Dusuka

KMHETHYECKOMY OITMCAHMUIO, TAKKE MO3BOJISIONIEMY Pa3elibHO OMUCHIBATh Oapbepbl U siMbI [ 7]. B To e Bpemst
METOJl CHHTYIISIPHBIX 0apbepoB UMEET s/l MPEUMYIIEeCTB. [leliCTBUTENBHO, TPOCTHIE CBOMCTBA CHHTYJISIPHBIX
0apbepoB MPUBOIAT K YIPOLICHHIO IPOMO3IKHX pelIeHni ypaBHeHUs] CMOTYXOBCKOTO. 3a CUET 3TOTO YAaJIOCh
Jath pU3MYECKH SICHYI0 MHTEPIPETALNIO pAaCCMAaTPUBAEMBIX MIPOIIECCOB U YCTAHOBUTH 3aKOHOMEPHOCTH, CBSI-
3bIBAIONINE (PYHKIIMOHUPOBAHHUE aAHa0aTHUECKH MEIIEHHBIX M OBICTPBIX OpOYHOBCKHX MOTOpOB. Tak, mo-
Jy4CHHBIE COOTHOLICHHSI MOKA3bIBAIOT, YTO CPEIHSISI CKOPOCTh OPOYHOBCKOTO MOTOpa, ()YHKIHOHUPYIOLIETO
B aana0aTuiecKyd MEAJICHHOM pPEeKHMe, OTpaHUueHa CBEPXY 3HaU€HHEM CKOPOCTH MPH JAUXOTOMHOM PEXHUME
M3MEHEHMS MTOTEHIMAJIA U COBNALACT C TUM 3HAUYECHUEM, KOIJa HUKINYECKUE BPEMEHHbIE U3MEHEHHUS MOILl-
HOCTel 0apbepoB U TNAAKOW YaCTH MOTCHIMAIHLHOTO MPOQUIIS MOXKHO MPEICTABUThH B BUAE MPSIMOYTOJILHOTO
KOHTYypa B (h)a30BOM IPOCTPAHCTBE MEPEMEHHBIX R, — R, .

[IpencraBnennas padota Oblia YacTUUHO Noaaep>kana rpanTom 3/13-H «Hanomotops! Ha rpanuLe pasze-
na (az» LeneBoil KOMIUIEKCHOM MporpaMmbl pyHaaMeHTanbHbIX uecnenoBannii HAH Yipaunsl «@ynnamen-
TaJbHbIC TPOOIEMBI HAHOCTPYKTYPHBIX CUCTEM, HAHOMATEPHAJIOB, HAHOTEXHOJIOTHID).
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Hpuna Buxmoposna Illanoukuna — xananaar Gpu3nKo-MaTeMaTHIeCKUX HAyK, CTapIINi MperogaBarels Kadenapsl KOMIbIOTep-
HOTO MOJIETUPOBAHHUSL.

Buxmop Muxaiinoeuu Pozenoaym — 1oxkTop Qpu3MKo-MaTeMaTHIECKUX HayK, 3aBeIYIOIIUI OTJEIOM TEOPUH HAHOCTPYKTYPHBIX
cucteM MucTutyTa Xumun nopepxHoctd uM. A. A. Uyiiko HAH Ykpaunsi.

VIK 539.1.07,539.216.2
A. 1. YPEAHOBHY, H. C. ILIVIAIIAKOBA

TEMIIEPATYPHBIE HAIIPSIKEHU S, BOSHUKAIOIIUE B TIUJIEKTPUYECKUX
KAIMWJIJIAPAX ITPU TPAHCITIOPTUPOBKE NOHHBIX ITYUYKOB

TpaHcrIOpTHPOBKA YCKOPEHHBIX HOHOB YePe3 MUKPO- ¥ HAHOKAMMJIISIPHBIE CTPYKTYPHI []ajia BO3MOXKHOCTh MOJTy4aTh HOHHbIE ITy4-
KU OYeHb MAJIOTO MOIEPEYHOTO CEYEHNUs ¢ HEOOIBIION PACXOIUMOCTBIO. YCHIINS MHOTHX MCCIIEIOBATENEH B HACTOSIIEE BPEMsl HAIIPaB-
JIEHBI Ha YBEJIMYEHHE MOIHOCTH TAKHX HOHHBIX ITy4YKOB.

