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OI'AOY BO Camapckuil HallMOHAIBHBIN UCCIIEI0BATEIbCKUN YHUBEPCUTET
nmenu akajgemuka C.I1. Koponesa, r. Camapa

Hacrosiiast pabota siBJIsieTCS MPOI0IKEHUEM UCCIICIOBAHUI 110 TTOCTAHOBKE
U PCIICHHIO KpaeBBIX 3adad B CHOCHHAIbHBIX  Kjaccax IS ypaBHCHHIA
TUIEePOOIMIECKOT0 THITA Ha IIOCKOCTH M B TPEXMEPHOM IIPOCTPAHCTBE, HAYATHIX B
paborax [1],[3] —[5]. HAns ypaBHenus Diinepa-Jlap0y ¢ oTpuIaTEeIbHBIMH
pPaBHBIMHM TIapaMeTpaMH B TMPSMOYTOJbHOW O0JACTH, COJAEpIKallel [Be JUHHU
CHHTYJISIPHOCTH KO3((PHIIMEHTOB ypaBHEHHMSI, TOCTABJICHbI IBE KpacBbIe 3a1aui C
JAHHBIMM Ha TapajlIeIbHBIX CTOPOHAX NPSIMOYTOJbHHKA (3adadd A,), a Tak Ke
3a7a4a ¢ CyMMapHbIM 3aJJaHHEM 3HAYCHHI HCKOMOTI'O PEIICHHS B TOUKAaX TPAHHUIIBL.
Ha nuHUAX CHHTYJISIPHOCTH KOX(QQHUIIMEHTOB YpPaBHEHHWS W HA BHYTPCHHEH
XapaKTEPUCTHUCCKOW JIMHUM 3aJal0TCSA YCIOBHMS CONPSDKCHMSI, HEMpPEPBIBHBIC
OTHOCHUTEIIbHO DEHICHHS W €ro HOPMaldbHBIX MPOM3BOAHBIX. MeEToaoM
UHTETPajbHBIX YpPaBHCHHMH JOKa3bIBACTCS CYIICCTBOBAHHE W CIWHCTBCHHOCTD
pEIICHHIA TOCTABICHHBIX 3a/1a4.

YpaBHeHne
Ugy — P (ug—u)—L(u§+u)=O, (0<p<l) (D
T on-g on+g ! 2

paccMotpum Ha MHOkecTBe D = U, D,

D; ={&n[0 <t<n<1}, D,={&EN0 <n<E<1},
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D3 = {E;Tﬂo < - < E < 1}, D4 = {E"ﬂo < E < -1 < 1}

ITycTs:

Du@ 1) =¢:(8), 0<8§<1;

uE,—-1) =0¢,(), 0<§=<1; ¢, —3agaHHble QYyHKLUHUH;

B)Iimn—ﬁ+0(n - E)_Zp(u‘é - un) = hmn—»i—o(g - n)_ZP(uE - un) ==v1(§), 0<
§ <1

3,) 1imn—>§+0(n - E)_Zp(ui - un) = - 1imn—>§—0(€ - n)_ZP(uz - un);

A)lim_y Lo (—M = O 7?P(ug +uy) = lim_, Lz o( + &) 7P (ug +u,) =
=v,(8), 0<&<

A1) (—n = ©)72P (U +up) = —lim_y__o(n + ) 2P (g + uy);

5) limy 040N~ MUy =—nl_§(1)110n‘1un, 0< E<1.
3agaya | (Ap). Haiitm peuwenne ypasuennst (1) na wMmHOxectBe D,

HempepsiBHOe B D, mnpuHamiexamee kiaccy R; B obmactax Di (i=1,4)
[u(§,n) € R;(D)], ynososerBopsmwiee ycaopuam 1) — 3), 4),5).

3amaya Il (A';) oTnryaeTcs 3a1aHAUEM YCIIOBHIA:
1), 2),3"),4"), 5).

Bynem npenmomnarats BBITTOJTHEHHE:
Yemosust A. @;(§) e C[0,1],
¢@"; €C(0,1),@"; abcoaroTHo UHTerpupyema Ha [0,1], ¢;(1) = 0,i = 1,2.
Yemosust B. @41'(1) + @,'(1) = 0,¢;'(1) #0,i = 1,2.

Bocnonb3yemcss  pemenuem  3agaun Komm  ans ypaBHenust (1)
MpUHAICKANIUM CcrienuaibHoMy kiaccy Ri[1,2], yZIoBIeTBOPSIOMIUM YCIOBUSM
3), 4). Ero MoxHO 3anucarthb B BUJIE:

1
Dy: u(En)= j T, (5)(s — £)P(s — n2)Pds +
T]Z

T]Z

¥ j Ny (8)(n? — 5)P(s — E2)Pds, @
EZ

1
Dy: u(En)= j T, (5)(s — £2)P(s — n2)Pds +
EZ

EZ
+ f N4 (8)(E — 5 )P(s —n2)Pds, 3)

T]Z
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1
Dy u(En)= f T,(5)(s — £)P(s — 12)Pds +
éz

E_,Z
+ f N (8)(E — $)P(s — ?)Pds, @)

T.l2

1
Dy u(En)= f T,(s)(s — £)P(s — 12)Pds +
nZ

T]Z

+ [ N = 5)P(s - s (5)
EZ

®yukiun  T;(s), Ni(s), N(s), i = 1,2 Henpeprieabl B (0,1) U abcomoTHO

unrerpupyemsl Ha [0,1]. B aToM cnydae, kak mokazaHo B pabote [5], pyHKuuu

(2)—(5) onpenensroT KIaccu4eckoe pemieHrue ypaBHeHUs (1) B COOTBETCTBYOIINX
obmactax. IMEIoT MeCTO COOTHOIIICHUS:

Ti(s
Ni(s) = — kvj(s), (6)

N%(s) = :T +xvi(s),i =12, 7

Tl +2p)
“Tarz(1+py
Jlnst pemenust 3amaun A, u3 ycioBuid 1), 2), mpu BBIIOJHEHUH YCTOBUU A
MOJTYYaeM:
1
@;'(DA -9 P+(1 - E)'pfcp"i(t)(t— £)Pdt| (8)
3

Ni(‘f)z -

I'(1+p)r(1-p)

N3 dpopmyn (3), (4), HenpepriBHOCTH penieHns Ha N=0, a Takxe ycaoBus 5)
NpUAEM K YPaBHEHUAM

1 13
f yi($)(s — E)Pds = — j Xi($)(s — Pds, =12, 9)
3 0

te Y (D=1 ~ TP, x©=IN6) - NG gy
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Y2(8)=[T1(s) + T5(s)IsP L, x2(s)=[N"1(s) + N, (s)]sP~ L.

Paspemmas ypaBaenue (9) oTHOCHTENBHO V; (&), MOAYIUM:

Py
yi(®) = Slm[pj (1 S) X;(S_)ds + xi(§)cosmp, 1= 1,2. (11)
0

1-8§ 3
BBeneMm 0003HaUECHUS:

(1 = s)PsPvy(s) — v ()] = s (s),
(1 —s)PsP7Hv;(s) 4+ v, ()] = py(s),

(12)
(1 —s)PsP[N;(s) — Ny (s)] = f1(s),
(1 = s)PsPTH[Ny (s) + N ()] = f2(s).
U3 dopmyn (11), (6), (7) noayuum ypaBHEHHE OTHOCHTEIBHO ;(S):
1 1
1 w(ds  fi(®) 1 [fi(s)ds |
E_] S—E __th[p T[! S_Erl_l;z- (13)

0

O603Haunm mpaBbie yacTu ypaBHeHu# (13) 3a @;(€). U3 dopmyn (8) u (12)
CIIETyeT, YTO €CIU BBIMOIHIIOTCS yciaoBus A, To pynkuus P, (§) yaoBmeTBopser
ycioButo ['€nbnepa Ha [0,1) ¢ mokazarenem 1 — p 1 aGCOIIOTHO UHTETPUpPYyEMa Ha
cermente [0,1], @, (§) na (0,1) ynosnerBopsier ycinosuto ['€nbiepa ¢ mokazarenem
1 — p u aGcomtotHo uHTerpupyema Ha [0,1]. JlaHHbIe yTBEpKACHUS TOKA3bIBAIOTCS
HETMOCPE/ICTBEHHBIMU BbIYUCICHUsIMU. K ypaBHeHuto (13) mpuMeHHM Teopuio
WHTErPaJIbHBIX yYpaBHEHHU mepBoro pojaa c¢ sapom Komm [2] (ctp. 444-447). U3
dbopmyi obpareHust naTerpaia Tuna Kommu moaydnm:

1 1 -y ®.(y)dy
(5 = J zk/ e,

(14)

y(d-y) —y)
ua(§) = — (1 = [ j ®,(y)dy + Ag|, Ag — const.

