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Cratri pisnunoro posainy "Bicauka O[IY" — pe3ynLTaT HOBHX 1HayKOBHX JIOCAI/LKElb, 3p0beHHX
cnispobiThHkamit pisHuHOro pakynsTeTy B Fany3si $izlku TBeporo Tina, GizHKKH HANIBNPORINHHKIB,
acTPOHOMIi, a TAKOA aHanNi3y iCTOpii po3BHTKY B OICCHKOMY YHIBCPCHTETH Bi3HKH HEBNOPA/IKOBAHOFO
cTany.

MaTeMaTHYNRA PO3MT MICTHTL OPUITHANBHI ROCTUDNCHHA, IO HANEXATL 10 PI3HWUX TATy3eH Cy-
YACHOTO CTany TCOPCTHYHOT T2 NPHKNA/NIOT MATCMATHKH | MCXaHIKH.

Lle npaui 3 aHdepeHIlianbiinx PiIBHRHL Ta MATCMATHUYKO! QI3HKH, MATEMATHYHOIO aHAMTIY TA we-
TOAIB 3aXHCTY iHGOpMALIIRHHX MACHBIB, MCX3HIKM TBCPIOTO TUT, T2 3ATAIBHOT MCXAHIKH (B TOMY TNCE
— nuTaHHs ii Metononoril). “Bicuuk OY" Ne3 moxe GyTw mImepecknM IR crielliallicTis BiANOBUTNIO
HaNPaMiB GizHKH Ta MaTCMaTHKH.

CraTbH $hH3HueckOro palaena "Becruuxa OTY™ — WTOr HOBHIX HayuHBIX HCCIICNIOBAaHUH, CICHan-
ibIX COTpYAHHKaMH GHIMYCCKOTO pakymTera 8 06nacTH GHIHKH TREPHOro Tena, GUIHKH nojaynpo-
BOLHHKOB, ACTPOHOMHH, 2 TaKAKe aHAMH3A HCTOPHH PalBHTHA B Onecckom yHuBepeHTeTe GHIHKH He-
Y NOPRIIOYEHHOIO COCTORHHUA.

MaTemaTiucckuit pasaen NpeacTaBNCH OPHIHIANbHBIMH HCCACAOBANUAMK, (IPHHAUICKAUUMH K
pa3AHuHbIM 06NACTAM COBPEMEHHOTO COCTORHKUA TCOPCTHUCCKOR H NPHKIIANHOR MATEMATHKK M MeXxa-
HHKH, 3TO paboThi N0 AUGGEPCHINANLIILIM YPABHCHHAM H MATCMATHUCCKOI BHIHKC, MO MCXATIHKE
TBEP/IOTO fiehOPMHPYEMOro TCia K OGUICH MEXUIHUKC (BKNIOHAR BONIPOCH! € MCTOMIONOHN), MO MaTE-
MaTHMCCKOMY aHANH3Y B MCTOMaM 3a1UHTL HHGOPMALHOHHBIX MaccuBoB. "BecThux OI'Y" Ne 3 MokeT
6b1Th HHTCPCCEH JUIS CNCLHASIHCTOB COOTBCTCTBYIOUIHX HANPABNCHHA QHIHKH K MATCMATHKH.

The articles in the phisics part of the Odessa University Journal i the crowning of rccent scientific
resezrches, fulfilled by the staff members of Physical Department of the University in the realm of physics
of solid body. physics of seimiconductors, astronomy and anatysis of historical development of physics
of disordered systeins in Odessa State University.

The mathematical section is represented by original investigatioms, which arc relative to different
topics of modern theoretical and applied mathematies and mechanics. This includes papers on differential
cquations and mathematical physics, on mechanics of dcformed rigid body and genecral mechanies,
including its methodology problems, on mathematical analysis and methods of data base protection.
“Odessa State University Bulletin® Ne 3 may be inleresting for the specialists of corresponding Irends of
physics and mathematics.
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PISUKA

HAVYKOBI AOCAIAPKEHHS 3 ®I3MKU
HEBITOPAAKOBAHOTIO CTAHY
B OAECBKOMY YVHIBEPCUTETI

M. I1. Kosaneuro

Hocnimxenns ¢piznku HeBnopaaxosaHoro crany B OJ1Y nouanH iHTeHCHBHO po3-
BHBATHCA AK CAMOCTiiiHNA HanpaMok y 60-Ti poku. [0 HbOro 4acy oCHOBHHMH 00’ €x-
TaMH JocnifxeHs OylIn xpucTaniyHi TBepai Tija, Xo4a BUKOHyBanucd it po6oTH,
NoB’A3aHi i3 HEBMOPAAKOBAUMH CHCTeMaMH. Y TNICIABOCHHI POKH, KOJTH Kadeapolo
3aranbHoi Qi3nku 3aBinyBas npodecop I'. JT. MixHeBu4, BeTHCh JOCTIKEHHA KPHC-
Tasizauil nepeoxoNoNAeHHs PIAKH Ta, A0 Ni3Hille, — KIHETHKH YyTBOPEHHA KPHC-
TaNiYHUX 3TUTKIB Ha 4acTHHaX JOMiuoK. MoKHA BIEBI1EHO HA3BATH Y4C, KOJIH 10-
CHIAKEHHS HEBROPAAKOBAHHUX CHCTEM CTaNH OHHMM i3 NPOBIANKX HANPAMIB Ha (i3ny-
HoMmy takynbreTi. Lle cTanocs nanpukinui 1963 p., konu Ha kadenpy TeOpPETHUHO)
biznku npHiiwos HoBKII 3aBigylounii — npodecop 1.3.@iwep, uto nepeixas 8 Ogecy
3 binopycekoro yHiBepcutery. [Touatok poboru npodecopa @iwepa B O]V 36ircs
i3 3aranbHIM NiZHOMOM ZOCTIKEHD 3 (i3HKH HEBIIOPAAKOBAHOTO CTaHy B YKpaiHi,
nepu 3a Bce, y BEJIHKHX YHiBepcHTeTCbKHX UeHTpax — Kuesi, Xapkosi, JibBoBi, Oneci.

Y Kuesi opraniuifiHnm ueHTpoM ctana kadenpa MonekynsapHoi Gi3ukH, SKoio
xepyBaB Toi npod. O. 3. lonuk, y JIsBoBi — akan. HAH 1. P. KOxHoBchkHii. Coto3
TeopeTHkiB (Oneca, JIbBiB) Ta excnepumenTatopiB (KuiB, XapkiB) BHABHBCS qyxKe
UTiZHKM i 3an0YaTKYBaB KiJlbKa HAYKOBHX LIKiJI, AK1 YCRIWHO NPAUIOIOTh i CbOTOAHI.
OcobnHBo Tpeba BiAMITHTH OpraHizaTopcbky aifnbHicTh npod. O. 3. N'onuka, sxuii
3Ha4YHOIO Mipolo cIpiAB 06’ €iHaHHIO axiBUiB 3 (i3HKH PiIKOro CTaHY, CTBOPHBILH
BIANOBIZHY HAYKOBY Pafly NnpX MiKBy3i Ta 3anpoBagHBLIN PETYNIAPHI BCECOKO3HI KOH-
tepenuii. Y vaw yac ponb KOOAUHATOPIB TAKMX HAYKOBHMX 3ycTpidell BiAirpawThb
axan. I. P. JOxuoBcbkuii, npod. JI. A. Bynasin.

i 06’ckTnBHI yMOBH B YxpaiHi 36irmuce i3 nesk My o6cTaBuHaMH (iHworo nna-
Hy) BOJIY, a came — i3 3HAUHHM OMONIODKEHHSM BHKIAauiB ¢izuuHoro pakynere-
Ty. 3okpema, Ha kadenpi TeopeTHUHOI (izHKH BHKJIAAAYAMY CT4NIH BYOpaUIdi acni-
PaHTH, siki i3 3ananoM cnpuiiHAnK cBixi irei npod. Piwepa i. tle He MAIOYH CTATTHX
HayKOBHMX iHTepeciB. aKTHBHO NMOPUHYJIH ¥ HOBHH WA HUX HanpaM. Tpeba ckazarth,

3



o ¢izMka piIKoro CTaHy He Hajexana ToAi (Ta, BNacHe KaXyuM, il CbOrOJHI Tex)
JI0 MpecTHXHUX HANpAMKIB cepel Gi3ukiB B3arani ta, 3okpema 8 O1Y, ne ronosHi
cunu 6ynu CKOHLIEHTPOBAHKI y Nepiuy Yepry Ha Qi3ulli HamiBNPOBIAHKKIB. Ane, Orns-
JIalo4UCh ¥ MHHYJIE, MOKHA 3 YNEBHEHICTIO KOHCTATYBATH, L10 caMe NOABA HOBOTO
Hanpamy Ha izuuyHomy QakyNbTeTi CIPHANA 3aranbHOMY NiABHILIEHI0 HOro piBHSA
K YHiBEpPCUTETCHKOT'O HayKOBOFO OCEpeaKa.

3 po6iT THX POKiB BUAHO, LI1O 3YCHJIJIA BYEHHX 30CEPEKYBANIUCS, B NPy yepry,
Ha QisHui piAKOro CTAaHY — K KIACHYHHX, TaK | KBAHTOBHX piuuu. Caix BigMiTHTH
KUJIbKA CePHO3HKX (YHIAMEHTAIbHUX PE3YNbTATIB, AKi CTOCYIOTbCA NPOCTHX Kia-
CHYHUX pidKH. OJHICI0 3 HABAXIIMBIILMX XaPAKTEPHCTHK KOPENAUi{iHOI CTPYKTYpH
Ta BIACTHBOCTEH LMX CUCTEM € CTPYKTYpHHIT ¢akTop S(x). Enmepbi, [eckentom ta
Mapuewm [14,217-221] 6yno nokasano, wo S(x) sk ¢pyHx1is AificHoi 3MiIHHOI X € He-
aHaniTHYHA B Touui x = 0 dyuxig, wo mae nobausy uiel Touku polknan

S(x)=ay +ax* +a, | X[’ +...

i3 pO3PHBHOK TPeTLOIO noxianoto. Takuit xapakrep HeaHaniTHuHOCTI S(x) 6yB OT-
pHMaHKil y 3B’A3KY i3 THM, 110 11 JaNIeKHX BiACTaHAX NAapHI AMcnepciiHi cHIK cna-
JIal0Th 32 3aKOHOM 7 . Qilep 3BePHYB yBary Ha TV 06CTaBHHY. 1110 B AificHOCTI acHMI-
TOTHKA JUIf MXK4acCTHHKOBOTO noTeHuiany (bepyun 10 yBaru xiHueBy WBHIKICTH
PO3NOBCIO/IKEHHA €IEKTPOMATHITHHX B3aemoiit) Mac urnan O(r) ~ r’, samictsb 7,
1110 BiANOBild€ ENEKPOCTATHYHOMY HabIkeHHI0. B ubOoMy BHNaAxy acHMNTOTHYHA
nosefiHka pagianbHoi GpyHxUil maec BHrIax [12.1548-1558)

g(r)—IEAKT[a") »‘~,, (r & «),
ap ). r

’
(e K — i3oTepMiuHa CTUCIBUCTD), a CTATHYHHUI CTPYKTYPHHU#A daxTop S(x) nobnu-
3y x = 0 moxe 6yTu npencraBaeHnii y BHITIARI CyMH TPbOX GyHKUil:
S(x)=S,(x)+S(x)+5,(x).
QyHxuia S(x) perynspHa B Todul x = 0, napHa i Mac po3kaa
S,(x)=S0)+ax’ +bx* +cx® +...
DyHkuUis S(x) mae norapudmiuHy ocobaMBiCTb y YeTBepTiil noxiaxill npH x = 0,
napHa i mae ocobauBocTi

S(x)= —AnkT[Z;] xInfx|[B+Cx? + Dx*+ ...
T

DyHxitis §,(X) Ma€ po3pHBHY NM'ATy NOXiAHy B Touui x = 0, napHa i Mae ocob-
NUBICTD

S(v)——ankT( ] | x[ (B+7x +..).

TMoaansui pe3ynbTaTH CTOCYIOTbCA BCTAHOBTEHHA NOBERIHKH 6araTo4acTMHKO-
BHX KOpensauifiHux ¢yHxuiit nobni3y KpHTHUROT TOIKK. AHAJI3 KPHTHYHUX GNYK-
Tyauiif, Ak 11paBKNO, OOMEXYIOTh BUBYCHHAM TLIbKH IBOYACTHHKOBHX KOpensiuiii.
Mix TiM, CYTTEBHI iHTepec NMPEeACTaBARIOTh TAKOK | 6araToOYacTHHKOBI J4NEKOMi-
104i x0pcnaun no6au3y xpUTHUHOI ToukH abo TodoK $a3oBHUX NepexoiB APYroro
pony. Ix ananis BaxuBHii TOMY. 1110 6araTo TEPMOIMHAMIYHUX NOXINHHUX BUPAXKA-



IOTbCS caMe yepe3 6araTovacTHHKOBI kopensauiini PyHxuil. SIxwo B3ATH TpHUyac-
THHKOBY GYHKLUIO po3nogimy

F,(r', r,r)= F(r, R, cos 0)
(r, R — JOBXHHH CTOPiH TPHKYTHHUKA, 6 — KYT MiX HHMH)
Ta 3aCTOCYBAaTH PO3KIan y DA 3a nofiHoMamu Jlexanapa, 7o ana R >> r MoxHa
ofepxatH [3]:

F,(r,R,cos8) = g(r)+ D_ A,(r,R)P,(cos6).

Hns xoediuienta 4 (r, R) nobau3y KpUTHYHOT TOUKH MOXHA OTPHMATH:

A(r,R)= [2g(r)+ n 6ga§'r)][g(R) - l]+ Q,(r.R),

ze Q, — KopoTKoioua inTerposana dyHxuis. OcTaHHill BUPa3 BUPIlY€ NUTaHHA
Npo BUIINEHHS NOBINbHO CNanardoi 4acTHHH PyHKuii A (r, R) nobnn3y kpuTHuHO!
TOYKH.

AHanoriyHo MOXHa 3HalTH noselinky 4 (r, R):

Al(r:R) = '; [Zg(r)+ n 6ga£lr)]g'(R)+3Ql(r:R)9

Ae $ynkuis Q, iHTerpoana no BcboMy NpocTopy.

Cnig nigkpecnuTh cneundiuHUA BUTIAA NOBINbHO CNAAAIOYKX BKNAAiB y dyHKuUil
F,npu R — co y KpuTHUHiii Touui. Lle NpU3BOAHTD IO HENPABHABLHOCTI YaCTO BHKO-
PHCTOBYyBaHUX anpoxcumauift ans F,, 3o0xpema, cynepno3suuifHoro HabnmkeHHs
Kipksyna.

AHaNoriyHO MOXHA PO3INAHYTH NOBERIHKY F(r, I, 7y, 7,) NOBIN3y KPHTHUHOT
ToukH [6, 2336-2348].

Hocnimkyioun kBanTosi piaunu (piaki He 11, *He Ta ix po3unnu), cniBpo6iTun-
ki OQ1Y oTpumany xinbka JOCHTb 3aranbHHX Pe3yNbTaTiB, IO NMOKPALUMITH Halle
PO3YMiHHA NPO CKNaAHI ABUIIA y HA3BAHUX CHCTEMAX.

Binomo, o po3basnennii pozunH He* y He* Huxue A-kpHBOi € HAATUIMHHEM i B
HbOMY MOXYTb BHHUKATH KBAaHTOBi BUXPOBi HUTKH. BHABIA€TbCA, 110 KBA3i4aCTHH-
KM, SKi HanexaTb HOPMaJbHIA KOMNOHEHTI i BIANOBIAAIOTL AOMILIKOBHM aTOMaM,
eexTHBHO B3a€MOMIIOTDH i3 BUXPOBHUMH NiHiAMH. 3HAK B3aeMoii Biinosinae cunam
nputaranug (8, 722-731]):

U(r)~—q£z), a>0.
r

Tomy B piBHOBaXHHX yMOBaxX Mac BHHUKHYTH acopOuis JOMILIKOBHX aTOMIB
Ha BUXPOBHX NiHifAX. SIKuo TeMnepaTypa KOCHTh HH3bKA, TO HACHYEHHA obGnacTel
no6aKu3y BUXPOBUX JTiHi# JOMILIKOBUMH aTOMaMH MOXE BUABUTHCh 3HaYHuM [8,722-
731].

Hali6inbw nixaBUM HacmigKoM L€l KaPTHHHU € MOXJIIHBICTb YTBOPEHHS MiHifiHOI
bepMi-piIHHHOT CHCTEMH, LIO PO3TAlMOBaHA NOB3AOBX NiHIiT BUXDY, i3 MONEpPeYHHMH
posMipamu nopsaaxy 107 cm uu Ginblue, B 3a71€XHOCTI Bill TOYaTKOBOI KOHUEHTPALiT
po3unHy. IcHyioue NpUTAraHHA MiX JOMILIKOBHMH YacTHHKaMH NPHU3BOAMTL IO
NocHiIeHHS edekTy agcopbutii Ta NiABKILIEHHA CTIHKOCTI BUHHKIIO! depMi-piasHHOT
HUTKH. :

1957 p. Biakpus HOBHIl eTan y Teopii piAMH — LbLOI' O POKY CTAJIH 3aCTOCOBYBATH
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EOM nna MoenioBaHHA Ta pO3PAXYHKY KiHETHYHHX | CTATHCTUIHHX BNIACTHBOCTCH
cucTeM Baratbox yactunok. Ockilbkll JeTaI6bHO po3polbIeHoi Teopii pinui ua Toit
4ac He ICHYRANO, NPOBEACHIIA MATHHHIX “eKCNEePUMEHTIB  1aBajio MOXJIMBICTb OT-
PHMYBATI HOBI PE3Y/IbTATH, HEOCAXKHI [JUIA aHANI THYHHX METOIB, a Lie, B CBOIO Yep-
ry, AaBalo 1IOUITOBX HOBHM 3YCIJUIAM V TeOpeTHYHUX JOC/IpKkeHHaX. B yxe kna-
CHYHOMY Tenep MawvHHOMY ckcnepuMenTti Pamana [15. 405-412]) EOM BupimyBa-
na 3a/1a4y nopegilkh 864 4acTHHOK 3 MacQlo aTOMIB aproHy, 1o G6yJH poO3MilICHI B
kybiuniomy “sinuky”, Ha rpaHsax Axoro 0vio Hakazelo NepioAMYHI IpaHHyHi yMo-
BH. B no4arkoBni MOMEHT 4acTHIIKH PO3TAILOBYBATIICA JOBIJILHO, & IOWTIbIIA EBO-
JIOKIA CHCTEMM BH3HAYAJaCh UIIAXOM ilITErpysaHHs PiBHAHb pyXy HbloTOHA 1714 Beix
B3acMoznitouux yactuok. [Tam’aTs Mawmnn 36epirana scio indopmauiio npo tosno-
XEHHSA T4 IIBHIKOCTI YACTHIIOK Y310BX TPAEKTOPII. @ NOTIM Ui DaHi BHKOPHCTOBY-
BAJTHCA 11711 3HAXO/PKCHHSA CepeaHiX 3HAYCHb, 3HaliieHNil TAKHM YHHOM PO3NOoin 3a
WBHAKOCTAMH BUABHBCA MaKCBCIIiBCbKUM 3 BENIMKOIO TO4HICTIO. 30xpema, Oyna 3unaii-
JIeHa aBTOKOPCIALifiHa (YHKUIS WBHIKOCTI OJHi€T YACTHHKH
o(t) =< v (O () >/ <¥’ >, _
Ha rpadiky skoi robpe BuHO ocuMIALIHHNI XapakTep nosBediHku wici gyHkuii, wo
Bi/IIIOBI4€ KOJIMBATILUOMY PYXOBi YAaCTHHOK ¥ PiAMHAX 33 MaJli MPOMIKKH 4acy.
HMepion dpeHkeniBcbkHX KOAMBAHL. BU3HAYEHMIT 32 BIACTalIHIO 0O NEPLIOro HY:Id.
nopisHioBas 1,3+10°'* cex. CnocTepiraeThcs HAI3BHYANHO WBMAKE 3aTYXaHHS aBTO-
KOpeusuifinol GyHKLIl, NTPAaKTHYHO BOHO BiIOvBacTbCd 3a yac ( = 2¢10''%, wo Bigno-
BiJ1a€ BCTAHOBJICHHIO MAKCBEMiBCAKOI'O PO3NOILTY WBHIAKOCTEH yXe Nicas 0THOro-
JBOX nepionis $peHkeTiBebkHX KOIMBaHb. Jewo nizHiwe (1970) Angep va Bafin-
paiT noka3ank iCHYBAHHA CTENEHEBUX aCUMNATOTHK O(f) ~ r*? npu 1 — o, wo 6yno
iHTepnpeToBaHOo aBTOPaMH AK rilpoaAnHaMiuHuil edexT [13, 982]. @iutep i3 cniBnpa-
UWiBHHKAMIS 3aNPONOHYBATH TEOPil0 aBTOKOPC IANiiiHOl HYHKUII UIRKIKOCTCH, SKa
HC TiJIbKK MOACHITTA BUIE31'A;1aH] pe3y/IbTATH, ane ii Npu3Besa 0o HOBOTO AKICHOT0
PO3YMiHHSA MONEKYJIIPHOT O pyxy B pifinHi (11, 1647]. Sxwwo po3r;iaaaTy HU3bKOYAC-
TOTHY 4aCTHHY WBKAKOCTI TENNIOBOIO PYXy OKPEMOi MOJIEKY i B pIBHOBAXHI# pimmhi,
To Aciio, Wwo 11e Oyne wsuakicrs 11 gpefidy y 1o TennoBux rizpoaMuaMivnux Griyk-
Tyauiff. Monekyna i3 cBOiM OTOYEHHAM YTBOPKOE “Pilky 4acTHHKY" Y TarpaHxeBo-
My GOPMYITIOBaHHI DIBHAHL TiAPOINHMIKH. i cami Ui PIBHANNSA SKpa3 OMUCYIOTH NO-
Binb1iHil pyx cepe/loRKWA. Ko a(7) i a(f) — MNTTCBI NOIOKCHHS Ta WBHAKICTD
“piAKOl Y4CTHHKKH, TO Narpaxesa xopensuiiina ¢pyuxuis <a(0) a(1)> i3 3uayeHns-
MH !, XapaKTCPHIIMI JULA TIAPOAMIIAMIKY, € IPABHILHOIO aCHMNTOTHYHOIO OLHKOO
IS MOJIEKYNIAPIOT Kopensuil GyHkuil ¢(7) Ans BEIMKAX 1
o(1) »<a®a(t)>, 1.
MokHa nobyayBatH Teopito GnykTyauili y narpasxesux smigHux. Hanpuknan,

HallnpocTila Moseb HeCTHCIMROT Pi;IHHK i3 nocTifinkM KoedillicHTOM B'S3KOCTi Rac
U1 IONEPCYHOT CKN4A0BOI aBTOKOPENAUiI#HOT QVHKILI IIBHAKOCTI

o) = —
pl4n(v + D)}t
(v — xilicMaTH4HA B'A3KiCTb, p — T'VCTHHA).
Byn1u oTpuMaHi BaXnBi AKicHi pe3vibTaTH. bymo nokasaHo. uio o6aacTs Mox-
7IMBOCO 33CTOCYBAHHA ACHMITOTHYHO! OLIHKH (OTPMMaHO] 33 IONIOMOTOI0 TiXPOAH-
HaMik#) NPOAOBXYETHCA B Oik MATIHX 9aciB HecnioxiBakno Janeko. [uiuvmu cnosamu,
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MOXHa CKa3aTH, 110 MM MAEMO CripaBy i3 He3BUUAHHO LWIBUAKKM BUXOIOM MOJIEKY-
JAPHOI AMHAMIKH B NPOCTiil PiIKHI Ha rixpoauHaMiyHuil pexxum. Lle He 36iraeThes i3
TpagHUiHHHM ySABJIEHHAM NPo “cTpHOKOBHH” edexT camonitdy3ii Monekyn y npocTii
PiAKHI, OCKINIbKH BUXiJ MONIEKYNISAPHOT AHHAMIKH HA riApOaKHAMIYIIKE PEXHM peanti-
3y€ThCA paHille, HiX MONEKYNa, B CepeAHbOMY, BAKOHAE OKHH cTpHboOK, i, npu xa-
PakTePHOMY i1 3MiLIEHH], MEHUIHI 32 cepeaHIo 0BXHHY cTpHOKa. Lleii eexT nosu-
HeH 6yTH npuaKcaHuii HenepepBHOMY apeidOBi MOJEKYJIK Yy MO TEMIOBUX TiApPO-
AHHaMiuHUX Qnyktyauiii. [1oBHUIT excriepuMeHTaNbHHI KoediuicHT caMonudy3il
CKJIAAaeThes i3 cyMu “cTpubkoBoro” ta apetidpoBoro rinponuHaMiuHKX BHeckis. [Tpu
UbOMY KOJIEKTHBHHII FipOaHHaMiuHKHIi BHecOK y npouec caMoanGy3ii BUABIAETbCA
He MEHI BAXUIBHM, HiX IHAMBINyanbHHIH “cTpHOKOBMIA™ BHECOK.

AHAIOTiYHHM YHHOM MOXHa 3RANTH FI/IPOJMHAMIYHY aCHMNITOTHKY KOpenaLiii-
Hux QyHkuilt o6epTanbHOro pyxy Mostekyn y pinuni [10, 297].

TMonanbunii po3BUTOK KiHETHUHIX NPOLCCIB Y PIAHHAX, AKi CKNARXAIOTHLCH BXKE 3
AHI3OTPOIHHX MOJNIEKYJl, Y PAMKAX KONHLENUiT KOJICKTUBHHX edekTiB, po3pobnsscs B
poborax ®imepa, Manomyxa, [Teniwenka, JIatywxina, QiceHxa Ta iH. Akwo po3-
INAAaTH aHI30TPOTIHI MOJNIEKYJTH, TO KOXXHA MOJIEKYJ1a, KpiM “OaHOCYacCTHHKOBOIO”
3MiLCHHA — MOBOPOTIB BiITHOCHO CYCiIHIX MOJIEKY, e Oepe Y4acTs y MO Tenmuo-
BMX riipoAKHaMivHEX Bi1ykTyauiil. @nykTyauiHi MikpoCTpyMHU BIUIMBAKOTL HA PO3-
NOALN HANPAMKIB aHI3aTPOITHHX MONEKY, MOAIGHO 10 il 30BHILLHIX 3CYBHHX CTPYMIB.
MoxHa nokasatu, o KQJIEKTHRHHI NOBOPOT BUAINEHO! MOJIEKYIIH Ta 11 Halibux-
YHX CYCULiB MPH3BOAMTD 10 YTO4HeHHS acOaiBCbXOro 3akoHy AMCNCpPCii giesleKTpH-
HOI NPOHUKHOCTI:

P

S(0)=e®) |} _ior+a
D b

£(0) - ()

ae D (w) = 13 <Q(0)Q(1)>, — aBTOKOPENATOP KYTOBUX UIBHAKOCTel 00epTaHHS NaH-
FP4dXeBHX YaCTHHOK, T — Yac pesiakcallii BACOKOYACTOTHUX nonepeyHux Moa. D'(0)
€ KOJICKTHBHA cknafosa koediuicHTa 06epTanbHol nudy3ii MoslexyITH.

