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B pamkax kBaHTOBO# Mojeu Pabu TeopeTUYecKH MMOKa3aHO, UTO JABYXYPOBHEBLIA aTOM T€HEpPUPYeT WK
moryIomaeT (pOTOHBI B YCJIOBUAX YIBTPACUIBHON CBSI3M €0 ¢ 3JIEKTPOMATHUTHBIM T0JieM. ['eHepaiust (OTOHOB
BO3MOXKHA, €CJIU I10JIe TIEPBOHAYAILHO HAXOAUTCH B BAKYYMHOM COCTOSHUM. BO3MOXKHBIM, [IPU OIPEIEIEHHBIX
HAYAJILHBIX COCTOSHUSIX CHUCTEMbI ATOM -+ II0JIe, TAKXKe SBJISeTCsl IOrJomeHue hpOTOHOB B MOJE IOJid B pe-
JKUMe YJIbTPACHIBHON CBSA3U aToMa U 1oJjisd. Ecian aroM B HaYaIbHBIE MOMEHT BPEMEHH HAXOMUTCH B HUKHEM
(HeBO36Y K IEHHOM) COCTOSIHUM, & TI0JI€ — B BAKYYMHOM COCTOsIHUHM, reHepanus (hOTOHOB NPUCYTCTBYET B PE30-
HAHCHBIX YCJIOBUSX We R Wf, We — JACTOTA MEPEXOJa aTOMa, & Wy — YaCTOTa MOJIsl, Wi & = wa/wy = 1, B
pexKuMe yapTpa CHIIbHOM cBszu. IIpu orpumarensHoit orcrpoiike £ K 1, w, K wy s JUHAMUKHA CPEJIHETO
qncia GoToHoB (fi): moss xapaxrepusl ocipuisamun Pabu ¢ 0 < (f): < Nimax > 1 B cirydae yIbTpacuiIbHO
CBSI3U JJIl 3HAYEHUH KOHCTAHTBI CBA3M ATOMa C TosieM § = |g|/wyg ~ 1, mpu 9TOM HaCEIEHHOCTD BO30YXKIECH-
HOT'O COCTOstHUsI aToMa cocTasiisieT Pe(t) ~ 0.5. B yciioBusix GOJIBIION MOJOXKUTENbHOM oTcTpoiikm: § > 1
rerepanust GoTOHOB oTcyTcTByeT: () & 0, a aToM ocraercss B MCXOLHOM cocrositnu Pe(t) &~ 0. Crarucruka
dOTOHOB B pexKuMe TeHepaluy OJIM3Ka K Xa0TUIeCKOi: qucrepcusi (GOTOHOB 3HAYUTEHHO IIPEBLIIIAECT YPOBEHD
KOTE€PEHTHOI'O COCTOSIHUS IOJIS (T.€. SIBJISIETCS CyIepIyacCOHOBCKOi). ITormomenne poToHoB noisa 6e3 Bo30y K-
JIEHUsI aTOMa, IIPUCYTCTBYET B PEXKUME YJIbTPA CUJILHON CBA3U B CJIy4ae KOP€PEHTHOIO HAYAJBLHOIO COCTOSTHUS
nousst ({(f(t = 0) > 0) 1uIst OUPEIEIEHHBIX TIOJIOXKHUTEIBHBIX 3Ha4eHnil orcrpoiiku. [Ipu sToM 10JIE cTaHOBHUTCS
CyOIyacCOHOBCKIM.
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FeHepaHHH n 1morJiomeHmne (bOTOHOB ABYXYPOBHEBbBIM aTOMOM B pexKumMe

1. Beegeuune. OcHoBHBIM (byHIaMEHTAJbHBIM (DU-
3UYECKHUM IIPOIECCOM, HMCCJIEYEMBIM B 00JIACTH KBaH-
TOBOI ONTHUKH, SABIAETCS IUHAMHUKA B3aNMOJECHCTBUS
aToMa/MOJIEKYJIbI C KBAHTOBOMEXAHHMYECKUM 3JIEKTPO-
marauTHBIM (DM) mostem. Ilpu uccieoBaHusIX TAKUX
[POLIECCOB BAYKHBIMU U3y4aeMbIMU (PACCUUTHIBAEMBIMU
Wi u3MepsieMbiMu) (bU3MIECKUMEU BEJIMIMHAME SBJIsI-
IOTCsl CPEeJIHME KBAHTOBOMEXAHUIECKOE 3HAUEHUE UHC-
Jga Goronos nosst u pucnepcus (dbiykryanuu) 1ol
BEJIMYUHBI, 4 TAKXKE CPelHNE KBAHTOBOMEXAHMIECKUE
3HAYEHNs] HACEJEHHOCTE KBAHTOBBIX COCTOSIHUIT aToMa
(yposHeil sHeprum) u ux bIyKTyanuu (IUCIepcun), u
cpeHre 3HAYEHUS U (PIyKTyalun Pa3sHOCTEH HaceTeH-
HOCTel paccMaTPUBAEMBIX COCTOSIHUI aToMa MM MOJIe-
Kyabl. Jdpyrumu dyHIaMeHTaIbLHBIMU BeJIMUNHAMHE, Xa-
PaKTEPU3YOIMUMH CHCTEMY aTOMOB U DM mosteit, saBJis-
IOTCS CpeJHUE 3HAYEHUs AMIUIATY/IbLI IO W WX KBAH-
TOBBIE (DJIYKTYAIHH.

Opourtorysi (M3MeHEHNe BO BPEMEHH) KBAHTOBOMe-
XAHMIECKOTO BEKTOPA COCTOSTHUS CUCTEMBI ATOM —+ II0-
ge |U(t)) moxkeT ObITH HaifijieHa JJIsA JIOOOTO HAdab-

