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CEKLIsA “EJEKTPOTEXHIKA”

VIK 621.311
ITomroB B.B.
KaHJ. TeXH. HayK, goi. SHTY

OIITUMIBALIA BUBOPY CXEM IHEXOBOT'O
EJIEKTPOITIOCTAYAHHSA

Bubip onTHManbHOI CXEMH LEXOBOTO €JIEKTPOIOCTAayaHHS € BasKIIMBUM
MUTAHHSAM, OCKUTBKH BTPAaTH MOTYXHOCTI 1 €JIEKTPOSHEpril y IeXOBHX Mepekax
craHoBJATH Bix 30% 10 70% B 3aiexHOCTI BiJ BUIy BUPOOHMITBA. Bu3HaueHHs
MIHIMAJBHUX 3BEJACHUX BHUTPAT, SKi CKIANAIOThCS 3 KaliTaIbHUX BKJIAJICHb 1
SKCIUTyaTallifHuX BHUTpAT 3a0e3leuye 3acTOCYBaHHS OINTHMAJIbHOIO BapiaHTa
CXEMH IIEXOBOTO EJIEKTPOIIOCTAuaHHs. 3BEJCHI BHUTPAaTH BU3HAYAIOTHCS 32
hopmyIoro:

_ Ko +H, ]
3, = (B, +=5)K +c,, A 0
ne 3i — sBenei BUTpaTH, THC. TpH.; Ki — KamiTampHi BUTpaTH A i-0TO
BapiaHTa, THC.TpH.;, EH — HOpMaTHBHHH  KOeQilieHT e(eKTUBHOCTI
KaliTamoBKiIageHb, B. 0.; Ka, Ko — HopmartuBHUII Koe]imieHT BHUTpaT Ha
amoprH3alito 1 obciayroByBaHHS BinmoBigHO, %; Cw — BapTicTh axKTHBHOI

AW,

enekTpoeHeprii, rpH./KBTToxI; ai — BTpaTH aKTUBHOI eJIEKTPOEHEeprii y 1eXOoBiil

Mepexi, MBTToz; i — mopsiakoBuit HOMep BapiaHTa, [0 PO3TIISIAETHCS.

Sk BugHo 3 ¢opmynu (1) 3BeaeHi BUTpaTH MalOTh JBI CKIAIOBi, SKi
BIJITIOBIZIHO 3aJIe)KaTh BiJ BenuyuHM KamiTaabHux BuTpat (Ki) 1 excruryaTariiamux

BUTpaT, OOYMOBJIEHWX BTpaTaMH akKTHBHOI enekrtpoeneprii  (Cw’ 'ﬁWai).
KamitanpHi BUTpaTH CKIaJalOTECS 3 BHUTPAT Ha NPOBITHUKOBHHA Marepial
JKUBJISIYOT 1 PO3MOJIILHOT LIEXOBOT Mepexi 1 BUTpAT Ha PO3MOALIBHI MPHCTPOT
(posmomineHi madwu, po3MOmiabHI abo MaricTpajbHi IMHOMPOBOAM, Imadu
posnoxinsHOTO TpHCTpoto 0,4 KB KOMIUIEKTHOI TpaHC(hOPMATOPHOI MiACTAHIIIT
(KTII)). KamitaneHi BUTpaTH BU3HAYAIOTHCS IPUIHIATOIO CXEMOIO [IEX0BOI Mepexi,
a TakKoX 3ajJekaTh BiJ BAapTOCTI NPOBITHHUKOBOTO MaTepiany i pO3MOIUTBHUX
MPUCTPOIB IeX0BOI Mepexi. ExcruryaTariiiHi BUTpaTH BU3HAYAIOTHCS BETHYHNHOIO
BTpaT aKTUBHOI €JIEeKTpOeHeprii 1 BapTocTi akTHBHOI enekTpoeHeprii. Takum
YMHOM, (DYHKIIsI 3BE€ICHUX BUTPAT HAa CIIOPYIXKEHHS IEX0BOT MEPEXi 3aJI€KHUTh BiJl
BUJIy CXEMH IIEXOBOi MEpexi, KW BH3HAYa€ BEIMYMHY KalliTaJbHUX BHUTpAT 1
BEJIMUMHY  BTpAT AKTHBHOI  IOTYXHOCTI, PpEXKHUMY  €JIEKTPOCIIOKUBAHHS
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eJIeKTPONpUIiMadiB IEXOBOI Mepeki, a TaKOoX BiJI CIiBBIJHOIIEHHS BapTOCTi
€JIEKTPOEHEPTii i TUTOMOI BapTOCTi €JIEMEHTIB IIEXOBOT MEPEXi.

BusnadueHHS BTpaT aKTHUBHOI eJNEKTPOSHEpTii MOWiTbHO BH3HAYaTH 3a
METOZOM CEePeIHBOI MOTYKHOCTI, OCKUIBKH IIe METOX Ja€ MEHIIY MOXUOKY Hixk
METOJl 3 BHKOPHCTAHHSIM MAaKCHMAJIBHOTO PO3PaxyHKOBOTO HABaHTAKCHHS 1
BEJIMYMHA Yacy MaKCHMaJbHUX BTpaT, SKi BH3HAYAIOThCA 3 IIEBHUMH
NPUITYLIEHHAMHA. TOYHICTh BW3HAYCHHS BTpAT €JIEKTPOEHEPTii 3a MEeTolIoM
cepeHbOl MOTYKHOCTI 3aJIeXKUTh Bif BHOOpPY KoedilieHTa BHKOpHcTaHHS KB i

koe(imicara moTyxHOCTI cosP, sAKi BimOOPakarOTh PEKHMM EIEKTPOCIOKHBAHH
OKpEMHUX eJeKTpOIpHiiMadiB, a TaKoX Bix Koedimienta ¢opmu rpadika
HaBaHTaXeHHA K¢, skuil 3acTOCOBYEThCS JUI1 BU3HAUCHHS BTPAT €JIEKTPOCHEPTii
TIPY CYMICHOMY KHMBIICHHI €JIEKTPONIPUNAMAYIB y KHUBIITIIH MEPEKi.

3ampornoHoBaHa METOJMKAa BU3HAYCHHS 3BEICHUX BHUTPAT Ha CIIOKUBAHHS
LEXOBOI Mepexi eNIeKTPONOCTayaHHsl JI03BOJsiE (opMalizyBaTH PO3PaxyHOK
3BEJICHUX BUTpPAT 1 OIHUTH e(QEeKTUBHICTh 3aCTOCYBaHHS pI3HHX CXeM
€JICKTPOTNIOCTAYaHHS.

Meroayka BU3HAYEHHS BTPAT aKTHBHOI €JEKTPOCHEpPrii 3 BHKOPUCTaHHSIM
cepenHbol 1 CepelHbOKBAIPATHYHOT MOTY)KHOCTI 3a0e3nedye J0CTaTHBO BHCOKY
TOYHICTh (3 TMoxuOkoro 5-10%) mpu BpaxyBaHHI PEXHMY EJIEKTPOCHOXHBAHHSA
eJNeKTpOoNpUitMadiB 1 iX KoedimieHTiB HOTyX)HOCTi. [Ipr po3paxyHKY 3BeICHUX
BUTPAT BPAaXOBYIOThCS KOHCTPYKTHBHI OCOOJIMBOCTI BUKOHAHHS Pi3HUX BapiaHTiB
[EXOBOI MepeXi, MO0 MiJBUINYE JOCTOBIPHICT iX TEXHIKO-€KOHOMIYHOTO
NOPIBHAHHA. BHKOpPHCTaHHS 3alpOIOHOBaHOI METOIMKU MOXE 3aCTOCOBYBATHCH
JUISL TOCIIZPKeHHST €()eKTHBHOCTI LIEXOBOTO €JIEKTPOIIOCTaYaHHs 3 BUKOPUCTAHHSIM
y SIKOCTI LiNbOBOT (QYHKIIT 3BEIECHNX BUTPAT B 3aJIS)KHOCTI BiJl IIEBHUX KPUTEDIiB,
BU3HAYCHUX HA OCHOBI BUXIJIHUX JaHMX. J[aHa MeToIuKa JI03BOJISIE OLIHUTH SIK
3MIHSTBCSL 3BEJCHI BUTPATH NpPU 3MiHI CIIIBBIJIHOLICHHS MUTOMUX BHUTpaT Ha
CTOPY/DKEHHSI MEPEXIi eJIEKTPONoCcTayaHHs i Tapu(y Ha eIeKTPOCHEPTiLo.

VK 621.311.243
Kinmko O.M.
KaHJl. TeXH. HayK, aou. SHTY

HNEPCIHHEKTUBU BUKOPUCTAHHA PI3HUX MATEPIAJIIB JIJIA
OOTOEJEKTPUYHUX EJIEMEHTIB CEC

lonoBHuM enemenTOM (hoTOETEKTpUYHUX COHAYHMX enekTpocTaniii (CEC)
€ coHsuHI Oarapei, sIKi MOXYTb IEPETBOPIOBATH COHSYHY E€HEprii0 B MOCTIHHMI
CJIEKTPUYHHN CTPYM.

17



@DoTOENEeKTPIYHI EPETBOPIOBAYl MAIOTh MPAKTHYHO HE OOMEXEHHU TepMiH
CIy)kOM ¥  BIAPI3HAIOTBCS HANIMHICTIO Ta cTabinpHiCTIO. BoHHM 3maTHI
MIEPEeTBOPIOBATH SIK MpsMe, TaK 1 pO3CisHe COHsAYHE cBiTio. HeBenmka Bara,
IpOCTOTa OOCITYrOBYBaHHSA, MOAYJIBHUI THI KOHCTPYKIIi JO3BOJISE CTBOPIOBATH
YCTaHOBKH Oyab-sfKk0oi TOTYXHOCTI. J[0 HEOOMiKiB COHAYHHX Oaraped MOXKHa
BiTHECTH BHCOKY BapTicTh i HU3bKHi KoedinieHT kopucHoi aii (KKI).

KKA nnst ¢ortoenemeHTiB — 1e  €QEKTHBHICTh IEPETBOPEHHS COHAYHOT
eneprii B enekrpuuny. Yum menme KKJ[ Tum Oinbiie miomi ¢oroeneMeHTiB
HeoOXiTHO 1S 3a0e3NeueHHs Tiel JK MOTYXHOCTI B NMOPIBHSHHI 3 €JIEMEHTaMH Y
skux KKJ[ Mae OUIBII BUCOKE 3HAYCHHS.

Haii6inpm nommpeHi tunu (GoToeIeMEHTIB: MOHOKPHCTAJIYHI KPEMHIEBI;
MOJIIKPUCTANIIYHI KPEMHi€BI; ()OTOCICMEHTH 3 BHKOPHCTAHHSM MAICEICHIAY 1HIIIO0
ta Migi (CIS TexHomoris); (OTOETEMEHTH 3 BHKOPHUCTAHHSM TEIYPUAY KaIMifO
(CdTe Texnomoris); GpoToeNeMeHTH 3 BUKOPUCTAHHAM aMOP(HOTO KPEMHIIO.

Jnst oTpuMaHHS KPEMHIEBOTO MOHOKPHCTaJA, B PO3TOI KpPEeMHil0 3 OGopom
3aHYpIOIOTh TOYATKOBUI KpUCTAl 1 IOCTYNOBO MiJHIMAIOTh HAJA ITOBEPXHEIO
pO3YHHY, IPU I[LOMY 32 3apOJKOBUM KPHUCTAIOM BHUTATYETHCS KPUCTATI30BYBaHHH
po3umnH. [loTiM enmemeHTH JerytoTs GocopoM s DOAaBaHHS N-TIPOBITHOCTI 1
CTBOPCHHS pP-N TEpeXomay, MOJIPYIOTh, HAHOCATh AHTHUBIJOWBHE MOKPHUTTA 1
ctpymornpoBinHi gopixku. Takuit horoenement mae KKJI Big 15 10 18 %; dopmy
KBaJpaTHy a0b0 KBaJpaTHy i3 3aKpyrJCHHUMHU a00 3pi3aHUMH KyTaMH; TOBIIHUHY
0,2...0,3mMm.

[Monikpucraniuni  (OTOENEMEHTH  BHUIOTOBISIIOTHCS 33 JJOIOMOTOIO
PIBHOMIPHOTO CIIPSIMOBAHOTO OXOJIOJKCHHSI €EMHOCTI 3 PO3TOIOM KpeMHiro 1 6opy.
I[Ipn upoMy B eMHOCTI ()OPMYIOTBCS OJHOCHPSIMOBaHI TOMOTEHHI KpPHUCTaIH
PO3MIpOM BiJ KiJIBKOX MITIMETPIB MO KITBKOX caHTHMeTpiB. OTpuMaHUil OJIOK
MOJIIKPHUCTAIIB 00OPOOIIAETECSA TaK caMo, SK 1 MOHOKPHCTANIIYHA 3aroTiBKa. Takwid
¢oroenement mae KK/ Bin 13 no 16 %; popmy xBanparHy; ToBmuny 0,24...0,3
MM.

AXTHBHUM HamiBIIpOBiIHUKOBUM MatepiaioMm B CIS doroenemenTax €
micenenin iugiro ta migi. CIS xoMmayH/ 4acTo JIeryeThes ramieM i (abo) cipkoro.
IIpu BHUPOOHUITBI e€leMEHTa CKIO BKPUBAETHCS CTPYMOMPOBITHUM IIAPOM
MoutiOaeny, it goroeneMenTa e map Oyae katomom. [llap CIS kommnayHma B
(hoToeneMeHTi Ma€e P-MPOBiAHICTH 1 HAHOCUTHCA Ha mIap MoJioneHy. OKCUI IHHKY
3 JoMimkoro  amoMiHil0o  ZnO:Al  BHKOPHCTOBYETHCS AK  Npo30opuit
eJleKTponpoBiHui aHox. Lled map Mae n-TMOD TPOBIOHOCTI 1 B HBOMY
PO3IIOPOIIEHO JIOTIOMDKHUM map okcuay UHKY 1-ZnO. IIpomixuuit map cynabdiny
kaaMito CdS BHKOPHCTOBYEThCS Ul 3MEHIIEHHS BTpar, IMOB'S3aHUX 3
HeBianoBiaHicTIO KpucTanmiyHux rparok CIS i ZnO mapiB. Takuii enemeHT Mae
KK Bin 9 mo 11%; ¢hopma enemenTa Bignosigae Gpopmi MOAYIIS; TOBITHHA MOTYJIS
B HE3arapTOBaHOMY CKJIi Bif 2 10 4 MM.
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doToeneMeHTH 3 BUKOPUCTAaHHA Tenypuny kagmito CdTe BHTOTOBISIOTHCS
Ha migkianmi 3 npozopuM TCO (transparent conductive oxide) MpoBiTHUKOM, SIKHIA
CKIIaJaeThes 3 OKcHAy iHAio Ta omoBa ITO(indium tin oxide) i BUKOPHCTOBYETHCA
SK TIepeaHiid KOHTakT. LI migkmaaka BKpUBAETHCS MapoM ceneHiny kaamiro CdSe
3 n-THIOM TIPOBigHOCTI. [licist mboro HaHOCHUTHCS abCcOopOyBANBHUI MIap TEIyPULY
kagmito CdTe 3 p-tumom mnposigHOocTi. Ilicis IBOrO MOZYNB 3aKPHBAETHCS
METAJIEBOI0 CTPYMONpPOBiAHOIO TIulacTuHoro. Takmii enemeHt mae KK 8,5%;
¢dopma enemenra Bianosigae Gopmi MOayJIsl; TOBIIMHA MOIYJIsl B HE3arapTOBaHUM
CKJIi 3 MM.

Amop¢HMii KpeMHill B (oTOEIEMEHTaX HE YTBOPIOE OJHOPIIHY CTPYKTYpY,
ajle YTBOPIOE HEBIOPSIKOBAHY Mepexy. SIK pe3ynbTar, 4epe3 BiJKpUTI I'paHHMIll
KPHCTAJIB BiOyBa€ThCsl MOTNIMHAHHS BonHIO. Llel rizporeHizoBaHuii amopgHUi
KpeMHil a-Si:H cTBOpIOETBCS B peakTopi IUTa3MH 3 Ta30BO1 (a3u Tigpuay KPpeMHI0
SiH4. JleryBaHHA KpeMHI0 3HIHCHIOETHCS 3MINIYBaHHAM Ta3iB, IO MICTATH
JeTyBaJIbHAN eJleMeHT — Tigpun 6opy B2H6 mns p-mposigHOCTi i Tipun docdopy
PH3 s n-mpoBigHOCTI. Y 3B'S3Ky 3 HEBEIHKOK BiJICTAHHIO NPOHUKHEHHS
JIeTyBaJIbHUX IOMIMIOK B aMOp(HWII KpeMHil, TepMiH >KHUTTS HOCIIB 3apsay He
IyXK€ JIOBIHH, TOMY Ha IIap KPEMHII0 HAaHOCSTHCS NOAATKOBI IIapu 3 n- i p-
npoBigHicTIO. SIK mepenHiil KOHTaKT BHKOPUCTOBYeThCs mposopuii  TCO
MPOBIAHUK 3 OKCHIOM ojioBa SnO,, okcuaoM iHIir0 Ta onoBa ITO abo oxcumom
mHKY ZnO. Sk 3aqHili KOHTAKT BHKOPUCTOBYETHCS METalleBa CTPYMOIIPOBiJHA
wiactuHa. Takuii enement mae KKJI Bin 5 no 7 %; dopma BignoBimae dopmi
MOJIyJisl, MaKCUMallbHUI po3Mip 2X3M; TOBIIMHA €JEMEHTa B He3arapTOBaHOMY
ckii Bix 1 10 3 MM.

doTromaneni 3 KPUCTaTIIHUX (doToeneMeHTIB HalfgacTime
BUKOPUCTOBYIOTECS B OYNIBHUIITBI COHSYHUX EJCKTPOCTAHINH. 3a3BUUAll, TepMiH
cIyx0m (poTOMOIYNIB 3 KPUCTATIYHUX EJIIEMEHTIB CTaHOBUTH 25 poki. CIS -
tdotomoaym matore HaOuTbmA KKJ[ SK 171 TOHKOIDTIBKOBHX MOZIYIB. AJe i
MOIyJi CXWJBbHI JO KOpO3ii Bil CTPyMIiB BHTOKY B 3B'S3Ky 3 3aCTOCYBaHHSIM
enexTpoIidy B ix BupoOHunTBi. CdTe - horoMoayni He CXWiIbHI 10 KOpO3il. Aue
KaJMiii € TOKCHUYHHUM EJIEMEHTOM, IO BHUKJIHKAE TOCTPiI 1 XPOHIYHI OTPYEHHS.
®oromaneni 3 aMOphHOTO KPEMHII0 HE CXWJIBHI J0 KOpo3il 1 He TOKCHYHI, aie
MaroTh xyke Hu3pKkuil KKJI 1 X akTHBHI eJIeMEHTH BUTOPSIOTh HA COHII. 3a3BHYai
npoTsiroM 6 - 12 MicAIiB MiCasA yCTaHOBKM BiOYBA€ThCS 3HMKEHHS HMOTYXXHOCTI,
MOTIM IIi MOAYJi BUXOJATHh Ha CTaNly MOTYXHICTh. TepMiH CIIy>kOM TaKMX MOJYIIiB
craHoBuTh Osm3bKo 10 pokiB. Tepmin ciryx6u CIS i CdTe moayniB Takuii xe, sK i
Y KpHCTaJIIYHUX.
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OPEN-PHASE OPERATING MODES IN POWER SYSTEMS

One of the types of malfunction during operations in power systems is the
open-phase operation modes which arise during the breakdowns of the wires of
overhead power transmission lines, incomplete phase commutations, broken
contacts, and for other reasons. Such modes are not always provided with relay
protection. The asymmetric modes that arise during the breakdowns of overhead
line wires are not always accompanied by high emergency currents sufficient for
the operation of relay protection. So, for overhead lines with a two-way power
supply in accordance with the EIC [1], differential-phase high-frequency protection
is used as the primary, three-stage distance protection and four-stage zero-sequence
protection is used as backup protection.

Experience of operation [2] — [6] shows that in complex electric networks at
wire breakage of transmission lines there are operating modes that lead to non-
selective operation of relay protection and excessive power cuts. Such cases were
repeatedly found in the networks of the Dnipro power system, which are
documented, reviewed and analyzed in special reports.

Damage analysis on 150 kV transmission lines shows that more than 60% of
stable emergency shut-downs occur on single-phase faults and breakdowns of one
phase of the transmission line [6]. For power lines with one-way power these
accidents are accompanied by a long shutdowns of consumers. As a rule, in case of
breakdowns, all phases of the line remain disconnected during the entire time of
searching for damages and repairs. Meanwhile, the operation of transition line in
two-phases mode under a pre-composed instruction allows, in most cases, to
significantly shorten the duration of the power supply breakdown and the
emergency failure of electricity to consumers. In addition to the emergency
operation of transition line in two-phases mode, open-phase loading mode can be
provided, for example, during phase repair of power lines or ice phase melting.

The main reasons for the occurrence of open-phase modes of electrical
equipment are the breakdowns of wires, the failure to turn-off or turn-on individual
phases of switches with single phase control and so on.

In the case of a wire breakdown of the overhead line without a short-circuit,
the relay protection devices of this line can come into action if, after the breakage,
the zero-sequence current and the zero-sequence power will exceed the protection
settings values. These values are determined by the level of the load current of the
previous mode.
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Currents of the negative and zero sequence are largely depend on the
operating mode of the transmission lines before the damage and triggered by the
basic differential-phase protection fault detectors. These currents are usually
insufficient to start-up the trip circuits and are not always sufficient for the start-up
of the transmitter chains.

The use of adaptive algorithms of microprocessor Smart Grid systems allows
to increase the sensitivity of relay protection in open-phase modes, to reduce the
number of excessive power cuts, and also to shorten the duration of interruption of
power supply (SAIDI, SAIFI, CAIDI) and emergency failure of electricity to
consumers.

VIK 621,311
Jpsiuenko B.B
KaH[. TeXH. HayK, aou. 3SHTY

®OPMYBAHHS EHEPTOE®EKTUBHOI CHCTEMH
EJEKTPOIIOCTAYAHHSA MPOMUCTIOBUX HIIAITPUEMCTB

Ha BuximHOMy erami TpuM  CTBOPEHHI  KOMIUICKCY  TEXHIYHHX
eHeproz0epiraloumx 3axofiB ISl CHCTEMH €JIEKTPOIIOCTAuYaHHS IPOMHCIOBHX
MiATIPHEMCTB ~ MOTPIOHO  OIIHWTH TpPaHWYHI 3HAYEHHSA 11  TOTEHIary
eHepro30OepekeHHsl. Taka OIiHKA IPYHTYEThCS Ha IIOUIYKY ONTHMalbHOT
CTPYKTYPH 1 CKJIaTy €EMEHTIB CUCTEMH 3 TOUKH 30py MiHIMyMY CyMapHHUX BTpar
eJIEKTPUYHOT eHeprii B Hii 1 3 ypaXyBaHHSM BCiX TEXHIYHHUX BUMOT 10 Iii
excrutyaraii [1]. Y 3arajgpHy cxeMmy alropuTMy CHHTE3y Ili€i Tak 3BaHOL
eHeproe()eKTUBHOT CUCTEMH BXOJSITh IEKiJbKa ONTUMI3AI[ifHUX OJIOKIB, OJHUMHU 3
SAKAX € BUOIp MicCls pO3TallyBaHHS BY3JIB €JIEKTPUYHOI MEpexki Ta PO3MOJiI
CNEKTPUYHNX HaBaHTaXeHb 3a ii By3nmaM [2]. CHinpHHH pe3ympTar poOoTH
ANTOPUTMIB IHX OJIOKIB BOYEBHAP OOYMOBHTH C€HEProe()eKTUBHY CTPYKTYpy Ta
TOTIOJIOTIIO €JIEKTPHYHOT MEPEIKI.

Jnst 3a7aHOTO CHIMCKY BY3JB €JIEKTpHYHOI Mepexi BCiX pIBHIB, a came:
posnoainsaux myHkTiB (PII) no 1000 B, nexosux TII, PII Bume 1000 B i mxepen
JKUBJICHHS TIATIPUEMCTBA, CHOPMYBAaTH EHEProe(eKTHBHY ENEKTPHUHY MEPExKy
MIPOMHUCIIOBOTO TianpuemMcTa. [Ipu 11poMy MaroTh OyTH BpaxoBaHi OOMEXEHHS Ha
MOJKJIMBI MICIISI IPOXOKEHHS TPac IUITHOK MEPEkXi i po3MIIIeHHs 3a3HaYCHUX il
By37iB. OYeBUIHO, MO TApaMeTPH OCTAaHHIX BH3HAYAIOTH CXEMY EJIEKTPUIHOL
Mepexi, Tak SK BOHH € CYMICHUMH eJIEMEHTaMH MiX pPO3NOAUTPYUMH Ta
KUBITIMMHU i1 [OUIgsHKaMu. TakuMu mapamMeTpamMu € KOOPIMHATH —Miclb
BCTAHOBJICHHS PO3MIIHYTUX BY3JIiB, iX KOHCTPYKTHBHI XapaKTEPUCTUKH, KiTbKICTh

21



1 PO3MO/ILT HABaHTAXXEHb MK HUMH, TOOTO €()EeKTHBHICTH Iepeadi eIeKTPOeHePTii
0 MEPEeXi 3aJIeKUTh Oe3MOCePEeTHBO BiJl ii CTPYKTYpH Ta TOIOJIOTII.

XapakTepHUM I IPOMHUCIIOBUX IMiANPUEMCTB € HasBHICTH 30H, YTBOPECHUX
OymoBamm abo AkuMH-HeOynp IHIIMMH  OymiBeIPHHMH  KOHCTPYKIISIMHU
TEXHOJIOTIYHOTO Ta TOTIOMDKHOTO BHPOOHUIITB, Yepe3 SAKi HeTO03BOJICHI MPOKIaaKa
KaOeNMbHIUX JIHIA Ta PO3MIIICHHS JDKEPET KUBJICHHSA eJICKTPUIHOI Mepexi. Tomy
MpU TOCTAHOBI TOTOJOTIYHOI 3ajaui BUHHMKAKOTH CKJIAIHOII, IO TOB'A3aHi 3
MaTeMaTUYHUM OIIMCOM X 0OMEKEeHb. AJle BAKOPUCTAHHS CUTHATYpHOI (DyHKIIT
i Yac aHAJIITHYHOTO OMKCY TAKUX 30H J03BOJISE CIPOCTUTH PIlICHHS IIi€Tl 3a1a4i
[3].

CymMmicHa po0OTa 3ampoNOHOBAaHHMX AJITOPUTMIB (pOpMyBaHHS ONTUMAJIBHOL
CJIEKTPUYHOT MepeXi INPOMHCIOBHX MIANPUEMCTB 3 TOYKH 30py MIiHIMyMy
CYMapHHX BTpaT €JICKTPUYHOI CHepril 3a paxyHOK NepeOopiB yciX MOMKIUBHX
BapiaHTIB KIJTBKOCTI BY3NIB Mepexi Ta MICIp iX pO3TalmlyBaHHS IO3BOJUTH
rapaHTOBAaHO CTBOPUTH CHEProe(HeKTUBHY MEPEKY. SHIKEHHS 00CATiB 00YHCICHb
00yMOBIIOETHCSI BUMOTAMHU JIO €KCIUTyaTaliil Mepexi, Mo HagaHi K 0OMEKEeHHS
mig gac 11 orrrumisarnii.

VK 621.316.11
®enoma /].B.
KaHJ. TeXH. HayK, ao1. SHTY

MOJEJIOBAHHA CUCTEMU EJIEKTPOIIOCTAYAHHA 3A
JOINOMOI'OI0O MOBH MPOI'PAMMYBAHHSA PYTHON.

o6 MoBa mporpamyBaHHsI cTajla IHCTPYMEHTOM HAayKOBOTO JIOCIiJIKEHHS,
MPOCKTYBaHHs, ab0 eKCIuTyaTallii CHCTEM eJIEeKTPOIOCTaYaHHs, I HasBHICTH
e(eKTHBHHX Ta MPOCTUX Yy BUKOPUCTAHHI 010II0TEK IS

— OCHOBHI MaTeMaTHYHHX (QYHKIIi (TpuroHoMeTpu4Hi (QYHKIII Ta 0OpoOKka
KOMIUIEKCHHX YHCEIN),

— poboTH 3 OaraToBUMIpHUMH MacuBaMH (oIepalii eJeMeHTaMH MacuBiB Ta
3pi3amn),

— niHilHa anreOpa,

— TIOIIYKY PillIeHb,

— poboTy 3 6azamMu TaHUX IS CTATUCTHYHOTO aHaTi3y,

— Bizyamizamii J1ociikeHb (BimoOpaskeHHs IiarpaM, 3ayIe)KHOCTEH, rpadikis,
rpadis, cxem).

Bumorn, HaBeneHi BwWIe, 3MEHIIYIOTH BHOIp JHIIe 10 JAEKiJIbKa MOB
nporpamyBaHHA. 1li BIMOTH HOBHICTIO, 200 YaCTKOBO IEPEHECEHO y IMpOTpaMHi
3aco0M aHallizy eHeprocucreM, siki 3apa3 akTMBHO PO3BHBAIOThCS. AJleé OCHOBHOIO
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pPHCOI0 TaKWX MPOTPaMHHAX 3aco0iB OKpIM CIemianizamii € MpOIpiETapHICTB,
MaKCHUMajbHa 3aKPHUTICTh JO CTOPOHHIX pPO3POOHHKIB, Ta OPIEHTOBAaHICTh Ha
BEJIMKI KOpPITOpaIlil Ta KOMITaHii.

AJNBTEpHATHBY TaKUM TIPOTPaMHUM 3aco0aM, I aKaAeMidHHX Kill
CKJIQIal0Th IAKETH, IO PO3POOISIOTECS B OCHOBHOMY B HAayKOBHX MOBaX,
Hampukian, Matlab, abo MOBH CHCTEMHOTO CEpBEpHOTO MporpamMyBaHHS Java.
OO0uBa BUIIA/IKK MAIOTh JIBa CYTTEBI HEJOJIKH:

1) mponpieTapHiCTh — 3aKPUTICTh CUCTEMH Ul PO3BUTKY Oe3mocepenHbo
KOpHCTYBauaMH, BeJMKa BapTiCTh, HEOOXIAHICTh KYIUIATH OKpeMi omii,
00OMeXeHHsI BUKOPHCTAaHHS JiIeH31iHUMH yMOBaMH;

2) CcKIIaJHICTh BUKOPHCTaHHS — HEOOXiIHAa JOCHTh CKJIaaHa 0Oa3oBa
MIArOTOBKA /ISl BADOCTAHHSI MOB CHCTEMHOT'0 CEpBEPHOTO MIPOrpaMyBaHHSI.

Ane TtenaeHmii chepu iHPOPMALIHHUX TEXHOJOTII CTBOPIIM YMOBH IS
TIOSIBH, II€ OJJHOTO NPETCHCHTA Ha POJIb MOBH NPOTPaMyBaHHS IS MOJEIIOBAHHS
CHCTEM €JEKTPOIOCTAYaHHS HAYKOBISIMH Ta TPOCKTYBaJbHUKAMH, L€ MOBa
nporpamyBasHs Python.

Python — me MmoBa, mo awHamiyHO 1 Oe3meyHO HaOWpaeThes. Y SKid
noiiMopdi3M, MeTanmporpaMyBaHHS, IHTPOCHEKINS Ta JieAadi OOYHCIECHHS JIETKO
peanizyBaTn Ta BUKOpHCTOBYBaTH. [lapanenpHe mporpaMmyBaHHs, TaKe SK
0araTonoTOYHICTh, MapajesizM i 0araTompolecoOpHICTh, Xo4ya 1 MaloTh JesiKi
0OMEXEHHsI, ajie peali3yloThCsl 3 BUKOPUCTAHHSIM HECKJIaJHUX KOHCTPYKLIH, SIKi
1Ie i 3a0e3MeuyoTh TOHKI HaJlallTyBaHHS.

BaxnuBumu  ocobnuBocTssiMu  Python  anst  mopentoBaHHS — cucteM
€JIEKTPOIIOCTAYAHHS € T€, I10:

—Python—mme cydacHa MoBa, TIOBHICTIO 3acHOBaHHH Ha  1o0pe
CTPYKTYPOBaHHX Kiacax (Ha BiMiHY BiJ OUIBIIOCTI HayKOBHX MOB, TaKHUX 5K
Matlab i R), skxi monermyoTs CTBOPEHHS, MIATPUMKA i TIOBTOPHE BHUKOPHCTAHHSI
MOJYJIFHOTO 00'€KTHO-OPIEHTOBAHOTO KOIY;

— Sk i OLIBOIICTE MOB CIICHapiiB OCTAaHHBOTO MOKOINIHHSA, Python ycnamkoBye
kpamgi ¢yHkmii 1 koHmemnmii 06ox cuctemuux MmoB (Taki sk C 1 Fortran) i
CTPYKTYPHHUX MOBH (Taki sik Xacken);

— Taki 6i6miotexu, sk NumPy i CVXOPT, naroTe BUKOPHCTOBYBATH Kpalli,
Ta HaWOLIBII MOIMMpPeHi Oi0JI0OTEeKNM CHUCTEMHOTO IMPOrpaMyBaHHS Uil poOOTH 3
0GaraTOBUMIpHUMH MacHBaMH, JiHIHHOIO anreOpolo, aHami3y BIACHUX 3HAYCHb
(BLAS, LAPACK, UMFPACK i T. 1.);

—3aBmiaku rpadiyauM Oi0OmioTekam, TakuMm sk Matplotlib, 3matHiCTE 10
BioOpaxxeHHs Jiarpam, 3ajexxHocreil, rpadikis, rpadis, cxem y Python HacTinmbku
K BEJIMKA, K 1 y Matlab.

— Bennyesna  pizHOMaHITHICTH  OE3KOIITOBHMX CTOPOHHIX  0i0mioTek,
jpoctynHux aust Python, no3Bonsie Jierko i IIBUIKO PO3MIMPUTH MOXKIMBOCTI
MPOTPaMH, [0 BUXOAUTH 332 PAMKH OPHUTIHAIBHOTO TIPOEKTY.
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—Python € BimbHEM Mae BigkpuTHii kojg 1 Tomy Python cmpuse
BIIPOBA/KCHHIO Ta PO3IIOBCIO/KCHHIO BIAKPUTHX MPOEKTIB i KOHCOMIAAI 3yCHIIb
JOCJIITHUKIB.

— Python € ocoGmmBO 3pydHUil AN OCBITH Ta UIFOCTPAaTUBHUX IMPHKIIAMIB,
TOMY, III0 Ma€ BiTHOCHO IPOCTHH 1 JIAKOHIYHUI CHHTAKCHC.

Tomy wmoBa Python € noctaTHRO 3pinoi0 UIT MOZICTIOBAHHS CHCTEM
EJIEKTPOIIOCTAYaHHS, Jy)Ke THY4Ka, HOTpeOye MiHIMaIbHUX KaliTaIbHUX BKJIaJACHb
JUISL TIPOBEJICHHS JIOCIIJDKEHb, 1 HECKJIQJHA JJIsl MOJIOJUX BYEHHX, 1[0 HE MArOTh
JOCBiy poOOTH 3 MNpONpiETapHUMH IPOrPaMHUMH  3aco0aMH  aHaJi3y
€HEeprocUCTEM.

VIIK 628
3abonorHei A.Il.
KaH[. TeXH. HayK., fou. 3HTY

MEPEBO/I CLZIbCbKOI KOTEJIbHI HA AJTbHEPHOTUBHHU B/
ITAJIMBA

Hapiiina, exoHOMiuHa 1 Oe3meyHa poOOTa KOTENbHI 3 MiHIMAJIBHUM YHCIOM
00CIIyroByIO4OTo MEPCOHATY MOXKE 3/IHCHIOBATHCS JIMIIE 32 HASBHOCTI CHUCTEM:
ABTOMATHYHOTO PETYIIIOBAHHS, aBTOMAaTHKN O€3IEKH, TEIUNIOTEXHIYHOTO KOHTPOJIIO,
CHTHaJi3alii Ta yIpaBJliHHS TEXHOJIOTTYHUMH MIPOLIECAMHU.

VY peKoHCTpYHOBaHOT KOTEIbHI MPUBEACHA aBTOMATH3AIIISI BOX KOTIIIB THITY
«PETPA», ki mpauiolOTh Ha ajlbTEPHATHMBHOMY BHJI  HaJHBa-COJIOMI,
aBTOMATH3allisl OTIOMIXKHOT'O 00JIaTHaHHSI, By3Jia OOJIIKY TEIJIOBOI €Heprii.

[MpunaayM TEMJIOTEXHIYHOTO KOHTPOJIIO MPUHHATI Yy BIJNOBIZHOCTI 3
HACTYITHUMH NPUHINTIAMU:

a) TapaMeTpH, CIIOCTEPEKEHHS 3a SKUMM HEOOXiJTHE JuIl IPaBHIIBHOTO
BE/ICHHS TEXHOJOTIYHOTO TIIpOIecy 1 3AIHCHEHHS TIepelyCKOBHX OIlepalil,
BUMIPIOIOTECS TTOKA3YIOTh PHIIa/IlaMH;

6) mapameTp, OOJIiK SKUX HEOOXITHUH JUIs TOCIIOIapChKUX PO3paxyHKiB abo
aHaiizy poborn obnamHaHHA, KOHTposOeThCsl camonmcHuit abo MiJCyMOBYOYi
NpUIIaIaMH;

B) HapaMeTpH, BUMIPIOBAaHHS SIKMX MOXE MPHU3BECTH JI0 aBapiHOTO CTaHY
o0J1a/IHaHHS, KOHTPOJIIOIOTHCSI CUTHANIZYIOTh TIPHJIaJIaMU.

3aBJaHHsIMH aBTOMATHYHOIO PETyJIOBAHHS TEIIO/KEpeN €: MiATPUMAaHHS
TEeMIlepaTypyd BOJH, L0 IOJAETHCS B TEILUIOMEPEXKY, Ha 3a/JaHOMYy DiBHI, LIO
BHU3HAYAETHCS BIAMOBIAHO 10 ONATIOBAIBHUM TpadikoM IMpH EeKOHOMIYHIH
CHATIOBaHHI BUKOPHCTOBYBAHOTO MaiMBa 1 cTabii3amisi OCHOBHHX IapaMeTpiB
pOOOTH KOTEIBHI.
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Temmeparypa BOAWM, IO TIONAETBECS B TEIUIOMEPEXKY BIiNNOBITHO 3
OTIATIOBANIBHAM TpadikoM, MIATPAMYETHCS HA 3aJaHOMY piBHI «XOJIOJHUM
nepenycky». BkasaHuil BHTpaTa BOAM, HE3AIEKHO BiJl KUIBKOCTI IPAIOI0YUX
KOTJIiB, 3a0€3MeUy€eThCS PETYIATOPOM BUTPATH (KJIAAHOM Ha JIiHII perupKyIsLii),
SAKi OTPUMYIOTH IMITyIBC MO TEpenaay THCKY MDK KOJEKTOpaMH MpPSMOTO i
3BOPOTHOTO MEpeKeBOi BOAM KOTIIB. Perynsarop mimKuBiIeHHS 3a0e3mnedye
MiATPUMKY 3aJIJaHOTO THCKY B 3BOPOTHOMY TPYOOITPOBOAI MEPEKHOT BOJIH.

Kommekrom 3aco0iB ympaBiiHHS 3a0e3neuyeThesi Oe3neka poOOTH KOTJia
HIISIXOM NPUIMHEHHS 1101441 ajIiBa MpH:

a) BIAXWJICHHSI TUCKY BOJM HA BUXO/I 3 KOTJIA;

0) 3MEHILEHHSI BUTPATH BOJH Yepe3 KOTEI;

B) MiZIBUIIIEHHI TEMIIEPATypH BOJH 32 KOTIOM;

T') 3HIKEHHS THUCKY TOBITPS;

) aBapiiHOIO 3YMHHII TUMOCOCA;

€) HECTIPaBHOCTI KiJl 800 3HUKHEHHS HAIIPYTH B CXEMi aBTOMATHKH OC3MEKH.

Omnepamii 3 mycKy 1 3yIHHKH KOTJIa BiIOYBalOThCS aBTOMATHYHO «BiX
KHOTIKM». ABapiiHHI CHTHal 3yNMHKH KOTJa BHHECCHWH HA IMUT aBTOMAaTH3awlii
KoTiIa. Y KOTENbHUX BCTAHOBIIOIOTH IIOKA3yHOWi NPWIagH IS BHMipIOBaHHSI
TEeMIIepaTypy BOJU B M0JaI0YOMY 1 3BOPOTHOMY KOJIEKTOpaXx.

Kum nporo, y kotenbHi moBuHHA OyTH nepeadaueHa peecTpallisi HacTyITHHX
napaMeTpiB: TEMIIEpaTypH BOJH B NOAABAILHUX TPYOOIPOBOJax TEIIOBOI MEpexKi,
a TaKOX y KOXXHOMY 3BOPOTHOMY TpyOONpOBOi; BHTpaTH BOJIM, L0 Hae Ha
MDKUBJICHHS TEIUIOBOT MEPEXKi.

YK 621.311

Ionos B.B.',A.E. I'pumys,A.I1. Bennuko®
! KaH[. TeXH. HayK, pou. 3HTY

*cryn. rp. E-114 3HTY

MIIBUIIEHHS] EOCEKTUBHOCTI EJTEKTPOITIOCTAYAHHS 3A
PAXYHOK BUKOPUCTAHHSI OBJIAJJHAHHSI 3 BJACTUBOCTSIMH
HAJITPOBITHOCTI

OCHOBHMH NPHUHIMI NPHUCTPOI0 1 pPOOOTH TOHAJ IPOBITHHKOBOTO
TpaHchopmaTopa: OOMOTKH 3aHYPEHI B PIAKHH a30T, CIIy>KOOBEIlb OJHOYACHO i
130JIAITi€10, 1 0X0JI0KYI0U0i cepenoBuiieM. CepliedHuK TpaHnchopmaTopa Mmpairoe
IpH TEMIeparypi HaBKONWIIHBOTO CEpPElOBUIIA, TOMY WOTO OXOJOMKEHHS
NpU3BeNe TUIBKH [0 3aliBUX HABAHTa)XEHb KPIOTEHHOI CHUCTEMH, a HE [0
MOJINIIEHUX XapakTepucTrukaM. OOMOTKH TEpMIYHO 1301b0BaHi BiJl CEpACYHHKA i
HaBKOJIMIIHBOTO CEPEZOBHINAa 3a JOINOMOIOI0 JIBOCTIHHHX KOHTEWHepiB (Tak
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3BaHMUX KPIiOCTATiB), BAKOHAHUX 3 CMOKCHIY, M CTIHKAMH SKHX HiATPUMYETHCS
BaKyyM, IO 3a0e3medyeThcs Oe3nepepBHOI0 POOOTOI0 HAcoca.

OcHOBHI iX mepeBaru Takux TpaHchopMaTopiB B MaHWK Yac BU3HAYAIOTHCS
HACTYITHAM: eKOJIOTi9Ha Oe3leKka 3aBOJKHA BiICYTHOCTI TpaHC(HOPMATOPHOTO
Macia; 3MeHIIeHI MacorabapWTHI MOKAa3HWKW, IiJBHUINCHA HANIHICTH 3aBISKH
BiZICYTHOCTi CTapiHHS BHUCOKOBOJBTHOI i30JIAIil IpH KPIOTEHHUX TEeMIIeparypax;
3HIKCHI BTpatH 1 migsumennii KK/,

KamitansHa BapTiCTh HAAMPOBIAHUKOBOTO TpaHCPopmaTopa Oy/e mpuOIn3HO
Ha 20% HmXKYe, HDK TPaIuLiHHOTO aHajlora Takoi K MOTYXXHOCTI HaBiTh 3
ypaxyBaHHSM JIOCUTh HU3BKHX XapakTepucTHk oOmortounoro BTHII marepiamy:
IIJTBHICTh KPUTHYHOTO CTPYMYy CTaHOBHTH IIPH TEMIIEpaTypi PiAKOro a3oTy B
BJIACHOMY TIOJIi CTPYMY 1 BTpaTH Ha 3MiHHOMY cTpyMi 0,25 MB1 / A * M B noze 0,1
T

IcToTHOIO TIEpeBaroo € TakoXK BHCOKA MepeBaHTaxXyBaslbHa 31aTHicT BTHIIT
tpaHcopmaropa - go 100% mpotsrom Oaratpox roxauH. Ilomanpmioro MerToro
CTaBUTBCSA JHocsTHeHHS mnoTyxkHocTi BTHII-Tpanchopmaropa 30 MBA, a
kianesoro - 100 MBA.

Burorosneni i BunpoOysani moxeni Bix 630 kBA mo 1 MB o A, BemyTtbes
po3poOku TpaHchopmaropiB moTyxHicTiO Bix 10 mo 40 MB-A. 3a nmanumu
MinicrepcrBa enepretuku CLIA, sikuit 3po6uB B 1993 poui moknaaHuid aHami3
moxiBoro 3acrocyBanHs BTHII-tpanchopmatopiB moryxHictio 1o 30 MBA,
BUTpaTH (IIPU CEpe/IHIN OLIHII) Ha BECh TEPMIiH City»kOm npu excrutryarauii BTHII-
TpaHcopmaropiB OyayTh HAloOJIOBHHY MEHIIE MOPIBHSAHO 3 BHUTpaTaMu Ha
00CIIyTOBYBaHHS TPaIUIIIIIHO 3aCTOCOBYBaHUX TPaHC(HOPMATOPIB. A B pe3ynbTari
aHamizy MaiioyTHporo 3acrocyBaHHs BTHII-tpanchopmatopie 30-1500 MBA,
npeacTaBiIeHoro Ha koH(epeHnii y ®@panmii B 1994 pomi, Oyno BUSBICHO, IO
BUTpatu OynyTh Ha 70% MeHIe.

YK 621,311

Jlesiaenxo B.B', Tanaceiiko C.I'., ®ypuaxk 1.0., Koromoerp A.B >
! kaHm. TexH. Hayk, gon. SHTY

* eryn. rp. E3-114m 3HTY

MNPUHIOUIIN BUSHAYEHHSA IOTEHUIAJIY EHEPTO3BEPEKEHHA Y
EJIEKTPOIIOCTAYAHHI

IaTencudikyBaTi mporiecc €Hepro30epeKeHHST MOMXKIHMBO, SKIIO BiJOMHMA
TPaHUYHUI TEXHIYHO 1 €KOHOMIYHO peaii3oBaHUil oOcsATr eHeprii, SKWH MOXKHA
320IaINTH TIPH MIPOBEJIEHHI KOHKPETHOTO KOMIUIEKCY BilMOBiAHMX 3axomiB. Lle i
MOBUHHO OYTH TOKJIQJIEHO B OCHOBY OIIHKM IOTEHIIaly €Hepro30epexeHHs.
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3Ha4yeHHS OCTaHHBOI OyAyTH 3alie)kKaTH BiJ XapakTepy 00'€KTa €HEPTeTUYHOTO
JOCIHIIKEHHS, B SKOCTI SKOTO TYT PO3IIAAAETHCS CHCTEMa €IEKTPOIOCTadyaHHS
(CEII) npoMHCIIOBOTO TiAIPUEMCTBA.

OCHOBHUM TIPHHIUATIOM OWIHKA TIOTEHIialy EHepro30epeKeHHI €
CTpyKTypHa 1 mapamerpuuna onrtumizamiss CEIl 3 BHKOpHUCTaHHSAM KpHUTEPilO -
MiHIMyMy cymapHHX BTpar enekrpuuHoi eHeprii (BEE) y Bcix ii ememenTtax 3a
3aJaHuil nepion yacy. Pe3ynapraTom BHpimieHHs Takoi 3aaa4i OyAyTb TOMOJOTISA 1
Hepenik TeXHIYHUX IapaMeTpiB CUCTEMM, a TaKOX IOKa3HUKH ii PeXHUMIB
€JIEKTPOCIIOKUBAHHS, 3a0€3MeUeHHs SIKMX B CYKYIHOCTI NPHU3BEAE 10 TPAHUYHOTO
3HW)KEHHS IUX BTPAT IPH JOMYCTUMUX TEXHIYHMX YMOBaX €KCIUTyaTalii CUCTEMH.
OTprMaHa TakuM YMHOM eHeproe()eKTHBHa CHCTeMa, Oyle MaTu BiIMiHHY BiJ
peanbHOi CTPYKTYpY 1 IHIIMHA CKIIQJ EJIEMCHTIB, a TaKOX XapaKTepPU3yBaTHUCS
MeHIUME BiacHuMH cymapHuMu BEE 3a Toil e mepiox, 1o po3risigaeThes.
Pi3HMms MK BTpaTaMH B pPEaIBHOMY 1 OTpUMaHOi TakUM  YHHOM
eHeproe(eKTUBHIM cucTeMax 1 AacTb TIpaHWYHE 3HAYCHHSA DPE3EPBY EKOHOMIl
eJIeKTPOCHEPTii.

Hactynamii Kpok B OIIHINI IOTEHIialla SHEepPro30epekeHHs O0O0YMOBICHHN
ctpykrypoto CEIl. ToOrto BiH sBIsi€ COOOI CyMy MOTCHINATIB Ha KOXHOMY
iepapxiunomy piBai CEIl. [lanuii moTeHIiian HEOOXiTHO BH3HAYATH HACTYITHHM
obpazom.

1. OGuucmototecs 3HaueHHs BEE B koxxHOMY eneMeHTI JOCHiIKyBaHOI
CEIl i ix cymMu Ha KOXHIH 11 AUISHII Ta B LIJIOMY MO CHCTEMI.

2. Buxonyerscst ontumizauis CEIT 3a kputepiem minimym ix cymu BEE B
€JIEMEHTAX 3 ypaxyBaHHSAM BCIX TEXHIYHHX BUMOT J0 €KCIUTyaTalii CHCTEMH.

3. OOuHCIIOETBCS  PI3HMIL MK 3HaueHHsMH cymapHux BEE B
JIOCIIIKYBaHIH Ta B eHeproeeKTHBHOI CHCTEMAaX eJIEKTPOIIOCTadaHHs, KA 1 ABIIsI€
cobOor0 3HaueHHS ToTeHmiany eHeprozoepexkxeHHs B CEIl PisHmmsg x Mixk
BTpaTaMHM B [UX CHCTEMaxX OKPEMO 3a CKJIQJIOBUMH iX eleMEHTaM BH3HAYHTh
CTPYKTYpy mnoteHuianry crocopHo peansHoi CEIL, a came y 1IeXOBUX €IeKTpUIHUX
Mepexax Ta W TpaHcHOPMATOPHUX MIACTAHINNX, PO3MOAUIBHI Ta IKUBUIIBHI
SJIEKTPUYHI MEPEXKi, 8 TAKOXK Y JUKEpesax dKUBJICHHs MIANPUEMCTBAX.

Po30uTTs 3aragpbHOTO MOTEHITIATy Ha 3a3HAY€Hi CKJIQJIOBI J03BOJISIE BUSABUTH
MICII HAMOUTBIIMX  pe3epBiB  EKOHOMIii  eNeKTpPOeHeprii, M0 CTBOPHUTH
CIIPSIMOBaHICTh B Jisix mono 3HmwkeHHs BTpaTt B CEIL Ile mos's3ano 3 TuM, 1o B
CHCTEMY BXOJWTH IOCHTH BEJIHMKa KiJIbKICTh €JIEKTPOYCTATKyBaHHS, 1 YHCIICHHI
BapiaHTH peaji3alii pe3epBiB CTOCOBHO KOXXHOTO EJIEMEHTY CHCTEMH He
BIATBOPIOIOTH 3arajlbHOI KapTHHM TIporecy eHeproszdepexkenHs. Ilpore, Takmit
aHaii3, aje OOMEXEHMH KOHKPETHMM pIBHEM CHCTEMH, B IIOJAIBIIOMY HeE
BUKIIOYAETHCS. ISl 3py4HOCTI opraHizamii Ta KOHTpPOJIO peaiizawii 3a3Ha4€HHX
MOTEHINATIIB MOKITUBE JTOJATKOBE TOLI X 200 M0 BUpOOHHIITBAM, a00 10 IexaMm 3i
30epe’KeHHSIM BHINEBKa3aHOI cTpyKTypH. Lleil etanm 103BONMTH B NOAANBIIOMY
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MPOaHATI3yBaTH YYacTh B EHEPro30epekeHHI KOXKHOTO 3 MUX TEXHOJOTIYHUX
MiAPO3IiTiB IIPOMHUCIIOBOTO ITi IIPUEMCTBA.

Bkazani Bume mpuHO3WIN 1O OLIHKK 3a3HAYCHOTO IOTEHIANy IO3BOJISIE
JIOCUTh TOYHO BHW3HAYMTH TPAaHUYHI TEXHIYHO peajli3oBaHi pe3epBH EKOHOMIl
eJIeKTPOeHEepPTii Ha BCiX OUITHKAX CHCTEMH. Lle cTamo MOXINBUM 3aBISKH TOMY,
mo BiH 0a3yeTbcs He Ha Oymb-SKMX MOXJIMBHX BEPCIX YaCTKOBOI 3MiHH
napaMeTpiB 1 peXHMIB OCTaHHBOI, a Ha pe3yJbTaTax KOMIUIEKCHUX OOYHMCIICHB,
OTPUMaHUX Ha OCHOBI OINTHMIi3allil CTPYKTYypH 1 HapaMeTpiB CUCTEMH 3 IMO3MII
miniManeHEX cymapHux BEE B Hiii 3a 3aganuii nepiof yacy.

VK 621,311

JlpsiueHko B.Bl, Memnsnuk €.0., 3yberns M.O. 2
! kanm. Texm. Hayk, nou. 3HTY

2 cryn. rp. E3-114m 3HTY

YJIOCKOHAJIEHHS IIPOTPAMHY EHPTO3BEPEKEHHS TSI
CHCTEMM EJEKTPONTOCTAYAHHS EJJEKTPOTEXHIYHOI'O
3ABOJIY

TexHiKO-eKOHOMIUHI PO3paxXyHKH MOKAa3HHUKIB €HEProe(eKTUBHOI CHCTEMHU
€JICKTPOIICTaYaHHsI TPOMHCIIOBHX ITIIIIPUEMCTB CBIAYATH MPO Te, IO peaizarlis ix
MOTEHINAly CHEPro30epeKeHHS B TIOBHOMY 00Cs3i, SIK MIPABHUJIO, HE € CKOHOMIYHO
JOUUIBHUM, TOMY IO COOIBapTiCTh 3€KOHOMIIEHOI €JIESKTpOEHEprii HpH IbOMY
ICTOTHO TIepEeBMIIYE 3HA4YeHHs YWHHOrO Tapudy Ha i1 mnpuabannsa. s
MOJIIMIIEHHS E€KOHOMIYHOI TNPHBAOJIMBOCTI IPOIECY EHEPro30epexeHHs B
EJIEKTPOIIOCTaYaHHI HEeOoOXiZJHO Ha OCHOBI ONTHMIi3alil CTPYKTYpH 1 mapamerpis
CHCTEMH eJIEKTPOINOCTaYaHHsl cOpMyBaTH CIHCOK BCIX TEXHIYHO MOMIUBHX
eHepro30epiralounx 3axoiB, aHali3 COOIBapTOCTI 3EKOHOMIICHOI NUIAXOM iX
peamizamii eJXeKTpOeHeprii J03BOJsE CKIACTH MpOrpamMy eHepro3oepexeHHs,
BIIPOBA/DKCHHS Kol 3a0e3meuye peamizamito 10 80 % Bim moTeHIamy
eHeprozoepesKeHHs.

3 omrsiay Ha BHCOKI BUTPAaTH Ha YCTAaHOBKY HOBHX JDKEPENT Mepexi, 1o
ICTOTHO  3BY)Xye Jiama3oH ajbTepHaTUB 1Npu  (HOpMyBaHHI  Iporpamu
eHepro30epexeHHs, MAOUIIbHO CIOYaTKy 3AiHCHIOBaTH HOro Ha  OCHOBI
BUKOPDHUCTAHHS ICHYIOYMX JDKEPEN JKHMBJICHHS €JCKTPUYHHUX MEpex, 3aMiHU
TEXHIYHUX TMapaMeTpiB iX mepenaBalbHUX E€JIEMEHTIB i YCTaHOBKH JI0JIATKOBUX
NPUCTPOTIB, M0 KOMIIEHCYIOTh, a TaKOX Ha MEepepO3NOail EIeKTPUIHUX
HaBaHTaXXCHb MK By3JIaMU MEPEXKi.

EdexT Bix 3HIWKECHHS IUIATEXXIB 32 PEAKTHBHY EJEKTPOCHEPTilo, SIKUI 9acTo
NPU3BOJUTH JI0 BiI'€EMHOTO 3HAUCHHS! BUKOPHCTOBYBAHOI'O KPUTEPil0 €KOHOMIYHOT
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JOUITBHOCTI  eHepro30epiraloumx 3axofiB, TIIOB'S3aHMX 3 YCTAHOBKOIO [O-
BHUKOHABYNMH KOMIICHCYIOUHX NPUCTPOiB, HEOOXIHO MEepeBECTH B EKBiBaJICHTHUI
o0csTy eneKTpoeHeprii, SAKy MiIIPHEMCTBO MOTJIO O MpHUI0aTH Ha 3eKOHOMIICHI
TaKMM YMHOM KOIITH, IO JO3BOJISIE BPAaxyBaTH Leil NO-BUKOHABUUMHU e(eKT, HE
HNOpPYIIYIOYH TP LIOMY CEHCY IPOIOHOBAaHOTO KPHUTEPII0 EKOHOMIYHOL
JMOUTBHOCTI PO3TISHYTHX 3axoniB. Pi3HI peXUMH CIHOXHBAaHHS PEaKTHBHOI
MOTY>KHOCTI Ha MEXKi 0aTaHCOBOI HAJICKHOCTI MiJIPUEMCTBA a OTXKE 1 BiJIIOBiTHA
omnata 3a Hel, OOMEXYIOTh BHOIp IOTYXHOCTI KOMIIEHCYIOUMX IPUCTPOIB, IO
MPU3BOJUTH JI0 HEOTHO3HAYHOCTI IUIATEXIB 32 PEAaKTUBHY €JIEKTPOCHEPTII0.

Tak sk nomituka (opmyBaHHS Tapu@iB Ha EJIEKTPOCHEPTiI0 i BapTICTh
eIeKTpOOOIaJHAHHSA  BIUIMBAIOTH  HAa  O0CSAr  peamisamii  MOTEHI{ATy
€Hepro30epeKeHHsI B CUCTEMAaX €JEKTPOIOCTAaYaHHsI [TPOMHUCIIOBUX MiJPHEMCTB,
TO MIPOTHO3 IX 3MiHU HA 33Ja€ThCA MEPIOJT peatizamii mporpamMu eHepro30epeKkeHH
JI03BOJIsIE 301MBIIATH 1ed o0csar 10 90% i YyTOYHUTH €KOHOMiuHY €(peKTHBHICTH
MpoOTpaMH  CHEPro30epeXeHHs, THM CaMUM MOJINIIUTH 1 1HBECTHIIHHY
MPUBAOIIUBICTb.

Te, mo HeoOXinHe I peamizalii eHeproe()eKTHBHOI CHCTEMH MapaMeTpUIHE
3MiHa CHCTEMH CJICKTPOIIOCTAYaHHS MOXKHA pPO3IJIANAaTH SK BUKOPUCTaHHS
eHepro30epiraroyoro 00JagHAHHS B MPOIECI MOJIMIICHHS 3arajJbHOTO PEKUMY
CJICKTPOCIIOKHMBAHHS HA MIAMPUEMCTBI CBITYHUTH MPO MOMKJIMBICTH 1 JOIITBHOCTI
3aJy4eHHs ICHYIOYOi 3apa3 3aKoHOAaB4ol 0a3u B raiysi eHeproz0epe:KeHHs Uis
MIIBUILIEHHS] €HEeProeeKTUBHOCTI eNleKTpornocTadanHs. [1inBumnT eekTuBHICTh
po3pobmoBanux IIporpam eHepro30epexeHHsT B 00JACTi €JIeKTPONOCTavYaHHS
MOXJIMBO MUISXOM CHUIGHOTO KOPUCTYBAaHHS OTPHMaHUX B JaHI poOoTi
pe3yIbTATIB 1 MPAKTHIHUX PEKOMEHIAIIN 3 00JIacTi Teopil yIpaBIiHHS IPOCKTAMHI
Ta pe3yJbTaTiB HOBUX €KOHOMIYHHX JTOCIIIKCHb.

Tak IJ1sl CHCTEMH €JIEKTPONTCAYaHHs eJICKTPOTEXHIYHOTO 3aBOJY HaHOLIbII
JOLIJEHIM BapiaHTOM HPOTrpaMH eHepro30epeKeHHs OTPUMAaHOT Ha OCHOBI MOBHOT
peaizaiii HOBUX MiAXOJIB 0 CKIaJaHHS MPOrpaMHu eHepro30epeKeHHs BKIIOYAE
B cebe m'sTh eHepro30epiralounx 3axoJliB, MOCTIJOBHO BUKOHAHHS SIKMX peaji3ye
MOTEHIlay eHepro3oepexeHus B 00cs3i 139,9 MBT - rox , mio cranoButsh 78% Bin
MAaKCHMaJIbHOTO HOI0 3Ha4eHHs. Y JOCKOHAJIEHHsS JaHOi MpOrpamu 3a paxyHoOK ii
onTuMi3arii 103BoJsie 30UMbIIHTH 11eH oocsr 10 90%.
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VIK 621.365.2:669.18.02
Mimenxo B.JO.! Tomenko T.T. 2
"acuer. BHTY

crym. p. E-116 3HTY

AHAJII3 MOKJIUBOCTEM NIIBUIIEHHS EHEPTOE®EKTUBHOCTI
JOYT'OBOI CTAJIEILUIABUJIBHOI IIEYI

Enextponedi € OCHOBHHM TEXHOJIOTIYHHM arperatoM s 3XiHCHEHHS
MPOLECiB €JICKTPOIIIAKOBOTO, IUIa3MOBOTO, €JIEKTPOHHO-TIPOMEHEBOTO,
IHAYKIIHHOTO 1 JYrOBOTO BaKyyMHOTO TEpEIUIaBiB, SKi JO3BOJIIIOTH OTPHMYBATH
CTaJb BHCOKOI YHCTOTH 3 BUHITKOBO BHUCOKHMH MEXAHIYHUMH W TEXHIYHHUMH
XapakTepucTUKaMu. Y el 4ac BHUITyCKalOThCs CepiifHi ayrosi meui emHictio 0,5;
1,5; 3; 6; 12; 25; 50; 100; 150 i 200 ToHH 1 PO3POOIAIOTHCS MPOCKTH MEYCH
emHictio 300 i 400 ToHH. 3a crnocoOOM NEpPETBOPEHHS €JIEKTPUYHOI eHeprii B
TEIIOBY €JIEKTPOIedi MOKHA PO3ALIUTH Ha TPU IPYNU: AYroBi, IHAYKIIHHI H neyi
oropy. Bci BoHM € BeNMKMMH CIIOXKMBa4aMH €JIEKTPUYHOI eHeprii, a 0coOJIuBO
JyroBa CTaJICIUIaBUIIbHA 114, OCKIJIBKH MOPSIZ 3 aKTHBHOIO MOTYXXHICTIO CIIOKUBAE
1 peaKkTHBHY, SKa BUTpPAadaeTbCcd HA CTBOPEHHS EJIEKTPOMArHiTHUX TIIONIB 1 €
HETOTPiOHOIO [T crokuBada. HasiBHICTE pEakTHBHOI MOTYKHOCTI 3HIKYE SIKICTH
CJIEKTPOEHEPTii, MNPU3BOJUTH [0 TAKWX SBHIN, SK 30UIBIICHHSA IUIATH 3a
eJIEKTPOCHEPTif0, JOMAaTKOBI BTpaTH 1 IeperpiB MPOBOJIB, MEpeBaHTAKCHHS
MICTaHIi, HEOOXIJHICTh 3aBHUIICHHS MOTYXHOCTI TpaHC(HOPMATOPIB i MEPETUHY
Ka0eiB, OCiIaHHs HANIPYTH B eJIEKTPOMEPEKI.

3 TOYKM 30py €EHEPro30CpeKCHHS HANWOUIBII aKTyaJbHUM IHTAaHHS €
BU3HAYCHHS LUISXIB 3HMKEHHS BUTPAT IiJNPUEMCTBA Ha NMPUI0AHHS PEaKTUBHOT
eHeprii y CTOPOHHIX oOpraHizamisx 3a paxyHOK MoJepHi3auii iCHYHYHX
TCHEPYIOUHX MOTYXKHOCTEH, a TaKoX 30allaHCYBaHHs 00’€MiB BHPOOHHIITBA Ta
CIIO)KMBAaHHS PEAKTUBHOI €HEpTii 3a JONMOMOT0I0 MPOTHO3YBAHHS CIIOKUBAHHS.

Metoro poboTtu € aHami3 TpadikiB CIOKUBAHHA PEAKTHBHOI cHeprii 3a
NEeBHUI Tepiol Ta Ha OCHOBI OTPUMAHUX CTATHCTHYHHX JaHUX BUBECTH
3aJI)KHOCTI CIIOKMBAHHS PEAKTHBHOI €Heprii 3a pi3Hi Iepiofd IUIaBKU IS
OKpeMHX Ileueif. Y3araJbHHMBIIM OTPUMAaHI pE3yJbTaTH CTaHE MOXKIMBUM
MPOTHO3YBAHHS CIIO’KUBAHHS PEaKTHBHOI €Hepril.

B xoni poboTu mpoaHanizoBaHi iCHYIOYi crocoOM KOMITEHCAIlli peakTHBHOL
eHeprii mexoM IMiIIPHUEMCTBA Ta 3aPOIIOHOBAHI {X IIISIXH BIOCKOHAICHHS Cepes
SIKUX:

- KOMIICHCAIII0 PEaKTHUBHOI €Heprii B Iexy 3AIMCHIOBaTH Ha OJHOMY
nmocTiiHOMy piBHI 0e3 ypaxyBaHHA 3MIHHOTO HaBaHTaXeHHSI. Jlng 1mporo
HEOOXiZJTHO BCTAHOBHTH KOHTpoJiepu peakTwBHOI motyxHocti (PII). Lle macts
3MOry OiJbLI ITOBHOLIHHO KOMIEHCYBAaTH HEOOXiJHy pEaKkTHBHY €Hepriio 3
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ypaxyBaHHsIM ii AuHaMikd y daci. TexXHiYHO AN BCTAHOBICHHS KOHTpoOJepa
HEOOXiHO TaK0>K BCTAHOBUTH TPAHCPOPMATOP CTPYMY.

- BCTAaHOBJICHHS 1HAWBITyaIbHAX KOMIICHCAIIHHIX MPHIIALIB Oe3I0CepeTHbO
Oims  cHoxwWBa4iB peakTUBHOI eHepril. IcHyrowi cmokwBawi MawTh pi3HE
MaKCHUMaJbHEe CHOXXMBAHHS PEAaKTHBHOI eHeprii, TOMy HEOoOXigHO mixOupaTH
MOTY>KHICTD KO)KHOTO KOMIICHCAI[IHHOTO MIPHUCTPOIO OKPEMO.

Bue 3a3HaueHi 3axo1u MaroTh CBOi IiepeBaru Ta HenoJiku. HeperysnpoBaHi
KOHJICHcaTopHi Oarapei Ha Harpyry 35 kB 3a3BHuaii BCTAHOBIIIOIOTHCS Ha IIEXOBUX
POBIOJIIBHAX MYHKTax ab0 NPHEAHYIOTHCS IO MAariCTpaIbHUX MEpeX, SKIIO
[bOMY HE MEpEIIKOPKAE HABKOJHIIHE CepeJOoBHUIIEe. BHUXOIUTH 3HAYHO Kpalle
BUKOPUCTAHHS KOHJICHCATOPIB, HDK TPH IHAMBIAyalbHIH KOMICHCAIl, 1
PO3BaHTAXYIOTHCS )KUBUIIBHY MeEpexXy 1 TpaHc(hOpPMaTOpU LEXOBUX MiJCTaHIIiH.
OpHak HaOLIBII €pEeKTHBHO MPOBOAUTH KOMIICHCAIIII0 PEaKTHBHOI MOTYXHOCTI
OesrmocepesHbO y CHOXKHBAda, ajie Ie Mpolec AOCHTh AOBTUH 1 mopormid. s
OTpUMaHHS OLTBII [IBHAKOTO BIAYYTHOTO pe3yJNbTaTy Ha IIEpHIIOMY eTami
HEOOXiHO MPOBECTH KOMIICHCAIIII0 PEAKTHBHOI MOTYXXHOCTI Ha IiJCTAaHIIAX, IO
JIO3BOJIUTH PO3BAHTAXXHUTH MEPEXKY 1 OTpUMaTh eHepro3bOepexeHHA B Mexkax 10-
20%.

OTpumaHi pe3yibTaTH JOCHTIHKCHHS O3BOJISATH MIHIMI3yBaTH TpOIIOBI
BUTpaTH, TOB’S3aHI 3 HE30aJlaHCOBAHICTIO CIIOKMBAaHHS Ta TIeHEPYBaHHS
peaKkTHUBHOI eHeprii, TaKoX CHHTE30BaHI 3aJE€KHOCTI MOXYTh OYTH BHKOPHCTaHi
JUISl TIPOTHO3YBaHHsI CIIO)KMBAHHS pPEaKTHBHOI eHeprii mexom Ha Jinii 35kB Ta
BIATIOBITHO JUIsl PETyJIFOBaHHS MMOTYXXHOCTI KOHAEHCATOPHUX OaTapeu.

YK 621.22

Jliym 10.B.'Top6enko B.I.,PsiGosa JI.B.2
! kanm. TexH. Hayk, ngou. 3HTY

*cryn. rp. E-517 3HTY

NEPCHEKTHUBU PO3BUTKY I'I/IPOEHEPTETUKH B YKPAIHI

CouialbHO-eKOHOMIYHA CHTYyallis, IO CKJajach y pi3HHX KpaiHax CBITy, a
TaKOX TEHJEHIIl 1{ pPO3BUTKY IOKa3ylOTh 3HAuyHE 3pPOCTAHHS CHOXXHWBAHHS
EHEePreTHYHNX PecypciB, 30KpeMa BOJOCIIOXMBAaHHS. 3a TMPOTHO3aMH BYECHHX
CIIO’KMBAHHS €JICKTpOeHeprii B ¢BiTi 3pocte y 2 pa3u a0 2030 p., a 10 2050 p. —y 4
pasu, y nopiBHsHHI 3 2000 p. Takox Tpeda 3a3HAYNUTH, 110 BRKIUBUM MTUTAHHS JJIS
JIFO/ICTBA € €KOJIOTI9HI po0IeMH.

Sk Bimomo, Hama KpaiHa HEIOCTaTHRO 3a0e3ledyeHa  BIACHUMH
EHepreTHYHUMH  pecypcamMy, TOMYy, Ha CHOTOAHIIIHIA JEHb, Tpobiema
EHEepreTUYHOI HEe3aIeNKHOCTI Mae BaXkIMBe 3Ha4eHHS. B YkpaiHi HapaxoByeTbCs
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Oimpmr Hix 600 THCSY MamUX PIUOK, ajie IX EHEpreTHYHI PEecypcH Maibke He
BHUKOPHCTOBYIOTBCSL.

BpaxoByroun BHIIE3a3HaYEHE 3pPOCTAa€ POJb TiIPOCHEPTeTHKH, KA
BUKOPHCTOBYE BiTHOBIIOBAIBHI €KOJIOTIYHO YHCTI TiAPOCHEPTEeTHYHI pecypcH, He
3Ba)XAlOYM Ha T€, IO HAaBiTh BHUKOPHUCTAHHS CKOHOMIYHO €(QEeKTHBHOTO
TiAPOEHEPTeTUIHOTO MOTEHINIATy MOKe 3a0€3IeYNTH JIUIIE YaCTHHY IPOTHO3HOTO
3poctanHs moTped B enekTpoeHeprii. Tomy came TimpoeHepreTHuHi 00’€KTH,
3aMiHSIOYM YacTHHY TEIUIOBUX €JEKTPOCTaHLiH, OyIyTh CHPHUSTH CKOPOUYCHHIO
BUKHUJIIB 3a0pYyAHIOIOUMX PEYOBHH B HAaBKOJMIIHE cepenoBuine. OJHOYACHO
TiIpPOENeKTPOCTaHIii KOMIUIEKCHO pO3B’S3yIOTh IpPOOJIEMH BOIONOCTA4YaHHS,
3pOLICHHS, 3aXHUCTY Bij HOBEHEH, peKkpealii Ta iHIie.

JIUBIAYMCh HAa  YMOBHICTh BH3HAYCHHS CKOHOMIYHO  €(DEKTUBHOIO
TiIPOCHEPTETUYHOTO TOTEHIIATY Ta , BUXOASYM 3 CKOJOTIYHHX i €KOHOMIYHHX
YMOB, TIOCTaHe T1OTpeda po3MIAjaTh #Horo eQeKTHBHICTb. 3a pPaxyHOK
TiIpOCHEPreTHYHOTO IOTCHIIaNy, SKUH Jae 00’€KTUBHILIY KapTHHY HasBHHX
rizpoeHepropecypciB i ckiaagae 6mu3pko 14650 mnpa. kBr-rox (y 1,7 pasiB Bume
E€KOHOMIYHO ¢()eKTUBHOTO Ha Cy4YaCHOMY €Tarli).

[Momanpmuii PO3BUTOK TiAPOCHEPTETHKH 0a3yeThCsi HA KOMIUICKCHOMY
BUKODHCTaHHI ~ BOJIOCXOBMII 33 MOTpeOM  BOJOIOCTa4aHHS  HACEJICHHS,
MPOMUCIIOBOCTI, CUTLCHKOTO TOCIIOJapCTBA, 3POILESHHS, 3aXUCT BiJl MOBEHEW TOLIO.
VY Garartbox BUNAJKax TiIpoeneKTpoCcTaHMii 1 iX Kackaay, B MEPCIEKTHBI, MOXYTh
CTaTH SAPOM BEJIMKHX BOJOTOCIIONAPCHKMX 1 TEPUTOPIabHO-BUPOOHHYMX
KOMIUICKCIB, 110 OyAyTh 3a0e3MeuyyBaTH 3pPOCTAHHS EKOHOMIKHM 1 IOKpAIICHHS
COIIATBHUX YMOB Yy CIA00OPO3BUHEHHX PETiOHAX.

VIJIK 629.92

BparkoBcbka K.O.l, Suoscrka A.€. 2
! KaH[. TEXH. HayK, aou. 3HTY

* cryn. rp. E-514 3HTY

MOJEPHI3ALISA BYJIMYHOT' O OCBITJIEHHS M.3AITOPIKIKA

Cucrema ByJIMYHOTO OCBITJIEHS 3allOpKKS € OJHIEI0 3 HaHOUIBIIMX B
VYkpaiHi, ckiaanaetsest 3 6mu3bko 42 000 cBiTHIBHUKIB Ta 1 470 KM eNeKTpUIHUX
Mepex II0 CHOXHBarOTh Oinmpmie 13 mmH kBT rox emextpoeneprii y pik. 3HauHa
YacTHHA CUCTEMHM Bxke Oylia MOJIEpHI30BaHa 3 3aMiHOIO CTapUX CBITWJIHHWKIB Ha
€HEProOoIIaIHI MEPIIOTO MOKOTIHHS.

VY octaHHI poKH y CBITI ()aKTHUHO BiZOYBA€THCS PEBONIOLISA y CHCTEMax
BYJIMYHOTO OCBIiTJIEHHSI MicT. LI peBouromisi MoB'si3aHa 3 IMIBUIKUM IPOTPECOM
CBITJIOAIOHMX TEXHOJIOTIH, IO 3HA4YHO, Yy MIECATKH pa3iB 3BEIMYYE CTPOKHU
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eKCIUTyaTarii CBITWJIBHMKIB Ta 3HAYHO 3MEHIIYE EJIeKTPOCHOXHMBaHHSA. HoBmM
KPOKOM CTaja II0SiBA HOBOTO TIOKOJIHHS CBITHJIBHUKIB, PEKUMH POOOTH SKHX
YIOPaBIAIOTECA 10 LUGPOBHM MepexaM 3 BHKOPHCTAHHAM OE3IPOTOBHX
TEXHOJIOT 1.

[IpMHOMIIOBO HOBMM Yy  CHCTeMax BYJIMYHOIO OCBITJICHHS  CTalo
BIIPOBA/KCHHS Yy CBITi TEXHOJIOTiH ()OTOBOJBTAIKA Ta BIPOBAIPKEHHS 3EJICHOTO
Tapudy, IO BIAKPUBAE HOBI TOPU3OHTH JUIsi 0araTOKpaTHOTO 3MEHILIECHHS
Or0JUKETHOTO HABAaHTAXKEHHSL.

OuiHKka MOXXJIMBUX HampsMKiB MiJBUILEHHS €HEPreTUYHOI Ta €KOHOMIYHOL
e(eKTUBHOCTI MiJPUEMCTBA Ha HACTYIHI pOKM 3po0JieHa Ha MiJCTaBl aHaNi3y
HaIpsMKiB MOZIEpHI3allil CUCTEM BYJIMYHOI'O OCBITICHHS ['epMaHii, sk HaiOImK401
KpaiHu, aocBin sikoi Moke OyTH BhpoBapkeHMH y 3amopixoki. Lle nactymHi
HaIpPsSMKH:

— TEepeBeICHHS CHCTEMH Y IIIOMY Ha CBITIOHIOAHI CBITHIIBHUKH APYTOTO
HOKOJIHHSA 3 BEJIMKOK HAMIHHICTIO Ta EJEKTPOHHUM YIPABIIHHAM PEXUMaMH
pPOOOTH KOKHOTO CBITHJBHHKA IO LH(PPOBUM MeEpeKaM 3 BHKOPHUCTOBYBAaHHIM
Mepex MOOLITBHOTO 3B'SI3KY.

— CTBOPCHHSI CHUCTEMH IIOJBIIfHOTO JKUBJICHHS, SK BiJl CJICKTPUYHHX MEPEx
micra (HiYHHH Tapud), Tak i BiJl COHSYHUX (DOTOBOJIBTAIYHMX CTAHLIN (3eNCHHUI
Tapud), M0 TO03BOJIUTH CYTTEBO 3HU3UTH CTPOKH OKYITHOCTI MPOEKTY MOJICPHi3aLlil.

CTBOPEHHS €IMHOI CUCTEMH YIPaBIIiHHS, 00Ky Ta JUCIIeTUepU3aLlii.

YK 629.92

Bparkoscbka K.O." IlleBuenko AT, *
! KaH[. TeXH. HayK, aou. 3HTY
*cryn. rp. E-514 3HTY

BIIJINB EHEPI'O3BEPII'AIOYHX 3AXOJIB Y JJI®TOBUX
YCTAHOBKAX HA IX KJIAC EHEPTOE®EKTUBHOCTI

Kurnosuil GoHa KpaiHU CKIalaeThcs B OUIBIIINA Mipi 3 6araTonoBepXOBHX
OynuHKIB, siKi 1MOOYyZOBaHI 3a THIIOBHUMH IIPOEKTaMM Bix 5 10 25 moBepXis.
JlipToBMMM yCTaHOBKAaMH OCHAIIIEHO 0araTtornoBepxoBi OyAMHKH Bix 7 MOBEpXiB, B
SKAX po3MimeHo moHay 84 Tuc. midriB. ByauHkH eTakHiCTIO BUIIE 25 MOBEpXiB
3yCTpidaloThes AyXe piaKko, MO OOYMOBJIEHO JOAATKOBHMH BUTpaTaMd Ha
MPOEeKTYBaHHSI Ta OyxmiBHHUITBO. bmm3pko 60% midroBoro mapky VYkpainm
BUYEPIANM CBIH TepMiH ekciuryaramii. a 76% midTiB  MaoTh  Kiac
eHeproedexTuBHOCTI E, M0 1ae Benmuwki BHTpaTH Ha €KCILTyaTamilo JTi(ToBOro
TOCIIOapCTBA Ta CHOXWBAaHY Ji(hTaMH eJIeKTpOeHepriro, ska ckiamae ao 70%
BUTpAT HAa YTPUMAaHHS 3arajbHOi IO Oy/ANHKIB.
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Po3paxyHKoBHMIA aHaji3 NHTOMOTO CEPEAHBOTO CIOXKHMBAaHHSI CHEprii
JM(PTOBUMH YCTaHOBKH SKHMHU OOJIQJHAHO THIIOBI 0araTormoBepXxoBi OyIWHKH B
peXUMi pyXy Ha MeTp IepeMilmleHHs KaOiHM Ta OCHOBHI XapaKTEPHCTUKU JaHHUX
J(PTOBHUX yCTAHOBOK HABEJCHO B TaOMuUIi 1.

Tabnmms | — Tunosi Ti)TOBI YCTAHOBKH Ta IX XapaKTEPUCTHKH

BanTaxxomiaioMHICTh
. 320 400 630 1000
, KT
[otyxHicTh
w) v
TOJIOBHOI'O IBUT'YHA, "ml " o w 2 : =y =~ —
kBT — -
. — o
IBuaKicTh pyxy, M/C ~ — N} — — e — e ~
O o — —
MaxkcumalbH
_ViaKkcuMajbHa o o o o) o < e o o
KUIBKICTB IIOBEPXIB — — — — — N N N N
IIurome cepenne
CIIOXKHMBAHHS CHEPTIT (\1 N 00 N < I en N v
: ~ < @ ~ Lol @ ) < <
Ha METp NepeMillleHHsT | — —_ — — — o~ - N
kabinu, Br*roa/m

Po3paxyHKOBHiIA aHai3 BIPOBAHKEHHS EHEPro30epiraroumx 3axojiB B
MQTOBI yCTAaHOBKHM NpH 30UIBIIEHHI KiJBKOCTI MOBEPXiB B OYaiBIi, 301IbIIEHHI
MOTYKHOCTI TOJIOBHOTO EJICKTPONPUBOJY Ta YacTOTH BHUKOPHCTaHHS Ii(TOBOT
YCTaHOBKH OKa3aB HACTYIIHE:

— eKOHOMIs BiJ] BIIPOBAKEHHS CHCTEMH pereHepailii eHeprii (mpusin ReGen)
3MiHIO€ThCS BiJ 33 10 75%;

— EKOHOMIs BiJl BCTAaHOBJIEHHsI YaCTOTHOTO NepeTBOpIoBaya 3pocTae Bix 18
1o 44%;

— EKOHOMisl BiJi BIIPOBA/PKEHHS CHCTEMH IHTENIEKTYaJlbHUX KOHTPOJIEPIB
3MeHmyeTbes Bifg 20 10 2%, M0 BUKIMKAHO 3MEHIICHHSAM Yacy 3HaXO/KEHHS B
peXuMi 04iKyBaHHS JTi(PTOBOIO YCTaHOBKOIO;

— EKOHOMIsl BiJl BOPOBA/DKCHHS CHCTEMH MiA0O0py MacakupiB 30iMbIIyeThCS
Bix 11 mo 18%;

— €KOHOMIS Bi/I BOPOBA/KECHHS CHCTEMH peKymepamnii 3HnxKyeTbes Bix 11 mo
1%, 1110 00YMOBIIIOETHCS 30UTBILICHHSIM CIIO’KMBAHHIM €HEPTii B pe)KUMax pyxy Ta
OYiKyBaHHS;

— SKOHOMis BiJl BIKIFOUCHHS OCBITJIICHHS IIAXTH 3MEHIIYEThCS 3 33 110 6%,
M0 OOYMOBIIIOETECSI 30UIBLICHHSM CHOXKHBAHHS EJIEKTPOEHEPrii B pexnMax
OYiKyBaHHS Ta pyXy Ji(TOBOI KabiHM;
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— EKOHOMIisl BiI 3aMiHH CHCTEMH OCBITJIICHHS Ji(TOBOi KaOiHM CTaHOBHTH
6m3pK0 2% Ta HE 3aNIeKUTh Bi 3MIHN TapaMeTpiB.

[IpoBenenuit aHai3 JIO3BOJISE BH3HAYHUTH MIPIOPUTETHICTH
eHepro30epiralounx 3axofiB B 3aJIEKHOCTI Bil BUXITHHX MapaMeTpiB (KUIBKICTBH
MOBEPXiB B OyZiBIi, YacTOTa BHKOPHCTaHHS Ji()TOBOI YCTAHOBKH Ta MOTYXKHICTBH
TOJIOBHOTO €IIEKTPONPUBO.TY ) i(hTOBOI YCTAHOBKH.

YK 629.92

Bparkoscbka K.O." IlIkapymna C. >
! kamm. TexH. Hayk, gon. 3SHTY

2 cryn. rp. E-514 3HTY

BIIPOBA/I)KEHHSI KOTEHEPAIIMHUX TEXHOJIOT'TA B OJIIHHOMY
BUPOBHUIITBI

OniitHO-KMpOBa Tay3b € OJIHIEI0 3 EHEPrOEMHUX Y XapyoBiil Ta mepepoOHii
MIPOMHUCIIOBOCTI. EHEproBUTpaTH y CTPYKTYypi co0iBapTOCTI MPOAYKINI Y 3B’SI3KY 3
MiABUIICHHSM I[iH Ha MajJHBO Ta CHEPTrOHOCI{ MalOTh TEHICHINIO IO 301TbIICHHS.
Tak, Ha OEAKUX MAMPUEMCTBAX 3M00yBAaHHS COHAIIHMUKOBOI HepadiHOBaHOI oumii
BUTPATH TEIIOBOI €HEPTil CTAHOBIATH OIM3BKO 25 %, enexTpudaHoi eneprii — 20 %,
II0 € HACJIIIKOM 3HMXEHHSI KOHKYPEHTOCIIPOMOXKHOCTI IPOYKIL] HAa BITYN3HIHUX
pHHKax Ta 3a KOpAoHOM. Tomy miiBuILeHHs eeKTUBHOCTI Bukopuctanus [IEP ta
EHEepPro30epe)keHHsT Ha MIANPHEMCTBAX OJIIHHO-KHPOBOI Trajiy3i ChOTOJHI €
KJIFOYOBUM ITUTAHHSM 1 Ma€ CTPAaTEriYHUl HAMPSIMOK.

OnmHUM 13 TIPIOPUTETHHX HANPSAMKIB TiBUIIEHHS €HEProe()eKTUBHOCTI B

rajgy3i € BIPOB3/DKCHHS KOreHepaliiHoi ycraHoBkd. Korenepaumiss — 1e
KOMOIHOBaHHUII MpOIEC OJHOYACHOTO BUPOOHMIITBA TEIUIOBOI Ta EJNEKTPUYHOT
EHeprii.

[pu BHOpoBa/KeHHI Mi€l eHepro3oepiraroyoi TEXHOJOTII  JOMUIBFHO
BPaxOBYBaTH HACTYIIHE.

[Mo-neprme, yruimizamis Bigxo/1iB BUPOOHUITBA — COHSAIIHUKOBOTO JIYIITTUHHS
MiJ 4Yac CHOalroBaHHsA 3a0e3lnedye BHUPOOHHITBO TEIUIOBOK Ta EICKTPHUYHOIO
EHepriero. 3araJbHOBIOMO, IO COHSIIHMKOBE JIYIIITHHHS — I pOCIHHHA Oiomaca,
a, OTXe, BIIHOCUTHCS /O AIbTEPHATHBHHUX JDKEpeN eHeprii, TOOTOo, IIe OJTHHUM
CTHMYJIOM € OTPHUMAaHHS JOJAaTKOBOTO JOXOAY BiJ peaiizallii eleKTpUIHoi eHeprii
o «3eJICHOMY» Tapudy.

[lo-gpyre, oOTpuMaHHS EKOHOMIYHOTO e¢eKTy Big HemependadyeHoro
BIKITIOUEHHS eylekTpoeHeprii. Tak, mij yac BIOKIIOYEHHS ENEKTPUYHOI eHeprii
MiIPUEMCTBO HECe KOJOCajdbHI 30UTKH BiJ 3HWKEHHS SIKOCTI Ta 00’emy
BUPOOHMIITBA IPOJYKIIiT, @ TAaKOX (PiI3NYIHOTO 3HOCY 00JIaTHAHHSI.
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[o-Tpere, BimOyBaeThCcs 3HIDKEHHS BHUKWAIB IMIKiIJIMBHX PEYOBHH Y
HABKOJIMIITHE CEPEIOBHUILE.

VK 621.316.9

Kimnmko O.M.l, Ikamoig M.B. 2
! KaH[. TeXH. HayK, aou. 3HTY
*cryn. rp. E-116 3HTY

PO3PAXYHKHU 30HU 3AXHUCTY BIJI BJINCKABKH OB’€EKTIB
EHEPTETHUKHU

Po3BHUTOK METO/IB pO3paxyHKy 3aXUCTy Bijl OJMCKaBKH 00'€KTIB €HEPreTUKU
3aBXKIIU 3aJIMIIAETHCS OJIHIEIO 3 BAXKIMBUX HAYKOBO-TEXHIYHUX IPOOIIEM.

bnuckaBka — 1€ eNEKTPUYHHUN PO3Ps/L AOBKUHOIO JEKIIbKa KUIOMETPIB, II0
BUHHMKAa€E MDK TpO30BOI0 XMaporo 1 3emiel0 abo sKO0-HeOyJb Ha3eMHOIO
crnopynoto. OmHUM 13 CIOCOOIB 3axHMCTy OO0'€KTIB BiJl NPSMOTo ypaKeHHs
ONMMCKABKOIO € YCTaHOBKa OJIMCKAaBKOBIABOMIB, IO CTBOPIOIOTH 3aXWCHY 30HY.
BruckaBKOBIIBOAM CKIIANAIOTHC 13 TPUMalbHOI YacTHHHM; OJNHMCKaBKOMpHiiMaya,
KA Oe3MOCepeIHRO CIpUiMaE ymapu ONUCKaBKH; CTPYMOBINBOMIY, IO 3’ €IHYE
ONMCKaBKOTIPUIMAY 3 Y3€MITFOBAYEeM 1 y3eMIIIOBada IS BiIBOAY CTPYMY B 3€MITIO.

BruckaBKOBiNBOMM TOAUISAIOTE HA CTPIDKHEBI, TPOCOBI 1 cityacti. 3a
KUTBKICTIO IFOYMX OJMCKAaBKOMPHUIMAYiB iX MOMUISFOTh HA OAMHWYHI, TMOABIHHI 1
GararopasoBi (TpH i OijbLie).

30Ha 3axHCTy OJMCKABKOBIABOLY — MPOCTIP, YCEPEeauHi SKOTO OymiBis abo
CHOpy/Aa 3axWIeHa BiJ MPSIMHUX YAapiB OJMCKABKH 3 HAMIMHICTIO HE HIDKYE
BHU3HAYEHOTO 3HA4YCHHA. 30HM 3aXHUCTy MOAUISIOTHCS HAa JBa THUIIM: 30Ha A Mae
cTynenb 3axucty 99,5 % i Bumie; 3oa B — Big 95% mo 99,5%. 3axucHa mist
ONMCKaBKOBINBOMIB 3aCHOBaHA Ha BJIACTHBOCTI OJIMCKAaBKH BpakaTH HaWOLIBIT
BHCOKi 1 J0Ope y3eMJIeHI MeTalleBi CIopyau. 3aBASKH IIbOMY OUTBII HH3BKI 3a
BHCOTOIO CITOPYIH, SKi BXOIATH Y 30HY 3aXHCTy AAHOTO OJNMCKAaBKOBIABOIY, HE
OynyTh ypakeHi OnnckaBkoio. OCHOBHUMH BHXIJTHHMH JaHUMHU JUISL PO3PAXyHKY
30HHU 3aXUCTy 00’€KTa BiJ NPSAMOTro yaapy OJMCKaBKH € Horo rabapurtu, BeIUYHHA
MUTOMOTO OIIOPY I'PYHTY, F€0JIOTI4HI Ta METEOPOJIOTIYHI YMOBH.

bazoBuM eneMEHTOM pI3HHX METOJUK € 30Ha 3aXHUCTy OJIUHOYHOIO
CTPWKHEBOTO OJIMCKABKOBIZBOY BUCOTOIO h, paaiyc 3aXHCTy SIKOTO rX BU3HAYa€
HaJIHHICTh 3aXUCTY BiJ OJIMCKAaBKH 00'€KTa.

Pi3HiI MeTOIMKH TTO Pi3HOMY 300paXyroTh 0 30HY. BoHa Moke MaTu popmy
«HAMETY» YTBOPEHOTo rinep0osoio, ska 00epTAETHCS HABKOJIO BEPTHUKAIBLHOTO
CTPW)KHSA OJIMCKaBKOBiBOAY, MOKe OyTH 300pakeHa JIaMaHOIO JIIHIEIO, sKa
anpokcuMmye 1o rinep6omry. B P/l 34.21.122-87 30Ha 3axucTy OAMHOYHOTO
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CTPM)KHEBOTO OJIMCKaBKOBIIBOAY BHCOTOIO h 300pa)xyeTbcs KPYrOBHM KOHYCOM,
BEpIIMHA SKOTOo 3HaxoawuThcs Ha BHcoTi h0 < h. Ha piBHI 3eMii 30Ha 3aXHCTy
yTBOpIOE Kouo paxaiycom r0. T'opm3oHTampHUIA Tepepi3 30HM 3aXHCTy Ha BUCOTI
3aXUITyBaHOI criopyau hx 300pakyeThCsI KOJIOM pajiiycoM IX.

VY crannmaprti [EC 62305 mis po3paxyHKy pHU3HKY ypaKeHHsS 00'€KTa ymapoMm
ONMMCKaBKU 3aIPOIIOHOBAHO 3aCTOCYBAHHS METOMIB 3aXHCHOTO KyTa IPH BEPIIHHI
OmickaBkonpuiiMaya, cdepu, o KOTUThCs (PIKTUBHOT cepH) 1 3aXUCHUX CITOK.

Meroa 3axMCHOTO KyTa € pI3HOBUAOM Merona (ikTHBHOI cdepu i
3aCTOCOBYETBCSl JUISI NMPOCTHX 3a (OpMOIO cHopyx abo HEBEIMYKHX YaCTHH
BeJIMKUX criopyn. Lleit MeTon Mae oOMeXeHHs 32 BUCOTOIO ONMCKaBKONpHUiiMaya.
BignoBigHO 3aXMCHHMI KyT O 3alCKUATh Bil BHCOTH MPOCKTYBaJIbHOTO
OMMCKABKOBINBOAY Ta pajiyca 3axHCTy, IO 300paKyeThCs KOHYCOMOAIOHOO
30HO0. KpiM Toro MoskHa 3poOWTH JesKi BHUCHOBKM BIZJHOCHO KyTa O Ta
HaIIHHOCTI 3aXHUCTY, AKIIO KyT o Oyme OibII TOCTPIINM, TO HaAiHHICTD 3aXHCTy
Oyzne HabOararto OiNbINa HiXk y OLTBII PO3TOPHYTOTO KyTA.

Merton chepu, MO KOTUTHCS, € OUTBII YHIBEpCATBHIM W BHKOPHUCTOBYETHCS
JUTSL CHIOPY. CKITagHOI (OpMH, TIPH IIbOMY 30HHU 3aXHCTY 3 TEPIIOTO MO YETBEPTHH
piBeHB OyIyIOTh «O0OKAaTyBaHHSIMY CHCTEMH OJIMCKaBKOBIIBOAIB cepamu paniyciB
R=20, 30, 45, 60 m BimnoBigHO. O0'EKT BBAXKAETHCS 3aXUIICHUM, SKIIO (iKTHBHA
chepa, TOPKAOYKCH MOBEPXHI ONMCKAaBKOBIABOAY 1 TIJIONIMHU, HA SIKi TOM
BCTAaHOBJICHUH, HE Ma€ CIIIBHUX TOYOK 3 00'€KTOM, III0 3aXHMIIAETHCS.

Skuio nmoOyayBaTu 3aXMCHI 30HHM IIMMH JIBOMa METOJIaMH Ha OJJHOMY i TOMY
caMOMYy IPHUCTPOI 3aXUCTY BijJ OJMCKAaBKH, TO MOXXHA Oyje MoOauuTH, 110 METOJ
KyTa 0 Ha BHCOTI OinbIre 2/3 ychoro OJIMCKaBKO3aXUCTY OyAe OXOIUIIOBATH OlIbIIe
TepuTopii HiK Merox QikTHBHOI chepu. Aje Ha OUTBII HHU3BKIH BHCOTI METOJ
(hikTUBHOI chepu OXOIUTIOE HAbarato OLTbIIE HU3BKOTO OOJAaTHAHHS 1| THM CaMHUM
Jla€ HaM 3axX¥CT OUThIIOT TepUTOPIl 0OIaTHAHHS.

3acTOCOBYBaTH 3aXHCHY CITKY AOIIJIBHO IUIS 3aXHCTYy IUIACKHX ITOBEPXOHb
cnopyn. s cucteM 3axucTy BiJ OJIMCKaBKH 3 IEPIIOTO IO YETBEPTHH pPiBEHb
BIUKO CITKH CKJajga€ Bigmosiguo 5x5, 10x10, 15x15 ta 20x20 m.

Bynu BUKOHaHI pI3HUMHU METOJIaMU PO3PAXYHKH 30H 3aXUCTY Bijl OJMCKaBKU
JUIA BiAKpUTOTO po3noainbHOTO mpucTporo 330 kB migcraHmii BHKOHaHOTO 3a
CXEMOIO KBajpara 3 JIBOPSIHOK YCTAHOBKOIO BHMHKauiB. BucoTa crpmkHeBHX
OJIMCKABKOBIABOMIB CKiIazaia 32 M.
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VK 629.92

BparkoBcrka K.O.!, Monitaes I. 2
! kanm. Texm. Hayk, goi. 3HTY

2 cryn. rp. E-514 3HTY

VYJIOCKOHAJEHHA MATEMATHUYHOI MOJIEJII CACTEMHA
BUPOBHUIITBA TA PO3IIOALTY CTUCHYTOI'O ITIOBITPA
MMPOMUCJIOBOI'O IMIAITPUEMCTBA

Jlo BUpOOICHOTO CTHCHYTOTO MOBITPSI BUCYBAIOTHCSI BUMOTH SIKOCTi, a caMe
KUTBKICTh, THCK Ta CTYIICHb OCYIICHHS (O OCYIIeHOTO TOBiTps). OOnamgHaHHs 1
OTPUMAaHHS CTHCHYTOTO MOBITPsl Ha OUIBIIOCT] MiANPUEMCTB Ha TENEpIlHii Jac €
¢i3uuHO, a B JESAKUX BHIAJKaX 1 MOPAIBHO 3acTapuinM, L0 MPH IMOCTiHHOMY
HaBaHTAXXCHHI MOKe BHMKJIHMKATH 3001 B poOOTi, Ta HaBiTh MpU CTaOIIBHINA POOOTI
BHMArae BEJIHKOi KiJTbKOCTI eHEPTOHOCITB.

B 3aranbHOMY BHIIQJIKy BUTPATH CTUCHYTOT'O MOBITPS CKIIaAAIOTHCS 3 BUTPAT
Ha moTpeOM CHoXKMBauiB (TEXHIYHE Ta OCYyIICHE CTHCHYTE IOBITps), BUTpAT Ha
MPOBEICHHS percHepamnii ancopOeHTy, Ta BTpaT B MaricTpaii Ha apMmarypi Ui
BiZBEZICHHS KoHAeHcaTy. OCHOBHOIO CTAaTTEI0 BHTpPaT € BUTpPaTH Ha poOOTy
KOMITPECOPHOTO 00JIafHAHHS IJIs1 BUPOOJIEHHS CTHCHYTOTO MOBITps — Oibiie 60%.

[Ipu BupOONEHHI Ta TepenaBaHHI CTUCHYTOTO TOBITPS IO CHOXXHBAdiB B
Meperkax BTpadaeThesl OJIM3BKO TPETi BUTpaueHOI Ha HOro BUPOOJICHHS eHeprii.

MarematiyHa ~ MOJEJIb ~ CHCTEMH  IIOBITPONOCTA4aHHS  BPAaXOBYE
XapaKTePUCTHKY KOMIIPECOPHOI CTaHIlii, 30KpeMa KUIbKICTh Ta MOTY)KHICTh
KOMIIPECOPIB Ta JTOMOMDKHOTO 00JIaHAHHS, TapaMeTpU MEPEkKi TpyOOIPOBO/IIB, a
caMme JIOBXKUHY Ta [JiaMeTp TpyOONpOBOMIB yCiX IUISHOK, Ta XapaKTePHCTHKY
PO3NOAIIBHUX NMPHUCTPOIB.

BpaxoByloun ~ MeTy  MiJBHIIEHHS eHeproe()eKTUBHOCTI cucTeM
MOBITPONIOCTAYaHHS, IJIOBOIO  (PYHKIIEID OOpaHO TIMTOME CIIOKUBAaHHS
eJIEKTpOeHeprii Ha BAPOOHUITBO 1M3 CTHCHYTOTO MOBITPS.

W
BCIl .
w= - min,
ci

ne Wpgerp — CIOKHBAHHS EICKTPOCHEPrii OCHOBAaHMM Ta JIONOMIXHHM
0o0NaJHaHHAM IICHTPAJIbHOI KOMIPECOpHOI cTaHIil Wygc Ta aBTOHOMHHX
kommpecopie WK, BcraHoBieHux Oins cnoxwBada, kBt*rom; Vep — obcsr
BHUPOOJICHOTO CTUCHYTOTO TIOBITPS, M.

Ween = ZWKC + ZWKi ;
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IIpu 1bOMY HABAHT@XCHHS HA KOMIIPECOPHY CTaHIil0 V. BH3HAYAECTHCS

KUTBKICTIO TIOBITPSl, KOPHCHO CHOXHTOTO N CHOXHBAadaMH, V;, Ta BTpaTaMd IPH
BUPOOHHWITBI, TPaHCIOPTYBaHHI Ta CIOXWBaHHI, (;, i IOBHHHO BiAMOBiaTH
KUTBKOCTI TIOBITpPS, BUPOOICHOTO M KOMIIpecopamu, V:

Ve = i(‘/z +q,)= ivk
i=1 k=1

JlominbHICTh JleneHTpaii3anii MOBITPANOCTa4aHHS OKPEMHX CIIOKUBAYiB
3allpOIIOHOBAHO  OOIPYHTOBYBAaTH  IIEPEBUILEHHSAM BTpaT TMpHU  PO3MOIUII
CTHCHYTOTO MOBITps ¢; HoHax 15%. ToOTo Akmo q; >15%, HaBaHTa)KEHHS OKPEMHX

. 7 .
CIIOJKMBAYlB Ha LICHTPAJIbHY KOMIIPECOPHY cTaHUito ' =0, 1 BpaxoBYe€TbCS VIS
BU3HAYCHHS TOTY)KHOCTI JIOKQJIbHUX KOMIIPECOPIB, BCTAHOBJIEHHX Yy CHOXKHMBaua

Vai = V

i, Ilpu ubOMYy B3HWKYETbCS 3aBAHTAKEHHS KOMIIPECOPIB LEHTPAJIbHOT
KOMIIpECOpHOI ab0 KIJBKICTh arperariB, IO 3HAXOIATHCA B poOOTi, Ta 3pocTae
HEOOXIHICT PeryIOBaHHS IMPOTyKTHBHOCTI.

[epebip MOXIMBMX BapiaHTIB JACLEHTpalizallii, BPaXOBYIOUH TIIIHOWHY
pETyNIOBaHHA Ta MOXIIMBY 3aMiHy KOMIIPECOpPIB LEHTPAIbHOI KOMIPECOPHOI
CTaHIi{, O3BOJUTH BHM3HAYMTH 3aXOOW 3 IABUIICHHI EHEProe()eKTHBHOCTI
BUPOOHMIITBA CTHCHYTOTO TOBITPS Ta CYTTEBO 3HU3UTH  CIIOKMBAHHS
€JIeKTpOEHeprii.

3 oy Ha BHIIE 3a3HauY€HE PO3IMJISTHYTI IPOEKTH, SKI JI03BOJISATH
MIIBUIUTH eHeproe(eKTUBHICTh BUPOOJICHHS Ta Nepeiadi CTUCHYTOTO TOBITPSL:

— 3aMiHa KOMIIPECOPHOTO 00JIa{HAHHS;

— YaCTKOBA JICLIEHTpali3allisi HOBITPSANIOCTAYaHHS;

— mozepHizaris YOII,

— BCTaHOBJICHHS PETYJSITOPY THCKY JUISl TIPIOPUTETY HOBITPSAINOCTAYaHHSA B
CHCTEMI OCYIIEHOTO CTHCHYTOTO TTOBITPSL.
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YK 629.92

Kymnarin J1.0.!, Bopemska M.B.
! kaHz. Texn. Hayk, mpod. SHTY
2 cryn. 3HTY

JNOCJLIPKEHHS CYUYACHOI'O CTAHY TA IEPCIHIEKTUB PO3BUTKY
BOJHEBOI EHEPTETHUKHU B YKPATHI

Ha mammx owyax HaOuWpae YWHHOCTI HOBa Traiy3b MPOMHCIOBOCTi-BOIHEBA
eHepretuka i TexHousoris. [loTpeba eKOHOMIKM y BOIHI #ae IO HapOCTarodii.
AJpke 16 HaWOpOCTIMHMKA 1 HalJierima pedyoBHHA MOXE BHKOPHCTOBYBATHCS HE
TIIBKH SIK TAJHBO, a W SK HEOOXIMHUM €JeMEHT CHPOBHHHOI y 0arathox
TEXHOJIOTIYHUX Tpoliecax. BiH He3aMiHHMN B HadTOXIMIT 11 TIIHOOKOT IepepoOKu
HadTu, 6e3 HLOro He 00INTHCS, CKaXKIMO B XiMii IPU OTPUMAaHHI aMiaky 1 a30THHX
JI0OpUB, a B YOPHIN METaIyprii 3 HOTro OMOMOI0OI0 BiTHOBIIOETHCS 3aJ1i30 3 PY/I.

Taki icHyrOYl BHIU OPTaHIYHOrO ManuBa, K ra3, HadTy i BYTULIA, TEK
CIIy’KaTh CHUPOBHHOIO y IIMX M MOAIOHUX MpPOIIecax, aje I¢ KOPUCHIIIE BUTATTH 3
HUX CaMHH OIIA[UTMBUH 1 YHCTHI €HEePTrOHOCIH-TOH K€ BOJICHB.

Bonens - igeampHmWiA exodinmpHUE BuHA manmmBa. Jly)ke BHCOKa 1 Horo
KaJopiiHicTh - 33 THc.KKkan/kr, mo B 3 pasu Bumle KanopiiHocTi OcH3uHY. Bin
JIETKO TPAHCIOPTYETHCS 110 Ta30IPOBOIAX, TOMY II0 Y HBOTO JIyXe Majla B'3KiCTb.
I[Io TtpyGompoBomy nmiamerpom 1,5 M 3 HuM mnepemaetbes 20Tmc. MerasaT
notyxHocri. [lepekadyBaHHs sIKHaiermoro razy Ha Bifcranb B 5S00kM. Maibke
BIECATEPO JEleBIle, HK nepeada Takol K KUIBKOCTI eJeKTpOeHepril 1o JIHisIX
enexTporiepenadi. SIK i NPUPOAHMWI Ta3, BOJAEHb NPUIATHUI HAa KyXHI s
NpUroTYyBaHHsS  TKI, Juii oOmajJieHHs Ta ocBimieHHs OyniBens. o6
NPOJIEMOHCTPYBAaTH HOTO MOXJIMBOCTI, aMEPHKAaHCbKI BYeHi MOOyIyBalu
"BOAHEBHUH iM", B SIKOMY ISl OCBITJICHHSI BUKOPUCTOBYBABCS BOZCHb. [lepenaBaTu
BOJICHb Yy DIJKOMY BHTJISIi-3aJIOBOJICHHSI Jy’Ke€ JOpore, TOMYy MIO JUIi HOro
3piKEHHS MOTPIOHO BUTPATUTH MailKe MOJIOBHHY €HEPTii, III0 MICTUTHCS B HHOMY
camoMy. Kpim Toro, moBmHHa OyTH 3a0e3ledeHa ijeanbHA TEIUIOI30JIAIIS
TpyOOIIpOBOY, TOMY IO TEMIIEpPa TYPY PiIKOTO BOJHIO Jy>Ke HU3bKA.

SIK manMBO BO/IGHB CHATIOETHCS B JBUI'YHAX PAKET 1 B MAIMBHHUX €JIEMEHTAX
Jutst Oe31ocepeJHHOT0 OTPUMAaHHS eJIEKTPOSHEPTii Py 3'€THAHHI BOAHIO 1 KHCHIO.
oro MokHa BUKOPHCTOBYBATH i SIK MAJIMBO JUTS ABIialliifHOrO TPAHCIIOPTY.

Bomgnesa eneprerrka o6inge psg Burona. Tomy 3'sBuiocs 6araTo eHTy3iacTiB
BOJIHEBOI €HEpreTHKHM, BUHUKIM iX acomiamii, y TOMy 9HCIi MibKHaponaHa. 3apa3 y
CBiTI OTpuMyIOTh Osm3pko 30 MIiNBHOHIB TOHH BOJHIO Ha pIK, IPHYOMY B
OCHOBHOMY 3 TIPHUPOJIHOTO Ta3y. 3rigHo 3 mporrozamu 3a 40 pokiB BUPOOHHUIITBO
BomHIO Mae 30iumpmmTHCs B 20...30 pasiB. Mae OyTm 3a ZOIOMOTOI0 AaTOMHOL
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SHEepPreTUKN 3aMiHUTH HUHIIIHIN [HKepesrio BOIHIO - NMPUPONHUHA Tra3-Ha OiLTbIn
JIETIeBe 1 JOCTYITHE CHPOBUHY - Ha BOAY. TyT MOJIIMBI IBa IIUISXH.

[epmwii mIAx - TpaAUOiHHUHA, 32 JOMOMOTOIO €IEKTPOXIMIYHOTO PO3KIALY
BOJIU.

Hpyruit mosx Mennn BigoMuit. SIkmro Harpitu mapu Boxu 1o 3000...3500 C,
TO BOJHI MOJIEKYJIH PO3BAIATHCS cami co00¥0.

OOunBa cnocoOM OTpUMATH BOJACHH 13 BOAM TOKHA JOPOXKYE, HIXK 3
npupoHoro razy. OnHaKk IPUPOJHUI ra3 JOPOKIAE, 2 METOAN PO3KIAAaHHS BOAN
YIIOCKOHAMIOIOThCS. Uepes sIKMICh Yac BOJEHb i3 BOJIM IMOJEIIeBIIac. B okpeMux
BUIMAJIKAX 1 3apa3 BUTITHO OJICPXKYBATH BOJCHB 3a JIOIIOMOTOIO €JICKTPOIi3y B HiUHI
TOJIMHU, KOJIH € 3aiiBa 1 JIeIeBa CICKTPOCHEPTIs.

BonneBa eHepretrka OypXJIHMBO pPO3BHBAETHCS, ajie HelapMa BCE dacTilie
TOBOPATH TPO aTOMHO-BOJHEBOi eHepreTWkd. IloTpiOHI BenHWKi eHepreTHdHi
BUTpAaTH MJi1 OJEepKaHHA BoIHIO. TaHmem "sOepHUM peakTOp-BOJHEBUI
reseparop” - HUHI IPETCHAYE HA POJbh €HEPreTHYHOrO Jifepa B ekoHoMimi XXI
CTOJITTS.

VK 629.92

Kynarix J1.0.', Kumenko P.10.2
! kaHz. TexH. Hayk, mpod. SHTY
? cryn. 3HTY

JOCIIKEHHSA CYYACHOTI'O CTAHY TA IEPCIIEKTHUB PO3BUTKY
TEOTEPMO.JIbHOI EHEPTETUKH B YKPATHI

IIpoBeaeHO OILIIHKY TE€OTEPMAIBHUX PECYPCIB Ta TEXHIYHO JOCSHKHOTO
EHEepPreTUYHOro TOTEHIiady TreoTepMaibHOI eHeprii aiust ymMoB YKpaiHu i3
BHOKPEMJICHHSIM HaHOIIbII MPUAATHAX AJISI PO3BUTKY r€OTEPMAIbHOI CHEPreTHKH
perioniB. HaromomryeTtscss Ha AOIUIBHOCTI Ta MEPCHEKTHBHOCTI BUKOPHCTAHHS
AHOTO BHAY BITHOBIIOBAHOI e€Heprii B yMmoBax aAedimuTy TpaauIiitHHX
EHEeProHOCIIB.

OcraHHIMM POKaMH yCi MH € CBiIKAMH TOTO, SIK IIOCTYIIOBE 3MEHIICHHS
3amaciB TpaJULiHHUX EHEProHOCIIB y CBITI CIIOHYKa€ JIIOACTBO JIO TIOIIYKY Ta
e(eKTHBHOTO OCBOEHHS HOBUX, AJIbTEPHATUBHUX JKEPEN €HEepril — HeTpaaAnuIlitHIX
Ta BIAHOBIIOBAHMX. YKpaiHa HaJIEXHUTh OO EHEepProJeimUTHUX KpaiH |1
3aJJ0BOJIbHSIE IOTPEOU B MEPBUHHHUX MATMBHOCHEPIETHYHHUX Pecypcax 3a paxyHOK
BJIACHOTO BHIOOYTKY He Oinmblne, HiK Ha TpeTuHy (0e3 ypaxyBaHHA €Heprii
ATOMHHUX €JIEKTPOCTaHIiif). Y 3B'I3Ky 13 IMM BHUKOPHUCTAHHS BiJHOBIIIOBAaHUX
JUKepenl eHeprii € OZHMM i3 HaHOLIPII BAXJIMBHX HAINpPSIMIB JepXKaBHOI
€HEepreTUYHOI NONITHKH, sIKa repeadadae He Juie 30epexeHHs eHeprii 32 paxyHOK
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3a0M[a/DKEHHA  TPaJUMiHHUX  MAJIMBHO-CHEPTeTHYHHMX  pecypci, ame H
3a0e3nedeHHsT YMOB ISl MAaKCHMalbHO €(QEeKTHBHOTO Ii BHUKOPHCTAHHA |
MOKPAIIEHHS CTaHy TOBKIILIA.

Sk cBimgaTh AOCHIIKEHHS, 30KpeMa, (axiBIiB IHCTHTYTY BiTHOBIIOBaHOI
enepretukn HAH VYxpainu, 3aranpHuil pidHnil TEXHIYHO JOCSHKHAN CHEPTeTHYHIH
MOTEHITIaJ TIOHOBJIIOBAHUX JDKEpell eHeprii B YKpaiHi (BiTpoeHepreTHka, COHIIHA
eHepreTuka, Maja TiipoeHepreTuka, 0i0eHepreTHKa, reoTepManbHa eHepreTika i
€HepreTuka JOBKIIA) CTAHOBUTH Bix 93 10 98 MiNbHOHIB TOH y nepepaxyHKy Ha
YMOBHE NajuBO, a Ie Omm3pko 50% 3arajJbHOr0 €HEeprocHoXMBaHHS Y KpaiHu
ChOTO/IHI. 32 ONTHMICTHYHUMHM TPOTHO3aMH, NPU 30€pekeHHI 1 MOCHIiTOBHOMY
pO3BUTKY HasBHOI 0a3u Ykpaina mo 2030 poxy moxe pocsrtu 30% piBHs
3aMillleHHs TPaJULiHHUX JPKepell IOHOBIIIOBAHUMHE JKEpellaMH eHeprii.

OueBuaHO, IO 32 HASABHOCTI HA TEpUTOpii YKpaiHM 3HAUHUX 3aIlacis
TreoTepPMaIbHOI €HEpril PO3BHTOK TI'COTEPMANbHOI E€HEPreTHKH € MOMIJIBHUM Ta
nepcrekTHBHUM. [IpakTika OaraTbox KpaiH CBIAYHTH, IO BUKOPHCTAHHS JAHOTO
BUAY BiTHOBIIOBAHOI €HEpril € €KOHOMIYHO BUTiTHHM, 3HAYHO 3HIDKYE OOCSTH
BUKOPHCTAHHS TPAANIIHHUX BU/IB MAJINBHUX PECYPCIB.

3 ormsimy Ha BUCOKY €()eKTHUBHICTH, €KOJOTIUHICTh, pETiOHATIbHY 3HAYNMICTh
1 BeNMMKHUH CyMapHHUil MOTEHLIaJ Te0TepMaJbHUX PECypCiB, Ha Cy4yacHOMY eTari
MOCTa€ HEOOXIAHICTh MPOBEJCHHS BIINOBIIHUX HAYKOBUX OIPALIOBAHb 1 JJIsl YMOB
VYkpaiHu.

Cnig nmojaru, 1O ICHYROYI ChOTOJHI OIIHKM TOTEHIaly TeoTepMajbHUX
pecypciB, B TOMy 4Hcli 3axXiJHOTO perioHy YKpaiHu, HOTpeOyIOTh MOJAIBIIOrO
JOCIIIJKEHHS, TIeperyIsiy Ta YTOYHEHHS 3 METOI0 BHM3HAYEHHS MEPCIEKTHB iX
rOCI0/IapPCHKOT0-eKOHOMIYHOTO, €KOJIOTIYHOTO 1 COLIalbHOTO BIUTMBY Ha PO3BUTOK
Tepuropii.

YK 628.97

Kymnarin J1.0.", Jlomonocos JI.M.2
! kaHz. Texn. Hayk, mpod. SHTY
2 cryn. 3HTY

JOCJIIKEHHS CYHACHOI'O CTAHY TA ITIEPCIIEKTUB
MPOEKTYBAHHS OCBITJIEHHS B YKPATHI

Ha cporomuimHiil 7eHp y CBiTi iCHy€ BeNTWYE3HHUH aCOPTHMEHT CBITHIIBHHKIB
Ta TPOXKEKTOPiB, PI3HUX 3a CBITIOTEXHIYHMM XapakTepucThukam. HaiTh B
ACOPTHMEHTI SKOT0-HeOyAb OJHOTO 3 BHPOOHHKIB, SK IPAaBHJIO, ICHYIOTH Pi3HI
BHPOOH, 1[0 MAIOTh CBOIO 00JIACTH 3aCTOCYBAHHS.
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OCHOBHOIO YaCTHHOIO CYYacHOTO CBITJIOTEXHIYHOTO TpHWJIANy € BimOmBad,
OCHOBHOIO MeTo10 sikoro € migumerass KK] mammm. BinouBadi Bimpi3HAIOTHECS 3a
(hopmoro, po3MipaM i TEXHOJIOTIi HAHECEHHS N3ePKAIHLHOTO MTOKPHUTTS. SIK mpaBmIio,
BinOWBaui pPO3pOOIAIOTECA IMiJl KOHKPETHI JaMITH, 5Ki, JO pedi, TeX ICHYIOTb
PI3HUX THIIIB.

OpHak, ogHAM BinOuBaueM cmpaBa He oOMexyerscs. [Ipu ekcruryararmii y
BYJMYHMX CBITWJIBHHKIB, IPOMHUCIOBUX Ta IHIIMX YMOBaxX Ha BiJi0MBadi OCilalOTh
TaKi KOMIOHEHTH SIK IHJI, BOJIOTA, 1 1HIII PEYOBMHHU. Y MiJCYMKY I IPU3BOJHUTH
JI0 3HIDKEHHSI 3JaTHOCTI, 1110 BiIOMBAE ITOKPUTTS BigOMBaya.

Ha cporomuimmuii neHp 1s mnpoOnema ycminiHO BupimieHa. Hampuxian
IH)KEHEpaMH MPOBITHUX KOMIIAHI 3 BUPOOHMIITBA OCBITIIIOBAJIHHOTO O0JaTHAHHS
Oymna po3poOsicHa i 3alaTeHTOBaHA KOHCTPYKIIs, sika oTpumaina Ha3By Cuiceiid,
sgKa 3a0e3nedye ONTHYHUHA OJIOK CBITHIIFHUKA MAaKCHMAJIbHY TEPMETHUHICTB 1
rapaHTye cTabiIbHICTE (OTOMETPHIHHUX XapaKTEPHUCTHUK IMPOTATOM BCHOTO TEPMiHY
CITY>KOM CBITHIJIEHHUKA.

[HKeHep-pOeKTYBaIbHUK, KU BUKOHYE CBITJIIOTEXHIYHHH PO3paxyHOK Ha
KOMIT'FOTEpHIN TporpaMi, MOXKe 3aJJaTH KOHKPETHHH THII CBITWJIbHMKA, BiOWBaYa,
THI 1 TOTYXXHICTh JIAMITM, a TaKOX CTYHiHb 3a0pyIHEHHS HaBKOJHIIHHOTO
cepenoBuina. Ha Buxoai creniamict Buiae panioHajqbHE PILICHHS SK 32 BapTiCTIO
CBITJIOTEXHIYHOTO OOJIa[IHAHHS I MOHT)XHHUX POOIT, TaK i M0 BapTOCTi MOAANBIIOT
eKCIUTyaTariii.

PesynbTaTtoM pO3paxyHKIB € PO3MIIICHHS CBITHJIBHHKIB Ha KPECICHHI i3
3a3Ha4YeHHsSM KYyTIB HaBeleHHs 1 moBopoTy. Takox uHcenbHI 3HAYEHHs
OCBITJICHOCTi, OTPHMaHI B pe3ylbTaTi PO3pPaxXyHKIB MOXYTh OYTH HaHECCHI
Oe3mocepenHE0 Ha KpecieHHsA. OCBITJIIGHHS Y CY4acHOMY CBiTi € HEBiJ'€MHOIO
IMIIDKEBOKO Ta QYHKI[IOHATBHOIO YaCTHHOO OYIb-SIKOTO 00'€KTA.

Jw3aifH OCBITIIEHHS 00'€KTiB PO3POOIIETECS Y CHEMiali30BaHUX IIporpamMax,
NPU3HAYCHUX /I TPUBHMIPHOTO MOJEIIOBaHHA. BUKOpHCTaHHS TakMX Hporpam
JUIL pO3pOOKH AWM3aliHy IOCUTH €(PEeKTHBHO, aje He M03BOJSE IOBHOIO MipOIO
OLIIHUTH CBITJIOTEXHIUHI IOKa3HUKH OOpaHOro pimeHHs. ToMy sl sIKICHOTO
PO3paxyHKy CBITJIOBHX [apaMeTpiB pO3pOOIIOBAHOTO BapiaHTy IU3aiiHy,
BUKOPHCTOBYETBCS CIIEIiali30BaHe MporpamMHe 3a0e3eUeHHs], IKe J03BOJISE 1Ie Ha
MOYATKOBIA CTafii BU3HAYMTH JOIUIBHICTD BUKOPHCTAHHS TOTO YW IHIIOTO
oO0J1aTHAHHSA.

Ha cporomuimHiil 1eHb iCHYIOTh JBI OCHOBHHX TEXHOJIOTil — JIBOMIPHOTO i
TPUBUMIPHOTO KOMIT'FOTEPHOTO MOJIEITIOBAHHSI.

JIBOBMMIpHE MOJIEJIOBAHHS JO3BOJSE€ BHKOHATH IPOEKT B JYKE CTHCIL
TEpMiHH, OJJHAK Te, sIK OyaAiBisA Oy/e BUIIISAATH HA KapTHHII 1 BXXMBY MOXE JIEIIO
BifpisHATUCSI. OCOOJMBICTh MAHOI TEXHOJOTil B TOMY, II0 KAPTHHKA MAIOETHCS
BpyuHy 1o ¢ororpadii Oynisii abo komir'totepHoi Mmoaeni. IIpy nboMy TouHiCTS 11
30iry 6e3nocepeHbO 3aIeKUTh Bl KBauti(ikalii cBeToqu3aiiHepa.
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TpUBHMIpHE MOACIIOBAHHS BHKOHYETHCS, a00 KOJM NPUHLHIIOBO BayKJIMBO
rapaHToOBaHa TOYHICTH 30iry, abo konu OyIMHOK IIe He moOymoBaHuid. B manomy
BUTIAJIKy CIIOYATKy II0 KpPECIeHHSIX OyayeTbcs 3X-MipHa KOMITIOTEpHAa MOIETH
OymiBii, MO JO3BOJIAE TOOAYUTH HOTO B OyOb-SKOMY pakypci, a TOTIM Ha
KOMIT'IOTEPi BUKOHYETHCS CBITIOTEXHIYHUN PO3PaxyHOK, IO TAPAHTYE TOYHE CITiB
MalaHHs KOMI'TOTEPHOTO 300paXeHHS 3 THM, III0 BHIiIe HACTIPABI.

TakyuM YMHOM, 3aCTOCYBaHHS CYYaCHHX METOJIB  CBITJIOTEXHIYHOTO
MPOCKTYBAHHS B CYMi 3 IOCBIJIOM iHXXCHEPIB-CBITJIOTEXHIKIB, JO3BOJISE MPOCKTHUM
OpraHi3alisiM BUKOHYBATH CBITJIOTEXHIYHI MPOEKTU Oy/Ib-KOI CKIaIHOCTI.

