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TECHNOLOGY OPTIONS FOR EMBEDDING
LOW-PROFILE ELECTRONIC COMPONENTS
IN PRINTED CIRCUIT BOARDS

In order to improve the overall characteristics of printed circuit boards, two technologies for the formation
of multilayer printed circuit boards have been developed — with the embedding of low-profile electronic
components in a layer of fiberglass and a monolithic layer of polyimide, provided that they are assembled
without soldering and welding. The indicators for quantitative evaluation of printed circuit boards with
embedded electronic components and their comparison both among themselves and with printed circuit
boards without embedded electronic components are proposed.
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Size and weight reducing of modern electronic
devices, while increasing their functionality, per-
formance and reliability is possible through the use
of new electronic technologies and to a large extent
is provided by the improvement of electronic com-
ponents (EC), first of all, of integrated circuits
and their packaging technologies. The increase in
the number of leads and a decrease in their pitch,
more frequent use of matrix arrangement of leads
under the package, the integration of several de-
vices on the chip and several components in one
package, impose specific requirements for printed
circuit boards (PCB). To increase the density of
joints, besides the use of such means as reducing
the size of the elements of the printed pattern and
increasing the number of layers, interlayer and
contact connections, it is necessary to find other
solutions that allow better adaptation of the de-
velopment of electronic components to the design
of electrical connections on PCB.

Such solutions should make the design process
more flexible and improve the PCB characteristics,
primarily electrical and electromagnetic compat-
ibility.

One of these perspective design and techno-
logical solutions is PCB with embedded ECs,
for which it is possible to use the term <«hybrid
integrated circuit board» [1—5].

For the last 5—6 years, this direction of the
development of printed circuits in electronic
equipment has been fully formed and continues
to be improved, besides it is regarded as one of
the directions that determine the development of
radio electronics [1].

Embedded electronic components are compo-
nents inserted inside a usually multilayer PCB.
They can be of two types: formed — these are
ECs that are created during the manufacturing of
PCBs on its internal layers (can only be passive)
and inserted — these are independently produced
discrete components that are placed on the in-
ner layer of a PCB during its manufacturing or
assembly (may be both passive and active, have
small dimensions, first of all thickness). More
information about the design and technological
solutions for creating PCBs with embedded ECs
can be given in Fig. 1 classification of PCBs [6].

Due to the fact that today the PCBs with in-
serted electronic components have great potential
and, thus, greater interest in use, we consider
the technological processes of embedding discrete
components.

There are a number of design and technological
solutions for the creation of printed circuit boards
with embedded ECs. All of them have their own
peculiarities, advantages and disadvantages, areas
of application. Most of them contain SMD com-
ponents for embedding that are installed on the
inner layers of fiberglass and fixed by adhesive.
In order to form electrical connections, opera-
tions typical for surface mounting are used. The
fiberglass layers with embedded components are
then pressed together with connecting layers of
semiproduct material prepreg. Thus, the ECs are
placed in the connecting layers.

Such a constructive and technological approach
to the implementation of PCBs has some disad-
vantages, primarily due to the fact that the elec-