De-mail: kozlovskiyav@lebedev.ru

HOro cocrosinust cucreMbl V(¢ = 0)) myrem perneHust
ypasuenust [lIpeaunrepa B Mogenn Pabu (MP). MP
B JWUIIOJIBHOM MPUOJIM2KEHUN [JIsi IBYXYPOBHEBOTO aTO-
Ma [1-4] yuuTbiBaeT Kak peasibHbIE IIE€PEXOIbI aTOMa
C M3JIyYEeHUEeM WJIA IOIJIONeHusi (POTOHOB I0JIsl, TaK U
BUPTYaJIbHBIE IIPOTIECCHI, O3HAYAIONINE NIy deHne (poTo-
HA, COIPOBOXKIAIOINIEECs] BO3DYXKIEHNEM aTOMa, & TaK-
2Ke TIoTJIoleHne (pOTOHA, COIMPOBOXKIAEMOE IEPEXOIOM
aToMa B HUXKHee dHeprermdeckoe cocrosiaue. [Ilupo-
KO HCIIOJIb3yeMOil TPUOJIMKEHHOH Teopueil, OCHOBaH-
moit Ha KBaHTOoBOU MP, saBiserca momens [Ixeitnca—
Kammvuarca (MIK), B paMkax KOTOpPOl B IaMUIbTO-
HUAHe B3aNMOEHCTBHA aTOMa C TOJIEM IIPeHebperaeTcs
“IEHAMHU OTBETCTBEHHBIMU 38 BUPTYaJIbHbBIE TTPOIECCHI.
MK (upubimkenne pparmatomnieiicst osabl (RWA)) mo-
JIO?KE€HA B OCHOBY KBAHTOBOII Teopun ja3epa. Kak moka-
3au pacuersl [5—23], npumenumocts MK orpannuun-
BaeTCs CJIydaeM MaJIOCTU BEJUYIUHBI KOHCTAHTHI B3aU-
MOJEHCTBUS aTOMa C II0JIEM II0 CPaBHEHHUIO C YaCTOTON
OM mnoua. Ipenckazanus MK u MP mis cpemuaux u
Jucrepcuii ancyia GOTOHOB U HACEJIEHHOCTEH aTOMHBIX
YPOBHEI COBIAAIOT MeXK Ty cODOil JINIIb B CJIydae, KO-
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ra abCOMOTHAS BEJUINHA KOHCTAHTHI B3aUMOAECHCTBUS
lg] < 10wy, rie wy — 4acToTa NOJ.

B macrosiniee BpeMs B P SKCIEPUMEHTAIHHBIX
pabor [1-4] nokazana BO3MOXKHOCTH CO3JAHUS “UCKYC-
CTBEHHOI'O JIByXYPOBHEBOIO aToma’; 00JIa IaioIiero Be-
JIMIMHONA KOHCTAHTHI B3AMMOJEHCTEUS aTOMa C IOJIEM
g = lgl/wy ~ 1, T.e. 3HAYEHUI, XApPAKTEPHBIX I
yabrpacuibHoil cBasu (YCC) aroma ¢ mosem. B Ta-
KHUX yCJIOBUSIX, KAK MOKA3aHO B TEOPETHIECKUX pabOTax
[6-24], MK jyis jusaMuky cpegsero ucia (GbOTOHOB 1
HACEJIEHHOCTE COCTOSTHUI aTOMa IEPeCTaeT ObITh CIIpa-
BEJJINBON.

B nmammoit pabore HaMu IPOBEIEHBI MCCIIEIOBAHUS
9BOJIIOIAN CPEJHAX KBAHTOBOMEXAHUYIECKUX BEJIMIUH
It omiepaTopa yucja GOTOHOB ot B ycaousx Y CC
U MPOBEJIEHO CPABHEHME SBOJIIOIUU CPEJIHUX BEJUINH
U KBAHTOBBIX (DJIYKTYAIIUI TOrO OIEpPATOpa JJIst Pas-
JIMYHBIX HAYAJbHBIX KBAHTOBBIX cOcTOsgHUA DM 110151 1
nByxyposueBoro aroma 1 MP n MIK.

Paccemorpen citygait MUKPOCKOIIMYIECKHX TIOJIEH ¢ Ma-
JIBIM 9UCJIOM (DOTOHOB, T.€. IOJIei, UCIOIb3yeMbIX B Ha-
CTOSIIIEE BPEMS B SKCIIEPHMEHTAX, CBA3AHHBIX ¢ KBAHTO-
BOIl nH(bOPMaAIMEdl 1 KBAHTOBLIM KOMIILIOTEPOM.

VYesoBue CUIBHOM CBSI3M TIOJIsI B PE30HATOPE C aTo-
MOM PACCMATPHUBAETCS KAK COOTHOINEHWE MEXKLy KOH-
CTAHTOI CBSA3M aToMa C MOJIeM |g| M KOHCTaHTaMu CKO-
POCTEl JUCCUTTAIINY TIOJIST B PE30HATOPE: Y, — CKOPOCTD
OTEPh PE30HATOPA, ['s — CKOPOCTH CIIOHTAHHOTO U3JLYy-
JeHns (peaKCaIlli) aToMa U Yph — CKOPOCTH (ha30Boii
pesnaxcaiu (gekoreperrnsanun) aroma [16]. Takoe co-
OTHOIIIEHHE IPeNCTaBigeT coboil: |g| ~ wy > 7y, T,
Yph [16].

B namnoii pabore mpejrosaraercs, 4To Takoe CO-
OTHOINEHNE BBIIOJTHAETCS, U IIPONECCHI JUCCUTIAIIAN CH-
CTEMBI ATOM + IOJIE B pacyeTax He PACCMaTPUBAIOTCS,
HOCKOJIbKY IEHBI JuCCHIAUU (PeJaKCaIiu) CUCTEMbI
peHeOPEKIMO MaJIbl 10 CPABHEHUIO C WIEHAMHE, OTBET-
CTBEHHBIME 38 B3aMMOJIEHCTBHE ATOMA, C IOJIEM B yCJIO-
Buax YCC g = |g|/wy ~ 1.

2. MP nu MJIK aumojbHOro B3anMOAeiCTBUS
AByXypoBHeBoro aroma ¢ 9M. Paccmorpum omepa-
Topbl poxenus (yuuuroxenus) at (a) III, ynosme-
TBOPSAIOIINE CJIELYIONAM KOMMYTAIIMOHHBIM COOTHOIIIE-
nusM: [G,a’]) = 1 u oneparop 4ncia hoTOHOB, KOTOPbIi
OTIPEJIETIAETCS € MIOMOIIBIO TAKUX OIEPATOPOB COTJIACHO
A =ata.

