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B nacrosmmelt paGoTe mosTyyeH MOAMHIMPOBAHHEIA KpuTepyit boMa U1 CTOIKHOBUTEIBHOM IDTa3Mbl. MBI y4IIM TIPOLIECCH
Tiepe3apsiiki ¥ YIpyruX CTONKHOBEHMI MOHOB C MOJIEKYlaMM Iasa, a Taloke YNpyrue, Bo3CYXAAIONME M MOHU3YIONIUE
BIIEKTPOH-HEUTPaTbHbIe CTONKHOBEHMS. [TonyueHo, yTo oOmMEnpHHATHI KpHuTepHit BoMa MpakTHYeckH Beeryia BLITOMHIETCS
Mpy HU3KUX JlapieHusx rasa (p < 0.01 Topp). [Ipy mpoMexyTouHBIX ¥ CpeIHMX AaBNeHWIX rasa (p > 0.1 Topp) xpurepwit
boMa cripaBeUTMB TOJILKO TIPH JOCTATOUHO BBICOKHX 3HAYEHMSX IUTOTHOCTH IUI1a3Mbl Ha TPAHMIIE CIIOS, B CIIy4ae IUIasMBl C
HI3KOM MIIOTHOCTRIO HabmogaeTcs 3HAUMTENIHOE OTKIOHEHHE 0T KpuTepus boma.

KJIFOYEBBIE CJHOBA: kpuTepuit Boma, CTOIKHOBUTEIBHBINA CITOM.

TlpaxTiMeCKl BO BCEX Ta30pa3pAOHBIX YCTPOWCTBAX IUIA3M4 HAXOMWTCA B KOHTAKIE C METAUTMYECKMMH MM
H30JIMPOBAHHBIMM TIOBEPXHOCTAMH (CTCHKAMH Da3pANHOH KaMEpPHI, JNCKTPHYCCKMMM 30HZAMH, 00pabarThiBacMbIMH
obpasuamu u 71.4.). [losromy HE yAHMBHTEIBHO, UTO mpobieMe (HOPMHPOBAHMSA NPHAICKTPOAHBIX C/IOCB, OTHOM M3
caMBIX CTapsiX nmpobnem QH3uKH MUIa3Mbl, NOCBILICHO O0MBmOoe KOMYECTBO paboT (cMoTpH, HanpaMep, [1 — 16]).

Kak m3BectHO [1], B OECCTONKHOBHTEABHOM CAyYae 1A (POPMHUPOBAHUSA MPHINECKTPOAHOTO CIOA HEOOXOMHMO,
yTOOB HOHBlI HA TPaHHWIE NPEACHOH — croM mMmemu cxopocts V; 2V, = ,-/kTe /M (xpurepuii Boma mma cmyvas
T,>>T;), rae T, — TeMnepaTtypa 3JCKTPOHOB, X — mOCTOAHHAA bosbumana, M — mMacca HOHA, V; — CKOPOCTh HOHHOI'O
3ByKa. EC/IH CKOPOCTH MOHOB HA TpasmEue cios V; < V;, To BOMM3H 3/EKTPOZAA BOZHHKAET HEMOHOTOHHBINA MPOduIb
HOTCHIAANA (M APYTHX MApaMETPOB IUIa3MBI), M NPHIACKTPOAHBIN CIIOU HE 00pa3yercsa. beCCTONKHOBUTENBHBIN CITy4ai
H3VUeH, HampuMep, B padorax [1 — 11]. Ogsako K HACTOAMIEMY BPEMEHM NOKA HET €AMHOIO MHEHHA O BBHINOJIHEHHH
KpATepuss bBoMa B CTONKHOBHTEABHOM cCiyuae. B paGore [4] ObUI0 BBICKA3aHO NPEANONOXKECHHE, YTO B
CTO/IKHOBHTEIBHOM CIIy4ac BOIM3M TPAHMIBI OPEACHION — COHM NaACHNE HANPSDKECHNM HA MOCNEAHEH A/MHE CBOOOIHOTO
npobera noHa gomwkHO Obite AUj = k7, /2e . OueBUIHO, YTO TaKas OLCHKA BEMYMHBI MOJA ABIACTCA 3aBLIMICHHOH,

0COOEHHO I8 CHIBHO CTOJIKHOBHTENbHOro ciayuas. B paborax [12, 13] nmpu BemBome kpurepusa boma i
CTOMKHOBHTEIBHOTO CHAy4as MPEHHOJArajioch, 9T0 BEAMYMHA JNICKTPHYECKONO MOJA BOJNM3H TPAHHIBI CIOSA PaBHA
Ey =kT,/ehp , TAe A p — 371eKTPOHHBIH neOaeBCKMi paauyc Ha rpammue ciod. OxHaxo B paGore [7] ObU10 mOKa3aHo,
YTO TAKAd OLEHKA BETHYHMHBI 3ICKTPHYECKOr0 N0 BONM3A IPAHKIBI CJTOA TAKOKE ABJHICTCA 3aBBINCHHON. BriBeACHHDbIH
B pabore [14] xpurepuii BomMa 114 CTONKHOBUTEIBHOIO ClIy4Yas NPHBOAMT K HEMOHOTOHHOMY IOBEICHHIO NIOTCHIHANA H
3IEKTPHYECKOTO mos B mpeacioe [15]. TTostomy BOMPOC 0 BEIMOIHEHHH KPHUTEpHA boMa B CTOJNKHOBUTEILHOM CIy4ac
OCTACTCA NOKA OTKPHITHIM.

B macrosmeii paGore kpurepmii Boma Ob1 MODH(HIMPOBAH AI1 CTOJNKHOBHTEIBHOTO Ciy4as. IIpu BeIBOIC
MOTU(HIMPOBAHHOTO KPHTEPHS BOMA MBI YUHTHIBATH NMPOLECCH NEPE3apAIKH ¥ YNPYTHX CTONKHOBEHHH HOHOB C
MOEKyIaMH HEHTPANBHOrO rasa, a TakKe ympyrue H Heynpyrme (BO3OY)KIAIONEE M HMOHHU3YIOINHE) JJIEKTPOH-
HEHTpAThHBIE CTONKHOBeHHA. [T0Ka3aHo, YTO MpH HU3KMX AaBicHmsX rasa (p < 0.01 Topp) obsrmbni kputepui boma
XOPOIIO TPEACKA3BIBACT BEMMHMHY CKOPOCTH HOHOB HA rpamune cnosA. ITpu mpoMEXyTOYHBIX H CPEIHMX AABICHHAX
raza (p > 0.1 Topp) xpurepuii Boma cripaBegauB B CIy¥ae AOCTATOYHO BHICOKMX 3HAYCHMM IUIOTHOCTH TUIA3Mbl HA
IPaHHIE CI0f, B TO BPEMS KaK B IIA3ME C HM3KOI MIOTHOCTBIO CKOPOCTh HOHOB HA TPAHHIE CNOA MOKET OBITh 3aMETHO
MEHBIIE CKOPOCTH HOHHOIO 3BYKA, T.e. HAOMOAaeTCs OTKJIOHSHHE OT KpuTepusi boma.

BBIBOJ MOJAPHUIINPOBAHHOI'O KPUTEPUA BOMA
3armimes CHCTEMY MEAPOIMHAMAYCCKHX YPABHEHHI A/ CTALMOHAPHON KBA3HACHTPANBHOM NIasmsel (1; =ne =1,
V,=V; =V, VI, =VT; =0 ) 115 HOHOB ¥ IE€KTPOHOB B CKAIIPHOM BAJC:

VinV )=v;n, (1)
2
: vV ,,
MV VI' +eVeo +—}£’—Vn +MVvy, +MET—-—:0, (2)
n | 2Aj
_ k7, | 3
mV VV —eVo+—5Vn +mV (v +Vexe +vi)=0. (3)
| .

3M6Ch V; ~ MACTOTA YAADHON WOBM3AWMH MONEKYJ ra3a 3ACKTPOHAMH, M — Macca 3NCKTPOHA, ¢ - JNCKTPHHECKUH
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YACTOTHI HOH-HEHTPATIBHBIX U 3ACKTPOH-HCHTPATbHBIX

CTOTKHOBCHUH, Viye - MACTOTA BO3OYKACHHA HACTHL HEHUTPaAJIBHOTO ra3a 31€KTPOHHBIM YAAPOM, A; - ATHHE CBOOOOHOTO
mpobera MOHOB A4 Mpouecca mepesapamxyd. B ypaBHCHHM (2) 4eTBEPTOE CraracMoc OTMHMCHIBACT CHIYy TPCHHA,
ACUCTBYHOUIYIO HA HOHBI IPH YNIPYTUX CTOTKHOBCHMAN € MO/ICKYIAMH Fa3a, @ IATOE CIaracMoe YUHTHIBACT NCPE3APAIKY
HOHOB HA MOJekynax rasza [13]. B ormrume ot pador (12, 13], Mbt B YpaBHCHMM JBHACHIA 37IEKTPOHOB (31 yi CKJ?
TPeHMA, ACHCTBYIOLIYIO HA 3NEKTPOHBI MU CTOIKHOBUTC/IBHOM ABWKEHIHA YEpe3 NPEACTIOH, 1 AHEPIHOHHbIA WieH 7 V,
7V, a B ypasHeHuH (2) YA yIpYTHE HOH-HeHTpambHbIe cTOMKROBERMA. F13 (1) creayer, wto Va/n=vi [V =VV/V ..
Taxum obpazoM, u3 ypaBHeHu# (2) a (3) HCKIHOHYACTCA ILIOTHOCTE riasmbl. Beéaem Oe3pasMEpHBIC NCPEMCHHBIC.

u=VI1JkT, IM , §=xvy | JKT,IM , n=-ep/kl,, ©=T;/T,. Torxa i3 ypasmeryii (2) u (3) mpu Mim>> 1,

MIm>>T, Vol Vi, >> 1 monyunm:

NOTCHIMAN, 77 - TEMNCPATYPa UOHOB, Vip H Ven — IPaHCHOPTHBIC
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1€ W = Vieh/ Vin, Vexen - YACTOTA CTONKHOBEHHME HOHOB C aTOMaMH Td3a, COTIPOBOKAAFOIHXCA nepesapaakoi. 13 (4)

CnenyeT, YTO MpH u? —»1+1 moNe HEOTpaHHYEHHO Bo3pactacT. [TOCKONBKY B HacTosumeid paboTe HCHOJB3YETCA
NpHOMIKEHHE KBASHHEHTPANbHOH MIa3MBbl, TO GecKOHEUHO GHICTPBIA POCT SACKTPUYECKOTO MOJIA CBA3AH C CHIIbHBIM
HAPYLICHMEM KBA3HHEHTPAJLHOCTH, T.€. PABCHCTBO 7, =M; B 7Ol TOUKe [UIA3MBl MEPECTACT BBOTOMHATECA. B 3TOM
Clly4ae TOBOPAT, YTO HA TPAHHUIE KBASMHEHTPAILHOH TUIA3MBI dhopMHpYeTCA HPHNEKTPOIHBINA CIIOH [1, 4 - 11].
Coornomeume u;2 =1+t wm Vj =V = ﬁ(Te +7T;)/M HCHOMB3YeTCs KAK TPAHHYHOC YCHOBHE MEKIY IUTA3MOH M
cnoeM (xpurepuit boma npu OpOM3BOJILHOM COOTHOIICHHH Mexy I 1 7;). BronHe 04CBHAHO, HTO INEKTPHHUECKOE MO/
HA TPAHMUE COSi HE MOXKET OBITh GECKOHEYHO OOBIIM. B pa6ote [7] 65U10 NOMYYCHO CNEAYIOMES BRIPAKCHAC UL

BENIMHMMHBI ANEKTPHYECKOTO MO HA TPAHKMIE NPUINCKTPOIHOTO CIIOK!
| kT,
4

E| = —— (5)
enp2ls a3
B 6e3pa3MepHBIX MIEPEMEHHBIX BBIPAKEHAC (5) MPHHUMACT BAL.
215 3/5
l_fin _ (_‘?_P_] [V_J P s &
dg |y Vin 1
I[MpupasusieM (4) u (6), u BBeneM obo3naveHus: W = 4. “1 Z= e o4 , TOTZA

Vs a+t¥’%2 Vi

M [ VeptVexe*Vi [T 2 2 M 1\ {, = M v; 1 w2 -1 . '
—. o e 2 J e W - B =P - L = . 72/3, /5 g3/5
M |: Vin (1-{-1 ) ( m 1+1] [ 2 ] m Vi, 1+J 178/5 Z (1"'1)4 : S (7
YpasaeHue (7) MO3BOMET ONPEACANTH CKOPOCTh HOHOB HA TPAHHMUE CNOW-TPEACHon V; = W-V , HeoOXoAuMYy:O A1t
(GOPMHUPOBAHI MPHINEKTPOAHOTO (MPHCTEHOMHOTO0) CIIOS, U MPEACTABIACT CO00H MOM(pHIPOBAHHbIH KpHTEpHH BoMma
U5l CTONKHOBHTEIIBHOTO Ciyuas. Ha puc.1a nmokasaHsl 3HAYEHUs BeMduEs! W/ xak Qynkiumn Ge3pasMepHOH YaCTOTEI
Z nas aprona. Ilpm stom npunmmanoce, 4ro t=0.01. Xopomo Buamo, 4ro mpu Z = pi /v, >>1 Bemwuuza

W= V]/Vs — 1. D10T cy4ail, KaK IPaBUiI0, BHINOJHAETCS MPH HU3KHX JABICHWIX. B CTOMKHOBHTEIBHOM CIIy4ae NMpH
HU3KOH IUIOTHOCTH IIa3MBl, KOTJA © p; /viy <1, Habmopaercs 3aMEeTHOE YMEHBIICHNUE BETHUMHEl W . Hanmpumep, npu
® pi/Vip =0.1 umeem W ~ 0.3 . Opnaxo mpu (MKCUPOBAHHOM [AB/ICHHH ra3a MOBBINCHHS [IOTHOCTH FLIA3MEI
NPHBOAMT K ACHMITOTHYECKOMY CTpeMycHMIO Benwvuuel W x 1. Taxum -oﬁpagoM, oOmenprHATEI KpuTepHii Boma
BBMONASACTCA B ZBYX CAYMAsx: 1) IPH HM3KHX JABNCHRAX Tasa (p < 107 Topp), Korma yCnosme o, /v;, >>1 HMeer
_ | pilVin : :
MECTO NPAKTHYECKH BCETAA; 2) NP TPOMEKYTOMHBIX M CpemHux jasnermix (p > 0.1 Topp) xpurepuii Boma
CMPABEANAB MPH JOCTATOMHO BBICOKMX 3HAYCHHAX TJIOTHOCTY minasMbl. Ha puc.la moxasamsi TaR}Kep (i) HRIEH- ;{I
I/]flfszf(ai)m./v,-,,,), nomy4yenssie B paborax (12, 13, 14, 16]. Buano, urto BCe KpHEBBIe T IY .
® pi/Vip >100; mpu MEHBUMX SHAMCHUAX ©,; /v, Bemmuma Vi/V, 3amerso mempme 1. Hanbonee cumbHOS
OTKJIOHEHHE OT KpuTepua Boma mpu /vy, < 1 cnefyer us pesymsraro pabor [12, 13, 16]. U3 prcyEKa 1b BrmHO
4TO HAMMEHBIIME OTKIOHEHMS OT KPHTEpHA boma HAOMOAAIOTCA B M3OTEPMHMECKOH IiasMe (mpu ? " -Y ,
YMEHBIICHUN BETHYUHBL T OTKJIOHEHHE OT Kkpurepus Boma ysemmmsaercs, Han iﬂdep N ;IS S
W=055 a opu v=0.01 W=0.3. Ha puc. lc npusescunl xpuspie Vlst#f(m ';V L Wpi/ Vin
| | - 4

D), a mpu
= 0.1 npu 7= 1
in )» TIO3BOJIMIOIME OUEHHTH
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BAMSHHC PA3JIHYHBIX CTOJIKBOBUTENBHBIX MPOLCCCOB HA BEIMYHMHY CKOPOCTH HOHOB HAa TPAHMUE CJIOA. Kpueas 1 6sina
nonyveHa w3 ypasHeHMA (7) W YYUTHIBACT BCC BO3MOKHBIC B HH3KOTEMIEPATYPHOH Ta3Me MPOUECCH! CTONKHOBEHUH
MOHOB W 3EKTPOHOB C YACTHUAMM HEHTPadpHOro rasa (ympyrue H HEYMPYIHE COYAAPEHHMS, A TaIOKe nepe3apaaKa).
Kpmsas 2 nomyueHa AAs Ciy4as, KOTAA Ha ABWKCHHE HMOHOB YE€PE3 HCHTPAJIBHBIA Ta3 BIHMACT TONBKO MPOLECC
mepesapsaxu. [lpu pacyere KpuBOH 3 NpeAnonarajoch, YTO HOHBI COBEPIUAOT TOJMBKO YNPYrHe COYApEHHA C
MOJICKYIAMH 233, a MPOHECC MEPE3apsanky OTCYTCTBYeT. M3 3TOro pHCyHKa BHIHO, YTO YUET BCCX BO3MOMKHBIX HOH-
HEHTPATLHEIN COY/JapEHUit MPUBOLKT K HAXOOABIIEMY OTKIOHCHHIO OT OOIEHPHHATOTO KPHTEPHA Boma.
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Puc.1. 3aBUCHMOCTH HOPMMPOBAHHONM CKOPOCTY HOHOB HA IPAHMIIE CJI08 OT BEIMYMHBL OTHOIICHIA Opil Vin:
- a)1=0.01, 1 - pacuer u3 ypaBHerms (7), 2 — pacyer [14], 3 — pacuer [12], 4 - pacuer [13], 5 - pacuer [16];
b) pacuer u3 ypasierws (7), 1 -1=0.01,2-7=0.1,3-1=0.0L;
¢) pacveT U3 ypaBHeHus (7), 1 — yuer BceX HOH-aTOMHBIX TIPOLIECCOB, 2 — y4eT TOJIBKO TIepe3apsAIKu HOHOB Ha aToMax
aprosa, 3 — y4eT TOJBKO YIIPYIUX HOH-aTOMHBIX CTOJIKHOBEHMIA.
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BOHM CRITERION FOR COLLISIONAL CASE

V.A. Lisovskiy
Kharkov National University, 4 Svobody sq., Kharkov, 61077, Ukraine

The modified Bohm criterion for collisional plasma was obtained. We take into account the processes of charge exchange and
elastic collisions of ions with the gas molecules, and also the elastic, exciting and ionizing electron - neutral collisions. It is
obtained that the conventional Bohm criterion practically is always fulfilled at low gas pressure (p < 0.01 Torr). At intermediate
and high gas pressures (p> 0.1 Torr) the Bohm criterion is fair only at rather high values of a plasma density on an sheath
boundary; in case of low density plasma the significant deviation from a Bohm criterion is observed.

KEY WORDS: Bohm criterion, collisional sheath.
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JIUOPAKIIMOHHOE U3J1YYEHHE
KOTEPEHTHBIX 2JIEKTPOHHLIX CI'YCTKOB

10. A. Buswkos, B. U. Myparos, B. /I. PeaopHeHKo

Xaporoscxuti nayuonaronoi ynueepcuniem, 61077, Xapexos, ni. Ceob0o0wt, 4.
[Mocrymuna B pexakumo 18 cenrabpsa 2000 .

IKCIEPUMEHTANILHO UCCIeAyeTCs AH(PAKLMOHHOE M3TydeHHe Ha KpYrisix Auadparmax, reHepHpyeMoe KOTCPEHTHBIMH
3NEKTPOHHBIMU CrycTkamu. M3mepaercs 3aBUCHMOCTh HHTEHCHBHOCTH H3JTy'ICHIA OT QHAMETPa M TONMIMHB! Avadpparmbl MpU
MOCTOSHHOM IMaMeTpe myuka. Hccnegyercs BO3MOXHOCTS ONTUMH3ALMH HHTCHCUBHOCTH IUpakLHOHHOTO HITYyUEeHHA.
KJIIOYEBBIE CJIOBA: nudpakipionHoe H3Ny4eHHe, JNEKTPOHHbIH CTyCTOK, KpyT/ias nuadparma, pe3oHarop.

HasectHo [1], 90 B AB(pakuHOHHON 3/1EKTPOHUKE UIA T€HEPUPOBAHISA KOTCPEHTHBIX 3JIEKTPOMArHUTHBIX KOJie-
GaHuil MCTIOIB3YIOTCA PAAHALIMOHHbIE SBJICHIS, BOSHUKAOLINE [PH ABHKEHHH 3apsHKEHHBIX 9aCTHL BOIH3H Pas/IyHbIX
NPENATCTBUN W NOPOXAMOUHE NIOBEPXHOCTHBIE H 06BeMHBIE BOJIHBL. PaccesHHOE Ha NpensTCTBHM coOCTBEHHOE M0
YACTHIL COCTOMT M3 CTEKTPa 110BEPXHOCTHBIX BOJIH IOKANH30BAHHBIX BOIM3H NMPENATCTBUA, H CyNepno3uiini 00beMHbIX
BOJIH, YXOAAUIMX B OKpY)Kaiolliee NpocTpaHcTBo. [ippakuoHHOE M3TyYeHHE KakK pa3 U CBA3aHO C BOZHHKHOBEHHMEM
06BEMHBIX BOJIH IPH [BIDKEHHH OTAENLHBIX EKTPOHOB, OIMHOYHOTO CryCTKa MWK NOC/IeN0BATEABHOCTH 3NIEKTPOHHBIX
cryctkoB BOnm3M (6€3 COMPHKOCHOBEHNS) METAUTHYECKHX 00bekTOB. ABneHHe U3NTy4yeHHs 00BEMHBIX anek"rpt)Maer-
HBIX BOJIH 3JIEKTPOHHBIMH MOTOKaMH, ABWKYIIMMHCA HaA AXQpaKIHOHHBIMU PEMIETKAMH, IHUPOKO MCNONB3YETCS NMpPH
CO3JaHMK TE€HEPAaTOPOB M yCHHTeneH B MIWUTHMETPOBOM M CyOMWUTHMETPOBOM JHAaMa30Hax UIHH BOJH [2, 3, 4, 5].

B HacToamei paboTe 3KCIepHMEHTANbHO HCCeayeTCa FeHepauns TH(PPaKHOHHOIO 3NEKTPOMarHHTHOTO H3TyyYe-
HUSA NMEKTPOHHBIMU CIyCTKaMU, MPOXOJALMMH Yepe3 MeTaumueckyio anadparmy. OTnnyne JaHHOIO IKCHEPHMEHTA
OT M3BECTHBIX paboT no AM(pakiHOHHOMY H3NYUEHHIO COCTOMT B cienyrouieM. B camom 3ddekte audpakumoHHoro
H3Ty4eHns OTCYTCTBYET MeXaHH3M (pa3oBoii rpynnuposku. ITo3ToMy co3iaHue reHepaToOpOB KOrepPEHTHLIX BOJIH CBA3a-
HO ¢ HEOOXOAMMOCTBIO YASPXKAHUA M3TYy4eHMs, YTO JOCTHIaeTCs C MOMOLIBIO OTKPBITOrO pe3oHaTopa C 3epKajaMi,
obecneunBatomiero odpaTHoe BIHAHAE HIMY4CHHI HA 3MEKTPOHHbIH NOTOK U €ro IPYNNUpoBKy. B HaieM skcniepumen-
T€ yXe CPOPMHPOBAHBI KOTEPEHTHBIE SJIEKTPOHHBIE CIYCTKH, KOTOPBIE, MPOXOAS 4epe3 KpYriible MeTalImiecKue aua-
¢parmsl 1 nonajas B BbICOKOA00pOTHEIA (~2000) pe3oHarop, reHepupyIoT ANPPaKINOHHOE HATYIEHHE.

IKCIIEPUMEHTAJIbHASA YCTAHOBKA
DKCHEPHMEHT NPOBOJMIICS Ha YCTAHOBKE, CXeMaTHIeckn u300paxenHoii Ha puc. 1. Yepes MeTannnueckyo Tpy6Y
AMaMETPOM 9 CM, pacroNoXeHHYI0 B ONHOPOJHOM MArHUTHOM MOJie HampsHKEHHOCTHIO 400 D, HH)XEKTUPYIOTCS ABa
B32MMONPOHUKAIOLIMX TTyuKa 3JIEKTPOHOB. JMHTTEPOM 3SJIEKTPOHOB NEPBOro IMyyka sBAseTcs Tabnerka rekcabopuza
NaHTaHa auamMeTpoM 0,6 cM, BTOPOTO - TAHTANO0BAs CIUPAJib, MPOHU3LIBAEMAs INEKTPOHAMH TIEPBOrO ny4ka.

Cxopocm nyukoB coctapsior 3,3-10° cm/cek u 3,6-10° cM/cex, CymmapHsiii Tok — 40-50 MA. PaGouee naBnenue B

xamepe 2:10° MM pt. c1. HauansHoe BO3MyIIeHMe CO3aeTCA NOfAuel OT BHEUINEro FEHEPaTOpa BBICOKOYACTOTHOIO
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cepin gizuyna «Hapa, SacTuHKm, noisy», sun. 4/12/ _ Hnpaxumonnoe uzsyuenne KOTE€PEHTHBIX ...
J-_\.
8 g8 | \\
A \ “
Y ) TR

0 4 8 d, mm 0 4 8. d, IMMI
PHC. 2. 3aBHCHMOCTS HHTHCHBHOCTH JH(MPAKIHOKHOTO Prc. 3. 3aBHCHMOCTL HHTEHCHBHOCTH AM(pAKITN-
H3NYYeHAS OT AHAMETPA JHADPETMEL, OHHOTO H3NYYeHHS OT KaHama.

HANDSDKCRHA Ha MORYIATOP (3, pHC. 1), NpeacTapironiit coGoi 3aMeISIOmyio CITMpAITh JAITHHOM 15 cM, CBS3aHHYIO ¢
TCHEPaTOPOM 4€pes AOTIONHAUTENBHYTO CITHPAh ¢ 0GpaTHOH HaMOTKOR. MogymHpyromee HalpsoKeHHE Ha 4acToTax Io-
paAka 1 I'Tu, mogaercs ot rereparopa I'4-37A MommooThI0 1 BaTT. 3a MOZYAATOPOM DAcIiOJlaraeTcs MIMHAPHY eCKHi
OOLEMHEIF Pe3oHATOp (4, pHe.1) AnameTpoM 3,5 oM H IIHHOM 6,8 CM, CHIHAT © KOTOPOTO ¢ NIOMONIBIO TIETIIH CBA3H
ACTEKTHPYIOTCA H TIOAAIOTCA Ha oclimiorpad C1-69 1MHG0 NpsAMO Ha aHATH3ATOP crickTpa C4-27, HMelomuii Hara3oH
3acToT Jo 407, ONEKTPOHHBIE CIYCTKH GOPMHPYIOTCS BONMHAMH beprunrefiHa-Kpyckana, HOTeHIan KOTOPHIX HMeET

BHJI, Y3KOTO TIONORHTENBHOTO HMITYIIhCa ATHTETEHOCTEIO 10 "% cex, H uepes KPYIMYIO AHAdPArMy BIETAIOT B PE30HATOP.