VY npausx 3aToBcbkOro Ta HOro cniBpoGiTHHKIB TEOPis KONEKTHBHHX edeKTiB
6yna nommpeHa Ha ONKC KONEKTHUBHIIX 30yMKEHb MAKPOMOJIEKYN Ta iX NposBy B
pisHux sBuwax. Ha Biaminy Bin npoctux piauH, ckaxiMo, B 6inkoBHX Makpomoneé-
Kynax, HagBHi BHYTpiWwHi pyxu 3 ammuitygamu Big 0,1 no 1 A°. 3atoscbkrm Gyna
3anponoHOBAHA MOJeb BHYTPIIHBOrO PYXy MaKpOMOJIEKYN, KA BPaXOBYE HU3b-
KOYAaCTOTHI TErn0Bi KOMMBAHHS, 3CYB i NOBOPOTH MOJIEKYJIAPHHX IPyI Ta QPAarMeHTiB.
Lle npu3BOAXTD 0 EKCIEPHMEHTATILHO CIOCTEPEXYBAHUX eeKTiB, CKAXIMO, B iHTEH-
CHBHOCTI JENOJISPH3OBAHOTO PO3CIAHHA CBITNA, WO AA€ MOXITUBICTh, 30KpeMa, BH-
3HauNTH NapaMeTpH rnoby: [1, 435].

3 70-x pokiB y OzecbkOMy yHiBepCHTETi NOYKHHAE iIHTEHCHBHO PO3BUBATHCA (Di3H-
ka pinxux metanis (FO. I1. Kpacunit, M. I1. KoBanenko). Pinxuii metan, sk Hesno-
PARKOBAlia CHCTEMA 3aPAIKEHHX YaCTHHOK, € GaKTHYHO I'yCTOIO NIA3MOI0, BIACTH-
BOCTi #KOi BU3HAUYaIOThCA AANEKOAIFOUHMH KYNOHIBCbKUMH cHcTeMaMH, Lle Bu3Ha-
4a€ METOH AOCNI[UKEHHS PIIKHX MeTaNiB, AKi CIUPAIOTbCA HA TEOPIlO eJIEKTPOHHOI
depMi-piaKHH, KITACHYHOI NJTa3MK T4 HA TEOPI0 MPOCTHX PIHH AK T'YCTHX CHCTEM
6e3 Manoro napamerpa, B SKUX KiHETHYHA | NOTEHUiaNIbHA eHEPTif MAIOTb ONMH MO-
PAOOK BETHYHHHN.

Y Hau yac AKicHi ySBIEHHA PO OCHOBHI &JIEKTPOHHI Ta iOHHI TpouecH, 1O Bilno-



BiZIAIOTh 32 MAKPOCKOMIYHI BNACTHBOCTI NPOCTUX (TOOTO NyXHKUX Ta NONIBATIEHT-
HHX) PUIKHX MeTaIiB, yXKe ckianucs. [lporpec y TeopeTHYHMX ZOCTIMKEHHAX 3000B’5-
3aHHMH rONIOBHUM YHHOM METOAY MCEBAONOTEH LAY, AKHH JO3BOJIAE CMPOCTUHTH Npo-
OreMy BU3HaUYeHHs BJIACTHBOCTEH NPOCTUX METaJliB 32 paXyHOK iCHYBaHHA B TeOPii
MaJioro napameTpy i xapakTepu3sye epeKTHUBHY cTabkicTh B3a€MOIi eJIEKTPOHHOT T
{OHHOT NiACHCTEM METATY.

HasBHicTb kBa3iBiIbHHX eJIEKTPOHIB NPH3BOAKTD A0 epeKTHBHOT MiXiOHHOI B3ae-
MOJii, BIAMiHHOI Bill KYJIOHIBCbKO1, Ta 0 NOABH HCMAPHKX CHI KOBAJIEHTHOI'O TURY,
110 3B’A3YI0Th Y MeTani Gisibiue Hix nBa ioHu [7, 1194; 2, 34; 3,239).

Axuno rosopiiT npo 6araTovacTHHKOBI edeKTH, TO BOHH BUABIIAIOTLCA HE TiTbKH
B TOMY, 1110 B NOTEHLianbtiil eHepTii 3’ ABNFIOTLCA HENPUBOIUMI BHECKH Bifl TPLOX Ta
6inblroro uucna ioHis. Sk y Teopil piBHOBaXHHX, TaK | B TeOpii KiIHETHYHHUX BIIACTH-
BocTeH, HaBiTh Y HAONHXKEHHI a4 TUBHO-BiHapHOT B3acMOiT, MIXKUACTHHKOBI NIOTEH-
Liai¥ CHABLHO 3wi1eXaThb Bifl TYCTUHH, TO6TO PakTH4HO ¢ HaraTouyacTHHKOBUMH (7,
1194].

HacTtynuuii nepios po3BHTKY gocnikeHs 3 Gi3HKKH HEBNOPAAKOBAHOIO CTaHY B
OLlY, axuit nouascs y BiciMAECATHX POKAX, PO3rAAHEMO v NoAANLLIKX Nobaikauigx.

Pesiome

Po3rnsanyro HanpsaMki po3suTky B OJ1Y di3sukH HeBNOpAAKOBAaHOIrO CTaHy B
nicISBOCHHI pokH. Y peTpocnekTHBi Hailbubu Baromi pesynsrath B 60-70-Ti poku
OTpHUMaHi y i3l KIACHYHBX Ta KBAHTOBHX PLIMH, 110 NOB'A3VETLCA 3 BUHHKHEH-
HAM WKOJIK Gizkku pioxoro craHy nig kepisuuteom .3 . ®iwepa.
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AOHOPHO-AKLIEITTOPHI HEHTPU
BUITPOMIHIOBAHHS B
MOHOKPUCTAAAX CEAEHIAY LJMHKY

1O, @. Bakcman

Jocnimkenns moMiHecueHLIl WHPOKO3IOHHUX HANiBNPOBIAHUKIB CBIAYHTL NpPoO
Te, L0 3HAYHHHA BMIUB Ha iX (i3H4YHI BNACTUBOCTI (JIIOMiHECLEHiI0, ONITHYHE NOTH-
HAHHA, POTONPOBIAHICTH Ta iH.) MAIOTb HE TOUKOBI, a Binbiy ckilagHi — aconiaTHBHI
nedexTH, 1o MicTATb y cobi aBa i Oinbise ioHiB. Cepen HUX HalGINbLY NOWHPEHHMH
€ NOHOPHO-aKLENTOPHI NEHTPH, AKi CKIAAAIOTHCA 3 OAHO- 460 ABO3APAAHUX IOHIB
IOHOPIB i aKUenTOopiB.

AcouiaTHBHI 1edeKTH eHepreTHYHO € 6inbi BipOTriAHUMH NOPIBHAHO 3 TOUKOBH-
mu. [ificHo, elepris 38’a3Ky QNOHOPHO-2KUENTOPHOTO UEHTPY BU3HAYAETHCA i3
cnipsigHoweHHa [7,500):

E=E +E,-¢él(eR)+ J, ¢))
ne: E, E, — eueprii ioni3auii akuentopa i nonopa, BianosinHo; — e¥/eR eHepris
KyNOHIBCbKOI B3acMOfii K01Opa i akuenTopa, BIACTAHb MiX AKUMHU R; e — 3apan
EJIEKTPOHA; € — BiIHOCHA AieNIEKTPUHHA NPOHUKHICTb HAMIBNPOBIAHUKA; J — KYJTO-
HIBCLKHI IHTErpas B3a€MOii eeKTPOHA 3 aKLENTOPOM, LipKil 3 JOHOPOM, RipKH 3
EJIEKTPOHOM.

Jns noHOpHO-axeNTOPHUX nap, B AKHX BeNU4nHa R > a (@ — nocTiiiHa xpucra-
JYHOI rpaTkH), BEIH4HHOI0 J MOXHA 3HexTyBaTH [7.501]. 3 pisHaHHs (1) BuaHO, 0
36inblueHHA BiACTaHI MiX JOHOPOM i aKLENTOPOM NPHBOAHTL N0 3POCTAHIA eHepTil
3B’A3KY acOUiaTUBHOTO UEHTPY. [ns HeacouiHoBaHHX MOHOPIB i aKUENTOPIB BOHA
CKNAN4€ MAKCHUMANTbHY BenHuUHy (E, + E ).

3anexHICTb eHeprii 3B’A3Ky NOHOPHO-aKLENTOPHHX UEHTPIB Bl BiACTaHi R Mix
iX KOMMOHEHTAMU NMPU3BOAHTL 10 CKJIAAHOI EHEPreTHHYHOI CTPYKTYPH BiITOBiAHUX
iM piBHiB pexoMOiHaLil | CIPUYUHAE HEENEMEHTAPHICTb CNEKTPIB NIOMIHECUEHWIT, on-
TUYHOTO NOTNHHAHHA, GOTONPOBIAHOCTI.

Hamu gocmimxysamich MOHOKPHCTAIH CeleHioy UHHKY, .WHPHHA 3a60poHeHol
30HM axoro ckiaagac 282 eB npu 77 K. Leit nanisnpoBiguuk, 6yayun npsMo3oH-
HUM, MA€ BUCOKY eeKTHBHICTL KpaHOBOro BUNPOMIHIOBAHHS B CHHBO-roNy6iit 06-
nacti cnexTpy. KpiM uboro, ¢popMyBaHHs B XpHcTamax 3HAYHOI KiIbKOCTi BaCHHX
Ta AOMIlUKOBHX AedEKTIB NPU3BOANUTH A0 NOMIHECHEHUIT JAHOT O MaTepiay B PI3HUX
iHTepBanax suaumMoi Ta 6nuxHLOI iHppadepBoHoi obnacTei cnektpy. Mertoro naHoi
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po6oTH € BU3HAYEHHR BNAMBY JOHODHO-AKLENTOPHHUX LEHTPIB Ha pexoMOiHanifini
npouecy B MOHOKPHCTANIAX CENEHINY UMHKY.

Cnig Big3HauyuTH, IO BHUXiAHI XPUCTANH MAIOTh HU3LKY IHTECUBHICTb NIOMiHec-
HeHLil, a TOMY MOXUIMBOCTI iX AOCTIIXKEHHS BKpaii obMexeni. [ng dopMyBaHHS B
KpHCTamax AOHOPHO-aKLEeNTOPHHUX LENTPIB 31iACHIOBANIOCH iX NeryBaHHs JOIOPHH-
MH IOMILIKaMU aMOMIHII, iHAi0 uM ramio. Jndysis nomiwox siabysanack y npo-
ueci Bianany Kkpucranis y posnnasi uunky i 0,1-5 Mon.% anwoMmikiio, iHaio 4u ranio.
TpusanicTh Bignamy cknanana Bin 10 go 70 roann, a Temnepartypa — 1170 K.

CnexTp niominecueHuii kpucranis ZnSe: D (D — nowHop, axuM Moxe 6yTH ioH
ammoMiHiIo, IHAII0 4M ranil) aasc cob0 WMPOKY CMYTY, IO nepeKpHBac obmacTh
noBxuH xBunb Bix S00 go 1000 um. BeTanosneHo [6, 175], wo 3MiHa yMOB 36y IKeH-
Ha GoTomoMiHecueHLT (IHTEHCHBHICTL YW JOBXKHHA XBHI 30YIKYIOHOTO CBIT/A, TEM-
nepatypa KpHUCTaiy i T. iH.) BHKJTHKA€ 3HAYHY 3MIHY KOHTYpPA LUMPOKOI CMYTH MOM-
iHecueHuil, 10 cnocTepiracThea NpH eKcrnepuMeHTi. 30kpema, B XEeAKHUX BUMaZKax
topma cMyru BUNpOMiHIOBaHHA Ge3nocepenlibo BKa3ye Ha il HEeTeMEHTapHICTb.
TMoniGHUM 4HHOM BNIHBAIOTL HA CNEKTP BUNPOMIHIOBAHHA | TEXHONOTiI4HI PaKkTopH
JIETYBaHH{ KpPHCTaNiB (TeMnepaTypa i TPUBaNicThb Bianany, BMICT ROMIlIOK Y po3-
TUIaBi, pEXUM OXOJIO/DKEHHS Mic/ig BiANany KpUcTandie i T.iH.). Buxoasuu 3 usoro,
MOXHA 3pOOMTH BUCHOBOK NPO HECIEMEHTAPHICTH LIMPOKOrO CMEKTPY MOMiHecUeHLT
kpucraniB ZnSe: Al. Y BianoBixHOCTI 3 UMM BHHHKaE NpobiemMa BU3HAYEHHS CKITaTy
eJIEMEHTAPHUX CMYT BUMPOMIHIOBAHHA Ta NPUPOAM LEHTPIB, 110 3YMOBIIOIOTH iX.
3acTocyBaHHR METORHKH [5,3] ZO3BOMUIIO BURIMTH B CNEKTPi BHUIPOMIHIOBAHHS
ZnSe: Al cMyru 3 MakcMyMamy Ha 535, 560, 580, 625, 675, 780, 850 1M npu Temnepa-
Typi kpucTanis 77 K.

Hpwu posrnaai nUTaHHSA PO NPUPORY UEHTPIB BUNPOMIHIOBAHHA BPAaXOBYBANOCh,
110 3HAYEHHA HANiBIWIHPHHHU BCiX eJIEMEHTAPDHUX CMYT, 2K | XapakTep iX TeMnepaTyp-
HHMX 3AJIEXHOCTER HaNiBLUMPHHY TA NONOXEHHA MAKCUMYMIB, BUABUIIUCL TOTOXHHU-
My, lle Bka3ye Ha HaRBHICTb OQHAKOBOI CKIAAOBOI, IO MICTATH BiANOBiAHI LHEHTPH
JIOMiHecueHLil. STk noka3lyloTh pO3paxyHKH PiBHOBaXHOI KOHuEHTpauil nedexTis y
OOCITiMKRYBaHHX kpycTanax [1, 26], Takowo 3arajibHOKO CKJIaROBOIO MOXe OyTH Brac-
Hu# akuenTop — BakaHcif uuHky (V,, ). KpiM TOro, iHTEHCHBHICTb BUNIPOMiHIOBAH-
Ha B obnacTi 560, 580, 625, 675, 780 HM 3Ha4HO 3pocTac NpU BBEAEHI B KPUCTANH
CNiBaKTHBATODIB AMOMIiHII0, iHAII0 YU ramio. Lle cBig4MTh NPO HAABHICTL OCTAHHIX
y ckjaai BiANOBiAHUX MEHTPIB MOMiHecueHuil.

TakuM 4YHHOM, HEHTPH, 1O BiAMNOBIAAIOTH CMYraM BUMPOMIHIOBaHHA B o6acTi
560, 580, 625, 675, 780 HM, MajOTh y CBOEMY CKITafi BNACHI aKRENTOPH — BaKaHCIi
UMHKY | JOHODH criiBakTHBATOPiB. Taki ueHTpH MOXYThL OyTH K HElTpanIbLHUMH,
Tak i 3apsmkeHumu. o cknaxy HeliTpanbHUX HEHTPIB BXOAATb OHO3APAAHI JOHO-
pu i akuenTtopu. Taki ueHTpH 06YMOBIIOIOTL BIZHOCHO IUHPOKY CMYTY BUNPOMIHIO-
BaHHa B obnacti 560 HM npu TemnepaTtypi kpuctany 77 K. Heiitpansui noHopHo-
aKLEeNTOpHi LEHTPH B JAHOMY BHMNANKY XaPAKTEPHU3IYIOTLCA BiACTAHAMMU MiX iX KOM-
noxHeHtamu B Mexax 1,6 > R > 0,8 um [2, 11], 0670 € nocuth Bignanenumu (R > a).
BixnosigHuii cnexTp BUNPOMiHIOBAHHA MPOABALE JOBrOXBUIILOBHH 3CYB NPH 3MEH-
weHHi iHTeHeuBHOCTI 36ymxytoyoro csitna B 100-1000 pasis.

3apaKkeHi JOHOPHO-AKUENTOPHI UEHTPH MicTATh ¥ co0i oHO3aPAAHI JOHODH Ta
JABO3apanHi BIacHi akuenTopy — BakaHcii uMHky. BignoBigni acouiatuBHi ueHTpH
(V,, D) MatoTh HeraTHBHMit 3apan, a BIICTAHb MiX iX KOMITOHEHTAMH 3HAXOANThLCA B
mexax Bin 0,2 1o 1,4 um [6, 177]. Y nanoMy pasi eHepris 3B’93Ky UEHTPIB 3 HaliMEH-

{
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WHMH 3HAYEHHAMH R 3HaYHO 3IMIHIOETHLCS, WO 3abe3medye MOXITHBICTL pO3noAiny B
CNEKTPi BUNPOMIHIOBAHHA BiANOBIAHMX iM cMyr. 30kpeMa, 4 CcMyTrH 3 MaKCUMYyMaMH
B obnacri 580, 625, 675, 780 um ineHTHdikOBaHO ax OOYMOBIEHI OQHO3APAAHHUMH
JOHOpPHO-aKUENTOPHUMH LEHTPaAMH BHNPOMiHIOBaHHA. [lapameTpy BianoBiAHHMX
UEHTPIB NOMillecueH Uil HaBeaeHo B Tabn. .

Tabauys 1.

ITapaMcTpH 0AHO3APAAHHX TIOHOPHO-AKUETITOPHHX UEHTPIB toMitecueHuil
B MOMOKPHCTANAX CeNeHily UMHKY.

A HM ¢’/eR, eB E,, eB E. €eB E’,eB
580 0,635 2.46 0,42 0,40
625 0,395 2,28 0,58 0,54
675 0,279 2,16 0,72 0,62
780 0,110 1,95 0,93 -

Eneprii ontrynoi ioHizauii (£ ) T2 aktuBawii (£,) 1eHTPis BUNPOMiHIOBaHHS PO3-
paxoBaHi 3a MeTogukow [3, 2398). 3 Tabnuui BUAHO BIANOBIAHICTL PO3paXOBAHMX
ReIHYUK E | | eKCriepHMEHTANbHO BUIHAYEHHX eHepriit akTuBauii £, OcranHi onep:
XaHO 3 TEMNEPATYPHOI 3ATEKHOCTI IHTEHCHBHOCTI JIIOMiHecueHil.

Crnin niIkpecsMTH, WO J0HOPHO-AKUENTOPHI LEHTPH, BHKOHYIOUH POJIb HEHTPIB
BUMPOMIHIOBAHHR, 3HAYHO BNAUBAKOTL i HA GOTONPOBIAHICTL AOCHIIKYBAHHNX KPHC-
Tanis. 3oxpema, ais ZnSe: Al xapakTepHa WHPOKA cMyra ciekTpy GOTonpoBiIHOCTI,
wo obiiimae obmacts Bin 450 mo 700 HM [4, 296). Lig cMyra mae cknagHy CTPYKTYpy,
& OKpeMi KOMMOHEHTH i1 06yMOBIIEHI ONTUYHUMH flepexoaamH, WO 3AifCHIOITLCS B
MeAax AOHOPHO-aKUENTOPHUX LUEHTpPiB. BcTaHOBREHO TakoX NpaAMUiL 38’A30K Mix
CTPYKTYPOIO CeKTPiB GOTONPOBIAHOCTI Ta cNeKTPiB 30YIKeH s POTOMOMIHECUEHLI].
3oxpema, onTH4Hi nepexoau 3 exeprieo E = 2,46 i 2,28 eB MaoTh Micue sk npu
36ynxeni GoTomominecueHii, rax i poTonposigHocTi. Ax BuAHO i3 Tabnuui I, ui
NEPEXOAH BUHHKAIOTH ¥ HAHOAHARIIX JOHOPHO-AKUENTOPHUX LEHTPAX, BipOTiAHICTL
doMyBaHHA AKHX MAaKCHUMaJTbHA.

Buxonauu 3 HaseneHx pe3ynbTaTiB po6OTH, MOXHA 3p0OHTH BUCHOBOK, 11O NO-
HOPHO-AKUENTOPHI UEHTPH B MOHOKDHCTaNax ZnSe BHKOHYIOTb OYHKLIT edheKTHB-
HHX UCHTpIB BHNPOMIHIOBANbHOI pekoMbiHawii, aki 00yMOBIIOKTL TIOMiHECUEHLTIO
B o6nacti 20BxuH xBUnb B 500 1o 1000 HM.[loHOpHO-aKLENTOPHI UEHTPH € LEHT-
pami noBinsHOI pexoMbinanii, wo 06yMosnoe A10BroxsiabLoBy GOTOUYTIHBICT KPH-
cranis. [Tpouecu 30ymkenns poronoMinecuenuii i goTonposiaHocTi nos’a3aHi 3
ONTHYHUMH NEPEXOJAMH, 1110 34iHCHIOITHCA Yepes eltepreTiHi piBHi AOHOPHO-aK-
RENTOPHHUX HEHTPIB.

Pe3ome

Moxa3ano, w0 B MOHOKpUCTAIAX CEEHIAY UHHKY BH3IHAYANIBHY PONb B Npolie-
cax pexoMOiHanii BIRIrpaTh acouiaTUBHI UEHTPH, KO CKIANY AKUX BXOAATH BJACHI
aKUENTOPH — BAKAHCI UMHKY Ta BOHOPHI JOMIlIKHU criBakTHBaTOPIB. [neHTHdiKo-
BAHO PAJ CMYT JIIOMiHECUEHUIT 3 yPaXyBaHHAM MOXIUBOCTI QOpPMYyBaHHA B KPHUCTA-
J1aX HEATPASIbHUX T2 OQHO3APAAHHUX OHOPHO-2KUENTOPHHUX LEHTPIB pekoMbiHauil.
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MATHITHI ITOA’I Y BUBYXOBUX
ITOABIMHUX 30PSIX

L. JI. Anoponos

OmlKrM 3 HaBAXIINBILINX HANPAMKIB CY4ACHOT acTpdi3nKH € pociigxkeHHs 6y-
JIOBH Ta €BOJIOLII TICHHX NOABIHHHKX ciicTeM. IHTepec 10 uiei npobieMit 3HaYHO BHpiC
B OCTaHHIH Yac y 3B’A3KY 3 PO3BUTKOM PEHTTeHIBCbKOT aCTPOHOMII Ha 6a3i cneniasi-
30BaHHX KOCMIYHHUX JIITAJIbHUX anapartiB. Y 6araTtbox noABifiHNX cHCTEMax CNocTe-
pira€Tbcs nepeTikaHHA PEYOBHHH 3 OJHI€] 30pi HA IHIY, AK€ HA3HBACTbCA B acTodi-
3uui akpeuicio. He3Baxawo4m Ha €XHICTb TaKOi OCHOBHOI MOJIeJli, KOHKPETHI NPOABH
JlyXe Bi/IPI3HAIOTLCA B PI3HUX THIMAX CHCTEM, Y 3aJIEXHOCT] Bi IXHIX XapaKTEPHCTHK
Ta CTPYKTYPH aKpeUuifHOro yTBOpEHHSA.

Pyx nia3mu 3HaYHO YCKNIAZHIOETLCA, AKIIO, KPIM IPaBiTaUifHKX CHJI, Y CHCTEMi
iCHYIOTb MarHiTHi NOJIA 3 HANPYT 010, DOCTaTHLOO V1A BIUIHBY Ha akpewito. Taki 30-
PAHI CHCTEMH MICTATb KOMMNAKTHHIT 06 ¢KT — HeHTPOHHY 30pio abo Ginuid xapnuk.
AKwo cynyTHUKOM GiNloro kapsiuka € 4epBOHMI KapJIMK, WO 3aNOBHIOE CBOIO NO-
BepxHio Poiua, Taka cucTeMa HazHBaeTbcs BUOYX0BO1O, a it po3Mip (KiJIbKa COTEHB
TUCAY KiZIOMeTpiB) HabaraTo MeHLWHIK, HIX Y cUcTeMax 3 HelTPpOHHUMH 30pamu. Op-
GiTanbHi Nepiosin CTAaHOBAATD BiAl TibKM 82 XBHJIHH 10 4-5 rOHH, XO4a KifibKa CHC-
TeM MaloTh Giniblil TPUBaJ Nepioau.

3rifiHo i3 CTAHAAPTHOIO MOAEIUNIO, ¥ BUOYXOBHX NMOABIfiHKHX cHCTEMAX pe4OBHHA
000JIOHKH CyNyTHHKA MePETiKAE yepe3 OKONIMNI BHYTPilIHbOi ToukH Jlarpanxa, ne
TAXIHHA CYNYTHHKA Ta LeHTpOO6iXHA cHTa BPIBHOBAXYIOTHCA CHIIO0 TAXiHHA Bino-
ro kapauka. Jani, nin BnnuBom unx cui i cunu Kopiosnica, Tpaextopis pyxy Biixn-
AAECTLCA B/l NiHil UEHTPIB y HanpaMi opbiTanbHOro pyxy CynyTHHMKA, a NOTIM HABKO-
710 KOMMAKTHO] 30pi pOpMYEThCA ra3oBHi “akpeuifinnit” auck (22, 85].

B3aemoiis Mixk BHYTPIWHIMH YaCcTHHAMH HCKY, WO WBHAKO obepraloTbes, Ta
6inoro xapnuka Beae A0 NPHCKOpeHHS 00epTaHHA GiNOro xapnuka, nepioaH AKoro
MicTATbCA B iHTepBani Bix 33 cexyna B AE Aor 10 4022 cexyna B EX Hya. B inmnx
cucTeMax BiHOWeHHA nepioay obepranns go opbitasbHoro craHoBuTh Bia 0,01
Jo0 0,1.

OnHak, HalibGiNbI CHIbLHI MATHITHI MOJIA CNOCTepiraloThes y 30pax tuny AM Her,
AKi Ha3UBAIOTb “MONAPaMHU”, OCKIILKHK I1X BUNPOMIHIOBAHHA XaPAKTEPH3YETbCA Ha-
ABHICTIO B&JIHKOI KOJIOBOI i JIiHIKHOI NONApH3allil, AKa CHHXPOHHO 3MiHIOETCA 3 MO-
TOKOM Y WHPOKOMY JianaloHi JOBXHH XBHNb Bl PEHTIeHIBCLKOTO /0 Pagio Ta 3
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npodinamu emicifinux ninifi. “Crannapria moaens™ nonsapa Oyna 3anponoHoBaHa
{16, L13], 1, 3rigHo 3 Helo, 6inuii KApIMK MAc HACTINILKH CHIbHE MArHiTHe nosje (ae-
CATKH Ta COTHi Merarayc), wo: a) 3anobirac popmyBaHIiI0 akpeuiiiHoro IucKy, NoTik
nepexoAnThb B aKpeuiiiHy KoNnoHy nobausy MarHiTHoro nomoca 6inoro xapnuka; 6)
CHHXPOHI3ye nepioa 06epTaHHA 3 OpHiTaNbHNUM; B) Be/le A0 3AIEKHOCTI nonspusauii
Bi/l XOBXHHH XBHJII.