B ciiydae aunonsHOro B3auMOEACTBAST aTOMA C T10-
JIEM TaMUJIBTOHUAH TAKON CUCTEMbI B KBAHTOBOI T€Opun
MOXKeT OBbITh 3ammcansl B Buje (ramuibsronuad MP s
JIBYXyPOBHEBOT'O ATOM&, B3aNMOJIEHCTBYIONIETO C OJHO-
MOI0BBIM DM m0s16M):
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HR:hQ}fa+G/+ 7ma+FLVR, (1)
rje olepaTop JAUIOJBHOI'O B3aUMO/JIEHCTBUA aTOMAa C I10-
JIeM €CTb

Ve = (gat +g*a) (64 +6_) =

=ga6, +ato_ g +gater +ato_gt,  (2)

JJIS CAEIYIONINX OIePaTOPOB aTOMHOI TTOJCUCTEMBI

o° = le){el —lg)gl, o1 =le)lgl, - =lg)(el, (3)

1 KOHCTAHTbI JUIIOJILHOT'O B3aPIMO,ILeI>iCTBHH II0JId C aTO-

MOM
wy

2ﬁ€0V

rae d = (gldle) = |degle¥d — MaTpuUHBLL S1€MeHT ju-

g = d, (4)

ITOJIBHOTO TIEPEX0/Ia ATOMA, B OOIIEM CJTyIae SABJISTIOIIIIM-
csl KOMILIEKCHBIM ducsioM. V' B dopmyse (4) — obbem
KBaHTOBaHUA DM, wy — gacrora M noss.

B mpexacraBniennn B3amMomelCTBUS TaMUJIBTOHUAH
B3aMMOJIEICTBUS ATOMA C MOJIEM PUOOPETAET BU,

Var = |gl(a e -t +ate et +
ALt 4 d&_e_iA+t), (5)

a ypaBHEeHUE Hlpem/IHrepa JJIgd BEKTOpa COCTOAHUA CHU-

+ d+&+e

CTEMBI ATOM + I0JIe MOXKET OBITH 3AIMCAHO B IPEICTAB-
JICHUHU B3aUMOJIEHCTBUSI CJIEIYIONMIM 00pa30M

() = Vil (), ()

Byznem pemars ypabHeHue jprkeHust (6), MCIOJIb-
3ysl CIEIYIONIEe PA3JIOKEHNE BEKTOPA COCTOHMS CUCTE-
MBI 110 IIOJIHOMY 6a3ucy (POKOBCKHUX COCTOAHUN 110JIs |n)
1 BO30Y2KJICHHOMY U HUYKHEMY YHEPIeTUICCKUM COCTOSI-
HUSIM JIBYXYDPOBHEBOI'O aTOMa |€) U |g), COOTBETCTBEHHO.

o0

[U(1)) = Y [Cem(t)le,n) + Conlt)lg:m)], Coolt) = 0.
n=0
(7)

VpasHeHUs! 11 aMILIATY I BEPOSTHOCTH, BXOJIAIIIX
B (7), Kak cienyer u3 ypapHeHus (6), UMEOT B 5TOM

cilydae BHUJL

dC, . (t . i —1
Weall) _ g [T Ted-+-19C, () +

+ \/ﬁeiA+t+i<Png,n_1(t)]7 (8)
N

+ Ve TG, L (1), (9)
rie 0603HaueH0 A = w,—wr, A = witw,, g = |gle¥d.
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Beenem nasee cnemyrormue 6e3pa3mMepHbie mapamMer-

pe: A_ = %ﬁ, Al = %ﬁ. A Takxe
Qn =1/A2 +4(n+1),

_ (10)
Qo1 =/AZ +4n, t, =|g|t.

[Ipeamnonoxkum majee, aro dacrora DM mojist B 0b1eM
caydae He COBIQJAET C YaCTOTON Iepexojia aToMa, U
KOHCTAHTa § B3aMMOJIEHCTBUS MOJISI C ATOMOM SIBJISIETCSI
KOMIIJIEKCHBIM YHCJIOM, & B FAMUJIBTOHHAHE B3aUMO/Ieli-
CTBHsE aTOMA C 110J1eM (5) 1Ba MOCJIEIHAX CIAraeMbIX, OT-
BETCTBEHHBIX 32 BUPTYyaJbHbIE IEPEXOJIbl, PABHBI HYJIIO
(npubsmkenue Bpamaromeficst Bosasl). Torma ypasHe-
une [IIpenunrepa jist aTromMa B OJIE€ MOXKET OBITH perie-
HO aHAJUTHYIECKU. TOYHOE aHAJUTHIECKOE PElleHne Ch-
CTeMBbI yDaBHEHU B PUOJIMIKEHUN BPAIAIOIIEHCST BOJI-
ubl MK (k03ddurments pasioxkenust 1o GOKOBCKUM
cocrosausM Ce () u Cy »(t)) mms ravmisTonnana JK

Hye = hwpa*a+ T hw, + hlgady +he) (1)
MOoryT 6bITb 3alliCaHbl B BHE

Ce,n(tg) = Ce,n(O)An(tg) - Cg,nJrl(O)Bn(tg)v (123’)

Cgm(tg) = Cg,n(O)An—l(tg) + Ce,n—l(O)B:;—l(tg)a

(12b)
riae 0003HaYEeHO
_ iA_ : iA_ty)2
Ap(ty) = | cos(Qnty/2) — q sin(Qy,ty/2) |2 "9/=,
(13a)
Vi 1 ) ) ~
Bu(ty) = 20 Y Gin(Qut, /2)e 4 AT, /2. (13D)

Qn

3. JuHaMuKa KBAaHTOBOMEXAHUYECKUX CPeJI-
HUX U (PIIyKTyanuil oneparopoB 4mucia pOTOHOB
nouist. CpejiHee KBAHTOBOMEXaHNIECKOE 3HAUCHUE Olle-
paTopa umcia (hOTOHOB IOJISL JYisi JIIOGOI0 KBAHTOBO-
ro cocrosuus noss |U(t)), BeIpazkalomuecs Yepe3 Ko-
s dburmenTs! pasioxkeHns 10 HOKOBCKIM COCTOSHUSIM
Cen(t) u Cy n(t), umeer Buz

(n(t)) = (T(t)]aTalw(t)]) =

=Y [0l (t)Cen(t) + Cn()Con().  (14)
n=0

Jlis cpegHero KsaJpaTa OlEeparopa ducia (pOTOHOB,
HEeOOXOIUMBIX it pacdera gucrepcuii (birykryanuii)
9TON BEJUYMHBI, JJIsI TPOU3BOJIBHBIX COCTOSAHUHI OIS 1
aroma ¥(t)) Haxomum

(T()a?2(t) =

oo
= Z 7’L2 [C:,n (t)CGJL (t) + C;,n(t)cgﬂl (t)]
n=0
U, crenoBarensbHo, qucepcnst 9ucyia (POTOHOB €CTh

(AR)* (1)) = (R ()|2°[ V(L) — (L (1)[A]T(t))* =

= > R20Cen(® +|Con®I] -

n=0

- {Z n[|Cen ()] + ICg,n(t)IQ]} - (15)

n=0

Ucnosbsosanne coorHomenuit (15) mossossier Hajitu
BBIparKeHus! Juis juctepenii (dburykryanuii) omneparopa
ancia oronos ((An)2(t)) = ((ata — (aTa))?(t)) ny-
TEM YUCJEHHOTO PEIIeHUs] CUCTEMbI CBA3AHHBIX Audde-
peHnuanbHbIx ypapreruii (8)—(10) B pamkax MP s
raMmiIbTOHnaHa Pabu.

