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Co Bpemenn npenckasanus B 1950 r. A KactinepoM BO3MOXHOCTH
ONTMYECKOH CIMHOBOH OopueHTauuu atoMmoB [1] BeImonHeHo Gonblioe
KONHYECTBO  paboT 1o  co3maHuio  aHcaMbieil  CBOGOMHBIX
NIOJIAPU30BAaHHBIX aTOMOB H sJEP METOAOM ONTHYECKOM HaKa4yKH
(moxpo6Hoe onHcaHHe MeTo/Ia ONITHYECKOM OPHEHTAIMY MPEICTABIEHO B
o63ope [2]). Tlonspu3oBaHHBIE Tra3oBble aHCaMOIH paIHOAKTHBHBIX
M30TOIMOB MOINH OBl CIIyXHTb IS BBICOKOYYBCTBUTENBHON JIa3epHOi
CHIEKTPOCKONHUH [3] MM 171 DETaNbHOro M3ydeHHs (yHIaMeHTaIbHbIX
TIPOLIECCOB, TaKHX Kak B-pacnax [4,5]. OnHAaKO OCHOBHEIM OrpaHHYEHHEM
B 3KCIIEPUMEHTaX C MOJAPU3OBAHHBIMH PaIHOAKTUBHEIMH H30TOMAaMHU B
ra3oBbIX S4Y€HKax ABIAETCHA afCOpOLMS M JEroNApU3auus UCCIemayeMbIX
aTOMOB Ha CTeHKax s4eidku. [lo oToH mpuumHe npo cux mop
SKCMIEPHUMEHTBl 10  ONTHYECKOH MONApH3alMH C  HM3MEpeHHeM
AQHM30TPONHNH SAEPHOrO H3JIyYE€HHS NPOBOAMUIIMCH JIHOO HAa XHMHYECKH
MHEPTHBIX aToMax, JUOO0 Ha M30TOMAaX C BPeMEHEM )XM3HH, KOpoue MiIH
CPaBHHMBIM C BpeMeHeM AHGGY3HH HCCIENyeMOro aroMa IO CTEHKH
syedku [3,6]. BnugHMe CTEHOK MOXKHO IIONHOCTBIO YCTPAaHHTH B
MarHUTOONTHYECKUX JIOBYmIKaxX [7]. OXHAKO 3TH JIOBYIIKH SBJISIOTCS
CIIOXXHBIMH M TOHKMMH 3KCIIEPUMEHTAIBHBIMH YCTAHOBKAMH C MAJOi
€MKOCThIO HAKOILJIEHHS aTOMOB (KaK IpaBHJIO, MeHee 108) U HHU3KOH
s¢dextuBHOCTRIO 3axBaTa [8,9]. Kpome Toro, ymepxuBaroiee HOHbI
3JIEKTPOMArHHTHOE 110J1€ MOXKET NPHBOAUTE K AENOJSIPU3ALUH SLED.

B naweidt pa6ore [10] Ha npumepe crTabuibHOro HaTpus GbLI
NPOASMOHCTPUPOBAH aJIbTEPHATHBHBIA CIOCOO CO3NAHHMS ONTHYECKH
TIOJIAPU30BaHHBIX A€ — ONTHYECKAs HaKayKa aTOMOB, YAEPXXHUBAaEMBIX B
3aKPBITOH C OJHOrO KOHLA TPYOKe C IIOMOLUBIO CBETOMHAYMPOBAHHOTO
apeiipa (CHUI) [11]. Ilapamerpel, JAoCTHrHyThle B 3Toit paGore:
MIOTHOCTs aToMoB Hatpus 10 atom/cM’, KoNH4ecTBO 3axBayeHHOro
natpus 10" atomos, TIOJIIpU3alMs aTOMOB B napax Hatpus 90%, monnas
NOJIApU3alHsl C yYEeTOM HaTpus, afcopOHpOBaHHOTO Ha CTeHKax, 25%,
NOATBEPIMIM NEPCIEKTMBHOCTh AaHHOro Meroaa. lLlensio maHHOM
paboThl sABNseTCA NanpHeliee pasBUTHE 3TOCO METOAA — MONAPH3ALHUS
sSHep PpaaMOAKTHBHOTO wM30Toma >*Na, ONpe/ieNieHHe CTEeNeHH ero
TIONIIPU3aLMK U IPYTHX XapaKTEePUCTHK SKCIIEPUMEHTAILHOM YCTaHOBKH.

Wnes nosymku Ha 6aze CH]l 3akirovaercs B CIedyloOLIeM: eciu
OrpaHHyuTh Jpedid) aToMOB B TpyOke Meperopoikoi, TO aToMel OymyT
HakallJIUBaTbCsl Yy Hee N0 TeX IIop, noka apeH¢ He CKOMIIEHCHpPYeTCs
06paTHBIM I hY3MOHHBIM IIOTOKOM. B ONTHUMAJBHBIX
SKCIEPUMEHTANIBHBIX YCJIOBHAX CBETOMHIYLHPOBAHHBINA Ipelid Moxer



co3faBaTh OOJBIIME TpaJUeHTHl IUIOTHOCTH, U OOJIBIIMHCTBO aTOMOB
MOXET YJEep)KUBaThCS OKOJNO MNEeperopoiKd B CIOe C LIMPHHOW BCEro
JIMIIL HECKOJIBKO MUJIIIMETPOB.

BaxueiM cBoiicTBoM JsoBymiku Ha Oaze CHUJl (mamee sumb
JOBYIIKH) SIBISETCS €€ CeNeKTHBHOCTb. ECIH B JIOBYIIKE aTOMEI
IpecTaHyT TMOINIOUIaTh U3IydeHWe, oOpa3oBaB Monekynsl, CHJI
IepecTaHeT JeHCTBOBaTh Ha HHX, M OHH [OKHHYT JIOBYIUKY
muddysuonHo. bonee toro, 6aaronaps H30TOMAYECKOMY CABUTY H(HIIH)
Pa3IMYHOMY CBEPXTOHKOMY PACIICIUICHHIO [T JBYX Pa3HBIX U30TOIOB B
B030y’KaeMOM ONTHYECKOM HEePeXoie MOKHO HACTPOUTH [UIHHY BOJHEI
BO30YXXIAIOLIEr0 JIa3epHOr0 H3NIyYeHHs TakuM obpasom, uyro CU]I
aTOMOB 3THX [IByX W30TONOB OyJeT HampaBieH B IPOTUBOIOJIOKHEIE
cTopoHEBL. JTa ocobeHHocTs CHJ] OblTa NMPOXEMOHCTPHPOBAHA B HAIIEH
pabote [12] Ha mpuMepe OBYX PaIHOAKTHBHEIX H30TOIIOB Na u **Na.
TakuM oOpa3oM B JOBYIIKE YIEPXKHUBAETCS TONBKO OINpPeNe/IeHHBIN
M30TON B AaroMHOH (QopMe, M OHa MOXET CIYXHTh B KadecTBe
H30TONHYECKOr0 ceraparopa.