ITpyu IPOXOKICHUN MOHHBIX Iy4KOB 4ePe3 JIUAIEKTPHUCCKHUE KaMLIAPbI LIIHHIPUYECKON HIIM KOHMYECKOH ()OPMBI B pe3yJIbrare repe-
JIa4’ 9acTH KMHETUYECKOH SHEPIUH HOHOB BHYTPEHHEH MMOBEPXHOCTH KaMJUIAPOB MOKET IIPOUCXOIUTH HHTEHCHBHBIH HArPeB MOCIIETHUX.

B BemecTBax ¢ HeGOIBIINM KOI(POHUIIMEHTOM TEIIOMPOBOIHOCTH CJIELYeT 0XKUIATh MOABICHHs 3HAUYMTEILHOTO Mepernasia TeMIie-
patyp Mexay BHyTpPEeHHEH M BHeIIHel MOBEPXHOCTBIO KalMJUIsIpa M, KaK ClIeJICTBUE, BOSHUKHOBEHHS TEMIIEPATyPHBIX HANPSKEHUH,
KOTOPBIE MPH MPEBBIIIECHUH KPUTHIECKUX 3HAYEHHI MOTYT NPUBOIHNTH K PAa3PyNICHHIO KaIHJUISApa.

HM3BecTeH pssl SKCIIEpUMEHTANIBHBIX PaboT, I/ie Ul IIPeIOTBPalieHHs pa3pylieHus KalluyIApoB BCIEACTBHE HarpeBa MPUMEHIIOT
pa3IMYHbIE CUCTEMBI AKTHBHOTO OXJIaXJIeHus. B naHHOI paboTe nMpoBeseH TeopeTudecKuii pacyeT pajlaibHbIX G, U YINIOBBIX O
TEMIEPaTypHBIX HANpPsKEHNH, BOZHUKAIONIMX B JUAIEKTPUYECKHX KalMIUIAPaxX MPH TPaHCIOPTHPOBKE HOHHBIX ITy4KOB. 3ajada pe-
IaJIach B KBa3MCTATUYECKOM NPHOIMKEHHH, T. €. Ha OTPE3KaxX BPEMEHHM, KOI/J]a YCKOPEHHAMM YaCTHUIL CPEJIbl, IIPOUCXOAAIIMMHU O]
JefiCTBUEM TEPMOYIIPYTOi CHIIbI, MOKHO IpeHeOpeub. HanpsbkeHnst G, U Gy, NMPONOPLUOHAIBHBI TEIJIOBOW MOILIHOCTH, HepeiaBa-
€MOM KaIuJUIAPY, a 3HAYMT, IPH YBETMIECHHHU IIIOTHOCTH BBIXOJHOTO TOKA B ITyYKE 3TH 3HAYEHHs MOTYT CHIILHO BO3pacTarh. B cTekie
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MPaKTUYCCKN BCErga UMEHOTCs oc1abiieHHbIE y4acTKu (MI/IKpOHCOI[HOpO,Z[HOCTI/I, BHYTPCHHEC HaIPSXKCHUE, MUKPOTPEIIUHBI U [[p.),
KOTOPBIC MOT'YT CUJIBHO ITOHUKATh €TI0 TCpMOCTOﬁKOCTB. OHCHKI/I, IMIPOBCACHHLIC U1 KAITUIIIIAPOB, U3rOTOBJICHHBIX U3 60p0CI/IHI/IKaTHO-
TO CTEKJa, MpU nepeL[aBaeMoﬁ TETJI0BON MOIITHOCTH KalmuuIspy nopsaka OAHOIro BaTTa, IMOKa3bIBAOT, YTO BEJIMUMHA TEMIIEPATYPHBIX
HaHpS{)KCHI/Iﬁ CpaBHUMaA C HIDKHEH FpaHI/ILIeﬁ peanLHoﬁ MPOYHOCTH CTEKJIA. HOJ’IyquHLIe PE3YIBTATBI MOTYT OBITh MCITOJIb30BaHbI npu
MPOBEACHUH SKCIICPUMCHTAJIbHBIX HCCIICIOBAHHUH T10 TPAaHCIOPTUPOBKE MOHHBIX IIYYKOB B KAlTWJIJIAPHBIX CTPYKTYypax.