SKCIIEPHMEHT H EI"O OBCYKAEHME

B HamMxX paHHHX SKCIEPHMEHTaX 110 FeHEpaly NEPEXOHOTO H3ITYYCHHI KOTEPEHTHRIMH 3MEKTPOHHBIMH CIYCT-
KaMH OBINO NOKa3aHO, YTO HAy4YeHHe He HaGMOAanoch, ecim NaTpyOKH PE30HATOpa AMMHOM 1,2 M 1 AiuaMeTpoM 1.2
CM OBLIH OTKPHITHI,

IpH nOCT&HOBKeE Ha BXOJE B PE3OHATOD KPYTTIOH muadparmst JAHAMETPOM 6 MM H TOMIIHHO#H 0,4 MM (pHc.1) 6bi10
OOHapYXEHO SIEKTPOMATHHTHOE M3IVYSHHE, HE ABJLTIOIIEECH MEPEeXOAHBIM. [IpH 3TOM pesoHaTop BO3OYXIancHd Ha
COGCTBEHHBIX YaCTOTaX, ABIAIOMHXCSA FaPMOHHKAMH YaCTOT MOAYISIHH. TaK, Ha YacToTe Moxymaume 1055 Ml yac-
TOTa BO30YRKAaeMBIX KoneSarwi cocrasmusita 6380 MI'y, Ha yacrore Moxymamy 1135 MI'y - 6823 MI'L,

HcenenoBanacs 3aBUCHMOCTS HHTEHCHBHOCTH H3TydeHHS OT AvaMeTpa Anadparmei (Puc.2) NpH MOCTOSHHOM Jua-
MeTpe Myuka. BHAHO, YTO aMITIATYAa H3IYYeHHS MAKCHMANBHA TIPH MANEIX NPHLETbHEX IapaMeTpax H MajaeT ¢ yBe-
THYCHHEM AHaMeTpa AHadparMel. [Ipr muamerpe AHadparMel paBHOM AHAMETDY TATPYOKA, HAIyUeHHE NPAKTHICCKH
OTCyTCTBYeT. [IpH MasbiX OTBEPCTHAX AHA(ParMsl HHTEHCHBHOCTD HATYYEHHS Malla, TaK KaK He Bech TOK Iy4YKOB IIpO-
XOIHT Yyepes Heé,

3aBHCHMOCTS HHTEHCHBHOCTH M3y 4EHHS IIPH ONTHMAIbHOM JHAMETPE IuadparMel OT €€ TOJIIMHHEI IIPECTABIIEHA
Ha pre.3. [1okasaHo, YTO HHTEHCHBHOCTS THGPAKIMOHHOTO M3y eHHS Pe3KO CTIaZiaeT NPH YBEIMYeHHH TOMIMHE! THa-
parmel ¥ PaKTHYECKH HCHE3aST TIPH TOMIIFHE CPABHMMON ¢ ef AMAMETpOM. AHATOIHYHEIE Pe3yNBTaThl GBUIM TIOMY-
4EHRI, SCIH JMA(parMa CTaBHIIACh Ha BEIXOJE M3 PE30HATOPA. DTO OSHAYAET, YTO CIYCTOK H3Iy4aeT B 00e monychepsl
“Bnepez[” H ”}-fa.s‘a,z:"_ |

OKCTIEPHMEHTAIBHO OBUIO OGHAPYKEHO, YTO MOLIHOCTD AH(PPAKIMOHHOIO M3TYYEHHS SHAYHTEIBHO BO3pAcTaeT,
eCTIH AnadparMy AHaMETPOM 8 MM H TOMIHHOM 2 MM PacHONOXHTS B LEHTPAIBHOMN YacTH PE3OHATOpa, T8 LASETIRIE-
cKoe Tore MOZBL Hyy ¢ unmoH Bomrs! A=6,8 MM paBHO Hy0. MOIMHOCTS H3MVYEHHT Ha 6~ TapMOHHKE YaCTOTH MO-
AYILAIAN H3MEDAETCA TEPMUCTOPHEIM MOCTOM A2ZM-64 ¢ ipeo6pasoBarenieM M5-88, paGoTaroneM B JHATIA30HE YAaCTOT
0,03 - 7,5 TTu. Ha wacrore 6380 MI'u MOIHOCTS M3My4eHHA B HMITYTIbCE COCTaBIwIa 80 MBT.

BLUIO HHTEPECHO TIPOBEPHTD, KaK H3MEHHETCS HHTEHCHBHOCTS M3ITY4eHHs, €ClIH BMECTO ONHOM AMadparMel Mo-
CTaBHTH “PETIETKY” M3 HeCKONBKMX Anatparm. C 5To# IEIBIO HCTTONB30BANCS PE3OHATOD ¢ UHHOM 13,6 ¢M, B KOTODEIH
VIOIAJBIBATIOCh ABe ABMHEL BOMHEI Mofsl Hi;. B HymD: anexTpHyecKoro nons OBUM YCTAHOBIEHB! TPH AHadparmsl.
MoImHOCTh MBIY4YEHMA OCTANACH TOH X%e, 4T0 H B cly4ae ¢ OXHOH JHadparmoi. ITO OYESBHIHO O3HAYAST, YTO BIIEK-
TPOHHELH crycmx TNOMHOCTBIO M3NYYAET SHEPIHIO Ha NEpBO Auadparme. ~

Ji19 CpaBHEHHS WHTEHCHBHOCTEH NEPEXOZHOrO M AHGDAKIHOHHOTO M3My4YeHHs B ONHMHAKOBBIX YCIOBHAX NHa-
dparma ¢ ymammt.g' YIS PAasMEpPaMM M PACcTIONOXEHHAd B [IEHTpe pe3oHaTopa AINHMHOHR 6,8 oM Obula “3aTanyTa”

IMEPEHHSA NIOKA3aTH, 9TO MOIHOCTR T+ Xu4HOT'O HAY4EHHT Ha TOH Xe rapMOHHKe NIPHMEPHO paBHa MOTI-
OHHOIO Hany4deHHs. Ecim cerxa WM AuadparMa yeTaHABIHBANCH B TOPLAX PE3OHATOPA, MOLHOCTD
Oro HayHerHs GHA SHAUHTETBHO MeHBIe ¥ COCTABIISIA B MMITYTIECE HECKONBKO MHIDIHBATT. '
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DIFRACTION RADIATION OF COHERENT ELECTRON BUNCHES
Y. A. Bizyukov, V. L. Muratov, V. D. Fedorchenko
Kharkov National University, 61077, Svobody sq., 4.

Diffraction radiation generated by coherent electron bunches passing through an annular diaphragm is experimentally studied. The
diameter of the bunched beam being constant the radiation intensity dependence upon diameter and thickness of the diaphragm was
measured. Optimization possibility of the diffraction radiation intensity is examined. |

KEY WORDS: diffraction radiation, electron bunch, annular diaphragm, resonator.
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The special Monte Carlo program package has been developed for modeling the physics of high power electron and photon
beams and their practical applications. The advanced and user-triendly interface of the package enables to solve problems of
the equipment optimization and to study characteristics of it.

KEY WORDS: Monte Carlo, electron transport, bremsstrahlung, magnetic fields.

- Elaboration of sources of low energy, high intensity photon beams (x-rays) is an important problem in practical
applications for x-ray lithography, medical diagnostics, and science. One possible way to design such sources is by the
use of converters of high-intensity bremsstrahlung from high current magnetically confined electron beams.

For optimizing the bremsstrahlung converters, Halbleib described a method to place a thin target, with the
thickness less than optimal to generate bremsstrahlung into external magnetic field [1]. This ensures the multiple
passage of target by fast electrons. and increases yield of bremsstrahlung, Halbleib and co-workers proposed the use of
gradient B-drift of electrons [2]. A new type of converters to yield low energy part of bremsstrahlung has been
elaborated by Chorniy and co-workers recently [3,4] based on Halbleib's idea.

To increase the intensity of bremsstrahlung, the research program to develop a new type of experimental
equipment has been started by the present authors. Designing of the equipment is the task in which the main problem is
the choice of optimal values of multiple parameters. The effective work of the devise is determined by the energy
spectrum of a beam and its angular distribution, the type of an injector, the configuration of magnetic field and its
parameters, target (x-ray converter) parameters such as thickness, position and angular orientation relative to the beam.
the position of an output window. characteristics of filters, etc. The largeness of the number of parameters that affect the
equipment design leads to impossibility of its elaboration without preliminary study of the role of each parameter. This
problem has been solved by the use of a specially developed software, X-GENERATOR, which makes it possible to
simulate processes in the equipment at all stages of X-ray generation. In this paper, we present the results of the work to
develop this software and the conception used for its design.

The X-GENERATOR program package has been elaborated to numerically simulate the operation of experimental
or practical devices. The program is designed to take into account the device construction in all the details and has the
capabilities to vary a large number of construction parameters for a computer experiment. The program ensures the
possibility of visualization of the device construction and the electron trajectories in it. All that is needed is to choose
appropriate parameters for the device and the conditions for the experiment.

The purpose of using this package would be to find a set of optimal design parameters for a given partial set of
parameters (for example, electron energy and some additional parameters) from among the possible sets of parameters
by repeating numerical experiments ‘ |

Based on the results of simulation, a real device has been designed. It has been tested experimentally on the
GAMBLE-II high power accelerator in Naval Research Laboratories, U.S.A [5].

THE X-GENERATOR PACKAGE
1. Simulation module

To simulate the motion of an electron beam and the production of bremsstrahlung photons in a device, we use the
Monte Carlo technique.

The calculation module of the X-GENERATOR program comprises the following key units:

Unit 1. Simulation of the initial electron parameters.

Unit 2. Electron motion simulation in the magnetic field inside the device.

Unit 3. Electron transport simulation in the targets- and photon generation.

Unit 4. Photon transport simulation in the targets and their registering by detectors.

Detailed working of these units is described below.

In Unit 1, coordinates for electron injection into the device as well as the electron initial energy and energy spread.
and the direction of electron motion and angular spread are accepied and registered for further simulation.

Unit 2 performs the tracing of electron trajectories inside the device. The magnetic ficld in equipment is
deternuned by the currents in the device components, i.e., the central conductor and three radial wires, The effect of the
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a1l thickness. The magnetic field produced by the

(areets on magnetic field configuration is neglected due to their sm | oy
| conditions for the self-magnetic field

cinrent of the injected electrons is not taken into account, It 1s assumed that the
cotpensation in the device are implemented. |

\We carry out the integration of the equation for the electron moiton in the magnetic ﬁe}d by Runge-Kuttg msmod
of the fourth order |6]. The step of integration over time is chosen to be 0 03 of Larmor radius for a given point inside
the devise. Analysis has shown that the solution of the equation is stable.

[ the electron trajectory intersects any of the device components €xcepl the tar
absorbed. The information about the amount of the absorbed electrons in various |
accumulated. When the electron trajectory intersects one of the targets, then Unit 3 comes to operation.

Unit 3 executes the tracing of electron trajectories in the targets. Electron trajectories are simulated by means of
the Monte-Carlo method. with the implementation of Class II of Monte Carlo algorithms according to Berger_‘s
classification [7.8]. Energy losses by ionization and the radiative process are calculated in a scheme of catastrophlc
collisions by the use of the semi-empirical formulae given in [9,10]. For simulating multiple scattering, the Moliere
distribution derived from exact solution of the transport equation is used [11]. The weight algorithm to yield
bremsstrahlung radiation is used in this unit. A fractional number, determined by a weight factor, of bremsstrahlung
photon is emitted at each step of an electron trajectory. The weight factor equals the probability of radiation yield at a
given step of the trajectory. The photon energy is simulated by the use of the data on spectra taken from [12]. The
angular distribution is simulated according to [13]. At each electron step the probability of a fluorescent photon
emission. caused by filling the K-shell vacancy that has been formed due to the knock-on of electrons out of the K-shell
by the primary electron, is defined. The weight of the emitted fluorescent photon is equal to this probability. If the
electron leaves the target, then we go back to Unit 2.

Unit 4 calculates the photon transport on the basis of the interaction cross-sections given in [14], by taking into
consideration the Compton scattering and fluorescent photon emission following the photo-effect [13]. The photons are
traced umtil they interact with the elements of the devise or the detector, when they are supposed to be absorbed. The
attenuation of photons by the detector window is taken into account. The contribution to the detector signal by photons
is calculated from their weight factor.

This scheme of simulation has been tested by using the general-purpose package PENELOPE [15]. We have used
the module described to calculate the spectrum of photons, quantities describing the average behavior of an electron
beam in the device, and the dose deposited in the detector. The results have shown satisfactory agreement with the
PENELOPE results.

gets. the electron is considered to be
components of the device i1s

| : 2. User intertace
The main idea of the present project has been the development of a fast and accurate simulation software with the
user-friendly interface. We have followed the principle that the user interface of the X-GENERATOR package should
be designed to provide maximum convenience for the user and efficiency for modeling of the physics of high power
electron and photon beams and their practical applications. |
~ To realize these purposes, the principles of the Object-Oriented Design have been used to make the interface of X-
GENERATOR. The X-GENERATOR package has been developed for Win32. i.e.,. for the operation systems of
Windows 95, 98 and Windows NT 4.0, 4.5. The package has an advanced intuitive interface, which allows the user to
study equipment charactenistics without having any background in the simulation techniques of electron and photon
transport.

The direct access to subroutines of the simulation module is closed to the user. All the parameters m&g describe
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cquipment. the beam, the target and the magnetic field are classified in groups, and the user have access throngh a
window proper to ¢ach group (see fig. 1) This is convenient for the user who should concentrate on studying the
influence of a given group of parameters on the results of simulation. The parameters can be controlled by the user a1
the window where the model of the equipment is visualized in two main projections. All changes in device parameters
are reflected in the model of equipment. Thus, the interface of X-GENERATOR is designed as a multi-window
interface. -

Input parameters are analyzed by the package, and recommendations and warning messages are generated when
the parameters are inadequate Simulation is carried out only for allowable input parameters.

The package includes a context-sensitive help system, which describes in detail about input parameters, the
construction. and the physical model, used in the simulation module, and the main features of the user interface. An
example of help windows is shown in fig. 2. The package supports the parallel work in Win 32. so that the user can save
time by working with another software during the long time simulation. -

Target

Target1s twa thiv slshs The targetis desochesd by s set of parameters the defirabon of which is shown in the Ggure
1 Gelow.

§ The Lot msterial edit sinng defines the tagel msvzanal This version of the program dlows Lo simulate the largels
§ cousnsting of Tantelum(Z = 73, Ta), Tungsten (2 =74, W) and , Lead (Z =82, Pb)

1 Tz view th2 squipment outline, press tutton how in the nght-hend cotner of the input vaadow.

Fig. 2. Nlustration of the help system.

The configuration of a given devise described by a set of parameters, can be tested by the regime of visualization,
as the passage of a beam is simulated and shown graphically in the model of the equipment: see fig. 3. This alloss the
user easily to evaluate the behavior of the beam mside the devise.

B A S I D R e T R T N ot o 1.5, S B o L 5
R S R SR P I i B A e g b 8 5 VA B R g R B B BB L e R o i

F ig.. 3 Visua]iz,ation of electron beam 1nside the devise.

......

To study the performance of some parts of the devisc. it is important to look at the behavior of the l?eam in 3D. X-
GENERATOR provides the visualization of beam passage through the device also by the use_of a BD wexdver,‘made by
the OpenGL standard: see fig. 4. This 3D viewer allows the user to look at the beam or particle trajectories in a non-
uniform magnetic field from any direction: see fig. 5. o

Results of simulation are the output spectra of bremsstrahlung produced in the targets, the spectnim of radiation
incident on the output window of the device, the spatial dose distribution at the surfacc of the output \\-'indo‘\-x; :-u‘td‘
parameters describing the average behavior of the electron beam. Results of simulation is presented in ‘lhe form ol
graphs and tables, which can be saved on the disk or be inserted in any text processor through the chipboard. An
example of the output window of the interface for results of simulation is given in fig. 6.
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EXPERIMENTS AND SIMULATION
The results of experimental work to check X-GENERATOR have been alread

| . : y published and discussed in detail
by our experimentalist co-authors [5]. Therefore. we outline only the results to illustrate the accuracy of the simulation
nut, - '

A number of sets of calculations to study the optimal parameters of a device have been
results of the calculation, the device has been constructed. The view
shown on the fig. 7.

made. According to the
of the electron beam injection part of the device is
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Fig. 8. An element of the interface of X-GENERATOR, showing the output dose distribution in an Si sample, irradiated by photons
from the device.

Test experiments carried out with Si samples have shown good agreement with the results of simulation.

Fig. 8 illustrates a part of the interface, which gives the output dose distribution in a sample, placed under the x-
rays beam coming through the output window. The black line represents the direction of the electron beam. Fig. 9 (a, b)
shows the comparison between the results of simulation and the measurements by the use of TLD dosimeters. This
figure represents the case of 70 ns irradiation by the 1.2 keV beam. It is seen from this figure. that considering the
uncertainties of the measurements. the results of simulation are in good agreement with measurements.

Rad ~—4— Calculations data Rad ~ —4&— Calculations data
(S1) A Experiment (TLD's) (Si) A Experiment (TLD's)
4000 4000
]
3000 < 3000
2000 + ? — ; . 2000 +
0 2 4 6 8 10 cm 0 2 4 6 8 10 cm

a) ' b)

Fig. 9. The calculation and experimental data of dose distribution.
a) detectors placed along the beam direction.

b) detectors placed perpendicular to the beam direction,
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Jasa MoIenupoBaHMS (U3HUECKMX MpPOLECCOB ITYYKOB 3NIEKTPOHOB M (DOTOHOB BBICOKOW MOUIHOCTH H HUX IPAKTHYECKOTo
MPUMCHEHHS pa3paboTal CneLMaTbHbLH POrpaMMHBIH NakeT, Ucroib3yionmit Monte Carlo arroput™ pacueroB. CoBpeMeHHBIN U
yIOOHBIM HHTEP(EHC [POrpaMMbl TTO3BOJISET PEINdTh 3aa4H ONTHMAIBHOrO BhIOOpa peskiMa pabOThl 000PYIOBAHKMS H M3YUATh €r0
XapaKTePUCTHKH.

KJFOYEBBIE CJIOBA: Monte Carlo, niepeHoc »eKTpoHOB, TOPMOSHOE H3TYUSHHE, MATHATHOE TI0JIE.
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BAMSIHUE EPHOIMYHOCTH OTOBPAYKEHHIS HA YCTOMYUBOCTD
THMHAMUYECKOT'O XAOCA

B.IL. lemyuxuii
Xapekosexui hayuonanerutil yiueepcumem um. B.H. Kapasuna.
DQuzuxo-mexnuveckuii gaxynremem, 61108, Xapovros, np. Kypuamosa 31.
[Toctymuna B penakumo 16 oxrs6ps 2000 r.

Teopetnyiecky UCCACIOBAHO BAMAHHUE NIEPUOJUYIHOCTH CTAHAAPTHOTO OTOOPAKEHUS HA VCTOWYMBOCTEL AWHAMMYECKONO Xa0Ca
npu Tpexiuarooil nepuoauyHoctd. Haiinennt ofnacty ycroifumsocti. ITokasaHo, 4TO NEPUOAMYHOCTb OTOOpaKEHMS
TIPUBOJIAT K TOSBICHMIO HOBBIX YCTONIHBBHIX TOYEK. '

K/IFOYEBBIE CJIOBA: xaoc, cranzapTHoe 0ToOpaxKeHHUe, yCTOHYHBOCT.

[Monyuennsie B paGore [l] pesynbTaTtsl NO BAWAHHIO TNEPUOAMYHOCTH OTOOPAKEHMSA Ha YCTOWYMBOCTE
AMHAMHUYECKOTO Xaoca Npy npocTeifined 1ByX1aroBoH NeproANIHOCTH YOXKal0T HaC 0 HEOOXONUMOCTH HCCAEI0BAT
3TOT BOMpOC B §ojiee CIOXKHBIX BapHaHTaX. VIMEHHO, Mbl MCCleOyeM BIHAHWE TPeXWialvBOW NEPUOAMTHOCTH Ha
YCTOMYMBOCTL AWHAMHYECKOro xaoca. Jiis pewieHus Bonpoca o0 YCTOWYMBOCTHM MEPUOAWYECKMX CTPYKTYP

A

HEOGX0AMMO HAHTH COBCTBEHHbIE SHAYEHUS P MATPHLLI MOROIpOMUU M , yIOB/I€TBOpAIOLINE YPAaBHEHUIO (CM., HAMD.,

(2]):

p? =p-SpM+1=0 (1)
(mblI IONIaraeM GasoBbiit 00beM coxpanstomumcs). [Tonaras p = ei(b, 1A $as3el NOTYYHM YpaBHEHHE
cos(I)z—;—SpM. - Q)
YcnoBueM yc*roﬁtixaa-ocr‘n ABNACTCH Bemecmeﬂﬁocrb daser D . Ono, oueBHAHO, UMEET BUL
—lﬁé-spl\?lgl, 3)

rZ€ 3HAKH PaBeHCTBA ONPEIEISIOT rPpaHulibl 00J1aCTH YCTOHYHBOCTH.

ITOCTAHOBKA 3AIAYH
T nonyueHns 0603pUMbIX aHATUTUYECKUX PE3yIbTaTOB MBI OY/IEM pacCMaTpUBaTh CUCTEMbI C ABYMs CTEMNeE-
HsiM# cBo6OIbl. PacmpeaeieHue ToYek nepeceueHus ceyennd [Tyankape 3anaeTcd CMCTEMO# IBYX ypaBHEHMUH:

it+] =Tit, (4)
t+1 t « v 4 ' . .
Wiu X, = {aij XJ} Li=h7.. | (5)

(cxo0kH { e }omaqamr IpOOHYIO 4acTh).
Mp! OTpaHWYHMCS CTAHIAPTHBIMM OTOOPaKEHUAMH

Tk =, ©)
N T Y feky )
VesioBHe coxpaHeHus GpasoBoro 00beMa UMEeT Bl
_ | det ojj = 1. (7)
HanoMHuM, YTO YCIOBHE YCTOHYMBOCTH NPH CTAHAAPTHOM OTOOPAKEHUH eCTh
~-4<K;£0. . | (8)

. TPEXHIATOBOE OTOBPAXKEHUE
Hccreayem nepuoawaeckoe otobpakenne 1.(T- mepHon), coctosiiee u3 Tpex wiaros. Tlpu stom s
HATIAAHOCTH TIOTYSEHHbIX Pe3yNbTaToR 00/acTell YCTONYHBOCTH Ha UIOCKOCTH PACCMOTPHM BAPHAHT, KOIA4 1Ba wara

coBnajaoT, T.€. : :
Te=Ty-Ty- Ts. - (9)
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—1..<_—I§—=2~(K1+3)(K1+1)+,_,—K12+3K+1$1, (10)
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O6nacth yeroiamsoct 8 maockoetn (K 5, K| ) nokasane: na puc. 1 (3aurpixoBasib).
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Puc.1 O6nacT ycTOMYMBOCTHU (3alITPUXOBAHBI).

I'paHiuHBIE KpHBBIE OONacTed YCTOMYMBOCTH, COOTBETCTBYIOLIME 3HakaM papeHcTBa B (10) 3apmatorcs
ypaBHEHUAMM: |

2
Kpussbie A Ky=-2 +E-l-—_;—l—. (1)
Kpusbie B Ky==2 +-—2-—-. (12)
Kl +3
Kpome Toro, rpaHUMUaMH ABIsETCs ropusonTaibHas mpamas Ko = —2 u nse Beprukanshsie npameie K| = —1 u
K = =3. Ormerum, 4To nonyyenHbie pe3yabTaTsl HE 3aBUCAT OT NOPAAKaA 1AroB B (9).

3 puc.] BHIHO, YTO /IBE TOUKM, & UMEHHO, (-3,-4) u (-1,0), nexaiume wa rpannue kBaapara ycroiuusoctd (8)

ABYX HETIEPUOINYECKUX OTOOPXKEHUH CTAHOBATCS YCTOWYMBBIMHM NPH TEPHOIUYECKOM OTOOPAKEHHM C TEMH IKe
waramu 1ju T5 . Kpome Toro, ABe Apyrue TOUkH, a HMeHHO (-3,-5) u (-1,1), Bbixoasue 32 KBaJpaT yCTOWYMUBOCTH
HETIEPUOAMYECKOTO OTOOpakeHUs, ONAAlOT HA IPAHALbLI 061acTell yCTORUMBOCTY TIEPHOAMYECKONO TPEXILArOBOrO
OTOOpaKEHUA.
N MnTepecHbiM, N0 HALIEMy MHEHUIO, ABIACTCA PAcniad MPU TPEXUIAroBoli NepUoAMYHOCTH 06IACTH YCTOHYUBOCTH
(8) na Tpu obnactu ycroluusocTy. (HanoMuuM, 4TO MpH ABYXIIATOBOM NEPHONMYHOCTU TAKUX OBnacTell 610 aBe).
WHTEpECHBIMM, BUAUMO, ABJISIOTCA U TOYKU NEPECEHCHUS rPaHULL 061acTelt YCTORUMBOCTH HA PUCYHKE — TOUKH (-3,-3)
M (-1,-1). Mceneposanus npu Mansix so3myulennsx Ky s Tl (1=1,2) B OKpPeCTHOCTH 3THX TOUEK H‘OK&3MH&KJ’I, NTO eCAl
BOIMYILLEHHbIE 3HAYCHIS MONAAAIOT B 0071aCTe YCTOWYHBOCTH, TO ACHCTBUTENLHO NPH ITOM 106ARKM B (pasoit YaeTd
| (2) yMEHLIIAKOT N0 MOIYTIIO €€ 3HAUYEHUE, T.6. NPEBPALIAIOT PABEHCTRA B (3)8B Hepaaeﬁmga,
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T ‘IET]:IPEX[HAI" OBASI IEPHOAUYHOCTD
. NOAYYCHMS HANVAAHBIX AHATUTHYECKHX pPe3ybTaToB (Ha IUIOCKOCTH) PacCMOTPUM HETBIPEXLIATOBYIO

NEPHOANYHOCTS, npeobpazoBatue Ha NEpUose, B KOTOpOM T‘c COCTOUT M3 TPeX CTAaHAapTHBIX npeobpazosaumit T; ¢
oannm K(K 1), uomoro T, ¢ apyrum K(K,):
T.=T-;-T) T, (13)

B
SBIMUCITCHNSA, AHATIOrMYHbIS HpOBElIBHBbiM B NPeABIAYINeM pasaene, NPUBOMAT K 00NacTaAM yCTOHYMBOCTH,
3aITPUXOBAHHBIM Ha puC.2.

—

Al 8Y

Puc.2. Obnacty yCTORUUBOCTH (3aLITPHXOBAHBI)

["panuuHbLIE TUHWH EMEIOT BUI!

Ki(K;+3)
Kpussie A Ky=-2- 14
: (K1+2+\/_IK1+2 \/_) e
Kpussie B Ky==-2- Ilzl +; (15)
1+

[TepuOANYHOCTS, KaK ¥ B IPeIblAyINEM CIy4ae, MPUBOAMT K NOABICHUIO HOBbIX YCTOHYMBBIX ¥ IPAHHYHBIX TOYEK.