WsBecTHO, yTO npu Temmeparypax okono 400 K aacopbuuro Ha
CTeHKaX aTOMOB INEJIOYHBIX METAJUIOB MOXHO IIOIaBUTh HOKPBITHEM
creHok mapaduuoM [2,13]. K coxaneHuro BpeMs >KH3HH aTOMOB IIO
OTHOIIEHHUI0O K XHMHYECKOMY CBS3LIBAaHHIO, B s4elikax ¢ TaKuUMu
MOKPBITHSIME He TIPEBBINIAeT CEKYHABI, YTO HaKJaAbIBaeT OrpaHuyeHue
Ha WX IpuMeHeHHe. Ilo3TOMy B HaIlUX OKCIIEPUMEHTax BMECTO
napa(UHOBOTO ITOKPBITHS CTEHOYHAs aACcOpOIIHs MOAaBIsIach HArPEBOM
sqeliku U3 candupa 10 Bblcokoil Temneparyps! [10]. B mocienyromux
UccliefloBaHUAX Obljla M3MepeHa 3Heprus afcopOIu aTOMOB HATpUs Ha
MOBEPXHOCTH candupa, KoTopas okasaiack paBHoi (2,48 £ 0,1) aB. Dta
BEJIMYMHA XOPOIIO COBIAJlaeT C SHePrueil CBA3U HATPHUS C KHCIOPOIOM B
mozekyne Na,O (2,55 aB [14]). ITpu takoii 3Hepriu CBSI3U IJIs MOJHOTO
HOJaBNEeHHs ancopOUUU MOBEPXHOCTE candupa HEOOXOAUMO HArpeTsh 10
temueparyp Boiuie 1800 K. Eciu nmoBepxHOCTH candupa NOKpEITH ClIoeM
KaJIis, TO SHEPrus ajcopOILMM aTOMOB HaTpus cHibkaercs jo (1,76 +
0,07) sB [14], a Temneparypa momasienus agcopbuuu no 1300 K, urto
MO3BOJSIET IPOBOJUTH SKCHEPHMEHTHl 10 TMONSPH3ALMKM HATpPHS IpH
GoJiee TOCTYTHEIX TeMIepaTypax.

IIpun BBICOKMX TeMIlepaTypax IOMHMO IIOJABICHHS axcopOuuu
IOPOUCXOAUT eIlle M pPa3IoKEHHE MOJIEKYJ, B KOTOphle XHMHUYECKU
CBA3BIBAIOTCS  TUJICHEHHBIE aTOMBl. BpeMs KH3HM JAByXaTOMHOU



MOJIEKYNIbI C JHepruel cBA3M E ompepensercs w3BecTHOM (opMysoi
Appenunyca:

T =71, exp(k—ET), )

rae To — MPEIIKCHOHEHIUANBHEIH MHOXHTENb, kK — IIOCTOSHHAS
boneumana u T — abcomoTHas Temneparypa. IIoCTaBnss B BRIpAKEHUE
(1) Tunu4aHEle 3HaYEeHUA Mg MoneKyiel NayO: tp ~ 108 ¢, E= 2,48 3B u
temnepatypy 7 = 1300 K, nonyuum Bpems ee xu3uu T = 0,4 Mc. 3a Takue
KOPOTKM€ BpeMEHa MOJIEKYJIbl He YCIIEBAIOT IOKUHYTH JOBYLIKY 34 CYET
auddy3uy. BHOBb BO3HMKIIHE &TOMBI ONATH APEH(YIOT K 3aKPBITOMY
KOHILY JIOBYILIKH, I7le OHH YAepXKHuBarTcs. Taxum o0pa3oM, 06paTHMOCTE
IPOLIECCOB XHMHYECKOTO CBS3BIBAaHMA TPH BBICOKHX TeMIIEpaTrypax
IO3BOJIIET YJIEpXKHMBaTh aTOMBI B JIOBYIIKE ©6e3 MOTeps 3a CUeT
XMMUYECKOTO CBSI3bIBAHHS.

BrrurcnuM BpeMst yAep)KaHHs aTOMOB B JIOBYLIKE, KOTOPOE BaXHO
JUIA pealu3alMy 3KCIEepUMEHTOB. [ mpocTOTH OyleM IpenIoaraTh,
9T0 afcopOLUs Ha CTEHKaxX s4YelKd NpeHeOpexuMo Mana, T.e.
KOJIMYECTBO aJCOpPOMPOBAaHHBIX aTOMOB HATPHsl MHOTO MEHBIIE, YeM
cBoboaueIX. Taike He OyneM NPHHAMATb BO BHMMAaHHE IOTEPHU 33 CUET
PaaroaKTUBHOIO Paclaja M XMMHYECKOTO CBS3bIBaHM. B sTOM ciydae
NOTEPH aTOMOB B JIOBYIIKE OyXyT ompeneneHsl X IuGGY3HOHHEIM
BBITEKaHHEM depe3 OTKPHITHIH KOHell TpyOKu:

dN(t) dn(L, t)
a - P Ta @
N@) = [ nGx, ndx, A3)

0

rae n(x,t) — INOTHOCTh aTOMOB, D — xoaddurment nuddysun, 3naueHue
x = 0 1 L COOTBETCTBYIOT 3aKpPHITOMY U OTKPBITOMY KOHI[AM JIOBYILKH.
bynem npexmonarats, 4To BpeMs YHEpXKaHUS aTOMOB B JIOBYIIKE MHOTO
Goupllle XapaKTEePHBIX BpeMeH Kak auddysun, Tak u apeida:

o’h(;, 1) o D ﬁznagcz, 1) , @)



h(x, t M(x, t
x 0 >> u . 1) , (5)
a &
re ¥ — CKOPOCTh CBETOMHIYUHpPOBaHHOro Jpeiia. B srom ciyuae
IJIOTHOCTE aTOMOB OIIPEAEIISETCS CTallHOHAPHBIM YpaBHEHHEM:

D &n(x, t) _ oh(x, 1) _
& “Ta

0. (6)

Pemas ero ¢ rpaHudHBIM yenoBueM #n(L,¢) = 0, HAXOMUM BBIPAXKEHHE I
IUIOTHOCTH aTOMOB:

n(x, t) = no(t)[exp(%) - exp(—%ﬂ, 0<x<L. @)

HamomuuM, urto wu<0. Cuuras, uTo CKOpOCTE apeiida Benuka
(lu|L >> D), Berancnum unrterpan B (3):

N@ ~ -m(t) D ®)

Ioxctapnss (5) u (6) B ypaBHeHHe (2), HAXOIUM peILIECHHE:

N(@#) ~ N, exp(— %) ©
RENNCT
) (10)

IIpoBeneM YUCIIEHHBIE OIIEHKY BPeMEHH yIEepXKaHHs aTOMOB B JIOBYILKE
IpY THOWYHBIX SKCIEPUMEHTAIBHBIX MapaMerpax. [IpW JgaBieHuu
O6ydpepHoro rasa — kpumntoHa — 30 Topp u Temmeparype 1300 K
BeJIHYMHBI KoadduimenTa qudby3un U CKOPOCTH apeiida, u3MepeHHble
B [10,12], cocTapmsirot: D = 50 cm¥/c, u = 150 cm/c. [Ipu pnuHe NOBYIIKH
L=10cM Bpems yIepXKaHHsS COCTaBISET MO WOPSAAKY BeIHUYHHBI
2 - 10" ¢, miu 6onee 600 ser. Crnenxyer, 0IHAKO, OTMETUTE, YTO CHTYALHS
pajKalbHO MEHSETCS, €CIH aTOMBl YIEPXKHBAIOTCS B JIOBYLUKE
LUUPKYJIAPHO ITONSPU30BAHHBIM CBETOM, U NPOUCXOAUT UX 3¢deKTUBHAs
onruyeckas Haxkayka. OINTHUecKas OpPHEHTAWA aTOMOB IIPHUBOJHUT K
YMEHBLIEHUIO BEPOSTHOCTH MOTIIOMICHHS U3NIyHIeHNS U, KaK CIIEICTBHE, K
caixennto ckopoctd CHUJl npumepHo B gHecars pas [10]. Us-3a
SKCIOHEHIMANbHOH 3aBHCHMOCTH BpPEMEHH YIepXKaHWS aTOMOB B
noByuike T oT ckopoctd CHUJl omo mamaer mo 4,5 c. M36exars 3Toro