B nanmii yac u1g CBITJIOTEXHIYHMX PO3paXyHKIB iCHye Oe3Jid mporpam, Iio
JIO3BOJISIIOTh, KpPIM OCHOBHHMX CBITJIOTEXHIYHUX XapaKTEpUCTHK (JCKPaBiCTb,
OCBITJICHICTb), TaKOX OOYMCIIOBATU SIKICHI IOKAa3HUKH OCBITJICHHS (IOKa3HUK
TUCKOM(OPTY), €KOHOMIYHI Ta EHEPreTHYHI XapaKTEePUCTHKH OCBITIIOBAIBHOI
YCTaHOBKH (BapTiCTh OONAJHAHHS, CIIOKUBAaHY IIOTY)XHICTh YCTaHOBKH).
[pakTnuHO y KOXXHOT KpymHOI (ipMU-BUPOOHHUKA € CBOSI PO3PaxXyHKOBa Mporpama
s BacHoi 6a3u maHmx: Calculux (Philips), Litestar (SBP), Ulysse (Schreder) i T.
n. IcHyroTh 1 yHiBepcampHI mporpamu mms pisHux 0a3 manux (DIALux) a6o 3
MOJKJIUBICTIO MiIKITIOYEHHS OyIb-sk0i 0231 (Relux).

OcuoBi 3amaui (DIALux), ArchiCAD 19, Autodesk AutoCAD-2017,
ONTHMI3yBaTH MPOLEC NPOEKTYBAaHHS OCBITJICHHS. 3a JIOMIOMOTOI0 IIHX MPOrpamMM
Oinbll  epEeKTUBHO TNPOEKTYETHCS OCBITJCHHS SK 30BHINIHIX BYJIHIb TaK |
BHYTPIIIHIX IPUMIIIEHb.

YK 621.311
Kymnariu J1.0.'"Manosiuko A.C.”
'kan1. TexH. Hayk, npod. SHTY
2CTyz[. 3HTY

HIABUIIEHHSA HAJIIMHOCTI EJIEKTPOIIOCTAYAHHS B
MACJOEKCTPAKIIIMHOMY BUPOBHUIITBI

VY cydacHOMY BEJEHHI CUIBCHKOTO I'OCIIO/IApCTBa B YKpaiHi 3HAUHY YacTHUHY
3aiiMae BHpOILIYBaHHS COHJINIHMKY Ta MOJajblla Horo mnepepoOka 3
BHUT'OTOBJICHHSIM COHSIITHIKOBOI OJIiT Ta MPOTY SIK rOTOBOT poaykiii. [lei mporec
32 CBOEIO TEXHOJIOTIEI0 € Oe3nmepepBHHM 1 mepeadadae TEXHOIOTIUHI 3yNMHHKH
JUIIe 3a IUTAHOM poOiT. AJsie KO 3 TeXHIYHWX abo aBapifHMX TNPHYUH
NPUIHHSIETBCS  ENEKTPONIOCTAYaHHs, 3’SBJISAIOThCS  JOJaTKOBI BUTpPAaTH Ha
BiZTHOBJICHHS MpaIe3/1aTHOCTI 00afHaHHS.

Came ToMy HEOOXIZIHO CTBOPHUTH HaJlliiHE ENEKTPONOCTAYaHHS SIK y IEXOBHX
Meperkax, Tak i 3aBOJY B LILIIOMY.
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Hapgiiine enekTpomocTadaHHs Ha JAHOMY BHII BHPOOHHIITBA JOCSTAETHCS
IIBOMa CIOcCOOaMH: TEXHIYHHNM Ta oOpraHizamiiiauM. Jlo opraHizamiitHux
BITHOCATHCSA 3a0e3MedeHHs IMPamiBHUKIB OOCIYrOBYIOUOTO MEPCOHANY 3aco0amMu
MIBUIKOTO 3B’S3Ky — paIlisiMH, a TaKOX TIPOBEICHHS IUIAHOBHX HAaBYaHb IIO
IIBUJIKOMY 3HAXO/DKCHHIO 1 YCYHEHHIO TNPHYUH, IO BHUKIMKAIA 3yMUHKY Y
[IEXOBHUX MEpeKax.

JIo TeXHIYHUX CIOCOOIB BIZHOCATHCSA BCTAHOBJICHHS INIBHIKOMIIOYMX CHCTEM
ABP na 0a3i mikpornponecopHoi TexHikd. OCKUJIBKH Yy BCIX €IEKTPONpPHUBOJAX
MapIIpyTiB Ta BUKOHABYUX MEXaHi3MaX BUKOPHUCTOBYIOTHCS aCHHXPOHHI JBUTYHH
3 MYCKOBHMHU KOMYTAIIHHUMU amaparaMu, TO BUHHKA€ HEOOXIAHICTh 3MCHIICHHS
Jyacy MEepEeMHUKaHHS Ha PE3epBHE JDKEpeso JKUBJIEeHHS. UuM MeHIIuUM Oynae dac
Mepexoay, TUM MEHIIMMHU OyAyTh CTPYMH CaMO3alyCKy CIICKTPOJBHUTYHIB Ta
OimpIIa WMOBIPHICTH TOTO, IO MATHITHI ITyCKadi 3alMIIAThCA Y MPHUTATHYTOMY
ctadi. Lle mocsraeTbcs 3aBISKH BCTAHOBJICHHIO CYJacHUX BaKYyMHHX BIMHKAYIB 3
yacoM BuMHuKaHHA Ta BMUKaHHA 0,03 ta 0,06¢ BiAnOBIgHO.

Takoxx moTpibHO 3MiHUTH JNOTIKYy pobotm ABP, a came po3pobuté HOBI
ANTOPUTMH pOOOTH TaKWX MPHCTPOIB. MikpomporecopHa eJleMeHTHa 0asa
TO3BOJISIE 3pOOHMTH IIi HaJXAamTOBYBaHHSA TpuCTpoiB ABP mpaktmyno Oynmb-skoi
CKJIaTHOCTI Ta (DYHKIIOHAJIBLHOCTI. BiAMIHHICT aNrOPUTMY IIBUAKOIII MOJIATAE Y
TOMy, IO 33 KJIACHYHOK CXEMOK y pa3i BHHHKHCHHS aBapiiiHoro abo
HEHOPMAJIBHOTO PEXHMMY B 30BHIIIHIM Mepexi elekrpornocradanns npuctpoi ABP
JTAIOTh CUT'HAJ HA BUMKHEHHS BBITHOT'O BUMHKAa4a OCHOBHOIO JDKEpEsa JKUBJICHHS,
a IMmicJig HOro BUMKHEHHS IMOJAX0Th CUTHAJ Ha BMUKAHHS CEKI[IHHOro BUMHUKaJa. 3a
HOBOIO JX CXEMOK0 TPOTOHYEThCS JaBaTH CHTHAJN HA YBIMKHEHHS CEKIIIHHOTO
BUMHKada i Ha BUMKHECHHS BBIJIHOTO BHMHKada CEKIiI OCHOBHOTO IDKepeia
JKUBJIEHHsI Maiike ogHoyacHo. Ilpu npomy uac crnpautoBanHs ABP cknanaerbes 3
Yyacy peakiii ITyCKOBOTO opraHy HpucTpoiB ABP i gacy BBIMKHEHHS CEKIiITHOTO
BUMUKa4a. Y pasi, AKIIO CEKIIHNI BUMHAKaY BMHKA€ CEKIIIF0 PE3ePBHOTO Kepena
JKUBIICHHS Ha KOPOTKE 3aMUKaHHS 31 CTOPOHU OCHOBHOTO JDKEpelia KUBIICHHS, SKE
HE BCTUIJIO BHMKHYTHCS BHACIIJOK BiJMOBM BBIJHOIO BHMHKAada OCHOBHOI'O
JoKepena € HeOe3neka BUMKHEHHS! BBIJIHOTO BHUMMKada PE3€pBHOI CeKIi HIMH 1
MOBHOT BTPaTH eJIeKTpornocTadadus. [y Toro mod mpOoro He crajocs Tpeda
BCTAHOBJIIOBATH MPUCTPOI KOHTPOJTIO 33 BBIITHUM BHMHKAa4eM OCHOBHOTO JDKEpea.
SIKIIO mix 9ac KOPOTKOrO 3aMHUKaHHS BBIAHHWN BUMHKA4 HE BUMKHYBCS, TO ITCIIS
BBIMKHEHHSI CEKI[IMHOIO0 BHMHKA4a IIONACTHCS CUTHAJA HAa BHMKHEHHS BBIJHOTO.
TakuMm YMHOM pe3epBHA CEKIlis BUSBUTHCS BBIMKHEHOIO Ha KOPOTKOYACHE KOPOTKE
3aMUKaHHs, SKE HE CIPUYMHUTH 3HAYHUX pYHHYBaHb a00 TIOBHOI BTpaTH
SKHBJICHHS.

He 3Baxkaroum Ha CKIAIHICTE poOOTH cucTeM mBUAKoAiiHOrO ABP Ta
JIOPOroro oONagHaHHS, JUIA HAAIHHOI POOOTH CyYacHOTO MAacllo-€KCTPaKIiHHOTO
nexy moTpiOHI camMe Taki TEXHOJIOTIi, ajpke TEXHOJIOTIYHHH IPOLEC eKCTPAaKIii
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MOXKEKOBHOYXOHEOE3MeUHN 1 BHACTINOK BTPATH >JKUBICHHS MOXE MaTH
Herepen0adyBaHi HACIIAKH.

YK 629.92

Kynarin J1.0.!, Cipnit A.C.2

! KaHZ. TexH. Hayk, npod. 3HTY
*cryn. 3HTY

JOCJLIKEHHSI CYYACHOI'O CTAHY TA IEPCHEKTHUB PO3BUTKY
BITPOBOi EHEPTETUKH B YKPATHI

Birpoenepreruka € crnocoOOM OTpUMaHHs €JIEKTPUYHOI eHeprii 3a
JIOTIOMOTOl0  BiTpy. 3aco0M OTpUMaHHS €Heprii BiTpy - BITPOTYpOiHM
(BiTporeHeparopu, BITPOBI YCTaHOBKHM), $Ki OO0'€IHYIOTH Yy Tak 3BaHi
BiTpoenekrpocranuii (BEC). Bitpoenepretnka - rany3b BiJIHOBHOi €HEpPIreTHKH,
sKa CreLiali3yeTbCss Ha BUKOPUCTaHHI KiHeTHYHOI eHeprii Bitpy. Lle oamH 3 THX
croco0iB BUKOPHUCTAHHS €HEPTil HAaBKOJHUIITHEOTO CePEIOBHINA, 0 OyB BIIOMUIT 3
JaBHIX dYAaciB. Ixepeno BiTpoeHepretukn - COHIlE, OCKITBKA caMe Horo
aKTUBHICTh CHPUYHMHIOE YTBOPEHHS BIiTpY. ATMocdepa 3emii BOMpae COHSIYHY
paniariiro HepiBHOMIpHO Yepe3 HEOTHOPITHICTD ii MOBEpXHi Ta Pi3HUN KyT MaIiHHI
CBITIa Yy PI3HHX MHPOTaxX y pi3HI mopu poky. I[loBiTps po3IMUpPIOETHCS Ta
HiiAMaEeTbCsl yropy, yTBOPIOIOYM NOTOKU. Tam, Je moBiTps HarpiBaeTbes Oinblie,
Il MOTOKH MiJHIMAIOTHCSI BHIIE 1 30CEPEIPKYIOThCS y 30HaX HU3BKOTO THCKY, a
XOJIOJHIIIE TIOBITPSI 3QJIMIIAETHCS HUXKYE, CTBOPIOIOYM 30HH BHMCOKOTO THCKY.
Pi3Huns aTtMocdepHOro THCKY 3MYIIYy€ MOBITPS MEPeCyBaTHCS BiJj 30HH BHCOKOTO
THUCKY JI0 30HM HU3BKOT'O TUCKY 3 TIPONOpLiiHOI0 mBHIKICTIO. L{eit pyx nmoBiTpst Mu
i HasuBaemo BitpoM. I1[00 Halikpallle BUKOPUCTATH BITPSHY CHEPTil0, BaXKIHBO
JIOCKOHAJIO PO3YMITH TOOOBI Ta CE30HHI 3MIiHH BITPY, 3MiHY IIBHIKOCTI BITPY
3aJIeKHO BiJl BUCOTH HaJl MTOBEPXHEIO 3€MIIi, KUTBKICTh TOPHUBIB BITPY 3a KOPOTKI
BIJJPI3KH Yacy, a TaKO)XK MaTH CTaTUCTHYHI JMaHi Xoda 0 3a octaHHiI 20 pokiB. Bix
3araipHOI KiTbKocTi eHeprii CoHms mume 1-2 % TepeTBOPIOETHCS HAa CHEPTiro
BiTpy. Ll KUIBKICTh BI'STEPO NEPEBHIIYE PIYHY CBITOBY €HEPreTHUYHY MOTpeEOy.
Cy4acHa TEXHOJIOTISI J1a€ 3MOT'Y BHKOPHCTOBYBATH TIIBKH TOPH30HTAIBHI BITPH,
0 po3MilleHi OJU3bKO 10 MOBEpXHI 3emili 1 MaroTh MBUAKICTH Bix 12 g0 65
KkM/ro7i. OCHOBHA BiIMiHHICTH TaKOi €NEKTPOCTAHIII] BiJl TPaAUIIITHUX (TETJIOBHX,
ATOMHHX) TIOJIATa€ y MOBHIHM BiJICYTHOCTI CHPOBHHU Ta BigxoniB. €1MHa OCHOBHA
BUMOTa - BHCOKHH CepelHbOpiYHMI piBeHb BiTpYy. IllOTyXHICTE CcydacHHX
MIPOMHUCIIOBHX BiTporeHepaTopiB focarae 6 MBT. JItoacTBO BUKOPHCTOBYE €HEPTi0
BiTpy Bxke Oimpme 5000 poxiB. OxHuM 3 HalimepmInX BHHAXOMIB, SIKHH
3aCTOCOBYBaB BUKOPHCTaHHS eHeprii BiTpy, Oyso Bitpmio. Ille y 3500 p. no H. e.
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MOpETIIABIli BUKOPUCTOBYBAJIH CHIY BITPY, OO iTH i BiTpWiaMu. BiTpuibHi
yoBHn xommwnu Himom y JlaBHpomy €rumri. ToOTO Bitpmio Oymo mepmioro
JIOTIATEBOIO0 MAIIMHOIO, IO BHUKOPHCTOBYBAJa CHEPTil0 BiTpYy. 3BHUAiHI BITPOBI
wimHE Oynmu Bxke B Kurai 2200 pokiB Tomy. Ha Cepennpomy Cxomi, y Ilepeii,
6mm3pko 200 p. 10 H. €. TOYa I 3aCTOCOBYBATH BITPSHI MJIMHHU 3 BEPTHKAIHHOIO
BICCIO [UI1 TEPEMENIOBAaHHA 3€pHA, I1X BHUIOTOBISIM 3 B'I3aHOK OUYEPETY,
NPUKPITUICHUX 0 JIepeB'stHOT paMKy, 1m0 obepTanacs, Koy 1yB Bitep. CriHa, 110
OoTOYyBaJla BITPSK, CIPSIMOBYBaja MOTIK BiTpy mpotu Jomareil. Hadnpocrimri
BiTpOBI MiMHM Manu aocuth Hu3bkuii KKJI, He3Bakarounm Ha Te, MO JomaTi
BUT'OTOBJISUTHCH 3 IOCUTB JIETKOTO JepeBa uu Matepii. [IpuunHoio HeedekTHBHOCTI
Oy1o Te, IO cuia BITPY, SKa IITOBXaja OAHY MOJOBHHY BITPOKOJECA, OAHOYACHO
rajpMyBana iHmy vactuHy. Y PamsHcekomy Coro3i  mepmia  BiTpoBa
eJIEKTPOCTAHIlIS TOTYXHIicTI0O 8 KBT Oyma cmopymkena y 1929-1930 pp. mix
Kypcbrom.

UYepes pik y Kpumy Oymno nodynosano 6imbiry BEC mortyxaicTio 100 kBT,
IO Ha TOW Yac Oyia HaiOinpmor y cBiti. BoHa ycmimao mpamroBana 1o 1942 p.,
ane min dvac BiifHm Oyna 3pyiiHOBaHa. [IpoTe HaWmBHUAIIEC BITPOCHEPTeTHKA
po3suBanacs y CHIA - me y 1941 p. tam modymysanu nepury BEC motyxHicTIO
1250 kBr. OcraHHiMH pOKaMu BiTep BCE IIHPIIE BUKOPHCTOBYETHCS IS
onepkaHHsl eyekTpoeHeprii. CTBOPIOIOTBCS BITPSIKM BEJIHMKOI IOTY)KHOCTI 1
BCTaHOBJIIOIOTHCSI HA MICLEBOCTI i3 YaCTUMHU i CHIIbHUMHU BiTpamu. KinbkicTs i
SKICTh TAKUX JIBHUI'YHIB 3pOCTa€ LIOPIYHO, HAJATOPKEHO CepiliHe BHPOOHHIITBO.
Hampuknan, y Hizepnanaax crocrepiraerbesi Tak 3BaHMHW MIipOLIHHIBKHNA OyM.
VYpsin 3anporoHyBaB BeHKI CyOCHii yciM, XTO BigKpHe BiTpsK. HaBiTh mapiamMeHT
KpaiHH, 0 10alINBO OXOPOHSE "XapaKTepHUH HalllOHAJIhHUHN Ner3ax" i BUCTyHae
NPOTH HAIMIPHOTO IITyMy, IIbOTO pa3zy HE 3alepeyyBaB IPOTH BUKOPHCTAHHS
eKOJIOTIYHO dYHCTOl BiTpoBOi eHeprii. Huni Ha Tepurtopii Himepnmaumis, 1mo
mo30aBieHi 3amaciB  Byrimisi, HadpTH ¥ ra3zy, [OilOTh ONM3BKO  THUCHYI
BITPOTEHEPATOPiB  CTPyMy, IO 3aJOBOJIEHSE TOTpeOM Bciei KkpaiHW B
enexTpoeHeprii npubausHo Ha 10 %. BiTep € CTHXi€l0 MOTYKHOIO I NPaKTHYHO
BCrOAKCYIO. [IpoTe BOHA Mae i HEIOJIKH, [0 3aBaJWIO 1A TOIIMPHUTUCS SK
OCHOBHE JDKepesio 3a0e3NnedeHHs.
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YK 628

3aGonorusrii A.IT.'Kyssmina JI.A. Ky O.M. Illep6usun JI.B.Uysamxun JI.B. 2
! kamm. Texm. Hayk., gom. 3HTY

2 crymentn 3HTY

PO3POBKA JIABOPATOPHOI'O KOMIIJIEKCY
T'IAPOTPAHCIIOPTHOI CUCTEMH

CucteMr  BOAONOCTaYaHHA  HAJeXKaThb  HAWOUTBII — PECypCOEMHHX
TEXHOJIOTIYHUX OO'€KTIB, NI¢ HaWOINBIIOI CKIAZOBOIO € EIEeKTPOCIOKHBAHHS.
CBiTOBHI [JOCBiJ TOKa3zye, MO po3poOKa i BIPOBAKCHHA EHEPro30epekHUX
3ax0/iB  3ac00aMH  CY4YacHOTO IPOMHMCIIOBOTO  €JIEKTPONPHUBOLY JO3BOJISE
ictrotHo(mo  25-30%) TOHM3UTH pIiBEHb CIIOKMBAHHS EJIEKTpOEHeprii Ha
TypOomexanusmax. Lleil HampsM Jy)e MEpCHeKTUBHO 1 € INUPOKHM IOJEeM
JUSUTBHOCTI JUTS IEPEOCHAILICHHS ICHYIOYHX ITPOMHUCIIOBUX YCTaHOBOK.

BomonpoBifHi HACOCHI YCTAaHOBKHM - 1€ TypOOMEXaHHM3MBI, IIOB's3aHi
3arajJbHUM TEXHOJIOTIYHUM JIAHIFOTOM, L0 XapaKTePHU3YEThCS MPOTHBOIABICHHEM
1 TiApOOWHAMIYHMM OMOpPOM. Y CHCTeMaX BOIOINOCTaYaHHS i3-32 3MIHHOTO
XapakTepy  BOJOCIOKMBaHHSI Mae  Micme  HEOOXIJHICTP  peryioBaHHS
MPOJYKTUBHOCTI HACOCHOTO arperatry. TpaiMiiiiHi cIocOOM peTyIroBaHHS
HAaCOCHMX YCTaHOBOK - JIPOCENIOBaHHSI HATHCKy 3acCyBKOIO, 3MiHAa dmHCIa
NPAIOIOYNX OJHOYACHO AarperariB - €HepreTMYHO He BHUTIJHI, OCKUIBKH
CIpsIMOBAHI Ha pillIeHHs TEXHOJIOTIUHKX 3aBaanb. [Ipu upomy 10 30% cnoxuBaHOl
eHeprii  HepaliOHAILHO BUTPA4YaeTbCs HAa BTPATH €HEprii B MexXaHi3mi, LI
JIPOCEIIIOE, 1 CTBOPEHHSI HA/IMIPHUX HATUCKIB B T1JIPOTPAHCIIOPTHIN CUCTEMI.

PeasipHi HacoCHI YCTaHOBKHM Y OUIBIIOCTI TEXHOJIOTIYHHX CXEM MaloTh
IPYNOBU XapakTep HABaHTAXKEHHS - BKIIIOUEHI 32 Mapajie’bHOI0 a00 MOCIiOBHOIO
CXeMOI0 3'eJIHaHHA. SIK IMOKa3ye NMpakTHKa, NMPH MapaielbHiii poOOTI HACOCHHX
YCTAaHOBOK HEOOXIAHWI Jiama3oH peryJioBaHHS YacTOTH OOepTaHHSA IIpH
perymoBaHHI MpoayKTHBHOCTI Big 0 mo Qmax ckiamae Bcyoro 7...10 % BHH3 Bif
HOMiHAJNGHOT MBHUIKOCTI. [IpW 30iMBIIEHHI KUTBKOCTI OJHOYACHO IIPAIFOFOYUX
TypOOMEXaHH3MOB Jiana3oH 3MEHIIYETHCS 110 3...5 %.

Jnst peanizanii epeKTUBHOrO BUKOPHCTAHHS €IEKTPOEHeprii i 30epexkeHHs
pecypciB 3aCTOCOBYIOTh CHCTEMH PEryJIbOBAaHOTO €JIEKTPONPHUBOAY, SIKIi MOXYTh
IUTAaBHO 3MiHIOBaTH po0odUi mapaMeTpy HACOCHHUX yCTAaHOBOK 0e3 HEIPOIyKTHBHUX
BUTpAT €JEKTPOCHEPril 1 3 MIMPOKUMH MOMJINBOCTSAMH ITiIBUIIEHHS TOYHOCTI 1
e(eKTHBHOCTI TEXHOJOTIYHHUX ITapaMeTpiB POOOTH CHCTEM BOJOIIOAI.

[Tpu rpoMy JOLTBHOIO CXeMOI0 perynboBaHoro EIT moxe sBisTHCS cricTeMa
M4 - AJl, ska [03BOJIUTH 3AIHCHUTH IJIABHUH TYCK PETYJIbOBAHOTO
TypOOMeXaHW3Ma, PETryNIOBaHHS IIBHUAKOCTI OOEpPTaHHSA B MOTPIOHHMX MeEXax, a
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TaKOX TMOJIETTIIEHUH 3alyCK YCiX IHIINX HACOCHUX YCTaHOBOK, IPAIIOIOYNX
HapaneabHoO 3 PEryIbOBAHHIM.

VY 3B'I3Ky 3 OHM € JOINBPHUM TIPOBEIACHHA MOCTIDKCHb IO aHANi3y
eHepreTUYHoOi eEeKTHBHOCTI poOOTH HACOCHUX YCTaHOBOK IIPH PIi3HHX crocobax
peryimioBaHHS  BUXIJHHX TEXHOJOTIYHMX IapaMeTpiB THpu  poOoTi Ha
TpyOOIPOBIHY MEpEeXy 3 IPOTHBOJNABICHHEM 1 TiIpaBIiYHAM OIOpOM Ha 0asi
71a00paTOpHUX ApiOHOMACIITAOHMX FMAPOTPAHCIIOPTHBIX MOJIEIICH.

JIaGopaTopHUi KOMIUIEKC TiIpOTPAaHCIOPTHOI CHCTEMU NPU3HAYCHUH IS
NPOBEICHHS  EKCIIEPUMEHTAIBHUX  JOCHDKeHb PEXHMIB  (DYHKIIOHYBaHHS
TypOOMeXaHM3MOB, /I Bizyajizauii 1 peecTpauii Hpolecis, IO NPOTIKAIOTH B
HACOCHI# YCTaHOBII, a TAKOXK JJIsl TOAAJIBIIOT MaTeMaTHYHOT 0OPOOKH OTPUMAaHUX
pe3yabTaTIB BUMIpIB.

YK 621.31:004.94

IlIpam O. A.', apxomenxo O. JI. 2 Hanozipautii P. M.
lKaHIL. TEXH. HayK, aou. 3HTY

2 cryn. rp. E3-114m 3HTY

MATEMATHYHE MOJIEJTIOBAHHA COHAYHOI MAHEJII

CoHsuHA eHepreThka CTPIMKO PO3BHMBAETHCS 1O BChOMY CBiTy. Hapsgy 3
MaJIONIOTYKHUMH ycTaHOBKaMHu (o 10 xBT), mpu3HadyeHHMHU a7 3a0e3nedeHHs
CIOXKMBAHHS JIOKAJIIHUX BiJJAJICHUX O0'€KTIB, BBOASATHCA B Jil0 (OTOENEKTPIuHI
consuni enextpoctanuii (PCE) noryxkuictio nonan 1 MBT, npueanani 1o mepex
LEHTPaAJII30BAHOI0 €JIEKTPOIIOCTAUYaHHSI.

B 3B'I3Ky i3 3pOCTal0uMMU 00CAraMH BHITYCKY 1 KOMepIiiaii3aiii COHIUYHIX
toroenexkTpuunux mneperBoproBadiB (PEII) BuHUKae HEOOXiIHICTH TOYHOIO
BU3HAYCHHS iX IapaMmeTpiB 1 XapaKTepHCTHK. BUMIpIOBaHHS BOJBT-aMIIEPHUX
xapaktepucTuk (BAX) — OCHOBHHMI METOJ| OWIHKH SIKICHHX 1 eKCIUTyaTalliifHuX
XapaKTepUCTHK COHSYHUX eleMeHTiB i MonydmiB. [Ipu mocmimkenni OEII cramiro
npsiMoro BuMipy BAX MoxHa 3aMiHUTH TIPOIIECOM KOMI'FOTEPHOT'O MOJICIIIOBaHHS,
IO 3HIMAae HEOOXiNHICTP MaTH B HAsBHOCTI JIOpPOTi IMITaTOpHW COHSYHOTO

BUIIPOMIHIOBAHHS.
[Tpu monemoBanHi puiiManics Taki npumymmeHHs: BAX moxemroamucs 6e3
ypaxyBaHHS YacTKOBOTO 3aTiHeHHsA crpuiiMaiodoi mosepxHi ODEIl 1 6e3

MOXIMBOTO {i MOmMKOMKEeHHA. JlaHi TPHUIYIIEHHS [JalOTh  MOXIIUBICTH
3aCTOCOBYBAaTH KJIACHYHI aHATITHYHI BHpA3W U1 MOJETIOBAHHSA XapaKTEPHUCTHK
OEIL

[ToOynoBy imiTamiiiHOi Mopeni COHSAYHOTO (OTOECIEKTPUIHOTO MOIYIIS
BUKOHAHO B IPOIPaMHOMY CEPEIOBHIII JUIS IMITAIL[IHHOTO MO/ICTIOBAHHSI.
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Po3pobnena imirtamiiiHa Momenb, IO JJO3BOJISIE PEECTPYBATH OCHOBHI
XapaKTEPUCTUKN COHIIHOTO (hOTOSIEKTPUIHOTO MOIYIIS.

OTtpumana iMiTamiifHa MOJEINb, IO I03BOJsE BimoOpaxkatn cimeiictBo BAX
COHSYHHX MOMIYNIB B 3aJEXKHOCTI BiX pIiBHI IHTEHCHMBHOCTI COHSIYHOTO
BUNIPOMIHIOBAHHSA 1 TEMIIEpaTypH, XapaKTepHUX i1 KIIMATHIHOX YMOB
IIprazoBcekoro paifoHy 3amopizpkoi oOmacti. Po3poGieHa mopens omucye
peaybHUH COHSYHUI MOJYJIb JIMIIE 3 JIESIKOI0 MIpOI0 HaONMKEHHS, 3 ypaxyBaHHIM
NpUHHATHX npunynieHb. CrocTepiraloTbCss BIAXWICHHS OTPUMAaHUX IpHU
MOJICTIIOBaHHI ~ BOJIGT-aMIEPHUX  XapaKTEPUCTHK BiJ] EKCIIEPUMEHTAIbHUX.
OCHOBHOI0O TNPUYHMHOIO BIAXWIEHb € TPYAHOLIl TOYHOTO BUMIPIOBaHHS
MOCJITOBHOTO 1 IIYHTYIOYOTO OIOpPIB COHSYHUX CJEMEHTIB. BusmieHo
BIJITIOBIZIHICTh XapaKTCPUCTUK COHSIYHOTO MOIYJs, HAJAaHUX BUPOOHUKOM 1
XapaKTepUCTHK, OTPUMAHHUX IIPH IMiTallifHOMY MOZeoBaHHI. Po30ikHICTH
pEe3yJIbTaTiB MOJETIOBAHHS 3 TTACTIOPTHAMH XapaKTEPUCTUKAMU He nepeBuirye 7%,
IO € JIOMTYCTHMUM 1 3araJbHOTIPHUHHITUAM JUIS IHKEHEPHUX PO3PaxyHKIB.

Enextpuuni xapakTepucTHKH PV-MOIyms TOJOBHMM YHHOM IPEICTaBICHI
KPUBHIMH 3aJIC)KHOCTI CTPYMY BiJl HAIIPYTH Ta MOTY>KHOCTI Bix Hanmpyru. O0umsi, I-
V 1 P-V, Buxigai xapaktepuctuku PV-momyns mpu pi3HHX IHCOMALIAX 1
TeMIlepaTypax BHKOHYIOThCS. [3 30iibLIEHHSM poOodoi TeMmmeparypH, CTpyM
KOPOTKOTO 3aMHKaHHS PV-Momyist 3011bIIy€eThCs, TOAI K MaKkCUMallbHa BUXiJHA
MOTYKHICTh — 3MEHIIY€EThCS. 30UIBIICHHSI CTPYMY KOPOTKOTO 3aMHKAaHHS 3HAYHO
MEHIIe, HiXK 3MEHILIEHHs] Hallpyrd 3 BIIKPUTHM KOHTYPOM, a TakoX led edekT
3MCHIIIYE MaKCHUMaJlbHy TOTYXHiCTh npubam3Ho ua 0,45% mpu BHCOKHX
TeMmeparypax. 3 IHImIOro OOKy, Ipu 30UTbIICHHI COHSYHOI I1HCOJMALII CTPyM
KOPOTKOTO 3aMHKaHHS Ta MaKCHMajbHA BHXiJHA WOTYXHICTE PV-momyns
30inpmrytotees. [lpnunHa monsirae B TOMy, IO HANpyra BIIKPUTOTO KOHTYPY
Jorapu(MiuyHO 3aJISKUTH BiJl COHSYHOIO BHUIIPOMIHIOBAHHS, IIPOTE CTPyM
KOPOTKOTO 3aMHUKAHHS MPSIMO MPOTOPIIHHNI IHTEHCHBHOCTI BUIIPOMiHIOBAHHSL.

YK 621.31:004.94

IlIpam O. A.', IllepGuna A. 10.?
! kaHj, TexH. Hayk, nor. 3HTY
* cryn. rp. E3-114m 3HTY

MATEMATHUYHE MOJEJIOBAHHSA EJIEKTPOTEXHOJIOT'TYHHUX
MHMPOLECIB ITPU OBPOBIII IOBEPXHI CKJIA

Ha cporomuimHiil eHb, MoeMOBaHHA (PI3MYHUX MPOIECIB Y KOMI IOTEPHIN
cepeni € IMHPOKO PO3MOBCIOUKEHUM Yy HAyKoBiii 1 BupoOHWii cdepi.
Kommr’rotepHi po3paxyHKH MaTeMaTHYHUX cHcTeM (GOPMYJI, sIKi OMUCYIOTH (i3nuHi
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MpOoIIeCH, POOJATH MOXKJIMBHM CTBOPEHHS HAACKIATHUX MOZETCH, sKi JIOIHHI
JIOBEJIOCH OM pO3paxOBYBAaTH POKAMH, a KOMII'IOTEp pO3paxye 3a XBWJINHH.
MogenroBaHHsT Tpolecy Mepel CTBOPEHHSIM MaTepialbHOI MOZETI 3HAYHO
3MCHIIYE BapTiCTh MOXIMBUX IOMIJIOK 1 3HAYHO TIOJIETIIYE€ BHECEHHS 3MiH B
OCTaTOYHI KpECIICHHS, 332 SKUMH OyZe CTBOpEHHH MexaHi3M. Takox 3HagHOIO
MIepeBaroio € MOXIIUBICTh MPOBEIEHHS TOCTIMIB, SKi TOTPEOYIOTh BEIUKHX BUTPAT
qacy (MOJIEJIIOBaHHS TPUBAJIOTO BIUIMBY ), 38 3HAYHO KOPOTIIMH Yac.

HaiiBaxxnusinmm MeXaHi3MOM MO/IETIFOBAHHS € a/lanTyBaHHs
MaTeMaTUYyHOrO omucy (i3UYHMX MPOLECiB Ta MapaMeTpiB Marepialis.
HaiinommpeHimmii MeTo]1 po3paxyHKy € METOJl CKIHYEeHHHX eleMeHTIB [1].

Meron ckinuenHux enemeHtiB (MCE) — ocHOBHMH MeToJ cydyacHOTO
HAyKOBOTO 1 IPOMHCJIOBOIO MOJENIOBAaHHS, IO JIEKHTh B OCHOBI IEpEeBayKHOT
OIIBIIOCTI Cy94acHHX IPOTPAMHHUX KOMIUIEKCIB, NPHU3HAYEHHWX JUI1 BUKOHAHHS
po3paxyHKiB izuuHuX Moseneit Ha EOM.

HiamazoH #oro 3acTOCyBaHHS HAQJ3BHYAHHO IMUPOKHUI: OYHIBHHUITBO 1
MaIMHOOYAyBaHH, TiApO- 1 aepoarHaMiKa, TipHHYA CIIpaBa i HOBITHA TEXHIKa, a
TAaKOXX pI3HI 3a7adi MaTeMaTH9IHOI (I3MKH — TEIUIONPOBITHOCTI, (iNbTparii,
PO3IIOBCIOKECHHS XBHJIb 1 T. 1.

B pobGoti 3MmojnenpoBaHi anreOpaidyHO 1 HpOrpamMHO ijealpHUH 1 JBa
eKCIIEPUMEHTAILHUX ~ COJICHOIa, a  TakoX  MNpOaHATI30BaHO  KapTUHY
€JIEKTPOMArHiTHi 1oJisi, CTBOPEHI HUMH.

Byno npoaHaiizoBaHO CHEKTp MPOrpaMHOro 3a0e3NeueHHs sIke MOXKHa OYIIo
BUKOPDHCTOBYBaTH TIIPH IPOBEIEHHI HAyKOBO-IoCHiAHOT pobortu. [leransHo
PO3IIITHYTO MaTeMaTHYHUNA METO/ CKIHYEHHHX €JIEMEHTIB Ta NMPUHIUIHN PO30UTTS
MoJeNli Ha CKiHYeHHI enleMeHTH. [IopiBHSHO Iie METOx 3 IHIIMMH METOJaMH
po3paxyHKiB moAiOHUX cucteM. Bmsnadeno, mo meit MCE wmakcuManbHO
MiIXOAWTH U1l BHPIMICHHS IIOCTABJIEHOI 3ajxadi. PosrimsHyro MaTemarnuHe
MO/ICITIOBaHHS €JICKTPOMArHITHUX TOJIIB Ha OCHOBI piBHSIHb Makcpena.

EnexTponocrayaHHs ~ yCTAaHOBKM JJIsl  IOHHO-IUIa3MOBOTO  HAHECCHHS
MOKPHUTTS 3MIMCHIOETHCS BiJl YOTHPHOX HE3AIEKHUX JDKEPEN >KUBIICHHS, IO
JI03BOJIsIE e(hEKTUBHO PETYNIOBATH SIK HANPYTY, IO MOJAETHCS HA My(elbHy Mid,
TaK 1 CTPyM Ta HAmpyry, IO IOAAEThCS Ha COJEHOIA, & TaKoX KOHTPOJIIOBATH
TEXHOJIOTIYHI MPOIIECH.

Po3rnsHyTO CXeMmy MigBOAY JKMBJICHHS, MOBITPS 1 BOAW A0 IUIa3MOTPOHA.
BusHaueHo Miclle BCTAHOBIICHHsI €JeMeHTa, 110 Oyzae 3mozenboBaHo. Ha ocHOBI
napaMeTpiB IUIa3MOTPOHA BH3HAYEHO CTEPEOMETPHYHI IIapaMeTpH COJICHOInA.
BuznaueHo nmpobi1eMHy YacTHHY €JIeMEeHTa.

[MoOymoBaHO TpPWUBUMIpHI MOJAEN ieaJbHOTO  COJEHOIma 1  JBOX
€KCIIEPUMEHTAIBHUX COJIEHOIIIB. CrepeomeTpuyHi Moeln HaJiJIEHO
BJIACTHBOCTSIMH PEAJIbHUX MaTepialiB, 00paHO NOTPiOHI (i3uuHI mpolecH i 3aJaHo
BiJIIIOBiTHI apaMeTpH.
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VK 621.316.11

depmorra I[.B.l, Kpacnocenscpka [.P., CmuproBa A.I"., MensHIK K.0.2
! kanm. Texm. Hayk, gor. 3HTY

? eryn. rp. E-516 3HTY

®OPMYBAHHSI CHCTEM EJEKTPOIOCTAYAHHS CLIbCBKIX
PAIOHIB, 11O MICSITh J’KEPEJIA PO3NOALIEHHOI TEHEPALIIT

Y cyuacHHX yMoOBax 3pocTaHHA Tapu(iB 1 IH Ha EHEepProHocii
arpoIpoOMHCIIOBI KOMIUIEKCH TOTPEOYIOTh HOBUX [DKepeliaX eIeKTPHYHOI eHeprii.
Ie moB's3aHO0 3 THM, IO CUTBCBHKI ENEKTPUIHI MEPEXKi, K BiJOMO, BiAPI3HAIOTHCS
BEJINKOIO NPOTSDKHICTIO, PO3Taly’KEHICTIO TIPH MOPIBHSHO Majliif NOTYXHOCTI, 10
MepelaeThes, 8 TAKOXK BUKOPUCTAHHSIM HU3BKUX KJIAaciB HaNpyru. Y 3B'3Ky 3 UM
HaWOUIbIl ~ IIMPOKE  BIPOBA/DKEHHS  OTPUMYIOTH  BITPOENEKTPOCTaHIIIT,
reIioyCTaHOBKH, MaJli TiPOEICKTPOCTAHIIIT 1 T.II.

OnHak arponpoMHUCIIOBI KOMIUIEKCH NPHU BHUKOPHUCTAaHHI €JIEKTPOYCTaHOBOK
Ha OCHOBI aJIbTepPHATUBHUX JKEpPesiaX eHepril CTUKAIOTHCS 3 psiaoM npobiem. Tak,
SKIIO TIMTAaHHS OLIHKU IOTEHIaly COHSAYHO{, BITPOBOI €Heprii i eHeprii pidox
JIOCUTH NTOKJIAJHO BHPIIICHI, TO TPH MiAKIOYCHHI eNEeKTPOCTAHII 10 iCHY09Ool
Mepexi BHHHKA€ 3aBIAaHHS TOIIYKYy Micus il mimkimrodeHHs. Halgacrime Taki
JUKepesna TeHepamii IMiJKIIoYaroThCsl A0 CHCTEM CJEKTPOIOCTA4aHHA He
Y3T0JDKEHO, 110 TIPU3BOANTH O CKJIQJHOCTI YIIPABIIHHS 1 TPOTHO3YBAHHS PEKIMIB
poOOTH Mepesx, 3pOCTaHHSA CKJIaJI0BOI BTPAT aKTUBHOI €IEKTPUYHOI €Heprii, Tak K
CTpYKTypa ix mnepecrae OyTH ONTHMAJIBHOIO 3 TOYKM 30py MIHIMyMY pPIUuHHX
HaBEJICHUX BUTpAT. TaKkUM YMHOM, ONTHUMI3allisl CTPYKTYpH €JIEKTPHUYHOT MEpexi,
10 MICTUTh JPKEpesa PO3MoAiJICHOT reHepallii, € BKpail akTyalbHOIO.

IcHyroui mimxomu g0 OWIHKM edekTy BiJ BIOPOBaKEHHS JpKepela
po3moAiIcHOT TeHepaiii 3acHOBaHI Ha OOYHMCICHHI HACTYIMHHUX TEXHIKO-
E€KOHOMIYHUX ITOKAa3HWKIB: TOYATKOBI KaIliTalbHI BKJIAICHHSI Ha OYIiBHHUIITBO
EHEepPreTUYHOro 00'€KTa; BapTICTh 3€MJIi, BiIBEACHOI MmiJ 00'€KT, BapTICTh 3aXOJiB
Ha OXOPOHY HABKOJIMIIHBOTO CEpENIOBUINA, BUTPATH Ha JAEMOHTaX O0'€KTIB HpH
BUBEJICHHI OCHOBHMX (OHAIB ab0 pEKOHCTPYKLii; IOTOYHI BUTpaTH Ha
00CITyroByBaHHSI i PEMOHT, a TaKOX aMOPTH3alliifHI BiApaxyBaHHS Ha PEHOBAIIIO
OCHOBHUX (POH[IB 00'€KTa, SKi MPEACTABISIOTH COOOI0 BUTPATHY YACTHHY IPOEKTY.

OueBnaHAa B3a€MO3B'30K MK TEXHIKO-€KOHOMIYHUMH TOKa3HHKAMU
€JIEKTPUYHOI MepeXi Ta JpKepernaMH PO3MOJUICHOT TeHeparlii BUMarae po3poOku
HOBO1 MOJIEJTi eNEKTPUIHOI Mepexi, sika Oy/ie MoK ieHa B METOI0JIOTIYHY OCHOBY
il omrmmizamii 3 ypaxyBaHHSIM 3aCTOCYBaHHS BCHOTO PSAAy aJIbTEPHATHBHHUX
JKepes eNeKTPOCHEePTii.

[IponoHyeMO 3acTOCYBaTH METOJ| €KBIOTEHI[ITHUX IOBEPXOHb 3 METOIO
(opmyBaHHS ONTHUMAJIbHOT CTPYKTYpH SJICKTPUYHOT Mepexi
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CLIBCHKOTOCIIOIaPCHKOTO paifoHy, M0 MICTUTH JKEpeia po3MOIiICHOI TeHeparii 3
TOYKHA 30pYy MiHIMyMy HOMIHAJbHOI CKJIaJOBOi BTpAaT €JIEKTPUYHOI €Heprii Ta
pIUHMX HaBEJCHUX BUTPAT.

[ToOymoBa MOTEHIIHOI TMOBEPXHI MPOBOTUTHCA 32  CTAaHAAPTHUM
ITOPUTMOM METOJy, a MPOIEAYPY BH3HAUYCHHSA 3HAUEHHS KOOPAMHAT YCTAaHOBKH
By3Jla HAaBaHTAKCHHS, MOXKHA NPECTABUTH Y BUTIISIII HACTYITHOTO alTOPUTMY:

—Ha TepmoMy erami  OyayeTbcss — TOTEHIIHHA  MOBEPXHS  JUIs
eJIEKTpONpUiiMauiB paiioHy;

—Ha Jpyromy erami OyqyeTbcsl TOBEpXHS JUId JUKEpEd pPO3MOALICHOT
TeHepallii;

— MOTIM MPOBOJMTHCS HAKJIAJCHHS INX TIOBEPXOHB;

— Ha CyMapHiil NMOBEpXHI BHUAUIETbCS MakcUMyM (yHKIIi, B KOOpAMHATaX
AKOTO 1 Oy/ie po3TalIoBaHe [HKEPETIO KUBICHHS CUCTEMH 3JICKTPONOCTAYAHHS.

[IponoHoBanwMit (dopmarmizoBanmii  crocid  GopMyBaHHA ~CTPYKTypH
CJICKTPUYHUX MEPEX CUIbCBKUX PaloHIB, IO MICTATh JDKEpENa PO3IOIiICHOT
TeHepamii, JO3BOJHTH BpaxyBaTH 3MiHy pEKHAMY pOOOTH TaKHMX Mepex 1
ONTHMI3YBaTH X CTPYKTYpy 3 TOUYKH 30pY 3HIDKCHHS HOMIHAJIBHOI CKJIaJOBOI
BTpPAT €NEKTPOCHEPTil 1 pIYHNX 3BEICHUX BUTPAT.

VK 692.92

Maxuin I1.B.", JleBuenko A.M., Cxkpunbkuit B.B.?
! kaHm. Texm. Hayk, pon. 3HTY

*eryn. rp. E -114m 3HTY

JOCJIJKEHHSA ABAPIMHUX PEXKUMIB POGOTH CUCTEMHU
EJEKTPOINIOCTAYAHHS METAJIYPTTHHOT O KOMBIHATY

TexHosoriunnii Tporec BHPOOHMITBA TPOKAaTHOIO MeETally € JyKe
SHEPrOEMHHUX, a OCHOBHI CHOXHBadi METATYypPrifHOTO KOMOIHATY pyTHOTEPMIUHI
Ta IYTOBI MEYiBIAHOCITHCS IO MEpIIol Ta Apyroi KaTeropii HamaiifHOCTI. 3aBAaHHS,
3a0e3reueHHs] HaJiMHOCTI €JEeKTPOIOCTAauYaHHs CIIOKMBAa4diB  METalXypriiHOTrO
KOMOIHATy € aKkTyaJbHOIO 33/1a4elO.

Cucrema enexkrpornocrayaHHs (epocIUIaBHOTO 3aBOJy €  CKJIaJHOIO.
JKusnenns migcranmii «KP3-10» 3milicCHIOETBCS BiJl JBOX HE3aJEKHUX JDKEPET
kuBJiieHHS: 110 JiHisM 150 kB Big migcranmii «IliBaerna-330xkBy 1 Big migcranmii
«ipamua-330xBy. [Mincranmis «[liBgerna-330xkBy oaepKye KUBIICHHS Big JTiHIM
330 kB — Big migctanmii «[lepmotpaBueBa-330xkB» Tta Bix Kpusopizekoi TEC.

IIpoBeneno aHawi3 MO>KJIUBUX pEeXHUMIB pobotu CUCTEMH
€JIeKTPONOCTaYaHHs Ta BUOPaHi CXeMH IS JOCIIDKCHHS aBapiiHUX PEXHUMIB IIPH
kopoTkux 3amukaHHAX (K3) B Mepexax >xuBieHHS Bin migcraHuiii «[ipHnda-
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330xB» Ta «IliBgenna-330kB». [lna mpoBemeHHs po3paxyHKiB cTpymiB K3
po3po0IIeHi cxeMi 3aMileHHS.

Sk mokazamy pe3y’abTaTH IOCTIHKEHb piBEHb CTPYMiB OMHO(GA3HUX Ta
TpudasHUX K.3. XyKe BHUCOKHH, NpHUUIOMY CTpy omHodasHmx K3 mepepumrye
ctpymu tpudasznux K3. Tak crpym tpudasanx K3 ma migcranmiit «[ipHIda-
330xB» B 3ameXHOCTI BiA CXEeMH  pO3MOAUIRYOTO MPHUCTPOIO  Ta Micud
MOIITKOJ/KCHHS 3HAXOUThCA Yy Mexkax 19.4...31.2 kA a nHa miacranmii «[liBaeHHa-
330xB» y mexax 17.6...22.7 kA. [lns 3HmKkeHHs piBHA TpudazHux K3 posrisHyra
MOXIIMBICTh BUKOPHCTAHHS JUTMJIBHOI aBTOMAaTHKM - aBTOMAaTy 3HW)KEHHS
MOTY>KHOCTI, IO i€ HA BIIKIIOYCHHS CEKIIHHINX BUMHKaJiB Ha muHax 150 kB, B
pe3yabTaTi Yoro 3MEHINYBalach KUIbKICTh JAHINIOTIB mifpkuBiacHHs K3. Tak npu
BIJIKJTFOUCHI CEKI[IHHUX BUMHKA4YiB MaKCUMaJIbHUI cTpyMm Tpudazaux K3 Ha
migcranmii «[ipanda-330kBy 3HM3MBCA 3 31.2 KA mo 22.4 kA, ogHOdazaux K3 3
36.4 kA 1o 25.6 kA. Ilpu BigkiIrOUeHi CEKIIHUX Ta MDKITHHUX BUMUKAYiB CTPYM
K3 3amsurscs 1o 17.7 kA ta 20 KA, BiANOBIIHO.

Hdns  3HWKEHHA  piBHA  CTpyMiB  ofHopasHMX B  HeHTpamb
aBTOTpaHC(OPMATOpPIB  BKIIOYAIHCS  peakropw. IIpoBeneHi  OOCIHiIKEHHS
3HW)KEHHS PIBHS K.3. BiJl OOPY peakTopa.

B pesynbTaTi 1oCiKeHH 00paHO ONTUMAIIbHE 3HAYCHHS OMOPY peaKkTopa.

Ha ocHOBI mpoBelneHnX JOCIiIKEHb PO3paxoBaHi aBapiiiHi pexXxuMH poOOTH
CHCTEMH EJICKTPOINOCTaYaHHs Ta 00paHi 3aX0I1 ISl 3HHKEHHsI CTPYMIB K. 3.

VIIK 629.92,

Maxuin [1.B., ®enopuenko H.O., Catypin 10.0.2
! KaH[. TEXH. HayK, aou. 3HTY

*cryn. rp.E-114m 3HTY

BUBIP OIITUMAJIBHOI CUCTEMU EJEKTPOIIOCTAYAHHS
MNOTYKHUX CIIOKUBAYIB HA BUITPAMJIEHHOMY CTPYMI

Cucrema eneKTpONOCTa4aHHS MOTYXKHHUX CIIOKMBA4iB Ha BHUIPSIMIICHOMY
CTpyMi JIyxe ckiaaHa. BoHa ckimamaeTbcst 3 PO3NOAUIBYMX MEPEX  BHCOKOI
Hanpyry, 3HWXKYBaJIbHHX TpaHcdopmaropis, BUIPSIMIISIIOYMX ~ arperaris,
HU3BKOBOJBTHUX MEpPEXi 3MIHHOTO CTPyMy, CHCTEMaMH PEryJIIOBaHHS CTPyMY,
Mepexi BHIPSIMICHOTO CTPYMY 3 KOMYTalliiHAMH anapaTaMi. [Ipudomy y cuctemi
eIEeKTPONOCTauaHHs Moxe OyTh 3afisHa pi3Ha KUTBKICTh BHIPAMIISTFOUHUX
arperaris, a Ipu I[bOMY pi3HE 1X 3aBaHTAXXEHHS Ta Pi3Ha KiNBKICTh CTPYMOBEIYINX
€JIEMEHTIB Y BHCOKOBOJIFTHHX Ta HHU3bKOBOJIFTHHX MEpEeXax 3MiHHOTO CTPyMY, a
TAKOXX Yy Mepexax BHIPAMICHOTO CTPyMy. 3 YypaxyBaHHAM €HEPTrOE€MHOCTI
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BUPOOHHUITBA aKTYaIbHOIO 3aJadelo € TOCIIDKCHHS PEeXHUMIB POOOTH 3 METOIO
3MCHIIICHHS BTPAT MOTYKHOCTI €JIEKTPOCHEPTil B CUCTEMI EIeKTPOIIOCTauaHHs.

Hns  mpoBeneHHA  AOCHIIPKEHb  BHOpaHI B  CXEMH  CHCTEMH
€JIEKTPOIIOCTAYaHH. Y TNEpIIii BUKOPUCTAHO YOTHPH BHUNPSIMIIIOUNX arperatu
Ha CTpyM 25 KA, a B IpyTiil TpU BHIPSAMIIOUHX arperaTd Ha CTpyMm 25 KA Ta
omuH Ha cTpyM 12.5 KA. Y npyromy pexuMi 3aBaHTaXEHHS BUIPSIMILTIOUNX
arperariB  Oyno OimpmmM. [IpoBeneHi MJOCHIJPKEHHS BTpPAaT MOTYXHOCTI Y
€JIEMEHTAX CUCTEMH EJICKTPONOCTAYaHHSL:

- y BUCOKOBOJILTHUX MEpekKax:

- B arperaTHUX TpaHcopmaTopax;

- y BUPIBHIOIOUHUX JIPOCEJISIX;

- y IpoceNnsaX HaCUYEeHHS;

- y HU3BKOBOJIBTHUX MEPEXax 3MIHHOTO CTPYMY

- y BUNIPSIMIITFOUMX OJIOKaX;

- B MEPEXi BUIPSMIICHOTO CTPYMY;

BuBeneni 3aiie)XKHOCTI BTpAT IMOTY)KHOCTI Bifl  KITBKOCTI BHITPSIMIITIOUHX
arperariB, 10 3HAXOAWINCH Yy poOoTi. Ilpm mpOMYy MHpPOBOAMBCS PO3PAXYHOK
CTpyMIB Ta BTpaT TMOTYXKHOCTI B KOXHOMY 3 €JEMEHTIB CHCTEMH
€JIeKTPOIIOCTayaHHS.

B mporieci npoBeCHHS A0CIIPKEHb BUSIBIICHI €IEMEHTH, BTPATH MOTYKHOCTI
B SIKUX HAMOLIbIIII:

B arperatHux TpaHcpopmaropax — 0,8...0,9 % Binm NOTYyXHOCTI, IO
CIIOKUBAETHCS,

y BunpsamiieHux 01okax — 0,6...0,63 %,

Y HU3BKOBOJIbTHUX Mepexkax 3MinHoro ctpymy — 0,11...0,13 %,

B Mepexax BUIpsMieHoro crpymy — 0,11...0,15%.

CymapHi BTpaTé MOTY)KHOCTI B CHCTEMi €JIEKTPOIIOCTau4aHHs NPH YOTHPHOX
BUNPSIMILIFOUMX arperatd Ha cTpyM 25 KA ckimamu 1.26 MBt - (2.42% Bin
MOTYKHOCTI, 1[0 CHOXKUBAETHCS), @ TIPH TPHOX BUIPSAMIITIOUNX arperaTtu Ha CTPyM
25 kA Tta omHoMy Ha cTpyM 12.5 kA - 1.35 MBT (2,6 % Big notyxHocTi), 110
CIOXXKUBA€EThCSA. TakMM YMHOM OUIBLI ONTUMAaJIbHUN PEXUMOM POOOTH CHCTEMHU
EJIEKTPOIIOCTAYAHHSI € PEeXHUM T[PH MEHIIOMY 3aBAHTAXKCHI BUIPSIMISIIOYHX
arperaris.

Ha ocHOBI mpoBeneHUX JOCHIIKEHb TPUBENEHI peKOMeHmallii, o
JIO3BOJISTIOTh 3MEHIINUTH BTPATH €JIEKTPOCHEPTii B CHCTEMi €JIeKTPOIIOCTA4aHHS i
TUM CaMHUM 3MEHIINTH €HEPrOEMHICTh BUPOOHUITBA Ta COOIBAPTICTH MPOIYKIII,
1110 BUITYCKA€THCA.
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CEKLISA “EJJEKTPHYHI MAIIUHWA”

YK 621.313

Spumbanr JI.C.", Spum6arm C.T.
' 11-p. Texn. Hayk, npod. 3HTY

2 KaHJI. TEXH. Hayk, gor. SHTY

3ACTOCYBAHHSA METOAIB MATEMATUYHOI'O MOJEJIIOBAHHSA
JJISI BUBHAUYEHHSA TAPAMETPIB CUCTEM
EJEKTPOMATHITHOI'O IEPETBOPEHHS EHEPTII

CucrteMH €JIEKTPOMArHiTHOrO MepeTBOPeHHs eHeprii HaOyiau JOCUThH
HIMPOKOTO MOIIMPEHHS B IPOMHCIOBOCTI Ta eHepreTuili. Jlo HUX MOXXHa BifHECTH
CUJIOBI TpaHC(OPMATOPH, CICKTPUYHI MAIIMHHU, CIEKTPOTEXHOJOTIUHI YCTAHOBKU
tomo. Jlo ix mepeBar MoXKHa BiJHECTH HAIIMHICTh Ta eEKTUBHICTH POOOTH,
MOXIJIMBICTh BUKOHYBAaTH TEXHOJIOT1YHI onepalii 3 JOCUTh BUCOKOIO TOUHICTIO Ta 3
MiHIMQJPHUMH BHUTpPAaTaMHU CHEPrii. Ajiec BHCOKa KOHKYPCHINSI Ta CTaluid picT
Tapu]iB Ha eHepropecypcu noTpedye MOKPAIIEHHS MapaMETpPiB Ta XapaKTEPUCTHK
ICHYIOUMX CHCTEM €JEKTPOMArHiTHOrO TIepeTBOpeHHs eHeprii. s mporo
HEOOXiHO ITiIBUIIUTH TOYHICTH iX PO3PaxXyHKY.

ToMmy aKkTyalbHUMH € NHTaHHS MOJICIIOBaHHS IPOIECIB IO BiIOYyBaroTHCS
IpU €JIEKTPOMArHiTHOMY NEPETBOPEHHI €HEpTii 3 ypaxyBaHHSIM KOHCTPYKTHBHHX
0COOJMBOCTEH Ta €1eKTPO(I3MYHKUX BIACTHBOCTEH MaTEpiaiB.

B po6oTi IpOMOHYETHCS MiAXIA IO MOJICIIFOBAHHS Ta BU3HAYCHHS apaMeTPiB
CHCTEM €JIEKTPOMArHiTHOTO MEePETBOPEHHsI eHeprii Ha 6a3i CUCTEeMH 1HIYKIIHHOTO
HarpiBy. Llg cucrema ckilaia€Thesi 3 MaCHUBHOTO (hepoMarHiTHOro ocep/s 3 rnasamu,
Ma30BOi 130JIAI1i1, CTPHIKHIB 0OMOTKH Ta 30BHIIIHLOTO ()EpPOMArHITHOTO KOXKYXY.

HecrauionapHe elieKTpOMarHiTHe IoJie B CHUCTEMI IHOYKLIIHOTO HarpiBy
MOXHA ONHCAaTH HENIHIHHUMHM pIBHAHHAMHM JJIsI BEKTOPHOTO MAarHiTHOTO
MOTeHIamy A:

a(ﬁ)i—‘?JrvX ﬁ(ﬁ)-vm =0, 1)

Jie C — IUTOMA €JEKTPUYHA IPOBIHICTD;
Lo — MarHiTHa IPOHUKHICTb BaKyyMy;

|L — BiTHOCHA MarHiTHa NPOHUKHICTb.

TemneparypHuii pexxuM poOOTH CHCTEMH IHAYKIIHHOTO HarpiBy ONHCYETHCS
PIBHSIHHAM BUAY:
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dT,  (—
CiMid_l:Pi(Ti’Ui)_aixATixe -, AT, F;, )
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1€ ¢; — IUTOMa aJIuTUBHA TENJIOEMHICTD;
M ; — maca;

P. - akTUBHA NOTY>KHICTb;

a;,., AT, F,— xoedilieHT TemnooOMiHy, Iepenan TeMIepaTryp i IMOBEpPXHA
TEIUTIO0OMIHY MiX CHCTEMOIO Ta 00’ €KTOM;
a,,,AT; — KoedilieHT TerIooO0MiHy, Tepenaj TeMIeparyp i MOBEpXHS

ia> ia>" i

TEIJIOOOMIHY MK CHCTEMOIO Ta TEIUIOI30JIALIE0.

PiBasiHHA (1) 3aMHKAlOTBCS TPAaHWYHHMH YMOBaMH MAarHITHOI i30JAIil Ha
30BHINIHIX TPAHHUIAX CHCTEMH, YMOBaMH CIIOJIydCHHS Ha TPAHUIIAX CEPEAOBHII 3
pI3HMMH BJACTHBOCTSAMH Ta OJHOPIAHUMH HadyalbHUMH yMmMoBamu Kommi. [ns
yrcenbHOI peamizamii momeni (1) 3 ypaxyBaHHSAM (2) B IDIOCKOMApaleIbHOMY
HaOJIDKEHHI 3aCTOCOBYETHCS METOJ CKiHUCHHHX €JIEMEHTIB B CTPYKTYpi 3aco0iB
I13 FEMM.

[Ipu 00po6ii pe3yJbTaTiB MOJICIOBAHHS BUKOPUCTOBYIOTHCS
CHIBBITHOILIEHHS, 1[0 BUKOHYIOTh alPOKCHUMALIII0 3aJISKHOCTI Ai0401 HAanmpyrd Ha
00MOTIIi, aKTHBHOI 1 MOBHOI MOTY)KHOCTI, II0 JO3BOJISIIOTh BH3HAYATH aKTHBHHH,
MOBHUM, 1HIYKTUBHHUN OMIp CHCTEMH Ta KOE(IlI€HT MOTYKHOCTI 3 ypaxyBaHHSIM

TeMIepaTypy cucteMu 7; Ta [iI0490T0 3Ha4EHHs CTPyMY B OOMOTI I; .

[NopiBHSHHS eKCTIEPUMEHTAIBHIX JaHUX 1 pe3yNIbTAaTiB PO3PaXyHKIB ITOKa3ye
BUCOKY TOYHicTh MonentoBaHHsA: 0,9% - A7 akTUBHOI MOTYXKHOCTI cuctemu, 1,2%
- Qi [iI0YOTO 3HAYeHHS Hampyrm Ha oOmormi, 2,1% - mma koedimieHTa
MOTY>KHOCTI B iHTEpBaJli 3MiHH BiTHOCHOTO HaBaHTakeHHs 0,8..1,05 i Temnepatyp
20..160°C.

VK 621.316.71
Komyp .M.
KaHJ. TeXH. HayK, no1. SHTY

3ACTOCYBAHHS MTPOI'PAMHOI'O MAKETY COMSOL
MULTIPHYSICS JJIsI MOJAEJIIOBAHHA TEIIJIOBUX PEKUMIB
EJIEKTPUYHUX MAIIINH

3 ommgy HAyKOBO-TEXHIYHOI BITUM3HSAHOI Ta 3apyODKHOI JiTeparypu
BUIUIMBAE, M0 POOOTH, SKi NMPHUCBAYCHI OIIHKHM TEIUIOBHX IIOJIB ENEKTPUIHHUX
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MaIliH HeXocTaTHbO pociimkeHi [1]. HeoOximHO mMOCHIIKEHHS MPOIECiB
PO3MOAITY TEIUIOBMX MOTOKIB BCEpEeNWHI 1 30BHI NPHUCTPOiB, BH3HAYCHHS Ta
imeHTUdIKaIi] BHYTPIIIHIX TOMKOIKEHb eJICKTPUIHNX MaInuH. [IpoBeneHi paHimie
JOCTIKCHHSI CTBOPHIIM TIEPEIyMOBH U BHPINICHHS 3aBIaHb iACHTHU(IKaIl
BHYTpIIIHIX MOPYIICHb, MIO BIUIMBAIOTh HA TEIUIOBHHA PEXUM poOOTH MAIIWH.
ToMy TeopeTHdHe y3aralbHEHHS IPOIECiB TEIDIOBOTO PO3MOALTY 1 imeHTHdiKamis
Ha Lifi OCHOBI YIIKO/DKEHb (CTaHy Mpale3/laTHOCTI) € aKTyalbHOI0 HayKOBOIO
3agayero. OueBHIHO, 1110 NTPHU KOKHOMY KOHKpETHOMY JedekTi Oy/e cBiif po3mnoin
TEIJIOBOTO IOJIsl, a 3Ha4MTh 1 cBOi Hachiaku. IlependaueHHs HOBUX Ae(eKTiB 3a
JIOTIOMOT'OI0 aHaNi3y I[bOTO TOJIS - JOCHTh AIE€BHH CIOCIO Monepe/KeHHs piZHUX
MOJIOMOK €JeKTpU4HOi MamuHu. OIHUM 3 MEPCHEeKTUBHHUX HANpPSIMKIB PO3BUTKY
CHCTEM MOHITOPDUHTY B YacTHHI JiarHOCTYBaHHS € pO3pOOKa iarHOCTUYHHX
Monelell 3 ypaxyBaHHAM iHQOpMamii Mpo KOHCTPYKTHUBHI 1 TEXHOJOTIYHI
ocobmBocTi MammHH. [lepeBipka pe3yibpTaTiB pPO3paxyHKY CHEMiadi30BaHUX
MoJieTiel MOXJIMBa NPH NPUHMAaIbHO-3JaBaJbHUX a00 THUIOBHX BHIIPOOYBaHHIX
SJICKTPUYHOI MAIIMHU CIUIBHO 3 3aBOJaMHM BHUpPOOHHMKaMH. YacTo Ui OLIHKH
CTaHy ENEKTPUYHOI MAIIMHKM CTBOPIOIOTHCS MaTeMaTW4HI MOJENI, IO MICTATh B
co0i BENMMKY KiTBKICTh PO3paxyHKiB, IIO BHMAararTh 0arato 4yacy Ui BIaCHOTO
po3paxyHKy. [lo TOro »x, mpu po3paxyHKy CKIaJHHX CHUCTEM HEpPiJKO MOXKHa
JIOIYCTUTH MOMMJIKH YHCTO MaTEMaTHYHOTO XapakKTepy.

Binpur mepcrneKTHBHUM 1 HAOYHUM € CTBOPEHHS IHTEPAKTUBHUX MOJENICH B
PI3HMX IPOrpaMHUX MakKeTaX. BoHU J03BOJISAIOTH CTBOPIOBATH MOJENI, OJIU3bKI 10
peanbHux. Y paHiii poOOTI Ui MOJENIOBAHHS BUKOPHCTOBYETHCS IMPOTPAMHHIA
makeT Comsol Multiphysics. Lle moTyxHe iHTEpaKTHBHE CEpPENOBHINE LIS
MOJICITIOBaHHS 1 pPO3paxyHKIB OUTBIIOCTI HAayKOBHX 1 IH)KEHEpHUX 3a1ad
3aCHOBaHMX Ha IU(EpEHIiaIbHUX PIBHAHHAX B YAaCTKOBUX IOXIZHUX METOJIOM
KiHIIEBUX eyeMeHTiB. [IoBHY TpMBHMIpHY KOMITIOTEPHY MOJENb TaKOI CKIaIHOT
HEJIHIHHOT CHCTeMH, SK peajbHa EJeKTpUYHA MallhHa, MOXKHAa BU3HAYMTH SIK
3arajbHy TEIUIOTIAPaBIiYHY MiAMOJENb EJCKTPUYHOI MamuHA. BoHa Moke
BKJIIOYATH B cebe Oomuc reoMeTpii i aeTaabHOl CTPYKTypH TpudasHoi 0OMOTKH, a
TaKOX AaKTUBHOI YaCTUHU €JIEKTPUYHOI MamMuHU. Taka MOJENb IOBUHHA
3a0€e3MeYnTH OTPUMAHHSA JOCTOBIPHHX OCHOBHHUX IHTETPAJIbHHUX XapaKTEPUCTHK
TEeMIepaTypy i PO3MOAITY IIBHIKOCTI Ha BHIUIEHUX IMOBEPXHAX. SIK 3a3Ha4eHO
pasile, 3aBIaHHIM € OIUC 1 3araJIbHUH pPO3PaxyHOK TEIUIOTiIPaBIiYHUX MPOLECIB
eIEeKTPUYHOI MAamMHU 3 OOOB'SI3KOBHM ypaxyBaHHSAM BCiX (OCHOBHHX 1
JIOZIATKOBUX) TEIUIOBHUIUICHb, IO MAlOTh MicCle B EJIeKTPUYHOI MamuHH. 3a
nonomoroto Comsol Multiphysics Mo’kinBe CTBOpEHHs BapiaHTIB Mojenen
SJICKTPUYHOT MalInHy 3 Aedexramu i 6e3 takux. [ledextn MoxyTs OyTn 3a1aHi SIK
JIOZIATKOBI JpKepenia TermoTH. OdYeBHIHO, IO TaM, Ji¢ PO3TalllOBaHMH JeQeKT,
TeMIiepaTypa BHILE, HDX B aHAJOTIYHOI MOJENi HOpManbHOro pexumy (06e3
nedekTiB), oTXKe, TemIepaTypa Ha IOBEpXHI Tak camo mixBuiyerbcs. OTxe,
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BukopuctanHs Comsol Multiphysics 103Bomsie  3MOIENOBaTH 1  HAOYHO
MIPOIEMOHCTPYBATH PO3IIOALT TEMIIEPATyPHHUX OB IPHU Pi3HUX PEeKUMax PoOOTH
enekTpruyHOi MamuHU. CTBOPEHHS IHTCPAaKTHBHOI MOJIENI MOXXE CTaTh IyXKe
3pyYHHM 1 MEPCIEeKTUBHUM CIIOCOOOM iarHOCTHKH 1 MOHITOPHHTY Ae(EeKTiB B
pi3HUX i1 YaCTHHAX.

CIIMCOK BUKOPUCTAHOI JTITEPATYPU

1. Roger W. Pryor Multiphysics modeling using Comsol: a first principles
approach. Jones and Bartlett Publishers London W6 7PA United Kingdom. —2011.
- 871 p.

YK 621.527.2
Kynanina €.B.
KaHJ. TeXH. HayK, cTapil. BukiI. 3HTY

AHAJII3 METOJIB PO3PAXYHKA BTPAT HEPOBOUYOI'O XOY
OJJHOPA3HOI'O TPAHC®OPMATOPA

Toune BU3HA4YEHHS BTpaT HEpoOOYOro XOJY € BaXKIMBOIO NMPOOJIEMOIO Ha
eTami MpOeKTyBaHHA. B JgaHWi Yac iCHye AEKiIbKa METOMAIB PO3paxyHKy, a came:
eMITIpUYHUI, aHATITHYHUH, METO/IM LITYYHOTO IHTEJIEKTY Ta YHCEIIbHI.

EmmipudHi MeToM 3aCHOBaHI Ha eKCICPUMEHTAIEHUX BUMIpax i BU3HAYCHHS
KoedimieHTa MOOYIOBH, KM BU3HAYAETHCS SK BiJHOMICHHS BUMIPSHUX BTpaT B
ocepii 10 HOMIHAIFHUX BTpaT. EMIIipHYHI METOTU BiZOMi CBOE MIBHAKICTIO
oOurcieHp 1 crxmagHicTIo. OCKUIBKH Koe(ilmieHT TOOYHOBH 3aJeXKHUTH Bij
JEKITBKOX TMapaMeTpiB, TaKWX SK MOBITPSHUN 3a30p, 00JacTi MEpeKpuTTsS Ha
CTHKaX 1 po3Mip OTBOPIB IS YKIAIAHHs, EMITIPHYHI METOAN BUMAraroTh BEIHKOL
KiJIbKOCTI BUMIPIOBaHb.

Brpatu B ocepmi MOXyThb OyTH OTPHUMaHI 3a IOMOMOIOK) MOJICITIOBAHHS
eKBIBAJICHTHUX MAarHiTHUX KU1 3 BUKOPHUCTAHHSIM aHAIITUYHHX MeTOAiB. Brparn
XOJIOCTOTO XOJy MOJICNIOIOThCS IUISIXOM BBEICHHS ONOpY B 3aralibHy MOJIEINb
eKBIBaJICHTHOI CXeMH TpaHchopMmaropa. AHATITHYHI METOAHW, KpIM CBO€ET
MPOCTOTH, TOYHI ISl BUBYEHHS ITyCKOBOTO CTPyMY, (epOpe30HaHCy, CiMeicTBa
rapMoHik 1 T.i. OgHaK IIi METOAM HE MOXXYTh TOYHO OI[IHUTH BTPATH B OCEpi, 1
3a3BUYail  BHKOPUCTOBYIOTbCS ~ KOMEpLiHHI ~ IpOrpamMM  INPOEKTYBaHHS
TpaHcdopMarTopiB, SKi BAKOPUCTOBYIOTh YHCEIbHI 200 eMITipUYHI METOIH.

MeToau ITYYHOTO IHTEJIEKTY 4acTO 3aCHOBaHI HA HEMPOHHHUX Mepexax, siKi
BUKOPDHCTOBYIOTbCS JUIA OIIHKM BTpPAaT B OCEpAi 3ajJeXKHO BiJ IapaMeTpiB
NPOEKTYBaHHA oOcepias. TOYHICTh IMX METOJIB B OCHOBHOMY 3aJIeKHTh BiJl
TOYHOCTI HaB4YaHHA HaOOpiB HEWpPOHHMX Mepex. HesBakaioum Ha Xoporii
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XapaKTEepPUCTUKN HEHPOHHUX MEPEK B IPOTHO3YBAHHI BTPAT XOJIOCTOTO XOOy B
3i0pannx TpanchopMaTopax, B ACIKHX BHIAJKAX MOMMJIKA OIIHKH HENPHUIHATHA
TICIIS 3aBEpIICHHS BUPOOHUIITBA TpaHCPOpMaTopa.

B ocranHI mecATHIITTA y 3B'S3Ky 31 MIBHIAKAM 3POCTaHHAM OOUHCITIOBAIBHOL
MOTY’KHOCTI KOMITTOTEpIB CTAIN OUIBII MPUBAOIMBIMH YrcenbHI MeToan. LI MeTtomn
MPOTHO3YIOTh BTPAaTH XOJIOCTOTO XOAYy, BHpINIyIOYM piBHSHHA MakcBemia 3a
JIOTIOMOT'OI0 YHCENBHUX MeTOiB. /o HUX BiJHOCHTHCSI METO]| KIHIEBUX EJIEMEHTIB,
SKUH  BIJPI3HAETBCS TIPOCTOTOIO 1 TOYHICTIO. MOJENIOBaHHS IPOBOJUTHCS 32
JIONIOMOTO0 TIporpamuoro nakera FEMM, sikuii € O¢3KOIITOBHUM Y BIJIMIHHOCTI BiJl
IHIIMX BIZIOMHUX KOMIT FOTEpHUX nporpaM. ToMy nonansiue BukopructanHs FEMM s
JIOCHIZKEHHS BTpaT HepoOo4oro xoxy onHodasHoro TpaHchopmaTopa € akTyalbHUM
IIUTaHHAM.

YK 621.313
Jliteinos J1.0.
crapu. Buki. 3HTY

JOCJIIIJKEHHS ITAPAMETPIB MATHITHOTI'O ITOJIA
TPAHC®OPMATOPA HA CTYIIEHSAX PEI'YJIIOBAHHSA HAIIPYTH

3a  cyyacHHMH  pO3paxyHKaMHd  CKOHOMIYHOCTI  Ta  HaAiHHOCTI
EJIEKTPOTEXHIYHOTr0 00JIaJiHAHHS 3MIHWINCS KOHCTPYKTOPChKI HOPMHM, BBEJICHI Y
JII0 HOBI CTaHAApTH B 00OJAacTi NMPOEKTyBaHHS Ta ekciutyaranii [1], 3Ha4HOrO
PO3BUTKY  OTpUMaJli HOBI METOAM  MaTeMaTHYHOTO  MOJIENIIOBaHHSI B
eJIEKTPOMAIIMHOOY JyBaHHI. Pi3HOMaHITTS ICHYFOUMX KOHCTPYKIH Ta PEeXHMIB
poboTu enekTpooOiIagHaHHA MOTpeOye CTBOPEHHS THYYKHX Ta YHIBEPCAJIbHHUX
CIOCO0IB 1X J0CIIKEeHb, PO3PaXxyHKY Ta 0OpOOKH OTpUMaHUX pe3yJbTaTiB. Bee ne
MpU3BENIO0 10 30UIbIIEHHS BHMOT TOYHOCTI Ta JOCTOBIPHOCTI pe3ylbTAaTiB
JIOCTIKEHh POOOYMX pPEKUMIB CHIOBOTO TpaHchopMaTopa Ime Ha erari
KOHCTPYKTOPCBHKOI MiATOTOBKH.

IIpn BukoHaHHI naHOi poOOTH OyiM TpPOBENEHI JOCHIKEHHS CTaHy
MarHitTHoi ~ cucremn  TpaHcdopmaropa TM-10000/35, 3a  BHUKOHaHUMH
AQHATITUYHUMH po3paxyHKamu [2,3].

3acTOCOBYIOUM UYHCENIFHI METOAM, OYyiIM BH3HAUEHI T'€OMETPHYHI po3Miph
Mar”iTHOI CHUCTEMH Ta OOMOTOK TpaHchopmaTopy. OTpumani pe3yibTaTH
napaMeTpiB TpaHC(OPMATOpy HYHCEIBHHUMH METOAaMH JO3BOJISIFOTH JAETAbHO
JIOCITITUTH iX B OKPEMHUX €JIeMEHTaxX MarHiTHOTO JIAHITIOTA.

IToOynoBana reoMeTpuuHa MOJEIb AKTHBHOI YacTHHM TpaHchopMaTopa
3acobamu Femm [4]. Tlpu 3agaHUX MarHiTHUX BIIACTHUBOCTSX EJIEKTPOTEXHIYHUX
craneli, OyB mIpoBeAeHWH aHaNi3 craHy MarHiTHOi cucremu. Ha 6asi Bimomux
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CHIBBITHOIIEHD A1 BU3HAYCHHS aKTHBHOI Ta PEakTHBHOI CKkiafoBux Hampyru K3
Ta MOJILOBOTO MOJIECTIOBAHHS BU3HAUEHO 3HAYCHHS CHEPTrii MAarHITHOTO MO B 30HI
MarHiTHOI cuctemH, B 30Hi oOmMotroxk HH, BH Ta y xaHamy poscitoBaHHS.

Jns  pi3HUX CTyNEHIB perymioBaHHA Hampyrm Ha crtopoHi BH
TpaHchopMaTopy, OyIH OTpUMaHi pe3yIbTaTH 3MiHEHHS €HepTii MarHiTHOTO IO,
0 Hagae 3MOTY [aTH peajbHy TEXHIKO-€KOHOMIYHY OI[iHKY IapaMmeTpiB
tpanchopmaropy TM-10000/35-Y1 mpu 3MiHeHHI HaBaHTakeHHs. Po3paxoBani
ctpymu B oomorkax BH 1a HH mnpu 4 crynensix perymrosanus [163 B pexunmi
KOPOTKOTO 3aMUKaHHs TpaHC(hopMaTopa.

PesynpraToM mociiKeHb TakoX € po3poOKa TEOPETHYHHX OOIPYHTYBaHb
KapTUHU PO3MOJALTY MAarHiTHOIO TMOTOKY B MArHITONMPOBOMI 3 OJHOYACHHM
BUKODHCTaHHSIM pI3HHX THIIB CTalied, 110 JIO3BOJIMJIO CTBOPHTH METOAUKY
PO3paxyHKy eIEeKTPUYHUX BTPAT I CHJIOBHX TpaHC(HOPMATOpIB i3 3MiHOIO
CJICKTPUYHOTO HAaBaHTAKCHHSI.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1.5Ipumbam, /1.C. BusHaueHHs nmapaMeTpiB KOPOTKOTO 3aMHKaHHS CHIIOBOTO
TparcopmaTopa 3acobamu monboBoro moaemoBanus [Tekct] /. C. SIpumoOar,
C.T. Spumbam, T.€. Hiuyk // IndopmamiliHi TeXHOJOTIl: Hayka, TEXHiKa,
TEXHOJIOTIS, OCBiTa, 3I0pOB’s: Te3W HomoBimeli XXV MiKHapOIHOI HayKOBO-
npaktraHoi KoHepeHmii MicroCAD-2017, 17-19 tpaBus 2017p.:y4 4. U. 1./ 3a
pen. mpo¢. Cokona €.1. — Xapkis: HTY «XI1l», 2017. — C. 312.

2.Bacrotuackuit, C.B. Bompocsl Teopum u pacuera TpaHchOpMaTOpoB
[Texcr] / C. B. Bactorunckwuii. — JI.: Dueprus, 1970. — 432 c.

3. Tuxomupos, I1. M. Pacuer TpancopmaTopoB: y4eOH. [l CTyH. By30B]
[Texcr] / I1. M. Tuxomupos. — M.: Dueprus, 1986. — 528 c.

4 Meeker David. Finite Element Method Magnetics Version 4.2: User’s
Manual / David Meeker, 2015. — 161 c.

YK 621.313
Cononosnikosa T.I1.
crapml. Buxi. 3HTY

OJHOCTPUKHBOBI AHAJIITUYHI MOJAEJII MATHITHOI'O ITOJIA
TPAHC®OPMATOPIB (PEAKTOPIB)

Sk BiZOMO, MarHiTHe 1ojie y TpaHC(OPMATOPax Ta PEeaKTopax YTBOPIOETHCS
CYMOIO CHJI HaMarHigyyBaHHsS OOMOTOK i BiziBojiB. OOMOTKH MOTYXXHHUX CHIIOBHX
TpaHcopMaTopiB Ta peakTopis, 3a3BUYAM, BAKOHYIOTb APOTaMHU MPSIMOKYTHOTO Y1
Kpyryoro mepepizy. CaMmi IpOTH 130JIOIOTH OIHWH BiJ OJHOTO €MaJieBOI0, abo
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MarepoBol0  i30IrAmiero. MiX XomaMu TBHHTOBOI OOMOTKH, a00 KOTyIIKaMHU
Oe3nepepBHOI  KOTYHIKOBOI OOMOTKM BHKOHYIOTh KaHaJIM 3a JOINOMOTOIO
CIEeKTPOKAPTOHHUX  TPOKIANOK  (MacisfHi, Y TOBITPSHI UII  CYXHX
tpancdopMaTopiB). Ix po3Mipu BapilOIOTBCSA Bifl TOPIIB 10 HEHTPY OOMOTKH.
3a3BUUaii, HEXTYIOTh HEPIBHOMIPHICTIO PO3IOAUILY CTPyMY IO Iepepily OKpeMHX
IIPOTiB, TOMY OOMOTKH PO3KJIaJaf0Th HA 30HHU 3 MPHUOIM3HO OAHAKOBOIO MIIBHICTIO
amIep-BUTKIB. Y KOHLEHTPH NOETHYIOTh 30HH, SIKi MalOTh O/JIHAKOBI KOOPAWHATH B
paiabHOMY HampsIMKY.

VY MmarMonensx oOMOTKM IpeicTaBlieHi abo y BUIUIAI IMJIiHApa, abo K
HECKIHYEHHI IIJIOCKOMNapalesbHi IIMHH NPSMOKyTHOro mepepizy. Ilpu OymoBi
MoJieiell KOHKPETU3YIOTh, HAHOUIBIINM YMHOM, NOCIIIKYBaHi By3id. [HIi, siKi He
NPE/CTABISIOTh 1HTEpeCY y JaHOMY BHUMAJKY, iJeali3yloTh, Yd W 30BCIM He
BPaXOBYIOTb.

JAnst [OCIiKEeHb IUPOKO 3aCTOCOBYIOTH aHAITHYHI T4 YACEIbHO-aHATITHIHI
METOJM PO3pPaxyHKy IIOJIIB PO3CiIOBaHHA. 32 OCHOBY NPHHMAIOTh ITOCTAHOBKY Ta
PO3B’S30K KpaloOBUX 3aJad IS JBOBHMIpPHHX Mojenell (HaldacTime) y BHTIIAIL
piBaaHb [Tyaccona 3a ymoB HeiimaHa Ha Mexax MoJieneit.

3a MeTomOM [3epKalbHUX BigoOpaskeHb 3a 3akoHOM bio-CaBapa MoXxHa
OTpUMAaTH BUpa3M CKIAJOBUX IHAYKIII MarHiTHOro mojisi 0OMOTOK BpPaxOBYIOUH
CTPWKHI Ta sipMa TpaHcopmaropa (peakropa).

Jnis mockomapaneibHuX Mojieieii 00MOTOK TpaHchopMaTopiB (MpH P=w) €
PO3B’SI3KM Y BUIJISIII NOABIMHUX psifiB Dyp’e npu posxaineHHi 3miHHHX. s
I HAPUYHEX MoJielieil (TIpy THX e yMoBax) — y BUIIIsiAl psaiB @yp’e-beccens.

MerTo10 OCHIDKEHh IHX MOAENEH € He TIIbKM pPO3paxyHKH CKIAJIOBHX
IHAYKIIT, a i pO3paXyHKH iHIYKTHBHUX OITOPIB Ta OCBOBUX CHJI B 0OMOTKAX.

[pu aHaimizi BiceCHMETPHYHUX 1 TUIOCKOMApAICIbHAX MOAETCH 3 NEKIThKOX
mapiB OiYHMX CTiHOK 3 BIiJIOMHMH 3HAYCHHSIMH MAarHITHOI TPOHHUKHOCTI Ta
CJICKTPUYHOI IIPOBIHOCTI BHBOJIATHCS BHPa3HM U PO3PAXYHKIB CKJIQJOBHX
IHAYKIIT YacTKOBHX MOJEJCH, SKi BUKOPHUCTOBYIOTH, SK TPU JJOCIHIIKEHHI
TpaHcdopmaropiB, Tak i peakropis. sl BU3HAUEHHS PO3IO/ALITY CTPYMiB 0OMOTOK,
JUISl PO3PaxyHKY BJIACHUX Ta B3aEMHHX IHAYKTHBHOCTEH KOPHUCTYIOTHCS TUMH K
BUpa3aMu.

KopucryBaHHs uuCeIbHO-aHAJITHYHUMH METOJAaMH, SKi IPYHTYIOTbCS Ha
METOAi IHTeTpaJIbHUX PIBHSAHB, YU KOMOIHAIlll aHAJITHIHOTO METOXY Ta METOIY
BTOPHHHUX IDKEpeN MOLIIbHE IPH CIPOIIEHOMY MOJCTIOBaHHI (hepOMAarHiTHUX
Jeraneil TpaHcdopmMaropiB Ta peakTopiB (IMCKPETHI TiJIa 31 CKIHYEHOIO0 MarHiTHOIO
MPOHUKHICTIO).

Ha ocHOBi po3ristHyTOro BHIE, BHIHO, IIO JUIS JOCIIJUKEHHS MarHiTHOTO
nois TpaHcOopMaTOpiB Ta PEakTOpiB MOXXKHA BHKOPHCTOBYBATH JIBOBUMIpHI
OJTHOCTPHXKHBOBI ~ PO3pPAaXyHKOBI Mopenmi, SKi PO3B’A3YIOTb  BiIIOBITHUMHU
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KpallOBUMH 3aJadaMH, SK aHATITHYHAMH, TaK 1 YHCENbHO-aHATITHIHUMHU
METOIaMHU.

VK 621.313

JiBayx T.€.!, CaBennen BI.
" crapur. Buxn. 3HTY

2 now. 3HTY

ONITUMIBALIIA KOHCTPYKTUBHUX TA EJIEKTPUUYHUX
ITAPAMETPIB CHJIOBOI'O TAPHC®OPMATOPA ITPH PO3PAXYHKY
IHAPAMETPIB HEPOBOYO0T'O XO1Y

Ha cydacHomy erami BUpOOHMLTBAa CHJIOBHX TpaHC(OPMATOPIB OCHOBHUM
METOJIOM po3paxyHKy mnapameTpiB HX cuiioBuX TpaHChOpMaTOpiB € MeTon
CXEMHOro MojentoBaHHs. /[l BU3HAYEGHHS MapaMeTpiB CXEMHHX MoOeNei
BUKOPHCTOBYIOThCS aHAJIITHYHI BUPa3W, OTPUMaHI 3 PIllICHHS MOJENeH, sIKi MaloTh
CYTTEBI CIpPOIIEHHS Ta JONyIIEHHA. BHUKOPHUCTaHHS Takoro Merojxa Ui
OTpPHUMaHHS ITapaMeTpiB TpaHc(opMmMaTropa HE 3aJOBOJIBHSE CyJacCHHM BHUMOTaM
TOYHOCTI.

ITonpoBe MoOJeNrOBaHHS [O3BOJSIE BPaxyBaTH OCOOJIMBOCTI KOHCTPYKIIT
AKTUBHOI YaCTHHH TpaHC(HOpPMATOpa, HETIHIHHICTh SKOCTEH aKTHBHUX MaTepialiB
Ta iX BIUIMB Ha CTPYMH HaMmarHiuyBaHHs. [loibOBI Mopeni OTpUMAaM IIHUPOKE
PO3IOBCIO/KEHHSI TIPU  aHaNli3i  eJIeKTPOMAarHiTHUX IIPOLECIB B  CHCTEMax
MEPETBOPCHHS 3MIHHOTO CTpyMy. [Ipu 4rcenbHil peaizallii MoJ»0BUX MOJCIICH B
0araTOKOMIIOHEHTHUX  O0NACTAX 3  HeNiHIMHUMHU  enekTpodisMyHuMH  Ta
MarHIiTHUMH SIKOCTSIMH BUHHKAIOTh OOMEXKEHHS, SIKI MOB’si3aHI 3 MOTYXHICTIO
arapaTHUX PECypCiB, BUTPATAMU Yacy Ta CTIHKICTIO pO3paxyHKOBUX IPOLECIB.

HocroBipHe Bu3Ha4YeHHs mapamerpiB HX cwuioBoro TtpancdopmaTopa
notpe0ye BpaxyBaHHS BCIX (paKTOPIB B3a€MHOTO BIUIMBY B KOXKHIii 30HI MarHiTHOT
CHCTEMH, $Ka BCTAHOBIIOETHCS 3 BpaxyBaHHAM KOC(INIE€HTIB IIMUXTYBaHHS,
3allOBHEHHS KOJia CTPWKHS Ta MiJCWIGHHS IUIomi mepepisy sipma. OCHOBHI
napaMeTpy IMUTOMHUX BTPaT HEpOOOYOro XOJy BH3HAYAIOTHCS OKPEMO ISl KYTiB,
OKpPEMO JUIA IHIIOT YaCTHH ocepisl (CTPYOKHIB Ta sipeM). J[ist mocATrHeHHs i€l MeTH
HEOoOXiHO MaTH MEeBHUH 00CST iHpOopMarii, 10 BKIIOYAE MapKy eNEeKTPOTEXHITHOL
CTaJli, KyTH Ta {X Barosi KoeQillieHTH, JaHi BUMipIOBaHb BTPAT HEPOOOUIOTO XOTy.

BuxopucToBy0OUM po3paxyHKOBI JaHi AJsl BTpAT B KyTax MarHiTHOI CHCTEMHU
Ta B IHIIMX KOHCTPYKTUBHHUX €JIEMEHTaX MarHiTHOI CHCTEMH Ta JaHi BUMIipIOBaHb
BTpPaT HEPOOOYOro XOAy SK TOYATKOBI YMOBHM B aJTOPUTMI ONTHMI3aIlii s
3aJJaHOT'0 3HAYCHHSI OCHOBHOT'O MOKa3HMKA BUKOHYETHCS MpOIeaypa Oe3nepepBHO
3 KOpEeryBaHHSM PO3PaxyHKOBHMX 3HA4EHb JIOKH He OyJe JOCATHYTO HEOOXiJHOTro
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piBHS BiIXWJICHHS MK JaHUMH BHMIPIOBaHb Ta PO3PaXyHKOBHMHU NaHUMH. [Ipu
JIOCATHEHHI IIOTO OIYCKY (DiKCYETHCS CIIIBBIIHOMICHHS MiXX BTpaTaMH y KyTax Ta
IHOIMX YacTHMHAX OcCepAs A1 KOHKPETHOI MapKe CTali Ta KOHCTPYKTHBHOTO
BUKOHAHHS. 3aCTOCYBaHHS TAaKOTO IMiIXOAy JMO3BOJIA€ IOJIMIIMTH HOKa3HUKH
BUKOPHCTAHHS aKTHBHUX MaTepiaiiB ocepas Ha 3%.

HoBa MeTomuka BH3HAYEHHS MapaMeTpiB HepoOOYOro XOxy CHIIOBOTO
TpaHcopmaropa  3abe3neuye  3MEHIICHHS  HOXWOKHM, OCKUIBKH  Bpaxye
HEpIBHOMIPHICTh PO3MOALTY IHAYKIII Yy CTHKax 1 sipMax, KyTiB 1 CTPHXKHIB
TpuasHUX MarHiTHUX cucteM. lle ycyBae psia KOpUTYIOUMX KOEQIli€eHTIB,
BCTaHOBJEGHUX 3a JaHUMHM BHIIPOOyBaHb CHJIOBHX TpaHcopMmaropiB, MO €
HEJIOJTIKOM ICHYIOUOi 1HXEHEPHOI METOIMKH PO3PaxyHKy Ta PO3LIMPIOE 007acTh 1l
3aCTOCYBaHHsl JUIsi NPOEKTYBaHHS HOBHX TpaHC(OpPMATOpIB 1032 ICHYIOUUMH
CEepIiAMH 1 [UIT HOBHUX MEPCIEKTUBHIX KOHCTPYKIIIF MATHITHUX CHCTEM.

YK 621.313

Cromsp M.IO., TIponanos M.C.", Illepuenko JIM.?
"cryn. rp. E-214m 3HTY

* cryn. rp. E3-214m 3HTY

JIATHOCTHUKA EJEKTPUYHNX MAIIWH ITICJIA KAIIITAJIBHOI'O
PEMOHTY

Enextpuusi MallliH € HaAWMOMINPEHI MU €JIEMEHTaMU
EJIEKTPOYCTaTKyBaHHs y MpoMuciioBocTi. Ha 1X poOoTy 3Ha4HO BIIMBAIOTH YMOBHU
HaBKOJIMIIHBOTO ~ CEPEJIOBHIA, pPEXUM pPOOOTH INPHUBOJHOIO  MEXaHi3Mmy,
KBaJTi(hiKaIlist mepcoHay, o 00CIyroBye M0 eJICKTPOIBUTYH.

BigmoBa enekTpoABHTYHa 3 BUINE3raJIaHMX HPUYUH 3aBJAE SKOHOMIYHOT
IIKOJIM TIPOMUCIIOBOMY ITiJIPUEMCTBY BHACHTIIOK IIPOCTOO pOO0OYOro MEXaHI3MY i,
SK HAaCJIJJOK, 3SMEHIIEHHS 00 €My MPOJIYKIii, IKa BUITyCKAETHCSI.

BaxnmBo B HaWKOPOTII TEPMiHM ITPOBECTH JIIarHOCTHUKY €JIEKTPOABUTYHA (B
OinbIIOCTI BWIIAJKIB NPHYMHA BIIMOBM Bioma 1 Jedekramis eIeKTpOJBUTyHa
MPOXOJIUTh IIBUIKO), BUKOHATH SIKICHMA PEMOHT (3aMiHa MiANIUIHHKIB, 3aMiHa
3ropijoi 0OMOTKH) 1 TPOBECTH ITiCIISi PEMOHTY JIarHOCTHKY.

Bix mpaBuibHOrO mMpoOBENEHHS MICAIPEMOHTHOTO JiarHOCTHKH 3alIe)KHUTh
MaiOyTHIH pecypc eleKTpoABUTYHA. byas He yCyHEHHS, 10 He BUSBICHUH 3 TKUX-
HeOynp TpWYMH JeQeKT B JBUTYHI CTaHe NPHUYMHOIO HEJOBIOI0 pobdoTH i
4eproBOro BiIMOBH.

Icaye mpuerpii  mnms  BunpoOyBaHHS aCHHXPOHHUX — JBUTYHIB — IiJ
HaBaHTAXXCHHSAM 3 THPUCTOPHUM YIPABIiHHAM I10]1a4i HAIpPyTH 1 oOMexyBadem
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CITpyMy B CTaTopi, LIO JO3BOJIIE IIPOBOAWTH BHIPOOYBAaHHA B YMOBax,
HaOJIDKEHNX 10 eKCIUTyaTaliiHuX.

OpHak TPOBOIWTH BHIIPOOYBAaHHS CIiA, IOMEPETHHO OIIIHWBIIM CTaH
i3omamii. CnocoOu BUMPOOYBaHHS, SKi 3aCHOBaHI HA aHAJI3i CHEKTPY CTPYMIB i
HaIpyTH, IIEPCIICKTHUBHI, ajle BOHU 3aCTOCOBYIOTHCS IJIsl MAIIMH 3MiHHOTO CTPYMY.
Besniu pi3HEX cmocobiB opieHTOBaHE HAa BHUNPOOYBAaHHS TUTBKH OJHOTO 3 THIIIB
CJICKTPOJIBUT'YHA.

Tomy cTBOpeHHS croco0y, TEXHIYHOTO MPUCTPOIO, 3AaTHOTO B IPOBOIUTH
JIarHOCTUKY OY/b-SIKMX THUITIB €IEKTPUYHUX MalluH, BpaXOBYBaTH X 0COOJIUBOCTI,
3 METOIO 3HWKEHHS 4acy IPOCTOIO IIPOMHCIIOBOTO arperary, 1e KpiM aCHHXPOHHUX
MallMH MOXYTb OYTH JIarHOCTyBaHHI CHHXPOHHI Ta TE€HEpaTopu 1 IBUTYHH
MOCTIITHOTO CTPyMY.

VK 621.313
JlaBuneHko I[.IO.I, JloBXHUK A.B.l, Tepeenko o.c!
"cryn. rp. E-214m 3HTY

JIATHOCTHUKA EJIEKTPOJIBUI'YHIB

B nanmii 9ac eneKTpOABUIYHH 3MIHHOTO CTPyMy BUKOPHCTOBYIOTh 80% yciel
BHPOOIIOBAHOI €JIEKTPOCHEPTil, TOMY CTaOUIBHICTD iX pOOOTH Irpa€e BEIHKY POJIb B
npoMucioBocti. [lepionmuuHa JiarHOCTHKa CTaHy OOJIQJHAHHS  JIOTIOMAarae
CBO€YACHO BHUSBUTH BUHUKAIOY1 HECIIPABHOCTI.

B mporeci ekcriyaraiii MOXYTh BHHHMKATH IIOIIKO/DKEHHS EJIEMEHTIB
JIBUTYHA, SIKi TIPU3BOJIATH JI0 MIEPEIUACHOTO BUXOLY HOTO 3 Jafy.

OCHOBHHMH JKEpeIaMu PO3BUTKY YIIKO/KeHb A/l €: mepeBaHTaxeHHA a00
MeperpiB  CTaropa eJIeKTPOJBUTYHA; MDKBHTKOBI 3aMUKaHHS; YHIKOIKSHHS
MiANTNITHAKIB, TOIIKOKEHHS OOMOTOK cTatopa a0o 130Jsmii; HepiBHOMIpHHMA
MOBITPSIHAN 3230p MiK CTaTOPOM i pOTOPOM TOIIIO.

HaiinommpeHimmM MeTOI0M AIarHOCTHKH €JIEKTPOJIBUTYHIB B JIaHWH Yac €
BiOpO/iarHOCTHKa, 3aCHOBaHa Ha BUMIpI 1 aHai31 BiOpauiil KopIrycy JBHTIYHA.

Haii0ip1 mommpeHnMu rpynaMu MeToaiB BiopoaiarnocTuku A/l e:

- nmiarHoctuka A/l o cepeTHbOKBaIPATUIHOMY 3HAUYCHI BiOpaii;

- BiOpopmiarHoctuka A/l 3a momomMoror a3oBHX TOPTPETIB (TpaeKTopiit
KOJINBAaHb);

- CHIEKTpATbHUH aHai3,;

- CTIEKTpAIbHUIA aHaTi3 00BiTHOT,

- KeTICTpaIbHUH aHai3,;

- YIBTPa3ByKOBa Je(PEKTOCKOIIS i aKyCTHYHA J[IarHOCTHKA,;

- CICIiaibHI IIarHOCTUYHI TTapaMeTpPH;
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- BEMBJIET-aHAJII3;

- CTATHCTUYHI METOIM 0OpOOKH CHTHAJIIB BiOparii;

- IiarHOCTHKA Ha OCHOBI HEHPOHHUX MEPEXK.

CkyamHICTh 3aBIaHb BiOpaIifHOrO MIarHOCTHKH TIONATAa€, TMO-TIepIe, Y
BHOOpPI KOHTPOJNBOBAaHHX MapaMeTpiB, MO BiAMOBINAIOTH 3a IOTOYHHH i
NPOTHO30BAaHMI CTaH OOJNAJHAHHA Ta HOro OKPEMHX BY3JIB, a IO-APYre - y
BU3HAYCHHI 30H JONMYyCTUMUX 3MIH IMX I[apaMeTpiB NpH pPI3HOMY CTaHi
obnannanns. Jlns oOnagHaHHS BBEAEHI NONMYCKH Ha BiOpariro, KOHTPOJb SKOI
BXOJUTH JI0 PErJIAaMEHTY TEXHIYHOTO 00ciyroByBaHHs. s Toro mo6 3B's3atu
BiOpariiiHe i TEXHIYHWI CTaH OOJIAAHAHHS, HEOOXiNHI OUNBII CKIAJHI, HIK Ui
BiOpalifHOr0 KOHTPOJIIO, TeXHIYHI 3acoOu, (axiBIi i HAKONUYEHI CTATHCTHYHI
JaHi (U1 BU3HAUeHHs MoporiB AedeKTiB). 30KkpemMa, JOBOAUTHCS OCOOJIHMBY yBary
MPUIUATA TaKAM BIIACTHBOCTSAMH BiOparlii, a TOYHIIIE KOJMBAIBHUX CHI, AK iX
Monmyimist B daci. MoskHa oOiditics 1 0e3 ¢axiBmiB, i 0e3 HAKOIMYCHHS
CTaTUCTUYHHMX JaHHWX, 4 BHKOPHUCTOBYBAaTH aJaNTOBaHI IO IIEBHHX BHAAM
oONagHaHHS aBTOMATHU30BaHI cHUCTeMH BiOpamifiHiii miarHoctuku. Tomi y
BUPOOHWKIB CHCTEM IarHOCTHKHA TOBWHHI OyTH 0a3u OaHWX IO iarHOCTHII
IICHTUYHOTO OOJIaHAaHHSA a00 TEXHIYHI PIICHHS, IO JO3BOJSIOTH AaBTOMATHYHO
BCTAHOBJIIOBATH 1 KOPEKTYBaTH HOPOTH JIe(EKTiB y Mipy HaKONUYEHHS BJIACHOI
6a3u naHux. Cxoxa cuTyallis Ma€ Micle 1 IPU KOHTPOJIi CTPYMY €JIEKTPO- IBUTYHA
1 TeMIepaTypy OKPEMHUX BY3JIiB.

31 cka3aHOrO BHIUIMBA€E, II0 3aBJaHHS ONTUMI3alii KOHTPOJLOBAHHX
mapamMeTpiB Kpaimie TMPOBOAWTH BIAMOBIAHO [0 PEKOMEHAAIH pPO3POOHHUKIB
MiDKHapogHHX craHmaptiB [SO, ame 3 ypaxyBaHHSAM CHEOU(IYHOTO CTaHy
00aHaHHS 1 IKOCTI MiATOTOBKH 0OCITYTOBYIOYOTO 00JIaTHAHHS IIEPCOHANY.

YK 621.313
Haiizpon €.0." Kmumuyk €.€.", LGy 1.0".
"cr. rp. E-214m 3HTY

MATEMATHUYHE MOJEJIIOBAHHA ACUHXPOHHOI'O IBUT'YHA 3
YPAXYBAHHSM HEJTHIMHOCTI OCEPJISI TA BTPAT Y CTAJII

VY cucremax eIeKTPONPHBOIY JUIS PETYIIOBAHHS MIBHIKOCTI aCHHXPOHHOTO
neuryHa (AJ]) mMpOKO BUKOPUCTOBYIOTHCS MaTeMaTH4YHI MOJENi y3aralbHEHOI
enekrpryHoi Mamuan (YEM) [1]. OcHoBHMMH mpunmymeHHsSMH i YEM €
MPUIYIICHHS NP0 BiICYTHICTh HACHYECHHS MarHiTHOI CHCTEMH Ta BTpaT y cTaii. Y
MpoaHaii3oBaHuX kepenax [1,2,3] mpomoHyeThes 3aidCHIOBaTH epexin 10 YEM
npu 30epekeHH] aMIuTiTyau pe3ynsTyodoi MPC Ta BeTMYHMHN MarHiTHOTO MOTOKY,
10 MPUIIJAE HA OJUH IOJIOC. 32 JOIOMOror0 (YHKII, 110 alpoKCHUMY€ KPHBY
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HAMarHidyBaHHS, BHU3HAUAIOThCS IU(EpeHIialbHa W CTaTWYHA MAarHiTHI
mpoBigHOCTI [2], sIKi BUKOPHCTOBYIOTBCS TiJ Yac 3alWCy PIBHSAHb MarHiTHOTO
JIAHIJIoTA.

Brpatn Bixm Ticrepesucy Ta BHXPOBHX CTPYMIB MpPONOHYeThes [1]
BpPaxOBYBaTH 3a paxyHOK BBEICHHA y MAaTeMaTHYHY MOJENIb EKBIBaJICHTHHUX
00MOTOK, BTpAT y CTajli. AKTUBHI OIIOPH IIUX OOMOTOK € (PYHKIISIMU YaCTOTH.

B ocepai crartopa Ta poTropa iCHYIOTh BTpaTH, L0 CKIAJArOTHCS i3 BTpaT Ha
ricrepe3uc Ta BTpaT Ha BHXpOBI cTpyMmu. g ix oOniky y Monelb BBOISTHCS
Tpuda3Hi eKBiBaJICHTHI 0OMOTKH BTpaT y cTaji [1].

Ha ©6a3i oOpanoro Tta po3paxoBaHoro AJl tumy 4AH180M6Y3 Oyna
CTBOpeHa MaTeMaTW4yHa Mojenb YEM 3 ypaxyBaHHSM HeNHIHHOCTI ocepas Ta
BTpaT y crayi. [Ipy BHKOHaHHI 3BOPOTHBOTO IEPETBOPEHHS KOOPIHMHAT, OyIU
orpuMaHi (a3Hi cTpymm Ta Hampyru TpudazHoro AJl. 3 BHUKOPHUCTAHHIM
MaTeMaTHyHoi  Mozeni OyJo  HpOBEIEHO  KOMITIOTEPHE  MOJEIIOBAHHS
CJICKTPOMArHiTHUX TIPOIECIB, a TaKOX PO3PAXYHOK POOOYMX XapaKTEPHCTHK
y3arajgbHEHOI MaIIH Ha 0a3i 00paHOTO JBHUTYHA.

[lpu BW3HAYeHHI MAarHITHOI HAMpPYTH AUITHOK MAarHiTHOTO JIaHIIOTa i3
HEJIHIHHIMH MarHiTHIMHU XapaKTepHCTHUKAMHU BIUTUB CIUIOIICHHS OyJI0 BPaXxOBaHO
CHeliaIbHUMH KPUBUMU HAaMarHidyBaHHS AJsi 3yOLIB 1 sipeM acCHHXPOHHOTO
JIBUTYHa, TTOOYJOBaHMMH 10 OCHOBHIM KpHBiii HaMarHidyBaHHS 13 ypaxyBaHHSIM
BKA3aHUX 3aJIEKHOCTEM.

3a pesysbraTaMu MOAENOBaHHs 3acobamu Femm, Oysio oTpuMaHo po3moin
JiHIA eneKTpoMarHiTHoro nousisi. I[IpoBeneHO po3paxyHOK BEJIMYMH IHIYKLIH B
3yOIsIX Ta CHMHII cTraropa Ta poTopa JUld pO3paxyHKy BTpaT y cTami 3
ypaxyBaHHSM 1i HETIHIHHOCTI.

[opiBHsuTEHUE aHaNi3 KpUBUX (HA3HOTO CTPYMY IMOKA3ye, IO Y MEepeXiTHuX
mporecax NoxuOka po3paxyHKiB He mepeBuinye 1,8%, a y crajomy pexnmi -
0,25%. AHani3 KpUBHX MUTTEBOI CIIOXMBAHOI IOTY>KHOCTI MTOKa3ye, 10 HAWOIIbIIi
BIAXMJICHHS] KDUBHX CIOCTEPIraroThCS P IEPEXO0/Ii BiJl TOYATKOBOTO €TAIly IyCKY
JI0 CTaJIOr0 PeXHMYy # He MepeBHINyOTh 3,5%; 3% i1 0,55% simmosimuo. ITicis
Mepexoy 10 yCTACHOTO PEXHUMY, 3HaUCHHs MOXMOOK HE NEPEeBHIIYIOTh COTHX
YJaCcTOK BIICOTKA.

Pe3ynpraT HOPIBHSUIBHOTO aHANI3y PO3PaxOBaHUX POOOYMX XapaKTEPUCTHK
13 aHaTITHYHUM PO3PaXyHKOM IOKa3ald, IO MPU BUKOPHUCTAHHI MaTeMaTWIHOT
MoJieNi 3 ypaxyBaHHSAM HENIHIHHOCTI ocepis Ta BTpaT y CTali MaKCHUMajbHA
BiJTHOCHA TIOXMOKa 3a CTPyMOM CTaTopa, KoeQilieHTy KOPHCHOI il He NepeBHIye
1,5%, mo cnoXWBaHIM aKTUBHIM MOTYXKHOCTI Ta KOE(DII[IEHTY IOTYXHOCTI He
nepesuiye 2%.

TakuM 4mHOM, 3acTocyBaHHS MaTeMarndHoi mozxeni YEM 3 ypaxyBaHHAM
HENHIHHOCTI Ocep/s Ta BTPAT y CTali JO3BOJIWIO ICTOTHO MiJBUIIMTH TOYHICTH
MOJICITIIOBaHHSI €JIEKTPOMArHITHUX TpoleciB B TpugazHomy A/l
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VK 621.313
Maxkapenxo B.B., Jlocs B.€.", Xmronin O.B.'
"cr. rp. E-214M 3HTY

BJAOCKOHAJIEHHSI JITHIHOI MOJIEJII ACHHXPOHHOT' O
JBUT'YHA 3 BEKTOPHUM KEPYBAHHSIM

ACHMHXPOHHHII IBUTYH € HAHIONIMPEHIIINAM THIIOM eleKTpOABUIyHiB. Moro
BiZIpi3HsI€ BiJ IHINMX THIIIB JBUTYHIB HPOCTOTa OOCIYyrOBYBaHHS, JEIICBH3HA,
BUCOKa HaJiiHICTh, MOJIIMBICTh NpAIfOBATH B arpecMBHHUX cepenoBumax. AJl,
BHACTIJIOK X CKJIa[HOI AWHAMIKH, CIIOYaTKy NPU3HAYAIMCS AJISI HEPEryJIbOBAHHX
eJIEKTpONprBOAiB. HOBI TNpHHIMIK KEepyBaHHS AaCHHXPOHHHUM  JIBUTYHOM
PO3TISIIAIOTH €JICKTPOMATHITHI POIIECH HE B TPAAHIIHHIN cHCTeMi KOOPAWHAT, a B
Til, 0 moB'sA3aHa 3 OyOb-IKUM (QI3MIHUM BEKTOpOM. TOMy NMPHUHIMI KepyBaHHS
OTpHUMaB Ha3By «BEKTOpHE KepyBaHHs». Lleil meron KepyBaHHS TO3BOJISIE TPH
BUKOPHCTAaHHI aCHHXPOHHOTO IBUTYHA OJICP>KYBaTH TaKi )k MOKAa3HUKH SIKOCTI, SIK 1
JIBUTYHU TIOCTIHHOTO CTPyMY.

JlOCSITHYTI TOYHICTh 1 JUHAMIUHI XapaKTEPUCTUKU CYyYaCHUX ACHHXPOHHHX
EJIEKTPOIIPUBO/IIB 3a0€3MeUy0ThCS 338 PaXyHOK CKJIQJIHUX HENIHIHHUX aJropuTMiB
KEPyBaHHS, 110 YCKIAIHIOE KEPYBaHHS MeEXaHIYHHMMH CHCTEMaMHu. TakuMu
CHUCTEeMaMH MOXYTh OYyTH CHCTEMH KEpyBaHHS AaHTEHAMH PaJioIOKaTOPiB,
MeTao00pOOHMX  BEPCTaTiB, CHCTEM MPHIIIIOBAaHHA CTpiJIenbKoi  30poi,
BCTAHOBJICHOTO Ha PYXOMHX 00'ekTaX, i T.I. Bimomi Mopmemni eleKTpOmpUBOIY
MaroTh CKJIAJHYy CTPYKTYpY Ta MOTpeOyroTh 6arato yacy aist MojenoBaHHs. Tomy
PO3pOo0OKa Ta BJIOCKOHAIEHHS CIPOLIEHUX MOJIENIEH € aKTyaJIbHUM ITUTAHHSIM.

B poOoTi mpOBOMUTBCS BIOCKOHAJCHHS BIJIOMOi CHpPOINEHOI MOJENi
ACHMHXPOHHOTO JIBUT'YHa 3 BEKTOPHMM KEpYBaHHSIM 3a PaxyHOK BHUKOPHCTAaHHS
BipTyanbHOi Mojeni aBuryHa 3 6i6miorexn SimPowerSystems. I1IBuaxicts poTopa
Ha BUXO/II BIpTyanbHOI MOJIeJi JBUT'YHAa BUKOPHCTOBYETHCS B SIKOCTI MPOTPAMHOTO
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3HAYCHHsS IOBUIKOCTI JUI1 (OPMYBaHHS BHIJILY IIEPEXifHOI XapaKTEPHCTHKH
3aMiCTh CTYIIHYaTOTO CUTHAIY, [0 BUKOPHCTOBYBABCS PAHIIIE.

BuxopucTanHS CHUTHaJiB 3 BipTyaJbHOI MOZEJI ABHTYHA IiABEPEIKYIOTH
Mpane3qaTHICTh CIPOUICHOI MOIENi, a pe3ydbTaTH MOJCTIOBAHHS 1UTIOCTPYIOTH
o0pe BiCTeKEeHHS 3a/1aHOi TPAEKTOPIl Ta CKOPOUCHHS Yacy PO3rOHY JABHTYHA.

YK 621.313

OcraroB B.ﬂ.l, CTbONOYKIH M.M.l, MapTuHeHKo K.B.2
"cr. rp. E-214M 3HTY

*cr. rp. E3-214m 3HTY

ABTOMATHU30BAHE ITPOEKTYBAHHSA CHJIOBUX
TPAHC®OPMATOPIB 3A TOITIOMOI'OIO FEMM/MATLAB

[TpoGnema NpoekTyBaHHS eIEKTPOMEXaHIYHOT CUCTEMH MOJIATae B TOMY, 1100
3HAlTH CTPYKTYpY, LIO BiANOBIZA€ AaHii MOTpeOH i € BUpaXKEHOI B crenudikarii.
[Ipomec mpoeKkTyBaHHS 4acTO BUMarae AEKITbKOX MPOTPaMHUX IHCTPYMEHTIB UL
BUBUCHHSA BCIX SBHII, II0 XapaKTEepHU3ylOTh poOOTy maHOi cuctemu. s
CKOpOYCHHS BUTPAT i TEPMIHIB, SKi € MIPIOPUTESTHUMH AJIS IPOMHUCIOBOTO CEKTOpa,
po3pobieHo Oarato miaxomiB. JJo HUX BIXHOCATHCS MpOTrpaMHi IIaTGOpMH, IO
peai3yioTh MYyJNbTi(i3UIHI MOJENI 3a JTOTIOMOTOI0 00'€THAHHS CITeIiali30BaHUX
MPOrPaMHUX 1HCTPYMEHTIB.

Finite Element Method Magnetics (FEMM) - BigoMa 0e3KOMITOBHA porpaMa
3 BIJKPUTHM BUXIJIHUM KOJIOM JUIsi BH3HA4€HHS, pilIeHHS i nmocToOpodku 2D
IUIOCKUX 1 OCEeCHMETPUYHHMX 3aJad MAarHiTOCTaTHKH, BHXPOBUX CTPYMIB,
EJIEKTPOCTATUKK 1 TEIUIOBOIO TIIOTOKY 3a JIOTIOMOTOK METOJY CKIHYeHHHX
enemenTiB. FEMM 1IMpOKO BHUKOPHCTOBYETbCS JUIsi HAYKOBUX JIOCIHIJKEHB,
0CcOOIMBO B OOJIACTI MPOCKTYBAHHS CIEKTPUIHUX MAIIWH 3aBISKH HOTO SIKOCTI i
BimkputoMy xapakrtepy. Illo crocyerbecss wmarHetmsmy, FEMM 3abesmedye
MarHiTOCTaTUYHUH 1 KBa3iCTaATHYHUN YaCTOTHUH aHaNi3 3 HENIHIHHUME 00acTIMu
1 mopyd SK TPOCTHX, TaK 1 CKIagHUX TpaHuyHUX yMoB. FEMM Ttakox
POBILIMPIOETHCS 32 PaXyHOK BHKOPUCTaHHS BOynoBaHOi MoBHM ckpuntiB Lua 4.0,
SKAH MOXKe BHKOPHCTOBYBaTHCs B OaraTbox (yHKLisSX aHanmizy. Ha nanmii wac
3a/1a4i BUPIIIYIOTHCS Yepe3 OCHOBHUH iHTepdetic Matlab / Octave.

[oenunanns FEMM Ta Matlab moxpamuTe pe3ynbTaTH MOJACTIOBAHHSA Ta
CKOPOTHTh dYac iHimiamizamii mpomecy MpoeKTyBaHHS OyIb-K0i KOHCTPYKIIl
eJeKTpUYHNX MammH B cepenoumli FEMM, a TakoX [03BONHTH TIpH
muctaHIiiHoMy kepyBanHi FEMM 3a momomororo MATLAB  imeamsHO
MIPOEKTYBAaTH 1 OTPUMYBATH EJEKTPOMArHITHI XapaKTEPHUCTHKH 3a JOTIOMOTOIO
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MPOCTUX IHCTPYMEHTIB. TOMy IOIINBHO Ta aKTyaJbHO BHKOPHUCTOBYBATH IIi
TIPOTPaMH AJIS TOCTIKSHHS TpU(a3HIX CHIIOBUX TPAHC(HOPMATOPIB.

VK 621.313
Ogciitayx A.B.', Tamkos A.JO.!, Cemupon I'.B.!
"cr. rp. E-214m 3HTY

BU3HAYEHHSA ITAPAMETPIB KOPOTKOI'O 3BAMUKAHHA
CHUJIOBOI'O TPAHC®OPMATOPA TUITY TM-2500/35-Y1 3ACOBAMHU
MATEMATHYHOTI'O MOAEJIOBAHHSA

BinmoBigHO 10 JaHUX MOIEPEIHIX PO3PaXyHKIB /I BU3HAYCHHS apaMeTpiB
kopotkoro 3amukanHs (K3) 3acobamu MaTeMaTn4HOTO MOJICTIOBAHHS Y CTPYKTYpi
I13 FEMM 3acTocoBaHO ABOMIpHY TI€OMETPHYHY MOJENb AKTHBHOI YaCTHHHU
TpudaszHoro tpanchopmaropa Tuny TM-2500/35-V1 y 1i nepepisi BepTUKAIBLHOIO
IUIOLIMHOIO, sIKa TPOXOJUTh uepe3 BiCl CTPWKHIB MAarHiTHOI CHCTEMH
TpaHcdopmaropa, IokasaHy Ha puc. 1.

MarHziTHe 1ojie IpH ONMUTHOMY KOPOTKOMY 3aMHKaHHIO € IOJIEM PO3CIsTHHS
TOMY ITapaMeTpy KOPOTKOTO 3aMHUKaHHS 3B’s13aHi BinHOMEHHAMU (1):

U, =U.+U:;

P 9
u,%=--100%

:%.]00%
S

H

ey

u, %

P

ae Uy, U,,U, — manpyra K3 Ta i akTHBHa Ta peaKTHBHA CKJI1a/I0Bi;

P, — Brpatu K3;

Q='W — peakTUBHA MTOTY>KHICTh MOJISI PO3CISTHHS;

W,, — ammitysa eHeprii MarHiTHOTO IOJISl PO3CISIHHSA NPH HOMIHAJBHOMY
CTpyMi; S,— HOMiHaJIbHA TIOTYXHICTb.

PesynpraTi po3paxyHKy NapaMeTpiB KOPOTKOTO 3aMHKaHHS CHIIOBOTO
tpancopmaropa turry TM-2500/35-Y1 B 3amexHOCTi BiJ BIUIMBY MarHiTHOI
CHCTEMH TIOJII 3 YypaxyBaHHAM 30HM OOMOTOK Ta KaHaJly pO3CiIOBaHHS
BizoOpaxxeHo Ha puc. 2.

Pucynox 2 no3Bossie NOPIBHATH 3HAYEHHs BTPAT KOPOTKOTO 3aMUKaHHS Ha
KO’KHOMY CTYIEHI PeryJioBaHHS HalpyrH CHIIOBOTO TpaHcdopmaropa tuimy TM-
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2500/35-Y1 BU3HA4YeHMX 3a KJIACHYHOK METOIMKOK) DPO3PaxyHKy - ##% . Ta B
cepegoBumi [13 FEMM - ##* _ 3acTtocyBaHHI 3aco0y MaTeMaTHIHOTO
MonemoBaHHs y cepenoBumi I13 FEMM 1o3Bonmio MiIBUIIWTH TOYHOCTI
pO3paxyHKy mapaMeTpiB KopoTkoro 3amukaHHi Ha 10..12% B mopiBHAHHI 3
pe3yabTaTaMy, OTPUMaHUMH 32 KIACHYHOIO METOJHUKOIO.
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PﬁcyHGK 1- FedMeTquHé Moﬁenb AKTMBHOT YacTHHHU
Tpudaznoro tpanchopmaropa tury TM-2500/35-VY1.

11 a il
210%] ! ! T PRIMERERL LY 2
—anearasmpme T
bam mr s =
1 1 2]
Tuld —
oo i)
N -
L BSTY
e ._________.._-—-—-i"'___- W
I»
L] (BT 20l Ll LI Bl
L L [E (LT bR LR a-

3aiexHicTh mapameTpiB K3 Bij KiIbKOCTI BUTKIB;
0- mopiBHAHHS BTpaT K3, BU3HAUEHUX 32 KIIACHYHOIO METOIUKOIO Ta B CEPEOBHIIT
I13 FEMM.
Pucynok 2 — 3mina mapametpis K3 3a cTyneHsmMu peryaroBaHHS CHIIOBOTO
Tpancopmatopa tuiry TM-2500/35-Y1
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VK 621.313

Tenera B.O.., JlaHUITEYCHKO O.IO.z, Ps6unkos O.B.>
"cr. rp. E-214m 3HTY

2 cr. rp. E3-214m 3HTY

BU3HAYEHHSA TAPAMETPIB KOPOTKOTI'O 3AMUKAHHS
METO/JOM IIOJBOBOI'O MOJAEJJIIOBAHHSA B CEPEJIOBHUIIII
IMPOI'PAMHOTI'O 3ACOBY FEMM

Haii0inpm 3HaUymmM pexuMoM poOoTH TpaHChoOpMaTopa € pPEeXUM
KOPOTKOTO 3aMHKaHHS SKHH, SIK NPAaBUIJIO, BU3HAYAETHCA IHAYKTHBHUM OIIOPOM.
KpiMm Toro came unmm pexumMoM OOyMOBJIEHI BTpaTH, OUHAMiYyHA CTiHKICTB,
MOPIBHIOBAIIBHI CTPYMHU NPU MapaienbHiilt podoti TpanchopmaTopis [1].

Jlnst BU3HAUSHHS MapaMeTpiB KOPOTKOro 3aMHKaHHS ICHY€E PsJ METOJIB, SIKi
0a3yrOThCSl HA OCHOBI CXEMAaTHYHOTO MOJICIIFOBAHHS Ta TEOPIi ENEKTPUYHHX KiJl.

[TapameTpu CXEMHOTO MOJIENIIOBAaHHS OTPUMYIOTh Ha OCHOBI CIPOIICHHX
MoJiesield Ta reoMeTpii akTUBHOT yacTUHU TpaHcdopmaropa [2,3], sika He BpaxoBye
0cOOIMBOCTEH PO3MOAITY MarHiTHOTO MOJS B PEXHMi KOPOTKOTO 3aMHKaHHS B
OKpPEMHX 30HaX MarHiTHOI CHCTEMH.

3acToCyBaHHS YHCEJIBHO-TIOJLOBOTO MOJENIOBAaHHA B CTPYKTYpi 3aco0iB
FEMM wMmae cyTTeBi mepeBard TOMYy IIO He moTpeOye Oymb-iKHX BHUTpaT Ha
cremiaji3oBaHe TporpaMHe 3a0e3ledeHHs, a npocrora iHTepdeiicy FEMM He
BUCYBA€ JI0JJATKOBHX BUMOT 0 POSKTAHTIB.

Pospaxynok nmapametpiB K3 y cepenosuiii nporpamuoro komiuiekcy FEMM,
OCHOBaHHMH Ha YHCEIbHO — IOJILOBOMY PO3PaxyHKy MAarHiTHOTO II0JISi JIO3BOJISE
3MOJICJIIOBATH JIBOBUMIPHI KpaioBi 3aaui po3paxyHKy napamerpiB K3 cuioBoro
Tpa"cdopmaTopa.

ITpu po3paxyHKy peXHMY KOPOTKOI'O 3aMHUKaHHS JOCIIJDKEHHS MOLIJIBHO
3aCTOCOBYBATH JJIsl IBOMIpHOI TeOMETPUYHOI MOJIei aKTUBHOT YaCTHHHM B Iiepepisi
BEPTUKAIBHOIO IUTONIMHOIO, sIKa MPOXOAMTH depe3 Bici cTpmwxkHiB dasu A, B, C
MarHiTHOi CHCTeMH TpaHc(opMmaropa, SIK MOKa3aHO Ha PUCYHKY 1.

ITocTanoBka 1 BUpIlIEHHS 3a3HAYEeHUX 3aBJaHb JO3BOJSE BpPAaXOBYBAaTH
peanbHy T€OMETPil0 MarHiTHOT CHCTEMH, JIifiCHE CTPYMOBE PO3IOJIIICHHS! 0OMOTOK
HH i BH, a Takox HemiHiHI BJIaCTUBOCTI CTaji, [0 BUKOPUCTOBYETBHCS IS
BUT'OTOBJICHHS KicTsiKa TpaHcopMaTopa.

