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LocnioxeHo ennue XxiMidHOI 06pOobKU MogepxHe8o20 pupPoOHO20
OKCUOHO20 wWapy Ha 60/lbm-aMrepHi xapakmepucmuKku MpsMo20 ma
380POMHO20 CMPYMI8, @ MaKoX Ha ¢homoesieKmpuYHi erracmusocmi p-n
nepexodie Ha ocHosi GaAs. Obpobka rnosepxHi HariernpogiOHUKie mury
A3B° nposodunacb 3a O0ONOMO20K HAHECEHHSI Ha Hel 800HO20 PO3YUHY
cynbidy Hampiro. AHania pobomu riokasase, wo 0aHa obpobka makux p-
n rnepexodie cymmego 3MeHWYe WiNbHICMb Mo8epXHe8UX CmaHie, a
omxe, | 3MeHWye weudKicmb rnogepxHeaoi pekombiHauji, i 8i0rnoeioHo,
3MEeHWYye npsmMul ma 3860pOMHUL CMPYMU 8 Harierpo8iOHUKY.

Knroyosi crioea: HaniernpogiOHUKU; p-n nepexio; amomu CipKu;
rnaccusauisi; NnoeepxHs;, pekombiHauitiHa weuodKicmb, criekmp; npsamul ma
380pPOMHUU CMpPYMU.

boedaH O. B. , kaHOuGam ¢husuko-mamemamu4deckux Hayk Tapacesuy
L. B., lLlyzaposa B. B. BnusiHue xumu4deckux obpabomok rosepxHocmu
Ha Xxapakmepucmuku  rnosnynpoeodHukoe muria A3B5 / Odecckas
eocydapcmeeHHass akademusi cmpoumesnibcmea U apxumekmypsl,
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UccnedosaHo ernusiHue xumudeckol obpabomku rnoeepxHOCMHO20
HapyWweHHO20 Cri0si Ha 80/1bM-aMrepHbIe XapakmepucmuKu rpsmMo2o u
obpamHO20 MOKO8, a makxe Ha ¢homoanieKmpudyeckue ceolicmea p-n
rnepexodos Ha OCHoge GaAs. Obpabomka rnosepxHocmu
nonynpogodHukoe murna A3B5 npoeodunacb ¢ MOMOWbk HaHeceHuUs Ha
Hee 800HO20 pacmeopa cynbguda Hampus. AHanu3 pabombi rokasar,
ymo makas obpabomka OaHHbIX p-n repexodos8 rnpusooum K
YMEHbWEHUIO ckopocmu noeepxHocmHol  pekombuHauuu, u
COOMBEMCMBEHHO, K YMEHbWEHUK MpsiMo20 U obpamHO20 MOKo8 8

I'IOJ'IyI'I,DOGO@HUKe.
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npsmou u obpamHbIlt MOKU.

Introduction

In the world of optoelectronics, p-n junctions based on GaAs and
other semiconductors of the A3B® group are widely used. Based on these
materials, it is possible to create LEDs, photodiodes, solar cells,
semiconductor lasers and other devices [1]. It is known that the type of
such semiconductors has a very high density of surface states. In this
case, surface recombination in such semiconductor devices is usually
nonradiative, and reduces the quantum yield of electroluminescence,
increases the laser generation threshold, leads to a sharp decrease in the
photosensitivity of p-n junctions in the short-wave region of the spectrum
[2]. All this can be explained by the fact that in these p-n junctions there is
a disturbed surface layer that causes certain processes, leading to a
deterioration in the operation of such semiconductors [1]. In this layer, the
dislocation density of electrons and holes is usually several orders of
magnitude higher than in the volume of the semiconductor and there may
exist areas of disorder in the atoms. The presence of such a layer leads to
an increase in the rate of surface recombination both within the surface
disturbed layer and at the boundary of the "semiconductor-environment"
layer [2]. The purpose of this work was to find out what effect chemical
treatment has on the application of sulfur ions on the surface of a
disturbed layer on the current-voltage characteristics of direct and reverse
currents and on the photoelectric properties of p-n junctions based on
GaAs. The real surface of the semiconductor is in constant contact with
the environment, various kinds of chemical compounds, as a result of
which adsorption of various impurities, foreign atoms and molecules from

