Hanmonanenas accoumanus yuenoix (HAY) # 62, 2020

45

cpel, IMpHU XOpOILIeHl €MKOCTHOM CBSI3M aHTEHHBI CO
cpenoil. B ciaywae wusMepeHHi B CyxHX IOYBax
BO3MOJKHO BOSHUKHOBCHHE TTAPA3UTHBIX KOJCOAHUIA.

Ha ocHOBe mONyd4eHHBIX  pPe3yJbTATOB
SKCIEPUMEHTOB, MIPOBEJIEHHOTO aHanaMza u
JOTIONTHUTEIBHBIX W3MepeHnid Oputa pa3paboTaHa
AaHTEHHA, NpuBeJeHHas Ha puc.2 nmoa Ne9. Jlyis niauHbI
50 cM w mupuHE 3,4 CM TpPUMEHEHA IUIaBHAS
Tpameuus, [JIMHAa CETMEHTOB YMEHBIIAETCS IO
9KCIIOHEHTE, KOJMYECTBO CETMEHTOB PAaBHO IISTH, B
KayeCTBE PE3UCTOPOB UCHOJb3YIOTCS YMII-PE3UCTOPHI
pasmepa 1206. [IpumeHeHO napayienTbHOE BKIIOUSHUE
4 pe3ucTtopoB, TMpPU HUMIYJICHOM  aMIUIUTYHE
nepenatunka 5 kB u amurtensHOCTH 10 15 HC OHHM
HaJe)XHO paboraror. JlmarpamMma HanpaBICHHOCTH
AHTCHHBI TPUOIM3UTEIBHO PaBHA XapaKTCPUCTHUKAM
aHTeHHBI Ne6 U 37ech He MPUBOJUTCSA. DKCIEPUMEHTEI
MoKa3zajad, 4YTO Il pPELIEHUs  KOHKPETHO
MOCTABJIEHHBIX 3aJad MOXXHO IyTEM HW3MEHEHUs
TeOMETPUYECKUX MapaMEeTPOB AHTEHH HaXOAMTh HX
HanboJiee ONTHUMANbHBIC BapHAHTHl KOHCTPYKITHMHA C
HaWIy4IIUMU PaAMOTEXHUYECKUMHU
XapaKTepUCTHKAMU.
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ANNOTATION
In this work, the values of dipole moments of electron transitions are calculated using the semiemperic

method, taking into account the rotation of the moleculeyanalytically (through 3j - and 6j-semivoles). Integrals of
the intersectionsiof vibrational wave functions of combining States are foundu. The absolute values of dipole
moments of electronic transitions 313qu - 2p3A) necessary for calculating the coefficients of expansion of the
wave function of the perturbed state of a triplet 3s, 3d - complex of terms on the born-Oppenheimer basis and the
overlap integrals of the number of negative wave functions corresponding to radiation transitions are determined.
Using y?thethe pasnoctustandard paccuurannbix mo gopmymam optimization subroutine FUMILthe effective

values of dipole moments of electronic components were determined click 3l3A'g — 2p34,H,.
Keyword: dipole moments electron transitions, waveo function, over lapin tegrals, electronic levels.

The task of this paper is to find the values of dipole
parameters by a semiemperic method.

To solve this problem, the rotation of the molecule
was taken into account analytically (through 3j-and 6j-
semivoles), and the recritical integrals of vibrational
wave functions of combining States were determined
numerically.

Research of relative values of probabilities of
electron-vibrational-rotational (EQ) transitions from
the levels of the triplet 3s, 3d-complex of therms of the

hydrogen molecule were performed semi-empirically

[1].

Using laser-stimulated photo fragmentation
spectroscopy, we found the probability ratios of
spontaneous transitions from the EQ Ievels3l:“/1;—r -from
the preissociating b3 Y.} —state ¢3 [} —positions and
the orbitalro quantum numbers of the valence electron
in the corresponding unified atom A - a literal
designation of the quantum number of the electron
momentum projection operatoron the inter-core axis.
This methodois based on the registration of the speed
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spectrum of atoms formed during spontaneous
transitions to unstable States[2-4]. Non -adiabatic
calculations, which used nonempirical dependences
ofthetotal moments of electronic transitions
3134, - 21%4,, ledto discrepancy  with
experimentalavalues [5-6].

The semi-empirical analysis of these data made it
possible to find the relative adiabatic values of the
dipole moments of these electronic transitions .In
addition, the results of our semi-empiricalcanalysis of
the force relations of the lines of various rotational
branches of the electron-vibrational transition bands
j34% > c3TIE were in good agreement with the
values measured by laser-inducedpecfluorescence [7].
When describing the probabilities of transitions from
the levels of the triplet 3s, 3d - complex of terms of the
hydrogen molecule, we will adhere to the formalismma,
developed by us when analyzing the relative
probabilities of spontaneousetransitions [8].