CINUCOK JIMTEPATYPbI

1. Jemyuxuii B.II. B:c&mx Xapxiscekoro HauionaspHoro yuisepeutery ~ 2000, Ned90, Bun..3,c.87-89.
2. Mbnoxuc AL Maremaruka. Cocunanbusie kypest, — M., Hayka. 1971, 632 ¢

INFLUENCE OF PERIODICITY OF THE MAP ON STABILITY OF DYNAMICAL CHAOS
V.P. Demutskii

Department of Phys:cs and Technology, Kharkov National Univ ersxty 3] Kurchatov ave., 61108
Kharkov, Ukraine . .

Theoretical investigation of the mﬂuem:c of penodzcai standard map on stability of dynam;cal chaos was fulfilled. h

had been shown that thc new pomts of stability have arisen.
indard map, stability.
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TUIJEKTPUYECKHUE CBOMCTBA BOJHbIX JEKTPOJUTHBIX CUCTEM.
II. JACTOTA 3551 Tu

A.A. Amexo, B.I'. INopauenxo, A.K. CrpejibnnHa, E.A. llapkos™
Xaporoeckuii hayuonarsnpisi yrusepcumen, 61077, Xaporos, ni. Ce0boosi. 4,
" Uncmumym xocmuueckux uccredoeanus PAH, 11 7810, Mockea, ya. lIpogcorwozna, 84/32
[Moctymuna s penakuwiro 21 ceurabps 2000 r.

Mcene1oBatbl TEMNEPATYpHas U KOHUEHTPAIIMOHHAS 3aBUCHMOCTH KOMILIEKCHOM MUIEKTPHICCKON TIPOHMLAEMOCTH BOXBI U
BOJHBLIX MOHO- M TIONMIICKTPOSUTHBIX CHCTEM. M3MEPEHUS BRITOIHCHBI ¢ IIOMOIIBIO pa3paboTaHHOTO IKCIICPUMEHTATLHOIO
cTenAa oTpakarelbHoro Tuna Ha yacrore 35.5 I'T'y B HHTEpBaE TEMIIEPATYP 271-353 K. CrctemaTtndeckue OuOKY B
onpe/ieNicHun aeicTBUTENBHON € 1 €' muuMoli coctassomnx K/AIT HE npepbiliaror 0.5% u 0.8% COOTBETCTBEHHO.
O6HapyX€HO pENnakCauMOHHOE fOrOLCHUE MUKPOBOIHOBOIO MU3JTy4CHUA Ha HCCHenoBanHOM YactoTe. PaccuuTaHHbie C
MOMOIIBIO TIOYHEHHbIX JAHHBIX 0 £ 1 €7 PalMOSPKOCTHBIC KOHTPACTHI AMCTHILTMPOBAHHON BOJbI U S/ICKTPOJIHTHBIX CHCTEM
cocrasasior ot 0.02 K 1o 0.22 K npy usmenenuyu koHueHTpamun Ha 1%o.

KJIOUEBBIE CJIOBA: AudNeKTpUuecKas CHEKTPOCKOTHS, KOMILUIEKCHAs AWBACKTPHHYECKas NPOHHIACMOCTD, BOIA,
3NEKTPONUT

Pazeute Teopmd W mpakTuky CBU  paIHOMETPMYECKOro  30HAMPOBAaHMS — OKDYXarOUICH  CPEXb
IPOAEMOHCTPUPOBAJIO BO3MOXKHOCTh ¥ MEPCIEKTHBHOCTD ONPENEICHHA MO M3MEPEHHBIM XapaKTCPUCTUKAM YXOIAMIETO
DAIHOTETLIOBOTO M3TyYeHHs TaKMX BAXKHBIX METEOPOIOrYecKHX NapaMeTpoB Kak Biarosanac arMocQepsl, Bnarosanac
001aKOB U CPEIHSS WHTEHCHBHOCTh ocaakoB [1,2]. Hanbonee mepCcrieKTHBHO OMPEIENICHHE YKa3aHHbIX MapaMeTpoB
NpU PalUOTEIIONOKAIIMOHHBIX WM3MEPEHHAX  HAA aKBaTOpWAMH. OTO OOBACHAETCS ONHOPOMHOCTBIO BOJXHOH
MOBEPXHOCTH (110 CPABHEHHMIO C MOBEPXHOCTHIO CyLIH) ¥ CPABHUTENBHO HU3KHM KO3QDHIUMEHTOM €€ W3ITy4eHUA.

B T0 e BpeMs AOCTaTO4YHas NPO3PavHOCTh MHUKPOBOJHOBOIO HuUana3oHa MO3BOJIACT OMPEAEHATH NMapaMeTphbI
MOACTWIANOIIEH TOBEPXHOCTH. B ciydae 30BAMPOBaHMA Hal aKBATOPHAMH MOXHO MONMyYUTh HHQOPMALMIO O
TEMIEpaType YU COJICEHOCTH TMOBEPXHOCTHOrO BOMHOTO ClOS, CKOPOCTH MPHMBOAHOTO BETPa, OT KOTOPHIX 3aBUCAT
reoMeTpus MOBEPXHOCTY M A0/ ee TIOKphITUA NEeHHbIMM obpasoBaHusMu. JlanbHelliee pa3BHUTHE CIIyTHUKOBBIX
MHUKPOBOJIHOBBIX U3MEPEHMI BbI3bIBAET HEOOXONMMOCTh NOCTAHOBKM M pEWIeHWs paja MHOronapaMeTpHYeCcKHX
obpaTHbix 3aaa4. OyHIaAMEHTANbHON OCHOBOM pelleHus 3THX 3aaY ABNKETCA peflakcaliiOHHas MOAEb MOPCKOM BOIBI

3]

Pa3paboTka penakCalMOHHON MOAENM >KUAKHX INEKTPOJIATOB THIMA MOPCKOH Bomel TpeOyeT NpoBeacHHS
CUCTEMAaTHYECKUX DKCHEPHMEHTAIBHBIX UCCICJOBAHUM NUINEKTPUYECKHX CBOWCTB YKA3aHHBIX OOBEKTOB B HIMPOKOM
Ixana3oHe AJMH BOJH, TeMIepatyp u coneHocrtell. [Ipeanaraemas pabota sBsercs HMPOLOJDKEHHMEM BHIIOJIHAEMBIX
aBTOpaMK  TOC/IENOBATENBHBIX JKCTIEPHMEHTANBHBIX WCCICHOBAHMM  OUINICKTPHYECKMX CBOWCTB MOHO- H
[ONW3NEKTPOJIATHBIX BOAHBIX CUCTEM (aHAIOTOB WIMPOKO PacTPOCTPAHEHHBIX IPUPOAHLIX XHMAKUX OOBEKTOB).

MATEPUAJIBI K METO/IbI :

- bnox-cxema pa3pabOTaHHOrO JKCIEPUMEHTANBHOTO CTCHAA OTPaKATENIbHOTO THUMA [UIS wmmepenus KT
CHJIbHOMIOMJIOMAIOINX XKuAKocTel (tgo~1) mpeactasnena Ha puc.l. Crena no3soiseT npoBoauTh mMepenus KT B
nuanaszoHe 4actot 35..38 I'Tu. Merog OCHOBaH Ha MCCNENOBAHWM BapHALMY 3HAYCHWUIA Koaq)q;uﬁuﬁema OTpaXeHUSA
CBY-MOMHOCTH OT MOBEPXHOCTH KUAKOCTH M MOABWIKHOTO TOPLIHSA MIPU U3MEHEHUM TOILUHEI CJIOSA H(H,I{KOCTH.MeM.y

ee OTpaxalollel MoBepXHOCTbIO U nopureM [4]. Ha puc. 2 n306pakeHa 3aBucHMOCTs OTpakeHHOH MOIHOCTH OT TOTIIHHE]

CNos KUAKOCTHU.
11

-

] T POTP.'“
10
= Tf
APM:
5 P(Xmax2)
2 "
14 0.
; P(Xmm% L
4 %

Puic.2 3apucumocrs OTPAKCHHOR MOIIHOCTH OF 'FO Wb
CHON KUAKOCTH

Puc. ], Brok-cxema 3KCIEpUMEHTATBLHOrO CTeH (A
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B kavecrse reHepatopa /1/ u npuemHoro ycrpoiictsa /10/ B 3KCHCPHMEHTATLHOM CTEHIE HCIIONb3OBAH
usmepntem KCBH  nanopamusiit  P2-65. Crpykrypsas cxema KCBH noctpoeHa Ha NpuHUmme pasienbHOro
BUIACACHWL M ICTEKTHPOBARUS MAJalOEro Ha HCCleyeMblit 0ObekT U orpaxenHoro CBY-curaanos. Hanpskenwe |
NPOMOPUHOHANLHOE  KBAaApaTy H3MepsieMoro  koddduumenTa oTpaxenus, ¢ uHaukaropa KCBH /10/ cuumaercs
widposriM  BonsT™MeTpoM /11/ B7-34A. Yacrota MEKTPOMATHUTHBIX KOJ1€6aHUil KOHTPONHPYETCS € MOMOIIBIO
H/ICKTPOHHOCUETHOTO 4YacToToMepa U3-54 /4/ ¢ Gnokom npeoGpazoBatenieM gacToter SI3U-87. B cxeme Tamke
“cnonb3yerca npeobpazoBarenb 9acToTsl Y5-13.

Wsmepurenbran saeifka /14/ npenctasnser coboii cexumio KpYrnoro BOJHOBOAA B TepMOCTAaTUpyrOiieH pybamke
/18/ ¢ netamsamm Kpennenus MEXAHH3IMA NEPEMELICHIA MopuTHA /15/ v usmepurens mmuusi /16/. BHyTpennuii nuamerp
BOITHOBO/@ BHLIOPaAH Tak, 4TOOBI B OTCYTCTBHH AMINEKTPUKA B HEM MOTJIa pacnpocTpaHaThes BojiHa THiia Hy,. C onnoii
CTOPOHEL H3MEPHTENbHAA A4eliKa OrPaHMYEHA [TOTYBOIHOBON RU3JIEKTPUYECKOH BTYNKOMH /13/, ¢ npyro#i — moABMKHBIM
OTpakaTehHeIM nopuisem /15/. TToaBuKHBIN NOpILieHs GECKOHTAKTHOrO THNA TIO3BONSET BAaphHPOBATHL TOJIHUHY CIOS
HCCTeryeMOH xunkocTw. [lepemeneHne NOPIIHS KOHTPOTHPYETCS vi3MepuTeneM LHHbI /16/.

Pabouas gactota HrameTp ayetixu JlnuHa syeiiku
8 ITh | 14 MM 25 MM

XapaxtepHoli 0COGEHHOCTBIO BOJHBI Hy; SBASETCS 70O, 4TO BCE JIMHMH JJIEKTPHYECKOrO MO 3aMKHYTHI H
MPENICTABIIAOT COO0H OKpyxHocTU. Komsnesoe anekTpudeckoe nojie uMeeT BHXpeBOe NPOUCXOXK/IEHUE U BBI3bIBACTCS
NCPEMCHHBIM MarHUTHbIM NONIEM, HIYNIMM BOJIB OCH BOJIHOBOAA. [I0BEpXHOCTHBIE TOKH TI0 CTEHKAM TAaKXKe SBJIAIOTCS
KONIBLICBEIMY W HE UMEIOT NPONOIBLHON COCTaBMOMmeH. YkazanHoe 06CTOATENLCTBO AAET BO3SMOKHOCTE OCYILIECTBIISNTh
GECKOHTAKTHOE NepeMelleHNe IOPIUHS, YAOBIETBOPSETCS YCAOBHE MANBIX NOTePh NPH OTPWKEHHH, COXpaHEHWe MX
NOCTOAHHOTO 3HAYCHUS NPH NEPEeMELeH!H NOPITHS BIOJb OCH.

B0O3MOXHOCTE GeCKOHTAKTHOTO COEQMHEHUS BOTHOBOJHBIX CEKIMI MO3BOMMIA HCMONB30BATH MEXAHHYECKOE
3aKpETUICHHS NHBNICKTPU4ECKOH BTYNKH. B kauecTBe marepuana BTynkH BbIOpaH ¢ropomnact. ®TopomwiacT HMeeT
MaJIpl€  AHSJICKTPUYCCKHE TOTEPH, XUMHYECKM HWHEPTEH 110 OTHOWIEHHIO K MCCIEAYEMBIM O KUAKOCTAM, €ro
TaCTHYHOCTE TO3BOACT OCYLIECTBUTH TEPMETHIHOCTh COSAMHUTENLHOIO y3na. TONMINHA BTYJIKHM pPaBHA MOJOBUHE
ATHHEBI BOJIHBI B JaHHOM MaTepHane, 9T0 MPakTHY4eCKU HCKIIOYAeT BIMSAHEE BTYNKH Ha KOSQQWUMEHRT OTpaXeHUI OT
HIDKHETO CIIOSA UAKOCTH.

Paznenenue kpyrnoro BoIHOBOMA M3MEPHTENBHOM SYCHKH W TPaHCHOPMATOPA THITOB BOAH TUTOCKOIIApaN e IbHOH
AVDNCKTPUICCKOH TNACTMHOMW CIY)XXUT OOHOBPEMEHHO (WILTPOM MIs APYTHX TUNOB BOJH. IIpononbHbie
OOBCPXHOCTHLIC TOKH B MECTE KPEIUJICHHA IUTACTUHBI PaspbiBatOTCH, B TO BpPeMA KaK KOJbIEBbIE TOKU Hy;-BOIHEI
OCTAIOTCSl HEBO3MYIIEHHBIMH.

Tpancopmarop Tmnos Boax /12/, npeobpasyromuii BONHY OCHOBHOIO THIA NMPSMOYTOILHOTO BOJHOBOZA Hig B
BONHY Ho; KpYTJIOro BONHOBOLA, NPENCTABACT COGOI BONHOBOA € IIaBHO W3MEHSIOMMMICS KOHGUrypaLme ceueHus
U TUNOM BO30Yxmaemod BoaHBL. [lis mojocsl uactor 35.2..35.8 I'Tu cymmapubie motepu (OMHYECKHE IOTEPU U
MOTEPH Ha Tpeodpa3oBante B IaPa3sUTHBIC BONHBI) B AAHHOM TpaHcdopmarope He Bbiine 0.2 15, KCBH ne npessiiiaet
1.1. '

CBY-curnan ot remeparopa (puc.l) depe3 (eppuTOBEIE BEHTHIN, HANpPaBICHHLIE OTBETBHTENM Najaroweid u
OTPaKEHHOH BOJIHBI, TpaHCPOpMaTop THUIIOB BOJH IMOCTYNacT B M3MEpUTENbHYyI sueiiky. Ilpu “HyneBom” cioe
KUIOKOCTH, KOTa IOplIeHb HAXOAHTCH B HCXOAHOM NOJOXKEHUM (NEXKUT Ha OMINEKTPUYECKOH BTYJIKE), C MOMOIILIO
KanTuOpOBKH N00UBaeMCs paBEHCTBA MOMIHOCTH OTPaXEHHOH BOJHEI OT MOPIIHA U MOUIHOCTH TNAJAKOUIEN BOIHAL
Biysiane QTOpOIUIacTOBOH BTYJAKM Ha H3IMEPAEMBIH KOX(PQUUHMEHT OTpaKEeHMd, KaK BbilIé OTMEYEHO, B Npeaenax
OWHGOK OMbITa NpeHedpexuMo Mano, NO3TOMY B JanbHeliiieM OyZeM paccMarpuBath OTPAKEHHE OT TOPIIHA M
HUKHEH TPaHHLbl KHUIKOCTH. :

[Tepemelnas MOpPUIEHb, BLICTARISEM TOJIIUHY CHOS KUAKOCTH, COOTBETCTBYIOIIYIO «GECKOHEUHOMY CJIOIO» H
OoTMe4aeM NoKa3aHua NprueMHuKa. [LnasHo nepeMenias nopoieHs BHU3 (YMEHbIIAs TONUIMHY CJI08 )XUAKOCTH), CHUMaeM
MOKa3aHUsd NPHEMHHKE, COOTBETCTBYIOIME MAKCUMANLHOMY ¥ MHHHUMATbHOMY YPOBHIO NMPUHUMAEMOTO OTPA)XKEHHOTO
cursana. Taioke oTMedaeM TIOKA3aHWA W3MEPUTENS THMHbLI B TOYKAX, B KOTOPHIX MOIDHOCTb OTPAXXEHHOIO CHUTHAJIA
paBHa MOIIHOCTH OTPAKECHHOH INpH «OECKOHETHOM Clioe» XHAKOCTA. C TNOMOMIBIO NOJYYEHHBIX HAHHBIX K
cootHomerud (1)«(3) paccunThiBaeM 3Ha4YCHHA TIOCTOAHHOM 3aTyxaHus o M pa3oBoil nocTosHEOH [3:

o=t 1n1—\/A°°‘A’1W’2
Axe 1-/,/13%/2—-\/;4—@‘ |

(H)

A o
A'DIC
1+ A, +2VA,*e*® cos2 =0 | e

rae A — NOKa3aHus NPHEMHHUKA, Ay~ AIMHA BOTHB! B KHAKOCTH, V=e?7+4 W] 2, ¥ = NOCTORHHOE PACTIDOCTPAHCHHA.
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I10 NaHHBLIM O 3HAYECHWAX O. W[5 BENMIHHBL JCHCTBUTENHLHON € ¥ MHMMOW €77 COCTABAMIOWHX KOMILICKCHOH
WIIEKTPUIECKON NPOHNLIAEMOCTH PACCYNTHIBAFOTCA Mo Gopmyam (4),(5):
2

A AT

2z

2
8,,22(__/19_) (B-a) .. | (5)
27

rae \g- AJiMHa BOJNHBI B CBOOOIHOM MPOCTPAHCTBE, le_— KPUTHYECKAA JJTHHA BOJHBI H3MEPHTEIBHON KAMEDEL.

BrinosHeHHbIN B [4] ananu3 BO3MOXHBIX NOTPEHIHOCTEH 0Ka3all, 970 OTHOCHTENBHEIC CHCTEMATHICCKEC ONOKH
U3MEPEHMH KOMIUIEKCHOM THOIEKTPHYECKOH MPOHUIAEMOCTH CHIiLHOTIONIOMAFOMX KHUAKAX CHCTEM HE [PEBAIIIAIOT
e’ -0.5% u0.8% nsa e’

C 1OMOWIbK CO3[JaHHOIO JKCIEPUMEHTATBHOrO CTEHAA MCCIICNOBaHbI TEMIEpATypHAad 3dBUCHMOCTE
NEHCTBUTENHHOM €& W MHUMOH €7  COCTaBAAIOMIMX KOMIUIEKCHOW  AM3JCKTPUYCCKOW NPOHHLIACMOCTH
AUCTUTUPOBAHHOM BOMBI U BOXHBIX PACTBOPOB € KOHLEHTPALHAMH !

-~ NaCl-2, 5, 12, 18, 36, 50; 70, 100, 140, 180, 200;°/co;

MgCl, - 7.23, 18.97, 40.21, 62.78, 68.85, 121.8 °/oc;
MgSO, - 10, 20, 40, 60, 80, 100°%/o0;
CaSO, - 1°/o0;
a TaKXe pacTBOPOB: |
Bona — NaCl(30°/00)-MgS804(5%o0);
- Boma — NaCl(30°/00)-MgSO4(5°/00)- MgCly(10°/00);
soxa — NaCl(30°/00)-MgS04(5%/00)-CaSO4(1°/00)-MgCly(10°/00).

V3mepenus BeimonHeHbl Ha 9actore 35.5 'y B murepBane temmneparyp 271...353 K.

PE3VJIbTATHI 1 OBCYXJIEHUE

[Mony4yeHHsle 3HAUEHUA & M € HCCNEeNOBAHHBIX XKUAKUX 3NEKTPOJIMTHBIX CHCTEM KaK QyHKIMU TEMIEPaTypsl
npuBeieHbl B Tabmunax 1-5. Cnyualinag onmbka B nukiie usMepeHuii e npesbimaet 0.5% s € u 0.7% s € npu
nosepuTensHON BeposTHocTH 0.95. |

Kak u ang uccnenopanuii Ha yacrote 9.5 I'T' [5] koMmuiekcHast muanexTprdeckas MPOHMLAEMOCTh 00HAPY KHBAET
PE3KO BEIPAKECHHYIO TEMIEPATYPHYIO 3aBHUCHMOCTb. JHaueHus €'=¢’(T) u €’=¢€’’(T) nubo cTpeMATCss K MAKCAMYMY,
nubo mpoxoaaT depe3 Hero. OTMEYEHHas 3aBUCUMOCTE CBUACTENBLCTBYET O PeNakcalliOHHONM MpHUpoae Hal/04aeMoro
B3aMMONEHCTBUS MAKPOBOJIHOBOTO M3JTyYSHMS C XKUAKMMU 3JEKTPONUTHBIMU cUcTeMaMi [6]. OTMeTHM, 4TO BBEJCHHE
MONpaBKM Ha COCTaB/LIOIIYI0 MOHHOM MPOBOAMMOCTH XapaKTep TEMIEPaTYpPHOM 3aBHCHMOCTH He W3MeHseT. [lns
BBLITIOJIHEHUS pacyeTa pelakCaUMOHHBIX MapamMeTpoB MCCIeNyeMBIX O0BEKTOB HEOOXODMMO pacmojarats JaHHBIMH O
AU3NEKTPUYECKAX CBOWCTBAX B Oonee MUPOKOM QHana3oHe 4acToT. [lofydeHHe 3TUX AaHHBIX ABJAETCA TPEIMETOM
HalIUX JabHEWIIUX UCCIIEAOBAHUNA. |

[lomyyeHHbie NaHHBIE O 3HAYCHWSAX € M € KaK QyHKUMH ConeHoCTH (cM. Taba. 1-5) CBHIETENLCTBYIOT ©
3aBUCUMOCTH AEHCTBHTENbHOA U MHMMOH cocTaBissromux KJIII or conemoct. C pocToM Temmepartypsl XapakTep
32BUCUMOCTH JJIs BCEX 0OBEKTOB CTAaHOBUTCA (0Nee BhIPaKeHHBIM. |

Ta6auna 1
3[—[&‘16!_-1&3 e mas cuctembi Boxa-NaCl

S°%%4 O | 2 | 5 12 18 36 50 70 100 140 | 178. | 200
e . | - .24

271 i - [ - - - 107 | 111 | 1.3 | 117 | 121 | 123 | 124
273 ) - - 11.1 | 106 | - & b = ) i FREE: B
275 114 | 112 | 113 " ’ " p i - s -
283 143 | 143 | 145 | 145 | 144 | 144 | 151 | 151 | 153 | 151 | 154 | 149

293 19.0 | 19.0 | 19.1 188 | 187 | 188 | 19.1 | 189 | 185 | 182 17.7 16.9

303 | 238 | 235 | 234 | 234 | 235 | 228 | 231 | 224 | 218 | 21.0 | 204 | 190

313 297 | 270 | 273 | 279 | 284 | 271 | 274 | 262 | 249 | 237 | 22 | 214

323 | 349 | 304 | 309 [ 323 1 319 | 307 | 288 | 286 | 280 | 254 | 238 | 229

333 395 | 368 | 357 | 369 | 34.7 350 | 338 | 302 | 297 263 | 249 | 246

f

343 | 434 | 396 | 392 | 401 | 386 | 372 | 366

1313 | 281 | 257 | 253

353 [ 455 | 443 | - [ - 17403 1387 | 372 | 345 | 323 | 287 | 261 | 246
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Tabanua 2
. | 3HaueHue €’ s cuctemul Bosa-NaCl
e T 2 5 12 18 36 50 70 100 140 | 178. | 200
TK 24
i;; : - - . 179 | 180 | 183 | 184 | 179 | 174 | 171
» - - 186 | 18.0 - ) . ] _ _ -
275 18.9 19.1 | 193 5 " _ ) - e » - i
283 229 | 22.7 | 230 | 230 | 228 | 237 | 232 | 332 | 6 | 227 | 319 T 313
293 27.1 | 271 | 273 | 269 | 266 | 268 | 272 | 270 264 | 255 | 249 | 239
303 29,5 | 293 | 290 | 298 | 29.1 | 29.1 294 | 286 | 286 | 276 | 269 | 264
313 312 | 299 308 | 308 30,4 30,3 30,5 | 299 | 29,6 | 28,8 | 284 28’0
323 310 | 32.0 | 318 | 304 | 295 | 298 | 283 | 299 302 | 296 | 290 | 291
333 29.5 | 310 | 317 | 294 [ 293 | 293 | 296 | 293 | 298 | 300 | 304 | 312
343 274 | 30.1 28.0 | 273 | 272 | 281 | 290 ¢ 296 | 30.8 | 31.1 32.0
353 248 | 2338 . - 1. 251 | 264 | 27.0 | 280 | 295 | 308 | 322 | 326
Tadauua 3
| | 3Hauenue &' ¥ € qia cuctemnl Bona-MgCl,
S°oo | 10 20 40 60 80 100 10 20 40 60 80 100
TK | | .
271 - - 9.9 100 | 10.1 10.2 - . 16.1 159 | 156 14.9
275 11.1 10.9 - - - . 189 | 183 s . ) -
283 13.9 13.8 13.4 13.2 13.1 12.8 | 22.1 | 219 | 207 | 206 19.9 18.9
293 182 | 18.1 172 | 16.6 | 16.1 156 | 259 | 258 | 247 | 239 | 233 | 22.1
303 227 | 228 | 21.6 | 204 19.7 186 | 289 | 285 | 276 | 269 | 258 | 248
313 279 | 272 | 255 | 241 | 228 | 214 | 300 | 298 | 292 | 282 | 274 | 267
323 319 | 318 | 296 | 27.7 | 255 | 245 | 299 | 295 [ 292 | 285 | 278 | 273
333 358 | 357 | 328 | 302 | 283 | 259 | 281 | 29.1 | 288 | 286 | 278 | 274
343 38.8 - | 349 | 326 | 300 | 274 | 262 ¥ 276 | 275 | 277 | 269
353 41.7 | 396 | 364 | 338 | 308 | 280 | 241 | 245 | 259 | 265 | 269 | 273
Tabnuua 4
| 3uagdenue €' ¥ &'’ aa cuctemsl Boga-MgSO,
S°o0 | 10 20 40 60 | 77.54 | 100 10 20 40 60 | 77.54 | 100
TK A
271 11.3 - 9.3 9.9 10.0 9.9 18.6 - 149 | 157 15.1 14.2
275 - | 109 - - . - - 18.4 - - ; :
283 142 | 139 | 139 | 133 | 129 | 126 | 225 | 222 | 215 | 207 | 194 | 187
293 18.4 182 180 | 167 | 16.5 157 | 263 | 260 | 255 | 24.1 | 234 | 218
303 | 226 | 227 | 222 | 21.1 | 203 | 192 | 289 | 284 | 279 | 266 | 257 | 244
313 272 | 272 | 271 | 255 | 239 | 236 | 312 | 294 | 293 | 282 | 271 26.4
323 327 | 294 [ 313 | 302 | 277 | 273 | 288 | 305 | 294 | 285 | 273 | 269
333 | 378 [ 362 | 348 | 337 | 315 - 298 | 285 | 286 | 280 | 272 -
343 | 409 - 1379 - - 1 - | 266 ; 26.5 | - = -
353 430 | 407 | 387 | 372 | 356 | 345 | 245 | 240 | 241 | 241 | 247 | 245
BINOJHEHHbIH ¢ TIOMOHIBIO TNOJAYYEHHBIX JaHHBIX O & KM € pacyeT pagUOAPKOCTHBIX KOHTPAcTOB

AUCTWUIMPOBAHHOM BOObl W MCCNEN0BAHHBIX MEKTPONUTHBIX CHCTEM TOKa3aj, 4TO A CHCTEMbI Bona-NaCl Ha

gactorte 35.5 I'Tu npu cogenoctax or 0 no 50%, paarospKOCTHBIH KOHTPACT B HHTEpBANC TEMIEPaTyp 293...30; K

coctasnser 0.02...0.2 K npy u3Merenuu coneroctd Ha 1%, [lns cuctemsl Boa-MgCl , npn cosneroctix 0...40%, -
1 0.09..0.2 K Ha 1%,. Iias cactemsl Boga MgSO, npw 1ex e coneroctsx 0.07...0.22 K na 1%,
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Tabauva 5
Suauenue € U &' LIS BOAHBIX NOJHUIZEKTPONMTHEIX CACTEM |
- NaCl - 30% i-
- 309 , .
§°/o0 NaCl — 30% nﬁag' 3‘;{; MgSo,~ 5% | CaSO, - 1% |
MgSo, — 5% Mgc‘;“ =i MgCl, — 10% |
| S AR CaSO;-1% | .
T K | 81 8” 8: E” g! 8” i ar 8” | :
271 10.4 17.4 10.4 16.9 10.5 17.1 - | -
274 - - - - - - 11.1 18.5
283 14.2 22.6 1.0 22.0 14.2 21.9 14.2 22.6
293 184 26.2 17.9 25.6 17.9 25.6 18.8 - 26.8
303 22.1 28.6 21.8 2139 P4 98 27.7 234 29.1
313 27.0 29.6 26.0 30.0 26.1 29.8 28.5 30.7
323 31.2 29.8 30.3 294 29.3 | 30.3 33.1 31.1
333 33.8 29.0 33.4 28.8 3 1.9 29.5 36.8 29.3
343 315 27.7 35.9 219 33.9 288 39.6 28.7
353 38.7 26.1 312 26.3 35.4 5.5 42.4 26.0
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DIELECTRIC PROPERTIES OF WATER ELECTROLYTE SYSTEMS IN CENTIMETER BAND

A.A. Asheko, V.G. Gordienko, A.K. Strel’tsina, E.A.Sharkov*
Kharkov National University, 61077, Kharkov, Svoboda square, 4
*Space research institute RAN, 11781, Moskow, Profsoyuznaya str. 84/32

The temperature and concentration dependences of complex permittivity of water and water mono- and polyelectrolytes systems. The
measurements were made using original reflective-type experimental bench with the frequency of 35.5 Hz in the temperature range
from 271 to 353 K. The systematic [constant, fixed] errors in determination of real and imaginary component of complex permittivity
do not excess 0.5% and 0.8%, respectively. The relaxation absorption of microwave radiation on the studied frequency was found.
The radioemission differences of distilled water and electrolyte systems calculated by means of data obtained for ¢” and €’ with
1%o change of concentration are in the range from 0.02K to 0.22K.
KEY WORDS: dielectric spectroscopy, complex dielectric permittivity, water, electrolyte
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DopMyBaHHS NepexiaHoOro Wapy npy B3aeMosii ...

