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EXCITATION OF SURFACE VIBRATIONS OF SEMICONDUCTOR STRUCTURES

EXPOSED TO EXTERNAL ELECTROMAGNETIC RADIATION

The subject of the study are processes of manifestation of instabilities of natural oscillations of semiconductor structures,
which are caused by the mechanisms of interaction of charged particle flows in the presence of powerful external
electromagnetic radiation. The goal is to obtain design relationships that allow determining the degree of deviation of the
performance characteristics of semiconductor components from the norm, depending on the parameters of the external
pulsed electromagnetic field. The task is to construct a model of interaction induced by external electromagnetic radiation
currents with electrostatic oscillations of the semiconductor structure. The model is based on the realization of the
resonance (Cherenkov) interaction of moving charges and electromagnetic oscillations under conditions where the phase
velocity of the wave and the velocity of the charged particle are the same. The methods used: analytical methods for
solving the Maxwell equations and the equations of the medium in the framework of the hydrodynamic approach. The
following results are obtained. Investigations of the functioning of semiconductor components of electronic equipment
under the influence of strong-pulsed electromagnetic fields are carried out. The nature of changes in the working capacity
of semiconductor components of the hardware component base is determined. It is shown that the influence of pulsed
electromagnetic radiation is accompanied by the appearance of currents in the conductive elements of products and the
appearance of intrinsic internal fields. One of the types of reversible failures of the semiconductor element base of electronic
products is determined, based on the interaction of currents induced by external radiation with the intrinsic fields of the
structures that complete the product. Similar failures are realized under conditions of Cherenkov radiation, when the current is
parallel to the boundary of the structure. It is shown that this interaction leads to energy losses of the induced currents to
excitation of the natural vibrations of the structure, i.e. the appearance of a mode of oscillation generation, which is
characterized by a change in the volt-ampere characteristics of radio products. Conclusions. The comparative analysis of
quantitative evaluations of reversible failures of semiconductor devices depending on the spatial configuration of the acting
field, in which the induced current is paralleled to the structure boundary, allows solving problems of optimizing the degree of
distortion of the performance characteristics of these devices. The results obtained in the work can be used to evaluate the
efficiency of active radioelectronic devices, for example, amplifiers, generators and converters of electromagnetic oscillations
in the millimeter and submillimeter ranges under the influence of powerful external pulsed electromagnetic fields.

Keywords: electromagnetic radiation; Semiconductor structures; Surface oscillations; Charged particles; Vibration
decrement.

classified as reversible and irreversible [2]. Irreversible

Introduction failures are characterized by a complete loss of

Most of the available theoretical and experimental
results of studies of the influence of EMR on radio
devices are related to the field of irreversible failures.
Modeling of the mechanisms of interaction of induced
currents and voltages with the processes characterizing
the functional purpose of products is usually carried out
within the framework of the theory of chains with
distributed parameters. This approach makes it possible
to evaluate the performance criteria as a whole (for
example, to estimate the critical energy characterizing a
thermal breakdown), but the issues related to
determination of various kinds of electromagnetic
interactions that occur directly in component parts
exposed to EMR remain unsolved.

Expansion of application areas and increase in the
processing speed of radio electronic equipment (REE)
lead to a need for increasing use of element base
containing semiconductor electronics products [1]. This
increases the degree of influence that external
electromagnetic radiation (EMR) produces on the
performance of REE, taking into account that
semiconductor components have an increased
sensitivity to EMR.

All kinds of failures that arise in REE resulting
from the influence of external factors are usually

functional characteristics of REE. Such failures occur
when a change in the internal parameters of the
equipment exceeds the permissible limits (with external
EMR, irreversible failures usually occur due to a
thermal breakdown of the components). For reversible
failures, a temporary loss of performance is typical,
leading to a distortion of the output characteristics.

This paper to some extent compensates the
existing gap in this area of research on reversible
failures. We study the interaction of charged particle
fluxes induced by EMR with wave processes in
semiconductor structures used in modern microwave
electronics.