IMepwy Taky cuctemy Biaxpus Tania [19, L125] y 1976 p. 3apa3 sinoMo 37 3ipok
Tuny AM Her. 3po6cHo ornaa aaHux cnocrepexeds nonapis {7, 3], posrasasyro ix
TeopeTH4Hi moeni [[7, 195). Ha xans, cnocrepexenns nonspis y 6iibilocTi BU-
NAAKIB MPOBOAATLCA THIBKK MNPOTAroM KOPOTKOIO HdCy Mic/A BIZKPHTTA 4EProBoro
o6’¢kTa, i yacTo micas “MHUTTEBOI 3HOMKH™ Ta MollepeAHbOI MOAEI AOCTIDKEHHS
06’ekTa npunuHAtochk. Y Aeaxux sunagkax (MR Ser) ue npusseno 1o HeMo#uIH-
BOCTi BHIHAYEHHA TOYHOTO 3HAYCHHSA [1CPiOAY 32 CAOCTEPEXKEHHAMM, OTPUMAHHMH 3
NepepBOoI0 Y KiflbKa POKIB.

Perynapni cnocrepexenus AM Her, posnoyaTtis 1978 p. B OnecbkoMy yHiBepcH-
TeTi 3a iHiniaTuBoio B.I1.1leceBiua (1907-1983), moBenn, o icHyoTh “ToHKi” edek-
TH, Ki MOTPebYIOTb MOAAIBLIWOrO PO3BUTKY “cTanaapTHOl Moaeni”. 3 1988 p. apo-
BOJAHMTLCA MiXHapo/Ha nporpama “ITonsp”. Po3rnsieMo 0CHOBHI pe3ynbTaTH.

Y nepexizHiii 3081 Mik noBepxuaMi Poia KOMMOHEHTIB PyX peyOBIHH BH3HA-
4a€TbCA PiSHUHHMH XAPAKTEPHUCTHKAMH 0DOJIONKH CYNYTHHKA, CHIIAMH TAXKIHHA Ta
HanpaMoOM MarHiTHoro nosus. ITotix MacH HalbiINbLILKIL, KOJIH KYT MiXk MarHiTHOIO
Biccro 6inoro xapanka Ta NiHi€lI0 UeHTpiB AopiBHIOE 0, Ta NpAMYe A0 HYNA, KOJHK
OOPIBHIOE NPAMOMY KYTOBI (Moaens “MardiTHoro knanana” [1, 165]). [To6au3y no-
JIOREHHA piBHOBArH 30y/KYIOThCA KONHBAHHA OPI€HTAUil MATHITHOI OCi 3 XapakTep-
1M yacoM 1-10 pokiB, ML yac axix 3MIHIOETLCA NOTiK MacH (MOeNb JHMMOJA, Bicb
akoro “noxurtyerbes” [10, 557]). dazoba kpuBa GnUCKY 3a1€KIITh Bil cepeHLOTO
piBns [2, 203].

Baratopiuni cnocrepexentis AM Her ta QQ Vul nokasyloTs UHKIiuHi 3MiHK pa3n
MiHIMYMa 3 XapakTepiitM yacoM Binnosiano 3 1a [2 pokis. Taxi KonHBaHHA MOXYTh
6yTH iHTepnpeTOBall MOTENIIO AHMNOJIA, BiCh AKOT0 “MOXHTYETbCA”, 3 MIBAMIJIITY-
JIOI0 3MiHH KYTa MiX MPOEKUI€I0 OCi XKONIOHH HAa OpbiTalbHy NIOWHHY Ta JIiHICIO
neHtpis 723 rpanycis y AM Her, B Toi1 yac ax 3MiHM IHPOTH MAIOTb MOBHY aMILIi-
Tyay 6an3exo 11 rpaaycis [20, 148].

[51a BUABNIEHHS TPAEKTOPIi pYXY MarHiTHOro nosmioca 6inoro xapnnka HeobxiHi
OaraTopiyHi peryaspHi CnocTepexeHHsa e TibKy (pa30BUX KPHBHX NMOTOKY, a i
nonspu3auii BUNIPOMIHIOBAHHS.

Koan cucrema sackpasa, akpeuiitHuii noTik Haiibinbiumi, wo MATBEpAKYyETHCA
K BTHKOIO aMIIITYAO0I0 3MiHH NOJAApHU3aLii, Tax [ KOPEIbOBAHICTIO WBHAKHX 3MiH
NOTOKY BHMPOMIHIOBAHHA, NOB’A3aunx 13 “cnanaxamu” HEOAHOPIAHOCTER NOTOKY
npH NadinHi na 6innit xapnuk (20, 148).

Tpaexropii pyxy Nna3zMH B MArHiTHIIX TICHHX NO/ABIHHHX CHCTeMax, y AKHX opbi-
TanbHHil T4 oO0cpTanbHnii pyx 6in0ro Kapanka acitHXPOHNI. 3 YPAXYBAHHAM BNJIMBY
TpaBiTallii YepBOHOro cynythuka (“nponenep” y noAsiiiHii cucreMi |5, 97]), noxa-
3YI0Tb, 110 NafiHHA HA OisHi KAPAMK MONIHBE TiJIbKH Y TOMY BHNAJKY, KOJIH fO-
YaTKOBA WBKHAKICTE (Y UANMPAMI 10 AHNONA) NepeBHLLYE AeAKY Tpatiydy. B npotu-
NEXHOMY BUNA/JKY PEUOBHHA PO3IAHACTLCA NONATKOBHM NPHCKOPEHHAM Bia 6inoro
KAPJIHKA, TA 3AMIHLAC CHCTEMY, BTPAYAIOYH 3B 430K i3 CHJIOBHMH JIHIAMH 33 MEXaMH
Marsirocgepit.
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BTpata MOMEHTY iMNyJIbCy Befle 10 CHHXPOHI3auii opbitansHoro ta o6eprasb-
Horo pyxiB 6inoro kapyuxa 3 xapaktepiuM yacom <1000 pokis. 3a ueii yac 3 cucTe-
M BUKHAacTbes <10 mac Conus. Jdasmi 6inuii kapauk 06epTdaeThcs MPAKTHYHO CHH-
XpOHHO 3 opbiTanbium pyxoM. Binomo Tinbku 2 06’¢KTH 3 WIBHIKOI CHHXPOHI3a-
uieto — V1500 Cyg [9, 169] Ta BY Cam [18, 216]. Taxi cucTeMH € eBOMIONIAHUMI
nonepenHHKAMH “cnipaBXHix” NONApIB, Y TOH Yac AK “NpoMiXHi NoAApH” CTAHOB-
JIATH NAPATENbHY TifIKY €BOIDOUII. AKA X4APAKTEPH3YE ThCA MEHLLIOIO HANPYT 010 MATHIT-
HOTO MOJIA TA IPHCYTHICTIO aKpeUiiHOro AucKy.

YpaxyBaHHS HeOAHOPIAHOCTI PO3NOAINY WiNLHOCTI aKpeUuitinol KOMOHH BUABH-
70, Wwo “e(eXTHBHHUIL pamiyc” KOJIOHHM 3aneXiiTh Bif ii onTHuHoi ToBUHHH. Lle Bene
B[O MOABH MNONAPH3ALIT BUNPOMiIHIOBAINS HABITH NIt BeNHKiit ONTNYHIN TOBILMHI B
o60x nonspusauifinux moaax [6, 117]. YpaxyBaHHs HEOAHOPIAHOCTI MATKITHOrO NOJS
D03BOJINNIO pO3PO6HTH MOAENb “BECENKOBOI KOIOHK”, 3ri/IHO 3 AKOIO BHMPOMIiHIO-
BAHHA CTBOPIOETLCA NEPEBAXHO HA rapMONiKaX UHKIOTPOHHOI YAaCTOTH, BEJIHYHHA
AKOi 3QJIEKHTH Bifl BACOTH HaM noBepxHelo 6inoro xapnuka. Po3pobneni meroau
OLIHKHK Opi€HTallii KONOHH BIlHOCHO CYMYTHHKA 3a $a30BHMH KPHBUMII KOJIOBOI
noaspu3sauii [13, 21}, noToky M’4Koro peHTreHiBCbKOro BUNpoMiHioBaHHA [4,508],
iHTErpaNbHUX XapaKTepHCTHK KOMMOHEHT CIEKTPANbHHX JIiHIi, AKi BHHUKAIOTH NO-
6an3y xononu [13, 21]. AcumeTpis xosonu [12, 107] ra i naxun [3. 274] Beayts Ao
BHHHKHEHHA acuMeTpii Ha30BuX KPHBHUX nosApusauii Ta 6nncky. Heoanopignicts
aKpeuiiiHoro NOTOKY Bel¢ A0 BHHHKHCHHSA Pi3HUX THNiB HecTa6inbHOCTI 3 XapaKTep-
HKM uydacoM B6nu3bko cexyHau [11, 229).

“CouuenonibHa” aKTHBHICTL 4ePBOHOIO CYMYTHHKA CNPHUKHAE NOBiNbHI [15,
1941] abo piski [14, 237] 3Mikn wWBMAKOCTI akpeuii Yy BUOYXOBHX CHCTeMax Pi3HHX
THRIiB, ane 6ecnpeueseHTHHIT cnanax AM Her 28 cepnns 1992 p. [21, 237] ooBiB, wo
MOAUIIBI NPOABM 3HauHO 6inbil enepriiinoi 3MinaocTi TNy UV Cet (8, 3).

Pestome

IMpencraBneHo ornsa cNOCTEPEXYBAHUX BIACTHBOCTeH BUOYXOBUX CHCTEM, B AKHX
pajiyc MarsiTochepu 6i5ioro xapnHka nepeBHILY€ BiACTaHb 0 BHYTPIlLIHbOT Kpan-
ku Jlarpanxa. 3anponoHoOBaHi TeOPETHYHI MOJENI NOKA3YIOTh, O Y BAMNAKY 3HAY-
HOI aCHHXPOHHOCTI o6epTanbHoro Ta opbiranbHoro pyxis 6ioro xapnuka Biaby-
BA€TbCA BUKH/L PEYOBIHH 3 CHCTEMH i WBHAKA CHHXPOHI3ALIA 3 XapAKTEPHHM 4acOM
<1000 poxis. 1o uboro xaacy MoxyTb 6yTH Binneceni V 1500 JIeGeas i BY Xupada.
IMicas cuuxpoHi3auii BiaTBOpIOIOTbCA 30pi THNY AM I'epkyneca, B AKHX 3MiHa Opi€H-
Tauii MaryiTHol oci 6i1oro kapyiiHKa BiTHOCHO YEPBOHOTO CYNYTHHKA BiA6YBacThCA
3a KiJibKa pOKiB, MOAYJIOIOYH MOTIK MACH Yepe3 okonHui kpanky Jlarpanxa. Y ak-
peiifiniii xononi 36ymxyoTbes 3MiHKM 6yI0BU 32 paXyHOK KiJIbKOX THNIB HecTa6iTb-
HOCTi.
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THE ELECTRONIC PROPERTIES
AND THE ADSORPTION SENSITIVITY
TO OXYGEN OF SEMICONDUCTOR FILMS
OF CADMIUM SELENIDE WITH REAL
SURFACE WHICH CONTAINS ATOMS
OF HEAVY METALS AND §, SE, TE

Vashpanov Yu. A.

The physical mechanism of adsorption sensitivity is a subject of intensive study at
the present time [1-3). The surface doping of semiconductor materials is one of the
most effective methods of change of electronic and adsorption parameters of the
surface of solids [4]. Despite extensive information about influences of surface doping
on electronic properties of real surface of semiconductors, presented in monograph
[5]. the research of influence of surface doping on the adsorption processes on surfaces
practically was not paid attention to. It is known that the condensation of metals on
surfaces of solids is accompanied by formation clusters and small particles, physical
and chemical properties of which are considerable different from of properties of
bulky materials [6,7]. The change of chemical nature changes the spectrum of electron
states on surfaces of solids. For CdSe films of the specific interest are the atoms of
heavy metals Ag.Cd, In. Sn, Sb, close on weight 10 own atoms of cadmium in structure
CdSe. The atoms of S, Se, Te are close on the chemical properties to oxygen. Therefore
on surface of material is formed the cluster structure. The influence of such cluster
formations on adsorption sensitivity of real surface of semiconductors have been not
practically investigated. The comparison of parameters of initial and doping surface,
finding out of features of properties of real surface at such doping is important for
understanding of mechanism of electronic and adsorption properties of the surface
of solids. The experimental research of such materials presents the significant interest
and it is important at understanding of mechanism of adsorption sensitivity of solid
sensors.

The methods of sample manufacturing and measurements

As a semiconductor films it we selected cadmium selenide, possessing high
sensitivity to oxygen adsorption [8]. Doping of surface executed by method of
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condensation of very pure metals in vacuum 10° Pa and directly afterwards
condensation of semiconductor. The technology of surface doping and measurements
is described in [9].

Results and discussions.

On fig. | are submitted the data on relative change of effective values of electron
concentration under surface doping in their the range of concentration N_from 10"
to 10" cm?, As it is seen from data of fig.1 with growth of doping degree N, we
observed the increase of effective value of electrons concentration on several orders
under doping by atoms of metals. It is interesting to note that these metals on surfaces
are as univalent donors of electrons. The inlet of oxygen in nitrogen with concentration
53 vol% in measuring chamber redults in reduction of value of electron concentration
in semiconductor (fig. 2). Only under high doping degrees N, the concentration of
electrons slightly decreases. The received data testifies that {ree electrons, appearing
at surface doping by metals, are located on levels of adsorption oxygen. As well as in
work [10] the quantity Dn testifies about increase of adsorption abilities of surface
under doping by atoms of metals.
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Fig.l The relative dependence of electrons concentration in CdSe films from
concentration N of Ag (1), Cd (2), In (3), Sn (4), Sb (5) atoms in vacuum 10~ Pa.

The magnitude of change of electronic properties of material under surface doping
and subsequent interaction with oxygen depends on the type of ligand at other equal
conditions. The measurement method [11] of bond energy of oxygen E_ with doped
surface of CdSe samples has shown that the value of E, depends from the doping
degree and the type of ligand (table 1).

As itisseen from these data with growth of ligand concentration at all investigated
samples the changes of parameter E_ are observed. The heaviest reduction E, takes
place for indium atoms. The physical reason of change of bond energy with surface
of material can be the interaction between adatoms and adsorption centres at increase
of concentration N_. As far as under doping the metals on surfaces form the donors
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Fig.2 The relative dependence of electrons concentration n/n_in CdSe films
from concentration N, of Ag (1), Cd (2). In (3), Sn (4), Sb (5) atoms under oxygen
adsorption.

centres, and under oxygen adsorption the acceptor levels are formed, and as a result
of such interaction, can be formed the donor- acceptor complexes D*®A3. The degree
of charge transfer in the complex depends on the nature and concentration of donor
centres. At the concentration of ligand atoms equal 10' cm? after the oxygen
adsorption practically the total restoration of the reference value n is observed.

Table 1.
The dependence of parameter E, from doping degree N;.

Element\N,, em™ [10" 10" 10 10" 10"
Ag 083 0,84 082 080 0,76
Cd 085 092 0,89 086 0,83
In 0,80 0,81 0,78 0,70 0,65
Sn 0,82 084 081 079 0,76
Sb 0,80 0,82 0,80 0,78 0,75
S 080 0,82 084 0,8 0,89
Se 081 0,83 085 088 0,89
Te 0,79 0,80 0,82 084 0,86

As far as at higher doping degrees the process of ionization of newly arriving
ligand atoms is braked and under oxygen adsorption the transition of electron from
neutral atom of metal on the adparticle of oxygen is probable. The valuations of the
value of the & on formula 3=And/N_show that at the concentration N = 10" cm? by
atoms Ag, Cd, In, Sn, Sb the degree of the charge transfer & makes accordingly 0,04,
0,08,0,12,0,90,0,12. As is shown in work [12] energy of interaction between surface
dipoles is defined on formula E,_, (R)=2p’R?, where p= q(a+l/xe ) is the dipolar



moment of the complex. If one takes into account that the charge in the complex goes
incomplete at large doping degrees, then q= 8q_. Here q_is the maximal degree of
charge transfer in complexes. The dipole-dipole interaction is observable on distances
more than the lattice constant. On distances about the lattice constant adatomes can
repel on the law: E__(R)= 2q¥/R(g +1) [12]. As it is seen from these formulas the
magnitudes of energy of interaction can be from 0,01 eV to 0,3 ¢V in dependence on
distance R between complexes. At growth of concentration N_ the distance R should
decrease in casc of doping by metals. Experimental data received for E, show that
already at concentration N = 10" cm” the influence of intcraction between by
adsorption complexes on magnitudes of bond energy of oxygen with surface is
observed. And with the growth of their concentration to 10' cm? the parameter E,
decreases on 0,25+0,3 eV at the doping by metals. Thus the heaviest influence surface
doping is marked for indium atoms, at which the degree of the charge transfer in
complexes is maximal of all investigated metals.

It isinteresting to note that the observable bond energy of oxygen with surface
of semiconductor under surface doping by metals correlates with magnitudes of their
potentials of jonisation [13]. Thus also is observed with growth of number of atoms
in clusters the reduction of the magnitude of potential of ionisation on 0,4 eV [14].
The heaviest significance of energy E_is observed for surface with cadmium atoms.

The clusters formation on surface in intermediate range of values N_ is the
reason of the mentioned dependence uw(T). The physical reason of occurrence of a
barrier for electrons can be the non-uniform distribution of impurity, resulting in
fluctuation of the band gap. The second reason can be the tunnel barrier, formed
between clusters at small distances between them. As far as clusters are formed on
semiconductor surface, the first factor should prevail. The inlet of oxygen in the
measuring chamber in addition is resulted in the reduction of parameter p in seven
times. The mcasurement of temperature dependence of i has shown that at N_greater
10" cm? the growth of p is observed at the increase of temperature with activation
energy E = 0,3 eV.

It is known under condensation of particles of metals with concentration more
10'* cm? the formation on surface clusters and small particles happens [15]. The size
and shape of clusters depends on type of doping atoms and properties of surface. The
study of morphology of surface with the help of electronic microscopy has shown
that on surface of material clusters are formed. In dependence on doping degree the
size and shape of clusters change from granular to filamentary at coagulation of
parts of growing particles. Especially it is expressed at condensation of indium atoms
which form filamentary clusters parallel and perpendicular to the surfaces. Such type
of clusters results in that at less value N, there take place the least distances between
parts of clusters. If one thinks the clusters to be the conducting structure then the
sharp increase of conductivity on channels of such structures is possible. Thus the
least value of distance between clusters and, hence, the largest energy of dipole
interaction on surface of material takes place.

Inliterature the comparative data of sensitivity to oxygen with various centres
on surfaces are absent. The change of nature of the atom of impurity on surface must
be reflected on parameters of donor-acceptor complex and levels in the band gap of
semiconductor. If the shallow levels of donors on surfaces are created, according to
accounts the magnitude of adsorption sensitivity will be maximum at other equal
conditions. The levels, created by atoms of impurity of metals on surfaces, depend on
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chemical nature of doping atoms. The received experimental results allowed to
determine that the donors levels E, connected with atoms Ag, Cd, In, Sn, Sb, are 0,2,
0.3, 0.09, 0,2, 0,4 eV. From analysis of data dependence of adsorption sensitivity
(AS) p=G"'dG/dc (G is the conductivity of samples. c is the concentration of oxygen)
[16] at comparison with received experimental data it is possible to abtain the
qualitative agreement with calculations of model AS [16]. Indeed. maximal values of
B, received under other identical conditions accordingly for of doping atoms studied
make 0,08, 0,04, 0,2, 0,07, 0,03 rel.units/vol%. Thus the maximal magnitude is observed
under doping by indium atoms.

As far as in the result of surface doping of CdSe thin films by the atoms of metals the
main form becomes the molecular form according, to the theory of AS {1 6], the reduction
of sensitivity B_and By, stipulated by reduction of parameter E, should happen. On the
other hand under doping the concentration of adsorption centres and the adsorption
ability of surface grows consequently that there should be the increase AS.

If the doping atoms of metal create the donor levels, located above the Fermi
level, they will be on surface as ions, the positive charge of which partially compensates
the negative charge of adsorption particles. In that case there should take place with
growth of concentration N_for metals the reduction of a surface potential barrier for
electrons, which results in growth of AS. At the increase of concentration N_to 10"
cm? the reduction measured was observed at room temperature by the Kelvin method
of the surface bend of the band gap on 13 kT. Thus we expect the increases of AS with
growth of the doping degree by atoms of metals. From all investigated samples the
samples with indium atoms surface doping have the heaviest magnitude of sensitivity.

The occurrence of appreciable sensitivity to oxygen, is experimentally found out
at temperatures 333 K, 343 K, 353 K and 363 K (fig. 3, curve 1+4), for CdSe films at
concentration N = 10> cm™, which with the growth of the doping degree grows and
after the achievement of maximum (N = 5x10"* cm ) decreases. The layers of cadmium
selenide in this range of temperatures practically did not react on change of
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Fig.3 The dependence of adsorption sensitivity B to oxygen against indium
concentration on surface of CdSe films at 333 K (1), 343 K (2), 353 K (3), 363 K (4).
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concentration of oxygen in measuring chamber. Their areas of sensitivity were in the
range of temperatures more than 500 K.

The increase of N, 5x10'* cm™ is accompanied by the increase of electron
concentration in conductivity-band down to degeneration of conductivity. Thus the
electrons located on oxygen centres lead to decrease of concentration free electrons
remaining in conducting-band and the magnitude of AS decreases. With the growth
of temperature of measurements from 323 K to 373 K the degree of ionisation of
bulk donor states in semiconductor is increased. The number of electrons in
conductivity-band and as a consequence the bulk conductivity component grows.
According to results of calculations growth of this quantity leads to the fall in the
magnitude of sensitivity. With growth of temperature the desorption of adsorbates
grows exponentially that should lead to reduction of concentration of oxygen particles
and, hence, to reduction AS.

However the growth of the adsorption sensitivity at increase of measurement
temperature from 323 K to 353 K is experimentally observed(Fig.4, 1-4). The increase
of concentration of indium atoms on surface results in the increase of concentration
of ions of oxygen on surface. Specifically, that the less concentration of metal atoms
on film surface the more abruptly the dependence of sensitivity from temperature is
displayed to draw attention that on films surface at N, < 10" cm?the chemisorption
O, and O is observed, and on surface CdSe layers with N, >10'* cm” experimentally
is found out only the chemisorption form of molecular oxygen it becomes obvious
that the increase of AS in the range of investigated temperatures is stipulated by the
growth of concentration and depth of oxygen levels at the expense of formation of
atomic oxygen as a result of dissociation O, on surface film.

At the growth of concentration of S, Se, Te atoms the reduction conductivity
of samples to the value of doping atoms concentration close to N.= 10" cm™ was
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Fig.4 The dependence of adsorption sensitivity B to oxygen of CdSe films
from temperature of measurements for N_ 10" cm? (1), 5 10" cm? (2), 10" cm” (3),
10" cm™ (4).
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observed. It is connected with acceptor influence of adsorption particles on
conductivity of p-type CdSe. The heaviest changes were observed at condensation of
selenium atoms. Subsequent adsorption of oxygen led to reduction of response of
conductivity changes and adsorption sensitivity ( fig.5, curve I).
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Fig.5 The dependence of AS to oxygen of semiconductor films of CdSe
from surface doping N_of selenium atoms.

By method [7] the bond energy of oxygen with doping surface of CdSe samples
are measured. The magnitude of E_ with growth of doping degree up to N = 10" cm’
increases from 0,78 €V to 0,86 €V. At concentration of selenium atoms more 10" cm-
2the change of conductivity after heat treatment at temperature 353 K was observed.
On the surface of material with the help of electron microscopy we observed the
linear clusters structures. It is known that the adsorption of selenium atoms have the
form of tetragonal rings (Se,) [17]. At temperatures in the ranges of 343- 348 K in (17)
there was observed the breaking of rings and the formation of linear amorphous
polymers of selenium. At higher temperatures there are formed the chain molecules
of selenium. It is known that selenium has the p-type of conductivity. Therefore the
change the character conductivity of samples is possible to interpret as the inversion
of conductivity on surface of material and the formation molecular filaments of
selenium along surface of semiconductor.

The oxygen adsorption on surface of CdSe:Se structures results in growth of p-
type conductivity already at room temperatures of measurements. Times of transition
processes on change of oxygen concentration were 5€20 seconds. On fig.5, curve 2,
are shown the data of adsorption sensitivity with the growth of the doping degree.
The received result has the important significance as at room temperature of
measurements the response under oxygen adsorption has been observed. The increase
of adsorption sensitivity can be interpreted by the increase of the number of polymer
chains of selenium participating in conductivity.

The measurement of the activation energy of a trap for CdSe:Se samples by
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method [11] has resulted in the value 0,3+0,4 eV. As it was shown the physical reason
of change of bond energy with surface of material to values N_less 10" cm™ is the
change of energy the interaction between adsorption atoms and adsorption centres
of oxygen at the increase of doping atom concentration.

As far as under metalloid doping on surface the concentration of own donor centres
(adsorption centres of oxygen [10]) decreases, degree of the charge transfer in complexes
D**A* decreases that results in the reduction of energy of interaction and accordingly
in growth of bond energy of oxygen with semiconductor surface. The valuations of
the value of 8 show that at concentration N = 10" cm~ of atoms S, Se, Te the parameter
& makes correspondingly 0.1. 0,3. 0,05. In this area of concentration the observable
changes of bond cnergy finds 1he confirmation in the framework of the model for
CdSe:In. At the growth of concentration N_ the distance R under metalloid doping
will increase that results in the growth of energy E . The reccived experimental result
confirms the conclusions of the model of adsorption sensitivity about the existence of
high scnsitivity to oxygen adsorption of the inversion channels on surfaces of
semiconductors. But besides it there happens the formation of selenium nanowire
structures on surfaces of material, the conductivity of which changes under oxygen
adsorption.

The reduction AS with the growth of doping degree N = 10'"* cm is probably
connected with the increase of bend of the band gap, at which the reduction of
sensitivity should happen. The increase of acceptor concentration of biographic origin
should cause also the fall of AS at other equal conditions. The reduction of bond
cnergy which is observable under doping of selenium atoms in p-type should cause
the reduction of B. The experimental observable reduction AS for N_more than 10"
cm? testifies that the increase of the absolute value of the surface potential to values,
at which the stabilisation of its value is observed, is main reason of recession of 3.

Abstract

The electronic properties and adsorption sensitivity to oxygen of semiconductor
CdSe thin films under surface doping of Ag, Cd, in, Sn, Sb S, Se,Te atoms have been
investigated. The clusters and nanowires have been found out. The change of bond
energy E of oxygen with doping of the surface has been discovered. The physical
mechanism of change of E_and of adsorption sensitivity of material with doped surface
is discussed.
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Ma30HY AOCATACTLCS PIBHOMIpHE NePeMilllyBaHHA PO3MLIABJIEHNX MacC, a TINGOKe npo-
rpiBaHHA CNOBINBHIOE WIBHAKICTS NpoLecy KPHCTaMi3auil i N03BONAC YHHKHYTH aMOp-
¢izauii 3m06yTOro neropatoro uiapy. TakuM YNHOM, y pe3yibTaTi 1a3epHOTO OMpo-
MIHIOBAHHS YTBOPIOBANAcCS NPAMOKYTHA NINAHKA, SKa BIApI3HANACHL Bil HEONPOMI-
HeHux obnacreit B(111) GaP mopdonoricio nosepxHi. s ycyHeHHS 3a/THLIKIB MIiBKH
JIETYIO4MX METalliB 3pa3kyu TpaBuiics y po3unni HNO,.

