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OU3UKO-MATEMATHYECKHUE HAYKHU (CIEHUAJIBHOCTBD 01.00.00)

MATEMATHUKA (CHEIIUAJIBHOCTD 01.01.00)

CEKIIUS Nel.
BEIIIECTBEHHBINA, KOMIUIEKCHBIA U ®YHKIITMOHAJIbHBIN
AHAJIN3 (CIEIIUAJIBHOCTH 01.01.01)

CEKIIUS Ne2.

TN ®PEPEHIUAJBHBIE YPABHEHUSA, TIMHAMUAYECKUE
CHUCTEMBI U OIITUMAJILHOE YIIPABJEHUE
(CIENUAJTBHOCTD 01.01.02)

O ITOCTAHOBKE KPAEBBIX 3AJJAY J1JI YPABHEHUS DUJIEPA-JAPBY
B OBJIACTU, COJEPXAIIEN JIBE JIMHUM CUHT YJIIPHOCTH
KOSOOUIIMEHTOB YPABHEHU A

bymkos C.B., Poqruonosa N.H.

OI'AOY BO Camapckuil HallMOHAIBHBIN UCCIIEI0BATEIbCKUN YHUBEPCUTET

umenu akagemuka C.I1. Koponesa, r. Camapa

Hacrosiiast pabota siBJIIeTCS MPOI0IKEHUEM UCCIICIOBAHUI 110 TTOCTAHOBKE
U PCIICHHIO KpacBBIX 3a4ad B CHOCHMAIBHBIX  KjIaccax IS ypaBHCHHIA
rUrepOOJMIEeCKOro THIIA Ha TUIOCKOCTH M B TPEXMEPHOM IPOCTPAHCTBE, HAUaThIX B
paborax [1] [5]. Hns ypaBHenus Diinepa-Jlap0y ¢ oTpHUIaTEeIbHBIMH
pPaBHBIMHM TIapaMeTpaMH B MPSMOYTOJbHOW O0JACTH, COJAEpiKalleld [Be JUHHU
CHHTYJISIPHOCTH KO3((PHUIIMEHTOB ypaBHEHHS, MOCTABJCHBI JBE KPaeBbIe 3aJ1auh C
JAHHBIMM Ha TapajlIeIbHBIX CTOPOHAX HPSIMOYTOJbHHKA (3adadd A,), a Tak Ke
3aja4a ¢ CyMMapHbIM 33JaHMeM 3HaYCHHUH HCKOMOTI'O PEIICHHUS B TOUYKAX TPAHHUIIBI.
Ha nuHUAX CHHTYJISIPHOCTH KOX(PQHUIMEHTOB YpaBHEHHS W HA BHYTPCHHEH

XapaKTepHCTHqCCKOﬁ JIMHUHA 3a4al0TCA  YCIOBUA COIIPSKCHHUA, HCIIPCPBIBHBIC



OTHOCHUTCJIbHO pPCHICHUA W €TI0 HOPMAJIbHBIX  IMPOU3BOAHBIX. MGTOI[OM
HHTCTPAJIbHBIX ypaBHCHI/Iﬁ AOKa3bIBACTCA CYIICCTBOBAHUC W CAWHCTBCHHOCTDH
pCIHCHI/Iﬁ ITIOCTABJICHHBIX 3aJa4.

YpaBHeHHE

PaCCMOTPpUM Ha MHOKCCTBC )

Ilycts:

2)
3)

300)

4)

477)

5)

3amaya | (A;). Haiitm pemenme ypaBHenus (1) Ha wmHOXectBe D,
HEMpeppIBHOE B, NpUHAMIeKamee kimaccy R; B obOmactax Di (i=

3anaya Il (A[],) oTnryaeTcs 3aiaHUEM YCIIOBHIA:
1), 2), 311), 411), 5).

Bynem npennonarath BbIOJIHEHHE:
Ycnosus A. C [0,1],

YcnoBus B. +

Bocnonb3yemcss  pemienuem  3agaun Komm  gna ypaBHenus (1)
MpUHAJISKAIIUM crieluaibHoMy Kiaccy Rjp[1,2], yAOBIETBOPSIOMIUM YCIOBUSIM
3), 4). Ero Mo>HO 3anucarb B BUJIE:
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DOyHKIUU HernpepbiBHbl B (0,1) 1 aGcomoTHO
uHTerpupyemsl Ha [0,1]. B sTom ciydae, kak nokazaHo B pabote [S], pyHKUMHU
(2) (5) onpenensroT KiIaccu4eckoe pelicHue ypaBHeHus (1) B COOTBETCTBYIOMINX
obmacTsax. IMEIOT MECTO COOTHOIICHHUSL:
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JUist pemienust 3anaun A, U3 ycioBuid 1), 2), npu BBINOJHEHUN YCIOBUU A
HOJTy4aeM:

U3 popmyn (3), (4), HEempephIBHOCTH PEIICHUS HA , @ TAK¥KE€ YCJIOBHS 5)
IpUJIEM K ypPaBHEHUSM

rac (10)

Paspemias ypaBHenue (9) OTHOCUTENBHO

BBenem 0003HaueHU:

(12)

N3 popmyn (11), (6), (7) noaydyum ypaBHEHUE OTHOCUTENBHO

O6o03Ha4ynM TipaBbie YyacTu ypaBHeHu# (13) 3a . 3 dpopmymn (8) u (12)
CJIEYEeT, YTO €CJIM BBITIOJHSIOTCS yCIOBHUS A, TO QyHKITUS YIOBJIETBOPSIET
ycnouto ['énbaepa Ha [0,1) ¢ mokazarenem U a0COJIFOTHO MHTETpUpyeMa Ha
cermente [0,1], Ha (0,1) ynoietrBopsieT ycioButo ['€npaepa ¢ nokazareiem

u abcontoTHO uHTerpupyema Ha [0,1]. JlaHHbIE yTBEpKACHUS TOKA3bIBAIOTCS
HETOCPeJACTBeHHbIMU BhIuucIeHusIMA. K ypaBHeHuio (13) mpuMeHHM TEOpHIO

12



MHTETPAIbHBIX YpaBHEHHI mepBoro poaa c¢ aapoM Komm [2] (ctp. 444-447). U3
(dopMyi oOpatieHus uaTerpaia tuna Komm noayqaum:

(14)

W3 cka3aHHOIO BBILIE CIIETYET:

Teopema |. Ecinu BBINOJHSIOTCS YCHOBUSL A, TO CYIIECTBYET DEIICHHE
3agadu A.

Ecnu k ycnoBusiM A 100aBUTH BBINOJHEHUE YCIOBUN B, TO QpyHKIMS
Oyaer o0magaTh TEMHU K€ CBONCTBaMH, a YIIOBJIIETBOPSTh YCIIOBHIO
['énpaepa Ha (0,1] ¢ mokazarenem . B aTOM cnywae pemeHne Kaxaoro us
ypaBHeHul (13) MOXHO HCKaTh B Kjacce (YHKIM, OTpaHUYEHHBIX HA OJHOM M3
koHII0B cermenTa [0,1]. B 3TOM Kitacce cyliecTByeT eIMHCTBEHHOE perieHue [2].

onpenensiercs hopmyroit (14), a

Teopema |l. Ecau BemomHstoTcs ycimoBus A u B, To cymecTByer
CAMHCTBEHHOE PEIICHUE 3a7a9H A,.

1o HaliteHHBIM 151 u3 opmyn (12) monyyaem u
HaxoauM u3 Gopmyi (8) u (6), 3arem u3 popmyn (7). [IpunamiexHOCTh

yKa3aHHBIM BBIIIE KJaccaMm JO0Ka3aHa HEMOCPEICTBEHHBIMU
BBIUHCIICHUSIMH.
[Tpu pemenun 3anaun All, u3 yciosuit 311), 417), a Taxxe Gopmyn (6), (7)
MOJTy4aeM, uTo
Torna u3 Beipakenus (11) umeem:
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T, u T, HaxoAuM cCIOXEHUWEM U BblUMTaHUEeM paBeHCTB (15) u (16).
BbluncienreM NOKa3aHO, YTO MPHU BBITIOJHEHUH YCJIOBUU A a0COJIIOTHO
uHterpupyembl Ha [0,1] u ymomieTBopsitoT yciaoBuro I'émpnepa B (0,1) ¢
nokKaszaresieM

Teopema Ill. Tlpu BbelmonHeHun yciaoBud A 3amada All,  uMeeT
€IMHCTBEHHOE pPEIICHUE.
3amaya Il (c cymMapHBIM 3ajJlaHWE€M 3HAYE€HUW MCKOMOTO PEIICHUS B

I'PaHUYHBIX TOYKAX).