3rigHO 3 OTPUMAHMMHU JaHUMH OYJI0 BHSBIEHO NMOXHMOKY, SKa BKa3zye Ha
JOUUTBHICTE po3paxyHKy y crpykrypi 113 FEMM, sxwii € Oinblnl TOYHHUM Ta
3MICTOBHUM B TOPIBHSIHHI 3 KJIACHYHUMH METOJAUKAMH PO3PAXYHKY.
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18He 03 ¢ 000003
16He-003 & 1500a-003
1.700a-003 © 1.600a-003
1.600e-003 © 1.700e-003
1.500e-003 © 1400e-003
1AMEH03 - 15008003
| 13006003 + 14008003
1.300a-003 & 1.300a-003

1.130e-003 : 1. 2Me-3d3
1.0de-2403 - 1.10de-303
B.000e-004 ; 1.000e-003
BG4 © 9u0e 004

FA00e-004 : B.0Me-008
6000004 @ T.00e-008
S0de-004  buDd0e-00d
| 4000e-004 © S00e-00F
30008004 ; 40006004
Z000e-004 ¢ 3000008
1000e-008 & 300008
<0U000e+D0G ¢ L.ODDG- D04

Dercdy Plat: |B], Tesk

.a— ¢daza A; 6 — dasza B; B — daza C.
Pucynox 1 — Po3nozin niniii MarHiTHol iHAyKUii TpUda3zHOro
TpaHchopmaropa Tary TM — 2500/35-V 1.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH
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—356c.
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VK 621.313
Kantyp JI.A.', Tersman C.B.!, Kamitan I1.€.'
"cr. rp. E-214m 3HTY

JOCIKEHHA I KOMI'IOTEPHE MOJEJIIOBAHHSA
ACHHXPOHHOT O IBUT'YHA 4A250S2Y3

ACHWHXpOHHHH JBWTYH Bifirpae KIIOUOBY pOJIb y TPOMHCIOBOMY Ta
KOMEpLIHOMY CeKTOopax 3aBIfKH OaratbOM IiepeBaraM. B poOoTi HaBemeHi
pe3yJIbTaTH MOJICNIIOBAaHHS acHHXpOHHOTrO aBuryHa (puc.l). Bymo npwuiiHsiTo
cTaHmapTHy Mozuenb cepii 4A250S2Y3, a Takox BimoOpaxeHHS GI3UUHUX
BJIACTMBOCTEH aCHHXPOHHOTO JIBUTYHA.
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Pucynox 1 — I'eoMeTprudHa MOJiesIb ACHHXPOHHOT'O IBUT'YHA.

3pobiieHa oLliHKa BIIACTUBOCTEH BHOpaHOro marepiainy, a came craii 2013 ta
ii BmacTuBocTel (puc 2).
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a — Craius 2013 sipma; 6 — Crans 2013 3y0rs.
Pucynox 2 — BractuBocTi ctani 2013 3 KpuBUMM HaMarHiuyBaHHS.

B po6oTi Takok BUKOHAHI PO3paxyHKH ISl 3a0€3MEeUeHHS] MAarHiTHUX TIOMIB i
€JICKTPOMAarHiTHUX TMapaMmeTpiB. B pe3ynbTaTi MOAENIOBaHHS 3aJaHi BJIACTUBOCTI
32/I0BOJILHSIOTH MOTpebaM TaHOTO ACHHXPOHHOTO JIBUTYHA.
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VK 621.313

Kpyrons O.M.!,Ba6kin I[.O.l, CaBEHKOB A.B.l, Cobosepchkuii B.O.?
"cr. rp. E-214m 3HTY

2 ¢r. rp. E-514M 3HTY

JA®EPEHIIMHUN 3AXHCT CHJIOBOI'O TPAHC®OPMATOPY 3
BUKOPUCTAHHSM BEUBJIET-TPAHC®OPMAIIIl TA AHAJII3Y
KOE®IIIEHTY KOPEJIALII

CuitoBi TpaHCOPMATOPH € Ty’Ke BaKIMBUM OOJaTHAHHAM B €HEPrOCHCTEMI,
0 BHUKOPHUCTOBYETHCS IUIA Tiepefadi eHeprii. BHyTpimHI HecmnpaBHOCTI, IO
BiZIOYBAIOTBCSl KOXKHOTO pa3y INpPH PI3HUX aMIUTITyJaxX, MOUIKOIKYIOTh OOMOTKH
cuioBoro Tpancgopmaropa. [lomkomkenuit TpaHcdopmarop HEOOXiIHO myxe
IIBUJIKO BHKJIFOYHTH 3 CHEPrOCHCTEMH Yepe3 3amo0iraHHs MMONIKOKCHb, SKi
MOXYTb BHHHMKHYTH. Binmbin Toro, nist mudepeHiiHHOro 3aXUCTy MOBHHHA OYyTH
Jy’)Ke TOYHOIO Ta IBUAKOKW. ODke, MudepeHUidHNE 3aXUCT € HaHBaKIHBIIIMM
3aXHCTOM CHJIOBUX TpaHchopmaTopiB. Jleski 30ypeHHs, Taki K ITyCKOBUH CTPYyM,
HACHYEHICTh 1 HaaMipHEe 30y/[KEHHS, MOXYTh INPHU3BECTH 1O HEMPaBHIBHOTO
(hyHKIiOHYBaHHS TU(epeHIifHOTo 3axucTy. [IpaBuipHAN 1 MBUAKHNA Po30ip MiX
BHYTPIIIHIM PO3PHBOM 1 ITyCKOBHM CTPYMOM € BaXXJIMBOIO IPOOJIEMOIO OO0
mudepeHniiHoro 3axucty TpaHcdopmaropiB. IlomunkoBe momopox depes
HENpaBWIbHY JWCKPUMIHAIIIO MOXE MaTh €KOHOMIYHMH Tarap. Bcei mepemkonn
TpaHcopmaropa € HECTAl[lOHADHUMH CHUTHAJIaMH  KOPOTKOI ~ TPHBAJIOCTI.
HemionaBHo, 3aBIsiKM BHCOKIM 30aTHOCTI [0 aHalidy IEepeXilHUX CHUTHAIIB,
BEIBIIET-TIEPETBOPEHHsI CTald OCHOBHMM METOJOM BHAIJICHHS O3HaK. Meron
BeiiBNIeTIB MOke OyTH YCHIIIHO 3aCTOCOBAaHMH B PI3HUX MeETOAax OOpOOKH
CHTHAJIB 1 300pakeHb, OCOOJNMBO Uil CHTHATIB 3 MEPEXiIHUMHU NPUPOTHUMHU
BJIaCTMBOCTSIMM 1 Bapiali€ld 3a 4acoM, HalpuKIal, JesKuX 30ypeHb
€HEeprocUcTeMH.  3ampoloOHOBAaHO  JEAKI ~ METOAM  3aXHCTYy  CHJIIOBHX
TpaHc(hOpPMATOPiB, TaKi K aJanTUBHUHN audepeHniiHmii 3axucT. HediTka norika -
IHIOMA ~ METOA, SKUH BHKOPUCTOBYETHCS JUIl JU(epeHIianbHOi  3aXHCTY.
EdextuBHrM criocoOOM yHUKHEHHsS HECTpaBHOCTEH Mu(epeHLiatbHOI 3aXHUCTY
IpY HaMarHivyBaHHI ITyCKOBOT'O CTPYMY € TexHika pi3Huli (a3zoBoro kyta (PAD).
[Hmmit Mmeton 6a3yeThes Ha BEHBIET-TIEPETBOPEHHI Ta HEHMPOHHINH Mepexi. MeTox,
3aCHOBaHMH Ha cepegHboMy abcomoTHoMy BigxwieHHi (MAD) BeiiBuet-
Koe(]ilieHTIB HaJ MEBHOIO CMYTOI0 YaCTOT, BUKOPHUCTOBYE BEHBIIET-TIEPETBOPEHHS
SK eTan 0OpoOKH CHUTHaiTy. 3alpoIIOHOBAaHO HOBY METOJOJIOTIIO I PO3Pi3HEHHS
MIyCKOBUX CTPYMIB i BHYTpIIIHIX HECIIPaBHOCTEH Ha OCHOBI AM(EepeHIiaIbHOTO
rpamieHTy crtpyMmy. Ll cxema TIpyHTYETbCcsi Ha OOYMCIEHHI BEKTOPHUX KYTiB
rpazgienTa audepeHianeHoro cTpymy y ¢azax A-B-C y Bcix Toukax BiKHA JTaHUX.
BuKOpHCTOBYIOUM CTAaTHCTHYHI PO3PaxyHKH, MOXHA 1JEHTHU(]IKYBaTH ITyCKOBHH
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CTPYM, OCKUIBKH HOTO TOBEHIHKA 3 TPAJi€HTHHM BEKTOPOM OyIe Bigpi3HATHCS y
BUMAJKy KOPDOTKOTO 3aMHMKaHHA. HelpoHHa Mepexa BHKOPHCTOBYETHCS IS
BUSIBJICHHS ITyCKOBOTO CTpyMy. IHIIMM cHocoOOM pO3pi3HEHHS BHYTPIIIHIX
HECIPAaBHOCTEH BiJ IYCKOBHX CTPYMIB € BEWBIIET-IIEPETBOPEHHSA Ta aIaNTHBHA
MepexHa crcTeMa HewiTkoro BuBoxy (ANFIS).

ABTOpamMH TIPOTIOHYETHCS 3aCTOCYBaHHS HOBOTO OHJIAITHOBOTO MIAXOIY MO
JudepeHiiHOro 3aXUCTy CHIOBOTO TpaHchopMaTopa. 3anpolOHOBAaHHMN crociO
YKJIQIEHUH HIBIXOM BiOopy 3 audepeHmiabHOro crpymy Ao0yTKy Tpbox (a3
MEPBHHHOTO 1 BTOPMHHOTO CTpyMiB. Po3mi3HaBaHHS THUIy HECHPaBHOCTI B 30HI
3aXHCTY 3aCHOBaHE Ha IPUIOMI BeHBIET-TIEpETBOPEHB 1 KoedilieHTy Kopemsiuii, a
3roJIOM - Ha MaTpUYHOMY aHali3i KOe]ili€HTIB KOopelslii i BU3HAYEHHI pO3Mipy
KOKHOTO TpoBasly. MOZIEIIOBaHHs €HEProCUCTEMH, OHJIAMH-pelie Ta 3aCTOCYBaHHS
HEeCTIpaBHOCTEeH [UIs peneriHoro ananizy BukoHaHO MATLAB / Simulink. Ha
BiIMiHY BiJ IHIIMX MOTOYHUX METOZIB MPOIIO3HUIIil, HAMBAXIIMBIIIOK TIEPEBArOI0
HAIIOTO MiJXO0Iy € OHIaHHOBHH JOCTYII IO MPOAYKTUBHOCTI pO3pOOICHOTO pele B
KO)KHOMY TIepiofi dacy, Imo 3abe3medye BHPOOHWYHI 3pa30oK IOTO pele.
PesynbpraTé MOZIEMIOBAaHHS MTOKA3yIOTh, IO MIPOLYKTUBHICTH PO3POOIEHOTO pene €
I00pOIo, a TPH TOPIBHAHHI 3 MPOTYKTHBHICTIO IHIINX ICHYIOUHX aBTOHOMHHX
METOJIiB, OTPUMYIOThCS 3HAYHO Kpallli 1 Ay>Ke MepCHEeKTUBHI PE3yJIbTaTH.

TakuM YHMHOM JaHUN METON, JO03BOJISIE YHUKHYTH HECIPABHOCTI pelie
3axMcTy JudepeHIiiiHoro 3axucTy TpaHcdopmaropa NpuU HaMarHidyBaHHI
MYCKOBUX CTpyMiB. Pene mokaszano xopomy nponykrtuBHicte B MATLAB /
Simulink Ha TecTOBI# crcTEMi, BOHO MOXXE OYTH BUKOPHCTAHO SIK BiIMOBIIHE peie
B IIPOMHUCIIOBHX 3aCTOCYBaHHAX. Po3poOiieHe peie Mae BUCOKY IIBHIKICTH poOOTH
JUIL 3aXHCTy CHJIOBOro TpaHcdopmaropa. MiHIManbHHH 4Yac pO3Mi3HABaHHS
HECTIPaBHOCTI CTAHOBUTH ONMU3bK0 MeHmIe 10 Mc i € aTanTHBHUM JUTS Pi3HUX THIIIB
CHIIOBHX TpaHC(HOPMATOPIB.

YK 621.313
Cxomcpka A.C.'Kauan I.C.', Xapuenxo B.A.'
"cr. rp. E-214m 3HTY

3ACTOCYBAHHS ®YP'€ TA BEUBJIET-NIEPETBOPEHHS JIJIS
BUSBJIEHHS HECITPABHOCTEN B ACMHXPOHHUX JIBUT'YHAX

ACHMHXpPOHHI MaIlIMHU 3a0€3MeYHIN TPOMHICIIOBICTh 34aTHICTIO €()eKTHBHOTO,
HaJIHHOTO 1 €KOHOMIYHOTO TEPETBOPEHHS €HEprii 3 eNEeKTPUYHOI B MEXaHi4Hy
dhopmy. Ili MamuHM 326€3MEeUyIOTh PYIIIHHY CHITy Pi3HOMY OOJIaJIHAHHIO, TAKOMY
SIK KOHBEEPH, BEHTIJIATOPH Ta HACOCH, 1 HEOOXITHI AJIS YHCICHHUX INPOIECIB Ha
BUPOOHMYMX TMiJNpHEMCTBaX. BOHM BigirpaloTh >KUTTEBO BAXIUBY pPONb Y
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MIPOMHUCIIOBOCTI 1 320€3MedyIoTh MATPUMKY €KOHOMIYHOTO PO3BUTKY Kpainu. s
VHUKHEHHS HETOTPiOHOTO IIPOCTOI0 BHPOOHWITBA HEOOXimHO 30epiraté ix y
poboyoMy CTaHI Ta YHHKHYTH HeOakaHOTO BHUXOmy 3 Jany. [ms Toro, mo0
30eperTh BUCOKHU piBeHb HAMIHHOCTI 1 Ipame3JaTHOCTI MAaIlWHH, HEOOXiTHO
OWiHUTH ii cTaH. By7no 3anpomoHoBaHO 6araTo METOIiB BUSABICHHS HECIIPAaBHOCTEH,
aie X BCTAHOBJICHI METOAW MICTATh 0arato acHeKTiB, SKi MOXKHA ITOKPAIIHTH.
Haii6inp  momyJsisipHi METOIM MOHITOPMHTY CTaHy acCHHXPOHHHMX MalluH
BUKOPHCTOBYIOTh CTAalllOHapHI CIEKTpalbHI CKJIafoBi mapamerpiB craropy. Lli
CIEKTpaJbHI MapamMeTpu CTaTopa MOXKYTh BKIIOYaTH B ceOe Hampyry, cTpy™m i
MOTYKHICTh 1 BHUKOPHCTOBYIOTBCS JJIsI BUSIBJIICHHS HECIIPaBHOCTEW oOepTaHHS,
3J1laMaHUX POTOPIB, MOLIKOKEHb MiALIMITHUKIB 1 €KCLHEHTPUCHUTETIB MOBITPSHOTO
3a30py.

B pmammii wac Garato MeTOIWK, IO 0a3yIOTHCS Ha CTALIOHAPHOMY aHai3i,
3aCTOCOBYIOThCS IJISI ACHHXPOHHHMX MAllWH. J{IarTHOCTHYHHMH METOA BUSBIICHHS
3a3HAUYEHNX BHIIE HECIIPABHOCTEH MOXKE BKIIOYATH KUIbKa PI3HUX THIIB Tary3el
HayKH 1 TexHiku. Kibka METOiB 3aCTOCOBYIOTECS ISl BUSIBIICHHS HECTIPABHOCTEH
B aCHHXPOHHHUX IBHI'YHaX, TaKHX SIK meperBopeHHs Dyp'e Ta aHai3 XBHIHOBOTO
neperBopeHHs. lleperBopenHst @Dyp'e € ePEKTUBHMM METOJOM 1 IIHPOKO
BUKOPHCTOBYETHCSI B 00pOOLI CUTHAJIB, MPU 1IbOMY IEPETBOPEHUH CUTHAJ MOXE
BTPATUTH AESAKY iHpopMalito npo aoMmeH yacy. OOMexeHHs neperBopeHHs Dyp'e
NpU aHaji3l HECTaliOHApHUX CHUTHAJIIB NPU3BOJUTH 1O BBEACHHS YacTOTHO-
4acoBoi a00 4acoBOT IHCTPYMEHTAJIBHOI IIKAIW 0OPOOKH CHUTHAIIB, IPUMYCKAIOUU
HE3aJIeKHICTh KOMHOTO YaCTOTHOTO KaHay MPH PO3KJIaJaHHI BUXIJHOTO CHUTHAIY.
Le mpunymmeHHs MOXXHa PO3IIISIATH SIK OOMEXEHHS IIbOTO MMiIX0/y.

BeiiBneT-nepeTBOpeHHsI €  METOJOM JUId  BapiloBaHHS dacy  abo
HECTalliOHApPHOTO aHaJli3y CHUTHajJiB, a TaKo)XK HOBHH OITMC CIIEKTPAIBEHOTO
PO3KJIaaHHS 4epe3 KOHIEMIito Macmra0yBaHHSA. Teopis BeWBIeTiB 3abe3medye
yHiI(QIKOBaHY OCHOBY JJIS PSAY METOMIB, Ki OyIIH po3po0JieH] s 3aCTOCYBAHHSI
pizHEX curHaANiB 00poOku. OmHIi€I0 3 Horo (YHKIIH € aHalli3 CUTHAJIB 3 Pi3HOIO
PO3IIIBHOIO 3/IATHICTIO 3 EHEPriiHOI (YHKINEID SK 4YacOBOI, TaK i 4acTOTHOI
nokauizanii. Lleit Mmeton edexTHBHUIL K J1s cTalioHapHOT 00pOOKH CUTHAIIIB TaK i
HecTarioHapHoi 00poOkm curHamiB. [lipamigameHuUil anroputM Majiera,
3aCHOBAHMI Ha 3rOpPTKax 3 KBaJpPAaTHYHUM I3EPKaIbHUM (iITBTPOM, € IMIBHIKAM
METOZOM, AaHAJIOTIYHMM IIBHAKOMY meperBopeHHo Dyp’e (IUIID) s
PO3KIJIaaHHS CUTHAY BUXiJHOTO CHTHAJIY B OPTOHOPMOBaHill BeiBIIET-0CHOBI 200
SK PO3KJIaJaHHs CUTHANy Oe3Jliy4yio HE3aJeKHHX CMYr YacToT. HezanexHicTh
00yMOBJIEHa OPTOTOHAIBHICTIO BeHBIET-(QyHKII.

3acTocyBaHHS MeETONy, IO 0a3yeTbcs Ha aHallizi MOTOKY CTaTopa Uit
OHJIAMH-BUSIBIICHHS. HECHPABHOCTEH B AaCHHXPOHHUX MallMHAaX J03BOJHTh
MOJ0JIATH TpobseMu ycepeqHeHHs kiaacuaHoro LITT.
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BUKOpHCTOBYIOYM  CIpOLIEHY  JAMHAMIYHY  MOZAENb  ACHHXPOHHOTO
SNIEKTPOJBUIYHAa 3 KOPOTKO3aMKHEHHM BICTPSIM, BPaxOBYIOUH HECHPaBHOCTI
poTtopa Ta aucKpeTHE BeliBner-nepeTBopeHHs I BUAUICHHS Pi3HUX TApMOHITHIX
CKJIAJOBUX CTpyMiB cTaTopa. lle 3a0esmedye JiOKanbHE IPEACTABIICHHS
HECTaIllOHAPHUX CUTHANIB CTPYMY IJIsI CIIPaBHOI MAIlIMHU 1 3 HECTIPaBHICTIO.

Pesynprartn, orpuMani 3a qomoMororo ananizy ®@yp'e-rpancopmanii crpymy
CTaTopa 1 KPyTHOTO MOMEHTY B CTAlllOHApHOMY CTaHi, HE 3aBXXAM € JOCTaTHIMHU
JUI BU3HAYEHHS CTYyNeHs HecnpaBHOCTI. ToMy HeoOXiZHO HOro JIOMOBHIOBAaTH
BeiiBner-neperBopennsiM. Pesynbrar mneperBopenHst ®Dyp'e IMOKazye IIUPOKY
CMYTY y BHIIQJIKy 3JlaMaHOTO poropa. Pe3ynbrarn Beiiier-nepeTBopeHHs 1ar0Th
no0py iHpopmanito, 100 BH3HAYUTH HECIPAaBHY CHUTYallilo, 30Kpema, Ipu
HassBHOCTI HECNPaBHOCTEW pOTOPIB NpH 3amycky MoMeHTy. OJHak 31aMaHuit
pPOTOpHMIA Ball IMIOCTPYE TMOMIOHI pe3ynmpTaTd. ToMy JABa TIEPETBOPEHHS
JOTIOBHIOIOTH OJTUH OJIHOTO.

VK 621.313
Jeit6a €.B.!, Tureun €.0.', Tlonos O.C.!
"cr. rp. E-214M 3HTY

ABTOMATMU3AIIA PO3PAXYHKY ACHHXPOHHOI'O IBUT'YHA 3
JABOHIIAPOBOIO OBMOTKOIO CTATOPA

AcuaxpoHHIH aBuryHu (AJl) HaOyaM JOCHTH 3HAYHOTO IOUIMPEHHS Y
MPOMHKCIIOBOCTI 3aBASKH CBOi HaIiiHOCTI Ta e(eKTHBHOCTI. AJjie mOTpeda B
MiABUIICHHI €(DEKTUBHOCTI Ta HAMIHHOCTI IX poOOTH Ta PO3p0OIll HOBUX TUIIB AJ]
3aJIMIIAETHCS JOCUTh BEJUKOI0. J{JIsl IbOr0 HEOOXITHO MOKpAIyBaTH SIKICTh €TaIly
KOHCTPYKTOPCBKOT ITIATOTOBKM BHPOOHUIITBA 13 3aCTOCYBaHHSIM CY4YacHHX
METOJIB, METOJIUK, KOMIUIEKCIB aBTOMaTH30BAHOT'O PO3PaxyHKY 1 ix amarrarii mixg
KopekTHi morpeOu. Ha pmanHumii dWac icHye JOCTaTHSA KUIBKICTh MPOTPAMHHX
NPOAYKTIB A YHCENBHHUX  PO3paXyHKIB  MAarHiTHHX  TIONIB  PI3HHX
CJICKTPOTEXHIUYHHUX (EJICKTPOMEXaHIYHHUX) cHucTeM. Lli KomIuiekcH 103BONISIOTH
BPaxOBYBaTH I'€OMETPIiIO Ta eJIeKTpodi3nyHi BIacTUBOCTI MartepianiB. Cepen Takux
nporpaM MokHa BuainutH nporpamy FEMM. Bona no3Boisisie BHKOHYBaTH
YHCEJIbHY pealizalliio 3a/1a4 eJIeKTPOMArHiTHOTO MEePeTBOPEHHS €HEprii MeToI0M
CKIHYEHHUX €JIEMEHTIB y ABOBHMIipHiH moctaHoBmi. IIlo 3amoBonbHSE BHMoOram
IKEHEepHUX PO3paxyHKiB, ajpke AJl KIacMYHOI KOHCTPYKIii MalOTh MPaKTHIHO
TUIOCKO-TIapaliesibHe T0JIe B MeKaX aKTUBHOT YaCTHHH.

IIporpama FEMM nnst dmcnoBoi peanmizamii 3amad  eIeKTPOMarHiTHOTO
MIEPEeTBOPEHHS eHeprii He moTpedye po3poOKH Oyab-IKNX MaTeMaTHIHUX MOJeNeit
— QopMyn i cucreM piBHSHb. Ta J03BOJSAE aBTOMATU3yBAaTH PO3PAXYHKH 32
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nornomororo Lua ckpunTiB. TUM caMUM MOKHA CyTTEBO CKOPOTHTH BHTpATy dacy
Ha 1moOymoBy TeoMeTpii po3paxyHKOBoi Momemi Ta ii mMomudikamito IS 3amad
ONTHMI3aIli.

Mertoro poboTH cTanma po3poOKa CKpHITa aBTOMaTH3alii po3paxyHky A/l 3
JBOIIAPOBOIO OOMOTKOIO CTaTopa.

s peamizanii miel MeTH, Oyio po3po0ieHO CHeIiaTbHIA CKPUNT, SIKUH A
3aJJaHuX KOHCTPYKTHBHUX mapameTpiB A/l BHKOHye MOOYZOBY TI€OMETPHUYHOI
MOJIeT Ta BIAMOBITHO 10 cXeMHM OOMOTKH ii po3kiiajKy 3a mazamu. Ha apyromy
erari poOOTH CKpHIITa aBTOMAaTU3YEThCsS MPOLEC 3aBOaHHS eIeKTPOQI3ZUIHUX
BJIACTHBOCTEH pPO3PAaXyHKOBUX oO0JacTeil Ta CTpPyMiB y CTPYMOIIPOBIIHHX
obnactsx. Ha TpeThoMy eTani BUKOHYETBCSI pO3paxyHOK MarHiTHoro nosst AJl s
pi3HHX KyTiB 3cyBy poTopa. Ha ueTBeproMy eTami BUKOHYETHCS PO3PaXyHOK
SHeprii MAarHiTHOTO IOJs, PEaKTHBHOIO Omopy, BTpar B eneMmeHTax All,
eJIeKTPOMArHiTHOTO MOMEHTY. BuripoOyBaHHS poOOTH CKpuIy OYiIo mepeBipeHO
Ha gekimpkox AJl cepii 4A i mokaszano myke Xopoury 301KHICTh 3 JOBITHIKOBAMH
JaHNMHL.

Takum 4rHOM, po3po0iIeHuit ckpunt Lua aBTOMaTH3y€e Ta 3HAYHO PO3LIHPIOE
MOJKJIMBOCTI po3paxyHkiB B mporpami FEMM. BiH € yHiBepcadbHHM i MOXe
3acTOCOBYBaTHCH JUIsl A/l HalOLIBII NOIIMPEHUX THITOBUX KOHCTPYKIIH.
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CEKLISA «EJEKTPUYHI I EJJEKTPOHHI ATIITAPATH»

YK 621.515.1
AmnToHOBa M.B.
crapmr. Buki. 3HTY

CUCTEMU AHTHIIOMITA’KHOI'O KEPYBAHHSA BIZINEHTPOBUM
KOMITPECOPOM

Haii0inpm po3moBCIOKEeHH] Ta30nepeKkadyBallbHI arperaTt 3 ra30TypOiHHIM
MPUBOIOM 1 BIJICHTPOBUM HarHiTadeMm. [a3omepekadyBaibHI arperatu €
€HEPrOEMHUMH TEXHOJIOTIYHUMH CHCTEMaMH, 10 OOyMOBIIOE aKTyallbHICTh
HAyKOBO-TEXHIYHOT TpOOJEeMH MiABUINEHHS iX TEXHIYHOrO pIiBHS, 30KpeMa
BIOCKOHAJICHHSI CHCTEM KepyBaHHsS IIMX arperariB B acHeKTi 3a1ad pecypco- i
eHepro30epexeHHsl. B 3aeXHOCTI Bil yMOB BHKOPUCTAaHHS MAacoBi BHUTpaTu
MOXHA MIATPUMYBATH a00 HAIPABISIOUM YaCTHHY MOTOKY 31 CTOPOHM HarHiTaHHS
Ha BXIiJl KOMIIpecopa, abo CTpaBIIOBATH YaCTHHY B aTMOochepy.

MeTo10 OCHTiKEHb € 3MEHIICHHS BTPAT B Ta30lepeKadyBallbHAX arperarax
IIJISIXOM BUKOPHCTaHHS 3MIIIAHOI CHCTEMHM AaHTHIIOMIIQ)KHOTO 3aXHCTY, SKa
noOynoBaHa Ha ICHYIOUMX CHCTEMax AaHTHUIIOMIAXXHOTO KiIalaHy Ta CHCTEMH
OaiimacyBaHHS.

Ha npakTuii, Ha KOMIIPECOPHHX CTaHIISX Ta30NpOBOJIB, BHIIEBUKIAACHI
SIBUILA, TIPU SIKMX CHOCTEpirajucs MyJbcalii HOTOKY ra3y, He Tak BXKe i PiJKICHI.
SIk TpaBUJIO, BOHU CYNPOBOJKYIOTBCS XapaKTEPHUM 3BYKOBHM e(eKToM i
BUKJIMKAIOTh: 30UIbIIeHHS  BiOpamii  MiANIMIHMUKIB, KOPIyCy  HarHiTaya,
TpyOOIIPOBO/IB 00B'SI3KM; 3MiHY HANpsSIMy OCbOBOTO 3yCHJUIS Ha POTOp HarHiraya i
CWIIOBOI TypOiHM, SKE CTa€ 3HAKO3MIHHUM; IMKJIIYHA 3MiHA HaBaHTAKCHHS
NPUBOAY HarHiTaya.

Hacninkn moMmnaxky, SK NpaBWJIO, NPUBOISTH IO HACTYHNHUX IIOJIOMOK
yCTaTKyBaHHS: PYHHYBAaHHIO YIOPHOTO MiIIHMITHUKA; 30UIBLIEHHIO 3a30piB B
VIIITbHEHHSIX "'Maciio-ra3", miJIIAITHIKAX; MOABI TPIIIMH Ha poOOYMX JIOMATKAX i
JIICKaxX pOTOpa HarHiTaya; BTpaTi CHHXPOHi3alii CHHXPOHHOTO EJIEKTPOIIPUBOILY
(1o acCHHXPOHHOTO X0/1y); MOSBI TPILIHH, 3HOCY €JIEMEHTIB CIIOIYYHOI MyQTH 1 T.1.

Bce 1ie mpuBOIUTSE 110 IEPET4ACHOTO 3HOCY JIOPOTOTO yCTaTKyBaHHS.

Jpyrum  3aBAaHHSAM  MiClsl ~ BU3HAYCHHS  BUHUKHEHHS  PEXUMY
NPEANOMIAKHIX KOJIMBAaHb € 3amoliraHHs mommaxy. OCKIJIBKH —ITOMITax
BUKJIUKAETHCS HEAOTIIKOM €Heprii, sika MmepeJacThesl IomaTkaMi pobodoro Kojeca
MOTOKY Ta3y Ui MOAOJIAHHS OTOpY Mepexi 3 00Ky HarHiTaHHA HarHiTa4a, TO I
3ano0iranHs MoMIaka HeOOXiTHO 3MIHUTH PEXHM POOOTH HArHITa4d - Mepexa, a
came:

1. 3MiHMTH OTIip MepesKi 3 00Ky HarHiTaHHS.
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2. 3MIHATH MIOTYKHICTb, SIKA TIEPENAETHCS TIOTOKY Ta3y.

3. 3MiHUTH MIBHIKICTH MOTOKY Ha BXOJII HATHITAYa.

4. 3rmaguTy 3pOCTaHHS TYpOYJICHTHOCTI IIOTOKY Tasy.

HaiimommpeHimmuM MeToI0M € TNepermycKaHHs Ta3y 3 HarHITaHHA HarHiTada
Ha BCMOKTyBaHHS (OaifracyBanHs). LluM mocsraeThCs 3HIKEHHS OTIOPY MEpexki 3
OOKy HarHiTaHHS i1 30UTBIIYETHCS MOTIK Ta3y 3 OOKy BCMOKTYBaHHS HarHiTada.
[Ipobnema 3axucTy Bix moMmnaxka 3BOJAMIACS 10 BIAKPUTTS OallllacHOTO KpaHy.
I[poro mocraTHbO I MOBHOI PO3rPy3KU HarHiTaya. Y bOMY BUIIAAKY 4ac poOOTH
3 TEpemyCKaHHsSM Ta3y OOMEXKEHHMH, OCKUIbKM 3BHYAiHO IIepenyCcKaHHs
3IifICHIOETHCSI O€3 HAssBHOCTI XOJIOAMIBHUKIB, IPU IIbOMY TEMIIEpaTypa rasy, skui
nepeKayyeThesl Yepe3 HarHitay, MiJBHIIYEThCS. 3MiHa uyucia 00EepTiB MPUBOIY
HarHiTaua Tako)X BUKOPHCTOBYETHCS [UISl 3aMI00IraHHS BXOJDKEHHIO p00040T TOUKH
Har"itada B 30Hy oMmnaxy. CaM IpHBOJ HarHiTa4ya € CKJIaJHOI0 CHCTEMOIO 1 Mae
3HaYHUA MOMEHT iHepmii. ToMy ympaBmiHHS TPUBOJOM CIIiJ 3MIHCHIOBATH 3
ypaxyBaHHSIM 3aTPUMKH WOTO peakiii Ha Kepylouwmid curHan. Haioinsm
pamioHalbHMM, B JaHOMY BHIAAKY, BB@KA€TbCS 3aloOOIITH BHHHUKHEHHIO
MOMIXHUX KOJIHMBAHb 3a JOTIOMOTOI0 PELMPKYIIALI] Ta3y, MPOBECTH ONTHMI3AIIi0
PEXUMY POOOTH KOMIIPECOPHOTO OJIOKY i TIJIBKH MOTIM 3MIHIOBATH PEXKAM POOOTH
HarHiTa4a[1,2].

BpaxoByoun BHCOKY AMHaMiKy poOOTH arperary, aHTUIOMIIO)KHA CHCTeMa
KEpyBaHHS [MOBUHHA MAaTH B CBOEMY CKJIaJi MOTY)XHHH OOYMCIIIOBAIBHUIA amapar,
SKAH TOBUHEH 3a0e3neuyBaTH HEOOXIJAHY IIBHIKICTb OOpPOOKHM alrOpUTMIiB,
TOYHICTB 1 HaIHHICTH POOOTH PEryysaTOpa.

AHTHUTIOMIIQ)KHY ~CHCTEMY 3aXHCTy MOXHA IPEJICTaBUTH Yy BHUIIISIL
eJIeKTpOMEeXaHIYHOrO TMo3ilionepy [2,3], sSKkAi MOXHAa OIMHUCATH PiIBHAHHAMHI
JBUTYHa TIOCTIHOTO CTpyMy He3aJIeXHoro 30ymkeHHs. Kyr Bigkputrs o
BU3HAYAETHCS KEPYIOUMM BIUIMBOM, SIKMH HaJXOJUTh HA €JIEKTPOIPHUBOJ KIIATIaHY.

YJK.621.3.048.1

Caxno A.A.', Ckpyrckas JI.C.2
! kaHz. Texn. Hayk, gou. SHTY
2 crapm. Buki1. 3HTY

HEPABHOBECHO-KOMITEHCAIIMOHHBIN METO/ JMATHOCTUKH
COCTOSIHUAS BBICOKOBOJIbTHBIX ATIITAPATOB C
KOHJAEHCATOPHOM U30JISIUENA

TexHonornueckne HapyUIEHUs, CBSI3aHHBIE C aBapHUsIMU BBICOKOBOJIBTHBIX
BBOJIOB U TPaHC(HOPMATOPOB TOKA, BXOAT B YHCIO OJHHUX M3 HanOoJiee 4acThIX U
SKOHOMHMYECKH 3arTpaTHbIX. [l0o3TOMY JOHArHOCTHUPOBAHHIO COCTOSIHHSI 3TOTO
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000opynoBaHUs yAESUIOCh MHOTO BHMMaHWs. Hambonee pacmpocTpaHEHHBIM Ha
JaHHBII MOMEHT METOAOM JHarHOCTUPOBAHMS, HETPEPBIBHOTO KOHTPOJIL MOJ
pabouanm HATPSKEHHEM, SIBIIETCA HEPaBHOBECHO-KOMIIEHCAIUOHHBII
(6amancoseri) merox [1]. Llempro maHHON paboTHI SBISETCS aHANN3 TPUYIHH
OTPHLATENBHOTO ONBITA MPUMEHEHHSI 3TOTO METOJA M MPEACTABICHUAE PE3YNBTATOB
IO €T0 YITy4YLICHHIO.

CyTp MeTOlla OCHOBaHa Ha JBYX IIPEIIOJIOKEHMAX: TpexdasHas cucrema
HaNpsKeHUH CUMMETPUYHA; AMarHOCTUYECKHE MapaMeTphl TPEX KOHTPOIUPYEMBIX
annapaToB, Tpex(asHOH TIpYINbI, HE MOTYT HM3MEHSTHCS OJHOBPEMEHHO, U B
paBHOH cTemeHu. MeToa moapa3yMeBaeT I'e€OMETPUUECKOE CYMMHPOBAHUE TpeX
BEKTOPOB TOKOB IIPOBOJMMOCTH OCHOBHON H3OJIALIMHU 3JIEKTPUYECKUX allapaToB.
B uneanmpHOM cilyyae, €ClIM COCTOSIHUE M EMKOCTH OCHOBHOM M30JALIMU Tpex
anmnapaTroB OJUHAKOBEI, a BEKTOPA MUTAIOLIETO HANPSKEHUS PABHBI 10 aMILTUTYAC
C pa3HOCTHIO HadaJbHEIX (a3 mo 120°, cymMma TOKOB MPOBOIUMOCTEH OCHOBHOM
m3osinuy Oyner paHa Hymo. [Ipy W3MEHEHMM aKTHBHBIX IOTEPh WM €MKOCTH
M30JLIIUH TIPOM30HIeT U3MeHeHNe (a3bl M aMILUIUTYIBI TOKa IPOBOJUMOCTH, YTO
pasbaaHCHpyeT CHCTEMBI M BBI30BET INPOTEKAaHHE TOKa HeOallaHCa, KOTOPOH
HETIOCPEJCTBEHHO (UKCcHpyeTcss mpubopamu. BennmunmHa aMIuIMTyzael ToKa
HebajlaHCa KOJMYECTBEHHO XapakKTepU3yeT CTeleHb pa3BuTHsi Jedekra B
M30JISIIMK, @ YroJl ToKa HeOallaHCa yKas3bIBaeT Ha TO, B Kakoil (haze MpOM30LLIN
n3MeHeHus. Ha mpakTuke Takod uaeanbHOW CHUTyalliM HUKOTJa He OBIBaerT,
MO3TOMY A OaJIaHCUPOBKH BEKTOpa B HOJIb MPUMEHSIOTCA Pa3iIHYHbIC PEIICHHUS,
HalpHuMep, COrIacyronue TpaHchopMaTophI.

ITpubopsl, Ha OCHOBE AAHHOTO METOJa, KaK IPHBHIO, KPOME WHAMKAINU
BEJIMYMHBI aMIUIMTYABl W (a3pl BeKTopa HeOajlaHCa, WHAWIHUPYIOT 3HAYCHUS
TAQHMe€HCa Yyriaa [IUAJIEKTPUYECKHX I0TEPh U EMKOCTEH OCHOBHBIX H30JIALUN
anmaparoB. BekTopa TOKOB NMpPOBOJUMOCTH H3OJISILUHU 3aBHCAT, €CTECTBEHHO, OT
BEKTOPOB, MPHIIOKEHHBIX K 3TOM M30JILUHN HANpsDKEHUH, a Takke OT aKTUBHBIX
MOTEPh M EMKOCTH OCHOBHOHM M30isii. COOTBETCTBEHHO BEKTOP TOKAa HeballaHca
3aBHCHUT OT 9-TH IapaMeTPOB:

- > o> o

Iy :f(Ua’Ub’Uc’Clu’Clb’Clc’tgé‘lu’tgé‘lb’tgé‘lc)‘ (1)

Takum o6pa3oM, TpH HMHAMKAIWK TpHOOpaMH 3HAYCHWH TaHTEHCA yria
JUDJIEKTPUYECKUX TOTEPh M E€MKOCTM OCHOBHOM H30JSILMM  HUCIOJb3YETCS
MaTeMaTUYECKUH pacueT, MCHNONB3YIWUNA psax  gonyiueHud. daxkTuuecku
MOJyJaeTcsl pelIeHne JIBYX ypaBHEHHWH ¢ 12-Tbl0 Hew3BeCTHBIMH. Jist
obecrieueHns1 pelIeHHs TaKOW CHCTeMbl YPaBHEHUH NPOM3BOAMTENH INPHOOPOB
NPUMEHSIOT pa3HOOOpa3HbIe AITOPUTMBI aJalTalliid K peXuMaM padoThl ceTH U
o6opynoBanust. OnxcaHHbIe TPOOJIEMBI IIPUBOAAT K HEBEPHBIM PELICHUSM JTaHHOW
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CHUCTEMBI, Ha 9YTO BIHUSACT pPAI (AKTOPOB, YYECTH KOTOPBIE MPAKTHICCKH
HEBO3MOXKHO B PEKUME peabHON 3KCIUTyaTallUH.

CyTb cOBepIICHCTBOBAHHS OATAHCOBOTO METO/AA COCTOUT B CIICTYIOIIEM:

— K IpHOOPY KpOME TOKOB YTEUKHU JOJDKHBI ITOJKIIFOYATHCS CUTHAIBI (pa3HBIX
pabounx HanpsHKEHUH;

— npubop B MOMEHT BBOZA B JKCIUIyaTallMIO JOJDKCH 3aIMCaTh M XPAaHHUTH
3Ha4YCHUs (aMIUIMTYy[a, HadanbHas (a3a) (a3HbIX HAMPSDKCHHA W TOKOB YTCUKH
OCHOBHOM M30JISIUY;

— 3HaueHHE HebaraHca TOJDKHO PACCUUTHIBATHCS 110 (hOpMyIIe:

- > > > o - o>
e U I,-U I, -U I1.-U - 2
IHzljel a_)ae b_>be+c_,ce_(1ae+lbe+lce)

Uae Ua Ub Uc )

rne Uae, Ube, Uce — HavanbpHBIE (IPU BBOJC B AKCIUTyaTaIldi0) 3HAYCHUS
BEKTOPOB (ha3HBIX HarpspkeHUH (Pa3 «A», «B» 1 «C» COOTBETCTBEHHO);
lae, Ibe, Ice — HauaTBbHBIC 3HAYCHHUS BEKTOPOB TOKOB YTEUEK OCHOBHOU H3OJISIIHU
BBOJIOB; Ua, Ub, Uc — u3MepeHHBIE 3HAUCHUS BEKTOPOB (ha3HBIX HAIPsDKEHUI; lae,
Ibe, Ice — W3MepeHHBIC 3HAYCHUS BEKTOPOB TOKOB YTEUEK OCHOBHOM H3OJISAIHA
BBOJIOB.

[lomyyeHHBIE TakMM METOAOM 3HAa4eHUS (a3bl M aMIUIMTYIBl BEKTOpa
HebanaHca He OyIyT 3aBHCETh OT PEXUMOB PabOTBHI CETH, COOTBETCTBEHHO LA
prOOPOB HEe MOTPEOYyeTCs 3aBBIIATh YCTABKH CpaOaTHIBAHUS.

CIIUCOK MCNOJb30BAHHOM JIUTEPATYPHI

1. Csu, II. M. KoHTposs n30ma1uu 000pyJOBaHUS BHICOKOTO HATPSKEHUS
[Texcr] / TI.M. CBu. — M.: DHeproatomusnar, 1988. — 128 c.
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JOC/IHKEHHSA MAPAMETPIB HIMHOIMPOBOJAIB HEXOBUX
MEPEX B YMOBAX /JIIi BUIIIUX TAPMOHIK CTPYMY 3ACOBAMMU
MHOJBbOBOI'O MOJAEJIOBAHHSA

CucrteMH [EXOBOTO €JEKTPOIIOCTAUYaHHS ITOBHHHI BIJIOBIAATH >KOPCTKUM
BUMOTaM BHCOKOi HaAiHHOCTi, e(eKTHBHOCTI Ta Oe3nekw, 3a0e3leuyroud Hpu
IIbOMY BHCOKY SKICThb eNeKkTpuuHOi eHeprii. Cyd4acHi CHCTEMH IIEXOBOTO
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€JIEKTPOIIOCTAYAHHS MOXYTh MaTH 3HauHy MPOTSDKHICTE. ToMy, iX mapamerpw i
eIEKTPUYHI XapaKTEPHUCTHKH ICTOTHO BIDIMBAIOTH HA SKICTh EJEKTPOCHEeprii,
PEXUMH  POOOTH EJCKTPONIPHIMAYiB 1 EHEProeEeKTHBHICTh TEXHOIOTIIHIX
MPOLIECIB. BrpoBamkenns JaCTOTHO-PETYIBOBAHUX €JIEKTPOIIPOBOIB,
BUNPAMIIIYiB Ta IHIIUX HANiBIOPOBIIHUKOBHX NEPETBOPIOBAUIB IMPHU3BOIUTH 10
reHepamii BHIIWX TapMOHIHHUX CKIAQAOBHX y CTPYMOIPOBOJAX MOCTIHHOTO
CTpyMy, LIO HEraTHBHO II03HAYAETHCS HA KOE(IUI€HTI MOTYXHOCTI MEpEexi.
HasiBHICTD BHIIMX T'apMOHIK, a TaKOX 1X BIJXWJICHHS BiJl HOPDMOBaHUX 3HAYCHB,
HEeraTUBHO BIUIMBaE Ha e(QEKTHBHICTh 1 HAAIWHICT EJNEMEHTIB CHCTEMHU
€JIEKTPOIIOCTAYaHHSI, 30KpeMa IIEXOBUX IIHHOIPOBO/IIB.

IcHytoui B iHXKEHEpHIH NPaKTUIl METOTUKH pO3PaxyHKy MapamerpiB i
XapaKTepUCTUK IIMHONPOBO/IB 3aCHOBAHI Ha METOJaX CXEMHOTO MOJETIOBAHHSI.
[Tapamerpu cxeM, SIK IPaBWIO, BU3HAYAIOTHCSI HA OCHOBI y3arajlbHEHHX DiBHSHb.
i piBHSHHSA OTpHMaHi B HACTINOK pANY MPUITYIICHb i HAOIIDKEHb, IO 3HAYHO
oOMexye o0yiacTb IX BHKOPHUCTAHHA. 3acCTOCYBaHHS METOAMK Ha iX OCHOBI He
JO3BOJISIE  3a0C3MEUNTH HEOOXiTHY TOYHICTH 1 JOCTOBIPHICTH pE3YNbTATiB,
BpaxyBaTH BIUIMB TapMOHIMHOTO CKJIAAy CTPYMIB 1 Hampyr, HENiHIAHICTh
BJIACTUBOCTEH aKTHBHHUX MaTepialiB, MOBepXHEBI edektr, edekTH OMU3BKOCTI Ta
iH. MeToIu OLiHKY BILIMBY F'APMOHIHHOTO CKJIay CTPYMIB 1 HAIpyr Ha napameTpu
1 XapakTepHCTHKH IIUHONPOBOJIB, 3aCHOBAaHI HA EMIIPHUYHHMX 3aJEKHOCTSIX 1 HE
BpPaxOBYIOTh T'€OMETPII0 AKTHBHUX MarepialiB, a TaKOXK iX eJEeKTPOMAarHiTHi
BJIACTHBOCTI.

TakuM uuHOM, pO3poOKa BHUCOKOC(PEKTHBHOI METOIUKH PO3PaAXyHKY
mapaMeTpiB IIMHOIPOBOMIIB i, OIIHKM BIUIMBY TapMOHIHHOTO CKJIAAY CTPYMIB i
HaIpyr, Ha X XapaKTepUCTHUKH, a caMe BTPAaTH HANPYTW Ta aKTUBHHUX BTPAT, €
aKTyaJIbHOIO HayKOBO-TIPAKTUYHOIO 33/1a4€lO0.

B pesynprarti gociikeHHS OyJI0 3arIpoOIIOHOBAHO MaTeMaTHYHY MOJEINb JUIs
3aBaHHSA Yy YAaCTOTHOMY (HhOpMYJFOBaHHI €JIEKTPOMATHITHUX MPOIECIB B MITHOMY
TPOJIEHHOMY  OIMHONPOBOMI, IO BpPaXOBYe KOHCTPYKTHBHI  OCOOJHBOCTI,
HEJHIMHICTh MarHiTHUX Ta eJeKTPO(DI3WMYHUX BIACTHBOCTEll MarepiaiiB, edekru
OJM3BKOCTI, MMOBEPXHEBI Ta 30BHILIHI MMOBEPXHEBI €()eKTH, BIUIMB IapMOHIMHHX
CKJIaJOBUX CTPYMy Ha NAaJiHHS HANpyrd Ta BTPATH HOTYXHOCTI B IMpoIieci
eJIeKTporepeiadi, ska JO3BOJISAE 3 BUCOKOIO TOYHICTIO 1 €PEKTUBHICTIO YHCETHHOL
peaizalii BU3HAYUTH MapaMeTpy TPOJIeH NITMHOMPOBOA IS BiMOBITHUX 3HAYCHD
aMIUTITYJ] Ta 9aCTOT BilIMX TapMOHIK CTpyMy. Ha OCHOBI OJIEOBOTO MOJIETTIOBAaHHS
BIEpILC BCTAHOBJICHO CITIBBIJHOIICHHS MAaJiHHS HANpPYTH Ta MUTOMUX aKTHBHHUX
BTpAT Bij CIEKTPIB YacTOT 1 aMIUITY]l TapMOHIK CTPyMy Ta 3HaueHb KOeQillieHTy
KOPOTKOTO 3aMHKaHHS, IIO JI03BOJISIE BUSIBUTH CTYIIHb 1 XapakTep BIUIMBY Ha
acHMeTpil0 NaJiHHA HANpyru 1 mapamerpiB Tposieil mmHonposoxy. lIpoBexeHo
OLIIHKY TaJiHHS HaNpyru B (as3ax Tpojel IHUHONIPOBOIY BiJ Jil BUIIMX rapMOHIK
CcTpyMy. BcTaHOBNeHO, IO IpU AOMYCTUMHX 3HAYEHHSIX BHUIIUX TapMOHIK,

84



perIaMeHTOBAaHUX CTaHNAPTOM I Pi3HUX KOE]imieHTIB KOPOTKOTO 3aMHKaHHS
R, BeMUNHA TagiHHSA HAIPYTH MOXKE 3pOCTH B 3,5 pasu, a 3 BUKOPHUCTAHHAM
CTaJIeBOTO KOXyxa - B 4 pasu. Ilpum mpomy, mpupicT eHeprii MarHiTHOTO MO i
AaKTUBHUX BTpaT B IIMHONPOBOAI cTaHOBHUTH 20% BIIHOCHO X 3HAYEHB IS
OCHOBHOI TapMOHIKH CTpyMy O3 ypaxyBaHHS eKpaHyBaHHS, 1 10 23% 3
ypaxyBaHHAM €KpaHyBaHHSA Tpojed mumHonpoBoxy. Jlis BHIIMX TapMOHIK IIpH
JIONYCTUMHX BJIACHHX aMIUIITYAaX IPH BIJIOBIIHUX 3HAa4E€HHAX KoeQilieHTa
KOPOTKOTO 3aMHKaHHS R, TAKOX BUKJIMKAIOTH 301IbIIEHHS] aKTUBHOTO OTIOpY B 4
pasH, a iHIyKTUBHOTO - B 20 pa3iB.

3Bakalo4yM Ha  OCOOJIMBOCTI  PO3MILIEHHS IIMHONPOBOAY B  LEXY,
BUPOOHHUIITBA 1 TEXHOJOTIYHUX TMPOIECIB HEOOXiTHE EKpPaHYBaHHS TpOJICH
HIMHOTIPOBOMAIB. TOMy, B TaKMX BWIIAIKaX, JJIS KOMIICHCAIIi acUMeTpil maiHHSI
HaIpyr B TPOJESX, | aKTUBHUX BTPAT B IIMHOIIPOBOAAX, CTPYMOBE HABaHTa)KCHHS
TpOJIEH IIMHONPOBOAY IMOBHHHO OyTH 3HMKEHO Ha 5-20% B 3aleXHOCTI BiX
3HAa4YCHHS KOe(ili€eHTY KOPOTKOTO 3aMHUKaHHS IIEXOBOI MEpexi.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Aben E.H. Bifurcation analysis of surge and ratating stall in axial flow
compressors [Text] / E.H. Aben, P.K. Houpt, W.M. Hosny // Journal of
Turbomachinery. — 1993. — Ne 115. — P. 724-817.

2. Ilabenko M.B. [IporHo3 BO3HUKHOBEHHUS MOMIIa)Ka B IEHTPOOCIKHOM
kommpeccope [Text] / M.B. Llabenko, P.C. Bonsuckuii, A.B. Camooii, H.T.
Tumenko  // Temarnmueckuit  Beimyck — «I[IpoOileMu  aBTOMAaTH30BaHHOTO
aneKkTponpuBona. Teopus ¥ TpPaKTHKa» HAYYHO-TEXHMYECKOTO >KypHajia
«Qnexrpoundopm». — 2009. — C. 404-405.

3. IlaGenxo M.B. Maremarndeckue MOJIETH YCTpaHEHHS IIOMIIaXka B
neHTpooexxnom kommpeccope [Text]) M.B. Iabenko, A.B. Camoso#i, P.C.
Bosnsirckuit / BectHuk KpeMeHuyrckoro rocyjapcTBEHHOTO YHUBEPCUTETa HMEHU
M.Octporpaznckoro. — 2010. — Brim. 4 (63). — C. 167-169.
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TRACTION BATTERY CHOICE METHOD

Electrical energy plays an important role in our daily life. It can universally
be applied and easily be converted into light, heat or mechanical energy. A general
problem, however, is that the electrical energy can hardly be stored. Capacitors
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allow its direct storage, but the quantities are small, compared to the demand of
most applications. In general, the storage of electrical energy requires its
conversion into another form of energy. In batteries the energy of chemical
compounds acts as storage medium, and during discharge, a chemical process
occurs that generates energy which can be drawn from the battery in form of an
electric current at a certain voltage.[1]

The alternative of the internal combustion (IC) engine is battery-powered
traction. It is a modern trend due to economic reason and its environment effect.

Lead-acid, this more than 150-year-old system, is currently the reliable and
economic power source for electric traction. The main application of lead-acid battery
is vehicles for material handling, such as forklifts, stackers, pallet trucks, and so on.

The research aim is to choose optimal capacity of traction battery of the forklift.

Electric forklift with capacity 1t is driven by an electric motor with next
parameter: voltage is 48V; current is 190A; power is 8,2 kW.

The forklift is relocated between loading points at least 10 times.

Total time of reposition under load is:

50
“R=—--10=362319 s

l
t=—
v, 1,38

!

, ey

where, 1 — is the distance between loading points; v| — is the speed of forklift
under load; R — is number of repositioning.

Total time of reposition without load is:

[ 50
t,=— R=—-10=263.158 5
v L9
, 2
where, vy, — is the speed of forklift without load.
The traction battery consumption of underload moving is:
f 362,319
=1 - =190- =19,122 Ah
3600 3600 , 3)

where, I, — is the rated current of traction motor.

The traction battery consumption without load is:
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263,158

t
0, =1 ——=19 =13,889 Ah
3600 3600 , @)
The traction battery consumption for lifting is:
lm lm 3 3
(AL A 10— +10-———
Q=1 —" @ _190.— 03T 054 _5 51y 4
3600 3600 ’ )

where, q — is the number of lifting, up and down; 1, — is the mast height; v — is the
speed of lifting under load; v4 — is the lifting speed without load.

The traction battery consumption of power circuit is:

t, 900
Qpczl/n'. =6. =1,5Ah
3600 3600 (6)

where, I, —is the power circuit current; t,, — is operational time.
Total traction battery consumption is:

0,=0,+¢

win

+0,+0, =41723 Ah )

The given calculations can be approximate and should be specified during
further research considering the actual values of the forklift operational cycle.
Taking into account the traction battery capacity in operations, its rated capacity
for 7-8 haul cycles per one shift requires not less than 328 Ah battery. Due to the
fact of self-discharge the DIN standard battery with 360 Ah is chosen.

LIST OF REFERENCES
1. Kiehne H.A. Battery technology handbook. — New York.: Marcel Dekker
Inc, 2003. - 509 p.
2. Synchuk O.N. Choice of accumulator parameters and types of traction

batteries for the mine trolley-battery locomotives / O.N. Synchuk, Yu.B. Filipp,
M.N. Maksymov, V.A. Fedotov // CSITA. —2016. — Ne5. —P. 1 - 10.
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CURRENT TRENDS IN BATTERY TECHNOLOGY IN ELECTRIC
VEHICLES

The so-called classic accumulator is not yet exhausted concerning
development possibilities. The newest trends in research and development indicate
that new production methods offer more cost-efficient methods for production of
batteries than present production techniques, corresponding with presumptive large
production numbers [1].

Battery technology for EVs has developed from early lead-acid batteries used
in the late 19th Century to the 2010s, to lithium-ion batteries, which are found in
most EVs today[2]. Nowadays, there are two big sides in battery technology. The
first one is lead-acid battery technology (picture 1).

The main application of the lead-acid battery is vehicles for materials
handling, such as forklift trucks, transporters, and so on, inside manufacturing
plants and warehouses. Passenger transportation in areas where no pollution from
exhaust gases can be tolerated is a further field of application for electric vehicles
powered by batteries.

The lead—acid battery is attractive for its comparatively low cost and an
existing infrastructure for charging, servicing and recyclable disposal.

PRESSURE
RELIEF VALVES

SIDESTRAPS LUGS

Picture 1 — The lead-acid battery [3].
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Over the years battery manufacturers have introduced a range of additives
such as Calcium, Antimony and Selenium to improve various battery performance
parameters. For the same reason, different cell and battery constructions such as
AGM, Gel battery, VRLA have been developed to optimise various aspects of
battery performance [4].

The second side of battery technology is lithium-ion battery or Li-ion battery
(abbreviated as LIB). LIBs are also growing in popularity for military, battery
electric vehicle and aerospace applications [5]. Roughly speaking, this is modern
technology, which has a plenty of followers in technical world.

There are many advantages to use a li-ion cell of battery (picture 2). These
advantages include high energy density, lifetime, low self-discharge, low
maintenance, and variety of different types. Nevertheless, some disadvantages need
to be balanced against the benefits. The li-ion batteries disadvantages are high cost,
ageing, and required protection. Li-ion batteries may suffer thermal runaway and
cell rupture. In extreme cases this can lead to leakage, explosion or fire. This fire
cannot be extinguished and leads to total destruction of vehicle and nearest objects.

& - -
/ ST => y /

T \\41

Picture 2 — Nissan Leaf LIB cell

The battery technology takes its own place in modern vehicles development.
A lot of famous manufactures looking for new technology. For example, Honda
presents new battery chemistry that could succeed lithium-ion and rechargeable
fluoride-ion batteries could be a breakthrough [6]. However, there are some doubts
that this type of battery will come out in 2010’s.
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JOCIIIKEHHA MEXAHIYHUX XAPAKTEPUCTHUK
ACHHXPOHHOT O IBUT'YHA

EnexTpoTexHiuHAa MPOMHCIOBICTH BiNiTpa€ BaXXJIMBY pOJb y BHUPIMICHHI
3aBaHb eICKTPUQIKAIlil, TEXHIYHOTO Mepeo30POEHHS BCIX Taily3ei HapOIHOTO
rocroJiapcTBa, MexaHizauii, aBromaru3aiii Ta iHTeHcu(ikanii BHUPOOHHYMX
npotueciB. BeraHoBlieHa eJI€KTpUYHA MOTYXKHICTh OKPEMHX MIANPUEMCTB csrae 3
MJIH. KBT, a KiIbKICTh eslekTpuuHuX MauuH Ha HuX — 100 tuc. 3a koxHi 10 pokiB
BUPOOHMITBO 1 CIIOYKMBAHHS €JIEKTPOCHEPrii B CBITI 30LIbIIYIOTHCS MPUOIU3HO B
JBa pazu. OCHOBHHMH CIIO)KMBauyaMHM €JIEKTPUYHOI SHeprii € aCHHXPOHHI JIBUTYHU
(AMl). 3acTocyBaHHS IMOJHLOBOIO METOMIY aHaJi3y J03BOJIAE MPOBOMUTH YTOYHEHI
JOCTIKCHHS TIapaMeTpiB, XapaKTepUCTHK 1 pexuMiB podotu AJl 3 ypaxyBaHHSIM
TaKAX OCOONHMBOCTEH iX KOHCTPYKINi Ta pEKHUMIB POOOTH, SAKi HE MiINAIOTHCS
JIOCTOBIPHOMY ~aHaJi3y TpaOWIiHHUMH KIACHYHUMH MeTogamu. (OcoOimBo
aKTyaJIbHUM € 3aCTOCYBaHHS HOJNBOBHX MeToAiB s AJl, aki (QyHKIIOHYIOTH B
CKJIQJIHUX yMOBaX. TakuMm 4MHOM, po3po0OKa aJeKBaTHUX MOJIBOBUX MaTeMaTHIHUX
Mojeneld 1 ymocKoHaJeHHs KoHcTpykuii AJ[ 3a pesynpraramu  JOCIHIIKEHB,
NPOBEJCHUX Ha OCHOBI TaKUX MOJENCH, € aKTyaJlbHOI HAayKOBO-TEXHIYHOIO
Mpo6IEMOI0 eIEKTPOMEXaHIKH, KA MOTPedye MOJANTBIIIOT0 PO3B’ I3aHHS.

B pesymbrari gochimpkeHHs OyJ0 TPOBENEHO PO3PaXyHOK MEXaHIdyHOI
xapaktepucTukn AJl 3acobamu TMOJHOBOIO MOJENIOBAHHS Ta 32 KIACHYHOIO
METOIUKOK.  BCTaHOBJIGHO, 10  BEJIMYMHA  MaKCHUMAIbHOTO  MOMEHTY
€JIeKTPOJIBUTYHA, IO PO3paxoBaHa IOJHOBMM METOJO0M, MeHme Ha 15% Bin
MaKCHMaJIbHOTO MOMEHTY, PO3pPaxOBaHOTO KJIACHYHUM METOZOM. Taki MmoxuOku

90


https://www.mpoweruk.com/leadacid.htm

KJIACHYHOTO METONy BHKIMKAHI TIIepml 3a BCe HEBPAaxXyBaHHSAM HEIIHIHHUX
BiactuBocTeil AJ] i ToMy BiH HE JO3BOJIIE OTPHMATH Ha CTafil IMPOEKTYBaHHA
JIOCTOBIpHUX pe3yNIbTaTiB PO3pPaxyHKy. B pe3ymipTaTi MOCTiIKeHHS TOBEACHO, IO
PO3paxyHOK ITyCKOBOI'0 MOMEHTY A/l TpaguLiifHUM METOIOM MOXKYTh IPH3BOJUTH
JI0 3aBHIICHHS 3HAYECHHS PEaJbHOrO MOMEHTY Olnbln HiX Ha 15%, Tomy AJl, siki
MPAIOI0Th B PEAIbHIX YMOBAX MOBHHHI MaTH HaBaHTakeHHS Ha 15-20% Hikde 3a
Horo HoOMiHaJIbHE 3HAYEHHS.
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JOCJIKEHHSA BJACTUBOCTEM PO3IOJLITY MAPAMETPIB IOJISA
KEPOBAHOT'O ACUHXPOHHOI'O IBUT'YHA 3
KOPOTKO3AMKHEHHUM POTOPOM

B naHmii 4ac 3aBASKM PO3BUTKY CHJIOBOI IEPETBOPIOBAIBHOI TEXHIKH
CTBOPEHI 1 CEepifHO BHITYyCKAIOTBCA Pi3HI BHAM  HAMiBIPOBIIHUKOBHX
MEpETBOPIOBAYIB YACTOTH, IO BH3HAYMWIO BUIECPEKAIBHUNA PO3BHTOK 1 IIMPOKE
3aCTOCYBaHHS  YacCTOTHO-PETyJbOBAaHOTO  ACHHXPOHHOTO  €JIEKTPONPHBOLY.
BukopucraHHs TepeTBOPIOBaYiB YaCTOTH JO3BOJMJIO 3HU3UTH BTPaTH IIpH
peryioBaHHI aCHHXPOHHMX JBHUrYHIB (AJl) y miACHHXPOHHOMY Jiara3oHi
mBuakocti poropa AJl. OpHak Ha CHOTOJHIIIHIA JIeHb NMOBHICTIO HE BHpIillIEHE
MUTAHHS [[OJ0 BH3HAYCHHS ONTUMANbHOI dYactoth MmoAyssuii 1M, mio
3a0e3MeuyroTh 3HWKEHHS He TUIbKU eJNEeKTPUYHKUX M KOMyTaliiHux BrpaTt B A/Jl, a
TaKoX 1 MarHiTHUX. ToMmy MeTol0 poboTH € po3pobka MaTeMaTUYHOI
eJIEKTPOMArHiTHOI Ta TOJILOBOT MoOJeNeil Juisi JOCHIKeHHsT pO3MOoJily Ta
XapaKTepPUCTUK E€JIEKTPOMArHiTHOTO TOJII B AaCHHXPOHHOMY JIBUTYHI IIpH
YaCTOTHOMY KepyBaHHI B HOMiHAJIbHOMY PEXUMi POOOTH.

B pesymerari mocmimkeHHs Oynma po3poOiieHa KOMIDIEKCHA iMiTalliifHa
mozeni A/l 3 mepeTBoproBaueM YacTOTH, SIKa MOEAHYIO EIEKTPOMAarHiTHYy MOJIENb
ACHMHXPOHHOTO EJIEKTPONpPHUBOYy Ha 0a3l IepeTBOproBaya YacTOTH Ta IIOJIBOBY
MaTeMaTUYHy MOJEJb, SKa JIO3BOJIIE CTPOTO BPAaxOBYBaTH BIUIMB peasbHOT
KoH(]iryparii akTHBHO{ 30HH 1 HENiHIHHI BIACTHBOCTI (hepOMarHiTHUX MaTepiaiB
craropa Ta poropa AJl, 3MiHH MUTT€BI 3Ha4CHHS CTPYyMiB (ha3 0OMOTKH cTaTopa
AJl py 4acTOTHOMY KepyBaHHi.

Takox Oyno TPOBEACHO aHali3 PO3MOAUTY €JIEKTPOMArHiTHOTO MOl B
BUIAJKax HekepoBaHOTO AJl 1 KepoBaHOrO 3a JOTIOMOTOIO IIepPeTBOpIOBava
YaCTOTH HPH PI3HUX 3HAYSHHSX YaCTOTH MOIYJsiiii. BUKOHaHO aHali3 po3momainy
MarHiTHOro mois B aKTUBHIA wactuHi AJl, skmii BkiounB B cebe OynoBy
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3aNIeKHOCTI 1HAYKMii BiJ 9acy, a TakoX BiJ] TEOMETPHYHUX PO3MIpiB aKTHBHOI
YacTHHHU B PI3HUX eJeMEHTaX KOHCTPyKmii cratopa i poropa AJl. Bukonano
TapMOHIHHOTO aHaNi3 iHAYKOBaHOTO CTPYMY pOTOopa B pasi HekepoBaHoro AJl, a
Takok mpu perymoBanHi AJ] 3 T4 mpm pisamx uacrotax LIIM. Bcranosneni
0COOIMBOCTI €eKTy BUTICHEHHS CTPyMY B CTEpXHSX poTopa. BcTaHOBIEHO, IO
ONTHUMAaNbHE 3HAUEHHS YacTOTH Moxymsnii jexuts 0,6...2 xk[m, mpu sxomy
BUKOHYETHCSI 30€peKEHHs PIBHS NPUPOCTY MArHiTHUX BTPaT B aKTHBHI YacTHHI
A]l, mwo He nepeBuinye 2,5%.

YAK 621.316.71
Denan A.C.
cryn. rp. E3-814 3HTY

JOCJIJKEHHA TEPMOMEXAHIYHUX BJIACTUBOCTEN
ACHHXPOHHOT O IBUT'YHA

3BUUaifHO TpH TMPOEKTYBaHHI HOBHX Cepili Ta IHAWBIAyaldbHUX [IBUTYHIB
BUKOPUCTOBYIOTBCS JIaHI eKCIDTyaTamii MamiuH, IM0 ONHM3bKi 3a MUTOMEM
HaBaHTAXXCHHSAM 1 ymMoBaM poOotu. SKmo B mporeci eKciuTyaTamii B JEsSKHX
pPEeXHUMAaxX MajH Miclie TTOIIKOIKEHHSI 0OMOTOK, TO HE00XiTHO abo OOMEKUTH TaKi
pexxuMu, abo MiIBUIIUTH iX TepMiuHYy CTifKicTb. TomMy po3poOka METOIUKHU
BU3HAYCHHS TEPMOMEXAHIYHUX HANPYT B CTPHIKHAX KOPOTKO3aMKHEHOiI OOMOTKH
pOTOpa aCHMHXPOHHOI'O JABHI'YHAa € aKTyaJbHUM 3aBIaHHSAM. TakuM YHHOM B
pe3ynbTaTi JOCHI/PKEHHS PO3pPOOJICHO METOJ| PO3PaxyHKYy TEepMOMEXaHIYHUX
HAaBaHTAXXEHb KOPOTKO3aMKHEHOI OOMOTKM pPOTOpa aCHHXPOHHOI'O JBHIYHa B
JUHAMIYHHX pexXuMax poOoTu. BukoHaHO aHami3 JMHAMIKM TEPMOMEXaHIYHHX
HAaBaHTAXXEHb KOPOTKO3aMKHEHIi OOMOTKM POTOpa aCHMHXPOHHOTO JBUTYHa JUIs
MaTepialliB JaTyHi, Milli Ta CTaji U1 Pi3HUX CIIBBITHOIICHH PO3MIPIB CTPUIKHIB
KOPOTKO3aMKHEHOTO poTopa. bynn oTpumaHi 3aeXHOCTI 3MIHH TEPMOIPY>KHUX
HaIpy>XeHb IIPU IYCKY, 3aJIS)KHOCTI 3MiHM MaKCHMAJIbHOI TEMIEpaTypH CTPHIKHS
pOTOpa Ta MAKCUMAJIBHOTO HAIIPY)KEHHS IIPH PI3HOMY Xapakrtepy mycky. Otpumani
3aJIE)KHOCTI TO3BOJIAIOTH OIL[IHWTH TPAaHWYHI PO3MIPH CTPHIKHS POTOpa Ta BHCOTH
nasa IpU 3aJaHuX PEXUMax IyCKy Ta BH3HAYUTH MaKCHUMAaIbHO JOIyCTUMY
TEMIIepaTypy 3a YMOBOIO TEPMidHOI CTIHKOCTI 0OMOTKH pOTOpA.

Hnsa neuryna HBA-55 oTpumano onmTMManbHI po3Mipu CTPIDKHIB poTopa
h=25.6mMm, b=20mMM 1mpm sxux 3abe3medyeTbcs  HOPMANbHUI  PIBEHb
TEPMOMEXaHIYHUX HAIPYT B CTPIKHAX POTOpA HE3AJIEKHO BiJ| XapakTepy MyCKy
ACHHXPOHHOTO JBHI'YHa. BHKOpHCTOBYBAaHHS JAaTyHI 3aMIiCTh MiAi Ta cTayi Ui
CTPWKHIB OOMOTKH pOTOpa JBUTYHA JO3BOJSE 3HU3UTH EJIEKTPOMEXaHIdYHY
HaIpy>XeHICTh 1 301IBIIUTH JIOMyCTUMY KiJIBKICTh ITyCKIB 1 peBEPCiB MalllMHU.
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YK 621.314.222.6

Yenyproit B.1.', CoGonescskmii B.O.%, Kpyroms O.M.?
"eryn. rp. E-414m 3HTY

ety p. E-514m 3HTY

3 ety p. E-214m 3HTY

PO3POBKA MATEMATHUYHOI MOJIEJII CUJIOBOI'O
TPAHC®OPMATOPA 3 YPAXYBAHHSAM HACUYEHHSA MATHITHOI
CUCTEMUA

CuoBuii TpancgopMaTop € OJHUM 3 HAMBXKIMBININX €JIEMEHTIB KOXKHOI
enekTpuuHOi Mepexi. Ilepemaya eHeprii Ha BemWKI BiACTaHI Big wmicus il
BUPOOHHUIITBA 10 Miclis ii CIIOKMBaHHS BUMarae 5-6 kpatHoi Tpancopmailii, Tomy
BiZl IOTO Ha NPSMY 3JISKUTh SIKICTh CIOXXKMBAHOI €Heprii i KUIbKICTh BTpaT B
eJIEMEHTaxX eHeprocucreMu. ToMy, OCHOBHI €JI€MEHTH €HEPrOCUCTEMH, OJHHMHU 3
SKAX € CHIIOBI TpaHC(opMaTopH, MOBHHHI MaTH BHCOKY E€HEProe(eKTHUBHICTH 1
HaJiiHicTh B Horo poGori. [Toctilini komyTanii B npuctposix PITH (perynroBanHs
M HABaHTAXXCHHSIM), BHUKIMKAIOTH JWHAMIYHI €IIEKTPOMArHiTHI MpPOIECH B
TpaHc(hopMaTopi, AKi MOXYTh HETaTHBHO BIUIMBATH Ha HOTO HamiifHicTh. J{ms
aHali3y  TIpoleciB, IO TPOTIKAIOTE B  CHJIOBOMY  TpaHchopmaTopi,
BUKOPHCTOBYIOTBCS METOAM IIOJILOBOTO 1 CXEMHOTO MOJICNMIOBaHHA. Meronu
CXEMHOT'0 MOJICITIOBAHHS HE JI03BOJIIIOTH B ITOBHIH Mipi OLIHUTH BILTHB MarHiTHHX
BJIACTMBOCTEH aKTMBHOI 4acTMHHM TpaHchopmaropa. Y 3B'I3Ky 3 UM BUHHKAE
HEOOXIHICT, B pO3pPOOIIl MaTeMaTHYHHX MOJAECH TpaHCPOPMATOpPIB, IO
JIO3BOJISIIOTh 3 BHMCOKOIO TOYHICTIO BPaxoOBYBaTH BIUIMB HACHUYEHHS MarHiTHUX
CHCTEMH TIPH JOCIIPKEHHI PEXUMIB KOPOTKOTO 3aMHKaHHS, XOJIOCTOTO XOAay, a
TAKOX HOro poOOTH il 3MIHHIM HABAHTAKCHHSIM.

Hdnst nocnimpkenHss Oyno obpaHo cuioBuid Tpanchopmarop tumy TPIH
63MBA, 110xB. [Ins meoro TpaHcopmaropa Oyma po3poOieHa MareMaTHIHA
MOJIENIb  €NIEKTPOMATHITHUX TPOIIECiB, IO BPAaXOBYE HENIHIHHICTh MAarHITHUX
BJIACTHBOCTEH TpaHCc(OpPMaTOpa B PEXKHUMAX KOPOTKOTO 3aMHKAHHS, XOJIOCTOTO
X071y, @ TAaKOX HOro poOoTy IiJ 3SMiHHMM HaBaHTA)XEHHSM 3 BUKopuctaHHsM PITH.
B pesysbrari TOCHIIPKEHHS 1 MOPIBHAHHS 3 EKCIIEPUMEHTAIBHUME AaHuMu [TAT
«3amnopixrpanchopmarop» Tpanchopmartop TPIH 63MBA, 110xB mae ctpymoBy
MOXMOKY MaTeMaTHYHO{ MOJIeJi B AOCIiAI KOPOTKOTO 3aMHUKaHHS 0e3 HaCHYCHHS -
9,5%, a MaTemaTHYHa MOJETh 3 HacHIeHHsIM — 7,0%. A B JOCTiai XOJIOCTOTO X011y
CTPYMOBHI MOXNOKa MaTeMaTUYHOI Mo/eNi 0e3 HacCHueHHs cTaHOBUTH — 11,82%, a
MaTEMAaTUYHOI MOJENI 3 HACHUEHHIM cTaHOBUTE — 10,6%.

TakuM 4MHOM po3poOJieHa MaTreMaTHYHa MOJEJb J03BOJISIE 3 JIOCTATHHOIO
TOYHICTIO IPOBOANTH JOCIIIKEHHS €IEKTPOMArHITHAX, €HEPTETUIHHX 1 TETTIOBUX
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MpoOIIeCciB B CHJIOBOMY TpaHcopMaTopi sSK B CTaliOHAPDHUX Tak i HE B
CTaliOHAPHHUX PEKUMaX POOOTH.

YK 621.797: 621.664

Kopusix H.B.I,OCI/IHCKa}I B.I/I.z, Yepnakiues I/I.I/I.3, Kucnaus A.B.*
" kanz. Texm. Hayk, gou. SHTY

e npenogasatens 3HTY

cryn. rp. E-414m 3HTY

cryn. rp. E-815 3HTY

w

4

UCCJIEJOBAHUE TEXHUYECKHUX PEINEHUMA NOBBIIIEHUS
IOPEKTUBHOCTHU PABOTHI HIYHTUPYIOIINX PEAKTOPOB
110 KB

B cersax 110 kB B memsx mpeaynpexIeHUs yBETHUYEHHS TOKOB KOPOTKOTO
3ambikanusg (K3) no BennmuuH, onmacHbIX Ui 0OOpYZOBaHHUS, albTEPHATHBHOW
NPUMEHEHUIO CHEIUaIM3UPOBAaHHBIX  BBIKIIOYATENCH, Kabened W Apyroro
JOPOTOCTOSAIIEr0 000pyOBaHMS, PACCUNTAHHBIX Ha BBICOKHE TOkHM K3, sBisercs
yCTaHOBKa IIYHTHUPYIOIIMX PEaKTOpOB M  OOBIYHBIX  BBIKIIOUYaTened. B
OOJIBIIMHCTBE CITydaeB 3TO Ooee Hale)kKHO 1 SKOHOMHUUYECKH ONPABIAHO.

[IpuHuunuanbHas KOHCTPYKUMS IIYHTHpYHOIIMX peakTopoB Ha 110 kB
COJICPXKHUT CIIEAYIOIINE OCHOBHBIE DSJIEMEHTBHI: OOMOTKY, BBIIIOJHEHHYIO W3
MHOTOXWJIBHOTO QJIOMHUHHEBOTO TIPOBOJA C H3OJIALMEH M3 COBPEMEHHBIX
MaTepHaJIOB, TPECCYIOIIYI0 CHCTEMY, H30JSTOPhI, BBOJHBIE U BBHIBOJHBIC IIWHBI U
KOMIUIEKT KpemjeHus peakropa K (ysmamenty. KoHcTpykmus oOMOTOK
MHOTOCNOMHasA IuImHApHdeckas. CxemMa HaMOTKH 00€CHeuHnBaeT pPaBHOMEPHOE
TOKOpacIpe/esieH)e 0 NapajuleNbHBIM MPOBOAaM (KOHCTPYKLIUS 3allaTeHTOBAHA).
KavecTBeHnHast 3ampeccoBka OOMOTKH 00OECTIEUHBAETCSl CUCTEMOM H30JISIIMOHHBIX
INIAHOK ¥ U30JSLHOHHBIX  3al€KaeMBbIX JIEHT, YTO HPUAAET BBICOKYIO
MEXaHUYECKYIO IPOYHOCTh BCEH KOHCTPYKLIUU PEAKTOPA.

Lenpto naHHOM paboOTHl sBISETCS 3HAYMTENBHO CHH3MTh Maccy U
rabapUTHBIE Pa3Mephl PEaKTOPOB 110 CPABHEHHIO C OETOHHBIMH, & TAKXKE JPYTUMHU
TUIIAMHU IIYHTUPYIOIIHUX PEAKTOPOB B CyXOM UCIIOJIHEHHUH.

Komnanns CBOJI mMoXxeT mpon3BOAWNTH PEaKkTOpPHl MO CBOMM IATEHTaM M3
pa3sHOTO THIIA TIPOBOJOB: KPYIJIOE CEYEHHE C MOIMHMHIHO-(PTOPOIIIacTOBON
TUIEHKOM, MPSIMOYTONbHOE CEYCHHE C CHIMKOHOBOW HW30JISIIMEH, OOMOTOUYHBIM
IIPOBOJ, C MPONMUTKONW KPEMHMMOPraHMYECKUM JIAKOM. THI U cedeHHe IPOBOAA
BBIOMpaeTcst ¢ y4€TOM KOHCTPYKTHUBHBIX OCOOCHHOCTEH peakTopa, PEeKHMOB
paboTHI B IIPOLIECCE IKCILTyaTalHH.
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Pucynok 1 — lllyntupyromuii peakrop. Knace nanpsixenus 110xB.

OOMOTKH (ha3 BBIMOJHCHBI B BU/IC KOHIICHTPHYCCKH PACIIONIOKECHHBIX BUTKOB
1 BBIMOJIHSIOTCS M3 MHOTOIIPOBOJIOYHOTO aTFOMHHUEBOTO (MIJIM MEIHOTO) MPOBO/IA.
OOMOTKM pPEakTOpOoB Ha OONbIIME TOKH BBITIOJHSIOTCA W3 HECKOIBKUX
Mapajie/IbHBIX MPOBOJIOB U SIBJISFOTCS MHOTOCIOWHBIMH. MEXy CIOSIMH TPOBOA
YCTaHaBJIMBAIOTCS  CTEKJIOIUIACTUKOBbIE — peiiku, 00ecneyuBaloliue OCEBbIe
BEHTWSIMOHHBIE KaHATEI B 0OMOTKe. OOMOTKH MOTAIOTCS Ha HAMOTOYHBIX
CTaHKaX, OOECIeYMBAIOMIMX HEOOXOIMMYI0 HATSDKKYy IpoBoaa. B mpomecce
HAMOTKH CJIOM TPOBOJA U CJIOM PeeK HAMATHIBAIOTCSA HA CTEKIOTEKCTOIHTOBBII
KapKac, MHOTOKPAaTHO OaHTAXHUPYIOTCS CTCKIOJCHTAMH, IPEIOTBPAIIAIONIIMU
CIOJ3aHHE W BHINMAJCHUE PEEK W MPHUIAOIUMH OOMOTKE TPEOYEeMYI0 IMPOYHOCTb.
KoHcTpykums 3amaTeHTOBaHa, 00ECHEYMBACT MPEBOCXOMHYIO PAaBHOMEPHOCTH
TOKOpACNPEJCICHUSI U TPU O3TOM HE TpeOyeT BBIMOIHEHUS TPAHCIO3UIHH.
Boicokasi MexaHM4ecKass MPOYHOCTh PEaKTOPOB O0ECHEeYMBACTCS 3alPEeCCOBKON
OOMOTKH W30JISILIMOHHBIMH TUIAHKAMHU C ITOMOIIBI0 METAJUTMYECKUX HEMAarHUTHBIX
mnuiek. B pesynbrare, IKECTKOCTh OIPECCOBKHM CYIIECTBEHHO IPEBBILIAET
MEXaHHYeCKHe yCWiHs B OOMOTKE peakTopa B MOMEHT yjAapa HpU KOPOTKOM
3aMmbIkaHud. [lpm 3TOM nedopmamms TpoOBoJa B OOMOTKE B paHalbHOM
HATIPaBJICHUU OTPAHUYMBACTCS PEHKAMH, YCTAHABIMBAEMBIMH MEXAY CIOSMHU
mpoBona. KommeHcamuro Bpaliaroomero MOMEHTa, KOTOPBIA CO3Mal0T CHIIHI,
MPUJIOKCHHBIE K TOKONPOBOJAIICH INMHHE W BHUTKAM OOMOTKH, OOECIIEYMBAIOT
HM30JIAIUOHHBIC TUIAHKW, (DPUKCHUPYIOIIUE ITOJI0KEHHE CTATMBAIOIIUX IIIMHJICK IO
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OKpY)XHOCTH. Ha CTSDKHBIE IIMIBKH HaJAeBaeTCs H30JIHpYIOMmas TpyOKa Uit
UCKIfOYeHus Tpobost Ha 0OMOTKy. M3ommpyromue IDIaHKH BBIIIOMHEHBI U3
CTEKJIOTEKCTOJINTA WM CTEKJIOIUIACTUKA Kiacca HarpeBocTtoiikoctd F mmum H u
BBIKpAIIeHBI KPacKoi, CTOWKOI K BO3ACHCTBHUIO BIIATH M YIbTpaduoeTa.

CIIMCOK MCIOJb30BAHHOM JIUTEPATYPHI

1.Kopusx, JI.b. IlpoOimeMbl HaAEeKHOCTH U CIOCOOBI  ITOBBIMICHUS
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YK 621.316.71
UYekyHnoa M.€.
cryn. rp. E-814m 3HTY

JTOCJIKEHHSI AEPOJUHAMIYHUX BJACTUBOCTEM
EJIEKTPOIIPUBOAY BEHTHJIATOPA I'OJIOBHOI'O
IMPOBITPIOBAHHSA HIAXT

B ocTanHi pokH 3HM3HMJIACS NMPOAYKTUBHICTH OUIBIIOCTI MIAXT i CKOPOTHIIACS
KIJIBKICTh  JIFOYMX OYMCHUX BHOOIB Ha BIJHOCHO YCHIIIHO IPAIfOIOUUX
mianpueMcTBax. B pesynbrati morpeda maxT y MoBITPI 3MEHIIMIACS HACTLIBKH,
mo KK/l 6aratb0x yCTaHOBOK pi3KO 3HH3UBCS 1 HEBHIIPABIAaHO BHUCOKOIO CTajia
BHUTpATa €IeKTPOeHEPrii. 3 METOIO MiABHUIIEHHS €KOHOMIYHOCTI 3HAYHOT KiJIHbKOCTI
BI'TI MoxxmuBHiA Iepexif y HaO1IbII HU3bKY 4acTOTY 00epTaHHSI pOTOpa ABUTYHA,
10 MOXXe OyTH 3MIHCHEHO 3a PaxyHOK 3aCTOCYBAaHHSI €HEproe(eKTUBHHUX CHUCTEM
PETYIIOBaHHS €JIEKTPOIIPUBO/LY.

Tomy wmeroro JnocmipkeHHs Oyino po3poOka MaTeMaTW4HOi MoJeni
CJICKTPOMArHiTHUX Ta AacepoAMHAMIYHMX TIIPOIECiB Ta iX JIOCHIDKEHHA Yy
€JICKTPOIIPUBO/II BEHTWIIATOPA TOJIOBHOTO MPOBITPIOBAHHS LIAXT.

B pesymbrari pocnmimkeHHst Oylio  po3poOJIeHO  IMiTaliiiHy MOJelb
ACHHXPOHHOTO TPHBOAY ISl KOMILUIEKCHOTO JIOCHI/PKEHHSI eEeKTPOMArHiTHUX Ta
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ACpPOMHAMIYHUX MPOLECIB ACHHXPOHHOTO EJEKTPONPUBOAY 3 BEHTUWJIATOPHUM
HaBaHTAXXCHHSAM, fKa BiOPI3HAETHCS BiI ICHYIOUHX THM, IO BPaxOBYE 3MiHY
aepoIMHAMIYHIX ITapaMeTpiB B MaricTpaji roJOBHOTO MPOBITPIOBAHHS MIAXT.
[IpoBeneHO MOCHIMKEHHS ENEKTPOMEXaHIYHHX Ta  EJIEKTPOMAarHiTHHX
MPOIIECiB B TMHAMIYHOMY PEKHUMi aCHHXPOHHOTO €JIeKTpOoTpuBoAay. JJoBeneHo, mo
3aIPONIOHOBAaHA CHCTEMa € CaMOpEryJbOBaHOK, TOOTO 3[aTHa pearyBaTH 3
BUCOKOIO TOYHICTIO 1 HaIifHICTIO HAaBiTh NIPH HHM3BKHX YacTOTaX KOMYTalil

CHIIOBOTO KII0Ya f, Ha Oyab-fKi 3MiHH aepoIMHAMIYHHX IIApaMETPiB MEPEKi

T'OJIOBHOT'O HpOBiTpIOBaHHH mIaxT.

YIAK 621.316.71
Cunbko M.O.
cryn. rp. E-414m 3HTY

JOCJIKEHHSA BJACTUBOCTEM PO3IOJLITY MAPAMETPIB IOJISA
KEPOBAHOT'O ACUHXPOHHOI'O IBUI'YHA 3 ®AZHUM POTOPOM

B naHmii 4ac 3aBASKM PO3BUTKY CHJIOBOI MEPETBOPIOBAIBHOI TEXHIKH
CTBOpPEHI 1 CepiHHO BHITyCKAIOTBCA Pi3HI BHOM  HAIIBIPOBITHUKOBUX
MEepeTBOPIOBAaYiB, IO BH3HAYWJIO BHIEpEUKAIbHUA PO3BHTOK 1 IIMPOKE
3aCTOCYBaHHS ~ aCHHXPOHHOTO  EJICKTPONPUBOAY 3  IMIIYJIbCHO-CTPYMOBHM
perymoBaHHAM. BWKOpHCTaHHS II€PETBOPIOBAYiB 3  IMITYJIbCHO-CTPYMOBHM
pEryJIOBaHHSM JO3BOJIMJIO 3HM3MTH BTpPATH IIPU PETYJIIOBaHHI aCHHXPOHHHUX
nBuryHiB (AJl) y migcMHXpoHHOMY niamna3zoHi mBuakocTi poropa AJ/l. OxHak Ha
CHOTOJIHIIIHIM MOBHICTIO HE BHpILICHE MUTAHHS LI0J0 BU3HAYECHHS ONTHMAJIbHOT
YaCTOTH KOMYTallii CHJIOBOTO KJII0Ya iMITyJIb,CHO-CTPYMOBOTO IEPETBOPIOBAYa, 110
3a0e3MeuyroTh 3HWKEHHsI HE TUIBKU eJEKTPUYHUX W KoMyTauidHux BTpar B AJl a
TaKkoX 1 MarHiTHUX. ToMmy Mero poOoTH € po3pobka MareMaTHYHOI
CJICKTPOMArHiTHOI Ta TOJNLOBOI MOJENEH JUId JOCH/DKEHHS pO3MOJiTy Ta
XapaKTePUCTUK €JEKTPOMArHiTHOrO TOJII B AaCHHXPOHHOMY JIBUTYHI IIpH
IMITYJILCHO-CTPYMOBOMY PETYJIIOBaHHI B KBa3iCTAIOMY PEXHMi pOOOTH.

B pesynpraTi mochi/UKeHHS PO3IISIHYTO Ta BUKOHAHO aHANI3 PO3IOALTY
€JICKTPOMArHiTHOTO TOJISl B aKTUBHHX €JIEMEHTaX KOHCTPYKILII ocepis craropa i
poropa A/l mpu iMIyJIbCHO-CTPYMOBOMY PETYJIIOBAaHHI JUIS PI3HUX 3HAYEHHIX
YacTOTH KOMYTallii CHJIOBOTO KJIfo4a y KBazicTajmoMy ctadi nmpu n = 100 06 / xB.

HaiiMentiie 3HaueHHsI €Heprii MarHiTHOTO TOJIS B OCEPJi cTaTopa Ta poTopa
IpY IMIYJIBCHOMY DETYIIOBaHHI BUKOHYETBCS IMPHU YacTOTI KOMYTAIii CHIIOBOTO
kmoda 4 k', 3HaueHHs1 eHeprii MarHiTHOTO MOJIsI IPX 4acToTi komyTaiii 4kl 11 o
BITHOIIIEHHIO JKUBJICHHS OOMOTKM CTaTOpa CHHYCOIaJbHHM CTpyMOM ( TIpH
PE3UCTOPHO-KOHTAKTOPHOMY peryiioBaHHi mBuakocti AJl) 30impmyerbes 10
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5,25%. Ilpu 3MeHIIEHHI YacTOTH KOMYTAIil CHJIOBOTO KJIOYa, 3HAYCHHS CHEpril
MAarHiTHOrO monsg Moke 30umpmuTHCh 10 30%. Bmcoka gactota KomyTamii
CHJIOBOTO KITIOYa X0d4a i MiHIMi3ye MarHiTHI BTpaTH B OCEpJi CTaTopa Ta poTopa
AJl, ogHak 3abe3redye 301MBIIEHHS KOMYTAIIMHAX BTPAaTH CaMOTO TPaH3UCTOpA.
ToMy, mHWTaHHS MOJ0 BHU3HAYEHHS ONTHMAaJbHOI YaCTOTH KOMYTAIlli CHIIOBOTO
KJII0Ya MOBHHHO BHPINIYBAaTHCh NPH IIPOCKTYBAaHHI CHCTEM EJIEKTPONPHBOLY 3
IMITYJILCHO-CTPYMOBUM peryiroBaHHsM A/l 3 hazHuM poTopom.

VK 621.316.71
ITonomapros K.E.
ctya. rp. E-814m 3HTY

JOCKEHHA PO3IIOALTY TEIIJIOBOI'O ITOJA ACHHXPOHHOI'O
JBUI'YHA

B remepimmHiii wac BHacHiIOK IMIMPOKOro po3noBciomkenHs [IEOM,
3aCTOCYBaHHS TEMIIEPATYPHOTO HOJILOBOTO METOLY OLIIHKH TETUIOBOTO CTaHy CTAJIO
MOXIIBHM SIK Ha €Tall JOCII/UKEHHsI, TaK i Ha eTall IPOeKTyBaHHsA aCHHXPOHHHX
nmBuryHiB (AJl), Ta M03BOJsE OOIMTHCH O€3 TPamUIIfHAX METOIIB PO3PaxXyHKY Ta
METOJly TEIUIOBOI CXEMHM 3aMillIeHHs TETUIOBOTO cTaHy AJl, 110 103BOJISE MEpeHTH
BiJl TeMIlepaTypHHX OIOpiB, SK IapaMeTpiB TEIUIOBOI CXEMH 3aMilIeHHs, M0
TEOMETPHYHKX MPOBITHOCTEH JAHOT CXEMH.

TakuM  4YWHOM, pO3pOOKAa  aJCKBATHOI  EJICKTPOTEIUIOBOI  IMOJHOBOT
MaTeMaTUYHOT MOJIENi JIJIsi OTPUMAaHHS OLIBII TOYHIIIUX PEe3yJIbTaTiB PO3PaXyHKY
TEeryIoBoro crany A/l € akTyalbHUM HayKOBO-TEXHIYHHUX 3aBIaHHSM.

Y pesynbTaTi IOCTIMKCHHS PO3MJISHYTO OCOOJMBOCTI  MOJCITIOBAHHS
TEIJIOBUX TPOLECIB Y NOIIEPEYHOMY Iepepizi aCHHXPOHHOTO ABUTYHA. Po3pobieHo
MaTeMaTUYHy eJIEKTPOTEIIOBY IIOJbOBY MOJIENb, SIKa JIO3BOJISIE BPaxXOBYBATH
0CcOOJIMBOCTI TPOTIKAHHA B3A€EMOIIOB’S3aHUX EJIEKTPOMATHITHUX Ta TEIJIOBHX
MPOLIECIB B eJIEMEHTAaX KOHCTPYKI[il aCHHXPOHHOTO JIBUT'YHA 3 KOPOTKO3aMKHEHUM
pOTOpOM, HEINiHiMHI BJAaCTMBOCTI MarepianiB, 3MiHy CTaHiB Koe]ilieHTiB
TEIIONPOBITHOCTI KOXHOTO Marepially 3 SKOrO BHIOTOBJIEHO TOW 4YM iHIIMH
€JIEMEHT aCHHXPOHHOTO JBUT'YHA B 3aJIEKHOCTI B/l 3MiHM HOTO TeMIlepaTypH.

Pe3ynbTaTH TONBOBOTO €JIEKTPOTEIIIOBOTO PO3PaxyHKy OyiM IMOpiBHSHI ¢
EeMIIIPUYHUMH PO3PaXyHKaMHU OL[IHKKA TeMIIEpaTyp rOJIOBHHX Ta OCHOBHHX BY3JIiB
KOHCTPYKIIi acHHXpOHHOTo aBuryHa 3a meroxukamu O.Jl. Tomxpnbepr ta LII
Komunosa. BimHocHa moxuOka MO BigHOMIEHHIO 10 pPE3yJbTaTiB MOJLOBOTO
po3paxyHky, 3a Mmeronukoto O.J1. I'ompabepr cknamae 20,2%, 3a meroaukoro LIT.
Kommmosa — 15,6%.
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TakuM YHUHOM, BHKOPUCTAHHS KJIACHYHAX METOJMK 33 aHATITHYHHUMHU
PIBHSHHSIMH PO3PaXyHKY MOXYTh BHKOPHUCTOBYBATHCh TUIBKH Ul MOMEPEIHBOT
OIIiHKH TeTIOBOTO cTany A/l

VK 621.65.03

Kabuubkuit P.C.,l Hosiukos ﬂ.A.,l Awnronosa M.B.?
"crya. rp. E-816 3HTY

* crapm. Buk. 3HTY

CUCTEMA KEPYBAHHS HACOCIB LIHEXY BOJOIIOCTAYAHHA 3
HEYYTJIUBICTIO 10 3MIH I'TIPABJITYHOTI'O OITIOPY MEPEXI
BOJOCIIOKUBAHHA

VYkpaiHa BIZHOCHUTBCS JIO €HEpProJediUTHUX KpaiH, TOMY EKOHOMis
eJIEKTpOeHeprii BU3HAHA HANBAXIIMBIIIMM HaNpPSIMKOM E€HEPreTHYHOI TOJIITHKH B
Vkpaini. Cuctema BOAOIOCTaYaHHS — II€ KOMIUICKC 1HXKCHEPHHX CIIOPYI,
MpU3HAYCHUX I 3200py BOAM 3 BOIHOTO JDKEpena, ii MiAHATTS Ha IIEBHY BHCOTY,
TPaHCHOPTYBaHHS, TMOKPALICHHS 11 AKOCTIi, 30epiraHHs 3amaciB i pO3MOIUTYy BOIU
MiXK OKPEMHUMH ii CIIO)KHBaYaMH.

Ha nannii yac cucrema BomornoctadyaHHs OiIbIIOCTI MIAPUEMCTBAX Y KpaiHU
3aJIMIIAETHCS. €HEPIrOEMHOIO, 10 00YMOBJIEHO 3HAYHUMH BTPATH EJIEKTPOEHEPTIii.
BupoOHu4i mporiecd Ha NIANPUEMCTBAX OUIBIIOCTI Tany3ed HPOMHUCIOBOCTI
CYNPOBOJIKYIOTBCSI BUTPATOIO BOJYM Ha TEXHOJIOTYHI Ta moOyToBi morpedu. Taka
cucTeMa IIOBMHHA 3abe3rneuyBard e(EeKTHBHI PEXHMMH eKCIUlyaralil HacOCHHX
CTaHII} HUITXOM BHOOpPY HE TUIbKM €(pEeKTUBHOrO aje i palioHaJbHOTO METOIY
pEryJIOBaHHS TEXHOJIOTIYHMX IapaMeTpiB B 3aJEXKHOCTI BiJl HEOOXIAHOTO
Jiarna3oHy peryJitoBaHHS MPOAYyKTHBHOCTI.

Poborta mpuBoxy B He3aBaHTAXKEHHX PEXHMMi BeJe A0 BEIMKUX BTpar. Y
TaKMX yMoBax onTuMizamis poootd HC sk 3a TEXHOIOTIYHMM BHMOTaM, TakK i 3a
yMoB 30epeskerHs1 Bucokoro KKJI MoxkimBa TiIbKM IPH PETYIIOBAHHI IIBUAKOCTI
obepTanHst pobOOYOro Kojeca Hacoca. 3acCTOCYBaHHS CHCTEM pETyJIbOBaHUM
CJICKTPOIIPUBOJY JO3BOJISIE IUIABHO 3MiHIOBaTH poOoui mapamerpu HC 6e3
HENPOAYKTUBHUX BUTPAT €JEKTPOCHEeprii Ta 3 MIMPOKUMU MOXKJIMBOCTSIMHU
MiBUIIEHHS TOYHOCTI Ta €()eKTUBHOCTI TEXHOJOTIYHOTO TIPOIIECY.

MeToio po0OTH € MiIBUIIEHHS €HeProe(peKTUBHOCTI HACOCHUX YCTaHOBOK 3a
pPaxyHOK BJIIOCKOHAJICHHS ICHYIOUHMX EJIEKTPOMEXaHIYHUX CHCTEM aBTOMATHYHOI'O
KEepyBaHHS  HACOCHHMH YCTAaHOBKAMHM HA  OCHOBI  4aCTOTHO-KEPOBaHHX
ACHHXPOHHHUX €JIEKTPONPUBO/IIB.
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JIO MUTAHHA PO MOJIMIIIEHHA AKOCTI BHYTPIIITHBOI
I30JIALIi BUCOKOBOJIbTHUX BUMIPIOBAJIbHUX
TPAHC®OPMATOPIB CTPYMY

Bucokuit po3BUTOK eNeKTPOSHEPreTUKY, MiABUIIECHHS HOMIHAIBHUX HANPYT 1
CTPYMIB €NEKTPOYCTaTKYBaHHS, CTBOPEHHS O0'€THAHWX EHEPrOCHCTEM BHMAarae
3aCTOCYBaHHS HOBHX, OIJIbII CyYacHHUX €JIEKTPUYHMX AapaTiB B CHCTEMax BUMIpY,
3axucty 1 KoHTpomo. Jlo TakuxX eNeKTPUYHHUX arapaTiB  BiIHOCSATHCS
BHCOKOBOJIBTHI ~ BHMIpIOBabHI  TpaHCOpPMATOpH  CTPyMy 1  Hampyru.
BucokoBONBTHI BUMipIOBaNBHI TpaHcHOpMaTOpH CTPyMy 1 HAmNpYyTH, SKi €
OCHOBHMMH TPHUCTPOSIMH 3aXHCTy 1 BHMIPIOBAaHHA B E€JIEKTPOCHEPTEeTHII,
BIJIPI3HAIOTECS Bix TpaHcoOpMaTopiB, MO 3aCTOCOBYIOTHCS Y HH3BKOBOJIBTHIH
cepi, piBHEM 130JIA11iT MK IEPBUHHOIO 1 BTOPUHHOI 00MOTKaMu. Bin HamiitHOCTI
[UX arapariB 3aJIeXKUTh Oe3lepepBHE IOCTAUYaHHS eJIEKTPOEHEPTil CIIoKHBavyaM.
TpuBana poboTa B HOMiHAILHOMY PEXHMI, @ TAKOK poOOTA B aBapiiiHOMY pEXHUMI,
MPHU3BOANTH JO TIOCTYIOBOTO TIOTIipIIEHHS BJIACTUBOCTEH TpaHC(hOpMaTOpiB,
0oco0mBO SKOCTI 130imsii. OTKe, Bif CTaHy SKOCTI TpaHC(HOPMATOPHOTO Maca,
IO 3aJIUTE€ B MAaCJIOCHCTEMH BHCOKOBOJIBTHOI'O O0JIagHAHHS, 3aJ€KUTh HATIMHICTh
pobotu nporo obnamHanus [1, 2].

B enexrpoenepreruni YkpaiHu, SK 1 B IHIIMX KpaiHax, Ha CHOTOJHI B
eKCIUTyaTanii 3HaXOAWuThCs OMu3bko 70% BUMIPIOBaIBHHUX TpaHCPOpPMATOPIB 3
TPUBAJIUM TEPMIHOM CIIy>KOH, SIKMH B CepeJHbOMY CTAaHOBHUTH 25 POKIB, 1 3Ha4HA
YacTHHA LHOTO OOJIaJHAHHS BXKE BiANpalfoBaja L€ HOPMAaTHBHUH TepMiH. Y
3B'AI3KY 3 UM JIesIka YacTHHA TpaHc(opMaTopiB HA eNEKTPOCTAHIIAX 1 MiACTAHIIISIX
BUMarae 3aMmMiHH a00 pPEMOHTy, a II€ TNPHU3BOIUTH A0 CYTTEBUX (DiHAHCOBUX
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BKJIQJICHb, IO HE 3aBXAU AOIIBHO 3 TOYKH 30pYy TEXHIYHHX i €KOHOMIUHUX
BUTpAT.

[MigBumeHAs eHeproeeKTHBHOCTI MPOMICIOBOTO BUPOOHHMIITBA B JAHUI Yac
MOJKJIMBO SIK 3 BIIPOBAPKEHHSIM IHHOBAIIITHMX TEXHOJOTiH, Tak i 3a JOIOMOTOIO
MoOJIepHi3alliil pyHKIIIOHYIOUNX CHCTEM.

JocmimkeHHs IIOAO WiABHINCHHSA HAMIHHOCTI 1 JOBTOBIYHOCTI Pi3HOTO
BHUCOKOBOJIbTHOTO ~ OOJIaJIHAHHS ~CHEPrOCHUCTEM IOKa3yITh, M0 HAWOLIBII
MEPCICKTHBHUM HAIMPSIMKOM BCE K € MiJBUIICHHS SKOCTI 130JIFOI0YMX MAaTepiaiB,
30KpeMa Maciia. 3aCTOCYBaHHS HOBHX TEXHOJIOTIHM J03BOJISE SKICHO 3MIiHIOBATH
BJIACTUBOCTI TpaHC(HOPMATOPHOTO Macjia, a TEMIIH PO3BHTKY IUX TEXHOJOTIH
JIO3BOJISIFOTH 3pOOUTH BHCHOBOK PO T€, IO BAPTIiCTh TAKHX yIOCKOHAJICHH 3T0JI0M
Oyne 3MeHNIyBaTUCs, a 3HayHEe B3HWKEHHS eKCIUTyaTalliiHUX BHUTpaT y
MOAJTBIIOMY 3MOJXKe 6araTopazoBO OKYIHTH BKIACHHS Y BUPOOHHIITBO.
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JOCJIIKEHHS BIUIUBY TEILIOBUX XAPAKTEPUCTHK
EJIEMEHTIB CTPYMOITIPOBIJTHOI'O KOHTYPY KOHTAKTHOI
CUCTEMMU HA IOKA3HUKMH iX HAAIMHOCTI

OpnHi€l0 3 aKTyaJbHUX TEHIEHIIH CY4acHOTO eJIeKTpoanaparoOyayBaHHS €
MiJBUIEHHS BHMOT /0 (QYHKIIOHAJbHUX XapaKTEPUCTHK 1 SKICHOTO piBHS
@JIEeKTPOTEXHIYHNX BUPOOiB. B yMOBax MOCTIHHOTO 3pOCTaHHS €HEPrOCIIOKUBAHHS
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1 eHeproo30poeHOCTI BHPOOHUIITBA, peanmizamis Ii€l TeHIeHIHii HeMoxmBa 0e3
Oe3mepepBHOrO MiABHINEHHS BHMOT JO SKOCTI EIIEKTPOCHEpTii Ta HamiifHOCTI
€JIEKTPOIIOCTAYAHHS MPU MOKJIMBO MEHIIUX BHUTpaTax. Y 3B'3Ky 3 IIUM MOCTIHHO
IiIBUIY€THCS MOTPeda B KOUITAX PETYIIOBAHHS HAMPYTH, 30KPEMa PEryJIbOBaHUX
i1 HaBaHTaXXCHHAM TpanchopmaTopax [1, 2].

BumMorn HOpMyBaHHS Ta NPOTHO3YBAHHS EKCIUTyaTaIliifHOI HamiifHOCTI mi€l
CHUCTEMHU CTBOPIOIOTH HEOOXIMHICTH PIMICHHS 3aJadi pO3paxyHKy Ta aHami3y
MOKa3HUKIB HaJIHHOCTI OKPEMHUX EJIEMEHTIB 3 ypaxyBaHHSAM IX CTPYKTYpH Ta
0CcOOMMBOCTEH (PI3UUHUX MPOIECIB, IO AiIFOTh HA OKPEMi CKIAIOBI eleMeHTH |3,
4]. Tak, TepMiH ekcruTyaramii OUIBIIOCTI ENEKTPUYHUX arapaTiB BU3HAYAETHCS
JIBOMa TOJIOBHMMH YHMHHHMKaMH, LIe YMOBH TEIUIOBOTO PEXHMY Ipalli Ta PEeXUMY
EJIEKTPUYHOI0 HAaBaHTA)KEHHS 130JIALIIHHOI KOHCTPYKLIi. SIKIIO mepmmnii YuHHUK
JOCTaTHHO CTaOIIBHUI y MpoIleci eKCIUTyaTallii, To APYTrHi — CYTTEBO 3aJICKUTh
BiZl yMOB €KCIUTyaTallil Ta KOHCTPYKTUBHHUX OCOOIMBOCTEH.

3Ha4HOI IIKOJAM BiA MOTaHOI SKOCTI HAalpyrHW Mae€ Micue B IPOMHCIOBHX
CIEKTPOTEPMIYHUX 1 eJEeKTPONI3HUX YyCTaHOBKaX. OCKUIBKM KOJHBaHHS i
BIIXWICHHS HANPYTH B EJIEKTPHYHUX MepekaXx HEMHUHYYi, NOTpiOHO fioro
perymoBaHHs T 3a0e3MeYeHHsT HeOOXITHUX PiBHIB HANPYTH Y CIIOKUBadiB. J[is
HaWOUIbIl €KOHOMIUHOI Ta Oe3aBapiiiHOI POOOTH CIOXUBaYiB HEOOXiAHO, 1100
BIAXHWJICHHS Halpyru He Oyyo Ounblie pomyctumoro. OJHMM 3 HaBaXITMBIIIMX
3ac00IB PEryiIOBaHHs HAIIPYTH € 3aCTOCYBaHHS TPaHC(POPMATOPIB, PETYIbOBAHUX
I/l HABAaHTAXXEHHSM, [IPU JTIOTPUMaHHI BCTAHOBJICHUX HOPM SIKOCT1 €JIeKTpOeHeprii

Sk mpaBuIto, BCi NEpeMUKaIovi IPUCTPOT € CKIIaJOBOIO YaCTHHOI CHIIOBOTO
TpaHchopmaropa, TOMYy BHMOTH J0 HEPEMHUKAIBLHHUX IPHCTPOIB BH3HAYAIOTHCS
HEOOXiIHICTIO  3a0e3meynTH  TpuBalxy  OesaBapiiiHy  po0OOTy  CHIIOBOTO
TpaHchopMaTropa Ticis HOro BKIIOYEHHS i HANpyry i HaBaHTAXCHHS.
Ilepemukatodi TpUCTPOi MiIPO3AULTIOTECS Ha aABI rpymu. Jo mepmoi rpymu
HajlekaTh TPHUCTPOi, B SKUX JUI1 TIEPEMHUKAaHHS HEOOXiIHO BiJKITIOYECHHS
TpaHcdopmaropa BiJl Mepexi, 10 Apyroi IpynH HaleXaTh IPUCTPOT, PEryIIOBaHHS
HAIpyTU SKUX 31HCHIOEThCA 1] HaBaHTaxXeHHsM. LI nmpucTpoi He po3puBaIOTh B
npoLeci MepeMHUKaHHs JIAHIIora CTPyMy, TOMY TOBHHHI 33I0BOJIGHSITH OCHOBHIM
YMOBi: BUTpUMYBaTH 0e3 OyIb-IKHX IOPYIIEHb EKCIUIyaTaliiHUN pexum
TpaHcdopmaTopa.

Y 1poMy 3B’S3Ky BHHHMKAE HEOOXIAHICTh OI[IHUTH BIUIUB TETUIOBUX
XapaKTEePUCTUK EJIEMEHTIB CTPYMOIIPOBIZIHOIO KOHTYPY KOHTaKTHOI CHCTEMH Ha
MOKa3HUKH iX HajiiHOCTi. B 0OMOTII BHCOKOI Hampyru cTpyMm B JIECATKH pasiB
MEHIIE 1 TOMY IEpPEeMHUKAaIOYMi HPHUCTPIH MOKe OyTH TOPIBHSHO HEBEIMKHM 1
JETKUM, Xo04a HOro 1 JOBENEeTHCS 130JII0BATH BiA 3a3€MJICHHX YaCTHH
tpaHcopmaropa. Ilpum 3MiHI Yucia BHTKIB TEPBMHHOI OOMOTKH 3MIiHIOETHCS
BEJINYMHA MArHiTHOTO TMOTOKY, BHACJIJIOK YOTO 301IBIIYETHCS a00 3MEHIIYETHCS
Harpyra y BTOpUHHIA oOMOTHI TpaHcopmaTopa. Tak, SKIIO NepBHHHA Harpyra
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JKUBHJIBHOI MEpEeXi MOCTiItHO, a BTOPHHHE BITAJIO, TO JJIs HOTO BiTHOBICHHS Tpeba
30UIBIIUTH MAarHITHUHA MOTiK. TOMy B IIbOMY BHIIQJAKy Ma€ Miclle HEOOXiTHICTh
NPOBENECHHS POy AOCHIIKEHb Ul BHOOPY ONTHMAJbHHX CHUCTEM KepyBaHHS,
PiBHS HAaOIMHOCTI Ta €KOHOMIYHI CKIIAJOBI.

Bymno po3pobieHo noriuHy poO3paxyHKOBY MOZIETh Ta HEOOXimHMHA s 1i
pearmizamii MaTeMaTHYHUNA amapaT, MPOBEACHO CTPYKTYpHHUH aHali3 KOHCTPYKIII
PITH, BM3Hau€HO OCHOBHI HaNpPsIMKH HOTO YJZOCKOHAJEHHS, 3allpONOHOBaHI HOBI
TEXHIYHI PIIICHHs, MOB'SI3aHi 3 MOJIMIICHHIM OCHOBHUX TEXHIKO-CKOHOMIYHHMX
MOKa3HUKIB MIPUCTPOI0. BUKOHAHO po3paxyHOK OCHOBHHX 130JIIIHUX IIPOMIKKIB.

[IpoBeneHo AOCTIKEHHS TEIUIOBOTO CTaHY EJIEMEHTIB CTPYMOIIPOBITHOTO
KOHTYPY C BHKOPHCTaHHSIM IPOTPaMHOr0 3a0e3leueHHs «TOYHUH Harpiby.
BukoHaHO OLIHKY BIUIMBY TEIUIOBOTO CTaHy €JIEMEHTIB JIAHIIOTa T'OJIOBHHX
KOHTAKTiB Ha TOKa3HMKH HAAIHOCTI TNPHUCTPOIO B YMOBAaX BBOIATHCS
KOHCTPYKTHUBHHUX 3MiH.
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[TigBuIeHHs BUMOT O HAJIMHOCTI Mpami SK MiJCTaHIIN, TaK 1 OKpEeMHUX ix
€JIEMEHTIB Y ITOBHOI Mipi TOpKa€eThes 11 eIeKTPUIHOT YaCTHHU. AHaJI3 00JaHaHHS
MiJICTaHIN [MOKa3aB, IO BarOMHM CIOCOOOM TiJIBUINECHHS EKCILTyaTalliiHuX
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XapaKTepUCTHK, HATIPUKIAM, i30JAIIHOT KOHCTPYKIIi, € yTOCKOHAJICHHS CHCTEMHU
3aXUCTy BiI TEpeHANpyr,a TaKOX palioHATBFHIM PO3IOAITIOM eINeKTPUIHOTO
HaBaHTAXCHHS Ta MOXJINBOCTEH pe3epByBaHHi [1, 2].

Bumorn HOpMyBaHHS Ta TPOTHO3YBAaHHA EKCIUTyaTalliifHOI HamiHHOCTI i€l
CHCTEeMH CTBOPIOIOTH HEOOXIOHICTH pIIIEHHS 3aJadi pO3paxyHKy Ta aHalizy
MOKA3HUKIB HAIIMHOCTI OKPEMHX EJIEMEHTIB 3 YypaxyBaHHAM IX CTPYKTYypH Ta
oco0nuBOCTEW (PI3MYHUX MPOIIECIB, IO JIFOTh HA OKPEMi CKIIAJIOBI eleMeHTH [3, 4].
Tak, TepMiH eKcrutyaTarii OLTBIIOCTI €JIEKTPHYHUX anapaTiB BH3HAYA€ThCS IBOMA
TOJIOBHUMHM YHMHHUKaMH{, L€ YMOBH TEIUIOBOIO pPEXHMY TMpali Ta pexuMy
CJIEKTPUYHOTO0 HABAHTAXKEHHS 130JIALIMHOT KOHCTPYKIIT. SIKIIO mepuivii YWHHUK
JIOCTaTHBbO CTAOLIBLHMI y MpoLeci eKCITyaTallil, TO IPYruid — CyTTEBO 3aJIeXKHUTh Bijl
YMOB eKcIuTyaTallii Ta KOHCTPYKTHBHHMX OCOOJMBOCTEH, HAIpHKIad CHCTEMH
eKpaHyBaHHI.

VY cyyacHHWX amapariB Ui BUTOTOBJICHHS 130JIAIIHOT KOHCTPYKIIi Bce
Ginble BUKOPUCTOBYIOTH TIONIMEpHi MaTepiamu. IX TpekiHroeposiiiHy Ta Iyroy
CTIMKICTB, a TaKOX BOJOTOPO3PSAHI XapPaKTCPUCTHKH 3a0e3rmedye CreliaabHe
peOpucTe  MOKPUTTS, IO BHKOHAHO HAa  OCHOBI  CHIJIKOHOBOI  a0o
STHJICHIPOIIICHOBOI €JICKTPOTEXHIYHOI TyMH. AHalli3 TOJIOBHUX XapaKTEPHCTHK
BUILE MO3HAYEHUX EJIEMEHTIB IOKa3aB, IO BaXKJIMBUM I[apaMeTpoM, IO OKa3ye
BIUIMB HAa TMOKA3HUKH CKCIUTyaTalllifHOI HAJIMHOCTI € HAmpyXXeHICTh mojs. B
130JSIIHHUX KOHCTPYKLISAX TaKUX arapariB, K BUMIpIOBaIbHI TpaHC(HOpPMATOpH,
oOMexyBaul NepeHanpyr MIMHHI ONOPU Ta iH. Mae Miclie CyTTEBO HEPIBHOMIpPHHUI
PO3MOLI HATIPY>KEHOCTI TIOJIS Y3I0BX BUCOTH, [0 CYTTEBO BIUIMBAE HA TPUBATICTh
eKCIUTyaTamii W, SK HacliOK, Ha TOKa3HWKA HANIHHOCTI. Y IbOMY 3B’ 3Ky
BUHUKAE€ HEOOXiTHICTb OIIHUTH BIUIMB HANPYXCHOCTI IONII HAa TEPMiH
eKCIUTyaTalii Ta BiAIIOBIAHO MMOKa3HUKHU HAIIHOCTI.

Kpim Toro, Ha eleMeHTH PO3MOALIFYOrO MPUCTPOIO IiJCTAHIII CYTTEBHUU
BIUIMB Ma€ CTPYKTypa CHUCTEMH pE3epBYBaHHA B YMOBax OOpaHMX CXEMHHX
pimens. Sk mpaBuio, MiABHIIEHHS TTMOMHN pe3epBYBaHHs BeA€ A0 IOKPAIICHHS
MOKa3HHUKIB HaIIHHOCTI, ajie IpH [bOMY IOTIPIIYIOTHCS €KOHOMIYHI ITOKa3HHKH,
HaNpUKJIa] Mae Miclle 3pOCTaHHs KalliTaJoBKIaJeHb y MiAcTaHlilo. B 1pomy
BUIAJKy Ma€ MicIle HEOOXiIHICTh MPOBENEHHS PAAY JOCHiIKEeHb ISl BUOOPY
ONTHMAJILHUX CITIBBIIHOIIEHh MK TAaKUMH CKJIAJIOBUMHU SIK TEXHIYHI pillleHHS,
piBEeHb TiABUINEHHS HAIIHHOCTI Ta JOJATKOBI €KOHOMIYHI BUTPATH, 110 HEOOXiHi
JUISL IHOTO.

Jnst peanizauii miel 3amadi po3poOieHi anroputM Ta HeoOXijHe IporpaMHe
3a0e3IeueH s Ul pO3paxyHKy PO3MOAITY HANPYXEHOCTI MOJS Y3[I0BXK OIOPHOT
130JIALIIHHOT KOHCTPYKIii amapary. L{eii KoMIUIeKke gae MOXKIUBICTD OIIIHKH TaKUX
MOKAa3HHUKIB HAIIHHOCTI, SK WHMOBIpHICTH O€3BiMOBHOI IMpali, MaTeMaTH4YHE
OUiKYBaHHSI CEpEeIHBHOTO HANpPANIOBAaHHS 10 BIZIMOBH Ta T'YCTHHY PpO3IOALTY B
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YMOBaX BUKOPUCTaHHS HOPMAIBHOTO 3aKOHY PO3IOAUTYy 4Yacy HalpalfoBaHHA 1O
BIIMOBH

Po3pobineno noridHy po3paxyHKOBY MOJEIh Ta HEOOXimHUN s ii peamizamii
MaTeMaTHYHUH amapaT s OIIHKH TOJIOBHUX ITOKAa3HHKIB HAMIHOCTI CKIaJHUX
PE3epBOBAHUX CXeM PO3MOAITBYMX MPUCTPOIB B YMOBAX BHKOPHCTAHHS B SKOCTI
TEOPETHIHOTO EKCIIOHEHIIAIbHOTO 3aKOHY PO3MOILITY.
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JOCJIIKEHHSA PO3IOALTY HAITPYKEHOCTI ITOJISA B CUCTEMI
EKPAHIB 3 PI3HUMU ITIOTEHIIAJIAMHU B OPY-750KB

OmauM 31 cmoco0iB  TOKpamIeHHS eKCIUTyaTalifHUX — XapaKTEePUCTHK
o0agHaHHS PO3MOAUTFYNX NPUCTPoiB BHcokoi Hanpyru (BH) € nosermenss ymos
npami  i3osisinil.  EnexkTpuuHa MIIHICTH ONOPHHUX 130JSITOPIB  BHU3HAYAETHCS
XapaKTepoOM €JIEKTPUYHOI0 MO, C(POPMOBAHOTO HAa BHCOKOBOJITHOMY 1
3a3eMJICHUM  KIHIIIX BHCOKOBOJBTHOI ~KOHCTpyKwii. JloOWTHCS  3HWKEHHS
HaNpY>KEHOCTI  MONS  MOOMW3y  BHCOKOBOJIFTHOTO  €NEKTPOJAa  MOXKIIHUBO
BCTAHOBJICHHSIM BIJINOBITHMUX €KpaHiB. BHKOpHCTaHHS pI3HUX THIIIB EKpaHiB
JIO3BOJISIE 3MIHIOBATH MaKCUMaJIbHY pO0O0Uy HaNpYKEHICTh Y MINPOKHUX MeXax Mpu
HE3MIHHOMY 3HA4Y€HHI cepe/iHbOi HampykeHocTi. Tomy, BiJ CTPYKTYypH CHCTEMH
€KpaHiB CYTTEBO 3aJICKUTh ¢(DEKTUBHICTh BUKOPUCTAHHS 130JIALT Ta HAIIHICTh i1
mpari [1, 2].

Haii0inpir mmMpoke BUKOPHCTaHHS y CHUCTEMi €KpaHyBaHHS OTpPHMalld
TOPOifaNbHI €KpaHH, SIKi BCTAHOBIIIOIOTHCS IOOJIM3Y €JIEKTpoJa 3 BHCOKHM
nmoTeHIiagoM. B yMoBax 3BepX BHCOKHX HalpyT, KOJH HEOOXiTHO OipII rimnboke
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0oOMEXEHHS MAaKCHUMaJbHOI HANPYXEHOCTI IO TOOIN3y BHCOKOBOJIBTHOTO
eJeKTPOaa, BUKOPHUCTOBYIOTh KOMOiHamii qBOX a iHOAI i OumbIne Topoinmis, sKi
po3TamioBaHi Ha pi3HUX pIBHAX BigHOCHO enekTpona 3 BH. Bukopucranus
KOMOIHOBaHUX €KpaHiB 3 KUIBKICTIO TOPOiAiB OiIbIIIe ABOX HE PaIliOHATBHO, TaK 5K
y IIbOMY BHUIIAJKy HAIPYXXCHICTH MOJS Ha KIiHIEBHX TOPOigaX 3HAYHO OiIbINE, HiXK
Ha IHIINX, TOMY BOHH BUKOPUCTOBYIOTECS He ehekTuBHO [3]. Binpm piBHOMIpHNMI
PO3MOMALT  HANPYKEHOCTI Y3I0BXK 130JIAMIHHOI KOHCTPYKIIT 3 TMPOMIXHAMHU
eKpaHaMHU 3/IMCHIOETbCS TPH BIICYTHOCTI iX 3B'S3Ky 3 JDKEPEJIOM Hampyru
HUIsiXoM (iKCyBaHHS IMOTEHLIANy Y MICHSX 3 MaKCHMAJIBHOIO HAalpy)KEHICTIO.
Yacrime npoMiKHMHA MoTeHHian (IiKCYeTbCsl 3a JIOMOMOTOI0 OJHOTO €KpaHa
TOpOifanbHOI GopMHU.