LocnimkenHs MoanikoBaHNX WAPIB 3AiHCHIOBANNCH PEHTTEHOANG pAKILIHHHM
(3fiOMK4 KPHBMX KayaHig y CXeMi JBOKPHCTANbHOrO0 CNEKTPOMETPA) i MiKPOCTPYK-
TYpHuUM (ZodlifxeHHsd noBepxHi GuP y BinbuToMy Ta nosaapn30B4HOMY CBITIII) Me-
Toaamu. Pentrenoandpakuifini kpusi 6yau oaepxaxi Ha andpakTomMeTpi
APOH-YMI na CuK  — sunpominiosauni. Kpucranom-monoxpomatopom 6ys 1oc-
konanuit MoHokpHcran Si(111). 3acTocyBaHHs By3bKOKOJIMOBAHOTO Iy4Ka PEHTTe-
HIBCbKWX MPOMEHIB TPAMOKYTHO! hopmu posmipamu 0,05x2,0 MM? no3sonsno npo-
BOAMTH MOCIIZOBHHI pAA 31IOMOK Y34 0BX JIOBIOl CTOPOHH ONPOMIHEHOI AUISHKY 3
Kpokom 0,5 Mm. Takum unHOM, xpHBi | Ta 7, npescrasneni Ha pHc.la, ogepxani
nosa 30HOIO onpomincimu docdiny ramiio, neroBaHoro iHaiem; 2, 3 — Ha Mexi Ta 4,
S, 6 — y 30Hi onpomineHHd. 3HaYHA acHMETpis KpuBUX 26 3 HOKY Manux KyTiB
BKa3ye Ha MOsBY AONATKOBOTO I1ika, 1110 TOBOPKTb NPO YTBOPEHHS ¥ 30Hi Ia3epHOro
ONPOMiHEHHS WAPY 3 iHUOK CTANIOI0 ITPATKH, Hik y niaxnanku. Kyrose nonoxelnns
ardpakuiiHOro MaKCUMyMa, BU3HAYEHE 3 BHKOPUCTAHHAM METONY PO3AiNeHHs Kpu-
Bux Anenuesa-doika, Bianosizae craniii rpaTku a=5,449 A, 110 #a 0,002 A nepesu-
niye 3HavenHs ang Hesnerosanoro GaP (a=5,447 A). [lomunxka y BU3HaueHHi cTanol
rpartku He nepesnutyana 2¢10° A, Po3paxyHOx, BAKOHAHHIL Y BiNOBIIHOCTI 3 3a-
KoHoM Berapaa y HaGmiKeHHI HeCKiHYeHO po304BIeHHX PO3YHHIB, TOIBOIMB BH-
3HAYNTH KOHUEHTpaNilo In y npHnoBepxHeBOMY 111api y 30HI ONPOMiHEHHS —
0.47 ar.%, o Bignosinae uucny atomis 5.8+10"” cM. HaniBwinpiHa BHAINEHHX IH-
¢dpaxuiifiHux MaKCUMYMiB y MeXaX NOMMIIKH excepiMeHTY 30iranacs 3 HaniBUIHpH-
Holo Buxianoro GaP (~20.5"), u1o rOBOPHTH NPO BiICYTHICTs HANPYXKEHOCTI, BUKIIN-
KaHOI IMMIAHTALIEIO IHAIIO0 | BIAMOBIAA€ T'YCTHHI ANUCIOKALiH, BU3HAYEHIH 3a niapa-
XyuKaMn Mok Tpasnenss Nd=2+10% cm2,

JOundpaxuiitni kpusi, oaepxani Bia nosepxii GaP. iMnnantosaxol migato (Puc.[6),
DOCHUTHL CHIILHO BiAPI3HAIOTHCS BUL KPUBHX, OAEPXKaHUX BiX noBepxHi GaP<In>, [Tepe-
JUyCin (IS Pi3HHUA CTOCYETHCA BEJIMYMHH HANIBLUMPHHY MaKCUMYMY iHTecuBHOCTI (0.8°),
110 BiAMOBi/Ia€ 1uapy, NigIaHOMY JasepHid oOpobui, i € npUTaMaHHa AN NONIKPHC-
Tastis. KyTOBe MOIOXKEHHS MAKCUMYMY BiINOBIZIA€ CEPEAHLOMY 3HAYEHHIO CTAJION FpaT-
ki wapy GaP<Cu> a=5.630 A, sixa Binpi3HACTLCA Bim CTANoOi rPATKM HENCFOBAHOTO
GaP 1a 0.183 A. BianosiaHo [6, 286] aromu Cu BXxofATs y TpaTKy cnoyk rpynu A’B*y
MiKBY3IIOBHHH. & ¥ [1, 451] napomAThCa naHi npo akuenTopHy npupoay atoMis Cu B
GaP. Takum unroM, Cu MOXe NOBOAUTH cebe Ak AMOTepHa IOMILIKA Y CITONYKAX MPYNH
A’B’. Po3puaxyHoK konuenTpauii atoMis Cu, NpoBeneHHi 32 METOAOM MOJIC/IOBAHNSA
rinoTeTHYHOI CTPYKTYPH 3 BUKOPUCTAHHAM 3akOHY Berapna, npHBiB 10 yxe BETHKHX
3Hayels KoHuUeHTpanii Cu, SK y BUNaAKy YTBOPEHHS PO3YHHIB 3aMIlLEHHS, TaK i ¥ BU-
naakax pO3YHHIB NPOIKKHEHHS. 110 He BiANOBifae nodpe 3HaiioMuUM dakTam NOraHoi
PO3YUHHOCTI Y KOBAJIEHTHNX KDHCTANIAaX AOMIUIOK 3 iHLUMM THMOM XiMiYHOTO 3B’93KY.
Kpim Toro, Beika HamiBLWHPHHA MH$paKuwifiHkX JTiHiA CBIIYHUTL TAKOX NPO iX CKial-
HHii xapaxTep. BiyuiosinHo o [5, 276] BBenenHs 3HAYHOT KUILKOCTI NOTYXHUX ACPEKTIB
(YKpYNHEHMX 4acTHHOK HOBOI a3y, abo AUCaOKaUiRIINX NeTeNnb), L0 BUKIHKAIOTH Be-
THKI DOPYIEHHS, MPH3BOAATL A0 NOSBH JH(Y3HOTO, AOCHTH PO3LINPEHOrO, MAKCHMY-
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Puc. la. [Indpakuiiini kpusi onpominennx obnacreit GaP (111), (Q,=14.177°: a) —
GaP<In>, |, 7 — oTpnmani no3a 30HOI0 ONMPOMiHeHHS; 2, 3 — Ha MeXi 30HK ONpo-
MiHeHHs; 4, 5, 6 — y 30Hi onpoMiHeHHA.

Puc. 16. — GaP<Cu>: | — Ha Mcxi 30HH ONPOMiHEHHA; 2 — y 30Hi ONIPOMiHEHHS.

MY, 3MiLUEHOrO MO BiAHOWEHHIO A0 BuxigHoro. [1py usoMy HaniBuiMpHHa TiHIT BUXik-
HOIO MaKCHMYMY He 3MiHIOE€TbCA, @ IHTEHCHBHICTL HOTO 3MEHLIYETHCA, L0 i CNOCTEpira-
JIOCh Y HAUIOMY BHNAJKY.

JificHo, MikpocTpykTypa noepxHi GaP<Cu> (Puc. 2 a) MicTUTb 3Ha4HY KilTbKiCTb
Hekybiunux 6710KiB po3MipoM o0 35 MkM, L0 MOXe OYTH NOB’A3aHO 3 YTBOPEHHAM
MiKpOBIITIOMEHb Jpyroi ¢pa3u. Ha kpuctanax GaP<In> noaibunii epext 6ys 3auno
cnabunsm. KpiM Toro, ans nosepxui laP<Cu> xapaxrepHe yTBOpEHHS CiTKK TPiLIMH
(Puc.26) TyT Ke, Ha OKpeMHX TiNAHKAX NPOABACTLCH MEPiOANYHA CTPYKTYPa MiKpO-
penbedy NOBEPXHi 3 KPOKOM MiX cMyramy pensedy 265 mxM, fka, Bignosiaxo oo [3,
1237; 7, 1537], yrBopiocTses B TBepAiit Qasi npy TemnepaTypi, BOCTaTHiit ANs nepe-
XONy HaMiBNPOBINHUKA y MIACTUYHUH CTAH.

Pe3ome

TaknM 4n11OM, MOXHA 3pOOUPTH BUCHOBKH, 110 32 JOMOMOTOI0 MilliCeKyHOHHX
iMNyIbCIB BANPOMIHIOBAHHSA HEOOMMOBOIO J1a3€Pa MOXKHA OEPKATH JIETOBAHI iHOiEM
wapu GaP, aki 3a 1OCKOHANICTIO CTPYKTYPH NPAKTHYHO He BiIPi3HAIOTbLCA Big MaTe-
piany nigknanky. Y To#t camuii yac, 1eryBaHHsg Millio cynpOBOAXYETHCH YTBOPEH-
HAM CITKH TPILIMH TA 3HAYHUM NOPYLWEHHAM CTPYKTYPH, AKi BUPAXKaAIOTHCH Y PO3-
ZpibHeHHi Ta 3HAYHOMY PO3BOPOTI 6JIOKIB MO3aiKM y 30HI ONMPOMiHEHHS BHACILIOK
yTBODEHHSA MiKPOBK/IIOYeHb ApYroi $asu.

29



a - 6

Puc. 2 a. Mikpoctpyktypa GaP<Cu> y 30Hi onpomiHeHHS:
a) — 36inbwenns 175, y monspusoBaHiM CBITI, MONAPH3ATOPH CXPELLeHi;
Puc. 26. — 36inbiuenns 400, y inOutomy cBiTiIi.
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OCOBAMBOCTI AA3EPHOTI'O
AETYBAHHSA QOCOIAY I'AAIIO
EAEMEHTAMM I TA III I'PVYI1

Cmykanoe C. A.

Monaudikauis nprnoBepxHeBUX UIapiB HaNiBNPOBIAHMKOBUX Marepiafis i3 3a-
CTOCYBaHHAM JIa3epHOIro BHIIPOMIHIOBaHHs JKO3BOJIAE OTpHMaTH OaXkaHi BIaCTHBOCTI ¥
TAKHX TPAAHLIHHO “‘HeTeXHONOriYHNX” MaTepianiB Ak ¢ocdin ramiio, 3aUiKaBIeHICTb
IO AKOTO He 3MEHUIYEThCSH 3aBAAKH LIMPOKOMY HOro 3aCTOCYBAHHIO Y NPHCTPOAX BigoO-
paxenHs indopmauii. s BUKOpHcTaHHsS pochidy ranilo SK OQHOrO 3 OCHOBHHX MaTe-
pialiB ONTOENIEKTPOHIKY BHANMMOT 00MacTi cnekTpy HeoOXinHO 3abc3neynTH BUCOKHHA
CTYNiHb AGCKOHAJIOCTI TA MAKCUMAIbHY OTHOPIAHICTD JIErYBaHHA TOHKHX MPHMNOBEPX-
HepHx wapis. [Tpu uboMy Ham3BHYAitHO NPHBAOIHBHM METONIOM BUABIAETHCA JTa3epHE
JIEryBaHHA B 3B’43Ky 3 HOro MpOCTOTOK, EKOHOMIYHICTIO i MOXJIMBICTIO iMIUTaHTaLl
aTOMIB Y KOHUEHTPALIfAX, 110 3Ha4YlO NepeBHILYIOTH PiBHOBaXHi [7, 16]. [Topsan 3 uum y
poborax (7, 90; 2, 34] 6yno nokazaHo, w0 06pobka NPHITOBEPXHEBUX LIAPIB HaMiBNpPO-
BiIHMKIB IMNYIbCHUM JIA3€PHUM BHNPOMIHIOBAHHAM NO3BOJIAC 3HAYHO MOANGDiKyBaTH
MOBEPXHIO i MOKPALUMTH CTYITiHb JOCKOHAJIOCTI CTPYKTYPH ONpPOMiHeHux wapis. 3acTo-
CYBaHHA LbOTO METOLY CTPUMYETBCS HELOCTaTHLOIO IOCTIDKEHICTIO NpoLeciB nedekTo-
yTBopenHs y GaP mpy nasepHOMy OnpoMiHeHHi Ta polli pexuMiB 06pobky Ha edek-
THBHICTb JIa3€PHOIO JIEr'yBaHHSA JOMILIKAMH PI3HUX €lIeMEHTIB.

Y naHiit poboTi nocnimxysanracks MOXJIHBICTh iMNIaHTaNii y ¢ocdin ramiwo enre-
menTiB I rpyny — In Ta I rpyny — Cu nig BnaI¥BoM iMNyIsCHOTO f1a3epHOro BHN-
pomitioBanus. Bynu Bukopucrani kpuctann GaP, supomeni metonom Yoxpans-
cbkOro, TOBLUMHOIO 400 MKM, BHpi3aHi napanensho nuowuHi (I11). [TniBky iMnnan-
TOBAHUX JoMiuiok ToBUMHOW 0,35 MkM #anocumucs Ha B(III) — noepxuio GaP
METOIOM TePMOBAaKYyMHOI O HalUieHHs. Po3ronka qoMilok y rmubuHy 3paskis 3ail-
CHIOBANACh Nifl BILIWBOM BUNpoMiHioBaHs Nd-na3epa 3 ryctiHo eneprii 2,5 Jwx/Mm?,
TpuBanicTio imnynscis 0,2010° ¢ Ta miamerpom nyuka 0,1 MM, 110 npaiosas y pe-
KHMi BilIbHOI reHepadii, WIAXOM NOCTPOKOBOro CKaHyBaHHA 3pa3KiB 3 OoKy HanH-
neHoi misky. [1mowa nosepxHi, NiggaHoi 1a3epHOMY ONPOMIHEHHIO, CTAHOBHIIA
6x3 MMm2. Sk nokasaHo [7, 40], mazepHe BUNPOMiHIOBAaHHA NPAKTHYHO NOBHICTIO MO-
ITIMHAETHCA y WAPi MeTAJIEBOT MIIIBKY BHACTIIOK BETHKOI I'YCTHHH eJIEKTPOHIB NPO-
BiZIHOCTI, BHKIIMKAIOYH Ti MHTTEBE HArpiBaHHA | NMoaanblie NIaBIeHHs Pa3oM 3 No-
BEPXHEBUM uiapoM nigxiaaky. Ipi BUKOPUCTaHHI iIMNYNIbCIB MiiCeKYHOHOTO Zia-
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ELECTRONIC TEMPERATURE IN GAS
DISCHARGE SMALL DIAMETER TUBE
WITH ACCOUNT
OF DIRECT AND STEPPED IONIZATION

Mikhailovskaya L. V.

Mean electron’s energy € is one of the main characteristic of the gas discharge
positive column. It is confronted by the electronic temperature T, by means of

.3 . T .
expression s=—2-k7: in the case of Maxwell electrons distribution on energies.

Electronic temperature is an internal parameter of positive column and is determined
by the processes occurred there . In the diffusion positive column the value of T, is
determined by the charged particles balance condition. According to it the number of
appeared (as a result of ionization) charged particles is equal the number of electrons
and ions disappeared on account of their withdrawals towards the tube walls.

We will write the balance equation of the number of charged particles in discharge
controlled by diffusion with account of direct and stepped ionizations.

According to [3,118], when there is a Maxwell spectrum of electron’s energy, the
frequencies of the direct ionization is possible to be written as following:

v,=f'=Ci(e,+2k7"c)exp[—ke7’_J-Nx=k,.Nx, (1)

_ |8kT, , . .
where v = —7‘ — mean heat electron’s velocity, C,— appropriate constant for the
n

given process, €, — potential of ionization, k, — constant of velocity of atom direct
ionization from the ground condition, N — atoms density in the ground state.

Frequency of the stepped ionization is defined by means of Tomson’s equation
[3,62] for the cross-section of process and is written as following:

' C,.v €., | &. fe'd .
poo= - e lexpl - ™ —_ i N =k N_. 2
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Here ¢ — energy of excitation, C, — Tomson constant, k,, — constant of velocity
of atom stepped ionization from the metastable state, N — atom density in excited
(metastable) state. The latter is defined by the following expression:

N = k. N.(0)
" KN O+ kN O+, )

Here k,, — constant of velocity of the metastable condition excitation in
consequence of electronic impact, kK — constant of atom transition velocity in the
ground state, v, — frequency of the metastable atoms diffusion withdrawals onto
the tube’s walls, N (0) — electrons density in the centre of tube. Distribution of
electrons density in a cross-section is a Bessel function: N (r) = N (0)J (2.405r/r)) in
diffusion positive column of glowing discharge. So, when the value of discharge current
I is given and using the expression j = eN,v, for the discharge current density with

. . E
drift velocity of electrons v, = ¢

efficient frequency of electrons collisions) it is not difficult to get the following
expression for N (0):

(N, — electrons concentration in discharge,) v, —

19 .
N =22 @
iV
Electrons energy balance equation that is the base for determination intensity of the
longitudinal electric field that has been stood in discharge, includes a power expended
by a gas heating as a result of elastic collisions of electrons with atoms, the power
carried out by the charged particles onto the tube’s wall and the power expended for
excitation and ionization of atoms. Under that, all electrons energy losses depend on
electron temperature. For one electron this expression can be written as following:
2
ez—E-zv;Aexﬂ'_AeﬁZv,-Ae,. )
my_ :

Here v_— frequency of elastic collisions of electrons with neutral atoms, Ae, —
losses of electron’s energy in the elastic collisions with neutral atoms, v, — frequency
of collisions with walls of discharge tube, Ag, — energy losses in the collisions with
walls, v, — frequency of inelastic collisions of electron with atom that result to
excitation or ionization of atom , Ag, - losses of electron’s energy for excitation or
ionization of atoms . In elastic collisions electron gives atom the energy

Asx=%§--%kTe. The frequency of elastic collisions depends in common from

electronic temperature and density of atoms . The power emitted near the tube’s wall
consists from the energy of recombination of positive ions and electrons and also
from the kinetic energy they possessed before the recombination. It is equal [2,1119]:
be =g+ W + 2T, (6)

Here ¢, — potential of ionization of recombining atom, 2kT, and W, - mean
electron’s and ion’s kinetic energies when they are reaching a wall. The proper
frequency for the diffusion regime of burning discharge is equal to the frequency of
electrons diffusion withdrawal onto the walls, e.i. v, = v,, where the following
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L 2.405 T, - .
expression is true: v, = (-— - ) -D,, , D, = LA p, — coefficient of ambipolar
r, e

diffusion, p, — ions mobility.

As a result we can write the equation that jointly with expressions (1) - (6) is used
for determination the electronic temperature T, in the discharge tube with radius r,
with account of direct and stepped ionization:

2 .
kT, (2405
kN, +k,N, =n, ';!( """ ') . )

Then the obtained equations for the discharge in helium is applied. In this we will
take into account the gas heat displacements from the working zone into ballast
volumes that are always presented in the modern gas discharge tubes [1, 239]. That
means that the atom density is established in the working zone in dependence on the
temperature N (T) = p/kT.

According to [3, 59}, for helium C =0.12:10"" cm¥eV, C, = 0.45+10"7 cm¥eV,
C,=6.510"cmeV,e = 24.6eV,e =20eV,e = 4.6eV.Takingthe dimensionless
temperature ¢ = 7/273, we will obtain N = 3.538+10"p/t. Collisions frequency
v, = v = 2.4°10°p/1, diffusion of metastable atoms withdrawals towards the walls

- 2
Vid =326-!—]-‘7-I(%'402) ,ions mobility p;, =8-10>- .1 p. Here the pressure dimension
h
is torr, the density dimension is cm™.

Calculations were done with the changes of gas temperature for tube with the
following data: radiuses 7, = 0.05 cm, pressure p = 3 torr, discharge current / = 4 mA.

Some calculated dependencies of the electronic temperature from the gas
temperature and the electronic density from gas pressure in the discharge tube of are
represented on the figures.

It is seen, that it is the processes of direct ionization dominate in narrow tubes
with low pressure and the ones of stepped ionization dominate in tubes with high
pressure in the helium discharge. More over, the processes of the gas heat displacement
from the working zone into ballast volumes play the significant role.

Abstract

The modified expression of ionization balance for the determination of electronic
temperature in gas discharge positive column with account of direct and stepped
ionization was obtained. Intensity of the longitudinal electric field was obtained with
account of electrons energy losses in the volume and on the surface of tube. Numerical
calculations has been done for the discharge in helium.
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TEHEPALIISI EPC TA CTPYMY
B CHCTEMI
METAA — HAIIIBITPOBIAHMK —
EAEKTPOAIT

Muxo B. B., Cemenrox J1. M., I'opuixosa O. B., Tumogecsa O. IO.

Y pobortax [2, 1276; 3, 472, 4, 57] BcTaHOoBNCHO BUHUKHeHHs EPC y crpyxTypax Ha
OCHOBI TUIIBOK OKCHIY AIOMIHiIO i TAHTAJlY, ONEPKAHHX ENIEKTPOXiMIYHHM CNOcoboOM,
Ha siki HaHeceHi wapk SnO,, Wo BUKOHYIOTb PONTb APYFOTO €1eKTPOIA. 3anpoNoHOBaHA
Mogens, aka noscHioe BuHUkHeHHs EPC aucouiauicto ancopboBaHHX MOJIEKYN BOAH Ha
KaTaJliTHYHO aKTHBUMX LEHTPAX NOBEPXHi MIKPOMOP OKHCITY Ta MPOCTOPOBHUM PO3INOAi-
JIOM MO TOBIIMHI OKCHOHOI MUTiBKH Pi3HOIMCHHO 3aPADKEHUX JOHIB, AKi YTBOPIOIOTHCA
NpH UbOMY, BHACHAOK pi3HHX koediuicHTiB audy3ii [3, 472; 4, 56]. V [5, [210] 3anpono-
HOBAHO YTOYHEHHH MEXaHi3M, AKHIl ypAXOBYE 3aXOIUICHHS €JIEKTPOHIB YJIOBIIOBa4aMH
NpH YTBOPEHHI MPOCTOPOBOTO 3apAny i BUHHKHeHHs EPC.

BununkHenns EPC moxHa ouikyBaTH, AKLIO MeTaniyHy Gonbry, Ha SKy HaHeceHa
HaniBNpoBiAHHKOBA IUIiBKA, NOMICTUTH B €lIeKTPOIT. Y lbOMY BHNAAKY KaTaNliTHYHI
BIIaCTUBOCTi MOBEPXHI BXKe He MAlOTh CYTTEBOFO 3HAYECHHA, TOMY L0 IO NMOBEPXHi
TUTIBKH MOCTYNAIOTh yXKe HE HEHTPAILHI MOJIEKYITH, @ I0HH 3 el1eKTPOJliTy. TOMY OK-
CHRHY MNIBKY MOXHa 3aMiHHTH HaNiBNPOBIAHHUKOBOIO, TOBEPXHA AKOI He € KaTani-
THYHO aKTHBHOIO.

CTtaHoBHIIO iHTEpEC 3’ ACYBaTH MOXJIHBICTb 3aCTOCYBaHHS 3aNpONOHOBAHOFO (3, 5]
MexHi3my BuHHKHeRHs EPC B okcHgHMX nuiBkax amoMinio B atMocepi, aKa MicTHTD
napH BOIM, A0 OpraHiyHux nuisok. s uboro Tpeda BCTAHOBMTH BIUIMB TOBLIHHH
nnisky Ha BenuuHy EPC, BU3HAUNTH HAABHICTb YNIOBIIOBAYiB, @ TAKOX 3’ ACYBATH
iX posb B yTBOpPEHHI MPOCTOPOBOFO 3apAdY.

BumipioBaHHA NPOBOAMIIUCS i3 cpibHOI0 HONLFOIO, HA AKY HaHeceHa FUTiBKa 3 NOJi-
crupony. ToBUIMHA NIiIBKKY OUIHIOBAJIACH 32 KiJILKICTIO HaHeceHOro Ha GoMbry po3-
YUy MONICTHPONY B TONYOJi i 3MiHioBanach y iHTepsasti 0,5-10 mxm. Tlnowa 3any-
peHoi B eNneKTPOIIT 4YacTUHH Gonbru cknagana 3 cm, a ii Maca — 2 Mr. Sk Apyruii
€J1eKTPOJL BHKODHCTOBYBAIMCL TAHTA/IOBA MJIACTHHA, 30710Ta i cpibHa ¢onbra, rpa-
biToBHI CTEp)EHD.

TIpu yMillleHHi CTPYKTYPH, WO JOCTiIXYETLCSA, B AHCTHILOBAHY BOXY, Y BORHI
po34uHM Contedl, KMCIIOT, OCHOB, y po3uuH Kl y rauuepuHi cnoctepiranocs BUHHK-
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neuns EPC, Benituynna axkoi cknagana 0.3-0.9 B. 3navenns EPC 3anexano Big MaTe-
piany 1pOTieASKTPOJAA Ta eAEKTPOIITY, aJie B YCiX BUAAIKAX CIEKTPOXR 3 MIIiBKOKO
HabyBa€ HeraTliBHOro NOTEHUiaNy.

I3 3pocTaHHAM TOBLIHHM MUTiBKY 11pH MaltiX TOBuItHAX 3HavenHs EPC cnovaTky
3pOCTac, ane MOYHHAIYH 3 3 MKM, NTPH NOJAIbLWOMY 30i/blIeHH], BemuunHa EPC He
3MiHoeTbea (Puc.l).

VA

Q9 ) ° . ’

g6

g3

1 3 3 (7 Kl a, Ak

Puc. 1.3anexuicte EPC Bix ToBIIMHM HONICTHPONLHOT TUTIBKH

Jns 3’1CyBaHHA HAABIIOCTI YIOBMIOBAYIB Y NOCHIIKYBAHHX MITIBKAX 3 MOJHCTUPO-
Ny 3MACHIOBANIUCL BUMIPIOBAHHA BOJIbTaMIIEpHHX XapakTepiicTHk (Rani BAX). Sk
nokalanu BuMipioBauns, BAX mawTh BUMISA, xapakTepHitil 18 NpoTikaHHA
CTpyMiB, 0OMEXEHNX NPOCTOPOBUM 34PANOM Npil HasBHOCTI ynosmosayis (I, 110].
AHani3ylouu TeMnepaTypHi 3anexnocti BAX, Mif BUIHAUHAH eHepreTHYHY TNMHOHHY
PO3TaWYBaHHA yIOBIIOBayiB Ta iXx kouueHrpauilo. i Benuunnn cknanu 0.3 B Ta
2+10% M7 BignoBiAHO.

3a nonomoroto audepeHuiiiHol Milb-KOHCTAHTaHOBOI TepMonapy Gynu mpose-
DeHi BuMiproBanua pisnuui TemMnepatyp noOnu3y ruIiBkH i Ha BincTaHi Big Hei. Bumi-
PIOBANNA MOKA3AIH, U0 BiAOYBAcTHCA OXONOMKCHIA WUADY ENEKTPONITY, AKHHA NpH-
asrae Ko niiBki. Busasunoce, wio piannus TeMnepatyp nponopuiiita noTyxHoOCT,
fKka BUAIIACTLCA 1A HAaBAHTaXyBasbiioMy onopi (Puc.2). [pu nposenexHi Buapoby-
BaHb 3 CHCTeMOl0 Ag — [OJICTHPOIT -— QUCTHIILOBAHA BOAA — A g BHABHIIOCK, WO 32
4ac NpoBefcHHA ekcniepumenTy (40 nib) yepes migxmrouennii fo iei onip HaBaHTa-
ACHIR npoiitos 3apsa 6an3eko 70 Kn. B pe3ynbTaTi NpoXo/uKeHHs UbOro 3apany
maca cpibHoro enekTpoaa 3Meniiutace 14a 0.8 Mr. 3a 3akoHom @apanes maca cpibHo-
I'0 e51eKTpOoia 110BHH11A 3MeRIMTHCL HA 70 Mr. Lle cainunTs npo Te, 1o enekTposiiz y
NAHOMY BUMAJKY -—— He OCIIOBHUI npouec, Akuii Bianosinae 3a suHukHenHs EPC Ta
NPOTIKAHIA CTPYMY B CHCTEMI.