Ouneparop 4mcsia Bo30yKICHAN CUCTEMBI JIBYXYPOB-
HEBBI aTOM + OJHOMOIOBOE II0JIe

N, =+ |e)el (16)

HE 3ABUCHUT OT BPEMEHU B3aMMOJICHCTBHS ATOMA C MOJIEM
B caydae MK, mockobKy [ﬁjc, ]\76] = 0, u 3aBUCHUT OT
Bpemenu B ciaydae MP, tak kax [fIR, ]\76] # 0, B TO Xxe
BpeMsi “KOMOMHHPOBAHHBIN OMEpaTop 9eTHOCTH CHUCTE-
MbI cieyiomero Buga [11-13,17]:

M= —Gze™ (17)

He MEHseTCsl BO BPEMEHHU IIpU B3aUMOJEHCTBUU aTOMa
¢ monem [11,12,13,17] B pamkax ksanTosoit MP. st
KOMMYTATOPa OIEPATOPAa IHUCIa BO30OYKICHHI CHCTEMBI
7 raMuIbTonnana Pabu maxomnm

[N, Hg] = h(ga*toy —h.c.), (18)

u3 dopmynsr (18) ciemyer, 9TO JAHHBIH KOMMYTATOD
OJIN30K K HYJIO JIAIIb JJIs MAJIBIX 3HAYeHUil § =
= |g|/wswys = 0. I3 coorBeTcTByIOMmEro ypasuenus [eii-
3eHOepra Jijisl CPEJIHETO OT OIEPATOPA YUCJIa BO30Y K Ie-
HU [TOJI U aTOMa Ne(t):

0, - 1 .~ =

—(Ne) = —([Ne, Hg]) = 4Im(g(a¥ay)),  (19)
ot ih

cJeyeT, YTO HUCJIO BO3OYZK/ICHHWI U SHEPIusl CHCTEMbI

COXPAHSIOTCS BO BPEMEHH B CJIydae, eCJId OIepaTOPLI

HOJIA U aTOMa He KOPPeJIUPYIOT MexK1y coboit:

(atoy) ~0. (20)
IIucema B 2KOT®
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Takke ycioBueM COXpaHEHUS 4HUCJIA BO30OYKIEHUN U
SHEPI'MM CUCTEMBbI B KBaHTOBOI MP siBjisieTcst ycjioBue

glatoy) € Re, Vt, (21)

T.€. B CJIlydae, KOTJa JaHHAs BEJIWYUHA SABJSETCA Ieii-
CTBUTEILHBIM YUCJIOM B JIIOGOH MOMEHT BPEMEHN.

4. BakyymMHOe HaYaJIbHOE€ COCTOSIHUE IIOJIS.
Pacemorpum caywait, korma ucxomuoe mose mpu t = 0
HAXOJUTCH B BAKYyMHOM cocrosinuu [ng = 0). Ilpu arom,
B 00OIIeM ciiydae, HadaJbHble 3HAUeHUA KO3 PUIMEHTOB
PA3JIOKEeHNsT BEKTOPA COCTOSHUS CUCTEMBbI, OTJIMIHBIME
or mysd, apasaorcsa Cs . (0) # 0, s = e, g, a Bce ocTab-
ubte Cs 0 (0) = 0, n # ng.

B srom cayuae pemerne mogean JK (12), (13), uc-
noJib3ytorieit mpubsmkenne RWA | npuobperaer ciey-
IOIUNA BUJL:

Cerng (tg) = Cen(0)Apny (ty), (22a)
Ceng—1(tg) = —Con(0)Bpy—1(ty), (22b)
Cono (tg) = Couny (0) A%, 1 (ty), (22¢)
Cgno+1(t) = Cyono (0)Bry (tg)- (22d)

Ocrampuste Ce p(tg) = Cyn(ty) =0 mus n # ng, nop — 1
WM N # ng, No~+1 coorBercrento. s 6e3pa3mMepHoro
Bpemenn B (16) ucnospzosano obosuadenue: t, = |g|t.

Eciin HagaIpHOE COCTOSTHIE ATOMA, |€), TO HEHYJIEBbI-
My K09 dUnIeHTAMY Pa3JIOKEHHsT BEKTOPa COCTOTHUAL
CHUCTEMBI SIBJIAIOTCH:

Ceno(tg) = Cen(0)Any (tg), (23a)

Cgmo+1 (tg) = Ce,no (O)B;’klg (tg)-

Ecnn ke HavaJibHOE COCTOSIHME aTOMa |g>, TO HEHyJie-

(23b)

BbIMU ABJIAIOTCA 3aBUCUMOCTH OT BpeMeHU

Ce,nofl(tg) = 7Cg,n(0)Bnofl(tg)a (243’)
Cg,no (tg) = Cg,no (O)Azo—l(tg)-

Takum obOpazoM, B ciiydae HAYaJIbHOIO BaKyyMHO-
IO COCTOSIHUSI TIOJIsi U aToMa B HUXKHEM COCTOSTHUU

(24b)

MJIK mpeacka3bIBaeT COXpaHeHNe HEM3MEHHBIM COCTO-
SIHUSI CUCTEMbI JJIsl JTI0OOr0 MOMEHTa BPEMEHHU.