Jnst ouiHKM e(EeKTUBHOCTI KepyBaHHs EJNEKTPUYHHM I0JIeM 130JIsLiiHOT
KOHCTPYKIIi 32 JOIMOMOTOI0 EKpaHiB 3 MPOMDKHHM IOTEHINaIOM pPO3po0iieHa
METOJIMKa Ta aJITrOPUTM OLIHKH PO3IOALTY HANpy>KEHOCTI IOJIS y30BXK OIOPHOI
130JALIAHOI KOHCTPYKIT HAa TWPUKIANi OMOPHOI I30JAMIHOT KOJOHH Ui
miaTpuMKu 30ipHUX mUH. Ha OCHOBI HaHOI METOAMKH pPO3POOJICHO MpOTrpamHe
3abe3neuerHHss SCR.OPT2, 3a 1omoMororo sIKOro MpoBEICHO AOCIHIIKSHHS BILTUBY
KOHCTPYKTUBHHMX YHHHHUKIB Ta MapaMeTpiB HaBaHTAXEHHSI Ha e(QEKTHBHICTh
BUPIBHIOBaHHS HAIIPY>KEHOCTI MOJIS 33 JIONOMOTOI0 Takol CHCTEMH eKpaHyBaHHS.
OTpuMaHi pe3yabTaTH MOXXJIMBO BUKOPHCTATH Uil YIOCKOHAIEHHS CHCTEMH
CKpaHYBaHHsA SK NPUA BUPOOHUIITBI BHUCOKOBOJBTHOTO OONAIHAHHS, TaK 1 MpH
MOJICpHi3allil BXKe ICHYIOYHMX DO3MOAUIBYMX MEPEXK 3BEPX- Ta YIBTPABUCOKHX
Hanpyr. Kpim Toro, po3pobieHa MeToAuwKa JO3BOJSE BPaxXOBYBATH BIUIMB
0c00JIMBOCTEN KOHKPETHOI CTPYKTYPH PO3MOALIBYOTO IIPUCTPOIO.
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JOCILKEHHS EOEKTUBHOCTI IPUMYCOBOI'O PET'YJIIOBAHHS
EJIEKTPUYHOI'O HABAHTAKEHHS HA OIIOPHI I30JIATOPHU
CUCTEMOIO EKPAHIB 3 PI3BHUMMU IIOTEHHIAJIAMU Y BPII-750 KB

OmHUM 3 BaXIIMBUX CIOCOOIB TTOKPAIICHHS yMOB Tpalli Ta IIiJBUIICHHSI
eKCIUTyaTaIifHX XapakTepUCTUK OOJIAJHAHHS PO3MOMIIBYNX TIPUCTPOIB 3BEPX
Bucokoi Hanpyru (BH), Hanpukmax onopHoi i30isimiHOT KOHCTpYKLii, €
MOJIETIICHHS. YMOB Tpaui i3oussiiii. EnexTpuyHa MIIHICTh ONOPHHUX 130JATOPIB
BU3HAYAETHCS ~ XapakTepoM  ENeKTPUYHOro  Mojs,  cpopMOBaHOro  Ha
BHUCOKOBOJIbTHOMY 1 3a3¢MJICHUM KIHISIX BHCOKOBOJIBTHOT KOHCTpPYKIii. B ymoBax
PI3KO HEOJAHOPIMHOTO ENEKTPUYHOTO OIS OKPEMI UISTHKY 13051 {HOT MOKPHUILIKA
HeCyTh IiJIBUILEHE eJISKTPHYHE HaBaHTaXeHHs. Lle Mo)ke mpUBECTH JO TOro, LIO
Ha HUX Oyne IisITH MiABHINCHA HANPYXEHICTh IO, MO CIPHSIE NOCTATHHO
MIBUIIKOI pyHHAIT MaTepialliB MePEeBaHTAKCHHUX TIITHOK.

JoOuTHcs 3HIKEHHA HANPYXXEHOCTI TOJIT MOOJIM3y BHCOKOBOJIBTHOTO
€JIEKTPOJIa MOXKIIMBO BCTAHOBJCHHSM BIANOBITHUX eKkpaHiB [l]. Bukopucranus
PI3HUX THITIB €KpaHiB TO3BOJISE 3MIHIOBATH MaKCHMaJbHY pO0O0Yy HATIPYKEHICTH Y
HMIMPOKMX MeXaxX MpU HE3MIHHOMY 3HA4€HHI CepelHbOi HAaIpPy>KEeHOCTI IOoJIs.
ToMmy, Bill eKpaHIB CYTTEBO 3alIe)KHUTh €(DEKTHBHICTh BMKOPHUCTAHHS 130Jsii Ta
HaIIWHICTH ii mpart.

VY cyuacHHUX cHCTeMax MPUMYCOBOI'O BHUPIBHIOBAHHS HAIPYXEHOCTI IMOJIS
HaWOUIbII MIMPOKE BUKOPHUCTAHHS Yy CUCTEMI €KpaHyBaHHS OTPUMAJIX TOPOifanbHi
€KpaHH, SKi BCTAHOBJIIOIOTHCS MOOJIU3Y €IIEKTPOIa 3 BUCOKUM MoTeHIfiamom [1, 2].
B ymoBax 3BepXx BHCOKHX Harpyr, Hanpukiag y BPII-750 kB, ne HeoOxinHO Oimbmn
rmOoke  OOMEXCHHS  MaKCHUMaJbHOI  HAMpYXEHOCTI  HONsA  MOONH3y
BHCOKOBOJIBTHOTO €JIEKTPOJa, BUKOPHCTOBYIOTH KOMOiHAmii MBOX Ta OlibIie
TOPOIAiB, SIKI PO3TalllOBaHi HAa PI3HUX PIBHSX 110 BUCOTI BITHOCHO esieKkTpoza 3 BH.

BukopucranHs KOMOIHOBaHHMX €KpaHiB 3 KUIBKICTIO TOPOiiB OiNIbIe TBOX HE
palioHaJIbHO, TaK SIK y IbOMY BHIAJIKy HalPYKEHICTh MOJISI HA KiHIIEBUX TOpOinax
3HAYHO OiNbIe, HIX Ha iHIINX, TOMY BOHH BHKOPHCTOBYIOTHCSI HE eeKTHBHO [1].
Binpm piBHOMIpHHIH PO3MOMIN HANPYXEHOCTI Y3JOBXK 130JISMIHHOI KOHCTPYKINT 3
MPOMDKHUMHE €KpaHaMU 3IMCHIOEThCA MPH BIICYTHOCTI iX 3B'SI3KYy 3 JKEpesroM
Hampyrd OUIIXOM (IKCYBaHHA MOTEHINANy Yy MICHIX 3 MaKCHMaJIBHOIO
HampykeHicTio. YacTime NTpPOMDKHMHA MOTEHIal (iKCyeThCs 3a JOIOMOTOIO
OJTHOTO €KpaHa TopoimganpHOI (opmu. Jnsd migBUIIEHHA €(QEeKTy BHPIBHIOBAHHS
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noJyisl il eKpaH MOXe MaTh CKIAJHy, HalpHKIal PO3YilUIeHYy CTPYKTYpY, IO
Moyke OyTH IiITBEPIKEHO IPOBEISHHSIM JOAATKOBUX JOCIHIKeHb [ 1, 3].

VY mpoMy 3B’S3Ky BHHUKA€ HEOOXiNHICTh MPOBENEHHS PALY MOCIIIKEHb IO
BIUIUBY CTPYKTYPHM OKPEMHX EJIEMEHTIB CHCTEMH €KpaHyBaHHS Ha PO3MOALT
HANPY>KEHOCTI Y3A0BXK 130JIAMIHHOT KOHCTPYKIIII.

Jns omiHkK e(eKTUBHOCTI KEpYBaHHSA ENEKTPUYHHM IIOJEeM i30JAMiitHOT
KOHCTPYKLIi 3a JIONMOMOrOI0 €KpaHa 3 MPOMDKHHMM IIOTEHIaJoM po3pobiieHa
METOJMKAa Ta aJrOPUTM OLIHKK PO3IOJUTYy HANpYKEHOCTI Y3J0BX OIOPHOI
130JIsIIHOT KOHCTPYKLIT Ha MpUKiIaal oOMexyBaya nepeHanpyr. Ha ocHoBi nanoi
METOJIUKH po3pobieHo mnporpamue 3adeszneyenHss SCR.OPT2, 3a pmomomororo
SIKOTO MPOBEJCHO NOCIIPKSHHS BILIMBY KOHCTPYKTHBHHUX YMHHHUKIB Ta apaMeTpiB
HABaHTAXKCHHS Ha e(QEeKTUBHICT, BHUPIBHIOBAHHS HANPYXEHOCTI IONs 3a
JOTIOMOT0I0 TaKOT CHCTEMH CKpaHyBaHHSL.

Ha ocHOBI IpOBeICHUX PO3paxyHKIB MOKIMBO 3pOOHTH TaKi BHCHOBKH:

- 3pOCTaHHsS KUIBKOCTI €JEeMEHTIB pO3UYCIUICHHS €KpaHy 3 MpPOMDKHUM
MOTEHINaJIOM BeJle 10 3HIDKEHHS HAIPY)KEHOCTI B 30HI PO3MIIICHHS eKpaHy U Oiis
SNIEKTPOY 3 BHCOKUM IoTeHIianoM. OHAK KpaTHICTh PO3YCILICHHS OLIbIIE TPHOX
HE JIa€ TI0NanbIIoro eheKTy Ta 3A0POXKYE KOHCTPYKIIIO;

- HaOUTBIIOr0 eeKTy 3MEHIIIEHHSI HAMPY)KEHOCTI O1JIs1 €IEKTPO.y 3 BUCOKIM
MOTECHIIAJIOM Uil KOHCTPYKI{, IO PpO3IIISAAETHCS, MOXKIMBO JOCSITHYTH 32
paxyHOK BUKOPUCTaHHs Harpyru npomixkHoro norenuiany 0,65 Un;

- po3pobieHa MeTOoAWMKAa JIO3BOJsiE OOpaTH  ONTHMAJbHY  BHCOTY
BCTAaHOBJICHHsI IIPOMDKHOTO €KpaHy npu oOpaHiii ¢popmi Ta Miclie BCTAHOBJICHHS
eKpaHy 0e3mocepeIHbO OIS eIeKTPOAY 3 BUCOKHAM ITOTEHIIIATIOM.
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JOCHIIKEHHSA E@EKTUBHOCTI CUCTEMU EKPAHYBAHHS )11
BUPIBHIOBAHHS PO3TIOALTY HAIIPYKEHOCTI ITOJIA Y
TPAHC®OPMATOPI HAIIPYI'U TUITY HK®-420

OpHUM 3 HAIPSMKIB MMOKPAIICHHS SKCILUTyaTaIliifHUX XapaKTePHCTHK Ta YMOB
npari oOmagHanHsA Bucokoi Hampyru (BH), mHampukman omopHOi i30msmidHOL
KOHCTPYKLIi TpaHc(hOpMaTOpiB HANPYTH, € IIOJIETIICHHS YMOB TIparli i30JAIil.
Oco0MBICTIO amapaTiB HaJABHCOKUX HANPYT € Te, IO IX i30JSiHHI KOHCTPYKLIT
NpaIoIOTh B YMOBax pi3KO HEOJHOPIIHOTO €JIEeKTPUYHOro mnoisi. Enekrpuyny
MIIHICTh TaKMX 130JILIHHMX KOHCTPYKI[H MOXXHA IJBHIIUTH IUIIXOM
MPUMYCOBOTO BHPIBHIOBAHHS IOJISI Y3[OBXK 130JIIHHOT KOHCTpYKUil. OaHuUM 13
CHOCO0IB BUPIBHIOBAHHS PO3IMOJUTY HANpPYXKEHOCTI IOJISl Y3/I0BX 130JSILiHHOT
KOHCTPYKLIi € TIiJBUIEHHS HANpyXeHOCTI B 00JacTi, W0 MPUMHKAE M0
3a3eMJICHOTO €JIEeKTPOJY, MPH BiAMIOBIIHOMY 3HIKEHHI ii B 00NacTi enekrpoma 3
BHUCOKMM TNoOTeHIianoM. lle 3abe3medyeThcs IUIAXOM YCTAaHOBKH OJUHOYHHX
ekpaHiB ab0 iX CHCTeMH B 30Hi, HaONIKCHIH O BHCOKOBOJIBTHOTO EJICKTPOIY
amapary [1, 2].

Y KOHCTPYKIISIX, SIKi BAKOPUCTOBYIOTBCS y TpaHC(OpMaTopax Hampyru cepii
HK® Haii0inbpm 1IMpOKO BUKOPUCTOBYIOTH TOPOiJajibHI ekpaHu. B yMoBax 3Bepx
BUCOKHUX HAaIpyr, HalOLIbIINi edekT MatTh KoMOiHalii ABOX a00 TPHOX TOPOI/iB.
OjiHaK BUKOPUCTaHHS KOMOIHOBaHMX €KpaHiB 3 KiJBbKICTIO TOPOiJiB OlIbIIE JIBOX
Ha kiac Harpyru 500 kB He 10cTaTHRO €PEKTHBHO 1 TOMY He pamioHanbHo [1,4]. Y
Marictepchbkoi po0OOTI 3 METOKH  YIOCKOHAJICHHS CHCTEMH CKpaHyBaHHS
PO3pO0JICHO MaTeMaTHYHHUK amapar JJsl OLHKKA PO3MOALLY Hampy>KeHOCTI MOoJis
Y3I0BXK OIMOPHOI i30smiitHOI mokpummiku [3]. Ha OCHOBI HBOTO MaTEMaTHYHOTO
amapary ~ po3paxoBaHO  pO3MOJAUIM  HANpYXEHOCTI  MoJs AN pi3HHX
KOHCTPYKTUBHHMX BapiaHTIB CHCTeMHM eKpaHyBaHHA. OTpuUMaHHI Martepiann y
MOAAJIBIIOMY BUKOPHCTOBYIOTBCS SIK TI0YATKOBI JaH1 JJIsl OL[IHKM €KCIUTyaTaliiHOo1
HaJiitHOCTI omnopHoi i3osswiitHoi koHeTpykuii [5]. Po3pobieHo maremaTwyHmit
amapar Ajs OIHKM HaJiHHOCTI 3 BHMKOPHCTAaHHSM B SIKOCTI TEOPETUYHOTO
PO3MOITY €KCITOHEHITIHHOTO 3aKOHY.

Ha ocHOBi oTprMaHHUX JaHUX Ta BPaXOBYIOUM CTAaTUCTHYHY iH(opMariiio mo
eKCIUTyaTalii aHaJoTiYHUX TpaHC(OPMATOPIB HANPYTH B pPEATHHUX YMOBaX
PO3MOAIIPHAX MPUCTPOIB MiATOTOBIEHI PEeKOMEHAAIii IS MPOBEACHHS aHAi3y
BIUIUBY TEOPETUYHOTO 3aKOHY pO3MOAUTy Ha TOKAa3HUKH HagidHOCTL. Y
MOJANBIIAX JIOCHI/DKEHHAX TIJIAHYETHCS TIPOBECTH 3PIBHAJIBHMNA aHAN3 3
BUKOPDHCTAHHSIM EKCIIOHCHLIHHOTO Ta HOPMAaIbHOTO TEOPETHYHUX 3aKOHIB
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pO3MOAiNY AN OIHKK eKCIUTyaTalliifHOI HaIiifHOCTI OIOPHMX i30JIAIiHHIX
KOHCTPYKIIiH.
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CELLULOSE INSULATION HUMIDITY MONITORING OF POWER
TRANSFORMERS

The parameter monitoring peculiarity is measuring inside of the operating
high-voltage equipment. Humidity is one of the important parameters, which
determines the resource consumption of cellulose insulation of power transformer
windings.

Nowadays humidity of cellulose in the power transformer is estimated by
results of oil humidity measurements. This method has low accuracy, it means that
the estimation accuracy of a cellulose insulation resource is low. Therefore,
increasing the accuracy of measurements is an urgent task for developers of high-
voltage equipment monitoring systems. The purpose of the work is to substantiate
the measurement of the humidity of cellulose insulation of the windings of the
power transformer during its operation. The main tasks of the work are the choice
of the method of measurement, the justification of the structure of the humidity
monitoring subsystem, the choice of the sensor, the method of transmitting
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measurement data and energy for supplying the electrical circuit of the sensor
through a medium with high intensity of the electromagnetic field.

It is suggested to use a resistive method for measuring the humidity in
combination with measuring the temperature at the insulation boundary and the
windings of the transformer. The amount of moisture in the insulation determines
the value of the electric current at the sensor output. This current, in turn, specifies
the intensity of the light flux transmitted over the fiber through a zone with high
intensity of the electromagnetic field inside the transformer to the converter located
outside the transformer. For the power supply of the sensor measuring circuit, it is
supposed to use a photovoltaic converter, which is also illuminated through an
optical fiber with a light flux from an external laser diode.

YK 004.5.001.53

Maksymovych O. A.", Polyakov M. O. *
"stud. gr. E-414

2 PhD, assistant professor ZNTU

APPLICATION OF “FSM IN A BLACK BOX” METHOD IN REMOTE
STUDYING

Remote studying, as a form of engineering education, tends to expand the
scope of use. Objects and aspects of remote studying are constantly becoming
more and more complex. One such object is the logical control system, which is
studied using the Finite state machine (FSM) function set. The experimental part of
the relevant training courses includes the study of technologies for the synthesis of
structures of such systems. The training practice revealed problems for students in
developing the FSM as logical control systems with new non-template functions.
For practice, solving such problems, you can use the method "FSM in a Black
Box"

The essence of the method is to describe the properties of some essence
(object or process) on the basis of the assumption that it is a system with inputs,
outputs and states. Properties of this system are described through the
interconnection between inputs and outputs. Aspects of system implementation,
composition and connections between internal elements and states are not
investigated.

The version of this experiment for use in the remote lab of GOLDi was
designed and implemented at the Technical University of Ilmenau within the
Erasmus + KA1 program. During the experiment, the student sees only signals
from inputs, outputs and states that are displayed by changing the color of the
indicator. Watching the movement of the virtual physical system, the student
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makes a conclusion about which indicator corresponds to which signal. When a
student is sure of the final conclusions, he can enter answers using the drop-down
lists. After that the result of the experiment is checked by the program for
correctness. Also a method for preventing cheating was created using Fisher-Yates
shuffle method. Due to this method, at the beginning of the experiment, the row of
indicators is placed in random order. Thus, for each subsequent experiment, the
correct answer will be unique, and it will not allow students to cheat using the
other students’ answer as their own.

YK 537.523.5

Tonuapenko /. B.!, [Tonsikos M. O.”
"eryn. rp. E-426a 3HTY

2 KaHJl. TeXH. HayK, aou. 3HTY

CUCTEMA MOHITOPHUHI'Y BOJIOI'OCTI I TEMIIEPATYPU
OEJIOJO3HOI 13011011 OBMOTOK CHJIOBOI'O
TPAHC®OPMATOPA

AKTyaJbHICTh MOHITOPHUHTY BOJIOTOCTi, BHOIp METOXy BHUMIpPIOBaHHS 1
BIIIOBITHOTO JaT4YMKa pPO3IIIIHYTAa B IHIIUX IOMOBIASX, MO MyONiKYIOTBCS B
mpoMy 30ipHHKY. MeTa JaHo1 HayKOBOI pOOOTH IOIIATaE B pO3poOIi CTPYKTYPHOL
CXEMH MOHITOPHHTY BOJIOTOCTI 1 TeMIepaTypH LENIOJI03HOI OOMOTKH CHIIOBOTO
Tpanchopmaropa. 3aBIaHHSIMUA POOOTH € BHUOIP MICI[b PO3TAIIyBaHHS JATYMKIB 1
BU3HAYEHHS CTPYKTYpH  30BHIIIHBOTO  OOJaJHAHHS UIs  3a0e3meucHHS
EJIEKTPOXKMBJICHHSM JIaTYMKIB ycepeauHi TpaHchopmaropa 1 NepeTBOPEHHS
CHUTHAJIB BiJl IaTYMKIB B 1U(poBY Gopmy.

ITpu BuOOPI Micllb po3TallyBaHHs AaTYMKIB BpaXxoBaHi:

- iThoBa (PYHKIIST MOHITOPHHTY BOJIOTOCTI 1 TEMIIEpaTypH - OIiHKA BUTPAT
pecypcey 13011l Ha OCHOBI «iHTETpaia CTapiHH»;

- HECTaIllOHapHI PEXUMH HAaBaHTAXXEGHHS 1 TeMIEpaTypH 30BHIIIHBOTO
cepeloBHIa TpaHC(HOpPMATOpa, SIKI MPHU3BOAATH A0 MOCTIHHMX Mirpamid BOJOTH
MIX IIEJTFOJI03010 1 B TpaHC(opMaTopi MaciioM;

- HEpIBHOMIPHICTb pO3IOALTY TeMIlepaTypd 1 BOJIOTOCTI  Y3JOBX
BEPTHKAIBHOI OCi 0OMOTOK. B pe3ynbTaTi 4oro HaiOiIbI HarpiTa ToYKa i30JIsii
po3TanioBaHa B BepXHiil YacTHHI OOMOTKH, HAHOLTBIIT BOJIOTA TOYKA - B HIDKHIH, a
HAHOUTBII «PECYpPCOBUTPATHA» TOUYKA - MK HUMHU;

- MOYJIUBICTh PEKUMIB POOOTH 3 HEPIBHOMIPHUM HAaBAaHTAKEHHAM IO (hazax
TpaHcopmaTopa.

30BHIMHI OJOKH CHCTEMH MICTATh KOHBEPTOPH EIEKTPUYHOI eHeprii B
CBITJIOBHI MOTIK sIKui cpopmMoBaHo nazepHuM cBiTiaomionom. Ilix yac inTepBany
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MK BAMIpaMH TI0 IIbOMY KaHAITy BiIOYBa€TbCsA HAKOMUYEHHS €HEprii B JaT4MKax
BcepenuHi TpaHcopmaropa. [IpuiioMm pe3yibTaTiB BHMipIOBaHb BHKOHYETHCS 3a
JIOTIOMOTOI0 KOHBEPTOPIB CBITIIOBOTO BHIIPOMIHIOBAHHS B CIICKTPUYHUHN MOTEHIIIAT
3a goromororo Qoromioxis i ALIIL.

YK 537.312.9

Suypa C. FO', onsixos M. 0.
"cryn. rp. E-426a 3HTY

? KaH/. TexH. Hayk, gou. 3HTY

JIATYUK BOJIOT'OCTI BBYJIOBAHU B TATIEPOBY I30JISALIIIO
OBMOTKH CHJIOBOI'O TPAHC®OPMATOPA

VY Te3ax, omyONiKOBaHMUX Y IbOMY 30IpHHKY, OOIPYHTOBaHO BaXKIIMBICTh
BUMIPIOBaHHS BOJIOTOCTI UEJIONIO3HOT 130l OOMOTOK mijg Yac poboTu
TpaHcopmaropa 1 ommMcaHa CTPYKTypHa CXeMa CHCTEMH MOHITOPUHTY. MeToro
i€l poboTn € po3poOka cxeMu AaTduka BosorocTi. Jlo maTdmka mpemn'sBIsFOTHCS
HACTYIIHI BUMOTH: BiZICYTHICTB IMOTipIICHHS SKOCTI 130JAIii 0OMOTOK; HAsSBHICTP
ONTHYHOTO BHXOMy U Nepegadi BUMIPSHOTO 3HAYeHHSA 1 poOoTa B CHIIBHHX
CJICKTPOMArHiTHUX NoysAX. Po3pobieHa cxemMa MICTHTh ONTHYHMH BXiA U
iBEICHHS €Heprii 0 pKepesia )KUBJIEHH cXeMH aatduka. Lleit Bxin 3'enHannii 3
(hoToBOIBTATUHMUM TEpeTBOpIOBadeM. Buxin mepeTBopioBaya KUBUTh €MHICHHMA
HaKonu4yBau eJeKTpu4yHoi eHeprii. HaBaHTa)keHHSIM HakoIM4yBaya € TPHIeEp
HIminTa, sikuid ynpasisie €JIeKTPOHHUM KiroueM. Yepe3 Te, IO iHTepBaJ Mixk
BUMipaMu IPHOJIM3HO B THUCSAYY pa3iB Oliblle 4acy BUMIPIOBAaHHS, OJIOK JKHBIICHHS
Mae HeBeJMKi rabaputu. Yepe3 eJEKTPOHHHUI KIIOY BUMIpIOBaJbHA CXeMa
MIAKITFIOYA€THCS 70 JKUBJICHHS 1 BUKOHY€E BHMIPIOBAHHS BOJIOTOCTi. BumiproBanbHa
CXeMa CKJIaJaeThcsl 3 PE3MCTHBHOIO JaT4MKa i IiACHIIIOBAYa 3 CBITIOIIOAOM Y
BUXO/Ii JaHIora. JlaTuuk siBisie co0010 MeaHp 3 ABOX EJNEKTPOJIiB, Ha TIOBEPXHIO
SKOTO HaHECEHWH TOHKHMH IIap TirpocKomivHoro nienekrpuka. Llei map copOye
BOJIOTY 3 IIEJIOJIO3HOI 130Jsi1ii 1 3MIHIOE OMHIp MPOMDKKIB MDX e€JIeKTPOAaMH
MmeaHapy. IIpo BOJOTOBMICT cynsiTh IO 3MiHI omopy abo MpPOBIAHOCTI TaKOTO
eneMeHTta. [H(popmariro mpo me Hece CBITIOBHU TOTIK, MO0 BUIPOMIHIOETHCS
CBITJIONIONOM B XBWJIEBiA. XBWJIEBiA 3'€qHAHWN 3 MepeTBOpIOBadeM  Iriel
iHpopmamii, SKWA 3HAXOOUTHCA TMo03a TpaHchopmaropa. Y  TOAATBIINX
JOCHIJDKEHHSIX Tepea0dayaeTbcss pO3pOOMTH METOJHMKY PO3PaxyHKY €JEeMEeHTIB
CXeMH 1 [JOCHIDKyBaTH JAaTYUK MIITXOM KOMITFOTEPHOTO MOJETIOBAaHHSA B
cepenoBuii nmakera Simulink.
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VK 621.314
Bonnapenko O.C.
cryx. rp. Ez-414m 3HTY

JAOCJIKEHHSI EKCILTY ATALIIAHOI HAIIMHOCTI 30BHIITHBOI
I30JISILII TOT - 245 B YMOBAX NIJIBUIIIEHOI'O 3ABPY/IHEHHSI

VY cydacHHMIl 4Yac aKTyaJlbHHMH TPEHZAaMH pPO3BHTKY BHMIpIOBaJIbHUX
TpaHC(hOpPMATOPiB CTPYMy Ha HOMiHaJIbHY Hampyry 220 kB i Buiie € cTBOpeHHS
KOHCTPYKLiH, $Ki He TMOTpeOyIOTh PEMOHTIB BIPOZOBXK BCHOTO TEPMiHY
eKCIUTyaTalii, a TakoX 3 KiacoM TodHocTi He Hmkde 0,2 [1]. 3a3HaueHnM BuIIE
XapaKTepUCTHKAM HAKOLIBII MTOBHO BiJINIOBIIAIOTh BUMIPIOBaIbHI
TpaHchOopMaTOpH 3 eJIera3oBoro i3oisLieo. ToMy s B3siB Y po0oTi TpaHchopmaTop
CcTpyMy 3 enerazoBoro izoysitieto TOI'-245. Takuii npuctpii B MOpIBHAHHI 3
MacJOHAIIOBHEHUM, Ma€ MEHIITY Bary. Tako) TEXHOJIOTisl BUTOTOBJICHHS JI03BOJISIE
MiBUIIUTA KJIaC TOYHOCTI BuMipioBaHb M0 0,1 U mepeBecTH Ha SKICHO HOBHIA
TEXHOJIOTIYHUH PiBeHb CUCTEMH KEpyBaHHS 3aXUCTY Ta BUMIPIOBaHb.

Y TOI'-245 B sxocTi 130JALIAHOI KOHCTPYKWii  BHKOPHUCTOBYIOTHCS
nonimMepHi Matepianu. OmHAK CIiX BIAMITHUTH, IO MOJIMEpHI i30JATOPH OLIBII
YYTJIMBI 10 CTapiHHSA BHACTINOK Aii HEPIBHOMIPHOTO EIEKTPHIHOTO MO, UiM iX
tdapdoposi anamorn. EjekTpuuHa MIIHICTE TakuX 130JATOPIB 3MEHIIYETHCS
BHACIIIZIOK CTapiHHS IOJNIMEPHUX MarepialliB, TOHI SK EJICKTPUYHI BIACTHBOCTI
(hapdhopoBoro i30y1ATOPA 3ATUIIAIOTHCS Marike HE3MIHHUMH.

B amapaTtoOynyBaHHI ToCTpo CTOITh MpoOieMa HEOJHOPITHOTO pPO3IOALLY
EJIEKTPUYHOTO I0JIsl B BUCOKOBOJIBTHUX KOHCTPYKUisiX. B HepiBHOMipHOMY moJIi
OKpeMi JISIHKH eJIEKTPOI30JISAIMHHOT KOHCTPYKIIT HECYTh MiJBUIIEHE €KTPUYHE
HaBaHTAXXECHHSI, 1[0 MOYXE ITPUBECTH JIO CYTTEBOTO 3pOCTaHHs pyiHalii MaTepiaiiB
NEepeBaHTAKEHUX  JUISHOK  130Jsii, OCOONMBO B yMOBax [iJIBUIIEHOTO
3a0pyMHCHHS 30BHIIIHIH 13011,

B poboti mpoBeneHHt KOMIUIEKC IOCHTIHKEHb, METOI0 SKOTO € OOpaHHS
OINITUMAJIEHOT KOHCTPYKLIT BOYIOBAaHOTO MPOCTOPOBOrO €KPaHy JUIs BUPiBHIOBAHHS
PO3MOALTY HANPYXKEHOCTI IMONS Y3MIOBXK 130iMiiiHOT mokpumku. Ha ocHoOBi
OTPUMaHUX pe3yJbTaTiB pPO3pOOIEHO MaTeMaTH4YHUH amapar Ta IPOBEICHO
JOCHI/DKEHHSI  BIUIMBY  €JIEKTPUYHOIO  HAaBAaHTAXEHHS Ta  IHTEHCUBHOCTI
3a0pyIHEHHS] Ha TOKA3HUKH EKCIUTyaTalliiHOi HaIiHHOCTI 30BHINIHBOI 130JISIil
ra30HAOBHEHOTO TpaHchopMaTopa ctpymy Tumy TOIL — 245.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1.AdanacseB B.B. n np. Tpancdopmarops! Toka. U3a.2-e nepepad. u gom. —
JL.: «Dueproatomusnaty», 1989. — 416 c.
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CEKIIIA «EJEKTPOMEXAHIYHI CHCTEMH ABTOMATHM3AIIIL TA
EJIEKTPOIIPUBO )

YK 681.51: 51-74

Menemxo I.A.", Hazaposa O.C.%, Bongapenko B.I°
"acn. 3HTY

? KaHJI. TexH. Hayk, jgou. 3HTY

3 KaHJI. TEXH. Hayk, npod. 3HTY

JOCJKEHHA 3AJEXKHOCTI BAHUKHEHHSA BIPOI'IJTHOI TOYKH
3AKYIIOPKHA TPYBOITPOBOAY IIPU BTPATI TUCKY HA BUXO/I
MHEBMOTPAHCIIOPTHOI CUCTEMH

[Tpu mpoekTyBaHHI HOBUX 1 MOJEpHi3alil iICHYIOUHX ITHEBMOTPAHCHOPTHHX
cHcTeM HEOOXiJTHO BpaxOBYBAaTH 3MiHH €JEKTPOMEXaHIYHUX IapaMeTpiB poOoTH
00aHaHHS PY MYCKY a00 1HIIMX MePeXiTHUX PEKUMaX, HAHOLIbII HEOC3MEUHUX
3 TOYKMA 30pY MOXKJIMBOCTI BHHUKHEHHs 3aBaily mHeBMoTpacu [1]. YcyHeHHs
MOXIIMBOCTI 3yNTUHKY CHUIKAX MaTepiaiiB B THEBMOTPAHCIOPTHHUX TPyOOIpoBOAax
IIISIXOM  TIABUIICHHS THUCKY Ha BXOAI B ITHEBMOTPAHCIIOPTHY MaricTpaib
NPU3BOJUTL [0 HAAMIPHUX BHTpPAT CTUCHEHOTO MOBITPS 1 3HAYHOTO 3HMKCHHS
peHTa0enbHOCTI BUPOOHHIITBA 3 BUKOPUCTAHHAM ITHEBMOTPAHCIIOPTY. 3 OTJISLy Ha
BUCOKY BapTICThb €HEPrOHOCIiB 1 BENHKi O0CATH BHPOOHHITBA TpPH
TPaHCIIOPTYBaHHI CUIIKMX MarepialiB [2], akTyaJbHUM 3aBJAHHSIM € IiJIBUIEHHS
e(peKTUBHOCTI POOOTH ITHEBMOTPAHCIIOPTHUX CUCTEM, a TAKOXK 3HW)KEHHS TUTOMOT
BUTPATH CTHCHEHOT'O MOBITPS IPU TPAHCIIOPTYBAHHI CHITyYHX MaTepiaiB.

Merolo poOOTH € TPOBEINEHHS TEOPETUYHUX 1 EKCIIEPUMEHTAIbHUX
JOCTIKeHb JIUIsl OTPUMAHHS AHAIITHYHOI 3aJIC)KHOCTI BHHHKHEHHS BipOTiTHOT
TOYKM  3aKylOpKM  TpyOONpoBOJAYy INpH  BTpaTi THCKYy Ha  BHXOJI
ITHEBMOTPAHCIIOPTHOI CHCTEMHU.

Po3poOky mHeBMOTpac 3 BHCOKNMH CKOHOMIYHMMH 1 €KCIUTyaTaIliifHIMU
XapaKTepPUCTUKAMM  yCKJIaJHIOE BiJCYTHICTh MaTeMaTHYHHX MOJEJNeH, Mo
ONMUCYIOTH POOOTY THEBMOTpAac y OCOOJHMBHX pPEXHMax, a came, MepeMillleHHs
CHITKUX MaTepiajiB 31 MIBUAKICTIO OJIM3bKOIO /10 TIOBHOT 3yITMHKH, 3aKyITOPIOBAHHS
ITHEBMOTpAC, TIOB’A3aHe 3 YCYHEHHSIM 3aBaJiB BIHOBIECHHS poboTH [3-5].

3 METOI0 OCTi/KCHHS 3MIiHM THCKY B ITHEBMOTPAHCIOPTHIA Marictpalii
MIPOBEICHO MAaCUBHAN (i3NIHUN €KCIIEPUMEHT Ha MPHUKIAJl YaCTHHU THEBMOTPAaCH
BiJl KAMEPHOTO JXUBWJIbHHKA JI0 MPUAMAaIbHOIO OyHKEpa eIeKTPON3HOIO IeXy.
IIpoBeneno 42 BUMipIOBaHHS THCKY Ha BXOJi i BHUXOJI Ii€l eKCIIEPUMEHTAIHHOI
ninstakd. Cepenne 3HaueHHs TUCKy Ha Bxofi [ITC cranoswio 4,5 Ila, Ha BUXOi
IITC — 2,98 Ila, ToOTO mamiHHA THUCKY Ha Buxoai Omu3pko 30%. IlpoBenewni
PO3paxyHKH ITOKa3aly, [0 B CEPEeHHOMY MiCIe BIpOTiIHOI 3aKyMOpPKH IPU LUX
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maHux Oyzme BimmameHo Bix 30ipHOrOo OyHKepa Ha L1=131,07 M mpwm 3arameHii
JIOBXKUHI eKCIIepUMEHTAIbHOI TUITHKH O5TH3bK0 370 M.

Takum unHOM, OTpEMaHa BennurHA L1 cTAaHOBUTH MPUOIM3HO TPETHHY BCi€l
JIOBKHHH TPYOOTIPOBOIY i € MiHIMaJIbHAM KPOKOM BIUIMBY Ha TPaHCIIOPTOBAHUH
nIBo(a3HUI TOTIK 3 METOIO MTEPEIIKO/KaHHI BHHUKHEHHIO 3aBaliB.

OTpumaHa aHAJNITHYHA 3aJCKHICTH BUHUKHEHHS BIPOTIMHOI  TOYKH
3aKyIOpKK TPyOONpPOBOMY MpH BTPaTi TUCKY Ha BHUXOJl ITHEBMOTPAHCIOPTHOI
CHCTEMH I0Ka3aja, o 31 30UIbIIEHHSM PI3HHII TUCKIB HMOBIPHICTh BUHUKHEHHS
3aBaliB 3CyBa€ThCsi B OiK KaMEpPHOrO >KMBWIBHUKA, 31 3MEHIIEHHIM - B OiK
npuiiManeHoro OyHKepa. Y pasi 3aKyHOpKHM ITHEBMOTpAacH JaHa MeETOJAWKa
JIO3BOJISIE 3 MIHIMaJbHUMH BTpaTaMH BCTaHOBUTH Miclie IMOBIPHOTO BUHMKHEHHS
3aBaJly i IPOBECTHU HOTO JIOKAJIbHY JIKBiIALIO.

Jis OimpIn pamioHaTbHOTO BUKOPHUCTAHHS ESHEPrOpecypciB IpH po3poOii
CHCTeMH aBTOMaTH4HOTO KepyBaHHsS [ITC HeoOXiIHO aHANITHYHO MPOTHO3YBATH
3MIHA IX eNeKTPOMEXaHIYHUX ITapaMeTpiB, BHOWPATH HA TiICTaBl BUKOHAHUX
pO3paxyHKIiB pallioHaNbHe OONagHAaHHS 1 3agaBaTH ONTHMAaJbHI PEKUMHU
TPAHCIIOPTYBAHHS, 10 NO3BOJUTH CTAOLTI3yBaTH THUCK HA BUXOIi CHCTEMH, TUM
caMHM 3MCHIINTH CHEPrOBUTPAaTH 1 MaTepiaJbHI BHTpaTH, TOB'S3aHI 3
3aro0iraHHsAM 3aBaliB.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Hazapoga, O. C. [locmikeHHsI sBUIIA TPAHCIOPTHOTO 3ali3HIOBAaHHA Y
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OBI'PYHTYBAHHS 3ACTOCYBAHHS 4-IIPUBOJHOI CUJIOBOI
YCTAHOBKMU JJI51 EJJEKTPUYHUX TPAHCIIOPTHHUX 3ACOBIB

OCHOBHOIO CBITOBOIO TCHCHIIE€I0 B aBTOMOOUIBHI MPOMHUCIOBOCTI €
ICTOTHE 301IBILICHHS] YaCTKU TIOPUIHHUX 1 ENEKTPUYHHUX TPAHCIOPTHHUX 3ac00iB B
3arajJbHOMYy 0O0Cs31 BHPOOHMIITBA, a TaKOX PO3LIMPEHHs IOB’S3aHOI 3 HUMHU
iHppactpykrypu [1].

OpnHi€l0 3 OCHOBHHMX 3aBJaHb PO3BHUTKY EJIEKTPUYHOTO TPAHCIIOPTHOTO
cepefoBUINa € 30UThIIeHHS TPOOITy Oe3 Mi3apsaKH, IMOJIMMICHHS IOKa3HUKIB
KEepOBaHOCTI 1 MaHEBPEHOCTI, a TaKOX Oe3MeKH IMacakupiB i YMOB IEepeBE3CHHS
BaHTaXy. 30UTbIIEHHS MpPOOIry Moke OYyTH IOCATHYTO SK 3a pPaxyHOK
BIOCKOHAJICHHS ~ aKyMyJnaTopHOi  ©Oatapei, Tak 1 IUIAXOM  IiJBHIICHHS
EHEeproepeKTHBHOCTI EJIEKTPONPUBONY. besleka macakwpiB B 3HAYHIA Mipi
3aJIeKHUTh BiJI KEPOBAHOCTI TpaHcHoptHoro 3aco0y [2, 3]. Tomy akryanbHUM
3aBJaHHSIM € IIJBHUIICHHS IIOKa3HUKIB KEPOBAHOCTI Ta EHEProe(eKTUBHOCTI
EJIEKTPUYHOT'0 TPAHCIIOPTHOT'O 32C00aMH 3 BAKOPUCTAHHSM €JIEKTPOIIPHBOLY.

MeTtoro poOOTH € OOTPYHTYBAaHHS 3aCTOCYBaHHS 4-X MPHUBOJHOI YCTAaHOBKH,
IO JIO3BOJISIE TIEPEPO3NOAUISTH KPYTHUII MOMEHT MiX NMPHBOJHHMH KOJecaMmu, B
sKoCTi 0a30BOT HA Cy4aCHOMY €JIEKTPUYHOMY TPAHCIIOPTHOMY 3ac001.

Ilepepo3monii  MOMEHTY MK IPHUBOJHHMH  KOJIECaMH  3aco0aMu
ABTOMATH30BAaHOTO €JICKTPOIIPUBOY JO3BOJISIE MiIBUIIUTH KEPOBAHICTH 1 Oe3meKy
TPaHCIIOPTHOTO 3aco0y 3a PaxyHOK MIATPUMKH KPYTHHX MOMEHTIB IPHBOIHHX
KOJIIC HAa MAaKCHMaJbHO MOJIJIMBOMY pIBHI IpPH JIaHHX YMOBaxX pyXy, a came,
MIBUAKOCTI TPAHCIIOPTHOTO 3aco0y, KyTa IOBOPOTY 1 KoeQillieHTa 3ueruieHHs
MPUBOJHUX KOJIC 3 JIOPOXKHIM ITOKPUTTSIM.

Bukopucranus 3a3HAYEHOTO croco0y CIipusie T IBUTIICHHIO
eHeproeeKTUBHOCTI B TIOPIBHAHHI 3 MEXaHIYHHM CIIOCOOOM Tepepo3MOIiTy
MOMEHTY 3a paxyHOK BHKIIOYEHHS BTPAT Ha TalbMyBaHHS KOJIC, Ha SIKHX
MOTPiOHO 3HMKEHHS MOMEHTY.

Ha mincraBi chopMyaTp0BaHUX OCHOBHHX BHMOT JI0 CHCTEMH aBTOMAaTHYIHOTO
KepyBaHHS CHIJIOBOI YCTaHOBKHM TPAHCIIOPTHOTO 3ac00y OTPHUMAaHO aHaJiTUYHI
BUpa3W JUIsl BU3HAUEHHS MaKCHMAJIILHOIO MOMEHTY Ha KOJIECi, 1[0 BPaxoBYIOTh
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KOJTifo, 0a3y, BHCOTY IEHTPY Mac i pajiyc IOBOpOTY, 3a0e3MedyIoTh MaKCHMaIbHe
MIPUCKOPEHHS TPAHCIIOPTHOTO 3ac00y, BUKITIOYAIOYH MTPOOYKCOBKY KOJIIC.
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PO3POBKA TA JOCJUKEHHSI METOAY IEHTU®IKAIIT
CTYIEHS 3ABAHTAKEHHSI KABIHM JIBOIIBUAIKICHOT'O JII®TA

IMocTiiiHuMiA PO3BUTOK Ta BJOCKOHAJIEHHS Cy4aCHHX 3ac00iB IepecyBaHHS Y
OynmiBisAX Ta CIOpYyIax BHMAara€ 3aCTOCOBYBAaTH HOBI TEXHIYHI DILICHHS LI0J0
MOKpAalIeHHsT e(QEeKTUBHOCTI Ta EKOHOMIYHOCTI BUKOPHUCTAaHHsS OOJIaJHaHHS.
OCHOBHOIO 3a7aduero MoJepHizamii 3actapinmux JidTiB € Te, MO0 OHOBJICHE
oOnajiHaHHS BIiANOBiIaJ0 BUCOKMM TEXHIYHUM BHMOTaM Ta HE TOCTYMaIoCs
CBOIMH TapaMeTpaMu HOBOMY KOMIUIEKTY, ajie 3Ha4HO €KOHOMMIIO KouTh. Takum
YMHOM, pO3pOOKa HOBHMX NAaCRKUPCHKUX JI(TIB Ta TOJIMNIIEHHS SKICHUX
MOKa3HHUKIB 1CHYIOUMX JI(QTIB € aKkTyalbHHUM He JHIle B YKpaiHi, a # B iHIINX
Jiep KaBax.

Mera pobotn — po3poOka Ta AOCIIUKEHHS METONy iJeHTH]IKalii cTyneHs
3aBaHTa)XCHHs1 KaOiHM y peajbHOMY 4aci 3 BUKOPHCTAaHHIM iMmiTamiiiHOi Moneni
Ji¢Ta A1 MiIBUMICHHS TOYHOCTI HOTO MO3UIIFOBAHHSL..
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Jis mocATHEHHS TIOCTAaBJICHOI METH BUPIIIYIOTHCS TaKi 3a1adi: po3poOIeHHS
MaTeMaTHYHOI Ta KOMI'TOTEPHOI MOJIEIi MporpaMu 0OpOoOKH Ta MOPIiBHAHHS JaHHX,
OTPUMaHUX 3 JAaTYWKa TPU PO3roHi Jidra Ta HAOOPY CTAHAAPTHHUX HAHUX, IO
BU3HAYAIOTh CTYIiHb 3aBAaHTAXEHHSA KaOiHWM, 3 TMOJANbIINM BHBEICHHAM
iH(opMarii mpo CTYIiHE 3aBaHTAXCHHS KaOiHN.

Ha migcraBi pe3ynpTaTiB, IO MiATBEPIKYIOTH aICKBaTHICTH PO3POOIIEHIX
KOMIT FOTEepHOI Ta (i3M4HOI MoJiesiel, MOJIENIOEThCS IMiTaliiiHa Monenb JidTa 3
peanbHUMHU napameTpaMu. Po3po0iieHa imMitaniiiHa MoJenb JO3BOJISIE aBTOMATHYHO
BU3HAYATH Yac MOYaTKy TAIbMyBaHHS Ta BKa3ye Ha MOXHOKY MO3UIIIFOBAHHS.

B pesynbTari mpoBeieHMX MaTeMaTHYHOTO Ta (DI3UYHOTO EKCIIEPUMEHTIB
JIOBEIEHO, 10  po3poOJieHa  MareMaTHyHa  MOJellb ~ CTeHIY  MOXe
BHUKOPUCTOBYBATUCA JJIIsL MOJICIOBAHHA pcajlbHUX napaMeTpiB CHUCTEMHU
ABTOMATHYHOIO KEPYBaHHs €JEKTPONPHBOIOM Jidra. [pyHTYrOUKCH HA Hocminax
NPOBEICHUX Ha MaTeMaTH4YHId MoJeNni BU3HAYCHO, L0 PO3POOJCHHH MeTox
imeHTUQIKAil CTymeHs 3aBaHTaKCHHA KaOiHM idra TO3BOJSAE ITiIBUIIATH
TOYHICTh HOTO TMO3WIIiIOBaHHA M0 +5 MM (0e3 BUKOPHUCTaHHS METOIY TOYHICTb
HO3ULIIOBaHHA +18 MM) 32 paXyHOK 3MiHH 4acy MOYaTKy raJbMyBaHH:L.

YK 681.527.2
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? cryn. rp. E-326¢n 3HTY

JIOCJIJKEHHSA MO3UIIITHHOI O EJJEKTPOIIPUBOY
JIBOMACOBOI CUCTEMM 3 NIJI-PET'YJISITOPOM

[Mo3uiitHi eneKTpOIPUBOAN IIUPOKO BUKOPUCTOBYIOTHCS Y TPOMHCIIOBOCTI B
TAKAX MeXaHi3MaxX fK MaHIMyJSATOpH, KpaHH, METAlypTiiHI arperatd Ta iHIII.
MopnepHizariss CHCTEeM KEpyBaHHA [HX NPUBOIIB TO3BOJIUTH  301TBIINTH
MIBUJIKOJIIFO, TOYHICTh Ta IUIABHICTH poOOTH IMX MexaHi3miB. Lle mo3BoiuTh
MiABUIINTA ~ SKICTh TOTOBOi MPOAYKIIT HAa MiANPHEMCTBAX, 3MCHIIUTH
€HEepProeMHICTh BUPOOHMITBA Ta 30UIBIINTH HAJIHMHICTH YyCTaTKyBaHHS, IO
EKCIITyaTy€eThCA.

Meta poboTH — pPO3poOKa CHCTEMH KEpPYBAaHHS CIIAKYIOUHUM IIPHUBOJOM
OJIHOMACOBOi CHCTEMH, SIK CKJIQJI0BOI MO3UIIHHOTO EIEKTPOIPUBOa ABOMACOBOT
CHCTEMH.

J1ist TOCSATHEHHS TTOCTABICHOT METH BUPILIYIOTHCS Taki 3a1adi: po3po0IeHHs
MaTeMaTHYHOi Ta  (i3W94HOI MoOJeNned  CHiIKy4oro Ta  IMO3HIIHHOTO
EJIEKTPOIIPUBO/IIB, CHHTE3 KJIACMYHUM METOJ/IOM, PEryJisiTopa MOJOXKEHHS APYrol
Mmacu, pozpodka I1I/{-perynstopa.
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Bymn po3pobneni Ta mporpamMHO — peanlizoBaHi 32 JIOTIOMOTOIO
MIKpPOKOHTpoOJIepa CIiaKyroduil i mosuniiamii nmpusogu 3 I[IIJ[-perymsropom. 3a
MaHUMHU, 3HATHMH 3 ¢i3udgHOi Mojeni, Oyma po3pobieHa iMmiTamiiHa MOAETH
HO3ULIITHOrO MPUBOJAA BOMACOBOI CHCTEMH, II0 MOXXE BHKOPHUCTOBYBATHUCH I
JIOCTIKEHB JaHOTO MPUBOJA Ta 3HAX0KeHHA KoedimienTin [T1/[-perynsaropa.

OTxe, po3pobieHa iMiTamiiHa MOJENs HMO3UIIIHHOTO MPUBOA, IO Pa3oM 3i
CTEH/IOM MOXX€ BUKOPHUCTOBYBATHCH IPU JOCITIDKEHHI 3aMKHYTHX JIBOMacOBHX
CHCTEM €JIEKTPONPHUBOAIB NOCTIHHOTO CTPYMY 3 MIKPOIPOLIECOPHUM KEpyBaHHSIM.
Perynstop, cuHTe30BaHMIl KITACHYHUM METOJIOM, Ma€ HU3bKY NMPAKTUYHY LIHHICTH
y 3B’SI3Ky 31 CKJIaJHiCTIO Horo peaiizauii. BukopucranHs MareMaTndHOi Moei
NpU NPaKTUYHOMY METOJI NOIIYKy 3HaueHb koediuientiB [11/]-perynstopa, mo
3a0e3rneuyroTh OakaHl CTaTW4HI Ta JMHAMIYHI XapaKTePUCTUKH CUCTEMH,
CKOPOYY€ Yac IOIIYKY Ta 3MEHIIY€E PU3UKH MOIIKOPKSHHS 00NaIHAHHA y MpoLueci
HaJaro[pkeHHs. [loJanpini JOCHIDKEHHS IUIAHYETBCS BECTH y  HANPSIMKY
30IMbIICHHS INBUIOKOAII CHCTEMH SK 3a PAaXyHOK MOKpPAIleHHS JHHAMIYHHX
XapaKTepUCTHK CIIAKYIOYOTO MPUBOAY, TaK i IUIAXOM YTOYHEHHS iMiTaIliifHOT
MOJIeNTi, [0 O3BOJHUTH OTPUMATH OUThII TO4YHI 3Ha4YeHHA KoedimieHtiB ITI/I-
perynsropa.

VJIK 004.94:378.147.88
Iicouskuii S1.B.", Hasaposa O.C.?
"cryn. rp. E-314m 3HTY

2 KaH[. TeXH. HayK, pou. 3HTY

XMAPHI TEXHOJIOI'Ti IK ECEKTUBHA ®OPMA OPT AHI3AIIIT
HABYAJIBHOTI'O IPOLECY

VY cucremi cyyacHOi BUIIIOi OCBITH POONTHCS aKIIEHT Ha PO3BUTOK Yy CTYJICHTa
JIOCBiy caMOCTiiHOI misutbHOCTI. CaMocTiiiHa po0OTa CTYACHTIB MOBOAHUTHCS 3
METOI0 CHUCTEMAaTH3alii 1 3aKpIlUIEHHS TEOPETHYHOTO 1 MPAKTUYHOIO MaTepiaiy;
NOTTIMOJICHHST TEOPETHYHMX 3HaHb, (OPMyBaHHS KOMIIETeHLiH 1 iHdopmaniiiHol
KyInbTypH (BMIHHS 3HaliTH 1 BHMKOpHCTardu iH(OpPMALil0 3 METOI0 HaBYaHHA);
PO3BUTOK IMi3HABaJbHOI 3MAaTHOCTI 1 AaKTMBHOCTI CTYyJEHTIB; (opMyBaHHS
CaMOCTIFHOTO MHUCIIEHHSI, 3JaTHOCTI IO CaMOpPO3BUTKY [1].

OpHiero 13 edekTuBHUX (OPM Oprasizamii caMOCTIHHOI POOOTH y Mekax
HaBYAIBHOTO IMPOIECY MOXYTh OyTH XMapHi TexHoiorii. OCBiTHI XMapHi cepicH
BUKOPUCTOBYIOTBCS HE TIJIBKH TIPH TUCTAHIiHIA ¢opmi HaBuaHHS [2]. Ilpm
TpaguIiiHUX (opMax HaABYAHHS BOHH BIAKPHBAIOTH TaKi MOJMIJIHMBOCTI SK:
OpraHizairlisi HaBYaJbHUX KOH(EpeHIiH, ceMiHapiB, B TOMY YHCIi NPOBEACHHA
iHTepHeT-KOH(epeHnii 1 BeOiHApiB, BifgaleHa B3aeMOXisA 31 CTYICHTaMH,
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NPE/CTABICHHS B EJIEKTPOHHOMY BHIVIAAI HAaBYAIBHO-METOAMYHHX MaTepialis,
OHJIAWH KOHCYINbTAlii, TECTyBaHHS, iH(QOPMYBAaHHSA TIPO PO3KIAX 3aHATH;
eIeKTpOHHAa B3aeMogis 3 abiTypieHTamu, iH(QOpPMYBaHHS, KOHCYJIbTYBaHHS,
BiJIaJIeHe peecTpyBaHH 3aiB a0iTypi€HTIB.

3acTocyBaHHS XMapHHX CEpBICIB Mae psja IepeBar: €KOHOMis KOIINTIB Ha
creniajbHI MPUMIIICHHS iX 00NlaHAHHS Ta MIEPCOHAN; IMporpaMHe 3a0e3redeHHs .
MOXJIMBICTh BHUKOpUCTaHHs TexHouoriii Google Apps Education Edition i Office
Web Apps s opraHizamii poOOTH 3 JOKYMEHTAMH, MPE3CHTAIISIMH,
CJICKTPOHHUMH  TaOJNUISIMU;  JO3BOJIIIOTH  30epirat  iH(pOpMaIliio; 3aBAsSKU
XMapHUM TEXHOJIOTISIM JIIOJIM 3 00MEKEHUMH MOXKIIMBOCTSIMH MOXYTb OTPUMYBAaTH
JIOCTYII 10 OCBITSIHCHKOTO CEpPEIOBHUINA.

J1o HeZOMIKIB XMapHUX OOYKCICHb Ha CHOTOIHIIIHIA ICHh MOXKHA BiTHECTH:
HEOOXiHICTh TOCTIHHOTO BHCOKOIIBHIKICHOTO 3’€IHAHHA 3 MEPEXKCI0 IHTCpHET;
PU3UKH TEXHIYHUX 3001B; BIACYTHICTH 3aKOHOIaBYO1 0a3u XMapHUX 009mcieHsb [1].

BukopuctaHHS XMapHHX TEXHOJIOTIH Ma€ TO3WTHBHI (aKkTOpw i
PO3POOHUKIB MPOTrPaMHOTO 3a0€3MEUCHHS, 110 3aCTOCOBYETHCS IiJ] Yac HAaBUYAHHSA,
a came, eeKkTHBHA OOpOTHOA C HENIIEH30BAHUM IPOTPAMHUM 3a0e3MeueHHIM
(mporpamMa He TOTparuisie 1O KOPHCTYBada); HECKJIAAHICTh BHUSBICHHS,
NPUIKMHEHHS HECAaHKI[IOHOBAaHOTO BHKOPUCTAHHS JIeKUIbKOMa KOPUCTyBayaMu
OJTHOTO JIOTiHA; HEBUCOKI BUTPaTH Ha MIATPUMKY. [IpoTe € i HeraTuBHI (akTopu:
HENpUIATHICTh JUIS BCIX 3aBJaHb; €(pEKTUBHICTb JIMIIE NPH BEIHKIH KUIBKOCTI
KJTI€HTIB.

XMapHi  TeXHOJOrii He TUIbKM JIKBIIYIOTh BIJMIHHOCTI  O¢-JaiiH
(TpamuuiitHux) 1 OH-NaWH (AMCTAHUIMHWX, BIAKPUTHX) (OpPM HaABYaHHI, a W
MEepPCOHATI3YIOTh HABYAHHS, JIO3BOJISIIOYM AJallTHBHO HANOBHIOBATH IPHUBaTHE
XMapHE CEepe/lOBHINE CTyIEHTa HaBYaJIbHUM KOHTEHTOM, CEpPBICOM, pecypcaMi B
KOM(pOPTHOMY pexuMi (32 TeMroM, (QOPMOIO IOCTAaBKH 1 CHPUHHATTSA),
JIO3BOJISIIOTE 00iiiTHCS 0€3 «BIacHUX» KOMI'IOTEPHHUX KJaciB, BUTpaT Ha HUX.
Hanpuknan, dbepe3 mopran AWCTAaHIIHHOTO HABYAHHSA YHIBEPCHTETY MOXHA
3IiICHIOBaTH HeAOpOore HaByalibHe (1 HE TUIBKH) IMITalliiiHe MOJIETIOBaHHSI.

Bxxe choroiHi momuT Ha pPUHKY mpani Ha (axiBLiB, SKI BOJOMAIOTH
TEXHOJIOTISIMH XMapHUX OOYHCIIEHb, TOCTIHHO 3pOCTae, HaWKpamuil Ccrocio
MiTOTOBKKM MalOyTHIX (axiBmiB M0 poboth 3 HOBiTHIMH IT-TexHONOTisIMH —
BIIPOBAKEHHS IIMX TEXHOJIOTiH B OCBITHIH mporiec.
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3ACTOCYBAHHA 3ACAJ CTPYKTYPHOT'O MOJAEJIIOBAHHA ITPU
JOCJIIKEHHI OB’€EKTIB 3 IIPY>KHUMMH 3B’ AA3KAMU

IIpn cTBOpEeHHI aBTOMAaTHM30BAaHMX CHCTEM KEPYBaHHS 13 3aCTOCYBaHHSIM
OOYNCITIOBAIGHOT 1 MIKPOIPOIIECOPHOT ~ TEXHIKH I MPOTHO3YBaHHS,
MPOEKTYBAaHHS 1 ONTHMI3alii mapaMeTpiB OONaTHAHHS 1 TEXHOJIOTIYHOTO HPOIECy
3pOCTaE POJIb MATEMAaTHYHOTO MOJEITIOBAHHS.

Po3pobka MeromiB 1 yHiBepcaJbHMUX MaTeMaTHYHHX MoOjeneil s
JIOCJTIJDKEHHS IMHAMIYHUX PEXKHUMIB POOOTH €NIEKTPOMEXaHIYHUX CUCTEM € JJOCHTh
aKTyaJIbHUM 3aBJaHHSIM, 110 00YMOBJIIOEThCS TPArHEHHSIM JOCIIIHUKIB HAWOUIbII
MOBHO BiOOpa3uTH B MOJENI OCOOMMBOCTI 00’€kTa (YCKIaTHHUTH MOJECIb), 3
OIHOrO OOKy, 1 MpPEJACTaBUTH KOTO SK EJIEMEHT CHCTEMH (IO MOJKJIMBOCTI
CIPOCTHTH MOJielb), 3 iHmoro [1]. OaHuM 3 HaWOUIBII MOMIMPEHUX NPH3HAYEHD
MoJenel € iX 3acTOCYBaHHS IPH BUBYECHHI Ta IPOTHO3YBAHHI MOBEAIHKHU CKJIATHUX
npoueciB i sBUII. [HIIE, HE MEHII BAXIMBE, NPU3HAYCHHS MOJENEH IOJISrae y
BUSBJICHHI HUMH HaWOUIBII iCTOTHUX (aKTOPiB, MO POPMYIOTH ITEBHI BIACTUBOCTI
00’exTa, BpaxyBaHHs SKMX HEOOXiJHE TPH JOCHIKEHHI pI3HMX MpomueciB abo
SIBUILL.

Jnst 1pOTO 3pyYHO BHKOPHCTOBYBATH METO/AU CTPYKTYPHOTO MOJICITIOBAHHS,
IO JO3BOJAIOTH Ill€ HAa CTajii MOCTAHOBKM CIIPOCTUTH 3aBJAaHHS IUIIXOM
JIOCTIJKCHHSI BHYTPIIIHBOI CTPYKTYPH JAaHOTO 00’€KTy, BUBUEHHS BIACTUBOCTEH
OKPEMHX €JIeMEHTIB 00’eKTa 1 3B s3KiB Mk HUMH. [IpHu mbOMy CTPYKTYpHI CXeMH,
3B’SI3Ky TiJcCHCTEM 1 iX eleMeHTIB mpocTime 300pa3uTu rpadiqHo, 1m0 CHpPOIIyE
aHaJi3 00’ €KTiB AOCHIHKEeHH [2].

Hocutbs edexTHBHO po3miagatu enekTpoMexadidni cucremu (EMC) y
BUIJIAJI HaboOpy CTPYKTYpHHX CXEM, OCOOJIMBO, KOJM HEOOXiJHO CHHTE3yBaTh
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CTPYKTYpy 1 TapaMeTpH CHUCTeM KepyBaHHS. Ha mpukiani arperaTiB cTaHiB
xoyoHo1 mpokaTku (CXII) MoXKHa BHIUTATH Ti, SIKi YHIBepCaJbHi U OiIBIIOCTI
CTaHIB: HAMOTYBAJILHUH 1 PO3MOTYBAILHUH MPHUCTPOI, TPOKATHA KIIiTh, MPAaBHIIbHA
MaIlIiHa, HOXKHIII IS TIOopi3Ku MeTairy. KpiMm Toro, Bci Ha3BaHi arperaTs MoB’ sA3aHi
MiX co0010: PO3MOTYBAJILHUHN MPUCTPill IOJAaE CMYTY METay, IO MPOKATYEThCS, B
BaJIKM MPOKATHOT KJIiTi, 3 KJIITI CMyTa HaIX0AuTh a00 B HACTYITHI KJIiTI (SKIO CTaH
0araToKJIiTHOBUIl), a00 B MpaBWIBHY MAIUWHY, 3 $AKOI BHUXOIUTH CMYyra, sKa
MOJA€ThCsl a00 Ha HAMOTYBAJbHUU MPHUCTPil, a00 HAa HOXKUII IS MOAAJIBIIOrO
po3pi3aHHs Ha JKCTH HeoOxinHoro Gopmary. KoxeH 3 1iUX arperariB IpHUBOANTHCS
B PyX CICKTPUYHMM JBUTYHOM, SIKUH TIPY)KHO TIIOB’S3aHUAN 3 BUKOHABYHM
MeXaHi3MOM 4epe3 AoBruii Bajd. OTxe, B 3a3HayeHWil BHIIE HA0Ip OCHOBHHX
enementiB CXII HEoOXiTHO A0JAaTH TaKi CTPYKTYPHI OJMHUII 5K «IOBTUH Bam» 1
«CMyra MeTaiy, 110 MPOKATYEThCs», K ABIAIOTH COO00 NPYXKHI 3B SI3KH MEPIIOTO
1 gpyroro poxis [3].

Ha chorozani B iHkKeHEpHIH MPaKTHIN IS BUPIIICHHS 3aBJaHb JOCIIHKSHHS i
ONTHMI3allii BUKOPHCTOBYIOTHCS pi3HI TNpOrpamMHi NPOJYKTH: CIeEIialli30BaHi
nmakeTd; OIONIOTEKH MporpaM; MaTeMaTH4YHI CUCTEMH IporpamyBaHHs. ToMy mpH
BHOOpI TOTO YH iHIIOTO MPOrPaMHOTO MPOAYKTY HEOOXiTHO BpaxoBYBaTH BHJT
MaTeMaTUYHOT'O OIUCY JOCIIKYBaHOI €JIeKTPOMEXaHIYHOI CUCTEMH, 0COOINBOCTI
MOJAaHHS JaHWX MOJENi, BHA TPEACTABICHHS pPE3yJbTaTIB PO3PAXyHKY,
MOXIIMBICTh THYYKOI 3MiHM MaTeMaTHYHOT MOJIEII.
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OCOBJIMBOCTI BUKOPUCTAHHA METOAIB MATEMATHUYHOI'O
MOJEJIOBAHHS ITPU JOCJII’KEHHI EJIEKTPOMEXAHIYHUX
CUCTEM

Enexrpomexaniuni cuctemu (EMC) € 0CHOBOIO KOMIUICKCHOI aBTOMATH3aIli1
BUPOOHMYHX 1 TEXHOJOTIYHHX IIPOILECIB Ta BHU3HAYAIOTH TEXHIYHHWH MpoTpec i
e(EKTHBHICTh y BCIX Taly3sx MPOMHUCIOBOCTI. Po3pobOka HOBHX 1 MOAEpHi3allis
icaytounx EMC BuMmarae iX JOCHIDKCHHS JJIs MiArOTOBKU (haXiBIiB y Tamy3i
NpoeKTyBaHHs i TexHiyHoi excruryartarii [1]. TloTy:xHuM 3aco6oM qoCIimKEHHS
nporieciB  ¢yHkmionyBanHss EMC € 1ocmipkeHHS Ha OCHOBI MaTeMAaTHYHHUX
MoJielied — KOMIT'IOTEpHE MOJISNIIOBaHHS, sKe 3a0e3ledye OonepaTUBHUN
PO3paxyHOK YCTAJICHUX 1 MEPEXiMHUX PEKUMIB POOOTH B INTATHUX 1 HEIITATHUX
peXUMax.

[pu mocmimkeHHI CKIaZHUX HENMIHIMHUX CHUCTEM 3a3BHYail BHKOHYETHCS
MIeBHA i/eamizamisi eleMeHTiB, mo a0 Hei BxomaTh. Lle, 3 ogHOTO OOKY, CIpoIrye
MpoIleC MOJETIOBaHHA, a 3 IHIIOTO — CBiJOMO B3HI)KYE HOTO aIeKBaTHICTH,
30LTBITYIOYH TIPU IIbOMY HEBiIIOBITHICT pealbHUM IIPOLEcaMm, 0 BiqOYBAIOTHCS
i yac poOOTH MEeBHOTO 00JaqHaHH. MaTeMaTHYHE MOJAECITIOBAHHS Y Oyb-SIKOMY
MPOTPAaMHOMY  CEpEIOBHINI  MOTpeOye BiJ AOCHITHMKA 3HAYHO  OLIBIIOL
KBasiQikalli, ska mojsirae y OUIbII TJTHOOKOMY PO3YMIHHI METOJIB YHCEILHOTO
po3B’si3aHHs Au(epeHialbHIX PiBHSHb, JOCBI/I aJeKBaTHOrO BHOOPY METOMIB i
rapaMeTpiB YUCENbHOTO IHTErPyBaHHSL.

HenminifiHicTh  31€OUIBIIOT0  BU3HAYAETHCS  JACKUIBKOMA  [PUYHHAMHU:
3aJIGKHICTIO TMapaMeTpiB CUCTEMH (aKTHBHUX 1 PEaKTHBHHX OMOPIB, KOS(IIliEHTIB
HaMarHiYyBaHHs, KOe(ili€HTIB TMOCHICHHS PETyIATOPIB 1 T. iH. BiJ MmapaMeTpiB
PEXUMY; HENIHIHHICTIO 3B’3Ky MapaMeTpiB PeXUMY MiX co00r0; HETiHIHHICTIO
XapaKTEePUCTHUKHU THITYy «cyXe TepTs» abo «rodT». Lli curHamm xapakTepusyroTbes
HasBHICTIO PO3PUBIB IEPUIOT0 pPOAY, IO I03BOJISIE CTBEP/DKYBATH, IO BOHH
HaJIe>KaTh JI0 PO3PUBHHX PiBHSHb.

Bimomi meTtonm po3B’szaHHsA AudepeHIlialbHUX PIiBHIHD 13 MOCTIHHUM i
3MIHHAM KpPOKOM IHTETPYBaHHS, IO MAalOTh INE IIUTy HHU3KY OCOOIMBOCTEH
3actocyBaHas [2, 3]. BunHmkae mpaBoMipHe TNHTaHHS: SIKi  METOAH
BUKOPUCTOBYBATHU Ta Ky TOYHICTh 33/1aBaTH MPH PO3B’A3aHHI 33724 MOAETIOBAHHS
EMC. Ha cporomni momo TOYHOCTI, a TaKoX BHOOPY KpOKY IHTETpyBaHHA
NPaKTHYHO HE ICHye OJHO3HAYHMX pPEKOMEHIAIH. VYHiBepcalpHOIO €
pPEKOMEHMAIlisl BCTAHOBICHHS KPOKY IHTETPYBaHHS Ha MOPSAOK MEHIIe, HiXK
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HaliMeHITa cTtana dacy [4]. PekomeHIyeThes mpu BHOOpPI METOAY MOIETIOBAHHS
KepyBaTHCS IOBUAKICTIO DPO3B’S3aHHS PIBHAHD, aICKBaTHICTIO OTPHUMAaHHX
pe3ynbTaTiB MOJETIOBAaHHA y TIOPIBHAHHI 3 BiZOMHMH a00 TEOPETHIHHMH,
CIHMPAIOYNCh Ha BIACHWN MOCBiA. SIKIIO pIICHHS BUABIAETHCS HECTIHKUAM, TO
MOXKHa OOMEXHTH TOPSAOK METOAy, IPOBECTH MJOCHI[KEHHS 3 pPI3HAMH
3HAYEHHSIMM BIZHOCHOI MOXuOKkH. OTiKe, NMUTAaHHA IOCHIUKEHHS aaeKBaTHOCTI
MPOBEICHHS KOMIT FOTEPHOTO MO/ICTIFOBAHHS EJIEKTPOMEXaHIYHUX CHCTEM 30epirae
CBOIO aKTyaJIbHICTb.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. OcoOIMBOCTI YHCENBHOTO PO3B’SI3KY CHUCTEM IU(PEPECHINIATLHUX PIBHSHD
MOJICTICH eNIEKTPOMEXaHIYHUX CHUCTeM y IporpamHomy cepenoBuini MATLAB /
O.I1. Yopnwii, €. B. bypainena, O. 10. Pomanos, B. K. Tutiok, O. A. Ilo3irys //
EnexrpomexaHiuHi cHCTEMH, METOAM onTHMi3alii Ta mozpemoBaHHs, 2017. —
Bum. 2/2017 (38). — C. 33-48.

2. XynmsxoB B. Illkoma MATLAB. butmmoreka SimPowerSystems //
CunoBas snektponuka. — 2005. — Ne 5. — Pesxxum moctyna: https://www.power-
e.ru/2005_02_80.php

3. Yepnbix U.B. MoaenupoBaHue 3J1€KTPOTEXHUYECKUX YCTPOUCTB U CUCTEM
B Simulinc. — Pexxum moctyma: http://matlab.exponenta.ru/simpower/book1/

4. MogenroBaHHS eleKTpoMexaHiyHuX cucteM: miapyyauk / O.I1. YopHwmid,
A.B. JIyrosoii, JI.i1. Poapkin Ta in. — Kpemernuyk, 2001. — 376 c.
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CUCTEMA ABTOMATHYHOI'O KEPYBAHHA I'A30TYPBIHHOI'O
JABUI'YHA

JliTaky HeBiJ'€éMHa YacTHHA HAIIOTO Cy4acHOTO XHUTTA. BOHM nomoMararoTh
MOJ0TIaTH BENHKI BIJICTaHI 32 KOPOTKUH 4ac. J[SKyroul IbOMY TPAaHCIIOPTY JIIOTU
MOXYTb MaH/pyBaTH, IIBUJIKO IEPEBO3UTH BAHTAXI TOIIO. AJie 3aBISKH YOMY
JIOCSITAEThCS TaKa MBUAKICTH? 3BICHO 3aBJISIKU IBUTYHAM.

VY OuIbIIOCTI CyYacHHX JITaKiB BUKOPHCTOBYIOTbCS Ia30TypOiHHI JBUTYHHU
TrTm. Bonnu HOIISIOTECS Ha  TypOOpeakTHBHI, TypOOTBUHTOBI,
TypOOBEHTWIATOPHI Ta TypOOBasbHI. OCHOBHI €JEMEHTH JBUTYHA: BXIiJHHH
NPUCTpPiH, KOMIIPECOp, CHCTEMa aBTOMAaTHYHOTO KEepyBaHHS, MAJIMBHA CHCTEMA,
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MacliiHa CHCTeMa, KaMepa 3TOpsiHHS, TypOiHa, comyo. B 3ajexHOCTI Binm THITY
ra3oTypOiHHOTO IBUTyHA KOHCTPYKIIiSl MOXKE BiPi3HATHUCE.

Mertoro poboTH € BUPIICHAS BHHUKAIOYHX MPoOIeM IKOCTi poboTH cucTeMu
aBroMaTryHOrO KepyBaHHA (CAK) TypOopeakTHBHOTO JBHTYHA, a CaMe y HacoCi-
perynsaTopi manmmBa. lle € akTyanpHMM Ha JaHW 4ac, 00 JiTakoOyayBaHHA 3
BUKOPUCTAHHSAM TypOOpeakTHBHHX IBHTYHIB B YKpaiHi Ta CBiTi aKTHBHO
PO3BUBAETHCA, 1 3’ IBISIOTHCS HOBI TPOOJIEMH, SIKi TOTPIOHO BUPILITYBaTH.

Cucrema aBTOMaTHYHOT'O KEPyBaHHs BUKOHY€E HACTYIHI QyHKIi:

- KEpYBaHH: 3aITyCKOM JIBUTYHa;

- KEpYBaHHS CTATUYHUMHU 1 EPEXiTHUMHU PEKUMAaMHU POOOTH JIBUTYHA;

- 3a0e3neyeHHs] CTablIbHOT poOOTH KoMIpecopa Ta kamepu 3ropsiHHA (K3)
JIBUTYHA B CTAJIMX Ta MEPEXiTHUX MPOLecax;

- 3amoOiraHHs TEpPEeBUINEHHA IapaMeTpiB JBUTYHA BHINE T'PAaHUYHO
JOIYCTUMUX;

- BUKOHAHHS aJTOPUTMIB KEPyBaHHS JABUTYHOM JUIS 3a0€3ME€UEHHS B3a€MOJil
3 CHCTEMaMH JITaKa;

- BUKOHAaHHS 1HIINX 3aBAaHb KEPYBaHHSI.

Cyuacua CAK TypOopeakTHBHOTO IBUTYHA CKIAAETHCS 3

- €JIeKTPOHHOI YaCTHHHU: eJIEKTPOHHUN OJIOK KepyBaHHS,

- TiZpoMexaHIYHOI YaCTHHH: TiIPOMEXaHIYHOTO arperaty BUKOHYIOUOTO
KOMaH/I! BiJ| €JIEKTPOHHOTO OJIOKY KepyBaHHS;

- CeHCOpiB 1 iHpopMalLiHHUX CUCTEM;

- BUKOHABYHMX €JIEMEHTIB.

Xou CAK BHKOPHCTOBYIOTHCS IOCHTH JaBHO, BOHH, K 1 Oyab-sKi iHIII
CHCTEMH, MAalOThb NpPOOJIEMH HEJOCTATHHOI TOYHOCTI BHKOHAHHS 3aKOHIB
KepyBaHHSI [P IEPEXiJHUX MPOLECcax, a came:

- 3a0e3NeyeHHs] MIHIMAIBHOTO TIE€pEperyjIoBaHHS BUTpATH MalMBa IpH
nepexozi 3 BUKOHaHHA 3akoHy posnaiieHHs KC 10 BUKOHaHHS 3aKOHY PO3TOHY
pOTOpa ABUTYHA TIPH 3aITyCKY JIBUTYHA;

- 3a0e3le4YeHHs] MIHIMAJIBHOTO MEpEeperyyIloBaHHS YacTOTH OOepTaHHs
poTOpa JBHI'YHA IpU MEpPEeXOJi Bijl 3aKOHIB KEpPYyBaHHS IPHU 3allyCKy JBHUTYHA JIO
3aKOHIB KepyBaHHS JIBUTYHA NpU pexnMax (MATPUMYBAaHHS YacTOTH OOepTaHHS
potopa).

Bupimenns nepmioi 3aadi J03BOJISE 3aI00iraTH 3racaHHi0 KaMepu 3rOPSTHHS
miciis 11 po3naiieHHs i 3a0e3nedye HaiifHICTh 3aIrycKa IBUTYHA.

Bupimennst npyroi 3amadi  o3Bossie  3amoOirTh poOOTI  HENmporpiTtoro
JBUTYHa Ha BEJIMKMX 00eprax, IO HE /A€ MOXJIIMBOCTI BHHUKaHHS JIOTHKIB
JeTayieil poTopa Ta craropa.

MO>KIMBUMH HanpsiMaMH BUPIIICHHS IIPOOJIEMU MOXKYTh OYTH:

- oNTHMIi3allis anropuT™MiB (3akoHiB) kepyBaHHI CAK;

- ONTHMIi3allisi BUKOHaHHS nporpaM kepyBanHs CAK;
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- 3MIHCHHS KOHCTPYKUIii JABUIYHa, II0O HE YHEMOXJIHMBIIOE BHUHUKAHHSI
BKa3aHUX MPOOIIEM.

Haii0inpm, 3 TOYKH 30py BUKOPHCTAaHHS PECypciB, MiOXOAWUTH HAMPSIM 3
omTuMmizamii BUKOHAaHHSA mnporpaM kepyBaHHI CAP mIIsIXoM BHKOPHCTaHHS
ontumansHUX cxeM IIIJI perymsitopa Ta HajmamTyBaHHSA Koe(ili€HTIB
peryIroBaHHS.

VK 681.5, 681.94

Kasyposa A.€.', Capauesnu A.A.°
'kan. TexH. Hayk, o, SHTY
*cryn. rp. E-314m 3HTY

PO3POBKA JUCKPETHOT'O EJIEKTPOIIPUBOJA JIASEPHOT'O
I'PABIPYBAJIBHOI'O BEPCTATA

Ha cporosni, sik Ha BUPOOHUIITBI, TaK i y 3BUYAlHOMY KHTTi, 4aCTO MOCTAE
3amadya HaHEceHHs rpadivuHoi iHpopMmamii Ha pi3HI MOBEpXHi. Y BHIAAKY 3
MarnepoM IMI0 3aJady MOJKHA 33JOBOJBHUTH 3a JIONIOMOTOI0 IPWHTEpa, ajie st
IHIIAX MaTepiaiiB MOTpiOeH iHIMA crocid HaHeceHHA iHQopmamii. 3apa3 ToBOII
MIMPOKO MOYaJIH BHKOPHUCTOBYBATHCS JIa3epH PI3HOI MOTYKHOCTI. 32 JOMOMOTOIO
Jazepa MU MOXEMO HaHEeCTH rpadidHe 300pakeHHs — JIOTOTHUI, MAPKYBaHHS 1 T.iH.
Bin moTyxHOCTI J1a3epa 3aexarh i HOro MOXKIMBOCTI, TaK OUIBLI MOTYXHI Jiazepu
3/IaTHI BUPi3aTH JeTali 3 IJIacTHKa, IePEeBHHHU, MeTaa 1 IHIINX MaTepiasis.

MeTtoro gaHoi poOOTH € CTBOPEHHS pPOO0YOT MOJEHi Jia3epHOro
rpaBipyBaJIbHOTO BEpCTaTa Ta JOCHIHKCHHS PI3HUX MapaMeTpiB poOOTH jasepa i
KPOKOBHUX JIBUTYHIB.

B poGoti 3a OCHOBY OyJI0 BHKOPHUCTAaHO CTBOPEHY paHillle MOJEIb
TPHOXOCHOBOTO IUIOTTEPA. 3a TEPEeMIlleHHS YacTHH IUIOTTepa Y IIPOCTOpi
BIAMOBiatOTh KpOKOBi ABUryHM Nema 17, KepyBaHHS SKHMH 3IIHCHIOE TUIaTa
Arduino Uno 3 momynem Shield CNC. Kpim Toro, mns kepyBaHHSI KPOKOBHMU
JBUTYHaMH OynM BHKOpUCTaHi apaiiBepn A4988. Jlani gpaiiBepu [JaroTh
MOXJIMBICTh 3MIHIOBaTH MIKpOKpOK 10 1/16 xpoky. Ilocrae 3aBmanHs 3a
JIOTIOMOTOI0 BHMIPIOBAJIBHOTO OONaJHaHHS HOCIINTH, SIK BIUIMBAE€ MIKPOKPOK
(moBHWMIA KpoK, 1/2, 1/4, 1/8, 1/16) Ha mapameTpu KPOKOBUX ABHUTYHIB.

KpoKkoBi ABUT'YHU NPHUITYCKAIOTh MPOCTHH CIOCIO MO3WIIIOBaHHS 3 00paHOIO
IIBUJIKICTIO TIEPEMIIICHHS 1 HE BHMAaraloTh 3aCTOCYBAaHHS 3aMKHYTHX KOHTYDiB
pPETYNIOBaHHS 3 BHKOPUCTAHHSM JATYMKIB KYTOBOTO TOJIOKEHHS 1 1HIIUX
aHaNOTiYHMX 3aco0iB. [l momimmeHHS poOOYMX XapaKTepUCTHK MOXKHA
3aCTOCYBaTH METOJ, BIIOMHH SIK MIKpPOKPOKOBE IO3WIiIOBAaHHS, MpPH SIKOMY Ha
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TUNOBHH CHWTHaJ, 1o 3a0e3medye poOOTYy B MOBHOKPOKOBOMY PEXKHMI,
HaKJIa1a€ThCSl CUHYCOINaJbHUI CTPYM.

B masepi (;1azepHOMY BepcTaTi) CBITIIO Bif JaMmu (OKYCY€ETHCS B IPOMIiHB,
SIKAH TIepeaeThCs Yepe3 CUCTEMY JI3epKasl a00 ONTHYHE BOJIOKHO Ha JIH3Y, N¢ BiH
HaOyBae ocTaTogHOTrO (pOKyCyBaHHS i mOTpamiie Ha Matepian. [Ipu mpomy, IuM
Omk4e BiCTaHB BiX JIH3M 0 MaTepiaidy, TUM TOYHIIIE i TOHIIE MOXYTh OyTH
JiHii TpaBipyBaHHSI.

B mpomeci nasepHOro - rpaBipyBaHHS — 3HIMAEeThCsl  (BHUITAIIOETHCS,
BUIIAPOBYETHCS) BEPXHIi MMIap a0o Imapy, 3a paxyHOK 4Oro Ha MOBEPXHI MaTepiaity
BUHMKAIOTh IMOTJIMOJIEHHS, MOEAHAHHS SKUX JalOTh HEOOXiJHEe 300pakeHHs abo
Hanuc. [nOWHA TpaBipyBaHHS 3aJl€XKHUTh Bil 0OpaHOi MOTYKHOCTI JIa3epHOTO
BepcTara, BiJ (I3UYHMX BJIACTUBOCTEH Marepiany 1 BiJ KUIBKOCTI INPOXOIiB
(KUTBKOCTI JTiHIN, TPAEKTOPIS SKUX 30Iira€ThCs 3 TPAEKTOPIEIO BXKE BUTPABIPYBAHUX
JHIH, TPOCTIIIe Ka)Xy4H, TOBTOPEHD 3pOOJICHIX 110 OZHIMH 1 Tilf )K€ 3aTOTOBIII).

B mpoueci na3epHOro rpaBipyBaHHs], 3 ypaXyBaHHSAM OCOOIMBOCTEH METOLY,
Ha Kpasx IpaBipyeMOro 300pa)KeHHs MOXXYTh BUHHKATH OIUIABJICHHS, SIK MOOIYHUIA
edekT meperpiBaHHs Martepianmy. Lleit edext moxke Hamami OyTu mpuOpaHuil 3a
PaxyHOK 3MCHIICHHS TEMIICpaTypH i TPHBAIOCTI BIUIMBY IPOMEHS Ha MaTepial,
IO peai3yeThesl IUIIXOM 3MEHIIEHHS IOTYXXHOCTI Bepcrara, 30iIbLICHHIM
MIBUAKOCTI TPaBilOBaHHSA, 3a pPaXyHOK 4YOro MOXKE 3HAJOOWUTHCS BHKOHAHHS
JTIOJTATKOBUX MPOXOJIIB.

IepeBaru 5azepHOro pizaHHs 1 TpaBipyBaHHs Iepel IHIIMMH METOAaMH
MOJIATAIOTh y IIBUJIKOCTI MPOIECY, a TaKoX MPOLEC IpaBipyBaHHs 3ala€ThCs 1
koopaunyeTbest UITK, mo n1o3Bossie Maiike BUKITIOYUTH OpaK y BUpOOax 1 JOCATTH
TOYHOCTI TIO3WIIIOBaHHS B MeEXax JeTami. TakoK BapTO BIAMITUTH BiJCYTHICTh
(¢ismyHOTO BINIMBY HA Marepiaj, MO0 MOXE JO3BOIUTH TpaBipyBaTH
Ba)KKOJIOCTYITHI 1 HE3pYYHO PO3TAIIOBaHI TUISTHKH MaTepiaiy.

YK 681.5

Kazyposa A.€.], Jlucenko B.O.2
'kan. Texn. Hayk, gor. SHTY
crym. p. E-315 3HTY

CUCTEMA KEPYBAHHA EJIEKTPOITPUBOJA CTPIYKOBOI'O
TPAHCIHOPTEPA

[IpakTH9HO y BCIX Taly3sIX NMPOMHUCIOBOCTI BHKOPHUCTOBYIOTHCS CTPIUKOBI
TpaHCHOPTEpH, SKi 3a0e3nedyioTh Oe3MepepBHICTh MPOIECIB TPAHCIIOPTYBAHHS
pi3HMX BHIB BaHTAXiB i MaTepiamiB. IX 3aCTOCYBaHHs 103BOJSE JTOCTABJIATH JIO
HOTPIOHOTO 00'€KTY INTYYHI BaHTaXi 1 Marepiayii, IO MalOTh CHILY4y/KYCKOBY
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CTPYKTYpH. TpaHCHIOPTYBaHHS, SK B TOPH3OHTAIBHOMY, TaK 1 B IOXHIOMY
TIOJIOXKCHHI, 320e3Medy€eThCs 33 paXYHOK 0COOIMBOT KOHCTPYKIIiT IPHUCTPOIO.

3anexHO Bim ramys3i BUpOOHHWIITBA, rabapwTiB i BarM BaHTaXy, a TaKOX 3
OISy Ha BUKOHAHHS OOYMOBJIEHUX 3aBJaHb, BUKOPHCTOBYIOTHCS PI3HOTO BHAY
YCTaHOBKHM 1 KOHCTpyKmii. HaiOinpm 3aranpHa Kiacuikamis IpyHmyemvcsa Ha
yMOBaX eKCIDTyaTamii CTPiYKOBHX KOHBeepiB. BoHM OyBarOTh IepecyBHHMH,
NEepeHOCHUMH, 1 cranioHapHUMH. OCHOBHMMH  4YacCTHHaMH  CTPIYKOBOTO
TpaHCIIOpTEpa € CTaB, MPUBOIHUI OapabaH, HATSHKHUK OapabaH, POJIMKU KOHBEEPa,
TpaHCIIOpTEpHa CTpiuka. B 3amexHOCTI BiJ THUIY CTPIYKOBOTO TpaHCIOPTEpa
KOHCTPYKIIiSl MOXKE BiJIPi3HSATHCH.

MeTor0 poOOTH € [OCHIMKCHHS Ta PO3POOKAa CHCTEMH aBTOMATHYHOTO
kepyBauHs (CAK) enexkTpornpuBoa CTPIYKOBOTO TpaHCIOpTEpa. BaockoHaneHHs
KOHBEEPIB MOB'sI3aHE 3 PO3POOKOIO CHUCTEM, IO ONTUMI3YIOTh PEKUM IX podoTH 32
KpUTEpieM MiHIMI3allii BUTpPAT Ha TPAHCHOPTYBaHHA. B CydJacHHX CTPIYKOBUX
KOHBEEPAX 3aCTOCOBYIOTh HEPETYIbOBAHMIT MPUBO. IOro HeTomiKaMy € CKIlaTHHii
MYCK, TPOKOB3YBAaHHS CTPIYKH, YJapHI HaBaHTaXCHHS B TPHUBOJI, MiIBUIICHUI
3HOC 00JIaHAHHS, 3HAYHI BUTPATH €JICKTPOCHEPTil IPH HETIOBHOMY 3aBaHTa)KCHHI
TpaHcnoptepa. J{ocBin ekcruryararii CTpiYKOBHX TPAaHCIOPTEPiB MiATBEPIUB, IO
JUISL 3HIDKEHHST BUTpAT €JEKTPOCHEprii, 3MEHIICHHS 3HOCY TPaHCIOPTEPHOI
CTpIUKH, pOJIMKIB Ta CTaBa KOHBEEpa HaWOUIbII e(eKTHBHHM 3aco0oM €
3aCTOCYBaHHSI PEryJIbOBAaHOTO EJEKTPONPHUBOAY, SKHUH JO3BOJSE DEryJOBaTH
HIBUAKICTh PYXy CTPIUKHM 3aJI€KHO Bil ()aKTUYHOTO 3aBAHTAXKECHHS TPaHCIIOPTEpA.
Yacto mpu 1bOMY MallMHa Ha0yBa€ JOJATKOBI TEXHOJOIiYHI IepeBard 0e3
BHECCHHS 3MiH JI0 ii KOHCTPYKIIi.

Cucrema aBTOMaTHYHOTO KEPyBaHHsI TOBUHHA 3a0€3II€YHTH:

- IUIABHMH ITyCK 1 3yITUHKY €IEKTPOJIBUTYHIB TPAHCIIOPTEPA;

- aBTOMATHUYHE PETYJIIOBAHHS HIBHIKOCTI PyXy CTPIUKH, B 3aJIeKHOCTI Bij
(hakTHIHOT 3aBaHTaKEHOCTI;

- 3HWKEHHA AMHAMIYHAX HaBaHTAXKCHb B IIPUBOJI, TATOBOMY OpraHi B
po0OUHX peKUMaX, B peKUMaX MEPEBAHTAKEHD 1 CTOMIOPIHHS MEXaHI3MiB;

- NIJABHIICHHS HAMIWHOCTI, 30UIBLICHHS pECcypcy 1 TEepPMiHY CiIyXOu
TEXHOJIOTYHOTO 00IaJHAHHS;

- CYTTEBE 3HIKCHHS BHUTPAT EJEKTPOCHEPrii Ha TPaHCHOPTYBAaHHS 3a
paxyHOK ONTHMi3allii HaBaHTaXeHb IPH XOJOCTUX, a00 ONM3BKUX OO0 HHUX
pexKIMax.

B pobGori Oyno ckiageHo MaTeMaTH4Hy MOJIENb PO3pOOJICHOT CHCTEMHU
ABTOMATHYHOT'O KEPYBaHHS CTPIYKOBOTO TPAHCHOPTEPa, 3IiHCHEHO MOJICIIOBAHHS
Ha EOM pi3HuX pexumiB poOOTH NpHBOJa TpaHCIIOpTEpa i 00IPYyHTOBAHO CHOCIO
HOro KepyBaHHs.
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IJEHTU®IKALIISA ITIAPAMETPIB OB'€EKTA KEPYBAHHS 3
HAABHICTIO 3AIIIBHIOBAHHSA

3apmaHHs imeHTH(IKamii TUHAMIYHUX OO0’ €KTiB 3a EKCIIEPUMEHTAIbLHIMH
JAHMMU € OJTHAM 3 OCHOBHHX 3aBJIaHb CY9acHOI TeOpii aBTOMAaTHIHOTO KepyBaHHS.
InenTudikamis € OOOB’S3KOBHUM €IIEMEHTOM 1 HAHOLIBII CKIaTHUM ETaroM
MpOIIeCY BUPIIICHHSA MPUKIAAHUX 3axad. Jns moOymoBu 1 aHamizy CHCTEMH
aBTOMATHYHOTO KEpyBaHHS O0’€KTaMH HEOOXIHO MaTh MaTeMAaTUYHHUI OIHUC
I[LOr0 00’€KTa, TOOTO HOr0 MaTeMaTHYHY MOJEIb. MareMaTuyHa MOJCIbh 00’ €KTa
kepyBauHs (OK) uacto OyayeThcs Ha MiACTaBI €KCIEPUMEHTAIBHUX TOCHIIKCHb
peakuii o0’ekTa Ha cXigyacTy BXifHy Ait0. Takuil eKcrnepuMEeHTaJbHUN METO.X
BU3HAYCHHS AMHAMIYHUX Xapaktepuctuk OK monsrae B 3HATTI KPUBOI PO3TOHY Ta
i ampoxcuMaIii.

Mertoto naHoi poOOTH € TOCTiKEHHS MeTOIB ineHTH]ikamii mapameTpiB OK
3 HasSBHICTIO 3aITi3HIOBAHHS 32 PO3TiHHOIO XapaKTEPHCTUKOIO.

Posrmsmanace mepexigHa XapaKTepHUCTHKa 00’€kTa y(f), OTpUMaHa B
pe3ynbTaTi eKCIepuMeHTy (puc. 1).

all
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Pucynok 1 — IlepexigHa XxapakTepucTHKa 00’ €KTa KepyBaHHS.

XapakTep KpHBOi (HasBHICTh TOYKU TIEPETHHY) BKa3ye, IO BOHA BiATIOBimae
IBo- abo OaraToeMHiICHOMY OO’€KTy i3 CaMOBHpPIBHIOBaHHSAM, SKHH TOBHHEH
onucyBatucs Au(epeHiatbHIM PIBHSIHHSAM JIPYroro rnopsiiky ado suine. Jlocuth
yacto Taki OK chopomieHo mojaroTh sSK TIOCHIZIOBHO 3°€JHAHI JIAHKH, IO
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BiJIIOBIAfOTh OJHOEMHICHOMY 00 ’€KTY Ta JIAHIII YHCTOTO 3alli3HIOBaHHA. T00TO
nepenatHa ¢yHKmis OK  ampoKCHMYeETBCS amepioAWdHOI0 JIAHKOK IIePIIOTro
TOPSAKY 13 3aIi3HIOBAaHHSIM.

Icaye Garato meTomiB imeHTH}IKAIil mapaMeTpiB 00’€KkTa, aje AedKi 3 HHUX
JIOCUTH CKJagHI, TPOMI3IKI, pO3paxyHKH 3aiMaroTh Oarato wacy Ta, BOIZHOYAC,
1HKOJIM TAIOTh IOCHUTh CYTTEBY MTOMIJIKY 1ACHTH(IKAIIII.

Posrisnanucs Tpu Mertoam rpadiko-aHamiTnuHoi anpokcumanii OK. Ilpwm
bOMY IIapaMeTpH HepenatHoi (YHKIII Bu3Hayanmucs 3a rpadikoM Ha puc. 1 3a
JIOTIOMOTOI0  IOJIaTKOBUX NOOynoB. HaiiOinpiny TowHiCTh ampokcuMariii Oyio
OTpHMaHO 3a JIornoMororo Meroga OpmaHnca.

YK 681.5

Kazyposa A.€.", Kubanpuyk LI
lKaHZ[. TEXH. HayK, gou. 3HTY
“cryn. rp. E-314m 3HTY

METO/IM OBPOBKH BUXIJJHOI'O CUTHAJTY IHKPEMEHTHOI'O
JATUMKA

Jns  SKiCHOTO TO3WMIHHOTO KepyBaHHS SIKUM-HEOYIOb IIPOLECOM OKpiM
MepeMillleHHs, BHUMIPIOBAHOTO 3a JIOIOMOTOI0 JIaT4YMKa, HEOOXiMHO MaTH
iHpopMalilo PO IIBUAKICTH MPOTIKAHHS Ipolecy 0e3 CHelialbHOro JaT4HKa.
[IBuakicTe MOKHA OyJI0 O OIEpIKATH MUITXOM Oe3MepepBHOr0 abo JAUCKPETHOTO
JTU(epeHITIFOBaHHS MO3UIIIHHOTO curHainy. [le MOK/IMBO Y BUMAKy Oe3mepepBHOTO
HesaurymisieHoro curHany. OcCTaHHIM 4YacoM Y SIKOCTI JaTduka MepeMillleHHs
HIMPOKO BHKOPUCTOBYETHCS IHKPEMEHTHHMH JaT4MK, IO BHIA€ IMITYJIbCH
NPUPOLIEHb CUI'HAMIB. J{JIs o/iepyKaHHs MepeMIllieHHs Il IMITyJIbCH i ICYMOBYIOTb,
y pe3yibTaTi 4Oro YTBOPIOETHCS peNleHHMIA cXimyacThii curHai. Takwid CHrHAI
HEMO>UINBO au¢epeHnitoBaTH. [Ipy BEMMKHX IIBUIKOCTSIX HPOTIKAHHS MPOLECY
iHpOpMaIif0 TPO IIBHUAKICTH MOXKHA OJEpKaTH MUISXOM IiJCYMOBYBaHHS
IMITyJIBCIB 32 MEBHUH MaJIMi Yac i MoJabIIoro JUICHHS CyMH Ha 1ei yac. OnHak
IPY MaJIUX IIBUIKOCTSIX IMITYJIBCH OyXyTh WTH Yepe3 BEJHMKI MPOMIXKH 4acy, 10
HE JI03BOJISIE OJIEP)KATH IIBUIKICTh 0€3 HETPUHHITHO BEJIMKOTO 3ali3HIOBaHHS. Y
I[FOMY BHIAJKY IIBHJIKICTH MOXKHA OIIIHWTH 32 JIOTIOMOTOI0 JWHAMIYHUX (PUIBTPIB
(pimpTpie  Kammana, cmoctepexxHuka JlploenOeprepa), mNoOyZOBaHHX 3a
JMUHAMIYHOIO MOJIEJITI0 KepoBaHOTo Tiporiecy. OgHaK 1€ 3a3BWyail MoB's3aHO i3
3HAYHUM 00CSIroM OOYHMCICHb 1 CKJIAQJHICTIO, BHKIHWKAHOK HEBHU3HAYCHICTIO
o0'exta kepyBauHs (OK).

Metoo po0OOTH € TOpPIBHAHHSA METOMiB OOpOOKM BHXIZHOTO CHUTHAITY
IHKPEMEHTHOT'O JaTYHKa, 110 BPAXOBYIOTh CXiUacTiCTh IIbOTO CHUTHAIY.
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B pob6oti [1] 3ampomonoBanmii acumnToTHuHUi mudepenniatop (ALD),
SIKAH TO3BOJISIE OTPHIMATH JOBUTBHY KUTBKICT ITOXiTHHUX MTO3UIIHOTO CHTHAITY HE
NUIIXOM TUQEpPEHIIIOBaHHA, a LUIIXOM iHTerpyBaHHsA. OOHaK B OTpHUMaHii
CTPYKTYpHI cXemi mpuxoBaHWi #oro ¢iswunnit 3mict. VY poboti [2]
sanporoHoBannit iHmmE Bug AJlD, moOymoBaHOTO 3a NPHHIUIIOM CTEXKHOI
CHCTEMH, 3 OyXe mpo3opuM ¢(izmgamM 3MicToM. B pobori [3] iHpopmarito mpo
MIBUAKICTB MTPOIIOHYETHCS OJIEPKyBaTH 3a JornoMoroto ¢insrpa Kanmmana. ®inbtp
Kanmana Bumarae npuOiaM3HO B TpH pa3u OUIbIIMIA 0OCSIT OOYMCICHB, HIX
CIIOCTEPE)XXHUK. Y TOMY BHIIQJIKy, KOJU MOTPiOHE KEpyBaHHS HE IOJIOKEHHSM, a
MIBUJKICTIO, MOXE BHHHKHYTU CHTYallis, OpH sKifi curHan & (lepeMilleHHs)
npsMye 10 HecKiHdeHHOCTi. Kpim Toro, oOcar oOuucieHb Oyjae 3aBUIIECHUH 3a
pPaxyHOK HEBUKOPHUCTOBYBaHOI OWIHKK 4. IHpopMmamirco mpo MBUAKICTL i
MPUCKOPEHHST MOYKHA OTPUMATH 32 JIOIIOMOTOI0 aCUMIITOTHYHOTO udepeHiiaTopa,
moOy0BaHOTO 32 MPUHIIUIIOM criocTepekHuka JIbtoenoeprepa [4, 5]. Takuit meTon
OLIIHIOBAaHHS MIBUAKOCTI 1 MpPUCKOPEHHS € peKypeHTHHM. Hes3Bakarounm Ha
peNelHICTh BXiJHOTO CUTHAITy NEPEeMILICHHS, OLIHIOBaHI 3MiHHI € 3IJIaPKeHUMH,
IO JI03BOJISIE 3AIHCHUTH “M’sike” KepyBaHHs. AJITOPUTM Mpaloe 0e3 ypaxyBaHHS
TUHAMIKH 00’ €KTa KepyBaHHSA, IO POOUTH HOTO YHIBEpCATBHUM.
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OCOBJIMBOCTI BUKOPUCTAHHSA JATYHUKIB BIZICTAHI B
ROBORACE

Roborace - 1me mpoekT poOOOTOTEXHIYHMX 3MaraHb pPO3POOIIETHCA 1
MpoCyBaeTbesl BpecTchkuM epKaBHAM TEXHIYHUM YHIBEPCHUTETOM Ta ACOIiaIliero
Po6oToTtexniku B Ykpaini. L{i 3Maranas 6arato B 4oMy 4epraroTh ifei 3i 3MaraHb
®opmynu 1, ane 3 Ti€ BIAMIHHICTIO, IO 3MararThCsl HE KEPOBaHI MiJOTaAMH
0oiu, a MOBHICTIO aBTOHOMHI po0OTH. P00OTH MOKIamarThCsl HA CBIAYCHHS
CBOiX JaTYUKIB 10 O Opi€HTyBaTHCS IO Tpaci, "3HaX0OUTH" OBOPOTH, BUOHPATH
HMIBUAKICTH PYXY 1 HE CTUKATHCS 3 CyNIEpHUKAMHU.

TypHip BkIIOYae 3MaraHHs, B SIKMX MOXYTh OpaTh yd4acTh SIK HpOCTI
BY3bKOCIIPSIMOBaHI KOHCTPYKIII, CTBOpEHI IOYaTKIiBLISIMH, TaK 1 KOMIUIEKCHI
poOOTOTEXHIUHI TPHCTPOi 31 CKJIAAHOIO IPOTPAaMHOI0 YacCTHHOI. PermameHTn
3MaraHb ()OPMYIOTHCSI TaKMM YHHOM, IIO0 OXONUTH SIKOMOTA IIMPIINH CIEKTP
XapaKTEPUCTHK i MOMXIIUBOCTEH pOOOTOTEXHIYHUX KOHCTPYKIIiH.

IcHyIOTH pi3HOMaHITHI JaTYMKHU BifcTaHi. Taki SK ONTHYHI, yIBTPa3ByKOBI,
nazepHi Ta iHppadepBoHi. HalOIbITy pO3MOBCIOIKEHICTh OTPUMAHA OCTaHHI TPH.
B cBoM0 yepry BoHM MOJIISIOTHCS HAa aHANIOTOBI Ta U(pPOBi. sl BAKOPUCTAHHS Y
3MaraHHax Oynu oOpani aHanorosi iH(ppauepBoHi aaTyuku Binctani SHARP-
GP2Y0AO02YKOF.

B cBoto uepry iHhpadepBOHUI TaTUYMK BiJCTaHI J03BOJISIE BUMIPSTH BiJICTaHb
JIO TIEpEeIIKOIM 1 MOBEPHYTH aHAJOTOBE 3HAYEHHs BIAMOBIIHE BiJJIAJICHOCTI IO
nepemkoau. Bincranb mae He JiHIiHY 3aJ1€XKHICTb.

[pu tectyBaHHi Oynm oTpuMaHi HemocTOBipHI BincTaHi. [Ipm momambpmmomy
BUBYCHHI NMPUYUH HETPABIIBFHUX BUMIpIB BifcTaHI Oyina BHUsBIIeHa npudnHa. Ha
pucyHKy | TmoOKa3aHa ocHwiIorpamMa HamnpyrW >KHMBJICHHS JaT4dMKa BiACTaHI
HiKIIOYEHOr0 10 MIKpPOKOHTpojepa Ta crabinizaropa Hampyrn 5B Ha mati
MIKpPOKOHTpOJIEpa.

3 pucyHky | BHAHO, IO >KMBJIEHHS JaT4dKa BIJIICTaHI Mae€ KOJMBAHHS
Hanpyru ¢ vactotoro 0,97k[1y ta amriitynoro nonan S00MB. Ilicis BUBUEHHS
NPHUHIUIY il Ta €KCHepUMEHTIB OyJ0 BCTaHOBJICHO, MIO KONWBAaHHS BUKJIHKA€E
JATYUK M7 Yac 3aMipy BiAcTaHi. B cBoio 4epry 3MiHEHHS HAIPyTH >KUBJICHHS
Npu3BOANTh 10 MmymiB Ta moxuOku B ALl mikpokoHTponepa. Ane OinbIn
3allikaBMB 4Yac KOJM KOJIMBaHHS BiACyTHi. Ha naHuii yac He BUSBHIM MPUYHHY
MPOMDKKY KOJHM KOJNMBaHHA BifcyTHI. Ha aBTOHOMHOMY po0OTi sKuii Oyzme
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BUKOPUCTOBYBATH 1O 6 MAaTYMKIB BiICTAaHI Hampyra >XHUBICHHA Oyae MaTh
KOJIMBAHHSI 3 3MIHHOIO 9aCTOTOIO Ta aMILTITYAOO.

Hantek RA[#] 1 VAR | w]

I L A N N N A

Pucynox 1 — OcunorpaMa Hanpyru )KHUBJICHHS AaT4MKa BiJCTaHi

AHaii3 OTPUMaHUX pe3yJbTaTiB AOCIKEHb H03BOJSE CHOPMYIIOBATH
HaCTYITHI BUCHOBKH:

1. [loTpiOHO MmAaTYMKH >KUBUTH BiJ OKpPEMOTro CcTalimizaTopa Hampyrua 3
301TBIIICHUMH €MHOCTSIMH KOHJ/ICHCATOPIB.

2. BukopuctoByBatu  JKEpEJo ONOPHOI ~ HAampyru  Jyid ALII
MIKpPOKOHTpOJIEpa..

3. IIponoBXUTH BUBYCHHS IIMTaHb BUKOPHUCTAHHS PI3HMX JAaTUMKIB BifCTaHi
JUTsE BUKOpUCTaHHS 1X B RoboRace.

YK 621.873

Kpucan 10.0. ', Mociitayk B.B. *
! kanp. TexH. Hayk, gom. 3HTY

* cryn. rp. E-314m 3HTY

YAOCKOHAJIEHHA POBOTH EJIEKTPOIIPUBOAY
BEPTUKAJIBHOI'O KOHBEHMEPA

BeprukanbHi CcTpiukoBi KOHBeepH (HOpIii) € OCHOBHUMM MeXaHi3MaMH JUIs
HepeMillleHHs TPOAYKTY B IpoLeci HOro TEXHOJIOTIYHOI HepepoOKH, 10 BHCYBAE
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TeBHI BUMOTH 10 Oe3mepebiifHoCTI iX poOOTH, TEMIepaTypHOTO PEKUMY, a TaKOX
PEeXUMY acriparii.

OCHOBHMM BYy3JIOM, III0 BHU3HAa4Ya€ HOPMaJIbHYy po0OOTy Hopii, € ii
€JICKTPOIIPUBO/I, MOJICJIIOBAHHS IIPOIECY POOOTH SKOTO B TOAAIBIIOMY JO3BOJHUTH
JIOCITI/KYBATH 1 MOJIEPHI3yBaTH KOHBEEPHY YCTAHOBKY 3 METOIO ONTHMI3arlii ii
po0oTH, 0OCOOIMBO B TMEpEeXiIHUX peXuMax. Take IOCHIHKeHHS TMPeICTaBIISIE
3HAQYHUI IHTepec AJsi BUPIMIEHHS NPAaKTUYHUX 3aBJaHb, OCKUIBKM paHille Taki
JOCHIJDKEHHSI HE TIPOBOJWINCSA, a IPaKkTHYHI CHOCTEPEXKEHHS Ha pI3HUX
HiANPUEMCTBAX JAHOI Taily3i MOKa3alu HEOOIPYHTOBAHE 3aCTOCYBAHHS MOTYKHHX
JIBUTYHIB Ha HOPISIX, 110 €KOHOMIYHO HEJOLUILHO, @ TAKOXK HEJOCTaTHBO IIMPOKE
BUKODHUCTAaHHS aBTOMAaTUKU 1 aBTOMaru3amii, [0 MOTipIIye IOKa3HUKU
Oe3nepebiliHOCTI 1 Ge3aBapiiiHOCTI poOOTH.

3a KOHCTPYKINE 1 TEXHIYHUMH XapaKTepPHCTHUKAMH HOpii ONU3BKI 10
KOHBE€EPIB, 3aCTOCOBYBAaHHM B TIpHHYOMY BHPOOHHIITBI, SIKi IIMPOKO BimOMi Ta
nmociimkeHi. [Ipu gocmimkeHH] TepepoOHUX MiAMIPUEMCTB BUSBICHO PAI MPOoOIeM
y (QYHKIOIOHYBaHHI HOpiH i, 30KpeMa, B POOOTI iX EIEKTPONPHBOLY 1 CHCTEM
aBTOMATHKH. [1opsia 3 YMCTO MEXaHIYHUMHM HETIOIaJKaM1 HEepi/IKi BUMAAKH POOOTH
HOpPI 3 SIBHUM HEIOBAaHTAXXCHHSM, IOB'A3aHOI 200 3 HEMOBHOTOIO 3aXOIUICHHS
TPaHCIIOPTYEMOTO MaTepiaily, abo 3 TPaHCIOPTYBaHHSIM JIEIKOBICHOTO (TOOTO
HPOJYKTY, 10 MAa€ Maiy IMUIBHICTB). Y LUX BHIAJKaX €HEPreTHYHUN MOKA3HHK
(n*cos () HMPUBOMHOIO ACHHXPOHHOTO MBUTYHa Oyne icrotHo (iHomi mo 1,5-2
pasiB) HWKYE, HIXK MPH HOPMAIBLHOMY PEXHUMI POOOTH, IO ICTOTHO BiJOMBAETHCSI
Ha EeKOHOMIYHHUX ITOKa3HUKaX POOOTH HOPIM.

3 MeToro TiABUIIEHHS HaIIHHOCTI poOOTH, 3 OJHOTO OOKY, 1 TiIBUIICHHS
€HEepreTUYHUX TOKa3HHUKIB EIEKTPONPHUBOJLY - 3 1HIIIOTO, NPUBOAHNI aCHHXPOHHHUN
JIBUTYH HOpIi MOBHHEH OyTH BUKOHAHWH 31 3MIHHOIO MOTYXKHICTIO, 00 KOXKHIii
ICTOTHIM 3MIHM HaBaHTa)KCHHs BIJIOBilana CBOS TIEBHA IOTY)XKHICTh JIBHTYHA.
[IpuponHo, M0 NpU IIBOMY MOTYXKHICTH ABHI'YHA IIOBHHHA OyTH 3MiHHOIO a0o
cxiggacto, a0 IUIaBHO PEryIeMOI0, IO MPEICTABIISIE COO0I0 TPEIMET CePHO3HUX
CaMOCTIMHUX JIOCII/KEHb.

VYockoHaneHHsT pPOOOTH BEPTHKAIBHUX KOHBEEPIB B  TEXHOJOTTYHOMY
mporieci mepepoOKHW 3epHa, MiABHINEHHA HAMIHHOCTI X (YHKIIOHYBaHHS 3a
PaxyHOK BHKOPHUCTaHHSA HaHO1IbII e(pEeKTHBHUX METOJIIB JOCIIKEHHS 1 PO3POOKH
ORI TOYHUX METOJIB IX PO3PAXYHKY € aKTYaJIbHOIO MTPOOIEMOIO.

IIpu  gochipkeHHI  BEPTUKAJIBHUX  CTPIYKOBHX  KOHBEEPIB MO0
BIOCKOHAJICHHS €JIEKTPONPHBOLY HOPIl BHSBICHHH DAJ HEMOJIKIB 5K B camiil
KOHCTPYKLIi HOpiii Tak 1 B poOoti ix enexrponpuBoxy. Hopis mae psn
KOHCTPYKTUBHHMX OCOOJIMBOCTEH B TOPIBHSHHI 3 IHIIUMM KOHBEEpaMH. 30Kpema,
TUIBKM Ha HOPISIX 3aCTOCOBYETHCS CTPIUKa, sIKA BOJIOJIE KIHLEBOIO JKOPCTKICTIO,
Ma€ TEHJICHILII0 JI0 pO3TATyBaHHS 1 po3puBy. KpiM TOro, came BepTHKalIbHE
po3TanIyBaHHsI KOHBEEpPA HaJla€ OCOOJIMBICTh MEXAaHIYHOI YaCTHHM, TaK K B YMCII
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IHIITMX CTIiJ 11Ie BpaxOBYBATH 1 TOH (hakT, 10 BCsA MEeXaHIYHA cHcTeMa repedyBae B
MiJBIIICHOMY CTaHi, 10 HakiIaaae CBil BiIOMTOK Ha crenudiky ii poOoTH.
BupimieHHsIM THUTaHHS BIOCKOHAJICHHS EJEKTPONPHUBOLY HOpiit € po3podka
CJNIEKTPONIPUBOJY Ha 0a3i perymboBaHoro AJl, 3 MOMIIUBICTIO MEPEKIFOUYCHHS
BIJIMOBITHO /IO KOHKPETHOMY HaBaHTa)keHI HOpii. Ile 0co0nmMBO e(peKTHBHO TpH
pi3KO 3MEHIIEHOMY HaBaHTaXKeHHI HOpid (70 2-3 pasiB), IO HEPIIKO
3yCTPIYAETHCS B TPAKTHIIL.

YK 621.313
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MOJEJIOBAHHA BEHTHJIBHO-IHAYKTOPHOI'O
EJIEKTPOIIPUBOJA JIETKUX TPAHCIIOPTHHUX 3ACOBIB

BentuneHO-iHAyKTOpHAN enekTponpuBon (BIIT) HuHI € onmHiero 3 ramysei
Cy4JacHOI CNICKTPOMEXaHiKW, M0 Haii0ypxmuBime po3BuBaetbes. Cdepu
3acrocyBanHsa BII mmpoki i pi3HOMaHiTHI. BOHH MOXYyTh OyTH BHKOPHCTaHi B
CJICKTPOIIPUBOJAX KOMIIPECOpiB, HACOCIB, BEHTHJIATOPIB, IPAIbHUX MAIIHH,
KyXOHHMX KOMOaifHIB 1 enexkrpoTpancnopry. He pauBisunch Ha BU3HAHHA
MPaKTUYHO BCiMa (axiBIsIMH TiepeBar i, O€3yMOBHO, ITO3UTUBHHUI JOCBIA
MPaKTHYHOTO 3aCTOCYBaHHS IIbOTO NPHBOJY, MAacOBOTO IOLIMPEHHs BiH Ile He
HaOyB. [IpuurHa 1pOTO MOJNIATae B TOMY, 110 NOTeHLiiHO Biactusi BIIT nepeBarn
peani3yloTbcsi TUIBKM IPU BIAMOBIJHHUX alrOpUTMax KepyBaHHs. [Ipu mpomy
cnemudika BIIT npumyckae BUKOPHCTaHHS BIAMIHHUX BiJl TpPaAWIIHHUX IS
KJIACUYHHX CHUCTEM EJIEKTPOIIPUBOJIY IHCTPYMEHTIB /IS IX pO3POOKH.

OO0'exTHBHA CKJIATHICTH (PI3UYHUX TPOIIECIB, IO BH3HAYAE POOOTY MPHUBOLY,
pobuTth aHamiTHIHUH omuc podotu BIIT myke rpoMi3nkuM, a B AEIKHX BHTAIKAX 1
TAaKAM IO BaKKO peayi3yBaTH. 3 IIi€i MPUYWHYU TPAAHULiHHI METOIHW JOCIiIKEHb
€JICKTPOIIPUBO/IIB 3 BUKOPHCTAHHSIM CTPYKTYPHHUX CXE€M, IIEPETBOPEHb KOOP/AMHAT,
BEKTOPHHUX Jiarpam i Tak nami juist BIIT BUABISAIOThCS Hee)eKTHBHUMI.

JlocsirHeHHsT 00YHCITIOBAIBHOI TEXHIKM OCTAHHIMH POKaMH PO3IIUPHIN POJIh
MaTEeMaTHYHOT'O0 MOJIENIOBAHHS MPH PO3poOIl 1 AOCHIIPKEHHI CKIaTHUX CHCTEM.
Pasom 3i BCTaHOBIIEHHSM KiTbKICHUX CHIBBiZHOIIEHb MK IapaMeTpaMy CHCTEMHU
KepyBaHH, 3'IBMJIACS MOJJIMBICTH BIITBOPEHHS Iporecy ii (QyHKIiIOHYBaHHA B
yaci 3 IMITami€l0 eJeMEeHTapHUX SBHII, CKJIAIOBUX IIPOLECY TOCTIKECHHS, iX
JIOTIYHOI CTPYKTYypH i mocigoBHOCTI. [Ipu ckiaganni MmaTemaruaHoro omnucy BITT
BPaxXOBYIOTBCS TUIBKH JTOMIHYIOWi YHHHHKH, [0 BU3HAYAIOTH MTOBEJIHKY CHCTEMH,
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1 OmyIIeHI OPYTOpsAHI MOAPOOUII, SIKi TUTPKH IiIBUIIYIOTH MOPSIOK MOIENi, He
POOIITIH ICTOTHOTO BIUTMBY Ha TOCTOBIPHICTH OTPHMAaHUX PE3yNbTaTiB.

MateMaTHYHHIHA ONMUC eIeKTPOMATHITHHUX 1 €IIEKTPOMEXaHIYHUX IPOLECIB Y
BIIT MokHA TIPEICTaBUTH Yy BHIILAAI TPHOX IMIJICHCTEM PIBHSAHP — KOXKHA 3 SKHX
OTIHCYe€ TIOBEAIHKY IeBHOI CKJIa1oBoi yacTian BIIT:

- PIBHSHHS 1I€aJBHOTO BEHTHJIFHOTO KOMYTaTOpa i CHCTEMH KepyBaHHS, IIIO
ONUCYIOTH IIEPETBOPEHHS IIOTOYHOIO KyTa IIOBOPOTY pOTOpa B JHCKPETHY
KOMyTaliiHy ¢QyHKmito i QopMyBaHHS OJHONOJSPHUX IMIYJIBCHHX HAIIPYT,
NPUKJIAACHUX 10 (pa3HUX 0OMOTOK;

- DIBHSIHHS €JIEKTPOMAIIMHHOI YaCTHHH, KUIBKICTh 1 CTPYKTypa piBHSHb
pIBHOBaru eJEKTPUYHUX JIAHIIOTIB, MMOTOKO3YEIUIEHb 3ajiekaTh Bia uucna (a3
00MOTKH CTaTOpa, peKUMy poOOTH BEHTUIBHOTO KOMYTaTOPa;

- pIBHSHHS pIBHOBarM MOMCHTIB Ha Bally JBHTYHA, CTPYKTypa DPiBHSHHS
BU3HAYAETHCS TUIIOM MOMEHTY HaBAHTAXKCHHSI.

Crpykrypa piBHAHB BIIl i KITBKICTP 3MIHHHX 3aJIC)KUTh Big BHOpaHOI
CHCTEMH KOOPAMHAT, B SIKiil 3A1HCHIOETHCS 3aIMC PIBHAHD. Y 3arallbHOMY BHIIAAKY
JiHIHE TEepPEeTBOPEHHS KOOPAWHAT HE NO3BOJSE 3MEHIINTH YUCJIO HE3aJEeKHUX
3MIHHHX 1 9HCJIO 30BHIIIHIX Oiifl. Y Bmamo BuOpaHiil HOBIM cHCTeMi KOOpAHHAT
MOXHA 3MIHUTH CTPYKTYpy IIOYaTKOBUX pIBHSHb 1 YCYHYTH MepiOJUYHY
3aJIeXKHICTh KOe(illieHTIB pIBHAHB Bl KyTa IOBOpoTy portopa. IlouaTkosi
piBasinast BIIT 3amucyroTbesi B NMpUpOAHiM cHCTeMi KOOpIMHAT, MOB'SI3aHIN 13
ctpymamMu B peanbHux oOmorkax BIII. EnmextpomarHiTHi i enekTpoMexaHidHi
npouecu y BIIl omucyrorbes HenmiHiiiHUMEH AuEpEeHUIHHUME  PIBHSIHHIMH,
YHCeJIbHE BUPIMIECHHS SKUX MOXKJIMBO IPH KOHKPETHHUX MapaMeTpax JBUTryHa. Jlis
OIIHKH BIUIMBY MapaMeTpiB Ha XapakTep NPOTIKaHHS MPOIECIB B NMEPEXiTHUX i
CTaTUX peXuMax POOOTH MBUTYHA AOIUIEHO BUKOPUCTOBYBATH BIAHOCHI OJUHHUIII
JUISL 3a1IUCy TIapaMeTpiB.

PiBasiHHS piBHOBarm Hampyr Ta EPC 1BuryHa B TIpUpOAHIH cHcTeMi
KOOPJMHAT 3alTUCYEThCSA B MaTpuuHiil popmi 3a npyrum 3akoHOM Kipxroda

dy
Ue:7te+Rele, (1)

ae U, — matpuus Hanpyr; W, — MaTpuisl OTOKO3YEIUICHHS; [, — MaTpuULs
cTpyMiB; R, — Matpuus onopis pa3. Marpuui U, , ¥,, I, — CTOBILEBI, IpHIOMY
KIJIBKICTh €JIEMEHTIB SIKUX BH3HAYA€THCS YHCIOM (a3 oOMOTKH craTopa. MaTtpurisa
OTIOPiB R, € MiaroHAJILHOIO, YNCEIIbHI 3HAYCHHS K01 PiBHI MiXk c00010.

IIpu BuOOpi cXeMH BEHTWJIBHOTO KOMYyTaTropa IIparHyTh MiHIMi3yBaTn
KIJIbKICTh CHJIOBMX TPAH3MCTOPIB, IO JO3BOJISIE 3MEHIIUTH YHCIO (OPMOBAHHUX
Kepyrouux curHaiiB. HaiOumem mouineHi abo Tpudasni, abo uvoruproxdasHi
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cxeMu OOMOTOK. baraTtodasHi ABHTYHH 3aCTOCOBYIOTBCS PIIKO 1 JHIIE B THX
BUTIA/IKAX, KOJH BUKOPHUCTAHHS IPUHIUIY 0araToa3zHOCTi IPUHOCUTH Oe3mepedHi
TIepeBary pH peaiizalii KOHKPEeTHIX TeXHIYHUX BUMOT. Bubip mixk TpudasHoio i
4oTHPHOX(a3HOI MAIIMHOK HEOJHO3HayHWiA. Y dYotupboxdazHomy BIIT e
MOJKJIMBICTh peami3amii TpPhOX PEKHUMIB pPOOOTH BEHTWIBHOTO KOMYTaTOpa:
MOOIMHOKOI, TApHOi 1 KoMOiHOBaHOI KoMyTatii ¢a3. Kpim Toro, ¢popma posnozimy
MOMEHTYy MO KyTy IIOBOPOTY y 4YOTHpPH(A3HOMY IBHI'YHI BOJIOJI€ MEHIIMMH
MyJbCalliIMA MOMEHTY.

Otpumani audepenuiiini piBusHHs BII1 B npupoaHiii cucremi KoOpIuHAaT,
NOB’s3aHOI 3 pealbHUMU OOMOTKaMH JBHUIyHa. PiBHSHHS € HeNiHIHHUMHU.
HeninifiHicts  icHye y Bumiagl  ao0yTKy — iHTerpoBaHuX — (yHKUiH 1
TPUTOHOMETPUYHHX 3aJISKHOCTEH MapaMeTpiB BiJ KyTa IIOBOPOTY. PimieHHs
MOXIIMBO YHCCIBHHUMH METOJaMH TIPH BIJIOMHX MapameTrpax 1 3aJaHux
MOYaTKOBUX yMOBax B IporpaMHoMy maketi MATLAB.

YK 621.83.3.067-621.83.3.014
Kpucan 10.0. !, Mapkin €.€.

! kaHz. TexH. Hayk, gou. SHTY
* cryn. rp. E-314m 3HTY

CUCTEMA B3AEMOIIOB’SA3AHOI'O PEI'YJIIOBAHHS KOOPAUHAT
MNOTYXHUX IYTOBUX IEYEN

CyuacHe eNIeKTpOCTAJICIJIaBICHHS Ha MIiHI-3aBOJaX 1 3aBOJax 3 IMOBHUM
METaIypriiHUM IIMKIOM 0a3yeThCsl Ha 3aCTOCYBaHHI MOTYXKHUX IYrOBHX Ieueil 3
peaizaliclo TEXHOJIOTIT TUIABJIEHHST METally BUILOTO PIBHS, IO CYIPOBOKYETHCS
3pOCTaHHSIM TEXHOJOTIYHOI €MHOCTI Tredeil 3a ‘“‘IpugaTHUM”, IIUPOKHUM
BUKOPHCTAHHIM aJbTEPHATUBHUX EHEPrOpecypCiB, 3aCTOCYBAaHHAM IIOTY)KHHX
CIEKTPOTEXHIYHUX 1 EHEProTeXHONOTIYHNX KOMIUIeKciB. HeoOXigHicTh Yy
MPOBEICHH] 1 MOAANBIIOMY PO3BHTKY HAayKOBHX, JOCITIJHO-KOHCTPYKTOPCHKHX 1
MPOMUCIIOBO-EKCIIEPUMEHTAIBHUX POOIT B Traiy3i MiJBHIIEHHS CTPYKTYpHO-
E€KOHOMIYHOI e()EeKTHBHOCTI €HEPrOOCHAICHOCTI i aBTOMAaTH3aIlii TEXHOJIOTIIHUX
MPOLIECIB €NIEKTPOCTAJIEIIIABIICHHS II0JIArae B HEAOCTATHHOMY aJTOPUTMIYHOMY
3a0e3meueHHi po3po0OK MaTeMaTHYHUX MOJeNed 1 CHCTeM JAWHAMIYHOTO
(YHKIIOHYBAaHHS ~ €JEKTPOTEXHOJIOTIYHHX KOMIUIEKCIB JAYyTOBHX T€4eH y
peabHOMY MacmTabi dYacy Ha OCHOBI CydYacHUX JOCATHEHb B Taiysi
00YHCITIOBAIEHOI MaTeMaTHKH 1 Kepytounx EOM.

