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IMITAIIMHA MOJIEJIb ITIPOLECY 3APSAJIXKEHHSA €EMHICHOI'O HAKOIIMYYBAYA
EJIEKTPOJIMHAMIYHOI'O IPUBOJIA HACOCY ABTOHOMHOI BITPOEJIEKTPO-
YCTAHOBKHA
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IHctutyT BigHOBMIOBaHOI eHepreTukd HAH Ykpainu,
02094, Byin. 'nata XotkeBuua, 20A, M. Kuis, Ykpaina,

€muicHi Hakonuyysayi, AK HeOOXiOHUU CKIAO08UIl eleMeHm, 3HAX00AMb WUPOKe 3ACMOCY8AHHA 6 DIZHOMAHIMHUX eleKmpomex-
HIYHUX YCMAHO8Kax i cucmemax. Ananiz eidomux nioxooie 36invutenns KKJ/[ 3apsonozo kona nokaszas, uwjo 60HU n08 S3aHI 3 NeGHUMU
mpyonowamu. Hanpuknao, 3apaoni npucmpoi i3 0dicepenamu, pecyib08anuM 3a NeGHUM 3aKOHOM HANpyeU, € CKIAOHUMU I iXHE 3a-
CMOCY8aHHs Modice Oymu UNPAgOaHo uwe y UHAMKOSUX eunaokax. Kpim nepemeoprosaua, wjo y3eo0icye Oacepeno enepeii ma
EMHICHUII HAKONUYYBAY, NOMPIOHI 000AMKO8I peakmueHi eleMeHmu, Wo 3anacaroms eHepeilo i niOmpuUMyms Ha 0OHOMY Di6Hi
6XIOHY 1 BUXIOHY NOMYICHOCMI NPOMA0M npoyecy 3apaodicenns. Lla eumoza epae icmommny pons y 6UnaoKy 3acmocy8anis 0dicepeina
obmesicenoi nomysxcrnocmi. Y 6invuiocmi 6unaoxie eHepeemudHi npoyecu 3aps0y KOHOEHCAmopa AHAi3y8anuch npu HyJabOGUX NO-
YAMKOBUX YMOBAX.

Maxkcumanonuii KK/ moosice 6ymu docsenymuil npu He3minHii popmi 6xiOH020 ma uxiono2o cmpymy. s 00CASHeHHA MAKCUMATb-
nozo KKJ[ nepemsopiosaua emuichuili Hakonuwyeau 8 nouamko8uil i0pizoK yacy nosuHen sanacamu enepeiio, wjob 6 Kinyi 3apsaoy
8i00amu 3anacery enepeiio s NIOMPUMAHHSL CIPYMY 3APSONCEHHSL.

Bimpoycmanoska npaytoe npu cmoxacmuyHux ymosax 3minu pieHsa weuoKocmi 6impy, wo CHpudUHAE 00 8i0N0GIOHUX NOKA3HUKIE HA
Kaemax 3apaonoeo npucmpor. Oyinka HeobXioOHOi KinbKocmi eHepeii 0l 3apA0#CeH s, EMKICHO20 HAKONUYY8a4d YCKIAOHIOEMbCA.
Memoto pobomu cmanosuna 3a0a4a USHAUUMY YAC 3APAOAHCEHHA EMHICHO20 HAKONUYYBAYA eNeKMPOOUHAMINHOZ0 NPUBOOA HACOCY
A8MOHOMHOT 8iMpOeNeKMPUUHOI YCMaHOBKU 00 3a0AHUX MEXHOIOTUHUX MedHC 3a OONOMO2010 IMIMAYiliHO20 MOOENI08ANHS NPU CIO-
XACMUYHUX YMO8AX 3MIHU PIGHA wieuokocmi simpy. Tlpu 3mini 3HAUeHb MaAMEMamMuyHO20 CnOOIBAHHAM WEUOKOCMI 6IMPY 8 MeXNCax
4...5,2 M/c uac 3apsaodceHHs EMHICHO20 HAKONUYY8aya npu mexuonoiunii medxci Hanpyeu 100 B cknaoae gionogiono 12,5...7 c.
bio6n. 10, puc. 10.