Ha pucynkax la,b mokazanbl 3aBHCHMOCTH OT
BPEMEHU CPEHET0 KBAHTOBOMEXAHUIECKOTO CPEJIHErO
(0(t))nmr  (puc.la) u mucnepcun {(An)%(t))n MR
(puc. 1b) B yenosusix YCC st HAUAJIBHOTO COCTOSTHUSI

IIucema B 2KOTP Tom 120 BHm.9-10 2024
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Puc. 1. (a) — 3aBUCHMOCTB OT BpEMEHH CPEIHEro 3HAYEHHsI
omepaTopa Inucya (GOTOHOB IIOJIs, CIIELYIOMIAs U3 MOJIEIIH
Pabu nnsa cucremsr atom + mosie B HAYAJIBHOM BaKyyM-
HoM cocrostiun 110Jist (|0)) 1 HeBO3GYXKIEHHOM COCTOSTHUM
aroMa |g), M 3HaueHust Ge3pa3MEPHON KOHCTAHTBI CBsI-
3u g/wy = 1.5, wa = wy. (b) — BaBucumocTs OT Bpeme-
HU JIACIIEPCUU OIIEPATOPa IUC/Ia (POTOHOB, CIIEYIOMAs U3
Mozenn Pabu mjist cucreMbl aToM -+ II0JI€ B HAYAJILHOM
BakyyMHOM cocrostaun 110Jist (|0)) 1 HeBO3OYKIEHHOM CO-
CTOSTHUM aTOMa, |¢), /71 3HAUeHUsT 6e3pa3MepHOil KOHCTAH-
T CBsI3U g/wy = 1.5 U Tex Ke 3HAYEHUIl OCTAIBHBIX II1a-
pamerpoB. IIyHKTUDHOI JIMHWEH MOKa3aHa AHAJOTHIHAS
3aBUCHMOCTD, IIoJTy4eHHas B pamkax MJI2K. (¢) — 3asu-
CHMOCTb OT BPEMEHM BEPOSITHOCTH HAXOXKJEHUS aTOMa B
BO30YKJEHHOM COCTOsTHUU 1104151 |€): Pe(t), cenyromast us
MP st cMCTEMBI aTOM + TOJIE B HAYAJIBHOM BaKyyMHOM
cocrosiHuu 1odst |0) M HUKHEM COCTOSIHMM aToMa |g) miist
3HavYeHUs] Ge3pasMepHOil KOHCTAHTHI CBsA3U ¢/wy = 1.5 u
TeX JKe 3HAYEeHWI OCTAJIbHBIX [IapAMEeTPOB

|g) aroma m HauampHOrO cocrosiHms moss |0). Ha
pucynkax la,b BUIHO, 9TO pe3yJbTaThl ABYX MOJeJei
nporuBopedaT Japyr gapyry. Mogens JIK mpencka-
3bIBAET, UTO CpPEJHEee U JUCIEPCHs OIEPATOPa {UCIIA
dOTOHOB MOJIST HE UBMEHSIOTCS BO BDEMEHH [TPU B3aAUMO-
JleficTBun aroMa ¢ moJieM, Torja kak MP ykasbiBaer B
yeaopusix YCC Ha CJIOXKHYIO 3aBUCUMOCTH OT BpPEMEHU
srux BesmumH. Cpenmee 3HaveHme dYuciaa (HbOTOHOB B
pe3oHaTope Ha mepBoM dtare dBosroruu B MP pacrer
[IOYTHU JIMHEHHO, & i OOJIbIINX 3HAYEHWIl BpEMEHU
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HAYMHAET OCIIMJLINPOBATH BO BpeMmenu, Toraa kak MJIK
JUIsT TAaHHBIX HAYaJIbHBIX YCJIOBUI IIPEICKA3bIBAET BaKy-
YMHOE COCTOsIHUE II0JIsI JIjIsl JIIOOOrO MOMEHTa BPEMEHH.
Uz (puc.1b) mus duykryanuii (aucnepcun) duciaa
doronoB kBamToBag MP mnpenckaspiBaer cymepiryac-
COHOBCKYIO CTaTUCTHKY 4YUCJIa (POTOHOB C JUCHEPCHENH,
3HAYUTEIHLHO TIPEBBIMIAIOIIEH cpeHee Ynucao (POTOHOB,
XapaKTEPHOI JIJIsT KOTEPEHTHOI'O COCTOSTHUS TTOJIS.

Pesynbrarer pacuera He 3aBUCAT OT 3HA4YEHUs (Pa-
3Bl MATPUIHOTO JIEMEHTA IIEPEXOJIA (g JJIsi HAIATBHOTO
COCTOSIHUSI aTOMa B BEPXHEM WJIM HUXKHEM SHEpreThude-
CKOM COCTOSTHWH.

Ha pucynke lc B mokazaHa 3aBUCHMOCTH CPEJHUX
3HAYEHUI OlepaToOpa HACEJIEHHOCTU BEPXHEr0 BO30YK-
JIEHHOTO CcOCTOsiHUA aroMa P (t) s Tex e ycJIoBuil.
Kaxk Bumno ma puc. 1c, BEpoOSITHOCTD BO30OYKICHUAST aTO-
Ma B BepXHee sHepreTudeckoe cocrosiuue P (t) oTamana
or 0 st MP u obutajiaer CJIOXKHOM 3aBUCUMOCTBIO 3TOI
BesimanHBL OT Bpemenu B pexxume Y CC. DTu 3aBucumMo-
CTH Ka4eCTBEHHO OTJIMYAIOTCS JAPYT OT JIpyra sl IBYX
mogesteit. MJIK He mpejckasbiBaeT U3MEHEHUE HAYAJIb-
HOW HACEJIEHHOCTH BO30YKJIEHHOT'O COCTOSTHUST ATOMA BO
BpeMeHH’, TOTAa KaK B paMKax KBaHTOBO MP BeposiT-
HOCTBb BO30Y2KJIEHUsI ATOMa OCIUJLIUPYeT BOJIM3U 3HAUE-
ong 0.5.

CpejHee 3HaveHMe “KOMOMHHUPOBAHHOTO OIEPATOPA
gerHocTH (17) IIpH STUX yCJIOBUSAX OJIN3KO K €JIMHHUIIE:
(II) ~ 1 ayig BCex 3HAYEHUN BPEMEHH.

5. KorepenTHoe Ha4aJibHOE COCTOSIHHE IIOJISI.
PaccmorpuM B KadecTBe HAYAIBHOIO KBAHTOBOTO COCTO-
STHUST OJTHOMOJIOBOTO DM 11011 KOPePEHTHOE COCTOSTHIE

e n
o) = e "e/? Z %, a = /nge, ng = ol
— vn!