Kniouesvle cnoga: MUKpO- 1 HAHOKAIWJUISIPHBIE CTPYKTYPbI; CTEKJISTHHBIN KalWJISIP; HOHHBIE ITyYKH; TEMIIEPaTypHbIEe HAIPSDKCHUSL.

Transport of the accelerated ions through micro- and nanocapillary structures enables one to form the small cross-section ion beams
with a minor divergence. The efforts of many researchers are now focused on increasing of the power of such ion beams.

When ion beams are passing through the dielectric cylindrical- or conical-form capillaries, their intensive heating may occur due
to transfer of some kinetic energy from the ions to the inner surface of the capillaries.

In the substances characterized by a small heat conductivity coefficient it is expected that between the inner and outer surfaces the temperature
difference will be considerable leading to the heat stresses which may result in the capillary breaking when the critical values are exceeded.

In some papers it is proposed to prevent the capillary breaking due to heating by the use of different active-cooling systems. This
work presents a theoretical computation for the radial o, and angular c,, heat stresses occurring in dielectric capillaries on transport
of ion beams. The problem has been solved in the quasi-static approximation, i. e. for times when the accelerations of the medium
particles caused by the thermoelectric force may be neglected. The stresses o, and G, are proportional to the heat power transferred
to the capillary and hence these values may be growing significantly with increase in the output current density. Actually, glass always
has some regions with microinhomogeneities, internal stresses, microcracks, and the like, liable to lower its heat resistance. As demon-
strated by the estimates for the capillaries of borosilicate glass when the heat power transferred to the capillary is on the order of one
watt, the heat stresses are comparable to the lower limit of the actual heat resistance of the glass. The results obtained may be used in
experimental studies of the ion beam transport in the capillary structures.

Key words: micro- and nanocapillary structures; glass capillary; ion beams; heat stresses.

HccnenoBanust mpoxoxkI€HUS YCKOPEHHBIX MOHOB 3apsDKEHHBIX YACTHIL Yepe3 KalWUISIpHbIE CTPYKTYpPBI
HaIpaBJIeHbI HA PEIIEHUE OJTHOW BaKHOM 3a7ja4l COBPEMEHHON MUKPO- M HAHOIEKTPOHUKH, @ UMEHHO: MOJTy-
YEHNE HOHHBIX ITyYKOB OOJBIION IIOTHOCTHU € MaJIBIM ITONIEPEYHBIM CEYEHUEM M HEOOJIBIION PaCXOIUMOCTBIO.
B skcnepumeHTax IIaBHBIM 00pa30oM HCIOJB3YIOTCS KAIMJUIAPbl HUIMHIPUYECKOW U KOHUYECKOH (hopMmbl,
W3TOTOBJICHHBIE U3 Pa3IMYHbIX BELIECTB (IMAIEKTPUKH, IIOJIUMEPBI, ITOIYTIPOBOAHNUKN, MEeTaJlIbI U 1p.) [1-3].
HauOonpmuii nHTEpEC MPEACcTaBIAI0T KalWIIphl KOHUUECKOH (OPMBI, TIO3BOJISIOIIHNE 3a CUET (POKYCHPOBKU
CO03/1aBaTh MyYKH C OOJIBINOH IMIIOTHOCTHIO YacTHUIl. VI3BECTHBI SKCIIEpUMEHTAIBHBIE PA0OTHI, B KOTOPHIX CO00-
1AJIOCh, YTO OTHOIIEHUE IMJIOTHOCTH BBIXOHOTO MyYKa K IJIOTHOCTH BXOAHOTO COCTABIISIET HECKOJIBKO THICSY.
KoHeTpyKkuysg KOHUYECKOro Kammijisipa TakoBa, YTO OH 3aKaHYMBaeTCs HUIMHIpUYecKor o0nacTeio. iMeHHO
3[1eCh U IPOUCXOJNUT Haubosiee CHIIBHBIN ero HarpeB. B BemecTBax ¢ HeOOIBIIUM KOIPPHUIMEHTOM TEILIONPO-
BOJIHOCTH CJIEIyeT O’KUAATh MOSABICHHSI 3HAYUTEIBHOTO Mepernaja TEMIIEPATyp MEX/y BHYTPEHHEH U BHEIlI-
HEl MOBEPXHOCTBIO KaWIIApa U, KaK CIEICTBUE, BOSHUKHOBEHHUS TEMIEPATyPHBIX HANPSKEHHUH, KOTOpbIE
IIPY MPEBBILICHUN KPUTUYECKUX 3HAYCHUI MOTYT NPHUBOAUTH K Pa3pyLICHUIO Kamwuisipa. s npenoTspa-
IIEHHS ATOTO MPUMEHSIOT Pa3IMyHbIe CHCTEMBI aKTHBHOTO oXJiaxaeHus [4]. B pabore [5] mpoBeneH pacyer
TEMIIEPATYPHBIX MIOJIEH B TUAJIEKTPUUECKUX KallWIIspax, e paJuaibHble TeMIIepaTypHble HAPSKEHUs OLie-
HHUBAJIACh C IOMOILBIO coOTHOMIEHH G, = Ea AT, raie E — monyns IOHra, o, — koadduiuent o6beMHOro
pacmmpenus; AT — nepemnaj TeMIIEpaTyp MeKAy BHYTPEHHENW U BHEIIHEH MOBEPXHOCTHIO KaTMILIISAPA.