these sources is possible on the surface. All this leads to the appearance
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of states localized on the surface of the semiconductor, which, depending
on the degree of affinity to the electron and hole, positions of the Fermi
levels can manifest themselves as donor or acceptor trapping centers or
recombination traps of electron-hole pairs [3]. At room temperature, most
impurities are usually ionized, that is, at surface levels there are charges.
To reduce the undesirable action of the surface and the interface, the
properties of devices based on A3B° semiconductors have been
developed by different methods of surface treatment associated with the
application of different coatings on it, for example, passivation of sulfur
ions from an aqueous solution [1, 3]. At the same time, chemical and
electronic passivation reduces the density of surface states in the
forbidden band, the rate of surface recombination decreases and the rate

of oxidation of the semiconductor surface in air decreases significantly [4].
Results

A GaAs-based sample was used to measure the effect of the
disturbed layer on the photocurrent spectrum in p-n junctions. The
photocurrent spectrum was measured as the dependence of the
magnitude of the signal on the voltmeter on the photon energy, which was
set by rotating the monochromator drum. In order to take into account the
dependence of the photon flux after the mechanical modulator, which falls
on the sample from their energy, the spectrum of the germanium
photodiode was used, since for a given photodiode the quantum yield
does not depend on the photon energy in a wide spectral interval. First,
measurements were made on the original samples, i.e. not treated with
chemical solution. After this sample was immersed in a 30% aqueous
solution of H>SO4, with different residence times in solution [5]. The

sample was then dried in a stream of cold air for two hours.
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Fig. 1. Photocurrent spectra: 1 —
before processing; 2 - after

chemical treatment.

Figure 1 shows the photocurrent spectra of a GaAs-based p-n

junction

measured before the treatment (curve 1) and after chemical treatment of
the disturbed surface layer (curve 2). Curve 1 has a maximum near the
width of the forbidden band and a sharp decrease in the short-wave
region. This short-wave photocurrent decay in the literature is associated
with surface recombination. The rate of surface recombination can be

determined from formula
R, =S8 ng (1)

where Rs is the intensity of surface recombination, ns - concentration of

minority carriers in the surface layer.
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If 7is the lifetime of the electron in the volume of the p-region, L is the
diffusion length, then in the surface region the diffusion length decreases

to the value Ls determined by formula

L, L
s ] 2
L S 7T @)

The magnitude of the photocurrent /s with a weak absorption of light is
proportional to L, and /s is strongly proportional to the strong absorption of
light Ls. Then the ratio of the maximum value I/ to the value of the

photocurrent value in the short-wavelength region

L
n .2 =k, 3
; ©

To study the effect of a surface disturbed layer obtained as a result of
chemical treatment, the current-voltage characteristic of a direct current

was treated with a solution of sodium sulphide with different durations.

In Fig. 2, the forward-current /-V characteristic before processing
(curve 1) and after processing (curve 2) is presented. Analysis of the
curves showed that, after chemical treatment, the forward current of the p-
n junction significantly decreased, by approximately an order of
magnitude. This indicates that in samples based on GaAs the main
contribution to the direct current at voltages U <1V gives a recombination

of charge carriers in the near-surface disturbed layer.

And also indicates that at U <0.4V chemical treatment of the
disturbed layer leads to a decrease in the non-ideality coefficient. The

application of sulfur ions to the surface of GaAs leads to a decrease in the
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rate of surface recombination. But it should be expected that surface
treatment with sulfur ions can increase the quantum vyield of
electroluminescence in light-emitting diodes and reduce the threshold

generation current in semiconductor lasers.
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Fig. 2. Volt-ampere characteristics of
forward current: 1 — before processing; 2
— after chemical treatment.

Analogously, the current-voltage characteristics of the reverse

currents presented in Fig.3.

Curve 1 was measured before processing, curve 2 - after treatment
with sulfur ions. Comparison of the curves shows that the removal of the

damaged layer reduces the reverse current by a factor of 10-30.
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This suggests that the main contribution to the reverse current of p-n
junctions with a passivated surface is the generation of nonequilibrium
charge carriers in the disturbed layer. Analysis of the curves measured at
different times of chemical treatment indicates that after the application of
sulfur ions the reverse current becomes unstable, and at voltages U> 5V.
Consequently, chemical treatment of the surface of the p-n junction by

sulfur ions can improve the characteristics of the current-voltage
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Fig. 3. Volt-ampere characteristics of
reverse current: 1 — before processing;
2 — after chemical treatment.

characteristics of the reverse current at large displacements.

