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JKumomupcokuil 0epocasHuli mexHoaI02iyHUlL YHisepcumem

CYBPAJIALIIMHA CTPYKTYPA CTOKCOBOi (AHTUCTOKCOBOi) KOMIIOHEHTH
B YMOBAX IHTEHCUBHOI HEPE3OHAHCHOI HAKAUKH JIBOPIBHEBOI CUCTEMH

B nepwomy nopsaoky meopii 30ypenv 3a K6AHMOBAHUMU NONAMU OMPUMAHO ePeKmUsHUil
eaminbmonian  cucmemu  «amomM+nonny w000 UYOMUPLOXUACMUHHO20 —KOMOIHayiliHo20 npoyecy
o, =0 +o,~0, Q=0 +o ~0, e O =,+0,€Q =00, -~ uacmoma inmencusuoi
Hepe30OHAHCHOT X6Ull HAKAuKu (K1acuuHuti onuc), @, Q)as: — cnabke Keanmoseawe noje CMOKCO8OT
(anmucmoxcogoi) uacmomu, @,; — 4acmoma amomHo2o nepexooy 1 — 2. 3uaiioeno wacmommnuii cnekmp

cucmemu i NOKA3AHO, WO CMOKCO8A (AHMUCMOKCO8A) KOMNOHEHMA MA€ Cyopadiayiiny cmpykmypy.
Knrouosi cnoea: inmencueHa HAaxkauka, e@ekmuHUll 2amilbMOHIAH, KOMOIHAYIUHUL npoyec,
CMOoKCco8a (aHmucmoxcoea) yacmoma, cyopadiayitina cmpykmypa.

IMocranoBka 3aBIaHHs Ta HOro akTyaJdbHicTh. HeniHiliHI BIACTUBOCTI PiJUH Ta Ta3iB OCTaHHIM 4acoM
inrencuBHO BHUBYalOThCs [1-3]. Lle 0OymOBIEHO aBOMa OCHOBHMMH OOCTaBHHAMH: IO-TIEpIIE, BHCOKOO
OJTHOPIMHICTIO 1 BUCOKOIO IMPOMEHEBOIO CTIMKICTIO TaKMX CEPENOBHIN, i, IMO-APYre, 3HAYHUM MiACHICHHAM iX
HEJTiHIMHUX BIACTUBOCTEH NpPH HAABHOCTI ONTHYHHX PE30OHAHCIB. IX JOMiHyroumit HenmiHilHMI Bigryk
BHU3HAYAETHCA WICHAMH TPETHOTO TOPSIIKY B PO3KIIAl HEMiHIHHOI cipuiHATINBOCTI. Ha BiIMiHY Bix KpuCTaliB,
MPOCTOPOBHH PO3MIp IIMX ceperoBHI] (paKTHIHO HIiYUM He oOMexeHHH. OTxe, B MPAKTUYHUX 3aCTOCYBaHHIX
MOXXHa BHKOPHCTOBYBATH OUIBIII JOBXXHHM B3a€MOJIi, SIKI JO3BOJISIOTh YHHKAaTH BHCOKHX IHTCHCHBHOCTEH
BUTIPOMIHIOBAaHHS, HEOOXITHUX MpPH POOOTI 3 BIATYKaMHU TPETHOro HOpsnky. KpiMm Toro, Ha pimuHH Ta Tra3d He
PO3MOBCIOIKYIOTECS Ti OOMEKEHHS II0J0 IHTCHCHUBHOCTI, SIKi MalOTh MiCIle JJii TBEPIUX TiJ BHACIIIOK X
ONTHYHOTO PYHHYBaHHS.