The formulas are based on the account of EQ level
interactions only with the same values of vibrational
and rotational quantumonumbers in a closed triplet 3s,
3d-complexof e terms. In this case, the spinmultiplet
splitting of the levels is considered to be much smaller
than the valuexof the effects associated with electron-
vibrational and electron-rotational interactions. We will
neglect the interaction b3 Y7, of both 3 [];} —the States
at which radiation transitions occur, and the
dependences of the dipole moments 313Aj — 2p>A;,of

a

rad

Tylel

where ydenotes the set of quantum numbers that

characterize the electron state; AV”N AZ”H ”’AZEIXI 3
I
A‘;’,,N,, the probabilities of spontaneous transitions
_ I + _ a3
from y,v'N'—, bz“,c [l v.N"—e Zu,

v",N" —and dsl—[fyv", N" —the state.

For transitions to stable EQ States, the
probabilities of transitions along differentrotational
branches of the electron-vibrational bands of the
progression are summed up in formula (1)renpHBIM
BETBsIM 3J]eKTpOHHO-KOHe6aTeHLHLIX I10JIOC U” —.

In the case of transitions to the b3 ¥ —state, it is
necessary to integrate the probability density over the
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electronic transitions on the inter-nuclear distance.
yuerom Taking these assumptions into account the
formula for BepostHocT  crnontanHoro the
probabilityeof a spontaneous transition
v,v',N' > c3[],, v",N" Previously, we used a semi-
empirical method to study the force relations of the
lines of R-, Q- , and P-branches
3I3A§,U,N' — c3ITE, v, N"- nepexono of transitions
and determined the values of three relations of dipole
moments of electron beams:
3533, - 2piIn,, 3d33; -

2p3I,, 3d34, - 2p*Il,to
the dipole moment of transition3d*/7, -
2p3I1, —:
M3sE /M3 = 0.28 +0.01,
M3EE /M3 = —0.82 + 0.02,
M3SH /M3 = —1.37 £ 0.02. These values are

used to describe the spemenu lifetime of electron-
vibrational-rotational (EQ) have asmoots triplet 3s, 3d
- complex the MOU. The expression for the radiative
lifetimes of the y,v’, N'. The EQ of the levels of the
triplet 3s, 3d-complex of terms causedsby spontaneous
transitions to electronic States resolved in the dipole
approximation b3 Y5, c3 [, e3YF  ud3[[E, has the
following form:

@)

continuous spectrum of frequency-emission at the
transition from this level. Since the wave number, the
diagonal bands of  transitions y,v'N' -
(e3yr 31 ), v",N" from the levels of the
triplet 3s, 3d - coMPlex terms to the levels of the triplet
3p-complex terms at least 3 times less than the wave
number of the transitions in the b3Y, and c3[[,-
statetion, and the probability of radiative transitions is
known to have a cubic dependence on the magnitude of
the wave number, then the further analysis we will not
consider the transitions from these levels e Y, and
d3 1% —condition:
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where M35, M35 u M35 - dipole moments of
transitions from 3[3A,-States to2p®%,, -state, and
integration in formula (3) is carried out over the entire
region of change in the wave number of the radiation
transition of the molecule from 313A,, v', N’ — to the
unstable b3 Y} —state [8].

To determine the values of the dipole moments of
electronic transitions 313A — 2p3Aj, the coefficients
of the expansion of the wave function of the perturbed
state of the triplet 3s, 3d - complex of terms are required

Therefore we were determined via born-
oppingaeroscope basis and the integrals of the overlap
of the vibrational wave functions corresponding to the
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radiation goon ladies[9]. Knowing the values of the
four dipole moments of electronic transitions
3d%M, - 2pN,, 3s%%, - 2p®%,, 3d%%, - 2p33,,
and 3d®Ty - 2p®%, M3, M3y, Mips u M3Y.

These values were considered as four independent
parameters , which, within the framework of the model
used, should describe the radiation lifetimes of EQ
levels of the triplet 3s, 3d-term complex.

Using y2the mean-square differences calculated
by the formulas (1) - (3) using the standard optimization
subroutine FUMIL 6butn ompenenenst FUMIL, the
effective values of dipole moments were determined

click3134, — 2p3A,H,.