MOXXHO, IOMECTHUB OTKPHITYI0 4acTh TPYOKH JIOBYIIKA B IIONEPEYHOE
MarHUTHOE TIOJie, paspylialoliee ONTHYECKYI0 OPHEHTAIHIO aTOMOB.
Taxum 06pa3oM NpoCTPaHCTBEHHO pas3ieNsiOTCs 061acTi 3G HEKTUBHOTO
neiicteust CHJI u ontHyeckoif HaKayK{: y OTKPHITOrO KOHIA JIOBYIUKH
aKTHBHO JeHCTBYeT Jpeiid), He BBIMyCKas aTOMbl M3 JIOBYIIKH, Y
3aKpBITOTO  JK€  KOHIA TMPOHCXOMUT  ONTHYECKas  OpHEHTalHUs
YACPKUBaEMEIX aTOMOB. IIpy 3TOM B OLEHKaX BpeMeHH YyIepiKaHHUs
aromoB 110 (opmyiie (10) BMECTO AIMHEI JTOBYLIKH IOACTABISAETCS AIHHA
TOH YacTH JIOBYHIKHM, rue akTUBHO aeiictByer CUJ, T.e. Gonpluas yacTe
TpYOKH, 4TO He3HAYUTENbHO CHHXKAET T.

HanoMHMM HeKOTOpBIE OCOOEHHOCTH ONTHYECKOW MONSPU3AIMH
aTromoB paauoakTuBHOTro (T, = 15,02 1) 2Na onrtuyeckum U3JTy4deHHEM
C KpPyroBoy MOJISIpH3alMed ¢ 4acTOTOH, HACTpOeHHOl Ha Dj-mepexoj, B
HpHCYTCTBHH OydepHoro raza. CBEpXTOHKOE pacilelIeHHe OCHOBHOTO
COCTOSHHSL “'Na MeHbIIe AOIJIEPOBCKOrO VIUMPEHHA, TaKk d9ro 06a
CBEPXTOHKHX IIOAYPOBHS B3aUMOJESHCTBYIOT C ONTHYECKUM H3JIyUECHHEM.
Jns monspusalyy NpUHOUITHAIBHBIM ABISETCS (akKT, 9TO Ha IEPEXojie
Sy, = Py, HODYypOBEHE ¢ MaKCUMATIBHOM MTPOEKIMEH aTOMHOI'O MOMEHTA
mg = +9/2 (cnmH sapa I = 4) He MOXeT MOMIOTUTL (OTOH C IpaBoiH
nonsipusauyeil G© M3 3aKOHA COXPAHEHHs MOMEHTa, B TO BpeMs KaK co
BCEX OCTalbHBIX IIOAYpOBHEH aTOMBI MepexoJsIT B BO3OYKIEHHOE
cocrosanue. CeueHne nepeMelMBaHus HOXYPOBHEH Pjj,-cocTosHus mpu
CTOJIKHOBEHMAX ¢ YacTHIaMH Oy(depHOro raza COCTaBIseT IO MOPSAKY
Bemmumasr 107* em? [2], uro IIPEBBIIIAET Ia30KHHETUYECKOe CeUYeHHe
cronkHoBeHMs. Takum o6pa3oM, npu naBieHHsx OydepHoro rasa,
ontuManbeHeIX A4 3ddexra CHU] (oxono 30 Topp [16]), mogyposuau P,
COCTOSHHS IIOJIHOCTBIO IIepEMENIaHbl, M BO30YXXIEHHOE COCTOSHHE
nenoiApu3oBaHo. IIpyu croHTaHHOH penakcauyy MOLYPOBHH OCHOBHOTO
COCTOSIHHS 3aCEIAIOTCSA PAaBHOMEPHO, B TOM YHCIIE C BEpOSATHOCTHIO 1/18
3aceNiercs M MOLypOBeHb ¢ My = +9/2. CeueHue ke CTOIKHOBHTEIBHOTO
[EPEMEIUBAHNS TOAYPOBHEH S;/,-COCTOSHUS IPH CTOJIKHOBEHHAX C
aTOMaMH KPHIITOHA CYIeCTBEHHO MeHbIe (Ha yposHe 2,0 - 107! em? [2D.
Takum  06pazoM, BO3HHKAONIasi B  MHOTOKPATHBIX  IIPOLECCAX
BO30OYXAEHHMS M  CIIOHTAaHHOM  peNiakCallil  HEepPaBHOBECHOCTh
3aCeIEHHOCTH IIOJyPOBHEH OCHOBHOTO COCTOSHMA Hakaruiueaercs. [Ipu
3TOM Cpefla M3 aTOMOB HATPUSA ¢ MaKCHMAlBHOU HpoeKuued MOMEHTa
CTaHOBMTCS IOJHOCTBIO MPO3PaYyHON AN HUPKYISPHO MMOJIAPH30BAHHOIO
J1a3epHOro U3JIy4eHHs, HACTPOSHHOTo Ha Dy-miepexon.

CTeneHs MoNApU3alMHK aaep >*Na ompeaelsiiacs o aHU3O0TPOIHU
ero y-u3IydeHHs rocie f-pacnana. ITo y-H3ydeHHE COCTOANO MX ABYX
HaxOoIAIIKUXCsl B Kackaje Y-KBaHTOB C »Heprusmu 2,754 u 1,369 M>B



[15]. ITocnenoBaTenpHOCTh CIIMHOB M YETHOCTEH AAEpHBIX YPOBHEH MpH
B- u y-nepexonax 6eu1a:4* 4§ 4* 3 2* 3 5 0*. Yriosas JuarpaMma BhIIETa
Y-KBaHTOB Ha SAEGPHBIX IepexoAax JodepHero sjapa Mg
BbIpaxkaeTcs cooTHomeHueM [17]):

W) = i B,(I)U,4,(LLI 1) P,(cos 6}, (11)

rae 6 - yroin Mexay HallpaBI€HHSMH OPHEHTAIIMU CIHHA Spa K BbLIETa
y-kBaHTa; B,(Iy) — mapaMeTpsl OpHeHTalMHd MaTepHHCKOro siupa; U, -
napaMeTpsl  JIe30pUEHTalldd TIpH  [epexoAax, IpeRuIeCTBYIOIINX
Habmopaemomy; A (LLId;) — ko3¢ dUIMEHTH YIIOBOroO paclpesieNeHus;
P;(&) — nomuomsl Jlexxanapa, L - TOpSIoK MYJIbTUIIONEHOCTH IIEPEXO/IA;
Iy — cnvH MaTepMHCKOTrO sapa; I, — KOHEYHOE M MCXOJHOE 3HaueHHue
cnuHa sapa npu nepexoze. Cymmuposanue B (11) Ipou3BoguTCs TOMBKO
0 YETHBIM A.
IapaMeTphl OpHUEHTAIINH 33TAIOTCS COOTHOMIEHHEM

e 1, I, A
Byl = V22 + 1420, + 1 3, (—1)’0“"( - )p(m), (12)
m=-1, - mm?o
rge B CKoOkax 3-j-CHMBOJBI, p(m) — 3acCelleHHOCTb MOXYPOBHS C