BnacTuBOCTI pe30HAHCHOTO MMiJCHICHHS, 32 JOIOMOTO0 SKOTO IHTEHCHUBHICTh HEIHIHHOT B3a€MOIIT MOKE
OyTu 301IblIeHA HA 0AraTo IMOPSAKIB, SKIIO YaCTOTA JIA3EPHOT0 BUITPOMIHIOBaHHS HAJIAIITOBAaHA HA BiIIOBIIHHHA
EHEepreTUYHUI PIBEHb CEpelOBHUINA, IPOSBISIOTHCS HANHOLIBII SICKpaBO caMe B piIMHAX Ta razaxX, 0cOONMBO B
aTOMAapHHUX Ta3ax 3 Ay>Ke BY3bKHMH JiHIIMH orauHAHHA. CaMe 111 BIaCTHBICTh Fa30BUX CEPEIOBHI IPUBOIUTH
0 IIHPOKOTO BUKOPUCTAHHS HENIHIHHUX ONTHYHHUX METOAIB B Takiii o00nacTi, SK BHPOOHHITBO
CIEKTPOCKOMIYHUX [DKEpell, Ta 3araJlbHOMY IIOKPAIIEHHIO YMOB MPOBEICHHS HEJIHIMHUX ONTHYHUX
EKCIICpPUMCHTIB.

JilficHa po0oTa BUKOHYETBCS B MEXaxX HAYKOBO-IOCHITHOI podotnm «CuHTE3 1 (i3W4HI BIACTHBOCTI
KOMITO3UTHHX MarepialliB Ha OCHOBI XaJbKOTEHIIHOTO CKJa Ta HaHOYACTHMHOK HAIliBIIPOBIIHUKOBHX CIOIYK»
(momep mepskpeectpanii PK Ne 0111U001777) i € mpomoexkenHsMm gociuimkeds [4—6]. B Hux, Hacammepern,
MOKa3aHo, 1110 CKJIaJIHA CTPYKTYpa CHEeKTpa MOTJIMHAHHS (BUIIPOMIHIOBAHHS) aTOMOM IPOOHOTO CUTHAILY B MOJI
IHTEHCHBHOI pE30HAaHCHOT Hakayku (cyOpaniamiiiHa CTPYKTypa; 4YacTOTH, KparHi dvacTtoTi Pabi) 1 mnpwu
YOTHPbOXXBUJILOBOMY 3MIIIyBaHHI XBWJIb € TMPOSIBOM IapaMETPUYHOIO pPE30HaHCY, SIKUil 3yMOBIEHO
6araTo(h)OTOHHUMHU MPOIECAMHU B3aEMOJIIT CHCTEMHU «aTOMIIOJISI.

MeTo10 IpOBeIeHUX TOCTI/IZKEHb € TEOPETUUHI METOIU OTPUMAHHS CIIEKTPIB CUCTEM, IIO 3HAXOSTHCS B
IHTEHCHBHUX PE30HAHCHMX ITOJIAX.

BukiaageHHs 0CHOBHOTO MaTepiaiy aocaimxkeHb. Hexail B HemiHIHHOMY Ta30BOMY CEpEIOBHIII 3 aTOMIB
JTy>)KHHX METajliB Yy HaIpsAMKy OCi Z pO3IOBCIOJDKYETbCS IHTEHCHBHA XBWJII HAKayKM 3 4YacTOTO @) .
Po3rnssHeMo KOMOiHAUiWHMH YOTHPHOX YaCTMHHHMH MpOLIEC 3 YTBOPIOBAHHSIM CTOKCOBOI (@HTHCTOKCOBOI)
KOMIOHEHTH @, = + @, — &, €@, = 0, + v, — o, : I  BpaxyeMo  pE30HAaHCHUH  BHUNAAOK,  KOJH
o, =0, -0, €@, =0, — o, : Tyr w,, — 4acrora aToMHOro mepexoxy Mix piBHAMH aToma 1— 2. Takum
YHUHOM, MAa€MO JIBOPIBHEBY CHCTEMY, sKa 3HAXOAUTHCA B TIOJII IHTEHCHBHOI HEPE30HAHCHOI HAKaYKU Q)L: i