Knrwuoei cnosa: simpoenekmpoycmaHosxka, EMHICHULL HAKONUYY8AY, iMimayitine MOOeNt0O8aHHs, eneKmpoOOUHAMIYHULL NPUBOOD, CMo-
XacMuyHi yMO8U 3MIHU PI6HS WUEUOKOCTI 8Impy

IMMEDIATIVE MODEL OF THE CHARGING PROCESS OF THE EMCSENTIAL AC-
CUMULATOR OF THE ELECTRODYNAMIC DRIVER PUMP IN ALONE STATE
WINDTURBINE

V.M. Golovko, doctor of technical sciences, professor, V.P. Kohanevich, candidate of technical sciences, M.O. Shikhailov,
A.M. Donets, candidate of technical sciences, 1.Yu. Perkova, engineer

Institute of Renewable Energy of NAS of Ukraine,
02094, 20A, Hnat Khotkevich Str., Kyiv, Ukraine

Capacitive drives, as a necessary component, are widely used in a variety of electrical installations and systems. The analysis of
known approaches to increasing the efficiency of the charging circuit has shown that they are associated with certain difficulties.
For example, chargers with sources regulated under a certain voltage law are complex and their application can only be justified in
exceptional cases. In addition to the converging power source and the capacitive drive additional reactive elements are required that
store energy and maintain the input and output levels at the same level during the charging process. This requirement plays a signif-
icant role in the case of the use of a source of limited power. In most cases, the energy processes of the charge of the capacitor were
analyzed at zero initial conditions.

The maximum efficiency can be achieved with a constant input and output current. To achieve the maximum efficiency of the con-
verter in the initial period of time should store energy to end the charge to give stored energy to maintain the charge current.

The wind turbine works under stochastic conditions of changing the level of wind speed, which leads to the corresponding indicators
on the charger terminals. Estimation of the required amount of energy for charging a capacitive drive for the above-mentioned de-
pendence is complicated.

The purpose of the work was to determine the time of charging the capacitive drive of the electrodynamic actuator of the pump of the
autonomous wind power plant to the given technological limits by means of simulation modeling under stochastic conditions of
changing the level of wind speed. When changing the values of the mathematical expectation of wind speed in the range of
4...5,2 m/s, when charging a capacitive drive, at the technological limit of voltage 100 V, is, respectively, 12.5 ... 7s. Ref. 10, fig. 10.
Keywords: wind turbine, capacitive drive, simulation, electrodynamic drive, stochastic conditions for changing the wind speed
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ITepeJlik BUKOPHCTAHNX MO3HAYEHDb TA CKOPOYEHb:
€H — eMHiCcHUIT HaKOTIHYYBayY;

BEY — BiTpoenekTpiuyHa yCTaHOBKA;

1 — CTpyM JiKEpeIa KUBJICHHS,

Uc — Hampyra KOHJEHCATOpa €MHICHOTO HAaKOIIMYyBaya;

Beryn. €MHICHI HaKOTTUYyBadi, K HEOOXiTHHIA
CKJIaJIOBUH €IIEMEHT, 3HaXOJATh IIUPOKE 3aCTOCY-
BaHHS B PI3HOMAaHITHHX EJEKTPOTEXHIYHUX YCTa-
HOBKax i cucreMax. JlOCIiPKeHHIO Ta aHali3y eHep-
TEeTUYHUX XaPAaKTEPHCTHK B 3apSAHUX 1 PO3PSITHUX
KOJIaX KOHJCHCATOPIB MpPH MOBHOMY IX PO3psai Ha
HAaBaHTA)XKEHHS TMPHUCBIYCHO pIA POOIT BYCHHX
Incruryry enexrponnnamiku HAH Ykpainu. Anamis
Bimomux miaxo/iB 30inbimenHs KK/ 3apsimHoro kona
M0Ka3aB, 110 BOHU IIOB’sI3aHi 3 IEBHUMH TPYyIHOIIA-
mu. Hampukman, 3apsaHi mpUCTpoi i3 pKepenamu,
peryabOBaHUMH 3a IEBHHUM 3aKOHOM HamNpyTH, €
CKIaJHHUMH 1 IXHE 3aCTOCYBaHHSI MOXe OyTH
BUNPABIAHO JIMIIE Y BHHATKOBUX BHUMAIKaxX. Y
OUTBIIOCTI BUMAJKIB €HEPTreTHYHI IMPOIECH 3apsay
KOHJIEHCATOpa aHali3yBaJlCh IPU HYJIBOBUX MOYAT-
KOBHX yMoBax [1].