N3 ckazaHHOrO BBILIE CIEAYET:
Teopema |. Ecnu BbINOTHSIOTCS YCIOBUA A, TO CYIIECTBYET pPEIICHUE
3ajadu Ao.
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Ecnu x ycnoBusiMm A 106aBUTH BIMOJIHEHHUE ycnoBuid B, To ¢pynkmus P4 (x)
Oymer oOmamaTh TeMu ke cBoicTBamMHu, a P,(X) YIOBIECTBOPITH YCIOBHIO
['énbaepa na (0,1] ¢ mokazarenem 1 — p. B 3ToM ciilydae pemnieHue Kaxxaoro w3
ypaBHeHu# (13) MOXXHO HUCKaTh B Kjacce (PYyHKIUN, OTPAHUYEHHBIX HA OJJHOM U3
KoHIIOB cermenTa [0,1]. B 3TOM Kiacce cylecTByeT ¢AMHCTBEHHOE pericHue [2].
W, () onpenensiercs Q)opmynou (14), a

1-% @,(y)d
m(&)———/ H - (y”.

Teopema ECJ’II/I BBITIOJTHSIOTCS ycioBus A u B, To cymecTByer
CIMHCTBEHHOE pemeHHe 3amaun A,.

[To naiimenusM 4 (§) 1 Y, (§) u3 popmyi (12) momydaem v, u v,. Ty, i = 1,2
Haxoaum u3 Gopmyi (8) u (6), 3atem N5, i = 1,2 u3 hopmyn (7). IlpuHaiekHOCT
T;, NyNj (i = 1,2) ykasaHHBIM BBIIIE KJaccaM JOKa3aHa HEHNOCPEeICTBEHHBIMU
BBIYHCIICHHSIMH.

[Ipu pemennn 3amaun A', u3 ycnosuii 3'), 4'), a Takxke popmyn (6), (7)
noaydaem, uto N;(s) = Nij(s),i = 1,2.

Torna u3 Beipakenus (11) umeem:

1
_sinmp [ (1 —5\P s\P Ny (s) — Ny(s)
T® - TE)=- oj<1‘§> () o=t
+[N; (&) — N2(&)]cosmp, (15)

T1(®+T ()=
+[N 1(§)+N2(E)]C05 (16)

T, u T, HaxoAuM CIOXEHUEM W BblUMTaHUEeM paBeHCTB (15) u (16).
BhruncienneM MmokaszaHo, 4to mpu BeimoiaHeHun yciaoBuii A Tj(§) abcomorHO
unterpupyemsl Ha [0,1] m ynoBnerBopsitoT ycnoButo ['€mpmepa B (0,1) ¢
nokaszareneMm 1 — p.

Teopewma lll. TIpu BeimonHeHnM ycnoBuid A 3agada A, UMEET €IMHCTBEHHOE
pelieHue.

3agaua Il (¢ cymmapHbIM 3agaHUEM 3HAUYEHUN MCKOMOIO PEIICHUS B
I'PaHUYHBIX TOYKAX).

‘ 1—s p1N1(5)+N2(s)
f =

0
Tip

U3 touek (§, &) m (§ -§), mpuHAAIEKAMUX JIHHUSIM CHHTYJISIPHOCTU
ko3 duienToB ypaBHeHus (1), omyckaeM MepreHIuKyIspbl HA YaCTH TPAHUIIbI
oonmactu D: n=1,n=—1,&=1. OcHoBaHus 3TUX NEPHNEHIANKYISIPOB 0003HAYNM
A(Er _1)' B(l, _E)' C(l, E)' D(E' 1)

[MocranoBka 3agaun. Ha muoxxectBe D Haiitu pemierne u(&n) ypaBHEHUs
(1), menpepeisroe B D, u(§n) € Ri(Di) (i=1,4), ya0BIETBOPAIOIIEE YCIOBHAM:
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u(@) +u(@) =y, (&), 0<8=<1, (17)
u(B) +u(A) = y,(®), 0<8<1, (18)

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

VYcnoeus, Hamaraembie Ha ¢yuknun  P;(§), i = 1,2, coBmagaroT c
YCIOBUSIMHU A TIPEIBITYITUX 3a/1a4.

[Momuuuaum  ¢yukmuu  (2)—(5) yemoBusm  (17), (18), mnpuxogum K
WHTETPATBHBIM YPAaBHCHHUSIM

1
[ NN @I =576 - PIPas=wi®), 1= 12,
EZ

CIMHCTBEHHOE pelieHre KoTopbix mpu ycioBuu Y;(1) = 0 momywaercst wu3
dbopmysi (8). Kpome Toro, ¢ yuérom cootHomienuii (6), (7):

O
NI(S)+N I(S) - COST[p’l - 112;

IIO3TOMY UMCCM

Ny DN (B =)

=— X
COSTIp B(1 —p, 1+p)

(19)

1
x| Wi - B 2P+(1 - B j WO — B)Pdt]
13

Vpasuenue (9) paspemaeM 0THOCUTETBHO X;(X),1 = 1,2:

1
_sinmp [ /s\Py;(s)ds
060 =20 [ () IEE2 0 cosmp- (9,

0
Wnu, ¢ yuérom ob603HaueHwmit (10)

N 00 = N5 00= [ (57 =2 451, 9 = T, ) cosmp, (20

™) S—X
1
NG &)+N>(x)= sn:pf (z)Zp-l h (SS)_I__T(Z ) ds+(T;(x)+T,(x))cosmp, (21)

0
rne T, u T, onpenenenst hopmyroii (19).
CknanpiBas u Berantas paBeHctsa (20), (21) vaxomum N*| u N, a 1Mo HalJCHHBIM
N’ mocpenctBom Beipaxenus (19) moayqaem Ny, No.
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[IpoBepka moka3bIBaeT, UTO MPU BHINOJIHEHUU YCIOBUM A, HajaraeMbIX Ha
¢ynkmun Y;, i= 1,2 T, N; N; menpepsisast B (0,1) 1 aOCONMIOTHO HHTETPUPYEMEI
Ha cermente [0,1].

EnunctBennocTs pemenus 3aaaun |l cnegyer u3 eMMHCTBEHHOCTH PEIICHUS
3amaun Ko, B3sTON 32 OCHOBY, U OJHO3HAYHOW pa3pelIMMOCTH WHTErpajIbHBIX
ypaBHEHUH, K KOTOPHIM CBeJach 3ajaya.
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TWO-PHOTON EMISSION BY HYDROGEN-LIKE ATOM TAKING
INTO CONSIDERATION ELECTRON SPIN AND PHOTON
POLARIZATION STATES

V.V. Skobelev professor Moscow Polytechnic University;
S.S. Madudin 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,1-selection rules. It is demonstrated,
that due to specific properties of the two-photon emission process (for
instance, Zeeman effect absence) in principle it may be identified on a
phone of one-photons emission (ze)” — (ze)+y, 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*(Za)® Whilew,, ~ a(Za)*.

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
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emission rate may be obtained by more simple methods also and is
follows(see, for example, series publications in ref. [1]):
4 aEm,?’ =2
1y 25 h3C2 ‘ ‘ !
(1) o _
where “vector” integral matrix element between initial and final
electron states is
M = [wre dv,
0
with
s =R, (N6," (0),(9),
(3) | | | |
being a wave function of corresponding Schro'dinger equation for
electron in a field of nucleus (ze), and the usual energy value expression
is follows:
(Ze*)’m,  (Za)? .

— — — 2 —_
E=E = 2h2n? 2n2 L hc
(4)

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

R, (r)= ro_glanl (), p= L1 h = Lz = e (Za)il yAc = i!
' m,(Ze) m,c
(5a)
R, (p)=C, e"(Zij F(=n+1+12l +2,27p), C, = n2(2f+1)! : n(rj'_)ll)! , (5b)

J. Rn’I (r)RnI (r)rzdr = J.Rn'l (p) RnI (p)pde = 6n’,n 1
0 0

(5¢)
0,"(6) = (-)"C,"R"(c0s6),
(62)

n ) % d|+m (XZ _1)|
I:)I (X) =(1_X ) dX|+m|: 2|I| :| ’
(6b)
cn - [@Da-mr

V' 23+ m)!

(6¢)
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1
[©,"(6)0,"(0)dcoso=5,, ;

(6)

() = %e |

(72)

T%*«o)cpm (P)dp =5, .
(7b)

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

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

o

can easily see, that

W, ~a(Za)".
(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[¥ "V, ]A,.