CTOKOBOI (@HTHUCTOKCOBOI) XBHWJII 3 YacTOTOI @ Cnabki xomOiHamiifHi TONs OyAeMO BBa)XkaTu

as _*"
KBaHTOBaHMUMH. B mpencTaBieHHI B3aeMOJil Ta B ENEKTPUIHOMY IWIOIBHOMY HAOJMKEHHI raMmiIbTOHiaH
CUCTEMH «aTOMTIIOJIS» MA€ BUIIISAL:

H =YV €, rte"™ -n'PCECL, )

. 1 ’ -
e V@, I',t} T P. (E ()aE o P (}- Q(Eka/ — omeparop B3aeMOJIi aTOMa 3 KJIACHYHUM IOJIEM

. A ~ R \—‘k \-k ~ . —_—
nakauku; E€t = IZ C.& ‘k (" —a; (€ - oneparop Hampy eHOCTi EIEKTPHIHOTO NONSL; &, — BEKTOP
K
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. ™2 .
nomsapuzanii xsuwii; C, = Qﬂfiwk IV 2%, V — ob’em cepemoBuma; &, a, — omeparopd 3HHIUCHHS Ta
HapODKCHHS (OTOHIB, 9aCOBA 3aJICKHICTD AKX Y BIICYTHOCTI B3a€EMOZI{ 3 aTOMOM Ma€ BUTJISA:
N-ioxt . Nio,t
a (a0 ; a, C-a Q.

IIpu BpaxyBaHHI B3a€MO/IIi 3 aTOMOM ONIEPATOPH &, QEa; Q: CTarOTh MOBUTFHIMH (YHKIISIMU Hacy.
3a 0MOMOTOK BiZOMOI MPOUEIYPH, IO JETAIbHO BHKIaaeHO B [2], raminpronian (1) mpUBOTUTHCS 110
e(eKTUBHOTO BUTJISITY, MATPUYHI €JIEMEHTH SKOTO Ha6yBa10TL TaKoi popmu:
N Y
("e(/mn (‘l - £('( i € rand" 2
S#1,2
Je m,N=12, a pucka O3HAYa€ yCEPEAHCHHS 3a YacoM, HabaraTo OLTBIINM IEpiOAiB KOJMBAHb ATOMHHX

JTUTIOJIB Ta €JICKTPOMArHITHUX TOJIB.
Jis BUnaiKy, mo Mu po3rn>maeMo 3 (2), micns ycepeTHeHHS, MAaEMO:

‘] ~N i z Q)L }ekM Q) E efi‘(ar—(umn+(ua+(uLE:
ed ohn : a _Za h
" to| 0,=t0g, 10 wns +wa

3a momomororo marpuip Ilayni ehexTHBHUI TaMiIbTOHIAaH CUCTEMH «aTOM-IIONS» MOXKHA MOAATH TaKUM
YUHOM:
A . _ < . _ =N
H@(;; o (aasel Gy -0, +0, T + ryaQE' Oy to-o, T j EC. ’ (3)
ne
=j CQ) NZs(a)L}as;A |kr.
2.0, 5= — et
1s was
NZS Q)L —ikyr .
- Yo e
WDy — O
E.C. — onepatiist epMiTOBOTO CIIPSKEHHS.
3a 101MOMOro0 KaHOHIYHOTO IEPETBOPEHHS 3 YHITADHUM ONEPaTOpOM:

. ,i@g - 1 0
S—e 2 MeitradtgiC o, A, =aja,; A, =a.a,, 6, = o .1
EdexruBanii ramineToHiaH (3) MPUBOANUTHCS IO BUTILNY, SKHIA HE 3aJICKUTH BiJl 4acy:
I—~|e¢ = a)2 6, +QNA+Q, A +0 (aas +77a;} EC.; 4)
Q=0,—0_;, Q=0,,—0,
1 € omepatopoM BHIJLILY ﬁo +W , e H’d0 = 0)221 6, +QNA +Q, A, T06T0 € raminpToHIaHOM IBOX