B nanHo# pabote nccnenyercss JUHaAMHUKA TEMIIEPAaTypHBIX HANpPsDKEHUH, BO3HUKAIOLIMX B IMJIMHIpUYC-
CKUX TUDJIEKTPUUYECKUX KAUIIIAPAX.

Bynem MonenupoBaTh Kamuyuisip Kak OUIMHIAP pagnycoM R AnuHOM [ W3 Marepuaina IUIOTHOCTBIO P,
YAETBHON TEIUIOEMKOCTBIO ¢, C KOA(PQHUIHUEHTOM TEIUIONPOBOAHOCTH ), HadalbHOW Temmneparypod 7T =0
U COOCHYIO C HUM LMIMHIPUYECKYIO MOJOCTh PaJUyCOM ¥, BHYTPH KOTOPOH JBUXKETCS ITy4OK HOHOB, SIB-

JISIOUINICS UCTOYHUKOM Harpesa. BenepcTBre NUIMHAPHYECKOW CUMMETPUH TeMIlepaTypa IIIuHApa OyaeT
3aBUCETh OT PAUaJIbHON KOOPAUHATHL # W BpeMeHUu ¢, T.e. T =T (r,t). B [5] Obu10 MIOKa3aHo, 9TO pacmpe-
JeTIeHHEe TeMIIepaTyphl B IPOLiecce HarpeBa Kanumuisipa 06e3 ydera oxXJIaxIeHHS ONPEeACIsieTCs] COOTHOLICHHEM

T(r.t)~— : , (1)

Ei| ——
4mtly 4at
riae P — TeroBasi MOIITHOCTb, TiepeiaBacMasi Kamwuisipy, £i(x) — HHTerpaibHas mokazaTenbHast QyHKITHSL.
HecrannonapHoe TeMreparypHoe IoJie BBI3bIBACT HANPSDKEHHOE COCTOSHHUE BEUIECTBA, KOTOPOE U3MCHSI-
eTcs ¢ TedeHneM BpemeHH. Jledopmannu, poucxoasiiye B BENIECTBE, CO3A0T BOJIHY IepeMelIeHuH, pac-
MIPOCTPAHSIFOIIYIOCS CO CKOPOCThIO 3ByKa. [I0OCKOJIbKY MBI paccMaTpvBaeM 3ajady Ha JOCTaTOYHO OOJIBIIMX
OTpE3Kax BPEMEHU, TO YCKOPEHUSIMH YaCTHUI[ CPEIbl, TPOUCXOISIIUMHE O] JCHCTBUEM TEPMOYIIPYTOM CHJIBI,
MOJKHO MIPeHEOpEeyb, U YPAaBHCHHUE, OMTUCHIBAIOIICE BO3HUKAIOIIKE M0 ICHCTBUEM IPaJMEeHTa TEMIIEpaTyp Ie-
PEMEIICHNS CPE/IbI, 3aMCaTh B BHJe
8_u+l@_i:1+_ua a—T, t>0,5<r<R, 2)
o’ ror r* 1-p Vor 0

rae | — napametp Ilyaccona.
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B pesynbrare TEemiaoBOro paclIMpeHusi cpeabl OymyT BO3HUKATh TEMIIEPATyPHBbIC HANPSHKEHUSI, KOTOpBIE
B pacueTax paccMarpuBaeMoil Mofenu OyayT ONpenessIThCs IByMs KOMIIOHEHTAMU: paJualbHON G, U a3u-
MYTallbHOH (YIJIOBOH) Gy :

2G 8

S, :E{(l_ )a—”r‘+u——(1+u)a T} 3)
2G ou u

o= AJ:5;+@_uy;_@+“yhT} @)

rne G —Monynb casura; 2G = E/(l + u .