U3 touex (, ) m ( - ), TpUHAAISKAMUX JIHHUSIM CHHTYISIPHOCTU
k03 dunreHToB ypaBHeHus (1), omyckaem NEpreHAUKYISAPHl Ha YaCTH TPAHUIIBI

obmactu D: OcCHOBaHMsI 3TUX MEPHCHIUKYIAPOB 0003HAUYUM
AC, )BC, ).CC, )DC, ).

[TocranoBka 3agaun. Ha MHoxkectBe D HaiiTu pereHne ypaBHEHHUSI
(1), HEmIpepbIBHOE B Ri(Di) (i= , ymoBueTBOpstOIEe YCIOBHSIM:

a Tak xe 3), 4), 5).

VYcnoBusi, Hamaraemble Ha (QYHKIUU COBIIAJIAIOT C
YCIOBUSIMHU A TIPEABIYIINX 3aa4.

[Mlogunnum  dyukauu  (2) (5) ycnoBusm  (17), (18), npuxomum K
WHTErPAJbHBIM YPAaBHEHUSIM

CIMHCTBEHHOE PEIICHHE KOTOPHIX TMPH YCIOBUHU MOJIy4aeTcsl U3
dbopmyisl (8). Kpome Toro, ¢ yuértom cootHomienuit (6), (7):

MOATOMY UMEEM

(19)
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VYpaBuenue (9) paspeiiaeM OTHOCUTEIIBHO

Wnu, ¢ yuérom o603Hauenuii (10)

rje onpeneneHsl Gopmyoi (19).
CknanpiBass ¥ BbluMTass paBeHcTBa (20), (21) Haxomum a 1o
HalJICHHBIM oCpeICTBOM BhIpakeHus (19) monyyaem

[TIpoBepka moka3bIBaE€T, YTO MPHU BBHIMOJIHEHUH YCIOBUM A, HajlaraeMmbiX Ha
byHKIUN HernpepbiBHBI B (0,1) 1 a0CONMIOTHO UHTErPUPYEMBI
Ha cermenTte [0,1].

EauncTBeHHOCTh pemenus 3aaaun |l cneayer u3 eTMHCTBEHHOCTH PEIICHHUS
3amaun Koru, B3STON 3a OCHOBY, U OJHO3HAYHOW Pa3pelIMMOCTH MHTETPaTbHBIX
YPaBHEHHUM, K KOTOPBIM CBEJIACH 3a/1a4a.
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TWO-PHOTON EMISSION BY HYDROGEN-LIKE ATOM TAKING
INTO CONSIDERATION ELECTRON SPIN AND PHOTON
POLARIZATION STATES

V.V. Skobelev, S.S. Madudin
professor Moscow Polytechnic University;
The student of the second year;
Direction: Technology of art processing of materials;

Moscow Polytechnic University

Abstract. In the paper the process of two-photon emission
(Ze)” — (ze) + 2y by hydrogen-like atom is considered taking into attention
electron spin states and photons polarization unlike of the previous
considerations. General expressions for the rate are obtained with
establishing of “rigid” and “soft” m,I-selection rules. It is demonstrated,
that due to specific properties of the two-photon emission process (for
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instance, Zeeman effect absence) in principle it may be identified on a
phone of one-photons emission (ze)” — (ze) + 7, in spite of the presence
extra little factorsa =e?/ncof QED perturbation theory ineand square

(za)? of atomic expansion parameter (z«) in the rate expression
W,, ~a*(Ze)® Whilew,, ~a(zZa)".

INTRODUCTION
Photon emission by hydrogen-like atom is one of the basic and
most important problems of quantum mechanics and field theory. The
main mechanism is one-photon emission, corresponding to the first
order QED perturbation theory. In a usual interpretation one-photon
emission rate may be obtained by more simple methods also and is
follows(see, for example, series publications in ref. [1]):
AaE * _ 2
=2 M|,

v 3 h'c
& o
where “vector” integral matrix element between initial and final
electron states is
M = [wreg dv,
2
with
¥y = Rn|(r)®|m(9)®m(¢) )
©) | | | |
being a wave function of corresponding Schroé'dinger equation for
electron in a field of nucleus (ze), and the usual energy value expression
is follows:
E=E, __@e)'m, (o) m,c? ,azi.

2h*n? 2n*  ° hc

(4) | | -

For our purposes functions of spherical coordinates in (3) may be
presented in the form [1,2]:

- h? h
R ()=r""""R (p), p=—tir=—"" _3 (Za)* 1 =",
nl() 0 nl(p) p ro 0 me(zez) C( (Z) C meC
(5a)

o~ P2pY o, 2p 2 (n+1)!
R,(p)=C, e ( . j Fln+1+121+2,55), C”'_n2(2l+l)! no-Di (5b)
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[Ry (R, (N)r?dr = [Ry, (PR, (p)pdp = 5,1, ;
0 0

(5¢)
©,"(0)=(-1)"C,"R" (cos ),
(6a)

. ol g dl+m (XZ _1)I
I:)I (X) _(1 X ) dX|+m|: 2|II } ’
(6b)

o _\/(2| +1)(1 —m)!

Yy 204my
(6c)

Jl'®,,m (0)0,"(9)dcoso=5,, ,
(6d)

1 imp
(Dm((D) - Ee ’
(7a)
[0, (@), (@)dp =05, .
(7b)

Herer,p, as usual [1,2], stand for degenerate hypergeometric function
and associated Legendre polynomial, and s, ; is a Kroneker symbol.

Note also, that after variable change 5 = — in accordance with (5a) one

S| =

can easily see, that
W, ~ a(Za)t.
(8)

In a general case there is exist also two-photon emission, to which the
second order of QED perturbation theory (Fig.) corresponds with usual
QED Lagrangian(here and sometimes in the following for simplicity we
omit constantsz,c in formulas):

L= e[‘?ey"‘l‘e]Ay )

9)

21



The effect has been discussed before in the literature (see, for instance,
ref. [3]) but not taking into attention electron spin and photon
polarization states like of the basic one-photon effect with their rate as
(1,2). We will see in the following, that these particle states may be of
the main role in two-photon emission identification as compared with
one-photon emission. For this purpose one needs in the following:

1) Electron propagator in the field of nucleus, which in the case may be
used in the zero order over “atomic parameter” (Z«)-expansion, i.e. as
Green functionc of free electron field [4]:

G(x,X) > G(x—x) = u jd“ prm, exp[—ip(x —x')]
’ - (27[)4 p pg_m 2 p p '

(10)
2) Appropriate representation of two independent photon orthogonal
linear polarization states, which in transverse calibration are
e, — €, ={0;cosé, sin ¢, ,cos b, cos g, ,—sin 6, },
(11a)
e, —> é:ﬂ ={0;cos ¢, ,—sin ¢, ,0},
(11b)
where photon 4-momentumk is defined by
k, =k {Lsin g, sin ¢, ,sin 6, cosg, ,cos b, } ,
(11c)
with evident properties
§2=82=-1(86)=0,(8k) = (k) =0,k2 =0,
(11d)
3) Appropriate representation of Dirac equation wave function in
nucleus field (ze).
For the last purpose we obtain the solution of Dirac equation in Sect. I.
|.DIRAC EQUATION WAVE
FUNCTION IN A NUCLEUS FIELD
Dirac equation may be presented in the form:
D¥=0,
(12)
with Dirac operator
(ze*)

D.=[E, +
r

(12a)
Then we seek the solution as follows:

17° - ihc(f%) Fmec’,E, =mc’+E,
r
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¥Y=D.y

(12b)

withy as “intermediate” spinor. After substitution (12b) in (12) with
usage (12a) we obtain:

[Hs+H'ly =E v,

(13)
where
l_'is __ hz Ar _ (Zez)
2m, r
(13a)

to be Schrdé'dinger equation Hamiltonian. Operator H' corresponds to
relativistic and spin-orbit corrections toH, and has a form
g B (ze)' B (Zeh) ih(Ze’) y’ ()
2m.c®>  2m.c’r®> mc® r 2mec  r®
(13Db)
being of the order(za)? in relation to thisH, [1].
In the main order over (z«) -expansion we have usual Schré™ dinger
equation for introduced “intermediate” spinory

I-$Sz// =Ey.

(14)

Since commutatorz,H, - H,2,in an evident manner equals to zero, thisy
may be chosen as spinz- projection operator [4]

1(050 10
23:_ ’63=
2.0 o, 0-1

(15)
eugenfunction with two possible eugenvalues:
¥, 0
V/:O =w:lP5 L Sy =My, mg=ts
+ C+‘PS i 0 ’ 3Vt s¥+ 1llls )
0 C ¥,
(16)

with some arbitrary constantsc, in the case.
Then one may see, that operator D, up to nonessential multiplier and
neglecting as before contributions of the order (z«)?has a form
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L0 g i @) ;0
D+—2[(7 +1) —i . (7ar'

(17)
where dimensionless variable is =r Vzm;_f_E) withe from (4).