Cuctema 3apsDKEHHS] EMHICHOTO HaKOIMYyBaya
(€EH) moBuHHA 3MIMCHIOBATH 3aps/KCHHS 3 HaWBH-
muM KKJI. B [2, 3] Bu3Ha4YeHO, P SIKOMY pEXHIMI
edekTuBHICTh Oyne MakcuMallbHa. MakchMambHUMA
KK]I Moxxe OyTH JOCSATHYTHH NpU HE3MiHHIH (opmi
BXIIHOTO Ta BUXIAHOTO cTpyMy. sl HOCSTHEHHS
MakcuManbHoro KKJI meperBoproBada B IMOYaTKO-
BUH BiApi3ok yacy €H moBHHEH 3amacaTé eHeprilo,
o0 B KIHI[ 3apsay BiJJIaTH 3alaceHy CHEpPTio.
Toni, kpiM mepeTBOpIOBava, IO Y3rOHKYE HKEPEIO
eneprii Ta €H, motpiOHI NOAAaTKOBI peakTUBHI elie-
MEHTH, IO 3alacarTh €HEprili i MITPUMYIOTh Ha
OJTHOMY DiBHI BXiJIHY 1 BUXiJIHY MTOTY>KHOCTI MPOTSI-
rOM Tpoliecy 3apskeHHs. Ls Bumora rpae icTOTHY
POJb Yy BHUIAAKY 3aCTOCYBaHHS JpKepena 0OMeKeHOT
notyHocTi [4-6]. Tlpu 1bpOMy, B OCHOBHOMY,
PO3TIIAJATUCS TPOLIECH 3apsIKEHHS MPH  CTaUX
napamerpax JpKepena eHeprii. Toal  KinbKicTh
€Heprii, 0 CIIOKUBAETHCS 33 Yac 3apsyIHOTO Mpo-
1IeCy EMHICHIM HaKOITMYyBadeM, cKianae [7]:
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C — eMHICTh KOHCHCATOPIB;

R; — omip naHIfOra 3apsIKCHHS;

Rs — omip ekBiBaJEHTHOTO JIAHIIIOTA, 10 BPAXOBYE CTPYMH BUTIKAHHS;
t; — yac 3apspKEeHHS.

t, u2 t,
W, :j R,i%+—< dt+qucu;dt

0 R, 0
Je | Ta Uc — CTpyM JDKepesa JKUBIICHHS 1 Hampyra
koHAeHcaTtopiB C HakommuyBada; R, , R, — omopu
JIAHITIOTIB 3apsA/HKCHHS Ta €KBIBaJCHTHOTO, IO Bpa-
XOBYE BTPATH MOTY)KHOCTI BiJl CTPyMY BUTIKaHHS I, 1
Ha TIOJIAPU3AIliIo JienekTpuka kouaercaropis C, t; —
qac 3apsHKEHHS.

[Nepmmii iHTErpan sBisie cOO0 EHEPrifo BTpAT
W, y 3apsgHOMYy KOHTYpi, ApPYTHMi — €HEpriio,
HaKoNMu4eHy B KoHAeHcaTopax C 3a yac 3apsKeHHS
t,. IliginTerpansHa (QyHKLISE Apyroro iHTErpany €
MTOXITHOIO y Yaci BiJ Ii€l eHeprii.

BitpoycTaHoBka Ipaiioe NpH CTOXaCTUYHUX
yMOBax 3MiHU PiBHS IIBHIKOCTI BITPY, IO CIIPHYH-
HsI€ JIO BIAMOBIIHMUX TMOKA3HUKIB Ha KJIEMax 3apsi-
HOro mpucTporo. OIiHka HEOOXiqHOI KUTBKOCTI
eHeprii Ui 3apsaKeHHS €MKICHOrO HakKoIUdyBaya
3a BUIIIEC BKA3aHOIO 3AJICXKHICTIO YCKJIAHIOEThCS [8].
Kpim Toro, Oynp-sika aBTOHOMHA YCTaHOBKA 3aBXKIU
oOMeKeHa eHepropecypcamMu, L0 BHMAara€ €Hepro-
30€pEeKHO MIAXOIUTH JI0 BUPILICHHS BIACHUX TEX-
HOJIOTYHUX OMepallii.