Tekhnologiya i Konstruirovanie v Elektronnoi Apparature, 2018, Ne 1

ISSN 2225-5818




MODERN ELECTRONIC TECHNOLOGIES

[9] SOT Pappaquia YIrm sgOd Jo uorralisse]) ‘| “Sid

19]1J OTWERID
UM [eLIdjew

Paso[d j0U Jnq ‘sioke] I9IN0 oY) OLIOLIIP
uo yjdop ure}Iad B je UOPPIH danisuasojoyd
: : uo paseg
SI0)SISAI
1oAe] oy ur uoppry Ajordwo)y [T s10y1oedes E:w (TIE T —
wiry urgy QWOIYOT
I9A®] 97} UAY) IOYII] e Jey) JTWeRIA)) PN
SI0Ae] IOUUL 9Y) UO PIJUNOIN S SI0)SISOl
s10j10eded Wy urygy jo
cmwtugom I wyty 3o17) AI9A0091 =
[109AT0)) sour| padeys
HonEIUNUIWOD umop sped dn sped lopuvaly [ JTarelsty [eoTway)
| SuLIap[os Y] ,oﬂa.o-mﬁa - prIUOYH prIUOY sioj1oeded
| 19pIOS 9ARM poppaquy a » %wwwﬁm .. AWMHMW% sunurid U] |
SuLI9P[OS dn pinq orueaes _ : .
_ — _l\ MM.@M Bo:ou SIoA®[ Sse[sI1aqr) SI9Ae[ SUI)oUU0D eards SSIWII} SIOJSISAI W1y
oneAr Aq 1addoo jo Sureids oU3 Ut poppoquig || 94} UL poppaquuiy | | IARBINN [T IRus jo g owkod )
DoMOTTO U0210S A PRI ] loye[nsut jo Sunurd
_uam 1104 rerrds roke] w1J JO SIoA®[ U910
ddod jo g | A[BUIS [ | esuopuo)
SUIR0D [1DUAS [10j Toddoo d syuotuodwod
suryaje £q pawio SHIUOCWOY ANS aryyord-mo ooue S
! jonpuy 7 _ si0y1oede)) %
So[0{ 9y3 jo
uonezijieiow | | _ SI0JONPUOI PAIULIJ _ * + A ]
JTURA[R _
[ueAre mqozuw S syuauoduwod 9)aIdsIp gurjorjnuewWl pIeoq SuLinp
_ S1PEIU0D UOIDOUUO.) _ POUTOI] ] JO Surjunow [eUINU] sjuauodwod JO UOTJRWIO,]

,

,

|

SO 2ATR YIIM gOd

f

sOH aatssed yym sgOd

) ]

$d0d °191%°14

}

$40d 2[qIX°[Jul

}

O PAPPAqWL YIm gOd

ISSN 2225-5818

o 1

Tekhnologiya i Konstruirovanie v Elektronnoi Apparature, 2018,




MODERN ELECTRONIC TECHNOLOGIES

tronic components used are relatively thick, and
also the need to carefully select the technological
parameters of the pressing process in order to avoid
damage to the installed ECs during its conducting
[9]. It is possible to reduce the thickness of a mul-
tilayer PCB by using low-profile (LP) ECs [10].
However, there are certain problems associated
with the fact that since the contact pads of such
ECs are made by spraying and have copper surfaces
[10], they can not be mounted by soldering. The
inability to use conventional soldering operations
of SMD components determines the need to create
new technologies for mounting LPECs.

The purpose of this study was to develop of
technology for the creation of printed circuit
boards with improved overall dimensions with
embedded electronic components and their instal-
lation without soldering and welding.

Within the framework of the solution of the
problem, the authors developed two versions of
the PCB manufacturing technology: embedding
low-profile ECs into the fiberglass layer and
embedding low-profile ECs into the monolithic
polyimide layer. Furthermore, coefficients are
proposed that allow evaluating the efficiency of
using embedded ECs.

The technology of embedding ECs into
a fiberglass layer

The difference between this method and the
known ones [5—9 ] is that the components occupy
a volume directly in a layer of fiberglass, and not
in the connecting layer.

Besides, instead of the usual SMD components,
special LPECs are used which have the same elec-
tric parameters but lower height (Fig. 2).

The technology of the formation of multilayer
printed circuit boards with embedded LPECs is
considered on the example of implementation of

~ 05 L |
Fig. 2. Overall dimensions of SMD (7) and low-profile
resistor (2) of type 0402
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Fig. 3. The initial structure of a multilayer PCB:
1 — cores Nel and Ne2 (foil-coated fiberglass); 2 —
connecting layers (prepreg); 3 — copper foil

a 6-layer printed circuit board (Fig. 3) with such
parameters [11]:

— cores (inner layers) 7 made of a double-sided
fiberglass with a thickness of 300 pm with a 5 pm
thick foil on both sides (material FR4 0.3,/5/5);

— connecting layers 2 of a type 2116 prepreg
film with a thickness of 105 pm. Allowable number
of connecting layers in the multilayer printed circuit
boards is at least 2 and not more than 4;

— outer layers of copper foil with a thickness
of 35 um (may vary).

It should be noted, that the possibility of using
a single bonding layer depends on the nature of
conductor pattern of the printed circuit board and
the thickness of adjacent copper layers. The thicker
is the copper layer and the greater is the density
of the conductor pattern, the more difficult it is
to fill the space between the conductors with resin,
and the quality of the filling affects the reliability
of the board. This is why, for example, for a 35 ym
thick copper foil layer, one can use only a type
7628 connecting layer with a thickness of 180 pm.