(9)

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” (zZ«)-expansion, i.e. as
Green functionc of free electron field [4]:
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G(x,x) > G y=—' (g p+m, i '
(% X) > (x—x)—(zﬂ)AJ Pz XPLAPGX].
(10)

2) Appropriate representation of two independent photon orthogonal
linear polarization states, which in transverse calibration are
e, > €, ={0;cos 6, sing,,cos b, cos ¢, ,—sing, },
(11a)
e, —>§ﬂ ={0; cos ¢, ,—sin ¢, ,0},
(11b)
where photon 4-momentumk is defined by
k, =ko{Lsing, sing,,sin g, cosg,,cosb,} ,
(11c)
with evident properties
§2=82=-1(86)=0,(Ek) = (Ek) =0,k*> =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.
I.DIRAC EQUATION WAVE
FUNCTION IN A NUCLEUS FIELD
Dirac equation may be presented in the form:
D¥=0,
(12)
with Dirac operator

2
. =[€, + L0 —ine(r Sy me €, =me? +E,

r
(12a)
Then we seek the solution as follows:
¥Y=Dy
(12b)
withy as “intermediate” spinor. After substitution (12b) in (12) with
usage (12a) we obtain:
[Ho+ H'ly =Ey,
(13)
where
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2 2
|:|S=—h Ar_(Ze)
2m r

(13a)
to be Schro'dinger equation Hamiltonian. Operator H' corresponds to
relativistic and spin-orbit corrections toH, and has a form
E*  (ze°)’ E (Ze%) h(zZe’) y°(7)
2m.c*  2m.c’r®> mc® r 2mec  r’
(13b)
being of the order (z«)? in relation to thisH, [1].
In the main order over (z«)-expansion we have usual Schro™ dinger
equation for introduced “intermediate” spinory

A= —

A~

Hy =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:

(15)
eugenfunction with two possible eugenvalues:
¥, 0
voolo o == s mm m =2
+ C+‘PS [ 0 ’ 37+ sV + 1lllg “9
0 C_¥,
(16)

with some arbitrary constantsc, in the case.
Then one may see, that operator b, up to nonessential multiplier and
neglecting as before contributions of the order (z«)?has a form
D, = 216" +n-it£2 7 Dy,
(17)
2m(-E

where dimensionless variabler ist = r—‘Vh) 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:

(]

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

Vs 0
w =0 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

{n,j,,mm3};j =Ii%(l ¢0),%(| =0);m, =t
(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:
o 2 MS(AE -k, —Kj)

fIS|i)=—
S v

(20a)

M =™ fovay” W e epl-iRT[d ﬁ((EE:kk()z)ﬁ _‘;Wir*nm exp[iB(F' )] x

x 6exp[—i(kF)]+photons transposition} w(r) .

(20b)

Herew'refers to initial electron state, w - to final state, A =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 [ikyAc (Za) ™ p(sin @sin 6, cos(p — @, ) +cos @ cos b, )].
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Therefore, taking into attention evident relationk, ~ AE=E-E' ~ (Za)?m,,
and following from (5b) effective value p ~1in the main order over (ze)
<<1- expansion one may put

exp[-i(kP)] > 1; the same relates to exp[-i(k'7)]-factor.

It isn’t difficult to see also, that the quantity, corresponding matrixes
producty'7i7* “between” wave functions (18) equals to zero, that is
appears to be proportional at least the first power (Z«) in(Z«) -expansion
and under mentioned earlier value p = p(za)A. ‘the second term with () -
contribution in numerator of propagation factor in (20b) under
convergence integral overdp (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

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

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

o0 1 2z © 1
M = —(ee) [dplp”’Ry () [d cos0©,™ (8) [dep'@,, " (¢) [dpp’R, (p) [dcosd ©,"(6) x
0 a 0 0 a
(21)
2z
x jdgp D (p) J‘d'[5'|52d§2ﬁ exp[—-ipp’(sin &5 sin ' cos(¢’ — @5 ) + cos G5 cos )] x
0

x exp[ipp(sin 05 sin @ cos(p — ¢5) + Cos &5 cos 9)].

It is taken into attention here, that photons transposition in the case
reduces to equality ¢ + 6¢' = 2(ee’) . In foregoing for a more simple
representation of this expression in correspondence with (5b) we
introduce the following designation overdp-integral:

I(n,1,p, f)= Idpexp{—p[% —ipf (05.,60,0—0;)1} p"?F(-n+1+121 + 2,27’0) ,(21a)

where f(05,0,90—¢5) =sin@; sin@cos(p — ¢;) + cos G5 cos .
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This integral may be reduced to the famous one [5] with their
representation by degenerated hypergeometric function rF(«; g;7;x)and
equals to:

I(n 1L, ) = (1+2)! 2 Fen+ 1411 +3.21 +2;2—nz),
(21b)

1
z=-1"

B (0,,0.0-05)
(21c)
From (21Db,c) it follows , that with taking into consideration the
analogous factor
I(n',I'=p, f)=1"(n,I', B, £'),which appears at integration overdy’, withz -z’
in (21b,c) ande,p—¢,¢'in f' also, integral overdsin (21) at the physical
valuesi,I’>o0and f, ' =oconverges due to factorsz',z"*in (21b)(see also
(22c) in the following), and for finite quantum number valuesp,, ~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 dp -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 ¢ - ¢, — ¢
in integral over dy (andde' also) this matrix elementm (21) with taking
into consideration (5b) also may be written as follows:
M = —(ee") M(N,N') y N={n,I,m}, N"={n",lI"'ym},
(22)
M(N,N’) :Cn,Cn,,,(%j (nij jd cos & fd% expli(m-m)e,11(N,N",6;),(22a)

1 2r 1 2z
T(N,N",0;) = [dcosd ©,"(6) [dp ®,,(p) [dcose’ ©," (8) [dg' @, (¢) x
-1 0 -1 0

x J(n,I;n’ 1% £, 7)),
(22b)
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I fL ) = [dpp” 1), B, F) 17 (01 B £,
0

(22c¢)

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

f =sin@sin &5 cosp +cosdcosd; ( f'=sin@’sinG; cos ' +cosd’ cos ;) . (22d)

In (22a) we take into attention also, that,-dependence of o (¢) (3),(73a,b),
leads at this variable change to appearance of exponential factor
expli(m-m)e,1in (22a), but limits of integration overde,dy’ in (21),(22b)
don’t change, because integral expression is a periodic function K (¢) (
K'(¢")) Of o (¢')-variable with 2z -period: K (¢ + 27) =K ()

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

27 279 27—

[de = [do= jd(p+jd(p jdgo— jd¢ +jd(p jdgo J.d(/)+ jd(p_
0 Sl % P 215 p-2n—p 7P P P

2

J.dgo.

0

(23)

Since thisy;-variable appears inexp[i(m-m’)e;10Nnly, integral overde, is not
equal to zero atam=m'-m=o0; 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 = o,+1are 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)

- o\ (2 L
M(N, N') :CnICn,I,[Ej (—’j J.d COS@,—) X

jdcosejd(pv,m(e (p)jdcose jd(pv,m ©@,¢) I, ;0,1 f,§7, (24a)

where J(n, ;1 f L £ - functlon defined by (21b,c),(22¢,d)-formulas, and
M (N,N’) (24) under that is a dimensionless function of quantum numbers,

and at concrete their sets N, N'withm’ = mthisM (N, N’) is simply a number,
finding of which in principle is possible by numerical calculation of
integrals in (22c),(24a).
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From general expressions (22), (24) we may made conclusion, thatm
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. III).

1. “SOFT” 1-SELECTIONRULES AND
THE RATE OF PROCESS (ze)" — (zZe) + 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?
Wzy;aa,bb,baJrab(N’ N ) = E m 272_

{E¥)*, (€€, (€€’ + Ee)’},
(25)

whereaa"- 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:

, 2 2, AE? 2
W27;aa,bb,ba+ab(N! N ) 2 {111, 5}1

= a
3(2x)°
(26a)
or, taking into attention e = g, -expression (4):

Y=t (L 1Y 0
Wy ssnansn NN = 1 (n,z nzj 112> (260)

By extra summing over photons polarization states we obtain:

2 dk dk’
]

M N, N’
( ) 2k, (27)% 2k} (27)°

S(AE —k, —k}) x

M (N,N’)

2
me

a’(Za)® I\ﬁ(N, N")

Wzy(N1 N’) :WZy;aa(N1 N,) +W2y;bb(N’ N,) +W2y;ba+ab(N’ N,) =
= 2 3

AP IURP Y

9(2r) n< n Ac

(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
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:
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W, (n,n,Im)= > W, (N,N’).

I''m'=m
(27)
We have no any arguments ,that in summing over'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), ©,,(9)-function may be presented in
the forme,,(0) = (cos9)"*"F(cosd), Where F - in any case ( even or odd (I + m)-
value) is even function. Then one must take into attention other cos 6 -
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 dcosoin
(22b),(24a)integral value at odda+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,i'-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 (¢ +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.

V.

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)®-
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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 (Za)
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:
ef

2m.c’

E=E, —uyg(M+2m)H, ;=

(28)

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

w,_=eH /2mc- Larmor frequency, am,am, - changes of magnetic quantum

numbers. Butam = 0in accordance with established “rigid” m-selection
rule(Sect. Il), and am, =0, because two-photon emission happens without
spin-flipping (Sect. I). 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,

3. Total rate of transitionn —n’(27) may be essentially increase due to
absence of “rigid” limitations on transitions, connected withi-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.
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5. The sum of their frequencies equals to photons frequency in “a usual”
one-photon emission.
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CEKIIHS Nod3.
BBICOKOMOJIEKYJISPHBIE COEJIMHEHUS
(CIEIIAAJBLHOCTD 02.00.06)

OTBEPXXIAEHUE AKPUJICOLAEPXXAIINX SITOKCHUAHBIX
KOMIIO3UIIUI
I'opaees A.C., Illyoun H.E.
MI'TY um. H.D.baymana, Kanyxckuii punman, r. Kamyra

ONOKCUJIHBIE KOMIIO3UIIMKA XOJIOJHOTO OTBEPXKIEHUS TPUMEHSIOTCS BO
MHOTHX OTPacisiX MPOMBIIUICHHOCTH. DTO CBSI3aHO C HAJIMYMEM y HUX KOMILIEKCa
TEXHOJIOTUYECKNX U (DU3UKO-XUMHUYECKUX CBOMCTB, CpPEIUd KOTOPBIX CIEIyeT
0CcO00 OTMETUTHh BBICOKYIO MEXAaHUUYECKYH) MPOYHOCTh, XOPOIIYIO aJIFe3UI0 K
CaMbIM  pa3JIMYHBIM  MaTephaiaM, BBICOKYIO  XHMHYECKYIO  CTOMKOCTb,
TEPMOCTOMKOCTb, & TAKKE HU3KYIO YCAJIKy.