)

In standard , -matrix representation and in the main order over (za) -
expansion, which will be sufficient for us, from (17) we obtain:
. - [ ! 0].
00
(17a)

Thus, in accordance with (12b) from (16),(17a) we have for Dirac
equation wave function¥ — ¥, =D,y, in a leading (z«) -approximation:

Vs 0
w =Y e =Y

0 0

0 0
(18)

Note also, that in our approximation of neglecting (z«)*-corrections we
in fact neglect spin —orbit interaction also as mentioned before and the
set of quantum numbers for a given state is follows:

{nI,mms}; 1=0.n-Lm=—-l.+1I; mg =J_r%,
(19a)

and not

milmm}; :|i%(| ¢0),%(| Oy m, =—jt ]
(19b)

as in the opposite case of taking into consideration this spin-orbit
interaction [1].

I.MATRIX ELEMENT OF THE PROCESS (ze)" — (Ze) +2y
Two-photon emissions - matrix element without concretization of
electron spin and photon polarization states may be written as follows:
(s |i>=ﬁi MS(AE —k, —k;)

zm,  J2kV 2KV

(20a)
m R (g (E ko) — () +m,
— e d d & ’ _ rer
M= [dvdv’ ¥ (F){e exp[-i(kT)][d P E+K) P

e

exp[-ip(F' - )] <
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« éexp[—i(kF)] +photons transposition} w(r) .

(20b)

Here v’ refers to initial electron state, w - to final state,Ae=e-€’, and
matrix elementm (20b)under such definition is a dimensionless quantity.
In spherical coordinates with usage dimensionless variable o (5a) and in
the following p = p(za) 4. (p=|f|) also ’photon” exponential factor in
(20b) may be presented in the form:

exp[—i(kF)] = exp[—ik, A (Za) ™ p(sin Gsin 6, cos(p — @, ) +cosHcos, )]

Therefore, taking into attention evident relationk, ~ AE =E-E' ~ (Za)?m,,
and following from (5b) effective value p ~1in the main order over (z«)
<<1- expansion one may put

exp[—i(kF)] > 1; the same relates toexp[-i(k'7")]-factor.

It isn’t difficult to see also, that the quantity, corresponding matrixes
producty'7'7* “between” wave functions (18) equals to zero, that is
appears to be proportional at least the first power (ze) in(Za) -expansion
and under mentioned earlier value p = p(ze)A. *the second term with (%) -
contribution in numerator of propagation factor in (20b) under
convergence integral overds (see below) is proportional to(z«)?,as the
first term in this numerator. Thus, in neglecting (za)? <<<1-contributions
in numerator of propagation factor only m, -term remains, which is
proportional to unite matrix; and in denominator in any case one may
neglect(E'+k)? ~ (Za)* m,” <<<<m,*-term, and also by

P2 = P’A 2(Za)? <<<m.? . Thus, wave functions of the “initial” and “final”
electron appear in (20b) in combination ¥'(r)¥(r), and from (18) with
(), (r) =01t follows, that spin- flipping doesn’t happen, and this
quantity ¥'(F")\w(r) one may change by W!(F)\¥. (F) = ¥, (F')¥, (7).

Thus, in the main order over (za) <<1-expansion we obtain the following
intermediate result:

) 1 2z ) 1
= - (ee") [dpp"’R,.(p)) [d cos 60, (8) [de'® " (¢) [dpp°R, (p) [dcosd ©,"(6) x
0 -1 0 0 -1
(21)
2z
x J-dgo D (p) J' dpp?dQ; exp[—ipp’(sin 85 sin @' cos(’ — ;) +Cos 5 cos )] x
0

x exp[ipp(sin @5 sin @ cos(p — @;) + cos O cos O)].
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It is taken into attention here, that photons transposition in the case
reduces to equality e's + e¢' = 2(ee’) . In foregoing for a more simple
representation of this expression in correspondence with (5b) we
introduce the following designation over dp-integral:

I(n,1,p, f) = poexp{—p[%— ipf (05,0,0—03)1} p"?F(-n+1+121 + 2,27/’) ,(21a)

where f (05,0, —@;) =sin 0 sin dcos(p — ;) + cosO; oSO

This integral may be reduced to the famous one [5] with their
representation by degenerated hypergeometric function F(¢; 5;5;x)and
equals to:

I(n’l’ ﬁ! f) = (I +2)' ZI+3 F(—n+| +1,| +3,2| +2;%),

(21b)
L 41D (05,0,0- 05)
L= 1n N .
F"‘ p2f2(95101¢7—¢’ﬁ)
(21c)

From (21b,c) it follows , that with taking into consideration the
analogous factor
L(n',I'=p, f)=1"(n,I', B, £),which appears at integration overdy’, withz — 2’
in (21b,c) andg,9—@',¢'Iin i’ also, integral overdsin (21) at the physical
valuesi,I’>o0and f, f'=o0converges due to factorsz',z"in (21b)(see also
(22c) in the following), and for finite quantum number values p,, ~1, In
accordance with assuming at approximation of propagation factor in
(20b), (21). “Point” values f, f'=owhich present in integration areas over
other variables, in an evident manner don’t contribute to “general”
integralm (21), and don’t influence on this integral over d -convergence;
thus, p,, -value remains of the order of unity.

II. ’RIGID” m-
SELECTIONRULE AT TWO-PHOTON EMISSION
With designations (21a,b,c) and under simple variable change p—¢, — ¢
in integral overdy (andde’also) this matrix elementm (21) with taking
into consideration (5b) also may be written as follows:
M = —(ee’) M(N,N’), N ={n,I,m},N" ={n’,1’,m},
(22)
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M(N,N’) =cn,cn,l,[%j (r%} jd cos b fd(p5 exp[i(m—m’)e;1 T(N,N',6) ,(22a)

1 2r 1 2r
T(N,N",6;) = jd cosd @,"‘(e)jd¢ D, (9) jd cos¢ ©," () jdgo' D" (¢)) x
-1 0 -1 0

xJ(n,I;n" 1", "),
(22b)

I f £ = [dBR? 1 LB, £) (1B ),
0

(22c¢)

Where now inz-quantity(21c) (and inz'also) one must put now

f =sin @sin &; cosp +cosHcos b ( f'=sin &'sin @; cosg’ +cosd’cosd; ). (22d)

In (22a) we take into attention also, that»-dependence of o (¢) (3),(7a,b),
leads at this variable change to appearance of exponential factor
exp[i(m—m)p; 11N (22a), but limits of integration overde,de’ in (21),(22b)
don’t change, because integral expression is a periodic function K (¢) (
K'(¢")) 0f o (¢')-variable with 2z -period: K (p + 27) = K (¢)

(K'(p+27) =K'(¢")). This follows from symbolic equalities (K (¢)-function
Is omitted here for simplicity):

27 2195 2795 0 27 2 0 2z 0 0
Id(g = Id(p: jd(p+ Id(pzjd(p— Jd(p + J.d(pzj.dq)— J.d(p+ Id(pz
0 P59 9% 0 B4 0 2705 |y orsp P 0 4 B4

2

jd(p.

0

(23)

Since this g, -variable appears inexp[i(m—m’)p;10nly, integral overdy, is not
equal to zero atam=m'-m=0; it is really “rigid” m-selection rule for two-
photon emission, while for one-photon emission, as it is well known [1],
the values am = 0,x1are possible.

The quantity m(N,N"), in accordance with (22a) and taking into attention
“rigid” selection rule am = oafter trivial integration overdy,appears to be:
M(N,N’) = 2z M(N,N"),

(24)

~ 2 I 2 ]
M(N,N") = C"'C”"'(ﬁj [ j _fd cosd; x
-1

n

1 2 1 2z
x [dcosd [de Y, (0,9) [dcose’ [deY,, (0'.0)) I(nin' 15 £, 11, (24a)
1 0 -1 0
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where J(n,I;n',1'; , /) -function defined by (21b,c),(22c,d)-formulas, and
M (N,N" (24) under that is a dimensionless function of quantum numbers,

and at concrete their sets N, N’ with m’ = mthism (N, N7 is simply a number,
finding of which in principle is possible by numerical calculation of
integrals in (22c),(24a).
From general expressions (22), (24) we may made conclusion, that m
doesn’t contain expansion parameter (Z«), and the ratew -dependence on
this parameter is defined only by photons phase space integral with the
resultw ~ (za)°being the same as in ref.[3](see also Sect. II).