Total thickness of the assembled board, taking
into account shrinkage of the connecting layers,
is about 1.3 mm.

In this example, we embed two type 0402 LP
resistors and a type 0402 LP ceramic capacitor on
core Nel, a type 1206 LP ceramic capacitor on
core No2, and a type 0402 SMD resistor on each
of the outer layers. The ratio of the dimensions of
these components is shown in Fig. 4.

The first technological operation in the PCB
manufacturing process is the preparation of cores
for the ECs installation, which involves the cre-
ation of through holes for installing components
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0.375

0.09 0.137

Fig. 4. The ratio of the dimensions of ECs:

1 — type 0402 LP resistors; 2 — type 0402 LP ceramic
capacitor; 3 — type 1206 LP ceramic capacitor; 4 — type
0402 SMD resistors

in them and through holes for further formation of
interlayer electrical connections. The holes for the
ECs installation can be of two types: round and
rectangular. Round holes can be made by means of
mechanical drilling and laser cutting. Rectangular
holes can be cut with a laser. It should be noted,
that to maintain the integrity of the structure of
fiberglass, it is of course best to use laser cutting
along the contour. According to this technology,
for type 0402 components (resistors and capaci-
tors) we cut out round holes, and a rectangular
hole is made for the type 1206 capacitor (Fig. 3).
The cross section of a multilayer PCB with holes
for the EC is shown in Fig. 6.

The next technological operation is placing and
fixing the ECs in their corresponding holes (Fig. 7).
To fix the EC, it is necessary to put the correspond-

4.2
3.2

1.5
0

1.6

2.6

Type 0402 Type 1206

Fig. 5. ECs in their installation holes
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Fig. 6. Cross section of a multilayer PCB with holes
for electronic components in internal layers

a)

Fig. 7. Mounting («) and fixing (b) of LPECs on cores
Ne1 and No2:

1 — flat surface; 2 — ECs; 3 — through transition hole;
4 — polyimide varnish

ing core on a smooth flat surface, then to insert the
component into the corresponding hole in such a
way that the contact pads are oriented downwards
and touch the supporting surface. Contact pads
must be precisely oriented according to positions,
determined by the layout of the ECs on the PCB.
After that, it is necessary to fill the void with
the ECs in such a way that the polyimide varnish
fills the entire thickness of the inner layer. For
filling holes with installed ECs, it is offered to
use polyimide varnish or epoxy resin.

After polymerization of the varnish, it is neces-
sary to electrically connect the EC contact pads
with the core copper foil layer. This is realized by
means of screen printing deposition of a copper
layer up to 3 um thick on the corresponding sites
(Fig. 8). At the same time, copper is sprayed into
the through holes for the interlayer connections.
Note, that in cases of high density of the conductor
pattern on the inner layers, it is possible to perform
a screen deposition of copper on the sites that were
formed during the polymerization of the varnish.

Then a number of normal operations are per-
formed:

— photoresist application;

— projecting the PCB pattern through the
photo mask, which should be positive, that is,
the conductor pattern should be opaque, so that
after the photoresist is developed, it remains on
the blank spaces of the board;

— developing the photoresist, washing off
unexposed areas and washing the PCB;

— galvanic buildup of an at least 25 um thick
copper layer on a conductor pattern, including the
transition holes;

—deposition of metal resist layer (tin-lead
alloy);

— photoresist removal;

— etching of copper in blank spaces and wash-
ing the board.
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Fig. 8. Stages of screen copper sputtering to create contact connections:
a — preparation of PCB for sputtering; b6 — PCB with a screen; ¢ — PCB with the formed contact connections;

1 — copper foil ; 2 — polyimide film; 3 — LPEC contact pads; 4 — LPEC; 5 — screen; 6 — screen holes integrating
the contact pads of EC with a layer of copper foil; 7 — sputtered copper layer

a) b)

Spraying copper to create contact joints

Galvanic buildup of copper, including transition holes

Etching of copper in blank spaces, washing the board

i1
Fig. 9. Scheme of the process of conductor pattern formation on cores Nel (@) and Ne2 (b):
1 — LPEC; 2 — contact pads LP EC; 3 — polyimide film; 4 — through holes; 5 — copper foil; 6 — restricted
area; 7 — deposited copper layer; 8 — photoresist layer; 9 — electroplated copper layer; 10 — metal resistor layer;
11 — conductor pattern

1
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The conductive pattern is formed on both sides
of the core as two layers interconnected by means
of metallized holes.