K HegocTaTkaM 3IMOKCHUIHBIX COCTABOB XOJOAHOTO OTBEPKICHUS CIEIYET
OTHECTHU YIJIMHEHHBIN Mepuoj reiacoOpa3oBaHUs U JAIBHEUIIEr0 OTBEP KICHUS
MpU KOMHATHOW M OCOOCHHO TMOHUXEHHOW TeMIlepaType, YTO OrpaHUYMBAET HX
MPUMEHEHUE B YCIOBUSX, TPEOYIOMMNX YCKOPEHHBIX PEKUMOB PAOOTHI.

B kaudectBe oTBepauTenei Mpu KOMHATHOW TeMIiepaType Hanbosiee BHICOKYIO
AKTUBHOCTBIO MO  OTHOWIEHWIO K  JIOKCHUJHBIM  CHCTEMAaM  MPOSIBIISIOT
amn(paTUICKCKUE aMUHBI, a TAK)K€ MPOU3BOJIHBIC HACKHIIICHHBIX a30TCOAECPKAIINX
reTEPOLMKIIOB, TAKMX KaK MOP(OJIMH, MUNEPUIUH U TTUTIEPA3HH.

Cy1iecTBeHHOE YCKOPEHHUE Tefie00pa30BaHusl MOXKET ObITh TOCTUTHYTO MyTEM
BBEJICHUSI B COCTAB ATMOKCUIHON KOMIO3UITUU MHOTO(YHKIIMOHATBLHBIX aKpUJIATOB,
TAKAX KaK TPUMETAKPWJIAT TPUMETUIIONNPONAHA, IEHTAaKpWIaT TUIEHTA3PUTPUTA
U p. DTU IPOU3BOAHBIC, OJIar01apsi HAJTUYHIO TBOMHBIX CBSI3€H, JIETKO BCTYMAIOT B
pEakIuio ¢ aMUHOTPYNIIAMU OTBEPAMUTEINS, a SIBJISSCH MHOTO(YHKIIMOHATHHBIMU
COCIMHEHUSMH, CITIOCOOCTBYIOT YCKOPEHHOMY (hOPMUPOBAHUIO TTOJTMMEPHOM CETKH

C 06paBOBaHI/IeM TBECPAbIX, OAHOPOJAHBIX IMPOJYKTOB. KpOMe TOIro, HCITIOJIb30BaAHUC
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MHOTO(YHKIIMOHATBHBIX aKPUJIATOB C Pa3IMYHOM CTENEHbIO Pa3BETBEIECHHOCTU U
JUTMHHOW TIETIeH, MOXKHO B JIOCTATOYHO IIUPOKUX Tpeesax BIUATh Ha (PU3HKO-
MEXaHUUYECKHE CBOWCTBA OTBEPKACHHBIX MPOLYKTOB.

Lenpto  umcciaepoBaHuss  ObUIO  HM3YYEHHE  3aBUCUMOCTH  BPEMEHH
resieoOpa3oBaHUsi M  MEXaHUYECKHX CBOHCTB COCTaBOB OT  COJEpKaHUS
TpHUaKpWiiaTa. bbUTH MPUTOTOBJICHBI CMECH STIOKCHIHOW THaHOBOM cMoJbl Epikote
828 ¢ TpexhyHKIMOHATBLHBIM aKPUJIATOM C COOTHOIICHUEM ATHX KOMIIOHEHTOB OT
90:10 mo 70:30. OTBepkACHUE PEAKIIMOHHOCIIOCOOHON CMECH MPOBOJUIIOCH MPH
KOMHATHOW TemmepaType anupaTHYeCKMM aMUHHBIM OTBEPIUTENIEM, MMEIOIIUM
aMUHHBIA SKBUBaJICHT 94 r/Monb. Jlis oTBepkaeHUS KOMOMHUPOBAHHYIO CMOJY
CMEIIMBAIX C OTBEPAUTEIEM B MOJBHOM COOTHOIIEHMM 2:1 B pacyere Ha
YYaCTBYIOIINUE B peakiny (yHKIIMOHAIbHBIC TPYTIIIHI.

M3MmeHeHne BpeMEHHM Teneo0pa3oBaHMs B 3aBUCUMOCTH OT COZIEpPKaHUS
Tpuakpuiata npuBezeHo B Tabi. 1. C yBeIu4eHHeM coAepKaHus TpUaKpUiiaTa J10
30%, Mmacc. Bpems reiaeobpazoBanus cHukaercs ¢ 900 ¢, /uist YuCToN MOKCUTHON
CMOJIBI, 710 85 c.

[TonHOTa OTBEp)KIOEHUSI COCTAaBOB KOHTpoJmpoBaiack Merogom MK-Dypee-
CHEKTPOCKOIMM IO  MCYE3HOBEHUIO  XAPAaKTEPHBIX  IOJIOC  IOTJIOILIECHHUS
YYaCTBYIOIIMX B PEAKIMU OTBEPKICHUS (DYHKITMOHAIBHBIX TPYIII: SMOKCUHBIX,
MIEPBUYHBIX AMUHOIPYII, JBOWMHBIX CBA3EH aKpHJIOBBIX OCTAaTKOB. MK-criekTpsl
HCXOJHBIX KOMIIOHEHTOB, HEOTBEP)KICHHOM smokcuaHoi cmoibl Epikote 828 wu
anu(paTUYECKOr0 aMUHHOTO OTBEpAUTENsl MNpUBEAeHbl Ha puc. | wu 2
cooTBeTCTBEHHO. HMK-CnekTp OTBEpKIEHHOrO MPOAYKTa COOTBETCTBYIOILETO

coctaBy Ne 2 npuBezieH Ha puc. 3.
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Pucynox 2. UK-cnextp anmudaTnaeckoro aMMHHOTO 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 ukia C — O npu 915 em™, C
—O—C npu 831 em™, C — H ipu 3050 cm™.

B UK-cniekTpe aMUHHOTO OTBEpAUTENS UACHTU(DUIIUPYETCS TUPOKAst 1MojIoca
mornomeHuss B oGmacth  650-900 oM, COOTBETCTBYION[AS IIEPBHYHON
amuHorpytmne. KpoMe Toro, mpucyTCTBYIOT XapaKTepHbIE JJIS IEPBUYHBIX aMHUHOB
2 T07I0CHI ormomeHns B 061acta 3300-3500 cm™.

B HK-cnektpe oOpasiia OTBEP)KIEHHOTO MPOJYKTa HE HACHTHUPHUIUPYETCS
XapaKTEPHBIA JIJIS1 SMOKCUIHOW TPYyMMbl MUK JAehOPMAIIMOHHBIX KOJeOaHUi mpu
915 cm™, a muk 831 cm™ mMeeT BaBOE MEHBIIYI0 UHTEHCUBHOCTD 110 CPABHEHUIO C
HeoTBepKAeHHOM  cmojori  Epikote  828. Takke  OTCyTCTBYeT MUK
nedopMaHoOHHbIX Konebanwuii cBsasn C — H okcmpanosoro mukia mpu 3050 cv™.
[[Inpokass monoca moryiomenuss B odsactu 3200-3500 et CBUJETEIBCTBYET O
MOSIBJICHUU BTOPUYHBIX THJIPOKCO-TPYII M, BO3MOKHO, YKa3bIBAa€T Ha MOSIBJICHUE
BTOPUYHON aMUHOTPYIIbI. XapaKTepHbIE JJIsl IEPBUYHON aMUHOTPYIINHI JIBA MTHUKA
B obmactu 3200-3500 cm™ orcyrcTByroT. XapakTepHas 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.

[TosyueHHbIE OTBEPXKAECHHBIE O0pa3lbl ObUIM BbIIEP)KAHBI NPU KOMHATHOM
TeMIiepaType B Te4eHHEe 24 4 W MOJABEPIHYThl MEXAHUYECKUM HCIIBITAHUSM.
[ToxazaHo, YTO € YyBEJWYEHHEM [JOJM AaKPUJIOBOTO KOMIIOHEHTa HalIroAaercs
YBEJIIMYEHUE Tpefena MPOYHOCTH NPU PACTSDKEHUHM U YIAApHON BA3KOCTHU [0
HEKOTOPOr0 MAaKCUMyMa, IOCJI€ YEero NPOUCXOIUT CHUKEHUE 3HAYEHHH 3THUX
CBOMCTB. MakcuMmanbHbIE OKa3aTead MPOYHOCTU NPU PACTIKEHUM U YIapHOM
BSA3KOCTH HaOI0IAI0TCA MIPH COACpKaHUK TprakpuiaTa oT 15 1o 20% mo macce.