Task solution

The object of the study is surface oscillations of
the semiconductor structures used in radio hardware
components and the mechanisms of their interaction
with the conduction electrons, leading to damping of the
oscillations  being exposed to an  external
electromagnetic field. Let us consider the attenuation of
surface plasmons on the boundary of two media, which
at T = 0 are characterized by dielectric permeability

2 /2
€ =80i—090i/0) .
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To find the spectrum and collisionless damping of
surface oscillations under conditions of neglecting the
delay effect of the electromagnetic field, we use the
following equations:

rot E(x, y,t) =0;
Ex,y,1) = E(@,qy, )¢, (1)
E(o,q,,) = (Ey, E,,0);

div D(o,x, y) = 0;

~ - 4mi - (2)
D(o,x,y) =¢¢(y)E(®,x,y) +FJ((D, X,¥)
€015 y>0, - El’ y>0,
80(J’)={ E=3.
gy, ¥<0; E,, y<O0;
= {jla y>0;
J=1-=
J2s y<0

with the following boundary conditions at y = 0: the
continuity of the tangential components of the electric
field is E, and the normal components of the electric
induction are Dy,

We start from a model of a homogeneous medium.
In other words, we assume that, as in the case of cold
plasma, both media are infinite, and the fields and
currents in each of them satisfy the boundary conditions
on the plane y=0and decrease when y—>+ .

Obviously, such a model is completely justified if the
boundary is transparent for particles; i.e. the height of
the potential barrier is small in comparison to the energy
of the particles. Wherein mg; = gy ;€91 # €gp-

On the other hand, if the media are separated by an
infinitely high potential barrier ©gy; # ®y,, then the

particles experience an elastic (mirror) reflection from
both sides of the barrier, and the electromagnetic
properties of such a semi-bounded medium are known
to be identical to an unlimited medium. In this case, the
results obtained in [3] for a classical approximation for
a plasma-dielectric boundary (a nonabsorbent medium)
can be transferred to the case of two plasma-like media
separated by a dielectric layer whose thickness is small
in comparison with the wavelength.
Then the material equation can be written:

2
Fo,7) = =0 d(w,r) + Fio,r) . 3)
mc

S S .
Here A(w,7)=—2EFE(w,7) is a vector potential,
o

ny = Z pg\uz (7)y (7) is the equilibrium concentration

of charge carriers, p% is their equilibrium distribution

12 exp(ikr) is the wave function

2,2

of a particle with the dispersion law Ej = o
m

function, y,(F)=V"

V is

the volume of the medium, ;'(®,7) = D" pp (®) jiy (F)

is the conductivity current due to electron transitions
between states k& and k'(k, =k.) due to inelastic
with a

scattering potential

A(w,7) = A(®,q,, 1)e"4x¥=9D  (we further assume for

definiteness that ¢, >0,0>0), and pgkr((o) is the

perturbed off-diagonal correction to the equilibrium
particle distribution function, determined from the
equation of motion for the density matrix [2]:

0 0
Pr — Pk
P (©) = —F K H (0);
h((’)kk’ - ) (4)
B2 — k2
Oy =M; o = o+iv,v—0;
2m

ieh ¢ x _ = -~ o
Hyge = =— [ Wi (F)AV +VA)y o (F)dF
2mc

is the matrix element of the Hamiltonian of interaction
of charge carriers with an electromagnetic field.

- ieh * *
T =5 AV W) =i (W )] (9)
m

is the matrix element of the particle current density
operator. You can finally convert ;'(o,7) to the
following form:

(e —P)
Opfer —~ ® (6)
x| i () + [ T () A, P |

oo 1 -
J(o,7)= _%ka’k(”)

Lo _deh ¢ VR0, (5,0,2)
kk' =5 —
2me x| 4, (0,x,+0) - 4, (0, x,-0) |

Thus, in equation (3) for the total current, the first
term determines the frequency of the surface plasmons;
the second term must determine their damping.