Conclusions
The results of the photocurrent spectrum obtained after chemical
treatment of the surface with sulfur ions indicate that at a coefficient k =

3.95, the surface recombination rate is equal to the value S = 1.5-10°

cm/s.
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Thus, chemical treatment of the surface with sulfur ions significantly
reduces the rate of surface recombination. On the basis of the obtained
results, it can be concluded that chemical treatment of the near-surface
disturbed layer substantially reduces the forward and reverse current in p-
n junctions at low injection levels, reduces the surface recombination rate
to a value of the order of 3-10° cm/s, and such processing can be used to
increase the operating parameters photodiodes and LEDs based on

gallium arsenide.

References:

1. Bessolov V. N. Chalcogenide passivation of IlI-V semiconductor surface
(a review)/ V. N. Bessolov, M.V. Lebedev // Physics And Technology Of
Semicondactors. — 1998. — vol. 32, Ne 11— p. 1281-1289.

2. Henry C. H. The effect of surface recombination on current in AlxGa1-
xAs geterojunctions/ C. H. Henry, R.A. Logan, F.R. Merrit // Journal of
applied physics. — 1978. — vol. 49 — p. 3530.

3. Lebedev M. V. Adsorption of solvated hydrosulfide ions at GaAs(100)
surface: Role of solvent in the surface structure modification / M. V.
Lebedev, Th. Mayer, W. Jaegermann // Physics And Technology Of
Semicondactors. — 2004. — vol. 38, Ne 2 —p. 156-163.

4. Lebedev M. V. Valence band photoemission, band bending, and
ionization energy of GaAs(100) treated in alcoholic sulfide solution / M. V.
Lebedev, M. Aono // Journal of applied physics. — 2000, — vol. 87, — p.
289.

5. Bogdan O. Sulphur activation of p-n junctions on GaAs as gas sensors/
O. Bogdan, O. Ptashchenko, F. Ptashchenko, N. Masleyeva // Visnyk Lviv
Univ. - Ser. Physics. — 2010. - is. 45.- p. 177-181.

YK 666.946.4



XXYPHAI HAYKOBUI OrNAL Ne 4(47), 2018

KOPO3INHA CTIAKICTb LEMEHTIB 3 KAPEOHATHUMM
OJOBABKAMU

KaHAMAaT TeXHiYHUX Hayk, Tokap4yk B. B., inxxeHep KoBaneHko 1O. O.
HauioHanbHU TeXHIYHMIA YHiBEpCUTET YKpaiHn « KMIBCbKM NOMITEXHIYHUI

iIHCTUTYT iMeHi Irops Cikopcbkoroy, YkpaiHa, Kuis

Po3arnsiHymo ernnue Kpuxkux ma WinbHuUx kapboHamHux ropid Ha
grracmusocmi rnopmaHouemeHmy. BcmaHoeneHo, wo eeedeHHs Kpeldu
8 uemMeHm npu3eodumb 00 MiIOBUUWEHHS HOPManbHOI  2yCmuHU
UeMeHmMHo20 micma, 88e0eHHs 8arHSKy Ha uel MoKa3HUK rnpakmu4yHo He
grisiueae. [JodasaHHsi 060x 0obasoK 8 yemMeHmMuU rocmyrnoeo CKOPOYye
CMPOKU myxXaerieHHs1 ocCmaHHIiX. [ocrnioXeHO KOpo3ilHy cmilKicmpb
3paskie uemeHmie 3 O0obaekamu eariHsKy ma kpeudu. [JosedeHo, W0
88€0€HHS WINbHO20 BarHsKy pu3eooumes 00 MEHWO020 3HUXEHHS
MiUyHOCMIi UeMeHMHUX 3pa3kKie y rOPI8HSIHHI i3 3pa3kamu 3 Kpeuoor, a
88e0eHHs1 ocmaHHbOI Oew,o nidsuwye KopogaitHy cmilKicme Mamepiaris.