Pe3ynbTaThl n3MepeHns BpeMEHH Tejie00pa30BaHusl U MEXaHUYECKHUX CBOMCTB
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

37




OPOYHOCTH  TIpH
PaCTSKEHUH,

Mlla

Yz[apHaﬂ BA3KOCTD,

, 3,3 13,3 25,8 55 49,2 42,5
ke m

[TosryueHHbIe pe3ysbTaThl IOKA3bIBAIOT, YTO BBEJCHUE B COCTaB AMOKCHIHOM
KOMIO3UIIMH MHOTO(YHKIIMOHATBHOTO aKpujaTa 3HAYUTEIbHO COKPAIAeT BpEeMs
reseoOpa3zoBaHusl, MO3BOJISAS UCIOIb30BaTh OJOOHBIE KOMOMHUPOBAHHBIE CMOJIBI
B KOMIIO3UIIMSX YCKOPEHHOTO OTBepxkAcHMs. [Ipu 3TOM mpenen mpodyHOCTH IpH
PACTSKEHUM JOCTUTaeT MaKCMMyMa IpU coaepaHuu Tpuakpwiara 15-20% mo
Macce. YJapHas BS3KOCTb TAaKXKE IPOXOIUT 4Yepe3 MAKCHMYM IIpU COAECP’KaHUU
Tpuakpuiara 20%.
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1. Gonzalez, M.G. Application of FTIR on Epoxy Resins — Identification,
Monitoring the curing process, Phase separation and Water uptake / J.C.
Cabanelas, J. Baselga // Infrared Spectroscopy — Materials science, engineering
and technology, Prof. Theophanides Theophile (Ed.). - 2012
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GOEHOTUIINMYECKASA CTPYKTVYPA HOHYH}IL[I/Iﬁ EJIN
B HEHTPAJIBHO-JIECHOM 3AIIOBE/IHUKE
Ilomnos II. I1.

WNucturyT npobiiem ocBoenusi Cesepa CO PAH, r. Tiomenn

[lenTpanpHO-JlecHOM 3amOBENHUK pacrojaraercss B  KOKHOW  4acTu
Bannalickoii BO3BBIIIEHHOCTH Ha Tepputopun TBepckoit obnactu. B cxeme
O00TaHUKO-TeorpaUuecKoro pailOHUPOBAHUS, OH HAXOJUTCA B 30HE XBOWMHO-
IIMPOKOJIUCTBEHHBIX JecoB. Ha TeppuTopun 3amoBenHuKa MpeodsaaloT €I0BbIe
neca (MunsieB, Koneunas, 1976; ®akropsl, 1983). CrpykTypa nomysisiuuil enu
3/1€Ch C TOUKHU 3PEHUS TAKCOHOMUYECKOW MHTEPIPETAIMUA U3yUeHa HEJOCTATOUHO.
Nmeercs Tonbko ogHa padora B. B. Tatapunosa (1987), BeioTHEHHAas: HA OCHOBE
BU3yaJIbHON OIIEHKH (POPMBI CEMEHHBIX YEIIyd — OCHOBHOI'O CHUCTEMATHYECKOTO
npu3Haka eneil esponeiickori u cubupckoit (Ilpasaun, 1975; Ilomos, 2014). B
OCHOBY HAIIIETO aHajn3a MOMYJSIUNA TOJ0XKEHbl OMOMETPUYECKHE MapaMeTphl
JuHBl mumek U ¢opmel ceMeHHbIX uemnyd (Ilomos, 1999), oOycrnoBieHHbie B
OounbiioN crenenu reaernyeckumu dakropamu (Khalil, 1974, 1984; TTomos, 1997).

N3yuyenune (peHOTUNMYECKOM CTPYKTYpbl NOMyasuuid enu 1o  ¢dopme
CEMEHHBIX YEUIyW W JJIMHBI HIMIIEK NPOBEJCHO HAa y4acTKax Pa3HbIX THUIIOB Jeca
win accornmanuii (Paktopel, 1983): enpHuMke charnoBo-yepuuunom (Picietum
myrtilloso-sphagnosum), enpHuke  depHuuHO-Kucawunom  (P.  oxalidoso-
myrtillosum), enbHuke xucnuyaom (P. oxalidosum), enbHUKE JHMTHIKOBO-
scmennnkoBoM (P. asperuloso-tiliosum). /IpeBocrou durorerozos V-V kiaaccos
Bo3pacTa ¢ npeobsananrem e ot 70 % u 6omee, monHoto 0.7-0.8. M3yuanu

W3MEHYMBOCTh JUIMHBI IIKIICK, Koddduimentop cyxenus (coefficient of
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narrowing — C,) u BeitssHyTOoCcTH (Coefficient of projection — C;) Bepxneil yactu
cemeHHbIX yemryl (ITomos, 1999). CtpykTypy nomyssuuii aHaqIu3upoBaiu npu 9-
KJIACCHOM rpajanuu GeHOTHUIIOB ocoOei (e, eem, em, emm, m, mms, ms, mss, S),
COOTBETCTBYIOmMUX ¢eHoTunam nomyrsuii: P.e., P.eem., P.em., P.emm., P.m.,
P.mms., P.ms., P.mss., P.s., paznuyaromuxcs B cpeaaeM Ha 10 % mnoxkazarens C,—
Cp: =50, 40, -30, -20,-10, 0, 10, 20, 30 % coorBercTBeHHO (ITomos, 2013).

[Ipu 5TOM BCIO COBOKYMHOCTH (DEHOTUIIOB 0COOEH pa3esisiiii Ha TPH
IPYIIIBL: TIepBas rpymnna — GEHOTHUITBI 0COOCH e eBporeiickol (e, eem, em);
BTOpasi — 0COOM MTPOMEKYTOUHBIX (PEHOTUIIOB (EMM, M, MMS); TPeThs — PEHOTUITBI
ocoOeli enu cubupckoit (Ms, mss, s). Takoe paznenenre GEeHOTUIIOB 0cOO€EH B
MOMYJISIIIUAX COOTBETCTBYET MapameTpaM (POpMbI CEMEHHBIX YEIITyH,
OOYCJIOBJIEHHBIX BJIMSHUEM €CTECTBEHHOU (MHTPOrPECCUBHON ) THOpUIN3ALINH
eneit eBpomnerickoit u cubupckoit (Jlanmnos, 1943; boopos, 1944, 1974; I1paBnuH,
1975; Koponaunnckuit, Muntotus, 2006) 1 MOJT0KEHUIO COOTBETCTBYIOIINX
(eHOTUIIOB NOMYJISIUI B 001eM nmpocTtpaHcTBe ux apeaina (Ilomos, 2013).

[TokazaTenb BHYTPpUTIOMYJISIIIMOHHOTO pasHooOpa3ust (JKuBoToBCcKuiA, 1982)
PACCUUTHIBAIIN 10 YaCTOTE (PEHOTUIIOB KaK KBaJpaT CyMMBbI MOJIKOPEHHBIX
sHa4eHni gactot derorunos: M = (Vp, +Vp; +...Vp,)?, e M — mokazatens
pa3zHooOpasusi, Py, P2 ... Pn — YaCTOTHI (PEHOTHUIOB B IOJSAX eAUHUIIBI. Unciio
oco0Oeil B BbIOOpKax gocTtaTouHo Beauko (mo 100 mr. u 6omee), Bce pe3yiabTaThl
CTATUCTUYECKHU BBICOKO JJOCTOBEPHHBI.

Ha teppuropun LlenTpansHo-JIeCHOro 3anoBeAHUKA MO TUTIAM JIeca
MPAKTUYECKU BCE MOKazaTeau 0Jiu3ku (Tabnuia). ToabKo cpeHsis IJMHa MIUIIEK B
eJIbHUKE C(harHOBO-UEPHUYHOM HECKOJIBKO (HO JIOCTOBEPHO) MEHBIIIE, YEM B
apyrux guroueHnosax. M B cpeHeM 1o BceM ydacTtkam oHa coctasisieT 108
(101-111) mm, u 3ameTHO O0bINEe, YeM 110 naHHBIM B. B. Tarapunosa (1987).
Cpennnii nokaszarens C, paBen 34-35, C,Ha Bcex ydacTkax paseH 64, C,—Cp— —
29...-31 %. KoadduiueHt BHYTpUIIONYJISIITUOHHON Bapuanu mnokasateneit (C,,

Cp, Ci—Cp) dopmsl yemyit Haxoautcs B npeaenax 18-20, 1315, 3245 %
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COoOTBETCTBeHHO. CTPYKTypa MOMYJIAIHHA MpecTaBiIeHa 6-10 (eHOTUITaMH 0CO0eH,
2/3 u3 HuUX (PEHOTHIBI eI eBPOIEHCKOH, 1/3 — 0coOu MPOMEKYTOUHBIX
dbenoruno. eHoTUNOB 0cOOel enu cuOupckoi 3aeck HeT. [Tokazarens
pa3zHooOpasusi B cpeHeM paBeH 5.65 (5.44—6.03). 1o ¢peHOTUIIMUECKOM CTPYKTYpE
MOMYJISIIIMYA HAa TEPPUTOPUH 3aTIOBEIHHUKA OJIMKE K «ITATOHHON MOMYJISIIUY eJId

CBPOIIEHCKOM, YeM K «3TaJIOHHOM» momysiuun e cuoupckoi (ITomos, 2012).