It is more difficult to create a conductor pat-
tern on the side of the PCB opposite the contact
pads of the ECs. When the components protrude
beyond the level of the filled varnish, a forbidden
zone is formed in which it is impossible to create
a conductor pattern. In cases, when the EC pack-
ages are sensitive to the corrosive environment
formed during the manufacturing process, they
need to be isolated.

Fig. 9 presents a diagram of the above described
technological process of combining contact pads
of low-profile ECs with core copper layers and
creating such a conductor pattern where one EC
is fixed in each inner layer: a type 0402 capacitor
in core Nel; type 1206 capacitor in core Ne2.

The prepared internal PCBs (cores) are pressed
to each other and to the outer foil layers with
interconnecting layers between them (Fig. 3).
When pressed, the layers are heated in order to
facilitate the filling of all internal cavities with
the connecting layer. Pressing regimes do not
differ from those used in the process of pressing
multilayer PCBs manufactured, for example, by
through-hole metallization. As a result of press-
ing, printed circuit boards shown in Fig. 10 are
obtained.

It should be noted that the embedded low-
profile ECs are limited in thickness — in case
some part of the EC protrudes over the core, its

1 ) 2 4

Fig. 10. The result of pressing all layers of the multilayer PCB:

1 — outer copper foil; 2 — inner layer Nel with type 0402 embedded resistors (pos. 5) and a type 0402 capacitor
(pos. 6); 3 — inner layer No2 with a type 1206 embedded capacitor (pos. 7); 4 — connecting layers
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Fig. 11. The formation of through holes 7 with their subsequent metallization
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hight should be less than the thickness of the
connecting layer, taking into account its shrink-
age during pressing. This limitation is due to the
limited thickness of the connecting layers. The
thickest connecting layer is the type 7628 prepreg
of “Shengyi” [10, 11], its thickness is 0,185 mm
before pressing and 0,180 mm after pressing. Also,
the more commonly used cores have thickness of
0,300—0,450 mm, so the embedded components
can have a thickness of not more than 0,810 mm,
but to reduce the mechanical load during pressing,
it is not advisible to use ECs with a thickness close
to the boundary values.

In our example, the thickness of the largest
selected EC is 0,375 mm, the thickness of the
core with a two-sided conductor pattern is about
0,350 mm and the thickness of the connecting
layers after pressing is 0,100 mm. Thus, after the
pressing of a multilayer PCB, the minimum thick-
ness of the connecting layer between the inner
layers should be about 0,150 mm, which satisfies
the indicated restriction.

The next technological operations are the drill-
ing of through holes and their subsequent metal-
lization (Fig. 11).

To create a finished multi-layer PCB, it is nec-
essary to form a conductor pattern on the outer
layers of copper foil, which is done using standard
operations.

Installation of the SMD and possibly other
ECs is also performed using standard technolo-
gies. A fragment of the electronic module with
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Fig. 12. Electronic module on a multilayer PCB with surface mounted components (7) and with embedded
low-profile ECs (2)

external ECs for surface mounting on a multilayer
PCB and with embedded ECs is shown in Fig. 12.

Thus, the thickness of the considered multilayer
PCB with embedded ECs is about 1.5 mm, that
corresponds to the thickness of the PCB, more
often used in electronic equipment design practice.
The described technological process allows embed-
ding components of larger dimensions than those
considered in the example.

Thus we can conclude that this technology of
embedding elements can compete with the already
known technologies, in which the components are
embedded into the connecting layer, and not into
the inner layers of fiberglass.

The technology of embedding ECs
in a monolithic polyimide layer

As a result of the embedding ECs into the PCB
according to this technology, an inner layer with
embedded ECs is a monolithic structure that is
formed by filling the form with installed LPECs by
polyimide varnish, followed by its polymerization
and the formation of a conductor pattern on this
film. The sequence of operations for implementing
such a solution is shown in Fig. 13.

Here we give some explanations to technology
operations given in Fig. 10.