Substituting further j(w,7) into equation (2) and
taking into account equation (3), we obtain:

0° 4, (,x,y)
6y2

4mig.c . -,

=- div j'(@,x, y); (7

0)28(0))

g(m)z{gl((’)),

& ( ),

2
_qux(O)axsy) =

y>0
y<0

Since the damping decrement is small in
comparison with the oscillation frequency, the solution
of (7) is sought using the method of successive
approximations. Assuming that the right-hand side in
the first approximation is equal to zero, we find the
following expressions for the potential in each of the
media for &(w)#0:
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y>0, A]x(y)=A]e_qu, AlyziAlx(y)

¥ <0, A2x = A2 e_qu, A2y = _iAZX(y)

®)

Let us extend the potentials to the half-spaces of
y<0and y>0 respectively:

A0 =4,(); A,(»)=-4,(»).

Thus, the normal component A(y) undergoes a
discontinuity in the plane of y =0. Substituting the

values of A(w,7) in equation (3) and integrating over the

whole space 7, we obtain the following results after

replacing the summation >, by integration (2V)3 j dk -
I
J'(®,7)=

2 iq,.x 4

&2 A eldx dikdk
——— [ (pk Pk +E)x  (9)

2(27‘5) m-c O’ —

2 2 . )
. 1_% e’(ky‘ky)y.
qx + (ky _k),/)
Here ki=k,—q., kl=k,.

The term that is proportional to pg determines the
current resulting from the transition of an electron from
state k to state k' with emission of i® quantum of
electromagnetic field. Here it is possible to carry out
integration k!, taking into account the contributions of

2m(®+iv)

poles kf = ki - at k, >>q,., ©>>qv,

The term with pgr determines the current
associated with the transitions of electrons from the
state k' to the state k& upon absorption of energy 7m.
This current is determined by the poles

2m(®w+iv . .
ki = kf +M when integrating over ky. As a

result of integration, we get:

o —ie*oAedxT
Jor) = =2
(2m) hic
jdk(k+k ). _h(ky—k;)2
ky(k k) 2mo
xexp{i[ky—ky_ﬂ'éi_}y}— (10)
jdk(k+k Pl 1_h(ky—k;)z
K (ky k) 2mo

xexp{i[ker —k, +i8+Jy}}.
<0, k; =[k; £ 2mo/h >0,

Here:

mvy
T
y

k = (kxak;akz)s Si =

The symbol ,[ means that integration over &,

. . . 2m0) 2m0)
carried out in regions | —o© where

the process of radiation of a quantum of energy by an
electron is possible. A similar expression for ;' can be
easily obtained in y < 0 region.

It can be seen that the current ;'(o,7) resulting
from electronic transitions between states k,, and k} is
an infinite set of spatial harmonics with a period of
27t/ ‘ky —k;‘ depending on the frequency of the field

and the momentum of the particle, with an amplitude
decreasing from the boundary as exp(—8i| y|. In the

classical limit of kﬁ, k’y2 >>2m®/h such harmonics are

known as "Van Kampen waves" whose phase velocity is
equal to the velocity of the particle. Substituting (6) into
equation (7), we find the potential excited by the current

7'(®,x,)

, o, 4y, )
Ax(maqxsy)zTo);A;
A da
A, , s = — (O, s 5
(0,9, ) 2.2(0) ay( qx>Y)
2

e“qg.m
0U(@,q, ) =525 X
nh

[ pidk hiky Thy)? an
ky (k, ¥k;)° 2mo
xexp{i(ky¢ky‘ii5_)y}—

r o pYdic ey TR |
2mm

+ _ 1 +\4
ky (k, F k)
xexp{i(ik;—kyii&r)y}.