OnepxaHi eKCNEPHMEHTANBbHI PE3YNLTATH MOXHA MOACHITH TaKHM YHHOM. He-
raTHBHO 3apAMKEH] i0HM MOCTAYAIOTL ¥ TUTIBKY NIEKTPOHH, AKi Tak camo sk i B [4, 57,
AHPyHayOTE YIIHO NIiBKH, NONANAa0Th HAa PO3TaLIOBAHI B 06’€Mi NMIBKH yNOBIIO-
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Puc. 2. 3anexHicTe pisHuui TemnepaTyp Bil KOPHCHOI MOTYXKHOCTI,
fIKa BUJLIIAETHCA HA HABAHTAXKYBAJIILHOM OMOPI.

Bayi Ta , 30HpaloYHCh Ha HUX, YTBOPIOIOTH MPOCTOPOBHIt 3apan. Biaxon enekTpoxin
BiJl HEFATHBHO 3apAKCHHX 10HIB y NIIiBKY NPH3BOAHUTH 10 MOCIA0NEHHS 3B 43Ky MiX
NuiBKO10 Ta BIANOBiAHWMM paaukanami. Lle nonerwye aecopbuiio ix 3 NoBepxHi
TUTiBKH, 1O POOHUTHL MOXJIMBIHM MPHXiI A0 HEi HOBHX iOHIB.

Ha mocTartHiii BiacTaHi Bix enekTpoais npouecH AXcoUiauii yTBOPEHHX NMPH UbO-
MY iOHiB ypiBHOBaXYIOTb OOHH oqHOro. [To6aH3y nmiBKH yacTHHa iOHIB BinAa¢ enex-
TPOHH NuiBUi | TOMy NpouecH AUcouiauii ZOMiHYKOTh Hag MpouecaMy pekombiHauii.
Jucouianis MOEKy 3QiCHIOETLCA 34 PAXYHOK TEMUIOBO! €HEpTil, 10 MPH3BOAUTH
IO CMOCTEPEXYBAHOTO SHHXKEHHA TeMNepaTypH eNeKTPOiTY NoOIH3y NOBEPXHi nomi-
cTHponeHoi muiBki. Bennunna EPC, ska reHepyeTbcs HaniBNpoOBiZHMKOBOIO TINiB-
KO10, fIK Moxa3sato B [5, 1211}, poapaxoBycTbes 3a BUpa3oM:

U, = (eL'nfec )[l - exp(-d/L)] - (eLnfec,) exp(-d/L), )
ae L — BenuyuHa, fka Mac 3MicT aMdy3iiiHOT NOBXHHH, 1, — KOHUEHTpaLlis eNeKT-
POHiB, € — HieNIEKTPHYHA TPOHUKHICTb MIIBKH, £, —€JIEKTPHYHA CTaNa, d -— TOBLUH-
Ha MIIiBKH.

Ha puc. | HaBeaeHo excnepumenTanbHO oepxaHi 3HadeHHs EPC (ToykH) Ta KpH-
Ba, po3paxoBaHa 3a Bupa3oM (1) napu 3Havenuax n, = 2¢10° M 1a L = 10* M~. Bug-
HO, LLO 3AJIEXHICTb EKCHIEPUMEHTATILHO ofiepaHoi BenHunHH EPC Bia ToBUIMHH MOXe
6yTH onucaHna supazom (1). Le CBiZUMTH HA KOPHCTb 3aMPOMOHOBAHOr 0 MEXAHIIMY
redepysaiia EPC y nniskax 3 nonictupony.

Pe3iome

Mposeneno nocnimxenns redepauii EPC Ta ctpymy B cucTemi cpibHa ponbra —
NOJICTUPOJT — €JIEKTPONIT. BU3HayeHo BrIMB TOBLIMHH TLIIBKH 3 NONICTHPONY Ha
senuunny EPC, BctaHoBnreHo, o revepauis EPC cynpoBoaXyeTbCs 0XOM0IKeEH-
HAM LIAPY &NEKTPOIITY, AKHI MPUIIArac 10 MUIiBKH.
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MATEMATHKA

METOAOAOTMI U DBOAIOLIAA
INPUHLIMITA OTHOCUTEABHOCTMU

Acnanoe C. K.

[Ipuuunn orHocuTenbHoCTH (/70), BBeaeHHblH [amineem [1,25]) 6onee 350 ner Hazan
€ NOMOLLbI0 AHWIH3A MBICJIEHHbIX OMbITOB Ha JABMAKYLIEMCS H HENOOBHXKHOM kopabite,
NPHHALJEXHT K OCHOBAHHAM He TOJIbKO KIIaCCHYECKON MEXAHHKH, HO H Beeit H3Huec-
Ko# HaykH. B nanbueitiem HotoTou [2,45] nan emy cienytouiyto GopMyIupoBKy:

“OTHOCHTENIbHbIE IBHXEHHS IPYT MO OTHOWEHHIO K APYTY Tejl, 3aKTI0YeHHDIX B
KaKOM-JIH6O NMpoCTpaHCTBe, OAMHAKOBbBI, NOKOMTCS JIM 3TO NPOCTPAHCTBO HIIK ABH-
KETCA paBHOMEPHO H NpAMOJIHHeHO 6e3 BpalneHHs”.

XoTa npHBbBIYHAS NPOCTOTA 3TOTO MPHMHLHNA MOXET NOKa3aTbCA OYEBHOHOH,
OAHAKO, 4TOObI NOJTHOCTBIO PACKPBITH ero GyHAaMeHTANbHOe coaepXKaHHe, Heobxo-
JHMO MPOCIENHTH 3a ero IBOSMOLHeHR BMecTe ¢ pasBHTHeM camoii Pu3Hueckoli Ha-
YKH, 4TO NpeXe BCero CBA3aHO C H3MeHeHHeM NPOCTPAHCTBEHHO-BPEMEHHBIX npea-
craBnennit. lnanexruka passutHa /70 3acnyXnBaeT BHHMAHHA IN14BHbiM 06pa3om
€ TOUKH 3peHHSA BbIACHCHHS YHHBEPCANILHOCTH €ro COAEPXaHHS.

Hmes Lenbio BCKpbITh CYLIHOCTb ABJIEHHH, MPOHCXOMALLHX B MATEPHATLHOM MHpe,
BCAKOE TEOPETHYECKOE MOIEIMPOBAHHE MPOU3BOAUTCA C MOMOUIBIO TAK MIIH HHaYe
BBEJICHHbIX THIOTE3, KOTOpbie CXeMATH3HPYIOT PEATbHYIO AeHCTBHTEILHOCTD H Je-
f1AI0T JOCTYNHbBIM €€ KOITHYeCTBEHHOE ONHCaHMe Ha A3biKe MaTeMaTHKH. B ocHoBe
NPOCTPAHCTBEHHO-BPEMEHHbIX NpeACTaBIeHHH KiaccHueckoit mexaHHkH HblotoHa
Kax OfHOW U3 TAKMX TEOPETHYCCKMX MONesiel NeXMT MOCTYNAT O CYLleCTBOBAHHU
HHepUHaJIbHbIX cucTeM oTcueTa (H/CO), KOTOPble BHIAENAIOTCS M3 BCErO BO3MOXHO-
TO UX MHOXeCTBA N0 PU3HYECKOMY NPH3HAKY — BbIMOJIHEHHIO B HHX YHHBEPCAIbHO-
ro 3aKoHa uHepuHH. [lpyras runoresa - 06 abconoTHOM xapakTepe Xx01a BpeMeHH
(He3aBHCUMO OT ABUXKeHMs Habnmomarens) -— 6a3upyerTcs HA NPH3HAHHU NANbHO-
NeHCTBHSA. HIIH MTHOBEHHOTO PACnPOCTPaHeHHS MATepHAIbHLIX curHanos. Ilo ot-
HOLEHHIO K TAaKHM ciicTeMaM oTcyeta (CO) TpexmepHoe GH3HUecKkoe NPOCTPAHCTBO
npuobpeTacT MomenbHbie CBOHCTBA IMTObaIbHOM OXHOPOAHOCTH H H30TPOMHOCTH B
MeXaHHYeCKOM CMbiCIle, KOTa NoObie NOoNoXeHus ¥ HanpaslieHHA ABHKEHHSA B HeM
paBHonpasHbi. Kitacc /CO, HaxOAS LM XCA B IPAMOIIHHEHHOM PaBHOMEPHOM MOCTY-
naTelbHOM ABHXEHHH OTHOCHTENIbHO APYT APYra, CTABHTCA B UCKIIIOYHTEIbHOE NO-
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JIOXeHue NPHHUUIIOM OTHOCHTEILHOCTH ["annneq, KOTOpLIﬂ YTBEPXKAALT II0JIHYIO
IKBIHBAJCHTHOCTb TAKHX CHMCTEM LIS OMHCAHHA MCXAHITYECKHX ABNEHUH.

Hanbonee rnyboku#i 1n1ogxoa k 7ToMy BaXKHeiilleMy NPUHUHNY NPOAEMOHCTPH-
poBal. BepoaTHO, A Tlyanxape [3,95]: '

“JIBHXeilHe BCAKOM CHCTEMBI IOJDKHO MOOMMHATHCA OMIIHM H TeM Xe 3aKOHaM
HE3aBHCHMO OT TOTO, OTHOCHTb JIH er0 K HEMOIBHKHBIM OCAM HIIH MOABHXHBIM. Me-
pemMellaloLtHMCS MPAMOJIHHETHO U PABHOMEPHO. DTO — MPHHUHN OTHOCHTEJILHOC-
TH ABHXEHHS, KOTOPbIH BHYLIAETCA HAM OBYMS OOCTOATENILCTBAMH: BO-NEPBLIX, ero
NOATBEPXIAET CaMblii OObIZEHHBIA OMBIT, H, BO-BTOPbIX, MPOTHBONOJIOXHOE AOMY-
1leHHe COBEPILEHHO NPOTHBOPeuHIo Obl HallieMy pa3yMmy”.

B cBA34 ¢ ITHM NOJIHAR PABHONPABHOCTH cOBOKYNHOCTH //CO o3Hauaer, BO-nep-
BbIX, YTO aHaiuTIyeckas GOPMYJIMPOBKA BCeX 3AKOHOB MEXAHHKHM HOJDKHA ObITh
HHBAPHAHTHOI OTHOCHTENIbHO BbiOopa CO, H, BO-BTOPbIX, YTO MeXaHHYECKHE fABJie-
HHSA H Npouecchl NPOTEKAlT OGHHAKOBO MO OTHOWEHHIO K 1000 H3 HHX, T.e. AN
HaxonAMXCcS B HUX HabnlogaTeneit. 310 ecTh, MO cywecTBY, OXKOHYaTeNbHas (op-
MYJINPOBKA Kjlaccuucckoro npuHuuna [annnes.

Taxum o6paszom. 70 Bkmiovaet B ce6a nBa acnexta. C 0fHO#i CTOpOHbI, T8 TOTO,
uTOObI OTpaXaTh OOBEKTHBHYIO PeasbHOCTh MPOMCXOMALINX ABJEHHI, MAaTEMATH-
deckas JopMa BbIPAKAIOLIHX MX 3aKOHOB HE JOJKHA 3aBHCeTb OT crocoba onuca-
HHA, KOTOpbIA BKIIOYaeT 31eMeHT cyObexTHBHOCTH HalnoaaTens, BuiblipaoLiero
Ty WK nHylo CO. 31o Heobxoanmoe 1 camo coboil pasymeroieecs ioriyeckoe Tpe-
6oBanue, npuMcHIIMOe K M000H TeopHH, COAEPAKUTCA KaK pa3 B NepBoit YacTH 00-
cyxnaemoit popmynnpoBkH /70. OHO ecTeCTBEHHO HaKjlaAblBaeT H3BECTHOE Orpa-
HHYEHHUE Ha BUA MATeMATHYECKOH 3anHCH OOLIMX 3aKOHOB He3aBHCHMO OT HX CMeLUH-
¢uxn. TONIBKO B paAMKAX TAKUX 34KOHOB, HHBAPHAHTHO CHOPMYIIMPOBAHHBIX 110 OT-
HouleHiwo x Boibopy HCO, ROCTHTHYTAas € HX MOMOLUbIO HayYHas HCTHHA MOXeT
CYHTATbCA 06BEXTHBHOI H CBHAETENbLCTBOBATD 00 aAEKBATHOM OTPAXEHHH peab-
HOCTH MexaHH4ecKoil Mmonenbio HeloTona. 3naunT, 00cyxnaemsrii acnekT /70 nmeer
OTHOILIEHHE He CTOJIbKO K CaMOMY npeameTy GH3HKH, CKOJIbKO K TEOPHH NO3HAHHA.

JlnanexTHYecKHH MaTepHAIN3M HCXOAHT H3 BaxHeliero npHHUHNa O efHHCTBE
QHAIEKTHKH, TOTHKH ¥ TEOPHH MO3HAHHA, BLIPAXAIOLWIEr0 EAMHCTBO 3aKOHOB ObITHS
1 Mbisiedns. OCHOBOH e NO3HaHHA M KPUTepHeM UCTHHbI TEOPHS NO3HAHUS CYH-
TaeT NPaKTHKY: BCE HALLK 3HAHHUA eCTb OTPaXcHHe 00BEeKTHBHOI O MHpa, ero cBasei
u 3akonomepHocteil. CegoBatensho, /70 B nepBoii cBOel YacTH, yHHBepCANbHOM
no obutemMy cMbICIy H MaTeMaTHUECKH BbIDaXaloLieics HHBAPDHAHTHOCTbBIO 3aKOHOB
MeXaHHKH, COCTABNAET FHOceoNoruyeckHit 6a3uc Beeil knaccuueckoit U3MKHK Kak
KOHKPETHOH MOAEJIN PCAILHOT'O MUPA H, 3HAYHT, NPHHALIEKHT K Punocopcku-me-
TOJOJIOTHYECKHM OCHOBAM 3TOi Hayku. [Tpuuem, yxasaHHbIi BaxHelwHit 6a3uc
MeXaHHMKH NOCTPOeH HCKIMoYHTeNbHO Wit F/CO, N0 OTHOLEHHIO K KOTOPLIM u' cdop-
My IupoBanbl 3akoHbl HbloToHa. Kak TONLKO OCHOBHOE ypaBHEHHE KHHAMMKII 110-
CTPO€HO, IIdBHAas TEOPETHKO-MO3HABaTENbHAA NpobieMa 0Ka3bLIBAETCH PeLieHHOIH,
M [ajiee TEOPETHYECKOC 3HAHMC 106bIBACTCA B Ka¥eCTBE NPOCTOrO CIIEACTBHSA ITOTO
ypaBHEHHS.

C npyroit croponsl, nockoybKy kitacc JACO Bbigensercs nNo yHHBEPCANTbHOMY
$H3UYECKOMY NPH3HAKY — 3aKOHY MHEpUMH, MOCTOJIbKY eanHoObpasiie aHAHTH-
geckoi GOpMbl 3aKOHOB BHYTPH 3TOTO KJIAacCa Cpa3y Xe HAXOAMT CBOE Hernocpes-
CTBEHHOE BbIpaKEHHE B X PHINYECKOM COACPAAHMMU. I pyriimu CIIOBaMH, CaMH Me-
XaHU4eCKHe ABJIEHUS NPOMCXOAST OAHHAKORO BO Beex J/CO. OpuHAKOBbBIE 11O OTHO-
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wenunto k HCO coiicTBa OMHOPONHOCTH H H30TPONHOCTH NPOCTPAHCTBA BLIpaXa-
I0TCA OAIIHAKOBbIM NMpeAcTaBlieHiieM CBOUCTB ABHxeHHA. ClienoBaTeibHO, BO BTO-
pot#i wactH f10 npencraer yxe xak GpuInveckHil TPUHUHN, OCHOBANHbIH Ha MHOTO-
YHC/IEHHBIX IKCIIePHMEHTAX.

IIpn nepexope k cneuHa)ibHOH TeOpHH OTHOCHTENLHOCTH (CTO) xak Goinee Bbl-
COKOMY yPOBHIO MOETIHPOBAHHA, HA MecTO abcTpakTHOrO nocrynara ob abeontor-
HOM BPEMCHH, T.e. MPH3IHAHHH AAJIbHO;IeHCTBHA, CTABHTCA OCIIOBAHHbIH HA HAHHBIX
ONbiTa NOCTYJIAT O NOCTOAHCTBE BEJIM4MHBI CKOPOCTH CBETA B BaKyyMe (He3dBHCHMO
OT ABHXEHHA €ro UCTouHHKa). Temepb. HapAAy C BeweCTBEHHbIMH TeslaMH, B pac-
CMOTPEeHHE BKITIOUEHO 3IIEKTPOMAarHUTHOE NoJle, OJIM3K0AeiCTBHEM KOTOPOTro 00BsaC-
HAETCH NMpeAeNbHbIil XapakTep KOHeMHO/ BETHYHHBI CKOPOCTH flepesiadli B HeM Ma-
TepHAJIbHbIX CHIHANIOB. B pesynbrate Bpems yTpaunBaeT CBOe yHHBepcabHOe CBOH-
CTBO, NpHodpeTas coGCTBEHHOE 3HaveHHe B kaxnoit CO. BmecTe ¢ npoCTpaHCTBOM
OHO 00pa3syeT caHbtii YeTbipexMepIIbii KOHTHHYYM B BHe ¢it3nueckoro nons. On-
HAaKo, NO-NpeXHeMy COXpaHseTcs NocTynat o cyutectBoBauu M CO, a 3HA4HT, OC-
TaeTcs B Cijle NpeaonpeaeeHHOCTh INo0aIbHOH OQHOPOIHOCTH M M3OTPONHOCTH
NPOCTPAHCTBEHHO-BPEMEHHOTO KOMIUIEKCA, HO TENEPb YKe KdK B MEXAHIIYECKOM, TaK
u B pusuyeckoM cmbicie. [1orTomy B nouatHe HCO BMecTe ¢ 3aKOHOM UHEPLUHK
BO#ifieT 3aKOH MOCTOAHCTBA CKOPOCTH PACIPOCTpaHeHHA cBOGOAHO! eKTPOMar HHT-
HOIt BOJIHbBI, TAaK 4TO 06NACTb NpUMenelins knaccHueckoro /70 pacwupseTcs, KO-
NOJIHUTENLHO BKIIO4as B cebs 3JIeKTpOAMHAMHYECKHE ABJIEHHS. DTO O3HAYAET, BO-
NEPBbIX, HTO AHANUTHYECKAs HOPMYIMPOBKA BCEX 3aKOHOB AJIA B3aHMO/IEHCTBHA Te
u monei nomxHa ObiITh HHBAPHAHTHOIT OTHOCHTENbLHO BbIOOpa #/CO, 1, BO-BTOPBIX,
YTO BCe (PHIHUECKHE SBIEHHS W MPOUECCH! MPOTEKAIOT OAHHAKOBO B 060t H3 HHX.

IToctynat o cywecrBosauuu J/CQO, 0653aTeNblio NpHUCYTCTBYIOWHMIT B ABYX pac-
CMOTPEHHbIX MOAENTbHBIX MPEACTABIEHHAX O MATEPHAIBHOM MIpe, HENOCPCACTBEH-
HO CBS3aH C CAaMOCTOATEIbI1OCTbIO 32KOHA IIHEPUMHM Kak (H3IHYecKOro npu3Haka
BbieneHus 1Toro xinacca CO B npuBuilerupoBaHHoe nonoxeHHe. UMenHo nocne-
ZIHee ABJIAETCA MPHUYMHOI MOABIIEHHS KOHKpeTHO-pu3Hueckoro acnekta /70, Haps-
2y C yHHBEPCANbHO-METONOJIOTHYECKHM, 34 BceM ITUM CTOMT abcTpaxTHas npenon-
peneneHHocTb rnobatbHoit GH3HYecKoi OAHOPORHOCTH M H30TPOMHOCTH NPOCTPaH-
CTBa H BpeMeHH BHe BCAKOIT 3aBUCMMOCTH OT MaTepHanbHLIX B3aumoneicreHi. Op-
Haxo, ¢ o6ueduocodpekux no3HUMii NPOCTPAHCTBO H Bpems, Oyayus Jinwb popma-
MH CYLIECTBOBAHHA MAaTEPHH, BOJDKHBI ObITh HEPA3PLIBHO CBA3AHbI CO CBOHM COAEP-
KAHHEM.

Yxa3zaHHbIi HEAOCTATOK MPEOAOJIEH HA CllefyiolieM YPOBHE MOAETHPOBAHHA —
B o6weii Teopin oTHOCHTENbHOCTH (O TO), rite. HApARY C IEKTPOMATHHTHBIM MO-
JIeM CYILEeCTBEHHO YYHTbIBAETCH OJle TAroTeHus. [IpHHunnuansHdée oTinyHe 3TOMH
TEOpPETHHECKOil MOENIM OT ABYX NPeAbIAYLIMX COCTOMT KaK pa3 B TOM, 4TO CBOHCTBA
NPOCTPAHCTBA-BpeMEHH yXe He 3aRalTca Hanepex cBoel rnobanbHOH 0AHOPORHOC-
TbIO H H30TPOMHOCTbIO, & ONMPEACHAIOTCH A KAXKAOTO KOHKPETHOro (PH3HUYECKOro
Cllyyas Mo-cBOeMy B 3aBHCMMOCTH OT MaTepiaibHbIX 00cTosaTenncTB. Matematu-
YecKan CTPYKTYPa YeTbIpeXMCPHOTO MPOCTPAHCTBEHHO-BpeMeHHoro koMruiekca CTO
pacwupsetrca B OTO Ha 6a3e pHMaHOBOIt (HeeBKIIHAOBOIT) reOMeTpHH € Heonpene-
JIEHHbIMH METPHYECKHMHU KO3QdHUMEH TaMIT, H3IMEHAIOILMMHCSA OT TOUKH K TOUKe (OT
cobbITHA K coObITHIO). Takas reomeTpHucckas cBoboia CBOHCTB NPOCTPAHCTRA NPH-
JlaeT eMY HCKpHBIIEHHbBIT XapakTep H eCTeCTBEHHbIM 00pa30oM CHHMAaeT NOCTyNaT O
cywecTBOoBaHHH robanbhbix /1CO, 0653aTeNbHOE NPHMEHEHHE KOTOPbIX 3aCIIOHS-
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710 paHbLIe GHINYLCKYIO CYILHOCTL MPOCTPAHCTBA U BpeMeHH. 3aK0H WHEPLIMK niepe.
CTAeT UrPaTh POJib CAMOCTOATENILHOTO NPHIIUKNA, Heobxoanumoro (B MexaHnke Hblo-
toHa u CTO) qna Buineselns npuswiernposadHoro knacca CO. Ero mecro 3aHHMma-
eT NPHHUMN IKBHBATEHTHOCTH DA HIITEHHA, KOTOPbIH BOIH3M KaX10H TOYKH pHMa-
HOBA MPOCTPAHCTBA, T.€. AJI% OTAIbHO B3ATOTO COOLITHSA, NO3BOJNAET HMHTHPOBATD
nojie TArOTEHHsA nojeM yCkopenHs cooTBercTBylowed CO: tem cambim B OTO yT-
BepXKIaeTcq JIOKaNnbHas Hepa3/iiuHMOCTS CHIT HHEPLUHMH H TATOTEHHA KaK MACCOBLIX
CHII OBHOM M TOMH e NPUpOAbI.

[Mockonbky Teneps xnacc HCO TepAeT CBOW HCKIIIOMHTEMTbHOCTh B ONTHCAHHH
¢$H3HYecKHX sBIeHHH, paBHOIIpaBHe NPpHOOpeTaloT Bce cHcTeMbl koopaHHat. [lo-
3ToMY /70 yTpauHBaeT cBOH XOHKPETHO-H3HYECKHIT acnexT, yTBEPXIAOWHHA 0fH-
HAaKOBbIi XxapakTep MPOHCXOMAINX ABNeHHH. [IpOH3BONIBHbIE CHCTEMBI, HE HMEIO-
e PH3HYECKH BbIAEMEHHOTO IN106abHOro XapakTepa, He ABISIOTCA HU3HUECKH
3KBHBAJIEHTHbIMH: 00BEKTHBHAS PEalIbHOCTb OXHOTO H TOTO Xe ABJIEHHS NMOoJy4aer
pa3THYHOe NpeacTaBlIeHHE MO OTHOLIEHHIO K pa3HbiM CO.

C gpyro#t cropoHbl, 06BeKTHBHOCTb TEOPETHYECKOT O OTPAXKEHHS NeHCTBHTCIb-
HOT'O MHpa TpebyeT HE3ABHCHMOCTH AHAITMTHYECKOTO BbIpaXeHHs 3aKOHOB NPHPO-
Ibl OT kakoro-ni6o BbIGOpa KOOP/AHHATHbIX CHCTeM Habmoaatens. Takum obpa-
30M, NPHUHIIHM OTHOCHTENLHOCTH OKOHYaTeNbHO paciunpsaer B OTO obnactb cBOero
HeiCTBIA B BHIE YHHBEPCANIbHOTO TpeOOoBaHHSA, UTOObl aHaNHTHYeckas GOpMyiH-
pOBKa Bcex PHU3NUECKHX 3aKOHOB [UIA B3aHMOMEHCTBHIT Ten u noneil (BKITlouas rpa-
BHTaUHOHHbIE) Obljla HHBAPHAHTHO#M N0 OTHOWWIEHHIO K NPOH3BOIbHOMY BbIGOPY CO.
[Mocnentee ueMKOM OTHOCHTCA K (HIIOCOPCKH-METOTOJIOTHYECKHM OCHOBAIIHAM
moaenuposanus, npuuatToro O TO. B 71oii 0bweit popmynuposke /70 coxpaHHT cBoe
3HaYeHHe H UL NOCIIeAYIOIHX TEOPETHYECKHX MOfeNleHl peallbHOTO GH3MYEeCKOTo
MHpa, KOTOpble NPHIYT Ha cMeHy OTO.

Pe3iome

B paGote BbinojiHeH AHANEKTHYECKHH AaHATH3 NPHHUHMA OTHOCHTEIbHOCTH XakK
METONO0JIOTHYECKOTO OCHOBAHHSA Hu3HYeckoif Haykn. CYyLHOCTD npobiieMsl pacKkphbt-
BAETCA B HCPA3PbiBHOM CBA3H ¢ pa3BUTHEM PYHAAMEHTATbHbBIX MOHATHIT O MPOCTPaH-
CTBE ¥ Bpemelin. DBOJIIOUHA TEOPETHKO-NO3HABATENbHOIO H KOHKPETHO-QH3HYec-
KOTO COREPXAHHSA NPHUHUHIA OTHOCHTENILHOCTH NOCIEAOBATENIbHO NPOCIIeKHBAETCS
OT KnaccHuceckoif mexaHHkH HbloToHa 5o 061weil TeOPHH OTHOCHTENILHOCTH.
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O HAIMPSI>KEHHOM COCTOSIHUM
KOPOBYATOM OBOAOYKU,
OCAABAEHHOU TPEIIMHOU

Muzoanockuit B. H., Peym B. B.

