raap Xsaraapiaramai
Oaiimar. TyxaiinOan, OoxupAyynard areHTHIH
KOHIIeHTpamuir Tomopxoiunmor DustTrak teprmuita
GaraxyyiblH XoMKHMX xsasraap 600 mMkr/m3 -aac
XoTIpAdrTYd. ['31an ramaac rapu Oaifraa ytaaHbl
KOHLIEHTpPAIM X3/I3H I'/M3 XypaX TOXHOJII0 U Ouii.
6):¢) TOXHOIIOIT yTaaHbl OeeMIIepUiiH
KOHIIGHTpauX OaraKuiH X3MXKHX Xs3raapbil JaBikK
rapax ydpaac IHIyyJ XAOMXHX OOJOMXKTYH OOJIK
MEXaHHMK LIYYATYYp allWIJiaH sUITaXK aBaaj aapaa
Hb XOMXKHX apra pyyraa IIIDKHAX Inaapjjiaratai
Oomngor. MHr»»X X3MKHX3I OJIOH TOOHBI Oarax
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HAMDJIT MaTepuall Maapyiarataii 00J10X TeIuHryn
X3MXWIT OOJIOBCPYYJIITAaHA HMX39X3H Xyraiaa
Hraapaarajar.

BeemiiepuiiH XaMK33T TOAOPXOMIOX OPUUH YEUNH
HapuiiH apryyn Oaiimar O0JIOBY YHY UXTdH Oarax
HIaapjjiar, Heree Tajgaac MaHall HeXIOJ OJIOIl
Myy OaiiHa.

Harx yycraryssc rapu araap MaHgal pyy OpX
Oaiiraa OOXHWpIyynard areHT OYpUHT TOTTOOXK
TYYHHH TapIbIT XsIHAX araap MaHaajl pyy OpoX XyBb
X3MX33T TOTTOOTACOH X3MXKI3HJI Oainrax Hb
araapblH OOXUPJIBIT OyypyyJiax Y1 ayKuiiaraaHbl
HOT uyxan 3opwaT foM. lllaranraac rapu Oaiiraa
OoXHpILyyNIard areHT OypuifH rapipIr TOAOPXOHIOX
Hb OJIOH TOpIMHH OarakxyyAbll HSI3H 33pAT
allUrIaH XMHAX TOMOOXOH LIOTI axwui Oaiinar.
MaHaii yJCBIH TOB CyypUH Ta3pblH araapblH
OOXMPIUIBIH MXHX XOICTHHT yTaaHbl OeeMUepyyX
Omit Oosrox Oaiimar Oereenm araap MaHman naxb
0eOMLOPHITH XOMXKI? HXICCOHIIP yTaaH MaHaH
YYCXK Xaparzax opuHbIr Oyypyyink Oaimar. YyHuid
39p3rIPd  araapblH  JOTOPXH  TOOCOHIIOPBHIH
KOHIIGHTpAIlM HWXACCOHIIP TYYHHH ambcraiaap
JaMXUH aMbj OMEeWiH AOTOpP OpOX Marayian Hb

HA3MOII2K — XaiuaBapT OojoH  XxangsapT — Oyc
OBWIIONMIH Tmantraad Oommor. Mitm  yupaac
araapelH  OOXHMPIJIBIH  CyJalTraaHa  yTaaHbl

TOOCOHIIOPBIH X3MXK33T TOT'TOOX SIBJIAJ 3H TIPTYYHI
3QMNIIITYH aBY y39X acyyian 0oJiIor.

bux »oSH> cymanraaHel KWL Tepes OypHiH
miatanTaac YYAITIUradp araap MaHIall pyy OpXK
Oaiiraa  OoxwWpAyynard areHTyyAblH JOTPOOC
HOJIOOJUTUIH XYBbJl XaMTMHH OHAeP X3MKIITIHU
Oaiijjar yTaaHbl TOOCOHIIOPHIH MEXaHUK IITUHK
YaHAPBIT XAPX3H XsU0Ap CyAiax TyXal acyymasbIr
JPBITYYII2H TaBbXK Oaiiraa oM.

AnuBaa TYJIIHUM IIATaNTBIH SBLAJ TOJOPXOM
XOMKIITIH  OeeMmIepyyn (RAradpwiir 3apumiaaa
[IaTaNThIH HIMPXITT OYTIITIPXYYHYY TIAT) Yycd
TOIOPXOM XypATairaap rajaac rajaruunpk Oaiaar.
Darssp Hb MHKPOMETPHUIH 3PIMOUIH XIMMKIITIH
Oereej TIapayl capHuyjard OObeKT Oaiinar.
Beemuiepeec capHmxk Oaiiraa 3H? TIPAIT Hb TyXaiH
OeeMuepHiiH Tajaap OOJIOH CUCTEMHUIH Talaap MX
XOMKIOHHAH MDA aryyinpk Oaiipmar. Manai
LIMAAPT yTaaHbl 0OOMLOPHUIH TIPAIT CapHUYJAar
9HD YaHAPHIT aUriax Oaifraa 6eree] yTaaH A33p
[IP3J1 TyCraH TYYHA3C CapHUCAH TIPIUHUT OypTrak
aBax 3amMaap TIP3l CapHHyJNard OOBEKT OOJIOH
CUCTEMUIH MEXaHHWK IIMHXK YaHAPYYIbIT OOTHHO
XyraraaHj TOTTOOX Xsuioap Oereen yp AYHTIH
3aMBIT caHall 0OJITO/IOT.

Kwoxur 6eemiiepyya aryyiicaH yraa, yyp, YYJI 39par
JUCIEPCIT CHUCTEM 193D TOJOPXOW JIOJITHOHBI
ypTTaili [aH eHIMWH TI3p3J Tycraxaja TYYH33C

capHHCaH TOPIHIH d3purM [ Aapaax TOMBEOTOOp
ToHopXoumoraaor [2]:

I =1l0n z CiOj sc
i

Iy -Tycraxx Oaliraa rapauitH 5puuM, | -nmasepsiH
HanparuiH axuriargax Oy ypT Oymy cHCTEM
OTYYp TyyJjicaH 3aii (ofiponmooroop 1 mm Oaitna),
() -axurinax Oyd Omermdr eHIer, ) —P3T OYPTIIX
JIETEKTOPBIH AllINIT XWUIaraaHbl KO3 QUIHEHT,
C; -CapHUyJIard TOBYYIUHH KOHIICHTPAIH,
capuyJiard TOBHIH CapHUYJIaxX OTTJIOI.

OHP TIPAUUr OYpTIdH aBd THPIUHH IPUMUNAT
XIMIKCIHIIP CUCTEMUH JIOTOP Oaiiraa
0eeMIIepHIiH KOHIEHTPAIMIT TOAOPXOMIK OOJIHO
[2,3]. YyHD3C ragHa TIpivifH SPUUM XaHTITTal UX
0aiixal SH? CapHUCAH TAPIUAT MHUKPOCKOIIBIH
00BEKTHB pYY UHTIAYYJI?H TYYHUH XapaaHbl
xaBTraiig ¢QokycnaBan TyyH potop Oaiiraa
0eeMIIOpYYI HYADHI  Y3ITUDPXYHII  TOXOPXOU
xaparaiar. HaraHT HHrK HYZP9p Xapxk Oaiiraa 0071
TYYHHH I93p AyplcaH MEXaHWUK IMHX YaHAPYYIbIT
OKYJISIPBIH ~XYBaapWWT aIlluriaH XdMXKWXK aBY
00JIHO.

Oj,sc -

TypmmaTBIH 0arax TOXeepeM:K

Muxpockon beeMuepuiiH A33p 1ypAcaH MEXaHUK
OIMHX  YaHapyyAbll SHIMWH  HYIP3p  Xapx
TOTTOOXOJ] MHKPOCKOI, OOBEKTHB MHKPOMETP
IOMyy IU(pakUuiiH TOp Maapajarataii OoJIoT.
XapuH OeeMIepUHr OYypTraK aBax TOXUOJIIOII
¢dotoanement romyy CCD kamep X3paridridHd.

.

Lo

3ypaz 1. a) Muxpockonein xapaanv manbaiilo yyccow
00bEKMuUE MUKpOMempuiin Oypc (X0ép 3ypaacvii X0OpOHOOX
3aii 10 mxm), 6) 600x 6ceconmmaii MUKPOCKONbIH Xy8aapb Oyxutl
OKYIAPLIH Xasmeauo xapazoaxc bavieaa 1/100 ougpparkyuiin
MOpbIH OCCOH OYPC.

OOBEKT  MHUKPOMETPUHMT  AYPCUHH  X3MXKI3T
TOTTOOXOJ] AalIWIJiaXx 0eree;l HWX3HX OO0BEKT
MUKpPOMETpHIiH XyBaapuitH yH» 10 Mkm OGaiimar
(Bypar la) yupaac Oara XdMXKIITIH OOBEKTHITH
IYPCUIT TOTTOOXOJ| TOXUPOMKTOWM Ourn Oaimar.
Witm yapaac wiyy HapuiiBunan Oyxuii oObEeKTHHAT
ammriax Imaapjuiarataid Oosgor. OpuuH yewiH
mudparuith TopelH TortMoa 50-2500 3ypaac/mMm
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(Bypar 16). DHd TOXHMONIONA HAT 3ypaachlH
x00poHA0X 3aii 20-0.4 MkM OaitHa.

MuxkpockomnsiH ecrent K Hb OOBEKTHBBIH ©CTOJIT
k,s 0a oxymspeiH ecrent k. -UHH YpKBIPIIP
TOAOPXOUIIOT AJIOT:

K= k06 X kOK'

MukpockomnsiH ~ 00bekTUBBIH ~ ocrent  10-100,
OKyJISIpBIH ecrent roxwion 10, 15, 20, 25 Gaiigar.
Witm  ydpaac ONTHK MHUKPOCKONBIH MaKCUMYM
ecrent 2500 Oaitna.

OnTHK MHUKPOCKOTIBIH XYBBJ ©CTOJITOOC TaaHa YT
MHUKPOCKOIIOOp aXUIJaX OO0JIOX XaMruiiH Oara
XIMIKI2 Hb TYYHHH 0ac HIT YyXall Y3y YT O0IIoT.
DOH> Hb MHUKDOCKONBIH  sITax  dYajaBapaap
Tomopxouoranor. fnrax wamBap Hb ©CrericeH
Iypc notop Oairaa 3JIEMEHTYYIUNH sUIrapiIbIr
Y3yymmar Oereen oOBEKT m33p Oaliraa 2 mpruitH
MHKPOCKOIIOOp Xapaxaj suirapy xaparjax XamruiH
Oara 3aifraap Tomopxommoraaor. YyHuir Peneiin
AITYYPHIT allUIJIaH TyXailH MHUKPOCKOTIBIH XYBbJI
Japaax TOMBEOTOOP TOJAOPXOMIK OOTHO:

_ 1.222
NAobj + NAcond

OHA: A -aXJbIH TAPIUAH IOJTHOHBI YPT Oereej
MaHall cyJairaaHji X3pATJIICOH HOTOOH T3PIHIHH
nasepbiH XyBba A = 0.530MkM, NA,p; = n sin(6/
2) -MHKpPOCKOTIBIH OOBEKTHUBBIH TOOH areparyp,
NAgong =nsin(6'/2)  -KOHJEHCEPBIH  TOOH
areparyp, n- 00beKTHB 0a TaBUYp 3CBIJI KOHACHCED
0a TaBUYPBIH XOOPOH/I0X OPYHBI XYTapJIbIH WITIATY
Oerees araap Oaiiraa Gon n = 1 Gaiina, 0,0’ -
armepatypelH  oHIOTI  (OJOHXM  KOHJICHCEePHIH
armeparypelH eHUer Hb 144° Oaiix Oereen yyHI
xapraji3aH TOOH aneparyp Hb 0.95 Oaiingar).
MUKpPOCKOITBIH XS3TaapblH SUITax 4aaBap HYIHHUHA
XaMTHMH callH xapax 514 HM JONTHOHBI ypTTau
a1 xapranzax 6a 0.26 MM Oaiimar. XapuH xapx
000X xamruiiH Oara noJiruoHbl YpThIH (400 HM)
xyBpA 0.2 MKM OaliX®BIT TOTTOOX OOJHO. bumHwMIA
ammriax Oairaa CHCTEMUIH XYBBJ KOHJIEHCEPHIH
areparyp TOOLIOTJIOXTYH ydpaac HOTOOH Ja3epblH
xyBpa 40x 6a 100x ecrenrTdii 0ObeKTHB Oyxuid

MUKDOCKOIIBIH ~ sIrax 4ajapap XapramszaH L =
1.221

NAobj

= 0.99 mkM, 0.51 MKkM OaiiHa.

Oxyasipbin XyBaapuiiH YH? OOBEKTHIHH XOMKIAT
MHKPOCKOIIBIH ~ XapaaHbl ~ TanOaiigy  Oaiiraa
XyBaapbTail XapblyyJlax 3amMaap TOJOPXOMJIIOT.
MUKpPOCKOIIBIH OKYJISIPbIH XaBTraiiji XyBaapbTaid
3ypaac Oaipiamar. DAranp 3ypaacblH XOOPOHIOX
3aif Oyl0y XyBaapWilH YHUUT ecreiar Oyp Id9p
TONOPXOWIOX  Iaapanarartail.  YyHMH — Ty’d
00BeKTMHUKpOMETp ammriana. Tyxaitnban, 3ypar 1
0-1 1/100 3ypaac Oyxuil AnppakuuiiH 3ypruiiH

OCT'OCOH AYPCHUWT Y3YY/I3B. OHD MAYPCUUH m
MIUPXIT 3ypaac OKYJSIPhIH XyBaapuiiH n 3ypaacrait
JaBXIax Oaiiraa y4upaac OKYJISIpbIH XyBaapuiiH YH?
Jlapaax TOMBEOTOOP OJIFOHO:

d=m-—,
n

A | -gudpakuuiiH  TOPBIH  33praamdd  Xoép
3ypaacblH XOOPOHI0X 3ail. DH? 3yprUiiH OKYJISPbIH
XyBaapuitH yH> 1.875 wMKm OaifHa. DHD YTTHIT
TOJOPXOMJICHOOP OWJ MUKPOCKONBIH XapaaHbI
XaBTraig  (okycrmaracaH JOYPCHHH — XOMOXKIAT
OKYNSIpBIH ~ XYBaapwil  allWIJIaH  TOTTOOX
00J0MXKTOH OOJDK Oaiiraa oM. DHD X3IMKWITHIT
sITaaTail TOOHBI 3ypaacyyaIblH XOOPOH X3/ X3A9H
yoaa XUK OyHOQXKIAH XyBaapuMH  YHUHT
HapUMBWIAH TOTTOOHO. JMGpakiuitH TOp 3CBAII
00BEKT MHUKPOMETPUIHH XyBaapuitH YH?
TOJOPXOUTYH Oaiiraa 00 TIArIIpUIT nudpaKkIuiia
Y33T13J1 alllUriIaH TOAOPXOMIK OOTHO TITHIAT HIT
IypAas.

YTaanbl Kamep YTaa Hb XOJOITOOHT OOBEKT
ydpaac TYYHHMI aXUTJaxXblH TYJA HAT YW
TOTTBOPTO# ypCrax IOM yy 3CB3J TOJIOPXOH OPOH
3aliH JIOTOp «TYIKUX» MIaapyarataid  0oJyimor.
YYHUIT  XOpADKYYIdX3J  yTaaHbl — KaMephIr
alIuriaazar. OH3 Hb TOJOPXOW 33IDXYYHTIMH, KU
XOHJUIOH OTTJIONITOW HAT Tajaac Hb aXKHUIJIaX, 06p
HOT Tajaac Hb TIPIATYYDK OO0JOX TyHrajar
MOHXYyn Oyxmii OuTyy caB oM (3ypar 2). YTaar
KaMepT OpYYJDK Y33TIPX IIpIdp IIPIATYYIIX3]
yTaaHbl 0©eMIepeec TIPIUHH CapHHUI YYCIOr.
VYTaansl OeeMUEPYYIUIH CapHUYJICAH TIPIMAT
MUKPOCKOIIBIH ~ XapaaHbl Tal0aill YHUriIyyJiIsH
(oxycnaxx 66eMIEPUIH TO AYPCUIT rapraH aBHa.
Hypcuiir CCD kamepaap KOMIBIOTEPT AAMKYYIDK
00JHO.

[atanraac surapy Oailiraa yTaar XOOJIOHToOp
MAMXKYYJIaH KWTIIAITBIH KaMmep JIyy OpyyJiaar.
bara nuamerpTsii X00JIOWrOOp AamMXKyyjaH yTtaar
KaMepT OpyyJiax Hb Xsutbap Owmn Oaiimar. YTtaar
OpyyJlaxblH TyJJ LIaTant 0a KaMmepblH XOOPOHI
JTApajThIH TPAANEHT YYCIAX Imaap yiararaii 0ereen
YYHHHT TeMIleparypaap YAHpAaX TYHIITIIX Hb
WYY 30XMMKTOH Oanmar.

YTaansl 066MUIOPHITH XyPABIT X3MKHX

VYTaaHbl KaMepbI MUKPOCKOIIBIH TaBUYPT 03X3IDK
JIa3epblH IIPJIMWAT acaacHbl Japaa yTaar KamepT
opyyJlaxaja yraaHbl 0eeMLepYYX Ja3epblH IIPIUIT
CapHHYJICAHBl YJIMaac KaMmep IOTOp Tapxax Oyi
IAPJIMMH JIaryyJl TOJA HOTOOH OHTeTIW LMIUHIP
YYCH3. MUKPOCKOIIBIH TYOYCBHII' XOIeJTeH (3apuM
MHUKPOCKOINIT  CYYypHHI  IMIMJDKYYJAST) — DHD
LWIMHAPUNAH XOHJUIOH OITJIOJNBIH ajlb HAT XOBY
00JIOH OHIPHWHI JalipcaH XaBTTaWr XapaaHbl
Tanbaia (oKyclnax yraaHbl JOTOPXH 0OOMIIOPHITH
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TON JYpPCUHr TrapraH aBHa. Kamept smap HAr
anmarman (leak) Oafixryit Oom yraaHsl ypcrait
KUTIPIX VeI KaMepblH OpOX Tapax XOOJIOHroop
WOKWJT XOMXKIOHHUH yTaa ypcaHa. DHI yeJ yTaaHbl

XypZ TOrT™Mou 6aiix 6erees 6eeMUepPYY ypCTaJIbIH
JIaryy HOT 3YT YWTJI9H TOI'TMOJ XYpATai X©JeJHe.
VYTaaHsl 666MLIEOPUITH YNTIICIH XO16JTOOHUH Xyp
Hb YHOH/I?9 YTAaaHbl yPCTaJIbIH XypA IOM.

s

/}/‘ VTaa rapax X000

AJKHUriax 1oHx

['3paaTyyIsx HoHX

VTaaHaac capHHCaH
P31

&7

Jlaszep

&0

JlazeprIH nampar

[3panTyynsx moHx

Taa OpyyJ1axX X00JIOH

3ypae 2. Ymaanvl 666 myopuiin MexaHuK WUHIC YaHAPble MOOOPXOUWLOX00 AuuUiax Kamep Oymay, myyHuil 23pIImyynoe.