HE3AJIEKHHMX MIJICUCTEM «aTOM» + «IIOJIA», a oneparop Bzaemomii W — 3yMOBIIOE IEpexoay MiXk iX pisHUMH
CTaI_[iOHapHI/IMI/I CTaHaMU Ta OIIUCY€E 6araT0(1)OTOHHi npouecu B3a€MOZ[i.l' aTomMma 3 eJ‘IeKTpOMarHiTHI/IMI/I IIOJIAMU.
[Ipu mepexojax MiX PI3HUMH CTAalliOHAPHUMH CTaHAMH CHCTEMH MOBHHEH BHKOHYBATHCH 3aKOH 30epeimKeHHS
eneprii. Tomy
~
— Wy = Q) - ms Q)as — mas '

Je mg, M, — KiJIbKICTb CTOKCOBHX (aHTHCTOKCOBUX) (DOTOHIB.

. - [0 .
3 OCTaHHBOrO BHpa3y 3HaxoAuMO. ockimbkn o, —w, =—Q,—w , 10 o, -0 = —%; n=m,+m, i
o,=0, ——2; w,=0, +— (n — Oynp ski wini yucna).
n

3 ocraHHiX (OPMYJ BHIHO, IO JIHIS CTOKCOBOI (AHTHCTOKCOBOI) YacTOTH Mae CyOpaniamliiHy CTPYKTYpY.
OTxe, CKIaIHNI XapakTep CIIEKTPIB CHUCTEM, L0 3HAXO/STHCS B IHTEHCHBHHX EJICKTPOMATHITHUX MOJSIX, Mae
3araJlbHUH XapakTep A7 IIMPOKOTO KIIacy HEMiHIHHUX ONTHYHUX B3a€MOIIH.

BucHoBku. OtTpuMmaHi pe3ynpTaTd MOXYTh OYTH BHUKOPHUCTAaHI HpPH pPO3pOOI NPHIAAiB KBAaHTOBOL
@JIeKTPOHIKMA TIPH TMEePeTBOPEHHI ONTHYHUX YacTOT, KOJIM KOTCPEHTHE BHIIPOMIHIOBAHHS, IO TE€HEPYETHCS
JIa3epoM B OJJHOMY Jiala30Hi CIIEKTPa, MEPETBOPIOETHCS B KOTEPEHTHE BUIIPOMIHIOBAHHS, K€ HAJIEKUTH 30BCIM
iHmomy miana3oHy. L{luM cmoco6oM MOKHA OTPUMATH KOTEPEHTHE BUIIPOMIHIOBAaHHS B TAKUX JUISHKAX CIEKTPA,
SKi He TIEpEeKPHBAIOTHCS YaCTOTaMH BUIIPOMIHIOBaHHs caMuXx JiasepiB. [Ipukinanom Takoi po3poOku Moxe OyTH
BUKOPHCTOBYBaHHS ONTHYHUX B3a€MOJIN JJIsl OTPUMAaHHS CIIEKTPiB aTOMapHUX rasiB i3 po3IUIBHOIO 3[aTHICTIO,
10 TEpPEeBHIIYE JOIUICPOBCHKY rpaHuio. LluM nuraHHAM OyayTh IIPHUCBSIYCHI MOJAJIBLI  TEOPETHUHI
JIOCITLIPKEHHSI.
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ourwhE

JOBPSAKOB Bomomumup JIsBoBHY — KaHmuaaT (i3sMKO-MaTeMaTHYHUX HAyK, JOLIEHT Kadeapu (izukum
JKHTOMHPCHKOTO AEPKABHOTO TEXHOJIOTTYHOTO YHIBEPCHUTETY.