Hacroawas paboTa nocesieHa HCCIEQOBAHHIO HAMPAKEHHOTO COCTOSHHA KO-
pobuaTtoii obonoukH, cocTosieii U3 AByX nonybeckOHeYHbIX nuacTuH, ocnabnen-
Hoii Tpewunoit (Puc. 1).

Cnentyet OTMETHTD, YTO XOTA KOPOOYATHIE KOHCTPYKUHH WHPOKO NPHMEHSIOTCA
B CTPOHTENLCTBE H MALIMHOCTPOECHNH, OTHOCHTENILHO MaNlo KOHKPETHLIX 3aAay A0

Puc. 1. ]
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HaCTOALLETO BPEMEHH HCCIIEJOBAHO B IMTepaType. VI3 HIBECTHLIX pe3ynLTaToB OT-
meTuM pabotsl B.M.MoccakoBckoro u ero yueHukoB, NpeIOxKHBIIMX U pa3pabo-
TABIIKX ANA pacyeTa kopoGuaTeix 060n04eK METOL ONHOPOAHBIX peluenuii, B yact-
HOCTH, pellieHa 3aga4a o cknaguaroi obonouke {5, 52], npuBeaenst pe3ynbTaThl cpas-
HEHIg pellieHns 33134 CTECHEHHOT0 KPY4YeHHS TOHKOCTEHHBIX CTEPKHEH OTKPLITOrO
npo¢una ¢ npubmixeHHolt Teopueii B.3.Bnacosa [4, 33], MmeToa oanopoanbix pete-
Huii [3, 26) ObIn npuMeHeH K 331a4aM C AHHAMHYECKHM 3arpyxenuem. YacTHole ciny-
yay pacyeTa kopobuatbix 060104eK, 0C1a6IeHHBIX TPELHHAMH, ONHCAHLI TAKXKE B
apyrux paborax {6, 328: 8, 291].

Hosblit noaxoa k pacyery kopobuatbix 06onouek, ocHOBaHHBIN Ha cBegeHHH
3a/1a4H K COBMECTHOMY NIOCKO-H3THOHOMY HaNpPAXEeHHOMY COCTOAHKIO QHKTHBHOH
TTACTHHKH, B KOTOpOii ponb AedexTta BohinosHaer pebpo obonoukyu, 6uu1 npemso-
e [. 5. TlonoswiM 1 B. B. Peyrom [6, 328). B nacTosweit paboTe uccienyercs no-
BefieHHe KOG HHUUHeHTOB HHTEHCHBHOCTH HANPAXeHHIT BOJIIM3K KOHLOB TPELUHHbLI C
y4eTOM HMEHHO ITOro NOAXoaa.

PaccMoTpum xopobuatyio o6onouky, o6pazoBaHHyo AByMS nonybeckoHeuHbl-
MM IUIACTHHAMH, COCTLIKOBAHHLIMH NOA NPAMbLIM YyraoM. [1nacTiHb! HMeloT TpeLu-
Hbl A W h, 1t moaynH KOura E| u E,. B oaHOl M3 NIACTHH HMEETCR TPEWHHA KOHeY-
Hoit nnst | - A (A > 0), nepneHaukynapHas peGpy ¥ OTCTOSAA OT HErO HA BEJH-
ypuHy A. K Geperam TpewunH NpHIOKEHa pa3pbIBAOLIas HArPy3Ka.

MareMaTiuecky Takas 33a4a B CJTy4ae Harpy3KH, CHMMETPHUHOMH OTHOCHTENb-
HO TPEUIHHb!, CBOINTCA K OTLICKRHHIO PEILeHHS CHCTeMbl YPaBHEHHH NIIOCKO# Teo-
PHH yIIPYTrOCTH.

60_3. + ati =0,
ox Oy
at,, R oo, =0, 0
o oy
Ao, +0,)=0,
YAOBJIETBOPAIOLINX YCTOBHAM CTLIKOBKH
<V >=0,<ht>=0, 0, =6=0, x=0, —0<y<ow _ )
YCIIOBHAM Ha TpeLIHHE
= f(x), t=0, »=0, A<x<l . 3)
H ycnonmm CHMMETPHH 33aA34YH
V=0 1=0, y=0, xe(0,A)u(l,»). @)

3necs wHgekco! | ® 2 COOTBETCTBYIOT BEIHUKHAM HA TOPHIOHTANILHON W BepTH-
KabHOM nIacTHHKax: U, V' — cOOTBETCTBEHHO NepeMeLieHHA TOYEK MJIACTHH BAOJIb
ochXuYto, G, T, — HOPMaNbHblE H KacaTeNlbHble HANPAKEHHA.

Cneaya Hnee paéorm [6, 328],

< hr >= hlr lx--O --hI‘r lx-w;
<V>=V| .oV |ws

(U"’,V"’,o‘.",c") (UN hl E) (U V c,

’ ;,:

(U“’ V(z) c(z) Um (2}, hp Ez)-_—_(U,V,cx,c

x)’

h E)lv()’
3 E))

xy'
xy? x<b *
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006031ayum
V(xsy) L~-0=X.(x)9 X(X)=0, R E (Aw]) (5)

Hcnonbiys 0606weHHbI METOA HHTErpanbHLIX Npeobpasosanuit
[cm 16 ,0:Uq ]= j[cx (.t,y),c)‘(x,y),U(x.y)]cos aydy
0

[Va ' Ta ]= ][V(x,y),txy (x,y)]sin aydy, ©)
0

3aaayva (1.1) — (1.4) ¢ yuerom (5) cBoaMTCa k 0AHOMEPHOIT pa3pbIBHOS kpaeBoii 3a-
[aye B TpaHchoOpMaHTax

dx?

om |r-o= 0

Y
(- —o.’) 6, =&E - x"(x), A<x<],
o

Bsena B paccMOTpeHHe CKAYKH NPOH3IBOAHLIX TpaHCQ)OpMaHTbI

dkom . na
=g k=03 _ ®)
13 (2) 4 COOTHOLLEHHIT MeXy nepeMeLlieHHAMH H HANDAKEHHAMH!
? ? ot,
V. E'(c,-vo,) 6{/ + ov =G ¥
oy 8y~ Oxdy oy
(rae G — monynb caBura, v — ko3¢ duuuent [1yaccoHa),

k]

N, =0; , :
N, = L6,,(-0); n, = ko', (+0). i
B 3tom cnyuae paspriBHas kpaesas 3anaya (7) — (9) [7] HMEET PeLIeHHE:

1
0,0 (x) = &', [G**(x E)x(E)dE ~ n,G(x.0) +n,G*(x,0) -

-n, [G“(x,O) - ZaZG(x,O)] ,
rae

G(x,8)=(4a’)'(1+ o] x~E)exp(-a| x -E|)
— ¢ynnamenranbHas ¢pyHkuna ypasHenus (7).

INoacrasnsas Buipaxcexue (10) B (9) 1 peiuas noayuyeHHyr CHCTEMY OTHOCHTENILHO
N,» N, 4 N, HMeeM

(10

6,0 (x) = &'E, [(G*(x,8) - ’G(x W, (a,8) + kG (x D)W, (0. &) -
; an
~(L M)[G* (x,0)-2°G(x )W, (e, &)} x(E)E,

rae
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W(@6) = G(0.0)+ K(4a) (G (0.0) + a’G**(0,0));
Wy(a,8) =a(l M)G(0,6)+(1+ LK MY G*(0,6)+a’G*(0,0)); (12)
W,(a,8) = 3KL(4aM)'G**(0,5) + 3L M)G'*(0,0) + aG** (0,54 + 3LK -4M ).

3nece M =1- LK.
Toraa nony4aem

o,\u(x) = a4Ei JKa (x$C)X(C)dC9 , (]3)

roe
K, (x,0)=x-¢le* 9+ a"(e“’““" - e“’“"’)+

+ialdi(x,c)e—c(ﬂ()' (19)

Ilpu s5TOM
dy(x,6) = x(1- K - LK* - LK 2)-¢;
d(x £)= x(K+2)(2L M)+ xt(K2- 1+(1<+|)u< (4M));

dy(x, £)=-x¢ 2 (K 4+1).
W3 ypaBuenus (l) crenyeT CBa3b TPAHCPOPMAHT G, H o,

-2
H, ¢ ydyeToM npeacraBnexus (13), nomyyaem

E d'
Op(¥)=="t JK.(x,C)x(C)dC- (15)

INpumenas k (15) o6patuoe npeobpaszobauue Pypre, nonyuum

0,53 =2 [0,,(x)cosoyda | (16)
]

H MIPHXOZINM K CHHIYJIIPHOMY HHTETPANIbHOMY YPABHEHHIO H2 KOHEYHOM NIPOMEXYTKE
OTHOCHTENLHO GYHKUMH (L) — pacKpbITHA TPELUHHLI

21
da @& =~ ), dexa, an
npuuem

-], &, A0
W(x,0)=1 g, “105)
()= "' R .

a,=a=\ a2-2.

Hanveiiwee pellieHye 3TOr0 HHTErPaabHOTO YPaBHeHHA OYAET CTPOHTLCA METO-
" JIOM OPTOrOHaNbHBIX MHOTOUNEHOB (7, 155]. OcyliecTBNseM 3aMeHy NepeMEHHBbIX,
nossosigouyio ceecty HHTepBan (A, 1)k (-1, 1)
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xz‘P(z):l-_E)?zz‘tHTx, xe(A, 1), ze(-L1). o)
INepeo6o3nauus ‘
TO=2w) te-1 D

H npeacrasuB W B Buae

W(y(2), w(1))=-In I—l_”*l -C(z,1),

+1 & d(w(z), w() (20)
C(z,t)=1 F ¢ Z—m-- AL
O=hiz+t+ T ga W) |

mb! MoxeM (17) nepenuncats B BHIe

da' 1 a-.
: |[In +C(z,1) x(l)a'l—- nf(\u(z)) ze (-1 1). . 21
dz -1 IZ" ‘

Crnepya obuueil cxeMe METOAa OPTOr OHANILHbIX MHOrOWIeHOB [7, 155], pewexne
(21) 6ynem HckaTh B BHIE;

(=1 '_','1'/};,,( U, (0. 22)

3nechb
U(n) = sin((j + 1) arccos r)/sin(arccos ¢)
— MHoroutexsl YeboiueBa BToporo poaa. .
MoacTasnas (22) B (21), 3aTeM yMHOXHB 06e yacTH ypaBHenud Ka -1-2U, (),
NPOMHTErPHPOBAB MO - Ha HHTepBae (-, 1) H yYHTHIBAA CNEKTPaNbHOE COOTHOLIE-
Hue 7, l55]

Jl A=Y U, My =-n(n+ U, (), x e (-L D), 23

Mbl IPUXOANM K GeckoHeuHOMR cHCTeMe IMHeHbIX anrebpanyeckHX ypaBHeHHi OT-
HOCHTENTbHO KO3IQPHUHEHTOB PA3TOKEHHA X,

—-~(m+l)x.+2x, = S 4

0
rae

(_"..U" |

fu= Jf(w(z» 1-2'U,, (2)dz;

C = UC"(z 0 A=2-1=0U (WU (n)ddz.

@25

) B cuny skcnoneHunansuoro y6niBanng ko3dp¢pHuneHTOB (25) peieHHe cHeTeMbl
(24) MoxeT OLITL NONYYEHO METONOM PEAYKUHH.
YuutsiBas (10), us npeacraBnexus (16) MoxHo 3anucaTh

o, (v(z). 0)—- X) i j[lnlzl_ll+C(z,t)]f(1)d1. 26)
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IMonb3yach cnekTpanbHbBIM COOTHOWEHHEM [7, 155].

la e 1 |x|U(x)
In U (&) N-CPd
- e j ey () 1-¢2dg = AT

+ ;"l—x’U;(x)sgnx—p;lU.(X), |xp1

npu|z|>1

o, (w2, 0)= £ Sy, lz_|U(z)

A= zzU' (@)sgnz-(j+HU,(2)/2 @n
-1 43 gt

Ko3pdHuHEeHTE HHTEHCHBHOCTH HaNpaAXeHHil y 06eHX BepLIHH Tpel b onpe-
OeNATCs cneayounm obpajlom:

Kl(x-»loﬂ) = XI_I’IEO ;Zn(x —I)Oy(x, 0)

Kl(x—&L-O) = x]ir{!o i7t~(l—_x)6y(x, 0). * (28)
Toraa, ¢ yueTom (27) u (28),
Kooy = y 2(l )») .le U,()
— 9

’r-_,n ©
Ky = \J E(T_“i;Eu;X/U/ -1

Mo 31m popmynam Guinu npoBeaeHb! BLIYNCIEHHS KOIPPHUHEHTOB HHTEHCHB-
HOCTH HapAXEHKI NPH pPa3IHYHbIX COEXMHEHHAX MATEPHAIIOB Il CTPEMJICHHH Napa-
meTpa A x 0.

Ha ocHoBauuu 3THX BbIYHCAEHHH NOCTPOeHbI TPaQHKK 33aBUCHMOCTH K03ddH-
UMEHTa HHTEHCHBHOCTH HanpsaxeHuid y 06Genx BepIIMH TPEWHHB] OT PacCTOSHHS 10
pebpa (Puc. 2) ans cnyyas nocToaHHOM Harpy3kH. 3Hadenuns npu A >> 0 coBnagaroT
c pesynsraramu |1, 74) 3anaun o GeckoHeuHoill IacTHHe, 0cNabaeHHON TpeLsHO.
Hna A = 0,01 3nauenns ko3pdrHuneHTa HHTEHCHBHOCTH NpH X—> | cOBNAAAIOT ¢ pe-
3yJIbTaTaMH, NONYYEHHLIMH 3aBTOPAaMH paHee K 3aJjaye O TPEUHHE, BLIXOAALLEH Ha
pebpo kopobyaToii 060noUKH.

Pe3iome

Tocne npumenenns 0606uieHHOro MeToaa HHTErpajbLHbIX Npeobpa3oBanuil, 3a-
Ja4a O HANPMHKEHHOM COCTOSHHK kopobuaToii 060104KH, OcnabneHHOH TPEeLUHHOM,
CBOZIMTCS K CHHIYJIADHOMY HHTErpaibHOMY YPABHEHHIO HA3 KOHEYHOM NPOMEXYTKE
OTHOCHTENILHO PACKPLITHA TPCIUHHBI. PelieHHe ypaBHEH S CTPOHTCS METOLOM OD-
TOYOHaNIbHLIX MHOTOUYIEHOB B BHIE pAJa No MHorouneHam Yeboiuesa 1-ro pona,
KO3QPHUHEHTbI PA3TIOKEHHA KOTOPOTO, — eCTh pellleHHe GeckOHeYHO CHCTeMBbI TH-
HeitHbIX anreGpanyeckux ypasHenuii. [Tocrpoexs! rpaduky 3aBucuMocT ko3 du-
UMEHT2 MHTEHCHBHOCTH HANpAXeHHI B BEPIIMHAX TPELUMHb! B 3aBHCHMOCTH OT ee
pa3zMepoB H PacCTOAHHA 10 pebpa 060mouKH.
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Ob YCAOBUAX PASPEHIMMOCTH
3AAAYNM TAAMHA

Kepekewa I1. B.

Beeaenue

Briepsble 3a144a 0 BAaBITHBAHHH XKECTKOrO LITAMNa B YIPYTYIO NONYNIOCKOCTh
C y4aCTKaMH TPEeHUS U CUETUICHUS MOA AeACTBUEM LEHTPAIbHO MPHIOKEHHON CHITb
6bia paccMoTpena B 1945. r JI.A .TanuusiM. [2,1]. B cBoeii paboTe on npeanonarain,
YTO HOPMAaNIbLHOE HATPSXEHHE MO WTAMIMOM JOIKHO GbITh MONOXKHTENbHIM,

He paccMaTpusas Bonpoc cymecreoBanus pewedus, JI.A.T amuun npubnuxkenHo
pelIsl NOCTaBIeHHYIO 3a/1a4y MOCPeACTBOM KOMOHHHMPOBAHHOTO METONA 3afayH
TunbbepTa M KOHPOPMHOTO OTOBPANKEHHS.

B pabore . A.Cneiica [9,258] usyuancsa Bonpoc 0 CymecTBOBaHHMH peLIeHHS 3a-
nayn Fanuna (nanswe 37 nyrem ceenenus 317 k ypasHenuto ®pearonsma and ¢gyH-
Kunu r(x) = o (x, 0)- pt, (x, 0), roe o (x, 0) — HOpMaTbHOE HaMpsKEHHE, tx),(x, 0)
— xacaTenbHOe HanpskeHue, a p — k03¢ duumneHT Tperus. [1pu 3ToM OH npeanona-
ran, 4To 0 < r(x) < . Ho 3T0 He uckI0YaeT, HanpUMep, TOTO, YTO HAMPIKEHUA
a,(x,0) ut_(x,0) B OKPECTHOCTH TOYKH X = @ MOTYT HMETb OCLUMIUTUDYIOLLHE CHHTY-
nApHble 0cOOEHHOCTH OXHOTO M TOTO Xe XapaKTepa.

CnenyeT oTMeTHTh paboTy [6,2), B koTopoii 3I” npubnuxeHHO pelueHa nyTeM cBe-
ZeHus ee x auddepenunanbHoMy ypaBHeHH1o THna @ykca [4,225]. [Tpubauxkennoe
pewenne 3T ctpouTtcs Tak xe B pabore [1,1008].

B cBA3M ¢ BblEH3NOKEHHBIM BOTIPOC O pa3pelinMocTH 317 ocTaeTcs OTKPbITHIM.
Llenb HacTOAWEH 3aMeTKH — YCTaHOBIIEHHE YCIIOBUIT paspewumoctu 31,

1. Hloctanosxka 3I'

PaccMOTpHM 1UITaMI C MPAMOIHHENHBIM TOPH3OHTANILHBLIM OCHOBAHUEM, Napa-
AenbHbIM Ocit Ox, KOTOPBIH MOXET nepeMellaTses Kb BepTHKaabHo. LLtamMn npu-
KHMAETCA K ynpyro# noxynnockoctu cunoii P. Cornacno Nanuny, 6yaeM npearno-
naraTb, YTO rUIOIAAKA KOHTAKTa pa3bMBaeTCE HA TPH Y4acTKa, Ha OTHOM U3 KOTO-
DPbIX UMEET MECTO CLenicliKe, a Ha Apyrux — TpeHue. Ha ceobonnoit noBepxHoCTH
KacaTenbHble U HOPMaJIbHbIE HANPAXEHUS OTcyTCTBYIOT. Yepes / 0Bo3nauum nony-
JUTHITY WITaMIa. a yepes a 0003HaYHM MONAyIJIMHY ydacTka cienjieHus. KoncraHnra a
3apaHee Heu3BecTHA. OHaA NOICKHT ONpeNelieHHIO.

bnaromaps cummeTpuu rpanuyHele yenosus 317 Takosbi:



o(x0)=1(x0)=0, |xp! )
1, (x0)+psgnxo,(x0)=0, ¥(x0)=c, a<x|<! 3}

u(x0)=0, vw(x0)=c¢, |xka. (©)]
3neck o,(x, 0) 1 txy(x, 0) — nCcKOMble HOPMaJibHbIE M KacaTelbHbIC HAMPAXKEHHR B
30He KOHTaKTa, u(x, 0) H v(x, 0) — xacaTenbHbie H HOPMATIbHbIE TIEPEMELICHHS MOX
WTAaMNOM, p — KOI)DHLHEHT TPEHHUSA, ¢ — HEH3BECTHAA 3apaHee NOCTOAHHAS. Pa3-
Hble 3HaKH nepen po(x, 0) yka3biBaloT, YTO NPOCKaNb3blBAHHE IPOHCXOOHT B pa3-
HbIX HanpasleHUAX.

Ansa onno3nayHoit paspetumocty 3T k rpaHnyHbIM yenoeuam (1)-(3) nprcoso-
KYIIHM YCJIOBHE PABHOBECHS LUTaAMMNa

Ic(x,O)dx =p. )
-~

2. Cenenne 32aa4m I'anna k 06061eHHOMY GyHKUHOHAABHOMY YPABHEHHIO
Buuepa-Xon¢a H paBHOCHABLHOMY €My CHHIY. 19 pHOMY

3apauy (1)-(4) 6ymem pewaTh Npu NOMOLH rapMonHyeckux Gynkuuii [TankosH-
ya-Heiibepa, nocpencTeoM KOTOPbIX ONpeNeAloTcs KOMMOHEHTbl TCH30pa HanNps-
WeHUM U BexTOpa nepemeltennit [8,69]. [Tepexons oT nekapTOBLIX KOOPAHHAT K OH-
NOJNAPHLIM:
x=hsha,y=hsinB, h=a(ch a + cos B)’', xpaesas 3anaya (1)-(4) cBoauTCH K Cre-
OyoLen:

H ;[2(I—v)w,—w,]=h"gﬁkl—szz—w,]w, B=r, |ala, o)
;}iﬂz(l"")}wz"wsl'_‘w(a)v B=m, a>la,| (6)
;%[(I—Zn')\pz—\p,]=-sgna(p(a), B=n, a>|a,l )
?ﬁ’ =0, xy,-y;=¢, B=0, —o<a<w. . ®
3mech y,, — rapMoHHueckue B nonoce ~o <a <o, 0 <f <n dpynkunmu,

1
a, = 2arcth a’? @(0t) — HenssecTHas GYHKLHNS, OTIpenensieMas paBEHCTBOM:

. o, (acth ; ,OJa(cha -0 lapa,

0, |aj<ay,.

IMpu nomown HHTerpanbHOro npeobpazosanus Pypbe ¢ UCMIONL3IOBAHHEM pe-
3ynbTaToB paboTsl [5,5) kpaesas 3agaya (5)-(8) cBoauTcs X 06061IeHHOMY BYHKLH-
OHaNILHOMY ypaBHenHI0 Bunepa-Xonda [7,49]:

A(c)expioa, )O* (o) + Acr) exp(=ioex, )™ () = aR(a) - Ry (,C). o)



Tyt

2(1-v)sh2ra+2ip(l-2v)sh’na 1 1-2v
A(o)= "0 T ST th ——
(@) ch2no +ch2ny vE n _— 2(1 - v)
3 -
R,(a.C)= 2(1-2v 2v)C 21rsh ma  2C:; 21tsh21mt +C ‘2nthno,

chra(ch2roa + ch2 21ry) ch2na +ch2nh

C — ncKkomas nocTosHHag,

®*(a) — yHKUHMH aHATTMTHYECKHE COOTBETCTBEHHO B BepXHeH H HHXXHeH nosynioc-
KOCTAX,

R(ct) — HensBecThas uenas dyunkuus. [1pu sToM dynxuuu O (a) onpenensorca ye-
pe3 UCKOMYIO DYHKIMIO @(0) nOCpencTsoM GopMy

exp(taao

Q' (a) = ) Iw(x)exp(zxa)dx

O ()= °"P-(,i9i°':°) Iw(x)cxp(ixa)dx.
2
K ypasHensio (9) npumennm obpaTHbifi onepaTtop Pypbe

V'i(v'e)e) = —%: ‘]’d)(x)exp(ixa)dx.

B pesynbTaTe oTHOCHTENBHO QYyHKUMH

o(@) = (V"' DXa) (®(ax) = exp(ioa, )D* () + exp(~ica, ) (a))

MOy4YUM CHHTYIAPHOE HHTErPANbHOE ypaBHeHHe (Hanswe CUY)

p(l 2v) ICOSY(G B)e(B)dB
o- 13

T a=p

—sgnagp(a) =

Ismy(qg___ﬁ)sgnﬁw(ﬁ)dﬁ 2C I-cosya
_____ b 1-2v sh® (10)
2 2

(T = (~o350,) U (ag;0))
B cBoio ouepens, ypaBHense (10) nyTem 3aMeHbl nepeMeHHbIX x=acth;'

B

y= acth = copgutca k CHUY snna

ERE
c<_““(x,0)‘-’-('—’%”-)~;'£5-_a’= ¢ _CA-vix-a) \x=a)
¥ I—vy 1-2v 1-2y

x+a (”)
+(X )[(p IV (xy)+(p+)I(x, y)]+( ) [(-p- :)J(x,—y)+(—p+x)l(x—y>]
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Tyt 63" (x,0) — HCKOMOE HOpMaTIbLHOE HANpAKEHNE HA yuacTke a < | x| <1,

-y
J(x,y)= ! J’L‘f_’.. S —_—
V= omi 3 t-x
_', —
| . (!:ta) ::11 2 (a/)(l O)dl
IGn= i I ) )

a

-X

3. HeoGxoanmble ycioBHs 01 PAHHYEHHOTO HEOCUHTHPYIOLErO
petiennna ypasHernsa (11)

HecnoxHsiit ananns cTpykTypbl ypaBHeHHs (11) no3sonser yTBepxaaTh, YTO
pewenne ¢'”’(x,0) 6ymer OrpaHHYeHHBIM HEOCLUMITMPYIOLIHM, €CITH B YPABHEHUH

NPOU3BOJILHYIO MOCTOAHHYIO C MOMOXUTL PAaBHOI HYJIIO, a CAMO PEeLUEHHE YIOBIET-
BOPHUTH CIEAYIOLIHM YCIIOBHUSM:

1 (u/) 10
jsin(yln'if +arcigp )__ " )t =0,
[-a it ~a’
(uJ) d 12
Jcos[yln——~ +arctgp) -(t 0) I =0. (2
t—a IZ _az

Mpu 3TOM ycnosHe paBHOBecHs (4) nepeiineT B cenymoiee:
!
{u/) _P
!c) (10)d1 = (13)

4. ACHMIITOTHYECKOE NOBeAeHHe pelteHHA OIOPOAHOTO YpaBllelHa
B TOMKAX pa3/1c.1a FPaAHUYUHbIX yCJIOBHﬁ

Jins BbAcHEHHS xapakTepa oco6eHHOCTeH peleHHst OMHOPOMHOro ypaBHeHUA (11)
B TOYKax X = *aq u x = t/ peweHne B ykazaHHbIX TOYKaX NPEACTABUM B BHIE

(aJ)(xo)_ (pl( ) (um(pl(x)=/4¢o)'

(-

¥ (x0)= (1 (p(x))' (llm p(x)=B= 0} (14

Torma, ucnonb3ys acCHMNTOTHYECKOE MOBeeHHe HHTerpanoB Tuna Koww B6au3M
0cobbix Toyex [3,71], nonyynm, 4To napameTp @, onpeaensercsa no gpopmysne

o= l + arctg p(I-ZvA)
2 = 2(1-v)
YT0 xe KacaeTcs NapaMeTpa «, TO OH DOJKCH yAOBIETBOPATS CIEAyIOLICE YpaB-

HCHHC

3



2(1-v) coS2mw+ CHZXY COSLT® + cALwy
OnHo pewenue (@ = 0) nerko yranars. JAeficTBUTENbHO, MPH @ = () COOTHOWEHHE

p(t-2v) _

hry.
2=y P

(15) BbImONHSAETCA AaBTOMATUHECKH NPH MOOOM 3HaYEHHH ¥;
Apyrum peluenneM ypasHerus (15) apnsercsa Takoe:
a>=l+—'-arctg~»2—az a=-2-v)

2 2= l-a p(1-2v)

OHo, cornacho (14), yxazbiBaeT Ha TO, YTO, KPOMe OTPaHHYEHHOTO PellIeHHs Oft-
HOPOJHOTO ypaBHeHuUs (11), cylecTByeT U HeOrpaHUYEHHOE.