— The low-profile ECs are installed in a special
form, the size of which is determined by the size
of the PCB that is created. Contact pads of the
components should be oriented downward and
fixed in the proper places.

— Polyimide varnish can be poured into the
mold to a level when some components will be
completely filled and some will protrude, or to
such level when all components are completely
varnished. In the first case, on the side of the board
opposite the EC pads, a forbidden zone is formed,
where it is impossible to create a conductor pattern.

— The 3 pm thick copper layer is formed using
screen deposition, and electrical connections of the
EC contact pads with a copper layer are formed.
At the same time, copper is sprayed into transition
holes to form the interlayer connections.

Galvanic buildup of a conductor pattern is car-
ried out until a copper layer with a thickness of
at least 25 um is obtained.

With such monolithic polyamide layers with
embedded components and conductor pattern, it
is possible to form a multilayer PCB. Such boards
are based on polyimide and are thus characterized
by a certain flexibility. For those cases where
some rigidity of the board is required, one or more
layers of glass fiber laminate can be added to the
structure of the multilayer PCB.

Indicators for quantitative evaluation of PCB

To give aquantitative evaluation of the design
and technological solutions of a PCB and as-
semblies with embedded ECs the authors propose
several indicators that can be used for comparison
of the PCBs with embedded ECs to each other,
and to the PCBs without the embedded ECs.

— Coefficient of use of embedded ECs
KUSE:NEEE/N’

where Nggc is the number of embedded ECs;
N is the total number of ECs on a PCB.

— Coefficient of use of embedded components
for the area
Nggc

N
Kyses= z SkEci S
i=1 i=1

where Sggc; is the installation area of the ith embedded
component;
Sgrc; is the installation area of any ith EC.

The coefficient of use (Kysgs) can be used for
more accurate estimation of the degree of use of
the embedded EC in comparison with the coef-
ficient ]<USE'

— The efficiency factor of the embedded EC
use for the area of the PCB:

Kgis = Spcs/Spes EEC
where Spcp is the area of the PCB without the embed-
ded ECs;
Spcg rec is the area the same PCB with the embed-
ded ECs.
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8
Application of the photoresist layer on the whole surface g
a) | ;

b)

9.
Projecting a PCB pattern through a photomask, developing a photoresist, washing the board

Galvanic buildup of the conductor pattern, including in the transition hole

Fig. 13. The technology of creating
monolithic polyimide layer with
embedded low-profile ECs not
completely varnished (@) and
completely varnished (b):

1 — form for filling; 2 — low-
profile ECs; 3 — ECs contact pads;
4 — polyimide; 5 — through holes;
6 — restricted area; 7 — copper
deposited layer; 8 — contact pads
connected with a copper layer;
9 — photoresist; 10 — galvanically
builded up copper layer ; 1/ — metal
resist; 12 — conductor pattern
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— The efficiency factor of the embedded ECs
use for the height of the PCB:

K, =

where hpcp is

= hpcs/hpcs EEs:

the height of the PCB without embedded
ECs;

hpcp scc is  the height of the PCB with embedded
ECs.

— Length reducing factor for the connections
on the printed circuit board:

Ky =L/ Lggs,
where Lpcp is the total length of the connections on
the PCB without embedded ECs;

Lggc is the total length of the connections on
the PCB with embedded ECs.

It should be noted that the problems that arise
in high-speed electronic modules are associated
with signal integrity [12, pp. 260 —263], which,
in turn, depends on the length of electrical connec-
tions. So, using the K; factor you can indirectly
evaluate the printed circuit boards by the integrity
of the signals being transmitted.

Conclusions

Thus, two versions of the EC embedding tech-
nology in printed circuit boards have been devel-
oped: embedding low-profile ECs in the fiberglass
layer and in a monolithic layer of polyimide in the
conditions of their installation without soldering
or welding. Both methods allow improving the
overall characteristics of printed circuit boards
with embedded electronic components and can
compete with known technologies. The indicators
proposed for the quantitative evaluation of vari-
ous design and technological solutions can help in
carrying out studies of PCBs with embedded elec-
tronic components for their further development.
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BAPIAHTU TEXHOJIOTII BBYJOBYBAHHS HU3bKOIIPODIJIbHUX
EJEKTPOHHIX KOMIIOHEHTIB ¥V APYKOBAHI IIJIATU