IpOeKLeH m SJepHOro CIHHA (m MpUHUMAeT 3HA4eHUs oT —4 1o +4).
OCHOBHBIE IEMOJIPU3YIOIIIE IPOLECCH TPH ONTHYECKOW Hakayke —
NOMVIOIEHNE  HEMONSPU30BaHHOI'O  CIIOHTAHHOTO  M3JIyYeHHs |
penakcanys Ha cTeHKaX. [Ipy mepBOM W3 HHUX BEPOSTHOCTH 3aCelICHHs
BCEX mM-TIOTYPOBHEH OCHOBHOI'O COCTOSHHSA OJUHAKOBAa. MOXKHO
npeAnonaratb, YTO IPH peXaKcallHd aTOMHOIO MOMEHTa Ha CTEHKe
OPOUCXOMUT TO K& caMoe. TakuMm 006pa3oM, OTHOCHTEIBHO
pacmpefieieHdsl 0 M-TIOAYPOBHSIM OCHOBHOTO COCTOSIHHUS MOXKHO
[PEAIONOXHTh, YTO 3aCENeHHOCTh BCEX Mmp-IIONYypOBHeH, KpoMe myp =
+9/2, omuHAaKOBa, a IOBBHIIIEHHAs 3aCENEHHOCTh HOAYPOBHA mp = +9/2
O3HavaeT IIOJIPH3aIlMI0 aToMoB. B TakoM ciy4ae 3aceleHHOCTH
HOAYPOBHEH p(1) s = Po,, @ p(4) = pp + A ¥ TapaMeTpEl OpUEHTALIHH:

Bi(4) = 1,59544; Bu(4) = 0,93874; (13)

4-
rie A o3HadaeT CTEIeHb MOJSIpU3allud  sfep *Na. ITapameTpsr
JIeOPUEHTALUH ONPEeIIIOTCA BCEMH NPEABIAY MU IIePeX0OaaMHu:



U,(p, 4 > 2
2= {Ul(ﬂ) U,(42), 2 50 (14)

OKcnepHMeHTalbHOe  HaOMIOJieHHe  AHH3OTPOIMM  Y-M3JIyd4eHHS
€CTECTBEHHO NPOBOJAHUTL B HAIPaBICHUAX, Tlleé OHA MaKCHMalbHa, T.€.
npu 3HadeHusx yria 6 = 0° m 90°. Ilpemmomoxum, uto P-mepexon
ABJIAETCS YHMCTBIM FaMOB-TEIUIEPOBCKUM IIepexonoM. Toraa 3HayeHus
xo3ddunuentoB Gopmynst (14) cneayrommue [17]:

Uxf) = 0,8500  Ax(2224) =-0,4477  Pyfcos 0) = 1

UiP) =0,5000  A42224) =-0,3044  Pyfcos 0) = 1 (15)
Ux(42) = 0,7491  A5(2202) =-0,5976  Ps(cos (/2)) = -1/2
Ul42) = 02847  A442202) =-1,0690  P,(cos (w/2) = -3/8

INopacTaBnss naHHBIE NapaMeTpsl B Gopmyny (11), moxyuuM s oGoux
IepeX00B OAUHAKOBEIE BEIPKEHHUS:

W(0)=1-0,7500A,  W(90) =1+ 0,2500A. (16)

brok-cxeMbl 3KCIepHMEHTANbHOM YCTAaHOBKHM IPENCTABIEHHI Ha
puc.l. OCHOBHBIM 3JI€MEHTOM JIOBYIIKH OBUI Can(HUpPOBBIA KamJUIsp
JHOM 20 cM M BHYTPEHHHM JUaMeTpoM 2,5 MM, 3aBapEHHBIN C OJHOr0
koHUa. Kanunngap nomemancs B TaHTATOBYIO CIIMPaib M 3aTeM elle B
OJHy canHpoByI0 TpyOKy 6dibinero guamerpa. Crimpans obecrieunBana
KaKk BBICOKYIO TEMIIEpaTypy HarpeBa, TaK W MarHHTHOE IoOJe,
napajjielbHOE HAalpaBJIEHHIO paclpOCTpaHEHUs JIA3epHOro JIyda.
HampsokeHHOCTE  MarHMTHOTO IOJSI  CHMpPallM B 3KCIIEPUMEHTax
cocraBimsna 50 + 80 3. Suelixa HamomHssace OyQepHBIM rasomM
kpuntonoMm mnpH AasineHud 30 Topp. Ilepen HawanoMm 3KcHepuMeHTa
NpOBOAMIACE KalIMOpDOBKA CIHMpald: NpPH DPa3IMYHBIX 3HAUYECHHIX
HaNpsOKEHM Ha CHUpAId H3MepsUlachk TeMIepaTrypa TepMOIapoi,
pasMeIeHHOH HENOCPeACTBEHHO B KaIWJUIApEe Y 3aKPhITOrO KOHIA MpH
SKCIIEpUMEHTAIILHOM JaBlieHuHM OydepHoro raza. B xamwuisp Ha
pPacCTOSHMM 5 CM OT OTKPHITOTO KOHIlA IIOMEIanack Ha TaHTAJOBYIO
donery mMpoBONOKA W3 CBEPXYUCTOrO AalMOMHHHS BecoM 20 M,
obnmydeHnas OBICTpHIMH HeHTpoHamu B spepHoM peaktope LVR-135
HnctutyTa simepHeIXx uccnenopaHuit, Pxex (y Ilparu). B pesynsrare
peaxuun >’ Al(n,o) 6511 monyder “*Na B komuuectse 1, 5 - 10'! atomos,
HMHTEHCHBHOCTh €ro y-H3IIydeHHs cocTaBisuia S, 5 - 10° Bk. Ilockonbky



Ca

Puc.l.  CxeMBl DJKCHEpPUMEHTAJBHBIX YCTAaHOBOK: BBEpPXYy — s
VM3MepEeHHs IIPOCTPAHCTBEHHOTO pacipeieleHus ~'Na B sueiike; BHU3Y —
JUIS A3MEPEHHS aHM30TPOIIHH Y-H3ITyIeHNs 3aXBaYeHHBIX aTOMOB ~'Na.