Kak BuHO Ha puc. 2a, n3MeHeHre BO BpEMEeHH CPEJIHEIO
suadeHns (N (t)) o NRWA , PACCINTAHHOIO B PAMKAX KBaH-
rosoit MP (NRWA) j1s1 HauabHOrO KOI€PEeHTHOIO CO-
cTostHUS ToJist |« = 1) 1 HeBO3OYKJIEHHOTO COCTOSHMUSI
aroma |g) B ycioBusx YCC o6saaer CJIOKHON Hepe-
DYJISPHOM 3aBUCHMOCTBIO OT BPEMEHU U HE WMeeT Xa-
pakTepa CTaHIAPTHBIX PEryJIsipHBIX OCIUJLIsAi Pabu.
Ha pucynke 2a nuHaMuka CpeHero 3HaY€HUs OIepaTo-
pa 4uncsa (GpOTOHOB MOJIsT CPABHUBAECTCA C aHAJOTHIHOMN
3aBUCHMOCTBIO (71(t))q, RWA IIOJIYUEHHOMN C UCIOJIb30Ba-
HueM npubikenns xeitnca—Kammunrca (npubiimke-
aue RWA). Ha pucynke 2a BuiHO, 4TO B paccMaTpUBae-
mom Hamu cirydae YCC reopus Pabu jaer KatecTBEHHO
OTJINYHYIO 3aBUCUMOCTH OT BPEMEHH CPEJIHUX OIIepaTo-
pa dasbl moJs, Ha BceM uHTepBaje Bpemenu |g|t. Ha
PHUCYHKe 2a BUJIHO, 9TO CpejiHee IUcJI0 (hOTOHOB 3HAYU-
TenbHO MeHbIe 1 MP mo cpasuenuio ¢ MJIK ays
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Puc.2. (a) — 3aBUCHMOCTb OT BPEMEHU CPEIHETO 3Hade-
HUs OIlepaTopa ducja GOTOHOB MOoJs (R), claemyomas U3
MP jyis1 cucTeMbl aTOM + I0JI€ B HAYAJbHOM KOIEDEHT-
HOM cocTostHuu 1oJist (o = 1)) 1 HEBO3OYKAEHHOM COCTO-
SIHAU aToOMa |g), AJisl 3HAUeHUsI 6e3pa3sMepHOil KOHCTAHTHI
cesizu g/wy = 1.0, wa = 10w;. Hauenune dasoBoro yria
MaTPUIHOIO 3JIeMeHTa Iepexona ¢q = 0. IlyHkTupHoii au-
HUell NOKa3aHa AaHAJIOIMYIHAs 3ABUCUMOCTb, I10JIyYeHHAs! B
pamkax M/IK. (b) — 3aBUCHMOCTb OT BpEMEHH JUCIEPCUI
oneparopa uncia GOTOHOB, ciexyomas u3 MP s cu-
CTEeMBI ATOM + I10JIé B HAYAJBHOM BaKyyMHOM COCTOSIHUM
nosst (|0)) n HeBO3OYKIEHHOM COCTOSHHU aToMa |g), AJIst
3HAYeHUs! 0e3pa3sMepHOil KOHCTAHTBI CBsA3U ¢/wy = 1.5.
Suadenue $HasoBoOro yria MATPHIHOIO JIEMEHTA [IePEXOa
4 = 0 1 Tex Ke 3HAUEHUIT OCTAILHBIX ITapaMeTpos. ITyHk-
TUPHOM JIMHUEH ITOKa3aHa aHAJOTMYHas 3aBUCUMOCTD, 110~
sydennas B pamkax MJIK. (B) — 3aBucuMocTb OT BpeMeHH
BEPOSITHOCTU HAXOXKJIEHUSI ATOMa B BO3OY2KIEHHOM COCTO-
sauann noss |e): Pe(t), caenyromas uz MP ays cucrembr
aTOM + II0JIe B HAYaJIbHOM KBAKYYMHOM COCTOSTHUH I10JISI
|0) u HUKHEM COCTOSIHUM aToOMa, |g) Iylst 3HaUeHUs Ge3pas-
MepHOH KOHCTAHTBI CBS3M g/wy = 1

OoJIbIUX 3HAYEeHUIT Ge3pa3mepHOro Bpemenu. st pac-
CMOTPEHHOI'O CJIy4asl HAYaJIbHOTO COCTOSIHHS aToMa B
HUZKHEM SHEPIeTUYECKOM COCTOSTHUU TAKOE ITOTJIOIIeHIe
GbOTOHOB B PE30HATOPE MOXKET COIPOBOXKIATHCS BO3-
Oy2K/IeHHEeM aTOMa B BEPXHEE IHEPreTHIEeCKOe COCTOS-
HUE U, BCJIEJICTBUAE STOIO, IIOJIHAsI SHEPIHUS W CPeJHee

TTucema B 2K9TO
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YUCJIO BO3OYZKIEHUI CUCTEMbI COXPAHSIOTCS BO BpeMe-
Hu. OJHAKO, KaK BUJIHO Ha PHC. 2C, BEPOATHOCTH Ha-
XOKJIEHUSI ATOMa B BEPXHEM SHEPreTHIeCKOM COCTOSTHUI
TS JTIOOOTO MOMEHTa BPEMEHU OCTAETCS IIPEHEOPEKIMO
MaJioii. BeesicrBre 3T0oro MOXKHO TOBOPUTD, YTO B YCJIO-
Busix Y CC kBanToBOMexanudeckast MP mpejckasbiBaer
morJiomenue (POTOHOB B PE30HATOPE JaKe B OTCYTCTBUN
ydeTa moTepb pe30HaToOpa U B OTCYTCTBUE COIYTCTBYIO-
IETO TIOTJIOIIEHIIO (DOTOHOB BO30YXKJIEHUsI aTOMA.

Ha pucynke 2b mokasambl 3aBUCHMOCTH JIUCIEPCHI
(AR)2(t))nnrwA B ((AN)2(E))n RWA, TOJSyUEHHDIE B
pamkax MP u M/IK cooTBeTCTBEHHO, JIjIs TEX K€ 3Ha-
YeHuii mapaMeTpoB. Pacdersl MOKa3bIBAIOT, 9TO TAK ¥XKe,
KaK W B CJlydae CPeJHUX 3HAYEHUN OMepaTOpPOB UYHCIIA
doronoB 11011, B ycyioBusix Y CC pe3y/ibrarhl ABYX MO-
JieJieit Ka4eCTBEHHO pa3andHbl. Vcrnonp3oBanue npudin-
xeanst RWA, nmeroree mecto B Teopun JIK, st ciry-
yasg YCC aroma C I[0JIeM OKa3bIBAETCsl HE HECIIPABEI-
JiBo. B oTsmume or ciiydasi BaKyyMHOI'O HAYaJIbHOTO
cocrosiaust 1oJs aucuepcus (daykryanun), aucia $ho-
TOHOB B 3aBHUCHUMOCTH OT BPEMEHH OKa3bIBAETCs 3HAUN-
TeJIbHO MeHbIIle HAYaJIbHOIO ee 3HaYEeHUs, COOTBETCTBY-
IOIEr0 KOMEePEHTHOMY COCTOSHHUIO (IpOGOBOI miym), u
CTaTUCTUKA (POTOHOB CTAHOBHUTCSA B paMKax MP 3Haqdn-
TeJIbHO 60JIee HEKJIACCUIECKOH (CyBIyacCOHOBCKOI) 110
cpasuernio ¢ MJIK mpu Tex ke HAYAJIBHBIX YCIOBUAX U
YCC.