[Toka3zarenu JUIMHBI MIKLIEK, (POPMBI CEMEHHBIX YeIIyH, (PEHOTUITMUECKOM CTPYKTYpa
U pazHoo0Opa3zus nonyssiuuii enu B LlenTpanbHo-JIecHOM 3anoBeAHUKE

Ne n Lc of Cp Ch—Cp
ydJacTka X£Sy Cy X£Sy Cy X£Sy C, X£Sy C,
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 64+0.9 15 -30+1.4 42
4 141 | 111£1.5 16 | 34+0.5 18 64+0.7 13 -30+1.1 32
Cpennee — 108 34 64 =30
MIPOJIOJKCHHE TAOJIUIIBI
No YacroTa penotunon, % M
y4acTka e eem em emm m mms ms msSs 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 1 - - 6.03
4 14 20 36 18 9 2 1 - = 5.70
Cpennee 16 20 31 21 9 3 — — — 5.65

HpI/IMe‘{aHI/Ie. VyacTku: 1 — eIbHUK C(i)&l"HOBO-‘ICpHPI‘lHBIfI; 2 — eJIbHUK qepHHqHO-KHCHHqHLIﬁ;
3 — eNbHUK KUCIUYHBIN; 4 — eTbHUK JTUITHIKOBO-ICMEHHUKOBBIN; N — 9UCIIO 0co0el B BRIOOPKE;
L. — muna mumek; Cp— koadduuuent cyxkenus, Cp— ko3 GUIMEHT BBITIHYTOCTH BEpXHEH
YacTH CEMEHHBIX uelryid; X+Sy — cpeiHee 3HaueHue u ero omuoka; Cy— KodppuImenT
Bapuanuu; GeHOTHUITBI 0COOeii: € — 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 — moka3zaTesnb pa3HooOpasusi.

Pe3ynbTaThl HCClieIOBaHUS MOKHO COTIOCTaBUTh TOJBKO ¢ JaHHBIME B. B.
Tartapunosa (1987) no LlenTpansHo-JIecHOMY 3anIOBETHUKY, XOTSI OHU
MPAKTUYECKA HECOMOCTABUMBI, TOCKOJIBKY OIIEHKA (hOPMBI CEMEHHBIX YeITyl
TaTaprHOBBIM BBITIOJIHSJIACH BU3YaJIbHO-OMKCATENIbHBIM ITyTeM. Eme 60ab1mmm
pas3nuYreM SIBJISETCS UCXOIHAS SAUHUIA aHAIM3a CTPYKTYPBI TomyJisiiuii. B

HaIIUX UCCIEAOBaHMUAX 3TO OJ{HA IIMIIKA C KaXI0Tr0 JepeBa MpH CILIOIIHOM cOope,
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B padote B. B. TaTtapuHoBa — Bce MIMIIKK Ha TUIOIIAAKaX B | KBaapaTHBIN METp,
pacrnoyiararonuxcs o JuaroHaan MpoOHOM momasu. Jl0oCTaTouHO YeTKIX
JIAHHBIX T10 CTPYKTYype nomnyisanuii B. B. TatapuHoB HE mTOmy4Yni1, cunurast
MOJTyYEHHbIE Pe3ybTaThl peaBapuTeabubiMu. [1o Muennto H. A. Munsieau I
FO. Koneunoit (1976) Ha TeppuTOopuu 3aroBeJHUKA pacIpoCTpaHEHa €lb
eBporieiickas ¢ mpuMechio e GuHcKor. C ToUKHU 3peHust HEHOTUITNYECKON
CTPYKTYPBI, 3TO, B O0IIEM-TO, BepHO. HacToTa 0co0€eil PeHOTUIOB eu
€BPOIIECHCKOM 371€Ch COCTABIIAIOT 67, a 0c00€el MPOMEKYTOUHBIX (eHOTUIOB 33 %.
Pe3ynpTaThl HcciieqoBaHUs JAOT MPEACTABICHUE O (PEHOTUITMYECKON CTPYKTYype
€JI0BBIX OMYJISIKN Ha Tepputopuu LlenTpanbsHo-JIecHOTO 3amoBegHNKA U
IIPUEMAX €€ U3yUYECHUS.
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KJETOYHAS BUOJIOT USI, IUTOJIOT U4,
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I'MCTOJIOI'UA (CHEHUAJIBHOCTD 03.03.04)

CEKIIHSI No82.
BUOJIOTHSI PA3BUTHSL, DMBPUOJIOT U
(CIIEIMAJTBHOCTD 03.03.05).

CEKLIMSI No83.
HEMPOBUOJIOTUSA (CIEIIUAJILHOCTH 03.03.06)

I'EOI'PAD®UA

CEKLIUSI No84.

®U3NYECKAS TEOTPA®US 1 BHOTEOTPADUS,
TEOTPA®US TTOYB U TEOXUMMS JIAHIIIA®TOB
(CHELUAJILHOCTD 25.00.23)

CEKLIUSI Ne85.

YKOHOMUYECKAS, COIAATBHAS, IOJJUTUYECKAS 1
PEKPEAIIMOHHAS TEOTPA®US (CIENUAJBLHOCTD 25.00.24)
CEKIIUS NeS6.

TEOMOP®OJIOTUS Y DBOJIOLMOHHAS TEOTPA®US
(COHELHUAJILHOCTD 25.00.25)

NHO®OPMALIMOHHBIE TEXHOJIOI'NHN

CEKIUS Ne87.
WMHD®OPMAIIMOHHBIE TEXHOJIOTUUA B COBPEMEHHOM MUPE
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PA3PABOTKA AJICOPUTMA OBHAPYKEHUSA U KOPPEKLIMU OLUMBOK
CIIEL] TTPOLIECCOPA IICKB C TIOCTEIEHHOM JIETPAJIAITMEN

Makaposa A.B., Kaambikos H.A.

OI'AOY BO Ceepo-Kapkaszckuii henepanbHblii yHUBEpCUTET, Poccus,
r. CtaBpornoib

OgauM w3 HauOosiee  MEPCHEKTHBHBIX  HANpaBICHUN  MOBBIIIECHUS
OTKa30yCTOMYMBOCTH  BBIYMCIIMTEIBHBIX  YCTPOMCTB ABJIIETCSL  LIMPOKOE
OPUMEHEHUE  KOPPEKTHPYIOIIMX  KOJOB, CIOCOOHBIX  OOHapyXuBaTb U
KOPPEKTUPOBATH OITHOKH.

[IpuMeHeHrEe MONMHOMHAIBHON CHUCTEMBI KJIACCOB BBIYETOB MO3BOJISIET HE
TOJIBKO TOBBICUTH CKOPOCTh OOpPAa0OTKM JAHHBIX, HO M OOECHEeUYUTh TpeOyeMblid
YPOBEHb HaJEXKHOCTH (yHKUMOHMpoBaHUs cren mnpoueccopa IICKB ¢
JerpagupyeMon CTPYKTYpOH. OtcyrcTBHE B3aUMOCBSI3H MEXIY
BBIYHMCIIUTENbHBIMU TpakTamu crel npoueccopa [ICKB He mo3Bosiger ommOkam
IIEPEMEIATHCS 0 IPYTUM OCHOBAHMSIM.

Heno3unmoHHble crienmpoueccopsl 001a1at0T CBOMCTBOM — CIIOCOOHOCTBIO
COXpaHUTh PabOTOCIOCOOHOE COCTOSIHWE NPH BO3HUKHOBEHHWU OTKA30B 3a CYET
CHIW)KEHUS B JONYCTUMBIX IIpPEAeiax OCHOBHBIX IIOKa3zaTeled KadyecTBa
(GyHKIHOHUPOBAHMUS.

Takass cmocoOHOCTh HEMO3WIMOHHOTO CHelpoleccopa Oa3upyercss Ha
MaKCHUMaJbHO HE3aBUCHUMBIX (DYHKIMOHAJIBHBIX KOMIIOHEHTaX BbIUYMCIMTEIbHbIX
CPEIICTB U MOPa3psSAHOM XapaKTepe paCIpOCTPAHEHUH OUIMOOK MPU BBITOJTHEHUH
IIOCJIEN0BATEIBHOCTH apumeTryecKux onepauui UH(pOpMaIMOHHAs
n30bITouHocTh [ICKB u pacnmapamnenuBanue Ha YpOBHE apU(pMETHYECKHX
orepaluii SBISIOTCS WICaTbHOM OCHOBOW JJISI OCYIIECTBICHUSI PEKOH(PUTYpaIun
ctpyktypbl CII TICKB mpu oTkaze e€ro 3j1eMEeHTOB, YTO IMO3BOJISIET COXPAHSTh
paboTOCOCOOHOE  COCTOSIHUE TMPU  HEKOTOPOM YMEHBIIEHUH TOYHOCTH

BBIYHCIICHUN WU KOPPEKTUPYIOIIEH CITOCOOHOCTH KOJIa.
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N3BectHbie koppekTupytonie crnocooHoctu koaoB I[ICKB, cnocobnbie
OOHapy)KUBaTh M MCIIPABIIATH OJHOKPATHBIC OIIMOKHA B OCTATKE, KOTOPHIE MMEIOT
HemocTaTok.  IlpuMeHeHHe M30BITOYHBIX — KOppekTupyromux komoB [ICKB
MO3BOJISICT MCIIPABIATh OJHOKPATHBIC OMIMOKM M OOHApYXXHBaTh IBYKPAaTHBIC
OILIUOKH.