Wiim yupaac yraansl 06eMIOPUIAH XypABIT XOMKIK
yTaaHbl XypIbIl TOAOpXoilsiHO. beemuepuiin
XOI0JTeOHUN XYpABIT HYZ193p AKUTTIAX
XOMKUXUHH OpOHI TYyYHuH Xxemenreenuir CCD
KaMep aluriiad Ondmx aBaas 00JI0BCPYYIaiT XUHX
Hb WIYY TOXUpOMXKTOH Oaiimar. Kamepsin
OMWIdTHIH XypAaac Xamaapd OYpTIaITidK Oaiiraa
0eeMIIep 1[3rI3P ICBIIT TOAOPXOU yPTTall rIpaaTIi
myram  x3a03ptmai  Oyprrarmmar.  Xopae CCD
KaMepblH OnumMx Xypn Oara 6on xemeink Oaliraa
OeemIiep mryram Oaifmmaap gypcmaradHd (3ypar 3).

a)t=2207c

3ypae 3. Bypan wiamanmein yeo aneapax ymaanvl Xypomail ymaansl 6oemyopuiin xeoenzeon (eceenm 100x, xysaapiin yua 8.68 mxm)

b) ¢t =2220c

Wiimp 3ypar-3-T y3yyJicoH 0eeMIUepHitH Xypla v =
100.73 MKM

= 804 mkM/c Oaiina.
0.125¢

Heree Ttamaac 3H> XypJa YH3H 3COXUUT 3ypaachiH
XOJIOJITOOHNH Xyplaap Maraajiax 007Ho. 3ypaachiH
OXHHUU JepBeH Oalipiamj Xapraia3ax XyraljaaHbl
STIIVH OTerJCOH yupaac dHd XypJ Japaax yrrarai
OaiiHa:

l
U= — 815 mkM/c.

(3a1 GeemItep t XyTallaaHbl JOTOP TYYJIax 3aMBIT S
-99p TOMPTIAB). DHD yTra ©MHOX yTraTai aniaaHbl
XYp33H[I Oapar Toxup4 OaiHa.

v - -
a——

OH? TOXHONIOI 066MIEePT Xapraji3aH OWYHTICIH
UIyTaMbIH YPT [-MHT KaMepbIH OWYIdTHITH HHTEpBaI
T-I1 XyBaax OJIHO:

v=-

T
IllyraMbplH ypTHIT OKYJSPBIH XyBaapuac TOOJDK
apaaJl XyBaapHiH YHI3p YPXKYY/DK OJHO. OHD
axwr oun 1/8 ¢ ouwruitn unateppantaii CCD
KaMep allurjaB.

c)t=2233c d)t=2243c

X9paB OMYMX XypJ XaHTANTal OHAOepP IOMYY JCBAI

OeemuepuiiH  xypa  Oara  Oom  Oeemmep
XOJIOJTOOHUN OTIMH  OypT TOJNIOO  Oaiimiaap
oyprrarnmr  (Bypar 4).  DH3  TOXHOJIZONT

0eeMIIOPHIH XOJI0JITeOHHH Xyranaar XoMKWXK dHD
Xyraraasy] TyyJcaH 3aMblH XAOMXKIAT OKYISPBIH
XyBaapuiH YHUHUT allUIIIaH IyYJ] TOXOPXOMIOON
MOH J J39pX TOMBEOT AaIUTIaH JATIIPHIH
xaphliaaraap XypAbIT TOJAOPXOWDK 00HO. 3ypar 4-

T erericeH OeeMmepwiiH  KoopauHatr  6a
XyramaaHaac TYYHMH  XOJOJNTeeHHH JAyHIaX
XypIOsIl  XOMXB31 v = 49.5 MKM/c  OalXbIT

TOT'TOOX OOJIHO.

OH? Yyp JYHI?3C Xxapaxax sAMapd TYJIIHUN
MIATAJITHIH YXHUU [IaTaHJ yTaaHbl XypJ Oara Oaiix
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Oereen OypsH IIATaNTHIH TOPUMA INWDKHX Yel
yTaaHbl XypZ 3pC HMXACIAT Hb Xaparjaxk OaiHa.
Ypcran TacpaiTrydH T3TIUUTIAIMUT allliIiaH 3HJ
XOMXKCOH Xypjaap rajaac rapu Oaiiraa yTaaHbI
XYPABIT X3MXKIDK OOJHO. DHD XIMKHUTIDXYYHHUHA

a)t=3157c

b)t =32.50 ¢

yTra yTaaHbl HaxwiraaH IYYJIATYYPUIH TOOLOOHT
gyxan a4 xoyoornontoit Oaiimar. Epamitn 3anmraii
rajaac  rajarmpk  Oaliraa  yraa  XypH

oiiponmooroop 0.05-0.07 m/c Gaiinar.

c)t=33.10c d) ¢t = 33.60 ¢

3ypae 4. Hllamanmuin sxnuil yeo sneapax 6aza xypomaii 6eemyeputin xedeneeon (batipnan 6ypo xapeanzax xyeayaamvl d2uwHUle
000p Hb MIMO32126. Oczonm 70x, oxynapvin xyeaapuiin YH3 10 mxm).

XapuH araapblH 4YaHapblH an0aHbl JIAOOPaTOPHT
majracaH X3MKWITHHH Yp TYHTIIP 3yyXHaac rapax
yTra yH3x39p 1-3 M/c Oalimar. Xapbeuauryii Oara
XypATai XOIOIK Oaiiraa OeeMIIepHIiH
XOJIONITOOHUIT @XKHIJIaXxaJ] T3Ar33p Hb YHUIVIICOH
XOJNIONITOOHOOC TagHa dMX 3aMOapaaryil Xemeink
Oaiimar. OMxX 3am0apaaryii xeIeJIreeHud IyHIaK
XYpA TATTIH TIHIYY Oaifx Hb OWITOMKTOW. YTaar
OUTYYy caBaHI OpYYJDK aXHUITIAIT XHHUX YeI 3HD
XOJIONITOOH TOJI AKUTIIArJaHa.

bung yraaHel XeleiNreeHuWi XypAbIl ©6pCAUNH
00J0BCpyyJICaH yTaaH/I MOHUTOPHHT XHUIIX apragaa
TYJITYypJaH TOTTOOX araapblH YaHapblH aJOaHbI
nmabopaTtoputr 0OaTiiax XOMXKWIT XUHWCHAAC TagHa
[IuTOT X00IOWrOOp TOAOPXOIMIICOHYTTaTal KHUILIHB.
DAranp XSMXKHITHHH yTraTaid xapblyynoan MaHai
0OJIOBCpYyJICAaH yTaaHbl XYPABIT XAIMKHX OH)
NpOLEAYp HOJ3J YHIMINWITAH Oaiiraa  Hb
TOTTOOT ITI00.

OLACT HP yTaaHbl XYPABIT XIMXKHUX TOXHOJIOJ
MUKPOCKOIIBIH ©CTONT eHAep Oaiix TeauidH
HIaapajararyid, xapu 0eeMuepyyauiH Aypc Maiil
Oara X3MXKI3TAH OailX ©CTeNTHHr COHTOH aBax
XOPArTIA MIATUUT TAOMIRTIRE. DHI XdOMKUATI 10X

OCrOITTIN 00BEKTHB, 7x-10x OCrONTTIH
XyBaapbTan OKYJIISIP alruriax XaMTUHH
TOXUPOMXKTOM.

BeemMuepuiiH XaM:K33, XIMIKIIIIP TYIIX TYIIT
YTaansl OeoMIOpUIH XOMXKIIT MOH J I3IPX
MPOLEOYPHIT AIUIIaH XOM)KHMHI. YTaar KaMmepT
OPYYJDK TOTTBOPTOHM JKWTHI ypcraia Ouil OOJNTOCHBI
Japaa opox 0a rapax XOOJIOHT 33par xaaHa. DHd yel
KaMmep yTaaraap Iyypd yTaa Kamep AoTop Oapar
XKHUTA TapxcaH OaifHa. MUKPOCKONBIH XapaaHbl
tanbaiin yycak Oaliraa 0OeeMIepHIH JypCURH
XeJeNreeH HSMX 3ambapaaryil  Oaifmar  Tyn
T3ATPUNAH XIMXKIT HYII3P XKHUITIaH TOITOOXOJ
O9pxumdaTAH Oaiinar. Mitm yupaac MHUKPOCKOIIBIT
(dokycnaH yraaHbl O6OMIIOPHIH TOA JYPCUUT
raprai a4 TYYHHH XOAeJIreeHHd OWWIruiir

xuiiHd. butyy kamep motop Oaliraa yraaHs
OeeMLpYYd 3MX 3ambapaaryil xeneireeH Xuix
Oeree 1 To aypc erd Oaiiraa 66eMIOPHUITH XIMKIIT
OKYJISIPBIH XyBaapuap TOITOOHO.

3ypae 5. Muxpockonvin OKyIApwbiH xaemeaid Yycic Oyu
boomyopuiin oypc (Oceconm 400X, oxynspwin Xysaaputin yHI
d=2.25 mxom).

Tyxaitn6an, 3ypar 5-1 X34 X3/19H 0eeMIIepUiH TO
Iypcuiir y3yy/dB. OHD 3ypruiiH XyBaapb J33p
Oaiipnak Oaiiraa Xo€p O0OOMIEPHIH XIM¥KII
xapramsaH 4.5 Mkm, 6.7 MM Oaiina. Witm Gaiiamaap
TaMXWHBI yTaanbl fotopxu 300 rapyi Geemiepuiin
nryramas X3IMKIIT OJIK OeeMuepHIiH
XOMIKIIIIPID TYTIX TYrIATHHT TrapraB (3ypar 6).
OH? XOMXKWITHHH YP IYHII3C Y39X3A TaMXHHBI
yTaaHbsl 00OMIOPUAH MHUHHUMYM X3MXK33 0.6 MKM,
MaKCHMYM X3MK33 26 MKM 06ree 1 HiiM X3MKIITIN
Oeemiuepyyn 1000-aac meeHryii OGeemiiep 10TOp
HAI yhoaa Taapangax OojoMxToil Oaifmar. OHd
TYTOJITHHH XYBbJ OOOMIOPHUHH IYHAaX XIMXKID
6.05 MKM, XaMruiiH MaraajgaHryd Xsmxki33 Hb 4.4
MKM Oaifx Hb Xaparnax OaitHa. TamMXuHBI yTaaHbI
OeeMIIepHIiH XOMXKID UM Oara Oaiinar yapaac Mu
CapHWJIBIH yJMaac yTaa XeX IPHX3p Xaparjjaar
T3COH  JAYTHONTHUT  Xwibk  OomHo.  ['aprnwmiin
CapHHWJIBIH OHOJIBIH YYJHI3C aB4 Y3BdJ yTaa Oapar
XOX SiTaaH OHroTIH Xaparmax €cToi 00JIOBY XYHHU
HYJHUH MAAPAX 4YaaBap dHD MYKUA LPHXOP OHIO
JIP3p XaMTHiH UX O0aijar Tyl yTaaHbl ©HT® WHTIK
TOJOPXOMIOTAIOT 00K Taapy OaiiHa.
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3ypae 6. Ymaanvl 60omMyopuiin Xamorc33293p myax myesim.

OHp apraap 0eeMIlep xXaTyy 3CB3JI MIMHTIH TOJIOBT
Oaiiraa 3cIX33C Hb YJI XamaapaH TYYHHH X3MK3I3T
TONOPXOWDK OonHO. TypHmIMATHIH SBLAA XHUHACOH
@KHTIIanTaac xapaxaa 6emMOepuert oip XamoapTait
0eeMILOp HMXIBWIPH IIUHIIH X3109pT Oaiiraa Hb
xaparpnar. Y YHUAT [aamua 00eMIepuiH X3I09pT
XUHX MOPQOJIOTUHH cyaairaaraap HapUHBYIaH
TOTTOOX 00JIOX IOM.

Beemuep xo0poHABIH 3aii

YTaanel  poTopxm  Oeemmepyyx eep  eep
X3MIKIITIUIIIC TaiHA THATIIPUNH XOOPOHIOX 3ai
Xapwian anuiaryi Oaiimar. beemiiep X00poHABIH
3aif Hb yTaaHbl MEXaHUK ITMHK YaHAPKIT TyXaninoan
yTaaHbl OTTOH, CHUPAT YaHAPBIT Y3YYJIDX HAT dyXall

XIMXKHUIJPXYYH FOM. YTaaHbl ©TIeH, CHHpIr
YaHapeIl TYyH JOTOp Oaiiraa OeeMiepuiiH
KOHIIGHTpand  Oyl0y  TOOH  HATT  TICOH

XIMIKUTIDXYYHIDP TOAOPXOMIIOT 0OJIOBY OeeMIIep
XOOpOHIBIH  3aiiraap 4 0Oac  WIIPXUIIAX
00JOMXKTOW. YTaaHbl JIOTOpXH OEOMUEOPYYIUIH
XOOPOH/IBIH 3aif MX 0aifX Tycam yTaa CHUpAT, XapuH
Oara Oaiixan ytaa eTreH Oaimar. Uitm yupaac 3H3
X3MXHUIIPXYYH YTaaHbl ONTHK IIMHXX YaHapTad 4
6ac xon6ooToi 60IAOT.

Bbeemiiep XOOpOH/BIH 3aUT XOMKUXUNH TYJJI yTaar
KaMepT OpyyJDK ©OMHOXHHH aIwil JXUTJ ypcral
yycraHd. Witm sxurm ypcranraii yem Oeemmep
XOOpPOHIBIH 3alT OKYJSIp XyBaapuWr allurjaH
XOMXKIDK aBHa. 3ypar 5-g Oaifraa xyBaap mI9p
Oalipnax TypBaH 0©OMIEpPUIIH XYBBA XOOPOHIOX
3ail HH Xapramsad 96,75 MxMm, 27 MKkM OaifHa.
VYTaansl 0eeMiep XOOPOHIBIH 3adl HapUHBYIAH
@KWIJIaxaJ yTaaHbl ypCTAIbIH Jaryy 0a XeHIJIeH
yurmng 0eeMuep XOOpOHABIH 3ail Oara 33par
siraatail Oairaa Hb axuriaragar. Y YHIIC TajaHa
XOHAJIOH YU X3MXKCIH 00eMLep XOOPOHIBIH
3ail XyranaaHaac XxaMaapyd XYHJIUNH XY4YHHH Jaryy

0a XOHJIOH YUTJIDJI MOH siIraatai 000X XaHara
aKUIIUIArQar.

BeeMuepuiiH KOHIIEHTPALK

OxJ193] yraar KaMepT OpyyJDK yTaaHbl CTAllMOHAp
ypcran Owit OONTOCHBI Japaa yTaaHbl OeeMmIep
XOOpPOH/BIH 3aif OOJIOH O0eeMIePHHH XIMXKIIT
TOTTOOHO. beeMIlep XOOpPOHIBIH AyHIAX 3air
TOIOPXOMIIOXI00 HAT IIyraM JIP3p OPIIMK Oaiiraa
x0€p OeeMIEpUHH XOOPOHABIH 3alr OKYJSPHIH
XYBaapuiT allWIJIaH X3MXKUHI. OHI XIMXKUITHHT
OJIOH TOOHBI XOC 0©eMLePHIH XYyBbA TYHLITIIXK
0eeMIep XOOPOHIBIH AYHIAX 3aiiCt TOITOOHO.
BeeMuiep X0OpOHIBIH 3alT [, TXK Y3BAI yTaaHbl
JO0TOpXU 0eeMUepHiH KOHLEHTpauu Oyiy TOOH
HSTTHIT lapaax WIBPXUMILIIP TOAOPXOMIDK O0IHO:

1

n= TE
avr

OH» yTra Hb yTaaHbl ypcraig aaxb OeeMuepHuiiH
KOHIICHTpAIX oM. OHY WIDPXUWUIMNAT alIuriiaH
TOOLI0O XM Tepes OYpHHH TYJIIHUH IIaTanraac
rapax yTaaHel O0eeMIepHUIH KOHIEHTPAIUNUT
TOIOPXOIMIDK OOITHO.
AraapblH OOXMPAJBIT CyJalraaHl TOOCOHIIOPHIH
KOHIIEHTPALMHT T'/M3 HAMKIIp WIDPXUIISTr. DHD
Hb yTaaHbl HAIK 33J3XYYH[ Oaiiraa GeemuepuiiH
Macc IOM. ManHail cypairaaHel apraap 53HJ
XOMKUTIDXYYHUUT 9 M6H TOIOPXOHUIOX
OonomkTOl. beemuepuiitn MatepuanbiH HATT & 601
TyyHuit macc u ~ ad3,. Gaiix yupaac yTaaHbI

TOOCOHIIOPBIH HATT Japaax TOMBEOTOOP
WIBPXUNAIAIADH):
3
~ davr
,0 =un l 3
avr

TaMxWHBI yTaaHbl XYyBbJ 0OOMIOPUIH JIyHIAK
XIMKI? Hb 6 MKM, 066MIIOp XOOPOHIIBIH 32l 56 MKM
Oaiiymar. Tamxunbl yTaaHbl OeeMuUepHITH
Marepuanbin  HArT ~1200 kr/m3  Gaifnar [8].
NitMd3¢c TaMXUHBI yTaaHBl TOTOPXHM 0OOMITOPUIH
Maccaap WIPXUIIATACIH KOHUEHTpay Oyroy
yTaaHbI TOTOPXH 00OMIIOPHIH HATT apaax yTrarai
OaliHa:
— r
p=(15+16)-10 3cm—3.

AraapbiH OOXHPIIBIH cyJanaraaHzn HATK
YYCIATUUMH SIrapyysiaX TOOCOHIOPBIH AMHUCCUIH
XOMXKIOT WIDPXUIIDX 3alilmiryil 1maapuiaratai

Oaiimar. Omneemep MOHTON YICHIH X3MKIDH]
TyXaiH YYCIaryuiitn surapyyJiax HUUT
TOOCOHIIOPBIH ~Maccaap Hb YI'  YYCIOIUMHH

Ooxupayynax dYaHap OyHy O3MHCCHUT VHIIDK
TOTTOOOT. DH? Hb araapblH OOXUPUIBIH YHIITIIH]T
gyxanl OOJIOBY CyAajraaHbl aXwWij MapaMeTp
OOJITOH XOPATIIXAI TOXHPOMXK MyyTai Oaiinar.
XapuH  HOIK  YYCIArdmiiH  OOoXHpAyyJard
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SUITapyyjiax dYaJBaphil XYBBA HATIK Xyraraasy
araap MaHjall pyy OpyyJok 0Oaiiraa TOOCOHIIOPHIH
XOMIKIOTI3P Hb VHIIO3M WIYY TOXHPOMKTOH.
YyHulir cynanraanel mapaMmeTp OOJrOH aBaxaj 4
TOXUPOMXTOM IOM. J[33p TOHOPXOMIICOH YyTaaHbI
JOTOpXH O6eMIepHIlH HATTHIT allUTIaH dHD
NapaMeTPUIT 30XHUOE. YTaaHbl HAXK 33JDXYYHA P
Maccraii OeemIep aryymargax 0Oereen 3H3 Hb VU
XypATairaap rajarmmisa. Harxk xyramaana ypcan
rapax yraaHbl 3313XYyH Sv (S -yraa ramarmuiax
XOOJIOWH XOHAJIOH OTTIOJIBIH Tandai) yupaac 5H
yTaar raprax 0aiiraa yycrardsac HAITK XyramaaH]
araap MaHZal pyy Opox OeeMIepHIH X3MKII
Jlapaax TOMbEOTOOP WIBPXUMIAIIBHI:

m = pSv.