VAK 539 23:621. 039.85

POPMYBAHHS MEPEXITHOI'O IIAPY ITPH B3AE€MO/IIE IIOTOKIB METAJIEBOI
- TUTA3MM 3 TIEJEKTPUKAMM

M.M. ITexixatuii', M.B. Beaan?, B.IL Kogicuux?, B.B. Koicaux?,
| M.L Kosaaenko®, 10.B. Hy6posin’, A.K. Mwan’
L Xapxz'@cam{ﬁ HaylonaneHuu yrisepcumem im. B.H. Kapasina, Yipaina, 61077, m. Xapxie, maiio. Ceoboou, 4.
2. Xapxiecokui aepoxocmivnu yuigepcumem “XAI”, Vkpaiva, 61070, m. Xapkis, eyr. Yxanoea, 17.
3. Xapriscokui depacasnuii azpapuuii ynisepcumem im. B.B. Horxyuaeaa,
Vikpaina, 61483, m. Xapxis, n/e Komynicn - 1.
Hani#wna B penaxuiio 9 xosrus 2000p.

Hpoaelne{ii e_rccnepnmemanmi AOCHIZKEHHS B3aCMOMIl MOTOKIB MEraneBoi MiasMM i3 WIAPOKHM KJNACOM ieNEeKTPUYHHX
MaTepialiB 1 po3pobneHa TEXHONOriA mpouecy (opMyBaHHS NepeXifHOro mapy i3 3aJaHuMH  (i3UKO-XiMIUHUMHA
BJaCTHBOCTAMMU, AKI 3a0€3NeUyOTE BUCOKI anresifiHi XapakTepUCTHKY MOKPHUTTIR, 110 HAHOCSTHCS.

K/IIOYOBI CJIOBA: nepexizumii npowapok, posmofin aToMiB, NOKPUTTA, iH)pauepBOHa  CIIEKTPOCKOIis,
€IEKTPOHOIrpama.

3acTOCYBaHHS CY4aCHHMX METOMIB HaHECEeHHs MOKPUTTIB (IaJbBaHIYHOTO, TEPMIYHONO OCAMKEHHSI y BaKyyMi Ta
IHIMX) He 3abe3nedye aaresii Ha piBHI MinHOCTI MaTepianis wo 3'enHy0ThCA. TOMY BUHHKA€E 3aBIAHHA Po3pobKku 1A
IIbOTO HOBMX 3aC00iB.

HaneceHHs NOKpUTTIB HA JleNeKTPUYHI MaTepiail 0Ca/DKeHHIM 3 IMITYJIbCHOT MIa3Mu, SKa MICTMTbL I0HH METay,
CYTIPOBOIKYETHCS PANOM (Pi3HKO-XIMIUHUX MpoueciB, AKi MPOTiKalOTh B 061acTi [1a3Ma - PUIOBEPXHEBHIT [TPOILIAPOK
n1a3Mu - NMOBEPXHA (TIEPEXiAHNUN MPOLIapoK) - migknanka. Lli mpouecu BH3HAYaOTh BIACTHBOCTI CHCTEMW IMigKTaaKa-
MOKPUTTA. g BIANpaIOBaHHA NPOLECIB MeTani3alil AieNEeKTPUYHUX MaTepiatiB 3a JOMOMOroK iMIYIbCHOTO
nnasMenoro npuckoproaya (II1I1) Heob6xinHo oxepkaTu ekcnepUMeHTaIbHI 1 TEOPETHUHI 1aHl PO ABMILA, K1 JAOTh
OCHOBHMH BHECOK Y 3a0e3nevyeHHs HEOOXIOHUX BJIAacTHBOCTEM BUpOOIB. Y niTepaTypi NMPakTUYHO BIACYTHI AaHI PO
3IMIHM Y MPUIIOBEPXHEBHX IapaxX AIeJICKTPUYHUX MATEpIialiB MPU OCAHKECHHI NOKPUTTIB 3 IMIIY1bCHUX NOTOKIB IIa3Mu
NPY HU3BKUX IHTErPAIbHUX TEMIIEpATypax OiAKIagKH. .

TerioBull pexxUM TIPH HAHECEHH] MOKPHUTTIB CTAlliOHapHUMU CHCTeMaMM JOCHIIKyBaBcs GaraTbmMa aBTOpaMH.
Binomi MateMaTHYHi MomeNai 3MiHM TEMIEpaTypy MiZKJIAAKU B 3ajI€KHOCTI BiJ Pi3HOMaHITHUX NapameTpiB MpOoUecy
[1,2]. B 6imbwiocTi mux po6iT HE BPaxoBY€ThCS 3alekKHICTh TeMmno(i3HuHNX XapakTEPUCTHK MaTepiary MOKPUTTA BLl
TeMNepaTypyl, a TPaHMYHI YMOBH He BiZoOpaXaroTh AIHCHUX YMOB TEMIOOOMIiHy y Bakyymi. Y MaTeMaTHYHMX
MOZENSX, AKi aHAMI3YIOTh BILIMB IMITYJIbCHOTO TETTIOBOTO MOTOKY Ha 3MiHy TeMMNEpaTypu TBEPAOTo TiNa Ipyra Mexa B
06:1aCTi 33eMonii 3HAXOAUTLCA ab0 TpH NOCTIMHIN TeMmepaTypi, a60 Mae HeoOMekeHy TEIUTOEMHICTb. Y AIMCHOCTI Ha
uift Mexi BinbyBaeThesa TEUIOOOMIH BUIIPOMiHFOBAHHSAM 1 YaCTKOBO KOHBEKTHBHO, 3@ PaXyHOK TeruionpoBiaHocTl. Lle
0coB11BO XapaKTepHO A NPOLECy HaHEeCEHH NOKPUTTIB 3a noroMororo 1111 Ha nienexrpm_ﬂi MaTeplasii.

TIpy BM3HAYEHH] MapaMeTpiB MpOLeCY HaHECEHHs MOKPHTTIB Ha nienexTpuuHi Mmarepiany 3a gonomorowo IIIT
HeoOXiHO MATH AaHi npo Ter1odizuyHi SBUIIA B MiAKIAAL. _ | |

Mertoto mi€i pofotu 6y10 AOCHIIKEHHA di3uKO-XiMIYHMX TpoIIeciB GOPMyBaHHS NMOKPUTTIB HA AIENEKTPUYHHX
Marepianax, AKi yTBOPIOIOTHCS 32 AONOMOICI0 MPHCKOPIOBata 3apa ke HUX HaCTHHOK.

CTPYKTYPA I CKJIAJ NEPEXITHOI'O IMPOILIAPKY, IO YTBOPXOETbLCA MPU B3AEMO I
| TEPMOILIACTUYHHUX NOJIIMEPIB I3 IOTOKAMMH ILVIA3SMH
IK (iHbpayepBOHi) CHEKTPOCKOMIYHI TOCTIIKEHHS dropomactosoi naisku ®-4Mb nokazanu, wo IK - cnexTpu
HeGoMBapIOBaHO! TUIBKYM XapaKTepH3yHThCi CYKYIHICTIO CMYT MOTJMHAHHA, THOOBHX IUIA Ba/leHTHHX KOJIUBaHb
3B'A3KiB I<):- F (1125 em™), C-C(715cm™), atakox rpyn CF2 - CF3, CF - CF3 (745 em7') i - CF3(705 cm ‘).
[Micas GomOapayBaHHA HOTOKOM veTanerol mnasMy IK-CriekTpu MIJIBOK BLAPI3HAIOTHCA Bl @HAJOTIYHMX 10

GomGapayBaHHs 3011bMICHHAM iHTEHCHBHOCTI CMyT MOTJMHAHHS, XapaKTEPHUX UL BANEHTHUX KOJIMBaHL OCKOIKIB

nosiMepHuX naHLoriB. CrocTepiraeThes 3CyBs ACAKHX cMyT n.orJEs?HaHI{s B HM3bKOYaCTOTHY o6s1acThb
( Hanpuknazg, 1125 - 1120 em™'). Lli edexty MOCHIOIOTECA rpy 36LTBIIEHA] EHEpri] p.g;pﬁfxy. | . N
| ExcriepuMeHTanbHi 1aHl MOKYTh GyTw IHTEPNIPETOBAH] AK pe3ynbTar pyiHauil 38'A3KiB TIOJIMEPHMX JAHLIOIB
IOTOKOM IL1a3MH i YTBOPEHHA HOBHX 38'43KiB 3 I0HAMHN METATY. ) e - .
O6pobka NoBepXHi ﬁoniermeﬁremadnaﬂajfa [OTOKOM IMITYJIECHO n{}e_'rg.nég_pg r?ﬁs%u ﬁ;g)pg:{gfyﬂﬂ;% Lﬁbﬂie-t’{li;i
4ACTOT CMYT MOCIHHAHHA, O0YMOBACHUX HAABHICTIO TPYTI C =0 (1720 cm ) EGouf Lo o ).im-encpmnbc:'ri
eHeprii, BKIaJeHOl B iMIYAbC 110 3HAHCHE 34 200 Jix, 3MeHUIyE 137’3*‘{?“?3101 h_CMyI norJinHAHAA. A HTCHEHBROCT
: ;IOFJIHHEHHH Ge3 3cyBy il 4aCTOTH MOKHA MOACHHTH CTPYKTYpyBaHHAM, TOOTO YTBOPEHHAM noncpw;’m,lxisa m::;;s
E:);:Xep;mx faHIGOrIB Y fPUTOBEPXHEBOMY wapi 3paska, 6oMGapA0OBAHOTO MOTOKOM [LIA3MHU. Lle nmpuspOAUTL O
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GURIICHI  MILHOCTL 1 pOCTY MOOY/a APYAHOCTI NEPeXiTHOro Mpowapky. LG YTBOPHOETHCH B pelYINTaT
QoMDap Ly BaHHNS. _ o

V indpauepsoryx crekTpax HebomOapAOBAHOIO noiimiaa cnomeplraromca XapaKTepHl 414 iMIZHOTO LMETY
CAVTI TIOTTIMHAHHA, IO BiANOBIJAIOTH KOJMBAHHAM 3B’ a3kiB C-N 1 C=0 & i (1380 1 1780 cm '), @ TAKOK CMYTH.
SHKIHKAH] KONWBAHHAM MeTWieHoBuX rpyn — CH,, C=C denwnbHbix sgep (1575 cm™). bomOapayBaHHS MOBEPXH!
HOMIIMIAIB MOTOKOM IMITYJIBCHOT METaleBOl MUIa3MM 3MEHIIYE iHTEHCHBHICTb CMYT MOTIMHAHHA NDH 30 LIbLUEHH!
eHeprii, BknageHoi B iMmynbe 3a 200 k. 3cyBiB CMYT NOTIWHAHHA XapakTepUCTHHHAX HaCTOT HE Bi10yBacTLCH, HOB!
CMYTH TMOFNHHAHHS B criekTpi 6omMbapaoBaHoro moniiMina He cnoc replrafmbca OTpuMaHi pe3y1bTaTh MOKYTh OYTH
TOACHEH] BUXONSYM 3 BHCOKHX MHUTTEBHX TEMMEpaTyp B IMMyNbCi, AKi ICTOTHO NEpEBHUIYIOTh IHTETPAIBHY
TeMmepaTypy niaknanku. BinOyBaeTbea posman i pexombiHalis iMiIHAX UMKITIB 3 YTBOPEHHAM JaHLIOTOBMX 3B'A3KIB

(puc. 1).
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Puc. 1. Cxema posnany i pcxomeauu iMiHHX LMKITIB IPH B3AEMOAIT MTIBKH 3 ITOTOKOM METAIEBOT MIA3MHU.
C- xap6on, O-okcureH, N- mTporeH R—H(CH9)5~F1,HPOT‘6HHO -MEeTHJICHOBA I'PyNa NoTiiMigHOI MITBKH,
R’ - riipOreHHO-METHIEHOBI IPYMNH, 1110 GOPMYIOTCA B MUIIBLI NIPY B3aEMO/IT 3 METANIEBOIO T11a3MOKO.

MOXIHBICTb MONIGHOr0 CTPYKTYPYBaHHA B MOJiiMizax MpH BUCOKMX TeMMepaTypax rokasaHa B poboTax [3, 4].

Taxum yrHOM, TPy 6oMGapAyBaHHI NOBEPXHI NOJIMEpIB TOTOKOM IMITYIbCHOT TUIa3MH, KA MICTUTb 10HH MeTaly,
YTBOPHOETBCS NIEPEXiAHMI NPOIIAPOK, WO CKIaAAETHCA 3 OCKOJIKiB TOJIIMEPHUX JTAHLIOTIB, 10HIB METANy 1 3aJTMLIKOBOrO
rasy. ¥ nepexinHOMy MpOLIapKy YTBOPIOIOTBCH JIAHIFOroBi 3B'A3KH, MO MPH3BOAATH 10 MiIBUIIEHHSA MILIHOCTI 1 pOCTY
MOy IPYKHOCTI, ‘Kpim Toro, MeTaeBe OOKPUTTS BIUIMBAE Ha CTPYKTYPY He TUIbKH MOBEpXHi MONMEpy, ajie 1 Ha
nppmﬂra}om mapn TOBHIPIHOI-O 10 100 M.

CTPYKTYPA 1 CKJIAL MEPEXITHOTO IIPOLIAPKY, IO ®OPMYETHCA IIPU A1 TPUCKOPEHOT O
IIOTOKY HA KEPAMIUHI MATEPIAJIN

Cknan nepexinﬂoro MpoINapKy, HIO YTBOPIOEThCA Ha okucai SiO, Npu ONparyoBaHHI IMITYJBCHHM [OTOKOM
MeTaneBoi 171a3MH, IOCTiIKyBaBCs 32 JOTIOMOTOI0 €IIEKTPOHHOT MIKpOCKOmii.

EnexTpoHHa MIKpPOCKOMiA [dO3BOJIAE OJEPIKATH MleOQmTorpacbn eNeKTPOHOrpaMK  “Ha  TPOCBIT 1
MikpoaMdpakuiiinl KapTUHY TIOBEPXHEBUX rrpomapms pocmigHux 3paskiB. Lli maHi naroTh AeTanbHy IHQOpMALIO IpO
KpucTaliyHy GyaoBY Ta XiMiuHmii cikian mpomapkiB. Crij 3ayBaXHTH, mI0 MPOXOMKEHHA €NEKTPOHIB Yepes 3pasok
CYNPOBOMUKYETHCA TNMOTJIMHAHHAM 1X eHeprii i, fAK HaclilOK, NPU3BOAUTL IO HArpiBaHHs 3paska Ta YTBOPEHHA
paniauidnux nedektis. L{i mpotecu 3Ha4HI B HeMeTaJeBUX MaTepiajiax 1 CTaloTh KPUTHYHHMU B OPraHIuHHX 3paskax
[5]. Kpim Toro, Ha noBepxHi MieNeKTPWIHUX OO0'€KTIB HAKOMMIYFOTHCA ENEKTPUYHI 3apsAdM, AKi He NO3BOJAIOTH
GoKyCyBaTH eeKTPOHHUM HpOMiHb. VY 3B'SI3KY 3 TPYIHOLIaMH BUTOTOBJIEHHA TOHKUX 3pa3KiB 3 OKMCHUX MaTepialis
iny Si0,, 6yna po3pobieHa METOAMKA IPUroTyBaHHA 3pa3KiB, W0 MOJAraNa B CIAYI0YOMY.

Ha nosepxuto MoHokpuctanie NaCl TepmiuHHM HalWNeHHAM HAHOCHIWCH TOHKI MIAPW OKUCY KPEMHIIO
ToBIMHOW = 100 uM. ITotiM oTpuMani 06'ekTd 0GpOGNSIUCH MOTOKOM MeTaneBOi IUIa3MU MpU eHeprii pospany W
=64; 100; 200; 300; 400; 500 J[x. 3pa3ku BCTAaHOBIIOBAIMCS y BaKyyMHill kamepi Ha oOepToBuil crin, sxuil Oys
3AKPUTHIL EKPaHOM, 1110 MaB OTBIp CMIBOCHUIA 3 MyukOM MpuckoproBada. KoxeH 3pa3ok 00po6aaBcs MpudIHU3HO 1BOMA
COTHAMM IMIYJIBCIB. UHMCNO IMITYJIbCIB TMAGUpanoch eKCneprUMEeHTaIbHIM [IULIXOM 32 yMOBH HeoOXinHoi mpo3opocTi
06pobaeHuxX 3pa3kiB A €NEKTPOHHOTO MPOMEHH.

Hamuneni MeTaneBi NMpoMapKyi 3HIMaNKUCA B TPABHUKY, HIO XIMIYHO nompye Toskl wapysari cTpyktypu SiO;
SHIMATMC 3 FOBEPXHI MOHOKpHCTana TNOBAapeHOI COlli PO3YMHEHHAM TOHKOTO TNOBEPXHEBOTQ Luapy coai B
nucTunbosaHil Boxi. [liArotosneHi 10 eneKTPOHHOT MIKPOCKOTi OG'€KTH PO3MILLYBANMCH B Kamepi ENeKTPOHHOIO
mikpockona. Bynn onepxani mMikpodortorpadii, enekrpoHorpaMu i Mikpoan@pakuiiHi KapTUHU B BHAINSHb IHILMX
¢a3. PosumdpysanHs nvppakuiitHnx i MikpoaudpakuiftHAX KapTUH IPOBOAMIOCH CTAHAAPTHUMHM MeToAaMM - [5].
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kayqlzii;m;ﬁ:ggoioﬁﬁ Eiﬁgzga‘“ﬂz BSTPYFTYP 3 TOBEPXHi MOHOKDHCTNiB MOBapeHOi comi crocTepiraiocs
" bl (Miﬂﬂorl)) by non? HAYH MEXaHI9HI HanpyXEeHHs B METaIeBOMY | TIEPEXiHOMY LHapax. 3HATTS
R Hocninmvaaﬂ-nﬁ mi-arcopx’m OKHCY erMHH_o B TpaBHHUKAX Ha OCHOBI 230THOI KHCJIOTH 3MEHIIYBaso
s, Bass, 16 N prmj: _BH.}A chygTyp. LI; CBITYHIIO NP0 T€, WO B NEPEXiNHOMY NPOLIAPKY YTBOPIOOTHCA
o - : PY, AKa BIADI3HACTBCS BIA CTPYKTYPH OCHOBHOIO MaTepiaiy MiiBKH.
__ Ha puc. 2 npuseneno CJIEKTPOHHO-MIKPOCKOMIYHMI 3HIMOK TOHKOI TMAIBKM OKMCY KpemHilo, 06pobaenoi
;M-nymcmm OTOKOM 'H;T.Ia:’,MH (1oHu, aToMu Mizi Ta enekTponu). Ilpu eneprisx B immynsci 200/Dx i Giﬁbme y TUIBUI
OKHCY KPEMHIIO CHIOCTEPINAIOTHCS BUALIEHHS HOBOT (asm (TeMHi IUIAMH).
PesyabtaTh inTepnperanii INQpaKiHHOT KapTHHK BUIINEHD HOBO] $azu npuBeneHi B TabauLi.

Puc. 2. MixpoHEOIHOPIZHOCTI NEPEXiIHON0 MpOoWIapky B OKHMCI KpeMmHil0 60M0aploBaHOI0 MOTOKOM METaneBoi
NNa3Mu 3 MIJHOIO €IeKTPOoaa.

Tabnuig. MDKIMTIOWMEH] BIACTaHI MIKPOHEOAHOPIAHOCTEH y MIBIL OKUCY KPEMHIiI0 006p00IeHOT MOTOKOM METANEBO! T11a3MH

CTpykTypa, o cnocrepiraeThes, A Cu,0, A | Cu, A
3,026 | 3,00 -
2.46 2,45 -
2,07 2,12 | 2,08
1,812 s 1,81
1,76 - -
1,71 . | g
1,47 1,51 ?
13 | 1,283 1,277
1,25 1,228 -
1,186 - =
1105 - 1,089
1,06 1,065 | - 1,040
1,02 - '
0,98 0,977 '_ : _
0,96 0,953 -
0 93' - 0,905
0,84 0,819 - N A ;
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Oncpkani CNeKTPOHOrpaMy CBiIYaTh MPo HasiBYICTb aMOPGHOT, MOHOKPUCTATIYHOT | MOSKpUCTATIHHOT Has.
JLrdy3ifiii rano BiA 10CAIIKYBAHOT TUIIBKY BHABISIOTE nassHicTh amopdHux (a3 KpeMHIHO Ta OKACY kpemuiro. Hpu
K33CMOT 3 TIa3MOI0 (POPMYIOTCS XiMIYHI COMYKM aTOMIB NOTOKY Cu 3 aTOMaM¥ MiakJIadKy, YTBOPIOETECA 3'eAHaHHA
Cu.O. Ha enexTpoHorpamax CroCTEpIracTheA wicTh opicHTamiii. Hesxi MIHIT 31€KTPOHOIPAM iHTepHOpeTyBaTh HE
BAANOCH, X04a MOXHA TMPUIYCTUTH YTBOPEHHS CKIAIHMX 3'€AHAHb mizi 3 kpemaiem Tumy Si,Cu,. Tlpu exeprix B
imyisei 300 Ik i Ginblue mikponudpakuiHa kapTuHa Bin BUAiNEeHb HOBOT (aszu CBimuuTh MpO (POpMyBaHHR B
fepexiaHOMY MpoLIapKy ApiOHMX KpycTaniB kpemHito 3 opienrauieto (11I).

ABTopamu pobit [6], mpr AOCIIIKEHHI MPUPOH 6ap'epis LlloTki, BMCIOBIIEHA JyMKa PO T, IO MeKa PO3NOALTY
MeTaN-HaniBNpOBiAHUK € Hi aTOMHO PI3KO0, Hi YNOPAAKOBAHOI. Ha mexi posnodiny BinGyBarThCs MPOLECH
3MinryBaHHs 1 XiMigHoT B3aemomii, VY TO¥ e 4ac, Mpu OCaDKEHHI METaliB Ha TOBEPXHIO {OHHUX 3'€IHaHb, TAKUX AK
Si0, , XiMiuHi peaklii Ha Mexi pO3NONLTY HE BUSABIIEHI.

P0o3X0/UKeHHS pe3yabTaTiB poboTu [7] i3 TeNepilIHbO MOKE 6yTH roscHede THM, o B [7] eHepris YaCTHHOK 1
iHTerpafbHa TeMrepaTypa MoBepXHi BiAMOBIJali TENIOBAM piBHAM eHepril i Gynu HIK41 32 eHepritoo 3B's3ky Si-O. Y
nawifi po6oTi eHepria GomGapmyroumx 4HacTHHOK, Oyna B inrepsani 15-1500 eB. A iMIynbCHHH HiIBI1 TeILia
NPU3BOAMB [0 TEMIMEPATyp TMOBEPXHEBOrO Iapy (MpoTAroM IMIyJbCYy), fAKI 3HAYHO NEPEBULIYBATH IHTerpajibHy
TemnepaTypy nigknankd. lle pyiHyBsaso 3B'430K Si-O i cTpHAIO0 YyTBOPEHHIO HOBHX XIMITHIX CHOTYK.

PO MEXAHI3MH ®OPMYBAHHS NEPEXITHOTO HIAPY

[IpoLiec OCAKEHHA MOKPHUTTIB i3 MOTOKY MNa3MK CYNMPOBOMKYETBCA KOMILIEKCOM TeroQi3uaHUX 1 QI3UKO-
XiMI4HUX ABHIN HA TIOBEPXHi il y MPUITOBEpXHeBOMY mpoapky. Liel map € 30HOH0 HafGLIBII IHTEHCHBHAX B3aEMOIIN.