Here the upper signs in front of k;r and & refer

to y >0 half-space, and the lower ones —to y <0 half-
space. By means of the boundary conditions, we can

now eliminate the undefined constants A1 and A2 and
obtain the dispersion equation:
a2(maqx’0):|+

&(0)

€ (0))

g (o) {1 +i
(12)
+£5 (@) {1 +i

a(w,q,,0)

Hence, when
e(w)

<<1 we get:
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12
2 2
o = | Lot®02 |
S s
€01 + €02
o, [ 041(0,q5,0)+ 05 (0,4, 0)]

AO)S 27 .
€01 t €02

Analysis

Now, let us find the damping decrements in
various physical situations. In the case of a Maxwellian
electron distribution

2,2

3 _
MC 2mT

pi =
QnmT)*?

the expression for o(m,q,,0)can be converted to the
following form:

o)

2
E (’)quUTT (6_7_ 1) X

o(®,q,,0) = 1

o
1
o0
2 hoy 2 2
x| (x*+—)%x"e dx.
_jw( )

Hence, we obtain:

2
/i
o=-2 (ooq,;oT T , Ds o> 1;
o, \2no, T
) (13)
2 h
o= —2\/: ©09xVr , D < 1.
T (03 T

N

In the case of an infinitely small barrier:

Wo1 =g, &€o1 * €p2, Oy =C°0\/2/(801 +802);

the decrements of the oscillations are respectively equal to:

Awg =—igorT/(2hoy); hog >>T;

On the boundary of two plasma media, separated
by an infinitely high potential barrier, the expressions
for the decrement obtain the following form:

o =i x > ogonl;?
T e, Y el ’
)
Ao, = - giqx Z(’)OiUTi :
Y e

It is seen that at the plasma-insulator boundary

(15)
i=12...

oy =0, 09 =@y, & =gy
equations (15) coincide with equations (13) and
correspond to the well-known expression for the
decrement of surface vibrations [4] under mirror
reflection of particles from the boundary.

Conclusions

A model has been proposed for the interaction of
conduction electrons in a semiconducting medium with
surface oscillations. The model is based on the
implementation of the resonance (Cherenkov)
interaction between moving charges and
electromagnetic oscillations under conditions where the
phase velocity of the wave and the velocity of a charged
particle are the same.

The ratios have been calculated relating the
following parameters of semiconductor structures: the
concentration of free carriers, the dielectric constant, the
carrier temperature with the magnitude of the vibration
decrement in the classical and quantum approximations.

It has been shown that the impact of pulsed
electromagnetic radiation on electronic products is often
accompanied by emergence of currents in the
conductive elements of hardware and formation of their
internal fields.

The mechanisms of interaction of charged particles
with natural oscillations of the components of the
electronic devices leading to attenuation of surface

Ao = — 2T i ) 5 T (14) " oscillations in semiconductor structures have been
O = ~y2/m-igor; Oy << 1. determined.
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30yaKeHHs IIOBEPXHEBHUX KOJIMBAHb HAMBIPOBIIHHKOBHX CTPYKTYpP
N BIVIABOM CTOPOHHBLOI0 €JICKTPOMATHITHOTO BUNIPOMiHIOBAHHS