Kak mokasbsIBaroT pacuersl, B 9TUX YCJIOBUSIX CPEJI-
Hee 3HaYEHNE “KOMOMHUPOBAHHOIO OIEpATOpa TETHO-
cr” (17) npu 9TUX YCIOBUAX MHOI'O MEHbIIE €MHUIIbL:
(f[)t < 1 11 Bcex 3HAYEHU BPEMEHHU.

B ciriygae KorepeHTHOrO HAYAIHLHOTO COCTOSTHUS O~
Jisi ipu no > 1 M HUXKHEM COCTOSIHUU aTOMa, IIPH-
CyTCTBYeT SIPKO BbIpaKeHHOE siBJIeHne OCIuLIsiuii Pa-
O6u Kak I CPEIHUX 3HAYCHWI, TaK W JJIsl JUCIED-
cuil orepaTopoB 4dmcia (pOTOHOB IOJIsl. fBJIEHHE KOJI-
Jlanca U BO3poxKAeHus ocuuuisimii Pabu [25-29], npu-
cyrcrBytoriee B MK y1st paccMOTpPEHHBIX HAYAIBHBIX
yeaosuit u YCC, B pamkax kBanTtoBoit MP mosmHOCTBIO
OTCYTCTBYET.

st majioro gmcisia GOTOHOB KOT€PEHTHOTO COCTOSI-
HUSA 10JIA N, ~ 1 mpu YCC xapakTep 3BOJIOIUN CPEI-
HUX 3HAYEHUN W JUCIIEPCHUil oreparopa ducja (poToHOB
IOJTsl KAYE€CTBEHHO 3aBUCHUT OT (DA30BOI0 yIJIa KOTEPEHT-
HOT'O0 HAYAJILHOTO COCTOSTHUSI TIOJIS P JJIs JIIOOOTO Ha-
YaJIbHOTO COCTOSIHUSI ATOMa, PEryJIspHBIE OCIAJLISIIIAN
Pabu un sadbdexr kosutamnca m BO3POXKIEHUS IPU ITOM
OTCYTCTBYIOT.

6. 3akirouenue. B nannoit pabore HaM# IIPOBEIE-
HO HCCJIEIOBAHUE IBOJIIOIUN BO BPEMEHU CPEJTHUX KBAH-
TOBOMEXAHMYECKUX 3HAYCHUIl (HAOJIOTACMBIX) W JIHC-
nepcuii (KBAHTOBBIX (DIIyKTyalii) OIepaTopa Yucia

IIucema B 2KOTP Tom 120 BHmM.9-10 2024

doronoB DM mons npu B3auMOAEWCTBUU TIOJISI C aTO-
MoM. PaccMoTpeH u 1mpoaHaM3upoBaH CiIydail yiabTpa-
cuibHOI cBsizu atoma u noutst (YCC). st pacaeTos uc-
mosb30Bana kKBaHToBoMexaHm4eckas MP. Paccmorpen
ciaydall KBAaHTOBBIX MHKPOIIOJIEH CO CPEIHUM YHCJIOM
dotonoB ~ 1. IlpoBesieno cpaBHeHUE XapaKTepa 3BO-
JIIONMY  YKA3aHHBIX BEJIMYWH, CJIEAYIOMUN W3 Teopun
Pabu n npubmmxennoit Teopun lxketinca-Kammvunrca
(MIK), ucnosnb3yonieil npubinKeHne BPaIlaioIencst
soaubl (RWA) B yesosusix YCC.

Amnayiuz npoBeieH I PA3JINIHBIX HAYAJIbHBIX KBAH-
TOBBIX COCTOSIHUH TI0JISI U JIBYXyPOBHEBOTO ATOMA.

IIporiecc “renepariuu poTOHOB U3 BaKyyMa” y2Ke OT-
MeuaJiCsi B HECKOJIbKUX Teopermdyeckux paborax. Tak,
B pabore [9] obcyxanach “renepaiun (OTOHOB U3 Ba-
kyyma’ B ciydae YCC npu nHammanu $Ha3oBoil guccumna-
ruu aroma. B pabore [10] paccmarpusasach “resepanun
doroHOB 3 Bakyyma’ B Cilydae BPEMEHHON MOTYJISIIIAN
mapaMerpa CBA3U aTOMa C I0JIEM, HA3BAHHAS aBTOPAMU
“nuaamudeckuM 3 dexkrom Kaszumupa” g YCC.

B paGorax [11,12] pacuersl aBTOpOB MOKAa3aJH Ha-
Jmane “‘reseparuu GOTOHOB M3 BaKyyMa’ B YCIOBUSX
YCC npu oTcyTCTBUN KAKUX-JIUO0 IIPOIECCOB JUCCUTIA~
AU JIjIsl CACTEMBI aTOM—OJIHOMO/IOBOE II0JI€.

JlerajibHOE TOYHOE TEOPETUIECKOE UCCIIEIOBAHIE Y-
HAMHUKHU CPEIHEro Yncjaa (POTOHOB MPOBEIEHO HAMU B
nauHO pabore. IlokazaHa BO3MOXKHOCTH KaK IeHepa-
MU, TaK U MOTJIONIeHUsI (POTOHOB B 3aMKHYTOMI CHCTEME
ATOM—TIOJIE B 3aBUCUMOCTH OT OTCTPONKH YaCTOTHI IEpe-
X018 aTOMa OT 9acTOThI MOALI moJist asa ¥ CC. Hapsamy
¢ “renepanueii GoTOHOB U3 BaKyyMa B paMKaX KBaH-
toBoit MP npwu onpenesieHHBIX yC/IOBUSIX MMEET MECTO
TakkKe ‘“morionienre (poTOHOB BaKyyMOM .