5. BoiBoab!

Ha xpasax wramna HOpMajbHOE HANPSXKEHHE o (x, 0) MMeeT HHTErpHPYEMYIO 0CO-
6ennocTs Buna (14). B Toukax pasuena rpaHHyHbIX yclloBuii x = *a ypasuerue (11)
OOMyCKaeT OrpaHHYEHIIOE pellicH)e, HO NPH BbINoMHeHHK ycnosuit (12). Ilpu atom

MCKOMOE pellieHHe c‘,"”(x,O) tbukcupyercs yotosHeM pasHosecus (13).

Pe3iome
YcTaHOBIEHb! YCIOBUSA pa3pelinMocTh 3aga4n [anuna. KpoMme Toro, nomy4eHbt
aCHMNTOTHYECKHE NMOBENCHAUS PELieHHS 3afauu [[anuHa B TOMKax paszjena rpaHUY-
HBIX YCIIOBHA.
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ITPO TTIABHUIIEHHA TTIOPAIAKY
KOAMBHUX AOAAHKIB Y AIHII;iHMX
CUCTEMAX,

JKI MICTATD I'NOBIABHO 3MIHHI
ITAPAMETPU

Ulozonee C. A., Yepnama O. I1.

CHcTeMu 3 NOBIABHO 3IMIHHHMHK KoediuicHTaMK BHBYANUCA GaraTbMa BYEHUMH
[1,397-404; 2, 81-90; 3, 187-190; 4, 31-59]. Hawa po6ota npucssueHa nUTaHHIO NPo
NIABHILEHHS MOPAAKIB KOJIMBHHX IOJAHKIB V MiHifiHUX cHCcTeMax, koediuieHTH SKUX
MalTb BHIAA paniB Dyp’e 3 NOBUIbHO 3MIHHKUMH KoedillicHTaMM i 4acTOTOW0.

Oanavenns. [Tosnaunmo wepes S xnac ywkuiit, Takux, wo:
) f:G-C, G:{I ceR, 0S¢5 g,¢ eR’}, R* =]0,+00[,
2) feC'(R) not,

&
3 df(l he) _ ok e, supl (| <+ (05 k< m).

[To3naunmo uepes B knac dyHxuiid, aKi MaloOTb BHINIAL

f(l,s,O(I,s)) = if.(l’g)e‘w(m)’

ne

) f €S, f ek f.1,6)

s “ Suﬂfu(l <+ (0<k <n),

(’{” ¢)= J?’ ry€)dry

4

b



¢7:G—->-R, peS,, itgf,w‘=(o°=const>0,

B, neperBOpIOETLCR Y MOBHHI HOPMOBARHUIT MPOCTIP 32 ZOMOMOTOI0 HOPMHU

U, = 2.

Mae micue nanuoxox Bknagews: By o B, o...0B,.
Po3sragaaeTbes niKifina ogHopinHa cicrema gudepeHuianbHHX PiBHAHD

& - (o L)X M
A = diag{4,(1,6),...,4 (1,6)), P=(pu(1,5,0)),

’llesnn Py €B, (j9k=-la—xl)~

Hocranoska 3aaayi. JocnimKkyeTbcs NHTAHHA PO iCHYBaHHS NEPETBOPEHHS BUT-
nany:

X=(E+uQ+p’Q++uQ)Y, @)

ne: Q, €B,, (j = l,_a), AKE 3BORHTD cHcTeMy (1) o BHONISAY:

dY
-aT=(A+/1A, T N T N N AT T A Y A +/1°"W)Y, A3)

me A, €S,; V,,WeB, , (j:l,_a). ‘

Teopema. Hexait cucrema (1) 3agoBonbHae HaCTYNHIH YMOBI:
inf|A (1,6)=2,(,6)-ing(1,e)|27 >0, VjzknelZ

Toai ans NOCTaTHLO MANNX 3HAYEHD A iICHY€ NEPETBOPEHHA BUrnany (2), axe 380-
autb cucreMy (1) no Burnany (3), y saxomy

QJGB‘"’ a I// i WeBm-l’ (./=L_a)'

Hoseaenns. [Tincrasumo supas (2) y cucremy (1) i 6ynemo Bumarats, o6 orpu-
MaHa BHACTIIOK UbOro cucreMa Masna Burnsag (3). 3pisHiowoui koediuiCHTH Npu 04~

HAKOBMX CTENEHAX M y JiBiil i npaBiit YacTHHAX, OTPHMAEMO HACTYIHY CHCTEMY JIH-

depeHUiaTLHUX PiBHAHD BiTHOCHO MATpHLL O, ( Jj= T:E)



Ny, TN T Ir-Yyn-— N8

dt
=N, - O A+ PO ~OA-A,-£QV - ¢V,

.................................

d&

N ZQ.A...—SZQ.V,.\E".. A.

=i
npH UbOMY MaTpHus W/ Gyne MaTh Burnag:
W=(E+pQ +u’Q+...+u°Q )" (PQ, - Q.UA, + V) + u(A, + V) + ...+
+ " A+ eV, D=0 (A, + V) pi (A + V) + o+ " WAL+ EV. )+ +
+Q(A, + V)
Y nonanewomy nix cumsonom (A), posymiemo eneMeHT a, maTpuui

A=(a,) j k=1, N.
ITio cumsonom

l 2x
(A =52 [(at1,£,0))  e=do.
0

Po3rnsuemo nepue pisuauHs cHcremu (4). [Tokmamemo y uboMy piBHAHHI

C }) L ind
(Qu)y = "Z*—(m); e

{an0)

& (P) -
(Q), ='§m.e.9a (J=k).

(A|)y=(P)j;o; (Ai)j& =0, (j=k).

P
(V)y=_— Z (( )ﬂn) e;.o

£ e dt\ ing
(nn0)

Isd (P) N
(F) = ,_Z,,dl(m(p lﬂ:l ) e (j# k).

Hani, gna 6yab-akoro s=2,a, noxnamemo

@),=3 (PQM_EQVAN)”'

e ing
(8»0)

'emﬂ
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[(re-$an).

(Q')j‘=n-z- iw_’l/""ll

-e", (j=k).

(A.l)j} =(PQ«—I —ZQVA‘-y] 40 (As)/k =0, (j= k).

vel

1< d (PQ‘"—ig"A“"V)Il' s-t
Vy=-c 2 = € =2 (QK..),

ing o

s-1

(re-S0n. )

vs|

S d 0 . . I ar
— " - V. s k) jok=1,N.
z_‘dl iﬂw—/l,-'-/lk e Z(Qv t—v)]‘ (j: ) j k N

vel

ITpyn TakoMy BH3HAYEHHI UUX MATPULDb Nierko nobayuTH, Wo
Q€B,,a V. eB,_
ITo3naunumo
-1
RA(4,&,0,1)=0 +uQy+...+ 470,
Toni 04eBHAKO, WO AR icHYBaHis MATPHLI W 1OCTaTHLO BHKOHAHHS HEPIBHOCTI:

AR | <1,

ae nix Hopmoio || A maTpuui A 3 enementamu 3 B, posymieTbes

ZZII( Al -

Jjelis
Teopemy aoseneHo.

Hacaiyok, Aximwo £ < uy, 1o cucteMma (1) 3a zonomororo nepersopents (2) 380-
JHTHCR JO CUCTEMHM, AKA MA€ BUIIIAL:

dr . .
@ (K, e,u) + ™" W (1,6,6,)Y,

Ze A’ - niaroHanbHa MaTPHUA 3 ENEMEHTAMU 3 S, a efleMEHTH W 3B e

Peatome

. Posrnsaaerbes nuTaHHA PO 3BIAHICTD NiHIRHOT CHCTEMH 3 KORUBHHUMU Koedini-
€HTaMK {0 CHCTeMH, KoedinieHTH K0l O5iM3bKI 1O NOBINbLHO 3MIHHHX.
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HARMONIC ANALYDIS AND
LOCALIZATION TECHNIQUE

Kisil V. V.

1. Introduction

This paper is devoted to the local principle, which is a canonical method for the
study of operator algebras. Theorem 2.5 establish the coincidence of the easy to use
local principle based on the existence of a central commutative subalgebra [1] and the
general local principal constructed on a set of ideals [2].

The second question of this paper is the correspondence between the local principle
and the non-commutative Fourier transform. If we have a group G with the group
operation * and the Haar (=invariant) measure dg, it seems quite natural to introduce
a group algebra (5 associated with the group G. Now the noncommutative Fourier
transformations established a direct connection between representation of the group
algebra (Y and representations of the group G itself (sce [3.7)).

On the other hand, the convolution algebra (5 has a regular representation in the
space of bounded operators B(L(G)). This representation is introduced as the integral
of the shift operator = (g)

[ &V 1) = 1 (h*g)

giving rise to the regular representation of the group G on the space L(G)
7, 45— B(L,(G): k(g) ~ K = [k(g)m,(g)dg, (.n
G

Therefore the local principle from the operator theory can be applied to the operator
algebra (. The two ways lead to thc same answer, so a relation between the
noncommutative Fourier transformation and the local principle should exist. Note,
that harmonic analysis is described in terms of the Plancherel measure and sectional
representations are constructed in field *-topology. The correspondence between these
two different mathematical objects is clarified in Theorem 3.2. An application of the

Keywords and phrases. Sectional Representations, Local Principle, Fouricr Transform,
Convolution Algebras.

1991 Matihematical Subject Classification. Primary: 46145, 22E2S; Secondary: 47CI5,
47D50.
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achieved result to the support of the Plancherel measure is given in Corollary 3.3. All
proofs are easy and they are skipped.

2. A system of ideals and the algebra center
To apply the local principle from {2] one need to find an appropriate system of

ideals. If the algebra under consideration has a non-trivial abelian subalgebra then
the answer is given by the following

Theorem 2.1. /1, Proposition 4.5.] If 2 is a C*-algebra, 7 is an abelian C*-
subalgebra contained in 9 having maximal ideal space M , and for x in M , | is a
closed ideal in Yigenerated by the maximal ideal {Z ¢ 7 : 2 (m) =0}, then ﬂlx ={0}.

reM,

In particular, if @ is *-homonorphism from MNto YY1 then Z%(‘D‘ is *-isomorphism

red,

of Ytinto ZQ R/I . Moreover, T is invertible in Y¢if and only if ® (T) is invertible in

reMy
WI forxinM,

In the case of a trivial (or unsuitable) center of the algebra R the following trick
is commonly used: one can introduce a larger algebra R >R with appropriate center
Z and use Theorem 2.1 for the algebra %. Then the description of the algebra R can
be obtained as a subalgebra of the algebra Z@ 5!/1,

ceM;
Example 2.2. The algebra L' of bisingular operators [6] has only operators of
multiplication by a constant in its center. Nevertheless, one can introduce the largest

algebra % of operators having the form a(x) F-'b(E) F with a(x)€ R’ and b(¢) be a
homogeneous degree zero function whose restriction on S' is piecewise continuous.
This algebra contains the bisingular operators and have a central commutative (up
to compact operators) subalgebra of Calderon-Mikhlin-Zigmund operators with
continuous symbols. The application of Douglas’ technique allows to obtain the full
description of the algebra of symbols of the algebra R (and the algebra 23
correspondingly).

It is remarkable that this trick may be applied to the general local principle. The
following Lemma settles the particular case of regular base B in the field *-bundle
topology.

Lemma 2.3. Ler a C*-algebra ‘R have a system B of primitive ideals with properiy
nB =0 and B be compact in the field *-topology. Then there is a C*-algebra Rt with

non-trivial center 7 and an embedding of the algebra R on R such that the application
of the general local principle by the systems and the method from Theorem 2.1 1o the
subalgebra Z give the same result.

Remark 2.4. We come back to the bisingular operator algebra from Example 2.2.

again. It is easy 1o verify it this case that the largest algebra of sections cannot be
realized as an operator algebra on the initial Hilbert space LI(R’).
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Theorem 2.5 Let a C*-algebra R have a system B of ideals such that n B=0. Then

there is a C*-algebra R with non-trivial center Z andan embedding of the algebra R

on R such that the application of the canonical shelf construction by the systems B and
the method from Theorem 2.1 to the subalgebra z give the same resull.

3. The General Local Principle and the Support of the Plancherel Measure

Operator algebras in analysis usually have rich groups of symmetries, which are a
symmetry group of differential equations define the analyticity property. Thus they
can be treated as convolutions [5]. We would like to apply the localization technique
in such an environment. Let B be a family of primitive ideals in the group C*-algebra
G with the only property:

(\B=0 (3.1)
(for example, all ideals generated by all maximal ideals of a central commutative
subalgebra of our algebra, see Section 2). Then the following quotient mapping for
any J,.

’ n,: (convolution with kernel k) i (convolution with kernel k)/J, (3.2)
generates a representation of the group algebra. Condition (3.1) ensures that all
irreducible representations of the group algebra may be obtain as (sub) representations
of (3.2). However, the careful extracting of irreducible representations may be a rather
difficult problem (4).

The following Lemma plays fundamental role in the establishment of a
correspondence between the local principle and the Fourier transform.

Lemma 3.1 Let G be an unimodular type | exponential group, let G be the support
of the Plancherel measure du in G. Then the Samily of two-sided ideals

J(n) = {K| Kis a convolution with kernel k such, that n (k) =0}, , € G satisfies the

condition (3.1.)

Lemma 3.1 suggests that one may use this family J(r) of ideals for localization
according to the general local principle. It obviously follows from the definition of
the family J(rn) of ideals that the rules non-commutative Fourier transform and local
technique define just the same representations of our group algebra. Thus in the
mentioned case the noncommutative Fourier transformation and the local principle
give, in fact, the same description of the group convolution algebra. This may be
summoarized as follows

Theorem 3.2 Under the assumptions and notations of Lemma 3.1 we have: All
representations of the group algebra (3 given by the Fourier transform
n: (convolution with kernel k € L (G)) > n (k)
are contained (as subrepresentation, possibly) within the representations
n: (convolution with kernel k) (convolution with kernel k)/J(n ),
where

J(n) = {K| Kisaconvolution with kernel k such, that = (k) =0}, n, € G
The support of the Plancherel measure G is a dense subset od Prim’C in field
*-topology.
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After the remarks made the proof is not necessary. The next result shows how the
described correspondence can be applied.

Corollaty 3.3 Under the assumption of Theorem 3.2, the Plancherel measure of G is
supported on those representations of G which do not contain the center of G in their
kernels.

The author was partially supported by the INTAS grant 93-0322. During the
final preparation of the paper the author was enjoyed the hospitality of University
Gent, Varkgroep Wiskundige Analyse, Belgium.

Abstract

We study the relationships between different formulations of the local principle.
Also we establish a connection among the local principle and the non-commutative
Fourier transform approach to the investigation of convolution operator algebras.
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ITPO OAHY SMIIIAHY 3AAAYY
TEITAOTTPOBIAHOCTI AAAd AYHKHA

Bounoapenxo B. B.

1. ITocTanoska 3aaasi

Bu3HauUTH cTauioHApHe TeMnepaTypHe nosne BepeNHHi KPYTOBOI IYHKH NpH
YMOBi, 110 Ha koopauHaTHi# nikii B = 0 3agana Temnepatypa, a Ha niHii B = y Biaby-
BacThCs KOIBEKTHBHHIT TENNOOOMIH i3 30BHIlIHIM cepenoBuiuem. [Tpu ubomy Bcepe-
IHHI TYHKH € TensIoBe [Kepeno iHTECHBHICTIO g(x, §').

3 MaTeMaTH4HOI TOYKH 30PY 3a1ay4a NONArac y po3s’a3axHi kpailosoi 3anaui:

9(x,y) .
ar=-T022
r=- T 0
v(x.y)ib_o=r°=const, -asx<a, Q)
o h [ ‘
an;+l_\'(v-‘°)n"—0’ -as<xs<a )

Tyt k — xoediuieHT TenaonNpoBIAHCT, h — xoedinieHT Tenno0obMmiHy, n, — HOp-
Manb 10 KOOPAHHATHOI JIiHii B =y — TeMnepaTypa HaBKOMHWHBOTO CEPENOBHLIA,
W(x, y) — wiyKkaHa TeMIeparypa.
: q(x,y)
Hani, ons npocTOTH BHKNANY PO3CAAHEMO BUNANOK, KOMH T
~ . > ' .
IMepeitnemo no GinonsapHux koopanHar [4,44], 36epiraroud KOMHUIHE NO3IHAYEH-
Ha s PyHkUil TemnepaTtypu. Po3B’a30x 3anayi 6yxemMo 1ykaTH y BUrIALL:

2
v(a,B)=v,+ kg (u(a,B)+ .2cosB J @
2 cha +cosp

OckinbkH y GiNOAAPHUX KOOpAHHATAX JIYHKA BiloOPaXyeTbcA HA HECKIHUYEHHY
CMYTY, BHIAETLCA MOXIHBUM 3aCTOCYBATH iHTerpanbHe nepersopexts ®yp’e 3a
3MIHOIO O 10 OTPHMAKHX PiBHAKb Ta KpalOBHX YMOB.

VY pe3ynbTaTi OTPHMAEMO 3BHYaliHe gudepeHUianbHe piBHAHHS BIAHOCHO 06pa3y
QDyp’e dpyHkUii w(a, B) 3 BIAMOBIAHHMH KPaHOBHMH YMOBaMH:

=2q, = const.



dU(a.p)

' -xU(a.p)=0. )

aU(x +z,[3) dU(x-i,p) dU(x,B) _
Uex B)+-2ha( " o reoss ).p-,_G'(X)’ ©
U(x, 0) = G (x), )

g€ G,(x) = (V,)(x), G,(x) = (V,)(x).

3arannuiit po3B’a30K piBHAHHA (5) 3anHiuemMo y BUTNALI:

Ux, B) = 4, (x) sh x(-B) + A,(x) shx(B - 7). ®
3 piBxocTi (7) Binpa3sy 3uaxoaumo A4,(x):
A(x)=- G,(x) 2: 21x

sh xy " shmx-sh> xy
A (x) NOBHHHA 3210BOILHATH TaKe PYHKUIOHANbHE PiBHAHHA:

—A,(x)shxy+21;- (—(x+i)chy(x+1)- A(x+i)—(x=i)chy(x—i)- A (x-i)-

a

~2cosy-chyx-4(x))+ 2’}‘;0 ((x + ) A (x + i)+ (x = i) A (x - i)+ 2cosy- 4, (X)) = G,(x).
Beenemo noszHaueHHs:

,:1 XA (x)ch xy = ®(x). ©)

Toni BinHocHO HOBOT WykaHOi GyHKUiT B(X) NPHXOAHMO A0 GYHKUIOHANLHOTO
PiBHAHHA

d>(x+i)+®(x—i)+2(cosy+‘:’-thxy]d)(,\) K(x), (10)
ae
N (x+0)G,(x +1i) (*\—’)Gz_(j_\'m i) z( ) x)
Kx)=-26,(x)- hl( sh(x +1)y sh(x~i)y +2o0sy " shxy ]’ ()
ok ctgy-shxy- (-’f—asinyn)
G,(x)=2-_:‘21thasmy 8(x)-2.2% - S —; (12
50X
GI(X)——Z‘ZR 5'-[-1;{_.\' (]3)

13 cumeTpii nocrassnenoi 3apadi (1)-(3) 3a 3MiHOI0 @ Ta BHACIOK BigHoweb (8),
(9), wyxana dyHxuis Mac 6yTH NapHOIO 10 3MIHHOI X.
MoxHa noxasatu, wo yHxuis K(x) 306paxeHa y purnsmi:
K(x) = cd(x) + K (x), (14)
ne 8(x) — y3aranbuena ¢pyHkuis ipaxa, a K (x) € L (-, ).
Mpn ubomy, koucratita C 1a yHkuUis K (x) y piBHOCTi (14) BH3HAYETHCA LINTKOM
ONHO3HAYHO!



k{1
=4 -
¢ " Im{siny o y] (15

4 2n ctgy-( A;’sinyﬂ)

. . a

Ki(x)= — shry -/ shxy-

8 _Z:Rk.y(x -shxy-cosy+chxy-sin y) N
ah-shxn-(ch2xy-cos2y)

8 in:k(x-ch,\'y;sin*_y—Ns‘_hxy_'_cos>*,')+ (16)
ah-shxn-(ch2xy~cos2y)
5 K x?
4 2 cosy- .~ . -
* nah oY shxy-shnx

BpaxoBytouu, 100 npaBa yacruHa piBHaHHA (10) MicTute y cobi dyHkuito Jipaka,
6ynemo wykaTu pimieHHA PYHKUIOHANBHOrO PIBHAHHA Y BUIANI:

D(x) = F(x) + F(x), (17

ne F(x) 3an10BonbHAC QyHKUIOHAIbIE DIBHAHHA
Fy(x + i) + F(x - ) = cd(x). (18)

3pincu
c c ¢ ¢
* X R =y, B = TEe e Tty F P =V T = i .
(" +e™)/o() 2n fotx) 2 2nchx o(%) (2 ,2nchx}x) 4Chzt,\‘ 19)
Toni BiztiocHO HOBOI HeBioOMOI PyHKLIT F(x) oTpuMyemo 3anady Kapnemata:
F(x+i)+ F(x-i)+ 2F(x)(cosy+ ‘;\h q—‘”): K, (x). (20)
Y X

2. JocTaTHi YMOBY, Npit Axux 3aaa4a Kapaemana (20) mae eansnii po3s’asor
INMopsaza 3 3K (20) posrasuemo BianoBinHy if HabmixkeHy 3anavy

F(x+i)+ F(x-i)+2C(x)F(x)= G(x). (v2))
¥ nesknx Bunankax C MOXIHBO BBAXATH PiBHO1O KOHCTAHTI
~ _ a Y
C—cosy+“2. 2)

3a TeopeMoIO PO iCHYBUHHS Ta cAHICTh po3B’a3Ky [3.7] 3anaua Kapacemana (20)
GyJie MaTu equuuit poss’s3ok npu | C(x) | < 2. B pesyastaTi OTpUMaEMoO

1Y
2sin
9 2, (23)
Y

3a TeopeMoro nNpo ouinky noxndku [3,9], Bpaxosyiount, wo G =G, Mn OIEpATIMO
Ana 3anaui (21)-(22) ymoBy, HeobxiaHy ans npuiiHITHOCTI HaBMHXEHOr 0 PoO38’A3KY
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2.2 24
T @9

a
I3 HepisHnocTi (23) Ta (24) My 6aunmMo, WO KONTH ll 3a/10BOJIbHAC BHMOT'H TEOPEMH

NP0 iCHYBaHHA Ta €4iCTb, TO BOHA THM Haue 3aJ0BOJILHAE BAMOTH TEOPEMH NPO OLiHKY
noxubxu. 3acTocyemo 3BoporHe nepersopeHts ®yp’e xo (20), Toni Mu oTpHMaemo
po3B’a30K HabnHxeHoi 3agayi

Foy= 8O
/) 2chx+C (23

3. Tounuii po3s’ssok 3aaa4i Kapiemana y sunaaky y = ; .

Hexait y= —; , ToAi 3amava Kapnemasa (20) matiiMe BHIIAL:
n
th - x o
F(x+i)+F(x—i)+2‘fh 2 F(x)=-16 2=x )i?— (26)
k X shrx-ch -2-x

Hani BuxopucraeMo cnocié po3s’s3yBaHHA, 3acTocoBaHuii y poborax [1,66],
[22,80).

Bpaxosyiouy, uo sh ; (x)=Fch ; (xt7),3anaua Kapnemasa (26) 3anuuerbcs y

BHIIIALI PYHKUIOHANBHOTO PiBHAHHSA

(—I'.\')(\P(X ~i)-Y¥(x+ l))+ 0¥ (x) = G|(x), [vX))
e
¥eo= "0, 28)
ch- x
2
L 162 X ‘
Gi¥y=="0 29)

[ToTiM no piBHocTi (27) 3acTocyeMo 3BOpOTHE nepersoperHs Pyp’e. Y pe3ynb-
TaTi 6yneMo MaTH 3BHuaiiHe nudepeHUianbHe piBHAHHA |-rO NOpAnKy BiAHOCHO
dyskuii y(x) = (1 "¥)(x). Ockinbxn ¢pyHkuis w(x) € L,(R), To i3 3aranpHOro poss’s-
3aHHA BUAUTHMO Te, AKe 3a[]0BOJIbHAEC BKA3aHY BIACTHBICTb:

¥(x) = (VyXx), w(x)=[!g.(o(th;) drIZshx(thg] } 00

I3 popmynu (28) 3Haxoanmo F(x):

F(x)=ch ; xXP(x).
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Hani niacraBngemo 3HadineHe 3HavelHs Ao popmyn (17), (9), (8), (4), 3acrocyemo
3BOPOTHe NMepeTBOpetts Oyp’e, 3Haxoanmo GyHkuiro v(a, B) i, THM caMum w(x, y).

Pe3rome

Po3srnsgaeTbcs cTauioHapHa 3ajaua TeNAONPOBIAHOCTI IUIA NYHKH NpPH YMOBI,
1110 Ha oMKt KOOpANHATHIM JIiHiT 3aaHi KpaHOBI YMOBHM NepILOTO pody (TemMnepaTy-
pa), a Ha Apyriit — TpeTboro pony (KOHBEKTHBHHUIL TeNn006MiH).
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3BYPEHI OBEPTAHHS IPOCKOITA
AATPAHKA TIPY HASIBHOCTI
AVCUTIALII
TA AEBAAAHCY TSITU

Kacnap’any A. A., Jewenxo 1. J.

Po3rnsaHeMo pyx AMHaAMIYHO CHMETPHYHOIO TBEPAOIO Tijia HABKOJIO HEPYXOMOI
Toyky O mia Ai€l0: CHIM Baru mg; cuan F, fika Mac Taki npoekuii Ha pyxomi oci,
XOPCTKO 3B'f3aHi 3 TBepanM Tinom (0.F,0), i npuknagesa B Toulli N 3 KoopaAHHaTa-
mu (d,0,h), DHCHNATHBHOI CHIIK 3 MOMeHTOM M(-1p, -1 g, -1 7) BiaHOCHO TOYkH O
(me /,, I, — ponaTHi koediuicHTH, AKi XapaKTepH3YIOTh AUCHNALII0 P, ¢, r — npo-
eklii BekTopa KYTOBOI WBHAKOCTI Ha pyxomi oci). PiBHAHHR PyXy MaloTb BHIIAA
[4, 76; 3.8):

Ap® +(C - A)gr = ksinBcosp+ M,

Aq' +(A-C)pr=—ksinBsinp+ M,

Cr'=M,

y* = (psing +gcosg)cosecH, : )
8" = pcosp-gsing

¢ =r—(psing+qgcosg)ctgo.