II. “SOFT” 1-SELECTIONRULES AND
THE RATE OF PROCESS (ze)" — (ze) + 2y
With usage of (20a), (22),(24) and by usual methods [4] we obtain for
two-photon transition N — N'ratew, with taking into attention photons

polarization states:

1 8a’ |= 2 dk dk’
W. N,N ———M N,N’ O(AE -k, —k!
2;/aabbba+ab( ) 2 me T ( ) '[2k0(272')3 2k6(2”)3 ( 0 O)><
{E®)%, (E®)%,(6¥)2 + €)%,

(25)

where"aa"- symbol denotes identical photons polarization of the type
(7a),"ob"-0f the type (7b), and"ba+ab"- different polarization of these
types, with corresponding contributions in figure brackets, and in (25)
we introduce an extra factori/2also due to photons identicalness.
After elementary transformations of (25) we have:

N2 2, AE®
W2y;aa,bb,ba+ab(N1 N ) - 3(271_)5 2 {11 }’
(26a)

or, taking into attentionE =E, -expression (4):

ne L 11 2, ¢
W s (NN = e (n ){11} (26b)

By extra summing over photons polarization states we obtain:

M (N, N «

a’(Za)®

(N N ) yaa(N N )+W2y bb(N N )+W2yba+ab(N N )_
) 9(227r)5 «*(Za)" ¥ (nl’z nlz) % '
(26¢)

As one may see from (26a,b), contribution of both polarization types to a
total rate (26¢) appears to be the same, and the rate of photons emission
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with different polarizations is slightly less, than with these both
identical polarizations.

For the total rate in transitionn — n'taking into consideration “rigid"m-
selection rule we

obtain:

W,, (n,n',I,m) = > W, (N,N’).

I'm'=m
(27)
We have no any arguments ,that in summing overr'in (27) with evident
limitations as|m’|<1'<n’-1 “rigid”1-selection rules take place, as in a case
of one-photon emission : al=1'-1=+1[1], oram=o0, as in two-photons
emission; in any case, we couldn’t show that.
It is necessary, however, to point on the following circumstance, which
one may consider as “soft” selection rule in two-photon emission.
Namely , as it follows from (6a,b), ®,,(¢)-function may be presented in
the forme,, (9) = (cos)"" F(cos8), where F - in any case ( even or odd (I +m)-
value) is even function. Then one must take into attention other coso -
dependence in integral expressions (22b,c),(24a)included to f -
function(22d)with sufficiently “smooth” f -dependence of these integral
expressions. So, under limits of integration over dcosein
(22b),(24a)integral value at odd @ +m) and at other equal conditions must
be sufficiently less, than at even (+m), due to partial compensation of
different signs contributions to integral in symmetrical integration
intervals{-1,0},{013. The same refers to('+m’)-value in integration over
dcose’ . Since it has been cleared form' =m, and atm-even value
contributions of1,1'-odd values are suppressed, and atm-odd value
suppressed1,1'-even contributions. The most strong suppression takes
place, if bothi,1"-values are odd atm-even (or even ones- at m-odd).If1,1’
have different parity, in any case “power of suppression” will be
intermediate one between strong and full absence of any suppression,
I.e. when both values g +m)and ('+m’) are even ones. Absolute
suppression, as, for instance, atal = +1[1] in one-photon emission, will
not be; we call this situation as “soft” selection rule.

m!

V.
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DISCUSSION
Power of little ”atomic” expansion parameter (Z«) in (26b,c) equals to
(Za)®, while in the case of “simple” one-photon emissionw  ~ (Za)*

(8).Therefore, if one take into attention specific factors only, with
ignoring numerical multiplies and quantum numbers m -dependence,
then in the rates of two-photon expression (26b,c) as compared with
one-photon emission rate extra little factor «(za)? presents. This(za)®-
dependence for two-photon emission, as mentioned before, takes place
also without taking into attention of spin and polarization effects [3],
thus they don’t change the power of “atomic” expansion parameter (Z«)
in the rate expression. The principle new things in our paper are
conclusions concerning electron spin states with no spin-flipping and
“rigid” m-selection rule(am=0), plus also estimation of different photons
polarization types contributions .However, namely they in a much extent
increase chances of experimental identification of two-photon emission
presence on the one-photon emission phone and these their properties. It
Is evident from the following:

1. In the case of used in the paper characteristics of quantum state by set
of quantum numbers (19a) total electron energy of hydrogen-like atom

in presence of magnetic field H equals to:
eh

E=E, —pug(m+2mg)H, 'UBZWEC,

(28)

Correspondingly, total frequency of photons pair emitting in a magnetic
field isw = 0, + @ _(Am+2Am,), Where o, = (E, -E,)/%- frequency value in
absence of magnetic field,

o, =eH/2m.c- Larmor frequency, am,am, - changes of magnetic quantum

numbers. Butam=o0in accordance with established “rigid” m-selection
rule(Sect. I1), and am, =0, because two-photon emission happens without
spin-flipping (Sect. ). It means, that in “shifted” frequencies two-photon
emission will absent at all, unlike of one- photons emission. Otherwise
speaking, Zeeman effect itself in any form (“normal” or “anomalous™) in
two-photon emission is absent at all also.

2. Both emitting photons mainly have the same polarization type (11a,b)
or their mixing;

It may be adequately established by registration of photons pare emitting
in one direction.
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3. Total rate of transitionn — n’(27) may be essentially increase due to
absence of “rigid” limitations on transitions, connected with1-selection
rules unlike of one-photon emission.

Except of that, there are also the following evident properties of two-
photon emission.

4. Both photons are emitting at the same time, and it may be identified
by means of coincidence scheme.

5. The sum of their frequencies equals to photons frequency in “a usual”
one-photon emission.
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CEKIIHS Nod3.
BBICOKOMOJIEKYJISPHBIE COEJIMHEHUS
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OTBEPXXJIEHUE AKPUJICOJEPXKAIIMX SIOKCHUIHBIX KOMITO3UINIA

TI'opaees A.C., Illyoun H.E.

MI'TY um. H.O.baymana, Kanyxckuii punnain, r. Kanyra

ONOKCUAHBIE KOMIIO3UIMHA XOJOAHOTO OTBEPXKICHUS TPUMEHSIOTCS BO
MHOTHUX OTPacisiX MPOMBIIUICHHOCTH. DTO CBA3aHO C HAJIMYMEM Y HUX KOMILIEKCA
TEXHOJIOTUUECKNX U (DU3UKO-XUMHUYECKUX CBOMCTB, CpPEIUd KOTOPBIX CIEIYyeT
0cO00 OTMETUTHh BBICOKYIO MEXAHUUYECKYH) MPOYHOCTh, XOPOIIYIO aJIFe3UI0 K
CaMbIM  pa3JIMYHBIM  MaT€pHallaM, BBICOKYIO  XHMHYECKYIO  CTOWKOCTD,
TEPMOCTOMKOCTb, a4 TAKKE HU3KYIO YCAJIKY.

K HepgocTaTkaM 3IMOKCHUIHBIX COCTABOB XOJOJHOTO OTBEPKICHUS CIEAYET
OTHECTHU YMJIMHEHHBIN Mepuoj rejaeco0pa3oBaHUs U JAIBHEUIIErO0 OTBEP KICHUS
MPU KOMHATHOW M OCOOEHHO TMOHUKEHHOW TeMIepaType, YTO OTPAaHMYMBAET HX
MPUMEHEHUE B YCIOBUAX, TPEOYIONINX YCKOPEHHBIX PEKUMOB PabOTHI.

B kaudectBe oTBepauTenei mpyu KOMHATHOM TeMIiepaType Hanbosee BHICOKYIO
AKTUBHOCTBIO MO OTHOWIEHWIO K  DJIOKCHUJHBIM  CHCTEMAaM  MPOSIBIISIOT
an(paTUICKCKUE aMUHBI, a TaK)K€ MPOU3BOJHBIC HACBIIEHHBIX a30TCOEPIKAIINX
reTEPOIMKIIOB, TAKMX KaK MOP(OJIMH, MUNEPUIUH U TTUTIEPA3HH.

Cy1iecTBEHHOE YCKOPEHHUE Telie00pa30BaHUsl MOXKET ObITh IOCTUTHYTO MyTEM
BBEJICHUSI B COCTAB ATMOKCUIHON KOMIIO3UITUU MHOTO()YHKIIMOHATBLHBIX aKpPUJIATOB,
TAKUX KaK TPUMETAKPWJIAT TPUMETHUIIONNPONaHa, MEHTAAKPUIAT JUIICHTA3PUTPUTA
U p. DTU NPOU3BOHBIC, OJIaroaps HAJTUIHIO IBOMHBIX CBS3EH, JIETKO BCTYMAIOT B
peaKIri0 ¢ aMUHOTPYMNIIaMH OTBEPAUTENS, a SBISSACHh MHOTO(PYHKIIMOHAIBHBIMU

COEJIMHEHUSMH, CLIOCOOCTBYIOT YCKOPEHHOMY (DOPMUPOBAHUIO MTOJUMEPHON CETKU
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C 00pa3oBaHUEM TBEPJIBIX, OJHOPOIHBIX MPOAYKTOB. Kpome TOTO, HCTIOIB30BaHKE
MHOTO()YHKITMOHAJIBHBIX aKPWJIATOB C PA3IMYHON CTEICHBIO PAa3BETBEICHHOCTU U
JUIMHHOW 1IeTiel, MOXKHO B JIOCTATOYHO MIMPOKUX Mpejeax BIUATh Ha (PU3UKO-
MEXAHUYECKHE CBOMCTBA OTBEPIKICHHBIX NPOIYKTOB.