Knwuosi crnoea: uemeHm, earnHsK, Kpeuda, Ii3UKO-MexaHidHi
grracmueocmi, KopoaitiHa cmitikicmeb

KaHOuOam mexHu4Yeckux Hayk, Tokap4dyk B. B., uHxeHep KosaneHko
KO. O. Kopo3uoHHasi cmouKocmb UeMeHmo8 ¢ KapboHamHbIMU
dobaskamu / HayuoHarnbHbIU mexHu4Yeckul yHusepcumem YKpauHbi
«Kueeckul nonumexHudeckut uHcmumym umeHuU Mzopsi CUKOPCKO20»,
YkpauHa, Kues

PaccmompeHo ernusiHue KpOoXKUX U MiomHbIX KapboHamHbIX rnopoo
Ha ceolicmea nopmiraHouemMeHma. YcmaHo8ieHo, Ymo esedeHue mersna 8
uemMeHm rpueodum K roebIWeHU0 HopMarbHOU 2ycmombl UeMEHMHO20
mecma, 88edeHuUe U38eCMHSKa Ha 3mom rokaszamesib npakmu4yecku He
gnusem. [JobasneHue oboux 006aBok 8 uemMeHmbl MOCMerneHHo

COKpawaem CPOKU cxeamsbleaHus rocriedHeeo. UccnedosaHa
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KOppO3UoOHHasi cmoukocmb 0bpa3uyos uyemeHmos ¢ dobaskamu mena u
uzeecmHsika. J[lokazaHo, 4moO e8edeHuUe [/IOMHO20 U3B8EeCMHSIKa
npueoouUM K MEeHbWEMY CHUXEHUKO MPOYHOCMU UeMeHMHbIX 0bpa3yos 8
cpasHeHuUUu ¢ obpasyamu ¢ MesioM, a egedeHue rocredHe20 HEeCKOsIbKO
rnosbilaem KOpPO3UOHHYI0 cmoUKoCcmb Mamepuarios.

Knoyeeblie  crioga: uemeHm,  U38eCMHSK, Mefl,  (bU3UKO-
MexaHu4yeckue ceolicmea, KOppO3UOHHas CMoUKOCMb.

PhD, Tokarchuk V. V., engineer Kovalenko Y. O. Corrosion
resistance of cements with carbonate addstives / National Technical
university of Ukraine “ Igor Sikorsky Kyiv Polytechnic Institute”, Ukraine,
Kyiv

The influence of crumbly and dense carbonate strata on the
properties of Portland cement was examined. It is established that the
effect of appending a chalk to the cement is to increase normal
consistency, the effect of appending a lime on this indicator is virtually
unaffected. Adding of both additives in cements gradually reduces setting
time. Corrosion resistance of cement samples with chalk and lime
additives was investigated. It is proved that the effect of appending a
dense lime on cement samples strength is minor compare to samples with
chalk, but the effect of appending the last one on corrosion resistance of
materials is slightly improves.

Key words: cement, lime chalk, physical and mechanical properties,

corrosion resistance.

BcTtyn. OcTaHHiM Yacom Bce GinbLIoro po3noBCOIKEHHS 3HAXOAATb
LEMEHTM 3 BMKOPUCTAHHAM KapOoHaTHMX nopig. [depxaBHwWii cTaHgapT
YKpaiHn Ha nopTnaHAUeMeHTU 3aranbHO OyaiBenbHOro npusHayeHHs
nepenbadyae MOXNUBICTb BUKOPUCTAHHSA KapOOHaTHUX MOpia B SIKOCTI

nobasku npu BUPOBHMUTBI nopTnaHauemeHTty [1]. Kpim Toro, wBsuako
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PO3BMBAETLCA BUPOOHULUTBO Cyxux ByaiBenbHUX Cymillen B cCKnagi SKux
TaKOXX BUKOPUCTOBYOTLCA KapboHaTHI nopoaw.