Ha nepuwiit cramii (opMyBaHHS NOKPUTTA TIOBEPXHA fieeKTpUKa pO3MDOETECA MMiA BIIMBOM [OTOKY
npuckopeHoi muasmu. TlopyuryroThes TepMOAMHAMidHO CTifiKi piBHOBArW MOBEPXHEBUX 1 MPUMOBEPXHEBHX mapis,
pyHHYOTBCA CTal XiMiuHi 3B'3KH, PI3KO 3pOCTAE KiMiuHa aKTUBHICTH HOBOI MoBepxHi. Lie 00yMOBIEHO BAITYYEHHAM
ancop0oBaHOTO 1 XeMOCOPOOBAHOroO MPOILIAPKY JOMIlIOK | 4YaCTHHM aTOMIB IOBEPXHEBOro wiapy MIKIaNKK.
3GepiraloThcs MIiKPOHEOZHOPIMHOCTI PO3MOALTY NOTEHIIATY [IPUIOBEPXHEBOrO Iapy, Mo O0O0yMOBIEHI HasiBHICTIO
npocTuX i cknagHux Aedextis. ToMy WIBHAKICTH mpoTikaHHsA XIMIYHMX i MUIa3MOXIMITHUX peaklii Ha MOBEPXHI, fKa
YTBOPIOETHCSA, BIIPI3HAETHCA Bill IUBUAKOCTI XiMIUHUX peakuiit Ha HebomMOapIOBaHNX MOBEPXHAX.

[Tpn GomGapAyBaHHI TOTOKOM IUIa3MU CKJAJHMX 3'€QHaHb Yy IOBEPXHEBOMY i NpuUmOBEpXHEBOMY IIapax
MiOKNAAKA PYMHYFOTHCS MOJEKYNH MiOKIanKH, yTBOPHOIOTHCA HOBI XiMi4Hi CIONYKM aTOMiB MJa3MEHOTO MOTOKY |
32 MIIKOBOTO Ta3y 3 OCKOJKAMH MOJNEKYN HiAKIamKkH, (QOpMYeETbCS PO3UMH 3aMillleHHs. MexXa po3NMOALTy MIK
IOKPATTSAM 1 MAKIAZIKOK CTa€ HEYNOpSAKOBAHOK. MiX MaTpUYHHMM LIAPOM MiAKIafKHA 1 MOKPUTTAM YTBOPIOETHCH
repexiagHui TpoIiapox. |

[ yTBOpEHHs 3B'A3KY MOKPHUTTA 3 MiAKIAJKOO Heo6XiHO, 106 Y pesyabTaTi XIMITHAX peakuill y nepexiaHoMy
NpolapKy GhopMyBalucs 3'€AHAHHS 1 pO3YUHH, WO Gynu 6 MilHO NOB's3aHi AK i3 MOKPUTTAM, TaK 1 3 MIIKNAAKOMW, 2
MexaHiuHi i TerIodi3udHi BIAaCTHBOCTI HOBOT CTPYKTYPH Maiy 3HAa4YCHHA MPOMIDKHI MDXK MOKPHTTSM 1 MIAKIAAKOO,
[UIaBHO3MIHHI 1O NiHIHHOMY M KBa3imiHiliHOMY 3aKoHy. Ha mpaxTuili Taki YMOBH HE 32BN BHAETHCA peani3yBaTH.
[Tpy HU3BKHX (TEMIOBMX) €HEPTiAX YACTMHOK Y MOTOLI afresis METANEBMX MOKPHUTTIB HAa MIENEKTPHYHUX MiAKIAIKaX
3pOCTAE TINBKH 3@ YMOBY CIIEIliaibHOI IArOTOBKH TOBEPXHi 3 MIATPUMKOIO ii TeMIiepaTypH Ha PiBHI, NOCTATHLOMY IS
NpOTikaHHA XiMiuHHX peakuii i qudysidinux npouecis. AJe 11 TeMnepaTypa BUlla TEMNEpATypH $a30BUX MEPEXOMIB B
NieNeKTpHKax, WO YCKIaIHIOE IPOLIeC HAHECCHHA TMIOKPUTTIB 3 HEOOXiAHOK anre3i€l0. 3B'A30K HAHECEHOrO MIasMeHUM
MOTOKOM TIPOLUAPKY 3 MiOKIAAKOK BCTAHOBMIOETBCA 3a PaxyHOK Bau-nep-BaanscoBeix cun . [lpu eneprisax
YaCTHUHOK Yy noroui 1 - 10° eB [7] Ha moBepxHi MiaKIaAKA BinOyBarOTHCA bi3uKo-XiMidHi MPOUECH, K1 MPHU3BOLATh 10
¢GopMyBaHHs NEpPeXiaHOTO 1Iapy.

Kosn mapametp qt™ ( q - TMTOME €HEproBUALNIEHHA Ha TOBEpXHi, t - 4ac Ail Jykepena Tera), AKui 3aNeXuth B
TerTodi3MIHMX  XapaKTEPUCTHK MaTepiany —MiIKIaAKH, BiAmOBiZae TIOYATKy KBa3icTallOHApHOro Mpouecy
BHIIAPOBYBAHHS , aBTopamy pobit [8, 9] Gy1a 3anponoHoBaHa IHIIA MOAEIE B32€MOJIT MOTOKY TUIa3MK 3 MIKIANKOI0.

TTpu B3aeMOMIi NOTOKY TIa3MH 3 [OBEPXHEIO YTBOPIOETECS 30HA MIIBUIIEHOTO THCKY 1 miABAILEHOL TeMIIEpaTypH.
Ile BMK/MKaE IHTEHCUBRHAMN MpOLIEC BUNIAPOBYBAHHA MaTepiaily [MiAK/IaIKY. BunapoBaHi aTOMH TMAKIAAKA 3MILIYIOTHCA
3 YACTMHKAMM TANAK4oro MoToKy riasMu. HacTyrmHa KOHAeHcaUis CyMiwi, ska yTBOPUNACsH, Crpuse dopMyBaHHIO
fepexXiIHOro wapy Mk MifAKIaaKoK 1 MOKPUTTAM.

[lpu 3HaYeHHAX qt’”, mo He NpU3BOAATH NO MPOLECY BUNAPOBYBAHHA MaTepiany MAKNAAKd Moxe OyTu
3aMPOTIOHOBAHMI MEXaHi3M (GOpMYBAaHHS IIMPOKOTO CHEKTpa XiMIYHMX CHONyK Y nepexigHoOMy Iapi i MOKPUTTI Mix
yac HAMAIEHHS IMITYJBCHUM IOTOKOM mNpuckopeHoi mnasmu. ITix mie0 BUCOKOEHEPTETHIHHX IOHIB IMITYABCHOTO
[1A3MEHOTO TI0TOKY (TiCHsS BIIYYeHHs OBEPXHEBUX NOMIINOK) BIAOYBA€ThCA POIMANCHHA marepiary niaxnaaku. loun
BUOMBAIOTHLCA 3 KPUCTANIYHOI MPATKH, 30KpEMa, BHACIIIOK TIPOLIECY, IO MOXE 6yTH NPOMOAETbOBAHMM AK 3ITKHEHHS
npyxuux kyasok [10], a Takox BHaCHiAOK rajbMyBaHHA [1aJal04HX YaCTHHOK i HarpiBaHHg MiKpooO'eMiB MIAKIAAKN
no temneparyp nopaaka 10* K (signoBigHo 1o Mopeni TepMiuHMX MiKiB). HarpiparHs MOXKe BHIIMKATH TNpouec
BUNAPOBYBAaHHS aTOMIB TOHKOTO MPUIOBEPXHEBOTO LIAPY.

PO3TIMIEHHIO TOTOKOM TUIa3MM TiAAAETHCA YACTHHA aTOMIB HOKPHTTS, AKa HE BCTHIIA NPUATH B TEPMOMHAM M HY
piBHoBary 3 nifgknankow. KpiMm Toro, He BCI aTOMHU # 10HM Hajal0voro NOTOKY KOHACHCYIOTECA Hd oBepXHL. HacTHra
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iX BiAOWBAETHCA BiA Hel i CTBIY T

BHCCOK y QJOPM}’BaHHﬁ 110&2?122? a3yCTpid NIasMEHOMY MOTOKY. IMITyNbCHUI MPOUEC OCAMKEHHA TaKOK BHOCHTH

necopbuii 3-anum-mﬁlix rasis, siki BO- H_OTOKY SATHHIKOBHX T a3iB. BialyBaerbes 1e 3a paXyHOK iOHHO-CTUMY/IbOBAHOT
=18, AK1 BCTHTAlOTh ancopdyBaTes Ha mifxianui B npoMikky Mixk iMmyaecamu. Lli nponecn

B TPUTOBEPXHEBUX WIapaxX Bej -
| | - aX BEOYTh IO MOPMYBaHHS IHTEH ' OKi :
TIOBEPXHIO TTOTOKOBI MLIA3MIL dopmy IHTCHCUBHHMX TOTOKIB HYaCTMHOK Ha3ycTply NagarodomMy Ha

ATOMH JOMILIOK, IO S
£ ] HOK A4 e g 2 IS -
craHil. Enepria posnunenus qaiff:m-b r_IOBr pXHIO TAKIAAKA 1 PEHOBVAH, SKy HANWIAIOTH, 3HAXOAATHCA B 30y HKEHOMY
1O 36UIbINCHHS MBUIKOCTI [T HOK 3HaXOZMTBCA B IHTepBani Bif Temnosux a0 100 - 200 eB i suie. Lle upussoants
yTB-opmiéTLCH.-Bymaﬁme K %@MOXI_M”HKX peakuifi y mpunosepxHeBid 30Hi miasmu. XiMmiuei 3'efHaHRA, AKi
V spoueci panenss 5 BEPXHIO, 10 DOMGAPAYETLCA | CIPHAIOTH POPMYBAHHEO TTEPeXiHOTo wiapy.
ITa3MH, TOMY IO BiZCOTOK €€ MEHLIa KUTbKICTE aTOMIB MIAKIAKA PYXa€ThCsl HasyCTPid MPHCKOPEHOMY MOTOKOBI
AT IERBOTO mapy Hpmgb - HAMWIICHOT PEYOBHHU B TOBEPXHEBOMY MPOMIAPKY 3pOCTac. 3POCTAHHA TOBLIMHH
ATOMHE SAMETRAEEX 1asin f{an aﬁo TOTO, INO 13 NOBEPXHI PO3MUIIOIOTHCS TUTLKH aTOMH PEYOBHHH, KA HATIHTIOETHCA |
| 31B. iafam B1AOYBaeThead Gopm | o ‘
TOBIIMHL. y $OpMYBaHHA MOBEPXHEBOTO mapy 3 Mareplamy NOKPHUTTA 3aJaHol
CxeMa MOXIIHUBY aeMo it . , .
OSHAYH o6nabf?8 qu f}iﬁ‘:{‘oﬁ“ MOTOKY M71a3MK 3 MOBEPXHeIO MilKIaky NofaHa Ha puc. 3. Pumcbkumu updpamu
Sy L A JIa3MHU PEYOBHHM Ta iOHIB 3aJIMINKOBMX rasis;
e | - ra3ie; Il — noBepxHeBa 30H / AKib
MOXYTh BiIOVBATHC _ e . : ) P a Iinasmu, y [kiu
niﬂmy;nmﬂi iamﬁ? IIII;I:;::;M;{;H PCaKilll MOTOKY TNa3MH 3 3YCTPIYHMMH NOTOKAMH PO3MHMIEHHMX aTOMIB noMimoK
| | TO NIOKPHTTA, Il - nepexiiHuil mpoumapox, mo GopMyerses, Mix [ ' ’
: iy K :
MiAKI3AKa 3 NOCTIHHOI CTPYKTYPOIO. PO IR0 DOPHYCINCA, MK IMAKFIROR 1 JoRphrons [V -

‘ — et A e e i e et e . r— ——

Puc. 3. CxeMa B3aeMOjlil 4aCTMHOK TTOTOKY M1a3MHU 3 NIOBEPXHEI0 NiKIAIKH.

I - norix 11a3MH, I1. PUIIOBEPXHEBHH MPOLIAPOK nnaz.wu;IH - NepexiaIHMi NpoIapok, IV . MaTepial MUKAAAKH,
- ATOMH /i 10HHM 1UTOKY TETa3MH; [] - aroMH 3aHwrus0T0 rasy;

- aTOMM JOMiIHOK, a1copBoBaHi MOBEPXHEIO; O - atomu miaxnaaky;

- ximiyni cnosyKH, SKi YTBOpEHi 3 aTOMIB HOTOKY 1 MIAKIANKY;

- xiMi9Hi CIOTYKH, IO YTBOPEHi 3 aTOMIB [IOTOKY 1 AOMILIOK;

- xiMiuHi cHOTYKH, SKi CKIJaI0TECA 3 aTOMIB NMOTOKY | 3aJIMIIKOBOTO I'a3y.

Ha nmouaTkoBifi cTazil mpoiecy Ha NIOBEPXHI # y NPUMOBEPXHEBUX 30HAX Ia3MH i MiAKNaAKA MawTb MICLE Taki
SBUINA. DBBICOKOSHEPTeTHYH] 10HM PO3MUIIOOTH ancopboBaHU IPOIIAPOK IOMIillKH | BUOUBAIOTH AEAKY KLJIBKICTh
ATOMIB MiZKIAAKH, 9MCTO SKMX 3aNEKHTH Bil eHepril GombapIyiouux iOHIB, CMiBBiIHOWEHHA Mac aToMIB Ta KyTa
nasines yactuaok [11, 12]. TIpu NpOHUKXHEHH iOHiB B KpUCTANi4HY TPATKY MAKIALKKM MOZKIHBE yTBOPEHHA pO34HHIB
3amimesns abo ynposamkeHHs (1), yTBOpeHHA HOBHX XiMigH#X crnonyk (ioHiB 3 aroMaMi NiIKNANAKH) B Tl nonHi abo B
NPUTIOBEPXHEBOMY MPOIMIAPKY migknagkd (2). ATOMH IOMIILOK, SKi po:m}f.negi 13 [IOBEPXHI, BCTYHAKOTh Yy XiMiuHY
peaki(ilo 3 4aCTHHKAMHU Nafartoro noToKy (4), a MOJIEKYTTH, SKi YTBOPUIHCA, OCILAA10Th HA noBepXHi niakaanku (4'). Y
pesybTaTi KoHJeHcauil aToMmis IOMilIOK (5) BOHH HPOHUKAIOTH Y MPOLIAPOK, skui pocte (5 abo aecopbytorca #

yTBODIOIOTE MOJsiekyn® (4). o L . :
Tlpy ynpoBaaxerHl ioHIB B MiZKNAAKY, B PE3YbTaT! MPOLECIB JTKHEHHA, BinOyBAETHCH PO3INHICHHA GTOMIB
ninknamcd, AKi BCTYNAIOTh y XiMigHi cHofyku 3 aToMami Maiaiodoro notoky (3, 6). i moxekynu (3, 6, 6)
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KOHLCHTPYIOTBCA HAa TMOBEpXHi. Y mpurioBepxHesii 30HI TMa3MM BiAOYBAKOTHCA MPYAKHI 31TKHEHHA HaCTHHOK
BneMOioYHX TOToKiB (7, 8) i3 po3nuaeHHsM (8) a0 KOHAEHCALIEH (7" wacTuHOK, 1HO 3iTkHygHcA. Akio ¥
RAKYYNMHOMY 00’€Mi € 3aHIIKOBI rasy, y somi I, Il npoTikaloTh peakuil MIasMOXIMi4HOTO CHHTE3Y 3 KOHIEHCALIEK
ApeAvKTIB LWx peakuiit (9) Ha noBepxHi Migknaaku. BUMIpIOBaHHA MIKpOTBEPAOCTI TAKHX CTPYKTYP CBIAYUTH MPO
fIaBHY 3MIHY NapamMeTpie WwapyBarol CTPYKTyp# METall-NICJEKTPHK.

BUCHOBKHY

OcamkeHHs MeTaliB Ha HieJeKTpHYHI MiIKIaIKy 3 BUKOPUCTAHHAM IMONEPEAHBOrO PONMUACHHA MPUIIOBEPXHEBHX
apiB Ta 3aCTOCYBaHHAM IMITYJIbCHOTO ITa3MEHOrO TIPHCKOPIOBAda 3 GOpMyH040I0 NiHIEI0 N03BOIAE CTBOPUTH TaKuil
nepexiaHmii map, akuil 3a6e3neyye KOHLEHTPaLio atoMmis MetaneBoi ruisky Bix 0 no 100%. Lle no3oige popmyBaTH
BICOK] aare3iiHi BIACTMBOCTI MeTaeBUX ITOKPHTTIB Ha [ieNIeKTpHKax PI3HOTO THUITY.

PospobieHa MoJeab TPOUECy A03BONIAE YCBIIOMIEHO MiAXOAMTH A0 (OPMYBaHHS MEPEXLIHOTO MPOLIAPKY i
3abe3nedyBaT¥ BiATBOPIOBAaHI BHMCOKi afre3ifiHi BJaCTMBOCTI 3'€IHARL THITY MeTal-lieIeKTPUK, & pe3yabTatH
NpoBeAeHUX [OCIIKEHb HO3BOJIAIOTL ONEPKATH BUCOKI MIIHOCTHI BJIaCTHBOCTI METAIOKEPAMIYHHX 3'€IHaHb Y
BUpoBax eNeKTPOHHOI TEXHIKH,
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FORMATION OF THE INTERLAYER IN THE INTERACTION BETWEEN FLOWS OF METAL PLASMA
AND DIELECTRICS |
N.M. Pelykhatiy’, M.V. Belan?, V.P. Kolesnik, V.V. Kolesnik’. M.L Kovalenko®, Yu.V. Dubrovin®, A.K. Ghnap’
1. The Kharkov national university, Ukraine, 61077, Kharkov, Svoboda sq., 4.
2. Airspace University “KhAl", Ukraine, 61070, Kharkov, Chkalov st, 17.
3. The Kharkov state agrarian university, Ukraine, 61483, Kharkov, p/o the Kommunist — 1. -

Experimental investigations of the interaction between fluxes of a metal plasma and a wide class of dielectric materials have been
carried out and a technology of the process of forming an interlayer with assigned physico-chemical properties providing high
adhesive characteristics of deposited coatings has been developed. | |
KEY WORDS: interlayer atom distribution coating, infrared spectroscopy and electrongram.
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| DOCKING OF SPACE VEHICLES IN
“RUNNING MAGNETIC POTENTIAL WELL”
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T.he @ﬁc!e concerns the problem of interaction of two superconducting arbitrarily disposed in space current
circuts simulating the soft docking system of two objects in open space due to the magnetic interaction.
Steadiness of such system was confirmed by means of Lagrange formalism and conditions of docking realization
for two current coils were proved by the effect of running magnetic potential well.

KEYWORDS: magnetic docking, space vehicle, magnetic potential well, current coil, superconductivity, stability.

Docking of flying vehicles in open space is connected with difficulties of exact prompting and overlapping of
objects. A significant quantity of on-board weight is spent. The application of magnetic docking does not require using
a working body in ideal case. However a negative effect should be noted namely the decreasing control of the ship,
which has magnetic dipole moment. This negative effect provides additional distortion of ship trajectory [1]. It is well
known that the influence of small disturbance factors
on the movement of a material system will be not
identical for different type of movement. In this
connection an establishment of attributes acquires
large practical significance that enables to judge
whether the mentioned movement is steady.

We shall consider the scheme of magnetic
docking of space vehicles, the elements of docking
units of which contain the superconductive coil. Using
engineering superconductors in space is perspective
not only because of creation of strong magnetic fields
and reduction of units dimensions of docking modules
[2], but also because of maintenance of autofocusing
of docking process which is considered below in

* | details.
/7»7 We combine a beginning of a cylindrical
' coordinate system with a center of weight of the first

coil. As independent coordinates concern intersection
Fi di ,. > superconductive docking units , .
Fig. 1. Coandinate systcm of the sip ‘ of coordinates (), and Eu'er angles (0,y,]) we

shall choose coordinates z, ¥, @, which are the coordinates of the second superconductive coil’s center of weight
(fig. 1). Thus a Q-angel and y-angle are the angles of nutation, j- is the angle of pure rotation. We shall denote an axial
moment thorough A and equatorial moment of inertia of thf: Sfe:-cond su.pe.rconductx}ﬂe coil thgroggh B. The Lagrange
function describes the interaction of two superconductive coils in a system of coordinates, which is connected with the

first coil and has a form: | , ) .
A-((b+cas@'1;’/)2 +B'(@ +sin“@-y)")+
Lfagr = = . 3

{.2 .2 > 5 -2\ Li;
’”'(z o Mt )+ZZ“':/,{{"11'IJ+ZIJ ().
i " | J

(1)

" 2

Heré m, (z, p, o) are the mass and the coordinates of a mobile superconductive coil center of inertia in a designated
. 5 5 A ! ' '

system of coordinates accordingly; o |
L is the inductance (i # j ) and the mutual inductance (i # J)ofcoils;
y 184 ic1 _

| /. is the current and @, is the flow of external magnetic field through the 7 -th coil.
Bt A W
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The Lagrange function contains cyclic coordinates. The first integrals of motion corresponding to these

coordnates are:

A-(qb+c-os@-[)'(1 —}ZQD:a:cons-r; X1 =-(g—:;-ﬂ; %2 :_(_9‘_;2‘__‘»"_)_,.
<A-cos@+(B-Sin2@+m-p2)«[j; + %2 ]=b=const, (2)

L]] -11 +L12 ‘]2 +@](f):'fj] = COnsit,
\L]Q 'I] ‘5 Lz;_) ']2 +¢’2'(t)=—”ip’2 = ¢onst .
We shall consider stationary motion Z = Z, (t ), p=0, ®=0. Using the Routh function R we can get fid of

cyclic coordinates, thus we have the lowered order of a system of differential equations, which describes the
interactions of superconductive coils:

dL dL dL dL
R=—“ . 5 4 & [ 4—2 ]~ L, 3)
dy, do dl, dl, “
Then conditions of balance of two interacting superconductive coils, which are .
z=2z,t), p=0,0=0, (4)
willacceptafonng-{e- =0;££ =O;§£ =0, (5)
az |, ap|, ao|,

He system (5) gives us the conditions of Running magnetic potential well existence [3] in the system of
coordinates z, P, ® . The first equation defines the conditions of a stationary phase existence:

[Lpz - (D2 (I )]!0 Lzz L} [\'F} i (Dl. (t )] lo Lzz 0

The choice of equalities (6) is defined by contour, which gives a small amendment in a picture of electromagnetic
fields distribution of two interacting superconductive contours.

We shall consider stability of process of superconductive coils rapprochement satisfying the conditions (5). We

shall take a difference between two Hamilton functions of a system V=H-H ‘ , 3 a Lyapunov function, where

H| means undisturbed condition [4], and the Hamilton function is described by the expression:

0
o B-®* " m«(z2 +p2)+2 m-p’-B-sin’ ©-y; 2 a*(1-cos©)
2 2 B-sin*®+m-p’ 2*(’B~Sin2®+m-p2) ~
2 I ' 2
+ (LPI _(DI)' Ly, ++2‘(LP1 _q)]).(\yz '"q)z)"Lu + (LIjz —CI)2) Ly
| Z | 2 “‘ z
The process of rapprochement will be steady if the function V in a vicinity of a state of balance is nonnegative
. av
relativelyto z, p, © andif V satisfies the condition = £0.
l
We shall operate with the process of docking by changing the magnetic flow @ in the first coil. It follows from
, 14 dad | 4o
the inequality —— =—I,—~<0, condition (6), and after simple transformations L>0, where
dt dt at
J d)l d@} “ . . ;
>> i and T is a characteristic time of the process.
T - -

It is possible to simulate the toroidal superconductive coils with a sufficient degree of accuracy using infinitely
thin ideally conducting spire with radius much exceeding a small one.

Taking into consideration the conditions (6), it may be easily shown that the Lyapurov function recorded with
accuracy up to the members of second order as to small perturbations is nonnegative. The last circumstance requires the
consideration of Lyapunov function with accuracy to the members of the fourth order as to small perurbation
inclusively: -

2 (1_ 2 . A ;
a (l COS@) A +_,.l...a w (Z*Za)z +

T L

2 (B sin*@+m-p?) 2 &2

r &
0
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1 62W .6L12 3 aL l 2
VoW [0h,| ( __w_ 0Ly . oL,
8 oL,| | & |, (-2) el +—1—2»-f0 0| +(0°) ®)
here W = (‘P}_-—.{I:)].)"'.,__Lzzn_z (\PI -"(Dl)'("-P)_ “q)z)'Liz +'(LPQ_ "“(D?,)z « Ly,
2 N .

il Z)’jp;n(% ﬁm0?061 15 c:1'«11‘?63 posttive i vicinity of state Magnetic potential well as to small perturbation of
.. - o\l), P=0, ©=0 during the whole process of coils rapprochement. Having supplied slow change
| |do,

Bl |

o i T dt
steady all along the docking if the following conditions are fulfilled

[\Pl -'_CDI(I)” _ Ll_?..l dod

[\Pz "q)z(t)]{g' Lzz
‘ It should be gqted, that the mgintenanc_:e of stability of @ is possible because of a gyroscopic effect, and
maintenance of stability of z and p is possible because of Running magnetic potential well effect.

The dlagram of a magn_tetif: poten_tial energy gradient depending on the z-coordinate (see fig. 2) illustrates
particular behavior of a magnetic interaction force, which provides the system steadiness.

of ic fl £ = o d : |
a magnetic flow of an external magnetic field (Dt(t )r >> we can see that the docking process will be

~>0. 9)

>

0

dlffoz, H
100
80
B0
4
20

\ Z.M

DFﬁazﬁfm 006 008 01 012 0140.16—0.18702

Fig. 2. The magnetic potential energy gradient
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CTBIKOBKA KOCMUUYECKHUX JIETATEJIBHbBIX AIIITAPATOB B
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B.IL demyukuii, O.M. [lurHacteis, U.A. NMonomapéra, B.M. PamkoBau
XapoKo6CKUl HAYUOHANbHDIU YHUEEPCUMEN UM. B.H Kapasuna.
Puzuxo-mexnudecxut paxyromem, 61108, Xapexoe, np. Kypuwamosa 31.
HayuonarsHwiii A3poKOCMUYECKUU Vuugepcumem um. H.E. Kyxoeckozo « XAH »
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T B e

83aMMOEHCTBUS ABYX CBEPXMPOBOAAUIMX TIPOHIBOILHO PaCNoONOKCHHLIX B TIPOCTPAHCTEE
TOKOBBIX KOHTYDd, MOACIMPYIOULYHO CHCTEMY MAFKOH CTLIKOBKH ABYX 0ObEKTOB B OTKPBITOM KOCMOCE. YCTOHYMBOCTL TakOH
CUCTEMbl NOATBCPANCHA DEIICHUCM 321a4M MX B3aUMOACHCTBUA ¢ MCHO.Ib30BAHUEM Jlarpan#cHOTo QopmaiHaMa ¥ YCIOBUIN
peanu3aliMy CTIKOBKH A4 ABYX TOKOBbIX KOS 3@ CHET NMpPOABACHAA sddexta BeryUich MarHuTHOA NOTEHUHANLHOH MBI,

KTIOYEBBIE CJIOBA: MaruutHas CThIKOBKE, KOCMUYECKHH TeTATEIbHEI aniiapal, MalHWIHAS [IOTCHIMANBHAR AMA, 10KOBbIH

BUTOK, CBEPXIPOBOIHMOCTD, YCTORYHBOCTS.