1 — 3aBapeHHBIH ¢ OMHOTO KOHIA canpUpPOBbI Kanumisap; 2 — allOMUHHH,
conepsxaruit aToms! >'Na; 3 — candupoas Tpybka; 4 — MydoK Nasepa Ha
Kpacurelle; 5 — nepenBwkHas miatdopMa; 6 - y-IeTeKTop; 7 — CBHHIOBas
jalUTa CcO INEbio; 8 — aMmyna ¢ MeTaUIMYecKuM KanueMm; 9 —
[IOCTOSHHBIA MarHuT, 0OeCIe HBAOINHI ONIepeYHOe MarHUTHOE IIOJIE,
JOCTAaTOYHOE I paspyllieHHss ONTHYESCKOH TONSpH3allid B IOJIOBUHE
JOBYIIKH; 10 — moJIApU3aI{MOHHAS MIacTHHKA A/4



TaHTall CMaYMBAETCS PACIUIABICHHBIM allFOMUHHEM, TaHTanoBas (oJjira
OpENATCTBOBaja  OOpasOBaHMIO KaIld  KUAKOTO  AJIOMHHHS B
candupoBOM KalMIUIApe, KOTopast Ol MOIIa HEPEKPBITE JIa3epHbIH JTyd.
Oxo110 YeHKH CO CTOPOHBI OTKPHITOrO KOHIA Pa3sMEINAINCH IOCTOSHHBIE
MarHuThl, O00ecreYHBaloIlie MEPIEeHAUKYIAPHOE MATHHTHOE MOJIe
HaIIPSHKEHHOCTBIO 0K0JI0 100 3, 4To GBUIO JOCTATOYHO IS paspyuIeHHs
CIIMHOBOM OPHEHTAIl¥ aTOMOB B 3TOH IIOJIOBMHE JOBYUIKH. B japyroi
TIOJIOBUHE JIOBYIIKH, GIU3KOH K 3aKPHITOMY KOHLLY, HAMPHKEHHOCTD MOJIS
IOCTOSHHBIX MarHUTOB OBICTPO Hajgaia W Ha PacCTOSHMM 3 CM OT
MarauToB 66112 Hike 10 D, YTO He OKa3BIBANIO BIMAHUA HA OPHEHTALMIO
aromoB. Ily4ok sasepa Ha Kpacurene (COBMeCTHOe Npomu3BoacTBO AQ
«Husepcuss» u AO «Texnockan», HoBocuGupck) mpoxoamn dyepes
KallMJUISp OT OTKPBHITOrO KOHIA K 3aKpeIToMy. Ero mommuocts 6buia
okono 100 mBrt, uacTora wusmydyeHHMs ObUIa HAacTpoeHa Ha IEHTp
D-nvBnM cTaOUIBHOTO HATPYSA, YTO COOTBETCTBYET OTCTPOHKE OKOJIO
700 MI'I1 B «KpacHYIO» CTOPOHY OT LEHTPA JIMHUH *Na (u30TONUYECKMH
CIIBHT), U 3T0O ofeclednBano GIH3KYI0 K MakcuMalbHo# ckopocts CHU]]
[I0 HaNpaBlEHHUIO pacHpocTpaHeHus  cBera. [lpodunp mmydka ObLI
rayccoB, €ro AMaMeTp cocTasisul 0,5 MM, [ONpU3aIisa U3TydeHus Oblia
nuHelHOH. B TpyOke 60nbIero AHaMeTpa Ha PACCTOSHUM 8 CM OT BX0Ja
B JIOBYIIKY IIOMEIAIACh aMITyJsla ¢ MeTaJIMYeCKUM KajiueM. B mporecce
OKCIIEPUMEHTa OHa ObUIa IIOCTOSIHHO HarpeTa Tak, 4TOOBI OBLI clierka
BHJEH CBET PE30HAHCHOH (QUIyOpeCHEeHIMH HaTpHsl, COAEPIKAIIerocs B
KaJM{d KakK Majas InpuMech. [lapel kamus oummany OygepHblid ras u,
IIOCTENIEHHO HaChllas IOBEPXHOCTh caldupa, CHIXKAIH aacopOuuio
HaTpHs Ha HEeW.

Kanumisap NmocTeneHHO HarpeBajCs, W aTOMBI HATPHS HAYMHAIH
IOKMIATh  HarpeThlf, a 3aTeM  pacCIUIaBICHHBIH  AIIOMHHHIA.
IpocTpaHCcTBEHHOE paclpefieNicHHe PaJHOaKTHBHOTO HATPUS BO BpeMs
HarpeBaHus OIIpeIeNSIIOCH CHUHTUIIAAOHHBIM JIETEKTOPOM,
MIOMEIIEHHEBIM 33 IIEPEIBUKHON CBHHIIOBOH IIensio (puc.l). AMIOMUHMIA
U TaHTanoBas (OIBra CoOIepKald B KadecTBE INpPHMECEH Gojbinoe
KOJIMYECTBO CTAOMIBHOIO HATPHs, [IO3TOMY IPH CJIMIHKOM BBICOKHMX
TEMIIEpATypaX cpeda CTAaHOBHWJIACh ONTHYECKH HEMpO3payHoi, 4YTO
MEIANo0 MPOBEJEHUIO JKclepuMmeHTa. llostromy Opulo HeoGXomMMO
CHavana yCTPaHUTh CTAOMIBHBIA HATPHUIl U3 JIOBYIUKH, T.€. PEaIM30BaTh
pasnenenue m3otonoB Na u *Na B noBymke. B osToit daze
3KCIIEpUMEHTa MoAOHpanach Takas TeMIlepaTypa, YTo0b KOHIIEHTpPAIHS
HCIIapseMOro HaTpusi OblIa He CIIMIIKOM BEIHKa U JIa3ePHOE U3JTyUYEHHE
MPOHMKANO OBl K 3aKpHTOMY KOHIY sueiiki. Co BpeMeHeM CTaOUIIbHBIH
HATpHi TU(Y3HOHHO TIOKHIAN KAMILIAP, B TO BpeMs Kak > Na Graronapst
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spdexty CHJI KOHIESHTPHPOBAICA Y 3aKPEITOTO KOHIA KaIlWLispa.
DBOMIONHS TPOCTPAHCTBEHHOTO pacIpe/eneHus - Na npH MOCTENeHHOM
MIOBBIIIIEHWH TEMIIEpaTypel TNpHBeAcHa Ha puc.2: Uepes 5,5 wgacos
CTaOuNBHBIA HAaTpUil MOJHOCTBIO MHOKUAANT KAIMUIAP, M IIPOIECcC
pasnenenus mzotonoB ~Na u **Na zasepmaics. ITpu 3ToM B TpyOKe
UcYe3ano CBe4YeHHEe CTabWIBHOrO HATpHs, a HAaOMoaanach TOJBKO
momuHecHeHnus 2*Na 0kosio 3aKpBITOrO0 KOHIIA JIOBYINKH. VI3MepeHHs
MHTEHCUBHOCTH Y-H3Iy4€HHS [TOKA3alld, YTO B 3TOM MECTE OKA3hIBAIOCh
okono 10" aromos *Na. OTMETHM, YTO 3T4 BEIMYHMHA HE SBIAETCS
NpEeAeNbHON €MKOCTBIO JIOBYIIKH, T.K. OHa OIpelensiercs ee 00beMoM,
KOTOPBIH MOXHO C/IeNaTh JOCTATOUHO GONBUIAM.