KapboHaTHi nopogn martTb LOCUTb LUMPOKMWA dianas3oH ckragy Ta
BNacTMBOCTEN: BOHU MOXYTb OyTM PIi3HOI LWINLHOCTI Ta CTPYKTYpPMW.
Hanbinbwmnn iHPHC BUKIMKAKOTL LWiNbHI BanHAKA Ta Kpuxka kapboHaTHa
nopogda — Kpenga. BcTtaHOBNEHO, WO TOHKOMeNeHun kapOoHaT KanbLito
npuMMae akTMBHY Yy4yacTb Yy OpMYyBaHHI (¢a3oBOro ckragy Ta
MIKPOCTPYKTYPU LEeMEeHTHOro KameHio [2,3]. BpaxoBywounm uen dakt €
BaXXMMBUM BCTAHOBUTU, SK BMNNMBAE BBeAeHHSA KapOoHaTHMX nopig Ha
KOPO3iNHY CTINKICTb LleMeHTiB. Cy4acHe yABNeHHS Ha KOpOo3ito LLeMEeHTHOro
KaMeHIo y3aranbHeHO B poboTi [4]. 3aranom, npouecu KOposii MarTb
XiMiYHY i pi3nyHy cknagoBy. XiMiYHa NoB'A3aHa 3 MOXIMBICTIO MNPOTIKaHHSA
XiMiYHMX peakuin cknagoBux LUeMeHTy (kniHkep, p[obaskn, rinc) i3
CKNagoBUMN arpecuMBHUX PO34MHIB, B pesynbTaTi d9kux BiabyBaloTb pan
nepeTBOpeHb, WO i NPU3BOAUTb A0 PYMHYBaHHA LEMEHTHOrO KaMeHt. Y
NPUCYTHOCTI iOHIB cynbdaTy S0Z~ BigbOyBalTbCA XiMiYHi peakuii 3
YTBOPEHHSAM TiMCy Ta iHWMX CNOSYK, AKi MOXYTb BNANBaTN Ha pyMHYBaHHA
KameHtio [5]. Takmm 4YMHOM, MOXHaA [OOMYCTUTWU, WO B arpecuBHOMY
cepenoBuLli ioHM cynbdgaty 6yayTb pearyBatm 3 kapboHaTamu, SKi
3HaxoOdaTbCa Onmx4ye OO MNOBEPXHi LEMEHTHOro KaMeHw, i TUM caMum
3HWXKYBaTM HeraTMBHUM BMNJIMB arpecuBHMX PO3YMHIB HaA  MILHICTb
LleMEHTIB.

MeTta Ta 3aBpaHHsA aocnigxeHb. Ha niacrasi Buwe HaBeOeHoro,
METO pobOTU € MNOPIBHAHHA BMAMBY Pi3HMX KapbOHaTHUX MaTepianis
(LWLiNBHOrO Ta KPUXKOro) Ha BMacTUBOCTI Ta KOPO3iMHY CTIMKICTb LIEMEHTIB.
[ns [OOCArHeHHA nocTaBfeHol MeTu HeobxigHo gocnigutu  BNMUB

KOHLEHTpauiT fobaBok kKapboHaTHUX Nopig Ha Pi3nKo-MeXaHiYHi
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Mpu npoBefeHHI AocnigXeHb BUKOPUCTOBYBaANM MnopTnaHaueMeHT
tvny [U-1 mapkmu 500, winsHUM BanHAK AnNbMIHCLKOro pogoBuLlia Ta
Kpengy banaknincbkoro pogosuiua.

byno BuMBYEHO i3nKO-MexaHi4YHI  BNAcCTUBOCTI  LUEMEeHTIB 3
KapOOHaTHUMKW HanoBHKOBaYaMu. BuBuyanucs Taki NOKa3HUKWU: HOPpMarsbHi
rycTMHa LEeMEHTHOro TiCTa, CTPOKMN TY)XaBNeHHSA Ta MILHICTb 3paskiB Y Billi
2,7, 28 nib.

HopmanbHa ryctuHa Ta CTPOKM TYXaBJIEHHA LEMEHTHOro TicTa
HaBegeHi B Tabn. 1.

Cnig 3asHaunTi, Wo gobaBky BanHSKYy i Kpernau Oewo no pisHoOMY
BNSIMBAOTb Ha HOpPMarbHY FYCTUHY LEeMeHTHOro Ticta. [lpu BBeOeHHi
Kpengn Big3HayaeTbCs NocTynose 30ifbleHH HOpMarnbHOT NYCTUHK, Xo4ya
| He3HadyHe. A npu BBEOEHHI BarHAKy He3HayHe 3HWKEHHS LbOoro
nokasHuka. CTPOKKN TyXaBIeHHs, nNpu BBeAeHHI 060X A00aBOK NOCTYNOBO

CKOPOYYIOThCH.