B crarhe paccmotpena npoliema
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UH)KEHEPHASI METOJIUKA PACYETA JUHAMUKU TEMIIEPATYP,
TEMIIEPATYPHBIX HANIPSKEHU 1 KOROPDPUIIUEHTA DPO3HU IIPU
NOHHO-IIJIASMEHHOM OBPABOTKE

O. B. Kozunenko
Xapuvrosckuii l'ocyoapemeennviii Aspokocmuueckuit Ynusepcumem um H.E.Kykoeckozo (XAH),
Vipauna, 61191, Xapvkoe, yr. Yxanoea 17
[TocTymwio B pefakumo 31 okrsi6ps 2000 r.

[lpu paspaboTke TEXHOIOTHYECKHX IIPOIIECCOB HOHHO-TUIA3MEHHOM 00paboTKi HEOOXOMMO YIMTHIBATE 3aBUCHMOCTH COC-
TOSHUS TIOBEPXHOCTHOTO CTiof 06pabaTbiBaeMoro MarepHana oT pexuMoB obpaGotkd. Jlng 3Toro paspaboTana YIpOIeH-
Haq WMEDKEHEpHasd METO[MKA OIEHKA TEeMIICpATYPhl Ha IOBEPXHOCTH NCTATH, HANPDKCHHOTO COCTOMHMA, s exTHBHOIO
kondhduIHenTa SPO3HH, UTO HEOOXOAMMO IS OUpEfesieHua NpOH3BOIUTEIHOCTH Npoliecca H Tvnia oOpabotku. Paccmotpe-
HO JIBa pEKKMa; HECTAIMOHAPHOrO ¥ CTAUMOHAPHOIO TeIUT000MEeHa.

KJFOYEBBIE CJIOBA: noH, wiasMa, HalbUIeHUE, SPO3Ha, HapDKEHHE, TEMIIEpaTypa.

TIpu paspaboTKe MIDKEHEPHON METOMKH ONCHKH JUHAMEKH NOJICH TeMIIEpaTyp B HANPMKCHHH B TEIC JETATH H
k03()(HULMEHTA IPO3MA P HOHHO-IUIA3MEHHOM 00pab0TKe YYMTHIBAIMCH TOTBKO OCHOBHBIC MOJBOABI H CTOKH TEIIa
Ha NOBEPXHOCTH 00pabaThIBACMOH FETATH, YTO JAJI0 BO3MOKHOCTD OHCHHTD!

1) TeMnepaTypy Ha NOBEPXHOCTH ACTMH (YT00B! HE JOIYCTHTH (ha30BBIX NpEBPAMCHUH B ACTAMH, KOTa OHH
HE HY’>KHBI, ¥ OCYIIECTBHTh HX, KOT/Ia HYXXHBEI),

2) HATPDKECHHOE COCTOAHNE, CBA3AHHOS C KAACTSPHBIM YHOCOM MATEepHaja H OCTATOMHBIME Hanpmem{mu
00paboTaHHOH JETalIH,

3) BEIHYHHY xoaq@nuueﬂzra 3pO3HH, onpe,nenmomero MPOH3BOAMTEILHOCTD H THII 00paOOTKH.

HOCTAHOBKA 3JAJAYH
PaccMOTPHM B4 PeiiMa TEMI000MEHA, HECTAIHORAPHBIH, KOT/a ACTalb SIIC HE IPOrPenach Ha BCIO TOMImHY Hy
B HANPABJICHHH TOCTYIUICHHA TEIA, M CTALMOHAPHBIA PEXXUM IIPH NPOTPEBE JCTATMHA HA BCIO TOJINMHY, YIUThIBAOTHAN
OTBOJ TEIUIa ¢ 00PaTHON CTOPOHEI ACTAIH.

PexuM HeCTANMOHAPHOTO TemjioohMeHa

10 CiIyyali, KOT/Ia BpeMs JeHCTBHA TEIIOBOro HeTounuka t, <Hy/o. (Hy - pasmep JeTann B HANPABNCHAH HOCTY-
TIEHNSA TEMNA, o - KO3UIAEHT TeMIICPaTyPONPOBOJHOCTH). | |

Temuepatypa noBepxHOCTH (X=0) ASTaMH ONPEACIACTCA N0 BRpaXEHMO [1].

TO.t) = TO) + 4. 2¥a A1 (1)
A '
rae A - xoadpdmment rertonposogHocTd, T(0,t.;) ~ HaYaIBHAA TeMIepaTypa Ha i~roM miare (nnaqane pasHa T,
T. = 293 K).

T170THOCTH TEIUIOBOTO WOTOKA ( ONPEACTACTCA IUIOTHOCTBIO MOTOKA NMOABOAMMOrO TeIIa (mEpBOC ClaracMoe
chpasa), IIOTHOCTHIO TEILIOBOTO HOTOKA, OTBOAMMOIO ¢ MCHAPACMBIMH aTOMaMH (BTOPOE CIAracMoe Crpaga) H IoT-
HOCTBIO TEIUIOBOTO IOTOKA 33 CUET TEIUIOBOTO H3Iy4EHHSA (TPEThE CIaraeMoe Cnpasa): |

q= P‘Le'ji,e‘E’i.e - Fyen - 0'3'1‘4(0,‘)» 2)
Tae ji. - IIOTHOCTh TOKA HOHOB MM ICKTPOHOB, E; , ~ JHCPTHa HOHOB WU JIEKTPOHOB, M. - KOOPOHIMECHT aKKOMOA-
I HOHA W/ JCKTPOHA, € - CTCHEHb YSPHOTH! NOBEPXHOCTH, & - mocTosauHas Credana - Bomsumana,

Cymmapuas Macca, MCHApECHHAA W3 ACTanH 063 yMeTa HMHAMBHAYANBHOTO ACHCTBMA YacTHI, T.€. 33 CUET ACHCTBHA

YaCTHI KAK HOTOKA!

et
Minors = Z V iven [T (0 P )] g “F g > B 3)

O6o0meHHbIe PE3yILTaThl PACYCTOR reunepa:ryprm noncH, MpuseicHHEe B pabote [2], a TakKe IKCHCPHMEH-
TaJbHBIE BCCIICAOBAHMA NMOKA3BIBAIOT, YTO MAKCHMATBHEIC TCMHEPATYPHI PEAH3YIOTCA Ha rTyOMHAX NOpAIKA NOJOBM-
Hel Hpobera 1um AcHCTBHA HOHOB M MONHOTO npobera M AeHCTBAA ICKTpoHOB. HICX048 M3 3T0ro, TeMOcparyph
fOJe B 30HE YACTHIEI MOKHO OHEHHTH, NPHHAB €r0 KAK Pe3yabTaT ACHCTBHS MIHOBEHHOIO TOHMCHHOIO TEIIOBOTO MC-
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3610 .E (4)
. C'.yd.a%.r}:{,
rae G, H;:zzemasﬁ " mnaoemﬂcrb MaTCpHana, Y4 - WIOTHOCTE MaTepHANa 06pabaTsmaeMoit Aeranm, E - sseprua 9actom,
i % JICC TOYHOTO ONPEXEICHIA MACCH MCRAPEHHOTO MATEDHANA OT AeHCTBHS HHIMBH/IYaIBHBIX 4CTHI] Pac-
CMOTPHM TCMIEPATYPHKIE TOJK B PA3MIMTHAIC YeTRIPe MOMEHTa: 1)t=0.1t,; 2)t=t,; 3)t=2t,; 4)t=5t,, re t, - BpeMs Acii-

MHGII % —-'-’;!-—- .Sdct' Z (m‘rml +mﬁm2 +mm +mHm4) 'Ati) (5)
4 i=1

IA¢ )i~ NAOTHOCTh HOHHOTO TOKA, € - 3apAR SNCKTPOHA, Z - 3apANOBOE YHCIO HOHA, N1=t/At; - waCIO MATEpBA-
JIOB, Mgy j - HCNAPCHHAA MACCa 34 CHET XelCTBHA HHIHBATYANbHBIX YACTHI B j MOMEHT BPEMCHH.

- " IPEACINB 3@*{&&% JACHCTBYIOIHX TEMICPATYPHBIX HANDMKCHHH W CPABHAB HX C AMHAMHYECKHM OPeACTIOM
MPOYHOCTH, KOTOPELH MOXHO OUCHHTH Kak Op = E,/5, MO0 OmpenemmTs MaCCy, YAANCHHYIO B KIACTED:

Mo =(Cs ) 74, ©6)

rae C, - CROPOCTE 3ByKa B MaTCpHAIE ACTAIH.
SPpQeKTHBEEL TEIIOBOH Kod(puIHCHT posan ONPEACTHTCA C YYETOM HCTIAPEHHSA BO BOEM TEJNIC MPIICHH ¥ B
MECTax ACHCTBHA HOHOB, 3 TAKKE KIACTEPHOTO YHOCA KAK:

_ J,
K . M .lr«'ﬂi + M nennem v M kL ez ‘tk '.Sdct (7)
: ma J 3
mndet'“L'tk 'Sd-et
e -2 '

TAC M, g - MACCA 2TOMA MATEPHANIA ICTATMN.

Crammonapusiii pexuM rennoobMena
J10 ciry4al, KOTAa BpeMms ACHCTBHA TEIUIOBOTO MCTOYHMK3 GOIBING BPEMEHH IPOHUKHOBCHHS TEMIIEPATYPHOTO
TOJ4 HA TOMIEHY AeTamd Hy, # xoraa ReoGx0auMO yIATEIBATE HAKOIUICHHE TEILIA B Tede AeTamu. Torna, mpereGperas
TCIUIOOTBOJOM 33 CHET KOHBCKTHBHOIC TCIUI00OMCHA (T.K. MPOLECC PEAJM3YETCA B BAKYYME) M TEILTOMPOBOXHOCTHIO B
KOHCTPYKIHH OCHACTKH (KOTOPYIO CTPEMATCA CHMBHTH I NOBBIICHAA TCMICPATYDPHI NEPEA HAHCCCHHEM MOKDBITHA),
OaanC TenIa B TEI€ ACTAMH HONYYAM B BHC |
mxe‘r‘cv'(Tcpi'Tcpi-l )=[qnon * So6n= Giom SﬂOIL]AtL (8)
Hi3sMeHEHEE TEMIOTH B TEIE JCTAM IPH H3MEHCHME TeMTepaTypsi Ha AT paBHO pasHHEIE NOXBOTMMOTO M OTBO-
JEMOTO TEIUIOBOTO IIOTOKA 33 BPEMA At;, |
M3 31010 BRIpaOXKCHMA HOMyYacM 3HAYCHHE TEMIEPATYPHI T€Id, KaK B CIydac MHTCTPANBHOTO HATPEBA 32 BpEMA
IHATA BEMHCIACHAA At

Tepi=Tepirt A% [Gnon” Sotn = Giors * Snaal, (9)
Mppr - Cv
I Guox=Hic'EieJic, Sogn- 00pabarnmacMan HOBEPXHOCTS ACTATH, Spop - HOJHAA HOBEPXHOCTD ACTATH,
Guni = Liaw! T Vsl Topst) + 0861 i, (10)

Jlanee pacyer TeMneparypsl 00pabareiBacMOl HOBEPXHOCTH BEAETCA 110 BhIpakerHIo (1), Ho BMecTo T, uCrios3y-
erca T, ;. Pacuer mpexpamaercs, KOT/Ja JAOCTATACTCS CTAlHOHAPHOS 3HAYCHHUS TEMICPATYDPhi ICTAH, T.¢. KOIAa no-
BOIMMBIN TEIUIOBOM MIOTOK BECH OTBOAMTCA H3NVICHHCM H HCHAPCHUCM, T.€..

| i 5 EiSosn= Snon'(S‘G"'IAW+Lﬂm'TM‘Vm(T o). | (11)

W3 371070 BEIpOKEHEA [OTY4ACM 3HAUCHAC TCMNCPATYPhL, HPH KOTOpOH JOCTHIACTCA CTALMOHAPHLIA pexkuM To,.
Tlpn mMammEEOM CHETe, KOLIa obmee BpeMs 00paGOTKE MOCHE POTpeBa JCTATH HA BCIO TOMMIHHY Pa3OMBACTCA HA
MHOXECTBO OTPE3KOB At, CTaOHOHAPHOS BpEMS ONPEACHACTCA KaK t=t,+Al:1, KaK TONBKO BBIIOJHMICA YCJIOBHE
Gooz * Soss < Gomi® Sson- —— ik

[ipu 3aAMOM BJHESHEE OTBOAR TEIUIA B ONOPY PACCMATPHBACMAA 33/14%a JOTIOTHACTCA YC/IOBHCM re-gmamga B
noacTasky. Tak, B CAy4a¢ CIUIONIHOM IAMEPHICCKOH ONOPE! [UTHHOM |, pazuycoM a, OTBOJHMBIH TEIJIOBOH NOTOK:

Goncp =Pour 80 At (Topi “Tan)/1. (12)
A HATOTIHO BRDAKCHIEO (7) MOXKHO NOJYIHTh 3HAMCHMC k0P PHumEHTa 3pO3UK B CIY4ae CTAUHOHAPHOIO TeM~

| - THHAMBKE OpH HPOrPeRe ACTANH, 3 TAKKE PCATH3ALHR KIACTCPHO-
1ayeHEA HPPeKTHBHBIX KOIPOUITHCHTOB SPO3HH B THHA - | _ | |
et B VENDEEK. BOCTATHOBDE HATPEBA, BRIXOJA HA CTALMOHAPHBIA PCIKEM H B CTALHOHAPH
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PE3YJAbLTATH H OBCYXJAEHUA

JL1s pa3paboTaHHOM METOAMKM COCTABJICHA MPOTPaMMa, MO KOTOPOH B KakKAb MOMEHT BPEMCHH OLCHMBACTCA
TCMNEpaTypa NOBSPXHOCTH, MACCa MaTepHaia, UCTIAPABIICTOCH NPH ACHCTBME 4aCTHI KaK NOTOK3, MAcca HCIa-
PYBINErOCS MAaTCPHANIA 34 CYUET ACHCTBUA MHAMBUAYAIbHBIX YaCTHILl M TCIUIOBOH Ko3(pdunment >po3un. B rauvect-
8¢ 00pa3ua MCHONB3YETCA KBAAPAaTHAA IIACTHHA CO cropoHaMu 10 cm m Toxmuro# 1 cv. TIpw nporpese aeraim
Ha BCKO TOJIIMHY YYMTBIBACTCA OTBOA TEIIA C 0OpaTHOM H OOKOBEIX CTOPOH JETAIH, 3 TAKKE B OHOPY 33A3HHOIC
pasmepa. B MOMCHT, KOTJa TeMNEpaTypa AOCTUracT BHIOpaRHOM “0e30macHO” TeMIepaTyps! /U4 JAHHOTO MaTe-
praia MHICHH, PEAYCMOTPEHO MOACTHPOBAHKE MPOLECCa KAK AJIA CIy4ad BPEMECHHOTO NPEKpAmEHUA NPOLecca
00paboTkyu ¥, CICAOBATCIBHO, AANLHEHIIErO OCTHIBAHHA ACTANH, TaK M A4 CIy4as Npoao.ukeHus o6paboTiam,
KOTZa 3TO NPEXyCMOTPEHO TEXHONOrmyeckuM nponeccoM, COOTBETCTBEHHO (HKCHDYETCA BPEMA IOCTHKCHHA
KPATHYIECKOM TeMIICPaTyph!. ECm BHINMOJHACTCA YCTIOBHE PAaBCHCTBA MOABOAHMOTO M OTBOZEMOTO TCIIOBHIX HO-
TOKOB, TO OTIPEACTIACTCA CTAHOHAPHAA TEMIEPATYPa B BPeMA AOCTWKEHHAA CTAIHOHAPHOTO PEXMMa t.,. B paspa-
OOTaHHOH MPOTPaMME BBEJCHEBI MAPaMETPHI U4 TPEX BHAOB 00pabarsiBacMbix Matepranos Al, Fe # Mo u mecta
BHJIOB HOHOB, HCNOMB3yeMBIX 414 06paborku - H', Ar’, Xe*, N', Ti" u Zr'. Ha 6a3¢ OCHOBHO# mpoTpaMMsi CO3-
AaHbl OTACABHBIC MPOHEAYPHI Ak 60jiee rIyGOKOTO aHAAH3a HEKOTOPBIX MCCHEAYEMBIX NApaMETPOB H IPEACTAB-
JICHHA PE3yabTaTOB B rpadricckoit popme. B mporpaMme mpeayCMOTPEHO 3aJaHHE MOOBX TEXHOAOTHYECKHX
napameTpoB. 4 npuMepa pacCMOTPHM AB2 PCKHMA 00pabOTKH. OMMCTKA MOBEPXHOCTH YaCTHOAMHE C SHEPrECH
2000 3B ® WIOTHOCTHIO TOKA 20 A/M° M HaBHeCeHHE TOKPHTHA - E=120 3B, j=10* A/M*. OcroBEAg 9acTh TeIwIO-
BOrO MOTOKA CO3JaeTCA OOMOApANPYIOIMAMH YACTHIIAMM, HCHAPCHHE H M3IYYCHAC HE3HAYHTEIHHO €10 YMCHBIIA-
10T, IO3TOMY HATPEB ACTANM HMIACT MHTCHCHBHCE NMPH HAHCCCHMM NOKPHITHA. BEMMIHHEI CTAHHOHAPHEIX TEMNCpa-
TYP ¥ BPEMEHH MX JOCTWKCHHA NPH HENPCPHIBHOM HANBLICHUH AJIS PaCCMaTPUBACMBIX MATEPHANOB MHIICHH W
ABYX BHZOB MOHOB ¢ E;=120 3B 1 j;=10° A/M*, a Tarke 3HAYeHHA MACCH HCTIAPCHHOTO MATEpPHANIa B TEILIOBOTO
kK03 QunuenTa 3po3nu NPH JOCTIKCHAN CTALMOHAPHOTO PEXHUMA, PacCYMTaHHBIC N0 HPEAIAracMOR mporpaMMme
NpeACTaBICHE B Ta0une 1. Buano, 4T0 3HAYCHWA CTANMOHAPHBIX TeMuepatyp T.. MMEIOT GONbIINE 3HAYCHAL, 3
ANd AMOMHHHA AKC NPCBLILNAIOT TEMNEPATypy IUIABACHEA. Korza HEZONYCTHMO NPEBHINICHAS TEMIEPATYpH
BbIIC OMPEACICHHOH TCXHOMOrHYECKHM IpOmeccoM, oOpaboTky merancii HEOGXOZHMO IPOBOIATh MHKIHYECCKH
b0 obecneynBaTs YCHICHHE TEIVIOOTBOAA.

_ - Tabmama 1
’ Tepral MUIICHH Al Fe _ Mo
. w2 T~I03K  t=45¢ T—~1230K t=110¢ T~1769 K to~600 ¢
N*- Mig=4,9107 xr Mu=1,36-107 k¢ Mue=1,2710 kr
Mior=4,510% 0 K=16 | Mer24710% 1 K=1,97 Mior=1,2:10° xr K,=3,5-10%
Ta=1074K t:=50¢ T~1247K =80 ¢ T~2103K t.=360¢
Ti* [Migz=1,9-10% kr Mi=2,2-10% 1 Mi=4,8-10 5
Mior=5-10" 10 K=17 Mior=4,610° 10 K=325  [Mnw=2,9610% ¢ Ki=1,4-10"

Pesynbrartei, mogy4eHHBIC NPH pacyeTax IO AAHHOM METOAMKE HO3BOLIOT CKOPPCKTHPOBATh NapaMeTpsi
TEXTpouecca ¢ yueTOM NPEAOTBPAmICHHA (PA30BBIX CTPYKTYPHBIX NPCBPAMCHHN M IUIABICHHA HOBEPXHOCTHOTO
CHOSI MaTepHUana. I 3
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ENGINEERING TECHNIQUE OF TEMPERATURE DYNAMICS ACCOUNT, TEMPERATURE
PRESSURE AND EROSION FACTOR BY IONIC-PLASMA PROCESSING
0. V. Kozinenko -
Kharkov State Space University Kharkov Aviation Institutg, 17 Chkalov Street, Kharkov, 61191 , Ukraine

By development of technological processes of ionic-plasma processing it is necessary to take into account dependence of a

condition of a superficial layer of a processable material on modes of processing. For this purpose the simplified engineering

technique of an estimation of temperature on a detail surface, intense condition, effective factor of erosion is developed, that is

;z:ec-essary for definition of productivity of process and such as processing. Two modes are considered: pon-stationary and stationary
eat exchange. |

KEY WORDS: ion, plasma, coverings, erosion, pressure, te
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The rn_:eld‘iz&tion of the conventional iteration schemes for the in-beam electron motion simulation are limited to the PC
capabﬂlges. Within the "E-Metamotion" program a way has been found to solve the problem due to PC improvement. The
conventional iteration schemes for simulation of in-beam electron motion are based on calculations of superposition of the
magnetic fields from elementary currents that are stored in the spatial array cells. In this program an algorithm is developed
to solve the full three-dimensional task without dividing the space into cells while calculating the beam self-magnetic tield.
The beam self-magnetic field for each iteration is calculated as 4 tield superposition of each conductor replicating the beam
electron trajectory. While calculating the magnetic field, the electron path is considered to be the conductor of complex
geometry 1n three-dimensional space. The making of these calculations is tume-consuming, as well, but these calculations
describe the electron behavior more precisely in complex (self and external) magnetic fields,

KEY WORDS: self-magnetic field, high current beam, electron motion.

Over the recent years PC progress provided the opportunity to solve problems in physics via new methods. Higher
processor frequencies allow to avoid making certain approximations and simplifications for the physical process
simulation. The "E-Metamotion" program has been developed for the Windows 95. 98 and NT 4.0 operating systems
while realizing another quasi-stationary method to simulate the in-beam electron motion in the self-magnetic field.

The conventional in-beam electron motion iteration schemes are based on the calculations of magnetic field
superposition of elementary currents that are stored in spatial array cells. While simulating the azimuthaly symmetrical
beam motion, a two-dimensional spatial array (R.Z) may be used to calculate the beam self field [1]. If the problem
does not include the azimuthal symmetry, then a three-dimensional problem must be solved that takes much of the
computer time. If the electrons travel in the external spatially-non-uniformn magnetic field and beam self-magnetic field
is also spatially-non-uniform. then the spatial array partitioning has to be so fine that the time for calculations becomes
unreal or a non-uniform spatial array should be developed that makes the problem even more complicated and difficult
to realize. -

MAIN IDEA |

In this program an algorithm have been realized in which the space partitioning mto array cells is not used while
calculating self-magnetic fields. In each subsequent iteration. the in-beam electron motion is calculated in the ﬁel'dl of
preceding iteration electron trajectories. The beam self-magnetic field for each iteration is calculated as a superposition
of fields from each conductor. replicating the beam electron trajectory. While calculating the magnetic ficld, the
electron path is considered to be the conductor of complex geometry 1n _the tllre_e-dimenszonal space. To calculate me_
magnetic field of this conductor it is approximated with elementary linear pieces (see fig. 1) and the‘n thc ﬂf:ld
superposition of these pieces is calculated. So, in any point of .the space the beam ﬁeld from the preceding iteration
becomes the superposition of fields produced by the numerous linear. finite length conductors. To calculate the field of
one finite length conductor an analytical solution is used.

Fig. 1. Electron path approximated with finear peces

i

ALGORITHM REALIZATION FEATURES !
for the electron motion in the magnetic field is carried out using the lR_un;;c-K;-.-:m
of the magnetic field s extremely non-uniform. the step Qf mwgrghon over tf e
the spacc 1o keep the samne accuracy during the simulation. - The
In the places where the magnetic ficld

The integration of the equation
method of the fourth order [2]. B-_etalfise : ]
is proportional to the Larmor radius for a given pomt in o S
;zifgtr_ohp{:)f linear pieces which approximate trajectory changes automatically.
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morenases. e the trajectory curve radius decreases. the length of the sections approximating the trajectorv decreases as

W l l

When the particle is passing too close to the one of numerous linear pieces the field of this piece becomes much
srcater then the field superposition of all other linear piece fields. This situation is regarded from such a viewpoint as
not to allow particle to be under more influence from the nearest piece then from the others. Also. a special injection
alporithm was developed to avoid this situation from one iteration to another.

The initial elcctron parameters ( energy. position. direction ) are sampled randomly. and for this reason the length
and geometry of the trajectory are not predictable as well as the number of linear pieces which are necessary 1o store. [t
s impossible to use the arrays because of the unknown number of these storable pieces until the last trajectory
integration step over time has been made. To solve this problem the dynamic memory allocation 1s used all the time
while the program is running. This solution also allows to use input parameters across a wide range.

The modeling with addition of an external azimuthal magnetic field of the four conductor system is inherent in the
program. In the superposition of external and self-magnetic fields some trajectories have complex geometry.
Visualization of the three-dimensional trajectories and equipment in the OpenGL standard with an opportunity to rotate
and move the image was made to better understand the electron motion (see fig. 2).

B £ -Metamotion:

e e e

Fig. 2. Intertace of “E-Metamotion™ program with visualization of the device and electron trajectories.

The program makes provision for electron distribution observation in the beam cross-section plane that you
appoint among the input parameters (see fig. 3). This plane is divided into cells. The horizontal axes denote the cell
number along the plate edge. The vertical axis value is proportional to the number of particles flying through the cells.

Fig. 3. The ring-shaped electron beam 15 formed by three segments of the anode window.
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In the azimuthal agnetic field of conductor the beam drift has cycloid electron trajectories. The outer three peaks
(on the fig. 3) indicate forward particle motion

| and the inner ring-shaped peak indicates backward particle motion
through the beam cross-section plane. |

CALCULATION RESULTS _
ring-shaped beam formed by three segments of the anode window is
beam radius being 6 cm, current 100 kA. external field not applied.

The electron behavior simulation in the
sumimarized in iterations below (see fig. 4). the
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Iteration 5. D
Fig. 4. High current beam pmch formation.
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The calculations show how the pinch of a high-current beam 1s formed. The further iterations show the same beam
behayior as the neration 5 does. "

These calculations were carried out on PC Pentium I1f 600 MHz during several hours. As in the most similar tasks
(he problem arises of gaining the statistics to improve the accuracy of the calculations. However. the calculation
statistics may be improved considerably if an algorithm for the multiple processor computer is realized.

Under the real conditions. to obtain charge and current compensation the beam propagates through a rarefied gas.
Therefore. both the external and self magnetic fields may be non-uniformly spatially compensated depending on the
background gas plasma spatial generation. The currents induced in the construction circuit can cause this effect as well.
In such cases the real behavior of the beam can differ much from that being simulated.