Apyxosani naamu ([I1) 3 66ydosanumu eieKmpoOHHUMU KOMNOHEHMAMU € OLAbU CKAAOHUMU KOHCIPYKYUIAMU
y nopiensnni 3i 3euuatnumu 6azamowaposumu /JAI1, aze, 6e3 cymmnisy, maomov nepesdazu i NepcneKmusu npu
supiwenni npobaem MiKpoMiHiamopuzayii erekmponnux npucmpois. Texnonoezii 0as ix peanizayii nocmiino
PO36UBAIOMBCS, d MAKOXK, WO OCOOIUBO GANKIUBO, 30INGULYEMbCS HOMEHKAAMYPA eNeKMPOHHUX KOMNOHEHINIE
(EK), adanmosanux 015 66y006yeanns.

Bb6ydosani enexmponni KOMROHEHMU — Ue KOMNOHEHINU, POIMAULOBAHT 6Cepeduti, K NPAeuio, OAzamouLaposoi
cmpyxmypu JAII. Bonu moxymo 6ymu deox munis: chopmosani — ue EK, sxi cmeopioomuvcst y npoueci eu-
20MOBACHHSL ZZH Ha ii 6Hympiwuix wapax ( MOKYMY 6ymu mi/szu nacueuuMu) 6CMABACHT — Ue He3ANeKHO
ns uu 36ipru (MoKYMv GYmu AK NACUSHUMU, MAK | AKTNUSHUMU, MAIOMb HEBEAUKT POIMIDU, 8 NepuLy uepey mog-
wuny ).
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YV danii pobomi 3 memow noxpawenus 2adaApumMHUX Xapaxmepucmux OpyKosaHux naam po3podieHo mexnoaioeii
ymeopenns 6azamowaposux /Il 3 66ydosanumu nusvkonpopirvnumu (HII) erexmponnumu KoMnoHenmamu
Y Wap CKAOMEKCMOAIMmY md Yy MOHOJIIMHUL Wap NOALIMIOY, AKI MOHMYIOMbCA 0e3 NASIHHS MAd 36APIOEAHHSL.
Hepwuii cnoci6 66ydosyeants i0Pi3HAEMbCS 610 8100MUX MUM, U0 KOMROHEHMU POIMIUYIOMbCSL He Y CROLYYU-
HOMY wapi, a 3aimnaoms 06’em 6eanocepednvo y wapi ckaomexcmosimy. Ipu suxopucmanni opyzoi mexnonozii
sHympiwnid wap i3 e6yodosanumu EK € 00HI€I0 MOHOLIMHOIO KOHCMPYKUIEIW, AKA YMEOPIOEMBCS 3d OONOMO-
2010 3ausanms gopmu 3 ecmanosrenumu HIl EK noniimionum naxom 3 nodaivworn tozo noaimMepusayicto ma
BUKOHAHHAM NPOBIOHUK08020 PUCYHKY Ha yitl naisui. Obudea cnocodu 003604110Mb NOKPauUMU 2ddapumui xa-
paxkmepucmuxyu Opyxoeanux niam 3 60Yoo8aHUMU eNeKMPOHHUMU KOMNOHEHMAMU | MOKYMb KOHKYPYSAMU i3
68100MUMU MEXHOJOZIAMU.

Kpim mozo, 015 xinvkicnozo ouiniosanms pisHux KOHCMpYKMopCoKo-mexuoaoziunux piwens /I ¢ pobomi 3a-
NPONOHOBANO NOKASHUKY, SIKT MOXKYMb donomozmu npu nposedenni docaidxens [AI1 i3 e6ydosanumu EK 0as no-
0anvbwozo ix po3sumxy.