IlocranoBka 3agavi. BusHaumTn 4dac 3a-
PSUUKEHHS €MHICHOTO HAaKONMYyBaya eJIeKTPOIUHA-
MIYHOTO TIpHMBOJIAa HAcOoCy aBTOHOMHOI  BITpO-
SNIEKTPUYHOT YCTAHOBKHM 0 33/IaHUX TEXHOJOTTYHUX
MeX 3a JOMOMOTOI0 IMITaI[IfHOTO MOJICITIOBAHHS TIPU
CTOXaCTUYHHX YMOBAaX 3MIHH PiBHS HIBUIKOCTI BITpY.

Metoau mociimkenns. J{jis TOCHIKEHHS pe-
KUMY  3apADKEHHS  €MKICHOTO — HaKONHWYyBauda
€JIEKTPO-AMHAMIYHOTO TPUBOJA HACOCY Yy CKIami
ABTOHOMHOI BITPOEJCKTPUYHOI YCTaHOBKH, pPO3pa-
XYHKH MPOBOJMIINCH IIUISIXOM MOJIENIOBaHHS 3a JI0-
ITOMOT 010 NPOrpaMMHOTO MaKeTy
Matlab/Simulink/SimPower Systems.
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PesynbTatn gociinskeHHsl. 3arajibHa CTPYKTypa
psmxenns €H HaBenena Ha puc. 1.
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Puc.1. Imitauiiina moaesnb 3apsii:keHHs1 KOHIeHcaTopa Big BEY 3 cHHXpOHHMM reHepaTopoM Ipu 3MiHHOMY BiTpi.

Fig.1. Simulation model for charging a capacitor from wind turbine with a synchronous generator with variable wind.

Sk mKepeno eNeKTpUYHOI eHeprii MpuifHATa
BITPOYCTaHOBKAa 3 CHHXPOHHHM T€HEPaTOpOM
(miniina Hanpyra -380 B, motyxaicte — 100 BA,
gactota — 50 I'm). MexaHiYHHIA MOMEHT Ha Bajl Te-
HepaTopa HaJAXOIWTH BiJ ONOKY «BiTpoBa TypOiHay.
HominaneHe 3HAYeHHs MIBHIKOCTI BiTpy — 8 M/C.
Bunkicte 3pymenHs — 3,8 m/c. Cxema Mae y
CBOEMY cKJami miogHuit micT. CUTHANI Ha MICT MIpH-
XOMUTh  BiA  JiHIHHOTO  TpaHcopmaropa 3
koedilieHTOM TpaHcopmarii, Mo IopiBHIOE 1
(mpu3HaYeHUH IS 3TIQ/KYyBaHHS CTPUOKIB HAMpy-
ri). Ha Buxozi 10 MocTa NpHEIHAHUN KOHISHCATOP

C=0,015®, mo i Bukonye ¢pynkmiro €H. s dikcarii
Ta Bi3yaji3alii eNeKTPOCHEPIreTUYHHUX MapaMeTpiB B
MOJIeTIi TIPUCYTHI TAKOX aMIlepMETPH, BOIILTMETPH Ta
ocrutorpadu. [ MOIeTIOBaHHS CTOXaCTHYHUX T1a-
paMeTpiB  HAAXO/DKCHHS BITPY, BBEICHHH OJIOK
BUIAJKOBUX CHTHAIIB, IO JO3BOJISIE 3MOJCTIOBATH
X1JI MIBUIKOCTI BITPY i3 33JaHUMU MMOKa3HUKAMH Ma-
TEMaTHYHOTO CHOIBaHHS HOTO BETMYUHU.

PosrnsiHeMo oTprMaHi pe3yabTaTH.

1. IBuAKicCTh 3MiHH BITPY BiJOYBAETHCS 32 HO-
PMaNBHAM PO3IIOALNIOM Bif 4 10 8 M/C 3 MaTeMaTH4-
HHMM CIIOJIBaHHSM B TouIli 4,0.
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Puc.2. 3mina mBuakocti BiTpy Bia 4 1o 8M/c 3 MaTeMaTH4YHHM cnofiBaHHAM B Touli 4,0 (a) Ta 3MiHa HANIPYTH HAa KOH/IEHCA-
Topi mpu 1anomy BiTpi (0).