Lenpto  ucciaemoBanuss  ObUIO  M3yYEHHE  3aBUCUMOCTH  BpPEMEHHU
resieoOpa3oBaHUsi M  MEXaHUYECKHX CBOHCTB COCTaBOB OT  COJEpXKaHUS
TpHaKpuiaTa. bbUTH IPUTOTOBIIEHBI CMECH STIOKCHIHOW TUAaHOBOM cMoJbl Epikote
828 ¢ Tpex(dyHKIMOHATBHBIM aKPUJIATOM C COOTHOIIIEHUEM ATHUX KOMIOHEHTOB OT
90:10 mo 70:30. OTBepxkACHUE PEAKIIMOHHOCIIOCOOHON CMECH MPOBOJUIIOCH TIPHU
KOMHATHON TemmepaType anu(aTHudecKuM aMUHHBIM OTBEPJUTENIEM, WMEIOIIUM
AMUHHBIN SKBUBAJICHT 94 r/Moyb. [ OTBEpkIeHUS KOMOWHHUPOBAHHYIO CMOITY
CMEIIMBAIIA C OTBEPAUTEIIEM B MOJBHOM COOTHOmIEHMM 2:1 B pacuere Ha
YYaCTBYIOIINE B pEeaKINU (PYyHKIIMOHAIbHBIC TPYIIIIHI.

N3menenne BpeMeHU rejaeoOpa3oBaHUS B 3aBUCUMOCTH OT COJEPIKAHUS
Tpuakpuiara npuBefeHo B Tabdi. 1. C yBeIuueHHeM coAepKaHus TPUAKpHIIaTa J10
30%, macc. BpeMs reneobpazoBanus cHukaercs ¢ 900 ¢, st 4uCToi SMOKCUTHOM
CMOJIBI, J10 85 C.

[TomHOTa OTBEPXKAEHUS COCTAaBOB KOHTposiupoBaiack merogom HMK-Dypee-
CIICKTPOCKONIMM [0  MCYE3HOBEHUIO  XAPAKTEPHBIX  IMOJOC  IOIVIOLICHUS
YYaCTBYIOIIUX B PEAKIIUU OTBEPKICHUSI (PYHKIIMOHAIBHBIX TPYII: 3MOKCUIHBIX,
IIEPBUYHBIX aMUHOTPYIII, JBOWHBIX CBA3€W aKpWIOBBIX OCTAaTKOB. MK-criekTpsl
UCXOIHBIX KOMIIOHCHTOB, HEOTBEPXKJICHHOM smokcuaHoi cmoinbl Epikote 828 u
anu(paTUYEeCKOr0 aMUHHOTO OTBEpAUTENsl MNpuUBEAeHbl Ha puc. | wu 2
COOTBETCTBEHHO. HMK-CnieKTp OTBEPKAECHHOrO MPOAYKTa COOTBETCTBYIOILIETO

coctaBy Ne 2 npuBeJieH Ha puc. 3.
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Pucynox 2. UK-cniektp anudaTuaeckoro aMuHHOTO OTBEPIUTEIS.
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Pucynok 3. UK-criekTp oTBepkJIeHHOTO TIpoIyKTa (0Opaserr 2).

B UK-cniekTpe 3MOKCHIHON CMOJBI UICHTU(DUIIMPYIOTCS XapaKTepHbIE MTUKU
nedopMalMoHHBIX KoJiebaHuil cBsizel okcupanoBoro 1ukia C — O npu 915 em™, C
—O—C npu 831 em™, C — H mipu 3050 cm™.

B UK-cniekTpe aMUHHOTO OTBEpAUTENS UACHTU(DUIIUPYETCS TUPOKAst 1MojIoca
mornomenuss B oGmactH  650-900 oM, COOTBETCTBYION[AsS IIEPBHYHON
amuHorpytmne. KpoMe Toro, mpucyTCTBYIOT XapaKT€pHbIE J11 IEPBUYHBIX aMUHOB
2 T0JI0CHI orMomeHns B 06actr 3300-3500 cm™.

B HK-cnektpe oOpasiia OTBEP)KIEHHOTO MPOJAYKTa HE HACHTHUPHUIUPYETCS
XapaKTEPHBIA JIJIS1 SMOKCUIHOW TPYyMMbl MUK JAehOPMAIIMOHHBIX KOJeOaHUi mpu
915 cm™, a muk 831 cm™ mMeeT BaBOE MEHBIIYI0 UHTEHCUBHOCTD 110 CPABHEHUIO C
HeoTBepKaAeHHOM  cmoson  Epikote  828. Takke  OTCyTCTByeT — MUK
nedopMaHoOHHbIX Konebanwuii cBsasn C — H okcmpanoBoro mukia mpu 3050 cv™.
[[Iupokass monoca moryiomenuss B obsactu 3200-3500 et CBUJETEIBCTBYET O
MOSIBIICHUM BTOPUYHBIX THJIPOKCO-TPYII U, BO3MOKHO, YKa3bIBAa€T Ha MOSIBJICHUE
BTOPUYHON aMUHOTPYIIbI. XapaKTepHbIE JIJIsl IEPBUYHON aMUHOTPYIIIBI ABa MUKA
B obmactu 3200-3500 cm™ orcyrcTByroT. XapaKkTepHas MONOCA MOTJIOLICHHUS

nBOMHOM cBssu mpu 1635 oM Takke He unaeHTudunupyercs. Bce 910
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CBUJETENBCTBYET O IMOJHOTE pacxoja OTBEPAMTENS W OKOHYAHHMH IpOoLEcca
OTBEPKIECHUS.

[TosryueHHbIE OTBEPKIACHHBIE O0pa3ibl ObUIM BbIAEPIKAHBI IPU KOMHATHOM
TeMIiepaType B Te4eHHEe 24 4 W MOJABEPIHYThl MEXAHUYECKUM HCIIBITAHUSM.
[TokazaHo, YTO € YyBEIWYEHHEM JOJU AaKPUJIOBOTO KOMIIOHEHTa HaOJII0aeTCs
YBEJIIMYEHUE Tpefena MPOYHOCTH NPU PACTSDKEHUHM U YIAApHON BA3KOCTHU [0
HEKOTOPOI0 MAKCUMyMa, IMOCJI€ YEero MPOUCXOJUT CHHKEHHE 3HAYEHHH 3THX
CBOMCTB. MakcuMmanbHbIE OKa3aTead MPOYHOCTU NPU PACTIKEHUM U YIapHOM
BA3KOCTH HAOJIIOAIOTCS IPU COAEp)KaHuU Tpuakpuiara ot 15 no 20% no macce.

Pe3ynbTaThl n3MepeHns BpeMEHH T'ejie00pa30BaHusl U MEXaHUYECKUX CBOWCTB
pUBe/ICHbI B Ta0. 1.

Tabnuua 1
3aBUCHUMOCTh BPEMEHHU Iesie00pa30BaHUs U MEXaHUUECKUX CBOMCTB OT

COCTaBa KOMIIO3HMIIMH

Cocras No kommozunun
1 2 3 4 5 6
CMmoura Epikote
100 90 85 80 75 70
828, Bec.u.
Tpumerakpunar,
0 10 15 20 25 30
BEC.Y.
OtBepauTernb,
/100 r
22 24 25 26 27 28
KOMOMHUPOBaHHOM
CMOJIbI
Bpewms
resicoOpa3oBaHus, 900 465 278 170 117 85
C
[Ipenen 55,4 65,8 71,4 65,6 58,1 60,8
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MIPOYHOCTH  TIPHU
PaCTSKEHUH,

Mlla

VY napHasi BA3KOCTb,
3,3 13,3 25,8 55 49,2 42,5

xonc | M

[TosryueHHbIe pe3ysbTaThl IOKA3bIBAIOT, YTO BBEJCHUE B COCTaB AMOKCHIHOM
KOMIO3UIIMH MHOTO(YHKIIMOHATBHOTO aKpujaTa 3HAYUTEIbHO COKPAIAeT BpEeMs
reseoOpa3oBaHusl, MO3BOJISAS UCIOIb30BaTh MOJ00OHBIE KOMOMHUPOBAHHBIE CMOJIbI
B KOMIIO3UIIUSAX YCKOPEHHOrO OTBepxAeHUs. IIpu 3ToM mpenesn mpoYyHOCTH MpuU
PACTSKEHUM JOCTUTaeT MaKCMMyMa IpU coaepaHuu Tpuakpwiara 15-20% mo
Macce. YapHas BA3KOCTb TaK)KE INPOXOJIUT 4Yepe3 MAKCUMYM IIPU COJIEPKAHUU
Tpuakpuiara 20%.
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B HEHTPAJIBHO-JIECHOM 3AIIOBEJIHUKE

ITonos II. I1.