OH? XOMKUTIPXYYH Hb YYCIATUUHH OOXHMPAOI
SIrapyyJalThIl  Y3YYJIdX Oereea TI/c HAIMKTIIU
OaifHa. Y YHHIT YHIIDCIIDH MIMPXAT TAMXHWHAAC araap
qyy opox OoxupmielH Xypa m~1.5 % OaifHa

TYITHHAT TOOIIOOJIOH TapraXk OOJHO.

Jdyraaar

bumamit  mBmyymk Oyl SHY apraap yTaaHBI
JIOTOpXU 0OOMIOPUIH TOMUUTYH IUCIEPCIIATACIH
Oycan op4YHBI (IIEMEHTHHH YHIABIPIIAII, ITYPIIAT
Oynartaii op4wH, yyp MaHaHTalh OpYMH 39PAT)
moTop Oaiiraa OeemIlepuiiH MEXaHUK IITHHK
yaHapelr  JabopaTopuiiH ~ Hexueng  OypaH
TOAOPXOMK O0JIHO. DHD aprhIT MaXWiIraaH OpOH]
X3pArIDdX 3aMaap 0eeMIepUHH HaxWiraaH IIWHXK
YaHAPBIT 94 06ac TOJOPXOUIOX OOIOMKTOM 10M. DH)
apra Hb TYPI3H, HaliiBapTail TOAMNUIYH WYY XAMA
Tecep oM. DH? aprbIl alllUriaH TOTTOOCOH YTaaHbI
MEXaHHK LIMHX YaHapbIT TOIOPXOHIOX
XOMKUTIPXYYHYYOUHH yTtra Oycan apra, Oarax
alllMIyIaH X3MXKCOH Yp AYHTIHM aijaaHbl XA3raap
JOTOp AaBXaryiar.

CapHucaH I3piMiiH 5pUUM CapHUYyJard TeBYYAUIH
TOOHJ TpoHopuuOHANs Oaiimar. Wilm ydpaac
cynammk Oaliraa CHCTEeMHHH capHHyJard TOBHIH

KOHIIeHTpanu Oara OaifBaym OypTrarmxk Oaiiraa
I3pJIMiAH 3punM Oara Oalix 0eree | SH? Hb FHI apTbIT
X3POIX XA3raaphir TOITOOXK Oaiar.

OH> aprawianaap yTaaHbl 0OOMIOPUHH XIMKIAT
TOITOOX Hb X3/ X3J3H JaByy TajlTaid. Y YHUI HAT Hb
OeoMIEPHIIH MEXaHWK UIMHX 4YaHapbll OOIMT
Xyranaasj, Hb XOMXKWK uamigar. Heree Tamaac
XOBOrY OeeMuepHITH X3MXIT  TOTTOOX
yajgaraapaa OHIJIOTTOM.
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Yaaan0aaTap X0T OPYMBIH araap MaHIJIbIH 0OXHPAJIbIH ONITHK
napaMeTpyyAMur eBJIHIH yaupasa 00JI0H TYMMPHUIH yTaaTai 0aix XyrauaaHjg
XapblyyJaH CyJaJCaH AYH

B.I'an6ar, ll.baatapuyayyn®*, T.Hapaurapas, b./laapuiimaa

MVYUC, LLIYC, I'eonoeu I'eogpusuxuiin ToHxuM

DOHOIXYY CylairaaHbl akiIaap eBINIH yaupan] OnoMacc maraacHbl yIMaac YYCdX yraarait
yen OOJoH 3yHBI yiMpai OWH TYWMpHHH yraaTail Oaiix yex YiaanOaatap XOT OpUMBIH
araap MaH/UIBIH OOXUP/JIBIH ONTUK TapaMeTPYYIHHUT TOTOPXOUIDK, TIATIIPHNAT XapbIlyyaaH
Cy/aJbK, 3y TOTTIIBIT Taiadapiaax opoIIoro XHiiada.

PACS number: 92.60.Mt

. OPLINJI

OneerunitH OuaHuii ambaapuy Oyl HUUTMHIH
TyAramJICaH acyy[UlyyAblH H3I' Oyly araapblH
Ooxupnon Hp OadranuiiH OOJOH XYHUH YHI
QXWUIaraaHbl rapaiarail OJIOH Xy4YWH 3YWId3C
IIAITraaJICaH HUMIIMAJ Y3YYJONIT oM. XYHUHR YT
@XWIJaraaHaac [aJTraajicad araapblH OOXUPIJIBIH
rOJUIOX YYCTYYP Hb OMOMacc miataax mpouecc oM.
OH? Hb XYH aMbIH aMbJpax OPYWH, 3PYYJ MIHIDI
Copreep HeJIOOJIOXO6C ra/IHa araap MaH UIbIH ONTUK
TOJIOBT 4 TOJIOPXOH ©OPUWIONT aBY UPAST. JDHD Hb
YYP aMbCTaJIBIH ©OPWIONITOH] XY4TIH HOIeeIK
OalraarviiH TOJ >KUIIRY 0OO0J OHOOIMWH NIIXANH
IyJaapan o).

Araap MaHUIBIH OOXUPJOJI HOJIeeNeX TOJUI0X
XY4YMH 3YHICHMHH HSr OOJIOX a3pO30JIbIH IIMHXK
YyaHap, TYYHUI XyBbcal ©0pUI6ITUIHH 3yl TOTTIBIT
Cyajlax Hb araapblH OOXUpPIUIBIH  TOJUIOX
YYCTYYPYYZAUIT HapHKBUYIaH TOMOPXOMIIOX, ONTUK
Y3YYJDITYYVAWAH OpOH 3aif OOJIOH Iar XyralaaHbl
XaMmaapJbIl TOITOOX Hb IIMHKIDX yXaaHbl 00JI00]
MIPaKTUKHUIH 9yXajl ad X0JOOTIOITOH FOM.

SAnon yneceiH  Ywubarmitn  HUx  Cypryynuiin
IPIIMTIATIN XaMTapCaH Cyyphb CyairaaHbl aKIIbIH
xypa3H7 2013 onbl 9-p capaac 3ximeH MYUC-nitn
l'eonorn, T'eodmsukmitH TIHXMUHH  “Araap
MaH/JTbIH ONITUKUHAH XAMKHITHHH J1adopaTopu’-1
Snon ynceiH PREDE komnanupa yHIABIPIIACOH
Ckaifpagnomerp POM-1  aBromMar  X3MKHId
Oarakaap araap MaHMJIBIH OOXHUPAJBIH ONTHK
Y3yymanTyya OomoH Oycaxm ¢U3MK  TapaMmer-
pyyawir 10 MUHYT TyTamJ TacpaiTryH XIMIKIK
Oaitna [1].

2016 onbl 7-p capa OXY-piH CHOMpHitH OyC HyTarT
TOMOOXOH ra3ap HYTTMHI XaMpaH HOIT cap Op4YuM
YPTIJDKUAIIC3H OMH TYHMpPHIH yTaa araapblH OpYMII
ypcransiH Honeereep 2016 onbl 7-p capeia 20-25-
HJ MOHrOJ1 OpHBI TOBUIH HyTar A3BCTIP323p JapaH
eHrepceH Oereesl YYHUM Hesleereep araap
MaH/JIbIH ONTHK TOJIOB TOAOPXOH XyralaaHji oruom

* Electronic address: baatarchuluun@num.edu.mn
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©OpUIIOTACOH OM. ODHAIXYY CyJaTaaHbl aXIIbIH
XYPI9HI XYHHH Yl axwuiaraataii xoia0ooTon
araapelH Ooxupmon Oyioy OBIHMHH  YIupaimg
Oromacc IaTaacHbI yJIMaac YycIX yTaa, Oaiiranuiin
rapanTaii Oyroy oiH TYHMpHIH yTaatail 0aix yen
araap MaHIUIBIH OOXUPJUIBIH  3apUM  OITHK
napaMeTpyyauir XIMXKUAITIIP HapulB4JIaH
TOJAOPXOWIDK, XapbllyyJaH cyaanaa.

Il. CYJAJITAAHBI APT A 3YH

Hapupl nanparmiiH axurianTelH —YJaanOaaTtap
crann 7axb POM-01 CkaiipaguomMerp Hb HapHaac
upK Oyd mIydayyH OOJIOH TOJOPXOH ©HIreep
CapHHUCaH Harparuia (arTbMyHKaHTPaTBHIH
XOMKWIT) spumuidr 315 M, 400 BM, 500 HM, 675
HM, 870 M, 940 M, 1020 HM ZONTHOHBI YPTYYyOan
XOMKUX 0a XOMXKHITHHH Yp JYHID3p araap
MaH/UIBIH ONTHK TapaMeTpyyA OO0JI0X a3po30JIbIH
CHEeKTpalb ONTHK 3y3aaH, aHTCTPOMBIH DKCIIOHEHT
(), a3pO30MBIH XyrapiblH WITIArd (mr-imi,), HAT
CapHWIBIH andeno (m), aCCHMMETPUHWH TapameTp
(g), a3p030JBIH I3IAXYYHHUM TYTIIT X MAT araap
MaH/JIBIH OINTHK TOJIOB OOJIOH, a’pO30JIBIH IIHHK
YaHAphIl WIIPXUHIDX OJOH MapaMeTpyyIuir
xomoxmar|1,2].

OHY cynanraaHbl axiaap araapblH OOXUPAJIBIH
ONTHK  TapaMerpyyx  ©O0JOX  aHICTPOMBIH
9KCHOHEHT, HAT CapHWIBIH al0eno, a’3pO30JIbIH
932JIXYYHHUH TYraaTuiir ¥YiaaanOaarap XOT OpPYUMI
TOAOPXOMIIIOO.

A. A3p030J1bIH ONITHK 3y3aaH
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Hapnpl manpar mpiaxuiiH araap MasUIBIT HIBTPIH
ra3pblH Tafapryya HUpAIXI3D IIUHIDX 0a capHUX
3amMaap 3puuM Hb cynapiar. |0 spunMTON HapHBI
Larpar araap MaHUIbIH I93]1 XWII 193D OyIoy A1 19T
T3P Tycd OaitHa rae. Tomopxoit JONTHOHBI ypTTait
HapHbl nanpar B' prasc B mprt upaxs g opuuM He:

dl, =—a, -p-1,-dS (@))

XoMKIrIp OyypHa. DHn: dS=BB', p-araapein
HATT, Ol -\ JOJTHOHBI yPTTAH IaIrpar HATK MaccTan
X3CTUUT  HAOBTPIX3J  Xapraji3ax  CyJpasblH
ko3 durment. ["a3peIH ramapryy mapx A 1pT 193p
vpk Oaiiraa HapHBI MAlParuiiH ypcra Hb:

IAdI S
—’1=—I%'P'd3 @)
Iy L 0
TATIIXATIAIRP TOAOPXOMUIOrAOHO.
1

I'ypBamxkua  AAAi-33¢ —— =———— , Heree
P AA, sinhg

AA M m )
Tajlaac = —=

AA, M,

1
0oJoXbIr Xapk OoyHo. WMiimMag m = — (@)
sinh ¢

60J1HO.

YyHa: m-araap MaHIUIBIH ONTHK MaccC, ho-HapHBI
Xx00pox oHIep. (4) TombEo Hapubl onmep 20°-aac
m3m  Oalixan araap MaHAIBIH MacChIl HIIII
HapUUBWIANTAd WIDPXUWIIAT OOJOBY  HApHBI
eHmep Oara 00JIOXOH anmaa Hb TOOIOXOOP
XOMXKIIH]| XYPJ3I Tyl WIYY HapuUWBUlalTall eep
TOMBEOT XIPIrdAT. (2) 6a (3) TombEOHOOC:

Inll—’"z—aA-Mo-m 5)

A0

6a M, -, =7, rox T™aMmrmBII ToMbéo (5)-¢ A
JIOJITMOHBI YPTTail HAPHBI MOHOXPOMAT LiallparuiiH
pPUMUIT

_ ~7,:m(0)
Iz - I/w €

(6)
ok OoxHO. YyHuUUr byre-JlambepTuiiH Xyynb
Oyloy araap MaHAAJJ HAPHBI LIYJIyYyH HalparuiiH
9pUYUM CyJipax Xyylb T3HJ. T;-UWl CHEKTPUNH
TyXallH My J1aXb araap MaH/JIbIH CPOHXUHN ONTHK
3y3aaH I3 HIPID/IIT.

Araap MaHzIan Jaxb HApHBI [AlparuidH 3PUYMUIH
CyJIpaJIbIH Xyyih Oyioy byre-JlambepTuitn xyynuac
araap MaHUIBIH ONTHK 3Yy3aaHBIT HIIPXHUAIDK
OM4BII:

T, = —Lln(l—‘j = LIn(IA)J (7
m(e) \l,) m(g) (1,

0omHO. OHA: ;9 - CIIEKTPUIH TyXailH MY>XKHI araap
MaHUIBIH TaJHax XWiJ UpK OyH HapHBI IIyIyyH
HAIparuifl y1ra, |; - CieKTpuifH TyXailH My Jaxb
HapHbI IIYJTYYH HaupardiH XoM>KCIH yTra.

Araap MaHUIBIH €pOHXHI ONTHK 3y3aaHBIT Japaax
X3709p33p OyI0y ONTHK 3y3aaHyyAblH HHIIOp
Oaiiiaap wPXUmK 60HO [1].

73 = Ta(A) + 1R(D) + 7 0, (D) + Tpg (D) + Tpw (1)
(8)

Yyun: 1,(A1) -asposomsin, Tg(A) -Peneitn
capHIIBIH, Tg,(4) -030HEI, Typg(A) -xommmor
XWUiiH, Tpy, (A1)-yCHBI YYPBIH ONTHK 3y3aaH TYC TYC
6oxHO. (7) OOnOH (8) TOMBEOHOOC a’pPO30JIBIH
ONTHK 3y3aaHBIT TOIOPXOIIOOI Japaax X JI0dpTIH
onmoHo [1,2].

1

T, () = o) (Inl,, = 1, ) = (zz(D) +

T O3 (/1) + ng (/1) + Tpw (/1)) (9)

ABpPO30IIEIH ONITHK 3y3aaH Hb OPOH 3aii OOJIOH Iar
XyrauaaHbl XYBbJ] ©6PWIOr 10K Oaiinar
XOMKHUTIPXYYH Oereen TYYHHHT TOIOPXOMIOX
30pWITO0p CKalpaguoMeTp, HapHbI (HOTOMETD,
3CBAJI IIWIRH MY YATYYPYY OYXHif aKTHHOMETPHITH
Tyclam)KTalraap ra3pbliH rajapraja upk Oyil HapHbI
LIYJYYH HALUpParuir X3MxKIor.

B. AHICTPOMBIH 3KCIIOHEHT

AHTCTPOMBIH 53KCIOHEHT Hb a3pO30JIbIH OMNTHK
3y3aaHbl TOPJIUIH MOJTHOHBI ypTaac Xamaapax
XaMmaapipll WATIHAST TMapaMerp oM. ODHIXYY
napamMerp Hb TyXallH @XWIJanT, CyJairaa Xuibk
Oyl Oyc HYTIHiiH araap MaHAaJj aryyJjarjgax Oyi
a’pO30JIBIH LIyraMaH X3MXK33CTIH Xamaapanrait
0ereeji aHICTPOMBIH DKCIOHEHTHHH WX YTITa Hb
TyXaliH araap MaHIaJl JaXb a3pO30JIbIH XIMXKIIC
XapblaHTyH XKWKUT Oaliraar, xapuH Oara yTra Hb
TyxallH araap MaHJajl1l XapblaHTy TOM X3M>KI3CT
a’po30JI TONWIOH TY[K OYHr TyC TyC WITTDJIOAT.
Kummonbom: o << 1 yem araap MaHmalIax TOM
HIMPXArTHH Oyroy a¢dextus paguyc v 0.5 pm-aac
nx Oalix a’po30JI JaBamTaililHa XOMAIIH YHDIIIK
Oomno. XapuH, o > 1 yex araap MaHalA >KHKHUT
mmpxarmii Oyroy 0.5 pm-aac Oara sddextus
panuycraii Oyroy OuWOMacc IIaTaacHaacC YYCCOH
IOMYY XOTBHIH araapblH OOXHPAONTON X0I000TOM
a3p030J1 JaBaMrailybk OalfHa X3M33H Y33 OO0JIHO.

AHTCTPOMBIH 3KCIOHEHTHII CHEKTpUHH TyXalH
MyX Jaxb adpo30JIbIH ONTUK 3y3aaH OOJIOH
JIOJITHOHBI YPTHIH Xapbllaaraap rogopxoitngor [1].
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o= &) (10)

0-aHI'CTPOMBIH SKCIIOHCHTUIT TO)IOpXOIZJ'I6OJ'II
T}‘O

00JHO.
C. Hor capHu/biH a1b0e10

Hor capuunein  amsbeno (HCA) Oyroy single
scattering albedo rax 3HIXYy mapamerp Hb araap
MaHJall aryynarfiax Oy a’spo30ibiH 6eemMc 133p
[P CyNpax Y33TIMHAT WIDPXUIIIX CyIpalIbiH
ONTHK  TapaMeTpYYAWHH  IMUHXK  YaHApPbIH
TOJOPXOMJIONTOH], YyXal ad XOJIOOTZONTOH oM.
Hbar capamnsia anp0e0 Hb TIPIUHRH HUUT Cylpat

JaXb CapHHUII 0oJioH HIUHTAIITHIH
KO3 PUITMEHTYYIBIH  XOOPOHIBIH  Xaphllaaraap
Topopxouioranor [1]:
— _0Os
W= atos (12)

YYHI. @ -HOT CapHWIBIH anbeio, Og -CapHWIbIH
K03 PUIMEHT, 0, -TMUHTIAITARH KOA(DPHUIMECHT.
OpuHBl XapbUAHTYH YHHTIIHAIT [I3Xb CAPHHUIIBIH
K03 duIMeHTHIAT Kactun-Xanwmn HapbIH
TATMIATIAF3P TOOLOOJIOO:

as(R) = op(1 =R)™" (13)

Ha9px TormmTrang R-xapelaHryid 4MdATIONL, y-
a’p030JIbIH  0OOMCUHH KOHJICHCAIBIH HIPBXUIH
rmapameTp, 0, -a’po30JIbIH Xyypal OeeMcHiiH
CapHHJIBIH KOPPHUIMEHT. ASPO30IIBIH IIHHT I THIHH
K03 UITMEHTHIT Japaax Oaiaap TOJOPXOMIHO:

O, =0, X103 xM  (14)

YyYHI! O, -IIMHTIIATHAH KOIQOUIHMEHT, O, -
TOJOPXOMJICOH IIMHIIIITUIH XOHAJIOH OrTioi, M-
MacchlH  KoHmeHTpan.  (13)  Oomon  (14)
TarmuTranyyaudr  (12)  tomb€oHa  opiyyiaH
OMYBA HOT CapHWJIBIH anb0eno @ Hb Jlapaax
Oaiinanrait onmoHo [3,4].

© =1+ gr=om(1 - RN (15)
Hor capaunein anpbeporuiin yrtra w < 1 0aiix
0ereej XopB3> [AlparuiiH 3p4YMM  3OBXOH
CapHWJIBIH HeJeereep cynapu OaiiBanm  HOr
CapHWJIBIH adh0eoTHiTH TOOH yTra 1 OaliHa. XapuH
TOOH yTra Hb l-33c Oara OaifBan araap MaHzau
IYHAYYp HOBTPIH Ta3pblH Tajapraj xypd Oyi
HapHBI LAlpardifH 5pYiM 36BX6H CapHWIaap O
MOH IIUHTIIITHHH HeJleereep cymapd Oyur
WAIB3PXUNIHY.