Jis BeIMUCIEHUS CTelneHH oGoraiieHus (M3MEHEHHS H30TOIIHOrO
COOTHOILEHHS), AOCTHTHYTOH B S3KCIEPHMEHTE, HEOOXOAMMO OIEHWUTH
KOJIMYECTBO CTAaOMNBHOIO HATpHs, KOTOpoe OBLI0 YCTPaHEHO U3
noBymkd. OHEHKY MOXHO TpPOBECTH 10 ¢opmyne (2), NOACTaBiAs
JKCIIEpUMEHTANBHEIE 3HAa4eHHS BXOISIIUX B Hee IapaMeTpoB: BpeMms
paszeneHus — 5,5 4acoB, TpaJUeHT IUIOTHOCTH NapoB HATPUS —
10"%em™; koddduument Iudpdy3un HATpUd NpHU OaBIeHWH KpPHITOHA
30 Topp ¢ ydeToM azcopOIuM Ha CTEHKaX MpH TeMIepaTrype OKOJIO
1000 K cocraBnser o mopsaxy Bemumuusst 0,1 cm’/c [18,19]. U3 aroit
OLIEHKU CIeyeT, YTO CTabMIbHOro HaTpusA ObUIO 2 - 10™ aTOMOB, T.€. Ha
TpU mopszaka 6oiple, YeM paguoakTuBHOro. OTCYTCTBHE CBEYEHHS OT
CTaOMIIBHOTO HATPHUS [IO3BOJNAET PEANONOKHTE, YTO HOCIE pa3ielIeHUs B
JIOBYILIKE OCTANOCh €70 MEHBIIE, YeM OfHA JIeCATas OT KonudecTsa ~*Na,
T.e. < 10'° aTomoB. D10 03HauaeT, UTO JIOCTUTHYTasl CTeNIeHb 00OoTralleHHs]
6bina Gombie, uem 10°. B IIPOLIECCe M30TONMUYECKOTO pasjieieHus OblIo
noTepsHO Bcero okono 20% 2*Na, KOTOPBIM TMOKHUHYJ JIOBYHIKYy U
aZcopOHpOBalICI 'y €€ OTKPBITOr0 KOHI@. JTO  OMpeHesseT
addexTHBHOCTH 3axBaTa “*Na, JOCTUIHYTYIO B SKCIIepaMeHTe, — 80%.

[Mocne Toro Kak NPOCTPaHCTBEHHOE paclpeneneHue - Na
nepecTano MeHSTHCS, OBUIH BBITOMHEHBI SKCIIEPHMEHTE! II0 OITHYECKOM
nonspusauy “*Na B nosymike. [l 9TOT0 H3MEpSIIACH AHM30TPOIIHS Y-
W3TydeHHs, WCIYCKaeMOro @pH pacmage >'Na. DTH u3MepeHus
IPOBOAMIIUCE C ITIOMOLIBIO JABYX CHUHTHUISLMOHHBIX IETEKTOPOB C
pabouum ob6wvemom 80 u 57 CM3, pasmelieHHbIX o yriramu 0° u 90°k
BOJHOBOMY BEKTOPY Ja3epHOI0 H3IIyYeHHs Ha paccTosHuH 30 cMm oT
3aKpBITOTO KOHIA JioBywkdu. [londgpusanus cBera W3MEHSAIACh C
JTMHEWHOH Ha KPyToBYIO ¥ 00paTHO ¢ IIOMOINEIO (Pa3oBOil INIaCTHHKY A/4,
Y-HM3IyYeHHE perucTpupoBaloch Ha nUHUAX 2,754 n 1,369 M»3B.
W3mepsinack MHTEHCUBHOCTh 3TOrO Y-M3IYyYCHHS KaXKIOBIM IETEKTOPOM
IIONIepEMEHHO IIpU JIMHEHHOH W KpYTrOBOH TOJNISApH3AlMH JIa3epPHOTO
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Puc.2. DBOJIOUKS IPOCTPAHCTBEHHOTO pacipesfeneHus ~'Na B sueilky B
NpoLIECCe MIOArOTOBKH €e K paborte. 1 — Havano HarpeBa; 2 — depes 2,5
yaca; 3 — uepes 4,5 Jaca; 4 — gepes 5,5 gacos. Ha mikane paccrosauit 0 n
30 cM COOTBETCTBYIOT OTKPBITOMY H 3aITassHHOMY KOHI[AM TPYOKH
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usnydenus. Kaxgoe usmepeHue npomokanock 10 MHHYT, B TeueHHUe
KOTODPBIX JIETEKTOPBI PETHCTPUPOBaiIM He MeHee 40 THICSY y-KBAHTOB B
BEIODaHHOM yd4acTKe cHeKrpa. PesymsraToMm U3MepeHuit  ObuTH

oTHOmeHUs K, = [%C_—;'—] K,y = (—I]—i”—‘J e Koo u Koy —
0,1 1 90,/

KOJIMYECTBA Y-KBAHTOB, 3aPETUCTPHPOBAHHBIX JaHHBEIM IETEKTOPOM TIpH
OUPKYJIAPHOH M JHMHEHHOH NONApH3allMyd J1a3epHOTO  H3NIydeHHs
COOTBETCTBEHHO; f; — (GOH B gerektope mox yriom 0° or **Na,
NOKMHYBIIETO JOBYIIKY. Ha puc.3 mpeacTaBiieHBl 3aBHCHMOCTH 3THX
OTHOLIEHHH OT TeMIeparypel suediku. CTaTHCTHYECKHE OIIMOKH
usMepeHudl mpuBeleHBl ¢ 90%  JOBEpUTENBHBIM  WHTEPBAJIOM
BepoATHOCTH. OTMETHM, UTO [Ipu Temnepatypax Hrke 1230 K Bequauns!
Ko He 3aBHCST OT TeMIIEpaTypsl M HX CPEAHNE 3HAYEHUA COCTABISIOT Ko =
0,89 +0,02 m Kg = 1,01 £0,02. ITocrosuusie Benuuunn Ko mpu
Temiepatypax Huxe 1230 K MOXXHO OOBACHHTH Te€M, YTO NMPH HH3KUX
TeMrepaTypax KONHM4ecTBO 'Na, aiCOpOHPOBAHHOIO HAa CTEHKE
NOBYIIKH, ropasfo Gonbme, ueM >‘Na B rasoBoi tdaze. IlosTomy
AHW30TPOTIHS Y-M3TyYeHHs MONAPU30BaHHOro ~*Na B ra3oBoil (ase He
IPEBHILAET  CTAaTHCTHYECKYIO OIMHUOKY HM30TPOITHOTO  M3JIy4eHHMs
HemonspusoBanHoro >‘Na, afcopGHpOBaHHOrO Ha cTeHKax. Kak yxe
OTMEYanoch, NP H3MEHEHWH MNOJSIpU3alUM CBETA U3 JIMHEHHOM Ha
KPYTOBYIO BEPOATHOCTD ITOTJIOIIEHHUS CBETA CHIKAETCS U3-3a OIITHYECKOM
HaKayky, MO3TOMYy MafaeT COOTBETCTBEHHO U ckopocts CHUJI aromoB
**Na, u3-3a 4ero pacrpe/ieneHHe aTOMOB pacruibiBaetcs. B pesynbrare
9TOrO LEHTP TSXKECTH paclpefielleHus OTHANAETCs OT AETEKTOpa IMOJ
yrmoM 0°, M 3TOT J[ETEKTOpP PETHCTPUPYET MEHBIIE Y-KBAHTOB.
BrimeykasanHoe 3HaueHme BenmuumHBl Ky = f, = 0,89 = 0,02
COOTBETCTBYET CABHIY LEHTPa TSDKECTH pacHpelelieHHs 3aXBadeHHBIX
aromoB Ha (1,8 = 0,4) cm .. Ilpu BeuHcHeHnH aHuzorpomnuu W(0) sty
CHCTEMATHIECKYI0 OLMMOKY MoXHO ydectb U W(0) = Ky/f;. Benuuuna
aHu3oTponu W(90) coOTBETCTBYET HENMOCPEACTBEHHO OTHOUIEHHIO Koy,
TakuM obpaszom, W(90) = Kg.