NucturyT npobiiem ocBoenusi Cesepa CO PAH, r. Tromenn
LlenTpanbHo-JIeCHOM  3amOBEJHMK  PACIOJIara€Tcsi B  HOKHOM  4YaCTH
Bannalickoii BO3BBIIIEHHOCTH Ha Tepputopuu TBepckoit obmactu. B cxeme

O00TaHUKO-TeorpaUuecKOro pallOHUPOBAHUS, OH HAXOJIUTCA B 30HE XBOWHO-
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IIMPOKOJIUCTBEHHBIX JiecoB. Ha TeppuTopun 3amoBenHHUKa MpeodIagaloT €I0BhIe
neca (MunsieB, Koneunas, 1976; ®akropsl, 1983). Crpykrypa nomyisiuuid enu
3]1eCh C TOYKHU 3PEHUS] TAKCOHOMUYECKON MHTEPIIPETAllMU U3yueHa HeJ0CTaTOYHO.
Nmeetcs Tonpko ogHa padora B. B. Tatapurosa (1987), BeITOTHEHHAs HA OCHOBE
BU3YaJIbHOM OILICHKU (DOPMBI CEMEHHBIX UYEIIyH — OCHOBHOTO CHUCTEMAaTHYECKOTO
npu3HaKa eneil eBpomerickori u cudupckoit (IIpasmmuu, 1975; Ilomos, 2014). B
OCHOBY HAIIIETO aHajdu3a MOMYJSIUNA TOJ0XKEHBI OMOMETPUYECKHE TapamMeTphl
JUIMHBL mymek 1 ¢opmbl ceMeHHbIX demyi (Ilomo, 1999), oOycnoBieHHbIC B
OonbIoit crenenu renetnaeckumu paxropamu (Khalil, 1974, 1984; Tlomos, 1997).
N3yuenne (peHOTUNMYECKONM CTPYKTYpbl NOMyIsuuid enu 1o  ¢dopme
CEMEHHBIX YTyl W JJIMHBI IIMIIEK TPOBEICHO HA y4acTKaX Pa3HbIX TUIIOB Jieca
wi acconuanuii (Pakroper, 1983): enpHHMKe charnoBo-uyepamyHoM (Picietum
myrtilloso-sphagnosum),  enpHuke  4epHuuHo-kucauuHom (P.  oxalidoso-
myrtillosum), enbHuke xucimyraom (P. oxalidosum), enbHUKE JHITHAKOBO-
scMeHHukoBoM (P. asperuloso-tiliosum). IpeBoctou ¢urorneHo3os V-V kinaccos
Bo3pacTa ¢ npeobiaganueM e oT 70 % u Oonee, nmoaHoToi 0.7- 0.8. U3yuanu
U3MEHYMBOCTh JUIMHBI IIMIICK, KodddurmentoB cyxenus (coefficient of
narrowing — C,) u Berrsaytoctr (coefficient of projection — C;) BepxHeii actu
ceMeHHbIX demyd (ITomos, 1999). CTtpykTypy nmonyJisiiuii aHaTu3UpOBaIH MpU 9-
KJIAaCCHOM rpajanuu GeHOTHUIIOB ocoOei (e, eem, em, emm, m, mms, ms, mss, S),
COOTBETCTBYIOImMMX (peHoTunam mnonysmui: P.e., P.eem., P.em., P.emm., P.m.,
P.mms., P.ms., P.mss., P.s., pasnmuuatomuxcs B cpeaaem Ha 10 % mokazarens C,—
Cp: =50, - 40, - 30, - 20, - 10, 0, 10, 20, 30 % cootBercTBeHHO (ITomos, 2013).
[Ipu 3TOM BCIO COBOKYITHOCTH (DEHOTHUTIOB OCOOEH pa3aesisiv Ha TpU
IPYIIIBL: TIepBas rpymnna — (HEHOTUIIBI 0co0eH eu eBporerckoii (e, eem, em);
BTOpasi — 0COOU MPOMEKYTOUHBIX (PEHOTUIIOB (EMM, M, MMS); TPEThs —
dbenoTuns ocobeii enu cubupckoii (MS, mss, S). Takoe paznenenue GEHOTUTIOB
0Cc00€H B IOMYJIAIUAX COOTBETCTBYET apaMeTpaM (POpPMbI CEMEHHBIX YCIITYH,

0OyCJIOBJIEHHBIX BIMSHUEM €CTECTBEHHOU (MHTPOTPECCUBHOM ) THOpUAU3AIIUN
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eneit eBponerckor u cuompcekoit (lanunos, 1943; boopos, 1944, 1974; IlpasauH,
1975; Koponaunnckuii, Muntotun, 2006) 1 0JI0)KEHUIO COOTBETCTBYIOIINX
(hEeHOTHUITOB MOIMYJISALIUKM B 00111eM npocTpancTBe ux apeaina (ITomos, 2013).

[Tokazarenb BHyTpUNOMYJISILIMOHHOTO pazHooOpa3usi (JKuotoBckuii, 1982)
PacCUUTHIBAIIU IO YaCTOTE (PEHOTUIIOB KaK KBAAPAT CyMMBI MOJKOPEHHBIX
sHaueHuil yactor Gerorumos: M = (Vp; +Vp; +...\pn)?, rie M — nokasarens
pa3zHooOpasusi, Py, P2 ... Pn — YacCTOTHI (PEHOTHUIIOB B JIOJSAX €IUHUIIBI. Uncio
ocoOeli B BEIOOpKax qocTaTouHo BeuKO (1o 100 mT. u 6oiiee), Bce pe3yIbTaThl
CTAaTUCTHUYECKHU BBICOKO JJOCTOBEPHBI.

Ha teppuropun LlenTpansHo-JIeCHOr0 3anoBeAHUKA 11O TUIIAM JIeca
MPAKTUYECKU BCE MOKa3aTeu 0au3ku (Tadmuna). TonbKo cpeqHsis JIuHa MUIIEK B
elbHUKE C(harHOBO-YEPHUYHOM HECKOJBKO (HO JOCTOBEPHO) MEHBIIIE, UEM B
npyrux ¢utonenosax. M B cpeHeM 1o BceM ydacTkam oHa coctanisieT 108
(101- 111) mm, 1 3ameTHO OoJtblie, yeM 10 AaHHBIM B. B. Tatapunosa (1987).
Cpennnii nokasarens C, paBeH 34— 35, CHa Bcex yyacTkax paseH 64, C—C,— —
29...-31 %. KoadduimeHT BHYTpUIOMYJISIIITUOHHON Bapuanuu mokasareneit (C,,
Cp, Ci—C;) bopmel vemryii Haxonutes B mpeaenax 18— 20, 13- 15, 32- 45 %
COOTBETCTBEeHHO. CTPYKTypa MOMYJIAIHMA MpejcTaBiIeHa 6-10 GeHOTUIIaMHu 0Cco0ei,
2/3 u3 HUX (DEHOTHUIIBI €71 eBPOMENCKOH, 1/3 — 0coOU MPOMEKYTOUHBIX
dbenotuno. eHoTunor ocodelt enu cubupckoit 3aeck HeT. [Tokazarens
pazHooOpasus B cpeaHeM paBeH 5.65 (5.44- 6.03). [1o dheHoTHIMUECKOM
CTPYKTYpE MOIYJISIITUN Ha TEPPUTOPUH 3aIMOBEIHUKA OJTHMKE K «ITATIOHHOM
NOMYJISIUN €71 €BPOIEUCKOM, YEM K «3TATIOHHOW» MOMYJISILUN €711 CUOMPCKOI

(ITomos, 2012).
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[Toka3zarenu JUIMHBI MIXIIEK, (POPMBI CEMEHHBIX YEIIyH, (PEHOTUITMUECKOM CTPYKTYpa
1 pazHooOpasus nomyssinui enu B LlenTpanbHo-JIlecHOM 3anmoBeHUKE