ABpO30JIBIH 333MIXYYHHUI TapXaiT:

(dV/d(Inr)) up HIMK araap MaHIal Aaxb TyXaiH
r + dr pagmycTtaii a’po30iblH 0OOMCHHH HHUUT
933JIXYYHUHIT WIDPXUIITHA.

I11. CYAJAJITAAHBI YP IYH BA
XOJIRJIY YJIII

SAnonsr Ynbaruitn Mx CypryyinuitH spIdMTIATIH
xamTapcaH CYyYyph cynajraaHbl Oarax
Ckaiipaguomerp  /POM-1/-u#tH  XOMKUITHIAH
ereryieep YnaanOaarap xot /47.55N, 106.53E,
nr.a 1310M/ opunMpa eBen, 3yH OOJNOH OifH
TYHMpUIH yTaaTail 0aiix yes araapbiH OOXUPIIIBIH
Y3YypaTyya 6omox SO00HM-MfH JOJITHOHBI ypTam
Xaprajizax a’po30JIbIH ONTUK 3y3aaH, H3T CApPHUIIBIH
ampbeo  OOJIOH  aHTCTPOMBIH  JKCIIOHEHTHHH
CTAaTUCTHUK Y3YYIITYYAUUT XaprajizaH XycCHAIT 1,
2, 3-T y3yy/uima.

XycHart 1. OBen, 3yH 00JI0H OWH TYHMpHIiH yTaaTaii 0aiix yen
500HM-MIfH JONTHOHBI yPTaj Xaprai3ax a’po30JbIH ONTHK
3y3aaHbl CTATUCTUK Y3YYJIITYY

=
= o = =
S % o S | 22| 58
';; =g > 8 5 SE| B¢
;;2 N > S > o
OBon 221 | 027 | 0.07 | 0.97 | 0.18
3y 235 | 0.39 | 0.03 | 1.95 | 0.32
Tyimpuiin | o, 19 97 | 069 | 1.65 | 0.15
yTaaTai

XycHarT 1-33¢ XapBajl a’po30JIbIH ONMK 3y3aaHbI
3yH, OBIMHH IyHIaX YITHH suraa Hb 0.12 Oyioy
OYHAX YTITBIH XYBbJ €epujienT Oararaii OaiiHa.
Xapur 2016 ouwsr 7-p capeiH 20-24 Oyroy OWH
TYWMpHIH yTaaTtail 0ailx YeuiH OyHIaxX yTra Hb
XapbIIAHTYH OTTIOM ©CCOH OaifHa. XaMTruifH UX yIra
Hb 3yH 1.95, xamruitn Oara ytra Hp eBexn 0.03
Oaiiraa Hp axuriaaraax OaiHa.

XycHart 2. OBen, 3yH 0OJOH OHH TYHMpHIH yTaatail Oaiix
YeuniiH aHTCTPOMBIH SKCIIOHEHTUIH CTAaTUCTHK Y3YYIITYY]]

=
= T o© o =
2 | 58| E|EE|EE| &8
= % = Ss| S| 58
§ = >§ > S g < é g <
2 R K8 | K o
OBon 221 | 153 | 0.13 | 2.30 | 0.29
3yn 235 | 1.07 | 0.01 | 1.76 | 0.37
Tyimpuite | o) 1431 | 992 | 165 | 0.15
yraarau

AHFCTpOMI)IH OKCIIOHCHTBIH AYHJAX yTTa Hb ©BOJI,
3yH 00J100/1 TYUMpHITH yTaaTai 6aiix ainp 9 HOXIOI
o > 1 Oaifraa uvp 0.5 um-33c Oara Oyroy Guomacc
MaTaaJlTEIH TIPOIECCTOH  XOJIOOOTOH  a3p030Jib
JaBaMraipk Oaiiraar xapyymnk OaiiHa. XamruiiH
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Oara yrtra b 3yH 0.01, xamruitn ux yrra Hp 2.30
OyI0y OBJIMIH yJIUPa aKUIIaraax OaiHa.

Hbar capamnei ansbenon myagax yrra esen 0.94,
3yH 0.89 Oyrmoy eBmuiiH AyHmax ux Oaliraa Hb
OBJIMIH YJIUPAJJ CapHWIbIH HOJeOT3U TIIpiauilH
SPUMHIH Ccynpan JaBaMTaiipk Oaifraar HITTIXK
OaiiHa.

XycHarT 3. OBeun, 3yH O0JIOH OWH TYHMpHIH yTaaTail 6aiix yen
500HM-MIH JONTHOHBI ypTaj Xapraj3ax HAI CapHWIbIH
anb0e/IOH CTATUCTHK Y3YYIITYYA

=
g :m g :m < 8 =
2 | 58| E|fE|EE| 85
= % T S = S > =8
S ZE| 2 | SE5| 38| E8
e N > o > Q =
Oson 221 | 0.94 | 0.81 | 1.00 | 0.05
3y 235 | 0.89 | 0.73 | 1.00 | 0.08
Tyitmpuidn | o, | 496 | 091 | 1.00 | 0.02
yraarait

CubupuitH oifH TYHMIPTHH Oaiix YeuitH a’po30IIbIH
onTHK 3y3aaHsl Tapxanteir MODIS (17, July- 25,
July) xwitman pmaryyneiH erermmeep 3ypar la-m,
VnaanOaarap XOT OpPYUMOOp DSHIXYY TYHMpHIH
yTaaTail araap op4ymwI ypcrajblH Hejleereep naipd
OHT'epeX YEeuiH araap MaHJUIbIH Xaparaax Oaiibir
3ypar 10-1 Tyc TyC XapyyJuiaa.

ol T,

3ypaz la. MODIS (17, July- 25, July) xuiimon Oazyynein
020201166p 2ap2ACaH A3PO30NbIH ONMIUK 3Y3AAHbL MAPXALMbIH

3ypac.

3ypaz 16. Ynaanbaamap xom opumoop OiH MyUMPUIiH
ymaamaii /7-p capvin 24-n0/ azaap Oaipan 6H2OpOX yeulin

¢omo 3ypae.

500 HM-mlH [OOATHOHBI  ypTaj  Xaprajiszax
a’pO30JIbIH  ONTHK 3y3aaH OOJIOH aHICTPOMBIH
SKCIIOHEHTHIH CapbIH SBBIT 3ypar 2-T XapyyJijaa.

[
T

3ypaz 2. 500Hm-utin 0012UOHBI YPIMAO XAP2AN3aX AIPO30TbIH
onmuk 3y3aan 6a aH2CMPOMbIH IKCHOHEHMUUH CAPLIH A8Y
/2016.07.01-28/.

3ypraac xapaxaja X0€p X3MKUTJPXYYHUI epeoHXui
sB1] TOcTIH, SO0HM-T Xapram3ax a3po30JbIH ONTHK
3y3aaHbl XaMTMHH WX yTra 7-p capbiH 24-HA
axuriargax Oalraa Hb SH OJPYYIRA TYHUMpPHIH
yraataii OalicCHBIr MATIXK OaifHa. YnaanOaartap
XOTON Oaifpiax araapblH YaHApPBIH XAMKWITHHH
CTaHIIYyJIbIH OaipiajibIr 3ypar 3-T XapyyJoiaa.

3ypae 3. Vanaanbaamap xomoo 6atipnax azaapvin uanapoin
XOMAUCUTMUTIH CIMAHYYYObIH Oatipaa.

Oarasp cTaHUyynd Hb Xxapramsad 2.5 pm 6oson 10
UM-33¢ Oara IIyramMaH XdMX39TOH TOOCOHLIOP
PM2.5, PM10 6a CO, SO2, NO2,03, canxuHsbl
XYpI, araapblH TeMIIepaTyp, araapblH JapajT IICoH
8 mapaMeTpuHT XIMIKIDT.

3ypar 4-1 500 HM-UIH JONTHOHBI ypTaz Xapraizax
a’po3oiibiH ontuk 3y3aaH (AOT)-sl ytra 00J0H
ToocoHuop PM2.5, PM10-uitH X3MX39HUN ©BIUIH
YIIUPJIbIH SABLBIT XapyyJijaa.

£ A Wi

St
o
Zhn® 2016 SN IS 1T RS TNST6 WS ZaTs Zdts 2dete
Ome

AOT (500 nm)

—= PUIO(L)
- PU25(L)
Taugis  — AOT (500 nm)R)

3ypaz 4. 500um-uiin 0onzuonsl ypmao xapean3ax aspo30.biH
onmuk 3y3aanvl ymea 6onon mooconyop PM2.5, PM10-uiin
xamorcaonutl aey /2016.07.01-28.
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Onrasp yrryyn 7-p capbiH 24-HI OTLIOM ©CONTTIH
Oaiiraa Hp aXuriarqax OaifHa. OBen, 3yH 00JIOH
OWiH TYWMpHHH yTaaTtail 0aiix yeuilH aHICTPOMBIH
skcmoHeHT (Angstrom  exponent)-witH  yTTHIH
500HM-UiTH JOJNTHOHBI YpTa[ Xaprais3ax a’spo30JbIH
ontuk 3y3aaH (AQOT)-aac xamaapcaH TapXaJThIT
xapraisas 3ypar Sa, 50, 5B-1 xapyysuiaa.

(a)
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3ypaz 5. (a), (0), (8) xapeanzan 0601, 3yH 6OIOH OUH MYUMPULIH
ymaamai 6aux yeuiH aHecmpoMblH IKCHOHEHMUUH YMIblH

mapxaam.

3ypraac xapaxaa eBeJ OOJIOH TYWMpPHIH yTaaTail
Oaiix  yewitH AQHTCTPOMBIH  AKCIIOHEHTHUIH
TapXalThIH YTIBIH OJIOHJIOTHHH WXdHX Hb 0>1,
XapuH 3yHBl YJIHpaN[ YTIBIH OJIOHJIOTHIH Oapar
Xarac opuMM XyBb Hb 0<l Oaiiraa Hb ©BeJ, 00100
yTaaraii 6aitx yex 0.5pumM-33c 6ara 0yroy 6noMaccei
marairTail XoJ0oOTOW a’po30J, 3YHBI DHTUHH
oapyyma 0.5 pum-3ac ux Oywoy araapeiH 00C00
XOJIONITOOH UX Oalaartail XoI000TONTroop MEXaHUK
XOJIOJITOOHOOC  YYCCOH  a’po30Jl  MXACITUHT
XapyyJok OaiiHa.

OBe, 3yH OOJIOH OWH TYHMpHiH yTaarail Oaiix
yeuita 500 HM-MIH TOJTHOHBI ypTamd Xapri3ax HIr
capamibiH anbbeno (SSA /500nm/)-u yrrein 500
HM-MHH JIONTHOHBI YpTaJ Xapraji3ax a’pO30JIbIH
ontuk 3y3aan (AOT)-aac xamaapcaH TapXaiaTbIT
XapraisaH 3ypar 6a, 60, 6B-1 xapyysuaa.

(a)

10 Winter

0.8

0.6

SSA(Wsponm)

0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8 2.0
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AOT(Ts000m)



MYHUC-uitn 2pdom wundicunesonuil ouuue, ®PU3NK comeyyn 24 (468), 2017 47

()

1.0 o 00 o0 o
o
Forest fire

0.8

0.6

SSA(Wsoonm)

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 1.8 2.0

AOT(T500nm)

3ypae 6: 6a, 66, 66 xapeanzan 0661, 3yH OOJIOH OUH MYUMPULH
ymaamatui 6atix yeutin 500HM-utin 00I2UOHBL YPMAO XaAp2ai3ax
H92 CapHUNbIH albOEOOH YM2biH Mapxaim.

Oarssp 3ypryygaac xapBajl OBIMHH  yIUPAIT

CapHWJIaaCc  IIaNTraajcaH HapHB  alparuifH
SPUMHIH CcyNpaj JaBaMraiiiar 00 3yHbl yIupain
CapHWJIaaCc TaJHa, [IMHII3ITIAC [IaNTraaicaH

LaLparuiH 3pUMUIH CyJIpal UX3CIAT Hb Xapariax
OaifHa. XapwH TYWMpHUH yTaarail Oalx yen mar
araap xapbLaHryl TOrtBopTod Oaiican. Tuiimaac
HAlParuiiH SpUMUNH CYyJIpajblH MAJTraaHbl UX3HX
XYBUIT CapHIII 332JDK OaifHa.

Araap MaHIJIBIH €6p ©6p TeJIeBT OyIy eBell, 3yH
O0oNoH OHH TYWMpUHH yTaatail Oaiflx YewWiH
a3pO30JIBIH  IIIyTaMaH X3MXKIDPHIIC XamaapcaH
33anxyyauit tyranr /dV/d(Inr)/-uiir 3ypar 7-1
XapyyJuiaa.

dv/d(inr)

Vertical (v

alue) Axis Minor Gridlines

——Winter —=—forestfire Summer

3ypae 7. Oseon, 3yH 6010H ol MyLMpULiH ymaamat 0aix yeutin
APO30IbIH  WY2AMAH  XIMIHCIIHIIC XAMAAPCAH  I3DIXYYHUL
myaaam.

DHIPAC XapBall araap MaHMJIBGIH alb 9 TOJIOB
Oaiinany Oara pammyctait Oyrooy 0.1-0.2pum-uita
paauycTaii a3p030JIbIH TapXajlT JaBaMraiiok OaifHa.
XapuH 3yHbl yIUpa] XapbLAHTyH TOM X3MK33CTIN
a’pO30JIBIH  333JXYYHHUH TapXalT MX3CIAT 3YH
TOT'TOJI @KUIJIarasaa.

V. AYTHOJIT

OHAIXYY @kiaap araap MaHIJIBIH a’pO30JIbIH
Y3YYIRATYYA 000X a’po30JIbIH ONTHK 3y3aaHbl
500HM-T xapran3ax yTra, aHrCTPOMBIH 3KCIIOHEHT,
HAT capHWIBIH anp0enoH S00HM-T Xaprams3ax yTra
0O0JIOH a’pO30JIBIH 333JIXYYHUH TYTJITHIr araap
MaHJJIBIH SH3 OYpuilH Hexmenn Oyloy eBel, 3yH
OosoH TyWMpHiiH yTaatail 6aiixaJ TOZOPXOMILIOO.
DIrIdp TOAOPXOUICOH TYHTYYAIIC aBy Y3BAIL:

e AdpO30JIBIH ONTHK 3y3aaHbl XaMI'HiiH Oara
yTra 3yHbl YJIHpan Widpd Oaliraa Hb HD

yaupanl axydH 30puyJlanTrad Ty
[1aTaax MpoILEcC 30rCIOr ydpaac TIHTIP
XaMIUiH — IPJIMAT  Oaijgartaid, XapuH

XaMI'MHH UX YTTa MOH 3yHBI YIUPAJL HI3pY
Oaiiraa Hb YCHBI YYpbIH aryyiamx OyIoy
XapblAHTy YMWT MeH J 3yHJaa WuX
Oaiimartaii x01000TOH T3k Y33K OaifHa.
AraapblH yaHapblH 00JI007 a3pO30JIbIH
ONTHK 3y3aaHsbl sBIIaac aBy y3B3J1 2016 oHBI
7-p capbIH 24-HI a3pO30JIbIH ONTHK 3y3aaH

(AOT) 0onoH PM2.5, PM10
TOOCOHUPYYJBIH yTra OTIOM ©CeJTTIH
Oaiiraa Hb TYUMpHiTtH yTaaHaac
MaJITTaaJICaH T Y39K OaifHa.

e Araap MaHIUIBIH aJlb 9  HOXIOI

AQHICTPOMBIH SKCIIOHEHTHIH TyHIaxX yTra o
= 1 Oailiraa Hb yTaaHaac MIANTraaJCaH
a’po30J1 ©BeJ, 3yHbl alb Y YIUPaII
Oadaruiir xapyymk OaiitHa. MeH 3yHBI
YIUPJIBIH TapxajiTaac aB4y Y3BT DH)
YIHpaI TOM X3MXIICTI Oytoy 0.5HM-33¢
HX LIyraMaH X3MXKIICTOM  a’po3011 UXCIK
Oaiiraa Hb 2H® yNHpas[ araapblH 00CO00
XOJIONTOOH XapbllaHTyll ux OaimarTaii
X0J000TOHTrOOp MEXaHHWK XOJI0JTeOHeep
YYCI3IIC3H a3po3011 HX3CIRTTIN
X0J000TOii.

e Hbr capHuibiH ans0enor aBd y3B3J1 ©BIMIH
YIHMpaNa CapHWITAH XO0JIO0OTOH HapHEI
HalparuiiH 3pUMHUIH Cyapain JaBaMIalink
Oatigar 0OJI 3yHBI YJIUPAI CapHUI OOJOH
LIMHTIRITISC  INANTraayicaH  LalparuiH
SPUMHIH CyJpal aib allb Hb Oalijar OaitHa.
OH» Hb MOHTOJ1 OpHBI XyBbJl ©BOJIZI00 LAT
araapbelH HOXL®J XapbLAHI'yid TOTTBOPTOH
OyIOy TOHI3p LRJIMAT Oaiijjar XapuH 3yHBI
yIMpaaA XapbLAHTYH YHHT MXICATUNT
XapyyJok OaifHa.

1. AbBpPO30OJBIH 33IXYYHHH TYTIATHHT aBd
Y3B3JI ©BOJI, 3yH 00JI00/] TYHMPHIAH yTaaTai
0alix YeWiiH ajb 4 HOXIeJN]| [aTaaTTan
X0JI000TOH a3PO30JIBIH TYTANT JaBaMIaiiiK
OaifHa. ['3BY 3yHBI ynupan 6ara pagmycrai
a’3PO30JIBIH TYTIAT Oaracax, TOM X3MKIICT
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a’pO30JIBIH TYI3AT UXACCOH 3y A TOrTON
WwnpY Oaiiraa Hb XIAWUTIP 3yH axylH
rautant Oapar yryd 9 YCHBI YypHIH
aryyjgamk  UX3CHAIITOH  XapuH  TOM
X3IMIKIICT a’pPO30JIBIH TYTDITHHT araapbiH
60coo X6J10JITOOHTIN UX3CAIT TN
X0JI000TOH K Y33k OaiiHa.
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Influence of raindrop size distribution variations on the rain specific
attenuation coefficients
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The raindrop size distribution is one of main term to evaluate microwave attenuation due to
rainfall. In this paper, the lognormal distribution is introduced to represent the raindrop-size
distribution based on the measurement performed at the Chungnam National University.
Since the distribution parameters are strongly scattered around the fitted value, we developed
a new statistical model for the lognormal distribution parameters. Based on the new
statistical model for raindrop size distribution parameters we have estimated influence of
raindrop size distribution variations on the rain specific attenuation coefficients.

I. INTRODUCTION

The attenuation due to rain is caused by two
mechanisms: the absorption and the scattering by
raindrops. The behaviours of these mechanisms
depend on three factors of rainfall medium: the
complex refractive index of water, the shape of
raindrops and raindrop size distributions. In the
present studies we have used the model for complex
refractive index of water proposed by Liebe et al [1],
and assumed the shape of raindrops are sphere.
Natural raindrop size distributions are highly
variable [3,4]. Therefore, to account the variability
of raindrop size distributions we have developed
statistical model for the parameters of lognormal
distributions [2]. Then influence of the variations of
raindrop size distributions on the rain specific
attenuation coefficients are estimated using Monte
Carlo simulations.