O. A. Cepxos, B. C. Bpecnagenp, 1. B. SIkoBenko, O. J[316eHKO

IIpeqmeroM BUBYEHHS € MPOLECH BUHUKHEHHS HECTIMKOCTI BJIACHMX KOJIMBAaHb HAIliBIIPOBIAHUKOBHX CTPYKTYp, SKi
00yMOBJICHI MeXaHi3MaMH B3a€MOJii IOTOKIB 3aps/VKCHUX YaCTUHOK 32 HasBHOCTI IOTY)KHOT'O 30BHIIIHBOI'O €J1€KTPOMAarHiTHOro
BUIIPOMiHIOBaHHA. MeTa - OTpHMaHHA PO3PAaXyHKOBUX CHiBBIJHOIICHb, SIKi JO3BOJIIFOTh BHU3HAUUTU CTYIHb BiJAXWIICHHS
poOOUNX XapaKTEPUCTHK HAliBIPOBIAHUKOBUX KOMIUICKTYIOUMX BiJi HOPMH B 3aJISKHOCTI BiJl IapaMeTpiB 30BHIIIHBOTO
IMITyJIbCHOTO €JIeKTpOMarHitHoro nosnst. 3agava - noOynoBa Mojeni B3aeMOZii HAaBEJCHHX 3OBHILIHIMHU €IEKTPOMAarHiTHUMU
BUIIPOMIHIOBAHHAMU CTPYMIB 3 €JIEKTPOCTATMYHMMM KOJIMBAHHAMHU HAIiBIIPOBIIHUKOBOI CTPYKTYpH. B ocHOBy Mopeni
MOKJIaJICHO peali3allifo Pe30HAHCHOI (4€PEHKOBCHKOI) B3a€MOIii PYXJIMBUX 3aps/liB Ta €ICKTPOMArHITHUX KOJMBaHb B yMOBaX,
KOJIM CHIBNAJAIOTH (pa30Ba MIBUAKICTH XBWJII Ta MIBUIKICTH 3apsyDKEHOl YacTHMHKH. BukopucTaHi MeTOAM: aHATITHYHI METOIH
pilleHHs piBHAHb MakcBelula Ta piBHAHb CEPE/IOBHILA B PAMKaX IipoAMHaMi4HOro migxoxy. OTprMaHi HaCTYIHI pe3y/IbTaTH.
IMpoBeneni nocmiJpkeHHs (GYHKLUIOHYBAHHS HAIIBIPOBIIHUKOBUX KOMILUIEKTYIOUMX €JIEKTPOpalioBUpoOiB B yMmoBax il
MOTY)KHHX IMITYJIbCHUX €JEKTPOMAarHiTHUX IoJMiB. Bu3HaueHO Xapakrep 3MIH IIpale3faTHOCTI HaIiBIPOBIJHUKOBUX
KOMIUIEKTYIOUMX €JleMEHTHOi 0a3um TexHiuHMX 3aco0iB. Iloka3aHo, 110 BIUIMB IMITYJbCHOTO €JIE€KTPOMAarHiTHOrO
BUIIPOMIHIOBAHHS CYIPOBOJKYETbCS BHHHKHEHHSAM CTPYMiB y IIPOBiJIHMX €JIEMEHTaX BUPOOIB Ta BUHMKHEHHSM BJIACHUX
BHYTpILIHIX NOJiB. BU3Ha4eHOo 0/11H 3 TUIIB 3BOPOTHIX BiJJMOB HaIliBIPOBIJHUKOBOI €J1€MEHTHOI 0a31 el1eKTpopaioBupoOiB, 110
6a3yeTbcsl Ha B3a€MOJII CTPYMiB, HABEJICHUX 30BHIIIHIM BUIIPOMIHIOBAHHAM, 3 BIACHUMHU HOISAMH CTPYKTYP KOMIUICKTYIOUUX
BupiO. TloxiOHI BiIMOBH peali3ylOTbCsl B YMOBAaX UEPEHKOBCHKOI'O BHIIPOMIHIOBAaHHS, KOJIM CTPYM IapajelIbHUN 10 KOPIOHIB
crpykrypu. IlokasaHo, 110 JaHa B3a€MOJisl IPU3BOIUTH 10 €HEPreTHYHUX BTPAT HABEICHOrO CTPyMY Ha 30yIKEHHS BIACHUX
KOJIIMBAaHb CTPYKTYpH, TOOTO MOSBY pEXUMY TIeHepauil KOJIMBaHb, SIKi XapaKTepU3YeTbCsl 3MIHOK BOJIBT-aMIICPHUX
XapaKTepUCTUK pazioBupobiB. BucHoBkm. IIpoBeneHunii NOpIBHANBHMII aHaNi3 KUIBKICHUX OLHOK 3BOPOTHUX BIJIMOB Y
HaIliBIPOBITHUKOBUX NPUIaJaX B 3aJI€KHOCTI BiJ MPOCTOPOBOI KOH(DIryparii BINIMBArO4YOro mois, 3a SKMM HaBEIECHWH CTPyM
BUHHUKAE IapaJie]IbHO 10 KOPJOHIB CTPYKTYPH, NO3BOJSE BHUPILIyBaTH 3aadi ONTHUMi3allii CTYHEHS CIIOTBOPEHHS POOOUMX
XapaKTepUCTUK [aHUX HpwiaaiB. Pesynprath, sKi oTpuMaHi B poOOTi, MOXYTh OYTM BHUKOPHCTaHI Il 4yac OLIHKU
[PaLEe3/laTHOCTI AKTHBHUX PAaJiOSNICKTPOHHUX IPWUIAJIB, HAINpUKIAJ, IiACHIOBAYiB, T'€HEparopiB Ta IIEPETBOPIOBAYiB
€JICKTPOMArHITHUX KOJMBAaHb MiTIMETPOBOrO Ta CyOMiTiMETpOBOro [iama3oHiB B yMOBaX BIUIMBY IIOTYKHHMX 3OBHILIHIX
IMITYJIbCHUX €JIEKTPOMarHiTHUX I10JiB.