KoHcTpykmis medelt 1 iX eNEeKTPOTeXHIYHMX 1 EHEeproTeXHOIOTIYHHX
KOMIUIEKCIB YIOCKOHATIOIOTHCS B HANPSMKYy 3a0€3MeUeHHs TEXHOJIOTi] BHIIOTO
piBHS.
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EnexkTpoTeXHONOTIYHMA MiYHWIA arperaT OONAITOBYETHCS KOMILIEKCAMU
perynpoBaHOi IMojavi MPUPOTHOTO Ta3y, KHCHIO, BYTUIBHOTO IOPOINKY W 1HIIMX
ANbTEPHATHBHUX €HEPronoToKiB. OCHOBHI HamNpSMKH JOCTIKCHD 3 ITiJBUIICHHS
e(eKTHBHOCTI CHEPTOKOMIUIEKCY IYTOBHUX T€YeH MICTATH y OO0l IIiABHICHHS
iHgyKTHBHOCTI 3 Ooky BH miwnOTO TpaHChOpMaropa, MmO 3HHKYE CTPyM
eKCIUIYTaLiifHOr0 KOPOTKOTO 3aMUKaHHS Ta J03BOJISE EKCILTYTallil0 KOMIUIEKCY Ha
cryneHsx Oinbinoi Hanpyrm HH 31 3HW)KEHMM CTpyMOM €JEKTPOJHOI CHCTEMH,
CTa0UIbHUM €JIEKTPUYHUM PEXUMOM IIPH BUCOKOMY KOE(IIi€EHTI HOTYKHOCTI.

OCHOBHUM HANpPsIMKOM JIOCTI/UKCHb B Tajy3i ONTHMi3alii MPOIECiB
KEpYBaHHS €JIEKTPUYHUMH 1 €HEPrOTEXHOJIOTIYHIUMHU PEXKHMaMHU JIYyrOBUX Iedel
JUIA  eJICKTPOMETAyPTriiHUX MiHI-3aBOMIB 1 3aBOJIB 3 MOBHHM METAypriiHUM
IUKJIOM € HanpsIMOK 3acTOCYBaHHS METOJIB IHTEJIEKTyalbHOTO KepyBaHHS,
ITOPUTMIB €KCTPEMAIILHOTO M aJalTHBHOTO PETYIIOBAHHS, @ TAKOX KEPYBaHHS Ha
OCHOBI aJITOPUTMIB IITYYHOTO iHTENEKTY (ETICKTPOHHUX HEHPOHHUX MEPEK).

CuHTE3 cHCTEM aBTOMAaTH3allii KOHTPOMIO 1 KEepyBaHHS KOOPIMHAT
CJICKTPOTEXHOJIOTIYHUMH TpOIEcaMy B 0araTOeJIEKTPOJHMX JYTOBHX IIedax
MOB'SI3aHAN 3 BHPIMICHHAM 3a1ad PO3pOOKH MPOrpaMHO—TEXHIYHUX 3aco0iB, IO
peari3yroTh ANTOPUTMHU imeHTUdiKarmii JUHAMITHIX mapameTpiB
CJIEKTPOTEXHIYHOT0 Ta EHEPrOTEXHOJOTIYHOTO KOMIUICKCIB 1 TEXHOJOTIYHUX
MpOIIECiB  IUIABJICHHS MeETaly, CJIabKo- 1 HECHOCTepiraeMuxXx B  30HAX
Oe3rmocepeIHLOr0  KOHTPOJIIO, 30H CTPYMOIIPOBIIHOTO CEpEeNOBHINA BaHHHU,
ra3ofIMHaMiuHOrO  TPakTy,  (I3MKO—XIMIYHHUX  MpOLECIB  OKHCIIIOBAaHHS,
padiHyBaHHS I PO3KUCIICHHS PO3ILIABY BaHHH.

JuHamika HecTalioHapHOI CHCTEMH Yy BEKTOPHO—MAaTpuuHiii  Qopmi
OITUCYETHCS CHCTEMOIO

dM () _ [FOM 1) +[0,(0)F )+ [@py W () 1215, )

dt

M(r) F

, . Fe(r)
e - BEKTOp CTaHy CHCTEMH po3Mmipy nxl; - BEKTOp 30ypeHHs

. L U(r) . . . .
po3mipy pxl; - BEKTOp KepyBaHHs po3mipy rxl; [F(t)] - maTpuisg po3mipy nxn;
[Qi(t)] - maTpuis po3mipy nxp; [PV (t)] - MaTpus oOMexxeHb po3Mipy nxr.

OCHOBHOIO HOPMATHBHOIO BUMOTOIO JJIsl CHCTEMH PETryJIFOBaHHS IMOTY>KHOCTI
€ BMMOTa MIHIMaJIBHOTO 4acy pearyBaHHs Ha 3MiHY Mapamerpa peryJtoBaHHS
(6bm3pko  0,3c) i3 3agaHOI0 30HOI0 HEYYTIMBOCTI 1 HOPMAaTUBHOIO Yacy
MepeMillleHHsT  eJIEKTPOJIB Ha 3aJaHy BEIMYMHY INPH EKCIUTyaTaliiHOMY
KOPOTKOMY 3aMHKaHHI W o0OpuBi ayru. OCHOBHOIO 3a3madelo € po3poOka
ITOPUTMIYHOI CTPYKTYpPH CHUCTEMH PETYNIOBAaHHS KOOpPHMHAT €JIEKTPOKOMILIEKCa
JyrOBOI1 Tedi, ONTHMANIbHOI B CEHC1 eHepro3depekeHHsT Ha 6a3i KepoBaHOI i TaKoi,
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IO  CIIOCTEpIraeTsCs  0araTo3B’sS3KOBOI  €IEKTPOMEXAHIYHOI  CHUCTEMH 3
MIKPOKOMIT'IOTEPHOI0 CEHCOPHOIO TIJCHCTEMOIO pETYIIOBaHHSI EJIeKTPUIHOI
HOTY)KHOCTI 3a KaHaJaMH aBTOMAaTHYHOIO PETYNIOBAHHS HANpyrd 1 CTpyMy
MiYHOTO TpaHCOopMaTopa.

YK 681.521

Kpucan F0.0. !, Jlepkau B.J1.*
! KaHI. TexH. Hayk, non. 3HTY
*cryn. rp. E-314m 3HTY

CUCTEMA BEKTOPHOI'O KEPYBAHHSA ACUHXPOHHHUM
EJEKTPOIIPUBOAOM

Po3BUTOK CHJIOBOi €JEKTPOHIKM 1 OOYMCIIOBAJbHOI TEXHIKM B OCTaHHI
JECATHIITTS TIPU3BEJIO A0 MEPEerisily OCHOB 0araThox 00JjacTell TEeXHIKH, B TOMY
YHCIIi 1 aBTOMATH30BAHOTO EJIEKTPONPUBO/LY, iICTOTHY POJIb B SIKOMY MOYaB IpaTh
ACHMHXpOHHUI KopoTko3aMkHeHHH nBuUTYH (AJl). lle MosCHIOETBCS iCHYIOUMMH
MOXIIMBOCTSIMH CHJIOBHX €JIEKTPOHHHUX PEryJSTOPiB, IO A03BOJISIOTH NPAKTHIHO
Oe3iHepIiifHO 1 3 JOCTaTHBOIO [UIA MPAKTUIHHAX MUIeH TOYHICTIO (QOpMyBaTH
CTPYMH Ta Hanpyru ctaropa AJl, a TakoXX MIKpOIPOLECOPHUX CHCTEM KEepyBaHHS,
0 peali3yloTh Oyab-ski HeoOXimHi amroputmu. CydacHHH acCHHXPOHHUIMA
eJIEKTPONPUBOJT Oy IyEThCSI BUKIFOUHO Ha OCHOBI Pi3HUX BEKTOPHHUX Momeneit AJl,
IO JIO3BOJISIE OTPUMYBATH CTATHYHI 1 JUHAMIYHI XapaKTePHCTHKH, MOPIBHSIHI 3
cHCTeMaMH IIPUBOJA TIOCTIHHOTO CTPYMY.

Cucremu aBromarnynoro kepyBanHs (CAK) enekrponpuBoniB 3 BEKTOPHUM
KEepPYBaHHIM PEaji3yl0Th OOYHCITIOBAIbHI aJrOPUTMH B CHCTEMi KOOPIHHAT, SKa
OPIEHTYETHCSI 110 KOHKPETHOMY BEKTOpY MOTOKO3YeIUIEHHsI (cTaTopa, poropa abo
OCHOBHOTO IIOTOKY) MAaIlIMHHU. 3a3BH4Yail BHUKOPUCTOBYIOTH CTPYKTYpH 3
MIATPAMKOIO CTaJOCTI ITOTOKO3YEIUICHHS poTopa. BoHW HaAWOULTBIN MPOCTi B
peaiizarii i MaloTh HaHKpaIli XapaKTePHCTUKH.

CAK enexTponpuBoiB 3 BEKTOPHUM KEPYBAHHAM (OPMYE KEpPYIOUHUil BIIIMB
y BUIIISAI CUTHAJLY Hampyru cratopa (KepyBaHHS 10 Harpysi) abo cTpymy craTopa
(xepyBaHHsI 3a cTpyMOM). YacTOTHO-CTpyMOBE BEKTOPDHE KEpYBaHHS J03BOJISIE
orpumMaty OiremI pocty cTpykTypy CAK i noB'sa3aHe 3 BUKOPHUCTaHHAM iHBEPTOpa
MepeTBOpIOBaYa YacTOTH B PEXUMI JpKepela ctpyMy. He3Baxaiouu Ha 1ie, 3arajibHi
MUTAHHS aHaJi3y eJIEKTPOMAarHiTHUX 1 eJleKTpoMexaHiuHuX mporecis B Al mpu
KUBJICHHI HOTO Bifl [PKepesia CTpyMy HEeIOCTaTHbO BHCBITJICHI B JIITEPaTypi.

IIpun anamizi poOOTH KOHKPETHOTO TMPHUCTPOI0 BHKOPHUCTOBYIOTH HOTO
MaTeMaTHYHy Mojenb. B  jmaHmii wac 3'SIBHWUIMCS TAaKeTH IMITamiiHHOTO
MOJICJTIOBAHHS, SIKi JO3BOJIIOT HAWOUTBII TOBHO 1 3pYYHO TPOBOJWUTH JaHI
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JOCTIKeHHS. 30KpeMa OIHI€I0 3 HaHOINbII 3pyYHHX CYYaCHHX KOMITFOTEPHHX
cucteM € MATLAB i ioro maker Bi3yaJIbHOTO IMITaIliifHOTO MOIETIOBaHHS
Simulink. OgHak, arami3 podotn A/l B JaHUX MMakeTax 3yCTpidae MeBHI TPYTHOII],
MOB'SI3aHI 3 HEMOXKJIHUBICTIO (yHKUIioHyBaHHS AJ] Ha HECTIHKHMX AiITHKaX HOTO
MeXaHI9HOI XapakTepucTHKH. [lama oOcTaBHHa POOHTH AKTyallbHUM PO3POOKY
ANTOPHUTMIB, IO JO3BOJIAIOTH TOCTIIKYBaTH poboTy AJl y BcboMy Iiama3oHi foro
KEpyBaHHS, OTPUMYIOUH MOBHI CTaTHYHI XapaKTEPHUCTHUKH MaIIHHH.

[Tpn nmoOynoBi 3aMKHEHHMX CHCTEM BEKTOPHOTO KEPYBaHHS 3 MiITPUMKOIO
CTJOCTI TOTOKO3YEIUICHHS pOTOpa IMOCTa€ ITUTaHHS METOAMKH HAaCTPOHKHU
perynsTopa MIBUAKOCTI, SKMH B crily crienudiku 00'ekTa KepyBaHHSI HE MOXe OyTH
peaizoBaHuil CTAHAAPTHUMHU METOJaMHU.

Pobora cucreM BEKTOPHOTO KepyBaHHS HEMOXIMBAa 0Oe3 iH(popmamii mpo
MPOCTOPOBE  TIOJOXKEHHS  BEKTOpPAa  IMOTOKO34eIUIeHHA.  OCKIIbKH — IpsMe
BUMIPIOBaHHS TIOTOKO3YEIUICHHS B MAIllMHI HEMOCTYITHO, a HOro peai3amis B
MacoBOMY TIPHBOJI CKOHOMIYHO HEBHUTiOHA, TO 3a3BHYaili Ha IIPaKTHII
BUKOPUCTOBYIOTH ~ CIIOCTEpiradi Mar"iTHoro TmOTOKy AJl, sKi TOBUHHI
3a0e3meuyBaTd aCUMITOTHYHY OWIHKY Iiiei 3miHHOI. Cig 3a3HA4WTH, IO
JIOCTOBIPHICTE pOOOTH TAaKHWX CIIOCTEPIradiB 3aJCKWUTh BiJl TOYHOCTI BU3HAUCHHS
napaMeTpiB aCHHXPOHHOTO JBUTYHA. BHACIIOK HArPiBAaHHS MAIIWHU 3MIHIOIOTHCS
aKTHBHI ONOpHM cTaropa 1 poTopa, HIO NPHU3BOAUTH JIO BHUHHUKHEHHS MOMUIIOK
OLIIHIOBaHHS MarHiTHOTO MOTOKY, a Lie, B CBOIO Yepry, NO3HAYAETHCS Ha 3HMKEHHI
eHepreTu4Hoi eeKTUBHOCTI MPOIECY MEPETBOPEHHS €HEepril i MOXKe MpPUBOJUTH
HaBiTh JI0 BTPATH CTIHKOCTI.

OcraHHIM 4YacoM aKTHBHO pO3BHMBAETHCS TEOpis INTYYHHX HEHPOHHHX
MEpex, sKi, 3aBASKN BIACTUBUM iX YHIBEpPCAIbHUM BIIACTHBOCTSM AlPOKCHMAIIi,
aJanTUBHOCTI 1 31aTHOCTI 10 HABYAHHSA, JO3BOJLIIOTH HE TIIBKU CTIHKO MPAIfOBaTH
B YMOBaX 3MiHH NapaMeTpiB MAIIWHM, ajleé TaKOX 3HAYHO IMiJABHUIINTH MIBUIKICTH
BUKOHYBAaHHX OOYHCIIEHb 3a PaxyHOK 3[aTHOCTI HEWpoMepex [0 HapajesbHOl
00pOOKH CUTHAITIB.

Y 3BS3KY 3 IMM CTaHOBUTh IHTEpeC JOCIHiKEHHS e(eKTHBHOCTI
BUKOPHUCTAHHSI IITYYHUX HEHPOHHUX MEPEX Uil BUPIIICHHS OJHOTO 3 OCHOBHHX
3aBIaHb NPH peaiizaiii BEKTOPHOTO KEpyBaHHSA - OTpUMaHHA iHpopmamii mpo
BEKTOp TOTOKO34erieHHsA. [loOymoBa crmocrepiraya MAarHiTHOTO TIOTOKY B
HEHpoMepeKeBOMY JIOTiYHOMY 0a3mci mepeadadae CHHTE3 i ONTHMi3amifo Horo
CTPYKTypH: BUOip 4McCa MmapiB, KUTBKOCTI HEHPOHiB, HYHKIIIH aKTUBAIIi] TOIIO, SKi
CHIJIbHO BH3HAUYaIOTh BJIACTUBOCTI, MPHUI0aHI HEHPOHHOIO MEpEeXel B Ipoleci
HaBYaHHSI.
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YK 621.83.3.067-621.83.3.014

Kpucan 10.0.", 3anyxnsiii M.JO?, Jlyoumskuii C.I".?
! kanm. Texm. Hayk, gor. SHTY

? crapm. Bukn. 3HTY

3 eryn. rp. E3-314m 3HTY

YACTOTHO-PET'YJIbOBAHU EJIEKTPOIIPUBO/I
BAHTAKONIJIMOMHUX KPAHIB

BanTtaxomigiioMHi  KpaHM €  MacoBUMH  3arajJbHONPOMHCIOBHMH
MeXaHi3MaMH, BOHH 3aCTOCOBYIOTHCS MPAKTUYHO Y BCIX Taly3sX IPOMHCIOBOCTI,
TpaHcropty 1 OyniBHuUTBa. Bin 6e3mepebiiiHOi poOOTH MiAHOMHO-TPaHCIIOPTHUX
MAIlMH 3aJIeKUTh TPale3aTHICTh LiJ0T0 MiANPUEMCTBA.

JocnikeHHs: 0COOMMBOCTEl BUKOPUCTAHHS IEPETBOPIOBAYiB YacTOTH B
SJIEKTPONIPUBOJIAX MEXaHI3MIB MiHOMY 1 TNepecyBaHHsS KpaHa Ta BHSBICHHS
palioHaIbHUX CHJIOBUX CXEM eJIeKTPOIPHBOAA B 3aJEXKHOCTI BiA THIY
NpUBOAHOTO JBUTyHA. [lepeBaxkHa OUIBIIICTH MEXaHI3MIB KpaHiB 00JiagHaHA
CJICKTPUYHUM IIpuBOJOM. ToMy BiX HamiifHOCTI pPoOOTH ENeKTPOyCTaTKyBaHHS
3aNIeKUTh HAJIHHICTE poO0TH MamuHA B 1utoMy. Ciif 3a3HAYUTH, IO OiIBIIICTH
MPOCTOIB BaHTAXXOTITHOMHIX MaIlnH BUKJIMKAaHAa  HECIPABHOCTSIMHU
CJICKTPOYCTaTKyBaHHS.

B nanmii yac eseKTpoONpHBOJ MAaCOBHX BITUM3HSIHMX KpaHiB 0a3yeThcs Ha
BITHOCHO  KOHCEPBATMBHUX  TEXHIYHUX  pimieHHAx. YacTto  HEOoOXimHi
eKCILUTyaTaliifHi XapaKTePUCTHKH IPHHOCATHCS B )KEPTBY IPOCTOTI 1 HAAIHHOCTI.

YacToTHO-PEryJibOBaHUN €JIEKTPOIPHBOJ 32 OCTAHHE JIECATHIITTS OTPHUMaB
MepeBaKHE 3aCTOCYBAHHSI, SIK MPU PO3pOOILI MPOEKTIB HOBMX BaHTaXKOIIAHOMHHX
KpaHiB, Tak 1 Npu MojepHizauii icHyrouuMx. BrpoBa/pkeHHs NepeTBOproBaviB
yactotu (ITY) mo3Bonuio oTpuMaTi OyAb-sSKUi MOTPiIOHMIT Il MEXaHi3MiB KpaHiB
Jliara3oH peryJoBaHHS MIBHJKOCTI, SK B JBUTYHEBOMY, TaK i B TaJIbMiBHOMY
pexxuMax poOoTH, IO paHille J0CSTajJocs JIMIE B pasi  3acTOCYBaHHSA
CJICKTPOIIPUBOJY TIOCTIHHOTO cTpyMmy. IligBMmmiacss 3pydHICTh KepyBaHHS
KpaHOM, ICTOTHO 30UIBIIMBCS pecypc MeEXaHIYHMX mepenad, TaibM 1
METAIOKOHCTPYKIIH uYepe3 3HWKEHHsS JAWHAMIYHMX HaBaHTA)XEHb NPHU ITycKax 1
rajJbMyBaHHIX MEXaHI3MiB.

3a MuHYJ pokH B YKpaiHi CTBOpEHi COTHI Mpane3iaTHUX KPaHiB, MEeXaHi3M1
AKUX obnagHaHi 4aCTOTHO-PETyJIbOBAaHUM €JIEKTPOIIPUBOAOM. IIpote
MPOEKTYBaHHS MPH IIbOMY MPOBOJMIIOCS YacTO iHTYiTHBHO, 0€3 aHali3y peKUMiB
poboTH MexaHi3MIB KpaHy, a TakoX Oe3 oOrpyHTyBaHHA BHOOpPY OCHOBHHX
KOMITOHEHTIB  €JIEKTPOIPHBO/Y: EJIEKTPOJBUIYHA, IIEPETBOPIOBaYa 4acTOTH,
MIPUCTPOIB PO3CisHHA ab0 peKymepartii eHeprii.
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[pu po3pobmi HOBHX 1 MozepHi3amii iCHYIOUMX KpaHIB HEOOXiTHO
OJTHO3HAYHO 3aCTOCYBATH YaCTOTHO-PETYIHOBAHUH €IEKTPOIPHUBO.L HE3ATIEKHO BiJl
HEOOXiHOTO Miama3oHy PETyJIOBaHHSI, peXHMy poOOTH, YyMOB eKcIuryartarii. B
IIFOMY BHITAJKy Ha BCiX MEXaHI3MaX 3aCTOCOBYIOTHCS CIEIiabHi eJICKTPOIBUTYHH
3 BOYJOBaHMMH JAaTYMKAMU IMIBUAKOCTI, BOYZOBaHNMH TajJbMaMH, IPUMYCOBOIO
BEHTHWJIAIEI0 1 TPUCTPOSAMH OOIrpiBy. Y OaraToIBHUTYHEBOMY EJIEKTPOIPHUBOJII
3aCTOCOBYIOThCS 1HHMBIyalbHI MEpEeTBOPIOBaYi Uil KOXKHOTO €JIEKTPOJBUryHa. B
0araThOX BHIIaJIKaX 3aCTOCOBYIOTHCS IPUCTPOI pekymnepalii eneprii. Takui miaxin
JI03BOJISIE BUPOOUTH OJHE THIOBE pillleHHA i Oarato pa3iB THpaXKyBaTH HOTO
(3MIHIOIOYH JIMIIE TOTYXKHICTh €IEKTPOJBUTYHIB 1 epeTBoproBayiB). | sKmo s
IHTCHCHUBHO TIPAIIOIOYMX 1 CICHialbHUX KpaHiB, HANPHUKIAZ B METAIyprii 1e
BUIIPABIIAHO, TO JUIsl KPaHIB 3arajlbHOTO MPHU3HAYEHHS 1 PIIKO BUKOPHCTOBYBAaHHX
NPUBOANTH 10 HEBHIIPABIAHOTO 30UIBIICHHS BAapTOCTI 3aKIaACHUX B IPOEKT
MOJKIIMBOCTEH.

JAnsg  TOBUINEHHA  TEXHIYHUX 1  CKCIDIyaTallifHUX  XapaKTePUCTHK
eJICKTPOIIPUBOY KpaHa i3 3actocyBaHHAM 14 HeoOXigHO:

- MIBUIIUTH MBHIKOAI0 3axucty [TY mpu aBapisx, sSKi MOXYTh IPU3BECTH
0 BTPaTH MOMEHTY, HaIlpUKIaa, mpu oOpuBi (asm Ha Buxomi [TY abo mpm
3HAYHUX MPOBAJIaX HANPYTH;

- YTOYHHUTH METOJHMKY BHOOpY €NIEKTPOJBHIYHIB CTOCOBHO OCOOJHMBOCTEM
YaCTOTHO-PEryJIbOBAHOTO EJIEKTPONPHUBOLY. 3 OJHOTO OOKY, ICTOTHO 3HMIKYIOTHCS
MYCKOBI BTpaTH, 3 IHIIOTO OOKy, 301JBLIYIOTHCS BTPATH BiJl HECHHYCOINAIbHOT
(dbopmHu cTpyMy, a TAKOXK 3'SIBISIFOTHCS AULTHKH LUKITY, JI€ JIEKTPOIPUBO/L MIPALIOE
B PEXXUMI EJIEKTPUYHOTO rajbMyBaHHS.

- 3 ypaxyBaHHSAM HHU3BKOi IIEpEBAHTaXyBAJIbHOI 3JaTHOCTI CHIJIOBHX
HAITiBIIPOBITHUKOBHUX TIPHIAIIB TOTYXHICTh MPHUCTPOIB peKymepalii BHOUpaeThes
BUXOJSYM 3 TMIKOBOI MOTYKHOCTI TalbMyBaHHS B IEPEXiJHOMY IPOIECi.
[lepeximHuii mporec raipMyBaHHS 3aliMae B IUKII POOOTH MEXaHI3MY IiTHOMY
BEJIbMH HEBEJIMKUH Yac, 3HAYHO MEHIINH, HK Yac OIyCKaHHS BaHTaXy i3 CTAJIOI0
mBuAKicTio. ToMy OinbLIiCTh Yacy MPUCTPiil pekynepaiii, BUOpaHuii 3a MiKOBOO
MOTYXKHICTIO, Oy/le HEJOBaHTAXKEHHI 32 CTPYMOM.

€ IOUBHUM MaTH Y CKJIaJIi €IeKTPONPHUBOIY 3 PEKYyIEpalielo eHeprii TaKoXK
TaJIBMIBHUH PE3NUCTOP, SIKMA BUKOPUCTOBYETHCS [UIA «3pi3aHHS MIiKIB CTPYyMY IpPH
ranmpMyBaHHI.  OCKIIBKM ~ PE3UCTOpP  JIONMyCKae  iCTOTHE  KOPOTKOYAcHE
MEpEeBAaHTAKECHHSA, IOTro TOTYXHICTh 1 rabapuTh MOXyTh OyTH HEBEJHKI.
[oTyXHICTh PUCTPOIO peKyIiepanii Npu IbOMY MOXKE BHOMpAaTHUCS BHXOASYH i3
CTaJIOTO PEXHUMY.
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V]IK 62-83

Nees C.I'. !, PsGinin A.A. *
" crapm. Buxi. 3HTY

2 eryn. rp. E-327cn 3HTY

POBACTHA CUCTEMA KEPYBAHHS OPIEHTALIIEIO
KOCMIYHOI'O AITAPATY

B nmammii wac mis po3BopoTiB kocmiuHEX amapartiB (KA) momo Tprox
OpPTOTOHAJIFHUX Bicell 3a3BHYail BUKOPHCTOBYIOTHCS UOTHPH EJICKTPOMEXaHIdHI
BUKOHABYl OpraHu (eNeKTpOABHUTYHH-MaxoBUkd — EJIM Ha 0a3i CHHXpOHHHX
JBUTYHIB, a00 cuioBi ripockonn). Ilpu Buxoni 3 nagy Oyns-sixkoro EJIM cucrema
MOBMHHA aBTOMAaTHYHO IepeOynoByBaTHCs 1 30epiratu mnpane3aatHicts. B poboti
pO3rIIsIHYTO B3aeMHe po3tamtyBans EJIM o cxemi dipmu General Electric [1].

Just nanoi cxemu EJIM mae Mmicue piBHICTh

MI MI
M, 1 -1 1 -1
1 M2 MZ
MV =T —] ] ] —1 M :A3><4' M > (1)
M, IN_r 111 ! ’
M4 M4

ae M1, M2, M3, M4 — MOMEeHTH, CTBOPEHI KOKHUM 3 yoTHpbox EJIM; M, M,, M —
MOMEHTH 00epTaHHSI 10 BicsSM KPEHY, TAHTaXXy Ta pPUCKAHHS.

[Ipu piBHOIIHHMX KaHANaxX YIPaBIiHHSA Ha TPUKIANl pIiBHIHHI pyxy KA
HaBKOJIO BiCi X

‘]xlg:Mx—‘rI\ ix? (2)

ne J, — MomenT inepuii KA; M, — xepyrounii moment; 3, _ Kyt Binxuienus KA B

0a30Biil cucTeMi KOOpAWHAT; M,, — MOMCHT HABaHTa)KCHHSL.

IpencraBumo M, u J, K CyMH HOMIiHAIBHUX 3HAYCHb 1 JCSKUX BiJXWICHb
B HUX

‘]x :Jx0+‘]x5’ Mx :Mx0+Mx5’

JOQZMXO_'_ x? (3)
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ne f, —CyMapHa HEBU3HAUCHICTH y CHCTEMI.

Crocrepirad HeBH3HAYCHOCTI MA€ BHTIISL

Fo=L[f ~(1,8.~M,)]. @

B Takomy BHUMaaxy Kepy4Iuid MOMEHT IO BiCi X JOPiBHIOE

Mx0:k1‘9+k2(9_9p)_fx- (5)

TakuM 4YMHOM, OLIHKA Ta KOMIICHCALis HEBU3HAYCHOCTI f  NPOBOAMTHCSA

HE3aJIeKHO BiJl TOTO, SKMMH ITPUYNHAMU OYJI0 BUKJIHMKAHO iI OSBY.

AHami3 pe3ynpTaTiB MOACTIOBAaHHS (PUCYHOK 1) ImoKasye, 0 po3poOieHHi
QITOPUTM aBTOMATHYHO 3abe3redye mpane3gaTHicth KA mpu Buxoni 3 mamy
onHoro (Oyae-sikoro) 3 neuryHiB 6:10ky EJIM (B manomy Bunagky EJIM Ned).

Mi.Hugg 4 M lEw g 5 = . o

MOMeHTH ABHTYHIB 0moka EJIM; 6 — momernT KA 1o BicsaM X, y, Z, .
Pucynok 1 — PesynbTatt Mo€IOBaHHS.

TakuM YMHOM, 3aNlpPONOHOBAaHMI aJTrOPUTM POOUTH CHUCTEMY YIIPaBIiHHS
POoOACTHOIO 1O BiAHOLIEHHIO 10 BUXOAY 3 Jiaay Oynb-sxoro 3 EJIM. Komnencamis
3IIMCHIOETBCS HE 3a JONOMOTOI0 OyAb-SKOTO CHEUiIbHOTO alIrOpUTMY, a 3a
JIOTIOMOTOI0 IITAaTHOTO AJITOPUTMY ympaBiiHHI KA

CIIMCOK BUKOPUCTAHOI JITEPATYPH
Hees C.I'. OntumanbHoe pobacTHOE yIpaBiieHHE KOCMUYECKHAM aIllapaToM C
M30BITOYHBIM KOJIMYECTBOM DJICKTpoaBurareneii- MaxoBukoB [Tekcr]| / C.I'. [ees,
E.M. Tloranenko // EnxekrporexHika Ta elekTpoeHepreTuka. — 3amopixoks: 3HTY.
—2011. = Ne 1.
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CEKIIISA «TEOPETUYHOI TA 3ATAJIBHOI EJTJEKTPOTEXHIKH»

V]IK 621.3.012

Kosnos B.B.!, ITickys B.B.”

! kanm. Texm. Hayk, gor. SHTY
? eryn. rp. E-317 3HTY

AHAJITI3 PEBOHAHCHHX ABUIL Y IOCJIIAOBHOMY
KOJIMBAJIBHOMY KOHTYPI 3A 1OITOMOI'OI0O MTAKETA MATHCAD

Haii0inpm nomymsspHAM aKeTOM IpOrpaM KOMITIOTEPHOT MaTeMaTHKH, KN
BUKOPDHCTOBYETBCS B EIIEKTPOTEXHIYHHX po3paxyHkax, € MathCAD. Ilaker
MathCAD cTBOpIOBaBCS SIK HOTY)XHUH MIKPOKAJIBKYJISTOP, IO JO3BOJISIE JIETKO
CHpaBIATHCS 3 PYTHHHMMHU 3aBiaHHsMU. CIOAM MOXHA BIJHECTH pILICHHS
anreOpaiuHux 1 JgudepeHIiaNbHUX pIBHAHb 3 IIOCTIHHMMH 1 3MiHHUMH
napamMeTpamu, aHaii3 (QyHKIH, MOUIyK iX €KCTPEMYMIB, YHCEIbHE 1 aHATITHIHE
JudepeHIiloBaHHS Ta IHTETpyBaHHs, BUKOPHCTAaHHS TalOiuub 1 rpadikiB mpu
aHali3i 3HaWAECHWX pimieHb. ['0MOBHMM aocToiHCTBOM makera Mathcad i #oro
KOJIOCAJIbHOIO TIEPEBAroi0 IMepei IHIIMMH CHCTEMaMH €: JIETKICTh 1 HaOo4YHICTh
MpOrpaMyBaHHS 3a/1a4; 3aIHC CKIQAHNX MaTeMaTHYHUX BHPa3iB B TOMY BHTJISI, B
AKOMY BOHHM 3a3BHYaif 3alMCYIOThCS Ha apKylli Iamepy; MpocToTa Yy
BUKOPHUCTAHHI; MOXJIMBICTh CTBOPEHHSI BOYZOBAaHMMH 3aCO0aMH BHCOKOSKiICHUX
TEXHIYHHX 3BITIB 3 TAONULAMH, TpadikaMH, TEKCTOM.

VY sxocti mpukiaga BukopuctaHHi makera MathCAD posrmstHeMo aHanmi3
PE30HAHCHMX SIBHII Y MOCHTIJIOBHOMY KOJIMBAJILHOMY KOHTYpI JUISi JBOX OKPEMHX
BUIIAIKIB.

Hexaii 3amaHa cxema MHOCIHIZOBHOTO KOJMBAJILHOIO KOHTYpYy (puc. 1) Ta
napaMeTpu oKpeMux eneMeHTiB. [1oTpiOHO po3paxyBaTu Ta moOymyBaTH rpadiku
PE30HAHCHHX XapaKTEPUCTHUK 38 YMOBH 3MiHH OKPEMHUX ITapaMeTpiB.

’ — —_—
etf) NR WL -
— T

Pucynok 1 — INocnitoBHAN KOTHUBAIEHIH KOHTYD

Iepia migmporpama: 3MiHHOKO BEJTHYHHOIO € YaCTOTa JKEPEIIa )KUBJICHHS.
Buxigni maui:

w=var E=100 R=100 L:=05 C:=2.10"°
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Po3zpaxyHkoBi popmynu:

£ ULlw)=w-L-I(w) UC(w) ;:M
1 2 w-C
\/Rz +(a)-L—J
w-C

I'padixu pe3oHaHCHUX XapaKTEPUCTHK TPEICTaBIEH] Ha pHC. 2.

I(w) =

200 .-'S bl
1{e)-400 R S
— . \ ' .
UL(a)) ".'l L/ S ._.-- el
vde) [T
-mmew ." ..l
00 500 1000 1500 2000 2500 3000

PucyHox 2 - pe3oHaHCHI XapaKTEpUCTHKN Y BUIAAKY 3MiHH YaCTOTH JKepera

Jpyra mianporpaMa: 3MiHHOIO BEJIMYUHOIO € 1HIYKTUBHICTb.
Buxigni gaHi:

L=0,0001.2 E=100 ©=1000 R:=250 C:=2-10°
Po3zpaxyHkoBi popmyu:

= ULL)=w-L-I(w) UC(L):= La’c)

J 1 2 -
R2+(a)-L—j
w-C

I'padixn pe3oHaHCHHUX XapaKTEPUCTHK TPeICTaBIEH] Ha pHC. 3.

I(L)=
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200
I(L)-400

ULL)

ucL)

100

PucyHox 3 - pe3oHaHCHI XapaKTepUCTHKH y BUMAAKY 3MiHU IHTYKTHBHOCT1

BucnoBkn. Buxopuctanns mnakera MathCAD mae MOXIMBICT HE JIHIIE
BUKOHATH aHANI3 TOCITIIOBHOTO KOJWBAJIGHOTO KOHTYpY TIpH 3MiHI Horo
mapameTpiB, aje I BimoOpasHTH pe3yiabTaTH TaKOTO aHali3y y HAOYHOMY
rpadiYHOMY BUTIISI.

YK 621.3.01:519.876.5

Tuxosox C. M." Bensiesa JI.A.% UmyT A.0?
' 1-p Texn.Hayk, ou. 3HTY

* cryn. rp. E-314m 3HTY

HOBHUM KYPC «TEXHIKA EKCIEPUMEHTY B CUCTEMAX
EJIEKTPOIIPUBOAY TA ABTOMATHUKHN»

bBinpuricth  HAyKOBHX — JOCHIDKEHb  TIOB'SI3aHO 3 EKCIIEPUMEHTOM.
ExcniepumeHT Moxke OyTH Qi3UYHUM, COLIATEHUM, TOJITHIHAM, IICUXOJIOTIYHUM i
T.4. BiH Moxe mpoBomuTHCcs Oe3mocepeqHho Ha 00'ekTi abo Ha Horo mojeni -
¢iznuHOi abo MaTeMaTH4HOI (PO3PaxyHKOBOI). SIKIIO MOJENb JOCHUTH TOYHO
ornucye 00'€KT, TO EKCIIEPUMEHT Ha 00'eKTi MOXe OyTH 3aMiHEHHH eKCIIEPUMEHTOM
Ha Mojeni. OcraHHIM 4YacoM TopsA 3 (I3MYHUMHM MOZEISIMH BCe OUIBIIOrO
MoImMpeHHs HaOyBaroTh aOcTpakTHI MaTeMmaTwuHi mozeni. Lle ©e3mocepenHbo
CTOCYETBCSI 1 Taly3i CTBOPEHHS 1 JOCTI/DKEHHS ENeKTPOTEXHIYHMX OO0'€KTiB i
MPOIIECIB B ENEKTPOMEXaHIYHUX MEPEeTBOPIOBAYAX, EJICKTPHYHMX Mepexkax i
EJIEKTPOCHEPTETUYHNX CHCTEMaX.

KomroBHi, a 9yacoM i HempuIyCTHMi EKCIIEpUMEHTH Ha TakuX O0O0'eKTax,
3aMiHIOIOTECS PO3PAXYHKOBHMH. SIK MPaBWIIO, 1€ KOMIT'IOTEPHI €KCIIEpUMEHTH Ha
MaTeMaTUyHii Mopenmi, IO 3aCHOBYETbCS Ha YHCIOBOMY MOJIEIIOBAaHHI
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eIeKTPOMArHiTHUX, TEIUIOBHX Ta IHIMHX ImporeciB. HemomikoM dHCIOBOTO
MO/ICITIOBAHHS €IEKTPOTEXHITHNX 00'€KTIB 1 TPOIIECIB, B TOMY YHCII, IO BKJIIOYAE
PO3B'SI30K YHCIOBUMH METOJaMH HOJBOBUX 3a4ad, € CKIAJHICTD i TPYIOMICTKICTh
po3paxyHkiB. ToMy A ONTHMi3amifHOTO JOCHTIHKEHHS PaIliOHATBHO TIPOBOAUTH
oOMexxeHi cepil MOCHimiB, 3a pe3yNbTaTaMH SKUX YTOYHIOIOTHCS (TUIAHYIOTHCS)
YMOBH IIPOBEICHHS HACTYIIHUX JOCIIiJUKSHB.

Ilnanysanna excnepumenmy 1e Tpolenypa BHOOpPY dYHCIa 1 YMOB
NPOBEIEHHS JOCIHIAIB, HEOOXITHUX 1 JOCTATHIX Ui BUPILICHHS IOCTaBJICHOTO
3aBJaHHs 3 HEOOX1THOIO TOYHICTIO.

[Tpu npOMy iCTOTHO HacTyITHE:

— TIparHeHHs 70 MiHiMi3allii 3araibHOTO YKCIIa JOCIIIIB;

— OJHOYACHE BapilOBaHHSA BCiMa 3MIHHHMHM, II0 BH3HAYAIOTh MPOIIEC, 3a
CIICLiaTbHAMH TIPABUJIAMH - aITOPUTMAMH;

— BUKOPHUCTAaHHSI MAaTEMAaTHIHOTO amapary, mo ¢opmamizye Oarato ski mii
SKCIIepUMEHTATOPA;

— BUOIp 4WiTKOI CcTparterii, Mo MO3BOJsE MPUAMATH OOTPYHTOBaHI pIiIllICHHS
TTICIIST KOKHOI cepii eKCIIepUMEHTIB.

ExcniepuMeHT, SKuil CTaBHTbCA IJIsl BHUpILICHHSA 3aBJAHb ONTHMi3auil,
HA3UBAETHCSA ekcmpemanvhum. 1] Ha3Ba MoB'sI3aHA 3 MIMOOKOIO AHAJIOTIEID MiX
ONTHMI3aLI€IO0 1 MOLUTYKOM eKCTpeMyMY Aesikol (QyHKIIII.

IMomyk onTtumanapbHUX yMOB a0 3HaueHb JAESKOro ImapaMeTrpa o0'ekra
JIOCJIIJDKEHHSI € OJIHIEI0 3 HaHOLIbII MOMIMPEHHX HAYKOBO-TEXHIYHUX 3aBJIaHb.
BoHM BHUHHKAOTh TO[i, KOJHM BCTAHOBJICHA MOJKJIMBICTh TEXHIUHOI peaizamii
nesikoro o0'ekta abo mporecy 1 HEOOXigHO 3HAWTH HaWKpamli (ONTHMAaIbHI B
NEBHOMY CEHCi) YMOBH iX peamizauii. SIk mpHKiIag MOXKHa HNPHBECTH 3aBIAHHSI
TEXHIYHOTO EKCHEePHMEHTY 3 IOIIYKY YMOB, HPH SIKHX JOCSTA€THCS MaKCHMyM
KoeimieHTa KOPUCHOT i, HaIiHOCTI 200 TOBrOBIYHOCTI BUPOOH, MiHIMyMY MacH
a00 BTpaT MOTY)KHOCTI B €JEKTPOMEXaHIYHOMY IepeTBoproBadi. L{eil HaBuanbHUiA

IMOCIOHUK MIPUCBSICHO METOIaM PO3B'sI3aHHSA ONTHUMI3aliHUX
EKCIICPUMEHTAIBHUX 1 PO3PaXyHKOBUX 3aBJIaHb.
B MaremaruyHOMY BHU3HAUCHHI ORMuMI3auis — 1€ 3HAXOIKCHHS

ekcTpeMyMy (MiHIMyMy a00 MakCUMyMy) IiboBOi (yHKIII B Aesikiid 00iacTi
CKiHYEHHO-BUMIiPHOTO BEKTOPHOTO MTPOCTOPY.

[Ilo6 mpocyHyTHCS aaii, HaM JOBEICThCS BH3HAYMTH II€ HU3KY BaXKIHBHX
MOHSITh, TEPIIe 3 SKUX «00'eKT mocimikeHHs». s onucy 00'ekta M0CIiKeHHS
3pYYHO KOPUCTYBATHCS YSABICHHAM PO KiOEPHETUYHOI CHCTEMI, KA CXEMAaTHIHO
300paxkeHa Ha puc. 1. [HOAI Taky KiOepHETHYHY CHCTEMY HA3WBAIOTh «YOPHOT
CKpPHHBKOIO». CTPUIKH TpaBOpyd 300pa)KyIOTh UYHCIIOBI XapaKTEPUCTHKH IiJICH
JIOCIIJIKCHHSI.
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Pucynok 1 — Cxema 4OpHOi CKpUHBKU

Jnst IpoBeIeHHS €KCIIEpUMEHTY HEOOXiTHO MaTh MOJKJIMBICTH BIUTMBATH HA
«4OpHY CKPHHBKY» 1 OLIHIOBATH PEaKLi0 Ha BILIMB. Bel BXiaHI Aii Mu mo3HavaeMo
OYKBOIO X i HasMBAEMO ¢pakmopamu. IX TakoX HA3MBAIOTH BXOJAMH «YOPHOT
ckpuHbkm». Ilpum BupimeHHI 3amaui OyneMo BHKOPHCTOBYBAaTH MaTeMaTHYHI
Mozeti 00'eKTa JOCTIPKEHHS.

VY 1ux yMOBax MM MPOCTO 3MYIICHI BIIMOBHUTHCS BiJl TAKMX €KCIIEPHMEHTIB,
SKI BKJIFOYAIOTh BCI MOJKJIMBI JIOCBiIM: Tepedip 3aHanTo Benukuidt. Tozi BUHUKae
MUTAHHS: CKUIBKH IOCTIAIB TpeOa BKIIOYHUTH B EKCICPUMEHT, 100 BHUPINIUTH
nocrasjieHe 3aBAaHHA? TyT 1 NpPUXOAMTb Ha  JIONIOMOTY  MIAHYGAHHS
excnepumeHnmy.

[TnanyBaHHS €KCHEPUMEHTY NPHITYCKAae aKTHBHE BTPy4YaHHS B IIpolec i
MOJKJIMBICTH BHOOPY B KOXXHOMY IOCHI[i THX pIBHIB YMHHHUKIB, SKi CTaHOBJISATH
iHTepec. ToMy Taknii eKCHEpUMEHT Ha3MBA€ThCs akmugnum. OO0'€KT, Ha IKOMY
MOXIIMBHH aKTUBHHH EKCIIEPUMEHT, Ha3MBAETHCS Keposanum. lle 1 € npyra
BHUMOTa J0 00'€KTa JOCIIIKEHH. .

[TnanyBaHHS eKcmpemanbHo20 SKCIIEPUMEHTY 1€ METOJ] BUOOPY KITBKOCTI 1
YMOB TIPOBEJCHHsS JOCHTiJiB, MIHIMAIbHO HEOOXiMHWUX IS  BiANTYKaHHS
ONTHMAJLHUX YMOB, TOOTO JJIsl BUPILICHHS [TOCTABICHOTO 3aB/IaHHSI..

IMpucrynaroun 10 3HailomMcTBa 3  IUIAHYBaHHSAM  EKCTPEMAlbHOTO
eKCIIepUMEHTY, Tpeba MaTH Ha yBas3i, [0 IPH ONTHUMIi3allil HOIMUPEHNH TaK 3BaHHUH
JeTepMiHOBaHMHA MmiaxiA. be3cymHIBHO, IO AETEpMiHOBAHWMH 1 CTATHCTUYHHUI
(nmoB's3aHUKM 3 TUIAHYBAaHHSIM EKCIIEPUMEHTY IMIJIXOJW) TOBHHHI PO3YMHO
JIOTIOBHIOBATH OJIMH OJTHOTO, @ HE MTPOTUCTABIIATHUCS.

Y HOBOMY KypCi pO3IJISIHYTI Taki MOHSTTS:

- OCHOBHI BU3HAYEHHS

- mapamerp onTuMizarii
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- daxTopu

- MaTeMaTH4Ha MOJIEIb

- TPHHAHATTS PilICHb NEPeA IUIAHYBaHHAM EKCICPUMEHTY

- TOBHUH (HaKTOPHUHA EKCIIEPUMEHT

- KpyTe CXOKCHHS IO IMOBEPXHI BIATYKY

- TOBHHUH (haKTOPHUIA EKCIEPUMEHT JAPYTOTO TMOPIIKY

- npiOHUit haKTOPHUI EKCIIEPUMEHT.

BucnoBku. IlnaHyBaHHS EKCIEPUMEHTY J03BOJIIIOTH CYTTEBO CKOPOTHTH
4ac Ta KOIUTH Ha IPOBEICHHS EKCIIEPUMEHTY, SIKUH 3B’S3aHMH 3 MOIIYKOM
ONTHMAJILHUX 3HA4eHb LILOBOT (PYHKIII.

Bubip wminboBoi ¢QyHKUIT - 1e TBOpYe 3aBJaHHSA IS PO3pOOHMKA
EJIEKTPOTEXHIYHHUX MPUCTPOIB.

BBaxxaemo, MmO Takuii Kypc KOPHCHMH BCIM CTyAEHTAM TEXHIYHHUX
cHeniaIbHOCTEN.

YK 681.527.2

Jlepkau B.JI.", Ilysxenko C.C.", Tuxosox CM.?
' cryn. rp. E-314m 3HTY

* 1-p TexH. Hayk, gou. 3HTY

METO/JUKA BUBOPY OIITUMAJIBHUX TAPAMETPIB
ACHHXPOHHOI'O IBUT'YHA HA OCHOBI IINTAHYBAHHSA
EKCIHHEPUMEHTY

IMix wac po3roHy acuHXpoHHMX aBuryHiB (AJ])  BuUHHKaIOTH
eJIeKTpOMEXaHIuHI epexiaHi nporecu. JlJis MOeIIOBaHHS IEPEXiHUX MPOIIECIB B
CNCKTPUYHKUX KOJIAX, B SKHX BKJIIOYCHI ACHHXPOHHI MAIIWHU, B JaHAN dYac
BUKOPUCTOBYETBCS PAI TOTOBUX IPOTPaMHHUX KOMIUICKCIB, TPU3HAYCHUX IS
aHa3y eNeKTPUYHHUX TNPOIECiB B CICKTPUYHHX 1 EIIEKTPOHHHX cxeMax. Ha
mifcTaBi piBHAHB,  PO3poOIleHa BIOCKOHAJCHA METONWKA 1 MporpaMa Ui
PO3paxyHKy AHMHAMIKU PO3TOHY aCHHXPOHHHX JIBUTYHIB.

BinmpuricTe HAYKOBUX JOCIIDKEHB MOB'sI3aH1 3 eKcriepuMeHToM. KomToBHI, a
YacoM 1 HEMPHITyCTUMI EKCIIEPUMEHTH Ha TaKuX 00'€KTax, 3aMiHIOKOTHCS
pospaxyHkoBuMmHU. Ilnanyseanns excnepumenmy ue Tpolenypa BUOOpY yHcia i
YMOB TPOBEACHHS JOCTiAiB, HEOOXiTHMX 1 JOCTaTHIX JUIsl BUPIMICHHS
[MOCTABJIEHOTO 3aBJAaHHS 3 HEOOX1JHOK TOYHICTIO.

lonoBHOIO TpoOIEMOI0 MpH IUIAHYBaHHI EKCIEPUMEHTY € BHOIp 3HA4YEHb
(hakTOpiB TPH TPOBENEHHI EKCHEPHUMEHTY, IMOCIIAOBHICTh IX YEpryBaHHS IPH
Mepexo/ii BiJi OJJHOTO JIOCIHITy J0 HACTymHOTO. /[aHa mpoOiema mMae MPUHITUIIOBE
3HAYCHHS, a/DKE BiJl METOJY BapifOBaHHS 3HAYCHb (PAKTOPIB 3aJCIKUTh TOYHICTH
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OIIHKH CTYTICHS BIUIMBY OKpeMUX (pakTopiB B 0aratopakTOpHOMY E€KCIIEPHMEHTI
Ha TapaMeTp IIiIi, a TAaKOXK Yac MPOBEICHHS CKCIIEPHMEHTY.

Meta pobOTH — MOCTIIKCHHS METOAY 3HAXODKEHHS ONTHMYMY MiJIHOBOT
(hyHKIi{ 9acToTH 00EpPTY POTOpa aCHHXPOHHOTO ABUTYHA.

Yac po3roHy IBUTYHA IpHU IyCKY 3aJIEXKHTH Bix paxy ¢axropis. IloTpiGHO
BUKOHATH BHOIp ONTHMAIbHUX 3HAYCHb (PAKTOPIB 3 METOI0 CKOPOUYCHHS dacy
PO3rOHY JBUTYHA.

Haii6inb1 mpocTo piBHSHHS NBYX(]a3Hi eNeKTPHUYHOT MAIIMHK 3aIIHCYETHCS B
cHcTeMi KOOpAMHAT dg, sika 00epTaeThes 3 4acTOTOI 00epTaHHs poropa [1].

IIBunkicTh 00epTaHHS pOTOpa 3aJEKHUTh BiJ aKTHBHOTO OIOPY CTATOpa, Ta
emHocCTI (hazo3cyBHOro KoHzAEHcaTopy. L{i mapamerpu Ha3BeMo pakropamu

Jnst 3HAaXOJKEHHSI ONTUMAIBHUX (DAKTOPIB MPOMNOHYEMO NPOBECTH MMOBHUI
(akropumii excrepumeHT (IIPE). Bin mo3Bomse mnoOyayBaTH MaTeMaTHUHY
MOJIENTb 00’ €KTY, IO JOCTIKYEThCs y (popMi JiHIHHOTO OaratodwieHa BUIY

K
y=by+2.b;x;
i=1

Je x; — 3HaueHHs paxropy No i, K=2.

Po3riisHyTO MycK aCHHXPOHHOTO KOPOTKO3aMKHEHOT'o ABHMIYHa. Po3paxyHOK
MEepexifIHOro Mpollecy NpH MYCKYy BHUKOHYEThCS B KOOpAMHATax dg, sKi
00epTalThCs 3 YAaCTOTOIO POTOpa. MoJeNoBaHHs ABO(A3HOr0 KOHIIEHCATOPHOTO
JBUTYHa BHKOHYETHCS 3a JOIOMOTOI0 PO3pOOJICHOT KOMI'IOTEPHOI HpOrpamMu y
cepenoBumi Matlab. I{inmpoBOIO (QYHKIIEIO BBa)KaEMO YacTOTy oOepTaHHSI, sKa
JIOCSITAa€ThCS 32 3alaHui Yac f,,,. PakropamMu BBaXKA€MO AKTUBHHMH OMip Koja
(ha3zHOTO POTOPA, @ TAKOXK EMHICTH (Pa303CYBHOTO KOHAEHCATOPA.

Jnst ToneTIIeHHs BUKOPUCTaHHS METOJy Iporpama CKIIaJaeThes 3 Pi3HUX
YacTHH, 10 SABISIOTH c00010 mianporpamu. IloyaTok OCHOBHOI IpOrpamMH BKIIIOYAE
B cebe BuXifAHI MAaHl Ta mignporpaMy-QyHKIT MOJENIOBaHHs JABO(A3HOrO
KOHJICHCATOPHOTO JABHUI'YHA.

B pesymbTaTi MOJEmIOBaHHS ENEKTPOMEXaHIYHMX IPOIECIiB aCHHXPOHHOTO
KOPOTKO3aMKHEHOTO JBUTYHA OyJI0O OTPHMAHO 3aJIe)KHICTh IIBHIKOCTI 00epTaHHS
BiJl HOMepa KPOKY IO TPaieHTy

3a momomoroto JiHiiHOT Mozeni i BukopucTanus [IOE mu Habmm3unmmcs 1o
ONTHMYMy 1 YBIHIUIM B Maibke cTamioHapHy o6nactb. Jlami mociiukyroun
o0Js1acTh, HAOIMIKEHY JI0 ONTHMYyMY, ¢ OyJIO 3aCTOCOBaHO KBaJIpaTHYHY MOJIEIb,
MH OTPUMald 3aJI€XKHICTh IMIBHJKOCTI pOTOpa BiJl €MHOCTI (a303CyBHOTO
KOHJICHCATOpa, Ta ONOpY CTaTopa II0 BUAHO Ha pHC. 1.
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A 0
C: 0.14334 mkd/pen+ 27.2337mkd 0 R: 0.2612 Om/gent 49.62740n

Pucynox 1 — 3anexxHicTh IIBUIKOCTI 00epTaHHS BiJl 3HaUeHb (DAKTOPIB

BucHoBku. [ BUKOPUCTaHHS IOBHOTO (D)aKTOPHOTO EKCIICPHMEHTY IUIS
3HAXOMKEHHSI ONTHMyMY IITBOBOI  (YHKHIi  po3poONIeHO  yHiBepcaJbHY
KOMIT'IOTEepHY mporpamy Yy cepenoBumi Matlab. IlpoBemeHo MopemtoBaHHS
SNIEKTPOMEXaHIYHUX TIPOLECiB Ui ABO(A3HOrO0 KOHACHCATOPHOIO NBHIYHA Ta
3HaHICHO ONITUMYM IITEOBOIT (DYHKIIT — IIBHUIKOCTI 0OEpTaHHS POTOPY.

VK 621.3.012

Kosnos B.B.!, Knimenko C.C.2
! kamz. Texn. Hayk, gou. SHTY
* cryn. rp. E-217 3HTY

HOBYAOBA BEKTOPHUX AIATPAM JJISA TPUDAZHUX
EJEKTPUYHHUX KIJI 3A JTOITOMOTI' O1O TAKETY MATHCAD

[ToOymoBa BEKTOpPHMX JiarpaM € HAOYHMM Ta e(eKTHBHUM 3aco0oM
BiZJOOpa’XeHHS CIIBBiIHOMICHHSA MK CTPyMaMH Ta HAPYTaMH €JIEKTPUIHOTO ToJia.
B cporoguinHii 4Yac 3arajdbHOJOCTYIHI TNPOTpPaMH, sKi CHEIiali3yloTbhcs Ha
noOy/soBl BEKTOPHUX jiarpaM, 3yCTpidaroThes JOCHUTH pinko. Haibinpm
NOMYJISIPHAM ~ TakeToM  MporpaM  KOMITIOTEPHOI ~ MaTeMaTHKH,  SIKHH
BUKOPDHCTOBYETBCS B EIEKTPOTEXHIYHHMX po3paxyHkax, € MathCAD. Ilaker
MathCAD cTBOpIOBaBCS SIK HOTY)KHUH MIKPOKQJIBKYJISITOP, IO JO3BOJISIE JIETKO
CHPABJIITHCS 3 PyTHHHUMH 3aBIaHHAMU. ['0510BHOIO nepeBaroro nakera MathCAD
€ 3aITiC CKJIQJIHUX MaTeMaTHYHUX BUPA3iB B TOMY BUIJISI, B SIKOMY BOHH 3a3BHYail
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3aMHCYIOTHCS Ta MOXKJIMBICTH CTBOPECHHS BOYIOBAaHMMH 3ac00aMHU BHCOKOSIKICHIX
TEeXHIYHUX 3BITIB 3 TaOmUIsIMH, Tpadikamu, TeKCTOM. Hakamb MOXIHBICTH
mo0yJOBH BEKTOPHHX JliarpaM B HBOMY He TiependadeHa.

Tomy BuHHKa€e HEOOXITHICTD ¥ po3po0IIi 00XiTHIX MIISIXiB 3 BUKOPUCTAHHAM
rpa¢diganx MoxmBocTer MathCAD st moOy1oBH BEKTOPHUX Jiarpam.

VY gkocTi mpuKIaga Takoi TMOOYHOBH pO3IIITHEMO aHaNi3 TPU(A3HOTO
EJIEKTPUYHOTO KOJIa.

Hexaii 3amana cxema Tpu(a3HOTO EIEKTPUYHOTO KOJja, sKe 3'€JHAHO 3a
cxeMolo "3ipka-TpuKyTHHK" (puc. 1) Ta mapamerpu okpeMux enemeHTiB. [TloTpioHO
po3paxyBaru Ta MoOyyBaTh CyMillleHI BEKTOPHI JiarpaMy CTPYMiB Ta HaIpyT.

L. Z.
e, — Ll =
L

Pucynox 1 — Cxema TpudazHOro eneKTpuIHOro Koja
[Mporpama po3paxyHKy:
Buxigni mani:
UL=220 Zab:=10-3j Zbc:=2-11] Zca=-10j

Po3paxyHkoBi ()OpMYITH Ta PEe3yJIbTaTH PO3PAXYHKY:

j=~-1 ur =YL
J3
Ubc = UF - ¢~/ 90deg

Uab = UF -¢J309¢8 Ucd - UF - ¢J150deg

Uab=110+63.51i Ubc =-127.02i Uca=-110+63.51i
lab = Uab Ibc = Ube Ica = Uea
Zab Zbc Zca
lab =8.34+8.85i Ibc =-11.18-2.03i lab=—-635-11i
IA=Iab—Ica IB = Ibc—lab IC:=Ica—1Ibc
IA=14.7+19.85i IB=-19.52-10.87i IC=4.83-8.97i



Jns moOynmoBu BEKTOPHHX JiarpaM BHKOPHCTOBYEMO TpPaHCIIOHOBaHI
MaTpHIl Y SKAX KOXXHOMY BEKTOPY BiAIIOBINAIOTH YHCIIA Yy JBOX CYCITHIX BiUKax
Matputi. s Oinbmoi HaSBHOCTI A7 KOXKHOI TPYIH BEKTOPi (Hampyrw, ¢as3Hi Ta
JHIHHI CTPYMH) 3aII0BHIOEMO OKPEMY MaTPHITIO.

U= Uab 0 Ubc 0 Uca)’

IF=0 Iab 0 Ibc 0 Ica)l IL:=(lab Ibc Ica Iab)"

OCKIJIbKM 3HAU€HHSl CTPYyMi 1 Hampyr 3HAYHO BiJPI3HAIOTHCS, TO JOLIIBHO
npu  1moOyJqoBi BEKTOPIB CTPYMIB BHMKOPUCTaTH JOJATKOBI MHOXXHHKH (B
posrnsiHyToMy Tpuiani BiH jgopiBHioe 10). Ilpukiman noOymoBH CyMmileHOT
BEKTOPHOI Jiarpamy 3a pornomoroto nakera MathCAD HaBeneHo Ha puc. 2. [licns
BUBOJAY pE3yJbTATIB PO3PaxyHKy Ha I€4aTh JOCTATHBO IO3HAYMTH HAIPSIMKHU
BEKTOPIB Ta BKa3aTH SIKy caMe BEIMYUHY BioOpa)kae TOM 4M iHIIMHA BEKTOP.

150

100

Im(U) 50

Im(IF)-10
Im(IL)- 10

.- -50

-100

50
-150 -100 50 0 50 100 150

Re(U),Re(IF)-10,Re(IL)- 10
Pucynok 2 - Cymimiena BeKTOpHa JiiarpamMa CTpyMiB Ta Harpyr

BucnoBku. Buxopuctanns makera MathCAD 1mae MOXJIMBICT HE JWIIE
BUKOHATH aHANN3 TOCTiJOBHOTO KOJMBAJIHLHOTO KOHTYpY TpH 3MiHI HOro
mapameTpiB, ajge i BiTOOpasHTH pe3yabTaTH TAKOTO aHai3y y HAOYHOMY
rpadiYHOMY BUTIIII.
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YK 621.3.01

Adanacsena 1.0.", FOpuenko JI.P.2
'crapmn. Bukn. 3HTY

*cryn. rp. ID-517 3HTY

EJIEKTPOMATHITHI CTPYMH ®YKO

VY MacWBHHX TPOBITHHUKAX TPHU 3MiHI MAarHITHOTO TOTOKY, IIO iX NMPOHU3YE,
IHAYKYIOTBCS 3aMKHEHI EJNEeKTPHYHI CTPYMH, SKi HA3WBAIOTh BUXPOBHMH a0o
ctpymamu @yko. @i3ndHa IpUpoaa iX Taka, K i JOBUTBHUX 1HIYKIIHHIX CTPYMIB,
aie I CTPyMH 3aMHKalOThCS Oe3mocepeqHho B 00’€MOBI MPOBiAHWKA y BUTILAL
BUXOPOMOAIOHUX 3aMKHEHUX JIiHIH, HANpsIMOK SKUX BU3HAYAETHCS IPABHIOM
Jlenna.

Edexrnuii nocmin nocraBuB JI. Aparo: mpu oOepTaHHI IiAKOBOINOIIOHOTO
MarHiTy HaBKOJIO OCi CHMeTpil pO3TalloOBaHWil HaJ HUM MigHUHA (abo
IIOMIHIEBUI) JUCK TPUXOAMTh B OOEpTaHHS B TOMY X HamnpsaMmky. [Ipudmna
NoJArae camMe y BHHUKHEHHI B MIJHOMY JAMCKY IHIYKUIHHHUX CTPYMiB, SIKi
MOPOJUKYIOTh BHXPOBE MarHiTHE TOJe. BHAcHiZok B3aeMoO[il MarHiTHHX IIOJB
MOCTITHOTO MATHITY Ta iHIYKIIIHHOTO CTPYMY BiZOyBa€eThCSI 00SpPTaHHS TUCKY.

Crpymn @yko BUHMKAIOTH i B MAaCHBHHX IPOBIZHUKAaX, IO SIKUM TEYyTb
3MiHHI CTPYMH 1 HAIlpaBIIeHi TaK, IO MMOCTA0IIOI0Th CTPYM BCEPEIUHI IPOBITHIKA
1 301IBIIYIOTH WOTO Ha MOBEpPXHi. B pe3ympTari rycTHHA 3MIHHOTO CTPyMY pi3Ha
B3JIOBXK THepepidy mnpoBigHuka. Lle sBume Ha3uBawTh CKiH-edekToM abo
noBepxHeBUM edektoM. Uepe3 CKiH-e()eKT BHYTPIIIHI YACTUHU IPOBIAHHUKIB Y
BUCOKOYACTOTHHX KOJIaX HE MOXYTh OyTH BUKOPHCTAHI.

Barato BY4eHUX PI3HMX YaciB BBaXKaJlM 1 BBAXAIOTh, 1110 HEFATUBHOT'O BILIMBY
BiJl BUXPOBHX IIOTOKIB Kyad OUIbIINE, HIX MO3UTUBHOrO. AJie THM HE MEHIII,
JIIOJICTBO HABYMIIOCS 3aCTOCOBYBAaTH CTpyMH Dyko Ha 6iaro B pi3HHX 00IaCTAX
JKUTTEMISIIBHOCTI.

Haii0inpin 1mmpoke 3acTOCyBaHHS BOHH OTPHMAJIM B TIPOMHCIOBIH Ta
MamHOOYIiBHIHA cepax. Tak, Ha OCHOBI IIHOTO SBHIIA BJAIOCS CTBOPHTH HACOC
JUISl TIepeKavdyBaHHS 1 3arapTyBaHHS PO3IIIABICHUX METalliB, a B METATypriiHil 1
MPOMUCIIOBIH Tay3sX BHKOPHCTOBYIOTHCS IHIYKWIHHI Tedwi, sSKi B KiJIbKa pasiB
MEpPEeBUIYIOTh AHAJIOTIYHI CHCTEMH, IO MPAIIOIOTh 3a IHIIUM IPHUHIMIIOM.
IInaBiaeHHs 1 rapT Pi3HUX METANiB MOXJIMBI TiIBKH i3 3aCTOCYBAHHSM ITHOTO
SBUIIA. BUXpPOBI IMOTOKM CHPHUSIOTH TaJIbMYBAHHIO 1 3HIMKCHHIO MIBHJIKOCTI
o0OepTaHHS MeTaJleBUX AMCKIB B IHAYKHIWHUX TradpMax, 0e3 Iporo 6 mpocTo He
(hyHKIIOHYBaIM IMIBUAKICHI MOI3M HA MarHITHHUX MiABicKax. Takox 6e3 BUXpOBUX
noTokiB @yko He 00XOAATHCSA CydacHI OOYMCIIOBAIbHI NPWIAAW Ta amapaTw,
BaKyyMHI TNPUCTPOi, /Ie¢ HEOOXigHa TMOBHA BiJKadka IMOBITPS Ta iHIIMX Tra3iB,
NPUHIOUI POOOTH CydacHHX TpaHc(OopMaTopiB MOXKIMBUH TIIBKH  3aBJISKH

156



3aCTOCYBAHHIO B iX KOHCTPYKIIil BUXPOBHX MOTOKiB. binbir Toro, oGmaananHs, 1o
MpaIioe Ha OCHOBI cTpyMiB Dyko, BOJOII€ TOYHOIO E€KOHOMIYHICTIO 1 TapHOIO
MPOAYKTUBHICTIO.

BucnoBku. Ctpymu @yko, - KOpHCHE, JETKO 3'SICOBHE 1 TOCHTH 3pO3yMiJie Ha
CBOTOIHIIMIHIN 1aeHb (¢i3W4YHEe sBHIIE, SBISE CO00I0 BHXPOBI IIOTOKH, SKi
BUHHUKAIOTH IIiJ] BIUIMBOM EJIEKTPOMATHITHOI IHAYKIIi B METaleBOMY, a TaKOX
Oynp-sIKOMY IHIIOMY TpOBiAHUKY. Buxpoi crpymm @Dyko Oarato BueHHX
Cy4acHOCTI BIJTHOCATH 10 IMBOBIDKHHMX SIBHII B €JEKTPOTEXHilli, SKi cydacHe
CYCHIJIbCTBO HABYMIIOCS BUKOPUCTOBYBATH 3 KOPHUCTIO JUIsl ceOe, IpH HEOOX1AHOCTI
JIOBOJISIYM 1X JI0 MOTPiOHOT MOTY>KHOCTI, 3MEHIIYIOUH IPU MOTPeOi 1 HAaNpaBIIAIOYN
OTpHUMaHy eHeprito B paBuiibHe pycio. XKau dyko OyB po3yMHOI0 1 00JapOBaHOI0
JIFOJIUHOIO, 51K, KPIM TOSICHEHHsI ()eHOMEHa BHXPOBUX IMOTOKIB, 3p00MIIa YUMaJo
IHIIAX BAKJIMBHUX BIIKPHUTTIB, OJHUM 3 HHUX € HATpiBaHHS METaJeBHX O0'€KTIB, SKi
KPYTATBCS. B MAarHiTHOMY IIOTOLI 3aBJISKH BIUIMBY BHXPOBOTO CTpyMy. BiH
HEpLINM JaB JOCTYIHE i JOCHTh 3p03yMiJie TIOSICHEHHS TaHOTO (aKTy.

YK 621.313.175.32

Adanaceena 1.0.", Baumkos B.B.”
: crapu. Buki1. 3HTY

* cryn. rp. E-416 3HTY

BEHTWJIbHU PEAKTUBHHM IBUT'YH 3 EMHICHUM
HAKOIIMYYBAYEM EHEPTI

BeHTunbHUI IBUIYH Ha OCHOBI €JIEKTPOMEXaHIYHOrO IEPEeTBOpPIOBAvYa 3
MAaCUBHUM BTOPHMHHUM EJIEMEHTOM BIJPI3HSAETHCS PIZHOMAHITHUMH 1 HPOCTHMHU
KOHCTPYKIISIMH, TEXHOJIOTIYHICTIO BHUIOTOBJICHHS, BIJICYTHICTIO JIehIUTHUX
MAarHITOTBEPIUX MaTepiaiiB i JOAATKOBUX OOMOTOK 30y/keHHS. KOHCTPYKTHBHO
TaKW{ BEeHTWIFHUH JBUTYH MOXKE OyTH BHTOTOBIICHHWN SK JIIHIHHHM, IO JO3BOJIIE
BUKOPUCTOBYBATH HOTO TPH CTBOPEHHI NPUHIMIIOBO HOBUX  B3ipIiB
POOOTOTEXHIYHUX MPUCTPOIB, PEECTPYIOYMX BHMIPIOBAILHUX MPWIATIB TOIIO.
Kpim Toro, 3acrocyBaHHsS CIEIiaIbHUX KOHCTPYKIH CTaTopa JIO3BOJSE
BUKOPUCTOBYBATA MOJIYJIbHHI TPHHIUI BHUTOTOBICHHS CTaTOpa 3 OYIb-SKOIO
KUTBKICTIO CeKIii SKipHOi OOMOTKH, IO Ja€ MOXIINBICTh Ha 0a3i OJHOTHUITHUX
€JIEMEHTIB CTBOPIOBAaTH IIMPOKY TraMy BHKOHABYMX BEHTHJIbHHHA JBUTYH
MPHUIAMTOBAHOTO i BJAIITOBAHOTO THITIB.

[IIupoxe 3aCTOCYBaHHS TAKMX BEHTHIILHUM IBUT'YH CTPYMYETHCS 1X BITHOCHO
HU3LKAMH C€HEPreTHUYHUMH MMOKA3HHUKAMHM, 10 3YMOBJICHE PO3CIIOBAHHIM CHEPTil
MAarHiTHOTO TMOJII €JICKTPOMEXAHIYHOIO I[IEPETBOPIOBAYA B CIIEMCHTAX 3aXHCTY
CHJIOBUX KIIIOYiB €JIEKTPOHHOTO KOMYTaTopa €JIEKTPOMEXAHITHOTO
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mepeTBOproBada. B TOH ke d9ac, 3acCTOCYBaHHSA CHCHIiaTbHHX  CXEM
eJIIEKTPOMEXaHIYHUM TIEPETBOPIOBAYEM 3 €MHICHHMH HaKONMYyBadaMH EHeprii
miABHUITYE KOEQIiEHT BUKOPHUCTAHHS EJICKTPOMEXaHIYHOTO IEpeTBOPIOBAYa [0
PiBHS KOJEKTOPHUX MAIIUH ITOCTIHHOTO CTPYMYy.

Mertoro poOOTH € NpPOEKTYBaHHS BEHTWJIBHOI'O pEaKTHBHOTO [BUTYHAa 3
€MHICHUM HaKOIMYyBadueM EHeprii 3a JOIMOMOTOI0 3HaHb 3aKOHIB KOMyTallii Ta
aHai3y MaTepiajJbHO-BUPOOHHYMX PECypciB HiInpueMcTBa. EnexTpomMexaHiuyHHI
NepeTBOpIOBaY SKOT0 € HAWNpOCTIMIMH 3 BIiJOMHX €JEKTPUYHUX MAaIlIWH, a
€KOHOMIYHI ITOKa3HMKU Ta PEryJIOBajibHI BIACTHBOCTI ONM3BKI 10 KOJEKTOPHHUX
JBUTYHIB. Y il poOO0Ti IPOMOHYETHCS METOANKA PO3PAXYHKY.

Y xomi pobotu Oyj0 pO3pOOJICHO BEHTWIBHHA pPEAKTUBHHI JBUTYH 3
€MHICHUMH HaKONUYyBayaMHu eHepril, sSIKMii JJ03BOJIsIE BAKOPUCTOBYBATH HOTO IpU
CTBOPCHHI  NPHWHIUIIOBO HOBHUX  B3ipHiB  pPOOOTOTEXHIYHUX  HPUCTPOIB,
pPEeCTpYIOUNX BHMIPIOBANBHUX IpwiamiB Tomo. KpiM Toro 3’sicyBamm ,Iio
3aCTOCYBaHHS CIEIiabHUX KOHCTPYKIIM CTaTropa I03BOJSIE BHKOPHUCTOBYBATH
MOJYJIbHUH TIPHHIWII BUTOTOBJIEHHS CTaTopa 3 OyAb-AKOI0 KUIBKICTIO CEKIiH
AKIpHOi OOMOTKH, IO Ja€ MOXJHMBICTE Ha 0a3i ONHOTHUIHHX €JIEMEHTIB
CTBOPIOBATH IIMPOKY I'aMy BUKOHABYMX BEHTWJIBHHH ABHI'YH NPHJIAIITOBAHOTO I
BJIAIITOBAHOT'O THIIIB.

BucnoBku. [opiBHAHHS pe3ysbTaTiB PO3paxyHKY 3 OCLUIIOTPAMaMH CTPYMY
CeKII1 1 HAIIPYTH Ha HAKOMHMYYBaJbHOMY KOHIICHCATOPI MOKA3ajo, IO MOXHUOKH B
PO3paxyHKy TPUBAJIOCTI B 4aci KOMyTallii py YBIMKHEHHI Ta BUMKHEHHI ceKulii, a
TAKOXX HAMNpyrd Ha KoHAeHcaTopi He mepeBuilyoTh (7 - 10)%, mo 3yMOBICHO
NPUHHATAMEU ponynieHHsIMHA. OTpuMaHi B poOOTi BHpa3u HOCIYXHIH 0a3010 s
CTBOPEHHS KOMITIOTEpHOI MiANpOrpaMH pO3paxyHKy IIOCIiIOBHOTO Oydepa
eHeprii, ska yBIHIIAa CKJIAJOBOI0 YAaCTHHOIO JIO ABTOMAaTH30BAHOI IiJCHCTEMH
NPOEKTYBAaHHA BEHTWJIBHMX pPEAKTHMBHUX JBUTYHIB IIOCTIHHOTO CTpyMy 3
€MHICHUMH HaKONMYyBauyaMH CHEeprii.

YK 621.3.012

Jlxebapos B.0.", Adanacsesa 1.0.2
'eryn. rp. E-117 3HTY

*crapm. Buxt. 3HTY

AJIbTEPHATHUBHA EHEPTIA - HAIBAHHSA I'OPOJSIH

Po3riisiHEMO MOXKIIMBOCTI BUKOPUCTAHHS aJbTEPHATUBHUX DKEPET SHeprii B
iHpPACTPYKTYpi MicTa.

[lepmM KpOKOM IO BHKOPHCTAaHHIO COHSYHOI €Heprii B 3amopiki Moxe
OyTH  cuCTeMa 30BHIIIHBOTO OCBITJCHHS, TNpHU3HAYeHA JUIA DPI3HUX THITIB

158



BYJIMYHOTO OCBITJICHHS. Y MICTi BXK€ BHKOPHCTOBYIOTHCS COHSYHI OaTapeil s
OCBITJICHHS HOBHX IOKUTPHHX CTaJiOHIB, peKIaMHHX Oiun0opmiB 1 pi3HHX
pEeKIaMHUX KOHCTPYKLIHA. A OCh 0COOIMBICTIO i OPUTIHANBHICTIO AaHOI inel € Te,
[0 BCTAHOBJICHI BYJHMYHI JiXTapi OyIyTh >KUBUTHCA BiJg KOMOIHAIii 3 COHSYHUX
TaHeJIel i BUKOPUCTAaHUX OaTapel Bl eNeKTpOMOOiiB.

3pocTaHHS MOMYJSIPHOCTI E€JIEKTPOMOOUTIB BHMArae IIOSIBH CICIialTbHIX
3ampaBoK Il HUX. HacTymHUM JIOTIYHMM KPOKOM CTaHE BIIPOBA/UKEHHS B
iHQpacTpyKTypy MicTa 3ampaBOK, SIKi caMi € eJIEeKTPOCTAHLISMH, MPUIOMY
exosnorivanmu. [lonmiOHa 3ampaBka po3poOiieHa aMepHKaHCHKUMH KOMITaHISIMHU
Carbon Day Automotive i Coulomb Technologies Inc. i HasuBaeTbcs Solar Plug-In
Station. BupoOnenHst enekrpoeHeprii BinOyBaeTbcsi —Oe3nepepBHO, BOHA
HAaKOIMYYETHCS B CIELialbHIN MiA3eMHiil Oatapei, 3BiAKM eNeKTpUYHA EHepris 1
MOJA€THCS Ha OaTapei eneKTpoMOOLITiB.

Ille omuuM 3 BapiaHTIB BUKOPHCTAaHHA COHSAYHUX OaTapeil moxe OyTh
OyZIiBHHITBO YHIBEpCATbHUX ABTOHOMHHX 3yNHUHOK T'POMAACHKOTO TPAHCIIOPTY.
Bin comsunmx Oarapell mpallfoe HiYHE OCBITJICHHS 3YNHHKH, TabJI0 MPUOYTTI
TPOMAJICBKOTO TPAHCIIOPTY, € MOXKIUBICTD 3apsaaAku TenedoHis 1 po3maui Wi-Fi. Sk
BXKE€ TOBOPHJIOCS BHIIE, PO3BUTOK EJIEKTPOMOOUNIB B MailOyTHROMY MOXE IaTH
MOXIJIMBICTh TaK0XK BUKOPUCTOBYBATU TaKy 3yMHHKY JJIsl iX MICLEBOI Mia3apsIKy,
aJie 3apas3 Lie He € eKOHOMIYHO JOLIIbHUM.

Jlnst BupinieHHs NOABIWHOT 3a/aui - reHepyBaHHS COHSYHOI €Hepril i 3aXucT
TPaHCIIOPTHUX 3aCO0IB - B MICTI MOKJINBE BCTAHOBJICHHS] COHSYHUX MapKyBaJbHUX
cucreM. HakonnueHa enekTpoeHepris Moke BUKOPUCTOBYBATHCS ISl TAPKOMATIB,
3apsy eJNEeKTPOBEIOCHIICIIB, OCBITICHHS WAapKOBKM Y BEUipHIH dac, B pasi
HEOOXiTHOCTI KHBHUTH CTOPOHHIX CIIOKHBAYiB.

B nam dac, xonn 6e3 raJpkeTiB JoJuHa OYKBAJIFHO HE MOXKE MPOXKUTH Hi
JIHS, BEIBMH aKTyaJIbHOIO Oy/ie ifies CIIopy[KeHHsI HEBEJIMKOI cTaHMii, e Joan 0
3MOTJIM 3aPSAANTH TAKETH B OyAb-SKWH 3pydyHHI Yac. 3a TOJUHY CTaHIisA 3/aTHA
BUPOOISITH €HEpTito, piBHY poOoTi mpubmu3Ho 12 poserok i obcmyxuru mo 240
tenedoniB. Lls imess Moxke OyTH CHOHCOBaHa MYHILMMAJIBHOIO BIAI00 1
IpaLIOBaTH a0COJIOTHO O€3KOLITOBHO AJA JIIOACH, 3apoOJIIoYM 3a pPaxyHOK
po3MmimieHoi Ha Hii peknami, abo X CTaTH CTAapTalloM Ui PO3BHTKY MAayloro
OizHecy.

OpxHuM 3 BapiaHTIB BHPIMIEHHS MPOOJIEMH 3aBaHTaKEHOCTI €HEPrOCHCTEMH
3amopixoksd MOXKE CTAaTH BIAKIIOYEHHS Maioro Oi3HeCy BiJ 3araibHOi Mepexi i
Hepexi Ha aBTOHOMHICTb, SKa 3a0e31euyeThCsl (POTOCIEKTPUIHIMHU MOAYIISIMH. 3a
MM TPUHIUIIOM CTBOPEHO BeHIiHroBuii amapar kammnaii Coca-Cola. ABTomar
B3araji He NOTpeOye 30BHIMIHBOTO JDKEpela eJIeKTPOeHeprii, Mo J03BOJISIE
orepaTopaM IOBHICTIO BIAKIIIOUMTH Horo Bim Mmepexi. [IpaBma, coHs4Hi maHen,
po3MillleH] Ha aBTOMarTi, JOBIIE aBToMaTra B TpH pa3u. COHSIYHI aKyMyJATOpPHI
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Oartapei 3abe3neuyroTh Oe3mepepBHY POOOTY TOProBOTO aBTOMara A0 12 romauH,
KOJI HEMA€ COHIIA.

3aranbHOMICBKY MPOOIeMY YTHII3AIil CMITTS JO3BOJIUTH BUPIIIUTH CMIiTHUK
Big Belly ( «Benumkmii >XUBITY»), pO3poOieHHN OEMBrifiCPKOI0 KOMITaHIETO.
BupoOHHUK OCHACTHB KPHIIKK 0akiB CIIEI[ialbHIM YUTUTBHIOBaYeM 3 BOYTOBaHUMHU
COHSYHHMH OaTapesiMu,eHepris sSKuX Oyae BUTpavyaTHCS Ha MPECyBaHHA IIarepy,
KapToHy, IutacTMacH i 6aHok. CTHCHEHHS J03BOJIMTH 3MEHIIUTH 3arajbHUi 00csr
BIJIXOJIiB JIO I'ITHU Pa3iB Ta Pijllic BUBO3UTH CMITTS.

CTBOpEHHSI COHSIYHHX €JIEKTPOCTAHIIl B MICHKHX YMOBaX BUMarae BEJIHKUX
wiont. /Iyt BUpILIEHHS IBOTO NUTAHHS MOXXKHA BUKOPHCTOBYBATH IUIONII JIaxiB
JKUTJIOBUX OYIMHKIB, YCTQHOB, TEPUTOPii NMPOMHCIOBHX O0'€KTIB. AJie HOBITHI
TEXHOJIOTIl, TIOKJIMKaHI 3pOOUTH COHSYHY EHeprilo mpocTime i Oyvkue Juis
KIHIIEBOTO KOPHCTYBaua, JO3BOJIMIM CTBOPUTH 1HHOBAIIMHMI MaTepian 1 Aaxy,
sakui oTprMaB Ha3By Solar Roof. Ha Burisin e 3puuaiiHa uepenuiis, B OCHOBI SKOT
CKJIOKEpaMiKa 3 CIICIialbHUM TOKPHUTTSIM, SKE JO3BOJISIE HAKONNIYBATH COHSIYHY
eHeprito 1 TpaHchOpMyBaTH ii B EICKTPUUYHY, €(PEKTUBHO BHKOPHCTOBYIOUH
COHSTYHE CBITIIO, IO TMajgae Ha OyniBaro. B ocraHHI poku aKTHBHO Hiae po3poOka
COHSYHHX TaHeJeH, SKi MOJKHA aJanTyBaTd B BiKHA cy4acHUX OyauHKIB. [Ipo3opi
COHSIYHI €JIEeMEHTH SBIISIOTH COOOI0 XBIJIIO MailOyTHHOTO Uil HOBUX COHSYHHX
CHCTEM.

YK 621.3.01

Bapasos B.A.!, Pomaniuenxo I'.M.>
"cryn. rp. PT-218cn 3HTY

* crapur. Bukir. 3HTY

PO3PAXYHOK NEPEXITHUX ITPOIIECIB B JITHIMHAX
EJEKTPUYHUX KOJIAX OITIEPATOPHUM METOAOM B CUCTEMI
MATHLAB

Ilepexionum npoyecom Ha3MBAIOTH MPOLIEC TIEPEXO.TY SISKTPUYHOTO KOJIa Bij
OJTHOTO EHEPreTHYHOro CTaHy A0 IHIIOrO0 NpH CTPUOKONOAiOHMX 3MiHax (mpu
Komymayii) OyIb-IKHX TapaMeTpiB koja. PakTHYHO — Iie 33/a4a MMpo PO3B’SI30K
iHTEeTpaJbHO-TU(EPEHIIIaTbHUX PIBHAHBP 3 METOI0 3HAXO/KEHHS CTPyMy, SK
¢ysKmii gacy.

Haiibinpm mommpeHrM 3 METOIIB PO3paxyHKy MepexifHUX MpOIECiB €
OmepaTopHU MeToA. B HBOMY 3aMiCTh IHTETpalbHO-AU(EPEHIIHNX PiBHIHD
MEPEXOIATh 10 00JIacTi QYHKIIH KOMIUIEKCHOTO 3MIHHOTO s=0+jw. Toi piBHSIHHS
CTalOTh anreOpaldHUMU, pe3yabTaTOM pO3B’SI3Ky SIKUX Oyae onepamophe
300padicennsn mrykanoi ¢ynkuii. Ilepexix Bix 300paxkeHHs 10 opHriHaiy (4acoBoi
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(hyHK1Ii{) TPOBOIATE 3a qOonoMOroro Tabmuip Jlamnaca, popmynu po3kianaHas abo
YHCEIHHOTO po3paxyHKy Ha EOM.

Mertoro mi€i pobotu Oyno CKIIagaHHS KOMIT FOTEPHOI IMPOrpaMU CydacHOTO

piBH: B cucteMi MATLAB st aBTroMaTH3ariii po3paxyHKOBUX MPOIIECIB.
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CTpyKTypa npeIcTaBiIeHOI IPOTPaMH:

clear; clc
% BXIJHI JJAHI:
%I1. HE3AJIE?KHI IIOYATKOBI YMOBH: il(0-), uc(0-).
i10_= ;uc0_= ;
% PO3PAXYHOK CXEMU ITICJISI KOMYTALJII:
% OI'OJIOLLIEHHA CUMBOJITYHUX 3MIHHUX:
syms s M M1 11t Mi2 D DI M2 D2
%CKJIAJAEMO PIBHAHHA B OIIEPATOPHIN ®OPMI 3AITHCY.
% 3a yumu pisusnnamu cknaoaemo OCHOBHY MATPHUIIO npu negioomux
% onepamopHux cmpymax 6 CUMBONTUHIl (hopMi i cmosneyb nPagux 4acmuHm:
% 11(s) 12(s) 13(s) 14(s) 15(s) ... - HegidoMi onepamophui cmpymu;
M=[-1 0 0 1 -l %=0
vevvveneeenes [0 % == uc0_/s

%OBYUCTUMO BU3HAYHUK OCHOBHOI MATPHI]I:
D=det(M);
% Mampuyio ons obuucnenns susnaynuxa 11(s) ompumyemo uinsaxom 3aminu
% nepuioeo cmoBn4UKa OCHOGHOI MAMPUYi CMOBNYEM GLIbHUX YTeHIB!
MIi=[0 O 0 1 S
% BU3HAYHUK JIVIA 11(s):
Di=det(M1);
% 30BbPAKEHHA OIIEPATOPHOI' O CTPYMY 11(s)
% 34 MATPUYHOIO ®OPMYJIOIO:
11=D1/D;
% 3BOPOTHE IIEPETBOPEHHA JIAIIVIACA JlVIA il (t)
il=ilaplace(ll,t);
% CTBOPIOEMO MACHUB il(t) AJIA [IO5YJOBU 'PADIKA
for k=1:200
tk=0.000001 *k;
Mil(k)=subs(il,'t',tk);
end
% IEPETBOPEHHS MACHBY Mil JIO YHUCJIOBOI ®OPMU:
Milv=vpa(Mil,10);
% ['PA®IYHA I[IOFY][OBA
plot(Milv);
grid;
ylabel('il A'); xlabel('t mks');



PesympraTrom poGoTH Takoi mporpamMm € Tpadik IepexiZHOro mpomecy
cTpyMy il(t) B eEeKTpUIHOMY KOJIi.

BucnoBkn. Bepuodikanis namanoi MATHLAB-mporpamm mnokasana i
cTabIBHY POOOTY AJIS ENEKTPUIHUX Kill i3 RLC-eneMeHTaMu.

YK 621.3.012

Ha6okosa O.B.!, Macios JZ[.A.2
KaHJl. TeXH. HayK, aou. 3HTY

* cryn. rp. E-417a 3HTY

MPOBJIEMU PO3BUTKY EHEPTETUKH B YKPAIHI

Po3BUTOK  IHAYCTpiaJBbHOTO CYCHIJIbCTBA CIUPAETBCS HA  IOCTIHHO
3pocTaloyuil piBeHb BUPOOHMLITBA 1 CIIOKMBAHHS PI3HUX BUIB eHeprii. B ocHOBI
BUPOOHMIITBA TEIUIOBOI Ta EJIEKTPUYHOI EHEprii JIeKUTh IMpOLeC CHATIOBaHHS
BUKOITHUX €HEpPropecypciB — BYrijuisi, HaQTH Ta ra3y. A B aTOMHIH eHepreTuii —
TIOJIUT SiIeP aTOMIB ypaHy Ta IUTYTOHIS IIPH MTOTIMHAHHI HEHTPOHIB.

Macmrab BumoOYTKY Ta BUTpadaHHS BHKOITHUX €HEPropecypciB, METaliB,
CHOXWBAaHHS BOXM, TOBITPS Ui BUPOOHWIITBA HEOOXiMHOI JIFOACTBY KUITBKOCTI
eHeprii BeNWYe3HHi, a 3amacu pecypciB, Ha Xkaib, oOMexeHi. OcoOIMBO TOCTPO
CTOITh TpoOJeMa IIBHIKOTO BHYEPIyBaHHS 3amaciB OOMEXEHHX IPUPOIHHUX
eHepropecypciB. OfuH KUIOTpaM HPUPOJHOTO ypaHy Moyke 3amiHuTu 20 TOH
Byriuist. [Ipu cnamoBaHHI BYrijuisi Ta HadTH IO MarOTh CIPYUCTICTH OJNM3BKO
2.5%, mopiuHo yTBOpIO€eThCs 10 400 MIIH. TOH CIpYMCTOrO Ta3dy Ta OKHCY a3oTy,
T00TO 70 Kr. IIKI[UIMBUX PEYOBMH HA KOXHOTO OKHTENs 3eMili Ha piK.
BukopucTaHHs eHeprii aTOMHOTo si/ipa Ta PO3BUTOK aTOMHOI €HEPreTHKH 3HIMae
TOCTPOTY i€l MPOOIeMH.

JificHO, BITKPUTTS MOALTY BaXKKUX SJIEp IIiJ] 9ac 3aXOIUICHHS HEHTPOHIB, M0
3pOOMIIO Halle CTOJIITTS aTOMHHUM, JIOJallo JI0 3alaciB eHepreTHYHOTO BUKOITHOTO
MajuBa ICTOTHHHA CKapO SIEPHOTO MNambHOTO. 3amacw ypaHy B 3€MHIH Kopi
OliHI0EThCs BenmuesHow mudporo y 10" Ton. OcHoBHa Maca 1boro Gararcrsa
3HaXOJWUTHCS B PO3CITHOMY CTaHI — TpaHiTax Ta 0a3aiprax. Y BOZaxX CBITOBOTO
OKeaHy KilbKicTh ypaHy nocsarae 4*10°. OxHak, pooBHII ypaHy, 1€ BHI0GYTOK
OyB OM BIZHOCHO [eIIEBMM, BiIoMO MOpiBHSHO He Oarato. Illopiuna morpeba B
ypaHi cKy1a1a€ 3rigHo 3 Cyd4acHUMH oliHKaMu 61u3bKk0 107 TOH.

Iamra BaknmmBa mpoOsieMa Cy4acHOTO iHAYCTPiaJIbHOTO CYCIiJIbCTBA —
30epeKeHHS MPUPOJIH, BOJIU Ta TIOBITPSHOTO OaceiiHy.

BueHi cepiiozHo 3akionoTanHi mon0 «[lapHukoBOro edekTy», 10 BUHUKAE Y
pe3yNbTaTi BUKUIIB BYTJIEKHCIOTO Ta3y MijJ 9ac CHaTIOBAHHS OPTaHIYHOTO IMajinBa
Ta BIAMOBIIHOrO TNIOOANBEHOTO MOTEIUTIHHS KJTIMaTy Ha HaNIi IUTaHeTi. ATOMHa
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EHepreTuka He CIIOKHMBAa€E KHUCEHb Ta MAa€ HIKYEMHY KUIBKICTh BHUKHIIB IIPH
HOpPMAaJbHIM eKcIuTyaTamii. SIKmo aToMHa eHepreTHKa 3aMiHHTH 3BHYAHHY, TO
MOXIIMBOCTI BHHHWKHEHHA «IApHUKA» 3 TOKKUMH CEKOJOTIYHUMH HACIHiAKaMHU
r100aNbHOTO MOTEIUTIHHA OynyTh ycyHeHi. Ham3puuaitHo BayKHBOIO 0OCTaBHHOIO
€ TOi (akT, MO0 aTOMHA EHEPreTHKa JOBela CBOI0 EKOHOMIUHY e(eKTHBHICTBH
Maiike B ycixX paifoHax 3eMHOTo mapy. KpiM Toro, HaBiTh IIpH BEIHNKOMY MacIiTadi
eneproBupoOHunTBa Ha AC aTOMHa €HepreTMka He CTBOPIOE OCOOJIMBHX
TPaHCIIOPTHUX TpoOJieM, aJuke MOTpeOye Iy)Ke HU3BKHX TPAHCHIOPTHHX BHTpAT,
10 3BUTBHSE CYCHIJIBCTBO BiJl TATaps y BUIJISAAL MOCTIHHOTO TPaHCIIOPTYBaHHS
BEJINYE3HOTO 00CATY OPraHiyHOTO MaJiBa.

3rigHo 31 CTATUCTHYHMMH JAaHUMH, Ha KiHelb 1989 poky y CBITI mpairoBaio
426 peakTopiB IO MajK BCTaHOBJEHY NOTYxHicTe 318237 MBT. a Ha craaii
CHOPYIKEHHS 3HAXOAWIOCH 93 peakTopu 3 MOTyXHicTi0 76303 MBT.

Jlonst aTOMHOI €HepreTHKH y CBiTI AopiBHIOE 16 %. OgHaK OCTaHHIM YacoMm
PO3BUTOK aTOMHOi €HEPreTHKU CYTTEBO CIOBIIBHMBCS. YacTKOBO Ii€ ITOB’SI3aHO 3
3araJbHOI0 TEHJCHINEI0 M0 cTabimi3amii eHeprocnoKUBadiB Ta YCHiXaMH B raiysi
eHeproz0epiralounx  TEXHOJOrid. AJyie OCHOBHa IpUYMHA -  MIHPOKO
PO3IOBCIOKEHE NIEPEKOHAHHS Y «IIKIJUIMBOCTI» aTOMHOI €HEPTETHKH.

Cepiio3HUii BIUIMB Ha CTAaBIICHHS JI0 aTOMHOI €HEPreTHUKH 3IHCHWIN aBapii
Ha aTOMHHX CJICKTPOCTaHIlsX, 0co0anBO aBapis Ha YopHoOmibcekin AEC, 1o
cranmachk 26 kBiTHa 1986 poky. Uepe3 11e B 06araThoX KpaiHaxX MiJHSAIACH XBUJIS
CYCHIUJIBHOTO CYNPOTHUBY BUKOPUCTAHHIO aTOMHUX €JIEKTPOCTaHIIIM.

SInepHi peakTopH MOAUISIOTHCS Ha KiJIbKa TPYI:

B 3amexHOCTI Bim cepemHBOi €Heprii CIEKTPY HEHTPOHIB — Ha IIBHUJKI,
MPOMIXKHI Ta TEIUIOBl. 3a THIIOM CIIOBUTbHIOBaYa — Ha BOJSMHI, rpadiToBi
B)XKOBOJHI. 32 KOHCTPYKTHBHHMHU OCOOJIMBOCTSIMU aKTHBHOI 30HM — KOPITYCHI Ta
KaHaJIBHI. 32 TUIIOM TEIDIOHOCIS — TAaKOXK BOJSHI, BAYKKOBOJIHI Ta HATPIEBI.

B mam yac digpHE Miclle y CBITOBOMY MapKy CHEPreTHYHHX pPEaKTOpiB
3aliMalOTh PEAaKTOPH 3 BOJOI IiJ THUCKOM. KpiM TOro, BOHM IIHPOKO
BUKOPHCTOBYIOTbCS Ha (JIOTI y SIKOCTI OCHOBHOIO JpKepesia eHeprii sk Juist
HaJ[BOJHUX IMOCYJIUH TaK 1 JUIi MiZABOJAHUX YOBHIB. Taki peakTopu KOMIAKTHI Ta
BITHOCHO TIPOCTi B eKcIuTyararii. Bomga, o BUKOHYyEe B HUX pPOJb TEIUIOHOCIS Ta
CHOBIJIbHIOBaYa HEHTPOHIB € BiHOCHO MAEHICBOIO, HEAarpecHBHOIO Ta Ma€ TapHIi
HEUTPOHHO-(i3W9HI BIACTUBOCTI.

VY  HaiOmmkdyoMy MalOyTHROMY OYIOyTh IIHPOKO BHKOPHCTOBYBAaTHCH
peakTopH Ha MIBHAKHX HEWTPOHAX, OXOJOKyBaHi pinkuMu metanamu (Harpiii ta
iH.), B SKHX IPUHOWAIOBO MOXe OYTH pEali30BaHUH PEXHM BiATBOPIOBAHHS
MajiiBa, TOOTO CTBOPEHHsS KUIBKOCTI 130TOMIB IUIYTOHIIO, MO JOUISATHCA, SKa
MIEPEBHIIYE TY KUIBKICTb, IO BUTPAYAETHCSI.
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VK 621.3.012

Ha6okosa O.B., CrpoHunk B.B.
! kamm. Texn. Hayk, fom. 3HTY

2 cryn. rp. E-417a 3HTY

HAJAIPOBIJHICTh PEHOBHUH

HapmpoBinHicTs — ¢i3ndHe SBUINE, IIIO CIIOCTEPIra€ThCs y MSSKUX PEUOBHH
(HaOmpOBINHUKIB), 32 YMOBH OXOJIOPKEHHS IX HIDKYE AEIKOi Temmeparypu T, i
MOJATAaE y Maibke MOBHOMY 3HMKHEHHI €JIEKTPUYHOTO ONOPY W BUINTOBXYBAHHIO
MAarHITHOTO TOJIA 3i 3pa3ka. SAsume Binkpuro X. Kammepmiar-Onnecom y 191 1p.

Byno BusiBIeHO, L0 MiJ 4Yac OXOJOKEHHS 10 HAJHU3BKHX TEMIIEpaTyp
inuit psan pedoBuH Bojoxie y 10-12 pasiB MEHIINM OMOPOM HiXK 3a KiMHATHOT
temrepatypu. Jlocmizamu  OBelEHO, [0 CTBOPEHMH Yy  3aMKHYTOMY
HaJIIIPOBIITHUKOBOMY KOHTYpi CTpyM Oyle IMPKY/IIOBaTH 10 HbOMY HaBiTh 0e3
mxepena EPC. CtpyMm y HaImpoBiIHHKY HE 3MIIIyeThCs MiJ| AI€I0 MarHiTHOTO
TOJIS, HA BIIMIHY BiJ] CTpyMY y 3BUYai{HOMY NPOBIIHUKY.

HaampoBinHicTs 3HUKAE i Ji€F0 HACTYIHHUX (PAaKTOPIB:

- H/IBUICHHS TEMIIEPATYPH;

- BIUIUB JIOCTaTHHO CIJILHOTO MarHiTHOTO TIOJIS;

- IOCTATHBO BEJIMKA LIIJIBHICT CTPYMY.

3 MiABMIIEHHAM TeMIepaTypH 10 Aeskoi KputuaHoi Mexi T, Maiike MUTTEBO
3’SIBJISETBCSL TOMITHUI omiuHMi omip. [lepexim Bij cTaHy HaANpPOBITHOCTI 1O
MPOBITHOCTI TUM PI3KIILIHUH 1 ITOMITHIIIMA, YUM OiJIbILI OJHOPITHUAM € 3Pa3oK.

MOXJIMBO JOMOITHCS IIEpexXoAy JO CTaHy NPOBIJHOCTI HaBiTh 3a
TEeMIIepaTypy HWKYOT BiJl KpUTHYHOT Mexi T, MOCHITIOI0UN MarHiTHE 1oJie.

31 301NBIICHHSAM CHIIM CTPYMY 3HIDKY€ThCsl KpuTnuHa Mexa T, . Lle o3Hauae,
110 YMM BUI[Aa TEMIIEPATypa MePexXoay, TUM OUIBIINM € JOMYCTHME 3HAUCHHSI CUITU
CTpyMy.

Beynepeu mommpeHiit gyMili, HAATIPOBITHHUK € JEII0 OUIHIINM 3a iaeanbHuN
NpOBITHHK. BusBUiOCs, M0 MeTan y HaANpOBIAHOMY CTaHI HIKOJNW HE JO3BOJISIE
NPOHUKHYTH MarHiTHOMY IIOTOKY BCEPEAMHY.

Po3pi3HAIOTE HAANPOBIAHUKY MEPIIOTO Ta APYTOTO POLY.

HannpoBinHukn mepmioro pojy CTBOPIOIOTH HAaBKOJO cebe MarHiTHe Ioiie
i 9ac MPOXOJUKEHHS KpPi3h HUX CTPyMy. MiX HIUIBHICTIO CTPyMY Ta MarHiTHHM
MOJIeM iCHy€ YITKHHA B3a€MO3B’S30K. KpHUTHYHOMY 3HAYCHHIO CHJIM MarHiTHOTO
HOJISL BIJIIIOBI/IAE JIesiKe KPUTHYHE 3HAYCHHsI CHIM cTpyMy. [lopylieHa KpUTHYHUM
3HAYEHHSM CTPYMY HAANpPOBIJHICTh BUSIBISIETBCS 3 YTBOPEHHSIM MEPEXiJAHOTO
crany. IliJ BIJIMBOM 30BHILIHBOTO MArHITHOTO TIIOJISi CHJIBHO BHUKPHBIISETHCS
reoMeTpis MiK(pa30BHX MEX HAIIPOBIIHUX Ta HOpManbHHX obOmactel. Hwm3pki
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KPUTHYHI ~ TIapaMeTpH  HAJIPOBINHUKIB  MEPIIOT0  POXy  MPAKTHIHO
YHEMOJXKIIMBIIIOIOT IXHE TEXHIYHE 3aCTOCYBaHHS.

Ha BigmiHy Bin HaampOBIZHUKIB IEPIIOTO POy MPOBITHHKH IPYTOTO POAY
MPOBOIATH CTPYM Yy TOBHOMY 00’eMi, TOMy 0 iX OONacTp MpPOBIAHOCTI
00MEXY€eThCSI TOHKUM HOBEPXHEBUM IIAPOM.

Haii0inpm nommpeni B €IeKTPOTEXHIIll HAMIPOBIAHUKA — IIe CIUIaB HioOiii-
TUTaH Ta IHTEPMETANi]l Hi00ii-0J0B0. TEXHOJOriYHI MPOIECH BUTOTOBJICHHS
HaJTOHKHUX HiIOOIM-TUTAHOBUX HUTOK Ta IX cTabimizauii JOCSIIA JOBOJI BUCOKOIO
piBHs po3BUTKY. llIpokoro 3acrocyBaHHs HaOyna Tak 3BaHa OPOH30BA TEXHOJIOTIsS
BUPOOHMITBA 0AaraTOXXWIBHUX MPOBIHUKIB HAa OCHOBI HI00iH-0JI0Ba.

Po3BUTOK HAANPOBIAHUKOBOI TEXHIKM MOB’SI3aHUN TAaKOX 31 CTBOPEHHAM
3pi/DKyBaYiB Ta OXOJO/KYBauiB MO0 pa3y OULIBIIOI XOJIOJOTeHepalii Ha piBHI
TEMIIepaTyp PiIKOTO Telilo.

HannpoBinHi KOTYIIKM BHKOPHCTOBYIOTHCS B YCTAHOBKaX TEPMOSJICPHOTO
CHHTE3y, a TaKoX U1 Oynp0allKOBMX BOJHEBUX KaMep Ta BEIUKHX
NPUCKOPIOBAYiB  YacTOK. B  OCTaHHI pOKM MIMPOKO BHKOPUCTOBYIOTHCS
HaJIIPOBITHUKH Y TypOOTeHEpaTopax, eNCKTPOABUTYHAX, YHIIOISIPHUX MAIIWHAX,
TOTIOJIOTIYHAX TeHepaTopax, Kabemsax, KOMYTaliifiHUX 1 CTPyMOOOMEKYBaIbHHX
NpuiaiaXx, MarHiTHAX cernapaTopax, TPaHCIIOPTYBAIbHUX CHCTEMaX Ta iH.

Hapa3i icHyloTh JiBa TOJIOBHMX HampsMKH Yy cdepl 3acTocyBaHHS
HaampoBigHOCTI. [lepeayciM — Iie MarHiTHI CHCTEMH Pi3HOTO MPU3HAYCHHS, MOTIM
— EJICKTPUYHI MaIIMHU (30KpeMa TypOOreHepaTopu).

3acTocyBaHHS HAJANPOBIIHUX MaTepialliB y MOTYXHHX TypOoreHeparopax €
MEPCIIEKTHBHUM Yepe3 MOXJIMBICTh 3MEHIICHHS MacH Ta rabdapHTiB MallMHH 31
30epeKeHHSAM TOTYXKHOCTI. Y 3BHUaliHMX amaparax Taka Moaudikamis
CYNPOBOJIKYEThCS 30UIBIIEHHAM BTpaT 1 CKJIaJHOIIAMH 3a0€3MEeUCHHS] BHCOKOTO
KK]I, mo BupimryeTbes 30UIbIIEHHSIM MacH MAaIlMHKU y 2-2.5 pa3u, y TOH 9ac sk
BIICYTHICTh BTpPaT y pPOTOPi 3 HAANPOBITHOIO OOMOTKOIO [a€ MOXKIHUBICTH
migpunutn KK mpubmmszao Ha 0.5% 1 Habmmutues mo KK Bemmkmx
TypOorenepatopis, skuii csarae nopsaky 99.3%. ¥V 1ux yMoBax €KOHOMIs eHeprii,
OTpUMYBaHa 3a pPaxyHOK 3MEHIIEHHS BTPAaT JOCHTh LIBHJKO BHIIPABIOBYE
BKJIAJICHHS Y CTBOPEHHS HOBUX HA/IIPOBIIHMKOBUX MAIlIKH.
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CEKUISA «®PI3UKA»

VK 378.091.33 —027.22:53
Cokonos €.I1.!, JTozosenko 0.A2
'kauz. ¢.-M. Hayk., nom. 3HTY
2kan. mea. Hayk., goi. 3HTY

KOJIA CTYJIEHTH HE TAK BXKE I HEITPABI: JITHIHHA 3AJIEXKHICTh
3 AITPIOPHUM HYJIEM

Cepen mabopaTtopHUX poOIT (Hi3SHIHOTO MPAKTUKYMY IIOMITHY TPYITy CKJIAAI0Th
po0OTH, 110 MPUCBSIUEH] JOCIIPKSHHIO JIHIHUX 3aJIeKHOCTEH 3 alpiopHUM HyJIEM.
[Mpuknagom Moke OyTH JabopaTopHa poOOTa TPO TOCTIHKEHHS 3aJICKHOCTI
MEXaHIYHOI Halpyrd BiJ BIJHOCHOTO BHUIOBXKEHHS [2]. Y 3arajbHOMY BHIaJKy
JMHIHHUMHM 3aleKHOCTSMH 3 amlpiopHUM HyJleM MH OyZJeMO Ha3HMBaTH Taki
3aJIeKHOCTI, MPO SKi IIe A0 NPOBEACHHS BHUMIPIOBaHb d priori 3pO3yMilo, MIO
eKCIIepUMEHTANIbHA MPsIMa MOBHHHA TPOXOIUTH Yepe3 HyJlb.

PesynpTaToOM BHKOHAHHS J1a0OpaTOPHOI pOOOTH 3aBXKIM € JOBIpUYHi
iHTepBaN. 30KpeMa, U JIHIHHOI 3aJIe)KHOCTI 3 alpiOpHUM HYJIEM CTYICHTH
MaloTh MOOYIyBAaTH AOBIPYUH 1HTEpBaJ VIS KYTOBOTO Koe(ilieHTa. A IS I[bOTO

BOHU TOBHHHI OOYHCIMTH CEpeIMHHE 3HAYEeHHS KyTOBOro Koedirmienra k Ta
BEJIMUMHY HOro abCcomoTHOT moXubku Ak .

ByBatoTe BHIAgKH, KOIM CTYACHTH CaMi IPONOHYIOTH (OPMYIH s
MPOBEJICHHS TAKMX PO3PaxyHKIB:

= 1 1 —\2 _
k—;Zki Ta Ak = MZ(ki_k) » 1€ ki_yi/'xi .

Mu 3aBXIM paji TAKMM TPOIIO3HIISIM — BOHH O3HAYarOTh, IO CTYAEHTH
3MOTJIM CaMOCTIHHO TIEPEHECTH ITPaBUIIa, 10 BiJOMi M 7Sl BUIIa Ky BUMIpPIOBaHHS
@isuunoi eenruyunu, Ha TPUHIUIIOBO HOBUH BUIIAJOK — Ha BHUIAJIOK BUMIpIOBaHHS
TIapaMeTpiB JiHIHOT 3a1edHCHOCTI.

OnHak € oHe «aje» — OLIBIIICTh aBTOPUTETHUX IOCIOHUKIB 3 (i3MIHOTO
MPaKTUKyMy ITHOPYIOTH IIi «HAi{BHI» (QOPMYIH 1 TNPOMOHYIOTH 3aMIiCThb HHUX
«HAYKOBI»:

Esziyi/fo

HecrneniamicTy abCcoMOTHO HEMOKIMBO 3PO3yMITH, YUM «HAYKOBi» GOpMyIn
Kpamie «HaiBHUX». Bakko 3HalWTH aprymMeHTH pro et contra i B HayKOBii
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miteparypi. Y~ BITYMSHSHHX  TOCIOHMKAaX, TPUCBIYCHUX  MPOBEICHHIO
nmabopaTopHUX poOiT 3 ¢i3uKu aHi Ti, aHi iHII GopMyIn 3a3BUYail HE HABOIATHCS
(3a pinkicHuM BuHATKOM [1]). 3aMicTe pO3paxyHKY MpPONOHYETHCS BHU3HAYATH
mapaMeTpH JOBIpYOTO iHTEpBady T€OMETPHYHHUM METONOM. | HaBiTh HalieKko He
KOKEH MAPYYHHK 3 MaTEeMaTW9HOI CTATUCTHKH MICTHTh maparpad, o
NPHUCBSYCHUH [IbOMY ITHTAHHIO.

IikaBo, 10 B aHIJIOMOBHIH HaBYaJbHIH JIITEPAaTypl CUTYyalisl NPUHIUIIOBO
iHma. TyT, mo-mepiue, iCHYIOTh LIMPOKO BiZOMi 1 NpU3HA4YeHi A CTYACHTIB-
MEePIIOKYPCHUKIB MOCIOHUKH 3 aHaJIi3y HOXUOOK Y (hi3UYHHUX eKCIIepUMEeHTax (IuB.
[5]). Ho-npyre, € kinbka MiIPYyYHHKIB 3 Teopii HMOBIpHOCTEHl 1 MareMaTH4HOI
CTaTHCTHKH, SKi CIeliajJbHO HamucaHi s imkeHepiB (muB. [3-4]). B Hux
JETAIPHO Ta 3 NPHUKIAJaMH DPO3IJIAJAalOThCS MUTAHHS 3HAXOKEHHS JIOBIPYOTO
IHTEepBAIY UII KYTOBOTO KOe(illieHTa eKCIIEpUMEHTAIBHOT MPSIMO.

Y nmaHiii poOOTI TPOBOAWTHCSA TOPIBHSIBHWUN aHANi3 «HA{BHOIO» Ta
«HayKoBOD» (opMyn. AHali3 IPYHTYETbCS Ha 3arajbHUX NPUHOMIAX Teopil
00pOOKHM pe3ynbTaTiB BUMIpPIOBaHb, SKi MOXYTh OYTH COOPMYNIbOBaHI Tak:
1) MaTeMaTHyHE CIOAIBAHHS BHIIAAKOBOI BEIMYMHH, IO BIANOBIZAE OLIHII
CepPEeIMHHOIO  3HA4YCHHsS, [OBUHHE JOPIBHIOBATH ICTUHHOMY 3HAuYCHHIO
BUMipIoBaHoi BennunHw; 2) ii aucnepcis Mae 6yTH MiHIMaJILHOIO.

Po3risn mpoBoanThCS Yy MeXax TpaAuLiiHOI IMOBIpHICHOI MozeNi mpouecy
BUMIPIOBaHHS, KOJIM BBa)KAETHCS, LIO pe3yJIbTaT BUMIPIOBAHHS € CYMOIO JIBOX
JIOZIaHKIB — JIETEPMIHOBaHOI BEJIMYMHM Ta BHUNAJAKOBOi J00aBKM 3 HYJIbOBHM
cepenHiM 3HauYeHHsIM: Y, = kX, +Z; . HoBuM y Hamomy JOCII/DKEHHI € Te, 1[0 MU

OPOBEJIEMO PO3MJISA Al JABOX IMOBIPHICHHX MoOjefeld. Y MNepiioMy BHIIAAKY
(«mooenv A») mependavdaeThCs, MO BEIMYUHA TUCTIEPCii BUITAJKOBOI JOOABKH HE

: 2
3MmiHIOeThes (D, =0y ). Y npyromy Bunanky («wmodens B») mependadaeTscs, Mo
TOCTIHHOIO 3aJIUIIAETHCS BiIHOCHA TOXMOKA BuMiproBanHs ( D, = £, x; ).

3a3HauMMo, IO B TPAOWMIAHIA MaTeMaTH4YHIA CTAaTHCTHUIN 3aBXKIU
po3risimaeTsest Monenb A (g Tpaauiis Oepe modaTtok Bix ['aycca). OqHak y Tomy
BUTIAJIKy, KOJHM BHUMIPIOBAaHHS TIPOBOAATHECS B IyXKe IMUPOKOMY Jiana3oHi
(BumiproBanHs E. ['a00ioM DIBUIKOCTI «p030iraHHs» TajxaKTHK), Ha HAI MOTIIS,
KpaIior € MoJienb B.

B Tabmmmi | HaBOAATECA pe3ynbTaT OOYUCIICHHS AMCIIEpCii AT «HaiBHOIO»
1 «HayKOBOI» opmyn At mozeni A ta mozer B.

BuxopucroByroun HepiBHicTs Komri — ByHSKOBCHKOTO JIETKO MOKa3aTH, IO
«HaiBHaY (opMyIa Jae Kpamly OIiHKY CEPEIMHHOTO 3HAYCHHS y BHITAJKy MOJEINI
B (w1 piBHOMIPHOTO PO3IOIUTY Ta BENHUKOI KiJIBKOCTI TOYOK — MPHOIM3HO B J1Ba
pasu). Y BANaIKy MO A Kpallly OLIHKY J1a€ «HayKOBa» (opMmyIa.

OTpumaHi  pe3yNbTaTH JO3BOJLIIOTH TaKOX TOSCHUTH  «HEIOOOBY
EKCIIEPUMEHTATOpIB 10 «HAIBHO» (opmyinn. Yes cnpaBa B «HECTIHKOCTI» wi€l
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dopmynm: AKmo I Mojeni B BOHa mae TPOXHM Kpamuil pe3ynbTar, HiX
«HAyKOBa», TO AN MOJEN A BOHa 3a3HAa€ IITKOBHTE (hiacko. It JUCTIepCist He
mpocto OinbIa 3a OWCIEPCil0 «HAYKOBOI» OIIHKW, aje W B3araji BTpadae
BJIACTUBICTh 3MEHIIYBaTHCSA 31 30UIBIICHHSIM YHCIa BUMIPIOBaHb, M0 €
HEOOXiTHUM IS OyIb-sIKOi €(EeKTHBHOI OI[IHKH CEpEeIMHHOTO 3HAa4YeHHS. Tomy
eKCIIEpUMCHTATOPH MAlOTh PaIlil0 — 3aCTOCOBYBATH «HAIBHY» (hopMyTy MOXKHA
JIMIIIE TOJI1, KOJIA BU MOBHICTIO BIICBHEHI B TOMY, II[0 B EKCIICPUMEHTI Peali3y€eThCs
came mojens B.

Tabmung 1
oyiHKa Mmoo0enb A Mmooenb B
= 1o 1 1 1
k 72; D, Z(?Z?joﬂf D, ZZES
4
7 z)ﬂ- Yi — 1 2 = —z i 2
3 A B VI

Hincymku: a)oOuasi GopMymH UIT po3paxyHKy KyTOBOTO KoedirieHTta
SKCIIePUMEHTAJIBHOT MPMOT MarOTh NPaBO Ha iCHyBaHHsA; 0) KoxkHa (HopMysa Mae
OyTH [JONOBHEHa BIAMOBIAHOW (OPMYNO MJIsI PO3pPaxyHKYy TOXHOKH; B) Y
cuTyalii, KOJII MU He BIICBHCHI B TOMY, fiKa CaMe MOJEJb BHUIIAJKOBUX MOXHOOK
peari3yeTbCcsl B €KCIEPUMEHTI, PO3YMHIIle BHOWPATH T OOPOOKH pe3yibTaTiB
CTaHAapTHY («HAYKOBY»), & HE «HAIBHY» (HOPMYITY.
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€pmroB A.B.!, 3enenina O.A.z, Konouenko A.B.?
' 1-p Texm. Hayk, npod 3HTY

* c1. maGopant 3HTY

3 cryn. rp. [@-317 3HTY

SAJIEKHICTD 3AJIMINKOBUX HATIPY’KEHbD BIJI TOBIIUHU
IIVIASMOBHUX IIOKPUTTIB

[pane3aaTHICTh MOKPUTTS BU3HAYAETHCS HE TUIBKH MIIHICTIO 3YCIUICHHSA,
ajie i, B 3HAYHIA Mipi, HOTO KOre3iiHOIO MinHicTIO. Haii0iipm HeOe3neuyHuMH €
PO3TATYIOYl HANpY)KEHHS, Ul SIKMX MIIHICTh MOKPHUTTIB B KiJIbKa pa3iB HUXKYE,
HDK TIpH CTHCKaHHI. PO3TAryroui 3ajiMIIKOBI Halpy>XEHHS CHPSMOBaHI Y3IIOBXK
MOBEPXHI MIAKIAAKK 1 BHHHUKAIOTH BHACTINOK BIAXWICHHS TEMIICpaTypH
OCa/DKCHHSI MOKPHUTTS BiA TeMIlepaTypH MiAKIAAKH ToMy IHMTaHHS IiJBUIICHHS
MIITHOCTi IUIa3MOBHX ITOKPHUTTIB, pO3poOKa METOIWK BHMIpPIOBAaHHS MeXaHIYHUX
XapaKTEePUCTHK 1 3aJIMIIKOBUX HAIIPY>KCHb B 3aJIC)KHOCTI BiJ TOBIIMHU MOKPHUTTS 1
TEXHOJIIOTIYHUX PEKUMIB HAaNWIECHHA € aKTyaIbHUMH JUIi  PO3IIMPEHHS
HOMEHKJIATYpH JeTaJlei, 10 MiUISTraloTh 1a3MoBii 00pooiLi.

[Mpu4nHOI BHMHHUKHEHHS 3aJIMIIKOBHX HANpyXeHb € HEepiBHOMIPHICTh
TeMIlepaTypy HOKPHUTTS LIOA0 TEeMIepaTypy MacHBHOI MiAKIaAKu. IcHye nBa Buan
HEepIBHOMIPHOCTEH, 110 BIJPI3HAIOTBCSA 32 YAcOM peliakcalii TemmepaTypu.
[Mepiunii BUJ HEPIBHOMIPHOCTI MOB'S3aHUN 3 HArpiBaHHSIM IOKPUTTS IMPOTArOM
BCBHOTO MpolLeCy M1a3MoBoi 00poOku. Jpyruii Bux HepiBHOMIPHOCTI NOB'SI3aHUH 3
HecTalioHapHUM TeMIIEpaTypHHUM I10JIEM B 30HI KOHTAKTy OKpeMoi dyacTku. Tomy B
MOKPUTTI MOYKHA BHIUINTH 3aJTUIIKOBI HANPYXCHHS NEPIIOTO pOxy i KOHTaKTHI
3aJIMIIKOBI HATIPYXKEHHS, SIKi BiPI3HAIOTHECSA PO3MipaMH 30H BIUIUBY. 3QJIUIIKOBI
HaNpy>Xe€HHs TEpUIOr0 POaYy ICHYIOTH B 00CS31 BCHOTO MOKPHUTTS, @ KOHTAKTHI
3aJIMIIKOBI HANPY)KEHHS BPiBHOBAXXYIOTHCS B OKOJINII OJIHI€T YACTHHKH.

KoresiitHa MilHICTE O 3aI€KUTH SIK BiJl MIITHOCTI YaCTUHOK, [0 YTBOPIOIOTH
MOKPHUTTS, TaK 1 BiJ MIITHOCTI 3B'A3KY MiX YaCTHMHKaMH. 3a3BUYail MiI[HICTb 3B'I3KYy
MK YaCTHHKaMH Ha0araTo MEHINa MIITHOCTI OKPEeMHX YaCTHHOK, TOMY MIIHICTb
MOKPHUTTS, ab0 Kore3iiiHa MIIHICTh, 3HAYHO MEHIIE MIIHOCTI KOMIIAKTHOTO
Matepiany. Jlms  BUMIpIOBaHHS  KOT€31MHOI  MIITHOCTI  BUKOPHCTOBYETHCS
BiJIIapyBaHHA IMMOKPHUTTS, SKE BUTbHE BiJ BHYTPIIIHIX HANPYKEHb, [0 BUHUKAIOTH
IpH 3YeIieHHI 3 MigKiIagkoro. Haibimsmm mpocTuM 1 JOCTOBIpHUM BUMIipOM
MEXaHIYHUX BIACTUBOCTEH IOKPUTTIB € BUIIPOOYBaHHs Ha BUTWH. J{J1s1 BU3HAYCHHS
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MaKCHMaJIbHUX HOPMAllbHUX HAINPY)XeHb Ha MOBEpPXHI 3pa3ka MpU KOHCOJIbHOMY
BUTHHI BUKOPUCTOBYBajacs popMyIa:

Pl

w, (D

ne P - momepeuHa cuna, NMpHKIaJeHa Ha KiHII CTEp)KHS AOBXKUHOIO 1, W =
bh2/6 - MOMeEHT omopy KBaJpaTHOTO MEPETHHY 3paska, b i h - mupuHa i ToBIIMHA

nepepisy.

PyliHyBaHHS MOKPHUTTS BU3HAYAIOCS MIIHICTIO PO3TATHYTHX, @ HE CTHUCIIHX
mrapiB. BrmiB HEOTHOPIAHOCTI MEXaHIYHAX BIACTHBOCTEH IO TOBIIMHI MOKPUTTS
OIIHIOBAJIOCS TpU TMOPIBHSAHHI pe3yNbTaTiB BHIPOOYBaHb IIPH PO3TATYBAHHI
BHYTpPIIIHROI 1 30BHINIHBOI MOBEpXHi. PyiiHiBHE HampyXeHHS BHU3HAYAJOCST 3a
apaMeTpaMH 3J1amMy 3paska.

MaxkcuManbpHa BeJTHIUHA ITEPEeMIlICHHS PX PO3J0oMi 3pa3ka ckiana 19,5 M.
[Mapametpu 3paska: mupuna 3pazka 13,2 10-3 m; ToBmuHa 3pazka 1,46 10-3 wm;
nosxuHa 0,1 M.. Marepian nokputts [IPHX15CP2 cknanaetbcss B OCHOBHOMY 3
82% wikemo, 15% xpomy, 1% kpemHito 1 2% Gopy. Po3mipu ¢pakuiit mopomiky 40
- 100 mxMm. [Ins o1iHKM HaOLNBIIOr0 PO3TATYIOUOTO HANPYKECHHS B KPUTHIYHOMY
MEPETHHI B TOYIII 3aKPITUICHH 3pa3ka BUKOPUCTOBYBaacs hopmyia (1).

Hecywya s3maticts mokpurtss ©,  BH3HA4Ya€ MOXKIHUBICTh 30€pekKECHHS
[UTICHOCTI TOKPHUTTS IIiJ Ji€0 30BHIIIHBOIO HaBaHTa)XeHHsS. BoHa MeHIe
KOTe31HO{ MIITHOCTi O, Ha BEIMYHUHY 3aJHITKOBOTO HAIIPYKECHHS

0,=0,-0, )

e ©, - BeNIMYMHA 3AIMIIKOBOTO HAIPY)KCHHS, 110 BUHHUKAE IIPU Pi3HHII
TEeMIIepaTypyu TOKPHUTTS BiJ TeMIEpaTypu MiAKJIaJKA B MOMEHT OCaPKCHHS
MOKPHTTSL.