Tabnuusa 1
HopmanbHa rycTuHa Ta CTPOKMU TyXKaBJIeHHA LLleMEeHTHOro TicTa

CTpOKM Ty>KaBneHHs, r-xB
Cknag cymiwi, mac.%
HI, %
MovaToK 3aKiHYeHHs
LiemeHT Kpenpga | BanHsak

100 - - 25,0 1-20 2-55
90 10 - 25,0 1-18 2-48
80 20 - 26,0 1-10 2-37
70 30 - 26,0 1-15 2-30
60 40 - 26,0 1-10 2-25
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90 - 10 25,0 1-10 3-00
80 - 20 24,0 1-00 2-40
70 - 30 24,0 1-00 2-30
60 - 40 24,0 1-00 2-15

[MoKa3HMKM MILHOCTI LeMeHTiB 3 gobaBkamu BanHAKY i Kpenau
HaBegeHi B Tabn.2.
Tabnuuga 2

MiuHicTb LeMeHTIB 3 AoGaBKaMu BanHsKy i Kpenau

MiuHicTb 3paskiB npu ctucky, Mla, y Biui, Aiod.
Cknag cymiwi

2 noba 7 noba 28 pnoba
LlemeHT 13,0 24,5 52,7
LlemeHT + BanHsak 10% 17,6 23.5 54,6
LlemeHT + BanHsak 20% 15,6 20,5 51,4
LlemeHT + BanHsak 30% 9,0 17,0 45,9
LlemeHT + BanHsak 40% 5,6 12,3 42,3
LlemeHT + kpenga 10% 16,3 24,3 49,5
LlemeHT + kpenga 20% 14,8 21,0 42,8
LlemeHT + kpenga 30% 11,5 19,8 39,8
LlemeHT + kpenga 40% 8,3 14,3 32,0

OTpumaHi pesynbTaTtn 403BOMATL 3p0OUTN BUCHOBOK, WO fobaBka
BanHAKY OifbLlU MO3UTUBHO BMSIMBAE HA MILHICTb LEMEHTIB Y MOPIBHSAHHI 3
aobaskoto kpengn. Tak, Hanpuknag, npu KoHueHTpauii 10 mac.% nobaBok
MiUHICTb UeMeHTiB y Biui 28 ai6 cknapgae, signosigHo 54,6 npotmn 49,5
Ml 1a.

3aranomMm, MiUHICTb uUeMeHTiB 3 [06aBKOK BanHAKY MepeBuLLye
MiUHICTb 3 [gobaBKOW Kpengnm B YCbOMY BWUBYEHOMY [JianasoHi
KOHLUEeHTpauin.

KoposinHa CTiKiCTb UEeMeHTIB 3 kKapboHaTHMMKM agobaBkamu

Bu3Ha4yanacb B poddinHax NaxS0s4, MgSO4, CaSO4 Ta MOpCLKIN BOA,.
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OuiHoBanNM Kopo3iHYy CTINKICTb 3a KOeIiLIiEHTOM CTIMKOCTI, AKUN
BU3HA4Ya€eTbCS SIK BiAHOLWEHHST MILLHOCTI 3pas3KiB LEMEHTIB, siki 36epiranucs
B arpeCcMBHUX pPO34YMHaxX 4O MILHOCTI 3pasKiB LeMeHTIB, ki 30epiranuca y
BOZOMPOBIAHIN BOA,.

PesynbTatv pgocnigpkeHb MO BW3HAYEHHKO KOPO3iMHOI  CTIMKOCTI

LIeMEHTIB ¢ KapOboHaTHUMM AobaBkaMy NpeacTaBneHHi B Tabn.3.