Il. BACKGROUND

The rain specific attenuation of the microwave due
to rain can be expressed [6]:

ﬂ_DZ

= . . @
;- N(D)-dD

ext

y =4.343.10°- [°™Q

where N(D) denotes raindrop size distribution. On
the other hand, the rainfall rate is estimated as:

R=6-7-10"["™ D*-v(D)-N(D)-dD
where v(D) represents raindrop terminal velocity

[6].

The experimental measurements and theoretical
calculations indicate very good correlations
between the rainfall rate and the specific attenuation

* Electronic address: batpurev@num.edu.mn
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due to rain. Hence, for specific attenuation
calculations used power regression equation

©)

Therefore theoretical calculation of the specific
attenuation due to rain leads to estimate the specific
attenuation coefficients o and P. Usually these
coefficients are calculated based on the equilibrium
shape and average raindrop size distributions [6].
The lognormal distribution for raindrop-size
distribution is formulated as [2];
-1
( Dj
y7i

y:a.R'B

G)——NO .
# N2-mu-o

w4542

The parameters of the lognormal distributions at
given rainfall are considered as random variables
with definite distribution functions. Experimentally
estimated histograms of the lognormal distribution
parameters hints the parameters p and o could be
described by normal, and No - by lognormal
distributions. Hence the distribution of the
parameters In(No), « and o assessed as the 3-variates
normal distribution with corresponding covariance
matrix >, that is described as

N(D;N,,

(4)

p(x) = -(x—M)Vz%(x—M)}

CEZ )

M = |_,U|n(NO)’ My IUGJ ®)
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O'In(No) Cov(ln(NO), ) Cov(ln(NO ), o)
T = Cov(ln(NO), ) Gﬂ Cov(u, o)
Cov(ln(NO), o) Cov(u, o) e

I1l. THE STATISTICAL MODEL FOR
RAINDROP SIZE DISTRIBUTIONS

All the analyses given in this paper are based on
the data collected from July 2003 to November
2003 at the Chungnam National University. The
Joss-Walvogel distrometer (RD-80, Distromet
Co. Ltd) has been used for measurement. To
reduce the sampling error we have chosen
distrometer integration time to be 60 sec. The
parameters No, x4 and o were estimated by the
maximum likelihood estimation method. Then
the parameters of the 3-variate normal
distributions for [No, x, o] are estimated as
function of rainfall rate by using robust
estimation method. They are expressed

L, =0.1326-In(R) + 6.541
0.09782-In(R) +0.537; if R<10

H ”:{0.2511-In(R)+0.1536; if R>10
0.0829-In(R)+0.27; if R<10

# ":{—0.003323-In(R)+O.464]; if R>10

Gron.y = ~0.1183-In(R) +0.801

&, =0.02159 - In(R) +0.08213 (6)

o =—0.002328 In(R) +0.0623

Cov(In(N,), &) =0.00692 - In(R) —0.07

Cov(In(N,),o) =0.007371-In(R) — 0.02344

Cov(u, o) = -0.002141- In(R) + 0.001834

The algorithm for generating the desired 3-
varaites [No, u, o] random vector is as follows:

1. Generate [z1, z2, z3] vector as Normal
(0,1) random variates.

2. Calculate [In(No), & o]™=[tunNo)s fur

po] "+ [21, 22, 73];

Return [exp(In(No)), «, o]".

4. Generate  raindrop  sizes
parameters  [No, &, o]

To test the proposed statistical model for
raindrop size distribution, the Monte Carlo
simulations were carried out. For example one
realization of Monte Carlo simulation results
are illustrated on Figure 1. Comparing of this

w

using

scatter-gram to those found in experiment gives
excellent agreement.

o
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2
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10° 10 10° 10
R from Measured Data [mm/h] R [mm/]
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Figure 1. distribution

parameters.

Scattergram of the lognormal

IV. THE INFLUENCE OF THE RAINDROP
SIZE DISTRIBUTIONS VARIATIONS ON
THE RAIN SPECIFIC ATTENUATION
COEFFICIENTS

Using our statistic model for raindrop size
distribution, we have carried out Monte Carlo
simulation to reveal the influence of the raindrop
size distribution variations on the rain specific
attenuation coefficients. For each simulated
raindrop size distributions we have calculated the
rain specific attenuation coefficients. These
coefficients variations against frequency are shown
Figure 3. Here, for each frequencies scattering of
each coefficients are plotted using boxplot function
of MATLAB. It has been found the specific
attenuation coefficients more strictly influenced by
raindrop size distributions than raindrop shape.
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Figure 2. The influence of the raindrop size distribution
variations on the rain specific attenuation coefficients.

The effect of raindrop size distribution variations on
the p coefficient almost not depend on the
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frequency, whereas, the effect of raindrop size
distribution variations on the « coefficient increases
with frequency. Hence, as frequency increases one
should care about the raindrop size distribution
variations.

V. CONCLUSIONS

In this paper, we introduced new models for
raindrop-size  distributions, based on the
measurement performed at the Chungnam National
University. It is concluded that the lognormal
distribution is the most adequate candidate for
describing raindrop-size distributions than other
distribution models. Also, a new statistical model
for the lognormal distribution parameters was
developed to take advantage of the Monte Carlo
method. In the framework of Mie scattering theory
the influence on raindrop size distribution variations
on the rain specific attenuation coefficients are
estimated by Monte Carlo simulations. Simulation
result shows the specific attenuation coefficients
more strictly influenced by raindrop size
distributions than raindrop shape.
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Yiaan0aarap XOTbIH araap 1axb paJoHbl X3MKHJIT

B. Byarancaiixan *, H. Hopos?

Y LTV TUC-uiin Xapaensonuii Illunxcnsx Yxaanor Cypeyyns
2 MYUC-uiin Llomuiin Dusuxuiin Cyoanzaanst Tos

Viaan6aarap XOThIH HUHAT 260 rapyii Idrdc TOZOPXOH aprawiajiblH Aaryy araapbiH JIPIK
aBY araap Jaxb Lalpar WIPBXUT PaJOHbI aryyirbil' TOJOPXOII00. Araap naxb PaloHBI
aryyira Hb Y 1aanO6aaTap XOTHIH 0apyyH O0JIOH XOHI X3CTYYAI3P HIYY OHIep Y3YYIRITTIH
Gaiina. HulT XoMKmnTuiiH OyHr33¢ xapaxaj Huiicmonuiin ragHax araap naxb pasioHbI
OyHIaX X9Mk3d 8.3 Bx/M3 Gaitna. Yyuuidr J[paxuiiH AyHIax y3yymar 6oiox 5 bk/m3—rait

xapplyyiaxan 1.9 naxus ux OaiiHa.

Tyaxyyp yrc: mampar WadBXUT MHEPTHHH XWH, pamoHbI yaam, ajdbda Oeem, Oera Geew,

raMma Tysa

OPIINJI

Homxuita Opyyn Mauawmiia baiiryymarea 2012 oHb
cynanraaraap YnaanOaaTap XOT Hb JIDJIXUIHH
XaMTUHAH WX araapelH OOXHUPIONTONH XOTYyIbIH
’KarcaaiThelH 2-T OMYHUIACOH OaiiHa.

3ypae 1. Yaiaanbaamap xomvin e6en 3ynel xapvyyyiamm (Hae
Y9299C ascam 3ypaz).

Honxuitn  BankHbel cynanraaraap YnaanOaatap
XOTBIH araapblH OoxupieiH  60-90% HB T3P
XOpOOJUIBIH Ayl OpXYYAHUHH TYYXUM HYYpCHHU
XOPATINOHAAC YYIRITIHA oM. YnaanOaarap XOTHIH
alll epXWHH TOO CYYJIMMH SKUIYYI3A OTLIOM
HAMITIRK Oaiiraa Gereen HWHAT epxwitH 60 rapyit
XyBb Hb (191 MsHTaH 6pX) IIp XOPOOJIOI aMbAapy

OaitHa. [lpmxwitH baHkHBI cyganraaraap T9p
XOpPOOJUIBIH Al  epX  XAJAAIThIH  YIHUPAIJ
ayumkaap 3.9-4.8 tomn Hyype, 4.7-5.5 m® mon

X9pAmIAr. DHY Hb YiaaHOGaarap XOTBIH TI3p

* Electronic address: baldorjb@yahoo.com
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XOpOOJUIBIH aitn epxyya xuwia 800 opunM MsSHTaH
TOHH HYYPC X3PATIB/IAT TICIH YT FOM.

400

EC

WHO Interim
WHO AQG

300

gf%gfﬁ EEEECES §EFEE 3;5"’.;5.;

E iggggi ggﬁgg iz
hine Asla Europe USA
I'pagux 1. [Daxuiin  xomyyovln acaapvih  GOXUPOTbIH

xapoyyynarm (PM2.5 ug/md).
AraapeiH  Ooxupmieir  PM,  NOx, SOx-p

WIBPXUNIIPXA3C TajHa araap Aaxb Lanpar UI3BXUT
3JEMEHTUMH aryyjreil TOJOPXOWIOX 3aMiuryiu
11aapjangararai oM.

Witmpa oH9XYY cymanraaraap YmaanOaatap XOTHIH
TOAOPXOM  IPryyIdA araap Jaxb  PaJToHbI
aryyJaMKAWr TONOPXOMIDK, OJIOH YJICBIH TyHIaX
TYBIIMHTAH Xaphllyyaa.

CYJIAJITAAHBI APTA 3YH

Panon Gom eHre, yHIp, amMTryil mampar HWIdBXT
WHEPTUIH Xui oM Gereen Oairans m39p 2°Rn,
220Rn, 222Rn r9COH TYYHUH 3 HM30TON TOXHOJIOX
“PaloH” TIICOH HOP TOMBEOr MXIBWIdH 222Rn
M30TONT XaMaapyysoK onroaor. [1]

222Rn xaMTUiH MX Tapxairaii 6aiaar Hb TYYHUH 95X
238J M30TONBIH Tapxal MX, HOTO® 2 M30TONOOC
xarac 3aJpaiblH Ye UXT3H Oaiinarrail xoa000Toi.
222Rn 3.8 XOHOIMIH Xarac 3aJpajblH YeTdi 0ereos
VaanGaarap XOTBIH araap Jaxb 33JOXYYHHAH HIIBX
0OJIOH TYYHHWH ©OPWIONTHHUT CyAjax Hb TYYHHH
Japaax MUHKYYI3P ToAopXoinoraoHo.[2], [3]
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- 22Rn Hp WHEPTHHH XuH 6ereen ycaHi
yycnar. DH® HIMHX 4YaHap Hb TYYHHUT
VYnaanbaarap XOTBIH XJPATIDOHUH  yC
OOJIOH XOPCHHUH yCaHJ 4eJeeTdi Tapxax
OoJoMKHIT OYpayYHD. [7]

- 22Rn eepee  amb(a-006M LALPYYIK
3aj7apHa. TyyHnuit 3aApaiblH
OyTaarmxyynyya 28Po, 214Pb, 2Bi 33par
OXHMH IOMYYIUUT “pamoHBl ymam™ TIHJ.
DArasp Hanpar UIPBXT OXUH OMYYI XaTyy
TeJIOBTIH anb(da, Oeta OeeoM Oa ramma Tysia
nanpyyiaax Tyl UalparuiiH  HeJIeeIel
UXT3H. [4]

Araap [axp pajOHbl 33JIPXYYHUH  HIIBXUIAT
TOJIOPXOMJIOX aprblH 3ap4yMM Hb araap COpyyiIK,
HIYYJITYYP A29P PajoHBI 3ajpanaac YycdX OOTHHO
HACT Hanpar HIPBXT LeMYYAUHH 3aJpaibiH anbgha
0OOMUIT pPagOMETPIdp TOOJOXOH YHADCIIHI.
AHY-pH “SKC INC” kommnanuwitn Model 224-
PCXR4 TtepnuiiH araap copyyniard Hp araap Iaxb
pPanoHbI 3apanblH OYTIITIIXYYH Laupar HIAIBXT
M30TOMYYABIT OapbX wYamax MIYYJATYYp Aallnriax
TOXHUOJAONA 2.5 TuTp araap 1 MUHYTaJ COpPHO.

a

3ypae 2. AHY-vin “SKC INC” xomnanutin Model 224-PCXR4
mepauiin azaap copyyiacy.

5 MHUHYT araap copyyJspK Hampar Ua3BXT TOOCOHIIOP
CyycaH MLIYYJTYYPUHI CHUHTWIILHUIH TOOJIYYyp
oyxuii “Environmental Instrumnets Canada Inc”
kommanwitH  Model TM372 TtepnuitH  anbda
TOOJIYYPT TaBbK XOMKHH?.

ATraapbIH PKUAT 5 MUHYT COPYYJDK IyyccaHaac
xodm 5, 15, 30 MuHYTHIH Japaa QUIBTPHUIH
WIPBXMHAT o - TOOodyypaap 3 ylIaa XdIMKC3H
TOOJIYYPBIH TOOJIOX XYPABIT JapaaX TOMBEOHI
OpJIYYJDK  PajJOHBl  3a/paliblH  OOTHMHO  HAcCT
OYTISIIPXYYHYYAUHH araap Jaxb aryyjiaiThir
TOAOPXOUIIHO.

Craa = ,(17%,(21.51\/1 — 485N, + 31.1N3)

Crap = RULU (11.7N; — 1.4N; — 4.8N,)

Crac = knLU (9.9N, — 0.8N; — 8.2N5) [6]

YvHO: Craa 7 Cras i Crac PAIOHBI 3aapaliblH
ooruHo nact 28Po, 24Pb, 2“Bi-uiin araap naxmb
aryymant (Bx/m®); U — araap copyynax Xypn
(/mun); K — bunbrTpuitn Gapux dwaasap; 1 - o -
ToonyypbiH OypTrax uansap; Ni, N2, N3 — araap
copyyink ayyccaraac 5, 15, 30 MuHYTBIH mapaax
TOOJIYYPBIH TOOJIOX XypA (MMI/MHH).

CYJIAJITAAHBI YP IYH

Cynanraann YiaaHOaaTap XOTbIH OyXuil X3Cruiir
XaMpyynaH HMHAT 260 rapyil 1prasc a’3x asd
MUKW,  JPakuidr  YnaanOGaatap  XOTHIH
araapblH OOXUpPJUIBIH XaMTWiH uX yen Oywoy 12
caperH 06-Haac 12 capeiH 18-HBI XOOpOHHI aBY
LIMHKJI?H CYAJIaB.

3ypae 3. [[r901c ascan yseyyouiin 6avipui.

J199x aBCcaH IPryyauir Oalpiiiaac Hb MaiTraajial
21 Oymdr O60JTOH aHTHIDK XOMKIIIT XHICIH OOITHO.
Tyxaiin 21 OymarT xamaapargax X3MKHITYYIUHH
Yp IYHTHHH AYHIDKAWT OOPX XYCHIIT OOJIOH
rpaduKT Y3YY/DK JDIXHAH AyHOQK — yTraTai
XaphbllyyJaB.

Xycnsem 1. Xomorcunmuiin yp OyH.

= = = o = ey

= = %

: 223 R2: | Eg 2

= zE5E Q- 27 =z

2l R XS

1 CXI Basuxouryy | 2014.12.06 20 10,77
opuuMJ

BI'1 3-p xopoomon | 2014.12.07 10 11,35

2014.12.07 10 9,33
2014.12.07 10 10,46
2014.12.07 10 7,71

BI'J] 4-p xopoonon

Y/1 4-1 3aM opuuM

CBJl Henreen
HYYyp OPYHMJ

6 B3] MCS TIGER
& MCS COCA
COLA opunmn

7 B3 /1 BasH3ypx 3ax
opuuMI

8 B3/1 XyxupOynan
opuuMJ

gl B W N

2014.12.08 20 5,87

2014.12.09 10 10,41

2014.12.09 10 52
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- Huiit

XOMKWITHHH ~ JYHI33C  Xapaxaj
HuiicipnuiiH  ragHax araap Jaxb pajioHbI
OyHAaK x5Mxk33 8,3 bk/mM3 OafiHa. YyHuiir
Janxuiin AyHAax y3yysmnrt 6ojox 5 bk/m3—rai
[5] xapeiyymnaxan 1.9 naxwun ux OaiiHa. JHD Hb
araapberH 00XHp0I, rajiHax araapbeIH
XOMKWITHAT OBIUHH YIHpAI] XHiDK Oairaaraii

9 B3 a xypas 3ax | 2014.12.09 15 4,38
Op4YHuM
10 | B3/ Horpesn | 2014.12.10 5 3,12
SMHDJITHHH OpYUM
11 | CXJ Ux mapanm, | 2014.12.11 20 14,23
bara napan
12 | Xy Sapmar | 2014.12.12 10 7,54
OpYHuM
13 | Xy 1 Hucox | 2014.12.12 10 6,43
OpYUM
14 | Ypmronmit  mp | 2014.12.13 20 6,53
xopoosion 17,18-p
X0poo
15 | B3/ mp xopoomon | 2014.12.14 20 4,69
16 | 3,4-p nymaansl | 2014.12.15 20 12,46
LaxuiraaH CTaHI]
YHC3H CaH
17 | 22-n TOBY00, 2014.12.18 9 11,19
Homun aryynax,
Max mapker
18 | 2-p nynaanel | 2014.12.18 10 8,54
LaXWiraad CTaHI|
YHCOH caH
19 | 3aiican opunm 2014.12.18 12 3,35
20 | AITY XXK opuum 2014.12.18 4 4,99
21 | 7-u Oyynman opuum 2014.12.18 5 10,22
16.00
14.00
12.00
10.00 i
8.00 i i
6:00 | |
4.00 | i |
2.00 | |
- NAARAR RN NN inaiiig
& F & & N ‘u" S
*OQ S § < g S OQ&‘\@*-OQ\»I‘%%’D P $ N Oog\o :2\0 QNOQ&X‘ \\OQ\N“
I ,Q'\" Q\Q ,,;5" ,;:'Z’ <o'z§ \}0 Q+ 0 4{\(? *Q'z’
SRS FE IR F P S
& &S &o;\ A W AR
& T §
NP G g

Tpaghux 2. Xomorcunmuiin OyHe 03AXULIH OYHOAIC Y3y YAAMMIU
xapvyyyaax mv. I'aoaad opunel azaap 0axv padoHvl 0INXULH
Oyndaoic ymea - 5Bx/m>.

JIYTHDJT

- Hoopx cynmanraanaac xapaxan YiaanOaarap
XOTBIH araapblH YaHapbIH PafoHBI aryynamMmx Hb
bapyyn, 3yyH HapaH, 4-p maxuiraad CTaHLbIH
YHCOH caH, 3-p XOpoojoy, 22-bIH TOBYOO,
Basaxomyy, 4 3am, Basgu3ypx 3ax, 7 Oyynan
33pAT ra3pyylal XaMTHHH uX Oyly IIIXUHH
JyHJQXK yTraac 2-c 3311 JaXuH ux OaiiHa.

- Ha xypoaa 3ax, b3 /]-uitH ama3119T, 3aiican 0010H
AIlY XXK-piH opunma xaMmruiiH Oara Oyioy
JDIIXUIAH AyHAX yTraac Oara OaiiHa.