Fig.2 Changing of the wind speed from 4 to 8m/s with a math expectation at 4.0 (a) and changing the voltage at the condenser
at this wind (b).
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2. l1IBuakicTh 3MiHH BITPY BiAOYBa€ThCs 32 HOPMAJIBHUM PO3MOILIOM BiJ 4 10 8 M/C 3 MaTeMaTHYHUM
CIIOMIBaHHAM B Toull 4,2.

- " sl

uk ] - y i

T BITPY. MG

LA

0 H % i 5 ki 5 4 § 0 5 0 [ a 5 k| 3 q [ E
Time (seconds| Time (seconds]

a) 0)

Puc.3. 3mina mBuaKocTi BiTpy Bix 4 10 8 M/c 3 MaTeMaTHYHUM cNOAIBAHHSM B Touli 4,2 (a) Ta 3MiHA HAIPYI'H HA KOH/AEHCa-
TOpi npu naHomy BiTpi (0).

Fig.3. Changing of the wind speed from 4 to 8 m/s with mathematical expectations at 4,2 (a) and changing the voltage on the
condenser at this wind (b).

3. LIBuakicTs 3MiHM BITpPY BiZIOYyBa€ThCS 32 HOPMaJIBHUM PO3IIONITIOM Bix 4 10 8 M/C 3 MAaTeMaTUYHUM
CIIOAIBaHHAM B Toull 4.,4.

cTe miTPy, M/c
T
a, B
T
I

LB

] I b % ki 5 [ 5 ) 5 [ 15 ] 5 k] ki 4 § b
Time {seconds) Time (seconds)

a) 0)
Puc.4. 3mina mBuakocTi BiTpy Bia 4 10 8 M/c 3 MaTeMaTHYHHM cnOAiBaHHAM B To4li 4,4 (a) Ta 3MiHA HANPYT' U HA KOH/eHCa-
Topi mpu 1anomy BiTpi (0).

Fig.4. Changing of the wind speed from 4 to 8 m/s with mathematical expectations at 4.4 (a) and changing the voltage at the
condenser at this wind (b).
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4. IlIBuAKicTh 3MiHH BITpY BiIOyBa€ThCs 38 HOPMAJILHUM PO3MOALIOM Bix 4 10 8 M/c 3 MaTeMaTHYHUM
CIIOAIBaHHSAM B TOUIII 4,6.

<iGTE BiTERY. Mo
Hanpyra, B

LEna
T
1

Timg secands) Time: (seoonds)

a) 0)

Puc.5. 3mina mBuakocTi BiTpy Bia 4 10 8 M/c 3 MaTeMaTHYHUM CHOAIBAHHAM B To4li 4,6 (a) Ta 3MiHA HAIIPYTM HA KOH/ICHCA-
TOpi npu Janomy BiTpi (0).

Fig.5 Changing of the wind speed from 4 to 8 m/s with a mathematical expectation at 4,6 (a) and changing the voltage at
the condenser at this wind (b).

5. IIIBuaKicTs 3MiHM BITPY BiZOYBA€THCS 38 HOPMAIBHUM PO3MOALIOM Bix 4 10 8M/C 3 MaTeMaTHYHMM
croxiBa”HHsaM B Toul 4,8.
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Puc.6.3mina mBuakocti BiTpy Bia 4 10 8 M/c 3 MaTeMaTHYHHM cHIOAiBaHHAM B Touli 4,8 (a) Ta 3MiHa HANPYru Ha KOHJeHca-
Topi npu Janomy BiTpi (0).
Fig.6. Changing of the wind speed from 4 to 8 m/ s with mathematical expectations at 4,8 (a) and changing the voltage at the
condenser at this wind (b).
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6. llIBuaxicTe 3MiHM BiTpy BigOyBaeThCs 3a

CIIOAIBaHHSAM B TOUII 5,0.

Hl

LBMAKISTE BiITRY. Mic

HOPMaJIBHUM PO3MOJIIJIOM Bif 4 10 8 M/C 3 MaTeMaTUYHUM
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Puc.7. 3mina mBuakocTi BiTpy Bia 4 10 8 M/c 3 MaTeMaTHYHUM cNOAIBaAaHHSM B Touli 5,0 (a) Ta 3MiHAa HANPYIr¥ HA KOHJEHCAa-

TOpi npu Janomy BiTpi (0).

Fig.7. Changing of the wind speed from 4 to 8 m/ s with mathematical expectations at the point of 5,0 (a) and changing the

voltage at the condenser at this wind (b).