Tabnuuya 3
KoedildieHT cTiMKOCTi LLeMeHTIB 3 BanHAKOM Ta Kpenaoro, y Biui 180
Aiob
Cknag cymiwm Na;SOs | MgSO: | CasSOs | Mopcoka

BoAda
LlemeHT 0,71 0,81 0,69 0,52
LlemeHT + BanHsK 0,76 0,76 0,71 0,49
10%
LiemeHT + BanHsk 0,73 0,68 0,73 0,46
20%
LlemeHT + BanHsK 0,71 0,63 0,72 0,43
30%
LlemeHT + BanHsK 0,68 0,59 0,69 0,39
40%
LlemeHT + Kpenpga 0,78 0,72 0,79 0,51
10%
LlemeHT + Kpenpga 0,76 0,71 0,73 0,48
20%
LlemeHT + Kpenga 0,73 0,66 0,71 0,45
30%
LlemeHT + Kpenpga 0,71 0,61 0,7 0,41
40%
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Akuio nopiBHIOBaTU KoediUIEHT CTIMKOCTI LemMeHTiB 6e3000aBoO4YHOro
i 3 KapboHaTHMMK gobaskamu y Biui 180 Ai6, To MOXHa 3pOOUTN BUCHOBOK
LLIO LLeMeHTn 3 Ao0aBKOK Kpenam MatoTb BinbLl BUCOKMIA LIEN MOKA3HUK HiX

y uemMeHTiB 3 fob6aBkoto kpengm (puc. 1).

i B [[eMeHT
‘_ Bannusxk
| m Kpeiiga

cyibdar cyibdar cyibar  MopchKa Boaa
HaTpIIO MarHiro KaJIbIIIO

) ) )

)

) ) )

)

Koegiuienr criiikocti, KC
o O O O‘JCD o O OO
S = W s Oy ] OO ND

Buja arpecHBHOIO pO34HHY

Puc. 1. KoedilieHT CcTiMKOCTI LLeMeHTIiB B arpeCUBHMUX pPO34YUHaX
y Biui 180 ai6

MoxHa BigMITUTK, WO HaWOiNbll arpecMBHUM € PO34YMH MOPCHLKOI
BOOM, SIKa MIiCTUTb B CODI, ik cynbdaTth Tak i ioH MarHito, Lo i NpM3BOaUTb
A0 3Ha4yHOol BTpaTWU MILHOCTI LEMEHTIB Yy MOPIBHAHHI i3 3paskamu, 4Ki
3b6epiranuca y BogonpoBigHin BOAI.

30BHILLHIN BUMSA 3paskiB LLEeMeHTIB 3 fobaBkaMn BanHSKY i Kpenau
nicns 180 pi6 TBepAHEHHS 003BONSE 3pOOUTU BUCHOBOK, LLO 3pas3ku, siKi
MICTATb f00aBKy Kpenan noBHicTo 30epernu BuxigHy dopmy, B TOM Yac sk
3pas3km 3 Job6aBKoK BarnHsKy MaloTb NEBHI O3HAKM PYMHYBAHHSA Ha rpaHsax

3paskiB (puc.2).
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Cyne(hatr HaTpio

Cynbdat MarHio

Cyabdat KanbIIiio

Mopceka Boza

Bozonposin=a
BOJIA

Kpeiiga 40 % Bamasak 40 %

Puc. 2. 3oBHiWwHIiK BUrnag 3paskiB uemMmeHTiB 3 40 mac.% kpenam i

BanHAKY y Biui 180 Ai6

BucHoBKWU. Takum YMHOM, MOXXHa 3pOOUTN BUCHOBOK, LLIO LLEMEHTN,
AKi MICTATb B CBOEMY CKnafi BanHsK MaloTb MILHICTb Aewo Oinblly, Hix
UeMeHTN, €Ki MIiCTATb Kpengy. Ane Ha KOpO3iMHY CTiMKICTb OinbLu
NO3NUTMBHO BMSIMBAE BBEAEHHSA B LEMEHTU, B SAKOCTi [06aBKu, Kpenamn Hix
BanHAKY. MOXNMBO Le MOACHIETLCA TUM, LLO Kpenga 3HayHO Jierwie
NoOpibHIOETECA NpU  NepemillyBaHHi, WO [O3BONSE  PIBHOMIPHO
po3noainiatTm B TOBLL 3paskiB YaCTUHKM Kpenau, SKi iHTerpytTbCs B
NOPOBMN MNPOCTIP LEMEHTHONo KaMiHIO | 3MeHLWYTb MOXIIMBICTb

NPOHUKHEHHA arpecnBHMX pO3‘-II/IHiB B cepequnHy 3pas3ka.
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