Ilpy  paneHefmieM — MOBBIIIGHHM — TEMIEPATYpsl  SMEHKH
aHM30TPONHSA Y-M3NIy4eHHS CTaHOBHIAch OONbBIIE CTAaTHCTHYECKOM
ommnbku uaMepenuit. OrHomenne Ky HaUHHAIO a1aTh, a OTHOIIeHHe Ky
— BO3pacTaTh, M npu Temieparype Belme 1350 K ofe BenTHYMHEBI
BBIXOJIMJIM Ha HACBHIICHHE. 3HAYCHHS CTEICHH MOJSIpU3alUU saep A,
BBIYHCJIEHHBIE TI0 JAaHHBIM pHC.3 B COOTBETCTBUH ¢ opmynoi (16) u
3aBUCHUMOCTHU UX OT TEMIIepaTyphl, IIPHBeAHEI Ha puc.4.

13



1.2

=

AN L

I

T 11F LI
; | § 3 3
c 10 g 8 ® % ¢

™M

2 I

>Q O.g:“ 3 ¥ ¥ ¥ 3

§ 08 - 5

E |

8 o07r

- L 3
S osk :
< 0‘5 1 1 ' 1 e I

1100 1150 1200 1250 1300 1350
Temnepartypa, K

Pnc 3. AHM3OTpOmuUs Y-U3NyYeHUs IIPU Da3lINYHBIX TeMIlepaTypax

SYeWKu: e — TIoKa3zaHHS Jerekropa mox yrioM (° o — mokasaHUs

JIeTeKTopa mox yriom 90°

1.0
09
0.8
0.7
0.6
05
0.4
os .
02 r

01 r ) 2 '
o 3 ik ; %

1100 1150 1200 1250 1300 1350
TemnepaTtypa, K

4
Puc.4. CreneHp NONApU3ALMM sACD *Na B JIOBYILIKE, [OJNy4YEeHHas U3
NOKa3aHu# IETEeKTOPOB nox yriioM 0°— e 1 mox yriom 90° - o

T T T T71 T L
) 2
3 2]

CteneHb nonapw3ayuu

1
o
—

14



CreneHp NOISIpH3ald aTOMOB B JIOBYIIIKE SIBJISIETCS PE3YJIBTATOM
JUHaMUYECKOTO PaBHOBECHS MPOLECCOB MOJIPU3allMH aTOMOB B 00BeMe
U Jenoisgpusaldd Ha cTeHKe. C 3TOH TOYKM 3peHHs NPeNCTaBIIsIo
MHTEpeC NMPOBECTH U3MEPEHUS aHU3OTPOIINH IIPH Pa3INYHBEIX AUaMeTpax
NMa3epHOro Jy4a , IIOCKONIBKY TIpH YBEIMYEHHH ero AdaMmerpa
noBbimaercss U 3G ¢eKTUBHEIE 00beM, Te IPOHCXOAMIA OITHYECKas
Hakauka u JieiicrBoBai a¢pext CHUJI, B npuBenentoi tabaune cobpansl
pe3ynbTaThl BCEX HM3MEPECHUH CTENeHH MONSPU3ALMK [0 MOKa3aHHAM
000UX AETeKTOPOB IIPU pA3NHYHEIX IWaMeTpax JiasepHoro jiyda d W
TeMmnepaTtypsl obpasuna 7. Kak BHAHO M3 TaONWLELl , IPY yBEIHUYEHHH
. JMaMeTpa Jly4a BO3pacTajlla aHW3OTPONUS Y-H3JIy4YeHHd, KaK B
napajjelbHOM, TaK U NEepreHAnKyIApHOM HampaBleHmsIX. Kpome toro,
IOpH 3TOM YMEHBIIAJIOCh pasziuyhe II0Ka3aHWH aHM30TPONHH OO6OHX
IEeTEeKTOpOB. OTO OOBACHAETCS TeM, 4YTO MAaKCHMalbHas CPeIHss IO
CeYeHHI0 Kamuusipa ckopocts CHJI mocturaercs mpu MaKCHMAalBHOM
3allOJTHEHUU KanWiuiipa UH3dydeHueM. Kax pesymsrar, mnpu 3ToM
paclipefieieHle 3aXBaueHHBIX aTOMOB CTAaHOBIJIOCH 00Jiee KOMIAKTHBIM
U B abCOMOTHOH Mepe MeHbIe pPacCIUIBIBAJIOCH IIPU IMEPEXOAE OT
JMHEHHON Tojsipu3aluy K [upKyIapHoil. COOTBETCTBEHHO 3TOMY,
BIMSHHE CIy4allHBIX M3MEHEHMH TreoMeTpuUIecKkoro ¢axkTopa Ha
HMHTEHCUBHOCTH CYeTa JIETEKTOPOB CHHXaJXOCh. MakcUMalbHas CTEHEeHb
nonApu3anuy sgep >'Na, IOCTHTHYTas B OKCIIEPHMEHTE, COCTABILUIA
(60 = 4)%. OpmuuM #3 BO3MOXHBIX IyTeH YBEIHYEHHS CTEIEHH
nojsApu3alMu  sBaseTca JobaBka B OydepHBI ra3 HHEPTHOrO
MOJIEKYJIIPHOTO Ia3a, HallpUMep, a30Ta, KaK TYMHUTeIs IeHOoSIpU3yoLIei
JTIOMHHECLIEHIIUH.

OKCIEpUMEHT MO ONTHYECKOH MOJSIpH3aIiN *Na 1 1o HU3MEPEHHIO
ee CTENEeHM MpOJOIDKAICA OKOJO 6 JacoB. B TeueHHe 3TOro BpeMeHH
MOTepH 3aXBaYEHHBIX aTOMOB >'Na B mpedenax TOYHOCTH H3MepEeHHl
COOTBETCTBOBAIM TOJIBKO €r0 paZMOaKTUBHOMY pacmaiy, T.e. MOTEpH 3a
CueT XMMHYECKOIOo CBA3BIBAHMS ObUIM MeHbIle 2%. DTO 03HAYaeT, YTo
ecid B JIOByIIKE BO3HHKAQJH MONEKYJIBl, TO TpPH JAHHBIX
3KCIIEPHUMEHTAIBHBIX Temueparypax 1100 + 1400 K oHm 6sicTpo
pasnaraquch Ha aTOMBbI, He ycreBas MU (y3HOHHO ITOKUHYTH JIOBYIIKY.
Cronp HM3KHE NOTEPH COOTBETCTBYIOT OUEHBH GONBIIOMY (HOpMalELHOMY
BpEMEHHU yIep)KaHHUS aTOMOB *Na B noBymke 3a cuet 3hdexkra CUI —
6onee 300 gacos.