7. HIBUAKICTH 3MIHM BITPY BiIOYBAa€ThHCS 32 HOPMAJIBHUM PO3MOJIIOM Bix 4 10 8 M/C 3 MaTeMaTUYHUM

CHOAIBaHHAM B Toylll 5.2.
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Puc.8. 3mina mBuakocti BiTpy Bia 4 10 8 M/c 3 MaTeMaTHYHUM CcNOAiBaHHAM B Touli 5,2 (2a) Ta 3MiHA HANIPYT'H HA KOHJeHcAa-

Topi npu Janomy BiTpi (0).

Fig.8 Changing of the wind speed from 4 to 8 m/ s with a mathematical expectation at 5,2 (a) and changing the voltage on the
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condenser at this wind (b).

57



BITPOEHEPT'ETHUKA ISSN 1819-8058

8. llIBuaxicTe 3MiHM BiTpY BiAOYBA€THCS 3a HOPMAaIbHUM PO3IMOIIIOM Bif 4 10 8 M/C 3 MaTeMaTHYHUM
cromiBa”HHsAM B Touln 8,0.
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Puc.9. 3mina mBuakocTti BiTpy Bin 4 10 8 M/c 3 MaTeMaTHYHUM cnoAiBaHHAM B To4Li 8,0 (2a) Ta 3MiHA HANPYrH HA KOH/IEHCa-
Topi mpu Janomy BiTpi (0).
Fig.9. Changing of the wind speed from 4 to 8 m/s with mathematical expectations at 8,0 (a) and changing the voltage on the
condenser at this wind (b).

3 rpadikiB 3MiHM HAIpPyTd MO>KHA BCTAHOBUTH  €JIEKTPOJUHAMIYHOTO MPHUBOJIA HACOCY, POOOTa SKO-
Yyac JIOCATHEHHS MEXI CIpaloBaHHS KJIOUiB, IIO IO ONHCaHa B MOIMEpeaHix poborax aBTopi [9,10], B
BIJIMOBITalOTh 32 TIOYATOK PO3PS/KEHHS €MHICHOTO 3aJIeKHOCTI BiJl 3HAYEHh MAaTEMATHYHOTO CIIOZiBaH-
HakonmayBada. Ha pwuc.10 HaBegeni rpadikd dacy HSM IIBHIKOCTI BITPY NMpH HOTO 3MiHI B Jiama3oHi
JOCSITHEHHST MEXI pI3HHX TOpOTiB chpamoBaHHsS Big 4 mo 8 m/c.
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Puc.10. 3anexxnocTi 3MiHH Yacy JoCATHeHHS MexXi Pi3HUX MOPOriB CHPAIOBAHHS e1eKTPOAHHAMIYHOIO MPHBOJA HACOCY B
32J1€:KHOCTI BiJl 3HaYeHb MATEMATHYHOI0 CNOAiIBAHHAM HIBHIKOCTI BiTpy

Fig.10. Dependences of change in the time of reaching the threshold of different thresholds for the operation of the electrody-
namic drive of the pump, depending on the values of the mathematical expectations of the wind speed
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I'padiku MawTep NPAMONIHIKHUA  XapakTep
3MiHH, IO J1a€ MOXJIMBICTh MepeA0aYnTy 3HAUCHHS
CIIpaIlfOBaHHS 1 TpW OUTBII BHCOKHX 3HAYCHHSIX
IIBUIKOCTI BITPY.