Table 1

Ez’em'gr_n( ‘ : Electronic dipo.’e moments of the n'flsirions a.e. g
Transition MZ”*’-; M;ﬁ M;z;—_l .4;;% M;:‘ﬁ M;:?, M;;,hli’ X min
I, A, - N, 15| - - |-0.50(2) - - | 1870) |-2560) 11
KI,, T, P, AL - 21, | 12 |-002(1)] 0.39(2)~0.56(4) | 0.542) [-1.633) | 1.94(3) [-2.66(6) 6.1
iz3>:;,g3x;,,‘n;. j3A:—>c3ﬂu 27 [-0.12(1)| 0.40(2)|-0.52(2) | 0.54(2) |-1.61(3) | 1.92(2) |-2.63(6)| 3.5
Range r a e. - [16-2711.5-28] 16-27 | 16-27 | 1.5-28 |1.6-27]|15-30
forrzse]n:_:.m R 21| 065 |-050 |-065/2 | 02142 | 0172 | 1.86 |-2.48

Rating (Hel) [9] ~ | 1269 | 2.170 |-1.880./2 | 1.269./2 |~1.085.2| 1.880 |-2.658

Rating (HI) [9] - | 0542 | 2452 |-2.123.2 | 054242 |-1.22642| 2.123 |~3.003

Thus, the empirical calculations of the values of
radiation lifetimes of States using the studied values of
dipole moments of electron transitions are in good
agreement with the existing cexperimental data[10].

A comparison of the results obtained separately
for 3A5u 3A3 - the States of the 3s, 3d-complex of terms
Hzshows a good agreement of the values of the dande
moments of the electronic transitions 3d°Il, — 2p°%,
and 3d*11, — 2p°Il,.

Results :

1.The values of the dipole moments of electron
transitions are calculated by the semiy-empirical
method, taking into account the rotation of the
molecule analytically (including3pes 3j-and 6j-
semivoles).

2.Integrals of overlap of oscillatory wave
functionsuof combining States are found.

3. absolute values of dipole moments of electronic

transitions are Determined 3134, — 2p34,,.
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4. The effective values of the dipole moments of
electronic components are calculated click3l3A'g -

2p34, H,.
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AHHOTANUA

Jlo Hacrosiliero BpeMEHU AMCKYTHUpYETCs SMIHUpH4ecKuil 3akoH Xosuia-Iletua u ero oOpartHblit addexT.
[IpennoxxeHpl MHOTOYUCIICHHBIE MOJIEH U TIOKa3aHa HeHCUYePIaeMoCTh TiTy0okoi koHeniuu Xomwia—Ilerya. B
pamMKax HacTosIIel paboThl, MbI XOTUM TI0Ka3aTh, 4TO 00paTHBIN 3p ekt Xoma-TleTua HabMIOJAETCS HE TOJIHKO
B TOJMKPHCTAIIAX, HO MPHUCYIl WM AaTOMapHO-TIAaJKUM HaHOKpHUCTaiaMm. Jlias ompeneneHust TOJIIIMHEI
MOBEPXHOCTHOTO CJIOS aTOMAapHO-TIAJKUX HAHOKPHCTAUIOB HCIIOJIB30BAIACH pa3MepHas 3aBHCHMOCTh
¢u3ngeckoro cmoWcTBa. /[l mpenmema TEKydecTH AaTOMAapHO-TIAJKAX HAHOKPHUCTAJUIOB HAMH IOIYYEHO
ypaBHEHHE, KOTOopoe 1o QopMe coBmagaer ¢ ypaBHeHHMeM Xoiuta — Ilerda. Opnako koadduimMeHTH!
MPONOPIMOHANILHOCTH B 00enx (opmylsiax pasnuuarorcs. B paccMmaTpuBaeMoM cilydae IOBEICHHE Ipezesa
TEKy4eCTH AaTOMAapHO-TIAaJKUX HAHOKPUCTAJUIOB ONpPEAEseTcss TakXKe BEJIMYMHOW MX IOBEPXHOCTHOIO
HaTsDKeHHs. Eciin B ory4eHHOM ypaBHEHHH JUIs TOBEPXHOCTHOTO HATSDKEHHUS yuecTh popmyiy Pycanosa A1,
TO MBI ITOJy4HM 00paTHbIi addekt Xomra-Tlerya.

Takum oOpasom, oOparublii 3ddext Xomra — Ilerda oOycioBieH pa3sMEpHOH 3aBHCHMOCTBIO
MOBEPXHOCTHOTO HATSDKEHHUS aTOMAapHO-TIAJKUX HAHOKPHUCTAJUIOB W B KOHIIE KOHIIOB 3aBHCHT OT aTOMHOTO
panuyca, KOTOPBIH ONpeAesseT TOMINHY HOBEPXHOCTHOTO CIIOS HAHOCTPYKTYPHL.

ABSTRACT

To date, the empirical Hall-Petch law and its inverse effect have been debated. Numerous models have been
proposed and the inexhaustibility of the deep Hall — Petch concept has been shown. In the framework of this work,
we want to show that the inverse Hall-Petch effect is observed not only in polycrystals, but also inherent in