PaccMoTpuM  airoput™M peKOHGUTYpAIMK CTPYKTYPhl HEIMO3UITUOHHOTO
CIICIIIPOLIECCOpPa, TO3BOJIIONINN COXPAHUTh PabOTOCIOCOOHOE COCTOSHHE MPH
BBIXOJIC W3 CTPOS OJHOTO U3 OCHOBaHWM, 3a CYeT MepepacipeieIcHus
BBIYMCIIMTEILHBIX ~ PECYpCOB  HAa  OCTABIIYIOCS  pabOTOCIOCOOHOIO — YacTh
BBIYUCIIUTCIILHON CHCTEMBI.

[Tycts 3amaHa ymopsao4YeHHas cucTeMa OcHOBaHUU Pi(2), P2(2),..., pn(2),
pn+1(z) TICKB, xotopeie ynoBieTBOpsitoT ycioButo Ord pi(z)< ord pp+1(2),
i=1,2,..,N U B JaHHON cucTeMe ompesesieH mnpaBuwibHblid moauHoM A(Z)=(ou(2),
0 0i(2), ..., 1(2)) €Ppus(z). Torma wnckaxeHue mg000r0 OCTaTKa BBIBOJUT
UCXONIHBIA TOAMHOM A(Z) W3 MHOXKECTBa pa3pelieHHBIX KOMOWHAIMH, T.C.
AN @)=(a1(@), ... di(D), .. t41(2)) € Ppas(2), T &i(2) #i(2).

Bo3HukHOBeHHE OIIMOKM B  HEMO3UIMOHHONW KOJOBOH KOHCTPYKITHH
IEPEBOAUT TOCIAEIHION W3 IOJAMHOKECTBA pa3peIIeHHBIX KOMOWHAIMK B
noaMHoXkecTBO 3anpemnieHHbIX. CoracHo KTO 3HaYeHHe OMMOOYHOr0 MOJMHOMA

B 3TOM CJIy4dac OIIPCACIIACTCA BBIPAKCHUCM

k+r

A" (X) =2 o (x)B, (x) mod P,,,(x) = A(X) +|Acr; ()B; (x)

+

Pioa(X)

1)

N3 Beipaxenus (1) BUIHO, 4TO MECTOIMONOKEHUE OMIMOOYHOIO MOJIHMHOMA
OTHOCHUTENIbHO pabodero Jauamna3zoHa ONpPEIENAETCS BEJIUYUHOM BTOPOTO
CJIaraeMoro.

BaxxHyto posib UMeeT BelTMurMHa OPTOTOHAIBHOTO 0asuca Bj(X), oTkazaBiiero
ocHoBaHus Pj(X) Ha mepemereHre moauHomMa A *(x) U3 HyJeBOro HHTEpBaa

Bennunna OpTOTOHAJIbHOI'O OCHOBAHUS OIMPCACIIACTCA KaK

Bj (x) = mj(x)P"L(X)
p;(X)

48



(2)

3HaueHue Mj(X) oOecrieunBaeT BHIMIOJIHCHHUE YCIIOBUSI.

[TosToMy BenMuMHA Beca OPTOTOHAIBHOIO 0OasuWca  ONMpPECIIICTCS
IPOM3BEICHUEM BeIMUUH 00paTHbIX ocHoBaHusAM IICKB pi(X) mo moaysro pi(X).

[Mpeamnonaoxum, 4to B moauHoMe A(X), IPeACTaBACHHOM B HEMO3HIIHOHHOM
xoxae [ICKB (a4 (2), ..., ai(2), ..., &+n(Z)) mpou3omnuia ommoKa 1Mo j-oMy OCHOBaHHUIO.
Tornma uHTEpBa, B KOTOPHBII MOMAI IOJIHHOM OIPE/C/IIETCS PAaBEHCTBOM.

1,00 [A—(X)}
P,as(X)
Hcnonp3ys KUTAaHCKYIO TeopeMy 00 ocTaTKax, MojrydaeM

(=] A0 || A+AAG) || AG) | AAK)
R L P ] [P Pusld

CnenoBarenbHo, eciau lunm(z)= 0, TO HCXOMHBIA MOJUHOM A(z) JCKUT

BHYTpHU paboyero jauarna3oHa U He SIBJISETCS 3alpelieHHbIM. B TpoTUBHOM citydae
A(z) — omnbouHast KOMOUHAIIMSL.

Paccmorpum mnpumep: I[lokaxeMm IMpoLecC BBIYMCICHUS HWHTEPBAJa B
KOTOpBIM TomajaeT oOIMOKAa TMpU TMOCTENEHHOW Jerpajaiu  CTPYKTYpbl
cneumnpoueccopa IICKB.

[Mycte 3amaHo pacmmupenHoe none GF(2°), B koTopom ompeneneHbl

MHUHHMaTbHBIE MHOTOWICHB: P1(2)=z+1; p.(2)=2°+z+1; ps(2)=z*+2*+72+z+1;
Pa(2)=2"+2°+1; ps(2)=z"+z+1.
B KauecTBe KOHTPOIBHBIX OCHOBaHMH wucmomssyercs Ps(2)=z'+2°+1 u

ps(z)=z'+z+1. [Tpu ATOM pabounii ranazoH -

4
Po@=]]m@=2"+2°+2°+2" +z+1.
i=1

. 1
ITpu TOM ITOJTHBIN IAana3ox COCTaBIISIET Pom(2)=2 >+1,

Pronmas(2)=22+2"+2°+7*+ 2 +2+1.
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Honyctum, npu IIOCTEIIEHHOU nerpaganuu B pe3yJibTare
(GYHKIIMOHUPOBAHUS OTKa3ajo OJHO M3 pabOyMX OCHOBAaHUM, a 3aTeM OJHO U3
pabounx M OJHO KOHTPOJIbHOE OCHOBaHUs. IIpoBeneHHBIE pacueTsl NMPUBEIACHBI B
Tabmuue 1.

Ta6nuna 1. — Pacnpenenenre oTHOKPATHBIX OIMMOOK MO JHUAMa30Hy

Ortkazano P1 | Orkaszano P2 | Orkazano P3 | Otkaszamu P1 u P2 | Otkazanu 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
54E FDD 51D 765 E7
5C5 1067 54E 81D 174

5CC 113F 59A 842 129
659 11EB 5C5 8B8 1CE
674 1249 5CC 9AF 193
688 135E 659 9CC 2EOQ
6FF 1398 674 9F9 2BD
T2A 13F2 688 AGE 252
762 14A5 6FF A8F 20F
7E9 150D T2A 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
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58C6 1D5C F15
5CE7 1EB2 F59
694A 1F91 FDD
6D6B 1FBA

79CE

7DEF

Ananuz Ta6JIHHI>I ITOKAa3bIBACT, 4YTO omunoOKa MEPCBOAUT PA3pPCUHICHHYIO
MOAYJIPHYIO KOM6I/IH8HI/IIO B COOTBGTCTBYIOHII/Iﬁ HHTCPBAJI IIOJIHOI'O JHAIlda30HaA.
O‘-IeBI/II[HO, 4YTO HCIIOJIb30BAHHUC ABYX KOHTPOJIbHBIX OCHOBaHHﬁ, IIO3BOJIACT IIO

Benuuuse l,,,(Z) onpenenuts MecTomonoxkenue u rryouny Ae, (z) ommoku. IIpu

TOM TaKOW H30BITOYHBIA MOAYJSIPHBIM KOJA crnocoOeH ucnpaBuTh Oonee 90
IPOLIEHTOB JBYKPATHBIX OLINOOK.

IIpoBenennsie uccnenoBanus nokasanu, uro IICKB koppektupyer mauxkum
OLIMOOK, KOTOpBIE pacHojaraioTcs BHYTPU OJHOIO OCTaTKa, MOXKET HCIPaBIAThH

OIITMOKH B CHCTEMAaX nepeaadn JaHHbIX, BHC OCTaTKa HC UCIIPABJISAIOTCA OIIIMOKMU.

Cumcok ureparypbl

1. KanmeikoB WM.A. Marematuueckass MOJACIb HEUPOHHOW CeTU IS
UCIPAaBJICHUS] OLIMOOK HEMO3ULMOHHOIO Koja mojs ['amya B yacToTHOM oOmactu/
«HetipokommbroTepsl: pazpaboTka u npumeHerue» 2004, Ne5-6, ¢.71-78;

2. KammpikoB M.A. Pa3zpaboTka MeToma KOHTPOJIS M KOPPEKIIUU OIIHUOOK
JUIsS. HETIO3UIIMOHHOTO CIEMIpolieccopa ¢ JCTpaupyeMoil CTPYKTYpoi/30IpHUK
HaykoBux mpaib 2004, Kuis, Hamionanena Axagemis Hayk Ykpiau, Beimyck Ne
25, c. 65-78.