HayxoBi inTepecu:

—  KBaHTOBa pajiodi3uka,

— KBaHTOBa  CJICKTPOHIKA: B3a€MOMiS  IHTCHCHBHOTO  BUIPOMIHIOBaHHS  (pe3oHaHCHOro  abo
HEpEe30HAHCHOT0) 3 TA30BUMH CEPENIOBUILIAMH;

—  BUBYEHHJ Ta JIOCIIJDKEHHS 1X HEJIHIHHMUX BIATYKIB Ta CIIEKTPIB HOTJIMHAHHS (BUIIPOMIHIOBAHHS).

Crarrs Hagiiinoia qo pexaxuii 10.09.2013
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Hoopsikos B.JI. CyOpaniariiiHa CTpyKTypa CTOKCOBOi (2HTHCTOKCOBOI) KOMIIOHEHTH B yMOBax iHTEHCHBHOL
HEpPE30HAHCHOT HAKauK1 IBOPIBHEBOI CHCTEMHU

Hoopsakos B.JI. CyOpamuanuoHHas CTPYKTypa CTOKCOBOH(aHTHCTOKCOBOI) KOMITOHEHTHI B YCIIOBHSIX
IHTCHCUBHOW HEPE30HAHCHOI HAaKaYKH [BYXyPOBHEBOU CHCTEMBI.

Dobryakov V.L. Subradiational structure of stocks(antistocks) frequency in the condition of the intensive non
resonance pumping of two level system.

YK 539.184.28

CyOpaananuoHHasi CTPYKTYPa CTOKCOBOI (AHTHCTOKCOBOI) KOMIIOHEHTHI B YCJIO0BHAX iHTEHCHUBHOIM
HepPe30HAHCHOI HAKa4YKHU ABYXypoBHeBoii cuctembl / B.JL. lo6psikoB

B mepBom mopsiake TeOpuu BO3MYIICHHUH 110 KBAHTOBAHHBIM IIOJISIM TOJTy4YeH 3¢ (EKTUBHBIN raMHIbTOHHAH
CHCTEMBI «aTom + TIOTISD» ISt YEeTHIPEXUaCTUIHOTO KOMOHMHAI[IOHHOTO mpouecca
o= +o,-0, Q=0 +o —0,  tIe O =0,+0,€@ =0,,—®, - 4YacTOTa  MHTCHCHBHOIi
HEPE30HAHCHON BOJIHBI HaKauku (Kiaccudyeckoe omucauue), @, €,, — craboe KBaHTOBaHHOE MOJE CTOKCOBOIL
(aHTHUCTOKCOBOH) YacTOTHI, (,; — YacTOTa aTOMHOro nepexona 1 — 2. IlonydeH 4aCTOTHBIN CIEKTP CUCTEMBI U
MOKa3aHO, YTO CTOKCOBAs (aHTUCTOKCOBAsI) KOMIIOHEHTa 00J1a1aeT cyOpaanaliMOHHON CTPYKTYpOU.

KnroueBsie cJoBa: HWHTEHCHUBHAs Hakayka,e()heKTUBHBIN raMUJIbTOHHAH,KOMOMHAIIMOHHBIN
MpOLECC,CTOKCOBA(aHTUCTOKCOBA)4acTOTa,CyOpaualiMOHHas CTPYKTYpa.

VJIK 539.184.28

Subradiational structure of stocks(antistocks) frequency in the condition of the intensive non
resonance pumping of two level system / VV.L. Dobryakov

The effective Hamilton Operator of the system interaction Atom + Field for the resonance 4-frequinces
process o, =, + o, — o, €, = o, +o_—o, we assume that o, is the pumping wave which is non resonance

(classical variant), @as: — are the weak quantum fields of stocks (antistocks) frequency, w,,— is the

frequency of atom transition 1 — 2 is obtained at the first order as to the quantum fields. The frequency spectrum
system is obtained and it is shown, that stocks (antistocks) components process the properties of subradiational
structure.
Key words: pumping wave, effective Hamilton Operator, stocks (antistocks) frequency, subradiational
structure.
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