Katouosi crosa: 66ydosani erexmponni xomnonenmu, OpyKoeamni niami, Hu3vKonpopiiohi eieKxmponni KomMno-
Henmu, CnoAYUHI Wapu, NOALIMIOHUL JdK.
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BAPUAHTbBI TEXHOJIOTMN BCTPAUBAHNA HU3KOIIPOD®UIBHOM
DJIEKTPOHUKU B IIEUATHDBIE I[IJIATBI

ITewamuvie naamor (I1I1) co ecmpoennbimu 31EKMPOHHBIMU KOMROHEHMAMU AGASIOMCS 60/ee CIOKHOIMU KOH-
CMPYKYUSAMU NO CPABHEHUIO ¢ 00blunbLMU MHozocaotUnbMu TTTT, HO, 6e3 coMuenuss, umelm npeumywecmsd u nep-
CREKMUGvL NPU peuenu nposaem MUKPOMUHUAMIOPUIAUUY IAeKMpornblx ycmpotcms. Texnonozuu 0as ux pea-
AU3AUUYU NOCMOSIHHO PA3BUBAIOMCSI, d MAKIKe, WMO 0COOCHHO BAKHO, YEEAUUUBACTNCS. HOMEHKAAMYPA INEKMPOH-
nowxe kKomnonenmog (DK ), adanmuposanivlx 0is 6cmpauganus.

Bempoennvie anexmponmnvie KOMNOHEHMbL — IMO KOMNOHEHMbL, PACNOL0KEHHbIe GHYMPU, KAK NPASUNO, MHOZO-
caotinot cmpyxmypot I, Onu mozym 6vims deyx munos: copmuposannvie — amo IK, komopuvie cozdaiomes.
6 npouecce uzzomosaenus I na ee enympennux caosx (mozym 6o moavko NACCUSHIMIU), 6CINABIEHHbIE —
MO HE3ABUCUMO U320MOBACHHBIE OUCKPEMHbIe KOMNOHEHMbL, KOMOpble pasmewatom na eénympennem caoe I111 6
npouecce ee uzeomosaenus uiu coopru (Mozym 6vimy KAK NACCUBHLIMU, MAK U AKMUGHLIMU, UMEIOM HEGObULUE
pasmepul, 6 nepeyio ouepeds MOIUUNHY ).

B dannoii pabome ¢ yeavio yayuwenus 2a6apumnulx XapaKxmepucmux neuamuulx nadm paspadomanst mexHo.io-
euu o6pasosanus mnozocaotinoix I co ecmpoennvimu nuskonpopurvnvinu (HII) snexmponnvinu xomnonenma-
MU 8 CIOU CMEKJIOMEKCIMOIUMA U 8 MOHOJUMHbLL CJOT NOJUUMUOD, KOTOPble MOHMUPYIOMCS 6e3 naiKu u ceap-
xu. Ilepsoitl cnocob ecmpausanus OMaUdAemcst Om U3geCmHvLX MeM, Mo KOMROHEHMbL PA3MEUAIOMCSL He 6 C85i-
3yrowem cioe, d 3aHUMAaom o6seM Henocpeocmeento 6 cioe cmekiomexcmoaumad. Ipu ucnoavsosanuu 6mopoil
MEeXHOA02UU GHYMPEeHHUL C0U cO ecmpoerHbimu DK a6.155emcs 00HOU MOHOIUMHOU KOHCMPYKYuell, Komopdas 06-
pasyemcs ¢ noMoupro 3aausku opmol ¢ yecmanosaennoimu HII K noruumuonoi raxom ¢ nocaedyoweti ezo no-
JUMEPUIAYUET U BLINOIHEHUEM NPOBOOHUKOB020 PUCyHKa Ha Imoi nienke. Oba cnocoba no3eosIom Yayuuums
2abapummule XApaKmMepUCMUKU NeYdmnvlx NAdAm co GCMPOCHHHIMU ILEKINPOHHBIMU KOMNOHEHMAMU U MOZYM KOH-
KYpupoeamv ¢ u3eeCmHulMu MexHOI02UIMIU.

Kpome mozo, 015t Ko1UMECMBEHNOU OUCHKU PASIUYHBIX KOHCMPYKMOPCKO-mexnosozuneckux pewenut I1I1 6 pa-
bome npedaoKeHvl NOKA3AMe U, KOMOpble MOZYm noMous npu nposedenuu ucciedosanuti I111 co ecmpoennvimu
OK 0asi danvretiwezo ux pazsumusl.

Knwouesvie crosa: B6CMPOECHHBLE IIEKMPOHHLIE KOMNOHEHMbL, neuammuwvle nidmol, Hu37<0npod)wszbte INEKMPOH-
Hble KOMNOHEHMbL, coedunumenvHvie caou, NOJUUMUOHOU JAK.
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