3. MakapoBa A.B. «AHanu3 MeTof0B OOHAPYKECHHS U KOPPEKIIUU OMIMOOK
B MOJMHOMUAJIBHOW CHCTEME KjiacCOoB BbIueTOB» // Matepuansl I Beepoccuiickoi
Hay4YHO-TeXHHUYECKON KoHpepeHus «DyHnaMeHTaabHble U IPUKIAIHbIE ACTIEKThI
KOMITbIOTEPHBIX TEXHOJOTUN U MH(OpMaAMOHHON Oe3omacHocTY, 12-13 despans
2015 roma, Cexkmus - 3amura wuHGOpManuu, WHCTUTYT KOMIBIOTEPHBIX

TexHoJIoTU ¥ nHpopmanmoHHoi Oe3omacHoctu FODY, PoctoBckas obmactp, T.
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Taraunpor, yi. Yexosa, 2.

I'EOJIOT' U

CEKIIHSI NSS.
PA3BUTHUE I'EOJIOTMU B COBPEMEHHOM MUPE
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IJIAH KOH®EPEHIIMUI HA 2016 TO/J

AuBaps 2016r.
1l Mexnynapoanas HaydHO-TIpaKTHYeCKas KOH(epeHus «AKTyajJbHble BOIMPOCHI
€CTECTBCHHLIX U MATEMATHICCKHUX HAYK B COBPEMECHHBIX YC/JIOBHUSAX PA3BUTHUA

crpanb», r. Cankr-Ilerepoypr
[Tpuem crateit nis nyonukaruu: 10 1 saBaps 2016r.
JaTta n3nanus u pacchuUiku cOopHHKa 00 utorax koHdepennuu: 1o 1 ¢pespans 2016r.

Deppaub 2016r.
[11 MexynapoHas HayqHO-IIpakTHIECKash KoH(epeHiusa « AKTyaJbHbIE MPO00JIeMbl
eCTECTBEHHbIX M MaTeMaTmuyeckumx Hayk B Poccuu um 3a pyodekom», T.

HoBocuoupck
[Tpuewm crateii s nmyonukanuu: 1o 1 gespans 2016r.

JlaTa u3anus U pacchlUiku cOOpHUKA 00 uTorax koHdepenmuu: a0 1 mapra 2016r.

Mapt 2016r.
1l MexaynapoaHas HaydHO-TIpaKTHYeCKas KOoH(epeHus «AKTyaJlbHbIe BOMPOCHI

COBPEeMEHHBIX MATEMATHYECKUX H €CTeCTBEHHBIX HAYK», I'. EkaTepuHOypr
[Tpuewm crateii 1 myonukanuu: 1o 1 mapra 2016r.
Jlata u3nanus u pacchlUku cOOpHUKA 00 uTorax kKoHpepenmmu: 1o 1 anpens 2016r.

Anpeas 2016r.
11 MesxyHapoHas HayqHO-IIpakTHYecKas KoHdpepeHiusa « AKTyaJbHbIe MP00JIeMbl

U JOCTUKCHHUS B €CTCCTBCHHBIX U MATEMATHYIECCKUX HAYKAaX», I. CaMapa
[Tpuem crateit 11 nyonukanuu: 1o 1 anpens 2016r.

Jlata m3ganHus M paccbUTku cOopHUKa 00 urorax kKoHdpeperuuu: 1o 1 mas 2016r.

Maii_2016r.
1l MexaynapoaHas HaydyHO-TIpaKTHUECKas KOH(epeHus «AKTyaJbHbIe BOMPOCHI
N NMEPCNEKTUBLI PA3BUTUA MATEMATHYECCKUX U €CTECTBECHHBLIX HAYK», T. Omck

[Tpuem crateit 1 nyonukanuu: 1o 1 mas 2016r.
Jlata u3gaHus U paccbUIKU cOOpHUKA 00 uTorax koHpepeHuuu: 10 1 utons 2016r.

Hionsb 2016r.
Il Mexnynapoanas — HayuHo-mpakTHueckas — koH(pepenuus «CoBpeMeHHbIE

l'[pOﬁ.]'IeMI)l MAaTEMATHYECCKHUX M €CTECTBEHHBIX HAYK B MUPE», T. Ka3zanb
[Tpuem crateii 1 nmyonukanuu: 1o 1 urons 2016r.
Jlata u3ganus 1 paccbUlku cOopHuKa 00 urorax koHpepenuuu: 1o 1 urons 2016r.
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Hiwab 2016r.
Il Mexnaynaponnas Hay4HO-nipakThueckas koHpepenuns «(O Bompocax wu
npoﬁ.ﬂeMax COBPEMECHHBIX MAaTEMATHYC€CKUX H €CTECTBEHHLIX HAYK», T.

YenssOMHCK
[Tpuem crareit aisa nyonukanuu: 10 1 urons 2016r.
JlaTa n3nanus U pacchuUiku cOOpHHMKaA 00 nuTorax koHdepenuuu: 1o 1 aprycra 2016r.

ABryct 2016r.
1l Mexnaynaponuass HayuHo-mpakTuueckas koudepenius «UHPOpMaUOHHBbIE

TEXHOJ/JIOI'HH €CTCCTBCHHDBIX U MATEMATHYCCKHUX HAYK), I. POCTOB'Ha'I[OHy
[Tpuem crateii 1 myonukanuu: 1o 1 aBrycra 2016r.

Jara u3ganus u paccbuiku cOopHuKa 00 urorax koHpeperuuu: 10 1 centsops 2016r.

Cents16ps 2016r.

Il Mexaynaponnas Hay4dHO-IpakTudeckas KoHgepenius «EcTecTBeHHbBIE W
MaTEMAaTUYE€CKUEC HAYKH B COBPEMEHHOM MHUPE», T. Y(l)a

[Tpuewm crateit 1 nmyonukanuu: 10 1 censiops 2016r.

Jlata u3ganus u paccbUku cOOpHUKa 00 urtorax KoHpepeHnuu: 10 1 okraops 2016r.

OxTs0psb 2016r.
1l Mexnynapoanas Hay4yHo-npaktuueckass koudeperuus «OCHOBHBIE MPOOJIEMbI
€CTCCTBCHHBIX U MATEMATHYECCKHUX HAYK», T. BOJIFOFpaI[

[Tpuem crareit asa nyonukanuu: 10 1 oktsaops 2016r.
JlaTa u3nanus u pacchlUiku cOOpHUKA 00 utorax koHdepenuuu: 10 1 Hosops 2016r.

Hosops 2016r.
1l MexnaynaponHas Hay4yHoO-TipakThyeckas KoHQepenius «EcTecTBeHHbIE U
MAaTEMATHYECCKUEC HAYKH: BOIIPOCHI U TCHACHIIUMA PA3BUTHUHA, T. KpaCHOflpCK

[Tpuem crateit 1y nyonukanuu: 1o 1 Hos6ps 2016r.
Jlata u3gaHus U paccbUlku cOOpHUKa 00 uTtorax koHpepeHuuu: 10 1 nekadps 2016r.

Jexadpb 2016r.
Il Mexnynaponnas — HayuHo-mpakTuueckas  koH(epenuus «llepcrnekTuBBI
PAa3BUTHA COBPEMCHHBLIX MAaTCMATHYCCKHX H €CTECTBEHHBLIX HAYK», T.

Boponex
[Tpuewm crateit it nmyonmkanuu: 1o 1 nexadpst 2016r.

Jlata u3gaHus U paccbUTku cOOpHUKa 00 urorax koHpepeHuuu: 1o 1 susaps 2017r.

C Oosee mnoapoOHON uHHpOpManWeid 0 MEKIYHAPOAHBIX HAYYHO-PAKTHYECKHX
KOH(epeHUHUsIX MO’KHO 03HAKOMUThCS Ha opuuuaibHOM calite IHHOBALIMOHHOIO LIEHTPA
pa3BuTHs  o0pa3oBaHuMss W Haykm Www.izron.ru (pa3mea «EcTecTBeHHBIE W
MaTeMaTH4YeCKHe HAYKW).
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VWHHOBAIIMOHHBIN IIEHTP PASBUTHA OGPA3OBAHUSA U HAYKHA

INNOVATIVE DEVELOPMENT CENTER OF EDUCATION AND SCIENCE

O Bonpocax u npodJieMax cOBpeMeHHbIX MATEMATHYECKHUX U
€CTeCTBEHHbIX HAYK

Boinyck 111

COopHUMK HAYYHBIX TPYA0B M0 UTOTaM
MEKIYHAPOAHOM HAYYHO-TIPAKTHYECKOI KOH(pepeHun
(11 mros 2016r.)

r. Yeaaounck
2016 .

[lewaTaercst B aBTOPCKOM pelakuu
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Tupax 250 k3. 3aka3z Ne 77.

Orneuvarano no 3akazy MIIPOH B OOO «Apean»
603000, r. Huxuuit Hosropoa, yin. Crynenas, a. 58
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