HauanpHoe ycnoBue 3agaium B BUIE u(r,O) =0, r, <r<R. IlepemenieHus DOMKHBI ObITh KOHCUHBIMU
BEeJIMYMHAMH TIpU 7 —> 00, T. €. B JIAHHOM CIIydae PaBHBIMH HYIIIO: u(r,t)|Hw =0. Torma pemenue 3agauu
(2) — (4) ¢ yuetom (1) MOkHO 3amucaTh B BUJE

u(zr)= “;‘é jnT ),
cw=—T§Ea zinTOLQdm
o0 =1 %inT(n,r)dn—f_‘—zir(a,r)], ©)
r(60)= bl

Amily b (4ar/ R* )1
rne E=r/R; &, =1,/R.

B mensx Bu3yanuzaluy MOJYYECHHBIX PE3YJIbTaTOB ObUI IIPOBEIEH YHCIIEHHBIN IKCIIEPUMEHT 10 pacye-
Ty (5) M KamWUISIpOB, U3TOTOBJICHHBIX M3 OOPOCHMIIMKATHOTO CTEKJIa MPH CIEAYIOMMX 3HAYCHHSIX Mapame-
TpoB: p=2,23-10"kr/™M’, ¢=9-10" JIx/xr-K, y =1,2Bt/M-K, a=6-10"m’/c, [=2-107m, 1, =107 m,
R=10"m, a,=2,6:10"K", E=83-10'MIla, n=0,2, P=1Br. .

Ha pucyHKe NpHUBEICHBI BPEMEHHBIE 3aBUCMMOCTH PAJUATIBHBIX 60
G, U YIIOBBIX G,, HampsbkeHui npu 3HaueHuu &, =0,0125. [To-

JIOXKUTEIIbHBIM 3HAYEHHUSIM COOTBETCTBYET HANPSKEHHOE COCTOSIHUE
pacTsDKeHHUs, @ OTPULIATEIIbHBIM — HAIPSDKEHHOE COCTOSIHUE CHKATH.
W3 rpa¢uxoB BUIHO, YTO G, MOHOTOHHO HapacTacT BO BPEMEHH, ¥ |
BBIXO[Sl Ha CTALIMOHAPHBIN PEXHMM. YIJIOBbIE HANPSDKEHUS TAKKE o
MOHOTOHHO H3MEHSIOTCA BO BpeMeHu. HamOombline ycTaHOBUB-
LIMEeCs 3HAUYEHMs Al G, NPU BHIOPAHHBIX 3HAYCHUAX IapaMeTpoOB
cooTBeTCcTBYIOT ~40MIla , uTo npubIMKaeTcsa K HIKHEH TpaHune | i
peanbHOM npouHOoCcTH cTeka. Clienyer 3aMeTUTh, 4TO B CTEKJIE IIpakK- e
THYECKH BCETAa UMEIOTCS 0CIa0JICHHBIC Y4aCTKHU (MHKpOHeO,Z[HOpOI[— 500 1000 1500 2000 2500 3000 3500
HOCTH, BHYTPEHHEE HAINPSKEHME, MUKPOTPELIMHEL U Jp.), KOTOPHIE ' T
MOT'YT CUJIbHO TIOHM)KaTh €I'0 TEPMOCTOMKOCTb. A TaK KaK BEJIMUUHBL 10
G, U Gy, NPONOPLUOHAIBHBI TEIUIOBOM MOIIHOCTH P, TO, 3HAYMT,
IIPY YBEJIMUYECHUH TUIOTHOCTH BBIXOJHOTO TOKA B ITYUKE 3TU 3HAYECHUSI
MOTYT CHJIBHO Bo3pacTarb. K ToMy e pacdeTsl NMOKa3bIBAIOT, YTO -30f
C yMEHbIIEHHEM &, yCTaHOBUBILIHMECS 3HAYEHUS G, U G,y OOINBIIE,
a 3HAYUT, B HAHOKAIMJUIIPHBIX CTPYKTYpax TEPMOHAIPSKEHUSI MO-
I'yT BO3pacTaTh A0 PEAEIbHBIX. ot
Takum 00pa3om, U NPOXOAKIAEHUH MOHHBIX IIyUYKOB YEPE3 IIU- G Mlla 6
ANEKTPUYECKUE KAMILUIAPHI B pe3ybTare nepeayn YacTH KUHETH-  3aBHCHMOCTb PajHalbHBIX (@) H YIIOBEIX (0)
4ecKoil IHEpTHH HOHOB BHYTPEHHEH TTOBEPXHOCTH KAMMIIIAPOB MO- TCMICPATYPHLIX HANIPSUKEHHIT OT BpeMenu I mpu
JKeT MPOUCXOANTh UHTEHCUBHBIM HarpeB MOCIEeTHUX, TPUBOIAIINN S =0,0125,6=1
K BOBHUKHOBEHHIO TEMIIEPAaTYPHBIX HANPSDKEHUH B OKPY)KHOM U paJualbHOM HampapieHusx. OLUeHKH, mpo-
BEICHHBIC JJIS1 KAITMJUISIPOB, M3TOTOBJICHHBIX M3 OOPOCHIMKATHOTO CTEKJIA, IIOKa3bIBAIOT, YTO BETMYMHA TEMIIC-
paTypHBIX HaIIPSHKEHUH cpaBHUMA C HIKHEW TPaHuLel peaabHON MPOYHOCTH CTEKIIA.
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ABTOpHI BeIpaKaroT OnaromapHocTs wieHy-koppecnonnenty HAH benapycu @. @. Komaposy 3a mones-
HBIE 00CY>KACHUS MMOTYYCHHBIX PE3YJIBTaTOB.
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B. H. JEMUTIUK