Knaro4doBi cJjoBa: elekTpOMarHiTHe BHUIIPOMIHIOBAaHHS; HalliBIPOBIJHUKOBI CTPYKTYpPH; IOBEpXHEBI BiOpauii;
3aps/LKEHI YaCTUHKY; IEKPEMEHT KOJIUBaHb.

Bo30yxneHne moBepXHOCTHBIX KOJIe0aAHUI MOJTYNIPOBOIHHKOBBIX CTPYKTYP
TIPH BO3/IEHCTBHH CTOPOHHEI0 3JIeKTPOMATrHATHOI0 M3/ Ty4eHHsI

A. A. Cepxos, B. C. Bpecnager, U. B. SIkosenko, O. /I3s10eHK0

IIpeqmerom  M3ydeHWs  SABIAIOTCA  IPOLECCHl  NPOSIBICHHMS  HEYCTOMYMBOCTEH  COOCTBEHHBIX  KoieOaHWit
TOJTYTIPOBOJHUKOBBIX CTPYKTYP, KOTOpbIE OOYCIOBIECHBI MEXaHM3MAaMH B3aHMOJCHCTBHS IOTOKOB 3apsUKEHHBIX YacTHI] IPU
HAQJIMYUM MOIIHOTO BHEIIHErO JIEKTPOMAarHUTHOro uiydeHus. Llesb - monydeHue pacdeTHBIX COOTHOLIEHMH, MO3BOJIIOIINX
OIPE/ICIIATh CTENEHb OTKIOHEHHS pab0UMX XapaKTepPUCTHK MOIYHPOBOAHUKOBBIX KOMILUICKTYIOIIUX OT HOPMbI B 3aBUCUMOCTH OT
[IAPaMETPOB BHEIIHEr0 MMITY/JIBCHOTO 3JIEKTPOMArHUTHOIO HOJs. 3aaayda - IOCTPOCHHE MOJEIH B3aUMOJCHCTBHS HABEACHHBIX
BHEIIHUM IEKTPOMArHUTHBIM U3JIyYCHHEM TOKOB C JIEKTPOCTATHYECKUMH KOJIEOaHUSIMH HOIYIIPOBOAHUKOBOW CTPYKTYphl. B
OCHOBY MOJIENU TIOJIOXKEHA peaIM3alds PE3OHAHCHOIO (UEPEHKOBCKOIrO) B3aMMOJICHCTBHMS IBWKYIIMXCS 3apslioB U
NIEKTPOMArHUTHBIX KOJIEe0aHMII B YCIOBHAX, KOIJId COBIaAaroT (pa3oBas CKOPOCTb BOJIHBI M CKOPOCTh 3apSDKEHHOM YacCTHIBL.
Hcnonb3yemble METOAbI: AHAIMTHYECKHE METOZBl DEIICHHs YpaBHEHMH MakcBelula M ypaBHEHMH cCpeibl B paMKax
IHAPOAMHAMHYECKOro moaxoxa. [lomydeHsl cienyromue pe3yJbTarsl. [IpoBeneHsl uccienoBaHus —(YHKIIMOHMPOBAHUS
MOJIYNIPOBOJHUKOBBIX ~ KOMIUICKTYIOIIMX ~ JIEKTPOPaJAUOM3AEIUA B  YCIOBMAX BO3ICHCTBHSA  CHWIIBHBIX — MMITYJILCHBIX
NIEKTPOMArHUTHBIX Moyield. OnpezneneH XapakTep HW3MEHEHHIT pabOTOCIOCOOHOCTH IIONYNPOBOAHHKOBBIX KOMILIEKTYIOLIMX