Ne n Lc Ch Cp Ch-GCp
y4acTKa X£Sy C, X£Sy Cy X£Sy C, X£Sx Cy
1 118 | 101£1.9 20 | 35+0.6 19 64+£0.8 13 | -29+1.2 44
2 114 | 110£1.7 17 | 34+0.7 21 64+£0.8 13 | -30+1.3 45
3 119 | 111£1.4 16 | 34+£0.6 20 6409 15 | -30+1.4 42
4 141 | 111£1.5 16 | 34405 18 64+£0.7 13 | -30+1.1 32
Cpennee - 108 34 64 -30
TIPOJIOJDKCHHE TaOJIHIIBI
No Yacrora perotunon, % M
y4acTka e eem em emm m mms ms msS S
1 12 19 31 26 8 4 - - 5.44
2 16 23 29 21 8 3 - 5.44
3 24 16 28 17 9 5 - - 6.03
4 14 20 36 18 9 2 - 5.70
Cpennee 16 20 31 21 9 3 1 - - 5.65
1 - -

[Tpumeuanue. Yuactku: 1 — enpHUK c(harHOBO-UYEPHUYHBIN; 2 — €IbHUK YEPHUYHO-KUCIUYHBIM;
3 — eNbHUK KUCIMYHBIN; 4 — eNbHUK JUITHIKOBO-ICMEHHUKOBBIH; N — 4iClIo 0co0ell B BRIOOPKE;
L. - mnuna mumek; C,— koaddunnent cyxenus, Cp— k03 PUIHEHT BBITIHYTOCTU BEpXHEH
YacTU CEMEHHBIX uennyii; X+Sy — cpenHee 3HadeHue u ero omuoka; Cy — kordduumeHt
Bapuaiuu; GeHOTUITbI 0COOEH: € — europaea, eem — europaea-europaea-medioxima, em —
europaea-medioxima, emm — europaea-medioxima-medioxima, m — medioxima, mms —
medioxima-medioxima-sibirica, ms — medioxima-sibirica, mss — medioxima-sibirica-sibirica, s
—sibirica; M — mokasarens pazHo00pa3usi.

Pe3ynprarsl ncciaenoBaHus MOKHO COIIOCTABUTh TOJIBKO C JaHHBIMU B. B.
Tartapunosa (1987) no LlenTpanbHo-JIecHOMY 3all0OBETHUKY, XOTS OHU
MPAKTUYECKU HECOMOCTAaBUMBI, TOCKOJIBKY OIleHKa ()OPMbI CEMEHHBIX YeITyi
TaTaprHOBBIM BBHITIOJIHSJIACH BU3yaJIbHO-OMHCATENbHBIM TTyTeM. Enie 60mab1mmm
pa3IM4YueEM SIBIIACTCSA UCXOJIHAS €MHUIA aHAIN3A CTPYKTYpPhI nonyJisinuii. B
HAITMX UCCIEAOBAHMIX 9TO OJ{HA IIHINKA C KaXKI0TO JepeBa MpH CILIOIIHOM cOope,
B pabore B. B. TatapunoBa — Bce IUIIKK HA MJIOMAAKaX B | KBaapaTHBIA METD,
pacrojararomuxcs 1o JuaroHaiy npoOHo# iomanu. JIocTaTouHO YeTKUX
JAHHBIX 10 CTPYKType nonysinui B. B. TatapuHoB He nonyuunn, cuuras

MOJyYEHHBIE PE3YyJIbTaThl IpeaBapuTeabHbiMu. 110 MHeHuto H. A. MunseBa u I
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1O. Koneunoii (1976) Ha TeppuTOopuu 3a10BEIHUKA pacIpOCTPAHEHA €J1b
eBporeiickas ¢ mpuMeckio enu puackon. C Touku 3peHust GeHOTUITUIECKON
CTPYKTYPBI, 3TO, B 00111eM-TO, BepHO. YacToTa ocobeit (eHOTHIIOB eln
EBPOIICHCKOM 371€Ch COCTABIIIOT 67, a 0c00€H MPOMEKYTOUHBIX (eHOTHTIOB 33 %0.
Pe3ynbTaThl HccaeioBaHus JArOT MpeACTaBlIeHHe 0 PEHOTUITNYECKON CTPYKTYpe
eJIOBBIX MOMYNALUN Ha TeppuTopun LientpansHo-JlecHoro 3amoBeiHUKa U
npUeMax ee U3ydeHHs.
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NHPOPMAIIMOHHBIE TEXHOJIOI'MHU

CEKLIUSI No87.
WH®OPMAIIMOHHBIE TEXHOJIOTUA B COBPEMEHHOM MUPE

PA3SPABOTKA AJI'OPUTMA OBHAPYJKEHUA 1 KOPPEKIIMIN OLIMBOK
CIIEL ITPOLIECCOPA TICKB C I[IOCTEITEHHOU JEI'PAJTAILIMEN

Makaposa A.B., Kaambikos HU.A.

®OI'AOY BO Cesepo-Kapkasckuii henepanbHblii yHUBEpCUTET, Poccus,

r. CtaBpomnosib

OgnuM w3  HauOosiee  MEPCHEKTHBHBIX  HAMpaBiICHUN  MOBBILIECHUS
OTKa30yCTOMYUBOCTH  BBIYMCIMTENBHBIX  YCTPOMCTB ABIISIETCSI  LIUPOKOE
OPUMEHEHUE  KOPPEKTHPYIOIIMX  KOJOB, CIOCOOHBIX  OOHapyXHuBaThb U
KOPPEKTUPOBATH OIIUOKH.

[IpuMeHeHre MONMHOMHAIBHON CHUCTEMBI KJIACCOB BBIYETOB MO3BOJISIET HE
TOJIBKO MOBBICUTH CKOPOCTh OOpaOOTKM JAHHBIX, HO U OOECHEeYUTh TPeOyeMblii
YpOBEHb HaJeKHOCTU (yHKIMOHUpoBaHus cmery Tnpoieccopa [ICKB ¢
JEeTpagupyeMon CTPYKTYpPOH. OtcyTcTBHE B3aMMOCBSI3U MEXIY
BBIYHMCIIUTENbHBIMU TpakTamu crer npoueccopa [ICKB He mo3Bossger ommbOkam
NepEMEIATHCS M0 IPYTMM OCHOBAHMSIM.

Hemnosummonuelie crienpoieccopsl 007a1at0T CBOMCTBOM — CIIOCOOHOCTBHIO

COXpPaHUTDb pa6OTOCHOCO6HOC COCTOAHHC IIPU BO3HUMKHOBCHHUHU OTKAa30B 34 CYUCT
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CHIDKEHHS B JOINYCTUMBIX TIpeJeNax OCHOBHBIX IIOKa3aTeledl KauecTBa
(GYHKITMOHUPOBAHMS.

Takas cnocoOHOCTH HEMO3UIMOHHOTO CIeumnpoieccopa Oa3upyeTcss Ha
MaKCHMaJbHO HE3aBHUCUMBIX (DYHKIMOHAIBHBIX KOMIOHEHTaX BBIYMCIUTEIbHBIX
CPEJIICTB U MOPa3psSAHOM XapaKTepe PacIpOCTPAHCHUH OUIMOOK MPU BBITOJTHEHUH
MOCJIEIOBATEIbHOCTH apu(pMETUIECKUX orepanun uH(pOpMaIIMOHHAS
u30piTounocth [ICKB wu pacnapamienuBaHue Ha ypoBHE apU(pMETHUYECKHX
orepanui SBISIOTCS UEaTbHOM OCHOBOW JJII OCYHIECTBJICHHUS PEKOH(PUTYpaIUU
ctpyktypbl CII IICKB mpu oTka3ze €ro 3Je€MEeHTOB, YTO IO3BOJSIET COXPAaHSTh
paboTOCIIOCOOHOE  COCTOSIHUE TMPU  HEKOTOPOM YMEHBUIEHUU TOYHOCTH
BBIUMCIICHUH WM KOPPEKTUPYIOIIEH CIIOCOOHOCTH KO/a.

N3BecTHbie KoppekTupytomme crnocodHoct koaoB IICKB, cnocoOHbie
oOHapyXKMBaTh M UCIPABIATh OJHOKPATHbIE OLIMOKH B OCTAaTKE, KOTOPbIE UMEIOT
HepocTaToK. IIpumeHeHne u30bITOUHBIX KoppekTHpytomux konoB I[ICKB
MO3BOJIAET HCIPABIATh OJHOKPATHBIE OLIMOKKM W OOHAPY>KMBATh JBYKpaTHbBIE
OLIMOKHU.