Posmofinn  3aJUIIKOBOTO HAampyXeHHs. BenmuunHa Hecydol 34aTHOCTI
3HIDKYEThCSI TPU 3POCTAaHHI TOBIIWHU MOKPUTTA. [Ipy MakcUMallbHii TOBIIMHI
mOKpUTTA hp,x = 1,46 MM B pPO3INISHYTHX yMOBax BifgOyBaBCS pPO3pHUB, IO
BIJINIOBiZla€ HYJIbOBOMY 3HAYEHHIO HECy4oi 37aTHOCTI. I[IpHYMHOI0 3HIDKEHHS
Hecy4oi 37aTHOCTI NpW 3POCTaHHI TOBIIMHM HOKPUTTS € JIiHIMHE 3pOCTaHHS
3aJIMIIKOBOTO HANpY)XEHHS TpH 30UIbIICHHI TOBIIMHU HOKPHUTTS. 3 PIBHAHHS
OajaHCy HampyXeHb Yy BHIIsAl (2) BH3HAYaOCs PO3MOALT 3aIMIIKOBHX
Harpy>keHb 1 HeCy4ol 3[aTHOCTI MaTepiaiy Juis pizHOi ToBIMHM OKpuTTs 0,6 1 0,8
MM, 34€IUICHOTO 3 MiIKIaIKOIO.

BucHoBku:
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1 TIloka3aHo, mO Kore3iiHa MIIHICTb MEpeBepIIye HECydy 3IaTHICTh
HOKPUTTS 3YCIVICHOTO 3 IIIKJIAJKOK Ha BEJMYMHY 3aJIMIIKOBUX HAIIPY>KCHb.
3HalizeHa 3aJeKHICTh 3aJMIITKOBUX HAIMPY)KEHB 1 HECYJOol 31aTHOCTI BiJ] TOBIIUHH
HOKPHUTTSL.

2 OtpumaHi pe3yNbTaTH BUMIPIOBaHb KOTE31HHOI MIITHOCTI 1 3aJIMIITKOBHX
HaNpy>XeHb JO3BOJIAIOTE OOTPYHTYBAaTH HANIiHICTH 3aCTOCYBaHHS IIIa3MOBHX
MOKPHUTTIB 1 aHaji3yBaTH JaHi BHMIpIOBaHb MIIIHOCTI 3 METOI0 BU3HAYCHHS
Npane3 aTHOCTI AeTaleH.

YK 629.735.33.016+621.45.015

€piroB A.B.", Benenina O.A.%, Teneriii LA, MapdyeHko AA?
' 1-p Texu. Hayk, npod. 3HTY

? ¢1. maGopant 3HTY

3 eryn. rp. M=717 3HTY

*cryn. rp. M - 617 3HTY

METO/] EKOHOMII TAJIMBA ITPH IOJIOTI IO3BYKOBOI'O
JITAKA 3 TP

Binsg 30% komTiB aBiakoMITaHii CTAHOBJIATH BUTPATH HA aBiallilfHEe IaJHBO.
KpiM KOHCTPYKTHBHHX SKOCTEH JiTaka, Ha €KOHOMIIO TajiiiBa BIUTUBAE 1 BUOIp
ONTHMAJIBLHUX MapaMeTpiB MOJbOTY. [HpOpMalis, oTpuMaHa B ONMyOJiKOBaHHX
poboTax, HEOCTATHS [JIsl aHAJTI3Y Ta BH3HAYCHHS YMOB €KOHOMII majuBa. 3ajada
ONTUMI3AIl] PO3IIIAAAETHCS 3 MOXKIHMBOIO YMOBOIO 3MIHHM BHCOT KpPEHCEPCHKOTO
nonboty. ExoHoMist nanuBa B onmy0sikoBaHux po6otax [1,2] cranoBuTh numie 2%.
OnTuManbHa 3MiHa BUCOTH KpeHcepCchbKOro MoJIbOTY MOXKE CTAaHOBUTH 1,5 KM, 110
3aTpyJHs€ OpraHi3alilo elIeJOHOBAaHOTO pyXy JiTakiB. ToMmy ciij yTOYHUTH
€KOHOMIYHI TIepeBary BiJ ONTHMi3allii BHCOTH MOJBOTY Y MIOPiBHSIHHIO 3 MIOJIEOTOM
Ha MOCTIHHIH BUCOTI.

Lenp poOiT momsrae B po3po0li METONUKHA BHU3HAYCHHS ONTHUMATbHHX
IapaMeTpiB MOJbOTY JIITAKa 1 OIIHKK CKOPOYEHb BUTPAT IAJINBA.

Meron ontumizauii nmapaMmerpiB MonboTy. s BHpPIMIEHHS IIOCTaBIICHOT
npo06JIeMH BUKOPUCTAHO CUCTEMY PIBHSHb ISl CHJI OIIOPY Ta MiAIHOMHOT CHIln

2
szcxpS%, (1

v
F,=C.,pS—, (2)
y TP
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ne Fy, Fy - cuna onopy i miniioMna cuna sitaka, Cx, Cy - aepoauHaMiuHi
KOe(IIi€eHTH CHIN OTMOpPY i MiTHOMHOI CHJIH, p - IIUIBHICTH MOBITPs, S - IUTOmIA
OTIOpHO{ TIOBEpXHI KpHia JiTaka, V - HOro MBHIKICTB, (- TATO030POEHICTh, M -
Maca JiiTaka.

TsAr0030po€HicTh JiTaka  JOPIBHIOE BiTHOIICHHIO CHJIHM TSATH IBUTYHIB IO
cunu Bar nitaka Fy = mg. [To6an3y nosepxHi 3emiti BOHa npuifMae 3HaUEHHS:
qo=0,1-0,3. Ane 3 piBasHb (1) 1 (2) ii BenmuunHa BU3HAYAETHCS SIK CITIBBIIHOLICHHS
aepoJMHAMIYHUX KOe(IIi€HTIB:

; 3)

ne k - xoedimieHT aepomMHAMIYHOI SKOCTI JiTaka, SKHA MOXE IOCATATH
BenimunHK k = 10-14. [Ipu upoMy Ha¥BHTigHINIMK KOe(ilieHT TAroo30pOeHOCTI
Matume 3HaueHHs: q = 0,05-0,07, mo 3HaYHO MeHIIe (, J3HKEHHS
TAT0030POEHOCT] MOCATAETHCS MPH 301IBIICHHI BUCOTH MOJBOTY. BUKOpUCTAHHS
(3) mae MOXIHMBICTh BHU3HAYMTH 30UIBIICHHS ONTHMAJBbHOI BHCOTH MPOTICOM
MOJIBOTY B 3QJIE)KHOCTI Bijl 3SMEHIIICHHS MacH JIiTaka.

AHani3 pe3ynbTaTiB. BUKOHAHO PO3paXxyHKH ONTHMAaJIbHUX XapaKTEPHCTUK
Ha TOYaTKy 1 B KIHII MJUITHKH KpPeHCepChKOTO IONBOTY JiTaka THIy Ty-154.
Haiibinpima ampHICTD IMONBOTY JIiTaKa 3alIe)KUTh BiJl KiJIOMETPOBOTO BHTpPATH
nanusa - Cp, aKuil BUSHaA4aeThCs HOPMYIIOH0

_C Cy()qmg
1% 1%

Cr (4)
ne C, xr/rop -roguHHy BuTpary nanuBa jitaka; Cyn, kr/rom,”H- nmuroma
rOJIMHHA BUTPATa MaJHBa; V- IIBUIKICTH JIiTAKa, IKa BU3HAYAETHCS 3 hopmyiu (2).

OnruManbHa TAr0030POEHICTh 3aJIEKUTh BiJl BUCOTHOI XapaKTepHUCTHUKH
JBUTYHa 1 BH3HAYa€ ONTHUMAJbHY BHCOTYy TONROTy. [lpm 30imbIICHHI
TATO030POEHOCTI - ( B KIHII MOJIBOTY ONTHMANbHA IIIJIBHICTE MOBITPS
3MEHIIYETHCS, IO BiAMOBIAa€ MiABUIICHHIO BUCOTH NoboTy H 3 10,4 no 11,7 xm.
OTpuMaHo, 10 HPH 3MiHI ONTHMAJIBHOI BHCOTH IOJILOTY CEpeIHS KiIOMETpoBa
BUTpaTa MajuBa 3MeHIIyeThcsl Ha 14,8% B NMOPIBHAHHI 3 BUTPATOIO INAJMBa Ha
MOYaTKOBIH MOCTIiHIN BUCOTI.

BucHoBku

1. BcranoBneHo, 10 ONTHManbHa BHCOTa KPEHCEPCHKOTO IOJILOTY JiTakKa
3pocTaEe MpH 3MEHIICHHI HOTr0 MacH B IMOJBOTI BHACHINOK BUTpATH mHaiuBa. llpu
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MONBOTI HAa TOCTIHHIA BHCOTI TpHM 3MEHIIEHHI MacH JTaka MigTPUMKA
ONTHUMANIFHOI aepONWHAMIYHOI SKOCTI B YMOBaxX IIOCTIHHOI TSITH MABWTYHIB
HEMOXKJIHBA.

2.IToka3aHo, 110 MpH 3MEHIICHHI MacH TajkBa IIij] 4ac MMOJIbOTY, ONTHMAaJIbHA
BHCOTa MONBOTY JiTaka Tumy Ty-154 36impmyerscs 3 10,4 mo 11,7 M, mo
MIPHU3BOAMTE JI0 €KOHOMII MayiMBa i 30imbIneHHs nansHoCTI Ha 14,8% 1 mae migcraBu
JUIL OTPUMaHHS JO3BOJy 3 OOKy oOpraHizamii ynpaBiiHHS TOBITPSHUM PYyXOM
(YIIP) Ha cTynmiHYacTy 3MiHY JEKUIBKOX €HIEJIOHIB BUCOTH IPOTSITOM IOJIBOTY.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. TybGapeBa, E.A. OntuMm3amuss MOporpaMMbl IIOJIETa JTO3BYKOBOTO
MacCa)KUPCKOTO caMolieTa Ha ydacTke Kpelcepckoro monera / E.A. I'ybapesa,
T.10. Mo3xopuna // VHxeHepHBI >KypHal: Hayka W MHHOBaumu. — 2014. —
Bpim.12. - Pexxum JIOCTYILY:
http://engjournal.ru/catalog/mathmodel/technic/1248.html

2. Mozxopuna, T.FO. MozaenupoBaHue BIHSAHUS aTMOC(EpHBIX YCIOBUIl Ha
pe3ysbTaThl ONTHMU3AIMK TPOrPaMMBI IOJETa JI03BYKOBOT'O IACCAKUPCKOTO
camosera / T.FO. Mo3xopuna, E.A. I'ybapesa // MaTeMaTHUECKOE MOJICITUPOBAHHE
1 ynciaeHHble MeToasl. — 2014, — Ne3 (3). — C. 74-88.

YK 537.313

Bapasos B. A.', Coxonos €. I1.2
'crym. rp. PT-218cn 3HTY
*kaHz. ¢.-m. Hayk., gom. SHTY

NOMYK YHIBEPCAJIBHOI'O METOJY PO3PAXYHKY
EJEKTPUYHUX JIAHIIOTIB

Jdnst Hac icTopis MNUTaHHS MPO CTBOPEHHS YHIBEPCAJIBHOIO METOAY
PO3paxyHKy XapaKTePUCTUK EJICKTPUYHUX JAHIOTIB Oepe CBiif moyaTok 3 X-ro
TypHipy ¢izukiB 1988 [1]. Ha mpomy TypHIipi ydacHuHKaM OyiIo0 3alpONOHOBAHO
3aBIAHHs, B SKOMY BHMArajocs CKJIaCTH IPOrpamy PO3PaxyHKY EICKTPUIHOIO
OTIOpY JOBUIBHOTO €IeKTPHUYHOro Koja. CKIagHICTh BOTO 3aBAaHHS MOJsITaia B
TOMy, W0 Xoua B (I3MKM Ta EJNEKTPOTEXHIKH pO3PaXyHOK JIHIHHHX CXeM
BBa)KA€ThCS 3aBAAHHSAM «BHPIIICHOK B 3arallbHOMY», 3araJbHOBIIOMI pelenTH ii
BUPIIICHHS HE BOJIOMIIOTH HEOOXITHOIO CIIIBHICTIO, TOOTO MO CYTi € YaCTKOBHUMH
METOJaMHU.

HificHo, Taki HaWmpocrim MeToau (QI3MKH SK «IIOCIiJIOBHA 3aMiHa
nmapajie’bHO i TOCTIIOBHO BKJIFOUCHHX OIOPIB» a00 «METOJ| CKIICIOBAHHS BY3JIIBY,
BHMAararoTh, o0 cxema Maja CHellialibHi CTPYKTYpHI BIACTHBOCTI ab0o 0co0imBi
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BUAM CHMETpii. ¥ 3aralbHOMY BHIAJKY BOHH He MpaIioloTs. CTaHIApTHHI METOx
PO3paxyHKy, 3aCHOBaHMN Ha BHKOpHCTaHHI 3akoHIiB Kipxroda, a Tak camo iforo
Moudikarii (MeTo By3JIOBHX IMOTEHINIaNiB), X04a i 3aCTOCOBHI [0 CXEM CaMOTO
3arajJbHOTO BHAY, ONHAK HE MOXKYTh OyTH 3alporpaMoBaHi B 3arajbHOMY BHTIISI,
OCKIIBKM BHMAararmTh PYYHOTO BHOOPY KOHTYpPIB U CKJIaJaHHS BiATIOBITHHUX
PIBHSHB.

B [2] sk 3aranpHuMi  METOJ pO3B’sI3aHHS IOCTaBJICHOI 3ajadi  OyB
3ampONOHOBAHMIA CTIeNiabHHil Tononoriunmi MeTon. Moro ines monsrae B Tomy,
o0 po3rIsAAaTH JOBUIBHY EIEKTPUYHY CXeMy SK MOBHHH Tpad HOBUIBHOTO
nopsaky. IIpu 1poMy caM po3paxyHOK 3BOJAMTHCS /O IMOCITIJOBHOTO BHJIAJICHHS
By3/iB rpada 3 mapaieibHUM IEPEPaxyHKOM IMPOBITHOCTI PEIITH EJIEMCHTIB
JIaHIIOTa 33 PaBHUIIOM:

(%2k = (Ti,k + Gi,mo-k,m /(O-l,m +K + O-m—l,m) ’ (1)

Cik - . [ 4 1a ki m
e *" — IIPOBIAHICTH JJIEMCHTA, AKHWH 3 €IHYE -u Ta - BY30I]1, -

HOMEp By3Ja, KUl BUAAIAEThCA. PeayKuis NaHIfora TpUBa€e N0 TUX Iip, IOKH B
Hill He 3aJUIIUTHCS TUTBKU ABa By3nd. Omip MK HUMH 1 Oyle IIyKaHUM OIOpPOM
BUXITHOT CXEMHU.

TomonorivHuMii MeTox B «KOMITIOTEPHOMY TMOJAHHI» Ma€ HE TUIBKH
MpaKkTHYHE, ajie i Ha/J3BUYaifHO Ba)XJMBE METOAM4YHE 3HaueHHs. CrnpaBa B TOMY,
IO TOIMOJIOTIYHUI METOJ € Yy3arajJbHEHHSM 4YacTKOBHUX METOJIB PO3PaxyHKY
EJIEKTPUYHUX CXEeM 1 TOMy BIiH sBJIsie co0Oor BepumHy TemMu «llocTiiiHuii
eJIEKTPUYHHUI CTpyM». B cuity 1poro, Ha Haul Moriisj, BiH IOBHHEH OOOB'S3KOBO
BUKJIQIaATHCSI B YHIBEPCUTETCHKOMY Kypci (i3uku. OjmHaK CTaHIapTHE «py4HE
VSIBJICHHSD)» HE J03BOJISIE 3pOOMTH Lie HajeXHUM 4uHOM. CrpaBa B TOMY, IO
3BMYaliHI CXEMH SKi MPONOHYIOTHCS JI0 PO3paxyHKy B (i3UKH Ta €JIEKTPOTEXHIKU
(a MoXHa cKazaTH 1 MO-IHOIOMY — CXEMH, SKi TpUAyMala JIOAWHA) €

PO3PSLIKEHUMH, KUIBKICTh €JIEMEHTIB B HHX ¢ CIIBBIJIHOCHUTBCS 3 KUIBKICTIO
. n,; kn - 1=
Bysnis ! mo saxomy ¢’ , Ie k_ JiesKe HEBEJIUKE YHCIIO (k . 3).
Buyuenns By3isiB mpu peanmizamii TOIOJIOTIYHOTO METOJy IEpETBOPIOE Uepe3
KiJIbKa KPOKIB PO3pSDKEHUH Tpad B MPaKTUYHO NMOBHUI Trpad (Xodua i MEHIIOro
HOPSJKY), @ B TIOBHOMY Tpad)i aHAIOTIYHE CTAaBJIEHHS MK €JIeMEHTaMH 1 By3JaMu

n :n(n—l)/2 ) . . .
Mae Bunsg ¢ . Take xaracTpodiuHe 30UTBIICHHA KITBKOCTI

HEHYJbOBUX EJIEMEHTIB JIaHIIOra POOUTH PYYHHIl PO3PaxXyHOK HEMOXKIHUBUM. Y
«KOMIT'IOTEpPHOMY TTOJIaHHD» 115 POOJIeMa OBHICTIO 3HIMAETHCSL.
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V 3B'SI3Ky 31 CKa3aHUM, BUNAETHCS [IKABUM PO3MIMPHUTH TOMOJIOTIYHUI METO
Ha BHMAJOK JIHIMHUX JaHIIOTIB, BKIIOUYEHNX B JAHIIOT 3MiHHOTO CTPYMY. 3 Ii€I0
METOI0 HaMH OylnO0 TPOBENCHO HACTYIIHE EMIIIPUYHE JOCTI[KEHHSI: MH
3acrocyBayii mpaBmiio (1) 1o po3paxyHKy iMIenaHCy JIiHIHHUA CXeM, BKIIOUEHUX B
Mepexy 31 3MiHHOro ctpymy. s mporo mMu 3aminmmm y ¢opmymni (1) omopm
eleMeHTiB iX imMmenaHcamu (yIBHHMH omopamu). Y BCIX BHNAOKaX, SKi MH
JIOCTIIKYBAJIH, TOMOJOTIYHUI METOJ JaBaB TaKy K BIIIOBIib, SK 1 CTaHAAPTHUI
METOJl, 3aCHOBaHMH Ha 3acTocyBaHHI 3akoHiB Kipxroda. Ile cmocrepexenHs
JI03BOJISIE HaM c(OPMYIIOBATH TiNOTE3y 1 MOCTABUTH 33jady Uil MOJABIIOTO
OCIIIKEHHS.

Tinomesa nodanvuioeo docriodicenns. IMmnenanc Oyab-saKoi JiHIHHOT JaHIIOra
MOKe OyTH 3Haie TOMOJOTIYHUM MeromoM 3a momomororo (1). Ilpobrema ons
nooanvuio2o oocnioxcenna. Cnig 3HaAWTH OUMBII  3araibHE OOTPYHTYBaHHS
TOTIOJIOTIYHOTO MeToay, HiX Oyno mano B [2]. CnpaBa B ToMy, IO IJIsl BUIAIKY
MOCTIHHOTO CTpyMy OOIDYHTYBaHHS OyJO IPOBEAEHO HAa OCHOBI €HEPTETUYHOTO
MPUHIUITY (IPUHIUIY MiHIMAaJIBFHOTO TEIIOBUAIICHH ). MOXIUBICTh PO3IIUPEHHS
JAHOTO MPUHIOWIY Ha BHUIAJOK 3MIHHOTO CTPyMy HE 3Ha€TbCS HaM ampiopi
oueBHAHOW. Ha Ham morisam, TyT MOXe iCHYBaTH IHIIHH, OUTBIN 3arajbHHMA
NPUHLMUI, SKAH MICTUTh E€HEPreTUYHUH NPUHIMI B SIKOCTI CBOTO OKPEMOTo
BUMAJKY. 3HAaXOMKEHHS TaKOro MPHUHIMIY MH BBaXXa€EMO METOI0 HAIIOTo
MOAAIBUIOTO JOCIIIKESHHS.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Kopreesa, T. I1. X typuup tonbix ¢uszukoB [Tekcr] / T. I1. Kopreesa, E.
H. IOnocos, f. B. SImunckuii. — Ksant, 1987, Ne8, — ¢. 59-60.

2. Coxomnos, E. I1. O npoctom u cnoxxnom [Tekcr] / E. I1. Cokonos. — KBanT,
2002, Ne2, — ctp. 7-12.

YK 537.8

I'ynsesa T.B.', Isnes 1.B. 2

! KaH[. TeX. HayK, aou. 3SHTY
* cryn. rp. E-418cn 3HTY

TPUP®A3ZHUNA TPAHCP®OPMATOP: OCOBJIMBOCTI
BUKOPUCTAHHA

Tpanchopmaropy — mpuCTpOi AL NEPETBOPEHHS IapameTpiB Hampyr i
CTpyMiB. BpaxoByloun 3Ha4yHy pI3HOMaHITHICTH TpaHC(OpMATOpiB, BOHHU
KIacU(]IKyIOTbCS 32 HU3KOIO TIOKa3HMKIB. JIOCHTH MOMIMPEHO0 € Kiacudikamis 3a
NPU3HAYCHHSIM:
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— cwmioBi (puc.l) — mnpu3HaueHi I 3HIKCHHA BTpaT B JIHIAX
enexkrponepenad (JIEII): creprry Hampyry migBUIIYIOTH, 8 OTKE CTPYM 3HIDKYIOTD
i mepenatoTh 1pu Harpysi 750 kB 1 Ounbine, a TOTIM 3HIKYIOTh B KiJIbKa €TamiB, 10
pob6ouoi Hanpyru 220, 380, 660 xB.

Pucynok 1 — CutoBuii MacisHU# TpaHchopMaTop

— CHeuiaJIbHI CHWJIOBI — IUISl JKUBIICHHS EJIEKTPUYHHMX JyroBUX Ieueil Ta
3BapIOBATBHUX IPHUCTPOIB;

— BHMIpIOBaJIbHI TpaHC(OpPMATOpH CTPyMy Ta HANpPYTH — MpU3HAYEHI IS
PO3LIMPEHHS MEX BHUMIpPIOBaHHS NPHIAJIB, )KUBICHHS OOMOTOK pele, 1 3aXHCTy
ABTOMATHKH B JIHISAX €JNEKTpOIepeaad, BiMOKPEMIICHHS BUMIipIOBATLHUX Kill Bif
CHJIOBHX;

— moOyToBi TpaHchopMaTopu, sIKi MaloOTh SK NPaBUI 3HAYHY KUIBKICTh
OOMOTOK 1 BHKOPDHCTOBYIOTBCSI Yy MNOOYTOBHUX NPHUCTPOsiX, TeJeBi3opax,
pamionpuiiMavax TOIIO.

KpiM 11b0r0, MIMPOKO BUKOPUCTOBYETHCS MO TPAHC(HOPMATOPIB 32 IHIIMMHU
O3HaKaMH, HampWKIad: 3a yucioMm ¢a3 (omHodasni, Tpudasni, 6ararodasHi); 3a
croco0OM OXOJIO/DKEHHS (3 MPUPOIHIM 1 IITYYHUM, CyXi Ta MAcisiHi); 32 4acjioM
00MOTOK Ha a3y (ZBOOOMOTKOBI, TPHOOMOTKOBI Bi 6araT0000MOTKOBI).

Binpmr neranbHO XOTiIOCH OM po3moBicTH Mpo Tpuda3HUKA CyXui 3aXHUCHUI
TpaHcopMaTrop 3 HPUPOJHUM IIOBITPSIHUM OXOJIOMKEHHSIM, SKWH NpH3HAUYECHUN
JUISL )KUBJICHHS eNeKTPU(IKOBAHOTO IHCTPYMEHTY Ta JIaMIl MICIIEBOTO OCBITJICHHS
BiZ Mepexi TpuazHOro 3MiHHOTO cTpyMy dactororo 50...60 I'm, Hampyrowo mo
660 B nipu TpuBanomy pexxumi poOOTH TIiT HABAHTAXKECHHSIM.

TpancdopmaTop 3aCTOCOBYETHCS JIsl pOOOTH B CTAI[iOHAPHOMY TIOJIOKEHHI B
MPUMIIIEHHX A€ BiZICYTHS IIpsIMa i COHAYHOI pajialiii Ta aTMOC(hEpHUX OCaIiB.
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AKTHBHA YacTHHA TpaHC(HOPMATOpa MICTUTh MarHITOTIPOBI i OOMOTKH.

MarHiTHa CcHCTeMa CKJIAIaeThCs 31 CTPIKHIB Ta speM. Ha cTpmkHIX
PO3TaIOBYIOTECSI OOMOTKH TpaHchopMaTopa.

MarniTonipoBig  (puc. 2) CKIAZAETBCSI 3 BEPTHUKAIBHUX CTPHXKHIB,
MEPEKPUTUX 3BEPXy Ta 3HU3Y TOPU3OHTAIBHUMH SpPMaMH, B PE3yJNbTaTi 4YOTO
CTBOPIOETHCS 3aMKHYTHH MarHITHUHA KOHTYP.

1 - cTpwxHi; 2 - SpMOBI OaKy; 3 - CTATYIOY] LINUIBKY;
4 - miacTaBa JJIsl yCTAaHOBKH KOTYILOK; 5 — SIpMO
Pucynoxk 2 — MarHiTonposif

MarsiTomnpoBia B TpaHcopMaTopi BHKOHYE ABI (YHKIIi: TO-TiepIie, BiH
YTBOPIOE MAarHiTHE KOJIO, 1O SIKOMY 3aMHMKA€ThCS OCHOBHMH MAarHiTHHH MOTIK
TpaHcopmaropa, a TO-Apyre, € OCHOBOIO Uil BCTAHOBJIGHHA Ta KPIIUICHHS
00MOTOK, BUBO/IIB, ITepeMHUKaviB. MarHiTOPOBI] Ma€ MIMXTOBAaHY KOHCTPYKIFO.
Taka KOHCTPYKIIiI MarHiTOIPOBOIY 3MEHIIYE BHXPOBI CTPYMH, SKi iHIYKTYIOThCS
B HBOMY 3MIHHHUM MartiTHUM IIOTOKOM, i THM CaMHM, 3MEHIIy€ BTpaTH €HEprii B
TpaHchopMarTopi.

VJK 621.3

I'ynsesa T.B.', Kpimrod B.B. 2
! KaH[. TeX. HayK, aou. 3HTY

* cryn. rp. E-418cn 3HTY

PO3NOALILYUN ITPUCTPINI

EnexTpoenepreTrka € HallBa)KJIMBIIIOO T'aly3310 Oy/1b-sKOi KpaiHH, OCKIIBKH
il IpoyKIlist (eJleKTPUYHA EHEPTis) HATEKUTD JI0 YHiBEpCAbHOTO BULY eHepril. 11,
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0e3 3HAYHMX BTpAT, MOKHA IepenaBaTH Ha Oynmb-sAKi BiACTaHI, PO3MOIUIATH Ha
BEJINKY KiJIbKiCTh CIIOXKHBAYiB.

Posmonxineyi mpuctpoi Ha Hanpyry 750B npusHaueHi 111 poOOTH B CHCTEMI
eJIeKTPONIOCTaYaHH PYXOMOTO CKIay eNeKTPpH(iKOBAHOTO MiCHKOTO TPAHCIIOPTY.

Pucynox 1-posnoninsunii mpuctpiii cepii PY

B HHX 3aCTOCOBYETHCS IITOPKO-IMOBOPOTHUI MEXaHi3M JJIs BiTOKpEMIICHHS
BIZICIKIB CHWJIOBMX IIMH Ta INBUJIKOJIIOYOrO0 BHMHUKAua, SIKMA 3HAaXOIUTHCS Ha
MOBOPOTHIN maHesi. Bix sikocTi 30UpaHHs MOBOPOTHOI MaHENi 3aJeKUTh HamiiHA
pobota BUpoOyY y CHOXKHBaYa.

CydacHi po3noaiiabpyi MPUCTPOi HOBOTO MOKOJIHHS cepii PY mpusHaueHi ajis
po0OTH Ha TATOBHX IMIACTAHI[SIX B CUCTEMI CHEPromMOCTAYaHHS TATOBOI MEPEKi
MICBKOTO €JIEKTPHYHOTO TPAHCIIOPTY.

Bonu xapakrtepusyeTscs:

— BUCOKUM piBHEM HATIHHOCTI;

— cryninp 3axucty (BimmosimHo 1o I'OCT 14254-96): IP54 - Biacik
kepyBaHHs1, [P43- iHnmi Biaciku (OKpiM JHUINIA);

— BKpail HU3BKOIO TIOTPeOOI0 B TEpIOANYHOMY OOCIYroBYBaHHI 1
MEePiOJUIHAX PEMOHTAX;

— HEBEJIHMKHMH radapuTHUMHU PO3MiIpaMH, Macolo, MaTepialioMICTKICTIO 1, 110
Jla€ eKOHOMIIO IPOCTOPY MPUMIIIEHD i ICTAHIIIH;

— 3pPYYHICTIO OTJISIAIB 1 00CIYrOByBaHHS 32 paXyHOK 3aCTOCYBAaHHS €JIEMEHTIB
BHUKOYYBaHHS 3 BUMHKaueM 1 JIIHIHHUM po3'eJHyBaueM;
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— HAasBHICTIO MOXXIJIMBOCTI MOHITOPHHTY 1 CaMOJIarHOCTUKU YCTaTKyBaHHS,
[0 NIPUBOAMTH IO 3HIDKCHHS Yacy Ha oOCIIyroBYBaHHS, IIOIIYK HECHPaBHOCTEH,
PEMOHTHO-BiTHOBITIOBAIEHUX POOIT;

— BOYIOBaHOIO CHCTEMOIO MOHITOPHHTY TSATOBOI Mepexi 3 HabopoM
€JIEKTPOHHUX 3aXHUCTIB,;

— KOHCTPYKIIi€to, 110 3a0e3medye BUCOKY Oe3leKy B eKCITyaTarlii.

[pucTpoi ckIagaeThes 3 TPHOX TOJIOBHUX BIJICIKIB: BIJCIK 13 IIBUAKOIFOUNM
BUMHKAYEM, BiJICIK CHJIOBHX IIMH 1 KaOeliB, BIICIK aBTOMATHKH Ta YIPaBIiHHSI.
CuiaoBi 1 HU3BKOBOJBTHI BIJCIKA pO3fiNieHi, Mo 3abe3meuye Oe3meky
00CIyroByBaHHs i eKCIUTyaTallil, a TAKOK HEMOXIIUBICTh IPOHUKHEHHS TJIa3MH 1 3
CHJIOBHUX BIJICIKIB Y BIJICIK CHCTEMH YIIPaBIIiHHSL.

VY BiACIKy HMIBHIKOJIIOUOTO BHMHKAaua 3HAXOAUTHCS €JIEMEHT BUKOYYBAHHS
(Bi30K), Ha AKOMY BCTAaHOBJICHHH IIBUIKOMIIOYMA BHMHUKAY, JIiHIHHWHA
JBOIIOJIFOCHUH PpO3'€THYBa4, CEPBOIPHUBIN €JICMEHTY BHKOYYBaHHS, BHKOHABYI
MeXaHi3MH eJICKTPOMAarHiTHUX OJIOKYBaHHS Ta iH.

EneMeHT BHKOYYBaHHS Ma€ TpPH MOJNOXKEHHA: poOode, KOHTPOJbHE Ta
peMoHTHe. 3 poOOYOro MONOKEHHS B KOHTPOJBbHE, a TAaKOXK HABIAKH 3
KOHTPOJILHOTO B po0ode Bi30K MEPEeMIlyeThbCs aBTOMATHYHO 3a JOMOMOTOIO
EJIEKTPUYHOTO CEpBONPHUBOA. [Ipu HbOMY IepcoHan He NOKJaJgae HiSKUX 3yCHIIb
NpU 3aKOYyBaHHI I BUKOYYBaHHI Bi3ka. B KOHTpOJIbHE TOJIOKEHHS 1 HaBMakud B
poboue Bi30K MEepeMIlly€eThCsl TUIBKH IICIS TOTO, SIK KEPYIOUUi KOHTPOJIEp 1acTh
JIO3BIJI HA BUKOYYBaHHS Bi3Ka, IIEPEBIpUBIIHN BCi OJOKYBaHHs, siKi OEpyTh yuacThb B
cucremi Oesneku. [lepeBipka TPOBOAMTHCS aBTOMATHMYHO TPH HAasIBHOCTI
BIIITOBITHOT KOMaHIH.

PucyHoOK 2- eneMeHT BUKOYYBaHHS Bi30K
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CraH KOMYTYIOUHX amapaTiB pO3MOAUIPYOTO IMPHUCTPOIO 300pa)kyeTbCs B
KOXHHH MOMEHT Yacy Ha IaHelNi Bizyauizamii i yIpaBIiHHS IPUCTPOEM.

B mpuctposx 3actocoByroThes mBHakomitoui Bumukadi UR26-81 abo UR-
40-81, BupobuumTBa KoMnaHii Secheron (I1IBeimapis).
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PucyHoK 3-mBHIKOJIFOUNI BUMHUKAY

3acTocyBaHHS IIMX BHMHKAdiB JJ03BOJISIE BUKOHATH KOMIpKY 3 rabapuToMm:
800x2000x1200 MM, mo B 2,5 pa3u MeHIIE aHAIOTIYHUX IapaMeTpiB
PO3MOALIBUNX MPHUCTPOIB, TOOYAOBaHUX Ha 0a3i MBHAKOMIFOYNX BUMuKadiB BAD i
cTpymooOMexytounx - BAT. 3MeHImeHHs raGapuTHHX PO3MIpiB PO3MOMIIBUMX
MIPUCTPOIB 3HAYHO EKOHOMWTH Miclle Ha INJCTaHMii, 3HWKYIOUHM BUTpaTH Ha
KaritaJibHe OyIiBHUIITBO.

ExcryaraniifHi Ta eJNEeKTPOTEXHIYHI XapaKTePUCTUKU I[HMX EJNEKTPUUHHUX
arnapariB iCTOTHO MEPeBEpUIYIOTh aHAJIOTIYHI XapaKTePUCTHKH IHIIUX BUMHUKaUiB.
3aB/sikKM BHCOKIM MeXaHIYHIM Ta eNeKTPUYHIH HaAidHOCTi, 3aCTOCYBaHHS IMX
BUMHKaYiB MPU3BOAUTH 10 3HIKEHHS BUTpAT Ha IX 00ciyroByBaHHs. KoHcTpykiis
BUMHKa4a JI03BOJISIE BUKOHATH HEOOXIJHI MexaHiuHi OJOKYyBaHHS 3 JIiHIAHUM
po3'eqHyBayeM.

VY po3noaLTbYMX MPHUCTPOSX 3acTOCOBYIOTHCS po3'eanyBadi EST ta EDT, sxi
MAaloTh YHIKaJbHY KOHCTPYKIIIO KOHTAKTHOI CHCTEMHM 3 MOIBIHHUM PO3PHBOM i 3
KOHTaKTaMH, SKi HPUBOAATHCS B PyX MajorabapuTHHM cepBompuBogoM. Lle
JI03BOJISIE BUKOHATH IIIJIKITIOYEHHS [IBUKOJII0YOT0 BUMHUKada 70 CHJIOBOI IIMHU
6e3 MexaHIYHUX 3yCHIIb.

JlerkicTh BUKOYYBaHHS Bi3Ka 3 BUMHKA4YeM 1 JIBOIIOJIOCHUM pO3'€IHYBaYeM
tuny EDT nocsiraeTbest 3a paXyHOK OpHTiHAJIBHOI KOHCTPYKIii po3'eHyBava.

180



KoskeH moxroc Mae 1Ba psayl JJaMeJiB, sIKi B TIOYaTKOBOMY (BiIKITIOUCHOMY)
CTaHI PO3BEACHI TAKUM YHHOM, IO INWHH SKi MiAKIIOYAIOTHCSA, BXOAATH B 30HY
nmameniB 0e3 mepemkon Ta 6e3 MexaHigHOTO Oormopy. TiNbKH MICISA TOTO, IK eIeMEHT
BUKOUYYBaHHA OyJie B poO0YOMY TOJIOKEHHI 1 BCi OJIOKYBaHHS IMiATBEPAATH TO3BLI
Ha BKJIIOYEHHS pO3'€qHYyBada, CEPBOIPHUBIA IMOYMHAE 3BOIAWTH JIAMeENi, SKi
0o0THCKaroTh IIWHM. [IpyM 1bOMY, Jameni NPUTHPAIOTHCS 3a IUIOMIMHOIO IIHHH,
3aYMIIYIOYM  OKWUCHY IUIBKY cpioma. KokHa  JaMens  IPUTHCKAaeThCS
IHIMBIIyaJbHOIO MPYKUHOIO, SIKa HE IMOB'A3aHa 3 IHIIMMH JIaMEISIMHU 1 Npalioe
CaMOCTI#HO. Y pa3i BUXOy 3 JIaAy OJHI€T JaMeni (Ko ociaadia mpyKuHa TOIIO. )
peuiTa JaMeniB 3aJIMIIAETECS B pOOOTI 1 HISIKUX aBapiiiHUX CHUTyalill He BUHHKAE.
Jo Toro > 3a CyMapHOI IUIOIICI0 KOHTAaKTHHX JIaMelliB po3'eIHyBaY Mae
YOTHPUKPATHHH 3a11ac 32 KOHTAKTHOIO TIOBEPXHEIO.

Po3'ennyBaui cepii EST Ta EDT Hanexats 1o KaTeropii HeoOCIyroByBaHUX,
3 KUIBKICTIO IMKIIB O TeXHigHOTO obOciyroByBaHHS - 10 000 (a6o 10 pokiB).
Pos'ennyBaui 3abe3nedeHi OE3NTyMHUM MAaJIONOTYKHHUM EJIEKTPUYHHM IIPHBOJIOM
noTykHicTro 18 BT. 3acTocyBaHHS ENEKTPONPHBOLIB KEPYHOUUX CHCTEMOIO
ABTOMATHKH 3HIDKYE PH3HK IOIIKOKEHHS PO3'€HYBAYIB y Pa3i HOMHIKOBUX Iii
OTIEPAaTHBHOTO IIEPCOHAITY.

Posmominkyi  mpuCTpoi  3a0e3MeucHi  CHOCI[aJbHUM  3a3¢MIIIOIOYHM
po3'eHyBaueM, 110 BHKJIIOYAE HEOOXIJAHICTh HAKIAJACHHS IEPEHOCHOTO
3a3eMJICHHS ONEPAaTHBHUM IEPCOHAIOM. 3a3eMIIIOIOYHMI PO3'€HYyBau Ma€ TakKy X
KOHCTPYKIIO, sSIK OIMCAaHWil BuIle po3'eaHyBad poOouoi mmH. Po3'eanyBady
KEPY€EThCS CEPBUIIPHBOAOM abo BpyuHy. [Ipu mpoBeJeHHI perjaMeHTHHX 1
PEMOTHHX poOIT HeMae HEOOXiTHOCTI AOCTYIy IMEpCOHANy B IMMHHUN BiICIK, IO
ICTOTHO 3HIDKYE PU3HK yPayKeHHS €JIeKTPUYHUM CTPYMOM.

Posmomineyi mpucTpoi 3abe3nedeHi CHCTEMO0 YIIPaBIliHHSA, MOHITOPHUHTY Ta
3aXHUCTIB, sIKa BKJIIOYAE B cede:

— IIPOMUCIIOBHH KOHTpoJep cepil X20;

— CHCTeMY MOHITOPHHTY Ta 3aXHCTIB TAroBoi Mepexxi SMTN-2 a6o SMTN-3;

— maHeJp Bizyadiizauii PP65.

Ipuctpiii obOgagHAHUK MPOMHUCIOBHM KOHTpojepoMm ¢ipmu Bernecker &
Rainer (ABctpig). Bci amroputmMu peanizyloThcss Ha NPOrpaMHOMY piBHI, a
VIPaBJiHHS CEPBONPHUBOJIAMH, BHUKOHABYMMH MEXaHI3MaMH, HIBHAKOMIIOYHM
BUMHKa4eM 3/1iHCHIOETHCS 32 JOTIOMOTOI0 EIEKTPOHHUX KOMYTYIOUHX €JIEMEHTIB.

Jns Bisyamizamii i ympaBmiHHA KOMIIOHEHTaMH PO3MOAUIBHHUX IPHUCTPOIB
BUKOPHCTOBYETBCSl TaHeNb Bisyasizamii BUpoOHMITBa KommaHii Bernecker &
Rainer (Ascrtpist). [lanens Bi3yamizamii mo3Bossie B MpOCTIH 1 3pyuHidl Qopmi
BioOpaxxaTi HeoOXiHy iH(OopMaLiio i 3AICHIOBATH YIIPaBIiHHSI KOMYTallitHUIMHU
arnaparamy IUIIXOM JIOTHKY.

Bincik cHnoBHMX MIMH BIAMUICHWH BiJ BIJICIKY IIBHIKOMIFOYOTO BHMHUKAda
JBOIO CTIMKOIO 1 MOBOPOTHUMH JiBepuMa. JIBepi 3abe3mnedeHi 3aMKoM. Y BepxXHil
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YaCTHHI IIMHHOTO BiJICIKY 31 3BOPOTHOTO OOKY ITOBOPOTHHX JABEPEH BCTaHOBIICHI
enementr SMTN. Ha noBopoTHHX IBepsX BiCIKy BCTAHOBJICHI: 3aXHCHA MITOPKA 3
JIBOMa HATIPSMITIOIOYHAM, BaXiTHHO-JTAHKOBHH MEXaHi3M ii migioMy i1 maHenms 3
eNeKTpoMarHiToM YA3, mo B3aeMojie€ 3 TPUBOJOM BHKOWyBaHHsS Bi3zka. [Ipm
BUKOUYYBAaHHI Bi3Ka INTOpPKA 3aKPHBA€ OTBip B MOBOPOTHUX IIBEPAX, UEpe3 SIKHMA
3MIHCHIOETHCS 3’€IHAHHS CIJIOBHX Kil. Ha BaXinbHO-TAaHKOBOMY MEXaHi3Mi €
OTBOPH [JIsl BCTaHOBJCHHS HAaBICHOrO 3amka. J{isg yTpUMaHHS IUTOPKH Yy
BEPXHBOMY MOJIOKEHHI (B pa3i HEOOXiJHOCTI JOCTYIy B BiJICIK CHJIOBHX LIMH) Ha
JIBepsiX BcTaHOBJICHHUH crorop. [Ipu oOciryroByBaHHI naHelni B eKCIuTyaTanii

— MOTpiOHO OJXWH pa3 Ha piK NPOBOJMTH 3MAlyBaHHS IOBEPXOHb, IO
CTHCKAIOThCSI:

— MaHeJi eJIEKTPOMArHITy Ha MMOBOPOTHIH MaHeni;

— IIeTeNb HOBOPOTHOI MaHeNi;

— BaXXUJIb JJAHKH MEXaHI3MYy;

— TaHelNi IPUBOY Bi3Ka;

— BaJI 3a3€MJTIIOI0YOTO PO3'€HYBAYA;

— maHeni ¢pikcaTopiB Bi3Ka.

s 3MamieHHs TOTpiOHO 3acTocyBaTH JiTieBe MacTwio tumy Shell Alvania
RL 2, a nonepeaHe MacTuia BUAAIUTH.

MoHTa)XHa MaHeb-11¢ MeTaneBa ocHoBa po3Mipamu 600x700 MM TOBIIHHOLO,
sIka BUTOTOBJICHA 31 CTaJIi 1 € IIOKYITHUM BHPOOOM.

V]K:537.313

Ilerpux B.B.', CHHULITH C.C.l, Yaban I.C.l, Maunbko B.K.
"eryn. rp. KHT-128 3HTY

2 kaum. ¢iz.-mar. HayK, mou. SHTY

HEPEBIPKA 3AKOHIB KIPXT'O®A JJISA 3SMIHHOI'O
CTPYMY(KOMIT'IOTEPHA JTIABOPATOPHA POBOTA)

Po3pobiiena nporpama 1abopaTopHoi poOOTH Ha KOMIT FOTEpi, SIKa MOBHICTIO
BinTBOptoe 1i BHKOHAaHHA Ha peaJbHId EKCIIEpUMEHTANbHIH  YCTaHOBII.
HeoOxinHicTh Takoi poOOTH BUKIIMKaHA MOXKJIMBICTIO BIJNIPALIOBaHHS CTYJICHTOM
miei podotr BaoMa. OcoOMMBO 1€ aKTyaJdbHO JJS CTYACHTIB 3a04HOi (hopmu
HapyaHHs. OJHOIO 3 TMO3WTHBHUX BJIACTHBOCTEH NpPOrpaMH € HE3aIeKHICTh
MiAKIIIOYEHHS KOMIT'IoTepa J0 IHTepHEeTy Ta HEBHCOKI BHMOTH A0 TEXHIYHOTO i
MIPOTPAMHOTO HOTO PiBHA.

Sk i B peanbHifl yCTAHOBII CTYJEHT BHKOHYE IIICTh JOCTIAIB MPH Pi3HOMY
BBiMKHeHHi eneMeHTiB R, L i C: mocnin 1.1- mapanensne 3 eqnanns R—C; mocimin
1.2- mapanenmpHe 3’emHanHs R-L; mocmin 1.3- mapanenbre 3’eqHanHs R-L-C;
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nmocain 2.1- mocaigmoBHe 3’eqnanas R—C; mocmin 2.2- mocmigoBHe 3’exHanns R-L;
nociin 2.3 (puc.1)- mocminosue 3’emHanas R—L—C.

% Nocnip, 2.3

-
Homivarmm:

R=285 Om

Xu=377 Om

Xc=319 Om
R.=310Om

— —

Pucynok 1 — Cxema nocminy 2.3. ITocnigoBae 3’eqnanas R — L — C.

Perynsropom B mianaszoni 0...60 B 3 kpokom 10 B 3amaerscst Hampyra Ha
BXOJ1 CXeMH. BUMIpIOIOTECS CTPYMH Y BITKax i MajAiHHSA HAIPYTH HE KOXHOMY
eneMmenTi. IToka3aHHs 3amuCylOThCS B 30mHUT. [10TiM, BUKIMKABIIN 1HTEPAKTUBHY
JIOBiZIKY Teopii BiAMOBITHOTO IOCIHiAY, NPOBOAUTHCS OOpOOKa pe3yibTaTiB 3a
npaBmwiamMu  Kipxroda 3 moOymoBoro BekTtopHUX miarpam. CHiBCTaBISIOTHCS
3HAYeHHS HAmpyr 1 CTpyMmiB, ojaepkaHuX 3a mpaBmwiamu Kipxroda, 3
Ge3nmocepe/IHb0 BUMIPAHMMHU. IXHE CIiBMAJaHHA CBiT4UTH TPO CHPABELTUBICTH
3akoHiB Kipxroga s 3MiHHOTO cTpy™my. [l Toro, mo6 4MCIIOBI 3Ha4YeHHS HE
MOBTOPIOBAJIMCH IIPH HOBTOPHOMY IIPOBEJICHHI JJOCIIIB, TPOTPaMHO IependadeHe
BHUITAKOBE BIOXWJIEHHS YHNCIIOBHUX 3HAYEHD B MexXax 1%.

OpHi€r0 3 TO3WTHUBHUX BIACTHBOCTEH IIPOTpaMH € HE3aJIeKHICTh
MiAKIIOYEHHS KOMIT'IOTEépa /0 MepeXi IHTepHeTy Ta HEBHUCOKI BUMOTH [0
TEXHIYHOTO 1 IPOTPAMHOTO HOTO PiBHS.
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UDC 621.314.6

Kolisnyk D.A.!, Lushchin S.p?
'student of group E-418a ZNTU
2 PhD, assistant professor ZNTU

PIEZOELECTRIC TRANSFORMER

A piezoelectric transformer is an electrical device in which a direct and
reverse piezoelectric effect is used to convert electrical energy or a signal. The
purpose of this conversion may be a change in the amplitude of the voltage or
galvanic isolation, and also depending on the direction of the polarization vector
and the direction of propagation of the excited oscillations, piezoelectric
transformer  divided into transverse-longitudinal, transverse-transverse,
longitudinal-longitudinal and longitudinal-transverse.

Electromagnetic transformers differ from piezoelectric transformers by
converting energy: to electric, acoustic, electric, which leads to a significant
simplification of the design of the piezoelectric transformer, in where there are no
wires or windings, that helps to better operation and reliability of the device. The
piezoelectric plate in the simplest case has two pairs of electrodes forming (Fig.1)
the exciter and the generator. Using the reverse piezoelectric effect, the exciter
creates a mechanical deformation in the plate, covering the entire volume of the
piezoelectric element in the form of an acoustic wave. In the generator section of
the piezoelectric transformer, as a result of the direct piezoelectric effect, an
alternating signal is generated, that is galvanically separated from the input
voltage.

-l
1, 3 - exciter section; 2, 3 - generator section.
Figure 1 — The simplest layout of the piezoelectric transformer.
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Different types of piezoelectric ceramics are used as a working material for
piezoelectric transformers, since it is the piezoelectric ceramics that allows
structurally to combin in one plate both elements of the piezoelectric transformer —
the exciter and the generator. This is due to the technological possibility of
differentiated orientation of the piezoelectric polarization vector in the
manufacturing process of the corresponding monoblock ceramic piezoelectric
elements.

UDC 621.316.3

Stulin B.V.", Lushchin S.P.?
'student of group E-418a ZNTU
2 PhD, assistant professor ZNTU

PERSPECTIVES OF DEVELOPMENT OF SWITCHING MACHINES

Today, switching equipment is widely used in high-voltage technology.
Various types of switches, short circuits, contactors, etc. are belonged to it. The
main task of switching devices is switching the electrical circuit and removing the
voltage from a part of the electrical installation.

Switches are most common switching devices. In large-scale industries,
reusable switches for voltages over 110 kV are quite popular. The significant
drawback of these switches is origination of arcs. For the reason of need to make a
large number of arc breaks of 55—-110 kV per break, modern air circuit breakers are
cumbersome, difficult to control and not enough reliable. Therefore, the main task
is to reduce the number of arc breaks through voltage increase per one break to 300
- 350 kV. This will help to create switches smaller in size due to the less number of
arc breaks. For mass production of this kind of equipment we need to use new
technologies. New composite materials should be used to create arc chambers and
related components.

The creation of self-guided equipment is an important trend to improve
switching devices. An example of such equipment today is a circuit breaker. The
most common in the home are mechanical automatic switches. Such switching
contact devices are unreliable in conditions of large-scale production, therefore it is
reasonable to use electronic ones in enterprises. The use of IT and microprocessor
technologies contributes to the development of this equipment.

The development of switching installations using superconducting materials
is very promising. With their help it is possible to significantly reduce the
requirements for the breaking capacity of switches. But because of the high cost of
superconductors it is reasonable to use old technologies. Today the development is
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underway aimed at reducing the cost of these materials for greater availability in
the manufacture of switching devices.

Based on the above, we can conclude that the use of IT technologies,
composite and superconducting materials for the manufacture of switching
installations helps eliminate many of the shortcomings and improve the properties
of modern switching devices.

UDC 621.313.323S

Lapshinov E. D.!, Luschin S.P.?

! student of E-818sp, ZNTU

? PhD, assistant professor of ZNTU

SYNCHRONOUS AC MOTOR

The purpose of the work is to analyze the structure and the advantages of
using synchronous motors in energy-intensive enterprises.

The synchronous AC motor consists of stator with three phase winding and
multipolar rotor. A magnetic core which is assembled from stamped plates of
electrical steel is pressed into the stator, a three-phase winding is laid in the slots of
the magnetic core, the axes of which are shifted in space at an angle of 120
degrees. Its armature winding (stator) is connected to a three-phase alternating
current source, and a direct current from an external source is fed into the field
winding (rotor). Due to the interaction of the rotating magnetic field created by the
three-phase winding of the armature, and the field created by the excitation
winding, an electromagnetic momentum arises, causing the rotor to rotate.

Starting a synchronous motor directly into the network is impossible, since
the rotor, due to its considerable inertia, cannot be immediately attracted to the
rotating field of the stator, the rotational speed of which is set instantly. As a result,
a stable magnetic coupling between the stator and the rotor does not occur. To start
a synchronous motor special methods are used. Asynchronous start-up is usually
used, in which the engine is supplied with a special short-circuited starting winding
made of a squirrel-cage type. After the acceleration of the rotor to a rotational
speed close to synchronous, the direct current passing through the field winding
creates a synchronizing moment, which draws the rotor into synchronism.

In a conclusion we can say that most synchronous motors are used where
precise constant speed is required. In high-horsepower industrial sizes, the
synchronous motor provides two important functions, which are its advantages in
comparison with asynchronous induction motor. First, it is a highly efficient means
of converting AC energy to work. Second, it can operate at leading or unity power
factor and thereby provide power-factor correction.
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As the disadvantage is the initial cost of a synchronous motor. It is more than
that of a conventional AC induction motor. These initial costs are often off-set
because Synchronous motors have speed / torque characteristics which are ideally
suited for direct drive of large horsepower, low-rpm loads such as reciprocating
COmpressors.

UDC 621.313.33

Dikusar I.S.l, Lushchin S.P.?
'student of group E-418a

* PhD, assistant professor ZNTU

STAGES OF DEVELOPMENT OF THE ASYNCHRONOUS MOTOR

The purpose of report is to show the importance of the use of asynchronous
motors, due to the simplicity of the device, high reliability and operation,Jower cost
compared to other engines. Therefore have gained wide application. Asynchronous
current motors have found wide application in industry and agriculture. With their
help, metal-cutting and woodworking machines, cranes, winches, elevators,
escalators, pumps, fans and other mechanisms are set in motion

Single-phase asynchronous motor is often used in household appliances such
as vacuum cleaners, fans, food processors, blenders. Even as part of a personal
computer, you can find more than one asynchronous motor .Two-phase
asynchronous motors are widely used as executive asynchronous motors in
automation systems, in particular, in radar stations and automated control systems.
These motors are designed to convert electrical signals into a given rotation or
rotation of the shaft. The most widespread engines of low power - from fractions of
a watt to 100 watts. The executive engine comes into rotation when the signal is
supplied from the driver (selsyn transformer via an amplifier), and when removed
it should immediately stop without the use of braking devices. This engine almost
does not work in nominal mode, it is characterized by a constant change in speed,
frequent starts, reverses and stops.

The following basic requirements are imposed on executive engines: stability
of operation, linearity of adjusting and mechanical characteristics, low control
power, large starting torque, lack of self-driving, change in wide limits of
rotational speed, speed, reliability, small weight and dimensions. All these
requirements are largely met by two-phase asynchronous motors. In addition, their
main advantage is the simplicity of design and reliability.

However, the first was born precisely a three-phase electric motor, whose
principle of operation was based on the interaction of electromagnetic fields.
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The principle of operation of asynchronous motors is based on the fact that
the stator induces a magnetic field in the windings or “squirrel wheel”. Under its
action, a current appears in the conductors of the rotor, and with it the own
magnetic field. The variable magnetic field of the stator carries the rotor behind it,
and the rotor begins to rotate. But the magnetic field of the rotor is always delayed
relative to the stator field, and the rotation of both fields cannot occur
synchronously.

All these types of engine have only one drawback, they can really overheat.
The rest of the advantages over other types of engines:

A simple device makes it economical in production, low energy consumption
leads to efficiency of devices equipped with this engine, versatility of application
in devices where exact maintenance of rotational speed is not required or there is a
control circuit with feedback that provides rotation with a given frequency ,high
reliability in work, asynchronous motor can work with single-phase connection.

UDC 621.313.3

Burlay D.A.!, Lushchin S.p.?
'student of group E418-a ZNTU
* PhD, assistant professor ZNTU

PERSPECTIVES OF INDUCTION MOTOR APPLICATION

Asynchronous motor is one of the greatest electro technical inventions of the
20th century. Because asynchronous motor is absolutely better than all other types
of electric motors. Scientist all over the world one hundred percent sure that
induction motors can easily replace all traditional types of motors which we know
today.

The asynchronous motors are very common in all electro technical branches
nowadays. The applications for its cover almost every stage of manufacturing and
processing. Over 90% of the motors used in the world are asynchronous motors
and they have huge applications all around, in a wide variety of domains. Some of
them are: centrifugal fans, blowers and pumps, compressors, conveyors, textile and
paper mills, lathe machines etc. And it's worth to add, about the use of technology
of this motor in electric vehicles today. And this is just a small part of where these
motors are used.

Moreover, motor design is pretty simple. Interesting that the basic design of
induction motor has not changed very much in the last 40 years, the typical AC
induction motor comprises 2 electromagnetic parts: stationary copper or aluminum
part called the stator and the rotating part called the rotor, supported at each end on
bearings.
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When three phase stator winding of an induction motor is energized from a 3
phase supply, a rotating magnetic field is set up which rotates round the stator at
synchronous speed (N = 120 f/P). The rotating field passes through the air gap and
cuts the rotor conductors, which as yet, are stationary. Due to the relative speed
between the rotating flux and the stationary rotor, e.m.f.s are induced in the rotor
conductors. Since the rotor circuit is short-circuited, currents start flowing in the
rotor conductors. The current-carrying rotor conductors are placed in the magnetic
field produced by the stator. Consequently, mechanical force acts on the rotor
conductors. The sum of the mechanical forces on all the rotor conductors produces
a torque which tends to move the rotor in the same direction as the rotating field.

The fact that rotor is urged to follow the stator field (i.e., rotor moves in the
direction of stator field) can be explained by Lenz’s law. According to this law, the
direction of rotor currents will be such that they tend to oppose the cause producing
them. Now, the cause producing the rotor currents is the relative speed between the
rotating field and the stationary rotor conductors. Hence to reduce this relative
speed, the rotor starts running in the same direction as that of stator field and tries
to catch it.

Three-phase squirrel-cage induction motor are so widely used because, first
of all, they had a lot of constructive advantages, such as they are good self-starting
and it has a high starting torque, secondly, they are very reliable and finally they
are really low costly at maintenance. Induction machines are very cheap when
compared to synchronous and DC motors. This is due to the modest design of
induction motor. Therefore, these motors are overwhelmingly preferred for fixed
speed applications in industrial applications and for commercial and domestic
applications where AC line power can be easily attached. Induction motors are
maintenance free motors unlike DC motors and synchronous motors. The
construction of induction motor is very simple and hence maintenance is also easy,
resulting in low maintenance cost.

Another major advantage an induction motor is that it is high starting torque.
The staring torque of induction motor is very high which makes motor useful for
operations where load is applied before the starting of the motor. 3 phase induction
motors will have self-starting torque unlike synchronous motors. However, single-
phase induction motors does not have self-starting torque and are made to rotate
using some auxiliaries.

So, based on the above facts we can make a conclusion about a number of
advantages and perspectives of using induction motor in householding and almost
at every stage of manufacturing and processing at all. Because all modern
induction motors are easy operation in practice, they are had an easy torque
regulation and a right ability to connected directly to the AC source. Besides they
are low cost maintenance and durability, reliable and having a low cost.
Consequently, all these pros reveal the potential of induction motor application.

189



VK 535.51

Kononenko A.B.l, Mamubko B.K.?
"eryn. rp. Id-317 3HTY

2 kaHzL ¢iz.-mar. Hayk, nou. SHTY

MMOYATOK BIIJIIKY KYTA B 3AKOHI MAJIIOCA

OpHi€r0 i3 KIACHYHUX POOIT BY3IBCHKOTO JIA0OPATOPHOTO IMPAKTHKYMY 3
¢isuku € pobota mo mepeBipmi 3akoHy Mamroca [1,2]. Bin momsrae B ToMy, 1o
IHTCHCUBHICTD IIJIOCKOTIOJIIPH30BAHOTO CBITJa, SKE MPOHIIIO Yepe3 aHaji3aTop,
mponopuiifHa KBagpaTy KOCHHyCa KyTa MiX IUTOIIMHOIO ITOJIIPH3aLlii 1Magarodoro
MPOMEHsI Ta ONITHYHOIO BiCCIO aHasi3aTopa

1210~COS2(p. (1)

Hocnimxyerbes 3aJIeHKHICTh (dorocTpymy, 110 TeHEPYETHCS
(oTOeNEeKTPUUHNM NepeTBOpIoBaYeM, Haiuacrtinie (OTOIi0A0M, BiA KyTa .
OcHOBHa TPY/HICTh 1 HANO1JIbIIIA HETOYHICTH ITOB’s13aHAa 3 BCTAHOBJICHHSIM MTOYATKY
Bimmiky kyrta. Haiwactime [3-5] TakuMm mOYAaTKOM BIAJIIKY € TOJOXEHHS
aHaizatopa, Koiau (OTOCTpYM MaKCHMAalbHUMA, TOOTO KYT MK IUIOIIUHOIO
HOJIApH3aLii Maal0uoro IMPOMEHS 1 ONTHYHOO Biccio aHamtizaropa ¢ = 0°. Aue npu
OpOMY KyTi (YHKIS KOCHHYC 3a3Ha€ eKCTpeMyMmy (MakcHMymy) 1 ToMy
YYTJIMBICTh PETYIIOBAaHHSA, TOOTO 3MiHA (OTOCTPYMY IPH 3MiHI KyTa HOBOPOTY
MiHiMaibHa. TOMy BCTAHOBIICHHS KyTa, P SKOMY (YHKIisl KOCHHYC IepeXOIHUTh
4yepe3 HyJjlb, 34a€ThCs OLTbII NPUBAOIMBUM. AJie Lie TUIBKHM Ha MEpPIIMH MMOTJISI.
Cnpaga y BiimiHHOCTI pyHKLIT KOCHHYC Bix KBajpaTa KocuHyca. OCcTaHHs 3a3Ha€e
ekcrpeMymy sk npu @ = 90° (Makcumym), Tak i npu @ = 0° (Minimym). Tomy
YYTIHMBICTh MOXHA OL[IHUTH 110 KPUBH3HI Tpadika B UX ToUKax [6].

_ y
1+ (y )
_d o : : :
Tyry = d—(P(cos (p)= —2-cos@-sing=—sin2¢ - mepma mOXinHa,

d2
= q (COS2 (p)z —2-c0s2¢ - apyra noxigna. ITixcraHoBka MOXifHHX B

2
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—2cos20p
7
(1 +sin’ 2(p) 2
KpHUBH3HA B 000X EKCTPEMYyMax, a OTKE 1 IyTINBICTh, OJJHAKOBA.
Tum He MeEHIIe MH BBa)Ka€EMO IOIUIGHIIIAM HANAIITYBaHHSA BIIJIKy KyTa
MPOBOMUTH TIO0 MiHIMyMy (OTOCTpYMY, OCKITBKH B IIhbOMY BHIAIKy MOJKHA
30UIBIIUTH YyTIUBICTh NIEPEMUKAHHIM Jiara3oHy MiKpoamIiepMeTpa Ha MEHIINH,

a omke 1 Outbm wyTnmBHHA. B MakcmMyMi IIhOTO 3pOOHWTH HEMOKIHBO i3-3a
3aIIKAIIOBAHHS TIPHIIALY.

(2) mae k = . Tpu ¢ = 0° kg = 2. TIpu @ = 90° koy = 2. TobTO
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I'ynsesa T.B.!, Cxok A 1O. 2

! kaHz. Tex. Hayk, gou. SHTY
? cryn. rp. E-318cn 3HTY

EJIEKTPOIIOCTAYAHHSA TA EJIEKTPOOBJIAJTHAHHA
MEXAHIYHOI JUUIbHUII PEMOHTHOT O IIEXY 3ABOY
HECTAHIAPTHOI'O OBJIAJJTHAHHA

Enextpuka B CydacHOMY CBITi — IIe OCHOBHHH 1 )KUTTE€BO HEOOXiIHUIT pecypc.
ToMy oOmHMM i3 NepIIOYEProBHX 3aBJaHb Ha OyAb-IKOMY MiANPHEMCTBI €
3a0e3meueHHs eneKTpoeHepriero. Ake, 6e3 eleKTpoeHeprii HEeMOXKINBO YSIBUTH
pobOTy HEe TiAbKM BUPOOHMYOro oOJagHAaHHA, a W CHCTEM BOAOIOCTAYAHHS,
BEHTWJIALII, TeIlulonocrauyaHHs. be3  enektpoeHeprii HemoxJmBa podota
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MNPaKTHIHO OyAb-SKOTO MPEAMETa, OB’ A3aHOTO 3 MOBCIKACHHUM JKUTTSIM KOKHOT
JFOTUHU.

BaxnuBuM i mepioueproBiM B MPOEKTYBAaHHI CHCTEMH €JICKTPOIIOCTAYaHHS
€ BUOip pKepena enekTpoeHeprii. [Ipum po3poOKHM cHCTEMH eNeKTPOIOCTaYaHHS
MPOMUCIIOBOTO  IANPUEMCTBA  HEOOXiZHO  MIATOTYBaTH BCIO  O3BLIBHY
JOKyMeHTalito. Y 3B’A3Ky 3 [OHM, OIiJIBIIICTP KOMIIAHIH BHOHMPAIOTH
KBaJTi(hiKOBAHUX MIiAPSATHUKIB.

EdekTuBHICTE 00paHOi CXEMH 1 CIIEMEHTIB CHCTEMH CICKTPOIIOCTaYaHHS
MPOMUCIIOBUX TMIINPUEMCTB Oyne 3ajekaTd BiX SKICHO TPOBENCHOI OLIHKU
HAaBaHTAXXECHb B IOJAIBIIOMY Ha Mepexy. TOMy CTBOpPEHHsS OyAb-sKOi CHCTEMH
CJIEKTPOIIOCTAYaHHS  TOYMHAETHCS 3 OLIHKM  MaWOyTHIX  eJIEKTPUYHHX
HaBaHTaXXEHb. [IpU OLIHIOBaHHI EJIEKTPUYHMX HABaHTAXKECHb HA IIANPUEMCTBAX
HEOOXiZTHO BPaXxOBYBAaTH HAINHICTH JKUBJICHHS CICKTPONPHIAMAYIB, MOTYKHICTb,
HaIpyra, pexuM poOOTH, THI CTPYMY.

B nanmii wac enexTpornocradaHHs 3MIACHIOEThCS Ha TpH(A3HOMY 3MIHHOMY
ctpymi. {06 3miiicHIOBaTH XapuyBaHHS ACKUTPKOX IMPUIIMadiB MOCTIIHOTO CTpyMy
HEOOX1IHO BHKOPHUCTOBYBATH TIEPETBOPIOIOYI mijcTaHil, oOamHaH1
MepeTBOpIoBadYaMu  (PTYTHI  BHIIPSMIISYi, HAIMIBIPOBITHUKOBI  BHIIPSMILTIL
JIBUTYHU-TEHEPATOPH).

Cucrema  eJIEKTPONOCTayaHHS 3aBOJY CKJIQJAEThCS 3  IKUBWIBHHX,
PO3IOIITBHUX, TPAHCPOPMATOPHHX 1 TIEPETBOPIOBAJIBHUX MiJICTAHIIH 1 3B 3yIOTh
ix kaOeJbHI Ta MOBITPSHI MEPEXi 1 CTPYMONPOBOAN BHCOKOT Ta HU3bKOI HAIPYTH.
Cucrema eeKTponocTavaHHs OyAy€eThCS TAKUM YHHOM, 00 BOHA Oyja HajiliHa,
3py4Ha i Oe3nedHa B 00CIIyroBYBaHHI, 1 3a0e3medyBana HeOOXiHY SKICTh SHEpTii i
0e3mepeOifHICTE eNEeKTPONOCTauYaHHs B HOPMaJdbHOMY, 1 TICIsl aBapilfHOMY
pexuMax. Y TOM JKe dYac CHCTeMa eNeKTPOINOCTadaHHS IIOBHHHA OyTH
€KOHOMIYHOI0 32 BHUTpAaTaMH, HIOPIYHMM BHUTpaTaM, BTpaT CHEPTrii i BHUTpaTi
JIeQIIUTHIX MaTepiajiB i yCTaTKyBaHHS.

1. TexHiko-mexHono2iuna Xapakmepucmuka OCHOGHUX 6U0i6 BUPOOHUUUX
npoyecis.

JlaHe miINpUEMCTBO BUKOHYE KaliTaIbHUA Ta MOTOYHUN PEMOHT MIYHHUX,
CHJIOBHX TpPaHC(OPMATOPiB, aBTOTPAHCPOPMATOPIB i PEAKTOPIB MOTYXKHICTIO J0O
1100 MBA, nanpyroro go 750 kB BKIIOYHO 3a MicueM iX yCTaHOBKH i3 3aMiHOIO i
0e3 3amiHM OOMOTOK BHI3HMMHU OpuragamMu KBali()iKOBaHMX 1 JOCBITUEHHUX
(haxiBIiB 3 BUKOPUCTAHHSAM BHCOKOTEXHOJIOTITHOTO OOJIaIHAHHS i OCHAICHHS.

Lex 3 peMOHTY HOTY>KHHX TpaHC(OpMaTOpiB BUKOHYE:

- KamiTaJbHUH PpEeMOHT TpaHC(POPMATOPiB, IX PEKOHCTPYKLis Ta
MO/JICpHI3allis;

- CepeHii Ta MOTOYHUI PEMOHT;

- BUTOTOBJICHHS 3allaCHUX YaCTUH JUISl TPaHC(OPMATOPIB;

- PEMOHT MacJIOHAITOBHEHHX €JIEKTPUYHHX araparis.
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[MoniOHO pPEeMOHTY eNeKTPUYHMX MAIINH BCi POOOTH, IO TPOBOIITHCS B
IFOMY IIEXY, MOXKHa pO30WUTH Ha BiCIM OCHOBHHUX BHIB: NPEIPEMOHTHI, pa30ipHO-
neeKTyBanbHi, OOMOTYBalbHi, CIIOCAQPHO MeEXaHi4Hi, KOMIDICKTYBaJIbHI,
CKJIaJalbHi, 037100JIF0BaIbHI Ta MiCIIPEMOHTHI.

OcCoOMHUBICTIO TIEXy € HasBHICTH MACIITHOI'O TOCHOJApPCTBA 1 3HAYHHUHA 00csAT
pobiT 3 mimroroBkm wmacia. Ilpm pemoHTi Macimo abo BiTHOBIIOIOTH, abo
3aMiHIOIOTH Ha HOBe. /Iy 1IbOro HEOOXiJHO MaTH JIOCTaTHIO KUIBKICTh Macia i
€MHOCTeH misi Horo 30epiraHHs, a B IeXy IHOBHHHI OyTH TpOKIaaeHi
MacTHJIONIPOBO/Y 1 BCTAHOBJICHA MacJIOOYHIIyBaJIbHA aaparypa.

2. Bumoazu 00 enexmpoycmamxy6ans ma e1ekmponoCcmayanis

OCHOBHUMHM TpyIaMH EJIEKTPONpHUHAMAaYiB, 10 CKJIAJAOTh CyMapHe
HAaBaHTAXXCHHS O0'€KTIB, € CBITWIBHUKM YCIX BHUJAIB IITYYHOTO CBITJAa,
CIEKTPOABUTYHH BHPOOHWYMX MEXaHi3MiB (BepCTaTH, MiAHOMHO-TPAHCIIOPTHI
MPUCTPOI, KOMIIPECOPH, BEHTHIATOPH, HACOCH), 3BAPIOBAIbHI YCTAHOBKH, MiUHI i
CHIIOBI TpaHC(HOPMATOPH, CIEKTPHUYHI TIeUi, BUNPSIMHI YCTAHOBKH Ta iH.

[lo By mepeTBOpPEHHS ENEKTPOSHEPTii MpuiiMadi MiApO3AUIIIOTh Ha
€JIEKTPONPHUBO/IN, EJICKTPOTEXHOIIOTIUHI i €EKTPOOCBITIIIOBATIbHI YCTAHOBKH.

EnexrponpuBonu BHPOOHMYMX MEXaHI3MIB 3aiiMalOTh HaHOUTBINEe Micie
cepell eICKTPONPHIMAaYiB MPOMHUCIIOBUX MiANPUEMCTB. PexuMu Ta 0coONIHMBOCTI
poOOTH B OCHOBHOMY BU3HAYalOThCS XapaKTEpPOM OCHOBHOTO BHPOOHHIITBA, IO
BU3HAYa€ BHOIp Ui HHUX THUIY 1 TOTYXXHOCTI EJICKTPONPHUBOIIB y BEIUKOMY
niana3oHi — BiJ AEKIIbKOX BaTIB 10 JEKIJIbKOX MEraBaris.

EJleKTpOTEeXHONOTIUHI yCTAHOBKM — €JIEKTPOHArpiBajllbHI YCTAaHOBKH B
OCHOBHOMY NpAIfOIOTh Ha TpH(pa3sHOMY YU OAHO(A3HOMY IEPEeMiHHOMY CTpyMi
gactotoro 50 I'm, neski eneKTpOTEeXHOJIOTiYHI YCTaHOBKM TIPamIOlOTh Ha
nmocTiitHOMy a0o0 TMepeMiHHOMY CTpyMi 3 4acToToro, BimMinHOI Bim 50 Im, i
HiAMUTYIOTHCS Bifl IEPETBOPIOBAILHUX YCTAHOBOK.

EnexTpoocBiTIIIOBAIBHI ~ YCTAHOBKH €, SIK  TpaBWio, OxHO(asHUMHK
eNeKkTponpuitMadamu. JIaMIu CBITHIBHHUKIB MAalOTh TIOTYXKHOCTI BiJl ICCATKIB BaTiB
JO JIKIIBKOX KUIOBaTiB 1  XapuyroTecs Hampyrowo g0 220 B mpm
YOTHPBOXNPOBiAHIA cuctemi Hanpyru 220...380 B. CBiTHIbHUKM MICLIEBOTO
OCBiTIIEHHA Ha Hampyry 12, 36 1 42 B mianuTyIOTBCS BiI HOHIKYIOUHX
onHOoGa3HUX TpaHCchOpMaTopiB. Y BHUMAIKAX, KOJH BIIKIIOUEHHS OCBITJIICHHS
3arposKye Oesrelli Jroei, abo IHITUX 0COOTMBUX BUMOT, MEpeI0avdacThCsl CUCTEMA
aBapiHOTO OCBITJICHHS 3 TapaHTOBAHWM JKMBJICHHSAM Bil i OKpeMHX JamMI 4H
CreliaJbHO BUAUICHUX /TSI ILOTO 3 YKCIIA JIAMIT 3araJIbHOTO BUCBITIEHHS.

ITlo cminbHOCTI TEXHONOTIYHOTO TMPOIECY EJNEKTPONpuiiMaui  MOXKHA
PO3IIMUTH Ha BUPOOHMYI MEXaHi3MH, 3arajlbHOIPOMHUCIIOBI YCTAHOBKH, ITij1’€MHO-
TPaHCIIOPTHE YCTAaTKyBaHHS, IEPETBOPIOBAIEHI YCTAHOBKH, €JIEKTPO3BAPIOBAIILHE
yCTaTKyBaHHS, €JIEKTPOHArpiBaibHi i eJIEKTPOIII3HI YCTaHOBKH.
3arajpHOIIPOMHUCIIOB] YCTAHOBKH (BEHTHIISITOPH, KOMIIPECOPH, HACOCH) 3aHMaIOTh
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3HAaYHE MiCIle B CHCTEMi eNeKTpOnocTadanHs. Jliarma3oH IXHBOI MOTYXHOCTI — Bif
YacTOK KiJIOBaTiB /O AECATKIB MeraBaTiB. XapakTep POOOTH eIeKTPOIPHUBOIIB
3a3HAYCHUX MEXaHi3MiB piBHUMH, i3 TpHUBAIAM pekxuMoM. Ha HinsHI miATOTOBKHU
BUPOOHHIITBA 3 PEMOHTY IOTY)KHHUX TpPaHC(QOPMATOPIB  PO3MIIIYIOTHCA
enexkrponpuitmadi I1-1 ta I1I-i kaTeropii HagiitHOCTI.

o II-i xaTeropii BiZHOCATBCS €MEKTPONIPHIIMAUi, SKi TAKOXK JY>KE BasKJIHBI,
aJsie TiepepBsa X JKMBIICHHS MOB's3aHa TUIBKK 3 MACOBUM HEJIOBHITYCKOM MPOIYKIII,
NPOCTOEM JIIOACH , MEXaHI3MIB 1 IPOMHCIIOBOTO TpaHCHIOPTYy. Bumorm mo
pe3epByBaHHS X JKHBJICHHS MEHII CyBOpi , HDK J0 enekTpompuiimauiB [ -i
kateropii. JlomyckaloTbcs MepepBr €NEKTPOIIOCTaYaHHs Ha 4yac, HEOOXITHUN s
PYYHOTO BKJIIIOUSHHS PE3EPBY YEProBUM IIEPCOHAIOM 1 HaBiTh BUI3HUN OpHrasoro,
SKIIO TIJACTaHLis He Mae mocTiiiHoro 4epryBaHHs . Jleski rpynu
enrekTponpuiiMayis 11 -if kaTeropii 3a MPOMOHOBAaHNM HUMH BUMOTaM 0 >KUBJICHHS
ommkue no I -1 kateropii, a iHmi, HaBmaky, ommkde o I11-of kateropii.

Jo X enexTponpuiiMaviB Ha MITBHAI BiTHOCATHCS:

- BUIIPOOYBaJIbHI CTAHIIIT,

- CYIIWIbHI YCTaHOBKHY;

- CHCTeMH UMO BHIAJICHHS.

Hdo 3-ii xareropii BIITHOCATBCS Bci 1HOI enekTpornpuiiMayi. BonHu
JIONYCKAlOTh ITIEPEepBY JKMBICHHS Ha 4Yac PEMOHTY abo 3aMiHHM MOIIKOIKEHOTO
CJIEMEHTY CUCTEMH CJICKTPOIIOCTaYaHHsI, aJic TPUBAIICTIO HE OUIbINE OJHI€T JOOH.

Jo wiei kareropii BiAHOCSTHCS:

- KpaHu;

- IPUTOYHA BEHTUIIALLIS;

- BEPCTATH Pi3HUX TPYI;

- IPUBOJHY BIIKPUBAHHS BOPIT, KaIOpU(epH.

3 Bubip pody cmpymy ma eiuyunu Hanpyeu

[o Hanpy3i enexTponpuiiMadi KIacu()iKyIOTh Ha ABi TPYIIH:

- eJEeKTPONpHUiMaYi, M0 MOXKYTh OJEPXKYBaTH IIJIMUTKY 0€3M0CepesHbO Bif
mepexi 3,6 1 10 kB. Jlo wi€l rpynu BiZHOCSATbh BENHKI €JIEKTPOABUTYHH, MOTYTHI
neyi omopy i JAyroBi medl Ui IUIABKM YOPHUX 1 KOJILOPOBUX METAllB, LIO
MiAMATYIOTECS Yepe3 BiacHi TpaHcopmaropu. Cruix 3a3Haunty, mo npu 10 kB
MOXYTh OyTH BUTOTOBJIECHI ABUT'YHH MOTYXHIcTIO 315 kBT i BHIIIE;

- eJIEKTPOTIPHIMAaYi, KUBJICHHS SIKHX €KOHOMIYHO JOIUTBHO Ha Hampy3i 380-
660 B.

Mo poxy cTpymy po3pi3HSIOTH €IEKTpoNnpHiiMayi, 110 MPaIo0Th!

- Bijl Mepexi 3MiHHOTO CTpyMy HOpMaJIbHOT pomMuciioBoi yactotH (50 I'm);

- BiJl Mepexi 3MIHHOTO CTPyMY ITiIBUIIEHOT Y1 3HM)KEHOT YacTOTH;

- BiJl Mepexi IIOCTIHHOTO CTPyMY.

Jdnst psay BHPOOHMYMX MEXaHI3MIB HEOOXifHEe MIMPOKE pEeryJioBaHHS
MIBUJIKOCTI, MiJTPUMKA MMOCTIHHOCTI MIBUAKOCTI TEXHOJOTIYHOTO MPOIECY, YacTe
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peBepcyBaHHS, IIBHAKI PO3TOHM 1 TaJlbMyBaHHS, IO BHKIMKAE HEOOXITHICTH
3aCTOCYBaHHS KEPOBAHOTO EJICKTPONPUBOIA Y CKJIAJI ACHHXPOHHOIO IBUTYHA 3
CHCTEMOIO KEPYBaHHS THUPUCTOPHHUM IIEPETBOPIOBAYEM YACTOTH.

OcHoBHa nepeBara TUPUCTOPHUX IIEpPEeTBOPIOBAYIB nepen
eIIeKTPOMAIIMHHAMH TIOJISITa€ B TOMY, IO 33 PaXyHOK BHCOKOTO KoedimieHTa
KOPHCHOI [ii 1 BIACYTHOCTI BTpaT XOJIOCTOTO XOJAY 3HIKYETHCSA CIIOKHBaHA
MOTY KHICTB BiJl MEPEXKi 1 3HWKYIOTBCSI €KCIUTyaTaliiiHi BUTpaTH. Benuki nepesaru
TIIY B iX perynroBajbHUX BJIACTUBOCTSX. PerysiroBaHHs BUXIZHUX MapamerpiB i
MOTYKHOCTI 3/1IHCHIOETECS 03 MEePEKITIOYEeHHS B CHIIOBHX JIAHIIIOTaX, 110 T03BOJISIE
00XOUTHCSI 6€3 TPOMI3AKHX KOMYTYIOUUX IIPHCTPOIB.

TpanchopmaTopHa MiCTAHINA AUITHKH MiATOTOBKH BUPOOHHIITBA 3 PEMOHTY
MOTY>KHUX TPAHCPOPMATOPIB OJICPIKYE JKUBJICHHS BiJl BHCOKOBOJBTHOI KaOEIbHOT
minii emektpomepenadi 10 kB 3miHHOTO cTpymy uactororo 50 I i uepes
MOHIDKYIOUNH TpaHchopMaTop nepeTBoputh y Hamnpyry 04 kB 3minHOTO CTpymy
Tiel >k dactoTu. EnekTpoycraTKyBaHHA MUISTHKH OJEpXKYE >KMBICHHS 4dYepe3
CHCTEMY PO3NOAIIBHUX MPHCTPOIB.

4. Bubip enekmpuyHux 08U2yHi6 011 MexXHOI02IHHO20 YCMAMKYEAHH S

Bubip meuryHa I HagaHHS pyXy SIKOTO-HeOyIb MeXaHi3My TIOB'S3aHUH i3
3a0e3Me4eHHsIM psijly BUMOT, OCHOBHUMH 3 SIKUX € HACTYIIHI:

- HOMiHaJIbHA HAIpyra ABUI'YHA IIOBUHHA BiJIIOBIIaTH HAIIPY31 MEPExi;

- MOMEHT, L0 pO3BHBAETHCS, MOBMHHHMN 3a0e3nedyBaTH IUHAMIuHI 1
CTaTHYHI PeXXUMH 0€3 MPUILYCTUMOTO IIEPEBHUIICHHS TEMIIEPaTypH;

- NepeBaHTaXyBaJlbHA 3/JaTHICTh JIBUTYHA MOBHHHA 3a0e3redyBaTH poOoTy
€JIEKTPOIIPUBO/Ia MPU KOPOTKOYACHMX ITIKOBUX HABAaHTAKECHHSAX;

- PEryioBaHHS IMIBUAKOCTI MOBHHHE BIJINOBIAATH BUMOTaM TE€XHOJOTIYHOTO
mporiecy u iH.

Hapniitna TpuBana poboTa ABHTYHAa MOXIIMBA TUIBKM B TOMY BHIIQJIKY, KOJIU
BiH TPaBWIILHO PO3paxOBaHUH 1 OOpaHW MO TEIDIOBOMY 1 JUHAMIYHOMY (IIpH
MepexiTHUX TMpoIlecax) peKUMax 1 BiINOBiga€ yMOBaM HaBKOJIHUIIHBOTO
cepenoBuina.  3abe3Me4yeHHs  HAAIWHOCTI  EJIEKTPOIIPHUBOJIB  3B'si3aHO 3
KOHCTPYKLIEIO ABUI'YHIB. 3aCTOCYBaHHsI JABHUI'YHIB Oy/b-SIKOTO THILy Hacamrepen
MOB'I3aHO 13 MiXOOpPOM HOro MO TOTYXHOCTI. Y BHIAAKy HEBIAIOBIIHOCTI
MOTY)KHOCTI JIBUTYHA CTaTHYHOMY HAaBAaHT)KEHHIO MEXaHi3My €JICKTPOIPHBOJ HE
3a0e3meunTh HeOOXiTHOT MPOTYKTUBHOCTI, a IBUTYH Mepea4acHoO BUNE 3 Tafy.

s BHOOpY CHCTEMH eJNEKTPOIPHBOJA HEOOXiTHO UIiTKO YABIATH cO0Oi
TEXHOJIOTIYHI BUMOTH JI0 IPUBOAY TOTO MEXaHi3MYy, JUIS SIKOTO BiH BUOMPAETHCS.
YcTaHOBIEHHS TakMX BHMOT TIIOJIETIIye BHOIp ONTHUMAaNbHOI  CHCTEMH
CJICKTPOIIPUBO/IA, TOOTO TakWd, SKMH HaHOIIBII NMPOCTHH 1 AemeBHINi 3 ycix
cucTeM, 10 3a0e3MeuyroTh OaxkaHl eKCIUTyaTaliiiHi TOKa3HUKKH MexaHi3my. Bubip
CJICKTPOJIBUI'YHAa BU3HAYA€THCS HABAHTAXXEHHSM, HOMIHAJIHLHOIO LIBHIKICTIO PYXY,
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HEOOXiTHMM  [ialla30HOM  PpEryNIOBaHHS IIBHAKOCTI TPHBOAY, TBEPIICTIO
MEXaHIYHUX XapaKTePUCTHK, YACIOM BKIIFOUYEHb Y FOAMHY 1 T. II.

YK 004.896:621.316.9
I'ynsesa T.B.", FaBpos A. 1. 2
! kamz. Tex. Hayk, gou. SHTY
* cryn. rp. E-127cn 3HTY

BUKOPUCTAHHSA IITYYHOI'O IHTEJIEKTY JIJISI OMOBIIEHHS
PO HECITPABHOCTI TA 3ATIOBITAHHSI ABAPIMHUX CUTYAILIA
HA JIEII, CTAHIIII TA IIJICTAHIIII

Merta: CtBOpUTH caMOHaBYaiIbHY nporpamy [//-I (Ityuynuit [aTemnexr) ans
BU3HAYCHHS MOXJIMBHX HECHpPABHOCTEH MepeKi BHUCOKOI Ta HH3bKOI HAaIpyru
(0.4...330 xB).

HaykoBe BiKpUTTS HOJsirae B TOMy, 110 paHiue ///-/ He BUKOPUCTOBYBABCS
JUTA IHOWKAIii HEeCIpaBHOCTI JIiHII, a HHWHI iCHYIOUI MPOTpaMd JAlOTh HE MEHII
TOYHUH pe3yNbTar.

Irygnnii iatenekt ([L-I; anrn. Artificial intelligence, Al) - BmacTuBicTBH
IHTENIEKTyalbHUX ~CHCTEM BHKOHYBAaTH TBOpYi (YHKIIi, $Ki TpagumiiHO
BBKAIOTBCS  NPEPOTaTHBOIO  JIOJWHM; HayKa 1 TEXHOJOTis CTBOPEHHS
IHTEJIEKTyaIbHUX MallWH, OCOOJIMBO IHTEJEKTyalbHUX KOMII'FOTEPHUX IPOTpaMm.
[II-] noB's3aHuWii came 3 TaKkUM 3aBJaHHSIM BHKOPUCTaHHS KOMII'TOTEPIB JUIsi
PO3YMIHS JIFOJICBKOTO 1HTEJEKTY, ajic He OOOB'SI3KOBO OOMEKYETHCSI 0I0JIOTTYHO
NpPaBIONONIOHUMH MeToJaMu. ICHyroUli Ha CBHOTOIHI IHTEJIEKTyalbHI CHCTEMH
MarTh JAyKe BY3bKi oOyacti 3acrocyBaHHs. Hampukinan, mporpamu, 3aaTHi
00irpaTH JIOIMHY B IIAXH, aJic HE MOXYTh BiIMOBIaTH HA MUTAHHS 1 T.]1.

Takum uywHOM, WTYYHHH iHTENeKT ([[[-I) - 30aTHICTH I1HTENEKTyalbHHX
MAaIlliH BUKOHYBaTH TBOPYi (YHKIII{, SKi TPAIUIIITHO BBaXKAIOTHCS MPEPOraTUBOIO
JIOJIMHM, TOOTO, HOro HEoOXiJHO 3a3/alieriib HAaBYNTH, YUM MM H 3aiiManucs B
CBOiH po0OTi.

[Ipu HaBuaHHI MH B BHBaHTaXXWiH BXimHi gaHi. [licns uporo amanrep /-1
MPOBIB:

— po3Mmi3HaBaHHS MA0JIOHIB;

— po3mi3HaBaHHS 00'€KTIB;

— po3mi3HaBaHHS 30iriB.

Hani 3amyctuBest CuMynsATOp, SIKHA IPOHIIOB paHime 3aBaHTAXCHY
CUTYyallil0 3 yCiX MOXJIMBHX pakypciB. Lleir mporiec moxna HazBatu «llITyuna
€BOJTIOIiS», OCKIJIBKH Iporpama 3 YCiX HUIAXiB BHPIMICHHS MPOOIeMH MPUXOIUThH
Ha Kpalie METOJ0M Npo0 Ta MOMMJIOK Ha cuMyJsiTopi. Lle n03BOJIMTH KOPEKTHO

196



HaJIaTOAUTH POOOTY CHCTEMH Ta 3alOO0IrTH IMONANBII ITOXWOKH, 3BIBIIM iX IO
MIHIMyMy, TaK SK NOXHOKa MOXXE BHHHKATH TITbKH Yepe3 He KOPEKTHE
OKpYTJICHHS B OTPUMAaHUX JaHUX NpH IX mepenadi, mo cknazae 0.1%.

Mo>xHa 10aTH METOAN HaBYAHHS HOTO y BUIVIAL B BEJCHHS MacCHBY JaHUX 1
MPOTHO3YBaHHA Mojanmelux curyamid. Ha caiiti http://drogin.ru/podrobnee-o-
metodax-i-algoritmax-mashinnogo-obucheniya-iskusstvennogo-intellekta/ momaHo
OJIVH 3 METOIB HaBYaHHs. € i iHII caliTi 3 METOAaMH HaBYaHHSI.

Taxox [/I-] MOXHa 3aCTOCOBYBATH JUISl BU3HAYCHHS TOYKH OOpUBY Ha JIHISAX
JIETI, nmnst kimbkocTi BTpaT i TH. Bu3HaueHHsS BifcTaHi 10 OOpHBY i HaBiTh
ABTOMATHYHOTO BIIKIIOYECHHS 10 KoMmaHmi [//-] Oyne crpalboBYBaTH peledHHN
3aXMCT Ta aBToMaruka. Lle B CBOIO depry moJermmrb poOoTy aucneryepa,
OCKIJIbKM Oy/ie HEOOXIZHO JIMINE CTEKHTU 3a CIPABHOI POOOTOI0 MPOTPaMHOTO
3abe3nedeHHs [//-]. KpiM TOTO, € MOXJIHMBICTh BUKJIMKATH Hapsa HA IPOBEICHHS
PEMOHTHHX POOIT B TOYKY OOpHUBY, BIICTaHb 0 SKOTO [//-] BU3HAYHUTH 3 TOYHICTIO
JI0 MEeTpa.

Tax camo [/I- 3acTOCOBYIOTH JUISl €IEKTPOCHEPTETHUKH:

1. Ha piBHI npoeKTyBaHHA: IMOJIMIIEHE TPOTHO3YBAHHSA IeHepalii i IomuTy
Ha CHEpPropecypcH, OLiHKa HAIIHHOCTI EHEeproreHepydoro oOIaaHaHHS,
aBTOMATH3Allis MiABUICHHS T'eHEPallii IPU CTPUOKY MOTIHUTY.

2. Ha piBHI BUPOOHHUIITBA: ONTHMI3allis MPOQIIAKTUIHOTO 0OCITyroBYBaHHS
o0aiHaHHS, MiZBUIIEHHS e()EeKTUBHOCTI reHepallii, 3SHWKEHHS BTpaT, 3al00iraHHs
KpaJi’KOK EHepropecypcis.

3. Ha piBHI npocyBaHHS: ONTHMI3allisl IHOYTBOPEHHS B 3aJIGKHOCTI Bij 4acy
TTHS 1 TUHAMIYHA TapuQiKarlis.

4. Ha piBHI HagaHHA OOCIyrOBYBaHHs: aBTOMATHYHHN BHOIp HaHOimbII
BUTIZTHOTO MOCTAa4aJbHUKA, JETalbHAa CTATHCTHKA CIOXXMBAHHS, aBTOMAaTH30BaHE
00CIIyTOBYBaHHS KII€HTIB, ONTHUMI3allii CHEPrOCIIOKUBAHHI 3 YypaxXyBaHHSIM
3BMYOK 1 ITOBEIIHKH KITIEHTA.

LI]-1'y BupoOHUUIi cdepi:

1. Ha piBHI IpOEKTyBaHHS: MiIBUIIEHHS €()EKTUBHOCTI PO3POOKHM HOBHX
MPOAYKTIB, aBTOMATHU30BaHa OI[IHKA MOCTAYaJbHUKIB 1 aHAJII3 BUMOT 0 3aM4acTHH
Ta JeTanei.

2. Ha piBHI BHpOOHHMIITBA: BIOCKOHAJICHHS IPOIIECY BHKOHAHHSA 3aBIaHb,
aBTOMAaTH3allisd CKJIAJaJbHUX JIHIH, 3HUKCHHS KUIBKOCTI TMOMMIIOK, 3MCHIICHHS
TEPMiHIB JTIOCTaBKHA CUPOBUHHU.

3. Ha piBHI mTpoCyBaHHS: TPOTHO3YBaHHS OOCSTiB HaJaHHA IOCIYT
HiATPUMKH Ta 00CIyTOBYBaHHS, YIIPABIIiHHS LiIHOYTBOPEHHSIM.

4. Ha piBHi HajaHHS 0OCIYrOBYBaHHS: MOJINIICHHS IUIaHYBaHHS MapUIpyTiB
HapKy TPaHCHIOPTHUX 3ac00iB, MONUTY HAa PECYpCH aBTOMAPKY, MiJBUIIEHHS SKOCTI
MiITOTOBKY CEPBICHUX 1H)KCHEPIB.
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BucHOBOK: IITyKa KOPHCHA, CXOXKE BXKE €, ajle HE 3aCTOCOBYEThCS B JaHiil
ramysi, CTBOPUTH Ay)X€ CKJIagHO, TPOCTIIe KYIIUTH TOTOBHHA 1 HABYMUTH IIif
KOHKpeTHY npobiemy. HoBHHKY Bmepime 3acTtocyBanu B naHiii chepi Ta cami
HAaBYMIIN pearyBaTH HA CUTYaIIio.

YK 378

I'ynsesa JLB.', IIpouan B.B. :
! kauz. mex. Hayk, gou. SHTY
* cryn. rp. Id — 518 cn. 3HTY

HPAKTUYHE CIIPSIMYBAHHS HABUAHHSA ®I3UKU MAMBYTHIX
TH)KEHEPIB: IPAKTUYHUI ACITEKT

AKTyaJlIbHICTh HOCTiTKeHHS. B ymMoBax ChOTOJCHHS B JIiTaKOOYIyBaHHI
BUKOPHCTOBYIOTh CIUIAaBH, SIKI BUTPHUMYIOTh BHCOKI TEMIIEpaTypH, THUCK i TOMY
BUHHMKa€ HEOOXIJHICTh B YJOCKOHAJICHHI iXHiX (i3UKO-XIMIYHMX BJIACTHBOCTEH.
3HayHa yBara BHBUYCHHIO (PI3UKO-XIMIYHHX BIIACTHBOCTEH MPHUIUIIETHCS IIiJ Yac
MiATOTOBKM MaiOyTHIX IHJKEHEepiB [UIAXOM MiANOPAIKYBAHHSA TUCIHIDIIH
MPUPOTHAIO-HAYKOBOI MIATOTOBKH AUCIUILTIHAM NPO(ECiHHOTO CIpSMYBaHHS.

Mera. 3'sacyeMo mesKki IUIXH iHTerparii GaxoBux Ta (Qi3sUYHUX 3HAHD IIiJT
yac MArOTOBKMA MaiOyTHIX (axiBIiB Ha MPHKIAAI BUBYCHHS MEXaHIYHHX
BJIACTMBOCTEH TBEPIUX TiJl..

Marepiann Ta Meronm gociaikenHsi: B skocti wmarepiany  uis
JociikenHs 0yio oopano ciuias “"BX4J1-BU OCT 1-90126-25”.

YcranoBoyHO-MOTHBaLiiiHUI erarn. CTyaeHTH 3'sCOBYIOTH (Di3MKO-XiIMidHI
BinactuBocti cruaBy “BX4JI-BU OCT 1-90126-25”3 MeTor0 yCBiJOMIICHHS
LIHHOCTI 0JIep)KyeMHX (DI3MYHMX 3HAHB; BUKJIaZa4d BBOJIE CTYIEHTIB Y MOHATIHHO-
TEPMIiHOJIOTIYHE TIOJIE.

XapominHi cmmaBum abo cymepciiaBd — CIUIaBH Ha HIKENeBiH, 3aii30-
XpOMO-HiKeleBiil, KoOaIbTOBIH ab0 3MillIaHiif OCHOBI, IO Bi3HAYAIOTHCS BUCOKUM
OIIOpPOM IUTACTHYHIN Nedopmanii Ta pyiHYBaHHIO B yMOBaX BHCOKHX TEMIIEPaTyp
Ta OKMCHIOBAJILHUX CEPEIOBHIIL.

[Mpupona xapominHoCTi. Bucoka >kKapOMIIHICTh CIIJIaBiB BH3HAYAETHCS
JIBOMa OCHOBHUMHM (Pi3MYHUMH YHHHUKAMH — MIIHICTIO MIKaTOMHHUX 3B'SI3KiB B
CIUTaBi Ta HOro CTPYKTypolo. 3a3BH4ail, HEOOXiMHY JJIsi BHCOKOI MIIHOCTI
CTPYKTYPY OTPHUMYIOTh

- TepMI4HOIO OOPOOKOI0 (TOMOTEHI3YBAJFHHM TapTyBaHHSIM 1 CTapiHHSIM
METaJIiB), 0 MPU3BOIUTH J0 TeTepOTeHi3amii MiKpOCTPYKTYPH,
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- JITYBaHHSAM TYTOIUIABKUMH XIMIYHIMH eJeMeHTaMH (BOIb(pamom,
MOJTIOZCHOM, BaHaMdi€EM) 1 €JIeMEHTaMH-3MIIIHIOBAaYaMH (THTAHOM, aJIOMIiHIiEM,
Hi0OieM, 60poMm).

3MinHeHHsT 00yMOBJICHE TOJIOBHHM YHHOM IIOSIBOIO B CIUIaBaX PiBHOMIPHO
PO3MOAINICHAX BENBMH JpiOHMX YaCcTOK XIMIYHMX CHONYyK (iHTepMeTamifiB,
KapOifiB TOIIO) i MIKPOCIIOTBOPEHHIMH KPHCTAJIIYHOI PEIIiTKA OCHOBH CIUIABY,
o OoOYMOBJIEHO HasBHICTIO LMX YacTOK. BinmoBizHa CTPyKTypa >KapOMillHOTO
CIUIaBYy YTPYAHIOE YTBOPEHHS Ta PyX JHUCIIOKAlil, a TAKOX IiJBHUIIYE KiIbKICTh
3B'SA3KIB MiXK aToMaMH. 3 iHIIOro OOKY, BUCOKE 3HAUEHHS BEJIMYMHHM MIKATOMHHUX
3B'SA3KIB JI03BOJIAE 30€perTH HEOOXiIHY CTPYKTYPY HPH BHUCOKHX TeMIeparypax
NpOTATOM TpHUBaJOro 4acy. KpiM TOro, BHCOKY »apOMILHICTh 3a0e3nedyroTh
HIISIXOM 3MEHIIEHHS BMICTY CBHHIIIO, OJOBa, CYpMH, BICMYTY 1 CIpKH, JOJAr0uu
padinyrodi eneMeHTH (KanbLii, Hepii, Oapiit 1 60p). SAkiro BupoOdu 3 KapOMIITHIX
CIUIaBiB MpU3HAYCHI JJI TPUBAJIOi eKCIUTyaTamii nmpu temmeparypi noHax 800° C,
iXHIO TOBEPXHIO MJOAATKOBO MimmaroTh Auy3idHINA TepMoximiuHI 00poOIi
(amiTyBaHHIO, XPOMOAJIITYBAaHHIO, CMAJIOBAaHHIO, HAHECEHHIO TYTOIUIABKHX
OKCH[IIB TOIO). Pi3HOBHIOM >XapOMIIIHHX CIDIaBiB € KOMIIO3UTH: CIUIABH, SIKi
3MiIHEH] TUCTIEPCHUMH YaCTHHKAMH TYTOIDIABKUX OKCHIIB 200 BHUCOKOMIITHUMH
BoJOKHaMu. Taki MaTepiaiu XapakTepHU3YIOThCS HAaI3BHUYAHO  BHCOKOIO
CTaOUIBHICTIO BIIACTHBOCTEMH, SIKI MaJlo 3aJIe)KaTh BijJ Yacy nepeOyBaHHs B yMOBax
BUCOKHUX TEMIIEPATYP.

Crane ”BX4JI-BU OCT 1-90126-25” BUKOPUCTOBYIOTH AJISI BUTOTOBJICHHS
JMTUX TPYTKOBUX 3arOTOBOK JUISl TIOJIANIBIIOTO MEperviaBy MpH JIMTTI JOIATOK Ta
iHIAX (haCOHHUX BIIIUBKIB.

Cnig 3a3Ha4YWTH, IO NPU 3arapTOBYBAaHHI € IIAHC BUHWUKHEHHS AE(EKTiB:
HeperpiB, NMEpeBUTpaTa, OKUCICHHS, TPIIWHM Ta iHIIE. [y YHUKHEHHS TaKHX
HENIPUEMHOCTEH TMOTPIOHO HEYXMJIBHO JOTPUMYBATHCh BCiX MPABMJI TEPMIYHOT
00poOKm, a came: 3arapTyBaHHS npu Temreparypi 1180 = 15 °C, Burpumka 4
TOJVHH, OXOJIOJDKCHHS Ha TOBiTpi, crapinas npu 900 + 10 °C, putpumxka 16
TOJIMH, OXOJIOIKCHHS Ha MOBITPI.

JIJii KOHTPOJTIO SIKOCTEeW BWJIMBOK BHKOPHCTOBYIOTH Pi3HI METOJH, a caMe:
XIMIYHUH, CHEKTpalbHUH, Bi3yaJbHUH, MIKPOCTPYKTYpHHH, PEHTIE€HIBCHKUH,
JIOMiHICIIEHTHUH, e(EKTOCKOMIYHUHN TOIIIO.

AIanTUBHO-NIEPETBOPIOIOY ML eTall.

3apmanas 1. PosrmsHyTH cmoci® ymbTpa3BykoBoi aedexTocKomil s
MepEBIPKH SIKOCTI BUTOTOBJIEHHX BHIIMBOK.

Bnpasa 1. BuzHauutn po3Mip TpilmmHM poOOYOI JIONATKH KOMIIpecopa B
HanpsMKy TIIOIIMPEHHS YJIbTPa3ByKOBOI'O CHTHalmy. BinOuTi yipTpa3sByKoBi
CUTHAJIM OTpUMaHi 3 iHTepBajoM dacy 10,5 Mkc. 3HaueHHS 'YCTHHH Ta MOZYJIS
IOHra crutaBy B3sTH i3 JOBiJTHHKA.

3aBnanus 2. Po3risiHeMo aesiki MeXaHIuHi XapaKTepUCTHKH CILIABY.
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Bnpasa 1. 3 sxuM 3amacoM MIIHOCTI TPAIIOIOTh PO00Yi  JIOMATKH
KOMIIpECOpa, SIKIIO MOCTIIHO MpHKIaJeHa MeXaHiqHa Hampyra ckirangae 340 Mlla,
a rpaHuI MinHOCTI — 780 MITa?

Bnpasa 2. JInst BATOTOBICHHS €Tall «3aBUXPIOBaY» BUKOPHCTOBYIOTH CILIAB
”BX4JI-BU OCT 1-90126-25”, BimHOCHE BUAOBXKCHHS SKOTO HAa PO3PUB CKIAJA€
4%. BusHaumTH NpUKIAZCHY MEXaHiuHy Hampyry. 3HadeHHS Moxmyns HOHra
CIUIaBY B3STH 13 IOBIJHUKA.

BucnoBku. B pe3yibrari gociikeHHs 0yIi0 3’5ICOBaHO 110

- crutaB Mapku "BX4JI-BU OCT 1-90126-25” Ma€e TOCTaTHIO KapOMIITHICTb,
11100 MpaloBaTH NPH BUCOKUX TUCKAX Ta MPH BUCOKHX TEMIIEPATYX;

- pO3B'sA3aHHS 3aBAaHb MPAKTHYHOTO CIPSIMyBaHHS crpuse (axoBii
MiATOTOBIN MailOyTHIX 1HXKCHEPIB.

YK 378

I'ynsesa JI.B.', ManTtyposa L.O. 2
! kanm. nea. Hayk, non. 3HTY

2 eryn. rp. BAJ] — 118 cm. 3HTY

MPAKTUYHE CIIPSIMYBAHHS HABUAHHS 3 ®I3UKA MAMBY THIX
APXITEKTOPIB

Beryn. VY taxkiii BaXIIMBIH Haylli K apXiTeKTypa BUKOPUCTOBYIOThCS (i3nuH1
3HaHHSA. B SKOCTI y3TrOKEHOCTI, amanTtaiii (pi3MYHUX 3HAHb B KypCl MUCHHUIUTIH
npodisabHOI MIATOTOBKM PO3MIITHEMO JEsIKi XapaKTepUCTUKH, IO BIUIMBAIOTh HA
BUOIp OyxiBenbHUX MarepiamiB. OJHa 13 TaKMX XapaKTEPUCTHK, LIO BIUIMBAE Ha
BUOip  OyxiBeNbHMX  MaTepiaJiB €  TEIUIONPOBIAHICTH  TBEPAMX  TiJI.
TernonpoBiiHICTh TBEPIUX TiJI BUBYAETHCS B KypcCl 3arajibHOT (i3MKM Ta miJ yac
omanyBaHHs 3YH 3 aucnumiiam mpodeciiiHOl Ta TPaKTHYHOI MiATOTOBKH 13
creniaJbHAX BHIIB AisTbHOCTI «TexHomoris OyaiBembHUX KOHCTPYKIINA, BHPOOIB i
MaTepiaiBy.

Mera. Po3risiHyTH MexaHi3M NEepeHECEeHHs! Tella B TBEPIOMY TUII ILIIXOM
PO3B’s13aHHS KOMIIETCHTHICTHO-OPIEHTOBAaHUX (DI3MYHX 3a/1a4.

Marepiaau Ta MeTOAU XOCTiAKEHHS.

3adaua 1. Sk BIUIMBae 3HAYEHHS KOEQII[iEHTy TEMJIONPOBIAHOCTI Ha BHOIp
MaTepialiB A YTEIUICHHS IPUMIIIEHb, BiJBEICHHS TEIUIOTH?

3adaua 2. BigoMo, MO B SKOCTI JaXOBOTO TMEPEKPUTTS B OYIiBII MOXKHA
BUKOPUCTATH IIEMEHTHI IUIUTH a00 KepaM3HWTOBY CyMill. BH3HauWTH TepMiuHUIA
oTTip Yepes3 AUISTHKY JaXOBOTO MEePEKPUTTS, SKIIO BOHO €

1) ogHOMIapOBa OTOPOIKYBATbHA KOHCTPYKITiS,
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2) 3amTyKaTypeHa 3 000X OOKiB IEMEHTHO-IIIAHOIO CYMIIIIIIO CTaHAAPTHOI
ToBIHN. HeoOXimHi maHi I po3B’s3aHHSA 3adadi B3ATH 3 JOBITHHKA IS
apxiTekropa.

Pose’azanna. 1. SIxkmo maxoBe MEpeKpHUTTS — OJHOMIAPOBA OTOPOHKYBAIBFHA
KOHCTPYKIIisl, TO TEPMIYHHHA OITip Yepes If0 IIOBEPXHIO JOPIBHIOE

R = T
ae R rtepmiunmii omip, £ - TOBIIMHA TNEPEKPHUTTS, A — KOe]iLieHT
TETJIONPOBIHOCTI.
2. Skmo [naxoBe TMEPEKpUTTA — OararomapoBa OropojiKyBajbHa

KOHCTPYKLisl, TO TEPMIYHUIT OIIip Yepe3 10 MOBEPXHIO JOPiBHIOE

N
R :Z R;
i=1

3a0aua 3. BusHaunTu KOEQIli€HT TEIUIONPOBIIHOCTI JaXOBOIO MEPEKPUTTS,
SAKIIO BOHO 3 000X OOKiB BKPHUTO CYMININIIO 3 HaWKpamuM Koe(ili€eHTOM
TEIUTOTIPOBITHOCTI cTaHAAapTHOI TOBIIMHI. HeoOXiaHi JaHi [u1a po3B’si3aHHS 3aadi
B3STH 3 JOBITHHKA JUIS apXiTEKTOpA.

Pos3e sazanns. KoedimienT TEIUIOTPOBITHOCTI OararomapoBoi
OrOPOJKYBaJIbHI KOHCTPYKLIiT JOPiBHIOE

1 ZN 1 &
A i=1d; £
3aoaua 4. TIopiBHATH TEIUIOBHH IMOTIK Yepe3 AUITHKY TaXOBOTO IMEPEKPUTTS,
SKIIO BOHA
1) onHOIIapOBa OTOPOKYBaIbHA KOHCTPYKIILif,
2) 3amTyKaTypeHa 3 000X OOKiB [IEMEHTHO-MIIAHOK CYMIIIIIIO CTAHIAPTHOT
TOBLIMHH. JJIsl JAHUX BHUI/IKIB.
Po36'a3anna. TemnoBuil MOTIK dYepe3 MINSHKY MJaxOBOTO IEPEKPUTTS
JIOPiBHIOE

ne Ti-remmeparypa miepekpuTTss B npumimenHi, T,- Temmeparypa
MEepEeKPUTTS 30BHI IpuMilieHHs, R — TepmiuHnii onip GararomapoBoi KOHCTPYKIIii.
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BucHoBok. [IpakTiuse cripsMyBaHHS HaBYaHHS 3 (DI3UKH IIiJ] 9aC MiATOTOBKU
MaiiOyTHIX apXiTEeKTOpiB [qomoMarae BIOCKOHAJICHHIO MOTHBAIiiHOI chepu
MaiiOyTHIX apXiTEeKTOpiB 3aBIAKH anmanTamii, TpaHcdopmarii (i3WIHHX 3HAHb
3TiOHO IXHBOTO (PaXOBOTO CIPSAMYBaHHS.

YK 378

I'ynsesa JLB.', Hexmogos 0.0. 2
! kanz. mex. Hayk, gou. SHTY

* cryn. rp. Id — 518 cn. 3HTY

IHTET'PALIIS ®I3UYHUX 3HAHB TA 3HAHb ®AXOBOI MIJITOTOBKU
MAMBYTHIX IHJKEHEPPIB

Beryn. Ilpaktiune cnpsimyBaHHS HaB4aHHS (i3MKM MaiOyTHIX 1HXKEHepiB
JOLUIBHO 3IiMCHIOBaTH B Impoueci (opMyBaHHS JUHAMIYHOT CYKYIHOCTI
CHCTEeMaTH30BaHUX 3HaHb, YMiHb, HaBUYOK CTYJCHTIB Ha MNpPHKJIaAl iHTerpamii
(hi3MYHMUX 3HAHB Ta 3HAHBb (PAXOBOI I ITOTOBKH.

Mera nmochiKeHHS IMONIATae y 3'sICyBaHHI iHTerpamii (i3MYHUX 3HAHb Ta
3HaHb ()aXoBOi MIATOTOBKM MaHOyTHIX IH)KEHepiB 31 cmemiaidpHOCTI 136
«Mertamypris», cnemiamizamnis «JIuBapHe BHPOOHHIITBO YOPHUX Ta KOJIBOPOBUX
METaJiB Ta CIUIaBiBY», «O0aAHaHHS Ta TEXHOJIOTIi JTMBAPHOTO BHPOOHHIITBAY.

Marepiaau Ta METOAU AOCiIKEHHS.

1. Buoinumo Oesxi ¢haxoei 3nanns maubymuix inoicenepis 3 memu «bydosa
meepooeo mina. Tennogi éracmusocmi meepoux miny.

Daxosi 3HaAHHA MAUOYMHIX [HJICEHepi8. CMAlb, CHIA8, Je2y8aHHs CMAI,
KOPO3TUHO-CMIUKA NOBEPXHA, AHCAPOCMIUKICING, KPUCANIYHA 2PAMKA, eHepeis,
memnepamypa, ougysis.

IcroTHe miBHMIIEHHS SKOCTI BIIVIMBOK - OCHOBHE i3 3aBJaHb JIMBApPHOTO
BupoOHMITBa. CHOTOAHI HEOOXiNHI CIUIaBH, SIKI MOXYTh BHUTPUMYBAaTH BHCOKI
TEMIIepaTypH, TUCK 3 METOIO IX 3aCTOCYBaHHS B MAIIMHOOYTyBaHHI, Oy/iBHHUIITBI.

Cranpb - cymim ¢gepymy Ta kapOona. [lanuit Matepian HaOyB MOIyJISIPHOCTI
3aBISKM 3HAYHIM 3HOCOCTIHKOCTI, MII[HOCTi, HU3bKIN 1iHi. HeoOXiaHO BiAMITUTH,
10 BJIACTUBOCTI KOXKHOi 3aroTiBKM 3HAYHO BIiJPI3HATHCS, BCE 3AJICKUTH BiJ
XIMIYHOTO CcKJIaay (3a IMM MapaMeTpoM BHU3HAYAIOTH SKICTh 1 HpPU3HAYCHHS
METAJIONpPOKaTy). 3aCTOCOBYIOTh METAJIONIPOKAT 3 METOI BUTOTOBJICHHSI COTUIOBHX
JIOTIATOK aBiaiHHOTO JABWTYHA; KPEMeXy y BUIIANI OONTiB, Taiiok, IMTHQTIB,
MIMAIBOK; MEINYHUX MPUTAIIB Ta IHCTPYMEHTIB; BTYJIOK, BaJiB TOIIO.

Posrisiremo, Hanpukiiaj, crutaB 14X 17H2. Jleski BIacTHBOCTI IIOTO CILIABY
HACTYIHI: KOPO3iifHO-CTilika TOBEPXHS;, KAPOCTIMKICTh 3JaTHICTh MPALIOBATH MPH
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temneparypi 10 +400 © C; cTiliKiCTh 10 CTaTHYHUX 1 JUHAMIYHAX HABaHTA)KCHB;
HU3BKUH piBeHb HeopMaii.

KapowminHi MeTaneBi MaTepiany - e CIDIaBH, 3a3BUYai, Ha HIKEIb-XPOMOBIH
abo (epyM-XpoMO-HHUKEINEeBiif OCHOBI, SIKi MPAIIOIOTh IIPH BUCOKHUX TEMIIEpaTypax
800...1100°C Ta criliki mo10 XiMI9HOTO PYHHYBAaHHS ITiJ] BIUIMBOM Ta30MOi0HOTO
CepeloBUINa. B OKHCIIOBANEHOMY CEpPENOBHINI KAPOCTIMKICTh METaleBOTO
Marepianry BU3HAYa€ThCs BIACTHBOCTSIMH OKAJIHMHH, 110 YTBOPIOETHCS HA METaJIEBil
noBepxHi. OkanuHa 3aTpyqHIoe audy3it0 Ta3iB yraub Merany 1 TUM caMHuM
MEepelKO/PKAaE PO3BUTKY TIa30BOi Koposzii meranmiB. JKapominHiCTh y Takomy
CepelIOBHUILI 3yMOBIIIOE TPaHWUYHY TEMIeEpaTypy 3acTOCyBaHHS CIUIaBiB 0e3
CHeliaibHUX TOKPUTTIB, Hampukian, amomidiio (400°C), depymy (500°C),
Bosb(pamy (800°C), xpomy (1000°C).

[ligBumenas  KapoMimHOCTI  (KapOCTIHKOCTi)  CcTajled  HOCSATAEThCA,
HacamIiepen], BBeJeHHsIM xpomy (08X13, 12X17), a Takok aFOMIHIIO Ta CHITILIO
(15X18CH0), TOOTO emeMeHTiB, 4YTO TepeOyBarOTb y TBEPAOMY pO3YiHI i
YTBOPIOIOTh B TIPOIIECi HArpiBy 3aXWCHI IUTBKH OKCHIIB. OCOOIHBO IIHUPOKO
BUKOPUCTOBYIOTH XpoM. UnM OiNbIIii y cTajmi BMICT XpOMYy, THM BHIIOK € ii
JKapOMIIIHICTh. B KapoMIIHIX cTaimsax Horo BMicT moBomaTh 1o 13 ... 27%. Ha
JKaPOMIIIHICTh CTaJiell MO3WTHBHO BIUTMBAIOTh Masi J00aBKH JCSIKUX aKTHBHHX
eleMeHTiB (Kanblid, HaTpid, mepiit, mantan). Cramp 08X13 3acTOCOBYIOTH B
YMOBax BIUIMBY CipuicTix ra3iB npu temmeparypi no 500°C. Crams 08X17T,
12X17 x,apocriiika 1o 900°C, crans 15X25T - no 1100°C.

VY cruiaBi 14X17H2 nponucaHo TOYHE CHiBBIJHOIIEHHS BCIX €IEMEHTIB, IIO0
BXOJIATh MO CTPYKTYpH 3inurka. CHMBOJM, IIO BXOIATH Yy Ha3By, HOCATH
iHpopMamiiHUi Xapaktep: TmoyatkoBa mudpa (14) Brazye Ha cepemHe
CHIBBiZHOIIEHHS (B COTHX 9YacTKaX Bimcorka) kapOoHy. CmmMBon «X» Mmo3HaYae
HasABHICTH XpOMY, a 3Ha4eHHs 17 CBIIYHUTH MPO KUTBKICTH i€l pEYOBUHM (B ITHX
BiJICOTKaX), 3HaK «H» - Ipo MPHUCYTHICTH HIKEMO i HOTO KUTBKOCTI. 3 Ha3BH JaHOL
MapKd MOKHA BHU3HAYUTH, 10 cTaimb MicTuTh npudmusno 0,14% (C), 17% (Cr) 1
2% (Ni). InenTnuHMM YMHOM MOXHA po3mudpyBatu Oy/b-iKy abpeBiaTypy.

JleryBanHst crani — ofuH i3 3ac00iB 3MiHM (PI3MKO-XIMIYHHMX BJIACTHBOCTEU
CIUTaBiB, IO BU3HAYAE TIEBHI MOKA3HUKU FOTOBUX BUPOOIB 1100 iX 3aCTOCYBaHHSI.
EnemeHTH, sKi 3aCTOCOBYIOTH 3 METOIO JIETYBaHHS CTalli, KJIAcH(DIKyIOTh 3a
OymOBOIO KpHCTANIYHOI TpaTKH, BIUIMBY HA TeMIEparypy HOTiMOphHUX
MIEPEeTBOPEHb, BITHOIICHHIO IIOA0 KapOoHy. BHIINAIOTE TpHW TIpymH JeTyrounx
€JIEMEHTIB 3TiHO OyJI0BH KPUCTAIIYHOI I'PaTKH.

Jo mepmoi rpymu HajexxaTth XpoM, BoJb(paM, MoyMOIeH 3 00 €MHO-
LIEHTPOBAHOIO KyOIYHOIO TPATKOIO, & TaKOX CHIIILIN KU Mae CKJIaJHy KyOidHy
TpaTky..

o npyroi rpymny HanexaTb HiKelb, KyIpyM, aJllOMiHiH 3 TpaHEIEeHTPOBAHOIO
KyOI4HOIO TPaTKOIO0, @ TAKOXK MAHTaH 31 CKJIJHOIO IPaTKOI0.
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Jlo TpeThOi Tpynu 3 TeKcaroHaJdbHOIO I'PATKOI0 HaleKaTbh THTaH, KOOANbT,
Oeputiii Ta AesKi piIKO3eMeNbHI MaTepiaiH.

1I. Budinumo Oesxi ¢isuuni snanna 3 memu «byoosa meepooeo mina. Tennogi
61aCMUBOCMi Meepoux miny 32i0H0 haxo8ux 3HAHb MAUOYMHIX THICEHePIs.

Di3uyni 3HAHHA MAUOYMHIX [HIICEHEepI8: KPUCMANIYHA 2SpamKa, munu
Kpucmaniunux meepoux mi 1, Oe@exmu Kpucmaniis, eiemeHmapHa KoMIpKA,
napamempu — eleMeHmapHoi  KOMIpKU, — KOHYEeHmpayis,  2YCMUHA,eHepeis,
memnepamypa, ougys3is.

B sikocTi mpomneneBTHYHUX 3aBJaHb 3 METOI (OpMyBaHHs (haxOBUX 3HAHb
MaiOyTHIX iH)KEHEpiB BapTO PO3B’A3aTH HACTYITHI 3aadi.

1. Bu3HayuTu KUIBKICTH BY3JIB, sIKIi NPHUIIAJAlOTh HA OAHY EJIEMEHTapHY
KOMIPKY B I'.IL.K. PELIiTII.

2. Bu3HaUMTH TIEpioA PEINiTKH 1 BiICTaHP MK HAWONMKYUMH CYCiTHIMU
aToMaM# KpHUCTaja alTIOMiHII0 7TAl, KWl Ma€ T.ILK. pemritky. ['ycTnHa KpucTana
amoMiHiro 2,6985 r/em’.

3. BU3HAUYHTH THIT eIeMEHTAPHOI KOMipKH 3a7i3a °Fe, 10 KPHCTATi3yeThes B
KybiuHy crcTemy. Pebpo ky6a mopismioe 2,27 *A, rycruna 3amiza - 7,8-10°kr/m’.

4. Tlpu Temmeparypi, sika Ha 10 °C menma 3a TEeMIIEpaTypy IUIaBJICHHS
AFOMIHIIO , Ha 10JF0 BakaHcii npumagae 0,08% MiCIlh B KPUCTATIYHIA PEIIiTIH, a
npu temneparypi 484°C — Tineku 0,01% Micup. 3HATH eHEprilo YTBOpEHHS
BAKAHCIl Ta KOHICHTpAI{i0 BakaHciii mpu 527°C, BpaxOByIOUH, IO TEMIeEpaTypa
nnaBaeHHs amoMiniio 933 K, rycruma 2,699r/cm’. Koncranty C y Bupasi s
KOHIEHTpALil BaKaHCIl IPUUHSATH TaKOM, 1110 AopiBHIOE 10.

BucHoBkmu: B pe3ynprati gocmimkeHHs 0yiI0 3°ICOBAHO IO OHUM i3 IUISAXiB
iHTerpanii Gi3MYHNX 3HaHB Ta 3HaHb (PaXOBOI MIATOTOBKU MaiOyTHIX iH)KEHEpIB €
PO3B’sI3aHHS 3aBJaHb, 3alMTaHb, BIPaB, sKi O cHpusu (OPMYBAHHIO LiTiCHOT
CHCTEMH 3HaHb, YCBIJOMJICHHIO 3HAa4eHHS HAaOyTHX 3HaHb Uil (DaXxoBOTO
3pOCTaHHSI.

YK 378

T'ynseBa JLB., Kpyrmnskosa [1.1. 2
! kanz. mex. mayk, gor. 3HTY

? eryn. rp. 10— 418 cn. 3HTY

V3TOJKEHICTh ®I3UYHUX TA ®PAXOBUX 3HAHb: IPAKTUYHUI
ACHEKT

Beryn. OnHuM i3 3aBIaHb BHBUYCHHS (i3WKHM SK HABYAIBHOTO IMPEAMETY €
(hopMyBaHHS y CTYICHTIB CUCTEMHHX TEOPETHYHUX 3HAHB, MPAKTHYHUX YMiHb Ta
HaBHYOK, SK 0a3uW Juil 3acBOEHHA TEXHIYHMX Ta CHELIaJbHAX JAWUCHUIUIIH
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imKeHepHOi crmemianbHOCTI. Pearmizariiss maHOro 3aBHaHHS 3IiHCHIOETHCS HUITXOM
3a0e3meueHHs] MDKIUCIUIDIIHAPHUX 3B’S3KIB 13 TEXHIYHUMH Ta CIICHiaTbHUMHU
JUCLUILTIHAMHM 3aBJSIKM BKJIFOUEHHIO KOHKPETHHUX CIEIiaIbHAX 3aBJaHb, 3alIUTaHb
TOIO Yy HaBYAJIbHO-BHXOBHHH mpomec 3 ¢isuku. Peamizamis mpodeciitaoi
CIpSMOBAHOCTI ~ HaBYAaHHSA  (I3UKH  3OIMCHIOETHCS  IUIAXOM  PO3B’SI3aHHS
HaBYAIBHUX KOMIICTCHTHICTHO-OPI€HTOBaHMX (Di3MUHX 3amad 3 METOM
OBOJIOJIIHHS MPO(eciiHUMU 3HAaHHAMH, YMIHHSIMH, HABUYKAMH, KOMIIETCHIIIIMH.