JNIEMEHTHOH 0a3bl TEeXHHYeCKUMX cpeiacTB. [loka3aHO, 4YTO BIMSHHE HMIIYJIbCHOIO 3JIEKTPOMATHUTHOTO H3IYy4EHHs
COIIPOBOX/ACTCSI BOBHUKHOBEHUEM TOKOB B IMPOBOSLIMX NIEMEHTAX M3JENUH U BO3HUKHOBEHHEM COOCTBEHHBIX BHYTPEHHHX
noneid. OmperneneH OOMH M3 THUIIOB OOPAaTHMBIX OTKA30B IIOJYIPOBOAHMKOBOM 3JIEMEHTHOW 0a3bl 3IIEKTPOpaMOU3JIEIINH,
OCHOBaHHbI Ha B3aMMOJCHCTBUM TOKOB, HABEICHHBIX BHEIIHMM H3JIyYCHHEM, C COOCTBCHHBIMH HOJSIMH CTPYKTYD,
KOMIUIEKTYOIMX u3zenue. [1ono0HbIe OTKa3bl pealu3yroTCs B YCIOBUSX YEPEHKOBCKOIO M3JIY4EHMs, KOr[a TOK IMapajulesieH
rpanuie cTpykrypsl. IlokazaHo, 4TO JaHHOE B3aMMOJEHCTBHME HPUBOIUT K SHEPreTHYECKUM IOTEPSM HABEICHHBIX TOKOB Ha
BO30YX/EHHE COOCTBEHHBIX KOJIEOaHUI CTPYKTYPBI, T.€. HOSBICHUIO PEXKUMA FeHepaluy KosieOaHui, KOTOPbIH XapakTepu3yeTcs
U3MEHEHHEM  BOJBT—AMIEPHBIX XapaKTEepUCTHK pajguousienuii. BbiBoabl. IIpoBesieHHbI  CpaBHUTENBHBIH — aHAIH3
KOJIMYECTBEHHBIX OLICHOK OOpAaTUMBIX OTKA30B IOJIYIPOBOIHMKOBBIX IPHOOPOB B 3aBHCHUMOCTH OT IPOCTPAHCTBEHHOMN
KOH(HUTypaluy BO3AEHCTBYIOLIEro MOJIs, IPY KOTOPOM HaBEJCHHBIN TOK MapajeiuIeH TPaHULE CTPYKTYpBI, IO3BOJISET pellaTh
3a1audl ONTHMH3ALUM CTEHEHH UCKaKCHHs PabdOYMX XapaKTEePUCTHK JaHHBIX IPUOOpoB. PesynbTaThl, monyueHHsle B padore,
MOT'YT OBbITh MCIIOJIB30BAHBI IIPU OLIEHKE PAaO0TOCIIOCOOHOCTH aKTHBHBIX PaJIMONICKTPOHHBIX IPHOOPOB, HAIIPUMED, YCHIUTEIICH,
IEHEepaToOpoB M Ipeodpa3oBaTeneil IEKTPOMArHUTHBIX KoiaeO0aHMiIl MUIUIMMETPOBOrO U CYyOMMIIMMETPOBOIO JWAIIa30HOB B
YCIIOBUSIX BO3AEHCTBUS MOLIHBIX BHEIIHUX UMITYJIbCHBIX 3JIEKTPOMArHUTHBIX HOJEH.

KamwueBblie cioBa: QJIEKTPOMArHUTHOC H3JIYYCHHE, IOJIYIIPOBOAHUKOBLIC CTPYKTYPBI; ITOBEPXHOCTHBIC KOJ'Ie6aHI/I$[;
3apsHKCHHBIC YaCTULBI; ICKPEMEHT KoJie0aHuii.
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