X0J1000TOH Oaiix OOJIHO.

lamna araap npaxp pagoHBI

30BIIOOPOTAOX

XOMXKIIT 3aacaH JARIXUIH 00J10H MOHTOJ YIICHIH
CTaHmapT TK Oaimarryir. WMitmp araap maxp
LaLparuiiH X3MXK39HUN Tyxah MoHron YIIChIH

CTaH/IapT,

HOPMATHUBBII' INHH33P TOTTOOX,

HUICIANINUNAH HyTar A3BCIAPT araap JAaxb Aapb
marpar HUIdBXT OOIMCHIH X3MXI3I TOI'TMOJI
X3MXHX, araapblH OOXUPIUIBIH LaLparduiH 5X
YYCBIPHIT TOJOPXOIIIOX IIaapaiaraTaid 6aiHa.
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Electric Dipole Transition of the First Excited State of °Be
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The EL1 transition strength of the 1/2+ first excited state of 9Be is calculated using three body
cluster model and complex scaling method where the excited state is correctly treated as
unbound. The 1/2+ resonance is obtained using the attractive three-body potential.

PACS numbers: 27.20.+n 6=<A<19, 21.60.Gx, 24.30.Gd, 25.20.Lj

Keywords: light nuclei, electric dipole transition, potential strength

INTRODUCTION

It is a longstanding problem to determine resonance
energy and decay width of the first excited 1/2* state
of °Be, which is closely connected with the problem
to clarify whether it is a resonant state or not. The
resonant structure [1-5] and a virtual characteristic
state [6] of °Be(1/2*) have been studied by the
various theoretical approaches and photo-
dissociation experiments. However, a complete
understanding on the nature of °Be(1/2*) state has
not yet been obtained. It is desired to perform a more
comprehensive study based on an o+o-+n three-body
calculations which can treat the bound ground state
and also the unbound resonant states of °Be in an
unified framework.

The low-energy photodisintegration of 9Be has also
received much attention from the viewpoint of the
astrophysical interest. The photodisintegration cross
section has been discussed to be negligibly small in
the energy region between thresholds of o+o+n
(1.5736 MeV) and ®Be+n (1.6654 MeV). The
observed cross section above the 8Be+n shows a
prominent peak, although there are some
discrepancies among the experimental absolute
values. The cross section profile has an asymmetric
shape and cannot be explained by a simple
resonance formula like the Breit-Wigner form.

In this work, the complex scaling method (CSM) [7-
8] Is applied to an a+a+n three-cluster model for
understanding the nuclear structure and (y,n)
reactions for low-lying states in °Be.

We treat the unbound nature of the 1/2* state of 9Be
and investigate the E1 transition between 1/2* and
3/2- states, which contributes to the (y,n) reaction
dominantly. Furthermore, we examine the
resonance formation in the (y,n) reaction to see
whether a direct three-body breakup or a two-step
process through the ®Be+n intermediate resonant
state is dominant.

* Electronic address: odsurenn@gmail.com
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FRAMEWORK
A. a+a+n three body model

The Schrodinger equation for the a+o+n system
using the orthogonality condition model (OCM)
is solved. The Schrédinger equation is given as

HYpr = E W 1)

where J™ is the total spin and parity of the
a+a+n system and v is the index of eigenstates.
The energy eigenvalue E,, is measured from the
o-+a+n threshold of °Be. The Hamiltonian for
the relative motion of the o+o+n three-body
system is given as

—~

3 2
H = Z ti—Tem. + 2 Van(‘fi) + Voo +Vprp+ V3
i=1 i=1

(2)
where t; and T,,, are Kinetic energy operators
for each particle and the center-of mass of the
system, respectively. The interaction between
the neutron and the i-th a particle is given as
V.n(&), where & is the relative coordinate
between them. The Kanada, Kaneko, Nagata,
Nomoto (KKNN) potential [9] is employed for
V,n. For the o+a interaction V,,, we employ the
same potential as used in Ref. [10], which is a
folding  potential of the  effective
nucleon-nucleon (NN) interaction and the
Coulomb interaction.
The pseudopotential Vpr = A |®pp)(Dpp| IS
the projection operator to remove the Pauli
forbidden states from the relative motions of
at+o and a+n. The Pauli forbidden state ®pp is
defined as the harmonic oscillator wave
functions by assuming the (0s)* configuration,
whose oscillator length (A=10° MeV) is fixed to
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reproduce the observed charge radius of the a
particle. In the present calculation, the a+o+n
three-body potential V5 is used. The explicit
form of V5 is given as

Vs = v3p exp(—up?) ©)
where p is the hyper-radius of the o+atn
system. The hyper-radius is defined as

p?=2r? +§R2,

where r is the distance between two a's and R
is that between the neutron and the center-of-
mass of the a-o subsystem. To reproduce the
ground-state properties, we take the potential
strength v5, and the potential width u as 1.10
MeV and 0.02 fm™2, respectively. For other
spin-parity states, the same value of u as used
in 3/2° states is employed, and different
strengths are used to reproduce the energy
positions of the observed peaks in the
photodisintegration cross section.

The Schrodinger equation with the coupled
rearrangement-channel Gaussian expansion
method [11] is solved. In the present
calculation, the °Be wave function @} is

described in the Jacobi coordinate system as
= B €y 00| [91001ROL x| @

where Cp;;(J™) is a expansion coefficient and x:

2
is the spin wave function. The relative
coordinates 7. and R, are those in three kinds of
the Jacobi coordinate systems indexed by ¢ (=
1, 2, 3), and the indices for the basis functions
are represented as i and j. The spatial part of the
wave function is expanded with the Gaussian
basis functions.

B. Complex scaling method

To calculate the photodisintegration cross section,
we use the CSM [7-8,10]. In the CSM, the relative
coordinates & (1, and R.) are transformed as

U(0)EU1(0) = €e'f, (5)

where U(0) is a complex scaling operator and 6 is a
scaling angle being a real number. Applying this
transformation to Eq. (1), the complex scaled
Schrédinger equation is obtained as

H® Win(6) = EJW}(6) . (6)

By solving the complex-scaled Schrodinger
equation with appropriate £2 basis functions, we

obtain the energy eigenvalues E¢ and eigenstates
‘P]"n(e) (their biorthogonal states ¥ n(e)) [10].

The energy eigenvalues EZ obtained on the
complex energy plane are governed by the Aguilar,
Balslev, Combes (ABC) theorem [7-8]. A schematic
picture of the energy eigenvalue distribution is
shown in Fig. 1.

Im(E)

bound state Re(E)
Ll

®<«——Resonances

)
He(3 27 )+a continuum

o+a+n continuum F‘89(2 )+n continuum

8Be(0*)+n continuum

Figure 1: Schematic picture of energy eigenvalue distribution
on the complex energy plane for the a+a+n system.

In the CSM, the energies of bound states are given
by real numbers and are invariant under the complex
scaling. On the other hand, resonances and
continuum states are obtained as eigenstates with
complex energy eigenvalues. The resonances are
obtained as isolated eigenstates on the complex
energy plane, whose energies are given as EY =
E] —il,/2. The resonance energies Ej and the
decay widths T;, are independent of the scaling angle
6 . The complex-scaled continuum states are
obtained on branch cuts rotated down by 26 as
shown in Fig. 1.

The branch cuts start from the different thresholds
for two- and three-body continuum states in the case
of the at+oa+n system as shown in Fig. 1. This
classification of the continuum states is useful in
investigation of properties of the °Be
photodisintegration.

Using the energy eigenvalues and eigenstates of the
complex-scaled Hamiltonian H? , the complex-
scaled Green's function is defined as

WV (6) PYn(6)

! 1 !
GO(E:§,6) = €l ) = Bt — ()

In the derivation of the right-hand side of Eqg. (7),
we use the extended completeness relation. The
cross section is calculated

°Be(3/27) +y — atatn,

in terms of the electric-dipole transition. In the
present calculation, we focus on the low-lying
region of the photodisintegration cross section and
take into account only the dipole responses.
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The photodisintegration cross section o is given by
the E1 ransition as

UV(E)/) = JEI(EY) , 8)

where E,, is the incident photon energy. The energy
E in Eq. (7) is related to E, as E =E, —Egq
where E, ¢ is the binding energy of the °Be ground
state measured from the o+a+n threshold. The cross
sections for the electric-dipole transition oy, are

expressed as the following form:
1673 (Ey\ dB(ELEy)
UE1(E)/) = (h_};) dE, . ©)

Using the CSM and the complex-scaled Green's
function in Eq. (7), the electric-dipole transition
strength is given as
dB(E1,E,)

dE,

1

w2, +1 ]gs + 1!

5.(0)1108 |197(6))

Z(

Wg.s.(0))- (10)

Where ], 5. and W, 5 (0) are the total spin and the
wave function of the ground state, respectively, and
09, is an electric-dipole transition operator.

RESULTS AND DISCUSSION

The 3/2- ground state of °Be is calculated at 2.16
MeV from the a+a+n threshold with no three-body
potential (v = 0) by M.Kato [12]. The two-cluster
potentials V,,,, and V,, are fixed to reproduce the
experimental data of the corresponding sub-
systems. Here, we introduce a repulsive three-body
potential

vsp = 1.10 MeV, p=0.02 fm?) to fit the
observed binding energy (-1.574 MeV) of °Be.
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Energy (MeV)

-1.5 +

2.0 +

-2.5 u
-70 -50

V3, (MeV)

-30 [-26 Mev -10

Figure 2. Energies of the 1/2* state measured from the a+a+n
threshold, as a function of the three-body potential strength vs,.
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Figure 3. The eigenvalue trajectory of the 1/2* state in the
complex-energy plane.

The Hamiltonian Eq.(2) reproduces all the threshold
energies of a+a+n, 8Be+n and *He+o in the °Be
nucleus. Using this Hamiltonian, we do not obtain
the 1/2* resonance of °Be. This result is the same as
that obtained in Refs. [6, 12].

To clarify the resonance nature of the 1/2* state, we
carry out three-body calculation of the 1/2* state by
adding the three-body potential. With a strong
attractive three-body potential with a negative value
of v3,, the 1/2* state is obtained as a bound state as
shown in Fig. 2.

From calculations for various values of v, we find
that the 1/2* state becomes bound with the value of
v3p below -26 MeV. Increasing the value of v,
from -26 MeV gradually, we search for the 1/2*
resonance solutions in the CSM, whose eigenvalue
trajectory is shown in Fig. 3. It can be seen that there
is a jump from the a+a+n threshold energy to a
complex value, the real part of which corresponds to
a energy just above the 8Be+n threshold. This
discontinuity of the trajectory may be understood by
considering the properties of solutions in the CSM.

In the CSM, resonance poles existing below the 26
line of continuum states starting from the lowest
threshold of a+a+n cannot be obtained as isolated
eigenvalues. Because of the analyticity condition for
the present complex scaled Hamiltonian, the 6
value must be smaller than 45° [7].
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ImE (MeV)
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Figure 4. The 1/2* energy eigenvalue distribution in the
complex energy plane for the a+a+n model.
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Figure 5. The E1 transition strength for °Be (3/2"to 1/2*) as a
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body potential.
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Figure 6. The E1 transition strength °Be (3/2° to 1/2%)
calculated for vs, = —20,—21,—22,—25 MeV.

For virtual states (whose energy eigenvalue is
located at the negative real axis of the second
Riemann surface), the angle 6 has to be larger than
90°. When a virtual state exists in the 8Be+n channel,
a jump is expected in the resonance trajectory as
discussed in Ref. [13]. The present case is not a two-
body system but the a+o+n three-body one. It is
difficult to trace the jump behavior of the pole
solutions in the CSM.

Fig. 4 displays an example of the eigenvalue
distribution of °Be(1/2*) for v3, = 17 MeV with
6 = 15°. Besides the triangle corresponding to the
resonance, all solutions for continuum states
described by open circles lie on two straight lines
starting from positions of the o+a+n three— and
8Be(0*)+n two-body thresholds. To investigate the
effect of the 1/2* resonance of °Be, the E1 transition
strength is calculated by using the solutions of the
1/2* state and the ground state.

In Fig. 5, the results are shown as a function of the
energy measured from the o+o+n threshold for
several values of the three-body potential strength
Usp. The vz, = —15and —17.1 MeV (attractive)
or the vz, = 0 and 10 MeV (repulsive) three-body
potential strengths are applied. The E1 transition
strength for vg, = —17.1 MeV rises sharply from

the 8Be(0*)+n two-body threshold. The transition
strength reaches with a maximum of 0.26
e2fm2/MeV at E=0.11 MeV, and decreases to 0.01
e’fm?/MeV at E= 0.5 MeV. As v, increases, the
peaks of the E1 transition strength decrease
gradually and move into higher energies. In the
cases of v, = 0 and 10 MeV, the peaks of the E1
strength are broad and their energy positions are
distant from the 8Be(0*)+n threshold. It is noted that
the E1 transition strength is very small in the energy
region below the 8Be(0*)+n two-body threshold.
The E1 transition strengths calculated for
v3p = —20~ — 25 MeV are shown in Fig. 6. They
have transition strengths in the energy region
between a+a+n and the 8Be(0*)+n thresholds. Each
E1 transition strength seems to be expressed by the
Breit-Wigner form. In the case of v, < —25 MeV,
where the 1/2* state becomes a bound state, the E1
transition strengths have not a characteristic
structure around o+o+n and ®Be(0%)+n threshold
energies.

2.0
o Arnold et al., PRC85, 2012
15 4 A Burda et al., PRC82, 2010
x Utsunomiya et al., PRC63, 2000
— —Present calculation (v,,=-17 MeV)
£
[ 1.0 +
N’
g
o
05 +
IS N N cars
1.0 2.0 3.0 4.0 5.0

Energy (MeV)

Figure 7. The °Be(y, n)®Be cross section o as a function of
excitation energy E. The experimental data are taken from Refs.
[1-3]

Comparing the calculated photo-disintegration cross
section of the 1/2* state with the recent new
experiment [1], we and that vs, = —17.1 MeV
gives a good agreement as shown in Fig. 7. Using
this vz, we obtain 1/2* as a three-body resonance.
This result indicates that the experimental cross
section can be explained in terms of the 1/2*
resonance of °Be.

SUMMARY

In this work, the properties of the 1/2* state of °Be
varying values of three-body potential are studied.
Without the three-body potential, we cannot obtain
the 1/2* resonance of °Be, which is consistent to the
results in Refs. [6, 12]. The 1/2* resonance is
obtained using the attractive three-body potential,
which is responsible to explain the E1 transition
strength of °Be with an enhancement near the o+o-+n
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threshold  energy. The calculated photo-
disintegration cross section is in good agreement
with new experimental data [1] using the resonance
solution of °Be(1/2*) with an appropriate strength of
the three-body potential.
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(n,a) Reaction Cross Sections and Angular Distributions for Several MeV
Neutrons

Ts.Zolbadral**, Ts.Bilguun? and G.Khuukhenkhuu?

!Nuclear Research Center, National University of Mongolia, Ulaanbaatar, Mongolia
2Executive Office of Nuclear Energy Commission, Ulaanbaatar, Mongolia

In this work from the unified viewpoint using the TALYS code we analyzed the experimental (n,a) cross sections,
angular distributions of 39K and 64Zn, and the ratio of forward/backward cross-sections of **Mo, Nd, *’Sm and

1495m isotopes at the 4.0-6.5MeV energies of neutrons.
PACS:25

I. INTRODUCTION

In our previous work [1] the experimental total (n,a)
cross sections for 11 nuclei from **K to **Mo as well
as the angular distribution of emitted alpha particle
for some isotopes in the several MeV energy range
of neutrons were compared to existing other
experimental data, evaluated nuclear data libraries
and TALYS-1.6 [2] calculations with “default”
optical potential parameters. From these results
some disagreements between the experimental data
and the TALYS-1.6 calculation with the default
parameters were observed. In our last paper [3] it is
mentioned that there is a possible way to reduce the
disagreement by changing the optical model
parameters that implemented in last version of the
TALYS code.

In this paper, firstly we studied the influence of the
TALYS-1.8 code optical parameters on the final
results. The most sensitive parameter “r,”” was found
by fitting of TALYS-1.8 calculation to the
experimental (n,a) cross sections and angular
distributions simultaneously for 3K and 6Zn
isotopes, as examples. In addition, we analyzed the
total (n,a) cross sections and the ratio of a
forward/backward ratio at the 4.0-6.5 MeV energies
of neutrons for %Mo, *Nd, ¥’Sm and *°Sm
isotopes.

Il. THE SENSITIVITY OF OPTICAL MODEL
PARAMETERS IN TALYS CODE

For a process of nuclear reaction, the interaction of
a nucleon with a nucleus can be imagined that some
parts of the incident particles on a nucleus are
scattered and others are absorbed by the nucleus. It
is analogous to the reflecting and absorption of light
by a semi-transparent body. This is a main physical
principle of the optical model in the nuclear
reaction. The optical model can be represented by a
nuclear complex potential with parameters that are
adjusted to fit the experimental data. The local and
global parameterizations of Koning and Delaroche
are used as the default optical model potentials

* Electronic address: Ts_Zolbadral@num.edu.mn

60

(OMP) in the TALYS code. The phenomenological
OMP for nucleon-nucleus scattering, U[2], is
defined as:

U(r,E) =-Vy(r,E) —iW,(r,E) —iWp(r,E) +
Voo (r E). 1.+iWso (1, E). 1.4V, (r, E) (1)

where Vyso,cand Wy,pso are the real and imaginary
components of the volume-central (V), surface-
central (D), spin-orbit (SO) and Coulomb (C)
potentials, respectively. E is the LAB energy of the
incident particle in MeV. All components are
separated in energy-dependent well depths, Vv, Wy,
Wh, Vso, and Wso, and energy-independent radial
parts f(r, R; a;) that used the Saxon-Woods form.
Energy—independent  (radial) 8  parameters:
ay, I'y, a4, I'q, aw, 'y, ago and rgo and energy-
dependent 13 parameters:
dy, d, d3, V1, V2, V3, V4, V501, Vs02, W1, W2, Ws01
and wgg, there are. In the TALYS code, all these
parameters are used as default values for each
isotope or can be adjusted in the region of 0.1-10.
To investigate the influence of above parameters on
the final results, we calculated the (n,a) reaction
cross-sections firstly using the default values of
these parameters, then they one by one changed in
certain range for each parameters. Our results of
calculation for total cross sections of the
64Zn(n,a)%!Ni reaction at 4 MeV of neutron energy
are shown in Fig.1, as example

=
oV
60
aV
IS o
S
..g TALYS(default)
% 40 |
o Ayg g a,
O—0 o—0—0—0
aVS rVS rW

OMP energy-independent parameters
a)
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30

OMP energy-dependent parameters

b)
FIG.1. Comparison of the calculated by the TALYS-1.8 total
cross sections of the 8Zn (n,a)5'Ni reaction at Einc=4 MeV with
the default and the adjusted values of OMP parameters

In this case the total cross-section of ®4Zn(n,a)%!Ni
reaction at 4 MeV of neutron energy is 32.5mb by
TALYS-1.8 with default parameters. After that, an
adjusted calculation is sequentially executed by
changing ‘default’ values intol.1 for each OMP
parameters. From Fig.1 it can be seen that more
sensitive parameters are ry, a,, voand d;. The
biggest changing of the 54Zn(n,a)%*Ni reaction cross
section at 4 MeV was observed for r,, parameter.