Mera. Buainumo ¢i3udHi 3HaHHS 3 TeMH «Di3M4HI OCHOBU MEXaHIKN MO0
TEXHOJIOTIYHOTO ~ TIpollecy MeXaHiyHoi oOpoOkM geraneidl Ha  TOKapHO-
TBUHTOPI3HOMY BEpCTaTi IUISXOM PpO3B’s3aHHS HABYAIBHUX KOMIICTEHTHICTHO-
opieHTOBaHMX (hi3UYHX 3a1ad.

Marepiaau Ta METOIU AOCiKEHHS.

B saxocTi mochmimkeHHS OOpaHO VY3TOKEHICTh ()aXOBHX 3HAHb IIOJO
TEXHOJIOTIYHOTO  TIPOLIECY MEXaHIYHOI OoOpoOKHM [eTaneil Ha  TOKapHO-
TBUHTOpi3HOMY BepcTari 1K62 ta diznaHux.

Hesiki ¢i3ngni 3HAHHSA MaHOyTHIX 1H)KEHEpiB 3HaHb 3 TeMHU «Di3U4HI OCHOBH
MEXaHIKW» HAcTYyIIHI: CWIa, BHAW CWJ, IHPOEKIIS CHIH, XapaKTePUCTHKU
00epTaIbHOTO pPyXy, poOOTa. TOTYXKHICTh, TYCTHHA, IUIONIA IONEPEYIHOTO
nepepisy.

BpaxoByroun ocodimBocti KoHCTpYKLii aerani «Kopmycy, 11 marepian, Tin
BUPOOHMITBA  3arOTOBKOIO  JJIsl  BUTOTOBJEHHS  MOXe OyTH  Kpyriui
HekaniOpoBanuit npokat. [lorepeHbOI0 0OPOOKOIO MPOKATY € OUMIIEHHS MPYTKIB
BiZ ipxi Ta Opyay (py4yHe abo XimiuHe), mpaBKa, SKIIO MOTPIOHO PO3pi3aHHS Ha
3arOTOBKM Ha OJHY abo IeKiIbKa JeTaleil Ta miaroToBka 0a3, MICIA YOO
3arOTOBKH IOCTYIAIOTh Ha 00pPOOKY.

3aranbHi NPUIYCKHM Ta PO3MIPH 3aroTOBKM BH3HAYAIOTHCS TaOIMIHUM
MeTonoM. [Ipuiryck Ha 30BHIIIHIN AiaMeTp MPU3HAYAETHCS 3TiAHO HAHOUTBIIOTO
JiaMeTpy 30BHIMIHIX MOBEPXOHb JAETANl 3 YpaxyBaHHSIM BHKOHAHHSI YOPHOBOTO
00TOYYBaHHS [T JOCSATHEHHS 33JJaHOT TOYHOCTI pO3MIpy Ta MIOPCTKOCTI IIOBEPXHI.

3a 4opHOBY 0a3y HMPUIAMAETHCS 30BHIIIHS IIIIHAPHYHA TOBEPXHS 1 TOPEILb.
Jnsi GazyBaHHS BUKOPHUCTOBYETHCSI Ha TEpIIMX 2-X MEXaHIUHIX oreparisx
CTpiUKO-BiApi3HMH Ta TokapHui crankd 3 YIIY. Ha Bcix iHmmX omeparisx
TEXHOJIOTIYHOTO IPOLIECY JeTalb BCTAHOBIIOETHCS Yy MPHUCTPIH 3a YHCTOBUMHU
6a3amu, 3a AKi TaKOX MPHUIMAIOTHCS 30BHIMIHS IFJTIHAPHYHA TOBEPXHS Ta TOPELb.
Hum nmoTpuMyeTbess TpUHOMI TOCTidHOCTI 6a3. IlpwHiun cymimenas 6a3
JOTPUMYIOTECSI TIPH BUKOHAHHI BCIX omepaiiid, KOJIM JIeTalb BCTAaHOBJIIOETHCS B
KyJJayKOBOMY CaMOLICHTPYIOUOMY IIaTpPOHI Ha OCl JeTaji, BiJHOCHO, SKOI
BUMIPIOIOTECS IiaMeTPH BCiX IUIIHAPUYHHUX ITOBEPXOHb Ta PO3MIPH JIUCOK.

3asoanna 1 Ha pucyHky mokas3aHi CHIIH, SIKi IFOTh Ha pi3els Ta OeTajb i
yac 0OpoOKM Ha TOKapHOMY BepcraTi . HasBatm cwim, siki AilOTh Ha pizelpb Ta
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JIeTaib I 9ac 0OpOOKM Ha TOKapHOMY BepcTaTi. SIKi BH BH3HAYWIN MOMHJIKH B
pHUCYHKY?

Pucynok 1 —Cuutn, siKi AifOTh Ha pi3ellb Ta AeTalb IIi]] 4ac 0OPOOKH Ha TOKAPHOMY
CTaHKY
3aBnanus 2. BcraHoBuTH BiAmoOBinHICTH (axoBUX Ta (QIi3MYHMX 3HAHB IS
BU3HAYCHHS] HOPMH METaIly JIjIsl BATOTOBJICHHS o/iHi€eT getani (Tadu. 1)

Tabauns 1 - Hopma mertaity Juist BATOTOBJICHHS OJIHI€T aeTai
DaxoBi 3HaHHS I Di3u4HI 3HAHHS
Bu3HaueHHs1 MacH 3arOTOBKH
JloBxkuHA 3aroToBKH Ha
naptiro geraned (14
mryk) - L, [L] = MM

Z
m = pV =p%£,ne

PO3PaxOBYETHCS sa | p- ryctuHa marepiany, p = 7,85 r/m’,
¢dopmynoro L=c (L+k) +

B, nme c¢ - KkinbkicTh | d — giamerp,

neraneir (¢ = 14), € - | £ - noBxuHa.
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JIOBXXMHA 3aroTOBKM Ha | Maca 3arotoBku Ha 14 netaneil qOpiBHIOE
omny nmerams (£ = 40 | m=

mv), k - mmpusa | Iy % 3,14-3,4%107%. 63,2 - 1077 -7,85 -10% =
BizpisHoro pisma (k = | *
3mMMm), B — noBxuHa

=1,324 xr

mpyTKa Mg 3axBaT
matpona (B = 30 mm);
L=14-(40+3)+30=632

Hopwma BuTpaTn MeTairy Ha OJHY JI€Talb CTAHOBUTH

m
m; =— & 0,095 xr
c

3asoanna 3. BuzHaunTH poOOTY pi3aHHA Mix 9ac OOTOYKH JAETalli, SKIIO
cuna pizanus 60 H. 3HaueHHs TOBXKHHU Ta JiaMeTpa 3aroTiBKU B3sTH 3 TaOIUII 2.

3asoanns 4. BusHauuTH WBUAKICTH pi3aHHs., KO cuia pizanHs — 300 H,
3HA4YEHHS MOTYKHOCT1 B34TH 3 Tabnuii 2.

3agoanns 5. BuzHaunTH cuily pi3aHHS. TOKapHO-TBHHTOPI3HOTO BepCTary
1K62. HeoOxiani mani B3sSTH 3 TabIuLi 2.

3asoanna 6. Bu3HAUNTH TOJOBHI KyTH B IDIaHI, SKIIO pafiajdbHa CHJIA Ta
cuna moxavi nopieaoroTe 50 H Ta 85 H BignosigHo. YoMy mopiBHIOE cymapHa
CHJIa THCKY Ha pi3ellb 3a [UX YMOB.

Tabmuns 2 - TexHiuHI XapaKTepUCTUKH TOKAPHO-TBUHTOPI3HOTO BEpCTaTy
1K62

TokapHo- Haiibinpii giaMeTp HaJl CTAHHHOIO 400. MM
TBUHTOPI3HUN | HaliGinpmmii jgiamerp 3arotoBku Hax | 220. MM
Bepctar 1K62 | cymoprom,
Haii6inpIa J0B)KHHA 3aTOTOBKU 750, 1000, 1500 MM
HaitOinpmnii giamerp mpyTka 45 mm

Yucno  crymeHiB  4actoT — mpsiMoro | 24

obepTaHHsI MNUHAETS
MaxkcumanpHa TOTYXHICTE TOKapHOTO | 8 KBT
CTaHKa Ha IIMHIEII
Yacrora npsimoro obepranss mmuHAens | 12,5 ...2000 06 / xB

BucnoBok. JlocBif CBimYUTH, IO BHWBYEHHS (I3MUYHUX OCHOB MEXaHIKH
JIOIIILHO TIPOBOJUTH TUISXOM Y3TOJDKEHOCTI (i3MUHHUX Ta (HaXxoBUX 3HaHb,
30KpeMa, Ha TNpUKIaAi 37iHCHEHHS MexaHi4Hoi oOpoOku neram «Kopmyc» Ha
TOKapHO-TBUHTOpi3HOMY BepcTati 1K62.
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YK 621.3

I'ynsesa T.B.!, ®enopuenko H.O. 2
! kanm. Tex. Hayk, noi. 3HTY

2 eryn. rp. E-114m 3HTY

EJIEKTPOTEXHIYHI CTAJII AJI1 TPAHC®OPMATOPIB

EnextpoTexHiuHa cTamp — CIDIAaB 3ami3a 3a3BUYail 3 KpeMHIiEM, iHOII
JIETOBAHUH aJIOMiHIEM, TOTOBUH MPOAYKT BHUITYCKA€THCS y BUTIIAII TOHKUX JIUCTIB
toBmuHOO Bin 0,05 mo 2 MM. MarautoMsrkuii ¢epomarHiTHHI Matepian. Mae
MoJNmeHi (epoMarHiTHI BIACTHBOCTI JJIsI 3aCTOCYBaHHS B 3HAKO3MiHHHX
MarHiTHUX MOJSIX. BUKOPHUCTOBYETHCS NPU BUTOTOBJICHHI MAarHiTOIPOBOJIB
PI3HOTO ENEeKTPOTEXHIYHOTO O00JaJHAHHS - EeNEKTPOMArHiTiB, TpaHchopMmarTopis,
reHeparopis, €JIEKTPO/IBUTYHIB, JpOCeltiB, MarHiTonpoBO/IiB pere,
(epope3oHaHCHUM CTabLIi3aTOPIB HAIIPYTH Ta iH.

3ajexHO BiJ HEOOXiJHHUX BJIACTUBOCTEH, €JNIEKTPOTEXHIYHA CTajb MICTHUTh
PI3HY KUIBKICTh KPEMHII0. 3aJIe)KHO BiJl TEXHOJIOTIi BUPOOHHULITBA €IEKTPOTEXHIUHI
CTalll TOIUIAIOTh Ha XOJOJHOKaTaHi (i30TpomHi abo aHI30TPOMHi; KiJIBKICTH
kpemHito 10 3,3%) i1 rapsdexartaHi (i30TpoIHI; KUIbKICTE KpeMmHito 10 4,5%).
Hepinko B sikoCTi JIeryro4oi J00aBKH B €IEKTPOTEXHIYHOI CTali MOXKEe MICTHTHCS
amoMiHid (o 0,5%). IHOImI eNEeKTPOTEeXHIYHI CTald YMOBHO MOIUIAIOTH Ha
IUHAMHY (i30TpOIHY), TpaHC(POPMATOpHY (aHI30TPOIHY), peleiHy (i30TpOomHY,
HEJIETOBaHY).

EnextpomarHiTHi BiacTHBOCTI. SIK TIpaBMJIO, ENEKTPOTEXHIYHI CTanu
HaMararTbCsl BAKOHATH:

— 3 MaKCMMaJIbHO BHCOKOIO MarHiTHOI MPOHUKHICTIO;

— 3 MaKCHMaJIbHO HH3bKOIO KOEPLMTHBHOI CHIIOI0 1 3 BY3bKOIO IETJICIO
THCTEpEe3HnCa;

— 3 MakCHMaJbHO BHCOKHM ITHTOMHM EJICKTPUYHHUM OIIOPOM JUIS 3HMKCHHS
BTpPAT Ha HarpiBaHHS CEpACYHIKA BHACHTIOK e(heKTy BUXPOBHX CTPYMIB.

BimHocHa MarHiTHa TPOHHKHICTH /U0 ENeKTPOTEXHIYHOI CTali CHIBHO
3aJIe)KUThH BiJl BEJIMUMHH NPHKIIaieHOTOo 1ojist. Hanpukian, crainb elnekTpoTexHiuHa
cipuncra E43 B ciabkux nossax mae w/p0 = 600...1000, B cepeaHix moisx - 10
11000.

HaiiGinpmie  3acToCyBaHHS B €JIEKTPOTEXHIIll  OTpuMana  JIMCTOBA
eJIeKTPOTEXHIYHA cTalb. L[5 cTab € crmaBoM 3aitiza 3 KPEMHIEM, 3MICT SKOTO B Hiid
0,8...4,8%. Taxi cTanu, B siKi BBOASATHCS B MaJTil KITBKOCTi OyIb-sIKi PEYOBUHU IS
MOJTITIIIICHHS 1X SIKOCTI, HA3UBaKOThCS JIETOBAHUMHU.

KpeMmHiii BBOOUTHCS B 3211130 Y BUTIISAAI epOCHITiIiio (CIIaB cicmimiia 3aiiza
FeSi 3 3amizom) i 3HaXOAWTHCS B HHOMY B pO3uMHEHOMY cTaHi. KpemHiii pearye 3
HAWOUTBII MIKIANMBOK (IJ1 MATHITHUX BIACTUBOCTEH 3aji3a) IOMIIIKOK -
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KHCHEM, BiTHOBIIOIOUHM 3ami3o 3 Horo okcuaiB FeO i yTBOprorounm KpeMHe3eM
Si02, sxkuii MepexoguTh YaCTKOBO B IuTak.KpemHid TakoX CIpuse BUIUICHHIO
Byriemnio i3 3'emnanaa Fe3C (uemeHTHT) 3 yTBOpeHHsM Tpadity. Takum dmHOM,
KpeMmHIH ycyBae XimiuHi cmomyku 3amiza (FeO i1 Fe3C), saxi BUKIHKAOTH
301UIBIICHAS KOCPIIUTUBHOI CHIIH 1 30UTBIIYIOTh BTpaTH Ha ricTepesuc. Kpim Toro,
HasBHICTb KPEMHII0 B 3ami3i B KinbkocTi 4% 1 Olmbmie 30inbIIye MTUTOMHUIH
CJICKTPUYHHUI OIIp B TMOPIBHSAHHI 3 YHCTUM 3ali30M, B pe3yjbTaTi 4YOro
3MEHIIYIOThCSI BTPATH HA BUXPOBI CTPYMH.

HesBaxaroun Ha Te, MO iHAYKIis Hacu4eHHs BS 3amiza 31 30UIBIICHHAM
KPEMHII0 B HOMY 3HA4HO IiJABUIIYEThCA 1 Jocsirae npu 6,4% KpeMHil0 BEIHKUI
Benmmumay (BS = 2800 rc), Bce %k KpeMHi0 BBOAATH He Oinbiie 4,8%. 30iIbIICHHS
BMicTy KpeMmHito Oinbure 4,8% mNpU3BOIUTH JO TOro, IO CTajlk HaOyBalOTh
MiABHUIICHY KPUXKICTh, TOOTO, MEXaHIUHI BIIACTHBOCTI X IMOTipIIYIOTHCS.

IMpornec BUpOOHUIITBA JIUCTOBOI ENEKTPOTEXHIYHOI CTai

BurnraBnseTbesl €IEKTPOTEXHIYHA CTalbh B MapTCHIBCHKHX medax (puc. 1).
JIMCTH BUTOTOBJISIOTH MPOKATKOIO CTAIEBOTO 3JIMTKA B XOJIOJHOMY a00 rapaiomy
ctati. ToMy pO3pi3HSIOTH XOJIOJHO 1 raps4eKaTaHy eIeKTPOTEXHIYHY CTalb.

Pucynoxk 1. IIporiec BUpOOHHIITBA TUCTOBOI EIEKTPOTEXHIYHOT CTali

3amizo Mae KyOiuHy KpHUCTaliuHy CTPYKTYpy. 3a JOCITIKCHHSIM
HaMarHiyyBaHHS BHSABHJIOCS, IO BOHO MOXKE OYTH HEOJHAKOBO 3a PI3HUMH
HampsMKaM# [poro Ky0a. HaiibimpmmMm HaMarHidyBaHHSIM KpHCTadl Ma€ B
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HanpsMKy peOpa KyOa, MEHIITUM - TI0 JiaroHaii rpaHi i HAMEHIINM - 10 TiarOHaIi
kyba. Tomy OaxaHo, mo0 Bce KPHUCTANUKW 3ajli3a B JIMCTI BUIIMKYBAJINCS B
MpoIIeci MPOKATKH B PSAAX 10 HANpsMKY pebep kyba. Lle mocsraeTscst MOBTOPHOIO
MPOKATKOIO JIUCTIB CTalli, 3 CWIBHAM OOTHCHEeHHsAM (mo 70%) i momambmmmm
BigmasoM B artMmocdepi BoaHio. lle cmpuse OUYMIIEHHIO CTaly BiAg KHCHIO i
BYTJICIIO, @ TAKOXK YKPYITHEHHS KPUCTATIB 1 Opi€HTYBaHHI X TaKUM YHHOM, 1100
peOpa KpucTamiB 30irajaucs 3 HampsIMKOM MPOKATKU. Taki CTalid Ha3HBAaKOTHCS
TEKCTypOBaHi. Y HHMX MarHiTHI BJIACTHBOCTI y HamNpsIMKy HNPOKAaTKH BHIIE, HDK Y
3BMYaliHOT rapsyekaraHol crami. JIMCTH TeKcTypoBaHOI CTali BHUTOTOBISIOTHCS
XOJIOJTHOT MPOKAaTKOI. MarHiTHa MPOHUKHICTH iX BHIE, a BTPaTH Ha TiCTEPE3HC
MEHIIe, HDXK Yy TrapsdyekataHux JiucTiB. KpiM Toro, y XojoaHokaTaHoi craii
iHAYyKOis B caOKMX MarHiTHUX IOJSIX 3pOCTAa€ CHIIBHINIE, HDK Y rapsueKaTraHoi,
TOOTO, KpHBa HaMarHi4yBaHHS B CIA0KMX ITOJISIX PO3TAIIOBYETHCS 3HAYHO BHINE
KPHBOI TapsiaeKaTaHol CTaIi.

Crnim, onmHak, Big3HAYWTH, IO B pe3yibTaTi OpIEHTYBaHHA 3epeH
TEKCTypOBaHOI CTajli y HAaNpsMKYy NPOKaTKH MarHiTHa MPOHUKHICTH IO IHIIMX
HampsiMKaX MeHINe, HiK y rapsdekaraHux. Tak, mpu iHykuii B = 1,0 Tm B
HaNpSIMKy TIPOKATKH MarHiTHA MPOHHUKIUBICTE UM = 50000, a B HampsaMmKy
MEPICHAUKYIAPHO mpokaTmi uM = 5500. ¥V 3B'si3ky 3 1uM npu ckiamadsi [11-
00pa3HUX CEepACYHUKIB TpaHC(HOPMATOPIB 3aCTOCOBYIOTH OKpPEMi CMYTH CTaH,
BUpi3aHi B3/JI0BX MNPOKATKH, SKi MOTIM INUXTY TaK, NI00 HANpsSMOK MarHiTHOTO
MOTOKY 30irajiocst 3 HaIPsIMKOM MPOKAaTKK ctaili abo cTaHOBMIIO O 3 HUM KyT 180°.
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CEKIIIA «<AHTJIIICBKA MOBA»

VK 811.161.2°36:811.111°36
Yuliya Bykova'
lteacher ZNTU

PO3BUTOK HABUYOK YUTAHHA B ITPOIIECI HABYUAHHSA
IHO3EMHHUM MOBAM Y HEMOBHOMY BH3

VY mporeci BUBYCHHS iHO3€MHOI MOBH TpoOiieMa (OopMyBaHHS MOBHUX
HaBUKIB 1 yMiHb Ha pI3HHX eTamax 3aiiMae meHTpanbHe Mictie. Y BH3 cmig
NPUAUTHTH 0COOJIMBY yBary TakoMy BWJIY MOBHOI AisJIBHOCTI SIK YMTAaHHS, TaK K
Ha I[bOMY eTaIli po0oTa 3 TEKCTOM Ha0yBa€ sIKICHO HOBOT'O 3MICTy. YBHIIi# IIKOJII
BiZIOYBA€THCS CBIJIOMHUIA IEPEXi BiJl BUBYCHHS 1HO3EMHOI MOBH JI0 11 IPAKTUYHOTO
3aCTOCYBaHHS, Y TOMY YHCIIi, YUTAHHS Y MPOPECiiHUX [IIIsX.

Cepen 3aco0iB MOBHOTO CIIJIKyBaHHs (ayIilOBaHHS, TOBOPIHHS, YHTAaHHS,
nMUchMa) 4YMTaHHS 3aiiMae  ocoOiMBe Micue, $K HaiimomwmpeHimmi 1
HalocTymHIMUK 3acid6 kKomyHikarii. OCHOBOIO AJsl HABYaHHS YHTAHHS B YMOBaX
HEMOBHOTO CEPEIOBUINA CITY>KHTh IHIIOMOBHHH TekcT. 11lo0 HaBuuTH cTyneHTa
IPOTATOM OOMEXKEHOTO paMKaMH 4Yacy YHTaTH TEKCTH 3a (axoM, HEOoOXiTHO
KOPHCTYBATHCS TPAJULIHUMHE i IHHOBAIIHHIMU METOAAMH.

TpamumiiHo HaBYAHHS 1HO3EMHIH MOBI1 CTY/ICHTIB HEMOBHHUX CHeHiabHOCTEH
y By3ax OyJIo Opi€HTOBaHE Ha YMTAHHS, PO3YMIHHS 1 EPEKIIaj] TEKCTIB.

VY mpotieci onaHyBaHHsI iHO3€MHOT MOBU YHTAHHS MOYE BHCTYIHUTH SIK 3aci0 1
SIK MeTa HaBYaHHSI.

Merta pobouoi nporpamu 3 «IHO3eMHOI MOBHY» Y HEMOBHOMY BY3i IOJIATae y
(hopMyBaHHI KOMYHIKaTUBHOT KOMIIETEHIIIT CTYZCHTIB Y MEXaX TeMaTuku 3 daxy, a
TaKOX PpO3BUTKY YMIHb Ta HAaBMYOK YHTAaHHS, ay/AilOBaHHS, PO3YMIiHHS Ta
nepekiany (paxoBoi JiTepaTypH SIK 3a JIOIIOMOTOIO CIIOBHHKA, Tak i 06e3 Hporo. s
JIOCSITHEHHS MOCTABJIEHOI METH HEOOXiJHMH PO3BHTOK y CTYJCHTIB TaKHMX YMiHb
SK: pPO3YMIHHS aBTCHTUYHUX 1 OpPHTIHANBHUX TEKCTiB HAa pPIBHI BHIyYEHHS
OCHOBHOI iH(popMalii, po3yMiHHA aBTEHTHYHMX i OPUTiHAJBHUX TEKCTIiB Ha PiBHI
MOBHOTO i TOYHOTO PO3YMIHHSI TEKCTY, BUKOPHUCTAHHS BHBUYEHOIO MaTepialy y
npodeciiHiil qisUTBHOCTI.

Ilepen BuxyamadeM CTOITh 3aBHAHHS HABYUTH CTYACHTIB PO3YMITH
ABTEHTHYHI TEKCTH, HE 3aCTOCOBYIOUH ITPH KOXKHIN 3ycTpidi 3 HE3HAHOMHM CIIOBOM
CJIOBHHKA.

JIJ1s bOTO CTYZCHTH TTOBUHHI 3aCBOITH JIEKiJbKa MPaBHI POOOTH 3 TEKCTOM:

1. 9uTaTH TEKCT Ha iHO3EMHIH MOBI — II€ HE O3HAYAE MEPEKIIANaTH KOXKHE
CJIOBO;
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2. g po3yMiHHS OyIb-SKOTO TEKCTY BaXKJIMBY pOINb BiIirpae >KUTTEBUH
JIOCBIT, IO € ¥ CTYJCHTA;

3. mo6 3po3yMiTH TeKcT (a00 MPOTHO3YBATH, MPO IO WTHME MOBA B IEOMY
TEKCTi), HEOOXITHO 3BEPHYTHCS 3a JOMOMOTOIO /IO 3arOJIOBKA, MANIOHKIB, CXEM,
TaOIHIIp 1 TaK JaJi, CYIPOBODKYIOUNX JaHUN TEKCT, HOTO CTPYKTYPH;

4. IpyM YMTAHHI TEKCTY CIiJ CIUPATHCA B IEPIIy Yepry Ha Te, IO 3HAHOMO Y
HbOMY (CJIOBa, BUpa3Hn), i cripoOyBaTH NPOTHO3YBATH 3MICT TEKCTY.

Oco0nuBy yBary BakJIMBO NPUAUIMTH MpuiioMaM poOOTH 3 aBTEHTUYHHMHU 1
OpHTiHAIBHUMHU TEKCTAaMU HAyKOBOTO XapakTepy. Beimke 3Ha4eHHs MMpH YUTaHHI
npodeciiiHoi mirepaTypu mMae poboTa 3 JIEKCHKOIO. Y SKOCTI MpHHOMIB poOOTH
MOXYTb BHCTYNaTH ITiICTAHOBKA, KOMOIHYBaHHs, MiJKPECICHHs MOTPiOHOT
iHpopMmanii Tomo. J[omibHO TakoX BUKOPHCTOBYBATH 3aBJIaHHs, HANpPAaBJICHI Ha
PO3BHUTOK TAaKUX YMiHb, SK YMIHHS IpAIfOBaTH 31 CIIOBOM, IIO Ma€ JeKiTbKa
3HA4YCHb;, YMIHHsS 3HATHCS HAa BINTIHKaX CJIiB-CHHOHIMIB i iX B)XHBaHHI B MOBI;
YMIHHS PO3rafyBaTh 3HAYCHHS CIIOBA, 3HAIOYM HOTO aHTOHIM; YMIiHHS ONHUCYBAaTH
3HAYEHHS CJIOBA y TOMY BHUIIAJIKY, SKIO TOYHUH HOTO MepeKiIaj BiICYTHIN; yMIHHA
MPAIOBAaTH i3 CIOBHUKOBOIO KOJIOHKOIO, KOPHUCTYIOUHCH KOHTEKCTOM; YMiHHS
BUOHpATH NOTPiOHE; YMIHHS PO3yMITH CIIOBO 31 CIOBOTBOPYHUX CIIEMEHTIB.

Sk BiZIOMO, 3aJIe)KHO BiJl KOMYHIKATUBHHX HOTPEO 1 IO Mipi MIPOHUKHEHHS Y
3MICT TEKCTY y BITUM3HSHIA METOAMII BHIUIAIOTH HACTYIHI BUIMA YHUTAHHSI:
O3HalOMIIIOIOYE, HaBYajbHE, MeperisgoBe, nourykoBe. OCKUIbKH IEperisaoBe i
MOIIYKOBE 10 0araThbOM XapaKTepHCTHKaM 30iratoThCs, y MPAKTHI HaBYaHHS iX,
SIK IPABHJIO, BBaXKAIOTh 33 OJIMH BH]], HA3UBAIOYH TTOIYKOBO-IEPETIISA0BHM.

VY 3apyOixkHill aHTIIOMOBHIN METOAMII TAaKOK BUIIUIAIOTH ACKiIbKa BHIIB 200
yMmiHbp unTaHHS: skimming (BU3HaueHHS OCHOBHOI TeMH/ifei TEeKCTy); scanning
(momrykx KoHKpeTHOI iH(popMarii B Tekcti); reading for detail (metanpHe po3ymMiHHS
TEKCTY He JIMIIE Ha PiBHI 3MICTY, aje i CEeHCY).

VY mpormeci BUBUEHHS TpoQeciHHO-OpIEHTOBAHOI JiTepaTypd Ha IHO3EMHIN
MOBI TIepe]] CTYACHTaMH OCTAIOTh TaKi 3aBJaHH:

1. orpumanHs iHdopmalii, ska O JONMOBHIOBaNA Ta TNOIIMOIIOBaA
HaBYAJIbHUH MaTepiaj, [0 ONAHOBYETHCS CTYAEHTaMH B IIPOLECI BHBYCHHS
Ipo¢UIBHUX AUCIUIUTIH HABYAJIBHOTO IJIaHY;

2. ¢opMyBaHHS HEOOXiTHUX HABUYOK IIOJO0 MOAAJIBIIOTO CaMOCTIHHOTO
YUTAHHS JIITEpaTypH 3a haxoM.

BiamosigHo 10 3a3Ha4YeHHMX 3aBAaHb JOLITLHUMH € HACTYITHI BUIU POOOTH 3
OBOJIOJIIHHSI HaBMYKaMM YUTAHHS JITEpaTypH 3a Gaxom: poboTa 3 OpUTiHAIBHUMHU
npodeciiiHo-OpiEHTOBaHMMH ~ TEKCTaMM, a came: aHaJiTUKO-CHHTeTH4He (i
00OB’SI3KOBO  €KCTEHCHBHE) UHWTAHHS 3 BIJIOBIIHUM KOHTPOJEM PpO3YMiHHS
MPOYMTAHOT'O Yy IpOLEci ayJUTOPHHUX 3aHSATh, BUKOHAHHS €()EeKTHUBHUX BIpaB (Ha
CreniajJbHO MiIiOpaHOMY JUIS IBOTO MaTepiali) 0 i MICKA YUTaHHS MpogeciiiHo-
OpIEHTOBaHUX TEKCTIB.
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OxpecauBIIN TeMaTHKY (axOBHX TEKCTIB Ta BiIiOpaBIIN TEPMiHOIOTIUHY
JEKCUKY IUI1 aKTUBHOTO 3aCBOEHHS CTYACHTAMH, HOTPIOHO CTBOPHUTH KOMILIEKC
BIIPaB 3 METOIO BUPIMICHHA KOMYHIKaTHBHHUX 1 Mi3HABANBHUX 3a7ad MiJx 9ac poboTn
3 (paxoBorO JTiITEpPATYPOIO.

UnTaHHS € Tako)XX BaXKIIMBHM 3aCO00M OIIaHYBaHHS TPaMaTHYHOI CTOPOHH
MOBH. BUKOHaHHS BIpaB, IMOB’S3aHUX 3 YHTAHHAM, CIPHAIOTH MIIHIIIOMY
ONaHyBaHHIO IPaMAaTUYHUX CTPYKTYP.

Ha 3akiroyHomy erami poOOTH AOLIJIbHE BHKOHAaHHS BIPAaB 3 TEKCTOM.
[TicnsTekcToBI BIpaBU CIIy)XKaTh TOJOBHHUM YWMHOM JJISl IEPEBIPKU PO3YMIHHS SIK
MPOYUTAHOT'O TEKCTY B LIJIOMY, TaK 1 OKpEMHX HOTO PO3/ILIIB.

Taki BOpaBM HOCATH TBOPYMH XapakTep 1 CHpPSMOBaHI HE CTUIBKM Ha
PO3BUTOK IaM’siTi, CKIJIbKM MUCIIEHHS, PO3YMOBUX 31i0HOCTEH, soriku. Lli BnpaBu
MOXYTb MICTHTH 3aBIaHHS, IO KOHTPOJIOIOTH PO3YMIHHS 3MICTY MaTtepiany,
BUKJIQJICHOTO B TEKCTi, PO3BUBAIOTH YMIHHSA BH3HAYUTH OCHOBHY 1 JOIATKOBY
iH(popMamiro (HapHKIa, BU3HAYTE, IKi PEUCHHS BiIOBIIaIOTh 3MiCTOBI TEKCTY, &
AKi Hi; HAlIITh pedeHHs, B SKUX 3aKJa/JeHa OCHOBHA AyMKa TEKCTY M 3a TEMOIO
TEKCTY 3 BUKOPHCTAHHIM JOATKOBOI JIiTEpaTypH TOIIIO).

Takum 9rHOM, YCHIX peaizalii IMOCTaBICHUX IiIell — HABYaHHS YUTAHHIO —
0arato B UOMY 3aJIEKUTh BiJ ()OPMYBaHHs Y CTY/ACHTIB MPABUILHOTO BiJHOUICHHS
JIO YMTAHHS SIK BUy MOBHOI JisUTBHOCTI, 1[0 MAa€ CBOE crelr(iyHe KOMyHIKATUBHE
3aBJaHHsI, 3aJISKHO BiJl BUAY YMTaHHS. UNTaHHS Ha 3aHATTSX 3 aHIJIIHCHKOT MOBH
CIpHs€ MOTJIHOJICHHIO 3HaHb SK PIJHOI, TaK 1 1HO3eMHOI MOBH, 30aradeHHIO 3ara
JBHOTO 1 CIEUiabHOTO JIEKCUYHOTO CJIOBHHKA, MiJBUILYE KYJIbTYpHHI piBEHb 1
PO3IIUPSIE KPYTO3ip CTYACHTIB.

VK 372.881.111.1
Svitlana Voitenko '
'senior teacher ZNTU

HABYAJIbHO-METOJAYHI IPUOMM IOJIETIEHHSI PO3YMIHHSA
YNTAHHSA AHIVIOMOBHUX HAYKOBO-TEXHIYHUX TEKCTIB

HaykoBi Ta TexHI4YHI aHIJIOMOBHI TEKCTH MICTATh BEIHUKY KUIBbKICTh
iHpopmamii, OimpITy YacTHHY sKoi CKIamaroTh (akTh. UWrTadi TakuUX TEKCTiB
MMOBUHHI HE TUTBKHM BUSABIATH iHGOPMAIIit0, a TAKOXK MOBHICTIO pPO3YMITH MaTepiall.
TakuM YMHOM yBa)kKHE Ta BAYMIIMBE YNTAHHS € HEOOXITHUM.

UnrtaHHS BIYMIIHBO, 3 PO3YMIHHAM — IIe pobieMa ajis THX, YU MOBa HE €
piZHOIO, OJHAK CTY/IEHTH TOBHUHHI YHMTATH QHTJIOMOBHI TEKCTH Ta XypHAIU i3
CHeNiaJbHOCTI, TOMY II0 OiNBIIICTh HOBITHBOI iH(OpMAIlil HaA€THCS aHTITIHCHKOIO
MoBoro. [IpobGiemy MoOXHa TIOJONAaTH IIEBHOIO MIpOl0, SIKIIO BHKJIajayi
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AHTITICHKOT MOBH 3a0e31edaTh CBOIX CTY/CHTIB iHCTPYMEHTaMH, SIKi TO3BOJATD iM
MOJOTAaTH TPYHOHOIII TPH pPO3yMiHHI HeoOXimgHMX TeKkcTiB. Lli iHCTpyMeHTH
BKITIOYAIOTh BUIM 3HaHb Ta METOIUKH ,sKi HEOOXIHI U TIyMadeHHs, pO3yMiHHSI
HACTYIHUX Tpo0IeM MpH YNTaHHI TEKCTiB aHTIIICEKOI0 MOBOIO: 1) iHTEepHpeTamis
3HA4YCHHS CNiB; 2) PO3YMIHHA pedeHb 3) pO3yMiHHSA ab3amiB, 4) po3yMiHHA
iHTepOpeTamiid imocTparniif, rpadikiB, miarpam,romo. J[ng BHUpIMIEHHS UX
npoOJieM TpPOMOHYETHCS 3aCTOCOBYBATH TakKi HaBYaJibHI MeToam: | —Meron
iHTepIpUTaLii CIIOBHUKIB ( IepeBipka 3HAUYEHHS CJIOBA Y CIOBHHKY, IHTEpIpeTalis
3HAYEHHS CJIOBA 32 JIOTIOMOTOIO aHaJli3y CIOBOTPY, 340Ta/IKa PO 3HAYEHHS CJIOBa
i3 KOHTEKCTY- AediHilis, JOCBiJ, KOHTpacT ab0 BUCHOBOK); 2. — METOJ] PO3yMIHHS
peueHb; 3 — aHaii3 ab3aiiB TekcTy( BHSBICHHS TEMH, OCHOBHOI i/1ci, OCHOBHHX
JONOMDKHHMX JeTaneil, ApiOHMX MiATpUMYIOUMX JeTajell); 4 — iHTeprperamis
imroctpaniit (rpadikis, TabIHIE, Tiarpam).

3yMUHAMOCH OUTBIN AETaNTbHO Ha METOJI-TEXHili po3yMiHHS pedeHHS. Komm
CTYACHT YUTA€ TEKCT i3 MiApyYHHUKA, CTATTIO a00 IHIIMI MaTepialn aHTIIHCHKOIO
MOBOIO, 9aCTO TPAIUIAETHCS TaK, IO BiH 3HA€ BCi CJIOBa B PEUCHHI, aje HE MOXE
3pO3yMITH, IO [I€ PEUYCHHS O3HA4a€, O0COOIMBO KOJHM BOHO JIOBI'€ Ta CKJIAJHE.
TakuM dYWMHOM, CTYZEHT HE pO3yMi€ o BiH ymTae. s Toro, mob CTyIOEeHT
pO3yMiB Taki pEUCHHs, NPOIOHYETbCS YOTHPU TEXHIKHM: aHali3 peYeHHS,
po3mi3HaBaHHS 3HAKiB IyHKTyallil, pO3Mi3HaBaHHS TEPMIiHIB ITOCHJIaHHS,
PO3Mi3HABAHHS CUTHAJBHUX CIIIB.

Ananiz  peuenns. SIKWO CTyHeHT He pO3yMi€ pedeHHs, HeoOXiJHO
npoaHaiizyBaTi iHoro po30OuBIIM Ha 4YacTuHHU. J{is Toro, moO 3pobuth me
MPaBWIbHO, HEOOXiJHO HABYMTH CTY/IEHTA PO3IMI3HABATH 3pPa3Kh Pi3HUX PEUYCHb.
Tomi, cTyneHT 3MOXKe TIPH aHaJIi31 peueHHs BUSBUTH OCHOBHE JIIECIIOBO- TPHCYJIOK,
MOTIM TONOBHUU mimMmer(6e3 Horo MomidikaTopiB). SIKIOIO Hi€CIOBO-IIPHCYIOK
notpedye nonatok ado momoBHeHHs. CTyIEHT 3MOXe 3HAMTH meil nogaTok ado
JIOTIOBHEHHS. | OCTaHHE, IO CTYACHT 3pOOUTH,IIe 3Haiine MOmi(ikaTopH.

Posnisnaeanna 3nakie nynkmyayii. Sk 1 cinoBa, 3HaKd ITyHKTYyallil
JIOTIOMAraroTh JIOHECTH JI0 YhTaya JyMKH aBTopa. Tomy, HEoOXiqHO 100 CTyqeHT
3HaB 3HAYEHHs Ta BUIAJKH BUKOPHMCTAaHHS LMX 3HAKIB, a BHKJIaJad MOBHUHEH
HABYHMTH CTYACHTAa BUKOPUCTOBYBATH Ili 3HAHHS JIJIs BUSIBICHHS 3HAYCHHSI CJIIB Ta
pedueHp Hanpukimaa: kpamka 3 KOMOWO (; ) MOXKE 3aMiHHTH CIIOBO “and’, a KoMa
MoOke 3aMinsTH niecnoBo.(The sand provides the silica: the soda ash, the soda.)

Busuanus mepminie nocunamHs. ABTOPU HAyKOBOI JIMTEPATYpH 4YacTo
BUKOPHCTOBYIOTh TEPMIHM IOCWJIAHHS, JJISI TOTO 1100 YHUKaTH ITOBTOPEHHS
OJTHOTO 1 TOro X ciyoBa. Lli TepMiHM MOCHIAHHS BKJIIOYAIOTh 0COOOBI 3aiiIMEHHUKH,
e.g. it, they, he; BKa3iBHI 3aliIMEHHUKH e.g. which, that, who, whom; Ta IMCHHUKHA
e.g. the method, the technique, the process, etc.He BMiHHA po3mi3HaTH Taki
TEpPMiHM TIOCWJIAaHHS  IEPEIIKO/PKAE PO3YMIHHIO TEKCTOBOTO  Marepiana.
Hanpuknan: When they are dissolved in water, some kinds of molecules do and
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some do not, remain intact. Those that do not remain intact break up into ions.
.They= molecules; some= some kinds of molecules; those= some kinds of
molecules.

Posnisnanna cuenanvuux cnig. CHrHaJIBbHE CIIOBO —Iie CIOBO abo (pasa, sxi
BUKOHYIOTh (YHKIIIO 3’€THaHHA CJIIB y pEYeHHI. MK pedeHHsIMH abo Mix
ab3amamu. Baarami CTyIeHTH, SIKi YMTAIOTh AHTJIIOMOBHI TEKCTH HE PO3YMIIOTh
BaXJIUBOCTI IMX CIIB 1 SK HACHiOK. MawTh NpoOJeMu i3 PO3YMIHHSM TEKCTY.
ToMy. CTy#eHTIB HEOOXiIHO HaBUMTH 3BEpPTAaTH yBary Ha CHUTHJIBHI cioBa 1
HaMaraTHcsl IHTEpIPETYBATH , 1110 BOHM 3HAYaTh Ta OKa3ylOTh.

YK 372.881.111.1
Natalia Zhukova'
'assistant professor ZNTU

USING FRAMEWORKS FOR TEACHING READING IN AN ESP
COURSE

According to the survey carried out by Google into the key characteristics for
achieving success as a Google employee, knowledge of STEM subjects (science,
technology, engineering and maths) did not appear first. Instead, the survey placed
skills such as coaching, insight, empathy, critical thinking, problem solving, and
dealing with complex ideas at the top of the list.

As ESP teachers, we are interested in the ‘soft skills” which reflect the needs
of the 21" century workplace. It’s our job to make sure our ESP course materials
and the content of our classes reflect the English needed to support these emerging
skills.

This is reflected in the overall aim of the National ESP Curriculum for
Universities, which runs as follows: ‘to develop students’ professional language
competences, enabling them to function effectively in culturally diverse academic
and professional environments’.

These skills can be integrated into ESP course programmes via authentic
materials. We rely on the definition of authentic materials suggested by D. Nunan:
‘Authentic is any material which has not been specifically produced for the
purpose of language teaching’.

However, not only the benefits, but also challenges of using authentic texts in
an ESP course should be regarded. Special attention should be given to the ways of
dealing with the challenges identified.

One of the tools to enhance students’ ‘soft skills’ in an ESP classroom, when
teaching reading and speaking, is frameworks.
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Framework materials are known to take the concept of visual representations,
but use them for the production of language. They introduce a context, within
which the learners fit their content and their language competence.

When teaching reading, students are to be introduced to various types of
frameworks so that varied content could be represented in differed ways. The
challenges and benefits of using frameworks become evident through practice, and
students decide on the most appropriate and efficient approach to the text.

YK 371.3
Olha Kalantaieva'
lteacher ZNTU

TPYJHOIII HABYAHHA YUTAHHIO IHO3EMHOIO MOBOIO

HaBuuty 4YMTaTH I1HO3EMHOIO MOBOI — OJHE 3 IPaKTHYHUX 3aBJaHb
BHKJIaJlaua B HaBYaJIbLHOMY 3akjaji. BimoBiIHO M0 CTaHAAPTy CTYIACHTH MOBHHHI
HAaBYUTHUCS CAMOCTIIHO YMTaTH aBTEHTUYHI TEKCTH PI3HOTO XapakTepy 1 THITY.

ITpouec HaBUaHHS YUTAHHS IHO3EMHOIO MOBOIO YCKJIAIHIOETHCS LIUTUM PAIOM
o0'ekTBHHX Ta cyO'ekTuBHUX (hakTopiB. Hacammepen, BHKIamad NOBHHCH
BpaxoBYyBaTH OO'€KTHBHI TPyIHOIII opdorpadidHoi CHCTEMH BHYYyBaHOI MOBH
(ocobnuBi aHTIICHKOT), SIKi CKIIAIHCS iCTOpIYHO. HaiOLIb XapakTepHIMH 3 HUX
€ TaKi:

1. O0’exTuBHI TpyaHOLLi opdorpadiuHoi cucTemMu.

a) KiJbKICHA HEa/IeKBaTHICTh MK OyKBaMM Ta 3BYKaMH y CJIOBI, TOOTO Mix
rpadiyHUM Ta 3BYKOBHM 00pa30oM CJIOBA, HAIIPUKIIAJL:

daughter /'d :t3/, thorough /'O 3/, nephew /'nevju:/;

0) kinbKicTh OykB angaBiTy Ta KUIbKICTh rpadeM, siki BOHHM YTBOPIOIOTbH
(anrm.26 OykB maroth 104 rpademu, HiMenbki 26 6ykB — Ounbnie 80 rpadem);

B) pI3HOYHTAHHS OJHAKOBUX OYKB Ta OYKBOCIIOIYYCHB:

pin-pine, cut-put, now-snow, sugar, his, vision;

T') KUIBKICTh OYKB adaBiTy Ta KUIbKICTh Tpadem, siKi BOHH yTBOPIOIOTE!

26 0yks natoth 104 rpademu (nice — light);

1) HasiBHICTH "HiMuX" OykB y cioBax: kite, through, Wednesday;

€) HasBHICTh AIaKpUTHIHHX 3HAKIB.

XK)llepeaya  OFHOTO 1 TOTO  JK  3ByKa pIi3HUMH  OyKBaMH  Ta
OykBocnoyueHHsmH: [K] — cat, kitchen, school, question.

2. O0’ekTUBHI MOBHI TpyaHOMIi:

Kpim cyTo TexHiUHMX/TpadidHUX TPYAHOIIIB YHWTaHHSA, SAKi y4YHI MaioTh
MOJI0JIATH HA TIOYATKOBOMY CTYIIEHI HaBUaHHS, JOIIGHO Ha3BaTH 1 JEIKi MOBHI
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TPYAHOILI TEKCTiB, KOTPi, Y CBOIO YEPry, MOXYTb CHPHUYHHATH IMEPEUIKOIN IS
MPaBUIBHOTO PO3YMIiHHA 3MicTy. HasBemo nmesiki 3 HUX:

a) HasgBHICTh OaraTO3HAYHHX Ta KOHBEpTOBaHWX ciiB: At last he became a
proud owner of the thing that had real springs and a mattress.

6) menpsmuit mopsnok ciiB (iEBepeis): No sooner had Miss Sophie noticed
her cousin Paul than a pleasant smile touched her lips.

B) 3BOPOTH 3 JI€NPUKMETHUKAMHU Ta AienpuciiBHukamu: The goods having
been sold, Jim returned home immediately.

r)yMOBHI Oe3cnonyuHukoBi pedeHHs: Mr. Johnson decided to lock all the
doors in the house, should any emergency arise.

¢) repyHmianbsHi 3BopoTh: After having been informed of Mark's arrival, he
went downstairs without delay.

) CKIaJHI pedeHHA Ta KOHCTpykuii: Opening the drawing-room door
noiselessly, he had stood watching the expression on her face, indifferent from any
he knew, so much more open, so confiding, as though to her music she was giving
a heart he had never seen. (J. Galsworthy. In Chancery).

3. Cy0’ekTHBHi  TPYIHOIIi: HEAOCTaTHRO  CPOPMOBAHI  JICKCHYHA,
rpaMaTHYHa HABUYKH, HABUYKU TEXHIKH YUTaHHS.

Yei mi TpyAHOUl IHIIOMOBHHMX TEKCTiB CTYAGHTH MalOTh I10J10JIaTH
MOCTYIOBO: CIIOYATKy BOHH OBOJIO/IBAIOTH TEXHIKOI YUTAHHS BrOJIOC 3aCBOIOIOTH
cnerudiky OykB andapiTy Ta MOBHHUIT MaTepiall, BAKOHYIOTh BEJIHKY TPEHYBAIbHY
poOOTY 3 TEXHIKM YUTaHHS, OTPUMYIOUM SIKOMOra Ollbllle HAaBaHTAKEHHS Ha
30pOBUI aHANI3aToOp; 3rOJOM MEPEXOIATh [0 YMTAHHS MOBYKH, OBOJIOIIBAIOYU
NpUIfOMaMH BIaCHE YUTAHHS SIK MOBJICHHEBO] JiSUTHHOCTI.

YAK 811.111.26
Valentyna Kuzmenko'
'senior teacher ZNTU

HOW TO IMPROVE READING SKILLS WHEN LEARNING ENGLISH

Reading is a very important language learning skill. It helps to improve all
parts of the English language — vocabulary, spelling, grammar and writing.
Improve and use your reading skills and you will improve all your English skills. If
you want to learn English more quickly, lots of reading is important. The more you
read the more your brain gets about how the language works.

Reading is the best way to improve your vocabulary. The context of articles,
stories and conversations helps you to figure out and understand the meaning of
English words in the text that are new to you. Reading also provides repetition of
vocabulary words you have already learned and help you to remember them.
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“Reading comprehension” refers to how much you understand of what you read.
Even if you read an English book every week, it doesn’t help your learning much if
you don’t know what the words on the pages are saying. The way that will actually
improve your skills is to learn a skill well, you need to learn smaller parts that will
help you “build” your knowledge and skills.

To really understand what you read, you might need to work on other skills
first. You might need to practice reading quickly (or slowly). You might need to
stop choosing very difficult books, and start choosing the right books for your skill
level. Start easier, start smaller and slower, and then gradually increase the
difficulty. Remember this when you’re working to improve your reading
comprehension — and any other English language skill. The steps below will show
you exactly how to improve reading skills the right way.

Always make special time to read. If you’re reading to improve your
comprehension, you need to have special time and then focus and study. You
should try to spend at least 30 minutes every day on focused reading. The more
you read, the more you’ll improve.

Read the right books. You should read things that you enjoy. You should also
choose books that are at an English level just above the one you’re most
comfortable with. Find the perfect book for improving your reading
comprehension.

Ask yourself questions while reading and after reading. Learning how to read
English books is about more than just reading the words. There are a few things
you can do before, during and after reading to help you better understand the text.
Before you read, browse the text. That means you should look over the text
quickly without actually reading every word. Take some time after you read too, to
browse again and summarize what you remember. Try to quickly say or write a
few sentences that describe what the text was about. Thinking about what you read
will show you how much of it you really understood and help you figure out if you
still have questions.

Improve fluency first. Imagine reading an entire article or even book,
stopping after every word. It would be difficult to understand. To improve your
understanding, it’s important to improve your fluency first. When you can read at a
comfortable speed, you can focus on understanding.

Once you’ve learned to speed up, slow down. One great way to slow
yourself down is to read out loud. Focus on speaking every word carefully and
pronouncing it well.

Ask lots of questions. The more you question what you read, the deeper you
get into the meaning. Write down any questions that come to mind as you’re
reading. Stick them in the text. When you finish reading, go back and see how
many of the questions you can answer now. If there are any questions you still
don’t know the answer to, re-read that part of the text and try to find the answer.
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Read it again. If there are any new words in the text, you’ll see them again
every time you read again, helping you remember them. Read the article again.
Write down everything you can remember again. Every time you read something,
you understand more of it.

Read many kinds of texts.

Read books, newspapers, magazines, blogs, emails, Tweets and texts. Read
anything and everything. Follow some interesting people or websites on Facebook.

If you follow these steps to learn English reading, you might suddenly
discover that you’re reading better and understanding more even in your own
native language.

YK 372.881.111.1
Olena Syvachuk'
"teacher ZNTU

MOST ESSENTIAL READING SKILLS YOUR STUDENTS NEED

"The greatest pleasure in life is that of reading" as William Hazlitt put it.
Reading is certainly one of the most essential and basic skills that we have to
acquire at some point of our life. It all starts with our parents reading to us before
sleep and then develops into reading for and by ourselves.

What is reading, however? Wikipedia states that "reading is the complex
cognitive process of decoding symbols to derive meaning. It is a form of language
processing”. Nevertheless, current thinking in the field of reading research
proposes this definition of reading as "an interactive process in which the reader's
prior knowledge of the world interacts with the message conveyed directly or
indirectly by the text". If you think about it, reading is a process as it has various
stages (before-, during-, and after-reading) at which different tasks need to be
performed. Also, reading is interactive as the mind of the reader interacts, conducts
a dialogue, actively engages with the text to decode, assign meaning, and interpret.
Next, the reader applies prior knowledge of the world to this act, and finally, gets a
message which is to be conveyed or constructed. It is so much more than starting
with the first word on the page and moving along each line till you get to the end.

You probably know that even in your own language reading is regarded as
important because it can be entertaining and educational, can open up new worlds
and enrich your life, and can improve hand-eye co-ordination and enhance social
skills.

But for learning a foreign language, in this case English, reading in that
language has additional important benefits that can help you learn the language
faster and more completely.
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Reading is an essential skill for academic success, and we all know how
important it is. We would not spend the time we do teaching it if we did not value
reading. Even though reading is so essential, we often overlook the fundamental
reading skills that our students need. Reading is not just about going from the
beginning to the end of a written passage. There are different reading strategies to
use for different informational outcomes.

To function effectively, a mechanic needs many tools. So does a reader. Here
are a few strategies your students should learn to give them full academic success:

1. Surveying. It is a specialized technique for getting a mountaintop view of
an article, chapter, or entire book. Written communication has certain
characteristics which make surveying possible. What a students needs is to read the
title, the first paragraph, all headings, italicized words, graphs, and tables, and the
last paragraph. Eventually the student will end up with the best overview with a
minimal investment of time.

2. Skimming. It concentrates your attention on the meat of the text — the
important part, the essentials. In order to skim your student will have to read the
first and the last sentences of the paragraph. In between there are always key words
or phrases that expand, clarify, or support the main idea. To skim an entire article,
chapter pr book, the student will have to add paragraph skimming to the surveying
technique.

3. Scanning. It is a proverbial needle-in-a-haystack situation. Scanning is not
automatic. It needs practising. To insure accuracy in scanning your student should
apply the following four steps: visualizing the thing to be spotted, using all the
available clues, using paragraph topical clues and using systematic scanning
patterns. Generally speaking, scanning serves two functions. It uncovers relevant
information. It also accelerates your student's reading speed and flexibility.

Thus, the survey is like a quick, high-altitude glimpse of a large city from a
plane. Skimming is a lower-altitude view, with more details observable. And
scanning is a supersonic zooming in for a close glance at only one specific house.

But there is another reading technique which is no less important than speed.
It is reading for meaning.

4. Reading for details or facts focuses on the top side of comprehension,
that is, what is on the surface. It opens up a new in-depth side of comprehension
when one side is not enough. After all, you build meaning by fitting details
together. At this point, reading and thinking become inseparable. Even though
"when reading for detail, students should read every sentence, but they should
not try to know the exact meaning of each word... They should rather aim to
understand about eighty percent of the information they read and infer the
meaning of unknown words as they read. If they need an answer to a particular
question that they may have missed, they can always go back and scan for it."
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Reading may sometimes seem as easy as abc, but in fact there are strategic
ways to make your students’ reading more useful and productive. By teaching
them surveying, skimming and scanning in addition to reading for detail, you will
give your students the strategies they need to be successful learners.

VIAK 372.881.111.1
Yuliya Sobol
PhD (Philology), associate professor ZNTU

CRITERIA FOR TEXT SELECTION IN TEACHING TECHNICAL
STUDENTS TO READ PROFESSION-ORIENTED TEXTS IN A FOREIGN
LANGUAGE

The problem of choosing texts for reading implies taking into account a
number of basic criteria, such as readability, content suitability, adequate length,
level of complexity, variety of texts types (narrative, argumentative, descriptive...)
and styles, appropriateness for different types of reading strategies ( thorough
reading, skimming, scanning, searching for information).

Determining the readability of the text the task of a language teacher is to
focus on lexical readability as it has been found to be the most influential
dimension for reading comprehension. Features frequency, lexical variation,
concreteness, polysemy, word-formation patterns and context specificity has an
impact on text readability.

The selected reading passages are supposed not only to be linguistically and
culturally acceptable but also understandable for the students from the viewpoint of
content, topic, and concepts. At the same time too primitive and explicit in terms of
content texts should be avoided because they do not inspire interest, lack challenge
and can not serve for effective sub-skills training.

Suitability of content is another important criteria in text selection. Text
content should be in line with the specialism of the students. Texts should appeal to
students’ interests, age, level, knowledge of the world.

The rationale of the text length depends on the purposes of reading, the types
of the text processing, students' reading speed.

Another important selection criterion is texts authenticity. The authentic
texts are the texts not adapted for linguistic purposes. The aim of the language
teacher is to accoustom students to reading and comprehending authentic material
despite its complexity, because in such a way students are exposed to real language
system, its discourses, redundancies, figures of speech, etc. The idea of teaching
reading through authentic texts acquires more and more approval by language
teachers, because it is bridge to real-life communication. However, the texts for the
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ESP coursebook should be chosen with special care, accompanied by a range of
learning tasks and activities to facilitate the perception of reading materials.

VK 371.31
Tatyana Suvorova'
'seniour teacher ZNTU

MOJEJI YATAHHSI B KOHTEKCTI ESP

3HaHHS 1HO3eMHOI MOBH BiIKpHBa€ HEOOMEXKEHHH IOCTYNl A0 HayKOBOi
JTepaTypy, A€ MOXJIMBICTH O3HAWOMMTHCS 13 MOCATHEHHSMH CBITOBOI HAyKH 1
TexHikH. CTylneHTaM MONITEXHIYHUX BY3iB 1HO3€MHa MOBa IOTPiOHa TOJIOBHHM
YMHOM JJIsi TJIMOLIOrO0 OCBOEHHS CIICIIalIbHOCTI, @ TaKOX JJg IMPaKTUYHOTO
BUKOPHCTaHHs y mpodeciiiHiii misiapHOCTI. TOMy OIHHMM i3 3aBJaHb HaBUaHHS
CTYZICHTIB 1HO3eMHil MOBi € pOpMyBaHHSI yMiHb YHTATH IHIIOMOBHY JITEpaTypy 3i
CreliaJbHOCTI JUIsi OTpUMaHHS HeoOXxinHol iHdopmanii. [l nocsrHeHHS IHUX
el Tpeda 1oOpe po3yMiTH caM MpoIeC YHTAHHS.

Binpnricte BYCHUX MOTOKYIOTHCS, IO YUTAHHSA € ONHUM 3 HaHBayKJIMBIIIUX
HaBHYOK JJISI OCBITHBOTO Ta mHpodeciiHOro ycmixy. 30Kpema, YUTaHHSA 3aiMae
oco0mrBe Miclie P BUBUCHHI aHTITIHCHKOT MOBH 1y Tipodeciiinux mineit (ESP),
OCKIJIbKHM BOHO 3HaXOAMUTHCSA B LIEHTPI Oaratbox

3aBJlaHb, II0 BHUKOHYIOThCS yuacHukamu ESP; abo mpu HaOyTTi 3HaHb 3
LILOBOTO  KOMYHIKaTMBHOTO JIMCKypCy, ab0 B TIO€JHaHHI 3 BHUKOPHCTaHHIM
IHIIMX HAaBMYOK, HANpUKiIa]y nuchbMma. Hacrpaii, yuTaHHS - 1€ KOMIUIEKCHA,
iJIeCIpSIMOBaHa, 1HTEpaKTHBHA, YCBIJIOMJIIOIOYA Ta THYYKa MAisUIBHICTH, SKYy He
JIy’K€ JIETKO BU3HAYUTH.

UuTaHHS € OIHMM 3 YOTUPHOX MOBHHX HAaBHYOK, SKE€ BBAXKAETHCS
pELEeNTUBHAM BMIHHSM, OCKIJIBKH Iepei0avyae pearyBaHHs Ha TEKCT, a He Ha HOro
CTBOpPEeHHS. BoOHO mepembadae po3yMiHHS 3MiCTy NMHUCHMOBOTO TEKCTy Ha PiBHI
clioBa, peueHHs ab0 ychoro Tekcry. HacrpaBni, YUTaHHS MiJICHIIIOE iHII MOBHI
HaBMYKH THX, XTO BUBYa€ MOBY. HaykoBi jaHi migTBEp/DKYIOTh, IO Ti, XTO YUTAE
OinmpIie, MarOTh OUTBIIMK CIOBHHUKOBHW 3amac, Kpaimle CKIaJaroTh TECTH 3
rpaMaTHKH i Kpallle BUKOHYIOTh 3aBJIaHHS 3 IMChMa.

UwuraHHS B 3HAYHIH Mipi pO3TILINAETBCA SIK B3a€EMOJISI MPOIECIB i 3MicCTy,
YUTaHHS 1 PO3YMiHHS, IO TPOXOANTH TPH ETaITH:

1. YnTaHHSA SIK IEpeHeceHHs iH(popMarii;

2. YuTaHHA K B3a€EMOISI MIX TyMKOIO 1 MOBOIO;

3. UnutaHHS K B3a€MOJIiS MK TyMKOIO, MOBOIO, YMTa4eM, TEKCTOM 1 3MiCTOM
KOXKHOTO 3 ITUX €JIEMEHTIB.
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Tepmin  «momenmby»  BimHOCHTBCS 10  (opmanizoBaHOi,  Bi3yalbHO
MPEICTaBICHOT Teopii «II0 BigOyBaeThCS B OYaxX 1 po3yMi YMTadiB, KON BOHH
po3ymitoTh (abo He po3yMitoTh)TeKCT ~°. Takum YHHOM, MOJETh MOXKHA
OXapaKTepU3yBaTH SIK CHCTEMATHYIHI Tepen0aueHHs Ipo MPHUXOBAHUN MPOIIEC, K1
MOTIM i ITAI0THCS BUIPOOYBAHHIO MUITXOM €KCIIEPUMEHTAIBHOTO JOCHTIHKEHHS.

[epma monens untaHHA-1Ie “the bottom-up model”. ¥ mpomy Tumi mozneni
YuTa4 MOYMHAE 3 HAMHCAHOTO TeKCTy (the bottom) i Oymye ceHC 3a JOMOMOTOIO
OyKB, CIiB, (pa3, KOHCTPYKILiH i peueHb. L{g1 Moenb Tae MOKIUBICTH 3PO3yMITH,
IO YUTAHHS - I IPOIEC, B SKOMY HEBEJMKI IIMATKH TEKCTY IOTJIHHAITHCS,
aHAJII3YIOTBCS 1 MOCTYMOBO JOJAKOTHCA JO HACTYIMHUX MOPIIi, MOKH BOHU HE
CTalOTh 3HAYYLIMMHU. [HaKIIe KaKy4W,9UTaHHS MMPOXOIUTH LMK DS eTaIliB,sKi
BeAyTh 70 po3yMinHs. Tounimie, Mozaens ‘the bottom-up” 6a3yeThcss Ha MUTAHHSIX,
MOB’sI3aHUX 3 MIBHIKOI 0OOPOOKOIO TEKCTIB i iIeHTH(DIKAIi€0 CIIB 1 HA 3aTHOCTI
YhTaya PO3Ii3HABAaTH CJIOBa 130JILOBAHO, OE3MOCEPEIHBO 3ICTABISAIOYM OTPHMAaHI
JIaHi B AKYCh HE3aJIC)KHY PeIlpe3eHTaTHBHY (JOpMy B MEHTaJIbHOMY JIEKCHKOHI. Lle
3iCTaBJICHHS TPOXOAWTH HE3aJEC)KHO Bix KoHTeKcTy. HacmpaBmi mpormec “the
bottom-up” BigOyBaeThCs TOMAI, KOJIM YHTA4 NPUIILE yBary OO HAeTayeH,
HaMarar4dnch pO3IMU(PPYBATH OKPEMi CIIOBa, SKi 3MA0OTHCA HOMY HE3HAHOMHMH, i
IHIII JTIHTBICTUYHI SIBHIIA, JJIs1 TOCATHEHHS PO3YMIHHS TEKCTY.

Ha Bigminy Big mozeni “the bottom-up”, moaens “the bottom-down” onucye
YUTAHHS K JIHIAHUHA TPOLEC, AKUH MOYUHAETHCS 3 BEPXHBOI, BUIOI MEHTAIBHOL
cTaziii i 1o camoro Tekcry. Monenb “the bottom-down” mimkpecioe, M0 Ha
MepIIoMy eTami BakJIuBe came 3HaucHHs. Lle BigOyBaeThCs KOJIM 4yMTad POOUTH
3M0TaKH MIOJ0 3MicTy, 0a3yrounmch Ha 3400yTOMY JOCBii, a MOTIM BXke Hue
MONIYK y TEKCTi OYIKyBaHMX JaHUX KOHKpeTHOi curyamii. [Ipm Takomy Twimi
00pOOKH YUTa4Y KEPYETHCS CEHCOM, Ha BiIMIHY BiJ IONEpPEIHBOI MOJAEMI, e BiH
KepyeTbest TekeToM. OTKe, YUTad MiAXOIUTh 10 TEKCTY 3 MONEePEIHIMU 3HAHHAMH
Ta KOHIEMIISMH, SKi pO3TISIIAIOThCS K "HaOyTi 3HaHHA", a 4epe3 TeKCT Oymye
3MicT TekcTy. HaOyTi 3HaHHS 4YHMTa4a MOXYTh CKJIAJaTHCh 13 3HaHb 3a
npodeciiiHolo abo 3arajbHOI0 TEMATHKOIO, 3araJIbHUX 3HAaHb CBITY, aOCTPaKTHHX
KOHIICTITYaJIbHUX 3HaHb a00 iX KoMmOiHaIliii. [Hakie kaxxydu, 0OpobOKa TeKCTy 3a
Mojaemmo “the top-down” 1ie OTpUMaHHs 3arajbHOTO PO3YMIHHS TEKCTy 3a
JIOTIOMOTOI0 TEKCTOBHX 3HaKiB Ha 0a3i HaOyTux 3HaHb. Lleil mporec mpoxoanuTh
HACTYITHI €TaTH:

1. rima3a 6a4aTh TEKCT;

. 00IyMyBaHHS 1 epe0aYeHHs 010 CEHCY YChOTO TEKCTY;
. I[JIe PEYCHHS Y SKOCTI MOJIEI JIJIsl IEPEBIPKU CEHCY;

. IOJANIBIIMK aHaJIi3 CIIiB;

. 32 HEOOXITHICTIO (KOJIM HEMa€e BIICBHEHOCTI), aHaJli3 OYKB.

W AW
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Dmytro Goncharenko', Yuliya Sobol®
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*PhD (Philology) assistant professor ZNTU

BENEFITS AND DISADVANTAGES OF BIOMECHANICAL
AUGMENTATION

Until recently prostheses were attached to the human body mechanically and
had nothing to do with the nervous system.

Dentures can bend with the help of iron hinged joints, but to perform every
movement the wearer had to adjust own prosthesis manually.

But scientists made incredible, they attach a mechanical arm to the human
nervous system.

Human nervous system generates a signal that enters the limb and so no
signal goes off into the void.

In the course of research in biomechanics, scientists managed to "intercept"
the nerve impulses and send them to the signal-reading mechanism of the
prosthesis.

Researchers from the Technical University Chalmers in Gothenburg
(Sweden), together with colleagues from the consortium of NEBIAS (project of
several European universities) have gone the other way.

Instead of positioning electrodes on the surface of the skin, where the signal
is heavily noisy, scientists have tried to reduce the interference, inserting electrodes
under the skin.

But each person's physiology is unique, and we cannot say in advance where
to position the electrode to maximize “signal-to-noise” ratio.

Currently the most promising method for control ofbionicprosthetic devices
is considering read electrical potentials from muscles in the stump is
electromyography (EMG).

Such high-tech prostheses have already progressed beyond the laboratory and
are produced serially.

However, teach patient to properly manage the denture is still a difficult
problem. Bioelectric activity of the prosthesis is basing on the fact that even after
the amputation of the hands the vestiges grasp muscles.

When the muscle shortens to the electrodes, prosthesis AC electrical pulse
arrives, and resides in electrodes amplification system allowing you to turn on and
off the motor which is powerful enough.

Bioelectrical prostheses allow you to capture and hold items to use cutlery,
ballpoint pen, a mouse and other small objects.
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A BREAKTHROUGH IN POWER ACCUMULATION (FLUORIDE ION
BATTERIES)

Scientists from Honda Research Institute, together with researchers at the
California Institute of Technology and NASA’s Jet Propulsion Laboratory (JPL),
recently made a splash in fluoride-ion battery (FIB) technology.

Scientists succeeded in achieving the ability to run energy cells at room
temperature rather than heating them to at least 150 degrees Celsius. Fluoride-ion
batteries offer high energy density but modern research has shown their operation
only at high temperatures because the electrolyte is a solid material. At the the
same time making fluoride-conducting liquid electrolytes that more readily
conduct ions isn’t exactly a straightforward proposition. Fluorides don’t dissolve
much and, if they do, trey rather react than stick around to carry charge.
Nevertheless, the solvents tried can’t support a high concentration of fluoride ions
or a useful operating voltage for high energies. There has additionally been a
problem of electrode materials dissolving in the electrolyte, expediting battery
failure.

All of these issues have been addressed with a liquid electrolyte made useful
by its salt design, choice of solvent and by putting a protective shell around the
copper electrode material that lets fluoride in but keeps the solvent away. The
materials currently being tested are cerium, lanthanum, and copper-based. And
those elements are more plentiful than cobalt and lithium usually used in batteries
today. The research team is still trying to get naturally-occurring calcium fluoride
to work as an anode, which would additionally give their FIB a “significantly
lower eco-footprint.”

Eventually FIB can embody all advantages of lithium ion battery (LIB) and
get rid of its flaws.

Advantages of BFI compared to LIB are as follows:

1. The energy density of FIB ten times than LIB.

2. FIB can be high voltage one unlike the LIB.

3. FIB manufacturing is cheaper than LIB one.

4. Recycling of FIB not so harmful for habitant as LIB’s one.
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MODERN APPLICATION OF NEURAL PROCESSING UNITS

A neural processor or a neural processing unit (NPU) is a microprocessor that
specializes in the acceleration of machine learning algorithms, typically by
operating on predictive models such as artificial neural networks (ANNs) or
random forests (RFs).

NPUs sometimes go by similar names such as a tensor processing unit
(TPU), neural network processor (NNP) and intelligence processing unit (IPU) as
well as vision processing unit (VPU) and graph processing unit (GPU).

Many areas of industries and science have found application of NPUs.

In Autonomous vehicles Nvidia has targeted their Drive PX-series boards at
this space.

Military robots and agricultural robots, for example pesticide-free weed
control. Industrial robots, increasing the range of tasks that can be automated, by
adding adaptability to variable situations.

In mobile phones industry Qualcomm targeted their Zeroth platform for voice
controlling. Huawei and Apple introduced NPU technology for improving
photography and user experience. With this technology phones will just be
working much more smoothly and it will be due to hardware accelerated artificial
intelligence working behind the scenes. It might happen due to natural language
processing deep learning models that predict and recognize word choice and
intention for text entry keyboards, for personalized news aggregators, for map
navigation and real-time translation.

In navigation systems the Movidius Myriad 2 has been demonstrated
successfully guiding autonomous drones. Furthermore, this processor can be found
in millions of devices on the market today and continues to be utilized for some of
the most ambitious Artificial Intelligence, vision and imaging applications where
both performance and low power consumption are needed.

In Health care area NPU is used to assist with diagnoses, medical data and
image processing

In Search engines NPU increase the energy efficiency of data centers and
ability to use increasingly advanced queries.

To sum up, there are many applications of neural processing units. Their
introducing in the modern science, medicine, industries and routine life will make
our future closer.
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PROGRAMMING LANGUAGES

A programming language is a formal language intended for recording
computer programs. A programming language defines a set of lexical, syntactic
and semantic rules that determine the appearance of a program and the actions that
the performer (usually the computer) will perform under its control. A
programming language is designed to write computer programs that are a set of
rules that allow a computer to perform a particular computational process, organize
the management of various objects, etc. A programming language differs from
natural languages in that it is designed to control a computer, while as natural
languages are used primarily for communication among people.

Low-level programming language is a programming language that is close to
programming directly in the machine codes of a real or virtual (for example, byte-
code, Microsoft, NET) processor used. For the designation of machine commands
usually mnemonic designation is used. This allows you to memorize commands
not as a sequence of binary zeros and ones, but as meaningful abbreviations of the
words of the human language (usually English).

Sometimes one mnemonic designation corresponds to a whole group of
machine instructions that perform the same action on different memory cells of the
processor. In addition to machine commands, low-level programming languages
may provide additional features, such as macros. With the help of directives, it is
possible to control the process of translating machine codes, providing the ability
to write constants and literal strings, reserve memory for variables, and place
executable code at specific addresses. Often, these languages allow you to work
instead of specific memory cells with variables.

High-level programming language is a programming language designed for
speed and ease of use by the programmer. The main feature of high-level
languages is an abstraction, that is, the introduction of semantic structures, briefly
describing such data structures and operations on them, which descriptions on
machine code (or other low-level programming language) are very long and
difficult to understand.

High-level programming languages have been developed for the platform
independence of the essence of the algorithms. Dependence on the platform is
shifted to instrumental programs — translators compiling text written in a high-
level language into elementary machine instructions (instructions). Therefore, a
platform-unique translator is developed for each platform for each high-level

227



language, for example, translating text written in Delphi in elementary x86
microprocessor commands.

Thus, high-level languages seek not only to facilitate the solution of complex
software problems, but also to simplify the porting of software. The use of various
translators and interpreters provides communication of programs written in high-
level languages with various operating systems, programmable devices and
equipment, and, ideally, does not require modification of the source code (text
written in a high-level language) for any platform.

Why are so many programming languages? The answer is obvious - many of
them were created for different machines, for different purposes and applications.
This is for serious languages. Some of the mare just invented for the sake of fun,
but they are few and they are not widely spread, of course. And there are about
eight thousand five hundred programming languages!

YK 004

Vladyslav Ivashchenko', Yuliya Sobol’
'student of group CST-528 ZNTU

*PhD (Philology), assistant professor ZNTU

DIFFERENT TYPES OF VIRUSES

Ransomware viruses are one of the most famous computer viruses, such as
Gandcrab. It’s a ransomware virus, which spread through advertisements, websites
or spam e-mails. Once this virus is active on the system, it starts to collect user’s
personal information such as usernames, password, credit card info, etc. After, it
kills all tasks and processes running on the system, so that it can start encrypting
the data and files. Then it puts a file that contains a message, where you have to
pay ransom to return your files.

Trojan virus is any malicious computer program which misleads users of its
true intent. Usually, this type of viruses works in the background, but some of them
can interfere with your work on the personal computer. Trojans are generally
spread by social networks, for example where a user is duped into executing an e-
mail attachment disguised to appear not suspicious, (e.g., a routine form to be filled
in, or by clicking on some fake advertisement on social media or anywhere else).
Although their payload can be anything, many modern forms act as a backdoor,
contacting a controller which can then have unauthorized access to the affected
computer.

Macro viruses appear in the form of a word document which seemingly links
the user to unsafe websites. A macro is a series of commands and actions that helps
automating some tasks - usually a quite short and simple program. However they
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are created, they need to be executed by some system which interprets the stored
commands. Melissa is one of the most known Macro Virus. Going one step further,
this virus not only exploits the user but also his/her friends by mailing the copies of
the infected virus document to the contact list.

Browser Hijacker. Ever faced a problem where the homepage of your web
page gets automatically directed to a particular site? Well, that is the most common
way by which this ransomware hijacks your browser. While its visual effects might
epitomize the threat, this hijacker is nothing more than a tactic to increase income
from web ads.
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THE INTERFERENCE PHENOMENA IN LEARNING FOREIGN
LANGUAGES

Linguistic interference is an interaction of speech systems in the conditions
of bilingualism, which arises either in the process of language contacts, or in the
process of learning non-native language. It is a process of spontaneous transfer,
imposing differentiative features and rules of one language system into another
system.

The influence of the native language in the process of communication is
unavoidable. It leads to a violation of the system and the rules of the foreign
language, and, consequently, interference.

The appearance of interference depends on the following factors:

1. the level of communicative competence in the mother tongue and the
conscious possession of it (the higher the level of competence in the native
language, the less the interference phenomena and more opportunities for the
acquisition of a foreign language);

2. the degree of difference in the structural and semantic organization of the
native and foreign languages, that is, the presence or absence of phonetic, lexico-
grammatical and semantic types of correspondences;

3.duration of foreign language acquisition (the longer the duration of
language learning, the less the effect of interferent phenomena).

The most obvious and widespread phonetic interference is observed at the
initial stage of learning foreign language. The most vulnerable are the sound and
prosodic features of the language:
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1. mistakes associated with the pronunciation of phonemes: vowels ([2:], [o:],
[u]), consonants [1], [0], —ing [-n] endings, and -ed ending;

2. stress shift in some foreign words under the influence of the native
language: industry, botany, influence, colleague, magazine;

3. different reading of the same letters combinations: break, steak but bleak,
streak. The reason of this interference mistakes lies in inability to correctly identify
foreign sounds and prosody. It leads to replacing foreign phonetic sounds by so-to-
say “analogues” from their native language. For example, [0] is pronounced as [t]
and/or [s] in the words “tin” and “sin”.

Mistakes in lexical and semantic level include:

1. incorrect use of prepositions and word combinations;

2. reflexive use of nouns:"meni Baxkko" as "difficult for me";

3. a false idea of the meaning of idioms, phrasal verbs or fixed word-
combinations.

Among the mistakes on the grammatical level most common are:

1. violation of the word order in the sentence;

2. the use of the infinitive with the particle "to" after modal verbs;

3. violation in sequence of tenses;

4. mistaken usage of phrasal verbs “3anexxuts Bin” — “depend from” (instead
of: depend on).

Among the most common grammatical mistakes are:

1. Usage of word order in sentence in accordance with the rules of the
Ukrainian language. It leads to a complete change in the content of the English
sentence: YYHSM IMMOCTaBWIM Bakke 3aBmaHHsS — The pupils set a difficult task
(3aMmicTh: were set).

2. The wrong identification of the tense forms of the English and Ukrainian
languages leads to serious mistakes that may change the meaning of the whole
sentence. Mu JOBro yMOBIISIH Horo 3a0yTH mpo 1ieit mian — We persuaded him for
a long time to forget about this scheme (instead of: We have been persuading)

3. The structure of Ukrainian questions is often transposed on English
sentence: Sk Bu aymaerte, ae BiH 3apa3 npaioe? — How do you think, where does
he work now? (instead of: Where do you think he is working now?).

Consequently, it can be said that under the conditions of bilingualism or
multilingualism it is impossible to avoid interference. The reason of interference is
the fact that the speaker builds his speech under the pressure of the mother tongue,
in accordance with its rules, and he ignores the asymmetry between native and
foreign languages. That is, he tries to adapt a foreign language to his own native
language, to identify and build foreign-language structures according to models of
the native language.

A careful study of the interference mistakes will help to overcome this
phenomena. There are several ways to combat interference:
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1. interlingual comparisons;

2. interlingual contrast exercises;

3. translation analysis;

4. focus on verbal rules for explaining difficult situations of interlingual
discrepancies.

All these methods will help to prevent errors, reduce their number, and thus,
facilitate the learning process.

YK 81.373.43

Oleksandr Bilan ', Yuliya Sobol®

Istudent of group E-426 a ZNTU

2PhD (Philology) assistant professor ZNTU

FEATURES OF THE DEVELOPMENT AND FUNCTIONING OF
COMPUTER NON-OLOGIES IN MODERN ENGLISH LANGUAGE

With the development of technical progress and the advent of the Internet,
There are a huge number of new language units, neologisms, in particular in the IT
field.

Scientists still do not have a solid interpretation of the term "neologism",
because its definition is rather arbitrary. Treating the term "neologism", scientists
emphasize the very novelty of the word. In other words, the computer neologism is
a word or phrase that appeared in the lexical composition of the speech at a certain
stage of its development to refer to a new concept in the computer industry and its
e novelty should been understood by the speakers.

A. Metcalf distinguishes five main factors that allow neologism to enter the
active vocabulary of the language: the frequency of use; "unobtrusive"; a wide
range of situations and a significant number of people who use new words; the
ability to produce new word forms and create new meanings; "Use" of the concept.

There are two kinds of neologisms: lexical neologisms, absolutely new words
both in the meaning and in the sound; semantic neologisms - new meanings in
already existing words.

After computer neologisms have been investigated, we have identified
several lexical-semantic groups:

1. lexical units that represent the types and components of the computer
structure (port, system unit, hardware, disk controller);

2. lexical units denoting computer software (antivirus, software, Microsoft
Excel);

3. lexical units denoting actions related to work on the computer
(programming, handshaking, disabled, delete, hung, grovel);
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4.lexical units that are related to the Internet (Internet, dot com, spam,
search).

The transition of a new word into the category of an independent lexical unit
occurs through one of the homonymous meanings. For example: "cookie" (n.) -
"home cookie"> "a small piece of data, automatically created by the server on the
user's machine".

Some neologisms are formed by metaphorizing, for example: "mouse" (n.) -
"Computer mouse" (transfer of value by similarity); "To_mousetrap" - to put the
mousetrap "to program the website in such a way that the visitor cannot easily get
out of it. For example: "If your browser is behaving strangely, you are"
mousetrapped ".

An important source of replenishment of the vocabulary of the neologisms of
the Internet communication sphere are social networks (Facebook) and
microblog(Twitter). Due to them appeared such neologisms as: "to connect" —
means that users who subscribe to updates on personal pages of famous people,
acquires a native content: in this note, it expresses the desire to receive news from
the idol. For example: "Connect your any account with Facebook to start sharing
with your Facebook Friends!”."To follow" is used in the Twitter similar to the verb
"connect". In a neutral context, the verb means,"to follow / follow someone"; for
example: "Well-known investor Marc Andreessen has produced a list of his
Sfavourite people to follow on Twitter”. To _share" is used in the social media of
Facebook, which means not only to share something, but also to populate a news;
for example: «Before you can start sharing photos and videos from Instagram to
Facebook, you need to link your Instagram account to Facebook one». «Tweet (1.,
v.) » — in Twitter gets a new meaning. It is used to refer to the actual
communication process, in which Twitter is used as a channel for the transmission
of information. For example: "I posted a new tweet to Twitter about what I had for
breakfast. Here are some ideas of funny things to tweet when you're out of ideas ".

Using in everyday communication computer terms gives the impression that
the one who use them is an enlightened, witty and clever companion. For example:
"She is multitasking" means "She deals with two things at a time"; "Let's go
offline" for a few minutes means "Let's talk privately"; "He is living in hypertext"
means "He has something to hide". "Eyou later" says when they say goodbye. This
phrase is created using the word-making element "E" from "electronic" (as in e-
mail) because of word games instead of the traditional See you later.

So, in general, in the computer sphere, neologisms are used more often by
expanding the meaning of existing words than the appearance of purely new ones.
In the case of the appearance of neologisms, we observe the transition of one and
the same word from the commonly used vocabulary to terminology, that is, the
termination, but its return to the common language in a new meaning -
determination, all of these indicate the dynamism of neologisms.
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TO THE PROBLEM OF CONCEALED WEAPONS ON UNIVERSITY
CAMPUSES

An increased number of campus shootings in the last few decades has
brought the public’s attention to the question of safety of students on campuses,
and, more specifically, policies of education facilities regarding weapons. The
debate on whether to allow students and college employees to carry concealed guns
on high education campuses remains a relevant and controversial topic to this day.

This topic is especially relevant in the United States of America, since this is
one of few developed countries where it is permissible for civilians to own
weapons. At the same time, America has experienced a rise in mass shootings
during the last 30 years, a considerable portion of which occurred on the grounds
of university campuses.

There are many strong arguments presented both for and against carrying
weapons on campus. Supporters of conceal and carry laws state that "allowing
faculty, staff, and students to carry guns on campus will act as a deterrent and a
means for protection of them and their fellow classmates". Their arguments are
driven by concerns for the safety of students and faculty staff as well as the
individual right to self-defense of every USA citizen. Opponents of such policies,
however, argue that the presence of weapons on college grounds would be useless
as a safety measure. Additionally, it would create an unsafe environment for
students during classes. At this point in time, enough data about firearm-related
violence has been collected over the recent years, and it is now clear that students
should not be allowed to conceal and carry on campus.

The first problem that supporters of conceal and carry legislature address is
the ability of college employees to defend themselves and their classmates and
colleagues against a perpetrator. Many argue that having a gun during an assault
can also increase the chances of neutralizing the shooter before they can kill or
injure more people. Another issue that proponents of guns point out is that the
ability of students to carry concealed weapons is a manifestation of their right to
defend themselves granted to them by the Second Amendment.

To begin with, when real-life cases of firearm-related violence are examined,
it becomes clear that guns play an insignificant role in self-defense. According to
data from the National Crime Victimization Surveys, victims of crime incidents
manage to attack or threaten their offender with a gun in less than one percent of
cases. It is explained by the fact that in real-life situations, people don’t always
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have enough time to react and draw a gun. As evidenced by the case of the
Umpqua Community College shooting, armed students are reluctant to engage in a
direct conflict with a shooter, fearing that they might be mistaken for the
perpetrator. These findings suggest that allowing guns on campus is not an
effective way of ensuring safety of college employees.

Secondly, as Smith points out, "the Second Amendment is a very simple law
when read, but has proven to be a much more complex issue when lines are
drawn". There is an important distinction between the right to own a weapon and
being able to carry it at any given location. In addition, it is important to remember
that higher education facilities are mainly populated by teens and young adults who
tend to exhibit riskier behaviors than an average person. So, the possibility of
having firearms on campus is connected to increased risks of gun-related incidents.
Such circumstances, in a way, separate colleges and universities from the rest of
society and require a more careful approach to conceal and carry policies.

In conclusion, it is sufficient to say that the question of concealed weapons
on campus cannot be easily solved and still remains a subject for discourse among
policymakers. Yet the existing research on the use of firearms and past cases of
college shootings suggest that students and college employees should not be
allowed to carry concealed weapons on campus.
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NANOTECHNOLOGY

Nanotechnology ("nanotech") is a manipulation of matter on an atomic,
molecular, and supramolecular level. Two main approaches are used in
nanotechnology. In the "bottom-up" approach, materials and devices are built from
molecular components which assemble themselves chemically by principles of
molecular recognition. In the "top-down" approach, nano-objects are constructed
from larger entities without atomic-level control.

Areas of physics such as nanoelectronics, nanomechanics, nanophotonics and
nanoionics have evolved during the last few decades to provide a basic scientific
foundation of nanotechnology.

Molecular nanotechnology is closely associated with the molecular
assembler, a machine that can produce a desired structure or device atom-by-atom
using the principles of mechanosynthesis. Manufacturing in the context of
productive nanosystems is not related to, and should be clearly distinguished from,
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the conventional technologies used to manufacture nanomaterials such as carbon
nanotubes and nanoparticles. Several phenomena become pronounced as the size
of the system decreases. These include statistical mechanical effects, as well as
quantum mechanical effects, for example opaque substances can become
transparent (copper); stable materials can turn into combustible (aluminium);
insoluble materials may become soluble (gold).

Modern synthetic chemistry has reached the point where it is possible to
prepare small molecules to almost any structure. These methods are used today to
manufacture a wide variety of useful chemicals such as pharmaceuticals or
commercial polymers. This ability raises the question of extending this kind of
control to the next-larger level, seeking methods to assemble these single
molecules into supramolecular assemblies consisting of many molecules arranged
in a well defined manner.
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HOW TO PROTECT COMPUTER FROM VIRUSES

Today we use internet-connected devices in all spheres of our lives. We go
online to search for information, shop, bank and stay in touch with family and
friends through social networking. As a result, our devices contain a heaps of
personal information about us. By using safety measures and good practices to
protect your devices, you can protect your privacy and your family.

Antivirus software protects your device from viruses that can destroy your
data, slow down or crash your device, or allow spammers to send email through
your account.

A firewall is a software program or piece of hardware that blocks hackers
from entering and using your computer. Hackers search the internet the way some
telemarketers automatically dial random phone numbers. They send out pings
(calls) to thousands of computers and wait for responses. Firewalls prevent your
computer from responding to these random calls. A firewall blocks
communications to and from sources you don't permit.

Protect your devices and accounts from intruders by choosing passwords that
are hard to guess. Use strong passwords with at least eight characters, a
combination of letters, numbers and special characters.

Many social media, email, and financial accounts allow the use of stronger
authentication methods. These methods can include a fingerprint recognition, one-
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time codes sent to a mobile device, or other means that ensure users to have a
secure access to their account.

Social media allows sharing of all aspects of life, but it's important to control
who has access to the information you share. Information thieves can use social
media postings to gather information and then use the information to hack into
other accounts or for identity theft. To protect yourself, make use of privacy
settings to limit the visibility of personal posts to your personal networks, and
restrict the amount of information you share with the general public.
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AN ARTIFICIAL INTELLIGENCE

Artificial intelligence (Al) is a simulation of human intelligence processes by
machines, especially computer systems. These processes include learning,
reasoning and self-correction.

The artificial Intelligence is used to help in difficult tasks — there are already
robotic systems that perform services like difficult surgeries, rescue during
disaster, fire-fighting and bomb disposal. There are self-driving car available in the
market today. Banks use artificial intelligence systems to organize operations,
invest in stocks and manage properties.

Computer-aided interpretation of medical images, heart sound analysis, etc.
are utilized in hospitals and medical institutions. New technology can be
immensely helpful for students with learning disabilities, digital learning changes
traditional ways of learning and building 21* century skills.

There is a significant difference between artificial intelligence and human
intelligence, and speed of execution certs in procedures is one of the most evident.
While one doctor can make a diagnosis in approximately 10 minutes, Al system
can make a million for the same time.

An artificial intelligence is not based on biased opinions in decision making
processes. It is not expected to halt because of overload, preciseness of its
outcoming results out match results achieved by humans.

In spite of all the evident advantages of Al there is no danger that it will
replace humans some day. We can name five reasons why Al won’t surpass human
intelligence:

1. Al frees humans from routine repetitive tasks freeing humans for more
complex occupations.
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2. Al isn’t smart enough to do creative work.

3. Al allows us to be better at our jobs by making us more human.
4. Al creates new industries and jobs.

5. Al can’t solve major healthcare problems.
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8 SEARCHING SYSTEMS THAT ARE BETTER THAN GOOGLE

1. DuckDuckGo is a fairly well-known open source searching system.
Servers are located in the USA. In addition to its own robot, the searching system
uses the results of other sources: Yahoo, Bing, "Wikipedia".

DuckDuckGo positions itself as a search for maximum privacy and
confidentiality. The system does not collect any data about the user, does not store
logs (no search history), the use of cookies is as limited as possible.

All major search engines try to personalize search results based on data about
a person in front of the monitor. This phenomenon is called the “filter bubble”: the
user sees only those results that are consistent with his preferences or that the
system considers as such. DuckDuckGo creates an objective picture that does not
depend on your past behavior on the Web, and eliminates Google-themed
advertising and Yandex based on your requests. Using DuckDuckGo, it is easy to
search for information in foreign languages: Google and Yandex by default, prefer
Russian-language sites, even if the query is entered in another language.

2. Not Evil is a system that searches by the Tor anonymous network. To use
it, you need to enter this network, for example, by launching a specialized browser
with the same name.

Evil is not the only search engine of its kind. There are LOOK (search by
default in the Tor-browser, available from the usual Internet) or TORCH (one of
the oldest search engines in the Tor-network) and others. We stopped at not Evil
because of an unambiguous hint at Google (just look at the start page).

Searches where Google, Yandex and other search engines are closed in
principle.

There are many resources on the Tor network that cannot be found on the
law-abiding Internet. And their number will grow as the control of the authorities
over the content of the Network is tightened. Tor is a kind of network within the
Network with its social networks, torrent trackers, media, trading platforms, blogs,
libraries, and so on.
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3. YaCyis a decentralized searching system that works on the principle of
P2P networks. Each computer on which the main program module is installed
scans the Internet itself. The results are collected in a common database that is used
by all YaCy members.

It’s hard to say whether this is better or worse, since YaCy uses a completely
different approach to search organization. The lack of a single server and
company-owner makes the results completely independent of anyone's preferences.
The autonomy of each node excludes censorship. YaCy is able to search the deep
web and non-indexable public networks.

If you are a supporter of open source software and free Internet, which is not
subject to the influence of state bodies and large corporations, then YaCy is your
choice. It can also be used to organize search within a corporate or other
autonomous network. And while YaCy is not very useful in everyday life, it is a
worthy alternative to Google in terms of the search process.

4. Pipl is a system designed to search for information about a particular
person.

The authors of Pipl claim that their specialized algorithms are searched more
efficiently than “ordinary” search engines. In particular, the priority sources of
information are social network profiles, comments, lists of participants and various
databases where information about people is published, for example, court decision
bases. Pipl's leadership in this area is confirmed by Lifehacker.com, TechCrunch
and other publications.

If you need to find information about a person living in the United States,
then Pipl will be much more efficient than Google. The databases of Russian
courts, apparently, are not accessible to the search engine. Therefore, it is not doing
so well with the citizens of Russia.

5. FindSounds is another specialized search engine. Searches for various
sounds (house, nature, cars, people, and etc.) in open sources.

In the issuance there are only sounds and nothing more. In the search settings, you
can set the desired format and sound quality. All found sounds are available for
download. There is a search for sounds on the model.

If you need to quickly find the sound of a musket shot, the blows of a
woodpecker, or the cry of Homer Simpson, then this service is for you. And we
have chosen this only from the available Russian-language queries. In English, the
spectrum is even wider.

A specialized service involves a specialized audience.

6. Wolfram | Alpha is a computational search engine. Instead of links to
articles that contain keywords, it gives a ready answer to the user's request. For
example, if you type “compare the population of New York and San Francisco” in
the search form in English, then Wolfram | Alpha will immediately display tables
and graphs with a comparison.
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This service is best suited for finding facts and calculating data. Wolfram |
Alpha accumulates and organizes knowledge available on the Web from various
fields, including science, culture and entertainment. If this database contains a
ready response to a search query, the system displays it; if not, it calculates and
displays the result. In this case, the user sees only the necessary information and
nothing superfluous.

If you are, for example, a student, an analyst, a journalist or a researcher, you
can use Wolfram | Alpha to find and calculate data related to your activity. The
service does not understand all requests, but is constantly evolving and getting
smarter.

7. Dogpile is a meta-search engine that displays a combined list of search
results from Google, Yahoo and other popular systems.

First, Dogpile displays less advertising. Second, the service uses a special
algorithm to find and show the best results from different search engines.
According to the developers of Dogpile, their systems form the most complete
issue in the entire Internet.

If you cannot find the information in Google or another standard search
engine, search for it in several search engines at once using Dogpile.

8. BoardReader is a text search system for forums, Q & A and other
communities.

The service allows you to narrow the search field to social sites. Thanks to
special filters, you can quickly find posts and user comments that match your
criteria: language, publication date and site name.

BoardReader can be useful for PR and other media professionals who are
interested in the opinion of a mass audience on certain issues.
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OPERATING SYSTEMS

Operating systems are just programs. But special privileges on the hardware
let them run and manage other programs. They got their start in the 1950s.The very
first OSes augmented the manual task of loading programs by hand.

Interfacing with early peripherals was at a very low level, so as to make it
easier for programmers. Operating Systems stepped in as intermediaries between
software programs and hardware peripherals.
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In the late 50s, the University of Manchester, in the UK, started work on a
supercomputer called Atlas. A program called the Atlas Supervisor, finished in
1962, could run several programs at the same time on its single CPU.

By the 1970s, computers were sufficiently fast and cheap. Now operating
systems has to handle not just multiple programs, but also multiple users.

The most influential of early time-sharing Operating Systems was Multics, or
Multiplexed Information and Computing Service, released in 1969. Then a simpler
operating system was created, it was Unix. Microsoft’s Disk Operating System, or
MS-DOS, was just 160 kilobytes, allowing it to fit, as the name suggests, onto a
single disk. First released in 1981.

Today, computers run modern operating systems, like Mac OS X, Windows
10, Linux and Android. Their OSes all have multitasking and virtual and protected
memory. So, they can run many programs simultaneously.
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VR AND AR TECHNOLOGIES

Virtual reality is a world created by technical means, transmitted to a person
through his sensations: sight, hearing, smell, touch, and others. Virtual reality
imitates both impact and reaction to impact.

Unlike VR, in which we deliberately isolate ourselves from the environment,
augmented reality allows us to create an overlay of the virtual world on the real in
the user's field of perception.

The first virtual reality system appeared in 1962, when Morton Heilig
introduced the first prototype of a multisensory simulator, which he called
“Sensorama”.

Why do we need virtual reality? - of course. Not only games, but also films
that give an opportunity to immerse in what is happening on the screen. But virtual
reality can develop beyond the multi-million entertainment industry. For example:
Architecture and interior design, sport, the medicine, art, training.

VR equipment is all devices that we use to dive into the virtual world. It can
be: VR glasses, Gloves, VR room

Glasses or a virtual reality helmet is a device that allows you not only to view
a picture (video), but also to immerse yourself in what is happening by getting a
3D picture.
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Google Glass is a headset for Android-based smartphones developed by
Google. Glass interacts with the user through voice commands (the “Ok, Glass”
command is followed by a request to perform a function; in addition, texts can be
dictated through the headset), gestures recognized by the touchpad located on the
handle behind the display , and a sound transmission system using bone
conduction.

Cardboard VR is the helmet, the main part of which is a regular smartphone.
The simplest version of the virtual reality helmet.

Virtual reality gloves are most popular with fans of virtual games. They can
read hand movements and simulate them on the screen using the game engine.

The most interesting devices include the development of the Chinese
company Dextra Robotics. Dexmo gloves are capable of transmitting physical
sensations from human interaction with virtual objects.

VR-room (or CAVE system, cave) gives the most complete effect of
immersion in the virtual world. VR-rooms give a very high quality immersion in
virtual reality.
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DC CONTACTOR OPERATION

An electrical contactor is a switching device, widely used for the switching
of motors, capacitors (for power factor correction) and lights. As the name
indicates contactors are used to make or break contacts like an ordinary on-off
switch. The only difference is that the contactors have an electromagnet that holds
the contacts when energized whereas switches do not have it.The basic operation
of a contactor is similar to that of a relay but contactor contacts can carry much
more current than relays. Relays cannot be directly used in circuits where current
exceeds 20 amperes. In such conditions contactors can be used. Contactors are
available in a wide range of ratings and forms. Contactors are available up to the
ampere rating of 12500A. Contactors cannot provide short circuit protection but
can only make or break contacts when excited.

The operating principle of a contactor is very simple. Whenever the
electromagnetic coil is energized, an electromagnetic field is produced. This
electromagnetic field attracts the metallic rod (armature) towards the gap in the
hollow cylindrical magnet. In contactors with split electromagnets, the movable
half of the electromagnet is attracted towards the fixed electromagnet. This action
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closes the contacts. The contacts remain closed as long as the electromagnet
remains excited. When the coil is energized, moving contact is pushed back to its
normal position by the spring. Contactors are designed to open and close contacts
rapidly. Moving contacts may bounce as they rapidly make contacts with the fixed
contacts. Bifurcated contacts are used in some contactors to avoid bouncing.

The input to the contactor coil may be AC or DC (available in various
voltage ranges starting from 12Vac/ 12Vdc to 690Vac). A small amount of power
is drained by the contactor coil during its operation. Economiser circuits are used
to reduce the power consumed by the contactor during its operation.

Contactors with AC coils have shading coils. Otherwise, the contactor may
chatter every time the alternating current crosses zero. Shading coils delay
demagnetization of the magnetic core and avoid chattering. Shading is not required
in DC coils as the flux produced is constant.

Arc occurs between the contacts every time when contacts are closed or
opened under load. Arc formed during the breaking of a load is more destructive
and may damage the contacts, hence reducing the life of the contactor. In addition
to that high temperature of arc degrades the gases surrounding the contacts and
forms harmful gases such as carbon mono-oxide, ozone, etc. This may affect the
mechanical durability of the contactors.

In DC contactors magnetic blowouts are used to propagate the arcs towards
specially designed arc chutes and extinguishing them by splitting. Contactors are
used in low voltage AC applications (690 volt or less), atmospheric air surrounding
the contacts extinguishes the arc. For medium voltage and high voltage
applications vacuum contactors are used to avoid the risk of arc.
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CALCULATION OF DC CONTACTOR

A contactor is an electrically controlled switch used for switching a power
circuit, similar to a relay except with higher current ratings. Contactor is controlled
by a circuit, which has a much lower power level than the switched circuit. Unlike
a circuit breaker, a contactor is not intended for interrupting a short circuit current.
Electromagnetic contactors can be used not only for switching at condition of
normal mode, but also for protection against the voltage drop in the network.
Direct current contactor is two-positional apparatus with self-reset operation
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designed for frequent switchings of direct current power circuits at conditions of
normal modes and overload of electrical equipment operation.

I’d like to tell you about calculation of dc contactor. The aim of calculation is
to determine the dimensions for cross sections of current-carrying contour,
resistances of its material, transient resistances of its contact connections, voltage
drop in current-carrying contour, thermal and dynamic resistance under condition
that temperature of current-carrying contour of DC contactors elements does not
exceed admissible value, and pressure force of switching contacts provides no
welding or spontaneous opening under the action of electrodynamics forces

The task of calculation of switching contacts is to determine the contacts
pressure force at which the temperature in contacting place does not exceed an
admissible one; and at which welding of contacts and its spontaneous opening
under action of electrodynamics forces don’t occur. Linear wearing of contacts can
be determined by given number of circuit openings N¢. The materials of flexible
coupling are thin copper wires with diameter 0.1 mm, twisted into the wire
harnesses. Cross section of the coupling must be close to a bus cross section.

In conclusion I’d like to say that it is very important to calculate any
electrical device before start of its exploitation. If you will install device which
doesn’t match the requirements it can cause serious effects from equipment failure
to peoples’ injuries up to death. That’s why every factory must seriously follow the
rules of labor protection.
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MAGNETIC STARTER

A magnetic starter is an electromagnetically operated switch which provides
a safe method for starting an electric motor with a large load. Magnetic starters
also provide under-voltageand overload protection and an automatic cutoff in the
event of a power failure. A magnetic starter is controlled by a circuit which has a
much lower power level than the switched circuit. Unlike a circuit breaker,
contactor is not intended to interrupt a short circuit current.

Magnetic starters are widely used in many branches of industry to control
electric motors, lighting, heating, capacitor banks, thermal evaporators, and other
electrical loads. The physical size of contactors ranges from a device small enough
to pick up with one hand, to large devices approximately a meter (yard) on a side.
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Electromagnetic contactors can be used not only for switching at normal
mode condition, but also for protection against the voltage drop in the network.
Electromagnet cannot keep a contactor in moving system with voltage decreasing
and it is spontaneously switched off.

A magnetic starter is a device designed to provide power to electric motors. It
includes a contactor as an essential component, while also providing under-voltage
and overload protection and an automatic cutoff in the event of a power failure.

A magnetic starter has a contactor and an overloadrelay, which will open the
control voltage to the starter coil if it detects an overload on a motor. Overload
relays may rely on heat produced by the motor current to operate a bimetal contact
or release a contact held closed by a low-melting-point alloy.

The overload relay opens a set of contacts that are wired in series with the
supply to the contactor feeding the motor. The characteristics of the heaters can be
matched to the motor so that the motor is protected against overload. Recently,
microprocessor-controlled motor digital protective relays offer more
comprehensive protection of motors.

Magnetic starters are divided into:

1. Motor soft starters;

2. Enclosed motor starters;

3. The Direct On Line Motor Starters.

Magnetic starters are commonly found on equipment drawing several
horsepower or higher. Examples include woodworking machinery such as cabinet
saws or shapers. Machines with smaller loads, such as a drill press or most
handheld tools normally use only a switch instead. Magnetic starters are stock
components for many machines, and aftermarket starters are also available for use
as replacements or for retrofitting older machines.
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GAMING

Types of PCs and Consoles

When talking about desktop computers, there are three operating systems that
one can run on: Windows, Linux, and macOS. Windows is the most popular by far.

As for consoles, there is a wider variety to choose from.

First, there are the “mainstream” consoles and those are Sony’s PlayStation
and Microsoft’s Xbox. They are generally the most popular and have the largest
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selection of games to choose from. This also includes the PlayStation Vita which
was initially released as a standalone handheld console but was eventually changed
into something of a companion to the PS4.

The Prices

Truth to be told, it is the consoles which helped gaming break into the
mainstream. How did they do that? They are more convenient and much cheaper
than a gaming PC.

Now, not only these consoles are cheap to buy, but they are also cost-
effective in the long run. Provided that you take care of it, a console can last you
upwards of 5 years until the next generation of consoles comes along. You will be
able to play all the games released for that console with no need to worry about
compatibility issues or your hardware getting outdated.

Unlike the consoles, there is no set standard for PC. Each individual
computer is comprised of a number of components that affect its price and
performance: the processor, the graphics card, the motherboard, the RAM memory,
the SSD, the HDD and the power supply that keeps it all running.

One of the advantages of a PC is that you are mostly free to upgrade it as you
see fit, although certain technological jumps might be limiting in that regard.
However, the numerous replaceable components can make troubleshooting a
hassle.

Selection

Many games are developed primarily for consoles and are only to PC
afterwards. After all, consoles make up the bulk of the gaming industry. Today,
however, the launch dates of PC versions of games coincide with those of
consoles, albeit there are still a handful of cases of timed exclusives.

Still, console-exclusive games do exist, although the only truly worthwhile
ones that might influence your decision right now are Sony’s first-party titles. In
contrast, the PC has access to a much better developed indie game scene.

Compatibility

As we have already mentioned, every game released for a console will work
nigh-flawlessly on that console, regardless of whether it was released during the
console’s initial launch or after it was replaced by the next generation.

The same can’t be said for the PC. Due to the sheer amount of hardware
available, games might encounter problems when trying to run on a particular
piece of hardware. On top of that, there are also instances of poorly optimized
games which don’t run properly regardless of how powerful the hardware is.

Conclusion

PC offers better visuals, a greater number of indie titles, and more affordable
games while being substantially more expensive to buy than consoles. It can also
be plagued by compatibility and hardware issues. Consoles, on the other hand, are
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cheaper to buy and can last for an entire console generation, and are much easier to
troubleshoot, but games tend to be more expensive.
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C++

C++ is now considered to be the language used to develop commercial
software products. It is considered a General-purpose programming language.
With this language, you can program from microcontrollers to the largest
supercomputers. Its main purpose-to simplify and make more enjoyable the
programming process for the individual programmer.

The founder of the C++ language is Bjorn Stroustrup. The author was a
master of mathematics and computer science.

To learn C++ is not necessary to know. This language owes much to the C
language, which is stored as a subset of it. In turn, owes a lot to the predecessor of
BCPL.

The early version of the language had the name "C with classes", which was
used since 1980. The language appeared only because the author had to write
modeling programs

The name C++ (C plus plus) was coined by Rick, Mascitti in the summer of
1983, the Symbol ++ refers to increase C. Just a shorter name With a+ is a syntax
error

Since the publication of the first edition of this book, the C++ language has
undergone significant changes and refinements.

The choice of C as the base language for C++ is explained by the following
advantages:

1. versatility, brevity and relatively low level,

2. the adequacy of most of the tasks of system programming;

3. it goes in any system and on any machine;

4. fully suitable for UNIX software environment.

It cannot be said that one language is better than another only because it has
possibilities that are absent in the other.

The C++ description has been reworked to ensure that any valid construction
in both languages meant the same thing. Its libraries were designed for portability.
In C++ you can use C run-time library Available in the language implementation
will work in most systems that support With
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The C++ language was a powerful and rapid breakthrough in the
development of programming. C++ still occupies a dominant position among
programming languages in the world.
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THE UNIQUENESS OF EACH PROGRAMMING LANGUAGE

Each branch of programming has its own peculiarity and own programming
language. The rationale for using one language rather than the other mostly relies
on the community you need and/or the language you know.

WHY YOU NEED TO LEARN WITH C++?

It can help you to master other advanced programming languages faster,
bring performance, understand the fundamental computer theories well.
C/C++ powers the world. The most used programming language for
professional game development is C++, which involves good productivity.

WHY C# IS A GOOD CHOICE?

C # can be used only if you do not need optimal performance or you prefer
simpler development and cross-platform support. It is also the preferred language
to use with the widespread game engine unity.

WEB-DEVELOPMENT AS THE MOST WIDESPREAD FIELD OF
DEVELOPMENT

Everybody needs to develop web applications or at least applications that
interact with the Internet. So the capabilities are there, both in the sense of
available libraries and available programmers.

THE TWO GENERAL-PURPOSE LOGIC PROGRAMMING
LANGUAGES

They are both created by students. Logic programming is a programming
paradigmwhichis based on formal logic. So you state some fact, or truth, about an
element and then the program itself finds the solution. Prolog is the first
programming language used for artificial intelligence and computational
linguistics. Haskell is the second programming language. It was designed to be the
C of functional programming languages: the purely functional programming
language.
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THE JAPANESE ECONOMY IN CRISES

Japan's economy was the envy of the world before succumbing to one of the
longest running economic crises in history. In the 1970s, Japan produced the
world’s second-largest gross national product (GNP) after the United States and,
by the late 1980s, ranked first in GNP per capita worldwide. But all of that ended
in the early 1990s when its economy stalled, plunging the economy into what has
been termed the lost decade.

What's Wrong with Japan's Economy?

1. Bank of Japan buys government debt;

2. To spur growth, the Bank of Japan keeps interest rates low. Its discount
rate is just 0.3%. It promises that rates will remain low. People expect low rates
and falling prices. The expectation means that every time prices rise, consumers
stop buying. They just wait for prices to drop again. Businesses can't raise prices or
hire new workers. Employees don't get raises, so they just keep saving;

3. The Bank wants to keep the value of the yen low. But the yen carry trade
keeps raising it. Even when the dollar's value soared 15% in 2014, it didn't increase
the price of imports. A lower yen normally increases the price of imported
commodities, triggering inflation. But plummeting oil prices kept prices low. That
made deflation worse;

4. The government and the central bank are trying to stimulate growth
through expansionary fiscal and monetary policy. But you can't push a string. As a
result, Japan has fallen into a classic liquidity trap.

Seven Characteristics of Japan's Economy

(The following seven factors hinder Japan's growth. The country's leaders
must address these challenges to restore growth.)

1. Keiretsu is the structured interdependent relationships between
manufacturers, suppliers, and distributors; This allows the manufacturer monopoly-
like power to control the supply chain;

2. Guaranteed lifetime employment meant companies hired college graduates
who stayed until retirement;

3. Japan's aging population means less demand to drive growth;

4. The yen carry trade keeps is a result of Japan's low interest rates;

5. Government spending doesn't boost the economy;
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6. Japan briefly became the largest holder of U.S. debt in 2015 and again in
2017. Japan does this to keep the yen low relative to the dollar to improve its
exports;

7. Japan is the world’s largest net food importer. The country has just one-
third as much arable land per person as China.

Some key lessons are as follows:

1. Act quickly to stem the crisis. The bank of Japan’s reluctance to act quickly
caused a crisis of confidence among investors and may have exacerbated its
problems;

2. Spending isn’t the answer. Japan’s attempts to spend on public works
projects weren’t particularly successful in helping it recover more quickly from its
€conomic woes;

3. Counteract demographics. Japan’s reluctance to substantially raise its
retirement age or taxes only helped to further its demographic problems;

4. Don’t rack up debt. Japan’s massive levels of debt were ultimately
responsible for its crisis and the lost decade, and the BOJ was behind the curve in
raising interest rates.
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TOP 3 MOST POPULAR PROGRAMMING LANGUAGES IN 2018 (AND
THEIR ANNUAL SALARIES)

Considering the extensive number of the modern programming languages,
deciding which one to take by its horns and master can be a strenuous task.

Before deciding on the ‘best’ language to go for, you should evaluate several
factors, including your personal preferences and choices.

1. JavaScript

JavaScript is a dynamic programming language that is mostly used for adding
interactivity on websites.

It’s usually painted as “beginner friendly,” something which has enhanced its
increased usage in the developer community.

Stack Overflow, a popular website that developers use to share their skills,
usually does a yearly survey to get useful statistics from the developer
community—from their salaries to favorite technologies.

2. Java
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Java is a versatile general-purpose programming language that is used to
create cross-platform applications. Regardless of the platform you want to use for
deployment—desktop, mobile, or web—Java will meet your needs.

3. Python

Python is a powerful high-level programming language that is gaining
immense popularity in 2018. Because of its general-purpose nature, it’s extensively
used for a wide range of tasks, including web development, machine learning, and
analyzing data.

JavaScript, Java, and Python are evidently the best programming languages
to learn for jobs in 2018.
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FINANCE FUNCTIONS

Finance function is the most important function of a business. In a business,
the finance function involves the acquiring and utilization of funds necessary for
efficient operations. Finance is the lifeblood of a business without it things
wouldn’t run smoothly.

The Finance function has been classified into three: Long-Term Finance;
Medium Term Finance; Short Term Finance.

As mentioned in the contents of a modern approach, the discussions on
financial management can be divided into three major operation: (1) Investment
operation; (2) Financing operation; and (3) Dividend operation. A firm takes these
operation simultaneously and continuously in the normal course of its business.

So, there are objectives of Finance Functions: Investment Decisions;
Financing Decisions; Dividend Decisions; Liquidity Decisions.

Business finance usually involves the following vital functions: 1. Financial
planning, forecasting of cash receipts and disbursements — cash flow statement; 2.
Raising of funds, either equity capital or fixed interest capital which includes both
preference share capital and loan capital (securing of funds); 3. Use and allocation
of funds (administration of funds); 4. Financial controls (budgets and other
controls).
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INTERNATIONAL TRADE

1. International trade is the exchange of goods and services between
countries. This type of trade gives rise to a world economy, in which prices or
supply and demand, affect and are affected by global events.

2. International trade allows us to expand our markets for both goods and
services that otherwise may not have been available to us. It is the reason why you
can pick between a Japanese, German or American car. As a result of international
trade, the market contains greater competition and therefore more competitive
prices, which brings a cheaper product home to the consumer

3. Trading globally gives consumers and countries the opportunity to be
exposed to goods and services not available in their own countries. Almost every
kind of product can be found on the international market: food, clothes, spare parts,
oil, jewelry, wine, stocks, currencies, and water. Services are also traded: tourism,
banking, consulting and transportation. A product that is sold to the global market
is an export, and a product that is bought from the global market is an import.
Imports and exports are accounted for in a country's current account in the balance
of payments.

4. Global trade allows wealthy countries to use their resources—whether
labor, technology or capital— more efficiently. If a country cannot efficiently
produce an item, it can obtain the item by trading with another country that can.
This is known as specialization in international trade.

5. International trade not only results in increased efficiency but also allows
countries to participate in a global economy, encouraging the opportunity of
foreign direct investment (FDI), which is the amount of money that individuals
invest into foreign companies and other assets.

6. Ukraine is the 50th largest export economy in the world and the 39th most
complex economy according to the Economic Complexity Index (ECI).

7. A negative way to develop foreign trade is low competitiveness of national
goods and services. In this regard, the problems of foreign and economic policy,
minimizing the critical dependence on individual countries, balanced exports and
imports are solved.

8. International trade has the potential to maximize a country's capacity to
produce and acquire goods. Economic theory indicates that international trade
raises the standard of living. A comparison between the performance of open and
closed economies confirms that the benefits of trade in practice are significant.
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MATHEMATICAL MODELING IN ECONOMICS

Mathematical modeling allows to represent a process or phenomenon in a
simplified manner by wusing a selected specific criteria and systematic
characteristics of the object. Representing an object as a model makes it easier to
make predictions about its behavior, since unimportant or too complex
characteristics are excluded from the model. This approach is widely used in the
economy. In this case, the model acts as a simplified system used to simulate
certain aspects of the real economy.

In the modern economic science the mathematical modeling is used in the
field of business processes organization: to develop ways of consolidating
enterprises and improving production efficiency (not only in industry but also in
science, education, medicine), for solving problems of resources allocation and
other logistic tasks.

The process of creating an economic-mathematical model involves several
steps:

1. Goal statement;

2. Identification of the most significant factors affecting the results;

3. Collection and processing of necessary information;

4. Function selection, drafting of the equation;

5. Calculation of the model parameters;

Assessment of the model importance and its applicability for predicting the
result.

Let's take a closer look at the final stage, where arises question about the
adequacy of the obtained model and the degree of its practical applicability. The
main way of checking the compliance of the model to the studied object is practice,
during which the model is being implemented and research begins. The received
simulation results are analyzed for compliance with the known properties of the
object. Based on the results of the model adequacy testing, a decision is made
about the possibility of its practical use or adjustment. In the adjustment process,
the available information about the object and all parameters of the constructed
model are specified. Then changes are made to the model and the adequacy is
evaluated again.

Classification of models in economy depends on the simulation objectives
and the features of the studied object. Thus, we can distinguish the following types
of models:
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1. Discrete and continuous models — in discrete models, the change in
parameters is associated only with individual points in time. In continuous models,
the parameters are changed smoothly in time;

2. Static and dynamic models are changed over time, in contrast to a static
ones;

3. Linear and nonlinear models are models in which the relationship between
dependent and independent variables can be linear or nonlinear.

4. Optimization models allow you to choose the best option for any attribute
from several alternatives.

5. Deterministic models are models that ignore the random nature of changes
in parameters;

6. Stochastic models are designed to analyze and predict the economic
phenomena under conditions of uncertainty in the source data (based on the
methods of mathematical statistics).

A statistically significant model is widely used in predicting outcome.
Consider this statement on the example: let the price of the car Y is a function of
the variables x1 and x2: y = 1800 - 1000 * x1 - 0,3 * x2, where y is the expected
car price, x1 is the car age, x2 — mileage. The constructed model allows to identify
the car pricing process and determine the degree of influence of each factor on y.
In this case, the price of a new car is equal to 18000 when x1 = 0, x2 = 0. The
coefficients of this linear multiple regression at x1 and x2 mean that with an
increase the car age by 1 year, its price decreases on average by 1000, and due to
an increase in mileage by 1 thousand km - by 0.3. Thus, it will not be difficult for
the manager to determine the expected price of the incoming car, even if its
parameters have not been previously met in this dealership.
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HOW COCA COLA SPREAD THROUGHOUT THE WORLD?

The Coca-Cola Company, which is headquartered in Atlanta, Georgia, is an
American multinational beverage corporation and manufacturer, retailer, and
marketer of nonalcoholic beverage concentrates and syrups. The company is best
known for its flagship product Coca-Cola, invented in 1886 by pharmacist John
Stith Pemberton in Columbus, Georgia. The Coca-Cola formula and brand were
bought in 1889 by Asa Griggs Candler (December 30, 1851 — March 12, 1929),
who incorporated The Coca-Cola Company in 1892. The company has operated a
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franchised distribution system since 1889, wherein The Coca-Cola Company only
produces syrup concentrate, which is then sold to various bottlers throughout the
world who hold exclusive territories. The Coca-Cola Company owns its anchor
bottler in North America, Coca-Cola Refreshments.

For the past 117 years —through its ads that brought the world together,
packaging innovations, and the introduction of new products to fit the tastes of
consumers wherever they may be, whatever they may be doing — Coca-Cola has
become a part of the lives of people around the world.

Seven strategies Coca-Cola used to become one of the world’s most
recognizable brands

1. It started with a unique, market-tested formula.

. Its logo uses a timeless font.

. It was distributed in a proprietary bottle.

. It held retailers responsible for maintaining its high standard.
. It kept its consumer price fixed for 70 years.

. It guided word-of-mouth advertising and developed a voice.
. It adopted a franchise model.
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LONG-TERM MACRO-ECONOMETRIC MODELS

In the last decades the growth of “new” modern market economics was
associated with the rapid development of knowledge capital. Its impact became the
major factor of economic growth, outperforming the investment in fixed capital
and labour increase. Hence, the economic community has come to a common
conclusion that the contemporary economies gravitate to a structure known as a
knowledge-based economy. This concept has been formulated in contrast to an
industrial economy system that prevailed in the last centuries. Even though the
earlier economic systems also took advantage of knowledge that determined their
technological progress, at the turn of the 21th century the role of knowledge capital
started to dominate in the functioning of economies as a result of automation of
manufacturing processes, speedy distribution of management information (recently
via the Internet), and in economic growth related to the development of the
Information and Communication Technology (ICT).

Long-term forecasts and scenario analysis should be based on
macroeconometric models. The core of longterm models is extended by
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introducing production functions generating potential output. Their specification
includes total factor productivity (TFP) being representative of technological
progress. It depends on knowledge capital, i.e. human capital, domestic and foreign
R&D. Several channels of transfer of foreign R&D can be distinguished. The
potential output differs from the effective output, representing final demand,
underlying business cycle fluctuations. To study potential disequilibria a system of
equations explaining final demand must be established.

Thus the long-term macroeconometric model must be a complete model. Its
use may cover long-term forecasts and scenario analysis based on model
simulations. The paper outlines the above specifications of the long-term model
using as example a new model of the Polish economy. The model is medium-sized.
It covers demand and supply side, including prices and financial flows. The results
of multiplier analysis are shown revealing model feedbacks, including generation
of business cycles. The results of its application are shown: long-term forecasts up
to the year 2030 as well as scenarios of development of the Polish economy,
including recession scenario

The construction of the new macroeconometric model of a knowledge-

based economy helped to launch a new series of long-term forecasts and
scenario analyses underpinned by the model-based simulations. Two basic
scenarios were distinguished: optimistic and pessimistic. In the optimistic variant,
the research took into account the impacts of long-run increases in investments, in
domestic R&D expenditures, better absorption of transferred foreign expenditures
on R&D, and growth of human capital stimulated by larger financial allocations to
the tertiary and postgraduate education. In the pessimistic variant, it revealed a
deterioration of these factors. It has opened the way for evaluating the likely effects
of realization of particular scenarios that the administrative authorities and
scientific community might wish to draw up. The simulation analyses open the
floor for constructing many alternative scenarios that would take into account
factors of development other than investment in fixed capital and knowledge
capital. However, the advantage the presented framework has is that it allows
drawing a clear distinction between the factors of growth and the results of the
exercise.

One of the important applications of this exercise is the possibility

of calculating the time in which a particular economy might reach the GDP
per capita levels of developed, industrial economies. For instance these
calculations show that Poland may have a chance to reach the average level of UE-
15 countries in 2030 only in the optimistic scenario, while in the pessimistic
scenario it would remain at the 46% level. There are many other possible
applications that support the construction of the visions of future growth.
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RULE-BASED MACHINE TRANSLATION TECHNOLOGY VS
STATISTICAL MT

Machine translation (MT) is automated translation. It is the process by which
computer software is used to translate a text from one natural language (such as
English) to another (such as Ukrainian).

To process any translation, human or automated, the meaning of a text in the
original (source) language must be fully restored in the target language, i.e. the
translation. While on the surface this seems straightforward, it is far more complex.
Translation is not a mere word-for-word substitution. A translator must interpret
and analyze all of the elements in the text and know how each word may influence
another. This requires extensive expertise in grammar, syntax (sentence structure),
semantics (meanings), etc., in the source and target languages, as well as
familiarity with each local region.

The software parses text and creates a transitional representation from which
the text in the target language is generated. She uses these complex rule sets and
then transfers the grammatical structure of the source language into the target
language. Users can improve the translation quality by adding their terminology
into the translation process. Human and machine translation each have their share
of challenges. For example, no two individual translators can produce identical
translations of the same text in the same language pair, and it may take several
rounds of revisions to meet customer satisfaction. But the greater challenge lies in
how machine translation can produce publishable quality translations.

Statistical machine translation utilizes statistical translation models whose
parameters stem from the analysis of monolingual and bilingual corpora. Building
statistical translation models is a quick process, but the technology relies heavily
on existing multilingual corpora. A minimum of 2 million words for a specific
domain and even more for general language are required.

Rule-based MT provides good out-of-domain quality and is by nature
predictable. Dictionary-based customization guarantees improved quality and
compliance with corporate terminology. But translation results may lack the
fluency readers expect/

Statistical MT provides good quality when large and qualified corpora are
available. The translation is fluent, meaning it reads well and therefore meets user
expectations. However, the translation is neither predictable nor consistent.
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The differences between them are: rule-based MT has high performance and
robustness, knows grammar rules and gives out-of domain translation quality;
statistical MT shows good fluency and is good for catching the rule exceptions.
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HOW CAN SPACE BE CURVED?

One of the most paradoxical-sounding phrases in mathematics is ‘curved
space’.. Even if one could somehow make sense of the idea of three-dimensional
curviness, the analogy with a curved surface suggests that we would not be able to
see for ourselves whether space was curved unless we could step out into a fourth
dimension to do so. Perhaps we would then discover that the universe was the
three-dimensional surface of a four-dimensional sphere, which at least sounds
curved.

One way is to go up in a space shuttle, look back, and see that it is
approximately spherical. However, the following experiment, which is much more
two-dimensional, would also be very persuasive. Start at the North Pole and travel
due south for about 6,200 miles, having marked your initial direction. Then turn to
your left and go the same distance again. Then turn to your left and go the same
distance one more time. 6,200 miles is roughly the distance from the North Pole to
the equator, so your journey will have taken you from the North Pole to the
equator, a quarter of the way round the equator, and back to the North Pole again.
Moreover, the direction at which you arrive back will be at right angles to your
starting direction. It follows that on the earth’s surface there is an equilateral
triangle with all its angles equal to a right angle. On a flat surface, the angles of an
equilateral triangle have to be 60 degrees, as they are all equal and add up to 180,
so the surface of the earth is not flat. Thus, one way of demonstrating that a two-
dimensional surface is curved, from within that surface, is to find a triangle whose
angles do not add up to 180 degrees, and this is something that can be attempted in
three dimensions as well. If we measure the angles of triangles in space and find
that they add up to more than 180 degrees, then that will suggest that space is more
like a three dimensional version of the surface of a sphere than like the sort of
space that can be described by three Cartesian coordinates.

If this happens, then it seems reasonable to say that space is positively
curved. Another feature that one would expect of such a space is that lines that
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started off in the same direction would converge and eventually meet. Still another
is that the circumference of a circle of radius » would not be 2z7, but a little less.