W3JIYUYEHUE IMTPOU3BOJIBbHON CUCTEMBI HCTOYHUKOB B KHPAJILHOWM CPEJIE

B u3BecTHOl nHTeparype mpobieMa M3ITy4eHHs 3JIEeKTPOMAarHUTHBIX BOJH B KHPANbHOW Cpele ocBelleHa cinabo. B ocHoBHOM
paccMaTpUBarOTCs JIUIIL BOIPOCHI U3JIyUCHUS PACIIOI0KEHHBIX B KUPAJIBHOU CPEe 2IEMEHTAPHBIX UCTOYHUKOB U MPSIMOIMHEHHBIX
BUOpaTOPHBIX AHTECHH.

Lenpro maHHOM PabOTHI SABISETCS PACCMOTPEHUE OCOOCHHOCTEH M3ITyUESHUsI IIPOM3BOJIBHON CHCTEMBI HCTOYHHKOB, PACIIOIOMKEH-
HBIX B OMU30TPOITHOM KMPAJILHOM cpefe.

Ecnu B Ge3rpaHiuHOl KMpATbHOI cpesie HAXOIATCS MCTOUHHKY TOKA ¢ 0OBEeMHOIT INOTHOCTRIO J, TO M3 ypaBHeHmi Makcemna
MOXKHO TOJIYYHTh HECBSI3aHHBIE HEOJHOPOIHbIE MH((epeHINaIbHbIE YPABHEHUsI BTOPOTO TOPSIIKA JUIsi BEKTOPOB HAINPSHKEHHOCTH
3JIEKTPUUECKOTO TOJIsl BOJIH IIPABOM U JIEBOM KPyroBoi nossipuszauuu. /s pemenus noayyeHHbIX YpaBHEHUH BBOIATCS JIEKTPOAUHA-
MHUYECKHE MTOTEHIINAIIBI, KOTOPBIE MOJKHO MIPEICTaBUTh depe3 (pyHKnuio ['prHa cBOOOJHOTO IPOCTPAHCTBA.

B urore B citydyae U3BECTHOTO aMIUINTYIHO-(Aa30BOTO pacHpenesIeH s TOKOB CUCTEMbI HCTOUHUKOB MOJYYeHBI COOTHOLICHHUS, KO-
TOPBIE TTO3BOJISTIOT PACCYUTATH MOJIC N3y UCHUSL.