I11. RESULTS AND DISCUSSION

We used the adjusted parameter, ry, which is the
most sensitive one among the OMP parameters, to
fit TALYS calculation to the experimental data. The
total cross-sections and the angular distributions of
(n,a) reactions for **K and ®4Zn isotopes, calculated
by the TALYS-1.8 with the defaults and adjusted
parameter r, as well as values by TENDL are
compared with the experimental data in the Figs.2
and 3. All the experimental data were taken from
Ref.[4].
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FIG.2. Comparison of TALYS-1.8 calculation with default and
adjusted OMP parameters for the %Zn(n,e)%'Ni reaction at
several MeV energy range.

4 Zn(n,a)®*Ni. From the FIG.2a it can be concluded
that the calculated total cross-sections of this
reaction by TALYS-1.8 with the default parameters
were in disagreement with the experimental data,
especially in the region of 4 to 7 MeV. Also, a big
difference between calculated by the TENDL values
and the experimental data in this case was observed.
For the adjusted parameter r,=1.1 the calculated

and experimental

cross-sections

(n,a)

were
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satisfactorily in agreement except for 2.5 MeV.
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FIG.3. The same as in FIG.2 for the 3°K(n,a)%C reaction.

From the FIG.2b it is seen that for angular
distributions of the %Zn(n,a)®*Ni reaction
satisfactory agreement between the calculated by
TALYS-1.8 values and experimental data was
obtained with the parameter r,=1.1 for neutron
energy of E,=4.0, 5.0, 5.5, 6.0 and 6.5 MeV. For
neutron energy E,=2.5 MeV best agreement
between the calculated results with parameter
r,=0.95 and experimental data was reached. As to
neutron energy point E,=6.5 MeV where angular
distribution is given in arbitrary units the calculated
values were normalized to experimental data at
0cm=90°

3K(n,a)*°Cl. For the total cross-section, FIG.3a
shows that, a small difference between two existing
experimental data in region 4-6 MeV was observed.
The results of the TENDL and TALYS-1.8 with
default parameters calculations are in agreement
within the error limits of the experimental data for
neutron energy range of E,=4+6.5 MeV. In addition,
the results of TALYS-1.8 calculation can be
improved by changing the parameter r, =1.05.
Nevertheless, it should be noted that an essential
disagreement between the TALYS-1.8 calculation
and experimental values in the region above 7 MeV
was obtained.

For the angular distribution of this reaction FIG.3b
shows that, the results of TALYS-1.8 calculation
with default parameters are in satisfactory
agreement with the experimental data at 4.5 MeV.
But, at 5.5 and 6.5 MeV, calculated values and

experimental data are in disagreement. So, good
agreement between the calculated and experimental
values at 5.5 MeV was reached using parameter
r,=1.05 as in the case of the total cross-section. At
the same time the parameter r,=1.05 gives worse
results than default parameter at 6.5 MeV. But, in
this case r,=0.98 gives better results than other
ones.

IV. THE TOTAL CROSS-SECTION FOR
HEAVY ISOTOPES

Comparison of calculated results by TALYS-1.8
with the default and adjusted parameters for the total
cross-sections of (n,a) reactions of the **Mo, *3Nd,
147Sm and 14°Sm heavy isotopes are shown in Fig.4.
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FIG.4. The comparison of the results of TALYS-1.8 calculation
with default and adjusted parameters for the total cross-
sections of (n,a) reactions of 95Mo, 143Nd, 147Sm and 149Sm.

®Mo(n,a)°Zr. FIG.4.a shows that the result of
TALYS-1.8 calculation with default parameters is
in disagreement with experimental data. So, by
taking the parameter r, = 1.05, the agreeable
results in within the error limits of the experimental
data were obtained.

SNd(n,a) 1*°Ce. From FIG.4.b it is seen that result
of TALYS-1.8 calculation with default parameters
is in disagreement with experimental data in region
E,=4-6 MeV. Then by trying to change the OMP
any parameters, we could not reach fitted results in
this region. Therefore, we considered different

values of the parameter r,, for each incident neutron
energy. These values were obtained in the range of
r,=0.70-1.02 for E,=4-6 MeV.

1%7Sm(n,a)***Nd. In this case the agreement between
the calculated and experimental cross sections was
obtained at the parameter r,, = 1.04.

198 mn,a)***Nd. From FIG.4.d the disagreement
between the experimental and calculated TALYS-
1.8 with default parameters was seen. So, it can also
be improved by changing the parameter r, = 1.05.
However, in the region above 6.0 MeV, by changing
any parameters of OMP to reduce the disagreement
between the TALYS calculation and the
experimental data was not gotten.

V. FORWARD/BACKWARD RATIO FOR
HEAVY ISOTOPES

In the laboratory system, the angular distribution of
emitted particles from heavy nuclei for the
compound mechanism of the nuclear reaction has
the isotropic tendency. At the same time for the pre-
equilibrium and direct reaction mechanisms forward
peaked form is dominant. The forward/backward
ratios of alpha particle from (n,o) reaction were
calculated by TALYS code for ®Mo, **Nd, *4’Sm
and 149Sm isotopes. These results and experimental
data are given in Table.1.

Table.1. Calculated and measured forward/ backward ratios of heavy isotopes.

%Mo(n,0)%Zr
Energy Measured TALYS-1.0 TALYS-1.0 TALYS-1.8 TALYS-1.8
(MaB) Ref [5] (default) (r=0.5) (default) (direct)
4.0 1.10+0.14 1.21 1.21 1.00 1.93
5.0 1.24+0.14 1.40 1.40 1.01 2.06
6.0 1.37+0.14 1.65 1.64 1.01 2.20
Ref [6] 43N d(n,)'*°Ce
4.0 1.25+0.12 1.22 1.20 1.00 1.92
5.0 1.78+0.18 154 151 1.01 2.08
6.0 2.50£0.25 1.90 1.89 1.05 2.23
Ref [6] 47Sm(n,a)'*Nd
5.0 1.65+0.23 1.73 1.71 1.01 2.05
6.0 2.49+0.32 2.02 2.02 1.05 2.20
Ref [7] 1498 m(n,0)*Nd
4.5 1.40£0.40 1.64 1.61 1.01 2.03
5.0 1.60+0.40 1.81 1.79 1.01 2.09
5.5 1.90+0.50 1.96 1.95 1.02 2.17
6.0 2.20+0.60 2.09 1.99 1.03 2.24
6.5 2.70+0.70 2.20 2.20 1.05 2.32

The measured forward/backward ratio, is increased
with the growing the incident particle energy. This
fact is perhaps explained by the increasing the
contribution from direct and pre-equilibrium
mechanisms when the projectile energy increases.

In our calculations were used two versions of
TALYS-1.0 and 1.8 codes. In the TALYS-1.0
version, above-mentioned growing tendency of
forward/backward ratio is being kept. In addition,
the results of TALYS-1.0 with adjusted the OMP
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parameter, rq, are shown in Table.1 that gives the
same values as calculation with the default
parameters. It means that TALYS-1.0 calculation
with adjusted OMP parameters leads to the same
changed values for forward and backward
directions.

The TALYS-1.8 version gives different results from
the experimental data. From the analysis by the
TALYS-1.8 version it was observed that the
contribution of the compound mechanism is one-
order more than direct mechanism. Therefore,
calculated by TALYS-1.8 version
forward/backward ratio is close to 1.0 value. Also,
we calculated the forward/backward ratio by only
direct reaction mechanism for TALYS-1.8 version
(see the sixth column in table.1, titled as TALYS -
1.8(direct)). These calculations gave the growing
tendency of the forward/backward ratio with
increasing the neutron energy.

VI. CONCLUSIONS

1. The total (n,a) cross section for 54Zn at neutron
energy of 4 MeV was calculated using TALYS
code with different OMP parameters to
investigate the influence of these parameters on
the final results. It was obtained that the radial
parameter ry, is the most important one.

2. Itwas shown that changing the radial parameter
ry in the acceptable range satisfactorily
agreement between the calculated results and
experimental data of the total cross sections,
angular distributions of the emitted a-particles
and forward/backward ratios for the fast
neutron induced (n,0) reactions on the some
medium mass and heavy isotopes were

reached.
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Seasonal Variations of Surface Radio Refractive Index in Mongolia

Jamiyan Sukhbaatar,” Battogtokh Jigjidsuren, Tsendayush Oldokh, Nyamjav Jambaljav

Department of Electronics and Communication Engineering, School of Engineering and Applied Science,
National University of Mongolia

In this paper, the statistical analysis of surface radio refractivity in Mongolia is studied. The
method proposed in the recommendation of the International Telecommunication Union ITU
has been used. Meteorological data derived from fifty nine weather stations which cover the
most populated areas in Mongolia. A total of more than five million refractivity
measurements was considered in this analysis. The result showed that the highest average
values of the radio refractivity were observed in January while the lowest values were
observed in April and May. The annual refractivity values were higher in the northern region
and lower in the southern part of the geographical map. The monthly maximum radio
refractivity value, 342 N-Units was in Zavkhan aimag in January. The lowest value was 290
N-Units in Umnugovi aimag in May. The result also shows that the seasonal refractivity
variation is caused follows the climatic condition and geographical region.

Keywords: Radio refractive index, radio-wave propagation, meteorological parameters.

INTRODUCTION

During the design of radio communication
networks, it is important to know the atmospheric
radio refractive index, which is the ratio of the
velocity of propagation of a radio wave in free space
to the velocity in a specified medium. Radio wave
propagation changes in the refractive index of air in
the troposphere [1]. Changes in the value of the
troposphere radio refractive index can curve the path
of the propagating radio wave. At standard
atmospheric conditions near the Earth’s surface, the
radio refractive index is approximately 1.0003 [2].
Since the value of refractive index is almost unity,
then the refractive index of air in the troposphere is
often measured by a quantity called the radio-
refractivity N, which is related to the refractive
index, n as:

N=(n—1)x10°

As the conditions of propagation in the atmosphere
vary, the interference of radio-wave propagation is
observed. Such interferences are incident with some
meteorological parameters (inversion of
temperature, high evaporation and humidity,
passing of the cold air over the warm surface and
conversely). Radio waves travel through vacuum
with a speed equal to the speed of light. In material
medium, the speed of the radio waves is
approximately ¢/n where c is the speed of light in
vacuum and n is the radio refractive index of the
medium. The value of the radio refractive index (n)
for dry air is almost the same for radio waves and
the light waves. But the value of the radio refractive
index (n) for water vapor, which is always present
in some quantity in the lower troposphere, is
different for the light waves and radio waves. This
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arises from the fact that water vapor molecule has a
permanent dipole moment which has different
responses to the electric forces of different radio
wave frequencies propagated within  the
atmosphere. The atmospheric radio refractive index
depends on air temperature, humidity, atmospheric
pressure and water vapor pressure. Subsequently,
meteorological parameters depend on the height at a
point above the ground surface. Variation in any of
these meteorological parameters can make a
significant variation on radio wave propagation,
because radio signals can be refracted over the
whole signal path [3]. Falodun and Ajewole [4]
reported that in the atmosphere, pressure,
temperature and humidity decrease exponentially as
height h increases.

Radio frequency or radio wave signal propagation
in the troposphere is affected by many factors which
include the variations of meteorological parameters
such as humidity, temperature and atmospheric
pressure. Meteorological parameters are associated
with the change in weather in different seasons of
the year and these changes have resulted in
refractivity changes. Grabner and Kvicera [5]
reported that multipath effects also occur as a result
of large scale variations in atmospheric radio
refractive index, such as different horizontal layers
having different refractivity. This effect occurs most
often, when the same radio wave signals follow
different paths thereby having different time of
arrivals to its targeted point. This may result to
interference of the radio wave signals with each
other during propagation through the troposphere.
The consequence of this large scale variation in the
atmospheric refractive index is that radio waves
propagating through the atmosphere become
progressively curved towards the earth. Thus, the
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range of the radio waves is determined by the height
dependence of the refractivity. Thus, the refractivity
of the atmosphere will not only vary as the height
changes but also affect radio signal.

In this paper, we estimate the seasonal variations of
the radio refractivity wusing meteorological
parameters (temperature, humidity and atmospheric
pressure) for the station in Buyant-Ukhaa,
Ulaanbaatar.

CALCULATION OF RADIO
REFRACTIVITY

Radio refractive index, n, is equal to approximately
1.0003. Since n never exceeds unity by more than a
few parts in 10, it is convenient to consider scaled-
up by 10° and measured by radio-refractivity N,
which is related to the refractive index, n as:
N=(n-1)x10° (1)
Radio refractivity [6] N is expressed by:
N = Ngry + Nyt
776 (P \ 4810 e) )
T T

with the dry term, Nary, Of radio refractivity given
by:

P
Ny =77.6— 3
ary = 77.6 7 (3)
and the wet term, Nuyet, by:
e
Nyer = 3.732 X 105ﬁ (4)

where P is the atmospheric pressure (hPa), e is the
water vapor pressure (hPa) and T is the absolute
temperature (K).

The relationship between water vapor pressure e and
relative humidity is given by [6]:
Heg
¢~ 100
e, is the saturation vapor pressure (hPa) at the
temperature t (°C), and obtained from:
bt
G maewp (t + c) ©)

where H is the relative humidity (%) and t is the
Celsius temperature (°C). For water a=6.1121,
b=17.502, ¢=240.97 (valid between -20° to + 50°,
with an accuracy of £20%) [3].

()

RESULTS AND DISCUSSION

In this study, we investigated seasonal variation of
refractivity over fifty nine localities. Meteorological
data obtained from weather stations which located

fifty nine different locations. These stations give us
reasonable geographic coverage. Since temperature,
humidity, atmospheric pressure and water vapor
pressure, which are important parameters for
determination of radio refractivity are highly
variable and change rapidly in time and from place
to place, measurements of these parameters were
considered  fifty nine different locations.
Meteorological data were taken in different period
for different stations. Twenty seven stations cover
40 years from 1960 to 2016 and rest of stations
covers up to 32 years from 1974 to 2016. Each day,
eight measurements of temperature, relative
humidity and pressure were taken at 02.00, 05.00,
8.00, 11.00, 14.00, 17.00, 20.00 and 23.00 hours
local time at all fifty nine stations. For this reason,
the seasonal refractivity was calculated different
periods for different stations. A total of more than
five million refractivity measurements was
calculated. The locations of the meteorological
stations are shown in Figure 1.

Latituce

%0 a5 100 105 110 115 120

Longitude

Figure 1. Location map for meteorological stations.

The refractivity values are estimated by using (2).
The partial water vapor pressure e was determined
by using (5) and (6). Dry term, Ny, and wet term,
N,,e¢, Of refractivity were determined by using (3)
and (4) respectively.

Figure 2 presents a typical variation of mean annual
refractivity across Mongolia. The contours were
calculated using mean annual refractivity values of
59 meteorological stations and altitudes of
meteorological stations were not considered in the
calculation. The result showed that northern region
of geography has more higher refractivity value than
the other regions. The maximum refractivity value
was 320 N-units, observed in Rinchinlhumbe and
Baruunturuun. These two stations fall within the
same geographical and climatic region (the Khangai
and Khuvsgul mountain areas). From the result, we
can see that Gobian zone has lower refractivity
values. This can be explained by the average annual
precipitation. The average annual precipitation is
low (around 38mm) in the Gobian zone and higher
(around 389mm) in the Northern region [6]. The
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minimum refractivity value was observed in
Gurvan-tes, 301 N-units.

90 95 o0 105 10 115 120
Langitude

Figure 2. Annual mean N contours for Mongolia.

Contours of winter months (December, January and
February) values of refractivity are shown in Figures
3, 4 and 14 respectively. It is seen that the
refractivity values of winter months are higher than
the annual mean values (Figure 2). The average
values in Gobian zone were between 312 N-units
and 320 N-units, while the average values in the
colder region (Northern and Western region) were
between 325 N-units and 336 N-units. The
refractivity values in January were higher than all
other months. From the geographical point of view,
the refractivity values in winter months are higher in
Northern region which is similar to annual values.

50 55 o0 105 10 115 120
Longituds

Figure 3. January mean N contours for Mongolia.

50 95 o0 105 10 115 120
Leongitude

Figure 4. February mean N contours for Mongolia.

Plots of March, April and May values of refractivity
are shown in Figure 5, 6, and 7 respectively. Figures
6 and 7 shown that the general behavior of the

contours and refractivity values for April and May
are similar to each other. Also, the refractivity
values of these two months are lower than the annual
mean values. Refractive values in March are higher
than these two months.

50 55 w0 105 10 115 120
Langituds

Figure 5. March mean N contours for Mongolia.

o0 a5 100 103 110 115 120

Figure 6. April mean N contours for Mongolia.

Charts of the mean values of radio refractivity in
June, July, August and September (which are warm
months and also the average precipitation is higher
in these months) are presented in Figs. 8 to 11. From
these pictures, we can see that the behavior of the
contours is identical to each other. However, the
refractivity values are higher in July while lower in
September.

o0 a5 100 105 110 115 120

Figure 7. May mean N contours for Mongolia.

The interesting result observed in these warm
months is that the refractivity values in the northern
region and the southern region were same. Also, the
highest refractivity values (325-329 N-Units) were
in the eastern region in July and August.
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The refractivity values increased from 304 N-Units
(in the southern region) to 328 N-Units (in the
eastern region) in August. The difference is 24 N-
Units which is the highest of all months.

42t 99—xf‘”_312 1
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Langitude

Figure 8. June mean N contours for Mongolia.
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Figure 9. July mean N contours for Mongolia.
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Figure 10. August mean N contours for Mongolia.
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Figure 11. September mean N contours for Mongolia.

The radio refractivity values in October and
November are depicted in Figure 12 and 13.
Comparing the values of these two months, higher

values were occurred in November. Also, the
refractivity values increased from the southern
region to northern region. From the Figure 12, we
can see that lowest refractivity value is 320 N-Units
in the southern region while the highest value is 310
N-Units in the northern region and variation of
refractive values is only 10 N-Units which is the
lowest of all other months.

90 95 o0 105 10 115 120
Langitude

Figure 12. October mean N contours for Mongolia.

90 95 o0 105 10 115 120
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Figure 13. November mean N contours for Mongolia.
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Figure 14. December mean N contours for Mongolia.

Figure 15 shows that the annual mean refractivity
values for all localities. The vertical bars indicate the
standard deviations of the refractivity values. It is
seen that the N — values vary in the wide range in
the localities which placed in the northern region
than the southern region.
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Figure 15. Annual N values for all stations. Vertical bars
indicate the standard deviations of N for the stations.