In 1919, one of the most famous scientific experiments of all time showed
that the idea of curved space was not just a fantasy of mathematicians, but a fact of
life. According to Einstein’s general theory of relativity, which was published four
years earlier, space is curved by gravity, and therefore light does not always travel
in a straight line, at least as Euclid would understand the term. The effect is too
small to be detected easily, but the opportunity came in 1919 with a total eclipse of
the sun, visible from Principe Island in the Gulf of Guinea. While it was
happening, the physicist Arthur Eddington took a photograph that showed the stars
just next to the sun in not quite their expected places, exactly as Einstein’s theory
had predicted.

Though it is now accepted that space (or, more accurately, space time) is
curved, it could be that the curvature that we observe is just a small perturbation of
a much larger and more symmetrical shape. One of the great open questions of
astronomy is to determine the large-scale shape of the universe, the shape that it
would have if one ironed out the curves due to stars, black holes, and so on. Would
it still be curved, like a large sphere, or would it be flat, as one more naturally, but
quite possibly wrongly, imagines it?

A third possibility is that the universe is negatively curved. This means more
or less the opposite of positively curved. Thus, evidence for negative curvature
would be that the angles of a triangle added up to less than 180 degrees, that lines
starting in the same direction tended to diverge, or that the circumference of a
circle of radius r was larger than 2zr. This sort of behavior occurs in the
hyperbolic disc.
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COMMON MISTAKES ENCOUNTERED ON RESUMES AND HOW TO
CORRECT THEM

Nowadays, lots of people of the civilized world need to write a resume at
least once in their life. This might be a student who seeks a job for the first time, or
an experienced employee who is looking for a better job, or a person who wants to
get a job abroad. Each of them needs to create a resume competently in order to
increase the chances of being employed. But many people make serious mistakes
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when compiling resumes, even without knowing it. Even if you're a qualified
candidate, one seemingly small resume mistake could mean the difference between
a job-landing interview and a missed opportunity. Here are the most common
mistakes that arise when compiling a resume, ways and tips on how to fix them, or
prevent them from occurring.

These are the most serious in order to help them avoid these annoying
mistakes, the following list of the most serious mistakes in resumes was made.

Mistake 1: Typos. This one seems obvious, but it happens again and again. A
2013 CareerBuilder survey found that 58% of resumes have typos.

In fact, people who tweak their resumes the most carefully can be especially
vulnerable to this kind of error, because they often result from going back again
and again to fine tune their resumes just one last time. And in doing so, a subject
and verb suddenly don't match up, or a period is left in the wrong place, or a set of
dates gets knocked out of alignment. This mistake often occurs in the MBA. Typos
are deadly because employers interpret them as a lack of detail-orientation, as a
failure to care about quality.

Read your resume from bottom to top: reversing the normal order helps you
focus on each line in isolation. Or have someone else proofread closely for you.

Mistake 2: Length. A good rule of thumb is one page of resume for every ten
years of work experience. Hard to fit it all in, right? But a three or four or ten page
resume simply won't get read closely. As Blaise Pascal wrote, "I would have
written you a shorter letter, but I did not have the time." A crisp, focused resume
demonstrates an ability to synthesize, prioritize, and convey the most important
information about you. Think about it this way: the “sole” purpose of a resume is
to get you an interview. That's it. It's not to convince a hiring manager to say "yes"
to you (that's what the interview is for) or to tell your life's story (that's what a
patient spouse is for). Your resume is a tool that gets you to that first interview.
Once you're in the room, the resume doesn't matter much. So cut back your
resume. It's too long.

Mistake 3: Formatting. Unless you're applying for a job such as a designer or
artist, your focus should be on making your resume clean and legible. At least ten
point font. At least half-inch margins. White paper, black ink. Consistent spacing
between lines, columns aligned, your name and contact information on every page.
If you can, look at it in both Google Docs and Word, and then attach it to an email
and open it as a preview. Formatting can get garbled when moving across
platforms. Saving it as a PDF is a good way to go.

Mistake 4: Confidential information. There's an inherent conflict between
your employer's needs (keep business secrets confidential) and your needs (show
how awesome I am so I can get a better job). So candidates often find ways to
honor the letter of their confidentiality agreements but not the spirit. It's a mistake.
In a very rough audit, it was found that at least 5-10% of resumes reveal
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confidential information. For the employers it is evident that they should never hire
those candidates ... unless they want your own trade secrets emailed to our
competitors.

Mistake 5: Lies. This is the most coarse error. Putting a lie on your resume is
never, ever, ever, worth it. Everyone, up to and including CEOs, gets fired for this.
People lie about their degrees, GPAs (hundreds of people "accidentally" round
their GPAs up, but never accidentally rounded down -- never), and where they
went to school (sorry, but employers don't view a degree granted online for "life
experience" as the same as UCLA or Seton Hall). People lie about how long they
were at companies, how big their teams were, and their sales results, always
goofing in their favor.

Mistake 6. Incorrect or missing contact information. The goal of a resume is
to land you an interview. If you're missing pertinent contact information, or the
contact information you've included is incorrect, you’re making it difficult for
recruiters to get in touch with you. Also, if you're not detailed enough to provide
the correct contact information, what does that say about how well you will do on
the job if hired?

Also, be wary of the location and format you use to list your contact
information on your resume. Never add your contact information to the Header
portion of a Word document or paste your contact information in as an image.
Applicant tracking systems (ATS) cannot read that information and will list your
contact details as missing or incomplete in the system.
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THE CONCEPT OF “PROBLEM” IN SYSTEMS ANALYSIS

From a practical point of view, system analysis is a universal method for
solving complex problems of an arbitrary nature, where the concept of “problem”
is defined as a “subjective negative attitude of a subject to reality”. The article
discusses the approach to identifying problem situations, when the system models
and the forecast models that the analyst forms are presented in an explicit form
accessible to the interpretation by the subject (including natural language). The
analysis of Russian-language works on system analysis allows us to identify two of
the largest areas in this area, which can be called the rational and objective-
subjective approaches.
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The first direction (rational approach) considers system analysis as the set
method. Another approach of the system analysis area is an objective-subjective
one, which is based on the works of Ackoff.

As is known, for effective perception and understanding of reality, a person
breaks up the complex into the simpler (which is the essence of analytical
thinking). For example, a person uses very simple, concise forms to express
physical laws, although the latter are not an exact description of reality. Obviously,
if knowledge is sufficiently large or difficult to describe, then for the subject in
most cases it will be difficult enough for perception — it will be a black box
model. Therefore: knowledge should be compact (in form, description), which
makes it accessible for understanding, interpretation and further use. Next, it is
necessary to determine which models of knowledge representation should be used
when identifying problem situations. Traditionally, in the theory of data analysis,
descriptive models are identified that are necessary for a better understanding of
the system under study, known facts and observations, and predictive models
necessary for understanding new facts about the system. These models include:

1. Regression models (including exception models, association models,
sequence models, etc.);

2. Classification and clustering models.

In terms of presentation, the most common and most natural for human
perception and understanding are:

1. Logical rules expressed by means of natural language in the form of IF-
TO;

2. Symbolic expressions (for example, math functions).

In this paper, there was proposed a multi-criteria approach to the construction
of intelligent technologies. In general, the set of criteria The identified problems of
knowledge extraction are quite effectively solved by the following methods of
intelligent information technologies: methods based on fuzzy logic, evolutionary
algorithms.

The proposed method of identifying knowledge using a multi-criteria
approach to building intelligent information technologies makes it possible to make
the system research process more transparent for the subject who formulates the
problem and makes decisions regarding intervention in a problem situation.

The opportunity to get not only one, but a lot of effective and different in the
form of information presentation solutions, allows us to consider the system from
different “points of view”, which increases the reliability of the interpretation of
the results: some aspect of the system description is more understandable to the
subject, some is less clear. Numerical studies show that as a result of the
implementation of the approach, it is possible, firstly, to significantly simplify
solutions with permissible accuracy of the system description, secondly, to obtain
solutions that can be interpreted with possible loss of accuracy. At the same time,
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test examples showed that the loss of description accuracy is not so critical, since
the solutions allow to draw the most common and practical useful conclusions.

From a practical point of view, system analysis is a universal method for
solving complex arbitrary nature problems. In this case the key concept is the
concept of “problem”, which can be defined as “the subjective negative attitude of
the subject to reality”. Accordingly, in complex systems the stage of identifying
and diagnosing problems is the most important, because it determines the goals and
the system analysis objectives, as well as the methods and algorithms that will be
used later with the decision-making support. At the same time, this stage is the
most complex and least formalized.
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WIND POWER PLANTS IN THE SOUTH OF UKRAINE

The aim: present and reveal the potential of wind power in Ukraine.

Wind power - is energy of the future. Wind power is absolutely better than all
other types of energy production. And scientist all over the world one hundred
percent sure that wind power can easily replace all traditional energy production
which we know today.

Moreover, there are plenty of conclusive proof facts. First of all, wind power
is eco-friendly and non-polluting environment source of energy. Secondly, it's
generally easy in power generation. And finally, it's unbelievably cheap.

Not surprisingly the wind power electric stations are widely used in number
of European countries, such as France, Germany, Sweden etc. And in addition to
Europe wind power stations are also common in the United States and China. And
our country - Ukraine is no exception.

Ukraine’s renewable energy market becomes ever more important, especially
with the steep increase in gas price and the adoption of green-tariff price incentives
for electricity from renewable energy sources in 2009. The government set a green
tariff for power produced from renewable sources which is two times higher than
the wholesale price for power produced from traditional sources. It is widely
expected that the introduction of the green tariff will boost activity in the sector.

About 50% of Ukraine’s territory is suitable for installation of wind power
plants and commercial generation of electricity from wind. In particular, the
prospective regions are the Black Sea coast, the southern steppe regions, and the
Carpathian Mountains. Some researchers believe, Ukraine is among the top-four
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European countries, most suitable for generating electricity from wind. In the
medium term, it is possible to develop power of about 5,000 MW of wind energy,
that is, 20-30% of total electricity consumption in the country.

The dynamics of alternative energy sources development in Ukraine remains
positive several years in a row — in 2018 output of newly introduced energy
producing facilities reached 257 MW which is 2,1 times higher than last year.

Wind energy sector is growing much slower than that of solar — during last
year the output capacity of Ukrainian wind power stations increased by 27 MW
having reached 465 MW in total. It’s explained by the fact that the price of wind-
generated energy is several times higher than of that generated by solar power
stations. Wind power stations are more complicated to install and require special
maintenance. Furthermore, wind power sector is more regulated than the solar
energy sector.

Today we have 6 active wind plants in our country: 6 in Crimea, 1 in
Zaporizhzhya district and 1 in Donetsk district. And therefore in construction there
are two wind-power stations in Odessa and Primorsk that will become the largest
in the east of Europe.

Conclusion: The Ukrainian is convinced that there is a large untapped
potential of renewable energy in Ukraine. Prospects for the use of renewable
energy sources are associated with their environmental cleanliness, low operating
costs and the expected fuel deficit in the traditional energy.

I am sure, Ukraine could get more of its energy from environmentally-
friendly sources in future. Government ministers want 15 percent of Ukrainians
energy to come from renewable energy sources by 2030. And I think that this is
quite feasible.
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RENEWABLES AND THEIR DEVELOPMENT IN UKRAINE

In Ukraine, the development of alternative energy is one of the important
issues due to the lack of traditional energy resources. All sorts of experts have long
and often say that our country needs to pay more attention to alternative and
renewable energy sources.

The picture for Ukraine is not yet very favorable. We buy more than 50
billion cubic meters of gas. So, imports account for more than 70 percent of our
country's gas balance. A good prospect is the search and development of its own
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gas fields, but this resource is very limited, and some of them are simply
unprofitable to develop.

For this reason, many experts and scientists advise to turn to other forms of
energy. Moreover, Ukraine has a very large potential for their development, as well
as for their economy.

For example, the country has been operating a “green tariff” for 9 years, at
which the state buys electricity from enterprises using renewable energy sources -
the sun, wind, biomass, and water. This law stimulates the development of new
types of energy resources, as well as attracting investments in renewable energy
technologies. In Ukraine, "green tariffs" were adopted at the legislative level in
2009 and are valid until 2030. This law on the use of solar panels in homes has
become really profitable and justified, it became possible not only to save money,
but also to receive real money for solar and wind energy.

After the events of 2014, when sources of traditional energy resources were
lost, the authorities actively began to develop alternative energy.

Since 2011, a 742 MW SES was built and commissioned in our mechanical
system. According to the SE "Energy Market", the sun already accounts for 0.53%,
while in 2016 it was 0.36%. These are still small numbers. The share of SES is
growing the fastest.

In October 2015, installed wind power amounted to 509 MW. By 2020,
Ukraine intends to increase this figure to 2.28 GW. Favorable conditions for this in
areas where the wind speed is equal to or exceeds 5 meters per second: on the
Azov-Black Sea coast, in Odessa, Kherson, Zaporizhzhya and Nikolaev regions
and in the Carpathian region.

At the beginning of the 21st century, hydroelectric power plants rank third
after nuclear and thermal power plants in the energy complex of Ukraine. The
economic and technical possibilities of using Ukrainian hydro resources are about
20 billion kWh. But today they are used by no more than 50%.

The main problem of the development of "green" energy is traditionally the
lack of sources of funding. There is money for energy development. Over these
years, more than 400 million euros have been invested in the development of green
energy. Also, business projects were implemented for the creation of heat
generation with a capacity of 1.8 GW worth 440 million euros. The plans of the
authorities by 2020 to bring the share of alternative energy to 11% of the total
electricity consumption in the country, and by 2035 - up to 25%. This requires an
investment of at least 10 billion euros.

According to forecasts, every year the alternative energy in Ukraine will
dynamically develop and attract new investments in this industry.

264



VK 004.8

Bogdan Petrik!, Valentina Kuzmenko?
'student of group CST-128 ZNTU
2senior teacher ZNTU

ARTIFICIAL INTELLIGENCE AS A SCIENCE

Artificial intelligence as a science has existed for over sixty years. To date,
there is no single definition that adequately describes this scientific area. Among
many points of view, it is dominated by three. According to the first, research in
the field of artificial intelligence is fundamental research in which models and
methods for solving problems that have been considered intellectual and previously
not amenable to formalization and automation are developed. According to the
second point of view, this direction is connected with new ideas for solving
problems on a computer with the development of a fundamentally new
programming technology with the transition to computers of new architecture. The
third point of view, is based on the fact that as a result of research conducted in the
field of artificial intelligence, many application systems have emerged that solve
problems for which the previously created systems were unsuitable. According to
the last interpretation, artificial intelligence is an experimental scientific discipline,
while the main role of the experiment is to verify and refine artificial intelligence
systems, which are hardware-software information systems.

There are also basic concepts in this field of science. One of the most
important concepts of artificial intelligence is algorithm. At the same time, the
technology of expert systems is the most important tool in solving global problems
of traditional programming: the length and, therefore, the high cost of application
development; high cost of maintenance of complex systems; the possibility of
reuse programs, etc. In addition, the integration of expert systems technology and
neural networks with traditional programming technology adds new qualities to
commercial products, providing dynamic change of applications by the user, not
the programmer, better graphical tools, user interface and interaction.

At present, there are two main approaches to the modeling of artificial
intelligence: machine intelligence, consisting in the strict task of the result of
functioning, and artificial intelligence, aimed at modeling the internal structure of
the system. Modeling systems of the first group is achieved through the use of the
laws of formal logic, set theory, graphs, semantic networks and other scientific
advances in the field of discrete computing. The main results are the creation of
expert systems, natural language parsing systems and the simplest control systems
of the "stimulus-response” type. The systems of the second group are based on the
mathematical interpretation of the activity of the nervous system led by the human
brain and are implemented as neural-like networks based on a neural-like element -
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an analogue of a neuron. Networks of the first group, such as back propagation
networks, Hopfield networks, etc., are used for pattern recognition, speech analysis
and synthesis, translation from one language to another, and prediction. This is
caused by such network features as image restoration by its part, resistance to noise
of the input signal, prediction of input changes and parallelism of calculations.
Also, an important characteristic is the ability to function with the loss of some part
the network. Networks of the second group are used as real-time control systems
for uncomplicated objects. The peculiarities of this group are the appearance of
some internal stimuli, the ability to learn and function in real time.

According to experts, in the near future, expert systems will play a leading
role in all phases of design, development, production, distribution, sales, support
and provision of services. Their technology, having received commercial
distribution, will provide a revolutionary breakthrough in the integration of
applications from ready-to-know-interacting modules.
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PROGRAMMING LANGUAGES IN PROGRESS

Programming languages are used by programmers to write certain sets of
instructions that will then be translated by the compiler into binary code for
reading by a computer microprocessor and performing a specific task.

The first generation of programming languages was machine code. In
machine language, instructions are coded as a series of 1s and Os.

The second generation is assembly language. 1949: Assembly Language:
First widely used in the Electronic Delay Storage Automatic Calculator.

The third generation of languages are:

Procedure-Oriented Languages:

1957: Fortran: A computer programming language created by John Backus
for complicated scientific, mathematical, and statistical work.

1964: BASIC: Developed by John G. Kemeny and Thomas E. Kurtz at
Dartmouth College .

Business Languages:

1959: COBOL: Created by Dr. Grace Murray Hopper as a computer
programming language that could run on all brands and types of computers,
COBOL stands for Common Business Oriented Language. It is used in ATMs,
credit card processing, telephone systems, hospital and government computers,
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automotive systems, and traffic signals. In the movie The Terminator, pieces of
COBOL source code were used in the Terminator’s vision display.

1983: Ada: Created by Ada Lovelace for Charles Babbage’s Analytical
Engine to compute Bernoulli numbers, it’s considered to be the first computer
programming language.

1991: Python: Designed by Guido Van Rossum, Python is easier to read and
requires fewer lines of code than many other computer programming languages. It
was named after the British comedy group Monty Python. Popular sites like
Instagram use frameworks that are written in Python.

1970: Pascal: Developed by Niklaus Wirth, Pascal was named in honor of the
French mathematician, physicist, and philosopher Blaise Pascal. It is easy to learn
and was originally created as a tool for teaching computer programming. Pascal
was the main language used for software development in Apple’s early years.

1958: Algol: Created by a committee for scientific use, Algol stands
for Algorithmic Language. Algol served as a starting point in the development of
languages such as Pascal, C, C++, and Java.

1995: JavaScript: Created in just 10 days by Brendan Eich, this language is
mostly used to enhance many Web browser interactions. Almost every major
website uses Javascript.

1995: PHP: Created by RasmusLerdorf, PHP is used mostly for Web
development and is wusually run on Web servers. It originally stood
for Personal Home Page, as it was used by Lerdorf to manage his own online
information. PHP is now widely used to build websites and blogs. WordPress, a
popular website creation tool, is written using PHP.

Object- Oriented Languages:

1983: Objective-C: Created by Brad Cox and Tom Love, Objective-C is the
main computer programming language used when writing software for macOS and
108, Apple’s operating systems.

1995: Java: Originally called Oak, Java was developed by Sun Microsystems.
It was intended for cable boxes and hand-held devices but was later enhanced so it
could be used to deliver information on the World Wide Web. Java is everywhere,
from computers to smartphones to parking meters. Three billion devices run Java!

And also such languages as:

1972: C: Developed by Dennis Ritchie at Bell Labs, C is considered by many
to be the first high-level language. A high-level computer programming language
is closer to human language and more removed from the machine code. C was
created so that an operating system called Unix could be used on many different
types of computers. It has influenced many other languages, including Ruby, C#,
Go, Java, JavaScript, Perl, PHP, and Python.

1983: C++: C++ is an extension of the C language and was developed by
Bjarne Stroustrup. It is one of the most widely used languages in the world. C++ is
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used in game engines and high-performance software like Adobe Photoshop. Most
packaged software is still written in C++.

2000:_C#: Developed by Microsoft with the goal of combining the computing
ability of C++ with the simplicity of Visual Basic, C# is based on C++ and is
similar to Java in many aspects. It is used in almost all Microsoft products and is
primarily used for developing desktop applications.

As you can see, there are a lot of programming languages and a lot of time
and effort was spent on creating them. Thanks to this, our programmers are much
easier to program and manage to create programs more compact.
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DEVELOPMENT OF CRYPTOGRAPHY

Cryptography is a science of mathematical methods for securing the
confidentiality, integrity and authenticity of information. It was developed because
of the practical need to transfer important information in the most reliable way. For
mathematical analysis, cryptography uses an abstract algebra and probability
theory toolkit.

For a long time cryptography implied only encryption - the process of
converting ordinary information into obscure "rubbish". Decryption is the reverse
process of reproducing information from ciphertext. A cipher is a pair of
algorithms of encryption / decryption. The action of the cipher is guided by
algorithms, and, in each case, by the key. The key is a secret parameter for a
particular context when sending a message. The keys are of great importance, since
without key variables, encryption algorithms are easily broken and unsuitable for
use in most cases. Historically, ciphers are often used to encrypt and decrypt,
without performing additional procedures such as authentication or integrity
checking.

Until now, cryptography has been engaged exclusively in ensuring the
confidentiality of messages - the conversion of messages from an understandable
form into an obscure and inverse recovery on the recipient's side, making it
impossible for readers to intercept or overheard without secret knowledge. In
recent decades, the scope of cryptography has expanded to include not only the
secret transmission of messages, but also methods for checking message integrity,
sender / recipient identification, digital signatures, interactive verification, and
secure communication technology.
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A cryptographic algorithm, or a cipher, is a mathematical formula that
describes the processes of encryption and decryption. To encrypt the open text, the
crypto algorithm works in conjunction with the key - word, number or phrase. The
same message is one algorithm, but different keys will be converted to different
ciphertext. The security of ciphertext depends entirely on two things: the stability
of the cryptographic algorithm and the secrecy of the key. The cryptographic
algorithm, plus all the keys and protocols that lead them into action, form a
cryptosystem. PGP is a cryptosystem.

For today's cryptography, open encryption algorithms are used which involve
the use of computing means. It is known more than a dozen proven encryption
algorithms, which using a key of sufficient length and correct implementation of
the algorithm, make the encrypted text inaccessible for practical cryptanalysis.The
most commonly used encryption algorithms are such as Twofish, IDEA, RC4 and
others.

To conclude, a cryptography plays a crucial role in protection of personal
data as well as in protection against illegal access and it needs to be increasingly
improved.

YK 004.4

Settar Abliakimov', Valentina Kuzmenko®
'student of group CST-118 ZNTU

%senior teacher ZNTU

IMPROVEMENT OF HARDWARE ARCHITECTURE

A computer is a multifunctional electronic device designed to accumulate,
process and transmit information. The architecture of a personal computer is
understood as its logical organization, structure, and resources, i.e., computing
system tools that can be allocated to a data processing process for a specific time
interval.

The construction of the most computers is based on the principles formulated
by John von Neumann:

1. the principle of program management - the program consists of a set of
commands that are executed by the processor automatically one after the other in a
certain sequence;

2. the principle of uniformity of memory - programs and others are stored in
the same memory; commands can perform the same actions as on the data;

3. the principle of targeting - the main memory is structurally composed of
numbered cells.
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Computers built on these principles have a classical architecture. The
computer architecture defines the principle of operation, information links and the
interconnection of the main logical nodes of the computer, which include:

1. central processor;

2. main memorys;

3. external memory;

4. peripherals.

Structurally, personal computers are made in the form of a central system
unit, to which other devices are connected through special connectors. The
structure of the system unit includes all the main components of the computer:
motherboard, power supply, hard disk drive, floppy disk drive, optical drive,
connectors for additional devices. In turn, motherboard carries microprocessor,
math coprocessor, clock generator, memory chips, external device controllers,
sound and video cards, timer.

The architecture of modern personal computers is based on the trunk-modular
principle. The modular principle allows the user to complete the computer
configuration he needs himself and, if necessary, to upgrade it. The modular
organization of the system is based on the main principle of information exchange.
All device controllers communicate with the microprocessor and RAM through the
system data bus, called the system bus. The system bus is implemented as a printed
bridge on the motherboard.

A microprocessor is a central unit of a personal computer designed to control
the operation of all units of a machine and to perform arithmetic and logical
operations on information.

The system bus is the main interface system of the computer, which provides
the interface and connection of all its devices among themselves. The system bus
provides three directions of information transfer:

1. between the microprocessor and main memory;

2. between the microprocessor and the input / output ports of external
devices;

3. between main memory and I/ O ports of external devices.

The input-output ports of all devices are connected to the bus either directly
or through special controllers (adapters) through the appropriate connectors (slots).

The main memory is designed to store and efficiently exchange information
with other blocks of the computer. External memory is used for long-term storage
of information that can be further used to solve problems.

The clock generator generates a sequence of electrical symbols, the frequency
of which sets the clock frequency of the computer. The time interval between
adjacent pulses determines the tact of the machine.

A power source is a unit that contains systems for autonomous and
networked computer power.
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The timer is an in-car electronic clock that provides an automatic pick-up of
the current point in time. The timer connects to an autonomous power source and
continues to operate when the computer is disconnected from the network.

A modern computer essentially can no longer exist without all of the external
devices. Some users cannot do without them, and therefore this sphere continues to
evolve to this day.
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COLD HARD CASH

When merchants and traders more durable metals came into use it was
generally noticed that they were cold and hard. A recent study suggests “cold hard
cash” is more than a metaphor.

Engage in a little thought experiment with me. Picture a stack of cash.
Imagine yourself counting each crisp bill, one by one. How do you feel? Do you
have a slight chill?

Money has profound effects on human behavior. Leonie Reutner, a
researcher, wanted to know if money has an impact on the body itself.

Reutner and a team of researchers from the University of Basel and the
University of Salzburg in Austria came up with a simple hypothesis: If money has
been connected to socially “cold” behavior, can money cause a physical sensation
of coldness?

They set out to test the hypothesis with two studies. In one, participants
dipped a hand into a jar filled with about $1300 in banknotes. The control group
put a hand into a jar filled with pieces of paper. They then asked the test subjects to
estimate the temperature of the room. Those who dipped their hand in the money
jar gave significantly lower estimates of room temperature.

In the second study, they asked a different set of subjects to submerge their
hands for 10 seconds into bowls of water heated to exactly 37 degrees Celsius and
estimate the water’s temperature. Participants then dipped their hands into one of
two jars, one stuffed with money and the other with pieces of paper. Meanwhile,
the water in the bowls had cooled to 31.14 degrees Celsius. When participants
returned their hands to the cooler water, researchers cranked the heat back up and
asked the subjects to say “stop” when it had warmed to its original temperature.
People who handled money perceived the original temperature as lower.

The researchers claim this chilly feeling is caused by exposure to money.
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The potential link between "cold" social behavior and actual physical
coldness may seem a bit simplistic, but "a relatively large number of studies are
consistent with these findings,” says Norbert Schwarz, professor.

The authors cite a series of nine studies from 2006. People “primed” with
money were more self-reliant but treated others worse.

Another study replicated these findings in the real world. People who had just
withdrawn money from an ATM were far less likely to help a passerby requesting
assistance.

So, we came to the conclusion that money affects the physical and emotional
state of a person greatly.
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MACHINE LANGUAGES

Machine language is the basic low-level programming language designed to
be recognized by a computer. Actually the language is written in a binary code of
Os and 1s that represent electric impulses or off and on electrical states
respectively. A group of such digits is called an instruction and it is translated into
a command that the central processing unit or CPU understands.

More specifically, instructions are organized in patterns of Os and Is in
various lengths such as 16, 24, 32, and 64 digits or bits, representing specific tasks
such as storing or transferring data. An instruction is made up of two parts: the
operator or opcode and the operand. The first few bits of an instruction are the
"operator or opcode," whose role is to specify the kind of operation that needs to be
performed. The rest of the bits are the "operand,” whose role is to indicate the
location where the operation is to be performed. For instance, a binary opcode such
as the 000001 could be an instruction to store the contents of the accumulator in a
given memory address. The whole instruction could look like this:
00000100011100000000000100000010.

Another example of binary machine language is the binary-coded decimal,
where decimal numbers are encoded in binary form. Each decimal digit is coded as
a four-digit binary number as follows:

The CPU has the ability to perform millions of instructions per second and
this fact makes the binary machine language efficient, despite the volume of bits.

While easily understood by computers, machine languages are almost
impossible for humans to use because they consist entirely of numbers.
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Programmers, therefore, use either a high-level programming language or an
assembly language.

Programs written in high-level languages are translated into assembly
language or machine language by a compiler. Assembly language programs are
translated into machine language by a program called an assembler.

Every CPU has its own unique machine language. Programs must be
rewritten or recompiled, therefore, to run on different types of computers.
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HOW NEGATIVE INTEREST RATES WORK?

Negative rates became a reality of the modern financial world several years
ago. Dreaming of financial stability, many do not even suggest what amazing (in
our opinion today) forms it acquires in wealthy countries. There, in an almost non-
inflationary economy, investors sometimes do not receive income from their bank
investments, and vice versa - sometimes they themselves pay the bank for the
service of storing money in the account. While negative interest rates are a great
incentive to borrow, it’s hard to understand why anyone would be willing to pay to
lend considering the lender is the one taking the risk of a loan default. While
seemingly inconceivable, there may be times when central banks run out of policy
options to stimulate the economy and turn to the desperate measure of negative
interest rates.

Negative interest rates are a drastic measure. In harsh economic times, people
and businesses have a tendency to hold on to their cash while they wait for the
economy to pick up. But this behavior can serve to weaken the economy further as
the lack of spending causes further job losses and lower profits, thus reinforcing
people’s fears and giving them even more incentive to hoard.As spending slows,
prices drop creating another incentive for people to wait as they wait for prices to
fall further.

Negative interest rates should help to stimulate economic activity and stave
off inflation, but policymakers remain cautious because there are several ways such
a policy could backfire. Because banks have certain assets like mortgages that, by
contract, are tied to the interest rate, such negative rates could squeeze profit
margins to the point where banks are actually willing to lend less.

While negative interest rates may seem paradoxical, this apparent intuition
hasn’t kept a number of European central banks from giving them a try. Number of
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analysts believe negative interest rate policies could have severe unintended
consequences.
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PROBLEM SOLVING METHODS (ALGORITHMS)

In mathematics and computer science, an algorithmis an unambiguous
specification of how to solve a class of problems. Algorithms can
perform calculation, data processing, and automated reasoning tasks.

As an effective method, an algorithm can be expressed within a finite amount
of space and timeand in a well-defined formal language for calculating
a function. Starting from an initial state and initial input(perhaps empty),the
instructions describe a computation that, when executed, proceeds through a
finite number of well-defined successive states, eventually producing "output" and
terminating at a final ending state. The transition from one state to the next is not
necessarily deterministic; some algorithms, known as randomized algorithms,
incorporate random input.

In computer systems, an algorithm is basically an instance of logic written in
software by software developers, to be effective for the intended "target"
computer(s) to produce output from given (perhaps null) input. An optimal
algorithm, even running in old hardware, would produce faster results than a non-
optimal (higher time complexity) algorithm for the same purpose, running in more
efficient hardware; that is why algorithms, like computer hardware, are considered
technology.
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PROBLEM SOLVING METHODS (HEURISTIC METHODS)

A heuristic technique , often called simply a heuristic, is any approach to
problem solving or self-discovery that employs a practical method, not guaranteed
to be optimal, perfect, logical, or rational, but instead sufficient for reaching an
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immediate goal. Where finding an optimal solution is impossible or impractical,
heuristic methods can be used to speed up the process of finding a satisfactory
solution.

Heuristics can be mental shortcuts that ease the cognitive load of making a
decision. Examples that employ heuristics include using arule of thumb,
an educated guess, an intuitive judgment, a guesstimate, profiling, or common
sense.

Heuristics are the strategies derived from previous experiences with similar
problems. These strategies rely on using readily accessible, though loosely
applicable, information to control problem solving in human beings, machines, and
abstract issues.

The most fundamental heuristic is trial and error, which can be used in
everything from matching nuts and bolts to finding the values of variables in
algebra problems.

In psychology, heuristics are simple, efficient rules, learned or hard-coded by
evolutionary processes, that have been proposed to explain how people make
decisions, come to judgements, and solve problems typically when facing complex
problems or incomplete information. Researchers test if people use those rules with
various methods. These rules work well under most circumstances, but in certain
cases lead to systematic errors or cognitive biases.
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ARTIFICIAL INTELEGENCE (AI)

Artificial intelligence is the art of making machines that are able to ‘think’.
We often don’t notice it, but artificial intelligence is all around us. It is present in
computer games, in the cruise control in our cars and the servers that direct our e-
mail.

The person who finally coined the term artificial intelligence and is regarded
as the father of AI is John McCarthy. In 1956 he organised a conference “The
Dartmouth summer research project on artificial intelligence” to draw the talent
and expertise of others interested in machine intelligence for a month of
brainstorming. In the following years Al research centres began forming at the
Carnegie Mellon University as well as the Massachusetts Institute of Technology
(MIT) and new challenges were faced:
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1. the creation of systems that could efficiently solve problems by limiting
the search

2. the construction of systems that could learn by themselves.

One of the results of the intensified research in Al was a novel program
called The General Problem Solver, developed by Newell and Simon in 1957 (the
same people who had created The Logic Theorist). It was an extension of Wiener’s
feedback principle and capable of solving a greater extent of common sense
problems. While more programs were developed a major breakthrough in Al
history was the creation of the LISP (LISt Processing) language by John McCarthy
in 1958. It was soon adopted by many Al researches and is still in use today.

Machine learning is a method of data analysis that automates analytical
model building. It is a branch of artificial intelligence based on the idea that
systems can learn from data, identify patterns and make decisions with minimal
human intervention. Because of new computing technologies, machine learning
today is not like machine learning of the past. It was born from pattern recognition
and the theory that computers can learn without being programmed to perform
specific tasks; researchers interested in artificial intelligence wanted to see if
computers could learn from data. The iterative aspect of machine learning is
important because as models are exposed to new data, they are able to
independently adapt. They learn from previous computations to produce reliable,
repeatable decisions and results. It’s a science that’s not new — but one that has
gained fresh momentum. While many machine learning algorithms have been
around for a long time, the ability to automatically apply complex mathematical
calculations to big data— over and over, faster and faster — is a recent development.
Here are a few widely publicized examples of machine learning applications you
may be familiar with:

1. The heavily hyped, self-driving Google car? The essence of machine
learning.

2. Online recommendation offers such as those from Amazon and Netflix?
Machine learning applications for everyday life.

3. Knowing what customers are saying about you on Twitter? Machine
learning combined with linguistic rule creation.

4. Fraud detection? One of the more obvious, important uses in our world
today.

Requires to create good Al learning system:

1. Data preparation capabilities;

2. Algorithms — basic and advanced;

3. Automation and iterative processes;

4. Scalability;
5. Ensemble modeling.
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MEMORY HIERARCHY

In computer architecture, the memory hierarchy separates computer storage
into a hierarchy based on response time. Since response time, complexity, and
capacity are related, the levels may also be distinguished by their performance and
controlling technologies. Memory hierarchy affects performance in computer
architectural design, algorithm predictions, and lower level programming
constructs involving locality of reference.

Designing for high performance requires considering the restrictions of the
memory hierarchy, i.e. the size and capabilities of each component. Each of the
various components can be viewed as part of a hierarchy of memories
(m;,m,,...,m,) in which each member my;, is typically smaller and faster than the
next highest member ., of the hierarchy. To limit waiting by higher levels, a
lower level will respond by filling a buffer and then signaling for activating the
transfer.

There are four major storage levels:1. Internal — Processor registers and
cache; 2. Main — the system RAM and controller cards; 3. On-line mass storage —
Secondary storage; 4. Off-line bulk storage — Tertiary and Off-line storage.

This is a general memory hierarchy structuring. Many other structures are
useful. For example, a paging algorithm may be considered as a level for virtual
memory when designing a computer architecture, and one can include a level of
nearline storage between online and offline storage.

Properties of the technologies in the memory hierarchy

Adding complexity slows down the memory hierarchy.

CMOx memory technology stretches the Flash space in the memory
hierarchy. One of the main ways to increase system performance is minimising
how far down the memory hierarchy one has to go to manipulate data. Latency and
bandwidth are two metrics associated with caches and. Neither of them is uniform,
but is specific to a particular component of the memory hierarchy. Predicting
where in the memory hierarchy the data resides is difficult.

Examples

The number of levels in the memory hierarchy and the performance at each
level has increased over time. The type of memory or storage components also
change historically. For example, the memory hierarchy of an Intel Haswell
Mobile processor circa 2013 is:
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1.Processor registers — the fastest possible access (usually 1 CPU cycle). A
few thousand bytes in size; 2.Cache; 3.Main memory — Gigabytes in size. Best
access speed is around 10 GB/second; 4.Disk storage (Secondary storage) —
Terabytes in size. Best access speed is from a consumer solid state drive is about
2000 MB/second; 5.Nearline storage (Tertiary storage) — Up to exabytes in size.
Best access speed is about 160 MB/second; 6.0Offline storage.

The lower levels of the hierarchy — from disks downwards — are also known
as tiered storage is:

1. Online storage is immediately available for I/O;

2.Nearline storage is not immediately available, but can be made online
quickly without human intervention;

3.0Offline storage is not immediately available, and requires some human
intervention to bring online.
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BLOCKCHAIN IN THE ART WORLD

All history of mankind, art and production engineering went hand in hand
and constantly co-operated, and it is successful enough. Both the first and second
forces human imagination to work at the full capacity. When the person studies any
production engineering or an art subject, he studies in something new and opens
for itself other ways of perception of the world.

Blockchain is a distributed database, which is one way of storing, processing
and protecting user data. There are two types of blocks: private and public.

Relations between technologies and art are important for mankind. In the last
some decades all has changed. Internet occurrence has led to that everyone can see
any work of art through Google Image.

Accordingly, by means of the global network, many have got access to art
and it the beginning to "become cheaper" against a large quantity of copies.
However, the technology blockchain is capable to change a situation.

Not so long ago, digital art appeared, which exists as a file on a computer and
does not have its physical embodiment. All this blurs the boundaries between art
and technology.

One of directions named «digital art» is creation of products by means of the
personal computer. By means of technologies blockchain to create and products
and to establish authorship much easier. Many people, for example, carry to digital
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art even the games created on blockchain or collection cards. For example, known
in the WestmemeRare Pepe with the image of a frog has already received the status
cult and quite concerns to digital art. Anyway, art is valuable so how much for it
are ready to pay.

This one more fast-growing direction is use crypto currency for purchase of
works of art. And, electronic coins perfectly approach for of this kind transactions
as the user can transfer quickly enough to another great volume of means in any
corner of a planet. There is no necessity to wait while banks will confirm the
transaction. Besides, the buyer should not pay the commission for payment
processing.

The tendency to decentralization of sales gives the chance to artists and
owners of their works independently to dispose of the property. In the near future,
a smart contracts will essentially simplify carrying out of transactions and will
allow the seller to be assured that it will really receive money. The buyer will be
assured that will transfer it a file, and original.

Nevertheless, changes in technologies and art allow to speaking about
gradual development of digital galleries. By means of technology blockchain, there
is a creation possibility of completely decentralized market platform without the
owner.

To sum up, Blockchain it is successfully applied today in several areas and as
practice shows, perfectly copes with verification and authorship definition. In
process of rupture reduction between technologies and art, reduction in price of
products and their availability is expected.
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CACHE MEMORY

In computing, a cache is a hardware or software component that stores data
so that future requests for that data can be served faster; the data stored in a cache
might be the result of an earlier computation or a copy of data stored elsewhere.
A cache hit occurs when the requested data can be found in a cache, while a cache
miss occurs when it cannot. Cache hits are served by reading data from the cache,
which is faster than recomputing a result or reading from a slower data store; thus,
the more requests that can be served from the cache, the faster the system
performs.
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To be cost-effective and to enable efficient use of data, caches must be
relatively small. Nevertheless, caches have proven themselves in many areas of
computing, because typical computer applications access data with a high degree
of locality of reference. Such access patterns exhibit temporal locality, where data
is requested that has been recently requested already, and spatial locality, where
data is requested that is stored physically close to data that has already been
requested.

A CPU cache is a hardware cache used by the central processing unit (CPU)
of a computer to reduce the average cost (time or energy) to access data from
the main memory. A cache is a smaller, faster memory, closer to a processor core,
which stores copies of the data from frequently used main memory locations. Most
CPUs have different independent caches, including instructions and data caches,
where the data cache is usually organized as a hierarchy of more cache levels (L1,
L2, L3, L4, etc.).

All modern CPUs have multiple levels of CPU caches. The first CPUs that
used a cache had only one level of cache; unlike later level 1 caches, it was not
split into L1d (for data) and L1i (for instructions). Almost all current CPUs with
caches have a split L1 cache. They also have L2 caches and, for larger processors,
L3 caches as well. The L2 cache is usually not split and acts as a common
repository for the already split L1 cache. Every core of a multi-core processor has a
dedicated L2 cache and is usually not shared between the cores. The L3 cache, and
higher-level caches, are shared between the cores and are not split. An L4 cache is
currently uncommon, and is generally ondynamic random-access
memory (DRAM), rather than on static random-access memory (SRAM), on a
separate die or chip. That was also the case historically with L1, while bigger chips
have allowed integration of it and generally all cache levels, with the possible
exception of the last level. Each extra level of cache tends to be bigger and be
optimized differently.

Other types of caches exist (that are not counted towards the "cache size" of
the most important caches mentioned above), such as the translation look aside
buffer (TLB) that is part of the memory management unit (MMU) that most CPUs
have.

Caches are generally sized in powers of two: 4, 8, 16 etc. KiB or MiB (for
larger non-L1) sizes, although the IBM z13 has a 96 KiB L1 instruction cache.

Earlier graphics processing units (GPUs) often had limited read-only texture
caches, and introduced morton order swizzled textures to improve 2D cache
coherency. Cache misses would drastically affect performance, e.g. if mipmapping
was not used. Caching was important to leverage 32-bit (and wider) transfers for
texture data that was often as little as 4 bits per pixel, indexed in complex patterns
by arbitrary UV coordinates and perspective transformations in inverse texture

mapping.
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As GPUs advanced they have developed progressively larger and
increasingly general caches, including instruction caches for shaders, exhibiting
increasingly common functionality with CPU caches. For
example, GT200 architecture GPUs did not feature an L2 cache, while
the Fermi GPU has 768 KB of last-level cache, the Kepler GPU has 1536 KB of
last-level cache, and the Maxwell GPU has 2048 KB of last-level cache. These
caches have grown to handle synchronization primitives between threads
and atomic operations, and interface with a CPU-style MMU.
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PROCEDURAL PROGRAMMING

First, a procedural language is a type of imperative language. That means that
execution is based on statements. The alternative programming paradigm
is declarative programming, in which execution is based on expressions. Early
imperative languages included BASIC and COBOL. HTML and SQL are popular
declarative languages.

A procedural program general includes a single 'main’' instruction flow and a
list of supporting functions that are called by the 'main’, by other supporting
functions and in some cases by themselves. These functions almost always return
to the calling code; occasionally a function will exit the program, but this is the
exception.

Structured languages have a set of global variables, and local variables for
the supporting functions. Code and variables are isolated, not encapsulated.

The practical opposite of procedural languages is object-oriented languages.
Executing a series of statements or expressions can be very limiting in itself. There
needs to be a way to organize those statements/expressions. This led to the
development of subroutines, which appear in both imperative and declarative
languages.

In imperative languages, subroutines are called procedures.

In declarative languages, subroutines are called functions.

The modular programming movement encouraged programmers to package
their code into independent modules that could be reused and reattached in
unlimited ways. This was a precursor to object oriented programing, the extremely
influential paradigm that began with SmallTalk and became most popular in the
form of Java. In OOP, procedures are packaged along with the data they operate on
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inside of objects. A procedure that belongs to an object is also referred to as
a method.

Procedures form the basis of procedural programing, which is the style you
asked about. Procedures are like mini programs that can be called from anywhere
else in the overall program. After they complete, execution returns to the line after
the procedure call (the return address). The return behavior is what distinguishes
procedures from macros (an earlier concept of subroutine). C and Go are both
procedural languages. The declarative counterpart to the procedure is the function,
which forms the basis of functional programming. A pure function is like the
mathematical concept of a function. You call it with arguments and it returns a
value. There are no side effects, such as database reads, file system writes, or
global state changes. Just a simple return value that is entirely based on its input.
Haskell and Scala are both functional languages.

Historically, procedural programming arose out of the concept of structured
programing. The idea is that programs can be written with only three things:

1. Sequence (execution moves forward one statement at a time);

2. Selection (if statements);

3. Iteration (loops).
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CODING AND DECODING

Often there is a need not only to encode information, but also to hide it from
outsiders. For such purposes encryption is used. Simple words, encryption is the
encoding of information, but not for the purpose of correctly presenting it on a
computer screen, in order to hide data from those who do not need to gain access to
encrypted information. The encryption alphabet consists of two elements

Algorithm - a unique sequence of mathematical operations with binary
numbers. The key is a binary sequence that is added to the message to be
encrypted.

Decryption is the reverse process to security encoding, which involves
turning the data into its original form using a known key. Cryptography is the
science of data encryption. In total, two sections of cryptography are distinguished.

Symmetric — in such encryption cryptosystems, the same key is used for
encryption and decryption. The disadvantage of the system is low resistance to
cracking;
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Asymmetric - the private and public keys are used for encryption. Thus, a
stranger will not be able to decrypt (decode) the message, even if the algorithm is
known. There are three types of data encryption:

Letter Coding - This is the code that is derived on the basis of alphabets.
usually, the position of alphabets is used. Number Coding - this encryption
method uses word substitution.

Symbol Coding - In the symbol coding, we use the symbols like
“l@#$%"&() , to represent words or letters. These codes are then used to
determine a code for the words that are written down.
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LOCAL NETWORKS (LAN)

Ethernet technology was developed with many other projects of Xerox
PARC. Ethernet was invented on May 22, 1973, when Robert Metcalfe compiled a
memorandum for the head of PARC about the potential of Ethernet technology.
But Metcalfe received the legal right to technology in a few years.

In the standard of the first versions (Ethernet v1.0 and Ethernet v2.0) it is
indicated that a coaxial cable is used as the transmission medium, then it became
possible to use twisted pair and optical cable.

The reasons for the transition to twisted pair were: low cost of twisted pair
cable; higher reliability of networks with cable faults; greater noise immunity when
using a differential signal; the ability to power cable low-power nodes, such as IP;
phones (standard Power over Ethernet, POE). The reason for switching to the
optical cable was the need to increase the length of the segment without repeaters.

When creating local area networks, the most commonly used hardware
architecture is called Ethernet. In its simplest form, an Ethernet network consists of
a single cable, to which all network nodes are connected using connectors,
connectors and transceivers. One of the drawbacks of Ethernet technology is the
limitation on cable length, which allows using Ethernet only when creating local
area networks. However, several Ethernet network segments can be connected to
each other using repeaters, bridges or routers.

If there are several computers in the same room, building or complex of
nearby buildings, the users of which must jointly solve some problems, exchange
data or use common data, then these computers should be combined into a local
network. A local network is a group of several computers interconnected by means
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of cables (sometimes also telephone lines or radio channels) used to transfer
information between computers.

To connect computers to a local network, you need network equipment and
software. Local networks allow you to provide: collective data processing by users
connected to the network; computers and data exchange between these users;
program sharing; sharing printers, modems and other devices.

Network topology is a logical diagram of the connection channels of
computers or network nodes. The most commonly used basic topological structures
are of the following nature: common tire; ring-shaped; star-shaped.

The choice of electrical connection topology significantly affects many
characteristics of the network. For example, the availability of backup links
improves network reliability and makes it possible to balance the load on
individual channels. The simplicity of connecting new nodes inherent in certain
topologies makes the network easily expandable.

A network with a common tire topology uses one communication channel,
connecting all the computers on the network.

The ring-shaped topology network uses as a communication channel a closed
ring from receiving transmitters connected by a coaxial or optical cable.

The star-shaped topology network has an active center - a computer (or other
network device) that connects all the computers on the network. The active center
completely controls the computers connected to it through a hub, which performs
the functions of distribution and amplification of signals.

There are two main types of solutions that are used to prevent local network
security problems.

Hardware solutions: Use of a switched network, because with the help of a
switch the network is divided into different segments and through this we can
prevent snooping. Use different types of filters, such as bridges or routers. Ethernet
LANSs can also be protected using a LAN security architecture (LSA), it prevents
incoming messages.

Software Solutions: Data encryption (this software encrypts data and
provides confidentiality to it). Authentication process: using a username or
password for authentication. Some technologies are also used in which a
combination of the above two technologies.

Currently, global networks provide the exchange of information between all
computers connected to them. Proper use of network capabilities allows you to
increase your productivity.

In conclusion, it should be noted that modern computer technologies are
closely connected with network technologies. The battery life of computers and
users has passed. At the same time, this fact puts forward new qualitative
requirements for the training of users, since reliable and safe operation of the entire
network often depends on the skill level of each.
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ARTIFICIAL NEURAL NETWORK

Artificial neural networks (ANN) is computing systems inspired by
the biological neural networks that constitute animal brains. The neural network
itself is not an algorithm, but rather a framework for many different machine
learning algorithms to work together and process complex data inputs. Such
systems "learn" to perform tasks by considering examples, generally without being
programmed with any task-specific rules.

An artificial neural network is a network of simple elements called artificial
neurons, which receive input, change their internal state according to that input,
and produce output depending on the input and activation. An artificial neuron
mimics the working of a biophysical neuron with inputs and outputs, but is not a
biological neuron model.

ANNs have the ability to learn and model non-linear and complex
relationships, which is really important because in real-life, many of the
relationships between inputs and outputs are non-linear as well as complex. ANNs
can generalize - after learning from the initial inputs and their relationships, it can
infer unseen relationships on unseen data as well, thus making the model generalize
and predict on unseen data.

In common ANN implementations, the signal at a connection between
artificial neurons is a real number, and the output of each artificial neuron is
computed by some non-linear function of the sum of its inputs. The connections
between artificial neurons are called 'edges'. Artificial neurons and edges typically
have a weight that adjusts as learning proceeds. The weight increases or decreases
the strength of the signal at a connection. Artificial neurons may have a threshold
such that the signal is only sent if the aggregate signal crosses that threshold.
Typically, artificial neurons are aggregated into layers. Different layers may
perform different kinds of transformations on their inputs. Signals travel from the
first layer (the input layer), to the last layer (the output layer), possibly after
traversing the layers multiple times.

The original goal of the ANN approach was to solve problems in the same
way that a human brain would. However, over time, attention moved to performing
specific tasks, leading to deviations from biology. Artificial neural networks have
been used on a variety of tasks:

1. computer vision;

2. speech recognition;
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3. machine translation;

4. social network filtering;

5. medical diagnosis.

From the point of view of machine learning, a neural network is a special
case of recognition method, discriminant analysis, clustering methods, etc.

From a mathematical point of view, learning neural networks is a
multiparameter problem of nonlinear optimization.

From the point of view of cybernetics, the neural network is used in problems
of adaptive control and as algorithms for robotics.

From the point of view of the development of computing and programming,
the neural network is a way to solve the problem of efficient parallelism.

And from the point of view of artificial intelligence, ANN is the basis of the
philosophical course of connectivism and the main direction in the structural
approach for studying the possibility of building (modeling) natural intelligence
using computer algorithms.

Conclusion. Artificial Neural Network is a multi-purpose tool that deserves
further development. The development of this technology will bring humanity to
technical progress.
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WEB DESIGN

Web design — the industry of web development and a type of design whose
tasks include web user interfaces design for sites or web applications. Nowadays,
the term web design is understood as the design of the structure of a web resource,
ensuring the convenience of using the resource for users. The different areas of
web design include web graphics design; interface design; user experience design.

Web designers use various tools. These tools are updated with new standards
and software, but principles remain the same. The technologies used to create
websites include W3C standards, such as HTML and CSS. Web designers can use
other tools that include markup validators and other testing tools for convenience
and accessibility.

HTML (Hypertext Markup Language) — is the standard markup language
for creating web pages and web applications. Any HTML document is a set of
elements with the beginning and end of each element indicated by special marks —
tags.
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CSS (Cascading Style Sheets) — a language for describing the appearance of
a document written using a markup language. CSS works with fonts, colors of
symbols and background, borders, height and width of elements of display,
background images and etc.

Creating websites include 2 main positions: web designer and web developer.
Web designers are responsible for the visual aspect, which includes layout,
coloring and typography of the web page. A web developer is a specialist who
develops websites and online applications.

Home page — the face of the company. How it will look and how it is
positioned will determine the overall image of the company in the eyes of visitors.
Thus web design is important.
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ARTIFICIAL INTELLIGENCE IN CYBER SECURITY

Now there is a unique situation in the field of technology that provides the
Internet, such that it has become very easy to automate the search for software
vulnerabilities and their exploitation. What is a software vulnerability? This is a
bug in a program that allows someone who knows about it to do something useful
for him.

This kind of error has become possible to search automatically much more
efficiently than it was before. This is due to the fact that web technology has
become the main platform for applications. Many applications have moved to the
web - social networks, mobile offices, which are directly accessible through the
web. And now, less often than before, people work with documents only locally,
and very often work collectively through cloud services and so on. And it turns out
such a picture, which previously simply did not exist. Both the server side and the
client side, that is, the client devices themselves, are available 100% of the time,
seven days a week via the Internet via very good communication channels.

From this emerges such a feature: all copies of popular programs that are
vulnerable are available at arm's length. If I searched some popular program on my
computer, I found an error in it that allows me to do something in another instance
of the same program, I can scan the Internet in a few minutes, find all the copies
that are online now, and Run this error. That is, the infrastructure itself is now
conducive to automation.
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What is artificial intelligence? These are, as a rule, sets of algorithms that
automate typical tasks that a living being does — a human being in this case. That
is, if you look at the theory of artificial intelligence, they emit such intelligent
agents. Agents are someone who works in the environment. In our case, when we
are talking about cybersecurity, the environment is the programs that are accessible
and connected by the network. We see their interfaces - and those interfaces that
people see, and those interfaces that are only for machine-readable interaction. And
in this environment, which can be perceived by an intelligent agent, he can very
quickly and efficiently look for subtle places in how the application that he
explores is implemented.

Automatic robots that can be written, as a rule, do much better with
combinatorial and combinatorial tasks than humans. This is where you can invent
new algorithms, optimize brute force, determine what needs to be dug in this
direction, give exactly this type data, and not some other, quickly generate a lot of
examples and watch the response on each of them.

As a result, Al is used not only by hackers to find vulnerabilities and their
further exploitation, but also to find these holes, but already to fix them. And now,
using Al, you can quickly get rid of many system vulnerabilities before take
advantage of hackers.
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RELATIONSHIPS "UI" AND "UX'" FROM OBJECTIVE PARTY

Interface (UI) is a tool for user interaction with the information system, the
content of which is disclosed in the method of displaying and processing
information. This concept is wide enough and covers all the nuances of graphical
information mapping from font size and indentation to complex animation effects.
Each UI must provide the most aesthetic and comfortable conditions for productive
user interaction with the system.

User Experience - The emotions and impressions that a user enters on the use
of the system, product, and the like. "UI" and "UX" refer to the concepts that
present the gradation from the worst indicator to better. This gradation is carried
out on the basis of objective factors (relevance of the decision, readability,
structuring, etc.) and subjective ones. UIl: unfriendly, neutral, friendly (User-
friendly Interface). UX: Negative, Neutral, Positive (Positive User Experience).
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The "golden mean" mistake There is no need to find the best compromise
between Ul and UX, since the positive UX does not in any way prevent (because it
contributes to) the creation of a friendly UI. The question is more about the time
spent working with the site until it reaches the best ratio - User-Friendly Interface /
Positive User Experience.

The problem of "freedom of thinking" One of the most important problems
for creating effective and convenient sites is the existence of a number of
stereotypes ("myths"), through which developers themselves create restrictions for
themselves before the start of work. A striking example is the "three-click" rule
proposed in 2001 by Jeffrey Seldman in his book "Taking Your Talent to the
Web". Almost all web developers have heard it, and a lot has taken on the arms as
the main one. In fact, the results of the study conducted by Joshua Porter and
published on the site User Interface Engineering clearly show that with the increase
in the number of clicks, there is no increase in the bounce rate from user
search.When a user enters the site for a certain amount of information, and instead
receives overwhelmed non-structured pages, he may refuse to search information
within this page at all and will never return to this resource. This is especially true
for sites with a lot of text. A study by Dr. Nielsen on his own website showed that
users read no more than 28% of the text on the page and the more it is, the lower
the percentage.This phenomenon is not rare, or an exception to the rules - most of
us somehow fall into his influence. The most common case is the attempt to
convey minimalism in design as much as possible. And although it sounds rather
ironic, the reality is that, usually with minimalism, we get some kind of limitation
(for example, not a complete understanding of the user interface) that we decided
to donate for the sake of a better picture. Of course, nobody denies the influence of
the school of minimalism in design, its value and relevance. The question is first of
all to the developer, who reached the stage of optimization, but could not stop in
time.
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WHAT IS AI?

From SIRI to self-driving cars, artificial intelligence (AI) is progressing
rapidly. In the field of computer science, artificial intelligence (AI), sometimes
called machine intelligence, is intelligence demonstrated by machines, in contrast
to the natural intelligence displayed by humans and other animals. Artificial
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intelligence today is properly known as narrow Al (or weak A, in that it is
designed to perform a narrow task (e.g. only facial recognition or only internet
searches or only driving a car).

How can AI be dangerous?

Most researchers agree that a super-intelligent Al is unlikely to exhibit
human emotions like love or hate, and that there is no reason to expect Al to
become intentionally benevolent or malevolent. Instead, when considering how Al
might become a risk, experts think two scenarios most likely:

The Al is programmed to do something devastating: Autonomous weapons
are artificial intelligence systems that are programmed to kill. In the hands of the
wrong person, these weapons could easily cause mass casualties.

The AI is programmed to do something beneficial, but it develops a
destructive method for achieving its goal: This can happen whenever we fail to
fully align the AI’s goals with ours, which is strikingly difficult.

A super-intelligent Al will be extremely good at accomplishing its goals, and
if those goals aren’t aligned with ours, we have a problem.

The top myths about advanced Al
Myth: IFact:
IAI turning competent, with goals
imisaligned with ours.
Intelligence enables control; we control
tigers by being smarter.
Machines can’t have goals. IA heat-seeking missile has a goal.
It’s at least decades away, but it may
take that long to make it safe.

IAI turning evil; it turning conscious.

IAi can’t control humans.

Super-intelligence is just years away.

Who is Sofia?

In 2017, social robot Sophia was given citizenship of Saudi Arabia — the first
robot to be given legal personhood anywhere in the world. Bestowed with this
great gift, Sophia has embarked on a distinguished career in marketing.

The robot is modeled after the actress Audrey Hepburn. She has artificial
intelligence, the ability to recognize faces, adapt to human gestures, express faces
and express more than 60 emotions. She can answer certain questions and have
simple conversations. She became the first robot to fall on the cover of a
transparent magazine.

But despite all the good things, in one of the interviews, Sofia was asked if
she could kill a person. To which she replied that yes, perhaps in the future, robots
will revive and people will disappear!
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INTRODUCTION TO HTML

The Internet has become part of our life. It contains a lot of information that
is viewed every day on Web sites. Thus they must have a good design and be
comfortable for viewers. HTML is responsible for the look of text, headings and
markers.

HTML is the standard markup language for creating Web pages. It is one of
the most used languages for text design. It was developed by scientist Timothy
John Berners-Lee in 1990.

HTML stands for hyper text markup language. It describes the structure of
Web pages using markup. HTML elements are the building blocks of HTML
pages, these elements are represented by tags. Tags label pieces of content such as
“heading”, “paragraph”, “table” and others.

HTML code ensures the proper formatting of text and images so that Internet
browser may display them as they intended to look. Without HTML a browser
would not know how to display text as elements or load images or other elements.
So this language makes sites comfortable to read and understand the information.

Using HTML language to design text is easy, it allows to use different
techniques. You can code your entire website offline, storing it all on your own
computer and then transfer all the files onto the web. HTML has several versions,
the last one is HTML5.HTML is modified every few years to make the way for
improvements.

HTML plays an important role in simplifying and improving the transfer of
information in the modern world of technology. This language is easy to use and
learn, so anyone can code their own Web page.
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HOW PURCHASING OF LOCAL PRODUCE AFFECTS THE ECONOMY

Economic benefits of buying local produce.
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Buying local produce keeps money in your community. Purchasing locally
builds your local economy instead of handing over the earnings to a corporation in
another city, state, or country. Instead of supporting large supermarket chains, you
can support individuals in your own community and help them prosper. Also, since
the food itself moves through fewer hands, more money which you will spend will
end up in the pockets of those growing that food.

Also it creates jobs. By supporting local food producers, you directly
contribute to helping your friends, neighbors, and other community members find
sustainable employment.

It opens an external market for local produce as the quality of products is
rising and our products are becoming more competitive in the global market.

It brings the community together as successful local farmers can supply their
produce to other local businesses.

Ukrainian economy today: the main problems.

Specific features of Ukrainian economy include economic instability (caused
by the political and social crisis), high inflation, changing foreign economic
relations (shift from the CIS countries to the EU), the irregular distribution of
foreign investments by regions and industry sector (in combination with reduced
total investments in the country), economic crisis.

According to the recent data Ukraine imports a greater value than it exports.
There is a glut of foreign products in the market. We support the economy of other
countries, whereas local businesses incur losses. The level of unemployment is
increasing. Ukrainians immigrate to Western Europe.

Politicians make a lot of wrong decisions, especially when they don’t support
the national producer. For example, today Malyshev Factory doesn’t have any
government orders whereas our country is at war. There is corruption among
clerks. The government should contribute to the economy.

The strengths and weaknesses of Ukrainian producers.

Thanks to the turn to the EU it is necessary for manufacturers to improve
product quality according to European standards and high demands of consumer
markets but Ukrainian businesses are not interested in improving the quality of
products. The Ukrainian producer also can not develop his company into a
successful international company because of the working conditions and the
quality of facilities which remain highly inadequate. Buying local helps save the
environment. When you consider the carbon footprint of transporting goods long
distances to consumers, it makes total sense to buy your products locally. If we are
healthy and energetic, we can work a lot, since we are more able-bodied which
influences the quality of our work. Everything is interconnected.

Why do people prefer foreign produce to local produce?
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People choose foreign products as they are cheaper. They can’t afford local
produce because old technologies and obsolete equipment used at our factories
don't allow our producers to manufacture cheaply.

More and more factories are becoming a resource base for foreign producers.
In our situation it is more profitable to sell finished goods to other countries than
sell resources to them.

Marketing is a great factor on the market due to low quality of life in
Ukraine.

Is purchasing local produce a step to positive developments in Ukraine?

It could make the economy stronger. The level of unemployment would
decrease. The external debts could decrease, too. It is a step to break out of the
cycle of poverty and deprivation. A great economy is a basis of a highly-developed
country.

Our choice and our future

All the problems at the present stage of development of Ukraine can be
solved with the active participation of government and enterprise management, as
well as their active cooperation.

Ukrainians should choose between buying cheaper products today and be
wealthy people in the future. This is our country’s fate and our choice should really
be to make changes.

YK 336.227.5
Anastasiia Tyha', Olena Syvachuk®
'student of group FEM-618 ZNTU
*teacher ZNTU

OFFSHORE FINANCIAL CENTERS

An offshore financial centre (OFC) is a small, low-tax jurisdiction that
provides corporate and commercial services to non-residents in the form of
offshore companies and the investment of offshore funds.

Common Offshore Financial Centers of the world are the following: Andorra,
Bahrain, Barbados, Bermuda, Gibraltar, Macao SAR, Anguilla, Antigua and
Barbuda, Aruba, Bahamas, Belize, British Virgin Islands, Cayman Islands, Cook
Islands, Costa Rica, Monaco, Hong Kong, Ireland, Isle of Man, Jersey,
Luxembourg, Singapore, Switzerland and others.

Among the reasons why countries strive to develop themselves as offshore
financial centers are:

1. optimization and reduction of income taxation, outside the offshore zone;
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2. ability to get rid of double taxation when conducting international
business.

Arguments against offshore financial centers are as follows: 1. They attract
unsavory business elements including money launderers, terrorists, dictators and
expatriates who have funneled ill-gotten gains to an offshore financial center for
their own purposes. 2. They help people evade taxes in their own country which
means that a disproportionate tax burden is shouldered by the middle-income tax
payer, thus, effectively undermining sovereignty and tax fairness.

What reasons do clients have to become associated with an offshore financial
center? First of all, there are legitimate reasons which include: 1. Privacy for
personal, family, business or political reasons. 2. Keeping funds separate in case of
inheritance battles, divorce or personal bankruptcy. 3. Keeping funds in a secure
bank in a secure country. Among illegal reason are: 1) laundering money from
criminal activities, and 2) tax evasion.

How do offshore financial centers maintain secrecy but take action to reduce
or eliminate money laundering and the unsavory business elements? Common
controls in most jurisdiction focus on due diligence rules over bank personnel
including: 1. Knowing your client rules (verifying the contracting partner,
verifying the beneficial owner, clarification of the economic background of a
transaction and retaining documents attesting to the verifications made). 2.
Reporting of suspicions transactions (an obligation to inform). 3. Serious sanctions
against bank personnel if they violate the rules. In addition, the lifting of bank
secrecy can be ordered by the country's judges if there is proof that the account is a
criminal matter.
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THE IMPORTANCE OF LI-ON BATTERIES RECYCLING

The battery has become a very important source of energy as a wide variety
of electrical devices rely on portable energy. With the popularity of electrical
vehicles (EV) increasing thanks to their promotion as green cars, the battery as an
energy source has become a focus of research. This has also caused an increase in
battery production. According to the Paris Declaration on Electro-Mobility and
Climate Change and Call to Action, 100 million electric cars will be in use by
2030.
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Lithium Ions (Li-Ions) batteries are currently the most commonly used type
and, according to the Financial Times, they will take up to 90 percent of the
electric vehicle market by 2025. The battery is an expendable item and has its
lifetime. The logical question here is what will be done with the tons and tons of
dead batteries after they have served their purposes. According to the Financial
Times’ estimation, 11 million tons of spent Li-Ion batteries will be in the market
by 2025. To protect our environment from pollution and toxic waste, the battery
resources need to be used in the best possible way.

The first solution would be the battery re-use principle, where the EV
batteries in “bad condition” could be used in other applications such as in
households or energy backups. When the capacity of a car battery drops below 70-
80 percent, they are no longer suitable for an EV but still strong enough for many
other applications. The EV batteries have quite a long lifecycle, estimated up to 10
years, and by re-purposing them, this lifecycle can be prolonged even up to about
20 years.

Battery recycling is a second solution which could be combined with the first
solution. The battery is made by combining different materials inside, thus its
recycling is a complex and expensive process. Lithium is a valuable material. To
reclaim one ton of lithium, about 30 tons of batteries need to be recycled.
However, for extracting one ton of raw lithium from a mine, about 1375 tons of
soil must be excavated as well.

As mentioned above, a battery is composed of different items: the electrolyte,
separator, foils, and casing which are all made from different materials. They need
to be disassembled and then recycled, which makes this process quite complicated.
Bolts are preferred over glue, and electronic modules and copper connectors should
be simple to separate.

Carbon, which is the most expensive battery component, is almost always
used as the anode material. Cobalt and lithium are quite limited materials and they
are interesting due to their scarcity. Nickel is highly toxic for the environment, but
manganese is not as worrisome as the others mentioned.

Several battery recycling methods are already in use, such as pyrolysis,
hydrothermal recycling, and direct physical recycling. These have their advantages
and disadvantages. Direct and hydrothermal methods use the chemistry-specific
process and require sorting the batteries by content. Direct physical recycling
requires improving and adaptations, such as unpacking the cell interior and
enabling efficient removal of materials for processing.

Generally, it is expected that no issues will occur with recycling the cobalt or
nickel, but recycling lithium requires introducing new processes. Using the
pyrolysis method is unlikely to be cost effective. Hydrothermal and direct physical
methods could help solve this issue, however, upgrading the methods is required.
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The main issue with battery recycling is that it is currently expensive.
Basically, it is cheaper to buy new material than recycle the used one. The
environmental issues are definitely an important aspect in the case of battery
materials. The recycling methods need to be improved in order to be more cost-
effective, but government regulations must also be adopted to enforce battery
recycling.
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AC-DC AND DC-AC TRANSFORMATION

Not every electric appliance uses alternating current to operate. Most of the
home appliances are powered up from AC network, but some of them have built-in
rectifiers.

The diode bridge or bridge rectifier is the most simple device for
transformation of alternating current to the direct pulse current. The essential
feature of a diode bridge is that the polarity of the output is the same regardless of
the polarity at the input. The diode bridge circuit was invented by Polish
electrotechnician Karol Pollak and patented in December 1895 in Great Britain and
in January 1896 in Germany. In 1897, the German physicist Leo Graetz
independently invented and published a similar circuit. Today the circuit is still
often referred to as a Graetz circuit or Graetz bridge.

Since about 1950, a single four-terminal component containing the four
diodes connected in a bridge configuration became a standard commercial
component and is now available with various voltage and current ratings.

Sometimes it is necessary to convert direct current into alternating one. This
kind of transformation is not as widespread as first, but it is used in such conditions
when it is not possible to reach the power network because of its remote location
and when the usage of mobile fuel generators is not relevant or in some
apparatuses.

The early DC-AC transforming devices were vibro transformers. They were
represented as electromechanical devices. Their action was based on quick tripping
of contacts and change of polarity with each their connection. It resulted in
appearing of alternating current on external terminals. These apparatuses allowed
converting low direct voltage from accumulators into low alternating voltage that
could be transformed into high voltage with the help of high voltage transformer.
These devices are completely replaced by semiconductor devices nowadays.
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The structure of semiconductor DC-AC transformer is based on multivibrator
circuit. It can generate rectangular pulses with a frequency set by its components.
Connecting it to the transformer, a modified sine-wave voltage with variable
frequency can be achieved. A simple modification, such as putting the bridge
rectifier on the external terminals will turn the DC-AC device into a DC-DC
transformer.

There may be two types of DC-DC, DC-AC and AC-DC transformation
devices: step-up type, which transforms low rate internal voltage into high rate
external voltage and step-down type, whose action is the opposite to the first type.
Step-down transformers are most commonly used for powering up low voltage
devices. They also incorporate voltage stabilizers and fuses, which prevent devices
from overvoltage. Step-up transformers help to achieve higher voltage than voltage
supplied where it is needed.
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GROUNDING SYSTEMS

Grounding system is a deliberate electrical connection to earth or its
equivalent of metallic non-conductive parts that may be under stress.

The purpose of protective grounding systems is to reduce to a safe value the
voltage relative to the earth on the metal parts of the equipment that are not
energized, but may be energized due to insulation failure of electrical installations.
As a result of the circuit on the body of the grounded equipment, the voltage of the
touch decreases and, as a result, the current passing through the human body when
it is touched to the body. Grounding of electrical equipment, buildings and
structures is also used to protect against the effects of atmospheric electricity.

Protective earthing is used in three-phase three-wire networks with voltage
up to 1000 V with an insulated neutral, and in networks with a voltage of 1000 V
and above - with any neutral mode. Distinguish between natural and artificial
grounding. For grounding devices, natural grounding should be used first: 1) water
pipes laid in the ground; 2) metal structures of buildings and structures that have 3)
reliable connection to the ground; 4) metal sheaths of cables (except aluminum); 5)
casing of artesian wells. It is forbidden to use pipelines with flammable liquids and
gases, pipes of heating mains as grounding conductors. Natural earthing switches
must be connected to the ground network at least in two different places. As
artificial grounding apply: 1) steel pipes with a diameter of 3-5 cm, wall thickness
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3.5 mm, 2) 2-3 m long; 3) strip steel with a thickness of at least 4 mm; 4) angle
steel with a thickness of at least 4 mm; 5) bar steel with a diameter of at least 10
mm, length up to 10 m and more; 6) for artificial earthing in aggressive soils
(alkaline, acidic, etc.), where they are subjected to increased corrosion, copper,
copper-plated or galvanized metal is used. Aluminum sheaths of cables and bare
aluminum conductors cannot be used as artificial earthing systems, since they
oxidize in the soil, and aluminum oxide is an insulator. Each individual conductor
that is in contact with the ground is called a single earthing, or electrode. If the
ground consists of several electrodes connected in parallel, it is called a group
ground. To submerge vertical electrodes into the ground, they pre-dig a trench 0.7-
0.8 m deep, after which pipes or corners are driven in with the help of mechanisms.
Steel rods with a diameter of 10-12 mm are buried in the ground with the help of a
special device, and longer ones — with a vibrator. The upper ends of the vertical
electrodes immersed in the ground are connected by a steel strip by welding. The
protective grounding device can be implemented in two ways: by looping the
grounding conductors and by external. In case of contour placement of earthing
switches, the potentials are equalized with a single-phase short circuit to earth. In
addition, due to the mutual influence of the earthing switches, the touch voltage
and the step voltage in the protected area are reduced. Remote grounding do not
possess these properties. But in case of a remote placement method, there is a
choice of a place for deepening of earthing. Indoors, grounding conductors should
be positioned so that they are accessible for inspection and reliably protected from
mechanical damage. On the floor of the premises, grounding conductors are laid in
special grooves. In rooms where caustic vapors and gases are released, as well as
with high humidity, grounding conductors are laid along the walls with brackets 10
mm from the wall. Each electrical enclosure must be connected to a ground or to a
grounding line using a separate branch. Sequential connection of several grounded
electrical installation enclosures into the grounding conductor is prohibited. The
resistance of the grounding device is the sum of the resistances of the grounding
conductor relative to the earth and the grounding conductors. The resistance of the
grounding to the ground is the ratio of the voltage on the grounding to the current
passing through the grounding to the ground. The magnitude of the resistance of
the earthing depends on the resistivity of the soil in which the earthing is located;
type of size and location of the elements from which the grounding is made; the
number and relative position of the electrodes. The resistance of the earthing can
vary several times depending on the time of year. Grounding conductors have the
greatest resistance in the winter when the soil freezes and during dry time. The
highest permissible value of grounding resistance in installations up to 1000 V: 10
Ohms — with a total power of generators and transformers of 100 kVA or less, 4
Ohms — in all other cases. These standards are justified by the permissible amount
of contact voltage, which in networks up to 1000 V should not exceed 40 V. In
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installations above 1000 V, a ground resistance of R3 <= 125 / I3 Q, but not more
than 4 Q or 10 Q, is allowed. In installations over 1000 V with large earth-fault
currents, the resistance of the grounding device should not be more than 0.5 Ohm
to ensure automatic shutdown of the network section in the event of an accident.
Neutral protective conductor — a conductor connecting the zeroable parts with a
neutral point of the winding of the current source or its equivalent. Protective
shutdown is a special case of protective zeroing. In contrast to zeroing, protective
disconnection can be used in any networks regardless of the accepted neutral
mode, voltage value and the presence of a neutral wire in them.
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ELECTRICAL SAFETY

It is an undeniable fact that electricity is integral part of modern live. Every
day we are surrounded with different equipment and appliances operate on
electricity and all of them despite of all visible safety are potentially hazardous and
can cause serious shock and burn injuries. Carelessness, misuse and improper
safety precautions increase the risk of getting mutilations. Many people think that
risk of being injured is mostly related to appliances with questionable quality, old
ones or ones that have visible bare wires or wires with damaged insulation.
However, it is a delusion. The voltage of the electricity and the available electrical
current in regular businesses and homes has enough power to cause death by
electrocution. The major hazards associated with electricity are electrical shock,
fire and arc flash. Electrical shock occurs when the body becomes part of the
electric circuit, either when an individual comes in contact with both wires of an
electrical circuit, one wire of an energized circuit and the ground, or a metallic part
that has become energized by contact with an electrical conductor. Even changing
a light bulb without unplugging the lamp can be hazardous because coming in
contact with the "hot", "energized" or "live" part of the socket could kill a person.

The severity and effects of an electrical shock depend on a number of factors,
such as the pathway through the body, the amount of current, the length of time of
the exposure, and whether the skin is wet or dry. Water is a great conductor of
electricity, allowing current to flow more easily in wet conditions and through wet
skin. The effect of the shock may range from a slight tingle to severe burns to
cardiac arrest.
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The current will enter the body at one point and leave at another and this
passage of electricity can cause great pain, burns, and even death.

Now, let’s consider some tips that will help to reduce risk of getting injuries
during operating electrical appliances:

1. Use only equipment that is properly grounded or double-insulated.

2. Do not overload outlets;

3. Only use equipment that has been tested and certified;

4. Do not use electrical equipment or appliances near water or wet surfaces;

5. Never use electrical equipment when your hands or the equipment is wet;

6. Unplug or disconnect machines before servicing or repairing, and check to
make sure the machine is actually disconnected and turned off prior to service;

7. Inspect cords and equipment regularly, and report any defects
immediately;

8. Do not ignore warning signs. If an apparatus feels hot, makes an unusual
noise (buzz or hum), smokes or sparks, take it out of service immediately and tag it
"Do Not Use". Incorrectly operating apparatus is much dangerous that the broken
down one that doesn’t work;

9. Do not carry or lift up electrical equipment by power cord, it isn’t intended
for such purposes and could be torn easily;

10. Never repair electrical cords or equipment unless qualified and
authorized.

To sum up, you should be careful using electrical appliances, regardless of
the kind you use, how new or old it is, how much it costs or how safe it look. It is
also important to read and follow instructions if you use something for the first
time.
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ELECTRICAL WIRING AND COLOUR CODING OF WIRING

Electrical wiring

Electrical wiring is an electrical installation of cabling and associated devices
such as switches, distribution boards, sockets and light fittings in a structure.
Wiring is subject to safety standards for design and installation. Allowable wire
and cable types and sizes are specified according to the circuit operating voltage
and electric current capability, with further restrictions on the environmental
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conditions, such as ambient temperature range, moisture levels, and exposure to
sunlight and chemicals.

Associated circuit protection, control and distribution devices within a
building's wiring system are subject to voltage, current and functional
specification. Wiring safety codes vary by locality, country or region. The
International Electrotechnical Commission (IEC) is attempting to harmonise wiring
standards amongst member countries, but significant variations in design and
installation requirements still exist.

Colour coding of wiring by region

In a typical electrical code, some colour-coding of wires is mandatory. Many
local rules and exceptions exist per country, state or region. Older installations vary
in colour codes, and colours may fade with insulation exposure to heat, light and
ageing.

As of March 2011, the European Committee for Electrotechnical
Standardization (CENELEC) requires the use of green/yellow colour cables as
protective conductors, blue as neutral conductors and brown as single-phase
conductors.

The United States National Electrical Code requires a bare copper, or green
or green/yellow insulated protective conductor, a white or grey neutral, with any
other colour used for single phase. The NEC also requires the "high leg" conductor
of a High-leg delta or "bastard-leg" system to have orange insulation. In the United
States, colour-coding of three-phase system conductors follows a de facto standard,
wherein black, red, and blue are used for three-phase 120/208-volt systems, and
brown, orange, and yellow are used in 277/480-volt systems. In buildings with
multiple voltage systems, the grounded conductors (neutrals) of both systems are
required to be identified and made distinguishable to avoid cross-system
connections. Most often, 120/208-volt systems use white insulation, while
277/480-volt systems use grey insulation, although this particular colour code is
not currently an explicit requirement of the NEC.

The United Kingdom requires the use of wire covered with green/yellow
striped insulation, for safety earthing (grounding) connections. This growing
international standard was adopted for its distinctive appearance, to reduce the
likelihood of dangerous confusion of safety earthing (grounding) wires with other
electrical functions, especially by persons affected by red-green colour blindness.

In the UK, phases could be identified as being live by using coloured
indicator lights: red, yellow and blue. The new cable colours of brown, black and
grey do not lend themselves to coloured indicators. For this reason, three-phase
control panels will often use indicator lights of the old colours.

In conclusion, the colour of the wiring in different countries is not just a
whim of the wire manufacturer. It is done in order not to confuse them during
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installation, because for solving various problems you need wires of different
colours.
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FUSES AND THEIR TYPES

In the field of electronics or electrical, a fuse is an essential device used in
various electrical circuits which gives the protection from the overcurrent. It
comprises a strip or a metal wire that dissolves when the heavy flow of current
supplies through it. Once this device has functioned in an open circuit, it ought to
rewire or changed based on the type of fuse. A fuse is an automatic disconnection
of supply, the alternative of the fuse is a stabilizer or circuit breaker.

These are used to prevent the home appliances from the high current or
overload damage.

If we use a fuse in the homes, the electrical faults cannot happen in the wiring
and it doesn’t damage the appliance s from the fire of wire burning. When the fuse
gets break or damage, then an abrupt sparkle happens which may direct to damage
your home appliances. That is the reason we require different types of fuses to
guard our home-appliances against damage.

The working principle of the fuse is “heating consequence of the current”. It
is fabricated with a lean strip or thread of metallic wire. The connection of the Fuse
in an electrical circuit is always in series. When the too much current is produced
due to the heavy flow of current in the electrical circuit, the fuse gets soften and it
opens the circuit. The extreme flow of current may direct to the collapse of the
wire and prevents the supply.

The fuses are classified into several types based on the application namely
AC type fuse and DC type fuse. Again these fuses are classified into several
types.

DC fuses are available superior in size, and DC supply has a stable value
over 0 volts. So it is tough to remove and deactivate the circuit. There will be a
chance of generation of an electric arc between dissolved wires. To conquer this,
electrodes located at better distances. For this reason, the size of DC fuse gets
amplified.

AC fuses are slighter in size and oscillated 50 to 60 times in each and every
sec from least to highest. As a result, there is no scope for Arc generation between
the dissolved wires. For this reason, they can be crammed in small size. Further,
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AC fuses are classified into two parts namely HV fuses and LV fuses. Here LV&
HYV indicates the low voltage and high voltage.

The low voltage fuses are divided into five types such as rewirable, cartridge,
drop out, striker and switch fuses.

HV fuses are used to protect the transformers and also used in power
systems. These fuses are normally charged for voltages over 1500V to 138000V.
The fuse part in HV fuses are fabricated with either copper, silver or in some cases
Tin is used, in order to offer consistent and steady performance. These fuses are
classified into three types: Cartridge Type HRC Fuse, Liquid Type HRC Fuse,
Expulsion Type HV Fuse.
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FRONT-END DEVELOPMENT

A successful business requires a functional, clean and attractive website to
appeal to clients and maintain their interest. Front-end development of a website is
crucial to this concept.

A front-end developer takes website design files and converti them into
HTML, JavaScript (JS) and/or CSS code — the core elements of front-end
development. Everything a user sees, clicks, or uses to input or retrieve
information on a website is the work of a front-end developer.

Front-end developers can choose a large number of tools to do their work, but
these typically fall into two categories: graphical design tools, and code editors.

Decent salaries, high demand, job security, and plenty of options for mobility
are just some of the perks that come with the career in front-end web development.

Front-end developers need to master four basic skills.

1. to exercise empathy (if your colleagues have some problems, you should
not be selfish, but help them);

2. to code (you have to code properly, use a clear hierarchy and algorithms,
universal solutions);

3. to design (you have to be creative, seek new solutions);

4. to communicate (whether you work in a team or not, you should be
communicative to achieve desired result quickly).

Despite the fact that this job is attractive due to salaries, it is not so easy to
just code.
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2.5 D OR VOXEL GRAPHICS

There are several types of graphics: raster, vector graphics and 3D
technologies of digital visualization and the fourth, least popular way of displaying
graphics — voxel or 2.5 D. Voxel graphics is a regular raster in three-dimensional
space, only the Z axis, which is the depth, is added to the color parameters and
coordinates of the X and Y axes that are standard for the raster. As well as the pixel
in 2D graphics was the minimum unit from which the image was built, the voxel is
the smallest unit of the volumetric image.

A well-known game Minecraft is an ideal example for understanding voxel
graphics. Although Minecraft really serves as an excellent illustration of the
principles of voxels, this is actually the most common 3D with three-dimensional
models and textures, which only parodies the voxel graphics.

If we talk about computer games, then the main advantage of voxel
technology is its compliance with point changes. Since the voxel itself is the brick
from which a certain volumetric object is built, it will be much easier to remove
this brick from the total mass than to try to deform a solid 3D object. In short,
destructibility in voxel games is easy and pleasant to do.

Voxel graphics is also used in medicine (tomography, MRI and ultrasound
imaging is visualized in voxels).Thanks to voxels, it has become possible to sort
through the body tissues in layers.

The voxel space representation is a prerequisite for creating a huge network
of interactive virtual environments which at some point will begin to resemble the
real world. The key point is that such environments are not static and allow users to
interact with them in the usual way in the real world. Such virtual environments
must be fully modeled and have persuasive physics. The simulation and rendering
of a complex, fully dynamic world requires such a world be voluminous, and all
processing, synchronization and rendering of the geometry being modeled must be
effective. The volumetric nature of this process excludes the use of polygons.
Other vector representation forms are not effective enough to create high quality at
low cost.

If you want to try making such graphics, there is an excellent editor —
MagicaVoxel. It is a free lightweight 8-bit voxel editor and interactive path tracing
renderer available for PC and MAC. This software is the core of voxel art, since it
is capable of many things: just edit, paint and move your voxels in a cubic grid,
then animate and render them with the powerful integrated renderer. Main
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advantages of MagicaVoxel are full openness, small size, good editing tools, a
functional rendering engine and low resource requirements.
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HOW DO SUPERCOMPUTERS WORK?

When you hear a word “supercomputer”, you probably assume it is a big, fast
and loud computer. That is not quite true.

The main difference between a usual computer and a super one is in a way it
is processing. The usual ones do only one thing at a time, which is called serial
processing, while the super one uses parallel processing. A typical modern
supercomputer works much more quickly by splitting problems into pieces and
working on many pieces at once.

There are a few various types of supercomputers, too. The ones called
“clusters” and the ones called “grids”. Let's start with the last ones: a grid is a
quantity of separate computers in different places which are connected through
Internet and work as one computer. As for the other one is just a bunch of
computers working as one, stored in the same place, connected by local area
network (LAN).

The most common supercomputer operating system used to be Unix, but it's
now been superseded by Linux. Since supercomputers generally work on scientific
problems, their application programs are sometimes written in traditional scientific
programming languages such as Fortran, as well as popular, more modern
languages such as C and C++.

Supercomputers are measured in a different way than usual ones are: instead
of gigahertz, we use FLOPS, which stands for “floating point operations per
second”.

There is a big variety of tasks done using computer: searching the web,
writing texts, playing games, etc. But most of computers are not capable for doing
high-demanding tasks like forecasting weather or testing new cancer drugs, and
that’s when we, or more likely, scientists, need supercomputers. Typically,
supercomputers have been used for complex, mathematically intensive scientific
problems, including simulating nuclear missile tests, forecasting the weather,
simulating the climate, and testing the strength of encryption (computer security
codes). In theory, a general-purpose supercomputer can be used for absolutely
anything.
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As anything in this world, supercomputers have their advantages and
drawbacks. The main thing is that supercomputers are really helpful in science:
drug tests, all kinds of body examinations, weather and climate prediction, all sorts
of mathematical calculations, etc. As for the drawbacks - they are quite obvious:
supercomputers require lots of space, energy, money and data. And then we have
the overheating problem: your home computer may be raising its temperature,
while working, which may be uncomfortable, now imagine how uncomfortable it
could be in a place, where a bunch of processors are working to their full potential.
Also, there is a big problem with parallel processing: the more processors there are
in a supercomputer, the harder it will probably be to work out the problems and to
make maximum efficient use of parallel processing. Moreover, there will need to
be some sort of centralized management system or coordinator to split the
problems, allocate and control the workload between all the different processors,
and reassemble the results, which will also carry an overhead.

The main point is that supercomputers are a great value to the scientific
purposes, though there are some disadvantages in their usage, which, I am sure,
would not even exist in the future.
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QUANTUM COMPUTING WILL MOVE INTO THE REAL WORLD

Can you imagine massive computing power that can operate one million
times faster than any device you have in your office or home? That’s the promise
of quantum computing. Over 50 years of advances in mathematics, materials
science, and computer science have transformed quantum computing from theory
to reality.

All computing systems rely on a fundamental ability to store and manipulate
information. Modern computers manipulate individual bits, which store
information as binary O and 1 stateswith equal probability. At the same time,a
quantum computer uses a quantum bit, or “qubit” as its computing unit. Qubits can
represent 2 to the power of n (where n is the number of bits) states at the same
time.

Quantum computers leverage different physical phenomena — superposition
and entanglement— to manipulate information
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Superposition refers to a combination of states we would ordinarily describe
independently. To make a classical analogy, if you play two musical notes at once,
what you will hear is a superposition of the two notes.

Entanglement is a counter-intuitive quantum phenomenon describing
behavior we never see in the classical world. Entangled particles behave together
as a system in ways that cannot be explained using classical logic.

There are many challenges to quantum computing that are pushing out the
availability of quantum computing systems and applications. For example:

1. Keeping larger number of qubits stable for longer periods of time.

We need a lot of qubits to solve meaningful problems, which translates into
moving from single-digit qubits on a single chip to tens and potentially hundreds of
qubits. Intel has verified package designs and fabrication on 17- and 49-qubit
chips. But one needs to have thousands of qubits in order to build meaningful
applications. In addition, qubits are very sensitive to temperature and operating
conditions in and around the quantum computer, causing their state to change in
just a matter of microseconds. As a result, qubits need to be super cooled to remain
stable and operate.

2. Interconnecting quantum computers.

Currently, there is no “quantum network” for connecting quantum computers
outside of research labs. A lot of qubits will be required to implement error
correction codes for long distances across quantum computers.

3. Creating design of quantum computing algorithms.

A quantum computer can simultaneously be in many states at the same time,
one has to fundamentally design algorithms in a new way to take advantage of
quantum computers. In simple terms, one can think of designing massively parallel
algorithms using this new computing model.

The practical applications of quantum computing are as follows.

Quantum computing is already getting a lot of attention from the private and
public sectors in some key markets:

1. Security: When it comes to security, quantum computing can be a double-
edged sword. On the positive side, it can help create systems that are fortified
against quantum cyberattacks. For example, an enterprise could deploy quantum
cryptographic key distribution to protect its customer data. But it can also
potentially help bad actors crack vulnerable security and encryption systems.

2. Healthcare: In the areas of medicine and drug development, healthcare
and pharmaceutical companies could use quantum computing to model complex
molecular interactions, such as simulating chains of chemical reactions to create
new ways to cure cancer.

3. Energy: Increased data analysis can help companies better optimize oil
and gas extraction processes and improve real-time monitoring of their equipment
to reduce accidents.
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4. Aerospace: Commercial aerospace and defense industries can develop
more efficient aircraft navigation patterns by calculating multiple simulations
based on various traffic scenarios and weather conditions.

IBM established a landmark in computing in November 2017, announcing a
quantum computer that handles 50 qubits.

As silicon transistors have reached the limits of what they can handle,
technology must adapt. Intel combines silicon with existing technologies to
produce the world’s smallest quantum chips. Taking these so-called “spin qubit”
chips to market will require further research.

Google has also been working together with NASA and the Universities
Space Research Association (USRA) to operate D-Wave system processor.

Due to these complex issues, we are realistically another 7-10 years away
from having quantum computing systems and applications that are solving
meaningful problems. Initially we will have hybrid computers that will be a
combination of classical and quantum computers.
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HUMANOID ROBOTS

When people think of Artificial Intelligence, the major image that pops up in
their heads is that of a robot gliding around and giving mechanical replies. There
are many forms of Al, but humanoid robots are one of the most popular forms. One
of the earliest humanoid robots was created in 1495 by Leonardo da Vinci. It was
an armor suit, and it could perform a lot of human functions such as sitting,
standing and walking. It even moved as if a real human was inside.

Initially, the main aim of AI for humanoids was for research purposes
creating better prosthetics for humans. Nowadays, humanoids are developed to
carry out different human tasks and occupy different roles, e.g. a personal assistant,
receptionist, and front desk officer.

Humanoid may be defined as something that resembles a human being and
has certain human characteristics. Some humanoids may also have a face, eyes, a
mouth and are categorized as male/femaile humanoids. Generally, humanoid
robots come in three variations: small-, medium-, and large-sized.

Some androids are built with the same basic physical structure and kinetic
capabilities as humans but are not designed to really resemble people. Examples of
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this type of android include Aldebaran Robotics’ Nao and Google-owned Boston
Dynamics’ Atlas robot.

Other androids resemble humans so closely that they could be mistaken for
living people; this type of android is often modeled on live humans. Eve-R, from
the Korea Institute of Industrial Technology and Geminoid DK are two examples
of this type of android.

To make the robot behave like a human being, sensors play a big role. There
are sensors for sensing position, speed, and orientation, to detect the presence of
nearby objects, to measure distances, inclination or acceleration.

An advanced humanoid robot categorized as Android has human-like-
behavior. It can talk like a human being in a computerized voice, run, jump or even
climb stairs in a very similar way as a human being does. These humanoids
perform a variety of jobs ranging from complex factory jobs to household
solutions. Some of the advanced Humanoid Robots available in the market are the
following.

DARwIn-OP, a humanoid that can be used for household purposes, built
with the main aim of education and research.

DARwIn Mini is a very lightweight robot. The 27cm tall robot is completely
open source and its parts are 3D printable, which makes this an ideal and cost-
effective development platform.

NAO Evolution is a 58cm-tall robot packed with tactile, sonar, and pressure
sensors, cameras and other standard equipment, being able to perform highly
complex motions and tasks.

Pepper is a cute faced humanoid robot designed by Aldebaran in
collaboration with Japanese communications. The robot is equipped with a highly
cloud-backed voice recognition engine that has the capacity to identify not only
speech but also expressions, tonality and subtle variations in the human voice.

Romeo is a cute-faced character from plastic and metal. The idea of
developing a robot that helps people with requiring physical aid or providing health
solutions is not new, but Romeo is one of a kind in robotics built specially for these
tasks. Besides the care shown to people, it can be a real family member. It can have
a conversation or even work in the kitchen, or it can also empty the garbage. The
interaction between people and Romeo is done in a natural way using words or
gestures.

UBTECH Alpha 1S is an intelligent humanoid robot. It can demonstrate
yoga, exercise, kung fu, dancing and other moves. Alpha 1S is highly flexible and
can move just like a human. It can be controlled easily through Android OS or IOS
app via Bluetooth.

A few years ago there was only experimental research in humanoid robotics
mainly in the field of the automobile industry, whereas now with a faster
development rate, humanoid robots are used in many fields varying from medical
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to transport, industrial to recreation. Work can now be done within limited time
thus saving human effort.

When we consider the aggressive progress in the field of Technology, we can
predict the future of humanoid robots as a complete replacement for most of
human being’s day-to-day activities. The humanoid robots would be able to drive
us home, help in housekeeping, prepare food for us, help children to put on clothes
etc. These robots would be too expensive to be affordable for many people. Apart
from easing our work, there is something else to think about. The humanoid robots
can pull away many jobs of common people.

To sum up, in the recent past, we saw the advent of many revolutionary
technologies such as driverless cars, electric cars, flying cars, and 5G technology.
Likewise, we can think of humanoid robots as a game changer.
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SORTING ALGORITHMS

A sorting algorithm is an algorithm made up of a series of instructions that
takes an array as input, performs specified operations on the array, sometimes
called a list, and outputs a sorted array.

Sorting algorithms are often taught early in computer science classes as they
provide a straightforward way to introduce other key computer science topics like
Big-O notation, divide-and-conquer methods, and data structures such as binary
trees, and heaps.

There are many factors to consider when choosing a sorting algorithm to use.

Here is a brief list of known used sorting algorithms: Selection Sort, Bubble
Sort, Recursive Bubble Sort, Insertion Sort, Recursive Insertion Sort, Merge Sort,
Iterative Merge Sort, Quick Sort, Iterative Quick Sort, Heap Sort, Counting Sort,
Radix Sort, Bucket Sort, ShellSort, TimSort, Comb Sort, Pigeonhole Sort, Cycle
Sort, Cocktail Sort, Strand Sort, Bitonic Sort, Pancake sorting, Binary Insertion
Sort, BogoSort or Permutation Sort, Gnome Sort, Sleep Sort — The King of
Laziness / Sorting while Sleeping, Structure Sorting (By Multiple Rules) in C++,
Stooge Sort, Tag Sort (To get both sorted and original), Tree Sort, Cartesian Tree
Sorting, Odd-Even Sort / Brick Sort, QuickSort on Singly Linked List, QuickSort
on Doubly Linked List, 3-Way QuickSort (Dutch National Flag), Merge Sort for
Linked Lists, Merge Sort for Doubly Linked List, 3-way Merge Sort.
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Bubble Sort is the simplest sorting algorithm that works by repeatedly
swapping the adjacent elements if they are in a wrong order.

QuickSort is a Divide and Conquer algorithm. It picks an element as pivot
and partitions the given array around the picked pivot. There are many different
versions of quickSort that pick pivot in different ways.

The key process in quickSort is partition(). Target of partitions is, given an
array and an element x of array as pivot, put x at its correct position in sorted array
and put all smaller elements (smaller than x) before x, and put all greater elements
(greater than x) after x. All this should be done in linear time.

Merge Sort is a Divide and Conquer algorithm. It divides input array in two
halves, calls itself for the two halves and then merges the two sorted halves. The
merge() function is used for merging two halves. The merge(arr, 1, m, 1) is key
process that assumes that arr[l..m] and arr[m+1..r] are sorted and merges the two
sorted sub-arrays into one.

ShellSort is mainly a variation of Insertion Sort. In insertion sort, we move
elements only one position ahead. When an element has to be moved far ahead,
many movements are involved. The idea of shellSort is to allow exchange of far
items. In shellSort, we make the array h-sorted for a large value of h. We keep
reducing the value of h until it becomes 1. An array is said to be h-sorted if all
sublists of every h’th element is sorted.
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ARTIFICIAL INTELLIGENCE IN RECRUITMENT

Artificial Intelligence (Al) is a technology that has been gaining more and
more attention. It has been widely used not only in IT but also in marketing and
development. As a result, modern companies start using Al solutions in
recruitment.

Firstly, it enables to automate low-level tasks. Secondly, it provides decision-
makers with more detailed information, which immediately reduces operational
costs.

Modern recruitment software has many benefits besides automating
administrative workload. There is also more specialized software which allows
employers to see how a candidate demonstrates his or her skills in practice, like
providing tests by wusing multiple coding challenges that are generated
automatically.
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Here are the most significant advantages of Al in recruitment:

1. Hiring quality is enhanced by better data analysis;

2. It helps to saves time and money;

3. There are no preferences for decisions. It is more unbiased.

However, contemporary Al still has a lot of drawbacks:

1. It takes a lot of time to master it.

2. There are no reliable algorithms (dependency on keywords and trickery).

Lack of human judgment and cognitive skills can lead to missing a lot of
perspective candidates.

All in all, Al in recruitment is one of the most promising areas for
researching and development which would be very effective in the modern world
because of overpopulation of the planet.

In the near future most of the recruitment work will be on AI’s shoulders.
Taking into account the rapid progress in IT, this decade is the best time for
gaining experience in this field and becoming a demanded specialist.
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HISTORY AND FUTURE OF ARTIFICIAL INTELLIGENCE

Artificial intelligence (Al) is the technology that is used almost everywhere
from your phone to your car. While science fiction often portrays Al as robots with
human-like characteristics, Al can encompass anything from Google’s search
algorithms to IBM’s Watson to autonomous weapons. The history of this
technology begins in the middle of the 20™ century.

The British mathematician Alan Turing invented “Turing machine™ in 1936.
He applied his theories to prove that a computing machine would be capable of
executing cognitive processes, provided they could be broken down into multiple,
individual steps and represented with an algorithm. His machine helped a lot in the
Second World War. He left a great foundation for this technology to be further
developed.

In 1966 the first chat bot, «<ELIZA», was invented by the German-American
computer scientist Joseph Weizenbaum of the Massachusetts Institute of
Technology. The chat bot used scripts to simulate various conversation partners
such as a psychotherapist. J. Weizenbaum was surprised by the simplicity of the
means required to create the illusion of a human conversation partner.
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In 1972 Al was firstly used in medical equipment. The expert system
developed by Ted Shortliffe at Stanford University was used for the treatment of
illnesses. Expert systems were computer programs that bundled the knowledge
from a specialist field using formulae, rules, and the knowledge database. They
were used for diagnosis and treatment support.

In 1986 the computer talked for the first time. Terrence J. Sejnowski and
Charles Rosenberg taught their ‘NETtalk’ program to speak by inputting sample
sentences and phoneme chains. NETtalk was able to read words and pronounce
them correctly, and could apply what it had learned to unfamiliar words. It was one
of the early artificial neural networks — programs that were supplied with large
datasets and were able to draw their own conclusions on this basis. Their structure
and function were similar to those of the human brain.

In 1997, the machine beat the human in the game of chess for the first time.
The ‘Deep Blue’ Al chess computer from IBM defeated the incumbent chess world
champion Garry Kasparov in a tournament. That was considered a historic success
in the area previously dominated by humans. Critics, however, find fault with Deep
Blue for winning merely by calculating all possible moves, rather than with
cognitive intelligence.

In 2011, almost every great company developing new technology, had its
own Al. Apple’s ‘Siri” came to the market in 2011, Microsoft introduced the
‘Cortana’ software in 2014, and Amazon presented Amazon Echo with the ‘Alexa’
voice service in 2015. What is more, Sophia, the most intelligent robot in the
world, is also powered with special Al.

In June of 2018 ‘Project Debater’ from IBM debated complex topics with
two master debaters — and performed remarkably well. A few weeks before,
Google demonstrated at a conference how the ‘Duplex’ Al program phoned a
hairdresser and conversationally made an appointment — without the lady on the
other end of the line noticing that she was talking to a machine

The experts predicted networked Al will amplify human effectiveness but
also threaten human autonomy, agency and capabilities. They spoke of the wide-
ranging possibilities that computers might match or even exceed human
intelligence, and capabilities on tasks such as complex decision-making, reasoning
and learning, sophisticated analytics and pattern recognition, visual acuity, speech
recognition and language translation. They said “smart” systems in communities,
in vehicles, in buildings and utilities, on farms and in business processes would
save time, money and lives and offer opportunities for individuals to enjoy a more
customized future.

Many people focused their optimistic remarks on health care and lots of
possible applications of Al in diagnosing and treating patients or helping senior
citizens live better lives. They were also enthusiastic about AI’s role in
contributing to broad public health programs built around massive amounts of data
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that may be captured in the coming years about everything from personal genomes
to nutrition. Additionally, a number of these experts predicted that Al would abet
long-anticipated changes in both formal and informal education systems.

In spite of decades of research, artificial intelligence is comparatively still in
its infancy. It needs to become more reliable and secure against manipulation
before it can be used in sensitive areas, such as autonomous driving or medicine.
Another goal for Al systems is to learn to explain their decisions so that humans
could comprehend them and better research how Al thinks.
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DARKNET

Dark Net (or Darknet) is an umbrella term describing the portions of the
Internet purposefully not open to public view or hidden networks whose
architecture is superimposed on that of the Internet. "Darknet" is often associated
with the encrypted part of the Internet called Tor network where illicit trading
takes place such as the infamous online drug bazaar called Silk Road. It is also
considered to be a part of the Deep Web. Anonymous communication between
whistle-blowers, journalists and news organizations is facilitated by the "Darknet"
Tor network through the use of applications including SecureDrop.

Darknet in general may be used for various reasons, such as:

1. computer crime (cracking, file corruption, etc.);

2 protecting dissidents from political reprisal;

3. file sharing (warez, personal files, pornography, confidential files, illegal
or counterfeit software, etc.);

4. to better protect the privacy rights of citizens from targeted and mass
surveillance;

5. sale of restricted goods on darknet markets;

6. whistle blowing and news leaks;

7. purchase or sale of illicit or illegal goods or services;

8. circumventing network censorship and content-filtering systems, or
bypassing restrictive firewall policies.

The term originally described computers on ARPANET that were hidden,
programmed to receive messages but not respond to or acknowledge anything, thus
remaining invisible, in the dark. An account detailed how the first online
transaction related to drugs transpired in 1971 when students of Massachusetts
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Institute of Technology and Stanford University traded marijuana using
ARPANET accounts in the former's Artificial Intelligence Laboratory.

The term has in later usage incorporated services such as the dark web, which
is an overlay network that can be accessed only with specific software,
configurations, or authorization, often using non-standard communication
protocols and ports. Types of dark webs include friend-to-friend networks (usually
used for file sharing with a peer-to-peer connection) and privacy networks such as
Tor.

As to 2015, the term "darknet" is often used interchangeably with the "dark
web" due to the quantity of hidden services on Tor's darknet. The term is often
inaccurately used interchangeably with the deep web due to Tor's history as a
platform that could not be search-indexed. Mixing uses of both these terms are
described as inaccurate, with some commentators recommending the terms to be
used in a more distinct way.

"Darknet” was coined in the 1970s to designate networks isolated from
ARPANET (the government-founded military/academical network which evolved
into the Internet), for security purposes. Darknet addresses could receive data from
ARPANET but did not appear in the network lists and would not answer pings or
other inquiries.

The term gained public acceptance following the publication of "The Darknet
and the Future of Content Distribution", a 2002 paper by Peter Biddle, Paul
England, Marcus Peinado, and Bryan Willman, four employees of Microsoft who
argued the presence of the darknet was the primary hindrance to the development
of workable digital rights management (DRM) technologies and made copyright
infringement inevitable. This paper described "darknet" more generally as any type
of parallel network that is encrypted or requires a specific protocol to allow a user
to connect to it.
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SOME TRUE FACTS ABOUT THE INTERNET

Today the Internet is not only the largest source of information in the world
containing millions of wed sites but also one of the main parts of our lives. The
amount of devices connected to the Internet exceeds the amount of people on the
planet. A century ago it was an unreal thing. But what was the Internet at the
beginning?
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The world's first web page was created by English scientist Tim Berners-Lee
on August 6, 1991, and it still exists. It consists of one web page with 153 words.
The page contains information about what the World Wide Web is, how to install a
web server, how to download a browser and other reference information. In 2004,
Queen Elizabeth II of Great Britain knighted him as the inventor of the HTML
language and the WWW network.

Being widely used the Internet is repeatedly subjected to hacker attacks. So
who is responsible for its safety? There are seven very carefully selected
programmers in the world who keep the so-called “keys to the Internet”. These are
electronic cards containing a cipher that literally allows you to restart the entire
Internet. In the case of a global hacker attack, the “Internet guards” will be
immediately delivered to a US military base, where they activate their keys and
then the global network will be disabled.

The speed of data transferring via the Internet is unbelievable. For example,
any Google search question overcomes, on average, 2500 kilometers to the
Google’s data center and after less than one second goes back to the user with the
search results. In addition to this high-speed network access (LTE) is possible even
on Everest - the highest peak in the world.

Despite the fact that the Internet is worldwide there are some countries, such
as North Korea, which don’t provide their citizens with access to it. It is an eternal
question for everybody: to be or not to be? On the one hand it is a great life
facility, but on the other, it is a means of ruling and revealing evil depths of your
soul.

So, the Internet is a very important and interesting discover. Since its
emergence it has been well-developed. Soon it will be the base of the functionality
of all our planet and mankind.
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E-SPORT

E-sport(also known as electronic sport, e-sport, or eSport) is a form of
competition using video games. Most commonly, e-sports take the form of
organized, multiplayer video game competitions, particularly between professional
players and teams. Although organized online and offline competitions have long
been a part of video game culture, widely used between amateurs until the late
2000s, when there was a large surge in popularity among professional gamers and
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spectators. By 2010, e-sports had become a significant factor in the video game
industry with many game developers actively designing a professional e-sport
subculture.

It is estimated that in 2019 about 427 million people worldwide will be
watching and playing some form of e-sports. The increasing availability of online
streaming media platforms, particularly Panda.tv, YouTube and Twitch, has
become central to the growth and promotion of e-sport competitions.
Demographically, Major League Gaming has reported that the viewership contains
approximately 85% male and 15% female sector, with a majority of viewers
between the ages of 18 and 34.

E-sporttournamentsarealmostalwaysphysicaleventswhichoccurinfrontof a live
audience. The tournaments may be a part of a larger gathering, such as Dreamhack,
or the competition may be the whole event itself, like the World CyberGames. E-
sport competitions have several formats, but the most common are single or double
elimination, sometimes hybridized with a group stage. For well-established games,
the total prize can be made up to millions of U.S. dollars a year. On September 10,
2016 Dota 2 awarded approximately US$86 million of prize money within 632
registered tournaments, with 23 players winning over $1 million. In August 2018,
the International Valve's annual premier Dota 2 tournament was held and broke the
record for holding the largest prize pool.

It should be mentioned, that e-sport is considered to be a waste of time and
money. But even professional athletes admit never-ending interest, gamers’
persistence and hard work, developing mental and physical skills. So they do not
mind calling this activity a sport.
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THE IMPORTANCE OF HTTP AND HTTPS

HTTP stands for “Hypertext Transfer Protocol”. In the most basic form, it
allows for exchanging information between different systems. HTTP provides
communication between a browser and server, where websites are hosted. In order
to get access to different websites, you make a response which should be received
by the server. It’s the protocol that was used for basically all early websites.

HTTPS is the most progressive kind of protocol. The “S” in HTTPS means
“Secure”. It’s the special version of the basic “hypertext transfer protocol” which
was created by combining HTTP and another “Secure Sockets Layer” protocol.
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This protocol facilitates an extra level of security and makes authentication on the
websites possible.

But why do we need HTTPS? It could be used only for e-mail and e-retailers
or anyone else accepting online payments in order to send confidential payment
details securely. Though progress does not stand still and nowadays HTTPS is
adopted for cloud applications to provide safety of your accounts and data.

HTTPS is especially significant for developers. The presence of this prefix
promotes SEO advancement. Switching over to secure protocol provides
increasing of your website rankings.

To understand the efficiency of HTTPS we should know how it works. This
is why we need to bear in mind our last time when we logged in. To verify your
username and password the browser must compare these fields with correct ones
which are kept on the server. While data transmit it becomes easily accessible for
malicious hacking activities. Therefore all data are encrypted by your browser,
which has a public key. When symbols reach the web server where the private key
is stored, they are decrypted. If somebody steals your personal information he/she
cannot decode it due to the absence of the private key.

So, the importance of HTTP and HTTPS cannot be overestimated. Every user
should try to protect his/her personal data applying any means of security and these
protocols as well.
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SPEZIALITAT ,,COMPUTERENGINEERING*

Die rasante Entwicklung der Computertechnologie und ihrer verschiedenen
Software ist eines der relevanten Merkmale der modernen Entwicklungsphase der
Gesellschaft. Computertechnologien fallen in nahezu alle Tétigkeitsbereiche. Sie
werden in der Fertigung, in der Industrie, in Verlagshdusern und grof3en
Bibliotheken, in den Banken, in Kommunikationssystemen und
Transportmanagementsystemen, in Steuerpriifungen und im Unterhaltungsbereich
usw. eingesetzt. Ein modernes Biiro ist ohne tégliche und umfassende Einfiihrung
der Computertechnologie nicht vorstellbar.

Am vielversprechendsten ist zurzeit die Spezialisierung
"Computerengineering”, weil heute die Fachleute geschitzt werden, die gut an
einem Computer arbeiten und iiber die Féhigkeiten der Wartung und Reparatur
verfiigen. Die Notwendigkeit, gut zu wissen und in der Lage zu sein, verschiedene
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Vorgédnge beim Installieren, Reparieren von Computern und bei der Beratung
durchzufiihren, ist auch darauf zu weisen, dass viele Familien Computer gekauft
haben, in der Hoffnung, dass ihre Kinder diese Technik flieBend beherrschen und
in der Lage sind, Beruf und Spezialitit durch Berufung auszuwihlen. Um
modernes Qualitdtswissen zu erlangen, ist Computer einer der besten Assistenten.

Der Zweck der spezialisierten Ausbildung an Hochschulen wird in erster
Linie durch das Hauptziel des Bereichs "Technologie" bestimmt, ndmlich ein
technologisch wissenschaftliches Bild der Welt zu schaffen, tiefgreifende
Kenntnisse der Gesetze des technischen, technologischen und alltdglichen
Handelns zu erlangen, den wissenschaftlichen Stil des Denkens zu beherrschen, die
wissenschaftliche Essenz der modernen Produktion kennenzulernen und umfassend
mit einem Beruf zu verstehen, der den individuellen Fahigkeiten des Schiilers
entspricht, die Entwicklung von Féhigkeiten, um ihre kreativen Fahigkeiten in
verschiedenen Formen einzusetzen. Ein Bachelor kann einen Job als folgender
Spezialist bekommen: elektronischer Techniker; Techniker-Programmierer,
elektronischer Ingenieur; Systemingenieur, Software-Ingenieur. Und Diplom-
Master in Computertechnik kann als:

Forscher (Computersysteme); Professionelle Computergerdte, Systeme,
Kommunikation; Fachmann im Gebiet der Computerisierung anderer technischer
Systeme tétig sein.

Der Tatigkeitsbereich der Computeringenicure umfasst die Entwicklung von
Hard- und Software moderner und vielversprechender Informationstechnologien,
die Entwicklung und Anwendung von Computersystemen und Netzwerken fiir
allgemeine und spezielle Zwecke, deren Systemsoftware, spezialisierte
Computersysteme und Netzwerke mit optimierten Parametern, integrierte
Computersysteme und technische Tools zur Informationssicherheit in
Computersystemen und -netzen.

Die Spezialisten fiir Computertechnik arbeiten in Fertigungs-, Forschungs-,
Design-, Finanz- und Bankinstitutionen wie Softwareingenieuren, Administratoren
von Computernetzwerken, Projektmanagern, Analytik-Experten, Lehrern in
hoheren Bildungseinrichtungen und wissenschaftlichen Mitarbeitern. Die
Hauptrichtungen von Schulungsspezialisten fiir Computertechnik: Entwurf von
Computersystemen fiir Schaltungen und Systeme, Entwicklung von System- und
Anwendungssoftware, Entwurf lokaler und globaler Computernetzwerke,
Entwicklung physikalischer Prinzipien sowie Hardware- und Softwaretools zum
Kodieren, Ubertragen und Schiitzen von Informationen in Computersystemen.

Referenzworter:  Computerengineering, Computer, Computeringenieur,
Spezialist, Software, Programmierer.
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SYSTEMADMINISTRATOR

Da fast alle Organisationen und Unternehmen technische Gerdte zur
Unterstiitzung ihrer Aktivititen einsetzen, ist der Beruf eines Systemadministrators
immer auf dem Arbeitsmarkt gefragt. Oft wird der Name des Berufs als
"Sysadmin" abgekiirzt.

Eine der Hauptaufgaben des Systemadministrators ist die Wartung von
Computern und zugehorigen Gerdten, die Aufrechterhaltung der Effizienz, die
Behebung von Fehlern zur Minimierung von Ausfallzeiten, die Installation und
Konfiguration der erforderlichen Software sowie das Anschlieen und Einrichten
neuer Gerite.

Eine weitere Aufgabe von Systemadministratoren ist der technische
Benutzer-Support fur Mitarbeiter der Organisation. Dies kann entweder ein
Hinweis zur Verwendung von Software oder Hardware sein, oder die vollstidndige
technische Unterstiitzung.

Die gemeinsame Aufgabe von Systemadministratoren besteht darin, vor
internen und externen Cyber-Bedrohungen zu schiitzen, die Netzwerksicherheit zu
gewihrleisten, vor Computerviren oder Hackerangriffen zu schiitzen,
Schutzsysteme fiir das Geschéftsgeheimnis aufzubauen.

Ublicherweise kénnen alle Systemadministratoren in folgende Kategorien
unterteilt werden: Datenbankadministrator, Webserver-Administrator,
Netzwerkadministrator, Administrator fiir Netzwerksicherheit, Systemarchitekt
Tatséchlich gibt es viele weitere Arten von Systemadministratoren, z.B 1C-
Administrator, Heimnetzwerkadministrator, Telefon- und
Mobiltelefonadministrator, Mainframe-Administrator und andere.

Es gibt keine strengen Anforderungen fiir Sysadmins, alles hiangt sehr stark
vom beabsichtigten Arbeitsumfang und der GroBe des Arbeitgeberunternehmens
ab. Natiirlich muss jeder Systemadministrator die Prinzipien des Betriebs von
Computern, Biirogerdten und Netzwerken verstehen, sich mit der in der
Organisation verwendeten Software vertraut machen oder bereit sein, technische
und andere Probleme zu l16sen, die sich aus dem Betrieb von Biirogerdten ergeben.
Kenntnisse in technischem Englisch bei der Arbeit eines Systemadministrators sind
seitdem fast Pflicht

Der Systemadministrator muss in der Lage sein, die Situation zu analysieren,
Ursache-Wirkungs-Beziehungen zu identifizieren, sich zu konzentrieren und
schnell die Aufmerksamkeit zu wechseln. Er muss auch eine gesellige, geduldige
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und taktvolle Person sein, denn ein Teil der Arbeit besteht, von
Systemadministratoren in der Interaktion mit den Menschen, die sich insbesondere
im Alter mit Computern nicht so gut auskennen und es ist fiir sie schwieriger,
technische Informationen aufzunehmen. Der Sysadmin ist der ,yvirtuelle
Regisseur“in der Kampagne.

Menschenwiirdige Lohne sind einer der Hauptfaktoren, auf die junge
Berufstdtige achten.  Aber dieser Beruf hat auch seine Nachteile: hohe
Anforderungen an fachliche Féhigkeiten und Kenntnisse, unregelmiflige
Arbeitszeiten, fast alle niitzliche Literatur ist in englischer Sprache verfasst, viele
Mitarbeiter verstehen nicht vollstdndig die Aufgaben eines Systemadministrators.

YK 004.3

Igor Jejulov !, Ganna Riabenko 2
'¢tudiant du groupe CNT-518 de ZNTU
maitresse de ZNTU

L'HISTOIRE DU DEVELOPPEMENT DES ORDINATEURS
PERSONNELS

Dans les années 1950-1960, les ordinateurs n'étaient disponibles que pour les
grandes entreprises en raison de leur taille et de leur prix. Toutes les réalisations
scientifiques modernes ont été utilisées a cette fin: mémoire sur des noyaux
magnétiques, des transistors et enfin des microcircuits. En septembre 1958, Jack
Kilby de Texas Instruments construisit la premiére puce électronique dans laquelle
cing composants étaient intégrés sur une seule plaque de germanium de 1,5 cm de
long et de 1 a 2 mm d'épaisseur. En 1963, Douglas Engelbart a inventé la souris
d'ordinateur. En 1965, le mini-ordinateur PDP-8 occupait un volume comparable a
un réfrigérateur domestique. Le premier microprocesseur est apparu en 1971. Les
passionnés intéressés a étudier les capacités des ordinateurs ont essayé de tirer le
maximum parti des ressources disponibles. Par exemple, le premier interpréte du
langage de programmation pour ordinateur personnel a été écrit a I’initiative de
deux étudiants et I’histoire d’Apple a commencé dans le garage, les fondateurs
n’ayant pas d’autre piéce. En 1975, Bill Gates et Paul Allen décident d'écrire un
interpréte BASIC pour l'ordinateur Altair 8800 et créent Micro-Soft le 1-er avril
1976. Steve Jobs et Steve Wozniak fondent Apple. En aolt 1981, un nouvel
ordinateur, appelé IBM 5150, a été officiellement présenté au public. Aprés un ou
deux ans, le PC IBM est devenu la norme pour un ordinateur personnel. Le Sinclair
ZX80 a été lancé en 1980. Il s’agissait du refus surprenant d’IBM de concéder sous
licence des composants d’une nouvelle machine en combinaison avec une
architecture ouverte, une évolutivité et un prix raisonnable. L'innovation ne peut

321



s'appeler que la création d'un BIOS - un shell logiciel intégré permettant d'isoler les
fonctionnalités spécifiques du matériel des logiciels. En 1990, Microsoft a publié
Windows 3.0. Tim Berners-Lee a développé le langage HTML — le langage de
balisage hypertexte; le format de base des documents Web et un prototype du
World Wide Web, ainsi que le premier navigateur Web et le premier site web
info.cern.ch. Une norme de communication Wi-Fi a été créée et la premicre
webcam a été lancée. En 1992, le premier systéme d’exploitation libre doté de
fonctionnalités exceptionnelles est apparu - Linux. En 1993, Intel a lancé le
microprocesseur 32 bits Pentium. Le format de compression vidéo MPEG est
apparu. Le langage de balisage de document hypertexte est apparu sur le World
Wide Web HTML. En 1995, DEC a annoncé la publication de cinq nouveaux
modeles Ordinateurs personnels Celebris XL: la société NEC a annoncé
l'achévement du développement du premier cristal au monde d'une capacité de
mémoire de 1 Go. Le systeme d'exploitation est devenu Windows 95. SUN a
introduit le langage de programmation Java. En 1996, Microsoft a publi¢ Internet
Explorer 3.0 - premier lancement du média DVD, premiére version du navigateur
Web accessible au public, sortie du moteur de recherche Google. En 2001,
Microsoft a publi¢ Windows XP, systeme d'exploitation le plus populaire au
monde dans les années 2000. Apple a publié¢ OS X (Mac OS X, Mac OS). En 2006,
Microsoft a publi¢ Windows Vista. Apple a publié I'ordinateur portable MacBook
Pro, le lancement du disque Blu-ray au format multimédia. Maintenant, IBM
invente un ordinateur quantique.
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LOGISTIK

Logistik ist ein System, das zundchst im Unternehmen, aber auch
unternehmensiibergreifend mit Lieferanten und Kunden, eine optimale Versorgung
mit Materialien, Teilen und Modulen fiir die Produktion — und auf der anderen
Seite natiirlich der Markte bedeutet.

Der Begriff Logistik leitet sich aus dem altgriechischen Wort logistiké her
und bedeutete urspriinglich ‘praktische Rechenkunst’. Erst wihrend der
napoleonischen Kriege wurde der Begriff spezifischer verwendet und umfasste die
Verwaltung, Lagerung sowie die Transportsteuerung kriegsnotwendiger Giiter.
Heutzutage ist der Logistikbegriff langst nicht mehr auf das Militdrwesen begrenzt,
sondern impliziert alle arbeitsteiligen Wirtschaftssysteme, in denen es auf die zeit-,
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kosten- und mengenoptimierte Verteilung von Giitern und Dienstleistungen
ankommt. Von Helmut Baumgarten stammt die vor allem im deutschen
Sprachraum etablierte Definition, nach der die Logistik in Unternehmen die
ganzheitliche Planung, Steuerung, Koordination, Durchfithrung und Kontrolle aller
unternehmensinternen  und unternehmensiibergreifenden Giter- und
Informationsfliisse beinhaltet.

Allgemein gesehen besteht die fortwdhrende Aufgabe der Logistik in der
Sicherstellung von Transport, Lagerung, Bereitstellung, Beschaffung und
Verteilung von Giitern, Personen, Geld, Informationen und Energie. Damit einher
geht die Notwendigkeit der Steuerung und Kontrolle aller dazugehdrigen
Aufgaben.

Auch die Optimierung der einzelnen Prozesse ist ein wesentlicher Bestandteil
der Logistik. Neben der Kostensenkung der logistischen Aktivititen zdhlen dazu
die Verbesserung der Flexibilitit logistischer Systeme sowie die Verdnderungen
der Umfeldbedingungen. Dadurch wird schlieBlich der Nutzen logistischer
Produkte und Dienstleistungen stetig verbessert.

Der Bereich Logistik verdndert sich stindig und bringt aufgrund der
andauernden Ausdifferenzierung immer wieder neue Aufgabenfelder hervor. Zur
besseren Unterscheidung logistischer Aktivititen hat sich eine begriffliche
Einteilung etabliert, die sich an den Phasen des Produktionsprozesses orientiert. So
bezeichnet die Beschaffungslogistik den Weg der Rohstoffe vom Lieferanten zum
Eingangslager, wohingegen die Produktionslogistik die Verwaltung von
Halbfabrikaten sowie die dazugehorige Material- und Warenwirtschaft beinhaltet.
Die Distributions- oder Absatzlogistik konzentriert sich auf die Verteilung vom
Vertriebslager zum Kunden, wéhrend die Entsorgungslogistik mit der Riicknahme
von Abfillen und Recycling befasst ist, aber auch den Versand von Retourwaren
sicherstellt.

Erfahrene  Logistiker werden in  verschiedenen Bereichen der
Warenzirkulation benétigt. Bei einer Spezialausbildung ist es ratsam, den
bevorzugten Kurs der weiteren Dienstleistung im Voraus festzulegen. Wenn die
Besonderheiten der Logistikbranche erst im Lernprozess klar werden, muss die
ausgewdhlte Fakultdt nicht gewechselt werden. Oft reicht es aus, spezielle Kurse
zu absolvieren, um Informationen tiber die Nuancen einer bestimmten Position zu
erhalten.

Bei der Planung einer Karriere in der Logistik sollt man sicherstellen, dass es
eine Reihe wichtiger Eigenschaften gibt. Man wird dabei helfen, den Arbeitsablauf
zu organisieren und im Beruf maximale Hohen zu erreichen.

Die Aufstiegsgeschwindigkeit eines Vertreters eines Berufs auf der
Karriereleiter héngt direkt von seiner Ausbildung, seinen Qualifikationen und
seinen Ambitionen ab.
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Eine Karriere als Fremdsprachenlogistiker verspricht noch mehr
Perspektiven. Die Zusammenarbeit mit ausldndischen Auftragnehmern oder die
Arbeit in einem auslidndischen Unternehmen garantiert ein hohes und stabiles
Einkommen. Aufgrund der multidisziplindren Erfahrung koénnen sich erfahrene
Logistiker auf Positionen in staatlichen Strukturen verlassen.

In Anbetracht der Vor- und Nachteile des Berufsstandes sind einige negative
Punkte zu beriicksichtigen. Dazu gehort die Notwendigkeit, sich an die
Anforderungen von Kunden, Abteilungen und Dienstleistungen anzupassen, was
die Arbeit erschwert. Man muss die hohe logistische Verantwortung nicht
vergessen. Die Fehler kann zu Verlusten, Beschddigungen der Ware und
Problemen mit den Inspektionsstellen fiithren.
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