PROGRAM INTERFACE

The program has a user-friendly interface with an opportunity to interrupt and to continue calculation. The files
containing the results are saved in the directory that you appointed when beginning the calculation. On finishing each
iteration five files are recorded:

IterX fld - if the calculation has been interrupted then, after loading the trajectories of the preceding iteration from
this file, the calculation can be resumed. (X - the number of the calculated iteration)

IterXInfo.txt - contains the information about the input parameters the 1teration has been calculated with: the
maximum, minimum, mean values of the linear pieces with which the trajectory is approximated; the maximum.
minimum, mean values of the distances from the drift chamber axis to the point where the electrons have traversed the
plane of the beam witness plate registration; the portion of beam partlcles absorbed by the drift chamber walls, wires

and diode construction.
IterXPortret.txt - contains the cell table, using which one can see the 3D chart of electron distribution over 2

chosen plane of the beam cross-section. For example, this can be done with the help of the Excel processor (see fig. 3).
IterXxy.bmp: IterXyz.bmp - shows the beam electron trajectories (see ﬁg 4).

CONCLUSIONS
The algorithm represented in this paper. and its realization in the "E-Metamotion" program, shows good agreement
with experimental data and presents opportunities for improving the simulation accuracy which becomes possible due to
advances in computer technologies and utilization of novel techniques. In the not too distant future. with the increasing
processor frequency and employment of multiple processor computer, it will become possible to realize this method in
the real-time problem solution with the given beam pulse shape and time-related step rather then in the iteration scheme.

I am grateful to Dr. V. Chorniy, Chief of the High Current Beam Laboratory (Kharkiv National University, Dep.
of Science and Technology, Svoboda Sq. 4, Kharkiv 61077, Ukraine) where this work has been done, for his support.
discussion and critical comments on this paper. This effort is supported by the US Defen.se Threat Reduction Agency
through the Science and Technology Center in Ukraine.
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MOJEJHPOBAHUE ABUKEHUSA 3JIEKTPOHOB B ITYUKE IO BANAHUEM COBCTBEHHOI'O
| MATHUTHOTI'O IOJIA
A.B. Yepusrii
Dusuxo-mexnuyeckuii paxynvmen, Xapokosckuit Hayuonansusiii Yuusepcumen:
Ykpauna, 61108 e. Xapvros, yr. Kypuamosa 31
E-mail: gntonchonuyahoimail.com

ToutocTe WTEpalLAOHHBIN DACYCTOB JBMXKEHMS 31EKTPOHOB B  COGCTBEHHOM MAarHMTHOM T[I0I€ B OCHOBHOM OI'PaHHYEHQ
BOSMOKHOCTAMY COBPEMEHHEIX KOMITBIOTepOB. B «E-Metamotion» mporpaMme peanu3oBaH ¢r1ocos 6oiee TOUHOro PELLICHUS 3214\ H.
KOTOPBIA CTall BO3MOXKEH BCHICACTBHE YIYUIICHMA COBPEMEHMBIX KOMITBIOTEpOB, OOBIMHBIE WTEPALMOHHBIE CXEMBI PACHETOR
OCHOB4HBl Hd BLIMHCTCHHM CYNCPIIO3HMIMM MAarHMTHBIX TOJCH OT SJICMEHTAPHBIX TOKOB, KOTOpbIe XPaHATCS B selkax MacCHBOB
[IPOCTPAHCTRCHHOT O pa3sOueHHs 0ONacTH IBVXKEHMA ITydka. B 37T0# nporpaMme paspaﬁmaﬂ ATMOPUTM 11 PEIEHMST TPEXMEPHOK
saflaum Ges paslie/icHUs IPOCTPAHCTBA Ha SMEHKH, BO BpeMs pacyieTa coGCTBEHHOTO MATHUTHOTO MONS MYUKd. TH BRIUHCACHMS TaK
Ae TpeOyIoT GONbIUMe BpeMeHa pacdeToB, HO Gojice TOYHO OMMUCHIBAIOT HOBEHEHHE 3MCKTPOHOB B CIOKHBIX COGCTBEHHOM H
BHEMTHEM MarHUTHLIX TONIX.

KJHOYEBBIE CJIOBA: co6cTBEHHOC MATHITHOE T10/1¢, CUIBHOTOYHbIE -uj,nﬂm, JBMOKCHYE BIICKTPOHOB.
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SSQOFT’2000 - MEKAyHApoaHAs HaYYHAsn KoH(epeH s
namaTi [ImMuatpus Bacunbesuua Boskosa

25 - 29 wronst 2000 1. B XapbKOBe COCTOSIIACH MEXTYHapOaHas KOHpepeHuus “CynepcuMMeTpus
* kbaHTOBas Teopus nona” (SSQFT°2000), nocesmennas 75-netnio co JHS POXIEHHS! BbIIAIOILErOCs
XaPBR'OBCKOT‘O YHeHoro axan. [1.B. Bonkosa (1925-1996), KOTODPBIA OTKPBITHAMH CYNEPCUMMETPHH U
CYNCPTPaBUTALMH  CHENAN, HECOMHEHHO, BLINAIOIIMACA BKJIAL B pa3BHUTHE COBPEMEHHOM
TEOPETHYECKON DHU3UKH. |

Ha xoHbepenmmo 6wi10 PEACTaBIEHO 64 NOKNafa, KOTODblE MOXKHO CrpPynnupoBaTh 10
CHICAYIOIHM YE€TBIPEM OCHOBHBIM HAamNpaBieHUSM: CYNEPCUMMETPHA, CYNEprpaBUTALMs, CTPYHBI M
OpaHbl, KBaHTOBasx TCOpHUA MOJI M PEHOMEHOJIOTHA; are6psi, I'PYINIb! H UHTETPUPYEMBIE CHUCTEMBI,
KOCMOJIOTHA U YepHbIe Abiphl. [TomaBasiomee GOAbIMMHCTEO AOKJIAZIOB OTJIMYAET BbICOKMI HAYYHbII
YPOBCHb ¥ CBA3AHO C HCCIIENOBAHHAMM, KOTODHIE B GIHKaiilye roabl OyayT OMpemeNiaTe pa3BUTHE
CAMBIX  MHTCPECHBIX HANpPaBICHHWH B  TEOPETHYECKOM W 3KCIIEPUMEHTAIIbHOM  M3YYEHHUHU
GyHOAMEHTAIBHOM CTPYKTYpBI MaTEpHH.

B xondepeHuun npunsm YHaCTHE M3BECTHBIC B oTpaciu ydeHsle E. Beprcxod (I OJUTaHIUsA),
b.[xymua (®@pannus), E. UeaHos (Poccus), E. Jykepckuii (Ionbwa), V. Jluancrpem (LiIsewws),
M.Tonun (Mrtanus) u apyrue yuenpie us Oonee, yeM 15-tu crpan. CaMoe meATeNbHOE y4acTue B
OPTaHM3allMM ¥ NPOBENCHHWM  KOHQPEPEHUUM NPHHSIIM COTPYAHHMKH J1IaOOPaTOpHH, KOTOPO
pykosoaun [.B. BonkoB, WHPOKO W3BECTHBIE CBOUMH Hay4HeiMM Tpymamu JI.II. Copokun,
W.A.Bangoc, A.A. XKentyxun, A.IO. Hypmaram6eros, B.A. Copoka, BH. T epiiyH, A.M. IMamnes.
YHusepcutet npeacrasisin C.A. Qymwit, B.I'. 3uMa u Ip.

PabounM A3b1KOM koH(pepeHIMH GBUT AHTIUHCKHIL.

Ha xoHdepeHUMH ¢ BOCHOMMHAHHAMYU BRICTYynuWIH axkad. S.b. Painbepr, unex-kopp.
A.M.Kocesuy u C.H. Bonkoga.

Kondepenuus npomna Ha 6aze HanuoHansHOro Hay4YHOTO UeHTpa “XapbKoBCKuii ¢usuko-
TeXHU4eckuM uHCeTUTYT (HHI XOTH).

Cregyer OTMETHTb, YTO 3TO YK€ TpPEThA KOH(EPEHLUA MO CYMEPCUMMETPUM U CMEXHBIM
BOIIpOCaM, KOTopas npoBencHa B Xapbkose. IlepBhie nBe mpounum Ha Gase YHUBEPCUTETA MpH
AKTUBHOM YYaCTHUH €ro COTPYAHHKOB. Bo BcecorosHoit xondepenuun 1985 roma, nocssieHHoi 60-
netuio [.B. BomnkoBa, kpoMe ero camoro, nmpuHAIM y4acrue FO.A. Fonbpann — omuH M3 AByx
aBTOPOB MEPBOH MO BPEMEHHM NyONMKauuM IO cynepcummerpuu, B.W. Orueseuxuii, BCEMHUPHO
M3BECTHBIM CBOMMM TPYAAMM MO CYNEPCUMMETPUH H cyneprpaBsuTauuu, ero ydeHuk E.A. MBaHoB,
H.A. batamun, KOTOpbIH NpUOOPENT U3BECTHOCTb TPYAAMM 1O KBAHTOBAHUIO KaJIMOPOBOYHLIX MOJIEH,
1 npyrue. Matepuanbl KOHQEPEHUMH OBbUIM YaCTHYHO OTpaXXeHbl B YHHBEPCHTETCKOM cOOpHHUKE
“IIpobnemsl AAepHOR GUINKH M KOCMHYECKUX JTy4ei”.

MemopHabHeIi MeXAyHapomubiii cemuHap 1997 roma mamatu J[.B. Bonkoma, npowien npu
BECbMA OTPAHMYECHHOH TMOANCPKKE NPAaBUTENLCTBA YKpanHbl, CeBepo-BocTOYHOro HayyHoro LeHTpa
M OECKOpBICTHOH TOJAEPKKE VHUBEPCUTETA, KOTODHIH MPEAOCTABII B PACTIOPAKEHHE y4dCTHUKOB
CEMHHApa UMEBLUHECS B TO BPEMA BO3MOXHOCTH M aKTHBHO COJENHCTBOBAJ OPraHU3alMOHHOIl paboTe,
ITamMATHBl JKECTOKMH MOPO3 Ha YiHle, XOJOA B ayIUTOpHAX, TPyAsl Mycopa B BecTHOMOIe
YHUBEPCHUTETA, TAC TOrAA UIET PEMOHT, M TBopueckad armocdepa cemuHapa. CeMuHap uMen
HECKOJIbKO O0JIee y3KHH COCTaB y4aCTHHKOB, YeM KOH(QEPEHLIMs ITOrO roa; U3 HUX CENYET OTMETHTE
B.TI. Axynosa (ubiHe rpaxaanud CIIA) — coastopa [1.B. Bonxoa no nuonepckoii nybnukaumu no
cynepcummerpum, P. Kacanbyouu (HMranusa) — aBTopa nepseix paboT no teopuu CynepyacThupl,
EToumn (Mranusa) — M3BECTHOTO MHTEPECHBIMU TpPYAAMU [0 _KBaHTOBAHHIO Teqpun c
KaIuOpOBOYHOH CynmepcuMMETpHER. Matepuaiibl ceMuHapa Obti OnyONMKOBaHbl B CHEUUATILHOM
LINPUHIEPOBCKOM Hgﬂaﬂg}{B 1998 r. (cepua — JIeKUMOHHBIE 3aMCTKH MO GU3HKE) maecm C

_ _ ¢ .B.Bonxosa. 5
Hgﬁpg;ﬂ:;:!ﬂzg?g;;if U3 XapbKOBCKUX KOH(EPEHUMA, epuua.ucnpmsé}g;b INTAS — op.raanfsa‘uxr;en
Eaponchieirs sompymscis e MOAMPRYC 1M7L 5 Ty, CHI 310 o Mo
6naropaps noaaepxkke 0. Becca (I'epmanus) n b. Syfum;io ( ) —'*CE)P- o ere eos HO
Hozwe DB, Homona, DYy K #ies cynepcn‘_‘MMeTpHH, ﬂd{;a U;I;dpgea (Hau.ablc;;HHH a;r%p-u'ref B
cynepcrpyn; E. Burresa (CLUA), xoTopblid HMeeT cib | - |
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COOTBETCTBYIOIIEH OTPAC/iM COBPEMEHHOW TEOPETHYECKON QHU3UKH; YXKe YTTOMHHABIUMXCA y4aCTHUKOB
konbepenuun B. Jkynua, co3gaBUIErO TEOPHUIO CymeprpaBUTauud B ONMHHAIUATAMEPHOM
MPOCTPAHCTBE-BPEMEHH HauGOJbLIel U3 BO3MOXHBIX pasmepHocredl, u E. beprexoda, omnoro us
MMOHEPOB TEOPHUHM MPOTHKEHHBIX O0BEKTOB. YMECTHO OTMETHTH, YTO BCE XaPbKOBYAHE — YYACTHHKH
koHdpepenuuu, xak u cam [[.B. BojkoB, — BOCIHUTaHHHUKH XHY, npedMymecTBEHHO ¢ (QU3HKO-
TEXHWYECKOTO M (usnyeckoro ¢pakynpTeroB. IIpUOEUIL OT MPOBEACHUS 3TOH KOHQEPEHLHMH, KaK H
MpeAbIyLIEH, MOLIa HA MOANEPXKY HayuHbIX uccnenoBanuii 8 HHIT XOTH.

CynepcHMMETpHS, TO €CTh CHMMETPHA MEXKAY YaCTHIAMM, U3 KOTODBIX QOPMHUPYETCH BELLECTBO,
— (hepMHUOHAMM M YaCTHLAMU, KOTOPBIE NIEPEHOCAT B3aUMOAEHCTBUA, — 6030HaMH, BO3POAUTIA MEYTY
o “Teopuu Bcero Ha cBete”, KoTopas o6benuHsIa Gbl B €IMHON CXeMe, C OTHOH CTOPOHbI — TEOPHIO
OTHOCHTENILHOCTY M KBAaHTOBYIO TEOPMIO, & C ApYyroii — Bce QyHIaMEHTATbHbIC B3aUMOMCHCTBUA:
3JIEKTPOMArHUTHBIE, CIa0ble, CUIIbLHBIC U TPAaBUTALIMOHHbBIE. Bo BpeMeHa A.DWHINTEHHA CYUTAIIN, UTO
3Ta MeuTa GyIeT JOCTHrHYTa co3naHueM “eauHoil Teopuu nons”. Ho B 50-Tbie — 60-Tsie TOALI NPH
HAJIMYMY MHOXECTBa HECOIJIACOBAHHBIX MEXAY co00i MoJened U HEMOHATHBIX 3KCNEPHMEHTATbHBIX
bakTOB MeuTa O eNMHOW (uM3MYecKoM TeopuH OTCTynmuna Ha BTOpod miaH. C  co3naHuueM
anexkTpocnaboii Teopuu B 70-Tbleé TOABI NOSBHIMCh HOBBIC HAACXKIbI, XOTH KBaHTOBAHHC
rPaBUTALMOHHOM TEOPDHMM OCTAaBaJOCh HENOCTIDKMMBIM  H3-3a €€  HEMEPCHOPMHPYEMOCTH.
CynepcMMMeETpUs ykasalia NMyTb YIy4LUEHUS MOBEJECHHs MMOJIEBBIX TEOPHMH KacaTEIbHO KBAHTOBBIX
pacxoauMocTei, u60 BKIaAbl B HUX GO30HOB M (PEPMHOHOB NMPOTHUBOMOJIOXHBI, U IS CO3JaHHUS
TEOpHUl TPOTAXKEHHBIX O6BEKTOB ¢ ¢depMuoHAMH M 63 KBAHTOBBIX aHOMAMH, IS KOTOPbIX
yIbTPahUOIETOBbIE PACXOAMMOCTH YCTPAHIIOTCA "aBTOMATHYECKH .

CHayaJia Ha poJIb TEOPHM BCErO Ha CBETE NPETEHAOBANA CYNEPCUMMETPHU30BaHHAA TPABUTALMA —
cyneprpaButauus. OgHako CO BPEMEHEM OKa3anoch, 4YTo OoJiee MOCICAOBATEAPHOE MOCTPOCHUE
JOMYCKAeT TEOpHs 3JIEMEHTAPHBIX MPOTHKEHHBIX O06BEKTOB — cymepcrpyH. Celyac BO3MOXHBIE
TEOPUM CYMEpCTPYH (BCEro WX MsTh), KaK M caMas IIMPOKAas M3 BO3MOXHBIX CYMeprpaBHTaluH —
ONVHHAALATUMEPHAS, OOBEIMHAIOTCA B TaK Ha3biBaeMyio M-teoprro (M — OT MaTepuHCKast), T ¢
HUMHM ACCOLMUPYIOTCS OMpEAENIeHHbIE YCAOBUS WM "DEXUMbI" PaCCMOTPEHHA M IAE CYIIECTBECHHYIO
pOJIb UIPAIOT NPOTSHKEHHbIE OOBEKTHI BHICIIMX pa3MepHOCTel (He MeHee 4eM 2) — OpaHbl (y CTPYH
MPOCTPAHCTBEHHAasA Pa3sMEPHOCTh paBHsercs 1, y wactui — 0), KOTOpbie CBS3aHBI MEXAy cOOOH
npeoOpa3oBaHUAMM IyaJbHOCTH. TeopusM Takux OOBEKTOB, M TECHO CBA3AHHBIM C HUMH Ooiee
TpaAULMOHHBIM MK GoJlee MaTeMaTHYeCKUM IMPoOsIeMaM, U ObIM MOCBALLIEHb! JOKIaMIbl y4aCTHUKOB
koHdepeHIK. B HacToALIee BpeMs HIET NOATOTOBKA K M3aHUIO MaTEPHUAJIOB KOH(PEPEHLHH.

B.I' 3uma
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Ha nepennem xpae nayku
(K 75-nemuio co ons podxcoenua /1. B. Boaxosa)

Hcnonuunoce 75 net co s poxaenns BuIIAOWIErocs u-
3MKa-TeOpeTHKa coBpeMeHHOCTH, akafemnka HAH Ykpausbi
Hmutpus BacumbeBnya Boakopa (03.07.1925 — 05.01.1996).
B, xak ero o6bIYHO HA3LBAIN APY3bS U YYEHHUKH, HE 3aHUMAJT
BBICOKHX aIMHHUCTPATHBHBIX NOKHOCTEH, EMy He MPHLIIOCH
PYKOBOHTL OOMbIUMMM KOJUIEKTMBAMH YYeHbIX. OIHAKO OT-

- KPbITafd WM CynepCMMMETDHsS OMNpEeNETHNIa JHIIO COBPEMEHHOI
TEOPHH M, TAKUM 06pa3oM, OH CBOEH MeATENbHOCTBIO HaNpaBuJI
paboTy Bcero MeXmyHapomHOro Hay4HOro coo0ilecTBa K co3-
JaHHIO Teopuu "BCero Ha ceete", |

Brnipoyem, rosops o TakoMm HEOPAMHAPDHOM 4eJIOBEKe,
TPYAHO B HECKOJIBKHX (pa3zax TOYHO OTPAa3uTL BCE IPaHM €ro
AEATENLHOCTH. Tak, OH BCErJa XMBO HHTepecoBancs paboroii
IKCNEPHMEHTATOPOB, OKA3LIBAN MM PEaIbHYI0 MOMOILb, HEKO-
TOPBLIE €ro pe3yNnbTaThl NPAMO BBIXOAST Ha IKCMEPHMEHT, H3y-
ACHAE OTKPBITOrO UM ABJIEHUA 3aroBOpa MOCOB Pemxe B Te-
JCHUC HECKONBKHX JIET COCTABIIAIO COAEPXKAHME OMBITOB B (u-
3UKE BBICOKHX SHEPIHH, a MOUCK NPOABJIEHUH CYrlepCHMMETPUH

— ©IBa JIM He camas BaXKHad 3alaya COBPEMEHHOH (pyHmaMeH-
TanbHOH IKCTIEPHMEHTANBHOM GUIUKH.

Amutpuii Bacunbesny Bonkor pomwics 3 wrons 1925 r. B
Jenunrpage. Ero mama, Onera MBanosna Ka3zakosa, yuurtenn-
HHLA 1O  JOWKOJLHOMY  BOCIHMTAHMIO, MOKJIOHHMLA
JL.LH.Toncroro, nana cBoMM CHIHOBbAM MMEHA €ro JIUTEpaTyp-
HbIX TepoeB — cTapiuni Obur JleBymika, a Muagmmnii — Mu-
TeHbka. OHa TakXe CTpeMuiIach NpUOOLIHTD HeTeil k MY3bIKE.
Oten — pa6ounii-cnecaps, Bacumii Huxonaesuy Bonkos, ¢o cBoeii CTOPOHBI CTPEMMIICS 3aKaJIMTh CbIHOBEI
(H3MIECKH, MOOMPAN UX CTPeMIeHHE K 3HaHHAM. Y JIeBbl paHo MPOCHYNOCh MO3THYECKOE AapoBaHue, MuTio
Oonblie NpUBIEKaNa MATEMATHKA.

Cembs uMena BecbMa CKPOMHBIH JOCTATOK, HO 3TO HE MOMELIATIO POAUTENIM CO3AaTh HEOPAMHAPHYIO aTMO-
chepy B mome, KOTOpas, 6e3yCIOBHO, MONOKHUTENBHO MOBJIHANA Ha popmMHpOBaHKE TyXOBHOTO MUpa MasbyU-
KOB.

B 1941 rony oreu 1o6poBombHO BCTYNUI B HAPOAHOE OMoyeHue U B deBpane 1942 roaa mponaj 6e3 BeCTH.
bpar Jlepa Gbin 3a4HcIeH KypcaHTOM B OZHO M3 BOMHCKHMX MOAPA3NENeHHI 1 B nexabpe 1941 rona ymep Bcien-
CTBHE MOIYYEHHOTO PaHEHHUA.

HlectranuaTuneTHyii MuTs, OKOHYHMBILNH BOCEMO# KJIacc, B MEPBbie MECALLI BOHHBI MPUHHMAI y4acTHe B
000pOHHBIX paboTax, pbil OKOMLI. B aBrycTe, BMecTe ¢ MaMOH, 3BaKyHpoBalcs cHayana B SpocnaBckyio, a no-
ToM B Kyprauckyio obnactu. Paboran B konxo3e, a mo3xe Ha BOEHHOM 3aBOJE. Bu 194§ rogy 6bln Npu3BaH B
Kpacnyio Apwmuio. [Ipuruman ydyactue B 609X Kak CBA3MCT, pajucT, apmnnepuucicuu pasBeauuk. CHayana
Boesan Ha KapeasckoM ¢ponTe, a B 1945 1. Obin nepeBeneH Ha 1-# JlanbHEeBOCTOUHbIH, rae yuacTtBoBan B 6oe-
BBIX JEHCTBHAX MPOTHB ATIOHLIEB. .

TAroTe! BOWHBI OKa32JTM CHJIBHOE BIMAHKE Ha GOPMUPOBAHME €T0 KakK JMYHOCTH. "TOT, KOMY JOBENOCH Bbi-
KHTb, KTO HE CIIOMAJICH, TOT CTajl CHIbHEE" — T'OBOPHI OH. anchle B 3ammte OTeyecTBa, CONPUYACTHOCTD K
Benukoi [Tobene o6ocTpuay 4yBCTBO FPAKAAHCTBEHHOCTH, THYHON OTBETCTBEHHOCTH 32 BO3POXIEHHE CTPAHBI
u ee Oyaymee. [Tocne nemobumzaunu B 1946 r. y JIB 6b110 CTPACTHOE XENaHUe CaMOPEaTH30BaTLCA. OKOHYMB
MOATOTOBUTENbHbIE KYPChl, OPraHH30BaHHbIE LTS OBIBLIMX d)lgomomkoa, M CHAB 3KCTEPHOM 3K3aMeHbl 34 JIEBA-
Thifl ¥ JecATHIN Kaacchl, oH B 1947 r. nocTynun Ha pusnyecknit GaxkynsTeT JIeHUHTpaACKOTO YHHBEPCHTETA.

Tam npenogasaiy MHOIHE BblAAIOIIMECS yueHbIe CTPaHel. [103TOMY 3aHATHSA HE TOJIbKO JaBanu GyHAaMeEH-
TajbHbIE MO3HAHUSA, HO W BOCTIUTHIBAIIM INTyOOKOE YBAXKEHHE K HAYKE B LIEJIOM. ) -

Vueba Tpe6oBana HHTEHCUBHOIO CaM0OODPa30BaHus UIA KOMIEHCALMH YHYMCHH?W B I'Olbl BOHHDI. 11YXK-
nanack B 3a60Te Mama, octasiascs 6e3 pabotsl. B yuebnoe Bpems JIB HANPAKCHHO 3AHUMANICH, & BO BPeMA Ka-
HUKYJI Bbi€3Kad Ha 3apaboTKH € re0JIOTHYECKUMU NAPTUAMH, KOTOPbIC HCKATH ypaﬂ |

TIOCHE GRONINEIHS HCTEEPTOTG KYPCR 10 IPWAGCIUIN. B PERTORRT ¥ NPESHOAMIN-HOLAATS £ Ad) aie
APONOIKeH!A yueOb! U NANEHEAIIEH ClEUHANTN3ALHH. ,[[e;xo B TOM, 9TO B KOHLIE COPOKOBBIX IfOJIOBﬁCTpId TP

_ ; -sfepiiHKax. B psaje By30B, B YaCTHOCTHU B XapbKOBCKOM YHUBEPCUTETE, ObUIH CO3AaHbI
HyixJiai1acb B ‘3"‘3’{,“3" AP bIX rOpoaoB oTOMpany Haubosee CHALHBIX CTYAEHTOB.
OTAeNeHUA AfepHOH Gu3NKH, Kyla U3 pa3HbiX rOpoao P

Xapbxon At
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B 1951 r. B XapbKoBckHil yHuBepcuTeT Mpubsinn cTynenTsl U3 Kuesa, Oneccel, Inenpornerposcka, Bopo-
nexa, 1lepmu u apyrux roponos. C rpynnoii CTyACHTOB W3 JICHHHIPAACKOT0 YHUBEPCUTETA B XapbKOB MpUeExa
i1 /1. B. BonkoB, OKOHYMBWIHI K TOMY BpeMeHHU YeTbipe Kypca. C 3TOr0 MOMEHTA er0 KH3Hb HABCEId MEPETUIe-
nucy ¢ XI'Y, XapbkoBom ¥ YkpauHo#t B uenoMm. B Toii ke rpynne B Xapekos npubsutd B.D. Ajexcuy, E.B.
Vinornuy, J1.U. Koposuu, K.H. Crenanos u [1.1. ®omun. Co BpeMeHeM BCE OHM CTANH IIMPOKO U3BECTHBIMH
YYEHLIMM U BHECIIN 3HAYUTENbHbIN BKJIaJ B OTEYECTBEHHYIO U MUPOBYIO HAayKYy.

B 50-e rombi XapbKOBCKHH yHUBEPCUTET Obll W3BECTEH BbICOKMM YPOBHEM [IDENOJaBaHHA QUIHKO-
MaTeMaTHYECKMX OUcLMIMH. OaHy M3 Kadeap BO3IJIABIAJ TOTAA YKE XOPOIIO U3BECTHBIH B HayyHOM MHpe
A.W.Axuesep. O u cTan HaydHbIM pykoBonuternem JI.B. Bonkosa, 3a4iCIEHHOTO B acnupanTypy B 1952 r. Ac-
nupantom JIB Hauas paboTaTh CO CTYAEHTAMM, MPOBOLWI yueOHbIe 3aHATUS, BEN BOCTUTATENbHYFO paboTy.