CONCLUSION

In this paper, the surface radio refractivity values
estimated from the data recorded at the fifty nine
weather stations in Mongolia was analyzed. The
lowest refractivity values were observed in April
and May while the highest values were observed in
January (the coldest and the driest month of the
year). The refractivity values were lower in the
southern region and gradually increased to the
northern region except June, July, August and
September. The refractivity values increased from
the western region to eastern region while the values
were same in southern and northern region for these
four months. In addition to these comments and
discussion, the following points can be emphasized:
e Higher variations were in northeast
localities, although lower variations
observed in southern localities.
e Higher mean refractivity values were in the
Northern region in winter, spring and fall
whereas eastern region in summer.

e Lower monthly and annual mean
refractivity values were in Gobian zone.

e The lowest change in refractivity values
was October. The refractivity values
changed from 302 N-Units to 310 N-Units.
While the highest change in refractivity
values was in August. It changed from 304
N-Units to 328 N-Units.

e The monthly maximum radio refractivity
value, 342 N-Units was in Zavkhan aimag
in January. The lowest value was 290 N-
Units in Umnugovi aimag in May.
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LIVA, Ooon Opon, I'eopusuxuiin Xypaaisu

Hisetinapuitn  ropux Texnonoruitn MWuctuTyram 3oxmoH Oyraacan CALLISTO
(Compound Astronomical Low-cost, Low-frequency Instrument for Spectroscopy and
Transportable Observatory) Oyroy XsMI, HaM pajdo JaBTaM)KMHH MYXHJA aKHIUIagar
300BpHIH CIEKTPOMETPUIHH Oarakaap LaXWIraaH COPOH30H LALApTalThIH 3pYUM OOJIOH
HApHBI paano Tsuidaar GaifHIBIH IPTT TACPANTIYH OypTrak OaifHa.

PACS number: 95.30.Gv
I. OPIIINJI

Hapubl paamo nanparuiin cnektpuiir 45SMI1y -
850MI'n myxun Oyprrax “CALLISTO” onon
VICHIH cynmanraadbl cy/pkdHA Omorn  Opon
Ieodmsuxuitn Xypasmu (OOI'X) 2008 onooc
oponuoxx HapHbl T3cpanTIdec  yyccdH  pamuo
rsmbaar (radio burst) Tortmon Oyptraxk OGaiiHa

(Bypar 1).
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Hap up mewm, mamparwifn Oyc, KOHBEKIHHH OycC
0OJOH araap MaHJAJl T3K HAIPIATIAIX TIPIIT
MaHJaJl, OHreT MaHJal, THTAM 33pPII3C TOTTOHO
(3ypar 2).
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MeH eHreT MaHnmanm OOJIOH THUTMHUIH XOOPOHA
MIWDKWITARH OYC TK HAPIDAAT X3CIT Omid. DHI
eHreT MaHU1bIH TeMneparyp 8000K opunm Oaiixan,
XapuH IMWDKHATHRH Oycan temneparyp S00000K
Oaiinar. TemneparypslH 3pc eepwienT Oyxuil >H
mDKITHIRH 0yc 100 kM opunM 3y3aaHTail OaiftHa

[3].
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KoHeerumitH Byca3c 433WxXu eHaep (KMm)
3ypae 3. Hapuvl azaap ManOnviH memMnepamypuit A6y.

B. Paauo ranoaa

HapHbl TUTOM, OHTOT MaHAAI TICPANT OOJOX Oa
TYYH33C YYCCOH OJJIEKTpPOHBI Oary ypcraa Hb
TUTOMUNH OPYHOOp JaipaH OHIepexliee TyXailH
opuMH OylOy IUIa3MbIl Xd3J03J133/1 OpyyJIHA.
DHIXYY X370311331 Hb Pajguo JOITHOHBII YYCI3X
Oerees crieKTpoMeTp Oaraxaap OYpPTTrK TUTMHUIH
Ia3M JAaxb DJEKTPOHBl HATTHIT  TOJOPXOMIDK

00JIHO.
Xycwsem 1. Hapuei paduo yayapearmein — mepryyo,
ma0eapuiin yycax mexanusm [1].

Emission mechanism Frequency Source/Exciter

(1) Incoherent radio emission:

(1a) Free-free emission (bremsstrahhng) v = 1 GHz Thermal plasma

Microwave postbursts Thermal plasma
(1b) Gyroemission w =50l
Gyroresonance emission (s=1,2,3.1) Thermal electrons

Gyrosynchrotion enssion (s 2= 10 — 100)  Mildly relativistic electrons
Type IV moving
Microwave type IV

(2) Coherent radio emission:

(2a) Plasma emussion

Trapped electrons
Trapped electrons

Electron beams

Langmuir hrbulence

Beams from shocks

Upward propagating beams
Downward propagating beams
Beams along closed loops
Beams along closed loops
Trapped el
Slow electron beams

Ve = 00007
Type I storms

Type II bursts

Type TIT bursts

Reverse slope (RS) bursts

Type J bursts

Type U bursts

Type IV continuum

Type V

{2b) Electron-cyclotron maser: w =8l [7 + kv Losscones

- Decimetric ms spike bursts Losscones
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1. AZKUTJIAJIT 2011 ombl 3 capbi 23-HA OYpPTIATACOH Isutdaar

KHUIIIDD 6OHFOH QJICKTPOHBI HATTBIT' Hb TOOHOOJI’I)é.
CALLISTO sp anTeHH, XYJII3H aBard 0arax racoH

X0&p Xacranc epouxuiinee oypmus (3ypar 4, 5).

2011103723 Radio flux density, e-CALLISTO (RCAG), 3600 x 200 pixels
02:00:00.062-02:14:60 UT, dt = 0.255

A3BTaMK
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56 log(l)
02:10:31.81000 02:11:21.31000 02:12:10.81000 02:13:00.31000 02:13:49 8100C

3ypae 1. Tooyoo xuiicon Il mepauiin esnbaa.(2011.3.23).

3ypraac xapaxajg TACPIITIIC YYCCOH PpaaHo
3ypaz 4. bypmeseu anment. rsutbaaHsl  gaBTaMk 235-324MTI-uitH  X00pOHT
| HIMDKCOH OaliHa.

WiiMa3¢ 1aBTaMKBIT Hb allIUTIaH Japaax 00 0dThIT
XHIK O0JIHO.

wpe = 21+ 8977/n, @

Hrapx (1) TOMBEOHOOC TUTMHUIH SJAEKTPOHBI HSTT
Ne-T Japaax TOMbEOTOOP OJTHO.

ne = (22’ @

218977
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3ypaz 5. CALLISTO xynosn asacu b6azasic.

Xycnsem 2. 3ypae 7 033p XUicsn mooyoo.
astamx (V) 235MI'g 324MI'g
Hsrr (n,) 0.17-10%cm® 0.33-10%cm3

BypTraracan  TOOH M3I33r  OOJIOBCPYYNIANTHIH
HPOrpamMM alIUIIIaH 3ypar 0OJIroHO. Askurnanrtaac y33X34 paavo AOJITHOH JaBTaMX
Oaracax YWIida pyy WWDKWK OaiiHa. DHD Hb
TUTIMHIH IJ1a3M Jaxb AJIEKTPOHBI HATT ylaM Oyp
Oaracaxk Oaifraaraif Xoa000TOMH fOM.

V. YP JIYH, JYTHDJIT

2009 onnp xwuiicon FeXI-FeXIl uoHbl myramsixH
TOOLIOO/UTOOP 007 TICPIATHHH  BJIEKTPOHBI
KOHIeHTpan  M,~(1.6 + 8) X 10° , wWOBXT
myxuitn ~ n,~(0.6 + 1.6) x 10° | TaiiBaH
Myx)uitHN, ~5 X 108racon qyn rapcan Gaitna [2].

Frequency [wMnz)

DIeKTPOHBI KOHIEHTPANHITH TOMbEOHYYAbIH XaphIYY/ICaH YP AYH
1.0E+09

05:38 05:40 05:42 05:44 ,
Stort Time (13~Jun-10 05:15:48) T

1.0E+08! —— Manait Touséo :

i = 2.99p% +1.55p% +0.036p**

2-10° - pexp(7.5p)

3ypaz 6. CALLISTO paduocnexmpomempasp agcan cnekmp. — —OPURCORHTONIO: 7y s = 7:5°10°
& 1.0E+07

Tyxainban, 3ypar 6-1 5SpuMuiiH agaBTamx Oa
XyTalaaHbl XaMaapibIl XapyyJiaB.

1.0E+06

1.0E+05!

SAEKIPOHB! KOHLEHTPALL

IV. TOOLIOO

I'smbaansl mamparuitH  JAaBTaMX Hb THTMHHH
IUIa3MBIH JaBTAMJKTal TyH oipoioo Oaiimar. DHd Lo+o3, - - - - "
Hb 0OJIONT XWX YHACIH HOXIUTUIT OJITOIOT. P (apet panpyeasp e XU tIrIAR Sal)

1.0E+04!




72 L. Mouxmannaii nap, Haprol mummuiin niasm 0axs 21eKmMpoHblL HASMble paouo 2s10aanbl axCuiaimaap mooopxouiox

3ypaz 8. Bycao cyonaauowin 2apaajc agcam NeKmpoHbl
KOHYEeHmpayuiin mooyooioImo Xapbyyyican 6atoar.

Bycan cyamaayaplH yp AYHTIH XapbLyyJnK Y33X3.
OUIHUM TOJIOPXOUIICOH 3JIEKTPOH HATT
TACPINTUIH, UIIBXT MYKUIH N,-33¢ Oara, TaiiBaH
YeUHHXT3H oHponnoo OaitHa. 3ypar 8 m39p
TOIOPXOWJICOH YTIBIT TaBHOAI HATT Hb TIPAIT
Manmaac 0.5-aac 1 XypTanx HapHBI paguyc OyXui
3aiiH OaiiHa 3K Y39k OaiiHa.

Witmpa OupHUi TOMOPXOUICOH 3JIEKTPOHBI HATT Hb
TaiiBaH My>X OyI0y HapHBI UIIBX)KIUIH MUHAMYM
YEuiH THTMHIH HATTTal TOXUpY OaiiHa.

Ouaxyy axisir OOI'X-uitH “HapHbI HIIBXOKIUIH
YeUIH WIPBXT MYX, Y3I[IYYAUHH — OyToI,
TUHAMUKHAH CyJairaa” COIPBT aXIBIH XYPIDHI
XUWK TYUIITIIB.

VI. TAJIAPXAJI

Cynanraanbsl apra 3YilH 36Blleree erd TycajcaH
3pA3M  IIUHXKWIIHHUKA — TOPryyJdX — aXKWITaH
H.barmenxe/1 Tanapxan WIBPXUUATILE.

VII. HOM 3YH"

[1] Markus J. Aschwanden, Physics of the Solar
Corona (2005) p.638.

[2] TImcemo B acTpoHOMUYecKuit xxypHat, 2009,
1.35, Nel, ¢.50-62.

[3] https://www.nasa.gov/mission_pages/iris/mult
imedia/layerzoo.html

[4] www.e-callisto.org
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Creation of Ohmic contact on InGaAs/InAlAs quantum well detector for broad
range photon detection
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Several applications utilizing either synchrotron or conventional light sources require fast
and efficient pixelated detectors. In order to cover a wide range of experiments, this work
investigates the possibility to use InGaAs/InAlAs quantum well devices as photon detectors
for a broad range of energies. Owing to their direct, low-energy band gap and high electron
mobility, such devices may be used also at room temperature as multi-wavelength sensors
from visible light to hard X-rays. Three different metal configurations were tested to create
Ohmic contacts on quantum — well detectors. The triple layers of Au/Ge/Ni is a suitable
metal to create good Ohmic contacts for the readout electrode. When the beam is hitting
from the readout side, Al could be involved as contacting metal with annealing without

requiring the etching.

PACS number: 07.85.Qe

Keywords: Ohmic contact, quantum-well photon detector, X-ray .

INTRODUCTION

As X-ray beams from modern light sources become
more intense, with smaller spots and shorter pulse
durations, several experimental techniques using
either Synchrotron Radiation (SR) or Free Electron
Lasers (FEL) would take advantage of new
solutions for the production of fast and efficient
photon detector [1]. The opportunity to use
guantum-well (QW) devices for photon detection
has been proposed in infrared region [2]. Thanks to
their direct, low-energy band gap and high electron
mobility, QW devices based on arsenide
semiconductors have been proposed as multi-
wavelength sensors from visible light to hard X-
rays.

It is very important to create Ohmic contact in both
sides of the devices for detector performance such
as electronic noise and absorbance of X-ray etc. In
order to select the metal for the bias electrode, the
photon absorption of the metal layer has to be
minimized when the beam is hitting from the bias
side. Therefore, the transmission spectra of the all
metal configurations were calculated and plotted in
terms of incident photon energy (Fig. 1) [3]

In other hand, creating low resistant good contact for
readout electrodes is critically important in detector
working conditions.

* Electronic address: tamiraa@seas.num.edu.mn
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Figure.l. Transmission spectra of all metal layers was
calculated.

DEVICE FABRICATION

InGaAs/InAlAs QWs were grown on a 500-um-
thick, epi-ready semi-insulating GaAs wafer by
Molecular Beam Epitaxy (MBE) [3]. In order to
virtually eliminate threading dislocations in the
QW, a 1-um step-graded buffer layer (BL) of InxAl:-
xAs (x = 0.15 — 0.75) was inserted below the 2DEG
region to fit the GaAs lattice parameter to the
Ino.7sGao2sAs one (Fig. 2). The BL structure was
designed in such a way that its topmost part has a
lattice parameter corresponding to the unstrained
Ino.7sGao2sAS, owing to the partial lattice relaxation
of the buffer layers closer to the substrate Then, a
25-nm-thick Ing 75Gag 2sAs QW containing a 2DEG
was placed between 50-nm-thick Ing7sAlp25AS
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barrier layers; a delta Si-doping was introduced in
the upper barrier at 30 nm distance [4].

S nm Ing ;5 Gag,sAs
20 nm Ing 75 AlgsAS
Si-delta doping
30 nm Ing 75 Aly,5As
25 nm Ing 55 Gag,sAs
50 nm Ing ;5 Al sAs

Energy [eV]

e— QW
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Figure.2. Layered structure of the QW wafer and its band
structure showing 2D Electron gas formations.

Due to its low atomic number, Al layer absorbs less
the incident photon with respect to the other two
metallic layer configurations. Furthermore, it has a
less pronounced K absorption edge (1.559 keV).
Therefore, a metallic layer of Al can be used as bias
electrode when the beam is hitting from the bias side
since it has minimum absorption of the photons.
Since different pixelation strategies were developed
in our devices [5], we have to choose a metal layer
creating good Ohmic contact, which can also be
useful as a mask for the wet chemical etching for the
readout electrode. We developed a test structure to
compare the properties of the three metal layers, as
is shown in Figure 3. Such structure, repeated for all
the three metal configurations (Au/Ge/Ni —
130/60/30nm, Ni-50nm, Al-100nm), consisted of
three pads on the surface of the QW side.

Q QW

a) b) ©)

Figure.3. Developed structure to check Ohmic contacts. a)
cross section of Pad No.1 and Pad No.3; b) top view of the
configuration c) cross section of Pad No.2 and Pad No.3.

Pads No.1 and 3 were deposited on the grown
surface and electrically connected through the QW.

Pad No.2 was still deposited on the grown surface,
but the QW around the pad was etched away (1.5um
deep etch), in order to check electrical conduction
through the GaAs substrate. Therefore, the
resistance Ri» measured between Pad No.1 and 2 is
of the order of MQ (Fig. 3¢) while the resistance Ri3
between Pad No.1 and 3 of the order of a few kQ
(Fig.3a). The metal layers were deposited by a thin
film deposition method.

The Au/Ge/Ni metal combination is proven to
provide perfectly Ohmic contacts by annealing at
364°C even at cryogenic temperature in InGaAs QW
devices [4]. Therefore, Au/Ge/Ni contacts annealed
in such a way on our test structure can be considered
as the reference of a perfect Ohmic contact.

In other hand, avoiding a double lithographic
exposure and the related aligning difficulties, we
have used the metal layers themselves as masks to
etch the semiconductor. To test the behaviour of the
different metals to etching, we performed a blanket
etching both through as deposited metal pads and
after annealing to 364°C.

1 O
o — deposition
Sk l:l After etching
a) b)

Figure.4. Schematic view of the surface; top view and its cross
section; dotted area shows the etched surface.

The samples were etched in the phosphoric etching
solution (H3PO4:H20,:H,0 with ratio 3:1:50.) for 15
min with ~100 nm/min etching rate after deposition
of the metal pads. If the metal layer is capable to
withstand the etching solution and protect the
underlying semiconductor, the value of a should be
~1.5um, while b should be ~3.0um (Fig. 4).

RESULTS AND DISCUSSION

In order to assess the Ohmic behaviour of the
various contacts after deposition then annealing, we
have performed I-V scans for R12 in a £0.05V range
(Fig. 5a) and for Ryz ina £1.0V range (Fig. 5b). The
curves are all linear, showing a perfect Ohmic
character for all the tested contacts, except for Al
right after the deposition. Ris resulted of order of kQ
for all the metals and becoming a bit lower after the
annealing, expect for Ni, which increased by an
order of magnitude and lost its Ohmic behavior,
after the annealing.
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Figure.5. 1-V curve for the metals after deposition then
annealing.

Table.1. Surface topography of the surface with metal pads
before and after etching.

Au/Ge/Ni Al Ni
Etched after | a=2.1um a=0.4pm a=1.9um
deposition b=3.6um b=2.0um b=3.3um
Etched after | a=1.6um a=2.0um a=0.6um
annealing b=3.3um b=3.3um b=1.2um

As shown in Table 1, the Au/Ge/Ni triple layer was
not attached by the solution even after annealing and
etching. However, Ni could resist the chemical
etching only when it is not annealed and Al only
after annealing. Annealed Ni and just deposited Al
layers were etched and the QW surface as well. The
ability of the different metals to sustain etching must
be however confirmed by measuring the resistances
between the pads (Fig. 6).

0.087 [—— Al etching
= Al anneling+etching
0.06 [—Nietching
|=—Ni anneling+etching
—— AwGe/Ni etching
0.04 | —— AwGe/Ni anneling +etchin

0.02

Current [nA]

T T T
-0.04 -0.02 0.00 0.02 0.04
Voltage [V]

0.08 -

= Al etching

(= Al anneling+etching
0.06 1 |——Ni etching

(= Ni anneling+etching
[—— Au/Ge/Ni etching
[=—— Aw/Ge/Ni anneling-+etchi

0.04 1

0.02 1

0.001

Current [nA]

-0.04 -0.02

Volulgk ™ 0.;)2 0.04

Figure.6. 1-V curve for the metals etching after deposition,
etching and annealing.

The resistance Ri» between Pad No.1 and 2 of
Au/Ge/Ni and Ni before and after etching the as
deposited metals was similar, while it increased
considerably for Al, implying that Al was etched
away by the solution. The resistances Ris between
Pad No.1 and 3 after etching in the phosphoric
solution increased to the order of the substrate
resistance. However, Au/Ge/Ni and Ni metal layers
are still resulting same order of Ri, even after
annealing and etching.

Table. 2. Summarizing R12 and R13 for all the cases with three
tested metals.

Au/Ge/Ni Ni Al
Procedure

Ri2 Ris Ri2 Ris Ri2 Ris

After 93 2.2 87 1.6 113 6.9
deposition | MQ | kQ MQ kQ MQ kQ

After 89 1.3 81 35 80 4.0
annealing | MQ | kQ MQ kQ MQ kQ

After 153 | 142 84 88 327 277
etching MQ | MQ MQ MQ MQ MQ

After
annealing | 253 | 364 303 239 380 201
then MQ | MQ | MQ MQ MQ MQ
etching

CONCLUSIONS

As a conclusion, a triple layers of Au/Ge/Ni is a
suitable metal to create good Ohmic contacts for the
readout electrode. Moreover, Au/Ge/Ni and Ni
metal layers could be used as a protecting mask due
to the capability to resist the etching solution.
However, the metallic layer should not be annealed
before the etching and it can be annealed later.
When the beam is hitting from the readout side, Al
could be involved as contacting metal with
annealing without requiring the etching.
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