Tyr A — ekBaTopianbuuii, a C — 0cbOBHII MOMEHT iHEPUii BiITHOCHO HEPYXOMOL
ToykH 0, 4 # C; y, 8, ¢ — kytu Efinnepa. B Bunaaxy BaxKoi A3HIH BiAHOBITIOIOYHH
MOMeHT k = mgl, e m — Maca Tina, g — NpUCKOPeHHs CHJIH Bark, / — BIICTaHb BiX
Toykn O 10 uenTpa saru Tina. Npu ubomy cuna F Bianosizae gebanancy Taru. fpo-

ekLii BekTOpa 30yp1o1040oro MOMEHTY M, Ha rofloBHi OCi inepuil, Aki NPoXoaATh ye-
pe3 Touky O, MAIOTh BHI AL

M,=-Fh-1p, M,=-Ig,
M,=Fd-1. @
Y crarTi, sk i B (3, 8], 3pobneni Taki BuxigHi npunyueHHs:
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P +@’&rt, Crik, M, |k (i=1,2,3). )
INMpunyulents (3) 03HAYAIOTh, WO HANPAM KYTOBOI WBHAKOCTI Tina 6nu3skuit Ko
OCi AHHAMIYHOT CUMETPIT; KyTOBa WBHAKICTh AOCTATHLO BEJIMKA, TAK WO KIHETHYHA
eHepris Tina HabaraTo 6inbwa noTeHLianbHOI eHepril , ska 06yMoBineHa BiTHOBIO-
I0YMM MOMEHTOM; 30ypIOI0Odi MOMEHTH MaJli B NOPiBHAHHI 3 BiHOBMOIOYNM. He-
piBHOCTi (3) 103BONAIOTH BBECTH MaNHit napameTp € <K | 1 NOKJIacTH

p=¢P, g=¢Q, k=mgl=£K
M, =M, (i=1,2,3). @

INpencrasnexo 3agayy QOCTIXCHHA aCHMNTOTHYHOI NOBeNiHkH cHcTemH (1) npn
ManoMy €, SKuo BHKoHaHi yMoBH (3), (4). ByneMo 3acTOCOBYBAaTH METON YCEpeaHEH-
Hi [1. 413] na inTepBani yacy nopsaaky e'.

Bsaxaemo, wo 36yproroui MomenTn M, (i = 1, 2, 3) 3 ypaxyBaHHam (4) mMaoTb
BHIJIAN

M, =-€'Fh’' -IP, M,=-¢'1,Q

M, =¢'Fd" -¢'Lr. )
OnepxaHo ycepedHeHi CHCTEMH PiBHRHbL pyXY B NepLIOMY | IPYroMy HabmHxeHHi

3a CXeMOI0, 3aNPONOHOBaHOW0 B [3, 12].

[Ticns papy nepeTrBopeHb PO3B’A3aHHA yCEPEAHEHOI.CHCTEMH PiBHAHbL NEPLUIOTO
HaOMMXEHHS NS NOBIJIbHUX | WBHAKHX 3MIHHHX Ma€ BUT/ISA:

a"! = exp(~eA™'1,1)(a’ coswi - b’ sinwi)

b" =exp(~eA"L1)(b° coswi +a’ sinw?)

8" =-eC'rt+eC'Fd"t

v =eKC 't +y,, 8V =0, ©)
o =CA' -0t -2 A7 [ + 1126’ A7 Fd'E + g,

Y = nt =1/261(C - A)A'C'r,? 411263 (C - AYC' A7 Fd' 1.

TyT @ =eKC'r;' cos8,; a’, b°, n, BUSHAYAIOTLCA TAKUM YHHOM:

- ~to -t ;
a=P -KC'r; sinB,sing,,

= -0, + KC'r;'sin8, cos@,,
ny=(C-A)A™'r, #0,
|n, imyis 1.
Y, = N,f, 3MiHHA Y = Y, M€ 3MICT pa3u konupanb, A =y + @, 7 =r + €5, P, 0,7, 8,,
@, — NMOYaTKOBi IHAYEHHS BIANOBIAHHUX 3IMiHHUX NpH ! = 0.

BinsHayMMo, WO B PO3B’A3AHHS YCEPEAHEHOT CUCTEMH Nepiuoro HabmkeHHs (6)

BXOAHTb TUTbKH KOMITOHEHTAa MOMEHTY, CTA/IOTO B 3B’A3aHUX OCAX, AKA NPHKIIAJeHA

B370BK oci cumerpii Fd*. [Tpoekuis BekTOpa 36ypIoi0yoro MoMenTy — Fh* punagac
NPH.yCEpEAHEHHI.
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Ha ocnosi HaBenenx hopmyn Bu3HayeHa eBOIIONIA KYTiB npeuecil i HyTaUil B Apy-
romy Habmmxensi. 3rinHo fo npouenypH, ska sukiagesa s [3, 12]:

w=y, +eKC'r 1+ SO

SO =Y K*Cr cos®, +1/1 26’ KC 1" 1126 KC*Fd' 1 -

—eC™'Ar;" cosecB, exp(-eA ™1, 1)(a" + b)) sin(a"” + o)

0=0,+&'l,KC 1 *sin®, +eC'Ar, exp(~eA™'I; 1)(a°’+b°2)sm(a‘” A) M

cosa =sinA =b" exp(ed ™I, 1)(a” + b ).

Y supasi (7) ana 6 nogaHok nopaaky € € 1o6yTKOM NOBiNIbHO eKCNOHEHUia/IbHO
CNafiHoro cNiBMHOXHHKA exp(-£4'It), 06yMOBJIEHOr0 THCHNAUIEIO EHEPTii | KONHB-
HOT'O CMiBMHOXHHKa sin(a™ - A). BeHulHY JeKPEMEHTA 3aracaHHs i XapakTep no-
BinbHOI 3MiHN Da3u ManKx konuBaHb BHAHO 3 hopMyn (6) mis b, a.

Y supasi (7) zns y(t) noganku SU(e, 1) MaioTh nopaaox O(g) Ha iHTepBani yacy
(0, 7¢'). 3n06yTit Bupa3 S (g, 1) yTouHIO€ Ang AaHoi 3aaa4i GopMyny KYTOBO! LWBHI-
KocTi npeuecii o = KC'r;!, aka Mae Miclie B HabnnxeHiit Teopii ripockonis [2, 219].

Bin3zHauuMo, WO KO B POIrNAHYTIH 3aaa4i oOMeXUTHCS noby0BOIO NEPLIOro
HaOnmuxeHHs, T0 B GOPMy/IH Ana KyTiB HyTauil i npeuecii He BBINAYTH NapaMeTpH
30ypIOIO4HX MOMEHTIB, | TOMY BINHB 36ypeHb HA perylspHy npeueciio Tina He 6yne
BpaxoBaHO. Takum ynHOM, noOynoBa APYroro HabIHXEeHHS iCTOTHA.

Pe3iome

3 70MOMOroI0 METOAY yCepeIHEHHS B NEPLIOMY i APYroOMY HaOMHXKEUHIX 4OCHia-
KYETLCS eBOIOLIA 00€PTaHb OCLOCUMETPHYHOTO TiNla 3 HEPYXOMOK TOUKOK Mif Ji€I0
JHIHHOrO 30BHILIHLOTO AUCHNATHBHOTO MOMEHTY Ta nebanancy TAru.
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4. Casvenxo A. A., bespyuenxo B. C. Hccnedosanue cinayuoHapHuix osuxceriuii 2u-
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OCYIIECTBAEHME 3AILITBI
MHOOPMAIJMOHHBIX MACCIMBOB
TP ITOMOIJM KOPPEKTUPYIOIIMX
KOAOB
N AOTIOAHUTEABHBIX
KOHTPOABHBIX CAOB

Konee H., Anexcanopos b.
Texnuueckuit ynusepcumem — I'abposo

1. Beeaenne

B 3asucHMOCTH OT cnocoba coxpaHeHHs H 06MeHa HHOPMaUHH, 2 TAKXEe OT BUAA
NoMeX, MOXHO HCMOJNIb30BAaTh Pa3/IHuHbIe KOAbI JUIS OOHAPYXEHHA M yCTpaHetius
ownboK. OqHUM U3 BHAOB KOLOB, HAllIEQUIHX LIHPOKOE NPUMEHEHHE B KOMNbIOTEP-
HOH TeXHHKE, ABIASIOTCH JIHHEHHbIE KOPPEKTHPYOuLHe Konabl. BanencrBue ux ocobex-
HOCTe — NapaseNbHOCTH NPOLECCOB KOAHPOBAHHA U NEKOAHPOBAHUS — OHHU
IWHPOKO HCNOJBL3YIOTCA [UIA OOHAPYKEHHA H yCTpaHeHH OLIHOOK B ONepaTHBHLIX
NaMATAX, B KOTOPsIX HHPOPMALIHA COXPAHAETCA NapaUIeNbHO Yallle BCero B Buae 8,
16, 32 ... 6uToBbIX cnos [1,3].

2. 3auiHTHOE KOJHPOBAHHC HHQ)OpMaUHOHHle MAaCCHBOB INpH NOMOLLH JIHHEHHBIX
KOPPEKTHPYIOLHX KOJI0B H IOMOJITHTENbHbLIX KOHTPOJIbHLIX CJIOB

TTpu NuHEAHBIX KOPPEKTUPYIOLIHX KOJAX KAXKIOE U3 CJIOB, KOTOPOE HEOOXOIH-
MO COXPAaHHUTH, OKOMIIJIEKTOBLIBAETCH C ONPEACNICHHBIM H3THLIKOM HHGOPMaUHH —
7 KOHTPOJIbHbIX PA3PAZOB, ¢ MOMOULBIO KOTOPLIX NPH YTCHHH YCTAHABIIHBAETCA Ha-
nuyue (OTCYTCTBHE) OIHOOK B JAHHOM CJIOBE. Y BETHYEHHE UIHHB] IHHEHHbIX KO10-
BbIX BEKTOPOB NNPHBOJMT K BEPOATHOCTH NOABNEHHA NyONHPYIOWMXCA, & TAKXKE MO-
BTOPSIOUIHXCR TPH 1 6OMbille pa3 paspadHblx ouwnbOK, 06HAPYXEHHE U YCTPAHEHHE
KOTOPBIX CBRA3AHO CO 3HAYMTENIbHLIM BO3PACTAHUEM YHC/IA KOHTPOJIbHLIX PAa3PRAOB
B K2XIOM KOZOBOM BEKTOPE. TH KOHTPOJIbHbIE Pa3pAibl COXPAHAIOTCA NAPASIIENS-
HO OTHGJILHLIM CJIOBaM, YeM yBeauuuBaeTcs obwui 06beM namat, Heobxoaumoi
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n=k+r n=k+r

X wouy ., 11,27 X w, ... Uy, |12
X, U, o V X U,
X) U] X; {j3
M, X, U, L
X‘ a3 \'i R ’?,7“:.' :.tA;~
X Uy
18 XZ U2
: M,,
X
Xk s i
X .
16
Puc. 1.

LMK COXPaHeHHs HRHOPMALIMOHHOTO MacCcHBa. ITOT cnocob 3awuTel HHHOPMALHH
nokasat Ha puc.l (cM. puc.ia).

CywHocTh AeHHHUPOBAHHOTO NOAXO0AA NPH KOAMPOBAHKH 3aKITIOYAETCH B pasfeie-
HUH NaMATH HA PparMelThl 4 GOPMHPOBAHHH OTHOTO KOHTPOLHOTO Ci10Ba (X)) A
KaXIoro oTAeIbHOTo ¢parmenTa (cM. puc.16), re a — YHCIIO CJI0B BO pparMeHTe:

[
X, = @Z}X). 1)

e
Kaxmnoe u3 cnoB Bo pparmente npeacrasngeT coboil k0a0BbIi BekTOp, nocpen-
CTBOM KOTOPOT'O MOXHO OOHAPYXMBATh M YCTPAHATH OIHOKH € NPEABAPUTEILHO
BbiOPAHHOM KPATHOCTHIO, HCMTOTL3OBAHHOM NPH ONpeeNIeHHH YHCNIA KOHTPOIbHbLIX
pazpanos [1]. [Ipn BO3HHKHOBEHHH U OOHAPYXKEHHH B OHOM H3 CIOB (dparmeHTa
oiInbok ¢ KPaTHOCTHIO Bhillle BbIOPAHHOMN, OHH YCTPAHSIOTC NPH NOMOLLM KOHT-
PONBLHOIO CJIOBA JUIA COOTBETCTBYIOWIEro Ppparmenta. butht X, nonyyarorcs B pe-

3yNbTaTe CJIOKEHHA GUTOB C ONMHAKOBbIMH HOMCPAMH [UIR BCEX C/TOB pparMeHTa

10000000 0001 I 00011110 10000
01000000 00101 00101101 01000
00100000 01001 Hsiy=| 0100101100100

Giss=| 00010000 10001 10000111 00010
00001000 11100 11110000 00001
00000100 1010 '
00000010 10110

B npumepe 1a npeacrabsieH pparMeHT M3 NATH KOJOBBIX BekTOpoB. Kaxaplii u3
HUX npeacTaBaser coboi koaoBsiii BexTop (13, 8,4) muHeliHOro kOAa C HHXe yKa-
3aHHbIMH NPOBEPAIOULEH H NOPOXKAAIOLICH MATPHLIAMH.



IMpotecc AekoAHPOBAHHA OCYLIECTBIIAETC B ClEAYIOieH NOCIEfOBATEIBHOCTH
neicTBHit. CHHAPOMHO NEKOAHPYETCH KOHTPObHOE L1 PparMeHTa Ci1oBo. B Hem,
K4K M BO BCEX OCTAJIbHbIX CJIOBAX, BO3MOXHO BOSHHKHOBEHME OUIMOOK ¢ KpaTHOC-
THIO Bbillle TOM, YTO BbiOpaHa 3apaHee. [ng BbIACHEHH NOAX04a NOIaraeM, YTo B X,
He 6b110 Takux oMb oK.

MpuMepst 1a 1 16

fa : 16 $1828384S5
x; 0111111001101 ) x, 1111110011000 00000
x; 11000011 11110 Xyo 0000 0000 0000

x; 00000011 11000
xe 11110101 01010
xs 10110111 11001

0111111001101 00000
0111 1110 01101
1100 0011 11110 00000
Xy 1011 1101 10011
0001 0011 11000 1000 1
0000 0011 11000 0000 0
1011 1110 01011
0000 0101 01010 11110
1111 1100 11000
0100 0010 10011
10110111 11001 00000
1111 0101 01010 00000

>
e 2

x. 1111 1100 11000

LR

ko3 o =X
L XX
2‘\2':-"53‘

Hexonupyem nepsoc ciioBo ¢parmeHTa aig oOHapyxeHus ownbok, KoTopsle
MOXHO YCTPAaHHTb C TOMOLLbBIO NPHMEHAEMOrO KOHKPETHOTI O NTHHEiHOr o kona (npu-
Mep 16). Ecnd nekonupoBaHHie OCYILECTBIIEHO YCNEINHO, GOPMHUPYeTCs NepBoe Nnpo-
MEXYTOYHOE KOHTPOILHOE C10BO X, (2),

Xo=X,+X: X,=0 ¥))

Hexonupyem crenytouiee cnoBo gparmenTa ans obHapyxeHus ouwrnbok, Koro-
pble MOXHO YCTPAHHTh C MOMOLLIBIO KOHKPETHOTO NMHHeiiHoro xona. Ecnu npu gexo-

OHPOBAHUH YCTAHOBJIEHO, YTO HET OMIMGOK HIIH YTO TaKHe eCTh H OHH YCTPaHEHbI,
tdopmupyeTcs creayloliee NPOMEXyTOYHOE KOHTPOJIbHOE CIOBO.
Xi,=X,+X,;; X, =X,+X,. A3)
Ecnu Ha onpepeneHHOM 3Tane NpH 1eKOaHPOBaHHH cloB ¢parmenita 6yner 06-
HapYXeHO CJI0BO X ¢ BO3HHKUIKMH B HEM OlIHOKaMH, KOTOpbIE Hellb33 YCTPAHHUTS C
NOMOIUBIO THHEHHOT O KOMIA, TO ITO CIIOBO HE MOXKET NPHHUMATDL y4acTus B GOpMH-
POBaHKH NPOMEXYTOUHBIX KOHTPONbHbIX c)oB. [lanbHeiiulec GopmupoBatie 11po-
MEXYTOUYHBIX KOHTPOJIBHbIX CJIOB OCYILECTBIAETCS TAKUM 06pa3oM, uTo Ha MecTe X,
yuacTByerT X,. [Ipouecc npofonxaercs, noxa ne 6yaeT IckOAUPOBAHO U NOCIIEAHEE
cnoso (X ) pparmenTa. [locnenuee chopmupoBaliHOe TPOMEXYTOYHOE CIIOBO COBNA-
DAET C OPUIHHANIOM CNTOBA, B KOTOPOM BO3HHKJIA MHOTOpa3pafHas ounbka

X,=X,-® ) X, | @

Jelgel
B npumepe 16 noka3aHo RekOOHPOBaHIE MACCIBA B COOTBETCTBHH C ONTHCAHHBIM
noaxoxom. Eannuunas ownbka B X, ycrpaHeHa BCIEACTBHE CHHAPOMHOTO AEKOAH-
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poBaHis. MHoropaspaagnas ownbka B X, ycTpaHeHa NPy NOMOWHK KOHTPOJLHOI'O
1n1s pparMerTa cIoBa. ITHM cnocobOM MOXHO YCTPasTh OUIHOKH, KOTOPbIe Hellb3a
YCTPAHHTS NPH MOMOLLH NPHMEHAEMOTO JIHHEITHOTO KOoAIa.

-

3. 3akmouenue

OnucanHbiil NOAXOR NPEANONAlraeT YCTpaHeliue oMb OoK ¢ KPaTHOCTLIO, AJIA KO-
TOPO# JIMHCITHbIC KOPPEKTHPYIOUHE KOAbI TpeDyIOT 3HAUNTC/ILHO BOIbUIETO YHCia
KOHTPONbHbLIX Pa3psaoB. OcobeHHOCTHIO NAHHOTO NOAXO0A SBIKETCH TO, YTO B paM-
Kax OHOro ¢hparMeliTa nocae MHOTOPa3 P/ IHOH W HOKH MOXHO BOCCTAHABNIHBATY
1ie Gouee ostHoro cnoBa. a8 370l nemtt Heo6xoanMO NoaOOPATL MOAXOARILEE HHC-
710 cnoB Bo (parmerire. 311as BCPOATHOCTh NOSBIIEHHA NBOHHbIX, TPOiiHbIX H 6onee
KPATHbIX OIMOOK, MOXHO NPHIATL PCLUCHIE O TOM, CKOMILKO CJ10B Oy/IeT yyacTBO-
BaTh B OTACNbHbIX parMenTax. [Togo6HLIfi 110/1X01 KOXISPOBAHIIS MOXIIO OMNICATD
NpH NOMOIH NAPAMETPOB a, 1, K, d, rae: @ — YHCIIO CI10B BO pparMeHTe; NapaMeTphl
n, k, d — Taxue xe, Kak NpH JIHHEAHBIX KOAAX.

B tabmiue | (cM. Tabn.1) ykasaubt KosMuecTBa NaMITH. HEOOXOAHMbIE IR 3a-
UMThI OlIEPATHBHON MaMsATH. PACCMATPHBAEMON KaK COBOKYNHOCTh U3 X+10° cnos.
Kaxzaoe ciioBo cogepxut 16 uudopMauitontbix 6UTOB i onpesencHHOe YiHCIO KOH-
TPOMbHBIX PA3PAAOB LI OOHAPYXKCHHSA M YCTPAHEHHS eNHITHULIbIX, /IBOMHBIX H TPOIi-
11X oniBoK. YKa3aHb! TakKe KO.IHYeCTBA NaMaTy (M), Heobxoaumble jui coxpa-
1eHHR KOHTPObHbIX Pa3psA 10B npit henoas3osatu (22,16,4), (25.16,5) u (29,16,7)
.IMHEHHbIX KOJOB.

Tubauya 1
. xon\Mx ¥ 20-108 40-103 60-105 80-10° 100-103
4MB 8 MB 12 MB I6MB | 20MB
22, 16, 4 1.5 3 4.5 6 7.5
26.16,5 | Ma 2.5 5 75 10 12.5
29.16,7 3.25 6.5 9.75 13 16.25
16, 22, 16, 4 1,844 3.688 5.531 7.357 9.219
32,22, 16,4 Mo 1.672 3.344 5.056 6.688 8.359
64,22, 16. 4 ’ 1.586 3.172 4.758 6.344 7.930
128.22. 16, 4 1.543 3.086 4.629 6.172 7.715

X0
My=" " (n-k) [MB]. )
B oroii xe Tabnuiie aalsb 11 KOMHYECTBA NAaMATH, HEOOX OAMMbBIE ATIA COXPAHCHHS
KOHTPOJIbHBIX PA3pAAOB NPH MCNONb30BaHuM (4,22,16. 4) xon0B.

_ Y10 [r+n)[MB].
a

BmecTo TOro, 4To661 HCNOJNL30BATH KOJIbI C pACCTOAHHEM 5, 6, 7, §..., no3BoAI0-
mHx o6HapyKUBATh H YCTPAHATH NBOMHbIE, TPOSiHbIE H T.1. OLIHOKH, COFJIACHO ONH-
CaHHOMY Tojixony, ueylecoobpasHo ucnonsloBats (g, n, k. 4) koabl. UMes B Buay
BO3MOKHOCTS {a, 1, k, d) KOZIOB ¥CTPANA T MHOTOKPaTHbIE OWIHGKM TOTLKO B OZHOM

M,

r2



CJIOBE ()PArMEeHTAa H 3HAR BEPOATHOCTH MOABIEHHUA NOLOOHBIX OIHOOK, MOXHO NO-
nobpaTh noaxoasulee 3HaueHue s “a”.

M2 M, 2 (49.32,7-8)
IMuly ' MIly
L (29.16.7) -
" “ (43.32,5)
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Ha puc.2 rpadmuecky yxazaHbl 3aBHCHMOCTH MEXAY 4ucioM croB (Y10°%) u xo-
JIUYECTBOM NaMSATH, HEODXOAUMBIM JIIA COXPAHEHUR KOHTPOJIbHLIX Pa3panoB NpH
(n. k. d) u (a, n, k, d) xopax. Ha puc.2a npeacraBnesbl 3aBUCMMOCTH I8 KOJAOB,
3aiuuMaouux 16-paspaauble C1oBa OT eAHHUYHBIX owinboxk (22,16,4), oT OBOHHBIX
owubok (26,16,3) u ot Tpoiinsix ownbok (29,16,7). Ha ToM xe pHCyHKe yka3aHsl H
aHanmoruyHsie 3aBucuMoctTi ua (a,nk,d) kogos, 6asupoBannbix Ha (22,16,2) nu-
HeHHOM KoJe U Ha BeinuuHe pparMenta 16,32,64,128 citos. U3 ykasanHo# Tabnuubl
u rpapHKa BUAHO, 4TO (a,22,16,4) xoabI ¢ oAHHM Dosiee MaTeHbKHM HHPOPMALIHOH-
HbIM H3JTHUIKOM OTHOCHTENbHO (26,16,5) xonoB NO3BONAIOT OGHAPYXHUBATD U YCTPA-
HATb HE TOJNIbKO ABOHHbIE, HO U MHOTOpPa3paaHble oUnGkKu B OXHOM H3 cIOB dpar-
MEHTAa.

[Tpu yBemuueHuu d ¢ UeNbio YCTPaHEHHS TPOMHbIX H Gonee KpaTHbIX omIHOOK
YBETHYMBAIOTCA W Pa3nuyua Mexay M, u M, npuuem Npu BimoyeHuu Gonbiuero
YHCIA CIOB B MAMATD, 3TH Pa3IHYHA YBEIHYUBAIOTC 3HAYHTENbHO. Tak, HanpUMep,
4To6bl 3aMHUTHTL 0OHY 16 MB maMarth or TpoiHbIX owKubGok, HEOBXOAHMbI
M, =13 MB nononuuTensHOR NAaMATH, a NPH 3aUIMTE C HCMONL30BAHKEM NpEMIO-
XeHHOTo noaxona veobxonumsl M, = 7,357 MB, npu noMouun KOTOPBIX MOXHO yc-
TPaHATDL MO OHOH MHOTOpPa3pAnHOl olnbKke B KaXaoM ¢parmenTe. 3Has BEpOAT-
HOCTb MOABIIEHHR ABOHHbIX H MHOrOPa3pAnHbIX ominbok, MOXHO HaliTH “a”, ans
kotoporo M, < M . M3 npeactaBneHHbIX rpapHyYeCKHX 3aBHCHMOCTEH BUIHO, YTO
yMeHbUIEHHE BEIHYUHbI QParMeHTd He BIIMAET CYUIECTBCHHO HA PA3NTHYHUA MEXIY
M,,, TOTZia KaK pa3nuuua MEXIY M, CTAHOBATCA 3HAUUTENLHO GOMbILE MPH HCNOND-
30BaHHH KOZOB, NO3BONKOLIMX O0HAPYXHBATH ABOTiHbIE, TpoiiHbie U 6omnee pa3paa-
Hble OLIHOKH.

MpennoxeHHbiii NOIX0M KOAHPOBAHHA MOXET ObITH ITPUMEHEH IR 3ALHTHI One-
paTUBHBIX NamaTeli, paboTaouiUx B YCITOBHAX NOMeX, KOTOpbIe TPUBOIAT K OHO-
BpEMEHHOMY MOAHPHUIHMPOBAHHIO HECKOTbKHX BHTOB B paMkax OJHOr0 KOLOBOTO
BeKTOpa. 3Han MODY/b MOMEX, MOXHO ONPENENUTDL H BENUYHHY PParMeHTOB, KOTO-
pas obecneyuBAET H ONPEAEIEHHYIO 3aIMILEHHOCTh HHPOPMALIHH, XPAHHMO# B CO-
OTBETCTBYIOLLEH NaMATH.
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[Mpenmoxentslit NOAX0N MOXHO MYIbTHIIHUMPOBATH K UHKIHYECKMM KOMAM.
Ero MoxHo ucnonb3oBaTh Npy o6MeHe HHOOPMALIHH MEXAY PECYPCaMy B KOMITbIO-
TEPHBIX CeTAX. DTOT NOAXOA MOXET GbITh NPHMEHEH € YCNEXOM W npu HHPOpMaLH-
OHHOM OOMeHe B TPOMbILUICHHBIX KOMNBIOTEPHBIX cpeaax, paboTaowux B yCIOBH-
AX PA3NHYHBIX MOMEX, OTIIMYAOLHMXCA BHICOKOH HHTEHCHBHOCTbIO MOABJIEHHA.

Pe3ome

B nanHoii paboTe onucaH NOAXOH, NPH KOTOPOM, NOCPEACTBOM pa3JieNieHHs na-
MATH HA pparMeHTb! H GOPMHPOBAHHA KOHTPONbHBIX CIIOB U1 KAXIOr0 OTAEIbHO-
ro ¢pparMenTa, CTaHOBHTCA BO3MOXHBIM OOHApYXKetlue u ycTpaHeHHe ouinbok ¢ kpaT-

- HOCTBIO Bbillle KPATHOCTH OWIHOO0K, 0OHAPYKHBaEeMbIX H YCTPAHAEMbIX NPU MOMOLIH
JNHHEHHOr 0 Koaa.
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