OTMeTuM, YTO TeMIlepaTypHas 3aBHCHMOCTh Ha pHUC.4 XOpPOIIO
COOTBETCTBYET OIHcaHHOMY B [20] moBemeHuio aacopOIMK HATpPHS Ha
canHupoBoi MOBEPXHOCTH, HACKHILIEHHOM aToMaMu Kanus. [IpoBe/ieHHBIE
U3MEPEHUs] MOTYT CUHTAThCS eIle ONHHUM HE3aBHCHMBIM METOIOM
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Puc.5. 3aBMCHMOCTD BpEeMEHH ancopOLUH AaTOMOB HATpHS HA
TIOBEPXHOCTH candHpa OT TeMIepaTypsl. Bpems ancopGiuu, u3MepeHHoe
B JaHHOH paboTe: A - o IMoOKa3aHUsIM AeTekTopa nox yriaoMm 0°; V - o
NIOKa3aHUAM JeTekTopa nog yrinoMm 90°. To xe wmsmepennoe B [20]: 0 —
YHCTas MOBEPXHOCTH candupa, ® - HOBEPXHOCTH candupa HachleHa
aTOMaMH Kaius

16



ucciaenoBaHusA aacopbuuu. M3 pmaHHBIX puc.4 MOXHO BEIYHCIUTE
COOTHOILUCHHE MEXJy KOIMYECTBOM afCOpPOHpPOBAHHBIX H CBOOOMHBIX
aromoB. OTHOLIEHHWE HX TMO3BONSAET BBIYMCIWTH BpeMs ancopOIuu,
HCIIONB3YSI BEIpaKEHHE

n 7,(v)
— o 17
n, 2R a7
8kT
= . 18
™ = (18)
rae n,s — TIUIOTHOCTb afCOpPOMPOBAHHBIX Y CBOOOJHBEIX AaTOMOB
COOTBETCTBEHHO, 7, — BpeMsi aAcopOuuHu, (V) — CpemHss TeIuioBas

CKOPOCTh aTOMOB, R — panguyc TpyOku. Ha puc.5 mpuBeneHs! JaHHEIE O
BpPEMEHH aJCOpOLMH aTOMOB HaTpHA Ha IMOBEPXHOCTH, MOJYUYEHHLIE B
JaHHOH pabote, a Takxe u3Mepennsie B [20]. C ydyeToM TOro, 4to
TemIiepaTtypHas mkana B [20] ycTaHaBIMBaNach ¢ TOYHOCTBRIO 50 K,
pe3yIbTaThl 060UX U3MEPEHHH XOPOIIO COTIACYIOTCS.

B 3aKIIIOYEeHHe MEPEYUCITUM OCHOBHEIE pe3yIbTaThl
npefcTaBlIeHHOH paboTsl. IIponeMOHCTPHPOBaHO, YTO JIOBYIIKA Ha 6asze
CHUJI moxker paboTaTh KaK H3OTONHMYECKHM CemapaTop ¢ HU3KMMH
NIOTEPSIMH U C BEICOKOH cTeneHbro oboramenus. B npouecce pasnenenus
6BLIO0 TOCTUTHYTO H3MEHEHHe OTHOIIEHHS M30TomoB - Na 1 **Na Gosiue,
gem B 10* pas mpu morepsx 20%. B NOBYIIKy 6bILO 3axBauero 10"
aToMoB “*Na, KOTOpsIe yIepXHBaIUCh B BHE Iapa B Te4eHHe 6 4acoB
npakTH4YecKH 6e3 yTeuku (morepu MeHblie 2%). COOTBETCTBYIOLIEE
BpeMs yepKaHHs aToMoB ~'Na B noBymke > 300 uacoB (6e3 ydera
PaJMOaKTHBHOIO  paclana). 3axBayeHHEle aToMbl 'Na  GbuIHd
NOJIAPU30BaHEl HUPKYJSIPHO MOJMSPHU30BAaHHBIM Ja3epHBIM H3JIyUYEHHEM.
MakcumanbHas HOCTUTHYTas CTelleHb moispusauun Osiia 60%. D1u
napameTpsl JIydlle, 4eM II0JXyYaeMble B MATHUTOOIITHYECKHX JIOBYIIKAX.
JlocTurayThIE Pe3yabTaThl HO3BONSAIOT HANEATHCS, YTO IPeACTABJICHHAs
METOAMKA HalleT NpUMEHeHNne KaK MpH pas3lelleHHH H30TOIOB, TaK U B
SKCIIEPUMEHTAaX C HCIIOIb30BaHHEM IOJIIPU30BAHHBIX aTOMOB H sJIED.

ABTOpHI BEIpaXXaroT IIybokylo OmaropapHocts A.M.Illanaruny,
E.B.ITonusunosy, J.Berocy u E IlluMeukoBo#t 3a IUIOZOTBOPHEIE
quckyccud, P.Maxy u M.I'Urtkucy 3a moamepxkky pabotel, a Takxke
S1.PpaHe 3a U3MEPUTENBHYIO TEXHHKY, MOOE3HO HpefOCTaBIeHHYI0 Ha
BpeMs JKCiepuMeHTOB. PaGora Oputa mnpoBeleHa @pPH MOAIEPKKE
rpantamMup  Ne 202/97/0369 u Ne 202/97/0445 I'paHTOBOrO areHcTBa
Yemckoit PecryGnuku.
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Tanrpexwuit FO.I1. u np. P13-2000-37
OnTtuyeckas opuenrauus suep *Na
B JIOBYLUKE Ha OCHOBE CBETOHHIyLMPOBAHHOTO Apeiicha

IIpencrasnensl pesynbrarTsl 3KCIIEPUMEHTOB IO TOJIAPU3ALIMH Afiep paguoaK-
TMBHOTO M30ToNa **Na B ra3oBoi nosymke. JeiicTBue JIOBYLIKH OCHOBAaHO Ha 3¢-
thekTe CBETOMHIYLMPOBAHHOTO Mpeiidha aTOMOB, BBI3BIBAEMOTO JIa3€pHBIM H3JTyYe-
HueM. Ilpu o6myyenun napos Na UMPKy/ISPHO MOMAPH30BAHHBIM JIQ3€PHBIM U31TY-
UCHHEM  JIOCTHTHYTAa CTeleHb monsdpusauuu (60 + 4)%, wu3MepeHHas 1o
aHM30TPONMHU Y-u3ydeHns **Na M3 cMecH co crabuiibHBIM H30TONOM 2*Na 3aXBa-
4eHo B JIoBYKy 80% atomoB **Na npu ero o6orauienuu s 10* pas. Ilorepu u3 Jo-
BYIIKH 32 Bpems aKCriepumenTa (6 4) 6bun MeHee 2%, 4TO COOTBETCTBYET BpEMEHU
yaepxanus 6onee 300 u.

Pa6ora Bemonnena B JlaGoparopuu AnepHbIX peakuuii um. I''H.Dneposa
OHSIH u B HHcTHTYTE sinepHoit dusuku, Pxex, Yexus.

Mpenpunt O6bennHeHHOr0 HHCTHTYTA AAEPHBIX Hccnenosanuit. dybua, 2000

Gangrsky Yu.P. et al. P13-2000-37
Optical Polarization of the Radioactive Nuclei *Na
in the Trap on the Base of Light Induced Drift

The results of the experiments about the polarization of the radioactive nuclei
*Nain the gaseous trap are presented. The action of the trap was based on the ef-
fect of the light induced drift under the laser radiation. The polarization degree
(60 + 4)% was arrived at the irradiation of Na vapor by circularly polirized laser
light. It was obtained at the measurement of **Nay-ray anisotropy. From the mix-
ture of sodium isotopes 80% nuclei of *Na was extracted at its enrichement 10°.
The losses from the trap were less than 2% in the time of the experiment (6 hours).
It corresponds to the trapping time more than 300 hours.

The investigation has been performed at the Flerov Laboratory of Nuclear
Reactions, JINR and at the Institute of Nuclear Physics, Rez, Czech Republik.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2000
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