B 3TH rogpl onpeacniInch Hay4Hbie HHTepechl [IB. bbicTpo pasBHUBalOWIAACA KBAHTOBAA 3JICKTPOLAHHAMH-
Ka, TEOPHA Mo, GU3KMKa SJIEMEHTAPHBIX YACTHL M CBA3aHHBIC C HUMK NPODOIEMBbI MOJHOCTLIO OBJIAACHH €T0 BO-
obpaxenueM. Ero yM, CTpacTHOE XelnaHhe MPOHNKHYThb B TalHbi MUPO3IaHNs, CAMOJMCLIMIUINHA ¥ BbICOKAS Op-
raHU30BAHHOCTb MO3BOJIMIIN CPa3y e HOCTUYb 3HAYMUTENbHLIX HAY4YHbIX PE3YIbTATOB ¥ PAHO NPHHECIH H3BECT-
HOCTb. | |

Kpome A.H. Axuesepa, no cioBam B, Gosbiioe BiMsiHUE HAa GOPMHPOBaHHE €0 HaY4HbIX WHTEPECOB
okazan JI.H. Po3eHuseiir, NpoBOAMBLINI 3aHATHA ¢ TeOpeTHMKaMyU M oOpamiaBlIK MX BHHMaHHE HAa TEODUIO
rpynit U CAMMETPHH. -

[locie OKOHYAHUA ACHUPAHTYPhI ¥ 3aLIUThl KAHIMAATCKON ANCCEPTALMH MO CKAJIAPHOH KBAHTOBOH 3JIEK-
TponnHaMuke JIB 6bia1 HanpaBsieH Ha paboTy B YKpauHCKHil QU3HKO-TeXHHIECKMA HHCTUTYT (HblHe 3T0 Hauwmo-
HanbHbIN HayuHbll weHTp — HHII X®TH), rae, 3a nouti copok JieT paboTsl, Mpoules MyTh OT HAYYHOTO CO-
TPYAHMKA, HAYAJTbHUKA N1abopaTOpHH OO aKaleMHuKa. |

B 1954 r. IB xenuica Ha C.H. Xauxepuu. B 1957 r. y Hux pomwnack goyb O (OKOHYMIIA MEXAHUKO-
maTeMaTHyeckuit paxynbrer XI'V B1980 r., HpiHe corpyanuk HHI] XD TH).

Yxe nepebie HayuHble Tpyabl [{B OTIHYanuCh OPUIMHANBHOCTBIO NOAXOMA K MCClemyeMod mpobieme. B
1959 r. oH MPEATIOXKHUI HOBYIO CXEMY KBAHTOBAHHMS MOJIEH — TaK Ha3bIBACMYIO MApaCTATUCTUKY WIH CTATUCTHKY
I'puna-Bonkosa, xoTopas 0606uaet cratucTuky bose-Oiinwredina 1 Pepmu-Aupaxa. I1apacraTucTuka coirpa-
JIa BAXXHYIO POJIb B Pa3BUTHH MPEACTAaBICHUA O KBAapKOBOH CTPYKTYpE apPOHOB.

B 1962 r. smecte ¢ B.H. I'pn6oseiv [IB oTKpbuT ABNeHHE, HA3BaHHOE "3aroBopoM MnoiwcoB Pemxe". 310
OTKPBITHE BbI3BaJIO 0OJIbLIOH MOTOK TEOPETHYECKUX M IKCNEPHUMEHTATbHBIX PabOT B QU3KKE BLICOKHX SHEPTHH.

OIHOBPEMEHHO ¢ aMepUKaHCKHUMH TeopeTukaMu 1B BBen B GH3MKY 4YacTHL KOJUIMHEapHble MOArPYIIbI,
NO3BOJIMBILHE PACCMATPUBAThL MPOLIECCHI PACCEAHMSA ¢ TOMOLUbIO IPYNN BBICWIMX CUMMETpHIA. DTO AaNO PpAL co-
OTHOILUEHUH 11 3NMEKTPOMATHUTHbIX GOpM(OPaAKTOPOB HYKIOHA M ME30H-0APHOHHBIX KOHCTAaHT CBSA3H, COIJa-
CYIOLUMXCS € IKCTIEPUMEHTOM. |

B cepenune 60-x, ocHOBbIBaACH Ha MeToaax O. Kaprana, [IB noctpoun obimyio TeopHio B3aWMOIEHCTBYIO-
IUX TOJIACTOYHOBCKHMX YacTHLl B CUCTEMax C MPOU3BOJILHON CHOHTAHHO HApPYLIEHHON TPYNIoOit BHYTpEHHEH
cuMMeTpHHU. B 910 ke BpeMs aHaloru4uHeie pe3ynbTaThl ObuH nonyyenst 10, Beccom, C. Koynmerom, B. 3ymuHo,
K.Kananom.

BMecte ¢ yueHukamu 1B ycTaHaBiiMBaeT BaXHYIO CBA3b AYaJbHbIX aMIUTUTYZA U TpaekTOpuid Pexe ¢ BHYT-
DEHHHMH CUMMETPHAMHU H anrebpoi ToxoB. B cratucTuueckoit pusnke paccMaTpHMBAET MarHOHbI KakK TOJIICTO-
YHHOHBI ¥ CTPOUT OOWMIMHA NarpaHXuaH Ui CNIMHOBLIX BOJH B MAarHUTHO-YMOPAMZOYEHHBIX ¥ HEYNOPINOYEHHBIX
cpenax.

B 1971 r. B noxnane Ha mexayHapoaHoM cemunape (Mocksa, ®AH um. IT.H. JIe6enena) JIB onucan o6-
Wy cxemy 0ObeAWHEHHS BHYTPEHHUX CHMMETDHH, OTBEYAOIUX FONACTOYHOBCKHM YacTuuaM, ¢ rpynnoi Ily-
aHkape. OH yKka3aJl, YTO B MPEAIOKEHHYIO CXEMY MOTYT ObITb BKIIFOYEHbI FONACTOYHOBCKHE YacTHLIbl, COOTBET-
CTBYIOLIME GepMHUOHHBIM NOJAM. Benen 32 3TuM uM Oblia MpeuoXkeHa MnepBas YeThlpeXMepHad rojesas MOIeb
C HOBOH CMOHTaHHO HapYyWIEHHOH CUMMETpPHeH, Ha3BaHHOM BMOCIEACTBHH CymepcMMMETpHel. B 3Toit Moaeny,
koTopas Obuia onyGmukosana B 1972 r. 8 coaBTopcTBe ¢ B.II. AKyNOBbIM, HAaUMHAIOIUM DHU3KKOM, HEeHUTPUHO
paccMaTpHUBANOCh KaK rOJACTOYHOBCKUH GepMuoH. Mcxons U3 APYyrux Npearnochiiok K CYrNepecHMMETPHH TAKKe
npuii B 1971 r. }0.A. Tomedang u E.IL Jluxtman, a B 1974 r. — 10. Bece u B. 3ymuno. |

Cpasy nocne BBefeHus cynepcummerpuu [IB uccnenosan Bonpoc 0 COBMECTHOCTH ee npeodpa3zoBaHuil C
obLieKoBapHaHTHBIMK NPE06Pa3OBaHUAMK B MCKDHMBJIEHHOM MPOCTPaHCTBe-BpeMeHn. OH MepBbiM NOHLT U J10-
Ka3al, YT0 OObeAMHEHUE CYMEPCUMMETPHH ¥ FPAaBUTALMK TPEOYET BBEAEHUS B TEOPHIO HEPMUOHHOLO Kaub-
POBOYHOrO NOJA — rPABHTHHO CO CIIMHOM 3/}. CrioHTaHHOE HapylLieHre CyNEepCHMMETPUM NPU HATTUYWU TPABH-
TOHA ¥ TPaBUTHHO NPUBOJMT K CyLIECTBEHHOH crieuuduke s¢pdexta Xurrca. Hosas Teopus momyuuna Ha3aHue
cyneprpaBuTauuu 1 Obuta onybmikosana IB 8 1973 r. B coaBTopcTse ¢ ero yueHukom B.A. Copokoii.

JAB chopmynnpoBan ocHOBHbIE NOHSTUA M PepeHUMANBHON FeOMETPUM CcyneprnpocTpancTs. OH, OARUM U3
MEPBbIX, OCO3HAT BAXKHYIO POJib MEXaHH3Ma CNIOHTAHHON KOMNAKTHOUKALMHA JONONHATENbHLIX NPOCTPAHCTBEH-
HbIX M3MEPEHKH M BMECTE C YYEHUKAMU BbINOJHUI LMKA paboT 1o 3Toil npobeme.

Hccnenys ciuHOpHYIO CTPYKTYpY NPOCTpaHCTBA-BpeMenH JIB nepeotkpbin HeverHyro ckobky Ilyaccona
(ckobky broTeH) M mokasall, YTO WHPOKHUHA KJIACC FaMUIbTOHOBBIX CHCTEM AONYCKAET aNbTEPHATUBHYIO DOPMY-
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::L;Ofg;pggnit;!ﬁ:;;f;%i ;ggeﬁﬂxgxﬁgcim;ecmo ¢ B.B. SIHOBCkuM Grimn HaiiaeHbl MPUMeEHEHNs HeYeTHOI CKOb-

B xonne 80-x 1B Bhiasumyn Hoﬁ&o Al N L
BMeCTe C YYeHNKaMH HQCTPOHS;I Ho-BbreeTgﬂm O BKIIOYEHNH TBUCTOPOB B TEOPUIO CYMEPHACTH ¥ CYNEepCTPYH 1
Teopuit. 310 NO3BOBAG Hpoacnnﬁ eon MCTOPONOLOBHbIE GOPMYTHPOBKH (YHKLMOHATIOB NEHCTBUS [UTA ITHX
e L. 1 CTPHYECKHH CMBICH KaNMNa-CHMMETPUM KaK CHUMMETPHH cynepanddeo-

POHU3IMOB MHPOBBIX JIMHHUH U MOBEPXHOCTEI.
cyrie ch T;)?;n:?;ﬁpﬁ?e?\fgggﬂmg Sgg@ ngemoxcega HOBas KOHUENuUs 0000IeHHOr0 NpUHLMNA AeHCTBUA [T
| _ ; TOPOH OH CBA3bIBAN ONpENENEHHbIE HAMEK/b! HA pellleHUe POBIIEMbI KOBa-
PHAHTHOTO KBAHTOBAHHSA CyNepPCTPYH.

Buumanue JIB Beeraa npusiexami Hanbonee croxubie HayuyHele npobnembl. EMy Oblnu cBOWCTBEHHDBI LIM-
POKasi HayyHas 3pyAMLHA, a3apT HAYYHOrO IMOMCKA U ero POMaHTHKA. Hoeamm B MEXIAYHAapOAHble Hay4HbIe
H'EH'fpbl EBponM. H AMBPHKH NJIOXOTBOPHO CKA3bIBAJINUCHL HA P€an3auyy €ro Hay4yHoro noTeHLuana, TBOpue-
CKOH OJ{apeHHOCTH. Bo Bpems moesok ycTaHaBIMBaNKMCh KOHTAKTHI C BbIJAIOIUMHCE PU3MKAMH-TEOPETHKAMH
HalueH cTpanbl u Mupa. Cpemn wux: LU, Broxunues, F.4. ITomepanuyk, M. Tenn-Mann, M. Hawm6y, T.J1. Ju,
II.H.Axr, B. Symnﬂ-o, I'. Bereunano u MHorue apyrue. Ocobyro ponb ceirpanu noesaku B LIEPH, Ilseiiuapus.

B 1968 r. JIB 651-31& TIDHCYXICHA YYEHAA CTeNeHb NOKTOpa Ppu3nKko-MaTeMaTHUeckuX Hayk. Ha 3aumre onauH
U3 OMMOHEHTOB CKa3an: "CYHTAIO 32 YeCTh ObIT ONMNOHEHTOM Y 3TOTO HCTHHHOIO yyeroro". B 1976 r. JIB 6bin
u3bpaH uneHoM-koppecnionaeHToM AH VCCP, B ToM xe roiy ero Harpaguiau opaeHoM Tpymosoro Kpachoro
3Hamenu, a B 1977 r. emy npucsoumM 3BaHue npogeccopa. B 1988 r. [IB u3bpanu AelicTBUTENbHBIM YIEHOM
Axazmemun Hayk Yikpannol. EMy 6bi10 nprcBoeno 3anue 3acnyxxeHHOro nesTens Hayku YKpauHbl, a B 1997 r.
(mocmepTHO) Obina npucyxaeHa MexayHapoxuas npeMmus uM. B. TuppuHrra 3a OTKpbITHE CYNEepCUMMETPUH H
CyneprpaBUTaLMH.

B 1994 r. JIB nonyuun noueTHOE NPUITALIEHHE HA MEXAYHAPOAHYIO KOHQEPEHLHIO aBTOPOB OPUTHHAJIb-
HbIX HAcH U OTKpBITHH XX cTONETHA B Bu3MKe dneMenTapHblx yacT (Dpuue, Utanus), kak aBTOP MTUOHEPCKHX
paboT no CyneprpaBUTALMH.

O6cyxnas Hayunbie npobnemsr [IB GLICTPO BHHKAM B CYTh M BbICKA3bIBAJ, KaK IPaBUIO, BECbMAa OPHUTHU-
HallbHBIE N MHTEPECHbIE COOOpaKeHHA. Y Hero Obin pelkuil Jap BUAETh GM3IMYECKHI PE3YIbTAT 32 CIOXKHBIMMU
MaTEeMAaTH4YECKHMH BbIKNankaMi. OTAMYana ero Taxkxke BbICOKas TPeGOBATENLHOCTh K KAYECTBY BbIMOJHAEMON
paboThl, 6e HAYYHOH 3aBEPLIEHHOCTH.

BeckomnpomucHocts JIB k HapylIeHWAM HayYHOW ITHKHM, MPOABIEHMAM GIOPOKpPAaTH3MA B OPraHM3allfy
HAaYKH, OTMEYAIOT MHOT'HE U3 TeX, KTO ero 3Haj. OHOBpeMEeHHO clielyeT MOAYEPKHYTh, YTO eMy ObUT YyXka Hayy-
Hbif CHOOW3M. OH LIEAPO NENNNICH CBOMMH HAEAMH C KOJUTEraMi ¥ YUeHHKAMH, HCKPEHHE PAaZoBajIcd UX ycrexaMm
U JOCTHXKEHHAM. |

K JIB TanHymace Monozexs. Co3gaHHas UM Hay4yHas UWIKONA NONb3YeTCs 3acayXeHHONW MHPOBOH U3BECTHO-
ctoio. ITon ero pykoBoACTBOM 3allHLIeHO 15 KaHOMAATCKUX U JNOKTOPCKHX AHccepTallnii. TBopuYeckoe coTpyn-
HHUYECTBO ¢ HUM MOJIOJbIX COTPYAHUKOB €r0 1abopaTOpuH NPUBOAMIO K B3aUMHOMY 00OTaILEHHMIO, TOABIEHUIO
HOBBIX MHTEPECHbIX pe3ynbTaToB. MHOrue U3 paboT, MONyuYHUBLUMX M3BECTHOCTH, OblJIM BBIMOJIHEHbI B COABTOP-
ctBe ¢ ero yueHnkamu B.I1. AxynoseiM, U.A. Bangocom, B.M. I'epwynom, A.A. XKentyxuuoim, A.JO. Hypma-
ramberoBbiM, A.W. ITawnessiM, [.I1. Copokunbim, B.A. Copoxoii, B.1. Txayowm.

JIB Bxomua B cocTaB psaa npobiemHbix HayuHbix CoBeToB, Obin uneHoM HayuHoro Coaera ro npobieme
"Snepuas ¢usuxa" AH YkpauHbl; BXOOUI B PEAKONErHH xypHana "SnepHas ¢usuka” (Mocksa) n cbopHuka
"[Ipo6nemsl saepHO# QU3MKH M KOCMHYECKHX Nyder" (XapbKOB), PYKOBOIHI HayYHbIM CEMHHAPOM I10 (bmuxf:
37EMEHTAPHBIX YacTHLl Ha du3mKo-TexHHIeckoM dakynbTere XI'V. Cabime 30 seT BO3rIABIAI OUOIMOTEYHbBIN
Coser B XOTH. . )

JIB npHHAamNeKan K JIOAAM, TPeJaHHbIM HayKe U TOCBATHBIUNM € CBOIO )KH3HB, HO OH He OblT."kabuHeT-
HBIM yueHbIM". OH OYeHb JIOGHI XU3Hb BO BCEX €€ MPOABJICHHAX, ObIT BECENbIM M TOOPBIM HETOBEKOM. JTobun
CeMbIO, Apy3eil, IPHPOAY; Mo6MI MyTeLeCTBHA, YBIEKANCs HHAMACKOH (Qunocoduer, 3anuMaica cnopTom —
TbDKAMHU, TUTaBAHHEM.

Bose3Hb cepaua, KOTOpas MpoABHIACh, KOra eMy 6biio 4yTh Goiblie cOpoka, TpebOoBaia OTPOMHOIO Ha-
MpSKEHHS BOJH, YTOObI OCTAThCA Ha MepenHeM kpae HaykH. 2KH3Hb 000pBajach B pasrap HOBbIX HHTEHCHBHBIX
HaYYHbIX H3bICKaHHUH. |

B uione 2000 r. ua 6a3e HHII X®TU npoiuna MeXAyHapoaHas Hay4yHas KOHQEpeHLns, NOoCBsLLICHHas na-
matu JI.B. Bonkosa. Ha mome, rie oH xui, B 1998 r. ycTaHOBIEHA MEMOpHANIbHAA 10CKA.

C H. Boakosa, B.I". 3uma
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IIPABHUJIA JV/IA ABTOPIB

Ho penaxnii H'Oonaerbcx PYKOIMKC 00CATOM HE MeHIe 3 CTOPIHOX YKPaiHChKOIO, pOCiNChKOI0 260 aHTIIChKOI0
MOBQMP&B ABOX npnmpm&;lcax 3 HaMpaBJICHHAM YCTAHOBH | €KCNEPTHUM BUCHOBKOM. Pykomucy, aki NogaroThes [0
penakiii, MaloTh TOYHO BiNOBIZAaTH TAKHM BUMOTaM.

Texer ApyKy€TbCA Ha Ginux apkymax gpopMaTy A4 yepes oMH iHTEPBA 3 BUCOKOKO AKICTIO OPYKY, IPUAATHOIO
1 GOTOKONIIOBAHHA (pfzxomennyerb-ca Na3epHUH NprHTEp). 3acTocoBYETLCS peaakTop MS Word, wpudt Times
New Roman (Cyr), po3Mip wpudty 10 pt., BUpiBHIOBaHHS TekcTy no mmpuni. [Tons cnpasa i 31iBa no 2 oM, 3BEPXY
3'c1'a, 3HH3Y 2 CM. (.?TOleKl:l HYMEpPYIOTbCS NOCIIIOBHO Ha 3BOPOTHOMY GoLii apKyiua ofiBueM. MaTtemaTnuni Ta
XIMIHHI.CHMBQHH, PiBHSHHSA | OPMYJIH BBOIATBCA IO TEKCTY CTATTi 3 JONOMOrOK KOMIT FOTEPHOI TeXHIKU. PucyHku
B MOBHICTIO MPUAATHOMY A0 PEMPOAYKLil BRIV BCTABASIOTHCH A0 TEKCTY B MeXax MIOLli CTOPiHKH, BKa3aHO!
BHIILE. .Pncymm BUTOTOBJIAIOTHCA 3 BUKOPHCTAHHAM KOMT IOTEPHOI TEXHIKH 200 BUKOHYIOThCS TYLIIIO Ha Biomy
nanepi 3 ApyKOBAHHMH UMPpaMHu | JiTepamy Ha ocaX. Yci HANKCH HAa PHCYHKAX Ta OCAX APYKYIOTbCS WPHGTOM
HE MEHLINM 32 8 pt. Ilixnucu nin pucynkamu ApykyoTbes wpudTtom 9 pt. Dopmysu, Tabnuui i PHUCYHKH
HYMEPYIOTbCA MOCAiIOBHO apatebkumu nudpamu, nanpuknan: (1); Tabn. 1: Puc. 1.
| [TocninoBHiCTh po3MillleHHS MaTepiany.

Ha nepuwiit cTOpiHUi 3BepXy NMPOMyCKalOThCA ABA PALKH; HA TPETHOMY PAAKY B JBOMY BEPXHbOMY KYTi
apykyerbea YK (kypcus, 9 pt.). IlotiM micns nponycky oHOro psika po3MillyeTbcs Ha3Ba CTATTi (MPAMMIi
HamiBXUPHU#A wpudT, 12 pt., BCi HiTEpH NPONKCHI, BUPIBHIOBaHHA N0 UeHTPY). Ilicas nponycky omHOTO pAAKA
IPYKYIOThCS IHIliaMM Ta MPi3BUILA aBTOPIB (MpAMIUH HaniBXupHUi WpHdT, 12 pt., BUPIBRIOBAHHA MO LEHTPY). Y
HACTYITHOMY PAAKY APYKYIOThCs MOBHI Ha3BH K ajipecy opraxizaiiiii aBTopis (pudT kypcus, 9 pt., BUpiBHIOBAHHS
Mo LIEHTPY). AQpeca eIEKTPOHHOI NOWTH APYKYETbCs 32 OaxkaHHAM aBTOpiB. SIKi10 opraHizauiii Aekinbka, TO 1T
BH3HAUYCHHS aBTOPIB Ta OpraHisawiii cJriy 3acTOCOBYBATH BUHOCKH 3ipodKko0 abo uudpaMu. Y HaCTYNHOMY PAIKY
IPYKYETbCA JaTa HAOXOMKEHHA CTATTI IO peaakilil: Yyucio — udpamu, Micallb — NPOIMUCOM, pik — uudpamu (IUpUdT
npaMuii, 9 pt., BUPIBHIOBAHHS O LEHTDY).

[Ticns npomycKky OOHOTO pAAKa APYKyeThes pedepat ctarTi, 5-10 psaakiB, 3 KOPOTKHMM BUKIAJAEHHAM
METOIMYHHUX MiIXOMIB, 3aMIPOMOHOBaHHX B po6OTi, Ta OCHOBHHX pe3ynbTaTiB. CrioBo “pedepar” He APYKYETHCA.
JIna texcTy pedepary 3aCTOCOBYEThCS NMpsAMUM WpUT po3mipom 9 pt. YV HacTynHOMY PAAKY APYKyeThes 5-8
xmo4oBux ciiB (wpudT 9 pt.). 3aronosox “KIIOHOBI CJIOBA:” npykyeTbcs nponyucoM Ha TOMY XK PAIKY, LIO
if KTI0YOBI CIOBA i BUAINAEThCS HaniBXUpHUM WpudToMm. Texct pedepary i K0YOBI CI0BA MAOThL LIMPUHY Ha |
CM MEHIY, HiX ocHOBHMI TekcT (1o 0,5 cM 3 koxHOro 60Ky).

Jlani micas npoilycKy OXHOTO PAAKa APYKYETbCS OCHOBHHMHI TEKCT CTAaTTi. AG3alM NOYHHATOTHCA 3 YEPBOHOTO
psaxa (0,75 cM). PexomeHIy€eTbcs pO36UTTA CTATTI HA TaKi PO3AUIM: BCTYN (Ha3Ba LBbOTO PO3JLNY HE IDYKYETHCA),
MATEPIAJIV I METO U (0608’ 53k0B0 14 excriepuMenTansHux pobit), PE3YJIBTATH Y1 OBI'OBOPEHHH,
BUCHOBKM. [{ns TeopeTHuHuxX pobit nepenbauaeTbcs Oinblu BinbHE pO3TalIyBaHHs MaTepiany, HanpHkiaz,
3amicTb posziny MATEPIAJII I METO/IM pexoMeHIyIOTbCA PO3AINIH IMOCTAHOBKA 3AJIAYI, MOJEJIb
T2 iH. PO3MinH He HYMEPYIOTbCS, B Ha3BaX PO3LIiB yci NiTepH NPONHUCHI i BUNINAIOTECA HAMIBXHPHAM wpudToM,
BHPIBHIOBaHHS 110 LeHTpY. [Ipn Heo6XiAHOCTI pO3AiNH NOAINAOTHCS HA MiAPO3ILIH. Hassu niapo3ainiB APYyKY€ETbCA
3 BEJIMKOI JTiTepH i BUALIAIOTHCA HAMIBXUPHUM IIPHTOM, BUPIBHIOBAHHSA 110 LEHTDY. [Ticns xoxnrOro posainy abo
Migpo3iy e OAUH NYCTHH PALOK.

V KiHli TeKCTy CTaTTi MiCJs NMPOMYCKYy OXHOTO pANKa, AKIIO noTpi6HO, HABOAMTLCA HA3Ba QOHAY, AKHHU
¢inancyBaB poboTy, i HOMED I'PAHTY. B

 Buxopucradi B po6oTi TiTepaTypHi IDKepeia HyMepYIOThCA B NOPALKY UMTYBaHHA B TEKCT!, HOMED MOCHNAHHA
APYKYETbCA B KBaAPAaTHHX Ayxkkax. He fonyckarThCa NOCHIAHHA HA HeonyOlikoBaHi poboTH. Cnncpx niTepatypH
(pudT 9 pt.) po3mimyeTbcsa OApPa3’y 3a OCHOBHHM TEKCTOM ctatTi # Buainsersea ax posgin CIHHCOK
JOATEPATYPHU. _

Tlicns cnucKy JTiTEPaTypH A0 CTATTI HONAEThCA PehepaT aHIIACHKOI0 MOBOIO. ITicrna npormycKy OAHOTO PsAKa
a€ThCA HA3Ba CTATTI nponucoM, wpudT mpsmui 10 pt., HaniBXUPpHUH, BUPIBHIOBAHHS 110 LICHTDY. Y HacTynHOMY
PRAKY — iHillia/ii Ta Npi3BAIIa aBTOPIB, WPHGT NPAMHUH 10 pt., HAMIBXUPHHUHA, BUIBHIOBAHHS TO LEHTPY. »
HaCTYNHOMY PAIKY APYKYETbCA NOBHA Ha3Ba opraHij3aiiii Ta il anpeca (xypfua 9 pt., BHPIBHIOBaHHS MO LleH’Fp)')-
ITicna IPOMYCKyY OAHOTO PAAKA BMIlll€ThCA TeXCT pedpepaty (PUQT NpIMHH 9 pt., BUPIBHIOBaHHS 11O WHPHHI, 6e3
4epBOHOrO pifKka). Y HacTynHOMY psaxy micid ciie “KEY WORDS: (MpOMMCOM, LUPHGT MPAMHHA Hé“‘”‘“?“” -
9 pt.) BMilyIOThCA KIMIOYOBI C/I0B2 (WPHPT NPAMHUH 9 pt., BAPIBHIOBAHHS N0 WHDHHL). | '

OnuH NPUMIPHAK PYKOITUCY M€ 6yTH MiANHCAHHA Ha 3BOPOTHOMY 6ol apkyla yciMa aBTopaMH.

Pykornucy, oopMIIeHi He Y BIANOBITHOCTI 0 HABEACHHX PaBuJI, He PO3TNALATHMYTHCH.