Ecsiz 9M noste B HAYAIBHBII MOMEHT BPEMEHU HAXO-
JuTCs B POKOBCKOM COCTOsTHUM, pe3ysibTaThl MP mpun-
[UAMHAATBHO OTJIMIAIOTCH OT PE3YJIbTATOB PacdeTa IBO-
JUOIIUKM CPEJHUX /WU JIUCIEPCUH OlepaTropa Yucia
doronos noJis B ycsiosusix ¥ CC. Hamu nokasaHso, 94To B
cJIydae Ha9aJbHOI'O COCTOSITHUSI ATOMa B HUXKHEM SHEpre-
THYIECKOM COCTOSIHUU JUCIIEPCUN OepaTopa [mciia (o-
ToHOB B pamkax MJIK ocrarorcst HeM3MEHHBIMEI BO Bpe-
MeHu, Torja Kak MP mpejickasbiBaeT CIOXKHYIO 3aBU-
CUMOCTb OT BPEMEHHU CPEIHEro W JUCIEPCUH OIEePATO-
pa ugmcia (OTOHOB I0JIsT B pe3oHaTope. Takum obpa-
30M, nokasaHa HenpuMeHuMocTb MK (npubimkenust
Bpammaoneiica Boaubl, RWA) 11 pacduera sBoJonun
onepaTopoB da3bl B yeaous ¥ CC j1st BAKyyMHOTO Ha-
YaJIbHOTO COCTOSIHUS TIOJIS.

Ecyin HagaabHOe cocrosiaue DM 1oJist sBJIsieTcst Ko-
IEPEHTHBIM |} € MAaJIBIM 9HCJIOM (DOTOHOB N ~ 11
to npubsmxkerne RWA (MJIK) okasbiBaercs Henpume-
HUMBIM JIjIsI pacdera JIUHAMUKHU CPEIHUX U JIUCIIEPCUI
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orepaTopoB uncsia GoToHOB 1o B ycsoBusax ¥ CC mrst
JIF0OOr0 HAYAJIBHOTO COCTOSTHUS aTOMa, B3AMMOIEHCTBY-
IOIIEro C MOJIEM.

B mammoit pabore mokasaHo, 9TO IBOJIIOINS PACCMAT-
PUBAaEMBbIX BEJIMIMH KAYeCTBEHHO 3aBUCUAT OT (ha30BOrO
yIJjla HAYaJIbHOTO KOT€PEHTHOI'O COCTOSIHHS MUKPOCKO-
MIAIECKOTO TIOJIS (P, JJIS JIIOOBIX HAYAJIBHBIX COCTOSHMUIA
aToMa.

TlokazaHo, 4TO B CjIydyae HAYAJIBHOTO KOT'€PEHTHOIO
COCTOSIHUSL TIOJISL C IUCJOM (POTOHOB Ny > 1 u mpoms-
BOJIbHOM HAYAJIbHOM COCTOSHUH aTOMA, JJIs SBOJIIOIIAN
BO BPEMEHHM CPEJIHUX 3HAYEHUN U JIMCIIEPCUH OIIepaTopa
yucsia (POTOHOB II0JIsl HE XaPAaKTEPHO SBJIEHUE KOJLIAIICA
7 BO3POXKIEHUsT OCIMLIsIIIit Pabu sTux Bemanm.

IIpoBesieHHBIE HCCIIEIOBAHUST [IO3BOJISIIOT CIEJIATH
BBIBOJI O TOM, YTO KBaHTOBOMexaHu4eckasi MP B obmem
cilydae SBJISeTCS HEKOPPEKTHOI, TOCKOIbKY €€ Pe3yJib-
TaTHl [PUBOIAT K HAPYIIEHUIO IPUHIUIIA COXPAHEHUsI
sueprun. Kak ciexyer u3 coornomenust (18), B obrem
cJIydae, OIepaTop 9ncjia BO30YKICHUIT CHCTEMA aTOM +
oJie He KOMMYTHPYeT ¢ ramuiabToHnanoM MP cucremsr
JIJIsT JTIOOBIX 3HAYEHU! mapamMeTpoB. B paMkax mpubJim-
JKEHHOII MOJIEJIN CHUCTEMBI, IIOJydJaeMOll M3 KBaHTOBOM
MP nmyrem ynmajsenusi m3 pacCMOTPEHHS BUPTYAJIbHBIX
npoueccos (npubsuxkenne RWA), sHeprust cucrembl B
[IPOIIeCcce B3aMMOJIENCTBIS ATOMA C I0JIEM TOYHO COXPa-
HSIETCs, TAK KaK B 9TOM CJIydae OIEePATOp YUCJIa BO3-
Oy2KJIeHUI ¥ raMUJIbTOHMAH CUCTEMbI TOYHO KOMMYTH-
PYIOT JIJIst JIFOOOI0 MOMEHTa BPEMEHU U JII0OBIX 3HAYEHUIA
OCTAJIbHBIX MapaMeTpoB. Pacdersl mokaszajm, 9rT0 ist
CpeHero 3HadeHns (POTOHOB OIS PA3IHINE MEXKIY Pe-
3yJsibTaraMu KBaHTOBOM MP u npubJimzkeHHbIMYU pPe3yJib-
taramu B pamkax RWA (ksanrTosas moguens JIK) mpe-
HeOpexkuMOo MaJibl (HO He paBHbL () B C/Iydae BBIIOJIHE-
Hus cooTHommenus § = |g|/wy < 0.01. B s1ux ycrosusax
cpejliHee 3HAYEHUE NPABON YacTy BhIpaxkeHust (18) s
KOMMyTaTopa (IpOoU3BeJIeHue KOPPEJIITOPa OePATOPOB
aToMa U MoJIsl Ha apaMeTp cBsisu, cM. (19)) cranoBurcst
IIPeHeOPEXKIMO MaJIOil BEJININHOIA.

dunancupoBanmne pabotrbl. lannas pabora pu-
HAHCUPOBAJACH 33 CYeT cpecTB O10/keTa Pusndecko-
ro nncruryTa uMenu 1. H. JIebenea Poccuiickoit akaie-
Mun HayK. HUKaKux mOmOJIHUTEIbHBIX TPAHTOB HA IIPO-
BeJIeHNE WA PYKOBOJCTBO JAHHBIM KOHKPETHBIM HUCCJIe-
JIOBAHUEM II0JIy9eHO He OBLIO.
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