[Ipu pemenuu 3ana4 aHTEHHOW TEXHUKU MPAKTUYECKUN MHTEpeC MpeAcTaBiseT Moje, CO3/1aBaeMOe aHTEHHOH B JajbHEN 30HE,
KOT/Ia PacCTOSTHHUE OT HCTOYHUKA IO TOUKH MPHEMa MHOTO OOJIbIIE ATHHBI BOJIHBI SIEKTPOMATHUTHOTO OIS,

Ha ocHoBaHUM 00INX COOTHOIICHUIT IS TOJIS M3IYYEHHsI CHCTEMbI HCTOYHMKOB B PAMKaxX M3BECTHBIX NPHOIIKEHUH JalbHEH
30HBI TTOY4eHbI BBIPAKEHUS AT TIONIeH IPaBoil U JI€BOH KPYTOBOM MONSPU3aLUH, AHATIM3 KOTOPHIX MOKA3bIBAET, YTO BEKTOPHI MOJIS HE
HMMEIOT COCTABIIIOIIUX BJIOJIb HAIIPABICHUS PACIIPOCTPAHEHHUSL.

[IpoBe/ieH Tak)Ke pacueT OISl U3TYyUYSHHUs! SIEMEHTAPHOTO IEKTPUIECKOro BUOpaTopa (Aumost). YCTaHOBICHO, YTO HAMPaBIICH-
HBIE CBOMCTBA HJIEMEHTAPHOTO MEKTPHIESCKOTO BUOPATOpa B KUPAIbHOM U HEKHPAIbHOU Cpefax OANHAKOBBI. [10CKOIBKY aMILTHTY/bI
1 (ha30BBIE CKOPOCTH BOJIH MPABOH ¥ JICBOIT MOJSIPU3AIMY PA3IMYHBI, CyYMMapHOE 10JIe — MOJIe AJUTHIITHIECKOH MOJISIPU3aIMU U DIUTHIIC
TIOJSIPU3ANMH B TIPOIECCE PACTIPOCTPAHEHUSI BOJIHBI TOBOpadnBaeTcs. [Ipy ManbIx 3HAYEHHAX MapaMeTpa KUPAaTbHOCTH TI0JIe U3ITyde-
HUS 00J1a1aeT oJsIpu3alyei, OIM3KoH K JIMHEHHOM.

Knioueevie cnosa: H3JIYUYCHUE, CUCTEMA MCTOYHUKOB, KHpalibHas Cpe€la; SJICKTPOAMHAMUYCCKUEC ITOTCHIAJIBI (I)yHKL[I/IH Fana;
JAJIbHAA 30HA; MOJIAPU3AUA BOJIH.

The problem of electromagnetic wave radiation in chiral medium is poorly covered in publications. In general, only the problems
of radiation of elementary sources and rectilinear vibrator antennas, located in chiral media, are investigated.

The purpose of this paper is to consider the radiation peculiarities of the system of arbitrary sources, located in bi-isotropic chiral medium.

If sources of current with volumetric density j are located in infinite chiral medium, then from Maxwell equations it is
possible to derive unbound heterogeneous differential equations of second order for the vectors of electric field for the waves
of left and right circular polarization. To solve the obtained equations electromagnetic potentials are introduced, that can be
represented by Green’s function in free space.

As a result, the relations are obtained for the case of known phase-amplitude current distribution for the system of sources. These
relations allow calculating the field of radiation.

When solving the tasks of antenna technics, the practical interest focuses on the field that is created by antenna in far-field region,
when the distance between the source and receiving point is much bigger than the wavelength of electromagnetic field.

On the basis of common relations for the radiation field of the source system and within the frames of the known approximations for
far-field region, the expressions are obtained for the fields of left and right circular polarization. Their analysis shows, that field vectors
do not have the components along the direction of propagation.

The calculation of radiation field of an elementary electric vibrator (dipole) is carried out. It was ascertained, that directional
properties of elementary electric vibrator in chiral and non-chiral media are identical. Since the amplitude and phase velocity of left-
polarized and right-polarized waves are different, the summarized field is of elliptical polarization and the polarization ellipse rotates in
the process of wave propagation. When the value of chiral parameter is small, the radiation field possesses polarization close to linear.

Key words: radiation; source system; chiral media; electromagnetic potentials; Green’s function; far-field region; waves polarization.
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