PaccMoTrpuMm anroputM pekoH(UTypali CTPYKTYPHl HEMO3UIIHOHHOTO
CHEUMNPOIIECCOpPa, MO3BOJSIONINM COXPAHUTh PabOTOCIOCOOHOE COCTOSHUE MpH
BBIXOJIE M3 CTPOS OJHOTO M3 OCHOBAaHMW, 3a CYET MepepacupeeiIcHus
BBIYMCIIUTENIBHBIX ~ PECYpPCOB HA  OCTaBUIYIOCS  PabOTOCIOCOOHOIO  YacTh
BBIUHCIUTEIbHON CUCTEMBI.

[Tycth 3amaHa ymopsiioYeHHass cucTteMa OcHOBaHHWM Pi(2), P2(2),..., Pn(2),
pn+1(z) TICKB, xotopeie ynoBiaeTBOpsitoT ycioButo Ord pi(z)< ord pp+1(2),
i=1,2,...,N U B JaHHON cucTeMe ompeseieH mpaBuibHblid moauHoM A(Z)=(ou(2),
e CQi(2), ..., n+1(2)) EPpus(z). Torma wnckaxenwe mr000ro OCTaTKa BBIBOJUT

UCXOMHBIA TOaMHOM A(Z) W3 MHOXKECTBa pa3pelICHHBIX KOMOWHAIMH, T.C.

AN @)=(cr(2), ... (@), ..., Or1(2)) € Prus(2), Tiie o i(2) #0i(2).
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Bo3HukHOBeHHE OIIMOKM B HEMO3UIIMOHHOW KOJOBOW KOHCTPYKIIUU
NEPEBOJUT TOCIEAHIO W3 MOAMHOXKECTBA pPa3pelICHHBIX KOMOMHAIM B
noJIMHOecTBO 3anpenieHHbIX. CornacHo KTO 3HaueHne ommO04YHOro nojaruHoMa

B OTOM CJIy4dac OnpecaAcsICTCA BbIPa)KCHUEM

K+r

A*(x):Zai (x)B,(x)mod P, (x)= A(x)+‘Aa (X)B,; (x)

noua

Proa (X)

1)

N3 Beipaxenus (1) BUIHO, 9TO MECTOIOJIOKEHHUE OMMMOOYHOTO TMOJTHHOMA
OTHOCUTEJIBHO pabouero auamna3zoHa OTpeNesieTCsT BEJIMYMHONM BTOPOIO
CJIAraeMoro.

BaxHyro posib ©MeeT BeJIMYrHA OpTOroHasHOro Oasuca Bj(X), oTkaszaBirero
ocHoBaHus Pj(X) Ha mepemereHre moauHomMa A *(x) U3 HyJeBOrO0 HHTEpPBaIa

Benuuuna OpPTOTOHAJIbHOI'O OCHOBAHUS OIMPCACIIACTCA KaK

B. (x) m. (x) WE())
(2)

3HadyeHue Mj(X) oOecrieunBaeT BHITOJHEHHE YCIOBHS.

[TosToMy BenuuWHa Beca OPTOTOHAILHOIO  0as3mWca  ONMPEACIIIETCS
NpOM3BEACHNEM BeMUrH 00paTHbIX ocHoBaHMsIM [TICKB pi(X) mo moaysro pj(x).

[Mpeamnosnoxum, 4to B ojauHoMe A(X), IPEACTaBICHHOM B HEMO3MIIMOHHOM
xone [ICKB (a4 (2), ...,ci(2), ..., ok+n(2)) npon3onia ommbka Mo j-oMy OCHOBAHHUIO.
Torpma uHTEpBa, B KOTOPHIi IMOMAT OJIHHOM OIPE/ICIIIETCS PAaBEHCTBOM.

A A
Pyus(X)

unm( )
Hcnonb3ys kuTaiickyro TeopeMy 00 ocTaTkax, mojrydaem

A () |_| AWTAA) || AKX) | AA ()
Pras(X) Pyas(X) Pws(X)  Ps(X)

CnenoBarenbHo, eciaul lunm(z)= 0, TO WCXOMHBIA TMOJUHOM A(z) JCKUT

1 (2) =

BHYTpH paboOdYero auara3oHa U He SBISETCA 3ampenieHHbIM. B TpoTHBHOM citydae

A(z) — ommmbouHasi KOMOUHAIIUS.
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PaccmorpuM npumep: llokaxkem mponecc BBIYMCIEHUS HWHTEpPBAJIA B
KOTOPBIA TIOMajaeT oOImMOKa TIPH IMOCTCIICHHON Jierpajalii  CTPYKTYPbI
crierporieccopa I[ICKB.

[Tycte 3amano pacmupenHoe none GF(2%), B koropom ompeneneHsl
MHUHHMaTbHBIE MHOTOWICHBI: P1(2)=z+1; po(2)=2°+z+1; ps(2)=z*+2*+2°+z+1;
pa(2)=2*+7+1; ps(2)=2"+z+1.

B KadecTBe KOHTPOIBHBIX OCHOBaHMH wucmomssyercs Ps(2)=z'+2°+1 u

ps(z)=2"+z+1. [Tpu TOM paboumii JMana3oH -

4
P@=]]p@=2"+2°+2°+2° +2+1.
i=1

IIpn 3TOM HIOJIHBII Uana3oH COCTAaBJISIET Poom(2)=2"+1,
Pronmas(2)=22+2"+2°+7"+ 2 +2+1.

Jonyctum, pu ITOCTEIIEHHOU Jerpaganuu B pesyJibTare
(YHKIIMOHUPOBAHUS OTKa3ajo OJHO M3 pabOyuMX OCHOBAaHUM, a 3aTeM OJHO W3
paboyux M OJIHO KOHTPOJIbHOE OCHOBaHUs. [IpoBefeHHbIE pacyeThl MPUBEICHHI B
tabmure 1.

Tabnuna 1. — Pacnipenenenre oqHOKPATHBIX OMTHOOK M0 JUATIA30HY

Otxkazano P1 | Orkaszano P2 | Orkazano P3 | Otkazamu P1 u P2 | OTtkazanu P1 u P4
8B 273 8B 117 79
D1 2CD D1 1BB F2
116 339 116 1D1 8B
173 4E6 173 22E 1E4
19D 54B 19D 273 19D
1A2 59A 1A2 2CD 116
22C 672 22C 339 16F
237 695 237 376 3C0
2A7 757 2A7 3A2 3B9
2E6 9AF 2CD 421 33A
33A 9CC 2E6 45C 343
344 9F9 33A 4E6 22C
395 A96 344 537 255
3B1 B34 395 54B 2DE
421 BBF 3B1 59A 2A7
458 C63 421 672 F
46E CE4 458 695 14

4BF D2A 46E 6EC 1D
4D3 EAE 4BF 744 5D
51D F59 4D3 757 BA
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S54E FDD 51D 765 E7
5C5 1067 S54E 81D 174
5CC 113F 59A 842 129
659 11EB 5C5 8B38 1CE
674 1249 5CC 9AF 193
688 135E 659 9CC 2EQ
6FF 1398 674 9F9 2BD
72A 13F2 688 AGE 252
762 14A5 6FF A8F 20F
7E9 150D 72A A96 39C
7FB 152C 757 B34 3C1
A8F 1615 762 B81 326
1084 1668 7E9 BBF

14A5 177E 7FB C73

151E 1827 CE4

1F91 18C6 CFB

2108 19C8 D2A

2529 1A0B DC8

318C 1A54 DF3

35AD 1AF1 E88

4842 1C83 EAE

4C63 1CC1 ECA

58C6 1D5C F15

S5CE7 1EB2 F59

694A 1F91 FDD

6D6B 1FBA

79CE

7DEF

AHau3 TaOJMIBl MOKAa3bIBAET, YTO OIIMOKAa TMEPEBOJUT Pa3PEIICHHYIO
MOAYJISIPHYIO KOMOMHAIIMIO B COOTBETCTBYIOIIMN WHTEPBAJI TMOJHOTO JUANa30Ha.
O4eBHUIHO, YTO HCMOJB30BAHUE JIByX KOHTPOJIBHBIX OCHOBAHUM, MO3BOJISIET IO

Benuuuse l,,,(Z) onpenenuts MecTomosnoxkenue u rryouny A, (z) ommbxku. Ilpu

TOM TaKOM H30BITOUYHBIA MOJIYJSAPHBIM KOJ crnocoOeH uchpaBUTh Ooisiee 90
IPOLEHTOB JBYKPATHBIX OIINOOK.

[IpoBenennsie uccnenoBanus nokaszanu, uto IICKB koppektupyer nauku
OLIMOOK, KOTOpBIE paclojaraioTcs BHYTPU OJHOTO OCTaTKa, MOXET HCIPaBIAThH

OIIMOKHU B CHCTEMaX nepcaadn AaHHbIX, BHC OCTAaTKa HC MCIIPABJIAIOTCA OIITNOKH.
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