BucnoBku. Ha 0a3si iMiTaliiiHOro MOJEJIIOBaH-
HS TIPH BUMAJKOBOMY XapakTepi 3MiHH IIBHIKOCTI
BITPy  MpOAHATI30BaHO  MPOIEC  3apsDKEHHS
€MKICHOTO HakomudyBaya B aBTOHOMHii BEY 3
eJIEKTPOIMHAMIYHUM TpUBOJOM Hacocy. Ilpu 3mini
3HAYeHb MAaTEeMAaTHYHOTO CIIOAIBaHHSIM IIBHIKOCTI
BITpY B Mexkax 4...5,2M/c yac 3apsyiKeHHs] EMHICHO-
ro HAaKOMHUYyBayda MPH TEXHOJIOTIYHIA MeXi HaIpyTru
100 B cknagae Bigmosinuo 12,5...7c¢.
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Emxocmuvle nakonumenu, kax HeoOX0OUMbIU COCMABHOU dle-
MeHm, HAX00sm WUPOKOe NPUMEHEHUE 6 PA3IUYHBIX DJIeKMpPO-
MEeXHUYEeCKUX YCMaHosKax u cucmemax. AHanus u36ecmuwix
noo0xo0006 yeenuuenuss KIIJ] 3apsaonoil yenu noxasan, umo OHU
c6853anbl ¢ onpedeneHHbiMu mpyoHocmamu. Hanpumep, 3apso-
Hble YCmpolcmed ¢ UCMOYHUKAMU, Pe2yIupyeMbiMu No onpeoe-
JIEHHOMY 3aKOHY HANPSANCEHUS, SIGISIOMCS CLOJCHBIMU U UX NPU-
MeHeHue Modcem Oblmb ONPagoOaHO MONLKO 8 UCKIIOUUMELbHBIX
cnyuasx. Kpome npeobpaszosamens, coenacogviearouje2o ucmoy-
HUK 9Hepauil U eMKOCHOU HAKONUMENb, HYICHbI OONOIHUMENb-
Hble peakmueHble dNeMeHmbl, KOMopble 3anacarom 3Hepeuu u
NO00EPIUCUBAIOM HA OOHOM YPOBHE 6XO0AWYVI0 U UCXOOSULYIO
MOwWHOCb 8 meueHue npoyecca 3apAoKu. Omo mpebosanue
uzpaem cyujecmeeHHylo poib @ Clyyae NpUMEeHeHUs: UCIOYHUKA
02paHuyeHHol MowHocmu. B 6orvwuncmese ciyuaes suepeemu-
yeckue npoyeccyl 3apsa0a KOHOeHCamopa aHATU3UPOBAIUC NPU
HYe6bIX HauanbHulx yciogusx. Maxcumanvnoiii KIIJ[ mooicem
Oblmb doCMuUSHYM NPU HEUSMEHHOU PopMe 6X00H020 U BbIX0O-
Hoeo moxa. J{ns docmuoicenusi maxcumanvrozo KII/[ npeobpazo-
eamensi eMKOCMHOU HAKONUMENb 8 HAYANIbHBIL OMPE30K 8peme-
HU QOJIHCEH 3anacams 3Hepeuto, Ymodvl 6 KOHYe 3apsa0a omoamsy
3anacennylo suepauio. Bempoycmanosxka pabomaem npu cmoxa-
CMUYECKUX YCILOGUSIX USMEHEHUSI YPOGHSL CKOPOCMU 6empd, 4mo
6bI3b16AENT COOMBEMCMEYIOU{IE NOKAZAMENU HA KIeMMAX 3apsio-
Hoeo yempoticmea. Oyenka HeoOX00UMO20 KOIUYeCmaa IHepeuu
07151 3apsI0KU eMKOCMHO20 HAKONUMEIS YCIIONCHSICMCSL.

Lenvio pabomvl a65emMbCs 3a0a4a onpedenums 6pemsi 3apsoKu
EeMKOCMHO20 HAKONUMENs  JJeKMPOOUHAMUYECKO20 Npugood
Hacoca a8MOHOMHOU 6emMpPOIIEKMPUHECKOU YCMAHOBKU 00 3d-
OQHHBIX MEXHON02UHECKUX NPeOelo8 ¢ NOMOUWbIO UMUMAYUOHHO-
20 MOOEIUPOBanUsi Npu CMOXACIMUYECKUX YCIOBUSIX USMEHEHUs!
VpogHs ckopocmu eéempa. IIpu usmeHenuu 3Hauenull cKkopocmu
8empa ¢ MamemMamuyeckum oxcuoanuem 6 npedenax 4 ... 5,2m/c
8pemsL 3apsIOKU eMKOCHHO20 HAKONUMEis NPU MEeXHOI0SUYECKOM
ypoeue Hanpsidcenusi 100B  cocmasnsem, coomeemcmeeHHo,
12,5 ... 7c. buén. 10, puc. 10.

Kniouesvie cnoga: 8emposnekmpoycmaHosKka, — emMKOCHHOU
HaKonumens, UMUMAYUOHHOE MOOETUPOBAHUE, INEKMPOOUHAMU-
uecKull npueoo, CMOXACMUYECKUX VCIOGUSX UIMEHEHUsL YPOBHSL
ckopocmu gempa
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